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Justification of the Structural and Technological Parameters of the Belt-screw Mixer of
Loose Fodder

The purpose of the work was to substantiate the operational parameters of the belt-screw mixer of bulk
feed on the basis of experimental studies of the process.

As a result of experimental studies of the process of mixing loose feed with an experimental mixer, the
following was established. With increasing time and rotation frequency, the homogeneity of the mixture
increases and reaches a maximum of 97.8% at n = 48 min-1 and t = 3.2 min. after which there is a slight
decrease. The nature of the process is close to the typical kinetics of mixing loose materials. The energy
consumption for the process is non-linear in nature, while the optimum (the smallest value) is located at the point
corresponding to the value of the rotation frequency of 40.5 min-1, and not at the minimum n. At minimum Kk,
energy consumption for the process is 2.25 kW/cycle, and at maximum — 3.66 kW/cycle. The mixing time will
be different for different contents of the smallest component and is within 2.9—3.56 min.

Based on the obtained data, the rational parameters of the mixer under development were established.
feed, mixing, loose components, experiment, parameters, quality of mixing, energy consumption, rotation
frequency, duration of the process
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Pe3ynbTaTi eKCrepuMEHTaAIbHUX JOCIIIKEHb
MaJIoradapuTHOIO €KCIlaHaepa KOpMiB

3acTocyBaHHS €KCIaHJEpiB € HEOOXIJHUM y BUPOOHHUIITBI KOPMIB 1 Xap4OBHX MPOAYKTIB, OCKUIBKH Iii
TEXHIYHI 3aCO0M J03BOJISAIOTH MOKPALIUTH SKICTh 1 MMOKMBHI XapaKTEPUCTHKU KiHLIEBOTO NMPOAYKTY. 3aBASKH 1X
BHUCOKIH MPOTYKTUBHOCTI 1 MOYIJIMBOCTI PETYIIOBaHHS THCKY, €KCIaHIEpH 3a0e3neuyioTh eeKTHBHY 00poOKy
MarepiaiB, 30epiratoud Inpu oMy iX KOpHCHI BiacTHBOCTi. OTKe, ONTHMI3allisl TEXHOJOTTYHHUX IapaMeTpiB
UIst GOpPMYBaHHs EKCIAHAATIB 3JIMIIAETECA aKTyaldbHOIO 3a/auei0 B IHKWUHIPHHTY €KcHaHaepiB. MeToro
JOCIIIJDKEHb € OOIPYHTYBaHHS KOHCTPYKTHBHO-TEXHOJIOITYHMX IapaMeTpiB MaJjlorabapuTHOTO eKcraHzaepa
KOPMIB EKCIIEpUMEHTAIBHUM ILITXOM. B pe3ynbTaTi eKCIepUMEHTIBHHUX OCIiPKeHb MaJIorabapuTHOTO
eKCIaH/iepa KOPMIiB BCTaHOBJICHI 3aJIe)KHOCTI 3MIHM IIPOAYKTUBHOCTI ekcranigepa Q, #Horo crosxuBaHOi
MOTYXHOCTI N, TUTOMO1 €HEPTOEMHOCTI TPOIECY eKCIaHayBaHHs ( i MIIJIPHOCTI OTPUMAHUX €KCIIAHIIATIB P Bif
BOJIOTOCTI KOMOikopMy W, 3a30py MiXK KOHYCOM Ta TailKOr O, YaCTOTH OOCpPTaHHS I'BUHTA N. 3HAMIIOBIIN B
nporpamMaomy makeTi Wolfram Cloud 3Ha4eHHs (aKTOpiB JOCTIIKEHB MPHU IKOMY CIIOCTEPITaeThCs MiHIMATbHE
3HAYEHHS MMTOMOI EHEProeMHOCTI npouecy excrnanaysanus q = 30,7 kBr-roxn/t BcraHoBieHO, mo W = 27,1 %,
d. = 3,7 MM, n = 54,4 06/xB. [Ipu 11bOMY MPOIYKTUBHICTH ckiamana Q = 28,8 Kr/roJ, CioKuBaHa MOTYXHICTh N
=879 Br, a IiNbHICTh eKcaHaTiB p = 336 kr/m’.

KOpMa, eKCHaHIep, eKCepUMeHT, MapamMeTpH, MPOAYKTHBHICTh, €HePro€MHicTh, BOJOriCTh, YacTOTa
o0epTaHHs, 3230p, KOHYC
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IloctanoBka mnpodGaemu. CpOrogHi 3HAYHA YaCTHHA POCIUHHOI CHPOBHUHHU, SKa
BUKOPUCTOBYETHCS Yy BHUPOOHMIITBI  XapyOBUX MPOAYKTIB 1 KOPMIB, IMiJA€ETHCA
ekcmanayBanHio [1, 2]. IlepeBaroro 1i€i TexHOioOrii € pagukalbHa 3MiHA CTPYKTYPH
CHUpPOBHHH, ii (PI3UUHUX BIACTUBOCTEH, MOKMBHOI IIIHHOCTI, @ TAKOXX XIMIYHOTO CKJIaZy B
nporieci o0poOku [3]. Kpim Toro, ekcnaHayBaHHS HaJla€ MOXKJIHUBICTH IIUPOKO 3MIHIOBATH
BJIACTUBOCTI TOTOBOT'O MPOAYKTY HIISXOM BapilOBaHHS Mapamerpamu nporecy [4, 5].

ExcrnanmyBaHHIO 1 €KCTPY3ii MiIa€ThCs PI3HOMAHITHUN CTIEKTP POCITMHHOI CHPOBUHH:
3epHO, 6000BI1, (PYKTH, OBOYi, KOPEHEILJIOHU, JTUCTS Ta CTeOJIa POCIIMH, a TAKOXK IXHI CyMIiIli
[6]. BaxxmuBoro mepeBaror0 TEXHOJIOTIT eKCIaHAyBaHHS 1 eKCTPY3ii € MOXKIMBICTh TIEPEPOOKH
BIZIXO/IIB XapuOBOi NMPOMHUCIIOBOCTI 1 arponpOMHCIOBOTO BUPOOHULITBA, TAKUX SIK BiKATKU
IJI0IIB, MIKIPKA (PYKTIB, MaKyXa, >KOM TOIIO, 3 METOI iX IMOAAJIBIIOrO BHKOPUCTAHHS Y
CKJIaJll XapuOBHX MPOJYKTiB a00 KOpMiB [2, 3, 7].

AHami3 ocTaHHiX gocaimxkens i nmyOaikamii. Jlna 3giiicHeHHs  mporecy
€KCIaHIyBaHHS 1 EKCTPY3ii BUKOPHCTOBYIOTh OJIHOTBUHTOBI Ta JABOI'BHHTOBI eKCTpyepu [4].
He3Baxaroun Ha BelMMKE PI3HOMAHITTS MOJENCH, iX KOHCTPYKI[iS CXOXKa Ta BKIIOUAE OYHKED
JUISL 3aBaHTAXKCHHSI CUPOBUHH, TBUHT 3 BUHTOBOIO CIIPAJUIIO, 10 00EPTAETHCS Y HEPYXOMOMY
MWTIHAPUYHOMY KOPITyCi, Y KiHIII SIKOro € oTBip ((pinbepa) mns Buxomy ekcnanaaty [3, 8].
JlonaTkoBO 10 KOHCTPYKII ekcTpylepa abo eKcrmaHiepa MOXYTh BKJIIOYATH EJICKTPUYHI
00irpiBaui KoOpIycy Hjis IABUIICHHS TEMIIEpaTypu MPOIECy Ta MPUCTPOI ISl Tojaadi B
KOPITYC BOJW YH TapH AJis 3BOJIOKEHHS CUpOBHUHU [9]. OMHOTBMHTOBI MPHUCTPOi 3a3BHUail
BUKOPHUCTOBYIOTBH JUIsl OOPOOKH OJHOKOMIIOHEHTHHX a00 0araTOKOMIIOHEHTHHX IPOJYKTIB, a
JBOTBHHTOBI — JUIsl OTPUMAaHHS CKJIQJIHUX 0araTOKOMIIOHEHTHUX MPOAYKTiB [10].

3a3Buyail y ekctpylep abo ecmaHiep 3aBaHTAXYIOTh IONEPEIHbO MIATOTOBIEHY
pPOCIMHHY CHUPOBHHY a00 CyMilll CHPOBHHHHUX KOMIIOHEHTIB 3a JOMOMOIOI0 METO/IB
noApiOHEHHS, 3BOJIOYKEHHsI Ta KoHnuiionyBaHHs [11]. CupoBuHa, sIKy mepeMillye TBUHT IO
KOPITyCYy MiJ JAi€10 BUCOKOTO THUCKY Ta TEMIIEPAaTypH, a TAaKOX Pi3KOTo Mepenangy THCKY Ipu
BUXOMA1 3 (UIbEpPH, 3MIHIOE CBOIO CTPYKTYypy Ta BiacTuBoCTi [5, 12]. B skocTi 3MiHHEX
BX1/IHUX MapaMeTpiB, SIKi 3MIHIOIOTH XiJI IPOIeCy eKCIaHAyBaHHA (€KCTpY3ii) Ta BIACTUBOCTI
rOTOBOTO €KCMaHJaTy, 3a3BUYail BUCTYMAIOTh WIBUIKICTh MOJAdi CHUPOBHHHU B EKCTPYIED,
yacToTa OOEpTaHHS IIHEKa, CIiBBiAHOIIEHHS JiaMeTpa Ta JOBXHWHHU LIHEKa, TeMIepaTypa
eKkcTpy3ii, TuCK Ta miameTp (inbepu [4, 13]. Takok 3HAYCHHS MalOTh MMOYATKOBI BIACTHUBOCTI
CHPOBHMHHU, TaKi SK BOJIOTICTb, CTYIIHb MOAPIOHEHHS, XIMIYHUH CKJIAJ, )KUPHICTH TOIIO [S5,
14].

ITix yac mpouecy ekcTpy3ii poCIMHHA CHPOBUHA 3a3HA€ LIJIOTO Py (Pi3UKO-XiMIYHUX
3MIH Ta 3MiH y mNOXuBHIM 1iHHOCTI [14]. Lli 3MiHM BKJIIOYAIOTh OKHCJICHHS JKHPIB,
JeHaTtyparlito 0i1ka, popMyBaHHS XPECTOBHUX 3B'SI3KIB MK OLJTKaMH Ta 1HIIUMH PEYOBHHAMH,
JKETaTUHI3AIMMII0 Ta JEKCTPUHM3AII0 KPOXMalio, pPYyHHYBaHHS BITaMiHIB Ta KapOTHHY,
JeHaTypaiio (epMeHTIB, 3MIHY CTPYKTYpH (KOHCHUCTEHIIIT), KOJbOPY Ta 3amaxy MPOIYKTY
[14, 15]. i 3MiHM € pe3yabTaTOM KOMILIEKCHOI'O BIUIMBY Ha CHPOBMHY 3a3HAYCHUX BHIIE
3MIHHUX BX1IHHX MTapaMeTpPiB MpoIecy eKcTpy3ii ado excrnanayBaHus [5, 6, 13].

[Tapamerpu mporecy ekcTpysii a0o eKCHaHIyBaHHS POCIMHHOI  CHPOBHHHU
3MIHIOIOTBCS 3 METOI OTPUMaHHS TMPOAYKTY 3 HEOOXITHUMH BJIACTHBOCTSIMHU Ta
3a0e3nedeHHs] MiHIMaJIbHOTO 3MEHIIEHHs MOXKUBHOI IIHHOCTI MPOJYKTY 4Yepe3 pyWHYBaHHA
KOPHUCHUX pedoBHH [16].

ITig yac ekcrnaHAOBAaHOTO MPHUTOTYBaHHS KOPMIB BAXIIMBY POJIb BiAIrpaioTh (i3uUKO-
TEXHOJIOTIYHI acCIleKTH, TakKi SK Tervionepenada, MacooOMiH, Tepeaada IMIyJbCy, TUCK Ta
TpuBaiicth aii Temneparypu [17, 18]. Lli ¢akTopn MaroTh 3HaYHMN BIUIUB HA BJIACTHUBOCTI
Xap4oBUX MPOAYKTIB 1 KOPMIB 1 MOKYTh CYTTEBO BIUIMBATH Ha SKICTh KIHIIEBOTO MPOIYKTY.
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Tomy Hayie)KHa perynsuis i KOHTPOJb IUX MapaMeTpiB € KIIOUOBHUMH aCIEKTaMHU IMPOLECY
€KCIIaH0BAHOTO IPUTOTYBaHHS KOPMIB.

3acTocyBaHHS EKCIAHAEPIB € HEOOXiTHHUM Yy BHUPOOHMIITBI KOPMIB 1 XapuyoOBHX
MPOJIYKTIB, OCKUIBKM Il TEXHIYHI 3acoOM JIO3BOJISIIOTH TOKPAIIMTH SKICTh 1 TOXKHUBHI
XapaKTEPUCTHKHN KIHLIEBOTO MPOAYKTY. 3aBASKH iX BHUCOKIH MPOAYKTUBHOCTI 1 MOMIJIMBOCTI
peryiioBaHHS THCKY, €KCIaHaepu 3a0e3neuyioTh e(ekTHBHy OOpoOKy Martepialis,
30epirarouu Ipu IbOMY X KOPHCHI BJIaCTUBOCTI.

Omxe, onTuMizalis TEXHOJIOTIYHMX TapaMeTpiB maig (GopMyBaHHS EKCIaH/ATiB
3aJIMIIAETHCS aKTYaIbHOIO 33/1a4€10 B IHKHHIPUHTY €KCIIaHJIEPIB.

IlocTtaHoBKka 3aBgaHHsl. MeTOI0 NOCHIKEHb € OOIPYHTYBaHHS KOHCTPYKTHBHO-
TEXHOJIOTIYHHUX TapaMeTpiB MajorabapuTHOro eKCHaHiaepa KOPMIB eKCIepUMEHTAIbHUM
HUISIXOM.

Bukaang ocHoBHoro martepiaay. Ha mouaTky pocnifpkeHb TOTYBajdM 3pa3Ku
KOMOIKOpMY BIATIOBIAHOTO TPaHYJOMETPUYHOTO CKJIAAy 3 po3Mmipom yacTok 1,2-2.4 mm. B
SKOCTI CKJIQJIOBUX KOMOIKOpMY, y cmiBBigHOIIEHHI 25 : 25 : 25 : 25 %, BUKOPUCTOBYBAIU
3€pHO MIIEHUIll, SYMEHIO, KYKYPY/J3H Ta COHSIITHUKOBY MaKyxy, MOJAPIOHEHI 3a JOMOMOTOI0
JMCKOBOTO MOpiOHIOBaYa, SIKUH J03BOJIsie 3a0e3neunt Buiy (011 92 %), Hi’K MOJIOTKOBHIA,
onHopiaHicTh moapioHeHHs [19]. IlpuroryBanHs KOMOIKOPMY NPOBOAMIHM 3a JIOTIOMOTOIO
7a00paTOPHOTO CIPATbHO-TBUHTOBOTO 3MilllyBaya CHIIKUX MaTepialliB, SKUHA JIO3BOJISE
OTpPUMYBATH CyMilli ogHOpiaHicTIO 94-98 % [20].

Buxigny Bosoricts (10 = 2 %) 3pa3kiB KOMOIKOpMY 3MIHIOBAJIM LUISIXOM JOJaBaHHS
BIITOBIAHOT KUITBKOCTI BOIU:

m =t |00 Wo 0
100-W,

Jie Mg, M; — Maca BOJH Ta 3pa3ka KOMOIKOPMY BiJIITOBITHO, KT;

Wo, Wy, — BHXi/THa BOJIOTICTh Ta BOJIOTICTH, IKY HEOOXITHO OTpUMaTH, %o.

Ha ocHOBI pe3ynbTaTiB TEOpEeTHMYHHX HOCHiKeHb [21, 22] Oymno po3polbieHo Ta
peaizoBaHO EKCIEPUMEHTAIbHUN 3pa30K eKchaHAepa KOMOIKOPMIB, SKHW CTaB OCHOBOIO
JOCTIAHOT YCTAaHOBKH, TIPUBEICHOT Ha puC. 1.

3MiHHUMH ~ daKTOpaMu  E€KCIIEPUMEHTAIbHUX  JOCHIIKEHb Oyau 3a30p MK
3aMMparoyuM KOHYCOM Ta raiikoro o, (1-5 mm), wactora obepranus reunta n (30-60 06/xB) i
Bosiorictb komOikopMy W (20-30 %). Kpurepii onTumizalii: crnokuBaHa MOTYXHICTb N,
OPOAYKTHBHICTD () €KCIIEPUMEHTAIBHOTO €KCIIaHAepa 1 IIJIbHICTh OTPUMAHUX €KCIaH/ATIB p.

5
4 8
3 [ 6 T
- / A IJ_j
; s 1 M (}
=PI
- — |
2 = 10
[ ] ~220B &
toioy
e 19

123



ISSN 2414-3820 KoHcTpyroBaHHsI, BUPOOHMIITBO Ta €KCILTyaTallis CUTLChKOTOCTIONAPChKIX MamvH, 2023 Bur. 53

LT )

1 — uudposuit repmometp 3 Tepmonaporo FLUS ET-960; 2 — 3anuparounii Konyc; 3 — raiika 3 po3ailbHUKOM

notoky; 4 — nositpsinuii TEH HarpiBy pobouoi kamepu; 5 — OyHKep 3aBaHTaXXEHHS; 6 — 4epB’SIUHUN PEAYKTOP

NMRV-63 (1:25); 7 — enexrpoasuryn AIP/SAI80A4; 8 — [IEOM; 9 — yactoTHmit neperBoproBay HY UNDAI
N700E; 10 — naboparopuuii aBrotpanchopmarop JIATP-1M; 11 — taxomerp Benetech GM8905

Pucynok 1 — Cxema () Ta 3aransHui BATIEL (0) AOCHIAHOT yCTAHOBKA
Licepeno: pospobaeno asmopamu

Jocnimxkenns npoBeeHi 3a mianoM bokca-benkina BB; y Tpupa3oBiii moBTOpHOCTI.

BiamoBigHy dactoTy oOepTaHHsS T'BHHTA BCTAHOBIIIOBAIHM 32 JOTIOMOT'OK) YaCTOTHOTO
neperBoproBadya Hyundai N700E Tta koHTpomroBanmu 3a JOmoMororw taxomerpa Benetech
GMS8905. BiamoBigHuii 3a30p MK 3alUparOYMM KOHYCOM Ta TaWKOKI BCTAaHOBIIIOBAIH
IIIIXOM 00epTaHHS IBUHTA, Ha SIKOMY BCTAHOBJICHO KOHYC, Ta KOHTPOJIIOBAJIH 3a IOTIOMOTOI0
rimrbuaoMipa mranreHupkyis [II-150-0,1. Temneparypy B poOodiit kamepi miATPUMYBaIH
Ha piBHI 13612 °C 3a gomomoror noitpsiHoro TEHy, cTymiabs HarpiBy sIKOTO peryiIrOBain
3MIHOIO CTPYMY JKUBJIECHHS JlabopaTopHuM aBTOTpaHchopmaropoMm JIATP-1M. IloTyxHicTh
npuBoAy N 3HIMaIM 3a JOMOMOTOK dYacTOoTHOro mneperBoproBada Hyundai N700E 3
HACTYMIHUM TOTOYHMM 3alllCOM 3a JIOIIOMOIOI0 TEPCOHAIBHOTO KOMII'IOTEpa, Ha SKOMY
BCcTaHOBJIeHO TmiporpamHe 3abe3medeHHss N700 HIMS. IlponyktuBHicTh excmanaepa Q
BU3HAYaJM, BUXOJSYM 3 Yacy, 3aTpauyyBaHOTO Ha MepepoOKy OAHI€T HaBaXKKH, KA CKJajaaia
1 xkr. 3arpadyBaHWii yac BH3HA4YaJM 3a JOMOMOTOIO0 CeKyHaoMmipa. [IMToMy €HeproeMHiCTh
MPOIECy  BU3HAYAIHU SK BITHOIIEHHS 3aTpadyBaHOi MOTYKHOCTI N 70 mMpOayKTUBHOCTI Q.
[{ibHICTF OTPUMAaHMX €KCHAHJATIB P BHU3HAYajaCh 3 BUKOPUCTAHHSIM METOMY
TAPOCTaTUYHOTO 3BAXKYBaHHS.

Y  BIAMOBIAHOCTI /0 TpPEACTaBICHOI METOAMKH TMpoBeAcHI OararodakTopHi
eKCIIePUMEHTAbHI JOCITIKEHHS MPOIecy pOOOTH MallorabapuTHOTO EKCIaHepa KOpMiB.
3aranpHUN BUTJISA] 3pa3KiB OTPUMAHOTO MPOAYKTY (€KCIaHIaTiB) MPUBEICHI Ha puUC. 2.
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W=25%,05.=1mMm,n=30006/x8 W =25%,8,=3mMm,n=3000/xB W =25%,5.=3 mm, n=230 006/xB

W =25%,05.=1mm,n=6000/x8 W =25%, . =3 mm,n=6000/xs 25 %, 8, = 5 MM, n = 60 06/xB

Pucynok 2 — 3pazkut OTpIMaHOTO TIPOIYKTY
Lowcepeno: pospobaeno agmopamu

YHacniiok  oOpoOKM  eKCHEpUMEHTANbHUX  JAaHUX  OTPUMAHO  3aJeKHICTh
MPOAYKTHBHICT ekcranaepa Q Bix hakTopiB AOCTiHKEHB (puc. 3):

Q=1,78314+0,401115n+ 1,41111 . (2)

Otpumana Mozelnb afexkBaTHa 3a kpurepiem ®imepa F, = 1,99 < Fy5(12;30) = 2,09, a
aucnepcis onHopinHa 3a kpurepiem Koxpena G, =0,1082 < Gy 05(2;15) = 0,3346.

YHachiiok 00poOKH €KCIIEPUMEHTAIBHUX JaHUX OTPUMAHO 3aJIeKHICTh CIOKHBAHOL
noTykHOCTI N Biz (pakTOpiB AOCTIKEHB (pHUC. 3):

N = 898,22 + 12,0228 n — 15,1022 W — 186,449 3. + 31,0749 5.°. 3)

OtpumaHna Mozenb afekBaTHa 3a kputepieM dimepa F, = 0,984 < Fy5(11;30) = 2,13,
a qucnepceis onHopigHa 3a kputepiem Koxpena G, =0,1456 < Gy o5(2;15) = 0,3346.

3 puc. 3 HAOYHO BHJIHO, IO 13 30UIBIICHHSIM YacTOTH OOEpPTaHHS TBHHTA N 1 3a30py
MDK KOHYCOM Ta TalKo O, NPOAYKTHBHICTH ekcrmanjepa Q 30imbmiyerbes. B cBoio uepry
BOJIOTICTh KOMOikopMy W He BIUIMBa€ Ha MPOMYKTHUBHICTh. [3 30UIBIICHHSM YacTOTH
o0epTaHHs TBHHTA N CIOKMBaHA MOTY)XHICTh ekcraHaepa Q 30UIbIIYeThCS, IO € LIJIKOM
JIOTIYHUM. 3MEHIIICHHS BOJIOTOCTI KOMOiKOpMYy W TakoX CIpUUYMHSE 301TbIIEHHS MTOTY>KHOCTI
N. Lle mosicCHIOIOTBCS 301IBIIEHHS CUJI BHYTPIIIHBOTO 1 30BHIIIHBOTO TEPTS, 1[0 BUHUKAIOTh
MDK YacCTHHKaMH KOMOIKOpMY 1 TOBEPXHEI0 poOOYMX oOpraHiB ekcmanzaepa. s 3a3opa
CIIOCTEpIraeThCsl HAsIBHICTh ONTUMYMY O, = 3,1 MM, NpH SKOMY MOTYXHICTh ekcranziepa N €
MiIHIMaJIbHOIO.
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PucyHok 3 — 3anexHicTs IpoayKTHBHOCTI QQ 1 CIOXKKBAHOI MOTYKHOCTI ekcriangepa N B BOJIOTOCTi
koMOikopMy W, 3a30py Mi>K KOHYCOM Ta TaliKOI0 O, 4aCTOTH OOEPTaHHS TBUHTA N
Lowcepeno: pospobaeno agmopamu

YHacniok 0OpoOKM eKCIEpPUMEHTATbHUX JTaHUX OTPUMAHO 3aJICKHICTh 3MIHH
MMUTOMO1 €HEPTOEMHOCTI MPOIECY eKCIaHyBaHHs ( Bl (aKTOPiB JOCHIKEHD (puc. 4):

q=111,597 —0,785547 n + 0,00721513 n*> — 2,8468 W + @
+0,0524621 W? — 11,2437 8.+ 1,51579 8.2

Otpumana mMozenb agekBatHa 3a kpurepiem @imepa Fy = 0,8698 < Fy05(8;30) = 2,27,
a qucnepceis ogHopinHa 3a kpurepieM Koxpena G, =0,841 < Go0s5(2;15) = 0,3346.

3naiimoBmum B mporpamMHoMy nakeri Wolfram Cloud 3nadeHHs pakTopiB TOCIIIKEHb,
MpU  SKUX CIOCTEPIraeThCcs MIHIMAIbHE 3HAYCHHS TUTOMOI EHEPrOEMHOCTI IIPOIIECY
excriangyBanHs q = 30,7 xkBrrom/t BcranoBneno, mo W = 27,1 %, o, = 3,7MM, n =
54,4 06/xB. [Ipu boMy TPOYKTUBHICTH CKIagana Q = 28,8 kr/ro, a Crio)kMBaHa MOTYKHICTh
N =879 Br.

YHacmigok 0O0poOKM eKCIEepUMEHTATbHUX JaHUX OTPUMAHO 3aJIeKHICTh 3MIHH
IIUTBHOCTI €KCMAHAATIB p BiA (pakTopiB AOCTIIKEHD (puc. 4):

q=264,289 - 0,825 n + 12,902 W — 0,279201 W* - 7,25791 &.°. (5)

Otpumana Mozenb ajfekBatHa 3a kpurepieM ®imepa Fp, = 2,1118 < Fg5(10;30) = 2,16,
a qucrepcis ogHopinHa 3a kpurepieM Koxpena G, =0,1414 < G o5(2;15) = 0,3346.

3 puc. 4 HA0YHO BUIHO, IO i3 30UIBIICHHAM YaCTOTH OOEpTaHHS T'BUHTA N IIIJIBHICTH
eKCTaH/AaTIB p 3MEHIIYeThes. Lle MosSCHIOEThCS THUM, IO 30UIBIIEHHS YacTOTH OOCpTaHHS
3MEHIIye Yac nepeOyBaHHS marepianxy B OONacTi IIHEKa, J¢ BiIOyBarOThCS (PI3UKO-XiMiuHI
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MPOIECH YTBOPEHHS eKCMaHJaTy. 3O0UTBIICHHS 3a30py MK KOHYCOM Ta TalKow O
MPU3BOJIUTH 70 3MEHIICHHS IIUILHOCTI, IO TAKOX € IUIKOM JIOTIYHHUM: HE YTBOPIOETHCS
HEOOX1THOTO mianopy 3 OOKy KoHyca. Boyoricte maTepiany mae onTUMaldbHE 3HAYCHHS Ha
piBHi W = 23]1 %, mo NpakTU4YHO HAOMM)KEHE [0 3HAYEHHs, SKE€ OTPUMAHO IIpH
1a060paTOPHUX TOCIIKCHHSIX.

W=271% "

3 n, 00/xB
740

30 30

PricyHOK 4 — 3asiexkHiCTh TUTOMOI €HEPIrOEMHOCTI MIPOLIECY eKCIaHyBaHHS ( 1 IIIIBHOCTI €KCIaHAATIB p
Bixt BosorocTi komOikopMy W, 3a30py MiK KOHYCOM Ta TaifKOI0 ., 9aCTOTH 00EpTaHHS TBHHTA N
Lowcepeno: pospobaeno agmopamu

Takok BCTAHOBIIEHO, IO MPHU palioHANbHUX 3HadeHHAX W = 27,1 %, d; = 3,7 mm,
n = 54,4 06/xB, Npy SIKUX TUTOMA EHEPTOEMHICTD MPOIECY €KCIaHTyBaHHSI ( € MIHIMAJILHOIO,
IIUTBHICTh €KCIaHaTIB ckianae p = 336 KT/M-.

BucHoBku. B pesynapTari eKcnepuMEHTaIbHUX JOCTIIKEHh MajaoradapuTHOTO
eKCIaHjepa KOPMiB BCTAHOBJICHI 3aJI€KHOCTI 3MIHU MPOAYKTHBHOCTI ekcmanaepa Q (1), ioro
CIOXKMBAHOT MOTYKHOCTI N (2), TUTOMOI €HEProeEMHOCTI Tporecy ekcnanayBaHHs ¢ (3) 1
HIUIBHOCTI OTPUMAHUX €KCIaHAaTiB p (4) Big BomorocTi kombikopmy W, 3a30pa Mik KOHYCOM
Ta Taiikolo O, YaCTOTH 0OepTaHHS I'BUHTA N.

3naiimoBmum B mporpamMHoMy nakeri Wolfram Cloud 3nadeHHs pakTopiB TOCIIIKEHb,
NpU  SIKUX CIOCTEPIra€ThCs MIHIMAJIbHE 3HAYCHHS TUTOMOI EHEPrOEMHOCTI IIPOIECY
excriangyBanus q = 30,7 kBrrom/r, BcranoBmeno, mo W = 27,1 %, o, = 3,7 MM,
n=54,4006/x8. Ilpu mpoMy mpPOAYKTHUBHICTh Cckiafgana Q = 28,8 kr/ron, CHoXuBaHa
noryxkaicts N = 879 Br, a miinbHicTh eKCHaHmaTis p = 336 kr/nm’.
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Results of Experimental Studies of a Small-sized Fodder Expander

The purpose of the research is to substantiate the structural and technological parameters of the small-
sized fodder expander experimentally.

The use of expanders is necessary in the production of feed and food products, as these technical means
allow to improve the quality and nutritional characteristics of the final product. Thanks to their high productivity
and the ability to adjust pressure, expanders provide effective processing of materials, while preserving their
useful properties. Therefore, the optimization of technological parameters for the formation of expanders
remains an urgent task in the engineering of expanders.

As a result of experimental studies of a small-sized fodder expander, the dependences of the change in
the productivity of the expander Q, its consumed power N, the specific energy capacity of the expansion process
q and the density of the obtained expanders p on the moisture content of the compound feed W, the gap between
the cone and the nut §., and the frequency of rotation of the screw n were established. Having found in the
Wolfram Cloud software package the value of the research factors in which the minimum value of the specific
energy intensity of the expansion process q = 30.7 kWh/t is observed, it was established that W = 27.1 %, . =
3.7 mm, n = 54.4 rpm. At the same time, the productivity was Q = 28.8 kg/h, the power consumption N =
879 W, and the density of the expanders p = 336 kg/m”.
feed, expander, experiment, parameters, performance, energy consumption, humidity, rotation frequency,
gap, cone
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