O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0524U000397
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpaunii: 18-11-2024

Craryc: IligtBepmrena MOH

PexBi3utu Hakasy MOH / Haka3y 3aksazy: N°301 i 18.02.2025

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. JlebeneB Bonogumup BosogumupoBuy

2. Volodimir V. Lebedev

KBasigikamis: k.r.u., nouenr, 05.17.06

Imentudikarop ORCHID ID: 0000-0001-6934-2349

Bup, pucepranii: nokrop Hayk

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIn¢dp HayKoBOi cneniaabHOCTI: 05.17.07

Ha3Ba HayKOBOIi CIIeniaJIbHOCTI: XiMiuHa TEXHOJIOTIS aJMBa i MaJTbHO-MaCTUIIbHUX MaTepiasliB
T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

JlaTa 3axHCTy: 13-12-2024

CrneniaJbHICTh 3a OCBiTOIO: 8.05130108 XiMiuHa TEXHOIOTiSI BUCOKOMOJIEKYISIPHUX CTIOIIYK
Micue po60oTH 34,00yBava: HaujoHanbHuil TEXHIYHMIA YHiBEpCUTET "XapKiBCbKUIA TIOJITEXHIYHMIA iHCTUTYT"
Kopg 3a €IPIIOY: 02071180

Micue3Haxoa>KeHHS: By Kupnnyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina
dopma ByacHOCTI: [lepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH | HAayKu YKpaiHu

InmenTudikarop ROR:



I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT
Iudp cnenianizoBaHoi BYU€HOI pagHy (Pa30Boi Clieniaai30BaHOI BYEHOI pagu). [l 64.050.18

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOHM: HaujoHanbHuMil TEXHIYHMIA YHiBEpCUTET "XapKiBChKUIA

MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micqesﬂaxon)KeHHﬂ: ByJl. Kupnn4oBa, 6yz. 2, XapkiB, XapKiBCbKU p-H., 61002, Ykpaina
dopma ByracHOCTI: Jlepxasna

Cdepa ynpaBitiHHS: MinictepcTBo oCBiTH i HayKu YKpainu

InenTudikarop ROR:

IV. BizomocTi nipo nmiznpueMcTBO, yCTaHOBY, OpraHisalliio, B sIKii 0yJ10
BUKOHaHO JHUCEPTALil0

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOM: HaujoHanbHuil TEXHIYHMIA yHiBEpCUTET "XapKiBChKUIA
MOJIITEXHIYHUN IHCTUTYT"

Kopg 3a €IPIIOY: 02071180

Micue3HaxoaKeHHS: By Kupnuyosa, 6y1. 2, Xapkis, XapkiBcbkuii p-H., 61002, Ykpaina

dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH | HayKy YKpaiHu

InmenTudikarop ROR:

V. BimomocTi npo gucepraniio
MoBga guceprTaiiii: Vkpaincoka
Koau TeMaTHYHHUX py6puK: 61.53.99, 61.53.03, 61.59.37, 61.61.99, 61.61.04

Tema guceprauii:
1. HaykoBi OCHOBY OTpHUMAaHHS TiOpUIHUX [I0JIMEPHUX MaTepianiB MoAudiKoBaHUX T'yMiHOBUMY PEYOBUHAMU

Oyporo ByTijis

2. Scientific basis of obtaining hybrid polymer materials modified by brown coal humic substances

Pedepar:

1. Incepraliiio NpUCBsY€HO PO3pOOLi HAYKOBUX OCHOB OTPUMAaHHSI ribpuHMX NOJIIMEPHUX MaTepialiB 3
BHUKOPHCTaHHSIM I'YMiHOBHX PEYOBUH Oyporo BYTijs, sIKi MalOTh 3[1aTHICTh 10 6iozmerpasaii, nigBuileHi MilHicHi Ta
eKCIUlyaTalliliHi XapaKTepUCTUKHU IIPU HalaHH]i iM aHTUOaKTepialbHOCTI. JloBe1eHO BUCOKY (PYHKIIOHAJIBHICTh
r'yMiHOBUX PE€YOBUMH OYPOTO BYTi/lIS 3aBASKMA HASBHOCTI B iX XiMi4Hil CTPYKTYpi BEJIMKOI KiJIBKOCTi Pi3HOMaHITHUX
dyHKLIOHATBHUX T'PYII, IKi BU3HAYAIOTH iX 3MATHICTh BUCTYIATH IiOPUAHUM MOIUQPIKaTOPOM IO BiTHOMIEHHIO JO
IIMPOKOTO KoJla MaTepiasiB pi3HOro TUIY Ta (PyHKLiOHAIbHOI CIIPSIMOBAHOCTI (TifporeJi, JIiBKYA Ta KOMIIO3UTH) 32
PaxyHOK HaCTyITHUX MeXaHi3MiB: XiMi4YHOI B3aeMOZii, IUI0/Ib-AUIIOIbHOI B3a€MO/II y BUIJIALI CUCTEM BOLHEBUX
3B'3KiB, KOHPOPMaLITHMX 3MiH y CTPYKTYpi pi3HUX MaTtepiaiiB i peuoBuH. CPOPpMOBAHO OCHOBU (Pi3UKO-XIMIUHKX

ocobauBocTel riopunHoi mogudikanii ryMiHOBUMU KMCIOTaMU 6YPOTo BYTiIS rigporesiB KeJaTuHy, sKa



BiIOyBa€eTbCS 32 MEXAHI3MOM MATPUYHOTO CUHTE3Y, IIOB'$I3aHOT0 3 KOH(POPMALiIHUMU 3MiHAMU BTOPUHHO]
CTPYKTYPH XX€JIaTAHY, NePErPYNYBaHHSM IIEPBUHHUX aMiJliB y CyMillli )KeJIaTUHY 3 TYyMiHOBUMY KHUCJIOTaMU BYTiJLJIA,
SKi B OCHOBHOMY B3a€MOJIIOTh 3 MOJIEKYJIAMU BOIY 1 «CEKBECTYIOTb» iX, I€PEUIKO/KAIOUN iX KOOPAMHALii 3
JIAHLIIOTaMU K€JIaTHAHY, 10 IPU3BOAUTD 10 MOCUJIEHHS IPOLECIB CTPYKTYPOYTBOPEHHS, IIOKPALIEHHS [IPYKHUX,
MEXaHIYHUX i eKCIUTyaTalillHUX BJIACTUBOCTEH M0iIMEPHUX TiiporeiiB Ipy HaJlaHHi iM aHTUOAKTepiaTbHUX
BractuBocTteil. ChopmMoBaHO OCHOBU (Pi3UKO-XiMIYHMX 0COOIMBOCTEM ribpuaHoi Mmoaudikanii ok TIBC
r'yMiHOBUMM PEYOBMHAMU OypoOro BYTiJIs, SKa BiIOyBAlOTbCS 32 MEXaHi3MOM MaTpMYHOTrO CUHTE3Y Ta [10B’s13aHa 3
IUTOJb-IATIOJIbHUMU B3aEMOZISIMU Y BUTJIAATIi BOJHEBOTO 3B'SI3Ky MIX TifIpOKCUJIbHOIO rpynoo JaHoris [1BC i
riIpOKCUIBHUMU i KAPOOKCUIIBHUMU IPyIIaMy T'YMIHOBUX KHCJIOT 6YPOTo BYTiIs, B TOM K€ 4aC BUHUKAIOTh JesIKi
IIOATKOBI HAIMOJIEKYJIIPHI B3aeMoii MK QyHKI[iOHAIbHUMU IPyllaMy I'yMiHOBUX peyoBUH 6yporo Byrig i [IBC,
niABUIY€eThCS KpUCTaisauis januoris [1BC, mo 103BoJisi€e OTpUMAaTH ribpUAHi MJIiBKY 3 NiABUILEHOIO MILHICTIO i
BOJIOCTIKICTIO Npy 3a6e3Ne4eHHi aHTU6aKTepiasbHUX BlacTUBOCTEN. CPOPMOBAHO OCHOBU (Pi3UKO-XIMIUHKX
ocobauBocTel riopunHoi mogudikauii niaisok ['TIML rymiHOBUME pedyoBHHaMU Oyporo BYTiis, sKa BifOyBaeTbCs 3a
MEXaHi3MOM MaTpUYHOr'O CUHTE3Y MOB's13aHOro 3i 3mKuBaHHIM [TIMII 3a paxyHOK 6araToTO4YKOBOi X€JIaTHO]
B3a€MOJii 3 KAPOOKCUIJILHOIO TPYIIOIO T'YMiHOBUX PEYOBUH BYTIJIJIS, IO 3i 30i/IbIIEHHSIM BMICTy TYMiHOBUX PEYOBUH
6yporo Byriyuis B pozunHax ['TIMI], cynpoBOIKy€eTbCsl arjloMepalii€lo Ta IOCUJIeHHSIM IIPOLECiB
CTPYKTYpPOYTBOPEHHS MOJIIMEPIB Ta LO3BOJISIE OTPUMYBATU IiOPUAHI IIJTiBKY 3 MiJIBUILIEHOIO MilIHICTIO Ta
BOJOCTIMKICTIO i3 3a0€311e4eHHSIM aHTMOAKTEepialbHUX BlacTUBOCTEN. C(OOPMOBAHO OCHOBU (Pi3UKO-XIMIYHUX
ocob6sinBoCTeN ribpunHoi Moaudikallii nosisakTuay ryMiHOBUMU pe4oBMHAMU OypOro BYTiJIA, sIKA BiOyBaeThCs 3a
MeXaHi3MOM MaTpUYHOTO CUHTE3Y 32 PaXyHOK MDKMOJIEKYJISIPHUX 3B'S13KiB MDX [OJI/IaKTUIOM i r'yMiHOBUMU
pevyoBMHaMU OypoOro BYTijuls, MiABUILEHHS CTYIEHs KpUCTali3allii Ta BAHUKHEHHS MiIXKMOJIEKYJISIPHUX Ta
CKJIQJIHOECTEPHUX 3B’513KiB 3 YTBOPEHHSM OisIbIll )KOPCTKO] CiTYACTOI CTPYKTYpPH, 1[0 JO3BOJISIE 301/IbIINTH KOMILJIEKC
MILIHICHUX BJIaCTUBOCTEH ri6puaHNX KOMIIO3UTIB. OOrpyHTOBaHO (i3uKO-XiMiUHI NPUHIMIYN BUPOOHHULITBA
6ioperpagadesbHUX ri6pUAHUX MaTepiasliB i HAMOBHEHMX KOMIIO3UTIB Ha OCHOBI I10J1iZIaKTHY, KABOBOI I'yIlli Ta
r'yMiHOBUX PEYOBUH 3 ix BMicTOM 0,5 % Mac. 3 BUCOKMMU MilIHOCTHUMU (MaKCUMaJlbHi y/lapHa B'3KiCTb 45 M
k/>k/M2 Ta MeKa MillHOCTi ipu 3ruHi 520 MIla), MeMOpaHHMMU (CEIEKTUBHICTD N0 BifHOmeHHI Cu2+ — 95 % Ta
Pb2+ - 94 %; a pyist Takux Cd2+, Hg2+, Zn2+, ta Co2+ - 82 - 89%) ta enexrpuyHumu (omip 25 - 31 Q sq-1)
BJIACTMBOCTSIMU. Po3po6sieHi 1BOCTailiHi CXeMHU TEXHOJIOTIYHUX [IPOLECIB OTPUMAaHHS TiOPUIHUX [IOJTiIMEPHUX
MarepiasiB Moan(pIiKOBaHUX 'YMiHOBUMU PEYOBUHAMU Oyporo Byriys. [Ipu nboMy Ha nepiiil cTafii onepKyloTh
r'yMiHOBI pe4oBrHU Oyporo Byris — ribpunsi Mmogudikatopy, a Ha Ipyriil cTazii 3nifCHIOITh TiOpUIHY
Moaudikaiiiio 6iomerpanabenbHUX TifpoTreiB, MIiBOK i KOMIIO3UTIB OTPMMaHMUMMU Ha NepIliit cTafii
mogudikaTopamu. OLiHKa €EKOHOMIYHOI €(PEKTUBHOCTI TEXHOJIOTIN BUPOOHULTBA ri6puAHNX 6i0pO3KIaHUX
JKeJIaTMHOBUX rimporediis, riopunHux 6iogerpanadensaux miiBok [1BC i [TIML, ri6puanux 6ionerpamgabenbHux
KOMITO3UTiB Ha ocHOBI [1JIA, KaBOBUX BiIXO[IiB i 'yMiHOBUX PEYOBUH I10Ka3aJja, 1110 peHTabebHICTh BUPOOHUIITBA
CTaHOBUTD 110 40 %. Pe3ysbTaTi po3p06KU HAyKOBO-TEXHOJIOTIYHMX OCHOB BUPOOHMLITBA MOPUIHUX [TOJIIMEPHUX
MarepiaiB, MOOM(PIKOBAHUX T'YMiHOBUMHU PE€YOBUHAMU OyPOTro BYTiJUIS, IPOVIIN YCHIlIHI BUTPOOYBAHHS B yMOBAX
TOB «€BA I'TOBAJI TEXHOJIOKI», TOB «HBIT « MATEPIAJT BIBAP]]» Ta TTAT «Ximdapm3zaBoma» YepBoHa 3ipKa».

2. The manuscript is devoted to the development of the scientific and technological bases of the use of brown coal
humic substances for the creation of hybrid-modified materials that have the ability to biodegrade, increased
strength and operational characteristics while providing them with antibacterial properties. The high functionality
of brown coal humic substances has been proven due to the presence in their chemical structure of a large
number of different functional groups, which determine their ability to act as a hybrid modifier in relation to a
wide range of materials of different types and functional orientation (hydrogels, films and composites) due to the
following mechanisms: chemical interaction, dipole-dipole interaction in the form of hydrogen bond systems,
confirmatory changes in the structure of various materials and substances. The basis of the physical and chemical
features of the hybrid modification of brown coal humic acids of gelatin hydrogels was formed, which occurs
according to the mechanism of matrix synthesis associated with conformational changes in the secondary
structure of gelatin, the rearrangement of primary amides in the mixture of gelatin with humic acids of coal, which



mainly interact with water molecules and " sequester" them, preventing their coordination with gelatin chains,
thanks to the strengthening of the structure formation processes, improving the elastic, mechanical and
operational properties of polymer hydrogels while providing them with antibacterial properties. The foundations
of the physicochemical features of the hybrid modification of PVA films by brown coal humic substances, which
occurs according to the mechanism of matrix synthesis and are associated with dipole-dipole interactions in the
form of a hydrogen bond between the hydroxyl group of the PVA chains and the hydroxyl and carboxyl groups of
humic acids of coal, have been established, in at the same time, some additional supramolecular interactions occur
between the functional groups of brown coal humic substances and PVA, the crystallization of PVA chains
increases, which allows obtaining hybrid films with increased strength and water resistance when provided
antibacterial properties. The basis of the physico-chemical features of the hybrid modification of HPMC films by
brown coal humic substances has been formed, which occurs according to the mechanism of matrix synthesis,
which is associated with the crosslinking of HPMC through a multipoint chelate interaction with the carboxylate
group of brown coal humic substances, which is accompanied by an increase in the content of brown coal humic
substances in HPMC solutions agglomeration and strengthening of polymer structure formation processes, which
allows obtaining hybrid films with increased strength and water resistance while providing antibacterial
properties. The foundations of the physicochemical features of the hybrid modification of polylactide by brown
coal humic substances have been established, which occurs according to the mechanism of matrix synthesis due to
intermolecular bonds between polylactide and brown coal humic substances an increase in the degree of
crystallization and the occurrence of intermolecular and ester bonds with the formation of a more rigid mesh
structure, which allows to increase the set of strength properties of hybrid composites. The physico-chemical
principles of the production of biodegradable hybrid materials and filled composites based on polylactide, coffee
grounds and humic substances with their content of 0.5% by mass are substantiated. with increased strength
(impact strength up to 45 kJ/m2 and destructive bending stress up to 520 MPa), membrane (selectivity in relation
to Cu2+ - 95% and Pb2+ - 94%; and for such metals as Cd2+, Hg2+, Zn2+and Co2+ from 82 up to 89%) and electrical
(resistance from 25 to 31 Q sq-1) properties. Two-stage technological schemes of technologies for the use of brown
coal humic substances as hybrid modifiers of materials were developed. At the same time, at the first stage of
technologies for the use of brown coal humic substances to hybrid-modified materials, they are obtained, and at
the second stage, hybrid modification of brown coal humic substances of various types of materials takes place:
hydrogels, biofilms and composites. The evaluation of the economic efficiency of the technologies for the
production of hybrid biodegradable gelatin hydrogels, hybrid biodegradable films of PVA and HMPC, and hybrid
biodegradable coffee-filled composites based on PLA and humic substances showed that the profitability of
production was up to 40%. The results of the development of the scientific and technological bases for the
production of hybrid polymer materials modified by brown coal humic substances passed successful tests under
the conditions of LLC «<EVA GLOBAL TECHNOLOGY», LLC «NVP «MATERIAL VIZARD» and PJSC
«Khimpharmzavod «Chervona Zirka».
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