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VJIK 631.3.001.1 (082)

3aranpHONEPXKABHUN  MDKBIJOMYHMH  HAyKOBO-TexHiuHWI  30ipHmk. KoHCTpyroBaHHS, BHPOOHHIITBO
Ta eKCIUTyaTalis ciibcbkorocnogapcbkux Mammt. 2019. Bu. 49. 256 c.

B 30ipHMKYy BUKJIaIeHI NHTaHHA KOHCTPYIOBAHHS, PpO3PaxyHKY, YyIOCKOHAIICHHS, CTBOPEHHS 1
JIOCTIKCHHST HOBUX pPOOOYMX OpraHiB CUIBCHKOIOCIOJAPCHKUX MAIlWH, 3aco0iB  MexaHizarlii,
eneKkTpudikaiii Ta aBTOMAaTH3alil CUILCHKOTOCHOAAPCHKOTO BUpOOHMITBA. HaBeneHi pesynbratu
JIOCITIJPKEHB B Tally3l TEXHOJIOTH BUPOOHMITBA 1 eKCIuTyaTallii MalluH Ta 3a0e3nedeHHs X HagiiHOCTI i
JIOBroBiUHOCTI. BukiazeHi npakTH4yHi peKOMEHAAlil 10 BUKOPHUCTAHHIO Pe3yJIbTaTiB JOCITIDKEHb 1
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30ipHUK pO3paxOBaHWHI Ha HAYKOBHX Ta IH)KEHEPHO-TEXHIYHMX MPAIBHUKIB HayKOBO-IOCIIJIHUX
ycranoB, BH3, KOHCTpYKTOpChKHMX OpraHizaliiif Ta IpOMHUCIOBUX ITiJIIPHEMCTB.
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Po3po0Oka 1 kamopyBaHHs 0J10Ka BUMIPIOBAHHS
00’€MHO1 MacH MOTOKY HACIHHEBOI'O MaTeplaly
COHSIITHUKY

OmHHUM 3 eeMEeHTIB MPOIIOHOBAHOI paIlioOHAEHOI IPEH3iifHOT TEXHOIOTIYHOT JiHii MPOIeciB cemapaii
Cylep eNTHOTO HACiHHEBOTO Martepially COHSIIHUKY € BiOpOIHeBMATWYHHN cemapaTtop. s BuUpimeHHS
HEJIONIKIB BiIOMOTO OONagHAHHS, a caMe HHU3bKOi MPOAYKTUBHOCTI 1 SKOCTI BUKOHAHHS OIEpaliil cemaparii,
OYMIIEHHS Ta PO3IUICHHS HEOJHOPIAHOI HACIHHEBOI CyMimn 3a 00’€eMHOI0 Macor Ha ¢pakmii, HeoOXigHO
3aCTOCOBYBaTH aBTOMAaTH30BaHY CHUCTEMY KEPYBaHHS, sKa 3aCHOBaHAa Ha BUKOPHUCTaHI JaTduka 00 €MHOI Macu
MOTOKY HaciHHEBOi cymimi. Po3pobieHo i mpoBeneHO KanmiOpyBaHHSA OJOKa BHMIipIOBaHHS 00’€MHOI Macu
aJIanTHBHOTO BiOPOITHEBMATHYHOIO cernapaTopa. B pe3ynbraTi NOpiBHSIHHS OTPUMAaHUX 3HA4Y€Hb 13 TPaAULiIHHIM
MeToZoM BHMipioBanHs 00’emuoi macu (JCTY 4694:2006) 3a pospaxoamum kputepiem Ilipcona ()
HOPMAJILHICTh PO3MOIiTy TOXHOOK BUMIPIOBaHb cKiaaae 2,13, Ouibline 3a TaOJMYHE 3HAYCHHS x2(0,95;5) =1,15.
[ToBenena mepeBipka TiloTe3n MpO OJHOPIAHICTH 3HAYEHb 3a Jonomororo kpurepito Koxpena G = 0,39 <
G0705(1;20) = 0,48
cenapaiisi, 0,10k BUMiploBaHHS, IKiCTh, HaCiHHS, CyMilll, NOTIK, Mpouec, OHiHKa

9.b. Annes, KaHJ. TeXH. HAYK
Hnemumym macauunvix kynomyp HAAH, 3anopoaicve, Yrpauna
Pa3paborka u kaauOpoBKH 0JI0Ka M3MepeHHs 00bEeMHOH Macchbl MOTOKA CEMEHHOIO
MaTepuajga moaCoTHCYHUKA

OmHuUM U3 DIIEMEHTOB TMpeljlaraeMoil palnuOHAIBHON MPENM3UOHHON TEXHOJIOTHYECKONH JMHUH
MIPOLIECCOB CeNapaluy CyIep 3JIUTHOIO CEMEHHOI'0 MaTepHala 0/ ICOJTHEYHUKA SBJISIETCSl BHOPOITHEBMATHYECKHA
cemaparop. st pemeHusi HeJOCTaTKOB W3BECTHOTO 00OpPY/IOBaHHS, & MIMEHHO HU3KOW MPOHM3BOAUTEIBHOCTH M
Ka4yecTBa BBINOJHEHHs ONEpalfii cernapanyuy, OYUCTKH W pa3ZeJeHUs] HEOJHOPOIHON CEMEHHOH CMECH IIo
00BEMHOI Macce Ha (paKIuu, HEOOXOJMMO MPUMEHSITH aBTOMAaTU3UPOBAHHYIO CHCTEMY YIPAaBJICHHUS, KOTOpas
OCHOBaHA Ha WCIIONIF30BaHUN AATYMKA OOBEMHON MacChl MTOTOKA CeMEHHOHM cMecu. Pa3paboTaHbl U TIpOBEIEHBI
KanOpOBKH OJI0Ka M3MEpeHHU 00BEMHOI MacChl aTallTUBHOTO BUOPOITHEBMATUYHOTO cenaparopa. B pesynbrare
CpaBHEHUS MONYYCHHBIX 3HAYCHHN C TPAAMLIHOHHBIM METOIOM Hu3MepeHHss o0remHOW Macchl (JJCTY 4694:
2006) mo paccuutanHOoMy Kputepuro IIupcona (XZ) HOPMaJILHOCTh PaCIpeeleHUs MOTPEITHOCTeH U3MEPEHHMA
cocrasisger 2,13, yro OoJibllle TAOIMYHOIO 3HAYECHUS x2(0,95;5) = 1,15. TloBeneHa mpoBepka TUIOTE3BI 00
OJHOPOJHOCTH 3HAYeHM ¢ ToMoIIbio kputepus Koxpena G = 0,39 <G0,05 (1, 20) = 0,48.
cenapanusi, 6JI0K H3MepeHHsl, KauecTBO, CEMeHa, CMeCh, TOTOK, MPOIECC, OLIEHKA

ITocTranoBka nmpo6emu. Buxoasian 3 HE0OX1THUX BUMOT JI0 TEXHOJOTIYHUX TPOIIECIB
OUMILEHHS Ta po3aiieHHs HaciHHeBoi cywimi (JACTY 2240-93) po3pobieHa paiioHadbHA
MpeIu3iiiHa TEeXHOJIOTIYHA JIiHIA MPOIIECIB cemapallii HACIHHEBOTO MaTepially COHSITHUKY IS
BCIX JIAHOK CeNIEKUIHHO-TEHETUYHOIO TPOLeCy, SKa BKJIIOYA€E aBTOMATHU3ALII0 TEXHIYHUX
3aco0iB [1-3]. ParmionasbHa npenu3iiiHa TEXHOJOTIYHA JIiHISA MPOIECIB cemaparii cymnep
€JIITHOTO HAaCIHHEBOTO MaTepialy COHSIIHUKY (puc. 1) BKIo4ae etanu 30MpaHHA HACIHHEBOI
CyMIIII 3 MiJ TPYMOBHUX 130JISITOPIB IUIIXOM MPSMOT0 KOMOAWHYBaHHS MajUM CEJEKIIHHUM
KoMOailHOM a0 py4yHOro 3pi3aHHs 1 o0OMoiIOTY Ha MOOUIBHIA MonoTapmi. Jami

© E.b. Anies, 2019
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WOyTh €Tamu PO3/IJICHHS HACIHHEBOI CyMmimmi 3a (hi3uKO-MeXaHIYHUMH 1 MOP(OJIOTIYHUMH
BJIACTUBOCTSAMU 3 BUKOPUCTAHHSAM CEJIEKIIIHUX cenmapaTopiB i3 eIeMeHTaMi aBTOMAaTU3alil 1
KOHTPOJIIO SIKOCTI cemapaiiii. HampukiHill TeXHOJIOTIYHOT JIiHIT BUKOHYETBCS TPOIIeC BiAOOPY
npo6 i HOro KOHTPOJIIO Ha MPUCTPOT aBTOMATUYHOTO (PeHOTHUITYBaHHs HAaciHH. [Ipenun3iiHICTh
TaHO1 JiHIl JOCSTAaEThCS MUIIXOM 3aCTOCYBaHHS aJalNTHBHOI CHCTEMH KEpPYBAaHHS TEXHIKO-
TEXHOJIOTTYHOT0 3a0e3meyucHHs [3].

Omnak  poOoOTa  amanTUBHOI  CHUCTEMH  KEPYBaHHA  TEXHIKO-TEXHOJIOTTYHHM
3a0e3neueHHsIM Mpenu3iiiHol cenapailii HaCIHHEBOTO MaTepialy COHSIIHUKY HEMOXIuBa 0e3
3aCTOCYBAaHHSIM JIMHAMIYHUX JATYUKIB BUMIPIOBaHHS MOPQOJOTIYHHUX 1 (HI3UKO-MEXaHIIHUX
BIIACTHBOCTEH HACIHHSI.
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Pucynoxk 1 — PanionansHa npennsiiiHa TEXHOJIOTYHA JIiHIS MTPOIIECiB cenaparii
CyIIep eTiTHOTO HACIHHEBOTO MaTepially COHSAITHUKY
Howcepeno: pospobaeno agmopom

AHami3 ocTaHHiX aocjimkeHb i myOjikaniii. OgHUM 3 €JEeMEHTIB IPOMOHOBAHOT
pamioHaNbHOI TMpenM3iMHOI TEXHOJOTiuHOi JIiHIS NpoIeciB cemapaiii cymnep eJiTHOro
HAaCIHHEBOTO MaTepially COHSIIHUKY € BIOpOMHEBMATHYHMMA cemaparop. IcHye Benwka
KUTBKICTh BIOpOITHEBMOCENAPATOPiB, OJHAK iX KOHCTPYKIIl MOXKHa y3araipHUTH [5-11].
HaiiGinpmm mommpenuM € mHeBMaTUYHUN copryBambHui cTin [IC, skl ckimagaeTbcs 3
Bapiaropa 1, perymsaropa 2, MexaHi3My MpuBOAa 3, mpoTuBaru 4, maryHa 5, paMku O,
KpoHmITeiiHa 7, aexku 8, ropioBuHU 9, citku 10, TOBITPOBHPIBHIOBAIBHOI pemmiTkud 11,
knanana 12, npuitmaneuukiB 13, 15, 18 1 20, 3acninku 14, Baxens 16, pamu 17, BeHTHIATOpA
19 (puc. 2).

Jlo HenomikiB BiIOMOTO OOJaJHAHHS CIiJ BiIHECTH HOro HHU3BKY MPOIYKTHUBHICTH 1
SIKICTh BUKOHAHHS OTIepalliid cemapailii, OYUIIeHHS Ta PO3IJICHHS HEOAHOPITHOT 36pHOBOT 200
HACiHHEBOI cyMimn 3a 00’eMHOI0 Macorw Ha ¢pakuii depe3 HEOOXIAHICTh MOCTIIHOTO
NepeHaAAITyBaHHS YaCTOTH KOJIHMBAHb JICKH ¥ MIBUAKOCTI TOBITPSIHOTO TMIOTOKY 4epe3 podody
MOBEPXHIO JIEKH, 10 B 3HAYHIN Mipi BIUTUBAE SK HA MPOAYKTHBHICTh MAIlIMHU, TaK 1 Ha SKICTh
po3nineHHss HaciHHS Ha (pakmii. Takox 3a3HadeHi BiOpOIMHEBMOCENApaTOPH MAalOTh HU3BKY
MPOAYKTUBHICTH Yepe3 BEIHKY HEOHOPITHICTh 36pHOBOTO a00 HACIHHEBOTO MaTepiaily, KU
HeoOXimHO po3aiumTH Ha ¢pakimii. lle Bukiamkae moTpedy B HEOOXIAHOCTI IMOCTIHHOTO
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HaJAIITYBaHHA KYTiB MOJOBXHBOTO U TIONEPEYHOTO HAXWIIIB JEKH I 3a0e3neueHHs
PIBHOMIPHOTO PO3MOALIY MaTepiaay 1Mo BCil IJIONIMHI poO0U0i MOBEPXHI, IO MPU3BOIUTH 10
3HIDKEHHS TPOAYKTHUBHOCTI MAIlIMHHU, MOTIPIICHHIO SIKOCTI PO3/iIEHHS MaTepiany Ha (pakuii i
30UTBIICHHIO TPYAOMICTKOCTI BUKOHAHHS 3a3HAYEHOTO TIPOIIECY.

1 — BapiaTop; 2 — peryJsTop; 3 — MexaHi3M puBoja; 4 — NpoTuBara; 5 — maTtyH; 6 — paMka; 7 — KpOHIITEHH;
8 — mexa; 9 — ropioBuHa; 10 — ciTka; 11 — mOBITpOBHPIBHIOBANIFHA peliTKa; 12 — KIlanaH;
13, 15, 18 i 20 — npuiimansHuK; 14 — 3aciiaka; 16 — Baxine; 17 — pama; 19 — BeHTHIISITOD

Pucynok 2 — KOHCTpYKTHBHO-TEXHOJIOTTYHA CXeMa ITHEBMATHYHOT'O COPTYBAJIbHOTO CTOIY
IDicepeno: [5]

Jliss BHpINICHHS 3a3HAYCHUX HEIOJIKIB HEOOXITHO 3aCTOCOBYBAaTH aBTOMATHU30BaHY
CHCTEeMYy KEpyBaHHS, SKa 3aCHOBaHAa Ha BUKOPHCTaHI JaTdyuka 00’€MHOI MacH IOTOKY
HACIHHEBOI CyMiIi.

IlocTanoBka 3aBAaHHs. TakuM YHMHOM, METOIO € po3poOKa i KamiOpyBaHHS JaT4HUKa
00’eMHO1 MacH TIOTOKY HAaCiHHEBOI CyMilll, sIKa yBiie IO CKJIaay aBTOMAaTH30BaHOI CHCTEMH
KepyBaHHS BIOPOITHEBMaTUYHOTO CENapaTopa.

Buknag ocHoBHoro wMarepiaay. Jlns peamizamii  aBTOMaTH30BaHOI CHCTEMH
KepyBaHHS BiOpPOMHEBMAaTUYHOIO cemapaTopa po3pobiaeHo OJ0K BHUMIpIOBaHHS 00’ €MHOI
MacH, 3arajbHHUi BUTJSA SKOTO Y CKIAAl EKCIEPUMEHTAJIBHOTO CTEH/AY IPEICTaBICHO Ha
puc. 3. B skocTi TeH3ojaTuMka i3 miacuiaoBadyeM BukopucrtaHo Weight sensor HX711.
KepyBanus 3acminkoro i 00poOKy iH(popMmarii 3 TeH30JaTYUKa 3[iHCHIOE amapaTHO-
nporpamHuii 3aci6 Arduino Uno ATmega328P-PU y koMmriuiekci i3 penie 1 akTyaTOpOM.
Enextpuuyna cxema 0JIoKy BHMiproBaHHS 00’€MHOi Macu mpejacraBieHa Ha puc. 4. [lng
3a0e3neyeHHs] TOYHOCTI poOoTH O0ka OyNio MPOBeIeHO WOTo KaniOpyBaHHS y BiAMOBIIHOCTI
13 TPAIUIIIHHUM METOJOM BHUMIPIOBaHHS 00’ €MHOI MacH 3a JormoMororo mypku 3rigao JCTY
4694:2006.

B pesynbrari cTaTMYHOTO KamiOpyBaHHS 3 BHKOPHCTAHHSIM Ha0OpY J1abOpaTOpHUX
rupb (BigxuieHHs Big HomiHamy 0,1 T) BCTaHOBIEHO PIBHSHHS TEPEPAXyHKY HAIMPYTH Y
3HAYCHHS MacCH:

M =416,6(U-U,), (1)

ne M —wmaca,r;
U — BuMiproBaHa Hampyra, B;
U, — mouaTkoBa Hampyra, sika BCTAHOBJIIOEThCS 0€3 HaBaHTAXKEHHs, B.
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Koedimient xopensuii ckmagae R =0,98.
Tak sixk 06’eM eMHOCT1 06J10Ky BuUMiptoBaHHs ckiagae v =1,03968 1, To 06’emHa Maca
PO3paxoBy€eTHCA 3a POPMYJIIOIO

p:A%:4OO,7(U—UO), )

ne p — o0’emMHa maca, I/71.

1 — Gy10k BUMiproBaHHS 00’ €MHOT MacH; 2 — 3arajbHUi OJIOK BUMIPIOBAaHHS; 3 — NEPCOHAIBHUI KOMIT FOTED;
4 — 070K TIOJa4i HACIHHEBOI CyMIIi; 5 — pama; 6 — eMHICTB; 7 — aKTyaTop; 8§ — TeH30JaTYUK; 8 — 3aciIiHKa

Pucynok 3 — ParionanpHa npenn3iifHa TEXHOIOTIYHA JiHIS MPOIIECiB cenaparlii cymep eJIiTHOr0 HaCiHHEBOTO
MaTepiany COHSIITHUKY
Hotcepeno: pospobiaeno agmopom

1. Jlo nepconanbHoro

KOMIT'IOTEpa

.'\Teiﬁonarqn K
L) '

Arduino Uno
ATmega328P-PU

AxTyarop

Weight sensor HX711

D0

RED [ o ¥ -

Bnok skueneHHA

PucyHoxk 4 — EnekrpuyHa cxema KepyBaHHs OJIOKY BUMIpIOBaHHs 00’ €MHOT MacH
Hotcepeno: po3pobaeno agmopom

Junamiune kamniOpyBaHHS OyliOo MPOBENEHO HA EKCIEPUMEHTAIbHOMY CTEHIl MpHU
MoJ1a4i HACIHHEBOI CyMIIlli COHSIIHUKY PI3HUX COPTO3pa3KiB i pisHHX (pakmiit. [Ipy oMy
JOCTIIKEHHSI TPOBOJIWIM Ui Pi3HUX 3HAYEHb MOJa4 HACIHHEBOI CyMIIlli COHSAIIHUKY, SKi
BCTaHOBJIIOBAJINCS TIOJOXKEHHSAM 3aCHiHKM 1 YacTOTOI0 KOJHMBAaHb JIOTKa OJoKa Ioaadvi
HaciHHeBOi cyMimn. ['padiuna iHTepmperallis OTPUMaHUX pe3yJbTaTiB MpPEACTaBICHAa Ha
puc. 5. SIK BUAHO 3 PHCYHKY CIIOYaTKy CIIOCTEPIraeThCcsi 3pOCTaHHS 00’€MHOI MacH, M0 €
JOTIYHUM JUIS TIPOLIECY 3alOBHEHHS €MHOCTI Onoka BuMipioBaHHA. Jlami BinOyBaeTbes
crabimi3amist 3HaYeHHsI 00’ €MHOI MacH, 10 MiATBEPIKY€e (PaKT MOBHOTO 3alIOBHEHHS €MHOCTI
6moka BuMiproBaHHs. Yac crtabimizamii 3Ha4YeHHs, cepeHe 3HAYEHHS OCTATOYHOI 00’€MHOI
MacH 1 ii cepeTHbOKBaApAaTHYHE BiIXUJICHHS NPEJCTABICHO B Ta0I. 1.
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BucnoBku. Po3pobneHo i mpoBefeHo KaniOpyBaHHs OJ0Ka BUMIprOBaHHS 00’ €MHOL

MacH aJIalITUBHOTO BIOPOITHEBMATUYHOTO cemaparopa. B pe3ynbTaTi MOPIBHSHHS OTPUMaHUX
3HAaYeHb 13 TpaAuIiiiHUM MeTonoM BuMIiptoBaHHS 00’emHOi Macu (JJCTY 4694:2006) 3a
pospaxoBaHuM KpuTepiem Ilipcoma ()*) HOPMAnbHICTH PO3MOAINY MOXHOOK BHMIpIOBAHb
cknagae 2,13, OibIle 3a TaOJIMYHE 3HAYECHHS X2(0,95;5) = 1,15. TloBeneHa nepeBipka rinore3u
PO OAHOPITHICTH 3HAYEHB 3a Jonomororo kpurepito Koxpena G = 0,39 < G os(1;20) = 0,48.

Tabmuus 1 — Pe3ynpratn JUHAMIYHOTO KamiOpyBaHHs OJIOKY BHMipIOBaHHS 00’ €MHOI

MacH
ITogaua, xr/rox 14,7 | 12,8 | 294 | 33,5 | 75,5 | 95,0
Yac crabimiszarii 3HaYEeHHS, C 440,6 | 556,1 | 259,3 | 215,7 | 99,2 | 73,9
Cepenne 3HaYeHHS 00’ €MHOT MacH, T/1 453 | 450 | 450 | 453 | 448 451
Binxunenns o0’ eMHOI MacH, I/J1 0,13 | 0,20 | 0,83 | 0,32 | 0,86 1,27
p, T/n g, Kr/ron
-=-+950
400
-=+755
300 e ds
--+294
200 A —=a 147
-=--12.8
100 4
0¥
0 100 200 300 400 500 600 tiic

PucyHok 5 — JlunamiuHa 3a1€XHICTh BUMIpPSHOT 00’ €MHOT MacH 1S pi3HUX 3HAYEHb
10/1a4 HACIHHEBOI CYMIIIli COHAIITHUKY

Loicepeno: pospobneno agmopom

Cnucok nitepatypu

1.

AmieB E. B. TexHIKO-TEXHOJIOTIYHE 3a0€3MCUCHHS IPOIECIB OYMIICHHS Ta PO3IUICHHS HACIHHEBOTO
MaTepiany ONIHHUX KyIbTyp. Poab Haykosux 0ocniodxcenv 6 3abesneuenHi npoyecie iHHOBAYINIHO20
PO38UMKY a2papHo20 supobnuymea Yxpainu: Matepiann BceykpaiHChKOI HayK.-TpakT. KOH(]. Mooaux
BYCHHUX 1 crerianicTiB 25-26 tpaus 2016 p. HAAH, IV 13K HAAH, M-Bo arpap. MOJITHKH Ta HPOI.
VYkpainu, Ykp. iH-T ekcriepTusu coptiB pociut. Binauipst: TOB «Hinan-JITO». C. 4-5.

Amie E. B., YeboraproB B. II. PamionanpHa mnpenmsiiiHa TEXHOJOTIYHA JIiHIs TPOIECIB cemaparii
HACIHHEBOTO Matrepiany COHSIIHWKA. Haykoso-mexuiunuil 6woiemenv [Hcmumymy ORUHUX KYAbmyp
HAAH. 3anopixoxs: [OK HAAH. 2018. C. 154-159.

AmieB E. b., Spomyn B. M. TexHiko-TexHOoJOTiUHEe 3a0e3MedeHHs Mpenn3iiHoi cemapaii HaciHHEBOTO
MaTepiany COHAIIHHUKA. Bceykpaincokuii Haykoso-mexuiunui owcypran “‘Bibpayii 6 mexuiyi ma
mexnonozisix”’ / Penxoneris: Kanernik .M. (rojoBuuii pemakrop) ta immi. Bimamipgr. 2019. Nel (92).
C. 40-47.

3amka I1. M., Masnes I'. E. Cenapanus ceMsiH 10 KOMITIEKCY (H3HKO-MEXaHMUECKUX CBOHCTB. MoOCKBa:
Komnoc. 1978. 287 c.

BapreneB B. A., bopraukoB A. U., Mapkos B. E., XKuxapes C. B. A. c. 384562 CCCP, MKH3 B 07b
4/08. [TueBMaTUYECKHUI COPTUPOBAIBHBIN CTOJ JUIsl ChimyunX cMeceid. Ne 1675999/28-13. 3assin. 29.06.71.
Omy6:1. 29.05.73, Bron. Ne 25. 3 c.

3axapuenko C. B., I'punenxo B. T. ITarent na Bunaxin 80700 UA, MIIK B03B 4/00 (2006), BO7B 1/46

7



ISSN 2414-3820 KoHcTpyroBaHHS, BAPOOHHIITBO Ta €KCILTYaTAIlisl CUTLCHKOTOCTIONAPCHKUX MatiiH, 2019 . 49

10.

11.

(2006) BibpomueBmocenapaTop. 3asBHUK 3axapueHko C. B., I'pumenko B. T. Ne a 20041008858; 3assir.
02.11.2004. Omy6. 25.10.2007, bro. Ne 17.

3axapuenko C. B., Menbanuyk b. O., I'punienko B. T. Iarent Ha Bunaxin 75105UA, MIIK B07B 4/08
(2006.01), BO3B 4/00. BioponueBmocenapatop. 3asBauk 3axapyenko C. B., Menbuuuyk b. O., I'punienko
B. T. Ne a2003076106. 3asBn. 01.07.2003. Ony6:1. 15.03.2006, brox. Ne 3.

®anees JI. B. [Tarent Ha kopuchy moaens UA 56298 U, MIIK (2011.01) B03B 4/00, BO7B 7/00, BO7B
11/00. ITHeBmMaTn4Huit copryBasibHui cTi. 3asBHUK Danees JI. B. Ne u201007265. 3assn. 11.06.2010.
Omny6:. 10.01.2011, brom.Ne 1.

Cyxonkus JI. M., Benkos C. A., lllkapynun B. C., Xaopar H. H., Yenpacosa 3. M. A. c. 774621, MIIK B
07 B 4/08. ITneBMocopTHpOBaJIbHBIN CcTOJ. 3assBHUK Bcero3ubiii opreHa Tpynosoro Kpacxoro 3namenn
Hay4HO-UCCIEA0BATENbCKUNA UHCTUTYT CEIbCKOX03IUCTBEHHOr0 MamimHocTpoeHus: uM. B. I1. 'opsiukuna
n 'onoBHOE crienMann3npoBaHHOE KOHCTPYKTOPCKOE OIOpO MO KOMIUIEKCY MAIIHMH JUIS MOCIeyOOpOIHON
o0paboTtku 3epHa Ne 2155881/29-03. 3assn. 11.07.1975. Omy6m. 30.10.1980, Brom. Ne 40.

3axapuenko C. B., Mensanuyk b. O., I'punierxo B. T. ITatent ma xopucHy Mozens UA 75105 C2, MIIK
(2006) BO3B 4/00, BO7B 4/08 (2006.01). BiopomueBmocemnaparop. 3asBHMK 3axapuenko, C. B.,
Menbhnuyk, b. O., I'punienko, B. T. Ne 2003076106. 3assn. 01.07.2003. Omny6:1. 15.03.2006, Bros. Ne 3
3aika I1. M., bakym M. B., MuxaitioB A. /1., Kosiit O. b. Cenapaiis HaciHHS JbOHY Ha BiOpauiitHux
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Elchin Aliiev, PhD tech. sci.
Institute of Oilseed Crops NAAS, Zaporizhia, Ukraine

Development and Calibration of a Unit for Measuring the Volumetric Mass Flow of

Sunflower Seed Material

One of the elements of the proposed rational precision technological line of separation of super elite seed
material of sunflower is the vibro-pneumatic separator.

The disadvantages of well-known equipment include the low productivity and quality of separation
operations, the purification and separation of heterogeneous grain or seed mixtures by volume by weight on the
fraction due to the need for constant adjustment of the frequency of oscillations of the deck and the speed of air
flow through the working surface of the deck, which is to a large extent affects both the productivity of the
machine and the quality of seed separation on the fraction. Also, the indicated vibro-pneumatic separators have
low productivity due to the large heterogeneity of grain or seed material, which needs to be divided into fractions.
This necessitates the need to constantly adjust the angles of the longitudinal and transverse slopes of the deck to
ensure even distribution of the material across the plane of the working surface, which leads to a decrease in
machine performance, the deterioration of the quality of material separation into fractions and increase the
complexity of the execution of the process.

In order to overcome the drawbacks of the known equipment, namely the low productivity and quality of
separation operations, the purification and separation of the heterogeneous seed mixture by volume by weight on
the fraction, it is necessary to apply an automated control system based on the used sensor of the volume mass of
the seed mixture flow. Thus, the goal is to develop and calibrate the sensor of the volume mass of the seed
mixture stream, which will be included in the automated control system of the vibro-pneumatic separator.

The calibration unit for measuring the bulk density of an adaptive vibropneumatic separator has been
developed and carried out. As a result of comparing the obtained values with the traditional method of measuring
the volume mass (DSTU 4694: 2006) using the calculated Pearson criterion (x?), the normality of the
measurement error distribution is 2.13, which is more than the table value ¥*(0.95;5) = 1.15. The hypothesis
about the uniformity of values was tested using the Cochren test G = 0.39 <G os5(1, 20) = 0.48.
separation, measurement unit, quality, seed, mixture, flow, process, evaluation
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Experimental researches of a precision seed drills
coulter equipped with a disk seedbed former

The furrow opener coulter is the most commonly used on precision seed drills. It is also used on the
seeding section of the seed drill UPS 12. Due to such a design, the coulter guarantees the formation of a
compacted seed bed, as well as the walls of the furrow, which help to pull the capillary moisture to seeds. But the
main disadvantage of this design is the seeds redistribution along the furrow sole as the result of the displaced
topsoil effect, which is shedded behind the rear wall of coulter side panels. There is proposed an improved design
of the UPS 12 seed drill coulter that is equipped with a disk seedbed former and eliminates the above-mentioned
disadvantage. Under laboratory conditions, there were conducted comparative experimental researches of series-
produced and advanced coulters. The obtained tests' results made it possible to ascertain the advantage, with
regard to the performance quality of technological process, of the coulter with a disk seedbed former.
favorable germination conditions, seed distribution uniformity, coulter design, disk seedbed former

J.FO. ApTemeHKo, J1011., KaH/. TeXH. HayK, B.A. OHomna, 1011., KaHJ. TeXH. HayK.
Llenmpanvnoykpaunckuii HAYUOHANLHUN MexHudeckuli ynusepcumem, 2. Kponusnuykuii, Yxpauna
3KCHepI/IMeHTaJﬂ>HLIe HCCJIeA0BaHUA COIIHHUKA l'lpOl'[ﬁIIIHOﬁ CeHJIKHN OﬁopyIlOBaHHOFO
AUCKOBBIM JIO)KQOﬁpaElOBaTeJIeM

Hawubosnpiiee pacnpocTpaHeHHe Ha MPONAMIHBIX CEsUIKaX IMPHOOpeN HapaJbHUKOBBIM COIMIHUK KOTOPBIN
U Uucnonb3yeTcs Ha mnoceBHOW cexuuu ceanku YIIC 12. Takol COIIHMK, 3a CUET CBOCH KOHCTPYKIWH,
obecrieunBaeT (OPMUPOBAaHHE YIUIOTHEHHOTO CEMEHHOTO JIOXKa, a TakKe CTEHOK OO0po3[bl, CHOCOOCTBYET
MONTSATUBAHUIO KAaNMUIIPHON BJIarW K BBICESTHHBIM ceMeHaM. Ho OCHOBHBIM HEIOCTATKOM TaKOW KOHCTPYKIIHU
SIBIIICTCSI TIEpEepacIIpeie]IeHHe CEMSH 10 THY OOpO3/bI 32 CUET BO3/ICHCTBHS Ha HErO CABHHYTOTO BEPXHETO CIOS
MMOYBBI, KOTOPBIA OCHIMIACTCS 3a 3aJHAM OOpe30M IIeK COMIHHWKA. [IpemnokeHa YCOBEpIICHCTBOBaHHAS
KOHCTpyKuus comHuKa cesmkd YIIC 12 ocHameHHass AWCKOBBIM OOpo3HOOOpa3oBaTeneM W yCTpaHSET
YKa3aHHBIH HEOOCTaTOK. lIpoBeNeHBI CpaBHHUTENIBHBIC JKCIIEPHIMEHTAIBHBIE WCCICJOBAHUS CEPHIHOTO U
YCOBEPIICHCTBOBAHHOTO COLTHHKOB B JIA0OPAaTOPHBIX YCIOBUAX. lloiydeHHBIE pe3ynbTaThl HWCHBITAHUN
TO3BOJIMJIM YCTAHOBUTH MPEUMYIIECCTBO MO Ka4YC€CTBY BBINIOJIHEHHA TEXHOJOTHYCCKOIO MpOoIlecca, COIIHUKaA C
JIUCKOBBIM 00P03/1000pa30oBaTeiIeM.
O01aronpusiTHbIE YCJOBHS NMPOPACTAHMSA, PABHOMEpPHOE pacrpeneeHUsl ceMsAH, KOHCTPYKIHUS COLIHMKA,
JHCKOBBII 00p03/1000pa3oBaTe/lb

Problem statement. The cultivated crops yield enhancement is the main goal in
solving most of the tasks that are related to the improvement of technological processes of the
precision seed drills work tools. One of the most important seed growing stages is the
seeding. The seeding should ensure the most favorable seed germination conditions and
further growth of plants, which expedites the plants emerging on a daylight surface and as a
consequence of this to increase yield enhancement.

The main work tool that directly affects the seeding quality is the seed coulter. So far,
there is a well-defined operation process algorithm of the precision seed drill coulter, which
embodies the following components: the formation of furrows by means of the coulter furrow
opener; during seeding operation the coulter side panels keep layers of soil from

© Dmytro Artemenko, Volodymyr Onopa, 2019
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shedding into the furrow; after passing through the coulter side panels, the soil fills the furrow
at an angle of repose. Such coulter process flow chart suffer from one fatal flow - the soil,
which is shedding after passing through the coulter side panels, closes the furrow at very
shallow depth, which is less than the depth of the coulter, consequently leaving the furrow
half-open. Also, in the process of shedding, the soil can impact on seed distribution
uniformity as relating to the depth. Furthermore, seed distribution nonuniformity as relating
to the depth can lead to a reduction in yields. Therefore, the measures taken with regard to
cultivated crop yield enhancement, by means of furrow formation improvement, are currently
topical and necessary for the implementation of more productive growing process.

Analysis of recent research and publications. On the basis of conducted researches
[1,2], it was revealed that the distribution of seeds with consideration of the row depth and
length directly affects the speed of its germination and, as a result, the crop yield. Modern
seeding units ensure satisfactory seeding accuracy. But still, during seeding, the seeds, in a
furrow, are distributed casually [3,4]. In most cases, the seed distribution uniformity along the
furrow sole depends on the coulter design. Researchers give credence to this fact [5,6]. While
reaching the compacted furrow sole, seeds are rebounded and redistributed. There are
proposed various ways of reducing seed dissemination (positioning of seeding unit closer to
the soil surface; seeding on the loosened furrow sole; providing the seeds with a speed
corresponding to the gradual speed of the seed drill, changing the coulter design and etc.). But
nowadays, they have not produced the desired effect.

We have carried out the laboratory researches of the furrow formation process with the
help of precision seed drill coulter. These researches made it possible to reveal that the coulter
furrow opener compacts the furrow walls to a considerable degree and that the bottom of the
seedbed is most affected.

1 — compacted furrow walls; 2 — compacted seedbed; 3 — soil which is closing the furrow

Figure 1 — Digital video storyboard of the furrow formation process with the help of precision seed drill coulter
Source: obtained by authors

The distinctive compacted zones are much in evidence on the video storyboard of the
furrow formation process by means of the coulter (Fig. 1, item 1.2). It may be reasonable to
conclude that, due to the cutout in the lower part of the coulter side panels, there is a rapid
shedding of the soil (Fig. 1, item 3), which can also have an effect on the redistribution of
seeds in the furrow. Such furrow formation process is common to the whole variety of coulters
used for cultivated crops seeding.

Analysis of the furrow formation process with the help of a series-produced coulter
shows that the walls of the opened seeding furrow are subject to considerable compaction
(Fig. 1, item 1), especially in the area of wet soil layers. As a result, when covering the seeds,
there is disturbed the sequence in the displacement of the sub (wet) and top (dry) soil layers
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from the furrow walls. First of all, the top soil grains are shedding in the furrow, as they are
more loose and the coulter compacts them the least. They also have a lower coefficient of
internal friction. Wet soil grains practically do not shed. This is especially evident with low
moisture in the topsoil.

We have conducted the laboratory researches using tinted soil layers (Fig. 2) and
revealed that furrow walls formed by coulter furrow opener are displaced only to the depth of
the loose layer, and the furrow formed in the wetter layer does not cover the soil at all.

Figure 2 — The shedding of dry soil grains into the furrow after series-produced coulter passage at a soil moisture
of seeding depth W=20%
Source: obtained by authors

Upon coulter passage, there is nothing that influences on a compacted furrow seedbed
and therefore the furrow formed in the wet layer remains open, and upon availability of a dry
layer it closes, and in addition, disturbs the depth of seed placement.

Purpose of work: is to improve the conditions of seed distribution along the length
and depth of the row, by advancing the design of the precision seed drill coulter.

In the furtherance of this goal, the following tasks were solved:

- to carry out an analysis of the operation of a series-produced coulter of a precision
seed drill in order to determine the advantages and disadvantages of its design;

- to develop an advanced design of a precision seed drill coulter for elimination of
certain disadvantages;

- to carry out experimental researches of the advanced design of the coulter in
laboratory conditions.

Presentation of basic material of the research. On the basis of carried out analysis of
the literature and experimental researches, it was determined that: the furrow formed by the
series-produced coulter of the precision seed drill UPS 12 [7] does not fully ensure the seed
distribution uniformity, both in length and depth, due to the redistribution of seeds after top
dry layers of the soil get into the furrow; compacted bottom seedbed helps to displace the seed
from the point of falling during its covering.

To eliminate certain shortcomings of series-produced coulter operation, we have
developed an advanced design of the seed coulter of the precision seed drill UPS 12 [8].
Improving the operation quality of the offered coulter is achieved due to the fact that in the
rear part of the furrow is installed damping bracket in which the disc seedbed former is
rotating (Fig. 3).

The taper angle of the disk seedbed former is less than the sum of the two friction
angles of sugarbeet seeds against the soil surface. The proposed coulter works in the following
way: the furrow opener 1 opens the furrow and prepares a compacted seedbed, located behind
the damping bracket 3 disk seedbed former 4 during rotation cuts it in the center to form a
wedge channel into which seeds are delivered and are pinched by the walls.
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Upon coulter side panels passage 2, furrow with seeds is closed by soil. To compensate
the wear-out of the disk seedbed former, the damping bracket 3 moves along the pin 5. The
damping effect is achieved by installing compensating springs 6 and 7, the pressure force of
which is regulated by a nut 8.

7 7 658 3 4 2 A-A

1 — furrow opener; 2 — side panel; 3 — damping bracket; 4 — disc seedbed former; 5 — pin;
6, 7 — pressure spring; 8 — nut; 9 — axis; 10 — linch pin

Figure 3 — Advanced design of the precision seed drill coulter UPS 12
Source: developed by the authors with consideration [8]

On the basis of the developed structural scheme of the advanced coulter and the
application of the previously performed researches results [7], there was manufactured an
experimental sample of the coulter with a disk seedbed former (Fig. 4b) which has a taper
angle «, =30°. The furrow opener of series-produced coulter [9] and disk seedbed former of

the experimental coulters of the precision seed drill UPS 12 (Fig. 4) were chosen as a subject
of resource.

a) basic; b) experimental

Figure 4 — Precision seed drill coulter
Source: a) [9], b) developed by the authors with consideration [8]

Before carrying out comparative researches, we have tested the performance capability
of the experimental coulter. For that to happen, an experimental plant was developed on the
basis of a small soil box — 10m long and 1 m wide (Fig. 5).
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1 — trailer; 2 — bracket; 3 — coulter; 4 — adjusting mechanism of coulter running depth; 5 — video camera mounting
bracket; 6 — digital video camera; 7 — pulling strap; 8 — winch; 9 — belt-drive; 10 — gear; 11 — soil

Figure 5 — Scheme of experimental plant aimed at examination of experimental coulter operation
Source: obtained by authors

In order to determine the performance of disc seedbed former (capabilities of forming a
wedge furrow with increasing soil moisture) depending on its geometric parameters, we have
used the digital video recording. The camera was mounted on the brackets above the coulter
with a focus on a space in the disc seedbed former operation area. The shooting speed was 60
frames/sec. The coulter speed varied from 1.0 to 2.5 m/s. The moisture content of the soil
layer with which the disk seedbed former interacts during seeding varied from 16 to 20%, after
each passage of the coulter the surface of the soil box was restored and leveled. The
experiments replication with each moisture content of the soil was quintuplicated. Upon the
experiments completion, the shooting material was processed on a PC with the help of special
programs. The criteria by which the quality of the technological process of the disk seedbed
former were evaluated were as follows: during disk seedbed former operation there should be
no soil accumulated, the wedge furrow must be sharply-defined without walls damaging, and
during operation the disk must perform rotational motion as the result of which the compacted
soil layer would be cut by toe. Upon defining these criteria, it is possible to evaluate the
degree of technological process performance by a disk seedbed former. Further experimental
researches were carried out on the same plant but with the installed section of work tools
during seeding of sugarbeet seeds, soil moisture was 20%. There have been determined the
indicators that characterize the quality of the technological process implementation. They are
as follows: the degree of seed rolling when falling into the furrow; quality of seed distribution
along the row; the quality of seed distribution along the row depth. To determine the
dependencies of the investigated processes, all the obtained digital data were processed by the
methods of probability theory and mathematical statistics [9,10]. In order to examine the
degree of seed rolling when falling into the furrow and the quality of seed distribution along
the row, there were used the following method: both side panels have been demounted from
the seed coulter and special soil casting device with a width of 120mm and a height equal to
the height of the coulter side panels were mounted on their places. The main purpose of
coulter side panels is to cast sufficient amount of soil with the possibility of obtaining open
furrows for visual fixing of the quality of seed distribution along the length of the row.

To measure the distance between the seeds in the open furrow, there was used a metal
ruler with a scale division of Imm, 1m in length. The results of the carried out tests are shown
in Fig. 6 and 7.

14
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Figure 6 —Distribution of seeds relative to the point of fall
Source: obtained by authors
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Figure 7 — Seed distribution along the length of the row by the average quadratic deviation depending on the
speed of movement
Source: obtained by authors

The second main indicator of the seeding quality is the seed distribution along the
depth of the row. For this purpose, we have developed a special device to accomplish
identified goals (Fig. 8). The device allows to cut one-centimeter layers of soil with seeds in
the horizontal plane.
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Figure 8 — Device aimed at determination of seed distribution along the furrow depth
Source: obtained by authors

The device consists of a movable support frame, guides, deepening regulator and a
scoop. The principle of operation of the device is as follows: guides are installed along the
furrow, the deepening regulator setups the depth of cut of the soil layer and long the guides,
the support frame together with scoop is moving. The scoop is set at to a depth of 1cm. Seeds
were taken into account with respect to each layer of soil separately, the cut depth was
adjusted from 1 to 5cm. According to the obtained data, graphs of the uniformity of seed
wrapping were plotted depending on the design of the coulter (Fig. 9).

% %
80 80
60 60
40 40
30 30
20 20
10 - 10 ]
0 :3 0 4:—‘
25 3 35 4 cm 25 3 35 4 cm
a o

a) basic coulter; b) advanced coulter

Figure 9 — Distribution of seeds along the depth
Source: obtained by authors

Analyzing the obtained results, it can be said that the utilization of a coulter with a disc
seedbed former improves the quality of sugarbeet seeding by an average of 15.3%.

In the future, it is planned to carry out experimental researches of the coulter with a
disc seedbed former with regards to seeding of other crops, which can be seeded with the help
of seed drill UPS 12, as well as testing of the coulter in the field conditions.
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Conclusions:

1. Experimental researches of the series-produced precision seed drill coulter operation
showed that the furrow opener significantly compacts not only the walls of the furrow, but
also the bottom of the seedbed, which improves the pull of capillary moisture to the seeds, but
at the same time, the compacted furrow sole influences the quality of the seed in the process of
its placement.

2. On the basis of the analysis of the series-produced coulter operation and the
conducted experimental researches, there were developed an advanced design of the coulter,
which has a disk seedbed former with a taper angle o, =30°.

3. As a result of the experimental researches, it was revealed that utilization of a
coulter with a disk seedbed former ensures more even seed distribution: by the degree of
rolling from the point of fall by 16%,; length of the row by 12%; by depth of wrapping by
18%.
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ExcnepuMeHTANBHI JOCTIT2KeHHS] COIIHUKA MPOCANHOI CiBAJIKM OCHALLEHOT0 JMCKOBUM

JIO’KeyTBOPIHOBaveM

Ha cydacHOoMy ertami pO3BHUTKY CITBCBKOTO TOCIOZAPCTBA, MiABHIICHHS BPOXAWHOCTI MPOCAITHUX
KYJBTYp, MOXKJIMBE 32 YMOBH HOCTIHOTO BJOCKOHAJICHHS pOOOYUX OpTaHiB, SKi MPHHMAIOTh YYaCTh Y TOJOBHIN
omeparii BUpOITyBaHHS — MOCiBy. OCHOBHUM OPTraHOM CiBJIKH SKHH O€3I0CepeaHbO BIUTUBAE HA SKICTh MOCIBY €
HACIHHEBUH COIHUK i €IEMEHTH HOTO KOHCTPYKIIii.

Haiibinpimoro po3moOBCIOMKEHHSI Ha MPOCAHUX CiBaIKax HAaOyB HapaJbHUKOBHI COIIHHUK KU i
BUKOPHCTOBY€EThCs Ha mociBHIM cekuii ciBanku YIIC 12. Takuii cOUIHMK, 32 paxyHOK CBO€I KOHCTPYKLII,
3abe3mneuye (pOopMyBaHHs YIIUILHEHOIO HACIHHEBOTO JIOXKA, & TAKOXK CTIHOK OOPO3HH, IO CIIPUSE MiATATYBAHHIO
KamisipHOI BOJIOTM 1O BHCISHOTO HACIHHS. AJIE OCHOBHUM HEIOJIKOM Takol KOHCTPYKIII € Tepepo3moIiI
HaciHHS 10 AHY OOpO3HM 3a paxyHOK Jii Ha HHOTO 3PYLIEHOI'O BEPXHBOTO LIAPY IPYHTY, SIKHMH OCHIIAE€THCS 3a
3a7HIM OOpi30M WIIK COIIHMKA. 3alpOINOHOBaHa YJOCKOHaJIeHa KOHCTpYKILis comHuka ciBainku YIIC 12 sxa
OCHAIllCHa JWUCKOBHM JIOXKEYTBOpDIOBAauYeéM 1 YycyBae BKa3zaHWH Henosik. IlpoBexeHi MOpiBHUIBHI
eKCIIePUMEHTANBHI TOCTIKEHHS CePIHOTO 1 yIOCKOHAIEHOTO COINHUKIB B JIAOOpaTopHUX ymoBax. OTpuMaHi
pe3ynbratd BUNPOOYBaHb J03BOJKMIM BCTAHOBUTH IMEPEBAry, MO SKOCTI BUKOHAHHS TEXHOJOTTYHOIO MpOILECY,
COIIHUKA 13 TUCKOBHUM JIOKEYTBOPIOBAYEM.

B pesynprati mpoBeneHuX AOCITiIKEHh BCTAHOBJIICHO, III0 OCHOBHUM HEIOJIIKOM CEPIHOTO COIHHUKA €
Mepepo3noaiil HAaciHHA Mo IHy OOpo3HHM B mpormeci Woro ykiamaHHs. Ha ocHOBI aHamizy poOoTH cepiiiHOTO
COLIHMKA Ta MPOBEJCHUX EKCIIEPUMEHTAIBHUX JOCIIIKEHb PO3po0IieHa yIOCKOHAIEHa KOHCTPYKIIisl COIIHUKA,
sIKa Ma€ JIMCKOBHH JIOXKEYTBOPIOBaY. B pe3ynbTari MpoBeleHnX eKCIIepUMEHTaIbHUX JIOCHIPKEHb BCTAHOBJICHO,
10 BUKOPUCTOBYIOUHM COLIHHUK 13 TUCKOBUM JIOKEYTBOPIOBaYEeM 3a0e3Medy€eThCsl OUIbII BUCOKA SIKICTB IOCIBY B
cepenHbomy Ha 15,3%.

CIPUATIANBI YMOBH MPOPOCTAHHS, PiBHOMipHE PO3MOJiJeHHS] HACIHHS, KOHCTPYKIisl COIIHNKA, TUCKOBHIA
JIOKey TBOPIOBaY
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BupoOHuui BUnpoOyBaHHS THEBMATUYHOTO CEMaparopa
Ha MOoIepeTHbOMY OYHILCHH]I HACIHHEBUX CyMIIIEH
1105 (7141

HaBeneni pesynbratd BHpPOOHMYMX BHIPOOYBaHb MOEPHI30BAHOTO ITHEBMATHYHOIO Cerapartopa 3
PETYIIFOBAHOIO IMUPHUHOKIO CEMapyBallbHOTO KaHANy Ha TONEPEeIHBOMY OUHINEHI IpiOHOHACIHHEBOI cyMimIi
U0yl 3 BETUKAM BMICTOM JIETKHX JOMIIIOK. B pe3ynpTaTi mepBUHHOI 00pOOKH HACIHHEBOTO BOPOXY IHOYIIL,
OTPUMAHOTO TICIII MAIIMHHOTO 30WMpaHHS HACIHHHKIB, Ha YJOCKOHAJICHOMY ITHEBMAaTHYHOMY CeIaparopi
BiokpemsieHo 48,62% Bin Macu BHUXIAHOI CyMilll HAciHHEBOTO Marepialy, IOCIBHI BJIAaCTHBOCTI SKOTO
BiJIIOBiAIOTH BUMOTAM JIEPKABHOTO CTAaHAAPTy Ha TIOCIBHUHM MaTepial.

HACiHH€EBA cyMilll, HAiHHSA NUOYJIi, MOBITPAHUI MOTIK, 0YMCTKA, COPTYBAHHS

H.B. Bakym, nipod., kauna. texs. nayk, H.H. Kpekor, go11., kauz. Texd. Hayk, M.M. AdayeB, [101l., KaH/. TEXH.
HayK

Xapvrosckuii HAYUOHANLHBIN MEXHUYECKUN YHUGepcumem ceabckoeo xozsaucmea umenu Ilempa Bacunenko
2. Xapvros, Ykpauna

IIpoun3BoacTBeHHBbIC MCNBITAHUS NMHEBMATHYECKOI0 CelapaTropa Ha INpeJBapUTeIbHOM

OYHCTKE CEMEHHBIX cMecel JIYKa

[TpuBeneHbl pe3yabTaThl IMPOM3BOACTBEHHBIX HCHBITAHUM MOAECPHU3UPOBAHHOTO ITHEBMATHYECKOTO
cernaparopa ¢ peryjJupyeMoil IUPUHON cenapupyIOLIero KaHaia Ha IpeIBapUTEIbHON OUMCTKE METKOCEMEHHOM
cMecH JIyKa ¢ OOJBIIMM COJIEp)KaHWEM JIETKMX INpuMmeceil. B pesynprare mepBHYHON 00pabOTKHM CEMEHHOTO
BOpOXa JIyKa, MOJYyYEHHOIO TIOCJIE€ MAIIMHHOM YOOpKHM CEMEHHHMKOB, Ha YCOBEPIICHCTBOBAHHOM
MTHEBMATHYECKOM cemaparope otaeneHo 48,62% oT Macchl MCXOIHOW CMECH CEMEHHOTO MaTepHaia, OCEeBHBIC
CBOHCTBA KOTOPOT'O COOTBETCTBYIOT TPEOOBaHMIM IrOCYJAPCTBEHHOTO CTAHIapTa Ha IOCEBHOM MaTepHall.
ceMeHHasi cMeCh, ceMsl JIyKa, BO3AYILIHbII MOTOK, 04YHCTKA, COPTHPOBKA

IlocranoBka mnpob6aemu. I[locynummee mito 2019 poky, 3 BHCOKOI JIEHHOIO
TEMIEpaTypolo, 3HAYHO YCKJIAQJHWIO BHUPOIIYBAaHHS CLIBCHKOTOCHOJAPCHKUX KYJIBTYD,
0COOJIMBO CEPEHBOTO Ta MI3HBOTO TEPMiHIB H03piBaHHA. [0 TakuX KyJbTyp BIIHOCHTHCS 1
OUTBIIICT, HACIHHUKIB OBOYEBUX KyJIbTyp. IlOrofHi yMOBH CHPUYMHMIM HE JIMIIE CYTTEBE
3MEHIIEHHS YPOXKalHOCTI HACIHHUKIB Ta 3HM)KEHHS IMOCIBHUX SIKOCTEH OTPUMAHOI'0 HACiHHSA, a
i mepecuxaHHs cTeOea Ta CyLBITh Ha 4ac 30MpaHHS Bpokaro. MammHHe 30MpaHHS TaKuX
HACIHHUKIB TPHU3BOAMUJIO JO TMOTPAIJISHHS B HACIHHEBUN Marepial 3HA4YHOI KiTBKOCTI
nopiOHEHUX cTe0ell Ta CYIBITh PI3HUX PO3MIipiB. BUTBIIICTP 13 HUX € MEHIIMMH 32 Macol0 BiJ
HACiHHA OCHOBHOI KyJbTYPU 1 B OCHOBHOMY CTAHOBJIATH JIETKI JOMIIIKHM OTPUMAHOTO
HACIHHEBOTO MaTepiaiy. Beiumka KiIbKICTh JISTKUX JOMIIIOK 3HIDKYE CHIKICTh HAaCIHHEBOTO
MaTepiany, 0 CYTTEBO 3MeHIIye €(eKTUBHICTh TPAAMULIMHUX PELIITHO-TPIEPHUX CIOCO0IB
MiCII30MpaTbHOI 00pOOKH HACIHHEBOTO MaTepiary. Y CKIIATHIOETHCS Mmicisa30npaibHa 00poOka
TAaKUX HACIHHEBUX CyMiled Ime H TuM, L0 TpuBaje 30epiraHHs IX HEMOXJIUBE, akKe

© M.B. bakym, M.M. Kpekot, M.M. Abxnyes, 2019
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MPU3BOJIUTH JI0 3HUKEHHS IMOKAa3HUKIB MOCIBHUX SIKOCTEH HACIHHS OCHOBHOI KyJIBTYpU abo
IIJIKOBUTOI BTPATH BPOXKa0 MpH 3irpiBaHHi BOpoxy. Tomy st OTpUMaHHS BHCOKOSIKICHOTO
HAaCIHHEBOT'O MaTepialy OBOUYECBHUX KYJIBTYP BITYU3HSIHOTO BUPOOHHUIITBA aKTyaTHbHOIO 3a/1a4€i0
€ po3po0Ka cernaparopis, 37aTHUX €(EKTUBHO OUYHUIIYBATH APIOHOHACIHHEB] CYMillli 3 BEJTHKHM
BMICTOM JIETKUX JTOMIIIKIB.

AHaJi3 ocTaHHIX Aocai:KeHb i myOaikaniii. /75 miATOTOBKM MOCIBHOTO Marepiary
OBOYEBHX KYJBTYpP IIHPOKO BUKOPUCTOBYIOTHCS IMOBITPSHO-PEIIITHO-TPIEPHI HACIHHEOUMCHI
MAIllMHU BITYU3HSHOTO Ta 3apyOLKHOTO BHPOOHHUITBA. bBUTBIIICTH OBOYEBHX KYJBTYpP
BIIHOCUTBCS /10 IPIOHOHACIHHEBUX, a HACIHHA ITMOYJI 1€ Ma€ 1 MOPCTKY pedpucty dopmy.
3’eHYI0UNCh 3 MOJAPIOHEHMMH YacTKaMH cTe0esl 1 CYLBITh BOHO YTBOPIOE IOTAHO CHUIIKY
cymim. J[ns mepBUHHOT OOpOOKM TaKMX CyMilleld BHKOPHUCTOBYIOTHCS TOBITPSHI OYHMCTKH
HACIHHEOYMCHMX MAIMH 3 BEPTUKAJIbHUMU cenapyBajibHUMH KaHanamu [1]. EpexTuBHicTh ix
Ha TMEPBUHHOMY PO3JUICHHI HACIHHEBOI cyMimni muOymi Aye HHU3bKa me W ToMmy, IO 3a
aepoAMHAMIYHUMHU TIOKa3HWKAMM OUIBIIICTh HACIHHA LUOYJi Mano BiJPI3HAETHCS Bif
NopiOHEHUX KYCOUKiB cTeOer i CynBiTh [2].

HalyBaioTh mnommupeHHss B TEXHIYHOMY 3a0e3meueHHi Micas30upanbHOoi 00poOKu
IpiOHOHACIHHEBUX CyMillei BiOpoQpuKLiiHI cemapaTtopu 3 HenepdopoBaHMMHU pPOOOUIUMHU
TIOBEPXHAMH, gKl 3a0e3meuyloTh e(EeKTUBHE BIAOKPEMJICHHS, B TOMY 4YHCIi 1 JErKux
JOMIIIIKIB, SIKi TICPEBAYKHO MAIOTh YaCTHHKH ITIOCKOi (hopmu [3, 4]. Buxomssuu 3 0coOIMBOCTEH
KOHCTPYKII{ 1 TEXHOJIOTIYHOI'O MPOLIECY CENapyBaIbHUX MOBEPXOHb TAKHX CEMapaTopiB BOHU
PEKOMEHAYIOTBCS Y SIKOCTI MaIllMH I JOAATKOBOI cemaparlii BaKKOPO3IIIbHUX HACIHHEBHX
cyMinleid. 3aBaHTa)XyBajbHI IPUCTPOI TaKUX CENapaTropiB HE MOXKYTh 3a0e3ledyBaTH CTaly
J030BaHy TOJady HACIHHEBOI CyMilli 3 BHCOKMM BMICTOM JIETKHX JOMIIIKIB, IO
YHEMOXJIUBIIOE€ €()EeKTHUBHE BHUKOPUCTAHHS BIOPOMPUKIIHHUX cemnapaTopiB Ha MEPBUHHOMY
OYUIICHHI HACIHHEBUX CYMIIICH 3 BHCOKAM BMICTOM JISTKUX JTOMIIIKIB.

PesynpTatu OaraThOx AOCHIIKEHb MEPEKOHIMBO CBITYaTh MPO BUCOKY €(EKTUBHICTH
ceraparii HACIHHEBHX CyMiIIeH 3 BEJTMKUM BMICTOM JIETKUX JIOMIIIKIB Y MOBITPSHUX IMOTOKAX
[5-9].

Ha xadenpi cinscpkorocnomapcebknx Mamma XHTYCI po3pobieHnii y10cKoOHaICHHHA
cernaparop 3 HaXWJIEHUM MOBITPSHUM KaHAJIOM PEryJiIbOBaHOI LIMPUHH, Y AKOMY (OPMYETHCS
HEPIBHOMIPHUI TOBITPSHUN MOTIK 1O BUCOTI KaHaly. Pe3ynbTaTh BUKOHAHUX JOCIIIKEHB
MOKAa3yI0Th MOro BUCOKY €(EeKTHBHICTh SIK HAa OYHMIICHHI, TaK 1 JOJATKOBOMY COPTYBaHHI
HaCiHHS oBOYeBUX KyabTyp [10, 11].

Oco0iMBOCTI  BUKOPUCTAHHS  YIOCKOHAJEHOTO IOBITPSHOIO  cemaparopa Ha
MOTICPEAHHOMY OYHINCHHI HACIHHEBUX CYMIIIEH 3 BEJIMKAM BMICTOM JIETKHX JOMIMIKIB
JOCJIIIKEHI 1€ HEAOCTATHBO.

IMocTtanoBka 3aBaaHHsA. JlocmiguTu 0COOIMBOCTI BHKOPHCTaHHS yIOCKOHAJIEHOTO
ceraparopa 3 HaxXWJICHUM MOBITPSHUM KaHAJIOM PEeryJibOBaHOl IIMPUHHU, Y SIKOMY (HOPMYETHCS
HEpIBHOMIPHUH MOBITPSHUN MOTIK 110 BUCOTI Ha MONEPEAHHOMY OUHUIIEHHI IPIOHOHACIHHEBUX
CyMillIei 3 BEJTMKUM BMICTOM JIETKHX JOMIIIKIB.

PesyabraT nocaigxens. s qociiakeHb BUOpaHa HAaCIHHEBA CyMilll HUOYJII MICIs
MalIMHHOTO 30WpaHHS HACIHHUKIB, TOMY IO aepOJAWHaMIYHI XapaKTEpPUCTUKH HACIHHA
OUTBIIIOCTI OCHOBHOI KYJBTYPH, OCOOJMBO B I[OMY 3acCylNUIMBOMY pOIli, Maibke He
BIJIPI3HAIOTHCA BiJl XapaKTEPUCTUK KyCOUKIB CTeOen Ta CYIBITh HACIHHHKIB, SIKI CTAHOBIATH
OUTBITICTH JISTKUX JIOMIIIKIB HACIHHEBOTO BOPOXY.

Cropobu po3AUTUTH TaKy HACIHHEBY CyMilll Yy BEPTHKAJbHOMY MOBITPSHOMY KaHall
HaciHHeouncHO1 MammHn CM-015, sika BUKOpUCTOBY€eThCs Ha nociignomy noii IOb HAAHY
JUI1 MIATOTOBKM IOCIBHOTO MaTepiady OBOYEBHMX KYJbTYp, HE 3a0€3MeUmiIM MO3UTHBHOTO
pe3yJIbTaTy: BIIOKPEMITFOBAIACH Ty’KE Masia KUIbKICTh JISTKUX JOMIIIKIB, 200, TIpH 30UTBIIICHHI
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IIBUAKOCTI MOBITPSIHOTO MOTOKY — 3HAa4YHAa KUIBKICTh HACIHHS HMOYIi BiIOKPEMITIOBANIACH Y
(dpaxIito JETKUX JOMIIIKIB.

Buxignuii HaciHHeBui martepian uuOymni copty [olyc mepiroi penpoaykiii MiCTHUB
HACiHHA OCHOBHOI KyJnbTypu 45,59%, moapiOHeHi crebia Ta CyUBITTS (JIETKI TOMIIIKH)
cranoBuiu 41,98%, rpynouku rpyury — 11,82%, nacinus iHmmx pociaus — 0,19%, a HaciHHA
oyp’sHiB — 0,42%.

[Ticns MOTIEPETHIX JOCTIIKEeHb yCTaHOBOYHO-KiHEMaTH4HI napameTpu
YIOCKOHAJICHOTO Ceraparopa 3 HaXWICHWM IMOBITPSHUM KaHAJIOM pEryJIbOBAaHOI IIUPUHHU
NPUMHATI HACTYMHI: CEpelHs MIBUAKICTh TMOBITPSHOIO TMOTOKY B KaHam — 5,6 M/c;

TOPU30HTANBHI PETYINIOBaJbHI TUTACTUHH MPOCTABKM BCTAaHOBJICHI TAaKUM YHHOM, MI00
dbopMyBaBcs HEPIBHOMIPHHM MOBITPSAHUN TOTIK MO BUCOTI KaHamy: OUIbII IHTEHCUBHUH Yy
BEpXxHill yactuHM — 6,2 M/C 1 MOMIpHIIIMA B HWXKHIA vacTuHi — 5,0 M/c, a piBHOMIpHUI
NOBITPSHUM TMOTIK IO IIMPHHI KaHaTy 3a0e3MedyyBaBCsl BEPTHKAJIBHUMH ITOBOPOTHUMH
TUTACTUHAMU TIPOCTABKH CETapaTopa; HaXwil CENnapyBabHOTO KaHATY 0 TOPU30HTY CTaHOBHB
45°; poboua mmpuHa KaHamy — 165 mwm. [lomaua BUXIIHOTO HACIHHEBOTO MaTepiay
cranoBmia B cepenqaboMy 10,05 xr/ro- M.

3rigHo nepxkaBHoro crangapty (JACTY 7160 — 2010) konauniiine HaciHHA Oy 1-2
penpoayKiii TMOBUHHO MICTUTH HACIHHS OCHOBHOI KyJbTypu He MeHIne 98%, HaciHHS
Oyp’siHiB — He Oumbie 0,2%, a HACiHHA IHIIUMX KYyJbTYpHMX pociauH — He Ouibiie 0,2%.
CxoxicTh HaciHHA 1Oy TOBUHHA OyTH He HIX4Y0t0 70%.

PesynpTatu cemapariii HaCiHHEBOTO BOpOXy IMOym copty ['moOyc 3a oguH mpoxia
4yepe3 YAOCKOHAJCHWH IMHEBMATHYHHHA Cemaparop 3 HAXWJICHUM TMOBITPSHUM KaHAJIOM
HaBeneHi B Ta0m. 1.

Tabnuns 1 — PesynbraT momnepeIHbOr0 OYHINEHHS HACIHHEBOI cywimni HuOymi Ha
YAOCKOHAJICHOMY ITHEBMAaTHYHOMY CEIapaTopoBi 3 HAXWICHUM TOBITPSHUM KaHAJIOM

Buxigauii Dpakmii

Hoxasmuicn matepian | 1 I pHI v %
Poznoain BuxigHoi cymirri
3a IpuiMadamu,
KT 47,60 19,59 3,55 6,82 9,61 8,03
% 100 41,16 7,46 14,32 | 20,18 | 16,82
Bwmict HacinHs ubymi, % 45,59 94,12 | 60,02 | 11,68 3,47 -
Maca 1000 maciaus 1oy, T 2,06 3,72 2,80 1,14 0,78 -
Eneprist npopoctanssi, % 31,86 57,24 | 56,72 | 24,13 3,04 -
Cxo0XicTh HAaCIHHSA, % 4475 78,24 | 72,26 | 41,81 5,78 -
BwmicT HaciHHS iHIIMX pocirH % 0,19 0,44 0,12 0,04 - -
Bwmict HacinHs Oyp’siHIB
% 0,42 0,21 0,74 0,42 0,64 0,52
IIT./KT 2870 1820 3280 4660 | 14210 | 21000
BwmicT rpynodok rpyHTy, % 11,82 3,91 17,00 | 28,02 | 14,82 11,47
Bwmict merkux gomimkis, % 41,98 1,32 19,12 | 59,84 | 81,07 | 88,01

Loicepeno: pospobneno agmopom

3ararpHa Maca BHXIJHOTO Martepiaily craHoBuia 47,6 kr. 3a OQMH MpOXia uepes
cemapaTop 0 TMEpIIoro mpuiiMadya BimokpeMwioch 19,59 kr HaciHHEBOI cyMimr, IO
cranoBHUTh 41,16 % macu BuxigHoro matepiany. Jlo 1miei ¢paxiii BiToOKpeMHIOCh HaHOUTBII
BHUIIOBHEHE HACIHHS OCHOBHOI KyJbTypu. Maca #ioro 1000 HaciHMH cTaHOBUTH 3,72 T, IO Ha
1,66 r Oinplie Macu BUXifHOTO Matepiany. EHepris mpopocTaHHs 11b0ro HaciHHS Ha 25,38 %
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MePEeBUILYyE TOKa3HUK BUX1THOTO MaTepiaiy 1 cTaHOBUTH 57,24 %, a cxoxictb — 78,24 %, o
Ha 8,24 % mepeBUIIy€e HaBiTh BUMOTH JIEP’KaBHOTO CTAHAAPTY A0 KOHAUIIHHOIO MOCIBHOTO
Marepiany nulysm. Ajie 3a YUCTOTOI0 HAaCIHHEBA CyMIII ITi€i (pakiii He BiAMOBigaE BUMOTaM
cTanfapty. B Hill HaCiHHS OCHOBHOI KyJbTypHu ckianae nuie 94,12 %, mo Ha 3,88% meHe
BHMOT, a HAaCiHHS IHIIUX POCIHH (TIEPEBaKHO TIICHUIl) MEPEBUINYE OB HIK y 2 pasu 1
cranoButh 0,44 % Bigx Macu ¢pakuii. Bmict HaciHHA Oyp’siHIB (IEpEBa)KHO MIMPHIIL
3BUYAlHOI, TPEYHILIKH OEpe3KOBHUIHOI, MUIIMIO CHU30T0 Ta iHmMX) Tex Ha 0,01 % nepeBuinye
JOMYCTUMY KUTBKICTB 1 craHOBUTH 1820 mmt./kr, mo Ha 1050 mT./Kr MeHIIe HiX Yy BHXiZHOTO
Marepiany. Jlo mepmoi ¢paxiiii TakoX MOTpanmwiIv caMi KpyIHI TPYJAOYKH TPYHTY, K1 3a
Macoro cTaHoBiATh 3,91 % Bix 3aranbHoi Macu Qpakuii. Jlerkux momimkiB B wii ¢pakimii
3MEHIIIIOCH B 31,8 pasu, MOpiBHAHO 3 BUXIAHUM MaTtepianoM. KpymHimi Kycouku creber, sKi
NOTpaNWiIx B nepury ¢pakiito, CTaHoBiATh e 1,32 % Bix macu dpaxuii.

Takum YMHOM, HE3Ba)KalOYM HA HEBIAINOBITHICTH HACIHHEBOI CyMimIi mepioi ¢pakiii
BUMOTraM CTaHJapTy [0 IOCIBHOTO Martepiajlly, aHajii3 Moka3ye, IO il BMICT BKJIIOYAE
MEePEeBaKHY OUIBIIICTh HAHOUIBII SKICHOTO HACIHHSA MHOYI, TOBEICHHS SIKOTO JIO BHUMOT
CTaHJApTy LIKOM MOXIIMBE Ha TPAAULIHHUX PELIITHUX cernapaTopax.

Jo npyroro mpwuiiMada BimokpeMmmiocs 3,55 Kr HaciHHEBOI cymimi 1m0y, IO
CTaHOBUTH Jumie 7,46 % Bin 3araabHOi Macu BHXigHOro MmaTepiany. Hacias uuOymi B Hii
cranoButh 60,02 % Big Macu ¢pakiii, mo Maixe Ha 15 % OuTbIIe HIX y BHUXITHOMY
MmatepianoBi. Cimi 3a3HAYUTH, 110 32 MOCIBHUMH MOKa3HUKAMU HaciHHS muOyi i€l dpakiii
BIJITIOBiJJTa€ BUMOTaM JEp)KaBHOTO CTaHAapTy. Maca omHoro HaciHHsi craHoButh 2,80 T,
eHeprisg mpopoctaHHi — 56,72 %, a cxoxictb — 72,26 %. OpHouacHO 10 wi€l ¢pakmii
BIJIOKpEMMJIACh 3HAYHA KUIbKICTh HACIHHS Oyp’sHIB (OLIbIIICTh HACIHHA IIMPHII 3BUYANHOIL,
Ipoca Kypsiuoro, MHUIIIIO CH30TO Ta IHIIOT0), sika ctaHoBUTH 0,74 % Bia Macu ¢pakuii, 110 Ha
0,32 % Oinpire 3a BUXiAHUN Marepian. Takox qo Apyroro mpuiiMada BiIOKpEMHIIaCh 3HaYHA
KUIBKICTh KYCOUKIB TPYHTY CEepeAHIX po3MipiB 1 miackux yactok creden (17,0 1 22,12 %,
BiJIMTOBITHO).

HesBakatoun Ha BeNUKHUI BMICT y JApYTid (ppakiii HACIHHS OCHOBHOI KyJIbTypH Ta
BHCOKI IX TIOCIBHI TIOKa3HWKH I OTPHUMAaHHS KOHJMIIMHOTO Marepiary I (paxifito
JOLUIBHO JOAATKOBO JIOOYMCTUTH Ha YAOCKOHAJEHOMY ITHEBMaTHMYHOMY Cemaparopi 3
IHIIMMYU YCTAaHOBYMMH TapameTpamu. be3 mboro oTpumaHa CyMmim CKIagHa Uit JOPOOKH He
JUIIIE PEIliTHO-TPIEPHUMU CemapaTopaMH, a 1 iIHIIMMHU CIeIiaTbHUMHU CEeNapaTopaMu.

Jlo TpeTroro npuitmMaua Biokpemusiocsk 14,32 % 3aranbHOi MacH BUX1THOTO MaTepiary
(6,82 kr). 3a BciMa MOKAa3HUKAMHU SIKOCTI HACIHHS MOyl Ta YUCTOTH BMICT 1€l (pakuii
MOCTYTIA€ThCS HABITh BUXITHOMY MaTepiajoBi. BMiCT HaciHHS OCHOBHOI KyJIbTYPH B Hiid JIHIIE
11,68 %, maca 1000 nacimus mmOymi 1,14 r, mo menme Ha 0,92 r Big Macu BHXiZHOTO
MmaTepiay. EHeprisi mpopocTaHHs HaciHHS OCHOBHOI KyJbTypH wi€i (pakmii menma Ha 7,73
%, a cx0xicTh — Ha 2,94 % BiJl MOKa3HUKIB HACIHHA BUXIAHOI (hpaKiiii.

Takum 4rHOM, 32 BCiMa MMOKa3HMUKaMH HABITh OYHILEHE HACIHHSA 1i€i (pakiiii B SKOCTI
MOCIBHOTO MaTepialy BUKOPUCTOBYBATH HE JOLLIBHO.

Bwmict yerBeproro mpuiimada cranoButb 20,18 % Bim Macu BHXIZHOTO Mmartepiany.
lynne, Hemo3piiie B OOOJOHKAax CYIBITh HACIHHA OCHOBHOI KyJbTypH B Mii ¢paxiii
cTaHoBHTH Juie 3,47 % Big macu ¢pakuii. OCHOBHY 4acTHHY wi€l ()paKiii CTAHOBIIATH JIETKI
nomimku (81,07 %) ta api6Hi rpynouku rpyHry (14,82%).

Jlo m’sitoro mpuiitMada HaciHHS UOYJIi HE BiTOKPeMHI0Ch. OCHOBHOIO CKJIAJIOBOKO IIi€T
dbpakiii € JIerki JOMIIIKA KyCOUYKIB cTe0en Ta CyIBiTh, MUIOBHUIHI YACTUHU IPYHTY 1 LIyTLIE
HaCiHHA Oyp’sHIB.
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Takum uwmnom, BmicT III, IV 1 V pakuiii, skuii cranoButh 51,32 % Bim macu
BUXIJTHOTO MaTepiaiy, SK IOCIBHHIA MaTepial He Ma€ MPAaKTUYHOI I[IHHOCTI 1 MOJaybIIe X
JOOYUIIIEHHS HEJJOLIbHE.

BucHoBku. B pesynprati mepBUHHOI OOpOOKM HACiHHEBOTO BOpPOXYy LU0y,
OTPUMAHOTO MICJIsI MAIMHHOTO 30MpaHHs HACIHHHUKIB, HA YJOCKOHAJICHOMY IMHEBMaTUYHOMY
cermaparopi 3 HAXWJICHUM MOBITPSHUM KaHAJOM 3MIHHOI HIMPHHH, B SIKOMY (OPMYETHCS
HEpIBHOMIPHUI MO BHUCOTI MOBITPSIHUH MOTIK BigokpemisieHo 48,62 % Big Macu BHXIIHOL
CyMillli HACiHHEBOTO Marepiaiy, IOCIBHI BJIACTHBOCTI SKOTO BIiOIOBIJAIOTh BUMOTaM
JIep>KaBHOTO CTaHJApTy Ha MOCiBHUM Martepian. Ilpudyomy, BMicT mepuioro mnpuiimaya, sikuit
cranoBHUTh 41,16 % Bim macu BUXiZHOTO Martepianmy, abo 84,66 % Bin BMICTYy mepHIMX JBOX
dpakuiif, TpaAUIIMHUMH PELIiTHO-TPIEPHUMHU CemapaTopaMu MOXHa TOOYUCTUTU A0 BUMOT
Jep>KaBHOTO CTAaHIAPTY.

HacinneBy @pakuiro apyroro mpuitMada HEOOXiJHO JOJATKOBO OYMINATH Ha
YIOCKOHAJICHOMY ITHEBMATHUYHOMY CemapaTopi i3 3MIHEHHUMH IapaMeTpaMu MOBITPSHOTO
MOTOKY 3 METOIO JOAATKOBOT'O BIJOKPEMJIEHHS, B IEPULY Yepry, JETKUX JOMIIIKIB.

BMicT TpeTporo, 4eTBepTOro i I’ATOro MpHUiimMadiB, mo cTaHoBUTH 51,32% Big macu
BUXI1JTHOTO MaTrepiaiy, JOUIIbHO BUKOPUCTATH 3a IHIIMM MPHU3HAYCHHSM, L0 CIPHUATUME K
MOKPAIICHHIO SKOCTI MiATOTOBIEHOTO MOCIBHOTO MaTepialy, Tak i 3HIKEHHIO COOiBapTOCTI
HOr0 MiArOTOBKH.
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Production Testing of a Pneumatic Separator on Pre-cleaning of Seed Mixed Onions

The arid summer of 2019 significantly complicated the cultivation of crops. This is especially true for
crops of medium and late ripening. These crops include most vegetable crops. Weather conditions caused a
significant decrease in seed yield and a decrease in their sowing qualities. In addition, they contributed to the
drying of stems and inflorescences during the harvesting period. Machine cleaning of such testes leads to the
ingress of a significant amount of crushed stems and inflorescences of different sizes into the seed material. Most
of them are lighter from the seeds of the main crop. They mainly comprise light impurities of the obtained seed
material. A large number of light impurities reduces the flowability of seed material. This significantly reduces
the effectiveness of traditional methods of post-harvest processing of seed material.
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The aim of the work is to study the features of using an improved pneumatic separator with a tilted
channel in the preliminary cleaning of fine seed mixtures with a high content of light impurities.

Presented are the results of production tests of a modernized pneumatic separator with an adjustable
width of the separating channel for preliminary cleaning of onion seed mixture with a high content of light
impurities. As a result of the primary processing of onion seed heap obtained after mechanized harvesting of
testes on an improved pneumatic separator, 48.62% of the weight of the initial mixture, seed material, the sowing
properties of which meet the requirements of the standard for seed, is purified. At the same time, the content of
the first receiver, which is 41.16% of the mass of the starting material, or 84.66% of the content of the first two
fractions, can be cleaned up to the requirements of the standard by traditional seed cleaning machines. The seed
fraction of the second receiver must be further cleaned on an advanced pneumatic separator with modified air
flow parameters in order to additionally separate, especially light impurities. The content of the third, fourth and
fifth receivers is 51.32% of the mass of the source material, it is advisable to use it for another purpose, which
will contribute both to improving the quality of the prepared seed and to reduce the cost of its preparation.
seed mixture, onion seed, air flow, cleaning, sorting
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ONBIT UCITOJIB30BAHUS AJIbTEPHATUBHOI'O TOTIVMBA B
aBTOMOOMJISIX U €T0 BO3JICMCTBUE Ha OKPYIKAIOIIYIO

cpeay

B pabote mpeicTaBiieHO OMUCAHHE PE3YJIBTATOB JKCIEPHUMEHTABHBIX HMCCIICIOBAHUI SKOJIOTHYESCKUX
XapaKTEPUCTHK JBHUraTes sl C BOCIUIAMEHEHHEM OT C)KAaTHs, pabOTArOIEro Ha aJlbTEPHATHBHBIX BHIIAX TOILIMBA
(mu3enpHOE TOIUIMBO, OMOU3EIILHOE TOILUIMBO B CMECH C JAM3CIbHBIM TOIUTMBOM, YACTOE OMOAU3EIbHOE TOIUIUBO
U YHCTOE parcoBoe macio). [IpuBeneHsl pe3ynbTaThl ONMPEICIICHIS BRIACICHUS IbIMa IPU paboTe TBUTATEIS C
pa3inuuHBIMH Buamu TorummBa, BeIOpoca CO,, CO u CH B BBIXJIONHBIX ra3aX B 3aBUCHMOCTH OT MOIIHOCTH
nBurarens. M310KeHbl BRIBOJBI U PEKOMCHIAIIMY 0 CHIDKEHUIO BPEIHBIX BEIOPOCOB OT pabOTHI JABHTATENS Ha
nu3ene u Ouomamsene B atmocdepy.
au3ejibHOe TOomauBo, 3Muccusi ['IC, yrieBoaopoabl, MeTW/Ibl, OKCHI YIJIepoAa, MOTO-4ac, MAacCJo
ABUTraTes, QU3NKo-XuMuYecKHe napaMeTpbl

LI. Bemasre, gom., kaua. TexH. Hayk, JI.I'. Manaii, nom., kaga. TexH. Hayk, B.®. 'opoben, mo11., KaHI. TEXH.
HayK
Hepoicasnuii acpapruil ynieepcumem Monoosu, m. Kuwunie, Monoosa
JocBix BUKOPUCTAHHSA AJIbTEPHATHBHOIO MAJMBA ABTOMOOJIAMU Ta fi0ro BIJIMB HA
HAaBKOJIMIIHE CEpEeaAOBUIIIC

Y poOOTi TpEACTAaBICHO OMWC PE3YJbTATiB CKCICPUMEHTAIBHUX JOCTIKCHb CKOJOTIYHUX
XapaKTEPUCTUK JIBUTYHA 13 3alaFOBAHHSIM BiJi CTUCHEHHS, MO MPAIlO€ HAa AIbTEPHATHBHUX BHIAX MAUBA
(mu3enpHE MANKMBO, 0i0U3ENBEHE MATUBO B CYMIllli 3 JTU3EIbHAM MAIMBOM, YHCTE O10AM3EIbHE MATHBO 1 YHCTE
paricoBe Mmacio). HaBeneHo pe3ynbrat BU3HAYEHHs BHUIUICHHS AUMY OPU pOOOTI JBUTYHA 3 Pi3HUMH BUIAMHU

© WN.N. benursars, JI.I'. Mamnaii, B.®. I'opoberr, 2019
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nanmuBa, Bukunxy CO2, CO i CH y BUXJIODHHX ra3aXx B 3aJ€KHOCTI Bl TIOTYXHOCTI JBUTYHa. BukianeHo
BHCHOBKH 1 peKOMEHJAI{ 1010 3HIKEHHS LIKIUIMBUX BHUKHIIB BiJl poOOTH IBHUTYHA Ha Iu3enmi 1 Oioansens B
atMocdepy.

au3ejibHe nanauBo, emicis I'EC, ByrieBoaHi, MeTWJ, OKCHA BYIVIeHI0, MOTO-TOAUHA, MACJI0 JABHUIYHA,
¢pizuxo-ximiuni mapamerpu

ITocTaHoBKa npodaemMbl. AHAIU3 THIIOB BO30OHOBIISIEMBIX UCTOYHUKOB YHEPTUHU (CM.
take wikipedia.org) mo ¢dopmaMm SHEpPruM, BO3HUKAIOIIMM B PE3yJbTaTe E€CTECTBEHHBIX
BO300OHOBIISIEMBIX MPOIIECCOB, B KOTOPBIX MPOU3BOJCTBEHHBIN HUKI MPOUCXOTUT B MEPUOIBI
BPEMEHH, COIMOCTaBUMbIE C IE€pUOJaMU MOTpeOJIeHHs, B Hauyaje pPEUTHHIra HaXOAsTCs
BETPOBas U TUApaBiINyYecKas dHeprus. Mcnonp3oBanne OMomMacchl, KOTopasi, B CBOIO O4epeb,
COCTaBJISIET PACTUTENBHBIA NPUPOJIHBIM KOMIIOHEHT KakK (OpMYy COXpaHEHHUS COJIHEYHOU
SHEPTUU B XUMHUYECKOU (popme, SIBISIETCS OJHUM U3 CaMbIX MOMYJSPHBIX M YHHUBEPCAIbHBIX
pecypcoB Ha 3emuie. B Hacrosiiee Bpems TOIUIMBO, MOJy4€HHOE M3 OHMOMAcChl, UMEET
IIMPOKHUNA CHEKTP MPUMEHEHHUsS: OT 000rpeBa MOMEIIEHUH 10 MPOM3BOICTBA IEKTPOIHEPTUU
U TOIJIMBA B KaueCTBE aJbTEPHATHUBHOIO OMOTOIUIMBA IS 3allPaBKU TPAHCIIOPTHBIX CPENICTB
[1].

Hcnonws3zoBanne 6uoMacchl UMeeT 0obIioe Oyayliee B Ka4eCTBE OMOTOILINBA TIPH €TO
WCIOJIb30BAaHNU B KaUeCTBE TOILIMBA JJII aBTOMOOWJICH C LENbI0 3aMEHBI HEPTH, MOCKOJIBKY
MomnoBa — 3TO cTpaHa, B KOTOPOM HET MECTOPOKICHUN OMOTEHHOTO MPOUCXOXKACHUS, TAKIX
KaK: yroJib, IPUPOJHBIN ra3 win HedTh. Emne onHON Mpu4nHOM 3aMeHbl HEPTAHOTO TOILIIMBA
MOXXET CTaTh LleHa Ha He(Th, KOTOPYIO C KaXKIbIM TOJOM CTaHOBHUTCA BCE CIIOXKHEE
KOHTpOJHPOBaTh. HOBBIN MeTO/ MOTydYeHH s allbTEPHATUBHBIX BHJIOB TOILIMBA OYIET COCTOATH
B TOM, 4YTOOBl 3aMEHHTh OOBIYHBIE KCKOMAaeMble BHUIbl TOIUIMBA TOIUIMBAMHU U3
BO300HOBIISIEMBIX HCTOYHUKOB, BBITEKAIOIIMMHU U3 OTIPEIEICHUS] BO30OHOBISIEMBIX PECYpCOB —
CBIPBSl, KOTOPOE€ MOKHO TIOCTOSIHHO BOCCTAHaBIMBaTh. JTOT IMPOLECC YK€ Hayalucs C
MOCTETIEHHOW 3aMEeHBbl OOBIYHOTO U aJbTEPHATUBHOTO TOIUIHBA (OMOTOIUIMBO). BHOTOMIHMBO
MOJy4al0T U3 NPHUPOJHBIX JIMMKIOB, TaKWX KaK >KUBOTHBIE KHPbl WM HOBBIE, WIH
UCIIOJIb30BaHHBIC PACTUTENLHBIC Maclia, B MPOIecCce MPOMBIIIICHHONW dTepu(HUKAIIIN U TIepe
TepudUKaIIu.

B Pecniy6nuke MomnoBa yaiie BCero B KaueCTBE ChIPhS HCIIONIb3YETCs PAriCOBOE Maciio
JUIS TIOJy4YeHHUs] OMOTOIUIMBA, TaK KaK 0CO00€ 3HAUY€HHE YIENAETCS MACIUYHBIM KyJIbTypaM.
[TomydyeHne OMOTOIIMBA M3 PANiCOBOIO Macjia B PECIyOIMKe BO MHOTOM OCHOBBIBAJIOCH Ha
ombiTe TocynapctB EBponeiickoro Coroza (EC). 3akononarensHas 6a3a Pecryonukn MoimoBa
ormucana 3akoHoM Ne. 160 ot 12 wuromst 2007 r. «3aK0oH O BO30OHOBISIEMBIX HMCTOYHHKAX
SHEPTUM», BIOCIEICTBUA HU3MEHEHHBIH B COOTBETCTBUU ¢ 3akoHOM Ne. 10 ot 26.02.2016:
«3aKOH O TMPOJBMKEHUHM WCIOIB30BaHUS DJHEPTMH M3 BO300HOBISEMBIX HCTOYHHKOBY,
HeoOxomumbnid s npuMenenus Jupextusbl 2009/28 / EC EBpomneiickoro mapiiaMeHTa H
Cosera ot 23 anpens 2009 roma o MNOpPOABMKEHUM  HCIOJIB30BAHMS DSHEPrUU U3
BO300HOBJISIEMBIX MCTOYHUKOB, BHECEHUH WM3MEHEHUU W TOCIEAYIOIMEeH OTMEHBI JIMpEeKTUB
2001/77 / EC u 2003/30 / EC, ony6nukoBanHoM B Odunmansaom XXypHane EBpomeiickoro
Coroza Ne. L 140 ot 5 urons 2009 r. [2]; mocne kotoporo 3akoH 00 DHeproagdextuBHOCTH Ne
142 ot 02.07.2010, a Takke co3naHue AreHTcTBa 10 JHEprodpQexTuBHOCTU
[ToctanoBnenuem IlpaBurensctBa (IIIT) No. 1173 ot 21.12.2010, OTBETCTBEHHBIX 3a
BHEJPEHHE TOCYJapCTBEHHOW  TOJUTUKA B  00macTH  SHEprodpGeKTUBHOCTH U
BO300HOBJISIEMBIX HUCTOYHUKOB dHEpruu [3].

Jns  yMmeHbIIEHUS 3aBUCUMOCTA OT HMIIOPTa DJHEPreTUYECKUX PECYypCOB U
OTPHULIATENILHOTO BO3JEMCTBUSI IHEPreTUYECKOTO CEKTOpa Ha KIMMAaTUYECKUE W3MEHEHUs
Obuta yTBepkaeHa HammonansHast Ilporpamma mo Oueprosg¢extuBHoctd Ha 2011-2020
roasl [loctanoBnennem npasutenberBa Ne. 833 ot 10.11.2011. [{nst pemenust cyIiecTByOMUX
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3ajad B oOmactu »Hepretuku B 2013 roxy Obumn yTBepxknaeHsl Harnmonanbubiii Ilnan
MeponpusiTiii B oOmacti sHeprodddexkrnBHoctn Ha 2013-2015 romer (ITIT Ne 113 ot
07.02.2013) wu Hanuonaneueii Ilnan wMepompusTuii B 00NacTH SHEPreTUKU U3
BO300HOBJsIEMBIX UCTOUYHUKOB Ha 2013-2020 roxer - HIIMOBU (ITIT Ne 1073 ot 27.12.2013)
[4].

OcHoBHBIMU 3amadamu HammownanbHOU IlporpamMmbl mo DHeproddp¢GeKTHBHOCTH Ha
2011-2020 roxp! IJ1st JOCTHKEHUS TOCTABICHHOHN LIETH SBIISIOTCS:

- moBbITIeHUE 3 (HEKTUBHOCTH MUPOBOTO MOTPEOICHHS IEpBUYHOM sHeprun Ha 20%;

- YBEJIMYEHUE JI0JIU BO3OOHOBIISIEMBIX HCTOUHUKOB 3HEpruu 10 20%;

- YBEIIMYHTH 1010 OroTorumBa 10 10% oT obmiero o0bemMa NCT0Ib3yeMOT0 TOTIIHBA;

- COKpallleHHe BBIOPOCOB MAPHUKOBBIX I'a30B KaK MUHMUMYM Ha 25% 1O CpaBHEHMIO C
6a3oBbiM 1990 romom.

JUis OCTMXKEHUsS ATHUX Iiefiell HeoOXOIUMO TMOATOTOBUTh U YTBEPAMUTH MPOTrpamMMy,
KoTopasi Oy/ieT BKJIIOYaTh BCE ACMEKTHI, CBA3aHHBbIE C IPOU3BOJCTBOM M HCIIOJBb30BAHHUEM
OMOTOIUIMBA U3 PANICOBOTO Maca.

AHaIM3 NOCJeIHHX HccaenoBaHuii W nyoaukanmii. VccrenoBanuio padoOTHI
naBurateneil Ha OHOTOIUIMBE TIOCBAIIEHBI pabOThl MHOTMX YyueHbIX [5-9]. Cikuranue
OMOTOIUIMBA TIPOMCXOAMT TaK )K€, KaK W JIWU3EIBHOTO TOIUIMBA, HO OHO HE CIIOCOOCTBYET
«MAapHUKOBOMY 3¢ ¢eKTy» u3-3a 3aMKHYTOrO LHMKJIA PEUUpPKYJSIMUM Macel U Ta3os,
o0pa3yrommxcsi B pe3ysibrare cropaHus. BeiOpockl oTpabOTaHHBIX Ta30B HaMHOro Ooiiee
OnarompusTHBI, 4YeM Yy aAu3ens, 3a HckiodeHneM NOX. OTO HCKIIOYEHHE CBS3aHO C
COJIEp’)KaHUEM MOJIEKYJISIPHOIO KHCJIOpPOJa B PACTUTEIBHOM TOIUIMBE. buoTOmIMBO He
MIPOU3BOIUT MJIOTHBIN YEPHBIH JbIM 110 CPAaBHEHUIO C ANU3EIbHBIM TOIIUBOM [10].

E1e ogHa BO3MOKHOCTD /17151 BBITOJAHOI'O UCIIOJIB30BAHUS YIEJIBHOTO Beca OMOTOIUIMBA
1o 10% ot obmero ob6bema, UCHOIB3YEMOr0 B KayeCTBE aJIbTEPHATHUBHOIO TOIUIMBA JIJIS
JBUTATENECl ¢ BOCIUIAMEHEHUEM OT C)KaTus, ONKUCAHHOTO IyTEM COKpAIlIEHHsS BbIOPOCOB
MAPHUKOBBIX Ta30B, 3aKIIOYAETCS B TOM, YTO OHH SBISIOTCS HEUTPAIbHBIMH C TOUKH 3PEHUS
BO3ACHUCTBUS MAPHUKOBOTO dPdexTa. TOmmBo cunTaeTcs HEUTpaIbHBIM, KOTJa B aTMocdepe
HeT n30bITka CO, MpH ero CKUraHud. BUOTOMIMBO cunTaeTcs HEMTpalbHbIM, IOTOMY YTO MPU
€ro CXKUTMaHUU BBIACISAETCS TaKOe K€ KOJMYECTBO JBYOKHUCH YIJIEpOjAa, KOTOpoe ObLIOo
(OTOCUHTETHYECKUI 3aKpelIeHO pacTeHUsIMM, Korja ObIJIO TMPOU3BEICHO PacTUTENIbHOE
CBIPbE, U3 KOTOPOT'O OBLIO NOJYyUYE€HO OMOTOILIHBO.

IToctanoBka 3amanHusi. B mpexacraBieHHoON paboTe 3ajayamMM MCCIEIOBAHUS B
00JIACTH SKOJIOTUIECKHUX TTOKA3ATENICH SIBIISIOTCS CIICAYIOIIHE:

- u3ydeHHe o0IIero BbIOpOca BBIXJIOMHBIX a30B JABUraTels ¢ BOCIUNIAMEHEHHEM OT
cxatus, Bkimodas yraesogopoasl (CH), okuck yraepoga (CO), nByokuch yriaepoaa (CO;) u
BBIOPOCHI TBEPABIX YACTHIl M JAPYTHE€ HHUKCHI, OOpasyioliuecss B pe3yJbTaTe CXKUTaHUS
TOIUIMBA, PACCMaTpPUBAEMbl€ KaK KaHIIEPOTEHBI,

- TOJy4YeHHE JaHHBIX O BbIOpOCAaX 3arpsA3HSAIONIMX BEIIECTB IS pa3IMYHbIX
Harpy30K M CKOpPOCTEH ABUTaTessl IPU HUCIIOJIB30BAHUU JTU3EJIBHOIO TOIUIMBA, OMOTOIIMBA B
CMECH C TU3eNbHBIM TOIIJIMBOM, YUCTOTO OMOTOIIMBA U YUCTOTO PAIICOBOI0 Maca.

N3n0:xxeHne ocHOBHOro marepuana. lcmeiTanuss npoBomwimch Ha (akymnbreTe
«Arpapnas Umxkenepuss u ABTOTpaHcrnopT», Ha Kadenpe «MHxeHepus ABTOTpaHCIOpPTa U
TpakTopoB» C HCIIOJIB30BAHUEM AEKTpudeckoro TopmosHoro crenga KM 13638 TOCHUTU
('OCT 18509-88). [IBuratenb, HCTIOAB3YEeMbIH 11 uctibiTanuii, 4D 125/110 - 310 nu3enbHbIN
JBUTaTelb C MPSIMBIM BIPBICKOM. XapaKTEPUCTUKHU JBUTATENsl IPUBEICHBI B Ta0I. 1.
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Tabmmma 1 — XapakrepucTuka ABUTATENSA, UCIIOJIB3yEMOTO /IS UCTIBITAHUHN Ha CTEH/IC

Ne XapakrepucTuKa 3HavyeHus
1. Nuanukatus D-241L
2. OxJaxaeHue JKUIKOCTH
3. | EMKocTh, e 4,75

4. | BayTpeHHuii tuaMeTp X X0 MopmHs, (MM X MM) 110 x 125
5. | KonnyecTBO NIMIMHIPOB 4 B pag
6. | Ilopsimok BopbICcKa 1-3-4-2
7. | Tun BrpeIcKa IPsIMOI
8. | Hamop Bnpricka, MIla 17,5

9. | Uaxektop ¢ 4 OTBEPCTHAMH: 0,23-0,34

- IUAMETP OTBEPCTHI, MM

10. | CooTHOIIEHNE CXKATHS 16,0
11. | MakcumanbHasi MOIIHOCTH, KBT (11.C.) 51,54 (70)
12. | MakcumaabHass MOIITHOCTD, MUH" 2100
13. | MakcuMaJIlbHEIA MOMEHT, HM 270
14. | MakcuManbHEI MOMCHT, MHH 1400
15. | YaenbHbIN pacxoy TOImBa, I/KBT 4 252

Jist monmydeHusT NaHHBIX O BBIOpPOCAX 3arps3HSIONIMX BEIIECTB TPH PA3THYHBIX
Harpy3kax v o00OpoTax ABHUraTeNsl MCIOIB30Bajl B KaueCTBE TOIUIMBA: JU3EIHHOE TOIUIMBO
(FOCT 305-82), cMecu qU3eIbHOTO TOILTUBA C OMOTOIUIMBOM B CJICIYIOIIUX COOTHOIICHHSX:
80/20 / (B20), 50/50 (B50), 25/75 (B75), 0/100 uucroe OumotormmmBo (B100) m umcroe
paricoBoe Macio. /[aHHBIE, MOJYYEHBI B XOJ€ WCIBITAHWA HAa CTEHJAE HA Pa3HBIX YPOBHSIX
Harpy3ku npuratens. Jlyis Kakaoro u3MepeHHsi ObUIM YCTaHOBJIEHBI CKOPOCTH BpalleHUS
konenyatoro Bana: 1000, 2100 mun-1; Harpy3ka Ha aBurarteinb: 0; 25%; 50%; 75%; 86% Pey.

TonnuBHBIE cMecH ObUTH MPUTOTOBJIEHBI B TPAaBUMETPUUECKHUX MPOTOPIHIX U3 OTHOM
KOHTPOJBHOW MapTHH — OMOTOIUIMBA M JU3EIBHOTO TOIUIMBA. BHOTOIUIMBO MOJIYYEHO IO
TEXHOJIOTUH TeperTepruduKalyi parcoBOro Macjiaa ¢ METaHOJIOM M 0a30BBIM KaTalu3aTOpPOM
[11]. XapakTepucCTUKH HCCIIEyeMOT0 TOILIMBA MPUBEICHBI Ha puc. 1.

2 o B
1 i
B i
e

100%1 1 0,834
80%1"

IH3eabHoe B 20 B 50 B 100 Yucroe
TOILUIMBO pancoBoe

MACAO

B KuHemartunyeckan Baskoctb npn 20 ° C, mm2/c @ Temneparypascnbiwkyn, °C O MaotHocts, r/cm3 O 30/

Pucynoxk 1 — KauecTBeHHBIE XapaKTEPUCTHKH U3yIaeMbIX BHJIOB TOILUTUBA
Hcmounux: paspabomarno agmopamu
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AHann3 (U3NKO-XMMHYECKHUX CBOWCTB PAICOBOTO Maclia MoKas3ad, YTO OHO, B CBOIO
ouepeslb, CYIIECTBEHHO OTJIMYAETCS OT CBOMCTB JU3EJIbHOTO TOIJIMBA W, B YaCTHOCTH,
JN3ETbHBIX TOTUIUBHBIX cMecel ¢ OMOTOIUIHMBOM.

OCHOBHBIM IapaMETPOM, XapaKTEPU3YIOLIUM CBOMCTBA BIPHICKA TOIIUBA, SBISETCS
€ro BSI3KOCTh. UeM Ooilbllie 3HaYEHHE, TeM XYK€ TOHKOCTh PAaCHbUICHHS M KauyecTBO Macia,
ropsimero B aurarene. OgHUM W3 CHOCOOOB CHUKEHHUS BSI3KOCTH Macell MOXET ObITh
CMEIIMBaHME WX C JU3ETbHBIM TOIUIMBOM WIM WX HarpeBanue. /Jlns mpoBeneHus
OKCHEPUMEHTOB  ObIT  pa3paboTaH M M3TOTOBJICH  DIIEKTPHUUYECKUH  HarpeBaresb
aBTOMATUYECKOTO TUMA JUIsl HarpeBa parncoBoro macna (temmneparypa 75-80 © C) mo momeHTa
€ro pacraja B IBUraTele.

H3mepenune ra3oBbIX BBIOPOCOB TpeOyeT OJHOBPEMEHHOTO MOHHUTOPHUHIA Ta30BBIX U
TBEPAbIX YacTUL. BBIXJIOMHBIE ra3bl aHAIM3HPOBAIM Ha CoOJep)kaHue yriaeBopopoaos, CO,
CO; u BbIOpOCOB AbiMa ¢ momotnbto aHanuzaropa CARTEC CET-2000 (mpou3BeaeHHOTO B
I'epmanun) B coorBercTBuu ¢ SAE J 1003.

Hcxons w3 meneld uccieqoBaHusi B O0JIACTHM JKOJOTUYECKUX IOKazaTeneil myTem
M3y4eHUs] OOIMX BHIOPOCOB BBIXJIONHBIX Ta30B JBHTAaTENs 3KUTAHUS TPHU CHKATHH,
paboTaroliero Ha pacTUTEIbHBIX Macliax M UX MPOU3BOAHBIX B KAaue€CTBE aJbTEPHATUBHOTO
TOIUIMBA, OTIUCHIBAETCS UX BIMSHHE HAa BEIOPOCHI BBIXJIOIHBIX Ta30B.

PesynbpTathl TpOBENEHHBIX HKCIEPUMEHTAIbHBIX HCCIEIOBAHUM TOJYEPKUBAIOT
9KOJIOTMYECKHE XAPAaKTEPUCTUKHM JBUTraTens mpsimoro Brpeicka D-241L, pabotaromero Ha
pa3IMYHBIX BUJAX TOTUIMBA.

Kak ynomuHanoce B ero padore [12] mpu HarpeBaHUH Macell WU KUPOB, 00pa3yroTCs
JeTy4yue COCIUHEHMs, TaKhe Kak albpleruipl U KeTOoHbl. Ha CTEeHIOBBIX HCHIBITAHUIX
JBUTATEIS, 3aIIPABJICHHOTO PATICOBBIM MACJIOM M CMECSMU JAHM3eIsi U OMOTOIUINBA, OUIYIIAeTCs
crenu(pUUecKnii 3amax TOpPSIIETO KHpa, YTO OOBSACHSIETCS HAJIMYHMEM HEHACHIIIEHHBIX
aNbACTUIOB (aKPOJICUHA).

Jlu3enbHbIe ABUTATENH MPH padoTe B PEKUME HIDKE CTEXHOMETPUUYECKOTO mpeena (10
50%) BBLACNAIOT OYeHBb HEOOJNBINIOE (MM BOBCE HE BBIACIAIOT) COACpPKAHUE YrapHOTrO Trasa,
YTO CBSI3aHO C ONTUMU3aIMEl ero (yHKIWU B 3aBUCUMOCTU OT Mpejena BIOPOCOB YEPHOTO
IpIMa (4acTHULIBI HE CropeBliero yriepoja).  Jlu3enbHbIl JABUraTteiab COOTBETCTBYET
sddexkTuBHON paboTe, a OCH3MHOBBIM [ABHUraTelb HMEET TEHICHIMIO K YBEIUYCHHUIO
MoIHOCcTH. [losiBieHHe uepHOro apiMa B OOOMX THUIAX JBUTATECl OIMUCBHIBAET HHU3KOE
coJiep’KaHue KHCIOpo/a B JBUTATENE, TO €CTh O0raTylo cMech, TAKMM 00pa3oM, HHTEHCUBHOE
3arpsisHeHue [13].

OMHCCUS COCTOMT M3 JAMCIEPCHHM YacTHUIl PA3IUYHBIX Pa3MEpPOB, COCTOSIIMX W3
YIJIEPOAMCTHIX BEUIECTB Pa3IMUHBIX pa3MepoB ¢ 00JbIION HecTabuIbHOCTHIO. [lomydeHHbIe
pe3ynbTathl (puc. 2) MOKa3bIBaIOT, YTO MPH HU3MEHEHHH OOOPOTOB JBUTATElNs BbIACICHHE
IbIMa (IIPO3PAYHOCTh BBIXJIONHBIX Ta30B) M3MEHSAETCS HECYIIECTBEHHO M HM3MEHSETCS B
npenenax: npu odboporax 1000 mun-1 — 80-85% u npu oboporax ot 2100 MuH" — 83-84%.
Tun TomrBa CyIecTBEHHO HE BIUSET Ha MIPOLECC 3aAbIMICHUSI IBUTATEIS.

Bribpoc CO, He knaccuduuupyeTcss Kak BpeTHBIA 3arps3HUTENb, HO MO CYIIECTBY
CIIOCOOCTBYET «IApHUKOBOMY J(QEKTY», ONMHCAHHOMY KaK €CTECTBEHHBIH NpOIECC, IpH
KOTOpOM atMocdepa 3eMiId COXpaHseT 4YacTh dHEeprud, nochkiiaemMor ConHIleM Ha 3eMitio,
HarpeBas 3emMJIl0 B JOCTATOYHOH CTENeHH, YTOOBl CO3AaTh ONAaronpHUsTHYIO JUIS )KU3HHU CPEmdy.
Konnentpanus CO, 3aBUCHT OT peXuMma padOThl JIBUTATENS M MPSMO IMPOMOPIHOHAIBHA
pacxo/y TOILIMBA, KOTOPBIM XapaKTepU3yeT Harpy3Ky ABUraTens (puc. 3).
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Pucynok 3 — Beiopoc CO, B BRIXJIONHBIX ra3aX B 3aBUCHIMOCTH OT MOITHOCTH JABHUTATEIIS
Hcmounux: paspabomano aemopamu

IIpu yBenmueHun Harpy3ku Ha asurareiib oT 0 mo 86% i Bcex HCCieIOBaHHBIX
BU0B ToruiuBa BeIOpoc CO, yBennuuBaercs B 3,0-3,5 pasa. bosee 3HaunTensHOE yBETUUYEHUE
OBLJI0O YCTAHOBJICHO B pa0OTe ABUTATENsI HAa YUCTOM paricoBoM Macie. J[roboe cHukeHue
ypoBHs BeIOpocoB CO, CBSI3aHO ¢ YMEHBIIICHHEM Pacxoja TOTUIMBA (Harpy3Ka Ha JBUTATENH).
Uuctoe O6moTorummBo obecrieunBaeT cHUkeHUE BbIOpocoB CO; B 1,88 pa3a mo cpaBHEHHIO C
JU3ENIbHBIM JBUTaTENeM ¢ Harpy3koi a0 50%.

Bri6poc CO, xoTopselii oOpa3yeTcss NMpU HEMOJHOM CrOpaHWU TOIUIMBHOW CMECH B
KaMmepe CropaHwus JABUTATeNsl MPU YBEIUYCHUU €€ Harpy3KH, yMeHblnaercs. [Ipu Harpyske
nsurarens 75% Breidpoc CO cumkaetcs B 3 - 3,5 paza 1o cpaBHEHUIO € XOJIOCTHIM XOJIOM, YTO
00ycioBieHo 0oJiee MOJIHBIM CTOpaHHEeM TOITMBHOM cMecH (puc. 4).
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Pucynox 4 — Beiopoc CO B BEIXJIOIHBIX T'a3aX B 3aBUCUMOCTH OT HAarpy3KH Ha JIBUTaTENb
Hcemounux: paspabomano asmopamu

[Tpu pabore nBUrareist Ha YUCTOM PANCcOBOM Macie KoHmeHtpauuss CO Bbilie, 4To
XapaKTepU3yeT MPOLEeCcC HEMOIHOTO CropaHus TOIUIMBHON CMeCH (ParicoBOE Macio - BO3AYX).

buoTtonnmBo ¥ cMecH CONSPKH ¢ OMOTOTUTMBOM OOECTICYMBAIOT CHUKCHHE BHIOPOCOB
CO no 75% Pe ot Harpy3ku asuratend. [Ipu Harpyske asurarens 6onee 75% Pe omymaercs
noBellieHUe KoHUeHTpauuu CO B BBIXJIONHBIX ra3ax ABUIATENsl B CBA3M C TEM, 4YTO C
YBEJIMUYEHUEM PacX0/ia TOIUIMBA MPOLIECC CTOPAHUSI YXYIIIAaeTCsl.

Breibpoc CH, kak mpaBuiio, 3aBHCHT OT BHJAa TOIUIMBA M OT CIOco0a MPOTEKaHHS
IpolLecca CropaHus TOIUIMBa B Kamepe cropaHus ABurareis. JlaHHble, peacTaBiIeHHbIE Ha
pHUC. 5. MOKa3bIBa€T HaM, YTO YUCTOE OMOTOIIMBO CropaeT Oojee MOJHO MO CPaBHEHHIO C
IpPYyTMMHM  HW3Y4YEHHBIMHM BUJAMM TOIUIMBAa W  oOOecne4yMBaeT CHUXKEHHE BBIOPOCOB
YIJI€BOIOPOAOB IIpH Harpy3ke B 75% Pe B 1,11 pa3a o cpaBHEHUIO ¢ COISAPKOM.
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Pucynox 5 — Beibpoc CH B BEIXJIOIHBIX Ta33aX B 3aBHCHMOCTH OT HATPY3KH JBUTATEIS
Hcmounuk: paspabomarno agmopamu

BeiBoabI:
1. ®uU3UKO-XMMHYECKHUE CBOMCTBA PAIllCOBOIO Maciia CYIIECTBEHHO OTIMYAIOTCS OT
CBOWMCTB COJIIPKA M HCCIEIYyeMBIX CMeced nu3eliss ¢ OMOTOIUIMBOM. Bo-TIepBBIX, BBICOKOMN

BSI3KOCTBIO, KOTOpasi ONPEACISIET TOHKOCTh PACIBUICHHS W KadyeCTBO MAcCia, TOPSILETO B
JIBUTATEIIE.
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2. DOKCHepUMEHTAJIbHBIE JaHHBIE TOATBEPXKIAIOT, YTO ParcoBO€ Macjo He
PEKOMEHAYETCSl JJIUTEIbHOE BpPEMsI HCIOJIb30BaTh B JBUTATENSAX C MPSMBIM BIPBICKOM,
MIOCKOJIbKY MacJIO HE CrOPAeT MOJIHOCTBIO.

3. Jlnsd uCHoibp30BaHUS PAlCOBOTO Macjia B KauyecTBE TOIUIMBA JJISl JAM3EJIbHBIX
JBUTATENel ¢ TpSIMBIM BIPHICKOM, HEOOXOIMMBI HEKOTOphle Moau(duUKanuu B UX
KOHCTPYKIIUH.

4. BeiOpoc npiMa OBUI TPAKTUYECKH OJWHAKOBBIM JUISI BCEX M3YYCHHBIX BHJIOB
TOIUINBA B CKOPOCTHBIX pesknmax 1000 mun™ 1 2100 mus™.

5. TIlpm pabGote nBUTraTens Ha YHUCTOM pAIliCOBOM Macie ra3oBas (aza BBIOPOCOB
BBIIIIE TI0 CPAaBHEHUIO C JIPYTUMH BHUJAMHU TOIUIMBA, KOTOPBIE XapaKTEPU3YIOT YXYJIIEHHE
IpolLecca CropaHus TOIJIMBHOM cMecH (parcoBoe Macio - BO3yX).

6. buoTormmMBO M cMecH CONSIPKM € OWOTOIUTMBOM OO0ECIIEYMBAIOT CHIKCHHE
BbIOpocoB CO u CH B BBIXJIONHBIX ra3zax npu Harpyske asurarens B 75% Pe.
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Experience of the Use of Alternative Fuels by vehicles and Its Effect on the Environment

The article is devoted to determining the main technological, operational and environmental
characteristics of the operation of an internal combustion engine. Research was conducted using classic diesel,
pure rapeseed oil, and a mixture of diesel and rapeseed oil in different proportions.

The article provides a methodology for experimental research of the main technological, operational and
environmental characteristics of the operation of the D-241L direct injection engine on various types of fuel. The
qualitative characteristics of the used fuel are described. In the first series of experiments, smoke emission
indicators were determined during engine operation at 1000 rpm and 2100 rpm with various types of fuel. It was
revealed that the operating mode does not significantly affect the formation of smoke. In the following series of
experiments, studies were made of the formation of harmful gases depending on the engine load. The regularities
of emissions of carbon monoxide (CO), carbon dioxide (CO2) gases and hydrocarbon (CH) are determined when
using various types of fuel. It was found that carbon dioxide emissions are minimal when using a mixture of
diesel (25%) and rapeseed oil (75%) in all engine operating modes. The minimum emissions of carbon monoxide
and hydrocarbon for this mixture are observed only when the engine is running with a load of 75%. The results
obtained allow us to draw the following conclusions.

The physic-chemical properties of rapeseed oil differ significantly from the properties of diesel and
mixtures. Rapeseed oil is not recommended for a long time to be used in engines with direct injection, since it
does not completely burn out. To use rapeseed oil as a fuel for direct injection diesel engines, some modifications
are required in their design. When the engine is running on pure rapeseed oil, the gas phase of emissions is higher
compared to other types of fuel, which characterize the deterioration of the combustion process of the fuel
mixture. Rapeseed oil and its mixture with a diesel engine reduce carbon monoxide and hydrocarbon emissions in
exhaust gases at an engine load of 75%.
diesel fuel, hydroelectric power station emission, hydrocarbons, methyls, carbon monoxide, moto-hour,
engine oil, physicochemical parameters
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OOrpyHTYBaHHSI TEXHOJOTTYHUX IMapaMETPiB 36PHOBOIO
ceraparopa

ITpoBeneHo aHaii3 iCHYIOUMX THIIB 36pHOBHUX cenapaTopiB. BcTaHOBIEHO B3a€MO3B’SI30K BIACTUBOCTEH
TNICEBJIO3PI/UKEHOT0 HIapy 1 OKpPeMOi 3€pHMHHM 3 KOHCTPYKTHMBHHUMHM, KiHEMAaTHYHMMH Ta aepoAMHAMIYHUMHU
mapaMeTpamMi cemapaTtopa. BpaxoBaHO [il0 BHITaJKOBOI JIOOOBOTO THCKY; MyJbCallii IOBITPSHOTO TOTOKY;
eKCIIeCy Ta aCHMETpil eImop TUCKIB, BiIMIOBITHO, B TOB3I0BXHBOMY Ta IOIIEPESYHOMY MEPETHHI THEBMATUIHOTO
KaHay; BHUCOTH pO3TAIlyBaHHS MOUTBHHUKIB 3epHOBOro mapy. OOIpyHTOBaHO TpaHWYHI PEXUMH poOoTH
cermapaTropa Ta BEPXHIO MeXy HOro NpOLYKTHBHOCTI 32 YMOBH JNOCATHEHHS MaKCHMAIBHOTO TEXHOJOTIYHOTO
edpexTy cenaparii. HaBeneni exciepuMeHTaIbHI 3aKOHOMIPHOCTI OCHOBHHX KiHEMAaTHYHHX Ta T€OMETPUIHHX
mapaMeTpiB 3alPOIIOHOBAHOTO CEMapaTopa, siKi CyTTEBO BIUIMBAIOTh HA TEXHOJIOTIUHI TOKa3HUKK HOro pPOOOTH.
MHEeBMOIMITYJILCHUIA cemapaTop, TyCTHHA, 3€PHO, HACIHHS, MCeBHO3PiIKeHHMIl CTaH, MYJbCYHOUMii MOTIK
MOBITPSl, MYJIbCATOP, TEXHOJIOTIYHNH eeKT cenapamii

J.B. boratbipes, J1011., KaHJ. TeXH. HayK, 1.0. CKkpuHHMK, 0., KaHa. TexH. Hayk, O.B. FOpuenko, acucr.
Llenmpanvrhoykpaunckuil HayUoHANbHLIN MexHudecKuti ynueepcumem, 2. Kponusnuykuii, Yxpauna

O0ocHOBaHHE TEXHOJOTHYECKUX mapaMeTpoB 3€pHOBOI'0 cemaparopa

ITpoBeneH aHamu3 CyLIECTBYIOIIMX TUIIOB 3€PHOBBIX CENApaTOpPOB. Y CTAHOBJIEHA B3aHMOCBS3b CBOMCTB
TICCBAO0XKHUKCHHOIO CJIOA U OT}I@J’IBHOFI 3€pHa C KOHCTPYKTUBHBIMU, KUHEMATUYCCKUMU U ad3POJUHAMUYCCKUMHA
rapameTpamH cenaparopa, pu HaIn4uu (akTOpoB: CIly4alHOTO JEWCTBHSI CHIIBI JIOOOBOTO JIABJICHHUS; HATMYUH
IMyJIbCAllMK BO3AYIIHOTO MOTOKA; IKCIlECCa U aCUMMETPUH 3IIOP AABJICHUN, COOTBETCTBEHHO, B IONEPEUYHOM U
IIPOJIOJILHOM CEUSHUH ITHEBMATHYECKOTO KaHalla; BRICOT YCTAHOBKH JienuTeneil ciaosi. OO0CHOBaHHO MpeJielibHbIC
PEKUMBI pabOTHI cenaparopa ¥ BEpXHIOIO TPaHUILy €ro MPOU3BOAMTENFHOCTH MPU JOCTHXKEHUH MaKCHUMAJILHOTO
TexHojorndeckoro sddekra cenapauun. IlpuBeneHHBIE AKCIIEPUMEHTAJIbHBIE 3aKOHOMEPHOCTH  BIIMSHUS
OCHOBHBIX T€OMETPHUYECKUX W KMHEMATHUECKHUX MapaMeTPOB MPEATI0KEHHOTO CerapaTopa Ha TEXHOJIOTMIECKHUE
MTOKa3aTeIH ero paboTHL
NHeBMOMMIMYJIBCHBIN  cenapaTrop, IUIOTHOCTb, 3€pPHO, CeMEHa, ICEeBI00KUKEHHOe COCTOSIHHE,
MyJIbCUPYIOIINI MOTOK BO3YXA, MYJIbCATOP, TeXHOJOrH4ecknii 3¢ ekt cenapannu

IMocTtanoBka mpodaemu. [licna306upanbuuii 00poOITOK 3€pHA € OIHIEI0 3 OCHOBHUX
3a/1a4d arpapHOro BUPpOOHUIITBA. Pa30M 3 MOBHMM OYHIIIEHHSM 3€pPHOBOT'O BOPOXY BiJl JOMIIIIOK
OJHUMH 3 HAWBaXUIMBIIIMX O3HAK SKOCTI HACIHHEBOTO Marepiajly € KpYNHICTh Ta T'yCTHHA
caMUX 3epHUH. baraTopiuHUMH IOCII/DKCHHSIMH BCTAHOBJICHO, IO 3€PHUHU 3 HAWOLIBIITUM
3HAYEHHSM TYCTHHU € HaWOUIbII 3pimuMH (i31070T14yHO. 3HAYEHHS TYCTHHHU MA€ CyTTE€BUH
BIUIMB Ha HACTYMHI O10JIOT14HI BJIACTUBOCTI HACIHHEBOTO MaTepialy — Ha >KUTTE3/IaTHICTD,
CHIIy POCTY, EHEPTit0 MPOPOCTAHHS Ta CXOXKICTh 3€PHUHH, KUIBKICTh CTE0NT Ta SKICTh POCIIHH.
3epHa 3 BUCOKHM 3HAYCHHSIM T'yCTHHH JAIOTh OUIBIIY KUIBKICTH POCIIHH, SIKI PO3BHUBAIOTHCS
MIBUJIIE, [0 y MOAAIBIIOMY 03BOJISIE OTPUMATH BHIII Bpoxai. AHami3 BIUIMBY (i3HKO-
MEXaHIYHUX Ta O10JIOTIYHUX BJIACTUBOCTEH 3€pHHUH BKa3ye, 10 3HAYEHHS T'YCTUHU € OJHIEIO 3
MPIOPUTETHUX BIACTUBICTIO 32 KOO HEOOX11HO MpoBOAUTH Binoip [1-3].

© M.B. boraruprog, 1.0. Ckpunnik, O.B. IOpuenko, 2019
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IcHye Oe3nmiy TeXHIUHMX PIlIeHb YCTAaTKyBaHHS AJsl cemapallii 3epHa 3a pi3HUMH
(bi3MKO-MEXaHIYHUMH BJIACTUBOCTSMH, IO KOPEIIOIOTh 31 3HAYEHHSM TYCTHHOIO [4-7].
JIoCBiIOM BUKOPHUCTaHHS BCTAHOBIICHO, IO OIMBIIICTh 3 OONaJHAHHS HE 3a0e3MevyoTh
CydacHi arpoTeXHi4HiI BUMOTH 200 € eKOHOMIYHO HEe €)CKTUBHUMU.

Hamu BcTaHOBNEHO, 10 OJHMM 3 T[EPCIEKTUBHUX HANPIMKIB  3HMKCHHS
€HEPrOEMHOCTI, TPYIOMICTKOCTI, IiJBUIICHHS CTIMKOCTI Ta SIKOCTI MPOIIECy cemaparii 3epHa
3a TYCTHMHOIO € IEPEeBEJCHHS HACIHHEBOTO Iapy B ICEBIO3PIPKEHUI CTaH, JOCHIIHKEHHS
SIKOTO Ha CHOTOJIHI € aKTyaJIbHO0 mpobiemoro [3].

AHaJi3 ocTaHHIX JociigxeHb i mybuaikauiii. BpaxoBytoun Oionmoriuni Ta ¢i3uko-
MEXaHIYHI BJIACTUBOCTI 3€pHUH, MOXHA 3pOOMTH BHCHOBOK, IO TYCTHHA € OJIHIEIO 3
NEPCHEKTUBHUX O3HAK, 3a SKOK JOLUUIBHO MPOBOAMTH cemapauito [7-8]. CraH moBepxHi,
KOJIp, TMOKa3HWK TPYKHOCTI, a TaKOXX OIOJIOTiYHI BIIACTHUBOCTI; a came: >KUTTE3MATHICTb,
CXOXICTh, €Heprisi MPOPOCTaHHA Ta CWJIA POCTY 3HAXOAATHCS B MPSIMiMl MpomopiidHIN
3aJIe)KHOCTI BiJ] TYCTHHH, K € MMOKA3HUKOM KUIBKOCTI TTOKUBHUX, PEYOBHH IO MICTSATHCS B
KIIITHHAX 3€pHUHHU, 1 BiqoOpakae cTaH 3apojka B eHjocnepmi. ToOTO 4iM BHILA TYCTHHA, TUM
Kpalli BUIE3raJani MOKa3HUKH 1 BIIACTUBOCTI 3epHUHU [4-5].

AHamITHUHUN OTJs[ KOHCTPYKIIA Ta TEXHIYHHUX pillleHb poOOYMX OpraHiB
YCTaTKyBaHHS Uil Cemapaii 3a TYCTHHOIO IOKa3aB, IO OJHUM IPIOPUTETHUM HAIPSIMKOM
JUIS TIOKPAIllEHHS SIKICHUX TIOKa3HUKIB poOOTH € MO 3epHOBOrO Iapy B CTaHi
TICEB/IO3PIHKEHS 3 T0/Ia4ei0 IYJIbCYIOUOTo TIOTOKY TOBITpA. JlaHe mmTaHHS TOTpedye
IIPOBEACHHS JOCHIUKEHb JUIl BHM3HAYCHHS TEXHOJIOTIYHMX MapaMeTpiB OOJaJHaHHS AJs
eeKTUBHOI cemaparlii 3epHa 3a T'yCTHHOIO [4-6].

ITocTaHoBKka 3aBAaHHA. BpaxoBylouM BHILEHaBEeIE€HI BHUCHOBKH C(HOpPMYJIbOBaHY
MeTy poOOTH: MiJBUIICHHS TNPOIYKTUBHOCTI Ta €(PEKTHBHOCTI, 3HW)KEHHI E€HEPro€MHOCTI
npoliecy cenaparii 3epHa 3a T'yCTHHOIO B CTaHI ICEB03PIIKEHS 3a JOIOMOTOI0 IyJIbCYI0UOT0
MOTOKY TOBITPSI.

Bukiaax ocHoBHoro wmarepiaiay. I[lapamerpamu onrtumizamii mporecy cemapaiii
0o0paHO HACTyNHi: MPOAYKTHUBHICTE (), kr/ron (Y1=Q) Ta TexHomoriyHuid edekt cemaparii
(TEC), % (Y,=TEC). dnsa nocnijkeHHs BIUIMBY Ha IUIbOB1 (PyHKIIT OKpeMux (hakTopiB Ta
3HAXOKEHHS PpAaIliOHATBHUX I1X 3HAYeHb PO3POOJECHO EeKCIEPUMEHTAJIBHHNA —cernapaTop

(puc. 1).
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HaciHHA Ao cenapauil cenapauif HaciHHA B cTaHi NceBAO3PIAKEeHHSA
1200...1260 12

NI

(o9 Ty St ey g f‘/\‘ B Btk

|_—»

1400

NynbCcYK4ni NoTiK I'IOBiTpH/ HaciHHA nicnAa cenapauii (No ¢gppakuiam)

a — 3araJbHUH BUIIA] cenaparopa; 0 — pyHKIIOHaJIbHA cXxeMa cenapaTtopa (1 — HarHiTaTpHa YacTHHA 3 OJIOKOM
KepyBaHHs; 2 — THEBMaTHYHUI KaHall; 3 — pama; 4 — mopucra (peleTo) Neperopoika; 5 — myabcatop 3i 3SMiHHUM
JliaMeTpOoM JIOTIaTi Ta NPUBOAOM; 6 — OyHKep; 7 — pelIeTo AJIst BUAAICHHS HOBITPs; 8§ — PETYJIATOP KyTa HaXMTy
THEBMAaTUYHOTO KaHaily; 9 — peryJboBaHi 3aC/IiHKHU JUIs 3MiHU TOBITPSHOTO NOTOKY; 10 — TUIBHUKK 3€pHOBOTO
mapy; 11 — MexaHi3M Juisl peryJIloBaHHS BUCOTH LIapy 3epHA B THEBMAaTHYHOMY KaHauli; 12 — MexaHi3M
peryJIroBaHHsI BUCOTH BCTAHOBJICHHS AUILHUKIB Iapy)

Pucynox 1 — 3aransamuii Burisg (a) i cxema (0) eKCIIeprIMEHTAIFHOTO CerapaTropa
Hotcepeno: pospobiaeno agmopom

Hnst  3a0e3nedeHHs  HAWOUTBII — CHPUSATIMBUX YMOB  TPOTIKAaHHS — MPOIECY
TMICEB03PiIKeHs MOTPiOHO 1100 BUKOHYBasiack ymosa [9-10]:

a>30-d,, (1)

JIe @ — MUPUHA KaHATY, M; d, — €KBIBAJICHTHHUH JllaMeTp YacTKH, M.
Bucoty kanamy MOXHAa BH3HAUMTH B 3aJIe)KHOCTI BiJ] TOYaTKOBOi BHCOTH hy Ta
IIapyBaTocTi € mapy Haciuus [11-12]:

b=hy/e. (2)

ExcnepumenrtansHo noBeneHo [13], mo poOouy MOBKHHY KaHAIy CJij OOMpaTH B
mexax L=0,5-1 M, 1110 103B0OJIsI€ IOEAHATH HaMKpallll 3HaueHHsI TTOKa3HUKIB SIKOCTI MalllMHU —
NpoaAyKTUBHICTH (Q) Ta TexHonoriyanii egext cenapaii (7EC).

YacToTy mynbcauii NOBITPSIHOTO MOTOKY, , B 3aJIEKHOCTI BiJ T'YCTHHU 3€pPHUHU Ta

JOBXMHU pereTra (Ieperopo ki) MOKHa BUSHAYNTH 32 POPMYIIOH0:

:2-7r~a)T¢~z. p

wn
L ptp.

ne o'y — TabmMYHe 3HAYEHHS IIBMAKOCTI (imbTpamii JIs JaHOTO MaTepiady IpH
crerneHi nceBao3pimpkens n<2,5[10];
p, p, — TYCTUHA YaCTKH Ta CEPEIOBUIIA, Kr/MC.
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HactynHuM eranmoM miJipaxyHKy € BH3HAa4€HHS THUCKY, SKHH IOBHMHEH JaBaTH
BEHTHIISITOP P, nans 3a0e3ledueHHs Mpolecy ITHEBMOIMITYJIbCHOI cemaparii HaciHHA 3a
T'YCTHHOIO.

Py=11-(R+P+P+P,), 3)

ne Py, P, P;, P, — BIANOBINHO Omip MyJbcaTtopa, IIapy HACIHHS, MEPEropoJKH Ta
BTpaTH MOBITPSIHOI cucTemH, Klla.
Onmip mapy HaciHHs BU3Ha4aeMo 3a ¢popmyoro [10]:

P=g-h-(1=¢)-(p=p.).

brnoxin IL.B. [9-10] 3ampomonyBaB HacTynHy ¢opMyny s BU3HAYEHHS OMOPY
MIEPErOPOAKH B 3aJISKHOCTI BiJl MaTepiary Ta KiIbKOCTI IIapiB:

P= 1)), 4)
ne f1w— nocaigHi koedimienTu 3 Tadi. 13 [9].
Onmip nmynbcaropa 3a Gopmynoro [3]:

A :(§+k)'(P2 +P3)a

ne & — KoedilieHT onopy MmyJibcaTopa B FTOPU30HTAIEHOMY MOJI0KEHH [12];

K . . . P ‘D, .
— KOe(II€HT NPONOPLIHHOCTI, BU3HAYAETHCS 3a POPMYJIIOK0 k = —— sin( o, -tl , B

AKIHM a, — llaMeTp JIONaTeBOro KoJjieca MyJibcaTopa, M;
Dy, — mmpuHa J0MaTeBoro KoJjieca myabcaTopa, M.
Busnayaemo BTpaTu MOBITPSIHOT CUCTEMM:

P,=k-(B+P+P), (5)

ne k| — koedimieHT BTpaT MOBITPS MOBITPSTHOKO CUCTEMOIO.
Jlis BUOOpY THITy BEHTHIISTOPA MOTPIOHO TaKOX 3HATH BUTPATHU MOBITPSI CENapaTopoM
[9]:
T
q=L1'b-L-w,. (6)

[Ticns BUOOpPY BEHTWIATOpA 3TiHO OTPUMAHUX 3HAYCHb ¢ Ta Py, ciig 3poOuTH
MePeBIpKyY CTYTEHIO nceBao3pimkens [9-10]:

Wy,
n=—2<25, (7)
®,,

e ®, — IiHCHA IBUIKICTh GLIBTPAL], Ky BU3HAYAEMO 32 hopmyoto [3]:

W, = h
(1—8)-(p3—pg)-(1+a” Lo sin(o, -t)j+pc-km g laxp)
(l-b a.b

®,, — KPUTHYHA IIBHUJKICTH INCEBAO3PI/UKEH, PH HAUOLIBIIOMY OMOpi IWapy i B

3QJIEKHOCTI B TEOMETPUYHMX Ta  (PI3UKO-MEXaHIYHMX BJIACTHBOCTEH  Marepiany,
BU3HavaeThes 3a hopmynoro [9, 11]:
A%
(I)Kp = d_ . RCKP ’
e
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Jie V — KoeiIieHT KIHEeMaTHYHOI B SI3KOCTI TTOBITPSI;
Re,, — KpuTHUYHE 3HaUCHHS 4Kciaa PeliHonbaca, AKe 3HAXOAATh K (YHKIIO Bif YKCIIa

3 —
Apxivena Ar=S"% 2 P 10610 Re,) =0,0121- 47"
4 Pe
Bucoty BcTaHOBIIeHHS AUTBHUKIB h,; BUu3Hauaemo 3a hopmyoro [13]:
_ k, - hy N
©100%

ne hp — MoYaTKoOBa BUCOTA APy 3€pHA B THEBMAaTHYHOMY KaHaJl, M;
#j — KIJBKICTb 3epHUH (j-0i (pakuii), %o;
k; — ¥Xoe(dimieHT BHCOTH BCTAaHOBJCHHS JUTBHHKIB, SIKHA BpaxoBY€ CTYIIiHb
PO3ILIUPEHHS apy
[ToTpiOHY TOTYXHICTH JJIsi TICEBIO3PIMKEHS IIapy HACIHHS pPO3PaxOBYEMO 3a
dbopmymnoro (1.9):
h

N, =005-b-L-w,-| 7517%!

[ToTy>xHICTh Ha BaJly €JIEKTPOJBUTYHA BU3HaYaeMo 3a (popmyiioro [10]:
-P
Y
102-7
ne n — KK/ npuBony BeHTHIATOPA.
Jlns po6oTu cenmapaTopa notpidHe BukoHanHs ymou: N, =N, .

TexHonoriunui eexT cenapailii B 3a1€KHOCTI BiJ (PI3UKO-MEXAaHIYHUX BJIACTUBOCTEN
MIOYaTKOBOTO MaTepialy Ta NapaMeTpiB MalllMHU MOKHA BU3HAUUTH 32 (popmyJioro [13]:

3
TEC =k, -k, ky- Y E,

i=1

abo

3
TEC =k -k, -k, -3 T8 . p")-(l—e“’"")-IOO"o,
i=1 Heg " Pe
ne ki — xoeilieHT, 1o BpaXxoOBY€E CTYIIHb BIUTUBY KOe(illi€HTa aCUMETPIi eMop TUCKY
MOBITPSTHOTO TIOTOKY B IOB3JIOBKHBOMY IT€pEpi3i THEBMATUYHOTO KaHATY Sk;
ky — KoedilieHT, M0 BPaxOBY€ CTYMiHb BIUIMBY €KCIIECY E€MIOpP THCKY MOBITPSHOTO
MIOTOKY B IIONIEPEYHOMY Iepepi3l MHEBMATUYHOTO KaHaly Ey;
ks — xoedimieHT, M0 BpaxoBy€e BIUIMB Koe(illieHTa BUCOTH BCTAHOBJICHHS AIbHUKIB
K.
3HaueHHs yTouHIOIOUHX KoedimieHTiB k;-k, HaBeneno B Tadim. 1.
[TpomyKTHUBHICTH cemapaTopa BU3HAYaEMO 3a (POPMYIIOIO:
O=k -ky-(1-¢)-p -h,-V,, -a,
ne V. — cepeqHs IWBUAKICTh pyXy Marepiaiy IO MOBEPXHI MEPEeroposku, Ky MOXKHA
BU3HAYUTH 32 HOPMYJIIOIO:

4.
v, =—Le
P+,
0 — KyT HaXxuIy NeperopoaKu, Tpaj.

~a)qb~cos a,
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Tabmuusg 1 — YTouHroroui koedilieHTH BIUIMBY IMapaMeTpiB cemapaTropa Ha sIKICHI
MTOKa3HUKH POOOTH

ITo3nauenns YTouHI01041 KOe(hilli€EHTH [
[TapameTtp 3HayeHHS | YTOYHIOIOYOTO . | TexHOMOTIUHOTO
xoedirienra | MPOAYKTHBHOCTL edekTy cenaparii
Koedimient Si.<0 0,96 0,94
acuMeTpii enmopu
TUCKY B Sk.=0 ky 0,99 0,97
MIOB3/IOB)KHBOMY
NEPEeTHHI KaHaIy Sk>0 1 1
Ekcuec emopu Ex<0 1 1
THCKy B E=0 ko 0,96 0,90
MOTIEPEYHOMY
MePETUHI KaHAITy E.>0 0.93 0.85
k,=0,8 - 0,95
Koedimient
BCTaQHOBJICHHS k=1 k3 - 0,98
MIIBHAKIB
k=1,2 - 1

Ha pwuc. 3-4 HaBenmeHO HOMOTpaMH Uil BH3HAYCHHs MNpoAyKTHBHOCTI () Ta
TexHoJorigHoro edekry cemapariii (7£C) B 3a51e:KHOCTI BiJ] MTapaMeTpiB cernaparopa.

100
TEC, TEC=
% :
90
80 t+=
Ps | 1,1 1,2 1,3 1,4 1,5 (kMa)
o, |6,28 8,37 10,47 12,56 14,65 (c")
L | 0,1 0,3 0,6 0,9 1,2 (M)
h, | 0,04 0,06 0,08 0,1 0,12 (m)

Pucynox 3 — Homorpama st BU3Ha4eHHS TEXHOJIOT19HOTO edexTy cenaparuii 7EC
Lboicepeno: pospobneno agmopom
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Q 2,6
Kkric
24+
2,0 f b NG
1,6
1,4 t—
P, 1 1 1.2 1.3 1‘.4 15| (klMa)
oy 6,28 8,37 10,47 12,56 14,65 (C'W)
L 0,1 0,3 0,6 0,9 1,2 (m)
h, 0,04 0,06 0,08 0,10 0,12 (m)

Pucynox 4 — Homorpama st BU3SHaYCHHS IPOLYKTHBHOCTI O

Loicepeno: pospobneno agmopom

BucHoBku. Ha OCHOBI TEOpETHKO-EKCIIEPUMEHTABHUX JOCIHIHKEHb 3aIPOIIOHOBAHO

METOAMKY PO3paxyHKy cernapaTropa 3 MpaKTUYHUMU PEKOMEHALIsIMU, sIKI HABEJICHO Y BUIJISAL
HOMOTpaM 1 TaOnWIb, AJs BHU3HAYCHHS IapaMeTpPiB cermaparopa 3 TIO3WIT JOCATHEHHS
HaMBHUIIUX 3HAYEHb TEXHOJOITYHOro e(eKTy cenapariii Ta IpoyKTHBHOCTI.
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Justification of Technological Parameters of the Grain Separator

The article is developed the problem to pneumatic-impulsive separation according to density. Harvesting
is one of the important operations in agribusiness. Wheat grain is selected according to different indicators. They
are all correlated with grain density. Grain density affects the yield and nutrition of the produce. The analysis of
modern equipment has indicated a new direction of research. The purpose of the work is formulated: increase of
efficiency and productivity of the process of separation of seeds by density in the state of fluidization; reducing
energy consumption through the use of pulsating airflow.

Analysis of the designs of modern separators indicated the way of modernization of the separator. The
authors proposed to replace fluctuations sieves pulsation air. This will reduce energy costs and improve quality
performance. To confirm the idea, the authors developed a new separator. Structurally, it consists of two parts:
the first creates the required flow of air, and the second - divides the grain by density. The second part is a
pneumatic duct with a partition. The grain is filled with a conveyor in the hopper. The flap in the hopper regulates
the flow of grain into the pneumatic duct. The channel is horizontally divided by a partition. The partition
transmits air. On the partition, the grain layer is fluidized. A pulsator is installed between the fan and the duct. It
consists of an electric motor and a damper. During operation of the electric motor, the damper closes the
pneumatic channel or open. This creates a ripple of air in the pneumatic duct beneath the partition. The pneumatic
duct has two flaps for changing the speed and pressure diagrams. The flaps adjust the quality of the separation.
Grain was classified into three fractions. The first fraction is light grains with a density of 1000-1100 kg / m®. The
second fraction - medium grains with a density of 1101-1200 kg / m’. The third fraction is heavy with a density
greater than 1200 kg / m’. Grain was classified by dividers at the outlet of the pneumatic duct. Experimental
researches confirmed expedience of the use of pulsator by setting of him in a pneumatic channel for replacement
of swaying motion of sounding board on a pulsating blast.

The analysis of existing types of grain separators is carried out. The properties of the fluidized bed and the
individual grain are correlated with the design, kinematic and aerodynamic parameters of the separator, with the
following factors: random force of frontal force; the presence of ripple air flow; excess and asymmetry of
pressure plots, respectively, in the transverse and longitudinal sections of the pneumatic channel; the height of the
layer dividers. The boundary modes of operation of the separator and the upper limit of its productivity are
substantiated, provided that the maximum technological effect of separation is achieved. The experimental
regularities of the influence of the basic geometric and kinematic parameters of the proposed separator on the
technological parameters of its operation are presented.
pneumatic pulse separator, density, grain, seeds, fluidized state, pulsating air flow, pulsator, technological
separation effect
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Teopernune  goCHIDKEHHS  B3aeMoill  OyiapOM 13
CIIIPAJLTI0 OYMCHHMKA KapTOILISIHOIO BOPOXY

OunineHHsT BUKONAHOI 3 IPYHTY KapTOIUI BiJl IPYHTOBHMX JOMIIIOK i POCIMHHUX PEIITOK € HalOiabII
BaXJIMBUM €IICMEHTOM B ii BHPOOHHIITBI, OCKUIBKM 4YHCTOTa OYib0, BICYTHICTH MOIIKOJKCHb 1 BHCOKI
eKCIUTyaTaliiiHi MOKAa3HUKH CaMoro NpHOWMpaHHS B 3HAYHIA Mipi BH3HAYalOTh €(DEKTUBHICTH BCi€l ramysi.
CTBOpeHHS HOBHX OYHCHHKIB KapTOIUITHOTO BOpPOXY, MEHII METAJIOMICTKAX, OUTHII e(pEeKTHBHHUX 1
BUCOKOIPOAYKTHBHUX JO3BOJISIE YCIILNIHO BHUPILIYBaTH 1€ 3aBHaHHA. s OOIpyHTYBaHHS ONTHUMAJbHHX
KiHEMaTUYHMX 1 KOHCTPYKTHBHHX IIapaMeTpiB HOBOTO OYHINyBaya KapTOIUITHOTO BOPOXY CIIPaJbHOTO THILY
mo0Oy10BaHa MaTeMaTHYHa MOJAETH PyXy OAWHIYHOI OyJIp01 IO OYMCHIN MTOBEpPXHI, yTBOPEHIH TBOMa CIIipasIMH.
B pesymnprati pimenns Ha [IK oTpumanHux aHamiTHYHHX BHpasiB Oynu moOyaoBaHi TpadidHi 3aleKHOCTI MiX
napaMeTpamMHi PO3IJSIHYTOrO TMPOILECY PyXy OJMHUYHOIO Tila OyapOM KapToIuli MDK JBOMa CYCIAHIMH
cripajisiMM, L0 JO3BOJMIM BHOMpATH ONTHUMAalbHI KOHCTPYKTHMBHI 1 KiHEMaTHYHI HapaMeTpd CHipajbHOro
cernaparopa.

KapTOIIs, IPHOUPAHHS, OYHIIEHHS Bil 1OMIIIOK, PyX, MATeMaTHYHA MOJe/Ib, po3paxyHku Ha IIK

B.M. Byarakos, npod., I-p TeXH. HayK, 3.B. Py:kumno, 1om., KaHa. TeXH. HAYK

Hayuonanvuviii ynusepcumem buopecypcos u npupooounoavzoeanus Yxpaunsl, e. Kues, Ykpauna

M.HN. YepHoBoJ, nmpod., a-p TexH. Hayk, H.A. CBupeHb, mpod., I-p TeXH. HAYK

Llenmpanvroykpaunckuil HAYUOHATbHYI MexXHUYecKull yHusepcumem, e. Kponusnuyxuii, Yxpauna
Teopernyeckoe mucciiel0BaHue B3aMMOJAECHCTBHSA KJIYOHSI €O COMPAJbI0 OYUCTHTENS

KapTo(eJIbHOr0 BOpOxa

OuucTKa BBIKOIIAHHOTO U3 ITOYBLI KapTO(i)eJ'IH OT ITOYBEHHBIX BKIIOUYCHUM M PACTUTCIIBHBIX OCTATKOB SABJIACTCA
HanOoJiee BaXKHBIM JIEMEHTOM B €€ IIPOU3BOJCTBE, IOCKOJIbKY YHCTOTa KIyOHEH, OTCYTCTBHE NMOBPEXKICHUN U
BBICOKHME 3KCIUTyaTallMOHHBIE IOKa3aTeN CaMoro mnpolecca YOOpKH B 3HAYUTEIbHOW CTEHEHU ONPENeISIOT
s dexkTuBHOCTh Bcel orpaciu. Co3paHue HOBBIX OYUCTUTENEH KapTO(eIbHOr0 BOPOXa, MEHEE METaNIOEMKHX,
6oiee 3P PeKTUBHBIX U BEICOKONPONU3BOIUTENBHBIX TI03BOJISIET YCIIEIIHO pemarh 3Ty 3agady. 1ius o6ocHOBaHMS
ONTHUMAIBHBIX KHHEMAaTHYECKUX W KOHCTPYKTHBHBIX NapaMETPOB HOBOTO OYMCTHTENS KapTo(denbHOro Bopoxa
CHHMPaJbHOTO THIA IIOCTPOCHA MaTeMaTH4ecKas MOJAENb MABWKEHHS EAWHMYHBIX KIyOHeH IO OYHCTHOH
MTOBEPXHOCTH, 00pa3oBaHHOH AByMs crmpaisiMu. B pesymnbrate pemrenus Ha 11K moMydeHHBIX aHATUTHYECKIX
BBIpa)KCHUI OBUTH MOCTPOCHBI TpahUuecKre 3aBUCUMOCTH MEKAY HapaMeTpaMH paccMaTpHUBacMOro Ipolecca
JIBIDKCHUSI €AMHUYHOTO TeNa KIyOHEeH KapTodemns MeXIy OBYMS COCEIHHMH CIUPAIIMH, KOTOPbIE MO3BOJIMIN
BBIOMpATh ONTHMAJIbHbIE KOHCTPYKTHBHBIE M KHHEMAaTHIECKUE [TapaMETPhl CIIMPAIBHOTO Cenaparopa.
kaprodenb, y0OpKa, 0O4MCTKA OT pUMecei, ABUKeHHe, MaTeMaTHYecKas MojieJb, pacyeTsl Ha IIK

IMocTtanoBka npodaemu. [IpomuciioBe BUPOOHUIITBO KapTOILI € OJHIEIO 3 €HEPro- Ta
MaTepiajJOMICTKUX Tally3ed CUIBCHKOTO TOCIOJAAPCTBA, OCKIIBKH TUIBKH 3 C€HEPTreTHYHHUX
BUTpAT NEPEBUILYE MUTOMI BUTPATU €HEprii Ha BUPOOHHIITBO OJMHHUII 3€PHOBUX KYJIBTYD B
4...5 pasziB. HaitOGinpm BY3bKOIO JIAHKOIO B MEXaHI30BaHUX TEXHOJOTISIX BUPOOHHUIITBA
KapTOILI 3aluInaeTbes 11 30uMpaHHs, 30KpeMa JJOBEICHHS OJEpKyBaHOI MPOIYKIi [0

© B.M. bynarakos, 3.B. Pyxwuno, M.I. Yepnosoi, M.O. Csipens, 2019
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KOHJIUIIMHOTO BUTISIAY. TOMY TIpH MOAANIBINIA PO3pOOIll Ta YIOCKOHAJICHHI poO0YMX OpraHiB
KapToIuIe30MpalbHUX MallMH 1 ONTUMI3alii iX mnapameTpiB HeoOXigHO, Mepml 3a BCe,
3a0€3MeYnuTH HE TUIBKM 3MEHIICHHS IX Marepiajo- Ta EHEeProeMHICTh, a W 1CTOTHO
MiABHIYBATH SIKICTh BUKOMIAHUX OyJIbO KapTOILTi.

AHami3 ocTaHHIX JocjimkeHb 1 myOJikaumiii. AHam3  TEXHOJIOTIYHHX 1
KOHCTPYKTHBHHUX CXEM KapTOIUIE30MPaIbHOI TEXHIKH, sIKa IIMPOKO 3aCTOCOBYETHCS B JaHUUN
4ac B CBITI, ITOKa3ye, 1110 HAMO1IbIIIa YacTKa MAacH BCiX MAIIMH MPHUIAAE caMe Ha cemapyroul
poboui opraHd, Tak SIK BBAXKAETHCA, IO 13 30UTBIICHHSIM iX KUIBKOCTI 1 pPI3HOMaHITHOCTI, a
BIJIMOBITHO 1 TPUBAJIOCTI cemapallii BUKOIAHOTO 3 IPYHTY KapTOIUITHOTO BOPOXY, JOCATAETHCS
HEOOXiHE MiJBUILEHHS YUCTOTH OTpUMaHOi mpoaykuii. Lle MmosCHIOEThCS THUM, IO OYMCHI
poboui opraHu € KIIOYOBOK JIAHKOIO B 3a0€3MeuUeHHI SKICHMX TOKa3HHUKIB poOO0TH
KapToIu1e30MpaibHOT MALIMHHU B IJIOMY.

[IpoBeseHUMH TEOPETUYHUMHU 1 EKCHEPUMEHTAIbHUMHU JOCTI/DKCHHAMH, a TaKOX
YUCIEHHUMHU BUMNPOOYBAaHHAMU PI3HUX THUIIB KapTomiae3oupansbHux MammuH [1...14]
BCTaHOBJICHO, II0 BUCOKOSIKICHE OYMIICHHS OyJib0 KapTOIUIi Bif IPYHTOBUX 1 POCITUHHHX
JOMIIIOK MOXJIMBE B pa3i, KOJM 3HayHa Maca IPyHTY Ta IHIIMX KOMIIOHEHTIB BOPOXY
(3aMIIKK THYKH, KOPEHEBHUIIA, MIIHI IPYHTOBI YTBOPEHHS, KaMiHHS Ta 1H.) OyJe Biapasy X
BiJJOKpeMJIeHa Bij Oyibp0 B mpolieci BUKOIMYBaHHS KapTOIJISTHOIO Iapy ado X BiApasy micis
fioro mimiiomMy 1 3HayHa Maca Kynu He Oyne mojaBaTHCS pa3oM 3 Oyib0aMu B CepeanHy
MamuHU. OJHaK 3acTOCOBaHI MiAHOMHI TPAHCHOPTEPH, MPHUCTPOi U PO3MyLIyBaHHS 1
OpoOJIeHHS BUKOIAHOTO Iapy, BCTAaHOBJICHI Bifpa3y Ticis TACUBHUX 1 AaKTUBHHUX
MIJKOMYIOUUX POOOUYMX OpraHiB BiOpalifHOrO THUIY, TPOXOTH, TPYIKOPO3UYABIIOBaYi, IO
MalOTh JAOCTATHIO TPAHCIOPTHY 3/aTHICTh, MAIOTh MOPIBHSHO HU3BKI CEMapyroui MOKa3HUKH
pobotu. B pesynbrari 11bOro 3HaYHa Maca IPYHTOBHUX JOMIIIOK 1 POCIMHHUX 3aHUIIKIB BCE
OJTHO TIOJIAE€THCS BCEPEIMHY MAIIMHY 1 HAJAXOIUTh HA 1HII cernapyodi pododi opraHy.

[Tpu upomy oumncHI pobodi opraHu OUTBIIOCTI KApTOIIE30UPATBFHUX MAIIMH Pi3HOTO
THUITy, TaKl SIK CTPYIIyBayl, IPYTKOBI €J€BaTOPH, TPOXOTH, a TAKOXK cernapaTopu 0apabaHHOrO i
pOTaLiHOTO THUIMIB MependayaroTh B CBOIM OLNBIIOCTI Tak 3BaHE «IACHBHE)» CEMapyBaHHS
nomimok. Tak, He JUBIISTYNCH Ha Te, IO JaHi poO0di OpraHu MOXKYTh BiOpyBaTH, MaTH pi3Hi
aKTUBATOpHW (HAMPUKIAJ, JOMATEeBl, IIHEKOBI Ta 1H.), 3AIHCHIOBATH 1HINI BHIMA MPUMYCOBHX
pyXiB, BiIBEICHHS JOMIIIOK TYyT HE € NpPUMYyCOBUM. HesBaxaroum Ha Te, HIO TijlaMm
KOpeHeOyIbOOIIIO B KapTOILi, SIK 1 CYIIPOBODKYIOUUM iX JIOMIIIKaM, CTBOPIOIOTHCS Pi3HI 3a
HampsSMKaMU 1 BEIMYMHAM OYMWIIAI0Yl 3YCWIUIS, OJHAK B OLIBIIOCTI BHITAIKIB CydYacHi
cernaparopu JOMIIIOK HE CTBOPIOIOTH ISl HMX YMOBH CaMe€ IPHUMYCOBOTO 3aXOIUICHHS 1
MPUMYCOBOTO BiJIBEJICHHSI i3 30HW Cemapamii, TOMy IOMIIIKH, Y BIJOMHUX IPHCTPOSX, HE
3aBXKAM 37aTHI 10 e(EeKTHBHOI cemaparii, OCOOJMBO B yMOBax BOJIOTOTO IPYHTY, ILO
IHTEHCUBHO 3allOBHIOE CEMapylodi 3a30pH, HASBHOCTI KOPEHEBHIN 1 IHIIMX POCIHMHHUX
3aJMIIKIB (CYyXMX 4YM 3€JE€HHX), 110 TaKOXX NEepeKpHBaloTh 3a3HaueHi 3a3opu. Kpim Toro,
BiJOMi CemapaTtopud KapTOIUITHOTO BOPOXY MAarOTh OOMEXEHI MpOCIIoYi 3a30pH, IO
00yMOBITIO€ 3aXOIJICHHS 1 TpaBMYBaHHSI T OyJIb0 KapTOILi.

IMocTtanoBka 3aBaaHHs. Ha mincTaBi TEOpEeTHYHUX JOCIHIKEHb HOBOI KOHCTPYKIIIH
OYMCHUKA KapTOIUIl BiJ JAOMINIOK CHIpaJbHOTO THUIYy BHU3HAYUTH MOrO0 ONTHMAJbHI
KiHEMaTHYHI Ta KOHCTPYKTUBHI TTapaMeTpH.

Buknaag ocHoBHOro marepiany. JlocmipkKeHHS NMPOBEAEHI 3 BUKOPHCTAHHSIM OCHOB
MO/JICJTIOBAHHS, TEOPETUYHOI MeXaHika Ta MaTeMaTWKH, a TaKOX CKIAJaHHS Iporpam Ta
MIPOBE/ICHHS YUCIOBUX PO3paxyHKIB 3a gornomororo [1K.

Hamu Ha piBHI BHHAxoqy po3poOJjieHa HOBa Ta BHCOKOS()EKTHBHA KOHCTPYKIIiS
OYMCHHKA KapTOIUISHOTO BOPOXY cHipajJbHOro Tuma [9], B skoMy mnepeMmilieHHs Oyib0
KapTOIUIi BiIOYBAETHCSI B PYCIIi, YTBOPCHOMY JBOMA CIIPATbHUMH €JICMCHTAMH, BUKOHAHHUMH
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y BUIVISII CHIpaJbHUX LWIIHAPUYHUX TMPYXHH. KOHCTpYKTHMBHA cXeMma JaHOTO OYHMCHUKA
npejacraBieHa Ha puc. | (3aranpHuil Burian 3Bepxy). Ha puc. 2 naHuii BUIsS[ OYMCHUKA
KapTOILISTHOTO BOPOXY 300Ky (@), To0TO BuA A Ha puc. 1 Tta cnepeny (6), To6T0 Bua b Ha
puc. 1.
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Pucynok 1 — KoHcTpyKTHBHA cXeMa CHipajibHOrO OYMCHHUKA KapTOILISTHOTO BOPOXY
Lorcepeno: pospobneno asmopamu 3 guxopucmanusim [9]

,! | h_'|||l
|

O4HCHUK KapTOIISTHOIO BOPOXY CIIpabHOTO THUITy MICTHTh OCHOBHY pamy 1, 10 sikoi
MiIBEICHUI TTOIaBaIbHUI TpaHcIopTep 2. YcepenuHi pamu 1 po3ramoBaHi I’ sITh MPUBLIHUX
OYMCHUX BaJIbLIB, SIKI BHKOHaHI y BHIJISI/II KOHCOJIBHUX CHIpalbHUX TPYXHUH 3, IO
BCTaHOBJICHI 31 B3aEMHUM TEPEKPHUTTS 1 MAalOTh MiXK CO0O0 cemapyrodi 3a3opu. CripaibHi
IOpPY)XKMHU 3, BCTaHOBJEHI KOHCOJbHO OJHUMM KIHIIMM Ha MaTO4YMHax 4, 3B’A3aHUX 3
MIPUBITHUMH BaJaMu 5, sIKi 00epTarOThCA B OJJHOMY HampsiMi (BHKIIIOUSHHS CKJIAJIa€ OCTAHHS
cripanpHa IpykuHa 3, 0 00epTaeThesa HA3yCTpiu MOMEPEHiif), a IPyTi X KiHI[l po3TalloBaHi
BiIbHO. O0epTanbHi pyXH MPUBIIHUM BajlaM 5 CHipalbHUX MPYXKUH 3 3a0e31euyroTh 3y0JacTi
KoJsieca 6, 1110 00epTaOThCs 3aB/ASKH 3aralbHOMY THYYKOMY NPHUBIAHOMY Baity 7.

Sx BumHO 31 cxemu (puc. 1) OYHMCHI Bajbll, SKi BUKOHAHI y BUTJISAI CIipaJbHHUX
MPY>KUH 3, PO3TAIlIOBaHI y MOB3JA0BKHBO-BEPTUKAIbHIN IUIOMIMHI XBHJIEMOMIOHO Ha Pi3HIM
BHCOTI TaKUM YMHOM, IO ()aKTUYHO YTBOPIOIOTHCS J[BA OYHUCHHX pyciia. | BHHTOBI HaBHBKH
yCiX I’ ATHOX CHIpaNbHUX MPY>KUH 3 CIIPSIMOBaHI B OJHOMY HAmpsMi 10 iX KOHCOJIbHHX KiHIIIB.
OuncHi Bamblli, MO BHKOHAHI y BHUIUIAMI CHIPaJbHUX TMPYXKUH 3, PO3MIIICHI YyCepeauHi
pyxoMoi paMKu 8, 110 Ma€ MpSIMOKYTHY (opMy, sika BCTAaHOBJICHA 3BEPXY Ha OCHOBHIHM pami 1
3a JIOTIOMOTOI0 YOTHPHOX MPYKUH 9, pO3MIMIEHUX y KyTax PyXoMoOi paMKu 8§ i1 siKa Ma€ HaXHi
i KyTOM o 1O TOpu30HTy. Haj BUXiZHHMMH, BUTBHO PO3TAIIOBAaHMUMH KIHIISIMH CHipaTbHUX
NpyXWH 3, BCTAaHOBJICHUH NpuBigHUN Ban 10, po3MilIeHni MepIeHIUKYISIPHO TTOB3JOBKHIM
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OCSIM CaMHMX cripaiield 3, 3 IJIOCKUMHU eJIacTUYHUMHU OiTepamu 11, 1m0 3HaXOAAThCS ycepeauHi
BKAa3aHMX OYHMCHUX pycen. Jlo Japyroro KiHIS pyXoMoi paMKd 8§  MigBeACHUM
BHBAHTAXYBAIbHUI TpaHcroptep 12. Takum umHOM, mpuBigHUN Ban 10 € BCTaHOBICHUM
6e3rnocepeIHbO Mepesl BUBAaHTAXKYBAJTbHUM TpaHcropTepoM 12. Jlist 3anobiranHs BTpaT Oyns0
KapTOIUTI HABKOJO OYHMCHHX BallblliB, BHUKOHAHWUX Y BUIVIIAI CIIPATbHUAX TPYXUH 3,
3aKpIIUICHO TUIOCKI MPSAMOKYTHI 3aXucHi ekpanu 13. HampsiMku oOepTaiabHHUX 1 KOJIMBAJIbHUX
pyXiB poOOYMX OpraHiB OYMCHUKA Oynp0 KapTOIUI BiJ JOMIIIOK, a TaKOX PYXy ITOTOKIB
KapTOIUIi IOKa3aHi CTPIIIKAMH.

a—Bug A;0—8unb

Pucynok 2 — CripansHHAN OYHCHUK KapTOIUITHOTO BOPOXY
Loicepeno: pospobneno asmopamu 3 guxopucmanusim [9]

O4HCHUK KapTOIUISHOTO BOPOXY CHIPaJbHOIO THUIY TMPAIIOE€ TAKHUM UYHWHOM.
Kapromisinuii BOpoX MoOAa€eThCs MOJABAIBHUM TPAHCIOPTEPOM 2 HA MOBEPXHIO, YTBOPEHY
OYMCHUMH BaJbIIMHA, BUKOHAHMMHU Yy BUIJISAL CHIPAIBHUX MPYXKUH 3, sSKi HPUMYCOBO
00epTaroThCsi B OAHOMY HAamNpsIMKY. [Ipy 1IbOMy BOpPOX pO30CEPEDKYETHCS IO TMOBEPXHI
OYHMCHHUX BAJIBIIB 1 CHIpaJbHUMHU NIPY>KUHAMH 3 TPAHCIIOPTYETHCS HE TUIBKU B paJialbHOMY, a
i B ocbOBOMY HampsiMkax. [Ipu 1isoMy BUIIICH] 3 Ky BOpOXY OyJIb0M Bifpa3y MOTPaIuIsIIOTh
yCcepearuHy IBOX OYHUCHHUX Pycell. A OCKUIBKH CIipajibHi MPY>KUHH 3 BCTAHOBJIIEHO KOHCOJIBHO,
TO KOJIMBaHHS iX KIHIIB copuse e(QeKTHUBHIN cemapaiiii ApiOHUX TPYHTOBUX JOMIIIIOK.
CenapyBaHHS TPYHTOBHUX JOMIIIOK ¥ POCIMHHUX PEIITOK BiOYBA€ThCS HE TUIBKMU YHU3, ale,
3aBASKH XBWJICTIONIOHOMY pPO3TAaIlyBaHHIO TPUBIAHMUX OYMCHHUX BaJbI[IB, IO BUKOHAHI Y
BUTJISII CHIpalbHUX TPYXKUH 3, Ta iX MPUMYCOBOMY 00€pTaIbHOMY pycCi, B PI3HHX, B TOMY
yuci, 619Hux HampsMax. lle 3Ha4HO migBHINyeE SKICTh ouMIeHHsS Oyip0 Bim gomimok. [Ipu
TPAHCHOPTYBAaHHI MO OYHMCHIA TOBEpXHi, OynbOM KOHTAKTYIOTb 3 BHUTKaMHU CHipaJbHHUX
MPYXKHUH 3 1 TUM caMHUM €(EeKTUBHO OYMIIYIOTHCS BiJl HATUILIOTO IPYHTY. OCKUIBKU CHipalibHI
NpYy>XUHU 3, BCTAHOBJICHI OJHUMH KIHIIMH Ha MaTO4YMHAX 4, 3aKpIIUICHUX HA MPUBIIHUX
BaJlax 5, sIKIi 00EpTAaIOThCA B OJHOMY HAmNpsIMKY, a MPHUBII B OOEpTaNbHUN pPyX BajiB 5
3a0e3neuyroTh MPHBIiIHI 3yOUacTi Koseca 6 1 3araJbHUI THYYKUI NPUBIAHUI BaJl 7, TO MPOLEC
TPAHCIIOPTYBAaHHS Ta CeNapyBaHHS JOMIIIOK MOXE BiOyBaTHCh NpU Oynb-sKiid (HaBITH
BUCOKIi) 3aaHiil MBUIKOCTI 00EpTaHHS CHIpaJbHUX MPYXHUH 3. 3aBISKU TOMY, IO OYMCHI
BaJIbIIi, 110 BUKOHAH] y BUTJISII CHIPAIBHUX MPYKUH 3, PO3MIIIIEHI YCepeauHl PyXoMOi paMKh
8, 110 Ma€ MPSAMOKYTHY (popMy 1 sika BCTaHOBJICHA 3BEpPXy Ha OCHOBHIN pami 1 3a 1omomororo
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YOTUPBHOX MPYXKHUH 9, pO3MILIEHUX Yy KyTaX paMKHU §, BOHa Ma€ MOXKJIMBICTb 3/1MCHIOBATH 1€
i OKpeMi KOJHMBAJIBbHI PYyXH, SIKI 3TIMCHIOIOTBCS MiJ] JI€I0 3MIHHOTO 3aBAaHTAXCHHS. 3aBISKH
TOMY, IO pyXOMa paMkKa 8 Mae HaXxwi MiJ KyTOM a J0 TOPU30HTY, TO OyibOu, siKi y
NepeBaXkH1M OUIBIIOCTI MAtOTh KPYIJIl (POPMHU, MiJ AI€I0 CUII TSOKIHHS TapaHTOBAHO PyXalOThCs
3 OUIBIIOI IMIBHIAKICTIO Y HAmpsMi BUIBHUX KIHIIB CHipaJbHUX MPY>KUH 3 yCepeauHi IBOX
OYHCHUX pycel, SKi yTBOPEHI BHACIIJOK TOTO, IO OYHWCHI BajbIll pPO3TAlllOBaHI Yy
HOB310B)KHbO-BEPTUKAJIBHIM IUIOMKHI XBAIENOAIOHO Ha Pi3Hil Bucoti. [pyHTOBI MOMimIKK Ta
POCIIHMHHI PEIITKH, sIKi HE 3[]aTHI O KOYCHHS, PyXalOThCs MO OYHMCHIN MOBEPXHI, YyTBOPEHiH
OYHMCHHMHM BajJblIMM, OUIBII MOBUIBHO, OJHAK BHACIIJAOK KOJHMBaHb BUIBHUX KIHIIB
CHipaJbHUX TPYXHH 3, a TaKOX caMoi PyXoMoi paMKH 8 Ha MpyXHHaX 9 BiIOyBaeThcs iX
IHTEHCHBHA cemapallis YHH3, 32 MeXl OYHCHHMKA. BHAcHiOK IbOrO 10 BHUXIAHHX KIHIIIB
CHIpaJIbHUX NPYXHUH 3 IPYHTOBI JOMIIIKM M POCIMHHI PEIITKH MaikKe HE NOXOAsThb, a TaM
OMUHAIOTHCS Y ABOX OYMCHHUX PycCiax TUIbKU OynbOu kapToruti. TyT Haj BUXITHUMH, BUIBHO
pPO3TaIlIOBAaHUMH KIHLSMHU CIIPAJIbHUX NPYXUH 3, BCTAHOBJIEHUH npuBigHui Ban 10, skwuii
PO3MILLIEHUH TEPHEeHIUKYJIAPHO MOB3AOBKHIM OCAM CcaMuX cHipaied 3, 3 IUJIOCKUMHU
enacTHYHUMHM OiTepamu 11, 1m0 3HAXOASATHCS ycepeAuHl BKa3aHUX OUYMCHUX pycel. A Tomy
Ooitepu 11 HaHocaTh mo OynbpOax M’sKi yaapu, 30MBalOYM 3 HUX HAIUIUIMA TPyHT, 1
BUIITOBXYIOTh Ha BUBAHTAXXYBAIBHUH TpaHcriopTep 12. 3aBasku ToMy, o npuBigauid Bai 10
€ BCTAHOBJICHMM O0e€3MocepeJHbO Mepel] BUBAHTAXXyBaJbHUM TpaHcmopTrepoM 12, To Bci
TOMIIIIKH, SIKi 1€ 3aJTUIIAINCH, 0€3M0CePeTHBO 3BUILHSIOThH BUJIbHI KIHII CHIpaTbHUAX MPYKUH
3 i magaroTh qoHU3Y. [licas moBHOro o4MIIeHHS OyIb0M NOTPAIUISIIOTh Ha BUBAHTAKYBaJIbHUM
tpancnoprep 12. Jns 3amoOiranHs BTpaT Oynb0 KapTomni B OIYHMX —HampsMax
3aCTOCOBYIOTHCS 3aXUCHI eKpaHu 13, siKi (PaKTUYHO OTOUYIOTh PyXOMY pamKy 8.

Oci eneMeHTIB pPO3MIIEHO MapajelbHO 1 MDKIEHTPOBAa BiJJalb MDK HHMH «,
JIOTTyCKa€ TIEPEKPHUTTS BUTKIB CITipasieii.

CknazeMo €KBIBaJEHTHY cXeMy B3aeMmoaii OynbOM KapTomli ¢ BHMTKAMU JBOX
CHIpaJIbHUX MpPYKUH (puc. 3).

Pucynox 3 — ExBiBaneHTHa cxema B3aeMOZii Oyiap01 KapTOInIi 31 cIiipalisiMu
Howcepeno: pospobaeno agmopamu

Ha puc. 4 npuBeneHa ekBiBaJIeHTHAa cXeMa KOHTaKTy OyibOM KapTOIUI 31 CHipasiMu
OYHCHHUKA.
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Bubepemo cucremy xoopamaat Oxyz Tak, mo0 Bick Oz CIiBIajaia i3 BicClO Mepuoi
cripani (mpy>XuHHU), a Bick Ox HampsiMJIeHa B CTOPOHY APYTol CHipali 1 CHiBIajaia i3 JiHi€lo,
10 3’ €AHy€E ocl cripaneil B momuHi Ox) .

B 3aranpHOMY BHIAJKy JIiHIS EHTPIB 1, BIIMOBIIHO, Bich Ox , HAXWIJIEHA T KYTOM d

710 TOPU3OHTY.
Oci BWTKIB CITipallbHUX €JIEMEHTIB yTBOPIOIOTh TBHHTOBI JIiHII PIBHAHHS SIKUX Y
napaMeTpUYHOMY BUTJISL:

Pucynok 4 — ExBiBaneHTHa cxeMa KOHTaKTy OyJbOM KapToILli 3 HOBEPXHEIO CHIPAIbHUX MIPYKUH
Howcepeno: pospobaeno agmopamu

x, =R cos(y, +y) ;

=R Sin(‘//l'HVlo); (1)
2 =W,
2

X, =R, COS(‘//z +l//20)+aw;

¥, =R, Sin(‘//z+V/zo); (2)
2, =W
27

ae R, Ta R, — pailycu BIANOBIAHO NEPLIOr0 Ta APYroro €JIE€MEHTIB, L0 3aJal0Th
PO3MIIIIEHHS OC1 TIPYTKa;

S, Ta §, — KpOKH BIJNOBIAHO NEPILOi Ta APYToi cripaii;

W, Ta y, — He3aJIeKH1 KyTOBI MapaMeTpH CIipaieid;

¥, Ta Y, — TOYaTKOBI MOHT@XHI KyTH CHipajed, IO BH3HAYAIOTh HANpPSIMOK

PO3MIIIIEHHS CIYeHHSI BUTKA B MOMEHT dacy ¢ =0;
o, — BlIaIb MK OCSAMHU cHipasieil.

s mpaBuX cripalieil 3HaueHHS KPOKY B CHipanel MmpuiMaeTbes 13 3HaKoM (+), A7
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JBHX 13 3HAKOM (—).
dopmanizoBaHUH OMUC TOBEPXHI CITPAIILHUX EIIEMEHTIB CHPOILYETHCS  IPH
BUKOPHUCTAHHI CIICIIAJIbHOI TBUHTOBOI cHCTeMH KoopauHaT Op@ly/ , B SKii PO3MIIICHHS

JOBIJIbHOT TOUKHM BU3HAYAETHCA MapaMeTpamMu ¥/, ¢ Ta p, € i — KyTOBUH Mapamerp, 110
3a/1a€ PO3MIIICHHS TIOTIEPEYHOTO CIYEHHS IO JIOBXHHI CIIPabHOTO TMPYyTKa;, p Ta @ —

BIJINIOBITHO paiaJIbHU Ta KyTOBUH MapamMeTpH IMOJIIPHOI CHCTEMH KOOPJMHAT B IUIOIIMHI
MOTNIEPEYHOTO CIYCHHSI.
IToyatkoBe posmimienHst oci O'p’, Bim SIKOro BH3HAYAETHCS KYT I/, BUOMPAIOTH 3a

HANPSMKOM BEKTOpPa TOJIOBHOI HOpMaJli 7 TBUHTOBOI JIiHil.

Beenemo momatkoBy cucremy koopaunHat O'x'y’z' tak, mo6 foro opramu Gynu opTH

CYIIPOBOJIKYIOUYOr0 TpUKyTHHKa. Toxai BichO'x’ Oyne HampsMiIeHa IO BEKTOPY T'OJOBHOI
HOpMauti 7, Bick. Oy’ — 0 HaNPAMKY JOTHYHOI / 710 TBUHTOBOI OCi MpyTKa, a Bick Oz — 1o
BekTOopy OiHOopMmani 6. KoopauHaTtu AOBUIBHOT TOYKHM MONEPEYHOro CIYEHHS MapaMeTpaMu
V,Q ta p,Bcucremi O'x'y'z’ BU3HAYAIOTHCS 3a 3aJIEKHOCTAMH.

x'=pcosp; y'=0; z'=psing. 3)

3B’s30k cucremu koopauHaT O'x'y’z' i3 0GazoBoro cucremor0 Oxyz  JIOLIIBHO

BU3HAYMTH, BUKOPHUCTOBYIOYM MATPUUHI MEPETBOPEHHS OJHOPIIHUX CUCTEM KOOpIMHAT, B
K MK BEKTOpaMHU 7 Ta 7' BIiAMOBIIHUX CHCTEM KOOPIMHAT ICHYE 3AJI€KHICTh:

r=R (y)T.R (7)T.r, 4

Jie MaTpUIll KyTOBUX MOBOPOTiB R 1 R Ta miHiltHUX nepemiiens 7. Ta 7 .

B posBepHyTOMY BUTIISAI B3a€MO3B’S30K, IO OMHUCYETHCS 3AIEKHICTIO (4) mpuiime
BUTJISIA:

. cosyy —cosysiny  sinysiny  Rcosy +
y siny cosysiny —sinycosy Rsiny ¥
= . wS , (5)
z 0 sin y cos ¥ By, z
T
Vo 0 0 U

3rigHo (5) 3B’A30K MDK KOOpAMHAaTaMu 0a30BOi cucTeMu KoopauHat Oxyz Ta
crneniaibHO1 TBHHTOBOI Oppy Oyne:

x=(R+ pcosg)cosy + psinysinpsiny ;
y=(R+ pcosg)siny — psinysinpcosy ; (6)

S—W+pc0s7/sin(p.

z =

BuzHaunmMo MOXIMBE PpO3MILICHHS KapTOIUli HAa HEPYXOMOMY  CIipalbHOMY
cenaparopi.

[Tpuitmemo B mepiioMy HaOJIMKEHHI, 110 KapTorisi onucyeThes cheporo. Toxai B Touii

KOHTaKTy E) 1 E> HOpMaJi 0 TIOBEpXHI KapTOIUIi Ta MOBEPXOHb BUTKIB KOJICHIapHi, a peaKii

13 CTOPOHH BHUTKIB IPOXOIATH uepe3 HeHTp KapToruii (puc. 3-4). O1ke KOOPAUHATHU X, V., Zc
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[IEHTpa KapTOIUli pajiycoM R, dYepe3 MapaMeTpH y@p MOXHA IPEICTABUTH K Yepes3
napamMeTpu TOYKM KOHTAaKTy Ej, Tak i 4yepe3 mapaMeTpH TOYKH KOHTakTy E,. Buxomsum i3
CHUMETpii pO3MILIeHHs CepUIHOI KapTOIUTI Ha BUTKAX, MAPAMETPH TOYOK KOHTAKTY ] Ta M
CYCIHIX BUTKIB OJHI€1 CITipasti 3B’ s13aH1 3aJI€KHICTIO:

W, =—,. (7)

Jis cepuuHOi KapTOILIi pajaiaibHi napameTpu ii nentpa C:
plc:pZC:r+RK' (8)
Po3rnsiHeMo BapiaHT po3TalllyBaHHS KOPEHEIUIOAY, KOOPAMHATHU LIEHTpa Baru SsIKOro

OoyayTh x. = R, y. = 0, z. = s/2. Toxi, npu moYaTKOBOMY 3HAa4E€HHI KyTOBOT'O IapaMeTpy BUTKa
cripam ,= 0, KyTOBI MapaMeTpH TOYOK KOHTAKTy CTAaHOBUTHUMYTb Y, Ta W, =27 —y,, a

KyTOBHI ITapaMeTp KopeHermiony oyzae 6. =y, =0.
B npoMy BHManKy i3 APyroro Ta TPEThOro PIBHSIHB CUCTEMH (5) MaeMO:

) s Sy

cosysinp =———%x; 9

PeCOSySNQ =2 =" )

tan%:w, (10)
R+p. -cose

BuxntoueHHs mnapaMeTpy ¢ NPUBOAUTH 10 TPAHCLEHACHTHOI'O PIBHSHHS 3B A3KY
KyTOBOI'O IapaMeTPy /3 pajiaibHUM apaMeTpoM p, =R, +r:

tany,_ = aﬂﬁ—wgfny . (11)
4r°p.

I3 piBusinas (11) mrykarots uncioBuMu Metoxamu sHadenus y =y (p,)=w (R +r),

K (PYHKIIIO BiJ pajiycy KapTOILTi.
Kyt po3mimeHHs meHTpa KapTomuli 6, BU3HAYAETHCSA 13 YMOBU KOHTAKTy i3 BUTKOM

=101 cripai (puc. 1):

2]

—a? —(Rc +R, )2 +(R +1,+R, )2 | 12)

cosf, =
a,(R +R,)
[Tpu BigoMili NiHIWHINA KOOPAUHATI z KAPTOILIL, II KYTOBE PO3MIIIICHHS BU3HAYAETHCS 3a
3aJIEKHICTIO:
2r z
6, = . (13)
S+rx

KyToBi mapameTpu TOYOK KOHTaKTy PiBHi:

0=0,-vy_, (14)

0,=0,+y,. (15)
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Toxi KyTOBI MapaMeTpH TOYOK KOHTAKTY Ta LEHTPY KOPEHEIUIONY B TMOJIAPHIN CHCTEMI
KOOpJUHAT 3TiHO (9):

S(z-w,) (16)

@, , = *arcsin .
2mp, cosy

I3 mepmioro i apyroro piBHsSHB cuctemMu (6), paniyc poO3MiIIEHHS KapTOIUl MpH ii
00KOUYyBaHHI 110 PyCiTy, yTBOPEHOMY BUTKaMH OJHI€T cripaii (puc. 2):

R, +r)siny-S St
Rc :Xc: ( K ) 4 f//K — g7 .l//K . (17)
27 (R +r)cosysiny, 27 siny,
Kouenns kapromi paaiycom Rx TO BHTKax MEPIIOi CIipalii MOKHA MPEICTaBUTH SIK
KOYeHHsI cepu MPUBEACHUM pajiilycoM R, MO HUIIHAPUYHIN MOBEPXHI MPUBEIECHUM PailyCoM
R,.

Tyr:
R =R 7. (18)
cosy
R+
g - (Rrreose). 19)
cosy

Jis cnipaseii 13 HeBEJIMKUM KYTOM IiJITHIMaHHS y BUTKIB Ta MAJIUM KPOKOM S MOXKHa

JaTU HAOJIMKEHUN PO3PaxyHOK MapaMeTpiB PO3MIIIEHHSI KOPEHEIUIOY Ha BUTKaX.
Kyt y, mykaemo i3 HaOJIMKEHOT 3aJ1€KHOCTI:

Al -cosy S-sin(2y)

siny, = 20
Vi R an (20)
ne Al, — 1oBXUHA MPOEKLii JyTH 3riJHO pUc. 2.
KyToBuii mapamerp ¢ B nepiomy HaOIMKEeHHI Oye:
sing = (21)

2(R +7)

Ha puc. 5 ta puc. 6 npuBeieH1 3aleXHOCTI KyTIB {/, Ta ¢ BIANOBIAHO BiJ pajiyca
cripanbHUX eleMeHTiB mpu s = 40 MM Ta R,= 40 MM, po3paxoBaHUMH 3a HAOIMIKCHUMHU
sanesxkHocTsaMu (20) Ta (21) i 3a Tounnmu (11) Ta (16). Ix ananis nokasye, mo napamerp @, 3
JIOCTaTHBOKO JUIs TPAKTHYHOTO BUKOPUCTAHHS TOYHICTIO, BU3HAYAETHCS 32 CIIPOIICHOIO
3aexHICTIO (21), Toal SK mapaMeTp Y, IS clipajei Majoro pajaiycy HeoOXiJHO BU3HAUaTH

TUTBKH 3a 3ajiexHicTio (11).
Jnst BunagKy o0epToBOi cHipaii BBOAUMO NPOMIXKHY cucTeMy koopauHat Ox,y, z, .

siKa obepraeThbes BitHOCHO oci Oz = Oz, HepyxoMoi cuctemMu Oxyz. Toai piBHSHHS 'BUHTOBOI
minii cmipani (1) Ta meperBopenHs (3-6) OynyTs npoBoautuch y cucremi Ox,y, z, , a ii

B3a€MO3B’SI30K 13 cucTeMOI0 OX)z ONHUIIETHCS Y BUTIISAL IEPETBOPCHHS:

r=R_ (ot)r,=R_ (ot)R, (v)T.R.(y)T.r". (22)
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PucyHok 5 — 3anexHicTh KyTa i BiJ pajiyca CHipaJIbHUX €IEMEHTIB IpH Kpoui HaBuBKU S =40 MM
Ta paziyci Oynsou R, =25 MM

Loicepeno: pospobneno agmopamu

0.7

0.68

0.65 - — = — —

0.63 /
PL(R) /

©R)

0.58

0.55

0.53
l

0.5
0 25 50 75 100 125 150 175 200

R

PucyHok 6 — 3aiexHICTb KyTa @ Big pajaiyca CripalbHHUX eJIEMEHTIB IpH KpoIli HaBUBKA S =40 MM
Ta pagiyci Oynsbu R, =25 MM

Icepeno: pospobneno asmopamu
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BiamoBiaHo 115t 06€pTOBOI CIipai piBHSHHS OCi IPYTKIB Oyie (A1 mepiroi):
x =R cos(y, +y,, +ot);
y=R, Sin(l/jl ¥ +a)t); (23)
Sy,
2r
Jns apyroi cmipani oGepTaHHS MPOBOAUTH BIAHOCHO i1 OCI 1 PIBHSHHSA I'BUHTOBOI OCi

NpyTKiB Oy/ie aHaJoTivHe.
PiBastHHS (6) 3B’ 513Ky CHEIIaJIbHOT CHCTEMHU KOOpAMHAT 13 6a30BOIO Oye:

x=(R+ pcosg)cos(y +art)+ psinysingsin(y +wrt);
y=(R+ pcose)sin(y + wt)+ psinysinpcos(y + wt); (24)

Sy .
zZ=——4 pCOS Y SIn +wt).
5 tpcosy (v + o)

Po3mimenHs kapTomi Oy1e BU3HAYaTUCh KYTOBUM IapaMeTpoM 6 -

0=y +ot, (25)
a 11 0cbOBa KOOpAUHATA!
0—-owt)S
z:¥+(Rk+r)cosy-sin9. (26)
2r
BiamnoBigHO 0ChOBa MIBUAKICTE Oy/€:
dz (df S do
=—=|——@w|—+(R, +7r)cosy-cos@—. 27
Zdt(dt )27z(")y dt @7
BepTukanbHi Ta rOpU30HTANBHI KOJIUBAHHS B PYCIIi:
Vy:[—(R+pcos¢))sin0+psin7-sin(a-cos@]%; (28)
. . . do
VZ=[(R+pcos@)cos@+psmy~sm¢-sm9]7; (29)
t

[Tpy UUAIHAPUYHHUX TPYKHUHAX, 10 00EPTAIOTHCS BIAHOCHO CBOET OCl, 1 Tpu chepuuHiii
KapToIuli KyT 6 OyJie He3MIHHUM.
IIpu r = const, S =const nocriiHUM OyJe 1 mMapameTp ¢ = const .
. . w-S
Bignosigno V =V =0Ta V, =——r.
i 2r
VY BUNajKy eNiNncHOi B CideHHI (OPMH KapTOIIi MAKCUMAIBHO 1 MiHIMAJIbHO MOXKJIMBI
BiJlIaJTi BiJI IIEHTpA cripaneil OyayTh:
Zmax[ :Ri +§+Rk’ (30)
[ =R +R, -0,
Jie O — BeJIMYMHA BIIXMJICHHA OCHOBUX PO3MIpIB BiJl CEPEAHBOrO 3HAUYEHHS KapTOILIi,
R;0=a-R =R, —b.Tyraib—mniBoci enncoia.
BennunHa ocumIIOUOro pyxy MNpH IMEpPeKOYyBaHHI KapToIul Oyae NpPOXOJUTH B
HanpsAMKy oci Ox 13 aMILTITY010:
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e 2k,5(R,+R,)

a

(2]

: €2))

ne k , —xoediLieHT, 1110 3aJIeKUTh BiJ CHIBBIJHOIICHHS pajlycCiB cripayiei 1 KapToIuii.
Toxi B mepimioMy HabIMKeHI KOOpIMHATA LIEHTPa EJINCOIAHO1 KapToIui

e

R
x =54 gsin| 22 w4 g , (32)
2 R,

a MBUJIKICTH OCHMITIOIOYOTO PYXy Oy/e JOpiBHIOBATH:

2AR. ,
V = < @ cos Cot+e

X b

(33)

Y Y
ne & —3cyB (a3 4acTOTH 0OepTaHHs CHipai 1 KapTOIIi.
PosristreMo MOKIHBICTS iHTEHCHDIKAIIIT TIpOIIeCy cenaparllii BOpoXy KapTOITi.
3micTUMO Ocl oOepTaHHS BITHOCHO OCI CIipaji Ha BETWYHHY EKCICHTPUCHUTETY & .
Toni 3B's130k 00eproBoi cucremu koopauHaT Ox,y,z, BITHOCHO 0a30BOI ONMIIETHCS

3aJIeKHICTIO:
r=R"™T"), =R ()T, (¢)R.(v)T.R.(7)T.r". (34)
BinmoBigHO piBHSHHS TBUHTOBOI OC1 IPYTKIB CIipai, 110 o0epTaeThes Oye:
x coswt —sinwt 0 xX,+é&
sinowt coswt 0
z 0 0 1 z,
1 0 0 1 1
3BIAKH:
x=(Rcosy +¢&)coswt — Rsiny sin o ;
y:(Rcosy/+g)sina)t+Rsinl//cosa)t; (36)
_, Sv
2
[Ticns BiAMOBITHUX MEepeTBOPEHB cucTteMa (36):
x=Rcos(y +ot)+ecos ot ;
y=Rsin(l//+a)t)+gsina)t; 37)
2=
2

VY BUNaJKy, SKII0 BEKTOPHI BEJIMYMHU CKCIICHTPUCUTETY B JIBOX CIipaJiel OJMHAKOBI,
g, =&,, TO KyT po3MillleHHs KapToIii B cuctemi Ox,y, z, Oyne NocTiiHUM 6 = const .

BinmoBigHO MIBUAKOCTI IEHTPa KOPEHETIIONY Oy Iy Th:

X, =—wesinwt ;

V., =wescosat ; (38)
_o8

z= .
27
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Ha puc. 7, 8, 9 ta 10 npencrasneni rpadiky 3MiHH KOOPJIWHAT TOYOK HA TMOBEPXHI
cmipam X Ta y 3TOJOM IpPU PI3HUX 3HAUEHHSX pajilyca, eKCICHTPUCUTETY 3aKpiIUICHHA 1
KyTOBOI IIBUJKOCTI OOEpTaHHs CIipali, SKi OTpUMaHi 3a JOTIOMOTOI0 YHCEIbHUX PO3paxyHKiB
Ha I1K.

015

0075 |

0 01 0.2 03 0.4 0.5

PucyHok 7 — 3ayiexxHiCTh 3MiH KOOpJAMHAT X Ta ) Yy 4aci TOUKH, SKa 3HAXOAUTHCS Ha TIOBEPXHI CIiPaIbHOTO

cernapaTopa, Ipy KyTOBii MBHAKOCTI 06epTanHs cripani 30 pax-c’', eKCIeHTPHCHTET 3aKPiILTeHHS
cripaini 10 MM 1 paniyci cripai: 1) 50 mm; 2) 75 mm; 3) 100 mm

IDicepeno. pospobnerno asmopamu

0.15

0.1

—0.15
0 0.1 0.2 0.3 0.4 0.5

t

Pucynok 8 — 3mMiHa M0310BKHBOT KOOPIAMHATH X TOYKH Ha MOBEPXHI CHipaji ¢ 4acoM
npu paniyci cripani 75 MM, excueHTprcuTeTi 10 MM 1 KyTOBi# IIBHIAKOCTI 00epTaHHs CIipasiei:
1) 10 pag-c; 2) 30 paa-c’; 3) 50 pa-c’

Loicepeno: pospobneno agmopamu
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015

0.1

-01

-0.15
t

Pucynok 9 — 3miHa MO310BXKHBOI KOOPJUHATH V' TOYKH Ha TIOBEPXHI CIipai 3 4acoM

pu pajiyci crmipaini 75 MM, ekceHTprucuTeTi 10 MM 1 KyTOBI# MIBHIKOCTI 00epTaHHSI CITipajei:
1) 10 pam-c™; 2) 30 pax-c™; 3) 50 pag-c’

Iicepeno: pospobneno asmopamu

0.072

X1t

Z20t no24

-0.072

-0.12

Pucynok 10 — 3MiHa KOOpIMHAT X Ta y TOYL Ha MMOBEPXHI CITIpajii 3 YacoM IpH pajiyci cripaii 75 MM,

KyTOBiif mBHaKOCTI 0GepTanHs cripani 10 pax-c’ i eKCleHTPUCHTETI 3aKpiIIeHHs BaIbIIiB:
1) 0 Mmm; 2) 5 mm; 3) 10 Mm

IDicepeno. pospobneno asmopamu
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OTxe, 3MIIIEHHS OCI CHIpaJbHUX €JIEMEHTIB CenapaTopiB BIAHOCHO oci iX oOepTaHHA
3a0e3mnedye MONepevHi KOJUBaHHA pyclla OYMCHHKA, @ TOMYy MOXXE BUKOPHUCTOBYBATHChH JJIS
iHTeHCH(iKaIlli OYUIEHHS KapTOIUTi BiJ] IOMIIIOK.

BucHoBku: 1. Po3poOieHa HOBa KOHCTPYKIiS OYHCHHKA KapTOIUIi BiJl JTOMIIIOK
CHIpaJIbHOTO THUIIA, SIKA MOKPAIIy€e SKICHI TMOKA3HUKUA POOOTH KapTOIIe30MpaibHUX MAIlWH,
OCKINBbKHU 3amo0irae 3ajlMaHHIO BOJOTHM IPYHTOM €JEMEHTIB poOouoro oprany (ILIsSXoM
BCTAHOBJICHHS CIHipajeil 13 B3aeMHUM NEPEKPUTTAM), a MiJBUIICHHS IHTEHCUBHOCTI cemapartii
JOCSTAETHCS €KCLIEHTPUYHUM BCTAHOBIICHHSM CITipalieil.

2. Po3po0ieH0 MaTeMaTH4Hy MOJAETh B3aeMOJii OyiahOM 3 TIOBEPXHEIO CIipaIbHOTO
cemaparopa npu pyci Oyas0u B MDKBUTKOBOMY IPOCTOPI HABUBKH, sSIKa BU3HAYA€ MiHIMaJIbHE
3HAYEHHsS KyTOBOI MIBUIKOCTI oOepTaHHs BaubiiB. [Ipu pyci Oynsbu miamerpom 50 mm 1o
MOBEPXHi CHipali pagilycoM 75 MM 3 MPYTKOM HaBHBKHU JiaMeTpoM 15 MM mpu 3aKpiruieHHI
cripaneit 3 ekcueHTpucuteroM 10 MM s 3a0e3nedyeHHss ePeKTUBHOTO TPAHCIOPTYBAaHHS 1
OUYUIICHHS HEOOXiIHO, MO00 KyTOBa MIBUIKICTH OOepTaHHS BaibIliB Oyna B Mexax 27...40
pan/c.

3.1lpu anamizi KiHEMaTUKH pyxy OyJap0M KapTOIUIl 1O TIOBEPXHI OYHMCHHKA
CHIpaJIbHOTO TUIY 32 YMOBH JOTHKY OyJIbOM B TBOX TOYKaX JO OJHOI CIipaji 1 B OJHINA TOYIT
70 1HIIOT BCTAHOBJICHO, IO TPH 30UTBIIEHHI KYTOBOI IIBHUAKOCTI OOEPTAaHHS CHipaneit @
3pOCTa€ TPAHCHOPTYyIOYa 3JaTHICTH POoOOYOro opraHy, a cemapyroda 37aTHICTh MPH I[bOMY
JeUI0 3MEHIITYEThCS.
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Theoretical Study of the Interaction of a Tuber with the Spiral of Potato Cleaner

Cleaning of potatoes from soil and plant residues is the most important element in their production, as

the purity of the tubers, the absence of damage and the high performance of the harvest itself largely determine
the efficiency of the entire industry. The creation of new cleaners of potato residues that are less metal-intensive,
efficient and high-performing allows solving this problem successfully.
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A new design of the spiral-type residue cleaner has been developed. It improves the performance of
potato harvesting machines preventing operating elements from sticking with wet soil (by installing spirals with
mutual overlapping). The separation intensity is achieved by eccentric installation of spirals.

A mathematical model of the movement of a tuber along the cleaning surface formed by two spirals is
developed in order to substantiate the optimal kinematics and design parameters of a new spiral-type potato
cleaner. On the basis of computer-calculated analytical expressions, graphical dependences between the
parameters of the considered process of movement of a tuber between two adjacent spirals were constructed. That
allowed identifying the optimal design and kinematics parameters of the spiral separator. While analyzing the
kinematics of movement of a tuber along the surface of the spiral-type cleaner under conditions of contact of the
tuber at two points to one spiral and at one point to another, we established that as the angular velocity of the
spiral rotation increases, the transporting capacity of the operating element also increases, and the separation
capacity is somewhat reduced.
potato, harvesting, cleaning from residues, movement, mathematical model, computer calculations

Ooeparcarno (Received) 29.11.2019 IIpopeyenzosano (Reviewed) 04.12.2019
Tpuiinamo oo opyky (Approved) 23.12.2019

YK 631.33 DOI: https://doi.org/10.32515/2414-3820.2019.49.59-66

K.B. BacnibkoBcbKa, J1011., KaH]I. TEXH. HAyK

Llenmpanvroykpaincokuil HayiOHATbHUL MexHIYHUul YHieepcumem, M. Kponuenuyvkuti,
Ykpaina

e-mail: vasilkovskakv@ukr.net

BuszHaueHHs pallloHAJIbHUX ITapaMeTPiB
ITHEBMOMEXaHIYHOI'0 BUCIBHOTO amapara 3
nepu@epiiHuM po3TalllyBaHHIM KOMIPOK Ta IHEPIIMHUM
BUJTAJICHHSIM 3aiiBOI0 HACIHHS

B crarTi 3anporoHOBaHO HOBY KOHCTPYKIIiIO THEBMOMEXaHIYHOTO BUCIBHOTO amnapara 3 rnepudepiiinum
po3TalryBaHHIM KOMIPOK Ha BHCIBHOMY JIMCKY Ta TACMBHUM IIPHCTPOEM, L0 J03BOJISIE BUAAIATH 3aiiBe HaCiHHS
iHepmiitHuM cmocoOoM Ta 3a0e3MEYNTH TOYHHWHA BHCIB HACiHHA MpocamHuX KyibTyp. [IpoBemeHa cepis
JTOCTIIKEHB 3aIPOIIOHOBAHOTO BHUCIBHOTO amapaTa IUIsl HaCiHHS IyKPOBHX OYpSKiB TO3BOJMIIA BUHAYHTH BILIAB
pO3piIkeHHS y BaKyyMHIH Kamepi BHCIBHOTO amapaTa Ta KOJOBOi IIBHIKOCTI KOMIPOK Ha KoeQiIlieHT
3aIIOBHEHHS KOMipOK. 3allpOrOHOBaHA KOHCTPYKIIisl HOBOTO ITHEBMOMEXAHIYHOTO BHCIBHOTO amapaTa J03BOJISIE
3HaYHUM YWHOM 3HU3UTH BaKyyM B CHCTEeMi, IPH IbOMY 30UIBIIYETHCS KOJIOBA HIBHIKICTH KOMIPOK BHCIBHOTO
JUCKa JI0 3HAYCHb MOCTYNAJIbHOI IIBHIKOCTI IOCIBHOTO arperary, 1o 3abe3ledye CTaly TOYKY CKHIAHHS
Jlsi MOCSTHEHHS MOCTABJICHUX 3a/la4 3 BU3HAYCHHS PALiOHAJIBHUX MapaMeTpiB Ta PEKHUMIB pOOOTH BHUCIBHOIO
anapara BUKOPHCTOBYBABCSl METO/I TUIaHyBaHHs OaratodakTopHoro ekcriepuMenty. [Ipu npomy OyiM BU3HaueHi
OCHOBHI DIBHI Ta IHTepBaJM BapifoBaHHS (AKTOPIB /IS BHUCIBY HAaCiHHS LYKPOBHX OYypsKiB IpH BH3HAYEHHI
KoedillieHTa 3aI0BHEHHSI KOMIPOK BHCIBHOTO JIMCKA. 32 JOIIOMOTOI0 MAKeTy MPHKIaIHUX IporpaM Statistica 6.0.
JUTS TIapaMeTpa ONTUMI3allii — KoedilieHTa 3amoBHEHHS KOMIpOK MOOYZOBAaHO MOBEPXHIO BIATYKY Ta JIiHii
PIBHOTO BUXO.Y.

NHeBMOMeXaHIYHU BHCIBHMI anmapaT, BUCIBHUIl THCK, eKCIIEPMMEHT, Koe(ilieHT 3a0BHEeHHsSI KOMIpOK,
PO3pil:KeHHsl, KOJI0BAa IIBUAKICTb KOMIpPOK

© K.B. BacunbkoBchbka, 2019
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K.B. BacuibkoBckasi, 10L., KaHJ. TEXH. HAYK
LlenmpanvroykpauncKkuil HAYUOHANbHYIU MeXHUYecKull yHusepcumem, 2. Kponusnuykuii, Yxpauna

Onpene.ne}me PAllMOHAJBbHBIX MAPAMETPOB THEBMOMEXAHUYECKOI'0O BLICEBAIOLIIECT0
almaparta € neppn(])q)epnﬁﬂblM PACIVIOKCHUEM SIYECCK U HHEPIIUOHHBIM BbIIAJICHUEM

JIMIIIHUX CEMAH

B crartebe mpeiokeHO ~ HOBYIO KOHCTPYKLHMIO ITHEBMOMEXaHHWYECKOTO BBICEBAIOLIETO arapara ¢
neppudhepriiHbIM PaCIUIOKEHHEM  S4eeK Ha BBICEBAIOLIEM JAHMCKE M IACCUBHBIM YCTPOMCTBOM, KOTOpOE
MO3BOJISICT YAAIATH JIMIIHUME CEMEHa HHEPHMOHHBIM CIIOCOOOM W 00€3MeYMBaeT TOYHBIM BBICEB CEMSH
IpocanHbIX KyJasTyp. IIpoBeneHHas cemus MCCiieOBaHUMITPEIOKEHHOTO BBICEBAIOIIETO amnapaTa Uil CeMsH
caxapHOH CBEKJIBI ITO3BOJIMIIA OIPEIENINTD BIUSHIE PAa3peXeHNs B BAKYyMHON KaMepe BBICEBAIOLIETO anmnapara u
KpPYrOBOH CKOPOCTH s4€eK Ha KO3(HUIMEHT 3amoyHeHus sueek.llpeanoxeHHas KOHCTPYKLHSI HOBOTO
ITHEBMOMEXaHUYEHCKOTO BBICEBAOLIECTO ammapaTa IO3BOJIAET 3HAYUTEIbHBIM OOpa3oM CHHU3HTh BaKyyM B
CUCTEMeE, TIPH 3TOM YBEIMYHMBAETCS KPYrosasi CKOPOCTh SIMEEK BBICEBHOTO JHCKA JI0 3HAUYCHHUH IOCTYHNAIbHOU
CKOPOCTH TIOCEBHOI'0 arperaTa,4ro 00ecrneyBaeT MOCTOSHHYIO TOYKY COpachIBaHUs CEMSIH C BBICEIBHOTO JIMCKa
OIWHAKOBBIC TPACKTOPUU HUX IOJETAa K 60po3He npu Ka4CCTBCHHOM 3aIllOJIHCHHUU AYCCK. ﬂﬂﬂ JOCTHUKCHUA
MIOCTABJICHHBIX 3aJlayd C ONpEJeNICHHEM palMOHAIBHBIX apaMeTpOB U PEXHMMOB Pa0OTHl BBICEBHOTO armapara
UCTIONIB30BAJICS. METOJ IUIAHUPOBAHUS MHOTO(aKTOpHOTO SKcnepuMeHTya Ilpm 3ToM OBIIM  ONpeneneHsl
OCHOBHBIE YPOBHHM M IIapaMeTpbl BapbUpOBaHUS (AKTOPOB MAJsl BHCEBA CEMSH CaxapHOW CBEEKIbl  IIPH
omnpeneneHn ko3 duirenTa 3amoTHeHNs s;YeeK BEICEBHOTO rcKa. C IMOMOIIBIO NMAaKeTa MPUKJIAJAHBIX POTrpaMM
Statistica 6.0. mnsg mapamerpa ONTUMHU3AIMKH — KOS(HUIMIEHTA 3aIOJHEHUS SYeeK MOCTPOCHO IOBECHPXHOCTH
OTKJIMKA W JIMHUW POBHOTO BBIXOJIA.
NMHEBMOMEXAHUYECKHH BbICCBAIONINI ANNAapaT, BBICEBAIOIIUI ANCK, JKCIEPHMEHT, KOI(pHUIUEHT
3amoJIHEeHHUsI STUeeK, pa3peskeHne, Kpyropas CKOpocTh KOMOPOK

IMocTanoBka mpodaemu. [lepmioyeproBord yMOBOK TOYHOTO 3eMJIEpOOCTBA €
OTpPHMaHHS HACIHMHOIO CBOE1 IJIONII JKUBJICHHS, TAKAM YHHOM TIApPOCTOK OTPHMYE CBiil opeot
ICHyBaHHS Ta pO3BUBAETbCA HAWKpAlIMM YMHOM. Tomy BUOIp OONajHaHHS  JUIS
CLUTBCHKOTOCIIOIAPCHKOTO BUPOOHHIITBA HA MIOYATKOBOMY €Talli, a caMe: CIBaJKH I TOYHOTO
BUCIBY HaCiHHSI — € TICPIIIOYEPTOBOI0 YMOBOK MallOyTHHOTO BPOJKALO.

AHani3 ocTaHHix xochaimkens i myOaikauniid. CydacHi MHEBMOMEXaHIYHI BHUCIBHI
armapartd JUIsl TOYHOTO BUCIBY, MAlOTh HEJOJIKH, CEPEl SIKUX: HEOCTATHS I03yloUa 3J]aTHICTh,
0 BUKJIMKAaHA OOMEKEHICTIO KOJOBOi IIBHIKOCTI BuciBHoro mmcka (V,<0,5 m/c) Ta
MIPUCYTHICTIO BUITaJIKOBOTO HEKOHTPOJIHOBAHOTO MEPEPO3IMOALTY THTEPBAIIB MK HAaCIHUHAMH
B OOpO3HI, SIKUM € HACTIKOMK BEJIMKOI BITHOCHOI IIBHJKOCTI HACIHHS MPU KOHTAKTI 3 JTHOM
OOpO3HM i Yac pyxy CiBaJlKM Ha HOMiHampbHUX mBHAKocTsIX (V.=1,5...2,5 wm/c). ns
BUKJIIOYECHHSI TIEPEpaxOBaHUX HENOJIKIB IPOMOHYEThCS 30UIBIIMTH KOJOBY IIBUIKICTD
BHCIBHOTO JMCKa Ta y3TOJIUTH ii 3 MOCTYyNaIhHOIO MBHUAKICTIO MOCIBHOTO arperary. [1-7].

IMocTanoBka 3aBaaHHs. BigoMi KOHCTPYKIIT Cyd9acHUX MHEBMOMEXAHIYHHX BHCIBHHX
amapatiB HE B TTOBHIN Mipi JO3BOJISIOTh BHPIIIUTHU JIaHYy 3a/1auy TEXHOJOTIYHO 3 YpaxyBaHHSIM
TOrO, IO OJHOHACIHHEBEBUHM IMOTIK HACIHHS YTBOPIOETHCS III€ Ha MOYATKOBOMY €Tarll Horo
dhopmyBaHHS.

Jlo TOro X SIKICTh JTO3yBaHHS HACIHHS 10 JHA OOPO3HM 3aJIEKHUTH BiJ] PIBHOMIPHOCTI
po3TanryBaHHS HAaCiHMH Ha BHCIBHOMY JUCKy. Tomy BuOip ¢(opMu OTBOpIB JHCKA €
BH3HAYaJIbHOIO TOYATKOBOIO YMOBOIO PIBHOMIPHOTO JI03yBaHHS [6].

Bukiaa ocHOBHOro marepiajy. 3 METOIO MiJBHINCHHS TEXHOJIOTTYHOI €(EeKTUBHOCTI
TOYHOIO BHCIBY HAciHHS Ha Kadeapi CUIbCBKOTOCIOAAPCHKOTO MAaIIuHOOYIyBaHHS
[{eHTpanbHOYKPAaTHCHKOTO HAI[IOHAIHHOTO TEXHIYHOTO YHIBEPCHTETY 3KOHCTPYHOBAHO Ta
BUTOTOBJICHO JOCIITHHIA 3pa30K CEKI[ii HOBOi MHEBMOMEXaHIYHOI CIBAJIKH JIJISI TOYHOTO BHCIBY
HAaCIHHS mpocanHux KynbTyp (puc. 1) [1, 2, 7].
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a— cxema; 0 — TPLOXBHMIpHA MOJIEIH
1 — BUCIBHUH TUCK; 2 — KOMIpKa; 3 — jonaTka; 4 — IPUBOJHMIA BaJI, 5 — KOPITYC; 6 — BUCIBHE BIKHO;
7 — nacuBHMHI NPHUCTPIl Ul BUJAJICHHS 3aliBOr0 HACiHHS; 8 — BaKyyMHa Kamepa; 9 — HaciHHA
Pucynoxk 1 — 3anponoHoBaHMii MTHEBMOMEXaHIYHHI BUCIBHUH amapar:
IDicepeno. pospobneno asmopamu i3 suxopucmanusim [7]

['onmoBHOIO MepeBaror0 HOBOTO BHUCIBHOTO amapaTa € HasBHICTh OCOOJMBOTO BHCIBHOTO
mucka 1 3 mepudepiiHUM po3TallyBaHHSIM KOMIPOK 2, 3a SIKHMH Ha HOro BHYTPIIIHIN
MOBEPXHI PO3MIIICH] JIONATKU 3 JJI MPUMYCOBOTO 3aXOIUICHHsSI HACiHHS B poOodYiil Kamepi
armapara Ta MoJajblIoro HOoro TpaHCIOPTYBaHHA 70 30HU CKUAAHHS B OOpO3HY.

BuciBamii auck 1 3 koMmipkamu 2 3aKpiljIeHO Ha NMPUBOJHOMY Bajldy 4 Ta BCTaBIICHO B
WIIHAPUYHY TOPOKHUHY KOpITyca 5 anapaTa.

[Ipu oGepTranHi BUCIBHOTO AuCKa 1, KOMIpKH 2 3 JomaTKaMu 3 BXOJASTH B IIap HACIHHS,
1€ TiJ JTIEF0 TUCKY 3€PHOBOTO IMapy Ta CUJ TSKIHHS HAaCIHWHA CAaMOCTIMHO IMOTpaIuise B
KOMIPKY BHUCIBHOTO JHCKa. 3a JOTMOMOIO JIOMAaTKU 3 BiIOYBA€ThCSA 3aXOIUICHHS HACIHUHH
BUCIBHUM JIMCKOM IIPU MEPUIOMY KOHTAKTI ii 13 IIapoM HACiHHA, TOJI AK 1HIII HACIHMHU JIUILIE
MiAMTOBXYIOTh Ty, SIKa BK€ KOHTAKTY€ 3 JIONATKO, MHOIIe 10 KOMIpkH 2. TakuM 4HMHOM
BiIOyBa€eTbCsl HajiiHE 3aXOIUICHHS HACIHMHM Ta TPUCMOKTYBaHHSA ii 3a JONOMOTOIO
MOBITPSIHOTO MOTOKY 1 yTpuMaHHs ii B komipii. [licist 4oro 3axormieHa HaCIHUHA PYXa€ThCsA
pa3oM i3 AUCKOM.

dopMy KOMIPOK BHCIBHOTO JUCKa (PUC. 2) BUKOHAHO 3 PO3IIMPEHHSM B pajiaIbHOMY
HanpsAMKYy B OiK HepyXoMoil HIMJIIHIPUYHOI MOBEPXHI KOpIyca, sKa 3aMHUKae iX 00’eM Ta
CTBOPIOE HEPYXOMI 30BHIIIHI CTIHKHM BiJ 30HU 3alIOBHEHHS J0 30HU BHUCIBY. B 30H1 BUCiBY, Ha
LWITIHAPUYHIA TTOBEPXHI KOpIyca BUKOHAHO BHUCIBHE BIKHO 0, SIKE€ PO3KPHBAE KOMIPKH JHCKa
Ta 3a0e3nedyye BUIBHE BUMNAIIHHSA HACIHHS N0 JHA OOpO3HW MiJ MI€0 CWJI TSOKIHHS Ta
3aJUIIKOBHUX BiTIEHTPOBUX CHIL.
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PucyHok 2 — 3araipHuii BUIJISA Ta CX€Ma BUCIBHOTO AMCKa 3 Iepr(epiifHIM po3TalryBaHHIM KOMIPOK
IDicepeno: pospobneno asmopamu i3 suxopucmatusam [7]

3 MeTor0 BUAAJICHHS 3aiiBOrO HACIHHSA 3 KOMIPOK BHUCIBHOTO JHCKAa y BEpXHIH 4acTHHI
LWIIHAPUYHOI MOBEPXHI KOPITyca, HaJl 30HOIO 3allOBHEHHS, BUKOHAHO MAaCUBHUN MPUCTpiH 7,
SKUM € CIIeIialibHa MOPOXKHUHA, J0 SKOI IMOTPAIUISIOTh 3aiBI HACIHUHHM, BiJOKPEMITIOIOTHCS
B/l IMCKA, a OTIM MaJaloTh B 30HY 3alIOBHEHHS poO0YO0i KaMepH.

3anporoHoBaHa BIOCKOHAJIEHA KOHCTPYKITiSi THEBMOMEXAHIYHOTO TUCKOBOTO BUCIBHOTO
amapata 30UIblIy€e HaJiMHICTh MPOLIECY 3allOBHEHHS KOMIPOK BHCIBHOTO JMCKA, ITiJBHUILYE
e(eKTHBHICTh BUJAJICHHS 3aliBOTO HACIHHS Ta HAAIMHICTh 3BUTHHEHHS KOMIPOK B 30HI BUCIBY,
710 TOTO ) YHEMOJXKJIMBIIIOE MPOSBU OCHOBHUX HEOJIKIB 0a30BOi KOHCTPYKIi. 3a0e3nedeHHs
00pO3HH, MO3UTHBHO BIIJIMBA€ HAa PIBHOMIPHICTH PO3MOALIY IHTEPBAJIIB MIX HACIHHAM B
0opo3Hi. Bee me gae 3Mory MigBUIMTHA KOJIOBY IMIBHJAKICTh BUCIBHOTO JHCKA Ta 301IBIIATH
IPOAYKTUBHOCTI BUCIBHOTO arapara.

[Tepen peamizamiero eKCIIEPUMEHTAIBLHUX JOCTIIKEHb OYJI0 TPOBEACHO PaHIOMi3aIliio
JIOCTI/IB JUIs HIBEJNIOBAHHS BIUIMBY (akTOpPiB, L0 HE KOHTPOJIIOIOTHCS, Ta 3a0e3neueHHs
00’€KTUBHOCTI iX IpH BUOOPi 00’ €KTA.

Jlis BUBHAYEHHS ONTUMAJIBHUX PEKUMIB POOOTH BUCIBHOIO amapaTa Ta palioHaJIbHUX
fioro mapameTpiB OyB BUKOPHUCTAHUI METO/I TUNTaHYBaHHS 0araropakTOpHOTO EKCIIEPUMEHTY.

Cepist POBEICHNX TOCII/IIB T03BOIHIIA peati3yBaTi MaTpumi miany 2° Bokca-XanTtepa,
B pe3yJIbTaTi 4Or0 BCTAaHOBJICHO BIUIMB PO3PIKEHHSA Y BaKyyMHii kamepi (4P) Ta KoioBoi
IIBUJIKOCTI KOMIpOK BUCIBHOTO anapary (V) Ha sSIKICTb iX 3alIOBHEHHS.

Marpurst IiiaHyBaHHS eKCIIEpIMEHTY HaBezieHa B Ta0r. 1.

Ta6muns 1 — Martpuis [aHyBaHHsS eKCIIepHMenTy 2

. AP, xIla Vi, M/C
Howmep nocminy x| X,
1 -1 -1
2 +1 -1
3 -1 +1
4 +1 +1
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BuciBHa 3pmaTHICTP BHCIBHOTO amapary BH3Hadajdach Koe(illiEeHTOM 3aloBHEHHS
KOMIPOK, SIKHi JTOPIBHIOE BiJHOIICHHIO KUIBKOCTI ()aKTUYHO BHCISTHOTO HACIHHS 3a TCBHHMA
MPOMDKOK 4acy A0 KUIBKOCTI KOMipOK BHCIBHOTO JIMCKA, 10 MPOMIILUIA TOYKY CKHJaHHS 3a TOU
e MIPOMDKOK Jacy.

OntuManbHUR PO3MONAIT HACIHHA B PAAKY MOXe OyTH TOCATHYTO INpH 3alOBHEHHI
KOMIpOK 03 MpOMyCKiB, TOMY KPHUTEpiEM ONTUMIi3alii MPUIHHATO KOE(IIiEHT 3alOBHEHHS
KOMIpOK BUCIBHOI'O JIUCKA.

BcraHoBIeHO OCHOBHI piBHI Ta iHTEepBaiM BapiloBaHHS (DAKTOpIB JJIST BHCIBY HACIHHS
IyKPOBUX OYpsIKiB /Ui Koe(illieHTa 3aIOBHEHHSI KOMIpOK (Ta0m. 2).

Tabmuns 2 — PiBHI dakTopiB pH BUCIBI HACIHHS IIYKPOBOTO OypsiKa
PiBHI BapiroBaHHS
HATypaibHi | KOJOBI
Hatypansue| Konose InTepsa = =
dakTop Typasibi AOB HICPBAL o= 2 1= | =
IIO3HAYEHHS |[IO3HAYEHHS | BapIIOBaHHA | I |O | EQ en
KR x| X8 ON K
o= | E| &% | E
A |z T oAz s
) 2 3 4 516171819110
Po3pimxenns
pomer I ap X 02 [05]03[0,1[+1] 0 |-1
BaKyyMHIN Kamepi, klla
Konoga IIBUJIKICTh
. A Ve X5 +0,5  [2,5(2,0|1,5(+1] 0 | -1
KOMIpPOK, M/C

Jis 1poro eramy eKCHepUMEHTAIBHHUX JOCHIIP)KeHb BUKOPHCTOBYBABCS THUCK 3
nepudepiiHUM po3TalTyBaHHSIM KOMIPOK, KUIBKICT SIKUX Z JIOpiBHIOBaja 12 miT.

Po3pikeHHs1 y BakyyMHIH Kamepi BUOpaHO Ha OCHOBI pe3yJbTaTiB IOCHiIKEHb [2, 6],
BigmoBigHo 10 Axkux AP=0,1; 0,5 xIla Ta nomarkoBo 4P=0,3 kIIa.

KonoBy mBuaKicTe KOMIpOK V) M/C BUOpaHO Ha OCHOBI PEKOMEHIAIN TOCIIIKEHb,
pe3yabTaTiB TOIIYKOBOTO €KCIepuMeHTy [7], BimmoBimgHo mo skux V,=1,5; 2,5 m/c Ta
JIOJIaTKOBO V=2 Mm/c.

KyT po3KpHUTTS MOPOKHUHU MACUBHOTO MPHUCTPOIO JJIS BUIAJICHHS 3aiBOTO HACIHHS B
JOCITIDKEHHI CTaHOBUB £=25° [7].

OTpumaHo pe3yNbTaTH peaiizallii MaTpuIli TNIaHyBaHHS eKCIIEPUMEHTY (Tabd. 3).

N : 2
Tabaung 3 — OTpumaHo pe3yJIbTaTH peanizalii MaTpulll IVIaHyBaHHS €eKCIEPUMEHTY 2

dakTopu Kputepiii
Konosa
PospimxeHHs B [IBUJIKICTD Koedimient
. BaKyyMHII KOMIpPOK 3allOBHEHHS
Howmep nocniny . . .
Kamepi; BHCIBHOTO KOMIpOK;
AP, xIla JTMCKa; K, %
Ve, M/C
X X2 2
1 0,1 1,5 83,4
2 0,5 1,5 128,6
3 0,1 2,5 59,1
4 0,5 2,5 114,6
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[Tix yac mpoeKTyBaHHS EKCIIEPUMEHTAIBHOI YCTAHOBKH 11 KOHCTPYKIlisA OyJia BAKOHAHA 3
MO>KJIMBICTIO PETYJIIOBAHHS KOXHOTO 3 TapaMeTpiB, fKi Majld BIUIMB Ha TPOLIEC BHUCIBY
HaciHHA [2, 6].

Jnst  oOpoOKM  eKCIEpUMEHTAIbHUX JaHUX 3aCTOCOBYBABCS MPHUKJIAIHUNA IAKET
STATISTICA 6.0 [8, 9], uto 103Bosua0 moO0yayBaTH CTATUCTHYHY MAaTEMaTUYHY MOJEIb IS
KoeillieHTa 3aNIOBHEHHSI KOMiIpOK BUCIBHOTO nucka K, (Y;=K).

CrarucTruHa OIliHKa OTPUMAHUX PE3yJIbTATIB I03BOJISIE€ 3pOOUTH BUCHOBKH, 110 TOCITIIH
PIBHOTOUHI, OCKIIbKM pO3paXyHKOBE 3HAaueHHs Kputepito Koxpema G° s mapamerpa
orrrumizauii ¥ npu n=4 i f, =2 craHosutb G'=0,478 i € MeHIIMMH 3a TAOJIMYHE 3HAYCHHS
G"=0,7679 [10-12], ToMy pOGMMO BMCHOBKH, L0 MpOLEC BiATBOPIOEThCA. Jlucmepcis
BIITBOPIOBAHOCTI (MMOMUJIKA 10Ciiny) nopiBHioe 0,183,

3a nonomoro npuiaaHoro nakety STATISTICA 6.0 orpumaHo piBHSIHHS perpecii:

Y, =96,425+25,175x,-9,575x, +2,575x ,x, ()

[Ticns oTpuMaHHs piBHSHHS perpecii [uis KoedilieHTa 3aroBHEHHS KOMIPOK BHCIBHOTO
nucka K, 6ynu moOyaoBaHi MOBEpXHI BIATYKY Ta JiHIT piBHOTO Buxoay (puc. 3).

9% S

120
I 100
80
I 50

Pucynok 3 — IToBepxHsi BiiryKy Ta JiHii pIBHOrO BUXOAY Jis KoedilieHTa
3aIIOBHEHHS KOMiPOK BHUCIBHOT'O JIUCKA
Hoicepeno: pospobaeno agmopamu

AmHaii3 TOBepXHiI BIATYKYy Ta JHIM PIBHOTO BHXOAY ISl ONTUMAILHOTO 3HAYEHHS
KoedillieHTa 3amoOBHEHHS KOMIpOoK K, [030J5l€ OTPUMATH pamioHaNbHI 3HAYEHHS
JOCIHIKYBaHUX (PaKTOPiB, 30KpeMa:

—BEJIMYMHA PALIOHATBHOTO PO3PIMHKEHHS Yy BaKyyMHii kamepi x;—AP, TNOBHHHA
3HaxoauTUCh B Mexkax Big 0,20 mo 0,30 xI1a;

—palfioHaJIbHe 3HAYEeHHS KOJIOBOi IIBHUIKOCTI KOMIPOK BHCIBHOTO JHCKa Xx;— Vi,
MMOBMHHO 3HAXOIUTUCH B Mexax ot 2,0 mo 2,5 m/c.

Haii6inpm BrumBoBUM (aKTOPOM Ha TPOIEC 3aMOBHEHHS KOMIPOK BHCIBHOTO JHCKA
JOCIIITHOTO TTHEBMOMEXAHIYHOTO BHCIBHOTO amapaTry € BeJIWYWHA PO3PIHKEHHS, sKa s
TOCSITHEHHST KOe(DiIieHTOM 3amoBHEHHS KoMipok 3HadeHHsT K=100%, moBHMHHA CTaHOBUTHU
AP=0,2...0,3 xIla npu koJsoBii MBUAKOCTI KOMipok V,=2,0...2,5 m/c.

30UIbIIICHHS BEJIMYMHU PO3PIIHKEHHS Ta 3MEHIIEHHS KOJIOBOI HIBHJIKOCTI KOMIPOK
MPU3BOAUTH JI0 3pOCTaHHA KOe(illi€EHTY 3allOBHEHHS BHACIIJOK IMOTIPIIEHHS YMOB CKUJIAHHSA
3aiiBOTO HACIHHS.
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BucnoBku. Haiibinpm BrumBOoBUM (aKTOpOM Ha TIPOIEC 3alOBHEHHS KOMIPOK
BHCIBHOTO JHCKa JIOCTIJIHOTO ITHEBMOMEXaHIYHOTO BHCIBHOTO amapaTy € BeJIMYrHa
PO3PLIKEHHS, KA JUIsl JOCSATHEHHS KOe(II[IEeHTOM 3amoBHEHHsI KOMipok 3HaueHHa K=100%
noBuHHa ctaHoBUTH AP=0,2...0,3 kIla npu konoBiii mBuaKoCTI KOMipok V,=2.0...2,5 m/c.

TakuM YMHOM, KOHCTPYKIIiSl JOCIIIXKYBaHOTO THEBMOMEXAaHIYHOTO arapara J03BOJIUTh
3017BIIUTH KOJOBY MIBHAKICTH KOMIPOK Ta 3MEHIIUTH iX KUTbKICTh Ha BUCIBHOMY JMCKY, 1 B
3HAYHI{ Mipi 3MEHILUTH PO3PIIKEHHS Y BaKYyMHIH Kamepi.

3anponoHOBaHW MHEBMOMEXaHIYHMN BHUCIBHUM amapar JI03BOJISIE  IT1IBUIUTH
TEXHOJIOTIYHICTh TMPOIECY  BHUCIBY HACIHHS TPOCAMHUX KYJbTYpP Ta 3MEHIIUTH HOTO
€HEPTrOEMHICTb.
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Determination of Rational Parameters Pneumomechanical Seeding Machine with

Peripheral Arrangement of the Cell and Inertial Edition of Extra Seeds

Modern pneumatic sowing drill devices of high precision, despite a long history of their creation and
improvement, have several disadvantages, the main ones are: insufficient dosing capacity caused by limited seed
angular velocity of the disk (Vi <0,5 m/s) and the presence of uncontrolled redistribution random intervals
between the seeds in the furrow, because of the high relative speed of the seed in contact with the latter during the
drills movement with nominal speeds (V. = 1,5...2,5 m/s). Eliminating these deficiencies is achieved by
increasing the angular velocity of the sowing disk and its harmonization with the drills travelling speed.

In the article we provide the new design of pneumatic sowing machine with peripheral cells on the seed
disk and a passive device for removing extra seeds with inertia method for precise seeding of cultivated crops. A
series of studies was proposed for sugar beet seeds sowing device, we defined the influence of dilution in a
vacuum chamber of sowing device and angular velocity cell seed disk on the cells filling factor. The design of the
new pneumatic sowing machine can significantly reduce the vacuum in the system having increased the angular
speed in cell seed disk to the values of seeding device travelling speed, thus provide a constant point of seeds
drop from the seed disc at the same trajectory of their flight to the furrows and the qualitative cells filling. To
determine the rational parameters and modes of sowing device we used method of multifactor experiment
planning. We determined the main levels and intervals of varying factors for sugar beet sowing along with
determining the filling factor of cell seed disk. With application of package Statistica 6.0. for parameter
optimization - cell seed disk filling factor was constructed response surface and line of even output.

Thus, the design of the investigated pneumomechanical apparatus will allow to increase the circular
velocity of the cells and reduce their number on the seeding disk, and to a considerable extent reduce the vacuum
in the vacuum chamber. The proposed pneumomechanical seeding machine allows to increase the processability
of sowing seeds of sown crops and reduce its energy intensity.
pneumomechanical seeding machine/device, seed disc, experiment, cells filling factor, dilution, cells
angular speed
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ExcriepuMeHTanbH1 JOCIIKEHHSI €HEProEMHOCT1 pOOOTH
BIALIEHTPOBOI'O MPSIMOTOYHOI'O cenapaTopa 3epHa

VY crarTi HaBeEHO Pe3yNbTaTH EKCIEPIMEHTANBHIX JTOCTIPKEHh €HEPTOEMHOCTI POOOTH OPHUTiHAIIEHOTO
BIILEHTPOBOTO MPSIMOTOYHOTO IOBITPSIHO-PELIITHOIO OYMCHHKA 3€PHOBOTO BOPOXY, B OCHOBY SIKOrO TOKJIAJICHO
OaraTo(hyHKIIOHABHUN pOOOYHMKA OpraH — JIOMATEBUI pOTOp. Y TOMEpeAHIX NOCIHIIKEHHSX HaMU BCTAHOBJICHI
OCHOBHI 3aKOHOMIPHOCTI 3MIHH €HEPTeTHKHU JaHOT0 ceraparopa mpu poOOTi B pexuMi X0J10cToro xoay. [IposeaeHa
HOBa cepisl eKCIepUMEHTAIbHUX IOCIIKEHb JO3BOJIIA OTPHMATH 3aJICKHOCTI TOBHOI MOTYKHOCTI Ha TPHBIX
JIONIaTeBOTO POTOpA Ta MOTY>KHOCTI, 110 BUTPAYaE€ThCsl HA PO3TiH 1 MEPEMILEHHs 3epHA 10 PEIIeTy BiJl OCHOBHHX
KOHCTPYKTHUBHHX Ta TEXHOJOTIYHUX NAPAMETPiB BIALIEHTPOBOIO NPSIMOTOYHOTO CEIapaTopa 3epHa.
3epHO, €HeProeMHicTh, NOTYKHICTb, BillleHTPOBHii NPAMOTOYHHUN cemapaTop, JomnaTeBHil poTop,
MOKa3HUK KiHEeMAaTHYHOI0 PeKUMY, TPOAYKTUBHICTb, MOJa4a

A.M. BacuabkoBckmii, goi., kana. TexdH. Hayk, C.H. Jlemenko, gou., kana. texd. Hayk, C.H. Mopo3, noir.,
KaHa. TexH. Hayk, .. IleTpenko, 1011., KaHI. TEXH. HAYK
Llenmpanvnoykpaunckuii HAYUOHANbHBIN MexHuYecKull ynusepcumem, 2. Kponusnuyxuii, Yxpauna
JKCNepUMeHTAIbHbIE  HMCCJICJOBAHUSI JHEPrOeMKOCTH  PpadoThl  IEHTPOOEKHOTO
NPAMOTOYHOI'0 Cenaparopa 3epHa

B cratbe mpuBeneHbl pe3yiabTAaTHl HKCIIEPUMEHTAIBHBIX HCCICJOBAaHWN HSHEPrOEMKOCTH pabOThI
OpPUTHMHAIBHOTO ILEHTPOOEKHOTO MPSIMOTOYHOTO BO3YLIHO-PEHIETHOrO OYHMCTHTENS 3€PHOBOIO BOpOXa, B
OCHOBY KOTOPOTO IIOJIOKEH MHOTO(YHKIIMOHAIBHBI paboduii opraH - JOMACTHOH potop. B mpemprmyrmmx
HCCJICAOBAHNAX HaMH YCTAaHOBJICHBI OCHOBHBIC 3aKOHOMCPHOCTHU HM3MCHCHUSA DHEPICTUKU JAHHOI'O CCraparopa
npu pabore B pexxuMme xosoctoro xoxa. [IpoBeneHHast HOBasi cepusi SKCIEPUMEHTAIBHBIX HCCIICHAOBAHUM
MO3BOJIMJIA TIOJ[yYUTh 3aBUCHMOCTH IIOJHOM MOIHOCTM Ha MPUBOJ JIONACTHOTO pOTOpa M MOIIHOCTH,
pacxoyeMoil Ha pa3roH U NMEPEMEIIEHUs 3€pHA 110 PELIETy OT OCHOBHBIX KOHCTPYKTUBHBIX U TEXHOJIOTHMUECKUX
apaMeTpoB LEHTPOOESIKHOTO IPSIMOTOYHOIO CenapaTopa 3epHa.
3epHO, 3HEProeMKOCTb, MOILNHOCTb, IEHTPOOEKHBbI NPSAMOTOYHBII cemapaTop, JIONACTHOH poTOP,
MPOHM3BOAUTEIbHOCTD, MOJA4Ya

IMocranoBka mnpoOaemu. Ilin 9ac CTBOpEHHs, YIOCKOHAJICHHS Ta IPOBEICHHS
JOCITIKEHb CUTLCHKOTOCTIOIAPChKUX MAIIMH OCHOBHA yBara 0araThbOX aBTOPIB MPHILIAETHCS
BCTQHOBJICHHIO 1  OOTPpYHTYBaHHIO  TIOKa3HUKIB  TEXHOJOTIYHOT  e(peKTHUBHOCTI  —
MPOAYKTUBHOCTI, SKOCTI TOIIO, SIKI JIMCHO € MEepBUHHUMHU 3 MO3UIT NMPUBAOIMBOCTI IS
MOTEeHLIMHUX MOKyMNiiB. [lpu oMy Taki MOKAa3HUKH SIK BUTPATHU MOTYXKHOCTI ab0 mUTOMa
CHEePrOEMHICTH MPOIIECY YaCTO 3ATUILIAIOTHCS 11032 YBAror HayKOBIIIB.

EnepreTnyHi XapakTepUCTUKU — Ba)KJIMBa CKJIAJ0Ba EKCILTyaTalliiiHOI e()eKTHBHOCTI
pPOOOTH CUTBCHKOTOCTIONAPCHKOI TEXHIKHM, 30KpeMa, 3€pHOOYMCHUX MAIHH, siKa BIUIMBAE Ha
co0iBapTICTh TOTOBOI MPOMAYKIIi, a 3HAYUTh, 1 Ha 1i KOHKYPEHTO3JATHICTh. TOMYy CTBOpEHHS
HOBUX, a00 CyTT€BE YAOCKOHAJCHHS BIiJOMHX KOHCTPYKIIH KOXXHOTO pa3zy NOTpedye
NPOBEICHHS JOJATKOBHX JIOCHIIKEHb 3 METOI OTpPHMaHHA OO0 €KTHBHUX JaHHUX IIPO
SHEePreTUKY JJIS YITKOTO PO3yMiHHs (Di3MKU MPOLECIB, IO MPOTIKAIOTh HA pOOOYMX OpraHax i
OOIpYyHTYBaHHS pAI[lOHANBbHUX 3HA4Y€Hb KOHCTPYKTHBHUX Ta TEXHOJIOTIYHHX IapaMeTpiB
3epHOOYUCHUX MAIIMH.

© O.M. BacunbkoBebkuii, C.M. Jlemenko, C.M. Mopos, /J.I. [Terpenko, 2019
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AHani3 ocTaHHiX JocjimkeHb i myOsikauniii. CTBOPEHHIO HOBUX KOHCTPYKIIIH,
BJJOCKOHAJICHHIO Ta BCEOIYHOMY MOCITI/KCHHIO POOOYMX OpraHiB 3E€pHOBUX CEMapaTopiB
MIPUCBSAYCHO HAYKOB1 pOOOTH 06araTb0X BITUYM3HIHHUX 1 3aKOPIOHHUX BUeHUX [1-9], mpu mpomy
OCHOBHY YyBary CKOHIICHTPOBaHO Ha 3a0e3MeueHHI BUCOKMX MOKA3HUKIB TEXHOJOTIYHOI
e(eKTUBHOCTI. Y JESIKUX BHUMNAIKaX II€ TMOSCHIOETHCS JOCTAaTHIM CTYyNE€HEM BHBUYEHOCTI
OCHOBHMX EHEPreTMYHHX MOKa3HMKIB poOoTH 3epHOOYMCHHUX MammH [10-12], y iHmHMX —
MPAKTUYHO «HYJHOBOIO» EHEPreTUKOI TIPOIleCYy Ha poOOYMX oOpraHax TrpaBiTalliitHUX

6e3npuBoHUX MamvH [ 13].
[IpamiBankamMu  kadeapu CiLIbCbKOroCcmomapchkoro MamuHoOymyBanHs [HTY

PO3pO0JIEHO 1 BHUTOTOBJIEHO KOHCTPYKIIIO 1HEPIIHHOrO MpsSMOTOYHOro cemaparopa (puc.l),
110 3a0€e31euye MOBITPSHE 1 PEIITHE OYUIIICHHS 3€pHOBUX cyMitei [ 14-16].

1- onaTeBUit pOTOP; 2- MOBITPSAHUM KaHAaM; 3- HANPSIMHHUK; 4- TyTOBUIHE Hi/ICIBHE PEIIETO;
5- iHepUifHMI BUBAaHTa)XKyBay OUMILEHOTO 3e€pHA; /7 - JIeTKI NOMIIIKH; 4 - NpiOHI JOMILIKY;, Y - OYHIIEHE 3epHO
Pucynok 1 — Cxema i 3araJibHUH BHIJISL OCTITHOTO THEBMOPEILITHOTO CerapaTopa 3epHOOYHNCHOT MAIIMHA

Iicepeno: pospobaeno asmopamu

PucyHok 2 — 3aranpHuii BUIIISA AyTOBHIHOTO MiJICIBHOTO PELIeTa i JIONaTeBoOro potopa
JIOCITiTHOTO TTHEBMOPEIIITHOTO Cemaparopa 3epPHOOYHUCHOI MAITHHH

Loicepeno: pospobneno agmopamu
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PobGoTta mocnmigHOro cemaparopa 3AIHCHIOEThCS HACTyHmHUM 4yuHOM. llpu oOepranHi
poTopa, 3aBISKH HAsBHOCTI JIONIATOK, CTBOPIOETHCS TOTYXXHHH MOBITPSHUNA TOTIK, SKUH
BUKOPHUCTOBYETHCS JJIsl BUJIATICHHS JIETKUX JOMIIIOK Ha BUXO1 3 KaHay 2 Ie MiJ 4ac mojayi
3epHOBOTO BOpoXy. OUHIIEHa BiJl JIETKHX JOMIIIOK Maca CIPSMOBYETHCS MO HAPSIMHUKY 3 J10
JQYTOBUIHOTO MiACIBHOTO pemieta 4, B MPOIECi YOTO 3aXOIUTIOEThCS JiomaTkamu poropa 1 i
pO3raHs€ThCS, PO3TATYIOYHCH B IIap TOBIIMHOIO B «OJHE 3€pHO». BumineHHs apiOHMX
JOMIIIIOK Ha peleTi BiA0OYBAEThCS Mif II€I0 BIALIEHTPOBOI CHIIM NPU CHPUSHHI CHIIN TSDKIHHS
gacTok. O4YHIEHEe 3ePHO BHBOIHMTHCS 3 MAIIWHH 3aBISKA HAsBHOCTI 3HAYHOI MOYAaTKOBOI
IIBUAKOCTI MIPH CXOJDKEHHI 3 pelieTa i MOTpiOHOrOo KyTa BCTAHOBIIGHHS BHBaHTa)x<yBaua 5.
OunieHHsT OTBOPIB pemieTa BiJ 3a0MBaHHS 3IIHCHIOETHCS THUMH K IIITKOBUMH JIOMATKAMU
poTtopa

B pesynbrati mpoBeeHHS MATEHTHOTO TIONIYKY, aHAJIOTIB ii He BUSBJICHO Hi B YKpaiHi,
Hi B cBiTi. [lin yac mpoBeaeHHS €KCIEePUMEHTAIBHUX OCIIKeHb HaMU OyJIM BCTAaHOBIICHI
OCHOBHI TIOKa3HUKHA €HEPrOEMHOCTI POOOTH JAHOTO CemapaTopa B PEXHUMI XOJIOCTOTO XOMY
(6e3 momaui 3epHOBOTO BOpoxy) [17].

IMocTaHoBKa 3aBAaHHA. 3 ypaxXyBaHHSM BHKIIAQJCHOTO BHUIIE, aKTyaJbHOIO 3a7adero
HA ChOTOJHI € BH3HAYEHHS 3arajbHOi MOTYXHOCTI Ha MPHBiJ cemaparopa, MOTY>KHOCTI, IO
BUTpPAYaeThCs 0€3MocepeIHhO Ha MEPEMILICHHS 3€pHA MO PEIIeTy, a TAKOX BCTAHOBIICHHS iX
3aNeKHOCTEH Bil OCHOBHUX KOHCTPYKTMBHUX TMapaMeTpiB JIOMAaTeBOro poTopa Ta
MPOJAYKTUBHOCTI MAITMHH.

Bukisiax ocHoBHOro marepiany. BupimieHHS MOCTaBICHOTO 3aBAaHHA 3/1MCHIOBAIN
Ha J1a0OpaTOPHOMY CTEH/I, SIKUH TIOBHICTIO BIiATBOPIOE EKCIIEPUMEHTAIBHUN Cernaparop.
JlomareBuii poTOp NPUBOAUTHCS B 110 Bif] €IEKTPOABHUTYHA, OCEPETHUIITBOM KIMHOMACOBUX
neperad 1 BapiaTopa, SKAM BCTAQHOBIIOBAIM NOTPIOHY dYacToTy HOro oOepTaHHS.
BumiproBaHHs MOTY»XHOCTI Ha TMpPHBiA JIONAaTEBOTO pOTOpa 3IIWCHIOBAM BUMIPIOBAIH
npuiagoMm K 50.

Cepen Hali0O1IbII BILTUBOBUX (PAKTOPIB HA €HEPTOEMHICTH MPOIECY HAMU BCTAHOBIICHO

IBa:

- TOpPOAYKTUBHICTH cemapaTopa (mojada 3epHOBOIO BOpPOXY) — OCHOBHHUH
TEXHOJIOTIYHHUHN TIOKa3HUK;

- TOKAa3HMK  KIHEMaTMYHOIO  pEeXHUMY —  KOMIUJIEKCHA  KOHCTPYKTHBHA

XapaKTePUCTHKA, KA OJHOYACHO BPAXOBYE JIBa TMapaMETPH — pajiyc 1 KyTOBY MIBHIKICTh
poropa:
2
K- o R ,
g

JIe ® — KYyTOBa MIBUJIKICTh JIOMATEBOTO POTOPA, PaJI/C;

R — paniyc potopa, M;

& — TIPHCKOPEHHS BUTBHOTO MaiHHs, M/c.

Y nocnmigax BHKOPUCTOBYBaIM OJWH 1 TOW JK€ BOPOX TIICHHII Macor 10kr.
3acmideHicTh JApiOHMMH AoMilmikamMu cTaHoBuia 5%. Bomoricte macu —  13,6%.
[TpoxykTuBHICT (TIOAa4Yy) pPEryJIIOBAIM BIANOBIAHAM BIAKPUTTSIM 3aciiHKH Ha OyHKepi 3
KOHTPOJIEM CEKYHJIOMiPOM.

Jlianma3oH BapiroBaHHS MPOIYKTUBHOCTI — ¢ =0,2...1,25 Kr/c., 10 BiINOBITa€ MATOMUM
HaBaHTAXEHHAM Ha pemeto ¢,=2...12,5 kr/m ¢ i ¢/~=10...62,5 kr/M> ¢. KinpkicTh piBHIB
BapiroBaHHs (To4ok) — 7 (¢ = 0,2; 0,23; 0,28; 0,43; 0,58; 0,83; 1,25 kr/c.).

[Toka3HUK KIHEMAaTHYHOTO pEXUMYy BapiroBaiu B pgiamasoni K 113...314. Jlns

JOCSTHEHHSI BKa3aHUX 3HaY€Hb BCTAHOBIIIOBAJIHM KYTOBY HIBHJKICTH ) pOTOpa Ha YOTHPHOX
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piBHsIX — 94 pan/c, 115 pan/c, 136 pan/c ta 157 pan/c mpu mocTiiiHOMY panaiyci poTopa
R =0,125 m. Bei gociiam npoBOAMIUCS HA POTOPI 3 KUTBKICTIO IITKOBHUX JIONATOK — 24.
O6poOka oTprMaHUX Pe3yJIbTaTIB €KCIIEPUMEHTATIBLHUX TOCTIKEHb 31HCHIOBAIACH 32
3arajJbHONPUIHATOI0 MeTOANKOIO [18].
Ha puc. 3 HaBeneHo 3a1eXHOCTI BUTPAT MOBHOI MOTYHOCTI Ha TPHBIJ JTONATEBOTO
poTopa BiJ moAadil st YOTUPHOX 3HAUCHB MTOKAa3HHWKA KIHEMAaTHYHOTO PEKUMY POOOTH

[MoTYyXHiCTb, BT
200

180 t

160

140 }

120

100 +

80 2 i 2 2 2 i
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4
Mopadva, Kric
= MNotyxHictb, BT (K=314) "= MNotyxHicTb, BT (K=256)
s, MoTyxHicTb, BT (K=169) M, MoTyxHicTb, BT (K=113)

Pucynok 3 — 3anexHoCTi BUTpAT MOBHOI MMOTYXHOCTI HAa IPHUBIJI JIOMATEBOTO POTOPA
BiJl TOJa¥i IS pi3HUX 3HAYCHb MOKAa3HUKA KIHEMaTHIHOTO PEKUMY
Iicepeno: pospobneno asmopamu

OTpumani JOCHiaHI JaHI JOCTaTHHO aIeKBATHO MOKHA OMUCATH JiHIHHUMHU
MMOJIIHOMaMH
[Ipu anmpoxcumarnii gocnigHux AaHUX (puc. 3) 3 MIHIMHUM HAONMKEHHSM,
eMIIIpUYHI PiBHSIHHS perpecii MaTUMYTh BUTJISL:
- 1ud KYTOBOi WIBHJAKOCTI poTopa o =94 pan/c (MMOKa3HUK KIHEMAaTHUYHOIO
pexumy K=113):

NP =954+41,4-q;

- 18 KyTOBOi IIBUAKOCTI poropa = 115 pan/c (MOKa3sHUK KiHEMATHYHOIO
pexumy K=113):

N =104,2+468-q;
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- 1A KyTOBOi IWIBUAKOCTI portopa o = 136 pan/c (MOKAa3sHUK KiHEMATUYHOIO
pexumy K=256):

N2 =114,0+51,7-q;

- JUIsL KyTOBOI IIBHJIKOCTI poTopa ® = 157 pazn/c (OKa3HUK KIHEMAaTUYHOI'O PEXKUMY
K=314):

NI =125,6+59,5-q;

Jl11 BCTAHOBIIEHHS MOTY>KHOCTI, 1110 BUTPAYa€ThCsl 0€3M0CePEeIHBO Ha MEPEMIILEHHS
3epHa BiJHIMEMO BiJ BIAMOBIAHMX 3HAauY€Hb MOBHOI (puc. 3), 3HAYEHHS MOTY>KHOCTEH
XO0JIOCTOTO X0y, BU3HAU€HI HaMu panime [17]. OTpumaHni 3a1€XKHOCTI HaBeIeHO Ha puc. 4

MoTy#HicTe, BT
90 . . . . : .

80

70t

60

50

40 |

30

20 +

10 F

U i i i i
0.0 0,2 0.4 0.6 0.8 1,0 1.2 1.4
Monaua, kric
~a. MotyxnicTs, BT (K=314) ~s_ MoTtyswicTe, BT (K=256)

“m., MotyxnicTe, Br (K=169) “e. MNotyxuicte, BT (K=113)

Pucynok 4 — 3aiexHOCTi BUTPAT MOTYKHOCTI Ha MIEPEMIIICHHS 3epHa M0 AYTOMOAI0HOMY pemeTy
BiILIEHTPOBOTO MPSMOTOYHOTO CeMaparopa 3epHa Bif Mmoxadi I pi3HUX 3HAYEHb
MOKa3HUKA KIHEMATHYHOTO PEKUMY

Iicepeno: pospobneno asmopamu

OTpuMaHi 3aJIEKHOCTI CBiYaTh TPO HEMIHIHHUNA XapakTep 3MIiHU
MOTY>KHOCTI Ha TMEpeMillleHHS NpHU 3POCTaHHI MPOAYyKTUBHOCTI. Emmipuuni
MOJIIHOMH MalOTh BUIJISI:
- JUISL KyTOBOI IIBUIKOCTI poTtopa ® = 94 pax/c (K =113):

N!" =56,4-¢-14,6-9°;

- JUIsl KyTOBOI IIBUAKOCTI potopa = 115 pan/c (K=169):
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N =19+783-g-28,0-¢°;
- JUISL KyTOBOI IIBUAKOCTI poTopa ® = 136 pan/c (K=256):

N?*=94+808-¢—289-¢°;
- JUIsl KyTOBOI IIBUAKOCTI poTtopa ® = 157 pan/c (K=314):

N =159+94,5-g-35,6-q".

3MEHILIEHHS MPUPOCTY MOTY>KHOCTI MPHU MPONOPLiIHHOMY 3017bIICHHI MOJa4l MOXe
CBIJUUTH TPO CYTTEBE 30UIBLICHHS TOBIIMHM IIapy 3epHa (moHax | map) Ha pemieri i
HAsBHOCTI BHYTPIIIHBOIIAPOBHUX BIJHOCHHUX MEPEMIIIEHb YaCTOK, KOJU 3adisHI Koedili€eHTH
BHYTPILIHBOTO TEPTs, SKI MAIOTh MEHII 3Ha4YeHHs HiX 30BHIIIHI. [lepeBipky BHCIOBIEHOI
rifnoTe3n MO0 HASIBHOCTI BHYTPIIIHHOIIAPOBUX BIJHOCHUX IEPEMIIIEHb YacCTOK MOXHA
MEPEeBIPUTH IIIIXOM IPOBEJAEHHS MIBHAKICHOI Bigeo3ioMku. KpiM Toro, omocepenkoBaHo,
MiATBEPKCHHIM MOKE CIYyTyBaTH 3MEHIICHHS SIKOCTI cenapariii mpu 3011bIIeHH] Moaadi.

BucnoBku. Illmsaxom peamizamii eKCHEepUMEHTAIbHUX JOCHIDKEHb  BIAJIOCS
BCTaHOBUTH HACTYyITHE.

1. TloBHa MOTYXHICTh Ha MPHUBIA JIONATEBOTO POTOpa MPOMOpIiiiHA M0 mojadyi i
3HaXOAMUThCA B Aiama3oHi N,,=100...194 BT npu mokasHMKax KiHEMaTUYHOTO PEXUMY

K=113...314 na nomawax ¢=0,2...1,25 xr/c, 1mo BIAMNOBIAAIOTF MHUTOMHUM 3HAYECHHSIM
¢,=2...12,5 xr/M ¢ Ta ¢=10...62.,5 kr/™" .

2. IToTy>XHICTB, 110 BUTPAYAETHCS OE3MOCEPETHRO Ha MEPEMIIIICHHS 3€pHA 10 PEIIETy
3HaxonuThcsl B Mexax N, =10...78 Br npu 3a3HaueHux BuIIEe pexumax 1 nogadax. [Ipu
[IOMY XapaKTepU3YETHCS 3MEHIIEHHS il MPUPOCTy MPH MPONOPIiHOMY 301JIBIIIEHH] TTOa4i
CBITYUTH MPO MOXKIIHMBE CYTTEBE 30UIBIICHHS TOBIIWHU LIAPYy 3€pHA HA pEUIeTi 1 HAsABHICTh
BHYTPILIHHOLIAPOBUX BIIHOCHUX MEPEMIILIEHb YaCTOK.

3. [IlepeBipku TimOTEe3W MIOJO0 HASBHOCTI BHYTPINIHHOIIAPOBUX  BiJHOCHHX
NepeMileHb YaCTOK BUMArae MpoBeJCHHS 10AATKOBUX €KCIIEPUMEHTIB.
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Investigation of the Energy Intensity of the Idle Speed of the Centrifugal Grain

Separator

The purpose of the work is an experimental study of the components of the power on the drive of the
original centrifugal pneumatic grate grain separator, as well as to determine the dependence of power on the
basic design parameters of the impeller rotor and machine performance. Obtaining these regularities allows the
design of centrifugal direct-flow grain-cleaning machines of different performance and to predict their energy
performance in advance.

The experiments were performed on a grain mixture of wheat with a moisture content of 13.6%.
Contamination with small impurities was 5%. The main studies were performed on a laboratory stand that
completely reproduces the experimental separator. The basis of the separator is the original arcuate sieve sieve
and the blade rotor - grain accelerator. The number of rotor blades was 24. Determination of power per drive
was carried out using the device K-50. During the experiments, two factors were changed - productivity (flow)
and the kinematic index, which is a complex indicator and takes into account the radius and angular velocity of
the rotor blade. As a result of the experiment, the dependences of the full power consumption for the drive of
the blade rotor on the feed were obtained for different values of the kinematic mode index. Taking into
account the previous experiments on determining the idling power, we determined the dependence of the
power costs for the movement of grain on the arcuate sieve of a centrifugal flow separator from the feed for
different values of the kinematic mode index.

The total power on the drive of the rotor blade is proportional to the feed and is in the range of
100... 194 watts at kinematic indexes 113... 314 at feeds of 0.2... 1.25 kg / s. The power consumed to move
the grain along the sieve is 10... 78 watts. In this case, there is a decrease in power gain with a proportional
increase in flow, which can be explained by the movement of particles between layers. Additional tests are
required to test the hypothesis of the relative movement of particles between layers.
grain, power consumption, power, centrifugal flow separator, blade rotor, Kkinematic index,
productivity, flow
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MaremMaTndeckoe CUMYJIMPOBAHUE SHEPTETUUECKUX U
AKOHOMMYECKHX napameTpoB asurarens 4DC-125/110
paboTaromiero Ha pa3IMYHbIX BUaX TOIUIMBA Ha
OCHOBAHMU TEIJIOBOTO pacyeTa

B crarbe npejcTaBieHa MareMaTHuecKas MOJENb TEIUIOBOTO pacyera JBUTaTeNell ¢ BOCIUIAMEHEHHEM OT
cxatus. B kauecTBe mpuMmepa BeiOpaHa KOHKpeTHas mojenb 4DC-125/110, Ha OoCHOBE KOTOPOU OIpeae/ICHbI
OHEPIrCTUYCCKHUEC U SKOHOMUYCCKHUE MOKA3aTC/IN ABUTATCIIA JId MATAHUA aJIbTCPHATUBHBIMH BHUJaMU TOILIMBA C
LENBI0 BBISBICHUS HAWIYYIINX pPE3yJbTaToB. VICIosib30BaHME pE3yJbTaTOB TEOPETUYECKOTO aHaIM3a Ha
MPaKTHKE MO3BOJHT Oosiee 3(P(HEKTUBHO M OOOCHOBAHHO TOAXOMUTH K BEIOOPY TOIUIMBA ISl JTU3EITBHBIX
JIBUTATENICH BHYTPEHHETO CTOPAHUSI.

OMOTOININBO, MeTaH, AM3TOILUIMBO, TENJIOBOil pacyeT, TPaJAUIMOHHOE TOIUIMBO, pPAaNCOBOE MAacio,
3¢ eKTHBHASI MOITHOCTh, TEPMOAMHAMUYECKHIT ra30qA3eIbHBIH UK

O.A. Quxmnii, acucr., I1.C. Boasik, acuct., E.Il. Banaps, acucr.
Heporcasnuii acpapnuii ynisepcumem Monoosu, m. Kuwunis, Monoosa
MaremaTu4He CHUMYJIIOBAHHSI €HEPreTHYHUX TAa E€KOHOMIYHMX NapaMeTpiB JBUI'YHA
4DC-125/110, sikmii mnpame Ha Pi3HUX BHAAX NAJAMBA HA MiJACTABI TENJI0BOro
PO3PaXyHKY

Y crarTi HaBeJEHO MaTeMaTW4Hy MOJENb TEIJIOBOTO PO3PAaxyHKY [BHUTYHIB i3 3allalloBaHHAM BiJ
cTHCHEHHs. SIk mpukian oOpaHo koHKpeTHy Mogens 4DC-125/110 Ha ocHOBI sikOi BU3HAU€HI €HEPreTHYHI Ta
€KOHOMIYHI IIOKa3HWKM JIBUTYHA JUIS JKHUBJICHHS AIbTEPHATUBHUMH BHJAMH MajldBa 3 METOI0 BHUSBIICHHS
HalKpammx pe3yJbTaTiB. BUKOpHCTaHHS pe3ynbTaTiB TEOPETUYHOIO aHali3y Ha NPAaKTHUI JO3BOJUTH OLIbLI
e(heKTUBHO 1 OOTPYHTOBAHO MiAXOIUTH A0 BUOOPY MaNMBa IJIs TU3ENbHUX ABUTYHIB BHYTPIITHBOTO 3TOPSHHS.
OiomanuBo, MeTaH, AM3NAJIHUBO, TEIVIOBHIl PO3pPaxyHOK, TpaauuiiiHe NaJnBo, pancope MacJjo, epeKTHBHA
MOTYKHICTh, TePMOAUHAMIYHMI ra30au3eIbHUI K

IMocTaHoBka mpodiaembl. B nocienHee BpeMsi Bce yaiie HaOIIOAAETCs POCT IIEH Ha
TOIUIMBO, OCOOCHHO Ha OCH3WH W JU3EJbHOE TOIUIMBO, W 3TOT (akT TpeOyeT IOoucKa
QJIbTEPHATHBHBIX PEUICHUN JIJISl ITUTAHKSI COBPEMEHHBIX JIBUTATEIICH.

OnHuM M3 MHOXECTBa TMyTeHl pelieHHs, SBISIETCS HCIOJIb30BaHUE CXKATOTO
NPUPOJHOTO Ta3a B KayecTBE TOIUIMBA, KOTOPOE MOXKET YIYYIIMTh M HKOJOTHUYECKYIO
CHUTYAIIHIO.

B o0meit Macce 3arpsi3HAIOMIMX BELIECTB MPHU 3KCIUTyaTallud TPAHCIIOPTHBIX CPEICTB,
J0J1s1 BEIOPOCOB OTHOCHTEBHO HEBEJIHMKA U OOBIYHO HE TpeBbimaeT 4% oT o0muX BEIOPOCOB
MCTOYHHKOB 3arpsi3HEHMs. TeM He MeHee BHIOPOCH aBTOMOOMIICH 4acTO JOCTATOYHBI, YTOOBI
BbI3BaTh MHTCHCHBHOE JIOKAJIBHOE 3arps3HEHHUE MPEICTABIISIONIEe 3HAYUTEIBHYO OMACHOCTh
HE TOJIBKO JIJISl BOJUTENEH, HO U ISl HACEJICHUs, )KUBOTHBIX, PACTEHHUH U MOYBHI [1].

[Ipomiecchl  TpOWCXOSIIME B JIBUTATENSIX C  BOCIUIAMEHEHHEM OT  CXKaTHSA
NPEJCTABISIOT COOOH CIIOKHBIC Ta30UHAMUYCCKHE W TEPMOJWHAMHUYECKUE SIBIICHUS
COIIPOBOKIAIOIIMECS OBICTPHIMU M3MEHEHUSIMH TEIlIa, MOJyYeHHEM MEXaHU4ecKoil paboThl, a
TaKXEC HETIOCPCACTBCHHO HUMCIOT MECTO Pa3HBIC (1)I/I3I/IKO-XI/IMI/I‘-ICCKI/I€ SABJICHUS
OTIpEICIIAIONINE KaueCTBEHHBIC U KOJTUICCTBEHHBIC M3MEHEeHHsI pabodero tena [2].
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TemnnoBoi pacdeT IBHUTraTess C BOCIUIAMEHEHHEM OT CXKATHs IMO3BOJISIET OMPEICITUTh
CpPaBHHUTEJIBHBIC TMapaMeTpbl pabOuMX IMKJIOB, DSHEPreTUYECKUE U HIKOHOMHUYECKUE
MOKa3aTeNlM, a TakKe M3MEHEHHME MaBJICHHWsS pabouero Teja B NUJIWHAPAX IBUTATENS TPH
paboTe Kak Ha AU3EILHOM TOIUIMBE, TaK U Ha OuoTorummse [2].

AHaJIM3 MOCJeAHUX HMCCIeI0BAHUI M myOaukanuil. B xadecTBe mMaTeMaTH4eCKOU
MOJIETT TEIUIOBOTO pacyuera MPUHSAT METOJ ONUCAHHBIA B cTaThe “MeTonudeckue yKa3aHus
teroBoro pacdera JIBC” [3]. DTOoT MeToa MOXET NMPUMEHSTHCS W B CIIydae 3aMEHBI
TPaJAULIMOHHOTO TOIUIMBA APYTUM BHUIOM TOIUIMBA (OMOTOIUIMBO, YACTMYHO MeTaHOM). Llenb
JAHHOM CTaThU — MPEJCTABUTHh METOJ pacueTa W OICHKH IMOJYYCHHBIX PE3yJIbTaTOB PaOOTHI
neurarens 4DC-125/110 nnst pa3nuyHBIX BUAOB TOIUTMBA. HekoTophle M3HAYANILHBIE JaHHBIC
MOJTYYEHBI SJIEKTPUIECKUM TOPMO30M TocTosiHHOTO Toka MIIB-32/27 aBropamu [1].

IlocranoBka 3anaum. llenpro naHHOW pabOTHl SBISETCS BBIMOIHEHUE TEMJIOBOTO
pacueta st nBuraresst mogenu 4DC-125/110 paGoraromiero Ha pa3IUYHBIX BHIAX TOTLTUBA B
pe3ynbTare KOTOPOTOCTaHET BO3MOXKHBIM  CPaBHHBAaHHE JKOHOMHUKO-IHEPTreTUYECKUX
rapamMeTpoB.

N3noxenune marepuasa. [Ipeayioxxen TeroBoil pacyer, AJii HOMHUHAIBLHOTO PEXUMa
BBITIOJTHCHHBI B COOTBETCTBHUU C BBIOPAHHBIM METOJOM. VICIONb30BaHBI HEOOXOIUMBIC
Mpe/IBapuTeNIbHbIC 3HAUCHUS, paHee U3BECTHBIC, a TAaK)KE JIaHHBIE, IOJyUYEHHBIC B pPe3yJIbTaTe

skcniepuMenTa. COOTBETCTBYIOIINE TAHHBIE MTPEICTaBICHBI B Ta0I. 1.

Tabmmma 1 — HavansHble mapaMeTphl 11 pacyera

Tomnupo
Ju3Tonmmso
Jwn3zTormso
TTapameTpsr Tusro- N +buoromnuBo | bruoromnmmso
(paricoBoe  |+Metan (CHy)
B0 |Mertan (CHy)
(80%+20%) MacJio) (80%+20%)
Y (80%420%)

1 |OGopoTHI ABUTATENS, N, MuH 2200 2200 2200 2200
2 |Yucno HUINHIPOB, 1 4 4 4 4
3 |Crenens cxarwus, € 16 16 16 16 [2]
4 |O0beM aBuraTens, VvV 4,75 4,75 4,75 4,75
5 JlaBrnenue okpyxkaromen cpeasl, Py, 0,102 0,102 0,102 0,102

MIla
6 }IEMnepaTypa oKpyxaromeit cpensl, To, 203 293 293 293
7 OHIEC,I[BapI/ITeJIBHLII/I HarpeB cMmecu, AT, 15 15 15 15 [2]

[lotepu naBiaeHHss B  KOJUIEKTOPE,
8 |(razommHamuyeckue motepH), AP, | 0,02 0,02 0,02 0,02 [6]

MlIla
9 |Temmeparypa BeIXJIONHBIX ra3os, Ty, °K | 850 850 900 [2] 850
10 |CTereHb MOBBIIICHUS TaBICHUS, A 1,4 1,42 1,3 [2] 1,42 [6]
11 |Koaddumnuent n3bbITKa Bo3ayXa, o 1,5 1,44 1,25 [2] 1,44 [6]
12 {Koadurment ucnonp3oBanus termna, | 0,82 0,82 0,82 0,82 [6]
13 | Koabumment TOTHOTRI g 94 0,94 0,94 0,94 [6]

WHINKATOPHOU JUarpamMmBbl, v

DHepreTUvecKas MOITHOCTh TOIUIuBa,| 42,70
14 Qu. MK/ (6] 43,38 [6] 41,68 [6] 39,31 [6]
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DHepreTuveckas MOITHOCTh Pa3HbIX BHJIOB TOIUIMBA!

1. JHusrommmBo, Qq =42,7 MJIx/xr [5, 6].

2. buotomnuBo u3 parncoBoro macna, Qg =43,24MJIx/kr [4].

3. TIIpomsbltuiennsiit MetaH, Qq =46,1MJIx/kr [5].

[Tapametpsl mporecca razooomena. Ilpexae Bcero omnpeaensieTcss MaBiCHHE B KOHIIE
mporecca Bnycka — P, u B ciiydae aTMOoc(epHBIX ABUTaTelel OHO MOKET ObITh MOJIYYEHO U3

COOTHOIIIEHUS:
F,=F—-AF, ,Mla. (1)
JlaBieHHe BBIXJIONHBIX Ta30B (B KOHIIE BBIMycka) — P;, MOXHO TOJyYHTh W3
YpaBHEHWS:

P.=P[1+(0,55-10" -n) |, MIla 2)

KoadduimeHT ocTaTOYHBIX Ta30B ONMPEACIISAIoT 1o Gopmyre:

_ T +AT-E,

Vs T-¢P-P (3)

TemnepaTypa B KOHIIE BIyCKa MOKHO PaCCUUTATh U3 OTHOLIEHUS:
_ L +AT+y,T,
1+,

T

0
u , K (4)
[Tapametpsl mporiec