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Pedepar. OrMeTuny, 4T0 COPTUPOBKA MPEACTAaBIAET COOON KIFOYEBOH TEXHONOTMYECKUH ITal IPOU3BOACTBA KapTodens.
MuHAMI3ALME TOBPEKICHHS KITyOHEH BBICTYIAeT OCHOBHBIM KPHTEPHEM OLECHKH 3()()EKTHBHOCTH COPTHPOBOYHBIX MAIIMH C
3MACTUYHBIM MOKPHITHEM PabOUNX MOBEPXHOCTEH JUTS CHIDKEHHS YAapHBIX HArpy3ok. (Lens uccredosanus) [lpoectn kKnHemarn-
YEeCKUH 1 IMHAMHUYCCKUI aHATM3 MEXaHH3Ma IPUBOJA pabouero 060pyI0BaHUs COPTHPOBOYHOH MAIMHEL Tolsma 115 OLEHKH dKC-
IUTyaTalliOHHBIX XapaKTEePUCTHK B YCIOBHAX KapTodeneBomyeckoro kinactepa AGROVER (Tamkentckas obmacts, Pecy6muka
V36ekucran). (Mamepuanst u memoost) MeTOIONOTHS HAMPABICHA HA OLEHKY MHEPLMOHHBIX HArpPy30K, KPHTHYHBIX C TOUKH
3pEHHsT MUHMMHU3ALUH [OBPEXICHHUS KIyOHell IpH COPTHPOBKE, YTO COIMIACYETCs ¢ MPOOIEMON MOBBILICHHS Ka4ecTBa PaboThl
MaluHbl. (Pesyrsmamoul u 0ocyscoenue) TlpoBeeH rpaduueckuii aHaIu3 BEPTHKAIBHON CHIIBI, AEHCTBYIOIEH HA KIyOHU TIpH
KOJeOAHMSIX IPOXOTOB MAIIMHEL, ITOKa3ai. Kak mokasan aHanus, HAPABICHUE ITOM CHIIBI IPEUMYIIECTBCHHO COBIANACT C CHIION
TSKECTH, YTO IPUBOIHT K «3a0MBaHHIO» KITyOHEH B 0TBepCTHS pabodeli oBepXHOCTH. MUHNMaITbHAS BEIMYMHA OTTAIKHBAIOIINX
cuIl He obecrednBaeT 3(pQEKTUBHOIO MepeMeLICHIs IPOAYKIMH, YCUIUBAsl PUCK TIOBPEKICHUS U3-32 He(OpMAIUI 3IaCTHYHBIX
TIOKPBITHH 1 OBAJIBHON (hOPMBI KITyOHEH, KOTOpbIE IEHCTBYIOT KaK KIIMH. YCTaHOBJIEHO, YTO Jae JAOTOTHUTEIbHBIC MEXaHH3MBbI
HE YCTPAHSAIOT MOJHOCTBIO IPOONIEMY CHUKEHHS IPOM3BOAUTEILHOCTH M TPABMUPOBAHHS KITyOHEi, CBA3aHHYIO C HHEPLMOHHBI-
MU Harpy3Kamu 4 FeOMETpHel TpoXoToB. (Bvigoovi) Pe3ybTaTsl MOATBEPKAAIOT BEIBOABI KUHEMATHYECKOIO H JUHAMUYECKOTO
MoJenupoBaHus. NHepUuOHHbIE CHIIBI, BOSHUKAIONINE NPH YCKOPEHHOM JBHMKEHHH IPOXOTOB, KDUTHYECKH BIMAIOT HA B3aHMO-
ZIeficTBre KiyOHeli ¢ pabounMH OBEPXHOCTIMH, B CBSI3H C STHM TPeOyeTcs ONTHMU3ALMS TapaMETPOB COPTUPOBOYHON MAIIMHEL.
KaroueBble ci0Ba: copTHpOBKa OBOIIEH, KanmuOpPOBKA, MEXaHM3M, KWHEMATHKa, JUHAMEKA, TPOXOT, MHEPLMOHHAS CHIA,
MOBPEKICHHE KITyOHEH.
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Abstract. Potato and onion sorting is a key technological stage in their production process. Minimizing tuber damage is a key
criterion for evaluating the efficiency of sorting machines equipped with elastic coatings on their working surfaces designed to
reduce impact loads. (Research purpose) The study aims to conduct kinematic and dynamic analysis of the drive mechanism of
the Tolsma sorting machine’s working unit to assess its performance under the operating conditions of the AGROVER potato
production cluster (Tashkent region, Republic of Uzbekistan). (Materials and methods) The methodology focuses on evaluating
inertial loads which are critical to minimizing tuber damage during sorting, aligning with the broader goal of improving the
machine efficiency. (Results and discussion) A graphic analysis was conducted to examine the vertical force acting on tubers
during screen oscillation. The results show that the direction of this force closely aligns with gravity, leading to tuber clogging
within the holes of the working surface. The minimal repulsive forces fail to ensure efficient produce movement, increasing
the risk of damage due to elastic coating deformation and the oval shape of the tubers, which act as wedges. Eeven additional
mechanisms do not fully resolve the problems of reduced productivity and tuber damage associated with inertial loads and screen
geometry. (Conclusions) The findings support the results of kinematic and dynamic modeling. Inertial forces generated by the
accelerated movement of the screens critically affect tubers-surfaces interaction, necessitating machine parameters optimization.
Keywords: vegetable sorting, grading, mechanism, kinematics, dynamics, screen, inertial force, damage.
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MHpe TpeOOBaHUS K KaUeCTBEHHBIM XapaKTe-
pUCTHKAaM IPOJIOBOJILCTBEHHBIX MTPOAYKTOB
IIOCTOSIHHO pacTyT. B mocnenHue roapl npu-
HSAT psiJ JOKYMEHTOB, HAlIPaBJICHHBIX Ha yIIOps104e-
HUE Ka4eCTBa CEJIbCKOXO3SIHCTBEHHOW NPONYKIMH, B
YaCTHOCTH KapToQeisi ¥ pernyaToro JyKa, TIe YeTKO
yKa3aHbl TpeOOBaHMS K UX XapaKTePUCTHKAM, BKIIIO-
gasi pa3Mephl. Tak)ke yCTaHOBIICH CITOCO0 KaTnOpOB-
KU KapToens myTeM NpoxXoKAeHUs KIyOHel uepes
KBaJIpaTHBIE OTBEPCTHS OMPEJICICHHOTO pa3Mepa, a
KaTMOpOBKa JIyKa — IO MAKCUMaJIbHOMY HOIIEPEYHO-
My auametpy [1, 2].
B LlenTpanbHoit A3uu (B 9aCTHOCTH, Y30CKHCTaHE
n Kazaxcrane) Ha NpeANpUATHSIX U KJIACTEPax, CHeL -
aJIM3UPYIOIIMUXCS Ha BRIPAIUBAHNUHU U IIepepadoTKe
KapTo(ens u TyKa, MIMPOKO MPUMEHSIOTCS KaJInopo-
BOYHBIC MAITUHBI HHOCTPAaHHOTO POU3BOACTBA (Grimme,
Schoutenn Tolsma), paboune opraHbl KOTOPBIX UMEIOT
KBaapaTHbIe oTBepcTHs. Hanbonee pacrpocTpaHeHbl
Monenu Tolsma 6maromapss KOMIIAKTHOCTH H IPOCTO-
Te KOHCTPYKLMH, HAJIS)KHOCTH 10 CPABHEHHUIO C APY-
TUMU TUTIAMU, OJHAKO OHU HMEIOT HECKOJIBKO HeJlo-
ctatkoB. Hapsigy ¢ o0muM 1715 Bcex KaauOpOBOYHBIX
MAalIWH 3aCTpEBAaHUEM KJIYOHEH B OTBEPCTHSIX, CIICH-
nduaeckoit mpoodiemoit MamuH Tolsma sBseTCS Ya-
CTBIH BBIXOA U3 CTPOS My(THI Bajla, HepeJarouiero AB1-
JKeHune Ha pabodee 0o00pyI0OBaHHE, a TAaK)Ke OBICTpoe
HW3HALMBAaHUE U pa3pbIB peMHel npusona [3-5]. Ha
JAHHBI MOMEHT OOCITY>KHUBAIOT dTH MalIMHEI TIpe-
HMMYILECTBEHHO HHOCTPAaHHbIE KOMIIAHUH, U OCHOBHbIE
MPUYMHBI HEUCITPABHOCTEH, a TAK)KE CTPYKTYpa UX Me-
XaHU3MOB He ObIJIN U3YYEHBI.
Llenb nccneposanus. [lpoBectn kKHHEMaTHUECKUN
W TMHAMUYECKUI aHATN3 MEXaHU3Ma, TPUBOJISIIETO B
IBIKeHHEe pabodee 060pyaoBaHue MalnHbI Tolsma,
HCTIOJIb3yeMOH B KapTO(deIeBOAYSCKOM KilacTepe
AGROVER (TamkenTckas 00:1.). B pesynsrare ananu-
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3a MOYKHO CIeNaTh BBIBOJ O B3aUMOJECUCTBUU MEXKIY
paboyeii TOBEPXHOCTHIO MAIIMHBI M KJITYOHSIMH.

MatepPuanbl n meToabl. Pabodee obopynoBanme Ma-
IIMHBI COCTOUT U3 HECKONBKUX (HA pucyHKe I UX NATh,
HO MOJXXET OBITH U TPH) B3aUMHO MapajuieIbHbIX U Pac-
MOJIOKEHHBIX APYT HaJ APYTOM IPOXOTOB, KOTOPHIE C
00erXx CTOPOH MPUKPEIJICHBI K paMe MaIlIUHBI C TIOMO-
b0 JBYX KopoMbicel. [Ipu 3amycke MalmHbl KOpo-
MBICJIO MOJAYYaeT ABHXKCHHUE OT KPUBOIIUITHO-IIATYH-
HOTO MEXaHH3Ma, U TPOXOThl HAUMHAIOT KOJIeOaThCs
BMecTe ¢ KopoMbIciioM. [lockonbKy rpoxoThl 00maga-
10T OIPE/ICICHHOW MAacCOil U COBEPILAIOT BpallaTeb-
HOE IBUKEHUE C YCKOPEHUEM, B HUX BO3HUKAIOT HHEP-
UOHHBIE CUIIBI U MOMEHTHI UHEPLIUOHHBIX CUJI, KOTO-
pble, B CBOIO OUepeib, IIepelatoTCsa Ha APyTryUe YacTu
MamuHbL. Takke B3aMMOIECHCTBUE MEX Y KIIYyOHSAMH
U TPOXOTaMU, IBIXKYIITUMHUCS C YCKOPECHUEM, YCIIOXK-
HseTcd. [ momHOro H3ydeHus mpouecca Tpedyercs
KMHEMaTUYCCKUN U JMHAMHUYECCKUI aHAJIN3 MEXaHHU3-
Ma MaliuHbL. [T0CKOJIbKY BCe IpOXOThI UMEIOT OJ[MHA-
KOBBIE pa3Mephbl U IPUKPEILICHBI K paMe OJUHAKOBBIM
00pa3oM, Ha HA4YaJILHOM 3TaIle IPOBEJICH KUHEMATH-
YECKHUH aHaJIU3 TOJIBKO OJAHOI'0 IPOX0TaA.

Puc. 1. Kanubposounas mawuna Tolsma
Fig. 1. Tolsma grading machine

CxeMa MexaHU3Ma Nepeaady IBUKCHHS Ha TPOXOT
MAalIWHBI U TPACKTOPUU ABUIKCHUA €TI0 3BCHLEB I1OKa-
3aHa Ha puUcyHke 2.
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Puc. 2. Mexanusm nepedauu 0susceHus Ha 2poxom cOpmupo8ouHol mawunvl: 1 — kpusowun, 2 —wamyn,; 3, 3’ — kopo-

Mmuicno; 4— epoxom,

Fig. 2. Diagram showing the mechanism of transmitting motion to the sorting machine screen: 1 — crank; 2 — connecting

rod; 3, 3'—rocker; 4 — screen

CreneHp MOJABMKHOCTH MEXaHNW3Ma paBHa 1, T.e. ero
COCTOSIHME MOKHO BBIPA3UTh Uepe3 MOJ0KEHUE KPHU-
BOIIIMTIA.

B mexanu3Me pabodrM 3B€HOM SBISIETCS TPOXOT,
OH IIPUKPEIJICH ¢ 00€HUX CTOPOH K OIIOPE Yepe3 JABa KO-
POMBICIIa OIMHAKOBOM JIIMHBI, PACIIOIOKEHHBIE TT0]T
OJIMHAKOBBIM YIJIOM OTHOCUTEIILHO BEPTUKAJIH, U CO-
BepIIIaeT BO3BPATHO-MOCTYTATEIbHOE ABMKEHHE. J{1s
KMHEMAaTHYECKOT0 aHAIN3a JBUKCHHUSI TPOX0Ta JIOCTa-
TOYHO U3YUYHTH NBUXKEHUE TF000H ero Touku C.

Kunemaruky stoil Touku C, KOTOpasi OTHOCUTCS K
rPOXOTY (IIOCKOJIBKY TOYKH COMPSIIKEHUSI KOPOMBICEI
Y IPOXO0Ta PACTIONIOKEHBI IPYT HAl IPYTOM, H 0003Ha-
4YeHBI 0/{HOM OykBO# C Ha puc. 2), OyjaeM aHATU3UPO-
BaTh C UCTIOIH30BAHNEM aHAIUTHIECKOTO MeToa (Me-
TOJ 3aMKHYTBIX KOHTYPOB BEeKTOpa) (puc. 3).
-~ +2L1 cosp, 1]

2, I +12 =211, cos g,

@, = arccos

[, sin g, . 1
[, -1, coso,

[ockombKy OnpeenuTh NEPBYIO U BTOPYIO IPOU3BOI-
Hyt0 ¢pyHKIMH (1) Mo 00001EeHHO KOOPAUHATE () CTIOXK-
HO, LIETTbI0 KHHEMATHYECKOTO aHaJIM3a TBHKECHHS TOUKH
C SIBIISI€TCS JTUIITH TIOHUMaHKE TIPHPOABI HHEPITHOHHBIX
cHJI, TO ABMKeHHE Touku C OynieT paccMaTpuBaThes Ipa-
(hIHecKIM METOIOM, a 3aKOH €€ ABHKSHUS MOXKHO BOC-
CTaHOBUTbH C HCTOJIb30BAHUEM METOA HHTEPIOISLUHL.

YautsiBas, 4TO B CXeMax Ha pucyukax 2 v 3 Hadalb-
HOE TIOJIO’KEHHE KPUBOIIHUIIA IPUHSITO C Pa3HUIEH B
30° mosy4yaeM CIEIYIOIINE BEIPAKCHUS:

v, =78sin(p, —30), @)
a. =78cos(p, —30). ?3)
OcHOBHAa IIeJTb KHHEMAaTHICCKOTO aHaJIM3a MeXa-

HH3Ma 3aKJII049acTCd B OIPEACIICHU N BEJIMYHHBI U Ha-
IIpaBJICHUSA MHEPIUHUOHHBIX CUJI B €TI0 KJIFOUEBBIX TOY-

—arctan
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Puc. 3. 3amxnymuuii konmyp éexmopos
Fig. 3. Closed vector loop

Kax, o0Jajarommux Maccoil. Maccy rpoxora MalIuHbI
1 00pabaThIBAEMBIX MPOAYKTOB 71 MPUMEM 33 COCPE-
JIOTOYECHHYIO Maccy B Touke C U OIpeanM JeiCTBY-
IOLIME HAa HEE CUJIBL.

Ha Touky C (puc. 4) neicTByI0T:

- cua TskectH F, = mg, @)

- CHJIa, HAITPaBJICHHAS TPOTUBOIOIONKHO HOPMaJTb-
HOMY YCKOPEHUIO (LIEHTPOOESKHAS)
- U
C

~ 6084sin’ (¢, —30
F =ma,=m—<=m @, ),
[ L
- HHEPIIMOHHAS CHJIa, HAIIPABJICHHAS IIPOTHBOIIO-
JIOKHO TaHTCHIIMAIEHOMY YCKOPEHHUIO

F, =md, =ma, = m78cos(¢p, —30). ©6)

2

)

N3BecTHO, 4TO B BO3BPATHO-IIOCTYIIATEIbHOM JIBU-
JKeHUH BCE TOUKH TeJla UMEIOT OIMHAKOBYIO KHHEMa-
tuKy. Cunsl (4)-(6) Takke JEHCTBYIOT Ha DJIEMEHTHI
(T.e. KITyOHH), pactooKeHHbIE Ha padoyell ITOBEPXHOCTH.
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Puc. 4. Cunvl, 0eticmsyrowue na mouxy C
Fig. 4. Forces acting on point C

Omnpenenum CUibl, ISHCTBYOLIIE Ha KIIYOHU B Bep-
THUKaJIbHOM HaIllpaBICHUU:

* BEpTHUKAJIbHAS COCTABIISIIOIIAS MHEPIUOHHOHN CH-
JIb1, BOHUKAIOIIAS 33 CYET TAaHT€HIIHAJIBHOTO YCKOpe-
Husl, OyeT:

E,, =78mcos(¢, —30) cos(¢, — 60); (7)
. BepTI/IKaJII)HaSI COCTaBJIAOIIasA I/IHepLIPIOHHOP'I CHUu-
JIbI, BOSHUKARIIas 3a C4CT HOpMaJ'IBHOFO yCKOpeHI/ISIZ
7o, 0084 sin? (¢, —30)

ntv
l

- 00111ast BEPTHKAIbHAS CUJIA, ICHCTBYIOIIAsI HA KITY-
OcHb B BEPTUKAIHHOM HAIlPaBICHUU:

F = F;‘[v + F;ttv + ﬁog'tv' (9)

v

cos(150—¢,); ®)

PE3ynbTATHI M OBCYXAEHUE. Ha 0cHOBE reoMeTpHye-
CKUX ¥ KHHEMaTHUYECKHUX MapaMeTPOB COPTUPOBOUHOM
MAIUHBI MOJYYUM IpadUK U3MECHEHUS BEPTUKAIBHOM
CHJIBI B 3aBUCHMOCTH OT ¢, (puc. 5): [;=0,4m, ,=0,09m,
L=03wm,15=02M,wm,=25pan/c, 0<p,<2m.

BepTukanbHbIe CHIIBI, ISHCTBYIOIINE HAa KITYOEHD
32 OJJUH 000POT KPUBOIINIIA, HATIPABJICHBI B OCHOBHOM
BHU3 (puc. 5). [IpbDKKOBOE ABHKEHUE YACTHUI[BI BJIOJTb
IpOX0Ta 00YCIIOBIEHO YACTHIO CHIT, JISKAIIUX HHUXKE TO-
PH3OHTAIIBHOU OCH. DTa cUJja, OTTAIKHUBAIOMIAT KITY-
OCHb OT TPOX0Ta, IOYTH HE BUHA HA pUCYHKe I, TTO-
CKOJIbKY OHA OY€Hb MaJia [0 CPAaBHEHUIO C CUIIOH, TOI-
KaromieH KiyoeHb K IPOXOTY.

CambIM OOJTBITUM HETOCTATKOM pacCMaTpHUBaeMO-
'O THUIIA MAIITUH SIBJISETCS TO, YTO KITyOHHU 3aCTPEBAIOT
OJ1 IEHCTBUEM UHEPIIMOHHBIX CUJI B paboueM 000py-
JIOBaHUU MAIIIMHBI, U BBICOK PUCK UX TIOBPEKICHHUSI.

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONOT MM + Tom 19 +N3 + 2025
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Puc. 5. Usmenenue sepmukanvbroii cusl, Oeticmgyrouell Ha
KIYOHU, 8 3A6UCUMOCHILL OM COCMOAHUSL KPUBOWUNA, NPU
amom macca Kayous ycaiosno nonyuena m = 0,1 ke

Fig. 5. Variation of the vertical force acting on the tubers
depending on the crank position, with the tuber mass
conditionally set tom = 0.1 kg.

Tak Kak oTBepcTHs padoyero opraHa — rpoxoTa Bbl-
MOJTHEHBI U3 AJIACTUYHOTO MaTepHaa, a Kaprodes-
HBIE U JIyKOBbIE KIIYOHH Takxe 1e(hOpMUPYIOTCS HIOA
BO3/ICHCTBUEM BHEUIHUX CUJI, TO KITyOeHb «3a0HBaeT-
Cs» B OTBEPCTH yIapOM 3a CUET BEPTHKAJIBHOTO AeH-
CTBUS HHEPLMOHHBIX cUJl. J{J1s ycTpaHeHHs 3TOro He-
JI0CTaTKa Ha MalllMHE YCTAHOBJICH JOIOJIHUTENbHbII
MEXaHHU3M, YTO, OHAKO, HE UCKJII0YAET MOJIHOCTHIO
«3a0uBaHU» KITyOHEH B OTBEPCTHSI.

W3-3a oBaIbHOI TeoMeTpHIeCcKOil OpMBI KITyOHH,
MONEPEYHBII pa3zMep KOTOPBIX OOJIbIIe pa3Mepa
oTBepcTHUs, OyAyT KaK «KJIMH» BXOAUTH B OTBEPCTHS,
KOTJa UX AJIMHHAS OCh NEPIEHANKYJIISPHA TUIOCKOCTH
rpoxota. OTOT Je(heKT CYyIIeCTBEHHO BIUSET Ha TIPO-
U3BOAUTENBHOCTD MAILIMHBL, YBEIUYMBAsI PUCK TOBPEXK-
JEeHUsI TPOIYKIMH B TIPOIIeCCe COPTUPOBKU U CHUXKAS
MPOHUIIAEMOCTh COPTUPOBOYHOM NOBEpXHOCTH. [lon-
HOCTBIO YCTPAaHUTh 3acTpeBaHue KIIyOHel kapTodes
JIOTIOJIHUTENIbHBIMU TEXHUYECKUMU CPEJCTBAMU He-
BO3MOXHO [6, 7].

BbiBoabl

I'poxoTHBIE COPTUPOBOYHBIE MALIINHEI, pa3pabo-
TaHHbIe KoMOanuen Tolsma, IMEIOT P TPEUMY ILIECTB.
OnHaKo UMEHHO TPHU COPTUPOBKE KapTOhEIsT OCHOB-
HBIM KPUTEPUEM, ONIPEAEIIAIOUINM KayeCTBO MAaIlIMHBI,
ABJISIOTCA MOKa3aTeNIH MOBPEKICHU KITyOHEl B 3TOM
TeXHOJIOTHYeCcKOoM rpornecce [8-14]. UccnenoBanwus mo-
Ka3bIBaIOT, YTO IPU COPTHPOBKE HA TPOXOTHBIX MaIlIU-
Hax MOBpeXJaeHre Ki1yOHe# nossimaeTcs. [loatomy
OCHOBHAs LEJIb JaIbHEHIINX UCCICA0BAHUN COCTOUT
B YCTpaHEHHUH (haKTOPOB, BHI3BIBAIOIIIX IIOBPEK ACHHIE
KJIyOHEl TPy COPTUPOBKE HAa TAKUX MAIIHH, C COXpa-
HCHUEM JPYTUX MPCUMYIIECTBCHHBIX XapaKTCPHUCTUK
MalIUHbI.

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 19 N3 » 2025



- MuT  11HHOBALIOHHbIE TEXHONOYV M OBOPYIOBAHME
-

INNOVATIVE TECHNOLOGIES AND EQUIPMENT

BUBIMOrPAGUYECKUIA CMINCOK

1. Bahadirov G., Sultanov T., Umarov B., Bakhadirov K.
Advanced machine for sorting potatoes tubers. IOP Se-
ries: Materials Science and Engineering. 2020. 883. 012132,
DOI: 10.1088/1757-899x/883/1/012132.

2. Bahadirov G., Umarov B., Obidov N. et al. Justification of
the geometric dimensions of drum sorting machine. /OP
Series: Earth and Environmental Science. 2021. Vol. 937.
N3. 032043. DOIL: 10.1088/1755-1315/937/3/032043.

3. Niel., Wang Y., Li Y., Chao X. Artificial intelligence and
digital twins in sustainable agriculture and forestry: a sur-
vey. Turkish Journal of Agriculture and Forestry. 2022.
Vol. 46. N5. 5. DOI: 10.55730/1300-011X.3033.

4. Hopoxos A.C., MocskoB M.A., Cazonos H.B. ABromatu-
3UpOBaHHAS JTHHAUS JJIS IOCNIEYOOPOUHOI 00padOTKH KOp-
Hero/10B 1 kapTodens // Cenbcrkoxossiicmaenble Mauiu-
vt u mexnonoeuu. 2020. T. 14, N1. C. 22-26. DOI: 10.22314/
2073-7599-2020-14-1-22-26.

5. Weanos A.I', Epoxun M.H., Kazannes C.IL. u ap. IToBsI-
meHne 3pQeKTHBHOCTH IPOXOTHEIX KapTO(eNecopTHPY-
IOIMX MAIINH Ty TEM COBEPIICHCTBOBAHMUS IPUBOJIA C MO-
nmudukanuei anroputMa IemxeHus pemer // Ceavckoxo-
3aticmeenHble mauunvl u mexuonoauu. 2023. T. 17.N2. C.
13-19. DOI: 10.22314/2073-7599-2023-17-2-13-19.

6. Kproxos M.JL., 3epnoB B.H., Kanunkuu I'A. u ap. TexHo-
JorUst yOOPKHU M TPAHCTIOPTUPOBKU CEMEHHOT0 KapTode-
151 // Cenbckoxo3sticmeeHHble MAWUHbl U MeXHOI02U.
2017.N1. C. 24-30. DOI: 10.22314/2073-7599-2018-11-2-24-30.

7. Jia Sh., Liu G,, Jia J., Yang T. Development and applica-
tion of the intelligent seed processing technology and equip-
ment. Agricultural Machinery and Technologies. 2021.
Vol. 15(4). 24-28. DOL: 10.22314/2073-7599-2021-15-4-24-28.

8. Khan R. Artificial intelligence and machine learning in
food industries: A study. J Food Chem Nanotechnol. 2022.
Vol. 7.N3. 60-67. DOI:10.17756/jfcn.2021-114.

9. Danielak M., Przybyt K., Koszela K. The need for ma-
chines for the nondestructive quality assessment of pota-
toes with the use of artificial intelligence methods and im-
aging techniques. Sensors. 2023. Vol. 23. N4. 1787. DOL:
10.3390/523041787.

10. Haverkort A.J., Struik P.C., Linnemann A.R., Wiskerke
J.S.C. On processing potato 3: survey of performances,
productivity and losses in the supply chain. Furopean
Potato Journal. 2023. Vol. 66.N2. 385-427. DOI: 10.1007/
s11540-022-09576-7.

11. Cortiello M., Sanfelici A., Milc J.A., Martini S. Genotype
and plant biostimulant treatments influence tuber size and
quality of potato grown in the pedoclimatic conditions in
Northern Apennines in Italy. International Journal of Plant
Production. 2024.18(36). 1-21. DOI: 10.1007/s42106-024-
00311-5.

12. Koporuens B.M., Ilenu 10.C., Jlobauesckwuii S.I1. Cu-
cTeMa MalluH KaK (aKkTop HayIHO-TEXHUYECKOro MPo-
rpecca B arponpoMbINIICHHOM KoMIuIekce // Poccuiickas
cenvckoxossiicmeennasn Hayka. 2024. N4. C. 67-72. DOL:
10.31857/5250026272404012.

13. HU3maiinos A.1O., Komuun H.H., Jlo6auesckuii S.I1., Kbi-
HeB H.I'. coBpeMeHHBIE TEXHOJIOTHH U CIIEHAIbHAS TEX-
HUKa [ KapToQeneBoacTBa. CenbCKox03aicmeeHHble
mawiunol u mexnonoeuu. 2015. N3. C. 43-47. EDN: TTLVUJ.

14. Orlando Guerrero L. J. et al. Embedded vision system con-
trolled by dual multi-frequency tones. Proceedings ICITA.
2023. 593-603. DOI: 10.1007/978-981-19-9331-2_51.

REFERENCES

1. Bahadirov G., Sultanov T., Umarov B., Bakhadirov K.
Advanced machine for sorting potatoes tubers. [OP Se-
ries: Materials Science and Engineering. 2020. 883. 012132
(In English). DOIL: 10.1088/1757-899x/883/1/012132.

2. Bahadirov G., Umarov B., Obidov N. et al. Justification of
the geometric dimensions of drum sorting machine. /OP
Series: Earth and Environmental Science. 2021. Vol. 937.
N3. 032043 (In English). DOI: 10.1088/1755-1315/937/3/032043.

3. NieJ, Wang Y., LI'Y., Chao X. Artificial intelligence and
digital twins in sustainable agriculture and forestry: a sur-
vey. Turkish Journal of Agriculture and Forestry. 2022,
Vol. 46.N3. 5 (In English). DOI: 10.55730/1300-011X.3033.

4. Dorokhov A.S., Mosyakov M.A., Sazonov N.V. Automated
line for post-harvest processing of root crops and potatoes. Ag-
ricultural Machinery and Technologies. 2020. Vol. 14, N1. 22-
26 (In Russian). DOI: 10.22314/2073-7599-2020-14-1-22-26.

5. Ivanov A.G., Erokhin M.N., Kazantsev S.P. et al. Impro-
ving the efficiency of screen type potato sorting machines
by a modification of the sieve drive movement algorithm.
Agricultural Machinery and Technologies. 2023. Vol. 17.
N2. 13-19 (In Russian). DOI: 10.22314/2073-7599-2023-

CE/IbCKOXO3AMCTBEHHBIE MALIMHbI 1A TEXHONIOTMM + Tom 19 +N3 + 2025

17-2-13-19.

6. Kryukov M.L., Zernov V.N., Kalinkin G.A. et al. Seed po-
tatoes harvesting and transportation technology. Agricul-
tural Machinery and Technologies. 2017. Vol. 2. 24-30 (In
Russian). DOI: 10.22314/2073-7599-2017-2-24-30.

7. Jia Sh., Liu G, Jia J., Yang T. Development and applica-
tion of the intelligent seed processing technology and equip-
ment. Agricultural Machinery and Technologies. 2021.
Vol. 15(4). 24-28 (In English). DOI: 10.22314/2073-7599-
2021-15-4-24-28.

8. Khan R. Artificial intelligence and machine learning in
food industries: A study. J Food Chem Nanotechnol. 2022.
Vol. 7.N3. 60-67 (In English). DOI: 10.17756/jfcn.2021-114.

9. Danielak M., Przybyt K., Koszela K. The need for ma-
chines for the nondestructive quality assessment of pota-
toes with the use of artificial intelligence methods and im-
aging techniques. Sensors. 2023. Vol. 23. N4. 1787 (In
English). DOL: 10.3390/s23041787.

10. Haverkort A.J., Struik P.C., Linnemann A.R., Wiskerke
J.S.C. On processing potato 3: survey of performances,
productivity and losses in the supply chain. Furopean

AGRICULTURAL MACHINERY AND TECHNOLOGIES + Volume 19 + N3 + 2025




WHHOBALINOHHbIE TEXHONIOT AW 11 OBOPYAOBAHUE

Potato Journal. 2023. Vol. 66. N2. 385-427 (In English).
DOI: 10.1007/s11540-022-09576-7.

11. Cortiello M., Sanfelici A., Milc J.A., Martini S. Genotype
and plant biostimulant treatments influence tuber size and
quality of potato grown in the pedoclimatic conditions in
Northern Apennines in Italy. International Journal of Plant
Production. 2024. 18(36). 1-21 (In English). DOI: 10.1007/
$42106-024-00311-5.

12.Korotchenya V.M., Tsench Yu.S., Lobachevsky Ya.P. The
machine system as a factor of scientific and technological

KondumkT uarepecon
ABTOpBI 3a5BIISIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB.

3asgBJIeHHBIIi BKJIA] COABTOPOB:

Baxanaupos I A.—nocTaHOBKa 31a4H, TEOPETUUECKUIT aHATH3,
TIOITOTOBKA PYKOITHCH;

Typcynanues 1.3. — mpoBenenune SKCIEPUMEHTOB, cOOp U
00paboTKa TaHHBIX;

Ymapos b.T. — cratuctrdeckas o0paboTKa pe3ynbTaToB,
PeNaKTUPOBAHKE TEKCTA.

Asmopul npoyumanu u 0000pULU OKOHUAMETbHBLIL 8APUAHN

DYKORUCH.

CTaThs NOCTYNMJIA B PeIaKIHI0
CraThbsl NPUHATA K NY0JIUKANNHA

The paper was submitted to the Editorial Office on
The paper was accepted for publication on

INNOVATIVE TECHNOLOGIES AND EQUIPMENT @
progress in agro-industrial complex. Rossiiskaia selskokho-
ziaistvennaia nauka. 2024. N4. 67-72 (In Russian). DOIL:
10.31857/8250026272404012.

13.1zmaylov A.Yu., Kolchin N.N., Lobachevskiy Ya.P., Ky-
nev N.G. Modern technologies and special equipment for
potato production. Agricultural Machinery and Techno-
logies. 2015. N3. 43-47 (In Russian). EDN: TTLVUI.

14. Orlando Guerrero 1. J. et al. Embedded vision system con-

trolled by dual multi-frequency tones. Proceedings ICITA.
2022.593-603 (In English). DOIL: 10.1007/978-981-19-9331-2_51.

Conflict of interest
The authors declare no conflict of interest.

Coauthors’ contribution:

Bahadirov G.A. — problem formulation, theoretical analysis,
manuscript preparation;

Tursunaliev I.E. — conducting experiments, data collection and
processing;

Umarov B.T. —statistical analysis of results, manuscript revision.

The authors read and approved the final manuscript.

30.06.2025
19.08.2025

CENIbCKOXO3AMCTBERHBIE MALIMHbI 1A TEXHONOT MM + Tom 19 +N3 + 2025

AGRICULTURAL MACHINERY AND TECHNOLOGIES « Volume 19 N3 » 2025



