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1. Kozak O.C. Po3po6sieHHs Ta OOI'PYHTYBAaHHS NTapaMeTPiB anapary s BAKYYMHOTO OXOJIOJIKEHHS X1i600y104HUX
BMPOOIB B yMOBax [I0TOKOBOro BUpoOHULITBA — KBasidikalliiiHa HayKoBa Ipallst Ha ITpaBax pykonucy. JlucepTallis Ha
300yTTS HAYKOBOT'O CTYIEHd JOKTOopa (pinocodii 3a cnenjanpHicTo 133 «'amy3eBe MamnHOOYJyBaHHS» —
HauionanbHuil yHiBepcUTET XapuOBUX TE€XHOJIOTiN MiHicTepcTBa OCBiTH i Hayku Ykpainu, Kuis, 2025. Y
IOCJIiIKeHHI IIPOaHali30BaHoO iCHYI0Yi criocobu Ta 06J1aiHaHHS [IJIs 0XO0JIOIKEHHS XJ1i000yI04HNX BUPOOIB, a
TaKOX BIJINB BAKYYMHOT'O OXOJIOJIKEHHSI Ha iX (i3sMKO-MexaHiyHi NOKa3HMKU. BU3HayeHOo rpaHuyHi 3HaY€HHS LIUX

[IOKa3HMKIB, IEPEBUILECHHS SIKUX MOXKE NIPU3BECTU [0 PYVHYBaHHS BUPOOIB i € 0OMEXYIOUMMU 3HAYEHHIMU



TEXHIYHMX [TapaMeTpiB anapary [j1sl BAKYyMHOT'O OXOJI0[KeHHs. Ha 0CHOBI aHasi3y crioco6iB Ta 061aiHAaHHS 115
OXOJIOIKEHHS XJ1i000yI0UHUX BUPOOiB OyJI0 BUBHAYEHO 1[0 BaKYYMHUI CIIOCIO OXOJIOIKEHHS € NIePCIIeKTUBHUM 3
OTJIs1Iy Ha €eHeproeeKTUBHICTb Ta BUIKICTh OXOJIOIKEHHS XJ1i000y104HMX BUPOOiB. BomHOuac icHyloue
o6s1aHaHHS 1J1s1 BAKYYMHOTO OXOJIOIKEHHS IOTpebye Py4yHOi Ipalli, He MifTPUMY€ IOTOKOBICTb, Ma€ HaMipHi
Bi/IbHI 06'eMU Kamep, 1110 36iJbllly€e TPUBAJICTb MIPOLECY Ta 3HUXKYE H10ro eHeproeeKTUBHICTb. Lle 3yMoBIIoe
HEOOXi/IHICTb CTBOPEHHS allapaTy [j1s1 BAKYYMHOTO OXOJIOJKEHHS XJ1i600yI0UHMX BUPOOIB B yMOBAaX IIOTOKOBOTO
BMpOOHULTBA. JJOCIIiI>KEHHS I0Ka3aJjy, 110 HaAMipHa MBUKICTb 3HWDKEHHSI TUCKY Y BaKyyMHil Kamepi CipuyurHse
iHTEeHCHBHE BUIIAPOBYBAHHSI BOJIOTY B M'SIKYIIi 6aTOHA, 1[0 TPU3BOAUTD [0 Nepenany TUCKY MiX Oro BHyTpilIHIM
CepeJoBUIIEM i BAKYYMHOIO KaMepolo. Lle BUK/IMKae pyiiHyBaHHSI BUPOOY — PO3TPiCKyBaHHSI CKOPMHKM Ta PO3PUB
MSKymKU. OT>Ke 06MEXYIOUYMMU ITapaMeTpaMu NPOLECY 10 BiIOyBaeThCs y BaKYyMHill Kamepi anapary s
BaKyyMHOTO OXOJIOJIKE€HHS XJ1i000YyI04YHUX BUPOOIB € ra3oBa NPOHUKHICTh CKOPUHKHU, Ta CTPYKTYPHO-MEXaHiuHi
BJIACTUBOCTi M'SIKyLIKY, BOHM BU3HA4YalOTh 'PAHUYHO JOIMYCTUMY IIBUAKICTb 3HMKEHHS TUCKY, 110 BIUIMBA€E HA
KOHCTPYKTUBHI TapaMeTpu BaKyyMHOI KamepH - ii popmy Ta po3mipu. B peaynbTarti focsifkeHb Ha po3pobiieHii
€KCIIEPMMEHTAJIbHIiM BCTAHOBJIEHO, 110 CKOPMHKA XJI1iba € OCHOBHOIO NIEPEUIKOJIOI0 /1711 BUXOy IIapy Yepe3 HU3bKY
ra3oBy NPOHUKHICTH (0,32...0,42 M3 /(M?eC)), TOZi K M'IKYIIKA Ma€e 3HAYHO BUILLy Ia30BY MPOHUKHICTS (1,5...9,4

M3 /(M?eC)) i IPaKTUYHO HE OOMESKYE IMIPOIeC BAKyyMHOT'O 0XOJIOIKeHHs. lle 103BoJIsie 30cepeIUuTUCh Ha ra30Biii
IIPOHMKHOCTiI CKOPMHKM $K KJII04YOBOMY (aKTOpi, 1[0 BU3HAYA€E OMYCTUMY MIBUIKICTh 3HVKEHHS TUCKY Y BaKyyMHil
Kamepi. JlogaTKoBO, AOCIIIPKEHHSI CTPYKTYPHO-MEXaHIYHMX BJIACTMBOCTEN MSIKYIIKY [TOKa3ay, o ii Mexxa
MIIJHOCTi 06epHEHO NPONopLiliHa TeMIIepaTypi — 3 MiABULIEHHSIM TeMIIEPATypy MillHICTb 3HIKYeThCs. Takum
YUHOM, I'a30Ba [IPOHMKHICTb CKOPUHKU Ta CTPYKTYPHO-MeXaHiyHi BIACTUBOCTI M'SIKYIIKM € OCHOBHUMU
00MEXYI0UYMMU (PAKTOPaMU, SIKi BIVIMBAIOTh HA JOIYCTUMY MIBUJIKICTb 3HVDKEHHS TUCKY Ta BU3HA4YalOTh
KOHCTPYKTUBHI ITapaMeTpu o6s1afHaHHS — (OPMY i po3Mipy BaKyyMHOI KaMepy Ta MOTYXHICTb BAKYYMHOT'O Hacoca.
Ha ocHOBI pe3y/bTaTiB JOCiIPKeHb PO3POO6JIEHO MaTEMAaTUYHY MOJIEJIb IIPOLECy BAKYYMHOTO OXOJIOJIKEHHS, 110
BpaxoBye BILJIMB Ha (i3KO-MeXaHiuHi BJIaCTUBOCTI IPOAYKTY Ta N03BOJIsIE BU3HAYATH JOMYCTUMI pE>KUMHI
IapaMeTpy 3HIDKEHHS TUCKY B 4aci, 3a IKUX 3al100iraeTbCsl pylHHYBaHHs BUPOOy. Po3pobieHa MaTeMaTYHa MOJEJIb
Ipolecy BaKyyMHOTO OXOJIOIPKEHHS € iIHCTPYMEHTOM IIPOEKTYBaHHS 00JIaiHAHHS, 110 A€ 3MOTY BU3HAYATU K
TEXHOJIOTi4HI TapaMeTpH (TUCK, TeMIIEpaTypa, TPUBAJICTb [IPOLeCy), TakK i KOHCTPYKTUBHI — FeOMETPUYHI po3mipu
BaKyyMHOI KaMepH, NapaMeTPpy HaKOIIMYYBaJIbHOTO KOHBEEPA Ta 3aBaHTaXXyBaJIbHOTO MeXaHi3My. MoJiesib TaKoX
103BoJIst€ (POPMYBATH LIMKJIOTpamy poboTu anapara. 3a pesysabTaTaMu JOCTiIKeHb Ta PO3PaxXyHKiB, IPOBEJEHUX Y
PaMKax HayKOBOi po60TH, po3p006JIeHO KOHCTPYKIIiO anapaTy [1Ji BAKYYMHOT'O OXOJIOJIPKEHHSI XJ1i000yI0YHUX
BMPOOIB B yMOBax [I0TOKOBOI'O BUPOOHUIITBA, PO3POOJIEHO LIUKJIOTpaMy pOOOTH Ta CXEMY POOOTH ITHEBMOIIPUBO/IIB 3
€JIEKTPOHHUM KEPYBaHHSM 3alIPOIIOHOBAHOrO 06J1aiHaHHS. 3a AONOMOrOI0 iMiTallilHOrO MOJEJIIOBAHHS 3
BukopuctaHHaM SOLIDWORKS Simulation BUKOHaHO nepeBipKy Hail6iybll HABAHTAXXEHOTO By3Jla arapaTy — By3ja
BaKyyMYBaHHS Ha MillHICTb Ta Jedopmaliiio, BU3BHaY€HO pallioHaJIbHYy OyJI0BY BaKyyMHOi Kamepu. Pe3ysnbratu
IIPOBEJEHUX B POOOTI KOMIIJIEKCHUX HAYKOBUX JOCJIII)KEHDb € OCHOBOIO [171 IPAaKTUYHUX PEKOMEHIallii 10
BI,OCKOHAJIEHHIO BiZlOMOro, 260 po3po61Li HOBOTO 06J1aiHAHHS 1151 BAKYYMHOT'O OXOJIO[KEeHHsI. PesynbTaTu
IIPOBEJIEHUX AOCIiIKEHD TA 3aIIPOIIOHOBAHA B pOOOTI KOHCTPYKILis anapary [jisl BAKYYMHOTO OXOJIOJKEHHS
X606y 109HNX BUPO6IB 06rOBOPEHi Ha TexHiuHiil Hapasi mignpuemctsa TOB «KUIBCHbKUN TTIEKAPHUM JIM>» 3a
Y4acCTIO IPOBiJHUX MpaliBHUKIB. BUCHOBKOM NifIpueMCcTBa 0yJI0 Te, 0 Pe3yJbTaTy IPOBEAEHOI HAYKOBO-
IOCJIiAHOI po6OTU MAIOTh OGe33arepeyHe 3Ha4€HHS 1J1s1 BIIOCKOHAJIEHHS POOOTH MiJIIPUEMCTB XJ1i60OIeKapChKOi
IIPOMUCJIOBOCTI He Juile YKpaiHu, pe3ybTaTu MaloTh OyTH MOIIMPEHi Ha BECh ACOPTUMEHT XJ1i600yI0YHNX
BUPOOiB. Pe3ybTaT HAYKOBO-JOCJIiIHOI pOOOTH BUKOPUCTOBYIOThHCSI B HAaBUYaJIbHOMY ITpolieci kKadpeapy MalvH i

anapaTiB Xap40BUX Ta (t)apMaU,eBTI/I‘{HI/IX BI/IpO6HI/ILlTB.

2. Kozak O.S. Development and Justification of Parameters for a Vacuum Cooling Apparatus for Bakery Products in
Continuous Production Conditions - Qualification research manuscript. Dissertation for the degree of Doctor of
Philosophy in specialty 133 "Industrial Engineering" - National University of Food Technologies, Ministry of
Education and Science of Ukraine, Kyiv, 2025. The study analyzes existing methods and equipment for cooling
bakery products, as well as the effect of vacuum cooling on their physical and mechanical properties. Critical



threshold values of these properties were identified, exceeding which can cause product destruction and serve as
limiting parameters for the design of a vacuum cooling apparatus. Based on the analysis of existing cooling
methods and equipment, vacuum cooling has been identified as a promising technique due to its energy efficiency
and rapid cooling capacity. However, current vacuum cooling equipment often requires manual operation, lacks
support for continuous production, and contains excessive free chamber volumes, which prolong the cooling cycle
and reduce energy efficiency. These shortcomings highlight the need to develop equipment suited for vacuum
cooling of bakery products under continuous production conditions. The research revealed that excessive
pressure reduction rates in the vacuum chamber cause intensive moisture evaporation within the bread crumb,
resulting in a pressure differential between the inner structure and the chamber. This leads to product damage,
such as crust cracking and crumb rupture. Consequently, the limiting parameters of the vacuum process are the
gas permeability of the crust and the structural-mechanical properties of the crumb, which together determine
the maximum allowable rate of pressure reduction. These, in turn, influence the design parameters of the vacuum
chamber—its shape and dimensions. Experimental studies conducted on a specially developed test rig showed that
the crust acts as the main barrier to vapor release due to its low gas permeability (0.32...0.42 m®/(m?es)), whereas
the crumb exhibits significantly higher permeability (1.5...9.4 m®/(m?s)) and does not significantly impede the
vacuum cooling process. This allowed focusing on crust gas permeability as the key factor determining the
allowable rate of pressure drop. Additionally, the structural-mechanical study of the crumb indicated an inverse
relationship between temperature and strength - the higher the temperature, the lower the strength. Thus, crust
permeability and crumb structural integrity are the primary constraints affecting the vacuum cooling process and
defining the apparatus design, including the geometry of the vacuum chamber and the vacuum pump’s
performance. Based on the research findings, a mathematical model of the vacuum cooling process was developed,
accounting for the influence on the product’s physical and mechanical characteristics. This model allows for the
determination of acceptable pressure reduction modes over time to prevent product damage. It serves as a design
tool, enabling the specification of both process parameters (pressure, temperature, cooling duration) and
equipment characteristics - such as the geometry of the vacuum chamber, parameters of the accumulation
conveyor, and the loading mechanism. The model also allows the formation of an operation cyclogram for the
apparatus. Based on the research and calculations carried out during the study, a design of a vacuum cooling
apparatus for bakery products in continuous production conditions was developed. An operational cyclogram and
pneumatic drive scheme with electronic control for the proposed equipment were also designed. Strength and
deformation analysis of the most stressed component - the vacuuming unit - was performed using SOLIDWORKS
Simulation, resulting in an optimized vacuum chamber structure. The comprehensive scientific results of this work
form the basis for practical recommendations aimed at improving existing or developing new vacuum cooling
equipment. The research results and the proposed apparatus design were discussed at a technical meeting with
leading specialists of Kyiv Bakery House LLC, who concluded that the outcomes have significant practical value for
enhancing bakery operations not only in Ukraine but also internationally. The findings are applicable to a wide
range of bakery products. The results are also being integrated into the educational process of the Department of
Machines and Apparatuses for Food and Pharmaceutical Productions.
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VIII. 3ak1104Hi BiZOMOCTI
BnacHe IlpizBuie Im's [10-6aTbKOBI Mupownyyk Banepiit I'puroposuy

TOJIOBH pajgu

BnacHe IIpizBume Im's I10-6aTbKOBI Mwuponuyk Banepiii [puroposuy

TOJIOBYIOYOTO Ha 3acCiiaHHi

BignoBigasibHUI 3a HiATOTOBKY MesnpHuK Haramis

00JIiKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




