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TEOPETHYECKOE UCCJIEJJOBAHUE TPABMUPOBAHMUSA IIJIOJ0OB
CEMEYKOBBIX KYJbTYP TP MAIIIMHHOM YBOPKE

AHHOTanms. B craTtbe npencTaBieHbl TEOPETHIECKUE NCCISIOBAaHHSI B3aHMOICHCTBHUS IIJIONOB APYT C IPYTOM U TPaHC-
MOPTHPYIOMIMMHU OpraHaMHU IUIOA0YOOpOYHOTO0 arperaTta. Takoe B3anMozieiicTBUE SIBISETCS OCHOBHOM MPUIMHON HX TPAaBMH-
pOBaHUs, YTO HETaTUBHO CKa3bIBaeTCS HA COXPAHHOCTH ypo’Kas M KauyecTBE pealu3yeMod IPOXYKINH, a 3HAYUT, U Ha ee
cTouMocTH. B paboTe paccMOTpeHBI OCHOBHEIE, Hanbojee BEPOATHBIE CIIOCOOBI B3aMMOACHCTBHUS IUIOAOB: yAap IIonAa
0 TBEPAYIO HOBEPXHOCTH, COyAapeHne JBYX CBOOOJHBIX IJIOAOB M yJAap MI0Aa O MOBEPXHOCTH M3 MIOTHO JIeXa-
IIUX MI0J0B. B pe3ynpraTe uccienqoBaHus yCTAaHOBICHO, YTO HaWOONbBIINE MOBPEXKACHHS MOTYYalOT IO, KOHTAK-
THPYIOLIHE IPH CBOOOIHOM IMEPEKAaTHIBAHUU Ha pabodeil MOBEpXHOCTH. DTO 00YCIOBIEHO TEM, YTO KOHTAKTHOE JIaBJICHHE
IIpH cOyAapeHUH CBOOOAHBIX IJIOAOB OONbIIe, YeM AaBJIEHUE NP yAape IIo[a O IUIOCKYI0 NoBepxXHOcTh. O00CHOBaHA 10-
NYCTHUMast CKOPOCTb MaJeHHs 100K Ha MOBEPXHOCTD U3 IJIOTHO Jiexkalux mwiogos. OHa cocrasinset 1,9 m/c nmpu BbIcOTE ma-
nenust 0,183 M ¥ COOTHOLICHNHU PaANyCOB KOHTAKTHPYIOMIMX MI0A0B k = 1/2, unu 1,25 m/c u 0,08 M nipu &k = 1, nnu 0,67 m/c
u 0,023 M npu k = 2. Pe3ynbraThl uccnenoBanuii npuMeHensl B Hayuno-npakrudeckom nenrpe HAH benapycn no mexanu-
3allMHU CEJILCKOro X03sHCTBA MpH pa3paboTKe arperata CaMOXOJHOI'0 YHHBEPCAIBHOTO It cO0opa IJI0A0B U ()OPMHUPOBAHHUS
BETOK IIOJIOBBIX JiepeBbeB ACY-6.

KuroueBnle ciioBa: yOopka IIJI010B, MOAENH IUI0JA, YIPYTHI yaap, JaBIeHUE CXKATHS, IUIONMA(b KOHTaKTa, KOHTAKTHOE
JIaBJICHHE, CKOPOCTH COYAAapEHNsl, BEICOTA MaeHUs
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THEORETICAL STUDY OF DAMAGING POMACEOUS FRUITS DURING MACHINE HARVESTING

Abstract. The article presents theoretical studies of contact of fruits with each other and with the transporting organs
of the harvesting unit. Such contact is the main cause of damage, which negatively affects the safety of crop and the quality
of products sold, and hence its cost. The paper considers the main, most probable ways of fruit contact: impact of fruit on
a hard surface, impact of two free fruits and impact of fruit on the surface of densely lying fruits. It has been determined that
fruits that are in contact during free rolling on the working surface receive the greatest damage. This is due to the fact that the
contact pressure during the collision of free fruits is greater than the pressure when the fruit hits a flat surface. As a result
of the study, the permissible speed of falling apples on the surface of their tightly lying fruits is 1.9 m/s at a falling height
of 0.183 m and a ratio of the radii of the contacting fruits £ = 1/2, or 1.25 m/s and 0.08 m at k£ =1, or 0.67 m/s and 0.023 m
at k = 2. The results of the research were applied by Scientific and Practical Center of the National Academy of Sciences
of Belarus for Agriculture Mechanization in the development of a self-propelled universal unit for picking fruits and forming
branches of fruit trees ASU-6.
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Beenenue. B PecriyOnnke bemapych miiomoBoacTBO 3aHIMAET BaXKHOE MECTO B OOECTICUSHUH TTHTa-
HueM HaceneHus. [Ipu 5TOM Ha OHOTO JKHUTENS B CTPaHE MPOU3BOAUTCS TOJIBKO OKOIO 30 KT IIIOI0B
{1 SITOJL I[P MEIHIIMHCKON HOpMe 98 K.

IlnonoBonacTBo benapycu octaeTca oaHONM U3 HAUMEHEE MEXAHU3WPOBAHHBIX OTpacieil CeIbCKOro
xo3stiicTBa. [los MexaHu3UpOBaHHBIX paboT He npesbimaet 25...30 %. 3arpaTsl Tpyaa Ha coaepKaHme
1 00CITy)KHBaHWE TIIIONOHOCSIIETO cajla COCTABISAIOT A0 750 ven.-u/ra, Wtk 10 15 MITH 9el.-d o pecITy-
ommke [1-4].

Y0opka MIom0B — 3aKIIOYUTENbHAS M BAKHEHIIAas Onepanus B TEXHOJIOTHYECKOM KOMILIEKCe padoT
0 BBIpAIIMBaHUIO TUI0/10B. OHAa BO MHOTOM OTIpEETsIeT KaueCTBEHHBIE M KOJNYeCTBEHHBIE ITOKa3aTe-
JIY TIPOU3BOJUMON MPOAYKIIMH, SKOHOMUKH OTPACTH B IeIoM. MUHIMHU3alys TPAaBMUPOBAHUS TIJIOAA
MpH yOOpKe — OAHO U3 TTIaBHBIX TPeOOBAaHUH €€ BBHITTOTHEHUS.

[loaTomy mutst onipeneneHus mapaMeTpOB U PEXUMOB pabOTHI TPAHCIOPTUPYIOMKUX pabodnx opra-
HOB TUIONOYOOpOYHON TIaT(OpPMbI BaKHO BHIOpPATh MOAENH ILIOAA, JOCTOBEPHO OMHCHIBAIONIYIO €r0
COCTOSIHHE TIPW B3aWMOJEHCTBIY C TPAHCHOPTUPYIOMUMHU YCTPOHCTBAMH. DTO TIO3BOIHUT OMPEAEITUTD
HaIPsDKEHU I, BOSHUKAIOIINE Ha TOBEPXHOCTH IJIOIOB B IIpOIlecce YOOPKH, M YCTAHOBHUTH JIOTYCTUMBIE
WX 3HAYCHUS 151 00ecIeYeHU s KaueCTBEHHOW YOOPKH.

Obocnosanue ycioenoil mooenu niooa u GHAIUMUYeCKOll 3a6UCUMOCHU €20 KOHMAKMHO020 83au-
Mmooeticmeus. J{ns onpeneneHnss HanpsHKEHUH, BOSHUKAIOIIKUX B IJIOAAX NP yAape, UCIIONIb3YeM TMpe-
CTaBJICHUS KJIACCHYECKON MEXaHUKH TBEPAOTO AePOPMUPYEMOTO Tea.

B MexaHuKe CILIONTHOM Cpe/ibl MPEIIoNaracTcs, 4To AeOpMHUPYEMbIE TeJa, UCTIBITHIBAIOIIUE JICHCT-
BUE€ BHEIIHUX CHUJI, SIBJISTFOTCS CILUIOIIHBIMU, OJJHOPOJHBIMH M U30TPOIMHBIMY, & CAMBIi MAJIBIH dJIEMEH-
TapHbIA 00BEM, BBIJICIICHHBIH U3 ATOTO Teja, 00JaaeT TeMU ke (U3NKO-MEXaHUYECKUMHU CBOMCTBAMH,
YTO W BCE TeJO. DTOT 00bEM CBOAMTCS K HYJIIO, YTO U COOTBETCTBYET MIEalbHOH, CIUIOIIHOW Cpefe.
B neficTBUTENFHOCTH TaKKe CPE/IbI Ha MPAKTHKE BCTPEYAIOTCS PEIKO.

B OonmbmmHCTBE CiTydaeB CBOWCTBA MaTEPHAJIOB U3yYarOTCs Ha DIIEMEHTAPHBIX MPEACTaBUTEIbHBIX
00beMax ¢ KOHCUYHBIMHU pa3MepaMH. BeIOpaHHBIH 3JIEMEHTAPHEIN 00BEM ITOJDKEH IPEACTABIATH CBOK-
CTBa paccMaTpruBaeMoro Marepuaia. JlJisi II0I0B CEMEUKOBBIX KYJIBTY D 2JEMEHTApHBIH 00HEM MOXKET
OBITH MpEACTABJICH B BUJIEC COBOKYITHOCTH KJICTOK. O0BeM dTOM COBOKYITHOCTH HOJI’)KCH OBITE B THICAYH
pa3 MeHbIlle 00beMa IJI0/a, a ero (GU3UKO-MEXaHHUYECKHUE CBOMCTBA MPENCTABISIOT CO00N OCpeHEHHBIE
3HA4YCHUSI CBOMCTB OCHOBHOW TKaHH IJI0/1a. BEIOOP TaKoro 3jeMeHTapHOro MPEACTaBUTEIBHOTO 00beMa
IMO3BOJIACT CUMUTATh MaT€puall 1Ijioda CIJIOIIHBIM, OAHOPOAHBIM U OIMPAaBABIBACT IPUMCHCHUC OJIS PC-
IICHHS TAaHHOW JMHAMUYECKONH KOHTAKTHOMW 3aJla4y¥l MaTeMaTHYeCKOW MOJEIN MEXaHUKH CILJIONTHOM
CpeJIbI.

OTH NONYIIEHNS TO3BOJISIOT MPUMEHUTD IS aHAIIN3a HAIIPSHKEHHOTO COCTOSHUS TEOPHIO YIIPYTOrO
koHTakTa ['epua [5]. [lycTh ABa ynmpyrux mapa c MaccaMu m, U m, (puc. 1) IBUXKYTCS CO CKOPOCTSIMH
V. u V., BIOIb TMHHUHU, COCAUHSAIONMIEH X HEHTPHI, U CTAJIKHBAIOTCS B TOUKe O.

Od4eBHIHO, YTO ABUKECHHE IIJIOAOB Oy/ET OTBEYaTh TEOPHH COYAAPEHUS YIPYTHUX TEJ JI0 Ompere-
JICHHOTO TIpe/iea, IPH MPEBBIIIEHNN KOTOPOT0 B IJI0Aax OyIyT IPOUCXOIUTh HeoOpaTumMble nedopma-
ouu, IPpUBOAAIIME K MIOTEPE BHCITHETO BUJA U, YTO 60nee BaXXHO, K ITIOJIYYECHUIO BHYTPECHHUX ITOBPCIK-
JIEHUH, TPUBOJAIINX K CHUKEHUIO CPOKA XPaHEHHUS.

Bo Bpems ynapa u3-3a ynpyrux aedopMannid HIEHTPhI LIapoB MPUOIHKAIOTCS APYT K IpYTY Ha pac-
cTostHHE §,. IX OTHOCHUTENbHAs! CKOPOCTh PaBHA

dd.

Voaa=Va=
2 1=

ey

! Cenbcroe x03s1iicTBO Pecnybnuku Bemapycs: crat. ¢6. / Ham. crar. kom. Pecn. benapycs. — Munck: Ham. crar. kom.
Pecn. benapycs, 2013. — 363 c.
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Cuna B3aHMO,I[€I>'ICTBI/I$I IJIOAOB OMMPEACTIACTCA KaK
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paxenue (2), MOXKHO 3aITUCaTh

2
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G

CoortHomeHue Mexay P u 8, 6epeM TakuM, Kak IpH CTa-
THYECKOM KOHTAKTe, T. €.

_ .32
P=K-5,", @)

rae K — koo duuuent, 3aBucsmnii OT ynpyTrux CBOWCTB Tel,
a Take X pa3MepoB, T. €. PaJNYCOB, KOTOPBIH pacCUUTHIBA-
eTcs o popmyIie

K :%RWE*, )

Puc. 1. PacueTnas cxema ynpyroro yaapa rie R — IpUBeNCHHBIN paguyc mapa; £ — mpuBeIeHHbIH MO-
Hapos AYNb YOPYTOCTH.
CoOTHOIICHHE PaJUyCOB LIAPOB OMPEICISETCS CICAYIO-
UM BBIP2KECHHEM:

Fig. 1. Calculation scheme of the elastic
impact of balls

r_r.r
R R Ry ©®)

rae R, u R, — paguycsl mapos. Torna

1 1-vi 1-v3
T = + ; (7)
E E E,

rne £, E, 1 v, v, — MOAYJIH yIpyrocTy Ten u koahduuueHTs Ilyaccona.

Bripaxxenue (4) cripaBelyiiBoO JJIs CIy4aeB, Koryua o01acTh KOHTaAKTa UMeeT POpMy Kpyra, T. €. IPH
KOHTaKTe JBYX Tell ceprueckoit Gopmel u Tena chepuueckoit GopMbl ¢ TUIOCKOCTHIO. YuuThiBas (3),
BbIpaXkeHue (4) MOXKHO 3aIUCaTh CICIYIONIUM 00pa3oM:

d>s.
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3/2
a o ®

TIe
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IIpounTterpupyem Belpaxenue (8) mo o,, mpenBapuUTEIbHO OCYLIECTBUB ClleAylolue Ipeodpa-
30BaHUA:

d*s, db.ds, §.dS, "

dt? dt ds, ds. (10)
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Ioncrasum (10) B (8) 1, pa3aenuB nepeMeHHbIE, TOTYIUM

.. K
5.ds, =——=5824ds..
m (11)
[IpounTterpupyem Boipaxkenue (11) mo 82 U O, OT Havaja yAapa 10 KaKoro-To MPOMEXYTOYHOTO
MOMCHTA y)Japa:

Sz, . P
[5.d8.=—] K 53245,
o 0 (12)

rae Vi, =(V.2 —V:1)t =0 — ckopocTh cOnMkeHHus Te B MOMEHT yjapa. B pesynbrare HHTErpUpOBaHHS
HOIYYUM

2
1 Ve - dd. 23563/5'
2 dt S5m

(13)

U3 Beipaxenus (13) MOXXHO HaTH MaKCMMallbHOE CONMIKEHHE MIapOB O,, COOTBETCTBYIOIIEE UX

. do,
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®opmyna (14) cipaBeniBa 1S CITy4YaeB, aHAJIOTHYHBIX IPUMEHHUMOCTH (OpMYITHI (4).
3aBUCHMOCTB CKaTHsI OT BPEMEHH HAXOAMTCS TMOBTOPHBIM HWHTETpHpOBaHHMEM BbIpaxkeHus (13)
U IMEeT BH]

(14)

12 (15)

*
[ocie MOMEHTa MaKCMMAaJIBHOTO CXKAaTHUs ¢ IIapbl BHOBb BOCCTaHAaBIMBAOT (opmy. Tak Kak OHU
uJealnbHO YIPYTH, TPEHUE OTCYTCTBYET, a SHEprueH, epexosiieil B BOJTHOBOE IBHKEHHUE, TpeHeOpe-
raeTcs, To nedopmaiuu abcoroTHO oOpaTuMbl. Cliel0BaTeIbHO, 00IIee BpeMs yiapa

7 (16)

Wnterpupys Beipaxkenue (16), umeem
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Py/P JlaBneHue, pa3BUBaIOLIEECS MEXIY ABYMsS KOH-
TAaKTUPYIOLIUMH TJIAAKUMHU YIOPYTUMH TElaMu Bpa-
IIEHUs, COINIacHO Teopuu l'epua, onpexnensieTcs Kak
05 o\
] r
T p(=po|1-5| (18)
a
4 0 g A€ Py — MaKCHMAlbHOE JABJEHNE, d — PauyC IUI0-
IIaJIKM KOHTAKTA, ¥ — TEKYIIUH pagnyC OKPYKHOCTH,

Jexaliell B IUIOMAJKe KOHTAKTa, C LIEHTPOM B I1I€H-
Tpe IUIOMIAIKU KOHTAKTA.
Fig. 2. Pressure distribution over the circular Cornacro Bbipaskeruio (18), MaxciMaIbHOE Aapie-
contact area Hue Oy/IET B IEHTPE IIIOMAAKH KoHTakTa (r = 0), a 1o
KpasiM IJIOMIA KK (* = a) JaBJIeHHE PaBHO HYITIO (puC. 2).
Paguyc obnactu KOHTaKTa onpenensercs no Gopmyse

Puc. 2. Pacipenenenue naBieHus 1Mo KpyroBoi
TUIONaIKe KOHTAKTa

poR

2F (19)

[lonHas cxuMaromas Harpyska cBsi3aHa ¢ JaBJIEHHEM COOTHOLIEHUEM
a 2 5
P= jp(r)andr = gpona . (20)
0

OTcroga MakcuMalbHOE JaBJieHUE, YUUThIBast cooTHoueHue (19), MoXHO onpenenuTh CleayOMHM
obOpazom:

N\ 1/3
3P 6PE"?

Po=2na2 = 3R2 : (1)

B cBd3u ¢ TeM, 4TO IIPU yAAPHBIX B3aUMOAECUCTBUAX CKUMAIOIIAs HArpy3Ka P 3aBUCUT OT CKOPO-
CTH, Ha MPAKTHUKE YAOOHEE MOIb30BaThCA (POPMYIION, KOTOpas Mojy4yaeTcs MpHu moacTaHoBKe B (21)
BeIpakenuil (4), (5), (14) u onpenenser BeNIMYNHY MaKCHUMAJIBHOT'O KOHTAKTHOTO JIaBJI€HUSI B MOMEHT
MaKCHUMAaJIbHOTO COKaTHS:

1 m 2 %4 173
Po = —(30—31/0 E j . (22)
T R
JanHas MaTemMaTryeckasi MOAEIb (22) MOKeT ObITh UCTIONB30BaHa AJIsl ONPEAETICHUS MaKCUMaIbHO-
ro JaBJICHUS B IUIOJAaX IPH CIEAYIOMHUX CIydasX: yaapa IUoja O JHO KOHTEHHEpPa, COyJapeHHs JBYyX
CBOOOIHBIX TLIOIOB ITPH MEPEMEIIEHUH 110 TPAHCIOPTHPYIOIINM YCTPOUCTBAM IJI0I0YOOPOYHOro arpera-
Ta, yaapa IJI0a O MOBEPXHOCTD U3 IJIOTHO JISKAIINX IIJI0I0B. PaccMOTpuM 3TH citydau Oonee JeTaIbHo.
Pezynvmamot ucciedosanusn yoapa niooa o pOeHyio nogepxnocms (0Ho Kkonmeiinepa). [{ns storo
HEO0OXOAMMO B BeIpakeHMAX (6) u (9) mpuHATE R, = 0 u m, = oo (puc. 3). Toraa B popmyie (22) R u m
OyIyT COOTBETCTBEHHO paJInyc U Macca I1JI01a, a V, — CKOpOCTb LIEHTPa Mace IJI0la B MOMEHT yapa.
B atom ciiydae R 1 m He SBISAIOTCS NPUBEICHHBIMH BETMYMHAMU, TIOOTOMY BBIPAa3UM Maccy IIIOAA
yepes ero MI0THOCTS p:

m=p§7‘cR3. (23)

Torna ¢popmymna (22) mpuoOpeTaet BUA

W= a0pr2| 2| | (24)
T
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m, R,

m,, R,

Puc. 3. PacueTHas cxema ygapa mioja o JTHO KOHTeliHepa

Fig. 3. Calculation scheme of the impact of fruit on the bottom of container

W3 bopmyel (24) ciexyert, 9To 1pu yAape Tena chepraeckoi popMbI O TUTOCKYIO TIOBEPXHOCTH MaKCH-
MaJIbHOE KOHTAKTHOE IaBJICHWE OINPENeNseTcs CKOPOCTBIO yaapa, YNPYTHMH XapaKTePHCTUKAMHU Tel
1 TUTOTHOCTBIO TIJI0/Ia ¥ HE 3aBUCUT OT €r0 Pa3MepoB U Macchl. [[IIOTHOCTH IJIONIOB 3aBUCUT OT COPTa U CPO-
KOB YOOPKH.

OcCHOBHBIE TIOKa3aTeIH TUIOJI0B CEMEYKOBBIX KYJIBTYP, HCIOIb3yeMbIE TIPH PAacUeTax, MPEeICTaBICHBI
B Tabm. 1 u 2 [5-8].

Ta6nuna 1. OcHOBHBIE MeXaHHYeCKHUE XaPAKTEPUCTHKHU 00K

Table 1. Main mechanical characteristics of apples

Ilokasarenb S1610Kx0 (6 copTOB)
Macca nnoga, T 42—122
BricoTta mioma, MM 40—-60
Yeunue oTpbiBa II0OA0OHOXKKHU OT BETKHU, KI'C 0,80—2,35
Veunue oTpbiBa IIOAOHOKKY OT IJI0AA, KI'C 0,90-3,05
HaceinHast n10THOCTB, Kr/m’ 617—650

Tab6nuna 2. UnauBuaya bpHasi Macca U IVIOTHOCTH IJIO0B

Table 2. Individual weight and density of fruits

WnnuBuayansHas macca, T IInotHOCTH, rlem®
ITnoxer
MUHHUMaJIbHAs MaKCHMaJbHas MUHHUMaJIbHAs MaKcHMaJbHas
650K 42,0 160,0 0,733 0,972
Tpym 28,0 155,0 0,964 1,167

I'padmueckas mHTEpHIpETALINS MTOTYICHHOTO BRIpaXXEHHS (24) ¢ y4eTOM 3THX TOKa3aTesell mMeeT
BU/I, PEACTABICHHBIN Ha pUC. 4.

[IpoYHOCTH KOXKYPBI U COCTOSTHUE MSIKOTH OLIEHHBAETCS IO COIMPOTHUBIIEHUIO, KOTOPOE BO3HUKAET
NP IPOHUKHOBEHWH MHOPOIHOTO Tella B IJIOA Yepe3 KOKYpy. Tak HcciueaoBaHUsIMU OONBLIOTO KOJH-
YecTBa COPTOB SIOJOK, MPeAHA3HAUYSHHBIX IJI MEXaHU3UPOBAHHON YOOPKH, YCTaHOBJICHO, UTO JIABJICHHE,
IIpH KOTOPOM KOXYpa TepsET CBOIO MPOYHOCTH, cocTaiuset 0,87—-1,24 MIla [9-16]. Ilpuuem npu nas-
nennu g0 0,4 MIla BocipuHIMaeMBble IUIOaMH TTOBPEXAEHUS OOpaTHMBI, T. €. 0€30MacHbl. YKa3aHHOE
JaBJICHUE IPUHUMAEM 32 HECYLIYIO CIOCOOHOCTH MJIOAA.

B 10 e BpeMsi MSIKOTh IJI0[a MPOKAIBIBAETCS NP AaBICHUH, cocTaBistomeM 50...70 % naBneHus
IPOKaJIbIBaHUsI KOXKYpbL. [Ipn 3TOM MMEHHO pa3pylieHHe MSKOTH, B CIydae Korja KOXKypa ocTajach
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Puc. 4. 3aBUCHMOCTb KOHTAKTHOT'O JAaBJICHHUS OT CKOPOCTH COYAAPEHUsI IJIOJIOB MPHU yJape O JIHO KOHTeHHepa

Fig. 4. Dependence of contact pressure on the speed of impact of fruits when hitting the bottom of container

0e3 OBpeXIeHN, TPUBOAUT K ITOpYE IIOOB MIPH XpaHEHUH. BeiecTBHE 3TOTO ISl HCKITFOUEHUS TI0-
BpeXJACHUS MSIKOTH JaBJIEHHWE HA TUIOABI MoJKHO OBITh Ha 30...50 % MeHbIe Hecymiel criocoOHOCTH
mioaa, T. €. He 6onee 0,12 MI1a.

s I‘pa(bI/IKa Ha puc. 4 BHUJIHO, YTO TAKOC€ AABJICHUE JOCTUTACTCA IMPHU CKOPOCTHU CTOJIKHOBCHUSA, paB-
HO#t 1,9 M/C, 94TO, B COOTBETCTBHU C 3aBHCHUMOCTBIO

V2

h=—, 25
22 (25)

COOTBETCTBYET BBICOTE MaaeHU A, paBHOi 0,183 M.

[IpencraBnenHas CHTyanus CIIy4aeTcsi, KOT/a M0/ MePEXOUT U3 JIOTKA Ha TOPU30HTAIBHBIN KOH-
Beiiep, a Tak)kKe Korja IJI0/] IaJlaeT Ha JTHO MyCTOro KOHTeHepa.

Coyoapenue 08yx c60000HbIX n10006. CUTyallusl COyIapeHUs JBYX CBOOOIHBIX IUIONOB IPU HX
y60pKC U COPTUPOBKE MOXKET BO3HUKATD, KOTAa IJIOABI CTAJIKUBAIOTCA APYT C APYIOM B BO3AYXE B MO-
MEHT Mepexo/ia U3 JIOTKOB Ha TOPU3OHTAIBHBIM KOHBEHEp MM IPU CBOOOIHOM MEPEKaTHIBAHUU 110 pa-
00YMM MOBEPXHOCTSIM (pHC. 5).

Puc. 5. Pacuetnas cxema coyaapeHus JByX CBOOOIHBIX MJIOAOB

Fig. 5. Calculation scheme of the collision of two free fruits
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B atom cnyuae B hopmyne (22) BeUYUHBL 1 U R SBIASIOTCS NPUBEACHHBIMH U OIPEACISIOTCS BbI-

paxenusimu (6) u (9). [lostomy B popmyne (22) OTHOLHeHI/Ieﬂ3 MOXeET OBITh IPENICTABICHO B BHJIE
R

mymy ﬁTC prlRSPZ
m \m+my) 3 \Ripi+R3ps

3 3 3 ? (26)
R R\R; R\R
R1 + R2 R1 + R2
rac Rl’ p] n RZ’ p2 — COOTBECTCTBCHHO paHHYCBI U IIJIOTHOCTH HepBOFO n BTOpOFO TCIIA.
TaK KaK B Cnyqae Y60pKI/I I1J1I040B B3aHMOHeﬁCTBOBaTB 6y,[[yT IJI04bI OAHOT'O COpTa, a CJICa0BAaTCIIb-

HO, OIMHAKOBOM IIOTHOCTH, HOJIOXKUM B popmyiie p, = p, = p. Toraa BeipaxeHnue (26) IpuMeT ClIeayo-
AU BUL:

4 3
—7p(R; +R>)
Ry=3___ (27
f(R) R

@Oynkuus f(R) npuHUMaeT MakCUMallbHOE 3HaueHue npu R, = R, = R. B aToMm cityuae
m
—=f(R)=—p. 28
23 S(R) 3P (23)

To ecTb BeIpaxeHue (22) Ipu IaHHOM clydae yaapa OyJeT NpHHUMAaTh HanOoJbliee 3HaYeHHe, KOr-
Ja paguychl KOHTAaKTUPYIOWIMX Ted OyayT paBHbl. CliegoBaTenbHO, U3 BCEX BO3MOKHBIX KOMOWHAIIMIHA
HaunboJiee OMacHBIM OyAeT ciydall coyAapeHus ABYX IUIOOB OAMHAKOBOTO paauyca. Takas cuTyanus
HanOosiee BEposATHA, KOrJa IUIoasl OyayT nepemMemarbes K Koutelinepy. Iloncrasus (28) B (22), momy-
YUM BBIpaKEHHE JJI1 MAaKCUMaJIbHOTO KOHTAKTHOIO JJaBJICHHS B JAHHOM CIIy4ae:

*41/5

E
i =] 160pV§ — . (29)

I'paduueckas naTEpIpETAUs 3aBUCUMOCTH (29) mpencTaBieHa Ha puc. 6.

U3 popmynst (29) cnenyert, 4To IpH COyJapeHUH ABYX OAMHAKOBBIX MJI0JOB MAaKCUMAJIBHOE JaBIICHHE
3aBHUCHT OT UX IUIOTHOCTH, a HE OT pa3MepoB U Macchl. CpaBHUBas Gopmydsl (24) u (29), MOXKHO crenaTh
BBIBOJ, YTO HauOOJbIINE MOBPEXKACHUS MOTYYAIOT IUIOABI, KOTOPbIE KOHTAKTUPYIOT IPU CBOOOZHOM

P, MIla
0,16 ‘

0,12

0,08 -

0,04 |—

0,00 2
0 0,5 1 1,5 2 2,5 V,mlke 3

Puc. 6. 3aBUCUMOCTH KOHTAKTHOTO JAaBJICHUS OT CKOPOCTHU COyAapCHUs I1JI0J0B

Fig. 6. Dependence of the contact pressure on the impact speed of fruits
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NepeKaThBAaHUK Ha padovell MOBEPXHOCTU. DTO MPOUCXOAUT HOTOMY, YTO KOHTAKTHOE JIaBJICHUE MPH
COyZapeHuH CBOOOAHBIX IUIOAOB 0OJIbIIIe, YeM AaBJICHUE MPH yaape MJoja O IIOCKYIO TIOBEPXHOCTh MPH
OJMHAKOBOH CKOPOCTH.

[TosTOMy npu KOHCTPYHUPOBaHMHM TPAHCHOPTUPYIOLIMX OPTraHOB IUIOAOYOOPOYHOro arperara oc-
HOBHOH 3aiaueii ux (GyHKIMOHUPOBAHUS SBISETCS MPEJOTBPAICHUE COYAAPEHUS IUIOJOB NPH TPAHC-
HMOPTUPOBAHUM. [ 3TOro Ha TPAHCHOPTHUPYIOLIUX JIEHTAX HEOOXOOMMO YCTaHOBHUTH CIIELUAJIbHBIC
YIOPHBIE MPHUCIIOCOOIEHN S, KOTOPBIE MPENOTBPATAT CBOOOAHOE NEPEKATHIBAHNE U COYAAPEHHUE TIIO/IOB
Ha TPAaHCIOPTUPYIOMIUX YCTPOUCTBAX.

Yoap nnooa o nosepxnocme uz nnomno nexcanwjux nnooog. byem c4uTarh, 4TO IJIOA MAccol m;
U pagnycoM R, ynapsiercst o Iiof (I0OBepXHOCTh) KOHEYHOTr0 paaunyca R, 1 6ECKOHEUHOH MaCChl 1, = o0
(puc. 7). B aTom citydae cornacHo ¢opmyiie (9) m = my, a R GyneT npuBeeHHONH BEIUYUHON U oIpese-
TUTCS BBIpaxeHueM (6).

m
Jlist pacyera B opmysie (22) OTHOMICHHE — MOXKET OBITh IPEACTABICHO B BUJIC
R

4 53
m__m 3™

R (RR, Y ( RR, Y
R1 + R2 R] + R2

B pesynberaTe mpeoOpa3oBaHuil OTYIUM

£(R) =§np(k+1)3.

Benuuuna ¢yskuuu f(R) B JaHHOM cilydae OyZleT 3aBUCETb OT COOTHOLIEHUsS paauycos k = R,/R,.
Uem Oosbliie OyneT 3HaUeHUE K, T. €. YeM OOJIbIle painyc MaJarolero TUIojia 0 CPaBHEHHIO C PaJHyCcoM
ITOBEPXHOCTU B TOYKE KOHTAKTa, TeM OoJIbile OyaeT QyHKius f{R), ClieIOBaTENbHO, TeM 00JibIle OyaeT
KOHTaKTHOE naBieHue. @opmyna (22) s KOHTAaKTHOTO JABICHUS JJISI 3TOTO CIydasi IPUMET BUI

/5
2\ 4

E
p§ =] 40(k +1)°pV?| =—

m, R,

M, R

Puc. 7. PacueTHas cxema yaapa Ijoaa 0 HeCBOOOAHBIN M0

Fig. 7. Calculation scheme of the impact of fruit on a non-free fruit
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B Tabn. 3 mpuBeneHbI BRIPAXKECHUS [T MAKCUMAIIBHOTO KOHTAKTHOTO JAaBJICHHS TPHU Pa3IMYHBIX
3HAUYCHHUSAX K.

BBITIOTHEHHBIMU MCCTICZIOBAHUSAMHU B3aWMOJICUCTBUS TUIOJIOB C TPAHCIIOPTUPYIOIIMMH OpraHaMu
MJ1010y00POYHOr0 arperara yCTaHOBJICHO, YTO TIPY MaJACHUY TUI0JA Ha IJIOJ, JIekalluid Ha KoHBekepe,
Haunbolee HEONATOMPUSATHON C TOUKH 3PEHUS IOBPEIKIACMOCTH SIBIISICTCS CUTYAIIHsI, KOTJIa Panyc He-
CBOOOHOTO TIJI0AA MEHBIIIE paguyca magaromnero miona (k > /). OueBHIHO, 9TO TIPH TPAHCTIOPTHPOBA-
HUU HEOOXO0AMMO M30eraTh MoJ00HOI0 poja KOHTAKTOB, TaK KaK OHU ITOYTH BCeraa OyayT MPUBOIUTH
K HNOBPEKACHUIO IJIOJOB U CHUIKCHHUIO CPOKOB UX XPAaHCHU .

Tabnu na 3. AHAJIUTHYECKHE BbIPAKE€HUA MAKCHUMAJIBHOI'0 KOHTAKTHOI'0O JaBJICHUA
npu pas’sinvHbIX 3HAYCHUSAX k

Table 3. Analytical expressions for the maximum contact pressure for various values of £

k=R|/R, Bripaxenue
1/2 /5

A\ 4
E
p = 135pV2[J

T

1/1 1/5

1\ 4
pi =| 320p72 (EJ
s

2/1 1/5

w1\ 4
E
p§ =]1080py > [nj

[Ipu nepemenieHrny IIOA0B MO UCCIETYEMOMY TPAHCIIOPTUPYIOIIEMY YCTPOUCTBY PACCMOTPEHHBIN
ClIyyail peaqn3yeTcs Ipu NaJeHUH II0I0B C BEPTUKAIBHOIO KOHBelepa B KoHTelHep. B OonbmnHCcTBE
cIydaeB OyAyT KOHTaKTHPOBAaTh ILIONBI OJMHAKOBHIX pa3MepoB (K = ). OmHako BO3MOXKHBI Oojee
omacHble cutyanuu (k > 1), Korga KpyIHBIN 1107 TagaeT Ha Oojee menkuil. Ha puc. 8 mokazana 3aBu-
CUMOCTH KOHTaKTHOTO JaBJIEHHsSI OT COOTHOIIIEHHUS PaIIyCOB A aloIIero ¥ HeCBOOOIHOTO TUTO/IA.

N3 rpadvkoB BUIHO, YTO MPH JTOIMYCTUMOM KOHTAaKTHOM JaBJICHUHU Ha s0510KH, paBHOM 0,12 MIla,
JIOTTyCTUMAsi CKOPOCTbH MaJIeHU s Ha MOBEPXHOCTh M3 ILIOTHO JICXKAIIUX IJIO0B COCTaBIsET: 1,9 M/c mipu
BeicoTe majgenus 0,183 m u k = 1/2. [lpu k£ = 1 3HaUeHHUSs AOMYCTUMOIN CKOPOCTH U BBICOTHI TIAJICHUS COC-
taBisitoT 1,25 M/c u 0,08 M, a ipu k = 2 coorBeTcTBeHHO 0,67 M/c 1 0,023 M.

P, Mlla
0,24

0,20

>

0,16

>

0.12 e

>

0,08 —

>

0,04

>

0 OO A A 4
0 0,4 0.8 1.2 1,6 2 24 2.8
k=12 k=1-k=2 V. m/e

Puc. 8. 3aBucuMoCcTh MaKCHMaJIBHOT'O KOHTAKTHOTO JABJICHUS OT OTHOIICHHU S CKOPOCTH COyAapCHUs IJI0J0B
1pHU pa3JIMYHbIX 3HAYCHUAX k

Fig. 8. Dependence of maximum contact pressure on the ratio of fruit impact velocity for different values of &
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BeiBoasbl. 1. B3anmoneiicTBue 11010B TIpr YOOPKE B OCHOBHOM MOKET OBITH MPEACTABICHO TPEMsI
BHJIAMU: yIap TUI0/Ia O TBEP/YIO IOBEPXHOCTh, COYAapEHUE IBYX CBOOOIHBIX ILIOIOB U y1ap ILI0/a O I10-
BEPXHOCTH U3 ILTOTHO JISKAIIUX T1JIOJIOB.

2. HamOompIie MoBpeKICHHS MOMYYaloT TUIOABI, KOHTAKTHPYIOITHE TIPH CBOOOTHOM IepeKaThIBa-
HUH Ha pabodvell MOBEPXHOCTH, TaK KaK KOHTAKTHOE JAaBJICHHE IPU COYAapeHUU CBOOOIHBIX TLIONOB
0O0JIbIIe, YeM JIABJICHUE MPH YAape IJI0Ja O TIOCKYI0 TOBEPXHOCTH.

3. TeopeTHueCKH YCTaHOBIICHHAS JTOIyCTUMAsi CKOPOCTD IaJICHUS S0JI0K Ha TIOBEPXHOCTH U3 TIJIOT-
HO JIeXKAIUX TUIONIOB cocTaBiseT 1,9 m/c mpu BeicoTe maneHus 0,183 M U COOTHOIIEHUH PayCOB KOH-
TaKTUPYOUX 10708 k = 1/2, unu 1,25 m/c u 0,08 M ipu £ = 1, wnu 0,67 m/c u 0,023 M ipu k = 2.
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