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Pedepar:

1. Incepraris Ha 3gO6YTTSI HAYKOBOTO CTyNeHs JokTropa ¢dinocodii ranysi 3Hanb 13 MexaHiuHa iHXeHepis 3a
crieniaspHicTio 133 T'any3eBe MamnHOOyAyBaHHS. JIyLbKUI Hal[iOHAJILHUM TeXHIYHUI YHiIBepcUTeT, M. JIyipk, 2025
p. [lucepratiis pucBSIY€Ha Y OCKOHAJIEHHIO 3aC00y 0OpO0JIEHHS 6ioMacy CTeOEe CiIbCbKOIOCIOAPChKUX KYJIBTYP.
BupimeHo HOBe HayKOBe 3aBIaHHS — IiIBULIEHHS SIKOCTi YIIiJIbHEHHS 6ioMacu cTebes1 CilbChKOTOCIIOAAPChKUX
KyJIbTYp Y KOMIIaKTHI TaJIUBHI PYJIOHU LJISIXOM OOI'PYHTYBaHHS pallioHaJIbHUX IlapaMeTpiB Ta pexXuMiB poboTu
IIpecyBajIbHOI KaMepy 3MiHHOTO 06'eMy Ta BAOCKOHAJIEHHS criocoby 36upaHHs. KnacudikoBaHo Buay 6iomacu
cTebeJ1 CiIbCbKOTOCIIOapChKUX KYJIbTYpP, TUIIM TBEPIOro 6ionannsa 3 Hei, a TaKoK 3aco0u iX 06po6IeHHS, 30KpeMa
TEXHOJIOTII IIpecyBaHHs, OpPMKETYBaHHS Ta TepMiuHOi yTuizaii. 3arrpornoHoBaHo croci6 36upanHs, o nependadae
BUOiIpKOBUI Mif0ip YaCTUHU CTe6JI0BOI MAaCH 3 YACTKOBUM ii 3a7IMIIEHHSIM Ha I10JI, 10 cripusie 6i0JI0riYHOMY
CaMOpPO3KJIaJly Ta 30€pE>XKEHHIO POAIOYOCTi IPYHTY. YIOCKOHATIEHO KOHCTPYKIIiI0 KAMEPU NPECYBAHHS 3MiHHOTO
00'eMy IIJIIXOM 3aMPOBAKEHHS ITSTU HiANPYKUHEHNX POJIMKIB, CUCTEMHU TPAHCIIOPTEPHUX CTPIYOK [1JIs1 IToadi

CHUPOBUHHY, rifpouusinapa 1J1s BUBiIbHEHHS c(pOPMOBAHOIO PYJIOHY Ta aBTOMATUYHOI'O IIOBEPHEHHS Y BUXIiJIHE



1os105keHHs. JJoCimpKeHo B3aEMOZ|0 MiATIPY>KUHEHUX POJIMKIB i3 6i0Macolo cTebes CijlbCbKOroCIogapChKux
KyJIbTYP Ha TPbOX eTanax (opMyBaHHS [IAJIMBHOTO PYJIOHY. BcTaHOBJIEHO, 1[0 TaKa KOHCTPYKIis 3abe3rnedye
(hopMyBaHHS LIiJIbHUX KOMIIAKTHUX NAJIMBHUX PYJIOHIB. OGIPYHTOBAHO palliOHAJIbHI TapaMETPHU IIPY>KMH CTUCKY Ta
IIPUTUCKHUX POJIUKIB. 17151 miinbHOCTI pysioHiB Bif 80,1 1o 139,3 Kr/m? KOPCTKiCTb NPYXUH CTaHOBUTSD Bif, 2100 1o
5750 H/m, a cuna nputuckanHs — Big 1353 mo 2684 H. OuiHeHO BIIJIMB IPY>KHUX BIACTUBOCTEN 6iomacu cTebes Ha
BiJHOBJIEHHSI IIiCJIs1 HABaHTA)KEHHS, 3yCHJLJISI IOIPIOHEHHS, BOJIOTICTh Ta iHIIi Pi3nKo-MeXaHiuHi XapaKTepUCTUKU 3
IOTIOMOTOI0 CTAaHJAPTHUX Ta CIIEeLja/lbHO PO3PO6JIEHMX METOIMK Ta 00J1alHaHHS. 3aCTOCOBYIOUA MaTeMaTUYHe
IIJIaHYBAHHS €KCIIEPUMEHTY, €KCIIEPUMEHTAJIbHO MiATBEPIPKEHO palliOHa/bHI IapaMeTpU YIOCKOHAJIEHOTO 3ac00y
00po6eHHs. OTpYMaHO MaTeMaTUYHy MOZEeJIb VIIiIIbHEHHS 6ioMacy y IIpecyBasbHiN KaMepi 3MiHHOTO 00'eMy 3
ypaxyBaHHSAM ITPONOPLIAHOIO BMiCTy CT€6€JI IbOHY 1 KOJIOCOBUX KYJIBTYD, TUCKY B KaMepi Ta 06’eMy IIOTOHHOTO
METpa CUPOBUHU. BCcTaHOBIIEHO, 110 17151 LOCSITHEHHS 1inbHOCTI 120-130 Kr/M® NOTPiGEH TUCK YIiIbHEHHS
0,45-0,55 MIla ta 06’em 6iomacu 0,65-0,75 m*® Ha TOrOHHUI MeTp. PysioHHU 3 BMiCTOM cTeben bony 75% (J175 /T125)
VLIiIbHIOIOTHCS Kpallle, HDK 3 piBHUMU a0 NIepeBaskaloYMMH 4acTKaMu KOJIOCOBUX KyJIbTyp. PallioHasibHe 3HaYeHHsI
BoJIOTicTi 6iomacu nepe yuinbHeHHSIM — 10-15%. Ha ocHOBi crieKTpOOTOMETPUYHOrO aHaji3y BU3HAUYEHO BILJIUB
IIPONOPLIAHOrO CKIaay 6ioMacu Ha SKiCHUI CKJIaJ, 3aJIMILIKIB TOPiHHS. Y BUPDOOHMYMX YMOBAX JOCIIIKEHO
KiJIbKICHU CKJIaJ, BUKU/IB TMMOBUX ra3iB IIPY 3TOPSIHHI PYJIOHIB 3 Pi3HMM CKJIalOM CUPOBHUHU. BCTaHOBJIEHO, 1O 3i
3POCTaHHSIM BMICTY JIbOHY MiIBUILYETbCS WIIJIBHICTh PYJIOHIB, IOKPAILYIOTHCS €KOJIOTIYHI XapaKTePUCTUKU
3TOPSIHHS Ta 3MEHIIYEThCS 00'eM IIKIIIMBUX BUKUIB. BpaxoByloumn pesysibTaTi BUIIPOOYBaHb Y KoTili KALVIS-400,
PEKOMEHJJ0BAaHUM € BUKOPUCTAHHS NaJIMBHUX PYJIOHIB i3 BMiCTOM JIbOHY He MeHIe 50%, 110 3a6e3neuye 6anaHc
MiX e(PeKTUBHICTIO 3TOPSIHHSI, €KOJIOTIYHOI0 6e3MeYHICTIO Ta €EKOHOMIUHOIO JOIiIbHICTIO. BU3HAY€HO KOMITJIEKCHUH
IIOKa3HMK SIKOCTi TBEPIOro GionanuBa 3 ypaxyBaHHSM LIiJIBHOCTI, BOJIOTOCTI, TEIIJIOTBOPHOI 30aTHOCTI, MEXaHIYHOi
MILIHOCTI Ta €KOJIOTIYHUX XapaKTePUCTUK. OLiHEHO €KOHOMIYHMI €(EeKT Bifl BIIPOBAIKEHHS 3alIPOIIOHOBAHOI
KOHCTPYKIii Kamepu MpecyBaHHs 3MiHHOTro 06'eMy. KittouoBi ciioBa: biomaca, ctebsia, coioma, JIbOH, KOJI0COBI
3€PHOBI KyJIbTypH, TEXHOJIOTS 36MpaHHs, 00pooKa (00pob6JIeHHS), BIACTUBOCTI, TBepe 6i0NaiuBo, aJluBHi

6pI/IK€TI/I, MaJIMBHi PyJiOHH, IIpECyBaJIbHA KaM€pa, IlliJIbHiCTb, ﬂKiCTb, MaTeMaTn4YHE MO ENIOBAHHS.

2. The Thesis for the degree of Doctor of Philosophy in the field 13 Mechanical Engineering, specialty 133 Industrial
Engineering. Lutsk National Technical University, Lutsk, 2024. The Thesis is devoted to the improvement of a
processing tool for agricultural crop stem biomass. A new scientific problem has been solved, which consists in
justifying the rational parameters of the compaction process of agricultural crop stem biomass into compact fuel
rolls by developing a variable-volume pressing chamber and improving the biomass harvesting method to enhance
processing efficiency. The types of stem biomass of agricultural crops, the types of solid biofuels produced from it,
and the means of their processing - including pressing, briquetting, and thermal utilization technologies - have
been classified. A harvesting method is proposed that involves selective collection of a portion of the stem mass
while partially leaving it in the field, which promotes biological self-decomposition and preserves soil fertility. The
design of the variable-volume pressing chamber has been improved by introducing five spring-loaded rollers, a
conveyor belt system for raw material supply, a hydraulic cylinder for releasing the formed fuel roll, and an
automatic return mechanism to the initial position. The interaction between the spring-loaded rollers and the
stem biomass of agricultural crops during the three stages of fuel roll formation has been investigated. It was
found that this design ensures the formation of dense and compact fuel rolls. The optimal parameters of
compression springs and pressure rollers have been substantiated. For roll densities ranging from 80.1 to 139.3
kg/m?, the spring stiffness ranges from 2100 to 5750 N/m, and the pressing force varies from 1353 to 2684 N. The
influence of the elastic properties of the stem biomass on recovery after loading, fragmentation force, moisture
content, and other physical and mechanical characteristics was assessed using both standard and specially
developed methods and equipment. Using the method of experimental design, the optimal parameters of the
improved biomass processing unit were experimentally confirmed. A mathematical model of biomass compaction
in a variable-volume pressing chamber was developed, taking into account the proportional content of flax and
cereal stems, the pressure in the chamber, and the volume per running meter of raw material. It was established
that to achieve a bale density of 120-130 kg /m?, a compaction pressure of 0.45-0.55 MPa and a biomass volume of



0.65-0.75 m® per running meter are required. Fuel rolls containing 75% flax stems (F75/C25) compact more
effectively than those with equal or predominating portions of cereal stems. The optimal moisture content of
biomass before compaction is 10-15%. Based on spectrophotometric analysis, the influence of biomass
composition on the qualitative composition of combustion residues was determined. Under production conditions,
the quantitative composition of flue gas emissions during the combustion of compact fuel rolls with various raw
material compositions was studied. It was found that increasing the flax content in a flax-cereal mixture improves
bale density, enhances the environmental characteristics of combustion, and reduces the volume of harmful
emissions. Considering the test results in a KALVIS-400 boiler, the recommended composition for fuel rolls at
least 50% flax, which ensures a balance between combustion efficiency, environmental safety, and economic
feasibility. An integrated quality index for solid biofuels has been developed, taking into account density, moisture
content, calorific value, mechanical strength, and environmental characteristics. The economic effect of
implementing the proposed variable-volume pressing chamber design has been evaluated. Keywords: Biomass,
stalks, straw, flax, eared cereals, harvesting technology, processing (processing), properties, solid biofuel, fuel
briquettes, fuel rolls, pressing chamber, density, quality, mathematical modelling.
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