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1. Kosaxk O.C. Po3po6sieHHs Ta OOI'PyHTYBaHHS [IapaMETPiB anaparty [ BAKYYMHOT'O OXOJIOJ>KEHHS! XJ1iI000yJI0UHNX
BMpPOOGIB B yMOBax IIOTOKOBOro BUpoOHUITBA — KBasidikaniiiHa HayKoBa Ipalisl Ha ITpaBax pykonucy. JlucepTanis Ha
300y TTsI HAYKOBOTO CTyIIeHs AoKTopa ¢inocodii 3a cnenjanbhicTio 133 «['any3eBe MalIMHOOYIyBaHHS» —
HanioHanbHUi1 yHIBEpCUTET XapuOBUX TEXHOJIOri MiHicTepcTBa ocBiTy i Hayku YKkpainu, Kuis, 2025. Y
IOCJIiIKEHHI TPOaHali30BaHO iCHYIOUi CIOCOOU Ta 06J1alHAHHS [J1 OXOJIOIKEHHS XIi600yI04YHUX BUPOOIB, a
TaKOX BIJINB BaKyYMHOT'O OXOJIOJIPKEHHS Ha iX (isuKO-MexaHiqHi TOKa3HMKY. BU3HayeHOo rpaHnyHi 3HaYeHHS LI1X
[IOKa3HMKIB, IEPEBUILEHHS SIKUX MOXKE IIPU3BECTU JO PYyHHYBaHHS BUPOOIB i € 0OMEXYIOUMMU 3HAaYEHHSIMU
TeXHIYHMX [TapaMeTpiB anapary [Jjisi BAKyyMHOI'O 0X0JI0[KeHHs. Ha 0CcHOBi aHai3y crocobiB Ta 061afHaHHS 1151
OXOJIOIKEHHS XJ1i600yI09HNX BUPOOiB OyJI0 BUBHAYEHO 1[0 BAKYYMHUI CIIOCIO OXOJIOIKEHHS € NIePCIIeKTUBHUM 3

OTJIs1Iy Ha eHeproepeKTUBHICTb Ta WBUIKICTh OXOJIOIKEHHS XJ1i600yI04HUX BUPOOiB. BomHOvac icHytoue



006J1a[IHAHHS /1711 BaKyyMHOT'O OXOJIOZKEHHS NOTpebye Py4HOI ITpalli, He MiATpUMYe IOTOKOBICTb, Ma€ HaIMIpHi
BisibHI 06'eMy Kamep, 1110 30i7bliIye TPUBAJICTD IIPOLIECY Ta 3HMXKYE HOro eHeproedeKTrUBHiCTh. Lle 3ymoBIioe
HEeOOXiJIHICTb CTBOPEHHSI aniapaTy [J1s1 BAKYYMHOT'O OXOJIOJKEHHS XJ1i000yJI0YHMX BUPOOIB B yMOBax [TIOTOKOBOT'O
BMPOOHMLTBA. JJOCIIiI>KeHHS I0Ka3ajIy, o HagMipHa MBUAKICTb 3HVDKEHHS TUCKY Y BAaKyyMHIll KaMepi CIPUYMHSIE
iHTEeHCHBHE BUIIAPOBYBAHHSI BOJIOTY B M'SIKyIIi 6aTOHA, [0 MPU3BOAUTSD [0 Nepenasy TUCKY MiXK Oro BHyTpilIHIM
cepenoBulleM i BAKyyMHOI0 Kamepolo. Lle BUkjnKae pyiiHyBaHHs BUPOOY — PO3TPiCKYBaHHSI CKOPUHKY Ta PO3PUB
MAKyIKA. OTXXe 00MEeXYIUMU NTapaMeTpaMu IIPOLIECY 10 Bifi0yBaeThCs y BAKYYMHIl KaMepi anapary s
BaKyyMHOT'O OXOJIOIKE€HHS XJ1i600yI04HNX BUPOOIB € ra3oBa MPOHUKHICTb CKOPUHKU, Ta CTPYKTYPHO-MeXaHi4uHi
BJIACTMBOCTI M'SIKYIIKY, BOHU BU3HA4Yal0Th 'PAaHUYHO [OMYCTUMY LIBUAKICTb 3HI)KEHHS THUCKY, 10 BIIJINBA€E HA
KOHCTPYKTUBHI TapaMeTpU BaKyyMHOI KamepH - ii popmy Ta po3mipu. B pesynbTarti focsifikeHb Ha po3pobiieHii
€KCIIEPMMEHTAJIbHIN BCTAHOBJIEHO, IO CKOPMHKA XJ1iba € OCHOBHOIO NIEPEUIKOIO0 [1J11 BUXO[y IIapU Yepe3 HU3bKY
ra3oBy NPOHUKHICTH (0,32...0,42 M3 /(M?eC)), TOZi K M'SIKYIIKA Ma€e 3HAYHO BUILy Ia30BY MPOHUKHICTS (1,5...9,4

M3 /(M?eC)) i NpaKTUYHO He OOMeEKYe ITPOLIeC BaKyyMHOT'O 0XOJI0[KeHHs. Lle 103BoIsie 30cepeiUuTUCh Ha ra3oBiii
IIPOHMKHOCTI CKOPUHKH SIK KJII0UOBOMY (PaKTOPi, 1110 BU3HAYAE AONYCTUMY IIBUIKICTb 3HUKEHHS TUCKY Y BaKyyMHIl
Kamepi. [10JaTKOBO, LOCiIKEHHS CTPYKTYPHO-MEXaHIUHMX BIaCTUBOCTEN M'SIKYLIKM [10Ka3asy, Mo ii Mexxa
MiLIHOCTi 06epHEHO MPOMNOPLiiiHAa TeMIIepaTypi — 3 MiBUILIEHHIM TeMIIepaTypy MiLHICTb 3HIDKY€ETbCS. Takum
YUHOM, I'a30Ba [IPOHMKHICTb CKOPMHKU Ta CTPYKTYPHO-MEXaHiyHi BIACTUBOCTI M'SIKYIIKM € OCHOBHUMU
0OMEXYI0YMMU (PAKTOPAMU, SIKi BIUIMBAIOTh HA JOIYCTUMY HMIBUJIKICTb 3HDKEHHS TUCKY Ta BU3HA4YalOTh
KOHCTPYKTUBHI ITapaMeTpu 06s1afHaHHS — (OPMY i pO3Mipu BaKyyMHOi KaMepH Ta MOTYXHICTb BAKYYMHOT'O Hacoca.
Ha ocHoBI pe3ysbTaTiB fOCiI)KEeHb PO3POOIEHO MaTEMAaTUYHY MOIeJIb ITPOLIECy BAKyyMHOTO OXOJIOMIKEHHS, 1110
BpaxoBYye BILJIMB Ha (i3UKO-MEXaHiuHi BJIaCTUBOCTI IPOAYKTY Ta O3BOJIsIE BU3HAYATH JONYCTUMI PEXKUMHI
IIapameTpy 3HIKEHHS TUCKY B 4aci, 3a SIKUX 3a1106iraeTbCsl pyiiHyBaHHs BUpOOy. Po3pobiieHa maTemMaTuyHa MOZEJb
[IPOLIeCy BAaKyyMHOTO OXOJIO[IKEHHS € iHCTPYMEHTOM IIPOEKTYBaHHS O0JIalHaHHS, 110 a€ 3MOTY BU3HAYATH SIK
TEXHOJIOTI4HI TapaMeTpH (TUCK, TEMIIEPATypa, TPMBAJIICTb [IPOLECY), TaK i KOHCTPYKTMBHI — FeOMETPUYHI po3mipu
BaKyyMHOI KaMe€pH, NapaMeTPy HaKOIIMYYBAJIbHOTO KOHBEEPA Ta 3aBaHTAXXyBaJIbHOTO MeXaHi3My. MoJiesib TakoX
1,03BOJIsI€ (POPMYBATH LIMKJIOTpamy poboTy anapara. 3a pesyabTaTaMu JOCTiIKeHb Ta PO3PaxXyHKiB, IPOBEJEHUX Y
pPaMKax HayKOBOi po60TH, po3p006JIeHO KOHCTPYKIIi0 anapaTy /111 BAKYYMHOT'O OXOJIO/I>)KEHHSI XJ1i000yI0UHUX
BMPOO6IB B yMOBax [I0TOKOBOI'O BUPOOHUIITBA, PO3POOJIEHO LUKJIOrPaMy pOOOTH Ta CXEMY POOOTH ITHEBMOIIPUBO/IIB 3
€JIEKTPOHHUM KepPyBaHHSIM 3alIPOTIOHOBAHOTO 06J1alHaHHS. 3a IONOMOTrOI0 iMiTalliliHOTO MOZEJIOBAaHHS 3
Brukopuctanuam SOLIDWORKS Simulation BukoHaHO nepeBipKy Hai6inbll HaBaHTa)KEHOTO By3Jia anaparTy — By3sia
BaKyyMYBaHHsI Ha MilIHICTb Ta Jedopmaliiio, BU3BHaYEHO pallioHaJIbHy O6yJI0BY BaKyyMHOi Kamepu. Pesysnbratu
IIPOBEIEHUX B POOOTI KOMIIJIEKCHUX HAYKOBUX JOCJIIKEHDb € OCHOBOIO [171 MPAaKTUYHUX PEKOMEH 1ALl 10
BI,OCKOHAJIEHHIO BiZlOMOro, a60 po3po61Li HOBOTr0 006J1aIHAHHS 1151 BAKYYMHOT'O OXOJIOJpKEeHHsI. PesypTaTu
IIPOBEEHUX JOCiIKEHb Ta 3aIIPOIIOHOBAHA B pOOOTI KOHCTPYKLis aniapary 1j1sl BAKyyMHOT'O OXOJIOJKEHHS
X/1i606y109HUX BUPO6IB 06rOBOPEHi Ha TexHiuHiil Hapapi mignpuemctsa TOB «KUIBCHbKUN TTIEKAPHUM IIM» 3a
Y4acCTIO IPOBiHUX MpaLiBHUKIB. BUCHOBKOM MifIpueMCTBa 0yJI0 Te, MO PE3YJIbTAaTH IPOBELEHOI HAyKOBO-
OCIIiHOI po6OTH MAIOTh He33arepevyHe 3Ha4eHHs 171 BIOCKOHAJIEHHSI POHOTH MiAITPUEMCTB XJ1iOOITEKapChKOi
IIPOMUCJIOBOCTI He Juille YKpaiHu, pe3ybTaTu MaloTh OyTH MOIIMPEHi Ha BECh ACOPTUMEHT XJ1i600yJI0UHNX
BMPOOiB. Pe3ybTaT HAYyKOBO-JOCJIiIHOI pOOOTH BUKOPUCTOBYIOTBCSI B HABUYAJIbLHOMY ITpolieci Kadpeapy MalvH i

anapariB XapyoBUX Ta (papMalleBTUYHUX BUPOOHUIITB.

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?es)) 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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dopma ByacHOCTI: [lepxasna

Cdepa ynpaBitiHHS: MinictrepcTBo ocBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI

BaacHe IlpizBume Im's I10-6aTbKOBI Mwuponuyk Banepiii [puroposuy
rOJIOBH pajau

BnacHe IlpizBume Im's I10-6aTbKOBI Muponuyk Banepiit I'puroposuy
TOJIOBYIOYOTO Ha 3acCimaHHi

BiamoBigaibHUH 32 MiZITOTOBKY MenbHyk Hartanis

00JIIKOBHX JOKYMEHTIB

Peectparop YKpIHTEI

KepiBHuK Bigginy YKpIHTEI, mo €
BiZIIOBiZaJIbHUM 32 peeCcTpallilo HayKOBOi IOpuenko TeTsHa AHaTosiiBHA

OisIIBHOCTI




