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Pedepar:

1. Incepraliiio pucBsi4eHO po3poOLi HAYKOBUX OCHOB OTPUMAaHHSI i6pUAHMX MOJIIMEPHUX MaTepialis 3
BHMKOPHCTaHHSIM I'YMiHOBHX PEYOBUH OypOTo BYTiJIs, SKi MalOTh 3[IaTHICTh [0 6iomerpagalii, nigBuileHi MiljHicHi Ta
eKCILTyaTalliliHi XapaKTepUCTUKY IIPYU HaZlaHHi IM aHTUOaKTepiasbHOCTI. JJoBeIeHO BUCOKY (PYHKIiOHAIbHICTD
r'yMiHOBUX PEYOBUH OYpOTO BYTi/ISI 3aBASKYA HAIBHOCTI B iX XIMiUHIii CTPYKTYpi BEJIMKOI KiJIbKOCTI pi3HOMaHITHUX
(YHKLiOHAJIBHUX I'PYII, 5IKi BU3HAYAIOTH iX 34ATHICTb BUCTYNATU IiOPUAHUM MOIUQIKaTOPOM IO BiJHOLIEHHIO 1O

IIMPOKOTrO KOJIa MaTepiasiB pi3HOro TUIY Ta (PyHKLiOHAIBbHOI CIIPSIMOBAHOCTI (TiporeJi, MJiBKUA Ta KOMIIO3UTH) 32



PaxXyHOK HaCTYIIHMX MEXaHi3MiB: XiMi4HOI B3aeMO/ii, AUITOJIb-IUIIOJILHOI B3a€EMO/Iii Y BUIJISII CUCTEM BOJHEBUX
3B's13KiB, KOHPOPMaLIHUX 3MiH y CTPYKTYpi pidHUX MaTepianiB i peuoBuH. CHOpMOBaHO OCHOBU (Pi3NKO-XIMIYHUX
ocobauBocTel riopuaHoi mogudikauii ryMiHOBUMM KMCJIOTaMU 6YPOTo BYTiIs rigporesis XKeJaTuHy, sKa
BiZIOYBa€eTLCS 32 MEXaHI3MOM MATPUYHOTO CUHTE3Y, IIOB'SI3aHOT0 3 KOH(POPMaLiMHUMU 3MiHAMU BTOPUHHO]
CTPYKTYPH XKEJIaTUHY, [IEPErPYIYBAHHAM IEPBUHHUX aMifliB y CyMillli )KeJIaTUHY 3 F'YMIHOBUMY KUCJIOTAMU BYTiJJIA,
gKi B OCHOBHOMY B32€MOJIIOTh 3 MOJIEKYJIAMU BOIY i «CEKBECTYIOTh» iX, IEPEMIKO/KAI0UN iX KOOPAMHALi 3
JIAaHLIIOTaMU >KeJIaTHUHY, 10 IPU3BOAUTD 10 TOCUJIEHHS IPOLECIB CTPYKTYPOYTBOPEHHS, IIOKPALIEHHS [IPYKHUX,
MEXaHIYHUX i eKCIUyaTalliHUX BJIACTUBOCTEN MOJIIMEPHUX TiporesiiB IpY HaJlaHHI iM aHTUOaKTepiaIbHUX
BrnactuBocTtei. ChopmMoBaHO OCHOBU (Pi3NKO-XiMIYHMX 0COOIMBOCTEM ribpuaHoi Mmogudikanii ok TIBC
Ir'yMiHOBUMM pPEYOBMHAMU Oyporo BYTiIs, SKa BilOyBalOTbCS 32 MEXaHi3MOM MaTpMYHOTIO CUHTE3Y Ta [10B’s13aHa 3
IUIOJIb-AUNIOJbHUMU B3a€MOISIMU Y BUTJISAIi BOOHEBOTO 3B’13Ky MIX TiZIpOKCUIIbHOIO Tpymolo jaHuoris [1BC i
TiIpPOKCUIBHUMMU i KapOOKCUJILHAMU TPyIIaMy T'yMiHOBUX KMCJIOT 6YpPOTo BYTijlIf, B TOM K€ 4aC BUHUKAIOTh JesKi
IO[ATKOBI HAIMOJIEKYJIIPHI B3aeMoii MK QyHKI[iOHAIbHUMU IpyllaMy I'yMiHOBUX peyoBUH 6yporo Byrisg i [IBC,
niABUIYeThCS KpUcTanisauis sanuoris [1BC, mo n03BoJisie OTpUMaTH ribpuAHi MIIiBKY 3 NiABUILEHOIO MIlHICTIO i
BOJIOCTIVKiCTIO Npy 3a6e3ne4eHHi aHTU6aKTepiasbHUX BlacTUBOCTEN. CPOPMOBAHO OCHOBU (Pi3UKO-XIMIUHUX
ocobauBocTel riopunHoi mogudikauii nisox I'TIML rymMiHOBUME pedoBHHaMU OypoOro BYTis, sIKa BiOyBa€eThCs 3a
MEeXaHi3MOM MaTpUYHOr'O CUHTE3Y MOB's13aHOrO 3i 3uKuBaHHIM ['TIMII 3a paxyHOK 6araToTO4YKOBOi X€JIaTHO]
B3a€MOJii 3 KAPOOKCUJILHOIO TPYIIOI0 T'YMiHOBUX PEUYOBUH BYTIJJIS, IO 3i 30i/IbIIEHHSIM BMICTy TYMiHOBUX PEYOBUH
oyporo Byriuig B po3unHax [TIMI], cympoBOIKyeThbCs arjloMepallielo Ta IOCUIEHHSIM IIPOLIECiB
CTPYKTYpPOYTBOPEHHS MOJIiMePiB Ta JO3BOJISIE OTPUMYBATU IiOPUAHI IIJTiBKY 3 MiJIBUIIEHOIO MilIHICTIO Ta
BOJIOCTIMKICTIO i3 3a6e31e4eHHsIM aHTMOaKTepiasbHUX BlacTUBOCTEN. COOPMOBAHO OCHOBU (Pi3UKO-XIMIYHUX
0co6MBOCTEN TribpUaHOI MogupiKaLii MoMiNakTUIy 'yMiHOBUMM PEYOBMHAMU OypOTO BYTIJIJIS, SKa BiIOYBA€THCS 3
MeXaHi3MOM MaTpUYHOrO CUHTE3y 32 PaXyHOK MIXXMOJIEKYJISIPHUX 3B'SI3KiB MIX [IOJIIIaKTUIOM i r'yMiHOBUMU
peyoBMHaMU Oyporo BYTijuls, MiABUILEHHS CTYIEHs KpUcTasli3allii Ta BAHUKHEHHS MiPKMOJIEKYJISIPHUX Ta
CKJIaJHOECTEPHMUX 3B'513KiB 3 yTBOPEHHSIM OiJIbII JKOPCTKO] CITYACTOI CTPYKTYPH, IO [03BOJISIE€ 301IBIIMTH KOMILIEKC
MIIJHICHUX BJIACTUBOCTE ri6pUIAHUX KOMIIO3UTiB. OGIPyHTOBAHO (Pi3UKO-XiMiuHi MPMHLMIM BUPOOHULTBA
6iomerpazabesbHUX ri6pUAHUX MaTepiasliB i HAIOBHEHMX KOMIIO3UTIB Ha OCHOBI I10J1iJIaKTHY, KABOBOI I'yIlli Ta
Ir'yMiHOBUX PEYOBUH 3 ix BMicTOM 0,5 % Mac. 3 BUCOKMMU MilJTHOCTHMMH (MaKCUMaJIbHi ylapHa B'sI3KiCTb 45 M
kI>K/M2 Ta MeKa MiltHOCTi nipu 3ruHi 520 MIIa), MeMOpaHHUMU (CEIEKTUBHICTD 10 BinHOomeHHI0 Cu2+ - 95 % Ta
Pb2+ - 94 %; a pyist Takux Cd2+, Hg2+, Zn2+, ta Co2+ - 82 - 89%) ta enexrpuyHumu (omip 25 - 31 Q sq-1)
BJIACTUBOCTSMU. Po3po06ieHi JBOCTaliliHi CXeMU TEXHOJIOTIYHUX MPOLIEeCiB OTPUMaHHS TiOpUIHUX NOJTIMEePHUX
MarepiasiB Moan(piKOBaHUX 'YyMiHOBUMU PE4OBUHAMU Oyporo Byriys. [Ipu nboMy Ha nepiiil cTafii onepKyloTh
T'yMiHOBI PEYOBMHU OypOro ByTisjs — ri6puaHi mogudikatopy, a Ha Opyriil ctafii 34ilicHIO0Th ri6puIHy
Mopaudikaiiio 6iomerpagadesbHUX TiAporesiB, IU1iBOK i KOMIIO3UTIB OTPUMAaHUMU Ha Mepurii crafii
mogudikaTopamu. OLiHKa €EKOHOMIYHOI € PEKTUBHOCTI TEXHOJIOTIN BUPOOHUITBA ri6puAHNX 6i0pO3KIaAHUX
>KeJIaTUHOBUX rigporedis, ribpugHux 6iogerpagabensaux miisok I1BC i ITIMI, ri6punaux 6iogerpanabenbHux
KOMITO3UTiB Ha OCHOBI [1JIA, KaBOBUX BiIXO[IiB i 'yMiHOBMX PEYOBHH I10Ka3aJjia, 10 peHTabebHICTh BUPOOHHUIITBA
CTaHOBUTH 110 40 %. Pe3ysbTaTu po3p0OKU HAyKOBO-TEXHOJIONYHUX OCHOB BUPOOHMIITBA MOPUIHUX [1OJIIMEPHUX
MarepiasiB, MOOM(IKOBAHUX T'YMiHOBUMHU P€YOBUHAMU OYPOTo BYTijIS, IPOVIIN YCHilIHI BUTPOOYBAaHHS B yMOBax
TOB «€BA I''TOBAJI TEXHOJIOI)KI», TOB «HBIT « MATEPIAJI BI3AP[I» Ta TIAT «Xim¢papmaaBon» UepBoHa 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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