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AHOTAIIISA

Jlebeoesa K.O. bionoriyHo-aKTMBHI TMOJIMEPHI TiIporeieBi Marepiaid,
mMonu(ikoBani moximHuMu Byruuist. — Ksamidikariiina HaykoBa po0oTa Ha mpaBax
PYKOTIHCY.

Juceprairist Ha 3100y TTSI HAYKOBOTO CTyMEHS TOKTOP ¢ijocodii 3a cremiaibHICTIO
161 — XimiuHi TeXHOJOTII Ta iH)XeHepis. — HaroHaabHUM TEXHIYHUM YHIBEPCUTET
«XapKiBChbKUH MOMTEXHIYHUN THCTUTYT», M. XapkKiB, 2026.

Jucepraiis cupsiMoBaHa Ha PO3BUTOK HAYKOBUX OCHOB 1 METOAIB €()EKTUBHOTO
BUKOPUCTAaHHSA TYMIHOBUX cojiell Oyporo Byruuist mis Mojudikaiii O10moJiiMEepHUX
TIAPOTrelIiB 3 METOI0 OJIepKaHHS BUCOKOS(DEKTUBHUX O10JIOTTYHO AKTUBHHUX MOJIIMEPHUX
MaTepiais.

06 exm 0ocnidxcenHss — IPOLIECU OJIEP>KaHHs O10JIOT1YHO aKTUBHUX MOJIIMEPHUX
TIAPOresieBUX MarepiaiiB, MOJAU(PIKOBAHUX MOXITHUMHU BYT1ILIA.

Ilpeomem Oocniodicenns — MEXaHI3MH, TEXHOJIOTIYHI CXEMH Ta PEeKUMHI
napaMeTpu TMpPOIIECIB OJepKaHHS O10JIOTIYHO AKTUBHUX MOJIMEPHUX TiApPOreaeBUX
MatepianiB, MOAU(DIKOBAHUX MOXIAHUMH BYTUUIA Y BUIJIAL JYXKHUX COJEH T'yMIHOBUX
KHCJIOT.

Memoro nuceprauniiiHOi poOOTH € CTBOPEHHS OCHOB OJEp>KaHHA O10JIOTTYHO
aKTUBHUX TMOJIIMEPHUX T1APOTENEBUX MaTepiaiiB, MOAN(DIKOBAHUX MOX1THUMHU BYTULIIS.

Y 6écmyni o0TpyHTOBaHa aKTyaJIbHICTh 3ajad JOCHIDKCHHS, MOKA3aHO 3B 30K
poOoTH 3 HAayKOBHMMH TemMamH, cHOpMylIbOBaHA METa Ta OCHOBHI 3ajadi, HaBEICHO
HAyKOBY HOBHU3HY Ta MpPaKTUYHE 3HAYCHHS OTPUMAaHMX pe3yJbTaTiB, BU3HAYEHO
0COOMCTHI BHECOK 3/100yBaua, BiJI3HaU€Ha arpo0allist pe3yabTaTiB poOOTH.

B nepwomy po30ini BUBYEHO CydacHWW CTaH Ta MEPCIEKTHBU OJCPKAHHS
O10JIOTIYHO aKTHBHUX TMOJIMEPHHUX TIAPOTEICBUX MaTrepiamiB, MOAU(DIKOBAHUX
MOX1IHUMHU BYT1JUISL. PO3IIIsIHYTa TUIIONOTIS, BIACTUBOCTI Ta BUKOPUCTAHHS O10JI0T14UHO
aKTUBHUX TMOJIMEPHHUX TIAPOTENIEBUX MarepiaiiB, HaBEJEHI HaIMpsSMU OJEp>KaHHS

IPUPOJIHUX T1APOTEIEBUX MOJIMEPHUX MaTEPialiiB 3 BUCOKOIO O10J0T1HYHOK aKTUBHICTIO
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Ta 3pO0OJEHO OrJIsA[ HampsMiB MoAu]IKalili MPUPOAHUX OIOMOTIMEPHUX TiAPOresiB
T'YMIHOBUMHM KHCIIOTAMU JIJIsl TOCUJICHHS iX 010JI0T1YHOT aKTUBHOCTI.

B opyesomy poszodini oxapakTepw3oBaHO HEOOXiMHWNW 1 [mOcTaTHIA HaOIp
IHCTPYMEHTANbHUX, TEPEBAXXHO, CTAHJAPTU30BAHUX METOMAIB JOCHiIKEeHHsA. B
EKCTIIEPUMEHTAJIbHIM YacTHUHI pOOOTH BUKOPHCTAHI CydacHl1 CTaHJIApPTHU30BaHI METOIU
BU3HAUEHHS BIIACTUBOCTEH Oyporo BYTuULIS Ta JY>KHUX COJIEH TyMiHOBHUX KHCIIOT.
JocnimkeHHs: 0y/10BH, CTPYKTYPH, SIKICHUX 1 KIJTbKICHUX XapaKTEPUCTHK JIY>KHUX COJIeH
T'YMIHOBUX KHCJIOT Oyporo Byrijuisg Ta 010JIOTIYHO aKTUBHUX MOJIMEPHUX T1IpOreeBUX
MaTtepialiB 311MCHEHO METOJJaMH TEXHIYHOTO, €IEMEHTHOTO, XIMIYHOTO, CIIEKTPAJILHOTO,
TEM MIKPOCKOITIYHOTO, CKaHYIYOTr 0 €JIEKTPOHHOTO MIKPOCKOITIYHOTO,
PEHTI€HIBCBKOIO  (DIIyOpPECLEHTHOTO  MIKpOaHadi3dy 13  €HeproguclepciiiHOro
PEHTI€HIBCBKOIO CIIEKTpOCKomieo, Y®- Ta JIOMIHECHEHTHOI CHEKTPOPOTOMETPIi,
KOHJIYKTOMETpii Ta  1HmMMMHU. JIOCHIPKEHHS  TEXHOJOTIYHHMX, PCOJIOTTYHHX,
EKCIUTyaTalliHUX Ta FTeMOCTATHYHUX BJIACTUBOCTEN O10J0T1YHO aKTUBHUX MOJIMEPHUX
riiporesieBUX MarepianiB, MOAU(PIKOBAHWUX JYKHUMU COJSIMH TYMIHOBUX KHCIOT
Oyporo ByTruuis Beld, SIK CTaHAAPTU30BAHUMHU METOJAMKAMH, TakKl 3TiJHO BJIACHO
po3pobiieHoro ycrarkyBanHs, airouux JICTY, mixaapoauux ctangaptiB [SO Ta iHIIHMX.

Y mpemwvomy po30ini omnvcaHo OOTPYHTYBaHHS BHOOpY Ta JOCIHIJKEHHS
CUPOBHMHHMX MaTepiaiiB i oJepkKaHHS OI10JOrYHO AaKTUBHUX TMOJIMEPHUX
riiporeneBux MatepiaiiB, MoaudiKoBaHUX MOXiAHUMH Oyporo Byruwiss. Haemeno
JOCITIJIPKEHHS PalliOHAJILHOTO CKJIaay O10J0T1YHO aKTUBHUX MOJIMEPHHUX T1IPOTEIEBUX
MatepiaiiB A NoAaNbIIol MOAU(IKALi TOXITHUMUA OypOTo BYTULIS Ta ONTUMAJIbHUX
KOHIICHTpAIliif OCHOBHUX KOMITOHEHTIB 010J10T1YHO aKTUBHUX MOJIMEPHUX T1IPOTEIEBUX
MatepianiB npu MoaudiKalii NoXiTHUMUA Oyporo ByTuLIs.

Y yemeepmomy po30ini HaBeIGHO NOCTIHKEHHS (13UKO-XIMIYHUX 0COOJIUBOCTEN
Monu@ikamii MOXITHUMH Oyporo BYrijulsi OI10JOTIYHO AaKTHBHHX TOJIMEPHUX
rigporenaeBux Marepiaii. [IpeacTaBieHo CTpyKTypHi Ta MOPGOIOTIYHI 0OCOOJIMBOCTI Ta
¢b13uKOo-XIMIUHI B3a€MOAIl MpU MOAMPIKAIIi Jy>)KHUMH COJIMU TYMIHOBUX KHCJIOT

010JI0T1YHO aKTUBHUX MOJIMEPHUX TAPOreIeBUX MaTepiaiB.
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VY n’amomy po3aini mpeacTaBICHO JOCIIKEHHS eKCIUTyaTal[iiHUX BIIACTUBOCTEH
Ta po3poOKa HAMPsIMIB 3aCTOCYBaHHS 010JIOTYHO aKTUBHHUX IMOJIMEPHUX T1IpOreaeBUX
MaTepialiB, MOAU(IKOBaHUX MOXITHUMHU Oyporo Byruwis. [lpuBonsTecs pesynbratu
JOCTIPKEHHSI eKCIUTyaTallliHUX BJIACTUBOCTEH O10JIOT1YHO AaKTUBHUX MOJTIMEPHUX
riporejaeBux MatepiaiiB, MOAU(DIKOBAHMX MOXIJIHUMH Oyporo BYTUUISI Ta OIKC
MOIM(IKOBAaHUX HATPIEBUMHU COJSIMU T'YMIHOBHX KHCJIOT Oyporo BYTULIs O10JIOTIYHO
AKTUBHUX MOJIMEPHUX T1IPOreNiB JUIs OJIEPKaHHS TPaHCAEPMAIbHUX I'€MOCTATHUYHHUX
MaTtepiaiB.

VY sucnoskax HaBeIEHO OCHOBHI pe3yJIbTaTH HAYKOBOI pOOOTH OO BUPIIICHHS
MIOCTaBJIEHUX HAYKOBUX 33]1a4 JTOCI1KEHHS.

3a pesynbmamamu 00CIIONCEHHA OMPUMAHO MAKI HAYKOGI pe3yTbmamu.

— BCTAHOBJICHO, 1110 came O10JI0T1YHO aKTHBHI MOJIMEPHI T'JIporeiaeBl MaTepiaiu
xKenatuny 3 6,4 % mac. ajbpriHaty HaTpilo € TEPMOUYYTIMBUMU 1 MAIOTh MEPEXI] reilb-
30J1b, IIO0 NPOSBISIETBCS B PI3KOMY 3HWKEHHI I1X KIHEMAaTHYHOI B’SI3KOCTI MpH
di3ionoriunii Temreparypi 37°C. Came 111 onTuMizoBaHi 010JI0TTYHO aKTHBHI TTOJIMEPHI
riiporesieBl Marepiaiv € ONTHUMAJIbHUMM 3 TOYKH 30py iX MOJAibIIOi Moaudikaiii
JY>KHAUMH COJISIMU TYMIHOBUX KHCJIOT OypOro BYTUILIS;

— BCTaHOBJICHO, 110 Mojaudikaiis O10JOTIYHO AaKTUBHHUX TOJIMEPHUX
riIporesieBUX MartepiaiiB kenatuHy 3 6,4 % wmac. anbpriHaTy HaTpil0 HaTpPIEBOIO Ta
KaJIBI[1€BOIO COJIIMH TYMIHOBHX KHCJIOT PI3HUX KOHIIEHTpAIIiH, T03BOJISIE KOHTPOIIOBATH
PEOJIOT1UHI BIIACTUBOCTI O10MOIIMEPHUX T1IPOTEIB y IIUPOKOMY Jiala3oHi;

— BIIEpILE 3aMPONOHOBAHI CXeMH MOAMQIKAIII Ta CTPYKTYpH MOAM(PIKOBAHUX
HATPI€BOIO 1 KJBI[IEBOIO COISIMU T'YMIHOBHUX KHCJIOT 010J0T1YHO aKTUBHUX MOJTIMEPHUX
riporejaeBux matepiaiiB sxkenatuHy 3 6,4 % wMac. ajpriHaTy HaTpilo, BiJMOBIIHO.
BceranoBneno, mo s 010JIOTIYHO aKTMBHHMX TMOJIMEPHUX TIAPOresIeBUX MaTepialiB
xKenatuHy 3 6,4 % mac. anpriHaty HaTpito, Moaudikailisi HATPIEBOIO CIUTIO TYMIHOBHUX
KHCJIOT Yepe3 iX B3a€MOJIII0 3 aJIbI1HATOM HATPII0 CYIPOBOKYETHCA KOH(POPMALIIHHOO
3MIHOIO BTOPMHHOI CTPYKTYpH >KenaTuHy. B Toi ke wyac, cxema Moaudikarii
KaJIbI[IEBOIO CULTI0 TYMIHOBHX KHCJIOT BiZJOYBA€ThCS 3a PaXyHOK 3LIMBAHHS JKEJTATHHY

Ta aJblriHaTy HaATpil0 4epe3 10HHI B3aemoaii Ca** MDK KapOOKCWJIBHUMHU TpynamMu
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abT1HATY HATPIIO, )KEJATUHY Ta BKIIFOYAE TaKl CKiIaoBi: io0H1 Ca** yTBOPIOIOTH XENaTHI
B3a€EMO/IiT MK OJIOKaMU aJIbriHaTy HATPilo, )KEJATHH MOKE 3B’SI3yBaTHCS 4yepe3 10HHI
B3a€MOJIII MIX aMIHOTpYNaMu Ta KapOOKCHWJIBHUMHU TpylaMu ajbliHaTy HaTpilo abo
KaJIBI[1€BOIO CiJUTIO TYMIHOBHX KHCJIOT, SIK1 IOJAIOTh TOAATKOBI TOYKH 3B’ I3yBaHHSI 4epe3
KOMILIEKCOyTBOpeHHs 3 Ca** Ta BOJHEBI 3B’ SI3KU,

— BIIEpIIIE TIOKA3aHo, IO 010JIOTTYHO aKTHUBHI MOJIMEPHI T1ApOTeIi )KenaTuny 3 6,4
% wMac. anbpriHaty HaTpilo npu MoAMQIKalii KaJbLI€BOIO Ta HATPIEBOIO COJIAMHU
T'YMIHOBUX KHCJIOT MaloTh 3JaTHICTh 10 aBTO(IYyOPECLEHINl 3aBASKH BHYTPIIIHIM
dayopodopam anpriHaTy Ta >KeJaTUHY IPH KBAaHTOBOMY BHXOAY (piryopecueHuii 10
35%.

IIpakmuune 3nauenns OMpUMAaHUX pe3yromamie:

— CTBOPEHHI O10JIOTIYHO aKTHBHI MOJIIMEPHI TIPOresieBl MaTepialid KENaTHHY 3
6,4 % mac. ajiprinaty HaTpir0, MOAU(PIKOBAHI KaJbI[IEBUMH COJISIMUA TYMIHOBUX KHCIIOT,
3aBIAKY iI0HHOMY 00MiHy Mixk Ca®* i Na* i3 anprinaToM HaTpiro, JaIOTh 3MOTY OJEPIKTH
OUIBII B’SI3K1 Ta TEPMOCTAOLIBHI O10TOMIMEPHI TIAPOTeNll CUCTEMHU KEJIaTUH-aJbriHAT
HATPIIO-KaJblll€BAa CLIb TYMIHOBHX KHUCJIOT, SIKI MalOTh BHUCOKMN MOTEHIAT JIJIst
BUKOpUCTaHHA A 3/-010apyKy XpsAUIOBUX Ta CYrJI00OHMX MarepiaiiB MpH JIKyBaHHI
paH 13 MOMIPHOIO Ta CUJILHOIO €KCY/IAIlI€I0;

— po3pobiieH1 Mo (iKOBaH1 HATPIEBUMHU COJISIMU TYMIHOBUX KUCJIOT O10JIOTTYHO
aKTHBHI MOJIIMEPHI T1IpOTeNIeBl MaTepialin KeIaTtuny 3 6,4 % Mac. aJbriHaToOM HaTpiio
3a piBHEM IIBUKOCTI BOAOIOTJIMHAHHS Ta 3/TATHOCTI 10 HAOpsikaHHS Tpu (Di310JI0TTUHIH
Temriepatypi y BogHoMy po3uuHi 142 MM NaCl ta 2,5 MM CaCly, siKi iMITYTh KPOB Ta
eKCcyAaT 13 paHW, BUSBWIM TPHUAATHICTH JUIsI BUKOPUCTAHHS B TEMOCTATUYHHX,
PaHO3aror0I0YuX MOB’A3Kax Ta MaTepiaax.

— OyJo CTBOPEHO TIeMOCTaTH4YHI IJIACTUPlI MEAMYHOIO NPU3HAYEHHS 3
3aCTOCYBAaHHSM TE€MOCTATUYHUX OI1OJIOTIYHO AaKTUBHHUX TMOJIMEPHUX T1IPOTeTIeBUX
MatepianiB kenatuny 3 6,4 % mac. anpriHaTy HaTpiio, MOAU(IKOBAHUX HATPIEBUMHU
COJISIMUA TYMIHOBHUX KHCJIOT;

— po3pobiieHa TEXHOJOTIYHAa CXE€Ma BUKOPUCTAHHS JYXHHUX COJEeH T'yMIHOBHUX

KHCJIOT Oyporo BYruuIs, K MOAU(IKATOPIB MPU OJIepkKaHHI O10JIOTYHO aKTUBHHUX
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NOJIIMEPHUX T1APOTEIeBUX MaTepiaiB )KeNATUHY 3 albI'1HATOM HATPi0, MOAU(PIKOBAHUX
JY>KHUMHU COJISIMU TYMIHOBUX KHCTIOT OypOro BYT'ULIS;

— Ppe3ynbTaTH PO3POOOK TEMOCTATHYHUX OIOJIOTIYHO AKTUBHHUX TOJIMEPHUX
riiporeiaeBuX MaTepiaiiB, MOIU(DIKOBAHUX JIY’)KHUMU COJIIMA TYMIHOBUX KHCIIOT
Oyporo BYTuIIs MPOUIILIN YCIIIIHI HallIBIPOMHCIIOB] BUIPOOOBYBaHHS B ymoBax [1AT
«XimpapmzaBoj «YepBoHa 3ipka» Ta MPUUHATI O BIPOBAKEHHS, IO MIATBEPIKEHO
aKTOM BITPOBA/IKEHHS;

— TEOPETHYHI Ta TpPaKTHUYHI pe3yJbTaTH, sIKI OTPUMaHI IIiJI 4aCc BUKOHAHHS
JOCIIIJKEHb, BOPOBA/KEHI Yy HaBUaJbHUM mpouec kKadeap 3arajpHol Qapmailii,
TEXHOJIOT'1] mepepoOKu HaPTH, ra3y Ta TBEPIOro MajJuBa Ta TEXHOJIOTI] INTACTUYHUX Mac
1 Olosoriuno aktuBHuUX mnoaiMepiB HTY «XIIl», mo miaTBepIXEeHO aKTaMu
BIIPOBAJ[)KCHHSI.

Knwuogi cnoea: O6iomonimepu, O10JOTIYHA aKTHUBHICTb, Marepialid, CHHTE3,
Tiporeni, Byriuisi, TyMiHOB1 KUCJIOTH, MOAU(IKAIlISI, TEMOCTATUYHICTh, O10CYMICHICTb,

CTPYKTYypa, BIIACTHBOCTI, T'€JIb-30J1b, aHTUMIKPOOHICTh, aHTHOKCHIAHTHICT.

Cnucox nyoaixayii 3000ysaua
Hayxosi npayi, 6 sikux onyoniko8ani 0CHOBHI HAYKOBI pe3yibmamul
oucepmayii:

1. Jle6enea K. O., YUepkammnaa I'.M., CaBuenko J[.O., Jlebener B.B.
BuBueHHs 0cOOMBOCTEM IrelIeyTBOPEHHS Ta PEOJIOTIYHUX BIACTUBOCTEH T1poresiei Ha
OCHOBI arap-arapy. [nmeeposani mexnonoeii ma enepeozoepesicenns. 2022. Ne 3. C. 42-
51. DOI: 10.20998/2078-5364.2022.3.05 (b).

2. Miroshnichenko D., Lebedeva K., Cherkashina A., Lebedev V., Tsereniuk
O., Krygina N. Study of hybrid modification with humic acids of environmentally safe
biodegradable hydrogel films based on hydroxypropyl methylcellulose. C - Journal of
Carbon Research. 2022. Vol. 8. P. 71. DOI: 10.3390/c8040071 (Scopus, Hinepiaun).

3. Jle6enera K. O., Uepkammna I'. M., CaBuenko JI. O., MatioxoB JI. B.,

Jlebenee B. B. BuBueHHs 01070Ti4YHO-aKTUBHUX TIOJIMEPHUX TIAPOTEIIB ISt
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peryyoBaHHs ~ BOJHO-JIMIAHOTO OanaHcy. Iumeeposani  mexwnonocii  ma
enepeozoepexcenns. 2023. Ne 2. C. 77-84. DOI: 10.20998/2078-5364.2023.2.07. (b).

4. Lebedev V.V., Miroshnichenko D.V., Lebedeva K.O., Cherkashina A.M.,
Kariev A.l. Brown coal humic substances hybrid modified biologically active polymeric
hydrogel materials research. Colloquium-journal. 2023. Nel2(171). P. 54-57. DOI:
10.24412/2520-6990-2023-12171-54-57. (Index Copernicus, [Tombira).

5. Lebedeva K. O., Cherkashina A. M., Masikevych Y. G., Masikevych A. Y.,
Voronkin A. A., Lebedev V. V. Modeling of smart bio-medical active polymeric
hydrogel transdermal materials. Journal of Engineering Sciences. 2024. Vol. 11(1). P.
C1-C7.DOI: 10.21272/jes.2024.11(1).c1. (A, Scopus, Ykpaina).

6. Lebedev V., Lebedeva K., Cherkashina A., Voronkin A., Kopach V.,
Petrushenko S., Fedonenko A., Klochko N. Biopolymer-based sustainable Internet of
Things for smart homes. Discover Civil Engineering. 2024.Vol. 1. P. 20. DOI:
10.1007/s44290-024-00021-x. (DOAJ, Himeunna)

7. Miroshnichenko D., Lebedeva K., Lebedev V., Cherkashina A.,
Petrushenko S., Hrubnyk I., Yudina Y., Bogoyavlenska O., Klochko N., Lysenko L.,
Miroshnychenko M. Hemostatic ability of thermosensitive biologically active gelatin-
alginate hydrogels modified with humic acids and impregnated with aminocaproic acid.
Journal of Research Updates in Polymer Science. 2024. Vol. 13. P. 155-160. DOI:
10.6000/1929-5995.2024.13.16. (Scopus, Kanana).

8. Lebedev V., Lebedeva K., Cherkashina A., Petrushenko S., Bogatyrenko S.,
Olkhovska A., Hrubnyk I., Maloshtan L., Kopach V., Klochko N. Hemostatic gelatin-
alginate hydrogels modified with humic acids and impregnated with aminocaproic acid.
Journal of Research Updates in Polymer Science. 2024. Vol. 13. P. 34-44. DOI:
10.6000/1929-5995.2024.13.05. (Scopus, Kanana).

9. Miroshnichenko D., Lebedev V., Lebedeva K., Cherkashina A.,
Petrushenko S., Bogoyavlenska O., Olkhovska A., Hrubnyk I., Maloshtan L., Klochko
N. Thermosensitive and wound-healing gelatin-alginate biopolymer hydrogels modified
with humic acids. Journal of Renewable Materials. 2024. Vol. 12. P. 1691-1713. doi:
10.32604/jrm.2024.054769. (Scopus, CIIIA).
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10. Petrushenko S.I., Fijalkowski M., Adach K., Lebedev V., Lebedeva K.,
Cherkashina A., Rudnieva K.., Klochko N.P.. Autofluorescent activity of
thermosensitive, hemostatic, and wound healing biopolymer hydrogels. Gels. 2025. Vol.
11(4). P. 301. DOI: 10.3390/gels11040301. (Scopus, llIBeiimapis).

11. Jle6enesa K. O., MattoxoB JI. B., Uepkammnua I'. M., Tepemenko 1. A.,
JlutBunenko  €.I.  CyuacHi  TpeHOu  BUKOPHUCTaHHS  O10JOTIYHO-aKTUBHUX
reJICYTBOPIOIOUHX MOJIICaXapuIiB y XapyoBii raiy3i, KOCMETOJIOT11 Ta MeTUILINHI. BicHuk
Hayionanvnozo mexniunozo ynisepcumemy «XIIl». Cepis: Ximis, Ximiuna mexuonozis
ma exonoeis. 2025. Ne 1 (13). C. 67-73. DOI: 10.20998/2079-0821.2025.01.10 (b).

Po3zoinu monoepadpiti:

12. Miroshnichenko D., Pyshyev S., Lebedev V., Korchak B., Shved M., Lebedeva
K., Cherkashina A., Savchenko D., Klochko N., Tykhomyrova T., Lysenko L.. The
rational use of lignite resources: monograph. Advances in Environmental Research. Vol.
97. Chapter 1. Nova. 2023. P. 1-63. (Hinepnanan).

13. Lebedeva K., Cherkashina A., Tykhomyrova T., Lebedev V. Study of smart
bioactive humic-polymeric hydrogel transdermal materials. Materials Science Forum.
2023. Vol. 1096. P. 121-8. DOI: 10.4028/p-lhxqil. (Scopus, [IBetimapis).

Onybnixosani npayi anpobayiiino2o xapakmepy:

14. Yepkamuna I'. M. JlebeneBa K. O., CaBuenko /[. O. biosoriuno-akTuBHi
MOJIIMEPHI TIAPOTENIeBl MaTepiaii TpaHCAEPMAIbHUX CHCTEM JIOCTaBKH PEYOBHH.
Inghopmauitini mexnonocii: nayka, mexuixka, mexuonozis, oceima, 300po8's: MicroCAD-
2022 mesu donosioeiti XXX Mixcnapoonoi naykoso-npakmuuHoi KoHgepeHnyi. XapKiB:
HTY «XIII», 2022. C. 484.

15. JIe6enena K. O., Uepkammna I'.M., CaBuenko [.0O., Jlenauu €. C., Ma3zueHko
M. B., MartoxoB JI. B. HdocmikenHss riOpuaHoi mMonudikaiiii MOXiAHUMU BYT1/UISA
€KOJIOT1YHO Oe3MeYHUX TigporeniB. Teopemuuni ma npakmuyri 00CAIOHCEHHS MOJOOUX
suenux: 30ipka me3z XVI Mixcnapoonoi Hayko80-npakmuuHoi  KOH@epeHyi
macicmpanmie ma acnipanmis. Xapkis: HTY «XIll», 2022. C. 304

16. Jle6enera K. O., Uepkammua ['M., Boponkin A. A., Casuenko /I.0O.

HocmimkeHnHss  cMmapT  OIOJOTIYHO  AKTUBHMX  IOJIMEPHHUX  TiIpOrejeBHX
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ABSTRACT

Lebedieva K.O. Biologically-active polymer hydrogel materials modified with
coal derivatives. — Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 161 — Chemical
technologies and engineering. — National Technical University “Kharkiv Polytechnic
Institute”, Kharkiv, 2026.

The dissertation is aimed at developing scientific foundations and methods for the
effective use of humic salts of brown coal for the modification of biopolymer hydrogels
in order to obtain highly effective biologically active polymer materials.

Object of research — processes of obtaining biologically active polymer hydrogel
materials modified with coal derivatives.

Subject of research — mechanisms, technological schemes and regime parameters
of processes of obtaining biologically active polymer hydrogel materials modified with
coal derivatives in the form of alkaline salts of humic acids.

The purpose of the dissertation is to create the foundations of obtaining
biologically active polymer hydrogel materials modified with coal derivatives.

The introduction substantiates the relevance of the research tasks, shows the
connection of the work with scientific topics, formulates the goal and main tasks, gives
the scientific novelty and practical significance of the results obtained, determines the
personal contribution of the applicant, and notes the approval of the results of the work.

The first section studies the current state and prospects for obtaining biologically
active polymer hydrogel materials modified with coal derivatives. The typology,
properties and use of biologically active polymer hydrogel materials are considered,
directions for obtaining natural hydrogel polymer materials with high biological activity
are given, and a review of the directions for modifying natural biopolymer hydrogels
with humic acids to enhance their biological activity is made.

The second section describes the necessary and sufficient set of instrumental,
mainly standardized research methods is characterized. In the experimental part of the

work, modern standardized methods for determining the properties of brown coal and
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alkaline salts of humic acids are used. The study of the structure, structure, qualitative
and quantitative characteristics of alkaline salts of humic acids of brown coal and
biologically active polymer hydrogel materials was carried out by the methods of
technical, elemental, chemical, spectral, TEM microscopic, scanning electron
microscopic, X-ray fluorescence microanalysis with energy-dispersive X-ray
spectroscopy, UV and luminescent spectrophotometry, conductometry and others. The
study of the technological, rheological, operational and hemostatic properties of
biologically active polymer hydrogel materials modified with alkaline salts of humic
acids of brown coal was carried out by standardized methods, such as according to the
equipment developed by the company, the current DSTU, international 1SO standards
and others..

The third section describes the justification for the selection and study of raw
materials for the production of biologically active polymer hydrogel materials modified
with brown coal derivatives. A study of the rational composition of biologically active
polymer hydrogel materials for further modification with brown coal derivatives and
optimal concentrations of the main components of biologically active polymer hydrogel
materials during modification with brown coal derivatives is presented.

The fourth section presents a study of the physicochemical features of modification
of biologically active polymer hydrogel materials with brown coal derivatives. Structural
and morphological features and physicochemical interactions during modification of
biologically active polymer hydrogel materials with alkaline salts of humic acids are
presented.

The fifth section presents a study of the operational properties and development of
directions for the application of biologically active polymer hydrogel materials modified
with brown coal derivatives. The results of the study of the operational properties of
biologically active polymer hydrogel materials modified with brown coal derivatives are
presented and a description of biologically active polymer hydrogels modified with
sodium salts of humic acids of brown coal for obtaining transdermal hemostatic materials

IS given.
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The conclusions present the main results of scientific work on solving the scientific
problems of the study.

According to the results of the study, the following scientific results were obtained:

— it was established that biologically active polymeric hydrogel materials of gelatin
with 6.4% wt. sodium alginate are thermosensitive and have a gel-sol transition, which
iIs manifested in a sharp decrease in their kinematic viscosity at a physiological
temperature of 37 °C. It is these optimized biologically active polymeric hydrogel
materials that are optimal from the point of view of their further modification with
alkaline salts of humic acids of brown coal,

— it was established that the modification of biologically active polymeric hydrogel
materials of gelatin with 6.4 % wt. sodium alginate with sodium and calcium salts of
humic acids of different concentrations allows controlling the rheological properties of
biopolymer hydrogels in a wide range;

— for the first time, modification schemes and structures of biologically active
polymeric hydrogel materials of gelatin modified with sodium and calcium salts of humic
acids with 6.4 wt. % sodium alginate, respectively, were proposed. It was found that for
biologically active polymeric hydrogel materials of gelatin with 6.4 wt. % sodium
alginate, modification with sodium salt of humic acids due to their interaction with
sodium alginate is accompanied by a conformational change in the secondary structure
of gelatin. At the same time, the scheme of modification with calcium salt of humic acids
occurs due to crosslinking of gelatin and sodium alginate through ionic interactions of
Ca*" between carboxyl groups of sodium alginate, gelatin and includes the following
components: Ca** ions form chelate interactions between sodium alginate blocks, gelatin
can bind through ionic interactions between amino groups and carboxyl groups of sodium
alginate or calcium salt of humic acids, which add additional binding points through
complexation with Ca** and hydrogen bonds;

— it was shown for the first time that biologically active polymer hydrogels of
gelatin with 6.4 wt. % sodium alginate when modified with calcium and sodium salts of
humic acids have the ability to autofluorescence due to internal fluorophores of alginate

and gelatin with a fluorescence quantum yield of up to 35%.



Practical significance of the results obtained:

— the creation of biologically active polymer hydrogel materials of gelatin with
6.4% wt. sodium alginate, modified with calcium salts of humic acids, due to ion
exchange between Ca?* and Na* with sodium alginate, allows obtaining more viscous
and thermally stable biopolymer hydrogels of the gelatin-sodium alginate-calcium salt of
humic acids system, which have high potential for use for 3D-bioprinting of cartilage and
joint materials in the treatment of wounds with moderate and severe exudation;

— biologically active polymer hydrogel materials of gelatin with 6.4 % wt. sodium
alginate modified with humic acids were developed. sodium alginate in terms of water
absorption rate and swelling ability at physiological temperature in an aqueous solution
of 142 mM NaCl and 2.5 mM CaCl,, which simulate blood and wound exudate, have
shown suitability for use in hemostatic, wound-healing dressings and materials.

— hemostatic medical plasters were created using hemostatic biologically active
polymeric hydrogel materials of gelatin with 6.4 % wt. sodium alginate, modified with
sodium salts of humic acids;

— a technological scheme for using alkaline salts of humic acids of brown coal as
modifiers in the production of biologically active polymeric hydrogel materials of gelatin
with sodium alginate, modified with alkaline salts of humic acids of brown coal;

— the results of the development of hemostatic biologically active polymer
hydrogel materials modified with alkaline salts of humic acids of brown coal have
successfully passed semi-industrial tests in the conditions of PJSC “Chempharmaceutical
Plant “Chervona Zirka” and have been accepted for implementation, which is confirmed
by the act of implementation;

— the theoretical and practical results obtained during the research have been
implemented in the educational process of the departments of general pharmacy,
technology of oil, gas and solid fuel processing and technology of plastics and
biologically active polymers of NTU “KhPI”, which is confirmed by the acts of

implementation.
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