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Pedepar/aHoTanis:

1. OCHOBHOIO TE€H[IEHIIi€I0 PO3BUTKY (PYHKILIOHAJIbHUX MOAYJIB JO3yBaHHS i (PACYBAHHS XapYOBUX NPOLYKTIB y
CIIO>KMBYY YIIAKOBKY B [TaKyBaJIbHMX MAIIMHAX-aBTOMATax € NePexil] Ha aJallTUBHI CUCTEMU KePYBaHHSL. [l
aJanTMBHA cUCTeMa OYJIM TEXHIYHO JOCKOHAIMMMU. [lucepTallis NpUCcBIYeHa po3pooLii METO0JIOTi TPOEKTYBAaHHS
aJanTpOHHUX QYHKUIOHAIIBHYUX MOJYJIB 103y-BaHHS i (paCyBaHHS XapyOBUX IIPOIYKTIB Y CIIOKABYY YIIAKOBKY B
NaKyBaJbHUX MAlIMHAX-aBTOMATAX, gKa 6a3yeThCs HA (PYHKIiOHATIbHO-OPi€EHTOBAHOMY MiAXO/i i3 3aCTOCYBaHHSIM
KBaHTUQIKaLiHUX METOIiB aHaJi3y Ta CUHTe3y. MeTOI0JI0Tisl TaKOTo MiAXOy IPOEKTYBAaHHS PO3IJISIHYTa Ha
aJalTPOHHUX MOJYJISIX O3yBaHHS i pacyBaHHS CUIIKOI Ta PiiKoi Xap4oBoi NpoAyKuii. JlociIKeHHs afalTPOHHUAX
(yHKIIOHATIbHUX MOJIYJIiB 103yBaHH4 i (pacyBaHHS IPOBOAUIIMCS KOMIVIEKCHUMU METOLAMMU, 10 SIKUX BXOJISTh:

KBaHTUQIKALiMHUY | KpUTepiasbHUI aHasli3; MaTeMaTUYHEe Ta CUMYJISLiIHE MO-]IeJII0BaHHS Ollepalliil J03yBaHHS i



(pacyBaHHS; EKCIIEPUMEHTAJIbHI JOCJIIIPKEHHS Ha MIJIOTHUX 3pa3Kkax afanT-pPOHHUX MOZYJIB. 3a pe3yJbTaTaMu
KBaHTUQIKaLiMHOro aHasi3y MalXH-aBTOMATIB [IaKyBaHHS CUIIKOI Xap4yoBOi IIPOIYKLii y CIIOKMBYY YIIAaKOBKY
BCTaHOBJIEHO, 1[0 OJMHAJUSATD 3 TPUALATHA TPhOX IMapaMeTpPiB €(PEKTUBHOCTI € BATOMUMMU ITiJl 4ac aHali3y CTPYKTYpU
[IaKyBaJIbHOI MAIIMHU. JI71s1 OLiHIOBaHHS IIOKA3HUKIB SIKOCTi BUKOHAHHS MOAYJISIMU (YHKIiH 3aCTOCOBAHO
KpUTEPiaJIbHUI aHaJIi3, 110 BPAXOBYe «30ypIoIodi pakTopr» omepallii 03yBaHHS Ta (pacyBaHHS. BCTaHOBEHO, 1O 32
KpUTepiaJlbHUM aHajlizoM (PyHKLiOHAIbHUX MOYJIiB JO3YBAaHHSI JIETKOIJIMHHOI CUTIKOI IPOYKIii Hallkpamui
pe3yJbTaT Mae MOJYJIb CTAKaHYMKOBOTO TUITy II€PiOANYHOI Ijii, a HAWripmuil — MOAYJIb CTAKAHUYMKOBOTO TUILY
6e3nepepBHOI Aii. ATanTpOHHUI (QYHKIIOHATIBHAY MOLYJIb TO3YBaHHS CUIIKOI IPOLYKLii CTAKAHYMKOBOTO THUITY 3
Oe3repepBHUM PYXOM POTOPa Ja€ MOKJIMBICTb 3a0€e311eYnTy HalBUIY IPONYKTHUBHICTb i3 IeCTH AOCIiIKyBaHNUX
MOJYJIiB, @ TOMY JJIs1 CTBOPEHHSI ONITUMAaJIbHOI KOHCTPYKLIil TaKOr0 MOAYJIsl NIOTPiOHO BUKOHATU Or0 CUHTE3 32
reOMETPUYHMMM i KIHEMaTUYHMMY NTapaMeTpaMu. 3a pe3ysibTaTaMU MOZEJIOBAHHS PYXy CUIKOI IPOOYyKLii B
IIPUCTPOSIX NO3yBAHHS CTAKAaHYMKOBOTO TUITY 3 6€3[1epePBHUM PYXOM POTOPA BCTAHOBJIEHO, 1[0 OCOOJIMUBICTIO
dhopmMyBaHHS 403U NPONYKLii, il BificikaHHS Bij, MacuBYy IPOAYyKIii B 6YHKepi Ta yUIiIbHEHHS YKIaIKA YaCTUHOK B
00'eMi MipHOT'O CTakaHa € HasBHICTb apy NPOAYKLii HaJ, pyXOMUM JMCKOM i3 MipHUMU CTaKaHaMU B
IWJIATAHTHOMY CTaHi, [0 IPU3BOAUTD IO TilpaBJIiuHOrO XapaKTePy PyXy CUIIKOI IPOAYKLii. Y3arajabHIOIUYMM
PEe3yJbTaTOM JIOCJIIKEHHS IPUCTPOIO JO3yBAaHHS JIETKOIJIMHHOI CUIIKOI MPOAYKIii 3 MipDHU-MU CTaKaHaMH, 110
0e3repepBHO PyxaloThcs, € GOPMYBaHHs CTabiIbHOIO 3HaYEHHS 00'eMHOI Macu NPOAYKLii B MiDHOMY CTaKaHi 3a
33/1aHOi YaCTOTH OOEPTAHHS POTOPA i paliOHaJILHOIO PO3TAaIllyBaHHSI 30JI0THUKA BiTHOCHO BEPXHbOI KpalKu
MIpPHOTO CTaKaHa. BCTaHOBJIEHO, 110 OJHUM i3 €(PEKTUBHUX CIIOCOOIB 3MEHIIEHHS TPUBAJIOCTI (pacyBaHHS CUIKOI
MIPOAYKILii y CIIOXKMBYY YIIAaKOBKY € MiHiMi3allig TPUBAJIOCTi KOHTAKTy YaCTUHOK CHUIIKOi TPOAYKLii 3 BHYTPITHBOIO
KOHYC-HOIO IIOBEPXHEIO JIIKY 32 PaXyHOK 30iJ/IbLI€HHS IO IOIIEPEYHOTO Nepepisy CHPSDKEHHS KOHIUHOI YaCTHHU
JIIKY 3 UAJIIHAPUYHOIO YaCTUHOW. Ofep>KaHo (PyHKLIOHAIbHY 3aJI€XKHICTb 171 BUSHAUYEHHS ONITUMAaJIbHOTO
3HAYEHHS €KCLUEHTPUCUTETY 3MillleHHS NUJIIHIPUYHOI YaCTUHU JIiIVIKU BiJHOCHO KOHIYHOi. BcTaHOB/IEHO, 10
3HA4YEHHS | HANIPSIM €KCLIEHTPUCUTETY 3aJI€XKaTh Bifl JIIHIMHOI IIBUAKOCTI NEPEMILI€HHS MiPHOTO CTaKaHa. 3a
PaLiiOHAJILHOTO CIIiBBiZHOIIEHHS KIHEMaTUYHUX i FEOMETPUYHUX NTAPAMETPIB PyXy CUIIKOI IPOOYKIIii Ta
palioHaJIbHOTO 3HAYEHHS €KCLIEHTPUCUTETY TPUBAIICTh (PACYBAaHHS 3MEHIIYEThbCS 10 11%. BcTaHoBNEHO, O 17151
aJalTPOHHUX MOJYJIB 3 BarOBUM CIIOCOO0M (pOpMYBaHHS [03M PiKOi MPOAYKLii TOPs], i3 TOYHICTIO J03yBaHHS,
IIOTPiOHO 3a6€3Me4YUTH i BUCOKY IPOLYKTUBHICTb. Ha OCHOBI aHasizy CTPYKTypU afan-TPOHHOTO MOAYJIS Ta
0co6sIMBOCTEN (OPMYBAHHSI 03U BATOBUM CIIOCOOOM PO3POOGIEHO METOAMKY Ta Oflep>KaHi PyHKLIOHA/IbHI
3aJIEXKHOCTI /1151 BU3HAYEHHS ONTUMAJIbHUX BUTPAT NMPOAYKLil PpacyBasbHUM npucTpoem. OnTumisariis nae
MOXJIUBICTb Ha 60 %...80% 3611bLIIMTY NPOLYKTUBHICTb aJAlITPOHHOIO MOAYJIsSl. AHAJIITUMHO BUKOHAHO
OOI'PYHTYBaHHSI PalliOHAJIbHUX FEOMETPUYHUX [1APAMETPIB KJIAllaHa KOHIUYHOI (opMH, 110 3a0€3I1eUyI0Th peaisalliio
ONTHMAJIBHOTO 3aKOHY (POPMYyBaHHS 1031 NPOAYKLii Ta YCYHEHHS HeCTalliOHAp-HUX PEXUMIB NepeMillleHHs
npoaykuii B kaHasax ¢pacyBajabHOrO IPUCTPOIO. BCTaHOBIIEHO, 110 33 KPUTEPIsIMU MiHIMasIbHUX rabapUTiB
SKABUJIbHUKA, MOKJIMBOCTI peasisalii 3aJaHOro 3aKOHY 3MiHHU IIPOITYCKHOI 3IaTHOCTI Ta YCYHEHHS MOJKJIMBUX
ocepeJiKiB TypOyJIEHTHOCTE! JOPEYHO BUKOPUCTOBYBATHU KJlallaHU C(PpepUIHO-KOHIYHOI (hOopMHU i3 3pi3aHOI0
BEPUIMHOK. Pe3yIbTaTh KOMIUIEKCHUX HAyKOBUX JOCJIIIPKEHDb € HAyKOBUMU 3aCalaMU [IPAKTUYHUX PEKOMEHIALIN
CTBO-PEHHSI HOBUX KOHCTPYKIIi aJaliTPOHHUX MOJYJIiB 103yBaHHS Ta paCyBaHHS CUIIKMX i PiJKMX XapYOBUX

HpO,ZIy—KTiB Yy CIIOKUBYY YIIdKOBKY ITdKYBaJIbHUX MalIyH-aBTOMATIB.

2. The main trend in the development of functional modules for dosing and packaging food products in consumer
packaging in automatic packaging machines is the transition to adaptive control systems. For the effective
functioning of such modules, it is necessary that all its components - mechanical, control system and adaptive
system - are technically perfect. The dissertation is devoted to the development of a methodology for designing
adaptronic functional modules for dosing and packaging food products in consumer packaging in automatic
packaging machines, which is based on a functionally-oriented approach using quantification methods of analysis
and synthesis. The methodology of this design approach is considered on adaptronic modules for dosing and
packaging of loose and liquid food products. The studies of adaptronic functional modules were carried out using
complex methods, which include: quantification and criteria analysis; mathematical and simulation modeling of



dosing and packaging operations; experimental studies on pilot samples of adaptronic modules. According to the
results of the quantification analysis, it was found that eleven out of thirty-three efficiency parameters are
significant when analyzing the structure of the packaging machine. To assess the quality of performance of the
function modules, a criterion analysis was used that takes into account the "disturbing factors" of the dosing and
packaging operations. It was established that according to the criterion analysis of the functional modules for
dosing of easily flowing bulk products, the best result is achieved by the cup-type module of periodic action, and
the worst result is achieved by the cup-type module of continuous action. The adaptronic functional module for
dosing of bulk products of the cup type with continuous rotor movement makes it possible to ensure the highest
productivity. According to the results of modeling the movement of bulk products in cup-type dosing devices with
continuous rotor movement, it was established that a feature of the formation of a product dose, its cutting off
from the mass of products in the hopper and the compaction of the particle stacking in the volume of the
measuring cup is the presence of a product layer above the moving disk with measuring cups in a dilatant state,
which leads to the hydraulic nature of the movement of bulk products. The general result of the study of the
device for dosing bulk products with continuously moving measuring cups is the formation of a stable value of the
volumetric mass of the product in the measuring cup at a given rotor rotation frequency and a rational
arrangement of the spool relative to the upper edge of the measuring cup. It has been established that one of the
effective ways to reduce the duration of packing bulk products into consumer packaging is to minimize the
duration of contact of particles of bulk products with the inner conical surface of the funnel by increasing the
cross-sectional area of the conjugation of the conical part of the funnel with the cylindrical part. A functional
dependence has been obtained to determine the optimal value of the eccentricity of the displacement of the
cylindrical part of the funnel relative to the conical one. It has been established that the value and direction of the
eccentricity depend on the linear speed of movement of the measuring cup. With a rational correlation of the
kinematic and geometric parameters of the movement of bulk products and the rational value of the eccentricity,
the duration of packing is reduced to 11%. It was established that for adaptronic modules with a weighing method
of forming a dose of liquid products, along with the accuracy of dosing, it is necessary to ensure high productivity.
Based on the analysis of the structure of the adaptronic module and the features of forming a dose by a weighing
method, a methodology was developed and functional dependencies were obtained for determining the optimal
product consumption by the packaging device. Optimization makes it possible to increase the productivity of the
adaptronic module by 60%...80%. The rational geometric parameters of the conical valve were analytically
substantiated. It was established that, according to the criteria of the minimum dimensions of the feeder, the
possibility of implementing the given law of changing the throughput and eliminating possible centers of
turbulence, it is appropriate to use spherical-conical valves with a truncated apex. The results of comprehensive
scientific research are the scientific foundations of practical recommendations for creating new designs of
adaptronic modules for dosing and packing loose and liquid food products into consumer packaging of automatic
packaging machines.
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