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Huceprartiiss Ha 3100yTTs cTyneHs qokTopa (inocodii 3a crnenianpHicTiO 133
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yHiBepcuTeT iMeHi IBana Ilymtos, M. Tepromins, 2021 p.

Y nucepraiiiiHiii poOOTI BHPINIEHO HOBE HAYKOBE 3aBHaHHS 3HUKCHHS
€HEpProBUTpaT TMpOIECy NPUTOTyBaHHS PIAKOI OMapuU HUISIXOM JIUCKPETHO-
IMITyJIbCHOTO ~ JTO30BAHOTO BBEJECHHS KOMIIOHEHTIB Yy 3BaXXEHOMY CTaHl Ta
OOIpYHTYBaHHS palllOHAIbHUX MapaMeTPiB poOOYMX OPraHiB 3MiITyBaya.

3HWKEHHSI €HEPrOEMHOCTI MPOLECY NMPUTOTYBaHHS PIAKOI OMAapU JOCITA€ThCS
3a paxyHOK iHTeHCU(IKallli OCHOBHUX €TalliB 1, SIK HACIIJOK, CKOPOUEHHS 4Yacy ii
IPUTOTYBaHHS.

MeToro JOCHIKEHHST € 3MEHIIEHHS EHEPreTMYHUX BUTpAT MpolEecy
IPUTOTYBAaHHA PIKOi OMapy MUISXOM yAOCKOHAJIEHHS TEXHOJIOTil Ta oOnagHaHHS 3a
paxyHOK 3aCTOCYBaHHSl JHMCKPETHO-IMIIYJIbCHOIO BBEJCHHS KOMIIOHEHTIB Y
3BaXEHOMY CTaH1 MiJ 4ac ix NepeMillyBaHHs.

JI7s mOCSATHEHHS ITOCTABJICHOT METH BU3HAYCHO TaKl 33424l JOCIIHKCHHS:

- Ha OCHOBI aHAJI3Yy BIJJOMHX CHOCOO0IB 1 KOHCTPYKIINA YJOCKOHAJIUTH CIOCIO
IPUTOTYBaHHS PIIKOI OMapu Ta PO3POOUTH KOHCTPYKIIO TUCKPETHO-IMITYJIbCHOTO
3MilTyBaya KOMIIOHEHTIB Il BUKOHAHHS TEXHOJIOTIUHHUX OIepallii;

pO3pooHTH:

- AQHAJNITUYHI 3aJIEKHOCTI NJii BHU3HAYEHHS NapaMmeTpiB YTBOPEHOI CyMIIll
piakoi omapu Ta pobo4yoi Kamepu 3MilllyBaya 3ajJe€KHO BIJ J030BAaHOI Macu
KOMITOHEHTIB MepEMILTyBaHHS;

- MaTEMaTUYH1 MOJIENI OMKUCY B3a€MO3B’ 513Ky 3aKOHOMIPHOCTI PYXy J030BaHUX
KOMITOHEHTIB 1 ¢opMyBaHHS cymimn B 00°eMi poOo4Yoi KaMepu JUCKPETHO-
IMITYJIbCHOTO 3MilTyBaya 3aJIe3KHO BiJ] MapaMeTpiB MPOIeCy NepeMilTyBaHHS;

- EMITIPUYHI MOJIETI, SIK1 ONUCYIOTh:



- po0Oo4yy BHCOTY YTBOPEHOI CyMmili Ta KOe(IliEHT OJHOPITHOCTI
MPUTOTOBJICHOI PIAKOI OMAapH 3aJ€kKHO BiJ CEKYHJIHOI MoJiayi J030BaHOro OOpOIHa,
aMILTITyI1 KOJMBAHHS J103aTopa OOpOIIHA, YaCTOTH 0OepTaHHS MPUBOAHOIO Baja,

- BHUCOTY OpOJIHHS OMapu 3 ypaxyBaHHAM CYMapHOi CEKyHJHOI Mojaul
KOMIIOHEHTIB CyMillli Ta 4acy OpOJiHHS OmnapH;

- CIIO’KMBAHY BUTPATY MOTY>KHOCTI JJIsl TPHOX CHOCOOIB MPUTOTYBAHHS P1AKOI
OIIapH 3aJIEXKHO BiJ Yacy Ta TEMIIEpaTypHu MPOIIECY;

- MPOBECTHU JOCIIHPKEHHS TMOKa3HHUKIB SKOCTI MPHUTOTOBIEHOI PIAKOI omapu
0a30BUM Ta pO3pOOJICHUMHU CIIOCOOAMHU.

OOrpyHTOBaHO  yJOCKOHAQJIEHY TEXHOJIOTI0O Ta OCHOBHI  MOKAa3HUKHU
CTPYKTYpPOYTBOPEHHS PiAKOI OMapH 3a TUCKPETHO-IMITYIHCHOTO BBEJACHHS JT030BAaHIX
KOMITOHEHTIB Y 3B&KEHOMY CTaHi.

Ha miit miacrasi:

enepuie po3poo.eHo:

- nudepeHIiaNbHl  PIBHSHHS ONKHCY pPyXy Jd030BaHUX KOMIIOHEHTIB Y
HWTIHAPUYHIA YacTHUHI poOOUYO0l KaMepu 3MilllyBaya Ta npouec (GopmMyBaHHS CyMil
pIIKOi omapu y TrpaBiTalliiHOMY Moyl 00’eMy poOO4YOi KaMepHu 13 BpaxyBaHHSIM
aepoJIMHAMIYHOI CHJIM OTIOpPY ra3oBoi ¢a3u;

- EMIIIPUYHI MOJENI JUIsl BU3HAYEHHSI poOOYOi BUCOTH YTBOPEHOI CyMIIl Ta
Koe(dilieHTa OJHOPITHOCTI MPUTOTOBIEHOT PIAKOI OMapu 3ajeXHO BiJ CEKyHIHOI
nojavi J030BaHOr0 OOpOIlHA, aMIUTITYJd KOJMBAaHHS BIOPYHOYOro pemniera Ta
4acTOTH 00EpTaHHS TapLIYaCTOTO JIUCKA;

VMOYHEHO:

- BIUIUB KOHCTPYKTMBHHMX NapamMeTpiB poOOYMX OpraHiB 3MillyBaya Ta
JI030BAaHOT MacH KOMITOHEHTIB Ha 3MIHY pO0OOYOi BUCOTH yTBOPEHOI CyMIII TiJ] Yac
PUTOTYBAHHS PiJIKOi OMMapH;

- QHANITUYHY 3aJIOKHICTh JJi1 BHU3HA4YEHHS JiaMeTpa pobouoi Kamepu
3MilTyBaya 3aJIe’KHO BiJI T030BaHOT MAaCH KOMITOHEHTIB;

- BU3HAYEHO JONMYCTHUMY MiHIMaJdbHy Ta MaKCUMaJjbHY 4YacTOTy OOepTaHHS

MIIIAJIKK 32 IPUMHATHX YMOB;



HAOYIU NOOAILULO20 PO3GUMK)!

- EMIIIPUYHI MOJIeJIl BUCOTH OpPOJIHHS PIJAKOI ONapu Ta BUTPAT CIOKHBAHOI
MOTYKHOCTI 3aJIS)KHO BiJl TapaMeTpPiB MPOIeCy.

VY Bcrynmi OOIpYHTOBAHO AaKTyalbHICTh TEMH, CPOPMYJIHOBAHO METy Ta
MOCTaBIICHO 3a7a4l AociikeHHs. OnucaHo HayKOBY HOBU3HY, IPAKTHUHE 3HAUYCHHS
OTPUMAaHUX pE3YyJbTaTiB Ta OCOOWCTHI BHECOK 3100yBava. HaBemeHo BimoMocCTi
1010 arpoodarrii Ta onmy0JIIKyBaHHs pe3yJIbTaTiB HAYKOBUX JOCIIIKEHb.

VY mepmomy po3zili HaBEICHO aHali3 CIOCOOIB MPUTOTYBAaHHA TiCTa 1 PiIKOl
omapu Ta KOHCTPYKIIM 3MIITyBadiB KOMIIOHEHTIB, OCHOBHHUX IOJIOXKEHD 1 pe3yJIbTaTiB
TEOPETUYHO-CKCIIEPUMEHTAIBHUX JIOCHII>)KEHb MPOIIECY MPUTOTYBAHHSI PIJIKOI OTMapH,
a TakoXX HaBEAEHO OOrpYHTYBaHHS BHOOpY CIOCO0y JUCKPETHO-IMITYJIBCHOTO
BBEJICHHS KOMIIOHEHTIB y 3BaXEHOMY CTaHlI Ta KOHCTPYKTHBHO-KOMIIOHYBAaJbHY
CXEeMY 3MilllyBadya KOMIIOHEHTIB JJI POBEICHHS JOCIIII>)KEHb.

Y npyromy po3[iii HaBeIEHO MPOTrpamy, OMUC EKCIIEPUMEHTAILHIUX YCTAHOBOK
1 METOJUKY MPOBEAECHHS JOCIIIKEHb.

3riiHo 3 cPOpMYJHOBAHOI METOIO JUCEPTAI[IiHOI POOOTH Ta MOCTABICHUX
HAyKOBHUX 3aBJlaHb, & TAKOXX JUIsl IEPEBIPKHU aJIEKBATHOCTI PE3yJIbTaTiB TEOPETUUHUX
JOCIIIJIKEHb TEXHOJIOTIYHOIO TPOLECY JTUCKPETHO-IMITYJIBCHOTO TEpEeMIillyBaHHS
KOMIIOHEHTIB Y 3B&KEHOMY CTaHI B poOOYil KamMepl IUCKPETHO-IMITYyJIbCHOTO
3MilllyBaya, MporpaMa TEOPETUYHO-EKCIEPUMEHTAIBHUX JOCTIIKEeHb OyJia TaKolo:
MPOBECTU JaOOPATOPHI EKCIEPUMEHTANIbHI JTOCTIIKEHHS sl pO3POOKH eMIIPUYHUX
MOJIeNIeH, K1 XapaKTEePU3yIOTh: (QYHKIIOHAIBHY 3aJ€KHICTh 3MIHM POOOUYOi BUCOTH
YTBOPEHOI CyMillll B Kamepl AUCKPETHO-IMIYJBCHOTO 3MilllyBada Ta KoedirieHTta
OJTHOPITHOCTI 3aJIe)KHO BiJI OCHOBHUX MapaMeTpiB MpOLECy MPUTOTYBAHHS PIIKO1
oTapy; 3aJIeKHICTh 3MIHU CIIOKMBAHUX BUTPAT MOTYKHOCTI Ta KUCIOTHOCTI 3aJI€KHO
Bl Yacy Ta TeMIlepaTypyd TPHUTOTYBAHHS PIAKOi OMapu IJIs MPUWHATHX ITUKJIIB
poOOTH €IEKTPOMOTOpa-PEaYyKTOpa JUCKPETHO-IMITYJILCHOTO 3MiITyBaya; MPOBECTU
JOCIIDKEHHSI 3MIHU BUCOTH, KOedillieHTa JWHAMIYHOI B’S3KOCTI Ta MOPIBHSUIBbHI
7ab0paTopHl JOCTIIKEHHS TMOKa3HUKIB SKOCTI MPUTOTOBJIEHOI PIAKOI omapu AJis

TPHOX BapiaHTIB 1 KKOHTPOJIIO» MPUTOTYBAHHS PIIKOI OTIApH.



JlabopatopHa yCTaHOBKAa CKJIAAa€Tbcss 3 paMu (KOpIycy) Ha SKOMY
3MOHTOBAHO LWJIIHJAPUYHY Ta yCiU€HYy KOHIYHY YacTMHHU poOO4Y0i KamepH, 3BEPXY
SKOi BCTaHOBJIEHO KpHIIKY. B Kpumii depe3 BXiJHy TOPJIOBHHY BCTaHOBJICHO
BIOPOZI03yIOUMi MNpHUCTpiil OOpolIHA Ta MPUBOJHUK BaJl, SIKUH PO3TALLOBYETHCS
BcepenrHl poOodoi KamMepu TUCKPETHO-IMIYJbCHOTO 3MilryBada. Ha mpuBomHomy
BaJly 3MOHTOBAHO CHUCTEMY 3MIHHUX PETryIIOBaIbHUX TAPLIYaCTHX JUCKIB, K1 MAIOTh
OTBOPH, @ HA HUYKHBOMY TOPII IPUBOAHOIO Baja 3aKPIIVIEHO MIMIAJIKY.

Bceepenuni pobGouoi kamepu mo ii mepumerpy Ta mnepudepii HATIHAPUIHOL
YaCTUHU poO0YO0i KaMepu 3aKpilUIEHO BOJONPOBIA B SKOMY 3MOHTOBAaHO JIE€B’SITh
CTPYMHHHHMX pPO3MMIIIOBAuIB JJs JT0O30BaHOI IOAaul BOJHO-IPIKIKOBOI CyCHeH31i
BCEpeaUHY poO0YOi KaMepH.

Metoauka NpOBEACHHS EKCIIEPUMEHTAIbHUX JOCHIIKEHb Oa3zyBajacs Ha
OCHOBI HAyKOBMX METOJIB IUIaHYBaHHSA Ta peami3alli IJaHOBAaHUX (PAKTOPHUX
€KCIIEPUMEHTIB 3 METOI0 OTPMMAHHS PIBHSHB pErpecii mapaMerpa OnTHUMI3allli.

OOpoOKy  eKCIEepUMEHTaJbHOTO  MacuBy  JlaHUX  [POBOAWIM 32
3araJlbHOBIJOMUMH METO/aMH PO3PAXYHKY 3 BUKOPHUCTAHHAM METOJHMK PETPECIfHOTO
Ta KOPEJSIIIHOTO aHai3y.

VY TpeTbOMy pO3iJil HABEIEHO TEOPETUYHUIN aHali3 TEXHOJOTTYHOTO MpoLecy
IPUTOTYBaHHS piakoi onapu. Ha ocHOBI aHamizy OyJji0 BCTAaHOBJIEHO, 1110:

- (yHKIIOHATbHA 3MiHAa BHUCOTH IWIIHAPUYHOI YaCTHHH POOOUOI Kamepu
JTUCKPETHO-IMITYJIbCHOTO 3MilllyBaya KOMIIOHEHTIB Ma€ JIHIMHUN 1 TpOMOpLIiiHUIA
XapakTep — 3a 30UIBIICHHS Macu JO3yI0YMX KOMIOHEHTIB (Macu 6opoiHa Bijg 1,5 10
10,5 xr, macu apixmkiB Bix 0,2 mo 0,8 xr, macu Boau Bix 2,5 1o 6,5 Kr) BHCOTa
HUJITHIPUYHOT YaCTUHU 3pocTae B Mexax Big 0,15 mo 0,35 wm;

- MakcuMalbHa po0odYa BHUCOTAa YTBOPEHOI CyMIlll i Yac MPUTOTYyBaHHS
plaKoi omapu B poOoUiil Kamepi TUCKPETHO-IMITYJILCHOTO 3MilllyBaya 3HAXOAUTHCS B
Mexax Big 0,25 mo 0,55 M 3anexHO Bia 30UIBIICHHS JiaMeTpa TapiidyacToro JucKa
Bix 0,2 1o 0,5 M Ta tioro yacrotu ooeptanus Big 140 no 220 06/xB;

- JIOMyCTHMa YacTOTa OOEpPTaHHS Tapil4acTOTO JUCKA 3HAXOAMTHCS B MEXax

Bix 115 mo 267 00/XB 3amexHO BiJ 3MIHHM Jiamerpa pobodyoi KamMepu Ta 3MIHH



CyMapHOi MacHu JJ030BaHUX KOMIIOHEHTIB Bia 4,5 no 17,8 kr;

- JUTsl 3a0€3MeUeHHsT PO3PaxXyHKOBOT MPOAYKTUBHOCTI AUCKPETHO-IMITYJILCHOTO
3MilllyBaya BCTAHOBJIEHO, IO JiaMeTp poOouoi KaMepu 3MilllyBada ITOBUHEH
3HaxoauThucs y Mexax Bimg 0,2 mo 0,4 M 3aleXHO BiJ 3MIHH JllaMeTpa OTBOPY
BiOpamiiftHoro pemrera Bix 5 1o 10 MM 1 aMIUTITYAM TO3I0BXKHIX KoJivBaHb Big 0,5 10
1,5 MM 3a 3MiHM JiaMmeTpa ITHeKa mo3atopa OopomHa Big 0,05 mo 0,1 M Ta
MaKCHMaJIbHO1 poO0UY0i BUCOTH YTBOPEHOI CyMillll piBHiM, a60 MeHiie 0,3 Mm;

- 32 3MiHH JiameTpa pobodoi kamepu Bix 0,24 go 0,26 M gomycTuMa 4acToTa
oOepTaHHs TapiIyacToro JHUCKa MOBHMHHA OyTH B Mexax Bix 175 mo 230 o6/xB 3a
3MiHM CyMapHOT0 00’ €My 3aBaHTa)keHHX KomroHeHTiB Bif 0,1 10 0,2 M,

Y derBeproMy pPO3AUI  HABEAEHO pe3ydbTaTH peani3alli [Oporpamu
EKCIIEPUMEHTAJIbHUX JTOCII1JIKEHb.

Ha ocHOB1 00p0oOKH €KCIIEpUMEHTAIBHOIO MacUBY JAHUX OTPHUMAaHO PIBHSHHS
perpecii, Kl ONMUCYIOTh (DYHKIIOHAJIbHY 3MIHY: po0OO4Y0i BHUCOTH Ta KoedirieHTta
OJTHOPITHOCTI TMPUTOTOBJICHOI OMapu 3ajeKHO BiJ CEKYyHJHOI IMOJadi J1030BaHOTO
OOpoIlllHa, aMIUTITyAX KOJHMBaHHS BiOpyHOYOro pemiera Ta YacTOTH OOepTaHHs
TapiIyacToro JUCKa; BHUCOTU OpPOJIHHA PIAKOI Omapu Ta BUTPAT CIIOXKUBYOI
MOTY>KHOCTI 3aJIeKHO B1J] TapaMeTpiB MPOLIECy.

BcranoBneHo, 1m0 ampokCHMMOBaHE 3HAUYEHHS MaKCHUMaJbHOI POO0YOi BUCOTH
YTBOPEHOI CyMillll 3HaXoauThess B Mexax Bif 0,17 mo 0,34 m, mpu 1iboMy 3a 3MIHU
cekyHsiHOi mogaui OopommHa Big 0,03 go 0,07 kr/c mMakcumanbHa poOoda BUCOTA
YTBOPEHOI cyMiti 3poctae B cepenqubomy Ha 0,05...0,08 M, abo Ha 22...25 %; a 3a
3MIHM 4acTOTH OOepTaHHsa Tapimdyactoro aucka Bim 160 200 06/xB — 3poctae B
cepeanubomy Ha 0,04, abo Ha 18 %. PO30ODKHICTE MK TEOPETUYHUMH Ta
EKCIIEPUMEHTAJbHUMU 3HAYE€HHS MaKCUMalbHOI po00YOi BHCOTH CTAaHOBUTH Y
cepeaHbomy Bia 5 10 8 %.

AmnpokcuMOBaHe 3HA4YeHHS KoedilieHTa OAHOPIAHOCTI YTBOPEHOI CyMilli
3HaXOAUThCS B Mexkax Bia 0,43 o 1,2 M, mpu 1boMy KOE(IIi€EHT OJHOPIAHOCTI Ma€e
MakcumanbHe 3HaueHHs 0,93 3a HacTynmHUX 3HauY€Hb BXIIHUX (PAKTOPIB: 3a 3HAYEHHS

MacoBoi ceKyHAHOI moaadi 6opormrna Bix 0,065 mo 0,07 kr/c, aMIUIITY M JO3YHOYOTO



6opominHa Bijg 0,5 1o 1,0 MM, yacToTu ob6epTanHs TapirdacToro aucka Big 180 mo 190
00/XB.

31 301IBIIEHHAM CeKyHIHOI Toaadi 6opomHa Bix 0,033 mo 0,077 xr/c Ta dacy
opoxainns omapu 10 30 xB BUcoTa OpoxiHHsA omapu 30uIbinyeThes Big 0,056 M 10
0,227 m. Ilpu 1poMy AOMIHYIOUMIA BIUIMB Ha MPUPICT BUCOTU OPOIIHHS OMapu Mae
yac OpOJiHHS MPUTOTOBJICHOI PIAKOI OMapu — B MeXaxX 3MIHM (pakTopa mpupict
BUCOTH OpOJIHHS CTaHOBHUTH y cepeanboMmy Bia 0,13 mo 0,21 M, ToO6TO 3a 5 XB
OpoaiHHS BHCOTA OMapH 301IbITY€EThCS B cepeaabomy 1,4...1.5 pa3za.

HaiiGinpiie 3HaueHHs razoyTBoprorouoi 3natHocTi 448 mun COz nHa 100 1,
nigiiManeaoi cunmu 64 H, Turpyrodoi KUCIOTHOCTI 5,2 Tpaia. Ta aKTUBHOI
KHCJIOTHOCTI 5,96 OTpuUMaHO y JApPYyroMy BapiaHTlI NMPUTOTYBaHHA OIApU 3a 4Yacy
OpoaiHHS TMPUTOTOBJIEHOI piakoi omapu piBHOMY 30 XB., a OKHCIIOBaJIbHO-
BCTAHOBJIIOIOUMI  TMOTEHLIaJdl MPAaKTUYHO OJHAKOBUM JJIs BCIX  BaplaHTIB
MPUTOTYBAHHS PiAKOI Ommapu Ta OJU3BKUH 10 KOHTPOJIBLHOTO BapiaHTYy.

BcranoBnieHo, 1m0 HaWMEHI 3HAYEHHS BUTPATU CIOXUBAHOT MOTYXHOCTI
OTPUMAaHO TPH BaplaHTi POOOTH EJIEKTPOMOTOpPA-PEAYKTOpa 3a «IUKI 2», a
MOKa3HUKHU allPOKCMMOBAHUX 3HAYEHb CIIOKUBAHUX BUTPAT MOTYKHOCTI 3HAXOSATHCA
B giana3oHi Big 0,23 1o 0,39 Br.

Pe3ynmbrati TEOpPEeTHMYHHMX 1 EKCIIEPUMEHTAIBLHUX JOCIIHKCHb, TEpeIaHo
cnemaiictam [IpAT «Tepa» (m. TepHomins) s po3poOKu HOBUX, abo
YAOCKOHAJIEHHS ICHYIOUMX CIOC001B 1 00JaAHaHHS AJIs1 IPUTOTYBaHHS P1AKOI OMapHu.

Byno pekoMeH0BaHO Taki paiioHaJIbHI MapaMmeTpu: JiaMeTp pobodoi kamepu
sminryBaya 0,28...0,3 M 3a BucoTu yTBOpeHOi omapu He Oubmie 0,25 M; miameTp
tapimyactoro aucka 0,24...0,26 M; KyToBa MIBHUIKICTh OOEpTaHHS TapiIdacToro
mucka Big 175 mo 230 006/XxB 3a 3MIHM CyMapHOTO 00’€My 3aBaHTaXXKEHUX
xomrnoHeHTiB Bix 0,1 mo 0,2 M3 ammiTyga nmo3moBikKHIX KOJIMBAaHBL BiOpaliiiHOTO
peuteta Big 0,5 1o 1,0 mm; yac npurotyBaHHs piakoi onapu — a0 30 xB.

KurouoBi cioBa: croci0, pinka omapa, J03yBaHHS KOMIIOHEHTIB, TUCKPETHO-
IMITYJIbCHHI 3MilllyBay, OOPOIIHO, IPLKIXKI, CEKYH/IHA Mo/1aya OOpOIIHA, KOe(ILI€HT

OJTHOP1THOCTI, TOKA3HUKH SKOCTI OTIapH, BUTPATH TOTYKHOCTI.



ANNOTATION

Pankiv Y.Y. «Increasing the intensity of the process and the development of
equipment for mixing components». — Qualifying scientific work on the rights of the
manuscript.
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In the dissertation work, the new scientific problem reduction of energy
consumption of preparation process of liquid sponge by discrete-pulse dosed
injection of components in a suspended state and substantiation of rational parameters
of mixer working bodies is solved.

Reducing the energy consumption of the liquid sponge preparation process is
achieved by intensifying the main stages and, as a consequence, reducing its cooking
time.

The aim of the study is to reduce the energy costs of the preparation process of
liquid sponge by improving the technology and equipment with discrete-pulse
injection of components in a suspended state during mixing.

To achieve this goal, the following research objectives are identified:

- based on the analysis of known methods and designs to improved the method
of liquid sponge preparation and develop a design of discrete-pulse mixer of
components for technological operations;

to develop:

- analytical dependences for determining the parameters of the formed mixture
of liquid sponge and the working chamber of the mixer depending on the dosed mass
of the mixing components;

- mathematical models which describe the relationship between the pattern of
movement of dosed components and the formation of the mixture in the volume of
the working chamber of the discrete-pulse mixer depending on the parameters of the

mixing process;



- empirical models that describe:

- the working height of the formed mixture and the coefficient of homogeneity
of the prepared liquid sponge depending on the second feed of metered flour, the
amplitude of the flour dispenser oscillation, drive shaft rotation speed;

- the sponge fermentation height, taking into account the total second feed of
the mixture components and the fermentation time of the sponge;

- power consumption for three ways of preparing liquid sponge depending on
the time and temperature of the process;

- to carry out research of quality indicators of the prepared liquid sponge in
basic and developed ways.

The improved technology and the main indicators of the structure formation of
liquid sponge with discrete-pulse injection of dosed components in the suspended
state are substantiated.

Based on this:

first developed:

- differential equations describing the motion of dosed components in the
cylindrical part of the working chamber of the mixer and the process of forming a
mixture of liquid sponge in the gravitational field of the working chamber taking into
account the aerodynamic resistance of the gas phase;

- empirical models for determining the working height of the formed mixture
and the coefficient of homogeneity of the prepared liquid sponge depending on the
second feed of metered flour, the amplitude of sieve vibration and the frequency of
plate disk rotation;

specified:

- the influence of the design parameters of the mixer working bodies and the
dosed mass of the components on the change in the working height of the formed
mixture during the preparation of the liquid sponge;

- analytical dependence for determining the diameter of the mixer working
chamber depending on the dosed mass of the components;

- the allowable minimum and maximum speed of the stirrer under the accepted



conditions is determined;

acquired further development: empirical models of liquid sponge fermentation
height and power consumption depending on process parameters.

The introduction substantiates the relevance of the topic, formulates the
purpose and objectives of the study. The scientific novelty, practical significance of
the obtained results and personal contribution of the applicant are described.
Information on approbation and publication of research results is given.

In the first section are given an analysis of preparation methods of dough and
liquid sponge and designs of components mixer, the main provisions and results of
theoretical and experimental studies of preparation process of liquid sponge, and also
the substantiation of a choice of a way of discrete-pulse injection of components in
the suspended state and the constructive-assembling scheme of the components
mixer for carrying out researches is resulted.

In the second section are given the program, description of experimental
installations and research methods.

According to the formulated purpose of the dissertation and scientific tasks, as
well as to verify the adequacy of theoretical research results of the technological
process of discrete-pulse mixing of components in suspended state in the working
chamber of the discrete-pulse mixer, the program of theoretical and experimental
research was next: to conduct laboratory experimental studies to develop empirical
models that characterize: functional dependence of the change in the working height
of the formed mixture in the discrete-pulse mixer chamber and the coefficient of
homogeneity depending on the main parameters of the preparation process of liquid
sponge; the dependence of the change in power consumption and acidity depending
on the time and temperature of preparation of liquid sponge for the accepted cycles of
the electric motor-reducer discrete-pulse mixer; to carry out research of height
change, coefficient of dynamic viscosity and comparative laboratory researches of
quality indicators of the prepared liquid sponge for three variants with the «control»
of liquid sponge preparation.

The laboratory installation consists of a frame (housing) on which the



cylindrical and truncated conical part of the working chamber is mounted, on top of
which the cover is installed. A vibrating flour dosing device and a drive shaft are
installed in the lid through the inlet neck. Drive shaft is located inside the working
chamber of the discrete-pulse mixer. A system of replaceable adjusting plate discs
with holes is mounted on the drive shaft, and a stirrer is mounted on the lower end of
the drive shaft.

Inside the working chamber along its perimeter and the periphery of the
cylindrical part of the working chamber there is a water supply system in which nine
jet sprayers are mounted for dosed feed of water-yeast suspension inside the working
chamber.

The method of conducting experimental research was based on scientific
methods of planning and implementation of planned factorial experiments in order to
obtain the regression equations of the optimization parameter.

Processing of the experimental data set was performed according to well-
known calculation methods using the methods of regression and correlation analysis.

In the third section is given a theoretical analysis of the technological process
of liquid sponge preparation. Based on the analysis, it was found that:

- functional change of the cylindrical part height of the working chamber of the
discrete-pulse mixer of components has linear and proportional character - for
increase in weight of dosing components (flour weight from 1.5 to 10.5 kg, yeast
weight from 0.2 to 0.8 kg, water weight from 2.5 to 6.5 kg) the height of the
cylindrical part increases in the range from 0.15 to 0.35 m;

- the maximum working height of the formed mixture during the preparation of
liquid sponge in the working chamber of the discrete-pulse mixer is in the range from
0.25 to 0.55 m depending on the increase in the diameter of the plate disk from 0.2 to
0.5 m and its speed from 140 up to 220 rpm;

- the permissible speed of the plate disk is in the range from 115 to 267 rpm
depending on the change in the diameter of the working chamber and the change in
the total weight of the dosed components from 4.5 to 17.8 kg;

- to ensure the design productivity of the discrete-pulse mixer, it is established



that the diameter of the working chamber of the mixer should be in the range from
0.2 to 0.4 m depending on the change in diameter of the vibrating sieve from 5 to 10
mm and the amplitude of longitudinal oscillations from 0.5 to 1 , 5 mm with changes
in the diameter of the auger of the flour dispenser from 0.05 to 0.1 m and the
maximum working height of the resulting mixture is equal to or less than 0.3 m;

- for changes in the diameter of the working chamber from 0.24 to 0.26 m, the
allowable speed of the plate disk should be in the range from 175 to 230 rpm for
changes in the total volume of loaded components from 0.1 to 0.2 m3.

In the fourth section are given the results of the experimental research program
implementation.

Based on the processing of the experimental data set, regression equations are
obtained, which describe the functional change: working height and homogeneity
coefficient of the prepared dough depending on the second feed of metered flour,
vibration amplitude and vibration frequency of the plate disk; the fermentation height
of the liquid sponge and the consumption of consumer power depending on the
process parameters.

It is established that the approximate value of the maximum working height of
the formed mixture is in the range from 0.17 to 0.34 m, with changes in the second
feed of flour from 0.03 to 0.07 kg / s the maximum working height of the formed
mixture increases on average by 0.05... 0.08 m, or 22... 25%; and with changes in
the speed of the plate disk from 160 to 200 rpm - increases by an average of 0.04, or
18%. The discrepancy between theoretical and experimental values of the maximum
working height is on average from 5 to 8%.

The approximate value of homogeneity coefficient of the resulting mixture is
in the range from 0.43 to 1.2 m, while the coefficient of homogeneity has a maximum
value of 0.93 for the following values of input factors: for the value of mass per
second feed of flour from 0.065 to 0.07 kg / s, amplitude of dosing flour from 0,5 to
1,0 mm, frequency of rotation of a plate disk from 180 to 190 rpm.

With an increase in the second feed of flour from 0.033 to 0.077 kg / s and the
fermentation time of the sponge to 30 minutes, the height of the fermentation of the



sponge increases from 0.056 m to 0.227 m. The dominant effect on the increase in the
fermentation height of the sponge has the fermentation time of the prepared liquid
sponge — within the change of the factor the increase in the fermentation height is on
average from 0.13 to 0.21 m, ie for 5 minutes of fermentation 1.4...1.5 times.

The highest value of gas-forming capacity is 448 ml CO; per 100 g, lifting
force 64 N, titratable acidity 5.2 deg. and active acidity of 5.96 was obtained in the
second variant of preparation of the sponge during the fermentation time of the
prepared liquid sponge equal to 30 minutes, and the redox potential is almost the
same for all variants of preparation of the liquid sponge and close to the control
variant.

It is established that the lowest values of power consumption are obtained in
the variant of operation of the electric motor-reducer for «cycle 2», and the indicators
of the approximate values of power consumption are in the range from 0.23 to 0.39
W.

The results of theoretical and experimental research were presented to the
specialists of PJSC "Tera" (Ternopil) for the development of new or improvement of
existing methods and equipment for the preparation of liquid sponge.

The following rational parameters were recommended: diameter of the
working chamber of the mixer 0,28... 0,3 m at height of the formed steam no more
than 0,25 m; diameter of a plate disk 0,24... 0,26 m; angular velocity of the plate disk
from 175 to 230 rpm with changes in the total volume of loaded components from 0.1
to 0.2 m3; amplitude of longitudinal vibrations of the vibrating sieve from 0.5 to 1.0
mm; liquid sponge cooking time — up to 30 minutes.

Keywords: method, liquid sponge, dosing of components, discrete-pulse
mixer, flour, yeast, second feed of flour, homogeneity factor, quality indicators of

sponge, power consumption.
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