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STUDY OF SEED MOVEMENT IN DISTRIBUTOR OF SOWING DEVICE OF
SELECTION SEEDER OF SMALL SEED CULTURES

V. Yaropud®, D. Datsiuk

Vinnytsia National Agrarian University, Vinnytsia, Ukraine

AGRICULTURAL MACHINES ABSTRACT

A
C

CIJIbCBKOI'OCIIOAAPCBKI MAILIMHA

Sowing method depends on the soil and climatic conditions and
the sowing qualities of the seeds of small-seeded crops. The task
of sowing is to create favorable conditions for the germination of
the seeds and to ensure their required density with uniform
placement in the rows. The sowing device is one of the most
important working body of the seeder. It ensures the selection of a
certain number of seeds from the seed mass and the formation of
an output seed flow with the specified parameters. Therefore, the
seeder efficiency is characterized by the uniformity of seed
distribution in the row and on the sown field. During the sowing
of small-seeded crops, electromechanical seeders are used in the
sowing device, fields.of variety testing 'and prel-iminary propa}gation.. HOV\_/ever,

the disadvantage of their work is the insufficient uniformity of
S?Ed.s of smal!-seeded Crops, seed distribution along the row, which is caused by the action of
distributor guide of sowing device, anqom factors during sowing. The result is an uneven crop, with
throughput of sowing device thicker or thinner plants in the row, which reduces the yield of
small-seeded crops of breeding value. In order to ensure high

Key words:
seeder,

Ar tic_Ie history: accuracy of seed sowing by selection seeder of small-seeded
Received 17.02.2023 crops, it is necessary to install a seed guide in the form of a chute
Accepted 30.05.2023 in the distributor of the sowing device. On the basis of the

. ] numerical simulation results of the seed movement in the

Corresp ondmg_author: distributor of the seeding device of the selection seeder, the

yaropud77@gmail.com equations were obtained that characterize the dependence of the
throughput capacity of the sowing device and the coefficient of
variation of the throughput capacity of the sowing device on the
throughput capacity of the dispenser, the angle of the flow
narrowing and the angle of inclination of the guide. The analysis
of the obtained equations showed that in order to ensure the
rational parameters of the proposed distributor guide of the
sowing device, it is necessary that the coefficient of variation of
the throughput of the sowing device would be minimal, and the
throughput of the sowing device would be maximal.

DOI: 10.36910/acm.vi49.945 To cite this article:
Yaropud, V., & Datsiuk, D. (2023). Study of seed movement
in distributor of sowing device of selection seeder of small
seed cultures. Agricultural Machines, 49, 7-14.
https://doi.org/10.36910/acm.vi49.945
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AHOTAILIA

Cnocib ciebu HacinHs OpiOHOHACIHHUX KYAbMYP 3A1eHCUNMb IO
IPYHMOBO-KAIMAMUYHUX YMO8 T nocienux saxocmell nHacinus. Cieba
Mae  3abe3neuumu  CMBOPEHHS  CHPUSMAUGUX — YMO8  Oas
NPOPOCMAHHS HACIHHA mMa HeoOXIOHy 2ycmomy nocigie 3a
PDIBHOMIPDHO20 pO3MAULY8AHHA POCIUH V pAOKax. Bucienuti anapam
€ OOHUM 3 HAUGANCAUBIWUX POOOUUX Opeawié cieanxku. Bin
3abe3neuye GIOOUPAHHA (3 3A2ANbHOI MACU NEGHOI KilbKOCMI
HACIHHA MaA HOPMYBAHHS BUXIOHO20 NOMOKY HACIHHA I3 3A0AHUMU
napamempamu. Tomy epexmusnicms pobomu uUCi6HUX anapamie
Xapaxkmepuzyemuvcs PIBHOMIPHICIIO PO3NOOLIEHHS HACIHHA 8
pAoky ma ua 3aciswomy noxi. I1i0 uac ciebu OpiOHOHACIHHUX
KYIbmyp Ha OLIAHKAX COpMOBUNPOOYEAHHA [ NONepeoHbo20
PDO3MHOIICEHHSL BUKOPUCTNOBYIOMbCS  €NIeKMPOMEXAHTUHT  CIBANKU.
Oonuax, Heodonikom ix pobomu € HeOOCMAmHS PIGHOMIPHICHIb
PO3N00INeHHsT HACIHHA 630080iC pAOKA, WO CHPpUYUHEHA Oi€io
suUnaokosux axmopis nio uac eucigy. Buacriook yvoeo nocisu
BUX0O0AMb HEPIGHOMIPHUMU — I3 3A2YWEeHHAM A00 PO3PIONCEHHAM
pociun y pAOKY, WO CHPUYUHAE 3HUNCEHHS VPOICAUHOCI
CeneKyiHOYIHHUX OpIOHOHACIHHUX Kyabmyp. s 3abe3nevenHs
BUCOKOI MOYHOCMI BUCIBY HACIHHA CeNeKYIUHUMU CIBANKaAMU
OpIOHOHACIHHUX KYIbMYp HEeOOXIOHO ) PO3NOOITbHUK BUCIBHO2O
anapama 8CmMaHoGIIO8aAmMU  CNPAMO8Y8AY HACIHHA, AKUU Mae
Gopmy cconoba. 3a pezyibmamami YUCETbHO20 MOOETI08AHHS
PYXY HACIHHA Y PO3NOOIIbHUKY BUCIBHO20 aAnapama ceneKkyiuHoi
cieanxku  OpIOHOHACIHHUX — KYIbMYp OMPUMAHO  3ANE€HCHOCHI
NPONYCKHOT 30amHOCMI GUCIBHO20 anapama ma Koegiyichma
sapiayii nponycknoi 30amHocmi  8uUCi6HO20 anapama  6i0
NPONYCKHOI 30aMHOCMI 003amopa, Kyma 38YJiCeHHs NOMOKY ma
KYma Haxuiy cnpamogyeayd. AHaniz ompumanux pigHaHb NOKA3As8,
wo ona 3abe3neuents payioOHANLHUX NApPAMempie CHPAMO8Y8aia
PO3NOOINbHUKA BUCIBHO20 anapama HeobXiOHo, wob Koegiyichm
eapiayii nponycknoi 30amHocmi 8ucignoco anapama 60ys
MIHIMATLHUM, @ NPONYCKHA 30AMHICMb BUCIBHO20 anapama 0yia
MAKCUMATLHOIO.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

Bucis — ne BaxxiIuBHUII €Tall CeEJIEKIIHHOIO
BUPOOHUIITBAa HACiHHS IpiOHOHACIHHUX KYyJBTYD.
Ile mosCHIOETBCA HEOOXIAHICTIO OTpPUMaHHS
BHCOKOSIKICHMX IIOCIBIB Ha IIOYaTKOBIM cramil
JOOCHIDKEHHST Ta MONEPEeIHBOT0 PO3MHOXKECHHS
HOBHX COPTIB 1 riOpuziB ApiOHOHACIHHUX KYJIBTYP
(Shepelev et al., 2016; Shackley et al., 2019;
Monoyokuti ma in., 2006, Bacunvxiecokuti &
Koumapcwruti, 2016, Karemuix ma in., 2020).

BuciBauii amapat — me OOWH i3 HAWOUTBIIT
BOXJIMBUX poOOYMX OpraHiB ciBanku. Bin
MpU3HAYCHUH [T BiOWpaHHS i3 3arajbHOI Macu
HACiHHS MEBHOI KiJBKOCTI HaciHWH 1 GOpMyBaHHS
iX BHXIZHOTO TOTOKY i3 3alaHUMHU TapaMeTpamMu
(Shevchenko & Aliiev, 2018). Tomy Bim poboTH
BHCIBHHAX amnapaTiB CiBaJlOK 3aJeKUTh SKICTh
pO3IIOAUTY HACIHHSA B psAOKaX Ta B IUJIOMY Ha
3aciTHOMY TOJIi.

Hns BuciBy ApiOHOHACIHHHMX KyJBTYp Ha
TISTHKAaX COPTOBHIIPOOYBAaHHS Ta IMOMEPETHLOTO
PO3MHOXEHHSI 3aCTOCOBYIOTH €JIeKTPOMEXaHIYHi
ciBanku (Aponyo ma in., 2021). OgHak, BOHU HE
3a0e3Me4YyloTh PIBHOMIPHOTO PO3MOALTY HACiHHSA
B3JIOBXX PSAKIB, IO 3YMOBJIEHO HEraTUBHUM
BIUIMBOM BUMAJKOBHX (aKTOpiB MijJ 4Yac BHUCIBY.
Sk HacHioOK, MOCIBU € HEpiBHOMIpHUMH — i3
3aryIieHHsIM abo pO3piIKEHHAM POCIUH y PAOKY,
o, Yy CBOIO 4epry, 3YMOBJIOE 3HHKCHHS
YPOXKaWHOCTI CEJICKIIHHOIIIHHUX JIPIOHOHACIHHUX
KYJBTYP.

[Iportec BuCiBY apiOHOHACIHHUX KYJIBTYp 3a
JIOTIOMOTOI0  €JICKTPOMEXAHIYHOTO  BUCIBHOTO
armapara IoJisirae y J03yBaHHI 1 TpaHCIIOPTYBaHHI
HaciHHS 1O HaciHHenpoBony (Hponyo ma iu.,
2021). VY ciBankax 3 eICKTPOMEXaHIYHUM
BHCIBHMM amapaTroM HACiHHS 3aBaHTAXYETHCS O
MICTKOCTI BHUCIBHOTO arapara, Je¢ BHWIaJKOBHM
YIUHOM PO3TAIIOBYETHCA (BUMAAKOBE IMaKyBaHH:).
I3 micTkoCTi BHCiBHOTO amapara, yepe3 A03yroui
OTBOPH, HACIHHS HAJXOJUTh IO PO3MOALIHHUKIB 1
MEPEMIIIY€ThCS JI0 HACIHHEMTPOBOJTY .

Cy4acHi TeOpeTUYHI JIOCIIPKCHHS MEXaHIKO-
TEXHOJIOTIYHUX IPOLECIB, 30KpeMa IPOLECY
MepeMillleHHs] HACiHWH BHACTINOK Iii poOoumx
OpraHiB TEXHIYHHUX 3ac00iB, 3BOIATHCS IO
AHAIIITUYHUX METOJIB. BHACHIiOK 3acTOCYBaHHS
OUX METOMAIB OTPUMYIOTh CKJagHI CHCTeMHU
mudepeHIlifaNX piBHAHD 13 TPaHWUYHAMH Ta
nodatkoBuMu ymoBamu (Aliev et al., 2018a; Aliev
et al., 2018b). SIx mpaBwio, 1i cUCTEMH PiBHSHb
HE MalOThb PO3B’S3KY TPAAMLIHHMMH METOJaMH,

TOMY BUHHKAa€ HEOOXiNHICTh B X YHCEITBHOMY
pO3B’s3yBaHHI i3  BUKOPHCTAHHSIM  METOIIB
KOMIT FOTEPHOTO MOJICITIOBAHHSI.

OTxe, HOCTIDKEHHS, M0 CHOPSAMOBaHI Ha
YIAOCKOHAIIEHHS TPOIEeCY JO3yBaHHS HACIHHS
BHCIBHUMH amapaTaMd CeJICKI[IHHUX CIBaJIOK,
MalOTh BaXJHMBE HAayKOBE Ta  IPAaKTUYHE
3HAYCHHS.

MeTta pocaig)XKeHHA — OOIpyHTYBaHHS
paIioHaIbHHUX rapaMeTpiB CHpsIMOBYBaua
pPO3IOAUTEHAKA BHCIBHOTO arapaTa CeJeKIiHHOl
CIBaJIKM JUIS TIABUIICHHS TOYHOCTI BHCIBY
HaciHHS IpiOHOHACIHHUX KYJBTYD.

MATEPIAJIN I METOJAU

CropsMoBYBad y pO3MOALIBHUKY BHCIBHOTO
armapara CeJeKLiHOI CiBaJKH BHKOHaHO Yy (opmi
XKoo0a, AKMM pyxaroThes Hacinuau (puc. 1)
(Hayrox ma in., 2021). OCHOBHHM 3aBIaHHIM
AQHATITUYHHUX JOCHI/KEHb € BU3HAYEHHS KyTa
HaXWIIy f Ta KyTa 3BYXKE€HHS MOTOKY y (KyT Mik
JBOMa TBIpHUMH CIPSMOBYBaya) CIPSMOBYBada,
3a SIKUX MPOITyCKHA 3aTHICTh BHCIBHOTO amapara
cenekuiHoi ciBanku Qg4 € piBHOMIpHOIO, TOOTO
koedimienT Bapiamii mpomyckroi 3matHocTi A(Qq')
JOCSITa€ MiHIMAJIBHOTO 3HAYCHHSI:

2@ =708, @
d

e A(Qd) koeilieHT Bapialii MPOITYyCKHOT
smatHocTi Qg4 BuciBHOTO amapata; o(Qd) —
CepeIHbOKBAAPAaTUUHE BIAXWIEHHS IPOITyCKHOT
3matHoCcTi Qg BI/ICiBHOFO_ amapara CeJeKIIiHO1
ciBasky, mrt (Hacinun)/c; Q4' —cepellHe 3HAUCHHSI
mporyckHoi 3matHocTi Q4 BHCIBHOTO amapata
CEJIEKLIMHOI C1BaJIKH, IIT/C.

Jliist mpoBeieHHs JOCIHIPKEHHST PyXy HaciHHS
NpiOHOHACIHHUX KYJBTYp Y  PO3HOAUIBHHUKY
BHCIBHOTO amapara CiBaJKd BHKOPHCTaHI METOIN
YHCENBHOTO  MOJENIOBAaHHA 3  MPOTPaMHOIO
nakery STAR-CCM+ (Yaropud et al., 2022;
Aponyo & Hayok, 2021; HAponyo ma in., 2021).
dakropu MOCTIMKEHh Ta iX piBHI TOJaHI B
Tadauni 1. HaliMennie 3HaueHHsl KyTiB f Ta y
BHOMpasocs i3 ypaxyBaHHSM, IO HACiHHS Mae
pyxaTucs MOXWIOK IUIOIMHOK 0€3 YTBOPEHHS
TPYIOK: Pmin = ymin = arctg(k) = arctg(0,58) = 0,525
(me k — xoe(illieHT TepTA-CIOKOI HACIHHS
MOBEPXHEIO crpsiMoBYyBada). Ilnman mocmimxenp —
IOBHOMAKTOPHHUIA 3 KinbKicTio gocmigis — 3° = 27.
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KinbkicTh MOBTOPEHb KOXXHOTO JOCHILY — TpPH.
Pospaxosani cepeani 3HaueHHs Qq' 1 A(Qqd') Takoxk
noxadi B Tadaumi 1.

Puc. 1 — MoaenmoBaHHs pyXy HaciHHA y
PO3MOAUTEHAKY BHCIBHOTO arapara

PE3YJIbTATU AOCIIAKEHHA
TA OBrOBOPEHHA

Bizyamizariss MonmenfoBaHHs pyXy HACiHHS B
pPO3IMOMUTLHAKY BHCIBHOTO amapara IoJaHa Ha
puc. 2-4. Anami3z OTpUMaHUX MAHUX JJO3BOJISE
CTBEpPIKYBaTH, 10 3MEHIIEHHS CEpeaHbOl
MPOIYCKHOI 37aTHOCTI BHCiBHOro amapara Qq'
MOPIBHSHO 3 MPOIYCKHOO 3JIaTHICTIO 1o3aTtopa Qg
Ta 30iIbLIEHHS i1 PIBHOMIPHOCTI BigOyBaeThbCs
BHACHIIOK 3MeHIIeHHS KoedimieHTa Bapiamii
A(Qqd). PesympraTh OOCHiIKEHb TOmaHI
Tabauui 1. 3a 7OMOMOroI0 MPOTPAMHOTO TMAKETy
Wolfram Mathematica oTrpumano piBHSIHHSA
MIPOITYCKHOI 37IaTHOCTI BHCiBHOTO amapata Qg 3
KOZIOBaHUMH (PaKTOPaMH:

Q,'=431321+26,2741x, +0,0259259x7 +

+2,87099x, +1,85926x, X, —1,4537X5 +
+11,7327X5 + 7,77593X, X5 — 0,0277778X, X5 —

—3,87593x%Z, (2)

e X1 — KOJOBaHe 3Ha4€HHS IPOIYCKHOI 31aTHOCTI
7103aTOpa; X2 — KOJOBaHE 3HAYEHHs KyTa [, X2 —
KOJIOBaHE 3HAUYEHHS KyTa .

Taoauus 1 — Pe3ynbraTi 10CiiKeHHS pyXy HACIHHS y PO3MOMIIBHUKY BUCIBHOTO anapara

Ne  Tlpomyckna Kyt Kyt [IpomyckHa 37aTHICTD KoedirienT Bapiariii nporryckHo1
/0 3OaTHICTH 3BYXKCHHA  HaXWIy BUCiBHOTO amapara Qg', mr/c 3IATHOCTi BUCIBHOTO amapara
no3aropa MOTOKY y,  f3, pan A(Qq)
Qu, /e pai cepenHe 1 2 3 CepeiHe
1 2 3 4 5 8 9 10 11 12
1 20 0,524 0524 79 79 74 7,7 0,61 058 0,57 0,59
2 20 0,524 0,785 13,4 133 125 13,1 0,67 0,60 0,60 0,62
3 20 0,524 1,047 15,7 159 153 15,6 084 0,79 081 0,81
4 20 0,785 0524 94 96 87 9,2 0,65 0,58 0,59 0,61
5 20 0,785 0,785 150 148 1472 14,7 0,71 0,62 0,66 0,66
6 20 0,785 1,047 17,7 17,0 16,8 17,2 091 0,85 0,85 0,87
7 20 1,047 0,524 10,1 99 95 9,8 0,74 0,68 0,70 0,71
8 20 1,047 0,785 153 152 144 15,0 0,78 0,71 0,71 0,73
9 20 1,047 1,047 181 179 171 17,7 098 089 091 0,93
10 60 0,524 0,524 236 234 227 23,2 0,63 057 0,56 0,59
11 60 0,524 0,785 389 389 383 38,7 0,65 0,62 0,60 0,62
12 60 0,524 1,047 47,3 46,8 46,3 46,8 0,88 080 0,81 0,83
13 60 0,785 0,524 28,0 274 270 27,5 0,67 0,62 0,60 0,63
14 60 0,785 0,785 43,4 433 426 43,1 0,70 0,63 0,64 0,66
15 60 0,785 1,047 515 50,8 50,6 51,0 091 085 0,85 0,87
16 60 1,047 0,524 29,3 29,2 28,6 29,0 0,74 0,67 0,69 0,70

10
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[Iponosxenns Tadaumi 1

1 2 3 4 5 6 7 8 9 10 11 12
17 60 1,047 0,785 44,7 445 4472 44,5 0,77 0,74 0,73 0,75
18 60 1,047 1,047 52,7 52,5 521 52,4 097 091 0,93 0,94
19 100 0,524 0,524 39,2 38,6 382 38,7 0,64 059 0,57 0,60
20 100 0,524 0,785 64,8 64,7 644 64,6 0,66 0,62 0,63 0,64
21 100 0,524 1,047 782 778 77,2 77,7 0,87 0,80 0,80 0,82
22 100 0,785 0,524 46,3 459 454 45,9 0,68 059 0,62 0,63
23 100 0,785 0,785 718 720 714 71,7 0,69 0,62 0,66 0,66
24 100 0,785 1,047 852 850 844 84,9 09 081 0,85 0,85
25 100 1,047 0,524 48,2 483 478 48,1 0,72 0,68 0,69 0,70
26 100 1,047 0,785 748 741 739 74,3 080 0,74 0,74 0,76
27 100 1,047 1,047 873 87,1 86,7 87,0 096 093 091 0,93

IIII.IIIIIIIIIIIIIIIIIIHI|II||II|||II||I
(Qa) =

m Bxin Qq=20 mr/c;
B Buxin Qd =17,7 mr/c; A(Qd) 0,59_

0.014
0.023
0.026 —
&~

=

EdextuBHuii qiametp HaciHHI D, M

Puc. 2 — Bizyanizauist pe3yabpTaTiB YMCENFHOTO MOJCITIOBAHHS PyXY HAaciHHS B PO3MOIITBHUKY
BUCiBHOTO amapara (gocuig Ne 1, Taéanus 1)

IIIIIIIIIIIIHIIIIHIIIIIHIIIIIIIIIIIII
0,9

mBxin Q4= 20 mr/c; A(Qy) =
® Buxin Q4 = 13,1 mrr/c; A(Qy) = 0,62
|1

0,013 ; 0,017
o I 1

EdexTuBHuil niametp HaciHHI D, M

2 S
2 88833¢€ L,m
O. (=]

-0.034
-0.028
-0.02

Puc. 3 — Bizyauizaliist pe3ynbTaTiB 4UMCENBHOTO MOJICIOBAHHS PYXY HACIHHSI B PO3MOJUILHUKY
BHCiBHOTO anapata (mociia Ne 2, Ta6auns 1)

11
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HuuunnuauL
®Bxix Og=20 mt/c; A(Qy) = 0,98

0.013 0.015 0.017
m i R

EdextuBHuit giameTp HaciHHA D, M

® Buxin Q4 = 15,6 mrr/c; A(Q,) = 0,81
I

0.002

Puc. 4 — Bizyaizarist pe3ynbTaTiB YACEIHHOTO MOJIEITIOBAHHS PYXY HACiHHS B PO3MOAUTEHUKY
BuciBHOTO amapara (mociig Ne 3, Ta6auus 1)

Pesynpratn  cTatucTHYHOrO - O0OpPOOIICHHA
piBHsHHSA (2) mofaHi B Ta6auui 2. YpaxoByouu
Tabmu4He 3HAYeHHs  kputepito  CThloJeHTa
t(0,05;54) = 2, oTpuMaHO PIiBHSHHS HPOITyCKHOT
3MaTHOCTI BHCIBHOrO amapara ciBamku Qg4 3
HaTypaabHUMH (pakTopamu (puc. 5):

Q,'=-44,5759—0,0648676Q, + 33,5619/ +
+017741Q, B — 21177487 +88,9114y +
+0,741978Q, y — 56,4642 2. A).

Amnami3 rpadikiB Ha pHc. 5 Tokaszye, o i3
301IBLICHHSIM TIPOITYCKHOI 3AaTHOCTI J1o3aTropa
Qd, KyTa 3BYXEHHS NOTOKY y Ta KyTa HaxuiIy
CHpsMOBYBaua f IPOITyCKHA 3/aTHICTh BHCIBHOTO
anmapata Q¢ 30inbmIyeThcs. 3a  J0MOMOIOIO
nporpamHoro makery Wolfram Mathematica
OTPUMAHO pIBHSHHS perpecii i KoedilieHTa
Bapiamii TPOMYyCKHOI  3JaTHOCTI  BHCIBHOTO
amapara A(Qq'") 3 KoJ0BaHUMH (haKTOPaMHU:

A(Qq4') =0,664815+0,00333333x, —

—0,00222222x7 +0,0564815x, —

~0,00111111x,x, +0,0216667x2 +
+0,117407x, —0,00222222x, X, +

+9,61481-10 " x,x, +0,0777778xZ.  (4)

PesympraTn  cTaTHCTHYHOTO  OOpOOICHHS
piBasiHHS (4) monmani B Tadauui 3. YpaxoByrooun
TabiauyHe  3HayeHHs ~ kputepito  CTploJeHTa

t(0,05;54) = 2, oTrpumaHo piBHSHHS KoedillieHTa

Bapiallii MPOIyCKHOI 34aTHOCTI BUCIBHOTO amapara
A(Qq') 3 HarypanbHuME akTopamu (puc. 6):

A(Q,") =1,03654-0,279974/ +0,3156383° —

-1,33078y +1,13306y 2. 5)

Od, mrt/c

1 p=1.047pan
o y= 1,047 pan
70} ’
60}
50}
40}
30}

40 60 80 100 >
Qa, miT/c
a
Qa=100 mrr/c

Od', mrr/c

1.0

0

Puc. 5 — I'padigni 3a1meKHOCTI MIPOITYCKHOT
3IaTHOCTI BHCIBHOTO amnapara Qqg' Bi MpoIrycKHOT
3matHocTi mo3atopa Qq(a) Ta Bix KyTiB y i S (0)

12
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Ta6aunus 2 — PesynpTaty CTaTUCTHYHOTO 0OpOOIeHHS PiBHAHHS (2)

KoeditrienT piBHsaHHS (2) 3uaveHHs KoeiieHTiB piBHAHHS (2) Kpurepiit CteroneHta
1 2 3

ao 43,1321 63,3971
a 26,2741 83,4256
a 2,87099 9,11598
as 11,7327 37,2538
a2 1,85926 4,82021
ais 7,77593 20,1594
az —0,0277778 —-0,0720152
an 0,0259259 0,0475276
ax —1,4537 —2,66494
as3 —3,87593 —7,10537

Ta6auus 3 — Pesynpratn cTaTUCTUIHOTO 00pOOIeHHS piBHAHHS (4)

Koedimient pisastaust (4) 3uaveHns KoeiieHTiB piBHAHHS (4) Kpurepiit CteroneHTa
1 2 3

ao 0,664815 141,526

a 0,00333333 1,53292

a 0,0564815 25,9744

as 0,117407 53,9927
e —0,00111111 -0,417207
a3 —0,00222222 -0,834413
azs 9,61481-10°% 3,61023-10
an —0,00222222 —0,590019
a2 0,0216667 5,75269
ass 0,0777778 20,6507

0.9

0.8

AQd) 5
0.6

A.pem V. pal

Puc. 6 — IloBepxHs Biaryky koedimienTa Bapiarii
NPOMYCKHOT 31aTHOCTI BUCiBHOTO anmapata A(Qq')
3aJIe)KHO BiJ KYTiB y Ta 8

Amnamiz rpadika Ha pHc. 6 Tokasye, 1 i3
30UTBINIEHHSAM KyTa 3BYKCHHS IOTOKY ) Ta KyTa

HaxWiIy CcrpsiMoByBaya f koeQilieHT Bapiamii
NPOITYCKHOI 31aTHOCTI BUCiBHOro amapara A(Qq')
30inbiryeTbes. [lponyckHa 3qaTtHicTs go3aTtopa Qq
He BrutuBae Ha A(Qq').

Jiist 3abe3neveHHs pauioHaJbHUX MapaMeTpiB
CIIPSIMOBYBa4a PO3MOAITBHUKA BUCIBHOTO arapara
HE0OXiTHO, MO0 KOoe(IieHT Bapiarlii IpoImycKHOT
3gatHocTi  BuciBHOro amapata A(Qd) Oys
MiHIMaJIbHUM, a MPOIYCKHA 3JaTHICTH BHUCIBHOTO
amapara Qg' — MakCHMaIIbHOIO, TOOTO:

A(Qy") — min;
Qg '— max;

20 <Q, <100; (6)
0,524 < 3 <1,047,
0,524 < y <1,047.

13
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Po3p’sizytoun  cucremy  piBHSIHB  (6),
ypaxoByIOUH piBHSAHHSA (5), OTpEMaeMo Al Oyab-
sskoro Qg S = 0,7328 pam (42°), y = 0,785 pan
(45°). 3a mux 3HadeHb f 1 y KoedimieHT Bapiamii
MpOoIycKHOI 31aTHOCTI amapara A(Qq) = 0,65, mo
y 1,5 pa3u Oinpmmii 3a 3Ha4eHHS KoedilieHTa
Bapiallii mpomyckHoi 3maTHocTi go3aropa A(Qq).
OTxe, pe3ynbTaTH JIO3BOJSIOTH CTBEP/DKYBATH,
oo po3poOsieHHid BHCIBHUM amapar 3a0e3meuye
ITiIBUIIIEHHS TOYHOCTI BUCIBY.

BUCHOBKHA

Jns 3a0e3neyeHHs] BUCOKOI TOYHOCTI BHCIBY
y PO3MOIIIFHUKY BHCIBHOTO amapara HeoOXiTHO
BCTaHOBJIIOBATH CIPSIMOBYBA4 HACIHHS, SKHH Ma€e
dbopmMy skoy00a. 3a pes3ysibTaTaMH YHCEIBHOTO
MOJICJIIOBAHHSI PYXy HAciHHS Yy pO3HOAUIBHHUKY
BHCIBHOTO arapara CENEKIIHHOT ClBaJIKHA
INpiOHOHACIHHUX KYJNBTYpP OTPHMAaHO 3aJIe)KHOCTI
MIPOIYCKHOI 3JaTHOCTI BHCiBHOTO amaparta Qg Ta
koedimienTa Bapiamii TPOITYCKHOI  3aTHOCTI
BuciBHoro amapata A(Qq¢) Bim mpomyckHOI
31aTHOCTI o3aTtopa Qd, KyTa 3BY>KEHHS MIOTOKY §
Ta KyTa HaxXwily CcHOpsMoByBada f. Bracmimox
aHaNli3y OTPHUMAaHMWX PIBHAHb BCTAaHOBJEHO, IO
Ui 3a0e3MeveHHs palioHalbHUX —IapaMeTpiB
3allPOTNIOHOBAHOTO CIPSIMOBYBada PO3MOIITbHUKA
BHCIBHOTO arapara HeoOXigHo, 00 KoedillieHT

Bapialii  MPOMYCKHOi  3JaTHOCTI ~ BUCIBHOTO
amapata A(Qqg) OyB MiHIMambHUM, a MPOIYCKHA
3gaTHicTh Q¢ — MakcuMmanbHOIO. Po3B’si3aHHS

cucTeMH piBHAHB (6), ypaxoBytouu piBHSHHS (3)
ta (5), 103BOJWIO OTpUMATH JiJisi Oyab-aKoro Qq:
S =0,7328 pax (42°), y = 0,785 pax (45°). 3a mux
3HaueHb  Koe(dimieHT  Bapiamii  mpoITycKHOI
3patHocTi BuciBHOrO amapata A(Qq¢) B 1,5 pasu
Olnpimii 3a KoediwieHT Bapiauii HPOMyCKHOT
3matHocTi  jgo3aropa  A(Qq), 1m0 BKasye Ha
ITiIBUIIIEHHST TOYHOCTI BUCIBY BUCIBHOTO amapara.
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ABSTRACT

IT technologies are increasingly used in various industries. The
rapid development of IT technologies makes it possible to use
them in places where they were unimaginable yesterday. They are
used not only in scientific research and leading industries, but
also in such conservative ones as agriculture. Computer systems
are used on modern models of agricultural machines and
equipment. With each new model, their coverage of the number of
working bodies and processes expands. Therefore, the manual
work of the service personnel is transferred to the work of control
and correction. This has a positive effect on the development of
machinery for agricultural production. The introduction of the
latest technologies not only improves their quality, but also speeds
up the process of creating new models. In order to reduce the time
from development to production of series agricultural machines,
manufacturers use not only modern production technologies. They
also implement and use modern computer software — CAD
software, which are not only used to design new equipment. They
also make it possible to research the reliability of equipment and
its working bodies even at the development stage, without the need
for lengthy tests in real working conditions. To do this,
manufacturers need specialists who are either able to use such
computer software immediately or who can learn it in a short time
and use it in their professional activities. The purpose of the
research is to develop a methodology for designing models of
working bodies, such as cultivator paw, and assemblies of
working bodies of machines using SolidWorks software. The
article discusses the use of modern CAD software in the design of
agricultural machines using the SolidWorks program as an
example. As an example, the model of the universal arrow paw of
the cultivator is taken. The CAD software makes it possible to
optimize the structure by predetermining its dangerous zones.
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Inghopmayitini mexnonocii 6ce uacmiute SUKOPUCOBYIOMbCSL 8
pisHux eany3ax —eupoonuymea. bypxausuii pozeumox 11—
MexXHON02T 0036018€ 6NPOBANIICYBAMU IX MAM, Oe 840pa We Npo
ye i we mpianu. Ix euxopucmosylomv He nuwie € HAYKOSUX
00CNIOJNCEHHAX ~Mma NPOGIOHUX —2any3aX, anxe U 6 MmMAaKux
KOHCEpBAMUSHUX 5K CLibcbKe 2ocnooapemego.  Komn tomepHi
cucmemu  BUKOPUCMOBYIOMbCA — HA  CYYACHUX — MOOEsX
CIIbCLKO20CN00APCLKOI MexXHiKU ma O001AOHAHHA. 3 KOMCHOH
HOB0I0 MOOENNIO0 POSWUPIOEMbCA  OXONJEHHA HUMU  KITbKOCMI
pobouux opearnie ma npoyecis. Omoice, pyuna npays nepcoHaLy,
wWo 06cny208y€ MEXHIKY, Nepesooumsbcs Ha pobOmy 3 KOHMPOIIO
ma Kopecysanusa. Lle, ceo€r0 uepzolo, NOUMUBHO 6NAUBAE HA
PO36UMOK  MexXHIKU 05l acposupobHuymedq. Bnpoeadoicenms
HOBIMHIX MEXHONO02I NOKpAwye He MilbKu ii AKicmb, are u
APUCKOPIOE NpOYec CMBOPEHH HO8UX 3pA3Kis. Jis CKOpOueHHsA
mpusanocmi nepiody 6i0 po3podieHHs 00 BUNYCKY CepiliHUuX
MAWUH — BUPODHUKU — GUKOPUCMOBYIOMb  He  JUWe  CYYACHI
MexHoNo2ll 8UpoOHUYMEA. BoHu makodc 6nposadicyioms ma
BUKOPUCMOBYIOMb  CyYacHe npocpamue 3abesneuenns — CAD-
npozpamu, NPUHAYEHHs SAKUX NOIA2AE He uule 8 NPOEKMYBAHHI
Ho80i  mexHiku. Takooic 6OHU — 003801410Mb  NPOBOOUMU
00Cni0dNCeHHsT HAOTUHOCMI MeXHIKU mda i poboUUX opearie we Ha
cmaoii po3pobnennss 6e3 nompebu mpusaiux eunpoodyeamHv 6
peanvrHux ymosax pobomu. s yvb0o2o SUPOOHUKU MAIOMb
nompeby y gaxieysx, axi 30ammi abo o0pazy GUKOPUCTOBYBAMU
maxe KoMn'lomepHe npozpamue 3abe3neyenus, abdo 30amui y
KOpOMKUIL MePMIH 1020 0C80IMU MA SUKOPUCMOBYSAMU Y CEOill
npoecitiniti disnvHocmi. ¥ cmammi po3eisiHymo UKOPUCHAHHS
cyuacrnux komn tomepuux CAD-npocpam npu xoucmpylosamnmi
CIbCbKO20CNOOAPCLKUX  MAWUH  HA NPUKIAO0l  UKOPUCTMAHHSA
npoepamu  SolidWorks. 3a npukiad 0nsa pospobnenns ma
00CNIOdNCeHHs. BUOPAHO MOOeNb VHIBEepCANIbHOI cmpinuamoi aanu
Kynemueamopa. Komn’tomepna npocpama 0038015€ nposecmu
ONMUMI3AYIK0 KOHCMPYKYIL Janu Kylbmueamopd, HnonepeoHbo
BUSHAYUBWIY iT HeDe3neuHi 30HU.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

VY pi3HUX Tramy3sX MalMHOOYIyBaHHSA JUIS
MIPOEKTYBAHHS MalIMH ITUPOKO BUKOPHCTOBYETHCS
CydacHe KOMII'IOTEpHE MporpaMHe 3a0e3NeueHHs.
BupoOHukaMm CLIBCHKOTOCHOMAPCHKOI  TEXHIKH
notpiOHi  BUCOKOKBamidikoBaHi  (axiBui, sKi
MalOThb 3HAaHHS HE JIMIIe $K CTBOPIOBATU
KOHCTPYKITii MaIlivH i 00JaAHaHH, aje i BMIIOTh
BUKOpHucTOBYBath  cydacHi  CAD-mporpamm.
Cyuacuuii piBenb posutky CAD-mporpam
no3BoJsIE cTBOproBaTH 3D-Momeni Ta KpeciaeHHS
pO3poONIEHNX JAeTanel, BYy3MiB 1 KOHCTPYKIIH
mammn (Tickoo, 2017; Verna & Weber, 2019a;
Tickoo, 2020; Keska, 2021), a Takox MpPOBOIUTH
JMOCIIKEHHST KOHCTPYKIII MaIllmH 3 METOI0
BCTaHOBJICHHSI 1X KOHCTPYKTUBHHX HEIOJIKIB Ta
YIOCKOHAIIIOBATH X e Ha CTafil po3poOJieHHS
(Weber & Verna, 2016; Verna & Weber, 2019b;
Tpuxin ma in., 2019). Kpim toro, cygacui CAD-
nporpaMu 3a0e3neuyloTh CymnpoBiJ po3poOieHol
TEXHIKH BiJl CTBOPEHHS MOJEJCH 10 BUBEICHHS 3
excrutyaranii Mame (PLM). [lesiki mporpamu
JO3BOJISIIOTH PO3POOIIATH CIIOCOOM Ta TEXHOJIOTIT
yTHITI3allii BUBEJCHOI 3 eKCIUTyaTallii TeXHiKH.

MeTa pociigKeHHA —  po3pOOJICHHS
METOJIOJIOTil CTBOPEHHST MoOJeJel neraneil Ta
CKJaJjaHb poOOYMX OpPraHiB MaIllMH Ha TPUKIIAJi
KyJIBTHBATOPHOI J1aru B cepemoBuini SolidWorks 3
BUKOPHCTAHHSIM HOTO JIOJIATKIB.

MATEPIAJIU | METOAHU
BukopucroByBascsi nocig pobotu 3 CAD-
mporpamMaMM  Ta  PEKOMEHJIOBaHI  METOJUKH
BH3HAUYEHHS MIIHOCTI Ta BENWYHHH Aedopmarii
Oig OI€I0 30BHIMIHHOTO HABAHTAXXEHHS Ta CHII
BHYTPIIIHBOTO ONIOPY.

PE3YJIbTATHU JOCIIAKEHHSA
TA OBrOBOPEHHA

BupoOHUKH CLIbCBKOTOCIOAAPCHKOT TEXHIKH
MepexoiTh Ha BHIYCK CYYaCHMX MAIlWH Ta
o0JIa/IHAHHS, 110 € BUCOKOTEXHOJOTTYHUMH. JlJist
JOCSITHEHHST BUCOKOT MPOAYKTHBHOCTI Ta SIKOCTI
ixHp0oi pOOOTH  BUKOPUCTOBYETHCS ~ Cy4acHe
nporpamMHe  3a0e3NedeHHs,  sSKe  J03BOJISIE
3a0e3MeYnTH ONEpaTUBHY IMepeaady iHpopmarii
IUIs. BUTOTOBJICHHS JIeTallell Ha MeTajao00poOHUX
BepcTaTax. TakuM KOMIT'IOTEPHUM IPOTPaMHUM
3abe3nedyeHHsM € crienianizoBani CAD-nporpamu.

Jdns  mpuknany, po3NISIHEMO  OAWH 13
HaUMpOCTIMIHNX 32 KOHCTPYKIIIEI0 poOOYMX OpraHiB

— KyJnbTUBaTOpHY namy (Bacunenko & babuil,
1961, Xavnuc, 1992; 3aixa, 2001; Cuconin ma in.,
2001; Cuconin ma in., 2002; Boumiwox ma iH.,
2005), 1m0 MICTUTh YHIBEPCAIbHY CTPITYACTY
JIaITy, CTOSIK Ta KPIMMMIbHI eTleMeHTH (OOJITH, Taitku
Ta MI1alion).

Bu3Haunmo mociiIoBHICTh OOYI0BH MOJIEINI
CTpLITYATOI JIaIK i3 XBOCTOBUKOM Ta ii cTosika. Jlist
TOOYZI0BH MOJIETi BUKOPUCTOBYIOTHCS TOTIOMIXKHI
IUIOIMHK Ta oci. s moOyaoBu Tpyaed Ta Kpui
CTpLTUaTOl Janu 3a 6a30By MOBEPXHIO MIPHIMAEMO
oy 3Bepxy (Ceepxy). JIomAaTKOBI IIIOIIHHN
[Mnomuua 1 ([Inockocms 1) Tta IlnommuHa 2
(ITnockocmob 2) (puc. 1) BUKOPHUCTOBYIOTHCS IS
o0y TOBH Tpyiel Ta KpWJI JIalK KyJIbTHBATOPA.

Puc. 1 — ba3zoBa miomuna no0y10Bu MOAET Ta
JIOTTIOMI>KH1 TTONIMHHA IS TIOOYI0BU TpyAen i
KPHJI JIalK KyJIbTHBAaTOpa

JlogaTkoBi IJIOLMHUA [mommua 3
(ITnockocme  3), Tlnouwna 4 (Ilnockocms 4) Ta
[Mnouuna 5 (ITnockocms  5)  (pue.  2)
BUKOPHCTOBYIOTBCSL Ui OOMEKEHHS [IHUPUHU
3axBaTy Ta JOBKHHH MOZEJ JTallu.

kR
e
“inockocrsl

_______ = il

Puc. 2 — [TnomuHY, 1110 0OMEKYIOTh IUPHHY
3axBaTy Ta JOBXKWHY MOJIEINI JIalH KyJIbTHBATOPA
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CTBOpIOEMO JIO/IATKOBI HaIpsiMHiI oci Bich 1
— Bicb 5 (Ocv I — Ocv 5) (pue. 3), sxi
YTBOPIOIOTHCS B MICISIX TEPETHHY JOTOMDKHUX
ITOIIMH MiX CO00I0 Ta 3 6a30BOIO TIOBEPXHEIO.
P2

BTN
| M0
e |

Puc. 3 — JJonomixkHi oci

Bynyemo mpodinmi rpyneit Ta Kpuin Mozeni
maru Ha toromwHi ITnomuna 1 (Ilrockocme 1) Ta
mrontuHi ITnomuna 2 (ITrockocms 2) (puc. 4). 11i
npodini 0OMeXeHi JONMOMbKHUMU ocsiMu Bich 3
(Ocwb 3), Bicw 4 (Ocb 4) Ta Bice 5 (Ocob 5).

Ocs2

Jce3

Puc. 4 — Eckizu mpodiniB rpyaeit Ta Kpri MOZETI
JIany KyJbTUBATOPa

«31IMBA€EMO»  CTBOPEHHI  MOBEpPXHI  Ta
3a0KPYIIIIOEMO KpalKy iX MepeTHHY 3MiHHEM
paniycom (puc. 5).

Puc. 5 — IToOyaoBaHa MOBepXHS MOJIEII JIalTH
KyJbTHBaTOpa 0€3 XBOCTOBHKA

Ha mmonmuui Crepeny (Crepeou) 6ymyemo
HaNpsMHY KPHBY, KA TOYMHAETHCS HA JOTHYHIH
3a0KpyriieHoi Kpaiiku (puc. 6). Y XapakTepHuX
TOYKaX KPUBOI CTBOPIOEMO JOJATKOBI TUIOIIUHH
IInommua 6 (Iliockocms 6), Ilmomuna 7
(ITnockocme 7) 1a Inomuna 8 (Ilnockocms 8),
SIKi HOpMaibHI 10 moOynoBaHoi HampsmHOi. Ha
KOXKHIM IUIOLIMHI CTBOPIOEMO €CKi3u 3 mpodineM
XBOCTOBHKA JIAITH KyJIFTHBATOPA.

Puc. 6 — [ToOymoBa XBOCTOBHKA MOJIEINI JIarn
KyJIbTHBATOPA

BynyemMo XBOCTOBHK Jlanmy KyJbTHBAaTOpa Ta
«3IIMBaEMO» Bci TOBepxHi. Hamaemo ToBIuHY
noOyaoBaHiil moBepxHi jamu. CTBOPIOEMO OTBOPH
IUIsl KpIMJICHHS JIalK KyJIbTUBATOpa 0 CTOSIKa Ta
ne3a jio sanu (puc. 7).

Bynyemo crosk namm KyiepTuBatopa. Ha
mwiomuni CnpaBa (Crnpasa) CTBOPIOEMO €CKi3
HanpsMHOI niHii (puc. 8). Ha Hill po3TamoByemo
JOTIOMDDKHI TOYKH I TOOYIOBH TOMOMIKHHX
TUTOILMH.
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0

Puc. 7 — IlepeTBOopeHHS MOBEPXHI JIaliy B MOJIEIb:
a — MePEeTBOPEHHSI IOBEPXHI JIAIIH B MOJICIb;
0 — MoIeIh JIalu KyJIETHBATOpA

[

Puc. 8 — HanpsimHa JtiHist MOJIITi CTOSIKA JIATTH
KYJIbTUBATOPA

Uepes OOTTOMKHI TOUYKH OYIyEMO TOTIOMIXKHI
TUTOINMHHY, SIKI HOPMaJIbHI 10 HampsAMHOI JiHii. Ha
KOXHIA 1ommHi  OyxyeMo Tiepepi3  mpodinto
croska. bymyemo womens croska (puc. 9).
CTBOPIOEMO OTBOPH KPIMJICHHS JIAIK JI0 CTOSIKA.

[TpoBomyMO CKJIaJaHHA pPOOOYOro OpraHy

f

KynbTuBatopa (puc. 10).

Puc. 9 — Mopnens croska ganu KyJIbTHBaToOpa

Puc. 10 — KoM’ roTepHa MoJIeb Janu
KyJbTHBATOPA

Jlns  TpoBEJCHHS  JIOCHI/DKEHb  BIUIMBY
30BHIIIHBOTO HABAHTAXKCHHS Ha POOOYMI OpraH
(Weber & Verna, 2016; Verna & Weber, 2019b;
Tpuxin ma in., 2019; Mopos, 2022) akTuByeMo
incrpyment SolidWorks Simulation 3 manmemi
iHctpymentiB Simulation (pue. 11). CtBoproemo
Hose nocmimkenns (Hoeoe uccaedosanue), a 'y
BiKHI MEHE)Kepa BIACTHBOCTEH BHOMpaEMO
Cratuunuit (Cmamuueckuil).
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25 SOLIDWORKS

dain Mpaska Bwg Boraska
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Hosoe MNpUMeHUTE CpeacTen KOHCYABTAHT NO
WCCcnejoEaHKe | Martepuan OLEHKHK KPernaeHnam

MOL4EAMPOEAHKA

- -

MHCTpyMeHTEl

Simulation Orno

& D
Lt =

KoHoyaeTaHT Nno  MeHegxep
COEAMHEHWAM  0B50N0YKKN

13

KoHCyABTaHT No
EHELWHMM HarpyzKkam
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Chopka | Pacnonomenne | Jcknz | Mcnpaenenne | AHanwsupoeaTe | Jobasnenua SOLIDWORKS | Simulation

Puc. 11 — Cteopenns Hooro gocmimkents B SolidWorks Simulation

[loginsemo Mozenb Jlanu KyJbTUBaToOpa Ha
ckiaaoBi. Ha ofHiif 3 CK1aoBUX MOJIENI BKa3yeEMO
CHCTEMI, III0 BOHA «3aKpIiIUICHa» Ta HEpyXxoma (Ha
puc. 12 — CTpiIOYKH 3€JeHOTO KOJIbopy). o
IHIIOI CKJTaTOBOI MOJIET TMPHUKIATAEMO 3yCHIIISI
OIoOpy IPYHTY, IIO BH3HA4YEHE 3a YMOBU POOOTH
KyJIFTUBATOPHOI JlaM Ha TMEBHIM TiauOuHI Ta
po3ocepepKeHe 3/10BXkK 000X JIe3 JIany HapajienbHO
HampsMKy pyxy KyjibTuBaTopa (Ha puc. 12 —
CTPLIOYKH YEPBOHOTO KOJIBOPY).

Puc. 12 — Cxema HaBaHTaXEHHS JIaA

won Mises (N/m*2)
370924 000,000
. 341 931 584,000
_ 303 933 200,000
—F 265 96,600,000
_ 227 954 400,000
|| 189962 000,000
_ 151 969 600,000

_ 113 977 200,000

75 984 800,000
37 902 400,000
0174

—p Mpegen Texyuecri: 275 000 000,000

a

%“//A{?
(’{4‘//,#

Jlns mpoBeneHHS OLIBII SKICHOTO aHAJi3y
BIUIMBY 30BHIIIHBOTO HABAHTAXXCHHS HA MOJIENb
JIaM KyJBTUBATOPA MOJUILEMO ii TIOBEPXHIO Ha
TUJISTHKA, TOOTO CTBOPIOEMO CITKY.

3amyckaemo gociikeHHs. Cucrema Tmojae
pe3ynbTaTy JIOCHIPKEHHS Y BHUIJISAL Jiarpam, siki
BijoOpakaroTecst B JiepeBi moOynos (pue. 13).
[Ipu BuOMpaHHi SKOTOCH PEe3yIbTATY TOCIIHKEHHS
cucrema OyJie BIITBOPIOBATH BiJIIOBIIHY Aiarpamy

(puc. 14), wna sxiffi 300paxkeHi 3HAYCHHS
IapaMeTpiB Bill MIHIMyMY 10 MaKCUMyMY.
-
C&t Cratuuecknii 3% (-Mo ymonuanuio-)
4 @,ﬂ,e’ranm
-
3

[lna npocMoTpa 3TMX B3aNMOgERCTEL
- % FECMETPHIN HEXMWTE NPAB0I KHOMKC
" | noaknroueHus, UToBbI CO3AATE CPEAC
B3aNMOAEACTENI,
BHELLIHNE Harpy3kK
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4 @ Cetka
Mapamerpel pesyneTatos

< E Pesynbrarsi
@F’ Hanpaxenunel (-vonMises-)
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g{ Mepemewienmnel (-Pacnonomxenn

5 fledor 103 )

Heg

Puc. 13 — 300pakenns aepesa mo0ymoB
URES {mm) ESTRM

0,729 0,001

. 0,656 . 0,001

_ 0583 _0om

. 0510 _ oom

. 0437 . 0om

L 0365 o oo

. 0202 _ 0000

L 0219 _ 0000

0,146 0.000

0,073 0,000
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Puc. 14 — Jliarpamu pe3ysIbTaTiB JOCITIIKEHHS:
a — BHYTPILIHIX HANIPYXKEHb; O — MepeMillieHHs i/l Ti€r0 30BHILIHIX CHIT; B — BEJTMYMHU JeopMartii
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OTxe, BXKe Ha eTari MPOEKTYBaHHS 00’e€KTa
KOHCTPYKTOp OTpHMY€ iH(pOpMALio IOJ0 HOTro
MOBEIIHKU Ta, 38 HEOOXIZHOCTI, Ma€ MOKJIMBICTh
3pOOUTH KOPEKTHBH B HOTO T'€OMETPHUYHUX abo
MEXaHIYHHX MapaMeTpax.

BUCHOBKH
OtpuMaHi B pe3ylbTaTi KOMIT FOTEPHOTO
MOJCIOBAaHHS ~ JIaM  KyJbTUBAaTOpa  JaHi

JIOTIOMAararoTh BU3HAYUTHA HeOEe3IIeuH1 30HU MOJIEN]
Janmy, TPOBECTH ONTHUMI3aliio il  poO3MipiB,
pamioHanbkHO — BHOpatH — Matepianud g il
BATOTOBJICHHS ~ Ta  3MIHIOBaTH  3OBHIIIHE
HaBaHTaxeHHs. Onepyrud LOUMH Ta I1HITUMH
napaMeTpaMu MOXHA 3a0€3MEUUTH  HAaJCKHY
SKICTh TOTOBOTO BHPOOY 3aJIe)KHO BiJl BHOpaHHX
MaTepialiB i3 ypaxyBaHHAM iX BapTOCTI.

Jy1s IPUCKOPEHHSI BIIPOBA/KEHHS Ta CTAJIOTO
BUKOPHUCTaHHS TaKWX KOMIT IOTEPHUX MpOTrpam
MOTPiOHO He JIWIIIEe BIPOBAKYBATH B HaBUAILHUH
mporec X BUBYEHHs, ajieé W TOCTIHHO 1X
BUKOPHUCTOBYBATH IIiJi YaC BHKJIAJAHHS OCBITHIX
KOMIIOHEHT TEXHIYHOTO HaMpsMy MPOTITOM
YCBHOTO TIepioTy HaBYAHHS 3700yBadiB.
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ABSTRACT

Achieving high crop yields depends largely on weather conditions,
which change from year to year. As a result of soil degradation
processes in Ukraine, the humus content has decreased by almost
a third and is still decreasing. One of the ways to replenish the
humic complex of the soil is to apply organic fertilisers, in
particular organic sapropel. The positive effect of sapropel
fertilisers on the components of soil fertility has been confirmed
by many studies. It is also known that mined sapropel has a high
moisture content, which ranges from 92-98% for its organic type.
The addition of sapropel with natural moisture content ensures
the formation of an additional moisture reserve in the soil. The
effect can be achieved by local application of sapropel, for
example when soybeans are sown using strip-till technology. This
paper presents the methodology and results of a study of the effect
of organic sapropel with natural moisture content on soybean
yield under extreme moisture deficiency. The experiments were
carried out in a soil channel and included seven options that
differed in terms of cultivation and fertilisation systems. During
the experiment, extreme moisture conditions were created by
watering only three times during the entire growing season. Soil
moisture was also measured systematically in each of the
treatments. Analysis of the measurement results showed no
significant influence of the moisture content of natural sapropel
on the total soil moisture in the experimental treatments.
However, an increase in soybean yield of up to 10% was observed
in the experimental variants with sapropel. Based on the results of
the research, a scheme of a machine for sowing soybeans using
Strip-till technology with simultaneous introduction of sapropel
with natural moisture content is proposed.

DOI: 10.36910/acm.vi49.1013

To cite this article:

Tsiz, 1., Didukh, V., Holii, O., Khvesyk, V., & Holii, V.
(2023). Study of the effect of sapropel with natural moisture
content on soybean yield under extreme moisture
shortage. Agricultural Machines, 49, 22-30.
https://doi.org/10.36910/acm.vi49.1013

22



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHH, 2023, Bun. 49

AGRICULTURAL MACHINES, 2023, Vol. 49

YAK 631.3

JOCIIAXKEHHSA BIVIMBY CAINPOIIEJ/IO MPUPOHOI BOJIOTOCTI HA
YPOXKAHHICTE COi 3A EKCTPEMAJIbHOI HECTAYI BOJIOTH

L.€. lu3p!", B.®. diayx?, 0.B. I'ouiii2, B.0. XBecuk3, B.O. l'otiii*

Ulyysbkuii HayioHabHUll mexHivHull yHisepcumem, JIlyyvk, Ykpaina
ZNIOEAT «Eaimay, PokuHi, Ykpaina
3/Trvb6ewiscokulli mexHiuHull paxosutl koaedxc JIHTY, /lbewis, Ykpaina
4TOB «Teneceim», J/Iyyvk, YkpaiHa

AGRICULTURAL MACHINES AHOTAIIA

CIJIbCBKOI'OCIIOAAPCBKI MAILIMHA

Ooepoicants BUCOKUX YPOXHCALB CilbCbKO2OCNOOAPCLKUX KYIbIYp
30€0i1bUI020 3aNeHCUMDb 810 NO2OOHUX YMOB, K 3 KOWCHUM POKOM
3minlomses. Y pesyiemami npoyecie dezpadayii vy IpyHmax
Vkpainu emicm eymycy 3Husueca matbice Ha mpemuny ma
npooosacye  3menuygamucsa. OOuum i3 WIAXIE HONOBHEHHS
2YMIHOB020 KOMNAEKCY IPYHMY € 6HECEHHS OPEaHIYHUX 000pus,
30Kkpema canponeno. llosumusHuii 6niue canponeiegux 000pue
Ha CK1a0o08i poowyocmi IpyHmy niOmeepodceHo bOazamovma
Oocrnioocennamu. Taxooc 8ioomo, wo 000ymuli canponenvb Mac

Karwuoei croea: BUCOKULL 8010208 MiCm, AKUL KOIUBAEMbCA Ollsl U020 OPZLZHillHOZO

POIIOYICTh IPYHTY,

HEIOCTATHE 3BOJIOKCHHS,
carnporeib MPUPOTHOI BOJIOTOCTI,
YPOKalHICTh COi,

muny y wmedxcax 92-98%. Buecenwns canponenio npupoonoi
gon020cmi 3abe3neyumsv QOpPMYSanHs Yy IPYHMI 000AMK0O8O20
3anacy eonoau. Jlocsenenns eghexmy Modiciuge 3a JAOKAIbHOO
BHECEeHHsl Ccanponenio, HAanpukiad nid uac nocigy coi 3a
mexuonocicio  Strip-till. 'Y cmami nooano memoouxy ma

TexHoxnoris Strip-till pe3yabmamu  00CHIONHCEHHs BNAUBY  OP2AHIYHO20  CANPONeNnio

Icmopia ny6aikayii:
Otpumano 21.04.2023

NPUPOOHOI BOI020CMI HA YPOXNCAUHICMb COI 3a eKCmpemanbHOL
Hecmayi gonoeu. Excnepumenmu 3axkiadanuce y IpyHmMogoMy
Kawani ma nepedbauanu CciM 8apianmis, sKi GiOpPI3HANUCS

3areepmkero 01.06.2023 cucmemamu 3emaepobcmea ma yoobpenns. I1io wac docnidy

*Aemop 0415 AUCmMy8aHHs:
tsizigor@Ilutsk-ntu.com.ua

CMBOPI0BANIU eKCMPEMAbHI YMOBU 360J0MCEHHS WIIAXOM Nulie
MpUpazo6020 NOAUSY YHPOOOBI’C YCbO2o Nepiody eezemayii.
Takooic nposodunu cucmemamuyne SUMIPIOGAHHS B0JI020CHLL

IPYHILY KOJICHO20 8apianmy. Ananiz pe3yismamié umMiplogans He
BUABUE CYMMEBO2O GNIUBY BOA02U NPUPOOHO2O CANPNENI0 HA
3a2anvHy eonozicmv IpyHmy Yy eapiaumax oocuioy. Ilpupicm
ypooicatinocmi  3epua coi cmanosumv 0o 10% y eapianmax
docnidy i3 canponenem. 3anponoHOBAHO CcXeMmy Mawunu Ojisl
nocigy coi 3a mexunonocicio Strip-Till i3 oonouacnum emecenus

canponeno npupooHoi 601020Cmi.
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MIPUPOIHOT BOJIOTOCTI Ha YPOXKANHICTh COi 3a €KCTpEeMabHOI
Hectaui Bosiord. Cintbecbkoeocnooapcvki mawunu, 49, 22-30.
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CTAH IIMTAHHA TAIIOCTAHOBKA
INPOBJIEMHA

3aranbHOBIIOMUM  (haKTOM € 3aJICXKHICTh
YPOKafHOCTI  CITBCHKOTOCTIONAPCHKUX  KYJBTYP
Bi SIKICHHX TIOKa3HHKIiB TIpyHTY. Jl0 Ba)KIIMBHX
XapaKTepUCTUK IPYHTY HAyKOBII BiIHOCSTH:
BMICT TyMyCy, BMICT BOJOTH, piBeHb pH,
3a0€3MeYeHICTh MaKpO- Ta MIKpPOEIeMEeHTaMH,
HasBHICTh ITO3WTHBHOI MiKpO(IIOpH, TBEPIICT,
HasBHICTh BOJOCTIMKOi Ta 3B’S3aHOI CTPYKTYypH
arperartiB tomo (Jluxousop, 2002, Hazapenxo ma
in., 2004, Tuxoneuxo ma in. 2005; Tuxoneuxo ma
in., 2012). OpepxaHHS BHCOKHMX YPOXaiB y
CLIBCBKOMY TOCIOJIAPCTBI 371e01IBIIOTO 3aJICKUTh
BiJl MOTOJHUX YMOB, SIKi HIOPOKY 3MIiHIOKOTHCS.
[lin ywac BHpOIIYyBaHHS CITHCHKOTOCIIOAAPCHKUX
KyJlbTYyp POCIMHAMH  CHOXHMBA€TbCS  IE€BHA
YacTHHA TIOXKMBHUX PEYOBHH 13 TpPYHTY, SKi
BHHOCATBCS 33 MEXIi ITOJISI 13 3i0paHUM YPOIKAEM.
Buneceni i3 ypokaem TOXHUBHI pPEYOBHHHU 3
IPYHTY KOMIIGHCYIOThCS IIUISIXOM BHECEHHSA
MiABMINEHNX 103 MiHepanbHux moopus (Fertilizer
use by crop in Ukraine, 2005). Bracmigok 1mp0ro
MOPYIIYETHCA pPIBHOBara Ta CaMOPETYJIALisS B
mpolecax HAKOMWYEHHS OpPTraHiYHUX CHOJYK,
TOOTO TIpOIleCH pO3KJIamaHHd (MiHepai3allii)
MOYMHAIOTh TIEpEeBaXaTH mpollecH TryMidikarii.
Tomy mae micue siBue Aerymigikamii rpyHty. Ak
BHACHIIOK, TOCHA0NIOIOTECS  BiATBOPIOBAJIBHI
BIIACTHBOCTI IPYHTY, IPOTHEPO3iifHa CTIHKICTh Ta
MPOTHIIS XIMiKO-TEXHOTEHHOMY BIUTUBY Ha HBOT'O
(Meoseoes, 2004, Cepeeceé ma in., 2004, bamok
ma in., 2017, Oxopona tpynmis, 2019). bes
BHECCHHSI OpPTraHiYHUX JOOpPUB CYKYITHICTH IHX
(akTOpiB BUKIIMKA€E 3HWKEHHSI POAIOUOCTI IPYHTY.
s mpobnema HaOyjna CBITOBOTO 3HAYEHHS, aye
0cO0JIMBO aKTyaJbHOI BOHA cTana Jiisl YKpaiHu
(Hartati, 2015; Simionescu et. al., 2016; Oxopona
tpynmis, 2019).

[pyHTH BCiX IDYHTOBO-KIIMAaTHYHHX 30H
VYkpainu MaroTh Ae(inUT MOXKUBHUX PEUOBHH Ta
O3HaKM Jerpajauii, moMiX SKuX: Aerymidikaris,
3MEHIIICHHS  [OXXHBHHUX  PEUOBHMH,  €pO3if,
NepeyuIiIbHeHHS, iKUCICHHS, KipKOyTBOPEHHS,
BTpaTa CTPYKTYpH, 3a00JI0uyBaHH:, 3a0pyIHEHHS
PamioOHYKIIiJTaMH 1 BAYXKHUMHU METaJIaMH.

JlocmimpKeHHsT HAyKOBITIB 3aCBiMIYIOTh, IO B
pe3ynbraTi mporneciB aerpagaiii 3a 110 pokis
(1881-1991 pp.) y r1pyHTax VYKpaiHH BMICT
TYMyCy 3HHM3HBCS Maibke Ha TpeTuHy (3 4,2% 1o
3,2%). OHOBIICHI JaHI BKa3ylOTh Ha 3HIKCHHS
1poro mokasuuka 10 3,0% ta Hwkue (Pawok ma
in., 2017; Oxopona tpynmis, 2019).

OnHMM 13 [UIAXiB TIOMIOBHEHHS TYMiHOBOTO

KOMIUIEKCY TIPYHTY € BHECEHHS OpTaHIYHHX
I00pUB, 30KpeMa OPraHiYHOTO  CarpoIeNio.
Bracmimok BMicTy B campomeni TyMiHOBHX

PEYOBHH, SKi MAIOTh aKyMYJISITHBHI, TPAHCIIOPTHI,
PaIioMPOTEKTOPHI, PETyJIIOBANIbHI Ta (hi3i0I0TiuHI
BJIACTMBOCTI, campomeii PeKOMEHJOBaHi  J0
BUKOPHUCTaHHS Ha EKOJIOTIYHO Ta pajiamiiHo-
3abpynHeHux — teputopisx  (lllesuyx, 1996,
Stankevica et. al., 2016; Iusv ma in., 2021).
[loteHmian canpomneniB SK allbTEPHATUBHOTO
JoKepesla OpraHiYHOiI PEYOBHHH I 30eperKeHHS
Ta BIATBOPEHHS pOMIOYOCTI TIPYHTIB YKpaiHu
ctaHoBuTh 140 MuH T (y mepepaxyHky Ha 60%
Bonorocti) (Ilesuyk, 1996).

[lo3uTHBHMIA BIJIMB camporneieBux A00puB
Ha BOJHO-TIOBITPSHUN Ta TEMIIEPATYPHUH PEXUM
BHUSBIIEHO YV JIOCHIDKCHHAX 0araTboX BUYEHUX
(Ilesuyx, 1996; Grantina-levina et. al., 2014;
Murunga et. al., 2020). Ilix uac BHeceHHS
Camlporent0 Yy IPYHT CIOCTEepIraeThCs HOTo
CIIPHUATIIBA dis HAa BOXHO-(I3WYHI BIACTHUBOCTI
IPYHTY, 30Kpema 30iJbIIEHHS [OBHOi Ta
KaIliIApHOT BOJIOTOEMKOCTI, BOJIOTOYTPUMYIOUOT
3IaTHOCTI Ta BOJIOTOCTI BEPXHBOTO TOPH30HTY
(Booth et. al., 2007; Baksiené & Ciunys, 2012).
AHami3 BiIOMHX JOCJI/DKEHb JIEMOHCTPYE, IO
BIUIMB Calpoleil0 Ha pOMIOYICTh IPYHTY €
3HAYHUM Ta KOMIUIEKCHUM, OCKIJIBKH BIiH €

€KOJIOTIYHO YHCTOIO OpraHo-MiHepaJbHOIO
CHUPOBHHOIO, $Ka BJIOCKOHAJIOE Ta IIOKpAILye
CTPYKTYpy IDYHTY, a TakoX BIH € SKICHUM

JDKepesioM mornoBHeHHst rymycy (Grantina-levina
et. al., 2014; Husb ma in., 2021).

BonHouac, HeoOXigHO 3BEpHYTH YBary Ha
BHCOKHIM  BOJIOTOBMICT  HIOWHO  J0OOYyTOTO
camponento, SKUHA KOJIMBAETbCS JJIA  KOro
opraniqHoro Tumy y mexax 92-98 % (lllesuyx,
1996). TexHousorii BHKOPHUCTAHHS CarpoOIEIIO
repen0avgaroTh HOro 3HEBOTHEHHS IO BOJIOTOCTI
60%. BHeceHHs1 canponesnto IpupoIHOi BOJIOTOCTI
Ha TIOJIsA, SIKI po3TalIoBaHi Ha BifacTaHi 10 20 KM
Bim MicIsl HWoro moOyBaHHS, OKPIM BiJICYTHOCTI
BUTpaT Ha 3HECBOJHEHHS, 3a0e3MeunTh Mme U
¢dopMyBaHHA y IpPYHTi JOJAaTKOBOTO 3amacy
Bosord. OueBUAHO, IO [JOCSATHEHHS eQeKTy
MOJKJIMBE 3a JIOKAIBHOI'O BHECEHHS CalpoIelio,
30KpeMa Mg KyJIbTypd 13 LIMPOKOPSIHUM
crocoOoM MoCiBy.

KiiMatnuai 3MiHH, eHepreTWYHa Kpu3a Ta
mpolecH Jerpaalii IPyHTIB 3MYIIYIOTh arpapiiB
BiIMOBJIATUCS BiJl KIACHYHUX CHCTEM BEICHHS
3emiIepoOcTBa M BIPOBAIPKYBATH EHEPro- Ta

24



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHH, 2023, Bun. 49

AGRICULTURAL MACHINES, 2023, Vol. 49

pecypcosbepiratoui  cuctemu  Mini-till,  No-till,
Strip-till, Verti-till (Kocoran & Kpominos, 2011;
Jaskulska et al., 2020; Kargwal et al., 2022).
Tomy Bce OUTBImIOl TOMYJISAPHOCTI HaOyBae
BUpoOILIyBaHHS coi 3a TexHousorie Strip-till, ska
nepeadavae i mocis i3 MIMPUHOIO MIKPIIAS 45 cM
(Farmaha et al., 2011).

MeTa JOCHiAXKeHHSI — BCTAHOBJICHHS
BIUIUBY OPTaHIYHOIO CampoIleNi0 MPHUPOIAHOT
BOJIOTOCTI Ha YPOKaWHICTh COi 32 €KCTpeMallbHOL
HecTadl BOJIOTH Y IPYHTI.

MATEPIAJIU I METOAHU

Jisi  TIpoBeNIeHHST BETETAIliHOTO  JTOCIITY
OyJo BHKOPHCTaHO TPYHTOBMI KaHan Kadeapu
arpapHoi imkeHepii iMeHi mpod. I'. A. Xaiimica
JIHTY, B sxoMy 3a IOINOMOIOI MEPEropoioK
Oyi0 chopMOBaHO CIM CeKIliii mMUpUHOI 45 cM
kokHa (puc. 1). YV chopmoBaHi cekuii BUCiBanach
cos copTy Ammono 3 HopMmoro Bucie 120-140
Kr/ra Ha mOuHY 3 cM. OKpiM IBOTO, y CEKIisIX
BiITBOPIOBAJIMCh YMOBH KIJIACHYHOI CHCTEMHU
00pobitky 1pynTy Ta Strip-Till, a rtakox
3aCTOCOBYBAJIOCH YJIOOpEHHS 3a CXEMOIO, IO
nojana B a0 ammi 1.

J11s1 BiATBOPEHHSI YMOB CMYT'OBOTO 0OPOOITKY
IpyHTY 3a TexHosoriero Strip-till 3 kpaiB cekiit
BKJIAZIAJIM MOHOJIT TPYHTY TOBIIMHOIO 12 cM, a
BHYTPIIIHIO YaCTHHY 3allOBHIOBAIM PO3MYILICHUM
IpyHTOM. BHacmiiok mporo yTBoproBajiach CMyTa
PO3IYIICHOTO TPYHTY mupuHO 21 cm. Hdam Ha
MOBEPXHI po3MilllyBajach MojJpiOHeHa coloma Ta
nepeMilryBajgachk 3 NOBEPXHEBUM IIAPOM IPYHTY
(posmytmeHoi 30HM).

Jist BIITBOpEHHSI B IPYHTOBOMY KaHaji YMOB
KJIACHYHOTO OOpOOITKY TIPYHTY CeKLisl KaHaly
3alI0BHIOBAJIACH PO3IYIICHUM IpyHTOM (pHc. 1).

Puc. 1 — IpyHTOBMIi KaHa i3 3aKJIaJ€HIMH
3pa3KaMu IPYHTY

Y TpyHTI KOXHO{ CeKIlii, BIAMOBIMHO MO
CXEeMH EeKCIEepUMEHTY, (QOopMyBalili OOpPO3EHKH
rmbuHo0 13 oM, B sKi BHOCWIM J00pHBa
(30Kpema camporiesib) Ta 3aKpUBAIH iX TPYHTOM.
®opmyBanu OOpO3eHKH TIHOMHOIO 3 oM i
BKIIQJAd MO JAECATh HACiHUH coi (puc. 2, a).
KinpkicTe HaciHMH, sKa BHCIBajgach B OIHIM
CEKIIii, BIIOBia€ PEKOMEHIOBaHI HOPMi BUCIBY
y 120-140 «kr/ra. Ilicis 1poro OOpO3eHKU
3aKpUBajl TIPYHTOM Ta YIIUIBHIOBAIM HOTO
MTOBEPXHIO. AHAJIOTIYHO 3aKJIalalvnch JOCTITN 3a
cuctemoto Strip Till (puc. 2, 6).

[Tix yac mociimy CTBOPIOBAJM €KCTpEMalbHi
YMOBH 3BOJIOKEHHSI IUIIXOM TPHPA30BOTO MOJIUBY
YOPOAOBX  YyChOTO  Tepiogy  Bereramii 3
po3paxyHky 10 MM BOAM Ha KOXEH BapiaHT
nociimy. Takok TNPOBOAWMIM  CHCTEMAaTHYHE
BHMIPIOBAaHHS BOJOTOCTI TPYHTY y TPbOX TOYKaX
KOXHOI CeKIlii 3a JIOMOMOIOI EJIEKTPOHHOTO
BoJioromipa rpynty MI'-44 (puc. 3, a).

Ta6muus 1 — Cucrema 3emiiepoOCTBa Ta Y I00PEHHS JOCHTIIHUX JIISTHOK

OcobauBocTi Bapiantu nociiny
CHCTEMH
3emiepo6eTBa Ta Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7
ya0GpeHHs (KOHTpOJIB)
1 2 3 4 5 6 7 8
Cucrema KJIacu4Ha Strip-Till Strip-Till KJIacu4Ha Strip-Till KJIaCM4YHa  KJIACHYHA
3emiiepoOCcTBa
Y noopeHHs KAC 32 KAC 32 NasPasKas NssPasKss  canpomens — campomens — BiACYTHE

100 kr/ra 100 kr/ra

20 1/ra 20 1/ra
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Puc. 2 — 3axmaganas 1OCTimiB!
a — TpajuIliiiHa TexHooris; 6 — rexaonoris Strip-till

a §)

Puc. 3 — BumiproBanHs BoJiorocti IpyHTY BojioromipoMm MI'-44 (a) Ta BU3Ha4eHHS ypoXkaitHOCTI coi (0)
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Jnst BU3HAYEHHSI ypOXaWHOCTI coi 30mpanu
OKpEeMO pociuHM 13 KoxHOi cekmii. [lami
BiJJOKPEMJIIOBAIM CTPYYKH Ta BHUAMAIM 3€pHA
(puc. 3, 6). 3i6pami i3 KOKHOI CeKIii 3epHa
3BakyBanu 3 TounicTio 0,01 r nHa Basi TBJI-0,5.

PE3YJIbTATHU JOCIIAKEHHA
TA OBIrOBOPEHHA
3a cepelHIMU 3HAYCHHSIMU BUMIPSHOT i1 Yac
MPOBEJICHHS. EKCIEPUMEHTY BOJIOTOCTI TPYHTY
no0OymoBani ricrorpamu (puc. 4). AHani3 rpadikis

W, %
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(puc. 4) mnokasye, mi0 B MOYATKOBUHA MOMEHT
BOJIOTICTh IPYHTY cTaHoBHIa y Mexax 30%, mo
BIUIMHYJIO Ha IHTEHCHUBHY MOfABY CXOZIB coi Ta
MTOAANBITUH X PO3BUTOK. 3POCTAaHHS BOJIOTOCTI
IpyHTYy mig vac BumiptoBanus 21.07.2022 p. Ta
10.08.2022 p. cnpu4HHEHO MOJIUBOM, SKUH Oyi0
npoBeneHo 12.07.2022 p. ta 02.08.2022 p. Ha
MOMEHT TPETHOTO MOJUBY IpyHTY (25.08.2022 p.)
KOHTPOJIb BOJIOTOCTI IPYHTY YK€ HE MPOBOJHUBCA.
BcraHoBneHO BiACYTHICTH CYTTEBOTO  BIUIMBY
BOJIOTOCTI CaIlpoIENI0 Ha BOJIOTICTh IPYHTY.
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Puc. 4 — 3miHa cepeJHLOrO 3HAYCHHS
Bostorocti rpyaty W (%) y rpyHTOBOMY
KaHaJll yIPOJIOBXK Mepioay Bererarii col

3a BapiaHTaMU JIOCTiy:
a—Nel;0-Ne2;B—Ne3;r—Ne4
a—Ne5;e—Ne6;e—No7
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Y npomeci Bereramii (pue. 5) HaHOLIBII
IHTEHCHBHO PO3BUBAJIUCS POCIMHU Y BapiaHTax
nocaimiB Ne 5 ta Ne 6, 1e BHOCHITH Ccarporiesb, 1o
OyJ0 3aKiIaZiecHo 3a KJIACHYHOKI0 TEXHOJOTIE i,
ocobsuBo, 3a TexHosoriero Strip-Till. Takox 3
puc. 5, a BUIHO, IO 32 KJIACHYHOI CHCTEMHU
00pobiTKy T1pyHTY, ymoopenus KAC-32 Ta 3a
YMOB HeCTadi BOJIOTH, DPOCIMHH €O MOYain
ruHyTd (Bapiant gocmigy Ne 1). ¥V momamsmomy
BigOyiach MOBHA 3aru0enb POCIrH Ta ypoxkai coi
He OyB cOpMOBaHMI 3a IIMM BapiaHTOM JTOCIiAY.

Y tabauni 2 nojgaHi 3HAYCHHS YPOKAHHOCTI
coi 3a BapiaHTaMu JOCHiTy. AHami3 OTPUMaHHX
JaHUX IIOKA3ye, IO Yy BHIAJIKy BHUKOPHUCTAHHS B
sikocTi 00puBa canpomnento 20 T/ra 3a CUCTEMH
Strip-Till Ta kimacu4HOi CHCTEMH OOpOOITKY
IPYHTY TPHPICT YPOXKA0 BIJHOCHO KOHTPOIIO
(Bapiant Ne 7) ckmamae, BimnomimHo, 9,8% Ta
9,4%. Takox mnpupict y 10,0% pocsarayto y
Bapianti Ne 3, ToOTO mig uac yAOOpeHHs
koMmruiekcomM NPK ta cuctemu 0OpoOiTKy IpyHTY

Strip-Till. B inmux BapianTax ypoXKailHiCTbh
MeEHIa, HK Y KOHTPOJIBHOMY BapiaHTi.

Ockinbku pe3ybTaTH JOCIIPKEHHS
BKa3ylOTh ~ Ha  TIO3WTUBHUH  edeKkT  Bix
BUKOPHCTaHHS B SKOCTI JOOpHUB CaIpOIIEIIo
NpUPOIHOI  BOJIOTOCTI,  Oyno  po3po0iieHO
(yHKIIIOHATBHY CXeMy MAaIllWHHU, SIKa JI03BOJISIE
pearmizyBatu 1ei crmoci6 ymobpenus (puc. 6).
MarvHa MicTUTh JBa MoAydi. [leprmii Moaynb —
e MalldHa, $Ka TPAaHCIOPTYE Camporelb
HPUPOJHOT BOJIOTOCTI Ta IOJA€ HOTrO HIHEKOBUM
HACOCOM JI0 [IJIAHTIB MOCIBHUX CEKIiH.

Ha nonatkoBy 3aiHI0 HaBiCKy LHMCTEpHH
HaBilIyeTbecsl Apyruii Momynb. Lle ciBanka, ska
MIPOBOANUTH OJHOYACHHH OOPOOITOK CMYT IPYHTY
Ta MoCiB HaciHHsS coi 3a TexHousoriero Strip-Till.
BinMiHHICTIO BiI iCHYIOYUHX MallWH € Te, IO B
30HY JIii PO3MYIIyBaJbHOI JIalKd TPYOOIPOBOIOM
MOJAETHCS CaIlpoINeb MPUPOIHOT BosorocTi. Jami
Ccarporielib BKPUBAETHCSA LIAPOM IPYHTY, Ha KU
BKJIAJIA€THCS HACIHHSA COA.

0

Puc. 5 — JleMoHcTpAaIis BIUIMBY CHCTEM 00pOOITKY Ta yAOOpPEHHS IPYHTY Ha BETeTaIlilo COi:
a — BapianTtu pociuiny Big Ne 7 no Ne 1 (3niBa Hampago);
0 — BapianTu gocuigy Ne 7, Ne 6 Ta Ne 5 (311iBa HarpaBo)
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Ta6auust 2 — Pe3ynbTaTy BU3HAUYCHHS YPOXKAHHOCTI COi 32 BapiaHTaMH JOCIITY

YposkaiHICTb COi 3a BapiaHTaMHU JOCIIiTY

Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7
r /ra r /ra r /ra r /ra r n/ra r /ra
1 2 3 4 5 6 7 8 9 10 11 12
2,29 25,4 4,34 48,2 3,02 33,6 4,33 48,1 4,31 47,9 3,94 43,8
: — 7,

%56 7 B 9 20

8.9 w0\n2\B %4

Puc. 6 — ®yHkItionanbHa cXeMa MaIllMHU IS OCiBY coi 3a TexHouoriero Strip-Till
13 OTHOYaCHUM BHECEHHS CaIlPOIENI0 MPUPOAHOT BOJIOTOCTI:

1 — Bay mpuBOAY Hacoca; 2 — 3aciiHKyY; 3 — TPyOOIPOBi/ 3aBaHTaXEHHS LIUCTEPHH; 4 — IUCTEPHA;
5 — nwraHr; 6 — OyHKep HaciHHS; 7 — KOTOK; 8 — map camnpornento; 9 — HaciHas; 10 — conHuk;
11 — posnymyBanbHa nana; 12 — po3nyiyBaibHUN IUCK; 13 — ouncHUK 00pobIeHOoT cMyTH;
14 — pospizatounii 1uck; 15 — onopHe koseco; 16 — HaBicka; 17 — MaricTpanbHui TpyOonpoBiz moaadi
canporento; 18 — BCMOKTyBaIbHHIA TpyOONpoBif; 19 — mHekoBuit Hacoc; 20 — MpUUiTHUIN MPUCTpPiit

BUCHOBKH

Ha mouaTky nocmiJpkeHHs BIUIMBY CHCTEM
00pOOITKY TPYHTY Ta yAOOpEHHS Ha YPOXKaWHICTh
coi (3a yMOBH eKCTpeMaybHOI HecTadi BOJOTH Y
IPYHTI) BOJOTiCTH TIpyHTY craHoBmia 30%, w10
BIUIMHYJIO Ha IHTEHCHUBHY IOABY CXOZIB cOi Ta
MoJaJbIIMA X pPO3BUTOK. Y IMpolleci BereTaiii
HaAHOLIbII IHTEHCHBHO PO3BHBAJKCA POCIUHH Y
BapiaHTax IOCJTiTy, A€ BHOCWIM CalpoIenb 3a
KJIACHUYHOK TEXHOJIOTIEI0 Ta, OcCOoOJMBO, 3a
texHojorieto Strip-Till, mo 3abe3neunio npupict
ypoxaitHocti 10 10% moOpiBHSIHO 3 KOHTPOJIBLHUM
BapianToM. Takox I yac JOCTixy BCTaHOBIICHO,
o0 32 KJIACHMYHOI cucTeMH OOpOOITKY IPYHTY,
ynoopennst KAC-32 i yMoB ekcTpemanbHOI
HeCTaui BOJIOTH POCIMHU COi 3arMHYJIN Ta ypoxKan
He OyB copMOBaHUHA.

[linTBep/PKEHO MOIIBHICTh BUKOPUCTAHHS
Camporneno MPUPOAHOI BOJOTrOCTI B  SIKOCTI
OpraHiYHOTO JOOpHWBa Ta HAKOMHYCHOI Y HBOMY
BOJIOTH JUII POCTY €Ol 32 YMOB EKCTpEeMalbHOI

HecTayi onaniB. BHeceHHs canpomnento npupoaHoi
BOJIOTOCTI  JOIIBHO MPOBOAWTH  TiJ  4Yac
BUpoIIyBaHHs coi 3a Texuomoriero Strip-Till. TTpu
BOMY MOXXHa BHUKOPHCTAaTH MOJEPHI30BaHi 3a
CXEMOI0, II0 MOoJaHa Ha Ppuc. 6, MamMHU A
BHECEHHS PIAKUX OpraHigHUX JOOPHB.
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ABSTRACT

The efficiency of linseed production depends on the degree of use
of all components of the crop. As a result of climatic changes
caused by global warming, linseed is grown throughout the
territory of Ukraine. The yield of linseed stem mass in the
northern regions of Ukraine is much higher than in the southern
regions, reaching 45 t/ha. The presence of fiber in the linseed
stems gives them elastic properties. As a result, there are
difficulties with the formation of rolls. The article examines the
process of interaction between the linseed stems and the
trapezoidal teeth of the rollers. A methodology for studying the
static destruction of a single linseed stem is proposed, and the
results of experimental studies of stem destruction using a
trapezoidal tooth model are presented. During the experimental
studies, the factors influencing the values of static displacement
and dynamic characteristics of the flax stem layer were
determined. An analysis of the process of passing a single linseed
stem between the rollers was carried out, and the forces acting on
the stem during interaction with the rollers were determined. In
order to maintain the integrity of the fiber and ensure the
continuity of the stem flow during processing, studies were
conducted to determine the breaking strength of the stems. The
advantages of wusing the proposed tooth profile of the
decorticator's grinding rollers were determined, and the process
of flax stem destruction by the edge of the trapezoidal tooth was
calculated. The results of the research show that the treatment of
flax stems with the proposed trapezoidal toothed rollers makes it
possible to achieve a reduction in the elastic properties of the
stems and to preserve the integrity of the fibre, since the force for
breaking the stems by hitting the rib of a trapezoidal tooth is
lower in comparison with the breaking force. The results of the
study allow us to substantiate tooth profile of the decorticator's
grinding rollers of the proposed linseed harvesting machine.
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AHOTAILIA

Egexmusnicme 6upobnuymea nvony OniHO20 3anedcumsv 60
CMYNneHs BUKOPUCMAHHA 6CiX CKIA008UX ypodicar. Bracniook
KAIMAMUYHUX 3MIH, WO 3YMOGAEHI 2100aIbHUM NOMENIHHIM,
AbOH  ONIUHULL SUpowyrOms no 6citi  mepumopii  Ykpainu.
Ypoorcatinicms cmebrosoi macu y nisniynux obracmsax Yxpainu
3HAYHO euwa HidC y nigOeHHUx obaacmsx i docseae 45 y/ea.
Hassnicmb  6on10KkHG 6 cmebnax nvboOHY ONIUHO20 HAOAE M
NPYIUCHUX eracmusocmeil. Bionosiono, sunuxaroms cKiaoHowi i3
Gopmysanuam pyrouie. Y cmammi 0ocniodiceno npoyec 83a€mMo0ii
cmeben TbOHy ONIUHO20 3 MpaneyicnoOiOHUMU 3YOYIMU BATLYIS.
3anpononosarno HO8Y MemOOUKY OOCHIONCEHHSA CMAMUYHO2O
PYUHYBAHHA  OKPeM020 CcmeOaa JIbOHY ma npedcmasneHi
Ppe3yIbmamy  eKCNepUMEHMATbHUX — O0CTIONCEHb  PYIHYBAHHS.
cmebna i3 BUKOPUCMAHHAM MOOeNi mpaneyienodionozo 3yoys.
Busnaueni ¢haxmopu, axi eniusaroms Ha 3HAUEHHA CIMAMUYHO2O
nepemiwjents ma OUHAMIYHUX XApAKMeEPUCMuK wapy cmeben
avony. Ilposedeno awmaniz mnpoyecy npoxoodceHHs OKpPemMo2o
cmebia 1bOHY ONIUHO20 MINC 8ANLYAMU MA GU3HAYEHI CUMU, SKI
Oirtombv Ha cmebno ni0 wac 63aemoo0ii 3 eanvysmu. s
30epediceHHst  YILiCHOCMI  B0JOKHA JbOHY ma 3abe3nevenus
Hepo3pugHOCmi nomoky cmeben nio uac obpobOieHHs NpPosedeHi
00CNIONCeHHs 3 BUHAYEHHS PO3PUBHOL CUlu cmeden JboH).
Bcmanoeneni  nepeeacu  ukopucmanus  3aNpPONnoOHOS8AHOZO
npoginio  3yOyie  M’AIbHUX  6ANbYIE  OeKopmukamopa —ma
npo8edeHO pPO3PAXYHOK Npoyecy pYUHYBAHHA cmebia JbOHY
ONilIH020 pebpom mpaneyienodionozo 3yoys. Obpobenus cmebden
JIbOHY  3aNPONOHOBAHUMU — GALYAMU 3  MpaneyienodiOHUMU
3Y0ysimMu  0036018€  OOCACHYMU — 3MEHUWEeHHSA  NPYAHCHUX
enacmusocmeli cmeben i 30epeemu YiniCHICMb 80JIOKHA, OCKITbKU
3ycunin pyuHyeanHs cmeben yoapom 3y0ys MeHuie NOPIGHAHO 3
po3pusHuM  3ycuniam — cmebna.  Pesynbmamu  npogedeHux
odocnioxcenb 00360J510Mb 0OIPYHmMY8amu npohine 3yoyie saivyie
0EeKOPMUKAMOPA MAWUHY 0151 30UPAHHS TbOHY ONIUHOZO.
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CTAH IIUTAHHA TA IOCTAHOBKA
IMPOBJIEMHU

PenTtaGenpHICTh BUpOIIYBaHHS  Oy[b-sKOI
KYJIbTypH 3aJICKATh Big BUKOPUCTaHHS BCIX
CKJIaZIOBUX ypokaro. [IpakThka BUPOIILYBaHHS
JBOHY OJIMHOTO CIPSMOBaHa HA OTPUMAaHHS JIUIIEe
HaciHHA. Cte0o-BOJIOKHHCTA Maca JIbOHY, sSKa
3aNUIIAETHCS  MMICHS  BIAOKPEMJIEHHS HACiHHA,
MOJIPIOHIOETLCSL Ta 3A0PIOETHCS Y TPYHT abo K
cnamoethess Ha momi (Yaheliuk et al.,, 2020).
OOuaBa BapiaHTH YTHIIi3aIii CTE€OI0-BOIOKHACTOT
MacH JIbOHY OJNIHHOTO CHPUYMHSIOTH 3HAYHY
LIKOJy HaBKOJIMIIHBOMY cepenoBuily. BoaHouac,
TEXHOJIOTIi TepepoOIeHHS CTe0JI0-BOJIOKHUCTOT
MacH JIbOHY OJIHHOTO 3aJMINAIOTBCS Ha CTamil
HaykoBux po3pobok (Didukh et al., 2022).

Braciinok kimiMaTHYHUX 3MiH, 1[0 3yMOBJIEHI
rNO0ATLHUM TMOTETUTIHHSM, BHPOIIYBaHHS JHOHY
OJIIFHOTO  TOIIUPHJIOCS  BCIEI0  TEPHUTOPIEIO
VYkpainu. HezanexxHo Biml KIiMaTHYHUX YMOB Y
perionax YkpaiHu, ypoKaiHICTh HACIHHS JHOHY
onifiHoro 3amumaerbcs Ha piBHI 20 1w/ra. Ilpm
OMY YPOXKaiHICTh CTEOJIOBOI MacH Yy MiBHIYHUX
o0xacTsax YKpaiHu 3HAYHO BUINA HIXK y MiBIEHHUX
i pocsrae 45 w/ra (Owwox, 2019). IlpupomaHo-
KIIMaTW4Hi ~ YMOBH  BHUPOIIYBaHHS  CyTTEBO
BIUIMBAIOTh Ha (i3UKO-MEXaHIUHI BIIACTUBOCTI
CKJIQJIOBUX ypOXaro JIboHY odiitroro (Stamboulis
etal., 2001).

Texnonorii Ta 3aco0u 30HpaHHS JBOHY
ONIfHOTO MOXKHA 3rPYNMyBaTH TaKUM YUHOM
(Dudarev & Say, 2020; ZJioyx & Fooak, 2022):

- mpsMe KOMOaliHYBaHHsI 3€pHO30HPaIbHUM
KOMOaitHOM;

- 30MpaHHS BEPXIBKOBOI 4YaCTHHU JIbOHY
o0dicyBaJlbHUMHU  JKaTkaMu  0e3  3pi3aHHSA
CTeOJOCTO Ta MOoJajbllla YTWIi3alis CcTedo-
BOJIOKHHCTOI MacH;

- po3miTpbHA TEXHOJOTIS, IO Tepembadae
3pi3aHHS HEOOMOJIOYEHUX CTeOel JIbOHY y BaJIKH,
JO3piBaHHS HACIHHEBUX KOPOOOYOK JIBOHY Y
BaJIKax Ta MigOWpaHHS BaJKiB 3€pPHO30MpPATHHUM
KoMOaifHOM a0o crienialbHIMHU 3ac00aMHu.

Jnst po3aineHOI TeXHOJOrIl 30MpaHHs JTLOHY
ONITHOTO 3alpOTNOHOBaHA YHiBepcalbHA MaIIMHA
(Hioyx ma in., 2021). Mamuna 3abe3neuye
nigOMpaHHA BajKiB, BIJIOKpEMIJICHHS HACiHHA,
3MEHIIICHHS TPYKHUX BIACTUBOCTEH cTeben Ta
(hopMyBaHHSI PYJIOHIB CTEOJI0-BOJTOKHUCTOI MacH.
MamuHy TakoXK MOXHa BUKOPHCTOBYBATH IS
migOUpaHHS BaJKiB CTEOJI0-BOJIOKHUCTOI MacH,
sKa 3aJUIIA€THCA ICIA  3epHO30MPATEHOTO
KoMmOaifHa, y BUIAJKy BHUKOPUCTAHHS MPIMOTO

KOMOalHyBaHHSA — IIif
OJIiifHOTO.

BookHo B cTebnax Jp0HY ONIHHOTO HAgae iM
MIPY’KHUX BJIACTUBOCTEH. BiMmoOBiqHO, BHHUKAIOTH
CKIIamgHom(i 13 ¢opMyBaHHAM pyJoHiB. s ix
YCYHEHHSI B 3allpOTNIOHOBaHiil  yHiBepcaabHil
MaIlliHI  BCTAHOBJIEHO JEKOPTHUKATOp, po0Oodi
OpraHd SKOTO — BaJlbIli, IO MATh pi3HE
($yHKLIOHANbHE TPU3HAYCHHS, 30KpeMa M’sUTbHI
BaJbIli. Y JNEKOPTUKATOPI BCTAHOBJICHO TPU Mapu
M’SUIBHUX BaJbIliB.

PesynpraTté mocmikeHb pyHHYBaHHS TPECTH
y0’THUX KyJIbTYp BUKJIAJEHI B HAYKOBHX MPALIX
(Xaiinic, 2004; Goudenhooft et al., 2018; Owiox,
2019). JlocnimKkeHHIMH BCTAHOBJICHO, 1110 i Yac
30UpaHHsS JIbOHY OJIWHOIO Ha 3MCHIICHHS
MPY>XHUX BJIACTUBOCTEW CcTeOen BIUIMBAE IXHA
BOJIOTICTh, KiJTbKICTh IPOMHUHAHD Ta BHUCOTA IIapy
creben ([ioyx & Amvboma, 2021; Anvboma ma
in., 2022). Ilpu upomy norpedye OOIpYHTYBaHHS
dbopma 3yOIiB M’SUTBHUX BajbIliB, BIJ SKHX
3QJIEKUTH SKICTh 00pOOIIEHHS CTEOEIT.

gac 30HpaHHSI JIbOHY

MeTa Jocaig)KeHHs — JOCTIAUTH TIPOIEC
py¥iHYBaHHS cTe0eN JbOHY ONIHHOTO BalbLSAMU 3
Tparnenieno iOHuMu 3yOLsMU.

MATEPIAJIN 1 METOAHU

Jns Bu3HaueHHs nedopmariii crebia JTHOHY
OJIMHOro, fAKI BHUHHMKAIOTHL BHACIIOOK il
TparenienoiOHoro 3yOIs 3 IUIOCKUMHU TPaHIMH,
3aMporoHOBaHAa  METOAMKA  JIOCHIDKEHb  Ta
po3pobsicHe J1abOpaTOpPHE YCTaTKyBaHHS, SIKE
J03BOJIsIE (DIKCYBATH 3yCHIUIS, 10 TPUKIIAJCHE JI0
crebna, Ta 3MiHH cTaHy cTebjaa YNpOJOBK
pytinyBaHHs. [IpyKHI BIacTUBOCTI cTeOeN JHOHY
OJIIHHOTO TIPOSBISAIOTHCS BHACIIIOK MMOETHAHHS Y
HBOMY JepeB’SHHCTOI CTPYKTYpPH Ta BOJIOKHA.
[TinroroBneHHsT CTE0I0-BOJOKHUCTOI MacH [0
CKpPY4YYBaHHS y PYJOH IOJsra€ B pPyHHYyBaHHI
JUIIIe JepeB’THUCTOI CTPYKTYpHU Ta 3a0e3ledueHHi
30epeKeHHS IUTICHOCTI IyYKiB BOJIOKOH. B
i7IcalbHOMY ~ BUIIQJKy  [pOLEC  pyHHYyBaHHS
JIEpeB’THUCTOI CTPYKTYpU cTeOaa JIbOHY JBOMa
CycimHIME 3yO1siMu OyJie TPOXOANTH BiATIOBITHO
10 cxemu Ha pwuc. 1.

[lpu mnpoxomxkeHHi Imapy creden JbOHY
OJIIAHOTO TIEBHOI BHCOTH Yepe3 Mapy BaJIbIIB MiXK
HAMH BUHHUKAIOTh CHJIH: CHJIA TepTSA; CHIH
HOpMAaJIBHOT peakilii; cuwia yaapy pebOpa 3yous
OJTHOTO Ballblll B IUIOCKY TpaHb jApyroro. Y
MTOAANBIIOMY AOCTIIKEHHI TpoIecy 3MEHIIICHHS
MPYXKHKUX BJIACTUBOCTEH CTEOEN JIbOHY 3HEXTYEMO
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JNeSIKUMH  cujiaMH. Bu3HauanbHOIO y LBOMY
mporieci € cuna ynmapy Pe. llpn mpomy wmae
BHKOHYBaTHC yMoBa Py < P, ToOTO cuia
pyliHyBaHHs yaapoM Py, Mae OyTH MEHLIOIO 3a
CHITy PO3PHUBAHHS CTEOEIN Ppos.

: N

Puc. 1 — Cxematuune 300pakeHHsI B3a€MOII1
TpanemienonioHoro 3yo1st 3 cTe0JI0M JTHLOHY:
1 — cte6i0 NHOHY ONIHHOTO 0 B3aEMOIT 3
3yOISIMH BaJbIls; 2 — CTEOJI0 JIHOHY M
KOHTAaKTy 3 IBOMa peOpaMu mepiioro 3yo0rs;
3 — cTebI10 THOHY MICIst KOHTAKTY 3 YOTUPMa
pedpamMu IBOX CyCiTHiX 3yOLiB

3o00paxeni 3armubuHn Ha puc. 1 (mo3umis 2
Ta 3) BKazyloThb Ha 371aMm crebna. EdextuBanit
371aM JepeB’SHUCTOI CTPYKTypu cTedia JbOHY
MOXJIMBHM BHACHIIOK ymapy pedpom 3yOrsd 1o
cteOmy (puc. 2). [Ipu nboMy Ha MOYATKOBIN CTAIIT
B3aeMOJii TpaHi 3yOns 3 crebioM BinOyBaeTbcs
Horo mnporuHaHHa. [l MiATBEPIKEHHS LBOTO
TBEP/UKEHHS HEOOXiHO pO3TISHYTH BHUMAIKH
B3a€MOJIi Mapu BajbIliB 3 TO3WII BUHUKHEHHS
XapaKTepHUX KOHTAKTiB MK 3YyOIISIMH, KOJIH MiX
HUMH 3HaXOJNUTHCS cTE0IIO:

- TIpU 3aXOIUICHHI cTebja JIbOHY OJIHHOTO
TpaneuienoJiOHuMH 3yOUsAMHU y NEsSKU MOMEHT
BiOyneTbes ynap pebpom 1 (pue. 2) BEpXHBOTO
BaJIblls MO CTEOJIy BIJHOCHO MOXMWIJIOI TpaHi 2
HIDKHBOT'O Bajblis; SK HAcHiJIOK, BiZOyBaeTbcs
pyHHYBaHHsS JAepeB’SHUCTOI CTPYKTypH crebia,
10 300pakeHo Ha PHUC. 2 TOUKoIo F;

- yaap 3ajHiM peOpoM TOro * 3yOIs IO
crebiy Ha nuaHui EF muockoi rpani (pume. 2);
edexT pyHHYBaHHS JepeB’SHHCTOI CTPYKTypH
crebyia yJapoM 3aJieKUTh BiJl TOBIIMHHU IHApy
creben i 3a30py MK FOPH30HTAIBHUMH TPaHSIMH
BHCTYIIIB 1 3aITaJ{H MTapH BaJIbIIiB;

- BiJ 3yCWUIS yJapy 3aJeXHTh CTYIiHb
pyliHyBaHHS cTeOell TbOHY, B OKPEMHX BHIaIKax
MOJKJIUBE PYHHYBaHHS HE TUIBKU JEepeB’STHUCTOT
CTPYKTypH cTebja, ajie i BOJIOKHA JbOHY, IO €
HETaTHBHUAM SBHILIEM, TOMY YMOBa 3MCHIICHHS
MPY>KHUX BIACTHBOCTEH cTeOem: Py, < Ppos.;

-y toukax C, D ta G (puc. 2) MOXIUBHiA
JUIIe 37aM Imapy cTeGel TOBIIMHOK B OJHE
cTe010; i3 30UMBIIEHHSM TOBIIMHH IIapy cTedeln
JBOHY 3arajibHa HOTO TPYXKHICTH 3pOCTa€, TOMY
Ha puc. 1 300pakeHi TOPU30HTANBHI JUISHKH, SKi
BKa3yIOTb, IO JIEpEeB’SIHUCTA CTPYKTYpa cTedia He
€ 3pyWHOBAaHOIO 1 IS 3MEHIICHHS NPYXHUAX
BJIACTHBOCTEH CTeOeN JIbOHY HEeIOCTaTHBO OJHI€l
Mapu BaJbIliB.

Puc. 2 — Po3MimeHHs cTebiia T50HY MixX
BHUCTYIIAMH 1 3amaiHaMH Tapy BaJbIlIB i3
TpaneunienoiOHuMu 3yOLsIMU

I3 ypaxyBaHHSAM €HEPreTUYHOrO IMiAXOIy
SHeprisi CHUCTEeMH «pebpo TpameuienoaioHoro
3yOIst — cTe0s0 JbOHY — OIOpHA ITOBEPXHS»
3anumaeTthes cranoro. [Ipumyckaemo, mo po6ora,
sKa BHKOHaHa BaJiblleM A, Baroxo P, 1o majac 3
Bucotd h (puc. 3), MOBHICTIO TEPEXOIWTh B
noTeHuialnbHy eHeprito nedopmanii Uy npyxHOT
CHCTEMH:

Ag = U(), (1)
ne A, = P(h + Ay); Ay — nuHAMiYHe TIepeMilleHHS

IIPYKHO1 CUCTEMH.
[lorenuianpHaa eHepris nedopmartii:

Uo = ) 2

ne P, — cuna yaapy no crediy sisony, H.

n T n

Puc. 3 — Cxema 10 po3paxyHKy pyHHYBaHHS
cTebel IbOHY OJIIHHOTO
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Jnist BU3HAUCHHS MAKCUMAaJIbHUX TUHAMIYHUX
HaTpy>KeHb, SIKi BUHUKAIOTh y CTeOdl JbOHY MiX
yac ynapy, HEOOXiZHO BCTAHOBUTH CTaTHYHE
TepeMileHHss pebpa BiJg MOYATKy KOHTAKTy IO
MOBHOTO pyWHYBaHHS:

_ Pa|3
o ABEl

@)

ne £ — monyne lOnra, Ila; [ — MoMeHT iHepii,
2
KI"M*.

=== @)

KoeilieHT AMHAMIYHOCTI BHU3HAYAETHCSA 3a
BHPa30M:

k, =1+ 1+2—h. (5)

cm.

CraTv4yHe HaNpyXCHHS BU3HAUYAETHCS 32
BHPA30M:

ﬂd3

= 6
Tom. = 55 (6)

ne d — miametp cTebia TLOHY, M.
MakcumanbHe — JWHAMIiYHE — HAIlpPy>KCHHS
BU3HAYAETHCS 3 BUPA30OM:

O-() max — kdo-cm. . (7)

Jns BCTaHOBJIEHHS 3yCWUId pyHHYBaHHS
JepeB’SHUCTOT CTPYKTYpH CTaTUYHUM CIOCOOOM
BUKOPUCTOBYBalacs MOJAEIb TpamneuienoaioHoro
3yorst (puc. 4, a). Crebia BKiIagamucs y pobody
30HY MOJZEINI Ta HABAaHTAXKYBAJIHCS 332 JOMOMOT'OO
mpeca (puc. 4, 6).

[ling gac mocmiKeHHS BU3HAYATIOCS 3yCHILISA
pyHHYBaHHS PI3HOI KUIBKOCTI CTe0eNl JIbOHY
omiftHoro (N = 1 wr, N = 5 wTt, N = 10 wT) 3a
cepesHboro Jiamerpa crebna apony d = 1,7 mm.
MakcumanbHa BeJIMYMHA TPOTUHY CTeOeN JTbOHY
craHoBiwia h = 20 MM, 10 IOPIiBHIOE PO3MIpy
ocHOBM Tpamneuii. Po3paxyHku mnpoBommmu 3a
3raueHHs moays FOnra £ = 10 xIla.

Po3puBHe 3ycmuia cre0ern JIbOHY BH3HAYaIIN
3a JONOMOTOI0 MpPUCTOCYBaHHsS (pHc. 5), sike
BCTaHOBJIIOBAJH y mipec (puc. 4, 0).

PozpuBne 3ycumst cteben Ppo; BU3HAYAIHN 3a
TaKUX YMOB: JiaMeTp OTBOPY B NMPHCTOCYBAaHHI —
10 MM; MaKcUMalIbHA KiJIBKICTh CTEOEN TILOHY, SIKi
BKJIAJIANIUCS. B OTBIp MPHCTOCYBaHHS, — 25 MIT.
3ycwiisl NPUKIANANOCA JI0 BEPXHBOI YaCTHHHU
MPUCTOCYBaHHS.

3a IOMOMOTOI0 MPOTpaMH JJIsl HaBYAIBHOL
BuIipoOyBanbHOi Mamuau MI40KU 3HadyeHHs
CHJIM pyHHYBaHHS yaapoM P, Ta 00Mexyrdoro
PO3PUBHOTO 3ycHilIsl cTe0en Ppos. (ikcyBamucs y
Burisiai  rpadikiB. IIpoBommmocs 00pobmeHHS
rpagikiB Ui BU3HAYCHHS CEPEIHBOTO 3HAYCHHS,
0 HEeoOXiZHO BpaxoBYBaTH MpPU NPOEKTYBAaHHI
BaJIbIliB 13 TpamemienoaioHow ¢GopMorw 3yOIiB.
OOpoOJICHHS pe3yJIbTaTIiB  EKCIEPUMEHTATEHUX
JOCHI/DKEHb MPOBOAMIIOCS 13 BUKOPHCTaHHSM
Mathcad 14.

v |
At
® oo

TPABERCA  KPYMEMME

0

Puc. 4 — ExcnieprMenTansHe BU3HAUEHHS 3yCHIUIA pyHHYBaHHS CTe0e JThOHY ONHHOTO:
a — MIJITOTOBJICHHS CTE0EI JIbOHY /IO EKCIICPUMEHTY
0 — crebuia B poOOUiii 30HI MOJIEIi TpamneIienoaioHoro 3yorst
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a

0

Puc. 5 — [IpucrocyBaHHs 1j1s BU3HAYEHHS PO3PUBHOIO 3yCHILISL CTEOE JIOHY OJIiHOrO (a)
Ta MIATOTOBJICHHS CTEOCI 10 eKcriepuMeHTy (0)

PE3YJIbTATHU JOC/IAIAKEHHA

TA OBrOBOPEHHA
Teopernunuii miAxix A0 OOIPYHTYBaHHA
yIapHUX HaBaHTaX€Hb, fKI MaOTh MicCIe

BHAC/IIIOK yAapy TpamnerienoaioHum 3yOoreM o
cTeOly JIbOHY OJNIMHOTO, MOJSTaB y NPOBEACHHI
00YHCIICHD: CTATUYHOTO TepeMilieHHs (puc. 6),
CTaTMYHOTO HANPYXXEHHS Ta MaKCHMAJILHOTO
OUHAMIYHOTO  HANpYXXEHHS 13  BpaxyBaHHAM
KUTBbKOCTI cTeben, sKi Mmiuiraad pyHHYyBaHHIO.
Amnami3z TpadikiB (puc. 6) mokaszye, mo i3
36inpieHHsM | BigOyBaeThCst 3pOCTaHHSA Agy,..

Acm., MM
0,9

}

/
0,7

/

0.5 / N
— 7
03 10 cTeben /./5 CTe6eJ1/
/-/ / a
- lorebmo

0,1 /—

32 10,4 19,5
I, MM

21,1 224

Puc. 6 — 3anexHICTh CTATUYHOTO TIEPEMIIIICHHS
Acm. Bz | Ta KiNMBKOCTI cTE6EI IHOHY OJIIHHOTO

Skio BpaxyBaTy, 1110 yIapHE HAaBaHTAXECHHS,
IO TIepeIaeThes Ha Tio (cTeb10), MPUKIAAAETHCS

YIPOAOBXK MAaJIOTO MPOMDKKY 4acy i CHpHYUHSIE
3MiHHU Y LILOMY TiJIi, TO 1Or0 3HaUYeHHS HEO0OXiTHO
BM3HAYaTH y KiHLEBii (a3l pyiiHyBaHHS cTeOia.
[Ipu Takiit B3aemofii y Ipy>KHOMY TiJi MOXIJIMBE
BUHUKHEHHS HampyKeHO-Ae(OPMOBAHUX CTaHIB.
HMani rpadika (puec. 7) MOKa3ywTh, 10
3ycWiUisl pyHHyBaHHS cTeOen IhbOHY OJIHHOTO
nmopiBaIOE 2,3 kKH 1 HE 3aIeKUTH Bif X KITBKOCTI,
SKIIO BOHM pPO3TAlIOBaHI TOBIIMHOIO B OJHE
crebsio. 3a 1BOro 3HAYCHHS 3YCHIUIA MPH yAapi
pebpom  Tpamenii  BiaOymeTecs  pyWHYBaHHS
JIEPEB’STHUCTOI CTPYKTYPH cTe0Ia THOHY.

i

Puc. 7 — Pe3ynbpTaTi BUBHaYEHHS y1apHOTO
3ycriuis Pyo.

Skmo posrasmatu  1map creben  JIbOHY
JOBUTEHOI BHCOTH, TO LBOTO YAAPHOTO 3yCHILISA
HEIOCTaTHBO. Y 3a30pi MK TpamnerienoaioHuMu
3yO1siMu (puc. 2) Ha 11ap cteben AiFTh CHITH, SKi
3YMOBIIIOIOTH yJap, 3TUH Ta IUTOIIEeHHs. 3yOI y
(dopMi Tpamemiii 3a0e3nedyIOTh MOYEPTOBO 3THH,
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IUTIOLIICHHST Ta pyHHyBaHHS cTeOen BHACIiIOK
MOYeproBux ynapiB pebOpamu Tpameniii. Bin
IHTEHCHBHOCTI Ta CWIHM yJaapy 1o cTe0iax
3aJIeKUTh 3MEHIIEHHS IIPY)KHUX BJIACTUBOCTEH,
0 BIUIMHE Ha Tporec (OpPMYBaHHS PYJIOHY B
npecyBajbHIN Kamepi.

Ynap TtpamerienomiOHoro 3yOIs mo cTedmy
JBOHY  ONIIHHOrO  3a0e3meuye  MaKCHMalbHE
pyHHYBaHHsI JIepEeBHOI CKJIaloBOI — KOCTpPHUI Ta
MiHiMaJIbHE HOIIKOKEHHS BOJIOKHA.

st 3abe3medeHHsT YMOBH HEPO3PHUBHOCTI
cTeben MpOBENEHO OOYHUCIEHHS JIUHAMIYHOTO
KoeilmieHTa 3 ypaxyBaHHSM NpPOTMHAHHS Ta
KimpKocTi creen. Amnani3z rpagikis (puc. 8)
TIOKa3ye, M0 3HAYCHHS JUHAMIYHOTO KoediIlieHTa
quist 10 cTeben MeHIe Bijl 3HAYCHHS KoedillieHTa
UL OMHOTO CcTebnma 9m 1mmapy i3 5 creben.
Bracnimok oOMeXXeHOi pyXJIUBOCTI TPyHH CTeOern
JbOHY 3HAYCHHS JIUHAMIYHOTO KOedillieHTa €
MEHILIMM Ha KO>KHOMY eTami ikcauii 3HaueHs. Ha
3HAYCHHS JWHAMIYHOTO KoeQillieHTa BILIHBAE
HasBHICTh BOJIOKHa Yy cTeONax JhOHY OJIIHHOTO,
OCKUJIbKM BOHO BHKOHYE apMyBaJIbHY pOJIb Yy
TpyOUaTHX cTEONIaX.

ko
90

e

o 1 cTebmno /ﬁ:
e
2

10 creben

50 /

30

34 11,8 21,9

[, MM

23,6 23,9

Puc. 8 — I'padixu 3MiHM TUHAMIYHOTO
KoeilieHTa 3 ypaxyBaHHIM IPOTUHAHHS Ta
KUTBKOCTI cTe0el JIbOHY OJIIIHOTO

Amnainiz rtpadikiB (puc. 9) mokasye, mo AL
25 creben po3pHBHE 3yCHIIIS KOJHBAETHCS Y
mexax 15 kH. Omxe, 3Ha4eHHS pPO3PUBHOTO
3yCWIUIsL € OLNbIIMM 3a yAapHe 3YCHIUIS, IO €
000B’SI3KOBOI0 YMOBOIO JJISl IPOLIECY 3MEHIICHHS
MIPYKHUX BJIACTHBOCTEH mapy cTebo-
BOJIOKHUCTOT MAacH, OCKUIBKH Yy IIbOMY BHIAIKy
Oyne 30epekeHe BOJOKHO JIbOHY. Bimomo, 110
HaHOUTBIIe 3MEHIIYIOTHCS MPYXKHI BIACTUBOCTI
mcas  TpbOX MPOMHHAHB. BiamoBimHo, vy

JNEKOPTUKATOP1 HEOOXIHO BCTAaHOBUTH TPU Mapu
M’SUTBHHUX BaJIbIB. SIKIIO MPUITYCTUTH, IO KOXEH
ynap pebpom Tpamerii BimOyBaTUMEThCS TIO
He3pyHHOBaHIN TUIMHIN cTeOsia JTHOHY, TO IICIA
B3a€EMOJIIT 3 TphOMa MapaMH BaJbIiB BiAOYIETHCS
JNOCTaTHE 3MEHILIEHHS TPYXHUX BIACTHBOCTEH
mapy cTedel JIbOHY OJIiHHOTO.

e |
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Puc. 9 — BusHaueHHs 3HaUEHHSI pO3PUBHOTO
3ycris Ppos.

BUCHOBKH

[IpoBeneni eKCIEpUMEHTANbHI JOCIIHKCHHS
JO3BOJIWJIA BU3HAYUTH YMOBY HEPO3PHBHOCTI
mapy crebel JIbOHY OJNIHHOTO ISt X 00poOIeHHs
M’SUIBHUMHU BaJbLIMU JieKOpTHUKaTopa. Po3puBHe
3YCHIIIS JUTS BOJIOKHA JIBOHY OJIMHOTO CTaHOBHTH
15 xH. 3a pe3ynbraraMu MOJETIOBaHHS B3a€MOI1
crebira IBOHY 3 TpamemnienogiOHumM 3youem
BU3HAYEHO CWIIy pYWHYBaHHS JepeB’SIHUCTOT
CTPYKTYpH cTebia, MaKCUMalbHE 3HAYCHHS SIKOT —
2,3 kH. Opepxani pe3ynsTaté  JO3BOJISIOTH
oOrpyHTyBatd mpo(ime 3yOIB BajbIliB, MIO
3a0e31e4yloTh HeoOXiTHE 3MEHIIECHHS MPYKHOCTI
creben TboHy 0e3 pyHHyBaHHS BOJIOKHA.
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ABSTRACT

The main problems of agriculture are: destruction of soil
structure and soil compaction; water and wind erosion of soils;
loss of humus; destruction of soil ecosystems. Soil degradation is
a modern problem. One of the causes of soil degradation is
compaction. Soil compaction in fields is a consequence of the use
of heavy agricultural machinery. During crop cultivation,
machine tractor units make 5-15 passes through the field,
compacting the top and subsoil layers of the soil. During pre-
sowing tillage and sowing, the running systems of the agricultural
machines cover up to 80% of the field area. This leads to the
deterioration of aeration, the conditions for the life of effective
soil micro-organisms and the absorption of nutrients from the soil
by plants, and as a result to the deterioration of the development
of the root system of plants. The article presents the results of the
evaluation of the density index of the grey-podzolized light loam
soil at different depths in the field conditions of the farm of the
Rivne region (Ukraine) and the influence of soil compaction on its
physical and mechanical and biotic properties. The research was
carried out as part of the first stage of the project, which is being
implemented in accordance with cooperation agreements with
leading agricultural enterprises of the Rivne region (Ukraine).
The soil density indicator was determined in the track of wheeled
tractors and a tractor with a crawler-track system after one, two,
and three passes. It was found that the greatest increase in soil
density was observed at a depth of 20-30 cm after the first tractor
pass, regardless of the type of running system. After the second
and especially after the third pass, compaction increases at
different depths when tractors with different running systems are
used. The effect of changes in soil density on its water
permeability was evaluated. The influence of soil density on its
biotic properties was studied.
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AHOTALIA

OcHoguumu  npobremamu  3eMaepoocmea €.  PYUHYBAHHS
CMPYKMYpU ma YWilbHeHHSA [PYHMY, 600HA MaA IMposa epos3is
IpYHmMi6;, 8mpama 2ymycy, PYVUHVEAHH IPYHMOBUX eKOCUCHEM.
Heepaoayis 1pynmie — ye npobrema cyuacnocmi. OOHum i3
Gaxmopie, wo cnpuuunse Oezpadayilo IPYHMI6 € YWiIbHEHHS.
Vwinonenna rpynmy Ha nonax € HACIiOKOM BUKOPUCIMAHMA
8adickoi’ cinbebkozocnooapcwvkoi mexuixu. 11i0 uac eupowysanns
CIIbCLKO20CNOOAPCLKUX KYIbMYP MAWUHHO-MPAKMOPHI azpe2amu
30ilcuioloms  5—15 npoxodie nonem, YwinbHIOIOHWU OpHUN ma
nioopHuii wapu tpyumy. Lle cnpuuunse nocipuienns aepayii, ymog
AHCUMMEOIATLHOCTI e(heKMUBHUX TPYHMOBUX MIKPOOp2aHizMie ma
NOSTIUHAHHSL POCTUHAMYU EJIeMEHMIG JICUGNeHHS i3 IPYHMY 1, SK
HACMIOOK, CHPUYUHAE NOZIPUEHHS PO3BUMKY KOPeHegoi cucmemu
pociun. Y cmammi euxnadeHo pe3yibmamu  OYIHIOBAHHS
NOKA3HUKIG WIIbHOCMI Cip020 ONIO30/1eH020 J1e2KOCY2IUHKOBO20
IPYHMY HA DPI3HUX 2AUOUHAX Y NOAbOBUX YMOBAX 20CHOO0APCME
Pisnencvroi odonacmi (Yrpaina) ma eniugy ywinbHenHs [pyHmy
Ha o020 hizuxo-mexauiuni ma OiOMUYHI XAPAKIMEPUCUKU.
Jocridocennss npoxoounu 8 pamxax nepuioeo emany peanizayii
NPOEKMY, AKUU BUKOHYEMBCS 32I0HO 3 Y200amu Wooo cnisnpayi iz
npogioHuMuU azpapuumu 2ocnooapcmeamu Pienencoroi obracmi
(Yrpaina). Ilokasnux winbHoCmi IPYHMY 6U3HAYABCA 8 KOl
KOJICHUX MpAaKmopie ma mpaKmopa 3 ZYCeHUUHO X0008010
cucmemoio niciisi 00H020, 080X i MpbOX Npoxodis. Bcmanosneno,
wWo Haubinbue 3pOCMAHHA WITbHOCMI IPYHMY CNOCMEepPieacmbCs
Ha enubuni 20-30 cm nicaa nepuiozo npoxooy mpakmopa
He3anedcHo 68i0 udy x00060i cucmemu. Ilicia opyeoeo ma,
0coOMUB0,  Mpembo20  NPOXodi8  YWINbHEHHS, 3d  YMOGU
BUKOPUCMAKHA MPAKMOPI8 i3 PpIi3HOI0 X0008010 CUCHEMOIO,
3pocmae na piznux enubunax. Ilposedeno oyinioeanus 6nauU8y
3MIHU WITbHOCME TPYHMY HA 11020 00ORPOHUKHICMb. [[0CTiOMNCeH0
8NIUB WITLHOCMI IPYHMY HA 1020 DIOMUYHI XAPAKMEPUCTRUKUL.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

YuiineHeHHST TPYyHTY — I TpOIeC, SKHM
3MEHIIy€ IIyCTOTH MDK HOro YacTUHKaMH Ta
HaOmKkae iX oJHa J0 OJHOI, BHACJIJOK YOI0
301MbLIYETbCS  HIUIBHICTB.  3JaTHICTH  IPYHTY
YUHHUTU OIip YINIJTbHEHHIO 3aJIeKUTh Big HOro
CTPYKTypH 1 Bosiorocti. Hampukiana, ynriibHEHHS
JWIIe He3HaYyHOI0 MIpOI0 BIUIMBAE Ha IPYHTU 3
minaHuM MexaHiyamM ckiaagom (Horn et al.,
1995). CupuiHATAUBICTE IPYHTY IO YIIUTEHEHHS
3MEHIIY€ETHCS 31 30UTBIIEHHAM BMICTY OpraHigHOL
peuoBuHu. lle chopuse CTIHKOCTI TPYyHTY [0
nedopmarrii abo MABHIIYE WOTO €ITACTUYIHICTE.
VYuiinepHeHHST TPYHTY 30UIbIIyeThCS 3a HOTO
MIJBUIIEHOI BOJIOTOCTI, IO XapaKTepHO IS
rnuHucTHX IpyHTIB (SMith et al., 1997).

YuinpHeHHS TIPYHTY MOXKE BimOyBaTHCS
MIPUPOJTHUM IILJISIXOM BHACIIIOK BUCUXAHHS Ta ITiJT
BIUIMBOM HHU3BKUX TeMIlepaTyp abo IUTYyYHO —
BHACIIIZIOK BILIMBY Baxkkoi TexHiku (Batey, 2009).
MexaHi3amiss pPOCIMHHHUITBA XapaKTePU3YEThCA
0aratopa3zoBHMHU MPOXOJaMH TexHIKH moieM. Lle
CIPUYMHSE YIIUIBHEHHS IPYHTY 1, SK HACIiIOK,
moTipIeHHs (Pi3MKO-MEXaHIYHUX 1 arpoismaHux
BiactuBocTe IpyHTY. CTymiHb yIIUIBHEHHS
IPYHTY TEXHIYHMMH 3aco0aMH BU3HAYAETHCS
Macol  MAalIMHO-TPAaKTOPHOrO  arperarta  Ta
minmictio 1pynTiB  (Yavuzcan et al., 2005).
MilHicTh IPYHTY 3aJISKUTH BiJl BMICTY Y HbOMY
BOAM Ta OpraHiYHMX pEYOBUH. BaxmuBumun
napamMeTpaMu, IO BIUTMBAIOTh HAa YIIUILHEHHS
IPYHTY, SK 3a3HAa4aloTh JOCITITHUKH, TaKOX €
KUIBKICTh Ta PO3MIp LIMH CLIBCBKOTOCHOAAPCHKUX
TPaKTOpiB, IIO PYXalOThCAd IIOJEM, a TaKOX
MIBM/IKICTH TXHBOI B3aemozii 3 rpynrom (Sakai et
al., 2008). VYuinbHEeHHS TIPYHTY 3pOCTae 3i
301IBIIEHHSM KUIBKOCTI MTPOXO/iB TPAHCIIOPTHUX
3aco0iB mojeM. 30KpeMa, HaiOiIbIe yIliTbHeHHS
BiIOyBa€eTbCcAd MiCHsT JBOX IPOXOHIB TEXHIKH.
Haiibinpine yurinpHeHHs, 3a3BUYaid, Ma€ Miciie Ha
rmuouai 10-30 cMm y Bomoromy rpyHTi (Aloui &
Disereus, 2011).

ViuinpHeHHS BIUIMBA€ HA MOPUCTICTH IPYHTY,
3MEHIIYIOYM MakKpOIOpH 0 ME30II0p, a MOTIM —
no wikponiop (Vetten, 2014). 3meHIICHHS
MaKpOIOPHUCTOCTI IPYHTY 3HWXKYE TigpaBliuyHy
MPOBIHICTh Ta TOBITPONPOHUKHICTH TPYHTY.
YurinpHEHHS IPYHTY 3MEHIITY€E PYX TOBITPS i BOIU
BHACIIOK 301NbLIEHHSA HACHUIIHOI IIJIBHOCTI Ta
3MeHIIeHHs 00’emy Makpomop. Kpim Toro,
3MCHIICHHS TOPUCTOCTI 3HIDKYE IIBHIKICTH
iHQUIBTpAIil BOAM 1 TOBITPOIPOHUKHICTE TPYHTY,

a IIe BIUIMBA€E Ha KPYrooOir BYIJICHIO Ta a30Ty B
wpomy (Nawaz et al., 2013).

JocnimkeHHs BIUIMBY YIIUTBHEHHS TPYHTY Ha
WOTO SKICTh € aKTyaJbHUMH Ha CHOTOIHI.
30Kkpema, I1e OB’ SI3aHO 13 3aCTOCYBAHHAM Ba)KKOi
CLIIBCHKOTOCIIONIAPCHKOI TeXHIKKM Macor 10 80 T.
BenmnkorabaputHa TeXHiKa IO3BOJSE BYACHO
00po0OIIATH 3HAYHI IUIOIII, BUCIBATH KYJIBTYpH Ta
30UpaTH ypoKail, 3BOAMTH 1O MiHIMyMy HOro
BTpaTH, IO TIOB’s3aHi 3 MOTOJHUMH YMOBaMH.
[upuHa 3axBaTy CUTBCHKOTOCIONAPCHKIX MAIIUH
3pocia BiJl OAHOTO-IBOX psaKiB 70 20 Ta OinbIie
(mampuknan, ciBanka Kinze 3700 — 24-x psinHa),
10 CIPUYHHSE 3HAYHE YIIITbHEHHS IPYHTY.

PesymbraTi mocimiKeHb SBUIIA YIIUTBHEHHS
IPYHTY BHCBITJIEHI B 0araTboX HayKOBHX IpaLlsiX.
JlocHiiHUKYM Hamaranaucs BUBYUTH Ta KiIBKICHO
OI[IHUTH OCHOBHI ()i3WYHI, a TaKOX OIOTHYHI
BJIACTUBOCTI pI3HMX THIB TIPYHTIB 3a pi3HUX
PEKHMIB 3€MIICKOPHCTYBaHHA. 30KpeMa, yBara
3BepTajacs Ha (GaKTOpH, SIKI XapaKTepPH3yIOTh
MpOIleC YUIUTbHEHHS TIPYHTIB. TakoX HayKOBII
CTaBWIM 32 METy KiNbKICHO OLHUTH HIMPOKUI
CIIEKTp TIapaMeTpiB, SKAMH MOXXHA OI[IHUTH
HACNIJIKA YIIUTbHEHHS TPYHTY, BCTAHOBUTH iXHIH
MOIJIMBUI  B3a€MO3B’A30K 13  MPaKTHKOIO
3eMJICKOPUCTYBAHH.

MeTa JociaifpkeHHA — JIOCHIIUTA Y
MOJILOBUX YMOBax BIUIMB YIIIJIbHEHHS IPYHTY Ha
(hizmKo-MexaHiIgHI Ta OIOTHYHI XapaKTCPHUCTHKH
IPYHTY, IO JTO3BOJUTH cpopMmyBaTH 0azy NaHUX
[0 arporocrnojapcTBax PiBHeHCbKOI 00JacTi
(Ykpaina) uist moganbinoi opmaitizalii mporecy
YIIUIbHEHHS IPYHTY Ta CTBOPEHHS MaTeMaTHYHUX
MoJieNieil, SKi PO3KPUBAIOTH CYTHICTH I[BOTO
mporecy.

MATEPIAJIN I METOJAU

Ilin 4Yac MOCHIIKCHHS BUKOPUCTOBYBAJIU
3arabHONPUIHATI MeToauku ([ acvkesuu ma iH.,
2021), a came, BEUMIpIOBaHHS MIUJIBHOCTI TPYHTY
npoBoauau  3a MetogoM KaumHcekoro. st
JOCIIiB  BUKOPHUCTOBYBallM Oyp  (craneBuit
OWTHIp), 00’eM mumiHgpa — 100 cm®. Ha wmicui
BifOMpaHHs mTpo0 3pi3and POCIUHHICTH Ta
BUDIBHIOBAJIM TIOBEPXHIO IpyHTY. B  0TBip
CIPSIMOBYBaua 3akjaJajld LWIIHAP, SAKUH PI3KUM
BEPTUKAIBHUM PYXOM BTYJKH BIABIIOBAIN Y
IPyHT Ha BCIO W#oro Bucory. /s kpamoro
3aHYpEeHHS LWIIHApPa y IPYHT CTiHKM LMJIIHOpA
[ONEPEHbO  3Ma3yBaIM  BaseNiHOM. Y  THX
BHITaJIKaX, KOJM 3pa3Ku BiAOWpanu Ha CyXuX Ta
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IOye IIUIBHUX IPYHTaX, TO TO TOJOBII BTYJKH
BIApsUIA JepeB’STHUM MOJOTKOM. Lluminap micis
3aHYpEHHS MOBHICTIO 3allOBHIOBAIM IPYHTOM 0€3
WOro VIIUTbHEHHS. Ko IMWUTHAP Tij  dYac
3aHYpeHHsS B IPYHT MEPEKOIIYBaBCs, 3pa3ok
BUOpakoByBaM Ta BigOupanu HoBud. [licis
3aHYpeHHsS LWIIHApa Yy IPYHT CHPSIMOBYBaY
3HIMaIM. BHCTynm TpyHTY Hal THIBHAM Kpaem
LHWIIHAPA 3pi3ajd TOCTPUM HOXEM Ta 3aKpHBaJIH
Kpukoro. HaBkono nuiinapa oOKomyBainu IpyHT
3 ycix OOKiB HOXeM a0 Jomatkor. [pyHT min
HWTHIPOM  Migpi3ajii  TaKUM YUHOM, 1100
3ajMmaBcs BUCTYN IpyHTY. Lluminap i3 rpyHTOM
MiJHIMAMK, TepeBepTad KPHUIIKOK OHM3Y 1
TOCTPUM HOXEM 3pi3ajd HaJUIMIIOK IPYHTY
BpiBeHb 13 PDKYYMM KpaeM LWIHOpaA, He
JOITyCKaloYn ckoiy IpyHTy. Lmmiaap i3 30BHI
OYMINAJH BiJl IPYHTY, 3HIMAIN KPHIIKY 1 CTABHIIN
BEpPXHIM HEpPDKYYUM KpaeM HaJ BiIKPUTHUM
amoMiHieBUM Gr0KcOM. [PYHT BHINTOBXYBAIX 3a
JOIIOMOTOI0 CIIELiaJIbHOTO IIOMIIONA, a 3aIHIIKH
BCEpEeINHI MIUTIHAPA BIAKOJIOBAIA Ta 3CHUIAIHA Y
ueit xe Orokc. BUIITOBXyBanu IpyHT 13 LuIiHApa
B OIOKC HaJ apKylleM YHCTOro mamepy. YacTHHKH
IPYHTY, IIO BIAIHM Ha apKyIl, 3CHMANU y OIOKC,
MicJIsi 40oro HWOro 3aKkpHBajW KPHUIIKOK Ta
ynakoByBaiu (I acvkesuy ma in., 2021).

KimpkicTp J0mOBHX dUepB’sSIKiB y TIPYHTI
BHU3HAYaIM WUISIXOM PO3KOIMYBaHHS Ta OTJISLY
npod 1pyHry. Po3mip 3paskiB IpyHTy, IO
iyIrany orsiny, npuitmascs 50x50 cMm. 3pazku
IPYHTY BHKOIYB&JIM JIONATOI0 Ta BKJIAJald Ha
wiiBKy. [pyHT mepeOupanu BpydHY, 4YepB’sKiB
BKJIaJalnd B KOHTEHHEpP M/ BH3HAYEHHS iX
KiTbKOCTi. BOJOTIPOHUKHICTE TPYHTY Y MOJIBOBHX
yMOBax BU3HAYAIM 3 BUKOPUCTAHHAM METOMY pam
(I"acvkesuy ma in., 2021).

Ha mimcraBi aHaimizy JTEpaTypHUX JDKEpel
Oy copmynbpoBaHi KOHIICNITyallbHI BUCHOBKHU
JUTS TIEPEBipsSHHS BIUIMBY YIIIJIHbHEHHS IPYHTY Ha
Horo ¢i3udHi Ta O10THYHI BIACTHBOCTI:

- mepen0adaeThCs, IO OMip TPYHTY, SKUN
JOCIHIJKY€ETBCSI, TPOHUKHEHHIO BOJHM MO3UTHBHO
KOpEIoBaTUME 3 YIILIbHEHHSM;

- HAa YIUIBHEHWX  AUISHKAaX  TPYHTY
3MEHIIIY€THCSI BMICT OpraHiYHUX PEYOBUH;

- YIIIJIbHEHHS IPYHTY CIPUYMHSAE 3MEHILIECHHS
KITBKOCTI JKHBUX OPTaHi3MiB y HbOMY;

- MPOHHKHICTH BOJIOTM 3MEHIIYETHCS Yepes3
VIIITbHEHHS TPYHTY;

- NIUTBHICTH TIO3UTHBHO KOPETIOBATHME 3
YUCIIOM TIPOXO/IIB TPAKTOPA.

PE3YJIbTATHU AOCIIAKEHHA
TA OB'OBOPEHHA

JocnipkeHHsT TPOBOAMINCS YIPOJIOBK JBOX
pOKiB y TocmomapcTBax PiBHeHCBKOi o00macTi
(Ykpaina) y TOJbOBMX yMOBax. IpyHT Ha
EKCTIEPUMEHTANIbHUX JIUITHKAaX TOCHOAapCTB —
CipHii OMiJI30JICHUH JIETKOCYTJTUHKOBHIMA.

Y mporeci BHUKOHAaHHSA IIOJIBOBHX  POOIT
YIIUTBHEHHSI TPYHTY BigOyBasocsi KOJICHUMH Ta
TYCeHHYHUMH TpakTopamH. Y TOCIOJApCTBax
BUKOPHCTOBYBAJINCS TPAKTOPU:

- Claas 850 Axion (motyxHicte — 171 kBT,
maca — 8096 xr);

- John Deere 6195M (notysxHicth — 151 kBT,
maca — 7500 kr);

- Fendt Vario 900MT (motyxHictb—317 kBr,
maca — 15169 kr).

linpHiCT TPYHTY BH3HAYamacsi SK 3a
3aranbHAM (OHOM, TaK i MiCHS MPOXOHKEHHS
TPaKTOpPiB y LEHTpalbHii 30HI ciigy (puc. 1).
PesynpTatu nociimkens moaaHi B TA0IMII.

Puc. 1 — YminpHeHHS IPYHTY Micisl MPOXOKEHHS CIIbCHKOTOCTIONAPCHKOT TEXHIKU
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Tadauust — CepeiHi 3HAYCHHS IIUIBHOCTI IPYHTY IIICJIS EPIIOro,
JIPYTOr0 Ta TPETHOTO MPOXO/IiB TPAKTOPIB

I'mu- [linbHicTh rpyHTY, rfem®
6“:: noyart- MICJIST IPOXOIKCHHS MICJIST IPOXOIKCHHS TICJIST IPOXOIKCHHS
TPyHTy KOBa TpaxTopa TpaxkTopa TpaxkTopa
Claas 850 Axion John Deere 6195M Fendt Vario 900 MT
KUTBKICTB IPOXOIiB KUTBKICTBh IPOXOIIB KUTBKICTB IPOXOIiB
1 2 3 1 2 3 1 2 3
1 2 3 4 5 6 7 8 9 10 11
0-10 1,143 1,288 1,403 1,422 1,249 1,398 1,401 1,303 1,427 1,438
10-20 1,185 1,304 1,411 1,430 1,298 1,401 1,426 1,341 1,436 1,459
20-30 1,166 1,336 1,450 1,471 1,322 1,422 1,443 1,369 1,456 1,465
3040 1,143 1,249 1,448 1,462 1,203 1,418 1,437 1,251 1,361 1,409
40-50 1,140 1,216 1,458 1,469 1,212 1,407 1,439 1,261 1,351 1,401
[lix wac nocHiKEeHb YOPOIOBXK IPYroro CTYHiHb MOTJIMHAHHA IPYHTOM aTMOC(EpHHX
POKY BW3HAYCHI 3aKOHOMIPHICTH 3pOCTaHHSA (Y omamiB ab0 IONMMBHUX BOX, (HOPMYBaHHS
BIJICOTKAX) HIUIBHOCTI IPYHTY Ha Pi3HIA TTHOWHI MTOBEPXHEBOT0 Ta BHYTPIIIHHO IPYHTOBOTO CTOKY
3aJIeKHO BiJ KIUJIBKOCTI MPOXOIIB TpPaKTOpiB BOJIHW, IHTEHCHBHICTh TPOLIECIB BOIHOI €po3ii,
(puc. 2). BeraHoBiEHO, MO YIIUIBHEHHS IPYHTY (opMyBaHHA TIEHETHYHUX TOPHU30HTIB  TOIIO
30impmmiocss Ha  6,60-7,80% mopiBHAHO 3 (l'acokeeuy ma in., 2021). YUliabHEHHS TIPYHTY
MepUIMM  POKOM  JOCHIDKEHb JUISL  BHIIQJAKY Oo0OMeXye pyX BOAM BHHU3, MO CIPUYHHSE
BHUKOPHUCTaHHs KOJICHHX TpakTopiB Ta Ha 6,47— NepeHacu4YeHHs] BOJIOI0 BEPXHIX IIApiB IPYHTY, a
7,92% — y BUNAAKy BUKOPHUCTaHHS I'yCEHHYHOTO LI€ MOKE BUKJIMKATH HECTauy KHUCHIO ISl KOPEHIiB
TpakTopa 3Ha4yHO Oimpmmoi wmacu. Ilpudyomy, pociua (puc. 3) (Azponom, 2020). Pesynbratu
HAMOMBIIMKA BiICOTOK 3pOCTaHHS YLITBHEHHS JOCII/PKEHb 3MiHM BOAOTPOHUKHOCTI IPYHTY BiX
cnocrepiraBcss Ha TiauomHi 20-30 cM micns HOro MIUIBHOCTI TpPEACTaBIeHO Ha puc. 4.
niepioro mpoxoxy Ta 30—40 cm — micnsa apyroro i BogomnpoHukHICTE — MIHIWBAa XapaKTepUCTHKA,
TPETHOTO MPOXOJIB. sKa 3aJIeKUTh BiJl 0aratbox (akTopiB, a came:
Kpim Toro, m1st reHeTHuHOi, arpOHOMIYHOT Ta MEXaHIYHOI'O CKJIaAy IPYHTY, HOTO CTPYKTYpHOTO
MEJTIOpPaTUBHOI XapaKTEPUCTHKHU IPYHTY Ba)KIHUBO CTaHy, IOPUCTOCTI, WIUTBHOCTI, BOJOTOCTI Ta
3HATH WOTO BOJIOIPOHUKHICTh, BiJ SKOT 3aJIC)KHUTh IHINMX BJIACTUBOCTEM.
S S
D\E\ 35 < 30 5 30
30 E‘ E\ 25 ] s
E’ } y a 25
r‘
% 25 , g 5 | g 20 AEAW
5 20 = w g A
£ g 15 .3 15
E 1S 2 g i \,_—o
= 10 '\/.\\ B i
% 5 E 5 \/. E 5
& = g
g 0 . . 2 0 - - T ' ' !
S 20 40 60 5 0 20 40 = 0 20 40 60

I'mubHHA rPYHTY, MM
a

I'muduna rpyHTY, MM

I'mubuna rpyHTy, MM

§) B

Puc. 2 — 3akOHOMIPHOCTI 3pOCTaHHS LIUILHOCTI IPYHTY Ha Pi3HIN TITMOMHI 3a1€KHO BiJ KiTBKOCTI MPOXOIiB
tpakTopiB Claas 850 Axion (a), John Deere 6195M (6) Ta Fendt Vario 900 MT (B):

=+=1 — Ge3 npoxoay TpakTopa; =#=2 —micisa 1 mpoxoay TpakTopa;

3 — micis 2 TPOXOIiB TPAaKTOpa
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Puc. 3 — Aepariist rpyuty (Aepornom, 2020)

Hus  ¢dopmamizamii mpomecy yIIiIbHEHHS
IPYHTY HEOOXiJHO BPaXxOBYBAaTH BILIUB IIiJIbHOCTI
IpyHTy Ha 0ioTy. 3 Li€I0 METOI0 BCTAHOBICHO
3aKOHOMIPHICTh BIUIMBY INIJTBHOCTI TIPYHTY Ha

3MEHIIYEThCS  KUTBKICTh JKMBUX  OpTraHi3MiB
(uepB’skiB) y r1pyHti. Ilicist TppOX MPOXOIIB
tpaktopiB Claas 850 Axion Ta John Deere 6195M
KITBKICTh 4epB’sKiB 3MeHmImacs Ha 56,25%, a

MiCIIsA TPHOX MPOXoiB Tpaktopa Fendt Vario 900
MT — 3meHIIeHHs yepB’sKiB BigOynocs Ha 62,5%.

KUTbKICTh 4epB’sKiB y HboMy (pmc. 5). 3i
301MBLICHHSIM ~ KINBKOCTI  MPOXOMIiB  TPAaKTOPiB

200
=

e

3160 N

5

4 =

5 120 \

2 <

E 80

o

o

5 m \\

=

o

s \_‘_.

0
1,2

>

125 1,3 1,35 1,4 1,45 1,5
[{inbHicTb IPyHTY, I/cM®

Puc. 4 — I'padik 3MiHM BOIONIPOHUKHOCTI IPYHTY BiJ HOTO HITBHOCTI

KinbKicTh ueps’sIKiB, 1mT/m?
14

12 .\
10 \1\ 1 — Claas 850 Axion;
] 2 — John Deere 6195M;

—
,i ) ;o 3 Fendt Vario 900 MT
2 13

S N AR O

1,25 1,3 1,35 1.4 1,45

>

1,2

>

ILinbHICTB IPYHTY, T/cM®

Puc. 5 — KinbkicTs uepB’sikiB Ha 1 M? TpyHTY 3alI€5KHO BiJl #OT0 MiTbHOCTI
(micist TpUPa30BOro MPOXOIKEHHS TPAKTOPIB)
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BUCHOBKH

3a pesynbraTaMM JOCHIDKEHHS  BIUIUBY
VIIITbHEHHS IPYHTY Ha Horo (i3uko-MexaHiuHi Ta
0l0THYHI XapaKTepUCTUKH BCTAHOBJICHO, ITI0:

- IIUTBHICTH TPYHTY 30UTBIIYETBCH 13
301IBLICHHSM KIJTBKOCTI POXOIB TPAKTOPIB;

- HaWOiNTbpIe 3pOCTAaHHSA NIUIBHOCTI TPYHTY
criocrepiraetbest Ha TiauOmal 20-30 cM  mmicas
MEPUIOTO MPOXOJy TPAKTOpa HE3aJIekKHO BiJl BUIY
XOZOBOI CUCTEMH;

- micns  TPeThOro  IPOXOLy  TpakTopa
3aKOHOMIPHOCTI 3POCTaHHA IMIIBHOCTI TPYHTY
Pi3HI I TPAKTOPIB i3 KOJICHOIO Ta TYCEHUYHOIO
XOZOBUMH CHCTEMaMU;

- HaWOIpIIAa TIUIBHICTH TPYHTY  TICIHA
MPOXOJKEHHS TpakTopiB: Ha rnubuHi 40-50 cm —
IUIsL KOJIICHOTO TpakTopa; Ha raubuni 3040 cm —
JUISL TYCEHUYHOTO TPAKTOpa 3 T'yMO-€IacTHYHOIO
T'YCEHHUIIEIO;

- 31 30UIBIIEHHAM ILIUIBHOCTI IPYHTY HOTO
BOJIOTIPOHUKHICTIO 3MEHILYETHCS;

- 31 30UIBPIIEHHAM KUTBKOCTI TNPOXO[IiB
TpaKkTOpa IOJIEM 3MEHIIYETHCA KUIBKICTh >KUBHX
opraHiamiB (4epB’sKiB) y TPYHTi; HICISI TPHOX
npoxoxiB TpaktopiB Claas 850 Axion Tta John
Deere 6195M xinbKicTh 4epB’sIKiB 3MEHIIHIIACS
Ha 56,25%, a TpakTtopa Fendt Vario 900 MT — nHa
62,5%.
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ABSTRACT

Potato is a staple food and the most popular crop in agricultural
production. Ukraine has favorable soil and climatic conditions for
growing this crop, but the efficiency of its production remains low
compared to the leading producers in Europe and the world. The
efficiency of the industry depends on many factors, including the
preservation of the harvested crop. Potatoes in storage must be
free from mechanical damage that could lead to the development
of fungal and bacterial pathogens in the tubers. Damage to the
tubers causes significant economic losses for producers of this
product, as it loses its marketable appearance and deteriorates
quickly. Another problem that causes losses to potato growers is
the appearance of black spot. It has been found that the
development of black spot depends not only on the amount of
mechanical impact, but also on the physical and biochemical
characteristics of the potato tubers. Reducing mechanical damage
to the tubers is the best way to avoid black spot formation. During
harvesting, potato tubers interact with the working bodies of the
agricultural machines and are damaged. In particular, one of the
causes of mechanical damage is the impact of the tubers during
loading into vehicles, transport and unloading. Finding ways to
improve the process of transporting potato tubers is an urgent
task. The article presents the results of experimental studies aimed
at identifying the main types of mechanical damage caused by
impact loads during the loading of potatoes into the body of a
vehicle, their subsequent transport and unloading. It was found
that the most frequently observed type of potato damage is peeling
of the skin on the tubers — in 9.7% of cases. In order to reduce the
mechanical damage of potato tubers during unloading from
agricultural machines, it is proposed to equip the dumpers with
additional shock-absorbing equipment. The modernized design of
the body for the transport of potato tubers includes adjustable
movable vertical partitions and a sliding rear board. The
modernization of the body makes it possible to reduce the rate of
spillage of potato tubers from the body due to the gradual and
independent opening of the partitions.

DOI: 10.36910/acm.vi49.1018

To cite this article:

Shymko, A., Bundza, O., & Martyniuk, V. (2023). Damage
to potatoes during transportation. Agricultural Machines, 49,
46-52. https://doi.org/10.36910/acm.vi49.1018

46



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHH, 2023, Bun. 49

AGRICULTURAL MACHINES, 2023, Vol. 49

V]IK 631.558.4

I[MOIIKO/MKEHHA BYJ/Ibb KAPTOILI I YAC TPAHCITOPTYBAHHA
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AHOTAILIA

Kapmonns — ye oOun i3 OCHOGHUX NPOOYKMI6 XaAp4y8aHHs ma €
HAUNONYIAPHIOI0 KYIbmypor 6 azposupoOHuymei. Yxpaina mae
CHPpUAMAUGE [PYHMOBO-KIIMAMUYHI YMOBU 051 8UPOWYBAHHS Yicl
KyIbmypuy, ane egexkmusHicms ii eupoOHUYmMEd, NOPIGHAHO 3
npogioHuMu  eupooHukamu €eponu ma CcImy, 3ANUMAEMbCA
Huzvkor. Egexmusnicme eanysi  3anescums  6i0  Oacamvox
gaxmopie, 30kpema 36epesicenns 3ibpanoco ypodicarw. Kapmonis,
Wo 3aK1A0AEMbCA HA 30epieants, He NOGUHHA MAMU MeXAHIYHUX
NOWKOOMNCEND, AKI CHPUYUHAIOMb PO3BUMOK Y 6Y160ax 36Y0HUKIE
epubrosux ma baxmepianvHux xeopob. 11i0 uac 36upanns 6y1b6u
Kapmonui 63aemMo0iioms i3 pobouUUMU  OpeaHAMU MAWUH |
3a3HAIOMb NOWKOOJICEHb. 30Kpema, OOHIEI 3 NPUYUH MEXAHIYHO20
NOwKoONCeHHs: € yoap Oyibh ni0 4ac 3a8AHMANCEHHA IX Y
MpaHCcNOpmHui 3acoou, nepesesents ma poseanmasyicenus. Ilowyx
WIAXI6  YOOCKOHANIEHHSI Npoyecy  MpaHcnopmyeauHs  Oyivo
Kapmonni € axmyanbHum 3a80amHam. Y cmammi 6UKIa0eHo
Ppe3yIbmamu  eKCnepuMeHmanoHux 00CHIONCeHb, WO CHPAMOBAHI
HA BUABNEHHS OCHOBHUX GUOI6 MEXAHIYHUX NOUWIKOOICEHb, 5K €
HACIOKOM YOAapHUX HABAHMANCEHb NI0 YAC 3a6aAHMAJICEHHS
Kapmonni 'y Ky308 MPAHCNOPMHO20 3Acoby, No0ansuo2o ii
MPAHCNOPMYBGAHHA ma  eueanmadicenus. Bcmanoeneno, wo
Hauuacmiue CnocmepicacmvCsi Makutl 6uU0 NOWKOOIHCEHHS SIK
30upanusn wKipku Ha oyavoax — y 9,7%. 3 memorw 3meHuieHHs.
MEXAHIYH020 — NOWKOOJICeHHs:  Oynvb  kapmonni  ni0  uac
DO36AHMAIICEHHS.  CAMOCKUOHUX — KY306i6 MEXHIYHUX 3aco0ie
3anpPONOHOBAHO OCHAWYBAMU KY308 000AMKOBUM O0ONAOHAHHIM,
wo eacums yoapHi Haganmasicenus. Mooepuizoeana koHcmpyKyis
Ky308a MPAHCROPMHO20 3ACc00y 011 nepesesents 0yivh Kapmonii
Micmums  pe2yib08aHi PYXOMI GePMUKANbHI NepecopooKu ma
poscyenuti  3a0uiti  6opm. MooepHizayisi Ky306a  003607€
SMEHWUmMU WBUOKICMb BUCUNAHHA OYIbO Kapmonii 3 Ky308a
BHACTIOOK NOCMYNOB020 | HE3ANIEINCHO20 GIOKPUMMS Nepe2OPOOOK.
Kpim moeo, xoncmpykyis 3a0ub020 60pma YHEMONCIUBTIOE YOap
0y166 O NOBePXHI IPYHM).

DOI: 10.36910/acm.vi49.1018
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

YkpaiHa € oHUM i3 HAWOLTBITNX BUPOOHUKIB
KapTOILTI y CBITi. 30KpeMa, TOCTIOIaPCTBAMH YCiX
dbopm BmacHocTi Oyino 3i6pano y 2020 pomi
20837,99 tuc T kapromm, a B 2021 pomi —
3i0pano 21356,47 tuc T Kapromni (Jeporccasna
cnyocba cmamucmuku Yrpainu, 2023).

Y TexXHOJOTiYHOMY TMpoleci BHPOOHUITBA
KapTOIUTi HalOiMbII TPYyAO- Ta €HEPrOBUTPATHOIO
oTiepalli€lo € MexaHi3oBaHe 30HMpaHHSI KapTOILT.
Ha 36upanns npumnagae 40—60% eneproBuTpar Ta
70%  TpymoBUTpaT BUpPOOHHLTBA  KapTOILIL.
Bucoka eQekTHBHICTh Tady3l KapTOILIIPCTBA
MOJKJIMBA JIAIIEC 32 YMOBHU 3a0e3ledeHHs MOBHOT
MeXaHi3alii TEeXHOJOTIYHUX TPOIECiB Ha BCIX
eTamax BUPOOHMIITBA KapTOIUI: MiATOTOBJICHHS
Mojisi,  BHECEHHS  OOOpUB,  BUCA[KyBaHHS
KapToIlli, MAOTJSI 3a KyJIbTYpolo, 30HMpaHHs
KapTomii, il TpaHCHOPTYBaHHS Ta 30epiraHHs.
TparcopTyBanHs Oyiap0 KapTOILIi CIPHIHHSIE
MEXaHIYHI TMOIIKOKEHHS Oyip0, CTYMiHB SKHX
3aJIeKUTD BiJl BUCOTH MaAiHHA OyNb0 Ta KUTBKOCTI
ix manmiab. llomkomkeHHS Oynb0 3YMOBIIOIOTH
3HaYHI E€KOHOMIYHI 30WTKH BHUPOOHUKIB 1€l
MPOAYKIil, OCKIIBKH BOHA BTpadae TOBAPHHUI
BUTJISIZL 1 IIBUAKO TICY€ETHCSL.

[lle onniero mpoOieMOr0, MO CHPUYHHSE
30MTKH BHPOOHHKIB KapTOIUT, € TOSBa HOPHHUX
wisM. HaykoBusMu npoBeleHi OOCTIHKEHHS 3
BUSIBJICHHSI NPUYMH YTBOPEHHS YOPHHUX IUISIM Ta
BIUIMBY MEXaHIYHHX TIIOMIKO/DKEHb Oynp0 Ha
po3BUTOK YopHOI rusimucTocTi (Molema, 1999).
30KkpeMa, BCTAaHOBJICHO, IO PO3BUTOK YOPHUX
IUISIM 3aJISKUTh HE JIMIIE B CHJIM MEXaHIYHHX
BIUIWBIB, a i Bifg ¢i3W4HuX, (i3i0JOriyHUX Ta

OlOXIMIYHHUX XapaKTePUCTHK OyIs0 KapTOILTi.
OTxe, 3MEHIICHHS MEXAHIYHUX IMOIIKOKEHb
Oynp0 — 1 Halikpammii crocid YHUKHYTH
YTBOPCHHS YOPHUX IUISIM Ha KapTornii. BimcoTox
TIONIKODKEHHST Oynp0 Ha eramax 30upaHHS,
TPAHCIOPTYBAHHS Ta MEPBUHHOTO MEPEepOOICHHS
KapTOILUTI Bi 3aragbHOrO iX IOIIKOKEHHS
momano B Tabaumi (Bouman, 1994). Amnamis
JaHUX TA0JMOI TOKa3zye, MO0 HAWOUIBIIMIA
BiJICOTOK TOMIKOKeHHs Oyib0 kaprormii (33,1%)
CIIOCTEPITAETHC IMi Yac 11 mepepoOaeHHS.

JlocmimKeHHsIM TIONTKOKEHHS KapTOIUTl Ta
IHIIMX OBOYIB MiA 4Yac TPaHCIOPTYBaHHS,
3aBaHTQXCHHS Ta BHUBAHTAXCHHA MPHUCBIYEHO
HaykoBi mnpauwi (O’Brian, 1972; Herold et al.,
2001; Rady & Soliman, 2015, 3acopsncekuii ma
in., 2018). 3okpeMa, BCTAaHOBIIEHO OCHOBHI BH[U
MEXaHIYHUX TMOIIKOKeHb Oynpd Kapromimi y
mporeci  B3aeMoii i3 poOoUMMH  OpraHamu
CLTBCHKOTOCTIOAAPCHKHUX MaluH (3asoonos, 2002)
(puc. 1): motemHuiHHs M’K0Ti (69,4%), TpilKuHA
(13,3%), 3nupanns mkipku (8,4%).

5,3%1,1% 1.1%

8,4% \
‘ IIOTEMHIHHS M AKOTI;
TPIIHHH;
13.3% 3JlepTa MKipKa;

BHPBaHA M IKOTh;
= po3spizaui Oyas0u;

69,4% :
po3uaBieHi Oyas0H

Puc. 1 — Po3mozin MexaHiYHUX MMOLIKOIKEHD
Oynp0 KapToILTi

Tao6auus — [TomkomkeHHst OyIp0 KapTOIUTi i yac TeXHooriuHuX oneparii (Bouman, 1994)

Etanu 30upanHs, TpaHCIIOPTYBaHHS Ta IEPBUHHOTO TIEPEepOOICHHS KapTOILTi

[MomkomxenHs 6yib0, %

1 2

30upaHHs YpOXKAIO 14,7

TpancnopTyBaHHS Ta IPOMiXKHE 30epiraHHs 0,5

TpancnopTyBaHHs CTPIYKOBHM KOHBEEPOM Ta MEPEMIlICHHsI CTalliOHAPHUM 15
HAaBaHTAXKYBauOM

30epiraHHs y CXOBHIII 20,8

BinBaHTa)XeHHS 31 CXOBHILA 12,2

TpaHCTIOpPTYBaHHS BAaHTKHAM aBTOMOOLIEM 14,2

Po3BaHTaKyBaHHS BAHTAXXHOTO aBTOMOOLIIS 3,0

[TepBunHE IepepoOIIeHHS (COPTYBAHHS, TAKyBaHH) 33,1
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MexaHi4Hi TOUIKOJKCHHS OyJIb0 KapToIul
CIPUYMHSIIOTh CKOPOYEHHS TEpMiHy 30epiraHs
MPOAYKINI, MO0 MOSCHIOEThCS NPOHHUKHEHHSIM 1
po3BHTKOM y Oynpbax 30yIHUKIB TPHUOKOBUX 1
OakrepiaibHUX XBOp0oO. OTXKe, MOIIYK MUISIXIB
YIOCKOHAJICHHST ~ MpPOIECy  TPaHCHOPTYBaHHS
OyIIb0 KapTOILIi € aKTyaTbHUM 3aBIaHHSIM.

MeTa JocaigKeHHA — YAOCKOHAJIUTU
KOHCTPYKLIIO Ky30Ba TEXHIYHOTO 3acoly uis
TpaHCTIOPTYBaHHS KapTOILTi, sKa 0 3abe3medyBaia
3MEHIIICHHS TTOIIKO/KEHHS 0yJIH0 KapTOILTi.

MATEPIAJIU I METOAU
[lim 4Wac nmOCHiMKEHHS BUKOPHCTOBYBABCS
MeTox  croctepekeHHs. OOpoOneHHS AaHuX

MIPOBOMIIM 3TiTHO 3 METOJUKOI) CTATUCTHYHOTO
00pOoOIeHHS JaHUX.

HocnijpkeHHs — nependadand — BU3HAYCHHS
OCHOBHHUX BHJIIB TMOIIKO/KEHb, SKi OTPUMYIOTh
Oynmp0M KapTOIUTI IMJa dYac 3aBaHTAXCHHSI Y
TPaHCTIOPTHI 3aco0M Ta BHBAHTAXKEHHS 13 HUX.
JHocnigxeHHs TpOBOAMIM YIPOAOBX JBOX POKIiB
y mepiox 30upaHHS Kaprori. CraTHcTHYHE
00poONeHHST MaHWX TIOJLITajJo y BH3HAYCHHI
koedilieHTa Bapiariii:

v =->-100%, 1)

x| | »n

ne o — koedilieHT Bapiamii; S — cepeaHe
KBaJ[paTHUYHE BIIXUJICHHS; X — CEpe/IHE 3HAUCHHS
rmapameTpa, o JOCIiHKYEThCS.

CepenHe KBaJpaTUUHE BIAXUICHHS:

e )

Je N — YHCIO CHIOCTEPEeKEHb, X — 3HAYCHHS
rapameTpa, M0 JOCHTIHKYEThCS.

PE3YJIbTATHU JOCJIAKEHHA
TA OBTOBOPEHHS

BuBe3eHHsT KapTOIUIi 3 MO TPOBOIUTHCS
CaMOCKHMJHUMM  BaHTQXHUMH  aBTOMOOUISIMH,
BaHTQXHUMHU aBTOMOOUIIMU 3 CaMOCKUIHHMHU
MpUYenaMy Yd HaMiBIpHUYEIaMd a00 TPAKTOPHUM
TpaHcopToM (i3 CAaMOCKHIHUMH TpHUYETIaMH Y9H
HariBnpuyenamu) (puc. 2).

KoHeTpykIii  caMOCKHIHUX —TPaHCIOPTHUX
3ac00iB  YacTKOBO  BIATOBIMAIOTH  MOTpeOam

arponpoMHUCIIOBOTO  Komiiekcy. lLle  MoxxHa
MOSICHUTH THM, U0 BOHM TPHU3HAYCHI IS
MEpPeBE3CHHS BaHTaXIB, sKi He TMOTPeOYyIOTh
0COOJIMBHUX YMOB 3aBaHTa)KCHHs / pO3BaHTAKEHHS,
a TakOX TpaHCIOpPTyBaHH:. TpaHCHOPTHI 3aco0w,
10 BUKOPHCTOBYIOTHCS AJIS IEPEBE3CHHS YPOXKAIO
KyIbTyp, SKI MalOTh OyTH 3axXWIleHi Bif
MEXaHIYHMX MOIIKO/PKEHh BHACHIIAOK IIaJiHHS,
HaJMIpDHOTO CTHCKAaHHS Ta TEPTs, NOTPEOYIOTh
YAOCKOHAJICHHS, 30KpeMa IIISXOM  iXHBOTO
OCHAIICHHS JTOJATKOBUM YCTaTKyBaHHSAM. Bimomi
KOHCTPYKLii  NPHUCTPOiB, AKI  JO3BOJAIOTH
3MEHIIUTH  KUIBKICTb ~ TaKUX  TOIIKOJKCHbB,
30KpeMa, TPOTyMOBaHiI OiYHI TOBEpXHI Ky30Ba,
pyxome aHumie Tomo. Hampukiaz, y KOHCTpYKIii
KapTomie3oupanbHoro kombOaiiHa SE  75-20
(BupobHHMK — Grimme) mepenbadeHa BHITYyCKHA
BOPOHKa 3 TaCHHUKOM TMAfiHHSI, M0 3abe3medye
HAllOBHCHHS KOHTEHHEpIB Ta TPaHCIOPTHUX
3aco0iB 6e3 momkomKeHHs Oynb0. [impaBmiunmii
TIPUCTPIH MMOBEPTAE BOPOHKY i3 IIOTOKOM KapTOILTi
Ta JI03BOJIIE HATOBHIOBATH BHCOKI TPAHCIOPTHI
3aco0u 3a BCi€0 MUPUHOIO OyHKepa (puc. 3).

YOpomoBX IBOX CE30HIB  IPOBOIMIHCS
JOCITIKEHHSI MEXaHIYHUX TONIKOKEHb OyIb0
KapTomii, #AKki (QikcyBaJi  OpraHoJIEeNTHUYHUM
MeToA0M. BynpOM JIs moCiimKeHb BigOupanu sK
13 Ky30Ba, TaKk W TICISA iX BHUBAaHTaXCHHS i3
Ky30Ba. Pe3ynbTaTé IOCTIKEHb NPEACTaBICHO
Ha puc. 4. 3 METOIO OLIHIOBAaHHA MiHJIMBOCTI
o3HaK oOumcmoBaBcs — Koe(imieHT — Bapiamii,
3HAYEHHs SIKOr0 KONMBalocs B Mexax 4,7-5,3%.
300pakeHHs MEXaHIYHUX IMOIIKO/HKEHb KapTOILIi
MOJAHO Ha pPHUC. 5.

Jlns  3MeHIeHHS  TMOMIKOKCHHS  Oyns0
KapTOILIl MijJl 4ac PO3BAHTAKEHHS CAMOCKHIHUX
Ky30BiB TEXHIYHMX 3aco0iB  3alpONOHOBAHO
BCTAHOBHTH Y Ky30Bi J0JaTKOBe 00NajHaHHS. 3a
MPOTOTUN ~ BHOPAHO  BiIOMY  KOHCTPYKIIiO
(Venenckuii u op., 2011). Ky30B TpaHCTIOPTHOTO
3ac00y MICTUTh OJHY ITO3[JOBXKHIO TIEPErOPOAKY
Ta MICTH MOMEPEYHNX neperopoaok (puc. 6). Ilix

yac aHalizy KOHCTPYKIii Ky30Ba BHSBICHO
HEIOJIKH:
- TEperopoJikd, 3a YMOBH IEPECKHJAHHS

Ky30Ba, BIJIKpUBAIOTLCS Tij Barow miapy OyJin0,
sIKi KOB3alOTh JIHUIIEM Ky30Ba; PIiBHOMIPHICTh
BHBaHTaXXeHHs Oyin0 Moke OyTu 3abesredyeHa
JIATIE 32 YMOBH, SKIO Oynp0m OymayTh OJHOTO
po3Mipy;

- yci TMeperopoakyd Ky30Ba BIAKPUBAIOTHCS
MPaKTUYHO OJIHOYACHO TiJ dYac MepeKuaHHs
Ky30Ba, BHACJIJIOK YOT0 Ha KpalHIO MEPEropoaKy
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(31 CTOpOHHM BUBAaHTaXEHHsSI Ky30Ba) Oyze MisATH
Hail0Oinplia cujga THCKY, IO CIOPUYUHHTH
MIPUCKOPEHHA NOTOKy Oyns0 1, BiAMOBiTHO,
3pOCTaHHS CWJIHM ynapy MpH iX NajaiHHI, IO
HEJIOIY CTHMO.

3 METOI YCYHCHHS 3a3HAaueHUX HEJOJIKIB
NPOIIOHYETHCS ~ BUKOHATH  HEPETOPOIKH 3
OKPEeMHUMH MOJYJISIMH KEPYyBaHHS, IO MICTAThH
TIIPOLWIIIHIAPH, K 3’€JHAHO 13 T1IPOCHCTEMOIO
Tpaktopa. lle mo3BONsie  perymoBaTH  KyT
BIIXWJIEHHS TEPEeropoJoK BiJl BEPTHKAIBHOL

wionmad. KpiM TOro, KOHCTPYKISI J03BOJISIE
MPOBOJUTH HE3AJICKHE BIOKPUTTS (3aKpUTTA)
MEPEropoIoK, 110 3ade3neuye piBHOMIpHUN BUXiJ
MOTOKY OyNB0 13 3HAYHO MEHIIIMM MTPUCKOPEHHSM.

3anHiii OOpT Mae 30ipHY KOHCTPYKIIIO, IO
MICTHTh JIBa JIUCTH, MK SIKAMH PpO3TalIOBaHO
JUCT, SIKUH TOKPUTHA Ope3eHTOBUM ITOJIIOTHOM,
IO BHCYBAa€eThCSI 3 OOpTa CHPSMOBYBauaMH.
CxeMa  3ampOMOHOBAaHOTO  MOJEPHI30BAHOTO

Ky30Ba IJIs1 TPAaHCHOPTYBAaHHS KapTOIUIl IHOAaHa
Ha puc. 7.

Puc. 3 — Kapromesoupansauii kom6Oaita SE 75-20 3 racHUKOM TaliHHS KapTOILTi

9.7

—
o

TTomkomxenns, %
©c N B o o

B[fI,I[['I INOMKOIKCHb

Puc. 4 — MexaHi4HI MOMKOIKEHHS OyIIE0 KapTOILIi:
1 — mouTKoKEHHS MIKIPKH; 2 — MOYOPHIHHSA M’ SKOTI; 3 — TPIIIWHYU Ta MOPi3H; 4 — MOMIKOHKEHHS M’ IKOT1
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1

Puc. 5 — Tunosi nomkomKkeHHs 0y160 KapTOrIi

Puc. 6 — Yaockonanenuit ky3oB TTA 2 [1TC-4:
1 — monepeuHi neperopoKu (PyxJiuBi); 2 — MO3/IOBKHS MEPEropojika; 3 — 0ci 00epTaHHS NEPEropoIoK;
4 — 3anHIN BIIKUIHUE OOPT; 5 — qHMIE Ky30Ba; 6 — IepeHiil 00pT

10

Puc. 7 — Cxema MOZEpHI30BaHOTO Ky30Ba:
1 — pama; 2 — Ky308B; 3 — 3aHIi BiIKUIHUHI O0pT; 4, 6, 8 — peryIp0BaHi IEPETOPOIKH;
5, 7, 9 — rigpounmiHApU KepyBaHHS neperopoakamu; 10 — kopryc rigpouniminapa
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BUCHOBKH

ExcrneprMeHTaIbHAM LUIIXOM JOBEACHO, IO
Ha eTarli TPaHCIOPTYBaHHS OyJb0 KapTOIUIi BOHH
3a3HAIOTh MEXAHIYHMX IIOLIKOJUKEHb, 30KpeMa:
MOIIKO/PKEHHST IIKIPKH, TIOYOPHIHHSA M’ SIKOTI,
TPIIMHA Ta TMOpPi3H, NOMIKOKEHHS M SKOTI.
HaiigacTimme  crmocTepiraeTbCss  MOIIKOKEHHS
HIKkipku 0yse6 —y 9,7% Bunaakis.

Jns 3MEHIIEHHS MEXaHIYHHX HOMIKOIKEHb
Oynb0 KapToIi 3ampONOHOBAHO MOJEPHI30BaHY
KOHCTPYKITif0 Ky30Ba TPaHCIOPTHOTO 3aco0y, sKa
BIIPI3HIETBCS  BiA  BIMOMUX  KOHCTPYKIIH
peryab0BaHIUMH IEPETOPOIKAMH.
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ABSTRACT

In Ukraine and the in world, there is a need to utilize the biomass
of the stems of agricultural crops, the productive part of which is
grain. Such agricultural crops are: wheat, corn, sunflower,
linseed, etc. The volume of cultivation of these crops is constantly
growing, so the problem of processing their stems is becoming
extremely urgent. Typically, the biomass from stems of
agricultural crops is crushed and left in the soil or burned.
Scientists have proven that the biomass of the stems of
agricultural crops has great potential for the production of a wide
range of goods. The most rational way of processing the biomass
from the stems of agricultural crops is to produce various types of
solid fuel. The stem of the crop can and should be used as raw
material for the production of fuel materials, as this will
contribute to ensuring Ukraine’s energy independence. The
purpose of the research is to analyze the technologies and
equipment for the production of fuel briquettes from the stems of
agricultural crops, to determine the most promising of them. The
article analyzes the types of fuel briquettes, their physical and
mechanical properties, as well as technologies and equipment for
their production from the biomass of the stems of agricultural
crops. It was established that it is most expedient to manufacture
briquettes of the RUF and NESTRO (NIELSEN) type due to their
low cost and good physical and mechanical properties. A complex
of equipment for the production of fuel materials for the
production of briquettes of the RUF or NESTRO (NIELSEN) type
is also offered. These types of briquette production complexes can
be located on the territory of agricultural producers, which
enables processing of stems into fuel briguettes directly on the
spot.

DOI: 10.36910/acm.vi49.1020

To cite this article:

Fomych, M. (2023). Technologies and equipment for
manufacturing fuel briquettes. Agricultural Machines, 49,
53-59. https://doi.org/10.36910/acm.vi49.1020

53



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHH, 2023, Bun. 49

AGRICULTURAL MACHINES, 2023, Vol. 49

YIIK 631.572

TEXHOJIOTII TA OBJIAIHAHHA /1J11 BUTOTOBJIEHHA

INTAJIMBHUX BPUKETIB

M.I. domuyu”

JlyyvKkuil HayioHabHUli mexHivHull yHisepcumem, JIyyvk, Ykpaina

AGRICULTURAL MACHINES

CIJIbCBKOI'OCIIOAAPCBKI MAILIMHA

Kawuosi caosa:

biomaca,

cre0bia,

NaJIMBHI OPUKETH,

TBEp/IC MaJIKBO,
XapaKTePUCTHKA TTATMBHUX
OpUKeTiB

Icmopisa nyé6aikayii:
Otpumano 02.05.2023
3arBepmkeno 02.06.2023

*Aemop 0415 1uCmy8aHHs:
mykhailo.fo@gmail.com

AHOTAILIA

B Vkpaini ma ceimi nocmana nompeba ymunizayii 6iomacu
cmeben  CilbCbKO20OCNOOAPCLKUX — KYAbMYD,  NPOOYKMUBHOI
YACMUHOIO AKUX € 3epHo. Takumu cilbCbK020Cno0apcbKumMu
KYAbMYpamMu € RNulenuys, KyKypyo03d, COHAWHUK, 1bOH OJNIUHUX
mowo. Obcaeu  6upowyeamHa  Yux  KYIAbMyp — HOCHMIUHO
3pocmaioms, MomMy npobrema nepepobnenns ix cmeben cmae
Hao3suuatHo akmyaivHow. Ak npasuno, 6Giomacy cmeben
CIIbCLKO20CNO0APCLKUX KVIbMYP NOOPIOHI0IOMb Ma 3aIUULAOmMb
y tpyumi abo s cnamoioms. Haykosysimu 0ogedeno, wjo biomaca
cmeben CitbCbKO20CROOAPCLKUX KYAbMYP MAE GENUKULL NOMEHYIAN
0J1s1 BUPOOHUYMBA WUPOKO20 dcopmumeHnmy moegapie. Haiibinvuu
PAYIOHANLHUM — HANPAMOM  nepepobieHHs  Oiomacu  cmeben
CILCHKO2OCHOOAPCHKUX KYIbIMYD € SUPOOHUYMEO PI3HUX 8UOI6
meepooco nanusa. Cmebio8y HACMUHY YPOICAD MONCHA Mda
NOMPIOHO BUKOPUCMOBYBAMU K CUPOSUHY O/l 6USOMOBIEeHHS
NnanueHUx mamepianie, OCKIIbKU ye CHpusmume 3a0e3neyeHHio
enepeemuunoi nezanexcnocmi Ykpainu. Mema Odocniosxcenns —
NPOAaHAni3zy8amuy mexHoao2ii ma o61a0OHAHHA 0N BUSOMOBIEHHS.
nanueHux opukemis i3 cmeben CilbCbKO20CNOOAPCHKUX KYAbMYP,
sU3HAUUMU  HAUOLIbW nepcnekmugui i3 Hux. Y cmammi
NPOAHANI308aHI MUNU NATUBHUX Opuxemis, ix ¢hizuxo-mexaiuui
81ACMUBOCII, A MAKOMC MexHOoA02ll ma o00AaOHAHHA Oad X
BUCOMOGNEHHsT 3 Olomacu cmeben  CilbCbKO2OCHOOAPCHKUX
Kynomyp. Bcmawnosneno, wo Hatlbinbul OOYIIbHO GULOMOBISAMU
opuxemu muny RUF ma NESTRO (NIELSEN) enacrioox ix
HU3LKOT 6apmMOoCmi I XOpouux Qizuxko-mMexanivHux e1acmusocmell.
Taxooic 3anponoHO8ano KOMNAEKC 0ONAOHAHHS O/l GUPOOHUYMEA
nanueHux mamepianie 011 eueomosieHus opuxemie muny RUF
abo NESTRO (NIELSEN). Komnnexcu i3 sucomosnenns dpuxemis
YUX munie MOMNCHA PO3MAULO8YEAMU HA Mepumopii eupoOHUKIE
cinbeocnnpodykyii, wo 00380aums nepepobismu cmedio8y macy
6 nanueni bpukemu 6e3nocepeoHbO Ha Micyi.
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CTAH IMTAHHA TA IOCTAHOBKA
IMPOBJIEMHA

Ha crorogni B cBiTi 3pocTae motpeba y
TepepoOJIeHHI  0i0Mach  CLTBCHKOTOCTIONAPCHKUX
KYJBTYD, MPOAYKTUBHOIO YACTHHOIO SKUX € 36PHO
(nmacigasg). TakuMH  CUTBCHKOTOCIIOAaPCHKUMHU
KyJIbTypaMu € NIIEHHLS, KYKypyl3a, COHALIHHUK,
JIbOH OJIifiHuX Tomo. 3a panumu FAOSTAT
(FAOSTAT, n.d.) oOcsri BHpOIIyBaHHS IIHX
KyJbTyp 3a OCTaHHI pPOKH CYTTEBO 3POCIH,
0COOJIMBO BHPOIIYBAaHHS IIIEHHUIN Ta KYKYpYyI3H
(puc. 1).

Amnani3 1aHux Ha puc. 1 mokasye, mo oocaru
BUPOOHHMIITBA IIICHMIII, COHAIIHUKY, KyKypyI3u
Ta JBOHY OJIIHHOTO 301NTBLIYBAJMCS YIPOIOBXK
2000-2020 pokiB. OnmHOYACHO, 3AJIHIIAETHCS
HEpO3B’s3aHOI0 TpodiieMa yTHiizamii credaoBoi
Olomacw 1HX KynbTyp. Sk TpaBuio, CTEOIOBY
OiomMacy HMX KyJNbTyp CHANIOIOTh Ha MOJSX, IO
o(iuiiiHo 3a00poHeHO B YKpaiHi 1 € IIKiUINBUM
IVl HAaBKOJMIIHBOTO  CEPEelOBHINA, 30KpeMa
rpyuty (leremyxa & JKenesuna, 2014). 1la
npo0JieMa iCHye B YChOMY CBITI, 1i PO3B’s3aHHs
Mae riodanbHe 3HAUCHHS! U1 TOBKIJLJIS.

Hocmimxeras mono nepepobieHHs Oiomacu
CLUIBCHKOTOCIOAAPCHKUX KyJIbTYP BHCBITICHI B
naykoBux mpaigsix (Calzolari et al, 2017;
Grégoire et al., 2020; Abd-Rabboh et al., 2021;
Dey et al., 2022). B VkpaiHi BHKOpUCTaHHS
Oiomacu creben CiIbChKOrOCHOAAPCHKUX KYJBTYP
perIaMeHTy€EThCS POTPaMOI0 yTHITI3aIlii BiZTXO/IiB
(Posnopsioscenns KMY Ne 820-p, 2017).

His edexTuBHOrO poO3B’si3aHHS MPOOIEMH
JIOLITbHO 3aCTOCYBaTH KOMIUIGKCHHU — TIAXIif,
TOOTO BIPOBAIUTH TEXHOJOTII, SKi JTO3BOJSIOTH
BUKOPHCTOBYBAaTH yCi CKJIAJOBi YPOXKal0: 3EpHO
(HaciHHA), MYWINUHHS, cTe0JI0 Ta HOro YacTHHHU,

MaKyxy, KOCTpHUIO Touo (Heemok ma in., 2021).

HaykoBusimu  noBeneHo (Heemox &  Jlioyx,
2020a), mo OioMaca CiTbCHKOTOCTOAAPCHKHUX
KyJAbTYp Ma€  BEIMKUH  IOTEHI[anm  JuIs

BUPOOHHIITBA HIMPOKOTO ACOPTHUMEHTY TOBapiB.
BcranoBiieHo, 1m0 HaWOLIBII  palliOHATBHUM
HammpssMOM ~ TiepepoOJieHHss  Oiomacu  cteben
CLIIBCHKOTOCIIOITAPCHKHUX KYJIBTYP € BUPOOHHIITBO
PI3HUX BHUIIB TBEPAOro mNajupa. TakoX BimoMi
TEXHOJIOTii BHUKOpHCTaHHS Oiomacu cteben yis
BHpOOHMIITBA  OyIiBEIPHHUX  MarTepiagiB  Ta
TEXHIYHOTO BOJIOKHA (Pomuu, 2022).

Teepne mammBo 3 Oiomacu crteben — 1Ie
MIPOIYKIIis, KA € BKpail HeoOXimHoI0. HezanexxHno
Bil THINy TAaNWBHUX OpHUKETIB, OCHOBHHMH
TEXHOJIOTIYHUMH OIMepallisiMi iX BUPOOHHIITBA €:
30upanHa (OpaHHS) ypoKaio, pi3aHHS CTEOJIOBOI
6iomacw, ii mopiOHEHHS Ta CyIIiHHS, TPeCyBaHH:
cte0s1oBoi OioMacH.

MeTa pAoCHifKeHHA — TMPOaHATI3YBATH
TEeXHOJOril Ta oOOJamHaHHA I BUTOTOBJICHHS
NaJMBHUX OpUKETIB 13 cre0en, BU3HAYUTH
HaWO1IBII TEPCIICKTHBHI 3 HUX.

MATEPIAJIU I METOHU

AHaniTHYHI JOCHI/PKEHHST TPOBOIWIHCS 13
BUKOPUCTAHHSIM  METOJIB  aHami3y, CHHTE3Y,
HayKOBOI a0CTpakilii Ta KOMIUIEKCHOTO IiIXOJY.
Pesynpratm  mocmimpkeHHss — 0a3ylOThCS  Ha
Marepiajax, IO OTPHMaHi MTiA dYac aHamizy
cratuctuaaux ganux (FAOSTAT, n.d.) ta inmmx
okepen  iHdopmanii, momo oOnajHaHHA —Ta
TEXHOJIOTI] BUTOTOBJICHHS MAaJMBHUX MaTepiaiB
(Ienemyxa & XKenesua, 2014; C.F. Nielsen A/S,
n.d.; RUF briquetting systems, n.d.; Shuliy
Machinery, n.d.; Ilopman bio.ukr.bio, n.d.).
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Puc. 1 — /lunamika BUPOOHUIITBA CLTBCHKOTOCIIONAPCHKUX KyIbTYyp y cBiTi (FAOSTAT, n.d.):
1 — mreHwutIs; 2 — COHAIIHMK; 3 — JIBOH OJIIWHUMN; 4 — KyKypyI3a
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PE3YJIbTATHU AOCAIAKEHHSA
TA OBrOBOPEHHA

[lanuBHi OpWKeTH, 1O BHUTOTOBJIEHI i3
OiomMacH CITBCHKOTOCIIOAAPCHKUX KYJIBTYp, — II€
CIPECcOBaHI POCIMHHI Marepiasd MPsIMOKYTHOI,
mwtiHApuyHOi  abo  iHmoi ¢opmu. Tumnoswmit
niametp OpukeriB craHOBUTH 60-75 MM, a
JOBXKMHA OpHKETIB — HE MEepPEBUIIYE 5 AiaMeTpiB.
CraHgapTHUX pO3MIpiB y MalMBHUX OpHUKETIB
uemae (I'eremyxa & XKeneszua, 2014).

Ha3Ba OpwkeTiB NOXOOWTH Big Ha3BH
HaWOIBII BiTOMHUX BUPOOHHUKIB ITiE] TPOIYKITii.
Bpukern tuny RUF — ne namuBHi Opuketn y
dhopmi MerTMHN, Napajenemnena 991 Ipu3MH, AKi

BUTOTOBJISIIOTH 32 JIOMIOMOTOI0 BHUCOKOTO THCKY
rizpaBmiunumMu  mpecamu  (puc. 2). Poswmip
OpHKeTy 3aJISKUTh BiJl CHPOBHHHU Ta CHIIM THUCKY,
IO TIpHUKIagaeTbes 10 Hel i (opMyBaHHS
opukery (leremyxa & JKenesuwa, 2014; RUF
briquetting systems, n.d.).

Texnomoris BuroroBieHHs OpukeriB RUF
MicTuTh omeparii (puc. 3): noapiOHeHa CHPOBHHA
3aCUMAEThCS Y OYHKEp, 3BIAKU 3a JOMOMOTOIO
LIHEKOBOTO KOHBEEpa CIPSIMOBYETHCS B Kamepy
3aBaHTa)KCHHS; IPECYBAHHS CHPOBHHH IIPOXOINTh
y Kamepi TIpecyBaHHA, ¢ TMpEeCyBaJbHHN IITOK
CTHUCKae MaTepian y npec (Gopmi, BHACIIIOK 4OTO
Opuker HaOyBae He0OXiMHOI POpPMH Ta IIITHHOCTI.

RUF

NESTRO (NIELSEN)

Pimi&Kay

Puc. 2 — Tunu 6pukeris (I'eremyxa & JKenesna, 2014; RUF briquetting systems, n.d.)

Eran 3

Eram 4

Puc. 3 — Texnosoris Burotornenus 6puketis Tunmy RUF (RUF briquetting systems, n.d.)
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Bpukern tumy NESTRO (NIELSEN) — 1e
nayuBHI OpukeTH UWIiHApUYHOI (opmu abo 3
0araTOKyTHHUM  Tiepepi3oM  pi3HOi  JTOBXXHHHU
(mepeBakHO ©0€3 BHYTPIITHHOIO OTBOPY), SKi
BUTOTOBJSIFOTBCSL 32 BHCOKOTO THCKY (pHC. 2).
Bpukern NESTRO BHrOTOBISIIOTH y TiIpaBIiuHUX
mpecax, a Opukern NIELSEN - B ynapso-
MexaHiunux mpecax (puc. 4) (leremyxa &
JKenesna, 2014; C.F. Nielsen A/S, n.d.).

Pucio 4 — TIpec BP2510 (C.F. Nielsen A/S, n.d.)

Bpukern Pini&Kay — ne manuBHi OpukeTH,
o0 MaTh MOWIHAPHYHY abo OaraTorpaHHy
dopMy 3 Hackpi3HUM OTBOpoM (pHc. 2).
Hackpisuuii oTBip OpukeTy 3abe3medye Kparie
TOpiHHS BHACTIZIOK pPyXy TIOBITpS BCEpEaHHI
Opukety. 1li OpUKETH BUTOTOBJISIOTHCS IUIIXOM
MpecyBaHHs CyXOi CHPOBHHH 32 BHCOKOTO THCKY
Ta Temmeparypu. lle copuse omaBieHHIO Ta

3MIIIHEHHIO MOBEPXHI OPHKETIB, 110 € BAXKJIMBUM
i 9ac iX TpaHCIIOPTYBaHHS.

JliHis BUTOTOBIEHHS NAIWBHUX OpPHKETIB
Pini&Kay MicTUTh TEXHOJIOTiUHE OOJIaTHAHHS
(Shuliy Machinery, n.d.) (puc. 5):

- OapabaHHMI MOAPIOHIOBAY — MPHU3HAYCHO
JUTSL TTOAPIOHEHHS POCIMHHOI CHPOBHHU TIEPE.
TTOAATBITUM 00pPOOICHHSIM;

- ApobapKy — mpu3Ha4YeHa Ui MoApiOHEHHs
CHUPOBHHH HAa YACTUHKHU PO3MIPOM JI0 8§ MM;

- OapabaHHYy cymiapKky — MpH3HadeHa s
CYLIIHHSI TOAPIOHEHOTO POCIMHHOTO MaTepiany
JI0 BOJIOT'OCTI, sIKa Hibk4a 12%;

- MalMHy Ui OpUKETYBaHHS — INpU3HAYCHA
JUIS BUTOTOBJICHHSI OPUKETIB 3a BHCOKOTO THCKY
Ta TEMIEpaTypu;

- TIPUCTPIHA IS OYMINEHHS AWMOBHX Ta3iB —
CHpHs€ 3MEHIIEHHIO 3a0pyAHEHHS TOBITPS IIiJ
4yac BUPOOHUIITBA.

Jns  peamizamii TEXHOJNOTii BUTOTOBIEHHS
nammBHUX OpuketiB Ty RUF Ta NIELSEN 3
cTe0JI0BOT  YAaCTHHU  CLIBCHKOTOCIOJAPCHKHX
KyJIbTYp MpPOMOHYETHCS KOMIUIEKC OOIagHaHHS
(puc. 6), MmO MICTUTE: TOAPIOHIOBAY, KM
monpiOHIoe OiomMacy 10 HEOOXiZHUX PO3MIpiB;
aepoJMHaMiYHy CYIIapKy, fKa, 3a T0Tpeowu,
CymWMTh J0 HeoOximHoi Bojorocti Oiomacy;
yaapHO-MeXaHIYHHA abo TifpaBiidHUN TIpec,
SKHI CIIPECOBYE CHPOBUHY y OpHKETH 3alaHol
(hopMH 1 IITBHOCTI; TaKyBAIbHY MAIlIUHY.

Puc. 5 — Jlinis BupobuunTBa Opukeris Ty Pini&Kay (Shuliy Machinery, n.d.):
1 — cupoBuHa; 2 — 6puKeTH
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Puc. 6 — Kommnexc o0nagHanHs 111 BUTOTOBIIEHHs nanuBHUX OpuketiB Tumy RUF Ta NIELSEN:
1 — nonpiOHIOBaY CUPOBHHY; 2 — aepoJHMHAMIUHA CyIlIapKa CHPOBUHH; 3 — IPEC CUPOBUHH;
4 — MamiHa 71 TaKyBaHHS OpPHUKETIB

[lepcneKTHBHOIO  POCIMHHOI  CHPOBHHOIO
JUII  BHPOOHWIITBA TAJIMBHUX MaTepialiB €
cTebIoBa CKJIAJ0Ba YPOXKal0 IJIbOHY OJIHHOTO.
JIboH oniliHUM — 1€ CKJIaJHA NI BUPOOHMIITBA 1
nepepoOJaeHHsT KyIbTypa, OCKIIBKH TOTPiOHI
crenianbHi TexHoiorii Ta oOmagHaHHA. Ormsag
Cy4acHUX TEXHOJOTiH mepepoOiaeHHs Jy0’ THHX
KyJIbTyp MOJAHO B HAyKOBUH mpaui (Heerrox ma
in., 2022). I3 cTebI0BOI CKIAH0BOI YPOKAIO JIHOHY
ONIHHOTO, OKpPIM  BHUTOTOBJICHHS  ITaJTUBHUX
OpHUKETiB, TEpPCIEKTUBHUM € BUPOOHHIITBO
MajorabapuTHuX manmuBHUX pyJioHiB (MIIP).
Texnomnorigai omepariii ais iX BHUPOOHHIITBA
MOXYTh BHKOHYBAaTHCS TEXHIYHUMH 3ac00aMHu,
10 001agHaHH] MPUCTOCYBAHHSIM JUIS pyHHYBaHHS
cteben (3MEHIIeHHS X MPYXHHUX BJIACTUBOCTEN)
ta Gopmysanust MIIP (Heemox & Hioyx, 2020b).
Buxopucranus MIIP  no3BonmuTe  po3B’si3aTH
aKTyallbHy 3a7ady yTWIi3allil 3aluIKiB creben
CLIBCBKOTOCTIOZIAPCHKHUX KYJBTYP, 30KpeMa JIbOHY
OJIIITHOTO, Ta 3a0€3MEYUTH HACEJICHHS ICIIEBUM
namuBoM (Yaheliuk et al., 2020; Heerrox ma in.,
2022).

BUCHOBKU
Braciimox  30imbIIeHHA — TUION[  TTOCIBY
CLIBCBKOTOCIIOJIAPCHKUX ~ KYJABTYDP Y  BEJHUKIH

KUTBKOCTI MPOJYKy€eThesl OioMaca, siky HeoOXiJHO
yramizyBaTu. biomaca crebem Moxe cTatd
MEPCIEKTUBHUM JDKEPEJIOM EKOJOTTYHO YHCTOT
eHeprii B YKpaiHi Ta CBiTi, SKIIO ii IepepoOIsiTH y
TBEpJC MaAJIWBO, 30KpeMa, NaluBHI OpUKETH.
[upokuit BUOIp TEXHOJOTii BHUTOTOBJICHHS
OpHKETIB pI3HUX THITIB JO3BOJSAE MmimiOpaTH
HAOLIBII TMPUAATHY 3 HUX UIA TIEBHOT'O BHIY
POCIIMHHOI CHPOBHHH.

AmHaimi3 TexHoJorii Ta oOlamHaHHS I
BHTOTOBJICHHS TAJIMBHUX OpHKETIB i3 cTebden
JTIO3BOJIMB 3POOUTH BUCHOBKH:

- lepeBaroro nanuBHuX OpukeriB Uy RUF €
HU3bKa COOIBapTICTh BUTOTOBJICHHS; HEIOJIKAMHU
OpUKeTiB € HM3bKa HIIbHICTE (750800 kr/m’),
Maja CTIMKICTb OO BOJOTHM Ta MeEXaHIYHHUX
MOIIKO/PKEHb, IO HETaTUBHO BIUIMBAE Ha iX
TPaHCIOPTYBAHHS;

- mepeBaramu nanuBHux OpuketiB NIELSEN
€ HU3bKa COOIBApPTICTh BUTOTOBJICHHS 1 JOCTATHHO
BHCOKa MIiTBHICTE (1000—1150 KF/M3); HEIIOIIKOM
MX OPUKETIB € HU3bKa BOJIOTOCTIHKICTB;

- mepeBaraMu najguBHUX OpukeTiB Pini&Kay
€ CTIMKICTh JO MEXaHIYHUX IOIIKOKEHDb, BUCOKA
BostorocTiiikicTs Ta minsHicTs (1100—1400 kr/v’);
HEJOJIIKaMH IX OPHUKETIB € BUCOKAa COOIBaAPTICTh
BUI'OTOBJICHHSI Ta HEOOXIJHICTh MOAPIOHCHHS
CUPOBUHH.

[lepcriekTuBHUM JUIss OpHKETYBaHHS CTeOen
CLIBCHKOTOCIIOIAPCHKHUX KYJIBTYP € TEXHOJIOTIS Ta
TEXHOJIOTiUYHe OOJaJHaHHS I BHPOOHUIITBA
opukeriB tunmy RUF a6o NIELSEN, o
3a0e3MeuyloTh HHU3bKY COOIBapTICTh NPOIYKIIIi.
Kommiekcn 13 BUTOTOBJICHHS! OpUKETIB LUX TUIIB
MOXHa pO3TalllOBYBaTH B arpomiANpHEMCTBAX,
0 JO3BOJINTH TeEepepoOIsaTH cTeOIOBY Macy B
MaJMBHI OpUKETH 0€3MOCePeTHHO Ha MICII.
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ABSTRACT

The ever-increasing cost of energy resources, especially fossil
fuels, makes it necessary to find new ways of generating energy.
In the field of energy and energy saving, new methods of energy
production are being researched and developed. In particular,
traditional production methods are being improved, resource-
saving processes are being developed, equipment efficiency is
being increased and renewable energy sources are being used.
One effective method of saving fuel and protecting the
environment is the widespread use of heat pumps. Heat pumps can
play an important role in the use of renewable energy sources,
especially in agriculture. The article presents the results of the
study of the temperature field in the soil massif around the soil
heat exchanger using a heat pump. An increase in heat
productivity is ensured by reducing the temperature difference of
the heat carrier in the soil heat exchanger and in the evaporator.
Therefore, an additional heat source selected from the heat supply
system is proposed. The reduction of the temperature range
between the evaporator and the coolant from the soil heat
exchanger is also influenced by: the temperature of the soil
layers; the heat flow in the soil; the distance between the
boreholes at which the energy potential of the soil mass is
maintained. The process of adding (removing) heat from a low
potential energy source is a function of time and space. The
temperature field is formed from the geometric center — the axis of
the borehole. A well and a low-potential heat source is a complex
calculation object and is characterized by variable boundary
conditions. Therefore, the solution of this problem is performed
using an implicit difference scheme and a volume control method
with a shifted grid. The article calculates the temperature field of
multi-layered soil massifs with different coolant temperatures,
taking into account the thermos-physical parameters of the soil
around the borehole. This technique can also be used to predict
the thermal regime of the soil, which makes it possible to control
the accumulation of heat around the soil heat exchanger.
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AHOTAIIA

Hocmitine 3pocmanns eapmocmi eHepopecypcis, 30Kpemd
BUKONHO20 NANUBA, CHPUYUHAE HEOOXIOHICMb HOULYKY HOBUX
cnocobie eupobnuymea ewnepeii. Egexmuenuii memoo exonomii
namea ma 3aXucmy HABKONUWHBO20 Cepedosula Nnoiaeac 8
WUPOKOMY BUKOPUCAHHI TMENAOHACOCHUX YcmaHogoK. Tennosi
HAcocu Moxcymov 8idicpamu SUPIUAILHY POdb Y GUKOPUCMIAHHI
BIOHOBMIOBANbHUX ~ Odicepell  eHepeli, 30Kpema 8 CLlbCbKOMY
eocnodapcmei. B cmammi nodawui pesynomamu  O0CHIONCEHHS
memnepamypHo2co  Noas 6  IPYHIMOBOMY  MACUGl  HABKOJO
IPYHMOBO20 MENIO0OMIHHUKA 3 BGUKOPUCAHHAM MENI08020
nacoca. Iliosuwenns menionpooyKmugHoCmi 3a6e3nedyecmvcs
BHACNIOOK 3MEHWIeHHs PI3HUYI memnepamyp menioHocisa 6
IPYHMOBOMY — MeNnI000MIHHUKY —ma Yy  eunapuuxy. Tomy
3anponoHosane 0o0amroge ddicepeno menia, sgKe 8i0OUPAcmvcs 3
cucmemu menionocmadauns. Taxooc na smeHuwlenHs 0ianasomy
memnepamyp MidiC GUNAPHUKOM MA MENJIOHOCIEM 3 TPYHMOBO20
Meno0OMIHHUKA GNAUBAIOMb. MeMnepamypa wapie IpyHmy;
Meno8utl ROMIK TPYHMY,; 8I0CMAHb MIdC C8EPON0GUHAMU, 3A AKOL
30epicamumemspcsi  eHepeemudHUll. NOMeHYIal MAacugy I[PYHmY.
Ilpoyec niosedenns (8iosedenHs) menia 6 HULKONOMEHYIlHe
Oorcepeno enepeii € Qyukyicio uacy ma npocmopy. Temnepamypue
none  @opmyemovcs 60  2eOMEMPUYHO20  YEeHmMpy —  OCi
ceeponosunu. Ceeponosuna ma HULKONOMEHYIlHe 0xcepeio
meniomu € CKIAOHUM KOMWIEKCHUM 00 €KMOM pDO3PAXyHKY ma
Xapakxmepuzyemvcs  3MIHHUMU  cpaHUudHumMu  ymoeamu. Tomy
po38’a3y6anHs yici 3a0a4i GUKOHYEMbCSA 3 BUKOPUCHIAHHAM
Hes8HOI pI3HUYEeol cxemu ma memoody KOHmpono 00’emy 3i
smiwenoro cimkoro. Y cmammi nooaui pesyrbmamu 00YUCIeHH s
memMnepamypHo20 noisi 0azamoulaposux IPYHMOBUX MACUBIE 3
PI3HUMU meMnepamypamyu menioHOCIs, ni0 4ac AKUX 8paxoeami
menno@izuyHi napamempu IPYHMY HABKOIO c8eponosunu. Ll
MEMOOUKA MAKOIC MOdice OYMU BUKOPUCTNAHA 01 NPOSHO3YBAHMHS
MepMIYH020 pedxcumy IPpYHmy, wo O003804A€ KOHMPOIIO8AMU
HaKONUYEeHHsI MeNniomu HABKOJI0 IPYHMO0B020 MeNI000MIHHUKA.
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CTAH IIMTAHHA TA IIOCTAHOBKA
MMPOBJIEMHA

3pocTaHHs BapTOCTI eHEPTETUIHUX PECYPCIB,
30KpeMa BUKOITHOTO TIalliBa, CHPUYHHSIE TMOIIYK
HOBUX CIOCOOIB BHpOOHMIITBA €Hepril. Y ramysi
SHEePreTHKH Ta CHepro30epekeHHs MPOBOAMUTHCS
pO3pOOJIEHHST HOBHX METOJIB  BHPOOHUIITBA
EHeprii, yIOCKOHATIOIOTHCS TPAJAMINHHI METOIH
BHPOOHUIITBA, PO3POOJIIOTECS CHEPro30epiraroyi
mpolecy, MiABULIYETbCA €QEeKTUBHICTH poboTH
00yagHaHHS, BAKOPUCTOBYIOTHCS BiTHOBIIIOBATBHHI
JoKepena eHeprii. Po3s’s3atu BaXXIUBY mpooOiieMy
3MICIIEBICHHS] EHEPropecypciB MOXKHA IIISIXOM
BHKOPHCTAHHS €HEpril COHIIM, BITPOBOi €HEpTii,
reoTepMaibHOi Ta IHmMHKX BUAIB eHeprii. Lle
JO3BOJINTH 36KOHOMHUTH MatepiajibHi pecypcH Ta
MiHIMi3yBaTH  3a0pyIHEHHS  HABKOJMIIHBOT'O
CepeOBHIIIA.

EdextuBHUii MeTon ekoHOMil manmBa Ta
3aXUCTY HaBKOJHIIHHOTO CEPEJIOBUIIA TONSTAE Y
BHKOPHCTaHHI TEIJIOHACOCHUX YCTAHOBOK, SIKi
JIO3BOJBSIIOTE 3 MIHIMAJIBHAMH  BHUTpPaTaMu
KOMILIEKCHO PO3B’SI3yBaTH HaraibHi MpoOieMu

eHepro3oepexeHHsl. Y IEpCIeKTUBI  TEIUIOBi
Hacocu (TH) MoxxyTh Bimirpatu BUpimanbHy pOb
y  BHKOPHUCTAaHHI  BiIHOBIIOBAIBHUX JIXKEpel

eHeprii, 30KpeMa B CUIBCBKOMY TOCIIOAapCTBi.
Temnmonacocna ycranoBka (THY) edexruBHO
TpaHc(HOpMY€E eTeKTPOCHEPTIi B TEIUIOBY €HEPTIIO.
Bukopucranus THY moxe 3abe3neunTtd 3HaAYHY
€KOHOMII0 TajiBa IOPIBHAHO 3 BHKOPHUCTAHHSIM
MaJINBA B KOTEIBHSIX.

Oco0nuBuii  1HTEpEC TMOMIDXK CIIOXKHBAYiB
BUKJIMKA€ BHUKOPHUCTaHHS  HU3bKOIOTCHUINHOT
TerioT! IpyHTy. llepeBaroro nporo mxepena €
MOBCIOJIHA JIOCTYITHICTh Ta BIJHOCHO TMOCTiiHA
temmeparypa. CHCTEMH TEIUIONIOCTA4YaHHS 3
BUKOPUCTAHHIM TEIUIOTH IPYHTY, 30KpeMma Ha
OCHOBI TTApOKOMITPECIHHNX TEIUIOBUX HACOCIB,
HaOyBarOTh NIMPOKOTO MOIIUPEHHS B KpaiHax, JUis
SKHX AaKTyaIbHUMH € TnpoOnema 30epeKeHHs
eHeprii i eHepreTnyHa 6Ge3mexa. Ix 3acTocyBaHHS
JIO3BOJISIE YaCTKOBO BiJIMOBUTHCS BiJI JOpOTOTrO
IMIIOPTOBAaHOTO BHUKOITHOT'O MalKBa, 3aMiHUBILU
HOTO CHOXHMBAHHS BiJHOBIIOBAHOK 1 €KOJOTIYHO
YHCTOI0 TemIoTol IpyHTy. [lpore, B YkpaiiHi
HampsiM BUKOPHCTaHHA TEIUIOTH IPYHTYy HE
3HANIIOB HIMPOKOTO PO3BUTKY.

Crocobu migsumieHds edektuBHOCTI THY
BUCBITJICHI B HaykoBuX mpaisax (lonyo & Kenko,
2002; Hikyniwun & Bucowun, 2014; bocuti &
Kyzuk, 2020), ne TmpoBeAcHE OOYHCIICHHS
napamerpiB THY. HeoOxigHo 3ayBaKuTH, IO B

IMX HAayKOBHX MpAaISX PO3TISTHYTO PO3PAXyHKH
CTaTUYHUX XapakTepuctuk TH, He3amexHo Bif
XapaKTEePHUCTHK CIIOKMBava 1 JKepena BTOPUHHOL
eHeprii. ¥ HayKoBHX JpKepeiax BHKOHAHO aHali3
MEPCIEeKTUB  BUKOPUCTAHHS  I'€OTepPMalbHOT
enmeprii THY Ta pnociimkeHo eQeKTHBHICTD
poOOTH TiAPOTEPMATLHOI TETUIOHACOCHOT CHCTEMU
[UIIXOM OOTPYHTYBaHHS TEPMOJIWHAMIYHUX Ta
TEXHIKO-€KOHOMIUYHMX  Xapaktepuctuk  THY
(Tkauyk, 2015; 3yp ‘an & Onitnivenxo, 2021).

[IpoBemeni TeopeTHYHI PO3PAaxXyHKH Ta
eKCIIEPUMEHTAIbHI TOCTIDKEHHS e()EeKTUBHOCTI
TEIUIOHACOCHUX CHCTEM J03BOJSIOTH BCTAHOBUTH
3B’S30K MIX TMapaMeTpaMy MEPBUHHOTO JDKepena
HU3BKOMOTEHIIITHOTO TeIIa Ta KOHCTPYKTUBHHMH
0COOJIMBOCTSIMH CHUCTEMH TEIUIOTIOCTa4aHHS. Y
HaykoBiii mpaui (Iopobeyvr & Ayenxo, 2014)
MMOAAHO PE3yIbTaTH JOCHIDKEHHS IPOIIECIB
aepoJMHaMiKM Ta TEMIEepaTypHOro TMONsi B
CUCTEeMax OIaJeHHA, IO J03BOJISIIOTH BU3HAYUTH
MaKCUMaJIbHI Ta MiHIMalIbHI TIBUIKOCTI PyXy
TIOBITPS Ta HOTO TEMIIEPATYPY.

Bimomo pmocute wMano iHQopmamii 11070
HaKOMWYEHHS  TEIJIOTH B IPyHTI  UIA
BUKOPHCTAaHHS TIPYHTOBUX TEIUIOOOMIHHHKIB B
CHCTEMI TEMJIOBOrO0 Hacocy. TemmoBHH peXuUM
IPYHTY TIOBEPXHEBUX LIAPiB INIAHETH (POPMYETHCS
MiJ Ji€l0 JTBOX OCHOBHUX (aKTOPiB: COHAYHOI
paniamii Ta MOTOKY paJiOreHHOr0 TeIuia i3 HaJp
wiadety. Ce30HHI Ta 7OOOBI 3MIHM IHTEHCUBHOCTI
COHAYHOI pafiamii Ta TeMIepaTypH 30BHIITHBOTO
MOBITPSI CIPUYMHSIOTh KOJIUBAHHS TEeMIepaTypu
BEpXHiX MapiB rpyHTy. [ TnOnHa BIITMBY A0OOBUX
KOJIMBaHb TEMIIEPATypy 30BHINTHHOTO IMOBITPS Ta
COHSYHOI pamiarii, 3aJeXHO BiJ KOHKPETHUX
IPYHTOBO-KITIMATHYHUX YMOB, KOJIUBAETHCS B
MeXax BiJ JEKUIbKOX JECATKIB CAaHTHMETPIB J0
1,5 m. I'muOwHa BIUIMBY CE30HHHX KOJIMBaHb
TEMITepaTypy 30BHINTHLOTO TIOBITPS Ta COHSYHOT
panianii He mepeBUILyE, K IpaBuio, 15-20 M.

MeTta pocaig)KeHHs — OOTrpyHTYBaHHS
migBHIICHHS e()eKTUBHOCTI BUKOpucTanHs THY 3
IPYHTOBUMH TEIUNIOOOMiHHMKaMu [UIi IOTPEO
TEIJ103a0€3MEYEHHSI B CIJIbCBKOMY I'OCIIOAAPCTBI
(Hanpukiaj, omajeHHs (epM, aaMiHICTPaTUBHHX
Ta JKUTJIOBUX MPHUMILICHb, TEIJIMLb, CYLIiHHSA
CLIBCBKOTOCHOAAPCHKHUX KYJIBTYP TOILO).

MATEPIAJIM I METOJAU
TeopernuHi JocmigkeHHs 0a3ylOTbCS Ha
MeToAax TEeIIo(Mi3uKH, MaTeMaTHYHOI (i3UKH Ta
TEIIOMacOOOMIHY, $Ki  OXOIUTIOIOTh  OCHOBHU
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TETUIONPOBIAHOCTI B HECTAI[IOHAPHOMY PEKHMI.
i mocmimkeHHS € CKIaZHUM KOMIUICKCHUM
00’€KTOM PpO3paxyHKY, IIO XapaKTepH3YEThCS
3MIHHUMH TPAaHUYHUMH YMOBAaMH.

PE3YJIbTATHU AOC/JIAKEHHA
TA OBOBOPEHHA

Ha cporogHi axTyalpHUM 3aBJaHHIM €
MOIIYK  QJbTEPHATUBH  BUKOITHOMY  TIaJIUBY.
HayxoBIisiMu OCTiIKY€ETHCS MOKIIMBICTD 3aMiHH
ra30BUX KOTIIIB TETNIOHACOCHUMH yCTaHOBKAMH.

TermoBe HaBaHTAXKEHHS 3aJI€KHUTHL SIK BII
TEeMIepaTypy HABKOJIHMITHHOTO CEPEAOBHUIIA, TaK i
Bix temotu IpyHTY. TH B XOJ0mHY TOpY pPOKY
MPaIIOITh HA MaKCUMalbHOMY HaBaHTEKEHHI.
Boanouac, 30inbIIyeThes mepenaja TeMiepaTrypu
MDK TEIJIOHOCIEM Ta JDKEpeJIoM TeIuia, Mo
CIIpUYnHS€E 30iIbIIeHHS 3artpaT eHeprii B TH.
OueBuHO, MO CHCTEMY  TEIUIONOCTaYaHHS
KOTENbHI 3’€IHYIOTh HJIS JIOTPIBY TEIUIOHOCIS 3
TEIUIOBUMH HacocaMd. TOMy TIPOIOHYETHCS
nmociimxeHdass TH 3 BUKOpUCTaHHSAM J0IaTKOBOTO
TeIa i3  TEIJIOMEPeki, 1o  JO03BOJHTH
MATPUMATH TEMIEPATypy TeIutoHocis. SIKmio
pO3MIIAIATH BapiaHTH CXEM TEIUIONOCTAYaHHS, TO
nmocrae mnuTaHHs BuOopy koHcTpykmii TH Ta
JOKepella TEIUIOTH 3 HEOOXiJHUM JIIIa30HOM
temnepatyp. Cxema 1i€i CHCTEMH MICTUTh TpH
B3a€MOTIOB’sI3aHI KOHTypu: | — TIepBUHHHA
KOHTYp (CHCTeMa IPYHTOBHX TEMJIOOOMIHHHUKIB);
2 — TH; 3 — cnoxwuBay. Ha edexruBHicTh mi€i
CHCTEMH BILUIMBAIOTh NApaMETPH JpKEpesa Teruia
(Temmeparypa W  TCIUIO(I3UYHI  BJIACTHBOCTI
IPYHTY) 1 IPYHTOBHX TEIUIOOOMIHHHKIB (PO3MipH,
BIIACTHBOCTI MaTepialis, pexum Tedii
TEIUIOHOCIS), SKi JIO TOTO X € OJIHIEI0 3 HAHOLIBII
BHUTPAaTHUX CKJIAM0BHUX yciei cuctemu (7xauenko
& Ocmanenxo, 2009). g 0coGIMBICTE BUMarae
pO3pO0JICHHS MiAXOMy, IO JO3BOJHUTH OIIHUTH
IpyHTOBi Temnooominnuku. TH € cmomyuyHoro
JIAHKOI0 MIX JDKEpPEJIOM Ta CIOXHBadeM Terria i
TpU3HAYCHUN TSI  TIABUINCHHS  MOTCHITIATY
TEIJIOTH TPYHTY. [ TOYHOTO aHalizy CHCTeMH
notpiben gocToBipHMH aHami3 KoHTypy TH.
CriokrBayeM Teria MOXKYTh OYTH: TEXHOJOTidHI
KOMILJIEKCH, CUCTEMH Tapsiuoro BOAOTIOCTAYaHHS
Ta OIAJICHHSI.

OynkuionyBanHs koHTypy TH € ckmaganm
MPOIIECOM  CITUTLHOI  POOOTH  TEII00OMIHHOT
amaparypu KOHTYpy (BHIIapHHKa, KOHIEHCATOPA,
TEIUIOOOMIHHMX  amapaTiB),  KOMIIPECOPHOTO
o0JagHaHHS 1 TEPMOPETYIIIOI0YOTO BEHTHIIA.

Jlns nmeTanbHOrO aHamizy poOOTH KOHTYPY
TH HeoOXigHO BpaxoBYBaTH MapaMeTpu B
XapaKTepHUX TOYKaxX IUKIY, XapaKTePHCTHUKU
KOMIIpecopa, MPOIeCH HarpiBaHHSA, OXOJIOKEHHS
1 $a30BHUX MEpPeXodiB y TEIUIOOOMIHHHX armaparax
KOHTYpy. Y Bunapuuky TH XxomogoareHTt vy
JoKepesna TeIioTH 3 TeMmieparyporo jgo 10°C
3abupae HeOOXiTHE IS BUIMAPOBYBAaHHS TEILIO. Y
KOMIIpECOpi Map XOJIOJOAreHTY CTHCKAETHCSA OO0
30 Gap Ta HagXoAWUTH B KOHAEHcaTop. [Ipu nmpomy
JocsTaeTbes TeMireparypa a0 75°C 1 BimmaeThes
TEIUIO TEIJIOHOCIIO CIOXKMBava. [3 Temmomepexi,
SIK JTOJTATKOBE JDKEPENO0 TEIUIOTH, BiIOMPAEThCS
gacTMHA TEIUIOBOI €Heprii Ta TOHAEeThCcs B
IJIACTUHYATAN TETUIOOOMIHHUK, SKAW IPaIfioe 3a
OPUHIHUIIOM — «IPOTHTOKY» 13  pallioHaJbHUM
BHKOPHCTAHHSIM SHepTii. [Ticns IIHOTO
XOJIOJIOAreHT HAAXOIUTh Y BHIAPHUK Ta IMKII
POOOTH MTOBTOPIOETHCS.

Jns migBuiieHHs TerutonpoayktuBHocti TH
HEOOXITHO 3MEHIIWUTH PIHHUIIO TeMIlepaTyp
TEIUIOHOCISL B TPYHTOBOMY TEIUIOOOMIHHHUKY Ta Y
BHUIIAPHUKY. [IpOTIOHY€ETHCS JTOAATKOBE JKEPEIO
teria (puc. 1), sKke BigOUpaeTbes 3 CHCTEMH
terutonioctadanHs  (omanenHs Ta I'BC) Ta
MOJAETHCA B INIACTUHYATUH TEIUIOOOMIHHUK.

Y  pesynabraTi aHamizy 3’ACyBaiM, IO
Bukopuctanus TH 3 momatkoBuM BimOWpaHHIM
TEIUIOTH  BiJl  TEIUIOMEPEXi €  JOUUIBHHUM.
Bracnigok 30inblieHHS TeMnepaTypu (peoHy y
Bumnapauky 10 13°C BUTpadaeTbcs MEHIIEe eHeprii
Ha CTHUCK TapiB (peoHy B KOMIIpecopi, A€ Ha
BHXO/Ii 3 HBOTO TeMIIEpaTypa TEIUIOHOCIS 3pocTae
3 30-35°C po 45-55°C, ta 10 cHoXMBada
TEIJIOHOCIH HamxomuTh 3 Temmeparyporo 75°C.
Takox npu BiZOMpaHHI TETJIOTH 3 TEIUIOMEPEXi
3pOCTa€e TEIUIONPOMYKTUBHICTh a0 323 k/[x/kr,
o 1o3Boisie oTpuMmaTe Ha 1,8 kBt Oinbire tera
Ta 3eKOHOMHTHU eJleKTpoeHeprii g0 7 kBr-rox. Ha
pe3yJbTaT 3MCHIIEHHS Jialla30Hy TeMIepaTyp
MK BHUIAQPHUKOM Ta TEIUIOHOCIEM 3 TPYHTOBOTO
TEIUIOOOMIHHMKAa  TaKOX  MOXKE  BIUTHHYTH:
TeMIeparypa MapiB TIPYHTY; TEIUIOBHH TOTIK
IPYHTY;, BIJCTaHb MIDXK CBEp/UIOBUHAMH, sKa
30epiraTiMe eHepreTHYHU MOTeHIial IPYHTY.

TemriepaTypHUil pekUM WIapiB IPYHTY, IO
posramoBani Huwx4e 15-20 M, opmyeTrbcsa min
TE0 TEIUIOBOi €Heprii 3 Haap IUlaHeTH 1 He
3aJIe)XUTh BiJ] CE30HHUX Ta JOOOBUX KOJHMBAHb.
ConsuHa pagiallis cTaHOBUTH 1,4 kB1/M? 32 o0y,
BOoHa (OpMye 3amacu Teria, Oe3MocepeHbo, Ha
TTOBEPXHi IPYHTY.
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Kommpecop
£, = 30-35°C te1p = 40-53°C
L 4 te2 = 45-55°C
ty = -5—-10°C BunapHik tyap = 5-10°C KonzeHcarop CrioxuBay
ty = 5-10°C tap = 7-15°C
tezp = 61-75°C
1, =30-40°C
CMI00OMIHHHK [« 3
[I[H(epeno TeIUIa (rpyHT)J

t=5-10°C

Puc. 1 — Po3paxynkoBa mozaens cxemMd TH 3 IpyHTOBUM TeII00OMiHHHKOM

KinpkicHOIO XapaKTepHUCTHKOIO 3amaciB Teria
€ 3QJICXKHICTD PO3MOALTY TEMIIEPATyPH IPYHTIB BiJ
rmuOMHN Ta Topu poky. JluHamika 3MiHK
TeMIepaTypud IPyHTY Ha pi3HHX TJIMOWHAX, a
TAKO)XK MAKCHMaJbHE 1 MiHIMaJbHE 3HAYCHHS
TEMIIepaTyp Ha MOBEPXHi J03BOJISIOTH BU3HAUUTH
3amacu TeruoBoi eHeprii. [Ipouec miaBenenHs (un
BiJIBEJICHHS) TEIUIa B HU3bKOIOTEHIIIITHE JKEPEeTIo
eHeprii € (yHKI[IE Yacy Ta MpoCcTopy.

Temmnepatypue mnone QopMmyeTscst Bix oci
CBEP/UIOBHHH, IO € TEOMETPUYHHM IIEHTPOM.
Po3paxyHkoBa MozeNnb B IPYyHTI MPUHAMAETHCS K
HWTHIPUYHE TINO, AKE CKJIAJAEThCA 3 KUIBKOX
KOHTYPiB (pHC. 2):

- 30BHIMHA MeXa KOHTYpPY — II€ KOHTYp
BIUIMBY TEIUIOBOTO MOTOKY;

- BHYTpIIIHS MeXa KOHTYpy — Le TpyOka
TEIUIOOOMIHHMKA B CBEPJUIOBHHI, 4Yepe3 CTIHKY
SIKOT'O TIPOXOJTUTE TEIFIO0OMIH MiXK IIUPKYITIOI0OUNM
TEIUIOHOCIEM Ta HU3BKOMOTCHUIHHUM JKEPEIoM

eHeprii.

Biacranp Mixk cBepyIOBHHAMY TIOBHHHA Oy TH
Takow, 1100 iXHI TeMIeparypHi TOJs He
MEepPeTHHANNCA Ta B TEpioJ  eKCIuTyaTamii

HaBKOJIMIITHIA TPYHTOBHA MacHB HE IIiJIaBaBCS
3aMOpOoXyBaHHIO. Po3B’si3aHHs  1i€i  3amaui
JIO3BOJIUTh BCTAHOBUTH HEOOXIIHI MEXi OBEPXHI
IPYHTY IIiJ TIOJ€ CBEPJJIOBHH Ta 3pOOHUTH
ONTHMANbHE PO3MEXYBaHHS TepuTopii. 3Haroun
CKUTBKH CHeprii TIPyHTOBHH TEIUIOOOMiHHUK
3a0upae 3 MacWBY IPYHTY, a TaKOXK BIIaCTHBOCTI
TEIUIOHOCISI Ta WOro TemIeparypy Ha BXOHi B

IPYHTOBHI TEIJIOOOMIHHUK, BIACTUBOCTI MAacHBY
IPYHTY, MaTepialy TpyO TEIUIOOOMIHHHKA Ta
HaIOBHIOBaYa CBEpPAJIOBUHHU, MOKHA OOYHMCIUTH

00’eM TIpyHTy, IO TOTPiOEH [UISI TOKPHUTTS
HEOOXITHOTO  HABAaHTAXEHHA HAa  CHCTEMY
Temonocrayanss. Jias 10poro NpoOnOHYEThCA

MacHB IPYHTY, IO OTOYY€ CBEPUIOBHHY, Y (opmi
OWTIHIIpA.

KonTtypn BruuBy
TEILIOROTO TIOTOKY

i

Mexi i
CBEPUIOBHHH ;
: h, M

Puc. 2 — Mozenbs nomupeHHs Tenjaa HaBKOJIO0
IPYHTOBOTO TEIJIOOOMiHHUKA

KinpkicTe TemnoTu, ska BiIOWpaeThCs Bix
OJTHi€1 CBEPIOBUHU:
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Q =86400q,, L, N , 1)

ne Q — KUTbKICTh TEIUIOTH, sSIKa BiIOUPAETHCS Bij

onmuiei cepuioBuHH, JIk; Qe — cepemHid
TEIIOBHH MOTIK 3 1 M cBepmioBuHM, BT/M; Loo —
rmuOWHa CBEpPAJIOBUHHM, M; N — TPHUBAJIICTh
OIaTIOBAIBHOTO TIEPioy.
KoHTyp TIpyHTOBOTO MAacWBY TEIIOBOTO
[TOTOKY HAaBKOJIO CBEP/JIOBUHHU:
v, = 0 e

t«x. +t6ux,
Cep.pzp. tcp._ T

ne V., — KOHTYp TPYHTOBOTO MAacHBY TEILIOBOTO
NOTOKY, M, C, — THTOMA TEIIOEMHICTh
rpyHTOBOro MacuBy, JIx/(kr-K); p., — mIbHICTH
IPYHTOBOTO MacHBy, Kr/M°, t,, — TemmepaTypa
rpyHToBoro macuBy, °C; l., tux, — TemmepaTypa
BXOJy Ta BUXOIy poOOYOi PiIMHH B TPYHTOBOMY
TeII000MIHHUKY, °C.

Biacranp Big 1eHTpa CBEpIJIOBHHU 3
IPYHTOBHM TEIUIOOOMIHHMKOM JIO MEX1 KOHTYpPY
IPYHTOBOI'O MAaCUBY:

: ®3)

ne I — pajiyc KOHTYpPY CBEpAJIOBHHH, TOOTO
PO3IOBCIOIKCHHS TEIUIOTH, M.
Bincrani Mixk CBEplIOBUHAMH:

86400q,_ n
cs. =2 t +t 4)
mep pep tzp _ 6X. 8UX,
A
ne Ree — BiJICTaHb MiX CBEpAJIOBUHAMU, M.
Jlns  mpoBeneHHS  OOYHUCICHb  MPHUIHATO

MMOYaTKOBI JlaHi: Temnepartypa tertoHocis 3 TH —
0°C; rtemmeparypa B 3BOpOTHii TpyOmi — 5°C;
Temmeparypa Ha rimubouni 10 m — 15°C.

30BHIIIHS MeXa KOHTYpY I« B OOUMCIIEHHSX
npuAMaeTbCsl SIK  yMOBHAa MeXa, Ha SKid
TeMmreparypa mix uac poOoTH CBEpUIOBHHU
3MIHIOETBCS B MEXax MOXUOKH BUMiproBaHb. [lyis
TEIUIOBOTO KOHTYPY OJIMHOYHOI CBEPUIOBHHU
BUKOHYEMO OOYHMCIIEHHS y Mexax I, = 20-25 m.
TemnepaTypy I'PyHTOBOIO MacHMBY 3HAaXOAWUMO B
30Hi BIUIMBY CBEPUIOBUHH.

OCKUIBKU CBEPAJIOBHMHA 1 HU3BKOIOTEHITIIHE
IDKEPEeNo TeIJIOTH € CKJIAAHUM KOMILIEKCHUM
00’€EKTOM pO3paxyHKy Ta XapaKTepU3yeThCs
3MIHHUMH TPaHWYHAMH YMOBaMH, BiIIIOBIIHO,
pO3B’s3yBaHHS Ili€l 3amadi  BUKOHYETBCS 13
BUKOPUCTAHHSIM HESBHOI PI3HUIEBOI CXeMH Ta
METOAy KOHTPOJIO 00’€My 3i 3MIMIEHOIO CITKO¥O.
ToBmMHA KOHTPOJIHOBAHOTO 00’€MY B HANPSMKY
oci Z nmpuiimaethes 3a 1. JliisHKa 31 MTPUXOBUMHU
niHismMu (puce. 3) — Le po3paxyHKoBa 00JIaCTh
€JIeMEHTAapHOT KOMIPKH.

(=D,0-1) 5 (=1),(+1)

Puc. 3 — Po3paxyHKoBa CiTKa IpyHTOBOTO MacHBY
B MOJISIPHUX KOOpAHHATax I, @ (O — KyT Mixk
pasiycoM-BEKTOPOM Ta BiCCIO X; I' — pajiaibHa
KoopauHara; Qjj — TETUIOBHH TOTIK)

TennoBuil MOTIK uepe3 MOBEPXHIO MACUBY
OOYHCITIOEThCS 3 BUKOPHCTAHHSAM TeMIiepatyp tij,
tiG+1), te+n)s ti-1), ti-1)jy By3nax citku (pue. 3), mo
3MillIeH] BiZIHOCHO IPYHTOBOTO MAacHUBY HaBKOJIO
IPYHTOBOTO TEIUIOOOMIHHHUKA, 10, B CBOIO 4Epry,
JIO3BOJISAE TIBUIIUTH CTIHKICTh pO3B’s3Ky. ToOTO
TEIJIOBUH  TMOTIK  OOYMCIIIOETBCS  ITOCEPEHHI
BIIPi3Ky, SKHHA 3’€IHyE BY3JH, dYepe3 sKi
3HAXOJUTHCS TPAJIEHT.

Jnst po3B’si3aHHs 3ajadl BHKOPUCTOBYEMO
CHpOIIEHE PIBHSHHSI 32 YMOBH, LIO I < I < [

ot ot 1 ot
a —+——|, (5)
or  \or® r or
ne . —pajiyc IpyHTOBOTO TEIUIOOOMIHHUKA, M.
CrpomieHHs 3a7adi BimOyBa€ThCS IIITXOM
Mepexo/ly BiJi TPUMIPHOI 10 JBOMIPHOI MOJIENI,
IO BWKJIIOYA€E TEIUIOBUH IOTIK B3IOBX OCi
CBEepVIOBMHU. BopHowac, TEIUIOBHH TIOTIK Yy
BEPTUKAIBHOMY HANpsIMKy Ma€ OyTH BpaxoBaHO,
OCKIJIbKM BiH HeNepepBHHH B dYaci, HaBiTb Yy
BUNAAKY 3ynuHkd TH.
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Jns po3p’sizaHHs 11i€i  3amadi  BBOJIUTHCS
KOMIIEHCYIOo4Ya TonpaBka — 00’€MHi IpKepena Ta
J0/IaTKOBE TEILIO 3 TEIIOMEPEXKi:

AX?
+ A [ti,(j—l)(r) i () ]+

1 At
o +F[ti,(jfl)(r>‘Zti,j(r)+ti,(1+1)(r)]+qi,iT- (7
ot ot ot 1 ot) q,
—=al St ot |[+—, (6)
or ox* ot roor ¢ 3 orpumaHoro piBHsAHHS (7) BH3HAYAETHCS

ne t — temmeparypa rpysry, °C; ¢ — vac, ¢; a —
KoeillieHT TeMIepaTyponmpoBiaHOCTi, M%/c; I —
pazianbHa KOOpAMHATa, M; (v — JDKepesa Terma,
00yMOBJIEHI TEIUIOBUMH IOTOKaMH 3 TIHOWHU
Ta i3 TeruioMmepexi, BT/M’, ¢ — TeEIIOEMHICTB,
Jlx/(m*-K).

PiBastHES (6) B OHCKPETHOMY  BUTJII
MaTuMe BUIJISA:

TeMIlepaTypHe T[ojie, 30KpeMa TemIepaTypa
IPYHTOBOI'O MAacWBY HAaBKOJIO CBepaiIoBHMHH. Ha
puc. 4 Ta puc. S MogaHO pe3yNbTaTH JOCHTIKEHb
TEeMIIEpaTypHOTO  TIOJS  IPYHTOBOTO  MAaCHBY
HAaBKOJIO CBEpIJIOBMHHU. AHaJi3 JaHUX IOKa3ye,
0 TeIUIOTa B IPYHTI aKyMYNIOETHCSA: B pajiyci
15-25 MM Ta 30epiraerbes Onn3bko 3,5 roa (3a
temneparypa temioHocis 20-40°C); B paniyci
15-35 MM Ta 30epiraerscst npotsirom 3,4-4.2 rox
(3a Temmepatypa TemioHocis 60-80°C). 3i

3 iti ; al AT 3017bLIEHHAM pajiyca I TPUBANICTh 30epiraHHs
AT - Ar2 [t(ifl),i(r) - 2ti,i(r) +t(i+1),j(r) ]+ TEIUIOBOT'O MOTOKY 1 TeMIepaTypy 3MEHIIYEThCS.

r=45mMM
r=35mMm
r=25MM
r=15Mm

e

0 0,5 1,0 1.5 2,0 2,5 3,0 3.5 4,0

T, TOJ

®  AKyMYJIIOBaHHA
TETUIOTH

TEIIOBii = TeMmeparypa
TOTIK

Puc. 4 — PesynbraTu 10CiiPKEHb TEMIIEPATYPHOTO MOJISL B IPYHTI 3 TeMIieparypoto terionocis 20—40°C

r=45Mm

r=35MMm

r=25MM

r=15Mm
s g s - /
0 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4,0 4,5
o AKYMYIIOBAaHHS . Tennqniﬁ = Temmeparypa T, TO
TEIUIOTH TIOTIK

Puc. 5 — Pesynbrati nociipkeHb TEMIIEPATYPHOTO TOJIS B TPYHTI 3 TeMIiepaTyporo terionocis 60—80°C
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BUCHOBKHA
OTpuMaHa MaTeMaTH4Ha MOJECIb JI03BOJISE
BUKOHYBaTH OOYHCIICHHSI TEMIIEPATypHOTO TMOJIS
OararomrapoBuUX TIPYHTOBHX MACHBIB 13 PI3HHUMH

TeMIIepaTypamMu TETUIOHOCIS, YPaxoBYIOUH
Terwmo(i3uyHi ~ mapaMeTpu  IPyHTY  HaBKOJO
cBepmIOBMHU.  HeoOXimHo  3a3HauMTH, IO

3aMporoHOBaHA METOIWKAa MOXeE OyTH OCHOBOIO
HE JMIIe Ui aHajily, ajne W A [POTHO3Y
TEPMIYHOTO PEXUMY IPYHTY.
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ABSTRACT

The agricultural sector of the economy increases the production
of oil crops. Demand for vegetable oils is growing worldwide.
Prices of oil crops are comparatively higher than for grain crops.
Despite the increase in production costs, the profitability of the
cultivation of oil crops determines the growth trend in their
production and processing volumes. The processing industry is
one of the main and largest users of oilseeds. In Ukraine, the main
oil crops are sunflower, soybean and rapeseed, and linseed. In
Ukraine, including the region of Western Polissya, more and more
attention is paid to the cultivation of linseed. The main value of
linseed is in the seed, so it is important to obtain high quality
seeds when growing this crop. Weather conditions can cause
increased crop moisture. Excessive seed moisture content during
storage has a very negative effect on seed quality, leading to
deterioration and, as a result, significant losses at the stage of
post-harvest processing and storage, which leads to the need for
artificial drying. The purpose of the study is to substantiate the
most rational drying regimes of linseed by modeling drying
process, ensuring high productivity and quality of the seeds,
avoiding undesirable excessive energy costs. Experimental studies
were carried out using the developed experimental equipment.
For the study, linseed of the variety «Southern Nighty, which was
obtained by harvesting in a single-phase method, was used. Then,
linseed was cleaned. The initial moisture content of linseed was
14.3%. Linseed drying was carried out at drying agent
temperatures of 35, 45, 55 and 65°C. The air flow rate in the
drying chamber was 1.9-2.0 m/s and the thickness of the linseed
layer was 2 cm. A drying process models of bulk materials are
summarized in the article. The coefficients of the drying process
models were obtained as a result of a non-linear regression
analysis carried out using SPSS 17.0 software. The accuracy of
drying process models and their comparison was assessed. The
obtained mathematical model of the linseed drying process takes
into account the following parameters: type of drying, interaction
of the seed with the drying agent, moisture content of the seed
layer.
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AHOTAIIA

Aepapnuii cexmop exoHOMIKU 30i1bUyE SUPOOHUYMBO ONIIHUX
xynomyp. Ilonum na pocaunni onii 3spocmac y ecoomy ceimi. Llinu
Ha ONIUHI KyIbmypu euwyi, Hidxc Ha 3eprogi. Tlonpu 3pocmanus
cobieapmocmi  azponpolykyii, peHmaberbHiCmb BUPOWYBAHHS
ONIUHUX KYAbMYP BUBHAYAE MEHOeHYilo 3pocmanus 0bcszie ix
supobHuymea ma nepepodnenus. llepepobrna npomucnogicme €
OOHUM [3 OCHOBHUX | HAUOLILWUX CNOJNCUBAYIE ONIUHUX KYIbMYP.
B Vxpaiui ocnoenumu onivinumu Kyrnemypamu € COHAWHUK, CO5,
pinax, nvon. B Yxpaini, 3o0xkpema y 3axionomy Ionicci, éce binvuse
yeazu npuoiiaemvcsa BUPOULYBAHHIO TbOHY ONiliHo20. (OcHo8HA
YIHHICMb JIbOHY ONIUHO20 NOJNA2AE 8 HACIHHI, MOMY ni0 uac
BUPOWYBAHHS YI€l KYIbMYPU BANCIUGO OMPUMAMU  HACIHHSA
sucokoi  axkocmi. 1locoOHi ymosu ModxCyms  CHpUYUHUMU
nioguweny sonocicms Hacinua. Haomipna eonozicmov macinusa nio
yac 30epicanns Oyjice He2AMUGHO GNIUGAC HA AKICMb HACIHHA,
CHpUYUHSAE 1020 NCYBAHHA I, AK HACAIOOK, 3HAYHI 6Mpamu Ha
emani nicaa3douparvHoco 0bpobrennss ma  30epieanHs, WO
CRPUYUHSIE HeOOXIOHOCMI WmyYH020 CYWinHs Hacinusa. Mema
OO0CHIOMNHCEHH — WIAXOM  MOOENOBAHH  NpOYecy  CYUIIHHA
00TpYHmMYy8amu HAUOIIbUW PAYIOHATILHI PENCUMU CYUIIHHS HACIHHSA
JILOHY, WO 3abe3neuyiomsv BUCOKY NPOOYKIMUBHICMb Mda SAKICMb
HACIHHSA, YHUKAIOYU HeOAX CAHUX HAOTUWKOBUX GUMPAM eHepail.
Excnepumenmanvui  0ocnioscents npogoounu Ha po3pooienill
yemanosyi. J[nst 00CniodcenHs SUKOPUCTNOBYBANU NbOH OJIIHULL
copmy «llig0enna muiuy, wo ompumanull WIAXOM 30UPAHHS
npamum Komobatinysannam. Ilovamrkosa 6onocicmos HACIHHA JIbOHY
cmanosuna 14,3%. Cywinna HaciuHa JbOHY NPOGOOUNU 34
memnepamypu cywiunvHoeo azenma 35, 45, 55 ma 65°C.
Llguoxicms nomoxy nosimpsi 8 CYWUIbHIL Kamepi CmaHosuna
1,9-2,0 wm/c, moswuna wapy avony — 2 cm. YV cmammi
V3A2anbHEHO MOOeni npoyecy CYWIHHA CUNKUX Mamepianie.
Koedghiyieumu moodeneit npoyecy cywinns Oyau ompumaui 3a
Ppe3yibmamamu HeiHiliH020 pecpecitiHozo ananizy, Wo nPoeeoeHo
3a 0onomozoio npocpamuozo 3abvesnevenns SPSS 17.0. Oyineno
mounicms Mooeneli npoyecy CyulinHs.
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INTRODUCTION AND PROBLEM
STATEMENT

In Ukraine, the agricultural sector of the
economy increases the production of oil crops.
Demand for vegetable oils is growing worldwide.
Prices of oil crops are comparatively higher than
for grain crops. Despite the increase in production
costs, the profitability of the cultivation of oil
crops determines the growth trend in their
production and processing volumes.

The processing industry is one of the main
and largest users of oil crop seeds. Their products
— vegetable oils, meal, and cakes — provide a
fairly significant share of foreign exchange
earnings from agricultural exports. Between 2010
and 2018, the production of vegetable oil
processing companies almost doubled. About 6.2
million tons of vegetable oil were produced, and
vegetable oil export was 6 million tons. Therefore,
determining the effectiveness of Ukraine’s export
of oil crop seeds and their processed products in
the conditions of modern integration processes is
an urgent problem.

In Ukraine, the main oil crops are sunflower,
soybean and rapeseed, and linseed. In Ukraine,
including the region of Western Polissya, more
and more attention is paid to the cultivation of
linseed. Linseed is an agricultural crop of great
economic importance. In different branches of
economy, it is possible to use stems, straw, seeds,
linseed cake. However, the main purpose of
cultivation of linseed is to obtain oil, which,
depending on the linseed variety, can contain
about 50% in flax seeds (Didukh, 2002). The main
value of linseed is in the seed, so it is important to
obtain high quality seeds.

Weather conditions can cause increased crop
moisture. Excessive seed moisture content during

L =

a

storage has a very negative effect on seed quality,
leading to deterioration and, as a result, significant
losses at the stage of post-harvest processing and
storage, which leads to the need for artificial
drying. The study of the drying process of various
plant materials, especially a dense layer of bulk
seed material, has been carried out by a number of
scientists (Mujumdar, 2006; Yaschuk & Kirchuk,
2011; Didukh et al., 2013; Yaschuk et al., 2013).

Research on harvesting and post-harvest
processing of flax is mainly related to the study of
the properties of flax components, seed cleaning
problems, as well as drying of flax and flax straw,
and is mainly devoted to fibre flax (Didukh et al.,
2008; Dudarev & Kirchuk, 2011). Insufficient
attention has been paid to the study of harvesting
and post-harvest processing of linseed.

The Goal of the Study is to substantiate the
most rational drying regimes of linseed by
modeling seed drying process, ensuring high
productivity and quality of the seeds, avoiding
undesirable excessive energy costs.

MATERIALS AND METHODS

Experimental studies were carried out using
the developed experimental equipment (Fig. 1).
For the study, linseed of the variety «Southern
Night», which was obtained by harvesting in a
single-phase method, was used. Then, linseed was
cleaned. The initial moisture content of linseed
was 14.3%. The experimental equipment worked
as follows: air was pumped by a fan and heated by
a heater; the heated air was supplied to the drying
chamber by a flexible pipe. The sample of linseed
was placed in the drying chamber of experimental
equipment. The heater was equipped with a
regulator for the temperature of the heated air.

- linseed

- drying agent

Fig. 1 — Experimental equipment for linseed drying:
a — scheme of the equipment (1 — fan; 2 — heater; 3 — flexible branch pipe; 4 — drying chamber;
5 — section with linseed); b — drying chamber
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RESULTS AND DISCUSSION

Linseed drying was carried out at drying
agent temperatures of 35, 45, 55 and 65°C. The air
flow rate in the drying chamber was 1.9-2.0 m/s
and the thickness of the linseed layer was 2 cm.
The results of the experimental studies are
summarized in the graph shown in Fig. 2.

As a result of the reference analysis (Doymaz
& Pala, 2003; Cihan et al. ,2007; Yadollahinia et
al., 2008; Rafiee Sh et al., 2009), mathematical
models of drying process of bulk materials are
summarized in Table 1.

In Tablel, the parameters are as follows: MR
— coefficient of initial moisture content of the bulk
material; a, b, ¢, k, n — coefficients determined by
the properties of a bulk material, and the initial
parameters of a bulk material, and drying modes;

16

t — drying time, min.
Coefficient of initial moisture content of bulk
material was calculated by Equation:

MR = =i (1)

where Winm. — initial moisture content of bulk
material, %; Wm — moisture content of bulk
material at drying time t, %.

The coefficients of the drying process models
presented in Table 1 were obtained as a result of a
non-linear regression analysis carried out using
SPSS 17.0 software (Fig. 3). The experimental
data of linseed drying was accurately reproduced
by these drying process models (Fig. 4).

14
12
10

Linseed moisture content, %
[#2e]

35°C
45°C
55°C
65°C

bttt

(= S R )]

0 2 4 6 8 1012 14 16

18 20 22 24 26 28 30 32
Drying time, min

Fig. 2 — Diagram of linseed moisture content during the drying process at different drying agent temperatures

Table 1 —Mathematical models of drying process of bulk materials

Mathematical models of drying process

Model equation

! 2
Newton MR = e
Henderson-Pabis MR = ae
Page MR ="
Modified Page MR = e 0"

Logarithmic

MR =ae ™ +¢

Wang and Singh

MR =1+ at + bt?

Midilli

MR =ae " +hbt
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Fig. 3 — Calculation of the coefficients of the drying process models using the SPSS 17 software:
a — setting the calculation parameters; b — calculation results

1,002%xpl-0,063'x %831} 40,0001
exp|-0,039°x)
- .. 0,962'exp(-0,037"x]

- . expl-0,061+x0.848)
- — expl0,026°x 518
_____ 0,809"exp(-0,054"x)+0,181
10,04 *x+0,0006 %%
© eKCIePHMEHTAIBHI TOUKH

= 100
g
=
8 e
2§ 080
bl
o O
~ U
S 2 060
s
8"
(S
g 040
v
S

0

10

15 20 25

Drying time, min

Fig. 4 — Diagrams obtained from different linseed drying process models
at a drying agent temperature of 45°C

The accuracy of drying process models and
their comparison was assessed using three
indicators: coefficient of determination, sum of
squared errors and standard mean square error. As
a result of the comparison, the Midilli model was
found to be the most accurate in this case. The
calculated accuracy indicators for the Midilli
model are shown in Table 2.

Coefficient of determination was calculated
by Equation:

N
Z(MRCaI.,i - Iv”:\)ex.,i )2
i=1
- 5 ,

Z(MRp - IVIRex.av.,i )2

R?2=1

)

where MRcai — calculated quantity; MRex,; —
experimental quantity; MR.c..; — experimental
average quantity; N — observation number.

Sum of squared errors was calculated by
Equation:

N
Z (MRcaI.,i - MRex.,i)2

i=1

SSE =1-

5 ©

Standard mean square error was calculated by
Equation:

RMSE = 4)
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The coefficients (a, b, k, n) of the Midilli
model, which accurately reproduces the kinetics
of the linseed drying process, are summarized in

Table 3.

The results of numerical modeling (Fig. 5)

showed that the Midilli model reproduces possible
drying modes. The simplicity of the modelling
makes it possible to use modelling for a wide
class of tasks in the management of drying
processes in convective dryers.

Table 2 — Calculated accuracy indicators for the Midilli model

Mathematical Temperature of Coefficient of Sum of squared Standard mean
model drying agent, °C determination R? errors SSE square error RMSE
1 2 3 4 5
35 0.999 0.567 0.000
S 45 0.999 0.616 0.000
Midill 55 0.999 0.680 0.001
65 0.999 0.755 0.001

Table 3 — Coefficients of the Midilli model

Temperature of
drying agent, °C

Coefficients of the Midilli model MR = ae’ktn + bt

a b k n

1 2 3 4 5
35 1.000 0.003 0.029 1.088
45 1.002 0.001 0.063 0.831
55 1.001 0.001 0.148 0.643
65 1.001 0.001 0.284 0.567

1,0

0,8

0,6

0,4

0,2

Coefficient of moisture content (MR)

:0.029*x**1 .088) +0.003*

7 352€

B
fl.o01*exp(-0 284‘x"0.5§7) +0.001*9 450C

T 359%€
e 65°C

3 10 15

20 25 30

Drying time, min

Fig. 5 — Results of numerical modeling of the linseed drying process using
the Midilli model at different drying agent temperatures
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CONCLUSIONS

The obtained mathematical model of the
linseed drying process takes into account the
following parameters: type of drying, interaction
of the seed with the drying agent, moisture
content of the seed layer. The characteristics of
the model must be agreed with the experimental
results. Temperature, humidity and speed of the
drying agent affect the duration of seed drying. It
is necessary to find such a drying mode, that the
best technological properties of the seeds can be
obtained with the minimum drying time and the
lowest heat consumption.
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ABSTRACT

The growing demand for natural textile materials is driving the
search for fundamentally new raw materials for the production of
textile fibres, in particular the use of pine needles for the
production of textile fibres. The development of a technology for
processing Scots pine needles at logging sites using a
pneumothermal method with the help of a mobile equipment for
separating pine needles requires research in order to substantiate
its operating principles. In particular, it is necessary to
substantiate the temperature and duration of drying and the
amount of vacuum for the pine needle drying process. The use of
pine needles, which represent up to 30% of the mass of the crown
of a Scots pine, is an important factor in their processing and thus
a more complete use of forest resources. Industrial processing of
pine crowns requires the separation of needles from wood and
bark, which are harmful impurities during the production of
textile fibre. Experimental studies were carried out on branches
with pine needles. The dimensions of the pine needles were
determined and the minimum needle removal force that could be
achieved in the drying chamber of the mobile equipment was
determined. A two-factor experiment was used to determine the
equation of the pine needle removal force on temperature and
drying time. The minimum pull-off force was compared with the
pull-off forces at different temperatures and drying times. As a
result of the studies carried out to justify the operating modes of
the mobile equipment for the pine needle separation, the
parameters of the drying process have been established: drying
temperature 80°C, drying time 90 minutes. Further research is
required to establish the level of vacuum in the drying chamber of
the mobile equipment, and to determine the dependence of the
pine needle removal force on the temperature and drying time in
other ranges of variation of these parameters.
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AHOTAILIA

3pocmarouuii nonum Ha NAPUPOOHI MEKCMUIbHI Mmamepianu
00YMOBIIOE NOWLYK NPUHYUNOBO HOBUX CUPOBUHHUX DPeCypCi6 O
BUPOOHUYMBA MEKCMUNLHUX 60JIOKOH, 30KpeMa BUKOPUCHAHHA
X80i COCHU 36UYAUHOI 01 OMPUMAHHS MEKCMULLHUX BONOKOH.
Po3spobrenns mexnonoeii nepepobnenns x60i cocuu 36udatinoi Ha
MICYax JiCO3a20Mi6AL 3 GUKOPUCMAHHAM NHEEMOMEPMIYHO20
Cnocoby 3a 00NOMO20H0 MOOINLHOL YCMAHOBKU 0I5l BIOOKPEMIEHH S
X801 nompebye 00CiONHCEHb 3 MEMOI0 0DIPYHMYBAHHS PENCUMI iT
pobomu. 3oxpema HeobXIOHO O0OIpyHmMysamu memnepamypy i
MPUBANiCMy CYUinHs Ma eIUYUHY 8AKYYMY O/ NPOYeCy CYUIiHHS
x60i. Buxopucmanna xeoi, ska cknadae oo 30% macu KpoHu
COCHU 38UYALIHOL, € adxciusum Gaxkmopom il nepepobrenHs, a
omoce OIMbUWL  NOBHO2O  BUKOPUCMAHHA — JICOBUX  Pecypcis.
Ilpomucnose nepepobnenHa KpoHU COCHU 36UdaliHOi nompebye
8i00KpeMaenHs X801 8i0 Oepesunu ma Kopu, SKi € WKIOAUBUMU
OoMiwKamMy ni0 Yac GuUpOOHUYMBA MEKCMULLHO2O BOJIOKHA.
Excnepumenmanshi 0ocniodcents npo8ooUnUCs Ha 2LIKAX 3 X80€I0
COCHU 38uyaunoi. Byno eusHaueHo po3mipu X60i, 8CMAHOBIEHO
MiIHIMAIbHE 3YCUNIS 8IOPUBAHHS X8O, sIKe MOJCHA 3a0e3neuumu 6
CYWUTbHIU  Kamepl MOOINbHOI ycmaHo8KU. 13 BUKOPUCMAHHAM
080(AKMOPHO2O eKCNEPUMEHMY BUSHAYEHO 3ANEAHCHICMb 3YCULILS
8i0pusanHs x6oi 6i0 memnepamypu ma mMpudaroCmi CYWIHHSIL.
Bukonano nopiensanus minimaneHoeo 3ycunis  8i0pueamms i3
3YCUNIAMU BIOPUBAHHS 30 PIZHUX MEMNEpamyp ma 4acy CYUliHHA.
Y pesyromami npogedenux Oocniddicenb 3 0OIPYHMYBAHHS
pedicumie pobomu MoOLIbHOT YCMAHOBKU OJIsi 6iI0OKPEMIECHHS X80T
6CMAHOGNIEHO napamempu npoyecy CYWiHHA. memnepamypa
cywinnst 80°C, mpusanicme cywinnus 90 xe. Ob0rpynmysanms
BEUYUHU 8AKYYMY 6 CYWUNbHIU Kamepi MOOIIbHOI yCMaHO8KU,
6CMAHOBNIEHH  3ANIeHCHOCMI  3YCUMIA  BIOpUBAHHA  XB80i  6i0
memnepamypu ma Mpuearocmi CYWIHHs 6 I[HWUX Oiana3oHax
SMIHU YUX napamempis nompebyec nodarbuux 00CIi0NCeHb.
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CTAH IIMTAHHA TA IIOCTAHOBKA

IMPOBJIEMHU
3pocTarouuii MOMUT HA MPUPOHI TEKCTHIbHI
Marepiam  OOYMOBIIOE TONIYK IPHHITMIIOBO

HOBUX CHPOBHHHHX DPECYpCIB UIi BHPOOHHIITBA
TEKCTHIBHUX BOJOKOH. OJJHUM i3 EPCIIEKTUBHUX
HaNpsMIB TaKUX JOCIIIKEHb € BAKOPUCTaHHS IS
OTPHMaHHS TEKCTHJIBHHX BOJIOKOH XBOI COCHH
spuyaiinoi (Gupta et al., 2020; Trkawyx &
T'epacumuyx, 2021; Mandal et al., 2022;
Herasymchuk & Tkachuk, 2023).

Buxopucranus xBoi, sika ckmagae mo 30%
Macu KpOHH COCHM 3BHYAHHOI, € BaXJIUBUM
(dakTopoMm 1i mepepoOIeHHSI, a OTKE OB
MOBHOTO  BHKOPUCTAaHHS  JIICOBUX  pECypCiB.
[IpomucioBe mepepoOsieHHS KpOHU MOTpedye
BIJIOKpPEMJICHHSI XBOi Bijl ICPEBUHU Ta KOPH, SKi €
IIKITMBAMA  JOMIIIKaMM ITiJT 9ac BUPOOHHIITBA
TEeKCTHJIBHOTO BOJIOKHA. [lepepobienHs xBoi
MOXE MPOXOAUTH 3a JOIOMOTOI0 MOOUIBHOT
YCTQHOBKH, sIK& MICTHTh CYIIWJIBHY KaMmepy,
BaKyyMHY CHCTEMYy IHEBMOTPAHCIOPTYBAaHHS Ta
Hakonu4yBau xBoi (Txkauyx ma in., 2022). s
edpexTuBHOI POOOTH wLi€l yCTAaHOBKM HEOOXiAHO
MIPOBECTH JOCTIKEHHS 3 METOI0 OOIpYHTYBaHHS
pexumiB  1i  poboru. 3okpeMa, MOTPeOYyIOTH
BHM3HAYCHHS BEJIMYMHA BaKyyMy, TemIlepaTypa i
TPUBANICTh IONEPEAHBOTO CYLIHHA XBOWHHUX
TUIOK IS TOCTabJIeHHST 3B’SI3Ky MiX XBOEIO Ta
riIkaMH, a TakoX NoTpedye OCHiKeHb Mpolec
BIJOKPEMJICHHSI XBOi INOTOKOM moBiTps. OTxe,
pO3pOOTIEHHST TEXHOJIOTii TepepoOsieHHsT  XBOi

COCHM 3BHMYAaMHOI Ha MICIIX JIICO3aroTiBil Ta
OOIPYHTYBaHHS PEeXUMY POOOTH O0JaAHAHHS IS
aKTyaJbHUM

peamizamii  1iei  TexHONOTIi €
3aBJAHHAM JOCIIIKEHD.

Meta paocC/HifKeHHA — OOTpyHTYBaHHSA
pexxuMy poOOTH (TemIlepaTypu Ta TpPUBAIOCTI
CYIIiHHS) MOOITFHOI YCTaHOBKH, IO MPU3HAYEHA
JUTSL BITOKPEMJICHHS XBOi, (DYHKITIOHYBaHHS SIKOT
IPYHTYETHCS] HA THEBMOTEPMIYHOMY CIIOCOOI.

MATEPIAJIU I METOAU

B gaxocti wmarepiamy ns  MpOBEIEHHA
JIOCTIDKEHHSI BUKOPUCTOBYBAJIH TJIKU XBOi COCHH
3BuyaitHoi (pue. 1, a), mo Oyiu 3i0paHi i3 HKHBOT
YaCTHHH KPOHH AepeB. XBOsSI PO3TALIOBYETHCS HA
MaroHax IMy4KaMmu 110 JBi XBOiHku (puc. 1, 6). ¥V
nepepisi XBOsi COCHU 3BUYANWHOI Mae (Qopmy, II0
moIi0Ha 10 KPyroBoro cermenra (puc. 1, B).

JloBXMHY XBO1 COCHH 3BUYaitHOI BUMipIOBaIN
LITAaHTEHIIUPKYJIeM, a pO3MipH Ii MONepeyHOro
nepepizy — 1mppoBuM Mikpockormom Levenhuk
(DXT 90) 3 moxnuBicTiO 30impirenss Big 10 mo
300 xpar. 300paxkeHHS XBOI, SKi OTpUMalH 3a
JOTIOMOT010 IIU(POBOTr0 MiKpOCKoma, oopodsin
i3 Bukopucranusm MicroCapture Plus (puc. 2).

Jns o0umcneHHs TEOMETPUYHNX MapaMeTpiB
XBOi TpUITycKany, mo ii ¢opma — 1e 3pizaHuii
B3JOBXK oci muriHgp (pue. 3). Lle no3sommio
MIPOBECTH OOYWICIICHHS IUIONI TPOEKIIHA MOIEi
XBOi 3 JOCTaTHBOIO Uil TEXHIYHUX PO3PaxyHKiB
toyHicTio. [Tnonti npoekuiit xBoi 3 po3mipamu |, €
ta h (puc. 3) 06UUCTIOBAIN 32 BUPA3aMH:

- ()poHTANBHA TTPOEKITIS:

S, =Ic; 1)

- TOPU30HTAIHHA TIPOEKITIS:

S, = Rzarcsin(%j—%\MRz -c?; (2

Puc. 1 — XBost cocHM 3BHYaiHOI:
a — TUTKa i3 XBOEI0; O — IMyYOK XBOi; B — IMOTIEPEYHUHN TIepepi3 XBOT
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0

Puc. 2 — BuzHaueHHs po3MipiB XBOi COCHU 3BHYAIHOI:
a — mudposwuii mikpockon Levenhuk (DXT 90); 6 — o6poGuienns 300pakenHs y nporpami MicroCapture Plus

a

NI

0

Puc. 3 — 'eomerpuyHi mapaMeTpu MOJIENi XBOI COCHH 3BHYANHOI:
a — mpuiHATa PopMa MoeNi XBoi; O — MPOEKIIii 3 po3MipamMu MOETi XBOT

2
c

ne R=—+——;
28

- mpo(isTbHA MIPOEKITIA:

s =l. 3)

MiniManbHI po3MIpH XBOi COCHM 3BHYAIHOI,
10 JIOCTIDKyBaiacs, cTaHOBWIH: Imin = 70 MM,
Cmin = 1,3 MM, hmin = 0,65 MM.

CyIiHHA TUIOK COCHH 3 XBOEK MPOXOIUIIO B
CYIIWIIBHIN TabopatopHiil mwadi (puc.4). 3ycuis
BiIpUBaHHS BU3HAYaIW Ha YCTaHOBII (puc. 5), B
SKIM TIJIKY 3 XBOEIO 3aKpIiIUTIOBAHM B 3aTHUCKadi
mratruBa. J[o XBOi COCHM 3a JONOMOTO JAPYIroro

3aTUCKaya Ta HUTKU KPiWIN I1aThopMy, Ha SIKY
BCTaHOBITIOBAJIM BaHTAXi IO MOMEHTY BiJIpHBaHHA
XBOi COCHHM BiJ| T'JIKW. 3yCHJUIS BiIpUBaHHS XBOT
BH3HAYAJIN 32 MacOIO BaHTAXIB.

Puc. 4 — CyminHs XBOi B cymmibHii madi
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Puc. 5 — BuznaueHss 3ycuiuis BiIpUBaHHS XBOI:
1 — rinka 3 xBo€10; 2, 4 — 3aTUCKAUM; 3 — IIITATUB;
5 — auTKa; 6 — IaTdgopma; 7 — BaHTaXK

Hocmimkenns BBy Temmneparypu T (°C)
(X1 — xomoBaHuii (HaKTOpP) Ta TPUBAIOCTI CYIIiHHS
7 (xB) (X2 — KogOBaHMI (haKTOP) XBOI HA 3yCHILIA
Bi[pMBaHHA TMPOBOAWIN 13  BUKOPHUCTAHHAM
METOAy IUIaHyBaHHs eKcnepuMmeHTy. [lnman-
MaTpHuLs IBO(GAKTOPHOIO EKCIEPUMEHTY MOAaHa
B Ta0auui 1.

Tadmuus 1 — [Inan-mMaTpuis npoBeACHHS
IBO(AaKTOPHOTO EKCIIEPUMEHTY

[ToBTOPIOBAHICTh YCIX MPOBEACHHUX JOCIIJIIB
m =3 . OOpoOJIeHHsI EKCIICPUMEHTAIbHUX TaHUX
BHKOHYBAJId 33 JOMOMOTOI0  KOMII FOTEpHOT
nporpamu MathCAD 14.

PE3YJIbTATHU AOCIIAKEHHA
TA OB'OBOPEHHA
VYpaxoByloun — TEXHIYHI  XapaKTEPUCTHKH
MEXaHIYHUX BaKyyMHHUX HAacOCiB Ta BTPAaTH THCKY
B TpyOompoBojgax MOOITFHOI YCTAHOBKH IS
BiJJOKpEMJICHHSI XBOI, IPUITYCKAEMO, 110 PI3HHLS
TUCKIB y kKamepi ycraHoBku Ap = 60000 ITa. Tomi
MiHIMQJIbHE 3YCHWJUIA, SKE€ Ji€ Ha XBOKO B
MOOITBHIN yCTaHOBI, cTaHOBUTUME Fmin= 0,04 H.
Pe3ynpTatn  €KCIEPUMEHTAIIBHOTO  BH3HAYCHHS
3YCHIUTSI BiIPWBAHHSA XBOI COCHH IICJIS CYIIiHHS
XBOMHMX TiUTOK 3a Temmeparyp 40-80°C
tpuBasictio 40-90 xB, cepenHe apupMeTHUHE
3HAYEHHS 3yCWUIL BipUBaHHSI Ta OLIHKU
JIUCTIiepcii mogadi B Tadaumi 2.
BurunB Ha 3ycwiuis BipHUBaHHsI XBOI COCHH
TEeMIIEPaTyPH CYLIiHHS OMUCYETHCS PiBHAHHAM:
F =2,396-0,015T -0,014r, 4)
ne F — sycwmsa BimpuBanHS XBoi cocHu, H; T —
Temreparypa cyuiHHs xBoi, °C; 7 — TpuBaJicTh
CYLIiHHS XBOi, XB.
3a piBHsHHAM (4) moOymoBaHa TOBEPXHA
BiAryKy (puc. 6). Ha puc. 6 300pakeHa MJIoIIHHa,

Howmep 3HaueHHS KOJOBaHUX Bzaemonis . . S ‘
ocHiy baxtopis (bakropis IO BiANOBiJa€ MiHIMAaIbHOMY 3YCHIUIIO, SIKE Hi€
X1Xo Ha XBOIO B MOOUIBHIM yCTaHOBLI. YCi TOYKH
X1 X2 HOBEPXHI BiATYKY, 10 NOOYI0BaHA 38 PIBHAHHIM
1 2 3 4 (4), sKi nexarh HWKYE TUIOLIMHH, 3a0€3MMeUyIOTh
1 1 1 +1 BIIOKpeMJICHHS XBO1 Bif rijgok. Omxke, s
5 +1 1 1 3a0e3eYeHHsT BiIOKPEMJICHHsSI XBOI BiJ[ TUIOK 3a
3 1 1 1 BETMUMHU Bakyymy Ap = 60000 IIa, xBoto
notpibHO BucymuTH 3a Temneparypu t = 80°C
4 +1 +1 +1 _
ynponoBx 7 = 90 xs.
Tabauus 2 — Pe3ynpTaTi BU3HAYCHHS 3yCHILISI BiJPUBAHHS XBOT
Howmep Temneparypa Tpusanicte 3ycuis BinpuBanHns ), H CepenHe 3ycuiuis OmiHka
TOCTiTy CymriHHs X1 CyHIiHHs X2 (32 moBTOpEHHAMHU) BiJIpUBaHHs aucmnepeii
v oH )
Yul Yu2 Yus Yo Su
1 2 3 4 5 6 7 8
1 -1 -1 1,01 1,13 1,83 1,323 0,1960
2 +1 -1 0,75 0,10 0,53 0,460 0,1090
3 -1 +1 0,95 0,42 0,20 0,523 0,1490
4 +1 +1 0,04 0,02 0,01 0,023 0,0002
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3ycwig BinpuBanus F, H

Puc. 6 — I'padiuni 3anexxHOCTI:
1 — moBepxHs BIATyKY, 10 TOOyAOBaHA 32
PIBHSIHHSM (4); 2 — TUTOIIMHA, IO BiAMIOBITAE
MiHIMaJIBHOMY 3yCHJUTIO BiIpUBaHHS XBO1

BUCHOBKH

3a pe3yabTaTaMu MPOBENECHOTO JOCIIHKCHHS
BiJJOKpEMJICHHSI XBOi y MOOLIBbHIN yCTaHOBII, IO
MICTUTh CYIIWIbHY KaMepy, BaKyyMHY CHCTEMY
ITHeBMOTPAHCIIOPTYBaHHSA Ta 30ipHUK  XBOi,
PEKOMEHIOBAaHO TapaMeTpH IPOIeCy CYIIiHHS:
temneparypy cyminHs 80°C Ta TpuBamicTh
cyminHs 90 xB. Y TOJANBIIMX JOCHTIIHKEHHIX
JIOTIUTBHO TEOPETUYHO Ta CKCIEPUMEHTAIEHO
OOIpYHTYBaTH BEJIUYMHY Bakyymy B CYIIHJIbHIN
Kamepi  MOOUTBHOI  YCTaHOBKH,  JIOCIHIJUTH
3QJIOKHICT, 3YCWJUIA BIIPUBAaHHSA XBOI  BIf

TEMIEpaTypyd Ta TPUBAJIOCTI CYNIIHHS B IHIIHX
Jiara3oHax 3MIiHM WX [MapaMeTpiB.
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ABSTRACT

Pullers are used to pull the fibre flax stalks out of the ground
during mechanised harvesting. The most common are belt pullers
and belt disc pullers. Pulling belts are made of rubber reinforced
with kapron threads. They stretch during operation and need to be
tightened periodically and replaced when worn. This type of
puller is also very metal intensive. This article describes the
design of the disc-belt flax puller, which will increase the life of
the pulling belts and reduce the metal consumption of the flax
pulling machine. The disc-belt flax puller consists of a pre-
fabricated frame with partitions, a pulling device and a cross
conveyor. The pulling device is made in the form of active pulling
disks that contact with pulling belts, each of which is mounted on
two rollers, one of which is spring-loaded. The proposed disc-belt
flax puller contains fewer parts than known designs. Therefore,
the proposed disc-belt flax puller has a lower metal capacity
compared to its counterparts. The power required to drive the
pulling section is determined, which consists of the power
required to drive the press belt mechanism, to pull the flax stalks
from the ground and to transport the stalks. The required pressure
of the press belt on the pulling disc is determined on the condition
that the flax stalks do not slip in the pulling pit during pulling.
Taking into account the inertial load of the flax stalks during the
movement of the curved pulling stream, the amount of pressure
relief in the pulling stream was also determined. The required
pressure in the draw stream is provided by tensioning the roving
belt with a spring-loaded tensioning device. An improved design
of the tensioning device is proposed. The required belt tension is
calculated and the compression spring of the tensioning device is
selected. The additional tension of the roving belt as the roving
stream is filled with flax stalks is also determined. A hydraulic
motor is selected to drive the picking section of the disc belt flax
puller. A drawing sketch of the drive of the pulling disc was
developed.
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AHOTAILIA

s eumseysanns cmeben JbOHY-0082YHY 3 IPYHMY N0 uac
30uUpanHs  suxopucmosyiomocsa oOpanvHi anapamu. Haiibinbw
NOWUPEHUMU € NACO8I MA RACOB0-OUCKOBI OpAIbHi anapamu.
bpanvni nacu eucomosnsaoms 3 2ymu, Wo ApMOBAHA KANPOHOBUMU
Humkamu. Bouu posmsazylomecs ma nompeoyoms nepioouiHozo
niomszyeanus, a y GuUNAOKy 3HoutyeamHs — 3aminu. Taxooc yi
KOHCMpYKYii 6panvHux anapamie € memanomicmkumu. Y cmammi
3anpOnOHOBAHO KOHCMPYKYIIO OUCKOBO-NACOB020 TbOHOODANLHOZO
anapama, AKa 003604UMb NIOGUWUTNU O08208TUHOCI OPATbHUX
nacie ma 3MeHWUmMU  MemaloMIiCIMKICMb  TbOHO30UPAIbHOL
Mawuny. Juckoso-nacosull TbOHOOPANbHULL anapam Micmume
30ipHy pamy ma po3mauio8ani Ha Hill NOOINbHUKU, OpaTbHUlL
8y30.1 i nonepeunull mpaxcnopmep. bpanvuuii 8y301 6UKOHAHO Y
BUSTADL  AKMUBHUX OPANbHUX OUCKIB, WO KOHMAKMYIomv i3
OpanvHUMU nacamu, KOXMCEH 3 AKUX BCMAHOBNEHUl HA 080X
PONUKAX, OOUH 3 AKUX NIONPYHCUHEHU. Busnayeno nomydxicricmo,
wo HeobXiOHa OJist NPUBody OPANLHOI CeKyil, AKA CKIA0AEmMbCs i3
HOMYJCHOCMEU, WO HeoOXiOHI 04 Npusody NPUMUCKHO2O
nacoeo2o0 MexaHizmy, eumsacy8anHa cmeben NboHy 3 IPYHMY ma
mpancnopmyeants cmeben  OparvHum  pigwakom. 3 ymosu
HenpoKo83yeamHs cmeben y OpArbHOMY piGYaKy nio yac ix 6paHHs
BU3HAYEHO HeOOXIOHU MUCK OPATbHO20 NACA HA OPATbHUL OUCK.
Takoosc, ypaxoeyiouu inepyiiine Haganmagicenus cmeben nio uac
PYXY KPUBOMIHIUHUM OPANbHUM DIGUAKOM, GU3HAYEHO GETUHUHY
nociabnenHs mucky y opanvromy pisuaxy. Heobxionuti muck y
OpanrbHoMy piguaxy 3a6e3neuyemvcs HaAmsaeoM OpalbHO20 naca
NIONPYAHCUHEHUM HAMSICHUM npucmpoem. Takodic yOOCKOHAEHO
KOHCMPYKYit0 HamsdxicHo2o npucmpoio. ObuucieHo HeobXiOHull
Hamsz OpanvbHo2o naca ma nidiOpaHo NPYHCUHy CMUCKAHHSA
HAmMsNCHO20 MexaHizmy. Bubpano eciopomomop 011 npusody
OpanvHoi cexyii OUCKOBO-NACOB020 TLOHOOPANLHOZO anapama.
Po3spobnreno eckiz kpecnenns npueody o6paivroco oucka.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

[lin dac wmexaHi3oBaHOTO 30WpaHHA I
BUTSTYBAaHHS CTEOEN JIbOHY-ZOBIYHLS 3 IPYHTY
BHKOPHCTOBYIOThCA OpaibHi amaparu. HaitOinmbim
MOLIMPEHUMH € TIACOBI 1 MACOBO-ANUCKOBI OpanibHi
anapata (Jaywox ma in., 2012; Hioyx ma in.,
2013, Hyoapes, 2015, DEHONDT Technologies,
n.d.; Union, n.d.). ¥ macoBux OpaipHHX amaparax
cTebia 3aTHCKAIOTHCI MiXK JBOMa OpalbHUMHU
racaM, IO TPAIMIOIOTH SIK IMacoBi mepermadi, B
AKX poboda TimKka maca € HaTsHkHOIO. [lac
OXOIUTIOE BEAYUHH 1 BeeHUI LIKiBU a00 Beaydnit
IIKIB Ta HATSOKHI POJIMKH. Y TAcOBO-IHCKOBHX
OpanpHUX amaparax credia JbOHY 3aTHCKAIOTHCS
MiXK OpanbHUM macoM Ta OpajJbHUM JHUCKOM.
Bpanpauii guck o0OepTaeTbesi Big KOHTAKTy 3
OpambHUM TIacoM, TOOTO OpandbHHI Tac OiIbIIe
HaBaHTAXXEHUH, HDK Yy MacoBoMy OpaJbHOMY
amaparti. bpanbHi macu BUTOTOBIAIOTE 3 TyMH, 110
apMOBaHa KaIPOHOBMMHU HUTKaMu. bpajbHi macu
M 9ac poOOTH PO3TATYIOTHCS Ta MOTPEOYIOTh
MEepiONUYHOTO TIATATYBaHHS, & Yy BHIAAKY
3HOIIYBaHHS — 3aMiHM. LI KOHCTpYKUil OpanbHUX
amapariB € METAJOMICTKUMH, OCKUIBKH MiCTSTh
WIKIBM, HATSDKHI Ta MIATPUMYIOYi  POJIHKH,
cKnagHuil puBoJ. OTXe, aKTyalbHUM 3aBIaHHSIM
€ po3poOIeHHs KOHCTPYKIIi OpajpHOTO amapara,
10 ycyBaia 0 3a3HaueHi HEJOMIKH.

VY naykoii npaui (FOxumuyx ma in., 2022b)
3alPOIIOHOBAHO KOHCTPYKIIIO JHCKOBO-IIACOBOTO
OpanpHOTO anapata. Y mpoMy OpalbHOMY amaparti
MPUBOJATHCS OE3MOCEPEeIHBO OpasibHI JUCKU, a
Macu MPUTHCKAIOTh CTeOJia JIbOHY A0 TMOBEpPXHi
OpanpHuX muckiB. 1lim gac po3poOieHHs HOBOTO
JHOHOOpAJILHOTO — amapata OyiM BCTaHOBJICHI
HEJOJIKM HOro KOHCTPYKIii. 30kpema, mmij 4Yac
TPaHCIIOPTYBaHHS cTe0el JIbOHYy OpaJbHUMHU
piBUaKamM# Ma€ MicCIe 3THHAHHS HIKHBOT YaCTHHH
cTeOen BHACHIZIOK X B3aEMOAIl 13 KapTepoM
MEXaHi3My TpHUBOAYy OpambHUX JHUCKiB. Ha
KOpEHAX cTebesl MOXYTh OyTH 3aJIMIIKH TPYHTY,
IO CNPUYUHHUTH HAJHMIIAHHS TIPYHTY Ha KOPIyC
KapTepa MiJ 4ac KOB3aHHs creben. Sk Hacliaok,
L€ 3yMOBHUTh JOAATKOBI EHEPreTWYHI BUTPATH,
MPUYHHOIO SIKUX € IPOTUAIS cTe0eN 3THHAHHIO Ta
TepTs cTeden Mo Kopmycy kaprepa. Jng ycyHeHHs
HEJONIKiB TPOMOHYETHCS 3aMIHUTH MeEXaHIYHHH
MpuUBOA OpadbHUX MAWCKIB Ha TiApaBIIdHUN
(FOxumuyx ma in., 2022b). Koxxen OpanbHUiA IHUCK
MPUBOIUTHCA Bil OKPEMOro TigpoMoTopa. Ban
OpanmpHOTO JHCKAa 00epTaeThCs B TPyOi, sKa
3aKpiliieHa KOHCOJIBHO, Ta 3’€JHaHUIl dYepe3

OUTIBOBY My(pTy 13 BaJloOM Ti[pOMOTOpA.
JoBxkHHA KOHCOJBHOI TpyOM BuOpaHa TaKolo,
mo0 YHEMOXJIHMBUTH  3a4eIUICHHA  HIDKHBOI
YaCTHUHH CTeOEeI JTOHY-IOBTYHIL, SKi 3aTUCHYTI B
OpanpHOMY piBYaKy amapara, 3a €JIEMCHTH PaMH
TbOHOOpanku. Takox At 3MEHIIEHHS TabapuTiB
MIPY’KUHA HATSHKHOTO MeEXaHi3My Oyia 3MiHeHa
Horo KOHCTpyKIisA. IIpomoHyeThCs BCTaHOBHUTH
HATSDKHUM POJIMK Ha OJHOMY KiHIII KOpOMHCIa, a
MPYXUHY CTUCKaHHA — Ha Jpyromy. llmeue
KpIIUIGHHS HATSHKHOTO pPOJMKA € MEHIIUM 3a
IJI€Y€ B3aEMOJII 3 IPYKHHOIO.

Ha puc. 1 nogana cxema yJOCKOHAIIEHOTO
JIMCKOBO-TIACOBOTO JILOHOOPAIBHOTO amapaTta, o
MICTHUTB: 30ipHY pamy (Ha puc. 1 — He oKa3aHa);

MOMIMBHUKKM;, OpaJbHUH BYy30J, 10 MICTHTh
OpanbHi  jaucku, OpalmbHI  MacH, POJIHKH,
MIANpYKWHEH] KPITUIEHHS, HAMpsMHI TPYTKH,

MIOIIEPEYHUN TPAHCIIOPTEDP.

[TpuBon OpasbHUX AMCKIB JILOHOOPATBHOTO
amapara, sKi 00epTaloTbCI B  OJHAKOBOMY
HampsIMKy, 3IIHCHIOETBCS 3 KapTepa pamu. 3
OJHOTro OOKy ycCi OpalibHi JUCKH OXOIUTIOIOTHCS
OpaqbHUM TIacOM, SKAHW HAMITHH Ha POJIUKH.
OCKITbKM BEpXHIM PONHK MiANPYKUHEHHUH, TO
3a0e3Me4yeThCsl NOCTIMHUI HaTAT OpabHOTO Maca
Ta TUCK B OpaibHOMYy piBuaky. Ilig wac pyxy
JbOHO30MpANbHOI MAIIMHU IIOJIEM MOAUIBHUKH
MOJUISIOTE cTeba JhOHY Ha OKpeMi CMYXKKH Ta
CIPSIMOBYIOTH iX Yy rupsia OpallbHHX piBYaKiB.
Cre0na JIbOHY-IOBIYHISI 3aTHCKAalOTBCS — MIXK
KOHTAKTYIOUUMH TIOBEPXHAMHU OpaJbHUX TUCKiB
Ta OpaJlbHUX IMaciB, BUTATYIOTBCS 3 TIPYHTY Ta
CHPSMOBYIOTBCS J0 BUXOAY 3 OpajabHHUX piBUYaKiB,
Je  3aXOIUTIOIOTBECA  MAIBISMH  IOTIEPEYHOTO
TpaHcroprepa. Crebna, KOB3alO4YM IOBEPXHEIO
HaNpSIMHUX TPYTKiB, COPSIMOBYIOTHCA 10 BHXOIY
3 JIMCKOBO-IIACOBOTO JILOHOOPAJIBHOI'O amapara.
3aNe’)KHO BiJl THIY JHOHO3OMpANTHHOI MAITHHU
cTpiuka ctebes abo po3cTenseTbes Ha JILOHUILI,
abo TmomaeThcs Ha HACTYyHHI pobodi oOpraHu
JTHOHO30MpaTbHOI MAIIMHA Ui 00dYiCyBaHHS
HACIHHEBUX KOPOOOUOK.

Bpanbuuii By301 MICTUTH MEHIIE AeTayeH,
HIX Biomi KoHCTpyKmii. OTXe, 3anpOTOHOBaHUN
JMICKOBO-TIACOBHH JIbOHOOpPANBHUM amapaT Mae
MEHIIY METaJIOMICTKICTh MOPiBHSHO 3 aHAJIOTaAMH.
Braciinok toro, mo OpaiibHi acu He mepenarThb
TSATOBUX 3yCU/b, @ BUKOHYIOTh JIMIIE 3aTHCKAHHS
Ta YTpUMYyBaHHA CTeOeNl JIbOHY-TOBIYHIIS, a
TAKOXX  MIANPY)XKHHEHHS  BEPXHIX  POIUKIB,
3a0e3medy€eThCsl  MIABUINCHHS  TOBTOBIYHOCTI
OpanpHUX MAaciB.
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Puc. 1 — Burnsau 3Bepxy (a) Ta 300Ky (0) TMCKOBO-I1ACOBOTO JILOHOOPAIBHOTO anapaTta:
1 — nopineHuKY; 2 — OpanbHi 1UCKH; 3 — OpajbHi nacu; 4 — pOJIMKY; 5 — HiANPYKUHEH] KPIMJICHHS;
6 — HanpSAMHI IPYTKH; 7 — TOTMEPEIHUH TPaHCIIOPTEP

V naykoiil npaui (FOxumuyx ma in., 2022b)
Oymu  OOTpYHTOBaHI TEOMETPHYHI  PO3MIpH
OpanpHOT CeKIii: IMpPUHA 3axBaTy OpajbHOI
cekuii — 0,38 M; pagiyc 00ryMoBaHOTO OpaibHOTO
mucka — 0,16 M; niamerp pOJMKIB 1MacoBoi
nepenayi — 0,08 M; ToBMHA OpanbpHOTO Naca — 10
MM; JIOBXXKMHa OpanbHOrOo maca — | M; HIMpHHA
OpanpHOTO AMcKa Ta OpansHoro nmaca — 0,1 M; KyT
OXOIUIEHHsI OpajbHOro JUCKa OpalbHUM I1acOM —
80 rpam, mo B mepepaxyHKY Ha JOBXKHHY 30HH
OXOIIEHHsI cTaHOBUTh — 0,24 M; KyT Haxuiy
IUIOIIMHA OpaNBbHOTO anapara 10 ropu3oHTy — 60
rpan; BucoTa Opanas — 0,2 m.

VY naykosiit pami (FOxumuyx ma in., 2022a)
OOIPYHTOBaHO KiHEMaTHYHHH pPEXKUM PpoOOTH
JbOHOOPAJILHOTO amapara: IBHIKICTh MallMHUA —
2,01 m/c; konoBa HIBUAKICTH OpaJIbHOTO JHCKa
abo mBHJKICTH OpanbHOTO Taca — 2,35 m/c, 1o
BIJIMOBi/Ia€ TIOKAa3HUKY IIBUAKICHOTO PEXUMY
OpanbHoro amapara — 0,85.

Jis  mpoBefieHHS OOYMCIICHb MPUAMAIHCS
XapaKTePUCTUKH CTEOIOCTOI0 JIbOHY-AOBTYHLS:
rycrora cre610cToI0 (KilbKicTh pocinH Ha 1 M2
mwiomi mons) — 1600 mT/™M?%; cepemmiii miamerp
crebna —1,5 mm; cepenns maca crebna — 1,2 1
KoeQilieHT TepTs creben JIhOHY IO TYyMOBIH
roBepxHi — 0,8; cuma ormopy credira BUTATYBAHHIO
3 1pyHTy — 5 H.

MeTa foCaiyKeHHA — BU3HAUYUTH 3HAYCHHS
MOTY>KHOCTI ANl TpUBOLY OpanbHOT — cekmil

JMCKOBO-TIACOBOTO JILOHOOPAJbHOTO amapara, a
TaKOXX BHOpAaTH INpPYKHUHY CTUCKAHHS HATSHKHOTO
MEeXaHi3My OpaJpHOTO Taca Ta TiAPOMOTOpa
MPUBOLY OpanbHOI CeKIii.

MATEPIAJIN I METOJAU
TeopeTnuHi JOCIIPKEHHS TPOBOJIWINCS 13
BUKOPUCTAHHSIM OCHOBHMX IIOJIOKEHb BHIIOT
MaTeMaTHKH, (i3UKH Ta TEOPETHYHOI MEXaHIKH, a
TAaKOX JAeTajledl MalmuH. Po3paxyHOK NIpyXUHU
CTHCKaHHsI Ta rpadidHi TOOYAOBH MPOBOIUIUCS i3
BHUKOPUCTAHHIM KOMIT IOTEPHHUX IIPOIPaM.

PE3YJIbTATHU AOCIAIAKEHHA
TA OBI'OBOPEHHS

[lotyxHicTh, 1m0 HEOOXiAHA IS TIPUBOIY
OpanbHOT CceKmii, CKIIaaeThCs 13 MOTYKHOCTEMH,
o0 HEOOXiJHI Ui TPUBOLY TNPHUTHUCKHOTO
MIACOBOTO MEXaHi3My, BUTSTYBaHHS cTeOel JbOHY
3 IPYHTY Ta TPaHCHOPTYBaHHsS cTeOes OpajbHUM
piBYaKOM.

s po3paxyHKy HaTsAry OpajbHOrO maca Ta
TUCKYy B OpaJbHOMY piBUaKy HEOOXiJHO 3HATH
cuny Q, MO € CyMOIO CKIafOBUX CHI omopy Pi
cre0en BUTATYBAHHIO, Ta SIKa NMpHUIMAfae Ha AYry
oxoruieHHst L OpanpHOTO rcka OpaibHUM MacoM:

Q=>'R,
i=1

1e i — KibKicTh cTeber TboHY B 30Hi L, miT.

)
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Kinbkictb cTeben T50Hy B 30Hi L:
i, =BipLu, 2)

ne B — mmpuna 3axBaTy OpaibHOI cekmii, M; ip —
KinbKicTh cTe6en Ha 1 M2 ot mous, /M, L —
JOBXKMHA JYT'H OXOIUICHHS OpallbHOTO JHCKa
OpaNbHUM TIaCOM, M; A — MIOKa3HUK IIBUAKICHOTO
peKUMYy JThOHOOpanbHOrO amapara u = V,, [ Vp;
V,, — mBuAKIiCTh 30upanbHOi MammHu, M/c; Vp —
KOJIOBA IMBHJIKICTH OPaJIBHOTO JTUCKA, M/C.

ToyHe BU3HAUEHHA UUX CHJI YCKJIaJHEHE,
OCKUIBKM BOHHW 3aJIeKaTh BiJl YMOB 3aKpiIUICHHS
KOpEHIB cTeOen y IPyHTI, HaXWIy cTeOeN JIHOHY,
BOJIOTOCTI IPYHTY Ta iHIINX (aKTOpiB.

[oryxHicTh Takok Oyne 3arpadaTHCs Ha
MpUBOA OpalbHOTO Taca, SKHH 3abe3medye
MPUTHUCKaHHS ~ cTeOen  JIbOHY-IOBTYHIS IO
noBepxHi OpanpbHOTO Aucka. [licns 3aTaryBaHHs y
OpanpbHUH piBYAK i 3aTHCKAHHS CTeOJIa PyXaroThCs
paszoM i3 OpadbHUM JAWCKOM Ta OpaJIbHAM ITacOM.
Mix moBepxHSIMH cTeOen 1 JUCKOM Ta MacoM
BHHUKAIOTh CWIHM TepTa. SIKIIO I CHIM piBHI
ormopy creben BUTATYBAaHHIO, TO IIPOXOJIUTH
OpaHHs JbOHY, mpuuoMy crTebna  OyayTh
BUTSATyBaTUCs 0€3 KOB3aHHS, SIKIO CHIIM TEPTS HE
JOCATIIA MAaKCUMyMY. SIKIIO CHIIH TePTS JOCATIIN
MaKkCHMyMy, TO cTebsia OyIqyTh BHTATYBaTHCS 13
KOB3aHHsIM. SIKII0O MakcMMalbHa CcHjIa TepTs
MEHIIIa 32 OIip cTebiia BUTATYBAaHHIO, TO 3aMiCTh
OpanHs Oyne MaTH Miclle KOB3aHHA cTeOen y
OpaJlbHOMY piBUaKy.

[TouyatkoBuii HaTAr OpadbHOrO Maca amapara
BH3HAYUMO 3 YpaxyBaHHAM TOTO, IO Tac Mae
3a0e3medyBaTé HEOOXIMHWH THCK y OpaiabHOMY
piBuaky s Toro, mo0 cTebsia JIbOHY HaAilHO
3aTHUCKAJKCS 1 He TMPOKOB3YBAIH IIiJ] Yac OpaHHSL.
Cuna 3aTuckanHs cteben y piBuaKy 3ajeXuTh Bifl
ix posramryBaHHs. Km0 crebia po3TalloBaHi
piAko B piByaKy, To Ha Oynb-siKe cTeONO i€ THCK
IiISTHKHA, sKka Ourpma 3a miamerp crebna. Y
BUIAIKy pO3TallyBaHHS cTe0eNn y psIoK, Ha
KOXKHE CTe0JI0 i€ THUCK IUISHKH, JOBXKHHA SKOI
npuOIM3HO piBHA miaMerpy crebma. Toil camwmii
THUCK Ji€ Ha cTebo, SKIIO B PiBYAKy 3aTHCHYTI
KiJIbKa cTeOe, 1110 PO3TaIllOBaHl y KUIbKa PSJIKIB.
MaxkcumanbHa cujia TEPTS MK CTEOJIOM JIbOHY Ta
MTOBEPXHIIMH OpajbHOTO JTMCKa i OpaibHOTO Taca,
3a yMOBH, IO Bich cTeOlNa MepreHANKYIIsIpHA
HaNpsIMKy OpaJIbHOTO piBYaKa, CTAHOBUTE:

F,, = 2B,d. fq, (3)

ne Bp — mmpuna OpanbHOTO piBYaKa, sika piBHA
TOBIIUHI OpanbHOrO AMCKA 1 MIMPUHI OpanbHOTO
nmaca, M; dc — cepenniii miametp crebna, m; f —
koedimieHT TepTA crediia JTHOHY 10 TYMOBUX
MOBEPXHIX OpabHOTO JUCKa Ta OpalbHOro maca,
KoJn creblla 3aTHCKAIOThCSI B OAWH DAJOK abo
koedirmieHT TepTs cTebdia I0HY 0 CTEOIy JIHOHY,
AKIIO cTebsia 3aTUCKAIOTHCS B KUTbKA PSAIKIB; ( —
cepenHiil TUCK y OpalbHOMY piBYaKy, [la.

Sxmo crebno po3rasAaTd SIK THYYKY HUTKY,
To cmna Fn moBuHHA OyTH OinbIIOI0 200 PIBHOIO
cwii P omopy cre0iia BUTATYBAaHHIO 3 IPYHTY.
Toni ymoBa OpaHHs cTeOen MaTUMe BHUTIISIII

P

> . 4
2B,d, f @

q

3a 3nauenp P =5 H, B, =0,1 M, dc = 1,5 Mmm
ta f = 0,8 matumemo ymoBy (4): q > 41,7 «Ila.
Tobro Tuck y OpanbHOMY piBUaKy Mae OyTH
oM 3a ( = 42 xlla. 3Haune 30iIBIICHHS
TUCKY ( HE € JOUIJbHUM, OCKIIBKM IIe MOXKe
COPUYMHHUTH IUToUmIeHHsT creben. [lo3Haummo
gepe3 [(] IOmyCTHMHM THCK Ha cTe0iia B piBUaKy
3a AKOro cTeba He PO3ILTIOIYIOThCS. BiamoBigHo
no HaykoBux mxepen (Xainic, 2009; Xaiinuc,
2011) tuck — [q] = 190 kIla. Skmo BpaxyBaTH
iHepiiHe HaBaHTAXXEHHsS cTe0en Mmif dYac pyxy
KPUBONIHIHHUM OpajbHUM piBYAKOM, TO B YMOBI
(4) HeoOXiaHO 3pOOUTH MONPABKY.

Enemenrapna  BigueHTpoBa  cuia,  sKa
3’SIBJISIETHCA TI1JI Yac pyxy eJeMeHTa 1mapy creden
JOBXUHOIO 0S, piBHa (0e3 ypaxXyBaHHS TOBLIMHH
mapy creben) (Xawuc, 2011):

2
— Ri Vp _
dPI = BlOmC,UR—dS—

0

. \
= Biym.V,, R—” ds, (5)

0

Je Me — Maca cre0iia, Ke PyXaeThCs OpabHUM
piBYaKOM, KT.

ITix BrutiBoM cuitk 0P; 3MEHIIYe€ThCST THCK Ha
OpaJbHUIA AUCK HA BEJIUYHHY:

BiomV,V,

X ©)

Sximo npuitaaTa B = 0,38 M, ip = 1600 mt/m?,
me = 15-102 kr, V,, = 2,01 m/c Ta Vp = 2,35 m/c,
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B, = 0,1 m Ta Ry = 0,16 M, Tozi 3a Bupazom (6)
orpumaemo Ag = 270 ITa.

Tuck y OpampHOMYy piBYaKy TaKOX JIEIIO0
3MEHIIYETHCS BHACTIAOK [ii BiAIIEHTPOBOI CHIIH
iHepIii OpaJlbHOTO Taca, M0 OXOILTIOE OpaTbHUI
JUCK. Y BUIMAJKy OpaHHS CBIKUX CTEOEIN JIbOHY 1X
MTOBEPXHsI IIOKPUTA BOCKOM, TOMY ITOBEPXHI AUCKA
Ta Taca MOXyTb OyTH MOKPHUMH, TOOTO
KoeimieHT TepTss Oylde MEHIIMM. YpaxoBYIOYH
3MEHIICHHS THUCKY BHACHIJOK il BiAIIEHTPOBUX
CHWJI Ta 3MEHIIEHHS CHII TePTS, IPUIMaEMO THCK —
g = 60 xIla.

MoMeHT onopy B HpPHUBOAI OpalibHOTO maca
BpPaxoOBY€ThCS M Yac BU3HAYEHHS 3arallbHOL
MIOTYKHOCTI TpuBOAY OpanbHoi cekuii. Cuia, Ky
HEOOXiZTHO TPHUKIACTH B3AOBXK OpajbHOrO maca
JUTS TIOAOJIaHHS OTOPIB, SKi BUHUKAIOTH TIPH HOTO
BUTHHAX 1 TEPTI B OMOpaxX POJIMKIB, BU3HAYAETHCS
3a BupasoM (Xaiwiuc, 2011):

T=k(S,+S,), @)
e S, — cuija moYaTKoBOTO Hatsary maca, H; Sy —
CWJIa JOAAaTKOBOTO HATATY Taca BHACHTIIOK
nporycKaHHs cTeben uepe3 OpanbHuil piBuak; K —
KoeQIllieHT, SIKUM Ui maca, IO OXOIUTIOE JIBa
polMKa Ta 3TUHAEThCA IO OpabHOMY JIHCKY,
pisawmii 0,09-0,10.

Cuily o4aTKOBOTO HATATY T1aca BU3HAUUMO 3
YMOBH 3a0€3MeYeHHs] HEOOXiJHOrO THUCKY B
OpajpHOMY piBYaKy 3a BupazoMm (Xaiiuc, 2011):

(8)

A
Sn qupRp :qu[R—i_E]a

ne R — paniyc OpanbHOTO qUCKa, M; A — TOBIMHA
OpaJybHOTO Taca, M.

3a 3nauens = 60 klla, B,=0,1 M, Ry=0,16 m
ta A=0,01 M MmaTumemo 3a Bupaszom (8): S,=1 xH.
OCKibKM OJWH 13 PpOJUKIB MAcOBOi Tmepexadi
MiANPYXKUHEHUH, TO s 3a0€3MECUeHHs HATATY
TIIKK Taca S, Iell poNHMK TOBHHEH HATITYBaTH
BeCh mac i3 3ycuiuiam Fn = 25,

VY 3amponoHoBaHill KOHCTpYKUii OpanbHOI
cekuii (pue. 2) HATSDKHUN POJIMK OpanbHOTO maca
pO3TalIOBaHO Ha BaXKeNli KOPOMHCIA, a APYTHi
BaXUIb KOPOMHCIJIA BIIUPAETBCA HA MPYXKUHY
ctuckanHd. [lneui posramryBaHHS OCi poyiHKa Ta
OCi TIPY>XWHH TI0 IIeHTpa oOepTaHHSI KOPOMHCIA,
BixmosinHo, piBHI Ly = 0,1 m ta L,, = 0,1 m. Le
3HAYMTh, W0 MpYXHWHa 3a pobouoi medopmanii
TTOBMHHA CTBOPIOBATH CHITY:

Fl, 2S.L, 21.01

YL, L 015

=133 xH.

©)

np

I3 BUKOpHCTaHHSM KOMII IOTEPHOI MpOrpamu
«Kommacy Oyma BuOpaHa IpyKHHA CTHCKaHHS 3
rapamMeTpaMH, 10 MTOAaHI B TA0JIHI.

Busnaunmo cuiy S, H0AaTKOBOTO HATATY
OpasbHOTO Iaca BHACTIIOK MPOIYCKaHHS cTeden
yepe3 OpampHuil piBuak. Komm y OpanpHOMY
piBYaKy 3HAXOIUTHCS Map cTeOes TOBIIUHOIO A,
TO TiJIKa OpalIbHOTO Taca BiAXOIUTH BiJl MOBEPXHI
OpaJbHOTO JAWCKa Ha IF0 BEIMYHMHY 32 YCIEIO
JOBXXMHOIO OpanmpHOro piBdyaka L. ToGTo 30HA
MPUTHCKAaHHSI CTe0eN TIKOW OpalbHOrO Taca
30impIUThCs Ha Bemmuuny AL = Aya (e a — xyT
OXOIUICHHSI OpaIbHOTO JUCKA [TACOM, Pa).

50

Puc. 2 — KoHCTpyKIIis HATSDKHOTO MEXaHi3My OpajbHOTO Imaca:
1 — 6panpHMI AuCK; 2 — OpanbHU Tac; 3 — HATSDKHUM PONUK; 4 — KOPOMHUCIIO; 5 — MPY’KUHA CTUCKAHHS
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Tabéauus — PesynbsraTti 06UMCIeHb ITIHAPUIHOT TPY>KUHU CTUCKaHHA
3a JOTIOMOI'010 KOMII 10TepHoi mporpamu Kommac

Hazpa napamerpa ITo3nauenns 3HaveHHs (BJIACTUBICTB)

1 2 3
Marepian - apit b-2A-11-6.20
Knac - 2
Po3psn - 2
BingHocHwuit iHepiiliHuii 3a30p - 0,20
30BHINIHIN iaMeTp TIPYKUHH, MM di 30,0
JiameTp mpoty, MM di 6,2
Yucno pobounx BUTKIB, T n 6,5
IToBHI KITLKICTL BUTKIB, IIT n 8,0
Cuna npyuH# 3a nonepeauboi gedopmarrii, H F. 500,0
Cuna npy»xuHH 3a podouoi nedopmanii, H F> 1333,0
Cuna npyxuHH 3a MakcuMmaibHol gedopmarrii, H Fs 1667,3
PoGouwnit xix mpyXxuHu, MM H 5,04
JloBKHHA MTPYKUHU, MM Lo 56,57
JloBxxuHa Mpy>KUHU 32 MOTepenHboi aedopmartii, MM L1 53,55
JloBxkHHa NPy>KUHU 32 pobouoi aedopmaltii, Mm L, 48,51
JloBkuHa MPY>KAHU 32 MaKCUMAIIbHOT AedopMartii, MM Ls 46,50
MakcumanbHa otuuHa Harpyra, MI1a Tmax 603,56
JlotnvHa Harpyra, mo aomyckaerses, MIla [7] 660,00
Mopnyis 3cyBy Marepiany, MIla G 78500,0
TycTuna matepiany, kr/m® 8000,0
Maca npy>XuHH, KT - 0,145
JloBXKHHA PO3rOPHYTOI MPYKUHH, MM - 600,0
Kopcrkicts npyxunu, H/mm - 165,463

SIKIO mpUITyCTUTH, MO OpajbHUM mac He
po3TATYETBCs, Tomi 1e 30UIbIIeHHA — Oyxe
KOMIIEHCYBaTHCS  IEPEMILCHHSAM  HATSDKHOTO
ponuka Ha BenuuuHy AL/2. BigmoBinHo, mpyskuHa

Tonui cuna Sy 10AaTKOBOTO HATATY OPaIbHOTO
maca, 3 ypaxyBaHHIM A, CTAHOBUTHME:

2
Fn.() — CAWaL”/’

HATSDKHOTO MEXaHi3MY CTHCHETBCS Ha BENUYMHY: Sy = 5 12 (12)
14
ALL,,
A, = oL (10) ToBmmHa mapy cre0els TbOHY-IOBIYHIS, AKi

3a 3HAYCHHSM JKOPCTKOCTI MPYXKHHU C
3HaWJEeMO CHJIy JOJATKOBOTO CTHUCKY MPYXHHH
Fupo = c¢Ayp Ta culy JOJATKOBOTO HATSTY YChOTO
raca HaTSKHUM POJIMKOM:

3HAXOJATHCS B OPaJbHOMY piBYaKy, BU3HAYAETHCS
3a Bupazom A, = wJ/L (me v, — 00’em, sxwmii
3aliMarOTh YacTHHU cTeben, 1o 3aTHCHYTI Y
OpanpHOMY piBUaKy). Y BHIagKy KyOi4YHOTO
posTamyBaHHs cTe6er: vy, = iLd? (iL BU3HaYaeThes
3a Bupasom (2)). ToBmuHa 1apy credes JpoHy:

F,L L
F,, =2 _cAk o (11) Ay =2 = Bigg? Ve (13)
L, 2 0 L v,
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3a B = 0,38 M, ip = 1600 mrt/™?, dec =1,5 mm,
V,, = 2,01 m/c ta Vp = 2,35 M/c o0uucIoeMo
TOBINMHY mmapy creden A, = 1,2 MM, 1m0 MeHmIa
3a miametp dc. Ile cBiguuTH PO Te, IO 3a TAKUX
napaMeTpiB poboTu OpajpHOTO amapaTa crebna y
OpalbHOMY piBUaKy pO3TAIIOBYIOTHCS B OIUH
PAMOK 1 MiXK cTeOjJaMu MOXKIIHBI 3a30pH, TOMY
npuitMaemo Ay = dc = 1,5 Mm.

3a Bupazom (12), 3HaAIO4YM KOPCTKICTH
npyxuHu ¢ = 165,5 H/mm oGuucmoemo Sy =195 H.
Tomi cmya, MO HEOOXIMHO MPHKIACTH B3IOBXK
OpalpHOTO Taca JUisd TOJAOJIAaHHS ONOPiB, SKi
BHHHUKAIOTh NPYU HOTO BUTMHAX 1 TEPTi B omopax
ponukis, oyme: T = 0,1-(1000 + 195) = 120 H.
[oTyXHICTh, IO BUTPAYAETHCS HA MOJOJAHHS
OIOpIB Y JBOHOOpaNbHIA CeKIii, BU3HAYUMO 32
Bupazom: Non = TV, =2,35-120 =282 Br.

BuzHaummo MOTYXKHICTh, 110 HEOOXiTHA IS
BUTATYBaHHS CTE€OEN JIbOHY 3 IPYHTY OpajbHOIO
CeKIi€l0. Ypaxyemo, 110 mia yac OpaHHA creben
JTHOHY 3ajisfHa IOTYXHICTh OpaJbHOTO IUCKA 1
TATOBA MOTYXXHICTh MamuHA. PoOoTa OpaHHS HE
3aNIeKUTh BiJ pO3TallyBaHHS CcTeOENn IHOHY B
elneMeHTapHoMy mydky Ta piBaa 0,166 k. Y
BUIMAJIKy, KOJHM MOKA3HHK IMBUIKICHOTO PEXUMY
OpasnbHoro amapata i =V, / V, = 0,85, T0 mig gac
OpanHs cre0esl JIbOHY IIOJIOBHHA TIOTY>KHOCTI
NpUINIAA€ HA TATOBY HOTYXHICTh IEPEMiLICHHS
JTHOHO30MPANbHOT MaIlIMHH, a IIOJIOBUHA — Ha
MOTYXHICTh OpanmpHOTrO amapara. ToOTo poboTa,
sIKa 3aTPAvaEThCsl HA BUTSTYBAaHHS OJHOTO cTeOa
JBOHY-IOBTYHLSl 3 IPYHTY OpaJIbHOIO CEKII€lo,
piBHa Apc = 0,083 JIx.

[MotyxHicTh, sika HeoOXximHa jaisi OpaHHS
cTeben JpbOHY OpanbHOIO CEKII€I0, BUSHAYAETHCS
3a Bupazom (Xaiinuc, 2011):

N, = A,.BiV,. (14)

[licnst migcTaBneHHS YHCIOBHX 3HA4Y€Hb Y
Bupa3s (14), orpumaemo Ng, = 101,4 Br.

Bu3HauumMo moOTyXHICTh, 10 HEOOXigHA IS
TPAaHCIIOPTYBaHHSA cTe0eNl JIbOHY OpaibHUM
piBuakom. IIpunyckarouu, o EHTP Bark credia
JbOHY, SIKE TPAHCIOPTYETHCS, 3HAXOJUTHCS
rmocepeinHi OpaNbHOTO piBYaKa, TO IMOTYXHICTH
Ha TPAHCIIOPTYBAaHHSA CTeOJIa MOXKHA OOYHCIUTH
3a BUPA3OM:

N, .=F, .V

mp.c mp.c’ p?

(15)

ne Fmpc — mpoekmist cumn Barn G¢ cre0na JNbOHY

Ha IUIOMMHY OpajbHOTO anapara, HaXHJICHOTO 0
ropu3oHTy Mig KyToM f (Fmp.c=GcSIiNS= mcg sing);
m; — maca cteblia JIbOHY, KI; § — MPUCKOPEHHS
BIJILHOTO ITa1HH, m/c2.

3HAOUM CKIIbKM cTeOesl i 3HAXOIHUTHCS
OJIHOYACHO y OpaJbHOMY piBUaKy, 3a BUpa3om (2)
BH3HAYMMO TIOTY)KHICTh, IO HEOOXimHa I
TPaHCIOPTYBAHHS IIUX CTE0eN:

N,, =i N, . =Bi,LV mgsing. (16)

mp

IMicns migcraBneHHs 3HaveHb y Bupas (16),
matumemo Nmp = 3,7 Br.

OTxe, 3arajibHa MOTY)KHICTb, Ky HEOOXiIHO
3aTpaTUTH Ha TPHUBOJ OpanbHOi cekmii abo Ha
MIpUBOJ] OpaTFHOTO JHICKA:

N=N,, +N, +N,_ . (17)

[Ticns mimcraBmenHs 3HadeHb y Bupas (17),
orpumaemo: N =282 +101,4 + 3,7 = 387 =400 Br.
SIKIo0 KOHCTPYKUisg OpanbHOro amapaTa MiCTHTb
YOTHPH JILOHOOpadIBbHI CEKIlii, TOomi 3arajgbHa
MOTYXHICTh TIPUBOAY OpambHUX JIWCKIB CKJIa/e
1,6 xBT.

HeoOximna dactora obepraHHS OpaibHOTO
JIICKA BU3HAYAETHCS 32 BUPA30M:

% (18)
n=—"-.
27R

IMicns migcraBneHHs 3HadeHb y Bupas (18),
orpumaemo: n = 2,33 06/c abo n = 140,3 00/xa.

3a BiIOMHMH 3HAUYEHHSIMHU IOTYKHOCTI Ta
4acTOTH OOepTaHHS MOXKHAa BHOpaTH Ti[pOMOTOP
JUis  TpuBOAy OpanbHOi cekiii. [loTyxHICTb,
HeoOXiZHa Ui MPUBOLY, OOYKCIICHA ISl IEBHOTO
pexxuMy pobotu OpansHOTO anapata. [Ipu BuGOpi
riipoMoTOpa TOTPIOHO BpPaxOBYBaTH MOXIIMBE
NepeBaHTaXeHHs JILbOHOOpaIbHOTO amapara. Jis
OpUBOLY BHOMPAEMO TigpaBIiYHUK MOTOP-HACOC
mecreperuactuiit MHII-6-E-3 (Dedopeys ma in.,
1995). 3a rabapuTHIUMHU PO3MipaMu MOTOpP-HAcOca
PO3pO0IIEHO €CKi3 KpecIeHHs IPUBOLY OpanbHOTO
mucka (puc. 3). bpanbHuuil quck 3akpimieHo Ha
Bally, 1[0 BCTAHOBJIEHO B KOHCOJLHO 3aKpIIICHIH
Ha Kopmyci Kaprepa TpyOi. Yepe3 uLTILBOBY
MypTy Bal 3’€JHAHO i3 BaJIOM TiAPOMOTOpA.
I'apomoTop 3akpilieHO B KOpIyCi KapTtepa.
Bincrans Mik OpalbHUM JHCKOM Ta KapTepOM
ckiamae 0,35 M.
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Puc. 3 — Koncrpykuis npuBoaa OpaqbsHOTO IUCKa:
1 — OpanpHEX Tac; 2 — Bax;, 3 — Tpy0a KpoHIITEHH; 4 — NUTiboBa MydTa; 5 — TiIPOMOTOpP; 6 — KapTep

BUCHOBKHA

VY pesynbTaTi MpoBeneHHS PO3paxyHKiB Oyio
BH3HAYEHO TOTYXHICTh, IO HEOOXimHa JJIs
MPUBOAY OpalbHOI CEeKIii AWCKOBO-ITACOBOTO
ThOHOOpaNbHOTO amapara, sika ckiana 400 Br.
Takoxx BUOpaHO MPYKUHY CTHCKaHHS HATSKHOTO
MexaHi3My OpalpHOro Tlaca Ta TiIPOMOTOP
MIPUBOJY OpaNbHOT CeKIIii.
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ABSTRACT

Paddy machines are widely used to separate various bulk
products, but until now there have been no engineering methods
for their technological calculation and there is no consensus on
the physical nature of the process. Separation of grain products
and other bulk mixes usually takes place under conditions of
limited movement of material particles, which have different
geometric and physical and mechanical properties and also
interact with each other in a random manner. This makes it
difficult to model the grain mix separation process. The aim of the
study is to increase the efficiency of the grain mix separation
process on the paddy machine by reducing the dynamic
unevenness of the worktable oscillations. After studying the
scheme of forces acting on various design elements of the paddy
machine, in particular the worktable, fixing and supporting
wheels, as well as the bearing, differential equations were
obtained for the plane-parallel movement of the working surface
and for the movement of the elements of the paddy machine during
braking of the table during reciprocating motion. A program for
numerical integration of the equation of the table motion was
developed, the implementation of which showed that the highest
values of angular velocity occur at the beginning of the
acceleration of the table and at the end of its braking, when the
speed corresponds to the synchronous frequency of rotation.
During the research, it was found that the wear of the supporting
surfaces cannot exceed 0.25 mm. It was also found that during the
first 480 hours of operation, the wear on each side of the support
frame was 0.2 mm and for the total period — 0.96 mm on each
side. Therefore, the total wear on both sides was 1.92 mm. At the
stage of the first 480 hours, the work of the table was stable, but
after 720 hours of operation, whipping began, which negatively
affected the efficiency of the separation process. Therefore, the
improvement in the design of the paddy machine, which is
possible taking into account the recommendations developed,
causes a known reduction in the contact forces that occur in the
case of interaction between the carrier and the table, as a result of
which the wear of the contact surfaces is inevitably reduced.
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AHOTALIA

THaodi-mawunu Wupoxo GUKOPUCIOBYIOMbCSL OISl Cenapy8aHHs
PIBHUX CUNKUX NPOOYKmMIis, aie 00 MenepiuiHb020 4dacy GiOCYymHi
iHoICEeHepHi MemoOu iX MexHON02iYHO20 PO3PAXYHKY mMda HeMmae
€0unoi Oymku wooo Gizuunoi cymi npoyecy. Cenapysanmus
3EPHOBUX NPOOYKMI8 MaA [HWUX CUNKUX CYyMiuleli, SIK Npasuio,
NPOXOOUMb 8 YMOBAX OOMENCEH020 PYXY HACMUHOK MAmepidany,
AKI  Maiome  pI3HI  2eomempuyHi  md  (DI3UKO-MEXAHIUHI
81ACMUBOCMI, A MAKONHC 83AEMOOIIOMb Midc 00010 8UNAOKOBUM
yunom. [le ycknaowwoe onuc npoyecy cenapysauna. Mema
0ocniodcenHs: — NIOBUWEHHs — eheKMUBHOCMI  CenapysaHis
3epHOBUX Ccymiulell Ha NA0OI-MAUWIUHI  WIAXOM  3MEHUIeHHs.
OUHAMIYHOI HePIBHOMIPHOCMI KOAU8ansb pobouoeo cmona. Ilicas
00CNIONCeHHsT cXxemu Cull, AKI Ollomb HA Pi3Hi CKAA008i naooi-
MAWUHYU, 30KpemMa COpmy8anbHull cmin, ikcyloui U Hecyyi
Koaeca, a makooc NiOWUNHUK, Oyiu ompumati ougepenyianvii
DIBHAHHA O/l NIOCKO-NApAlenbHo20 pyXy pobouoi nosepxHi ma
ONsl pyxy enemenmis nadoi-Mawiunu YAPoOOB’C 2aibMYBaAHHS
cmony ni0 u4ac 360pOMHO-NOCMYNANbHO20 pyXy. Po3pobieno
npocpamy 4YUCelbHO20 IHMeSPYBAHHA pPIGHAHHA pYyXy Cmojd,
peanizayisi sKOi NOKA3ANA, WO HAUOIIbWI 3HAYEHHST KYMOBOi
WBUOKOCMI BUHUKAIOMb HA NOYAMKY po30icy cmona ma 6 KiHyi
1l020 2ANbMYBAHHA, KOMU WBUOKICMb 8i0N08I0AE CUHXPOHHIU
yacmomi obepmanns. 11i0 wac docnioxcennss 6yi0 6CMAHOBIEHO,
WO 3HOWLYBAHHA ONOPHUX NOBEPXOHb He MOodce Nepesuiyysamu
0,25 mm. Taxooc 6yno ecmanosneno, wo 3a nepuii 480 200
pobomu 3nouwtyganHa cknano 0,2 mMm 3 KOXNCHO20 OOKY ONOPHOI
pamu, a 3a 8secb npomiscox — 0,96 mm 3 Kodxcrnozo 6oky. Omoice,
3aeanvHe 3HouLy8anHs 060x bokie cmanosuio 1,92 wm. Ha emani
nepuux 480 200 poboma cmona 6yna cmilikow, OOHAK 3a
Hanpayrosanua 720 200 nouanucsa npossu Oumms, Wo He2amueHo
eniugae Ha egekmugHicme npoyecy cenapysanns. Omoice,
VOOCKOHANIEHHT KOHCMPYKYII Nad0i-MawiuHy CHPUYUHAE 3HAYHE
3MEHUEeHHs 3HOUEHHS] KOHMAKIMHUX NOBEPXOHb.
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CTAH IIMTAHHA TA IOCTAHOBKA
IMPOBJIEMHU

CenapyBaHHs 3€pHOBHX IPOAYKTIB Ta IHIIHX
CUIIKMX CYMIIICH, $K MpaBUIO, INPOXOAUTH B
yMOBaX OOMEKEHOI'0 PyXy YaCTHHOK MaTepiaiy,
SKi MalOTh Pi3HI TeOMETpUYHI Ta (hi3UKO-
MEXaHIuHl BJIACTHBOCTI, a TaKOX B3aE€MOIIOThH
MDXK 00010 BUITAAKOBUM YMHOM (Anics, 2019).

BrmactuBocTi 3epHOBOI MacH Ta  SKICTB
cenapyBaHHS 3epHa — 1€ OCHOBHI IapaMeTpH, 1o
BHKOPHUCTOBYIOTHCS B TEXHOJIOTII mepepoOIeHHS
3epHa Ta XapaKTEePH3yIOTh BHIAAKOBHH PO3IOILT
CKJIAJOBHMX 3€PHOBOI CyMillll Ta mepedir mpoiecy
cenapyBanus ([llesuenko ma in., 2019). Li
XapaKTEPUCTHKH YCKJIAJAHIOIOTh JeTePMIiHOBaHUI
(IMHAMIYHMI) OIKC TPOLECY CelapyBaHHS Ta
3aCTOCYBaHHS METOJIB OOYHCIIEHHS IOKa3HUKIB
SIKOCTI TIPOIIECY, SIKI IPYHTYIOThCS Ha TUHAMIUHUX
Mozensax 1poro npouecy (Tuwenko, 2004).

PobGoui opranm BiOpaliiiHUX cemapaTopis
(Illesuenxo & Anics, 2021) Tta mnaymi-MaIInH
(Kowynoko ma in., 2012) MaroTh KaHaad 3
[JIaIKUM THUIIEM Ta 3Ur3aromnoqiOHNMN
CTIHKaMH, SIKI CKJIaJal0ThCS 3 TPUKYTHHX IIPU3M i3
nepeMuukaMu. KaHaiu MarOTh HEBEIMKAM HaXuJl
B HanmpsMKy OCHOBU TIPU3MH 1 3IIHCHIOIOTH
NPSAMOIIHIMHI ~KOJMBaHHA B T'OPH30HTAILHIN
momuHl (pue. 1), M0 NepHeHAMKYIApHA iXHIiN
MMO3J0BXKHIM ocl. 3a Takoro pyxy YacTUHKH
3€pHOBOI MAacCH BIJIITOBXYIOTHCS IT0 4ep3i Bij
MmpaBoi Ta INBOi CTIHKH, IO CHPHYHHSE IX
CaMOCOpPTYBaHHS Ta PO3LIAPYBaHHS  CyMIIIIl.
Henyiene 3epHO, 110 pO3TAlllOBaHE y BEPXHIX
mapax CyMill, pyXaeThbCsd BBepX KaHaIy, a
TyIIeHe — BUXOJTh 3 KaHATY, PyXalounCch BHHU3.

Ha yacTHHKY OpOAyKTY, IO IOTpamuia 10
KaHaly, MIFOTh: CUJIM 1HEpIii, sIKi BAHUKAIOTH TIPH

30Ha HAJIXOJDKECHHS

MPOJIYKTY B MAIlIUHY

HaIIpsIMOK KOJIHBaHb

a

HEJIYIICHE 3€pHO

JIyILIEHE 3epHO
— -

HalpsaMOK KOJIMBaHb

yIapl YacTHHOK 110 OOKOBHMX CTIHKax KaHaly;
CUja Bard YaCTUHKH, CHJIM TEPTS MDK CTIHKaMH,
JHUIIEM Ta dYacTHuHKoro. CHIM  CHIByZapy
YaCTMHOK TI0 OOKOBMX CTiHKaxX CIPsIMOBaHI
MEPIEHINKYIIPHO OOKOBUM CTIHKAM EJIEMEHTY 1
CIPSIMOBYIOTh YaCTHHKY BBEPX, OCKUIBKH OJHA 13
CKIIAJOBMX CHJI CIPSMOBaHAa BBEPX, a IHIIA —
napajgenbHo ocHOBI. CHila Bard CHPUYMHSIE PyX
yactuuku Bam3 (Aliiev et al., 2019; Shevchenko et
al., 2021; Bosunax ma in., 2021).

3a 1meBHMX 3HA4YEHb KyTa HAXHITy, YACTOTH Ta
aMILTITyd KOJNHMBaHb, CHIIM, IO [JIiIOTh Ha
YaCTUHKY MaTepiany, OyAyTh 30ajaHCOBaHI, IO
JIO3BOJINTh YACTHHI[l 3IIACHIOBATH TapMOHIYHI
KOJMBAHHS B ITIEBHOMY MICI{l KaHaJy, € BIACTaHb
MDK CTIHKAMH CTaHOBMTL L., (pue. 1, 6). Ila
BIJICTAaHb HA3MBAETHCS KPUTUUHOIO KOOPIHHATOIO.
OpgHak, B pealbHHUX YMOBaxX TaKHU PEXHUM PyXy
YACTUHKM € HECTIMKUM, 1 Oyab-ike 30ypeHHs
BHBEIE YACTHMHKY 3 [BOr0 pPEKUMY. SIKII0
YaCTHHKA MaTepialy BHMIIAJKOBO IIOTPAIMTH BHIIE
KPUTHYHOI KOOPAWHATH, TO CHJIA YAApiB B Ifii
30HI 3pocTe 1 YacTHHKa Oynae IMepeMillyBaTHCS
BBepX. 3 iHmoOro OOKy, SKIIO YacTHHKA
ONMUHUTHCSA HUXKYE KPUTHYHOI KOOPAWHATH, TO
BoHa Oyzae mnepeminlyBaThcs BHH3. KpuTHUHA
KOOpJAHMHATA 3aJIeKUTh HE JIMIIEC BiJl IapaMeTpiB
KaHajdy, HaJallTyBaHb Ta  KiHEMATHYHUX
mapaMerpiB  MalllMHM, aje © BiJg yIapHO-
(OPUKIIMHUX BIACTHMBOCTEH YAaCTHHKH MaTepiamy.
Illo OirpIm Tpy)KHA YaCTHHKA, TO MEHIIE
3Ha4yeHHs L.,, TOOTO THM HIKYEe BOHA Oyre
po3ramoBaHa. SIKImO OUTBII MPYXKHY YacCTHHKY
MMOMICTHTH MK KPUTHYHHMH KOOpPJHHATAMH, TO
BOHa Oyne IepeMillyBaTHCSl BBepX. 3 1HIIOrO
0OKy, MEHII Mpy>XHA YaCTUHKA IEePEeMIilyeThCs
BuU3 (Kowynoko & Tumuak, 2022).

30HH

TFOpHU30HTAJIb
JiBa CTOpOHa

IpaBa CTOpOHa

B

Puc. 1 — CopryBansHuii ctin mayui-mamuau (Kowyavko ma in., 2012):
a — cxeMa po3TallyBaHHs KaHaJIiB; O — pO3TallyBaHHS €JIEMEHTY KaHaly;
B — ciueHHsI pobodoro kaHany (/ — 30Ha cenapyBauus; I, 111, IV — 30au Buxony ¢pakuiii Marepiany)
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Bucora Tpareriii moBuHHa OyTH MEHIIIOKO 3a
PI3HULII0 KPUTHYHMX BificTaHel aOu 3a0e3meunTu
JIOCTAaTHHO BUCOKY €(EKTHUBHICTh BiJJOKPEMIICHHS
HeoOxigHoi ¢pakmii. 3a MOCIIIOBHOrO 3’ €aHAHHS
KITBKOX eJIeMEHTIB B KaHal 30UIbIIYETHCS
WMOBIPHICTh ~ COPSIMOBAHOTO PYXy YaCTHHOK
Marepiany 3 pI3HMMH BJIACTHBOCTSMH, IO MOXKE
[T ABULLUTH e(hEeKTUBHICTH BiTOKpeMIICHHS
HeoOxigHol ¢pakuii. koo OUIBII  MHPYXKHI
YaCTMHKM (HEIYIICHE 3EpHO) pO3TalllOBaHI Y
BEPXHHOMY IIIapi CyMIillll, 1€ MOXE CIPHUATH
BHCOKIH e(pEeKTUBHOCTI BigokpemiaeHus. OpHax
(i3MuHI BIACTMBOCTI YaCTHHOK MaTepiany Ta ix
CYMIIlli 3HAYHO BIAPI3HIIOTHCS, IO YCKIIAJIHIOE
IpoLIeEC  BIMOKPEMIIEHHS, OCKIIIBKH Bapiarfiiiai
KPHUBI IIMX BJIACTUBOCTEH 3HAYHO IMEPEKPHUBAIOTH
oxua npyry (Kozauenxo ma in., 2021).

[Magmi-MalMHy IUPOKO BHUKOPHCTOBYIOTHCS
JUISL CETIapyBaHHS PI3HUX CHIIKUX MPOIYKTIB, ale
JI0 TEMEepIilIHBOr0 4Yacy BIACYTHI IHXKEHEpHI
METOJH iX TEXHOJIOTTYHOI'O PO3paxyHKy Ta He
icHye emuHOl JyMKH 1Iom0 (i3H4YHOI  CyTi
MPoIIecy, M0 MA€ MICIIe Y BiIOMUX KOHCTPYKIIISX
maJyIi-MaluH,

Mera [JO0CHiZKeHHS —  IiIBHILCHHS
eeKkTUBHOCTI cenapyBaHHs 3€pHOBUX CyMillIeH
Ha poOOYOMY CTONI TaIi-MaIlUHI LISTXOM
3MEHIIICHHS JUHAMIYHOT HEPIBHOMIPHOCTI HOro
KOJIUBAHb.

3aBaHTAXXCHHA

/ 3 l
KOJINBaHH

RS
\‘\‘\
76 5 10 /11
7 7 Aot oA S A

a

MATEPIAJIM Il METOAU

JocnimkeHns BILJIUBY Ha nporiec
cermapyBaHHs 3CpHOBHX CyMIllled JUHAMIYHOL
HEpPIBHOMIPHOCTI KOJHMBaHb pPOOOYOro croja
majai-MallliHd  TIPOBOJMJIMCS B JIBA  €TaIlu:
TEOPETHYHUHN Ta EKCIIEpUMEHTAIbHUH. SIK BioMo,
poboTa maai-MaIuHy 3aBXK/IH CYIPOBOIKYETHCS
3HONITYBAHHSAM KOHTaKTHHX TOBEPXOHb CTONY Ta
¢dikcyrounx kojic. OAHMM 13 HEMOJIKIB MajIi-
MAIlIMHA € IHTCHCHUBHE 3HOIIYBAHHS KOHTAKTHHX
MOBEPXOHb CTONY Ta IMiIIMITHAKA BOAMJIA Tif] 4ac
il poboTH i, SK HACIIiJOK, HEOOXIAHICTH JOCHTH
4acTO TPOBOAWUTH BiJHOBIIEHHS KOHTAKTYIOUHX
MOBEPXOHb BPAaxXOBYIOUH, IO CHJIA TEPTs, AKa €
OPUYMHOI0  3HOIIYBAHHSA,  3aJ€KHTh  BifJ
HaBaHTa)XeHHs. IlepmuM eramom (TEOpEeTHYHHMM)
OyJlo BU3HAYEHHS TPUYWH, IO CIPHYHHSIOTH
3HOIIIYBaHHSI, Ta NUIIXIB YHUKAHHS UM CYTTEBOTO
3MEHIIICHHS 3HOIIYBaHHS IIOBEPXOHb CTONY Ta
¢dikcyrounx komic. TeopeTwyHi IOCIIIDKEHHS
BUKOHAHI 13 BUKOPUCTAHHIM KJIaCHYHHMX METOIB
TEOPETHYHOI MEXaHIKH.

Jpyrum eranoM Oynio JOCIIPKEHHS MTPOIIeCy
BiOpOYIApHOTO CemapyBaHHs 3€PHOBUX CyMillleH
Ha EKCIEpUMEHTANBHIA TaJyli-MalluHi, cxeMa
KOl Mmojjana Ha puc. 2. JIocnipKeHHs TPOBOIWIN
Ha cCyMiln BiBca, sKa MiICTWIA ITyIeHe Ta
HemymeHe 3epHo Bosorictio 12,5-14,0%. Bwmict
CMITHUX JIOMIIIOK (BiBCIOTa) CTAHOBUB 10 5%, a
ity — 0,23%.

Puc. 2 — KoHCTpYKTHBHO-TEXHOJIOTUHA cxeMa (@) Ta 3arajnbHuX BUIIL (6)
eKCIIepUMEHTAIILHOT Ma | /1i-MalIHHHU:
1 — moxwunwmii CTT; 2 — CTIHKH; 3 — 3Ur3aronoaiOHuM KaHall, 4 — CTiiika; 5 — cerMeHTHO-I10 110HMIt
€IIeMEHT;0 — CTOIIOPHUI OONT; 7 — CTAaHWHA; 8 — KPOHIITENH; 9 — KPUBOIIUITHO-IIIATYHHUI MEXaHi3M;
10 — xumHonacoBa nepenayva; 11 — penykrop; 12 — 6ont; 13 — mpucTocyBaHHs Ui PEryIIOBaHHS aMILTITYAN
3BOPOTHO-TIOCTYNAJIBHOTO PYXY
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Meroauka eKCrepuMEHTaIbHUX AOCTiIKEHb
nependayana 3aBaHTaKEHHS BiBca MicIsl TyLICHHS
B poOOYMI €NeMEHT COPTYBAJIBHOIO CTOMY, [e
mpoBoAMJIocs — cemapyBaHHs cymimi. [lepen
cemapyBaHHSAM BMICT HeENyIIEHOro BiBca Yy
3epHOBiii Maci craHOBUB 25%. Takox Meromuka
MPOBEICHHS EKCTICPUMEHTY nepenbayana
OL[IHIOBaHHS  PE3YNIbTAaTiB  cemapyBaHHS, WIO
MPOXOAMIO NUISXOM BinOuWpaHHS mpod 3epHa
Macoro 500 r 3 momanplIMM iX po30HpaHHSAM Ha
JIyIIIEHEe Ta HEeNyIIeHe 3€pHO. Y Takiil crocid
BH3HAYAJIHM BMICT HETYIIEHOTO 3€pHA B JIYIICHOMY
MiCIsl cerapyBaHHA Ta BMICT JYHIEHOI'O 3€pHa B

HenyleHomy.  Pesymbratn  dikcyBammcs  Ta
OOYUCITIOBAIHCS Y BiJICOTKaX.
Po3pobiieno  cremianbHMi  JIOTOK  JIs

BHU3HAYEHHS MPOIYKTUBHOCTI KaHaly, B SKAN
3acUTaNiocsl JyIIEHE 3epHO YIPOJOBXK XBHIIMHH.
[Tix yac ekcriepuMeHTy 3MIHIOBABCSl KYT HaXWIy
COPTYBAJIBHOTO CTOJIy MAalllMHU, SIKUI BU3HA4YaBCA
KyTOMIpOM, a TIOJIOKEHHSI COPTYBAJIBHOTO CTONY
¢ikcyBanocst O0JITOM Ta TailKol, 32)KaTUM B a3y
Kyromipa. Yacrora KOJHMBaHb COPTYBAJIHLHOI'O
CTOJy peryioBanacsi 3a JOMOMOTOI0 peayKTopa
Ta KJIMHOIACOBOI Mepenadi. AMIUIITYIa KOJINBaHb
HaJIAIITOBYBAJIACsA HIISIXOM 3MIHU JOBKUHU TSTH
KPHUBOLIMITHO-IIATYHHOTO MexaHi3My. Yacrora
KOJIMBAaHb COPTYBAJILHOTO CTOJY PEryjroBaiacs 3a
JOTIOMOT 010 9aCTOTHOTO IIePETBOPIOBAYA.
Biacranp MK CTiHKaMH po0OOYOro KaHAITy
HaJaIITOBYBaNAacs MUITXOM NIepeCyBaHHS OMHIET 13
cTiHOK KaHairy. CTYIiHb 3aBaHTXEHHS CHPOBHHU
(TpOMYKTHBHICTD) pEryioBalid 3a JOHOMOT OO
IIUTHHHOTO /103aTOPa YKUBIIIBHOTO TIPHCTPOIO.

PE3YJIbTATHU AOC/TIKEHHA
TA OBI'OBOPEHHA

PosrnsHeMO pyx Koneca HpPOTSATOM OJHOTO
poboyoro mukiny cromy mammau (puc. 3). Ha
erami TPHUCKOPEHOTO0 PYXy CTONY Wil HATHCKOM
BOIWJIA BHACTIIOK MOMEHTHOI il cwim Sn crin
Oyze mpuUTHUCKATHCA O OAHi€l mapu (ikCyroumx
KoJlic B Toukax 4 Ta B. Cuiamu 34eruieHHs Sy Ta
Sp dikcyroui xoneca OyqyTh PO3KPYUyBaTHUCS IO
MaKCHMAJIBHOI IIBUKOCTI, TIPH LBOMY KYT ¢, IO
BU3HAYa€ TIOJNIOKEHHS BOAMIIA 3MiHIOEThCA Bim 0
1o 7l2.

Ha erami rampMmyBaHHS CTLI, CTPHUMYIOYHCH
BOJMJIOM, Oyae HPUTHCKATHCS A0 IpPYyroi mapu
(hikCyrOUMX KOINIC, a CHJIM B3a€MOJIii B TOYKax A
Ta B 3HUKHYTb, IO JO3BOJISE KOJecam, SKi
BUHIIIM 13 3a4eIuleHHs 30epiraTi MakCUMalbHY
KyTOBY IIBHJKICTH /IO TOBHOI 3yIIUHKU CTOJIy B

KpallHbOMY TMOJIOKEHHI, I SKOTO KyT ¢ = 7.
3pocTaHHs KyTa ¢ CIIPUYUHSE 3aUCIICHHS KOJIIC B
Toukax 4 Ta B.

Crin npu ¢ > 7 NMOYMHAE PO3TAHATHUCS Bij
HYJILOBOI IIBUJKOCTI, BoJHOYAC (hiKCYIOUi Koyeca
MaroTh HIBHJKICTh OJU3bKY 10 MaKCHMAaJbHOI, a
1I¢ CIPUYMHSE 3HOIIYBaHHS. [l yHUKHEHHS
3HOILTYBaHHS HEOOXiTHO 3a0e€3MEeYnTH YMOBH, 32
akuX (IKCyroUi Kojieca HEe OyIyTh BHXOIUTH 13
3aueryieHHs Ha eTarli raJbMyBaHHS.

D

/

. Sx kb
0 DL
W W

" ~?is |

Sséf
W W
S4

0 O
W W
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Puc. 3 — Cxema KOHCTPYKIIil CTONY, SIKUI
YHEMOKJIMBITIO€ TIPOKOB3YBAaHHS
(IKCYOUnX KOJIC

Cuna 3uerieHHs, ska obOepTae Qikcyrode
KOJeco Sy:

|
S, :'1’_(/)_,_ N,o 1 (1)
Ty Ty

e Iy — pazaiyc dikcyrodoro Komeca; Ip = Mglg/2 —
OCHOBUI MOMEHT iHEpIIii Kolieca ITiJ] Yac KOUYeHHS
0e3 xoB3aHHs; Na — CHJI HOpMaJbHOI B3aEMOJIIT;
0 — Koe]imieHT TepTA-KOUYEeHHS (PIKCYrHOoro
KoJIeca 110 KOHTAKTHIi MOBEPXHi CTOIY.

Hopmanery poboty dikcyrodoro komeca
MO)KHa TapaHTyBaTH Yy BHIAQJKY, SKIIO CHIIA
34YEIUIeHHsT He Oyle NepeBUIYyBaTH KYJIOHOBOTO
TepTs, AK€ MOXKE BHHHKAaTH M 4ac
npokoB3yBaHHs. Llg cuia B Touli 4 BU3HAYAETHCS
3a BUPA30M:

F = fN,. )
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[IpokoB3yBaHHs HE BinOyaeTbCcs, SKIIO Oyze
BHUKOHYBATHCS] HEPIBHICTb:

iN, > 12 NS 3)

L

Tobro ymoBa koueHHs 0e3 KOB3aHHSA Oyxe
MaTHu BUIJIAA:

f—é NA>I—¢ 4)

abo
|y
>—" (5)
A
r,f-o
YpaxoByroun, mo r,¢=X Ta [ = myry /2,

TOJIi HEPIBHICTH (5) MOXKHA 3aITHCATH:

>

m
N, > i

(6)

N~

o
Ty

OugeBuaHo, MO yMoBa (6) BHKOHYETHCS HE
3aBXIM. 30KpeMa, yMOBa He Oyl BUKOHYBATHCS
Ha erami B3aemomii koieca i cromna, sxmo Na = 0,
TOOTO Ha eTami TambMyBaHHA cTomy. Jlms
3a0e3medeHHs] YMOBH HEOOXiTHO KOHCTPYKTHBHO
HaJaTH moYaTkoBUi HATar No, NPUTHUCKYIOYN
KOHTAKTHY MTOBEPXHIO CTONY M0 (PIKCYIOUUX KOIIC
CTHCHEHUMHU TIPYKHUHAMH, SIK TIOKa3aHO Ha pHcC. 3.
[IpyxuHE BHOMPAIOTHCA 3 ypaxyBaHHSIM PIBHOCTI:

CA =Ny, (7)

ne A — nedopmanis mpyxwr, C — cymapHuit
KOE(II[IEAT )KOPCTKOCTI MPY>KUH.

IloyatkoBuii Hatsar No BU3HauYaeTbCs 3a
PIBHSHHSAM:

1 mrX .
0= ®)
2 r,f-6

ac Xmax — MAaKCUMaJIbHE MMTPUCKOPCHHS.

[loyatkoBuii Hatsar Oyzme 3a0e3nevyBaTH
OesrepepBHE IPUTUCKAHHA KOJIeCa 10 KOHTaKTHOI
MOBEPXHI CTOJIy, 32 KOO MPOKOB3YBaHHS Kojeca
YHEMOXKITUBITIOETHCS.

SIK KOHCTPYKTHUBHE pillIeHHS IJIs1 3MEHIICHHS
CHJIIM  B3aeMOIil  MOIAIIUIHUKA 31 CTOJIOM
MPOTIOHYETHCS BHUKOPUCTaHHS MPYKUHHAX
OydepiB, MO BCTAHOBJICHI B IUIOMIMHI PYXYy, SIK
mokazano Ha puc. 4. OueBuaHo, MmO 3a
BificyTHOCTI KpuBommna OA BiOpauidHWiA CTin
MOXKE 3/IMCHIOBATH TapMOHIYHI KOJIMBaHHS B
HanpsMKy oci OX. BCTaHOBHMO BIUIMB NPYXHH B
Toukax B Ta C Ha CWJIy B3a€EMOJII MiIIUITHAKA 3
KOHTaKTHUMH TTOBEPXHSIMH CTOIy il 4yac poOoTH
mammHn. [Ipunyctumo, mo ¢ikcyroui Koieca
3a0e3MevyoTh  NPSIMONIHIMHUE ~ pyX  CTONYy.
HexTyoun TepTsIM-KOUEHHSM KOJIeC, PIBHIHHSA
NEePIOMYHOrO PyXy CTONY MaTHME BHUTJISL;

mX=F +2F , 9)

Jle m — maca cTtoja; F — cua, 3 KO IiIIHITHIK
THCHe Ha cTil; F, — cuma mpyxkHocTi, sKa 3a
BiZloMOro KoeQil[ieHTa dKOPCTKOCTI JIBOX MPYKWUH
C BusHavaethes sk 2F, = — cx abo F, = — ¢x/2.

I X

Puc. 4 — Cxema copTyBagbHOIO CTOMY 31
BCTaHOBJICHUMH NIPYXHUMH Oydepamu
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VY pesynbraTi TepeTBOpeHb piBHsAHHSA (9)
MO)KHA 3aIUCaTH y BUTIISL
X+k*x=g, (10)
ne k = (2C/m)°*; ¢ = Fim.
[MpunycTumo, mo NPUBOJ 3ade3mnedye pyx
CTOIy 32 PIBHSHHSIM:
X =rcos(at), (11)
ne I — noBxuHA (pajiyc) BOAWIA;  — 4YacToTa

oOepraHHs Boauia; t — vac.,
3 piBasaHs (10) oTpumaemo:

F= mr[(k2 —w*)cos(mt) —esin(a;t)]. (12)

Jie € — KYTOBE ITPUCKOPEHHS.

Cuna B3aemonii Bogmna Ta crona F 3a
HasiBHOCTI OydepiB, st skux mapamerp K mae
3HA4YCHHA MCHIIEC 3a KYTOBY IlIBI/IZIKiCTB ,
3MEHIIIyeThCss 3a Oyab-skoro K. MiHiManbHe
3HaveHHs cuiia F Oyae HaOyBaTH y BUNAAKY, KOJIH
o=k

Ha puc. 5 momani rtpadiku 3MiHH CHITH
B3a€MOIIi BOAMIIA 1 CTOJIA 32 OAMH POOOUUH ITUKIT
KOJIMBaHHS CTOJAY Ui PI3HUX KOE(DIilie€HTIB
xopctkocTi Oydepi C. Ilim gac mnoOymoBu
rpadikiB HEOOXIiTHI pPO3paXyHKH IPOBOIUIHCS
IS MallIuHNA MCX-M, MPUBO]T SIKOT
3niicHioeThea qBUTYHOM AMP-100L6. [TogaTtkoBi
JaHl It o04HMciaeHb: Maca crojga M = 480 kr;
paxaiyc Bommia I = 0,19 M; KyToBa MIBHUAKICTE @
Ta KyTOBE TPUCKOPEHHS ¢ BH3HAYAIHCA 3a
pe3yapTaTaMH IHTETpYBaHHS JUQepeHIriabHOro

PIBHSHHS pyXy cTojia. AHaji3 3MiHH KOHTaKTHOTO
THUCKY 3aJIOKHO Bij Yacy (pHc. 5) mokasye, 1o
TUCK 3aJICKHUTHh BiJl CYMapHOro KoedillieHTa
xopetkocTi Oydepis. BapitoBanHsMm koedimienTa
C BuUSBIEHO, IO MIHIMAJIBHI CHJIM B3a€EMOIl
MiANIWITHAKA Ta CTONAa BUHHUKAIOTH 32 3HAYCHHS
koedinienra C = 21000 H/m, ToO6TO KoedimieHT
JKOPCTKOCTI KOKHOTO Oydepa Mae IOpiBHIOBATH
10500 H/m.

OTXe, YIOCKOHAJCHHS KOHCTPYKIIIi mmaji-
MalllMHA, SK€ MOXIWBE 13  ypaxXyBaHHSM
HalparboBaHUX PEKOMEHAIiH, CIPUUNHSE 3HAHE
3MeHIIeHHs (= 3 pa3u) KOHTAKTHUX 3YCHJIb, IO
BUHHUKAIOTh Yy BWIIQJKY B3a€MOJii Bojuia Ta
CTONIa, BHACTINOK YOr0 3HOIIEHHS KOHTAaKTHHX
MOBEPXOHb HEMHHYYE 3MEHITYETHCS.

[lix 4Wac ekcrepuMEHTANBHHUX JOCIIIKEHb
CTaBHJIOCS 32 MeETY BUBYCHHS XapakTepy
3HOIIYBAaHHSI  TIOBEPXHi, SKOK  PyXaroTbCs
¢bikcyroui xoneca. e Oyno peanizoBaHO NUITXOM
MOJICITIOBAHHS 3HOIIYBAHHS OIOPHOI MOBEPXHI
pam# 3a JIOIIOMOTOK0 CTHCKY IUIACTUH TOBIIUHOIO
0,1 ™M, ski Oynu 3akpimieHi Ha paMHIiA
KOHCTPYKIIii. 3 KOXKHOr0 OOKY paMH, Il KOXKHUM
3 YOTUPHOX KOJTiC, Oyiia MOXIIMBICT 301LTBITYBATH
3a30p, 10 MOJIETIOE 3HOITYBaHHS, 10 1 MM.

Hust HAJAINTYBAaHHS ~ yCTAaHOBKM  HA
CTaOUTBbHUA pEeXKUM pPOOOTH OIOpHI Kojieca Ta
OTIOpHA pama, SIKOI0 BimOyBasloCsS TEPEeMIIICHHS

poGodoro  kaHamy, Oyad  BiAperyipoBaHi.
KonuBanus mpoBomwiIMCcsS 3  BCTaHOBIICHOIO
YacTOTOI Ta AaMIUNTYAOK Y BH3HAYCHOMY

pexuMi. XapakTep pO3MOALTY 3€pHA M dYac
cemapyBaHHS Ta Yy 3WI3aromnofiOHWX CTIHKaX, a
TAKOX 32 IIUPHHOI KaHaly 3a BHOpaHHX
napaMmeTpiB OyB CTaOUTHHIIM.
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3a  3MCHIIGHHS 3a30py Ha  OINOPHHX
MOBEPXHAX KOXKHOTO 3 YOTHPHOX Koiic Ha 0,1 Mm
PSKUM POOOTH CUCTEMH 3aJMIIABCS CTIHKAM 1
XapakTep MepeMillieHb po0odYoro cTojia Maixe He
3MiHIOBaBcs. 30umbiieHHs 3a3opy a0 0,2 Mm
BUKJIKAJI0O HECTIMKICTh B POOOTiI cUCTeMH Ta 3a
3BOPOTHO-TIOCTYMAJILHUX PYXIB POOOYOro CTONY
3’SIBUBCSL JIONATKOBHU IIyM, ajie e(eKTUBHICTbH
cenmapyBaHHs 3¢pHOBOI MacH B poOOYOMY KaHai
HE 3HWXyBajiacs. 31 30UIbIICHHSM 3a30py JO
0,3 MM cnoctepiranocsi 3HHKEeHHST e()eKTHBHOCTI
cermapyBaHHs BiBca Ta 3 SIBJSUIMCS JIOJATKOBI
KOITMBaHHS, $KI BKa3yBaJli Ha HEPIBHOMIPHY
pobory pobodoro kanany croja. Ha puc. 6
MOKa3aHO 3HOIIYBAaHHS Ta HAKJICN Ha OIMOPHHX
MOBEPXHsIX (PIKCYIOUMX Ta OMOPHHUX KOJIC, IO
JEMOHCTPYE TIPOIleC TX 3HOITYBaHHSI.

3HOIIyBaHHS BKa3ye Ha  HEpIBHOMIpHE
PO3MOIIEHHS HaBaHTaXXEHHS i yac poOoTu. 3a

pe3ynbTaTaMH eKCIIEPUMEHTY BCTaHOBIIEHO, LIO
3HIKEHHS! eDeKTHBHOCTI CelapyBaHHs Ma€ Micle
y BUIAJKY 3HOLIYBaHHS ONMOPHHUX TOBEPXOHb Ha
BennunHy 0,25 MM (pue. 7). 3a moganbiioro
30UIBIICHH] 3HOLICHHS OMOPHHUX MOBEPXOHb
eQEeKTHBHICTh MpOIeCy CcenapyBaHHsS 3HAYHO
MOTIPIIYETHCSL.

Takok CTaHOBHTH CEpPHO3HY MpoOIeMy
HOTIPUICHHS ~ eKCIUTyaTalliiHUX — XapaKTePUCTHK
YCTAaHOBKH, 30KpeMa 30UTbLICHHS IIyMy, OHTTS
pamMu Ta poOOYOro CTOITY, MPOKOB3YBAHHS KOJIC 1,
TOJIOBHE, MOPYIICHHsSI  PIBHOMIPHOTO  Ta
eeKkTHBHOro Iepediry mporecy cenapyBaHHs
CyMmillli BiBca Ha JyHIEHI Ta HeNyIIeHI 3epHa.
OTxe, MOXHa 3pOOMTH  BHCHOBOK, IO
3HOIIYBaHHSI OMOPHHX TIOBEPXOHb POOOYOro
CTOJIa HE MOBHHHO TiepeumryBatu 0,25 M, 1mo0
30epertd  ONTHMajbHY  €(pEeKTHBHICTH  Ta

CTaOLIBHICTD MPOIIECY CelapyBaHHIL.

a

0

Puc. 6 — 3oBHIlIHII BUIISLT pouka 10 (a) Ta mics (0) eKCepUMEHTY
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BUCHOBKHU

ITicis qoCTimKEHHST CXEMH CHUJI, SIKi JIIOTH Ha
pi3HI CcKIamoBi mMaAmi-MamMHU (COPTYBaJbHHM
cTin, (ikCcyrodi Ta HeCcydl Kojieca, a TaKoxXK
HiAIUIHWK), Oynmn oTpuMaHi mudepeHianbHi
PIBHSHHA JUIS  IUIOCKO-TIAPANENbHOIO  PYXY
pobodoi mMOBEpXHI MamMHA Ta OIS pyXy
CIIEMEHTIB TMaJyli-MalllMHU IMiJ] Yac TajJbMyBaHHS
CTONy MiJ Yac 3BOPOTHO-TIOCTYHAIBHOTO PYXY.
Po3pobieHo mporpamMmy 4MCeNbHOTO iHTErPyBaHHS
PIBHSHHS pyXy CTOJIa, peaiizallis Kol MokKasaia,
0 HAHOUIBIN 3HAYEHHS KYyTOBOI HIBUAKOCTI
BUHUKAIOTh Ha MOYaTKy po30iry crona Ta B KiHII
HOro rajbMyBaHHsS, KOJU HIBUAKICTH BiAINOBimae
CHHXPOHHI wacTtoTi oOepranHs. [lig wac
MPOBENIEHOTO JIOCIi/KEHHsT OYyJI0 BCTaHOBJICHO,
IO 3HOIYBAaHHS OIMOPHUX TOBEPXOHb HE MOXKE
nepeBuntyBaty 0,25 mm.

Takox OyJlo BCTaHOBIICHO, WIO YIPOIOBXK
480 rox poboTH 3HOIIyBaHHSA ckiajgo 0,2 MM 3
KOKHOrO OOKy OIOpHOiI pamMH, a 3a BBeCh
npomixkok — 0,96 MM 3 kokHOro OOKy. OTXKe,
3arajpHe 3HOIIYBaHHS 000X OOKIB CTaHOBWIIO
1,92 mm. Ha erami nmepmmx 480 rox pobora crona
Oyna cTifikoto, ogHaK 3a HamparoBanas 720 rof
MOYAIUCS TIPOSIBU OUTTS, 110 HETATHBHO BILIMBAE
Ha e()eKTHBHICTH IIPOIIECY CETTapyBaHHSI.
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ABSTRACT

The method of surface laser treatment can be used to strengthen
the parts of motor vehicles used in the agro-industrial complex. In
this method, the strength and wear resistance of metal car parts
also depend on the use of various absorbing coatings and alloying
elements. Absorbing coatings allow the processed steel sample to
receive a much larger part of the energy of laser radiation, while
significantly reducing the reflection of the beam from the surface
of the part being strengthened. As a result of the study of the effect
of absorbing coatings on the depth of laser treatment of steel 45, it
was determined that the best results were obtained in the case of
using coatings containing carbon black in the form of aerosols, as
well as aluminum and zinc oxides, which provides a significant
increase in the depth of the laser exposure zone. Effective use of
absorbing coatings will significantly increase laser efficiency,
allowing the use of a laser of lower power and contributing to a
reduction in the cost of reinforcing automotive parts. In order to
achieve high wear resistance of the surface layers of parts, it is
advisable to apply surface alloying with the use of special
absorbing coatings during their processing with a laser beam.
Thanks to laser microalloying of surface layers with chemical
elements and compounds, the strengthening efficiency of various
iron-carbon alloys is achieved. Carbide, oxide, boride phases of
components of absorbent coatings have the highest wear
resistance. The study of laser hardening of 40X steel allows us to
draw conclusions that in order to obtain wear-resistant layers on
the surface of the corresponding parts, it is necessary to apply an
absorbent coating and apply surface alloying. At the same time,
layers doped with boride, carbide, nitride, and oxide phases have
the highest wear resistance. For specific steel parts, the choice of
laser hardening mode depends on many factors. Continuous
lasers are the most promising.
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AHOTAILIA

lna smiynennss Oemaneii a8MoOMOOINbHO20 MPAHCNOPMY, WO
BUKOPUCOBYEMbCAL 8  AZPONPOMUCTIOBOMY — KOMMIEKCI,  Modice
3aCmMoCco8y8amMUCa Memoo NOBEPXHEBO20 NA3EPHO20 00POOIeHH.
Y eunadky euxopucmanus yvoco Mmemody MiyHicme ma
3HOCOCMILIKICMb Memanesux oOemaneli asmomooinie 3anexcamo
8I0 3ACMOCYBAHHSL PIZHUX NOSTUHAIOUUX NOKPUTNMIE MA NIe2yIoYux
enemenmis. Iloenunaroui nokpumms 00360510Mb 3pA3KY 3i cmai,
wo o0bpobmoemsbcs, ompumyeamu  OLIbULY 4aACMuHy eHepeil
J1A3epHO20  BUNPOMIHIOBANHS GHACTIOOK 3MEHUWIeHHs 8i0Oumms
npoMeHsl 8i0 NOGEPXHI demaii, AKA 3MIYyHIOEMbCA. Y pesynvmami
00CNIOJNCEHHS. BNIUBY NOSTUHAIOYUX NOKPUMIMIE HA  2NUOUHY
aasepHozo 00pobnenHs cmani 45 GusHAyeHo, WO HAUKpawyi
Pe3yIbmamu OMpUMano 0iisk BUNAOKY GUKOPUCIAHHS NOKPUINIS,
AKI micmams  cadcy 'y 6ueisiol  aeposonio, a MAaKodic OKCUOU
ANIOMIHIIO Ma YUHKY, Wo 3abe3neuyioms 30L1bUeHHS 2AUOUHU
30HU 1A3EPHO20 6NAUBY. VY GUNAOKY eheKmusHo20 3aCmocy8anHs
NOSTUHAIOUUX HOKPUMMIE 8i00y0embcsi niosuwyeHHs Koegpiyicuma
KOpucHoi Oii 1asepa, wo 003601UMb 3ACMOCO8YBAMU JA3ep
MEHWLOI NOMYHCHOCMI MA CRpUAMUME 3HUNCEHHIO CoDI8apmocmi
3MiYyHeHHs  Oemanell  a8mMomobiibHo20 — mpancnopmy. s
00CACHEHHS BUCOKOI 3HOCOCMITIKOCMI NOBEPXHEBUX WApie demanell
O0oYinbHO Ni0 uYac iXHLO20 O0OPOONEHHA AA3ePHUM NPOMeEHeM
3acmocosygamu  nogepxmege  N€2y8AHHA 3  BUKOPUCHAHHAM
CReyianbHUX NOSTUHAIOYUX NOKpUmmis. 3a80aKU  1A3EPHOMY
MIKDONE2YBAHHIO NOBEPXHEGUX WIAPIE XIMIYHUMU eleMeHmamu ma
CHOTYKAMU  QOCA2AEMbCST NIOBULYEHHST eDeKMUBHOCT  3MIYHEeHHs
pisHux 3anizogyeneyeeux cniaeie. Kap0Oiowi, oxcudui, 60puoHi
Gazu cxnadosux NOAUHANOYUX HNOKPUMMIE MAIOMb HAUOIIbUU
BUCOKY 3HOCOCMIUKICMb. J{OCTIOJNCEHHS NIA3ePHO20  3MIYHEHHS
cmani 40X 0036015€ 3pobUmMU BUCHOBKU, WO OAsL OMPUMAHHS
3HOCOCMIIKUX WAPI8 HA NOBePXHi demanell HeOOXIOHO HAHOCUMU
HO2MUHAIOYe NOKPUMMSL | 3ACMOCO8Y8AMU NOBEPXHEBe 1e2YBAHH.
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CTAH IIMTAHHA TA IIOCTAHOBKA
MMPOBJIEMHA

Ilix yac BUTrOTOBJIEHHA a00O BiIHOBJICHHS
JeTaNe aBTOMOOITHPHOTO TPAHCIIOPTY MIUPOKO
3aCTOCOBYIOThCs JtaszepHi Texuojorii (Dobras &
Rutkowska-Gorczyca, 2019). Tenep akryaabHUM
3aBIaHHSAM € TIOKpPAIlleHHsS BIIACTHBOCTEH Ta
30UTBINIEHHST pecypcy HampalloBaHHS JeTajeit
ABTOTPAHCIIOPTY, 10 BUKOPHCTOBYKOTBCS B
arporpoMHUCIOBOMY KOMILIEKCi. 30Kpema, s
3MIIIHEHHSl JeTajeil MOXe BHKOPHUCTOBYBATHCS
METOJ TIOBEPXHEBOTO Ja3epHOro OOpoOIeHHS.
EdexTuBHICT, BUKOPUCTAHHS I[LOTO METOJY JUIS
MiJBUIIEHHS  MIHOCTI  Ta  3HOCOCTIHKOCTI
METaJIEBUX JeTaleil aBTOMOOULIIB 3aJIe)KUTh Bil
3aCTOCYBaHHS Pi3HUX TOTJHMHAIOYHX MOKPHUTTIB 1
Jeryrounx eneMeHriB. [lornmmHaro4i MOKPUTTA
JIO3BOJISTIOT 3pa3Ky 31 cTami, Mo 00poOII0EThCS,
OTpUMYBAaTH MIe Oinblie eHeprii J1a3epHoro
BHUIIPOMIHIOBaHHS, CYTTEBO 3MCHIIYIOUH MPH
IbOMY BIZOWTTS TPOMEHS BiIl MOBEPXHI JeTai,
1o 3MminHeThes (Kosanvuyk ma in., 2017).

Pi3Hi mornmHao4i MOKPHUTTS BIUIMBAIOTH Ha
[NIMOWHY TOBEPXHEBOIO JIA3ePHOTO OOpOOJICHHS
3aJTI30BYTJICIICBUX CIUIABiB, IO, B CBOIO HEPTY,
BIUIMBAE HA PECypC HANpaIlOBaHHS JeTajci
ABTOMOOUTLHOTO TPAHCIIOPTY. TaK0X aKTyaJbHUM
€ JOCIIHKEHHS TEXHOJOTIYHUX OCOOIMBOCTEN
JIA3EPHOIO 3MII[HEHHS CTAJICBUX JETalCH IIIIXOM
MikposieryBaHHs noBepxHi (Kazaxoé ma in.,
2021). Jyast mocsATHEHHS BHUCOKOI 3HOCOCTIHKOCTI
TTOBEPXHEBUX IApiB METalCH IOMUIBHO T dac

iXHBOTO  OOpOOJICHHS  JIa3epHUM  MPOMEHEM
BUKOPHCTOBYBAaTH TIOBEPXHEBE JICTYBaHHS 13
3aCTOCYBAaHHSIM  CHCMiaJbHUX  MOMVIMHAKOUYUX

MOKPUTTIB. 3aBJISKH JIa36PHOMY MIKPOJICTYBaHHIO
MMOBEPXHEBUX IIAPIB XIMIYHUMHU €JIEMCHTAMHU Ta
CTIOJIYKAMH  TIABHINYETHCA  MIIHICTh  PI3HUX
3aJ1i30BYTIIENIEBUX CIUTaBiB. 30Kpema, KapOimHi,
OKCHJIHI, OOpH/IHI (ha3u CKIAJAOBUX MOTIMHAOYMX
MTOKPHUTTIB MalOTh HAWBHIIY 3HOCOCTIHKICTb.

MeTa AocCaig)KeHHS — JOCHIOWUTH BIUIMB
PI3HHX TIOTJIMHAIOYHMX MOKPHUTTIB Ta JICTYHOUUX
€JIEMEHTIB Ha XapaKTEPUCTHKH 3aTi30BYTIIEIIEBIX
CIUTABIB JUIS TIOKPAIICHHS IXHIX MEXaHIYHUX
BIIACTHBOCTEH, a TaKOX JUIsl 301IbIICHHS PECypCy
HaIpaIloBaHHA JeTajeil aBTOTPAHCIIOPTY.

MATEPIAJIN I METOJHU
JocnigkeHHs MPOBOIMIN i3 BUKOPUCTAHHIM
OCHOBHHUX IIOJIO)KEHb Teopii (i3WKH TBEPAOTO
TiNa, Teopii B3aeMOAii KOHIIEHTPOBAHWUX IOTOKIB

eHeprii 3 PeYoBHHOIO, TEPTS Ta 3HOLIYBAaHHS B
abpasuBHOMY cepenoBuili. OcoOnuBy yBary
MPHUIICHO JOCHTIKCHHIO: KIHETHKU CTPYKTYPH,
HAIpy>KeHO-e()OPMOBAHOTO CTaHy IOBEPXOHB,
eneMeHTHOro ckmangy. llim wac oOpoOGieHHs
pe3yJIbTATIB  CKCHEPUMEHTAIBHUX  JOCIIKCHb
BUKOPHCTaHI METOM MAaTEMaTHYHOI CTATUCTUKH.

PE3YJIbTATHU AOCJIAKEHHA

TA OBTOBOPEHHA
[lim dwac mazepHoro oOpOOICHHS HmeTajnei
aBTOTPAHCIIOPTY  BAXIUBUM  (pakTopoMm, 11O

BU3HAYa€ IX MIIHICTh Ta B3HOCOCTIMKICTB, €
mOWHA 3MITHEHOTO IMapy, Ha SKy BIUTMBAIOTH
napaMeTpH I[bOr0 MPOIECy, 30KpeMa MOTIHHAI0Y1
MOKPUTTS, M0 HAHOCAThCS HA  BIIIOBITHY
MTOBEPXHIO 3pa3KiB. Y [bOMY BHUIAJAKY 3pa3oK i3
3aJTI30BYIJICIICBUX CIUIABIB, IO OOPOOIIOETHCH,

OTPUMY€ 3HAa4HO OLIbIIe eHeprii Ja3epHoTo
BUNPOMIHIOBaHHS ~ BHACHiZOK  BHKOPHCTaHHS
NOTJIMHAIOYMX  ITIOKPUTTIB, M0  3MEHIIYIOTh

BIIOWTTS BiJl MMOBEPXHI NETaNi, SIKA 3MIITHIOETHCS,
nazepHoro npomenst (I pueop sy ma in., 2008).
3a  pe3ympTaraMd  €KCHEPUMEHTAIBLHOTO
JOCTI/KEHHS, K€ MPOBEIEHE Ha IOJIPOBAHOMY
3pa3ky 31 cranmi 45, BU3HAUEHO SK 3MIHIOETHCS
[NIMOWHA 30HU JIA3€PHOTO BILTUBY 3QJICKHO Bij
MOTJIMHAIOYHMX TTOKPUTTIB (puc. 1). OueBuaHO, 1110
IIBUJKICTh  JIa3epHOTO  OOpOONeHHS jaeraner
CYTTEBO BIUIMBAE HA €(DEKTUBHICTh BUKOPUCTAHHS
MOTJIMHAIOYUX TOKPUTTIB. BoHa BH3Hawae dac

BIIIMBY JIa3€pHOTr'o BI/IHpOMiHIOBaHHSI Ta
TEeMIepaTypy TmoBepxHi 3pa3ka. OrutaBicHHS
MOBEpPXHI 3pa3ka, sKAH 3MILHIOETBCS, HE

BiIOYBa€ThCS y BUMAJAKY 30UTBIICHHS MIBUIKOCTI
JIA3GPHOTO BIUIMBY TMOHan 6 wMm/c. 3HauHe
301IbIIEHHS] TJIMOMHU 30HU JIA3€PHOTO BILIUBY
Ma€ MicClle BHACHTIJIOK BUKOPUCTAHHS TOKPHTTIB,
0 MICTATH CaXXy Y BUTJISAII a€PO30JI0 Ta OKCHUIN
QITIOMIHIIO i IIMHKY (Ha puc. 1 — kpusi 1-4).

Y BumaaKy e(QEeKTUBHOTO BHUKOPHUCTAHHS
MOTJIMHAIOYUX  TOKPUTTIB ~ 3HAYHO  3pPOCTE
MOTJIMHAHHS €HEPTil J1Ja3epHOr0 BUMPOMiHIOBaHHS,
301MbIIMTECS Koe(illieHT KOPUCHOI Aii J1a3epa, 110
JIO3BOJIUTH JIJIs1 OOpPOOIIEHHS JieTajeil Ha MOTPiOHY
IMOMHY BUKOPUCTOBYBAaTH JIA3€PHY YCTAHOBKY
MEHIIOI MOTY>KHOCTi. 3BHYAiHO, BCi MOXIHUBI
BUMAJKNA JIa3epHOro 3MilHEeHHs cTami 45 3a
3aCTOCYBaHHS Pi3HUX MOTIMHAIOYUX ITOKPHUTTIB
pe3yJIbTaTH JOCTIKEHHS HE OXOILIIOIOTh.

He MoxHa BBaXKaTH pO3B’SI3aHOK0 MPOOIEMY
pO3po0JICHHS OUTBIT JEIIeBUX, CPEKTUBHHUX Ta
BHCOKOTEXHOJIOTTYHUX TOKPUTTIB IS JIA3EPHOTO
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MIOBEPXHEBOTO OOpPOOJICHHS  3aTi30BYTIICIICBUX
CIIaBiB, TOMY iCHy€ HEOOXiTHICTh MPOIOBKYBAaTH
JOCITIKCHHS B IIBOMY HampsiMi. Takox TOIIBHO

JUIE  JOCATHEHHS  BUCOKOi  3HOCOCTIHKOCTI
MIOBEPXHEBHUX IIapiB JAeTaneil aBTOMOOITBHOTO
TPAHCIOPTY TiJ 4Yac IXHBOrO OOpOOJICHHS

Ja3epHUM MPOMEHEM 3aCTOCOBYBATH MOBEPXHEBE
JICTYBaHHA, AK€ MOXKE€ BHUKOPUCTOBYBATUCA PAa30M
i3 MOTIMHAIOYUMU IIOKPUTTAMU.

0 T T T >

v, MM/C

Puc. 1 — 3mina riMOMHU 30HU J1a3€PHOTO BILUTUBY
Ha TIOJipoBaHii cram 45 mix yac qocipKeHHs
pi3HuX moruHaluuX HokputTis (E = 20 MBT1/M?)
(I'puzop ’any ma in., 2008):

1 — aepo3onbHa caxa; 2 — Al>O3 3 opraniuHum
CIIONYYHUKOM; 3 — BoJsiHUE po3unH Zn0O;

4 — ZnO 3 opraHiYHAM CIIOTYYHUKOM;

5 — BoasHMIT po3unH caxi; 6 — po3unH rpadiTy
B all€TOHI

Y mpomeci MiKposieryBaHHS TOMITHI JIBi
30HM: 30Ha JIETYBaHHS Ta 30Ha TEPMIYHOTO
BBy (3TB). Came B mepiry 30Hy, 10 Y BUTIISAL
po3miaBy, IOJNAETHCS Jieryioua pedoBuHa. [lpu
IBOMY BiZIOyBa€Thcs HarpiBaHHs APYroi 30HU Oe3
ii ommaBieHHs. 30Ha TEPMIYHOTO  BIUIMBY
CIIOCTEPIraeThCs 3a NEPUMETPOM 30HH JICTYBaHHS.
Bcranosneno, mo Haibinmemy TtBepaicts 3TB
MaTHMe JIMIIE Ticysl IEPETBOPEHHSI MAPTCHCUTY B
mporeci JasepHoro JieryBanHsa. OpHak, 3a
JIETYBaHHS TI€BHOI IUTONII TIOBEPXHI 3pa3KiB
BinOyBaetbcs  Bianmyck 3TB  mo  TBepaocTti
MOYaTKOBOTO Matepiany, TOOTO MiA JIerOBaHUM
LIapOM PO3TALIOBYETHCS MPAKTHYHO HE3MillHEHa
OCHOBA.

Haii0inpmmii BIMB Ha mpolec Ta SKICTh
00po0IIeHOl TTOBEpXHI 3pa3ka YMHHUTH IIBHIIKICTh

nepeMillleHHs TpPOMEHs1 Jiazepa abo 3paska,
MOTY>KHICTh ~ J1a3¢pHOTO  BUIIPOMIHIOBAaHHA, a
TaKOX TOBIIMHA TOKPUTTA IiJ Yac Ja3epHOro
JIeTYBaHHSL.

KinpKicTh eNeMeHTIB MiKpOJIETyYBaHHS, IO
BITHOCATHCSA JI0 OJUHHIN 00 €My OIUIABJICHOTO
MeTaly, 3HayHO BIUIMBA€ Ha CTPYKTYpPY 30HHU
JeTyBaHHA. BMICT Neryio4mx ejeMeHTiB y 30Hi
JIa3epHOT0 BIUIMBY Ma€ TEHJACHIIIO 10 3pOCTaHHSA
31 3pOCTAaHHAM LIBHIKOCTI NEPEMILICHHS TPOMEHS
nmazepa abo 3pa3ka Ta 3MEHIIEHHS IOTY)KHOCTI
BUIIPOMiHIOBaHHS.

30ibLICHHS] BMICTY JIETYIOUHMX €JIEMEHTIB Y
30HI JIa3epHOTO BIUIMBY  BiAOyBaeThcs 3a
30UTBINIEHHS IIapy MOTIWHAIOYOTO TOKPHUTTS 10
Jeskoi Mexi. [3 TiBHINEHHSIM KOHIICHTpPALi
rpadiTy B 30HI OIUIABJICHHS ITiJl Yac MPOBEACHHS
IIEMEHTaIlli cTaji BimOyBa€ThCS 3MiHAa 30HU
Ja3epHOro JIeTyBaHHS. Y IOBEpXHEBUX IIapax
CIIOCTEPIraeThCcsl CTPyKTypa Oiloro yaByHy, KU
oTpuMaHo 3 pigkoi ¢asm. [lo CTpyKTypHUX
CKJIaJIOBUX 3MIIIHEHOTO APy BXOAATH MapTEHCUT
Ta 3anumkoBud aycrenit. Ilicns masepHOro
OopyBaHHS 3MIIIHEHA 30HA CKIAJaeThes 3 Geputy
ta Oopunis Fe:B # FeB. 3i 30umemenHsm
KUTBbKOCTI OOpy y JieroBaHiii 30HI BMIcT (QepuTy
3MEHILY€ETHCSI, @ BMICT OOpPHIIB — 301JIbIIYETHCA.
Oco0nuBicTIO TIi€T 30HU € Te, M0 MeTanorpadiaHo
i (a3u HeBHpa3Hi, a TAKOXK BIJICYTHS XapaKTepPHA
i aagy3iiHX OOpHIHMX IIApiB TOMYACTICTb.
JleroBaHa 30Ha Mae€ 3€pHHUCTY CTpYyKTypy. Ilpn
IbOMY  MOXJIMBO  30UIBITUTH  KOHIICHTPAIIIIO
JIETYIOU0i PEUOBHMHHU B 30HI JIETYBAaHHSA 3 METOIO
OoTpUMaHHA HOBUX (pa3. I3 macT Ha ocHOBI rpadity
TCIIST JTa3epHOI IeMeHTallii Oyjau OTprMaHi 30HH,
IO MICTSATh LIEMEHTHUT 1 BKIIFOUEHHS CTPYKTYpPHO-
BibHOrO rpadity. Ilicns nazepHoro GopyBaHHS
(hazu cknaganucs i3 6opuny 3amza (FeB) Ta ga3u
Ha OCHOBI OOpYy.

PesynpTati  MiKpOpEHTT€HOCHEKTPaIBHOTO,
MeTajorpagiuHoro Ta PEHTTEHOCTPYKTYPHOIO
aHaJIi3y TMOKa3ajw, 10 OCHOBOIO i€l (pa3u € omHa
3 moaudikamiii 6opy (Kazaxose ma in., 2021).
OTpuMaHHS ~ JITOBaHUX 30H, SIKIi  MICTATh
CTPYKTYPHO-BUTbHHN TpadiT, IO BUKOHYE POIH
TBEPJOr0 MAacTHIa, a TaKoXX BHCOKOTBEPIUX
CIIOJIyK Ha OCHOBI OOpY Ta IHIIMX METajiB, Mae€
CHpUATH 30UTBIIEHHIO 3HOCOCTIMKOCTI POOOYHX
mapiB. PopMyIoThCs ¢asu, MO MaITh 0COOIUBY
OyZOBY, 3yMOBIIOIOTH OCOOJMBOCTI CTPYKTYPHHX
MEPEeTBOPEHb y 30HAX Ja3epHOro JIeryBaHHS.
3amaHi BJIACTHBOCTI TOBEPXOHH MOYKHA OTPUMATH
3aBISIKM BIJIBEJICHHIO TEIUIOTH BiJ PO3IUIaBy B
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MEBHOMY HampsIMKY IIiJ 4yac Kpucramizamii. [Ticms
Ja3epHOi LIEMEHTAllii CIIOCTepiraeThCsi TEKCTypa
LEMEHTUTHUX  IUIACTHH, SIKI  PO3TamoBaHi
HNEPHCHIUKYJSIPHO 10 HAmpsMKy BiABEICHHS
TerioTH. TekcTypa ma3epHHX OOpPHIHUX 30H
BiJJPI3HSETHCS BiJl TEKCTYPU OOPUAHUX MOKPUTTIB,
10 OTPHUMaHi 3a TBepaodazHoi AuPy3ii.

Bracmimok aii 1a3epHOT0 MPOMEHS ITOBEPXHSI
3pa3KiB HarpiBa€TbCs Ta BiAOYBAETHCS YTBOPECHHS
JOOPIKOK, II0 MAaloTh pi3HY TOBLIMHY, 1, SIK
HacHiZOK, VTBOPIOIOTHCA IMapw 3  PIi3HUMH
XapakTepUCTUKaMH. 3a HACHUYCHHS IOBEPXHi
po3miaBy OOpPOM TOBIIMHA JIA3€PHUX JIOPIKOK
ctaHoBUTh 90-140 MxMm. Macmrabauii akTop,
[0 XapaKTepU3ye CITIBBIAHOMICHHS MacH, GopMu
3paska, pexUMy Ta IUIOII 00pOOJieHHS, BU3HAYAE
CTYMiHb BIUIMBY TEMIIEpaTypH IIOBEpXHI Ha
mporiec JazepHoro JerypaHHs. lle moBOAHMTH
HEOOXiZAHICTh ONTHMI3allii PEXHUMIB JIa3epHOTO
JeTYBaHHs AeTaledl Uil OTPUMAaHHS HEOOXigHOT
BJIACTUBOCTI TIOBEPXHI KOHKPETHOI MapKH CTaIi.

IcHye HeoOXimHICTP y HOCHKEHHSIX He
TINBKM PO3MOALTY MIKPOTBEpAOCTI Yy MIapax
MeTaly Micis Ja3epHOro JieTyBaHHS, a U
3HOCOCTIHKOCTI 3a PI3HHX PEXHUMIB, KPHUXKOCTI
MeTany. Omip 3HOLIYBaHHIO JIa3epHUX OOPHIHUX
mapiB Ha MOPSAOK BUIIMH, HIK Y LEMEHTOBaHUX
na3zepHuX mmapiB. KpuxkicTe a3zepHUX OOPUIHUX
mapiB 3a Pi3HUX PEXHUMIB OOPOOJICHHS HIDKYA
KpuxkocTi andysiiiaux OopuaHux mapiB. OTXe,
na3epHe OopyBaHHS HEOOXiTHO BUKOPHCTOBYBATH
UL JeTtajedd, IO 3a3HalOTh 3HOINYBaHHSI, 3
BEJIMKAMH  MUTOMHMU  HaBaHTAKCHHSMH  Ta
yZaapamu.

Cranp 40X; I'yam xoBta + BK12(WC); P =250 Bt

HV
&
=)
S
S

V=4 mM/c

A %
S 800
= V=2 wmm/c V=1 wmm/c
2
é 600
4 V'=0,5 mm/c
= 400 ‘ /

200 =

0

0 0,1 0,2 0,3 0.4 0,5 0,6
IloBepxHS /, MM
a

Jnis neryBaHHS TOBEPXHI JAeTalli MOXYTh
3aCTOCOBYBAaTHCSl  Jlazepd  IMIOYJbCHOI  Ta
Oe3mepepBHOI Mii, TpPOTEe M MPOMHCIOBOTO
3aCTOCYBaHHS HaWOIIBII TEPCIIEKTHBHI Ja3epHi
YCTAaHOBKM O€3MEepepBHOI Iii, SKi MAOTh OUTBII
BHCOKY  MNPOAYKTHBHiCTh.  Ili  BiAMIHHOCTI
3YMOBJTIOIOTh OCOOJIMBOCTI YTBOPEHHS CTPYKTYPH
Ta BIIACTHBOCTEH JIETOBaHMWX 30H, 1[0 OTPHMAaHI 13
BHUKOPHUCTaHHSM Ja3epiB Oe3nepepBHOT Aii.

3aBOsSKM  Ja3epHOMY  MIKpOJIETYBaHHIO
TTOBEPXHEBUX IApiB XIMIYHUMH €JIEMEHTaMH Ta
CIOJIyKaMH JIOCATal0Th e(peKTy 3MillHEeHHS Pi3HUX
MatepianiB. KapOiani, okcumHi, 6opugHi ¢asu y
CKIail  MOIJIMHAKYMX  IIOKPUTTIB  MAloTh
HaWOUTBII BHCOKY 3HOCOCTiHMKiCTh. OfHAK, MpH
BHUOODI PEeXXUMY JIa3epHOTO JIETyBaHHS HEOOXiTHO
BpaxoByBatH (aKTOpH: CTaH IIOBEPXHi, IO
00pOOITIOETHCS; MIKPOCTPYKTYpa MeTaldy Ta Horo
ckianm; TemreparypHuidi  Qakrtop. HaitOinbm
NEpCHEKTUBHUMH ISl Li€i MeTH € Jasepu
OesmepepBHOi mil. [limBHIEHHS MIKPOTBEPIOCTI
30HM JIa3€PHOTO BIUIMBY CIOCTEPITaeTbesi y
CEpeIHBOBYTICIICBUX CTalel, HABITh Yy BUMAIKY
HE3HAYHOTO HAMOBHEHHS 30HU  JIETYIOUHMH
enementamu. Ilim gac o6pobnenns crami 40X
30Ha JIa3ePHOTO OIUIABJICHHS Ma€ MiKPOTBEPAICTh
3HAYHO BUILY, HiX y crtaii 45. Lle cBiguuth mpo
JIOTIUTBHICTh BBEACHHS JICTYIOUMX CJIEMEHTIB 5K B
OCHOBY CTaii, Tak 1 uepe3 MOBEPXHEBHU WIap
3paska, 1o oOpobmoethes (Kazaxkos ma in.,
2021).  PesynbraTH = JOCHI/DKEHHS  BIUIMBY
3MIIHIOBAIBHUX JOMIIIOK KapOimy Oopy Ta
KapOiny BoJib(G)paMy y TOTJIMHAIOYOMY MOKPHUTTI
(Tyam >koBTa) TIOJ1aHi Ha pHC. 2.

Cranp 40X; I'yam xoBta + B4C; P =250 Bt
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Puc. 2 — 3mina mikporsepaocti HV 3a rimbunoro 308u | Ta mBuakicTio V azepHoro o6po0aeHHs
3a pi3HHUX BapiaHTIiB MOKPUTTIB (Kazakos ma in., 2021):
a — ryamr xoBTa + BK12; 6 — ryam sxoBTa + B4C
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JlazepHe TepMO3MIIIHEHHS CTalell MOXe
BUKOPHCTOBYBATHUCS TaKOX JUIsl  ITiIBUIICHHS
3HOCOCTIHKOCTI MOBEPXHi JeTanei, Mo MpaIoTh
B yMoBax TepTs. OCOONHBI CTPYKTYpH y IIapax 3a
JIa3epHOTO  OOpOOJICHHS TIOBEPXOHb JeTalleh
MOXKHa  OTPUMATH JIMIIE BUKOPUCTOBYIOYH
BHCOKOKOHIICHTPOBAHI JDKepeNa eHeprii, 30KkpemMa
na3epu. 3HOCOCTIWKICTD cTami 45 micis Ja3epHoro
TEPMO3MILIHEHHS 30UIbIIYEThCS OLTbII HIXK Y 2—4
pa3u TMOpPIBHSHO 3i CTaJUIIO, IO 3arapToBaHa y
3BUYAHUM croci6. Takox nazepHe 00poOIECHHS
3pa3kiB, 10 BUTOTOBJEHI 31 ctanmi 40X, migBuILye
3HOCOCTIHKICTh MOPIBHSHO 13 3BUYAHUM 3arapry-
BaHHSIM Ta BiJINyCKOM. Y BUMAJKy Ja3epHOrO
06pobnenns 6e3nepepBauM CO2-l1a3epoM 3pa3KiB
31 craneit 45 i 40X 0e3 omuaBieHHS TMOBEPXHi
ITiIBUIITY €THCSI BTOMHA MIITHICTh CTaJIeH.

BHUCHOBKH

JlazepHe 3MIIIHEHHS TIOBEPXHI CTaJEBUX
Jetaneil aBTOMOOUIBHOTO TPaHCIOPTY O3BOJISIE
OTPUMATH MO3UTHUBHI Pe3ylbTaTH 3a 00pOOIeHHS
CTaJle, sIKI MalTh y CBOEMY CKJIali BMICT
Bymrento Oimpmmmii 3a 0,3% 1 mocraTHi BMICT
JIETYIOYHMX €JIEMEHTIB, IO J03BOJISIIOTH OTPUMATH
TBepAi dasm.

Y pe3ynbrari MPOBEACHOTO JOCIIHKCHHS
BIUIUBY TMOTJIMHAIOYMX IIOKPHUTTIB Ha TIHOMHY
Ja3epHOro oOpoOseHHs ctaii 45 BU3HAYEHO, IO
HalKpail pe3yibTaTH CHOCTEPIraloThCs Y
BHUIIQ/IKy BUKOPHUCTAHHS IOKPHUTTIB, AKi MICTITH
CaXy Y BUIIIAI aepo30Ni0, a TaKOX OKCHAM
aJTIOMIiHIIO Ta IMHKY, 10 3a0e3medye 3HaYHE
301IbIICHHS TTIMOWHYN 30HU JIA3€PHOTO BILIHBY.

Y Bumaaky eQeKTHBHOTO 3aCTOCYBaHHS
MOTJIMHAIOYUX TOKPHUTTIB BigOyBa€eThCsl 3HAYHE
MiIBUINEHHS KoedillieHTa KOPHCHOI dii Jasepa,
IO JI03BOJISIE BUKOPUCTOBYBAaTH Jia3ep MEHIIOT
MOTY>KHOCTI Ta CHOPUSATHME 3HIDKEHHIO BapTOCTi
3MIIIHEHHS JIeTaeld aBTOMOOUTEHOTO TPAHCIIOPTY.

JlocmimKkeHHsT Ja3epHOr0 3MIITHEHHS CTai
40X po3Bosse 3pOOMTH BHCHOBKH, IO ISt
OTPUMaHHA 3HOCOCTIMKHMX IIapiB Ha IOBEPXHi

IeTaje HeoOXIMHO HAHOCHUTH  IIOTJIMHAIO4Ye
MOKPUTTS, a TaKOX 3aCTOCOBYBATH IOBEPXHEBE
JNeryBaHHA. Y [BOMY BHIIAAKy HaWOLIbIITy
3HOCOCTIMKICThP MAIOTh IIIapH, IO JIETOBaHI
OopumHUMH, KapOiAHWMH, HITPUAHHUMH  Ta
okcumHuMHu (azamu. [lns craneBux jmertanei
BHOHMpaTH  PEKUMH  JIa3epHOTO  3MIITHEHHS
HEOOXITHO 3 ypaxyBaHHAM 0araThbOX YWHHHUKIB.
Jo 1mux (akTopiB HauekaTh MaTepianu, 3 SKUX
BUTOTOBJIEH] A€Talli aBTOMOOUIEHOT'O TPAHCIIOPTY,
iX XIMIYHHH CKJIaJl, BUMOTH IO MacHu Ta (OPMH,
BUMOTHY MOJI0 (hi3MKO-MEXaHIYHUX BIACTUBOCTCH
1 yMoB ekcrutyaranii. Haii0inpm nepcrnekTuBHUM
JUTSL J1a3epHOr0 3MIHEHHS JeTallel € Tporiec i3
BHUKOPHCTaHHSM JlazepiB Oe3mepepBHOT [ii.
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ABSTRACT

Agricultural machinery parts have a life expectancy that depends
on operating conditions and quality service. Eventually, parts fail
and need to be rebuilt. Repair work makes it possible to extend the
function of the part for a certain period of time. When repairing
parts, it is necessary to predict the period of their further
operation. It is quite problematic to restore the defective parts
because the repair technologies are outdated. The use of non-
traditional repair technologies requires an assessment of the
quality of the repaired product, which includes the determination
of the maximum period of its future operation. In general, the
durability of repaired parts depends on the correct choice of
restoration method, the quality of the work performed, the
accuracy of the tool, the qualifications of the workers, etc. The
article discusses the method of predicting the state of the coupling
based on allowable values during diagnosis. This makes it
possible to determine the period of further operation of the
coupling until the next inspection, if the period of operation is
known. Prediction methods based on calculated permissible
parameter values and special tables are also used to determine
repair dates. The most common method of processing information
to predict the remaining life of parts is the use of nomograms.
Nomograms are created on the basis of the results of calculations
based on empirical equations that relate the remaining life to the
initial value of the measured parameter, the number of kilometers
travelled since the start of operation, the value of the measured
parameter at the current time and the limit value of the parameter.
The improved method of predicting the service life of the repaired
part allows you to assess the condition of the repaired part by
determining the service life indicators in percent according to the
selected influencing factors. By wusing previously known
influencing factors and applying an advanced prediction method,
it is possible to determine the service life of a part even before
repair work is carried out.

DOI: 10.36910/acm.vi49.1061

To cite this article:

Khomych, S., Tsiz, I., & Satsiuk, V. (2023). Prediction of
service life of repaired part surface. Agricultural Machines,
49,105-110.https://doi.org/10.36910/acm.vi49.1061

105



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHH, 2023, Bun. 49

AGRICULTURAL MACHINES, 2023, Vol. 49

YK 631.3:629.08

MMPOTHO3YBAHHS TEPMIHY NNPALIE3IATHOCTI BIIPEMOHTOBAHOI

ITOBEPXHI JETAJII

C.M. Xomuvy’", I.€. llu3s, B.B. Camox

JlyyvKkuil HayioHabHUli mexHivuHull yHisepcumem, JIyyvk, Ykpaina

AGRICULTURAL MACHINES

CIJIbCBKOI'OCIIOAAPCBKI MAILIMHA

Kawuosi caosa:
MIPOTHO3YBaHHS
Mpane3/1aTHOCTI AeTalll,
PEMOHT JIeTaJIEH,
PEMOHT TEXHIKH,
IIOBTOBIYHICTD JeTaJEH,
pecypc poboTu

Icmopisa nyé6aikayii:
Otpumano 14.05.2023
3arBepmkeno 18.06.2023

*Aemop 0415 1uCmy8aHHs:
smhh@ukr.net

AHOTAILIA

Hemani cinbcbko2ocnodapcbkux Mawlus Maome NeGHULl mepmin
npaye30amuocmi, AKUU 3a1excums 8i0 YMO08 excnayamayii ma
SAKICHO20 Cep8icH020 00caye08ysants. [lemani cnpaybo8yromuvcs
ma nompebyloms ionoénenHs. Pemonmui pobomu 0o3soasiono
npooosicumu  ynxkyionyeants Oemani Ha neeuuil nepioo. I1io
ygc pemonmy Oemaieil HeOOXIOHO NPOSHO3Y8AMU MEPMIH ix
nodanvuioi excnayamayii. Bionoenoeamu cnpayvbosaui Oemali
docums  NPOONEMAMUYHO, OCKIIbKU MEXHON02I] PEeMOHmy €
sacmapini. OOHAK, 3ACMOCYSAHH HEMPAOUYIUHUX MEXHON02IU
BIOHOB/ICHHS GUMALAE OYIHIOBAHHA SKOCMI GIOPEMOHMOBAHOZ0
8UpobY, Wo nepedbavac BUIHAYEHHS MAKCUMATLHO20 MePMIHY
tioeo excnayamayii 6 MmaubymHvomy. 3acanrom 008208iUHICMb
BIOPEMOHMOBAHUX Oemaniell 3ANedNCUmsb 8i0 NPAGUILHO20 BUOODY
Memooy ix GiOHOGNEHHS, AKOCMI BUKOHAHOI pobomu, MOYHOCMI
incmpymenmy, Keanigpikayii npayienuxie mowo. s eusHayeHHs
mepMiHi6 peMOHmMY SUKOPUCMOBYIOMb MEMOOUKU NPOSHO3YEAHHS
3a obyuUCIeHUMU OORYCIUMUMY 3HAYEHHAMU Nnapamempie ma
cneyianoni mabauyi. Hatinowupenivuum cnocobom obpodnenus
inghopmayii 01 NPocHO3Y8AHHA 3ANUUIKOB020 pecypcy pobomu
demaneil € 3acmocysants nomozpam. Homoepamu nobyooesani 3a
pe3yibmamamyu  004YUCIeHb 304 eMNIPUYHUMU DIGHAHHAMU, SKI
HO8 A3YI0OMb  3AMUWKOBULL pecypC i3 NOYAMKOBUM 3HAYEHHAM
BUMIPIOBATLHO20 NApAMEmpa, npobicoM 3 NOYAMKY eKChIyamayii,
3HAYEHHAM BUMIPIOBAILHO2O NAPAMEMPA 8 NOMOYHULL MOMEHM, a
MaKoxc 3 ePAHUYHUM 3HAYEHHAM napamempa. 3anponoHo8ana y
cmammi Memoouxka HPOSHO3Y8AHHS MEPMIHY Npaye30amHocmi
8IOpeMOHMOBAHOI Oemani 00360€ OYIiHUMU 1T CMAH WISAXOM
BUSHAYEHHS NOKA3HUKIE 008208IYHOCMI 34 NOKA3HUKAMU, WO
senausaiomsv Ha Hei. Kopucmyrouuco 3a30aneciob eidomMumu
Gaxkmopamu @nIuUGy ma 3acmocy8asuil 3anPONOHOBANHUL MEMOO
NPOZHO3YBAHHSA MOJCHA BUSHAYUMU MEPMIH Npaye30amHocmi
demari, wje 00 NPoBeOeH s PEMOHMHUX POOIMm.
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CTAH IIMTAHHA TA IIOCTAHOBKA
MMPOBJIEMHA

Jertani BCiX CiIbCHKOTOCTIOAPCHKUAX MAIIHH
MafOTh TIEBHHHA TEPMIiH TIPANE3TaTHOCTI, SKUH
3QJIEKUTh Bl YMOB EKCIUTyaTallii Ta SKiCHOTO
CEPBICHOTO O0OCIYroByBaHHS. 3 4YacoM JeTali
CHpalbOBYIOTECS Ta TOTPEOYIOTh BiTHOBICHHS.
PemoHTHI poOOTH  JO3BOJISAIOTH  MPOJOBKUTH
¢dyHKLIOHYBaHHS JeTanell Ha neBHUi nepiox. I1ig
yac PEeMOHTY JieTaliell HeoOXiHO MPOTHO3yBaTH
TepMiH IXHBOI TOMAJBIIOI EKCIDIyarTamii, o0
3a0€3MeYNTH <«OKATTEBHHA ILIUKI» BCIEl CHCTEMH
MeXaHi3My Ta MaIllMHH B LiJIOMY .

Ha ymiBepcambHI PEMOHTHI IiIIIPHEMCTBA
CLIIBCHKOTOCIIOJITAPCHKMX ~ MAIIMHM ~ HAJXOIMTh
TEXHIKAa 3 PI3HUMH HECHPAaBHOCTSAMH, IO
CIPUYHMHEHI 3aBEpIICHHAM pPO00YOro pecypcy
mammHu. Ha cporomni B VYkpaini monam 65%
CUIBCHKOTOCIIOIAPCHKOI  TEXHIKM  3aKOPJOHHUX
3paskiB (Hocnrioscenns punkis, 2020). Xoua s
TEXHiKa BBAKAETHCS «HOBOIO» Ta pecypc il poOoTH
MaiKke BHUEpIIaHWiA. BigHOBIIOBaTH CrpanboBaHi
JeTagi  JOCUTh  MPOOJIEMAaTHYHO,  OCKUIBKH
TEXHOJIOTIi peMOHTY € 3actapini. [loTpamisHas y
BUPOOHHMYI MaMiCTEepHI HECIpPaBHUX BY3TiB Ta
JeTajeii MallvH 3 IHIUBIAYaJIbHUMH METOJaMU
BIHOBJIEHHA Ha choroaHi ckiamae 50% Bifg
3arajibHOi KiJIBKOCTI TOTYKHOCTi MiAIPHEMCTBA.
3acTocyBaHHS HOBHX, HETPAJIUIIMHAX TEXHOJOTIN
BiTHOBJICHHS JIeTajeli BUMAara€ OI[iHIOBaHHS
SIKOCTI BiIpEMOHTOBaHUX BUPOOIB, IO Tiepeadadae
BH3HAYCHHS MAaKCHUMaJbHOTO TEPMiHYy IXHBOL
eKCIUTyaTallii B MaiOyTHOMY.

JIOBrOBIUHICTh BIIPEMOHTOBAaHUX JCTajc
3aNIeKUTh BiJ TPaBUIBLHOTO BHOOpPY MeETONy iX
BiZIHOBJICHHS, SIKOCTI BAKOHAHOT pOOOTH, TOUHOCTI
1HCTpYMEHTY, KBadidikauii mpauiBHUKIB (Muxaum,
1984). HesiamosinHicth BHOpaHOro crocoby
BIIHOBJICHHSI BIJIACTUBOCTSIM JIETAi CIPUYHHSE
BTpaTH 11 (QYHKIIOHAIBHUX MOXIUBOCTEH Ta
YHEMOXKIIUBIIIOE TICIIPEMOHTHE BUKOPUCTAHHS
(I'panxin ma in., 1998). TlpaBwibHuiT BHOIp
TEXHOJIOTTYHOTO MPOIIECY BIJHOBJICHHS JETaleh 3
HESKICHAM MOro BUKOHAaHHSAM Ha 3acTapiiomy
o0JaHaHHI CIPUYHMHSE TIOBTOPHE PYHHYBaHHS Ta
CHpAIIOBAHHS  JeTajeii B TOMYy JK  MiCIi
(Crosopooun & Tuwxun, 1985). Lle moxe
3YMOBHTH HaBiTh OLTBIT KaTacTpodidHi HACTIKHY,
OCKIJTBKH CIIPUYHHHTH BUXI1]T 3 T4y BCi€l CHCTEMH
MEXaHi3My.

OTxe, micas BHKOHAHHS PEMOHTHHX POOIT
BHpPiO 000B’SI3KOBO HEOOXiTHO BHUIIPOOOBYBATH Ta
MIPOBOJIUTH KOHTPOJIb JIsSI BUSBICHHS HEHOMIKIB 1

nedekriB. IlepeBipaTH SKICTH PEMOHTY AeTaliei
Ta TPOTHO3yBaTH TEPMIH IX Wpane3JaTHOCTI
HEOOXi/THO i3 BUKOPHUCTAaHHAM CYYacCHUX METOJUK.
J1st 1IhOTO PEMOHTHI MIATPUEMCTBA TTOTPEOYIOTH
TTOCTITHOT MOJIEpHi3aIlii.

Y mpausax (Crogopooun & Tuwrun, 1985,
Osuapos, 1990; Tampaszan, 2012) BUCBITIEHO
METOJIMKY TPOTHO3YBaHHS CTaHy CIPSOKCHHS
JeTali 3a JIONYCTUMHUMM 3HAQYCHHSMHU IIiJ] dYac
nmiarHoctyBaHHS. lle  103Bons€  BCTaHOBUTH
TEPMIiH TOJAIBIIOI EKCIUIyaTamii CIPsHKEHHS IO
HacTymHOI TIEPEeBIPKH, 3a YMOBH, IO TEPMiH
HampaioBaHHi € BimomuM. J[lns 3actocyBaHHs
METOJUKN HEeOOXiTHO 3HATH AOMYCTUME 3HAYCHHS
KoedirieHTa BUKOPHUCTAHOTO PECYpCy.

[MponoHyeTbest 3a 3HAYEHHSAMH KoedilieHTa
3aJUIIKOBOTO  pecypcy Ta  IEpiOJUYHICTIO
TIEPEBIPOK CTaHy CIPSOKEHHS OIIIHIOBATH MEXIi
JIOTTyCTHMHUX 3HAaueHb Mapamerpa CIIpalfoBaHH:I.
Sxmo BigOMO, IO TPaHUYHHM 3HAYEHHIM
Koe(imieHTa BUKOPUCTAHOTO PECYypCy € OTUHUIIA,
a TepioAWYHICTh TmepeBipok I, Tomi Mae
BHKOHYBATHCS yMOBA!

1=at" (1)

3anekHICTh MK Koe(ilieHTOM 3aJIMIIKOBOTO
pecypcey Rsq.. Ta TpUBaNicTIO pOOOTH Ma€ BUTIIS!

Rsw. =1 —at™ 2

OTXe, BUKOHABIIM OOYMCIICHHS
MIPOTHO3YBaTH TEPMiH POOOTHU CIPSIKCHHS.

[IpoBoauTH TpOMI3IKi OOYMCIIEHHS Tix dYac
JTIAarHOCTYBaHHS  CHPSDKEHb  HE3PYYHO, TOMY
BUKOPUCTOBYIOTh CIEI[iafibHI TaONuIi, B SKUX
MoJiaHi pe3ysibTaTH OOYHCICHb JUIS THIIOBUX
CHpsDKEHb 3 ypaxyBaHHSM dYacy HampalfOBaHHS
neranei. Tpamuriiina MeTOMUKa MPOTHO3YBAHHS
3a0e3reyye  eKCIUTyaTalifo  CHPSDKEHHS, M0
JiarHOCTYBAJIOCS, BiJ IJIAHOBOTO JI0 HACTYITHOTO
JiarHOCTyBaHHS.

Jlisi BU3HAYeHHS TEPMIiHIB PEMOHTY TaKOXK
BUKOPHUCTOBYIOTh METOIWKHU IPOTHO3YBaHHS 3a
00YHCIICHUMH JIOTTYCTUMUMU 3HAYCHHSIMH
napaMeTpiB i crierianbHi Tabmuii  (Moseanesckuii
& Tackapos, 1975; Hoeopenwui, 1981). Meronu
JOCHTh IOJiOHI MDXK Cc000I0, Ha IX OCHOBI
MPOBOJAATH TIOPIBHSHHS OJEp)KaHUX 3HAYEHb
mapaMeTpiB i3 JOMYCTUMHMH 3HA4YE€HHSAMH abo
3Ha4YeHHs Koe(illieHTa BUKOPUCTAHOTO PECYPCY 3
HampamoBaHHAM. Lli 3Ha4YeHHS OTPUMYIOTH 3
JOBIIKOBUX TaOIMIb, SKi CKIAAcHI Ha OCHOBI

MOXHa
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0araTopiuHHUX CIIOCTEPEKEHb, BHIIPOOYBaHb Ta
excriepuMeHTiB. lleit merox € mpoctum s
BH3HAUEHHS 3alMIIKOBOTO pecypcy JAeram y
BHITAJKy MIarHOCTYBaHHS OJHOTHUITHUX JeTajei.
Onmnak, AId PEMOHTY IHAWBIAYaTBHUX IeTaeH
a00 kK JeTanell MiBUINEHOT CKJIaHOCTI MOAi0HMX
Tabmp HeMae. TOMy TOYHICTH MPOTHO3yBAaHHS
HE Iye BUCOKAa, OCKUIBKY TaOJIMYHI 3HAUCHHS HE
BpPaxoOBYIOTh (DaKTUYHOTO HAMPAIIOBAHHSA JIO
peMOHTY. 3HaueHH, SKi MOJAI0ThCs B TaONHI, €
CepEeIHIMH Ta HAOIMKEHUMHU.

Haiinmommpenimum cmocobom  00poOIeHHs
iHpopManii Ui TPOrHO3YBAaHHS 3aJHMIIKOBOTO
pecypcy pobOoTH neTaneil €  3acTOCYBaHHS
Homorpam. Homorpamu, mo mnoOymoBaHi 3a
pe3ysibraTaMu  OOYMCICHb 33  CeMIIIPUYHUMU
PIBHSHHSIMH, SKi ITOB’A3YIOTh 3AMIIKOBHIA pecypc
i3 TIOYAaTKOBWM 3HAYCHHSM BHMIipIOBaIHHOTO
napamerpa, mpoOiroM 3 IMOYaTKy eKCILTyaTarlii,
3HAYEHHSM BHMIPIOBAIBHOTO  IapaMmerpa B
MIOTOYHHH MOMEHT, a TaKoX 3 TPaHUYHUM
3HavYeHHsAM mapamerpa (Ayzrin ma in., 2015):

: ©)

ne Do, Diim, D — BiamoBigHoO, Mo4aTkoBe, rpaHUYHE
Ta (aKTUYHE 3HAYEHHs Mapamerpa; ! — TepmiH
HaTpaIfOBaHHS JIETall; o — IOKa3HUK CTETICHS.

KopucryBarucss ~ HOMOrpamamMu  JOCUTH
3py4YHO, MIBHJIKO Ta JIETKO, a CTBOPEHHS HOBHUX
HOMOTpaM Ui BH3HAYCHHS  3QJUIIKOBOTO
pecypey CIpsbKeHb JieTali MoTpedye NoJaTKOBUX
004YMCIIEHD TA JOCHIIKEHb.

CydacHa CUTBCBKOTOCTIOAAPChKA TEXHIKA IS
0o0poOJicHHS TPYHTY Tmiependavyae parioHaNbHi
PEKUMHU pOOOTH JUIs 3aXUCTY POOOUMX OpraHiB Bix
MBUAKOTO crpaifoBaHHsa. OOTrpyHTOBYIOTBCS IIi
peXrMH poOOTH TEXHIKH 3a pe3yJbTaTaMu
EKCIIEPUMEHTAIBHUX  JOCHIIPKEHb  B3a€MOJIl
poOouux opraHiB TIPyHTOOOpPOOHUX MaIIWH 3
neBHuM Ttunom 1pyHry (AI'POBIZHEC, n.d.).
[lepeBaXkHO MOCIIPKYETHCS BILUTUB aOpa3MBHOCTI
IPYHTy Ha CIpaLIOBaHHS MOBEPXHI POOOYOro
opra"a. BiAmoBimHO, PEKOMEHIOBaHI PEKUMHU
po0OTH HE JI03BOJIAIOTH OI[IHUTU JIOBIOBIYHICTh
JeTali, OCKUJIbKM BOHa MOXE TPICHYTH BiX
HAaBaHTAXXEHb 1 KOJIMBaHb, BTPATHTU TMPYXKHI
BJIACTHBOCTI, OTPUMATH TIOIIKODKEHHS B yIaapy
tomo. OTke, aKTyaJbHHM 3aBIaHHSIM €
pO3pOOIEHHST HOBHX METOJIB IPOTHO3YBaHHS
TEepPMiHy TpaIe31aTHOCTI AeTajeH miciIsT peMOHTY.

Meta jociaigKeHHS — YIOCKOHAJICHHS
METOJIUKU PO3PaxXyHKy TEPMiHY Mpare3gaTHOCTI
BiJ[p€MOHTOBAHO1 MTOBEPXHi JIETAalIi.

MATEPIAJIM I METOJAU
[Tix yac po3poOIeHHS METOJUKH PO3PAXYHKY
TEpMiHy MpaLe3daTHOCTI MOBEPXHi AeTali Mmicis
PEMOHTY BHKOPHCTOBYBAJIHCS 3arajibHOBIIOMI
METOAMKHA PO3PaxXyHKH IIbOTO TOKa3HHKa Ta
MaTeMaTH4YHE IUIaHYyBaHHS EKCIIEPUMEHTY 3a
maHoM bokca-benkina.

PE3YJIbTATHU JOCAIAKEHHA
TA OBIOBOPEHHA

[IporHo3yBanHs pecypcy poOOTH merani,
By3Jla, MEXaHIi3My 4YHM CLIbCHKOTOCIIOAAPCHKOL
MalllMHA TICIi PEMOHTY JIOCHTh CKJIAJHHMA
mporiec Ta repeadadae HEOOXiMHICTh BpaxyBaHHS
YMOB poOOTH MAamIWHHU MiJ Yac ii eKcIuIyaTariii.
CrpanpoBaHa JeTanb Oyab-fKOi MAalluHH, IO €
PEMOHTOIIPUAATHOIO, MICISA BiTHOBJICHHS 3HOBY
MIOBEPTAEThCS 10 Io4yaTKkoBoro crany. Ilepen ii
BUJAaBaHHIM 3aMOBHUKY PEMOHTHE IiANPHEMCTBO
Ma€ HaJaTh TaJOH 3 3a3HAYCHUM TapaHTIHiHUM
TEPMIHOM eKcIuTyaTamii. SIk mpaBuio, nei TepMiH
€ OJHOTUITHUM JJIsl BUKOHAHUX PEMOHTHHX POOIT
Ta JIOCUTh KOPOTKUM (MiHIMaJIbHUM), OCKIJIBKH
mjJ dYac WOro BU3HAYEHHS  YPaxOBYEThCA
MOXJIMBHH pH3UK MalOyTHIX He3alIaHOBaHUX
BUTpaT mignpueMcTBa. lleii TepMmiH HE BKaszye
TPHUBAIICTh MaKCHMAaJLHOTO MOMJIMBOTO TIEPiOIy
pobOTH  BIIPEMOHTOBAHOI JETali, a JIHIIe
rapantye  CTaOUIBHICTH  pPOOOTH  YIPOIOBXK
BKazaHoro rnepiony (Amupos u op., 1990). Onnax,
BI[pEMOHTOBaHA TIOBEpPXHS JeTami moTpedye
TOYHHMX TPOTHO3IB MAaKCHMAJIBHOTO TEPMiHY
MpaIe31aTHOCTI Ta IMMOKA3HWKIB JOBIOBIYHOCTI ii
eKCIUTyaTarii. Taki  mporHo3m  HeoOXimHO
BHKOHYBATH IEpe] MOYaTKOM PEMOHTHHX pPOOiT,
o0 TepeKOHATHCs B JAOLUIBHOCTI TPOBEICHHS
PEMOHTHHUX POOIT 1, BIINOBIAHO, BUTPAYaHHS 4acy
Ha BITHOBJICHHA. bo, MOXKITMBO, Kpale 3aMiHUTH
CIpalnboBaHy JIeTajlb HA HOBY.

[IporHo3yBaHHA MAaKCHMAaJIBHOTO TEPMiHY
Mpaine3aTHOCTI  BiAPEMOHTOBAHOI  TOBEPXHI
MOXHA 3IIHCHUTH, BUKOPUCTABIIA MAaTEMAaTHIHUH
METOA PO3PaxyHKY, SIKUH CTBOpPEHHH Ha OCHOBI
Mmeroanku bokca-bBenkina (4orep u op., 1986).
Jlst mpoBenieHHsT 0OYMCIICHD MOIIIFHO Ha OCHOBI
i€l METOAMKH Yy MpPOTPaMHOMY CEPEIOBHILI
Mathcad 14 crBoputH 1Wa0JIOH IS MOKAa3HUKIB
BIIHOBJICHHS Ta YMOB BHKOPHWCTAHHS JETaJi.
CrtBopeHuii mabNOH MOXXHa BUKOPUCTOBYBATH
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JUIS TIPOTHO3YBaHHS TEPMIHY MpaIe3aaTHOCTI
BIIHOBJICHUX  JleTallel  Pi3HOI  CKIIAJHOCTI.
[Toka3zHukH, sKi HEOOXiTHO BpaXxOBYBATH IIiJ 4ac
pO3paxyHKy, MarOTh XapaKTepU3yBaTH CTaH
JeTanmi Ta SAKICTh BHUKOHaHOI pobOotm 3 1l
BiIHOBJICHHS. PekoMeHayeThcs, 100 KiIBKICTh
MTOKa3HUKIB, 3a IKUMH Oyl OIIHIOBATHCS TEPMiH
Mpare3 aTHOCTI JeTaji IIicias pPeMOHTy, Oyia
IOHAWMEHIIE — TpU. MeToauKa po3paxyHKy
nependavae  BU3HAUEHHS  3HAYYIIOCTI  [UX
MTOKa3HHUKiB, 0a3ylOunch Ha pe3yJIbTaTax SKOTO
BiOyBaTUMETbCS TMPOTHO3YBAHHS TOAAJIBIIOTO
TEPMiHYy Mpare3aaTHOCTI BiTHOBIEHOI Aerami. 3a
pesyiapTaTaMu  o0uYMciIeHs Oyae  OoTpHMaHa
MMOBEPXHs BIATYKY, $Ka J03BOJMTH BU3HAYUTH
3HAYCHHSI ITYKAHOT BEJIMYUHH.

3a 0a3zoBWil TIEpioJ MpaIe3mTaTHOCTI meTaii
HEOOXiTHO TPUUHATH TEPMIH  PECypCHOTO
BUKOPHUCTaHHS BUPOOY JO0 TOTpAIUIsHHS Ha
pemoHT. [lo MOKa3HMKIB TOBTOBIYHOCTI BHPOOY
HeoOXimHO O0OOB’SI3KOBO  BiHECTH 3HAYEHHSA
TPaHUYHOTO MapaMeTpy 3HOIIEHHS, a TAKOX 1HII,
BIJl IKMX 3aJIEKUTH JOBIOBIYHICTE. IHTEHCUBHICTH
CIIpAIfOBaHHA AeTallel 3aJIC)KUTh BiJl TOKa3HUKIB!
FCOMETPUYHMX;  TEMICPATYPHHUX;  PEKUMHHUX
(po00o4oro HaBaHTaXKEHHS, IIBHIKOCTI, MIKOBOTO
HaBaHTAXXCHHS, 3TMHAJILHUX HAIPYXKEHb, 4acTOTa
obepTaHHs, MOTYXXHOCTI, 3THHAJIBHOTO 3yCHILIA,
3yCHWJUISL Kpy4YeHHs, KOJHMBaHb, BiOpalii TOIIO);
SIKOCT1 peMOHTY (TIapaMeTpy MillHOCTi, TBEpAOCTI,
OITHOPIAHOCTI Marepially Jerami, TapTyBaHHS,
HAIWJICHHS, HAKaTyBaHHS TOIO); arpeCHBHOIO
Cepe/IoBHINA, 32 YMOB SIKOI'O TpalfoBaia JIeTajb
Yy TpainoBaTUMe (TlapaMeTpu TepTs, MaIleHHS,
3a0pyTHEHHS TOIIIO).

i mepeBeicHHsT 3HAYCHb TOKA3HMKIB, IO
BIUTMBAIOTh Ha MPOTHO30BaHUM TepMiH poOOTH
JeTali Tichs peMOHTY, y 0e3po3MipHi BEIWYHHH
NPOBOMUTHCS X KomyBauHs (Komeneney u Op.,
2003; Bopobwves, 2004). Hanpukian, BUpasd s
X1, X2, X3,..., X, KOJIOBAaHUX TApAMETPiB MaTHMYTh
BHIJISLI

Xy =2, @

ne a, b, c,..., Z— po3MipHi 3HaUCHHS TTOKA3HHUKIB;
ao, bo, Co,..., Zo — po3mipHi momycTHMi 3HAYEHHS
MOKA3HUKIB; €1, €2, &3, ..., & — IHTEpBAIH
BapilOBaHHS MOKA3HHKIB.

3HadyeHHS TepMiHy Mpane3laTHOCTI JIeTalel
MiCJIsE pEMOHTY 3a pi3HUX KOMOiHalili BHOpaHHX
napaMeTpiB  (BiNOBIMHO [0 IUTAHY-MAaTpPHIIi
miaHy  bokca-beHkiHa)  BuU3HAwWarOThCI 3
JOBIAHUKIB a00 EKCIEPUMEHTAIBHAM MUISIXOM.
OO6unciroroThes KoeillieHTH pIBHSHHS perpecii
BigmoBigHO M0 MeTomuku (Beneykuti & Beneyxas,
1974; I'epacumosuy, 1983; Aonep u op., 1986).
[Micns  oOumcneHHss  3HaYeHb  KOE(IlEHTIB
PiBHSHHS perpecii BU3HAYA€ThCS IX 3HAUYIIICTb.
3a oTpEMaHWM pIiBHSAHHIM perpecii OyIyroThCs
MOBEPXHI BIATYKY Ta BHU3HAYAETHCS UIyKaHHUN
napameTp (TepMiH Ipane3aaTHOCTI AeTai).

BUCHOBKHA

YaockoHaneHa METOJUKAa TPOTHO3YBAaHHS
TEepPMIiHy TIpane3aaTHOCTI BiAPEMOHTOBAHOI AeTai
JIO3BOJISIE OI[IHUTH CTaH BiIPEMOHTOBAHOI JIETami
[UIIXOM BHU3HAYEHHS MOKAa3HHWKA JIOBTOBIYHOCTI.
Kopucryrounces BimoMuMy mapaMeTrpaMy BILTHBY,
a TaKOX 3aCTOCYBAaBIIW YyJOCKOHAJICHHHA METOJ
MPOTHO3YBaHHS  MOXHA  BHU3HAYUTH  TEPMiH
Mpaime3aTHOCTI JeTali, IIe M0 MpPOBEIACHHS
PEMOHTHUX POOIT.
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ABSTRACT

In Ukraine, a precision farming system based on geo-information
technologies is used. The quality of technological operations
depends on the accuracy of the positioning of the machine-tractor
unit. In Ukraine, a large part of agricultural land is located on
slopes. When using machine-tractor units equipped with
navigation devices without gyroscopes on slopes, the accuracy of
positioning depends on the errors caused by both correction
signals and the angle of inclination of the working area. In the
article, theoretical studies are carried out on the influence of the
height of the antenna of the navigation equipment and the angle of
transversal inclination of the working area of the field on the
positioning error of the unit. It has been found that the positioning
error of the unit caused by the transverse inclination of the site
increases significantly with the increase in the angle of inclination
of the site and the height of the antenna location. To confirm the
theoretical data, a multivariate experiment was carried out using
the non-composite Box-Behnken plan. The ASN-Agro parallel
drive system with ASN-Agro V1.03 software was used to
investigate the positioning accuracy of the machine-tractor unit.
For the experimental studies, a machine-tractor unit was used,
consisting of MTZ1221 tractor, OGN 800/16 sprayer and ASN-
Agro parallel drive system. The research was carried out taking
into account the following factors: the height of the antenna of the
navigation equipment, the angle of the transverse inclination of
the working area, the speed of the machine-tractor unit. The
height of the antenna of the navigation equipment above the
surface of the working area was 1-2.8 m. The transverse tilt angle
of the work area was 0-3 degrees. Based on the results of the
research, regression equations were obtained and response
surfaces were constructed. The analysis of the experimental data
shows that the angle of transversal inclination of the field surface
and the height of the antenna of the navigation equipment have a
significant influence on the accuracy of the positioning of the unit.
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AHOTAILIA

B Ykpaini sukopucmosyemuvca cucmema mourHo2o 3emiepobcmaa,
wo 6basyemvcs Ha eeoingopmayiinux mexuonociax. AHxicmo
BUKOHAHHS MEXHON02IYHUX ONnepayil 3anrexcums 6i0 MOoYHOCMI
NO3UYIOHYBAHHA MAWUHO-MPAKMOPHO20 azpezama. B Ykpaini
3HAYHA YACTNUHA CLTbCLKO20CNOOAPCHKUX Y2iOb PO3MAUO08AHA HA
cxunax. YV eunaoky GuKOpUCMAHHA HA CXUNAX dzpe2amis, o
OCHawjeHi Hagieayilinum 0OIAOHAHHAM Oe3 2ipOCKONnA, MOYHICMb
no3uyionysants Oyoe 3anexcamu 6i0 NOXuUOOK, Ki 3YMOGIEHI sK
CucHanamu Kopexkyii, maxk i Kymom Haxuiy pobouoi Oinauku. Y
cmammi npo8edeHO MeopemuyHi OO0CHIONCEHHs BNAUBY BUCOMU
PO3MAULy8aHHsA AHMeEHU HABI2ayitino20 001A0HAHHA mMa Kyma
nonepeuHo2o HAXuAy pooouoi OIAHKU NOAsL HA  NOXUOKY
no3uyionyeanns azpezama Ha noai. Bemawnoeneno, wo noxubdxa
NO3UYIOHYBAHHA azpe2amd, KA 3YMOGNEeHAd NONEPeUHUM CXULOM
OLIAHKU, CYMIMEBO 3POCMAE i3 30LIbUEHHAM KYMA HAXUTLY OLIAHKU
ma eucomu po3mauiy8anus auwmenu. Jlna niomeepodcenns
OMPUMAHUX MEOPEMUYHUM ULIAXOM OQHUX OYI0 NPOBEOEHO
eKcnepuMenm i3 8UKOPUCMAKHA HeKOMRo3uyitinozo niany bokca-
benxena. Buxopucmosyrouu cucmemy napaneibHo20 B00IHHA
ASN-Agro i3 npoecpamuum 3abesneuenusm ASN-Agro V1.03
00CHIONHCEHO MOYHICb NO3UYIOHYBAHHA MAUWUHO-MPAKIMOPHO20
acpecama. J{na  00cniodceHb  BUKOPUCMOBYBANU — MAUUHO-
mpaxmopuui azpezam y ckaaoi: mpaxmop MT31221, onpuckysau
OI'H 800/16, cucmema napanervnozo 600inHs ASN-AgQro.
Hocniosxcenna npogoounu 3 ypaxysamHam @akmopis: eucoma
PO3MAULY8AHH — AHMEHU  HABI2AYiiH020  00JAAOHAMHA,  KYM
nonepeuHo2o Haxumy pobouoi OLIAHKY, WEUOKICIb PYXY MAUUHO-
mpakmopuo2o azpecama. Bucoma posmawiysanna anmenu
Hagieayitino2o 001AOHAHHA HAO NOBEpXHelw poboyoi OLAHKU
cmanosuna 1-2,8 m. Kym nonepeunozo naxuiy pob6owoi OinsHKu
cmanosug 0-3 epad. Ananiz excnepumeHmanbHuUx OaHUX NOKA3)E,
Wo cymmesuti 6NaU8 Ha MOYHICMb NOZUYIOHY8AHHA azpe2ama Ha
noai mMaroms Kym nonepeuHozo HAxXuiy NO8epXHi NOJs mad 6Ucoma
PO3MAULYB8AHHS AHMEHU HABI2AYIlIHO20 0ONAOHAHHS.
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CTAH IIMTAHHA TA IOCTAHOBKA
INNPOBJIEMH

B Vkpaini rnobanpHMMH HaBiraitHIMH
cymytaukoBumu cuctemamu (Global Navigation
Satellite System — GNSS) e GPS, Galileo,
I'JIOHACC ta Beidou (Bewepa ma in., 2018).
CucremMa TOYHOrO 3eMJIepoOCTBa  JO3BOJISIE
HIABUINMTHA TOYHICTh BUKOHAHHS TEXHOIOTTYHHX
omepamiii Wi Yac  BUPOILYBaHHS  Pi3HHUX
CUIBCBKOTOCHOAAPCHKUX  KyJbTyp.  TOYHICTB
TTO3HIIIOHYBaHHS MalTHHO-TPAKTOPHHUX arperaTiB
(MTA) ckopouye 10 MiHIMyMy WPOIYCKH Ta
MEPEeKPHUTTS. 32 CYMDKHHX IIPOXOJIB arperariB
nojeM. BuxopucranHs cuctemMu IJ100aJBHOIO
MO3HIIIOHYBaHHS JI03BOJISIE MIPALIOBATH arperaTy B
yMOBax TOTraHoi BUAMMOCTI, 30KpeMa, y TeMHHI
yac no6u. BuxopucTaHHA cHCTEMH TJI00AIBHOTO
MTO3WIIIOHYBAaHHSA  IMIBHINYE  TPOAYKTHBHICTH
MTA (Shibusawa, 2001; Finger et al., 2019).

Tounicte mo3unionyBanas MTA oco0auBO
BKJTMBA 32 TUCTAHIIIHHOTO 30HAYBAHHS TIOBEPXHIi
IPYHTY, IU(EpPEeHIiHOBaHOTO BHECEHHsS 3ac00iB
3aXUCTY POCIWH, JOOPUB Ta BiOUpaHHS 3pa3KiB
rpyHty. s peamizamii TEXHOJOTIH TOYHOIO
3emiiepodcTBa TOUHICTH mo3uIionyBaHHs MTA €
HEeIOCTaTHBOIO. Lle chnpuYrMHEeHO WijIoK HU3KOIO
daxropis (Neményi et al., 2003; Xonoowx, 2020):
0araTonpoMeHeBIiCTh PO3MNOBCIOKEHHS CHUTHAIY;
TOYHICTHP TOAWHHWKA CYIYTHHKA; aTMoc(epHi
sIBULIA; Op0iTa CYMyTHUKA; MOXUOKa OOYUCICHHS
MiCIll po3TamryBaHHA pyxomoro o0’ekra; GPS-
puiMadi.

[Ipaktuka  3acTocyBaHHsS  HaBIraliiHOTO
oOnamHaHHs HAa MOOUTEHMX MTA cBimuuTH TIPO
Te, L0 JAOCHTh YacTO BHHUKAE CHUTyallis i3
BTpPaTol0 curHaimiB i3 cymytHukiB  GNSS.
OcHOoBHMMHM (haKTOpamMy, LIO CHOPUYMHSIOTH I
BTparH, € BUKpUBIeHHs curHaiiB GNSS 3a ymoBu
MpUIOMY aHTEHOI0 BIIOMTHX TIPOMEHIB Ta
nonaxanHs anteHdu MTA B 30HY «palio TiHEH»,
mo cnpuunneni JIEIT ta micocmyramu (Raj et al.,
2021; Cayrox ma in., 2022).

MeTa AOC/TiA>Ke€eHHA — JOCIIIUTH TOYHICTD
no3urionyBanast MTA, mo He oOmagHaHHI
TiIPOCKOIIOM 13 HaBirariiHUM OOJaJHAHHSM, ITiJT
yac poOOTH Ha CXHJIaX.

MATEPIAJIN I METOJAH
JUis AOCHIIKEHHST TOYHOCTI MO3UII0HYBaHHS
MTA npu poboTi Ha cxuiax BUKOPUCTOBYBAIH:
cucreMy mnapanenbHoro BomiaHa ASN-Agro i3
nporpamMHiM 3abe3nedenHsM ASN-Agro V1.03;

MTA (tpaktop MT3 1221 ta ompuckyBau OI'H
800/16); enexkTpOHHUII MAarHITHUH KyTOMIp;
BUMipIOBaibHYy pyJerky Stanley OPP Tylon.
ExcriepuMenTanbHi JOCTIHKEHHS] TPOBOAMIN 3a
CUMETPHUYHUM HEKOMITO3UIIITHIM Tu1aHoM bokca-
Benkina qpyroro nopsiiky.

Jlns nmocnimkeHs BUOHUpamy pododi JUTSTHKHA 3
KyToM moniepednoro Haxwity o = 0-3 rpax. Kyt
HaxwiIy poOodoi IiNSHKU IOJNsl BHU3HAYA M 32
JOMIOMOTOI0  €JIEKTPOHHOTO ~ KyTOMipa, — SKHH
BCTAHOBJIIOBAJIM 3@ [JONOMOIOI0 MarHity Ha
KaroTi TpakTopa.

Tounicte mosunionyBanHss MTA Ha mom
OLIIHIOBAJIM 32 a0CONIOTHOIO MOXHMOKOIO 3TiHO 3
metoankoio (Cayrox, 2022). Jns 1OTO Y MEHIO
HAJIAIITYBaHHS TEXHIKM BHUOWpanu IIUPUHY
3axBary mranrd B = 16 M. Ha BunpoOyBansHOMY
MaliZaHYNKy HAHOCWIM 0a30By JiHIIO (TpsAMy
niHito  gopxkuHOW 100 ™m.) Ilicns uworo
ckepoByBain MTA Tak, mo0 UEHTp aHTEHH
pO3TaIIOBYBaBCS HAINPOTH HAHECEHOI 0a30BOi
ninii. Y mporpamuHomy 3abesneuenHi ASN-Agro
V1.03 BBOAMIN TOUKY A — MOYATOK TOHY, a Yepe3
100 metpiB BBOmWIHM TOYKY b — KiHEIb TOHY.
BiamosinHo, oTpuManu 0a30By JIiHIIO, Bim SIKOT
nporpamHe 3abesneueHns ASN-Agro  V1.03
noOyayBano mapajelbHi mpsiMi. Y PEeXUMI PyXy
napajeJbHUMU MPSIMUMU CKepoByBanu pyx MTA
B3JIOBXK MMOOY/JOBAaHUX JIiHIH, BUKOPUCTOBYIOUH
MiAKa3Kd Ha IUIaHmeTi. Y MOMEHT, KOJIH
BimxmieHHs monoxkeHHss MTA y mporpamHomMy
3abe3neyenHi ASN-Agro V1.03 Bix noOyaoBaHoi
NiHIl TapalenbHOro pyxXy BIANOBINANO HYJIIO,
MTA 3ynuHsSIM Ta BUMIPIOBAIA PYJIETKOIO
(hakTHUHY BiACTaHb BiJ 0a30BOi JiHII 0 MEHTpa
aHTeHH. AOCONIOTHY MOXMOKY TO3WI[IOHYBaHHS
arperara A BU3Ha4ajH 32 BUPA30M.

A=|L-B|, 1)
ne A — aOcomroTHa TOXHWOKA MO3HIIOHYBaHHS
arperara, M; L — ¢axTuuna Bigcrans Bix 6a3oBoi
JiHil 10 eHTpa aHTeHH, M; B — mMpHHa 3aXBaTy
arperara, M.

PE3YJIbTATH JOCJAIAKEHHA
TA OBTOBOPEHHA
AHdreHa wHasirauniiiHoro obmagHanas MTA
BCTaHOBITIOETHCS HA KabiHM ab0 KarmoTi TpakTopa.
[Tig wac pyxy MTA 3 HaBirauiiHuMm o0JIaTHAaHHIM
Ha pIBHUHHIA MOUISHI TIOJISA TIPOEKIIS TOYKH
po3TallyBaHHS aHTEHH Ha  T'OPHU30HTAIbHY
IUIONIMHY CITiBIIA A€ 3 TO3]JOBKHBOI0 Biccro MTA.
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VY 1poMy BHMAIKy TOYHICTH IMO3UIIOHYBaHHS
MTA Ha poOouiii nminsgHIl Oyae 3anekatd Bin
TOYHOCTI HaBITaIiifHOT O oOagHaHHSA Ta
rmapaMeTpiB CHUTHANIB Kopekiii. Skmo MTA
BHKOHY€E TEXHOJIOTIYHI omeparlii Ha cxmiax 0e3
ripockomna, To Ha TOYHICTh No3uLioHnyBanHs MTA
Ha II0Ji, OKpIM TOYHOCTI HaBIrarifHOTO
obnmagHaHHsg, Oyme BIUIMBATH IMOXHOKa, IO
BUKJIMKaHa 3MIHOIO IIOJIOXKCHHS PO3TallyBaHHS
aHTEHW HaBirauiiiHoro oOJajHaHHA BIJHOCHO
o310BkHBOI oci MTA.

Posrnsinemo pyx MTA Ha ginsHmi mons 3
MOMEPEYHNM  CXWJIOM, LI0 XapakTepH3YEThCS
KyToM Haxuiy o (puc. 1). AHTeHa HaBiramiiHOro
oOyasHaHHS BCTAaHOBJIEHA Ha KaOiHi TpakTopa (Ha
puc. 1 — ue Touka M). Beememo /[lexapTroBy
CHUCTEMY KOOpPAMHAT, BiCh X KO MapajienbHa
ropu3oHTy. Y BuUnaaxky pyxy MTA Ha piBHHHHIN
ninsHN (o = 0) mpoekwis TOYKH M po3TalryBaHHs
AQHTEHH Ha TOPHU30HTAIbHY IUIOIIMHY Oyne
3HaxoauTHCh y Touri O. SIkmo MTA pyxaerncs
IUISHKOIO 13 KyTOM TorepedHoro Haxuiy a # 0,
TO TPOEKLisI TOYKU M Ha TOPU3OHTAIBHY
IUIOMUHY Oyne BiaXwieHa BiX TO3M0BXKHBOI OCi
MTA na Benuuuny OK (puc. 1). Benmunna OK
Oyze M0JaTKOBOIO TOXHMOKOI TIO3WI[IOHYBaHHS
MTA y ropu3oHTanbHi IUIONIMHI, a BEIWYMHA
KN —y Beprukanbhiit mionmni (Cayiok, 2022).

4 M/

X

Puc. 1 — Cxema 10 BU3HaYE€HHS TOXUOKHA
no3uttionyBaHast MTA Ha AinsHI OIS
3 MOTIEPEYHUM CXUIIOM

Juis Bu3HaueHHs BenmuunHU Binpizkie OK Ta
KN posristaemMo npssMokyTHU#H TpuKyTHHK AOKM
(xyt ZOKM = 90°). I3 tpukyrauka AOKM
MaTHMEMO:

Ax=0K =MO-sina, 2
ne AX — noxuOka nmosurionyBanast MTA Ha momi
B TOpU3OHTaNBHINA TwiomuHi, cM; MO — BucoTa
po3TalryBaHHSI aHTeHU Ha KabiHi Tpaktopa MTA,
CM.

Busnaunmo noxubky mosunionyBanas MTA
y BepTHKaNbHIN TuromuHi KN:

Ay =KN =MN - MK . 3)

Ouesuano, 1110 MN ta MK 00uncIor0ThECS 3a

Bupasamu (puc. 1):

MmN = MO (4)
COSa
MK =MO-cose . (5)

[To3naunmo uepe3 H Bucory po3ramryBaHHA
aHTeHM Ha KabiHi TpakTopa MTA, To6To MO = H.
VpaxoByroun 3aMiHy, IigcTaBuMo Bupasu (4) Ta
(5) y Bupas (3), Toxi MaTUMEMO:

Ay = H( 1 —com].
cosa

3a Bupazamu (2) Ta (6) moOyaoBani rpadiuni
3aJIeKHOCTI MOXMOOK TosuiionyBaHHs MTA y
TOPU3OHTANBHII AX (pHc. 2, a) Ta BEpTUKAJIbHIN
Ay (puc. 2,6) ruIonyHi Bl BUCOTH PO3TAIIYBaHHS
anTteHn H Ta xyTta momepedHoro Haxmiry po6odoi
IUITHKY Tons o. AHani3 noOynoBaHuXx rpadikiB
MoKasye, 1o nmoxuoka mosuiionyBanHs MTA, ska
BUKJIKaHa TIOTIEPEYHUM CXUJIOM JIUISTHKU 3pOCTA€e
i3 30UIBLICHHSAM KyTa Haxwily JAUISTHKH o Ta
BHCOTH PO3TallyBaHHS aHTeHH H.

[I[o6 mepeBipUTH TOYHICTH TO3UITIOHYBAHHSI
MTA i3 BUKOPUCTAaHHIM CHCTEMH MapaielIbHOro
BoniHHA, Oyno mpoBeaeHO — TpudakTOpHUMA
EKCIIEPUMEHT 32 METOAMKOI0 HEKOMIIO3MLIHHOTO
wiany bokca-benkena. JlocmimkeHHsT TPOBOANIN
3 ypaxyBaHHAM ()aKTOPiB: BUCOTA PO3TAIIyBaHHS
aHTeHM HaBiramiiiHoro oOmagHanHs H, kyr
MIOTIEPEYHOT0 HAXWIy pPo00Y0i MIJSHKH TONSA
WBHIKICTh pyXy MTA V. AHTeHy HaBiramiiHOro
obomamaaags ASN AGRO BcraHoBIIOBaIM HA:
MepeaHiX TpoThBarax Tpakropa MT3-1221
(Bucora wHam piBaem mois H = 1 wm); kamoti
tpaktopa MT3-1221 (H = 1,9 m); xabini TpakTopa
MT3-1221 (H = 2,8 m).

(6)
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Puc. 2 — I'padiuni 3anexxHocTi moxudok mo3urionyBanast MTA y ropuzoHTanbpHil AX (a) Ta BEpTUKAIBHIHN
Ay (0) nIOLIMHI BiJi BUCOTH PO3TAllyBaHHS aHTEHH H Ta KyTa MONEepeyHOro Haxuiy poOouoi AUISHKH o

3a pe3ysbTaTaMu IPOBEJCHOTO EKCIIEPUMEHTY
Ta MaTeMaTHYHOT'O OOpOOJICHHS JaHUX OTPHUMAIH
piBHAHHSA perpecii 3 (hakTopamMu B HaTypaJIbHOMY
Burisiai (puc. 3):

A=7,46-6,63c +12,29H + 2,74V +

+3,36aH —1,44VH + 2,050, (7)
nme A — aOcomoTHa MOXMOKa TMO3MWIIIOHYBaHHA
MTA, cM; a — KyT IONIEpEeYHOr0 HaXWITy AiISTHKH,
rpax; H — Bucora po3TauryBaHHs aHTeHH, M; V —
LIBUIKICTB PYXy arperara 1ojem, KM/TOzI.

V, xm/Tog $

Puc. 3 — IToBepxHi Biaryky A = f(a, H, V):
1 - H=1 M (po3TamryBaHHs aHTEHH Ha TEPEIHIX
nporuBarax tpakropa MT3-1221);2-H=19wm
(po3TamryBaHHs aHTEHH Ha KamnoTi TpakTopa MT3-
1221); 3— H= 2,8 M (po3TalllyBaHHs aHTCHU Ha
kabOini TpakTopa MT3-1221)

BUCHOBKHA

3a pe3ynbTaTaMH JOCHII)KCHb BCTAHOBJICHO,
IO CYTTE€BUH IUTUB HAa TOYHICTH MO3HMLIOHYBaHHS
MTA i3 BUKOPHUCTaHHSIM CHCTEMH IapayelIbHOTO
BOJIHHS 0€3 TipOoCKoma Ma€ KyT IONEPEedIHOTO
HaxXWily IUISTHKH TIOJS Ta BHCOTa pO3TAlllyBaHHS
AHTEHW HAaBITAIIfHOTO OOJIaHAHHS Hal PIBHEM
mosisi. Ha momepeunux cxwmmax (g0 3 rpan), y
BUMIAJIKy pO3TalllyBaHHsS aHTEHH Ha KaOiHi
TpakTopa (BHCOTa pO3TAallyBaHHS AaHTEHH Hal
MoBepxHer mois — 2,8 M), abCcoMOTHA OXHOKa
nosuttionyBanast MTA cknamae 50-55 cm. 3miHa
mBuaKocTi pyxy MTA B mexax 8—12 kM/rox He
Mae CyTTEBOTO BIUIMBY Ha TOYHICTh pyxy MTA i3
cucTemMoro napanenpaoro Boginass ASN AGRO.
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ABSTRACT

The article describes the impact of environmental factors on the
current state of forests in Ukraine. One of the most important
problems of forest plantations is climate change, which has a
global character. The forestry industry in Ukraine has been
suffering for many years from the fact that oak and pine forests
are in a weakened state or are drying out. Wet forest areas are
drying up, as are swamps, which are part of forest ecosystems.
One of the reasons for the drying out, especially in Polissia, is
climate change, characterised by long periods of drought, as well
as the reclamation of wetlands, which was carried out in the last
century. The most negative impact on forest ecosystems is caused
by anthropogenic activities, especially military actions, which
have serious consequences. Forest fires are a negative factor,
causing the destruction of flora, fauna and topsoil, and disrupting
the normal functioning of the forest ecosystem. An anthropogenic
factor that directly affects the condition of forest ecosystems and
is characterized by rapid growth rates is economic activity, in
particular the felling of mature stands for timber harvesting.
During their implementation, the technological processes of
logging do not always correspond to the specifics of the natural
and climatic conditions of a given region. During logging, the soil
is mixed, compacted and partially displaced, especially during the
installation of the dragline and during the harvesting process. A
decrease in forest productivity will lead to a series of irreversible
negative processes, in particular: a decrease in carbon
absorption; an increase in the duration of droughts; the drying
out of certain forest types; an increase in the risk of fire;
increased damage to plantations due to storms; the disappearance
of part of the forest biotopes, namely wetlands and some swamps;
the disappearance of areas with fir trees, particularly in Polissia,
which will lead to a significant decrease in forest biodiversity.
Priority should therefore be given to the conservation, restoration
and protection of natural forests.
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AHOTAILIA

Onucano 6naug (haxkmopie HABKOIUUHLO2O Cepedosud Hd
cyvacnuti cman  nicie  Yxpainu. OOHi€l0 3 HAUBANCIUBIUIUX
npobnem JiCOBUX HACAOJICEHb € 3MIHU KIiMamy, sKi Maiomo
enobanvnuli xapaxmep. Jlicosa eanysv Yrpainu nomepnae 6i0
moeo, wjo 0y608i ma cochogi nicu ycuxaiomo. Cnocmepieacmocs
nepecuxanis 3a00104eHUX TiCO8UX Mepumopitl, a makoaic 6oxim,
wo € cxnadosumu aicogux exocucmem. Ilpuuunamu nepecuxarms,
ocobaueo na Ilonicci, € 3minu KimMamy, wo Xapakxmepusyomocs
MpUBAIUMYU  NOCYXAMU, A MAKONC Meniopayisi 3a00104eHUX
pecionis, sKka nposedera y Mmumnyiomy cmoaimmi. Hatibinew
He2amueHUuli  GNAUE HA  JICOBI  eKocucmemu  CHpPUYUHEHO
AHMPONOCEHHOIO OISIbHICMIO, 30KpeMd GOEHHUMU Oiamu, sKi
3YMOGNI0I0MY  8adCcKi Hacnioku. Heeamusnum axmopom, saxuii
CHpUYUHAE  3HUWEHHS  POCIUHHO20  C8IMY,  HAOTPYHMOBO20
NOKPUBY, A MAKONC NOPYULYE HOPpMATbHE (DYHKYIOHYBAHHSA NiCO8OT
eKxocucmemu, € 1ico8i noxcedxci. AHMpono2enHuM YUHHUKOM, WO
be3nocepeoHbo YUHUMb 6NAUE HA CMAH JICOBUX eKOCUCmeM ma
Xapakmepuzyemovcsa — WEUOKUMU — MEeMNAMU  3PDOCHMAHHA, €
2ocnodapcvka  OislbHiCMb,  30KpemMd  8UPYOYBAHHA  CTMUTUX
depesocmanie 3 Memorw 3azomieni Oepesunu. Ili0 uac ix
NpPOGeOeHHsT MEXHON02IUHI npoyecu Nico3a20mieni He 3a8iHCOU
gionogioaioms  cneyuiyi  NPUPOOHO-KAIMAMUYHUX VMO8
Konkpemnozo peciony. Ili0 uac nposedenus nicociunux poo6im
gi00ysacmvcsi  npoyec — NepeMiuly8amHs,  YWIIbHEeHHs — ma
YACNKOB020 NepeMileH s IPYHMY. 3MeHueHHs NPOOYKMUBHOCHLE
JICI8 3YMOBUMb YINY HUSKY HE360POMHUX HE2amUGHUX NpPOYecie,
30KpemMa:  3MEHWeHHS  NO2IUHAHHA — yeiieyto,  30LIbUleHHs
Mmpuganocmi NOCyXu;, YCUXAHHA NEeGHUX MUNig 1icy; 3pOCMAaHM:
noocedcHol Hebesneku, 30LIbUEHH NOUKOONCEHHA HACAONCEHb
yepes simposanu; 3HUKHEHHs YaCMuty Jicosux 0iomonis, a came,
3a06010YeHUX OLIAHOK 1iCy ma OesaKux 60aim, 3SHUKHeHHs OLISHOK 3
AMUHHUKamu, 30kpema vy 3oui Ilonicci, wo chnpuduHums
3MeHwenHs Jicogoco Oiopiznomanimms. Ilpiopumemom mae
cmamu 30epedicenHs, BIOHOGNEeHHS MA 0OXOPOHA NPUPOOHUX JCI8.

DOI: 10.36910/acm.vi49.1060

Humyeamu yo cmammio:

Kosampuyk, H. I1., & Ilerpyk, C. P. (2023). OcobauBocTi
BIUIMBY HABKOJIMIIIHROTO CEPEIOBHUINA HA CTaH JICOBUX
HacapkeHb Ykpainu. Cinzbcbkoeocnooapcvki mawiunu, 49,

117-123.https:/[doi.org/10.36910/acm.vi49.1060

118



CI/IbCBKOT'OCITOAAPCBHKI MAIIIMHH, 2023, Bun. 49

AGRICULTURAL MACHINES, 2023, Vol. 49

CTAH IIMTAHHA TA IIOCTAHOBKA

IMPOBJIEMUA
Ha micoBi HacamkeHHsS BIUIMBaE 0araro
(hakTOpiB  HABKONMINHBEOTO CEPEIOBHINE, IO

HEraTHBHO I03HAYA€ETHCA HA iX 3arajibHOMY CTaHi,
SKHHA He  BIAOOBIZAE  €KOJOr0-010JIONIYHHM
BUMOraM (YHKLIOHYBaHHSI JIICOBUX €KOCHCTEM.
Omniero 3 HaWBAKIMBIIMINX MPOOIEM JTICOBUX
Haca/DKeHb € 3MiHa KIIIMaTy, sKa Ma€ [JI00aabHUMA
XapakTep Ta YMHHUTH BIUIMB Ha BCI TPUPOAHI
eKocucTeMHu TuraHetd. JlicoBa ramy3s YkpaiHu
0araro pOKiB MOCIHLIL IMOTEPHAE BiJ TOTO, IO
nyOoBi W COCHOBI JlicCM 3HaXOHIAThCS B
0CIIa0JICHOMY CTaHi a00 K 30BCIM YCHXAIOTh.
OctanHi poku B YKpaiHi CHOCTepiraerbcs
nepecuxanHs 3a00JI0YCHUX JIICOBUX TEPUTOPIH, a
Tako)X OOJIT, IO € CKIAIOBUMH JICOBHUX
ekocucteM. [lprmumHamMu TepecuxaHHSA OOIT,
ocobmuBo Ha [lomicci, € 3MiHM KIIMaTy, IO
XapaKTepU3yIOThCS TPUBAJIMMH IOCYXaMH, a
TaKOXX Melroparis 3a00J0YeHUX pPETiOHIB, sKa
OyJa mpoBe/ieHa Y MUHYJIOMY CTOJITTI.
KrnimatuuHi 3MiHH, SIKi TOPKHYJHCS JTiCOBUX
€KOCHCTEM Ta CIPUYMHWIA OCIAOJICHHS IiCOBHUX
Haca/UKEHb W MepecHxXaHHsS  HAATPYHTOBOIO
MMOKPHBY, HAJIaJIi 3yMOBIISATh BiJUyTHE 3MCHIIICHHS
MPOJAYKTUBHOCTI JIiCiB, 3HW)KCHHS TOTJIMHAHHS
JICOBUMH €KOCHUCTEMaM{ BYTJICHIO Ta OUIBII
TpuBaJi mocyxu. Takox (axropamu, misf AKUX Ha
JiCOBI EKOCHCTEMH B yMOBax Cy4YacHOCTI
CIPUYMHSIE HETATUBHI HACIIIKH, € JIICOBI TIOXKEXI,
HE3aKOHHa BHpPYOKa, CTHXIiHI JHXa, ypaKeHHS
JICOBUX HACAJPKEHb IIIKIJIHUKAMHU Ta XBOpoOamu.
[piopurer, 110 cipsiMOBaHH Ha 30EpEKCHHS
JICiB Ta iX OXOPOHY, CTa€ Jenaii OUTbII BarOMHUM.
3HWKEHHSI PIBHSI aHTPONOTCHHOTO BIUIMBY Ha
MPUPOAHI Ta ITYYHI €KOCHCTEMH, iX BIITBOPEHHS
i OXOpoHa € 00’ €KTOM JOCIHIHKEHHS BiTYH3HIHUX
Ta 3aKOPJOHHUX HAyKOBIIIB. 30KpeMa, 3a3HaucHa
npoOjeMaTrKa BUCBITIICHa Y HAayKOBHX MpaIlsix,
sSIKi CTOCYIOThCsl ypOoekouorii (Kyuepseui, 2001),
ditromemioparii (Kyuepssuii, 2003; Kyuepssuil,
2011), manmmadytHoi apxitexktypu (Kyuepseuii ma
in.,2004), a TakoXK €KOJIOT0-010JOTTUHUX TTPOOIIEM
3elleHUX HacapkeHb Micta (Kosanvuyk, 2006),
ypOaHi3ariii pociuHHOTO MOKPUBY cinl (Kyuepsiguil
ma iH., 2011), XapakTepUCTUKH pEKpeamiiHux
HaBaHTa)XXEHb Ha JICOMAPKOBI JaHMMAPTH MiCT
(Kyma & Iipc, 2012), o3eneHeHHS HaCeIEHHX
micup kpaiau (Kyuepseuii & Kyuepssuii, 2020),
OIIHIOBAaHHA Ta BUKOPUCTAHHS pEKpeariiiHo-
o3mopoBunx miciB (Muxayw & Mukayw, 2010).
He3pakaroun Ha 3yCcWUIsA, IO JOKJIAAOTh YCI

BYEHI, I[IJla HHU3KA MHUTaHb BCE X 3aJUIIAETHCS
HEBUPIICHUMH.

MeTa JoC/aigKeHHsI — BUBYCHHS CyYacHHUX
mpo0GyieM Jicy, WOTrO BiATBOPEHHS, OXOPOHH Ta
3aXUCTY JICOBUX HACa/PKCHb JUisd 3a0e3MeUYeHHS
IIOBHOILIIHHOI JISUTBHOCTI JIICOBHX €KOCHCTEM,
30KpeMa ITiIBUIIEHHS CTIHKOCTI 1 TPOTyKTUBHOCTI
JCOBUX HAacaKeHb, iX KOPHUCHUX BIACTHBOCTEH
JUTSL 33]T0OBOJICHHSI IOTPeO CYCITiIbCTBA.

MATEPIAJIU I METOHU

JocmimKkeHHs nepeadoavau BUBUYEHHSA
BIUTMBY (haKTOPiB HABKOJIMIIHBOTO CEPEIOBHUIIA
Ha Cy4JacCHHH CTaH JIiCOBUX HacamkeHb. OO’ €kToM
JOCTIDKEHHS OyJIM JIICOBI HAacaj/pKEHHS YKpaiHH.
[ig gac mocmimkeHHs Oyl 3aCTOCOBaHI METOMAU
MTOPIBHSIBHOTO aHaNi3y Ta CHHTE3y iHdopmarrii,
CIIOCTEPEKCHHS, OIMUCY, Y3araJibHCHHS, a TaKOK
MaTEeMaTHKO-CTATUCTUYHUN MeToa OOpoOJIeHHS
AHHX.

PE3YJIbTATHU AOCJIAKEHHA

TA OBIrOBOPEHHA
HaiOinpmmii HeraTMBHUK BIUIMB Ha JIICOBI
E€KOCHCTEMU CIIPUYUHECHO AHTPOTIOTCHHOIO
JUSUTBHICTIO, 30KpeMa BOEHHUMH JIiSIMH, SIKi
3YMOBIIIOIOTh Baxki Hachinku (bozomas, 2022;
Kosanvuyx & Toacmywrxo, 2022): 3HAIICHHS
POCIIMHHOTO 1 TBAapHHHOTO CBITY, OTPYEHHS

atMocdepu Ta BogHMX pecypciB. Lli mii MoxHa
PO3IIIHIOBATH SIK €KOITH].

HeratuBHuM QakTopoM, KU CHPUYHHSE
3HUIICHHS POCIMHHOIO Ta TBAPUHHOTO CBITY,
HaAIPYHTOBOI'O IIOKPHUBY, a TakKOX IIOPYIIYy€E
(yHKITIOHYBaHHS JIICOBOI €KOCHCTEMH, € JiCOBI
noxexi. [IpUuMH BUHUKHEHHS LBOTO JHXa €
KilbKa: aHTPOINOTeHHa MisIBHICTP — Yepes
MOPYIICHHS HACENCHHSIM TPaBWI  MOXEIKHOT
OC3MEeKU MpU TOBOJIKEHHI 3 BOTHEM IIiJ] Yac
BIMIOYMHKY B Jicax a0o MiJg dYac NPOBEICHHS
pobIT Ta BUKOPHCTAHHS HECHPABHOI TEXHIKH B
mici; abioTHyHHMH (aKTOp — JICOBI MOXEXKi, IO
MOKYTh BUHMKATH BHACHTIJOK [ii HECHPUSTIUBUX
MOTOJJHUX YMOB, 30KpeMa, TPUBAJIOi BiACYTHOCTI
orajiB ab0 CHIIBHUX TPO30BUX PO3PSIIiB, CHIBHUX
BITPiB, SIKi CHpPHUSIOTH UHIBUIKOMY MOUIMPEHHIO

BOTHIO, BHCOKOI TeMmIeparypu MOBITpS Ta
HeperpiBaHHs IPYHTY, WO CIPHUYUHSIOTH IOCYXY
Ta  CTBOPIOIOTH  CHPHUATIMBI  yMOBU Ui

caMmosaiiMmanus Topdy; OioTmunuii ¢aktop -—
yYpaXEeHHsS JIICOBHX HACaKeHb XBOpPOOaMH Ta
MIKITHUKAMU.
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3 mouatky 10 BepecHs 2022 poky B YkpaiHi
MoXKeXaMH OYyJI0O OXOIUICHO 3arajibHy TEPUTOPIIO
moHaz 2,4 MJIH ra, 3 skux 1,5 miH ra (64%) — e
TEePUTOPIi, Ie MPOXOAATH BOEHHI MTii Ta OKyIIOBaH1
tepuropii (puc. 1) (boecomasz, 2022).

® BOEHHI il
@ 1HII IPHYHHA

Puc. 1 — [IpyyrHy BUHUKHEHHS JTICOBHX MOXKEX B
VYxpaini y 2022 poui (cTaHOM Ha BEPECEHB)
(Poeomas, 2022)

Bracmigok mokexx B YKpaiHi IMOCTpaXKIaIn:
miciB — 320 Tuc ra; mpUpPOAHUX JaHAMADTIB —
645 THC Ta; CITBCHKOTOCIOJAPCHKUX 3€MElb —
1340 Tuc ra; 3a0ynoBaHux TepuTopiii — 129 trc ra
(Pocomas, 2022). Tloxexi oxomunu 425 THc ra
MPUPOLOOXOPOHHUX TEPUTOPIHd, 3 SIKUX 292 THC Ta
Ha OKYNOBAaHUX TEPHUTOPIAX Ta TEPUTOPIAX, A
MpOXoJATh OoMoBI il (hocomas, 2022). Skmio
MOPIBHATH JIaHI IIOJ0 JIICOBUX MOXEX JIO
moyaTtKky HoBHOMacITaOHOI BiliHM B YKpaiHi, TO,
Hanpuknag, y 2018 pori miomia JiciB, mo Oynu
OXOIIIEHI MoXexkaMu, ctaHoBuia a0 10 tuc ra. ¥
2020 pori, BHACHIZOK 3MIiH MOTOJAHMX YMOB Ta

ra100aJabHOr0  MOTEINIIHHA, II0XKEXK]I OXOIMIN
oinpre 160 tuc ra micis (puc.2).
TTinomnia nicis,
THC I'a
400 320
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Puc. 2 — [1noma nicoBuX Mokex B YKpaiHi B
2018, 2020 Ta 2022 pokax

AHTpOIIOTEHHUM YHHHHKOM, III0 BIUIMBA€E Ha
CTaH JIiICOBHX EKOCHCTEM Ta XapaKTepU3yeThCs
LIBUJKUMH TEMIIAMU 3POCTaHHS, € TOCIIONApChKa
TSTBHICTH, 30KpeMa BHPYOYBaHHS  CTHUTIIMX
JIEPEBOCTaHIB 3 METOIO 3aroTiBii mepeBuHU. [lin
Yac TpPOBEICHHS PYOOK TEXHOJOTIYHI MpPOLEeCcH
JCO3aroTiBii, SK TPaBUIO, HE YpPaXxOBYIOTh
MIPUPOTHO-KIIIMATHYHI YMOBH PETiOHY.

[Mlix wac mnpoBeaeHHS JICOCIYHMX pOOIT
BifOyBaeThCsl IEpEMilllyBaHHS, YIIIIbHEHHS Ta
YacTKOBE TMEPEMIIeHHs ITPYHTY, 30KpeMa IIiJ 4ac
BIAIITYBaHHS BOJOKM Ta B TMepioA 3aroTiBii
JIepeBUHU. 3a3BUYal, HAWHOUIBIIMI BIUIMB Ha
JMCOBI TPYHTH UHHATh IUISIXA TEPBHHHOTO
TPAaHCIOPTYBaHHS JEPEBHHH — BOJOKU. Tomy
OJTHUM i3 OCHOBHHUX 3aXOJiB, 1[0 CIPSIMOBAHHI Ha
€KOJIOTI3alIif0 JICIB, € paIlioHaTi3allis IEPBUHHOTO
TPAHCTIOPTYBaHHA  KPYIVIMX  JIicOMaTepiaiB,
0c00JIMBO TOUIYK pillleHb 3 BUOOPY ONTUMAaIbHUX
CHCTEM MAIWH [ HA3€MHOTO TPEITIOBAHHS.

[pyHTOBa  TOBEPXHS  JiCOTPAHCIOPTHUX
[UIAXIB 3a3HA€ 3HAYHUX IOIIKOKEHB Bifl PYIIiiB
JICOBMX MAIIMH Ta OEPEBUHHU, IO TPETIOETHCA.
CrymiHb LBOIO IOIIKOIXEHHS, y CBOI YEpry,
3aJIeKUTH SK Bi THITY JIICOTPAHCIIOPTHOTO 3aC00Y
(HazeMHHMII YW  TOBITPSIHMHK), BHIOY PpYIIis
(KOJiCHUI Y TyCEHMYHHI), MaCH TPEIIOBAaJIBHOTO
3aco0y 3 NIEpPEeBHHOIO, TaK 1 BiJl XapaKTEPHCTUK
JCOBOTO IPYHTY. BHACTiIOK HEraTUBHOTO BILIMBY
MOJKHa CIIOCTEpIraTé MOIMIKOMKEHHS I'PYHTOBOTIO

MTOKPHBY.
HaifuacTimme 3ycTpidaroThCsi TEeOMEXaHIvHi
MOIIKO/DKEHHS, 30KpeMa, YTBOPCHHS  KOJI,

HaCHUMIB Ta BHUIMOK Yycix ¢opM JoKaizarii:
JHIAHAX, TOYKOBHUX, IUIOMIMHHHX Ta 00’ €MHUX.
Bonu cipuuuHSIIOTH 3HaYHE YUIUILHEHHS IPYHTY
Ha moHan 50 cM, sike 3yMOBIIOE (PiTOLEHOTHYHI
MOpYyIIEHHS, 30KpeMa, BHIO3MIHU TpaB’sHOL
POCIIMHHOCTI, TOIIKO/XCHHS JepeB, 3HUILCHHS
migpocTy. 3a3HaueHe YCKJIQJHIOE TIOHOBJICHHS
JCy, a TaKOX CIPHIE 3aMiHI MIHHUX JICOBUX
TIOPiT MaJIOIIHHAMH.

JlicoBa MammMHa, pyXam4yhch IPYHTOBOIO
MOBEPXHEIO 3 HU3BKOIO YTPHUMYIOUOIO 3/1aTHICTIO,
3arauOIIOETECS B TPYHT MMM MI€I0 CHJIA BIJIACHOT
Barn. Top¢oBi TIPyHTH  XapaKTepU3YIOTHCS
MEHILOI0 YTPUMYIOUOIO 3[JaTHICTIO, TOMY MpoIec
3arnmuOJIeHHsT MaIlMHU TiAcHiIoeTbes. [loBTopHi
MPOXOJAM BAXKKHUX JICOBHX MAIIWH THMH K
MapLIpyTaMH CIIPHYUHAIOTH YTBOPEHHS KOJIii, 110
€ XapaKTepHHM MJIs [HUX TIPYHTIB. YTBOPEHHS
KOJIii CIIPUYMHSE 3HAYHE YITUTBHEHHS IpyHTY. I1in
yac pyxy JICOBI MAaIIMHU 4YacTo OYKCYHOTb,
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BHACIIIIOK YOTO PYWHYETHCS ONOpHA IOBEPXHS,
3MILIYIOTBCSI TPYHTOBI KOMIIOHEHTH Ha TIHOWHY
mo 50 MM, TIOMIKODKYETBCS KOPIHHS, IO
HEraTHBHO BIUTUBAE HA CTPYKTYPY IPYHTY.

OTmxe, TpenoBaHHS JICPEBHHW B 3HMOBHI
mepiol B yMOBax MPOMEP3TIOro IPYHTY €
HaWO1IpII ePEeKTUBHUM Ta OIMAIMBUM, OCKIITBKH
3MEHIIy€ MOMIKO/DKEHHSI TPYHTOBOI ITOBEPXHI.
Lle#i cmocid TpemOBaHHS JIEPEBHHU JOLLIBLHO
BHKOPHCTOBYBaTH B ymoBax [lomiccs.

st 30mm Ilomicess ocHOBHMMHE (haKTOpamMu
IPYHTOYTBOPEHHS €: BOJIOTHH KJIIMaT, HasBHICTh
KACIHX  Oe3kapOOHATHUX TOpiJ, pPIBHUHHUN
ab0 X CIabOXBWILICTHM XapaKTep MIiCIIEBOCTI.
Bracmimok B3aeMmopii IMX YWHHUKIB Y 30HI
[Moniccss OCHOBHUMU € TIA30JUCTHIA, TEPHOBHUH Ta
0OJIOTHHMII TIpoIleCH TPYHTOYTBOpeHHs. ToMy Ha
MMIBUIEHAX €JIEMEHTaX pelbedy yTBOPHUITUCS
JICPHOBO-TIIA30JIUCTI, OMIA30JICHI 1 YOPHO3EMHI
IpyHTH. Ha BiTHOCHO TIOHMXKEHHX €JIEMEHTaX
penbedy, 3a OTM3BKOTO 3alSTaHHS IO IOBEPXHI
piBHIB  TPYHTOBHX  BOJ, JEepHOBa  CTafis
3MIHIOEThCA OonoTHOI. OTke, a7 30HM [lomicest
XapaKTEpHUMH € BEJIMKI IUTOMI 3a00JIOYCHHX
IPYHTIB — SIK MiHEpaJIbHUX, TaK 1 TOP(HOBUX.

IIle ogHMM HETaTMBHUM aHTPONOT€HHHM
¢dakTopoM € HezakoHHI pyOoku. Y 2022 pomi
HE3aKOHHO BUpPyOaHO ToHAM 15 THC M JIEPEBVHH,
IO CIPUYMHIIO 30MTKIB Ha moHan 125 MIH rpH
(Biokpumuii nic, 2022). BopoTucs 3 HE3aKOHHUMH
BHpPYOKaMH CBOTOJIHI AyXe CKIIaIHO, OCKIIbKH
3HAYHy YaCTUHY aBTOTPAHCIIOPTY, IO MepedyBaB
y Jicrocmax, mnepelaHo 30pOWHHMM  CHiIaM
VYkpainu. Kpim Toro, 3Ha4Ha KiTBKIiCTh JICIBHUKIB
mepebyBae y  30poMHHMX cuWimax ~— YKpaiHu
(Bioxkpumuii nic, 2022). Takox pobOTa CHCTEMH
CIIOCTEPEKEHHSI 3a JicaMH B YMOBax BOEHHOTO
CTaHy He 3aBXIu Jo3BoyieHa. lleprricte momixk
obOnacreli Ykpainu, Je 3AiHCHEHO HaKOiIbIe
HE3aKOHHUX pyOoK, 3alimMae J{HiNpomeTpoBIIUHA,
3akapnatTs Ta KuiBimuna.

Hespaxxatoun ©Ha mpoOnemu, 3 SKUMH
CTHKA€ThCS B YMOBaX Cy4YacHOCTI JIiCOBa raiys3b
VYkpainu, Bce X mpauiBHUKU [lep>kaBHOI JicOBOT
OXOPOHW HAaMaraloThCsS ITOCTIHHO 3iHCHIOBATH
OXOpOHY Ta 3aXHCT JICIB BiJl HE3aKOHHUX PyOOK
(puc. 3), moxkex, a TAaKOXK 3aXHUIIATH iX Bif
IIKITHAKIB  Ta XBOpOO Yy MeXax UWHHOTO
3aKkoHOMaBcTBa. OOCAT HE3aKOHHHUX PYyOOK 3HAYHO
3HU3UBCS 3a OCTaHHI ABa poku: y 2022 poui BiH
cranoBuB e 20,6 THC M°, o Ha 33,7% MeHmre
HiX y 2020 porri.

PyOxku micis,
THC M

543

60

40

20

2020 pix 2021 pix 2022 pix

Puc. 3 — Hezakonni pyOku Jicy B YkpaiHi

OpHUMHE 3 HaMBIJIMBOBIIIMX HETATHBHUX
OloTmyHMX (akTopiB € (iTOmaTOreHHUH Ta
SHTOMOJIOTIYHUMH, SKi YUHATH BIUIMB HAa CYYaCHUH

CTaH JICIB, OCKUIBKH NPUPOTHO-KITIMaTHYHI
yMOBH Ta (i3uko-reorpadiuHe  MOJOKEHHS
VKkpalHH € CHPUATIIMBHM  JUIi  MacoBOTO

PO3MHOXEHHS Ta TOMIUPEHHS IIKIAHUKIB ¥
3axBOpIOBaHb Jicy. [lmoma miciB  Ykpainu
cranoButh 10,4 muH ra (Jepowcagne azenmcmeo
nicogux pecypcie  Vkpainu, n.d.a), i3 HHX
YpaXXeHUX NIKITHUKAMH JIICOBUX JIISIHOK TOHAJ
600 Tuc ra, mo CTaHOBHUTH OJIM3BKO 6%, TpeTHHA 3
SIKUX MIOPIYHO TOTpedye TPOBENEHHS 3aXOJiB
O6opoTeOu. HaiiBUmmii  BIiACOTOK  ypaskeHHS
JCOBUX E€KOCHCTEM WIKiIHUKaMH Ta XBOpOOaMH
JICy MpUNajiae Ha MITYYHO CTBOPEHI JIICH CXiTHUX
Ta MBJCHHUX obnacTtel YKpainu.

Y  KapnarcekoMy  perioHi  iHTEHCHBHE
BEACHHS JIICOBOTO TOCIOJAPCTBA CIPHYMHUIO
3MIHM KOpIHHMX CMEPEKOBHX JepeBOCTaHIB Ha
010JIOTIYHO HECTIMKI MOXIAHI, a KOMIIIEKCHA i
TEXHOTEHHOTO  3a0pyIHEHHS Ta  IOCHICHE
peKpealiiiHe HaBaHTXEHHs 3HAYHO 3HU3WIH
CTIMKICTh TIpCBKMX JICiB, IO, y CBOIO Yepry,
3yMOBWJIO 30iNIbIICHHS OOCSTIB ypakeHHs iX
XBOpOOaMH Ta HIKiTHUKAMH, SKi CATHYJIH TTOHAJ
36 Tuc ra. TakoX aKTyaqbHOIO 3aJIUIIAETHCS
npobjeMa TOMIKOKEHHST SUTMHOBO-SUTUIIEBUX U
COCHOBUX HAaca/pKEHb OJHICI0 3 HaWOULIbII
HeOe3MeuyHuX XBOpoO — KOpPEHEBOW TYOKOM,
TIJIOMIA OCEPEIKIB AKOi ckimanae mouan 120 tuc ra.
OpHak, crocTepiraeTbCsi 3MEHILICHHS YCHXaHHS
JICOBUX HACa/KEHb BHACHIJOK YPaXeHHS iX
XBOpoOaMH Ta MIKIJHUKAMH TOPIBHAHO 3
MHUHYJIMMH pokamu (puc. 4). JliconmarosjoridHa
cUTyauis y Jjicax YKpaiHH € HampyXeHOIo Ta
moTpe0dy€e TOCTIMHOT yBaru ¥ ONMEepaTUBHUX il 3
METOIO HEJIOMYIICHHS MaCOBOTO YpaKeHHSI.
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Puc. 4 — luramika miomi yCUXaHHS JIICOBUX
HAacaJKeHb Y KpaiHu

Jo BiitHN poOOTY 13 3aXUCTY JiCY PETYIAPHO
OpoBOOMIN ciM JlepKaBHHX —cCIeliali30BaHUX
MiIPUEMCTB, JiSUTBHICTh SIKUX KOOPIUHYBAJIO
Jlep’xaBHE areHTCTBO JIICOBHUX pecypciB YKpaiHu.
JismpHICT, TANPUEMCTB Tepemdadaiia HarJs,
OOJIIK IIKIJHWKIB Ta XBOPOO JiCy, NMPOBEACHHS
JCOMATONOTIYHNX OOCTEKEHb, IMPU3HAYCHHSI Ta
TIPOBEICHHS JIICO3aXUCHUX 3aXOiB, METOIWIHA
JOTIOMOTa  JIICOKOpPHCTYyBadaM  Ha  MiCLSIX.
[IpiopuTeTHNI HampsIM AiSTIBHOCTI 1i€i cmyx0ou —
pO3pOONIEHHsT Ta YHPOBaKEHHS B MPAKTUKY
OiosoriyHMX 3aco0iB OOPOTHOM 13 MIKIAHUKAMH
Jicy, SKi € HEeWKIATUBUMH I JIOAWHU 1

HAaBKOJMIIHBOTO  CEpPElOBUINA Ta  3MOXKYTh
BHUKOPUCTOBYBATHCS y TYCTOHACEICHUX perioHax
VYkpainu Ta y jiicax, Ae BUKOPHUCTaHHS XiMiYHUX
3aco0iB 00poTHOM 3a00pOHEHE.

VYV 3B’S3Ky i3 BOEHHMM CTaHOM B YKpaiHi y
2022 poui He Oyno BUIYycKy O0ioJOTiYHOTO
Marepiany st 00pOTHOH i3 MIKITHUKAMH, a TAKOK
HE MPOBOIWIIKCS 3aX0au OOPOTHEOH i3 XBOpoOamMu
Ta IUKIJHAKAMHA B  JIICOBUX HACADKEHHSIX.
YactHa TepuTOpii Ta OO0’€KTIB MPUPOAHO-
3anoBigHoro (ouay (I13d) po3ramoBana y 30HI
O0OHOBHMX Jiif, [0 YHEMOXIUBIIOE BEICHHS
TOCIOJIAPCHKOi ISIBHOCTI, a00 K YIIKOKEeHa
BHACIIIOK HEOOX1THOCTI Oy AIBHUIITBA O0OOPOHHHUX
criopya. Baxka cwuryamis ckuamacs Wy THX
paiioHax, sKki mepeOyBalH TMiJg OKYMaLi€ro,
OCKITBKM 3HAa4Ha YacTHHA JIICOBHUX IO
3aminoBaHa. OnHaK, JiCOBa Taly3b HAMAaraeTbCs
pamioHaJbHO  BHKOPHCTOBYBAaTM  yCi  JIiCOBI
pecypcu Ta onTHMaibHO (yHKIIOHyBaTH. B
obmacTsx, Ae 00¥OBi i Maiike HE TTPOBOIUIHCS,
JMCIBHUKM HaMararoThCsl 30UIbIIyBAaTH  IUIOMI
[13® 3 merolo 30epekeHHA Oi0piI3HOMAHITTA.
3anoBiganns jicoBoro ¢oHmy JepkiicareHTCTBa
ctaHoM Ha modatok 2022 poky Ta ¢QakTHUHA
JICUCTICTh 00ONacTeld YkpaiHu MojaHa B TaOIUIi
(deporcasne  acenmcmeo  nicosux — pecypcie
Vkpainu, n.d.b).

Tabéauusa — 3amoBinanas jgicoBoro Gouay JlepkiicarenTcTBa cTaHOM Ha movatok 2022 poky Ta pakTuyHa
JicucTicTh obnactel Ykpainu ([epowcasre acenmcemeo nicosux pecypcie Ykpainu, n.d.b)

O6mnacHi 3anoBigaHHs B dakTnuna O6nacHi 3anoBigaHHs B dakTnuHa

yIPaBIiHHS obunacri, % JICUCTICTD YIpaBIiHHS obunacrti, % JICHUCTICTh

JepxiticareHTcTBa obmacri, % JepxiticareHTCTBa obacri, %

1 2 3 4 5 6

Binnunpeke 12,4 13,1 MukonaiBcbke 27,8 4,0
Bonunceke 24,0 31,0 Onecpke 25,1 6,1
JlHinmponerpoBchke 13,1 5,6 [MonraBcbke 16,9 8,6
JloHenpKe 34,0 6,9 PiBHEHCBKE 11,8 36,4
JKuromupcoke 12,0 33,6 CymMmchke 11,4 17,8
3akapnarcbke 11,8 51,4 TepHOMiTBCHKE 21,7 13,3
3amopizbke 21,3 3,7 XapKiBChke 15,6 12,0
® peI:IiIi{EC-LK e 14,1 41,0 XepcoHChKe 18,6 4,1
Kuiscrke 6,1 22,2 XMeNbLHUIIBKE 26,1 12,8
KipoBorpanceke 18,4 6,7 Uepkaceke 5,5 15,1
Jlyranceke 11,0 11,0 YepHiBenbke 31,7 29,2
JIbBiBCBKE 21,5 28,5 YepHiriBchke 22,2 20,9
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BUCHOBKHA

dakTopaMH HaBKOJHMIIHBOTO CEpPEAOBHILA,
[0 YMHATH HETaTUBHUI BIUIMB Ha CTaH JIICOBUX
HacaJ KEeHb, € JICOBI IOXKEXI, IeOMeXaHI4uHI
MOpYyIIEHHS, HE3aKOHHI pyOKH, TEXHOTeHHE
3a0pyJHEHHS, peKpeaililiiie HaBaHTa)XKCHHS, 3MIHU
KJIIMaTy, XBOPOOH Ta IIKITHHUKH JIiCy. Y 3B’SI3KY 3
BOEHHHMMHU JIISIMU B YKpaiHi, mpiopuTeT, SIKUil OyB
CIpsIMOBaHM Ha 30epexkeHHA JiciB Ta ix
OXOpOHY, CTa€ MEHII BaroMuM, a 1HOAI H 30BCIM
BTpadaeThbcs. BiifHa cHpUYMHSE BEIUKY ITKOTY
JIICOBIN Tamy3i Ta YHEMOXJIMBIIIOE i TIOBHOITIHHE
(hyHKIIIOHYyBaHHS.

3MeHIIeHHS] TPOAYKTHUBHOCTI JIiCIB 3yMOBHUTH
LTy HU3KY HE3BOPOTHHX HETaTHBHUX IPOIECIB,
30KpeMa: 3MCHLICHHS TMOTJIMHAHHS BYTJICLIO;
301MbLIEHHS] TPUBAJIOCTI MOCYXHU; YCHXaHHS JicCy;
3pOCTaHHS TIOKEXKHOI HeOe3meKu; 30UThIIICHHS
MOLIKO/PKEHHsSI HACa/KeHb 4epe3  BiTpoBally;
3HUKHEHHS YacTHUHU JIICOBMX OIOTOINB, a came,
3a00/I0YCHUX MUITHOK JICYy Ta MOESIKUX OOJiT;
3HUKHEHHS JUISTHOK 3 SUIMHHUKAaMH, 30KpeMa Ha
[Mouicci, 1110 3MEHIIUTE JTICOBOTO 0i10Pi3HOMAHITTSI.

OTxe, IPIOPUTETOM Ma€ CTaTH 30€PEKCHHS,
BIIHOBJICHHS Ta OXOpPOHAa WIPHPOJHHUX JICIB.
Koxna ekocuctemMa BoOJOHIE€ 3OATHICTIO [0
CaMOBITHOBJICHHS, TOMY 3HHILEHI JIiCOBI MacHUBU
HEBJIOB3l TIOYHYThH BIiJHOBIIOBATHCS TMPUPOIHIM
OUIIXOM Ta CTaHyTh CTIMKIIIMMH JO BIUIMBY
(akTOpiB HABKOJIHUIIHLOTO CEPEIOBUIIIA.

CycHinbCTBO Ma€ PO3yMITH BaXIIUBICTh JIICIB
1 10aMJIMBO CTaBUTHCS K JIO JIICOBHX €KOCHCTEM,
TaK i 0 HaBKOJHIIHBOTO CEPEIIOBHIIA B LIJIOMY,
3a0e3Iedyoul rapMOHit0 iCHYBaHHS 3 IPUPOIOI0.
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CLEANER SIEVE PARAMETERS

I. Dudarev’, S. Prybysh

Lutsk National Technical University, Lutsk, Ukraine

AGRICULTURAL MACHINES ABSTRACT

A
C

CIJIbCBKOI'OCIIOAAPCBKI MAILIMHA

Seed cleaning is the mandatory technological operation of post-
harvest processing of agricultural crops. During seed cleaning,
trash, seed impurities and other components of the seed mass are
separated from the grain/seeds of the main crop. The effective
course of seed cleaning depends on the technological parameters
of the seed mass and the parameters and mode of operation of the
cleaner. Indicators characterizing the efficiency of the seed
cleaner are productivity, indicator of seed separation, indicator of
seed loss and indicator of seed damage. The technical indicators

Key words: of the seed cleaner include the specific metal capacity and energy
seed cleaning process, intensity of the _s_eed_ cleaning process, as \{vel! as the degree of

sieve surface utilization. The technological indicators of the seed
seed shape, - .

d model mass are tr_]e moisture content and the ratio of mass components.
Sﬁe R 2 hol The sieve is the working surface of the seed cleaner, which is
shape of Sieve hole, characterized, among other things, by the shape and size of the
sieve cleaner holes and their position. In turn, the choice of the shape and size
Article historv: of the sieve holes depends on the shape and size of the components

riicle mstory: of the grain mass. It is important to determine the shape and size
Received 17.05.2023 of the grains/seeds in order to justify the sieve parameters. This
Accepted 23.06.2023 paper analyses known methods for the quantitative determination

of grain/seed shape. The studies were carried out using a digital
) microscope and computer software for plotting and area
i_dudarev@ukr.net determination of projection images and patterns of grains/seeds.
The resulting mathematical models, which include the parametric
equations of the ellipse and the modified super formula, describe
the shape of the projections of linseed, wheat and maize,
buckwheat and soya bean seeds. These mathematical models can
be used in the design of sieve work surfaces of seed cleaner. A
scheme and equation are also proposed for the determination of a
complex indicator, which makes it possible to evaluate the design
of any seed cleaner in comparison with other seed cleaners. A
comprehensive indicator can be used to evaluate the design of any
machines and equipment, as it takes into account all the
parameters that affect the efficiency of their operation, and
compare them with the best values of these parameters.

*Corresponding author:
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Dudarev, I., & Prybysh, S. (2023). Modeling of grain and
seed shape to substantiate of seed cleaner sieve
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0008’a3K06010 MEXHONO2IYHOW ONEPayiclo  NiCaA3OUPATLHO2O0
00p0obIeH s CITbCLKO2OCNOAPCLKUX KYAbmyp € cenapysanis. 11i0
uac cenapysears 8i00y8acmvcsi GIOOKPEeMACHHS 8I0 3ePHA/HACIHHA
OCHOBHOI KYIbmMypu CMIMMEBUX MA 3ePHOBUX OOMIULOK, A MAKONHC
iHwux  ckradogux 3epHoeoi macu. Egexmusnuti  nepebic
CenapyeanHs 3a1excums 8i0 MexHOI02IYHUX NOKAZHUKIE 3ePHOBOT
Macu ma napamempis i pexcumy pobomu cenapamopa. Pobouor
HOBEPXHEI0 PEeUlimHOo20 Cenapamopa 3epHo80i MAcu € peuiemo,
sIKe, 3-NOMINC THUWUX Napamempis, Xapakmepusyemvcs: Qopmoio
ma posmipamu omeopis, a makodic ix posmautysanuam. Ceo€ro
yepzoio, eubip opmu ma posmipie omeopis peuiema 3a1exHCUNb
8i0 ¢opmu ma po3mipie ckiadosux 3eproeoi macu. Omoice,
8adCIUBUM 011 OOIPYHMYBAHHA  nApamempie pewema €
BU3HAYEHHsS (opmu ma po3mipié 3epuisox/nHacinun. Y cmammi
Npoananizosani 8i0oMi Memoou KilbKiCHO20 GU3HAYEHHS hopmu
3EpPHIBOK/HACIHUH. J[0CTIOMNHCEHHS NPOBOOUNUCS 13 BUKOPUCTIAHHSIM
yughposoeo MIKpOCKOna ma KoMn IOMePHO20 NPOSPAMHO20
3abe3neuenns 0ns nobOyoosu epagixie, a makKox’C GU3HAUEHHS
naowi 300pasiceHb NPOEKYIU 3epHIBOK/HACIHUK ma IX Moodenell.
Ompumani mamemamuyni Mooeni, w0 MICMAMb 3ANUCAHI 6
napamempuynii  opmi pieHAHHA eninca ma MoougikoeaHoi
cynepopmynu, 003601410Mb ONUCAMU POPMY NPOEKYILL HACIHHA
JIbOHY-0082VHY3, 3€PHIBOK NUEHUYi Ma KYKYPYO3u, niodie epeuxu
ma coi. Lfi mamemamuuni moodeni moxcyms Oymu GUKOPUCAHI
ni0 4ac HNPOEKMYBAHHA peuwimuacmux pobodux HOBepXoHb
cenapamopig sepnosoi macu. Takoowc 3anpononosami cxema ma
8UPA3 01 GU3HAUEHHSI KOMNJIEKCHO20 NOKA3HUKA, SKULL 0038015€
OYIHUMU KOHCMPYKYIIO 0)0b-AK020 pPeuimHozo cenapamopa
nOpigHAHO 3 [HWUMU cenapamopamu. Komnnexcnuii nokasnux
MOJCHA BUKOPUCMOBY8AMU ONIs1 OYIHIOBAHHSA KOHCMPYKYI OYOb-
AKUX MAWUH Ma 00NAOHAHHA, OCKIIbKU 6IH 00360JIA€ YPAXY8AmMu
6ci napamempu, AKi 6NaUAOMb HA  eexmuenicmv  ix
@yuKkyionyganns, ma nopieHamu ix 3 Haukpawumu (06azosumi)
SHAYEHHAMU YUX napamempis.

DOI: 10.36910/acm.vi49.1066

Humyeamu yro cmammio:

Nynapes, 1. M., & Ipubum, C. 10. (2023). MoaearoBaHHs
¢dopMu 3epHa Ta HACiHHS Uil OOIPYHTYBaHHS IapaMeTpiB
pemrera cenapartopa. Citbcbkoecocnooapcvki mawunu,49,124-
133.https://doi.org/10.36910/acm.vi49.1066
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CTAH IIMTAHHA TA IOCTAHOBKA
INPOBJIEMH

[lpu omiHOBaHHI KOHCTPYKII cemapaTopa
3€pHOBOI Macw, IO Ma€ pemmnTdacti pododi
MTOBEPXHi, HEOOXiTHO ypaxOBYBaTH TEXHOJOTIUHI
MOKAa3HUKH 3€PHOBOI MacH, 3a SIKUX € MOXKJIHBUM
e(eKTUBHE CcelapyBaHHS, TEXHIYHI IMOKa3HUKU
cermaparopa Ta IMOKa3HHKH, II0 XapaKTePH3YIOTh
e eKTUBHICTh #oro pobotu. Poboty cemaparopa
XapakTepU3ylOTh MNPOAYKTUBHICTH P11, cTyminb
BiIOKpEMJICHHS JOMIIIOK (3€pHOBUX, CMITTEBHX)
P1, cTymine BTpaT 3epHa OCHOBHOI KynbTypu P13
Ta CTYMiHb TOIIKOMXKEHHS 3epHa P Ilomixk
TEXHIYHMX TIOKa3HHWKIB celaparopa € IHTOMa
METaJIOMICTKICTE P21 1 eHeproeMHicTh P2, mporecy
cermapyBaHHs, a TaKOX CTYMiHb BHKOPUCTAHHS
oBepxHi pemrera Pas.

TexXHONOriYHUMHU  ITOKa3sHUKAMU  3€pHOBOI
MacH, fKa HaIXOOUTh Ha CelapyBaHHsI, €
BONOTICTE P31 Ta CHIBBIZHONIEHHS CKJIAJOBUX
MacH (3acMideHicTh) P32, BaKIuMBUMH TakoX s
BHOOpY peIIiT cemaparopa Ta pPeXHMy HOro
poboTH € (i3HKO-MEXaHiYHI BIACTUBOCTI, PO3MIp
Ta QopMa CKIAQAOBUX 3€pHOBOI Macu (DPomumvix
& Yymaxos, 2010). TInocke periero 3epHOBOTO
cermaparopa  XapakTepu3ylTb  KOHCTPYKLIs,
(dbopma, IPOCTOpOBE PO3TaILTyBaHHS, CIIOCIO PyXy,
a TakoX (opma, Ppo3Mip Ta PO3TALIyBaHHI
otBopiB  (Onbxoscoxuii & MHyoapes, 2021).
OLiHUTH KOHCTPYKLIIO PELITHOTO cenapaTopa

Tloxa3HuKH, 0 XapaKTePU3yIOTh
eheKTHBHICTE poGOTH cenmaparopa

3¢pHOBOI MacH MOXHa 3a KOMIUIEKCHUM
MMOKa3HUKOM, KMl OOYHCIIOETHCS BIAMOBIAHO 0
cXxemH Ha puc. 1:

J’_

m,P, m,PR, P m,,P,
Q=m,| M, Mot +m13 613, MiaFo14
P P Ps P
My Prar  MpPron | MysPg

+m, + + +
I:)21 P22 P623

M3 Pran + M3, Prsy

My =0 5
31 32

ne Q — KOMIUIEKCHHI TTOKa3HUK ISl OLIHIOBaHHS
KOHCTPYKIIii pemriTHOro cemaparopa; M; Mi —
KoeQilliEHTH BaroMocCTi MOKa3HUKiB, Pj —
(akTHYHI 3HAYCHHS TMOKa3HUKIB, Ps; — 0a3oBi
3HAYCHHSI MMOKa3HUKIB (PEKOMEHJIOBaHI 3HAYCHHS
ab0 >k 3HAYEHHS NHWX TIOKA3HUKIB HAWKpPAIIHX
KOHCTPYKLIH PEelIiTHUX Cenaparopis).

Y Bupasi (1) wmictarbcs 0a30Bi 3HAYECHHS
MTOKa3HUKIB: TMPOAYKTHBHICTH Ps11;  cTymiHb
BIJIOKPEMJICHHS JTOMIIIOK (3€pHOBHX, CMITTEBHUX)
Ps12; CcTymiHB BTpaT 3epHa OCHOBHOI KYJBTYpH
Ps13; cTyImiHD TOMIKOKEHHS 3epHa Ps14; IHTOMA
METAJIOMICTKICTh ~ cemapyBaHHSI Pgi; mmroma
CHEePrOEMHICTh  cemapyBaHHA  Pg;  CTyIiHB
BUKOPHUCTaHHs MOBEPXHi pemeTra Pgrs; BOJIOTICTH
3epHOBOI Macu Pg31; CIIIBBIHOIIEHHS CKJIAZOBUX
3epHOBOI MacH (3aCMIYeHICTh) Pg3o.

IpoxyxTuBHiCTE Mm11
CryniHs BiIOKpeMIICHHA
JIOMIIIIOK 12

KommnexcHuit mokasHuK
OITi HIOBAHHS KOHCTPYKII{
cenapaTopa 3¢pHOBOi Macu

Q

Texuigni MoKasHUKKU
cemaparopa

Crynins Brpar 3epHa m13

CTyniHb IOIIKOPKCHHA 3¢pHA Mi14

ITuroMa METATIOMICTKICTE M21

IIrToMa €HEPrOEMHICTE Mm22

CryniHe BUKOPUCTaHHSA TIOBEPXHI
peleTa ma3

TexHOJOTIgH TOKa3HHUKH
3€pHOBOI MacH, 1110
HaaXOJUTh Ha CeTIapyBaHHA,

Bornoricts 3¢pHOBOI Macu ms1

CriBBI JHOINEHHA CKIIATOBHX

3epHOBOI MacH (3acMideHiCTE)
ms32

Puc. 1 — Cxema 10 BU3HaYCHHS! KOMIUIEKCHOTO MOKa3HUKa Q OLIHIOBaHHS
KOHCTPYKLI] peIIiTHOTO cenaparopa
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Y Bupazi (1) Oinsd KOXHOTO i3 MOKA3HUKIB
MICTUTBCSL KoeQillieHT Horo BaroMocTi (M; Mij).
KoedoimienTn BaromocTi MOKa3HHUKIB BU3HAYAIOThH
[IUIIXOM OTIMTYBaHHA ekcrepTiB ([ydapes, 2022):

m,+m,+m; =1,
m;, +m, +m;+my, =1

()

M,y + My, + My =1
my, +my, =1.

Sxmo 30umbmieHHS (AKTHYHOTO 3HAYCHHS
MMOKa3HWKa Pjj MO3WTHMBHO BIUIMBAaE Ha OIHKY
KOHCTPYKLii cemapaTopa, TO Ied TOKa3HUK
3allUCYETHCSl B UHMCENBFHUKY, a BIINOBigHE Oa3oBe
3HAYeHHS TOKa3HUKa Psj — B 3HaMeHHHKY. I,
HaBIAK{, SKIIO  30UIbIIEHHS  (PaKTHYHOTO
3HAYEHHS NOKa3HMKa Pjj HEraTWBHO BIUIMBAa€ Ha
OIIIHKY  KOHCTPYKIIi  cemaparopa, TO IIeH
MOKAa3HUK  3allUCYEThCSl B 3HAMEHHUKY, a
BimmoBifHe 0a3oBe 3HAYEHHS IMOKAa3HUK Psj — B
YHCENbHUKY.

Illo Oimpmie 3HAYEHHS  KOMILIEKCHOTO
noka3Huka Q TOpPIBHSHO 31 3HAYEHHSIMU LBOTO
MOKa3HMWKA Ui KOHCTPYKLiH-aHAJIOriB, TO BHUILE
OIIIHEHO KOHCTPYKIIIO cemaparopa.

Y Bupazi (1) BIIMB KOHCTPYKTHBHHX
0co0NMMBOCTEH pelieTa Ta PeXUMy HOTo poOOTH
Ha OLIHKY cermapaTtopa ypaxoBaHO 4epe3
nokasHuku P11, P12, P13 Ta P14. Oquak, HeoOXigHO
3ayBaKUTH, 110 BHOIp (GopMH Ta po3MipiB OTBOPIB
peurera auist 3a0e3nevyeHHs: e(eKTUBHOTO Tiepediry
cemapyBaHHS 3aJIEXKHUTh Bl ypaxyBaHHS (HOpMH i
pPO3MIipiB  CKJIaJOBUX 3€pHOBOI MacH, SKY
HEOOXiZHO PO3AUIMTH Ha pemieTi. SAkmo po3mipu
HACiHUHH (JIOBXXHHY, IIUPUHY 1 TOBIIMHY) MOXKHA
BU3HAUUTH LUISXOM MPSIMOTO BHMIpIOBAaHHS, TO
KUTbKiICHE BH3HAa4YeHHS (OpPMHM HACIHUHM UM
3E€PHIBKH yCKJIQJHEHE.

Bimowmi pizHi METOIN KIJIBKICHOTO
BU3HAueHHS (OPMH 3EpHIBOK/HACIHUH PI3HHX
CLIBCBKOTOCHIOAAPCHKHUX KyJBTYp. Haltnpocrimmit
METOJ — I¢ BUMIPATH JOBXHHY U IITUPUHY
3CpHIBKA/HACIHUHM Ta 3a iX CHIBBIJHOIICHHSM
OOYHCIINTH  IHAGKC  EKCLEHTPUCHUTETY, IO
xapakrepusye (opMy 3epHIBKM UM HaCiHUHH
(Cervantes et al., 2016):

©)

ne lee — iHAEKC excrieHTpucutety; | — noBxkuHa

3epHIBKW/HACIHMHU, MM; S — IIMPHHA 3epHIBKH/
HACIHUHU, MM.

dopMmy 3epHIBKH/HACIHUHU XapaKTepU3YIOTh
immexcom mromuaHOCTI (Cervantes et al., 2016):

=2 @
2h
ne |, — immexc mmommaHOCTI (opmu); | —
JNOBXHMHA 3EPHIBKH/HACIHUHU, MM; S — LIMPHHA
3epHIBKU/HACIHUHH, MM; N — TOBIIMHA 3epHiBKU/
HAaCIHUHU, MM.
[Ile omHWUM TMOKa3HUKOM, IO XapaKTEPHU3YE
¢dopmy 3epHiBKH ab0 HaciHMHH, € (opM-(DakTop
(Cervantes et al., 2012):

4nS
I A ? ) ®)
ne lgp — opm-dakrop; S — moma moBepxHi

3epHiBKM/HACiHMHHK, MM?, P — epuMeTp 3epHiBKH/
HACIHUHU, MM.

Innexc okpyriocTi 3epHiBKM a00 HaciHWHH
(Juan et al., 2022):

(6)

ne lo. — IHIeKC OKpPYTIOCTi; S — IUIoNIa MOBEPXHIi
3epHiBKM/Hacinman, Mm%, | — Ginema  Bick
3epHIBKA/HACIHUHY (TOBXKHHA), MM.

JloBkHHa, MHMPHWHA, IUIOMA Ta MEPUMETP
3€pHIBKM 4YM HACiHMHM HE B YCiX BHIaJKax
JIO3BOJIAIOTH 3 HEOOXITHOK TOYHICTIO OIMMCATH IX
(GhopMy, OCKIIbKM 3€pHIBKM/HACIHUHM  Pi3HUX
KyJNbTyp, LIO MAalOTh IyXe CXO0Xi po3MipH 3a
BCiMa LUMM @apamMeTpaMH, MOXYTb CYTTEBO
BizpisusaTHCs 3a popmoro (Cervantes et al., 2019).
BigmosigHo, iHAEKCH, SKI OOYMCIEHI 3a IUMH
XapakTepUCTUKaMM, HE€ J03BOJIIOTH OIHUCATU
(hopmy 3epHIBKU/HACIHUHH.

Hdns  onmcy ¢dopMmMu  3epHIBKH/HACIHUHH
BUKOPUCTOBYETbCA  aHami3  iX  OUQPOBUX
300paxenp (DIA — Digital Image Analysis)
(Williams et al., 2012). 3epHiBku Ta HaCiHUHH
0araTbOX BUIIB POCIMH HaraJyrTb F€OMETPHYHI
¢irypu.  BigmoBigHo, Tmocke — 300paskeHHS
3epHA/HACIHHSI MOKHA OIHCATH Yepe3 MOIiIOHICTh
IO TUIOCKHX reoMeTpuuHuXx ¢iryp. Omxe, mei
METOA TaKoX MOXKe OYTH BHKOPUCTAHO ISt
KUTBKiICHOTO BH3HA4YeHHS (opMHU 3epHiBKH abo
HacCiHUHH.
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®opMy 3epHIBKH/HACIHUHHM TOPIBHIOIOTH 3
FEOMETPUYHUMH MOJCISIMH  KapAioinu, edirmca,
oBary, cmipam  @®i0oHaY4i, JH3H  TOMIO
(Cervantes & Martin Gomez, 2019). Ilns ommcy
(dbopMu CHUMETPHUYHHX 3€pHIBOK UM HACIHUH
BUKOPHCTOBY€EThCS ABa TUNU Monenei (Martin-
Gomez et al., 2021): cymepeminc Ta KOoMOiHAIis

nBoxX HamiBeminciB. Cymeperminc OmHUCYEThCS
PIBHSHHAM:
P p
X
X =g )
a b

ne a, b — miBoci cymeperminca; P — IOKa3sHHK
cremerst (P > 0); X, Y — KOOPAUHATH TOUOK KPHBOI.

Hpyra rpyma Mopxened oTpumaHa 3a
JIOTIOMOTOI0 PiBHSIHHSA efirica 3 miBocsmu 1 Ta 1/b,
ne b >0 (Martin-Gomez et al., 2021):

(ﬂ —byj(ﬂ +by) ~0. (@8

Onuc ¢opmMu 3epHIBKH/HACIHUHU y BUITISII
Kparii BOIW OTPUMYIOTh IUIIXOM MOmudikariii
piBusiaus (8) (Cervantes et al., 2021):

[\/1—7+by)x

=0, (9)

a
_2 1y
50x% +¢ yj

nea=b=1c=2,

OpHouacHi Momudikamii B 000X wWieHaX
piBHsHHA (8) [O03BONAIOTH omucatd GopMy y
sursizi cepist (Cervantes et al., 2021):

V1-x2

Tsadrgi3 [

x| V1—x? __b y|=0,

- 10
+54x2+9|x|+3 (10)

ne a = 1/2; b = 1/3 (36inbieHHss @ — 3MEHIIye
po3Mip HWKHBOI YacTUHU (irypu; 30ibmieHHs b
— 3MEHIIY€E HAAA3b000K Dirypn).

ANBTEpHATHBOIO KAHOHIYHUM T€OMETPHYHUM
(hirypam, sKi BUKOPHUCTOBYIOTHCS SIK MOZECII IS
KUTBKICHOTO BW3HAueHHS (OPMH 3EpHIBKH YU
HACiHWHHM, MOXYTb OyTH Oe3mepepBHi 3aMKHYTI

KpHBI, o omucadi piBasHHsAME Dyp’e (Cervantes
et al., 2022).

Jns  KinpKiCHOTO — OIiHIOBaHHS  (opMHU
3CpHIBKH Y HACIHUHU BHUKOPHCTOBYETHCS TaKOXK
METOJl TIOPIBHAHHSA JIBOMIPHOTO 300pakKeHHS
3€pHIBKH UM HACIHMHHU 3 TEOMETPUYHOIO irypoto,
3a pe3yJbTaTaMH SKOTO0 OOYHCIIOEThCS iHAEKC J
(Gutiérrez del Pozo et al., 2020):

S

J=2.100, 11
T (11)

ne S — 1Ioia TIockoi (irypu, mo HaKIaJaeTbes
Ha 300pa’kKeHHs 3epHIBKHM 4M HaciHMHH, MM2, T —
IIOMA 306paKeHHs 3ePHIBKM UM HACIHUHH, MMZ,

Inmekc J Bka3ye Ha BiJICOTOK MOAIOHOCTI MiX
IUIOCKUM 300paKeHHSIM 3€pHIBKU/HACIHUHH 1 HOro
TEOMETPUYHOIO  MOJNEUTI0.  BimmoBimHo, 1IeH
1IHIEKC Moke 3MiHroBaTucs B Mexax 1-100 ta €
Mipoto Gpopmu, a He po3Mipy.

VY HaykoBiii po6ori (Martin-Gomez et al.,
2020) mpomnonyerbcss Bupaz (11) 3amucatu y
Bursiai (puc. 2):

J_C

= -100,
C+D

(12)

ne C — moma objacTi, 110 CIUIbHA JIS MOAEN] Ta
300paXkeHHs 3epHiBKM/HaciHuEM, MM%; D — miomma
oOyacTi, sKa HE € CIUIBHOIO I MOJENl Ta
300pakeHHs! 3ePHiBKI/HACIHHHH, MMZ.

HeoOxinHo 3ayBaxkutu, mo ¢GopMmy IUIOCKOL
reoMeTpu4yHoi (Pirypu MOKHA BBaXKaTu MOAI0OHOIO
710 TIJIOCKOTO 300pa)XeHHS 3epHIBKU UM HACIHUHH,
skuo J > 90,

Z D

a §) B

Puc. 2 — Cxemu 0 BU3HaYCHHS iHICKCY J !
a — IJTOCKe 300pakeHHs HaCIHUHY Tap0y3a;
0 — Mozenb HaciHUHYU rapOy3a (oBa);

B — HaKJIaJIaHHS MOJICITi Ha 300payKeHHS
HaciHMHH rap0y3a
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AKTyaJIbHUMH € TIOJANIbIII JTOCIIPKEHHS, 110
JO3BOJISITh OTPUMATH MaTeMaTW4Hi MOZAEN, SKi
OMHCYIOTh TPOEKINI 3epHIBKM ab0o HaCiHWHU
CLIBCBKOTOCHOAAPCHKUX KYJIbTYp, IIO MOXYTh
OyTH BHKOpHCTaHI M dYac OOTPYHTYBaHHA
po3MipiB Ta (GOpMH OTBOPIB pELIIT CemapaTropiB
3€pHOBOI MacH.

MeTa JocCHaifKeHHSI — MOJEIIOBaHHS
¢dopmu 3epHa Ta HaciHHA OJs1 OOIPYHTYBaHHS
IapaMeTpiB penrera cernapaTopa 3epHOBOI MacH.

MATEPIAJIN I METOJAU
JBoMipHi 300pa)kKeHHsI HACiHUHH JIbOHY-
JOBTYHIIA, 3€pHIBOK KyKypyA3W Ta IIIIEHHII],
IUTO/IIB TPEUKH i COI OTPUMAIIH 13 BUKOPHCTAHHAM
mudposoro wmikpockomy Bresser Biolux LCD
5MP (puc. 3).

Puc. 3 — I[Tudposwuii mikpockon Bresser Biolux
LCD 5MP

MogentoBanHs (HOpMH TPOEKLiH 3epHIBOK
ab0 HAaCiHWH CIUTbCHKOTOCIIOAAPCHKUX KYJIBTYP
MPOXOMWIO 13 BHKOPHUCTAHHSM MaTeMaTHYHHX
MetoxiB. [loOymoBy TUIOCKMX KpHBUX, LIO
ONMHCYIOTH (hOPMY TIPOEKIIIN 3epHIBOK/HACIHUH, 32
OTpPUMaHHMHU MaTeMaTHYHHMHU MOJICITISIMH
3IIHCHIOBAJIM Y CUCTEMi KOMII IOTepHOI anreopu
Mathcad 14. [Ins oOpoOieHHs TUIOCKMX KPHBHX,
o modynosani B Mathcad 14, BukopucroByBanu
koMmm’roTepHy — mporpamy  AutoCAD  2007.
CrBopeni mogeni (Tuiocki  kpuBi)  dopmu
JopcalbHOi, JarepanbHOi Ta/abo BEHTPaTBHOL

MPOEKIIH 3epHIBOK/HACIHUH TOPIBHIOBAIUCS 13
HACIHHAM JIbOHY-JOBI'YHIISI, 36pHIBKaAMHU MIIEHHII
Ta KYKypyJa3u, IUIOAaMU Tpedyku Ta coi. Jns
KUTBKICHOTO  OITiHIOBaHHS MOAiOHOCTI  opmu
MOJICITi 10 JBOMIPHOTO 300paK€HHS 3ePHIBKU YU
HacCiHMHH 00uuctoBany iHaekc J 3a Bupazom (11).
SIkmo J > 90, To BBa)kajaocs, 110 MOJIEIIb IT0110Ha
3a (opMOIO 10 TIPOEKIi 3epHIBKU/HACIHUHH.
IMnoma T nBoMipHHUX 300pakeHb 3EPHIBKU 4YH
HAaCIHMHHM Ta IUiomia S Iiockux ¢iryp, Mo
0oOMeXeHI KpUBUMH, K1 oJlepKaHi 3a PiBHIHHIMHI
MoOJIeNiell, BH3HAYaNUCs IUIAXOM aHalli3yBaHHS
300paxkenb y Qopmati PNG y xomm’toTepHii
mporpami 11 0OpoOieHHs 300paxkeHs lmagel

(puc. 4).
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Puc. 4 — Po6oye BikHO KOMIT IOTEpHOI ITporpamMu
ImageJ

PE3YJIbTATH AOCIIAXKEHHA

TA OBI'OBOPEHHA
3epHiBKH 1 HACIHMHU OLIBIIOCTI KYJNBTYp B
JNOpcaibHif, JaTepalibHI Ta  BEHTpaJbHIl

MPOEKIIIAX MalTh Pi3HYy (opmy # posmipu. s
ormucy (GOpMH HACIHHS JHOHY-IOBTYHIIS, TPEUKH
Ta KyKypyIO3d BHUKOpPHCTaHO cynepdopmyiy
mockoi KpuBoi cynepeninca M. ixuica:

oty

-1

n s |n,

2
Cos[mco}
4
a

‘ +

r(p)= , (13)

b

Iie ' — pajaiyc y HOJSIpHiN CUCTeMi KOOpIuHAT; ¢ —
KyT y TOJSpHIM cuctemi KoopauHar, M —
napaMerp, 0 XapaKTepH3y€e Yncio (pparMeHTiB,
SIKi TTOBTOPIOIOTHCS; N1, N2, N3 — MapaMeTpH, Mo
BU3HA4YalOTh GopMmy; @, b — rabaputu (BenmumHa
miBOCEiA).

dopmy mopcanbHOT MPOEKIIii HACIHHS JIBOHY-
JOBTYHIIS (pUC. 5) MOXXHA OMHCATH IMOJAHOI0 B
napaMmerpuuHiii popmi cyneppopmyioro (13):
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-1

L) N3 |n

n,
m
COS(ng Cos(m([)j Sm[m(p)
[\ 4) 3 4 4
X(p) = +3| + y(p) = + cosg, (15)
-1
Ns (n . o
sin @ " Jie X, Y — KOOpAMHATH KPUBOI B3JOBX OCEH X Ta ),

. m=3;n=31;n,=20;n3=20;a=1;b=1.

+ +3 sing,

a §) B

aem=3;n=35n=17;n3=17;a=1;b=1.
Puc. 6 — Cxemu 10 BU3HaueHHS iHIeKCy J
JUTS 3€PHIBKU KYKYPY/A3H:
a — IJTOCKE 300paXeHHS 3ePHIBKU KyKypYA3H;
0 — MOJIeINb 3ePHIBKY; B — HAKJIaJaHHSI MOJIEI Ha
300pa’KeHHs 3€PHIBKU

®dopMy AOpcanbHOI MPOEKWIl MII0AA TPEUKH
(Tpurpansoro ropimka) (puc. 7) MOXKHa ONHUCATH
MO (DiKOBaHOIO CynephopMyJIOw, 10 MojJaHa B
napamerpuyHiii ¢popmi (13):

§) B
Ny

cos(m
4

a

Puc. 5 — Cxemu 10 BU3HAYCHHSI iHJEKCY J
JUTS. HACIHIHH JIbOHY-JIOBTYHIISL:

a — ITOCKE 300paKeHHsT HACIHUHH JIbOHY- X(p) = a

JIOBT'YHIISI, 0 — MO/JIe)Ib HACIHMHM, B — HAaKJIAJIaHHS

)+1,4 +

MoJielli Ha 300paKeHHsI HACIHUHI
dopMy gopcambHOi  MPOEKLil  3epHIBKU n ;711

KyKypya3u (puc. 6) MOXKHA ONHCATH IOJIaHOIO B sin[m(p)

mapameTpudHid popmi MommudikoBaHOIO Cymep- + 14 +1.2bsin
dhopmyoro (13): b ' ' 9

N,
COS(HZD]
X(@)=|| ——4+0,7| + -
a n; N3 |n,
cos(nf] sin(nl(pj
y(p) = s ‘ cose, (16)

-1 ‘ a

=
3 |ny

sin(n:pj
——21+0,7 sing,

b mem=3;n=46;n,=10;n3=10;a=1; b =1.
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a 0 B

Puc. 7 — Cxemu 10 BU3HAYCHHS iHIEKCY J
JUTSL TI0ZIA TPEYKU:
a — TUIOCKe 300paKeHHS IJ10/1a TPEUKH;
0 — MoJ€eab IJI0a; B — HAKJIagaHHI MOJE Ha
300pa’KeHHS 11018

Bupasu (14)—(16) m1o3BOJSIOTE 3MOACITIOBATH
nutie GpopMy 3epHIBKU/HACIHUHU 0€3 ypaxyBaHHS
ii po3mipiB, TOMy ANl TpPUBEACHHS MOJEN 10
PO3MipiB HAaCiHMHM HEOOXiTHO BHUKOPHCTOBYBATU
koedimieHTn MacmTaOyBaHHs, OJHAKOBI JJIST OCeH
XTay.

Hns omucy ¢opMu JarepanbHOi MPOEKIil
miona (600a) coi (puc. 8) BUKOPUCTAHO PiBHIHHS
eninca B mapaMeTpudHii ¢popmi:

X(¢) = aCOS((p):} a7

y(p) = bsin(e);

1e a, b — oci eminca (upuHa Ta TOBXKKMHA TUI0/1).
st ommucy ¢dopMH AOPCABHOI/BEHTPAIBHOL
MPOEKIi 3epHIBKM MuIeHuni (puc. 9) MoxkHa

)

Puc. 8 — Cxemu 10 BU3HAYECHHS iHIEKCY J
JJ1s 1012 CO1:
a — TUIOCKE 300paKeHHs IO/ COi;
0 — Moz€enb IJI0AA; B — HAKJIagaHHsI MOJEN Ha
300pakeHHS 1012

B

Puc. 9 — Cxemu 10 BU3HAYEHHS iHIEKCY J
ISl 3€PHIBKH MIIEHUIT:
a — TUIOCKE 300payKeHHSI 3ePHIBKH MIIICHUILII;
0 — MOJIeINb 3ePHIBKY; B — HAKJIaJaHHS MOJIEI Ha
300paXeHHS 3epHIBKH

Mogeni 3epHiBOK Ta HACIHWH, IO 300paxKeHi

TAaKO’)X  BUKOpPHCTaTH  DIBHAHHS  efinca B Ha puc. 5-9, moOymoBaHi i3 BHUKOPHCTaHHAM
napaMmerpuuHiii popmi (17). mporpamu Mathcad 14 (puc. 10).
o) W) W)
1 T T T 1 T T 2 T T T
1 - —
0 1 o -
0 - E
1k 4 a1k i
-1k -
_ 1 1 1 _ ! L ] 2 1 1
105 0 05 1 105 0 05 1 2 1 0 1 2
x(p) a x(p) 6 x(@) B
o) o)
10 T T T 10 T T T
5k 5 5+ .
oF 1 or i Puc. 10 — I'padixu Moneneit
sk i sk i TIPOEKITiH 3epHIBOK/HACIHHH:
a — JIbOHY-JIOBT'YHIIS,
-10 L 1 L _10 ! L 1 _ —— .
0 5 0 5 10 0 5 0 5 10 6 — KyKypyZ3H; B — TpEIKH;
x(@) r x(@) I I — COl; I — IIIICHUIIL
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Pesynmpratn  oOumcnenHs iHmekcy J 3a
BupazoM (11) mns Mozenell HaciHMHM JIbOHY-
JOBTYHIIA, 3€pPHIBOK KYKYpyA3H Ta TIISHUII],
IUIONIB TPEYKM Ta COi TOMaHi B TAOJHUIIL.
Ockinbky 3Ha4eHHs inaekcy J>90% ans monenei
3€pHIBOK Ta HACIHMH JOCHTI[UKEHUX KYJIBTYp, TO
3aIpOIIOHOBAHI MOJIETII MTPOEKIIiii MOYKHA BBaYKaTH
MTOAIOHUMH JTO TBOMIpHUX 300pakeHb 3€PHIBOK Ta
HACIHUH LUX KYJIBTYD.

Tabauus — Pe3ynsraTti o0UMCIIeHHS iHIEKCY J
JUTSL MOJIEJIeH 3epHIBOK Ta HACIHUH

3HaueHHSI
ingexcy J, %

3epHiBKa UM HACIHUHA
CLTBCHKOTOCTIONAPCHKUX

KYJIBTYD
1 2
JIbOH-TOBTyHEIIH 93,0
TTmennns 95,3
I'peuxa 90,1
Kykypynza 96,3
Cos 99,4
BUCHOBKH

EdexTuBHe cemapyBaHHS HAaciHHS Ta 3epHa
CLIBCBKOTOCHOAAPCHKUX KYJIBTYp Ha PEIIiTHUX
cermaparopax MOJIMBE y BHUIIAJKY MPaBHILHOTO
BUOOpY PpemiT Ta pPEXHMIB CemnapyBaHHA i3
ypaxyBaHHSIM BJIaCTMBOCTEH 3E€pPHOBOi MacH, LI0
HAIXOAUTh HA CENapyBaHHdA, Ta 1i CKIAJOBHUX.
[Momix XapaKTEpPUCTHK CKIIaJJOBUX 3€pPHOBOI MacH
BOXUIMBOIO € ¢opMa 3epHIBOK Ta HACIHWH, 3
ypaxyBaHHSIM SIKOi BHOHMpArOThCs —periera 3
HEoOXiHOIO (OPMOIO Ta PO3MIPOM OTBOPIB.
OTxe, BaXJIMBO MaTeMaTHYHO oOmucaTH (GopMmy
3€pHIBOK/HACIHHH, IO JIO3BOJIUTH OOTPYHTYBATH
parioHaIbHY (OpMY Ta PO3MIPH OTBOPIB PEIIIT
cemaparopa 1, BIANOBiAHO, 3poOMTH TpoLEeC
cenmapyBaHHA Oimpm  edexTuBHEUM. OTpruMaHi
MaTeMaTU4yHI MOJeNi, II0 MICTITh 3alucaHl B
napamMeTpuuHiii  gopMi pIiBHAHHS elinca Ta
MonudikoBaHoi  cynepdopMyiH, I03BOJIAIOTH
omucatd (GopMy TpOEKHid HACIHHA JHOHY-
JOBTYHIIS, 3€PHIBOK TIIEHHUII Ta KYyKYpy/A3H,
wioAiB rpeuku Ta coi. Lli maremaTudHi monemi
MOXKYTh OyTH BUKOPHUCTAHI ITiJl YaC MPOEKTYBAHHS
pemriTyacTuXx poOOYNX IOBEPXOHb CEMapaTopiB
3€pPHOBOI MacH.

Takox 3ampoNOHOBaHI cXeMa Ta BUpa3 Ui
BHU3HAYEHHS KOMIUIEKCHOTO IIOKa3HHWKA, SKHUH
JIO3BOJISIE  OLIIHUTH KOHCTPYKI[IO  OY/Ib-SIKOTO

PELIITHOTO cemaparopa IOPIBHSHO 3 IHIIUMH
cemaparopamMy. KoMIUIEKCHUI MOKa3HUK MOXKHA
BUKOPUCTOBYBATH JIJIs1 OI[IHFOBAHHS KOHCTPYKIIiN
OyIb-SKMX MAaIllMH Ta OO0JIaTHAHHS, OCKUIBKH BiH
JO3BOJSIE  ypaxyBaTh BCi  TapaMmeTpu, sKi
BIUIMBAIOTh Ha e()EKTUBHICTh iX (DYHKIIOHYBaHHS,
Ta TOPIBHATH iX 3 Halkpammumu (0a30BUMN)
3HAYCHHSIMH [[UX TTapaMeTpiB.
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ABSTRACT

As a result of the war, the economy of Ukraine created conditions
that require innovative solutions in agricultural production. For
example, there was an urgent need to use the cultivated areas of
the northern and western parts of Ukraine for crops that were
traditionally grown only in the southern regions of the country.
Modernization and implementation of innovative technologies in
the agro-industrial complex will contribute to the successful and
rapid recovery of the economy of Ukraine. Unmanned aerial
vehicles are an integral part of modern technologies that can be
used in agriculture. It is proposed to use unmanned aerial
vehicles to evaluate the quality indicators of the stem of linseed
and fibre flax. Flax is of great practical value as its crop is used
extensively in the food and non-food industries. The amount of
flax grown in the world is increasing every year. The technique of
using unmanned aerial vehicles can be based on the monitoring
and analysis of the colour characteristics of the flax stem obtained
with the help of photographic equipment. In order to implement
the method of assessing quality indicators of flax with the help of
unmanned aerial vehicles, it is necessary to create calibration
tables of colour characteristics of plants depending on the
ripening phase, length and moisture content of stems, as well as
fibre content. The application of the method of flax stem quality
assessment with the use of unmanned aerial vehicles allows to:
obtain data for detailed on-line monitoring of the condition of
linseed and fibre flax crops; select with high accuracy a rational
technology of flax processing taking into account the qualitative
and quantitative indicators of the flax stem and achieve high
efficiency of using all the biological potential of this crop. The
proposed method of crop condition assessment is universal and
can be used by agro-industrial enterprises and farms for research
of other agricultural crops.
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AHOTAILIA

Buacniook sitinu 6 exonomiyi Yxpainu cgpopmysanucs ymosu, sKi
nompeobyroms IHHOBAYIHUX pilleHb 8 CIlbCbKO20CHOO0APCbKOMY
supobnuymesi. Mooepuizayis ma 6npoeaoddceHHs IHHOBAYIUHUX
MEXHON02IU 8  AcpONPOMUCTIOBOMY  KOMNIEKCI  cnpusmume
VCNiuWHOMY mMa WBUOKOMY BIOHOBIEHHIO eKOHOMIKU Ykpainu.
Hegio ’emnoro uacmunoro cyuacHux mexHonocil, wo MOACYMb
Oymu BUKOPUCMAHI Y CLIbCbKOMY 20Cno0apcmei, € Oe3niiomHi
AimanvHi  anapamu. 3anpononosano sUKOpUCMOo8ysamu
besninomui aimanvHi anapamu  Ojisi  OYIHIOBAHHS. HNOKA3HUKIG
AKocmi cmeOIOCMOK TbOHY OAIUH020 Ma JbOHY-0082YyHYsA. JIboH
MA€  8eNUKY NPAKMUYHY YIHHICMb 34608KU  KOMWIEKCHOMY
BUKODUCMAHHIO — 1l020  Ypodcailo Yy HPOO0BOJbYIl  ma
Henpooosovyill 2anysax npomuciosocmi. Obcsazsu eupousy8aHis
JILOHY V c8imi wopiuHo 3pocmaroms. Memoouka 8UKOpUCTMAHHSA
be3ninomuux NiMaibHUX anapamie modce OYymu 3ACHO8AHA HA
MOHIMOPUH2Y Ma aHAani3i KOIPHUX XAPAKMEPUCIUK CMeDloCOo0
JIbOHY, WO OMPUMAHI 3a 00NOMO20K ¢homo-obraduanus. Jns
BNPOBAONCEHHA ~MeMOOUKU OYIHIOBAHHA NOKA3HUKIE AKOCHI
cmebnoCmor  IbOHY 3a 00NOMO20I0 OEe3NIIOMHUX  AIMATbHUX
anapamisé HeoOXiOHO cmEopumu KariopysaIbHi mabauyi KOAPHUX
Xapakmepucmux — pOCIUH 3aAedCHO 8i0  (azu  003pieaHHs,
0080ICUHU MaA B80020CMI cmeben, a MAaKo}C 8MICMY 60JIOKHA.
3acmocysannsa memooy oyin08aHHsA AKOCMI cMebIoCMOI0 Nb0HY 3
BUKOPUCMAHHAM Oe3NIIOMHUX JIMAIbHUX anapamié 00360J5€:
ompumysamu 0aHi 0emaibHO20 MOHIMOPUHE CIAHY NOCIBI8 JIbOHY
O7ilIHO20 Ma bOHY-0082YHYsL 8 pedicumi on-line; 3 6UCOKO0IO
MOYHICMIO BUOUPAMU PAYIOHATbHY MEXHON02i0 nepepodieH s
JIbOHY 3 YPAXYBAHHAM AKICHO-KLIbKICHUX NOKA3HUKIE CMebI0Cmo
ma oocaeamu 6UCOKOI eeKxmusHoOCmi GUKOPUCMAHHA 6CbO20
bionociunoeo nomenyiany yiei Kyromypu. 3anponoHosanuil
MemoO OYiHIOBAHHA CMAHY NOCIBI8 € VHIBEPCANbHUM Md MOdiCe
BUKOPUCMOBYBAMUCS  AZPONPOMUCTIOBUMU NIONPUEMCMEAMU A
Gepmepcokumu - 2ocnodapcmeamu  Oas  QOCHIOHNCEHH NOCiBis
THWUX CITbCOKO2OCROOAPCLKUX KYIbMYP.

DOI: 10.36910/acm.vi49.1068
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CTAH IIMTAHHA TA IIOCTAHOBKA

IMPOBJIEMHA
B exonowmini Ykpaiau copmyBanucs yMOBH,
AKi TOTpeOyIOTh IHHOBAIlIMHWX  pINICHbL B

CLIIBCHKOTOCTIOITAPCEKOMY BHUPOOHMITBI. Excriopt
NpoJoBOJbCTBA 3 YKpainu 3a manumu (Trade
Map, n.d) y tpaBui 2023 poky ckiaB 1,67 mupn
mon CIIA, mo maibke Ha TPEeTHHY MEHIIHH HIX
MOKa3HUKA MHUHYJIOTO pOKy. BHacmimok BiiiHM Ta
eKOJIOTiuyHOi ~ KartacTpodu 3’sBMiIacs rocrpa
HEOOXITHICT, BHUKOPHUCTAaHHS TIOCIBHHX IIIOI]
MBHIYHOI Ta 3axigHOi YacTWH YKpaiHu It
KyJNbTYp, IO TPaJULiHHO BUPOILYBAJIHCS JIUIIC B

MBICHHUX  00JacTAX  Kpainn.  BigmosimHo,
BIIHOBJICHHS E€KOHOMIKM YKpainum moTpedye
3HAYHOI ~ MOJEpHI3allii Ta  3alpOBaJKCHHS

IHHOBAIIMHUX TEXHOJIOTil B arpOBUPOOHUIITBI.

OnHi€ero 3 CLTBCHKOTOCITOAAPCHKUX KYJBTYD,
OI0 Ma€ BEJHMKY MPaKTUYHY MLIHHICT 3aBIsSKU
KOMIIJIEKCHOMY BHKOPHUCTaHHIO BCHOTO YPOXKAIO Y
MPOMOBOJIBYIA Ta  HEMPOJOBONBYIA  TaTy3aXx
MIPOMHMCJIIOBOCTI, € TBOH (Heemox & Jlioyx, 2021).
3a craructnunumu panumu  (FAOSTAT, n.d.)
o0csirn  BUpOOHHULTBA JIbOHY OJIMHOTO y CBITI
IIOpIYHO 3pocTaroTh. KpaiHamu, mo Ha 3HAYHHX
IUIONIaX BHUPOINYIOTh JhOH OJiiiHMIA, € [Hmis Ta
Kuraii. OpHak, OCHOBHUMH BHPOOHWKAMH wi€l
KyapTypu 3amumaroteesi CIIA  Tta Kanaga.
[loBinbHO, aje 3pocTae BUPOOHUIITBO JIHOHY-
noBryHIsl. OCHOBHMM MOCTayaJIbHUKOM Y CBITi
HaHOUTBII BUCOKOSKICHOTO BOJIOKHA 3 JIbOHY-
JOBT'YHIISI 3aJMIIA€ThCs benbris.

KnimMaTiuHi  yMOBM  3axiiHUX  oOJiacTeit
VYkpaiHu € CHpPUATIMBUMHU [UIs BHUPOIIYyBaHHS
JTHOHY-JIOBTYHIIL.  Pe3ynmpTaTe  JOCIHIKEHHS
TEXHOJIOTIYHUX Olepaiid 30upaHHs JIbOHY Ta
TEXHIKH I HUX, & TAKOXK BU3HAYCHHS (DaKTOPIB,
SKi BIUIMBAalOTb Ha (OPMYBaHHS  SKiCHOTO
BOJIOKHA, TIOJ]aHi B HAYKOBUX mpamsix (FOxumuyx,
1998; Hanobina, 2008; Xaiinic ma in., 2013).
JIbOH omNiHU € BIITHOCHO HOBOIO KYJIBTYPOIO IS
MBHIYHMX Ta 3aXimHUX objacTedt YkpaiHu.
OpnHak, yMOBH, SIKI CKJIQJUCS Ha CbOTOJIHI,
CHPUSIOTh 3HAYHOMY 3pPOCTaHHIO BHUPOOHHIITBA
i€l KyJIbTypH B 3aXiTHOMy perioHi YKpaiHu.
JlocmiKeHHIO BIaCTHBOCTEH, MOKA3HUKIB SIKOCTI
Ta TEXHOJIOTiIH NepepoOJIeHHsT JbOHY OJIIHHOTO
npucesueni HaykoBi npari (Cai ma in., 2009;
Dudarev & Say, 2020; Yaheliuk et al., 2020). 3
OTTISIy Ha pE3yJdbTaTH BIJOMHX JOCTIIKCHb
MO>KHa 3pOOWTH BHCHOBOK, IIO JIbOH-IOBI'YHELb
Ta JIbOH OJIMHMI, HE3Ba)KalO4YW Ha BIJMIHHOCTI,
MarOTh CXOi TEXHOJIOTiYHI XapaKTEPUCTHKH Ta

BrnactuBocTi. IlokasHUKM sKOCTI cTEOI0CTOIO
JBOHY OJIIHOTO Ta JIbOHY-AOBIYHIS BH3HAYaIOTh
MONaJBIINI HAMIPSM 1X BUKOPHUCTaHHSL.

VY waykoBiii mpami (Heemox & Jioyx, 2020)
MOJIJAHO KOHIENTYalbHy MOJENb MepepoOIeHHS
JILOHY 3aJIKHO BiJl ()a3u CTUIJIOCTI, TOBKHUHHU Ta
BOJIOTOCTI CTeOel, a TAaKOK MAacOBOi YaCTKH JIy0y.
Buxopucranus BupoOHUKaMHU KiacH(pikarifHIX
O3HaK CTEOJIOCTOI0 JIbOHY Ma€ BHIIAJKOBUIA
XapakTep Ta HE BPaXOBYETHCS IMiJl Yac 30WpaHHA
ypoxkato. CTaTHCTH4YHI JaHI IMOJO0  CTaHy
cTe0JOCTOI0  JIbOHY TOMNEpeAHiX pOKIB  He
CHCTEMaTU3yIOTbCSl Ta He o0poOmsatoTecs. Lle
CHPUYHHSE BTPATH YPOXKAIO JHOHY Ta HIKOIUTH
HaBKOJIMITHROMY cepenoBuiny. [locTiiHuii Ta
NeTanbHUH ~ MOHITOPHHT  BUPOILYBaHHS  Li€l
KyJIbTypH — 1€ TpPYAOMICTKHH TpoIec, o
BHMarae 3aJly9eHHs KBaTi(piKOBaHMX MpAaIliBHUKIB
Ta TPUBAIUN Yy 4Yaci, 0COOJIUBO, JIs TOCIIOAAPCTB,
SKI MalOTh BENHUKI IOl Ta BUPOLIYIOTH Pi3HI
KYJbTYpH.

VYiKke TpuBaIHil 4ac MOKIMBOCTI O€3MMIIOTHUX
mitaneHuX anapatiB (BI1JIA) BUKOPUCTOBYIOTHCS
BificbkoBuMH.  CydYacHi  BHCOKOTEXHOJIOTIUHI
BIIUTA MaroTh WIMPOKHHM CHEKTP MOXKIJIHMBOCTEH,
SKI JO3BOJSIFOTH iX BHKOPHCTOBYBATH Yy PI3HHX
rajmy3sx BHPOOHMLTBA, 30KpeMa, y CIIbCHKOMY
rocriogapctsi (Edan et al., 2009). Bukopucranus
BIUUTA no3Bosisie B peXHMi pealibHOTO Yacy
CTIOCTEpiraTH 3a MOJSIMH, CaJKaMHu, BOJOHMAaMHu,
OTPUMYBaTH  MPOCTOPOBI  JaHi,  BHSBIATH
npobsieMn Ta BuacHO Ha HuUX pearyBaru (Yinka-
Banjo & Ajayi, 2020).

SAxmo BIUJIA BuKOpHCTOBYBaTH Ui MOJIENI
TEXHOJIOTI TepepoOIeHHs JThOHY DPI3HUX BHIIB,
o oOrpyHTOBaHA B HayKoOBiH mpati (Heerrox &
Hioyx, 2020), To 1e I03BOJMTH BYACHO Ta 3
BHCOKOK) TOYHICTIO OIIIHUTH ITOKa3HWUKH SIKOCTI
CcTeOIIOCTOI0 JIhOHY 1, BIAMOBIAHO, BCTAaHOBUTH
HaNpsIMH MOJATBIIOT0 BUKOPUCTAHHS yPOXKAIO.

3a manumu (VKPCTAT, n.d) B Ykpaini g0
2022 poxy 0ymo 45,5 THC CLTBCBKOTOCTIONAPCHKUX
nignpuemMcts. Ane Jsmme 10% mignpueMcrTs
BHUKOPUCTOBYBAJIM NMPOTPECHBHI TexHoorii. Tomy
JOCHIJDKEHHSI, [0 TepeadadaroT BHU3HAYCHHS
epeKTHBHUX HampsiMiB BukopuctanHs BITJIA y
CUIBCBKOTOCHIOAAPCHKOMY BHPOOHHUITBI, 30KpeMa
ITiJ] 9ac OI[iHIOBAaHHS SIKOCTi CTEOJIOCTOIO JHOHY, €
aKTyaJTbHUMH.

MeTra pgociaigKeHHs — OOIpyHTyBaTu
MeToauKky Bukopuctanas BIIJIA mis oriHoBaHHS
SIKOCTI CIITBCHKOTOCIIOJIAPCHKUX KYIBTYD.
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MATEPIAJIU Il METOAU

Jns oTpuMaHHS YpOXKal JIHOHOMPOMYKIIiT
HEOOXigHOT  SIKOCTI  B@XJIMBO  ypaxOBYBaTH
0COOJTMBOCTI BUPOIITYBaHHS JIOHY.

BuokpemiioloTh  Kiigbka (a3 poCTy JIbOHY.
daza cxomiB JBOHY (pMC.) — ILel mepiof
XapaKTePHU3YETHCS TIOSBOIO CiM’SITOIBHUX JTINCTKIB
Ha TIOBEPXHI 3eMJ1i Ha 4—6 feHb micist ciBOu. daza
STIMHKA (pUC.) TPUBAa€ BiJ YTBOPEHHS MEPIIOi
Mapyu CIpaBKHIX JHUCTKIB HA POCIMHI A0 Hepiony
inTeHcuBHOTO pocty (15-19 nmiB). Y mwit ¢asi
Ha3eMHa YacTWHA cTe0yia pocTe MyKe TOBUIBHO,
MPOTE MIBUAKO PO3BUBAETHCS KOPEHEBA CUCTEMA.

[lepioq inTeHcMBHOTO pocty ¥  (aza
OyToHi3amii (puc.) MOYMHAKOThCA 33 12—16 nHIB
no ugiTiHHA. Llefi mepioxm XapakTepu3yeTbcs
IHTEHCUBHUM  POCTOM  CTe0el y  BHCOTY.
YIpomoBX MBOTO TEPIOAYy TaKOXK (POPMYIOTHCS
eJIeMEHTapHI BOJIOKHA y cteOui. Da3a OyTonizalrii
PO3MOYMHAETECA 3 TMOSIBM HepIiux OyTOHIB 1
3aKiHYY€ETHCSA, KONW 3 SBJSIFOTHCS TIEPIi KBIiTH.
KinbkicTh e€leMEHTapHUX BOJIOKOH 30LIBIIYETHCS
3a BCIEI0 JOBXXHHOKIO cTeOJIa, CTIHKH BOJIOKOH
3aIIOBHIOIOTHCS LIEITI0JI03010, BOHU TPYIYIOTHCS B
myukd. Ll ¢a3a Mae Benawke 3HAUCHHS IS
(dbopmyBaHHA sikKicHOTO BojiokHa. HactymHa daza —
LBITiIHHSA, MO TpuBae 5—10 mHiB. YHpomoBx Iriei
(hasm crebma y BHCOTYy pPOCTYTH TOBUIBHO,
301IBLIYETBCS KUNBKICTh BOJOKOH y BEpXHiM Ta
cepenHiil yactuHax crebmna. [licis nBiTiHHS JIBOHY
(hopMyIOThCSI HACIHHEBI KOPOOOUKH.

[Tepiox nocTUTaHHS THOHY XapaKTEPU3YETHCS
YOTHpMa CTYNEHSIMH CTUTIIOCTI:

- 3eJIeHa CTHIJICTh POCIHH, KO HACIHHEBI
KOpOOOYKH JIhOHY TIOBHICTIO c(hopMOBaHi, MarOTh
3esieHu KoJip, npore 25-35% KopoOOUOK MaKOTh
HACiHHS HEJOCTaTHBO BUIIOBHEHE;

- paHHS OBTa CTHUIJICTh, KOJHM HACIHHS
nobpe cdopmoBane, y 65—75% KOBTO-3EIEHUX
KOpPOOOYOK HaciHHA OJifie 3 )KOBTUM HOCHKOM, a
permTa KOpoOOYOK — 3 KOBTHM HACIHHSIM; JIHIIC
OKpeMi KOpOOOUKH 3eJieH] 13 3€JICHUM HaCIHHAM U
Oypi i3 KOpUYHEBUM; 30MpaHHS YPOXKalO JHOHY-
JNOBTYHIIO B Wi (a3i 3abe3nedye HaWBUIIHA
ypoKail IKICHOTO BOJIOKHA;

- JKOBTa CTHIIICTh, Komu 50% KOBTHX
KOpPOOOYOK MaroTh OBTE HACIHHS, a Jpyra
MTOJIOBMHA KOPOOOYOK — Oypi ¥ KOBTO-3€NEHi; y
uii ¢asi pocty 30HMparOTh JHOH HACIHHHUIBKHX
MOCIBIB;

- IIOBHA CTHMIJIICTh, KOJHM BCl HAaCIHHEBI
KOpPOOOYKH Ha pociuMHax Oypi ¥ Cyxi; HaciHHs
KOPUYHEBE Ta CyXe; JOCIIKECHHS IOKa3yIOTh, 0
30MpaHHS ypoXkaro B il ¢a3i cripuduHsIe 3HAYHI
BTpaTH HACIHHS Ta HU3BKY SKICTh BOJIOKHA.

BereraniiiHuii mepioax JbOHY BiA IOSIBH
CXOMIB JI0 PaHHBOI JKOBTOI CTHIJIOCTI, 3aJIe)KHO
BiJl TIOTOTHUX YMOB # COPTY, TpHUBA€ OIM3BKO 75—
90 ni6. ArpoTexHi4HI 3aXO/H, SKi 3a0e3MeUyIOTh
OTPUMaHHA BHUCOKOTO YpOXam BOJIOKHA Ta
HAciHHS TIOBMHHI TPYHTYBaTHCS Ha YpaxyBaHHI
pocTy ¥ pO3BUTKY pOCIUH JiboHY. Ha KoXXHOMY
eTaIli BUPOILYBaHHS € CBOi OCOOJMBOCTI O3HAK —
JIOBXKWHA, KOJip, BoJsioricth. ®a3za CTUTIIOCTI,
BOJIOTICTh Ta JOBXHHA CcTeOex Ha MOMEHT
30UpaHHA JIBOHY OJIHHOTO Ta JHOHY-JOBTYHIIS
BU3HAYAIOTH 1X MOAANBII HATIPAMHE MEPEPOOTCHHS
(Yaheliuk et al., 2020).

Meronu aHamizy, CHHTE3y Ta HAyKOBOL
aOCTpakIlii crajqu  OCHOBOK  JOCIHIJIXKCHHS.
KoMmiekcHuii  maxig  AO3BOJIMB  BU3HAYUTH
OCHOBHI CKJIaZIOBI METOAMKH JOCIIIKEHHS SKOCTI
cTe0JIOBOT YaCTHHU JIbOHY TiJI 4ac BUPOIYyBaHHS
13 BuKopucranasam BITJIA.

Puc. — ®a3u pocty IbOHY:
a — cxoam; O — SUTMHKA; B — IHTEHCUBHUM PIiCT Ta OyTOHI3aIlis
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PE3YJIbTATHU AOCAIAKEHHSA
TA OBT'OBOPEHHA

ToBapHi MOCIBH JBOHY OJIHHOTO Ta JHOHY-
JIOBTYHITSA JIOIIIBHO 30Mpath y ¢as3i paHHBOT
JKOBTOI CTHUTJIOCTI JUIsi OTPUMAaHHS BOJOKHA Ta
HaciHHA BHCOKOi sKkocTi. Ile MoxauBO 3a
CIPUSATIMBUX IMOTOAHUX YMOB. 32 YMOBH Maioi
IOBXXHHU cTeOesr a0d0 3aTsHKHOI JOIIOBOI IMOTrOaH
JbOH-JIOBI'YHENb MOKHa 30upaTH y ¢as3i >KOBTOI
cTuriocTi. SIkmo HeoOXiHO oaep)kKaTH HACIHHS
BHCOKOi SKOCTi, TO JHOH MOXXHa 30HMpaTd Ha
moyaTKy (asu MOBHOI CTUTIIOCTI.

Bionoriunuit Bua, ¢asza crurmocri, JOBKUHA,
BOJIOTICTh Ta KOJIp cTeben, BMicT IyOy — Iie Ti
MTOKA3HUKH, SIKI TOTPiOHO ypaxoBYBaTH, OCKIIBKH
BOHM  BIUIMBAalOTH Ha  BHOIp  TexHoJoril
nepepoOJIeHHsT ypoXaro ¢ KiHLEBUH SKiCHUI
pe3yabTaT. BU3HAYNTH TOW YW IHIMUH ITOKa3HHK
Ta TNPUWHATH OpaBWIbHE pIilIEHHS  LIOAO0
30MpaHHs Ta MOJAIBIIOTO MEPEPOOIICHHS yPOKaI0
JHOHY TIOTPIOHO Yy KOpPOTKHH TepMiH Ta B
MOIbOBUX yMOBax. IloTpiOHO BiAMITHTH, IIIO
3HAYeHHS  OKPEMHUX  IIOKa3HHKIB  MOXYTh
BIAPI3HATHCH Ha PI3HUX OUITHKAX IIOJS, IO
TaKOX YCKJIJHIOE 3a/1a9y.

VY cydacHHX yMOBax HaKpalldM pilleHHIM
JUISL JMHAMIYHOTO OLIIHIOBAHHS MOKA3HUKIB SIKOCTI1
cTeOJIOCTOI0 JIbOHY MOXKE CTaTh 3acTOCYBaHHS
BIUIA. Ha cporomHi icHye AOCTaTHbO Pi3HUX
BUJIB JIITABHUX anapatiB 3 MIMPOKUM HaOOpOM
(hyHKIIIOHATBPHUX MOXIHMBOCTEeH. OJHaK, HeMae
ennHOi Kiacudikaimii, OCKUIBKA BCi amapaTu
BIZIPI3HSIOTHCS 32 KOHCTPYKII€I0, MPUHIAIIOM JIii,
HabopoM (QYHKLIH TOLIO.

Haii6inpmr parjioHadIbHEM MOAUSIOM HA TPYNH
MOJKHa BB&)KaTH PO3IMOJIT HA YOTHPH TPYIH, L0
3ampornoHoBaHo B mpaiix (Vroegindeweij et al.,
2014; Sylvester, 2018). BiamoBigHO, iCHYIOTH
BIUIA 3 BepTHKaIBHUM 37€TOM (MYJIBTHPOTOPHI),

3 HEPYXOMHM KpWJIOM, THIy «0abka» abo
BEPTOJIIT Ta riOpuaHi (Tadauus).
Hait6inerr  mommpenumu € BIUIA 3

BEPTUKAJILHUM 3JIETOM. 3aJ€KHO BiJ| KIIBKOCTI
BCTAHOBJICHUX JIBUT'YHIB OYBalOTh TPHUKONTEPH,
KBaJIPOKOITEPH, TEKCAKONTEPHU Ta OKTOKOMTEPH.
MOXIUBICTh BEPTUKAIBHOTO 3JIETy Ta MOCAAKH €
OCHOBHOIO TIEPEBArol IUX JITAIbHHUX alaparib.
Mynstupotopri BIIJIA mpocti B KepyBaHHi, He
BHMArarmTh O0COOJMBUX HABHYOK Y KOPHUCTYBaHHI,
OKpeMi BHIY MalOTh BIJIHOCHO HW3bKY BapTiCTh.
Hepnomikamu nux miTansHUX anapaTiB € HEBEIUKA
IIBUIKICTh, HU3bKa BUTPUBAJICTh Ta OOMEKEHUI
4ac MOJNbOTY.

BIUUTA i3 HepyXxOMHM KpWJIOM NOJiOHI [0
CIpaBXHiX JiTakiB. BoHM MOXyTh niTaTu Ha
JajieKl BiAcTaHl, HaliHI, OJHAK, HE MAaloTh
MOXIINBOCTI «3aBHCAaTH» Ha OJHOMY MICIl Ta,
3a3BHYai, TOTPEOYIOTh TOAATKOBUX HABUYOK JIJIS
eKCIUTyaTallii.

MOHOpPOTOpPHI JIiTaabHI amapaTd HaraayrooTh
remikonrep abo «0abky». BoHM MarOTh BETUKY
MaHEBPEHICTh, TPHUBATICTh MOJBOTY Ta 3AaTHI
«3aBUCATW» Ha OJHOMY MiCIli, TpPOTe JIykKe
HEHa/liliHI # BUMararoTh CIIEHiaTbHOI MiATOTOBKA
JUTSL KEPYBaHHS HUMH.

I'i6puani BITJIA KOHCTPYKTHBHO MOEAHYIOTH
B €001 MyJbTHPOTOpHI amapaTd Ta amapaTd i3
¢ikcoBanum  kpmimom. Li  BIIJIA  maioTh
MOJKIJIUBICTh TPUBAJIOTO TMOJBOTY, «3aBUCAHHSI,
TPaHCTIOPTYBaHHSI HEBEIMKUX BaHTaXIiB, TOOTO €
OararodyHKIIOHATPHUMH. Pa3zom 3 THM, i3
301IBLIEHHSM KITBKOCTI (PYHKIIH, SIKi BOHU 31aTHI
BHKOHYBATH, 3POCTa€ BAPTICTh Ta 3MEHIIYETHCS
HamidHICTh KOHCTpYKIiH. Tomy mim gac BHOOpY
BIUIA motpiOHO KepyBaTHCA HampsMOM HOTO
MaiOyTHHOT'O BUKOPHCTaHHS.

Jlns1 BUKOpWCTAaHHA B arpoOBHPOOHHIITRI,
ocoommBo  pocimHHMNTBI,  BIIJIA  MaroTth
MepeBard: MOMXJIMBICTH 3/IMCHIOBATH CKJIQJIHI

MaHEBPH, TOMY MOXYTh OJM3bKO HAOIMKATHCS JI0
pOCIMH YW TBapuH Ta 30HMpaTH iH(OpMAaIio
TOYHIIIE ¥ [JETalbHIIIE, HDK I[€ MOXKE JIOINHA,;
BIUTA He TopKaroThCs IpYHTY, TOMY HE 3aJIeXKaTh
BiJl JIOpIT, HE TMOIIKO/KYIOTh POCIWHHU; MalOTh
MOJKJIMBICTh OJHOYACHO TPOBOJUTH MOHITOPWHT
BEJIMKHX IUIOMI B pexumi on-line.

[lomani B Tadauui xapakrepuctuku BITJITA
JIO3BOJISIIOTH  3aMPOIMOHYBATH MOJKJIMBI HAIPSIMH
iX BUKOPUCTAHHS Y POCIMHHHMIITBI, 30KpeMa, y
JLOHAPCTBI:

- OTpHMaHHS JeTajabHOi iH(opMalii o0
CTaHy TIPYHTIB Ui €(QEKTUBHOTO ILJIaHYBaHHS
MOCIBIB;

- 3a0e31eYeHHs BUCOKOTOYHOTO ITOCIBY Pi3HUX
KyJIbTYD;

- BH3HAYEHHS Ta OLIHIOBAaHHS IIOKA3HUKIB
SIKOCTI Ta MapaMeTpiB POCTY POCIUHH;

- IPOTHO3YBAHHS YPOXKar0 13 BU3HAYCHHSAM
MOXJIMBOCTEH TOAAJIBIIOTO IMEepPepoOICHHS ISt
MaKCUMaJIbHO €()EKTUBHOT'O BUKOPUCTaHHSI,

- MOHITOPUHT TPOOJIEMHHX MICIb Ha IO,
30KpeMa, BHM3HAYEHHS MIITHOK i3 HHU3BKOIO YH
MiJIBUIIICHOK BOJIOTICTIO, XBOPUMH POCIUHAMH,
MIKITHUKAMU;

- CKJIQJIaHHS 3BiTiB IIOAO 3arajbHOTO CTaHY
MOCIBIB.
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Ta6auns — Knacugikamis BITJIA

Tun BIUTA Xapaxrepuctuka BITITA 3o6pakenns BITJIA
(Drone Engr, n.d.; Wingtra. n.d.)
1 2 3
BITJIA mynbTHpOTOpHI 3 MOXJTUBICTh BEPTUKAILHOTO 3JI€TY-

BEPTUKAJIBHUM 3JICTOM

MOCA/IK1, «3aBHCAHHSD) HaJl BU3HAUYECHOIO
TEPUTOPIEI0; TPUBAIICTD TONBOTY 10 60
XB; HEBEJIMKI TadapuTHI po3MipH;
MIBUAKICTE 10 50 KM/TOJ; cepenHiit omip
BiTpYy 10 10 M/C; MOKIHBICTB
pO3TanIryBaHHs 10IATKOBOTO
o0JiaiHaHHS; KUTBKICTh ABUTYHIB — 4-8;
OKpeMi BUAU TOTPEOYIOTh TOJATKOBUX
HAaBUYOK y KepyBaHHI

BIUIA i3 HEpyxXOoMHM
KPHJIOM

MOTPeOYIOTh TOJATKOBUX HABHUYOK Y
KepyBaHHI; MOKJIUBICTh BCTAHOBJICHHS
JIOJaTKOBOT'O O0JIaHAHHS; 3aTHICTh
MIEPEHOCUTH BaHTaXi; OKpEMi BHIU HE
MOTPEOYIOTH 3IITHO-ITIOCAIKOBOI CMYTH;
MIBUIKICTH TONBOTY 10 100 km/Tox

BITJIA tuny «6abka» abo

MOHOPOTOPHI; BEJINKa MAHEBPCHICTh;

BEPTOJIT HEBEJIMKI TadapuTHI PO3MIpH; JabHICTh
noipoty 10 80 KM; mBHAKICTB 10 150
KM/TO/1; MOKJIMBICTh PO3TallyBaHHS
JIOZATKOBOT'O yCTaTKyBaHHS
=
I'i6pumai BITIA OKpeMi BUIW HE TOTPEeOYIOTh 3T THO-

MTOCAIIKOBOI CMYTH; MOXIIUBICTD

BEPTHUKAJIBHOI'O 3JIETY-TI0CAIKH; BUCOTa

MOJILOTY JI0 5 KM; 3[aTHICTh MEPEHOCUTH

BaHTaXl; TPUBAIICTE MOJILOTY 10 10 rox;
MOJKJIMBICTh PO3TAlTyBaHHSI
JTIOJTATKOBOT'O YCTATKYBaHHS,

NOTPeOYIOTh T0JJaTKOBUX HABHYOK Y
KepyBaHHI

OOMEXEeHICTh KOPUCHOTO HABAHTAXKEHHS ITHX
Oe3MIJIOTHUX  JITaJbHUX  amnapariB, KOPOTKa
TPHUBAJICTH aBTOHOMHOI POOOTH, 3aJIEKHICTh Bij
ITOTOIHUX YMOB, BHCOKa BapTICTh, BIJICYTHICTBH
YHIBEpPCaJbHOTO MPOrpamMHOro 3abe3neueHHs, a
TaKOXX 3aKOHOJaBya HEBPETYJBOBAaHICTh CYTTEBO
oOMexyroTs BuKopucTtanHs BIIJIA y cimschromy
rOCTIOAapCTBi YKpaiHH.

Jl1st 3a0e3meyeHHs JMHAMIYHOTO OI[iHIOBaHHS
MMOKa3HUKIB SKOCTI CTEOJIOBOI YAaCTUHHU JIHOHY
IIPOTIOHYEThCS BUKOPUCTOBYBATU KBaJPOKONTEPU
cepii DJI MAVIC 3 (Kurait). [lepeBaru 1i€i cepii:

MpocTe Ta 3py4YHe KePyBaHHs, HABHICTh KaMepH 3
BHCOKOK) PO3JIIBHOIO  3[aTHICTIO, JajbHICTh
monkoTy amapata a0 30 kwm, ormip BiTpy A0 15 m/c.
Metonnka Bukopuctanas bBIIJIA miei cepii
3aCHOBaHA Ha OILIHIOBaHHI 3MIHH KOJIbOPY POCINH
y mpolieci Bereramii Ta No3piBaHHA ypoxkaro. Sk
3a3Ha4YeHO BHUIIE, KOXHA (haza pOCTy JHOHY Mae
CBOI XapakTepHi 0COOJIMBOCTI, 30KpeMa, — KOJIip.
Bukopucranus BITJIA i3 kaMmeporo BHCOKOT
PO3IiNBbHOT 34aTHOCTI JO3BOJUThH AOKYMEHTYBATH
Ta aHaN3yBaTH B PEKHMi PEalbHOTO 4Yacy CTaH
cTe0JIOBOT YACTHHU POCIIMH Ha TOJ.
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His  po3poOsieHHsT €()EeKTHBHOI METOMUKH
OIIHIOBAaHHA SKOCTI CTEOJOCTOK JhOHY Ha
MepIIoMy eTari HeoOXiJHO MPOBOAWTH 30WMpaHHS
(dhoTto-manmx Ta (IKCyBaTH TOKA3HUKH SIKOCTI
POCIHH CTaHIAApTHUMH MeToaamu. Ile 103BOIUTH
CTBOPUTH KaiOpyBaJibHI TaOJNHII BiJIOBIIHOCTI
KOJIIPHUX XapakTEePUCTHK pPOCIWH Ta (a3
JO3piBaHHSA, MOBXHHH Ta BOJIOTOCTI cTeben, a
TaKOX BMICTYy BOJIOKHA.

BHUCHOBKH

BIUIA maroTh mepcrneKkTUBY BUKOPUCTAHHS Y
clibcpKOrocnofgapcbkoMy — BUpoOHuOTBI.  Ha
ChOTOAHI BOHM  HAWOUTBIT  TpHOATHI I
BUKOHAHHS 3aJa4 CIIOCTEPEeKEHHS, 30MpaHHs
iHpopMalii, MOHITOpMHTY Ta MAalOThb 3Ha4HI
NepeBaru MOPiBHSAHO 3 iHIIUMH 3aCO0aMH.

Metonuka Bukopuctanaa BIIJIA moxe Oytn
3aCHOBaHa HAa MOHITOPHHTY Ta aHali3i KOJIpHUX
XapaKTePUCTUK CTEOJIO0CTOI0 JbOHY, IO OTPUMaHi
i3 BUKOpUCTaHHSAM  (oro-oOmamHanus. s
po3pobieHHs ehEeKTUBHOI METOUKH OIlIHFOBAHHS
MOKa3HMKIB SKOCTI CTEOJIOCTOIO JILOHY OJIIHHOTO
Ta JHOHY-IOBIYHIS 13 BHUKOpuUCTaHHSM bBITJIA
moTpiOHEe HAKOMWYEHHS MJaHWX MO0 CTaHy
CTe0JIOCTOI0 3alie’)KHO Bif (a3W CTHUIIIOCTI Ta
XapakTepucTuku crteben. Bukopucranns BITJIA
IUISl OL[IHIOBaHHS CTEOJIOCTOIO JIbOHY [1O3BOJIMTH!
MPOBOJUTH MOHITOPUHT BHPOILIYBaHHS IIbOHY; 3
BHCOKOIO TOYHICTIO BHOMpaTd palioHaJbHY
TEXHOJIOT1I0 MepepOoOICHHS JIbOHY 3 YpaxyBaHHSIM
MTOKa3HUKIB SKOCTI CTEOJIOCTOI0, IO, y CBOIO
4yepry, J03BOJUTH JAOCSITTH BUCOKOT e(DeKTUBHOCTI
BHKOPHCTaHHS 010JIOTIYHOTO MOTEHIIATY yPOKako
JTHLOHY OJIIMHOTO Ta JhOHY-MOBryHIL. L{i MeTomu
OLIIHIOBAHHSA SIKOCTI MOCIBIB € YHIBEepCaIbHUMH Ta
MOXYTh OYTH BHKOPHCTaHI arponpOMHCIOBHMH
MiATPUEMCTBAMH.
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Ingpopmayis 0151 aemopie ma yumauie

Yci cmammi, wo nybaikyromucsl y #cypHasi, npoxodsims 0608°13K08¢e peyeH3y8aHHS, SKe
30ilicHIEMbCS 3a AHOHIMHOK POpMOI0 sK 0151 asmopis, mak i 0151 peyeH3eHmia
(nodsiiiHe caine peyeH3y8aHHS).

YHikaabHicmb mekcmie nybaikayit nepegipsiemubcsi 3a 00N0M02010 cucmeMu NOWyKy
o3Hak naaziamy Unicheck.

3a docmosipHicmb suknadeHux y cmammi gpakmis, yumam ma iHwux eidomocmetl
gidnosidanbHicmb Hece asmop (asmopul).

Asmopcbki npasa: 3a asmopamu 36epizcaromscs yci a8mopcbKi npasa ma npasa
Ha 8UOAHHS 6€3 06MexHCceHb.

)KypHCI./I do3s0.51€ Kopucmyeavam: Humamu, 3asaHmasnxcyeamu, Koniroeamu, nowuprveamu,
dpyKyeamu ma nocusiamucsl Ha N08HI mekcmu cmamell 30 yMO8U 3A3HAYEHHsS aemopcmed.

kkk
Information for authors and readers
All the articles that are published in the Journal must be peer reviewed.
It is conducted anonymous both for authors and reviewers

(double blind peer review).

The uniqueness of the texts of publications is checked with using the Unicheck plagiarism
signs search system.

The authors take responsibilities for the reliability of stated facts, quotations and others
statements in the articles.

Author’s rights: the authors retained all copyrights and publishing rights with
no limited publications.

The Journal allows users: to read, download, copy, distribute type and refer
to the whole articles upon conditions of affiliation.

141



AGRICULTURAL MACHINES

cM

ClJIbCBbKOT OCITOJAPCBKI MATITMHH

HAYKOBO-ITPAKTUYHE BUJIAHHA

CI/IbCBKOT'OCITIOAAPCBKI MAILIIMHHA

Bunyck 49
KYPHA JOURNAL
«CIJIbCBKOT'OCITOJAPCBHKI MAIITUHU » «AGRICULTURAL MACHINES»
JlynibKU# HallioHA/JIbHUM TeXHIYHUHN Lutsk National Technical
yHiBEpcUTET University
ByJIL. JIbBiBCBKa, 75, JIyibk, 43018, YkpaiHa 75 Lvivska st., Lutsk, 43018, Ukraine
e-mail: agrmash@lutsk-ntu.com.ua e-mail: agrmash@lutsk-ntu.com.ua

http://eforum.Intu.edu.ua/index.php/jurnal32 http://eforum.Intu.edu.ua/index.php/jurnal32

BignoBiganbHuil 3a Bunyck: .M. /lynapes
Komr’'rorepna Bepctka: 0.M. l'anoHiok

[lignucano go Apyky 30.06.2023 p., popmaTt 60x84/8.
YM. apyk. apk. 16,51. Hakmaz 100.

Apyk III IBaHOK B.IL.
43021 m. Jlynupk, By/1. BuHHHUYeHKa, 65
Ceigontso Jlep>kkoMindopmy Ykpainu BJIH Ne 31 Bix 04.02.2004 p.

PeecTtpauiiine cBifouTBO
MinictepcTBo 1octuuii Ykpainu KB Ne 24919-14859 [1P



	Обкладинка_СГМ_А4 для друку_титул
	Титулка_зміст_49
	Стаття_945
	Стаття_1010
	Стаття_1013
	Стаття_1016
	Стаття_1017
	Стаття_1018
	Стаття_1020
	Стаття_1021
	Стаття_1022
	Стаття_1025
	Стаття_1023
	Стаття_1024
	Стаття_1026
	Стаття_1061
	Стаття_1062
	Стаття_1060
	Стаття_1066
	Стаття_1068
	Кінець_СГМ_49

