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INFLUENCE OF WEAR OF WORKING PARTS OF THE SCRAPER ELEVATOR OF

A COMBINE HARVESTER ON THE DEGREE OF GRAIN REVERSE LOADING
O. Burlaka, A. Kelemesh*, S. Liashenko, A. Lazorenko

Poltava State Agrarian University, Poltava, Ukraine

AGRICULTURAL MACHINES ABSTRACT

A
C

CIJIbCBKOI'OCITIOAAPCBKI MAIIMHH

A modern combine harvester can be considered as a cor
technological system that performs the final part of

technologies for the production of grain crops. Accordingly,
scientific direction of improving the quality of the threshil
separating and transport systems of the grain group does noi
its relevance and relevance in today's conditions. The prest
research is devoted to improving the quality of transportation
centrifugal unloading of grain by scraper elevators of comt
harvesters of the KZ$1 type and their further modernizatior
Key words: The theo_retical and experi_mental part of _the study estgblishec
scraper elevator, Scraper clevator of he combine harvester s nfluenced not
quality of grain transportation, by the design features, but also by the degree of mechanical
reverse _Ioadlng, of the working parts of the elevator. Based on the research, it
mechanical wear, ~ determined that the degree of wear of the working surfaces «
oscillations in chain transmission grive sprocket in the upper part of the grain elevator of the-k
. . . 9-1 combines leads to more pronounced oscillatory loads.

Art'CI? history: recommended to use new structural materials, incluc
Received0.06.205 composites, for the manufacture of both the drive sprocket an
Acceptedd1.10.2025 scraper chain of the grain elevator itself. It is proposed
) . ) implement a computerized system for direct observation o
Corresponding author: change in the reverse flow in the grain elevator using {sigéed
anton.kelemesh@pdau.edu.ua ideo cameras and flowmeter sensors. The latter will allow
timely repair, maintenance and technological adjustment of
elements of the grain group of the threshing machine of
combine harvester. It is also advisable to use an electric drive
electronic regulation of the speed of grain transportation
scraper elevators in accordance with the degree of loading o
grain group within the range of fulfillment of the centrifug
unloading condition.

DOI: 10.36910/acm.vi51.1893  To cite this article:
Burlakg O., KelemeshA., Liashenko S& Lazorenko A.
(2025). Influence of Wear of Working Parts of the Scra|
Elevator of a Combine Harvester on the Degree of G
Reverse Loading. Agricultural Machines 51, 7-14.
https://doi.orgl0.36910/acm.vi51.1893
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ABSTRACT

The problem of weeds is one of the most pressing issues in r
agriculture. Traditional technologies, which involve the use of le
amounts of chemical agents, have become a serious threat to |
ecological systems. Moreover, some weed species have dev
resistance to various herbicides, reducing the effectivenes
chemical control measures. This situation necessitates the adc
of innovative approaches to organizing technological processe
efficient weed elimination. Analysis of current research has sk
that the global scientific community considers the introductior
robotics in agriculture a highly promising and relevant direction
further development. The deployment of robots in agriculture
countries such as the United States, the Netherlands, and ¢
already contributes to resolving multiple pressing proble
Specifically, it allows farmers to reduce production costs, add
labor shortages, maintain consistently high product quality,

improve overall working conditions. Considering these factors,
National University of Water and Environmental Engineer
conducts applied scientific projects aimed at developing and te
robots for various agricultural tasks. The author has carried ot
series of works on developing a specialized robot for targeted '
removal. This article presents the results of analyzing cur
research focused on designing and implementing adva
technologies for weed detection and control based on rol
systems. The analysis serves as the foundation for the conc
design of a practical robot model. Additionally, the article outlil
the results of expert evaluation of key factors determining the cl
of a weeding robot for a specific agricultural enterprise. Effec
selection of a robot for a particular farm requires a system
scientific approach to organizing the weed elimination proc
considering all quantitative and qualitative factors, many of wt
may not directly depend on the manufacturer. The results obt:
can be used by agricultural producers to make a-yuslified choice
of robot and efficiently organize weeding technologies ir
sustainable and productive manner

DOI: 10.36910/acm.%1.1891

To cite this article:

Mykhailov A. (2025).Justificationof the Listof Factorsfor
Selectinga Weeding Robot ModelAgricultural Machines
51, 15-23. https://doi.orgl0.36910/acm.%1.1891

15



e Tl o, T, _7«1-5h" _818.-h ¢mng

y -

AGRICULTURAL MACHINES025, Vol. 51

14
4
« Do
o<
N
Qu
’

AGRICULTURAL MACHINES

A
C

CINTbCBKOTI'OCTIOAAPCBKI MAIITMHH

Bktc' W dzad,
tctsB SIS,

J Sy jtolsdey BY' dg¥

WOCIstste(d,
M smMtseBd BBl

‘ y ~ E2N BN

ibqu@e@z@oz
1 Ols 9 j tcOL40R0Hs

* 2~ 3 W A - v ~

a{.o.mykhailov@nqu.edd.ua

B

b1 {duvdAwc

l totsB dzj 3O Blzte' wdz' o sHdz '8

¢ctsff sH OtefMmise O. bteOHdy' 2dz Isjr
LOMssmMize Odzdz? o j dzd & t5° C' dz Csfls’
Hdzw fpeo ' ktsoednrn JStdztse' ydzdrs MmdMmlis
tetsL o d dzkz dzd fMls* 2¢"' Mis: H s teWwHE
Log’tetsaOHdezdz " dedetso Oy 2ded s ' H
ftesyj M’ Ldzdh jdedz?" BERte' wWdzg o. ¢ c
fna‘lslsaO ZOkSC o O Mi' d desls©O t0Ork
COdzlz L ! ' & M Cses e sHOMIse
ZOf oW BE sy 26 s H COdf tetstm O Y i dadz
' dz M Sz ecsMmMf sHOmMIse' & wz ¢,

yom mftedw: odte" h jdzdze twWwWHO {ftets
Mestesylzo Olsd o dtetss dad ' odlsteOIsd,
tctsB sydn ez ¢, LOBjLY jyk® MmisOB
ftesHkzCYy' °, Mftedw® fodz hjdedet L
LOLd&OYyj desets & 1 Oy’ sdzOdz! desdisz Iz ¢
SO ftedtesHBSsted Miskz o Odzeddf tafdfts txipOSHHAY'
M cw Bso Odz' dzO tetsL tetsB dzv dzdg? IsO© o
' Lddr ©odH' e Mm' d M CsetcMf sH O
tesB'Is 'L ttsLtesBdzv ddzv ttsBSISO H &
ftoj HiNls @y dzjzdias sOIsd OdzOdz' L & yd dzdzd
dz0 totLtotsB dzv dzdz? SO L Of tetso OH Y § dz
odweodzj dzdzv IsO BBmtsls! Bd L BlRt' Wk
tesB tsls’ o . ltetso j HJ ded 2 0dzOdz' L
CodayjflszOdz desegts o' Clsdzsets  to°
of C dzOH jdzs tojL zdz! sOIsd j Sy Jtclsdat
oadL dzOy Ot Is! odB' f tdfstfitg d¥ o As@ tsHsd
' dz M Csetsmtf sHOteM! Csets " Hf tod
H dzw CtsdeCtoj sdetsets et sH Otcfmilse O
f"HARBHE HB BtteOdz LOYy' ' MOWBscts
otcOrRsokzoa Olsd oM’ ¢ dzr ¢ Mmdz s ©
LOdzj Y OIs: o' H odtesBdzd ¢ O.

[ sted B3O dz' tejLbkzd sOIsd Bsy zIs! B I
odtesBdad CORBd HdzW tsB tekzdzstso Odatsc i
StecOdz' L OY' ' Ibjrdthse' 2 ftosf tsdz

DOI: 10.36910/acm.%1.1891

2 3 £ 7
X L] t ~ ) . ‘ ’ ) )

[ dr O2(s@05). [ B~ tckzdzlslzo Odzdzv
H dzw odBiteclz BEHjeds Sikiss By G
g4 dz2 ! CsetsmMyf sH Otgfm 61, 15-28C
https://doi.orgl0.36910/acm.%1.1891

16



e Tl o, T, _7«1-5h" _818.-h ¢mng

AGRICULTURAL MACHINES025, Vol. 51

gudl IRudr1C v P fuwuodrfIlsd Pt LAaJ SR
' Az S CEMYHsE®hlsotsj e jClsdodzdn GOdkzL j2 jC 5
L to ts ) ls O dzdzw C' dz Csfyls” dzOfj dzj dzdaw f &zOdzj Isq , 0 ftlsy |
' &z ' Ctsetsmyf sH Otefn! § j odesBdzdyseots flstcjBlz f sfyls’

B Iz
tesBBIstslsj ndz Yidzdrn fy @®fpfg Cdsdodzddz dzOftew zCtsd3 " Hodh j dz
o dttsB dzd ylsoe O.

it sBSlsdLOY" v M dzr ! Csets esMfsHOMIsSa ® E OCdr CtC
yofm HBLotHY' led31]’dzJandzls odtc' "o Olsd fttsBdzy B ME E
MlsOB " dz' dzets o dMBC wetsils® ftesHkzCy" i sdz' ljhcidzdzw |
sBMwe' o ao[tetssdzo[ulsa@ LB ' dz' hj dada¥ lsc;ndztsdztsc: Y dzts G C
9 HaBH' & [0 LB‘dthszdZW odrtHE ftsHEkzSyYy' LOBjJ LY
' Hodh jdedzw wWCtsils’ satetsdzd Oy’ , MS stetsyd dedev § dzd oz
odtsBdzd yse ) , j ¢ tsdzsigishwaha, Hl.tetsak, 2280y hao, X elzt.n2024; Sparrow, R.,
Howard M., 2021; Moshayedi, Ata Jahangir et al.,2024

vOC Y wtBtlsdLOYy v M'd M! CsetsMf sHOwM! Csets o dtotsB d
YOChstclz dzO ftesyd Md Zf tcOo dz' dzdzv Isj ndasdzse ' ydzd d3d
" d M CsemMf sHOteM! C8° Isjrdze €.
JHAZOC oftctso OHY J dedzw ttsBBlsIsjnrnds € o M' dz M €J odts
"HiMkIlsdz Mmis Isj sted Isd ydzd = tesL tesB ¢ L HOdzts’ ftotsB C
ftctso OH Y j dzdaW ls(D JW'Clsq’adztsfr]ls 9SS stedMisOdzedz? totsB SISts
dJtesB dzd ylso O, HMEZzIlsdesls i3y ssHJC ‘L f' HBBtl, 9
swfdgs & Is+ fyw OQIsIzOdzJ dz' miss Isj &3 HBMdz' HY j dzdaw .
Cdz ) CsesMSHOLM! CO sBtlslsjrd CO 2903 0° Is! fiw
sBtsistslsj mndz ydzdrs HEMdz' HY dzJ Udted L ydmmdzj dzdz’ odS¢dzd S d
Qo Ctsdzdh dz' segts MjtejHBO N 1 ydds fseadwL Odz to' L datsdBO
drdz €.
v O¢ O ¢Mardng §., Gasselin, P., Hostiou, N. et al, 2022z20L d 9 O Is ! ctsBBIlIs' 9 &

TR =000
110 w &

M sH®jedtdsdzr y* ' 8 o M' dz M CsdBz esMmyf sHOwmise * .

tW"WH QOolststc' 9 OdzOdz' L k¥ Ils! fHtesyjfMm LOftcso OHY j dadaw totst
HOsGEe B f syl MizGata®lo RKY Satet J., 20E8D G, Gebgenbet, at all, 2023

v O¢C [k @dafesds RK, SagerJ., 201§ o Iststed OdzOdz' L k2¥ yd WhkdS y' tsdzze O
Wittds Iz lotetsf j2f! CSdrn CtcO dzOrnfj B8] mdg HOB sictsif dgMislz 2 figls C
wWoClsts HefmdzZ Hdzd € d d&OL Jo O¢ Is+ Cdz¢ ysoddz Hdzw L Of tcts9 OH

1anlsOuO tesB tsYts’ mMddzd fttdLeotsHdIs! HtS L Odzkz y 4 dzdzw
esBtslsd k2 Wjttdsjtem' Cdi cshmfsHOEMses On | otetsfj2M! ¢dn
Ld3d dzh diIsd o dlsteOlsd dzO Kis tdaf@i§Gsigdzvy ' taioedS\ds d  fjdivdgds, 6.d o dz' M
Gebresenbet, at all, 2023 stc' @3 Ists@ s, LOf tctso OH Y § dadaw tcsB SIS
odMsisCoOd ¥' Cso0dzdr tetsB ' Isdzd S 98 E cOdkzEL® M d M ¢

10 f' d fi)! Csetsmf sH O §j sdtesBdzdylsets f sfyls® 2 da
s &3 J tOlskztedzd 2 tod ¥ d 3, MsOdz ~telzdzls iz, ¢ dzr €' Mls: st OH
“dgls j dzj S 5O BOh ddzdzj dzOo yOdzdz", LHOId odCtttdfistelz:
ttj Odz' deséts yYOfMkz Hdkw LeBtekz Cttedmddn L dzOde , kOCdn w
G'BtedHdzj dzOM" dzdzv o d B tcOls d MuJdmraidabadf,20R3). o totsy O2 desfyls* , Is

l S stedMisOdzdzr ttsBtsls' © o OCtOtodesdBz o dtetsB dzd ylso b
TottesB SO HJW  ydbbk f ty(Malagdidatak2p2)se d dz dz0 % j e B3OS

) FtcOrRlzo Odzdzv &3 dzOEkZzC tso dn tesL tetsB 5¢ “dey J dzj o fls e
Cedf " s Isjtedzd? L't SO hilszydsed?2 " dzlsjdzjSls Hdzw Istsydztsets
f to s tsdz¥ (A Riugdatkar at all, 2026

v0OC k tAskhastkar af all, 202600 ssteOBRd § toj H fls O odglgjrdistz &tz I
' d M Csetsmtf sHOM! Csets tosBSlISO H&Y o sdzt 9 Odedg™ .
Ckdz skte (WeeBdJ ). f bH OdzO dzO

17


https://www.sciencedirect.com/science/article/pii/S2590123025012757

e T el o, v, 7« 1-5hT _B1L8.h ¢mg
AGRICULTURAL MACHINES025, Vol.51

(a) (b)

Direction of travel
]

Sweep tynes

Row spacing
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(Li N, Zhang X, Zhang C, Ge L, He Y, Wu X., 2019; N. Hussaih @020).

rotating par .

tdmif 8BHjdz2 CtdmtckzSy' =~ HY odlzlsfg] Ldzs 5 & § HAE ISB 1 (o
39" M cHisd gdiGs, o dddzlstso d2 ¢ to s LidsjoHd2C Istfistod ¢ dizis B 8@ yd 2 BGtec O
L. Quanat all, 2023.

vV todPhrichgtd, 20229 ¢ &ZOH j dzs tjL EZdz sOIsd oadfsBlzo Odz tot
5B dzOH dzOdzdzv , WG j dzOpo I tdzte Asdzdy WH Q)] HsjteddE s Bhteds  dzOo ' Mdzj tot
HsBted '  HABHdIS! Hdv LOMlssMkze Odgdg? dzgO tsdzva, HJ L

19


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mechanical-weed-control
https://www.sciencedirect.com/author/36083080400/longzhe-quan
https://www.sciencedirect.com/author/36083080400/longzhe-quan

e Tl o, T, _7«1-5h" _818.-h ¢mng
AGRICULTURAL MACHINES025, Vol.51
c¢ BOyYd dsts, tctsL totsB dzW dzdzw 2 LOf tctso OH Y j dadaW tctsB SIs
LSt &30 L dBjlstss L dedh jdedzw BRtOWDZ 9, * OSIskzOdz dzd3 o
t sBtslsd o9d¢dzd ¢ O¢ Is+ Ldz2Oydzed? " desjtejfm wWC Octetsn sdzH d
fslstc" Bdgts tesL z2d3 Isd dzO w ¢ wfisBdzdetsmls' slste’" Bdes L 9§
JWiSlsdodatst Hdzw CdeStoj sdztsets M sHOKMIsoa ©. | kOR ko
frovd rfefwrriP@d L WOCIkte' o, we! dz02B ' dz h dds
tcsB BEBOSY sdzé 9 OYoO dz0 tsMmdzse® MdMmisj Bdese s OdzOdz' L 2 f tesy
fovrtwdf/rR vo [rulrRr

(WiSClsdodzgd?2 '  HB ' tc tetsBtSlSO HdzW CtdeCtejlsdesets ctsmif sH
HS tteeOdz L Oy mMoRsets ftosyj Mz Lddh jdedgy BEWGOW A o
WOCltsted, WwWC' dzgf LOoayHd LOdzj3Ol! 9'H odtetsBded C O.

ljwehdds jlsOftsds HsMdz HY j dedey MIsOdzO J SMY jelsdzO By

jWjiClsdodz Mls: tesBtlsd Bl O.
) FtcOrlkzo Odzdzv d&3 t6j S tsd3j dzH Oy"' 2, 9d¢C dzOH j dzd = £ My
P S MY jtolsda® . .Jo teEsO © S Bz IO 5 ° ° 0 MC ZOHE ko' 2h dzd !
odCdZOHOYd, 9 HtjHMsOodedC' @ OcCtOtedzdr "  Hftod ' dBMisoe .
vjodsdtse W jCiYjtelsds’ sy dbd eCdr yodkd® o Mmisj ¢
A Wttdlzdr o Odzdzy RBjlsd jCMijtesdesets OdzOd L kz;
A VWsttdzo Odedzy  j S jtolsdets’ Gtz d;
A esLtesBCO fetsyjHlkzte SO jSMyjtelsdets’ tsy* dzl d;
AR stedBOdzdz" tojL kzdz KO 9 ;
A sBtcsBCO tjLEZdz SOIs' 9 SO 0OdzOdz' L Blsted &30ded 7 H Odzd
A oadL dzOyj dzdzv Mlskzf jdev HBMWEdsj dedlzy B Isd J Sy j tols dats

(SMyJtelsOd3 Bzt L Oftotstf sdztso Odzs f tetsOdzOdz' L 2o Olsd  da
Isj mdesdztsc " HdzZv  tesL f ' L dzOo Odgdg? BLRtcOWdz' o, sdf Hodc
Qo lstsdes d3dets’ tetsB tsisd, | RBislsswts oyddss dylsy dz’ cledgtsiasds.o s

[dzv tBtetsBCd ' dHdoe' HzOd ddf Sy jtelsdds odMmdzse
sl SO o Odzdz? W OCktste' @8 bk fstewHCE LieshmsOddy OBt My
zOG2B " dzh 90Oy d&de" L dzOBBttkz WOCIktstt' 9 OB  OtcOd3j Istc’ o
ZOL do O st Mv  tOd dqtczo Odzedd3 MY d M¢ B, Hi ©Odz dz028B"
ZO2di3j dz" 9Oy dzdotsets HYsCOLASCO HEste' o dgs ydmdzz n. |
JSMyfjtels' @ kMmMjtejHdzs 81! W HdzW lsted i3Odzdz? kL Oc Odz' dzj dz
odCstedmlstsolzs s Mw Mmjtej Hdz L dzOy  dadaw .

#J toj Hdz Otsq’Wdledudz}in tcj2ddzec o, fHtedfmots' dzgdr B

m
NATETRUD P
F

d
d
fs

T = =

m m (1)
Hif-MjtejHde OtdWdjldquds BOd o jSMyjtsds ctkfd;
x5y SO j els 0.
ssyd Mis! Yy' dsSo jSmijtk' o odL dzOyuOdkofny fiky j dzj ds

L tcOrBoazoa QoMW L O ¥ sted3lzdzse
125 125

- n2(m?-m)’ - n2(m?-m)’ 2)
HjS-MEBO CoOHtKOIs' 9 o' HAddzj dz C" dz Ctsfls tcj 2Isddzc ' o
L dz2Oy jnaddzwvdz: € Mls'm g C g § tclglsd ; W OCIsste” © Hdzw sy’ de€ (.
blzd3O0 CoOHKGOIS' 9 "' Haddzjdz o' H MjtejHd 8° OtedW d3d Isd yd
2 _32
S=Xr,(Xmx; %) S=28,(Z7, x; — %), ?)
Hjr;-¢" dz €' Mls! w©Odg S Y ji§O§EsEizded -
X¥-MjtejHndyd OtedW dsj sdydzj tOdey dtelzo Odzdz” .
tdLkd sOIkd JjSMYf jtolsdesets toj2Isddecz ftoj HMIsOo dzj dz' dzd y Y
VLGEBHY jdg Mis! tjLEd O &9 ty' de®t 9 OdzOMm: L O (2) °
Sy jtels' o.

20



e Tl o, T, _7«1-5h" _818.-h ¢mng
AGRICULTURAL MACHINES025, Vol.51

rrrlvc vod Jagpflftrurc
dn Istt! sn WOCIkBt' o, od

BSHj &2 totse 5ls @izvH dBYZ tdH' d2' iy
)

trtryvf?Puvouvr 1 o]
ddMmisj BOdLE" Bts L& Ml
@OQB‘&thQ otf &zdeo dzO ‘
laf s L dzd M j dzdzW
[BLGIWVQJQB fJtcd o Is
tctsB tsistsls j m dz' ydzad &z mqmb [s{O]
vteOHdy' 2 didiRi ~ipyas myda 2 . rO&qQ mMfsm' B fjtcjHBOYO' y
T hdy et tekz2dzko Odzdzy . 1 ted yY! sz L OMistsMmtselze st ' L desd
sBtotsB ' Iss¢ T twlkzdzskz, stsh fs.
1l jtojoOcORBd L OMlssmMkzeo Odgdzg? 3§ IssHEz ° L o3d dgh j dzdzv o d € 51
90y dzdos © BtcOdz Yydesdzgz L J d3dzj tetsB Milso ' . st @3 G ts, L
dzj MlsOy® tetsBByYts’'  fr(H &oangat@ll) 2023 QLotdsCistdgjOdeR, olfmls O dzts o dzj dzts,
B - Odz Yydesets ftetslf sdzé 9 O dzdg? By 2Is! L3 dz" dIsd odSCtsted
Stcc Odz' ydetsd3z o dtetsh z o Odzdz yzCtecsodrn BEtWC' 9 SO dBstel
sOCddi3d * defmistclzdzj dzls Od3d , =y jo wfQxmdda’j fjds@ teitisls & @@ Y daBjeLsO i
| Lo tsHdIs! L iSwanggttalls 2023. ( | OfMissmkze Odzdz" IsOCdr totsB IS
L h Iz o Qsdid BLUz toc dzd B B@l_.ostiyn@ttalteZOﬂade a3
tcked?2 §hd]jdd?2 -t m'dy d j dgdzv BERtOWAZ o, w g
sted Mis Odzdzy = ° d3' yded w4qsaq s fjtcj 9o0OC HOdGCETB
o Old hdtesSCd?2 MmfjCists Btm wdzg e sdd3 MmOdd d3, L
dzO dzdzv b;:@saswsc‘uw3©swq ylmkz st sds o9 Odzdzv .
u O fsHOYO cEjteB' YydHk u dzdd3 yddetsdd HBL o sdzw
sd jStdtse' ydzj danOdzlsG))inzde 2O dzOo Ctsdzdh dz'
& 'L "deso Oy 2dedn My tsmtse 9 L ded N jdedz? BlRztcdW dz ¢
dzts eisfdzd dzdetsfyls' . [ OL jtedzed?2 MY’ B ) Cd dH s
sBMlso O, ©ME dz €d daj JitijHBOYO' odCtsted mls O dzdz™
Ftockz ~“tokdzaskz. t(tsBBId, WwW¢' odittedMmistsoksils: dzOL j
dzlz & Is ! Blztc' W dzd L GdzdBtsCdds Stste’ dedlzv d3 SO Istse Mmisd
l " Hsd®3d i3 tesBIsd, w e odSstcdMmMlsso z¥ Is! G GAsw yj
Thakur, S. Venu, M. Gurusamy, 2023 Is O¢C 5% M.JMiziatkh, 202¢ . | @. Thates S. Venu,
M. Gurusamy, 2023; M.Mia at all, 2020 Is j te d&3" y dz' B ssHd HBLoaBvVEIS! st
tcsmdzddz Blztc' wWdz' o, hts ftedLotsHdIs! HEE ' 7 L dz] o SH dzj dzdzw

Om

te
dz
0] @JHB& cqd mMf smse "' o B fstc
B

>

-

o o
& 8= &8
FGO+—C nanT a0

I‘5""_§.
@ &
&

odMBsCO jdad e’ dgdz’ Misy ; dzf dBwBsy dzdoe ' Mmils! L dedh § dedzy 6 dzd B
dSMf dz2E OOy 2dz2 odltcOIsd; dBsyddes' oh CoHYjddy Ckzd I

2. Ujndtsazse’’ HMzv L' L dOo Odzdzy BERZtdWdz 9.

1" yofm anBmt esBtslsO Mdz' H ftedH dzwilsd M dzde iz
Hdzw HdWjtej day' Ou " Blzteowdz 9 dO Htsdz'. I H Ibsydtsmls®
L ded M j dadzv , sBO' i3 odStstedmisOdzedr 6 Mkztem' o ; fsh CBHY J dz
odSCstcdMmlssozs Is? : o' L des 3O dz" Is dz' HOIyd<d, Bzdz' sdmf j <L
Z3ON d dzdzj dzOo Yy Odzdzv ; Li DAR.

l S stcd MlsOdzdz" dBzdz' sdmf j SIstcOdz! dgdr S ORI 6 HBL OGS
BkztcOWdz 9. stc' @3 Istscts, o tsded LdzOydets Hjh johddd dz y
dzj B Oy Odzz ttsmdzd dzdz' Mls! o Eddseo OR h ' dz! desets § jtod §f dzj Isj dz

t sBslsd, ' dzsjctetsoOdz L BONJdedzd 3 L stetsdz SO A3 IstsH O

btsydzlz ‘' Hjdzlsd® COY' ¥ Blteowdz o, dF to IS todshiyts o ke Q@i dn fdg
3.tk dzbBH s sStesdztse ' Yydz' bk dtse d.

vdfd “twkdids' e * Bil)itstesdse yd kdiksed odL dzOyos s
"H yY! BEt, o Mets yYjcék, LOdjydls: ' d dg M s
sdkvn. 2z'd d Mis! s o' & BEHj] of ddoOld &O Iktyd fls
detste’ MCd&ZOHE MdMmisi dd Hdzw o dwe dzj dzdzV dzj B Oy Odets’ tetst
10 oade' t6 MMk L ddh j dadgw BztcOwWdz o IsOCtsy of dzde
10 btsyds Mis! el COBjte SO HOYdS o of dzdo O Is:
B Myjoetsmhis’

]
]
)

21



e Tl 7 7+« ]1_-.B5R° _BI'8B.h qmc

C 3 I3 —

AGRICULTURAL MACHINES025, Vol. 51

Iray L1 L5

qusmoms OdzOdz' L. WOSCItste' 9, wWC' ofdzdoOsls! dzO odB"
jWiCkdodts® ScOd LOY' ~ kjrdsdksc' ykscts fesyjmnkz
CsdzeS tojIsdzedr etsMmMf sHOmise .

[JLIZdZJISOISd Hisfndz" HY jdedg?" L o dSCtstedMmisOdedzv d3 j S it j tels
o Mdzso ts aqs‘mqmmgwams@ptss:mdzts LH' 2fdzs o Olsq
YOSkt o: MY s Ldzd " j dzdg?  BRtOWdE o, Isjndasdztse”
ftoesHECIsdo dz' fls tetSBtslsq’, BOMO tetsB sl O, u@jmls@aslﬂat!sdimscdsdzm
Edstse d . ltedusdsz dzO2 8" dzt b L dzOykh ddsd MmjtejH dedrm
tetsL ' L dzOo Odzdzv B e &Y dRics Gl ydds szRtse d .

~ ~ - o

. - N ]

Sujit, P. B., Agrawal, R., Vishwanath, K., Sawant, C P Magar A P., &Chaudhary, V. P. (2025). WeeRo: Design,
development and apphcatlon of a remotely controlled robotic weeder for mechanical weeding in row crops for
sustainablerop production. Results in Engineering, 26, 1282. https://doi.org/10.1016/j.rineng.2025.105202

Gallardo, R. K., & Sauer, J. (2018). Adoption of lalsaving technologies in agriculture. Annual Review of Resource
Economics, 10, 18%206.https://doi.org/10.1146/annurgesourcel00517023018

Gebresenbet, G., Bosona, T., Patterson, D., & Persson, H. (2023). A concept for application of integrated digital
technologies to enhance future smart agricultural systems. Smart Agricultural Technology, i 255100
https://doi.org/10.1016/j.atech.2023.100255

Kushwaha, H. (2020). Robotic and mechatronic application in agriculture. RASSA Journal of Science for Society, 1(3),
891 97.

Li, N., Zhang, X., Zhang, C., Ge, L., He, Y., & Wu, X. (2019). Review of maehisien-based plant detection
technologies for robotic weeding. In IEEE International Conference on Robotics and Biomimetics (ROBI®), 2370
2377.

Machl eb, J. Peteinatos, G. G. , Kol | e n-thamed m&hanidal. weed An d %
control: Present state and prospects. Computers and Electronics in Agriculture, 176638105
https://doi.org/10.1016/j.compag.2020.105638

MacLaren, C., Storkey, J., Menegat, A., Metcalfe, H., & Research, R. (2020). An ecological future for weed science to
sustain crop production and the environment: A review. Agronomy for Sustainable Development, 40(4).
https://doi.org/10.1007/s135980-006316

Martin, T., Gasselin, P., Hostiou, N., et al. (2022). Robots and transformations of work in farm: A systematic review of
the literature and a research agenda. Agronomy for Sustainable Development, 42, 66.
https://doi.org/10.1007/s135982-007962

Mer field, C. N . (2016) . Robotic weedingbs false dawn?
management. Weed Research, 56(5)j 34@.https://doi.org/10.1111/wre.12217

Merfield, C. N. (2023). Could the dawn of Level 4 robotic weeders facilitate a revolution in ecological weed
management? Weed Research, 63{&ps://doi.org/10.1111/wre.12570

Mia, M. J., Massetani, F., Murri, G., & Neri, D. (2020). Sustainable alternatives to chemicals for weed control in the
orchardi A review. Horticultural Science, 47(1)i 12. https://doi.org/10.17221/29/20490RTSCI

Mohd Javaid, A., Haleem, A., Khan, I. H., & Suman, R. (2023). Understanding the potential applications of artificial
intelligence in agriculture sector. Advanced Agrochem, 2(1)3@5https://doi.org/10.1016/j.aac.2022.10.001

Moshayedi, A. J., Khan, A, Yang, Y., Hu, J., & Kolahdooz, A. (2024). Robots in agriculture: Revolutionizing farming
practices. EAlI Endorsed Transactions on Al and Roboticg,28. bttps://doi.org/10.4108/air0.5855

Paraforos, D. S., Aube, C., Athanasakos, L., Avgoustakis, I., Baron, S., Bresilla, T., Fountas, S., Hemming, J.,
Karagiannis, P., Mylonas, N., Nieuwenhuizen, A. T., Garcia, F. R., Pavlenko, T., Scovill, A., Sharipov, G. M.,
Vidal, J., & Van Evert, F. K. (2022). Connecting agricultural robots and smart implements by using ISO 11783
communication. IFA@Papers OnLine, 55, 20R05. https://doi.org/10.1016/j.ifacol.2022.11.139

Petrich, L., Lohrmann, G., Martin, F., Stoll, A., & Schmidt, V. (2022). Mduketed scenario analysis for effective-site
specific weed control on grassland sites. Computers and Electronics in Agriculture, 202332107
https://doi.org/10.1016/j.compag.2022.107332

Quan, L., Jiang, W., Li, H., Li, H.,, Wang, Q., & Chen, L. (2022). Intelligent irtk& robotic weeding system
combining deep learning technology with a targeted weeding mode. Biosystems Engineering, i316, 13
https://doi.org/10.1016/j.biosystemseng.2022.01.019

Raja, R., Slaughter, D. C., Fennimore, S. A., & Siemens, M. C. (2023)tiReatontrol of highresolution micrejet
sprayer integrated with machine vision for precision weed control. Biosystems Engineering, 228, 31
https://doi.org/10.1016/j.biosystemseng.2023.02.006

22


https://doi.org/10.1016/j.rineng.2025.105202
https://doi.org/10.1146/annurev-resource-100517-023018
https://doi.org/10.1016/j.atech.2023.100255
https://doi.org/10.1016/j.compag.2020.105638
https://doi.org/10.1007/s13593-020-00631-6
https://doi.org/10.1007/s13593-022-00796-2
https://doi.org/10.1111/wre.12217
https://doi.org/10.1111/wre.12570
https://doi.org/10.17221/29/2019-HORTSCI
https://doi.org/10.1016/j.aac.2022.10.001
https://doi.org/10.4108/airo.5855
https://doi.org/10.1016/j.ifacol.2022.11.139
https://doi.org/10.1016/j.compag.2022.107332
https://doi.org/10.1016/j.biosystemseng.2022.01.019
https://doi.org/10.1016/j.biosystemseng.2023.02.006

e Tl o, T, _7«1-5h" _818.-h ¢mng

AGRICULTURAL MACHINES025, Vol. 51

Shang, L., Pahmeyer, C., Heckelei, T., Rasch, S., & Storm, H. (2023). How much can farmers pay for weeding robots?
A Monte Carlo simulation study. Precision Agriculture, 24, TA737.https://doi.org/10.1007/s1114®3-10015
X

Sparrow, R., & Howard, M. (2021). Robots in agriculture: Prospects, impacts, ethics, and policy. Precision Agriculture,
22, 818 833.https://doi.org/10.1007/s1114®0-097579

Thakur, A., Venu, S., & Gurusamy, M. (2023). An extensive review on agricultural robots with a focus on their
perception systems. Computers and Electronics in Agriculture, 212, 108146.
https://doi.org/10.1016/j.compag.2023.108146

Zhao, X., Yang, J., Zhong, Y., Zhang, C., & Gao, Y. (2024). Study on chassis leveling control of-ahbeded
agricultural robot. Agronomy, 14, 176bttps://doi.org/10.3390/agronomy14081765

l] dzOIs " ' dzS 5, 1 ., & wdzflss ¢, 1. - (2008) . [ Sigking tcIs dz'
technologies]. sd o: [ 0OCdoOkzls.

Jiang, W., Quan, L., Wei, G., Chang, C., & Geng, T. (2023). A conceptual evaluation of a weed control method with
postdamage application of herbicides: A composite intelligent intna weeding robot. Soil Tillage Research, 234.
https://doi.org/10.1016/j.still.2023.105837

Hussain, N., Farooque, A. A., Schumann, A. W., McKei@@ipsill, A., Esau, T., Abbas, F., et al. (2020). Design and
development of a smart variable rate sprayer using deep learning. Remote Sensing, 4Q934),
https://doi.org/10.3390/rs12244091

v OB d&zd yw 1
tdLlizd sOIsdé jSMfjtelsdets’ sy’ de€

ANOSC Issted sy ¢ d JSMmyfjtels’ o Mz dzO | € 9 OH tg
tej2Isdeo " Ha (

1 Odzd 112(3|4|5|6|7|8|9/10 11 [12

yof Ools|1 |1}|2|3|1(1|1]|2|3|1 |1 |1 |18 1296

totsB sl

Ttkdidsseotsi |6 |[5]/6|(5(5|5|6|6(6|3 |5 |2 |60 36

BJ Isj Ste s dzy

Edstse d

ftesHkzCIsde 2 |[2]2(1|2|3(2|1|1|2 |3 |3 |23 961

totsB sls d

mf s’ B L|8 |7|8|8(8|6|8|7|7|8 |7 |8 |90 1296

Bkztcdw dz o

JeCsdzse' yd5 |4|5(4|6|7|5|/3|5|4 |6 |4 |58 16

Isj ndescztse |7 |6|7|6|7|8|7|8|8|7 |8 |7 |86 1024

tetsL " L dzOo

Bkztcdw dz o

sdf Hodck3 [3|4]|7[4|2|3|4|2|5 |2 |6 |45 81

BOMO w4 [8]3]2]3|4]4]5]4]6 |4 |5 |52 4

- - === ]-]-]-1-1- |- |- E=54 56856

23


https://doi.org/10.1007/s11119-023-10015-x
https://doi.org/10.1007/s11119-023-10015-x
https://doi.org/10.1007/s11119-020-09757-9
https://doi.org/10.1016/j.compag.2023.108146
https://doi.org/10.3390/agronomy14081765
https://doi.org/10.1016/j.still.2023.105837
https://doi.org/10.3390/rs12244091

%

R .

~ - _ 7+« 1..5nh" _B1 8. h

C g

# A1 OOAI

AGRICULTURAL MACHINES025, Vol. 51

ANALYSIS OF CREATING A UNIFORM SEED FLOW TO THE FURROW

5EOAET EAT

K. Vasylkovska*

. AOET T Al 4AAET EAAI

AGRICULTURAL MACHINES

A
C

CINTbCBKOTI'OCTIOAAPCBKI MAIITMHH

Key words:
precise seeding,
coulter,

seed,

soil,

furrow

Article history:
Receivedl0.07.205
Accepted01.10.205

“Corresponding author:
vasilkovskakv@ukr .net

ABSTRACT
The sowing process niuensure that the seeds are distributed v
over the seedbed, thus providing each seed with nutrients
moisture. The initial uniform flow of seeds is created in
seeding unit of the seeder, where the seeds are placed eve
the seeding element, transported to the discharge zone
directed to the furrow. An important condition for the coulter
work is not only to create a furrow, but also to maintain a unift
flow of seeds and to place individual seeds at the bottom c
furrow at equal distances from each other and to cover tt
Therefore, the choice of a coulter in accordance with the ch
cultivation technology of the respective crop and soil and clirr
conditions is an important task. Providing seeds with the
conditions for their development is the link that connects-h
qguality sowing with a good harvest. According to
technological principle, the coulters are divided into thi
groups: with a sharp, blunt and straight angle of entry into
soil. Coulters with a sharp angle of penetration (anchor and
coulters) form a furrow by moving the soil layer from the bot
up, resulting in a loose furrow bottom. Ploughshares with
obtuse angle of penetration (keel, skid and disk) create a fu
by pressing the soil layer from top to bottom, thus creatin
compacted furrow bottom. Coulters with a straight angle of e
into the soil (tubular) push the soil layers apart, forming a furr
The main advantages and disadvantages of each type of c
are analyzed and determined. The possibilities of diffe
cultivation technologies and different soil and climatic conditi
are analyzed. To ensure the quality of the sowing process,
choosing the right sowing unit and coulter group, it is neces
to accurately assess the climatic conditions, soil type ant
physical and mechanical properties, moisture supply and
topography. The use of continuous and strip sowing will incre
sowing productivity due to the higher speed of the sowing unit
preserve moisture in the soil. Therefore, taking into account
above factors, we will be able to choose the right coulter for
appropriate technology for growing a particular crop.
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ABSTRACT

The article examines the peculiarities of potato cultival
on household plots using wadlehind tractors anc
specialized attachments. Modern agricultural technolog
particularly the Dutch ridge planting method, are analy:
and adapted for sma#icale farming conditions. Variol
types of attachments (plows, ridgers, potato planters, ro
tillers, potato diggers, etc.) are described, and
requirements for engine power depending on plot size
soil type are substantiated. The research results demons
the efficiency of applying organic fertilizers (manure, gre
manure crops, straw), which contributed to yield incre
and improvement of potato tuber quality indicators. It |
been proven that the use of sradhle machinery combine
with organic farming practices ensures economic feasibi
environmental safety, and increased labor produtgti
under the conditions of Western Polissia.
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ABSTRACT

The article presents an analytical overview demonstra
the feasibility of using pneumatic (airlift) sapropel extracti
machines designed to obtain organic sapropel raw matérial
fundamental component in the production of fertilizers for org:
farming. The section State of the Art and Problem Statel
highlights the shortcomings of the existing mechanical adjust
and control systems of such machines, which are often ineff
and prone to operational failures. Since pneumatic sapr
extraction systems have proven to be eneffigient and
environmentally sustainable in obtaining organic raw mater
and are currently undergoing active modernization,
comprehensive automated system was proposed as the re:
this research. The developed system simultaneously per
several functionsd it forecasts, adjusts, and controls tl
machineos operating proces
configures the optimal technological parameters of the work
and automatically monitors, modifies, and manages t
depending on the unpredictable characteristics and propertie
the sapropel deposit. It also forecasts potential changes ir
operating process and structural loads that may lead to mac
failure, thereby preventing such occurrences. The paper pre
a block diagram illustrating the sequence of processes
forecasting, adjustment, and control of airlift sapropel extract
machines, as well as the layout of information and control de\
that implement the operational process. The proposed syster
increase the efficiency of machine operation, ensure uni
extraction of sapropel layers, and provide higimality raw
material with minimal impact on the aquatic ecosystem.
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ABSTRACT
The article examines the agroecological condition of land resou
in the Berezne territorial community of Rivne region within
context of current challenges to sustainable land use. Undel
conditions of intensified agricultural production in Poliss
particularly in the Berezne region, anthropogenic pressure on
resources is increasing. This leads to a number of neg
environmental consequences, including reduced soil fert
intensified erosion processes, salinization, pollution, depletion o
organomineral composition, and disruption of the natural balanct
ecosystems.Within the scope of this study, the natural &
geographical conditions of the area were analyzed, soil types
identified, and their main properties were characterized. Spe
attention was given to identifying factors causing soil degradai
among which water erosion, disruption of crop rotation, exces
use of mineral fertilizers, and land drainage play a leading role.
assessment of soil fertility allowed the identification of poter
ecological risks that threaten the sustainable functioning of
regi onbés a gheoetkevancs gf the ehosen topic is driy
by the growing anthropogenic load on soil resources, which leau
the disruption of their natural balance, decreased productivity,
loss of ecosystem functions. The aim of the study is to analy:
current state of land resources in the Berezne territorial commu
identify the main ecological challenges, and develop effe
recommendations for their conservation and rational 0$e object
of the study includes both natural and anthropogenic processes
cause gqualitative changes in soils. The subject of the study com
guantitative and qualitative characteristics of the area's soil co
Based on the results, directions for the conservation and restor
of soil resources to ensure sustainable agricultural use v
substantiated, including the implementation of environmentally si
farming methods, agroforestry and land reclamation, orge
fertilization, and antierosion measured.he results of the study m:
serve as a foundation for further applied research and
development of effective soil protection strategies as a key fac
ensuring environmental safety, preserving biodiversity,
maintaining the soci@conomic stability of the region..
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ABSTRACT

The article presents a novel approach to the separatio
Scots pine (Pinus sylvestris) needles from branches us
hydraulic jet, which ensures the preservation of net
structure for further integrated processing. The relevanc
the study is driven by the need to utilize forestrpimducts,
particularly pine needles, as a source of biologically ac
compounds, essential oils, extracts, and cellutasgaining
raw materials for the production of natural textile fibers.
A conceptual design of the unit has been develo
combining the processes of jet formation, branch feec
needle separation, and collection. The proposed unit ca
implemented in both mobile and stationary configuratic
making it adaptable to various logging conditions.

Based on hydrodynamic analysis, the relationship betv
the key parameters pressure before the nozzle, fluid flc
rate, nozzle diameter, and the distance to the targleas
been established. A theoretical model was constructe
calculate the minimum pressure required for effective ne
detachment, taking into account gravitational accelerat
and turbulent jet expansion. It was shown that the r
efficient action zone is located within the compact part of
jet.

The hydrejet method offers several advantages, incluc
high process speed, simultaneous cleaning of the nee
energy efficiency, and structural simplicity. The technol
aligns well with the principles of sustainable natu
resource management and can become an effe
component in the zemaste processing chain of conifero
biomass.
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A detailed analysis of the process of transforming straw stalks
trusts was carried out, taking into account natural factors dut
the period of harvesting oilseed flax. An attempt to resume ¢
cultivation in the territories of the Southern regions as the n
raw material for the production of smokeless gunpowder indic
the need for research with other fibéch agricultural crops.
These include oil flax, which in the conditions of climate chan¢
ideal for growing in Western Polesie both for seeds and withil
c/ha of short unoriented fiber. The quality of the fiber larg
Key words: depends on j[he _conditic_)n of the stalk, hgr_vesting tgchno
separation technology, oil flax, natural and cllmatl_c cor_1d|t|ons_ and the condltlons of aging of
soil. rolls. stems. moisture stall_<s on the flax flelt_:it is also important to take into account tl

' ' ' ' availability of technical support to create conditions for f
movement, trust. transformation of stalks into trust. It has been established tha
effective process of transforming oil flax stalks into trust depe
on the presence of moisture and positive temperatiiterefore,
it is necessary to explore different options for harves
technologies and, in the absence of atmospheric moistul
conditions of global warming, to ensure its movement from
soil by cutting the stems at a height of-8D mm. For this
purpose, an improved separate harvesting technology is prop
when the stems in the early yellow ripeness phase are cut v
rotary mower. After separating the seeds, it is important
consider the condition of the stalks. If the swaths are thre
with a combine harvester, then the stalks are partially destrc
and fiber loss is possible. When using other technical means
as a picketthresher, the integrity of the stalks is preserv
Accordingly, the loss of both seeds and fiber will be mini
Thermophysical processes when placing whole stems in
placed in a longitudinal plane on the soil surface
substantiated. Rational density parameters of such rolls
established as the basis of the accelerated process of conv
oil flax stems into trust.
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ABSTRACT

The quality of machine and mechanism performance lar
depends on the quality of manufacturing of parts and the asse
process. The assembly process, both after the direct product
components and after their restoration during repair, is baset
the development of design and technological documentatiol
essential element of which is the calculation of dimensi
chains. The existing interstate, national, and industry regula
documents define the procedure and rules for calcula
dimensional chains. In Ukraine, when developing a technolog
assembly process at the design stage, interstate standards s
GOST 163180 and GOST 163280 are used. During thi
assembly stage, technological and design solutions are appli
achieve the required dimensional accuracy, which often leac
additional technological operations and costs. However, i
possible to reduce the total assembly error and the numb
technological operations already at the design st
(Cherkashyna, 2013). GOST 16320 establishes methods f
calculating dimensional chains using various approaches
achieve the accuracy of the closing link, in particular: the met
of complete interchangeability, the method of par
interchangeability (probabilistic method), the method of gr
interchangeability (selective assembly), the fitting method, an
adjustment method. This article discusses the essenc
calculating dimensional chains using the methods of partial
group interchangeability in the manufacture of agricultu
machinery parts.
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STATE OF THE ART AND PROBLEM STATEMENT

The method of complete interchangeability (maxirormimum method) is an
interchangeability approach in which the required accuracy of the closing link of a dimensional
chain is ensured when any link can be included in or replaced within the chain without selection or
dimensional adjustment. In this method, components are assembled without fitting. For any
combination of part dimensions manufactured within the specified tolerances, the value of the
closing link does not go beyond the established limits. The dimensional chain is calculated using
the maximuriminimum method.

This method of calculation is typically used in individual and sibaith production; when
the tolerance of the closing link is small and the number of constituent links is limited; or when the
tolerance of the closing link is relatively large.

The advantages of the method include simplicity and-effsttiveness of assembly,
simplified organization of assembly processes, the possibility of extensivelatercooperation,
and a simplified sparparts supply system. The disadvantages include higher product
manufacturing costs, since the tolerances of the constituent links are smaller than those obtained
using other methods.

The method of partial interchangeability (probabilistic method) ensures the required
accuracy of the closing link not for all assemblies but for a predetermined proportion of them. To
meet technical requirements in this case, additional processing operations are introduced. Parts are
assembled, as a rule, without fitting, adjustment, or selection; however, in a small humber of
assemblies (the quantity is predetermined), the value of the closing link exceeds the established
limits. The dimensional chains are calculated using a probabilistic approach. This method is applied
in serial and mass production, when the tolerance of the closing link is small and the number of
constituent links is relatively large.

The advantages of the partial interchangeability method are the same as those of the
complete interchangeability method. The manufacturing cost is significantly lower due to the
expansion of the tolerance fields of the constituent links (compared with complete
interchangeability). The disadvantage of the method is the need to employ highly skilled workers to
fit certain parts in those assemblies where the closing link exceeds the specified limits.

The method of group interchangeability (selective assembly) is a method in which the
required accuracy of the closing link of a dimensional chain is ensured by including in it constituent
links that belong to one of the groups into which they have been previously sorted. -Eoetguie
parts are assembled without fitting, and the required value of the closing link is thus achieved. This
method is used in mass and lasgale production for dimensional chains with a small number of
links.

The advantage of this method lies in the possibility of achieving high accuracy of the closing
link with economically feasible tolerance fields of the constituent links. The disadvantages include
the presence of wunfinished pr od usottingthapaftsintox c e s
groups, increased complexity of the assembly organization, and difficulties inpsptyesupply
management.

The fitting method is a technique in which the required accuracy of the closing link of a
dimensional chain is achieved by modifying a special (compensating) link included in the chain
through the removal of a material layer. The amount of material to be removed is determined after
preliminary assembly and measurement. The calculation of the dimensional chain is performed
using either the maximuirminimum method or the probabilistic method. This method is applied
primarily in individual production.

The advantage of this method lies in the fact that economically feasible tolerances can be
assigned to all constituent links. The disadvantages include a significant increase in assembly cost
and a decrease in labor productivity during assembly, as well as difficulties irpspersupply.
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The adjustment method ensures the accuracy of the closing link of a dimensional chain by
changing the compensating link without removing any material. This method is widely used in all
types of production when a high degree of accuracy of the closing link is required.

The advantages of the adjustment method include the possibility of regulating the dimension
of the closing link to achieve the required accuracy, the ability to compensate for wear during
operation, and the possibility of assigning economically feasible tolerance fields to the constituent
dimensions. The disadvantages are the increased complexity of the assembly unit design and greater
difficulty in assembly process€Brykhodko, 2021; Deribo et al., 2024; Rud et al., 2008; Tsvirkun
et al., 2022).

MATERIALS AND METHODS

The maximungminimum method guarantees the complete absence of defective
products (technological failures), requires less information about the constituent links, and
therefore involves lower computational complexity. However, this method allows for any,

I Z#FOAT O1 AAGEOAAI Ah AT i1 AETAOCEIT 1T &£ OEA AQOOAI /
links. The probability of such combinations occurring during the machining of workpieces is

low; nevertheless, it necessitates the assignment of tighter tolerances for technological
dimensions (lvanov, 2013).

The probabilistic method eliminates this drawback. It takes into account the
regularities in the distribution of machining dimensional deviations. The tolerances calculated
by this method do not include excessive accuracy reserves, which allows for a reduction in
machining costs.

At the same time, the probabilistic method permits the possibility of defects, is more
complex (requiring a greater amount of information about the constituent links), and
therefore is more laborintensive.

The choice of method for solving technological dimensional chains depends on the
number of constituent links (n) in the chain. When the number of linksi$§ S th OEA AAI
is performed using the maximungi ET EI Oif [ AOET A8 )1 AAOGAO xEAO!
method is applied.

RESULTS AND DISCUSSION

The method of group interchangeability (selective assembly) is mainly used for dimensional
chains consiing of three constituent links and for assembly joints that are not subject to
disassembly and reassembly during the operation of the product but are instead replaced as a
complete uni® for example, plunger pairs or rolling bearings.

When calculating tolerances and limit deviations for the dimensions of the constituent links
of a dimensional chain, the accuracy of the closing link, ensured by the method of group
interchangeability, is determined using the following formulas:

nj i i
dD:é. g+é.qd:é.i1 (1)
i F

i=1 i3

where ¢, Z is the tolerance of the closing link d; 7 is the tolerance of the increasing links
d, Zis the tolerance of the decreasing linksd/ zis the tolerance of any constituent link.

nj

h
Do A P & o @

where D,z is the coordinate of the midpoint of the tolerance field of the closing linkD,; z is
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the coordinate of the midpoint of the tolerance field of the increasing linksD,,z is the

coordinate of the midpoint of the tolerance field of the decreasing links.
Let us consider the following casgne dimensional chain consists of two constituent links, and
the initial equation has the form:
h=A -A (3)

where A,, A, A, T are the nominal dimensions of the closing, increasing, and decreasing links,
respectiely..
To satisfy the above conditions, it is necessary to assign tolerancés forA, in such a way

that
G&=f-q  G=4
Then, such values oD,, * D,,, re selected so that condition (2) is satisfidthe limit
deviations of the linksA, * A, are determined according to the following formulas
a a
Dy =& _é{';?
g
DdZJ = (pj _Zj_’f
u (4)
_p %
qu - (Q 2 ’T
gl
- [
Ddzq - Pq _29' ?

This completes the constructive calculation.
Since the toleranced, * @ obtained during the calculation are difficult to maintain under actual

production conditions, they must be in@ed byk times.
To achieve this, the following conditions must be:met

di=mgq " dji=m g, (5)
where dji * dji T are the production tolerances.

The tolerances dhe constituent links are increased by the same factor by which the constructive

tolerances were enlarged; accordingly, the production tolerance of the closing link is determined as
follows:

aji=m Q. (6)

The number of groups into which the finished parts must be sorted will also be ekjaaldtas
determined by the following formula:
_d gt g

o d (7)

The limit deviations of the link8, * A, for each group are determined as follows
O )for the first group, the limit deviations of the links * A, are taken to be equal to the
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Dy = wld =P (8)
Doay = B wld =az§t

B )for the subsequent groups, the limit deviations of each next group are obtained by adding
the calculated constructive toleranagsor g, depending on which link (increasing or deieg)

the deviations are being determined for.

For thep-th group:
Doy = dhy F wRB b d E
Doan = fon 96w @ 4y

In practice, during the manufacturing of parts, dimensional scatter occurs as a result of
technological factors, followed by the random nature of dimensional combinations of the parts
during assembly.

Using probabilistic estimates, it can be observed that if a small or very small risk (probability)
of interchangeability violation during assembly is allowed, the tolerances of the constituent parts
can be expanded.

If, in the calculation of dimensional chains, economic analysis indicates the need to apply a
system of overlapping tolerances based on the random combination of parts, the tolerances should
be determined statistically to control the proportion of defective parts within an acceptable level.
The statistical determination of tolerances defines the amount by which tolerances may be
increased, based on an acceptable degree of risk that only a small fraction of defective parts will be
produced.

The calculation of statistical tolerances of the links in a dimensional chain is based on the
application of probability theory theoremset us consider one of the summation methédshe
method of independent scalar quantitd&en summing independent scalar random quantities, the
conclusions of several theorems are applied.

If %, %,¢é, x, e, x areindependent random variables with corresponding means

2

M,, M,,é, M, j,é,sfrwghai;,az,é,
, €, a ' 2are constant coefficients, whijerepresents a linear combination of these variables

calculated values.

(8)

é, M, andvariances/, sZ, é, s

a

XjZ

y=ax °.. 8% 2 2% (©)

theny is also a random variable that possesses the following properties:

1) M =aM,; ‘a,M, >.aM,;

2)sy=ai s e 5 a0

3) If each random variable, , x, , € , X follows the normal distribution law, thery also
follows a normal distribution law

According to these conclusions, when determining the tolerance of the closing dimension under
anarbitrary distribution law, a relative dispersion coefficikerg introduced.

The coefficienk characterizes the deviation of the distribution of dimensiohain tolerances
from the Gaussian (normal) distribution. For the normal distributionl; for the triangular
(Simpson) distributionk =1, 22.

The range of the distribution ofy measures the dispersion of the linear combination of
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random variablesx]. )

The range of deviations of the dimensions of the corresponding links, expressed by the
valuesR, R, , €, R, represents the respective tolerances that determine the qualitative

characteristics of the deviationsThe value R, is the tolerance that defines the qualitative
characteristic of the closing link in the dimensieolhin system.The mean value,, M,, €,

M, correspond to the nominaindensions of the links in the dimensional chah, i while X
corresponds to the nominal dimension of the closing lifike standard deviatios,, y is used as a
measure of dispersion, since for the normiatribution law R, 6s, =R . Similarly, s, , s,,

€, s, will respectively be the estimates & , R,, € , R.. The number of tolerances in the

dimensional chain is denoted by which corresponds tm distributions of part deviationgrom
the above equation for determining the tolerance of the cldisikglimension, we obtain:

TA = /?::}l(TAf . (10)

For the tolerance of the closkigk dimension under an arbitrary distribution law, a relative
dispersion coefficierit is introduced, and the previous equation takes the following form:

TA = [A (TAY K. (1

By applying transformation procedures to the obtained equations, we derive an equation for
calculating the tolerances of the constituent links of the dimensional chain based on a given
tolerance of the closing link. For example, let us compare the tolerances of the constituéii links

in a dimensional chain consisting of four links, calculated using the method of complete
interchangeability and the probabilistic (theoretisttistical) method, under the conditiohd, = 4TA.

Ay 5
IAI |,A2 A3 | A4

-
S| f

Fig.7 Dimensional chain diagram

Calculation by the maximuhminimum method with additive tolerances:
TA, =4TA,
from which it follows that
TA,
TA =—2
A 4

The calculation performed using the theoretipabbabilistic method with random variables of

overlapping tolerances gives:
TA = ,/4(TA) 2TA

TA =TA/2.

from which it follows that
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CONCLUSIONS

In the case of selective assembly (for clearance and interference fits), the maximum clearances
and interferences are reduced, while the minimum ones are increased. As the number of sorting
groups increases, these values approach the mean clearance or interference for the given fit, making
the joint more stable and durable.

The application of the probabilistic method for calculating the dimensional chain makes it
possible to use the tolerances of the constituent links two grades coarser, which is of great
importance for achieving the required machining accuracy of parts in various assembly unit designs.

From the comparison of both calculations using the method of partial interchangeability, it
follows that applying the theoreti¢arobabilistic calculation allows, with the same closlimd
toleranceTA quto double the tolerance of the constituent links with a risk probability of only 0.27%.

In agricultural machine building, such a small level of risk is considered negligible, and
machines are therefore designed taking this risk into account.
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ABSTRACT

Floodplain forests perform important ecological a
hydrological functions, especially in regions with limit
forest coverage. This study examines the impact of ripe
vegetation on the development of river meanders along
Vorskla and Psel Rivers. An analysis of current floodp
conditions was conducted, including the proportion of for
meadow, and agricultural lands, topographical a
hydrological features, and the density and type of vegeta
Based on satellite image interpretation, morphome
measurements, and spatial modeling, a correlation

established between meander morphology (belt width,

angle, development coefficient) and forestation along
riverbanks. Meanders show greater development
segments with deforested banks, where the meander
considerably wider compared to forested stretct
Conversely, dense riparian vegetation, particularly will
shrubs, increases flow resistance, reduces stream vel
and traps sediment, effectively mitigating bank erosior
was found that floodplain forests serve both filtering
channeishaping functions. Practical recommendations

proposed for afforestation of erosigmone riparian areas
to enhance channel stability. The study underscores
importance of maintaining vegetative buffers alc
meandering rivers and suggests afforestation as a na
based solution for channel protection. The results

applicable in watershed management, ecolog
restoration, and river landscape planning to ens
sustainable river system functioning under mod
anthropogenic pressure and climate variability.
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ABSTRACT

The main measure to eliminate the negative impac
soil compaction is their deep loosening. Studies of
hardness have revealed significant fluctuations in the d
of occurrence of compacted layers even in condition
small land plots. Known designs of deep subsoilers prc
for continuous cultivation of subsoil layers to a depth ec
to the maximum value of the depth of the plow sole or
entire field. The design of devices for changing the dep
travel of the working bodies of deep subsoilers does
allow changing the depth of cultivation in real time basec
soil hardness cartograms. We have proposed to switch t
principle of destroying the integrity of the compacted la
by cutting holes with a tubular working body. A mach
design has been developed to implement this methc
cultivation. The purpose of the study is to theoretic
establish the traction resistance of such a machine
substantiate the design parameters of its working bod
dependence was obtained that allows us to asses:
influence of such parameters as the diameter of the t
the number of teeth on the disk and the distance betwee
disks on the energy costs during the operation of
machine. Based on the analysis of the graphs constrt
according to this dependence, it was established the
achieve a specific traction resistance of 5 kN, it is advis:
to install from 6 to 8 teeth on one disk. In this case,
diameter of the tooth should not be more than 0.03 m,
the distance between the disks on the rotor should not b
than 0.3 m. Testing the working body (tooth) for resiste
to deflection when it is buried in soil with a hardness
P, =40 kg/cm revealed that for a tooth 0.5 m long,

section in the form of a sector of a ring with an oL
diameter of 0.03 m, a sector angle of 2@6@d a ring wall
thickness of 0.004 m will ensure stability
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ABSTRACT

The article presents an analytical overvie
demonstrating the feasibility of using pneumatic (airl
sapropel extraction machines designed to obtain org:
sapropel raw material a fundamental component in tl
production of fertilizers for organic farming. The secti
State of the Art and Problem Statement highlights
shortcomings of the existing mechanical adjustment
control systems of such machines, which are often ineffi
and prone to operational failure§ince pneumatic saprop
extraction systems have proven to be eneffjgient and
environmentally sustainable in obtaining organic ri
materials and are currently undergoing acti
modernization, a comprehensive automated system
proposed as the result of this research. The devel
system simultaneously performs several functidngt
forecast s, adjust s, and
process.The system determines and configures the opt
technological parameters of the workflow and automatic
monitors, modifies, and manages them depending or
unpredictable characteristics and properties of the sapr¢
deposit. It also forecasts potential changes in the opere
process and structural loads that may lead to macl
failure, thereby preventing such occurrenc8he paper
presents a block diagram illustrating the sequence
processes for forecasting, adjustment, and control of a
sapropel extraction machines, as well as the layou
information and control devices that implement
operational process. The proposed system will increase
efficiency of machine operation, ensure uniform extrac
of sapropel layers, and provide higjuality raw material
with minimal impact on the aquatic ecosystem.
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STATE OF THE ART AND ANALYSIS OF PUBLICATIONS

One of the promising directions in improving technologies for extraction and processing of organic
bottom sediments is the use of spiral conveying systems, particularly working bodies in the form of an
Archimedes spiral (Molchak, 1998; Shevchuk, 2012). Such designs ensure stable movement of viscoplastic
materials in a confined environment and are enefigient due to the combination of transport, dosing, and
partial dewatering functions. Modern developments in the field of hydromechanized sapropel extraction
indicate the need for a deeper theoretical analysis of the process of particle movement along curved surfaces,
which determines the productivity and stability of the extraction equipment (Didukh, 2016).

Given the increasing demand for environmentally safe fertilizers and the rational use of natural
resources, the issue of effective extraction and transportation of lake saprogslsable organic raw
materials for agricultural productidnis becoming particularly relevant (Tsyz, 2020; Khomych, 2021). The
development of technological systems for sapropel extraction requires consideration of their -physical
mechanical and rheological properties, as well as the construction of models describing the kinematics and
dynamics of material movement during transportation.

An analysis of scientific publications shows an insufficient number of theoretical works devoted to
modeling the motion of a materi al point along a
buoyant force in an aquatic environment (Khlopetskyi, 2024). Most studies focus on the constructive aspects
of conveyors or hydraulic systems, but lack a systematic approach to the mathematical description of the
working process of a spiral mechanism that moves viscous material along its axis (Tsyz et al., 2025).

The mechanization of sapropel extraction and feed processes has been studied in the works of Tsyz
I.Ye., Didukh V.F., and Khomych S.M. (2025), where the authors analyzed the operating process of a
pneumemechanical device for sapropel extraction. They established the relationship between the transport
velocity of the mixture and the parameters of bubble lifting, emphasizing the feasibility of automated air
supply regulation and pipeline inclination angle adjustment to stabilize system productivity.

Didukh V.F., Tsyz l.Ye., and Holii O.V. (2023) investigated the influence of natoo#ture sapropel
on soybean yield under moisture deficit conditions, emphasizing the importance of preparing raw materials
of proper consistency for subsequent agrotechnological use. These works outlined the range of technological
and technical problems related to sapropel transportation from the extraction site to the accumulation zone.

Earlier, Didukh (2016) studied the dynamics of the excavation process of lake sapropels from under a
water layer, describing the nature of force interactions between the intake device and sapropel mass and
demonstrating the influence of the working body®é
hydraulic system.

However, in most studies, the research focuses either on the structural aspects of machines or on
experimental efficiency indicators, without systematic mathematical modeling of particle motion in spiral or
screw channels (Tsyz & Didukh, 2023; Khomych, 2021). This creates a scientific gap in understanding the
kinematics and dynamics of material flow in spiral working bodies.

Constructing an analytical model of particle motion along an Archimedes spiral will allow obtaining
generalized dependencies between the spiraldés gec
and energy consumption of the process.

Introducing a coefficient of material similarity makes it possible to adapt the model for other types of
viscous and fibrous materials such as sludge, peat, wastewater sediments, or technical paistes
increasing the universality of the results for analyzing technological systems of various purposes.

ESEARCH PURPOSE AND OBJECTIVES

The purpose of the study is to develop a mathematical model of the motion of a viscoplastic material
particle along the surface of an Archimedes spiral, taking into account the geometric and kinematic
parameters of the working body used for sapropel transportation.

To achieve this goal, the following objectives were set:

T to analyze the physical and mechanical properties of sapropel as an object of transportation;

T to construct analytical dependencies describing the trajectory of a material point moving along a spiral
under the influence of hydrostatic and frictional forces;

ito determine the influence of the spiraldés geoc
efficiency of transportation;
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T to justify the applicability of the obtained model to other types of viscous media by introducing a
material similarity coefficient.

Additionally, the research aims to design a system for automated forecasting, adjustment, and control of
the working process in airliftype sapropel extraction machines, in order to obtain-gugtlity raw material,
increase productivity, and prevent equipment failures under unpredictable deposit characteristics and
material properties.

MATERIALS AND METHODS

To study the process of sapropel transportation within the spiral working body, an analytical approach
was applied using methods of mathematical modeling of a material point moving along the curved surface of
an Archimedes spiral.

A blade in the form of a spiral sector rotating in a vertical plane with a constant angular velocity was
considered. At the initial moment, a material point of nmass located on the inner surface of the spiral and
is subjected to gravitational force, sliding friction, and the buoyant force of Archimedes, which is
proportional to the difference between the densities of sapropel and water. The friction coefficient is
determined experimentally, depending on the moisture content and consistency of the sapropel mass.

The mathematical model of particle motion is described by a system of differential equations that
accounts for changes in coordinates in a polar system and the action of buoyant force. To ensure the stability
of the solution, the model was implemented numerically using the RKingge method of the 4th order.
Calculations were performed in the MathLab environment, which made it possible to obtain graphical
dependencies of:

T the angular position of the particle over time;

T relative angular velocity;

T trajectory of particle movement in absolute coordinates.

The input parameters of the model included the geometric characteristics of the spiral (radius, pitch,
inclination angle), sapropel density, water density, friction coefficient, and rotational frequency of the
working body. Parameters were determined considering typical sapropel extraction conditions of medium
moisture content at depths df83meters.

To evaluate the influence of design parameters on transportation efficiency, dimensionless similarity
coefficients were used, allowing the generalization of results for other types of viscoplastic media such as
sludge, wastewater sediments, or peat suspensions.

The obtained dependencies made it possible to estimate the effect of rotation frequency on the stability of
material point motion: a stable regime is achieved when the rotation frequency of the spiral working body
increases from 15 to 25 rpm, which corresponds to experimental observations of effective sapropel mass
movement.

The proposed approach can be applied for the calibration of parameters of similar transport systems when
processing other natural materials using the coefficient of material similarity.

RESULTS AND DISCUSSION
Problem formulation.
A planar curve lying in a vertical plane, given in polar coordinates by its graph(/ ) with

dr . . . . . o
d_' ¢ Ofor O<y % rotates in its plane clockwise with constant angular velagityAt the initial time

t =0, a material point of masm is placed at some point of the curve and is initially at rest with respect to
an absolute inertial frame. The coefficient of sliding friction between the point and the cume is

Gravitational acceleration @
The point is also subjected to the Archimedes buoyant force proportional to the weight of the displaced
fluid, i.e.
F=r, ®V,
where 7 is the density of sapropel (the particle/materia), is the density of water, and is the
displaced volume (so than=r V).
Required: derive the equations of motion of the material point on the rotating curve.
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Notation recap:
r(/ ) : polar equation of the curve, vertical plane;

w: constant angular speed of the curve (clockwise);
m, /M g: mass, friction coefficient, gravity;

ro, I,V :sapropel density, water density, displaced volume;

F=r, ®V (buoyancy).

Remarkit is often convenient to write the effective weight acting downward as
. L . . /’W

W= (r - )@ VO nBg (D r—),

S

=A =4 =4 =4 -4

while retainingFbe x pl i ci t 1y when projecting forces along

SOLUTION OF THE PROBLEM
We assume that the material point does not detach from the curve; therefore we analyze its motion in a
nortinertial reference frame rigidly attached to the given curve. The origin of this frame is placed at a fixed
point O. Since the trajectory is specified in polar coordinates, we introduce the standard orthonormal basis

vectors € and € , directed along the radius vector of the point and perpendicular to it in the direction of
increasing polar anglg , respectively (see Fig. 1).
According to(Tsyz et al., 2023)he kinematic relations for the polar basis are:
€=/ €
&= 7 &
In addition, we introduce the unit vectors of the natural (Frenet) frame along the trajectory: thettangent

and the normah (the normal points toward the center of curvature, i.e., in the direction of greatest concavity
of the path). These vectors are relateé;t@nd € by:

=W/ B
w7 |
Jt
n=——,
13t

wherer =r(/ )€, is the position vector of the point on the curve, aiglthe planar rotation byp / 2
(the Jacobian operator that maps a vector to one rotat&€d(dmgthe positive sense), i.el CE; ® and
J@& =e-.

Equivalently, using scalar components (prime denotes differentiation with respect to the variable
indicated in the subscript), we can write

e e,
re +#e0O
_-1© rte

Jo)z+r?

Here r; 1 3— These relations will be used to project forces (gravity reduced by buoyancy, friction)
y

t

n

and the nonnertial terms due to rotation with angular spag&dntot andn when deriving the equations of
motion.
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800

Figure 1i Diagram of the forces acting on a material point moving along a curved surface
RESULTS AND DISCUSSION
Problem solution. We assume that the material point does not detach from the curve; therefore, we
consider its motion in a nenertial reference frame rigidly attached to the given curve. The origin of this
frame is placed at a fixed poi@ Since the trajectory is specified in polar coordinates, we introduce the unit

orthogonal vectors, and € , directed, respectively, along the radius vector of the point and perpendicular
to it in the direction of increasing polar angle(see Fig. 1).

According to(Tsyz et al., 2023)& =/ €, e=y €. In addition, we introduce the unit vectors of the
natural (Frenet) frame: the normaldirected toward the greatest concavity of the trajectory, and the tangent
t. These vectors are relatedgoand € by

_w/p
[ 7
_ ot

K
wherel is the Jacobian (rotation By = ); @imes denote derivatives with respect to the variable shown

. L r
in the subscript, |.e.r,/.’ 1 d—
dy

Figure 1. Scheme of the forces acting on a material point moving along a curvilinear surface.
The relative velocity of the material point, by definitigriolchak et al., 1998)is

V=58 € 1)
where /" is the time derivative of the polar angle that specifies the position of the material point

along its trajectory.
According to (1) and definitio(Molchak et al., 1998)he relative acceleration of the material point is
. i SQ2
2,=5 O = n 2)
r
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wherek =1/ risthe curvature and is the radius of curvature of the trajectory.

The transport (convective) acceleration (i.e., the acceleration due to the rotation of the coordinate
system together with the curve) for the material point equals

a, = w(@r) (3)

and is directed toward the cent@rof rotation, since the angular acceleration of the frame rigidly
attached to the curve is zero under the problem statefrier0, a =0).

The Coriolis acceleration of the material point is computed taking into account that the transport angular
velocity vector isw (per the problem statement). Hence, by definiiglolchak et al., 1998)the Coriolis
acceleration is

acor: 2W q)el (4)

Thus, according to (3) aMdchaketal., 1898)he chréegpbndimgb er t 6 s

inertia forces are
Fo=m a0

T (5)
I:cor_ m %Dr
In addition to the inertia forces (5), the material point is acted upon by the normal reaction of the
constraint (the curve):

N=N @ (6)
the sliding friction (M@Iohak_'et,al.,W%ﬁsd:ahenasby Coul ombo6s
T= +m NOt, (7)
and the weight and Archimedes buoyant force, whose resultant in the choseertiahframe has the
form
P=(mQ r; gXQ ¢, (8)

wherem is the mass of the poing is gravitational acceleration/ , is water density, an¥ is the

displaced volume (so than=r_\C, I being the sapropel density).

According to NeMdchakét al., 1998)kritien th thé reornertial frame, the relative
acceleration of the material point is proportional to the vector sum of active forces, constraint reactions, and
inertia forces, i.e.,

m@el P N+ E +|c:or' (9)
We write vector equality (9) in projections onto the axes of the natural {tameTo this end, we take
the scalar product of (9) first withand then witm, using the relations

td £n nOLt=n O3, t s, a0 nzﬁ

’
3@ 3,3 n0g=sa t 8. & N 3.
PQ@ #,P nOP
In this way we obtain the equation of relative motion along the ceirves/ ) :
ms= Pt-mNsg(B -ma pa. (10)
where
N=P -mg ma, O m-= (11)
' ’ r
a, .= wr d 3 i
A (ry? w7 JE)2ir 2
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If the material point is placed on the curve with zero initial absolute velocity, then the initial conditions,
given the adopted directionspfand t he fr amed@gsareangul ar velocity

s(0)=s, & 0D (12)
Equation (10) must be solved under the -separation conditioN 2 O, i.e., the material point does
not detach from the curve surface.
The differential equation (10) is nonlinear with variable coefficients; therefore, numerical methods are
used. Since (10) contains a discontinuous funcsgm( 9 (from Coulomb friction), to ensure stability a

fixed-step scheme is required. Hence, the feortter RungeKutta method is optimal.

Implementation of the problem in the MATLAB environment, taking into account the assumed and
theoretically obtained parameters, confirmed the feasibility of the proposed working process of the extracting
organ. However, achieving the desired transport of sapropel along the Archimedes spiral is possible when the
cutterds rotation frequency *to20 mim, evhile a stabld opératiogm t h
regime is achieved at 25 minwhich is allowed by the proposed standards.

The solution of the mathematical model made it possible to obtain the following graphical
dependencies: the angular position of the point on the cutter blade versus time (Fig. 2), the relative angular
velocity with respect to the blade (Fig. 3), and the trajectory of the point in absolute coordinates (Fig. 4).

a, pan

1.5

0.5

0
0 0.05 0.10 0.15 020 ¢t ¢

Figure 2i Angular position of the point on the cutter blade as a function of time.

t, ¢

g 0.05 0.10 0.15 020
-02
-04
-06
-08

&

w, pag/c
Figure 3i Relative angular velocity of the point with respect to the cutter blade.
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Figure 4i Trajectory of the point in absolute coordinates.

To generalize the research results and transfer the obtained dependencies to other types of viscoplastic
media, amaterial similarity coefficient kn was introduced. It accounts for the physimechanical
parameters of the processed material. The coefficient is defined as the ratio of density, moisture content, and
rheological characteristics of the studied material to the corresponding parameters of sapropel:

T g We (13)
rs m W,
where:r ., fTidensity of the materi al and sapropel, kg
m, miidynamic viscosity of the materi al and sapr

W, W, T moisture content of the material and sapropel, %.

The obtained coefficieritn makes it possible tscale the kinematic and energy parametersf the
transportation process described by the mathematical model. For exampletdeal-moisture silt

(r =130Ck g / mm=60P a LVE = 75%), the coefficientK ° 1,12. In contrast, for geat suspension
(r =110Ck g / mi=45P a W¥=70%), k,,© 0,89. This indicates that transporting such materials in a

spiral working body requires only minor adjust me
stable movement of the mass.

Thus, thematerial similarity coefficient can be used to determine the operating modes of machines
employed for extraction, dewatering, or conveying of viscous organic materials, as well as in the modeling
and design of other scretype transport systems.

CONCLUSIONS

1. An analytical model of the motion of a material particle along the surface of an Archimedean spiral
was developed, taking into account friction forces, buoyancy, and hydrostatic resistance in a water
environment.

2. It was established that a stable mode of sapropel mass transportation is achieved at the rotational
speed of the spiral working organ ofi205 mi n T |, which corresponds t
material movement without segregation.

3. A material similarity coefficientK,, was proposed, which allows the mathematical model to be
adapted to different viscoplastic media (such as silt, peat, technical pastes, etc.).
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4. The model confirms the possibility of optimizing the structural parameters of the spiral cutter
without the need for multiple laregeale field experiments, which significantly reduces the scope of
full-scale testing.
5. The obtained results can be used for the design of eeéfigient screwtype transportation systems
for natural organic masses with adjustable feed rates.
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ABSTRACT

The formation of sapropel deposits ensures their hum
within 92°98%. To achieve a minimum level of profitability frc
the use of sapropel, it is necessary to reduce its humidityitc
70%. Therefore, the process of dewatering the extracted sap
is the most important stage of processing the extracted dep
Convective drying, as the most common method of dewaterin
agricultural materials, is very energptensive. Among th
methods of dewatering materials that involve the use of val
kinds of mechanical energy, only cake filtration in presses wi
limited chamber volume and the use of gravity during dehydre
in pipes made of geotextile materials can be effective
dewatering sapropel. But when using a screw press, the que
arises of the effective operation of the filter in which the liqui
separated from the solid. To solve this problem, we have prog
a press design with a salfeaning filter. Therefore, the purpose
this work is to study the influence of the design parameters
screw press with a setfeaning filter on the process of saprog
dehydration. To obtain mathematical models of the stu
process in the form of regression equations, the mathem:
method of experimental design was applied. Analysis of
obtained equations and graphical dependencies showed the
design of a screw press with a seaning filter is workable anc
provides a decrease in the humidity of sapropel samples
92.2% to 80.82.0%. It was established that the ratior
parameters of such a press are the frequency of rotation o
screw shaftn = 300rpm, the compression force of the press
plate spring F =550 N, the gap between the filter rinc
D=0,4 mm and the length of the filtek =0,9 m. With such
values, the press productivity will @ = 0,15 -0,2(kg/s, and

the humidity of the dehydrated saprop® = 80,0 - 82,(%.
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ABSTRA4gT

Among the branches of crop production, the most important is ¢
farming. It is the basis of all agricultural production. Therefore,

power of the state, the wdiking of its population, and the receipt
foreign exchange largely depend on grain and its processed proc
An important condition for the sustainable development of
country's agreindustrial complex is the rational use of agricultur
land. Restoring soil fertility and obtaining high grain yields
impossible without the use of fertilizefhe balance of plant minere
nutrition elements is the most objective indicator of the degre
impoverishment or enrichment of the soil with certain elemdiuis
balance of nutrients is an important characteristic that reflects
level of agricultural production. With an optimal balance

nutrients, fertilizer doses and costs are reduced and crop produc
increases. Disruption of the balance of nutrients leads not only
decrease in soil fertility, but also to negative environme
consequences. This is especially true for nitrogéme research wa
conducted in the conditions of th& "Niva" in the Dubno district of
the Rivne region on podzolized chernozeiftse paper present
calculations of the balance of macroelements in the cultivatio
winter wheat. The balance of macroelements in the soil show
balance between the intake and removal of nutrients. The rest
the calculations show that in the conditions of E@&"Niva" there is
a certain irrational use of mineral fertilizers. In order to reduce
balance of macroelements to certain norms, it is necessary to ¢
the doses of mineral fertilizers, namely, it is necessary to atia
kg/ha dry matter of nitrogen, 15 kg/ha dry matter of phosphorus
for potassium, the balance calculations indicate that its applica
can be reduced by 25 kg/hln order to optimize the balance |
macronutrients and humus content, we recommend app
fermented organic fertilizers 7-10 t/ha. To verify mathematici
calculations, it is necessary to conduct laboratory studies of
content of macronutrients in the soil before applying fertilizers

after harvesting.
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ABSTRACT

The complexity of the problem of planning and manag
scientific research in the agricultural sector necessitates
improvement of existing models and methods of planning
management in the national economy of the country. Martial
creates unstable conditions for the agricultural sector, incluc
security threats, disruption of supply chains, resource constri
and changing market conditions.This requires the adaptatio
operational processes to ensure stability and continuity
activities. Agricultural enterprises are key to ensuring
country's food security. The implementation of innova
solutions in the field of management and project managemen
help agricultural enterprises adapt to new challeng
Agricultural production is subject to seasonal cycles, wt
requires the adaptation of plans for the redistribution of resoul
and the use of equipment. Unpredictable weather conditions
affect the implementation of the project. Natural and clim
conditions are changing rapidly, there is warming 8
redistribution of precipitation, the number of cataclysms
increasing (hurricanes, hail, drought, insufficient snow cove
the fields, floods, frosts in May 2025, other natural phenome
which can cause enormous damage to crop produc
horticulture and other industries). The agricultural sector
constantly developing, so it is important to take into account
technologies and innovations. Attention is growing
environmental sustainability, which requires taking into accc
environmental aspects in projects. The agricultural sector is
of the largest polluters of soils and atmospheric air. It
necessary to pay close attention to the norms of mir
fertilizers, especially nitrogen ones, and switch to soil cultiva
technologies without turning the layer. We conducted
economic and energy analysis of crop rotation in the "Nyva"
of the Dubno district of the Rivne region. A new crop rotation
ways to reduce costs in growing crops were proposed.
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lted odttshzoOdedz? tSLdds’ §hjddy’ BO2YJ 18% o
odtotsh zo Odzdz' 1 2V Vs lzOL of 1,  todi 1o6], 8% z'o Ofdadz] eod tf £
ME18, 2% OS¢ty d&O 1711 .
[ dzv dzOc dzvtmdidts pls 3 d dz@w H * H' OGO ftsCOL Odzs Mis Ol
tc' fOCE 9 Al ¢c1do0Oeée.

B Onnatanpati3

Pinak, rpH/ra _rnoaarom

B HaciHHA

MW [1o6puBea

B33P

B EnekTpoeHepria
B beH3uH

m [lnznanueo

B MacTunbHi
Martepianu (4%)
N AMopTU3aUia

B PEMOHT OCHOBHUX
3acobis

M [HwWi MaTepianbHi
BUTPaTX Ta MOCYTU

B 3aranbHOBUPOOHWYI
(nopatku, opeHpaa)

W Butpatu Ha 36yT

{ §fM-ul30kls’ odlicOls {
] OB dff 5S30L Odzts t6j L zdz sOIs(
24

tc tc d aq’tstshlzaOdzdz' o' f O
teLtcOnbkzdzS & ftedBlzls
Pdiisso O Ay ¢c1 doa0B®é LO 20 ¢.
1 028" dzt M RZOHAtSHY jJdedz" o' H toj Odz' L Oy' °’ .- 1 ¢
102, 480 Isdf. Gts@z?,cﬁeliz,ls@fndz(bétdjqudzﬁtbq odtetsh zo Odzdz
Valse dzts ydMmisd?2 ftdekzltsS ¢ kM (hshikttsB®dd
B'dzhj 28 didzdz. cGtedz. wdz H LOLdOydisd, s fted oc
ftocdBllstsC 95 I& L dgizdz.' ¢ 4 d.,
v OB dzd YsLtcOr zdzC d ftedBlkzlsS 9 ftod odtetsh zo Odadz T/
e’ )

tB t

skdz Is|1 dzshjvtetsy O2 (e jtej H1 OHR BHY] OHA SH YL d@BS 9 Q
¢ 0O y/ ¢ 0 y' dz0 (9" H tjlo' H tj|yudmlso
ftcsHEZL 1 G (L hf cdB b
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Ctodz/ Is|cGtcdz f dztsh * , [L 2
G to dz f dztsh °

Is d ).

{ L d &BO| 240 71 8100 57,51 13802,4 6578,4

fhdded

s iz € k& tg| 380 120 8540 102,480 38942,4 28036,4

t " ©¢|253 32 19500 62,4 15787,2 7767,1
4 5w 125 35 17900 62,65 7831,25 4 156,25
1 &2 [ ]]998 M M M 76363,25 46538,15

t sLteORkdSd jdzgjtejlsdydzdms odltcOls fted odtetsh zo
f 5COL Ged dzegg ¢ 4/ sy SkzeoOdztsfm , zO2edhdddd odwe ddz
CCltwiBOL d 1 4/ c®O8 ®BIST ) 1&O oMy f dztsh Iz

1 02d3j dgh' jdzjteejlsdudz odBELDIsygr Y805 dsRY R dz0 dzéh
f dzsh Iz.

v OB dzd YWsLdtcOr zdzS d JdzjteecjiIsdydedr o dlstcOls ftcd o dtot

c1do0é (2024 ' §)

skdz sktcO |1 dztsh () OlstcOIlsd dzO ¢§) OlsteOIsd dzO
¢ 0O 113/ ¢0 z0 o fmr f dzsh Iz
JLdd&BO §h ]240 26 6 240
skCEtelzH L (380 36 13680
t " O¢ 253 30 11400
g sw 125 19 2375
la? [ 1 998 M 33695
] OBz c560L Odes ttsL teOrlzdzCd Jjdzj tecjIsd ydzts® e {e
odetsh zoOdzdz M/ ¢ Skdz bktc 9 kdkisoa OR Ay ¢c1 do Oe.
c¢ ‘ sy SkeoOdztsfm+ , z02e dh "’ fsC0OL dzd € 4 dzj to
o dtosh zo Odgdz'i 1B1ES BB BB Sysji1 3/ ¢ 0.
v OB dzd YWsLSte Or 2 dzC d Jj dzj tec j Isd ydzs® ° dRBdetsmls® Blsted d3O«
Ckdz sktc 8 BEZdiso Oa A c1do0Oé (2024 t
skdz Is|) dztshlutetsy O2 ([ daj teGts'|[ dzj @ ts‘|[ dzj toG 5° d3dz'
GO y/ ¢ 0 ftosHEC YyfesHEZS Yyf totsHzC y" 7~ ,
[/ €6 |4rx/ cO |dz0 oMy { dzts
[ L dd30| 240 71 13,8 97,98 23515,2
fhj ded
s z¢ Eztg]| 380 120 15,14 181,68 69038,4
t ' f 0S| 253 32 23,5 75,2 19025,6
g tsw 125 35 31 108,5 13562,5
l &2 [ 1]998 M M M 1251417
lIsOB df.5C60L Odgts oL tcOrlzdzCd SBJW' y' ‘" dals' 9 Jjdaj tec
odtotsh zo Odzdz m/ ¢ Ckdz skzte ) FEisse O~ | c1deo Oé
JWiClkdodesmls' tslstcd 30dets fted i B Jizts™ o ®DdzdzO &AT tatbzr y
odesh zoOdzdz t' § OCE. wjitejHdz 2 CJW' y' ' dzs J dzj teG
3,

JL9 OO yd dzO0 dzj f 56 Odz fsCOLddSd JjCdatsdz’ yd
Jqesh zo Odzdgy M/ ¢ SCkdz sktce o EkZdiisceo OF A c1do Oe
J S dHOY"
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1o jteh j, YyjtejLr st ydzgj LtesMmlsOdzdzy M/ ¢ k6 ' H!
CsMf sHOtmMIse dzf HBMdl: Y I¢ts HBIteddBkzs Is! Mw M ¢
fdzsh ' Hsdz 9 o ISOC LoOdzdr M' atL d3 dzOa HEXYJ o' HtS
U OB dzd YWsLbtcOr zdzC d St W' y' " dzls' 9 jdzjtecjIsdydets’ J W

Ediso O Al ¢c1 doO®e (2024 ' ¢§)
skdz Is|] dztsh|lutetsy ©2 () OlstcOIsd dzgj cets'|stsj W " y'*
GO y/ ¢ 0 odiosh zgftesHES YJ dzgj toc j Isa
dzO gdzO@ oMme | jWJiCIldec
fdshiz, |11 sdd
J L dd30| 240 71 6240 23515,2 3,77
fhjded
s z€ Iz tc| 380 120 13680 69038,4 5,05
t " 0G| 253 32 11400 19025,6 1,67
g sw 125 35 2375 13562,5 571
l w2 [ ]]998 M 33695 125141,7 3,71

1" mdzw OdzOdz' Lz JSCtsdescZ’ ydedem SO jdgj teGcjIsdydedna
oo Mddzbdzz M oasL ' dzgz L OSB3 yjteclzo Odadzgy dz ff sdz’

1. CkCEBGEHL O;

2 . CzCElzHL O;

3. MW

4. ' f0O¢

5. BsLdBO §hjddyv.

sty dzal tsdzy Bte" ' dzZlstsodes BEZH] BOBd fdzshz o 200

1" H ' O odesfmddis HBMdI! o jddSkz ¢ d ¢ MIs!
dofp " wHi fhjddyw ° f°H dagj 93] dd aEBddd o df
(LOLBdyO?2 +odz'¢ " WAYLIOgdP g dzv ) § el ekl ‘odgy dafsts iy “frplz o3
MdHjteOld. Aj HBLotddls! LBjttjclsd otdsclz o dz Isdz

l sHticzedgeQo jHjdzed R HOdzdR Ry z® L Bsedbd 0)H HHs dats
qiesh 2o Odzdz® t8' Lded R Ckdr lskte dzj BH dzOSC S0 ° ' t
Oz Hdsje, Gl § AlsdyuEERE. StcjB O oL s &V Isd “Xd Isg tcHzO B @
Bseclz LddL dbdsSycy GBJ dafGlHd .f j MisdydHd J ¢ tdse’ ydzt
iCtdtsds' ¢ fOd dgsets, Oy s5dOdz dzgj od¢ stedlsOdzdz”
G sodds SBEsB' SCd, §5° HAOddY €' d $s5 Isj¢ ds

=)

f " HB ' tc Mstels' & * ¢' Btk HO o, pstSt@€e].r ftotslsd h ¢ Hdz
Il R [ ] sR
Il tjLkd OIs ftcso JHjdedR HESMdz' HY J dz SO L e
LOf e sdzko Olsd f Jjodz fHtsfsLdy'
1. 1 MmMkyomddrs Edktseo OfF 90y dzdedd3 o dL dzOyd dzdzv
Mt jte® L oLOnkzoOddz" 3 afM'" n tedLdS " o.

2. v hlsOls"’ A ] c1do0eée o' HiMklsdzw sMOHO d3j dzj
IWJiClsdodes EftcOQodzvisd ctsMf sHOteMlsoatsds SO fted?2 BOIsd
3.1 td €= dgOIs d ydz' SO ctkzdzstso ' Edizgsoed A)] ¢1 de0Oe
B' & htsfls® M/ ¢ Ckdr bkt. 1ttslsy, djtBn' Hdbs tesLtesBdlsd

74
tesy' Yd ted L g' L dz LOBBtesL € d BERMAZs f h ¢ srHdY dzts d uf stk
o ddsd oL Odzdz™ ts a3d - Ckdz skte dBsy ks BElsd kOC" L On
HdeojtemdW €Oy ' v sLddddr Skd skte; MistcOrnkzo Odzdz" o totsy OF
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4102 ' dzr P2 €' dzr €' Mlsy odlsteOls o M asL d3 d2 fted
fhjded] f sdzOH 30 Isdfy. Gtedz 2O 1 ¢c¢O. l fjtjtOnizd
ftedrtsHWIs! Mw dz0 o dtotsh Zd O@zlz9 WUz tcEedzd dzO L j todets
510 MlsOlslsw 3 odflsGcbDiz fistc®@M’ &OUB " dz' hJ o dlteOYC
tesfmMdzd dz, HBBtedo O (L. YhgdgdtfQezdss® CRCERLHL BBV S
sLdis’ fhjddy' &BO23xJ 18% odlteOYyO' s mMw dzg@ L OCE
20, 3% dzO0 11t , ¢ tedi lo6d tBh o Qfdmyd ot tFOZHEL Gsdadts 3 20

6. 102B " dNM" dOHARBHYjddz" "' H ®©jOdZ LOYy' - L 1
102, 480 Isdfm. -5tdz,5 10 Isdf@)R2 RgjcdEdz §f tcd o dtetsh 2o Odzdz
ftodelklssS L kf ' fdsh' shktdibissdod' adish 280
gz’ H LOLdAOUdld, s fted odshizeo Oddz of' B Clkdz K
4

6,538 d3dzdz. G tcdz.
7

. I BL©ORkdSd jdjttcjkduddr odktOl f¢0OL Odd.
pqiesh o Odedz'i 3B G Bz €®OF ®eisr y L&D oMy § &zsh k2.

102 jde"  jdzjecjlsdude odbb@isqr ficdD5 dEPY 2 0ozOdzad
fdtshz. 102edhd2 SjW' y' ‘dibs jozjteejlsgydets’ W
CkChktkHL g BE@ Mjs’ 5, O wozwqxqu (1,67) fteg
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8. vjtjL htste' ydsj LsfsOdd M/ ¢ ke H! (oLvikls

i Hesfdl! Y ¢t Hslteddzyls: v M) sasL & do, o HMk

O¢ LoOddE f' oL d i s-fs') dgpw dzlz O
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ABSTRACT
In modern EU strategies, the development of the bioecol
plays an important role, aiming at the gradual replacem
of petrochemical raw materials with biological ones. 1
agricultural sector can make a significant contribution
this process by cultivating industrial crops on o
productive lands. One of the promising crops is castor
(Ricinus communis L.), which is suitable for technical
production. However, its harvesting and processing
complicated due to the uneven ripening of the fruits anc
lack of specialized machines.
This study proposes a new design of a machine for clee
castor bean seeds, which combines mechanical fruit -
destruction with subsequent aerodynamic cleaning.
proposed machine integrates crushing and reverse c
with rubber linings to break the fruit shells withc
damaging the seeds, along with an aerodynamic clea
system for removing light impurities. Using numeri
modeling in Simcenter St&CM+, based on DEM ani
CFD methods, the interaction between the fruits and
machinebs working parts a
were analyzed. Regression equations were develope
determine the seed separation productivity, the shar
unthreshed fruits, and the content of viable seeds in the
collector, depending on technological parameters. -
optimal values are: the gap between the crushing
reverse cone$ 8.6 mm; the rotation speed of the crush
conei 291 rpm; the feed opening diameter98 mm; the
cone axis inclination anglé 3 . 6 A ; t he ai6r
m/s; and the sieve inclination angle2 0. 3 A. Th
machine ensures higuality cleaning of castor bean see
with minimal damage, increases productivity, and redt
dependence on manual labor, which is crucial for
industrial processing of this crop.
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VU 9" HfBB9 HdesMls' HEts MEyOMmdedr MlsteOlsje" 2 [ u, Mftw ds
L3 dzh diIsd L Odzjydzg Mls! o' H IsteOHdY' 2des’™ d2OWIssn' B °~, 5
(Janiszewskatal, 2021; Wydreetal, 202) ¢ ctcOtedzd?2 M4 Slsste, Bk Mo ts¥ yJ teciz,
Yyj?2 ftesyjfm, LsCtejdkBO hdzwatsd jWjiSClkdods "N tsets (Parfefals to d fyls ©
2021;R o mFigueroa etal, 202). ) totslsj totsL M dtoj dgdgv f dzsh " H Isj A dg Ydz
CodeS Etojdzy’ ™ By fHesHtseotsdz ydhizd dzj f tetsH GSelftdet al, d &3 o
2013. [Hdedd3 "L hdwih' o tLodOWLOddw y' ' fsBdzj &3 By

Hdzv odteish zo Odzdzgw Isjrds ydzdms Ckdz skzts, hFs HtsL o sdzdIs!
Zdzd C dzzlsd MC stetsyd dedzv ff dztwbn Cdssebi al, #0LODiGsfovistdal @P0). § sy o § Bz
Cdzlsj € Mis* OClszOdz dzed 3z Hsfdz' HY J dedav tesLo dlstsC o
fslstci BB st o3 dz22 BOdzr dedr tod Mktem' & Hdzw odsh zo Odzdzw .
tdyddo® (Ricinus communis L.) tSH dz' ‘ (Zanettietdfl,j e J
2013; Alexopoulouet al, 2015 f ted H Olsdzdr Hdzv o dtotsh zo Odzdzgv dzO B ' H dzd
[ sMe "' H odtsh kzeoOdzgdzg? BCOLE", hs oty 02 dz' MIPV'Is/ dz@M ' dz
({dzj Br22ls/ & O ( misted YRS dz2WO )( ,m 1,19yl j 8@ 930dz). , { HOyld8lzse 2 s
hdqtesCts LOMlssmMsokze sy E ' Ldzds MWJjteOR: HdAzv odttse dzd Yy
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