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AHOTAIIIS

Aoawescokuti  O.B. Exonorizaiis KOHAUTEPCHKUX BHUPOOHHUIITB MUIIXOM
yTuiIi3amii BigxoaiB. — KBamidikaliiiHa HaykoBa Ipalls Ha MpaBax PyKoOIIUCY.

Huceprariss Ha 3m00yTTS HAyKOBOTO CTYINEHS JokTopa dimocodii 3a
cnemianbHicTio 101 «Exonoriss» (10 — Ilpupomnmui Hayku) — Hamionanbauii
TEXHIYHUN YHIBEPCUTET «XapKIBCHKUH MOJITEXHIYHUM 1HCTUTYT», 2026.

Juceprariitny po60Ty BUKOHAHO Ha Kadeapi XIMIYHOI TEXHIKH Ta TPOMHCIOBO]
exosiorii HarioHaapHOTO TEXHIYHOTO YHIBEPCHUTETY «XapKIBCHKHM IOJITEXHIYHUM
THCTUTYT».

06 ekmom 0ocniddcenHs € IPOLIECH yTUII3aLlli TBEPAUX OPraHIYHUX B1JIXOJIIB
KOHJUTEPCHKUX BUPOOHUIITB 3 METOIO BUPIIICHHS 3aBJaHb €KOJIOT13allli ITiIPUEMCTB.

Ilpeomem oocnidscenus — MOAEIb BHYTPIIITHBOTO 1 30BHIIITHBOTO PEIUKIIIHTY SIK
CKJIQJIOBOI TPOLIECIB yTWII3allli TBEPAMX OPraHIYHUX BIAXOMIB KOHJAUTEPCHKUX
BUPOOHUIITB TIPU BUPIIMICHH] EKOJIOTTYHHMX 3aBJaHb EKOJIOTIYHOTO YIpaBIIHHS Ha
MIIITPUEMCTBAX.

Hucepraitiiine JOCHIJDKEHHSI MPUCBAYEHE PO3B’SI3aHHIO HAyKOBO-IPAKTUYHUX
3a/1a4 YMpPaBIIHHS BIIXOJAMHU KOHJUTEPCHKUX BUPOOHUIITB Ta 3MEHIIEHHIO OOCATIB
YTBOPEHHUX TBEPAUX OPTaHIYHUX BIIXOMIB 3aBISKH X BTOPUHHOMY BHKOPHUCTAHHIO B
SAKOCTI PECYpCOIIHHOI CUpOBHHH. OTpuUMaHl pe3yJlbTaTH CIPUSIOTh PO3BUTKY
LHUPKYJASPHOTO MIIXO0AY 10 PELUKIIHTY TBEPIAUX OPTaHIYHUX BIIXO/IB KOHAUTEPCHKUX
BUPOOHHUIITB, IO BIAMOBIA€ i€papXii yMpaBiiHHA BiAXoJamMu Ta 3a0e3mneuye
€KOJIOT13a1[i}0 XapyOBUX BUPOOHUIITB.

VY BcTymi oOrpyHTOBaHO BUOIp T€MH AOCIIJKEHHS, BU3HAUCHO aKTYaJIbHICTh
aucepraiiitHoi po0ot, chOpMyIbOBaHO METy 1 3ajadl, BHU3HAYEHO OCHOBHI
TIOJIOKEHHSI, HOBH3HY Ta MPaKTUYHY 3HAYMMICTh OTPUMAHHMX pPE3YyNbTaTiB, MOKA3aHO
3B’SI30K IUCEPTAIIHHOTO JOCIIHKEHHS 3 HAyKOBUMU HaNIPSIMKaMHU isUTbHOCTI Kadeapu
Ta IIJISIMU CTAJIOTO PO3BUTKY.

VY nepiiomMy po3ain mpoaHa i30BaHO HAYKOBI MiJIXOAU IO BU3HAYCHHS 3MICTY
TEPMIHY «EKOJIOTi3allish» Ta BHU3HAYEHO, 110 BIH MICTUTH JBI CKJIQJIOBI - 3arajibHUI

PIBEHB €KOJIOT1YHOI CB1IOMOCTI BCIX 3aJIy4YEHUX Y BUPOOHUUMI MTPOIIEC 0C10 Ta BIACHO
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TEXHOJIOTIYH1 PIIICHHS, SKI CHOpsIMOBaHI Ha 3MEHIIEHHS HEraTMBHOTO BIUIMBY Ha
HABKOJIMIITHE TIPUPOTHE CEPEOBUIIE HA BCIX €Tarax KUTTEBOTO UKITY KOHIUTEPCHKOT
npoxaykitii. [I[poBenennii aHasi3 HETaTUBHOTO BILTUBY KOHIUTEPCHKUX BUPOOHUIITB HA
HABKOJIUIITHE MPUPOIHE CEPEIOBHUIIE MTOKA3aB KOMIUIEKCHUHN XapaKTepH TAaKOTO BILTUBY
Ha BCl €JIEMEHTH E€KOCHUCTEM Ta BIJCYTHICTh IPYHTOBHUX HAyKOBHUX OCHOB IUISXIB
MIHIMIi3aIlli TaKOTO BIUIMBY 3 YpaxyBaHHSIM OCOOJMBOCTEH BUPOOHMIITBA Ta MPHUPOIH
arentiB 3a0pynHeHHsa. [Ipoeaenuit SWOT-anamiz morounoi cutyauii y cdepi
MOBOKEHHS 3 KOHIUTEPCHKUMH BIAXOAAMH TO3BOJIMB YITKO 1ACHTU(]IKYBaTH CllaOKi
CTOPOHU 1CHYIOYOi CHUCTEMHU TMOBOJKEHHS 3 II€H0 KAaTETOpPI€0 BIJAXO/IB, BUSHAUUTH
MEePCIEKTUBHI HAIPSIMKU PEIUKITIHTY TaKUX BIXO/IIB Ta MOYKJIMBOCTI JJISI TOTCHIIIMHOT
peasizaiii [uX MpoIIecCiB.

Y napyromy po3miiai oxapaKTepu30BaHI OCOOJMBOCTI TBEPAUX OPraHIdYHUX
BIIXOMIB KOHJAWTEPCHKUX BUPOOHUIITB Ta HA/JaHA CTHCIA XapaKTEPHUCTHKA METOIIB
JOCJIJDKEHHSI BMICTY BOJIOTH Y 3pa3Kax, BMICTY MIKOTOKCHHIB, TEIUIO()I3UIHUX
BJIACTUBOCTEH 3pa3KiB Ta pO3pOOJICHUX arporiesieT, METO1B JOCTIKEHHS 0€3MEeYHOCTI
pO3p00IEHUX KOMOIKOPMIB.

Tperiéi po3ail MPUCBAYEHUW JOCHIKEHHIO HETATUBHOTO BIUIMBY MICIIb
30epiraHHs TBEPAUX OPraHIYHHUX BIIXOAIB KOHIUTEPCHKUX BUPOOHHUIITB HA MPUIIETII
€KOCHCTEeMH Ta MOXJIMBOCTI BHKOPHUCTAHHS IIi€l KaTeropii BIAXOAIB y CKiIai
KoMOikopMiB. BuznaueHo, 110 3a0pyHEeHHST aTMOC(EPHUX CTIYHUX BOJ OPraHIYHUMU
pPEYOBHHAMH, IO € CKIAJOBUMH TBEPAUX OPTraHIYHMX BIAXOAIB KOHIUTEPCHKHUX
BUPOOHHUIITB, 3aJICKHUTh BIJ KOMIUIEKCY (DaKTOpiB, cepel SIKUX Topa pPOKY,
IHTEHCUBHICTh OMNaJiB, CKJIAJ BIIXOIB, METO/ 30€piraHHs Ta TUM MaKyBaHHS MalOTh
KpuTUyHUM BruuB. [loka3zaHo, M0 CyKynHICTh I1i MX (PaKTOpIB TAaKOX BIUIMBA€E HA
PO3BUTOK TUTICEHEBUX IPUOIB y BIIXOAAaX Ta € YNHHUKOM €KOJIOTIYHOT HEOE3MeKH pH
ix 30epiraHHi Ta OOMeXye HanpsIMKA PEeHUKIIHTY. OTpUMAHO €MIIPUYHE PIBHAHHS
3aJIe)KHOCTI Yacy IMOSIBU TUTICEHEBUX I'pUOIB B BMICTY KHPY Ta BOJOTH y TBEPAUX
OpraHiYHUX BIAXOJaX KOHJAMTEPCHKUX BHUPOOHHIITB, SKE IO3BOJISIE IMPOTHO3YBATH
Oe3nevyHuii TepMiH 30epiraHHsl BIIXOAIB Ta BU3HAYaTH MPIOPUTETHICTH PELUKIIIHTY
okpemux mapTtiii. JloBesieHO eeKTUBHICTH BUKOPUCTAHHS TYMIHOBUX KUCJIOT B SKOCTI

(yHTriCTaTUYHUX MpenapariB Juisi TBEPAUX OPraHIYHUX BIIXOMIB KOHJIUTEPCHKHUX
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BUPOOHUIITB Ta O€3MeKy IMOAAIBIION0 BUKOPUCTAHHS OOpPOOJEHUX T'yMIHOBUMH
KHCJIOTaMHU BIIXOMIB Y CKiazi komOikopmiB. Po3pobiena perentypa KOMOIKOPMIiB, 10
CKJIaay SIKAX BXOJSATh TBEPAl OpraHiyHi BIAXOAM KOHAUTEPCHKUX BHUPOOHHUIITB Ta
MPOBEACH] JOCTIIHKEHHS MOXJIMBOCTI iX 3aCTOCYBaHHS Y TBaApWHHUIITBI IIPH TOMIBIII
Kypei Ta CBUHEH Ha PI3HUX eTanax ix BUPOIIyBaHHS.

Y derBeproMy pO3ILTl  JTOCTIAKEHO TMOTEHIIa]l BUKOPUCTAHHS TBEPIUX
OpraHIYHMX BITXOMIB KOHJIUTEPCHKUX BUPOOHHUIITB y CKJIajal arporener. AHami3
TEHJCHIIIM PUHKY arporeyieT MOoKa3aB, M0 COHSIIHUKOBE JYIINMHHHS € HalOUIbII
IHTErPOBAHOIO — y CY4YacCHHM PHHOK TBEpAOro OiomajnBa — CUPOBHHOIO B YKpaiHi.
BignoBigHo 10 pe3ynbTariB JAOCHIKEHb OyJI0 OOpaHO COHSIIHHKOBE JYIIMUHHS SK
KOMIIOHEHT MAJIMBHUX TeJIeT KOMOIHOBAHOTO CKJIafy, skl MICTATh Oubine 40 mac.%
TBEPANX OPTaHIYHUX BIAXO/1B KOHIUTEPCHKUX BUPOOHUITB. Pe3ynbpraTtu nociiKeHHs
MPOLIECY CYLIKU TBEPJUX OPraHIYHUX BIIXOA1B KOHIUTEPCHKUX BUPOOHUIITB IMOKA3aJIH
3QJIEKHICTh 4Yacy, HEOOXIIHOTO JJig 3MEHIIeHHs BMICcTy Bojoru jao 20 mac.%, Bif
BMICTY >KHMPY Ta BOJIOTH y Biaxogax. OTpumaHi eMIIpUYHI PIBHSHHS JJISl PI3HUX
KaTeropil BIAXO/IB JO3BOJSIOTh BU3HAYATH MApaMETPH TEXHOJIOTIYHOTO MPOIECY
cymku. JoBeieHO MO3UTUBHUN BIUIMB MOJAPIOHEHHS COHSITHUKOBOTO JIYIIMHUHHS Ha
MEXaHIYHy MIIHICTh arporeneT KoMOiHOBaHOTO ckiaay. Po3poOrieHi arpomeneru
KOMOIHOBAHOT'O CKJIaAy MalOTh BHCOKI TEIUIO(QI3UYHI XapaKTEePUCTUKH, B TOMY YHUCII
3HAYEHHS HAWBHUIOlI Ta HAWHWKYOI TEIUIOTHM 3rOpPaHHS Ta HU3bKUU IMOKa3HUK
30JIbHOCTI. Pe3ynbTaTl 1OCIIIPKEHHS XIMIYHOTO CKJIaay 30J14 TTOKa3aJIu MOXJIUBICTH 11
BUKOPHUCTAHHS B SIKOCT1 100pHBa, 1110 OyJ10 JOBEACHO €KCIIEPUMEHTATIBHO.

[I’sTuit po3ail MPUCBSUCHUN PO3poOIl JIOKATBLHOT MOJENl TMOBOKEHHS 3
BiIXOMaMH CIIOKMBAaHHS KOHIWTEPCHKMX BUPOOHUIITB, sIKa TPYHTYEThCSA Ha
UPKYISIPHOMY TIAXO/1 Ta MOBHICTIO BIAMOBINAE 1€papXii yHpaBiiHHS BIAXOJaMHU Ta
KoHIenii cranoro po3BuTky. IIpoeaenuit SWOT ananiz po3pobieHoi mojeni
YOPABIIHHS TBEPAMMHM OPraHiYHUM BIJXOJAaMHU KOHJIUTEPCHKUX BUPOOHHUIITB
3aCBIUMB TIEpEeBary CWIBHUX CTOPIH HaJ ClHa0KUMU Ta IIAPOKUN CIIEKTP
MOXJIMBOCTEH TMpu peaizaiii Mojeai. 3ampoloHOBaHI TEXHOJOTIUHI CXEMH
PEIUKIIIHTY TBEPAUX OPTaHIYHUX BIIXOMIB KOHIUTEPCHKUX BUPOOHUIITB MICTSThH

KJIFOYOB1 TEXHOJIOTIYHI oOmeparlii Ta J03BOJISAIOTH OI[IHUTH HEOOXIJTHI BHUTpPATH Ha



pearizartio.

3a BUCHOBKAaMH 11010 €(PEKTUBHOCTI JUCEPTALIHHOTO TOCHIKEHHSI BiA3HAYEH1
TaKi HayKOB1 pe3yJIbTaTu:

- BIIEpIIIE PO3POOICHO MOJICNb PEIUKIIIHTY TBEPIUX OPraHIYHUX BiJIXO/IB,
gka 0a3yeTbCs Ha LUPKYJISAPHOMY MPHUHIMINI Ta BIANOBITAE KOHIIETII CTaIoro
PO3BUTKY I 3a0e31euye 3MEHIIICHHST 00CSATIB BIIXO/IiB;

- BIIEpIIIE HAYKOBO-OOIPYHTOBAHO BUPOOHUIITBO arporesieT, OTPUMaHUX Ha
OCHOBI BKJIIOUEHHSI TBEPJIUX OPTraHIYHUX BIIXOJIB KOHIUTEPCHKUX BUPOOHHIITB Ta
COHSIIIIHUKOBOTO JIYIIMUHHS, SIK PO3B’SI3aHHS 3a/a4l 3MEHIIECHHSI OOCSTIB 3aJIMIIKIB
BUPOOHMIITBA Ta BUPIMICHHS 3aBJIaHb €KOJIOT13aIlil MiAIPUEMCTB;

- YAOCKOHAJICHO pelenTypy KOMOIKOPMIB, sSIKI MICTSTh TBEPJl OpraHivHi
BIIXOAM KOHJUTEPCHKUX BHPOOHHUIITB, 3 YpaxyBaHHSIM OCOOJIMBOCTEH TOMiBJI1
CBIMCHKOI NTHIIl Ta CBUHEH Ha PI3HUX €Talax iX PO3BUTKY, SIK HAIPSM €KOJOTTYHUX
pillIeHb HAa KOHAUTEPCHKUX MiIMTPUEMCTBAX;

- OTpUMaNM  MOAAJIBIIMKA PO3BUTOK TEXHOJOTIYHI PIIIEHHS 00
BUKOPUCTAHHA TYMIHOBUX KHCIIOT, OTpUMaHUX 3 Oyporo BYTrULISA BITUYHU3HSHUX
POJIOBHILI, B IKOCT1 ()YHT1CTATUKIB JJI TBEPIUX OPTraHIYHUX BIAXO/1B KOHAUTEPCHKUX
BUPOOHUIITB 3 METOIO 3a0€3MEeUEHHS TPUBAJIOT0 30epiraHHs BIAXOJIB 1 3HIKEHHS iX
HeOe3NneKu;

- OTpUMANIM MOAAJBIIMA PO3BUTOK TEOPETHYHI OCHOBH BUKOPUCTAHHS
SWOT-ananizy y ramgy3i €eKOJOr4HOI O€3MeKHu Ta MPUPOI00OXOPOHHUX TEXHOIOTTH

Teopetnuni  Ta  TpakTU4YHI  pe3yabTaTd  JHUCEpPTalliiHOI  poOOTH
BUKOPHUCTOBYIOThCS Y HaBdasibHOMY mniporiect HTY «XIIl» npu miarorosii 3100yBayiB
crneuianbHocTe E2  «Exkomnorisiy Tta G2 «TexHomnorii 3aXUCTy HaBKOJIUIITHLOTO

CEPEIOBUINAY

Knrouosi cnosa: moBOKEHHS 3 BIIXOJaMH, CUIBCHKOTOCIONAPCHKI BIIXOJH,
3MEHIIIEHHS BI1AXO/1B, BUPOOHUIITBO aJbTEPHATUBHOTO MaJMBa, €HEPTis 3 BIIXOJIB,
NaJdUBHI TEJIETH, TYMIHOBI KHUCJIOTH, TOJIBJIA, MOJOJHSK CBUHEH, LUPKYJSIpHA
€KOHOMIKa, TMepepoO0Ka OpraHiuHUX BIAXOJIB, CTaJUil PO3BUTOK, KOMOIKOPM,

arporiesieTy, XapuoBi BIJIXO/IH.



ABSTRACT

Adashevskyi O. V. Confectionery production greening by waste using. —
Qualifying scientific work as a manuscript.

Dissertation for the Doctor of Philosophy degree in specialty 101 "Ecology" (10
— Natural Sciences) — National Technical University "Kharkiv Polytechnic Institute",
2026.

The dissertation research was carried out at the Chemical Engineering and
Industrial Ecology Department, National Technical University "Kharkiv Polytechnic
Institute".

The research object encompasses solid organic confectionery waste utilization
processes aimed at solving enterprise greening tasks.

The research subject involves the internal and external recycling model as a
component within solid organic confectionery waste utilization processes for solving
enterprise environmental management tasks.

The dissertation research focuses on solving confectionery waste management
scientific and practical tasks and reducing generated solid organic waste volumes
through their secondary application as valuable resource materials. The obtained
results promote circular approach development regarding solid organic confectionery
waste recycling, matching the waste management hierarchy and ensuring food
production greening.

The introduction provides a comprehensive rationale for the chosen research
direction relevance, formulating the primary study aim and specific tasks. This section
outlines the scientific novelty, highlights key defense provisions, and validates the
obtained results’ practical significance, emphasizing their alignment with the
department’s scientific programs and sustainable development goals.

The first chapter analyzes scientific approaches defining the "greening" concept,
establishing its two main components: the general environmental awareness level
among all personnel involved and specific technological solutions aimed at minimizing
adverse environmental impacts across all confectionery product lifecycle stages.

Furthermore, the confectionery production adverse environmental impact analysis
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revealed its complex nature affecting all ecosystem elements, highlighting the lack of
profound scientific foundations for minimizing such impacts considering specific
production features and pollutant agent nature. The current confectionery waste
management sector SWOT analysis clearly identified existing management system
weaknesses, determining promising recycling directions and potential implementation
opportunities.

The second chapter characterizes solid organic confectionery waste specific
features and briefly outlines sample moisture and mycotoxin content determination
methods, developed agropellet thermophysical property evaluation techniques, and
developed compound feed safety assessment procedures.

The third chapter investigates solid organic confectionery waste storage area
adverse impacts on adjacent ecosystems and explores utilizing this waste category
within compound feeds. Findings indicate that organic substance pollution in
stormwater runoff from confectionery waste depends on multiple factors, with season,
precipitation intensity, waste composition, storage method, and packaging type
exerting critical influence. These combined factors also affect mold development
within the waste, creating environmental hazards during storage and restricting
recycling options. An empirical equation correlating mold appearance time with
confectionery waste fat and moisture content was derived, allowing safe waste storage
period prediction and individual batch recycling prioritization. The research proved
humic acid application effectiveness as fungistatic agents for solid organic
confectionery waste, confirming the subsequent compound feed safety containing
humic acid-treated waste. Finally, the study developed compound feed formulations
incorporating solid organic confectionery waste, investigating their application
feasibility in poultry and pig farming across various growth stages.

The fourth chapter explores solid organic confectionery waste utilization
potential within agropellets. The agropellet market trend analysis revealed sunflower
husks as the most integrated raw material within the modern Ukrainian solid biofuel
market. Consequently, researchers selected sunflower husks as a combined-
composition fuel pellet component, containing over 40 wt.% solid organic

confectionery waste. Confectionery waste drying process studies demonstrated the
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time required for reducing moisture content to 20 wt.% heavily relies on initial waste
fat and moisture parameters. The derived empirical equations for various waste
categories enable precise drying technological process parameter determination.
Furthermore, the research confirmed sunflower husk milling’s positive impact on
combined agropellet mechanical strength. The developed combined agropellets exhibit
excellent thermophysical characteristics, including high superior and inferior calorific
values alongside low ash content. Ash chemical composition analysis results confirmed
its potential application as fertilizer, successfully proven through experimental trials.

The fifth chapter focuses on developing a local confectionery consumption waste
management model based on circular principles, strictly complying with the waste
management hierarchy and sustainable development concepts. The developed solid
organic confectionery waste management model SWOT analysis demonstrated
significant strengths prevailing over weaknesses, revealing broad implementation
opportunities. The proposed solid organic confectionery waste recycling technological
schemes contain key operational stages, facilitating necessary implementation cost
evaluation.

The dissertation research effectiveness and scientific novelty encompass the
following key findings:

- first developed a solid organic waste recycling model based on circular
principles, aligning with sustainable development concepts and ensuring waste volume
reduction;

- first scientifically substantiated combined agropellet production utilizing solid
organic confectionery waste and sunflower husks, effectively addressing production
residue minimization and enterprise greening tasks;

- improved compound feed formulations containing solid organic confectionery
waste, considering poultry and pig feeding specifics across various developmental
stages, offering viable confectionery enterprise environmental solutions;

- further advanced technological approaches regarding domestic brown coal-
derived humic acid application as solid organic confectionery waste fungistatics,
ensuring prolonged safe storage and hazard reduction;

- further expanded theoretical foundations regarding SWOT analysis application



within the environmental safety and nature conservation technology field.
The dissertation’s theoretical and practical results are currently utilized within the NTU
"KhPI" educational process for preparing students majoring in specialty E2 "Ecology"

and G2 "Environmental Protection Technologies".
Keywords: waste management, agricultural waste, waste reduction, alternative
fuel production, waste-to-energy, fuel pellets, humic acids, feeding, piglets, circular

economy, organic waste processing, sustainable development, compound feed,

agropellets, food waste.
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