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Pedepar/anoTamnis:

1. Incepraujiiina po60oTa IpucBIYeHa pO3pOOJIEHHIO KOMIIO3ULIIHOrO 6araTOQyHKIiOHAJIbBHOTO CKJIaay IJsl
HAJJaHHS TEKCTWJIBHUM MaTepiazam OJHOYACHUX BOTHE3aXUCHUX Ta aHTUMIKPOOHUX BJIACTUBOCTEN. AKTYaJIbHICTb
TE€MU 3yMOBJIEHA HEOOXiJHICTIO CTBOPEHHS 6araTo(QyHKLiOHAJIbHUAX TEKCTUIBHUX MaTepiasiB CleliasbHOro,
3aXMCHOT0, BiliCbKOBOI'0, IOOYTOBOI0 IIPU3HAYEHHS, SIKi B IIPOLeCi eKCcIulyaTallii MOXKyTb HifaaBaTucs Aii
BiIKPUTOTO MOJIyM's, BOJIOTH, OPraHiYHUX 3a0pyJHEHD i MiKp0O06i0JIOTiuHOro HaBaHTaXXeHHs. OCOOIMBY yBary
IPUALIEHO LEeJ0JI03HAM TEKCTUIbHUM MaTepiajaMm, sIKi IIMPOKO BUKOPUCTOBYIOTBCS 3aBIsIKM KOM(MOPTHOCTI,
FirpOCKOMNIYHOCTI, TOBITPOIIPOHUKHOCTI Ta AOCTYIHOCTI, OIHaK XapaKTEPU3YIOTbCSI BUCOKOIO FOPIOYICTIO Ta
3/1aTHICTIO O HAaKOIIMYEHHS MIKpOOPraHi3MiB Ha IIOBEPXHi BOJIOKOH. MeTa po60oTH 1oJIsirae y po3pooiii
KOMITO3ULiIHOro 6araToQyHKIiOHAJIBHOTO CKJIaAy [Jisl HAJAHHS TEeKCTUJIBHUM MaTepianaMm creljialbHUX
BJIACTUBOCTEN. [I7151 OCSITHEHHS OCTaBJIEHOI MeTU 6YJI0 OGIPYHTOBAHO BUOip (PYHKLIOHAIbHIUX KOMIIOHEHTIB

KOMITO3ULIii, IOCTIiI>KeHO X ITOBeiHKy y IIpOoLieci TEpMiYHOTO pO3KJIay LeJli0J1031, KapOoHizalii, aHTUMIKpOOHO] fji



Ta ¢ikcallii akTUBHAX PEYOBUH Ha BOJIOKHI. SIK OCHOBHUI (pOCHOPOBMICHNI KOMIIOHEHT BUKOPHUCTOBYBAJIN
piTUHOBY KUCTIOTY, fiKa € Gi00PiEHTOBAHOIO CIIOJTYKOIO 3 BUCOKMM BMicTOM ocdaTHUX rpym. Ii MosieKysa MicTUT
wicTe pocdaTHMX QparMeHTiB, 3IaTHUX [0 YTBOPEHHSI BOJHEBUX, IOHHUX Ta aCOLiaTUBHUX B3aEMOZIH i3
TriIPOKCUIbHUMU IPYIIaMHU LI€JII0JI03U, KATIOHHUMU NOJIIMEPHUMU KOMIIOHEHTAMU. Y IIPOLIEC] TOCTIiI>)KEHHS
BCTaHOBJIEHO, 0 QiTHHOBA KUCJIOTA 3a6e3Ievye KMCI0THO-KAaTali30BaHy [Ierifparallilo [esi0I034 Ta 3Minye
TEepMiYHUI PO3KJaZ, B HANIPSIMi YTBOPEHHS KapOOHI30BaHOTO 3aJIUILIKY, 1110 € OJHUM i3 KJII0OUOBUX MEXaHi3MiB
BOTHE3aXMCHOI [Iii 11eJ110J103HMX MaTepiasiB. OGIPyHTOBAHO BMOIp MOJIireKCaMeTUIIEHTYaHiIMHY, IK KOMIIOHEHTa
CKJIaJly, 30ATHOTO BUKOHYBAaTU OGHOYACHO [Bi (PYHKLi: HAsSBHICTb Y CTPYKTYPi MOJIEKYJIM KaTiOHHUX I'yaHiIMHOBUAX
rpy1 3abe3redye yTBOPEHHS! I10J1ieJIeKTPOJIITHOIO KOMILJIEKCY Ta HaJlae€ TEKCTUJIbHUM MaTepiajiaM aHTUMiKpOOHUI
eeKT 3aBMsIKY B3aeMO/lii KaTIOHHUX I'yaHiNMHOBUX LIEHTPIB i3 HEraTUBHO 3aPSI’)KEHUMU KOMIIOHEHTAMU KIIITUHHUX
000JI0HOK MiKpoopraHi3miB. Taka B3aemogis cripusie (popMyBaHHIO GOCPOPHO-a30THOTO CUHEPri3My, IO cTabisisye
IIOKPUTTS Ta MiCUJIIOE BOTHE3aXUCHUN edeKT. [l NigBUILIEHHS CTIMKOCTI (PYHKLiIOHAJIBbHOTO ITOKPUTTS IO IIPaHHS
IO CKJIaly KOMITO3ULiii BB€[IEHO aKpUJIOBUY TI0JIiIMED, SIKWI1 B pe3yJbTaTi pOPMYBaHHS TOHKOI [10J1iMepHOI IJIiBKY Ha
IIOBEPXHI BOJIOKHA JOJIaTKOBO YTPUMYE aKTHMBHI KOMIIOHEHTH CKJIany. Y poOOTi OGI'PyHTOBaHO MPHHLIMAI YaCTKOBOI
3apsI0BOi B3aEMOJil Mi>K (DITUHOBOIO KMCJIOTOIO Ta MOJlireKCaMeTUJIeHryaHinnHoM. [TokasaHo, mo 1s
TEKCTUJIBHOTO MaTepiajly HeJJOLiJIbHO IIPAarHyTH 0 IOBHOI 3aps10BOi KoMIleHcallil Bcix pocdaTtHux rpyn GiTuHOBOI
KUCJIOTY KaTiOHHUMU T'yaHiMHOBUMU LIEHTPaMU, OCKiIbKY (iTHHOBA KMCJIOTA Y CKJIaJi IOKPUTTS B3aEMOZI€ 3
TriIPOKCUIbBHUMU IPYIIaMU LIE€JII0JI0O3U Ta aKPUJIOBOIO [IOJIIMEPHOIO MaTpuLelo. Lle 06IpyHTOBaHO THUM, 1I0 YaCTHHA
docdaTHuX rpyn Mae 3aIMIIATUCS JOCTYIHOIO 1711 B3AEMO/III 3 LIeII0JI03HMM BOJIOKHOM JJ1s1 peasizariii
BOTHE3aXMCHOrO MeXaHi3My Jerimparauii Ta kapooHnizauji. JlocifpkeHo TepMiyHy I10BeliHKy HeOOpOO6IeHUX i

MO 1(PiKOBaHUX LIEJI0JI03HUX TKAHUH METOJOM TEPMOTrPaBiMETPUYHOrO aHai3y, u@epeHLiaabHO1
TepMoOTrpaBiMeTpii Ta JudepeHLiaIbHOrO TepMiYHOro aHali3y. BctaHoBuIN, 110 AJ151 HEOOpOOIeHOi 6aBOBHSHOI
TKaHUHU TeMIlepaTypa MaKCUMyMYy IIBUIIKOCTI BTPaTh Macu cTaHoBuiIa 6;113bKo 348,5 °C, a Buxin kap60Hi30BaHOTO
3asmmuKky nipu 700 °C 14,92%. Iicsig 06pobku (PiTUHOBOI KUCIOTO0 TeMiiepaTypa Makcumymy DTG 3miugyBasnacs 1o
202,9 °C, mo CBiTYnTh IIPO PaHHIN 3allyCK KUCJIOTHO-KaTali30BaHOI JerigpaTalii Les01034, a BUXIT,
Kap6OHi30BaHOTO 3aJIMIIKY 3pOCTaB 710 31,54%, TOOTO GinbLI HiX y 2 pa3u MOPiBHSIHO 3 HEOOPO6IEeHNM 3pa3KoM. Llie
niaTBepaKye epeKTUBHICTh PITUHOBOI KUCTIOTU SIK GOCHOPOBMICHOIO aHTUIIIPEHA, 3ATHOTIO CIIPSIMOBYBATU
TEPMIiYHUI PO3KJaZ, 11eJ110JI03U B HaNlpsIMy KapOoHi3aliii. BcTaHOBJIEHO, 1110 BBEIEHHS HITPOr€HOBMICHUX
KOMITOHEHTIB Pa3oM i3 GiTHHOBOIO KMCJIOTOIO CTabisi3ye TepMiYHMI PO3KIIA, TOPIBHSAHO 3 06POGKOIO JInIIE
(}iITUHOBOIO KMCJIOTOIO, IO BiANIOBiNAE MiIBULIEHHIO TEMIIEPATYPU MAaKCUMyMYy TEPMiYHOI JecTpyKuii IpubIn3HO Ha
98-102 °C. MakcuMasibHa IBUIKICTh BTPATA MacU 3a HasIBHOCTI MOJireKcaMeTUJIeHIyaHiAMHY cKjaja 61Uu3bKO
0,1475 %/ c, mo HuK4e, HiX 17151 HeobpobseHoi TkauuHU 0,1920 % /c. Buxizn kap6oHizoBaHOro 3anuuiky y 1,57 pasu
BUILE, HDXK /1711 HEOOPOO6JIeHOI TKAHUHU. 371iiICHEHO BUOIP HITPOr€HOBMICHUX KOMIIOHEHTIB y PEe3yJIbTaTi
IIPOBEEHUX JOCiIKeHb, Ki [T0Ka3aiy, o S-amiHoypauu 3abe3rnedye HalHWKYy MaKCUMaJIbHY IBUIKICTD
BTpaTu Macy, 6au3bko 0,1437% /c, ane HaWBUIIUN cepes TOoCimKeHnX N-KOMIIOHEHTiB KapOOHi30BaHU 1 3aTMIIOK
24,89%. BopHO4YacC y MiKpO6ioIOTiYHMX BUNIPOOYBAHHSX MOJlireKCaMeTUIeHTyaHiInH Halikpalle oegHaB
TEepMOCTabii3yBaIbHY Ta aHTUMIKPOOHY Ii0, TaK SIK IIPOSIBUB aKTUBHICTH 1010 BCiX NOCIIKEHNX TeCT-KyJIbTYyp:
30HA 3aTPUMKU POCTY cTaHOBMJIA 6113bKO 11,7 MM 1151 Pseudomonas aeruginosa, 10,3 mm s Staphylococcus
aureus i 15,0 mm gma Candida albicans.

2. The dissertation work is devoted to the development of composite multifunctional compound to provide textile
materials with simultaneous fire-retardant and antimicrobial properties. The relevance of the topic is due to the
need to create multifunctional textile materials for special, protective, military, and household purposes, which
may be exposed to open flame, moisture, organic pollution, and microbiological load during operation. Particular
attention is paid to cellulose textile materials, which are widely used due to their comfort, hygroscopicity,
breathability and availability, but are characterized by high flammability and the ability to accumulate
microorganisms on the surface of fibers. The purpose of the work is to develop composite multifunctional
compounds to endow textile materials with special properties. To achieve the goal, the choice of functional
components of the composition was substantiated, their behavior in the process of thermal decomposition of



cellulose, carbonization, antimicrobial action and fixation of active substances on the fiber was investigated. Phytic
acid, which is a bio-oriented compound with a high content of phosphate groups, was used as the main
phosphorus-containing component. Its molecule contains six phosphate fragments capable of forming hydrogen,
ionic and associative interactions with hydroxyl groups of cellulose and cationic polymer components. During the
research, it was established that phytic acid provides acid-catalyzed dehydration of cellulose and shifts thermal
decomposition in the direction of the formation of carbonized residue, which is one of the key mechanisms of the
fire-retardant effect of cellulose materials. The choice of polyhexamethyleneguanidine as a component of the
composition capable of simultaneously performing two functions is justified: the presence of cationic guanidine
groups in the molecular structure ensures the formation of a polyelectrolyte complex and gives textile materials an
antimicrobial effect due to the interaction of cationic guanidine centers with negatively charged components of
the microorganisms’ cell membranes. This interaction contributes to the formation of phosphorus-nitrogen
synergism, which stabilizes the coating and strengthens the fire-retardant effect. The scientific work substantiates
the principle of partial charge interaction between phytic acid and polyhexamethyleneguanidine. It is shown that
for a textile material it is impractical to strive for full charge compensation of all phosphate groups of phytic acid
with cationic guanidine centers, since phytic acid interacts with the hydroxyl groups of cellulose and the acrylic
polymer matrix in the composition of the coating. This is justified by the fact that part of the phosphate groups
must remain available for interaction with the cellulose fiber to implement the fire-retardant mechanism of
dehydration and carbonization. Thermal behavior of untreated and modified cellulosic fabrics was investigated by
thermogravimetric analysis, differential thermogravimetry, and differential thermal analysis. It was found that for
untreated cotton fabric, the temperature of the maximum rate of mass loss was about 348.5 °C, and the yield of
carbonized residue at 700 °C was 14.92%. After treatment with phytic acid, the maximum temperature of DTG
shifted to 202.9 °C, which indicates the early start of acid-catalyzed cellulose dehydration, and the yield of
carbonized residue increased to 31.54%, i.e., more than 2 times compared to the untreated sample. This confirms
the effectiveness of phytic acid as a phosphorus-containing flame retardant capable of directing the thermal
decomposition of cellulose in the direction of carbonization. The use of nitrogen-containing components together
with phytic acid stabilizes thermal decomposition compared to treatment with phytic acid alone, corresponding to
an increase in the temperature of the maximum of thermal destruction by about 98-102 °C. The maximum rate of
mass loss in the presence of polyhexamethyleneguanidine was about 0.1475% /s, which is lower than for the
untreated fiber of 0.1920% /s. The yield of carbonized residue is 1.57 times higher than for untreated fabric. The
selection of nitrogen-containing components was carried out as a result of the conducted studies, which showed
that 5-aminouracil provides the lowest maximum rate of mass loss, about 0.1437% /s, but the highest carbonized
residue of 24.89% among the investigated N-components. At the same time microbiological tests showed that
polyhexamethyleneguanidine best combined thermostabilizing and antimicrobial effects, as it showed activity
against all studied test cultures: the growth retardation zone was about 11.7 mm
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