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Pedepar:

1. MeTa po60TH noJIIrae y NiBULeHHI €(peKTUBHOCTI NIPOLeCy IPUrOTYBaHHS [IOBHOPALIOHHMUX KOMOIKOPMIB 3 ix
OJIHOYACHUM 3HE3aPKEHHSM IIJISIXOM yIOCKOHAJIEHHSI KOHCTPYKLii eKxcrangepa i o0rpyHTyBaHHS 110T0
KOHCTPYKTUBHO-TEXHOJIOTIYHUX NapameTpiB. O6'eKT LOCIIIPKEHHS — TEXHOJIOTNYHUH NPOoLieC IPUrOTyBaHHS
[TIOBHOPAIiOHHUX eKCIIaH/I0BaHMX KOMOIKOPMIB Ta TeXHiuHil 3aci6 115 foro peasnisaliii. [Ipegmer gocmimKeHp —
3aKOHOMIPHOCTI IPOTiKaHHS NIPOLECY eKCNaHyBaHHS IOBHOPAL[iOHHMX KOMOIKOPMIB. MeToau IOCiIKEHb.
TeopeTuuHi KoCiIKeHHS nlepe6avaloTh BUBYEHHS 3aKOHOMIPDHOCTE! B3aeMOii po604YMX OpraHiB ekcraHjepa
KOMOIKOPMiB 3 TEXHOJIOTIYHUM MaTepiajloM i3 BUKOPUCTAaHHSIM METO/IiB CUCTEMHOTO aHali3y, TEOPETUYHOI
MEXaHiK1, MEXaHIKM CyLiJIbBHOTO CEPENOBUILA, iHTErPaJbHUX i AU epeHLiaNbHUX 00YUCIIEHb, YUCEIBHOIO
MOJEJIIOBAaHHS B IIPOrpamMHOMy nakeTi Simcenter Star-CCM+. [IpoBeieHHS €KCIIEPUMEHTAJIbHUX AOCIIIKEHDb

nepen6ayano BUKOPUCTaHHS CTaHIAPTHUX Ta PO3pO0JI€HNX METOIMK, 32CTOCOBYIOYM CTBOPEHI (i3nyHi Mojesi Ta



eKCIIepMMEHTAaJIbHI 3pa3ku pO60YMX OpraHiB, IpuianisB i o6magHaHHs. EKcriepruMeHTabHi JOCTiIKeHHS
IIPOBOJIUJINCS SIK B JIaDOPATOPHUX, TaK i BUPOOHUYIMX YMOBAX, i BKJIIOYAJIM B cebe METONUKY I1JIaHyBaHHS
6araToakTOPHUX €KCIIEPUMEHTIB. AHAJII3 eKCIIEPUMEHTAIbHUX JAHUX [IPOBOJMBCS 3 BUKOPUCTaHHSIM
CTaTUCTUYHUX METOiB 06POOKM JaHUX Ta IMPUKJIAHOTO IporpaMHoro 3abesneueHHs Wolfram Cloud. HaykoBa
HOBU3HA OZE€P>KAaHUX Pe3yJIbTaTiB. Po3po6ieHo (Pisnko-maTeMaTuyHy MOZEJb Ipolecy (POPMYBaHHS €KCIIAHATIB i3
KOMOIKOpMy, SIKa 3B'sI3y€ TEXHOJIOTIUHI IapaMeTpy IIPOLeCy eKCIlaHAyBaHHs (BOJIOTICTb i TemnepaTypa) i3 gpiznko-
MEXaHI{YHMMMU BJIACTUBOCTSIMU CyMillli KOMOIKOPMIB (Ce€peiHill AiaMeTp YaCTMHOK CyMillli, MOAy/b IPYyKHOCTI FOHTa,
KoedinienT ITyaccona, po6ora Koresii Ha oguHuLO 1IoLLi). OTPUMaHO aHAJITUYHI i eKCIIEepUMEHTaIbHI 3aJ1€5KHOCTI
y BUIJIA1 PiBHSHB perpecii Ipyroro nopsaxKy NpogyKTUBHOCTI €KCIIaHePa, MOTO CIIOKUBAHOI TOTY>KHOCTI, TUTOMOI
€HEProeMHOCTI IPOLECY €KCIIaHyBaHH4 i 1iJIbHOCTI OTPUMAaHUX €KCIIAHJATIB Bifl pafiiyCiB 3By>KEHHS LIWJIHAPA i
YBIrHYTOr'0 KOHyCa (POpPMYI04Oi HACAOKH, BifICTaHi Mi’K HUMH, 4aCTOTU OOE€PTaHHS IBUHTA i BOJIOTOCTi KOMOIKOPMY.
OTpumanu noganbnil po3BUTOK (i3KO-MaTeMAaTUYHUI arapaT pyxy TBEPAUX KOMIIOHEHTIB KOPMY, K
IVICKPETHUX eJIEMEHTIB Ha OCHOBI IIpyXHO-IeMIpepHOi KOHTaKTHOI Mogesi ['epia-MiHpjiHa, y TBUHTOBOMY KaHaJli
€KCIaHZEePa, IKUH NOKJIaJIEHO B OCHOBY METOJIUKU YMCEJILHOTO MOJIEJIIOBaHHSI IIPOLIECY €KCIIaHAyBaHHS KOPMIB B
nporpamHoMy nakeTi Simcenter STAR-CCM+. [IpakTryHe 3HaY€HHS OJIEPXKaHUX pe3ysbTaTiB. Po3pobisieny npec-
MaTpHULIO i3 OGIPYHTOBAaHMMU palliOHATBHUMU KOHCTPYKTHBHO-TEXHOJIOTIYHUMHU [TapaMeTpaMu y CKIIai
exkcnangepa kopmis OEE 30.2 (Amandus Kahl GmbH & Co. KG) 6ysi0 BnposankeHo y BupooHunrso TOB HBO
«['7I06MHCBKUI CBUHOKOMILJIEKC». Pe3yIbTaTi HAyKOBO-TEXHIYHOI pOOOTH Y BUIJISi KOHCTPYKTOPCHKOI Ta TEXHIYHO]
IOKyMeHTallii yZI0CKOHaJIeHOTO eKCIIaHAepa KOPMiB BUKOPUCTaHi 11 BIIpoBapkeHi Ha Bupo6HulTei TOB BO
«Bocxom» mJis1 BUTOTOBJIEHHS BifIITOBITHOTO AOCTiAHOTO 3pa3Kka. Po3pobieHi gizuko-maremaTuyHi Mmogeri i
METOAMKU YUCEJIbHOTO MOZEIIOBaHHS BIIPOBaAKeHi B 0CBiTHI KOMIIOHEHTU Ol «ArpoinkeHepis» [ CTyIEeHTIiB
nepmoro (6aKkanaBpCbKOro) i Ipyroro (MaricTepcbKoro) OCBiTHIX piBHIB Buioi ocBitu JJAEY. O6rpyHTOBaHa
KOHCTPYKTUBHO-TEXHOJIOTIYHA CXeMa eKCIaHzepa KOMOIKOPMIB i3 yI0CKOHaeHO0 (GOPMYIOY0I0 HACAIKOIO, SIKa
BiIpi3HSIE€THCS TUM 110 CKJIQHAETHCS 3i 3BY>)KEHOI 06J1aCTi LUIiHAPA, YBIrHYTOro KOHyca i KopoH4aToi raiiku. [Ipu
nepemilleHHi Harpitoi n1acTugikoBaHOI MacH 10 3BYy>K€HOI 00J1aCTi (POPMYI0U0i HACaIKU BifOyBA€THCS MiIBULIEHHS
THUCKY, a MicJis il IpOXoKeHHs pisKe 1oro 3ameHuIeHHs.. e nocsraeTscs yepes 36iblIeHHs: 06'eMy po6040i 0671acTi
3a paxyHOK popMU yBIrHyTOro KoHyca. B pesysbraTi yoro niactudikoBaHa Mmaca po3LIMPSIEThCS i BUXOAUTD Yepes
KOPOHYaTy raiky 3 GpopMyo4oi HacaJKu, yTBOPIOIOYM NIPY LIbOMY €KCIIaHAATU. [y OL[iHKY IPaBUJIBHOCTI 06paHuX
Mogesnel i pi3nKo-MaTeMaTUYHOro anapara, IpoBeJEeHO YMCEIbHE MOJIE/IIOBAHHS IPOLECY CTUCKAHHS
KOMIIOHEHTIB KOPMOBO] CyMillli B HUIiHAPUYHIN €éMHOCTI Mig, Aieto nopmHs B STAR-CCM+. [locifskeHHs NpoLecy
CTHCKaHHSI KOMIIOHEHTIB KOPMOBOI CyMillli 6yJii IpoBeieHi JJ1s1 pi3HUX ix Pi3UKO-MeXaHiUHUX BIaCTUBOCTEH, a
caMme cepeHill JiaMeTp 4aCTUHOK cyMilli, Moayb npyxHOCTI FOHra, koedinieHt [lyaccoHa, poboTa Koresii Ha
OVHMLIIO IJIOIIi Ha TPhOX PiBHSX iX (ikcalii. B pe3ysbTaTi yncesIbHOro MOJesoBaHHS [J1s KOXKHOI KOMOiHaIIil
(}i3MKO-MexaHIYHUX BJIACTUBOCTEN OTPUMAHO 3aKOHOMIPHOCTI IIPY>KHOT'O TicTepe3nucy KOMIIOHEHTIB Kopmy. B
pe3ysbTaTi 06pOOKHU JaHUX MOJEIOBAHHS OTPUMaHi PiBHSIHHS perpecii 3MiHM M0 eTJIi NPY)KHOTO riCTepe3ucy i
KoediljieHTa MEXaHIYHUX BTPAT, BUCOTU OTPMMAHOI0 €KCIIaHMIATY Bifl CEPEIHbOrO JiaMeTpa YaCTUHOK CyMilli,

mogyJis npyxHocti FOHra, koedinienta [TyaccoHa i po6oTu Koresii Ha OOMHULIO.

2. The goal of the work is to enhance the efficiency of the process of preparing complete feed pellets by
simultaneously disinfecting them through the improvement of the expander's design and justification of its
structural and technological parameters. The object of research is the technological process of preparing full-
rational expanded compound feed and the technical means for its implementation. The subject of research is the
regularity of the process of expansion of complete ration compound feed. Research methods. Theoretical studies
involve the examination of the interaction patterns between the working elements of the feed expander with the
technological material using methods of systemic analysis, theoretical mechanics, mechanics of continuous media,
integral and differential calculations, numerical modeling in the Simcenter Star-CCM+ software package.
Experimental research involved the use of standard and developed techniques, employing created physical models
and experimental samples of working elements, instruments, and equipment. Experimental studies were

conducted in both laboratory and production conditions and included the methodology of planning multifactor



experiments. The analysis of experimental data was carried out using statistical data processing methods and the
Wolfram Cloud applied software. Scientific novelty of the obtained results. A physical-mathematical model of the
process of forming expandates from feed has been developed, connecting the technological parameters of the
expanding process (moisture and temperature) with the physico-mechanical properties of the feed mixture
(average particle diameter of the mixture, Young's modulus, Poisson's ratio, cohesion work per unit area).
Analytical and experimental dependencies in the form of second-order regression equations for the productivity of
the expander, its power consumption, specific energy consumption of the expanding process, and the density of
the obtained expandates have been obtained. These dependencies are related to the radii of the narrowing
cylinder and the concave cone of the forming attachment, the distance between them, the screw rotation
frequency, and the moisture content of the feed. Further development of the physical-mathematical apparatus of
the movement of solid feed components, treated as discrete elements based on the spring-damper contact model
of Hertz-Mindlin, in the screw channel of the expander has been achieved. This forms the basis for the numerical
modeling methodology of the feed expanding process using the Simcenter STAR-CCM+ software package.
Practical significance of the obtained results. The developed press matrix with justified rational design and
technological parameters within the composition of the OEE 30.2 feed expander (Amandus Kahl GmbH & Co. KG)
has been implemented in the production of LLC NVO "Hlobynskyi Svynokomplex". The results of the scientific and
technical work, in the form of design and technical documentation for the improved feed expander, have been
implemented and utilized in the production of LLC VO "Voskhod" to manufacture a corresponding experimental
sample. The developed physical-mathematical models and numerical modeling methodologies have been
introduced into the educational components of the Educational and Scientific Institute "Agroengineering" for
students of the first (bachelor's) and second (master's) levels of higher education at DDAEU. Justification of the
design and technological scheme of the feed expander with an improved forming attachment, which differs in that
it consists of a narrowed cylinder area, a concave cone, and a crown nut, has been provided. When the heated
plasticized mass moves towards the narrowed area of the forming attachment, there is an increase in pressure,
followed by a sharp decrease after passing through it. This is achieved by increasing the working area's volume
through the shape of the concave cone. As a result, the plasticized mass expands and exits through the crown nut
of the forming attachment, forming expandates. To assess the correctness of the chosen models and the physical-
mathematical apparatus, numerical modeling of the compression process of feed components in a cylindrical
vessel under the action of a piston was conducted in STAR-CCM+. The study of the compression process of feed
components was conducted for various physico-mechanical properties, including the average particle diameter of
the mixture, Young's modulus, Poisson's ratio, and cohesion work per unit area at three fixation levels. Numerical
modeling resulted in hysteresis laws for the elastic components of the feed, and regression equations were
obtained for the loop area change of the hysteresis and the coefficient of mechanical losses, as well as the height of
the obtained expandate concerning the average particle diameter of the mixture, Young's modulus, Poisson's ratio,
and cohesion work per unit area.
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