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Vicnonb3yemble B CENbCKOXO3ANCTBEHHOM NPON3BOACTBE
TUMOBLIE  3€PHOOYUCTUTENBHbIE arperatbl, 3epHO0YUCTU-
TENbHO-CYLUMIbHbIE  KOMMNEKChbl U3-33  HECOBEpLUEHCTBA
MallMH, BXOOALMX B 3TV TEXHONMOMNYECKME TMHWUK, MNOXO
npucnocobneHbl k NoTo4Hoi 06paboTke Bopoxa, NOCTynato-
lero oT KOMGalHOB. ITO NMPUBOAWUT K CHUKEHWIO KayecTsa
3epHa 3a ofuH TexHonornyeckuin nponyck. B cebectoumocty
MpOU3BOACTBA 3epHa [ONSA OMUCTKM M COPTMPOBAHMS Mpu
nocneybopoyHoit obpaboTke coctaenset He Gonee 10%.
HenocTaTouHO KauecTBEHHOE BLINOMHEHME 3TWX onepaLuin,
0CODEHHO Npy MOArOTOBKE CEMSH, MPUBOAWT K OOMbLUMM
(mHaHcoBbIM noTepsiM. MacwTab aTux notepb MOXET 3Ha-
4NTENbHO NPEBbILWATL 3aTpaThl Ha UX NpoBeaeHue. MoaTomy
MOCTPOEHWE TEXHOMOMUYECKMX CXEM CEMSOYUCTUTENBHBIX
NIMHAN M CEMSIOYMCTUTENBHO-CYLLUMITBHBIX KOMMMEKCOB JOMK-
Hbl OTBeYaTb TPeOOBaHMAM NOMyYEHUs] BbICOKOKAYECTBEH-
HbIX CEMSIH 3a OfMH TexHonormyeckuin Lumkn. OnpeaeneHbl
OCHOBHble TEXHWUKO-9KOHOMMYECKME MoKasaTenu CoBPeMEH-

HOro Komnnekca Ans nocneybopoyHon obpaboTku 3epHa
CEeM4H.

Keywords: seed cleaning and drying plant, grain clean-
ing, post-harvest grain handling, technology, variety seeds,
commercial grain, selling price, profi.

The typical grain cleaning units and grain cleaning and
drying plants that are used in agricultural production are
poorly adapted to the flow processing of thrashed heap com-
ing from combines due to the imperfections of the equipment
comprising these production lines. This leads to decreased
grain quality at one technological pass. In the cost of grain
production, post-harvest cleaning and grading accounts for
no more than ten percent. Insufficient quality of these opera-
tions, especially in seed preparation, leads to large financial
losses. Therefore, the design of technological schemes of
seed cleaning lines and seed cleaning-drying plants should
meet the requirements for obtaining high-quality seeds dur-
ing one technological cycle. The main technical and econom-
ic performance indices of a modern plant for post-harvest
handling of grain and seeds have been determined.
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BeepeHue

CyuecTByroLme CeMS0UNCTUTENBHO-CYLUUITbHbIE
KOMMNMEKChI AN CEMEHOBOAYECKMX XO35MCTB HE YA0-
BNETBOPAKT TpebOBaHMAM CBOEBPEMEHHOM U1 Kave-
CTBEHHOW 06paboTKM NOCTYNaoLEro Ha NyHKTbI 3ep-
Ha M3-3a MX HU3KOWM MPOM3BOAUTENBHOCTU W HECO-
BepLUeHCTBA TexHonmorum  obpabotkn.  OcHoBHas
Uenb CTPOWUTENbCTBA  CEMSOUUCTUTENBHO-CYLINb-
HOro komnnekca — 06ecneynTb BbiCOKMe TeMnbl Y60-
POYHbIX paboT, He AOMYCTUTb CHWXEHUE KavecTsa
BbIpaLLEHHbIX CEMSH MYTEM CBOEBPEMEHHOW W3-
(hekTMBHOIM UX nocneybopoyHon obpabotku [1, 2].
CoxpaHeHue kayecTBa BblpaLLEHHbIX CEMSH B COYe-
TaHWW C Ka4yeCTBEHHOW uX nocneybopouHon obpa-
OOTKOM MO3BOMMT CYLIECTBEHHO YBENUYNTL BbIXOA
COPTOBbIX CEMsiH B MpoLeHTax oT obwero cbopa
3epHa [3, 4].

OcHoBHas 4acTb

Mog TexHonorvei NOHUMMAeTCs OnpeaenéHHoe
KONMUYECTBO OMnepaLyi, BbINONHEHWE KOTOPbIX AOCTa-
TOYHO 4719 NONy4YeHus Npogykummn Tpebyemoro kaye-
crea. [loaTtomy akoHOMMYeckast aPEKTUBHOCTb HO-
BOMO  CEMSIOUNCTUTENbHO-CYLUMIBHOMO — KOMIMeKca
OypeT Tem Bblile, Yem Gorbluee KONMMYecTBO COpTo-
BOr0 CEMeHHOro Matepuana OygeT nonyyeHo npu
AaHHOM BarnoBoM cbope 3epHa C CEMEHHbIX NOCEBOB
[5-11].

Mpubbine I, nonyyaemyto CEMEHOBOAYECKUM XO-
34CTBOM OT peanusauuy NpoayKLmumn (CeMsiH, ToBap-
HOro 3epHa, 3epHO0TX0A0B), BydeT paBHa:

1= Q (acllc + arly + aorxlorx — C), (1)
rae Q = Q¢ + Qr + Qorx — 06Kt BanosbI coop

3epHa, U;
Qc, Qr, Qorx — KONMYECTBO MOMyYeHHbIX M3 06-
lero cbopa, COOTBETCTBEHHO, CEMSsIH, TOBApHOTO

3epHa 1 0TX0A0B, L,
_ 9 ar

ac = QJ“T:EJQOT}I:

QT _ (cooTRer-

CTBEHHO, Aons B 0bLieM BanoBom cbope cemsH, To-
BapHOrO 3epHa, OTXOLOB;

Lc, Lir, Lorx — LeHa, COOTBETCTBEHHO, CEMSIH, TO-
BapHOro 3epHa, 0TX040B, pyo/u;
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C - cebectommocTb 3epHa, pyob/y.

B pesynbtate BHeOpPEHWS CEMSIOYUCTUTENBHO-
CYLUMIMBHOTO KOMMNIeKca YBENUUMTCS AONS CEMSH Qg
B 0bLiem BanoBom cbope 3epHa, a 4ons TOBapHOro
3epHa 07, COOTBETCTBEHHO, CHU3UTCSA MPW NpakThYe-
CKM HEM3MEHHOM BbIXOAE OTXOZOB Cotx. Bo3spacTér
npw 3TOM 1 cebecTONMOCTb 3epHa. YuuTbIBas 370 U,
0603HauMB napameTpbl NPUBEAEHHON Bbille OpMY-
nbl (1) nHgekcom 1 [0 BHeOpeHUs KoMnrekca, a UH-
[EKCOM 2 — NOCre BHEAPEHWS, NOSYYMM BblpaXeHune
ANs onpeaeneHns yBenuyeHns npubbinm B pesynb-
TaTe BHEAPEHMS KOMMeKca:

ANl =11, — 1T, = Q[(oyc — oye)Ll. —
— (o7 — 0pp)y — (C; — Cl)]- (2)
TO‘-IHO nogcymnTaTb yBeJ'II/Il-IeHl/Ie I'Ipl/l6bIJ'IVI AlIl no

3TOM (hOpMyne BO3MOXHO NWLWb NOCHe BHEAPEHUS
KOMMrieKkca, 4To Mo3BONUT ONpeaenuTb MOBbILEHWE
(haKTUYECKOro BbIXo4a CEMsH W yBenuyeHue cebe-
ctoumoctu 1 1 3epHa. smeHsieTcs Takke 1 cpeaHas
LeHa peanusauun cemsaH. [oatomy MOXHO caenatb
TOMNbKO OPUEHTUPOBOYHBIE pacyeThl.

MpUHAMas  M3MeHeHWe  BbIXO4a  CEMSH
(o — aye) = 0,1 W, COOTBETCTBEHHO, TOBAPHOMO

3epHa (oy1 — @p1) = 0,1 € YYETOM (hakTM4ecKom

LeHbl peanuaauuu, Moryyum BenuunHy npubaskm
[EHEXHbIX CPEACTB 3a CYET YBENMYEHMS BbIxoda
CeMsH:

dl’ll = Q[(Uzc - UlC)I—IC - (ulT _ UZT)I—IT]' (3)

Obulee ysenuyexve npubbinv byaet
ATl = ATl — Q(C; — Cy). (4)

XOTS 3TOT pacyeT OPUEHTUPOBOYHDIN, OAHAKO OH
MOKa3bIBAET, YTO HA CTPOUTENBCTBO KOMMIIEKCA HYX-
HO BKNagblBaTb CPEACTBA M NpW 3TOM TBEpPAO pac-
CYMTbIBATb Ha MOMyYeHWe MONOXUTENBHOMO 3KOHO-
MUYecKoro achgekra.
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1. TlpednoxeHHoe  TEXHWKO-3KOHOMUYECKoe
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N.A. degopeHko
l.Ya. Fedorenko

YUCNEHHO-AHANUTUYECKOE UCCNENOBAHUE
ABWXEHWUA NNOAA NPU BUBPALIMOHHOU YEOPKE

NUMERICAL AND ANALYTICAL STUDY OF FRUIT MOVEMENT DURING VIBRATION HARVESTING

Kntoyeenie cnoea: nnod, subpayus, Mamemamu4eckuti
MasimHUK, Cy6pe30HaHChbI.

PaccMoTpeHo ABWkKEHWe nnofa Kak MaTemMaTuveckoro
MasTHWKa npu konebanusax BeTBW. MonyyeHa HenMHenHas
MaTemaTyeckass MOAENb, KOTOPYK MCCIea0Bani YNCHEHHO
W aHanuTuyecku. HenuHelHas cuctema «BuBpMpyloLias
BETBb — MNOJOHOXKA — NNod» AEMOHCTPUPYeT BecbMa
CMOXHOE AMHAaMWYECKOe NOBEAEHME, BKIHOYAKOLEE aHrap-
MOHWYeckue konebanus, konebanus-OueHns, BpallaTenb-
Hble PEXUMbI, @ TaKke konebaHus, UMEILLMe CToXacTnye-
CKuit xapakTep. KonebaHusi, umetoLLme perynsipHbIA xapak-
Tep, NPEeLCTaBNEHbI TakKe HENMHENHbIM SBNEHNEM — Ccybpe-
30HaHCaMK, WMELMMM MECTO Ha BCEeM MPOTSKEHHOCTY
paboymx 4acToT OT W, A0 Bw,. Hanbonee cunbHbIM Mo pas-
Maxam konebaHui cybpesoHaHC 0bHapyxMBaeTcs Ha 4acTo-
Te W=3W,, T. €. KaK Pe3oHaHC TpeTbero poga. Moatomy
Hanmbonee UHTEHCUBHBIE HArpy3ku NNOAOHOXKKA UCTbITbIBAET
Ha pexumax konebaHui ¢ w=3wo,, T.e. YacTOTa BbIHYXaat0-
Lero BO3OECTBNS AOMKHA He MeHee YeM B 3 pasa ObiTb
fonbllue YacToTbl COOCTBEHHbIX KonebaHui nnoga Ha nno-
AOHOXKe. MMo3TOMy 3TOT PEXUM W peKkoMeHayeTcs B Kade-
cTBe paboyero Ans cagoBbiX BUOPALMOHHBIX YCTaHOBOK NpH
ybopke S6MoK 1 rpyLu.

®epopenko Usan fApocnasoBuy, 4.7.H., Npod. kag. mexa-
HM3auMM MpPOM3BOACTBA M NepepaboTkm  CenbCKOX03si-
CTBEHHOW NpOAyKUMM, ANTalcKuid rocygapCTBEHHbIA arpap-
Hbln yHuBepcuTeT. Ten.: (3852) 203-271. E-mail: ijfedoren-
ko@mail.ru.

Keywords: fruit, vibration, mathematical pendulum, sub-
resonances.

Fruit movement as a mathematical pendulum with branch
oscillations is considered. A nonlinear mathematical model
was obtained which was investigated numerically and analyt-
ically. The nonlinear system “vibrating branch — stalk — fruit’
demonstrates highly complex dynamic behavior, including
anharmonic oscillations, oscillations — beats, rotational
modes, and also oscillations that are stochastic. Regular
oscillations are also represented by a non-linear phenome-
non — subresonances that take place throughout the whole
working frequency range from w, to 6w,. The strongest oscil-
lations in terms of the oscillations are found at the frequency
w = 3w, i.e., as a third kind of resonance. Therefore, the
stalk undergoes the most intense loads on oscillation modes
with w = 3w, i.e. the frequency of the forcing action should
be no less than 3 times greater than the frequency of self-
oscillation of the fruit on the stalk. Therefore, this mode is
recommended as a working one for garden vibration installa-
tions when harvesting apples and pears.
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