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ExcriepuMeHTanbH1 JAOCHIPKEHHST po00YOro Mporecy
ITHEBMOTpPAHCIIOpTEPa 0041CaHOI'O BOPOXY

VY crari HaBOAATHCSA TepeBaru 30WpaHHS 3€PHOBHX KYIBTYP METOAOM OOYiCYBaHHS Ha KOPEHI 3
MOJANTBIIOI TOPOOKOI 004YicCaHOTO BOPOXY Ha CTalliOHAPHOMY IIYHKTI B MOPIBHSHHI 3 KOMOaiHOBHM
30upaHHAM. 30HMpaHHS II€I0 TEXHOJIOTIEI0 BUKOHYETHCS MIPUUIITHOIO 30MPaATFHOI0 MAITUHOIO, SIKA CKIIATAEThCA 3
00YiCyI0YOTO TMPUCTPOIO, XOIOBOI YACTHHH, TPAHCIOPTYIO4YOI cHcTeMH. IlapameTpu IHEBMOTpPaHCIIOPTEPY
30MpaJbHOI MalIMHH € HEJOCTaTHRO OOIPYHTOBaHi, TOMY MOJAJBIIOMY HAaBOAATHCS PE3yJbTaTH
eKCIIePUMEHTAIBHUX JOCIIKEHb TEXHOJIOTIYHOIO IPOLEeCY ITHEBMOTPAHCIOPTEPY JMJIsi TPAHCHOPTYBaHHS
00YiCaHOr0 BOPOXY 3€PHOBUX Yy MPHYIN — Bi30K, a caMe JAIBHICTh MMOJLOTY 00YICAHOTO BOPOXY B 3aJICKHOCTI
BiJl yacTOTH OOEpTaHHsS BajJy BIJLEHTPOBOIO BEHTHJISITOPY, MUTOMOI I10/1adi BHUXIJHOTO MaTepiady Ta KyTa
HaxMy pPyXOMOi 3aCIIiHKH.
obuicaHuii BOpOX, oO0uicyBaHHA pocjauH, ¢GaKTOpu, 30MpajJbHA MAaIIHHA, IHEBMOTPAHCIOPTEP,
eKCIIEPHMEHT, eKCIIePUMEHTBJIbHI 10CTiKeHHS

IlocTanoBka npodaemu. Sk mokazaHO OaraTOpiYHUMH JTOCIIHKEHHSIMH Tpodecopa
[[TabanoBa I1.A [1] 30upaHHsl 3€pHOBHX KYJBTYP METOJAOM OOUICYBaHHS POCIWH Ha KOPEHI
Mae OaraTo mepeBar mepei TPAJULIHHUM KOMOAHOBUM 30MpaHHSAM MUISIXOM 3pi3yBaHHS
POCIIMH Ta 0OMOJIOTOM X y MOJIOTapIli komOaitHy. HaiOiubI JOIiIBHO 116 BUKOPUCTOBYBATH
el MeToJ y CTaliOHapHOMY BapiaHTi, TOOTO 0OYICYBaTH POCIMHHM B TOJi 3 JOPOOKOIO
004icaHOTO BOPOXY Ha CTAI[IOHAPHOMY MYHKTI [2].

Jlns peamizamii wi€i TEXHOJOTIT HEOOXITHO MAaTH MPUYINHY 30UpajbHy MAalIUHY 3
00UiCcylouMMH POOOYMUMH OpraHaMH, KOJIICHUM TPAKTOP I i arperaTyBaHHS MPUYIN — BI30K
Juis1 300py 004icaHOTO BOPOXY Ta CTAI[lOHAPHUH arperar AJisi J0poOKH 004iCaHOTO BOPOXY.

Ao po3risHyTH 30UpalibHY MalllMHY, TO BOHA MICTUTh OOYICYIOUHH TMPHUCTPIH,
IIHEKOBMM TpaHCIOPTEp, LIHEKOBUI TPAHCIIOPTEDP, Ta XOIOBY cuctemy [3,4].

[Ilo cTrocyeThcsi 0OUICYIOUOTO TMPHUCTPOIO TO BiH OOTPYHTOBAaHUM B JOCTATHIN Mipi B
pbori [5].

Ane X THEBMOTpAaHCHOPTEp MOTpedye OOIPYHTYBaHHS  WOTO0 KOHCTPYKTHBHHX,
KiHEMaTUYHHUX Ta TEXHOJOTIYHUX MAapaMeTpiB.

AHaJi3 ocTaHix J0cHizkKHeHb i myOaikaniid. TeopeTnyHi ocHOBH (DYHKIIIOHYBaHHS
THEBMOTPAHCIIOPTEPiB BUKIaAeHI B poOoti [6]. IlpakTtuuni pexoMmenpamii moao poOoTu
MTHEBMOTPAHCIIOPTEPIB B Tally31 CUTbCHKOTOCIIOAAPCHKOT0 BUPOOHHUIITBA HaBEJEHI B poOOTax
[7,8]. Ane )k B nux poOOTax pO3MIISHYTO MUTAHHS TPAHCIIOPTYBAaHHS 3epHa. B 30upanbHii
MalIuHI MMHEBMOTPAHCIIOPTEp BHUKOHYE (DYHKIIIIO TpPaHCIOPTYBaHHS OOYICAHOTO BOPOXY B
npudin. OG4icaHuil BOPOX MO CBOIM aepoOJMHAMIUYHUM BJIACTUBOCTSM CYTTEBO BiIPI3HAETHCS
BiJI 3epHA, TOMY 10 € YOTUPHOX KOMITOHEHTHOIO CYMIIIIIIO (BiJIbHE 3€PHO, COJIoMa, 00ipBaHi
KOJIOCKH, TI0JIOBa), TOMY BHHHMKAa€ 3agada OOIPYHTYBaHHS caMe ITHEBMOTPAHCIOPTEPY
004iCaHOTO BOPOXY.

© B.A.Tonosmsos, O.M. Jlexenkin, 2021
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ITocTanoBKa 3aB/IaHHS. ExcniepumeHTanbHO JOCIITUTH poborty
THEBMOTPAHCTIOPTEPY 3 METOIO MOOYAyBaHHS PErpeciiiHOl MO/, sIKa B TIOAAIBIIOMY MOXE
JO3BOJIMTH  BHU3HAYMTH  palliOHaJbHI  HapaMeTpu Ta  PeXUMHU  (DYyHKIIOHYyBaHHA
THEBMOTPAHCTIOPTEPY.

Buknag ocHoBHOro marepiaay. [l npoBeleHHS IOCHiIKEHb OyJ10 BHUIOTOBIIEHO
eKCIepUMEHTAIbHY JJAO0OPAaTOPHY YCTAaHOBKY TEXHOJIOTIUHY CXeMy SKOi HaBeIeHO Ha puc. | 0,
3aranibHuil BuA puc. 1 a. TeXHONOriYHMM Mpolec HHEBMOTPAHCIOPTEPY BiOYBAETHCS
HacTymHUM 4YuHOM. OOuicaHWii BOpOX 3a JONMOMOTOI0 TpaBiTalifHOTO TpaHcmoprepy |
JI030BAHO TIO/IA€ThCS 10 KaHAly MHEBMOTpaHCIOpTepy 3, 1€ MOBITPSHUN MOTIK, KU
CTBOPIOETHCS BIILIEHTPOBUM BEHTHIISTOPOM 2 MMiIXOIUTIOE 00YiCAaHWH BOPOX 1 IMOAa€e WOro 10
BUX0Ay. TpaekTopis pyXy Ta JaJbHBCTh MOJBOTY BOPOXY 3aJI€KUTh B1Jl MOJIOKEHHS PyXOMOi
3aCIiHKN 4.

ExcnepumeHTanbHi JOCHIKEHHS! MPOBOAMIMCS 3 BUKOPUCTAHHAM MaTeMaTHYHOI
Teopii TUIAHYBaHHS eKCIIepuMeHTy. [liciia TpoBeneHHs aHali3y IepeBar Ta HEIOJIKIB
pi3HOMaHiTHUX TwiaHiB [9,10,11] O6yB oOpaHuii HEKOMNO3ULINHMNA TPHOXPIBHEBHH IJIaH
npyroro nopsaky bokca — benkina [12].

1 — rpaBitaniifHuii TpaHcopTep; 2 — BIALEHTPOBHUI BEHTHIISITOP; 3 — THEBMOTPAHCIIOPTEP; 4 — pyXxoMa 3aciiHKa

Pucynok 1 — JJabopaTropHa ycTaHOBKa ITHEBMOTPAHCIOPTEPY IMPHUITHOTO 30MPaTbHOTO MOIYJIIO:
a — 3araJibHUi BUIIIA; O — TEXHOJIOTIYHA cXeMa
Locepeno: pospobaeno asmopamu

PiBHsiHHS perpecii Ans AaHOTO IU1any mae Buf [9]:

y=>b,+ z bx, +Zbﬂxi + z bl.l.xl.2 R (1)

I<x<k i I<x<k
ne y — BUOIpKOBa OlliHKa (YHKLIT BIATYKY;
by,b.,b,,b, — xoediuieHTN perpecii, AKi € OLIHKAMU TEOPETUYHUX KOE(ILIEHTIB;

i
X, — He3aJeKH1 3MiHHI (daKTopn).
st ominku epekTUBHOCTI QyHKIIIOHYBAaHHS TTHEBMOTPAHCTIOPTEPY Oyjia BUKOPUCTaHA
GYHKIIS BIATYKY, SIKa XapaKTepU3ye NadbHICTh MOJIBOTY BOpoXy. Taka QyHKIIs BIAryKy Oyia
obpaHa y 3B’s3Ky 3 HEOOXITHICTIO TOBHOIIIHHOTO 3aBaHTXCHHS TNpPHUUYEITy — Bi3Ka IS
30upaHHs 004iCaHOTO BOPOXY.
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AmHaniz (axkTopiB J03BOJMB 00paTH HAWOUIBII Baromi MOKa3HUKH, a CaM€ 4YacTOTy
oOepTaHHs BIJIEHTPOBOTO BEHTUJIATOPA, MUTOMY II0JIayy BHXIJHOTO Martepialy, Ta KyT
HaxwIy pyxomoi 3aciinku [13].

TakuM YUHOM BUKOHYBABCS NMOBHO(AKTOPHUN EKCIEPUMEHT Ha TPbOX DPIBHSX, IS
TPHOX (DAKTOPIB, SIKUH OIIIHIOBABCS OAHIEIO (DYHKITIEIO BITYKY.

B 3aranpHOMY BHUIIIAII MaTeMaTHYHA MOJIEI] Ma€ BUTJISL:

y =b, +bx, +b,x, +byx, +b,x,x, +b,x,x; + b x,x, + by, X; +by,xs +byx], (2)
ne y — QYHKIIIS BIATYKY, XapaKTepu3yoya JajdbHICTh MOJBOTY 004iCaHOTO BOPOXY;

X, —4acToTa 00epTaHHS BaJly BiJIIEHTPOBOTO BEHTUIISTOPA,

X, — IITOMA TI0J1a4a BUXITHOTO MaTepiaiy;

X, — KyT HaXHJIy pPyXOMOi 3acIliHKH;

by, b,,b,,b;... — xoedilieHTH perpecii.

BuKOpHCTOBYIOUYHM PE3yJIbTaTH TEOPETHUHHUX JOCIHIHKEHb, MOJCIIOBAHHS Ta aHANI3y

JiTepatypHux mkepen [14, 15] Oynu BU3HaYeHI IpaHUIll 3HAa4eHb (PAKTOPIB, K MPUBEICHI B
Tadm. 1.

Tabmuus 1 — PiBHi BapitoBaHHs pakTopamu

dakropu
4acToTa podoTH Honaua
Pi .. €JIEKTPOJABUIYHa, [ 1T aniﬂ HOTO KYT HaXWILy
- IBCHD 1 IHTCpBAIl (gactota obepTaHHA MaTe Ii[an PyXOMOT 3aCIiHKH,
BapilOBAHHA daKTOpamu BaJly BEHTUJIATOPA, © plaiy. ¢ o rpam.
Kr/c;
pan/c)
X X X3
Bepxniii piBeHs (+) 40 (128) 0,4 20
OcnosHnuii piBensb (0) 35(107) 0,3 10
HwxHiit piBeHs (-) 30 (90) 0,2 0
IHTepBan BapiroBaHHS 5 0,1 10

Ioicepeno: [13]

Jlis mpoBEeIEHHS eKCIIEPUMEHTY OyJla CKJIaJieHa MaTpHLls IJIaHyBaHHS €KCIIEPUMEHTY,
y SKii HIDKHIA piBeHb 1Mo3Ha4aBcs (-), BepxHid (1), ocHoBHHIA (0), sika mpuBeeHa B TaOIHIIi

2.

Tabmums 2 — Matpuiil HEKOMIIO3UIIIHHOTO TPHOXPIBHEBOTO TUIAHY JIPYTOTO MOPSIAKY
JUTS TPhOX (hakTopiB

Howmep ) . :
710 cniny Xo X X, Xy XX, X, X, X, X, X X5 X;
1 + + + 0 + 0 0 + T 0
2 + + — 0 _ 0 0 n n 0
3 + - + 0 - 0 0 + + 0
4 + - - 0 + 0 0 + + 0
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[Tponos:xeHHs Tabaui 2

5 + 0 0 0 0 0 0 0 0 0
6 + + 0 + 0 + 0 + 0 +
7 + + 0 — 0 - 0 + 0 +
8 + - 0 + 0 — 0 + 0 +
9 + - 0 - 0 + 0 + 0 +
10 + 0 0 0 0 0 0 0 0 0
11 + 0 + + 0 0 + 0 + +
12 + 0 + — 0 0 — 0 + +
13 + 0 - + 0 0 - 0 + +
14 + 0 - - 0 0 + 0 + +
15 + 0 0 0 0 0 0 0 0 0

Licepeno: pospobneno asmopamu

Jlns mpoBeAeHHS pO3paxyHKy KoedillieHTiB perpecii Oylu BHKOPUCTaHI HACTYIIHI
dopmynu [13]:

1 N
bO :_ZYOn’
3 n=1
1 15
bi :gz;xoyj;
j=
1 15
b, = Z'Z;xgx,jyj;
j=

1 15 1 3 15 5 1
by =Z;xﬂj—g; JZ_;X iy _EZYO'

[Ticna mincranoBkn B (opmynu (3) 4YUCIOBHX 3HAaYeHb (QYHKLII BIiATyKy Oynu
BU3HAYEHI KOe(]ilieHTH PIBHSIHHA perpecii :

b, =3,5; b, =-0,025;
b =0,94; b,, =0,025;
b, =-0,34; b, =-0,475;
b, =0,73; b,, =0,125;
b, =0,05; b,, =0,05;

[TepeBipka 3HauymocTi koedimieHTiB nmpoBoamaacs 3a KpurepismMmu CThIOIEHTA, IS
40ro CroyaTKy Oyiia BU3HaueHa Aucriepcis BiarBoproBanocti S°{y}:

) S, 4
(o) -2 )
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ne S, — aucmepcis, siKa XapaKTepu3ye MOMUIIKY JOCTiTY;
N, — KUIBKICTb JOCIIJIB y LIEHTPI IJIaHy

Jlucnepcis, sika XxapakTepu3ye MOMIJIKY JTOCIIJIIB BU3HAYMIIHN 32 (HOPMYJIIOIO

S, =X (%, -%,) (5)

JlJis BU3HAYCHHS OUCIIEPCii MOMMIIOK TPH BHU3HAYCHI KOCQIIIEHTIB perpecii Oyim
BUKOPUCTaHI HacTynHi popmynu [11]:

3
1
$* (b} =55 o)
1 (6)
$*{b,} =5 ok
13
2 b _S2
{ ll} 48 { }
JloBipui iHTepBanu Oyyiv BU3HA4YEHi 3a hopmyioro [11]:
Ab, = 41,57 (b, )
Ab, = 41,57 (b}
Ab, = 1,57 ) @
il ily»>
Ab, =+1,5%{b,}.

ae t, — kputepiit CTbrosieHTa.

Kputepiit CTblofieHTa BHU3HAYAETHCS 32 JIOTIOMOTOI0 TaOmuIilh. Y JaHOMY BHUMAAKY
t, =4,3 [11].

[Ticna pospaxyHnkiB 3a (opmynamu (6) ta (7) Oynm oTpuMaHi 3HAYSHHS JOBIpPUYMX
IHTEepBAaTiB:

Ab, =+0,01419;

Ab, =+0,05375;
Ab, =+0,01075;
Ab, =+0,01161.

OtpumaHi B pe3ynbTaTi po3paxyHKiB HOBipdi iHTepBanu koediuieHTis b,,b,,b,,b,,
HOPIBHIOIOTHCS 3 YMCIOBUMH 3HAYCHHAMHU Koe(ilieHTIB perpecii. Y BUIAIKy SKIIO YHCIOBE
3Ha4YeHHs Koe(illieHTa perpecii MmepeBHIy€e MOBIpUUNA IHTEPBAJ MPUHMAETHCS PIMLICHHS PO
3HAYYIIICTh KOe(]ILi€HTIB perpecii.
VY Hamomy Bumajaky Bcl KoegilieHTH perpecii 3Hauymi. ToMy MokeMO 3amucatu
PIBHSIHHS perpecii:
y=3,5+0,94x, +0,34x, +0,73x, +0,05x,x, —0,025x,, +0,025x,, —

(8)
-0,475;, +0,1253, +0,053..
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HacTymHuM eTamoM CTaTUCTMYHOTO aHajily Oyja mepeBipka aJeKBaTHOCTI
OTpUMaHOI MoAeNi. AJEKBaTHICT, Mojell mepeBipsuiach 3a kputepiem ®@imepa. CyTHICTH
JlaHOi TMEPEBIPKHM MoJsrana y TOMy, IO BH3HAYaJIOCh PO3PAaXyHKOBE 3HaueHHs F),, sKe

HOPIBHIOBAIOCH 3 TAOIINYHUM F, .
Jnst orpumaHol Mozeni po3paxyHKoBe 3Ha4eHHS kputepis ®imepa F, =4,7967, a

tabmuune F. =19,3 [11]. Tomy MokHa 3pOOUTH BUCHOBOK IO aJ€KBATHICTb PErpeciiHoi

MOJETI.

BucHoBku. VY sxocti ¢axTtopiB Oynu oOpaHi: yactoTa poOOTH €IEKTPOIBUTYHA
(yacToTa 0OepTaHHS Bally BEHTUWJIATOPA), 1101a4a BUXITHOIO MaTepiany, KyT HaXHIy pyXoMol
3aCIIHKM. BUKOpUCTOBYHOUM  pe3yJbTaTh TEOPETHMYHHMX  JOCTIIXKEHb, KOMII IOTEPHOTO
MojenoBaHHs B cepenoBuili SolidWorks, Ta anamni3y nitepaTypHHUX Jukepen Oyiau BU3HAYEHI
rpaHulli 3Ha4eHb (akTopiB. [l mMpoBeneHHs eKCIEepUMEHTaIbHUX JOCHIKEeHb Oyna
BUTOTOBJIEHA EKCIIEPUMEHTAJIbHA YCTAHOBKA, sIKa JO3BOJIMJIA BapilOBaTH 3HAYCHHAMHU
3MiHHUX ()aKTOpiB, i THM CaMHUM OTPUMYBATH pPI3HOMAaHITHI JaHi JAJbHOCTI MOJBOTY
004icaHOro BOPOXY MIICHHUII B 3aJIC)KHOCTI BiJl 3HAU€Hb 3MIHHUX (PAKTOPIB.

BcranoBineno, mo HaWOUIBII JOIIJIPHO BHKOPHUCTOBYBATH HEKOMITO3HIIHHUN
TpbOXpiBHEBHH 1aH bokca — benkina a7 TppoX GaKTOPiB, AKUN Ja€ MOMXIIUBICTh 32 TaHUMHU
NPOBEICHUX EKCIIEPUMEHTIB OTPUMATH MaTeMaTHYHY MOJIEIb.

OTpumaHO MaTeMaTU4HY MOJENb, SIKa B MOJAIBIIOMY JaCTh MOXJIUBICTh BCTAHOBUTH
pamioHaJbHI TapaMeTpu Ta PEeKUMH (YHKIIOHYBaHHS ITHEBMOTPAHCIIOPTEPY OO0YicaHOTO
BOPOXY.

IlepeBipka 3HauymocTi KoedilieHTiB perpecii mo kputepito CTbIOJEHTa BKa3zaja Ha
T€, 0 BC1 KOSIIIEHTH 3HAYYIII.

[lepeBipka amekBaTHOCTI Mojem mo kpurepiro @imepa mMokazansa, MO MOJETH
a/IeKBaTHa.
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Experimental Research of the Working Process of the Pneumatic Conveyor of the
Combed Heap

The article presents the advantages of harvesting grain ears by the method of combing at the root use
stripper harvesting module technology with subsequent processing in comparison with combining. Harvesting
with this technology is performed by a trailed harvesting machine with stripper working bodies. The
implementation of this technology is constrained by namely the lack of scientific substantiation of the operating
modes of the pneumatic conveyor of the combed heap. In this regard, there is a problem of researching the
pneumatic conveyor, for its solution a method of experimental research was developed, which will determine the
optimal parameters and performance of the pneumatic conveyor combed heap.The results of experimental
researches of technological process of the pneumotransporter for transportation of the combed heap of grain in
the trailer - the cart, namely range of flight of the combed heap depending on frequency of rotation dampers.

The parameters of the factors and the geometric dimensions of the experimental setup were determined by
computer simulation in SolidWorks. During the simulation, a full-fledged computer model was developed in real
size, where the parameters were obtained by changing the speed of the impeller and changing the geometry of
the loading window and the pneumatic line. Using the results of theoretical research, modeling and analysis of
literature sources, the limits of the values of the factors were determined, which are given in the table. To
conduct experimental research, an experimental setup was made, which allowed to vary the values of variable
factors, and thus obtain a variety of data on the range of the combed pile of wheat depending on the values of
variable factors.

It is established that it is most expedient to use a noncomposite three - level Box - Benkin plan for three
factors, which makes it possible to obtain a mathematical model according to the conducted experiments. The
mathematical model is obtained, which in the future will make it possible to establish rational parameters and
modes of operation of the compressed heap pneumatic conveyor. Checking the significance of the coefficients.
The significance of the regression coefficients indicated that all the coefficients are significant. Checking the
adequacy of the model showed that the model is adequate.
stripper harvesting, combed heap, pneumatic conveyor, technique, experiment, research, factors,
experimental research
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