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B cratbe uccienyroTces (pakTophl, BIUSIOIINE Ha
BEPOSITHOCTb MPOXOKIEHHS CEMSIH FOpOXa 4epes
SYCHKH pereTa Ipyu MEXaHHIeCKOM KaInOpOBaHUH.
KanmnbpoBanue cemsH, porecc pazaeeHus uX Mo
pa3Mepy, ABISETCS BaXKHBIM aCIIEKTOM arpOHOMUM,
00eCTIeYMBAOIINM OJHOPOIHOCTH ITOCEBA,
CUHXPOHHOE NPOpaCTaHUE U YBEIUYCHUE
YPOKalHOCTHU. BbUIM BBISIBJIEHBI HEIOCTATKU
COBPEMEHHBIX KaJTUOPOBOYHBIX MAIIWH, U OBLIT
MPEJIOKEH BApUaHT PelIeT ¢ moiychepuaecKumMu
OPUEHTHUPYIOIINMHU BBICTyITaMu. PaccmMoTpeHa
BEPOSITHOCTH MPOXOKIEHHUS CEMSH TOpOXa B CTATHKE H
B TMHAMUKe. B pe3ynbrare uccienoBaHus Onpenenin
BEIpaKEHUE U aHAJIOTa KO3 PHUIIUEHTA <OKUBOTO
CEYEHHUSD» PEeLIeTa, COOTHOLIEHUE MEXKIY NapamMeTpaMu
pemreTa, oOecreunBaroniee MaKCUMAaIbHBIH TPOXO.
CEMSH TOpoXa C pemreTa U (POPMYIIbI BEpOSTHOCTH
MPOX0JIa CEMEHU TOpoXa uepe3 OTBEPCTHE pelieTa
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This article examines the factors affecting the
likelihood of pea seeds passing through the sieve cells
during mechanical sizing. Seed sizing, the process of
separating seeds by size, is an important aspect of
agronomy to ensure seed uniformity, synchronized
germination and increased yield. The shortcomings of
modern calibrating machines were identified, and a
variant of sieves with hemispherical orienting
protrusions was proposed. The probability of passage
of pea seeds in statics and dynamics is considered. As
a result of the study, an expression was determined for
an analogue of the coefficient of the “live section” of
the sieve, the relationship between the sieve
parameters that ensures the maximum passage of pea
seeds from the sieve and the formula for the
probability of the passage of pea seeds through the
sieve hole
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YBEIMYECHHE YpOXKAWHOCTH. TpaJuLIMOHHO B CEJIEKIUH KanuOpoBaHUE
BBINIOJIHSJIOCh BPYYHYIO, HO B IIOCJIEIHEE BpEMs BCE Yallle HCIOIb3YIOTCA
MEXaHUYeCKHe KanuOpaTopbl, KOTOphle 00ECIEeYnBaIOT OOJBIIYI0 TOYHOCTh U
3 PEKTUBHOCTE.

[Tpn MexaHHUYECKOM KalIMOpPOBAHUU CEMEHA MPOXOJAT Yepe3 perIeTHBIN
CTaH C OTBEPCTUSIMU OIpeeTeHHOro pa3mepa. CemeHa, KOTOpPBIE CXOIAT C
MOBEPXHOCTH  peIleTa  CYUTAIOTCS  KaauOpoBaHHBIMH.  BeposTHOCTH
MIPOXOKJICHUS CEMSIH Yepe3 OTBEPCTUE pelleTa 3aBUCUT OT MHOTHX (PaKTOPOB:
JMaMeTpa OTBEpPCTHs, pa3Mepa CeMEHH, ero (OpMbl, YaCTOThI U aAMILITUTY/IbI
KOJIeOaHM penieTa, CKOPOCTH JIBHXKEHHSI CEMEHU OTHOCUTEIBHO pPEIIeTa U Jp.

N3yuyeHue BEpOATHOCTH TOTO, HACKOJIBKO JIETKO CEMEHA IIPOXOAAT CKBO3b
AYEUKU peleTa, WUrpaeT KIIYEBYIO poOjb B CO3JaHUU 3()PEKTUBHBIX
MEXaHUYECKUX KaauOpaTopoB. DTO MOMOraeT TOYHO OINPEAECIUTh MapaMeTphl:
aMIUTUTYJly M 4YacTOTy KojeOaHuil peiiera. AHaau3 TOTrO, KakK pas3lddHbIC
(GakTophl BIHAIOT Ha 3Ty BEPOSTHOCTb, CIIOCOOCTBYET IMOJY4YEHHUIO Ooliee
paBHOMEPHBIX (Ppakiuii ceMsH ropoxa [1,2,3].

B crarbe mpoBOAWTCSA aHaIW3 MapaMeTpoB, OKA3bIBAIOLIUE BO3JACHCTBHE
Ha BEPOATHOCTh MPOXOXKIEHUS CEMSH TOpoxa uepe3 peIIeTo, OMUpasch Ha
OKCIIEPUMEHTAJIbHbIC HAOMIOJICHUST M XapakTep paclpesieiecHus CEeMsiH B
OKPECTHOCTH OTBEpCcTHUsl pemiera. Hamm BBIBOJABI PaCKpBIBAIOT HJCATbHBIC
YCIOBHUSL Il COPTUPOBKM CEMSH TIOpPOXa, YTO B HTOrE IOMOXKET
ONTUMHU3HUPOBATH U YCKOPUTH BECh MPOIIECC KATMOPOBKH.

Heab craTbm — ONpelenuTh BEPOATHOCTh MPOXOKIEHUS CEMSH ropoxa
yepe3 sSUYeHKy peliera ¢ 3aJlaHHBIMU pa3MepaMu TMpH KaJTuOpOBAaHUM CEMSIH C
LHEAbI0  ONTUMHU3ALMM  Mpollecca  KaauOpOBKM M TMOBBILIEHUS — €T0
3 PEeKTUBHOCTH.

Martepuanbl u MeToabl. VcciemoBanus BBINONHUIMCH Ha 0Oase
Ky6anckoro T'AY wum. W.T. Tpyobwmna. HWcnoab30Baquch METObI

CTaTHU4YCCKOI'O 1 AMHAMHWYCCKOI'O aHaJIn3a.
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Pe3yabTarhl HCCII€I0BAHMH.

1. PaccmoTpuM cTaTUYECKHi ciyyaii, 0e3 yuera ABIKEHUS peleTa.

Jns xaxmaol ¢pakuuM paccyuTaéM TeOMETPHUUECKYI0 BEpOSITHOCTD
IpoxoJa CEMEHM uepe3 sS4elKy pemera 1o ¢GopMylie, KaKk OTHOILIEHUE
IJIOIIA/ICH, WM KBAJIPaTOB JIMHEHHBIX BEJIMYUH (JIMaMETPOB):

-

raie P — BepOATHOCTH MPOXOKICHHUS;
d — cpeHUul TuaMeTp ceMsiH B (pakiuu, MM;

D — nnametp sSYEHKH perera, MM.

BonbIIMHCTBO COBPEMEHHBIX KadMOpPOBOYHBIX MAIIUH OCYHIECTBISIOT
COpPTUPOBKY CEMSIH TOPOXa, OPUEHTUPYSICh UCKIIOYUTEIBLHO HA OJIMH NapaMeTp
— JMaMeTp 3epeH. B Takux ycTpolcTBax MPUMEHSIIOTCS IJIOCKHE pelleTa ¢
KPYIVIBIMA OTBEPCTHSIMHM, PACIOJIOKEHHBIE IO YIJIOM HakiIoHa 7-8° K
TOPU30HTAILHOM MIOCKOCTH. OJHAKO TIJIaBHBIM HEJAOCTAaTKOM 3THUX pabodmx
OpPTaHOB SIBJSIETCS CIy4ailHOE TMOJOXKEHHE CEeMSH TMpPU MPOXOXKICHUU Yepes3
KaTUOpPOBOYHBIE OTBEPCTHS, YTO MPHUBOIUT K CHUKCHHIO I(PGEKTUBHOCTH H
IPOU3BOJUTENILHOCTH ITpoliecca KaaTuOpOBKH.

Jns pemeHust 3Tod mpoOJeMbl HAMHU TPEIOKEHa HHHOBAIMOHHAS
KOHCTPYKLHUSI pelieT ¢ NOoJdychepuyecKUMH HaNpaBIsSIONIMMU  BBICTYIIAMHU,
nokazaHHas Ha pucyHkax 1 m 2. Takas ¢opma BBICTYHOB oOecrieunBaeT 0oiee
YIOPSI0YCHHYIO OPUEHTAIMIO CEMSIH, YTO 3HAYMTENbHO MOBBIIIAET KAaYeCTBO U

CKOpOCTh KanuOpoBku [4,5].
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Pucynox 1 — [1nockoe pemieto ¢ nonychepuyecKuMH BbICTYIaMU:

1 — kanuOpPOBOYHBIE OTBEPCTHS, 2 — MOITYCHEPUUECKHUE BBICTYIIL.

05a

a
—
a) MPOEKIIUS STYEUKHU Ha TIOCKOCTh 0) 0ObeMHBIN BU/I STYECHKU
peluera

Pucynok 2 — Slueiika pemiera ¢ nmoycepruiecKuMyA OpUEHTUPYIOITIMHE

BBICTYIIAMH U YCJIIOBHO C(HEPUUECKUM 3EPHOM TOopoXa.

PaccMOTpUM  KOHCTPYKLMIO TNPOCEUBAOIIETO YCTPOMCTBA, KOTOPOE
BKJIIOUAeT B ce0s KOMIUIEKC 3JEMEHTApHBIX suyeeK. ba3oBas koH(uryparuus
A4eeK TMpeJCTaBieHa Ha puc. 1, MpU 3TOM CIEIyeT OTMETUTh CHEeUUPUKY
I'PAaHUYHBIX JIEMEHTOB, UMEIOIINX KOHCTPYKTUBHBIE OTINYUS (CM. pucC. 2a).

UToOBl MHHUMHU3UPOBATHh XAOTUYHOCTh M TOBBICUTH 3P(HEKTUBHOCTH
KAJIMOPOBKM CEMSIH TOpOXa, KIIIOYEBBIM IIArOM SIBISIETCS  OIpPEIEIICHHE
UJEAITBHOTO OanmaHca MEXAY OCHOBHBIMHU KOHCTPYKTHUBHBIMU
XapaKTEePUCTUKAMU CUCTEMBbl. K HUM OTHOCATCA: AUaMeTp KaJluOPOBOYHOIrO
otBepcTus (di) — Kak MPOXOAHOE CEUYEHHE IJIA 3€pEH; PACCTOSTHHE MEXITY
HEHTPaMU OIOPHBIX 3JEMEHTOB (@) — IIMpPUHA SYEHKU peleTa; AUAMETP
OCHOBaHMsI BBICTYNOB (d2) — pa3mep OomopHbIX nosiycdep; U yrojd YCTaHOBKH

pemiera (0) — HaKJIOH OTHOCHTEIIBHO TOPH30HTA.

http://ej.kubaqgro.ru/2025/10/pdf/30.pdf
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3areM MOTrpy3WMCsi B aHajU3 TOTO, KaK OTAEIHHOE 3EpHO Topoxa
COpAaBISIETCS C TMPEOJIOJICHHEM KaauOpOBOYHOTO OTBEPCTUS B  peIleTe,
YCTaHOBJICHHOM TIOJT HAKJIOHOM W OCHAIIEHHOM TMOJycPepuuecKuMu
OPUCHTHPYIOIUMH BBITYKJIOCTIMHU. Takoi MOAXON IMOMOTaeT W3 MHOMXKECTBA
BO3MOXKHBIX TIOJIO)KCHHM TIpHM JBIDKEHWHM 3€pHA, BBIOPATh HAWBEPOSTHOEC
JBHKCHHE, U B UTOTE JIeaeT MpOCEeUBaHUE 00Jiee Ha/Ie)KHBIM.

UToOBl KOJMYECTBEHHO OMNMUCATh MPOCEHBAaHWE MPU paboTe permiera,
BBOJIUTCS TMOHATHE KOd3PduimeHta x uBoro ceueHusd. OH YUYUTHIBAET P
(GakToOpoB: TEOMETpUU SYEEK, CBOWCTB IMIPOCEMBAEMOr0 MaTepHuaia, yria
HaKJIOHA pelIeTa ¥ TEOMETPUH OPUEHTUPYIOIIHUX BBICTYIIOB, UX PACITOIOKEHUS.

Kpome Toro, opueHTHpYIOIIKE BBHITYKIOCTH MPEJOTBPAIIAIOT MOTMAJaHNe
CEMSH B 00JIaCTH OCHOBAHUN 3THX 3JIEMEHTOB, TEM CaMbIM TOBBIIIAS IIIAHCHI HA

YCIEIIHBIN TPOX0]T CKBO3b OTBEPCTHS.

— 2058 2
e—Scos, (2)

riae  Sp— IUIONIAabh OTBEPCTHS, M2;
S — momaae sUeiiku periera 6e3 MIONAAd OCHOBAaHUN OPUEHTUPYIOIINX

2
BBICTYIIOB, M .

VYKa3aHHbIE IUIOIIAAM CBSI3aHBI C IapaMeTpaMy peniera ClAeAyHOLINMU

COOTHOIICHUSsIMM:

So=—t, s=aq2 -2, 3)

[locne mnoacraHoBku cooTHowieHWd (3) B BbeIpaxkeHue (2) u
npeo0pa3oBaHU TTOTYIHM:
wd?

& =mCOSH. (4)
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[Tpuaumaem d; = d, = d, Torna Beipaskenue (4) IpuMeT BUJ

nd?
&= mCOS 6. (5)

YtoObl MOBBICUTH TOYHOCTh M CHCTEMAaTHYHOCTh aHaiIM3a Ipolecca
KaTuOpOBKHM, BBEJACM HOPMAM30BAaHHBIA O€3pa3MEpHBIN WHIUKATOP, KOTOPHIM
OTpa)kaeT MPOMOPIHOHAIBHYIO CBSI3b MEXKIY KIIOYEBBIMUA pa3zMepaMH peleTa.
OTOT mapaMeTp pacCUMTHIBACTCS KaK YacTHOE OT JEJICHUs JAuaMerpa
KaIMOpoBOYHOTO OTBepcTUs (d) Ha BEIMYMHY CTOPOHBI suelku (a), WHAue
TOBOPSl — PACCTOSIHUE MEXIy LEHTPATbHBIMH TOYKAMH COCEIHUX OIMOPHBIX
3JeMEHTOB. TakoWl MOoAXOJA TMO3BOJIET a0CTparupoBaThCs OT aOCOIHOTHBIX
pa3MepoB U OIICHUBATh BIMSAHHWE T'€OMETPUM Ha JUHAMHMKY B3aUMOJIEHCTBUS
3epeH C TOBEPXHOCTHIO pEIIeTa, CIOCOOCTBYS Oojiee yHHBEpPCATbHOMY

MO/ICJIMPOBAHHUIO M ONITUMHU3AIUKM KOHCTPYKIHiA [6].

n= E (6)

Torna BeipaxkeHue (5) mpuMeT BUJT

mn?

€ cos 6. (7)

T 4—gn2
N3 pucynka 2 (a) cieayer OYEBHIAHOE OTPAaHWYCHHE IS JHArOHAJIH
SYeWKM W JUAMETPOB  KaTUOpPOBOYHOTO  OTBEPCTHS U OCHOBAHHIA
OPUEHTUPYIOIIMX BBICTYIIOB
VZa=2d. (8)
[Ipy TakoM  MaTeMaTHYECKOM  COOTHOLIEHUHM  TIE€OMETPUYECKHX
[IapaMEeTPOB BO3HUKAET HEXKEIATEIBHOE NEPEKPBITHE SJIEMEHTOB KOHCTPYKIIUH,
4TO CO3AaET MpensarcTBue st 3PPeKTUBHOrO (PYyHKIIMOHUPOBAHUS CUCTEMBI. B
CBSA3M C 3TUM II€JIeCO00pPa3HO MCMOJIb30BATh AJIBTEPHATUBHOE COOTHOIIEHUE
napaMeTpoB,  KOTOpO€  MO3BOJIMT  OPraHM30BaTh  OECHPENATCTBEHHOE
NepeMeNIeHe CEMEHHOr0 Marepuana M0 CHeNUalbHO CHOPMUPOBAHHBIM
POMEXKYTKaM  MEXJIy  IOCJIEIOBAaTENbHO  PACIOJIOKEHHBIMU  PSIaMH

OPUEHTUPYIOIIUX IJIEMEHTOB:

http://ej.kubaqgro.ru/2025/10/pdf/30.pdf
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d =0,5a. 9
3HadeHne KO3(PPUIIUCHTA «KUBOTO ceueHUs» pemiera npu N=0,5 u yrie
nakinona 6 = 8°

_ 31408
"T¥-314-0520° T

Jlis ompejieieHus TOTo, ¢ Kakoil joeil BepOSTHOCTH OJMHOYHOE 3EPHO
KyKYpY3bl CyMeET MPEOJI0NETh 6aphep KaIuOPOBOYHOIO OTBEPCTHUS B IIpeIesax
OIHON fueifky, Mbl MOKeM OHepeThCsi Ha YIpPOIIEHHbIE pacueThl. B mepBom
NPUOIMKEHUU 3Ta BEPOATHOCTh BBIUUCIIAETCS C TIOMOIIBIO (hOPMYIIbI, KOTOpas
YUHTHIBAET FEOMETPUUECKUE COOTHOILECHHUS:

ré

P =WCOSQ, (10)
a — —

4

rne d — yCpeOHEHHBI IUAMETP OKPYKHOCTH OTBEPCTHSI U OKPYKHOCTH
OCHOBAHUs OPUEHTUPYIOLLETO BBICTYIIA, M;

a — pa3Mep STYEUKH, M.

2 Temepb paccCMOTpUM JWHAMHYECKUHN CIydaid, YAUTHIBAIOIINNA TBHKCHHC
peuiera.

OtBepcTHe  «pa3MBIBAeTCS» M NPEACTABICHO B  BUAE IUIOCKOU
3alITPUXOBAHHOW (UTYyphl. A TOPU3OHTAILHOE CEUYEHHE MIapooOpa3HOTOo
CEMEHHM TOpoXa IUIOCKOCThbIO, MPOXOAsIIEeN uepe3 LEHTp, Mpeodpasyercs u3
KpyroBoro ¢ jawamerpom Imapa d B Kpyr ¢ paauycoM, KOTOPBIH YYHTHIBACT
PAaBHOBEPOATHOE 110 TOPU3OHTAIM HAIPABJICHUE CKOPOCTH I'OPOXa U €ro Bpems

najieHus ¢ BeICOThI h Hajx pemerom [7,8].

http://ej.kubaqgro.ru/2025/10/pdf/30.pdf
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Pucynox 3 — [IpeoOpa3zoBaHue OTBEPCTHS pellleTa B JUHAMUYECKOM CIy4ae

Pucynox 4 — [IpeoOpa3zoBaHne ropu30HTAILHOTO CEYEHHSI CEMEHU TOpOXa B

AUHAMHWYCCKOM CJIy4dac

Tornma nckomasi BEpOATHOCTh IPUMET BHT
2

P il o
= ————cos0,
2nd, + T4
1t
TAe 7T —paauyc U3 pucyHka 4
2h
r =vcosa |—,
g

A — ammuintyza xKoyne0aHul peniera;
Q — YTOJI HaKJIOHA CKOPOCTH ropoXa K TOPU30HTY;

h — BBICOTA TIEHTpA rOPOXa HAJ| PEIIETOM.
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3ak/ioueHue. BBINOJHEHHOE HCCIEAOBAaHUE TMOKA3bIBAET BO3MOXKHOCTHU
JUIS  YCOBEPILIEHCTBOBAaHUS KalIMOpOBKM ceMsiH ropoxa. IlpennmosxkeHHas
METO/IMKA BBIUMCICHUS XapaKTEPUCTUK pelieTa MpeacTaBiisieT coOol myTh K
ONTUMH3ALUU (GYHKIMOHUPOBAHMSI ~ COPTUPOBOYHBIX  YCTPOHUCTB  H
CYLIECTBEHHOMY POCTY PE3YJIbTATUBHOCTH PA3AEICHHUS MOCEBHOIO MaTepHuaa
1o (hpaKIusIM.

[lepcrieKTUBHOCTh  JANIBHEHMIIUX  MCCIEAOBAaHWMM  3aKIIIOYAETCA B
BO3MOKHOCTH aJanTalliy MNPeI0)KEHHOW METOJIUKH JUIsi paboThl ¢ APYTHMMH
BUJAMH  CEJIbCKOXO3ANUCTBEHHBIX  KYyJIbTYp.  OCOOEHHO  aKTyaJlbHbIM
NPEACTABIACTCS HW3YYEHUE BIMSHHUS PAa3IMYHbIX MapaMEeTpOB pelleTa Ha
npouecc KanuOpoBaHUs B YCIOBUSAX PEATIbHOTO POU3BOACTBEHHOIO IIpoIIecca.

Takoke ObLIM MOJTyYEHBI clienytomue GopMyJbl:

1. AHnamor ko3(pduIMEHTa «KHUBOTO CEUEHHUS» peIIeTa MOXKET OBbITh
HaIJIEH 110 BBIPAXKCHUIO

wd?

&£ =—————cos6.
4q? — md3

2. CooTHOIIEHHE MEXIy TMapaMeTpaMy pelieTra, obOecrneunBaromiee
MaKCHUMAJIbHBINA MPOXO]T CEMSIH TOpOXa C pelieTa COCTaBIIsSeT
d =0,5a.
3. BeposiTHOCTH MpoXoJa CEMEHU Tropoxa uepe3 OTBEpPCTHE peunieTa

MOXHO HalTH 1o opmyJiam:

2

nr

P = —dZCOS 7]

T
2Ad, +—1
nu
p e 0
= COS
p _md?

4
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