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YK 004.384 Anapomyk A. B.
Kuiscokuti nayionanvruu yrisepcumem mexunono2iti ma ousauny, Yxpaina

3AXHUCT BIJI DDOS-ATAK HA MOBAX ITPOTPAMYBAHHSA
JAVA TA C#

Mema. [lpoananizyeamu i nopiswamu moxcaugocmi xibepsaxucmy y Java ma C# ma eusnawumu
nepesazu ma HeOOiKU KOXCHOI MOBU 3 MOYKU 30pYy De3neKu npoepamuo20 3a0e3neyeHHs.

Memoouxa. B ocrosy po3pobxu cucmemu eghekmusHux 3acobie Kibepzaxucmy 0Oy10 NOKIAOEHO
OCHOBHI Mexamnizmu Kibepzaxucmy, 00CmynHi y mMoeax npocpamysanus Java ma CH, maxi sK GUKIIOUEHHS,
KOHMPONb QOCMYNY, WUDPYBAHHA OAHUX MA NePesipKa 6600Y.

Pesynomamu. B x00i Oocnioddicenns Oyno nposedeHO aualiz 3azpo3 ma 6pasiueocmeltl, wo
CMOCYIOMbCA NPOZPAM, HANUCAHUX HA MOo8ax npozpamysanns Java ma C#. Byno eusaseneno, wo maki 3a2po3u,
Ak in'exyis SQL-3anumis, epasnusocmi XSS (midccatimosuii ckpunminz), 8pasnueocmi nepenosuents 6ygepa
ma MW, MOXCYMb CMAHOBUMU CEPO3HY 3a2po3y 015 Oe3neKu NPoePamHo20 3a0e3neyeHHs.

Jna 3axucmy npoepam 6i0 yux 3a2po3 6yn0 po3eiAHYMO OCHOBHI MeXaHiZMU Kibep3axucmy, 00CMynHi
y mosax npoepamyeanus Java ma C#. Ceped Hux Oyiu 6UOKpeMIeHI BUKIIOUEHHS, KOHMPOIb 00CMYNY,
wugpysanns oanux ma nepesiprka 6600y. L{i mexanizmu moxicyms 6ymu UKOpUCmari 0Jist 3ano0ieansi PisHUM
8UOAM AMAK MaA 310MY HPOSPAMHO20 3A0e3NneueHHs.

THopienano moacrueocmi kibepsaxucmy y Java ma C# ma eusnayeno nepegazu ma HedONiKU KOHCHOT
MO8U 3 MOYUKU 30pY be3neKu npocpamHo20 3a0e3nedenHts.

3pobaeno sucHosKU nPo saxcaugicmsy Kibepzaxucmy Ha mMogax npozpamysanns Java ma C#ma nadano
pexomeHOayii 0ist pO3POOHUKIE NPOSPAMHO20 3aDe3neueHHs CMOCOBHO C8I00MO020 nidxody 0o Kibepsaxucmy
ma UKOPUCTNAHHS 6I0NOBIOHUX MemOOi8 ma MexHIK 0/ 3aDe3neuents Oe3neKy ceoix npospam.

Hayxoea noeusna. Awuanimuuno eusHayeno nepesacu 3axucmy 6i0 DDOS-amax winsxom
BUKOPUCTAHHSL OOMENCEHHS KIIbKOCMI 3anumie 3a NesHUL NPOMINCOK Hacy. A maxodc peanizayii asmopusayii
ma poneti KOpucmyeauis.

Ilpakmuuna yinnicmo. 3anpononosano suxopucmanns 3axucmy 6i0 DDOS-amax wiisixom obme-
JHCEHHs KITbKOCMI 3aNumis, agmopusayito KOpUcmyeadie ma 0ocmyn no poisam, wo modce 0ymu KOpUCHum
07151 PO3POOHUKIE NPOSPAMHO20 3abe3neuents, sIKi npayioms 3 mogamu npozpamyeanusn Java ma CH.

Kntouoei cnosa: xibepsaxucm; mosu npocpamysanusn Java ma C#;, amaxu ma epasiusocmi, amaxu
Ha Mepedrcy; 3aXuUcm 8i0 amakx, NPAKMuKY RPOSPaAMYBAHHSL, WUDPYEAHHS OAHUX.

Beryn. ¥V cydacHomy nudpoBomMy cBiTi, e Bce Ounble i Outblie naHuX 30epiraerbcs Ta
MepeaacThCcsl 3a JOMOMOTOI0 MEPEkK, 3a0e3leueHHs KiOepOe3nmekn € HaA3BHUYalHO BaKIMBHM
3apmaHHsM. KibepOe3rneka OXOIUTIOE IIMPOKUM  CHEKTp 3aXOAiB Ta TEXHOJOTiH, sKi
BHKOPHCTOBYIOTHCS JIJISI 3aXUCTY BiJl KibepaTak, ImaxpaicTBa Ta MIMUATYHCTBA.

Java ta C# € nBoma MOMyJIsIpHUMH MOBAMH MPOTPaMyBaHHS, SKi BUKOPHUCTOBYIOTHCS IS
po3po0OKu BeO-10/1aTKiB, MOOITLHUX JTOAATKIB, IECKTOMMHUX MPOrpaM Ta 0araThOX 1HIIMX MPOEKTIB.
OpHak, SKIIO HE BXXMBATH HAJIEKHUX 3aXOJiB OE3MEeKH, MPOrpaMH, HAMHCaHI Ha IUX MOBax
porpamMmyBaHHs, MOKYTh OYTH Bpa3jiuBi 0 KibepaTak Ta iHIIMX 3arpo3 [1].

[IpobGnema monsirae y ToMy, IO KiOepaTakd CTAalOTh BCE OUIBIN CHEIiali30BAaHAMH Ta
CKJIAJTHUMU, TOMY HEOOX1THO 3aCTOCOBYBATH HAJICKHI1 3aX011 O0€3MEKH, 00 YHUKHYTH BPa3JIMBOCTI.
HenocraTHicTh 3aXUCTy MOXe NMPHU3BECTH 10 BUTOKY KOH(IACHUINHHOI iHpopMallii, BTpaTu JaHUX,
MOPYIIEHHS 3aKOHOJABCTBA Ta IHIMUX HACHIJKIB, SKI MOXYTh 3HaYHO 3aBJaTH IIKOJIW Oi3HECY Ta
MIPUBECTH JI0 CEPHO3HUX (PiHAHCOBUX BTPAT.

ToMy BaXJIMBO KOPEKTHO BHKOPHCTOBYBAaTH METOOM Ta TEXHOJIOTil 3a0e3nedeHHs
kibepcriiikocti Ha Java ta C#, mo0 3a0e3neunTy HANIWHUN 3aXHUCT BiJ] MOKIMBUX KibepaTak Ta
1HIIUX 3arpo3. Hux4ve po3riistHyTi OCHOBHI METOJIA Ta TEXHOJIOT1, SIKi MOYKHA BUKOPHUCTOBYBATH JJIS
3a0e3neueHHs KibepcTIHKOCTI Ha IMX MOBaX IMPOTrpaMyBaHHS.
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IloctanoBka 3agauvi. MeToro JOCHI/KEHHS € MPOBEACHHS JETAJBHOTO aHajizy Ta
JOCITIDKEHHS METO/IIB KiOep3axuCTy Ha MOBax mporpamyBaHHs Java ta C#. ['0JJOBHUM 3aBIaHHSM €
BU3HAYCHHS aKTyaJbHHUX 3arpo3 Ta Bpa3jIMBOCTEH, SKI MOXKYThb BIUIMBAaTH Ha OE3MeEKy Iporpam,
HaIMCAHMX Ha ITUX MOBAaX, a TAKOX BUBYEHHS €(DEKTUBHUX METO/IIB Ta MPAKTHK IS 1X 3amo0iraHHsl.
Kpim Toro, Oynyth mpencrtaBieHi KOHKPETHI METOM Ta TEXHIKH KiOep3axucTy, sKi MOXYTb OyTu
3acTOCOBaHI y po3poOmi mporpam Ha Java ta C#. Byne mOoCHiIKeHO BHUKOPHCTaHHS 3aXUIIEHUX
KJIaCciB, BAIIJAIlI0 JAaHUX, KOHTPOJb JOCTYIY Ta MM(pyBaHHS NAaHUX SK OCHOBHI METOIH IS
3ano0iraHHs aTakam Ta 3a0e3IMeueHHs OE3MeKH TPOrpam.

PesyabTaTu gocaipkenHs. /s 3abesneueHns kibepoesneku B nmporpamax Ha C# iCHYIOTh
pizHOMaHITHI MeTou. OJIH 3 TAKKX METO/IIB — I1€ 3acTOoCcyBaHHsI b pyBanHsa nanux. [ludpysanus
MO>KHa BUKOPHCTOBYBATH JUIsl 3aXUCTY KOH(DIIECHIIMHUX TaHUX, TaKuX AK napoui, kiaoui API a6o
0COOHCTI JaH1 KOPUCTYBAYiB.

[HmM Metoniom 3a6e3neueHHs Kibepoesnexku Ha C# € BUKOPUCTaHHS MEPEKEBUX MEXaHI3MIB
oesmnexu, Takux gk SSL a6o TLS. L1 mexaHizmMu 3a6e3meuyroTh O€3neKy npH nepeaadi JaHuX MK
KIIIEHTOM 1 CEpBEPOM, IiJ] yac MHU(PpyBaHHA 1 IEPEBIPKH aBTEHTHYHOCTI.

Takox Ha C# MOXHAa BHUKOPHUCTOBYBATH MEXaHI3MHU KOHTPOJIIO JOCTYITy, Taki sK poJIi
KOPUCTYBaYiB 1 aBTOpHU3allisl Ha OCHOBI pojeil. L{i MexaHi3MH J103BOJISIOTE OOMEXHUTH JOCTYI 10
(GyHKIIIH 1 pecypciB mporpamMu TUTBKHA THM KOPUCTYBavaM, sIKi MarOTh Ha II€ MPaBo.

Jns 3abe3neueHHs Oesneku B mporpamax Ha C# BHKOPHCTOBYIOTBCS Taki TEXHIKH, SK
BaJIiAIlis TAHUX, OOMEXEHHs PO3MIpy BXIHHMX JaHHUX, MEpPEeBIpKa IUIICHOCTI JAaHUX 1 KOHTPOJIb
aocTyny a0 6a3 naHux. TakoK BUKOPHCTOBYIOTHCS Pi3HOMaHITHI 0i0iioTeku 1 (ppedMBOpKH, 110
3a0e3meuyroTh Oe3meKy B nmporpamax Ha C#.

Hemnonikom MeToAiB, 110 6a3yl0ThCsl Ha 3aXUCTI MPUKIIATHAX POTpaM Ha PiBHI KOy, € T€, 10
BOHM MOXXYTh 3aJIMIIATUCS BpPa3IUBUMH JI0 HOBUX BHJIIB aTak, SIKI MOXYThb OYTH BIAKPUTI B
MmaiioytHpomy [2]. Hampukimam, Xakepd MOXKYTh BHKOPHCTOBYBATH BpPAa3JIMBOCTI B CTOPOHHIX
610mioTeKax, siIKi BAKOPUCTOBYIOTBCSL y IPOTpami, 00 OTpUMATH AOCTYI 0 JaHUX.

Kpim TOT0, BUKOPUCTAHHS METO/IIB, SIKi 3a0€3MeUyIOTh Ki0epOe3neKy Ha piBHI MPOTPaMHOTO
KO/y, MO>Ke OyTH BUTPATHUM Y IUIaHI Yacy Ta 3ycuib. [Ipu 3MiHI KOy 4acTo MOTPiOHO MPOBOJUTH
MTOBTOPHI TECTYBaHHS Ta MEPEBIPKY OE3MEKH, 1[0 MOXKE 3aTPUMYBATH MPOIEC PO3POOKH Ta BUITYCKY
NPOJIYKTY Ha PHHOK [3].

3abe3nedyeHHs KiOepOe3neKkn Ha PiBHI MPOTPAMHOTO KOJy HE € YHIBEpCaJIbHUM PIIlICHHSM,
OCKIJIbKM BOHO HE BPaxoBY€ BiMIHHOCTEHN y KOH(]Iryparii cepBepiB Ta MEpexk, Ha SIKUX 3aITyCKAEThCs
nmporpamHe 3abe3nedeHHsA. Tomy, 100 3abe3meyuTH TOBHY KibepOesneky, MOoTpiOHO
BUKOPHCTOBYBATH KOMILJIEKCHI METOJIH, III0 BPaXOBYIOTh Pi3HI aclIeKTH Oe3MeKH, Taki K (i3uuHun
JOCTYII JI0 CEPBEPIB, 3aXUCT MEPEXKIi, 3aXUCT JAHUX TOIIIO.

SIKI0 BUKOPUCTAHHS HAsBHUX METOMIB KiOep3axucty Ha C# He MO3BOJISE JOCATHYTH
HEOOX1THOTO PiBHS O€3MEKH, MOYKHA PO3TIISIHYTH 1HII pimeHHs [4].

OnHUM 3 TakMX pilleHb € BUKOPUCTaHHS CYKYIHOCTI METOIB Uil 3a0e3nmeueHHs
Kibep3axucry.

Takox MOXKHa BUKOPHUCTOBYBATH ayJHUT Oe3MekH, 100 3HAWTH MOTEHIiHI Bpa3JIMBOCTI B
CHCTEMI Ta BUIIPABUTH 1X JIO TOTO, SIK 3TOBMUCHUKHU 3MOXYTh HUIMU CKOPUCTATHUCS.

Hapermri, HeoOXiTHOIO CKIIaJ0BOI0 3a0e3nedeHHs: KiOepOe3neku € KyiabTypa Oe3lekd B
kommanii. KoxkeH chiBpoOITHUK TOBHHEH OYTH CBIJIOMHM MOMJIMBHX 3arpo3 Ta 3HATH, SK
MOBOJIUTHCS B pa3i Migo3pu Ha Kibeparaky [5].

Ha Java icHye Benuka KUIBKICTh IHCTPYMEHTIB Ta 010J110TEK, 10 AOTIOMAararTh 3a0e3MeUnTH
kibep3axuct pomarkiB. Haimommpenim wMetomu uisi 3a0e3nedeHHs Kibep3axuwcry Ha Java
BKITIOYAIOTh:
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1. Buxopucranuss SSL / TLS nmns mmdpyBanHS DaHMX, NMEepelaHUX MK CEpBEpPOM Ta
kimieHToM. [le no3Bostsie 3a6e3neunTi KOH(D1ACHIIMHICTE Ta MUTICHICTh JaHUX.

2. Bukopucrtanns kpunrtorpagiuaux 6ibmiorek, Takux sk Bouncy Castle abo Java
Cryptography Extension (JCE), mias 3a0e3meucHHs Oe3mekd mnpu 30epeXeHHI Ta mepemadi
KOoH(}iaeHitHOI iHpopMallii, TaKOi SK Tapoii Ta Kol mHu(pyBaHHS.

3. Bukopucranus QyHkiii xenryBanss, Takux sk SHA-256 a6o SHA-512, nns 30epexeHHs
MapoJliB Ta IHIIMX KOHQIACHIIHHUX JaHuX y Oe3nedyHoMmy (opmati. XemryBaHHsS J03BOJISIE
3a0€3MeYNTH 3aXKUCT BiJ aTaK HA TIEPEXOIJICHHS Ta 3JI0M ITapOJTiB.

4. BukopucTaHHS MEXaHI3MIB KOHTPOJIIO JIOCTYyNy, Takux sk Java Security Manager, ans
3a0e3neyeHHsT Oe3mekn Ha piBHI komy. lle mo3Bomnsie 3abe3meyuTH 3axXWUCT BiJ] BUKOHAHHS
HeOe3MeYHOro KOy Ta BPa3JInBOCTEH, SIKi MOXKYTh IPU3BECTH A0 BUTOKY JaHUX 200 1HIIMX MPOOIEM.

5. BukopucranHs 3aXuCTy BiJ Bpa3JIMBOCTEH BeO-moaaTkiB, Takux sk OWASP Top 10, mns
3abe3neveHHs Oe3reku BeO-I0AaTKIB Ta 3aXUCTy Bijg arak, Takux sk SQL Injection abo Cross-Site
Scripting (XSS).

6. BukopucTtaHHs MeXaHI3MIB MOHITOPHHTY Ta JIOTYBaHHs, Takux sik Log4j abo Apache
Commons Logging, 11t BUSBJICHHSI Ta aHaJi3y HeOe3MeuyHuX il a00 MOMWIOK B T0JaTKAX.

Xoua iCHYIOTh PI3HOMAaHITHI METOH AJis 3a0e3nedeHHs Kibep3axucry Ha Java, BOHU TaKoX
MaroTh CBOi Hemomiku. OWH 3 HAWOUIBI BIAYYTHUX HEMIOMIKIB MOJISTAE B TOMY, 110 BOHH MOXYTh
Oyt o006iiineHi 310BMucHMKamMu. Hampukian, mumppyBaHHS Moxe OyTH po3mHQpoBaHe, SKIIO
3JI0BMHCHUK 3HA€ K04 [6,7].

[H111010 TTPOGIIEMOIO € Te, IO 3aCTOCYBAHHS ACIKHX METOMAIB KiOep3aXucTy MOXKe 301IbIIUTH
HaBaHTOKEHHS Ha cucrteMy. Hampukian, mepeBipka mudpoBUX MAMKMCIB MOXKE 3aiMaTH 3HAYHY
KUTBKICTD Yacy, 0 MOYKE€ 3HU3UTH MPOTYKTUBHICTh CUCTEMH.

Kpim Toro, meroamu kibep3axucTy MOXKYyTh OyTH CKJIaaHI AJs peatizamii i HiATPUMKH,
0COOMBO B KOMIUIEKCHHX cHcTeMmax. Lle Moke cTBoproBatH mpoOieMH il PO3pPOOHUKIB 1
aJIMIHICTPATOPIB CUCTEM.

OnHak, € pi3HOMaHITHI CrocoOM BuUpimieHHS IMX HenodikiB [8, 9]. Hampuknanm, moxHa
BUKOPHUCTOBYBaTH OUIbII CKJIQAHI ajlrOpUTMH MIHM(PYBaHHSA Ta aBTEHTUdIKAIil, M0 € OuIbII
HaJIHHUMH, Ta K1 Bakde o0iiTH. Takok MOXHA 3MEHIIUTH HABAaHTAXCHHS HA CUCTEMY, IIJISIXOM
ontuMmizamii B pobOTi 3 JaHWMH, a00 BHKOPHCTATH CHEIialibHI MpHCTpol Uit mmdpyBaHHS Ta
nemuppyBaHHS TaHUX.

Jns po3B's3aHHS MpoOJIeMHU CKJIaIHOCTI peajizamii Ta HMIATPUMKH METOMIB KiOep3axucTy
MO’XHAa BUKOPHCTOBYBATH I'OTOBI1 010J110TEKH Ta PpEeUMBOPKH, K1 MICTAThH peaiizallii pisHUX METOIIB
Ki0ep3axucty Ta 3a0e3nedyloTh iX MPOCTY IHTErpamilo B nporpamu. Tako, BaXJIMBO MPOBOAUTH
pEryJsipHy MEepeBipKy HassBHUX MeTO/iB Kibep3axucty [9, 10].

Ha puc. 1 300paxkeH0 pe3ynabTaT YCHIIIHOTO BHUKOHAHHS IPOTPaMH, sIKa BHUKOPHCTOBYE
aBTopm3ailio, 3axuct Big DDOS arak mo qanux xopuctyBaya Ta IP, 3aXuCT mo possx.

Ha puc. 2 306paxeno 3axuct Bix DDOS arak nuisixoM BCTaHOBICHHS KUTBKOCTI JOCTYITHHX
3aMUTIB 32 XBUJIUHY.

Ha puc. 3 300pa)keHO 3aXHUCT MO POJISIX KOPUCTYBayiB, TAKUM YMHOM KOPUCTYBad 2, HE Ma€
JOCTYITy 10 JaHUX KOpHCTyBaya 1.

Ha pucynky mig nigmucom 1, 300paskeHo BBi Url, 1o sIKiif OTpHUMY€eTBCS OCTYII 10 TAHUX.

Ha pucynky mig miamucom 2, 300pakeH0 BUKOPUCTaHHS aBTEeHTHU(IKAITI1, 3a TOTTOMOTOFO SIKOT
nepeaaeThes iM’s1 KOpUCTyBaya i mapoib (300pakeHo Ha PUCYHKY i1 MiAMUCOM 3) y BUTIISAI TEKCTY
yepe3 HTTP-3amur.

Ha pucynky nig mianucom 4 300pakeHo BIANOBIAb BiJ CEpBEPY 3 YCHIIIHOIO aBTOPU3ALIEI0
Ta JOCTYIOM JI0 TaHUX.

11
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Puc. 2. Pe3yabTaT BAKOHAHHS IPOTPAMM 3i CTATYCOM
«IlepeBHIIeHO JIMIT 3aNIMTIB 32 XBHJIMHY)

BucHoBku:

B xoxi anamizy MOXJIHMBOCTEH KiOep3axHCTy y MoOBax mporpamyBaHHs Java ta C#, Oymno
BUSIBJICHO, 0 OOW/IBI MOBH HAJAalOTh PI3HOMAHITHI MEXaHI3MU Ta 1HCTPYMEHTH IJIs JOCSTHECHHS
Oe3reku mporpaMHoro 3adesmnedeHHs. OCHOBHI MEXaHI3MH, Taki SIK BHUKIIOYECHHS, KOHTPOJIb
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ocTyny, mM@pyBaHHS TaHUX Ta IEpeBipKa BBOAY, NOCTYIHI B 000X MOBax i MOXYTb OyTu
BUKOPHCTAHI JIJIsl 3aXUCTY BiJ PI3HUX 3arpo3.

Create a collection for your requests

T 05 "€ X OM@D ~m o) ee 20 m
Puc. 3. Pe3yabTarT BAKOHAHHS NPOrPamMM 3i cratycom «3a00pOHEHO0»

OnmHak, 1OCIIKEHHS MTOKa3aJlo, 0 ICHYIOTh 3arpo3u Ta BPa3JIUBOCTI, K1 MOXYTh BIUTMBATH
Ha Oe3meKy MporpaM, HalMcaHuX Ha 000X MoBax. 30kpeMa, iH'ekiist SQL-3anuTiB, BpaznuBocTi XSS
Ta TepenoBHEHHs Oydepa BUSBICHI SK 3arpo3d, sIKI MOXYTh OYTH YCHIIIHO BUKOPHUCTaHI
3JI0BMHUCHUKAMH I aTaK Ha IporpaMHe 3a0e3MeYeHHS.

Otxe, Xxoua MOBHU TIporpamyBaHHs Java ta C# HajgaloTh IHCTPYMEHTH JUIsl KIOEp3axucTy, €
HEOOXITHICTh YBa)XHO BpaxOBYBaTH IMOTEHIIMHI 3arpo3M Ta BPa3JIMBOCTI MPH PO3POOII MPOrpam.
Tomy po3poOHHKaM BaXJIMBO MPUIIIATH JOCTATHIO yBary Oesmeri mporpaMHOro 3abe3nedeHHs Ta
3aCTOCOBYBATH HAJIEKHI MPAKTUKHU KiOep3aXUCTy, HE3AJIEKHO BiJl 00paHOi MOBH ITPOrpaMyBaHHSL.
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CYBER PROTECTION IN PROGRAMMING LANGUAGES JAVA AND C#

Goal. Analyze and compare the cyber security capabilities of Java and C# and identify the advantages
and disadvantages of each language from a software security perspective.

Method. The basis of the development of a system of effective cyber protection tools was the basic
cyber protection mechanisms available in the Java and C# programming languages, such as exclusions, access
control, data encryption and input validation.

The results. In the course of the study, an analysis of threats and vulnerabilities related to programs
written in the Java and C# programming languages was carried out. It has been found that threats such as
SQL injection, XSS (cross-site scripting) vulnerabilities, buffer overflow vulnerabilities and others can pose a
serious threat to software security.

To protect applications from these threats, the main cyber defense mechanisms available in the Java
and C# programming languages have been reviewed. Among them, exclusions, access control, data encryption
and input verification were singled out. These mechanisms can be used to prevent various types of attacks and
software hacking.

It compares the cyber defense capabilities of Java and C# and identifies the advantages and
disadvantages of each language from a software security perspective.

Conclusions are drawn on the importance of cyber security in the Java and C# programming
languages, and software developers are encouraged to take a conscious approach to cyber security and use
appropriate methods and techniques to secure their applications.

Scientific novelty. Updated analysis and research in the field of cyber security in the Java and C#
programming languages is offered. A comparison of cyber security capabilities in Java and C#. An analysis
of their advantages and disadvantages from the point of view of software security is made, and
recommendations are made for choosing a language with cyber security in mind.

Practical value. This article provides practical value to software developers working with the Java
and C# programming languages. It offers an analysis of threats and vulnerabilities that can affect the security
of programs written in these languages. This analysis helps developers to be more aware of potential risks and
take appropriate measures to protect their applications.

Keywords: Cyber protection; Java and C# programming languages; Attacks and Vulnerabilities;
Attacks on the network; Protection against attacks; Programming practices; Data encryption.
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WAVELET TRANSFORM  APPLICATION FOR IMAGE
PROCESSING IN MICROCONTROLLER BASED INTERNET OF
THINGS SYSTEMS

Purpose. Investigating the efficiency of Haar Wavelet Transform as an additional transformation to
JPEG image compression in the context of limited resources on microcontrollers.

Methodology. The aims are exploring the effectiveness of using Haar wavelet transform as an
additional transformation to JPEG for image compression, considering the limited resources of
microcontrollers. The research focuses on reducing of the image transmission time and energy consumption
by utilizing the combined approach. The methodology involves experimental evaluation of image quality
processed using Haar wavelet transform and compressing performing JPEG transformation on the
microcontroller module ESP32-CAM, which captures images with an embedded camera. The evaluation
includes comparison of images compressed with JPEG alone and with the combination of the wavelet
transform and JPEG, calculating the Peak Signal-to-Noise Ratio (PSNR) and Structural Similarity Index
Measure (SSIM) coefficients.

Findings. A software module for implementing Haar wavelet transform on the ESP32-CAM
microcontroller has been developed. The efficiency of using Haar wavelet transform as an additional method
to JPEG for image compression and transmission is evaluated, considering the limited resources of the
microcontroller. The size of compressed images and their quality was compared, assessing the size reduction
of compressed images and the quality using PSNR and SSIM coefficients. The results showed that the
additional use of Haar wavelet transform reduced the image size from 25% to times without significant loss in
image quality, although the image processing time increased to 1 second.

Originality. A combined approach for image compression using multiple video processing methods,
taking advantage of the capabilities of 32-bit microcontrollers with external memory, was proposed.

Practical value. The proposed image processing method can reduce the transmission time and energy
consumption during transformations and image transmission, thereby extending the battery life of the sensor
node. Moreover, this compression approach can maintain the quality of the original image with minimal data
loss by reducing the amount of visual information lost during compression.

Keywords: image compression; wavelet transforms; Haar wavelet; PSNR; SSIM.

Introduction. Modern sensor networks consist of nodes equipped with sensors, a computing
unit, wireless communication modules with a low data transfer rate, and a battery. In order to provide
economical monitoring of the environment, the nodes must be inexpensive and energy efficient. For
this reason, the node computing unit is usually an inexpensive microcontroller with limited processing
power and RAM [1]. A sensor node can be equipped with a small camera to track an object or monitor
the environment, thus forming a camera sensor network [2, 3]. However, systems designed for image
processing require more resources than a typical low-cost sensor node. Even if the image can be
stored on the node itself using cheap, fast and large flash memory [4], transferring the image over the
network may require quite high bandwidth and a lot of energy. Therefore, image processing or image
data compression must be performed.

With modern data and signal processing methods that require very little RAM, low-cost sensor
networks can be created by connecting small cameras and external flash memory to low-cost sensor
nodes. One of the widely used techniques for image preprocessing, to view or compress an image, is
the discrete wavelet transform or wavelet transform.

Until now, image processing technologies required a memory volume that significantly
exceeds the resources of conventional microcontrollers. Therefore, in the sensor platforms of image
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processing, varieties of wave transformation in the form of fractional wave filters were used, which
require very little memory in the processing process. For example, in work [5] a variant of the filter
is proposed that requires less than 1.5 KB of RAM to convert an image of 256 x 256 pixels with 8-
bit color depth using only 16-bit integer arithmetic. Thus, the fractional wavelet filter works well
within the limitations of typical low-cost sensor nodes [6]. The disadvantage of transformations based
on fractional filters is a sufficiently long processing time.

Currently, 32-bit microcontrollers, thanks to high performance and additional external
memory, allow significantly reduce calculation time and increase the efficiency of wave
transformations. In addition, there are opportunities to perform more complex, combined image
processing.

Objectives. The purpose of the work is to investigate the effectiveness of using the Haar
wavelet transform for image processing and then saving them in JPG format for further transmission
within the network. To achieve the goal, it is necessary to capture and process the image using the
ESP32-CAM microcontroller module, evaluate the effect of the number of iterations of the wavelet
transformation and the quality factor of the JPG transformation on the size and quality of the obtained
image. It is also necessary to estimate the processing time of the images.

Results of previous studies. Today, the main directions for improving image processing in
sensor networks are to ensure a reduction in the time of transmission of the images themselves and a
reduction in energy consumption during transformations and transmission of images. The image
transfer time directly depends on the image size. In work [7], in order to reduce the energy
consumption of the node due to the limited capacity of energy storage devices, an adaptive Haar
wavelet transformation was used. An approach to grayscale compression is proposed, which ensures
the quality of the original image with the least possible data loss. In this way, the battery life of the
sensor is extended by reducing the amount of visual information that is lost during compression. The
paper also compares the image size before and after compression. For networks with a large number
of nodes located close together, redundant information in the form of images is a problem because it
increases energy consumption. Therefore, the use of wavelet transformation along with the use of
data prioritization together with information about the state of the channel between sensor nodes and
a cluster node is proposed in [8]. This approach in the form of shared image transmission increases
the service life of batteries in the network. Each sensor node receives images, which were
decomposed into four sub-images using a 1-level wavelet transform and were transmitted through
different channels. The cluster node manages the transmission process.

The hardware resources of the sensor nodes are no less important than the image quality,
which affects the cost of the equipment. Considerable attention is paid to reducing the amount of
memory used in the wavelet transform process. In [9], a variant of the architecture for calculating the
wavelet transform of an image using a fractional wavelet filter (Fr'WF) is proposed, which provides
a memory amount reduction during image processing. The disadvantage of the approach is that the
original image and transformed coefficients are stored on an external memory card. Another option
for calculating the wavelet transform using a fractional wavelet filter is the so-called lifting-based
implementation of the transform [10], which requires fewer calculations than FrWF. The evaluation
results show that for high-resolution images (2048x%2048), the complexity of the proposed
implementation is about 40% less than that of FrWF without any additional memory requirements.

Features of the Haar wavelet transform. The Haar transform is one of the simplest and most
basic wavelet transform methods. For example, a one-dimensional discrete signal f(fy,f2,..,fn) is
decomposed by the Haar transform into two components of the same size. The first component is
called the average value or approximation, and the second - the difference or detail. The formula for
calculating the value of the average sub-signal (sub-signal), a1 = (as, a, ..., an2), at the first level for
a signal of length N has the following form:
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_ on—l + f2n
a, = —a @
where n =1, 2, 3, ..., N/2, and detailing sub-signal, di = (d1, d2, ..., dnr), at the same level is
represented as

_ on—l B on
=T, )
These values form two new signals a{an} n € Z and d{dn} n € Z, one of which is a rough

version of the initial signal (each pair of f elements corresponds to their arithmetic mean), and the
other contains the information necessary to restore the initial signal. Really,

dn

fon-1=an +dy
fon =an —dy (3)

A similar operation can be applied to signal a and thereby two signals will be obtained, one
of them is a rough version of a and the other contains the detailed information needed to reconstruct
signal a.

Discrete two-dimensional wavelet transform is performed by sequentially applying one-
dimensional wavelet transforms to the rows and columns of the image matrix. First, a one-
dimensional wavelet transform is applied to each row, and the resulting results are written back into
place. The wavelet transform is then applied to the columns. This process divides the image into four
parts: a low-frequency component (LL), a vertical-high-frequency component (LH), a horizontal-
high-frequency component (HL), and a high-frequency component (HH), as shown in Fig. 1.

LL: | HL:
— LL: HL: - HILs
LH: | HH:
L H
- LH: HH: [— LH: HH:
Original Image One-Level DWT Two-Level DWT

Source: [11].
Fig. 1. One-level and two-level Haar transform wavelet algorithm

Applying an N-fold 2D wavelet transform means repeating this process N times. Each
subsequent wavelet transformation is applied to the lower quarter of the matrix (quadrant LL). The
result is a hierarchical image structure where each level represents a modified version of the previous
level. This makes it possible to analyze the image at different scales and highlight its details
depending on the requirements of the task.

The inverse wavelet transform is performed recursively, starting from the lowest level and
reconstructing each level based on its respective constituents. This process allows you to reconstruct
an image from different levels of decomposition and use it for further analysis or processing. To
restore quadrant LL1, presented in fig. 1, quadrants LL2, LH2, HL2, HH2, etc. are used. Similarly,
N-fold inverse wavelet transformation is performed. It should be noted that the specified
transformation is hierarchical, i.e. if, when applying the inverse wavelet transformation, not all levels
are calculated, but a smaller number of them, then a reduced copy of the image is formed in the LL
quadrant, as shown in Fig. 1. In particular, if no inverse wavelet transform is used at all, then the
youngest quadrant is also a reduced copy of the image. Thanks to this property, the inverse wavelet
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transform allows you to cut out fragments of images at different scales. It should be noted that the
available scales are determined by the number of levels of the wavelet transformation and are not
arbitrary, but differ by a factor of two. Therefore, the application of two-dimensional wavelet
transformation allows obtaining a multi-scale representation of the image, where each level has its
own information about the details of the image at the corresponding scale. It is convenient for various
image processing tasks such as compression, filtering, edge detection and others.

PSNR (Peak Signal-to-Noise Ratio) is an indicator of the quality of signal reproduction, which
is measured in decibels (dB). PSNR compares the maximum possible power of the signal with the
power of the noise that distorts it. The higher the PSNR, the better the signal quality. PSNR is often
used to evaluate the quality of compressed images or videos. PSNR can be calculated using the
following formula:

MAX °
PSNR=10-log, | —— |, 4
910( VISE j (4)

where MAX is the maximum possible value of the signal and MSE is the root mean square
error between the original and reproduced signals. For images consisting of 8-bit pixels, MAX = 255.
MSE can be calculated using the following formula:

m-1n-1
MSE = DG ) -KG D (5)
i=0 j=

where I(i,)) is the pixel value of the original signal at position (i,j) and K(i,j) is the pixel value
of the reproduced signal at the same position. m and n are the vertical and horizontal dimensions of
the signal, respectively.

SSIM (Structural Similarity Index Measure) - is a method for evaluating the perceived quality
of digital images and videos, and for measuring the similarity between two images. SSIM is based on
the assumption that human visual perception is adapted to detect structural information in a scene,
and takes into account important perceptual phenomena such as luminance and contrast masking.
Mathematically, SSIM can be calculated using the following formula:

(2,ux,uy + Cl)(ZUXy +C,)

SSIM (X, y) =
(,ux2 +,u§ +C1)(O'XZ +0'§ +C,)

(6)

where x and y are the two images to be compared, ux and uy are the averages of pixels x and y,
ox® and ¢y are the variances of pixels x and y, oy is the covariance of pixels x and y, and ¢, and c; are
constants, which prevent division by zero. Typically, c¢1= (kiL)? and c2= (koL)?, where L is the
dynamic range of pixels (255 for 8-bit images) and k; and k are constants (0.01 and 0.03). SSIM can
be computed locally on small portions of images to produce an SSIM map that shows regions of
similarity and difference between two images. The mean value of the SSIM map is used as an overall
measure of similarity between two images.

Average pixel values for each image:

133
w=EZme; (7)

i=0 j=0

1 3 3 .
uy = 22900, 8)

i=0 j=0
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Pixel variances for each image:

1 3 3
ok = =3 I i) - a1, ©)
16 12020
1 3 3
op=— > Iy i) -yl (10)
16 5090
Pixel covariance between two images:
1 3 3
Oxy = 16;J_Zotx(i, i) = 1Ly G, ) - ey 1. (11)

An SSIM value close to or equal to 1 is considered good for images, meaning they are nearly
identical or without distortion.

Description of hardware and software for investigating the effectiveness of wavelet
transforms in image compression. 32-bit microcontrollers have a sufficiently high performance for
processing signals of various types. However, image processing involves the use of large amounts of
RAM, which most general-purpose microcontrollers do not have. The problem is solved by
connecting external RAM with a serial interface to the microcontroller, although this approach
reduces the speed of video processing. The ESP32-CAM module [12] was used for research, which
consists of two boards: a microcontroller board with a camera and memory and a board with a USB
interface and power circuits. The microcontroller board contains a dual-core ESP32 microcontroller
with a Tensilica Xtensa LX6 microprocessor core and a built-in Wi-Fi channel, a 2-megapixel camera
and a 4 MB PSRAM chip. The presence of Wi-Fi allows you to transfer the image directly to the web
page opened in the browser. The main characteristics of the microcontroller board:

» The maximum frequency of the clock generator is 240 MHz

 Program memory capacity — 4 MB

* RAM capacity (internal + external) — 4+0.5 MB

» Camera resolution — 2 megapixels

The appearance of the ESP-CAM module with a connected camera is shown in Fig. 2.

Fig. 2. External view of ESP32-CAM module with camera and USB interface board

The Haar wavelet transform is known for its simplicity and efficiency and is suitable for
implementation on a microcontroller with limited resources. The main purpose of the experiments
was to determine how much the Haar transform wavelet increases the efficiency of image
compression from the camera when saved in JPG format. That is, the image was saved in JPG format
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after discrete wavelet transform (WDT), as shown in Fig. 3b and compared with the image saved in
JPG format without additional wavelet transform (Fig. 3a). Additional compression is necessary so
that the image is transferred from the microcontroller to other devices in the shortest possible time.
To simplify and speed up the process of comparing results, an html page was created, which was
stored in the memory of the microcontroller and to which the processed image and the size of the
processed file were transferred. In addition, the number of wavelet transformation iterations and the
quality level of the processed JPG file were specified through the html page. Converting the image
to JPG format was performed using the functions included in the image processing library for the
ESP32 microcontroller [13]. The great advantage of the library is the support of a large number of
input data formats, as well as the ability to set the quality level of the image converted to JPG. In
order to evaluate the quality of image compression using the JPEG + WDT method, the inverse
transformation of the received data was performed on the computer with the output of the final image

on the screen.
camera :>| JPG :>| tranmitter

d

camera :>| wavelet :>| PG :>| tranmitter

b
Fig. 3. Image processing and transmission algorithm: a) conventional, b) proposed

During the experiments, the following was studied:

1. Size ratio of black-and-white and color images processed using the combined JPEG + WDT
conversion and black-and-white and color images of the same quality, compressed and saved in JPEG
format. The experiment was performed for single and double wavelet transformation at the following
quality values of JPEG and JPEG + WDT images: 70, 80, 90 and 100%.

2. Size ratio of black-and-white and color images processed using the combined JPEG + WDT
conversion and the same quality black-and-white and color images saved only in JPEG format with
a fixed image quality value of 100%. The experiment was performed for single and double wavelet
transformation at the following quality values of JPEG + WDT images: 70, 80, 90 and 100%.

Table 1
Comparison of the results of JPEG conversion and JPEG + WDT conversion

. . Quality, | Size JPEG |Size JPEG, | t compression | twavelet, | PSNR,

Size |lterations % +WDT, B B PEG, NS ms ok SSIM
160x120 1 100 11987 15762 57 502 37,15 | 0,98
160x120 1 90 3333 4760 42 491 35,01 | 0,97
160x120 1 80 2242 3270 39 474 35,92 | 0,98
160x120 1 70 1894 2634 35 473 34,88 | 0,98
160x120 2 100 9621 15793 57 934 27,78 | 0,85
160x120 2 90 2514 4668 42 910 26,91 | 0,82
160x120 2 80 1695 3228 34 908 26,33 | 0,79
160x120 2 70 1425 2631 39 908 28,49 | 0,90

Analysis of the results of the experiment. Tables 1 and 2 show for all experiments the
following data: input image size in pixels, Haar wavelet iteration number, JPEG quality in percent,
JPEG + WDT image size and JPEG image size, time JPEG image compression, Haar wavelet image

20



Inghopmaniinni mexnonocii, enexmponika,
MexaHiuHa ma eneKmpuina incenepin
Information technologies, electronics,
mechanical and electrical engineering

ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma inscunipune, No 3(14), 2023

compression time, PSNR peak signal-to-noise ratio for Haar transform, and Haar transform SSIM
structural similarity index, which can range from 0 to 1, where 1 indicates complete similarity
between original and reconstructed /compressed image to evaluate the compression quality. PSNR
values are measured in decibels (dB) and are typically in the range of 20 to 50 dB.

The results of the first experiment are shown in Table 1, where the data is obtained for images
with the same level of JPEG quality. As can be seen from the table, an additional wavelet
transformation with one iteration at a quality of 100% reduces the image size by approximately 25%;
for two iterations of the wavelet transformation the image is compressed by approximately 50%.
PSNR values are close to 40dB, which is considered very well, as well as SSIM values close to one.

Table 2
Comparison of JPEG conversion results at 100% constant quality
and JPEG + WDT conversion

Quality [Quality| Size Size |t .
Size |lterations| JPEG + | JPEG, | JPEG + IPEG. B JC;"E“gre;;"s’” Wrar:;e' PSNR | SSIM
WDT,%| % | WDT, b ’ ’
160x120 1 90 100 3293 15769 58 491 | 32,68 | 0,94
160x120 1 80 100 2251 15753 59 474 | 31,91 | 0,94
160x120 1 70 100 1865 15721 54 473 | 30,86 | 0,93
160x120 1 60 100 1589 15468 56 489 | 30,12 | 0,92
160x120 2 90 100 2490 15629 58 925 | 27,07 | 0,81
160x120 2 80 100 1674 15583 56 924 | 26,49 | 0,79
160x120 2 70 100 1421 15563 55 907 | 28,28 | 0,89
160x120 2 60 100 1284 15551 58 923 | 27,87 | 0,88

The results of the second experiment for a picture with JPEG compression at 100% quality,
and for a picture with JPEG + WDT compression at 90% to 60% quality are listed in Table 2. Quality
values below 60% are inappropriate for conducting the experiment. The results show that reducing
the quality of JPEG has almost no effect on the legibility of the image, as the PSNR and SSIM
coefficients remain at a satisfactory level but with smaller picture size parameters. For the lowest
quality, the difference in file sizes is about 10 times for one iteration of the Haar wavelet, while for
two iterations of the Haar wavelet, the difference in image size is almost 12 times.

Figure 4 shows an image saved in JPEG format (a), processed using the forward Haar
transform + JPEG (b), reconstructed using the inverse Haar transform (c) for one iteration, and the
direct (d) and inverse (e) Haar transform for two iterations.

The image from the camera in RGB888 format, saved in JPEG format, is presented in Fig. 4a.
The same image in RGB888 format was processed using the Haar wavelet transform, which made it
possible to reduce the size of the image itself and save only the most important details, and saved in
JPEG format, presented in Fig. 4b. The Haar wavelet function was used to highlight important
functional elements of the image. The inverse Haar transform process restores the image to near-
original quality by restoring the details of the compressed image based on the reduced wavelet
transform coefficients, as shown in Fig. 4 in. Although the quality of the restored image will be worse
in any case due to the loss of information due to JPEG compression. Two iterations of the Haar
transformation make it possible to reduce the size of the compressed file several times, but the
artifacts on the reconstructed image become more noticeable, which confirms the values of the PSNR
and SSIM coefficients.
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..

d e
Fig. 4. Image comparison at 80% JPEG quality. Image saved in JPEG format (a),
transformed image for one iteration (b), reconstructed image for one iteration (c) transformed
image for two iterations (d) reconstructed image for two iterations (e)

Puc. 5. Image saved in JPEG format (a) and restored image
for four iterations of the Haar transform (b)

In fig. 5 presents images that clearly show the appearance of artifacts in the image after the
inverse Haar transform, because black points or artifacts may appear after the inverse Haar transform
due to some factors, such as the number of iterations or incorrect data encoding. One of the reasons
is the incorrect restoration or loss of some details during the inverse Haar transform. Iterative
application of the transformation can lead to loss of information, especially in small details or noisy
components of the image. This can result in black dots or artifacts. In addition, incorrect data encoding
or inverse transformation errors can also affect the quality of the restored image. For example, if the
pixel values were not correctly stored or encoded, this could result in the pixels being incorrectly
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restored after the inverse transformation. This is due to the errors that accumulate in the calculations
for the selected data types used in the Haar wavelet transform algorithm.

Advantages of using wavelet compression in conjunction with JPEG over regular JPEG
compression include better preservation of detail, as wavelet transforms preserve image features more
accurately, such as fine lines, textures, and contours. Due to the using of wavelet transform, it is
possible to provide higher image quality with less loss of details. In addition using of wavelet provides
file size reduction, because the wavelet transform allows achieving a higher degree of Huffman
compression, which is part of the JPEG format, and a file size reduction compared to ordinary JPEG.
This is especially important for processing and transmitting images from systems with limited
resources. Wavelet compression can reduce artifacts such as block structure and JPEG compression
loss, resulting in cleaner, smoother images with less distortion. It is worth noting that wavelet
compression has its limitations, such as the complexity of processing and setting parameters, which
leads to an increase in image conversion time, because wavelet conversion has a more complex
mathematical algorithm. In addition, the effectiveness of wavelet compression depends on the
properties of a specific image and quality requirements. Therefore, before using wavelet compression,
it is important to conduct experiments and evaluate its effectiveness in a specific application.

Conclusions. As a result of experimental studies, it was determined that the use of wavelet
transformations for image processing for the purpose of transmission in microcontroller systems has
its advantages, namely, it allows to achieve a high degree of image compression with minimal loss
of quality. As determined by the experiments, the compression can reach 2-9 times, and the SSIM
parameters are approximately equal to 0.94-0.92, as well as the PSNR is approximately equal to
30dB, which means an acceptable image quality, compared to the use of the usual JPEG algorithm.
This is especially important in sensor systems on microcontrollers, where energy resources and time
for image transmission are limited. The wavelet transform allows you to preserve a significant amount
of information while reducing the file size, namely, better preserving image details, including
textures, contours, and fine details. Which allows you to transmit images with high resolution and
accuracy, which is also important for microcontroller systems with cameras. In addition, wavelet
transforms performed in real time on microcontrollers can be improved with appropriate algorithms
and optimization, which is the subject of further research.
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MAS3IH M. 0., OHUKIE€HKO IO. O.
Hayionanonuti mexuiynuii ynisepcumem Yxpainu "Kuigcokuti nosimexHiyHuti iHCmumym
imeni lzopsa Cikopcokoeo” Kuis, Ykpaina
BUKOPUCTAHHS BEMBJIET HEPETBOPEHbD 1151 OGPOBKH 305PAKEHD
B CUCTEMAX IHTEPHETY PEYEW HA MIKPOKOHTPO.JIEPAX

Mema: Jlocniodxcennss epekmuenocmi  BUKOPUCMAHHA — Gelielem-nepemeopenns  Xaapa, K
0oodamkosoco 0o JPEG nepemeopenns, Onsi cmMucHenHss 300paxcenb Y KOHMEKCMI 0OMeNCeHUX pecypcie
MIKPOKOHmMpPONepi, NOOAIbUIO20 3MEHUIEHHA 4Yacy nepeoayi 300pajiceHHs ma, 6i0N0GIOHO, 3MeHUleHHS
sumpam enepelii.

Memoouxa: Excnepumenmanvhe 0OCHIONCEHHs AKOCMI 300padiceHb, 00pOoONIeHUX 3a 00NOMO20H0
selienem-nepemeopenisi Xaapa ma cmuchenux 3a oonomoeoro JPEG nepemeopenus mikpoxkonmponepnum
mooynem ESP32-CAM, sxuii 30iticnioe 3axonnenns 300padicenb 60ydosanorw kamepoio. Oyinka axocmi
OMPUMAHUX 300padceHb, NOPIGHAHHA 300padiceHb cmucHymux 3a oonomozoro JPEG ma 3 eeiignem
nepemeopennsm nuoc JPEG, pospaxynox xoegiyicnmie Peak Signal-to-Noise Ratio ma Structural Similarity
Index Measure.

Pesynomamu: Cmeopeno npocpamuuti Mooyas 015 peanizayii eelieiem-nepemeopenuss Xaapa Ha
mikpoxonmponepi ESP32-CAM. Jlocriosicena eghexmusnicmv UKOPUCMAHNS eliéiem-nepemeopenis Xaapa,
K 000amk06020 memody 0o JPEG, 01 cmuchenns ma nepedaui 300paxcensb UKOPUCTIOBYIOUU 0OMENCEH]
pecypcu MIKpOKORMpPOJiepa, OYiHeHi po3mip ma SKiCmb 300padcenb ULAXOM NOPIGHAHHS POMIPY CIUCHYIUX
300padicens, a MAKOAHC AKOCMI 300paxicens Gi3yaibHO ma 3a 00NOMO02010 po3paxyHky koegiyienmie PSNR ma
SSIM.. 3a pezyromamamu 6cmanosneno, wo 000amKose SUKOPUCMAHKS eelleiem-nepemesoperis Xaapa oae
3MeHUeHHsL po3MipYy 300padicents 8i0 25% 00 OeKinvbkox pasie 6 3anedxcrHocmi i koegiyicuma saxocmi JPEG
0e3 3HAYHUX 6MPam AKOCMI 300PANCEHHS, X0Ua 4ac 06poOKu 300padicents 30invutyemocs 0o 1 c.

Haykosa nHosuzna: 3anponorosano KoMOIHOSaHUL NiOXIO 0I5t CMUCHEHHS 300PaAXCeHb 30 O0NOMO2010
O0eKinbkox cnocodie 006podKu  6ideo  300padceHb 3 YPAXYBAHHAM — Modicausocmeli  32-x  Oimuux
MIKPOKOHmMPOepie 3 000amKOBOH 3068HIUHbOIO NAM SIMI.

Ilpakmuuna 3unauumicms: 3anpononosanuii cnocib6 ob6poOKu 300padiceHb Modice 3abe3nevumu
SMEHWeHHsL 4acy nepeoadi camux 300panceHb ma 3MEHWUMU CHOJCUBAHHA eHepeii Npu GUKOHAHHI
nepemeopens i nepedaui 300pasxicens, Wo 0acms 3mMo2y HOO0B’CUMU MEPMIH CLYHCOU bamapei ceHcopHo2o
eyszna. Ilpu yvomy Oanuil nioxio 00 CMUCHEHHA 300padxiceHHs Modice 3abe3neduumu SAKiCMb GUXIOHO20
300pAdHCEN sl 3 HAUMEHWUMU MOJICTUSUMY 8MPAMAMU OAHUX 34 PAXYHOK 3MEHUEHHs KITbKOCTI 8I3YaNbHOT
iHghopmayii, sk empavaemvcs nio 4ac CIMUCHEHHS.

Knrwwuosi cnosa. image compression; wavelet transforms; Haar wavelet; PSNR; SSIM.
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Kuiscokuil hayionaneruil yHigepcumem mexuono2it ma ousauny, Ykpaina

TEXHOJIOI'TI OTPUMAHHSA BUCOKOPO3YAHHUX
INOJIIMEPHUX KOMIIO3ULUINHUX MATEPIAJIIB
3 AKTUBHUMU PAPMAINEBTUYHUMMU IHI'PEJJIEHTAMMU

Mema. Ananiz nimepamypHux Odxcepen wo00 OCHOBHUX ACNEKMi6 NEPCHeKMUBHUX MEXHON02il
OMPUMAHHS BUCOKOPOZUUHHUX MBEPOUX OUCNEPCHUX CUCMEM, KI MONCHA e(heKMUBHO BUKOPUCTNOBYBAMU 015
BHAYH020 NIOBUWEHHS POZYUHHOCIE PIZHUX AKMUBHUX (apmayeemuunux inepedichmis (ADI).

Memoouka. Ananimuunuii 020 HAyKOGOI, XIMIKO-MEXHON02IUHOI, MeOuyHOi ma gapmayesmuiHoi
aimepamypu 3a ocmanui 20 pokis.

Pezynomamu. Ilpoananizoano OCHOBHI acnekmu NEePCReKMUBHUX MeXHONO02IU OMPUMAHHA
BUCOKOPO3YUHHUX NONIMEPHUX KOMROZUYIIHUX MAmMepianie i3 6MICMOM aKMUeHUX dapmMayesmuiHux
inepedicumis. Bcmanoeneno, wo excmpy3sisa eapsiuo2o po3niagy YCRIWHO Modice Oymu 8UKOPUCAHA O
nioguwerus posuunnocmi ADI 3 HU3bKOIO MeMnepamypoio NAA6NeHH, Memoo SUNAPOBYBAHHI POSUUHHUKA
KopucHuil 0 niosuwjents posuunnocmi AD@I 3 6ucoxkoio memnepamyporo NiaeieHHs, 6i0YeHmpose
opmysanHs 8010KOH 0038015€ nidsuwumu pozuuruicmes AD@I 3 HU3LKOIW MeMnepamypor niasienHs Oe3
BUKOPUCMANHS PO3HUHHUKIG | 3 MEHWUM PUSUKOM Oe2padayii mamepiany y NOPIGHAHHI 3 MEMOOOM eKCmpy3ii.
Taxuii cnexkmp MeXHONO2IU OMPUMAHHS BUCOKOPO3UUHHUX hopm ADI 0o3zeonsic obupamu memoouxky 6
3aNeHCHOCI 8I0 DI3UKO-XIMIUHUX Xapakmepucmuk noiimepuux Hociie ma A@I i npu ypbomy domoemucs He
MINbKU 3HAYHO20 NIOBUWEHHS PO3UUHHOCTI, alle SHUBUMU 8HCUBAHHS HAOMIDHUX 003 MA 3MEHWUMU PUSUKU
noOIUHUX eeKmis, a MAKOIC 2apaHmys8amu WEUOKUL NOMEHYTUHULL egheKm.

Haykoea nosusna. Iloxazano, wo iHHOBAYiHA MEXHONO2IS BIOYEHMPOBO2O HOPMYBANHS 80OKOH
MOdice Cmamu 0CHOBOH PO3POOKU NONIMEPHUX MEEPOUX OUCNEPCHUX cucmeM O/ NIOBUUeHHS PO3UUHHOCI
PIBHUX aKMUBHUX apmayesmuyHux iHepeoieHmis.

Ilpakmuuna 3nauumicme. [Iposedeni docniodcents 008005mb, WO 00 HEPCHEKMUBHUX MemO00i8
VMBOPEHHSI MBEPOUX OUCNEPCHUX CUCTEM, WO 00360II0Mb 3abe3nedumu 3HauYHe NOKPAWEeHH POZYUHHOCI
manopozuunuux A@I unanexcamsv 000pe npocHO308aHi Ma OOCMYNHI Memoou, maki K GUNAPOBYBAHHS
PO3YUHHUKA | eKCMPY3is 2apsiu020 PO3NA8Y, d MAK0JIC IHHOBAYIIHA MEXHO02Is 8I0YEeHMPO8020 hopmyeanHs
8010K0H. Taxi mexnHon02ii Moscyms Oymu nepcneKmueHuUMuY 05k CIM8OPEHHSA GIIMUUSHAHUX JIKAPCOKUX 3AC00i8
3 pez2ynboganHum uginvHenHam ADI.

Knrouoei cnosa: posuunnicmv, axmuenutl Gapmayesmuynull iHepedieHm, meepoi OUCHEePCHi
cucmemu, NOAIMepPHI HOCIL, 6ONOKHA.

Beryn. Anani3 miTepaTypHUX JDKEpes 32 OCTaHHI POKH CBIIYUTh, 1[0 TEXHOJIOTIS YTBOPEHHS
tBepaux mucrnepcHux cucteM (TJC) nmpeacrasisie qyke TUTIHAN MIIX1A Yy TOKPAIIEHH] IIBUIKOCTI
BUBIJIbHEHHS Ta 6100CTYIHOCTI IOTaHO PO3YMHHUX Y BOJIi aKTUBHUX (DapMalileBTUUHUX IHTPEIEHTIB
(ADI) [1-3].

TBepi JUCTepCHI CUCTEMH 3a3BHUal SBISIOTH CO00I0 OAaraTOKOMITOHEHTHI CHCTEMHU, Y SIKUX
aKTUBHHI (papMaleBTUYHUI 1HIPEIIEHT MOJIEKYJIAPHO AUCIIEPrOBaHUH y mOTiMepHOMY HOCIT [4, 5].
B ocHOBI mokparieHHs mBUAKOCTI po3unHeHHS ADI 32 1OMIOMOro0 METony TBEpAUX AUCIEPCHUX
CHUCTEM JIeKaTh HACTyIHI (aKTOpHW: 3MEHIICHWA pPO3MIp, BHCOKA IMOPHUCTICTh, IOKpaIleHa
3MOYYBaHICTh Ta aMmopdHHUit cTan [4—6].

Jns yrBopenns T/IC BaximBuM € BUOIp MOJIIMEPHOTO HOCIA, (PYHKI[IOHAIBHUI TMOTEHITIAT
SIKOTO BH3HAYAETHCS TAKUMU XapPaKTEPUCTUKAMHI: PO3YHHHICTIO Y MOJSIPHUX 1 HETIOJSIPHUX PiAMHAX,
PO3MOAIIIOM MOJICKYISIPHOI MacH, CTPYKTYPOIO OIYHUX JIAHITIOTIB, OI0CYMICHICTIO 1 3IaTHICTIO JI0
Oiomerpazaiii [7]. B3aemomis akTuBHOTO (papManeBTUUYHOTO IHTPEIIEHTY 3 MOJIMEPHUM HOCIEM €
byHIaMEHTATBHOIO JIJIS1 PO3YMIHHS HAaWBaKJIUBIIINX MMUTaHb, IKI BAHUKAIOTh IIPH CTBOPEHHI TBEP01
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mucnepcii, a came: HaBaHTakeHHS A®I, CyMiCHICTh KOMIIOHEHTIB, CTaOlLIBHICTH CHCTEMHU Ta
IIBUJIKICTH 11 po3unHEeHHs [§].

V skocTi HociiB st BurotosieHHsa T/IC HaifuacTimie 3acTOCOBYIOTbCS HACTYITHI MOJIIMEpPHI
cnostyku: nosiBiHiamiponigod (I1BIT), momierunenraikons (ITEIN) Ta momiBininosuit cniupt (ITBC)
[9, 10]. 3acrocyBanHs came nux moniMepiB aias yrBopeHHs T/IC mosicHIO€ThCS iXHIMHU (Di3HKO-
XIMIYHUMH Ta TEPMOXIMIYHUMH XapaKTEPUCTUKAMH: HHU3bKIH TeMmIeparypl TUIaBJICHHS, HHU3bKii
TOKCUYHOCTI Ta MIMPOKiK JikapchKiid cymicHocTi [10]. KomMmno3wuiii TBEpIuX AUCIEPCHUX CHUCTEM,
OKpIM TIOJIMEPHUX HOCIiB TaKOX MOXXYTh MICTUTH JOJATKOBI JOMOMDKHI PEUYOBUHH, TaKi SIK
MMOBEPXHEBO-aKTHBHI PEYOBHHH, ISl TOJATKOBOTO MOCHJICHHS BUBUILHEHHS Ta CTaOlLIBHOCTI JIKiB
[11].

IloctanoBka 3aBaaHHsl. CkiazoBa pPi3HOMAHITHICTh TBEPAUX IHUCIEPCId IpenCTaBIIsie
3pOCTAIOUM 1HTEpEC MPOTITOM OCTAaHHBOTO IECATHIITTSA SK B aKaJAEMIYHMX KoJiaX, TaK 1 B
npomMucioBocTi. OHAK, OKPIM 3aliKaBICHOCTI Y KOMIO3ULIHHOMY CKJIajli, 1ie OUIbIINNA iHTEepec Yy
JIOCITITHUKIB BUKJIUKAE YAOCKOHAJICHHS ICHYIOUMX Ta TOIIYK HOBHX METOJIB YTBOPCHHS TBEPIUX
mucnepcid. HuHi BimoMa BenMKa KiTbKICTh CHOCOOIB YTBOPEHHS TBEPAUX JUCIEPCHHUX CHCTEM
[12, 13], cepen sKuX HAWOLIBII MMOIIUPEHUMH € METOIM BHIIAPOBYBAHHS PO3YMHHHKA, EKCTPY3is
rapsyoro po3IUiaBy, CYIIIHHS PO3MUICHHSIM Ta CIIBOCAKEHHS. 3 KOKHUM POKOM 3’SBIISIETHCS BCE
OlTbIIE HOBUX TEXHOJOTIH NPUTOTYBaHHS TBEPAUX ITUCHEPCid, SKi MPEACTABISIOTH BEIUKHMA
MOTEHITIA IS OLIBII 3HAYHOTO IOJIIMIICHHS PO3YMHHOCTI moraHopo3unHHuX A®dI 3 Kkpaiioro
¢i3uuHOorO cTabinpHIicTIO yrBopeHuX TJIC. Jlo omHi€el i3 TakuX cTpaTeriii HajJeKUTh TEXHOJOTis
BUTOTOBJICHHSI TIOJNIMEPHHUX BOJOKHHCTUX TBEPAUX JAHCIEPCIA METOJOM  BIIAIICHTPOBOTO
dbopmyBaHHS, sKa TMpEACTaBIse COOO0I aIbTEPHATHMBHUN MIAXiJ JUIsI OTPUMAHHS TBEPIUX
JTUCTIEPCHUX CHUCTEM.

MeToro OCHIDKEHHsST € aHali3 JITepaTypHUX JDKEpeNl II0JA0 OCHOBHUX acCIeKTIiB
MEPCIIEKTUBHUX TEXHOJOTI OTPUMAaHHS BHCOKOPO3YMHHHUX TBEPAUX NUCIEPCHUX CHCTEM, SKi
MOXHa €(pEKTHBHO BHUKOPHCTOBYBATH [JIi 3HAYHOTO MiIBUIIEHHS PO3YMHHOCTI PI3HUX aKTHBHUX
(bapManeBTUYHUX iHTPEIIEHTIB.

Marepiasm Ta MeTOAM AOCHIAAKEHHsl. AHATITUYHUN OIJISA  HAYKOBOI, XIMIKO-
TEXHOJIOTIYHO1, MEIMYHOI Ta (papManeBTUUHO] JliTepaTypu 3a octaHHi 20 poKiB.

Pe3yabTaTH 10CHiTKEHHS Ta 00roBOPeHHsl. AHAJI3 JITEPATypPHUX JKEPET CBIIYUTH, IO
710 OJTHUX 13 HAO1IBII TEPCIEKTUBHUX METO/IIB, SIKI BAKOPUCTOBYIOTHCS /17151 yTBOPEHHS MOJIMEPHUX
TBEPJUX JUCIIEPCIH Ta 3a0€3MeUEHHS BUCOKOTO PiBHSI PO3YMHHOCTI Masiopo3unHHNX ADI, HanexaTh
n00pe MPOTHO30BaH1 Ta TOCTYITHI METO/I!, TaKi SIK BUTIAPOBYBAHHS POZUYMHHUKA 1 EKCTPY3isi TapsIoro
pO3IIaBy, a TAKOK 1HHOBAIIIiTHA TEXHOJIOTIS BIALIEHTPOBOTO (hOPMYBaHHS BOJIOKOH.

Memoo eunapogyeanns po3uunHuka. lIpuroTyBaHHS TBEPANX JTUCIEPCHUX CHCTEM
METOJIOM BUIIAPOBYBAHHS PO3YMHHUKA € HAOUIbII nommpeHuM meToioM yrBopenns TJIC. Trepaa
JUCTIEPCHA CHCTEMa YTBOPIOETHCS MUISXOM IIBHIKOTO BUIIAPOBYBAHHS PO3YMHHHKA 3 JIKAPCHKO-
moJiiMmepHoro po3uuny [12, 13].

[MepmMu, XTO PO3YMHUB aKTUBHUN (hapMalleBTHUHUN 1HTPEIIEHT 1 HOCIH Yy 3arallbHOMY
PO3YMHHUKY, a TIOTIM BHUIAPOBYBAaB PO3UYMHHUK y BaKyyMi, 100 OTPUMATH TBEPAUM PO3YWH OyiIu
Tauibana Ta Hakamypa [14]. Lle m103B0odMIIO iM OTpUMATH TBEPAUN PO3UHH BHCOKOMIMOMIIEHOTO f-
KapOTHHY B I00pE PO3YMHHOMY Y BO1 HOCIT — TTOBIIOHI.

3a3BuYaid, UIsl MPUTOTYBaHHS TBEPIUX IUCIEPCI METOJAOM BHUIIAPOBYBAHHS PO3UMHHHUKA
3aCTOCOBYETHCSI IMUPOKUN CIEKTP PI3HUX HOCIIB: TMOJIETUJICHTIIIKONI, MOMIBIHUIIPOJIIIOH,
noJricaxapuay Tomo. THIIOBUMU pPO3YMHHHUKAMH, 10 BUKOPUCTOBYIOTHCS Y TAHOMY METOJII € BOJA,
cupTH (METaHOJI, €TaHOJ 200 130IPOMaHoJ1) a00 1HIIT OpPraHivuHI PO3YUMHHHUKH, TaKl K TUXJIOPMETaH,
aretoH, ermiarerat [15].
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OcHoBHa TmiepeBara METOJy BHUIAPOBYBAaHHS PO3YMHHHUKA IOJSTa€ B TOMY, IO MOXHA
3amo0IrTd TEPMIYHOMY PO3KJIAJaHHIO aKTUBHHX (apMalleBTUYHUX IHTPEeIieHTIB ab0 HOCIiB depe3
HU3BKY TEMIIEPATYpPy, HEOOXiTHY I BUTIAPOBYBAHHS PO3YMHHUKIB [16].

barato BueHUX MPUCBATUIN CBOI POOOTH JOCITIIKEHHSM YTBOPEHHS TBEPAMUX IUCIEPCHUX
CHCTEM METOJIOM BHITAPOBYBAHHS PO3UMHHUKA. Tak, JOCIITHUKAM BIANOCS 3a JIOMOMOTOI0 JaHOTO
METOY MOKPAIIUTH PO3UMHHICTh HECTEPOITHUX MpoTu3anaibHux A®I, 30kpema menokcukamy [17]
Ta keronpodeny [18]; cepueBo-CyquHHOTO mpenapary — kapeawiony [19], mpoTueniaenTuaHoro
A®I - xionazenamy [20], a Tak0 HOBO1 MPOTUITYXJIMHHOT CITOJTYKU CBUHITIO [21].

[To3uTuBHI pe3ynbTaT MOCIIHKEHb 3aCTOCYBaHHS MeTOoAy yTBopeHHs momimepHux TJIC
[UIIXOM BHUITAPOBYBAHHSM PO3YMHHHUKA CBIAYAThH MPO TE, IO JaHY TEXHIKY MOXHA JJOCUTH JIETKO 1
YCHIIIHO BUKOPUCTOBYBATH TSI IMiIBUILIIEHHS PO3YMHHOCTI Maopo3uynHHNX ADI.

Memoo excmpysii zapauozo poznnagy. TakoX BaXIJIMBOIO TEXHOJIOTIE Y GpapMarieBTUIHIN
MIPOMHCIIOBOCTI Ui MiABHIIEHHS po3urMHHOCTI ADI € MeTos ekcTpysii rapsuoro posmiasy (EI'P).
[Tepmie 3actocyBanus EI'P sik BUpoOHHUYOTrO 1HCTpYMEHTY y (hapMaleBTHYHIN TPOMUCIOBOCTI OYJ10
nocnimkeno El-Egakey Ta rpymoro fioro mocmigaukis [22]. BigToai TexXHOIOTIS rapsdoi eKcTpys3ii
CTayia yHiBepcajabHOIO TaThopMoro y dhapmariii.

ExcTpy3ist rapsdoro posmiiaBy — I MpoleC 3aKadyyBaHHS CHUPOBHHU B EKCTPyIep 3
IBUHTOBHMH €JIEMEHTAMH, 1110 00EPTaIOTHhCS B OAHOMY a00 MPOTUJICKHUX HANPsSMKax, MPU BUCOKUX
TeMIepaTrypax s pO3IUIaBICHHS Ta 3MIIIyBaHHA KOMIIOHEHTIB YCEpeOuHi I1HCTPYMEHTY 3
OTPUMAaHHSIM B KIHIIEBOMY IIJICYMKY €KCTpyJaTy 4epe3 ToJIOBKy ekctpyaepa [23]. Ilicisa
OXOJIO/KEHHST OTPUMAHHIA MPOIYKT 30MPAIOTh Y EMHICTH 1 MOAPiIOHIOIOTH Y MOPOIIOK a00 TPaHyIIH.

J111s epeKTUBHOTO BUKOPUCTAHHSI TEXHIKH Iapsv0i eKCTPy31i 3 METOI0 BUTOTOBJICHHS TBEPAUX
JUCTIEPCHUX CUCTEM BAXKJIIMBO MaTH TIMOOKI 3HAHHS CTOCOBHO BHUOOpPY aKTUBHUX IHTPEIIEHTIB,
MOJTIMEPIB Ta IHIIUX JOMOMDKHUX PEYOBHH, SIKI MIANAIOTHCA IboMy mporecy [24]. Hocii, mo
BUKOpUcTOBYIOThCSL B EI'P, sik mpaBuio, € mojimMepamu ab0 BOCKaMH 3 HU3BKOIO TEMIIEPaTypOIO
MJIABJICHHS Ta CKIYBaHHs, SIKI BHUKOPHCTOBYIOTBCS SIK COJIFOOUTI3aTOPH JIKAPCHKOI pPEYOBUHHU.
3a3Buuail BUKOpUCTOBYBaHI Hocii BkitoyaroTh [IBII pi3HOI MONEKynsipHOI MacH, IOBiJIOH-
BiHManerar, kornosinoH, pi3Hi [IEI, cknamni edipu memronosu [25].

MeTton ekcTpy3ii rapsuoro po3IUIaBy MPOINOHYE 3HAYHI TMEPEeBard YTBOPEHHS TBEPIUX
JTUCTIEPCHUX cUCTeM. BiH 3a0e3medye Kpairy OZHOPITHICTH BMICTY B €KCTpyJaTax; pPiBHOMIpHY
JMCTIEPCiIo APIOHNUX YaCTUHOK 32 BiJICYTHOCTI pO3YMHHUKIB. O/IHAK, BAPTO 3BayKaTH HAa HEOOXIHICTh
BUKOPHUCTAHHS Y TIPOIIECT BUCOKUX Temmeparyp [26].

EI'P Bxe mokasana cebe sk HaflifHa TEXHIKa i BUTOTOBIICHHS TBEPIUX AMCIEPCiH, sKa
MOKpallye pPO3YMHHICTP Ta OIOJAOCTYIHICTh, Ta HaBITh MaCKye€ CMaK TIpKHX aKTHBHUX
¢dapmarieBTHUHUX 1HTpenieHTiB. 3a TexHojoriero EI'P Oy ycmimHO BHTOTOBIIEHI MOJEKYJISpPHI
TBEP/Il AUCTIEPCHI CUCTEMH iTpakoHazoiy [27] Ta anpOenngazony [28], edasipenity [29], ekcTpakTy
rinkro 6io6a [30] Toro.

Memoo eiouenmpoeozo ¢hopmysanns eonokon. BianeHtpoBe (HopMyBaHHS BOJOKOH €
AbTePHATHBHUM METOJIOM BUPOOHUIITBA TBEPAUX TUCTIEPCHUX CHCTEM 13 BUCOKOO ITPOTyKTHBHICTIO
Ta HU3bKUMH BUTpPaTaMHU.

Bimomo, mo mana texHomoris Oyna po3pobnena JIxerimcom Xymepom y 1924 poui mmis
BUPOOHMIITBA INTYYHOTO IIIOBKOBOTO BOJIOKHA 3 BICKO3W [31] 1 OinbIle MIBCTONITTS MIUPOKO
BUKOPHUCTOBYBAIACS JUIsl BAPOOHMIITBA CKIISTHUX BOJIOKOH.

BinuentpoBe popmMyBaHHS BOJOKOH — II€ OJIHOETANHA TEXHOJIOTIS «3BEPXY BHHU3», 3a SIKOI
MaTepial MOMIIIATh y TOMEePEIHbO HArpiTUi a00 KIMHATHOI TeMIepaTypy 00epTOBUI METaIeBHA
KOHTEWHep (TOJOBKY JuIsi 00epTaHHs) 3 OTBOpaMHU Il OIYHUX coresl a0 MPOMIDKKOM MiX JBOMa
IJJACTUHAMU, SIKHMH 00€pTa€ThCS 3 BUCOKOIO IMIBUIKICTIO. BiaIieHTpoBa cuja, Mo CTBOPIOETHCS IIPH
BHCOKIN IIBHAKOCTI 0OOEpTaHHS, MPOIITOBXYE MPSAUIBHY PIAUHY 4Yepe3 OTBOPH MPAIUILHOT
TOJIOBKU. Y TOW 4Yac K MPSAWIbHA PIAMHA BUKUIAETHCS, BOHA MPOXOAUTH MPOIEC PO3TATYBAHHS
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4yepe3 CHITy TOBITPSHOTO TEPTS 3 HACTYIMHHUM IIBHIKHM 3aCTUTAHHSM IUISIXOM OXOJIOJKEHHS a0o
BUIIAPOBYBAaHHS PO3UYMHHHMKA Ta YTBOPEHHSM EKCTPYIOBaHMX BOJOKOH Yy Jiana3oHi HaHO- a0o
MikpomacmTady [32, 33].

Jlanuii MeToN O03BOJIIE OTPUMYBATH BOJIOKHA PIZHOTO PO3MIPY 13 IMIMPOKOTO Jiama3oHy
MaTepiaiB 3 BHCOKOI IIBHJKICTIO Ta HU3BKOK BApTICTIO 3aBASKU MPOCTOMY OOJAJHAHHIO Ta
BIJICYTHOCTI MOTpeOM y BHKOPHUCTAaHI BHCOKOi Hampyrd. TakoX BapTO BIA3HAYUTH, IO Mia Yac
MIPOIIECY BiAIICHTPOBOIO (POPMYBAaHHS BOJIOKOH MaTepialid nepeOyBaloTh MAaKCHMAIbHO KOPOTKHM
gac TiJ JII€I0 BUCOKUX TEMIIEpATyp, IO y CBOIO UEPry 3HWXKYE pU3UWK iX pyhHyBaHHsS [33]. Taka
0COOIMBICTH MPOLIECY TO3BOJISIE BAKOPUCTOBYBATH 1€ METOJ 7S T1ABUINIEHHS PO3UYMHHOCTI Y BOJII
aKTUBHUX (papMarleBTUYHUX 1HTPEIIEHTIB 3 HU3bKOIO TEMIIEPATYPOIO TUIABJICHHS. YCi Il TIepeBaru
CTBOPWJIM TIOTEHIIal 1O BUKOPHCTAHHS METOAYy BIiAIEHTPOBOro (OPMYBaHHS BOJOKOH Y
(dhapMareBTHUHIM TPOMHUCIOBOCTI SIK HOBOTO IEPCIIEKTUBHOTO 3aco0y I YTBOPEHHS TBEPIAUX
JTUCTIEPCHUX CHUCTEM.

OmauM 13 TepmuMx TOMITHHX 3aCTOCYBaHb Ha TMPAKTHI[l TPHUHIMIY BiAIIEHTPOBOTO
(dbopMyBaHHS BOJIOKOH CTajla po3poOKa aMepuKaHChbKOIO KommaHiero Fuisz Pharma texnomorii
Flashdose, sixa BUKOpHUCTOBYE yHIKaIbHUNA MEXaHI3M BIJDKUMY JJISI CTBOPEHHSI CTPYKTYPH, MO10HOT
710 BOJIOKOH HUTKH. [Ipouec mosnsrae y opMyBaHHI MaTpui i3 caxapuaiB abo moiicaxapumis, sKa
nepepoOiseTbcsi B aMOpdHY HUTKY 3a JOMOMOrOK OJHOYACHOI Jii IIBHAKOTO IUIABJIEHHS Ta
BiJIIIEHTPOBOT crin. MammuHa A popMyBaHHS HHUTKH, IO CKIAAA€THCSA 3 MPSIAIBHOI TOJOBKH i
HarpiBaJbHOTO €JIEMEHTA, CX0Xka Ha MAIIMHY BUTOTOBJIEHHS COJOKOI BaTu. [Ipouec 3aiiicHIOETbCS
IIPU MiABUIICHIN TeMIepaTypi, 1100 3a0e3MeynuTH OBHE NEPETBOPEHHS aMOP(HUX BOJIOKOH IYKpPY B
Kpuctaniyaui matepiasn. OTprMaHi BOJIOKHA HATKH MOTIM MOAPIOHIOIOTE, 3MIITYIOTh 3 aKTUBHUMH
(dapMalleBTUYHUMHU 1HTPEAIEHTaAMU Ta JOTIOMDKHUMH pPEYOBHHAMU 1 TPECYIOTh y TaOJETKH.
CtBopeHHid 3a JTaHOI0 TEXHOJIOTIEI0 KIHIICBUH TPOIYKT MAa€ BEIMKY IUIONTY TOBEPXHI JIs
PO3YMHEHHS Ta IIBHJIKO AUCIIEPTYETHCSI B POTOBIN MOPOKHUHI [34].

[Ti3HiIe, KEPyOUYUCH 17C€I0 TOBECTH JOIMUIBHICTh 3aCTOCYBAHHS TEXHOJIOTII BIAIICHTPOBOTO
(dhopMyBaHHSI BOJIOKOH JUISI BUPOOHHIITBA TBEPAUX IUCIEPCiid Yy (GopMi BOJIOKOH i3 MOKPAIICHUMU
MMOKa3HUKaMH PO3UYMHEHHs, S. Marano Ta ii rpyma po3poOuiu npucTpiid 1JabopaToOpHOTo MaciTady,
o0 nepeadavyae KOHTPOIIb TEMIIEPATypH Ta KaniOpyBaHHS KOMEPIIMHOT MAIIMHK AJI1 BUPOOHUIITBA
«cononkoi Batu». OmHak iX mporiec OyB JEIIO0 BIAMIHHHMKM BiJl ONMHUCAHOTO BHWIIE, AK€ BOHH
noMinany y Gipepy He JHIe caxaposy, a ii cCymilll 3 aKTUBHUMU (hapMalleBTHYHUMH 1HTPEIEHTaMH.
Takum uynMHOM, Ha BIacHIA MoAMGIKOBaHIA MamMHI JUIsi BUPOOHHUIITBA IYKPOBOI BaTH BOHHU
BUTOTOBWJIM TIONIMEPHI BOJIOKHA 3 BMICTOM OJaH3alliHy Ta MIPOKCHKaMy Yy CITiBBIJIHOIICHHI
caxapoza:A®I — 90:10. Otpumani MIKPOBOJOKHHCTI aMopdHI TBEpAl IUCIEpCii aKTUBHUX
(dapMaleBTHUHUX THTPEIIEHTIB Oy OHOPIIHI 32 MOP(OIIOTI€r0, IO MiATBEPIKYE Te, 0 00UIBA
A®I Oynu ycmimHO BKIIOYEHI B HOCIH. [Ipym BHKOpUCTaHHI JAHOTO METOMY IOCIHIJIHUKHA 3HAYHO
HiABUIIMIIA PO3YMHHICT 000X A®I 0e3 BHUKOpPHCTAaHHS PO3UYMHHMKIB 1 3 MEHIIMM PHU3HKOM
nerpajaiii KOMIIOHEHTIB CUCTEMH B MOPIBHSIHHI 3 rapsidoro ekctpysiero ADI B momimepHOMy HOCIT
[35].

S.Nasir Ta #oro rpyma IOCTIAHHKIB PO3IMIMPHIN KOJO JOCTIIHHIIBKHX IHTEPECIB,
BUKOPHUCTABIIHN JUISI YTBOPEHHS BOJIOKOH M€ i TmosiMepH. [[jisi BUTOTOBIIEHHSI MiKPOBOJIOKOH OYIH
CTBOpEH1 pi3HI KoMOiHaIlii OKCkapOasemiHy 3 caxapo3or, 0e3 Ta 3 moaiMmepamu. Haiikpamri
pe3ynbratd Oynm OTpHMaHHI mpu 3acrtocyBaHHs cywmimi A®I caxaposm Ta IIBII K-30 y
cniBBigHomeHH1 20:60:20 BianmoBiaHO. Po3unHHICTE OKCKapOa3eniny y CKIIaji TBEPANX TUCTIEPCHUX
cucteM y Gpopmi BoiokoH ctanoBuia 88% [36].

[Iportec BiaeHTpOBOro (OPMYBaHHS BOJIOKOH BHUSIBUBCSI TAKOXK €(DEKTUBHUM CIIOCOOOM JIJIst
IIBUJIKOTO BUPOOHUIITBA TBEpAUX nuctepciit i0ynpodeny. Cepenniit uac pozunnenHs mporo Al y
CKJIaJIl TOJIIMEPHUX BOJIOKOH 3MEHIIMBCSA y 7 pa3iB. MikpoBoiokHa 3 10ynmpodeHoM OyJu TaKoX
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OumpII papmMakooriuHO e(heKTUBHUMHU IPU 3MEHIIEHHI 3amanbHol peakuii, Hik uuctuid A®I, mo
MiATBEPIKEHO MPOTHU3AMAIbHUMU JTOCIIKEHHIMH IN VIVO Ha Kposnkax [37].

3aranoM, KUIBKICTh JOCHIDKEHb TBEPAUX TUCTIEPCHUX CHCTEM, YTBOPEHUX METOIOM
BIIIIEHTPOBOTO (hOpMYyBaHHS BOJIOKOH, Ha CHOTOJIHINIHIA JIEHb BCE I JOCHTh HEBEIUKA, a/KE IIe
BIIHOCHO HOBITHS TexHoJoris y (apmaneBTuuniii cdepi. OmHAK pe3ynbTaTd 3aCTOCYBAHHS
BIIIIEHTPOBOTO ()OPMYBaHHS BOJIOKOH Ha MPAKTHIl JOBOAATH, IO 1€l 1HHOBAIIMHUMA TIIX1 Mae
BEJIMKHUM MOTEHI[IAJI IIPU PO3BIALI B rajay3i TBEpPANX IUCIICPCIi.

BucnoBku. Y poOOTi mpoaHadi30BaHO OCHOBHI AaCHEKTH TMEPCIEKTUBHUX TEXHOJOTIN
OTPUMAaHHS BHCOKOPO3UYMHHHX IOJIMEPHHUX KOMIIO3MLIHHUX MarepialiB i3 BMICTOM aKTUBHHUX
(dapMaleBTUUHUX IHTPENIEHTIB. BCTAaHOBIEHO, IO EKCTPY3isd Taps4yoro po3IUiaBy YCHIITHO
BUKOPUCTOBYETHCS ISl IMiJIBUIIICHHS PO3UYMHHOCTI JIETKOIUIABKUX TepMocTabinmbHux ADI, Meron
BUIIAPOBYBaHHS PO3YMHHMKA IMPOCTHI y BHUKOHAHHI Ta HE MOTpedye BUCOKOI TeMIepaTypu IJis
MPOBEJICHHS TPOIECY, a 3a JOMOMOIOK METOAY BIAIEHTPOBOrO (OPMYBAHHS BOJOKOH MOKHA
MIIBUINATA PO3UYMHHICTE ADI 0e3 BUKOpHUCTaHHS PO3YMHHUKIB 1 3 MEHIIUM PU3UKOM Jerpaaaii
MaTepiany y MOpIBHSHHI 3 METOJIOM Tapsdoi eKcTpysii. PI3HOMaHITHUI CHEKTp TEXHOJOTIN IS
OTPUMAaHHS BUCOKOPO3UMHHUX (opM ADI mo3BossI€ 00MpaTH METOAMKY B 3aJIEKHOCTI BiJ (i3HKO-
XIMIYHHX XapaKTePUCTHUK MOTiMepHUX HOciiB Ta ADI i mpu bOMy JOMOTTHUCS HE TUIBKH 3HAYHOTO
IT1IBUIIICHHS] PO3YMHHOCTI, ajle 3HU3UTH BXKUBAHHS HAJMIPHUX /103 Ta 3MCHIIUTH PU3UKH TOOIUHUX

e(eKTiB, a TAKOX rapaHTyBaTH IIBUAKHUI MOTEHIIIHHIIA e(eKT.
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LISOVYIV. M., LYZHNIUK V. V., KOSTIUK V. G., PASHCHENKO 1.0,,
SMISHKO R.O., GOY A. M., POVSHEDNAI. O., ISHCHENKO O. V.,
YAREMENKO V. V., BESSARABOV V. I.

Kyiv National University of Technologies and Design, Ukraine
TECHNOLOGIES FOR THE OBTAINING HIGHLY SOLUBLE POLYMER
COMPOSITE MATERIALS WITH ACTIVE PHARMACEUTICAL INGREDIENTS

Purpose. A review of literature sources on the main aspects of promising technologies for obtaining
highly soluble solid dispersion systems, which can be effectively used to significantly increase the solubility of
various active pharmaceutical ingredients (APISs).

Methodology. Analytical review of scientific, chemical-technological, medical and pharmaceutical
literature over the past 20 years.

Findings. The main aspects of promising technologies for obtaining highly soluble polymer composite
materials containing active pharmaceutical ingredients have been analyzed. It has been found that hot melt
extrusion can be successfully used to increase the solubility of low melting point APIs, the solvent evaporation
method is useful for increasing the solubility of high melting point APIs, and centrifugal fiber formation can
increase the solubility of low melting point APIs without the use of solvents and with less risk material
degradation compared to the melting method. Such a range of technologies for obtaining highly soluble forms
of APIs allows you to choose a technique depending on the physicochemical characteristics of polymer carriers
and APIs and at the same time achieve not only a significant increase in solubility, but also reduce the use of
excessive doses and reduce the risks of side effects, as well as guarantee a quick potential effect.

Originality. It is shown that the innovative technology of centrifugal fiber formation can become the
basis for the development of polymeric solid dispersion systems for increasing the solubility of various active
pharmaceutical ingredients.

Practical value. The conducted studies prove that promising methods of forming solid dispersed
systems and ensuring a high level of solubility of sparingly soluble APIs include well-predicted and accessible
methods, such as solvent evaporation and hot melt extrusion, as well as innovative technology of centrifugal
fiber formation. Such technologies may be promising for the creation of domestic medicinal products with
controlled API release.

Keywords: solubility; active pharmaceutical ingredient; solid dispersion systems; polymer carriers;
fibers.
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3ACTOCYBAHHA BIOPO3KJIATHUX ITOJIIMEPIB
TP BUT'OTOBJIEHHI HEKTAHUX
PIJIbTPYBAJIBHUX MATEPIAJIIB

Mema docniorscennsn. Memor danoi cmammi € O0CHIONCEHHSL MONCTUBOCTNT OMPUMAHHA HEMKAHUX
Mamepianie 3 NOIAAKMUOY MaA OOCAIONCEHH IX 8racmusocmell.

Memoou oocnioxycennna. Hemxani nonivmepui mamepianu 3 NOXNponineny ma NOAIAKMUOY
OMpUMYBANU MEMOOOM AePOOUHAMIYHO20 PO3NULEHHS PO3NIAsy Ha nputimaivhul dapabawn (melt-blown) na
abOpamopHii Yycmanosyi 0Jis 6U20MOGIEHHS BOJOKHUCIUX Mamepianie. Posnodin posmipie eremenmaprux
BOJIOKOH 3A YAGHUM Oiamempom OOCHIONHCYBANU WAAXOM NPOSPAMHO20 AHANI3Y 300PaAdiCEHb, 00EePIHCAHUX
ONMUYHOI MIKpOCKoni€l. 306padicenns odepacysanucy Ha mikpockoni MBC-10 3 3acmocysanuam
30invwennss 15x. /[na aumanizy 300padiceHb SUKOPUCHOBYBANOCHL NpocpamHe 3abesneyenns Image 3i
cneyianonum niaeinom DiameterJ. 3ampumyiouy 30amuHicmb HemKAH020 Mamepiany OYiHIo8aU
NOBIMPAHOMY cepedo8ULi 3a OONOMO20I0 BURPODYBANTLHO20 CIMEHOd, OCHAWEHO20 IYUNbHUKOM AePO30IbHUX
yacmok Temtop PMD331 (cepmucpixosaro 3a ISO-21501).

Pezynomamu. J{ocnionum winsaxom NiOMEEpONHCEHO MONCIUBICIL — BULOMOBGIEHHS HEMKAHO20
mamepiany 3 NOMAAKMUOY HA YCMAMKYSAHHI, NPUOAMHOMY OJisl nepepodxu noainponineny. Hocniosceni
napamempu CmpyKmypu 0J10KOH ma ix sampumyroda 30amuicms. Hemxanuii mamepian 3 noninakmudy mae
na 10% Hudicuuii cepednitl diamemp 80JI0KOH NOPIGHANO 3 HEMKAHUM Mamepianom 3 noainponineny. Hemkani
NOMIMEPHI Mamepiany, 6U2OMOGIEeHI 3 0OHAKOBOIO NUMOMOIO 842010, G0N00IIOMb NOOIOHUMU 3HAYEHHAMU
sampumyrouoi  30amuocmi. Hemxanuti mamepian 3 noairnakmudy Xapaxmepuzyemocs HOKPAUEHOKO
3AMPUMYIOHOI0 30AMHICII0 A MEHWUM CEPEOHIM dlamMempoM 80JIOKOH.

Hayxoea noeusna. Memooom npocpamHozo ananizy 300pajicenHs O0CiONHceHo napamempu
CMPYKmMypu 80JI0KOH HEMKAHUX MAMEPIAie 3 NOJINPOniiery ma noaaaxmuoy. Jocaiodnceno niue po3nooiny
diamempy 80JIOKOH HA 3AMPUMYIOUY 30AMHICb Mamepianis.

Ilpakmuuna 3nauumicme. Bcmanogneno moxicaugicms nepepooKu NOILIAKMUOY Ha MEeXHOL02IYHOMY
YCMAmKY8aHHI, NPUSHAYEHOMY OJisl NOAINPONIIEHY, 3 MONCAUBICMIO Pe2YNIO8AHHA NAPAMEmpie CIMpyKmypu
HEemKaHO020 Mamepiany y WUpOKUX MedHCAXx.

Kntouoei cnosa: nemxani nonimepHi mamepiany, HONNAKMUO, NOJINPONIAEH; AepPOOUHAMIUHE
PO3RUILEHHS PO3NAABY,; 3AMPUMYIOUA 30AMHICMb.

Beryn. Herkani maTtepiaim — 11e Kjac MaTepialiiB, sIKi BUTOTOBJISIOTHCS 0€3 BUKOPUCTaHHS
TPAAULIIHHOTO TPOIECY TKalTBa abo B's3aHHSI. BOHM CKIAQTAarOTHCS 3 BOJIOKOH, SIKi 3B'S3aHI MiX
co00I0 3a TOTIOMOTOI0 XIMIYHUX, MEXaHIYHUX a00 TEPMIYHMX METOAIB. Y TpaauLiifHOMY Mpoleci
TKanTBa ab0 B'I3aHHS HUTKU TEPEIUTITAIOTHCS, YTBOPIOIOYM CTPYKTYpY Matepiamy. Y HETKaHUX
MaTepiajiax BOJIOKHA 3'€THaHi pa3oM, ajne 0e3 3aCTOCYBaHHsS IPOLECY TKaHHSA 4yu B’s3aHHs. Lle
JI03BOJISIE CTBOPIOBATH Marepiaid 3 PI3HOK CTPYKTYPOIO, SIKI MOXYTh MaTH BHCOKY MIITHICTB,
MIPOHUKHICTD MOBITPS Ta BOJIM, @ TAKOXK 1HIII BIACTHBOCTI, SIKi MIXOAATH TSl PI3HUX 3aCTOCYBAHb.

Herkani mMarepiaaym MarOTh HH3KY IepeBar MOPiBHSIHO 3 TPAIUIIHHAMHU TKaHWHAMH. BoHU
MOXYTh OYyTH JIETIIMMH, MIIHIIIAMH Ta OUIBII THYYKHMH, a TaKoX BOJIOJIITH BUCOKHMHU
MMOKAa3HUKAaMH BOJOMPOHUKHOCTI, MOBITPOMPOHUKHOCTI Ta TepMoOcTiiikocTi. Kpim Toro, HeTkaHi
MaTepialii JOCTYMHI y pi3HHX (opMax Ta po3mipax, IO JI03BOJSiE BUKOPUCTOBYBATH iX JUIs
BUPOOHHMIITBA HIMPOKOTO CIIEKTPY MPOAYKTIB B PI3HHUX Tamy3sx. Hampukian, BOHM HE MarTh
TKaHWHHOI CTPYKTYpPHU, TOMY HE MOTPeOYIOTh CKJIaJHUX MPOIECiB TKaHHS a00 B'A3aHHA HUTOK. Kpim
TOTO, BOHU € JIOCUTh JOCTYITHUMH Ta BUTOTOBJISIOTHCS 3 PI3HUX MaTepialiB, TAaKUX K IMOJIECTE,
MOJIIIIPOITiJIEH, HEMITOH, Bicko3a ab0 MPHUPOIHI BOJIOKHA, 110 TA€ MOXJIMBICTh CTBOPIOBATH MPOIYKTH
pi3HOI SKOCTI Ta IHOBOI Kateropii. Takok BOHU € OyXe JIETKUMU Ta THYYKHMH, 110 3a0e3nedye
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OUTBIIY yHIBEpCAJIBHICTh BUKOpUCTaHHSA. HeTkaHi MaTepiany TakoX MalOTh BUCOKY NMPOHUKHICTh
MOBITPSL Ta BOJHM, IO POOUTH iX 1J€aIbHMM BapiaHTOM JUJII BUKOPHUCTAaHHS B MEIMYHUX abo
Tiri€eHIYHUX MPOJYKTAX, a TAKOXK JJIS 3aXUCTY BiJ] HeOaxaHUX (HaKTOPiB 30BHIIIHBOTO CEPEAOBHUIIA
[1].

[Monminpominenosi (III) HeTkaHi MaTepianu JONOMAralOTh 3a0e3MeYUTH e(PEeKTUBHUI
Oap'epHuil 3axuCT Ta (UIBTpAII0 B PI3HUX MEAWUYHHX 3aCTOCYBAaHHAX, 3aBISKH YOMY CTaJIH
HEOOXITHUMH TSI MEAMYHOI MPOMHCIOBOCTI. 3 X HHU3BKOK BAPTICTIO Ta BHCOKOK €()EKTUBHICTIO,
MOJTIMEPHI HETKaHI MaTepiadl BUKOPUCTOBYIOTHCSA B 0araThb0X MEIUYHUX MPOAYKTAX, BKIFOYAIOUH
MAacCKH JUIs 00JINYYsl, XipypriuHi XalaTH, HOB'A3KH Ui paH Ta PUIBTPHU ISl MEIUYHUX MIPUCTPOIB [2].

[TomimMepHi HETKaHI Marepiaad € TMOMYJSIPHUM BHOOPOM I BHUPOOHHIITBA XipPYpPTidHHUX
XajnaTiB 3aBASKM IX BIIACTHBOCTSM 3amoOiratu Inepegadi MIKpOOpraHi3MiB MK XipypriyHHM
MEPCOHAJIOM Ta TallieHTaMHU. Y HayKOBOMY JOCHIKEHHI, poBeneHoMmy Liu et al. (2020), Oynu
NopiBHSHI 0ap’€pHI BIACTUBOCTI PI3HUX MOJTIMEPHUX HETKAaHUX MaTepialiB, 110 BAKOPUCTOBYIOTHCS
JUIsl XIpypriyHuX XxajaTiB. BcTraHoBIieHO, 1O Marepiand, sIKi MamTh CTPYKTYpPy CIIaHOOHI-
MentonayH-cian6ou (SMS), MaroTh HaliBuILI Oap’€pHi BIACTUBOCTI Ta € HAWOUIBII NPUIATHUMU
JUTsl BAKOPUCTAHHS y XIpypriyHuX xajaTax [3].

[Manpemis COVID-19 3ymoBMIIa mMpoKe BUKOPUCTAHHS MACOK JJIs OOJIMYYs, a MOJIMEpHIi
HETKaH1 Marepiajy 3HAWIUIM 3aCTOCYBaHHS y X BUPOOHMIITBI 3aBISKH iX BUCOKIA €(EKTHBHOCTI
¢inbTpanii Ta moBiTponpoHukHOCTI. Jlocmimkenus, mpoBeaene Zhou et al. (2020), HaBiTh
MiATBEpAUIO eheKTUBHICTD (DUIBTpallii MOMaKPUIOHITPUIOBUX elIeKTpoBosiokoH (PAN) Ha piBHI
noHax 95%, mo pobuTk iX mMpuAATHUMH JUTsI BAKOPUCTAHHS B MacKax JJist oOmuaust [4].

[TomimepHi HETKaHI MaTepialy € BaKIUBOIO CKJIAJO0BOIO Y BUPOOHMIITBI MOB'S30K JJIsI paH
3aBJSKU X BUCOKIM MOTJIMHANBHIHN 3/1aTHOCTI Ta MPOHUKHOCTI. ICHYIOTB OCIIPKEHHS BIACTUBOCTEH
KOMITO3UTHOTO HETKAHOTO MaTepiany, sikuii mictuB nosiBiHoBuil ciupt (IIBC) ta xiTo3an, skuit
MoOke OyTM BHUKOPHUCTaHHMH SK paHOBa MOB'A3Ka. Takuii KOMIIO3UTHHI MaTepian Mae BiJAMiHHI
MEXaHIYHI BJIACTUBOCTI, MOX€E MOTJIMHATH BOJIy Ta HAaBITh MAa€ aHTHOAKTEPiaIbHY aKTHUBHICTb, IO
POOHTH HOTO i7IeaTbHUM JJIs BAKOPUCTAHHS B SIKOCTI paHOBOT MOB'SA3KH [5].

He3nmatHicTh moiMEpHUX HETKAHUX MaTepiaiiB 10 010J0TIYHOTO PO3KJIaIaHHS MTPU3BOINUTH
710 IpO0JIeM 3 HAKOITMYEHHSM IIMX MaTepiaiiB Ha 3BAIMIIAX Ta B IPUPOHOMY CEpEIOBUILI, 10 MOXKE
MaTd [JOBTOTpUBAJl HETaTHUBHI HACIIAKU [UIsl HABKOJHMIIHBOTO CEpPEelOBUINA Ta EKOCHUCTEM.
Hanpuknan, ogHe 3 gociimkens, onyonikoBane y Journal of Hazardous Materials, migkpecitoe, mo
3a0pynHeHHS (TajmaTaMu, sSKi BHMHBAIOTHCS 3 TIOJINMPOMUJICHOBUX HETKAHWX MIIIKIB, MOXE
CTaHOBHUTH 3arpo3y Ui 3J0pOB'S JIOAMHMA Ta IOBKULIA. [HIIE HOCHIIKEHHS, SKe 3'IBUIOCST B
Environmental Science and Pollution Research, Bka3ye Ha Te, 1110 BUKOPHUCTaHHS MOJTIIPOITICHOBUX
HETKaHUX MaTepialiB y CUIbCHKOTOCIIOAAPCHKHUX Tally3siX MOXKE CIPUSATH BUKUIY MIKPOILJIACTUKY B
MPUPOIHE CEPENOBUILE, IO MOKE MATH HETAaTUBHUI BIUIUB HA €EKOCUCTEMH Ta 3/I0POB'S TIOAUHMU [6,
7].

3a OoCTaHHIMH JaHWMH, TOJIMPOMIJICHOBI HETKaHI MaTepiai € OJHMMH 3 HaOUIbII
MOIIMPEHNX BUJIIB HETKAHMX MaTepianiB Ha pUHKY. 3TiTHO 31 3BiTOM, onmyOmikoBanum y 2020 pori,
PHHOK TOJIIMPOTIICHOBUX HETKaHUX MaTepiaiiB B 2019 pori omintoBases B 28,8 muip nonapis CIIIA
1 ouiKyBajocs, 1o BiH 3pocte 10 42,6 mupx gonapis CHIA no 2025 poky [8].

VY 1i#t o1iHIll BpaXOBYBAJIKCS Pi3HI 3aCTOCYBAaHHS MOJIIMPOMNIJICHOBUX HETKAHUX MaTepialiB,
BKJIFOYAIOYH BUPOOHMIITBO MEIUYHHX Ta TITI€HIYHUX 3aco0iB, MarepiamiB Jisi aBTOMOOLIHHOI
MIPOMHUCIIOBOCTI, Oy/IiBEILHUX MaTepiajiB Ta IHIIUX BUPOOIB. X04Ua TOUHA YaCcTKa MOJTIITPOILICHOBUX
HETKaHMX MaTepialiB Ha PUHKY HETKAaHUX MaTepiajiB 3alie)XUTh Bia Oaratbox (axkTopiB, BOHU
3aJIUIIAIOTHCS OJHUMHU 3 HAWO1IbII MOMMPEHNUX Ta BAXKIMBUX KOMIIOHEHTIB Ha IbOMY PUHKY.

He3Baxaroun Ha CBOIO MOLIMPEHICTh Ta YHUCENbHI MEpeBaru, MOJIMPOIMiIIEHOBI HETKaH1
Marepiaal TaKoXX MarTh CBOI BJacHI rio0aibHI MpOOIeMH, 30KpeMa, 3a0pyJHEHHS JOBKILIS -
BEJIMKA YaCTUHA MOJIMPOMIIIEHOBUX HETKAaHUX MaTepiajiB CTA€ BIAXOAaMH MiCIs BUKOPUCTAHHS, 1 1X
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HEIOCTATHS YTUJII3allisl MOKE CIIPHUATH 3a0pYAHEHHIO JTOBKIUIA. SIKIIO I1i MaTepiany HEeNpaBHIbLHO
YTUIII3YIOTbC a00 3aKOMYIOTbCA Ha CMITTE3BAIMILAX, BOHM MOXYTh HOTPAIUIATH 0 IPYHTY Ta
BOJHHX PECYpCIB, CIPHUNHSAIOUN HETaTUBHI HACHTIIKH JIsI IPUPOAH T4 MOPCHKHUX €KOCHCTEM.

baraTo mominponieHOBUX HETKAaHWX MaTepialiB He MOXYTh OyTH JIETKO mepepoOsieHi abo
pPELMKIIbOBAaHI uepe3 iX CKIAJAHYy CTPYKTypy Ta XiMiuHi BiactuBocti. lle mnpusBoauth 10
HaKOITMYCHHS B1IXO/IIB 1 301IbIIICHHS HABAaHTAKCHHS HAa CMITTENEPEPOOHi 3aBOAM Ta CMITTE3BAJUIIIA.
HenocratHs iHpacTpykTypa Ta pEryjiaroBaHHsS OO0 MEpPepoOKH MOJIMPOMIIIEHOBUX HETKAHUX
MarepiaigiB TaKOX MOXKYTh YCKJIAIHIOBATH MPOOJIEMY BiJIXO/IB.

BupoOGHHIITBO MOJIMPOMIIEHOBUX HETKAHMX MarepiaiiB MoTpedye 3HAYHHUX KUIBKOCTEH
HEBIIHOBIIIOBAaHUX peECypciB, 30KkpeMa HadTu Ta rasy. lle mpuBOIWUTH 1O EHEPro3aJe’KHOCTI 1
301TBIICHHS BUKH/IIB TAPHUKOBHX Ta3iB Ta 1HIIMX HETATHBHUX €(EKTIiB HA IOBKULIS, MOB'SI3aHUX 3
BHJI00YBaHHSM Ta IEPEPOOKOIO IIUX PECYPCIB.

Bararo mominpomniieHOBUX HETKAaHMX MaTepialliB € HeaerpaaadenbHUMH, TOOTO, BOHH HE
PO3KJIAIaAl0ThCSl Y MPUPOJHIX UM KOMIIOCTHUX YMOBaX.

B skocti 6i0po3kiiagaHoi albTepHATUBHU TONIMPONICHOBUM HETKaHUM MaTtepiajamM MOKe
cratu nosutaktua (IUI). T1JI — me 6iopo3kiiaganuii moaiMep, sSIKUid OTPUMYIOThH 3 BiJTHOBITIOBaHUX
JDKEpeT, TaKUX SIK KyKypyaA3a, IIyKpoBa TPOCTHHA, LIYKPOBUIl OypsK Ta iHIII pociuHHI 6iomacu. Bin
€ OJTHUM 3 HaWIONIMPEHIMMX O10MOoIiMEpiB 1 BUKOPUCTOBYETHCS Y 0ararbox Taily3sx, BKIIOYAIOUH
YIIaKOBKY, TEKCTUIb, MeULMHY Ta 3D-apyk [9].

Onniero 3 HaniBakuBimux nepesar [1J1 € Hioro 3maTHICTh 10 O6io0TiYHOTO po3kinamanHs. [1in
BIUIMBOM BOJIOTOCTI Ta MIKpOOPraHi3MiB B IPyHTI ab00 KOMepLiHHUX KOoMIOcTyBasibHUKaxX, [1JI
PO3KJIaIa€ThCS Ha MPUPOAHI PEUOBMHH, TaKl K BOJa Ta ByrJekucianii ra3. Lle monomarae 3MeHIIMTH
HAKOMUYCHHS MJIACTUKOBHX BiXOIB 1 BIUIMBATH HA 3HUKCHHSI HETATHBHOTO BIUTUBY Ha JOBKIILJIS.

[1JI BUTOTOBIISIETHCS 3 BITHOBIIOBAHUX PECYPCIB, TAKUX SK pociauHHa 6iomaca. Lle 3menmye
3aJISKHICTH BiJ] HCOOHOBJIIOBAaHUX BYTJICBOIHEBUX JUKEpeEN, TaKuX SIK HaTa, 1 Cpus€e 3MEHIICHHIO
€HEePTreTUYHOTO BIIONTKY Ta BUKHIIB TAPHUKOBUX Ta3iB, MOB'SI3aHUX 3 BUPOOHUIITBOM ILIACTHKY.

IJI mae nmesiki BIACTUBOCTI, CXOKI Ha TPaIUIifHI TUTACTUKOBI Marepianu. BiH Mae BUCOKY
MPO30PiCTh, TOOPY MIIHICTB 1 KOPCTKICTh, @ TAKOXK HEMOTaHy Oap'epHy BIACTUBICTH OO Ta3iB i
napu. OfHaK, MOPIBHAHO 3 JEAKMMH IHIIMMHU IOJIIMEpaMH, BiH MOK€ OyTH MEHII CTIHKUM 10
BHUCOKHX TEMIIEpaTyp Ta POZUYUHHUKIB.

[TJT BUKOPHUCTOBYETHCS ISl YIMAKOBKH XapYOBUX MPOAYKTIB, BUTOTOBICHHS OJTHOPa30BUX
CTOJIOBHX TPHOOPIB Ta MEIMYHHX IMIUTAHTAHTIB. Moro 6iopo3KiafaHicTh poOHTH HOro GimbII
€KOJIOTIYHOIO aJbTEPHATUBOIO TPAAULINHOMY IUIACTHKY, BUTOTOBICHOMY 3 HEBITHOBIIIOBAHHMX
pecypciB. OgHak BaxJiMBO 3a3Ha4yuTH, 10 [IJI HEOOXiAHO HAJIEKHUM YUHOM YTHIII3YBaTH Ha
KOMEPIIITHOMY KOMITOCTHOMY MiJAIPUEMCTBI, OCKIIBKM BiH MOXE HE PO3KIAATHUCS HAJICKHUM
YMHOM Y JIOMAIIHii cucTeMi KommocTyBauHs [10-12].

TakuM YWHOM, IS 3MEHIICHHS EKOJIOTIYHOTO BIUIMBY MOJIMPOMIICHOBUX HETKAHUX
MarepiaiaiB, MOKIIMBI TPH IUIAXHU: 3aCTOCYBaHHs 010pO3KJIaIaHUX MaTepialiB 3aMiCTh CHHTETUYHUX
MoJIiMepiB; BUKOPUCTAHHs HAIMIOBHIOBAYiB HA MiHEpaJIbHIM OCHOBI 151 TPAAUIIIMHNX TOTIMEPIB 3315
3MEHIICHHS MAacOBOi YaCTKHM CHHTETHYHMX HEPO3KJIAJaHUX ToJiMepiB. Taki KOMMO3wWIlii, 3a
JIOCTaTHHOTO BMICTY HAIIOBHIOBAYa, TAKOXK MOXKYTh TOHYTH Y OK€aH1 3aMIiCTh YTBOPEHHS IJIaByYUX
IIJISIM BIJIXO/1iB; BUKOPUCTAHHS MIHEPAJbHUX HAMOBHIOBAUIB ISl 010pO3KIIaaHUX MOJIIMEPIB 33151
3MEHIICHHS €eHePreTHYHNX BUTPAT Ta BApTOCTI 010pO3KIIalaHUX KOMITO3HUIIH.

IlocranoBka 3aBaaHHsl. MeToro JaHOI CTaTTI € MOCHIIKEHHS MOMKIMBOCTI OTPHUMaHHS
HETKaHHUX MaTepialliB 3 MONUIAKTHAY Ha TPAIULITHOMY YCTaTKyBaHHI JUIsl IEpepOOKHU MOJIITPOIiIEHY
Ta BU3HAYEHHS 1X BIACTHUBOCTEH.

Buxigni martepianu Ta Mmeroau. B maniit poOOTi Ans oTpUMaHHS TOCIHITHUX 3pa3KiB Oyi0
BUKOPHUCTAHO mojinponijeH Mapku PP Sabic 519A Ta noninaktua mapku Luminy PLA L130 (TOB
«Tenko Ykpainay).
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Jocniani 3pa3ku 000X HETKAHUX MaTepialliB BUTOTOBIISLTUCS 32 METOJIOM aepOJAMHAMIYHOTO
PO3MUJICHHS PO3IUIaBy Ha MpHiiMaibHui Oapaban (mMelt-blown) Ha 1abopaTopHii yCTaHOBIU IS
BUTOTOBJICHHSI BOJIOKHHUCTHX MarepiaiiB (puc. 1). YcTaHOBKa CKJIaJa€Tbcs 3 OIHOIIHEKOBOTO
eKCTpyziepa 3 EIEeKTPOHHOI CHCTEMOIO KEpyBaHHS HarpiBaHHA Ta TMpUBOAOM ekctpynepa (1).
Po3muiaB, yrBopeHuil B eKCTpyiepi HAAXOAUTh Y TOMIBKY 2, 1€ BiAOYBAETbCS PO3NUIICHHS PO3ILIaBY
[UITXOM TiJBEACHHS HArpiToro CTUCHEHOTO TMOBITps. /I pO3MHICHHS BHUKOPHUCTOBYETHCS
aTMoc(epHe MOBITPS, KOTpe NMPOXOAUTh depe3 (imbTp 5 Ta MOBITPOAYBKY 4 1 HarpiBaerbcs y
kasopudepi 3 go Temmneparypu nporiecy. CTpyMiHb pO3IUIaBy MOJIMEPY, MiAXOTUICHHH MOTOKOM
rapsuoro MoBiTpsi, COPIMOBYETHCS Ha NMpHIMaIbHUNA O6apalbaH 6, SKUil 00epTa€THCSI HABKOJIO CBOET
OCl Ta TEPEeMIIIYeThCA MUKIIYHO-TIOCTYNMAJbHO Y TOPU3OHTaNbHIA 1UiommHl. OOepTaHHS Ta
norepeyHe MepeMilieHHs puitManbHoro 0apabaHny 3abe3neuyeThest IPUBOIOM 8 1 TpaBepcoro 9 Ta
JO3BOJISIIOTh PIBHOMIPHO 3allOBHUTH TOBEPXHIO OapabaHy HAMWICHUM IOJIMEPHUM MaTepiajioM.
[TpuiimanbHuii 6apabaH OCHAIEHUH PO3TIAKYIOUYHM POJIUKOM 7, SIKUH YIIUTBHIOE OTPUMYBaHUN
HETKaHWI MaTepiall.

Ilepen 3aificHEHHSM IMepepoOKM MaTepiany MUIArald CYIIiHHIO y CymapHid madi npu
temmneparypi 60°C npotsirom 12 roaus.

Ha mowartkoBiii cTaaii gociimkeHs O0yno JOCTIHKEHO 3pa3ku (QiIbTPYBAIBHOTO MaTepiary 3
OJTHOPA30BHX 3aXMCHHUX MACOK, IO JO3BOJHJIO OOpaTH THUIOBY MUTOMY Bary marepiany 70 T Ha
KBaapaTHU MeTp. Ha mocnmigHiii ycTaHOBIII BUTOTOBIEHO HeTKaHWi Mmatepian 3 III1 3 TumoBumu
BJIACTUBOCTSIMH 33 TMTOMOIO TYCTHHOIO Ta PO3MOJIOM PO3Mipy eJIeHTapHUX BOJIOKOH. [IpuBeneHa
Bara OJIMHMIII IUIOII MaTepially 3 MOMINpPOIieHy Oyia BiATBOpEHa 3a I0TIOMOT0I0 3MiHU MTapaMeTpiB
nepepoOKH Ha MOTUTAKTH/].

(0

e
=

=
=

| © ©

Tlosnauku: 1 — ekctpynep; 2 — royioBa excrpynepa; 3 — kamopudep; 4 — NOBITpoAyBKa; 5 — GineTp mOBiTps; 6 —
npuiioMHuii 6apaban; 7 — po3rmamkyrounii 6apadan; 8 — mpuBix obepTanHs O6apabaHy; 9 — TpaBEpCHHI MEXaHI3M ISt
MIOTIEPEYHOTO TTepeMillieHHsT OapabaHy

Puc. 1. Cxema 1a00paTOPHOI YCTAHOBKM JIJI1 BUTOTOBJICHHSI BOJIOKHUCTHX MaTepiaJiiB

MEeTO0M PO3NUJIEHHS PO3IIABY

BosokHOYTBOpEeHHSI B Ipoleci aepoJuHaMidYHOTO (OpMYBaHHS BUMArae MEBHUX 3HAUYEHb
PEOJIOTIYHNX XapaKTEPUCTUK MaTepialliB, KOTPl JOCATAIOTHCS IUIIXOM BHOOpPY TeMITEpaTypHHUX
napametpiB nepepooku. [msa IIT Ta T Buznavanu IITP ans BuximHOro Matepiaily Ta y BHIISII
HETKaHOTo Marepiany (tadi. 1).
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Tabnuys 1
Baacrusocri III Ta ILJI
. . . IITP, r/10xB 3
[TonimepHuit maTepiain > - I'yctuna, xr/m
rpaHyia HETKaHUM MaTepia
IIT (230 °C; 2,16 kr) 34 86 906
ITJI (210 °C; 2,16 kr) 21 36 1243

B mporeci nepepo6xu I1I1 3a3Hae TepMiYHOI Ta OKHCHOI AECTPYKLIi, 10 MPHU3BOIUTH 10
3poctanus [ITP. 3nauenns B’A3K0CTI po3miaBy, HeoOXigHe 111 POpMyBaHHS HETKAHOTO MaTepiaiy,
JOCSITAETHCS IK BUOOPOM CHUPOBUHH 3 IMEBHUM MOYATKOBUM 3HAUYEHHSM B’A3KOCTI PO3IUIABY, TaK 1
rapameTpaMu mepepoOKH.

TemmieparypHi pexxuMu oTpuMaHHs HeTkaHux matepiainis 3 I1I1 ta I1J] naBeneni B Tabmuui 2.

Tabauys 2
Temneparypsi pexumu GopMyBaHHSI HETKAHOT0 MaTepiagy
[MonimepHuit Tewmeparypa, °C
. 3oHa 4 (ronoBKa 3oHa 5
Marepiai 3ona 1 3oHa 2 3o0Ha 3 .
eKCTpyAepa) (moBITpS)
111 240 290 300 280 390
111 150 190 190 230 270

[TapameTpu mepepoOKH MOJIMPOIIJICHY Ta TMOJUIAKTHAY BIAPIZHAIOTHCS TEMIIEpaTypOIO
nepepoOKu: MOoJnporniiieH norpedye BHIOI Temreparypu mnepepodku (mpubdimsuo 250-300°C),
MOPiBHAHO 3 ToyIakTuaoM (rpuommu3no 190-220°C). Il BiAMIHHICTH TMOSCHIOETHCS THUM, IO
MaTepiajii MaloTh Pi3Hi MOYAaTKOBI PEOJIOTIUHI BIaCTUBOCTI.

Vi iHmi mapamerpu (MPOAYKTHBHICTH, IIBUJIKICTh NpHHOMy Ha OapabaH, BiJICTaHb Bij
TOJIIBKHM eKCTpyzepa 10 OapabaHy, BUTpaTa MOBITpPs, TOLIO) OyIu OAHAKOBUMHU JUIsl 000X MaTepialiB
(tabm. 3).

Tabauys 3
TexHoJI0TiYHI mapamMeTpu nepepooKu
TexHosoriuHi napameTpu Snatenns
I1I1 11
[TuTOMa Bara HETKAHOTO MaTepiany, I/M° 70 70
[IBuakicTh 0OepTaHHs mHEKY, 11 5 5
[TpoayKTUBHICTB, T/TOJ 81 98
Burparta nositps, M>/c 3,3 3,3
Biacranp no nmpuitomHoro 6apabany, cMm 10 10
HIBuakicTh npuitoMy Ha 6apabaH, M/c 0,264 0,264
YMOBHA TOBITMHA 3pa3Ky, MKM 380 311

OTpuMaHi HETKaHI Marepiaad aHali3yBaIM MIOJ0 PO3MOJIIY PO3MIPIB eleMEHTapHHUX
BOJIOKOH 32 YSBHHUM J[ilaMETPOM IIUIIXOM MPOrPaMHOI0 aHali3y 300pakeHb, 01ep:KaHUX ONTHYHOIO
MiKpockortiero. 300paxeHHs ofaepkyBainuch Ha Mikpockorni MBC-10 3 3acTocyBaHHSM 301IbIIICHHS
15x. Mikpockon OCHaIlyBaBcs €JIEKTPOHHOIO KaMepolo, 1[0 BMOHTOBAaHO 3aMiCThb OKYJSpa, s
oTpuMaHH U (ppoBoro 300paxkeHHs1. YopHO-01s11 300pakeHHs, OTpHUMaH1 TAKUM YHHOM, 30epiraiucs
y ¢opmari 8-6iTHoro 300pakenHs ¢opmary .tif. [ns anamizy 300pakeHb BUKOPUCTOBYBAJIOCH
nporpamHe 3a0e3medeHHs Image) [13], 10 BUTBHO PO3MOBCIOKYETHCS Ta  MIUPOKO
BUKOpUCTOBYeThCS. [Iporpamue 3abe3meueHHs BHUKOPUCTOBYE cremiaabHuMil miarin Diameter],
KOTpUH TIEPETBOPIOE Ta 1MCHTH(IKYE BUAMMY IPOCKIII0 BOJOKHA Ha 300pa)K€HHI SK 3HAYCHHS
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YMOBHOT'O J[ilaMeTpa BOJIOKHA, BBa)KAIOYH, II0 BOHO € YMOBHO HMJIIHAPHUYHUM. [lJii KOPEKTHOTO
MEPETBOPEHHS MacmTady 300paKE€HHS Yy PO3MIPHI XapaKTEPUCTHKH BOJIOKHA 3J1HCHIOBAIN
KaJgiOpyBaHHS ONTHYHOI CHUCTEMM 3a JOMOMOTOI0 O00’€KTHOTO MiIKpoMeTpa. 3HAYeHHS MIKaIU
MIKpOMETpa TIEpEepaxoByBaIM y MacIITad IIKCeNliB 300paxxeHHs dYepe3 BOyIOBaHY (YHKIIIO
MPOrPaMHOTO 3a0€3MEUCHHS.

3arpuMytoda 374aTHICTh HETKAHOTO Marepially OIHIOBAJaCh Yy MOBITPSHOMY CEpPEIOBHIII 3a
JIOTIOMOTOF0 BUITPOOYBAaIBLHOTO CTEHA (PUC. 2), SKUI CKJIaIaBcs 3 JTIYMIbHUKA aepO30JIbHUX YaCTOK
Temtop PMD331 (ceprudikoano 3a [1SO-21501), mosirpsHOoro poramerpa PM-0,4 T'Y3 ta
BunpoOyBanbHo1 koMipku Millipore Y'Y3009000 Filter Holder.

IHosnauxu: a — 3arambHa cxema: | — kaMmepa 3 MOJENBHHM CEPEIOBHINEM; 2 — JDKEPENIO aepOo30JbHUX YAaCTHHOK,
yIBTPa3BYKOBHI aTOMI3aTOp Ta PO3YMH XJIOPHY HATPIIO; 3 — KOMipKa-TpUMau JTOCHiDKYBAHOTO 3pa3ka; 4 — poTaMeTp; 5
— JIIYAJIBHUK YaCTUHOK; 0 — ()OTO, BUMipIOBAJIbHA YACTHHA CTCHITY.

Puc. 2. BunpoGyBajabHuii cTeH AJ1si BUMIPIOBAHHS 3aTPUMYIOUYO0] 31aTHOCTI y MOBIiTpi

JIiUMIBHUK YaCTOK OCHAIIEHUH BOYIOBaHUM MOBITPSHUM KOMIIPECOPOM 3 BUTPATOIO MOBITPS
2,83 n/xB. B moTOIll TOBITpS BCTAaHOBJIEHO pOTAMETpP, IO BHUMIPIOE BUTpATy TMOBITPS TNpH
BCTaHOBJICHHI (QUIBTPY y KOMIpPKY, 3 METOI0 BpaxyBaHHS TiJpaBIiYHOrO OMOpy (iabTpauiiHOro
enemeHTy. [loBiTps 40 JIYKMJIBHUKA YacTOK MOXE TMPOXOAWTH dYepe3 KOMIPKY 3 3pa3koM
¢binbTpyBanbHOrO Marepiaidy abo uepe3 OOXiIHUH KaHal 3 KaMepu 3 MOAEIBHHM CEPEOBHUIIIECM.
3niiiCHIOBAJIOCH BUMIPIOBaHHS BMICTY a€pO30JbHUX YaCTOK MOJICTTLHOTO CEPEIOBHINA Ha YCTAHOBIII
criouarky 0Oe3 (imprpaimiifHOro enemMeHTa B KOMIpIi, a MOTIM 3 (UIBTPALiiHUM EJIEMEHTOM 3
JOCIITHOTO HETKAaHOTO Marepiairy. MojenbHe cepefoBUIIEe CTBOPIOBAJIOCH IIISXOM PO3IHIICHHS
YABTPa3BYKOBUM aTOMi3aTopoM 2% pO3YMHY XJIOPUAY HATpilo y AUCTHIbOBaHIM Boai. JIUMIBHUK
aepo30JILHUX YaCTMHOK Mae 7 KaHaJliB BUMiptoBaHHA po3Mipy yacturok (0,3-0,5-0,7-1,0-2,5-5,0—
10,0 MxkM) i BUMIpIOE KUTBKICTh YaCTHHOK B 1 11 poOouoro cepefoBHIia B KOKHOMY Jiara3oHi.
3arpumyroya 3/1aTHICTb BH3HAYAETHCS ISl KOXKHOTO Jlarna3oHy po3Mipy YacTHMHOK y % BiTHOCHO
BuxinHoro moBiTpsa. [IpoBomwioch 5 mnapaneabHUX BUMIPIOBaHb Ta BH3HAYAJIOCh CEPEIHE
apu(MeTHIHE OTPUMAHUX 3HAYCHb.

PesyabTaTn aociaimkenHs. Herkani marepianu, ojepikaHi pO3MHJICHHSIM pO3IUIaBY Ha
npuiiManbHuil OapabaH, 3 OAHAKOBOIO MHTOMOIO Barol OJWHHMIN IUIONI, OYyJau TOCIHIDKEHI 3a
JOTIOMOTOI0 ONTUYHOT MIKPOCKOITIT 3 MOJAJIBIINM ITPOTPAMHUM aHaJIi30M 300pakeHHs (puc. 3).

[TapameTpu CTPYKTYpH Marepiany BKJIIOYAIOTh PO3MOJAUT BHAUMOIO TIEpepidy BOJOKHA
(miameTp), KUIBKICTh TMEpeXpelieHb BOJOKOH Ha OJWHMIIO IUIONII Ta TapaMeTpU BUSBICHHX
MTOPOYKHUH — CEPETHsI TUIOIIA TOPOKHUH Ta B1JICOTOK IIJIOMII MOPOKHUH Y OJMHHMIII TUTOIII TOBEPXHI
(Tabm. 3).
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Puc. 3. 300paxkeHHs1 HETKAHOT0 MaTepiajay 3 MoJinpomnijieHy (JIiBOpyY) Ta MOJUVIAKTULY
(mpaBopy4) orpumani Ha Mmikpockoni MBC-10 3 kpatHicTio 15x

Tabnuys 3
IlapamMeTpu CTPYKTYPH HETKAHOTO MaTepiajay
Bnactusocri
Martepian Cgpezmiﬁ MegiaHHHﬁ Cepenns moma ITutoma Kinekicts
TiamMeTp TiamMeTp MOPOKHUH, IJI01Ia nepexpecTb
BOJIOKHA, MKM | BOJIOKHA, MKM MKM? TOPOXKHKH, % | BOJOKOH, IIT/MM?
11 6,28 7,88 51 0,09 3340
IJ1 5,56 7,67 50 0,11 3990

OnepkaHi pe3yiabTaTd BKa3yloTh, IO 3a MPUOIM3HO OJIHAKOBOTO MEAIaHHOTO IiaMeTpy
BOJIOKOH, HeTKaHuil MaTepiai 3 [1J] mae MeHImunii cepenHiil 1iaMeTp BOJIOKOH, B TOM Yac sIK KUIbKICTh
IepexpeeHb BOJIOKOH 3pocTae Maibke Ha 20%, 1110 3yMOBITIOE AEII0 MEHILY CEPEIHIO IIJIOLLY MOp
Ta BUILY e(eKTUBHICTH NpU (iabTpanii qpioHUX yacTuHOK. CIif] 3a3HAYUTH, 110 T'YCTHHA BUX1IHOTO
noninpomnineny (0,915 r/cm®) 3HauHO MeHMa 3a ominakTx (1,240 /cM), M0 MOe 6yTH TPHYNHOO
MEHILIOTO JliaMeTPy BOJIOKOH JJIsl MOJIITAKTUY TIPY OJTHAKOBIM MUTOMIH Ba3i HETKaHUX MaTepiaib.

Hetkani marepianu 3 MOMUIAKTHAY TaKOXK BIIPI3HAIOTHCSA BUIIOKO 3aTPUMYIOUOIO 37aTHICTIO
MOPIBHSHO 3 OJIMPOIMIJICHOM IPH MOAI0HOMY JiamMeTpi BoJOKHa (Tadur. 4).

Tabnuys 4
3aTpuMyroua 3AaTHICTh JOCJHIIKYBAHUX HETKAHUX MaTepiajiB

Marepian 3arpumMyroua 37aTHICTh, % (7151 iana30Hy BUMIPIOBAHHS)

03mxkm | 0,5mMkM | 0,7mxm | 1,0MMm | 2,5MM | 5,0 Mmxm | 10,0 MKkM
11 46,84 53,30 73,06 88,05 95,96 98,91 100,00
1 55,33 63,43 80,47 90,94 98,00 100,00 100,00

MoxHa 3pOOHTH NPHITYIICHHS, 10 YMOBHMH JiaMeTp BOJIOKHA JOCII/KCHHX HETKaHUX
MaTepialiiB € KII0YOBUM (PaKTOPOM, 1110 BU3HAYA€E €(EKTUBHICTD iX 3aTPUMYIOYO] 3aTHOCTI.

[TapameTpu po3MOAUly YMOBHOTO [iaMETPy BIAPIZHSAIOTHCS U1 TOJIMPOIUICHOBUX Ta
NOJIAKTHIHUX HETKaHUX Marepianis (puc. 4).

[TomnpornisieHOBI BOJIOKHA MAOTh O1ITBIIT OJTHOPITHUHN PO3MIp Ta BY3bKHM PO3TIOILI JiaMeTpPiB
BOJIOKOH, TOJI SIK BOJIOKHA 3 TOJIJIAKTHIY MAaroTh OUIbIlIe MEPETHHIB HAa OAMHUIIO IUIONI, IO
3MeHmye rronty nop. Ilapamerpu aepoanHamigHOTO (POPMYBAHHS CHPUYMHSIOTH BIUIMB HAa (GOpMy
Ta pO3MIp BOJIOKOH, II0 Ma€ 3HAYEHHS I MapaMeTpiB ePeKTHUBHOCTI (iibTparii Ta IHIINX
BJIACTUBOCTEH HETKAaHUX MaTepiaiB.

SIKiCTh 3aTpUMaHHS YaCTMHOK HETKAaHUMH MaTepialaMu CYTTEBO 3aJIe)KUTh Bij MapaMeTpiB
MpoIiecy BUPOOHUIITBA, 1 BUKOPUCTAHHSI PI3HUX MapaMeTpiB, TAKUX SIK TEMITepaTypa 1 TUCK TOBITpS,
MOXYTb CYTT€BO BIUIMHYTH Ha BIACTUBOCTI Marepiaiy. B peanbHUX BUpOOHMYMX yMOBaX HEOOXiaHE
MOCTIHE TECTYBAaHHS ITapaMEeTPiB 3aTPUMYIOUO] 3IaTHOCTI Ta 3HAXOHKCHHSI iX KOPEJIALii BiJl MTEBHUX
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peXUMIB BUPOOHUITBA. 3pa3Ku HETKAaHUX MarepialiB, ojepkaHi B JaHii poOOTi, BUTOTOBJICHI B
MaKCUMaJIbHO TMOJIOHMX yMOBaxX BHPOOHUIITBA, ajie 3 CYTTEBO PI3HUX IMOJIMEPHHX MaTepiais,
0CO0JIMBO 32 PEOJIOTIYHUMH BIIACTUBOCTSIMH.

0 S) 10 15

VYsaBHUI TiaMeTp BOJIOKHA, MKM

20

Puc. 4. Kpusa po3noaisly yMOBHOI0 JiaMeTpPy BOJIOKOH B OTPMMAHOMY HeTKAaHOMY MaTepiaJii:
1 — monistakTHa; 2 — moJTinponijieH

BucHoBkHM. BcTaHoBieHO, 110 Ha TEXHOJOTIYHOMY OOJIaJHAaHHI, NPU3HAYCHOMY IS
nepepoOKH MOJTIMPOIICHY, MOXIJIMBA YCITIIIHA MTepepoOKa MOJTUTAKTUY Ta OJepKaHHS HETKAHOTO
Martepiaiy 3 aHaJIOTITYHHUMHU TapaMeTpaMH Baru OJWHUII ITJIOMII.

JocnipkeHo mapamMeTpu PO3MOJAUTY YMOBHOTO JiaMeTpPy BOJIOKOH TIOJIMPOMiJICHY Ta
MOJIUTAKTU/TY, OJIEP>)KaHUX B MOJIOHUX TEXHOJIOTIYHUX MapaMeTpax (popMyBaHHS.

JlocnipKkeHo mapaMeTpy 3aTPUMYIOUO01 3/IaTHOCTI y MIOBITPSHOMY CEPEIOBHIII, SKi BKa3yIOTh
Ha MOJJIMBICTH 3aCTOCYBaHHs NOJUIAKTUIAHUX HETKaHMX MaTepialiB y cdepax 3acTOCYBaHHS,
MPUTAMaHHUX TOJIIMPOTICHOBUM MaTepiajiaM.

3arpuMyroda 3JaTHICTh HETKAHOT'O MaTepiany 3 MOJINpOINiJieHy CTaHoBUTh 46% a ans
noutakTuay 55% nis aianazony 4actok 0,3 Mkp.

Herkanmii Matepias, BHUIOTOBIEHUH 3 TMONUIAKTHIY, IO BOJIOAIE OJHAKOBOIO 3
MOTIIPOITIJIEHOBUM MaTepiaJioM IMUTOMOIO Baroro, BOJIOJI€ aHAIOTIYHOIO 3aTPUMYIOUOI0 3/IaTHICTIO
Ta MEHIIMM 3HaYCHHSM YMOBHOT'O JiaMeTpy BOJIOKOH. IIpu koMY I'yCTHHA BHXIJHOTO MOJIIMEPY Y
MOJIUTAKTUIY 3HAYHO BUIIA. J[aHUI BHCHOBOK Ba)XJIMBUH 3 TOUKH 30PY BapTOCTI CHPOBHUHH.

[MToninakTu BiTHOCUTHCS A0 O10PO3KIaaHUX Ta KOM IMOCTOBAHUX TOJIIMEPIB, IO 3yMOBIIIOE
€KOJIOTIYHICTh HETKAaHMX MaTepialliB Ha #oro ocHOBI. JlocmikeHHsT O10JIOTIYHOTO PO3KIIATy
OJIepKaHMUX MaTepianiB Oyzae 3iiiCHEHHE y HACTYNHUX JOCTIJDKeHHSAX. B Xoai momambiImx
JOCITIJDKEHDb TUIAHYETHCS JTOCHIIUTA BJIACTHBOCTI HETKAHMX MaTepialliB 3 KOMIIO3UTIB Ha OCHOBI
MOJIIPOITIJIEHY Ta MOJIAKTUTY.
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APPLICATION OF BIODEGRADABLE POLYMERS IN THE MANUFACTURE
OF NONWOVEN FILTER MATERIALS
Purpose. The purpose of this article is to investigate the possibility of obtaining nonwoven materials

from polylactic acid and to examine their properties.

Methodology. Nonwoven polymer materials from polypropylene and polylactic acid was produced on
a laboratory setup using the melt-blown method, which involves aerodynamic spraying of the melt onto a
receiving drum. The size distribution of the elementary fibers based on their apparent diameter was analyzed
through software analysis of images captured by optical microscopy. The images were obtained using a optical
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microscope with a digital camera attached. ImageJ software with the specialized DiameterJ plugin was used
for image analysis. The filtration efficiency of the nonwoven material was evaluated in an air environment
using a testing stand equipped with a Temtop PMD331 aerosol particle counter (certified according to ISO-
21501).

Findings. The possibility of manufacturing nonwoven material from polylactic acid on equipment
suitable for polypropylene processing has been experimentally confirmed. The parameters of fiber structure
and their filtration efficiency were investigated. The nonwoven material with same square weight from
polylactic acid has a 10% lower average fiber diameter compared to the nonwoven material from
polypropylene. Nonwoven polymer materials manufactured with the same square weight exhibit similar
filtration efficiency values. The nonwoven material from polylactic acid is characterized by improved filtration
efficiency and a smaller average fiber diameter. Nonwoven material produced from polylactic acid can be
used as potential biodegradable replacement of polypropylene based on material structure and filtration
performance.

Originality. The parameters of fiber structure in nonwoven materials made from polypropylene and
polylactic acid were investigated using image analysis software. The influence of fiber diameter distribution
on the filtration efficiency of the materials was studied.

Practical value. The feasibility of processing polylactic acid on equipment designed for polypropylene,
with the ability to adjust the parameters of the nonwoven material structure within wide ranges, has been
established. Equipment designed for polypropylene polymer is well suitable for processing polylactic acid with
different temperature settings

Keywords: nonwoven polymer materials; polylactic acid; polypropylene; melt-blown; filtration
efficiency.
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Kuiscoruii nayionanvhuil ynisepcumem mexnonoziti ma ouzauny, Yxpaina

BJIACTHUBOCTI T'IbPUJHUX TIAPOI'EJIB 3 JTOJABAHHAM
MOJIUPIKOBAHOI'O KPOXMAJIIO TA I'/IMHHU
MOHTMOPUJIOHITOBOI'O THUITY

Mema. Memoio Haykogoi pobomu € po3poOKa MexHoA0ci 00epIHCAHHS CIOPUOHUX 2i0po2cenesux
mamepianié HA OCHO8I NONIMEPHOI KOMRO3UYIL NOMIBIHIN08020 CRUPMY 3 000ABAHHAM MOOUPDIKOBAH020
KPOXMAI0 ma 2lUHU MOHMMOPUIOHIMOB8020 MUNY | BUBYEHHS IX COPOYITIHUX 81ACMUBOCHIEU.

Metomuxa. /[nsi cmgopents 0CHOGU 2iOPUOHUX 2I0pocenesUx Mamepianie UKOPUCMOBY8AIU CYMILL
10% pozuuny nonigininosozo cnupmy (IIBC) ma 5% posuuny xapbokcumemunvosanoeo kpoxmamo (KMK) y
cnisgionoutenti 1:1. B sxocmi Hanosniogaua 2iopozeis BUKOPUCTIO8YBAU 2TIUHY MOHMMOPUTOHIMOBO20 MUNY
¥y uensdi nopowky 8 kinvkocmi 6i0 1 0o 10 06 ’emuux wacmun. I'ibpudni ciopozeni ompumy8any wisixom
OOHOKPAMHO20 3AMOPOACYB8AHHA npomseom 24 200un npu memnepamypi -15°C, 6 pezymvmami skoeo
8i0bysanocs Kpiocmpykmypysanuus. Bonocicms 2iopocenesux mamepianié GU3HAYANU HA AHATI3AMOPI
sonococmi MA-50 R Radwag npu memnepamypi 70°C. [lna oyinku 6naugy KilbKOCMI 2IuHU
MOHMMOPUIOHIMO08020 muny ¢ komnoszuyii IIBC/KMK na enacmueocmi 2ibpuonux 2iopozeiesux mamepianie
00CNIOACYBANU 2PABIMEMPUYHUM MEMOOOM COPOYIIHI XAPAKMEPUCTNUKU KOMNOZUYITIL.

PesyabTatu. Po3pobieno mexuonoeito o0epiicanns 2i0puoHUx 2iopozenesux mamepianie memooom
Kpiocmpykmypyeanus. B pesynemami aunanizy copbyiunux enacmugocmeti 2iOpudHux 2iopocenegux
Mamepianié 6CMAHOBICHO, WO 86COEHHS SIUHU MOHMMOPULOHIMOB020 MUNY NPU3BO0UMb 00 NOBHOI 3MIHU
xapaxmepy Kpugux copdyii. Cnocmepiecacmubcs Koaanc ciopoeenesux cucmem, a copoyis nadace 3 1000% oo
250% 3 docsaenenHam pieHOBANCHO20 3HAUEHHSA npomsicom 72 200un. [lpu emicmi 1 06 eMHOI yacmunu 2aunu
copbyis sHudicyemovcs Ha 270% i cmanosums 6 pignogasicnomy cmani 720%. Maxcumanvhe sHudicenns copoyii
Ha 480% cnocmepicacmovca 01 3paskie, AKi micmams 5 00’ €MHUX YACMUH 2AUHU | CMAHOBUMb 8
pisnosaxcuomy cmani 300%.

Ilpu oocnidocenni decopbyii 2ibpudnux 2iopoeenesux mamepianie 610 6CMAHOBIEHO, WO 000ABAHHS
2NIUHU MOHMMOPUTOHIMOB020 MUNY YNOGLIbHIOE npoyec decopdyii 2iopoeenié na ocnosi IIBC/KMK. Bemano-
8UU, W0 noimepHi komnosuyii Ha ocrhosi IIBC 3 KapOoKcuMemuibO8aHUM Kpoxmanem y cniegionowienui 1.1
3 000a6aHHAM 2MuHU Y Kitbkocmi [-2 00°eéMHi uwacCmMuHu MONCHA DPEeKOMEeHOY8aAmU O O00EPHCAHHSL
Kpio2iopoeenie 3 ni0sUeHUMU COPOYIUHUMU 8IACIMUBOCMAMU MA YNOBLIbHEHOI0 WBUOKICIIO GUCUXAHHSL.

HaykoBa HOBM3HA nonseac y 6u3HayeHHi NAUSY O00ABAHHA 2NUHU MOHMMOPULIOHIMOB020 MUNy y
xomnosuyiio Ha ocuosi [IBC 3 KMK 0ns odepoicanns eiopoeenie memooom KpioCmpyKmypyeaHHsL.
Bcmanoeneno, wo dooasanus enunu npuzgooums 00 KOIANCy 2iOpudHux 2iopoeenesux mamepianie nio Oi€ro
600U, MA YNOBIIbHEHHIO 0eCOPOYITIHUX 6AACUBOCMEl 2IOPUOHUX 2i0p02eis.

IpakTU4HA 3HAYUMICTB. PO3p001eHO MEXHON02T10 00ePIHCANHSL 2IOPUOHUX 2I0pO2eNesUX MaAmepianie
HA OCHOBI CyMiwi NOAIBIHII08020 CRUPMY MA KAPOOKCUMEMUTLOBAHOZO KPOXMANIO 3 000ABAHHAM 2IUHU
MOHMMOPUNIOHITNOB020 MUNY Memo0oM KpIOCMPYKMYPYBAHHS, BUSHAYEHO MONCIUBICINb De2Ylt08AHHS
copOyiliHUX éracmusocmet 2iopo2eié UAsXoM 88e0eHHS! CTIUHUL.

Knrouoei cnosa: 2iopudni 2iopozeni, enuHa MOHMMOPUTIOHIMOB020 MUNY; NONIGIHIIOBUN CNUPM,
KapOOKCUMemuib08aHULl KpOXMAlb, copoyisn,; decopoyis.

Beryn. I'iGpuaHi rigporeni e CTpyKTypoBaHUH TiApodUIbHUIA TOJIMEpHUN MaTepiall, SKAn
MOJKE€ TMOTJIMHATH 1 YTPUMYBATH BEJIHMKY KUIBKICTb BOJH, ajieé HE PO3UMHAEThCA y Hid. [igporeni,
OTPUMaHI 3 IOJAaBaHHSAM KPOXMAIIO Ta WOTO MOXITHUX, MAIOTh MiABUIICHI COPOIiiiHI BJIaCTUBOCTI,
010CYMICHICTb Ta 3AATHICTH A0 OIOpPO3KJIAZAaHHS, IO 3YMOBIIOE X BUKOPUCTAHHS B OlOMeIUYHIN
cdepi [1, 2].

B poGoti [3] nochmimkyBanu BUKOPUCTaHHA MOAM(PIKOBAHOTO KPOXMAJIO Ta TJIMHU
MOHTMOPHJIOHITOBOTO THUITY JJIS TiABUIIEHHS 3aTHOCTI T1IPOTEIIO 0 MOTJIWHAHHS M yTpUMaHHSI
BOJM Ta 3aCTOCOBYBAJIM Yy MEIUIIMHI JJIS CTBOPEHHs TiJPOTreNeBHUX IOB'S30K. TakoXX BiZOMO
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3aCTOCYBaHHS TIOPUIHMX T1IPOTEIIiB B CITLCHKOMY TOCIIOAAPCTBI [4] 11t 30epiraHHs Ta TOCTaYaHHS
BOJIOTH POCITUHAM.

JlonaBaHHSI TIIMHM MOHTMOPWJIOHITOBOTO THUITY IiJIBUIIYE MEXaHIYHY MILHICTh TiIpOTesiB
[5], bopmye Mepexy 3B’sI3KiB, 110 3a0e3Meuye MOKPAIICHHS! CTPYKTYPHUX BJIACTUBOCTEH Ta pOOUTH
ix Oimpmn crifikum g0 aedopmariii [6]. Ile BakIuBO UIsi 3aCTOCYBaHHS TAaKUX MaTepialiB B
TEXHOJIOTISX, JI¢ HeoOX1JHA BUCOKA MIIHICTh, HAIPHUKJIAA, B O10MEAUIMNHI JIJIs1 CTBOPEHHS IMTYYHUX
TKaHUH, K paHO3arorBalIbHI MaTepiau, TIarHOCTUYHI CUCTEMH Ta IMIUTAHTH [2], a00 B MEXaHIYHUX
CUCTeMax JJisi CeHCOpiB 1 mpuBoiB [7, 8]. Taki rigporeni MOXYTh 3MIHIOBAaTH CBOIO CTPYKTYpYy Ta
BIIACTHBOCTI MiJ] BIUIMBOM TemrepaTypu [9].

['6puani rigporem 3 MOAU(pIKOBAHUM KpPOXMajeM Ta TJIMHOK MOHTMOPHJIOHITOBOTO THITY
MOXYTbh OYTH BUKOPUCTaHI K HOCI{ i1 KOHTPOJIHOBAHOTO BUBIJILHEHHS JIIKAPCHKUX peyoBuH [10].

Bukopuctanas Moau¢ikoBaHOTO KpPOXMalI0 Ta TJIMHH MOHTMOPUJIOHITOBOTO THILY B
riOpUIHUX TIIPOTEsIX PO3MIMPIOE TX MOXKIMBOCTI Ta A0AA€ HOBI (DYHKIIIOHAJIBHI BIACTUBOCTI, 110
pOOUTH IX TPUBAOIMBUMH JIJIs1 OaraTboX rajay3eil 3aCTOCyBaHHS.

IlocTaHoBKa 3aBAaHHsl. 3 METOI0 aHali3y COpPOLIHHUX BIACTUBOCTEH HAIOBHEHOI
TiApOreNieBoi MaTPHIN TOCIIKYBAIH 3aJICKHICTh CTYIECHsI HA0yXaHHS B TUCTUIIbOBaHI BOI1 3pa3KiB
y dYaci 3 pi3HOI0 KOHIIEHTpAIli€lo HamoBHIOBa4da. HaOpskaHHsA 3pa3kiB y AMCTWIBOBaHIM Boji
BUMIPIOBAJIM BarOBUM METOJIOM MPOTATOM 72 ToauH. B poOOTi q0CiiIKeHo COpOIliliHI BIaCTUBOCTI
TiIpOreJieBUX MAaTpHIb Ha OCHOBI MOJIMEPHOI KOMIO3MLIi TOMIBIHIIOBOIO CHOUPTY 3
KapOOKCHUMETUIILOBAaHUM KpOXMaJjeM, Ta BU3HAUEHO BIIUB BBEACHHS TNIMHU MOHTMOPUJIOHITOBOTO
TUIy Ha YTBOPEHHS T1OpUIHUX T1IPOTENIB.

MeTtomoJiorisi  1ociiTzkeHb. SIK OCHOBY TiporeieBUX MarepialaiB BHKOPHCTOBYBAIU
noniBininoBuil cnupt (IIBC) mapku 16/1, macoBa yactka areratHux rpyn He Oinbme 0,9-1,7% ta
kapOokcumermwiboBanuii  kpoxmanb (KMK) CAS: 9063-38-1. Sk wmiHepaibHy J00aBKy B
KOMIIO3ULII0 BBOAMJIN TJIMHY MOHTMOPUJIOHITOBOTO THITY BHUPOOHHWITBA KoMraHii «JlamoOeHT»,
JlamrykiBcbke pojoBuine Yepkacbkoi 00JI. 3 JAPYroro MPOIYKTUBHOIO Imapy Mapku M-5, ska
npejCTaBisie COOOI0 MIapyBaTWil cuilikaT i3 3aranbHOK (opmynoro (Ca,Na)(Al,Mg,Fe)2(OH):
[(Si1,A1)4010]xnH20. Ximiunamii cximan minepany: SiO2 — 51,9%, Al,O3 — 17,10%, Fe2O3 — 7,92%,
MgO - 1,18%, Na20, K20 i CaO no 2% i H20 — 8,78%.

s crBopenHs ocHoBu kommosuuii rotyBanu 10% posuun [IBC 1 5% po3unn KMK Ta
3MilTyBaiM y criBBigHOImeHH] 1:1. /logaBanu mopoIok riuHH, mnonepenHbo oopodnenuii 0,025%
pozunnom [IBC y cniBBigHOmeHHI 1:6 3 METOI OJEpKaHHS 3MOYEHOTO0 MIHEPaIbHOTO
HarnoBHIOBaya. B pesynbrati oTpumano 10 3paskiB 3 HACTYHHMM OO €MHUM CITiBBiJIHOIICHHIM
[NIBC/KMK:rmuna 10:0; 9:1; 8:2; 7:3; 6:4; 5:5; 4:6; 3:7; 2:8; 1:9; 0:10. I'igporem otpumyBaiu
METOZOM KpIOCTPYKTYpYBaHHSI TNpoTsAroM 24 roauH npu Ttemneparypi —15°C 3 HacTynmHuM
MTOCTYIIOBUM PO3MOPOKYBAaHHIM IPH KIMHATHIM Temmepatypi [10].

BwMmicT BonOru y mo4aTrkoBUX 3paskax TiOpHIHHMX TiApOTreNiB BH3HAYaIM Ha aHali3aTopi
Bosiorocti MA-50 R Radwag nipu Temneparypi Bucuxanus 70 °C.

CopO1iifHi BIacCTUBOCTI TiIpOresIeBUX MaTepialiiB OL[iHIOBAIX 32 3MiHOIO BOJAOIOTTIMHAHHSA X
(%) 3a po3paxyHKOBOIO (pOpPMYIIOIO:

X=M~100%,
ml

Jie Mz — Maca 3pa3Ka B IEBHUI MOMEHT 4acy rnepeOyBaHHs y BOJI, T;

M1 — Maca Cyxoro 3paska, T.

PesyabTatn gociigkenHsi. B poGoTi Oyno AOCHIHKEHO BIUIMB KUIBKOCTI TJIMHU SIK
HAIOBHIOBaYa, JUIsl CTBOPEHHS TOPUAHUX TiApOTeNiB. Y TBOPEHHs TiOpHIHUX TiApOTreliB Ha OCHOBI
[IBC/KMK:rnrHa BinOyBa€eThCs KPIOCTPYKTYPYBAHSIM, IIPH 3aMOpOXKyBaHH1 KpuctanizyeTbesi KMK,
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a npu po3mopoxyBanHi — [IBC (puc. 1). BcranoBieHo, mo KOMIO3HUIIT 3 BMICTOM TJIHHSIHOI
KOMITOHEHTH BHIIE 8§ 00’ €MHHMX YaCTHH HE YTBOPIOIOTH CTIMKOI CTPYKTYPH T1IpOTEIEBOTO MaTepiaiy,
TOOTO HEAOCTATHS KUIBKICTh CTPYKTYpPYIOUOi IMOJIIMEPHOI MAaTpHIll Ta YAaCTHHKH IOPOIIKOBOTO
HaIlOBHIOBaYa, MEPENIKOHKAIOTh YTBOPEHHIO TiApOresieBoro Marepiany. Taki 3pa3ku Jerko pynHy-
BaJIMCS HAaBITh ITPH HE3HAYHUX HABAaHTAXKXECHHAX, TOMY iX COpOLiHHI BIACTUBOCTI HE TOCIIIKYBaJIHCA.
3pa3Ku 3 HAIOBHEHHSM TIMHOIO /10 8 00’ €MHHX YacTHH BKIIIOYHO MaJIM JOCTATHIO MIITHICTb.

IlouatkoEa cHCTEMA

3 ARIOPOGEE A CHICTEMA

PDSI\-IDIJ 0MKEHA CHCTEMA

IEC/EME rmma IIBC/EME rmma IMEC/EMNE rmma
) . & . T = 0 e Yenl-7

1 @B o o &3 I (7 s
_,?‘* _ |smeopoxysumE i, :ﬂ poapreyEmra| | J._ | s

; ;ﬂ - - “‘l=::=¢ |»_Etﬁ ¥ — = o ( =
o ®—='  Lare® Za: 9

Hpumimrka: 1 — enobynu monexyn IIBC; 2 — poszuunnuk (600a); 3 — monexymu KMK; 4 — uwacmunxu onunu
MOHMMOPUNIOHIMO8020 muny, 5 — Hezamepsna pioka mikpogasa; 6 — nonikpucmanu 3amepsno2o pozuunHuxa, 1 —
noaimepna cimka 2iopozento na ocrnosi IIBC ma KMK; 8 — maxponopu.

Puc. 1. 3aranbHa cxema resaeyrsopennst komnosunii IBC/KMK:rimna B kpioymoBax

B poboti Oyno mocmimxkeHO cOpOIiiiHI BIACTHBOCTI TiAPOTENiB, OTPUMAHUX HAa OCHOBI
kommosuilii [IBC/KMK y crniBBigHomenHi 1/1 3 mogaBaHHsAM mornepeaHbo oOpodiaeHoi raunau. Ha
puc. 2 HaBeleHO KpHBiI copOuii riOpuaHux rigporeniB. XapakTep KpuUBOI cOpOIii riaporeinto
[IBC/KMK  cBimuuTh, MmO IeW Marepial Mae MIPOCTOPOBO 3IIUTY CTPYKTYPY 3 OOMEKEHHM
HaOyxaHHsAM. ToOTo mix yac nepeOyBaHHs y AUCTUIIbOBaHIM BOJII BIZICOTOK BOJIOTOCTI 301IBLTYEThCS
3 1150 no 1463%, Tob6T0 y 0,8 pasziB. Ilpu monaBaHHI IIMHM MOHTMOPHWJIOHITOBOro THIy M-5
BiIOYyBa€ThCs MOBHA 3MiHA XapaKTepy KpUBUX copOuii. Bxke 3 mepmmx XBUinH nepeOyBaHHS 3pa3KiB
Yy BOJIl X Maca 3HUXKYEThCS, CIIOCTEPITAETHCS Bi3yaldbHE 3MEHIICHHS 00’ €My, BOJIOTICTh MIPH IIbOMY
3HIDKYETBCS B CEpeqHbOMY Y 2,3 pa3u. ToOTO COCTEpIiraeThCsi KOJAIC TiAPOTeNiB, a00 BUTICHECHHS
BOJIN.

PiBHOBa)kHE 3HAYEHHSI BOJIOTOCTI BCTaHOBIIOETHCS depe3 72 TOAWH JUIS BCIX 3pa3KiB,
HATNIOBHEHUX TJIMHOIO, HE3aJEe)KHO Bif ii BMicTy. BcTaHOBIIEHO, 110 HallMEHINE 3HAUEHHS BTpAaTH
BoJioru 270% XxapakTepHe 171 3pa3KiB, sKi MICTATh 1 00 €MHY 4YacTUHY INIMHU. MaKkcuMaibHa BTparta
Bosorn 480% cnocrepiraeTbcs AN 3paskiB, SKI MICTATH 5 00’eMHUX 4yacTMH IMHU. [lpn
MOJJANIBLIOMY 301TbIIIEHH] BMICTY TJTMHH B T1IpOTeJIeBIUX MaTepiaiax BiJICOTOK cOpOIIii Mmicis Koyamncy
3HWKYETHCS Ta CTAaHOBUTH 730—668%.

Ha puc.3 HaBenmeHa 3aJie)KHICTh BOJIOTOCTI 3pa3KiB TiIOpUAHMX TiJPOTENiB Ha OCHOBI
MOJTIBIHUIOBOTO CHUPTY Ta KapOOKCHMETHUIHLOBAHOTO KPOXMAJIO BiJ BMICTY TJIMHH Ha TOYATKY
JOCIITy Ta Micist nepe0yBaHHs y BOJII 72 TOJUHH.

I3 3011bIIIEHHSIM KIJTBKOCTI TJIMHU B T1APOTENISIX BOJOTICTh MaTepialiiB 3HWKY€EThCs 3 1150 1o
670%. Jnst 3pa3kiB, gKi MICTAThH BiJ 1 00’€MHOI YaCTUHH TJIMHHU BOJIOTICTh 3MEHIIYeThCs Ha 27%
nicisg nepeOyBaHHA y Boi 72 ronuuu. [1py HanmoBHEHH1 MIMHOIO BiJ 2 10 8 00’ €MHHX YaCTHH BTpaTa
Bosiorn cTaHoBUTH 50-65% Big BOJIOroCTi MOYATKOBOIO 3pa3ka. MakcumallbHa BTpara
CIIOCTEPIraeThCs TS 3pa3KiB 13 BMICTOM IIMHH 5 00’ €MHUX YaCTHH.

Tobro mmst rimporeneBux MarepiamiB Ha ocHoBi [IBC/KMK 3 nmomaBanusm 1 006’eMHOi
YAaCTUHM TJIMHU CIIOCTEPIra€Thcsl HalMEHINa BTpaTa BOJIOTH Mija 4ac Konarcy cuctemu. Iloganpiie
30UIBIICHHS BMICTY TJIMHH TPU3BOJIWTH JIO 3MEHIICHHS KIJIBKOCTI BOJIOTH Yy TiIPOTEICBUX
Martepianax, 0 € HeIOIUTbHUM 3 TOUKU 30py eKCIUTyaTawii riapopiIbHUX CUCTEM.
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Puc. 2. CopOuist Bonm 1Jis1 3paskiB riopuanux rigporenisB Ha ocHoBi [IBC/KMK
y cmiBBiqHOEeHHi 1:1 3 1oqaBaHHAM IVIMHHA

3 orsAy Ha MPaKTUYHE 3aCTOCYBaHHS TiAPOTeIeBOI MaTPHIIl, CIIOCiO 30epiraHHs TiIporesiB
Mae 3a0e3MeyuTH BOJIOTEe cepeloBHIle. B 3B’s3Ky 3 TUM, IO TifporeieBi MaTepiald MaroTh
yTPUMYBATUCSl Ha TIEBHIM JUISHII TIKIpXA JIOJWHM, CIIIJT BPaxXOBYBaTH BIIACTHUBICTH TiAPOTEITIO
BHUCHXATH HA BIIKPUTOMY TOBITPI, IO 00YMOBIIOETHCS 3IATHICTIO 10 AecopOirii. st 9oro B poOoTi
(dikcyBanM 3MiHY MacH 3pa3KiB y 4aci, 3AJIMIIUBIIN iX HA BIIKPUTOMY IOBITPI.

Ha puc. 4 HaBeneHo 3anexHICTh AecopOLlii BOAM BiJ 4acy BUCHXaHHS 3pa3KiB Tiporenei Ha
ocHoBi [IBC/KMK y cniBBigHomenHi 1:1 3 qonaBanasm riaunau. Haitbinbpine 3HaueHHS TOYaTKOBOT
BostorocTi xapakrepue s 3paskiB [IBC/KMK, siki He MICTATh IIIMHSIHHUN HAlTOBHIOBAY, a AeCOPOIis
neprri 6 TonuH BiAOYBA€ThCA MIBUIKO, MICIAS YOr0 MIBHJAKICTH BTPAaTH BOJIOTHM BUPIBHIOETHCS 1
BCTaHOBIIOETHCS B Mexkax 0,03 r/rox.

Jlst 3paskiB, SIKi MICTSITh TJIMHUCTUNA HAMMOBHIOBAY B 1 10 9 00’ €eMHHMX YacTHH, XapaKTepHE
3MEHIIEHHS KyTa HaXWiIy KpUBUX JecopOuii, 10 CBIAYUTH PO YINOBUIBHEHHS MPOLECY BUCUXAHHS
riOpuIHUX TiAgporeneBux wartepianiB. [lpudomy 3017dbIICHHS BMICTY TJWHH TPU3BOJIUTH JI0
3MEHILEHHS Tepioy MBUIKOI Aecopbuii 3 6 mo 3 roauH. [yis 3pa3ka Ha OCHOBI JIUIIE TIUHH,
00po6senoi 0,025% pozunnom [1BC, nepion mBuaKoi gecopOItii ckiagae 2 TOIUHHA.

Uepe3 72 romuHU BCi 3pa3kd HE 3aJ€KHO BiJl BMICTY IJIMHM BTPayarOTh BOJIOTY 0
MIHIMQJIBHOTO 3HAYEHHS, P YOMY IMBUJIKICTh BUCHXAHHS THM BHIIA, YAM OIIBIITUN BMICT TJIUHHU.
Bbyno mpoBeaeHO po3paxyHOK CEepeAHBOi IMIBUAKOCTI AecopOuii uiss KOMMO3UIN TigporesniB
I[MIBC/KMK y criBBignomeHHi 1/1, siki MICTATB Pi3HY KUTBKICTh 00’ €MHUX YaCTHH MIIHHU (pHC. D).

Haiibinbiy mBHUAKICTH BTPAaTH BOJOTH MaroTh 3pa3ku TigporeniB Ha ocHoBi [IBC/KMK y
cuiBBigHomeHH] 1:1 Ta cranoBuTh 15%/roa. Ilpu BmicTi 1 06’€MHOT YacTHHH MOHTMOPUIIOHITOBOT
IJIMHU BHCUXAHHS TiAPOTeNeBOro Marepially yMmoBUIbHIOEThCS 1 npocsrae 13%/rox. Ilogambiue

50



ISSN 2786-5371 print
ISSN 2786-538X online

Texnono2ii ma inscunipunz, No 3(14), 2023

Ximiuni ma éiogpapmayeemuuni mexnonozii
Chemical and Biopharmaceutical Technologies

301bIICHHS TJIUHH B KOMHO3I/II_[i'1' HCCYTTEBO BIIJIMBA€ Ha H_IBI/II[KiCTL BUCHXaHH I‘iI[pOI‘eJ'IeBI/IX

MaTepiajiB 1 B CEpeTHbOMY CTaHOBUTH 9,8%/To1
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Puc. 3. Boanoricts 3pa3kiB riOpuIHux riiporesis Ha OCHOBI NOJIIBIHIJIOBOI0O CIUPTY Ta
KapO0OKCHMETHIbOBAHOI0 KPOXMAJIIO B 3JI€5KHOCTI Bifi BMICTY IVIMHH
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Puc. 4. 3anexnictb qecopOuii Boau BiJ 4acy BUCHXAaHHS 3pa3KiB rigporesieil Ha 0CHOBI
MOJIiBIHLJIOBOT0 CIMPTY Ta KAPOOKCUMETHJIHOBAHOI0 KPOXMAJIIO Yy cliBBiAHOMEeHHi 1:1
3 101aBAHHSAM TJIMHU
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Puc. 5. Kinetuka necop0uii 3pa3kis rigporesieii Ha ocHoBi [IBC/KMK
y cniBBigHOmeHHi 1:1 Big BMicTy riimHmn

3anexxHICTh MIBUAKOCTI JecopOIlii Bi/l BMICTY TJIMHU BiAOBIIa€ EMITIPUIHOMY PIBHSHHIO Y =
0,0902x? — 1,4317x + 14,262, R2 = 0,904. To6T0 36iMbIIEHHS BMiCTY TJIMHU B TiOPHIHUX TiAPOTeNsX
Ha ocHoBi [IBC/KMK ynoBinbHIOE aecop6buiro. s BCix 3pas3kiB OyB JOCHIHKEHUH MOYATKOBUN
BMICT BOJIOTH, SIKUW CTAHOBHB B cepeTHhOMY 89%. ToOTO Ha MIBUJIKICTh BUCUXAHHS MA€ BIUIUB JIUIIIE
BMICT IJIMHUA. MakcMMallbHa IIBUIKICTH JOECOPOIi TigpOreleBUX MaTepialiB CIIOCTEPIraeTbes
MIPOTATOM MEPIINX 5—7 TOJUH eKCIEPUMEHTY JUIsl BCIX 3pa3KiB, 1 CTAHOBUTH B cepeiHboMy 60%/Tox
JUIs1 3pa3Ka, AKUii He MiCTUTb TIMHY, Ta 30%/T0o/ 47151 3pa3KiB, 1110 MiCTATH MOHTMOPHJIOHITOBY TJIMHY.
OT1xe, 10/1aBaHHS TJIMHH MOHTMOPUJIOHITOBOTO TUITY YIIOBUIHHIOE MPOIIEC AECOPOITii TiIporesiB Ha
ocuogi [IBC/KMK.

BucnoBku. B po0OoTi 10BeeHO MOXKJIMBICTH OTPUMaHHS METOJOM KPIOCTPYKTYPYBaHHS
ribpuaHux rigporenis Ha ocHOoBi cyMimti monimepiB [IBC:KMK y cniBBinHomieHHi 1:1 3 monaBanHsIM
[JIMHA MOHTMOPHJIOHITOBOTO THITY (M-5).

BcranosneHo, 1o Ha XapakTep KpUBUX COpOIlii Mae MPUHIIUIIOBUI BIIMB BBEJICHHS TJIHHH, a
came BiIOYBA€ThCS KOJANC TIMHOHAIMIOBHEHHWX TiJPOTEIIEBUX CHUCTEM 3 JIOCATHEHHSM MPOTSTOM
72 ronuH piBHOBA)XHOTO 3HaueHHs copOIii. [t 3pa3kiB, sSKi MIiCTATh 1 00’€MHY YacTHHY TJIHHH,
copOuist 3HnKyeThCs Ha 270% 1 cTaHOBUTH B piBHOBaXKHOMY cTaHi 720%. MakcumalibHe 3HIKEHHS
cop6ii Ha 480% crioctepiraeTbes ISt 3pa3KiB, K1 MICTITh 5 00’€MHHUX YaCTHUH TJIMHU, | CTAHOBUTH
B piBHOBakHOMY cTaHi 300%. [Ipu nmocnimkenHi aecopOuii riOpUAHUX TiAPOTeIeBUX MaTepialiB
OyJl0 BCTAaHOBIIEHO, IO JOJABaHHS TJIWHU MOHTMOPHWJIOHITOBOTO THITy VYIOBUIBHIOE MPOIIEC
necopo6itii rigporemis Ha ocHoBi [IBC/KMK.

Takum ymHOM, TonimMepHi Kommo3uiii Ha ocHoBi IIBC 16/1 3 kapOOKCHMETUILOBAHUM
KpOXMaJieM y CIiBBiHOIICHH] 1:1 3 70/1aBaHHAM TJIMHAM MOHTMOPHJIOHITOBOTO THITY Y KIJTBKOCTI 1—
2 00’eMHI YacCTUHU MOXHA PEKOMEHIYBAaTH MJs OJEpXKaHHA KpIOTiAPOTeNiB 3 MiABUILEHUMHU
COpOIIMHUMHY BIACTHBOCTSIMU Ta YIMOBUILHEHOIO IMIBUIKICTIO BUCIXAaHHS.
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Kyiv National University of Technologies and Design, Ukraine
PROPERTIES OF HYBRID HYDROGELS WITH THE ADDITION
OF MODIFIED STARCH AND MONTMORYLONITE-TYPE CLAY

Purpose. The aim of the scientific work is to develop the technology for obtaining hybrid hydrogel
materials based on the polymer composition of polyvinyl alcohol with the addition of modified starch and
montmorillonite-type clay and to study their sorption properties.

Methodology. A mixture of 10% solution of polyvinyl alcohol (PVA) and 5% solution of
carboxymethylated starch (CMS) in a ratio of 1:1 was used to create the basis of hybrid hydrogel materials.
As a filler for hydrogels, montmorillonite-type clay was used in the form of powder in the amount of 1 to
10 parts by volume. Hybrid hydrogels were obtained by single freezing for 24 hours at a temperature of -15 °C,
as a result of which cryostructuring took place. The moisture content of the hydrogel materials was determined
on a MA-50 R Radwag moisture analyzer at a temperature of 70 °C. To assess the effect of the amount of
montmorillonite-type clay in the PVA/CMS composition on the properties of hybrid hydrogel materials, the
sorption characteristics of the compositions were studied by the gravimetric method.

Findings. The technology for obtaining hybrid hydrogel materials by the cryostructuring method has
been developed. As a result of the analysis of the sorption properties of hybrid hydrogel materials, it was
established that the introduction of montmorillonite-type clay leads to a complete change in the nature of the
sorption curves. Collapse of hydrogel systems is observed, and sorption drops from 1000% to 250%, reaching
an equilibrium value within 72 hours. At the content of 1 volume part of clay, sorption decreases by 270% and
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is 720% in the equilibrium state. The maximum decrease in sorption by 480% is observed for samples that
contain 5 volume parts of clay and is 300% in the equilibrium state.

When studying the desorption of hybrid hydrogel materials, it was established that the addition of
montmorillonite-type clay slows down the desorption process of hydrogels based on PVA/CMS. It was found
that polymer compositions based on PVA with carboxymethylated starch in a ratio of 1:1 with the addition of
clay in the amount of 1-2 parts by volume can be recommended for obtaining cryohydrogels with increased
sorption properties and slower drying speed.

Originality consists in determining the effect of adding montmorillonite-type clay to a composition
based on PVA with CMS for obtaining hydrogels by the cryostructuring method. 1t was established that the
addition of clay leads to the collapse of hybrid hydrogel materials under the influence of water, and to the
slowing down of the desorption properties of hybrid hydrogels.

Practical value. The technology for obtaining hybrid hydrogel materials based on a mixture of
polyvinyl alcohol and carboxymethylated starch with the addition of montmorillonite-type clay by the
cryostructuring method was developed, and the possibility of adjusting the sorption properties of hydrogels by
introducing clay was determined.

Keywords: hybrid hydrogels; montmorillonite-type clay; polyvinyl alcohol; carboxymethylated
starch; sorption; desorption.
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YK 667.6 MYRONYUK O. V., BAKLAND. V., LI C.
Igor Sikorsky Kyiv Polytechnic Institute, Ukraine

WATER REPELLENT THIN FILM POLYMER COMPOSITES
WITH RED MUD PARTICLES AS TEXTURE FORMING AGENTS

Purpose. To confirm the possibility of manufacturing thin-layer water-repellent coatings based on red
mud particles.

Methodology. In this work, red mud was used to create a microtexture. The decontamination process
was carried out at a temperature of 950 °C to lower the pH. Stearic acid, methyltriethoxysilane, and
octyltriethoxysilane were used as hydrophobic agents. Styrene-butyl-acrylate polymer was used as a polymeric
binder. A laser particle analyzer was used to obtain particle size data. An optical microscope and a digital
camera were used to take photographs of the sample surface. Infrared spectroscopy was used to confirm the
modification of the red mud using KBr pellets as an inert carrier. The water contact angles were measured by
the sessile drop method using a goniometer and a digital camera. The determination of contact angles for
hydrophilic materials was performed by the Washburn thin-walled capillary impregnation method.

Findings. The paper considers one of the options for utilizing red mud to obtain a micro-sized base
for water-repellent coatings. It is shown that the largest water contact angle is 143° and is achieved by using
stearic acid as a modifier in thin-film composites depleted of binder. It has been established that red mud can
be considered as a suitable basis for obtaining hierarchical systems with the prospect of achieving a
hydrophobic state along with conventional dispersed fillers.

Originality. It is shown for the first time that coatings with high water-repellent properties can be
obtained on the basis of red mud particles.

Practical value. The method of treatment of aluminum production waste - red mud, which consists in
sintering, dispersing and hydrophobization, and the corresponding composition of the organic-mineral
coating based on prepared particles, which has a uniform water-repellent surface, have been developed.

Keywords: hydrophobicity; contact angle; water-repellent coatings; organic-mineral composite; red
mud.

Introduction. Water-repellent surfaces that use the stable Cassie state due to the special
structure and chemical composition are quite common in nature [1, 2]. The study of the behavior of
lotus leaf surfaces gave impetus to the development of the field of research on hydrophobic surfaces,
which led to the creation of theoretical criteria for the most effective water-repellent structures
depending on geometry [3, 4]. A large number of works are also devoted to the creation of such
structures by various methods, from laser and electrochemical etching to the deposition of organo-
mineral coatings [5-7]. At this stage, the technology of water-repellent coatings is in a state of
development and is quite far from large-scale implementation due to a number of limitations,
including scaling difficulties, high cost of obtaining such structures and their rather low stability under
atmospheric conditions [8]. The scaling problem can be solved using existing industrial practices for
applying organo-mineral coatings, and the cost problem for large-scale hydrophobic surfaces can be
solved by using waste particles such as red mud as components of dispersed particles [9, 10]. An
obstacle to this solution is the rather high chemical activity of this waste and the presence of water-
soluble components, which, however, can be overcome in a number of ways — inactivation with acid
gases or the same waste, the hydrothermal method [11], and as well as high temperature annealing.
The latter method, as shown in [12], makes it possible to incorporate recycled waste into the
composition of building materials, since the resulting particles turn out to be quite chemically inert.

Task statement. The literature review has uncovered the growing need of the red mud
valorization ways and revealed the possibility to use its particles as texture forming elements of water-
repellent thin film polymer based coatings. To show the acceptability of such surfaces obtaining there
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is a need for the technique of the waste material treatment including the binding of soluble media and
the following hydrophobization.

Purpose. The aim of our work is to demonstrate the possibility of manufacturing thin-layer
water-repellent coatings based on red mud particles.

Materials and methods of the research. In the work, red mud was used, which was obtained
from PJSC "Zaporozhye aluminum plant™ as an industrial waste generated during the processing of
bauxite ore.

The deactivation process was carried out in a muffle furnace at a temperature of 950 °C for
reducing pH. Crushing was carried out in a mortar for 20 minutes. Next, the red mud was sieved
through a sieve with a pore diameter of 63 microns.

Hydrophobization of red mud was carried out with the following modifiers: stearic acid,
Methyltriethoxysilane (MTES), Octyltriethoxysilane (OCTEO). MTES and OCTEO are possible
options for replacing fluorine-containing water repellents to improve environmental friendliness [13].
For modification, red mud samples were immersed in an isopropyl MTES/OCTEOQ solution (1 wt.
%) for 30 min at a temperature of 20-25 °C, and then the material was dried in an oven at 130 °C for
1 hour [14]. Modification with stearic acid was carried out in 3 wt. % solution in isopropyl alcohol,
after 60 minutes of exposure, the red mud was washed and dried in an oven at a temperature of 60 °C
[15].

To create the compositions, a styrene-acrylate binder (NeoCryl B-880, DSM coating resins)
was used, which was dissolved in xylene before being introduced into the filler.

A FRITSCH Analysette 22 laser particle analyzer was used to obtain particle size data. An
optical microscope and a digital camera (Delta Optical HCDE-50) were used to obtain photographs
of the surface of the samples. To confirm the red mud modification, IR spectroscopy (Specord IR 75,
in the wavenumber range from 400 to 4000 cm™) was used using KBr tablets as an inert carrier. The
contact angles were measured by the sessile drop method, using a digital goniometer, using a digital
camera (Delta Optical HCDE-50, China) and the corresponding software (ScopeTek View). For
statistical processing, a minimum of 5 measurements were made for each sample. To determine the
contact angles, the technique described in [16] was applied, which is based on the Washburn thin-
walled capillary impregnation technique. Wetting time was recorded using a digital video camera
with an accuracy of 0.16 s. The number of time measurements for each solvent was 5 times.

PesyabraTn nocaimkennsi. It has been established that the pH of the water extract of the
initial red mud is 11-12 close to reported in [17, 18], while that of the annealed mud is reduced to 7,
which can be explained by the binding of low-temperature alkaline sodium salts to the corresponding
oxide (Table 1) in the composition of amorphous ceramics. The presence of a set of oxides of alkali
and alkaline earth metals, however, causes the expected high polarity of the surface of the annealed
material [19].

Table 1
Chemical composition of red mud
Content, %
SiO, Al203 Fe203 TiO2 CaO MgO Na.O Residue
7,2 16,7 50,6 5,6 6,1 0,3 2,2 11,3

The size and shape of dispersed particles are important parameters that determine the
geometric configuration of the surface texture. Particles of the original red mud have a fairly wide
particle size distribution in the range from 20 to 300 um with a predominance of the 100-160 pum
fraction (Fig. 1a). The annealed material has a non-Gaussian particle size distribution in the range
from 0.2 to 20 um with a predominance of the 5-10 um fraction (Fig. 1b). The presence of a
submicron fraction in this case is an advantage, since in the future it is a resource for obtaining the
lower level of the hierarchical structure [20].
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Fig. 1. Particle size histogram of untreated (a) and after 950 °C (b) red mud

The presence of two different fractions in the annealed material can be clearly seen in the
photographs (Fig. 2). It is obvious that the degree of particle aggregation in the starting material is
higher and it can be assumed that the fine fraction in its composition is bound due to hygroscopic
moisture. In general, both materials have a similar structure of particles of a relatively large fraction
—aggregates with a size of tens of microns, composed of chips. This allows us to conclude that, during
annealing at 950 °C, the structure of primary particles changes insignificantly, and further grinding
and sifting makes it possible to separate a fine submicron fraction.

Fig. 2. Optical microscopy photo of untreated (a) and after 950 °C (b) red mud

In addition to the structural features of the surface textures of water-repellent coatings, the
determining factor for the stability of the Cassie state is the intrinsic contact angle of the surface,
which follows from the corresponding equation (1):

oS Oy = f1€0560; + frc050,, @

cosB,,, — contact angle of a two-phase heterogeneous surface;

f1 and cos8; — the proportion of the surface and the contact angle of the first phase;
f> and cos@, — surface fraction and contact angle of the second phase.
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For textured surfaces, it is assumed that the second phase is air, therefore cos6,= (-1). Factors
of surface fractions in contact with particles ( f;) and (f,) are determined mainly by its configuration
and typically range from 0 to 1, however, as shown in [21] f; + f, # 1 at least for surfaces with
complex geometry. Therefore, the value of the intrinsic contact angle of the particle surface cos8;
proportional to the cosine of the contact angle of the two-phase surface cosfy,,.

The contact angle of the surface of particles of the initial red mud with water is 53+3°, and
after annealing at 950 °C it increases to 55+3°. The difference between the values is within the
measurement error, which indicates the proximity of the polar components of their surface. This result
IS not surprising, since ceramic materials consisting of metal oxides are characterized by the presence
of pronounced acidic and basic components of surface interactions [22]. Materials were treated with
stearic acid, OCTEO and MTES to reduce polarity.

In the infrared spectrum (Fig. 3. a) of untreated red mud, there is a peak at 3470 cm™, which
corresponds to —OH groups, which are absent in materials after thermal treatment, which can be
explained by a decrease in the proportion of hygroscopically bound water due to the binding of soluble
salts during annealing [23]. On Fig. 3. ¢ peaks at 2903 cm™ and 2836 cm™ indicate the presence of
symmetric and asymmetric C—H vibrations, which are evidence of the presence of a large amount of
stearic acid on the surface of the red mud [24]. All IR spectra of the original, after treatment, and
modified red mud at 530-570 cm™ contain peaks of high intensity, which corresponds to the Si—-O-
Si bond [25]. The infrared spectra of the red mud treated with OCTEO and MTES do not differ
significantly from the unmodified red mud after heat treatment, which indicates a low amount of
adsorbed silane modifiers.

Transmission
g

4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber, cm”

Fig. 3. FTIR spectra of pristine (a), annealed at 950 °C (b), stearic acid modified (c),

MTES modified (d) and OCTEO modified (e) red mud

It has been established that all water repellents used are effective and allow reaching the
contact angle values of initially hydrophilic red mud particles above 90° (Fig. 4). It is interesting that
the largest values of the contact angle — up to 136° are achieved when the red mud is modified with
stearic acid, which can be explained by the large amount of the layer of this water repellent compared
to silane ones. However, the water repellent OCTEO approaches it in terms of its effectiveness. It is
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on his example that one can clearly see the difference in the efficiency of hydrophobization of
annealed and unannealed red mud.

In order to form textured surfaces, a number of compositions were obtained, in which the
content of the film-forming agent that binds the particles on the surface varied. It should be clarified
that the intrinsic contact angle of the styrene-acrylic polymer is 85°, that is, it is quite close to the
hydrophobic state.

I Pristine
135 - [l Annealed

45 -

Water contact angle, °

30

15 -

Red mud Red mud Red mud Red mud

+ Stearicacid + MTES + OCTEO
Fig. 4. Dependence of water contact angles by treatment of red mud

The surface of the coatings obtained by the squeegee method based on red mud and polymer
is characterized by heterogeneity — areas with different wetting properties, some of which are depleted
in the film former, while others, on the contrary, are enriched (Fig. 5). Also, this figure provides
photos of the surfaces of coatings obtained by deposition of annealed (Fig. 5a) and modified annealed
(Fig. 5b) dispersions.

Conventionally, according to the wetting properties, the sections of the compositions with the
polymer can be described within three types. Type “C” (Fig. 5¢) is characterized by the presence of
a minimum amount of polymer, which only allows the red mud particles to be bonded together. This
type corresponds to high porosity and development of the surface structure. Type “D” (Fig. 5d)
contains more polymer in its structure, which allows more filling of voids between the particles,
however, the surface is still quite rough and matte. Type “E” (Fig. 5e) is characterized by a sufficient
amount of polymer to completely cover the red mud particles.

Unannealed red mud particles without polymer give a water contact angle of 53°, while
already with polymer the angle is 131°, with a filler content of 95% (Fig. 5a). A similar picture is
observed with annealed red mud, where 55° and 131° are observed (at 90% filler), respectively
(Fig. 5b).

In compositions with a binder, a gradient transition is observed from particles completely
unwetted with polymer to completely wetted (Fig. 5¢c, 5d, 5e). The “C” condition denotes the polymer
wetness of only the lower red mud particles, resulting in water contact angles of 133° and 138° for
unannealed and annealed, respectively. The “E” condition denotes complete polymer wetness of the
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red mud particles, resulting in water contact angles of 86° and 101° for unannealed and annealed,
respectively. The average state “D” is also observed, in which there is conditionally half the wetness
of the red mud particles by the polymer.

It should be noted that each state is characterized by certain orders of contact angle values
(Table 2).

Fig. 5. Thin film composites of red md and acrylic polymer

Table 2
Water contact angles of red mud composites
- Contact angles, °
Red mud type Modifier c D E
Annealed - 131 104 86
Annealed Stearic acid 143 130 104
Annealed MTES 134 127 97
Annealed OCTEO 136 128 97

It can be seen from the obtained data that the contact angles with water for states C, D, E differ
numerically and the dependence of contact angles C > D > E is preserved.

This difference is determined by 2 factors. The first factor is the water repellency of the surface
of the red mud particles themselves. The water repellant layer performs the function of water
repellency better than the styrene-acrylic polymer. This is explained by the presence of nonpolar
hydrocarbon chains in the water repellent molecules both in the case of stearic acid and in the case of
OCTEO and MTES [26, 27]. This provides a larger contact angle than a polymer that contains polar
groups such as —OH and C=0 [28], which reduces the contact angle.

The second factor is determined by the surface texture. In a number of states C, D, E, a gradual
decrease in contact angles is observed with an increase in the amount of polymer. At the same time,
an increase in the amount of polymer reduces the roughness of the resulting surface, as can be seen
from Fig. 5.
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It is noteworthy that even the composition with untreated red mud water repellent shows a
high water contact angle. This indicates that the styrene-acrylic polymer has good film-forming
properties and makes it possible to obtain a stable coating that protects well from contact with water.

The most effective water repellent for this system is stearic acid, thanks to which it was
possible to achieve a contact angle of 143° in state C. MTES and OCTEO have similar results.
Coatings based on them have a contact angle in the C state of 134° and 136°, respectively.

Conclusions. In this paper, one of the options for recycling red mud to obtain the basis of
water-repellent coatings is considered. The water-soluble part of the waste was bound by annealing
at a temperature of 950 °C. It is shown that the largest contact angle of 143° is achieved when using
stearic acid as a water repellent in binder-depleted thin-film composites. Thus, red mud can be
considered as a suitable basis for obtaining hierarchical systems with the prospect of achieving a

hydrophobic state along with common dispersed fillers.
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MUPOHIOK O. B., BAKJIAH /1. B., JIl YE
Hayionanenuti mexuiunutl ynisepcumem Yxpainu « Kuiscokutl noiimexuivHutl iHCmumym
imeni lzopsa Cikopcvkoeoy, Ykpaina
BOJOBIAIITOBXYBAJIbBHI TOHKOIJIIBKOBI ITIOJIMEPHI KOMIIO3UTH
3 YACTUHKAMMU YEPBOHOI'O IIVIAMY SAK CTPYKTYPOYTBOPIOBAUYAMUA

Mema. [liomeepOdicenns MONCIUBOCMI GUSOTNOGIEHH MOHKOUAPOBUX B0O0GIOUIMOBX) 8ATIbHUX
NOKPpUMMI6 HA OCHOBI YACMUHOK YEPBOHO20 UIAMY.

Memoouka. Y oaniti pobomi 610 UKOPUCAHO YEPEOHUL WLIAM 015 CIMEOPEHHS MIKDOMEKCMYPU.
Ilpoyec oezaxmusayii nposedeno npu memnepamypi 950 °C ons 3uusicennss pH. I'iopogpobizamopamu 6yn0
BUKOPUCTHAHO CTNEAPUHOBY KUCIOMY, MEeMUIMPUEmoKCUCUIaAn ma OKMUImpUemoxkcucunan. Y saxocmi
NOMIMEPHO20 38 ’S13YI04020 OYI0 GUKOPUCIAHO CIMUPOIOYMUIAKPUIAMHUL noaiMep. [[ns ompumanhs OaHux
PO pO3MIP YACMUHOK OVIO0 BUKOPUCMAHO JA3EPHULL AHANI3AMOP YacmMUHOK. /s ompumanus gpomozpadiii
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NOBEpPXHI 3PA3KIE OVIO GUKOPUCMAHO ONMUYHUL MIKpocKon 1 yugposy kamepy. [ns niomeepoicenis
Moougixayii uepeonozo winamy oyno euxopucmano 149-cnekmpockoniio 3 euxopucmanusim maoaemox KBr ¢
akocmi  iHepmHo2o Hocia. Kymu 3mouyeanns 6000w 06y10 UMIDAHO MemoOoM CUuosuoi Kpanii 3
BUKOPUCTHAHHAM 20HIOMempa ma yudposoi xkamepu. Busnauenus Kymie 3mouysawus O0as 2iOpo@ilbHUx
mamepianie nposedeHo MemoooM MOHKOCMIHHO20 KANIIAPHO20 NPOCOYEHHS 3a Y OubypHOM.

Pesynomamu. Y pobomi Oyio posensnymo 00uH 3 8apianmié Ymuaizayii 4epeoHoco wiiamy Ois
OMPUMAHHS MIKPOPO3MIPHOI OCHOBU OJ11 80008I0WMOBXY8aIbHUX noKpummis. [loxkazano, wo Hatbineuiuil
Kym 3MOUYy8anHs 800010 ckiadae 143° i Oocseacmvbcsi npu GUKOPUCAHHI CMEAPUHOBOI KUCIOMU 5K
MOOUGhikamopa 6 MoHKONIIEKOBUX KOMNO3UMAX, wo 30i0HeH] 36 'A3youum. Bcmanosneno, wo yepsonui uiam
MOHCHA PO32NAOAMU K NPUOAMHY OCHOBY OJis OMPUMAHHS IEPAPXTUHUX CUCTEM 3 NEPCHEKNUBOI) 00CACHEHHS
2I0pohodHO20 cmany nopsio i3 36UHAUHUMU OUCTEPCHUMU HANOBHIOBAYAMU.

Haykosa Hoseusna. Bnepuie nokasano w0 HOKpUMMSA 3 BUCOKUMU B0008IOULMOBXYIOUUMU
BAACTMUBOCHIAMU MOIICYMb OYMU 00EPIHCAHI HA OCHOBT HACMUHOK YEPBOHO20 UWLAMY.

Ilpakmuuna 3nauumicme. Po3pobieno memoouxy oopooxu 6i0xo0y amnoMinie8o2o eupoOHUYmMeda —
YEPBOHO20 WINAMY, SIKA NOJS2AE 8 CHIKAHHI, pO3Cilosanti ma 2iopohobizayii ma 6iOnoeioOHUll CKIA0 OpeaHo-
MIHEpATbHO20 NOKPUMMS HA OCHOBI NIO20MOGNIEHUX YACMUHOK, KU MAE PIBHOMIPHY 80008i0UMOBXYIOUY
NOBEPXHIO.

Knrouoei cnoea: 2iopoghobnicmv; Kym 3MOUYEAHHS; 60008IOUIMOEXYEANbHI NOKPUMMSL, OPeAHO-
MIHEepanbHULi KOMNO3UM, 4ePEOHULL ULLAM.
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615.477.66]. Kuiscorutl nayionanbHutl yHigepcumem mexHoi02it ma ousauny, Yxkpaina

014.24
MOPIBHSIHHSI BUMOI' CBITOBUX ®APMAKOIIEX 10 SIKOCTI
IHJIACTUPIB

Mema. I[lpogecmu nopieHAIbHUL aHANI3 6UMO2 NPOGIOHUX ¢hapmakonel wooo BUHAUEHMHS,
XapaxmepucmuKu, NOKA3HUKI6 AKOCMi ma HOpM, Memoodie ma Memooux, 5Ki U3HAYAIOMb AKICMb NIACMUDPIE
AK iKapcobKoi popmu.

Memoouxka. Iloxaznuxu axocmi Mm’sKUx npenapamie 0Jis1 HAWKIPHO20 SUKOPUCMAHHA (Naacmupis)
Hasedeno 6 Mepoiwcasnii @apmaronei Yrpainu (DY) ma 6 3apybisrcnux gapmaxonesx. I[lpu npogedei
00CnidJCeHb  OYIU  BUKOPUCMAHT MemoOUu aHaRi3y JimepamypHux odxcepen, IHGOPMAYitiHo20 NOuLyKy,
NOPIGHAHHA MA )3A2ATIbHEHHSL.

Pezynvmamu. [lposedeno nopisnanus ma ananiz gpapmaxoneti nposionux kpain ceimy ma A®@Y wo0oo
Xapaxmepucmuxu, Kiacu@ixayii ma noKazHuKie aKoCmi niacmupie, 3aiedlicHo 6i0 ix cnocoby 3acmocy8aHHs.
B pezynbmami npogedenoco HayK08020 aHANI3y 8CTMAHOBLEHO, WO BUMOSU 00 2PYN M SIKUX TIKAPCHKUX (hopMm,
00 AKUX HaRedcamy naacmupi, 6 kpainax €sponu He idpisnsiomucs. [Ipome, 6 papmarxonesix Anonii ma CIIA
0emanbHo  po32nsa0aomvcss  OONOMIJICHI  peuo8UHU, SKI 3a0e3neuyiomb MeXauiuni ma MmexHON02IYHI
eracmugocmi (adee3usu ma NiiGYMEOPIOOYl A2eHmu), a MmaKoxiC ix onuc, mexauizm Oii, Qizuxo-ximiumi
enacmusocmi. Po3enanymo numanus po3pooKu ma cmaHOapmu3ayii HO8UX CYYaCHUX JIKAPCLKUX 3acodig y
¢opmi piokux nracmupis.

Haykoea noeusna. Bcmanoeneni negni po3oiscnocmi 0aHux c8imogux gpapmaxonetl w000 KOHMpPOoao
saxocmi naacmupie. Lle € caiouenmnsm neobxionocmi apmonizayii eumoe papmaroneii 05 yHigikayii Memooux
ma mMemooie aHalizy niacmupis, SKi 3HAUULIY WUpoKe 3aCMOCy8aHHs 8 MeOuyuri ma gapmayii.

Ilpakmuuna 3nayumicme. Ompumani pe3yrsmamu npo8eodeHo20 aHali3y, c8iouams npo OOYiNbHICMb
2apMoHizayii papmaxonetHux umMoe wooo NIACUPIE K JIKAPCbKOi hopmu 3 memoro yHigixayii nioxodie 00
niomeepoxcenns ix skocmi. Busnauena nazanvbna nompeba ¢ oemanbHOMy 6uUueHHI, cmanoapmuzayii ma
BNPOBAONCEHHT y NPAKMUK)Y HOBUX JIIKAPCHKUX 3ac00i8, 30Kpema y hopMmi piOKux niacmupis, aKi Maroms pso
nepesaz NOPISHAHO 3 IHUWMUMU JIKAPCOKUMU opmamu npu JiKY6AHHI PAaH.

Knrouoei cnoea: nnacmupi; HawkKipni naacmupi; JIKy8aabHi naacmupi; pioki niacmupi,
MPAHCOEePMAibHI CUCTMeMU, NAm4i; Kamaniasmu; akmueHuil gapmaye8muyHull iHepedicHm, NiKapCbKuil
3acib; nikapcvka gopma.

Beryn. Ykpaincbkuii dapMmaneBTUYHUNA PUHOK TOCTYIOBO BiJHOBIIOETHCS Ta MPOIMOHYE
BEJIMKUN aCOPTUMEHT JiKapchKuxX 3aco0iB (JI3) /st 30BHINIHEOTO BUKOPHUCTAHHS BITYM3HSHOTO Ta
3apyOi>kKHOTO BUPOOHUIITBA. 3aK0H YKpainu «IIpo mikapchbki 3acO0M» BCTAHOBITIOE 3arajibHi BUMOTH
10 JI3, 3riiHO 3 SIKUM BCi JIIKH, 10 BUPOOJISIOTHCS Ta pealli3yloThes IS TOTped HaceleHHs, MalOTh
OyTH SIKICHUMH, BHCOKOC(DEKTHBHHUMH Ta O€3MeYHHMMH. BUMOTHW 110 SKOCTI JIKapChKUX 3aco0iB
KOHTPOJIIOIOTHCSI HOPMATUBHUMH JJOKYMEHTaMH (CTaHAApTH, TEXHIUHI YMOBH, (hapMaKoIeiHi CTaTTi,
TEXHOJIOTIYHI perjJamMeHTH, crenudikaiii). JloTpumaHHS 1IMX BHUMOT, J03BOJISE 3a0€3MEUYNUTH
BIJIMIOBITHY SIKICTb MpeNapariB, MOKPALTYIOYH IIOKa3HUKHU B TaTy31 OXOPOHHM 3710pPOB’sI Ta pO3BUBAIOYN
(dapmalleBTUUHUN PUHOK KpaiHU, 30KpeMa 3a paxyHOK IMIIOpTYy Ta ekcrnopty. Papmakories €
HaI[lOHATBHUM 30ipHUKOM CTaHJApTIB AKOCTI (apMaleBTUYHOI MPOAYKLIi Ta BaXJIUBUM
THCTpYMEHTOM Oe3MeKH JikiB. dapmakornes — 1e oiiiHIN MPaBOBUM HOPMATUBHUN JOKYMEHT, 110
MICTHTb 3arajbHi BUMOTHU J0 JiKiB, (hapmakoneiini crarti (PC), MmoHorpadii, a TakoX METOIUKU
KOHTPOJTIO SIKOCTI Ta PO3pOOJISETHCS IM11 KOHTPOJIeM MpodeciiftHOTO0, IepKaBHOTO, YITIOBHOBAXKEHOTO
oprany [1].

IlocranoBka 3aBaanHs. ChorogHi B (hapMaleBTHYHIM TPOMHCIOBOCTI ICHYIOTH pPi3HI
niaxonu A0 kiacugikamii, BU3HaYeHHS Ta MOKAa3HMKIB SKOCTI IJIACTUPIB SIK JIKapChbKOi (OpMH,
mpote, 000B’I3KOBUMH € BUMOTH (hapmakoriei. Tomy, MOpiBHSIHHS BUMOT (papMaKkorei pisHuX KpaiH
cBiTy 10 JI3 y dopmi muiacTupy € HeoOXiTHOIO YMOBOIO BJIOCKOHAJIEHHS MIXO/IB Ta CTaHIApTIB A0
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axocTi JI3. Tako, BaXXJIMBUM € CTaHApTU3aLlis Ta BIPOBAHKEHHS y MPaKTHKy HOBHX JI3, 30kpema
y dopMmi piIKUX IJIACTUPIB, SKI MAIOTh Psij MepeBar MOPIBHSHO 3 IHIMUMHU JIKapChbKUMU (hopMamMu
(JI®) nnst mikyBaHHI paH.

Marepiasu i meroau. OOG’exkTaMM JOCHIDKEHb €: 3arayiibHi (apmakomeiHi CTaTTi y
HepxasHiit @apmakornei Ykpainu (DY) 2.4 nonoBuenHs 4, JIOY 2.5 nonoBHeHHS 5, €BpOIEHCHKIMA
®dapmaxonei 8§ Bua. (Ph. Eur.), €sponeiicekiiit ®apmakonei (EUROPEAN PHARMACOPOEIA
10.0), bpurancekiit @apmakornei (BP), ®apmakonei Cnonydenux IlItarie Amepuku 30 NF25 (USP),
®dapmaxonei Anonii (JP), Hepxapniit ®apmakomnei Kazaxcrana (JJPPK), ®apmakomnei [Tonpmi (FP
wydanie XII suplement 2021) [1-8]. B pe3ynbrari NpOBEACHOTO MOPIBHSIIBHOTO aHAJI3Y
BUKOPHUCTAHI METOAWKHA 1H(OPMAIIHHOTO TIONIYKY JIITepaTypHHUX JDKEpen, y3aralbHEHHS Ta
MOPIBHSHHSL.

Pe3yabTaT nociigzkeHHsi. Y CBITI iICHye CTilKa TEHIEHIIISI 10 HEOOXIAHOCTI CTBOPEHHS
iHHOBaniitHUX JI3 A7 30BHIMIHBOTO 3aCTOCYBAaHHS y BUIVIAII TPaHCIEPMAaJIbHHUX IUIACTHPIB, SKI €
AThTEPHATUBOIO TPAIUIIIHHOMY BBEICHHIO PEYOBHH (TIepopajbHe, 1H €KIIIITHE BBEACHHS ) Ta SIBJISIOTH
co0010 JIKapChKi IpenapaTy, NIpU3HaYeHI JJIs HAHECEHHS Ha MOBEPXHIO MIKIPU 3 METOIO TOCTAaBKU
MEBHOI /103U aKTHBHOTO (hapmarieBTUuHOTO iHrpenieHTa (ADI) uepes mapu mkipu 6e3mocepeHbo B
KpoB’siHe pycno. Cepen Beix inHoBauiiHux JI3 migepamu € tpancaepmanshi miactupi (TII), mpote B
3arajgbHId KUTBKOCTI 3apeecTpoBaHuX JI3, TpaHcaepMalibHI TUTACTHPI 3aiiMalOTh HAWHMOKYI TTO3UITIT
MOpIBHSAHO 3 IHMMMHU Jikapcbkumu ¢opmamu (JID). Tomy, akTyaabHHUM € CTBOPEHHS HOBHUX
cyuacHux JI3 1yig HaHECEHHS Ha MIKipY Y GOpMI IJIIACTUPIB, AK1 3aBISKH TPAHCIEPMAIBLHOMY CIIOCO0Y
JOCTaBKU Jitouux pe4yoBuH (/IP) 3maTHI cTUMYIIOBATH CHUCTEMY MiCLEBOTO KpOBOOOIry, YHHUTH
3HEOOIOIYY [0 Ta BIUTMBATH HA 3arajbHUN cTaH opraHizmy [9]. Kpim Toro, icHye mie omHa
ACOPTUMEHTHA Tpyla IJIacTUpiB (PiAKI IUIACTHP1), SIKI 3HAWIIM CBOE MIMPOKE BHUKOPHCTAHHS B
MEIWYHIN TPaKTHUIll Ta MOTPEeOYIOTh CTaHIAPTH3allli Ta BIPOBAKEHHS Ha (hapMalleBTUHUHUA PUHOK.

[Tnactup (Emplastra) — JI® y Burisal miacTUYHOI MacH, 37aTHA PO3M'SKIITYBAaTHCS TPU
TEeMITepaTypi Tijia Ta MPUIKIATH J0 MKIPH, a00 Y BUTJIAI Ti€l K TUTACTHYHOI MacH Ha IJIOCKOMY HOCIT
Ta MpHU3HAYEHa JUIl 30BHIIIHBOTO 3acTOCyBaHHA. [lis miacTupy pO3MOBCIOJUKYETHCS Ha WIKIipY,
MIIIIKIpHY TKAHWHY Ta MOXE BIUTMBATH Ha opraHi3Mm B miomy. [lepkaBHa @apmakomnes YKpaiHu
(DY) po3pizHsie miacTupi JiKyBajdbHI, HaIIKipHI Ta TpaHcAepMalbHi. JIiKyBalbHI Ta HaIIKipHI
MJIACTUP] TPEACTABISIIOTE COOOI0 €IacTHYHI Ipermapard, siKi MICTATH OJHY a0o0 OuibINe IF0UnX
PEUOBHH Ta MPHU3HAUECHI AJIS 3aCTOCYBaHHA Ha 1IKipi. [lmacTupi HamKipHi 3aCTOCOBYIOTH SIK 3aCO0H
MepIioi JOTOMOTH TPH JIIKYBaHHI paH, BUpPa3oK Ta omikiB. [IpoTe, Ha BiAMIHY BiA TpaaWIliHHUX
HAIIKIPHUX TUIACTUPIB, PO3POOIIAIOTHCS CydacHI MOJEPHI30BaHI IIACTHUPI, SAKI 37aTHI MO€EAHYBATH
JIEK1UJIbKA KIIFOYOBUX (DYHKIIIM. AKTyalbHUM € BUKOPUCTAHHSI TOHKUX THYYKHX TUJIACTHPIB HA OCHOBI
HOBHMX HAHOMATepialiB Ta THYYKUX EJIEKTPOHHHX TexHoJyoriii. OTxe, 3HaUYCHHS TEpPMiHY
HAIIKIPHUH TIACTUPY» CTA€ IMIUPIIMM 1 PO3YMHIIIUM TOPIBHSIHO 3 TPAJAMIIIHHUMU BU3HAYCHHSIMH
[10]. TpancaepManbHi TIIACTUPI € HOBITHBOIO cydacHO0 JID, sika 3aiimMae miaupyrodi MO3HIIil cepe
JKapChbKUX (PopM, siKi 3M1HCHIOIOTH TMPOJOHTOBAaHUM TPAHCTIOPT JIiKapchbkux pedoBuH (JIP) uepes
HIKipy Ta CHCTEMHO [if0Th Ha oprani3m [11]. Takox, ciij 3a3HaYUTH, II0 TPAHCACPMATBHUH IIJISAX
BBEJICHHS € OJTHUM 3 HAaHOUIBIII IEPCTIEKTUBHUX cOCO01B gocTaBKku ADI yepes mikipy B BETUKE KOJIO
KpoBOOOITy, 1o 3a0e3neuye 3pydHICTh BBEACHHS NpPU PI3HUX KIIHIYHUX CTaHax. Y HayKOBIH
JiTepaTypl MOXKHA 3yCTPITH CXOKICTh BU3HAUEHDb «TpaHcepMaibHa TepaneBTudHa cuctemay (TTC)
1 «TpaHCAepMaAIbHUH TIACTUPY, OCKUIBKA BOHH € OJIHAKOBUMH 32 3MICTOM, JIUIIE€ KOHKPETU3YETHCS
dopma TTC [9]. TpancaepmaibHI TIIACTUPI 3a3BUYAN CKIIATAIOTHCS 3 KIJIBKOX IIapiB, MPU3HAYCHUX
JUIsL TOCTaBKH JIIKIB yepe3 IIKipy Ta B KpoBOTIK. KOHKpeTHHIA CKI1aj i CTPYKTypa IJIacTUPY MOXKYTh
3MIHIOBATHUCS 3aJICXKHO BiJ Mperapary, SKUH JOCTaBISE€ThCS, 1 0a)XaHOT IMBUAKOCTI BUBUIBHCHHS
npenapary. [ligkaaakoBui map € 30BHILIHIM IIAPOM IJIACTUPY 1 CIY>KUTH JJIs1 3aXUCTY 1HIINX MIapiB
BiJl HAaBKOJMIIHBOTO cepedoBuima. lle map 3a3BUYail BUTOTOBJISETHCA 3 THYYKOTO
BOJIOHETIPOHUKHOTO MaTepianty, TaKOro SK roJieTuiieH abo noxinporniieH. KneoBuit map ciyxuTthb
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JUIsL IPUKPIMJICHHA IUIACTUPY 10 IIKIpH Ta YTPUMAaHHS MOTO Ha MicIli. 3a3BHUail BiH CKJIQIA€THCS 3
MIITHOTO TirmoajepreHHoro kierw. Hactymuum € map, mo mictuth ADI, ki 10CTaBIAIOTHCS Yepe3
mKipy. Bin cTBopeHuit 1y BUBUIBHEHHS JIiKIB 3 IOCTIHHOIO MIBUAKICTIO MIPOTSTOM MEBHOTO MEPioTy
yacy. MeMOpaHa, 110 KOHTPOJIIOE€ MIBHAKICTh, CIYXUTh JJII KOHTPOJIO IIBUIKOCTI, 3 SKOK JIIKH
BUBUIBHSIOTHCA 3 TUIaCTHPy. MemMOpaHu 3a3BU4ail BUTOTOBISIOTHCS 3 HANlIBIPOHUKHUX MaTepialis,
SIK1 JTO3BOJISIFOTH JIIKaM MIPOXOJUTH Yepe3 MeMOpaHy 3 KOHTPOJIbOBaHOK MBUAKICTIO [12]. Tlnactupi
IpU KIMHATHIA Temreparypi MaloTh BUIJISL TBEpA0i MacH, ipu Temreparypi 60—-100 °C miaBastbes
Ta YTBOPIOIOTH TYCTI PIAMHH, PO3M’ SKIIYIOTHCS TPH TEMIEpaTypi TiIa, MOXYTh CIUIABJISATHUCS 3
pi3HUMH aKTUBHUMH (papmanieBTHUHUMU iHrpeaienTamu (ADI) Ta 1oMOMiI>KHUMHU pe4OBUHAMH.

[TnacTupi B 3aJIeKHOCTI BiJl MEIWYHOTO TPH3HAYEHHS MOJUISIOTh HA: EMiJepMaTH4HI,
eHjepMaTHuHi 1 niagepmaruydi. EmigepMaTudHi miacTUpi BIAHOCATHCS 10 BUPOOIB MEIUYHOTO
MPU3HAYEHHS, IX BUKOPUCTOBYIOTh 3 METOIO 3aXUCTY IIKIpU BiJ] BIUIUBY IIKIAJIMBUX YMHHUKIB, JUIS
30MKeHHs KpaiB paH, Micis XipypriuHUX BTPYdYaHb, /Ui 3aKPUTTA JAe(eKTiB IIKipu Ta Qikcamii
MOB'SA30K Ha mMOBepxHI MmKipu. Jl0 HUX HameXarh JCHKOIIACTHUPI Ta KAaydyKOBI ILIACTHPI.
Ennepmatnuni Ta aiaepMaTH4HI IJIACTUP] — 1€ JIKApChbKi 3aco0u, SKi MaloTh (popMy IUIaCTHPY.
Ennepmatudni miaacTupi MiCTITh JIIKapChKi pEYOBUHHU, 110 YHHSATH TIOBEPXHEBY [0 HA XBOPY HIKIPY,
70 HUX BIIHOCATHCS MO30JbHI IUIACTHUPI, OAKTEpUIUAHI, TPOTUTPUOKOBI, Tomlo. [lianepmaTuyni
macTupi MictsaTh JIP, siki 3maTHI TpOHUKATH KPi3b BCI AU MIKIPH Ta BIUIMBATH HA HUX, a00 YMHUTH
3arajipHy Aif0 Ha oprasi3m. [lpukmagamu mianepMaTHYHUX IUIACTUPIB € HIKOTHHOBI IUIACTHPI,
MJacTUpl 3 HITPOTJIIIEPUHOM, HECTEPOiTHUMU  TpoTH3analibHUMH  3acobamu  (HII33),
KOHTpAleNTUBHI. B 3ajexHoCTI BiJ CKIany IJIACTUPi MOUIAIOTH HAa CBUHIIEBI, CMOJISTHO-BOCKOBI,
KaydyKkoBl Ta pinki (mkipHi kiei). Hapasi, piaki miacTupi € CydaCHHMMH Ta TEPCIICKTHBHUMH
JIKapChbKUMHU 3ac00aMu JUIsl HAIIKIPHOTO 3aCTOCYBaHHS, SKI BHKOPUCTOBYIOTH JJISI MICIEBOTO
JIIKYBaHHS PaH HA PI3HUX YaCTHUHAX T1JIa, 0OCOOIMBO HEBEIIMKUX TPaBM, a00 paH y YaCTHHAX Tijla, Kl
OepyTh y4acTh y pyXax, HallpUKJIaJ, JJIs JIIKYBaHHS HEBEIMKHX paH B 00JIaCTi HIFTHOBOTO JIOXkKeE 200
3TUHY Tanblll. TakoX piaki IIacTApPl IIHPOKO BUKOPHUCTOBYIOTBCS  SIK  CTEPHIIBHHI
nepeB’sI3yBaJIbHUI MaTepian MpU CTalliOHApHOMY Ta aMOyJIaTOpHOMY JIIKyBaHHI B T1HEKOJIOTIi,
30KpeMa BpaxoBYIOUHW crienudiuHy JIOKaIi3amio paHd (MPOMEKHUHH Y MiCIAIOIOTOBOMY MEpioi),
KOJIM HEMOYKJIMBO HAKJIACTH aCENTHYHY OB’ 3Ky, a00 MOB’A3KY 3 Oyab-akuM JI3, 3a paxyHOK TOTO,
110 ITCJISATIONOTOBI BUAUICHHS IIBUAKO «3MUBaIOTh)» JI3 HaHeceHi Ha nmpomexuHy . Kpim Toro, piaki
actupi € HeoOxigaum JI3 A HaJaHHS MEpIIol HEBIKIIATHOI JOIOMOTH MPY OTPUMAaHHI paH Ta
BHOYXOHEOE3TMIEYHNX TPABM.

Crig BpaxyBaru, 10 MJIACTHPI BiAMOBIAHO 10 BUMOT JIDY Hamexarh 10 M’SIKUX MpenapaTiB
JUTsl HAIIKIPHOTO 3aCTOCYBaHHS, TOMY BHHUKA€ MUTAHHS MO0 BiJHECEHHS PIAKUX IJIACTHUPIB 10
nanoi @C. Y IDY piaki minactupi sk JIO He onucana, npote y kinacudikaropi JI3 (GapmaneBruuna
EHITUKIIONIEIis) PiaKi TutacThpi BigHEeceH1 1o Tpynu JI3 «Piaki iku 1)1 30BHINTHBOTO 3aCTOCYBAHHS».
3a BU3HAa4YCHHSM, HaBeleHUM y (DapMaleBTUYHIN EHIMKJIONEil MKIpHI KJel Ta piIki MIacTupi
(Emplastra liquida) — me nerki piguau (crimproedipHi PO3YUHH) MPHUPOJHHX a00 CHHTETHYHHX
PEUOBHH, SIKi IMiCJsl BUMAPOBYBAHHS PO3YMHHUKA YTBOPIOIOTH MILHY €IaCTUYHY IUTIBKY Ha IIKipi.
Bonu noginsttoTees Ha emigepMaTHdHi 200 €HASpMaTHYHI IIacTUpl. B SKOCTI TIIBKOYTBOPIOBAYiB
BUKOPHUCTOBYIOTh MOXI1/IHI IIETON03H (HITPOIEN0I03a), KaHi(oJib, KOJOIiH, CMOJU TOIIO. B sKocTi
JOTIOMIKHMX PEUOBHH, 1110 HAJAIOTh YTBOPEHIN TUTIBIlI €TACTHYHOCTI I0JAI0Th POCIWHHI OJIii Taki SK
COHAIITHUKOBA a00 puninHoBa. EnacTuyHi miiBky, ki He MicTATh ADI, HaexaTh 10 MIKIPHUX KIIEiB,
OCHOBHOIO iX (yHKIi€r0 € ¢ikcyBaHHS TOB’s30K. [lmiBku, siki Mmictath A®DI, B ocHOBHOMY
aHTUMIKpOOHOI 1ii (piaki ruacTupi), KpiM Qikcamii, YUHATH L€ MEBHY TEpaleBTUYHY Iif0, sKa
3JICKUTH BiJl TCOPETUYHO Ta €KCIIEPUMEHTAIBLHO OOTPYHTOBAHOTO MiAXOY A0 BUOOPY TOMTOMIKHUX
pPEUOBHMH, MIO YTBOPIOIOTH IUIiBKOyTBOprotouy cucremy [IC [13]. TIC € HOBOI0O MiCIEBOIO
TpaHCcIepMalIbHOIO KOMITO3HUIIIETO, SIKa CIIOYaTKy Ma€ BUTJISIT P1AMHHU, IPOTE 3T0JA0M ITiCIs BUCUXAHHS
CTBOPIOE €IIACTUYHY MPO30pY IUTiBKY Ha mikipi. [1i cucTeMu B OCHOBHOMY CKJIAJIAIOTHCS 3 aKTUBHOTO
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IHTpelieHTa Ta MIBKOYTBOPIOIOYOTO areHTa, pO3UNHEHOT0 B HOCI1, KM BUITAPOBYETHCS HA IIKIpi Ta
3aJIAIIAE 32 COOOIO TUTIBKY.

Y A®Y 2.4 naBepeHo 3aranbHy crarTio Ha JI® «M’ski mpemapaTv A HAIIKipHOTO
3actocyBaHHs» (Praeparationes molles ad usum dermicum) BiamoBigHO 10 KO M’siKi popMu JIst
30BHIIIHBOTO 3aCTOCYBaHHS MOIUISIOTbCA Ha Masi, KpPEeMH, Telli, MacTH, MPHUIAPKH, IUIaCTHPI
JNiKyBaJIbHI 1 muactupi HamkipHi. DY 2.5 wmictuth 3aranpHy crartio Ha JI®O «llmactupi
tpancaepmanbsHi» (Emplastra transcutanea) [1, 2].

VY Hepxaniit @apmakomnei pecnyomniku Kazaxcran (JJPPK) naenena ®C «M’siki JikapchKi
3acobm A MicieBoro 3actocyBaHHs» (Preparations molles ad usum dermicum), B skiii 10 M’sIKUX
JKapChKUX (OPM BIAHOCATHCS: Ma3i, KPEeMH, T'elli, MacTH, MPUTIAPKU Ta MEANYHI tutactupi [3].

Jlikapceki mpemapatd 'y ¢opmi MmiactupiB B €Bpormeiichkiii  ®apmakonei European
Pharmacopoeia 10.0 mpeacrasneni B po3aiai «/lo3oBani hopmu» (Dosage forms) y sBurmsai nBox
(dapmakoneiiHux crarei, a came: «HamiBTBepi mpenaparu st HaHEeCeHHs Ha mKipy» (Semi-solid
preparations for cutaneous application) ta «Ilatui TpancaepmanbHi» (Patches, transdermal) [4]. ©C
«HamiBTBepi npemapartu s MicueBoro 3actrocyBanss» (Topical semi-solid preparations) ta «IlaTai
TpancaepmanbHi» (Patches, transdermal) mo nHaBeaeni y BP € anamoriunumu 3a 3MiCTOM Ta CYTTIO
1o €sponeiicbkoi @apmaxorei. MoHorpadis moaiise miacTupi Ha JiKyBaJlbHI Ta HAIIKipHI [5].

®dapmakoness [lompmi Mictuth MoHoOTpadiro «Praeparationes semi solidae ad usum
dermicumy, ie cepen IHIIMX JIiKapchbKuX (opm, npenacrasieHa JIO — karamiazmu [6].

Snoncerka dapmakoriess Ma€ 0COOTUBY CTPYKTYPY, sKa CKIAAAEThCS 3 OJHIET MOHOTrpadii
«Monographs for Preparationsy, sika mipo3/iise npenapaTH 3aJIe)KHO Bl IUIAXIB X 3aCTOCYBaHHS.
Y wmonorpadii HaBOAWTHCS BU3HAYCHHS JIKApChKUX (OpPM, CIIOCOOM BHUTOTOBJICHHS, METOIU
BUNIPOOYBaHb, Tapa Ta yNakoBKa, 30epiranHs. Tak, y mignyHkTi «Preparations for Cutaneous
Application» 1aHoi cTarTi, IIACTUP1 BIIOKPEMITIOIOTHCS ( BIIAaCHE MJIACTUPI Ta KETATHHOBI TUIACTUPI1 )
gk okpemi JID, sxi He 00’ eqHaHI B Tpymy M’ siKux (opwm [7].

3-moMiK BCiX MPOBIAHUX (apMakomeil CBITy HaWOUIbII BaromMorw Ta iH(GOPMATHBHOK €
®apmakornes: Cnonydyenux IlrariB Amepuku 30 NF25 USP. Vci JI® posrisaaioTscst B 3aranbHii
cratTi «Pharmaceutical dosage forms», B sikiii onucana faeTanpHa iH(GOpPMAIlisl 010 BUPOOHUIITBA
Ta OMUCY BUMPOOYBaHb KOHKPETHO JJISl KOKHOT JTiKapchKoi popmu. TepMiH «1i1acTup» He € OakaHUM
1 10T0 HE CJ11]] BUKOPUCTOBYBATH JIJI Ha3B HOBHUX JIIKAPCHKUX 3aC001B, HEOOX1THUM € BUKOPUCTAHHS
TepMiHy «cucteMu». B naniit @apmaxornei HasiBHa okpema ctatTs «Excipient performance», y skii
MPEACTABICHA XapaKTEPUCTHUKA Ta (PYHKI[IOHATBHE MPU3HAYCHHS YCiX TOTOMDKHHX PEUYOBUH, SKi
BUKOPUCTOBYIOTbCSI Y pO3poOLi CKJIaay Ta TEXHOJOril pI3HMX JKapchbKUX (GOpM, 30Kpema i
mnactupiB. Tak, y po3aini «Transdermals and patches» nmeranbHO pO3MIISIIAIOTHCSA aATE3WBU Ta
IUTIBYTBOPIOIOY] areHTH, a TaKoX iX OmHC, (QYHKI[IOHAIbHUN MeXaHi3M, XIMIYHI BJIIACTHBOCTI Ta
3arajJbHUAN po3in [8].

O3naiioMuBIIMCE 13 papMaKoNeHHUME CTATTAMHU Y Kpainu, €Bponeiicbkoro Coro3y, Benukoi
bpuranii, Anonii, [Toneul Ta pecmyOmiku KazaxcTtan Mo)kHa 3BEpHYTH yBary Ha BiJIMIHHOCTI MiX
miaxoAoM o kinacudikamii M’sikux mikapebkux ¢gopm. Tax B DY, JPPK, Ph. Eur., BP, FP
BUJIIJIEHA OKpeMa CTaTTs ISl PO3TJISAY XapaKTepUCTHK Ta BUMOT JIO M’SIKUX JIIKAPChKUX (OpM JUIs
HAIIKIpHOTO 3aCTOCYBaHHS, a B JP mpenapaTu 3rpynoBaHi BiJIOBITHO 10 iX 3aCTOCYBaHHS, a TOMY
M’sIK1 JIiKapchki (popmu, He 00’€HAHI B OKpeMy TPyMy, a PO3TISIAIOTHCS TMOPST 3 TBEPAUMH
dbopmaMu SIK OKpeMi JIiKapchKi 3aCO0H.

TepMiHM Ta BU3HAUEHHS I0/0 IUIACTUPIB Ta TPAHCAEPMAIBHUX CHUCTEM 3T1IHO 3 JaHUMH
cBiTOBUX (papmakorieii npencrasieHi B Tad. 1.

[Ipu anamizi BuMoOr (apMakome IIOI0 TIOKA3HUKIB SKOCTI, 3a SIKUMH TIOBHHHI
KOHTPOJIIOBATHCS M SIKi IIperapartyu s HamkipHoro 3actocyBaHus (y DY 2.4 naBeneHo 3arainbHy
ctatTio Ha JI® «M’sKi mpemapaTy AJis HAIIKipHOTO 3aCTOCYBAHHS», /IO CKJIAy SIKO1 OKPIM TUIaCTHUPIB
BXOJITh M€ Ma3i, KPeMH, Teli, MacTH, MPUIIAPKH), PE3YyJIbTaTH IOCHIIKEHHS MOKa3yIOTh, IO
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OCHOBHHUMH TOKa3HUKAMH SIKOCTI Ui M SKHX JIKapchbkuxX 3aco0iB € igeHtudikamis ADI Tta
AHTUMIKPOOHUX KOHCEPBAHTIB (ITpH MOTPeO1 — Takoxk 1HMUX [IP), oqHOPIIHICTS 1030BaHUX OJIMHHUIID
OO (okpim JI3 pocnuHHOrO MOXOMKeHHs ), pH a00 KUCIOTHE Ta NEPEeKUCHE YNCII0, BUMIPIOBAHHS

KOHCHUCTEHIIT

(METOIOM  TIEHETPOMETPIii),

B’S3KICTh  (BIIHOCHA B’SA3KICTh), TE€PMETUUHICTH

KOHTEeWHepa, MiKpoOioJIoriyHa yucToTa abo CTepUIIbHICTD, KUIbKiICHE BU3HAUeHHS [ 14].

Tabnuys 1

Tepminu Ta BUSHAYEHHS HI0J0 MJIACTUPIB Ta TPAHCAEPMAJbHUX CHCTEM
3riJIHO 3 JaHMMHU CBITOBHUX (hapmakonei

HopmaTusBHuii
nokyment (JAD)

Haszsa ®C

Tepminn Ta BU3BHAYEHHS

DY 2.4 [1]

M’ siki
npemnapaTy s
HaITKIPHOTO
3aCTOCYBAaHHS

ILaacTupi JdikyBaJbHi — €1acTUYHI MperapaTH, sKi MICTATh
oaHy a0o JeKiTbKa [II0YMX PEYOBHH, NPU3HAYEHI IS
3aCTOCYBaHHS Ha mIKipi. Po3po0maeHi misi yrpuMaHHS TiF040i
PEUOBMHU (IIIOYMX PEUOBHMH) Yy UIUIBHOMY KOHTakTi 3i
IIKipoI0, Tak w00 IIi PEYOBMHU MOIJIM ajcopOyBaTucs
MOBUTLHO 200 JiSATH SK 3aXMCHI 400 KepaTOITHYHI 3aCO0H.

IlnacTupi HAMIKIpHI — e1acTUYHI Mpemnapard, IO MICTATh
onHy a0o JeKUTbKa [II0YUX PEYOBHUH, TMPU3HAYCHI IS
3aCTOCYBaHHA Ha IIKipi. Po3poOneHi aAns yrpuMaHHS 1it040i
PEYOBHHU (IFOYMX PEUOBHWH) Y IIIJILHOMY KOHTAKTI 31 IIIKi-
por0, TaK 1100 Il PEYOBHHH MOTJIM HAJIAaBATH MICIIEBY JiIO.

DY 2.5 [2]

[Tnactupi
TpaHCACpMaJIbHI

IlnacTupi TpaHcaepMaabHi — THYYki (apmaneBTHYHI
mpenapaTrd pi3HOTO pO3Mipy, IO MICTATh OJHY ab0 OiibIie
JII0YMX pEYoBUMH. BOHM mNpu3HadeHi s HAHECCHHS Ha
HEYIIKO/DKEHY IIKIPY 3 METOI0 JOCTAaBKU J1I0Y0i PEUOBUHH
(mirouMx PpEYOBHMH) JO CHCTEMHOTO KpOBOOOIry Ticis
MPOXOKEHHS  Kpi3b  mmKipHUH  Oap'ep.  Ilmactupi
TpaHCAEpMallbHI 3a3BHYail CKJIAJAIOTHCSI 3 30BHIIIHBOTO
MOKPUBHOTO MIapy, SKUWA YTPUMYE Ipernapar, o MIiCTHTb
Aifouy peuoBHHY (Iito4i peuoBHHM). 3 OOKy NOBEpXHI
BHUBUIBHEHHS TpernapaTy IUIacTUPl BKPUTI 3aXUCHUM IIAPOM,
SIKMI BUJAISIOTH Tepe]l HAHECEHHSIM TUIACTUPY Ha HIKIpYy.

JI®PK [3]

M’s1iki JlikapchKi
3aco0u IS
MICIIEBOTO
3aCTOCYBaHHS

MennuHi nJjacTupi — eTacTUYHI penaparw, 1o CKIaIal0Th-
csl 3 OJHi€l UM OinblIe aKTUBHUX PEYOBMH, MPHU3HAYCHI IS
HaKJIaJaHHs Ha IIKipy. BUKOPUCTOBYIOTH i1 yTpUMaHHS
AKTUBHOI PEUOBUHU (AKTUBHUX PEYOBHMH) Yy 3aKpUTOMY KOH-
TaKTIi 31 MIKIPOIO, TAKUX PEYOBHH, 5IKI MOBUIBHO aOCOPOYIOTH,
a00 MaroTh 3aXMCHI 200 KepaToIITHYHI BIACTUBOCTI.

Ph. Eur 10.0 [ 4]

HamiBTBepmi
npenapara s
HAaHECEHHS Ha

HIKIpY

JIikyBaJIbHi IJIACTUPI — €TaCTUYHI TIpemapaTu, o MiCTATH |
abo Ourple AaKTMBHUX  PEYOBMH, MpPHU3HAYECHI  JJIs
3aCTOCYBaHHs Ha MIKipi. Po3po0eHi ast miATpUMKH aKTUBHOT
pPEUOBHHU (AKTUBHUX DPEUYOBMH) NPU TICHOMY KOHTaKTi 3i
HIKIpOIO, MO0 MOTJIM TMOBILIBLHO TMOTJMHATHCA a00 TIATH SIK
3aXMCHI Y1 KepaToJIiTU4HI 3aCO0H.

Hamkipui narui — e raydki npemnaparu, 1mo MicTaTh 1 abo
OlTbIIIe aKTUBHUX PEUYOBHH, IPU3HAYEHI JJIS 3aCTOCYBAHHS Ha
mkipi. Po3poOsieni i MIATPUMKH aKTUBHOI PEYOBUHH
(aKTMBHHX PEYOBMH) IPH TICHOMY KOHTAKTI 31 LIKipOIO, 1100
MOTJIHA JISITH JIOKAILHO.
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IIpooosoicenns maon. 1

Hopmarnshuii Hazsa ®C Tepminu Ta BU3HAYEHHSHA
aokyMeHT (J1D)
[MaTui TpaHcaepMaJbHi NaTYi — THYUYKi hapMarieBTUYHI TperapaTu
TpaHCACPMAaJIbHI | PI3HOTO PO3MIPY, IO MICTITh OJHY a00 MEKIIbKa IF0YHX
peuoBuH. Ilpu3HaueHi 11 HAaHECEHHS HAa HEYIIKOIKEHY
HIKIpY U1 JOCTaBKU aKTUBHOI pEYOBHUHU (AKTUBHUX PEYOBHH)
B CUCTEMHHUH KPOBOTIK MICJsI MPOXOJDKEHHS Yepe3 IIKIpHUN
Oap'ep.
BP [5] Hanistepai JIikyBa/IbHi m1acTHPi — €1acTHYHI penapaTH, o MicTITh 1
npenapatu i |abo Oibllle aKTHBHUX PEYOBHH, MPU3HAYCHI JJISI HAHECCHHS
MiCIIEBOTO Ha 1Kipy. Po3pobneni st miATpUMKHA aKTUBHOI PEUOBHHU
3aCTOCYBaHHS | (aKTHBHHX PEYOBHH) y TICHOMY KOHTAKTI 31 IIKiPOO, ITOBUIBHO
MOTJIMHAIOTECSL a00 MAIIOTH SIK 3aXMCHI YU KepaToJIiTHYHI
3aco0u.
HamkipHi naTyi — enacTuyHi npenapati, 1o Mictare 1 abo
OlNbIlIe aKTUBHHUX PEYOBHH, MPU3HAYCHI JJII HAHECCHHS Ha
mkipy. Po3poOmeni i MIATPUMKH aKTHUBHOI PEYOBHHU
(aKTUBHHMX PEYOBHH) Yy TICHOMY KOHTAaKTi 31 HIKIPOIO, JIIOTh
MICIIEBO.
[TaTui Tpanc- TpaHncaepMabHi HATYi — THYYK] papMarieBTUYHI IpernapaTu
JepMalibHi pI3HOrO PO3Mipy, II0 MICTATH OJHY a00 JAEKUIbKa MIF0YNX
pedoBuH. BoHu mpu3HaueH1 i1 HAHECEHHS Ha HEYIIKOKEHY
HIKipY 7151 AOCTaBKU aKTUBHOI pEUOBUHH (aKTUBHUX PEUOBUH)
B CUCTEMHHUN KPOBOTIK ITICJISI TTPOXO/KEHHS Yepe3 IKIPHHMA
Oap'ep.
FP [6] HamiBTBepmi Karanja3mu — 11e HaniBTBEP/Ii TpenapaTy IJisi HAHECEHHS Ha
npenapaTé s | WKipy, 0 CKJIAAAI0THCA 3 TiApo(diabHOI, Termto30epiraodoi
IIKIPHOTO OCHOBHM, y SfKIA JWCHEeproBaHi TBepAi abo piaki mitodi
3aCTOCYBaHHA |PEYOBHMHHU. 3a3BMYail IX HAKJIAJal0Th TOBCTUM IIApOM Ha
BIJIMOBIIHY TIOB’SI3KY 1 HArpiBalOTh NEPel HAHECCHHSIM.
JP [7] [Ipenaparu ang|HaTyi — ne nmpemaparu, MpU3HAYEHI A7 HAKJICIOBAHHS Ha
HAaHECEHHS  Ha|IIKipy.
HIKipy Crpiuku (Teiinm) — 11€ naTyi, IKi BUTOTOBIISIOTHCS 3 OCHOBH,
110 TPAKTUYHO HE MICTATH BOJIH.
Katanaasmu/rejeBi  marui — 1[e mardi, IO MICTITh
BOJIOBMICHI OCHOBH.
USP [8] @apmaneBtuyHi |[lJacTUp — HamiBTBEpAa pEUOBMHA Ui 30BHILIIHHOTO

J1030BaHi hopMH

3aCTOCYBaHHS, SIKa HAHOCHUTHLCS Ha MiAKIaaAKy. Hakmamgaroteces
IUTACTUPl Ha TPUBAJII MEpioau Ui 3a0e3MEeUCHHS 3aXHCTY,
MiITPUMKH a00 OKITIO31i (Marepartis).

CucreMu — 11€ IIpenapaTy JiKapcbKoi peuoBUHHU (CyOCTaHIIii)
y IPUCTPOSAX-HOCISX, SIKI YACTO MICTSThH aJre3MBHY OCHOBY Ta
3aCTOCOBYIOTHCS MiCIIEBO a00 BMOHTOBAaH1 B IOPOXKHHUHU Tija.
Jlikapchka pevYoBMHA NpPU3HAYCHA JUISI KOHTPOJIHOBAHOTO
BUBUIbHEHHSI TMPOTSITOM BH3HAUEHOTO TiepioAy yacy abo
JiKapChbKa pPEYOBMHA BHUBUIBHSAETHCA 3alIEKHO Bl 11
KOHIIEHTpAIIIi B pelenTypi.
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CToCOBHO BU3HAUEHHS SKOCTI IUIACTHPIB HALIKIPHUX Ta JIKYBaJIbHUX Y il ke 3aranbHiit @C
«M’sK1 mipenapaTH Ui HAIIKipHOTO 3aCTOCYBaHHsS» BKa3aHO, IO HEOOXITHUM TOKA3HUKOM IS
BU3HAYCHHS SKOCTI IUIACTHPIB € BHUBUIBHEHHS Ji0Y0i PEYOBHMHHU (III0YMX pEUOBHH). Biamosimgne
BHUBUIBHEHHS JII0Y01 pEUYOBUHU (IIFOYMX PEYOBHH) MOXKE OYTH MPOJAEMOHCTPOBAHO 3a JOTIOMOTOI0
BUNIPOOYBaHHS, HANpPUKIAJ ONUCaHoro B 3aranbHiil crarti «Tect «Po3umHeHHs» As
TpaHCAEpPMAIbHUX IIacTUpiB» [1]. 3amexxHo Big CcKIagy, po3Mmipy Ta (OpMH TUIACTHPY
BUINIPOOYBaHHS MOXYTh OyTH 3aCTOCOBaHi: METOJ| 13 BUKOPUCTAHHSAM HaOOpy IHMCKIB, METOA i3
BUKOPHUCTAHHIM KOMIpPKH a00 METOJ| 13 BUKOPHCTAHHSIM IHJIIHIpA, 10 obepTaeThess. Moxe OyTu
BUKOpUCTaHa MeMOpaHa. BoHa Moke OyTu 3 pI3HMX MaTepialiB, TaKUX SK 1HEPTHA IOPUCTA
1IeJT0J103a 200 CHITIKOHH, 1 HE Ma€ BIUIMBATH HA KIHETUKY BUBUIHLHEHHS JIF0YO1 PEYOBHHH (IIIOUNX
peuoBuH) i3 mactupy. Kpim Toro, memOpaHa Mae OyTH BUIBHOIO BiJi PEYOBHH, SIKI MOXYTb
3MIHIOBaTH 1i BJIACTUBOCTI (Hampukiazd, >kup). MemOpana Moxe OyTH 0OpOOJIeHA ITiIXO0KHM
crmocoboM  mepen  BUNPOOYBaHHSM, HANpPHKIAJ  BUTPUMYBaHHAM i Yy  CEpeNOBHILI,
BHKOPHCTOBYBAaHOMY Yy BHMpPOOyBaHHI, MpoTsiroM 24 rox. MemOpaHy HaHOCSTh Ha TTOBEPXHIO
BUBIJIbHEHHS TUIACTHPY, YHUKAIOUHM YTBOPEHHS MOBITPSIHUX Oyip0amiok [1].

[Ipote, y ®C na JI® «Ilmactupi Tpancaepmanbhi» (Emplastra transcutanea) kpiM moka3HHKa
BUBUIbHEHHS TIF0Y01 pEYOBHHH (IIFOUMUX PEYOBUH) TECT PO3YMHCHHSI, HABEACHI MOKA3HUKH 32 SKIMH
MMOBUHHI KOHTPOJIIOBATUCS TpaHCIEPMalbHI TUIACTHPI, a caMe: IJIaCTHUPI MarTh BUTPUMYBATH
BUMOTH BHUIIPOOYBaHHS Ha OJHOPIAHICTH JO30BAaHMX OAMHHUIL Ta SKIIO II€ OOTPYHTOBAaHO Ta
JI03BOJICHO, BHMOTH BHIPOOYBaHHS Ha OJHOPIAHICTH BMICTy. SIKmio He 3a3HadeHO abo He
OOI'PYHTOBAHO Ta HE JI03BOJICHO 1HIIIE, IIACTUPI TPAaHCAEPMANIbHI MalOTh BUTPUMYBATH BUMOTHU TECTY
C ( mikapchKkuii 3aci0 BUTpUMYE BUTIPOOYBaHHS, SKIO cepeaHiil BMICT y 10 0JJHOT030BUX OJAMHHIIIX
3HaxoAuThes y Mexax Big 90 % mo 110 % Bix HOMIHAJIBHOTO BMICTY 1 SIKIIO BMICT y KOXHIiH 3
10 oxuHUIL 3HAXOIUTHCS y MeKax Bix 75 % mo 125 % Big cepearnoro Bmicry) [2].

[Tix gac npoBeaenns anani3zy ciroBux ®apmaxoneit (DY, Ph. Eur., BP, FP, I®PK, JP),
OyJ10 BCTAaHOBJICHO, IO MOKa3HUKHU skocTi JIDY imentnuni no d®apmakomneit Benukoi bpuranii Ta
€Bponeiicbkoro Coro3y, 110 BiANOBIa€ Aep>KaBHIN KOHIENIi 11010 rapMOHi3alii 31 cTaHAapTaMu
€pomnericekoro Coro3y. Anamizytoun ¢apmakoneto Crnonyuenux Ilrarie Amepuku 30 NF25 USP
Oyno BiJ3HAYEHO, MO0 KPIM OCHOBHHMX TIOKA3HUKIB SIKOCTi, BH3HAYAIOThCS Ie H crenudivHi
MMOKa3HUKH, TIOB’sI3aH1 3 Oy/JI0BOIO Ta CTPYKTYpOIO IUIACTHPY, a caMe: aare3is Ha BIIOKPEMIICHHS,
BiJIOKpEMJICHHS TT1AKJIaIKH, JIUTKICTh (KJIEHKICTh), XOJIOAHUN MOTIK, 3CYB.

B smonchkii ¢apmakonei, BIICYTHIH TMOKa3HUK OIHOPITHICTH BMICTy, MPOTE B JaHIN
¢dapmakonei HasBHI TEXHOJIOTIYHI NMOKAa3HMKH, TaKi K aare3is Ha BIAOKPEMJICHHS Ta JIMIIKICTb
(knerikicts). Kpim Toro, nana ¢gapmakomnes Mae 1HaKIIy CTPYKTYpPY, 3TPYIYBaBIIA M’ SKi Ta TBEP.I
Jmikapcbki  (OpMHM  BIIMOBITHO O 3aCTOCYBaHHs, L€ MOXeE TIIOSCHIOBAaTUCA  PI3HUIICIO
(dapMaleBTUHUHUX PHUHKIB, SKI X0Y 1 MalTh 3arajibHi TEHACHINI, MPOTE CXWJIbHI 10 BIUIMBY
HaI[IOHAJILHUX Ta PETIOHATILHUX 0COOIMBOCTEH.

[TopiBHSIBHI MOKA3HUKH SIKOCTI 32 JAHUMH CBITOBHX (DapMakoriei HaBeAeH1 y TaoI. 2.

[IpoBiBIIM JeTambHUMA aHaNi3 PIAKUX IUIACTHPIB (IIKIPHUX KJEiB), A BCTAHOBJICHHS
MMOKA3HUKIB IKOCT1 HEOOX1THO BUXOIUTH 3 (DI3UKO-XIMIYHUX Ta TEXHOJOTIUHUX XapPAKTEPUCTHK TaHOT
JI®. 3a opraHoneNnTUYHUMH MOKAa3HUKAMU yYTBOpPEHA IUIIBKa Mae OyTH Mpo30pa, OJHOpiAHA Ta He
MICTUTH CTOPOHHIX BKJIIOUEHb. KpiM TIUIIBKOYTBOPIOBAaUiB Ta PO3YMHHHKIB JO CKJIATy PiIKOTO
IUIACTUPY BXOJUTH TAKOXK TUIACTU(IKATOP, SKUW BUKOPHCTOBYETHCS I 3HATTS BHYTPIIIHBOI
Halpyry, 0 BUHHKAe B Tpolieci GopMyBaHHS IUTIBKM Ta BIIMBA€ HAa MEXaHIYHI BIIACTHBOCTI
MOKPUTTS TakKi K MIIHICTb, €TaCTUYHICTb 1 aare3is.

[IpUHIIMTIOBUMH TEXHOJIOTIYHMMH TIOKQ3HMKaMH PIAKAX TUTACTHPIB € 3a0e3medeHHs
OJTHOPITHOCTI PO3YHHY, aAre3isl Ta 4aCc BUCHXAHHS IUTIBKA. Bu3HaueHHs anre3ii miiiBoK (HAHECEHUX
y JEeKUIbKa mapiB, 0€3 MIKIIIAPOBOTO BHCYITYBAaHHS) MPOBOASITH METOJAOM PENIiTYACTHX HaAPi3iB.
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[Toka3HUK Yac BUCHXAHHS IUTIBKU 3aJIKUTh BiJI IIBUJIKOCTI BUIIAPOBYBAHHS PO3ZUYMHHUKA TA CKIATY
po3pobaenoro 3acody [15].

Tabauys 2
IHoka3HMKHU IKOCTI MJIACTUPIB BiANMOBIHO 10 cBiTOBUX (hapMaKkomeit
(1®Y, Ph.Eur. BP, JP, USP, FP, /I®PK)

Ne Ha3Ba nmoka3Huka sKocTi HasgHicTs y apmakonei

n/n JA®Y | Ph.Eur. | BP | JP | USP | FP | I®PK
1 |BuBinbHeHHst ADI (TecT po3unHeHHs) | + + + + + + +

2 | OgHOPIAHICTH TO30BAHUX OJIMHUIIH + + + + + + -

3 | OmHOPIAHICTH BMICTY + + + - - + +

4 | Aaresis Ha BiIOKpEMJICHHS - — - + + _ _

5 |BimokpemiieHHs MigKIaaKu - - - - + - _

6 |JIunxicTh (KIEHKICTB) - - - + + _ _

7 | XonoaHui NOTIK, 3CYB - - - - + - -

Pinki mkipHi K€l BHITYCKalOTBCSA B aepo30JIbHMX OajloHaX, alloMIHIEBUX Ty0Oax Ta
BUKOPHUCTOBYIOTbCSI K CTEpPUJIbHMNA TEpeB’sI3yBaJbHUM MaTepian y Xipyprii, TiHEeKoJorii,
JEPMATOJIOTIi 1A 3aXUCTy MIKIpH 1 paHOBUX TIOBEPXOHb, TOMY HEOOXITHO KOHTPOJIOBATH
CTepHIBHICTD JI3 (KOHTaKTYIOTh 13 ypa)keHOIO MOBEPXHEI0), Ta BU3HAYATH BUBUILHEHHS aKTUBHUX
(hapMaKoJIOTIYHUX IHTPEMIEHTIB (BIUIMBAIOTh HA TEPANCBTUYHY €(EKTHBHICTD JIIKAPCHKHUX 3aCO0IB).
IIpote, B JA®Y Biacyrns ®@C Ha naHy acopTUMEHTHY Tpyly, IIO YTPYIHIOE IPOBEICHHS
CTaHAapTHU3AIlll PIAKUX IIACTUPIB (IIKIpHUX KJEiB). Tak sk, hapmarieBTUUHa SHITUKIIONE 1S BUILISIE
okpemy rpymny JI3 «Pinki miku A 30BHIIIHHOTO 3aCTOCYBAHHS» Ta Y BU3HAYCHHI CAMOTO TEPMIHY
«Pigki macTupi» BKazaHO, MO 1€ JIETKI pimuHM (cnupTtoedipHi PO3YMHHM) MPUPOTHUX abo
CUHTETHUYHUX PEUOBHH, SIKi MICTIS BUMIAPOBYBAHHS PO3UMHHUKA YTBOPIOIOTH TUTIBKY, TIOCTAE MUTAHHS
CTaHAapTHU3aIllii JJaHOi acCOPTUMEHTHOI TpymH, OTXe, TNEePCHEeKTUBHUM € BIPOBAKCHHS Y
(bapMarieBTUUHY Ta MEIUYHY AisUTbHICTh HOBUX JI3 y HOBHX JID, 30KpeMa y (popMi piAKHX IIACTHPIB,
iX craHmapTH3alliio, TaK K BOHU MAlOTh PsijI epeBar B mopiBHAHHI 3 iHImMME JID Ta 3a6e3meuyroTh
JIOKaJIbHY TPUBAITY Jif0 B 30H1 HAHECEHHSI.

BucHoBku.

1. [IpoBenenuii ananiz ganux ¢apmakoner JdY, BP, JP, Ph. Eur., USP, I®PB, PF mono
TEPMiHIB Ta BHU3HAYCHb IUIACTHPIB, TMOKA3HHWKIB IX SKOCTI Ta METOAIB KOHTpoit. OTpumani
pe3yabTaTh JOCIHIPKEHHS MOKa3yIOTh JesKi BIMIHHOCTI (hapMakomei CBiTy IIOAO IUIACTHPIB Ta
MOKAa3HUKIB 11X sAKOCTi. TakuMm YWHOM, HJIs TIOKpAIICHHS B3a€EMOJii MK OCHOBHHMH
(bapMarieBTHYHIMH PUHKAMH CBITY, BBa)Ka€MO 3a JOLUIbHE YHI(IKyBaTH cHCTEMY, IO 3a0e3mneuye
KOHTpOJIb SIKOCTI JIIKQpChKUX 3aco0iB. BomHouac, oaHAKOBUI piBEHb BHMOT 10 IpENaparis,
00’€JHAHUX y TPYIy M’SIKHX JIIKapchKUX (hopM, B papMarieBTUUHIN rany3i Ykpainu, €Bporneiicbkoro
Coro3y Ta Benukoi bputanii 3a0e3nedye MepcrneKTHBH PO3BUTKY Ta PO3IMIUPIOE HATPSIMKH IS
CTBOPEHHS Ta MPOCYBAaHHS JIIKapChKUX 3aC001B 1aHOI IPYyIU Ha €BPONEHCHKOMY PUHKY.

2. BpaxoByroun HOBI JOCATHEHHS B po3poOii iHHOBamidHux JI3 B MemuuHili Ta
(dapMarieBTHYHIN rany3i motpedye NeTaJbHOro BHBYEHHS, CTaHAApTH3allii Ta BIPOBAPKEHHS Y
MpakTUKy HOBUX JI3, 30kpema y (GopMi piAKUX IJIACTUPIB, SIKI MAIOTh PsJ] IepeBar MOPiBHIHO 3
iHmmMu JI® npu TiKyBaHHI paH Ha PI3HUX AUISHKAX IIKIpH.
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COMPARISON OF THE REQUIREMENTS OF WORLD PHARMACOPOEIAS
FOR THE QUALITY OF PATCHES

The purpose. To conduct a comparative analysis of the requirements of the leading pharmacopoeias
for the definition, characteristics, quality indicators and standards, methods and techniques that determine
the quality of medical patches as a dosage form.

Methodology. The quality indicators of soft preparations for cutaneous use (plasters) are given in the
State Pharmacopoeia of Ukraine (SPU) and in foreign pharmacopoeias. The methods of literature analysis,
information search, comparison and generalisation were used in the study.

Results. A comparison and analysis of pharmacopoeias of the leading countries of the world and the
State Fiscal Service of Ukraine regarding the characteristics, classification and quality indicators of patches,
depending on their method of application, was carried out. As a result of the scientific analysis, it was found
that the requirements for groups of soft dosage forms, which include patches, do not differ in European
countries. However, the pharmacopoeias of Japan and the United States provide a detailed discussion of
excipients that provide mechanical and technological properties (adhesives and film-forming agents), as well
as their description, functional mechanism, chemical properties and general section. The issues of
development and standardisation of new modern medicinal products in the form of liquid patches and the need
to establish quality indicators for liquid patches are considered.

Scientific novelty. Certain discrepancies in the data of world pharmacopoeias regarding the quality
control of plasters were established. This is evidence of the need to harmonize the requirements of
pharmacopoeias for the unification of techniques and methods of patch analysis, which have found wide
application in medicine and pharmacy.

Practical significance. The results of the analysis indicate that it is advisable to harmonise
pharmacopoeial requirements in order to unify approaches to confirming their quality. However, there is a
need for detailed study, standardisation and implementation of new drugs, in particular in the form of liquid
patches, which have a number of advantages over other drugs in the treatment of wounds.

Keywords: patches; cutaneous patches; therapeutic patches; liquid patches; transdermal systems;
patches; cataplasms; active pharmaceutical ingredient ; medicinal product; dosage form.
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MOJUDPIKAIIA TA APMYBAHHSA EITIOKCUJIHUX ITIOKPUTTIB
IHTYMECIHEHTHOI'O THUITY

Mema. J[ocniodcenns: NIUGY HAHOPEYOBUH, APMYBATLHO20 60IOKHA, HEOPSAHIUHUX AHMUNIPeniQ i iX
cymiweli Ha no6y008y 3aXUCHO20 KOKCOB020 APy Md 602HE3AXUCH) eeKMUBHICTNG eNOKCUOHUX NOKPUTNMIE
cKaaody nonigocgam amonito/meramin/nenmaepumpum/0iokcuo mumary/enokCuoHa cCMod.

Memoouxa. 3a MoOenbHy IHMYyMeCyeHMHY CUCmEM) 0OPAHO 80SHE3AXUCHY NOTipochammuy cymiut, wo
micmumob enokcuony cmony oicghenonie A/F pazom 3 noaiamiooaminnum sameepodxcysauvem. Memoodom
mepmospasimempii GU3HAYANU 6NIUE AHMUNIDEHI8 MA APMYBATILHUX OOMIULOK HA MEMNEPATNYPHULL PEHCUM
Ppo3KnadanHs inmymecyenmnoz2o noxkpumms. Koegiyicum cnyyenns ma macy KOKCOB020 3ATUWIKY
iHmymecyenmnux Komnosuyii eusuaiu noemanno 6 inmepsani memnepamyp 200-800°C. Boenesi
8UNPOOYBAHHS GUKOHYBANU Y MIHI-NEYl 8 YMOBAX CIAHOAPMHOL NONCENHCT 32I0HO 3 MEMOOUKOIO.

Pesynomamu. JJocnioxceno enaug Hanoepagimy, HAHOSIUMU, MIHEPATbHOZO BOJNOKHA MdA
HeOpeaHiuHux aHmunipenis na popmyeans ma Qizuuni XapaKkmepucmuky KOKCo8020 uapy iHmymecyeHmHoi
cucmemu noaigpocgham amouiro/menramin/nenmaepumpum/enoKcuora cmona 6 inmepsaii memnepamyp 200-
800 °C. BusnaueHno, w0 602He3aXUCHA ePEKMUBHICTNb NOKPUMMIL 3HUNCYEMbCS 8 psAdY: OKCUHIMpam
epagimy/opeanomoOu@iko8anuit. MOHMMOPUTIOHIIN > OP2AHOMOOUDIKOBAHUI MOHMMOPUNIOHIM > Oopam
YUHKY > oKcuHimpam epapimy/minepanvie 60n10kH0. Po3pobneno peyenmypy inmymecyeHmHol cucmemu Ha
OCHOBI eNOKCUOHOI CMOAU 3 AHMUNIPDEHAMU MAd aAPMYIOYUMU  OOMIWKaMU  (0peaHOMOOUPDIKOBAHULL
MOHMMOPUNOHIM, OKCUHImpam 2epagimy, 6opam YuHKy ma MiHEpaibHe B0J0KHO), epeKmueHicmy Kol
0oBedena 80cHe8UMU BUNPODYBAHHIMU.

Hayxoea mosusna. Bnepwe eugueno enaus okcunimpamy epagimy ma toeo cymiwell 3
HAHOPEUOBUHAMU Md AHMUNIPEHaMU HA (DOPMYSAHHS KOKCOB020 WIAPY Md B0CHE3AXUCHY epheKmueHicmb
ENOKCUOHO20 THMYMECYEHMHO20 NOKPUMMISL.

Ilpakmuuna 3nauumicme. Bcmanoeneno onmumaibHUll CKIA0 HAHOPEYOSUH, APMYBATbHO20 B0JIOKHA
Ma HEOP2aMiYHUX aHmMunipeHié O KOHCMPYIOBAHHS [HMYMECYEHMHUX eNnOKCUOHUX NOKpummie 3
niOBUUEHUMU B0CHE3AXUCHUMU GIACHIUBOCTHMU.

Knwwuogi cnosa: eoenmesaxucm cmanegux KOHCMPYKYIN, eNOKCUOHA CMOIQ, IHmMyMecyeHmue
NOKpUMMsl, HAHOSPAPIM,; HAHO2UHA.

Beryn. EnokcuiuHi iHTyMecHeHTHI TOKpUTTs [1, 2] € Oe3anbTepHATHBHUMH 3aco0aMu
BOTHE3aXMCTY CTAJICBUX KOHCTPYKIiH, IKi MOXKYTh MOTSHLIWHO Mi/IaBaTHCS BIUIMBY BYTJI€BOJHEBOT
nokexi [3] Ha 00’exrax kpuTHuHOI iHGpacTpykTypH [4]. CTajeBi KOHCTPYKIIT IMiT 9ac moKexi abo
BUOYXy Ha Ha@TOra3oBUX 00 €KTax 3a3HAIOTh PYWHIBHOTO BIIMBY BHCOKOi TEeMIIEpaTypu Ta
HAJTUIIKOBOTO THCKY, IO BIAMOBIAa€ PEKUMY BYIJIEBOJIHEBOI MOXKEXKi, KOJU MPOTATOM KIJTBKOX
xBuIHH Temmeparypa gocsrae 1000 °C ta Bume [5]. OqHuM 13 crmoco0iB 3a0e3neueHHs CTIHKOCTI
CTAJICBUX KOHCTPYKIIIA Ta 30€peKeHHs HECydoi 37aTHOCTI y pasi Moxkexi € o0pobka 3acobamu
NMacuBHOTO BOrHe3axucty [l, 6, 7]. CydacHOI TEHIEHIII€I0 BOTHE3aXMCTy O0’€KTIB KPUTHYHOI
1H(QpacTpyKTypH € 3aCTOCYBAaHHsS IOKPUTTIB HA OCHOBI ETMOKCHUIHHUX 3B’SI3YIOUHX, OCHOBHHUMH
XapaKTePUCTHKAMHU SIKUX € XIMiYHa Ta KJIiMaTH4YHa CTIMKICTh, HU3bKUH BMICT JICTIOUMX PEUYOBHUH,
KUTTEBUW IMKJI IOHAaWMeHIe 25 poKiB, BHUCOKAa ajiresis A0 METaJleBUX CyOcTpaTiB Ta
pemonTonpuaatHicte [8—10]. B 3B’I3Ky 3 UM HayKoBi PO3pOOKM IOJO MOUIYKY €(EeKTHBHUX
penenTyp 3 yI0CKOHAJICHUMH BOTHE3aXHCHUMHU, EKCILTyaTalliHHUMU, €KOJIOTIYHIMH Ta TEXHITHUMH
XapaKTePUCTHUKAMU CTIOKCUIHNX BOTHE3aXUCHHUX MOKPUTTIB € aKTyaJbHUM HAIMPSIMKOM HayKOBHUX
JOCITIKEHB 3 PO3BUTKY IMMACHBHOTO BOTHE3axucTy [1, 6, 7, 11].
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3arajbHUM MiX0J0M 0 MiABUINECHHS MEX1 BOTHECTIMKOCTI CTalIeBOT KOHCTPYKIIii, III0 MOXKeE
320€3MeYNTH THTYMECIICHTHE TOKPHUTTS, € CTBOPEHHS yMOB ISl 3MIITHEHHS TEIUIO130JIAIIHOTO
KOKCOBOTO Iapy, IKUH € KIIOYOBUM €JIEMEHTOM BOTHE3aXUCTY B yMOBAX TEIIOBOro BILIMBY [11, 12].
Jlnst i€l MeTH, SK TpaBWIIO, 3aCTOCOBYIOTHCS HEOpPraHIYHI Ta OpraHiuHi aHtumipenu [13, 14],
HAHOCTPYKTYpPHI BYIJIELIEBI Marepiaiu, HaHOTpyOkw, rpadenu [15, 16], apmyroui TepMoCTiiiKi
BoJiokHA [17-19]. OmHUM 13 HaNPSMKIB MiABUIIEHHS TEPMOCTIHKOCTI enokcuaHoro nomimepy (EP),
a BIAMOBITHO i BorHe3axucHOi edekTuBHOCTI iHTYMecHeHTHOI cucteMu (IFR) 3a iforo ywacrtio €
yrBopeHHs HaHokoMmno3uTiB (HK) crpykrypu EP/Hanornmmna (a6o Hanorpaditosi ciosykn) [20, 21].
B ninoMy Takuii migxix A0 YIOCKOHAJEHHS IHTYMECIIEHTHOTO BOTHE3aXHCTY JEMOHCTPYE CBOIO
ebekTuBHICTh [22, 23], ane HaAyKOBI MJOCHIUKEHHS 3 BIUIMBY pI3HUX KJaciB aHTHUITIPEHIB,
HAHOJIOMIIIOK, apMYBAIBHIX KOMIIOHEHTIB HE MO>KHA HAa3BaTH CUCTEMATUIHUMHU Ta JTIOCTATHIMH JJIs1
TEOPETUYHHX Yy3arajlbHeHb. 3 OISy Ha PI3HOMAHITHICTh PELENTyp €MOKCHIHUX BOTHE3aXHCHUX
cucreM (momiocdarni, OopaTHi, TEpMOCTiiiKi, TOIIO), a TaKOXX Ha UIMPOKHHA aCOPTHUMEHT
AQHTHUIIIPEHOBUX CIOJYK Ta X KOMOIHAIliH, JAOCTIIKEHHS IMOJ0 IMOIIYKYy ONTHMAJIbHUX PELENTYp
IHTYMECIIEHTHUX EMOKCUIHUX KOMIIO3UIIIH € CBOEYaCHUMHU Ta aKTyAIbHHMH W MarOTh BaromMe
HayKOBE 3HAUYEHHSI.

IMocTanoBka 3aBaaHHs. MeTOIO JOCTIIKEHHS € BHUBYCHHS BIUIMBY HaHOPCUYOBHH,
apMYyBAJIBHOTO BOJIOKHA, HEOpPraHIYHUX AaHTUITIPEHIB Ta iX CyMilmied Ha TMOOYIOBY 3aXHCHOTO
KOKCOBOTO IIapy Ta BOTHE3aXUCHY €(EKTUBHICTh EMOKCHIHUX IMOKPUTTIB CKiIangy mnoiidocdar
aMOHI10/MeJTaMiH/TIEHTaePUTPHUT/ TIOKCH TUTAHY/CTTIOKCHIIHA CMOJIa.

[TocraBnena mera nepeadavae BUPIIICHHS ABOX MOB'I3aHUX MK COOOIO 3aBJJaHb:

— JIOCTIIUTH BIUTMB HAaHOTPadiTy, HAHOTJIMHHM, MIHEPAJbHOTO BOJIOKHA Ta HEOpPraHIYHUX
aHTHUITIIpeHIB Ha (OopMyBaHHSA Ta (I3WYHI XAPAKTEPUCTHKH KOKCOBOTO IIApy IHTYMECLEHTHOI
cuctemu B iHTepBaii Temmepatyp 200-800 °C;

— MepeBipUTH OTPUMaHI pe3yIbTaTH IUISIXOM BOTHEBUX BUIIPOOYBaHb B yMOBaX MiHi meui.

Sk momensHy cuctemy Oyno o6pano IFR ckmany momidocdar amoniro (APP)/menamin
(MA)/nientaeputput (PE)/miokcun tutany (TiO2)/enokcuana cmona tuny A/F. B ymoBax BUCOKHX
temrepatyp kommnoHeHTH [FR B3aeMoaitoTh Mik cO00F0 Ta YTBOPIOIOTH TEIIJIO130JISIIIIHHIN KOKCOBUI
map, sIKuii mpotaroM nesHoro 4yacy (R, XxB) 3a0e3neuye Hecydy 3aTHICTh CTaJIeBOI KOHCTPYKIIIi 710
TOCSITHEHHS Heto KputuuHoi Temneparypu (500 °C).

Marepianu Ta od1agHaHHs. B 10ciikeHHI BUKOPHUCTOBYBAJIM €MOKCUIHY cMoiy Araldite
GY 783 BupoonunTea ¢ipmu Huntsman Advanced Materials (IlIBeitmapist), momidocdar amoHito
tuny II CF-APP 201 Bupo6uuursa Shifang Changfeng Chemical Co., Ltd. (Kurait), nentaeputput
MikpoHizoBanuii Mapku RN-P40, menmamin RN-M40 Big Roshal Group. Sk 3arBepmkyBad
IHTYMECIIEHTHOI KOMIIO3HIIi1 3aCTOCOBYBAIIM MOiamigoamMinHui agnykt Aradur 3745 BupoOHuUIITBa
Huntsman Advanced Materials (IlIBe#inapist). Oxcua HiTpaty rtpadity (ONG) oTpumyBanmu
OKHCJICHHSIM IPUPOJTHOTO JIYCKATOTO IpadiTy sK OmucaHo B poooTi [24].

Hocnmimkeno  GI3UKO-XIMIYHI ~ TapaMeTpu  TEPMIYHOTO  PO3KIAJaHHS  CHCTEMH
APP/MA/PE/TiO2/EP y mnpucyTHOCTI HEOpraHiuHUX aHTumipeHiB (Oopary uuHKy (ZnB) -
2Zn0.3B203-3,5H20, rigpokcuny amominito — Al(OH)3), HanopedoBuH (OKCHIy HiTpaTy rpadiry,
HAHOTJIMHU — OpraHoMou(ikoBaHOro MOHTMOpPUIOHITY Garamite 7303 (oMMT) Ta miHepaTbHUX
BOJIOKOH TOproBoi mapku Lapinus (CF-30).

Ilpucomyeanusn iHmymecyeHmnoi Komnosuyii 3 enoxkcuonow cmonow. B mabopaTopHuUit
JIMCOJIBBEP TOMIIIATN EMOKCUIHY CMOJIY Ta KOMIIOHEHTH IHTYMECIIEHTHOI CUCTEMHU Y HEOOXITHUX
cuiBBigHomeHHsAX. Cymim mnepemimyBanu npotsroM 30 XB. 1  OTpUMYBaIM  BIANOBIIHY
inTymecienTHy kommosuiito (IFRO-IFR10, ta6mn. 1). BonokHa BminmyBaimcsi B KOMIIO3HUIIIIO Ha
HU3BKUX MIBUJIKOCTAX 00epTiB nucoibBepy (10 300 06/xB), m00 He MoApiOHUTH Ta HE TOMIKOIUTH
crpykrypy. dus 3atBeppxenns g0 100 r IFR moxasamu 20 r 3 moxiamigoaminy Aradur 3745.
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CyMiI iHTEHCUBHO TMEPEeMINIyBaIH O YTBOPSHHS] TOMOT€HHOI CYOCTaHIIil Ta BUTPUMYBAIH
MpU KIMHATHIN TemmepaTypi npotsiroM 10 116 g0 moBHOTO (hOpMyBaHHS BOTHE3aXHUCHOTO TTOKPUTTSI.
BurotoBneHHs 3pa3kiB, IPOBEACHHS TEPMOTPABIMETPUYHUX JTOCIIKEHb Ta BU3HAYCHHS 00'€MHOTO
Koedirienty cryayBanns Ky (cM°/r) ormcano B po6oTax [25, 26].
Tabnuys 1
CkJiaja iHTyMeCleHTHUX KOMIO3UILiH

Hazsgpa Kommonent, mac. %

IFR EP APP MA PE TiO2 | ONG | CF-30 | oMMT | AI(OH) | ZnB
3

IFRO 42 31 10 10 7 - - - - -
IFR1 38 31 10 10 7 4 - - - -
IFR2 38 31 10 10 7 - 4 - - -
IFR3 38 31 10 10 7 - - 4 - -
IFR4 38 31 10 10 7 - - - 4 -
IFR5 38 31 10 10 7 - - - - 4
IFR6 38 31 10 10 7 2 2 - - -
IFR7 38 31 10 10 7 2 - 2 - -
IFR8 38 31 10 10 7 2 - - 2 -
IFR9 38 31 10 10 7 2 - - - 2

IFR10 38 28 10 10 5 1 2 4 2

Boruesi BunpoOyBaHHs BUKOHYBAJIM y MiHI-II€Yi 3T1IHO 3 METOAUKOIO [26].

PesyabTtaTn pocaigskennsi. JlocmipkeHHs XiMii Ta (i3MKM IHTYMECIICHTHOTO 3aXHUCTY
JTEMOHCTPYIOTH [ 11], 110 €peKTUBHICTH TOHKOIIIAPOBUX BOTHE3aXUCHUX MOKPUTTIB, IO CITYIYIOThCH,
TOJIOBHAM YHHOM, BH3HAYAETHCS TEMIIEPATYPHHM PEKHUMOM IMOOYAOBH KOKCOBOTO IIapy Ta HOro
PE3yNbTYI04OI0 TOBIIMHOWO. [IpH 1IbOMY Maca KOKCOBOTO 3aJIUIIKY, II0 YTBOPIOETHCS B pPe3yibTaTi
TEPMIYHHX TEPETBOPEHb Ta (OpMye KapKac TEIIOI30JAIIMHOTO IIapy, BU3HA4Yae TyCTUHY, a
BIJIMOBI/THO 1 MIIIHICTh TETIO130JTI0I0YOT0 CyOCTpaTy.

Dopmysannsi  Kokco6o2o — wapy — inmymecyenmuoi  komnosuyii  APP/MA/PE/TiO,l
EP/mooughixamop. B Tabn. 2 npencrasieHi pe3yabratu TepMmorpasimerpuanux (TT'A) mocmimkenb
komnosuuii IFRO-IFR9. OxucmoBaneHy Tepmiuny aerpaganito IFR mocmimkyBaau BHBYEHHSM
nporieciB BTpaTu Macu (puc. 1) ta crynento cydenss (puc. 2) IFR-cuctem B atmocdepHrx ymoBax:
T20%, Ta0%, Tso%, T70%, Tsow BiNMOBIAAIOTH TEMIIEpaTypaM, JIe BTpaTa Macu 3pa3kiB ckiamae 20, 40,
50, 70 ta 80%.

Tabnauys 2

TepMorpaBiMeTpuuHuii aHaTi3 enOKCHIAHUX iHTYMecHeHTHUX komno3uiii IFRO-1IFR9
Hazsa Tao% Taox Ts0% T70% Tsox m, % K, em™/r

IFR ’ ’ ’ ’ ’ (800°C) | (800 °C)
IFRO 262 327 369 504 565 4,0 3
IFR1 259 341 361 519 652 13,0 9
IFR2 256 319 395 568 >800 21,0 18
IFR3 250 318 370 539 >800 24,0 33
IFR4 259 335 369 479 621 17,0 24
IFR5 241 311 355 488 761 18,8 21
IFR6 268 356 402 601 >800 27,1 27
IFR7 266 349 381 582 >800 21,9 45
IFR8 241 301 355 546 >800 25,8 21
IFR9 256 346 375 501 >800 24,7 24
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YMOBHO TepMiuHE PO3KJIaJaHHS BUIPOOYBAHUX ETOKCHAHUX IHTYMECHEHTHUX MOKPHTTIB
MOAUTIETBCS HA TPH €TalM, SIKI B JIOMYCTUMHUX MeEXaxX CIBHNANAIOTh 13 3arajibHOMPUHHITHM
MeXaHi3MOM TepMiuHOi aerpaaauii cucremu APP/MA/PE:

0-200 °C — moBinpbHa BTpaTa MacH, B OCHOBHOMY 3a PaxyHOK BHIIQpOBYBaHHsS BOJM Ta
BuBiIbHEHHS 3 APP nomidocdopHoi kucnoru 1 amiaky, antunipenu B [FR npakTHuHOo He BIUTMBAIOThH
Ha MIBUKICTh TEPMIYHOI AeTpajarlii;

200-550 °C — inTeHCHMBHA BTpaTa MacH 3a paxyHOK peakuii Mik xkomroHeHtamu IFR, ski
MPU3BOATH JI0 JIETKUX MPOAYKTIB Ta 10 (POPMYBAHHS MOPUCTOI CTPYKTYPH BOIHE3aXUCHOTO IIapy;

550-800 °C — moBijbHAa BTpaTa Macu CTBOPEHOTO TYTOIUIAaBKOTO KapKacy, IIBHJIKICTh
PO3KJIaJIaHHS SIKOTO 3aJICKUTh BiJl TPUPOIU aHTHUITIpeHY, 10 MicTHTh IFR

Came Ha ocranuboMy etari (550-800 °C) anTHMipeHH iICTOTHO 3HIXKYIOTh IBUAKICTh BTPATH
Macu Ta 00YMOBITIOIOTh 3CYB €HIOTEPMIYHHX IPOIIECIB Yy O1IbII BUCOKOTEMIIEpATYpHY 001acTh. 3a
nanumu Tabm. 2 Brpata macu Ha 70% IFRO, sika 1ogaTKOBO HE MICTHTh aHTHITIPEHIB, BiI0yBa€ThCA

ipu 504 °C, B Toit vac sk g IFR6, mo mictute ONG ta Bosokno CF-30, 115 Temmneparypa ckiagae
601 °C.
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Puc. 1. 3anexHicTh MaCH KOKCOBOIO0 3Ky m (%) iHTyMeCHeHTHUX KOMIIO3UIIiH
Bix remneparypu T (°C)

3aranpHUM BUCHOBKOM 3 TI"A-mocmikens € Toil GakT, m10 aHTUIIpeHH, sKi npucyTtHi B I[FR
JOIaTKOBO 70 1HTyMecieHTHO1 cuctemMu APP/MA/PE, minBuinytoTh 3HaUY€HHS Mach KOKCOBOTO
3aJIMILIKY MPU MakCUMalbHii Temmeparypi Bunpooysanb (800 °C). Ilpu nipomy MiHiMambHUHA edexT
30UJIBIICHHS MacH 3a JaHUMHU TabJl. 2 CIOCTEPITAEThCS MPU 3aCTOCYBaHHI OKCHHITpATy rpadity —
(IFR1, 13,0%), rinpokcuny amominito — (IFR4, 17,0%), 6opaty nuunky — (IFR5, 18,8%). B Toii e
yac 3actocyBanHs cymimeir ONG/AI(OH)sta ONG/ZnB no3Bosisie crioctepiraTu CHHEPT1YHUHN e(heKT
000X Map aHTHUITIPEHIB, AKHI MPOSBISIETHCS B 3HAYCHHAX MacH KOKcoBoro 3anumky 25,8% (IFRS,
tabin. 2) Ta 24,7% (IFR9, Ttabn. 2). Y BiICYyTHOCTI CHHEPriyHOl Ail OYiKyBaH1 3HAYEHHS m Maiu 0
cknamaru 15-16%.

80



ISSN 2786-5371 print
ISSN 2786-538X online
Texnonozii ma insrcunipunz, Ne 3(14), 2023

Ximiuni ma oioghapmayesmuuni mexnonozii
Chemical and Biopharmaceutical Technologies

Binomo, 1110 MO3UTUBHUI BHECOK aHTHIIPEHIB, SIKUH MOJIATAE€ Y MAKCUMAJIbHOMY 30epeKeHH1
Macd KOKCOBOTO 3aJIMINKy, MOXE HIBENOBaTHCS TpurHideHHsM crnydeHHs IFR. Tomy s
e(eKTUBHOTO BOTHE3aXUCTY HEOOX1HO 30epeKeHHS CIIIBBIIHOIIEHHS MacH KOKCOBOTO 3aJIUIIKY 10
KOEQIIIEHTY CITyueHHsI, 3HAUEHHSI SIKOTO € MPSIMOI0 XapaKTEPUCTHKOI T'YyCTUHH YTBOPEHOTO KOKCY.
Came ryctuHa KOKCOBOTO KapKacy € BiJIIOBIJIHOIO 3a Taki BaXJIHMBI MapamMeTpH sIK MIIHICTb Ta
TETUTOTIPOBIIHICTh TETUIOI30JIAIIHHOTO IIapy.

Ha puc.2 naBenmeni pesynbraTu 31 3MiHM KoedimieHTa crydeHHs K iHTyMecCHEHTHHX
kommosutii IFRO-IFR9. Xapakrep 3anexHocti 3HaueHHs K nj1s1 10CaipKeHUX CUCTEM B 1HTEpBaTi
temmeparyp 200-800 °C nemoHcTpye, 1O 3HMXKEHHS CIIy4eHHs crioctepiraetbest mist IFR, ski
MicTsaTh BostokHO Lapinus CF-30 (Kmax~ 30 mpu 400-500 °C, puc. 2), rigpokcus amoMiHiio (Kmax~
27 ipu 400-500 °C, puc. 2), cymitn ONG/AI(OH)3 (Kmax= 35 mpu 400-450 °C, puc. 2). Lli 3HUKCHHS
HE € KPUTHUYHUMH JJIs 3aCTOCOBAHMX KOHIICHTpAIll aHTHIIPEHIB, ajge CBII4aTh MPO TEHJICHIIIIO
NPUTHIYEHHS CITy4EHHS EMOKCHUIHMX IHTYMECLEHTHHX KOMIIO3UIiM CIONIyKaMH, L0 MICTATh Y
CBOEMY CKJIaJll OKCHIM amtoMiHit0. OCHOBHUMH CKJIaIOBUMH MiHepalibHOTO BoslokHa CF-30 € Taki
peuoBunu: SiO:2 (39,8%), Al205 (19,0%), CaO (32,8%).
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Puc. 2. Banexuicts koedinieara cmydenns K (cM°/r) inTyMecHeHTHHX KOMITO3HIil
npu BapioBaHHi HaHoAOMiIIKH Bix Temneparypu T (°C)

3BUYAIHO AJIi TEOPETUYHOTO OOTPYHTYBAHHS HANPSAMKY Jii aHTHIIpEHIB Ha €(EeKTUBHICTh
BOTHE3aXHCTy YA HA MPUYMHY CHHEPri3My HEOOXiJHE MOCIIOBHE Ta JCTaTbHE BUBUCHHS BILIUBY
aHTHUITIIPEHIB Ta iX CcyMilleil Ha MeXaHi3M XIMIYHUX MEPETBOPEHb MPOTIrOM BCHOTO IHTEPBATY
M1 IBUILICHHS TeMIepatyp. B cBoro yepry, oTpumaHi pe3ysbTaT 103BOJIsIOTh Bu3HaunTH IFR, siki 3a
pe3yabTaTaMH MPOBEACHOTO EKCIEPUMEHTY MOXKYThb PO3IJISAATUCS SIK MEPCIEeKTUBHI OCHOBU JUIS
KOHCTPYIOBAaHHS HOBHX €(DEKTHMBHUX 3aC00IB PEaKTHMBHOI'O BOTHE3AXHUCTY 3a YYacCTIO €TOKCHUIHUX
noJiiMepiB. SKio mpoBoaAuTH BUOIp 3a 3HAYCHHSIMHM HAWBUIIMX TOKAa3HUKIB Tgow (TaO. 2), Macu
KOKCOBHX 3aJIMIIKIB Ta KoedimieHTa crnydeHHs (Tabi. 2, puc. 3), To HaOUIBIIIOI BOTHE3aXHCHOIO
e(eKTUBHICTIO MalOTh XapakTepusyBatucs cucremMu — [IFR7 ta IFR3, a naitamxk4doro — [FRO ta I[FR1.
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Puc. 3. 3na4eHHs1 MacH KOKCOBHX 3aJumKiB m (%) Ta koedimicara cmyuenns K (cm%/r)
inTymecuenTHux komno3uuiii IFR npu remneparypi 800 °C

OTtpumani pe3yabTaTh J03BOJISIOTH 3POOHUTH TIOTIEPEHI BUCHOBKH MPO TO3UTUBHUI BILTUB
[IapyBaTUX CUJIIKATIB Ta iX KOMOIHAIH 3 HAaHOCTIONyKaMH rpadiTy Ha BOTHE3aXUCHY €eKTHBHICTh
eTIOKCUIHUX IHTYMECIIEHTHUX KOMIO3HIii. [I[pHuMHOI0 TaKoTO BIUIMBY € HacaMIlepe]] KaTaliTHIHE
CIpUSHHS BUBUIbHEHHIO (ochaTHOi Kucnotu 3 APP, migBHIEHHS TEpMOCTIHKOCTI €MOKCHIHOT
CMOJIH 32 PaXyHOK YTBOPEHHSI HAHOKOMITO3HUTY TOJIIMEp/TJIMHA, Y9aCcTh 10HIB METaJly HAHOTJIUHH Y
noOy/I0Bi TEIUIOI30MAIHOrO Kapkacy Ta CTBOpEHHs Oap'epHHMX e(eKTiB [UIs BiIBOIYy TrasiB 3i
cnydueHoro tmapy [27]. Kpim Toro, B poGoti [28] HarosomyeTbcs Ha apMyrO4id 37aTHOCTI
MOHTMOPHJIOHITY y CKJIaJi HAHOKOMIIO3HTIB 3 €MOKCUTHUMH CMOJIAMH, III0 OOYMOBIIIO€ 3HUKCHHS
riapodUTBHOCTI, MABUIIEHHS BOTHECTIHKOCTI, JOBTOBIYHOCTI Ta MIITHOCTI TIOKPHUTTSI.

[To3uTHBHUM BHECKOM Y MOOYIOBY KOKCOBOIO MIapy XapaKTEepU3YIOThCS M MiHepasbHi
BosjiokHa CF-30, siki sK y BUTJIAMI 1HAUBIIyaIbHUX AOMIMIOK Tak 1y mapi 3 ONG 3abe3nedyroTh
MakcumanbHi KokcoBi 3amumku npu 800 °C (IFR2 Ta IFR6, Ta6um. 2). Ilpu mpomy HeoOximHi
JIOIATKOBI JTOCTI/DKEHHS 13 3'SCYBaHHs, IO € TOJOBHOI MPHYMHOK TAaKOTO BIUIMBY BOJIOKHA —
apMyBaHHS KOKCOBOT'O APy YU XiMiYHA B3a€MOJlisi OCHOBHMX ckiafoBux (SiO2, Al:Os, CaO) 3
KOMIIOHEHTaMH 1HTYMECIIEHTHOI CHCTEMH.

Boenesi sunpobysanus inmymecyenmuoco nokpumms APP/MA/PE/TiO»/EP/mooughixamop.
[TepeBipka rimore3, OTpUMaHUX MIPH MOETAITHOMY BUBYCHHI MOOYIOBH KOKCOBOTO IIapy B iHTEpBaT
temneparyp 200-800 °C, Oyna 3paificHeHa NUISIXOM TOPIBHAJIBHUX BOTHEBMX BHUMIPOOYBaHb
iHTymeciieHTHUX TOKpUTTIB IFRO-IFRY B ymoBax MiHi-Tieui, sik onucano y po6oti [25]. Ckrnan
KOMITOHEHTIB KOMIIO3HIIIH BiAmoBigae Tabm. 1, TOBIIMHU MOKPHUTTIB, BU3HAYCHUN YaC JOCSTHEHHS
craneBuMu miactuHamu Temmeparypu 500 °C (R, xB), a TakoX 3HAYCHHS JIHIMHUX KOEQIIIE€HTIB
CITy4€HHS TiCIIsl MPOBEICHHs] BOTHEBUX BUIIPOOYBaHb HaBeCHI y Tab. 3.

3a JaHUMH BOTHEBHMX BHUIIPOOYBaHb IHTYMECUEHTHHX MOKPHUTTIB (Tabi. 3) MOXKIMBO
y3araJbHUTH BIUIMB HEOPTaHIYHUX JOMIIIOK Ha 3HAYEHHS MEXI BOTHECTIMKOCTI MOKpHUTTA R (XB).
Boruesaxucna eheKkTUBHICTh, IO 3a0e3Meuye eMOKCHIHE MOKPHUTTS, 3HIKYEThCs B psany: IFR7
(ONG/oMMT, 47 xB) > IFR3 (oMMT, 45 xB) > IFR9 (ONG/ZnB, 43 x8) > IFR8 (ONG/AI(OH)3,,
41 xB) = IFR6 (ONG/CF-30, 41 xB). Ciix 3ayBaXkuTH, 110 B LIJIOMY, iHIUBIAyalbHI HEOpPraHidHi
antumipenu (B xommosumisx IFR1, IFR2, IFR4, IFR5) He3nauHo miABHINYIOTH 3Ha4eHHS R B
nopiBHsAHHI 3 6a30BuM mokputTsaM IFRO. BukmtouenHsm € nanornmHa oMMT, npucyTHICTH SKOT B
kommo3ulii IFR3 06ymMoBII0€ 3pocTaHHs BOrHE3aXUCHOT €(peKTUBHOCTI MOKPUTTS Ha 55%. Takwii
edeKT noB'si3aHuii 3 6araTo(yHKI10HATBHICTIO HAHOTJIMH B IHTYMECIICHTHIN CUCTeMi: KaTaliTUIHUN
BIUIMB Ha MPOIECH MOOYJI0BH KOKCOBOTO MIAPY; CTBOPEHHS TOJIATKOBHX LIEHTPIB IS (hopMyBaHHS
BYIJICLIEBOTO KapKacy; 6ap'epHi eeKkTH 3a paxyHOK HAHOCTPYKTYPH TJIMHH, Towo [27].
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IFRL IFR2 IFR3

IFR7 IFR8 IFR9

Puc. 4. 30BHIIIHIA BUTJISIA KOKCOBOI0 mapy iHTymecueHTHHUX komnosuuiin IFR
micJisi BOTHEBUX BUNIPOOYBaHb y MiHi-neui
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Tabnuys 3
Pe3yjabTaTi BOrHEeBHX BUNIPOOYBaHb eMOKCHAHNX iHTYMecHeHTHHX Komno3uuiii IFRO-IFR10

Ha3ga ToBHIMHA TOKPUTTSI, MM Meska BOTHECTIMKOCTI, KY
IFR R, xB
IFRO 2,13 29 7
IFR1 2,09 30 9
IFR2 2,17 35 18
IFR3 2,08 45 15
IFR4 2,15 32 14
IFR5 2,07 35 16
IFR6 2,25 41 12
IFR7 2,06 47 18
IFR8 2,11 41 10
IFR9 2,21 43 14
IFR10 2,05 58 21

D Jliniiinuii koeilieHT CryueHHs.

Ha pwuc.3 HaBeaeHo Bi3yami3allilo €KCIIEPUMEHTY 3 BOTHEBHX BHIPOOYBaHb, €
MIPOJEMOHCTPOBAHO KOKCOBI 3QJIMIIKU ITICJIS BOTHEBOTO BIUIUBY. AHaii3 30BHIIIHBOIO BHIJIATY
CIy4EHOT'0 Iapy TMICIs BOTHEBOTO BIUIMBY JIO3BOJISIE KOHCTATYBaTH, IO HAWOIIBIN MIITHUMH Ta
HeBuyepnanuMu cuctemamu € IFR, sxi mictare y cBoemy ckinaai oMMT (IFR3), ONG/oMMT
(IFR7), ONG/ZnB (IFR9). ExciepuMmeHTalIbHI Pe3yNbTaTH 3 MOETAITHOTO BUBYCHHS (POPMyBaHHS
3aXMCHOT0 KOKCOBOTO I1apy B iHTepBaiii Temnepatypu 200-800 °C B cyKkymHOCTI 3 JAHUMH BOTHEBUX
BUMPOOYBaHb JIO3BOJIAIOTH 3MOenoBaTi HOBY penentypy IFR10, ska mMicTUTh y CBOEMy CKiafii
epexTuBHY HaHozoMimky oMMT, apmyroui BonokHa CF-30, neopraniunuii antumiper ZnB Ta
nonarkoBuii areHT crydenHs ONG (ckian kommosuiiii IFR10 naBeneno y taoa. 1).

3a pe3ynbTaTaMH BOTHEBUX BUIPOOyBaHb y MiHi neui nokputts IFR10 (tabun. 3) 3a6e3neuye
MEXY BOTHECTIMKOCTI cTayieBoi ruiactuau R = 58 xB, 0 3Ha4HO nepeButrye 3HadeHHs R mst IFRO-
9, BUBUEHHUX Yy LIbOMY JOCiipKkeHHi. Lleil pe3ynbraT € 0gHO3HAYHUM MiATBEPIKEHHIM HOMEpeIHIX
CIIOCTEPEKEHb Ta BUCHOBKIB. KpiMm TOro po3po0bieHa perentypa iHTyMECIIEHTHOT CHCTEMH Ha OCHOBI
EMOKCUIHOT CMOJIM MOXe OyTH pEKOMEHI0BaHa SIK OCHOBA JUIsS pO3POOKH HOBUX €PEKTUBHHX 3aCO01B
BOTHE3aXHCTy METAJICBIX KOHCTPYKITIH.

BucHoBku. JlocmipkeHO BIUIMB HaHOTpadiTy, HAHOTJIMHHU, MiHEPAJIbHOTO BOJOKHA Ta
HEOPraHIYHUX AaHTUITIPeHIB Ha ¢GOopMyBaHHS Ta (I3UYHI XapaKTEPUCTHKA KOKCOBOTO IIapy
IHTYMECLIEHTHOI cucTeMu mojidochaT amMoHIIO/MelaMiH/IeHTaepUTPUT/EIOKCHIHA CMoJla B
iaTepBani Temneparyp 200-800 °C. BcranoBieno, mo HaWOLIbII €(PEKTUBHOI JJIOMIIIKOO,
BIJIMIOBIJAJILHOIO 32 BOTHE3aXHUCHY E(QEKTHBHICTb 1HTYMECLEHTHOI CHCTEMH, € OpraHoMoaudi-
KOBaHUH MOHTMOPHWJIOHIT Ta HMOro cyMimi 3 OKCHHITpatroM rpadity. Po3pobneno penentypy
IHTYMECLIEHTHOI CHUCTEeMHM Ha OCHOBI EMOKCHIHOI CMOJHM 3 AHTUIIIPEHOBUMH Ta apMYyIOUHMHU
nomimkaMu (opraHomMou(iKOBaHMM MOHTMOPHJIOHIT, OKCHHITpaT Tpadirty, OopaT HHHKY Ta
MiHepalbHEe BOJIOKHO), e()EeKTUBHICTD SKOT TOBE/IeHA BOTHEBUMH BHUIIPOOYBAHHSIMH.
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ISHOLOHON V. 1., 2VAKHITOV R. A, 'KALAFAT K. V.,
TARANN. A, 2BESSARABOV V. |, 'WVAKHITOVA L. M.
LL. M. Lytvynenko Institute of Physical and Organic Chemistry and Coal Chemistry
of the National Academy of Sciences of Ukraine, Kyiv, Ukraine
2 Kyiv National University of Technologies and Design, Ukraine
MODIFICATION AND REINFORCEMENT OF INTUMESCENT EPOXY COATINGS

Purpose. To investigate the effect of nanosubstances, reinforcing fibres, inorganic fire retardants and
their mixtures on the formation of a protective char layer and the fire retardant efficiency of epoxy coatings of
the formulation ammonium polyphosphate/melamine/pentaerythritol/titanium dioxide/epoxy resin.

Methodology. A fire retardant polyphosphate mixture containing an epoxy resin of bisphenols A/F
together with a polyamidoamine hardener was chosen as a model intumescent system. The effect of fire
retardants and reinforcing additives on the temperature decomposition of the intumescent coating was
determined by thermogravimetry. The intumescent coefficient and the weight of the char residue of the
intumescent compositions were studied in stages in the temperature range of 200-800 °C. Fire tests were
performed in a mini-oven under standard fire conditions according to the method.

Findings. The effect of nanographite, nanoclay, mineral fibre, and inorganic fire retardants on the
formation and physical characteristics of the char layer of the ammonium polyphosphate/melamine/
pentaerythritol/epoxy resin intumescent system in the temperature range of 200-800 °C was studied. It was
found that the fire protection efficiency of the coating decreases in the following order: graphite
oxynitrate/organomodified montmorillonite > organomodified montmorillonite > zinc borate > graphite
oxynitrate/mineral fibre. The formulation of an intumescent system based on epoxy resin with fire retardant
and reinforcing additives (organomodified montmorillonite, graphite oxynitrate, zinc borate and mineral
fibre) was developed, the effectiveness of which was proved by fire tests.

Scientific novelty. The influence of graphite oxynitrate and its mixtures with nanosubstances and fire
retardants on the formation of the char layer and the fire protection efficiency of the epoxy intumescent coating
was studied for the first time.

Practical significance. The optimum composition of nanosubstances, reinforcing fibre and inorganic
fire retardants for the design of intumescent epoxy coatings with enhanced fire protection properties has been
established.

Keywords: fire protection of steel structures; epoxy resin; intumescent coating; nanographite;
nanoclay.
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3AT'AJIBHI BUMOT'M IIOAO INOJAHHSA PYKOIIUCY CTATEM
HAyYKOBOI0 (paxoBOro BUAAHHS
«TexHoJ0rii Ta iIHXKUHIPpHHI»
(Technologies and Engineering)

Penakmiiina komnerist sxypHany «TexHonorii Ta iHXKUHIpHHD» TpHKAMae A0 PO3IIIAAY HAYKOBi CTaTTi
aBTOPIiB 3a MarepiajaMu JOCHIIKEHb 1 HAyKOBO-TEXHIYHMX po3poOok. IlomaHi cTaTTi po3IisAaloOThCS
peaKkmiifHOI KoJeriero kypHany «TexHomorii Ta IHXUHIPUHT», 1 TICIS OTPUMAaHHS ITO3UTHBHOI pereH3ii
MIPUIMAIOTHCS IO ITyOITiKaITii.

[IPABUJIA TIOJAHHS PYKOIIUCIB CTATEN

Jlns myOomikariii aBTOpH MOAAI0TEh B PENAKITIIO KypHATY:

(ETAII 1) ITomarothcst 2 e1eKTPOHHMX (haiiin pyKOIMCY Ha eIeKTPOHHY anpecy Visthnuk@knutd.edu.ua:

— omuH (Qaiin — B TekcTroBoMy penakropi Microsoft Word for Windows (Bepcii 97/2000/XP/2003).

Haspa daiinis: Ilpizeuwe_statja_ukr.doxc ta Ilpizeuwe_statja_ukr.pdf

B temi nucta 060B’s13k0B0 BKazyeThes: CtaTTs y « TeXHOIOTIT Ta IHKHHIpUHT.

- Jpyruii daiin — ckaHOBaHa KOIIisl 3B Ha MEPEBIPKY Ha 03HAKK aKajgeMidHoro Iuariary (Jomarok 3).

[licna oTpuMaHHS €JIEKTPOHHOTO NPUMIpPHUKA PYKONHMCY HAyKOBOi CTaTTi, Penmakuis Hampasisie
MiATBEPIUKEHHS IIOJ0 MPUHHATTS MaTepialdiB Ha aHOHIMHE peleH3yBaHHA (y pa3i pe3yibTaTy Ha O3HAKH
akajeMiuHoro mariaty menbinme 9,99% cxoxocti y Cucremi "Unicheck"). ¥V pasi HeoOximHOCTI Penakis
HaIpaBJIsie aBTOPY (-aM) MPOTO3HIIiT BpaxXyBaTH 3ayBa)KEHHS IIPH ITITOTOBIII CTATTI Ta TOOMPAITIOBATH ii.

(ETAII 2) OctaTouHo, micJisi A00OMPAaIiOBaHHsA, 10 Penakiiii momaroThes:

1) 1 y3romxeHud eneKTpoHHHM BapiaHT ctarti (daitn — Word ¢opmaty). Haszsa daiimy:
Ilpizeuwe_statja_ukr.doxc;

2) BiIOMOCTI Ipo aBTopa (-iB) (Ykp. Ta anri. MmoBamH): I11b, BueHuii cTyImiHb Ta 3BaHHS, MiCIIE
poboTH (HaBYaHHS), Mocaaa, Micto, Teaedon, e-mail.

Hassa daitny: Ilpizeuwe_vidom.doxc;

3) yroxy npo myOmikamito 3 aBTOpOM (-aMH) CTaTTi PO aBTOPCHKi MpaBa;

4) OpWTiHAN TIUIATIKHOTO JOKYMEHTa, SKHH 3acBigdaye ormiaty 3a myomikamio. OILIATA
3IMCHIOETHCA MICJS BHYTPIIIHBOIO PEINEH3YBAHHS TA NIPUHHATTA CTATTI 10
APYKY.

BincyTHicTh 3a3Ha4YE€HOTrO BWINE, 4, TAKOX, BIICYTHICTh MIAMKCIB aBTOPIB a0 Y3TOKYIOUHX BI3,
HEBIIMOBITHICTh BUMOTaM 3aco0y KOMYHiKaIlii, HasBHICTh opdorpadidHux, TpaMaTHIHUX Ta CTHJIICTAIHHX
MOMUJIOK, HEXTYBaHHS HEOOXiAHICTIO JAOTPUMAHHS JIEKCMYHUX, TPAMAaTHYHUX 1 CTHJIICTUYHHUX HOPM MOBH
nepekyany — € miacTaBolo 1Jsl BiITMOBH B OIyOJIiKyBaHHI CTaTTi.

JlaToro HamXOMKEHHS PYKOMHCY CTaTTi B PEMAKINI0 BBAXKAETHCSA JaTa HAACHIIAHHA ii KiHIEBOIro
Bapianty. Homep xypHaiy, B skoMy myOJIiKyIOTbCS [TOJIaH1 MaTepiaiy, BU3HAYAE€THCS pelakUieto xypHay. o
IpYyKy MpUAMAIOThCA PYKOIHUCH, AKi paHimie He Oy omyONiKOBaHi B IPYKOBaHUX Ta €NEKTPOHHUX BHJIAHHSX.
[Nepenpyk Ta iHIIE BUKOPUCTAHHS IMyOMiKalil )KypHAITy 31iHCHIOETHCS TUTHKH 32 TIOTOJKCHHSM 3 PEIaKIN€0 Ta
000B’SI3KOBUM IOCHIIAHHSIM Ha JKEPEJIO.

HOCJIJOBHICTDb CTPYKTYPHUX EJIEMEHTIB CTATTI:

YJK: Times New Roman, kerib — 12 pt, 6e3 ab3airy, MiKpAIKOBHUI iHTEpBaI — 1, BUPIBHIOBaHHS I10 JIIBOMY Kpalo,
MIPOITMCHUMH JIITEPAMH;

MNPI3BUIIE IM’S no-BATBKOBI aBropa (-iB): Times New Roman, xerss — 12 pt, 3 ab3amaim Bigcrynom — 0,5
CM, MDKPSIKOBUIT iHTEpBai — 1, IPOINUCHI, BUPIBHIOBaHHS 110 JIIBOMY Kpalo;

Ha3sga ycranoBu (3akiazny): Times New Roman, xerss — 11 pt, MixkpsiikoBuii inTepBai — 1, 3 aG3allHUM BiJICTyIIOM
— 0,5 cM, BUpPIBHIOBaHHS 110 J1iBOMY Kpato;

HA3BA CTATTI: Times New Roman, kernp — 12 pt, MbkpsakoBuil iHTepBan — 1, IPOMKCHI, HAIIBXUPHI, 3
abzarHuM BigctynoM — 0,5 cM, BUPIBHIOBaHHS 1O JIIBOMY Kpalo.

Tlopoorcnitl psook.

AHoTAaILis 0 CTAaTTi YKpaiHcbKor0 MoBo: Times New Roman, kernbs — 11 pt, Kypcus, 3 ab3allHUM BiICTYTIOM —
1,25 cm, MiXpsAAKOBUH iHTEpBal — 1, BUPIBHIOBAHHS 110 MIHPHHI, Ha3Ba pyOPHK — HAIiBXKUPHIM;

! is (UA 1800 ip. Pv0

— Mera.

— Meroauka.

— Pesynbraru.

— HayxkoBa HoBu3Ha.
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— IlpakTnyHa 3HAYUMICTB.

KurouoBi cjioBa aHoTarii ykpaiHcbK0I0 MOBOIO: Ha3Ba — Haniexcupnuuil Kypcue, Times New Roman, kerms — 11
pt, MDKpSIIKOBUI iHTEpBad — 1, 3 ab3amHUM BiAcTymoM — 1,25 cM.; IepeiK KIIFOYOBHX CIIiB: 5—6 CIIiB YM CIIOBOCIIONYYEHb,
Times New Roman, kernb — 11 pt, BUpiBHIOBaHHS IO ITUPHHI;

Tlopoorcnitl psook.

OcHoBHuii Teker cTarTti: Times New Roman, kersis — 12 pt, MixkpsiiKoBHi iHTepBan — 1, 3 a03aHUM BiACTYIIOM —
1,25 cM., BUPIBHIOBAaHHS 1O IIUPHHI.

HayxoBa crarTs nepenbadae Taky NOCHiIOBHICTh CTPYKTYPHHUX €JIEMEHTIB TEKCTOBOI YACTHHH:

— Beryn — nocraHoBka mpo0iieMn y 3araJbHOMY BUTIISIL Ta ii 3B’SA30K 3 BAKJIMBUMH IPAKTHIHIMH
3aBgaHHsaMHu (5—10 psaaKiB); akTyadbHICTH 1 MOMUTBHICTH TUTaHHSA (5—10 psAAKiB); OCTaHHI JOCTIKCHHS Ta
nyOuikanii, Ha $Ki CIOHUPAETbCS aBTOp, BUAUICHHS HEBUPILICHWX YACTHH 3arajibHOi MpOOJIeMH, KOTPUM
MIPUCBSIYYETHCS JaHa CTATTs (3BUYAMHO 111 YaCTHHA CTATTI CTAHOBUTH OJIM3bKO 1/3 CTOPIHKM).

— IlocTraHoBKa 3aBaaHHsI — GOPMYJIIOBAaHHS ik cTarTi. BkasaHuii po3aia BeabMH BaXXJIMBUH, 00 3
HBOTO YWTA4 BU3HAYa€ KOPHCHICTh I ceOe MPONOHOBAHOI CTATTi; METa CTATTi BUILTUBAE 3 TIOCTAHOBKH
3arajbHOI MPOOJIEeMH 1 OTJISIY paHille BAKOHAHUX JAOCIiIKEeHb, TOOTO JaHa CTAaTTs Ma€ Ha METi JIiKBiyBaTH “Oifi
wIssMK” y 3aralbHii mpodnemi (00car miel yacTuHu cTatTi 5—10 psaKiB).

— Pe3yabTaTH A0cCiAKeHHS — BUKJIAJ BJacHE Marepiaiy JOCHIDKEHHS (Bil 5—6 CTOPIHOK TEKCTY).
Heenuxkwuii 06car notpedye BUAIICHHS FOJIOBHOIO y MaTepiajiaX JOCHiHKEHHS; 1HO/I1 MO>KHA OOMEKHUTHUCS TIIbKH
(hOpMYJIFOBaHHSM METH JOCIIDKSHHS, KOPOTKOIO 3raJIKOI0 PO METO ] BUPIIICHHS 3a/1a4l 1 BUKJIaJ0M OTPUMaHUX
pe3ybTaTIB; SKIIO Ha 00CAT CTATTI HE Ma€ CyBOPUX OOMEXKEHb, TO JOLIIBHO ONMMCATH METOAUKY JOCIIIKESHHS
MOBHILIE.

— BHCHOBKHM — y 3aKiHYCHHI HABOJIATHCS BUCHOBKH 3 JaHOTO JIOCII/DKEHHS 1 CTHUCIIO TOJAIOTHCS
MEPCIICKTHBH MOJANBIINX PO3BIIOK Y IIbOMY HAIIPSIMKY.

Ta6muus: Times New Roman, kernb — 12 pt, MbDKpsSAKOBUI iHTepBan — 1, BUPIBHIOBAaHHS 110 LIEHTPY, Oe3 ab3arty.
3rajaHa B TEKCTI TaOJIUI MMO3HAYAETHCS cKopoueHo (Tabi. 4). Bei Tabmumi, sKIo iX AeKijabka, HyMepyIOThb apaOChbKUMHU
mudpamMu B Mexax Bcboro Tekcry: Tabnuys 1, Tabauys 2, ...., Tomo. Tabmuii 3a0e3Meuy0Th TCMATUYHUME 3aT0JIOBKAMH,
SIKI PO3TAIIOBYIOTH 3 JIIBOTO OOKY CTOPIHKH Iepe]t TaOIHIEIO 1 MUIIYTh 3 TPONUCHOT OYKBH, Kypcusom, 6€3 Kparky Ha KiHIIi.

Bwmict tabnuui: Times New Roman 10/12pt, intepsan 1. SIkuio nudposi ado iHII 1aHi B IEBHOMY €JIEMEHT] TaOIHI
HE MOJAI0Th, TaM 00O0B'I3KOBO CTaBIISAThH POUYEpK. Y pa3i motpedu tabnuiisd 3a0e3nedyeThest IPUMITKAMH, [0 MTOMIIIAI0THCS
g Tabmumero. [Ipu nepeHeceHHi TaOIUIN Ha HACTYIHY CTOPIHKY CJIiJ IPOHYMEPYBaTH Tpad i MPOJOBKHUTH X HyMeparliro.
Hogy cropinky modatu 3i ciiB «IIpodosscennsn mab. 1». 3aronoBOK TaOIHII HE TIOBTOPIOIOTH.

Hicna mabauyi — nopodcHiti psook.

Pucynkn (miarpamu, ¢poTo Ta iH.) IOJAIOTHCS Y KOJIBOPOBOMY Ta YOPHO-01JI0MY 300paskeHHI pa3oM i3 TEKCTOM Y
MiCISIX MOCWJIaHb HAa HUX Ta 000B’s3k0BO B okpemux Qainax (*.TIFF, *.jpg Ta in.) 3 posginsuicTio 300 dpi. baxana
LIMpHUHA PUCYHKIB — 9 cM abo He Ourbime 17 cM juIst KapT, CXeM Ta iHIIMX 00’€éMHUX MaTepiaiiB. PucyHok Mmae Oytn
po3TaloBaHUi MO LEHTpPY, 0e3 00TiKaHHS TEKCTOM. PHCyHKM po3MilnyroTh ,,B TeKcTi®, (He B Tabmuisix). CHUMBOIH,
iAICH, JIiHIT PUCYHKIB CJIiJl BAKOHYBATH TaKMM YHHOM, 11100 BOHM cripuiiManucs. [lignucu 1o pucyHKiB OBUHHI MICTUTH
HyMepallilo B MOPSIKY PO3MIIIEHHS B TEKCTI.

Y TekcTi Ha LTIOCTpaLito POOIIATECS MOCHIIAHHS, IO MICTATH TOPSIKOBI HOMEPH, MiJl SKUMU LTIOCTpaIlii HOMIIIeHi
B cTarTi. Bei imocTpartii, SKmo ix gekiapka, HyMepyIoTh apaOCEKUMU II(paMi B MEXax BChOTO TEKCTY: puc. 1, puc. 2, ....,
TOIIO. SIKIIO B TEKCTi TUTBKHM OJIHA LJTFOCTPAIlisi, TO HOMEp ilf He MPUBIACHIOETHCS 1 CIIOBO «PUCYHOK) HE MUMIYTh. ImrocTparii
3a0e3Meuyr0Th TEeMaTHIHUMH 3aT0JIOBKAMH, SIKi pO3TAalIOBYIOTh MTOCEPEINHI CTOPIHKH MICIIs pUCYHKY 1 IATIYTH 3 IPOITHCHOL
OykBH, HaMiBKMPHUM, Oe3 Kpanku Ha KiHmi. KoxxHy imocTpartito HeoOXiqHo 3a0e31medyBaTH MiIMHUCOM, 3HI3Y LITIOCTpaIlii,
PO3KPHMBAIOYM HOTO 3MICT, SIKMH IMOBHHEH BiINOBIAaTH OCHOBHOMY TEKCTY 1 caMiil iroctpauii. B minnuci nqaerbes, Takox,
po3uppoBKa YMOBHUX MO3HAUEHb (LIU(PPOBHUX Ta OYKBEHHUX).

Iicns intocmpayii — noposicHitl paook.

®opmyan B CTaTTSIX MaroTh OyTH HaOpaHi 3a IOMOMOro0 pepakTopa GopMysn (BHYTpILIHIH penakTop GopMyr B
penakropi Microsoft Word for Windows). IIpocti popmynu Ta cuMBOIH, IO iX CKIIAJal0Th, HAOUPAIOTHCS 33 TOTIOMOTOIO
penakTopa (GopMyi, CTHIIb — MaTeEMaTHIHUHN (KypcuB), po3mip ¢popmyrn — 10 pt. Cxmagai popmynu HaOHParOTh y peaaKTopi
Microsoft Equation. @opmynu 3aBIOBXKH ITOHAT 8 cM pO30MBAIOTE HA OKpeMi OJIOKH 10 8 cM (32 OKPEMHUMH BHHATKAMH —
17 cm). @opMymH BiZOKPEMITIOIOTE BiJl TEKCTY 3BepXy Ta 3HU3Y OJHUM iHTepBajoM. Hymepais ¢popmyi, Ha SIKi € IIOCHIaHHS
B TEKCTi, — clpaBa B IyXKaX. Yci ¢hisuuni eeruyunu momarorees B cuctemi CI. Iimi wacTWHM Bim JecATKOBUX
BIZIOKPEMITIOIOThCST KOMOI0. DopMyiu HabuparoThes B penaktopi Gpopmyn MathType Ta posramoByroTses o neHTpy (6e3
a03airy) psiaka, Hymeparis undposa, HackpizHa. Homep dopmynu (y kpyriux ayxkax, Times New Roman, kerns — 12 pt)
PO3TAIOBYETHCS IO MPABOMY Kpai CTOPIHKK Ha OgHOMY piBHI 3 (opmyroro. [TosicHeHHsT 3HAYEHb CUMBOJIB 1 YMCIOBHUX
Koe(illieHTIB pO3TaIIOBYIOTh Oe310CepeHBO i POPMYJIOI0, Y Til MOCHIJOBHOCTI, y SIKiii BOHU HpeICTaBieH y Gopmyuti.
KoskHe 3HaYeHHS HEOOX1/THO MMOSICHIOBATH B HOBOMY a03alli 3 BizictynoM 75 MM. [lepiuuii psii osicHeHb HAYUTAIOTH 31 CJIOBA
«ne» (6e3 BiacTymy).

CnucoK BUKOPHCTAHOI JIiTepaTypH — eneMeHT 0i0miorpadigHoro amapaty, KOTpU MiCTHTD OIIFICH BUKOPHCTaHIX
mxepen. CIIMCOK BUKOPUCTAHOI JiTEpaTypH NPUBOIUTHCS HANPHKIHIN cTarTi. [IpW muTyBaHHI JiTeparypu B TEKCTi
HEeoOXiHO BKa3yBaTH HOMEp y KBaJpaTHUX AyKKax, Hampukiax [1]. Hymepauis mitepaTypud B MOpSIKYy 3ralgyBaHHS,
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apaOChKUMU ITUPpPaMH, TOTPUMYIOUNCh HACKpi3HOI HyMmepaiii: Times New Roman 12 pt, mixkpsakoBuit inTepsan 1, 6e3
a03a1HoTO BiICTYIy, BUPIBHIOBAHHS 110 IIUPHHI.

Crmcok mxepen — He MeHtre 10 mo3utiif, MoBaMu opuriHaty, odpopmisteTses 3rigao 3 JJCTY 3017: 2015. ¥V tekcri
PYKOTIHCY ITOCHJIAHHS Ha JITepaTypy CTaBIATHCS B KBaAPATHI TYKKH.

References — Times New Roman 11 pt, mixkpsakosuii inrtepan 1,0, 6e3 ab3amHoro BiACTYyITy,
BUPiBHIOBaHHS o LIMPHHI. TpancniTepoBaHuit (mpancrimepayin 3 YKp. MOo8U -
http://www.slovnyk.ua/services/translit.php; 3 poc. — http://www.fotosav.ru/services/transliteration.aspx) ra
MepeKIIacHUH aHTIIHCHKOIO CITUCOK JTITEpaTypHy 3 TOTPUMAHHSIM BHMOT MDKHAPOIHUX CTAaHAAPTIB 0)OPMITCHHS
0i0miorpadiyHUX MOCHUIAHB.

Tlopoorcuiti psook.

B «xiHmi Hamaetbesi KOpoTKO iH(popMaiis aHrmiiicbkkoro Moot Times New Roman, kerne — 10 pt,
MPOTIMCHI, MIXPSIKOBUH iHTepBaNI — 1, Ha3Ba pyOpPUK — KypPCHB.

Ilpuknao:

IVANOV YURII

PhD, Professor

Department of Applied Ecology, Technology of Polymers and Chemical Fibers of the Kyiv National University of
Technologies and Design

https://orcid.org/0000-0001-8718-1202

Scopus Author 1D: 9134000100

Researcher ID: H-6012-2020

e-mail: 060 ’a3K060

Anorauis (EN) ne menuie 1800 3uakiB.

MPI3BBUIIE I. b. aBtopa (-oB): Times New Roman, kerip — 12 pt, mponucHi, MiXpsSIKOBHH iHTepBaT — 1, 6€3
a03airy, BUpiBHIOBaHHSA I10 LIEHTPY.

Ha3ga ycranoBu (3axinany): Times New Roman, kerss — 11 pt, KypcuB, MbKpsIKoBuil iHTepBan — 1, 6e3 abzairy,
BHPIBHIOBaHHS 10 LIEHTPY.

HA3BA CTATTI: Times New Roman, kerip — 12pt, MiKpsAKOBHH iHTepBad — 1, IPONMCHI, HaMiBXUPHI, 0e3
a03aIly, BUPIBHIOBAHHS 110 LIEHTPY.

AHoOTAIIis JI0 CTATTi aHMTiHChKOI0 MOBOKO: Times New Roman, kernb — 11 pt, 3 ab3anauMm Bimctymom — 1,25 cm.,
MDKPSIIKOBUH iHTepBal — 1, BUPIBHIOBaHHS 110 IIMPWHI, Ha3Ba PyOPUK — HANIBKHPHUM;

PyOpuku aHoTarmi:

— Purpose.

Methodology.
Findings.
Originality.

— Practical value.

KnrouoBi cnoBa aHorauii aHMIHACHKOIO MOBOIO: Ha3zBa — HamiB:kupHMii, Times New Roman, xernms — 11 pt,
MDKPSAKOBHU iHTEpBad — 1, 3 ab3amHuM BigcTynom — 1,25 cM.; meperik KIF0YOBUX CIiB: 5 — 6 CIIiB UM CIIOBOCIIONYYEHb,
Times New Roman, kernb — 11 pt, kypcus, BUpiBHIOBaHHS 110 IIIUPHUH.

3acTocyBaHHS aBTOMAaTHYHOTO IIepeKIagy HAyKOBOTO TeKCTy (crarTi, adortarii, Tomo) HE
JOITYCKAETBCHI. Ilepeknan (cTarTi, aHOTAIII{, TOIIO) Ma€ OyTH HAJIEKHOI SIKOCTI.

OcTtaToyHHuii BUCHOBOK IIOJI0 IMyOJTiKallil CXBaIO€e peAaKiiliHa KOJIETis KypHally Ta MOBiIOMIISE aBTOpa
(-iB) TemehOHHUM A3BIHKOM ab0 MMOBITOMIIEHHSM II0 €J€KTPOHHIM MTOIIITI.

Penmakis nmimae 3a co00r0 MpaBO Ha HE3HAYHE peJaryBaHHS Ta CKOPOUYCHHS, 30€piraroum Mpu TOMY
TOJIOBHI BUCHOBKM Ta aBTOPCBbKY cTmimicTHKy. Crtarri, oopmieHi 0e3 1oTpuMaHHs 3a3HAYE€HHX BHUMOT,
po3rasaaTucs He Oy1yTh

CrarTi npuiiManTbLCs HA MOYTOBY CKPHHBLKY: Vistnuk@knutd.edu.ua.

BankiBcbki pekBi3uTH BUAaHHS «TeXHONOrIT Ta IHKUHIPUHD» 1JIS lepepaxyBaHHs OIIATH
3a myOJikanioo HaykoBoi ctartTi (BapTicTth 1 cTop. popmarty A4 komrye 60 rpH):
OnepxxyBau: KuiBcpkuii HallioHaIbHUAN YHIBEPCUTET TEXHOJIOTIN Ta TU3aHHY
Kon €IPTIOY otpumysaua: 02070890
bank otpumysauva: JIKCY y m. Kuesi
Kon 6anky otpumysava: 820172
Po3zpaxynkosuii paxynok: UA038201720313251003202003551
Ipusnavenus miaarexy: [1.I.b. (aBropa (-iB) myOGmikarii) — TexHIYHI HAYKH.
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TEXHOJIOI'II TA IHXKUHIPUHI

Komm’rotepHuii Habip Ta MaKkeTyBaHHS KPMBOHOC Onena
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