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Prof. Stanislav Voronov was a prominent figure, an outstanding
scientist and educator, author of numerous scientific articles,
books and publications in the fields of organic chemistry,
polymer chemistry, chemistry and technology of food additives
and food toxicology. The conference, first of all, aims to unite
numerous scientists, colleagues and students of Prof. Stanislav
Voronov to exchange of experience, establish close relations,
develop cooperation in scientific and educational activities.



IIporpama mMizkHaApoaHOI HayK0BOI KOHepeHuii «Cy4acHi
NOCATHEHHS B Xap4oOBii, Opra”HivyHii Ta moJaiMepHii ximib»,
NPUCBA4Y€eHOI cBiTIiil mam’saTi npodecopa CranicaaBa Boponosa

Program of the International Scientific Conference '*Modern
Achievements in Food, Organic and Polymer Chemistry™
Is dedicated to the brigth memory of Professor Stanislav Voronov

24-26.10.2023 p

24.10.2023 p

10.00-10.10 Binkputts koHdepenmii. BerymHe cioBo mpopekTopa 3 HayKoBOi poOOTH
HamionanesHoro yHiBepcutery «JIbBiBcbka mosiTexHika» mpod. I[Bana
JEMUJIOBA

10.20-10.25 Boaomumup  JTOHYAK. (Hayionanvnuu  yHisepcumem  «JIvgiécoka
nonimexuixa», m. JIvgis, Yxpaina)
IIpo naykoBuii topo6ok npocdecopa Cranictapa BOPOHOBA

10.25-10.35 Bopuc PYBJIbOB (Hayionanvuuu ynieepcumem «JIvgigcoka nonimexuixay,

m. Jlveis, Ykpaina)
Po3BuTOK Haykn y «JIbBIBCHKIii MOJIITEXHIIM HA 3J1aMi TUCSYOITh

3anpomeni gonoBiga4vi (Mogeparop npod. FOpiit Crermmmn)

10.35-11.00 Biraniii YUOPHOYC (byKOBUHCHKUI JCpKABHUN MeTUIHUIMA
yHIBepcHUTET, M. YepHiBIli, YKpaiHa)
CuHTeTHYHMH NoTeHIaa pearenta Binbcmeilepa

11.00-11.25 | 1Opiii XAJIABKA (YepHiBelbKHii HAaIllOHATBHUN YHIBEPCUTET IMEHI
HOpis denpkoBuua, M. YepHibili, Ykpaina)
baraTomaposi TUTIBKU HAaHOYACTHUHKHU-TIOJIMED — NEePCIEKTUBHI
(hyHKITIOHAJIbHI MaTepiaan

11.25-1150 | Cepriit PABOB (IHcTUTYT XiMil BUCOKOMOJIEKYIsipHUX crionyk HAH
VYkpainu, m. KuiB, Ykpaina)
OyHKIIOHATBHI MaTepiaii Ha OCHOBI IMKJIOJIEKCTPUHIB: pO3poOKa Ta
3aCTOCYBAHH

YcHi ntonosBiai
11.50-12.10 Tapac IEPETATKO (JIbBiBCbKMI HalllOHAJIBHUN yHIBEpCUTET iM. I.

®panka, M. JIpBiB, VYkpaiHa;
HayKoBHil 1IeHTp, KuiB, Ykpaina)
CKpHUHIHT MIKpOOPraHi3MiB-I€CTPYKTOPIB IUIIBOK MOJITiIpOKCHOyTHpaTy Ta
TTOJTUTAKTUY

HamionanbHuii  aHTapKTUIHUH

Ilepepna 12.10-15.00

3anpoieHi gomoBiga4vi (Mozeparop npod. Ouner Illeuyk)

15.00-15.25 Oasra BYIIINEBCBKA (Hayionanvuuil ynieepcumem «JIvsiscoka
nonimextikay, m. Jlvgis, Ykpaina)
XiTo3aH st CTBOpEeHHs pH YyTIMBUX HAHOYACTHHOK Ta SIK (IIOKYJISIHT JUIS
OYUIICHHS CTIYHHUX BOJI

15.25-15.50 Anapiii BOPOHOB (/lep>xaBanii YHiBepcuteT [liBHiuHOT JlakoTH, M.

(07.25-07.50 ®apro, CIIIA)

EST) [ToniMepu Ta mosiiMepHi MaTepiaii Ha OCHOBI POCITMHHUX KOMIIOHEHTIB




15.50-16.15

Cepriit MIHBKO (YHiBepcuteT Jxoprxii, M. Adinu, CIIIA)

(07.50-08.15 DyHKITIOHATBHI TTOJIIMEPU Ha MeXi (a3: KOPOTKHM OTJISIT
EST)
Y cHi JonoBiai
16.15-16.35 Mapis KOCTEHKO (Vuisepcumem im. Hocanna Kennepa y micmi Jliny,

Aecmpis)
Burorosnennss Hanokomno3uTiB I[IET-opranoriuHu 3 BAKOPUCTAaHHSIM HOBOTO
IT1JIXOTY JIJIs1 PEOJIOTIYHOTO aHaJIi3y

25.10.2023

Y cHi gonoBiai (Moxeparop npod. Bikrop Tokapes)

10.30-10.50 Anacracia  UEBOTAP, (Hayionanvnuii  yuieepcumem  «JIvgigcovka
nonimexuixay, m. Jlvsis, Ykpaina)
MoHoMepr Ha OCHOBI POCIMHHHMX OJiii i CTBOPEHHA TONIMEpiB i3
TEMIIEPaTypo-iHAYKOBAaHUMHU  TepexogamMu B obOnacti  (i3ionoriyHux
TeMIeparyp

10.50-11.10 fiua HUMBOPCBKA  (Hayionanouuii  ynigepcumem  «JIvgigcoka
nonimexuikay, m. Jlvsis, Ykpaina)
CTBOpeHHsI KOMOJIMEPHHUX IITOK, YYTJAMBUX O il 30BHILIHIX YHMHHHUKIB, 3
METOIO 3aCTOCYBAHHS Y TKAHUHHIN iH)XeHepii

11.10-11.30 Svitlana TYMETSKA (Jagiellonian University, Faculty of Physics, Krakéw,
Poland)
Application of polymer modifications to evaluate the response of NSIP- and
IPF-derived fibroblasts

11.30-11.50 Oasra MAUMKOBMUY (Vuisepcumem Jle Many, Jle Man, ®@panyis)
CuHTe3 Ta BIACTUBOCTI TIOPUAHUX TIAPOTENiB HAa OCHOBI JKEIATUHY
CTPYKTYpPOBAHOTO JTUEMOKCHIOM MOJTIETHICHTIIKOIIO

Ilepepna 11.50-12.00
3anpouieHi JonoBigaui (Moxeparop npod. Opect I'eBych)

12.00-12.25 | Osrena MOJIOBIN, Muxaiiio MIJIFOKIH (HarioHanbHUE yHIBEpCUTET
XapuoBUX TexHouorii, M. Kui, Ykpaina)
CydacHi MIOXOAW OTPUMaHHS KOHIEHTPATIB POCIMHHOI CHUPOBUHH Ta
imeHTudikaIli aHToIlaHIB

YcHi nonmosBiai

12.45-13.05 Karepuna IIPUXOAbKO (//[BH3 «Vkpaincokuii OepoicasHuti XiMiko-
mexHo02iuHUlL YHigepcumemy, M. /[Hinpo, Ykpaina)
AKTHUBHI CKJIAJIOBI JTUTSYOTO MIAMITYHIO JIJISl CyXO1 IIKIPH TOJIOBH

Crenpogi nonogiai / Poster Presentations

13.05-13.10 Anna CIESLIK (Jagiellonian University, Faculty of Physics, Krakéw, Poland)
Bioactivity of plant-derived chalcones: impact of licochalcone A on fibrotic
processes

13.10-13.15 Mapis JKUTAMWJIIO (Incmumym ¢hizuxo-opeaniunoi ximii i gyeneximii
im. JIM. Jlumsunenka HAH Yxpainu, m. Kuis, Yxpaina)
Synthesis and properties of polyacrylate and polyacrylate/silica multifunctional
membranes

13.15-13.20 Jiropvmuna KOCAHYYK (Incmumym ximii eucoxomonexynsaprux cnoayk HAH

Yrpainu, m. Kuis, Yxpaina)
BB aepocuity Ha CTIHKICTh IPU ONPOMIHEHHI NOJIiypeTaHy sSIK MaTpHIl




TBEPJIOTIJILHOTO JIA3EPHOTO €JIEMEHTA

13.20-13.25 Mukosaa HIKOJEHKO (/[BH3 «Yxpaincokuii Oepoicagruti  XiMiKko-
mexHoN02IuHU YHIGepcumemy, M. /[Hinpo, Ykpaina)
VY 10CKOHAJIEHHSI TEXHOJIOTIH XapuoBHuX (oc¢aTiB: MiArOTOBKA XIMIYHO YUCTUX
MIPEKYPCOPIB iX CUHTE3Y

13.25-13.30 Muxosaa HIKOJEHKO (/[BH3 «Yxpaincokuii Oepoicagnuti  XiMiKko-
mexHoN02IuHU YHIGepcumemy, M. /[Hinpo, Ykpaina)
JlocItipKeHHs TPOLIeCiB IEKCTPHUHI3ALIl KPOXMaJIiB

13.30-13.35 Mapis MUPOHSK (/[BH3 « Ykpaincoxuii Oepaicasruii Ximiko-mexHona02iuHUll
YHieepcumemy, M. /{ninpo, Ykpaina)
OnepxaHHsT HOBUX pEYOBMH Ta MarepiaigiB Uil CEHCOPUKH XIMIYHHX
3a0pyIHEHB

13.35-13.40 Mapis MUPOHSK (/[BH3 «Ykpaincoxuii Oepaicasruii Ximiko-mexHoa02iuHUlL
VHieepcumemy, M. /{ninpo, Ykpaina)
Opep>kaHHsI BIATIHKOBOTO MIAMITYHIO 31 3BOJIOKYIOUHM €(heKTOM

13.40-13.45 Aunpii KAWL ([JBH3 «VYxpaincokuti Oeporcagnuii  XiMiKO-mMeXHON02TUHULL
VHieepcumemy, M. /{ninpo, Ykpaina)
OpneprkaHHs TeIT0 IS AyIy 3 eKcoriaHTaMu

13.45-13.50 Anacracis  BOPUCEHKO ([/BH3 «VYkpaiucokuii Oepoicagnuii  Ximixo-
mexHoI02iuHUlL YHIsepcumemy, M. /[Hinpo, Ykpaina)
OTtpumanHs Ta  BUBYCHHsA Zn-Al  NOABIHHO-IIAPOBUX  TIAPOKCHIIB
IHTepKaIbOBAaHUX aHIOHOM TiOOpOMiny, SIK TBEPIUX Je3iHPEKTaHTIB

13.50-13.55 Oleh SHEVCHUK (Lviv polytechnic National University, Ukraine)
Synthesis and properties of magnetite nanoparticles with peroxide-containing
polymer shell and nanocomposites based on them

13.55-14.00 Anton JIOMIIPA ([BH3 «Ykpaincokuii OepicasHuil XiMiko-mexHon02iuHUll

yHieepcumemy, M. /{ninpo, Ykpaina)
OpepxaHHsSI KapOTHHOI-BMICTHUX CIIOJYK 3a JOMOMOTOI MOJBIHHO-IIAPOBUX
T1APOKCHIIB

IlepepBa 13.55-14.50

IIIxona Mmosioaux BUeHUX «CydacHi JOCATHEHHS Y MOJIiMepHii
XiMmil TA HAHOCTPYKTYpPax» (Moaeparop nipod. Aunaniit Koryr)

14.50-15.00 BiKpUTTS IIKOJIM MOJIOJMX BUYCHHUX

15.00-15.20 Dr. Katarzyna GAJOS (Jagiellonian University, Poland)
Surface analysis of biosensor interface using Time-Of-Flight Secondary lon
Mass Spectrometry

15.20-15.40 PhD Student Yana SHYMBORSKA (Lviv polytechnic National University,
Ukraine and Jagiellonian University, Poland)
CydacHi METOJI AOCIIIPKEHHS CTPYKTYPH NMPUIIETNIEHUX MOJTIMEPHUX HIITOK

15.40-16.00 PhD Student Yehor POLUNIN (North Dakota State University, USA)
[HCTpyMeHTanpHUIl TiAX1J A0 aHamily TepMO-MEXaHIYHHUX BJIACTUBOCTEH
TEPMO/pPEaKTOIIACTIB

16.00-16.20 PhD Student Bohdan DOMNICH (North Dakota State University, USA)
XapakTepucTUKa TMOJIMEpHUX MaTepialiB: BiJl JIaTEKCIB A0  3LIMTHUX
MOJIIMEPHUX TUTIBOK

16.20-16.40 PhD Student Maria KOSTENKO (Johannes Kepler Universitit Linz,
Austria)
Method of extrusion into manufactured nanocomposites with further
investigation of rheological properties

16.40-16.50 Prof. Andriy VORONOV (North Dakota State University, USA)




HaropomxenHs cTyneHTiB — jaypeaTiB Big3Haku iM. mpodecopa CraniciaBa
Boponoga y 2023 porti

16.50-17.00 | 3akpUTTS MIKOJH MOJOANX BYECHUX
Ilepepna 17.00-17.10
3anpouieHi qonosigayi
17.10-17.35 Opect 'EBYCb (Hayionanvnuii ynieepcumem «J/Ivgiecoka nonimexnikay,
m. Jlveis, Ykpaina)
[ToBepxHEBO aKTUBHI MOHOMEPH Ta 1HILIATOPH pPaTUKaIBbHOI MojliMepu3anii —
MOXI1JIHI TeKCO3
YcHi nonmosiai
17.35-17.55 Zoriana DEMCHUK (Oak Ridge National Laboratory, Tennessee, USA)
(09.35-09.55 | Sustainable insulation foams from vegetable oils with recyclability “on
EST) demand”
17.55-18.10 | 3akpuTTs KOHpepeHIii
26.10.2023
12.00-15.00 «XaKaToH» IS Y4HIB cepeaHix mxkia i MaJoi
Axaaemil Hayk (Mogneparop npod. Onbra Byinescoka)
12.00-12.20 [Ipsimuii 3B’30K 3 aHTapKTUYHOKO CTaHLi€ero iM. Bonogumupa BepHaacbkoro.
Cuikepu: Tapac IEPETSATKO: nouent kadbenpu MmikpooGiosorii JIbBiBCbKOTro
HAI[lOHAIBHOTO yHiBepcHTeTy iMeHi IBana ®dpanka, yyacHHK 28 YKpaiHCHKOL
antapktuuHoi  ekcrienuuii. Ouaekcanap I[MOJYIAEHb: wmereoposnor 3
YKpaiHCBKOTO Ti[pOMETEOPOJIOTIYHOTO IIEHTPY, y4YacHHK 28 VYKpaiHChKOI
AHTAPKTUYHOI eKCTIe Ui
12.20-13.00 JlemoHCTpallis iKaBUX JAOCHIJIIB 3 XiMil yUHSIM CepellHiX MIKLT 1 uneHam Mamoi
Axkaznemii Hayk
13.00-13.15 Boaogumup JOHYAK — npo nepcrnektuBd HaBuaHHS B [HCTUTYTI XiMmii Ta
XIMIYHHUX TexHoJsoriid HarnionaneHoro yHiBepcurery «JIbBiBCbKa MOMITEXHIKAY.
13.15-13.20 IlepepBa
13.20-14.30 [IpoBeneHHs «XakaTOHY» 3a y4acTIO YYHIB cepelHIX WK1 1 Manoi Axkagemii
Hayk
14.30-14.40

IMinBexeHHs1 MiACYMKIiB «XaKaTOHY» Ta  HaropoOJKeHHS
nepeMosKIIB

81 CryaeHTchbKa HayKOBa KOH(epeHis

IMincexnia «Opraniuna ximisn» (Mogeparop o FOpiii [Tanuenko)

15.00-15.05

BiakputTs cTyneHTChKOi KOH(epeHiii

15.05-15.15

Amnacracis YEBOTAP, ct. rp. XT-42
MoHoMepr Ha OCHOBI POCIMHHHMX OJIi JJii CTBOPEHHS TOJIMEPIB 3

TeMIIepaTypO-1HAYKOBAaHUMH  TlepexojaMd B o0jacTi  (i310J0TIYHUX
TEeMIEepaTyp.
HaykoBuii kepiBHUK — nipod. Jlonuak B.A.

15.15-15.25

Coaomiss KAITALIJIA, ct. rp. XTM-25

Po3poOka remocTaTMuHOro OMHTAa Ha OCHOBI O10MONIMEPIB A 3YNUHKU
KPUTUYHUX KPOBOTEY.

Hayxosuii kepiBauK — npod. Camapuk B.S1.

15.25-15.35

Ipuna FOPUHEID, cr. rp. XTX/1-21
Buxopuctanuss OEHTOHITY Yy XapyoBiii Ta KOCMETHYHIA MPOMHUCIOBOCTI.
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Haykosuii kepiBHuK — nnpod. bymimescrka O.I'.

15.35-15.45 Bagum 'EBKAJIIOK, ct. rp. XT-21
BukopuctanHss pedyoBUH MPUPOJHOTO  TMOXOKEHHS JJS  OJEepXKaHHS
TiporeneBux Marepiais.
Hayxkogi kepiBauku — noi. [Tanuenko F0.B., 3aB. 1a6. Yo6iT M.P.
15.45-15.55 Lmona BOPUC, ct. rp. XT-21
[Ipupoani mxepena oaepKaHHs MOBEPXHEBO-AKTUBHUX PEUOBHUH.
Haykogi kepiBHuKH — 3aB. 71a0. Yo6it M.P., non. [1anuenko 0.B.
15.55-16.05 KOnis KHPUYVYK, cr. rp. XT-42
Hogi xap4oBi TeXHONOTIT 1715 TO0JIaHHS OUTKOBOTO Ne(DiluTy.
HaykoBwuii kepiBauk — noi. Bacwiber B.I1.
16.05-16.15 Apuna KYPUILYK, cr. rp. XT-42
XapuoBi 6apBHUKH 3 PUPOIHOI CUPOBUHU: NIEPEBATU Ta HEJIOMIKH.
Haykogi kepiBauku — nou. Bacunses B.I1., nou. [Tanyenko FO.B.
16.15-16.25 Hiana BAPUYK, ct. rp. XT-42
Bukopucranas xapuoBUX J00aBOK AJIsi BAPOOHHUIITBA KOHIUTEPCHKUX BUPOOIB.
Hayxoswuii kepiBauk — o [Tanuenko HO.B.
16.25-16.30

3akpurrs 81-i cTyIeHTChKOI HAYKOBOI KOH(epeHuil




PO HAYKOBHWM JOPOBOK ITPO®ECOPA CTAHICJIABA BOPOHOBA
Jonuak B., Pimak JI.
Hamionansnuit yHiBepcuteT «JIbBiBChbKa noiTexHiKay, JIbBIB, YKpaiHa
*E-mail: volodymyr.a.donchak@Ipnu.ua

CraniciaB AHapiiioBud BopoHOB 3100yB BHIIy OCBITY, HABUalOUHUCh Ha XIMIKO-
TEXHOJIOTTYHOMY (haKkynbTeTi JIBbBIBCHKOTO MOJITEXHIYHOTO I1HCTUTYTY 3a CIEHIiaJIbHICTIO
«TexHomnoris mIacTHIHUX Macy. [lounHaB TpyaoBy HisibHICTE y 1963 p. Ha mocazi iHXeHepa y
npoOeMHiN JabopaTopii cMHTEe3y HOBUX MatepiaiiB. [licis 3aKiHUeHHs HaBUYaHHS B acIipaHTypi
3aXMCTUB KaHAWJATChKY JUCEPTallilo, a 3r0JJ0M 1 JOKTOpCchKy. IlparioBaB Ha mocajax JoLEHTa,
npodecopa, 3aBigyBada kadeapu opraHigyHoi XiMii, mpopekTopa 3 HayKoBoi poOoTH JIbBIBCEKOTO
MOJIITEXHIYHOTO 1HCTUTYTY, YaCTO BUKOHYIOUH 00OB‘SI3KH PEKTOPA.

Y mnpobnemHiit nmabopatopii Oyl0 CTBOPEHO HOBHI KIAaC MOHOMEPIB — IEPOKCHJIHI
MOHOMEpH, IpoLeCH NoJiMepu3alii SKUX BHBYajJa HAyKoBa Ipyna IMiJ KEepiBHUITBOM
CranicnaBa BoponoBa. B pesymbrati Oylno ogepkaHo cepitl0  TeTepoyHKIIIHHUX
HOJINEPOKCHIIB, Y MaKpOMOJEKYlIaX SKUX IOETHYBAIUCA TMEPOKCHAHI TPYNH, CXWIBbHI [0
TOMOJIITUYHUX peaKiiid, 3 MOJSIpHUMHU (YHKI[IOHATbHUMU (parMeHTaMH, sIKl 3/1aTHI JO 10HHHX
B33a€MOJIii.

bararo rerepodyHKIIIOHATBHHUX TONIMEPOKCUAIB MPOSIBISIOTE aM(idinbHI BIACTUBOCTI
Ta JJO3BOJIAIOTH JIOKATi3yBaTH MEBHY KIIbKICTh peakliiHO3JaTHUX TPy HA Mexi moainy ¢as. 3a
JOTIOMOTOI0  TaKUX IMOJIIEPOKCHIIB Oyiu peaizoBaHI NPHHIUIIOBO HOBI MiAXOAH JO
q)opMyBaHH;I YaCTUHOK MopdoJiorii «;mpo-o6on0HKa» KOJIOIZIOCOM 3 KOBAJEHTHO 3IIUTHUMHU
CTIHKaMM, KOMIIO3MTIB Ta HAHOKOMIIO3UTIB 3 MOKPAIICHAMH BIIACTHBOCTAMH, HOJ‘IlMepHI/IX
IIITOK, NPUIICIUICHUX JO TBEPAMX IIOBEPXOHb, SKi BOJIOAIIOTH TaKUMHU CHEIialbHUMH
BJIACTUBOCTSIMH, SIK 010CYMICHICTb, OAKTEPHLIMIHICTb, 3/1aTHICTh pearyBaTH Ha 3MiHU (DaKkTOpiB
30BHIIIHBOTO CEPEJOBHINA TOMIO. TEXHOJOTiS KOBAJECHTHOTO MPHUIICIUICHHS TiAPOTeNI0 10
MOBEPXHI IMOJIMEPIB CTajlla OCHOBOIO JUISI CTBOPEHHS TiIPOTeJeBHX MEIWYHHUX IIOB’S30K
HIUPOKOTO  CIEKTpy [Jii — 00e30011009MMy, OaKTepiOCTaTUYHUMH, TEepaneBTUYHHMH,
FeMOCTAaTHYHUMH, SIKI CHOTOJHI BUTOTOBJISIIOTHCS CEPIMHO 1 PATYIOTH KHUTTS MOPAHEHUX SIK Ha
nepeoBii, Tak 1 B MEIMYHUX 3aKJIaax.

Takum  uymHOM, OyJlO CTBOpEHO HOBUN  HAyKoBMM  HampsaM —  «Ximis
rerepoQyHKIIOHAIbHUX mojinepokcuaiB». Ilix kepiBHuurBom mnpod. Boponosa C.A.
3apoJuIIach 1 PO3BHHYJIACh HAyKoBa 1IKosia «Po3poOka TeOpeTUYHUX OCHOB CHHTE3Y 1 XIMIYHOI
Mou(pikamii moxiMepiB 1 KOMIO3UIIMHUX MarepiajliB Ha OCHOBI OpPraHIYHMUX NEPOKCHIBY. 3a
IIUM HayKOBUM HAIIPSIMOM 3aXUIIEHO 12 JOKTOPCHKUX Ta 28 KaHAMJIATCHKUX JUCEpPTAIlii.

ITpodecop CranicnaB Boponos — cniBaBrop 118 martenTtiB Ta Ouibin sk 600 HayKOBHX
nyOmikanid, y tomy umcii, 230 cratel B KypHasax Ta 30ipHMKaX HAyKOBHMX Ipallb, IO
pebepyroTbesi B HaykoMmeTpuunux Oasax manux (Web of Science, Scopus). Omy0miikyBaB 8
MOHOTpadiid.

€ cniBaBTopoMm 10 momynspHux B YKpaiHi MIApY4YHUKIB Ta NociOHUKIB 3 rpudom MOH
«Opraniuna ximis» (Buganus 2001, 2002, 2006, 2009 pokiB), «TOKCHKOIOTIYHA XiMisl XapYyOBHUX
INPOAYKTIB Ta KocMeTHYHUX 3aco0iB» (2010 p.), «Tokcukomoris npoaykTiB xapuyBaHHs» (2014
p.), migpyunuka «Ximis» (2014 p.), HaBuanbHUX NOCIOHMKIB «OpraHiyHa Ximis» Ta
«JlabopaTopHUii TPAKTUKYM 3 TOKCHUKOJOTii NpoAyKTiB xapuyBaHHsI» (2018 p.), a Takox
nigpyunuka «Opraniuaa ximis» (Buganss 2021 p.).

IIparroBaB I'onoBoro excriepTHOI cekii «XiMis» MiHICTepcTBa OCBITH 1 HAYKH YKpaiHU.

3a BUJATHI 3aCIyrd TEpea JEepXKaBoo JBIvl HaropokeHui I[louecHuMu rpamoramu
Kabinery MinicTpiB Vkpainu, BiJ3Haue€HWN TOYECHUM 3BaHHSIM «3acCIyXE€HUW MY HAYKU 1
TeXHIKM YKpaiHny», HarpyaHumu 3Hakamu MOH VYkpainu «Ilerpo Moruna» ta «3a HaykoBi Ta
OCBITHI JOCATHEHHs», [louecHO0 TpaMmoTor0 MiHICTEpPCTBA OCBITH 1 HAYKH YKpaiHH, TIPEMIEIO
JIpBiBCcbKOi oOnaepskaamiHicTpaliii Ta JIbBIBChKOI 00JacHOI paau IS TPAIiBHUKIB HAYKOBHX
ycranoB HAH Vkpainu, 3BanHsM «[louecHuit  mpodecop HarioHanbHOro yHIBEPCUTETY
«JIpBiBCcBKa momiTexHikay (2011 p.).


mailto:volodymyr.a.donchak@lpnu.ua

INVITED SPEAKERS



CUHTETUYHWHA INOTEHIIAJI PEATEHTA BIJIbCMAMEPA

Bimanin YOPHOYC

byrosuncoxuii deporcasnuti meouunutl ynieepcumem, m. Yepuisyi, Yrpaina
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IMOBEPXHEBO AKTUBHI MOHOMEPH TA THIIIATOPH PAJTMKAJIBHOI
MOJIMEPU3AIIl — NOXIJHI TEKCO3
I'eBych O.L
! Hanjonanbuuit yHiBepcuTeT «JIbBiBChbKa moJiTexHikay, JIbBiB, YKpaiHa
orest.i.hevus@Ipnu.ua

OnHi€ro 3 BaXIMBHUX MpoOJeM, BUPIIIEHHIO KO B OCTaHHI POKU MPUIUIAETHCS 3HAYHA
yBara, € CTBOPCHHS HETOKCHYHHUX IMOJIMEPHHX MaTepiamiB s MOoTped MeAuIuHu 1 dapmartii
(HOCiiB  JiKapchKMX cyOCTaHLIN, crenudiuHux CcopOeHTIB uig  IMYHOJIarHOCTUKYMIB,
0iocyMiCHHUX MaTepialliB), MOJMIMEPHHX IOKPHTH 1 aAre3uBiB [6], a Takok OioAerpagyroumnx
NOJIMEpHUX MaTepiajiB MOOYTOBOrO MpPHU3HAYEHHSA. 3 II€I0 METOI0 BUKOPUCTOBYIOTH
pi3HOMaHITHI (DYHKIIIOHAIBHO MOJU(DIKOBaHI OJITr0- 1 MOJIicaxapuau, a TaKOXK CaxapuIOBMICHI
riOpuaHi MaTepiaiy, M0 MICTATh Y CKJIaJl SK caxapuaHi (parMeHTH, Tak i OJIOKM CHHTETUYHUX
nomimepiB. EdeKkTHBHMM METOIOM  OJep)KaHHS TaKUX MarepialiB €  ToJliMepu3arlis
caxapHuJOBMICHUX MOHOMEpIB pPI3HHMX THIIIB Ta BHKOPHCTaHHS iHILIATOPIB MONiMepH3aii, Mo
MICTATHh (ParMeHTH CaxapHuIiB.

Hamu cuHTE30BaHO HOBI THUNMHM HEHOHOTEHHHMX, KAaTIOHHMX Ta aHIOHHUX IMOBEPXHEBO-
AKTUBHHX MOHOMEpIB, fAKi MICTATh SK TOJIMEpH3aliiHO3AaTHI (QYHKIII aKpHJaTHi,
METaKpHUJIaTHI, MajeiHaTHI, MaJeiMilHi, CTUPEHOBI (parMeHTH Ta eMOKCUAHI TPYNH 5K
3aMicHHKH Oe3mocepenubo Oinst atoma C6 caxapuay, Tak 1 PO3IUICHI Bl CaXxapUIHOTO
dbparmeHTy crieiicepaMu pi3HOI TOBXHUHHU 1 TPUPOIU 3aranbHUX dpopmyn 1-6:

o) o) R o)
1
R»]/\HJ\O o ‘\\OH R1/\Hko 0] ‘\\O>< R~ O\R4JJ\O (@] ‘\\OH
R o R > O 3
HO ‘OH o ‘0 HO ‘OH
OH )VO OH
1 3

2

)VO '//OH
)TO

5

o_ . 0 0
ol>/\O ‘\ >< O .\0 O._..OH
i o \ N/Y\O >< \ N/Y\O
OH 'I/O OH
O (e) 0] HO
OH
6

R, R" = H, H; Me, H; H, C(O)OR®. ® o
R3 =(CH2)nNMez; (CHz)nNMegHal; (CHz)nNM62<CH2C6H4CH=CH2>Cl, (CHz)nSOZOH,(CHz)nCMezoOBU-t
R?= (CH2)n; (CF2)n;

JlocnipkeHo TodiMepH3alliifiHy 37JaTHICTh CHHTE30BAaHMX MOHOMepiB. Ha iX ocHOBI
OJIEp’)KaHO KOMOJIMEpPH, SKI MICTATh K 3aMICHUKM OCHOBHOTO MakpoJjaHIfora (parmMeHtu
rekcos. PeakiiiiiHa 3/aTHICTh CHHTE30BaHUX CHOJYK y pPeakKIlisiX MoJjiMepHu3allii € TUIIOBOIO IS
BIJIMOBITHUX KJIACIB MOHOMEDIB.

11




MNOJIMEPHU TA NOJIMEPHI MATEPIAJIM HA OCHOBI POCJIMHHUX
KOMIIOHEHTIB
Anopiii Boponos, €rop Ilonynin, bornan [{omnuiu, Tersna [lleBuosa, 3opsaa Jlemuyk,
Bacununa Kip’sauyk, Kpucren Cetsen, Oner [leBuyk
Kadenpa Opraniunoi Ximii, Hanionaneauii YHiBepcuret «JIbBiBcbka [lomiTexHikay, JIbBIB,
VYkpaina, Department of Coatings and Polymeric Materials, North Dakota State University,
Fargo, ND, USA

PocnunHi oii € CKIIagHOI0 Ta HIHHOIO CUPOBUHOIO ISl PI3HOMAHITHUX XIMIYHUX pEeaKIiil
Ta MEXaHI3MIB, SIKi 3aCTOCOBYIOTHCS Y BUPOOHHUIITBI BUCOKOC(DEKTUBHHX TOJIMEpIB. Y Oaratbox
13 HUX CTPYKTypa MICTUTh CYMIillli TPUTJIILEPUIIB, YTBOPEHUX JIAHLIOTAMH eTepU(iKOBAHUX
KUPHUX KACIOT. OCHOBHUMH HEHACHUCHUMH YKUPHUMHU KUCIOTAMU POCIMHHUX OJIiH € OJICTHOBA,
JiHOJNEBAa Ta JIHOJEHOBAa. XIMIYHMHA CKJIQZ POCIMHHOI OJii BiAPI3HSAETHCA BiJl POCIMHU [0
POCIIMHH, IO 3AeOUIBIIOro 3aJIeXHUTh BiJl THILy CHPOBHHHW, BHPOIIYBAaHHS, TEMIIEPAaTypH Ta
Ce30HYy 300py BpOKaI0.

Y 1upoMy AOCHIKCHHI psAJ MOHOMEpIB Ha OCHOBI pociauuHuX ofiii (POBM) oOys
CHHTE30BaHMH [UIAXOM peakuii mepeerepudikamii omid Ta N-TiIpoKCieTHIAaKpHIaMiay.
CuHTe30BaHi1 13 cyMmilllel TPUTIILEPHIiB, aKPUIOBI MOHOMEPH MAlOTh MPOQiIb )KUPHUX KUCIOT,
iIeHTHYHMI 0I1ii, 00paHoi /uis peakiii nepeerepudikarii (Puc.1).

CuHTE30BaHUN s 13 M'ATHAIIATA MOHOMEPIB 3 OJIIH, III0 MAarOTh Pi3HUN XIMIYHHH CKJIaJ
edipiB KUpHHX KHCIOT (y IIUPOKOMY Jiama3oHi), Moke OyTH 3acTOCOBaHUH Yy
BUIBHOPQIMKAIBHINA TOJIMEpHU3allii 3 BUKOPUCTAHHSAM PI3HUX PEaKI[IHHUX MpoIeciB (pO34uH,
eMYJIbCisl, MIHIEMYIIbCis, Y Maci, peakilii npuimeruieHns). Jocrymai cuaTe3oBani POBM MicTsaTh

SIK pi3HI (pparMeHTH HEHACUYCHUX, TaK 1 HAICHUCHHUX KUPHHUX KHUCIIOT.

H

/7
H—C (o]
I

N
c—C
/ \

H NH\_
0

2-N-acryloylaminoethyl oleate
C CH,

H \[[~\_ H;C H
; N
0} C—H

C”2-N-acryloylaminoethyl linoleate 0\\{. Y
3 - \

/
NH H
0 e

/
c
A\
(o]

2-N-acryloylaminoethyl linolenate

Puc.1 XimiuHa cTpykTypa MoHOMepHOi cyminri POBM

HagBite y mamux kinmpkocTsx (no 5 Mac.%) y MakpoMolieKylsipHoMmy a3l POBM
BIUIMBAIOTh HAa BIIACTUBOCTI (B’A3KICTh, TBEPIICTh, THYUKICTb, ajresis, IUTIBKOYTBOPEHHS,
CTIMKICTh 10 BOJIM Ta PO3YMHHHUKIB TOIIO) MOJIMEPIB Ta iX moiiMepHux MmatepiamiB.llelt ¢axr
3a0e3reyye MOXKIMBICTD a/IaliTyBaTH XapaKTEPUCTUKHU MOJIMEPHUX MaTepianiB Ha ocHoBl POBM
y IIMPOKOMY Jiarna3oHi, ab0 3a I0IIOMOT0l0 KOBAJICHTHOTO 3IIMBAaHHS (Uepe3 HEHACHYEHI KUPHI
dbparmenT), abo dYepe3 ¢GOpPMyBaHHS KpPHUCTAIIYHUX JIOMEHIB, YTBOPEHHUX HACHYCHHUMHU
KUPHUMH (pparMeHTaMu.

3acrocyBanHs POBM y cuHTe31 moiiMepiB He TUIbKU MOKpAIly€e BiJHOBIIOBAHICTH HOBOTO
Mmarepiany, aje 1 BIACTMBOCTI. Y MLii JOHOBiJI OOTOBOPIOIOTHCS OCOOIUBOCTI MOJIMEPIB Ta
MartepianiB Ha ocHoBi POBM, Ta moTeHIian mis 3acTOCYBaHHS B TMPOMHCIOBUX ITUISX.
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XITO3AH AJ51 CTBOPEHHS pH YYTJINBUX HAHOYACTHUHOK TA 5K
OJIOKYJSAHT AJA OYUIIEHHSA CTIYMHUX BO/
bynmimesceka O.I'., Jlonyak B.A., Kouybeii B.B.

HamionansHuii yHiBepcuteT «JIbBiBChbKa mojiTexHika», M. JIbBiB, YKpaiHna
olha.h.budishevska@Ipnu.ua

Benuky 3arikaBieHIiCTh O TPHPOJHBOTO OiomoiimMepy xiTo3aHy (XiT) 3yMOBIIIOE HOTO
3aTHICTh 10HI3YBaTUCh Yy KHCIOMY CEPEIOBHINI, pearyBaTd Ha 3MiHy pH 30BHINIHBOTO
CepeloBMINa, a TaKoX HOro HE TOKCHYHICTh, OlomerpagabenbHICTh, 010are3UBHICTS,
OakTepHUIIMIHI BIACTHBOCTI YHACHIIOK HASBHOCTI aMOHINHUX (PparMeHTiB, 3JJaTHICTh SIK JIIraH/1a
70 KOMIUIEKCOYTBOPEHHSI 3 BaKKMMHU MeETallaMH, BiJIOMY BIACTHUBICTh $SIK KPOBOCIIMHHOTO
peareHTa, HEBUYEPIIHICTh JyKepesl J00YBaHHA TOIIO. XIT BUKOPHUCTOBYIOTH y XapyoBiil Ta
KOCMETHYHIA MPOMHUCIOBOCTI, y (hapmauii Ta MenuIuHi, y XiMmii momiMepiB i 6araTboxX iHIINX
ranyssx.

[TonmikaTioHHa TpUpOAa MAKPOMOJEKYN XiT y BOJHUX PpO3YMHAX KHCIOT JI03BOJISIE
BUKOPUCTOBYBaTH iX 3JaTHICTb B3a€MOMISTH 3 HEraTUBHO 3apsA/HUKCHUMH TOBEPXHSIMH Y
JTUCIIEPCHUX CHCTEMax Ta 3 HEraTUBHO 3apsDKCHUMH (QYHKUIHHUMH TpyHamH iHIINX
PO3UYMHEHUX HU3bKO- Ta BHUCOKOMOJEKYIApHUX pedoBHH. [lokazaHo, mo XiT Moxke OyTu
BUKOPHUCTAHO 5K (pIOKynsHT y Oaratbox Bumaakax. [IpoBemeHi poOOTH crpsiMOBaHi Ha TMOIIYK
METO/IIB OUUIIICHHS CTIYHUX BOJ 13 3aTyYCHHSIM HETOKCUYHUX (DIIOKYIISHTIB.

BcranoBieno, mo ocapkeHHS Owvadoro cupoBatkoBoro ansOyminy (BCA) miero
po3unHiB XiT HalleekTuBHilIE BiAOyBaeThes 3a pH cepenoBuiia, ke € HE3HAYHO BULIUM 3a pl
BCA (pH 5,3-6). IIpu npoMy 3anexHictb epektuBHOCTI ¢uiokymoBanHs BCA Big KoHIEHTparii
XiT € eKCTpeMaJbHOI — ICHYE ONTHUMallbHEe 3HaYeHHS KOHIEHTpallii XiT, BHUILE 1 HUXKYE SKOTO
ocamxeHHst BCA He3HauHe.

Ha npuknani mucnepciit miokcuay cuiiriro (SiO;) mokaszano, 1mo XiT Moxe OyTu
(GIIOKYJISHTOM y BHIAAKY BHeceHHS QUIOKynsHTa y mucrnepcito SiOp, sKy mMomnepeaHbo
iIKACITIOBAIIH, TCIS YOT0 BCTAHOBIIOBAIN KUCIOTHICTH mucrepcii SiO, Ha piBHi pH 5. Taka
MeTo/IMKa 3a0e3nedye B3aeMoai0 XiT 3 moBepxHero yacTHHOK SiO;. J[ociKeHHs MTPOBOANIH
BU3HAYEHHSAM KIHETHKM 3MiHU ONTHYHOI I'YCTHHHU, TEPMIYHUM aHali3oM, [Y criekTpockomiero.

3anexHICTh PO3YMHHOCTI 1 CTyINeHs 10HI3auii MakpomoJekyn XiT BiJ KHUCIOTHOCTI
cepeoBUINa JIO3BOJIWIN BUKOPUCTATH XIT JUIsl CTBOPEHHS aucnepciii pH-4yTImBUX 4acTHHOK
CyOMIKPOHHOTO PO3MIpy uepe3 MOro B3aeMO/Ii0 3 KapOoKcmiboBaHUM onironepokcuaom (OIT) 3
¢parmeHTamu  mojietuieHrmikoiaro. Ilpu  3mimyBaHHI  kapOOKcHMJaTHa  CKJajoBa Ta
aMIHOCKJIaJI0Ba B3a€MO/IIFOTh MK COOO0 3 YTBOPEHHSIM 10HHHUX 3B’S3KIB Y 0OMEKEHOPO3UMHHHUX
IHTEpMOJIEKYISIPHUX KOMILUIEKCAaX Ta YTBOPEHHSIM MoJjiMepHuX aucnepciid. IIpu npomy cryminb
tonizamii sk -COOH, tak 1 NH,- ckmanoBoi 3anexuts Big pH cepenosuiia. Beranosneno, 1o
pPO3Mip YacTUHOK 3ajekuTh BiJ pH cepenoBuina ta monbHoro criBBiaHomeHHs -COOH rpyn
OIT Ta NHo-rpyn Xit mifg yac ix popmyBanHHsA. OzpepikaHi YaCTUHKU NPOSBISIOTE pH-uyTauBi
BJIACTUBOCTI — 3[aTHI 3MIHIOBaTH po3Mipu ab0 pO3UMHATHCH Y BIANOBII, Ha 3MiHy pH
CepeIoBUIIA.

Oco6nuBicTio yacTHHOK XiT-OIl € HagBHICTH B IX CTPYKTYpl peakLiifHO3IaTHUX
NEPOKCUHUX TPYI, SIKI MiJ 4ac TepMoJIi3y 3a0e3MeuyloTh I'eHepallilo BUIbHUX paJuKalliB, L0
IHIIIIOIOTh paJUKalIbHI peakiii, mepedir SKUX MPU3BOAUTH 110 (OPMYBaHHS IEPEXPECHUX
MDKMOJIEKYIISIPHHUX 3B’SI3KiB, O CYIPOBOKYETHCS YTBOPEHHSIM KOBaJICHTHO 3MIMTUX YaCTHHOK
Xit-OIl. Taxi 3MHMTI YACTUHKU BTPAyarOTh 3JaTHICTh PO3UUHATUCH Y KUCIOMY CEPEIOBHILI, aje
30epiratoTb pH-4yTIMBI BIACTHBOCTI.

SIK 10HHO 3IIMTI, TaK 1 KOBAJIEHTHO 3IIUTI YAaCTUHKU MOXYTh OyTH BUKOPHUCTaHI SK
NPEeKypCOpH JUII CTBOPEHHS TOJNIMEPHUX TPAHCIOPTHUX CHUCTEM JIOCTAaBKM JIKAPCHKHUX
npenapatiB. 3a HasBHOCTI MEPOKCUIHUX TPYN Ha MOBEPXHI YACTUHOK BHHHMKAE MOXIUBICTH il
MoaudiKaIlii TPUIIETUICHHM 3a METOJIOM «B1J TIOBEPXHIY.
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BATATOIIAPOBI IIVNIIBKU HAHOYACTUHKU-ITIOJIMEP — ITEPCIIEKTUBHI
OYHKHIOHAJIBHI MATEPIAJIN

IOpiii Xanaska, Haraaisa dockamwok, FOuis Anapiituyk, Konay Bacuimna

Yepniseyvkutl Hayionanvruil yHieepcumem imeni IOpis @edvkosuua Yeprisyi, Ykpaina
y.khalavka@chnu.edu.ua

Beryn

KBaHTOBI TOYKM MaloTh BEJIMKHI MOTEHIIan 3aCTOCYBaHHS [UIsi BUTOTOBJICHHS
cBiTinomioniB [1], ¢oroenemMeHTiB, JIIOMIHECIIEHTHUX KOHIICHTPATOPIB COHSIYHOTO CBIT/IA [2].
3aBAsKd CBOIM XOpomUM (IyOpEeCUEeHTHUM BIIACTUBOCTSM (BUCOKUW KBaHTOBUU BHUXIJ,
(oTOCTabIBHICTD 1 PETYIbOBaHI CIIEKTPH BUIIPOMiIHIOBAHHS).

VY3aragpbHEHO ONTHYHI BJIACTHBOCTI KUIBKOX THINIIB KBaHTOBHX Toudok (CdTe/CdS [3],
CdSe [4] i AgInS; [5]) 1 mepcrekTHBH iX 3aCTOCYBaHHS 1X KOMITO3HUTIB 3 MOJIMEpaMH s
MPUCTPOIB MEpeTBOPEHHs cBiTaa. [lornMHaHHs 1 JIOMIHECHEHIliS TaKUX MarepianiB 3a0e3nedye
MIOBHE OXOIUICHHS BUIMMOI 00Jacti criekrpa. [lomrapose ocamkenns (layer by layer deposition)
€ OJHHMM 13 HAWOUIbII TEPCHEKTMBHUX METOJIB CTBOPEHHS KOMITIO3UTHHX MarepiajiB
(momimepHux T1IiBOK) Ha ocHOBI KT. B #0oro OCHOBI JIXKHUTHh IIOCIIJOBHE HAHECEHHS
MPOTUIICKHO3APSKEHNX KOMIIOHEHTIB Ha TOBEPXHIO MIAKJIAIKA 3 YTBOPEHHSM CaHIBIY-
CTPYKTypH OakaHOi TOBIIMHH 1 T€OMETpii, Ky MOKHA 3a/1aBaTH, 3MIHIOIOUH KUIBKICTh IUKIIIB
0CaKEHHS KOMIIOHEHTIB Ta IX MOCJIIJOBHICTb.

Y cBoili poOOTI MM BIEpIIE CHUCTEMATHYHO JOCTIAMIA BIUIMB YMOB HAHECCHHS
(xoHueHTparii nonimepy, pH ta ionnoi cunu po3zunny KT, TpuBanocTti agcopOuii) Ha CTPYKTYpy
Ta ONTHYHI BJIACTHBOCTI KOMITO3UTHUX MOIIAPOBUX TUTIBOK
(momi(miamingumerunamoniixiaopua)-CdTe/CdS) n , a Takox BIUIMB TeMIleparypu Ta
onpomiHeHHs Ha ontuyHi BiaactuBocTi KT y Marpumi nomimepy. Ilokazano, 110 KOHIEHTpalis
pozuuny ITJ{/IA cyrTeBo BmMBae Ha €QEKTHUBHICTh HOro aacopOuii Ha MOBEPXHI CKISHOI
OIIKIaJAKKM  Ta MOPQOJOTril0 MOHOIIAPY, IO 3YMOBJIEHO KOH(POpMAI[IHHUMHU 3MIHAMU
MaKpOMOJIEKYII.

Ile HeoOXinHO BpaxoByBaTH MpU pPO3pOOII KOHLEHTPATOPIB COHSYHOIO CBITJIA,
CBITJIOJIOIHUX MOHITOpPIB Ta IHIIMX TEXHOJOTIN, A€ BAXJIMBUM € TOYHE HAaJAIITyBaHHS
BUITPOMIHIOBaHHS.
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CYUYACHI NIJIXOJA 10 OTPUMAHHS KOHIIEHTPATIB TA ITEHTU®IKAIIII
AHTOLIAHIB
O. B. ITono6iit, M. B. Mimokin
Hayionanvnuu ynieepcumem xapuoux mexnonoei,
01033, Kuis, éyn. Bonooumupceka, 68, Yrpaina, e-mail: podobiiov@nuft.edu.ua

BupoOHHMIITBO HATypalbHUX Xap4YOBUX IMITMEHTIB MPOJOBXKYE 3POCTATH B YCbOMY CBITI.
OcTaHHIM 4YacoM CIOCTEpIraeThCsl TEHJIEHINS BUKOPUCTAHHS Yy BUPOOHMLTBI Xap4OBUX
IPOAYKTIB OApBHUKIB HATYPAJIHHOTO MOXO/KECHHA—TIPUPOIHUX MIrMEHTIB, TAKUX SIK aHTOIIaHH.
[TirmeHTH, Taki K aHTOIIaHW, KAPOTUHOIIH, OeTanaiHu Ta XJI0po(diik, BUKOPUCTOBYIOTHCS IS
dapOyBaHHs Xap4yoBUX NPOAYKTIB. [IpoTe icHYIOTH mpoOiemMu, OB’ s13aHiI 3 BTPATOI KOJIBOPY
mig 4yac OOpoOKM XapyoBUX MPOAYKTIB, 30epiraHHs Ta KoMmepliamizalii depe3 HU3BKY
CTaOUTBHICTh NPUPOAHUX IITMEHTIB MOPIBHAHO 3 CHHTETUYHUMH OapBHMKaMU. He3Bakaroum Ha
BUCOKHMI TIOTEHIIiaJl 3aCTOCYBAaHHS aHTOLIaHIB y XapuoBii, (apManeBTHUHINA 1 KOCMETHYHIH
IIPOMHCIIOBOCTI, IXHE BUKOPUCTaHHS 0yJI0 OOMEKEHEe uepe3 BiTHOCHY HEeCTaOUTbHICTh 1 HU3bKHN
CTYIiHb BWJIy4eHHA. BUIBIIICTh JOCTIAKEHb XapyoBHX MOMI(GEHONIB, 30KpeMa aHTOLiaHiB,
CHpsSIMOBaHA HA BUPIMICHHS KX MPOOJIeM, a TAKOXK Ha 1X OYMCTKY Ta iIeHTHdIKAIlI0, KPiM TOTO,
y3arajJibHEHO JOCATHEHHS B Tally3l XiMIYHOTO BHBYEHHS AaHTOLIaHIB 3 OLIHKOI BIUTUBY pH,
CHUIBHOT MIrMeHTalii, KOMIUIEKCOYTBOPEHHS 3 10HAMU METaJliB Ta aHTHOKCUAAHTHOI aKTHBHOCTI
Ha TXHIO CTa0lIBHICTD.

OTpuMaHHS €KCTpakTiB Ta iAeHTU(IKaIis aHTOLIaHIB BIAIrPalOTh Ba)JIUBY pOJb Y
0araTboX TaJdy3sX HAyKH MPO XapyoBi MPOIYKTH Ta IX IHHOBAIIAHI TEXHOJOTIi, OCKUIBKH
npupoHe 3a0apBleHHS, aHTHOKCHJIAHTHA 3JaTHICTh 1 O10JOTIYHUEN IMOTEHIIal BiJAKPHBAIOTH
[iKaBl MOJIMBOCTI JUIsl pO3pOOKH HOBUX Xap4OBUX J00ABOK Ta (PYHKIIIOHATBHUX MPOIYKTIiB
XapuyyBaHHS. 3 PO3MIUPECHHSM ITPOMHUCIOBOTO 3aCTOCYBAHHS aHTOIIAHIB 3pOCTA€E i HEOOXITHICTh
OTPUMaHHA LUX crojyk. HalnmomupeHimuM cnocoOoM OTpUMaHHs aHTOLaHIB € eKCTPaKIis 3
PI3HUX JDKEpen POCIMHHOI CHUPOBHHM, TAaKUX SIK STOAM, IUIOIW, KBITH, TKaHWHA, KOPIHHS.
He3sBakarouu Ha Te, 110 Liel METOJ] yXKe € KIIACHYHUM, [IPOTE ICHYE MOIIYK Ta po3po0Ka METO/IB,
110 Jal0Th 3MOTY MiJIBUIIUTH BUXIJ LUIBOBUX MPOAYKTIB €KCTPaKLii pi3HUMH PO3UMHHHKAMH 1
CTYIIHb iX ounuieHHs. CIiJ BUOKPEMHUTH BAXKJIUBY POJb PO3ZYMHHUKIB, 110 BUKOPUCTOBYIOTHCS
py MPOOOMIATrOTOBII XapuoBUX (EHONBHUX CIONYK. Bif iXHbOro BUOOPY Ta yMOB NPOBECHHS
eKCTpaKLii 3 pOCIMHHOT CUPOBUHU 3aJICKUTh AKICTh €KCTPAKTIB, IXHE MOAAJbIIE OYUIICHHS MHij
yac TPOBEACHHS (pakilioHyBaHHs, XpomaTorpadiyHOTO pO3JAUICHHS Ta BuU3HAadeHHS. s
eKCTpaklii Xap4yoBUX (EHONBHUX PEYOBUH YaCTO BHKOPUCTOBYIOTH TaKi PO3YMHHUKH, SK
METaHOJI, €TaHOJ, aleTOH, BOJa, ETHJAIeTaT, MEHIIOK MIpOI 3aCTOCOBYIOTH IPOIMAHOJM,
mumetriopmamis Ta iX komOiHamii. /[ BHuiIydeHHs NeBHUX KiaciB (EHOJIbHUX PEUOBUH, IO
MaroTh Pi3HY PO3YMHHICTh, BAKOPUCTOBYIOTh PO3YMHHUKH 3 PI3HOIO MOJSIPHICTIO.

Ha BuXiZl UIbOBUX CHOJIYK Yy HpOLEC PIAUHHOI €KCTpaklii BIUIMBAIOTH KUIbKa
napaMeTpiB: THIl PO3YMHHUKA, TEMIIEPATypa, Yac eKCTPAKIIii, pO3Mip YaCTHHOK, CIIiBBIIHOIIECHHS
pPO3YMHHUKA 1 Macu. HalmomupeHImuMyu CydacCHUMH TEXHOJIOTISIMU JJIs1 BUALICHHS aHTOIL1aHiB
€ HaAKpUTHYHA (QIIOTAHA EKCTPAaKIisl, EKCTPaKIis pPIAWHOK IIiJ THUCKOM, EKCTpakiis 3a
JIOTIOMOTOI0 YJIbTPa3BYKY, MIKPOXBUJIbOBA €KCTPAKIis, €KCTPAKIIiS 3 BUKOPUCTAHHIM OMIYHOTO
HarpiBaHHS.

Hns  imenTudikamii  aHTOLIaHIB  3a3BMYaii ~ BUKOPUCTOBYIOTH  KOMOIiHALiO
CHEKTPOMETPUYHHUX METOJIB JOCITIJDKeHHs, Haiuactime yneTpadioneroBy/Buaumy (UV/Vis)
CHEeKTpocKomito 1 Mac-ciekTpomerpito (MS). HaiiGunbmry e(exTUBHICTE Mae MeTon
BUCOKOE(EKTUBHOI PiTMHHOT XpomarTorpadii 3 ¢poTo1101HOI0 MATPUIIEIO 1 Mac-CIEKTPOMETPI€I0
B pisHux pexumax ionizamii (HPLC/DAD/UV-VIS/ESI-MS-MS). I3 3acTocyBaHHSM I[HOTO
METOJly BHUKOHAHO TaKOX YMCICHHI BHU3HAYEHHS PI3HOMAHITHUX AaHTOLIAaHIB B EKCTpaKTax
POCIIMHHOI CUPOBHMHH, BUHAX, (PYKTOBUX COKAaxX Ta IHIIMUX XapUOBHX MPOAYKTaX, 010JOTIUHHX
plAMHAX, BHACIIJOK HOr0 4YyTJIMBOCTI, EKCIIPECHOCTI Ta MaloMy 00’ €My aHaJIi30BaHOi MpoOu.

Jns ineHTudikamii BUAUIEHUX CIIOJNYK 3a JOMOMOTrOI0 IMpernapaTuBHOI Xpomartorpadii
BUKOPUCTOBYIOTH SIMP crniekTpockortito.
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OYHKIIOHAJIBHI MATEPIAJIM HA OCHOBI HUKJIOJAEKCTPUHIB:
PO3POBKA TA 3ACTOCYBAHHS
Cepriii PABOB
IacTuTyT XiMii BUCOKOMoNekysipHuX cioayk HAH Ykpainu, m. Kuis, Ykpaina

[lepcneKTUBHUM HANpsSMKOM JOCHIKEHb B XiMii BHCOKOMOJIEKYJISIDHHUX CIIOJIYK 1
CYIIPaMOJIEKYJISIPHOT XiMil € CTBOpeHHs MHoJiMepiB 1 (YHKIIOHAJIFHUX MaTepialiB Ha OCHOBI
MaKpOLMKIIB MPUPOJHOrO (LUKIOAEKCTPUHU) Ta CUHTETUYHOIO IOXOKEHHS (KpayH-eTepH,
KaJiKkcapeHH Ta iH.). Taki MaKpOUMKIIIYHI MOJIEKYJIU 3aBISIKU CBOil CTPYKTYpi MalOTh YHIKaIbHY
BJIACTUBICTh YTBOPIOBATH KOMIIJIEKCH BKJIFOUEHHS THUITY «T1CTh-Xa3sdiH» 3 6araTbMa OpraHiyHUMHU
CHOJYKaMH, a TaKoXX CYNPaMOJICKYJISIPHI CTPYKTYPH Pi3HOI iepapxii, M0 poOUTH iX IiKaBUMHU
00’eKTaMu JUIsl HAyKOBUX [JOCHIKEHb 1 MEPCIEKTHUBHUMH CUCTEMaMHU JUIsl IPAKTUYHOIO
3aCTOCYBaHHS Yy (hapMalleBTHUYHINA Ta MEIUKO-O10JOTIUHIN ramy3sx, B Xap4oBii MPOMHCIOBOCTI
Ta CciIbCcbkoMy TocmomapctBi. OcoOnaumBe Micle cepel  yciX MaKpOUMKIIB —3aiMaroTh
UKJIOACKCTPHHNA — IHMKIIYHI OJiromepu D-TIIoKo3H, SKi € MpOoAyKTamu (EepMEHTaTUBHOTO
TiAPOII3Y KPOXMaI0 (APyroro 3a MOIIMPEHICTIO Modicaxapuay B npupoai). LluknogexcTpunu
Oynu BiOMi BK€ MOHAJ CTO POKIB TOMY, ajieé OKPEMHH HAIPSIMOK JOCIiIKEHb, TOB'I3aHUN 3
[UMU BEJIbMU I[IKaBUMH MaKpOLMKIIYHUMU CIIOTyKaMu, copMyBaBcs y Apyrii mojaoBuHi XX-
ro cropiyus. B 1970 pokax nuisxom reHHOI iHXeHepii Oynu i301p0BaHi BHUCOKOCTEIH(DIYHI
(bepMeHTH, sIKi BUSBUIMCH MPUJATHUMHU J10 Mai’ke CEIEKTUBHOTO OJIEpKAHHS LIUKIJIOJEKCTPUHIB
3 KpOXMAal0, MI0 Pa3oM 3 MOXMJIMBICTIO 0araTOTOHA)KHOTO CHUHTE3y MPHBEIO 10 3HWKCHHS
BapTOCTI HAaTUBHUX IUKJIOJEKCTPUHIB. 3 TOro yacy BiJOYBaeTbCS 3HAUHUN PO3BUTOK XiMIi
[UKJIOACKCTPHHIB, IO MiATBEPIUKYETHCS BEIUKOIO KUIBKICTIO MyONiKamiii 1 MaTeHTiB, sKi
3 SIBJISIFOTBCS KOXKHUH PIK.

[Ipotsirom octanHiX 15-TH pPOKIB KOJEKTHBOM CHiBpOOiTHHKIB [HCTHTYTY XiMmil
BUCOKOMOJEeKysipHuX crnosiyk HAH VYkpainu mpoBoasThCst poOOTH y HAmpsSMKYy CHUHTE3Y Ta
JTOCTIPKEHHS (DYHKIIOHAJIBHUX LMKJIOAEKCTPUHBMICHUX MOJIMEpIB. Y pe3ynbTaTi XIMIYHOIO
3IIMBaHHS LUKJIOJAEKCTPUHIB Ta iXHIX MOXITHUX Oi1pyHKI[IOHANbHUMHU areHTaMu OyJau CTBOpPEHi
OJIITOMEPH Ta MOJIMEPH Pi3HOMAHITHOT OY/TOBU: JIiHINHI, pO3Trally’keHi, cJiabo ab0 CHUIIBHO 3IITUTI;
K1 MOXYTh OYTH PO3YMHHUMH a00 HEpO3UMHHUMHM Y BOJi. Baxknue Miclie cepes; HEpO3UMHHUX
MOJIIMEPIB HAa OCHOBI LMKIOAEKCTPUHIB 3aiiMaroTh MOJIEKYJIPHO-IMIIPUHTOBAH1 MOJIIMepU
(MIII), siKi CUHTE3YIOTh 3a MPUCYTHOCTI NMEBHUX TEMIUIATHUX MOJIEKYJI, MIiCIs BUAAJICHHS SKUX
OTPUMYIOTh CHEIU(IYHI A0 OKPEMHUX CIOIYK COPOEHTU. AKTYaJIbHICTh JIOCIHIIKEHb MOJISArae B
TOMY, 110 OJIep>KaHi JaHi MOXYTh OyTH BUKOPHCTaHO B aHAJITHYHIN XiMii, IpU OYMIIEHH] BOAU
BiJl 3a0py/HIOBaYiB, JIsi CEHCOPHUX TEXHOJIOTIN Tomo. Bomopo3unHHI MOJgiMEpH Ha OCHOBI
IUKJIOAEKCTPUHIB BUKOPUCTOBYIOTbCS TAaKOX JJIS IMIJBUILIEHHS PO3YMHHOCTI MaJOPO3UMHHHMX
crioyiyk B (hapmailii, opraHiYyHOMY CHHTE31, KaTali3i Tomo. He3Baxkaroun Ha BENUKY KUIBKICTh
OJIepKaHUX LMKIOJEKCTPUHBMICHUX CIIOJIyK Ta MarepiajiB, MOTEHLINHI MOXJIHMBOCTI iX
3aCTOCYBaHHS 11l JajieKo He BudepnaHi. IcHye psin obnacrel, B SKMX BUKOPUCTAaHHS MOJIIMEPIB
Ha OCHOBI IMKJIOAECKCTPHHIB BHBUEHE HEJOCTATHHO, CEPel SAKMX MOJEKYISPHUN IMIPUHTHHT,
Oida3Hui KarTami3, CUCTEMH 3 KOHTPOJHOBAaHMM BHUXOJOM JIiKiB, 3aCTOCYBaHHS y XapuyOBUX
TEXHOJIOT151X, 010TEXHOJIOT1SIX, TOIIIO.
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BIODEGRADATION OF POLYHYDROXYBUTYRATE AND

POLYLACTIDE FILMS BY VARIOUS FUNGAL SPECIES
Peretyatko T.>?, Sverdan K.}, Taranenko S., Stetsyshyn Y3, Melnyk Y., Semeniuk 1.*
'lvan Franko National University of Lviv, Lviv, Ukraine
National Antarctic Scientific Centre, Kyiv, Ukraine
3Lviv Polytechnic National University, Lviv, Ukraine
*Institute of Physical-Organic Chemistry and Coal Chemistry named after L. M. Lytvynenko of
the National Academy of Sciences of Ukraine
e-mail: taras.peretyatko@Inu.edu.ua

Plastic is one of the most environmentally hazardous substances due to its exceptionally
slow degradation process. The biodegradation of plastic polymers has become a critical area of
research in addressing the issue of plastic pollution. Annually, the global production of non-
biodegradable plastic fluctuates between 350 to 400 million tons, with approximately 5-13
million tons of plastic waste being discharged into our oceans every year, causing significant
harm to our environment. Various methods exist for breaking down these plastics, including
photodegradation, thermo-oxidative degradation, hydrolytic degradation, and biodegradation.
Fungi have the capacity to utilize plastic components as a carbon source, and this process is
substantially influenced by environmental factors such as temperature and pH.

Polyhydroxybutyrate, a biodegradable polymer, is produced by bacteria and archaea as a
form of carbon storage material. Remarkably, polyhydroxybutyrate biodegrades under both
aerobic and anaerobic conditions without generating any harmful byproducts. It stands out as the
only type of polymer that undergoes complete biodegradation in nature.

The primary objective of this study was to explore the ability of various fungi, including
Aspergillus oryzae, Penicillium chrysogenum, Trichoderma lignorum, Aspergillus niger,
Aspergillus awamori, and Trichothecium roseum, to degrade films made from
polyhydroxybutyrate, polylactide, and a blend of these polymers.

The fungi were cultivated in Sabouraud medium containing 1% glucose within 100 ml
Erlenmeyer flasks, sealed with cotton plugs, and maintained at a temperature of 28°C for a
duration of 14 days. For each culture, 40 ml of Sabouraud medium was supplemented with 200
ul of overnight microbial culture and a sterilized polymer film, previously autoclaved at 1 atm.
Azotobacter vinelandii N-15 bacteria, sourced from the microbial collection at the Institute of
Physical-Organic Chemistry and Coal Chemistry named after L. M. Lytvynenko of the National
Academy of Sciences of Ukraine, were employed as the producers of polyhydroxybutyrate.
Polylactide Ingeo Biopolymer was procured from NatureWorks (USA).

To investigate the influence of aeration on polymer degradation, the flasks were placed on
a shaker with a rotation speed of 300 rpm. Following cultivation, the films were thoroughly
rinsed with distilled water, dried at 105°C for six hours, and then weighed. The extent of
polymer degradation by the fungi was assessed by measuring the reduction in mineral mass after
14 days of cultivation. Control experiments were conducted using polymer films without the
presence of microorganisms.

Under non-aerated conditions, A. awamori emerged as the most effective degrader of
polyhydroxybutyrate films, breaking down 16.67% of the polymer. In aerated conditions, the
efficiency of film degradation, particularly those made from polyhydroxybutyrate by A. oryzae,
T. lignorum, A. niger, and T. roseum fungi, saw substantial increases, with degradation rates
being 11.8, 2.3, 2.3, and 3 times higher, respectively, compared to stationary conditions.
Additional aeration during fungal cultivation did not significantly impact the degradation of
polylactide films. P. chrysogenum exhibited a 1.7-fold increase in the degradation of polylactide
films under aerated conditions compared to stationary conditions. Moreover, P. chrysogenum
and T. lignorum demonstrated the ability to degrade films made from a combination of
polyhydroxybutyrate and polylactide.
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POLYHYDROXYBUTYRATE AND POLYLACTIDE FILMS
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Polyhydroxybutyrate and polylactide are biodegradable polymers with a wide range of
potential applications, including packaging, biomedical devices, pharmaceuticals, and
agriculture. One of the key advantages of these polymers is their ability to degrade by
microorganisms, offering a more sustainable and environmentally friendly approach to waste
management. Bacteria are known to produce enzymes capable of breaking down complex
organic compounds, which provides effective strategies for environmental bioremediation. The
need for research on polymer degradation is underscored by the growing plastic waste crisis and
the demand for waste management strategies.

Conventional plastic materials persist in the environment for hundreds of years, leading
to detrimental effects on ecosystems and human health. Furthermore, understanding the potential
of microorganisms to degrade polyhydroxybutyrate and polylactide can aid in the development
of new biodegradable materials.

The objective of this study was to investigate the ability of bacteria, including
Paenibacillus tundrae, Pseudomonas yamanorum, Paenarthrobacter sp., Pseudoarthrobacter
sp., Flavobacterium sp., Bacillus mesentericus, Bacillus megaterium, Bacillus cereus, Bacillus
mycoides, Bacillus subtilis, and Streptomyces griseus, to degrade films made of
polyhydroxybutyrate, polylactide, and their mixture under static and aerated conditions.

The bacteria were cultivated in TSB medium in 100 ml Erlenmeyer flasks at 28°C for 14
days. For each culture, 200 pl of a 24-hour microbial culture and a sterilized polymer film were
added to 40 ml of the medium. The influence of aeration on polymer degradation was examined
by placing the flasks on a shaker at 300 rpm. After cultivation, the films were washed with
distilled water, dried at 105°C for six hours, and weighed. The degree of polymer degradation by
fungi was assessed based on the reduction in mineral mass after 14 days of cultivation. Control
samples consisted of polymer films without microorganisms. Azotobacter vinelandii N-15
bacteria sourced from the microbial collection at the Institute of Physical-Organic Chemistry
and Coal Chemistry named after L. M. Lytvynenko of the National Academy of Sciences of
Ukraine, were employed as the producers of polyhydroxybutyrate, and Polylactide Ingeo
Biopolymer was procured from NatureWorks (USA).

Under aerated conditions, P. tundrae and B. mycoides were the most active film
degraders, with a degradation of 27.4% and 34.64% of polyhydroxybutyrate, respectively, which
was 2.5 and 6.1 times higher than under stationary conditions, respectively. Among the other
studied bacteria, B. subtilis showed the highest activity in degrading polylactide films, with a
degradation of 12.16% under aerated conditions. The extent of degradation for polylactide films
ranged from 5.35% to 8.33%.

Pseudoarthrobacter sp. and Flavobacterium sp. were the most active film degraders in
the case of a mixture of polyhydroxybutyrate and polylactide films under aerated conditions,
degrading 10.7% and 9.24% of the polymer, respectively, under aerated conditions.
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BIOACTIVITY OF PLANT-DERIVED CHALCONES:
IMPACT OF LICOCHALCONE A ON FIBROTIC PROCESSES
Cieslik A.2**", Wnuk D.*, Michalik M.?

! Doctoral School of Exact and Natural Sciences, Jagiellonian University, Cracow, Poland
Department of Molecular and Interfacial Biophysics, Faculty of Physics, Astronomy and
Applied Computer Science, Jagiellonian University, Cracow, Poland
Department of Cell Biology, Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Cracow, Poland
*corresponding authors:a.cieslik@doctoral.uj.edu.pl; dawid.wnuk@uj.edu.pl

Chalcones are flavonoids with therapeutic potential that are currently undergoing
preclinical and clinical studies. They are known for their good bioavailability and serum
concentrations and don't cause significant side effects. Licochalcone A is a chalcone that is
derived from plants and naturally sourced from licorice (Glycyrrhiza) species root extract. This
extract has been widely used in traditional medicine, and nowin vitro and in vivo studies have
shown that its components have antioxidant, anti-inflammatory, and antifibrotic properties.
Licochalcone A has attracted the attention of researchers looking for potential compounds for
pharmaceutics targeting inflammatory conditions and fibrotic alterations.

Being given the antifibrotic properties of other flavonoids derived from licorice root
extract we hypothesized that licochalcone A may inhibit TGF-p induced fibroblast-to-
myofibroblast transition (FMT), which is the key event in subepithelial fibrosis occurring in
diseases such as asthma. To verify this hypothesis, experiments were conducted on bronchial
fibroblasts obtained from asthmatic patients. Viability and proliferation assays were performed
to determine non-cytotoxic and non-cytostatic concentrations of licochalcone A.
Immunofluorescent staining results showed that licochalcone A at non-cytotoxic concentrations
demonstrated an inhibitory effect on theTGF-B1-induced fibroblast-to-myofibroblasts transition,
reducing the percentage of myofibroblasts created under the influence of TGF-B1 in the presence
of this compound. Further analysis through Western Blot and in-cell Elisa techniques confirmed
that licochalcone A attenuates the expression levels of fibrosis-associated marker proteins,
including a-SMA, fibronectin, and collagen I. The compound's impact on the activity of TGF-p
signaling pathways was assessed through immunofluorescence staining, which indicated that
licochalcone A effectively impedes the nuclear translocation of phosphorylated Smad2 and
Smada3 proteins, which are integral components of a profibrotic TGF-B1 pathway.

It is concluded that licochalcone A could be a potential candidate for preventive therapy
of fibrotic processes such as subepithelial fibrosis in asthma. However, further research is needed
in this matter.
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JOCJIPKEHHS EKOHOMII Y BUKOPUCTAHHI MIHEPAJIBHUX JTOBPUB Y
CIJIbBCBKOMY I'OCIHOJAAPCTBI
JIntBunenko O.A., CtaxoBcbka A.P.
Kam’stHehkHi eHepreTHYHHEN GaxoBuid Koyiek, KaM'sHebke, YKpaina
oalytvynenko@kadet.ukr.education

VY cy4acHOMY CUIbCBKOMY TOCHOJAPCTBI 3 MiHEpaJbHUX JOOPHUB BHKOPHCTOBYIOTHCS
npocTi a30THI, (hocdopHi 1 KamiifHl JOOpHUBa, a TAKOXK KOMILUIEKCHI Ta MIKpojgoOpuBa. A30THI
no0puBa. 3HaYeHHS LMX TOOpPUB 3yMOBJIEHE THUM, L0 a30T BXOJIUTh A0 CKJIaay POCIMHHUX
O17IKiB, aMiHOKHMCIIOT, HYKJIETHOBUX KHCIIOT Ta IHIIUX >KUTTEBO BAXJIMBHUX CHOJYK. 3a HecTaul
a30Ty CIOCTEpIraeThCsl TajJbMyBaHHS POCTY POCIMH, IOCIAOIIOETbCS YTBOPEHHS OOKOBHMX
NaroHiB 1 KOPEHIB, CHOCTEPIraeThCsl APIOHOMUCTKOBICTH TOHIO. OCHOBHOIO 30BHIIIHBOIO
03HaKOK JaediluTy a30Ty € OJi10-3eJeHe 3a0apBiCHHS JIMCTKIB, MOsSBA HEKPO3iB, BUCUXaHb 1
BiIMUPaHb TKAHUH.

Jis onTuMi3anii a30THOIO JKUBJIEHHS POCIMH Y CLIBCBKOMY TOCIIOAAPCTBI IIHPOKO
BUKOPHCTOBYIOTBCS a30THI MiHEpalibHi J0OpuBa. Maiike BCi BOHH, 32 BUKJIIOUEHHSIM HATPi€BOT 1
KaJIBIIEBOT CENITPH, € (i310J0TIYHO KHCIUMH. s HelTpaizalii iX KMCIOTHOCTI BCTAaHOBJICHO
HOpMH BamHa. Pinki amiauHi a30THI 10OpuBa (aMiayHa BoJa, PIIKUN aMiak) MalOTh BIACTUBICTh
BTpauaTH amiak, TOMy ix HeoOXigHO 30epiratu B repMETUYHUX MICTKOCTSIX. 3aJeKHO BiJ (hopMu
CIIOJlYKH a30Ty a30THiI J0OpWBa TMOJUISIFOTHCS HA HITPaTHI, aMOHIWHI, amiadyHi, aMOHIIHO-
HITpATHI Ta aMiJiHi. Y HITpATHUX a30THHUX JAOOpPUBAxX a30T MICTUTHCS Y BUTIIAI aHIOHY a30THOT
KHACIOTH. J0 Takux MOOpUB BIAHOCATHCS HATpPi€Ba 1 KaiblieBa cemiTpH. JJo aMOHIHUX a30THUX
TOOpHUB HaJeXaTh XJOPUCTUH aMOHid, cynb(paT aMoHil0, aMiadyHa Boja, O€3BOJHHI amiak,
amiakaTH, sKi MICTATh a30T y opMi KaTioHy aMOHit0 1 amiaky. OCHOBHUM aMOHIHHO-HITpaTHUM
A30THUM JIOOPUBOM € amiauHa CeNiTpa, sika MICTUTh a30T Y (hopMi 10HIB aMOHIIO Ta HITPaT-10HIB.
AwMiHI 100pUBa MICTATH a30T B amifio- Ta amiHOcTofykax. Hailbouibin mommupeHuMu a30THUMH
N00prUBaMU B Cy4aCHOMY CLIbCBKOT'OCIOJApChbKOMY BHUPOOHHMITBI € amiayHa BOJa, aMiadyHa
cermitpa Ta iHmi. AMiayna Boja (BoaHui amiak - NH4OH) BumyckaeTsest 1Box copTis: 1-it copr -
BMICT a30Ty 20,5%, 2-it - 18%. Lle Oe3komipHa abo *OBTyBaTa piluHa 3 PI3KHM 3allaxoM amiaky.
A30T 3HaXOOUTHCSA TEPEBAXHO y (opmi amiaky, a TakoX y BHUIJIAAI aMOHit0. 30epiraroTh 1
TPAHCHOPTYIOTh aMiayHy BOJy B 3aKPUTHX pe3epByapax Ui 3aro0iraHHs BTpaT aMiaky.

[lepeBaroro BCiX pIIKHUX a30THUX J0OpUB € Te, M0 iX BUPOOHMUTBO B 1,5-2 pasu, a
BHECEHHs - B 2-3 pa3u jeuieBlle, HDX TBepAuX. AmiauHa ceniTpa (HITpaT aMmoHito, abo
azotHokuciuit amoHiid, - NH4NO3). Bwmict mirouoi peuoBmnu 34%. lle Oima kpucranmivynHa
pPEUOBMHA, sIKAa BMITYCKA€ThCS, Y 3B'I3KY 3 BHUCOKOI TIFPOCKOIIYHICTIO 1 3JI€XKYBaHICTIO,
MEePEBAXHO Yy TPaHyJIbOBAaHOMY BHTJISII. 3a 0araTopa3zoBOTO BHECEHHS MOXKE MiJIKHCIIOBATUCH
IpyHT. L{iHHICTH amiauHOi ceNiTpH MOJArae B TOMY, 1[0 BOHA HE Ma€ MIKIIMBUX JJIS POCIHH 1
IPYHTY OaJaCTHUX PEYOBHUH 1 MICTUTH JBI (POPMHU a30Ty - IIBHJKOJIIOYY - HITPATHY Ta MEHII
pyXoMy - aMOHiliHy. BHKOpHUCTOBYIOTH CENITpy MPaKTMYHO Ha BCIX THUMAX IPYHTIB Mif pi3HI
KynbTypu. OCOOIMBOCTSIMU BUKOPHUCTAHHS a30THUX JIOOPUB € T€, 10 aMiadyHUi a30T BOUPAETHCS
I'PYHTOBUM BOMPHHM KOMIUIEKCOM, 1 TOMY amiauHi a30THI JOOpMBa MOXHa BHOCHUTH Mij 350J€BY
opaHky. HiTpaTH1 10HM 3aJMIIAIOTHCS y BUIBHOMY BUIJISAI B IPYHTOBOMY PO3YHMHI 1 MOXKYTb
BUMUBATHUCh 3BIATH, TOMY HITpaTHI a30THI JOOpWBA JOIUIIbHINIE BHOCUTH Y MiHKUBICHHS, TiJ
yac MOCIBY YU Yy IPUIIOCIBHUN 00po0iTOK IpyHTY. Pinki amiauHi 70OpHUBa HEOOX1THO BHOCUTH Ha
rmbuny He MeHme 10-12 cM, a Ha Jerkux rpyHrax i Ha 14-18 cm, mo6 3ano0irTu 3HaAYHUM
BTpaTaM aMiaky BiJ] BUTIapOBYBaHHSI.

docdop, SK 1 a30T, - BaXKIMBUHA €IEMEHT JKUBJICHHS POCIIHH, SIKUI 3aCBOIOETHCS HUMHU Y
dopmi dpocdar-ioni (PO43-) ta oprodochary H2PO4-. binbima x vactuHa criosyk dochopy
3HAXOJUThCA Yy BAXKOPO3UMHHIN (opmi, 110 0OMexye iX 3acBOeHHS pociuHamu. Docdop y
POCIIMHHOMY OpTaHi3Mi BXOJIUTh JO CKJIanay OUIKIB, HYKJIEIHOBHX KHCIOT, (ocdodimimis,
dochopaux edipiB mykpiB, HykneotuaiB (ATD, HAJID), BiramiHiB TOmO. 30BHINIHIMHU
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03HaKaMu HecTadl (hochopy € CHHIOBATO - 3elIeHe 3 OPOH30BUM BIATIHKOM 3a0apBIICHHS JTUCTKIB,
SIK1 CTAIOTh IPIOHUMU Ta BY3bKHUMHU, TATLMYETHCS PICT Ta TO3piBaHHS ypoxKaro.[1]

Jlxepenom orpuMaHHs GochopHUX JOOPUB € MPUPOHI MOKIATU POCHOPUTIB 1 aNlaTHTIB,
a Takox Oarati Ha (ochop BiAXOIU METATYPTIHHOT IPOMHUCIOBOCTI.

3a cTyneHeM po34rHHOCTI (hocopHi JOOpUBa MOALISAIOTH HA TPH IPYNU: BOJOPO3UUHHI
(cynmepdocdarn); HEpo3uMHHI y Bojai 1 mgo0pe po3uumHHI B CIAOKMX KHCIOTax 1 JIyrax
(pocdarmuiak, 3HedTOpeHmii (ocdart, mpernumiTar); HEPO3UMHHI y BOAI 1 BaXKKOPO3YHMHHI B
cinabkux KHCIIOTaX (dbochoputne Ta KICTKOBE OOpOIIIHO).

3abe3nedeHicTh CilIbCHKOrOCNOAAPCHLKUX MiANMPHEMCTB MiHEPaJIbHUMH 100pHBaAMH
JUISI IPOBE/ICHHS] BECHAHO-JTITHIX MOJBOBHX POOIT
cmanom na 17.04.2015, %

%

obaacrs

Haii0inpi nommupeHMMH 3 LUX JOOPUB y CYy4acCHOMY CIJIbCBKOMY TOCIOJIAPCTBI €
npoctuit  cynepdocdar, mnomsiiHuK  cymepdocdar, dochopuTHe OOPOIIHO  TOMIO.
Cymepdochar (Ca(H2PO4)2). BumyckaeTbCsi MPOMUCIIOBICTIO TMPOCTHH 1  TOABIHHUIA
cynepdocdaru. [Ipoctuii cynepdocdar mictuts 14-20% 3acBoroBanoro dhochopy, a moaBIHHAN
- 42-49%. CynepdocdaTti BUTOTOBISIOTHCSA MEPEBAKHO y TPaHYJIbOBAHOMY BUIJIS/l, BOHU HE
3JIeXKYIOThCSI, 30€piraloTh J0Opy CUIYUICTh.

®ocpopurne OGopomuo (Ca3(PO4)2) - npiOHO3EpHUCTUI PO3MENCHUN TOPOLIOK
docdopuTiB TEMHO-CIPOTO KOIBOPY 3 BMicTOM docdopy Bix 19 no 30%. Docdop 3HaXOTUTHCS B
HEpO34YMHHIN y BoAl GopMi 1 TOMY MalOAOCTYHNHHH pociauHaM. BibIIicTh pOCIUH (3€pHOBI,
JTHOH, OYpsIKM, KapTOIUIsl) MOXXYTh BHKOPHUCTOBYBaTH edextuBHO (ocdop i3 dochoputHoro
OopollHa JHIlle Ha TPYHTaX 3 JIOCHUTh BUCOKOK KHUCJIOTHICTIO, MiJ Ji€r0 Kol ¢docdar Kanbiiro
OOpoITHA TIEPETBOPIOETHCS B JIOCTYIHY pocimHaMm cnoiyky - CaHPO4. Ha kucnux rpyHTax 3a
epexTuBHICTIO PpochopuTHE OOPOIIHO HE MOCTyNaeThes cynepdocdaram. Jlume neski pocauHu
(JrromMH, TpeYKa, TIpUYMIls, YacTKOBO TOpPOX, €CrHapier) MOXYyTh 3acBoroBatd (ochop
dochopuTHOro GOpoIIHA 32 HEHTPAIBHOI peakilii IPYHTOBOrO po3uuHy. BHeceHHs ¢ochopHUX
I0OpWB y TPYHT TOB'I3aHE 3 iX PO3YMHHICTIO. Tak, HamiBpO3YMHHI 1 BaXKKOPO3UYMHHI JOOpHBa
CJIiJT BHOCUTH IIiJl OCHOBHUI 0OpOOITOK IPYHTY, a hodopuTHE OOPOIIHO - OaKaHO IIE 1 B IPYHTH
3 kuciow peakmiero. i ¢ocoputHOoro OopomHa TpUBae 5-8 pOKIB 1 Beme A0 AETKOTO
3HIDKEHHSI KUCIIOTHOCTI TPYHTY. Jlyke epekTuBHO BUKOpHUCTOBYBaTH (ocPopUTHE OOPOIIHO Y
BUTJISIII KOMTIOCTIB 3 TopdoM 1 THOeM. Po3umHHI cymnepdocharu TposBISIOTh HaWBHIILY
e(eKTUBHICTh 32 YMOBH iX BHECEHHs Y MEPENOCiBHUII 00pOoOITOK, MiJ Yac CiBOM y pSAIKU Ta
Mi/DKUBJICHHI. Y POCIMHHUX TKAaHWHAX MICTHTBHCs Oararo kamito - 0,5-1,2% no cyxoi macu.[4]
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PerymioBaHHsT pOIIOYOCTI TPYHTY B IHTEHCHBHOMY 3€MJIEPOOCTBI CIpPSIMOBaHE Ha
B1JIHOBJICHHS 3aIlaciB OpPraHiyHOl pEYOBUHU B IPYHTI, 11O JIOCATAETHCS, HacaMIlepe], BHECCHHIM
opra"iuHux a00puB. OpraHiuHi JoOpHBa - 1€ Pi3HI 3a CKIAJAOM 1 BIACTUBOCTSIMU PEYOBUHU
POCJIMHHOTO 1 TBAPUHHOI'O MOXO/XKEHHS, IKI BHOCATD Y IPYHT JUJIsl M1BUILEHHS HOr0 poIt0YOCTi.

3acTocyBaHHS OpraHiyHUX JOOpPUB TIONINIIYE BJIACTHBOCTI TIPYHTY 1 Mae CBOI
0COOJIMBOCTI:

1) BHeceHHs opraHiyHHX JI0OpHB 3a0e3leuye POCIMHHM MakKpo- i MiKpoeleMeHTaMHu
YKUBJICHHS;

2) rpyHT 30arauyeTbCcsi OpraHiYHUMU PEUOBHHAMH, (PEpMEHTAMH, BiTaMiHAMU Ta 1HIIUMHU
010JIOTIYHO AaKTUBHMMH PEYOBMHAMH, SKi CTUMYJIIOIOTH PO3BUTOK POCIHMH 1 TIPYHTOBOI
Mikpodaopu;

3) 3 THOEM y IPYHT BHOCATHCS KOPHUCHI MIKpOOPraHi3MH Ta aKTHBYETHCS MisUIbHICTH
HITpUQiKyI0unX Ta a30THIKCyrounx OakTepiil TOIIO;

4) opraniuHi J00pHWBa ICTOTHO TMOMNIMIIYIOTh BJIACTHBOCTI IPYHTY - HOTO CTPYKTYpY,
(bi3U4HI BIACTUBOCTI, BOJHHUH Ta MOBITPSHUIN PEKUM Ta iH., HAIPUKIIAA, BHECEHHS 6 T/Ta COJIOMU
B TEMHO-KAIITaHOBUI I'PYHT 301IblIye HOro BOAONPOHHUKHICTh y nepuuii pik 44,8%, npyruii -
34,6% i Tperiii - 22,89%, a 60 T/ra HamiBIepenpiyioro rHow - 29,6; 25,6 1 16,2%;

5) mig yac po3KJIaJaHHsl OpraHIYHUX PEUYOBUH MPUTPYHTOBUH LIAp MOBITPS 30aradyeThCs
BYTJICKHCIIMM Ta30M, II0 MOCKITIOE ePeKTHBHICTh (DOTOCHHTE3Y, TaK, micisi BHeceHHs 40-60 T/ra
rHoto BuaieHHs CO2 rpynTom 3poctae Ha 30-50% 1 Oinblie;

6) BHECEHHsS OpraHiyHUX JOOpPWB HE CTBOPIOE 3arpo3W IEPEHACHYEHHS IPYHTY
HNOXMBHUMU PEUYOBUHAMH, IO € HEOE3MEUHUM JUIsl POCIUH, TaK SK "BiAJarTh" iX MOCTYNOBO,
IPOTSITOM JJOCUTH TPUBAJIOTO Yacy;

7) G1IBLIICTh OPTaHIYHUX JOOPUB MaiiXKe HEe 3MIHIOE peakilii IPyHTOBOTO PO3YHHY TOLIO.

OCHOBHY KUTBKICTh OpraHiuHUX JOOpWB B YKpaiHi CTaHOBUTH THi. BUKOpHCTOBYIOTH
IIMPOKO TAKOX TI'HOIBKY, cedy, NTAllMHUM mociix, Topd, KoMmrocTtu Tomo. Tako iCTOTHUMH
JUKepelnaMHd OpraHiyHOi PEYOBHMHHM MOXYTh OYTHM OCaJMd CTIYHUX BOJ, 3€JIEHI CHJEpalibHI
noOpuBa, cooma Tomo. ['Hiif - 11e TBepAl Ta piaKi eKCKpEMEHTH TBapHH. 3aJeKHO BiJ COCOOY
YTpUMaHHS TBAapuUH OAEPXKYIOTh MIACTUIKOBUN 1 O€3MACTUIKOBUM, abo piAKui, THOI.
SIKICTB THOIO Ta 1HIIMX OpPraHiYHUX 1 MiHEpaJIIbHUX JOOPUB OLIHIOETHCS MEPUI 3a BCE KUIBKICTIO B
HUX TOKMBHUX PEUOBUH, OCOOJIMBO OCHOBHMX - a30Ty, (ocdopy 1 kamito. Bmict NPK B ruoi
3aJISKUTh BiJ] YMOB 3BOJIOKEHHS 1 30epiraHHs, KJIIMaTU4YHOI 30HM OJepXaHHs Tomo. Tak, y
CUIbCHKOMY TOCHOJApCTBl YKpaiHM HaWIMOIIMPEHIIINM € MJACTUIKOBUI THIA BEIMKOI poraroi
Xyao6u, skomy HajexuTh 70% BiJ BCiX BHMJIB OpraHiyHUX J00puB. XIMIYHMH CKJIaJ LbOTO
THOO B YKpaiHi B CepeHOMY CTAaHOBHTB: BOJH - 65%, 30mu - 15% Ta N - 0,50%, P - 0,25% i K
0,60% Ha cupy macy. Iy NOpiBHAHHSA, PiAKUH THiMl BeauKoi poratoi XxyJqo0u MicTUTh 10 92%
Boan, 0,17% cyxoi peuoBunu ta N - 0,20%; P - 0,15%; K - 0,17% no cupoi macu. 3Ha4HOIO
MIpPOI0 CKJIaJ TiJACTUIKOBOTO THOKO 3aJeKWUTh Bia miAcTuinku. Hailikpamuii THi, 30kpema
Oaratuii Ha a30T, BUTOTOBJISIOTH T1JT YaC BUKOPUCTAHHS B SKOCTI MIACTHIIKH TOp(y, KU Kpare
BiJl HIIIUX MiACTUIOK MOTJIUHAE PiAKI BUIJICHHS TBapUH 1 amiagyHuil a30T. CKI1aj THOO MiJ yac
30epiraHHsi ICTOTHO 3MIHIOETHCS: 3MEHUIYETHCS KIJIbKICTh OPraHIuHOI PEYOBHMHU BHACIHIJIOK
MPOIECiB MiHepami3allii i 0OJJHOYACHO MPOXOANTH BIJHOCHE 30aradyeHHs BUIBHHUMH €JIEMEHTaMHU
*uBJIeHHA. [IpoTe olHOUacHO B110yBa€eThCsA BTpaTa aMiayHOTO a30Ty. peXUMY, (Q13UKO-XIMIYHUX
BJIACTUBOCTEH IPYHTY, 60pOTHOa 3 Oyp'siTHAMHU Ta IIKITHUKAMH TOIIO. BHECEHHs OpraHiuHUX Ta
MiHEpaJbHUX J0OpUB cIpHsie 30aradyeHHIO IPYHTIB HEOOXIIHMMHU IOXKUBHHUMH pPEYOBHHAMHU.
JloOpuBa mo cyTi cami MEpEeTBOPIOIOTHCS Yy CKIAAO0BI YacTUHU ypoxkaro. Came ToMmy Ximizallis
CUTBCHKOTO TOCHOJAapCTBA Ta HacamIepes IIHPOKE 3acCTOCYBaHHS JOOpWUB € OJHUM 3
BUPIMIAIBHUX (AKTOPIB IMOJAIBIIOTO IiJBUIIEHHS BPOXKAHHOCTI CIIBCHKOIOCHOJAPCHKUX
KYJbTYp, 3HIKEHHS 3aTpaTr Mparli 1 KOIITIB Ha BUTOTOBJICHHS OIWHUII TPOIYKIli, 3MIITHEHHS
€KOHOMIKH CUIbCBKOTOCIOAPCHKUX MIANPHEMCTB. YKpaiHa Ha JaHOMY e€Tami pO3BUTKY
NEPeKUBAE CKIAJAHY EKOHOMIYHY KpHU3y, BHUXOJOM 3 SKOi MOXE CTaTH HOKpAIlIEHHS
€KOHOMIYHOT'O CTaHy JEp:KaBU 3a PaXyHOK arpapHOTo CEKTOpy. A, sK BKa3yBajocs paHiiie, 6e3

23



HOJIMNIIEHHS SIKOCTI IPYHTIB 31IHCHUTHU 1€ HEMOXJIMBO. ToMy Tema poOOTH € JOCUTH aKTyajbHa,
a/pke ONTHMAJIBHUMA PO3MOAUT MIHEpaJIbHUX JIOOpPUB € 3amOpyKOIO0 YCHIITHOTO BEACHHS
rocroaapcTBa. B naniii poOOTi pO3TiIsaal0ThCsl TaKi MATAHHS:

— ONTUMI3AIlis PO3MOALTY TO0OPUB K 00’ €KT MOJICTIOBAHHS;

— EKOHOMIKO-MaTeMaTH4YHi MOJEJ ONTHMI3alii IUTaHy PO3MOALTY Ta BUKOPUCTaHHS JJOOPUB;
— IIOCTaHOBKa 3aja4i ONTHUMI3allii IJIaHy;

— 0a3oBa MoJieNb ONTHUMI3ALIT PO3MOIUTY MiHEpabHUX JOOPUB Y TOCIIONAPCTBI;

— MpaKTHYHE 3aCTOCYBAHHS 06a30BOi MOJEII JJIs ONTHMI3aii riany. [2]

BucHoBku

HeoOximHICTh MOJIMIIEHHST CTaHy IPYHTIB Ui BUPOINYBaHHS CUIbCHKOTOCIIOAAPCHKOT
NOPOAYKIIil, 30KpeMa POCIMHHULBKUX KYJIbTYp, BUMara€ BHECCHHS J0OpUB. Aje mpobdiema
MOCTAa€E B TOMY, IIIO JUIsl KOXKHOT KYJIbTYpH HEOOXiqHa HE OJHAKOBA KiIBKICTh Ta BUJ 100puB. J{o
TOTO X KOXKHE T'OCIIOIapPCTBO HE € TMOBHICTIO 3a0€3MeUeHUM HEOOXITHOK KITBKICTIO pecypciB
I00puB 11X (HOoH € OOMEKCHUM.

VY 3B’A3Ky 3 IMM IIOCTA€ 3ajada CKJIACTH IJIaH 3aCTOCYBaHHS JOOPUB TaKUM YHHOM 100
3a0e3MeYnTH BUPOIIYBaHI KyJIbTypH BCiMa HEOOXIAHMMU TMOXUBHUMH pPEUOBHHAMH 100
MaKCHMi3yBaTH ypOKalHICTh Ta JIOXiJ BiJ peanizaiii BupomeHoi npoaykiiii. Po3B’s3anHs Takoi
3aJa4yi  CTa€ TMPAKTUYHO HEMOXIMBUM 0€3 3acTOCyBaHHS EKOHOMIKO-MAaTeMaTHYHOIO
MOJICITIOBAHHS, a/pKE JIMIIE 3MOJIEIIOBABIIM IMPOIEC MOXKHA 00paTh HAWONTHMAIIBHIIIMKA HOTO
Bapianr. [3]

O3HaiflOMUBIINCH 3 TEOPETUYHMMH OCHOBaMH MOJETIOBAaHHS Ta  ONTUMI3aIil
BUKOPHUCTAHHA J0OpUB, pOOMMO BHCHOBOK MpPO LIMPOKUN CIEKTP MOJENEH, sIKi J03BOJISIOTh
ONTUMI3yBaTl TOW YW IHIIMK TPOIEC, MOB'I3aHUI 3 BHKOPHCTAHHSAM N0OpHB. AJie HalOLIbII
MIIXOASIION MOJCIUII0 IS CUIBCBKOTOCIOJAPCHKOTO  MiJIPUEMCTBA, METOI0 SIKOTO €
MaKCHMi3yBaTu CBiii mpuOyTOK, € OamaHcoBa MOZENb ONTHUMI3allil PO3MOALTY MiHEpaTbHHUX
no6puB. Tomy B ganiit KypcoBiit poOoTi mu 6epemo ii 3a 6a30By.

Ilepen Hamm Oyna HOCTAaHOBJIEHA 3ajaya ONTHUMI3alii IUIAHY BHUKOPUCTaHHS (GOHIY
JOOpUB TOCMOAAPCTBA, IO BHUPOLIYBAJIO IEBHI CUIBCBKOTOCIOAAPCHKI KYJIbTYpU Ha MOJSAX
CIBO3MIH, 100 MakCHMI3yBaTH MOro JoXiJ. 3acTOCYBaBIIM Ji PO3POOKM TaKoro IjIaHy,
0amaHcoOBY MoOJ€lb, MU OTPHUMaJIM ONTHUMAJIbHUW IUIaH, SIKUH JI03BOJIUB TOCHOAAPCTBY
30UIBIIMTHA  CBIM MPUOYTOK 3a paxyHOK 30UIbIIEHHS YpO’KalHOCTI Ta BajJoBOro 300py
BUPOIIYBAaHUX KYIBTYP.

CnucoKk BUKOPHCTAHUX JKepeJr:
1. Arpoximist / .LM.Kapactok , O.M.T'epkisin, [.M.I'ocnonapenko Ta 1111 / 3a pen.
[.M.Kapacroka. - K.: Buma mkosna, 1995. - 471c.
2. Arpoximis: JIabopatopuuii npaktukym / A.Il.Jlicosan, I.M./laBunenko, b.M.Moiiceenko. -
K.: Buma mkoira, 1994. - 335c¢.
3. Byraii C.M. PocnuaaunTgo. - K.: Bumia mkoia, 1978. - 384c.
4. I'mamrok M.M. OcHoBu arpoximii. Ximist B ciibcbkoMy rocnogapctsi. - K., Ipnins: IlepyH,
2003. - 288c.
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SOLUBILITY TEMPERATURE DEPENDENCE OF
3-(1-(4-METHYLPHENYL)-5-PHENYL-PYRROLE-2-YL)-PROPANOIC ACID
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! Lviv Polytechnic National University, Lviv, Ukraine
2 Ivan Franko National University of Lviv, Lviv, Ukraine
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Pyrrole derivatives belong to a group of substances with a variety of applications.
Compounds of this class are used in the production of dyes, catalysts, corrosion inhibitors,
etc. [1] The presence of biological activity in pyrrole derivatives plays an important role in their
utilization as medicinal components. Nowadays, advances in computer technology and the
availability of web-based services [2] make it possible to conduct a preliminary assessment of
biological activity based on the structural formula of a substance.

Using these online services, the biological activity preliminary assessment of 3-(1-(4-
methylphenyl)-5-phenyl-pyrrole-2-yl)-propanoic acid indicates its potential use in the production
of medicines in the future. The vast majority of synthesis and purification processes in the
chemical, pharmaceutical and food industries take place in solvent environments. Therefore, it is
important to establish the solubility temperature dependence of studied acid in different organic
solvents and calculate the heat of solvation required for the optimization of synthesis and
purification of the respective compound.

The substance was dissolved in n-propanol, iso-propanol, n-butanol, and iso-butanol
within a three-necked flask. The flask was equipped with a stirrer, thermometer, and a sampling
hole. The dissolution process was occurred at a constant temperature maintained within a
thermostat with a precision of = 0.1 K. The solubility temperature dependence of the substance
was measured using the gravimetric method. During all experiments, both heating and cooling
procedures were used to confirm that equilibrium had been reached in the solution. The
approximation of the obtained experimental values was performed by the linear equation (1):

B
Inx = A — T (1)
Differential changes in the enthalpy and entropy of solvation (Table 1) of the studied acid
were calculated using A = 45,S/R and B = As,H/R parameters.

Table 1. Solubility of the studied acid in alcohols

Solvent Temperature range, Solubility, AsoH, AsolS,
T,.-T,,K X1 - X2, %0 kJ/mol J/mol-K
n-propanol 289,0-313,0 0,0039-0,0095 27,3£1,5 48,5+4,9
iso-propanol 294,5-318,0 0,0037-0,0142 44,8+1,6 105,6+8,3
n-butanol 293,0-313,0 0,0037-0,0108 40,142,0 91,4+6,5
iso-butanol 294,0-313,0 0,0042-0,0087 28,8+1,2 52,7+ 4,0

Established solubility temperature dependence of 3-(1-(4-methylphenyl)-5-phenyl-
pyrrole-2-yl)-propanoic acid serves as a primary source of information for the dissolution
process in n-propanol, iso-propanol, n-butanol, and iso-butanol.

[1] Filipa, A.; AV, M. Experimental and High Level Ab Initio Enthalpies of Formation
of Di- Tri- Tetra- and Pentamethyl- Substituted Pyrroles. The Journal of Chemical
Thermodynamics 2014, 75, 1-7.

[2] Forouzesh, A.; Samadi Foroushani, S.; Forouzesh, F.; Zand, E. Reliable Target
Prediction of Bioactive Molecules Based on Chemical Similarity without Employing Statistical
Methods. Frontiers in Pharmacology 2019, 10.
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PO3YUHHICTD 3-[5-(4-METHJI®EHLT)®YPAH-2-LJIJIPOMMAHOBOI
KHCJOTH B OPTAHIYHUX PO3UMHHUKAX

Oropojnik M. }1.1, Cobeuxko 1. B.l, INopak 1O. 1.2
1 Hanionansuuii yaiBepcuteT “JIbBiBCbKa MOJIITEXHIKA™

2 JlsiBchKuit HaIlllOHAJILHUH yHIBepcHUTeT iMeHi IBana @panka
marta.y.ohorodnik@Ipnu.ua

[ToximHi ¢ypaHy 3aliHAIM YyHIKaIbHE Miclle B Talmy3l MeIudHoi Ximil. BrirodeHHS
(GypaHOBOTO siJIpa Y CHHTE3H € BAKIMBOK CHHTETUYHOKO CTPATETi€I0 y BIAKPHUTTI JIiKiB. Brcoki
TEpaneBTHYHI BIACTUBOCTI ()ypaHOBUX TMpemnapaTiB CIOHYKAIOTh XIMIKiB 0 CHHTE3Y BEJIMKOI
KUIBKOCTI HOBHUX XiMioTepaneBTHUYHUX 3aco0iB. DypaHOoBa KiJblleBa CHUCTEMa € OCHOBHUM
CKeJeToM 0araTboX CHOJYK, SIKi MaloTh CEpLEBO-CyIUHHY [lit0, BUKOPHUCTOBYIOTHCS SIK
aHTUOaKTepiaabHi,  NPOTUBIPYCHI,  MPOTU3AMaJbHI,  MPOTUTPUOKOBI,  MPOTUIYXJUHHI,
npoTucyaoMHi 3acodou tomo [1-3]. 30BciM HemaBHO 3’sBUIIOCS Bce OLIbIIE JTOKA3iB TOTO, IO
dbypaHu MOXKYTh BOJOIITH MACSIKUMU OaKaHUMH IMYHOPEryIsTOpHUMHU edekTtamu. byro
NPEICTaBICHO JEKUIbKAa MPHUPOJHUX MOXIAHUX (ypaHiB i3 CHPUATIUBUMH O10JOTIYHUMHU
GYHKITSIMA, BKITIOYAa0YH aHTHOKCUIAHTHY, aHTUIIPOJTipepaTuBHyY Ta POTUBIPYCHY aito [4-6].

Y 3B’M3Ky 3 IMM OCTaHIM YacoM 3pOCTa€ 3HAYYIIICTh BUKOPUCTAHHS Cy4YacHUX
yHIpIKOBaHUX METO/AIB CHUHTE3Y Ta aHami3y JIKapChKUX 3aco0iB, SK Ha MiANPUEMCTBAX-
BUPOOHMKAX TaK i B CUCTEMax JIEPKaBHOTO KOHTPOJIIO SKOCTi. He3Baxkaroun Ha pi3HOMaHITHICTb
chep BHUKOpUCTAaHHS TOXiAHI (ypaHy akKTyaJbHUM  3aJUINA€THCS 1  BU3HAYCHHS
TEPMOJIMHAMIYHUX BJIACTUBOCTEH IHAMBIIyadbHHX PEYOBHH. Y HAIl Yac TEPMOAWHAMIUHI
METOAM JOCTIPKCHHS 3aIUINAIOThC OJHUMHU 3 HAWOUIbII HAmiMHUX 1 €()EKTUBHHX METOJIB
BUBYCHHS OOMIiHY pPEYOBHH, €HEprii, sKi BiOyBalOThCS B JKMBUX OpraHi3mMax, peakTopax,
cucTeMax.

/ \ OH
{

Puc. 1. CtpykrypHa popmyna 3-[5-(4-metundenin)dypaHn-2-ii]npornanoBa KUCIoTa

Y naHOMy JOCHI/DKCHHI BHBYAIM TEMIIEPATYpHY 3aJISKHICTh pOo3YMHHOCTI 3-[5-(4-
MeTrideHin)pypan-2-i1]IponaHoBOi KUCIOTH y 3 pPO3YMHHHMKAX: METHJI- Ta €THJAleTaTi Ta
aneToHITpwiIl. PO3unHHICTH crionyk Oyja BU3HAuY€HA 3a JOIMOMOTOI0 TPaBIMETPUYHOTO METOAY.
Temreparypy B €KCIIEpUMEHTI MIATPUMYBaIU cTabiabHOIO 3 TouHicTio 70 £0,1 K. PozunnenHs
BiIOyBaloch TpoTsiroM 60 XBWJIMH 3a YMOBH TIOCTIMHOTO TMepeMilllyBaHHA., BIIOIp MpoO
IPOBOJWIIN MICIsI HOBHOTO BiJICTOIOBAHHS Ta OCA/KEHHs pedoBUHU. Jlocmian Oynu mpoBeseHi 3
BapilOBaHHSAM TEMIIEpaTypH ILISXOM SK IMIJBUIICHHS, TaK 1 3HWKEHHS, 3 METOIO IiJITBEPIUTH,
1110 BCTAaHOBMJIACS PIBHOBAra y po3uuHi.

Jnst HabnmuyKeHHsT eKCTIEPUMEHTAIIBHUX JTaHUX, OTPUMAHUX M1 4ac MPOBEIEHHS JTOCIIIIB,
BUKOPUCTOBYBAJIH JIiHIHE PiBHSHHS.

Inx=A+B/T

3a momomororo mapameTpiB A=AgS/R 1 B=AgH/R, me AsolS 1 AsolH - 11e mudepentriitai

3MIHM €HTpOMii Ta eHTalbIlii PO3UYMHEHHA JOCTIKYBaHUX KHUCIOT, PO3paxoBYBaIM iX
TEPMOJMHAMIUHI XapaKTepUCTUKH (Tabdu 1).
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Tabmn.1. TepmoauHaMiyHi BETUYUHU PO3YMHHOCTI TOCIIIKYBAaHOT pEYOBUHH

Po3unnnuk T:-Ty, K PiBHsIHHS IpsiMOT AsoiH, AsolS,
kJx/monb | JIx/Monas K

Merunanerar | 275,5-302,0 | Inx=(6,57+0,22)-(2824+64)L/T | 23,48+0,53 | 54,6+1,8 ]I

Erunanerar | 296,5-305,0 | Inx=(7,28+0,37)-(3087+112)1/T | 25,67+0,93 | 60,5+3,1

Aneronitpun | 295,8-305,5 | Inx=(3,39+0,45)-(2333£136)1/T 19,4+1,1 28,2+3,7

OTpuMaHi TEPMOJAMHAMIYHI MapaMeTpu € BAXIIMBHM JDKepesioM iHdopmarlii mpo mporec
poszuuHeHHs 3-[5-(4-meTundenin)bypan-2-i1]nponaHoBoi KHCIOTH y METHJI-, €THJAleTaTi Ta
AIleTOHITPWIIL, 110 MOXYTh OyTH BHKOPHUCTaHI JUIS YIOCKOHAJICHHS BUPOOHMYHMX IPOIECIB Ta
MIJBUINECHHS SKOCTI Ta €(PEKTUBHOCTI BUKOPUCTAHHS PEUOBHUHU JIJII CHHTE3Y IHIIUX OPTaHIYHHUX
PI3HOMAaHITHHUX CIIOJIYK, Y TOMY YHCHI (hapMaleBTUYHUX MTPETaparis.

[1] Koca M, Servi S, Kirilmis C, et al. Synthesis and antimicrobial activity of some novel
derivatives of benzofuran: part 1. Synthesis and antimicrobial activity of (benzofuran-2-yl)(3-
phe- nyl-3-methylcyclobutyl) ketoxime derivatives. Eur J Med Chem. 2005;40(12):1351-1358.
doi:10.1016/j.ejmech.2005.07.004

[2] Kirilmis C, Ahmedzade M, Servi S, et al. Synthesis and antimi- crobial activity of some
novel derivatives of benzofuran: part 2. The synthesis and antimicrobial activity of some novel
1-(1-benzofuran-2-yl)-2-mesitylethanone derivatives. Eur J Med Chem. 2008;43(2):300-308.
doi:10.1016/j.ejmech.2007.03.023

[3] Chand K, Rajeshwari HA, Hiremathad A, et al. A review on antioxidant potential of
bioactive heterocycle benzofuran: natural and synthetic derivatives. Pharmacol Rep.
2017;69(2):281-295. doi:10.1016/j.pharep.2016.11.007

[4] Rahimzadeh N, Alizadeh M, Ghaemmaghami Hezaveh SJ. Estimated bioaccessibility
to 5-hydroxymethylfurfural from fre- quently consumed dried fruits in Iran. J Chem Health
Risks. 2018;4(3). doi:10.22034/jchr.2018.544071
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CHUHTE3 TA OIIIHKA AHTUMIKPOBHOI AKTUBHOCTI
AHAJIOT'IB AJIKAJIOIJIIB ITYJIbMOHAPUHY
Mysuuka JL. B. !, Boiiko I. 0.2, Bpunuany H. O.2, Cmouiit O. B.
! [HcTuTyT GioOpraniunoi xiMmii Ta Hadroximii im. B.IT. Kyxaps HAH Ykpaiau, m. Kuis, Ykpaina
2y «IacTuTyT apmakonorii Ta Tokcukoiorii HAMH Ykpainny», m. Kui, Ykpaina
liubovmuzychka@gmail.com

Ha cporomni criiikicTh OakTepiii 10 aHTHOIOTHKIB € OAHIEID 3 MIOOATBHUX MPOOIEM
JIOJICTBA 4Yepe3 aJamTailifo MIKpoOiB 0 aHTHOAKTepiaibHUX 3aco0iB. Bimomo, mo OuTbIIICT
OakTepiadbHUX 1HGEKIIH BUKIMKaHI OloruriBKoro. Tomy po3poOka Ta MOMYK Oi0aKTHBHHUX
CIIOJIYK, 3JIaTHUX 1HTI0yBaTH YTBOPCHHS OlorutiBKY Ta 3amodiratu iHQexIii, € BKpaid BayKITMBUM
Ta aKTyalbHUM 3aBJaHHIM MEIM4HOI Ta (hapMareBTHYHOI Ximil. [IpuposHi mposyKTH MOPCHKOrO
MOXO/DKCHHS OCTAaHHIM 4acOM CTall BaXIMBUM JUKCPEIOM aHTHOAKTCpialbHHX 3ac00IB UL
00pOTHOU SIK 3 TUTAHKTOHHUMH, TaK 1 3 OlOILTIBKOBHMHU (popMaMu MikpoopraHi3mis. [Ipukiiagom
TaKuX OI0AKTUBHHMX CIIOJNYK cepell MOXITHUX OpOMOTHPO3UHY € alKajOiIu IyJIbMOHAPUHY
Pulmonarin A ta B.

3 METO NOIIYKY NEePCHeKTHBHHX CIHOJIYK 3 aHTUMIKPOOHOKO AaKTHUBHICTIO IIOAO
IUTAHKTOHHUX KJIITHH Ta O10TUTIBOK OakTepiit Oynu oTpuMaHi HOBI moxinHi Pulmonarin B la-c
[UIIXOM XIMIYHOI Moauikamii CHHTETHYHO JOCTYMHOTO METHUJIOBOTO ecTepa 3,5-aTudpomo-4-
rizpokcudeninonroBoi kuciotu (Puc.1).
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Puc. 1. CtpykTypu ankanaoiniB myJbMOHAPUHY Ta iX CHHTE30BAHHMX aHAJIOTIB

AHTUMIKpOOHY aKTHBHICTh CUHTE30BAHUX aHAJIOTIB MyJbMOHApUHY la-c¢ MoCipKyBaiu
[UIIXOM BU3HAYEHHS 1X MiHIMalIbHOI iHTi0yt0u0i KoHneHTpanii (MIK) momo k1iHIYHUX MITamiB
rpamMIo3uTUBHUX (MeTHIMIiHpe3ucTeHTHUit  Staphylococcus aureus 222 — MRSA) Ta
rpamHeraTuBaux (Pseudomonas aeruginosa 449) 6akrepiii.

OTpumaHi pe3yslbTaTH TOKa3adu, 10 JOCHIIXKYBaHI CHOJyKd la-c¢ HE BUSABISIOTH
anTuOakTepianpHoi akTuBHOCTI, MIK cronyk 1b,c momo S. aureus 222 cranosuth >200 MKr/miI,
MIK crmonykn la — 200 mkr/mi. CuHTe30BaHi MOXigHI 3,5-THOPOMOQEHIIONTOBOI KHCIOTH
TaKOX HE MPUTHIUYIOTh PICT Ta PO3MHOXKEHHS IUIAHKTOHHUX KJIITUH CHHBOTHINHOI MalIWYKH —
P. aeruginosa 449, MIK ycix mpociiukyBaHuX coiyk — >200 MKr/mit.

Pesynbratu pmocmikeHb aHTUOIOIUIIBKOBOI AaKTUBHOCTI CHHTE30BAaHUX AaHAJIOTiB
ny’abMOHapuHy la-c¢ OyayTh onmyOIiKoBaH1 HAMOIMKIUM YacoM.

Po6ora Bukonana 3a ¢iHaHcoBoi miaTpuMku HarioHanbHOro (GOHAY AOCHIIKEHB
VYkpainu B pamkax npoekty 2021.01/0022.
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OCOBJMUBOCTI MAC-CHEKTPOMETPUYHOI IIEHTU®DIKAIII ITIKIB B
T'A30BIA XPOMATOI'PA®II BEH3WHOBHUX ®PAKIIIA, OTPUMAHUX
BHACJILAOK HIPOJII3Y B KUBAHUX ABTOMOBIVIBHUX HIUH
JIunko 1O. B.l, Pynnena K. €.2, TTomroxuH 1. H.l, Mum’es C. B.!
"Hartionansruii yuiBepenter «JIbBiBcbKa momiTexHikay, JIbBiB, Yipaina
? HaujonanbHuii HAayKOBUM LIEHTP «IHCTUTYT CYJIOBUX €KCIIEPTH3», XapKiB, YKpaiHa
yurii.v.lypko@Ipnu.ua

Sx Bigomo [1], imenTudikamis mikiB B ra3oBiii xpomaTtorpadii CKIaIHUX BYTJICBOTHEBUX
CyMillel € HEeNpOCTHM 3aBJAaHHSIM HaBiTb IPH BUKOPUCTAHHI MAac-CIEKTPOMETPHYHOTO
nerekryBanHs (MSD). 3okpema mnpu xpomatorpadgiyHOMy JOCHTI/DKCHHI CKIany PpiIKuX
IOPOAYKTIB Mipoiizy BxkuBaHux aBToMoOinpHuX muH (PIITIBAIL) B po6orti [1] Bin3HavyaroTh, M0
BHACJIIJIOK BEJIMKOI KIJTBKOCTI 130MEPHHMX BYIJICBOJIHIB, SIKI YTBOPIOIOTBCS NPH MIpOJi3i, y
Oaratbox BHMNAAKax 3 jomoMorord MSD He Brmanocs 3MIMCHUTH OJAHO3HAYHY 1JICHTH(QIKAIIIO
i3omepiB. B po6oTi [1] HaBeneHoO nwiie HAWOUIBII BIpOTiAHI 130MEpHI CTPYKTYpH, BH3HAuUCHI
¢aitnoBoro cucTeMoro MOIIyKy Mac-crekTpiB st 186 mikiB (80,2 % BiA miony ycix mMikiB).
HeoOximHo BiA3HAYWTH, IO MPH PETEIBHOMY PO3IIISAII HUX pe3yibTaTiB Oyio BusiBieHO 10
MOBTOPIOBAHMX HA3B PEYOBHH ISl PI3HUX YaciB yTPUMYBaHHS, TOOTO JOJATKOBI JaHi, 30KpeMa
iHIeKcu yTpuMmyBaHHs, B I1iii MSD igenTtudikanii xpomartorpadiuHux mikiB He Oyno
3acrtocoBaHo. Panimre [2] Hamu npoBeneHo xpomaTorpadiyae mpociimkeHHs ¢pakuii PIITIBAIL
3 Temneparyporo kuminnsa 140-200 °C, 3 BUKOPUCTaHHAM iHAEKCIB yTPUMYyBaHHS Ha OCHOBi 0a3
nanux NIST (https://webbook.nist.gov/chemistry/name-ser/)

3 MeTOr0 MiJBHMIEHHS HAIIMHOCTI ieHTUdIKalil miKiB Ha XpoMaTrorpamMax OCH3MHOBHX
dpakiiit miposizy aBTOMOOUIBHUX IIWH MOJANbIIl JOCHIDKEHHS iX CKJIaay METOJAOM Ta3oBOl
XpOMaTO-Mac-CIeKTPOMETpii Oyiii mpoBe/ieHi y cmiBnpaii 3 HalioHaIbHUM HayKOBUM LIEHTPOM
«lacturyr cymoBux ekcmepru3 iM. 3aci. mpod. M. C. boxkapiycay» (M. Xapkis,
https://www.hniise.gov.ua/25-about.ntml) 3 Bukopucrannsm mnpwiagy Shimadzu GC-MS-QP
2020 (https://www.shimadzu.eu/gcms-gp2020-0) 3 mporpamuum 3abesnedeHusmM LabSolutions
Insight™ (https://www.ssi.shimadzu.com/products/liquid-chromatograph-mass-spectrometry/Ic-
ms-software/labsolutions-insight/index.html)o6nanHanoro kamipspHO KOJIOHKOK Mapku Rtx-
5MS (pipma Restek (https://www.restek.com/global/en)) 3 5% mudenin 95 % numernn
HOJIICIIOKCAHOM SIK CTalllOHapHOIO (a3010 HU3bKOI nojsipHocTi. [lapamerpu xpomarorpadivyHoi
KOJIOHKU: JTOBXHHA - 30 M, BHYTpimIHIN niamerp — 0,25 MM, TOBIIMHA MJIIBKY CTalllOHApHOT da3u

0,25 wmxm (xatamor - https://www.restek.com/global/en/p/12623-124). TemmneparypHa
nporpama KoJIoHKH: 13otepMa 32°C npotsrom 5 xB, naini 2 rpaa./xs 1o 60°C, nani 30 rpan./xB 10
270°C, 13orepma 270°C mpotsirom 8 xB. JlocmimpkyBani mpoOu Oyiau mapoBoro (a3oro Haf
BignoBigHuMU (paxiissmu PIITIBAILLL sika 06’emom 61 1 MK iH)KEKTyBajlacsi y BUIAPHUK
xpomarorpada 3 remneparyporo 250°C, 1o npairoBaB y pexxumi moauty imkekii (split mode) 3
cniBBifHOMmEHHAM 1:30.

B pesynbTari BHKOpPHCTaHHsS ileHTH]IKalii OCHOBI Mac-CIEKTpiB 3 JIOTIOBHEHHSAM
IHJeKCaMH YTPUMYBaHHS Ta TeMIlepaTypaMu KHUIIIHHS 13 3arajbHOi KUIBKOCTI 269 mikiB
BCTAHOBJICHO HAJICXKHICTh MEBHUM ByriieBogHsAM 71 miky (60.5 % Big cymu 1iond ycix mikiB) 6e3
MOBTOPEHb Ha3B CIOJYK, 110 1HOAI MOYaTKOBO MpornoHyBanucs MSD inentudikariero.

1.Pakdel, H., & Roy, C. (1994). Simultaneous gas chromatographic—fourier transform
infrared spectroscopic—mass spectrometric analysis of synthetic fuel derived from used tire
vacuum pyrolysis oil, naphtha fraction. Journal of Chromatography A, 683(1), 203-214.
https://doi.org/10.1016/s0021-9673(94)89117-6

2. lomoxwuH 1., Konobuu C., [pucsokuuii 0., Yepiacokuit T., [Tumr’es C., @inobok B.
Cxnan pinkoi ¢pakiii TepMomi3y aBTOMOOUTPHUX MmHH. — X MDKHapOgHAa HAayKOBO-TEXHIYHA
koHpepeHuis «Iloctyn B HadTO-TazonepepoOHiit Ta HadTOXiMiuHIN mpomuciaoBocT» (APGIP-
10): 30: Te3 nonosineii. (18-23 Tpasus 2020 poky, JIbBiB, Ykpaina, HanionanbsHuii yHiBepcHTET
«JIpBiBChKA TOMTITEXHIKAY) — 384 ¢. - C.334-337.
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THERMOCHEMICAL DETERMINATION OF EXCESS ENERGIES IN ORGANIC
NITROGEN-CONTAINING HETEROCYCLIC COMPOUNDS
Kostiuk R. R.}, Gorak Y. I.2, Sobechko I. B.!
!Lviv Polytechnic National University, Lviv, Ukraine
?lvan Franko National University of Lviv, Lviv, Ukraine
Rostyslav.R.Kostiuk@Ilpnu.ua

The experimentally determined enthalpy of combustion (formation) of an organic
compound in the condensed state is one of the main thermochemical characteristics that contains
information about the energy of intra- and intermolecular interaction. The enthalpy of
vaporization (evaporation and sublimation) of substances is an integral part of the enthalpy of
formation of a compound in the condensed state and contains information about the energy of
intermolecular interaction. A joint analysis of these characteristics allows us to identify
theoretically important patterns of mutual influence of atoms in molecules.

The computational semi-empirical methods for determining the thermodynamic
characteristics of organic compounds, which are based on a significant amount of accumulated
experimental material and have recently become widespread, in particular, the method of
additive schemes, allow in many cases to make correct extrapolation calculations of the
thermochemical characteristics of unexplored substances. It is obvious that even with a
monotonous change in the composition of molecules in a homologous series, a sudden change in
the property may occur, which is associated with the realization of a favorable arrangement of
functional (especially polar) groups.In some cases, such anomalous phenomena can be predicted,
but it is not possible to quantify the change in the energy characteristics of a substance.
Therefore, it is useful to compare experimental and calculated values in order to identify
discrepancies in these characteristics, which (if the experimental value is reliable) may indicate
the presence of additional intra- or intermolecular interactions in a given compound that, in
principle, could not be taken into account in additive schemes.

When analyzing the enthalpies of formation in the gaseous state and evaporation of
nitrogen-containing heterocyclic compounds studied in our laboratory, it was found that:

. Existence of stress, stabilization and resonance energies in the gaseous state for
pyrrole derivatives (E=257.7+5.6 kJ/mol); for esters of 6-methyl-2-oxo-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylic acid (E=-22.5+3.1 kJ/mol).

. The existence of the energies of dipole-dipole interactions and hydrogen bonding
for pyrrole derivatives (E=25.2+3.5 kJ/mol); for esters of 6-methyl-2-oxo0-4-phenyl-1,2,3,4-
tetrahydropyrimidine-5-carboxylic acid (E=50.0+6.31 kJ/mol).
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BILIUB 1-TOJENWJIOKCUKAPEOHIJIMETAJIIPAJIVUHINA XJIOPUY HA
MOP®O-PI310JOT'TYHI XAPAKTEPUCTHUKHA IMPOPOCTKIB HACIHHSA
MNIIEHUAIT
Poraneceknii C. H.l, Tapactok O. I1. 1, bynko O. B.2, JIbommna JI. T2
Yncruryr Gioopraniunoi ximii Ta Hadroximii im. B.IT. Kyxaps HAH Vkpaiuu, Kuis, Ykpaina
2IHCTI/ITyT KJIITHHHOI O1oJiorii Ta reHeTnuHoi iHxkeHepii HAH Ykpainu, Kui, Ykpaina
e-mail: sergey.rogalsky@gmail.com

OmnieBi comi (OC) HanmexaTb OO OKPEMOro KJIacy BOJOPO3UYMHHHX TepOinuaiB i
PETYJIATOPIB POCTY POCIWH, SKi HaOyBalOTh 3pOCTAIOUOi TMOMYJSIPHOCTI B arpoxiMidHOMY
cekropi. Illupoke KomepIliiHE 3acTOCYBaHHS 3HAWIUIM  TakKi  CIONYKH, 5K  2-
XJIOPOCTHIITPUMETHIIAMOHIN Xopu 1 1,1’ -quMeTunminepuanHii XJI0pua, sSKi € peTapJaHTaMu
anTurioepeninoBoi aii. Pe3ynbTaTil HeaBHIX JOCTIIKEHb 3aCBIIYMIA MOKJIMBICTh BapirOBaHHS
6iostoriunoi aktuBHOCTI OC B MIMPOKMX MeXaxX KOMOIHYBaHHSIM KaTiOHIB Ta aHIOHIB Pi3HOI
OynoBu. 30KpeMa, OIMMCAHO HOBI PETYISTOPU POCTY POCIHH 3 ITiIBHIIECHOI e(EKTUBHICTIO Ha
OCHOBI1 COJICH 2-XJIOPOCTUATPUMETHIAMOHIIO, SIKI MICTATh B SKOCTI aHIOHA KHCJIOTHI 3aJIUIIKA
010JIOT1YHO AaKTHUBHHX KHCJIOT, B TOMY WYHCII KOMEpPUIHHMX (EHOKCHWIBHUX TepOilumiB.
Beenennss no ckmamy OC kaTioHIB 3 JOBTMMH aJKiTbHUMH 3aMICHUKAMU HAJa€ CHOJIyKam
IIUPOKOTO CHEKTPY AHTHMIKpOOHOI aKTHBHOCTI MPOTH TPaM-TO3UTUBHUX 1 I'paM-HETaTUBHUX
OaxTepiii, rpubiB Ta OiommiBok. B minomy, ionna mpupoaa OC aae MOXJIHMBICTE OTPUMYBATH
MIMPOKHUKA HaOip HOBUX MEPCHEKTHBHHUX 3aCO0IB 3aXHCTY POCIUH KOMIUIEKCHOI ii, SIKi MOXKYTh
MOETHYBATH BIIACTUBOCTI repOiluIiB, PyHTIIMIIB, pEHeNeHTiB 1 T. . B Toit xe dac B miTeparypi
o0MaJIb JAHWX CTOCOBHO PiCT-CTHMYJIIOI0OUYOi aKTUBHOCTI 10HHUX CITOJIYK HA POCIWHHI KYJIbTYPH.
Cnig 3a3HauuTH, 10 A0BrojianmoroBi OC 3 BUCOKOIO 0i0JIOTIYHOIO aKTUBHICTIO MOXKYTh MaTH
BUCOKY (DiTOTOKCHYHICTB 1 BIZIIIOBITHO MPUTHIYYBATH PICT 1 pO3BUTOK POCIHH. 3 II€T TOUKH 30PY
3HayHUil 1HTepec mnpeacTaBinAloTh OC, sKI MICTATh MOJAPHI €CTepHI TPyNU y CKIAIl
BYTJIEBOJIHEBUX 3aMICHUKIB. BiToMo, 110 Taki CHOJYKM MalOTh 3HAYHO MEHIIY TOKCUYHICTb Y
NOpPIBHAHHI 3 HE(YHKI[IOHAII30BaHUMH aHaJoraMmi, 30epiratouu mpu LbOMY JOCTaTHIA piBEHb
AHTUMIKPOOHOT aKTUBHOCTI.

VY 1iif poOOTI CHHTE30BAaHO JOBrOJAHLIOTOBY HIPUIUHIEBY Cib, (PYHKLIOHATI30BaHY
€CTEepPHOI0 Tpynow — 1-moAenrIoKCHKapOOHUTMETHIIPUANHINA XJIOpU 1 TOCHTIIPKEHO picT-
CTUMYJIIOIOUY aKTUBHICTb CIIOJIYKH Ha MIPOPOCTKH 3€pEeH MIICHHUII.

OyHKIIOHATI30BaHy MHIPUIUHIEBY ClIb CHHTe3yBaiHu 3a cxemor 1. Cymim 5 r (0.06
MoJb) nipuauHy 1 18.5 r (0.07 Monb) noaenuiaxiopaneraTy nepeMimryBanu 3a remnepatypu 100
°C Bopogosxk 6 roz. Ilicis oXonoKeHHsSI peakliiHOI CyMillli O KIMHATHOI TeMIlepaTrypu
OTPUMAaHUI TBEPAUN MPOIYKT OUUILYBAJIM MEPEKPUCTAITIZALIIEIO 3 €TUIIALIETATY.

1-nonermnokcukapoonimmerumipuauniit xmopua (PyrCH,COOC,-Cl)

TBepaa amopdHa croayka CBITIIO-KOPHUHEBOTO KOJIbOPY, T. 1. 71-73 °C.

'H SIMP (400 MI'n, CDCl3) 8 = 0.87 (1, J = 6.6 I'i, 3H, CH3), 1.25 (v, 18H, CH3(CHy)o),
1.61 (M, 2H, OCH2CHy), 4.19 (1, J = 7.0 ', 2H, OCHy), 6.18 (c, 2H, NCH), 8.06 (1, J = 6.9
I'n, 2H, C3-H, Cs-H), 8.5 (1, J=7.8 ', 1H, C4-H), 9.32 (1, J="7.3 T';, 2H, C,-H, Cg-H).

N 100 °C
| + CICH,COOC,H,5 (PyrCH,COOC,,-Cl)

I
CH,COOC, ,H,,

Cxema 1. Cunte3 mipuaunieBoi comi PyrCH,COOC,-Cl

Hacinns mmenunmi (T. aestivum L., copr «[lomonsiHka», YkpaiHa) MOpopoIyBain
riiponoHHuM MeronoM B vamkax Ilerpi miamerpom 10 cM, SKi MICTMAM BOAHI PO3YMHHU
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PyrCH,COOQOC,-Cl 3 xonuenTparismu 0.001%, 0.01% i 0.1%. KonTponbHi 3pa3ku OTpUMyBau
IIPOPOIIYBaHHSM HACiHHS B CEPEAOBUIIII TUCTHIHOBAHOI BOM. [HKYOyBaHHS 3€peH POBOIMIN B
TeMHOMY Micli 3a Temnepatypu 25 °C i Bomorocti mositps 70-90%. Iliciast mpopocTaHHS
HaClHMH iX TIEPEHOCWJIM Ha JIeHHe ocBiTIeHHSA. Po3mip kopens (L) 1 moexuny poctka (1)
BU3HAUaMu Ha 7-M neHb. [lirmedTn 1 dmaBoHoimu excrparyBanu 1 mut eranony (70%) 3 0.1 ¢
noApiOHEHOro 1 mpocistHoro 4yepe3 cuto (po3Mmip mop 1.5 mMm) cyxoro martepiany 3a 24 °C
BrpoaoBk 24 roa. Konuenrpanito xaopodiniB (Ca 1 Cp) Ta kapoTuHOigiB (Cyyp) (BU3HAUAIM HA
ciekrpodoromerpi FLUOstar” Omega (HiMeuunna) y GOTOMETPHIHOMY PEKHMI HA JOBKHHAX
xpunp 470, 649 1 665 Hm. 3arampHuil BmicT ¢naBoHoimiB  (Cyp,) BHU3HAUAIM
CHEKTPO(POTOMETPUYHUM METOJOM 3 BHUKOPHUCTAaHHSIM KOMIUIEKCOYTBOPEHHS 3 XJIOPHIIOM
TOMiHII0O Ha J0BXHHI xBuimi 415 wM. Kommiekc pyTuHYy 3 XJIOPHIOM —aOMiHiIO
BUKOPHCTOBYBAJIH SIK €TAJIOH.

PesynpTat BUMiproBaHb MOPQOIOTIUHUX XaPAKTEPUCTUK MPOPOCTKIB HACIHHS MIISHUII
HaBeieHo B Tabmuipix 1 1 2. O6pobka Hacinus posunHamu PyrCH,COOC,-Cl 3 koHIeHTpariero
0.1% cnpuunHsE CyTTEBE 3MEHILIEHHS] POCTOBUX IMOKA3HUKIB IMAaroHiB i KOPEHIB, MaCH POCIIHH, a
TaKO0 CHHTE3y MIrMeHTiB. B Toi e vac, po3unnu crnonyku 3 konuentpauismu 0.001% 1 0.01%
MOCWIIOIOTH PICT POCIWH, 30UIBIIYIOTH Macy Ta iX posMipu (puc. 1). 30Kkpema, y Marosis,
BUPOIIEHNX Ha po3unHax 3 koHueHTpauismu 0.01% 1 0.001%, BcTaHOBIEHO 301IbIIEHHS CUPOT
Macu B 3esieHi wyactuHi pociuH Ha 13% 1 30% BiANOBIZHO y MOPIBHSAHHI 3 KOHTPOJIBHUMHU
3pazkamu. MakcuMmanbHe 301IbIIEHHA AOBXKUHM maroHiB (Ha 15%) 1 kopeHiB (Ha 19%)
BcTaHoBieHo s kouieHrpariin PyrCH,COOC,-Cl 0.001% 1 0.01% BiamosigHo. Kpim Toro,
CIOCTEPIrajoch TOCWJICHHS MPOPOCTAaHHS HACIHHSA [JJI PO3YMHIB  yCIX  JIOCIHIIKEHHX
KOHIIEHTpaIlii (tadu. 1).

Tabmuus 1. ITpopocranss HaciHHs miieHuI mciast 0opooku PyrCH,COOC,,-Cl

g =

< =

e |2 g |¢= 2ls 2 g, &

jast [5) -~ « M
2|8 |28 |Ef=xg|fExggExg
3 Z8| 8. & ggmm g&mm_éamm
S 2wl =22 HERZ 22l g2xRg
1 | 01 104+7.8 71.1+112 | 59.6£12.9 | 76.7£9.5
2 | 001 | 119.8£10.1 | 105.5£9.9 | 80.9+11.2 | 115.8+11.3
3 [ 0.001| 108.6+9.9 | 115.3+10.6 | 107.5+9.5 | 106.2+10.8

Ta6muus 2. Brutus PyrCH,COOC,-Cl Ha Macy Ta BMiCT BOAM B KJIITHHAX MPOPOCTKIB MIIEHHUIII

3 3eneHa Maca Kopinns
o X X L X X °
= . 2 2 T . 2 @ ;
S < 5 & B = & B & B 2
& 2 g g8 z 22 | g8 z
= 2= = & = = & = g 2
= = =
an oc] S < S o < g < g o
v = g S £ = g = 3
O ‘@ O ‘m o O ‘@ O '@ o
0,1 [94.6£5.7 82.5+4.6 97.1£9.7 | 84,6=10,7 | 71.5£14.4 89.1£13.6
0.01 | 113.16+8.5 | 109+7.1 96.9£12.4 | 113,16+8,5 | 102.6+7.1 96.9+11.2
0.001 | 129.3+9.9 118.3+7.9 | 101.8+14.4 | 129,349,9 124.6+7.9 100.5+14.7
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Puc. 1. Hacinnas nuenuni yepe3 7 116 NpopollyBaHHs: 3/1iBa HAPaBO — KOHTPOJIbHI
3pa3ku i 3pa3ku, 00pobseHi Boguumu posuntHamu PyrCH,COOC,-Cl
3 koHuenTpauismu 0.01% 1 0.001%

3riiHO 3 pe3yJbTaTaMu CHEeKTPO(OTOMETPUYHOIO aHali3y, Hicis 7 110 mpopollyBaHHS
HacinHg Ha po3unHax PYrCH,COOC;,-Cl 3 konnentpamismu 0.01% i 0.001% migBuiyBascs
BMICT XJIOPOQITIB a i b, a Takok KapoOTHHOIAIB y maronax pociud (tadmn. 3). Lle cBimuuTh mpo
MO3UTHUBHUI BIUIMB MIPUAMHIEBOI COMi Ha (POTOCHHTE3YIOUY CHCTEMY POCIHMH. Y POCIHH, SIKi
BUPOCIIM B CepefoBUIl 13 KoHUeHTpamiero cronykd 0.1%, BIJHOIIEHHS CyMapHOi KiTbKOCTI
XJIOpOIiB 10 KUTBKOCTI KapOTHHOIMIB OyJI0 BABIYI OUIBIIMM Yy MOPIBHAHHI 3 KOHTPOJbHHUMHU
3paszkamu. /i pociauH, 06poOIeHnX po3YMHaMu MipUIUHIEBOI couli 3 KoHIeHTpauismMu 0.01% 1
0.001%, 11 MOKa3HUKH HE TIEPEBUIYBAIN KOHTPOJIbHI BeTHMUMHH. Lle CBITYUTH MPO BiACYTHICTH
(1310JI0TTYHOTO CTPECY B POCIMHAX 117 BILIMBOM PO34YMHIB CIOIYKH.

OcHOBHa KiJTBKICTh ()JIABOHOIIB CHHTE3YBAIACh Y 3€JIEHIN YacTHHI pOCIHH. Y MaroHax,
sIKi BUpOCIH B cepenonuii i3 kourentpariieo PyrCH,COOC,-Cl 0.1%, kinbkicTh (h1aBoHOIIIB
Oyma cmiBcTaBHa 3 KOHTPOJIBHUMH 3pazkamu. OO0poOka HaciHHs po3umHamu crionyku 0.01% i
0.001% 36inpiryBana KinbkicTh ¢uaBoHoiniB Ha 60% 1 40% BiamoBiAHO.

Ta6murs 3. Bruus PyrCH,COOC,-Cl Ha mirMeHTHHU# CKJ1a/ Ta KiTbKIiCTh ()JTaBOHOIIIB Y
MIPOPOCTKIB HACIHHS MIICHHMITI

KonnenTparis, % Ca, Mr/T Cp, Mr/T Crap, MI/T Cum Mr/T Cun, Mr/T
(3enena | (kopiHHS)

YacTHHA)
0 (KOHTPOJIB) 7.13£1.71 | 2.94+0.54 | 38.74+8.11 | 2.34+0.8 | 0.11+0.08
0.1 4,97+0.93 | 2.64+0.63 | 18.48+3.14 | 2.14+0.72 | 0.1+0.04
0.01 9.47+1.22 | 3.67+0.79 | 68.32+6.76 | 3.91+0.34 | 0.21+0.09
0.001 7.86+1.45 | 3.74+0.23 | 48.73+5.92 | 3.26+0.83 | 0.19+0.06

B minomy, pesynbraté MpOBEACHUX IOCTIIKEHb CBiMYaTh MPO 3HAYHE MOKPAIICHHS
MOp¢0-(]i31070TIUHUX XapaKTEPUCTUK MPOPOCTKIB HACIHHS MIIIEHUIII MICIIA iX 00pOOKH BOTHUMU
posurHamu mipuauHieBoi comi PyrCH,COOC,-Cl 3 konmentpamismu 0.01% i 0.001%. Pict-
CTHMYITIOIOUHI €PEKT CHOIYKH MPOSBISETHCS B TIOKPAIIEHH] TIPOPOCTAHHS POCINH, 301JIbIICHH]
iX Macu, JOBXWHHM TaroHiB i KimbkocTi kopeHiB. KiMm Toro, mipuauHi€Ba Ciib y BKa3aHHUX
KOHIICHTPAIlISIX Ma€ MO3UTUBHUH BIUIMB Ha (POTOCHHTETHYHI XapaKTEPUCTUKU MAroHiB MIIEHHMII],
SKUM TPOSBISETbCS y TMOCHJICHHI CHHTe3y XJjopodimiB 1 kaporunoinis. Ilpu 1pomy
CITIBBITHOIIICHHSI IMTMEHTIB 3aJUIIAETHCS HAa PIBHI KOHTPOJIBHUX MOKA3HUKIB, IO CBIIYUTH MPO
CTaOUIbHICTh IEPBUHHUX TpoLieciB GpoTocuctemu Il.

33



XAJBKOI'EHOT' AJIOTEHYBAHHS IHTEPHAJIBHUX AJIITIOXTIHA3OJIIHOHIB
Kyt JI. K.}, Kyr M. M.}, Onucsko M. 10
1JIBH3 «YxropoceKuii HamioHansHuil yHiBepcHTeT, Ykropox, Ykpaina
e-mail: diana.kut@uzhnu.edu.ua

Meton enexkTpodiabHOI BHYTPIITHBOMOJEKYISAPHOI MHUKMi3alii € eQeKTUBHUM s
OJIepKaHHA KOHJEGHCOBAHUX MOXIAHUX XIHA30JiHY, SKi BOJOMIIOTH IIHHUMHU O10JIOTIYHUMHU
aKTHBHOCTAMHU. HampsMok reTeporukimizaiii HalWdacTie 3ajJeXuTh BiJl HACTYMHUX (PaKTOPIB:
noJsipu3alii HEHACHYEHOTO 3B'3KY, MPUPOAU HYKICO(IIFHOrO LEHTPY, CTEPUUHUX e(eKTiB Ta
NPUPOIU  €ICKTPOIILHOTO peareHTy. BukopuctanHs I eleKTpodiIbHOT  IUKIII3aIli
TaJIOTeHI/IiB CEeJICHY Ta TEIypy BiIKpUBA€ HOBI CHHTETHYHI MO>KJIMBOCTI, OB s13aHI 13 CHHTE30M
010TIEPCIIEKTUBHUX CEICHO(TEIYpPO)BMICHUX Te€TEPOUUKIIB. TOMY METOIO HAIIOTO JOCIIiKEHHS
€ BCTAHOBJICHHS 3aKOHOMIPHOCTEH peakifiii enekTpodinbHOI rerepornukiizamii 3-mMmetui(penin)-
2-nuMeTrnania(nrHamin)Tioxinasonin-4(3H)-oHiB mia gi€ro XalabKOreHraaoreHiIiB.

O6’exTamMu asi JTOCT/DKEHHS pErioxXiMii mpolecy TreTepoaHeNtoBaHHS Oyio 0o0paHO
TUMeTHNaIUIbHUN 1 Ta nMHaMiIbHI TioeTepu 2, 3 XiHA30iHY. Y CTPYKTYpPi BUXIJTHUX CIOIYK €
QIKCHUTbHUA (parMeHT 3 KpaTHUM 3BSI3KOM Ta JIOJATKOBHH HYKJICO(ITBHUI LEHTP aTom
HITPOTEHY, SIKi CTBOPIOIOTH MIEPEYMOBH JJIsi aHEIFOBAHHS JI0JIATKOBOTO IIUKITY JIO XIHA30JIiHY.

VY peakuifix XaJbKOTE€HOTaJOTeHYBaHHS JJOCIIIKyBaHHX TioerepiB 1, 2 y OimbmocTi
BUMAJKIB BUIUIMTA Ta iAeHTU(]IKYyBaTH I1HAMBIAYyalbHI PEUOBMHU He Bpaanocs. HaiiOinbin
ONTUMAIILHUMH YMOBAaMHU CEJICHOOPOMYBAaHHSI IHTEpPHAIbHUX TioeTepiB 1, 2 BHSBHIOCH
BUKOPUCTAHHS XJIOPOQOPMY, SIK PO3ZYMHHMKA Ta KIMHATHa Temiiepatypa. B pesynbprari peakiii
Tioerepy 1 3 TerpaGpOMiZOM CeleHY BHAUIGHO NPOXYKT anemoBamus  1-(2-(di(A?-
bromaneylidene)bromo-A’-selaneyl)propan-2-yl)-5-oxo-4-phenyl-1,2,4,5-tetrahydrothiazolo[3,2-
aJquinazolin-10-ium anrynspuoi OynoBu 4, a y BUNAAKy UUHAMUIBHOIO Tioetepy 2 —
Tia3WHOX1HA30JIIHIN Opomin 5.

R'=R’=CH, Br
R

0
Ph
7
N
A
N* S
_Ph H,C

N S¢0, + 6HBr H,C 4

— SeBr
)\ CHCI, :

R NZ s o
1,2 f R=H, R>=Ph ,Ph
| — N
R!” "R? ,J\ Br-
3: R=H, R'=R’=CH, R N 7S

4: R=CF;, R'=H, R>=Ph Ph 5
SeBr;
BukopuctaHHs TeTparajoreHifiB Telypy B peakmii 3 IIMHAMUTBHAM TiOeTepoM 3 Y

XJIOpOOpMi 3MIHIOE HANIPSIMOK PEakIii 1 IPUBOAUTH JI0 YTBOPEHHS KOMILIEKCIB 6, 7.

,CH; JCH;
N N
)\ TeO, + 6HHal
Z /k
N S CHCl, - N/ S
3 Hal=Cl, Br K
| Hal *FZ ______
Hal—’l/"e | 6,7
Ph Hal Ph

Otmxe, ceneHoOpoMyBaHHS  3-MeTHI((EH1T)-2-TUMETHIATUI(IIUHAMLUI)TIOX1HA301H-
4(3H)-oniB BiOyBa€THCS PETIOCEICKTHBHO 13 aAHETIOBAHHSIM Tia30JbHOTO ab0 Tia3MHOBOTO
IUKJTIB IO OCTOBA XiHa30J1iHy. HaToMiCTh, IpH 3aMiHi CeJieHy B €JIeKTpO(UIBHOMY peareHTi Ha
TEIyp PEeaKIlis reTepoaHeTOBaHHS HE BiIOYBAETHCS, @ YTBOPIOIOTHCS MOJICKYJISIPHI KOMITIEKCH.
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TEOPETHYHI 1Y CIIEKTPU MAJIETHATHUX n-AIIMJOAKBAKOMILJIEKCIB Cu®
Y BOAJHOMY PO3YHHI
Kypacosa 1O. ., Ocoxkin €. C., [Tonoucekuii B. A., Bapramox B. ®.
JHinpoBchkuil HarlioHAIbHKM yHIBepcuTeT iM. O. ['onuapa, [Hinpo, Ykpaina
osokin@cf.dnu.dp.ua

Panime Oyno BCTaHOBJIEHO, IO Y BOJAHOMY PO3YMHI MOXYTh YTBOPIOBATHUCH CTaOiIbHI
ManeiHaTHi m-anugoakBakommuiekcu [Cu’(H,0)3(HM )] ta [Cu’(H,0)3(HaM)] [1]. Ane i moci He
Ma€ YITKOTO YSBJICHHS IPO pEAIbHY CTPYKTYpPY TaKMX KOMIUIEKCiB. OmHUM 13 MeETOMiB
BCTAHOBJICHHSI CTPYKTYPH METaJOOPTraHIYHHX CHOJYK € iH(ppadepBOHA CIEKTpOCKomis. Tomy
IPEJCTaBIIUIO IHTEpEC po3paxyBaTH Ta IHTEPIIPETYBATH iH(PauepBOHI CIIEKTPH AJIsi KOMILIEKCIB
[CU+(H20)3(HM7)], [CU+(H20)3(H2M)] Ta [Cu+(H20)(HMi)], [CU+(H20)(H2M)] JJ1s1
HOPIBHSHHSL.

Mertoro naHoi poOOTH Oyli0 TPOBEIEHHS PO3PaxyHKY KOJIMBAIBHOTO iH(PpPaYepBOHOTO
crekTpy ms m-komrekcis cknaay [Cu’(H20)3(HM )], [Cu®(H20)3(HM)], [Cu®(H20)(HM )] ta
[Cu*(H,0)(H2M)]. MeTomuka NpoBeleHHS KBAHTOBO-XIMiUHMX pO3paxyHKiB HaBeJEHA B
poborax [1, 2].

Pospaxynku IY cnektpiB mokaszanu, mio OiIbIICTh KOMIUIEKCIB Ma€ MOMIOHI CMYyru
TIOTJIMHAHHS, ale € i AesKi BiaMinaocti. Hanpuknan ais kommiekey [Cu’(H20)s(HM)](puc. 1)
Ha BIAMIHY BiJ] 1HIIUX CIIOCTEPIra€ThCsl TOCUTh IHTEHCHMBHA CMYTa MOTJIMHAHHS B oOsacti 2759
cM ', SiKa BHKIMKAHA KOJMBAHHSM BOIHEBOTO 3B’SI3KY MK MOJIEKYJIOK BOAM Y BHYTPIIIHii
KOOpAMHAIIMHIN cdepl KOMIUIEKCY Ta JEeMpOTOHOBAHOI KapOOKCHIIbHOI TpymH MayeiHOBOT
kucinoTH. KonuBaHHS Apyroro Mi>KMOJIEKYJISIPHOTO BOJHEBOTO 3B 513Ky MiX MOJIEKYJIOK BOAM Ta
IIPOTOHOBAHOK (hOPMOIO KapGOKCHIIBHOT IPYIIH JISKHTH B 06IacTi 3633 cM *. Take KOTHBAHHS
MokHa iHTepnperyBat sk H-O---H---"OO0C. Jlns xommuekcy [Cu’(H20)s(HoM)] me
CTIOCTEpIraeThCs TAKOTO iHTeHCHBHOTO KonmBanHs Ak as [Cu’(H20)3(HM) ] (puc. 1), ockinbku
kommeke [Cu’(H,0)3(H,M)] He Mae aenpoToHOBaHOT KapOOKCUIBLHOT IPYTIH Ta Ma€ JTUIIE OUH
MIKMOJTEKYIAPHHiT BOJXHEBHH 3B’SI30K 31 CMYrOI0 OTIMHAHHS B 0071acTi 3544 cM

Puc. 1. n-xommrexe [Cu’(H20)3(HM)]

Bbyno mokaszaHno, sik 0co61MBOCTI Oy/IOBM KOMIUIEKCIB BIIMBAIOTh Ha KojuBaHHS C=C-
3B 513Ky MasleiHOBOT KMCIOTH B sikocTi miranay. s kommiekcy [Cu’(H20)s(HM™)] konuBanus
C=C-3B’s13Ky BinbyBaeThes B o6macti 1527 em , a wist [Cu’(H,0)3(H2M)] B o6macti 1552 ev ™.
Jlns nopisHsHHA Gynu po3paxosasi IU crextpu ans kommiekcis Cu’ 3 01Hi€I0 MOIEKYJIOK BOIH
y BHYTpimHiii koopmuHamiigii coepi [Cu’(H20)(HM)] ta [Cu’(H,0)(H:M)], mis sxux
konmuBaHHs C=C-dparmenty cknano — 1558 ta 1582 CM_l, BimoBiAHO. TOOTO, BUIHO, IO CMYTH
MOTJIMHAHHS KOMILUIEKCIB 3 IEMPOTOHOBAHOI0 KapOOKCHIFHOK TPYIO0 MAlOTh MEHIII 3HAYCHHS
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XBWJILOBOT'O YnCiIa. TakoX BUIHO SIK BIUIMBAE KUTBKICTh MOJICKYJI BOJU HAa CMYTH MOTJIMHAHHS.
Hampukian 31 30UIbIIEHHSIM MOJIEKYJI BOAM Yy BHYTPIIIHIA KOOpAWHAIINWHIA cdepl 3HAYCHHS
XBWILOBOTO uucia Juist komuBanHs C=C-rpynu mae Outblni 3HaueHHs. [l KOMIUIEKCIB
[Cu™(H,0)(HM)] Ta [Cu'(H20)(H,M)] dgiTko crocTepiraeThesi cnaboOiHTEHCHBHI IU(pPaKIiiiHi
KOJIUBAHHS G-3B’SI3KY Cu'-H,0 B obmactsix 407 Ta 448 CM_l, BiAmoBigHO. i1 KOMILICKCIB 3
TpbOMa MOJICKYJAMH BOJM TaKOT'O YITKOTO PO3MEXKYBaHHs He Mae. J[s BCiX KOMIUICKCIB
crocTepiraeThesl KoMuBaHHA m-3B'a3ky CU™ 3 ommmm atomom KapGomy: [Cu’(H.0)3(H:M)] —
556 cM 1 [Cu*(H20)3(HaM)] — 520 em .

4264. 3837. 3411 2984 2538. 2132. 1705. 1279. 852.8 426.4 0.000
-146. i i H i i h 1 i 3 146,

29.394 T _ N g Bk . N\ AT
205.74 L ‘— d “‘ | \ R [ " [ L N F20s.7
382.14 . 1 ““ ( Fas2.1
558.54 | v V [ V ! . f-ss8.5
734.94 | ' F734.9
91134 for13
1087.4 F1087.
1264.4 | F1264.

1440.4 | F1440.

v T T T T T T T v 1616.
64. 3837. 3411, 2984 2558. 2132, 1705. 1279. 852.8 426.4 0.000
em?

Puc. 2. Pospaxynkosuii IU cnextp n-kommiekcy [Cu’(H,0)3(HM)]
B momanbimioMy mpoBEACHI TEOPETHUYHI pO3paxXyHKH OyAyTh TOPIBHIOBATHCH 3
eKCIepUMEHTATbHUMU [Y-crieKTpamMu, M0 JacTh MOXKJIHMBICTh MIATBEPAUTH CTPYKTYPY
JOCTIIKYBAaHUX TT-KOMILIEKCIB.

1616.
424

Cnucok Jiteparypu
1. Features of (dz-pm)-binding of Cu(l) ions with acrylic, maleic and fumaric acids in
aqueous solution / V. F. Vargalyuk, Y. S. Osokin, V. A. Polonskyy, V. N. Glushkov // Journal of
Chemistry and Technologies. — 2019. — Vol. 27. — P. 148-157.
2. Vargalyuk V. F. Formation of the n-complexes of copper atoms with acrylic, maleic
and fumaric acids in aqueous medium / V. F. Vargalyuk, Y. S. Osokin, V. A. Polonskyy //
Journal of Chemistry and Technologies. — 2020. — Vol. 28, No. 2. — P. 153-160.
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CHUHTE3 ITIOBEPXHEBO-AKTUBHUX PEYHOBUH HA OCHOBI
o-TIZIPOKCUKAPEOHOBHUX KHUCJIOT TA IX JIAKTOHIB
Kysnenona K. 1., ®aeituyk P. 1., I'eBych O. L.
HamionaneHuii yHiBepcuTeT «JIbBiBChKA MOJIITEXHIKA
Kateryna.l.Kuznetsova@Ipnu.ua

CaxapunosmicHi [TAP y 3B’53Ky 3 BHCOKOIO Oi0TOJIEPAHTHICTIO 3HAXOSATH BCE LIUPIIE
3aCTOCYyBaHHA Yy (hapMalleBTHYHIM MPOMHUCIOBOCTI Ta MPU BUTOTOBJICHHI CaHITApPHO-TITI€HIYHUX
Ta KOCMETHYHUX 3ac00iB. BpaxoBytoun Te, 1m0 HamMu po3po0aeHO epEeKTUBHUN METOJA CHHTE3Y
TAPOKCUKAPOOHOBUX KHUCJIOT, BUKIMKAIO MPAKTUUHUN 1HTEpeC 3aCTOCYBATH iX AJI OJlep>KaHHs
[TAP.

VY psaai poOiT, BUKOHaHMX Ha Kadeapi opraHiyHoi ximii HarioHasbHOTO yHIBEpCHUTETY
«JIpBiBCHKA TOJMITEXHIKA», OYJIO MMOKA3aHO, IO CIIOIYKH, Y SIKUX POJb TiApo(diIbHOI CKIag0BOT
BUKOHYE (parMeHT caxapuuy, a JIno(uUIbHUM OJIOKOM € 3aJIMIIOK KapOOHOBOI KHUCIOTH €
e(eKTUBHIUMH MOBEPXHEBO-aKTUBHUMH peuoBHHaMHU [1]. OCTaHHIM 4acoOM TaKOX IHTEHCHBHO
JOCTIIKYETbCSI TAaKHM KJIaC MOBEPXHEBO-aKTHMBHHUX PEUOBUH, SIKI MICTATH CHapeHi JinodiipH1
abo rigpodineHi 610KH, TaK 3BaHi «Gemini-surfactants» - cypakTaHTH — OIU3HIOKH.

Peakiiero Aii30mpoIniiIeHraIaKTOIPaHO3H 3 JJAKTOHOM 8-TiIPOKCUKAIPUIOBOI KHCIIOTH
OJIEPKAHO CaxapUAOBMICHHIA ecTep Mi€i TiJPOKCHKUCIOTH 3a MepBUHHOK Tpynoro OH
3aXUIIEHOT TaJaKTO3H.

Cxema 1

CH3COOH HO., O 0,:'“\_,/“\_/\/\\/0"'
80°C HD"'RIICIH 4

OH

Cripobu MpoBECTH aHAJOTIUHY PEakKIiio 3 Jii30MPONuUIeHIIIOKO()YPaHO30k0 0 YCHiXy
He TpuBenu (cxema 2). MIMOBIpHO, IO NPHYMHOIO ILOMY € CTEpHYHi 3aTPyAHEHHS Oins
BropuHHOI rpynu OH caxapuay. OCHOBHOIO peakiii€o, sika BifOyBajacs y BKa3aHUX yMOBax
Oyna momjimepusallisi JakTOHY. BMicT caxapuJoBMICHOrO ecTepy Yy peakuiiHii cywimi OyB
HE3HAYHUM 1 PO3JIUIUTHU MPOIYKTH peakLii He BIAJIOCh.

Yoo 7

O o o

1 e e (3 e O
\n/\/\/\/\o H g OH + 0O —%>» O \n/\/\/\/\ OH
o} n . s % °
o><o ><

[TpoBeneHo peakIiifo TIIOKO3U 3 8-TiIPOKCHOKTaHOBOK KHcioTor (cxema 3). Ilpwm
B33a€MOJII1 IUX CIONYK BiOYyBarOThCs AEKUIbKA MapaleilbHO-TIOCHIIOBHUX peakiii. Ha mouyatky
B33a€MOJIii OCHOBHOIO 3 HHMX € aJKUIIOBAHHS TIIOKOMipaHo3u (6) 3a TIIIKO3UIHUM TiJpOKCHIOM
NEPBUHHOIO TiIPOKCHIIBHOIO T'PYIOI0 TiAPOKCUKHUCIOTH (5) 3 YTBOPEHHAM ®-CaxapuaOBMiCHOI
kucnotd. OCTaHHsSI BCTyHae y TOCHIJIOBHY peakiilo ecTtepudikaiii caxapuiay 3 YTBOPEHHSIM
cnonyku (9), sika MICTUTb JIBa CaxapUAHUX (ParMeHTH, 3’ €THAHUX 3AJTUIIKOM T'lIPOKCHUKHCIOTH

2]

Cxema 2
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Cxema 3

Hel, 8o%c  HO.,

HO

Kpim miei peakuii BinOyBaeThcsi mapainenbHa peakuis erepudikamii riaroxodypaHo3u
T1IPOKCUKUCIOTO0 HMOBIPHO 3a nepBUHHOO Tpymnoro OH.

BcTaHOBUTH TONIOKEHHST BXOKEHHS 3aJIMIIKY T1IPOKCUKHUCIOTH Il BCIX PEYOBUH HE
BJAJIOCh, OJIHAK OCHOBHUM IIPOAYKTOM € HEBIJHOBIIOIOUMHA caxapuja, TOOTO 3aMillleHHs, B
OCHOBHOMY BiZIOYBa€ThCS, 32 TIIKO3UTHUMH T1IPOKCHIIEHUMH TPYIIaMHU.

3HSTO 130TEPMH IOBEPXHEBOIO HATSTY JUIsl CHHTE30BaHHX CIONYK. (puc. 1).
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Pucynox 1. I3orepmu moBepxHeBOro HaTiary caxapuaoBMmicHux IIAP (1- mus
ranakto3oBMicHoro [TAP 3; 2- s TTAP 4; 3-TTAP 9)

TakuM YMHOM, pEaKLi€l TiIPOKCUKANPUIOBOI KHUCIOTH Ta KalpUJIOJIAKTOHY 3
[NIIOKO(QYpPaHO3010 Ta TalaKTOINIPAaHO30l0 OJEP’KAHO TMOXIJHI CaxapuliB, SKI MPOSBIAIOTH
MOBEPXHEBY aKTUBHICTb, 3HWKYIOUH TOBEPXHEBUI HATAT HA MEXI1 BOAA-TIOBITPA.

1. Byituuk JI. b. CunTe3 MOHOMEpIB Ta iHILIaTOPiB Ha OCHOBI MOHO- Ta IMOJIICaXapHIiB :
aBTopedepar aucepTallii Ha 3400yTTS HAyKOBOTO CTYIEHs KaHauaaTa XxiMiyHux Hayk : 02.00.03
— opraniyna ximis / Jlinis bormaniBna Byiinuk ; HamionanpHmii yHiBepcuteT '"JIbBiBChKa
nojitexnika". — JIeBiB, 2009

2. OpepxaHHS CaxapHIOBMICHUX IIOBEPXHEBO-aKTUBHUX pEUYOBHMH Ha OCHOBI 8-
rigpokcuoktanoBoi kuciaotu» / K.I. Kysmemosa, P.I. ®@neituyk, O.l. I'eBych //Chemistry,

technology and application of substances. Ximisi, TeXHOJIOTisI pe4OBHH Ta iX 3acTocyBaHHs, 2019,
Vol. 2, Ne 1., P. 28-33 (DOI 10.23939/ctas2019.01.028)
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APPLICATION OF POLYMER MODIFICATIONS TO EVALUATE THE
RESPONSE OF NSIP- AND IPF-DERIVED FIBROBLASTS
Svitlana Tymetska 2, Natalia Janiszewska >, Barbara Orzechowska 3, Kamil Awsiuk ', Jakub
Rysz *and Joanna Raczkowska **
LJagiellonian University, Faculty of Physics, Astronomy and Applied Computer Science, The
Marian Smoluchowski Institute of Physics, Lojasiewicza 11, 30-428 Krakow, Poland
%) agiellonian University, Doctoral School of Exact and Natural Sciences, Lojasiewicza 11, 30-348
Krakéw, Poland
% Institute of Nuclear Physics Polish Academy of Sciences, Radzikowskiego 152, 31-342Krakow,
Poland
4 agiellonian Center of Biomedical Imaging, Jagiellonian University, Lojasiewicza 11, 30-348
Krakéw, Poland
e-mail: joanna.raczkowska@uj.edu.pl

Idiopathic pulmonary fibrosis (IPF) and nonspecific interstitial pneumonia (NSIP), belong to
the family of interstitial lung diseases. These two illnesses strongly mimic each other, they have
similar clinical manifestations, thus the diagnostic process is long, complicated, and not always
accurate, rendering proper treatment and strongly decreasing the prognosis for patients.Hence, there
is a pressing imperative for developing expeditious and efficacious diagnostic techniques to
discriminate among these maladies.

Lung fibroblasts in IPF andNSIP are surrounded by specific environments, characterized
byincreased stiffness, aberrant extracellular matrix (ECM) composition, and altered lung
architecture. The underlying objective of thisresearch was to investigate the effect of the
polymersubstrate's biological, physical, and topographical modification on the properties of IPF-
and NSIP-derived fibroblasts, and search for the parameters enabling their identification. Soft and
stiffpolydimethylsiloxane (PDMS) was chosen for the basic substrates, the properties of which were
subsequently tuned. To determine the impact of substrate topography on the growth of healthy and
fibrotic fibroblasts, they were cultured on 3D regular and isotropic patterns. For this purpose, 3D
PDMS substrates were prepared using two approaches. In the first one, porous structures were
fabricated in PDMS material by incorporating sugar (normal or fine) or salt particles into the PDMS
mixture, which were removed after solidification of the substrate. In the second approach,
topographical patterns were prepared using soft lithographic molding of PDMS on SU-8 masters,
fabricated using foil masks printed on a homebuilt photoplotter. As a result, 3D PDMS structures
mimicking natural (Figure 1a) and, typical for IPF, honeycomb (Figure 1b) lung architectures were
fabricated. The growth of cells on soft and stiff PDMS covered with proteins traced using
fluorescence microscopy, confirmed an alteredbehavior of healthy and IPF- and NSIP-derived
fibroblasts in response to the modified substrate properties, enabling their identification. In turn,
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Fig. 1.(a) Isotropic and (b) honeycomb mas

3D structures by PDMS

IN. Janiszewska, S. Tymetska et al., International Journal of Molecular Sciences 23 (2022) 14714
2 B. Orzechowska, et al. International Journal of Molecular Sciences 23 (2022) 2162
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SUSTAINABLE INSULATION FOAMS FROM VEGETABLE OILS WITH
RECYCLABILITY “ON DEMAND”
Demchuk Z., Cortez Guzman K., Saito T., Hun D.
Chemical Sciences Division, Oak Ridge National Laboratory, Oak Ridge, TN, 37830, USA
demchukz@ornl.gov

Polymer foams have been widely used as thermal insulation products due to their low cost,
good insulation properties, and mechanical performance. Polymer insulation foams are primarily
derived from petroleum because of the availability of feedstock, low prices, and established
production methods. However, alternative feedstocks for polymer foams are being sought because
of the high embodied carbon of petroleum-based materials. In particular, the use of renewable, bio-
derived resources as starting materials in foam fabrication has been gaining attention.

In our study, we are developing a series of biobased polymer insulation foams that have
lower embodied energy, low carbon content, and less environmental impact compared to petroleum-
based thermoset foams. The insulation foams are synthesized using acrylated epoxidized vegetable
oil and crosslinkers with 60% to 90% of renewable carbon content. Blowing agents with low
toxicity and global warming potential are also utilized for foam formation to reduce the
environmental impact. The resulting foams have high porosity values, improved thermal resistance,
and low density. Moreover, we also pursued making the biobased polymer foams recyclable by the
incorporation of dynamic covalent bonds in the polymer network. Life cycle assessments (LCAS)
are used to evaluate the environmental impact and energy consumption of the designed polymer
foams. The comparativeLCA model showed a significant reduction of carbon footprint (by 65 %)
while introducing biobased feedstocks in foam formulation compared with petroleum-based
insulation foams.

Reduced Embodied Energy

— v o

Reduced “ B, N
emissions | | \/
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+

Biobased Energy &
Crosslinkers Efficient Z: ’

Fig. 1. The sustainable approach for the development of biobased insulation foams
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CTBOPEHHS KOITOJIMEPHUX IITOK, UYTJUBUX A0 AIi 30BHIIITHIX
YUHHMKIB, 3 METOIO 3ACTOCYBAHHS Y TKAHUHHIN THXKEHEPII
LlInmGopeska 5. A.%, Jlonuax B. A.Y, Creupmmn 10. B.!
'Haujonansuuit yHiBepcuTeT «JIbBiBChbKa moJiiTexHika», JIbBIB, Ykpaina
yana.a.shymborska@Ipnu.ua

B octanHi gecATHIIITTS MOJIIMEpH, 1110 3/1aTHI pearyBaTy Ta 3MiHIOBaTH CBOi BIACTUBOCTI i
BIUIMBOM HE3HAYHUX 3MiH Yy 30BHIIIHHOMY CEPEIOBUIII (TaKUX SK TEMIIEpaTypa, BOJOTICTh, CBITJIO,
pH, enexTpuyHe 4M Mar"iTHE MOJIe TOIIO), 3aXOIUTIOI0Th BCe OLIbIle yBaru TOCTiAHUKIB. ["amy3smu
3aCTOCYBaHHA TaKMX MaTepialiB € MeIUIMHA, MaTepialo3HaBCTBO Ta MpoMUcIoBicTb. HoBi
TEHJIEHIII y TKAaHWHHIA iHKeHepii mnependavyaroTb BHKOPUCTAHHS TMOJIMEPHHX MIITOK,
npumieruieHnx A0 noepxHi [1]. IIpore moTeHmian Takux MOJIMEPHHUX TOKPHUTTIB Yy TKaHUHHIN
imkeHepii Moxxke OyTH OOMeXeHH B 3B’S3Ky 3 TakUMH HEIOJIKaMH, SK: HEBIiAMOBiaHA
3MOYYBaHICTh TTOBEPXHI, cJIa0Ka 3BOPOTHS PEaKIlis Ha JiF0 YNHHHUKA (HAIPUKJIIAJ, 3MOUYYBAaHOCTI Ha
TEMIIepaTypy), 3HAUCHHS KPUTHYHOI TEMIIEpaTypd pO3IIApyBaHHS JaleKo 3a MeXaMu
¢bi3i070TiYHOT TemmepaTypH, HECIOJiBaHa MOBeAIHKAa B OydepHuUx po3umHax [2], HemocTaTHsS
010CYMICHICTh 1 TOKCHYHICTh JJs KITHH, a TaKOX TpyIHOUI 3 jgecopOmiero OiIKiB i
BiJlIIIApYyBaHHAM KIITUH. J{7s BUpIMIEHHS IMX MpoOJieM KIII0UOBa CTpaTeris mependadae 3aMiHy
TOMOIIOJIIMEPIB KOMOJIIMEpaMH B TIPOIIEC CHHTE3Y MOJIIMEPHUX MTOKPHUTTIB.

VY nocnipkeHHsIX Oyna BUKOpPHCTaHA paJuKaibHa MOJIMepU3allisl 3 IepeHEeCeHHSIM aToMy 3
METOI0 CHHTE3Y KOIOJIIMEPHUX IIITOK, IPUIICTUICHUX O CKJISTHOI TTOBEPXHI 1 3/JaTHUX pearyBaTH Ha
3MiHM Temnepatrypu T1a pH. Jlns mocsrHeHHs AaHoi MeTH HamH Oyj0 MO€qHAHO a00pe Bigomi
MOHOMEpH, TakKi SK: eTWIOBHH eTep TpueTwiIeHrTikoisMoHOMeTakpwiaty (OEGMAIS8S),
akpunamin (AAm), 2-rigpokcuerunmerakpuiaar (HEMA) 1 N-izonpominakpunamin (NIPAM), mo
MIPU3BEIIO JIO CTBOPEHHS KOTIOMIMEPHHX IIITOK 3 Oa’KaHMMH BJIACTUBOCTSIMHU:

& KomnonimepHa miitka Ha ocHOoBi P(OEGMA188-c0-AAm) 3 BucOKkMM BMicTOM AAm B
MOJIIMEpHOMY JIAHIIO31 TMOKa3yBaJla MiICHIICHY BiJIIOBIIb 3MOYYBaHOCTI MOBEPXHI Ha 3MiHY
TEMIIepaTypu, a TaKOX «IIU30(PPEHIYHY» MOBEAIHKY 3MOUYBAHOCTI MPU PI3HUX 3HAUEHHSIX
pH [3];

& [loegnanns OEGMA ta HEMA npu3Boauio 10 3HUKEHHS 3HAYEHHS HUKHOI KPUTUYHOL
temneparypu posuiapyBaHHs (LCST) komosniMepHOi HIITKM 3a YMOBH HHU3BKOTO BMICTY
HEMA, toni ax Oinbm Bucokuii BMict HEMA BmnuBaB Ha mpupoay camoro mepexoiy,
3aMIHIOIOYM HWKHIO KpUTHYHY TeMIlepaTypy posmapyBanHs Ha BepxHio (UCST);

& LCST ouikyBaHO 3pocTana Ajs KomodiMepHoi mitTku Ha ocHOBI P(NIPAM-co-HEMA) 3
o1t BUcOkuM BMicToM NIPAM, npote BigOyBanocs moBHE OJOKyBaHHS TEMIIEPaTypHOTO
Mepexo.1y JUIsl EKBIMOJIIPHOTO CIiBBiAHOIICHHS MOHOMEDIB.

Kpim TOrO, pe3ynpTat KyJIbTUBYBAaHHS KIITHH Ta MPOBEIEHUX TECTIB MPOJEMOHCTPYBAIH
BIJICYTHICTh IUTOTOKCUYHOCTI KOIIOJIIMEPHUX MOKPUTTIB Ta 1X 37JaTHICTh BIUIUBATH HA MOP(QOJIOTi0
¢16pobnacTiB mpu 3MiHI TeMmieparypu. Takum UYHMHOM, KOIOJIMEpHI IIITKH, CUHTE30BaHI 3
BUKOPHUCTAHHIM pi3HHX KOMOiHaIlii Ta CHIBBIIHOIIEHb J00Ope BIJOMHX MOHOMEDIB,
XapaKTepU3YIOThCS CKJIATHOIO MOBEAIHKOI 3MOYYBAHOCTI, L0 3aJI€KUTh BiJ Temneparypu 1 pH ta
OXOIUTIOE PI3HOMAHITHI MEPEXOAH, B TOMY YHCII 1 «ITH30(pEHIUHI» SBUIIA.

Cnucok BUKOPUCTAHHUX JIKEpPeEI:

[1] Y. Shymborska et al., Chem. Rec. 2023, in press, DOI: 10.1002/tcr.202300217

[2] Y. Shymborska et al., Colloid Polym. Sci. 2022, 300, 487, DOI: 10.1007/s00396-022-04959-1
[3] Y. Shymborska et al., ACS Appl. Mater. Interfaces 2023, 15, 8676, DOI:
10.1021/acsami.2c20395
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CHUHTE3 TA BJACTUBOCTI I'lbPUIHUX I'TIPOTEJIIB HA OCHOBI XKEJIATUHY
CTPYKTYPOBAHOI'O JUEINNOKCUAOM INOJIETUJIEHTJIIKOJIIO
Maiikosuu O. B."?, Hocosa H. F.Z, Ocramis /]. I[.S, ITacerTo H.l, Camapuk B. A1. 2
Bapgapenko C. M.2
"ncruryr Monekyn i marepianis Jle Many, dbakysibTeT HayKH i TexHomorii, yHiBepeuter Jle Many,
72085, m. JIe MaH, ®panitis
’Kadespa oprasigsoi ximii, iHcTHTYT XiMmii i XimMiurnx Texnomorii, Hanionansuuii yaiBepcurer
«JIpBiBCcBbKa moiTexHikay, 79013, M. JIpBiB, YKpaiHa
3IHCTI/ITyT 6ionorii TBapun HAAH, 79034, m. JIbBiB, Ykpaina
olha.v.maikovych@Ipnu.ua

B ocTanHi poku riOpuaHi TiAporesi Ha OCHOBI NMPUPOJIHHUX IMOJiMEpiB (NEKTHH, KEJIATHH,
aJIbriHAT) OTPUMYIOTh BCE OUTBIIE yBard 3aBISKU IXHIM YHIKQJIbHUM BJIACTUBOCTSM Ta MOTEHLIATY
JUTSl 3aCTOCYBAaHHS Yy MeAuIMHI, dhapmartii, 6ioorii, 6i0TeXHOI0rIi Ta 1H. 3Ba)Kalouu Ha BEIUYE3HY
KUIBKICTh HOBHX TIOBIJIOMJICHb MPO OTPUMAHHS Ta JOCTI/PKEHHS BIACTHBOCTEH TiIpOTeEINiB, IS
TeMaTHKa 3aJMIIAEThCA aKTyanbHOr0. OcoOiMBe 3HAaueHHS Mae i1HQOpMalis Hpo BIACTUBOCTI
TiIporeseBuX MEIUYHUX 3ac00iB, 30KpeMa, B YMOBAaX MaKCUMAJIbHO HAOIMKEHUX J0 MPAKTHIHOTO
3aCTOCYBaHHS, 110 € KJIIOYOBUM ITYHKTOM Yy CTpaTerii nepexoay 10 MepCcOoHaII30BaHOT MEIULIMHH,
sKa € HAaHaKTyaJbHIIIO0 B HAIII Yac.

B po60Ti HaBeieHO pe3ynbTaTH eKCIIEPUMEHTAIBHUX AOCIHIHKEHb T1IpOreiIiB OTpPUMaHUX Ha
OCHOBI JKEIaTUHY CTPYKTYpOBAaHOTO TEJIEXEIbHUM JUENOKCHIOM MOJIETHICHITIKOIIO. 3pa3Ku
CHUHTE30BaHMX TiJPOreNiB OXapaKTepH30BaHI METOJAMHU CKaHYBAJIbHOI €JIEKTPOHHOI MIKPOCKOIMII,
iH(ppaYepBOHOT CIIEKTPOCKOMIi. 31aTHICTD 0 HAOPSIKAaHHS KEJTATHHOBHUX T1IpOTEIiB BUBYAIH Y BOAI
Ta PI3HUX MOJEIbHUX cepenoBumax ((izionoriyHuii po3uwH, piguHa Piarepa, d¢ocdaTHui
OydepHuii po3unH, ekcyaar). OTpuMaHi pe3yJbTaTH 3aI0BOJBHSIOTH BUMOTH JIO TIAPOTETIB B
MEIMYHIN ramysi, a came, CTylmiHb HaOpsikaHHS y BoJi € B Mexax 400 — 500 %, B ekcyaati 150 —
200 %. MexaHiuHi JIOCHIIPKCHHS TOKa3aJd, M0 3a ONTUMAJIbHUX CIIIBBIIHOIICHHh OJICPKaHI
riiporeseBi MaTepiajiu € MEXaHIYHO CTINKMMHU Ta BUTPUMYIOTh HaBaHTaXXeHHs Ha cTuck a0 70 klla
0e3 pyiliHyBaHHS Ta BIJHOBIIIOIOTH IMOYAaTKOBY (opmy micias AepOopMyBaHHS, LIO BIANOBIIAE
BUMOTaM JI0 TiPOTeleBHUX JIIKyBaJbHUX OB 30K 30BHILIIHBOIO BHKOpHcTaHHs. IlokaszaHno, mio
OTpUMaH1 3pa3KH T1IpOreiiB 37aTHI cCOpOyBaTH 3HAUHI KUIBKOCTI JIIKAPCHKUX IpernapaTiB pi3HOTO
cnekTpy naii (3HeOomoBalbHI — JiJAOKaiH, HOBOKAiH, MUKIO(EHaK; KPOBOCIMHHUNA — BIKacol;
AQHTHUCENTHK — XJIOPTEKCHAMH) Ta BHUBUIBHATH I1X Yy CEpEJOBHINA, IO MOJEIIOIOTH pealbHi.
JlocnmipKeHHsT TeCTPYKLIi JKeJTaTUHOBHUX TiAPOTelliB Yy MPUCYTHOCTI MPOTEOJITUYHOTO €H3UMY —
MpoTea3y, BKa3ye Ha MOXJMUBICTh iX JErpaJyBaHHs 3 BUBUIbHEHHSM KpPOTKUX MENTUAIB 1
aMIHOKHUCIIOT, IO CHpUS€ pPEreHepaTUBHUM IpolecaM y paHi. JIOCHiUKeHHS Ha KIITUHHHUX
KYJIbTypax MpOJIE€MOHCTPYBAJIH, 110 HI BUXIJIHI peareHTH, Hi CHHTE30BaH1 T1IpOTesii He MPOSBISAIOThH
TOKCUYHOTO e(eKTY.

Tako’x Moka3aHa MOXKJIMBICTb CTBOPEHHSI aHTUCENTUYHUX TAPOTeIeBUX OB’ 130K HA OCHOBI
CHHTE30BaHMX 3pa3KiB, SKI OTPUMYIOTBCS MPHU HACHYEHHI TiJPOTeiiB XJIOPreKCHIUHOM. 3a
BUKOpHCTaHHs KynbTyp Oakrtepiéi Escherichia coli rta Staphylococcus aureus minTBepmxeHo
aHTHOaKTepiaNbHI BIACTUBOCTI rifiporeniB. EdexkTuBHe NpHUrHiuyBaHHS POCTY MIKpOOpPTraHi3MiB,
3aB/ISKU BUBLJILHEHHIO Mpenapary 3 riporesto, CocTepiraeThesi BOPOAOBK 7 1i0.

3 onep)kaHUX pPEe3yJbTaTiB MOXHA 3pOOMTH BHUCHOBOK, IO TiOpPHAHI Tigporeii Ha OCHOBI
KEJaTUHYy Ta JAMENOKCHUIYy TONIETUJICHTTIKOII0 CTaHOBIATh CO0OK Tpynmy MarepiaiiB 31
crienn(iYHUMHU BIACTUBOCTSMM Ta Hajalli MOXKYTh OyTH MpeACTaBlIEH] JJs1 BUTOTOBJIEHHS 3ac001B
KOHTPOJBbOBAHOTO JIOCTaBJICHHS aKTUBHHX pEYOBHX, 30KpemMa, y cdepi MepcoHaNi30BaHOi
MEIULUHH.
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BUTI'OTOBJIEHHA HAHOKOMIIO3UTIB IIET-OPTTAHOI'JIMHU 3
BUKOPUCTAHHAM PEOJIOI'THHOI'O AHAJII3Y

Mapis KOCTeHKol’Z, HOpiii CTeI_[I/IH_II/IHZ, Murtax KpauaniK1

! VuiBepeuter Moranna Kernepa, Jlinm, IncturyTt noniMepuux Hayk, Altenberger Str. 69, 4040
Jliau, ABcTpis
? HaujoHasnbHuii yHiBepcuTeT «JIbBiBChbKa mosiTexHikay, . Cs. FOpa, 3/4, 79013 JIsBiB, YKpaiHa

[TonimMepHi HAHOKOMITO3UTH TPOSIBIAIOTH CKJIAJHY CTPYKTYpHY MOBENIHKY 4yepe3 (i3uyHi Ta
XIMIYHI B3a€MOJIIi MK KOMIIOHEHTaMH, TAKMMU SIK rojiMep Ta rmHa. L1 B3aemosii MoxXyTh OyTH
MpOaHaTi30BaHi 3a JOMOMOIOI PEOJIOTIYHUX JOCTIIKEeHb. PeonoriuHi BIaCTUBOCTI MOJIMEPHUX
CHCTEM € BaXXJIMBUMH TE€XHOJIOTIYHUMH XapaKTEPUCTUKAMHU, K1 BU3HA4YalOTh cepy 3aCTOCYBaHHS
MOJIIMEPHUX MaTepialliB Ta TEXHOJIOTIYHUN perjaMeHT BUPOOHUIITBA KOMIIO3HILIIHHUX MaTepiais.

Jlo 11bOro yacy XapakTepUCTHUKU TEKY4OCTI F€TepOr€HHUX IOJIIMEPHUX CHUCTEM HEPEeBaKHO
ONMCYyBaJMcA 4epe3 KpuBi B's3kocti. Ha BigMiHy BiJg 3BHYAfHOrO PEOJIOTIYHOTO aHamizy, MU
BUKOPUCTOBYEMO MI/IX1/], 3aCHOBaHU Ha BU3HAUEHHI1 KOEe(II[ieHTa BTPAT, AMHAMIYHOTO MOAYJS Ta
MOIyJAsl BTpaT y T[EBHOMY Jiama3oHi d4acToT. Ilpaktuymicte 1nporo miaxomy Oyrma
eKCIEpUMEHTAIbHO MiATBEP/PKEHA /IS MOMIMEPHUX HAHOKOMIIO3UTIB 3 METOI0 OLIHKU B'S3KOCTI
CHCTEMH Ta TIOTOKY IPH 3CYBI.

['nmuHa BBaXaeThCs JEIIEBUM Ta NEPCHEKTHMBHUM MaTepiajloM JJIi apMyBaHHS MOJIMEpiB.
Moaudikaris TIMHE BiIKPUBAE MOXIIMBOCTI JUIsI CTBOPEHHS OJHOPIAHUX TOJIMEPHUX KOMITO3HIIIN
3 HEOOXITHUMH pEOJIOTIYHUMHU BJIACTUBOCTSMHU. Ha mMOBepXHI HAaHOYACTHMHOK TJIMHH OyiH
copMOBaHi MOJMIMEpHI IMITKA MONIOyTHIMeTaKkpuiaty Ta noiidyruinakpuiary. [lotiMm cTBopeHO
HaHOKOMIO3UTH, nonietwientrepedtanary (IIET) 3 rauHON0O, pi3HOI AUCTIEPCHOCTI HAHOYACTHHOK,
3aJIeKHO BiJl IPUPOAM MOAMU(DIKYIOYOTrO areHTa, i MpOoaHalli30BaHO 3MiHM y (pi3MuHIN CTPYKTYypi
HaHOKOMIIO3UTIB 3a JIONIOMOI'00 CYKYITHUX PEOJIOTIYHUX MapaMeTpiB.

Hamu BcTaHOBIEHO, IO 32 JOTIOMOTOIO 3allPONOHOBAHOTO aHANI3y MOXIWBO OTPUMATH
iHpopMallilo Ipo NOBEIHKY JedopMallii B CTpYKTypl KOMIO3UTIB. OCKIJIBKM po3poOKa MaTepiaiB
Ha ocHoBl IIET-opraHornmuHu moB'a3aHa 3 BHCOKOIO CKJIAQJHICTIO (TMOUIYK OajlaHCcy MIXK
301IBIIEHHSM MIITHOCTI 32 paXyHOK TBEpAMX YaCTHHOK 1 pyHHYBaHHSAM CTPYKTYPU KOMITO3UIIIITHOTO
MaTepiajgy B pe3ylnbTari MOOIYHMX peakiiil), 1 METOAOJOrisS BHUKJIMKAE NEBHUN IHTEpec A
IIBUJIKOTO TECTYBAaHHS MOJIIMEPHUX KOMIO3HMLIHHUX MaTepialiB.
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MOHOMEPH HA OCHOBI POCJIMHHUX OJITH JIJI1 CTBOPEHHS ITOJIIMEPIB 3
TEMIIEPATYPO-IHIYKOBAHUMU NEPEXOJAMMU B OBJACTI ®I3I0JIOT'TYHUX
TEMIIEPATYP
* YeboTtap A.l, Boponos A.Z, Crenuinun IO.l, laprait X.l, Honuak B. !
"Hartionansruii yuiBepcurer «JIbBiBChKa momiTexHiKay, JIbBiB, YipaiHa
’HawjioHabHuUit yHiBepcuteT IliBHiuHOI [JakoTu, ®apro, CIIIA
*E-mail: anastasiia.chebotar.xt.2020@Ipnu.ua

Ha ocnoBi manpmoBoOi oii Ta canmomacy (CyMilll TipereHi30BaHHUX POCIHMHHUX OJiif)
CHUHTE30BaHIHOBI MOHOMEpH, sIKi MICTATh Y CBOIH CTPYKTYpi akpujaMigHui (parMeHT i 3/1aTHi
BCTYIIATH B PeaKiii BUIbHOPAIUKAIBHOI IOJIIMEpU3aLlii.

CuHTE3 MOHOMEpPIB MPOBOJAWIIM 32 PEaKI€ld HaBEIECHOK Ha cxemi 1, y cepenoBuiii
TeTparigpodypany 3 BAKOPHUCTAHHSIM JTY)KHOTO KaTalli3aTopa, BUXix npoaykriB — 78-84 %.

o
H,C—0—-C-R, KOH; H,C-OH
o 50-70°c° |
HC—0-C-R, + 3 HO-CH,-CH,-NH-C-CH=CH, HC-OH + 3 R, , - C—0-CH,-CH,-NH-C-CH=CH,
0 8 e ] *g 8
H,C—0—-C-R; H,C-OH

Cxema 1. CuHTe3 MOHOMEDIB Yepe3 peakiito nepeecrepudikarnii (R 2,3 — ankinpHi
3QUTUILIKH,IEPEBAKHO, HACHYCHHUX KUPHHUX KHCIIOT IMAIbMOBOI OJIii Ta caioMacy)

CTpyKTypy CHHTE30BaHMX MOHOMEpIB MiATBEP/UKEHO XIMIYHMM aHaiizoMm, [Y-Dyp'e-ta
[IMP-cniexktpockomieto. OTpuMani MOHOMEPH HEPO3YMHHI Y BO/Ii, ajie J00pe PO3YHHHI Y MOISIPHUX
OpraHiuHuX po3urHHUKaX. OfepxaHi B pe3y/ibTari iX mojiMepu3allii ToMOnoIiMepHu Ta KOoIiMepu
31 CTHpPOJOM,  BHACIIJOK  OCOONMBOCTEH  CBO€i  OymoBH,  BOJOJIIOTH  e(eKToM
BHYTPIIIHHOMOJIEKYJISIPHOT IIaCTU(IKALI,I0 3yMOBIIIOE 3HIKEHHS Temiiepatypu ckiyBaHHs (Tg)
IUX MOJIMEPIB 10 (i3107I0TTIHHX
TeMIIeparyp.

OCKIJIbKH NTEPEXO/IN Yepe3

Tabmuus 1. ExkcriepiMeHTalIbHI Ta PO3paxyHKOBI 3HAYCHHS
Ty nuis pagy nonimepis, °C

o o
Crnan Toexen- °C | T pospax. °C Ty CYIPOBOIDKYIOTBCSI CYTTEBUMH
CTeapvHOBHI MOHOMED 12-30 12,3 SMIHaM# PEOJIOTTHHHX Ta
[aabMITHHOBUH MOHOMED 12-30 10,5 MCXaHIMHUX _ BIacTHBOCTEH
EpyKoBHii MOHOMED > 18 76 noyiimMepiB,  Taki  HOJiMepHi
JliHOTeBUI MOHOMED -6 -6,2 CHCTEMH 3 HU3bKIMH
” TEMIIEPATYPHUMH  IIEPEXOIaMH
CreapunoBuii MOH.-CTHpOI 12-40 41 patyp pexon
[TansmoBuii MoH.- CTHpOn 12-30 44 MOXYTb OYyTH BMKOPHCTaHi A
” CTBOPEHHSI Marepiais
EpykoBuii MmoH.- Ctupon -18 34,4 p P
MEINYHOTO TPU3HAYCHHSI.

YV rtabmumi 1 wuHaBeneHi
EKCIIEPUMEHTAIbHO BU3HAUCHI Ta po3paxoBaHi 3a MeToJoM[ 1]3HaueHHs Ty. 3 naHux TabIuLi BUAHO,
110 OLIBIIICT3 HUX 33JJ0BUILHO KOPENOI0Th Mk co0ot0. Lle BiakpuBae MOXKIMBOCTI 3aCTOCYBAHHS
UX TOJIMepiB y OlOMETUYHUX JOCHIIKEHHIX, TKAaHUHHINA 1HXEHepii, a Takoxk po3podIii Ha iX
OCHOBI1 010CEHCOPIB Ta CUCTEM ITIJIECIIPSIMOBAHOT TOCTABKH JIIKIB.

1. Van Krevelen, Dirk Willem, and Klaas Te Nijenhuis. Properties of polymers: their

correlation with chemical structure; their numerical estimation and prediction from additive
group contributions. Elsevier, 2009.
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SYNTHESIS AND PROPERTIES OF POLYACRYLATE AND
POLYACRYLATE/SILICA MULTIFUNCTIONAL MEMBRANES
Zhyhailo M. M., Yevchuk I. Yu., Demchyna O. I.

Department of PhChFF InPOCC NAS of Ukraine, 79060, Lviv, Naukova Str., 3a, Ukraine
Zhygaylo@nas.gov.ua

Synthetic polyacrylate and polyacrylate/silica membranes have been the subject of intensive
research in recent years. The use of membrane processes in various sectors of industry, medicine,
and biotechnology is growing rapidly, and this stimulates the development of new types of
membranes with various properties and operational characteristics.

This study presents the method of synthesis and properties of multifunctional membranes
based on acrylic monomers (acrylonitrile, acrylic acid and sulfo group-containing monomer — 2-
acrylamido-2-methylpropane sulfonic acid). Polymer structure was formed by UV-initiated
polymerization in the presence of photoiniator and N,N'- methylenebisacrylamide as a cross-linking
agent.

Polyacrylate/silica membranes have been created from above-mentioned polymer matrices
and silica domains formed as a result of the in situ sol-gel process of precursors (TEOS/MAPTMS).
An addition of 3-methacryloxypropyl trimethoxysilane (MAPTMS) into sol-gel composition
provides formation of covalent linkage between polymeric and inorganic networks, which allows
fabrication of the membranes with uniform distribution of components across the membrane.

The polyacrylate and polyacrylate/silica membranes were characterized by SAXS, FTIR,
SEM, TGA, DSC, in order to confirm their chemical composition and analyze their structure and
morphology. By means of X-ray spectroscopy fractal structure of the obtained polyacrylate/silica
membranes was characterized, the domain sizes were approximately 0.131-0.161 nm. According to
TGA measurement, investigated polyacrylate and polyacrylate/silica membranes are thermostable
up to 250°C. The proton conductivity values of the obtained membranes are relatively high (they
reach 10-30 mS/cm) and depend on the temperature and the content of sulfo monomer.

The adsorption activity of multifunctional membranes in the removal process of Co(ll) and
Ni(Il) ions from aqueous solutions have been studied. The synthesized membranes exhibited high
efficiency: up to 91.8 % removal of Co(ll) and 89.7 % removal of Ni(ll). The effect of pH of metal
salt solutions on the efficiency of Co(ll) and Ni(ll) ions adsorption by the studied adsorbents was
found: when pH increases till 6, the adsorption activity of the proposed membranes increases.

The suggested method is user-friendly and cost-efficient, the process proceeds at the ambient
temperature, under atmospheric pressure, without the use of heavy metal catalysts. UV-derived
polyacrylate and polyacrylate/silica membranes have a good potential to be used as proton-
conducting materials and adsorbents.
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JIOBroBivHICTh 1 €()EKTHBHICTh T€HEPAIIMHUX BJIACTUBOCTEH JIa3epHUX CJIEMEHTIB 0arato B
4OMy BH3HAYalOThCA (HI3MKO-XIMIYHUMH BJIACTUBOCTSAMHU TOJNIMEPHHX MAaTpHIb, 30KpeMa, ix
CTIHKICTIO 10 ompomiHeHHs. OmHMMH 3 €(EeKTUBHUX Takux MaTpuilb € mnojiyperanu (I1Y).
bararouncieHHUMH JOCTIKEHHAMHU OYJIO IOKa3aHo, IO 3POCTaHHS BMICTY iX JKOPCTKOTO OJIOKY,
30UIbIIeHHS (DYHIIOHATBHOCTI OJIroMepHoi ckiamoBoi (Kiuabkicth OH-rpym Ha enemMeHTapHHMA
JIAHITIOT) 1 BUKOPHUCTAHHS OJIITOECTEPIi0Ty MPUBOAUTE A0 Oubioi criiikocTi [TY 1m0 onpomiHeHHS.

[Turannro crabimizarii I1Y mo nii onmpoMiHEHHS TPOCB’SIMEHO JOCTATHS KUIBKICTh poOiT. B
OCTaHHI POKM JIOBOJI IHTEHCHBHO MPOBOJATHCS JOCHIUKEHHS MarepiaiiB, IO MiCTATh
HAHOPO3MIPHI YaCTUHKU. BBeZeHHs Pi3HOI KUIBKOCTI HAHOYACTUHOK aepocuily A-300 BruimBae Ha
creKTpasibHi Ta (HOTO(iI3NYHI BIACTUBOCTI KCAaHTEHOBOTO OapBiHMKa pomamina 6K, BBeJeHOTO B
IIVA. 3pocranHs BMICTy HaHOHamoBHIOBaya (8 Mmac %) mpuBeno A0 MOKpAIIEHHS X
XapaKTepUCTHK (3pOCIO BIJHOMICHHS MOHOMEP-IMMEpPHOTO CKiaay OapBHHMKA B IONIMEpHIN
MaTpHili Ta KBaHTOBHH BHXia JtoMiHeciieHiii) [1]. ToMmy My BBakaiu 3a IOIIbHE AOCIIANTH
BITUB KUTBKOCTI IIbOT'0 HAHOHAMTOBHIOBAaYa HAa (DOTOCTIWKICTh MOJIIypETaHOBOI MATPHIIL.

Metogamu [Y-cniekTpockorii, AMHAMIYHOTO MEXAHIYHOTO aHali3y MAOCIIIKEHO BILIUB
aepommry A-300 B kimbkocTi 5 Ta 7 Mac.% Ha (OTOOKHUCITIOBAJIBHI MPOIECH MpPU ONPOMIHEHH]
MoJIilypeTany Ha OCHOBI OJIITOOKCHUITPOIJICHTTIIKOJIIO, TOINyiNneHaii3o1iaHaTy Ta
TPUMETHIIONITPOTIAHY JUIsl aKTUBHUX CEPEIOBUII TBEPIOTIIHHHX JIa3€PiB.

3a aHami30M CHEKTPabHUX XapaKTePUCTHK HaloBHEHOro aepocwiom A-300 IIY
MPOCIIIIKOBAHO BIUIMB HAHOHANOBHIOBaYa Ha (POTOOKHMCIIOBaIBbHI mpomecn B 1Y mpu ioro
ornpoMmiHeHHi. Iloka3ano, mo BBexeHHs A-300 ymoBuIbHIOE 11 mpouecu. HaiiGinpmr 1e
MposABISAETbCS MNpu  Horo Bmicti 7 Mac%. MOXIMBOIO  NPUYMHOK  YHOBUIBHEHHS
¢doTookucaIOBaIBHUX Ta (hoToximMiuHMX mnpoueciB B IIY € yTBoopeHHs cTpykTypHOi ciTku A-300
IpyY TaKOMy HANOBHEHHI, fKa pO3CIIOE EHEPril0 ONPOMIHEHHS Ta BIJAMOBIAHO 3MEHIIYE
(OTOOKHCITIOBAJIBHI MPOLIECH B MOJIIMEPI.

JocnigxeHHs: fMHaMI4YHOTO MexaHiyHoro aHanizy (JIMA) noka3anu necTpyKTUBHUMN BILIUB
niit Y®-sunpomintoBanHsa Ha I1Y 3pa3ku, 110 BU3HAYa€ThCs HE3HAYHUM 3HIDKEHHSIM TeMIlepaTypu
ckinyBaHHA (T.) Ta 3MeHmeHHsAM Moxyns npyxHocTi (E'). Onnak ITVY, sxi mictute 5 ta 7 mac.% A-
300, MarTh 3HAYHO MEHIIY CXUJIBHICTH M0 HECTPYKIIN Ticis OMpPOMIHEHHS, HIDK BHUXIJIHA
HEHAllOBHEHAa MaTpulsd. AHami3 B’ A3KONPYKHbOI MOBEAIHKM JociimkeHux IIY B obGmacti
BHCOKOEJIACTUYHOCTI, Jie 3HaueHHs E' KopemoTh 31 3HAUYEHHSAM TYCTMHH XIMIYHUX 3IIHMBOK,
CBIJUUTH MpPO T€, IO JAECTPYKTHBHA [ ONPOMIHIOBAHHSA OUIbII MOB’si3aHa 3 PYHHYBaHHIM
MDKMOJIEKYJIIPHHX 3B’SI3KiB B MaTepiai, HDK XIMIYHUX 3B’SI3KIB MK By3namu 3muBok. [ ITY
MaTpuIll 3 BMICTOM aepocmity 7 mac.% crocrepiraerbcsi cyrTeBe 3poctans E', mo Moxe Oytu
HACJIJIKOM YTBOPEHHS B CHCTE€Mi IIPOCTOPOBOI CITKM caMoro HamoBHIoBada. OmHak, micnus nii Y®-
BUTIPOMIHIOBaHHSI 3Ha4YeHHs E' 3HAUHO 3HMKYETHCS, 1 OT)KE MOKHA TIPUITYCTHTH, IO OMPOMIHEHHS
ITY marpuui, mo mictute 7 Mac.% A-300, Moxe NMPUBOIUTH 10 pyWHYBAHHS CaMOi CTPYKTYPHOI
CITKM HamoBHIOBaua. Takuii epekT He crocTepiraeTses Ui onpomineHux 1Y maTpuib 3 MeHIIO0
KOHIICHTPALII€I0 aepOCUITy Ta B Or0 BiICYTHOCTI.

OtpumMaHi pe3yabTaTH BKa3ylOTh Ha MOXJIMBUN cTaOLTI3yrounii e(eKT HaHOHAIOBHIOBaua
aepocuity A-300 Ha criiikicTs I1Y mpu fioro onpoMiHeHHI PTYTHOIO JIAMIIOIO HaIBUCOKOTO THCKY.
besponna T., Aaronenko O., Kocsuuyk JI., Pomun A., bespoauuii B., Herpuiiko A., SIckosen A.
Homnosini HAH VYkpainu, 2019; 7, 36-43.
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OJEPKAHHS HOBUX PEUOBUH TA MATEPIAJIIB VIS CEHCOPUKHU
XIMIYHUX 3ABPY/IHEHb
Muponsik M. O., Kair A. A., Ilpunynska €. O., KoBanenko B. JI., Hikonenko M. B.
JIBH3 «Yxkpaincbkuit iepaBHUM XIMIKO-TEXHOJIOTTYHUI YHIBEpCUTET», M. JIHIMpoO,
VYkpaina
email: mari.mironyak@gmail.com

B chOrojHImHIX peamisiX y CBITI HaraJbHOK TNPOOJIEMOI0 3aJIHUIIAETHCS EKCIpEecHa
JiarHOCTUKA JJIS JIKBiAALii XiMiYHOTO 3a0pyIHEHHS HABKOJHMIIHBOTO CEPEOBHUIIA HACIHIIKIB, IO
B1I0YBA€THCS BHACTIAOK 30pOHHUX KOH(IIIKTIB, TEPOPUCTHYHHUX aTaK, aBapiii Ha BUPOOHUIITBAX Ta
00’€KTax KOMYHAJILHOTO TOCTIoAapcTBa. [t BUpimeHHsT JaHUX TpoOIeM MPOBOJATH AOCHIKEHHS
CYIPaMOJIEKYJIIPHUX CIIOJYK, IO MOXYTb OYTH OCHOBOIO JUIsl PO3POOKM CEHCOPHHMX CHUCTEM
PI3HOMAaHITHOTO THITY: €IEKTPOXIMIYHUX, (PITYyOPECIIEHTHHX, JTIOMIiHECIIEHTHHUX TOILO, K1 JJO3BOJIAThH
€KCIPECHO BU3HAYaTH HASBHICTh Ta KOHIIEHTpAIliI0 3a0pyIHIOBAYiB B TpyHTI a00 NMuTHINA Boxi. Jliis
PO3pOOKH TaKUX CEHCOPHUX CHCTEM IIMPOKO BUKOPUCTOBYIOTH Pi3HI CHOJYKH, 30KpeMa Ha OCHOBI
MOJIIOKCOMETAJaTiB Ta TMOMIAPOBHX TiAPOKCHIIB, 3 SKHUX OTPUMYIOTh HEOPraHi4Hi-OpraHivHi
riOpHJIHI CIIOJIYKH, 1110 MAOTh BEIMKHUH MOTEHI[iall TOAAJIBIIOr0 3aCTOCYBaHHS Yy PI3HUX Taly3sX.

[Ipobnema opep>kaHHS KOHKYPEHTHOCTIPOMOKHOI XIMIYHOI MPOAYKIii Ha BITYM3HIHHUX
HiANPUEMCTBAX, 3aMICTh ii €KCHOPTY, Hapasl 3alUINAeTbcs HaJA3BMUYaiiHO BakiuBowo. Hamu
MPOBOJATECS  JTOCH/DKEHHST IO po3poOIli HAyKOBHX OCHOB Ta METOMIB CHHTE3y pSIy
€JIEKTPOAKTUBHHUX HOBITHIX CYIPaMOJIEKYJIIpHUX pedyoBUH. OCHOBHE 3aBJaHHS TaKUX JOCIHIKEHb
MOJIATAE B TONIYKY INIISAXIB OJEPKaHHS MaTepialliB i3 MAaKCUMAJIbHOIO EJIEKTPOAKTUBHICTIO, SIK
OKHCHO-BITHOBHOIO, TaK 1 10HHO-PYXJIUBOI. BupimenHs wiei 3amadi morpedye BceOIYHOTO
BUBYCHHS MEXaHI3MIB TpOLECiB (i3UKO-XIMIYHUX TEPETBOPEHb, IO MAIOTh MICIle Ha PI3HHX
CTaliIX CUHTE3y OaraTOKOMIIOHEHTHUX MaTepiaiiB.

Hamy mpoBoAMTBCS  KOMILJIGKCHE  €KCIIEpUMEHTAJIbHE Ta TEOPETHYHE BHBYCHHS
3aKOHOMIPHOCTEH MPOLECIB CHUHTE3Y Psly HOBUX €JIEKTPOAKTUBHMX PEYOBMH 3 BUKOPUCTAHHSAM
croco0iB 1HTepKayiAuii TBepauX ¢a3 Ta CHUHTE3Yy CYNPaMOJEKYISIPHUX KOMIUIEKCIB. 30Kpema
pO3po0IIeH] aKTUBHI PEYOBUHU HA OCHOBI TAPOKCHAIB HIKEJIO 13 CYTTEBO MiABUIIEHOIO MUTOMOIO
€MHICTIO JUIsl BUKOPUCTAHHS B TiOpIAHMX KOHJIEHCATOpax, HOB1 CyNpPaMOJIEKYJIIpHI pEYOBUHU Ha
OCHOBI TOJIIOKCOMETANaTiB Ta MOJBIHO-IIAPOBUX TiAPOKCUIIB sl CEHCOPHUKH 3a0py/IHIOBAYiB
HaBKOJIMIIHBOTO cepenoBuiia. HoBl 3HaHHS MpoO XIMIYHI MPOIECH Ta BJIACTUBOCTI CHHTE30BaHHUX
PEUOBHH CTaHYThb HAayKOBMM HIATPYHTSAM JUIsl 1X CTBOpPEHHS 1 BJIOCKOHAJEHHs, BHOOpY
ONTUMAJIbHUX YMOB CHHTE3y, PO3pPOOKM palliOHAJbHUX TEXHOJOTIH iX BUpPOOHHUITBA, a TaKOXK
BUKOPHCTAHHSA B €JEKTPOXIMIYHUX CEHCOpax Ta B HAKOMUYYyBayax e€JIeKTPUYHOI eHeprii IMIYyIbCHOT
MOTYXHOCTI. Bcl 111 HampaItoBaHHs € 0coOJUBO 3aTpeOyBaHUMHU IS MICISBOEHHOTO BITHOBIJICHHS
KpaiHH 1 PO3BUTKY BITYM3HIHUX TEXHOJIOTIH.

KonekTuB aBTOpIB MPOEKTY MNPOBOAMTH CUCTEMATUYHI JIOCIIPKEHHS 3aKOHOMIPHOCTEH
CHHTE3y HOBHMX MartepiajliB 3 eJIeKTPOXIMIYHOIO aKTUBHICTIO, 30KpeMa BIIEpIIE 3alpolOHOBAHO
HU3KY METOJIB OJEp>KaHHS €JeKTPOXIMIYHO BHCOKOAKTHBHHMX TIIPOKCHAIB HIKEIIO, BIEpIIe
OJIepKaHO HU3KY MOABIMHO-IIAPOBUX TiAPOKCHUIIB HIKETIO Ta IHIIMX METAJiB, 1HTEPKaIbOBAHUX
HEOpraHIYHMMH Ta OpraHiyHUMU aHioHamu. OgepkaHi CHOJYKHM MalOTh aHIOHOOOMIHHY
€JIEKTPOAKTUBHICTh 1 MOXYTh OYTH NEPCIEKTUBHUMH I BUKOPUCTaHHA B MOTEHI[IOMETPUYHUX
CeHcopaxX. ABTOPH MPOEKTY TAKOX MAIOTh IMEBHUH JIOCBI/I 3 CHHTE3Y €JIEKTPOAKTUBHUX PEUYOBHH Ha
OCHOBI1 TOJIIOKCOMETajaTiB Ta iX BUKOPUCTAHHSA JUISI CEHCOPUKM OpraHIiYHUX pPEUOBHH.
CuHTE30BaHO Ta JOCITIMHKEHO BJIACTUBOCTI HHU3KM MAaJOPO3YMHHUX CIOIYK CTaloro CKIaay 3
acoI[laTUBHUM XapaKTepPOM 3B SI3KY.

OtpumaHni pe3yiabTaTH MAaTUMYTh [MOJBIIfHE BHUKOPUCTAHHS, HANpUKIaA, B 3B S3Ky 3
YIOCKOHAJICHHSIM CYYaCHHUX CYMEpKOHJEHCATOpiB Ta XIMIYHMX JOKEpel CTpyMy, a TaKoX
eJIEKTPOXIMIYHUX CEHCOPIB HEOE3NMEeYHOro XIMIYHOrO 3a0pyIHEHHs, HI0 Oe3MocepeIHbO MOB’SI3aHO 3
MUTAaHHSIMU TEXHOJIOTIYHOI Ta €KOJIOTIYHOT Oe3rekn YKpaiHu.
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SYNTHESIS AND PROPERTIES OF MAGNETITE NANOPARTICLES WITH
PEROXIDE-CONTAINING POLYMER SHELL AND NANOCOMPOSITES BASED ON
THEM
Oleh Shevchuk?, Vitalii Serdiuk?, Natalya Bukartyk®, Anatolii Borysiuk®, Viktor Tokarev'
!Lviv Polytechnic National University, S. Bandery Str., 12, Lviv, 79013, Ukraine
2 Mayo Clinic, 200 First St. SW, Rochester, MN 55905, USA
E-mail: oleh.m.shevchuk@lpnu.ua

Magnetite NPs with peroxide-containing polymer shells have been synthesized using the
method of coprecipitation from the Fe (I1I) and Fe (l11) salt mixture solutions in the presence of
copolymer (PCC) of acryl amide, maleic anhydride and peroxide monomer 5-tert-butylperoxy-5-
methyl-1-hexene-3-yne (PM). All the synthesized Fe;O, NPs possess superparamagnetic properties,
although their specific saturation magnetization gradually decreases with increasing concentration
of peroxide-containing copolymer in a reaction mixture. Differential thermal analysis and magnetic
measurements evidence that the interactions at magnetite core/polymer shell interface in NPs
influence upon the properties of both the core and shell. The surface spin pinning effect caused by
adsorbed copolymer reduces the value of specific saturation magnetization of Fe3;O; NPs
synthesized in the presence of PCC. On the other hand, the thermal stability of the PCC deteriorates
at the surface of Fe3O4 NPs compared to that of pure PCC due to the catalytic effect of mineral
surface onto the PCC thermo-oxidation reactions.

The average sizes of Fe3O4 NPs estimated from the data of two different methods, namely,
XRD analysis and magnetic properties measurement, are in a good consistency, both give similar
results of 9-12 nm. DLS analysis and SEM images of Fe3O4 NPs synthesized in the presence of
different amount of PCC evidence a tendency for FesO, NPs toward self-association, while this
tendency weakens with increasing concentration of the peroxide-containing copolymer.

The presence of the peroxide-containing polymer shell at the surface of Fe304 NPs makes it
possible to apply them in obtaining polymer composite materials as a filler imparting magnetic
properties and as a cross-linker simultaneously. The cross-linked composite films based on
polyvinyl alcohol containing up to 20% of Fe;O4 NPs have been formed via radical curing initiated
by the peroxide-containing polymer shell of Fe3O4 NPs. The cross-linking degree of the films
gradually increases with curing time and can be essentially enhanced by adding a small number of
vinyl monomers into the system. The resulting composite films are magneto-sensitive materials
with rather high physico-mechanical properties which depend on cross-linking degree (tensile
strength reaches 48-67 MPa and relative elongation — 4-21 %), a priori non-toxic and
biocompatible, which makes them promising materials for various applications, e.g. for creating
magnetic-controlled surgical instruments.
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JOCJILI)KEHHS MOIU®IKYBAHHS HAHOCTPYKTYPOBAHOI CYMIIII
MHNOJIIYPETAHOBOI'O EJIACTOMEPY 3 INIOJIBIHUVIXJIOPUIOM
HU3bKOMOJIEKYJISIPHUMMU IIVIACTU®PIKATOPAMUA

Manwniesa T.JI., Toxctos O.J1.
[HCcTUTYT XiMii BUCOKOMOJEeKyIsipHuX cnoiayk HAH Ykpainu,
XapkiBceke moce, 48, Kuis, 02160, Ykpaina
malysheva_tat@ukr.net

JIOMiHYIOUOI0 ~ TEHJEHIIIEI0 Yy PO3BUTKY TEXHOJOTl BHPOOHHMIITBA  MOJIMEPHHUX
KOMITO3MIIIHHUX MaTepiaiiB SBISIETbCS PO3pPOOKa HOBUX MaTepiaiB Ha 0a3zl 0araTOTOHa)XXHOTO
noniBinuxnopuay (I1BX) muistxom BBeneHHsS 10 iX CKJIAAy pi3HUX (YHKIIOHAIBHHUX JT00ABOK Yy
BHTJISIII €71aCTOMEPIB, HU3bKOMOJIEKYJSIPHUX TUTACTH(IKATOPiB, HAIIOBHIOBAY1B, CTa01J113aTOPIB, 110
JI03BOJISIE LIJIECTIPSIMOBAHO PETyYINIIOBATH iX eKCIUTyaTaliiHi BiactuBocTi. Moaudikysanns [1BX
HU3bKOMOJIEKYJIsspHUMH Tutactudikaropamu  (HIT) 1 momiyperanoBumu enactomepamu  (ITY)
JI03BOJISIE CTBOPIOBATH (DYHKI[IOHALHI MaTepiau 0araToliIbOBOTO MPU3HAYCHHS 3 MPUHITUIIOBO
HOBHMM KOMIIJIEKCOM €KCIUTyaTaliiHUX BJIACTUBOCTEW. OCHOBHUMHU, HAOLIbII PO3MOBCIOIKEHUMH,
HII 3aranpHOTO IpU3HAYEHHS € ecTepu (TaIeBOi KHCIOTH, SIKi XapaKTepU3YIOThCS BUCOKOIO TETLIO-
1 CBITJIOCTIMKICTIO, @ TaKOXX HHU3BKOI BapTicTIO. (7 MiABUINECHHS BOTHECTIMKOCTI IMOJIIMEPHHUX
KOMIO3HuLii BUKopucToBytoTh iHII HII — ectepu dochoproi kucnoru (docharn). Beenenns 1Y B
wiactudikoBani kommo3unii [IBX cmopuse 3HWKEHHIO Mirpaiii  HU3bKOMOJIEKYIISIPHOTO
ractTudikaTopa, OACPKAHHIO MaTepialiB 3 TapHOI0 OJHMBOCTIMKICTIO, ITJIBUIICHOI MEXKEIO
BTOMJICHOCTI. Taki Marepianu 3a XiMi4HOIO, B TOMY YHCIIi T1IPOJITUYHOIO CTIHKICTIO, HETOPIOYICTIO
1 BapTICTIO TEPEeBEPIIYIOTH IMOJIIyPETAaHOBI TEPMOENACTOIUIACTH 1 3aMiHIOIOTh OCTaHHI B
TpaauLiiHUX oOnacTax 3actocyBaHHs. JlochmimkenHs cymimed mnactudikoBaHoro mi(2-
etuirekcmn)-o-granarom (JJOD) IIBX 3 IIY € HeuuciaeHHUMH, IO MOB’S3aHO 3 3aJEKHICTIO
CYMICHOCTI KOMIIOHEHTIB Bil XiMi4HOi OymoBu enactomepy [1,2]. 3HMXKEHHS KOHIIEHTpaIil
KOPCTKHUX OJIOKIB B TEPMOIUIACTUYHUX TOJiypeTaHaxX MPUBOAUTH JO TOKpAIIEHHS CYMICHOCTI 3
wiactugikoBanuM JIOD TIBX. Panime B poOoti [3] mnoBigoMysuiocs NpO CTBOPEHHS
HAaHOCTPYKTYPOBAHHUX KOMIIO3UTIB Ha ocHOBI cymimel [IBX ta mnactudikoanoro 10® I1BX 3
MOJIlypEeTaHOBUM €JIaCTOMEPOM, CHHTE30BaHUM Ha OCHOB1 HaIliBKPUCTAIIYHOTO OJIITOECTEPY.

Mertoro naHoOi poOOTH € JOCHIAKEHHS BIUIMBY XIMIYHOI OyIOBH HHM3BKOMOJIEKYJISPHUX
acTUgikaTopiB Ha MDK(a3HI B3aeMoJli B HAHOCTPYKTYPOBaHIM CyMilll MOJiypeTaHOBOIO
enactomepy 3 [IBX, crabutizoBaHoi BogHeBuMH 3B's13kamiu (B3).

Jnsa  nocnijkeHHs BukopuctoByBanu IIY, cuHTezoBaHMi y BOAHOMY cepefioBUII 3a
Metonukoro [3] y mnopoukononioHiit ¢gopmi ([M]gmea = 0,1 M7/kr). Buxiani KOMIOHEHTH
OYMILYBAJIM 3TIAHO METOAMK Ui CUHTe3y MoiiiypeTaHiB. [[nsg oTpuMaHHS mojimMep-NoJiMepHHUX
cyMmimeit BukopuctoByBaiu [IBX 3 koHIeHTpali€o XJI0py, 3a JAHUMHU €JIEMEHTHOro aHaizy, 56,3
% 1 cepeaHBOB'S3KICHOI MOJICKYJIIPHOIO Macolo 8-10%. st MoAu(IKyBaHHS HAHOKOMIIO3UTY
BUKOPUCTOBYBAJIM HHU3bKOMOJIEKYISIpHI miacTudikaropu: JO®, mau-v-Oytun-o-pranar (AbD) 1
tpuxyopetundpochar (TXED). I[lniBkoBi marepianu ToBmmHOI 200-300 MKM oOTpuUMyBaJId 3
PO3UMHY BUXIAHMX KOMIIOHEHTIB y nuMermwidopmamiai (JJM®DPA). KoHueHrtpailii KOMIOHEHTIB
KOMITO3UIIi# 1ami HaBeneHi y Mac.%.

Binomo, mo y cuctemax [IBX — ¢ranatHuii miactudikarop BinOyBarOThCS AMUCIIEPCIiHI,
JMIIONb-AUIIONIbHI  B3a€EMOJII 1 YTBOPIOIOTHCS BOJHEBI 3B’SI3KM MIDK €CTEPHUMH TIpyINaMu
wiactudikaTopy 1 a-oaHem [IBX, a Takox m-enekTpoHamMH OEH3€HOBOIO Kbl 1 BUIbHUMH 3d-
opbitansimu atomiB Cl makpomosnekyn [IBX 3 yrBopeHHsIM mpocTopoBoi CiTku [4]. Binbin Bucoka
tepmoguHamiuHa cyMicHicTe JIB® 3 TIBX y mnopiBHsHHI 3 JIO® 3ymMoBieHa OUIBIIOO
KOHIIGHTPALII€I0 TOJSIPHUX €CTepHUX rpyn B OynoBi ruactudikatopy. Monekynmu TXED maioTh
HU3bKY eHepretuuyHy B3aemofnito 3 [IBX. Omxe, 3rigHo 3 JiTepaTypHUMH JaHUMH, 3
J0CHiKyBaHUX MactudikaropiB Ibd mae Hallb1IbII BUCOKY TEPMOJIMHAMIUHY CIIOPiTHEHICTh 0
[IBX, a TXE® — HaiimeH11y.

B IV ans perymoBaHHs iX peoJOTiYHUX, TEPMIYHUX Ta (i3UKO-MEXaHIYHUX BIACTHBOCTEH
BBonATh HII. [IpoHmkHEHHS MoOJekysn miacTudikaropy B e€1acTOMEp MOB’S3aHO 3 TMOOJAHHSIM
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MDKMOJIEKYJIAPHUX B3A€EMOJIN 1 CyTTEBO 3aJICKHUTh BiJ XIMIYHOI OyJOBM Ta IIUIBHOCTI yIaKOBKU
MaKpOMOJIEKYJI KOMIOHEHTIB B cuctemi. 3rigHo 3 nanumu JICK [3] B amopdHO-KpucTamiunomy [TV
CTYHiHb KpUCTAIIYHOCTI ckiamae 5,8 %. CnopinHenicts emactomepy ao HII nmocmimxkysamu
BUMIPDIOBAaHHSIM PIBHOB&)XHOTO HaOyXaHHS IUIIBKOBUX 3pa3KiB Yy HHU3bKOMOJICKYISPHOMY
wiactTugikaTopy npotsrom no6m 3a Temmeparypu 25 °C. Cryminp HaOyxaHHs (0) IUTIBKOBHX
3pa3kiB 1Y B HII nopiBHioBana: oo = 0,45 %, ogse = 2,40 % 1 arxee = 45 %. O1xe, HaliMeHITY
TepMoIMHaMiuHy criopigHenicts 1Y mae no mnactudikaropy AOP, a Haitbunbmy — no TXED. Ie
MOKHa TIOSCHUTH YTBOPEHHSM MDKMOJEKYISpHUX B3 MK MOJSIpHUMHU TpynaMu eaacToMepy i
XJIOPOBMICHOTO IUIACTU(IKATOPY, OCKIIBKM BIJOMO MPO YTBOPEHHS BOJHEBHX 3B’s3KiB Mik NH-
rpynamu )opcTtkux yperancedoBuHHUX cerMeHTiB (JKC) ITY i aHiOHOM XJIOpY HEOpraHiuHOI CoJii
aoo I[IBX [5].

Bruus ximiunoi 6ynou HII Ha ciTky BogHeBuX 3B’s13KiB B [IY mociimkyBaim metoaom Y-
@yp’e cnekrpockomnii. Posnogin C=O-rpyn mo eHeprii 3B s3yBaHHS OLIHIOBAIX 1O cMy3i Amif |
(s po3KIIaaHHs BUKOPUCTOBYBAJIM CTaHIapTHY nporpamy "Gaussian'"). Sk BHyTpilmHii cTaHAapT
BUKOPUCTOBYBAJIM cMYTy Nedopmaniinux koiauBanb C-H metunbHoi rpynu B fiamaszoni 1370-1373
emt BpaxoByroun Many KoHIeHTpallito xopcTkux cerMeHTiB (JKC) B enactomepi (0mm3pko 8 %) 1
Bi/IIOBI/IHO Mally {HTEHCHBHICTb CMYTH BaJeHTHHX KoumBanb NH-rpym B o6macti 3200-3500 cm™
3aranbHy cTyninb NH-rpym, siki yrBopioroTs B3, He posrasaanu. Sk BuaHo 3 puc.l, Ha ciektpi [TY
criocrepiraeTbcs iHTeHCMBHa cmyra Awin [ 3 makcumymom 1730 em? i moms 3B’s3amux B3
yperanoBux rpyn (C=O.p) B obnacti 1690-1710 cm cknamae 6mmseko 18 %. Ha IY-cmektpax
¢dranatanx 1wactudikaropie JOP i AB® npucyTHi iHTEHCHBHI CMYTH BaJICHTHHX KOJIMBaHb
kapOoHinmpHUX C=0 (Makcumym v1728 em )i C-O (v1120 em™) rpym, BaientHi (v3100-2800 em™)
Ta nedopmariitni (81500-1400 cm™) kormmBanms 38's3Ky C-H.

1640

3 3
4

4
5
6

NOrMmHAHHA
Etiﬁ[n.
N
NOMMUHAHHA

1000 1250 1500 1750 v, oM 1700 1800 V, om'
Puc. 1. ®parment [Y-cmektpi IV (1), Puc. 2.  ®parment  IY-cmektpis
my/30 100 (2), Iy/301b® (3), KOMITO3UTY ITY/30IIBX (1),
ITY/30TXE®D (4) 1 LOD (5), AbD (6) mwiactudikoBanoro 10 mac.y. 10D (2),

30 mac.u. 1O® (3), 30 mac.u. Ib® (4) 1
30 mac.u. TXE® (5)

Jns moaudikyBaHHs moniMepHUX cyMimei BukopuctoByBanu HII (y mac.u. Ha 100 mac.u.
I1Y). B cnekrpi moaudikoBanoro JJOD nomiyperaHoBoro eigacromepy (puc. 2) cocTepiraerbcs
MaJIO IHTEHCHBHA CMyTra BaJICHTHUX KOJIMBaHb ACOLIHOBAHUX CEUOBHMHHUX Tpymn 1640 em™ (moms
C=O¢p-rpyn cknamae 6mm3bko 0,72 %) 1 3poctae monst C=Oyp-rpyn a0 27 %. OueBugHO, O IIi
3MIHHU B CIIEKTPi 3yMOBJICHI YTBOPEHHIM MIKMOJEKYIIpHUX B3 MK MONSPHUME rpyraMy MOJIEKYJT
ITY Ta nmactudikaTopy 1 BHACIIJOK YaCTKOBOT'O PO3PUBY BOAHEBHUX 3B’SI3KIB MIXK JKOPCTKUMHU Ta
THYYKMMH CerMEHTaMU BilOyBaeTbcsa He3HauHe mnouimmeHHs acomiamii XXC B omiroectepHii
Matpuiii enactomepy. B cnextpi [TY momudikosanoro Ib® (ITY/30[Ab®) onTryHa rycTHHA CMYTH
Awmin I 3 makcnvymoM 1730 cM™ CyTTEBO 3pOCTaE, 110 3yMOBICHO SIK ITiBUIICHHAM KOHIEHTPALLii
KapOOHUTBPHUX TPYIT B KOMITO3HTI, TaK 30UIBIIEHHSIM KIJTBKOCTI €HEPTeTHYHO CIAOKIIINX BOJHEBUX
3B’s3kiB. OTxe y naHiil cucremi Ha Bigminy Big [1Y/30JO® BinOyBaeThcst HabaraTo CHUIIbHIILE
pyiinyBanHs citku B3 B ITY. B cnektpi momudikoBanoro TXE®D emacromepy (ITY/30TXED)
IHTEHCUBHICTh cMyTu AMij | He3HAUHO 3HMKYETHCSI, aje MiIBUIIYIOTHCS IHTEHCUBHOCTI CMYT AMiJ
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II (81540 cv™) ta BamentHmx xomuBanb C=C GenseHoBoro kimpms (v1600 cm™). Ili 3minum
MiITBEP/UKYIOTh  YTBOPEHHS MIKMOJIKYJIsipHUX B3 Tumy NH*"CI”  mix NH-rpynamu
yperanceuoBuHHUX JKC ITY 1 atomamu xinopy TXE®D. Otxe, ximiuna 6ynosa HII cyrreBo BrmBae
Ha CITKY MIXXMOJICKYJIApHUX B3aemoii B [TY 1 mpu moaudikyBanni JJOD BinOyBaeThCs HAMEHIIIE
pyHHYBaHHSI BHYTPIIIHBOMONIEKYIISApHUX B3 1 mominiienHs cTynexi ¢pa3oBoro po3aijeHHs THYYKHX
Ta JKOPCTKMX OJIOKIB B €JacToMepi, HI0 TakKOoX IMiJTBEPIKEHO BHUBUCHHSIM MEXaHIUYHUX
BiactuBocTell komno3uTiB. [lpu mnactudikanii nomximepis HII BHacninok "6okyBanHs" MOIIPHUX

rpyn 1 mociablieHHs MiKMOIEKYISPHHX B3a€MOJIH 3aBKIM CHOCTEPIracThCs 3HMKEHHS MEXKI
MILHOCTI NpH po3puBi (c), Moxyns mnpyxHocti npu 100 % mnomosxkeHHi (Eig0) 1 migBuIIeHHS
€IIACTUYHOCTI Ta 3aUIIKOBOI Aedopmarii (1;,;). Minaicts kommosuty [1Y/30J0® y nopiBHsHHI 3
enactoMepoM 3HIKYeThes Ha 49 %, kommnosuty [1Y/301b®D Ha 65 % 1 komnozuty [1Y/30TXED na
72 %. Takum 4MHOM, IIpH 3pOCTaHHI cyMmicHocTi enmacromepy 3 HII minBuimyerbes pyiHyBaHHS
CITKM BHYTpimHbOMONCKYJISpHUX B3 B IV 1 moripmyroTbecss MEXaHI4HI BJIACTUBOCTI KOMIIO3UTIB,
MPUYOMY HafiMEHIIe 3HIKEHHS MIITHOCTI CIIOCTepiraeTbest mpu BuKopuctanHi JJOO.

Posrnsnemo BmmB  Ximiunoi OymoBu  HII  Ha  MikMmomnekynspHi B3aemofii B
HaHOCTpYyKTYypoBaHii cymimti [TY 3 Bmicrom 30 % TIBX (ITY/30I1BX). B po6ori [3] meTogamu Y-
cnektpockonii i CEM BcranoBieno, mo B cymimi [1Y/30IIBX mepeBaxHO peani3yroThCsl CHUIbHI
Mik}a3Hi B3aeMoaii MK KapOOHUIBHUMH TpyIaMd eJlacToMepy Ta TNPOTOHOAOHOPHMM o-H
MaKpOMOJIEKyll  XjopoBMmicHoro momimepy (C=0"aH®") 3 yIBOpeHHSM HaHOreTepOreHHOI
crpykrypu. JocmimkenHss BiumBy XimiuHoi OymoBu HII Ha ciTky MikMmonekynsipaux B3 B
nanokommno3uti [1Y/30IIBX meromom [U-cnekTpockomii HaBeneHo Ha puc.2. Ha koHTypi cMmyru
Awmin 1 y cmekrpi Hanoxommosuty I1Y/30IIBX mnpucyTHi MakCHMyMH BaJICHTHHUX KOJIHBAaHb
KapOOHITBPHUX TPYII, AKi OepyTh ydacTh y MiKpazHux (1724 em™) Ta BHYTPILITHEOMOJIEKYISPHUX
B3aEMOJisIX pi3HOro crynenro H-3B'a3yBanHs. B chmekTpi modiMep-momiMepHOi  cymini
MoaudikoBanoi 10 mac.u. JJO®D croctepiraerbcs pO3MIUPEHHS KOHTYpY cMyrd Amin [ sk y
HU3bKOYACTOTHY, TaK 1 Y BHCOKOYACTOTHY OO0JacTh. 30UIBIICHHS YacTKH EHEPreTHYHO OibIl
cubHUX H-3B’s3aHKMX KapOOHLIBHUX TPYI CBIIYUTH MPO YTBOPEHHSM MikMonekyisipaux B3 3 HIT
pO3TalllOBaHUM B eJlacTOMEpHil (asi, a MPUCYTHICTh B CIeKTpi cmyru 1724 em™ - IIPO HE 3HAYHUI
BILIMB MoJiekyn J{O® Ha ciTky Mixkdaznux B3 B cucremi. JlocmikKeHHs MEXaHIYHUX BJIACTUBOCTEMN
CYMIII MOKa3alo, 10 3HaYeHHs MIIHOCTI (puc.3a) 1 3aaumKoBoi Aedopmarii (puc.36) KOMIO3UTY
3MIHIOIOTBCSl HE3HAYHO.
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Puc.3. 3anexuicte MinHoCcTI (a) 1 3amumkoBoi aedopmanii (6) Hanokomnosuty I[1Y/30I1BX, Ta
3anexHICTh MIITHOCTI (B) 1 Eqgg (1) kommnosuty I1Y/70I1BX Bix Bmicty JOD (e), IbD (A) i TXED

(©)

[Ipu 36inpmendi koHmneHtpamii JO® B IIY g0 30 mac.y. B CHEKTpl KOMITO3HUTY
CIIOCTEPIraeThCsl MEPEPO3MO/Iia IHTEHCUBHOCTI BAJCHTHUX KOJIUBaHb KapOOHIUTBHUX T'PYIl: 3HUKAE
cmyra 1724 emt i CYTT€BO 3pOcTae onTHyYHa ryctuHa cmyru Amia I 3 makcumymom 1730 em™,
To6to 30inbmieHHs koHuentpauii HII mpu3BoanTe 10 OiMbII CYTTEBOTO OCHAOJIEHHS CITKH
BHYTPIUITHBOMOJIEKYISIpHUX Ta Mik¢azuux B3 B cucrtemi. InreHcuBHicTh cmyru Amig [ me
OUTBIIOI MIPOIO 3pOCTa€E B CIEKTpax nojiMepHux cymimeil mogudikoanux 30 mac.u. Ibd abo
TXE®. Takum ynHOM, npu MoaudikyBanHi HaHOoKoMmmo3uTy [TY/30I1BX mmactudikaropom JJOD
CIIOCTEpIraeThCsl HaMEHIe ocabaeHHs MiXK(pa3HOT aaresii 1 KOMIO3UTH XapaKTEPU3YIOTHCS OLIbII
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BHUCOKMMHM TTOKa3HUKaMHU MIIHOCTI (puc.3a) Ta MEHIIMMHU 3HAYCHHSAMHU 3alUIIKOBOI aedopmariii
(puc.30).

JocnimkeHHss MeXxaHiuHUX BracTuBocter cymimeit ITY 3 BMictom 70 % IIBX (ITY/7011BX),
moaudikoBanux HII, mokasamo, mo MimHICTh ToJiMepHOi cywmimi 3 Bmictom 10 mac.u. JJOD
NPAKTUYHO HE 3HIDKYETHCS 1 KOMITO3UTH XapakTePU3YIOThCS OUIBII BHCOKMMH ITOKAa3HUKAMHU
MIIIHOCTI Y BChOMY Jliara30Hi CKIaAiB HiK y Bunaaky moaudikyBanus JIb® ado TXE®D (puc.3B).
MoxHa NpHUIYCTUTH, 10 TepMmoauHamiuHa cymicHicte JJO® 3 IIBX Bume nix 3 IV, Tomy
mIacTudikaTop TepeBaXHO Oyae pO3MOAUIATHCS B TepMOIUTacTHYHIM (a3i. bimem BHcOka
tepMmouHamiuHa cyMmicHicTs JIb® 3 TIBX y mopiBusHHI 3 JO® npusBoauTh 10 OULIBIIOrO
3HWKEeHHS MinHOCTI (puc.3B) 1 Ejgo (puc.3r) xommoswutiB. Ilnactudikatop TXED mae HU3BKY
TepMoArHaMIUHY criopigHeHicTh 10 [IBX (orxee = 0,63%) 1 Bucoky a0 IV (orxge = 45%) Tomy,
IMOBIpHO, TIIACTU(DIKATOp PO3TANIYETHCS TEPEBAXHO B €JaCTOMEpHiM (a3i, BHACTIJOK YOro
KOMITO3UTH XapaKTEpU3YIOThCS OUThII BHCOKMMHU TOKa3HUKamMu Eigo. Y poboti [3] Oyno
BcraHoBieHo, 1o cymim IIY/70IIBX 3 Bwmictom 15 wmaca. JJO® xapakrepuszyeTbes
HAaHOTETEPOTCHHOIO CTPYKTYPOIO 1 KOMMO3HIIiiHI MaTtepianu 3 BmictoM 30-40% IIY, orpumani 3
PO3IUIaBy METOJIOM BaJIbIFOBAHHS, 32 OCHOBHUMH Jie(hopMalliiHO-MeXaHIYHUMH BiacTUBOCTIMH (G
= 45-47 Mlla, Ejp0 = 7-8 MIla, ¢ = 450-500 %, 1,,, = 10-20 %) He mocrymaroThcs 1Y
TEepPMOEIacTOIIACTaM.

TakuM 4YWHOM, MPOBENEHI JOCIIDKCHHS TIOKa3aJd, [0 TEePMOJWHAMIYHA CYMICHICTh
HU3BKOMOJIEKYISIpHOTO IutacTudikatopy 3 emacromepom 1 [IBX cyrreBo BmimBae Ha HOro
po3MNOIiICHHsS] B MoiMepHUX (pa3ax i MexaHiuHi BiacTUBOCTI Kommo3uTiB. [lmactudikarmis TIBX
CYMIIIIIIO MOJIMEPHOTO Ta HU3BKOMOJEKYIsipHOro ruiactudikaropy JOD no3Bonse oTpuMyBaTu
BHCOKOMIITHI TOJIIMEPHI HAHOKOMITO3UTH 1 B INHPOKUX MEXKaxX pErylIoBaTh IX MexXaHiuHi
BIIACTHBOCTI.

1. Ha C.-S., Kim Y., Lee W.-K. et al. Fracture toughness and properties of plasticizied PVC and
thermoplastic polyurethane blends/ / Polymer. - 1998. -Vol.39. - P. 4765-4772.

2. Yiyeon K., Cho W.-Y., Ha C.-S. Dynamic mechanical and morphological studies on the
compatibility of plasticized PVC/thermoplastic polyurethane blends // J. Appl. Polym. Sci. -
1999. - Vol.71. - P. 415-422.

3. Mamumesa T.JI., l'onoBaup C.B., HoBiuenko B.M. OcoGIHBOCTI HaIMOJIEKYISPHOI CTPYKTYPH
CyMillIel MOJIiypeTaHOBUI enacTomep-nodiBiHuxmopua // Ykp. xim. xxypnan. - 2011. — T. 77,
Ne6. - C. 119-124.

4. Mrapxman B.I1. [Tonyuyenue u cBoiicTBa nonuBuHuiIxgopuaa. - M.: HUMTXUM, 1978. — 431 c.

5. ManpmeBa T.JI., TonoBans C.B., Kmumuyx JI.A. Mexda3able B3auMoaeicTBus B
HAaHOCTPYKTYPUPOBAaHHBIX  IMOJMMEpP-TIOIMMEpHBIX  cMecsix //  Hanocucr. Hanomatep.
Hanorexnoi. - 2012. - T. 10, Ne 4. - C. 687-699.

53



®OPMYBAHHS YJIAPOCTIMKHUX ITOKPUTTIB HA OCHOBI Y®-OTBEPIHEHUX
EINIOKCHU-AKPUJIATHUX B3AEMOITPOHUKHUX ITOJIIMEPHUX CITOK 3 PI3BHUM
BMICTOM EINNOKCHUJOBAHOI CO€EBOI OJIII
Cawmotinenko Tersna PenopiBHa, Sposa Haranis BomogumupisHa,
Smenko Jlapuca MukonaiBHa, bpoBko Onekcanap OnexkcanipoBuy
[HCcTHTYT XiMii BUCOKOMOMNEKysipHUX crioiayk HAH Ykpainu, KuiB, Ykpaina
s t f@ukr.net

Croci6 oOTpUMaHHS TMOJIMEPHUX MOKPUTTIB Y D-ONPOMIHEHHSAM PIAKUX BUXITHUX
KOMITO3HIIiN € OJTHMM 3 HaHOUIbI €()eKTUBHUX, EKOHOMIYHO BUTIAHUX Ta €KOJIOTTYHO Oe3medHux. 3
JAHOIO0 METOI0 Hai4acTillle BUKOPUCTOBYIOTh €MOKCUIM M aKpuiaTH, AKi (POTOMOTIMEPH3YIOTHCS 32
KaTIOHHHUM 1 BUIbHOPQJIUKAIFHUM MEXaHi3MaMH BiMOBIIHO. HemomikoM nepiioro mporecy € Moro
BiTHOCHO HM3bKI IIBHJKICTH 1 MOBHOTA, a APYroro — iHrioyBaHHs kucHem moBitps [1, 2]. IIpote,
OJIHOYACHOKO TIOJIMEPHU3AIEI0 TPEACTaBHUKIB IHMX KJIACIB CIONYK 3 (OPMYBaHHSM EIOKCH-
aKpUJIATHUX B3a€EMONPOHMKHMX mojiiMepHuX ciTok (BIIC) MokHa yHUKHYTH 1IMX HemoumikiB. Tak, y
po6orTi [3] nokaszaHo, 110 HAABHICTh AKPHJIATHUX MAaKpOPaIUKaJIiB CIIPHUsIE POZKPUTTIO EOKCUTPYII,
a y po0oTi [2] — 1m0 HasBHICTH €MOKCUAY, SKHUH IiJBHUILYE B SA3KiCTh 1 Oap’€pHi BIACTHBOCTI
cepeioBUIla, OOMEXye JOCTYH KHMCHIO JI0 PEaKLiHHOI CHUCTEMH Ta YMOXJIIHUBIIOE Iepedir
BUTbHOPAIUKAIBbHOI modiMepu3anii akpuiary. OKpiM TOTrO, €MOKCHBMICHI TMOKPHUTTS € I[IHHUMH
3aBISKHM 1X BUCOKHMM TEPMIYHIN, XIMIUHIA 1 KOPO31MHIN CTIMKOCTi, BIAMIHHIA aAre3iiMHi MIITHOCTI
Ta HU3BKIA ycauni mpu mojiMepm3arlii. BomaHOYac BOHU XapaKTEPU3YIOThCS KPUXKICTIO, sKa
NEPEeIIKO/DKaE  BUKOPUCTAHHIO JIaHMX MaTepiajiB  TaMm, J€ MOMJIMBUHA BIUIMB yJapHUX
HaBaHTaxeHb [4]. {00 monminmmuT yaapoCTIMKICTh CSMOKCHIHMX CHCTEM, JO iX CKIJIJy YacTo
BBO/ISITh JIPYTHil KOMIIOHEHT, SIKUil OM CTBOpIOBaB OkpeMy (a3y [4] abo k aKTUBHHUIl PO3YMHHUK,
TaKW{ SK €MOKCHIOBaHA POCIMHHA OJisl [5], IO TaKOX BaKJIMBO 3 TOYKH 30PY YaCTKOBOI 3aMiHU
CUHTETUYHUX CKJIa/HUKIB.

B naniit po6oTi ¢opmyBanu HMOKPUTTA Ta BUIBHI IUTIBKM HAa OCHOBI EMOKCH-aKPHUIATHUX
BIIC, orpumanux ¢oTrononiMepusali€lo Takux CIONYK sK JiaHoBa enokcuaHa cmona EJI-20,
enokcunoBaHa coea oiisi (ECO) Tta tpuermnenrnmikonpaumerakpunat (TEI'IMA). Ilotpiitni
cymimi EJI-20/ECO/TET'IMA 3 wmacoBum cmiBBinHomeHnHsMm 90/10/20, 80/20/20 1 70/30/20
roryBainu, 30epiratoun konnenrpamiro TEI'JIMA nocrifiHoto. JJocCUTh BUCOKHIT BMICT €MOKCHUIHOL
CKJIaJIOBOT MOPIBHSAHO 3 aKpUJIATHOK BUOpaNM 3 OMVIALY Ha MOXKJIMBICTb OTPUMaHHS MOKPHUTTIB B
aTMocepHUX yMoBax. Sk Oys0 BU3HAYEHO 3 MOIMEPEHIX eKCIIEPUMEHTIB, JIUIIE 1CTOTHA KIJTBKICTh
eMOKCUAHOT cMou 3ale3nedye edekTuBHUM Oap'ep it nudysii kucHio. Bognowac Bmict ECO
O1IBIIOCTI 3pa3KiB He nepeBullyBaB 30 MacoBUX YacTOK (M.4.), OCKIIbKHU 1i BUCOKA KOHIIEHTpAIlis
MPU3BOJMIIA JIO IOMYTHIHHS. J[J1s1 BUSBIIEHHS BIUIMBY Pi3HUX CKJIAJHHUKIB TAaKOX (OPMYBaJIU JIEsKI
OJIHO- Ta JBOKOMIIOHEHTH1 cucteMu. Po3umH TpudenincynbdoHieBux rexcadiayopopochaTHux
cojiedl y mponineHkapOoHari B KijbkocTi 3.0 Mac.% BUKOPHCTOBYBANHU sIK (POTOIHIIIATOP KaTIOHHOI
Ta BUIbHOPAAMKAIBHOI OJIIMEpU3aIlii.

Binnosinui cymimi mpotsrom 60 XB. ONpPOMIHIOBAJIH, BHUKOPHUCTOBYIOUM KOMIUIEKT 13
gorupbox Y®-nmamm Philips TL2001 8W. IHTeHCHBHICTD CBITJIa Ha MICIII pO3TAIlyBaHHS 3pa3ka
cranosmna 1,0 MBr/em®. Jlani 3pa3Ku TEpMOJOOTBEpAHIOBANIM 3a Temneparypu 80°C mpotsrom
20 xB. Ta 30epirany NMpH KiMHATHIH Temreparypi npoTsroM 24 roi., mo0 3a0e3eYnTH TEeMHOBY
nojimMepu3zanito. OO6uaABa MOCTHOMIMEPH3AIliifHI TPOIECH MOXIIUBI 3aBISKH («OKUBIH» MPUPOJII
KaTIOHHHUX €MOKCUBMICHUX MaKpOJAHITIOTIB [2].

OCKUTbKM JaHi MaTepiald MOXYThb OyTH BUKOPHCTaH1 SIK 3aXHUCHI MOKPUTTS, SKI 4acTo
3a3HAIOTh MEXaHIYHMX BIUIMBIB, TO 3a cmocoOoM lapmnepa (Gardner test method) srimHo 3
JACTom 4765-73 Ta ASTM D5420 Oyno BU3Hau€HO MIIHICTh MOKPUTTIB mpH yaapi. s 1poro
BUKOPHUCTOBYBaM npuiag Y-2 3 macow BaHTaxy 1000 r, kyiapka SKOro jaiaMerpoM 15 MM Moxe
M1a/1aTH Ha MOBEPXHIO MOKPUTTSA 3 BUCOTHU A0 50 cM. MIIHICTh MOKPUTTIB, 3HAYEHHS IKMX HaBEeIEHO
B Tabnul 1, BU3HaUal0Th MaKCUMAaJIbHOIO BUCOTOIO MAAIHHS KYJIbKH, IPU AKOMY IlI€ HE pYHHY€EThCS
ix moBepxHs. [IOKpUTTS HAHOCKIIM Ha CTaJIeB TUIACTHHHU.

Tabmumst 1. Y aapocTidKiCTh TOKPHUTTIB
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EJ-20/ECO/TETIMA | YnmapocTiiKicTh, CM
100/0/0 4,0
80/0/20 9,0
90/10/20 >50,0
80/20/20 >50,0
70/30/20 >50,0

TecrtyBaHHs 3pa3KiB Ha YAApPOCTIMKICTh MIiATBEPAMIIO BIAOMHHA (AaKT MO0 BHCOKOL
KPHUXKOCTI MaTepiajiB Ha OCHOBI JIIaHOBUX €IMOKCHIHHUX CMOJI. Tak, MOKpUTTS Ha ocHOBI unctoi EJI-
20 pylHYy€eThCS TPU MAiHHI KYJIbKK Bxke 3 BUCOTH 4,0 cM. [Ipu BBeeHHI akpmiIaTHOI CKJIaI0BOI,
X0 1 JIOCUTh JKOPCTKOT 32 CBOEKO MTPUPOJIOI0, BIAETHCSA Maike BABIU1 MOJIMIIUTH yIapOCTIMKICTh —
10 9,0 cm. Lle MoxuBO 3aBasiku (hOpMyBaHHIO MiKporereporeHHoi ¢a3zoBoi crpykrypu BIIC, sikxa
ciupusie epeKTUBHOMY TIOTJIMHAHHIO €Heprii ymapy Marepiasiamu Ha ixHid ocHosi [1]. IIpote
HaBUILI 3HAYEeHHS yAapocTiiikocTi 3a0e3neuye noaasanns ECO. Hagite 10 m.4. 11 gocTaTtHbo, 1100
MEPEBUIIMTH 3HAYCHHs ynapocTiikocTi (50,0 cM), sike € MaKCUMAaJIbHO MOYJIMBUM JUIsSI BU3HAYCHHS
3a JaHMUM MeTojoM. 3 Jiteparypu [4, 6] TakoX BiIOMi BHITAJKA ICTOTHOTO 3POCTaHHS
ynapocriiikocti anst ECO-BMicHUX cucTeMm.

o6 rmmbmie 3po3yMiTH MPUYMHH TaKOi pI3KOi 3MiHM MEXaHIYHUX TOKa3HHKIB
tpukomnoneHTHUX BIIC, onepxani miiBku O0yno pocnimkeno meronom JCK wa mpunani Q2000
¢ipmu TA Instruments (CILIA) B atmocdepi aszory 3a mBuIkocTi HarpiBanHs 20 rpaj/xs.
OcoOnuBocTi Temnodi3nyHoi MOBEAIHKM 3pa3kiB 3 pi3HuM BMmicToM ECO HaBeneHO Ha KPUBUX
3aJIeKHOCTI TETJIOEMHOCTI Bix Temmiepatypu (puc. 1) Ta B Tabnui 2.

25¢ 25¢
= 1 S
< o] 8
£ 2,0t ﬁ S o0t 5
* *
= 3 = !
é 15 5( 1,5+ 6
U= 10 U= 10

0,5+ 05}

0,0 0,0

20 40 60 80 100 120 140 160 20 40 60 80 100 120 140 160
a T,’C 0 T,"C
Puc. 1. KpuBi 3aj1e)KHOCT1 TEIUIOEMHOCTI BiJ TEMIEpaTypy B €MOKCUIHUX (@) Ta EMOKCH-
akpwiaTHHX (0) moiiBkax 3i criBBigHomennsm EJ[-20/ECO/TEI'IMA: 1 — 90/10/0, 2 — 80/20/0, 3 —
70/30/0, 4 — 60/40/0, 5 — 90/10/20, 6 — 80/20/20, 7 — 70/30/20, 8 — 60/40/20

Tabmuug 2. TennodiznyHi XapaKTEPUCTUKHU 3pa3KiB

EJ-20/ECO/TETIMA | Te, °C | ATen, °C | AC,, JIk/(r*rpan)
100/0/0 83,05 10,29 0,3108
90/10/0 80,02 14,47 0,3482
90/10/20 80,13 13,75 0,2980
80/20/0 64,39 20,97 0,3934
80/20/20 64,52 24,19 0,2853
70/30/0 48,78 17,62 0,2808
70/30/20 49,43 9,11 0,1586
60/40/0 45,33 14,49 0,2491
60/40/20 47,82 7,87 0,1284
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Otpumani meronom JICK naHi BKa3yloTh, IO yCi OTBEPIHEHI CHCTEMH € OJHO(A30BUMHU.
3rinHo 3 JiTepaTypHUMU gaHuMu [7], Ouremmicts BIIC aeMOHCTPYIOTH HasSBHICTH OJHI€T
temmeparypu ckiyBaHHs (T¢,). Jlo TOro %, HEBEJIMKOT KIIBKOCTI aKpUIIATHOI CKJIaI0BOI MOXKe OyTH
HEJIOCTAaTHBO JUIA ii BUIUIEHHS B okpemy (azy. [llogo enokcuaHux cucrem, siki 0JJHOYaCHO MICTSTh
EJ1-20 ta ECO, To mocmigauku [6, 8] Tex cnoctepiranu ogHy Tey,, 3HAUSHHS KO pO3MILIIEHO MiX
Texn BUXITHUX CITONTYK.

[Tpoanami3zyBaBIIM 3aJIEKHICTh TONOKEHHS Ty, BiJ CKIAAY KOMITO3HIIIM, MOYKHA TOMITHTH,
110 Ha BiAMIHY BiJ akpuiatHoi ckianoBoi, ECO icrotHo BrumBae Ha T, MaTepiamiB. 30Kpema,
BBenenHss 20 mac. 4. TEI'JIMA minBumtye ii 3nadenns Ha 0,11-2,49°C, Tomi sk 30UIBIICHHS
kimpkocTi ECO sk Big 10 mo 20 mac. 4., tak i1 Big 20 mo 30 mac. 4. — miopasy 3HIKYE HOTO
npubmm3no Ha 15°C. 3aranom moaiOHEe 3HIKEHHS TEMIIEpaTypH CKIyBaHHS CIOCTepiraau i y
poborax [5, 6]. Lle mnoscHioTs miactudikaniitaum edpexkrom ECO 3 n0BrUMH THYYKHMH
ani(haTHIHUMH JAHLIOTAMU y CBOIN CTPYKTYpI, AKi 3a0€3MeuyroTh iX MOJETHIeHNH CerMeHTaIbHUMI
pyx [6]. Okpim Toro, 31 30utbiIeHHsIM BMicTy ECO 3HMXKY€eThbCS TYCTHHA 3IIMBAHHS MOJIMEPHUX
citok [5].

ITpu BBemenni 10 mac. u. ECO croctepiraemo He Take icTOTHE 3MeHIICHHS T, (0711M3bKO
3°C) mnopiBHsHO 3 Takow s BuxigHoro EJ[-20, mio moOB’s3aHO 3 HU3BKUM BMICTOM
MOAU(]IKOBAHOTO TPULIILEPUAY. 3 TEOPETHUHUX MIpKyBaHb OYJ0 IIKaBO JOCTIAWTH BILTUB
BBezieHHa ECO B mupmux mexax (>30 mac. 4.), Tomy meroaom JICK npoananizyBanu mie i miiBKy
ckaany EZI-20/ECO/TET'IMA 3i crniBBignomenasam 60/40/20. ITpakTHuHOI HIHHOCTI 3 TOUKH 30PY
CTBOPEHHS ONTUYHO MPO30PUX MOKPHUTTIB BOHA, OJHAK, HE BUSBJISLE, OCKUIBKH € MyTHOIO. J[0 TOTO
K, SK BUJHO 3 TaOJUIl 2, TaKMi BHCOKUH BMICT J0OOaBKH YK€ MaiKe HE BIUIMBAE Ha Ty,
3MeHmIyroun ii Bceoro Ha 1,61°C mopiBHsHO 31 3paskom 3 30 mac.d4., TOOTO Hamaii
wiactugikysanbHui BB ECO € MeHII BiJUyTHUM.

OTxe, HA OCHOBI TPUKOMIIOHCHTHUX emoKch-akpmiaTHuX BIIC MoxHa OTprMaTH ONTHYHO
npo3opi nokputts, B skux ECO Bigirpae ponps miactudikatopa Ta y kimbkocti 10-30 mac. 4.
3abe3neuye iX BiIMIHHY YAapOCTIHKICTh, 3HI)KYIOUM T'YCTHHY 3LUIMBAHHS 1 TEMIEpaTypy CKIyBaHHS
MOJIIMEPHUX CITUYACTUX MaTepiaiB.
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POLYMERIC COMPOSITIONS WITH DACARBAZINE ON BASIS OF
POLYURETHANE UREASFOAM FOR MEDICINE
Denisenko V.D., Galatenko N.A., Rozhnova R.A., Nechaeva L.Yu.
Institute of Macromolecular Chemistry, Kiev, Ukraine
rozhnovarita@gmail.come

The development of new polyurethane foam compositions with prolonged antitumor effect
for use as implants in ophthalmology remains an actually problem for modern science. Based on
existing data, promising materials for this area are polyurethane urea foam, since the presence of
urea bonds in the structure of polyurethane will contribute to improved operational characteristics,
which include physical, mechanical and thermal properties. The use of dacarbazine (DAC) in
thecompositions is justified by its effectiveness against malignant neoplasms.

The purpose of the work is synthesis and properties research of polyurethane urea
compositions (PUUSs) with dacarbazine.

To solve the goal, on the basis of a mixture of oligourethane diisocyanates synthesized on
the basis of 2,4-;2,6-TDI and polyoxypropylene glycols MM 1002 and MM 2002 in a ratio of 1:1,
PUUs with the content of the medicinal substance DAK in the amount of 0 .5 wt. % and 1.0 wt.%
were obtained.The results of physical and mechanical tests of the PPUs are shown in Table 1.

Table 1.Strength characteristics of PPUs and PPUs with dacarbazine

Samples Tensile strength, Relative elongationat | Adhesive

oMPa break, % strength, o, MPa
PPUs (control) 8,17 97,0 7,6
PPUs+0,5 wt. % DAC 9,9 91,3 53
PPUs+1,0wt. % DAC 7,8 100 4,5

According to DSC data (Table 2), the glass transition temperature (Ty) of the samples
practically does not depend on the DAC content in the composition. T of the second heating for all
samples is approximately 10°C lower than for the 1 heating. This may be due to stress relaxation
and/or free volume. The first heating leads to the annealing of internal stresses and the material goes
into a more balanced state, compared to the material before the first heating.

Table 2. Thermophysical properties of PPUs and PPUs with dacarbazine

Samples Ty, °C A4C,, Jg°C

1 heating 2 heating 1 heating 2 heating
PPUs (control) -37,18 -47,62 0,3087 0,4023
PPUs+0,5 wt. % DAC -38,93 -49,70 0,2758 0,4134
PPUs+1,0wt. % DAC -36,13 -50,09 0,3329 0,4188

The introduction of DAK into the PPUs composition causes an increase in 4C, during the
glass transition both during the first and second heating, which can be explained by a decrease in
the packing density of macrochains and an increase in the free volume, and as a result, an increase
in molecular mobility.

According to the results of TGA, the obtained PPUs are characterized by the same
characteristics of heat resistance and practically do not depend on the content of dacarbazine, onset
temperature of thermal decomposition (T¢)To=(290-298)°C, that makes steam sterilization possible.

According to the results of the study of the dynamics of DAC release from PPUs samples, it
was established that the studied compositions are capable of prolonged release of DAC in vitro.

The studied materials have significant potential for use in medicine, perhaps as a basis for the
development of new types of implants or drugs. This can be particularly useful in areas where high
strength and heat resistance are required, such as orthopedics, cardiac surgery and oncology.
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OJAEPKAHHS TA BUKOPUCTAHHS B 3 APYUI HNOJIJIAKTUIHUX KOMITIO3UTIB
HANMIOBHEHUX KPOXMAJIEM TA TAJIBKOM
Keuyp /1. L.}, Mactok A. C.2, Jlepnupkuii B. B.2
L23HanionansHuil yHiBepcuTeT «JIbBiBChbKa mosiTexHika» M. JIbBiB, Ykpaina
dmytrokechur@ukr.net

JlocmikeHHsT KOMIO3UIIAHUX MaTepiaiiB, 1O cKiIagaroTbes 3 noiiumaktuay(IIJIA) Ta
IHIIMX HETOKCUYHMX HAIlOBHIOBAYiB Ma€ BAXJIMBE 3HAUEHHS B Trally3l MaTepialo3HaBCTBa Ta
imkenepii. T1JIA, Giopo3kiagHuii TEpMOIJIACTUYHHUN Martepiall, OTPUMAaHMN 3 BIAHOBIIOBAHHX
pecypciB, TaKUX SIK KyKYpyA3sSHHM Kpoxmaib a0o LyKpoBa TPOCTHHA, NPUBEPHYB 3HA4YHY YBary
3aBJIIKM CBOIM €KOJIOT1UHHUM 1 OiocymicHuM xapakrepuctukam. Oanak [IJIA mae oOMexxeHHs 111010
MEXaHIYHUX BJIACTUBOCTEH, TEPMIYHOI CTAOUIBLHOCTI Ta E€KOHOMIYHOI €()EeKTHBHOCTI, IO MOXKE
MEPEIIKOKATH HOTo GBI IIMPOKOMY IPOMHCIOBOMY 3aCTOCYBaHHIO.

BkiroyeHHs 10 MaTpulli NOJIUIAKTUAY TaKUX HAIOBHIOBAUIB SIK KPOXMaJIb 1 TaJIbK J103BOJISE
CYTTEBO 3MEHILIUTH LI Hepomiku. Kpoxmans, OTpuMaHuii 3 pOCIMHHUX JPKEPE, 1 TAbK, IPUPOIHUI
MiHepal, JIeMOHCTPYIOTb BJACTUBOCTI, $AKI MOXYTh JIONIOBHIOBAaTM Ta  IOKpalllyBaTH
xapakrepuctuku IIJIA. Kpoxmanp 3a0e3medye TOKpalieHy 3AaTHICTh /0 010J0TiYHOTrO
po3knaganHa Ta cywmicHicTh 13 [IJIA, Tonmi Sk Talbk MOXe MiACHIMTH MEXaHIYHI BIACTHBOCTI,
TEPMIYHY CTaOUIBHICTB 1 CTAa0LIBHICTH PO3MIPIB OTPUMAHUX KOMITO3UTHUX MaTepialiB.

Hocnipxkenns noeananHs ITJIA 3 HamoBHIOBauaMH, TakKMMU $K KpOXMajib 1 TalbK,
NPEJCTABISE TEPCHEKTUBHUA MNUIAX Ui  PO3POOKH EKOJOTIYHO CTIMKMX 1 EKOHOMIYHO
KUTTE3AATHUX aJIbTEpPHATHB 3BMYAMHMM IUIacTMacaM. Taki KOMIIO3UTH MOXYTh 3HaiTH
3aCTOCYBaHHA B 0ararboX Traly3siX MPOMHCIOBOCTI, BKJIIOYAIOYM IaKyBaJbHY, aBTOMOOLUIBHY,
OyniBenbHY Ta OioMeguuHy rany3i. TakoX BENUKHM MOTEHIla]l Ma€ 3aCTOCYBaHHS TaKUX
MatepianiB B 31 apymi. BukopucranHs MONIAKTUAHAX KOMITO3UTIB MOXKE HE TUTBKH IOKPAIIUTH
BJIACTHBOCTI HAJAPYKOBAaHUX BUPOOIB aje 1 3SHU3UTH BApPTICTh MaTepiay.

[Ipu onep:kaHHI KOMITIO3UTY HAa OCHOBI MOJUIAKTHUIY, KPOXMAIIO 1 TaJbKy KIIOYOBY POJIb
BijlirpaBana enokcuaoBaHa coea onis (ECO), mo misna sx rmactudikaTtop, a Takox s
CYMICHOCTI, TIOKpAIlylOUd BJIACTHBOCTI KOMIIO3UTY Ta TOJETHIyI04M Horo o0poOky. Ilepen
3MILTYBaHHSAM MPOBOJWIOCS PETENIbHE CYIIIHHS BCIX CKJIQJOBUX KOMIIOHEHTIB Y KOHTPOJIbOBAaHUX
yMoOBax, 30Kkpema, npu Temmeparypi 70 [] mporsarom 6 roaus. Ilepen yTBOpeHHSIM KOMIIO3UTY
eMOKCU0BaHa coeBa oulisg Oyia 3mimana 3 rpanyinamu ITIJIA ans nokpamenHs MikdaszHoi anresii
MIpU TIOEHAHHI 3 HANOBHIOBaUYaMM Ta Kparioi oOpoOmroBaHoCTI MaTepiany. HactymHuMm eramnom €
IHTerpaliss KpoxMaiar Ta TaibKy B Marpumio IIJIA Ta perenbHe 3MillyBaHHS KOMIIOHEHTIB IS
3a0e3neYeHHs] PIBHOMIPHOTO PO3MOJUTY HAMOBHIOBAYiB, 3armo0Iiraloyu yTBOPEHHIO arjioMepaTiB i
3a0e3neuyroun He3MiHHI BIacTHBOCTI Marepiany. LIlo6 nocartu Takoro piBHOMIpHOTO PO3MOALTY,
CYyMIIIl TOMOTEHI3yIOTh 3MIIIYBAHHAM Yy B’A3KOMYy cTaHl. JlJif 1bOro BHKOPUCTOBYETHCS
naboparopuuii ekctpyzaep Cellier.

3aramom Oyn0 PO3pOOJICHO MIICTh PI3HUX KOMITO3UINHM, KOKHA 3 SIKUX XapaKTEPH3YEThCS
PI3HUM BMICTOM HAIlOBHIOBAYiB Ta IUIACTHU(iKATOPa, OXOILIIOI0YH CIEKTP KOMIIO3UTHUX MaTepiaiB,
nouynHatouu Big [IJIA 13 momaBanusam mumie 2% Tanpky 0e3 BkmtoueHHs ECO Ta xpoxmaito, 10
KOMILIEKCHOI KOMITO3HILi1, 110 MiCTUTh 15% kpoxmamo, 15% tanbky 1 15% ECO.

3a 1omoMOroro Mporecy eKcTpy3ii 0ysio CTBOpeHO (ilaMeHT, SIKUii BUKOPHUCTOBYBABCS TSI
BUTOTOBJICHHS 3pa3kiB 3/ IpykoM MeTO/10M MOIIapOBOro HaraBiaeHHs. OTpuMaHi 3pa3ku B hopmi
JIOTIATOK BUKOPHUCTOBYBAIIUCS JIJIsI TTOIAJIBIIIOTO JOCIIHKEHHSI KOMITO3UIIIITHOTO MaTepiay.

TakuM YMHOM CTBOpeHI Kommo3uTH Ha ocHoBi [IJIA, 30aradeHi Kpoxmaiewm,
enokcunoBaHoo coepoio omiero (ECO) 1 TambkoM pO3MIMPIOIOTE MOMKIMBOCTI BUKOPUCTaHHS
MOKpaIIeHuX MaTepiasiB A 3actocyBaHHs B 3]  apyui  30epiraioud  1pu  I[bOMY
OlomerpanadenbHICTh MOMUTAKTH/LY.
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MOAUDIKYBAHHSA JOPOXHBOI'O HA®TOBOI'O BITYMY 'YMIHOBUMUA
KUCJIOTAMHU
Yinko T. A., [Tpucsoxuuii FO. B., ITumr’es C. B.
Hamionansnuii YHuiBepcuret “JIbBiBchka [lomitexnika” m.JIbBiB 79013, Byn. C. banaepu 12
taras.a.chipko@Ipnu.ua

VYkpaina BoiOJi€ 3HAYHMMHU TOKJIagamu Oyporo Byrimis (kareropii A + B + Cl).
[cTopryHO cKilanocs Tak, IO B HAIIil KpaiHi OCHOBHUM HANpsSMKOM HOTO 3aCTOCYBaHHs Oyio
CTAJIIOBAaHHS JJIs1 BUPOOHUITBA TEIUIOBOi 1 enekTpuuHoi eneprii. Ilpore ocranui 15-20 poxis
CIOKMBaHHS Oyporo BYTi/UIS SIK €HEPrOHOCIS € HEMOXXJIMBUM B MIpY PI3HOTO POAY FOPHIAMYHUX 1
TEXHIYHUX oOOMexkeHb. Tomy BHHUKIA mpoOieMa MOWIYKY IHMMX (aJbTEepHATHBHUX) MLUIAXIB
peaizallii 1aHOi KOPUCHOT KOTIATMHH.

OxHUM 13 LIHHUX MPOAYKTIB MepepoOiIeHHs Oyporo Byriuis € ryMiHOBiI kucioTd. Jlanuit
TUI PEYOBHH HANCKWUTh A0 HPUPOJHUX OPraHIYHUX CIOJYK, IO YTBOPIOIOTHCA B IIPOIECi
rymigikamii — MiKpoOiOJOTIYHOTO MEPETBOPEHHS MPOAYKTIB POCIMHHOTO, TBAPUHHOTO 1
MIKpOOHOTO TIOXOJUKEHHS, 110 BiJOYBAa€THCS y BOJOIOMY CEPEAOBHILI I'PYHTY 3a HEIOCTaTHHOTO
JOCTYITY KHCHIO.

['yMiHOBI KHCIOTH MICTATh pi3HI (YHKIIWHI TPYNH, KUIBKICTh SAKHX 3al€KUTh BijJ
MOXO/DKEHHS, BIKy, KJIIMAaTy Ta EKOJOTIYHMX YMOB BHIOOYTKY/BUPOOHHUIITBA KHCIOT. [IpoTe
3/1e01IBIIOT0 BJIACTUBOCTI TYMIHOBUX KHCJIOT HampsMy IMOB’si3aHI 3 HAsBHICTIO B IX CKJIafi
KHCHEBMICHHX TPYII, IEPIIOUEProBo, (PeHOIbHUX 1 KAPOOKCUIBHHUX.

JlocmipKkeHHs, TIOB’si3aHi 13 TOEJIHAHHAM T'YMIHOBHX MPOAYKTIB (OTPUMaHHUX MIISIXOM
nepepoOIieHHst Oyporo ByTijuisa) 3 OiTyMaMy BUTJISIAIOTH IKABUMH i MEPCIIEKTUBHIUMU 3 OTJISAAY Ha
MEBHY CXOXICTh B OyHOBiI MoJieKynl OiTymMy Ta TymiHOBuX KHcioT (puc. 1). Ilepmoueproso, me
IIOB’S13aHO 3 MPHUCYTHICTIO B X CTPYKTYpl KOHJCHCOBaHMX LUKIIYHUX apOMaTHMYHHUX CHOJYK. 3
OISy Ha BHILIEHABEJCHE, MOXKHA MPHUITYCTUTH, IO OITYM 1 T'yMiHOBI KHCJIOTH € CyMICHUMH pe-
yoBMHaMH. [Ipm 1IbOMYy HasBHICTP B TYMIHOBHX KHCIOTaX KHCHEBMICHHUX TPYI MOXE CTaTu
JOJATKOBOIO CIIOJTYYHOIO JIAHKOIO IS 1X B3a€MOJII1.
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Puc. 1. BynoBa ryMiHOBUX KHCJIOT Ta HAQTOBOTO O6ITYyMY

Jnis MmoaudikyBaHHSI BUKOPUCTOBYBAM OKMCHEHHI HadTOBUI 10poskHii O6iTyM Mapku BH/|
70/100, BiniOpanwmii Ha [TAT «YkprarHadra» (M. Kpemenuyk).

['yMiHOBI KHCIOTH OyJ0 BHIYYEHO i3 ycepeaHEeHOI MmpoOu Oyporo BYTijuid yKpaiHCBKOTO
noxokeHHs (Uepkacbka 00acTs).

MoudikyBaHHs 61TyMy IPOBOJIWIN 32 TAKMX YMOB:

- remniepatrypa 120 °C;

- TpuBaiicTh 60 XB.;

- KUIBKICTh TYMIHOBHX KuCIOT — 2,0 % Mmac.

B pesynbraTi aHanmizy i MOpPIBHAHHS BHXIAHOTO 1 MOAM(IKOBAHOTO 3pa3KiB JOPOKHBOTO
0iTymy OyJI0 BCTAHOBJICHO, 11O TYMIHOBI KHUCJIOTH HE3HAYHO HETATUBHO BIUIMBAIOTH Ha TUIACTHYHI
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BIIACTHBOCTI OITYMY 1 JIEIIO MOKPAIIyIOTh HOTO enacTU4HIiCTh. CIiJ 3ayBaKWUTH, 110 HETATUBHI
3MIHU 3HAxXOIATHCS B JOMYCTUMHUX MEXKax 3TIHO JII0OYMX HOPMATHBHUX JTOKYMEHTIB IIIOJO0
MO (IKOBAaHHUX JTOPOKHIX OITYMIB.

OcHoBHUM e(eKTOM J0/laBaHHSA T'YMIHOBUX KHCIJIOT /10 JOPOXHBOIO OITyMy 3a BKa3aHHX
YMOB € TOKpAIIEHHS HOro OMIPHOCTI A0 TEXHOJIOTIYHOTO CTapiHHA y MOPIBHSHHI 3 BHXIJIHUM
B’SOKYyYUM. 30KpeMa, 3HaYHO 3pOCTa€ 3aJUIIKOBA MEHEeTpallis Uid BCiX MOAU(pIKOBAaHUX 3pa3KiB, a
TaKOX HE TaK CTPIMKO 3pOCTa€ TeMIepaTypa PO3M SKIICHOCTI IUX 3Pa3KiB IMICIs MPOBEACHHS
MPOIIeCY TEXHOJOTIYHOTO cTapiHHs 3a MetogoM RTFOT.
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CHUHTE3 JI€H-E(C)TEPHUX BJIOKKOIIOJIMEPIB I JOCJIIKEHHSA
KOMIIO3UTIB HA IX OCHOBI
Byceko H. A., I'pumenko B. K., Kouerosa . B., ®anpuenko 3. B., JlaBuckuba [1. M.
[acTuTyT XiMii BUCOKOMONekysipHuX cionyk HAH Ykpainu, Kuis, Vkpaina
e-mail: natbusko@gmail.com

ByniBenbHa ramy3p Ha ChOTOJHI € OJHIEI 3 HAWOLIBII PO3BUHEHUX cep yKpaiHCBKOL
€KOHOMIKH 1 MOCTIHHO MOTpedye BIPOBAKCHHSI HOBITHIX BUCOKOC(EKTHBHUX MaTepiajiB, a came,
MoJIiypeTaHiB JJIsi TepMEeTH3alil Ta T11poi30JIsLii.

[Tomyperanu Ha OCHOBI ToOJiOyTaai€eHy 3 TiIpoKCcWiIbHUMU Tpymamu tuny HTPB
BUSIBJIIFOTh BUCOKY T1IPOJIITUYHY CTIMKICTh, HU3bKY BOJIOTOMPOHHUKHICTh, BUCOKI TEPMOCTIHKICTh
Ta XIMiuHy CTilKicTh. IloemHaHHS BIACTHMBOCTEH OyTaJl€eHOBUX KaydyKiB 3 BIIACTHBOCTSIMU
MOJIIECTEPIB Ta MOJIIETEPIiB NUIIXOM CHHTE3Yy OJOKKOMOJIMEpIB 3 YPETaHOBUMHU TPYIaMH, MOXKE
JTIO3BOJIUTH T1BUIIIMTH MIIHICHI XapaKTEPUCTHKHU JI€EHOBUX Kay4dyKiB, Maciio- Ta OCH30CTIHKICTh Ta
iHm. Tomy meroro poOOTH OynO CTBOpPEHHS OJOKKOMOJIMEpPIB Ta TMOJIMEPHHX KOMIIO3HTIB i3
BUKOPUCTaHHSM (YHKI[IOHATI30BaHUX KapOonaHioropux omiromepiB tuny HTPB 1 gocmimkeHHs
iXHIX BJIACTUBOCTEH.

s cunresy 6:1okkomnonimepiB (BKIT) ciouatky Ha ocHoBi HTPB Ta i30dopoHniizomnianaty
B TIPHCYTHOCTI KaTalizaTopy JAMOYTHIAWIAypEeHATy OJIOBa OJCpPKAHO OyTaJieHOBHH KaydyK 3
130I[laHATHUMKM ~ TpymamH, SKUA  oxapaktepuzoBaHo  MeTtogoMm  I[YU-cmekTtpockomii  Ta
TUTPOMETPHYHUM METOOM (BMICT 130I[IaHATHHUX TPYII).

Ha ocHOBI CHHTE30BaHOTO OyTaJi€HOBOTO KaydyKy 3 i30I[ilaHaTHUMU Tpynamu pga Oi-,
TpU(YHKI[IOHATBHUX  OJIFOOKCHUIIPOIIJICHTIIKOMIB, ecTepy aueTwieHraironpaauminary (I1-9) i
rIilnepuHy OyJ0 CHHTE30BaHO JiHIWHI Ta 3MUTI OyTalieH-eTepHI Ta OyTaJi€eH-eCTepHi
omokkomosiMepr.  Merogom  [Y-cmekTpockomii  OCHIIPKEHO  OYJOBH  CHHTE30BAaHHX
OJIOKKOTIOJIIMEPIB.

B mopmanpmomy, Ha OCHOBI ofepkaHuUX OyTaJi€eH-eTepHHUX Ta OyTali€H-eCTepHUX
OnoKKomoiMepiB Oyld CTBOPEHHI BUCOKOHAMOBHEHI TepPMETHU3YIOUM KOMIIO3HINHHI MONiMepHi
marepianu (KIIM). [ns uporo B mpomeci cunte3y BKII omiroerepHuii Ta ectepHi KOMIIOHEHTH
HAMOBHIOBAJIM MPHPOJHOI0 TOHKOAMCIIEPCHOIO BHCOKOSKICHOIO Kpeiol0 abo HIYHTITOM, a MOTIM
perenbHo 3mimyBanin 3 HTPBI®. LlyHrit - eauHuii B CBITI OpUPOJHUN MiHEpall, L0 MICTHUTH
bynepenu - ocoOMMBHUI TUIT MOJEKYISIpHOI (popmu Byriento. HamoBHeHHs Kpeiaor0 abo IIyrHITOM
ckianano 240% Bix opraniyHoi ckiagoBoi. Oep:kaHo HEMpPO30pi eNaCTHUHI KOMITO3UTH. OCKIIIbKU
KOMITO3UTH Ha OCHOBI OyTai€H-eTepHUX Ta OyTai€H-eCTePHOro OJIOKKOMOIIMEPIB MOXKYTh 3HANTH
3aCTOCYBaHHs y Oy/iBeNbHIN mpomuciaoBocTi Oyno aocaimkeHo HaOyxanas KIIM ta BKII y Bomi.
JlocmikeHHsT BOJOMOMIMHAHHSA Tokazano, mo BKII B meHmiiii mipi HaOyXJH, HIK KOMITO3UTH
HaloBHEH1 Kpeljoro. B MOpiBHAHHI 3 repMeTHKaMu poO3pOoOJIEHHMH B IONEPENHIX poOOoTax Ha
ocHOBI erepiB — Mactukan YP-21 ta Mactukan YP-22, Oyragien-erepHi BKII 3a no0y maroTh
MEHIIIE BOAOIOTJIMHAHHS MPOTATOM 24 TOIH.

JocmipkeHHs Gi3MKO-MEXaHIYHUX BJIACTUBOCTEH 3pa3kiB mokasano, mo bKII MaroTe MeHIi
3HAYEHHS MIIHICTh HA PO3PHB Ta OLIBII 3HAYCHHS BIIHOCHOTO MOAOBXKEHHs B mopiBHSIHHI 3 KIIM.
Kommo3utiitni Matepianu 3 Kpeiaor, ofepxani Ha ocHOBI cuHTe30BaHUX BKII, maroTh Tpimku
MEHIII TTOKa3HUKH MIIIHOCTI, Ha BimMiHy Bijx KIIM 3 myHTriTOM.

[TpoBeneno ¢izuko-ximiuni gocmimkenHs onxepkanux BKIT ta KIIM meromamu TI'A Ta
JICK. BcraHoBieHO, 110 BCl 3pa3Ku € OJHO(PA3HUMHU CHUCTEMAMM 3 TEMIIEpaTyporo CKIyBaHHS -
70°C. Bei KIIM MaroTh OJHY CTaJil0 BTpAaTH Baru i BOHA MOYMHAETHCA MPU TeMIepaTypi Oiiblie
340 °C.

Takxum unnom, KIIM onepxaHi Ha OCHOBI OyTaji€H-eTepHUX OJIOKKOIOIIMEPIB 3 Kpeha0t0
a00 WIYHTITOM MAalTh XOPOIIYy BOJOCTIHKICTh, €JACTUYHICTh Ta TEPMOCTIHKICTh, IO MOXE
3a0e3MeuuTH IM BUKOPUCTAHHS SIK TEPMETHKIB.
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SOME PECULIARITIES OF PHOTOELECTRIC AND INFORMATION PROPERTIES
OF NEW PHOTOSENSITIVE THIN FILM OLIGOMERIC STRUCTURES DOPED BY
BENZIDINE-BASED AZO DYES

'Mokrinska 0.V., *Studzinsky S.L., 'Pavlov V.0., 2Kravchenko V.V., *Povorozniuk V.B.
!Department of Chemistry, Taras Shevchenko National University of Kyiv,
60 Volodymyrska Street, Kyiv, 01033, Ukraine
?Institute of L.M. Litvinenko Physical-Organic Chemistry and Coal Chemistry of NAS of Ukraine,
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Several benzidine-based azo dyes (Azo 1 and Azo 2 respectively) were synthesized.

o Ol OO O
Azo 1l

S GNATa aas S o

Az0 2

The novel photosensitive thin film oligomeric compositions based on photoconducting
oligo(N-glycidyl carbazole) doped by synthesized azo dyes have been prepared. Their spectral,
photoelectric, and information properties have been investigated. The photoelectric properties of
thin (~ 0,5 - 1 um) oligomer films have been investigated by dynamic probe Kelvin method of
surface electric potential measurement. It was shown, that studied oligomeric compositions films
exhibit photovoltaic and photoconductivity effect under illumination by light from the long-
wavelength edge of the corresponding azo dyes absorption region. The compositions films
information characteristics measurements were carried out by using polarization phase holograms
of a planar wavefront recording method. The controlled parameter was the diffraction efficiency of
the recorded planar-wavefront hologram determined in the —1 diffraction order. Holograms were
recorded under the sample illumination by green semiconductor laser (532 nm) irradiation at a 1:1
intensity ratio of the reference to the object beam. The spatial frequency of hologram recording was
~ 250 mm™. It was shown that the prepared photosensitive compositions can be used as holographic
recording media for the polarization holography. The features of photoconductivity and holographic
properties of the investigated film compositions, as well as the possible nature of observed
photovoltaic effect are discussed.
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SYNTHESIS OF FLUORINATED POLY(ARYLENE ETHER)S CONTAINING
PHOTOSWITCHABLE AZOBENZENE UNITS IN THE BACKBONE
Tkachenko 1.}, Kurioz Yu.?, Kravchuk R.23, Glushchenko A.%, Nazarenko V.**, Shevchenko V.1
YInstitute of Macromolecular Chemistry of the NAS of Ukraine, Kyiv, Ukraine
?Institute of Physics of the NAS of Ukraine, Kyiv, Ukraine
3Institute of Physical Chemistry, PAS, Warsaw, Poland.

*Department of Physics, University of Colorado at Colorado Springs, Colorado Springs, USA
e-mail ttkachenkoim@gmail.com

Among the functional poly(arylene ether)s (PAEs), azobenzene-based polyethers offer a
versatile platform for the development of thermally and mechanically stable materials. These
materials possess macroscopic properties that can be controlled using light, making them highly
functional. The incorporation of perfluorinated aromatic units into the polymer structure not only
enhances chemical and thermal stability as expected but also enables the enhancement of optical
and electro-optical properties.

In this study fluorinated poly(arylene ether)swith different contents of bis-azobenzene
groups in the main polymers chain (denoted as Azo-FPAE) were synthesized. Figure 1 illustrates
the chemical structures of the resulting azo-based polymers. The control over the quantity of
azobenzene fragments within the Azo-FPAE composition (see Table 1) was achieved by using
resorcinol as a comonomer.

F FFE F F FFE F F FFE F
{O‘@*N:NQOOQN:NOOO@»O
F FF F F FF FX F FF F’
Azo-FPAE-(1-5)
Fig. 1.Chemical structures of the obtained Azo-FPAE polymers

Table 1.Properties of Azo-FPAE polymers

Molar gatlo Mechanical Properties
Sample (mol%) : Too
X y Young modulus | Stress at break | Elongationat | ("C)

E (GPa) (MPa) break ¢ (%)

Azo-FPAE-1 10 90 2.10 71 3 510
Azo-FPAE-2 30 70 1.36 33 4 485
Azo-FPAE-3 50 50 1.45 62 5 487
Az0-FPAE-4 70 30 1.41 29 4 485
Az0-FPAE-5 100 0 1.37 23 2 400

The chemical structures of the copolymers (Azo-FPAE-(1-4)) and homopolymer (Azo-
FPAE-5)are confirmed using *H, **F NMR, FTIR, Raman and UV/vis spectroscopy techniques. The
polymersshow goodsolubility in organic solvents (chloroform, dimethylacetamide) resulting in the
formation of robust, self-supporting films. Azo-FPAEs display good mechanical characteristics,
considering that they are polymers that contain azo groups in the main chain, as well as remarkable
resistance to thermo-oxidative degradation (Table 1). Under UV light irradiationat 365 nm, trans-
cis photoisomerization occurs both in solution chloroform and more polar DMAc. Further research
will involve an in-depth exploration of the physicochemical properties of the polymers and a
detailed investigation into their optical characteristics.
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[Tonirekcamerunenryaniguan  (ITTMI7), mUpoko BHKOPUCTOBYIOTBCS SK Olomuad Ta
Ne3UH(EKTaHTH 3aBASKH IIHPOKOMY CIEKTPY IX AaHTUMIKPOOHOI aKTHBHOCTI BIJHOCHO
IrPaMIO3UTUBHUX 1 TPaMHETAaTUBHHUX OaKTepii (BKIIOYAOUM MiKoOakTepii TyOepKylbo3y), BipycCiB
Ta MiKpoMmineriB. MexaHi3m OlouuaHOI Aii MOJIryaHiguHIB MOAIOHUI YEeTBEPTMHHUM aMOHIEBHM
CHONTyKaM 1 HOCUTh MeMOpaHo Tokcu4HMii xapaktep. [lo mepesar coneit III'MIT cnig BigHecTH ix
MOMIpHY TOKCHYHICTh 1 BIACYTHICTh KYMYJSTHBHOI Jii BIJHOCHO >KMBUX OpraHi3MiB (4 Kiac
HeOe3nekn). 3pYy’HICTh 3aCTOCYBaHHA TaKHUX IOJMIMEPHMX OI1OLUAIB MoyArae y iX BHCOKIH
PO3YMHHOCTI y BOJII Ta y BIACYTHOCTI JIETKOCTI, 11O AO3BOJISIE IPOBOAMTHU JIe3WH(iIKyI0Ui poOOTH Y
IpUCYTHOCTI Jrofed. BimoMo, 1o BBeIeHHS B JAHLIOT AJKUIBHUX paJuKaliB MPU3BOAUTH 0
30iMbIICHHS OaKTePUIMAHOT Ta (QYHTIUAHOL Jii OTPUMAaHUX CIOJYK. 3 METOK TMOCHUJICHHS JaHHUX
BJIACTUBOCTEH BUJAETHCSA MEPCHEKTUBHUM OTPUMAHHS IOJi€TepryaHiIMHIB 3 JOBrOJIAHIFOTOBUMHU
AIKUTPHUMH paJuKalaMu y CBOEMY CKJazi. MeToro n1aHoi poOOTH € JOCHIHKEHHSI OaKTepHIIUIHOT
aKTUBHOCTI CMHTE30BaHMX ajKin3amicHuX moiierepryaninuuiinopomiais (I1EI') mo BigHOUIEHHIO
o psny Oakrtepid . CHHTE3 aNKiIBMICHHX TMONi€TEpryaHiAMHIHOPOMIZIB MPOBOIATh y YOTHUPH
cranii. Ilepma cramis monsrae y CHHTE31 TyaHIIWHINBMICHOTO OJIroeTepy 3 KiHIIEBUMU
T'YaHIIMHOBHMHU (parMEeHTaMH IO peakiii MiX apOMAaTHUYHHM OJITOCTIOKCHIOM Ta TyaHIIWHOM.
Jlpyra cragiss - CHHTE3 IMOJIieTepryaHiIMHINXJIOpUIy MO peaklii MK TyaHIIUHIHBMICHUM
OJIIFOETEPOM 3 KIHLEBUMHU TyaHITUHOBHUMH (parMEHTaMH Ta OJITOOKCHETHJIEHAIaMiHOM pi3HOT
MoJieKysipHOoi Macu. Ha TpeTiil cranii oTpuMaHuil mojieTepryaHiUHINXJIOpUA MEepeBOIATh 13
COJIbOBOI (POPMHU B OCHOBHY OOpPOOKOIO €KBIBaJIEHTHOIO KIJIBKICTIO Jyry B eTaHojii. Ha derBepriii
cTafil MPOBOJATh PEAKLiI0 OCHOBHOIO MOJIETEPryaHiAMHY 3 alKUIOpOMiZaMH HpU MOJIBHOMY
CIIBB1/IHOIIIEHHI1 KOMIIOHEHTIB I1ET :ankinbpomin 1:2. bynosa OTPUMAaHUX
nonierepryaniauHiGpomiais miarepmkyerses H SIMP ta [U-criekTpamu

AHTUMIKPOOHY aKTHBHICTb MOJIETEPryaHIAMHINXJIOpUAY BU3HAYAIM CTAaHAAPTHUM JIHCKO-
audy3iiHEM MeToIoM MpoTH rpammnosutuBHuX Staphylococcus aureus, Rhodococcus erythropolis
102, Bacillus subtilis 138 ta rpamueraruBaux Escherichia coli i Pseudomonas pseudoalcaligenes
109 mramiB rereporpodHux Oakrtepiid. [ AOCHIKEHb BHUKOPHCTOBYIOTh BOJHI PO3UYMHH
nojiMepy 3 KOHIeHTpamismMu B Mexax (1-3)%. 3rigHo 3 pe3ynbratamud MiKpOOiOJOTTYHUX
JOCIIIKEHb, AJKUIBMICHI MOJIETepPryaHiquHIMOpOMIAN TPOSBISAIOTh AHTUMIKPOOHY AaKTHUBHICTb
MPOTH AOCHIPKEHUX TECT-KYJIbTyp B o0iacTi KoHueHTpamii 1-3%, fKki € peKOMEeHIOBaHUMH IS
KOMEpLIHHUX J1e3MH(EKTAaHTIB Ha OCHOBI COJIel MOJireKcaMeTWIeHTyaHiquHInXIopuay. OTpumani
JlaHl TMOKa3ayd, 110 31 30UIbIIEHHSM KOHIEHTpauii nomimepy 3 1 n1o 3 % y BOAHOMY pPO34MHI
OaKkTepUIMIHA aKTUBHICTh 3POCTAE.

3anpornoHoBaHi  alKUI3aMiCHI  MOJIIETEPryaHiIMHINOPOMIIN  TMPOSIBISIOTH  BHILY
AHTUMIKpOOHY aKTHBHICTh HIX MOJIMEpHUM Ae3MH(EKTaHT MoJireKkcaMeTHIICHTyaH IMHIMXIOpHT
s 6akrepiit E. coli ta Klebsiella pneumoniae B 1,5 pasu mist 1% po3duuHy Ta OUIBII HH3BKY

aHTMMIKpOOHY aKTHBHICTh 1 OakTepiii S. aUreus. Y nopisnsuni 3 TITMI rigpoxmopuiom,
CHHTE30BaHHUI TOJIIMEp MPOSBILE€ aHTUMIKPOOHY aKTUBHICTh NMPH OLIBII BUCOKHUX KOHIIEHTpALisX,
10 BKa3ye Ha MO0 MEHIIY TOKCUYHICTh BIJIHOCHO MIKpPOOPTaHi3MiB.
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SYNTHESIS, CHARACTERIZATION AND STRUCTURE OF FLUOROCONTAINING
POLY(URETHANE UREA)S MEDICAL APPLICATION

Muzhev V. V. !, Goridko T. M. 2, Motailo O. V.3, Shekera O. V.!
Ynstitute for Macromolecular Chemistry of the NAS of Ukraine

02160, Kyiv, Kharkivske shousse, 48, Ukraine,

?Palladin Institute of Biochemistry of the NAS of Ukraine,
01054, Kyiv, Leontovicha Street, 9
*Bogomolets National Medics; University,
01501, Kyiv, Tarasa Shevchenko Boulevard, 13
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Fluorocontaining segmented poly(urethaneurea)s (FPUU) are important class of polymers
and their structure and physical and chemical properties have been extensively investigated in
connection with their used as biocompatibility of polymers materials for the biomedical application.

In this study, FPUU based on both toluene diisocyanate (TDI, Rl), 4,4 -
methylenebis(phenilene isocyanate (MDI, R') and different izomeric aromatic fluorocontaining
diamines, such as (4,4'-bis(p-aminophenylen)ester tetrafluorohydroquinone (p-BAPhETFQ, R®),
3,3"-bis(m-aminophenylene)ester tetrafluorohydroquinone (m-BAPhETFQ, R® and 2,2'-bis(o-
aminophenylene)ester tetrafluorohydroquinone (0-BAPhETFQ, R®) as chain extenders were
synthesized. The soft segment consisted both of either poly(propylene)glycol (PPG, MM 1500, R?)
or poly(oxytetramethylene)glycol (PTMG, MM 1000, R?). All the FPUU were synthesized by a two
step solution polycondensation technique.
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FPUU properties were characterized using IR-FTIR spectroscopy, DSC, TGA, TMA, water
sorbtion and mechanical testing. Biomedical properties namely biocompatibility and
thromboresistancy of FPUU films were investigated.

It was shown that FPUU are segmented linear polymers soluble in DMFA, DMAA and other
to form flexible films with excellent mechanic characteristics. The physic-chemical properties of
FPUU depend on presence of fluorine in polymer chain and NH,-group isomeric position in the
chain extender. FPUU are biocompatible and thromboresistancy polymers materials.

The FPUU may be used bio- and haemocompatible polymer materials long time in vivo, for
coronary stent coating, artificial vessels and other medical devices.

Promising results were obtained using correlations of the polymers physical and chemical
properties and structure with coating preclinical testing. Those correlations being useful in new
biocompatible polymers medical application development.
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ANTIBACTERIAL POLUYRETHANE COMPOSITE MATERIALS FILLED WITH
SILVER-CONTAINING SILICA NANOCOMPOSITES
Tetiana Vislohuzova®, Rita Rozhnova', Nataliia Galatenko® | Victor Bogatyrov” Mariia Galaburda®
YInstitute of Macromolecular Chemistry NAS of Ukraine
2Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine
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A series of polymeric composites based on polyurethanes with copolymer fragments of
poly(vinyl butyral-vinyl acetate-vinyl alcohol) and 1,6-hexamethylenediamine filled with modified
precipitated silica were synthesized. The content of silver in the nanocomposites was 0.1-0.2 and of
copper — 0.14 and 0.2 mmol per 1 g of SiO2 (02AgCu; AgCu and 01Ag samples).

To study the biodegradability, PUU and composite materials based on PUU filled with silver-
containing silica nanocomposites of various composition (02AgCu, AgCu, 01Ag) and different amounts
(0.1, 0.5 and 1.0 wt.%) were incubated in model medium (BM 199) for periods of 1, 3 and 6 months.
The influence of the model medium was evaluated by changes in the structure, physical-mechanical,
thermogravimetric and thermophysical properties of polymer materials by comparing the samples
before (control) and after their incubation.

The results of IR spectroscopic studies indicate the stability of composite materials under the
influence of model biological medium 199 at all study periods.

Thus, according to the results of physical-mechanical studies of composite materials an
increase in strength and relative elongation at break is observed already after 1 month of incubation,
followed by their decrease compared to the previous period. After 6 months of incubation in BM
199 the strength values are greater than the control values, and the values of relative elongation at
break does not undergo significant changes compared to the control values. Thus, composite
materials filled with silver-containing silica nanocomposites remain biostable for 6 months.

—|—PUU —=—PUT
16 ~—8—PUU+024gCu (0.1) —#— PUU+02A2Cu (0.1)
—A—PUU+024 gCu (0.5) 450 —h— PUU+02AgCu (0.5)
o 14| a —¥—PUU+024¢Cu (10) 4 —y— PUU+024¢Cu (L0)
=] —4—PUU+AgCu (0.1) < 400 1] 4~ PUU+AgCu (0.1)
=12 —P—PUU+AgCu (0.5) a —p—PUU+AgCu (0.5)
T - G 350 —— PUU+AgCu (1.0)
—4—PUU+AgCu (L.0) - o~
5 10 ——PUU+014g(0.1) < 300 :i‘i‘izgi:ﬁgg
—8—PUU+014g(0.5) s
g 8 i —H—PUU+014g(L0) % 250 k- PUU+014g (1.0)
« g o 200/
o £
5 4 & 1504
5 @
o
B 2 o 100
50
(1] 1 2 3 4 5 6 [ 1 p 3 4 5 [
Periods of incubation, month Periods of incubation, month

Fig.1.Dependence of tensile strength (a) and relative elongation (b) at break of PUU and
filled composite materials on the term of their incubation in BM 199.

According to DSC, after 6 months of incubations in BM 199 the values of Ty and AC;, at the
glass-transition temperature do not undergo significant changes compared to the control values.
Thus, composite materials filled with silver-containing silica nanocomposites remain biostable for 6
months

Microbiological studies of bactericidal activity against the most common gram-positive and
gram-negative bacteria were carried out. It was established that the polymer film without filler does
not affect the proliferation of bacteria, while studies of filled composite materials showed the
formation of zones of growth retardation of bacteria with a diameter of 14-31 mm.The most
effective in the composition of film materials is the silica filler 02AgCu.Forcomposite materials
filled with nanocomposite 02AgCu the formation of zones of bacterial growth retardation with a
diameter of 19-31 mm is observed.

Considering the obtained results, composite materials filled with silver-containing silica
nanocomposites exhibit antibacterial activity, so they can be proposed for the manufacture of
catheters, drains and various film coatings for use in various branches of medicine.
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FEATURES OF THE STRUCTURE AND PHYSICAL PROPERTIES OF EPOXY
COMPOSITES CURED UNDER THE INFLUENCE OF PHYSICAL FIELDS
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Thermosetting epoxy resin is receiving worldwide attention because of low cost, excellent
mechanical property, high thermal property and chemical resistance etc. Epoxy resins are used in
various fields in a wide range of applications such as coatings, adhesives, modelling compounds,
impregnation materials, high-performance composites, insulating materials, and encapsulating and
packaging materials for electronic devices. Until very recently, polymers were generally considered
to be unaffected by physical fields. However, it is now known that they are weakly magnetized
because they are diamagnetic materials, and therefore do respond to physical fields (e.g. magnetic
field).

Samples of composites were formed from epoxy resin and triethylenetetramine. Powder
CdO, PbO, Cr,03 were used as fillers. The content of metal oxide was 3 vol. %. Samples of
nanocomposites were subjected to curing with different conditions. The influence of constant
magnetic, electric fields were 2-10° A/m. All curing processes were done at 293 — 297 K for 24
hours.

In the scattering region 20 = 26.11° and 26 = 29° in the structure of the crystalline phase
CdO the disappearance of part of the reflexes was observed, and for others the change in intensity
after the influence of constant physical fields. However, reflexes 26 = 30.2°; 33.0°; 38.3° and 55.24°
with the highest intensity remained unchanged, which indicated the stability of the CdO crystal
system in the composition of composites. Composites with PbO were characterized by the presence
of 17 main reflexes in the range 20 = 28 — 58°. New reflexes in areas 20 = 26°, 50.6°, 54.6° appeared
after the influence of constant physical fields. This indicates a redistribution of intensities and a
partial angular shift of the maxima of certain reflexes. Significant changes in the angular position
and intensity of the main maxima of hexagonal syngony were not observed for composites with
Cr,03. But the intensity for the reflexes d014, d111 and d110 varied depending on the curing
conditions of the composites. The average crystallite size for these samples were 6 — 18 nm.

It should be noted that changes in the topological structure were observed for unfilled epoxy
polymer. This was due to the influence of external constant physical fields on the polycondensation
reaction and the formation of a three-dimensional chemical network. Differences in the influence of
physical fields were manifested after reaching the range of 361 - 367 K (relaxation of segments of
intermolecular fragments of EP). Changes in the temperature range 370 - 440 K indicate that the use
of PMP or PEP to form the structure of the EP allows you to change the packing density of the
chemical network relative to its initial state (without physical fields).

Differences of the influence of physical fields on the dielectric characteristics occur after
reaching the region 361 - 367 K. Changes in the temperature range 370 - 440 K indicate that the use
of magnetic or electric fields to form the structure of the EP can change the density of packaging of
the chemical network relative to its initial state (normal conditions). The high-temperature transition
in the region 407 - 409 K can be related to the relaxation in the biphenylolpropane fragment, which
is stored regardless of the external conditions of influence. The orientation effect of physical fields
increases the free volume of the molecular chains of a chemical grid, which results in a decrease of
glass transition temperature by 8 K and 14 K for magnetic and electric fields, respectively.
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The pH-sensitive hydrogels are three-dimensional hydrophilic polymers which generally
carry weak acid or alkaline groups. The ionization of groups is sensitive to external pH variations,
due to the pH changes the hydrogels span the volume of an aqueous solution and swell without
dissolution. Nowadays, the pH-sensitive hydrogels have drawn attention of many researchers in
various fields of science and technology such as drug delivery, tissue engineering, soft actuators,
etc.

The purpose of the study was development of organic/inorganic pH-sensitive hydrogels
based on poly(sodium acrylate) (PAANa) and poly-N-(2-aminoethyl)-3-
aminopropyltrimethoxysilane (PAPTMS) with improved swelling properties.

Organic/inorganic hydrogels with double network structure were prepared by one-pot
simultaneous cross-linking processing, which includes a combination of free radical polymerization
of partially neutralized (by NaOH solution) acrylic acid, hydrolysis of silica precursors and
catalytically-induced condensation of the resulting hydroxyl groups of APTMS to form a network
structure.

The formation of three-dimensional structure of PAANa was verified by the absence of C=C
bond of sodium acrylate as well as condensation of APTMS with formation of polysiloxane
network was performed by FTIR analysis.

The swelling behaviour was evaluated in distilled water and solutions with different pH at
room temperature. The swelling ratio increases greatly with pH value changes from 3.6 to 6.8.
Under low pH (pH 3.6), anionic carboxylate groups are protonated, leading to the collapse of the
polymeric network. Then, the repulsive action between these groups promotes the swelling of the
hydrogel and causes a higher swelling ratio. It was found that the incorporation of 10 wt.% APTMS
enhanced the water absorbency by 316% (from 16.81 to 70.22 g/g) at pH = 6.8. The decreasing of
pH till 3.6 leads to the reduction of swelling degree of PAANa/PAPTMS hydrogels. For example,
the incorporation of 10 wt.% of APTMS causes decreasing of the swelling degree till 21 g/g.

The synthesized hydrogels show enhanced swelling capacity and can be considered as
promising for creation of some drugs delivery systems, and has an especially large potential
application in the oral administration of protein and peptide drugs. The incorporation of PAPTMS
into the polymeric matrix as well as changing of pH values influences greatly on
swelling/deswelling kinetics and swelling ratio.
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It is known that modifiers such as segmented polyurethanes (SPU) significantly increase the
physical and mechanical characteristics of epoxypolymer compositions, including their elasticity,
adhesive strength, and the like. SPUs are many block copolymers that are composed of so-called
hard (polar) and soft (non-polar) segments. The multiphase structure of the SPU is due to the
repulsive interaction of dissimilar parts and the thermodynamic incompatibility of hard and soft
segments at low temperatures. The microphase structure of the separation of polyurethanes depends
on many factors, namely: the structure and molecular weight of the soft segment, the nature of the
chain extender, the content and interactions of the hard segment. As a rule, phase separation occurs
during the curing of epoxyurethane compositions. The conditions for the synthesis of SPU based on
PPG-1000 and 2,4-2.6 toluene diisocyanates (80/20) and SPU based on PPG-1000 and isophorone
diisocyanate (IPDI) were studied. The chain extender is 1,4-butanediol, or 1,3-hydroxybenzene, or
4,4'-dihydroxy-2,2-diphenylpropane. The calculated MM of these SPU is ~ 13000 g / mol.

The effective heat of activation of a viscous flow has been determined by the rheological
properties of the SPU at various temperatures. The fact of the formation of the SPU was confirmed
by IR spectrometry. According to the phase state diagrams of mixtures of the epoxydian oligomer
DER-331 with synthesized SPU (50:50) obtained by the method of light scattering from the heating
rate of the mixture, it was determined that SPU are compatible and homogeneous with DER-331
from room temperature to 180 ° C.
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The properties of composite polymer materials depend on the interaction of components on
the interphase, for example, polyethylene and rubber, copolymer of ethylene—vinyl acetate and
rubber and others. Adhesion depends on the affinity of the components, their compatibility, that is
determined by the chemical structure the presence of functional and reactive groups. To strengthen
the interaction between components, their structural modification (functionalization) has been
performed. A significant role is played by modifiers, which act as plasticizers, compatibilizers and
can form additional chemical or physical bonds between functional groups of components in
composites. The blocked MDI are advanced materials for modification of rubber plastics. They are
resistant to moisture and react only at high temperatures, after unlocking of isocyanate groups [1-4].

Based on the above, the aim of this work was to study prospects of creation of rubber
plastics based on dispersed rubber crumb, poly(ethylene-vinyl acetate), functionalized on the
surface of the granules, and the modifier based on the liquid rubber with functional groups. The
investigations of structural features and physical mechanical characteristics of the created
compositions were performed.

For research and the creation of composites, as a filler a crumb rubber (CR) obtained by
grinding of depreciated tires and functionalized poly(ethylene-vinyl acetate) (EVA) with content of
vinyl acetate groups — 33% (product of "Atofina", France) were used. The functionalization of
thermoplastics was carried out by alkaline alcoholysis reaction. [5].

Blocked MDI based on oligodienediol produced by "Krasol LBH-3000" was used as a
modifier in proposed composites. Composite materials based on 50% of functionalized EVA-3345,
50% CR and a modifier was prepared by mechanically mixing of the components with subsequent
homogenisation of the obtained mixture in the extruder, under appropriate strain and temperature
conditions.

The samples for physical mechanical studies in the form of bilateral shoulder blades were
obtained by the method of direct pressing to extrudate compositions, at the temperature of extrusion
433 K, which is above the temperature of the unblocking MDI, the pressing pressure of 5 MPa.

Criteria for the evaluation of physico-mechanical properties were adopted: the tensile
strength (o) and elongation at break (A¢). Indexes of physico-mechanical properties - ¢ and Ag were
determined on a tensile testing machine.

The structure and mechanical properties for composites based on a poly(ethylene-vinyl
acetate) and crumb rubber were obtained. Increasing of the concentration of CR up to 50 wt.%. in
EVA matrix provides the increasing of o. It was shown that these values are greater than the same
for initial EVA by 27%. Obviously, a high content of vinyl acetate groups (33%) explains high
adhesion between rubber particles at the boundaries of phases and the occurrence of specific
interactions between them and functional groups on the surface of the crumbs.

For modification of rubber plastics, the blocked MDI was used. It was synthesized from
low-molecular diene rubber "Krasol LBH-3000". The synthesis of blocked MDI was carried out in
two stages. On the first stage MDI based on the oligodienediol was obtained, which contains
hydroxyl groups, interacting with a 2,4-tolyendiisocyanate (TDI). The reaction was stopped when
the decrease of isocyanate (NCO) groups was 50 %, which was determined by the method of FTIR
spectroscopy by the decrease of intensity NCO-groups.

In the second stage obtained macroisocyanate was mixed with p-quinonedioxyme (p-QDO),
at the equivalent ratio of hydroxyl and isocyanate groups at 353 K. The reaction was considered to
be complete when all NCO-groups had reacted.

The scheme of the synthesis of blocked MDI-based oligodieneurethanediisocyanate with p-
QDO is given below.
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Kinetic relationships of interaction oligodieneurethanediisocyanate and p-QDO were
investigated by FTIR-spectroscopy. Comparing of the spectra of the p-QDO, MDI and product of
their interaction (Fig. 1), the disappearance of the absorption bands of NCO-groups (2274 cm™), the
appearance of the bands of stretching vibrations of NH (3368 cm™) and C=0 (1763cm™) of urethane
groups, the redistribution of intensity of deformation vibrations of NH groups in the region 1500-
1531cm™, a decrease in the absorption intensity of C=N - (1611 cm™) was observed, indicating the
formation of the reaction product — oligodieneurethanedioxyme [6].

Absorption
N

3337,

33681 1763

4000 3000 2000 1000
Wavelength, cm -1

Fig. 1. FTIR spectra: 1 - p-QDO; 2 - MDI; 3 — blocked MDI.

At 393 K the process of oligodieneurethanedioxyme unblocking occurs, as a result MDI and
p-QDO are produced.

The prepared blocked MDI was used as modifying additives in the synthesis of composites
based on EVA with hydroxyl groups (50 wt.%) and CR (50 wt.%). It was applied directly to the
extrudate compositions and their subsequent homogenization. Thus obtained homogenized
compositions were formed to samples, which were tested on physical and mechanical properties.
The resulting decomposition products of the blocked MDI further react with functional groups
which are present in CR and hydroxyl groups of EVA, resulting in formation of additional chemical
bonds. Possible scheme of the reaction between MDI, functionalized EVA and CR are given below.
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The study of physical and mechanical characteristics of the composites obtained showed that
the presence of active functional groups in the original materials helps to improve their strength
characteristics. The results of physico-mechanical studies of the obtained materials are shown in
Fig. 2.
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Fig. 2. The dependence of the tensile strength and elongation at break of rubber plastics
from the content of the blocked MDI.

The obtained data of the influence of modifying of blocked MDI on o, and Ae of the
compositions of the samples indicate that the properties of the polymer compositions depend on the
ratio between the EVA, the CR and the modifier. The maximum of ¢ observes when the content of
the blocked MDI is 3 wt.%, that 62% higher than the o in comparison with the control sample
without a modifier. A maximum of Ag is achieved at the content of 15 wt.% blocked MDI, which is
230% higher by the Ae of the sample unmodified rubber plastics.

Thus, studies show the effectiveness of modifying of blocked MDI composites based on
functionalized EVA 3345 and CR. Addition of modifier improves the mechanical and deformation
characteristics of composites. Introduction of blocked MDI in a mixture of 50% CR and 50% EVA
with hydroxyl groups, leads to the increase of tensile strength and relative elongation by 1,6 - 2,3
times, which may be due to structural and chemical processes, due to interactions between reactive
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groups on the surface of the crumbs and EVA. So, application of blocked MDI as modifier for
rubber plastics materials gives the ability to create thermoplastic composites with high mechanical
performance.
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Polymer nanocomposites based on layered silicates, such asmontmorillonite(MMT), still
attract considerable attention because they show a sharp improvement in mechanical, thermal,
barrier properties, and fire resistance with a small content of nanofiller. Unfortunately, the
promising properties of the nanocomposite are usually difficult to achieve due to the high activity of
the excess surface of the nanomodifier with a tendency to agglomerate. To improve the dispersion
of the nanoadditive, various treatments are used to improve their compatibility in the polymer
matrix (e.g., modifications of the nanoparticle surface by grafting polymer monomers, thermal or
chemical treatment of nanofillers). Each pair polymer-nanoadditive requires an individual approach
to the nanocomposite production method. In the case of MMT-type nanoparticles, they are most
often subjected to chemical treatment to increase their compatibility with the matrix, consisting of
introducing alkylammonium or alkylphosphonium salt cations between the stacks of aluminosilicate
packages.

Many works are devoted to studying nanocomposites based on polyvinylpyrrolidone (PVP)
and MMT. Intercalated and exfoliated nanocomposites can be obtained by mixing PVP with MMT.
The structure of such nanocomposites primarily depends on the PVP/MMT ratio and the method of
their preparation. This work aimed to investigate the effect of small amounts of MMT on the
structure of PVP-based nanocomposites obtained in an aqueous solution.

A new method was developed for obtaining nanocomposites.In the first stage, an aqueous
solution with a concentration of 5 wt% of MMT is subjected to ultrasonic waves with a frequency
of 40 kHz for 6-8 min in the Sonic-0.5 apparatus (Polsonic, Poland). Then, the suspension obtained
in this way is treated for 25 min in an ultrasonic field and with intensive stirring, with an aqueous
solution with a concentration of 20 wt% of PVP in such a way that the mass fractions of both
dissolved components, i.e., MMT and PVP, are equal to 1:2, respectively. After that, the resulting
mixture is separated into three layers, subjected to decantation, separation of each layer, filtration,
and drying of the target products under vacuum at a temperature of 70-80°C until complete removal
of water.After drying, three products were obtained: the bottom layer in the form of a finely
dispersed light gray powder, the middle layer — in the form of a finely dispersed white powder, and
the top layer — in the form of a light-yellow film.The structure of the nanocomposite formed in the
top layer of the solution was investigated in this work.

The formation of exfoliated MMT in the top layer of the solution was confirmed using
XRD, TG, FTIR-ATR, DSC, and SEM analyses. It was also established that the content of MMT in
the nanocomposite is 4-6 wt% and the glass transition temperature of PVP in the nanocomposite
increases by only 2°C. The results of FTIR-ATR analysis confirm the presence of physical
interaction between MMT and PVP in the obtained nanocomposite.PVP modified in this way can
be used to obtain nanocomposites for various purposes based on water-soluble and biodegradable
polymers.
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3 orysay Ha BUCHAXXEHHS CBITOBHX 3amaciB Ha(TH, BUKOPUCTAHHS albTEPHATUBHUX JHKEPE
eHeprii crae akTyaJbHUM MHTAHHSIM ChOTojAeHHA. HadTomepepoOHa IMPOMHUCIOBICTH MOCTYIIOBO
alanTYEeThCs 10 OUTBII ACIIeBOi Ta BAXKKOI CHPOBUHU Yepe3 BUCHAXKEHHS TOPOToi Ta jierkoi Hadry,
[0 CIIOHYKAa€ [0 TMOCTYINOBOIO IMEpPexXoay HEeTpaaulliiiHi BUOM CHUPOBUHU, Takl SK BIIXOAM Ta
6iomaca [1]. BapTo 3ayBa)KuTH, 1110 IOBTOPHE PalLliOHATILHE BUKOPUCTAHHS MTPOMHUCIOBHX BiJIXOMIB
(BiAmpanpOoBaHUX IIMH, OJIUB, IUIACTHKY TOLIO) I BUPOOHHUIITBA E€HEProOpecypciB Aa€ 3MOTy
3MCHIIUTH HETAaTUBHUH BIUIMB Ha HOBKULIA [1]. BxkuBani aBToM001nbHI mmHN (BAIL) BBaXKarOThCS
HaWUTOIIMPEHIIIMMH TBEPIAUMH BIAXOJaMHU y CBITI, sIKI YTBOPIOIOTBCS B pe3yJbTaTi eKCIUTyaTarlii
TPAaHCHIOPTHHUX 3aCO0IB.

Maibke 1,5 minbspaa BAII BukuparoThCs Micisl 3akiHYEHHS TEpPMiHY iX eKcIuryartarii
IIOPOKY, 1 JaHa Iudpa Mae TEHICHIIIO O 3POCTaHHS Ta MOXE CTAHOBUTH 5 MUIBSPIIB 10 KIHIISA
2030 poky. Hanpuknan, 3a ominkamu [2], mopoky B Kurai Bukugaerscs 210 miaH. Tonn BAI, 1 ix
YTHIII3AIiS cTaja cepio3HOI0 €KOJIOTIYHOI0 IpodiieMoro. B kpainax €Bpocorosy 6mu3bpko 18% Bin
3arajibHOI KUIBKOCTI BXKMBaHMX HIMH OyJ0 YTHJII30BaHO a00 MOBTOPHO BHMKOpHCTaHO, 38% —
niepepobieHo, a 40% — BUKOPUCTAHO JIJIsi BUPOOHUIITBA CHEPTIi.

[lluayn mepeBaXHO BUKUIAIOTHCS HA 3BalIMINA, CHAIOITHCS ab0 CKIAIYIOThCS, IO
CIPUYMHSE Pi3HI EKOJIOTiYHI MpoOIeMH, Taki SK 3a0pyIHEHHS TPYHTY 1 TOBITPsS, a TaKOX
YTBOPEHHS IWIKiATUBUX pedoBHH [3]. ToMy Ba)xJIMBUM € CTBOPEHHS €KOJOTIYHO YHCTOTO CHOCOO0Y
yrwmizamii BAIIL. KpiM Toro, BXXHMBaHI IIMHA HE PO3KIAIAIOTHCS B MPUPOTHOMY CEPEIOBHUIII JO
100 pokiB [3]. OcHOBHUMH KOMIIOHEHTaMHU IIMH € T'yMa, HAallOBHIOBAYi, CaXka, CTallb, CipKa, OKCHUJ
[IUHKY, TEXHOJIOTIYHI OJIMBH Ta MPUCKOPIOBaYi ByJKaHi3aIllii. 3arajoM, yTHIIi3allis BUKOPHCTAHHX
IIMH Ta IHIIUX MPOJIYKTIB Ha OCHOBI MojiizomnpeHy € mnpoOiematuuHoro [3]. IToBomkeHHs 3
BIAMOBIIHUMHM  BIIXOJaMHM BKJIIO4ae 30ip, TpPaHCHOPTYBaHHs, TMepepoOKy Ta  YTHIII3AIlilo
(BKITIOYarOUM 3aX0poHeHHs ) [3].

‘ BKUBAHI ABTOMOBL/IBHI IITHHH ‘
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Puc. 1. Metoau yTumizanii BiipabOBaHUX IIMH Ta iX MOMKpPEHi cepr 3aCTOCYBaHHS.
Jlo ocHoBHHX cmnoco6iB yrtumizaiii/mepepoOku BAIIl mokHa BigHECTH 3aXOpOHEHHS Ha
MOJIITOHAX, MOBTOPHE BUKOPHUCTAHHS, CHAIIOBAHHS, BUKOPHCTAHHS CUPOBUHU TPOLECY Mipoi3y,
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BUPOOHUIITBO CaXi Ta 3acTOCyBaHHS B IUBUIbHOMY OymiBHMOTBI [2]. Meroau yrumizarii
BIIMpallbOBaHMX IIMH Ta IX MOIMIKMPEHi cepu 3aCTOCYBaHHS IMOJaHO Ha pucC. 1.

[Iponec miposizy € OAHUM 13 HANMOMIMPEHIIINX METOJIB MepepoOKH BKMBAaHUX ILIUH, 3
METOIO OJICpKaHHS TMajuBa Ta XIMIYHOI cHpoBUHU [4]. Y Xo/i 1IbOTO Ipoliecy yTBOproeThes 33-39
% wmac. TBepaoro (kapOonizoBanoro) zanumky (K3), 34-45 % mac. piIkux TpOAYKTIB, pemiTa —
rasu. K3, gaktnuno, € mobiyHUM mpoaykToM mporecy mipomizy BAIIL. Jlo #oro ckimaay BXOAHTH
caxa (80-90%) Tta neopraniuHi pedoBuHH (10-20%), ski OOOB’S3KOBO MPHCYTHI y TYMOBHX
CyMillIax, o BUKOPUCTOBYIOTHCS Y BUPOOHUIITBI IITHH.

Otxe, [136% TBepmoro (kapOOHI30BaHOTO) 3amuIIKy mpouecy miponizy BAIIl moxxHa
HAlpaBUTH HA MOAANBIIl MPOIECH 3 METOI BUPOOHMIITBA AKTHMBOBAHOI'O BYTULIS, TEXHIYHOTO
BYIJIELIO TOIO. BapTo 3ayBa)kuTH, MPO MOXKIUBICTh 3aCTOCYBaHHS KapOOHI30BaHOTO 3AIMIIKY, 5K
HadToamcopOyrOYOro MaTepiaiy, 130JIITOpa Ta KOMIIOHEHTa OETOHY.

['muboko kapOoHizoBanuii aktuBoBaHui 3amumiok (I'KA3) 3acTocoByBanu sk HAIOBHIOBAY
JUIsL TIOKPAIIEHHsI eKCIuTyaTalliiHuX BiactuBocTed OiTymy wmapku BHJIL 70/100. Pesynbratm
npouecy moaudikyBanus 6irymy mapku bHJI 70/100 3 Bukopuctanuasm ['KA3 mogano B Tabmui 1.

Taoauus 1
XapakTepucTuka 0iTyMiB oiepKaHuX B pe3yJbTarti ix MmogudikyBanns 'KA3
Buxignuii | bitym 3 nogarkamu 'KA3, Bumoru
OiTym % mac. 'KA3 na oiTymy
[Tokaznuk MapKu CHUPOBUHY MapKu
BH/] BH/ 50/70
7om00 | %0 | 1O | 30 1 50 ko 5]
I'mubuna IPOHUKHOCTI TOJIKH
(menetpariisi) 3a temmneparypu 25 C, 0,1 76 61 54 55 58 50-70
MM
TeMmeparypa po3m’skieHocti, C 51 53 53 53 53 49-55
Po3TsokHICTB (IYKTUIBHICTD) 3a
temmeparypn 25 C, m-102 (cm), He 66 62 13 15 23 >50
MEHIIIe HIXK
- - 5
3‘16HJ’IIOB21H1FTB i3 TIOBepxHEI ckia, %, 54 62 68 75 85 > 25
HE MEHIIe HiXK
. ° 0
EJ‘I&CTI/I‘IHIC”FI; 3a temneparypu 25 C, %, 17,5 18,0 | 203 | 199 | 16,5 i
HE MEHIIE HiXK
34eIUIIOBaHICTh 3 TIOBEPXHEI IEeOEHI0, 35 40 | 40 | 40 45 i
0aJj1, He MEHIIIE
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OJIEPKAHHA BITYMHHUX KOMITO3UIIN IS TOKPIBEJIBHUX MATEPIAJIIB
XOJOAHOI'O HAHECEHHS
Harypeskuii A. 0.}, Opo6uyk O. M.}, Kopuak B. 0.}, Onedip A. B.!
'Haujonansuuit yHiBepcuTeT “JIbBIBChKa MoiTexHiKa”, JIbBiB, YKpaina
kor4ak93@gmail.com

B nam vac BimoMo GaraTo BUAIB 130JAIii Ta MOKPIBII, SKI BUTOTOBJISIOTHCA 3 OITYMHHX
MarepiaiaiB. M’ska MOKpiBIsA Ha OITYMHIH OCHOBI IIMPOKO 3aCTOCOBYETHCS Ha Jaxax OYJAMHKIB 1
CIOpYA Ui 3aXMCTy iX BiJ arMocepHHX omaaiB. PynoHHI MOKpiBenbHI Marepiald 0COOJIMBO
PO3IOBCIO/DKCHH] Ha OYIBHHUIITBI MMPOMUCIOBHUX 1 IIUBUILHUX CHOPYA. Y CydacHOMY OYIiBHHIITBI
noHaz 80 % mMOKpiBeNb IUX CIOPYI BUKOHAHHI 3 M’SIKMX HOKpiBenbHUX MarepianiB [1]. HoBum
BUJIOM MaTepialliB JaHOT'O THILY € ITOKPiBEJIbHI MaTepiaji X0JIOJHOTO HAHECEHHS, MOHTaX SKHX, Ha
BIIMIHY BiJl KJIACHYHUX PYJIOHHMX MartepiaiiB, He mnorpeOye HarpiBanusa. IlepeBaroro mmx
MaTepialliB € T€ 1[0 BOHU JIETKO HAHOCATHCSI Ha IIOBEPXHIO, HE NOTPEeOYIOTh 0COOINBOT MIATOTOBKU
MOBEPXHI Ta MAaIOTh BIIHOCHO HEBUCOKY BapTiCTh, KOPOTKUI TEPMiH MiArOTOBYMUX POOIT 1 JETKICTh
pemonty [1]. Henmomikamu ycix MarepiajiiB BUKOHAaHMX 3 BUKOPHCTAHHSAM OITyMiB € IiX
HEOBroBiyHICTE. ToMmy OiTyMHI Marepiaaw, 3 SKHX BHPOOJISIIOTH TOKPIBENBbHI MaTepianu
XOJOAHOTO HAHECEHHs IIOBMHHI  XapaKTepU3yBaTHCh JOOpPOI  €JacTUYHICTIO, BHUCOKOIO
TEIUIOCTIWKICTIO, THYYKICTIO IPU MIHYCOBHUX TEMIIEpaTypax i BHCOKOI aJre3i€ro J0 TBEpIUX
MIOBEPXOHb.

3Buuaiini OyaiBenbHI OITYMH HE BiANOBIAAIOTH BUIIEBKa3aHMM BHMOTaM 1 TOMY JUIS
ollepkaHHs OITYMHHX MatepialiB Ui XOJOJHOTO HAaHECeHHS HEOOX1IHO BHUKOPHCTOBYBaTH
cnenianbHi gomatkd. CyTT€BO MOKpAIIMTH OKPEMi EKCIUTyaTalliiiHi XapaKkTepUCTHKH OiTyMmiB
(TBepaicTh, TEMIepaTypy 3aCTUTaHHS) MOXHA BHACTIIOK MOAUGiKyBaHHS moniMepamu. Bimomum
Ha ChOTOJHI METOIOM € MoJu(diKyBaHHs OiTyMiB mosiMepHHM Jjatekcom Butonal i momimepamu
tuny CbC. Bukopucranns Takux MoIuGikaTopiB Ja€ 3MOTy 30UIBIIMTH €JaCTUYHICTh OITyMHHUX
MmartepianiB. Takox BioMuM € MeTo] MoaAn(DiKyBaHHS OiTyMiB HAPTOMOJIMEPHUMH CMOJIAMH, aJie
el MeToa MiJBHUILYE TEMIIEpaTypy KpPUXKOCTI OTPUMAHUX OITyMiB, IO € HeOakaHUM s
MOKPIBEJIBbHUX OITYMIB.

Kpim BitoMux noniMepHux Moan(pikaTopiB A1 Moaudikalii OiTyMiB MOXHa 3aCTOCOBYBATH
TYMOBY KpUXTY OJIep’KaHy INpHU MepepoOIll 3HOLIEHUMX aBTOMOOUIBHMX IIHH, KIJIbKICTh, SIKHX 3
KO>KHUM POKOM 3pOcCTa€e. BUKOpHCTaHHS 1IbOr0 BTOPUHHOTO MPOIYKTY JUIsl MOAN(DIKYBaHHS OiTYyMIB
JI03BOJISIE HE TUIBKM OTPUMAaTH T'yMOBO-OITYyMHE B'SyKyd€ BUCOKOI SIKOCTI, aje # BUpILIyBaTu
BKJIUBY EKOJIOTTYHY IPOOIEMY — YTHIIi3a1lif0 3HOLICHHX aBTOMOOUIBHUX IIHH [2].

Bigomi crorogHi TmOKpiBeNbHI a00 130JIAIIMHI MaTepiadd XOJOJHOTO HaHECEHHS
CKJIQIal0ThCcsl 3 OCHOBHU (HaifuacTille CKIIOBOJIOKHA), 3alOBHEHOI OiTyMHHMM Matepiaiom [3]. 3
OJTHOTO OOKY TOBEPXHS PYJIOHHOTO MaTepially TOKPUBAETHCS (DONIBIOI0, a 3 PYroro — 3aXHUCHOIO
MOJIIETUIICHOBOIO TUTIBKOKO. /laHy IUIIBKY 3HIMarOTh O€3MOocCepeiHbO Nepel MOHTaKEM PYJIOHHOTO
MOKPUTTS, TIOKPUBAIOTh MOKPUTTSIM TIOBEPXHIO 1 3aKaTylOTh 3a JONOMOror Bamuka. Jlis
3a0e3neueHHs] BUCOKOT €peKTUBHOCTI Ta JOBFOBIYHOCTI TAKOTO MOKPUTTS OITYMHA KOMIIO3MIIif, 10
€ il OCHOBOIO, ITOBHHHA BiJINOBITaTH TAKUM BHMOI'aM:

o BHCOKA a/[re3ist 10 TBEPIHX MOBEPXOHB — He MeHe 5 H/em?;

. BHCOKa TEMIIEpaTypa po3M’ sKIIEHHS — He MeHIe 343 K;

o THYYKICTh 0€3 pO3TpICKyBaHHS IPU BiJ’€MHHUX TemmepaTypax — Hukue 248 K;
o TeIUIOCTIHKICTh Mpu TemnepaTypi 333 K.

Ane BioMi OITYMHI KOMITO3UIII MalOTh HEIOCTATHIO aJAres3ito J0 TBEPAMX MOBEPXOHb, a
TaKOX HEJOCTAaTHHO BHCOKI TUIACTHYHICTH 1 €JaCTUYHICTh B UIMPOKOMY IHTEpBaJll TeMIepaTyp.
KpiMm 1poro s MOHTaxy pYJIOHHHX MarepiajiiB, OJEp)KaHMX Ha OCHOBI TakUX OITYMHHX
KOMITO3UI[1H He0OX1THO BUKOPUCTOBYBATH HarpiBaHHS IMOBEPXHI 1 CAMOI0 MOKPUTTS a0 JJ0JIaTKOBI
KIeroui matepiand [3, 4].

Jana po0oTa moJsirae y BUBYCHHI ITPOIIECY OJIEPKAaHHS BUCOKOSIKICHOI OITYMHOT KOMITO3HUIIIT
3 TOKpalleHMMH  aAre3iiHUMH,  BHCOKOTEMIEPAaTYpHHMH Ta  HHU3bKOTEMIEPAaTypHUMHU
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BIIACTHBOCTSIMHU, [0 MOXe OyTH BHUKOpUCTAaHA MJii BUPOOHMIITBA PYJOHHHX IOKPIBEIHHHUX
MarepiaiaiB X0J0JHOTO HAHECCHHS.

Buxignum matepianioM Uit TociiKeHb O0yiio oOpaHo OyaiBenbHU HaQTOBUH OITYM MapKu
BHB70/30. Bubip mMapku 0iTyMy 3yMOBJIEHHN BHCOKOK TEMIIEPATypOIO PO3M’SKIIECHHS, a TaKOX
3arajibHOI0 JIOCTYIHICTIO, HEOOXITHOIO AJIsl MOMJIMBOI peaiizanii po3poOtoBaHOi TEXHOJOTIT y
MPOMHCIIOBHX MAacCIITa0ax.

Jns onmepkaHHs OITYMHHMX MartepiajliiB XOJOAHOTO HAHECEHHS BUKOPHUCTOBYBAIH JUISHY
oiiro. JInsiHA OJ1is — 1€ pOCIMHHA OJIisl, IKY J0OYBalOTh €KCTparyBaHHSM 3 HaciHHS JIbOHY. BoHa
HAJICKHUTD J0 BUCHXAIOUUX OJIiH, 110 0OYMOBJICHO BUCOKAM BMICTOM HEHACHUEHHX KUPHHUX KHCIIOT,
a came: anbda-niHoneHoBOi (60%), miHoneHoBOi (20%), oneiHoBoi (10%) Ta IHIIMX HACHYEHHX
xupHUX KUCIOT (10%). TpeTiM KOMIOHEHTOM JIsi OJiep)KaHHS OITYMHOI KOMITO3HIIii 0yi0 0OpaHo
ctupoa-oyragieH-ctuponbHui kKayayk (CbC) mapku Kraton D1192ESM.

B pesymbraTi mpOBEACHHX MIOCHIIHKCHb OYJI0 ONEpKaHy OITyMHY KOMIIO3MINIO JUIs
MOKPIBEJIBHOTO MaTepiady XOJOTIHOTO HAHECEHHS, XapaKTEePUCTHKA KOl IMO/IaHa HIDKYE B TaOJIHUII
1.

Tabmuus 1
XapakTeprucTruka O1TyMHOT KOMITO3HIIIT JJIsl IIOKPIBEIHHOT0 MaTepialy X0JOJHOTO HAHSCEHHS
3HaueHHS Bumoru o 6iTymMHO{
IToka3umk
MMOKa3HUKA KOMITO3HIIIT
Temnepatypa po3m’sikmenHs, K 353 > 343
JykruneHicTs 32 298 K, cMm 4.0 -
ITenerpanis 3a 298 K, 0,1 mm 48 -
Enactuunicts, % 25 > 20
I'myukicts Ha Opyci 3a 248 K BUTPUMYE BUTPUMYE
TennocriiikicTts 3a 333 K BUTPUMYE BUTPHUMY€
Anresis, H/cm® 5,6 >50
Bogonornmuuanss, % 0,1 <1,0

Po3pobnena 6iTyMHa KOMITO3UIISL U MOKPIBEJIBHOTO MaTepially XOJIOJHOTO HAaHECEHHS
BIJINIOBI/Ia€ BUMOTaM, a 3a TEMIIEPATypOIO0 PO3M’SIKIICHHS MEpPEBaXKA€ ICHYIOYl aHAJIOTHU. 3aBISKH
HiABHMILEHIM TemmepaTypi po3M SKIIEHHS pO3po0JieHI MOKpIBENbHI Ta 130JALIMHI MaTepianu
BOJIOZIIOTH MIABUIEHOIO CTIMKICTIO B )KapKUX KIIMaTHUYHUX YMOBaXx.

1. Grynyshyn O. Production of bitumen modified by petroleum resins on the basis of tars of
Ukrainian oils / Oleg Grynyshyn, Olena Astakhova, Taras Chervinskyy // Chem. Chem. Tech. —
Vol.4.— Ne3.— 2010.— P.241-246

2. Meronu ozaep>kaHHs OiTyMiB 3 3aluIIKiB nepepoOku Baxkux Hadt / ['punumun O.b.,
Xmoumue FO.4., Harypeekuii A.O., Harypcbkuit O.A. // TeXHOJIOTrHYECKUH ayAUT U PE3EPBbI
npousBojicTBa.— 2015.— Ne5/4 (25).— C. 45-48.

3. IMar. 74761 Yxpaina, MIIK DO6N 5/00, B32B 11/04, E0O1D 19/08, E04D 5/10, CO8L
95/00 . Pynonnuit rinpoizonsuiitauii matepian «CITOJIIMOCT» / Ciminuyk C.B., Ckakyn A. B.;
3asBHUK 1 mareHTtoBnacHUK All «CrnaByrchkuii pyoepoiaoBuii 3aBoa».— Nea200509056.— omy0a.
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MOKpIBEJIBHUX ~ Ta  Tifpoi3oisuiiiHux  MartepiamiB  / €puenxko A.dl, CsipinoB B.K,,
Kynw6auenko K.1O.; 3asBumk 1 marentoBmacHuk CII «JDxupmxuc».— Ne96124775— omyoOu.
16.10.2000.
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JTOCJIPKEHHSA AHTUOKCUJIAHTHOI AKTUBHOCTI TETPAAHLJITHY B
MOJIEJIbHIV CUCTEMI IHIIHOBAHOI'O OKUCHEHHSA BEH3WJIOBOI'O CITIUPTY
Poranbcbkuii C. 1., Kamenesa T. M., Tapactok O. I1.
1IHCTI/ITyT 6ioopranivnoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpaiau, Kuis, Ykpaina
e-mail: sergey.rogalsky@gmail.com

[Monianinin (ITAH) € opraniuHuM mojiiMepHUM HaMiBIPOBIIHUKOM, SIKUI 3HAHIIOB HIMPOKE
3aCTOCYBAHHS JIJISl BUTOTOBIICHHS MTOJIIMEPHUX KOMITO3UTIB 3 €JICKTPOIIPOBIIHUMHU BIIACTHBOCTSIMH,
CJIEKTPOMIB IS XIMIUHUX JOKEepel eHeprii, CEHCOPHUX IMPHCTPOiB, 3aXHCHUX IOKPHUTITIB 3
AHTUKOPO31MHUMH 1 HEOOPOCTAIOUMMH BJIACTHUBOCTSMU. Pe3ynbTaTy HeaBHIX JOCIIKEHb CB1I4aTh
npo 3natHicte [IAH inriOyBatu BibHI pagukanu. 3aBASKH TOEIHAHHIO AHTHOKCHIAHTHOT
aKTMBHOCTI, BUCOKOi TepMidHOi cTtiiikocTi (1o 400 °C), a Takok HU3bKoi TokcuuHocTi [TAH €
NEPCIEKTUBHUM 1HTIOITOPOM CTapiHHS MOJIMEPHUX MaTrepialiB TEXHIYHOTO, MEIWYHOTO 1
no0OyToBoro npusHadeHHs. OHaK CIIijl 3a3HA4YUTH, MO HerutaBkicTh [TAH 3Ha4yHO yckiamHIO€e Horo
CyMiCHY TiepepoOKy 3 TepMOIUTACTUYHUMH TojliMepamu. Kpim Toro, Hu3bKka po3unHHicTh [TAH B
OpraHiuYHUX PO3YMHHHKAX YCKJIAJHIOE BUBYCHHSI HOr0 aHTHOKCHUIAHTHOI aKTUBHOCTI. 3py4YHUMHU
00’eKTaMu JJIsi JOCHIJDKEHb 1 MPaKTHYHUX 3acTocyBaHb € oxiromepu [TAH, siki MaioTh 3HA4HO
Kpally po34MHHICTb, & TAKOXK CYMICHICTh 3 MOJIMEPHUMHU MATpULAMU. Y i poOOTI CHHTE30BaHO
HU3bKOMOJICKYISIpHUI cTpykTypHuid aHanmor [IAH — rerpaaninin (TAH) i mocmimkeHo ioro
AHTHOKCHJIAHTHY aKTHBHICTb B MOJEIbHINA CHUCTeMi IHII[IHOBAaHOTO OKHUCHEHHS OCEH3UIOBOTO
CIUPTY.

TAH cuHTe3yBaiaM y BUIJISAI OCHOBH eMepalbauHy 3a cxemoro 1. Cronyky oTpuMyBaiu y
BUIJISIJII TIOPOIIKY TEMHO-CHHBOTO KOJBOpYy. CIEKTp MPOTOHHOTO MAarHiTHOro pesonancy TAH
HaBeZieHO Ha puc. 1. Hlupokuit MynbTumier B obnacti 6.3-7.8 M. A. BIANOBIAa€ XIMIYHUM 3CyBaM

MPOTOHIB ApOMATUYHUX Kislelb Ta aminorpyn TAH.

H
N _ FeCly _
©/ NH X HCI oaimHC
(TAH - cinb emepanbauHy)
[ ©/ \©\ /©/ \©\ (TAH - ocHoBa emepanbavHy)

Cxema 1. CuHTe3 TeTpaaHuliHy

+Z2T
izT

OlMNHOH

DMSO

IO

r’ﬂ\, ﬂ
_/—/ kt J’ LJ N

8.0 85 80 75 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 20 ppm

Puc. 1. *H SIMP cniexrp TAH (400 MI't, IMCO-Dg)
AHTHOKCUIAHTHY akTuBHiICTh TAH BuBUanm B MoOJENbHIN peakiii iHIMIIOBaHOTO
okucHeHnHs OensmioBoro cnupty (BC) 3a 50 °C 1 mocTiifHOI MIBUAKOCTI iHINIIOBAaHHS BUIBHHX
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paukanis (W; = 2.98-10° mons/m-c). Sk iHiniaTop MaHIOriB OKUCHEHHS BHKOPHUCTOBYBAamd 2,2'-
a30-oic-1300ytuponitpunn (AIBH) wmapku “9”, ouuieHWd NEpeKpUCTATI3aIl€l0 3 E€TaHOIy 1
sucymenuii y Bakyymi 3a 20 °C. IlIBuukicte okucHenHs BC BUMIpHOBalId BOJIOMETPHYHUM
METOJIOM 3a MOorjauHaHHAM kucHIO. EdektuBHicTh anTHOKHMCHIOBanbHOI Aii TAH Busnawanu 3a
MOYaTKOBOIO MIBHMJKICTIO iHiIiifoBaHOrO oOKucHeHHS bBC. 3a yMOBM KIHETHYHOTO PEXKUMY
OKHCHEHHSI Ta30MeTpUYHA YCTAaHOBKA Ja€ MOKJIMBICTh BUMIPIOBATH IIBUKICTH MOTJIMHAHHS KUCHIO
W B miamasoni 10® — 10 moms/(rc) 3a komsepcii cy6erpary 0.1 — 0.3 momb/n1. IToxubka
OCIIIKEeHb cTaHoBWIa 3 — 6 %.

MexaHi3M iHIIIHOBaHOTO paIuKaIbHO-JIAHIIOTOBOIO OKHUCHEHHS BbC mepokcuibHUME 1
ATKOKCUJILHUMH PaJIMKalaMH, sSIKi TeHEPYIOThCS B CHCTEMI, HaBeIeHO Ha cxemi 2. KineTnyHi KpuBi
MOTJIMHAHHS KUCHIO B MOZIeNbHiM cucteMi okucHenHs bC naBeneno Ha puc. 2. Cucrema bC-AIBH
(puc. 2, ninig 1) morauHae KUCeHb 13 mBUIKICTIO W = 2.8+ 10° MOJIB/(J1-C). BBenenHs 1o peakiiinoi
cymimi TAH B o0yiacTi KOHIIEHTpaIiid 54107 - 5.4-10°® mons/n 3MCHIIIY€E MIBUIKICTh OKHCHEHHS
BC BimmoBixuo Ha 25-75% (puc. 2, niHii 2-5). 3a xounenrpauii TAH 1.3-10” Monb/1 BinGyBaeTses
MOBHE 1HTIOYBaHHS OKUCHEHHs cyOcTpary (puc. 2, miHig 6). OTpuMaHi pe3ynbTaTd CBiI4aTh Mpo
AaHTHOKCUIAaHTHY akTuBHIiCTH TAH.

02
(CHy),C—N=N—C(CHy), —= N, + 2(CHp),C- —= 2(CH,),C00

CN CN CN CN
(AIBN)
o
(CH,),COO: + PhCH,0H —> (CH,),COOH + PhCHOH 2 > PhCHOH
[ [ : |
CN (BA) CN 00-

PRCHOH + PhCH,OH ——= PhCHOH + PhCHOH ——= HO" + PhCHOH
00- OOH oF

I
PRCHOH + PhCH,OH ——= PhCHOH + PhCHOH ——= PhCH + H,0
| .
of OH

Cxewma 2. [HimiioBane pagukaibHO-TaHIIOTOBE oKucHEeHHsS bC

1,6 -
1,4 -
1,2 |

1A
0,8 -
0,6 -
0,4 -
0,2 -

A0,]-10% moas/n

0 - + + 4 +

0 2 4 6 8 10
T, XB

Puc. 2. KineTnka nornmHaHHS KHCHIO B MOJICJIbHIN CHCTEMI 1HIIIHOBAHOTO PaNKaIbHO-
nanutorosoro okucHeHHsa bC 6e3 inriditopa (1) Ta 3a mpucyTHOCTI giSHI/IX koHuenTpauiiit TAH:
0.54-10° monb/1 (2), 2.7-10°° Mous/n (3), 3.8-10°° Monb/1 (4), 5.4-10™ Momns/1 (5), 13.6-10° Momns/n
(6), (Wi=2.98-10® momb/(11-c), 50 °C).

Ha puc. 3 naBeneno enexkrponHi cnektpu nornmHanas TAH B cuctemi BC-AIBH no 1 micns
B3a€EMOJIl 3 paJUMKaJbHUMH YaCTKaMHU, SIKI TeHepyroThcs B peakmiiiHiil cymimi. [lik TAH 3
JOBXHUHOIO XBWII 600 HM BiANOBiZAa€ BHYTPIIITHHOMOJEKYISPHUM €JIEKTPOHHUM MepexoiaM Mix
X1HOITHUMU 1 OEH3EHOITHUMHU CTPYKTypamMu. B cuctemi iHIIIHOBaHOTO paJvKallbHO-IAHIIIOTOBOTO
okucHeHHs BC nmanuil mik 3MIIIyeThCS B KOPOTKOXBMIJIBOBY OOJIAacTh, a IHTEHCUBHICTH HOTO
3MeHwyetbes. Lle cBiquuth mpo xiMiuHi neperBopeHHss TAH micns B3aemonii 3 paauKaibHUMH
YaCTUHKAMH, SIKI T€HEpYIOThCSl B cHUCTeMi. bazyrounmch Ha JiTepaTypHUX TaHMX IO MEXaHi3MYy
peakmii nudeHUTaMiHy 3 TEPOKCHJIBHUMH paJnKajaMd, MOXHa 3pOOUTH TPHUITYIICHHS PO
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Mexani3M ix iHriOyBamas TAH (Cxema 3). Ha mouartkoBili cramii BigOyBaeThcsl aTaka
MIEPOKCUIILHUX PaJIuKaIiB Ha aMiHOTpynH Oen3eHoigHux gparmentiB TAH 3 BiamenieHHsIM aTOMiB
BOAHIO. YTBOPEHI paguKaiM AETOKANi3ylOTbCS HAa apOMATHUYHUX KUIBISIX B OpPTO- abo mapa
MOJIOKEHHI JI0 aTOMIB a30Ty 1 B3aEMOJIIOTH 3 TMEPOKCHIBHUMHU paaukaiamu. KiHneBumu
MPOYKTaMH TAaKUX TIEPETBOPEHb MOKYTh OYTH XiHOHIMIHH.

600 HM

0.6

0.5

0.4

03"

ITornuHauHS

567 HM
0.2

0.1

0.0
400 500 600 700 800
JIOBXITHA XBIIL, HM

Puc. 3. Enextponni cniektpu nornunanis po3unny TAH B cucremi BC-AIBH (Crap = 5- 10
Motb/1, Casn = 5+10™ Moub/1 ) 3a kiMHaTHOT Temmeparypu (1) i micis Butpumkn 3a 70 °C
BrpoaoBx 1 rox (2), 3 rox (3), Srox (4) 18 rox (5)

H .
N N N N
+ 2R00- + 2 ROOH
N NH, N NH
_ . . P
NH » NH
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Z \©\ /@// 4©// \©\ Q/ + 2ROH
00 N Z
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Cxewma 3. [nriOyBanHs nepokcmibHUX pagukanis TAH

Takum 4yuHOM, y Ui poOOTI BHEplIe BCTAHOBJICHO AHTUOKCHJIAHTHY AKTUBHICTb
HU3bKOMOJIEKYIsipHOro ananora mnomianutiny (TAH) B wmonenbHill cuctemi iHimiiioBaHoro
paluKaIbHO-JIAHIIOTOBOTO  OKUCHEHHs OeH3minoBoro crnupty. 3xpatHicte TAH inriOysatu
MEPOKCUIIbHI PaJIMKalId CBITYUTH PO HOro MEPCHEeKTUBHICTH SIK 1HT1OITOpa TEPMIYHOTO CTApiHHS
MIPOMHCIIOBUX TepMOIUTacTHUHUX noiimepiB. Kpim Toro, TAH € mepcrnekTHBHOIO MOIU(IKYIOUOO
JIOMIIIKOIO JIJIS TTOJIIMEPIB METUYHOIO NMPU3HAYEHHS, sIKa MOXKE CYTTEBO MIJABHUILYBATH iX CTIHKICTh
710 MiKpOO10JIOT1YHOT AeCTPYKIIii.
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CHUHTE3 I JOCJIIKEHHSI ECTEPIB PULTMHOBOI KUCJIOTH SIK NIOTEHIIMHNUX
MJIACTU®IKATOPIB JIJIS1 TOJIMOJOYHOI KUCJIOTH
Poransceknii C. I1.", KoGpina JI. B.%, Jixyxa O. B.}, Tapaciok O. I1.}, Ps6os C. B.2
1IHCTI/ITyT Oioopranivnoi ximii Ta Hadroximii im. B.I1. Kyxaps HAH Ykpainu, Kuis, Ykpaina
“IncruryT Ximii Bucokomonekymsprux cionyk HAH Ykpainn, Kuis, Vipaina
e-mail: sergey.rogalsky@gmail.com

[Tomimonouna kucimota (IIMK) € omHMM 3 HaNNEPCNEKTUBHIMIMX CYYacHUX 1HOBAIlIMHHUX
TEPMOIJIACTUYHUX O10TMOJIMEpiB, KUK BHUPOOISIOTH 3 MOHOBIIOBAILHOI POCIMHHOI CHPOBUHH.
3aBIAKM TOE€IHAHHIO TaKUX BIJIACTMBOCTEH, $K BHCOKAa MEXaHIYHAa MILHICTb, IPO30PICTh,
6iocymicHicTh 1 OiomectpykTuBHicTh, [IMK HaOyna mMpoKOro 3acTOCyBaHHS IJIi BUPOOHHMIITBA
€KOJIOTIYHO O€3MEeYHUX IMaKyBaIbHUX MaTepiaiiB, XapyoBHX KOHTEHHEPIB, (apMareBTUIHUX
npemnapariB i MeinyHoro ycrarkyBanus. Kpim toro, [IMK € ogauM 3 HaliOMy ISIpHIIIMX TUIACTHKIB
st 3D apyky. Jlo HemomikiB moJiiMepy, sIKi CYTTEBO OOMEXYIOTh 00JIacTh HOTO 3acTOCYBaHb,
BITHOCSATh KPHUXKICTh 1 BIAMOBIAHO HEIOCTAaTHIO yaapHy MimHicTh. [y mokpamieHHs (i3uko-
MexaHIuHuX 1 peonoriynux BnactuBocter [IMK mo i ckiiaqy HeoOX1JHO BBOJUTH MIIACTU(IKATOPH.
EdexTnBHIMYU TUTaCTH(IKATOPaMHU MOJIMEPY € OJIroMepd MOJOYHOI KHCIOTH, TPUOYTHIIIUTPAT,
nonietwienriikoni. [ToniMepHi komno3uii, siki Mictath 20% miacTu}ikyrOUux JOMILIOK, MAlOTh
MiABHUILIEHY €JTaCTUYHICTh, SKa MPOSBISETHCS Yy 3MEHIICHHI MOAYIS TPYXKHOCTI 1 Temreparypu
CKJIyBaHHA y mopiBHsSHHI 3 BuxigHoto [IMK. Jlng Giomenuunux 3actocyBanb [IMK, Takux sk
TKaHWHHA I1H)KEHEpis Ta IMIUIAHTOBaHI MPHCTPOI, aKTyalbHOIO MPOOJIIEMOI0 € 3armoOiraHHs
KOJIOHI3aI1i1 TOBEPXHI MOJIMEPHUX BUPOOIB MATOTEHHUMH MIKpOOpraHi3MaMHu, sIKi CIIPUYHHSIOTH 1X
MIKpOOIOJIOTIUHY JECTPYKIiI0, a TaKOXX MOIIMPEHHS CKIAIHUX I1HQEKIIHHUX 3aXBOPIOBaHb B
OprafizaMi JIOAUHU. 3 1€l TOYKKM 30py HAA3BUYAWHO MEPCIEKTUBHUMH MOIUDIKYIOUUMU
nomimkamu 10 [IMK MoxyTh OyTH CHONYKH, SIKi MOETHYIOTh BJIACTHBOCTI IUIACTH(]IKaToOpiB Ta
AHTUMIKPOOHUX areHrtiB. Bimomo, 1m0 pUIIMHOBA KHCJIOTAa Ta 11 TOXIAHI MPOSBISAIOTH
AHTHOKCHUJIaHTHY, IPOTH3AMaJIbHy Ta aHTUMIKPOOHY akTHBHICTh. OqHAK IUIacTU(IKAIHHINA ePeKT
takux cnonyk Ha [IMK He pociimkeHo.

Y miit poOOTI CHHTE30BaHO €CTEPH PHUIMHOBOI KHUCIOTH — METUJIPHUIIMHONEAT 1
OyTHJIPULIMHOJIEAT 1 TOCIIIKEHO IX BIUIMB Ha TepMoQi3uyHi 1 moBepxHeBi BinactuBocTi [IMK.

MetumnpunuHonear (MP) cuntesyBanu 3a cxemoro 1. 1 r rigpokcuny kajuito po3uuHsiiu B 20
MJI MeTaHomy 1 goaaBanu a0 100 r puruHoBoi oxii. Cymimn nepemimysanu npu 45 °C BOpoaoBx 6
rof. Jlns HedTpanizanii riipokKCuay Kaiiro J0 po3uuHy AofaBaiy 10 M BOAHOTO pO3UMHY ClpYaHOi
kuciaotH (1.5 r). Peakuiiiny cymim npomuBaiu Bosoto (2 x 100 mit), opraHiyHUi map po3uyuHsIIN B
Metuinenxiaopual (200 mi) 1 cymuiau Haja XJIOPUIOM Kaybliifo. MEeTWIEeHXJIOpU BIAraHsId 3a
HOpMAaJIbHUX YMOB, 3aJIMIIKH PO3YMHHUKA BUJAISIM y Bakyymi 15 mOap 3a 60 °C. OtpumyBanu
PYXJIMBY PIIMHY CBITJIO-)KOBTOT'O KOJILOPY.

'H SMP (400 MTI'u, CDCls) & = 0.88 (r, 3H, CHa), 1.35-1.44 (m, 16H, C4-7, C14-17), 1.51
(m, 2H, C13-CHy), 1.65 (m, 2H, C3-CHy), 2.03 (m, 2H, C8-CHy), 2.2 (T, 2H, C11-CHy), 2.35 (r,
2H, C2-CHy), 3.62 (m, 1H, C12CHOH), 3.71 (1, 3H, COOCH3s), 5.58-5.46 (M, 2H, -CH=CH-).
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Cxema 1. CuHTE3 METHIIPUILIMHOJIEATY.
Bbyrunpununonear (bP) cuntesyBanu 3a cxemoro 2. 4 T TiIpOKCUAY Kalito po3unHsu B 70 T
OyTaHOIy 1 HarpiBaJIM /10 KUIMMHHS Y KPYTJIOJAOHHIM K001 3 Hacankor Jlina-Ctapka 10 MpUITMHEHHS
BUIUIEHHS a3eoTponHoi Boau. 10 r po3unny nojasanu 10 20 T pUIIMHOBOI OJIi1 1 epeMillyBaiy npu
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KIMHaTHIM Temneparypi BIpoAoBx 1 rox. PeakimiiiHy cyMill mpoMUBaiIMu BOJAOIO, OPTAHIYHUHN ILIAp
po3unHsaau B MeTwieHxjopuai (50 mur) 1 cymunu Haa cynbpaToM HATPiro. METHICHXJIOPHUI
BIATaHSUIM 32 HOPMAJbHUX YMOB, 3aJIMIIKA PO3YMHHUKA BUAAISUIM Yy Bakyymi. OTpuMyBaiu
PYXJIUBY PIIUHY CBITJIO-)KOBTOTO KOJIBOPY.

'"H SIMP (400 MI'i, CDCls) & = 5.52 (m, 1H, -CH=), 5.4 (v, 1H, =CH), 4.05 (r, 2H,
COOCHy), 3.59 (M, 1H, C12CHOH), 2.26 (T, 2H, C2-CHy), 2.19 (t, 2H, C11-CHy), 2.03 (™, 2H,
C8-CHy), 1.58 (m, 4H, C3-CH;, COOCH.CH,), 1.35-1.44 (M, 18H, C4-7, Cl14-17,
COOCH,CH,CH,).
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C,H,OH
CHy(CH,)sCHCH,CH=CH(CH,),C00 — CH 4K—éH>
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(l)H

————=  CHy(CH,);CHCH,CH=CH(CH,),COOC,H, + HOCH,-CH(OH)-CH,OH
Cxema 2. CunTe3 OyTUIpUIIMHONIEATY

Kommo3utiiiiHi miiBKM Ha OCHOBI MOJIIMOIOYHOI Kuciaotu (MonoFilament, Ykpaina, MM =
274,000 r/monp) IIMK/MP Tta IIMK/BP i3 BmicToM ectepiB punimHOBOi kuciotd 20 i 30 MacoBux
BiJICOTKIB OTPUMYBAJIM IOJUBOM 13 PO3UMHY B XJIopodopMi. 3alHIIKK pO3YMHHUKA BUAAISIIN Y
Bakyymi 15 mOap 3a 50 °C. ToBuinHa noJaiMepHUX MIiBOK cTaHOBHIA 300 MKM.

Tepmorpasimerpuunuii anani3z (TI'A) npoBoaunu Ha nepuBarorpadi Q-1500D B miamaszoni
temreparyp 20 — 700 °C mpu mBuuakocti HarpiBanHa 10 °C/xB y mnositpi. Temnmodizuyni
BJIACTUBOCTI KOMIO3HIIN JOCTIKYBAIA METOJAOM IH(PEPEHIIHHOI CKaHyBaJIbHOI KaJlIOpUMETpil
(ACK) na mpunmagi Q2000 TA Instrument B intepBami temmepatyp Big -90 mo 150 °C npu
mBuaAKocTi HarpiBanHs 20 °C/xB.

JleTkicTh MmIacTU(IKYIOUMX JOMIIIOK BH3HAYadM METOJOM aKTHBOBaHOro Byrimuist [1].
Komno3zumiitni nosximMepHi IUBKM (y BUIJISAL JUCKIB 3 AiamerpoMm 50 MM 1 TOBHIMHOIO | MM)
BUTPUMYBAJIM B KOHTAaKTi 3 aKTUBOBAaHUM BYTUUISIM (3 po3MipaMu 3epHa 4-6 MM) 3a Temreparypu
70 °C Bupoaosx 24 roxa. Brpary macu miactudikaropa Ay BU3HAYAIH 32 PIBHAHHIM:

Am = (mo—my)/mgy x 100

Jle mp—Maca BUX1JHOTO 3pa3ka, M — Maca 3pa3Ka Miclis TEpMIYHOTO BILJIUBY

Jlis nocniKeHHsl CTIMKOCTI MIacTU(IKaTOPiB 10 Mirpalii KOMIIO3UIIHHI MOJIMEPHI TUTIBKU
3 po3mipamu 80 x 80 MM momimanu MiX JBOMa JHcTaMM (iabTpyBajbHOro mamepy. OTpumani
caH/IBlU-NIakeTu (pikcyBasid 3aTHCKAa4aMU MK CKISTHUMHM IUlacTUHaMU. Mirpanito miactugikatopis
nocmikyBanu 3a 25 °C Bnponomx 30 ni6. Brpary macu mactudikatopa BH3HauYaId
IpaBIMETPUYHUM METOJIOM Y BIJICOTKAX BIJTHOCHO MOTr0 BMICTY B MOJIIMEPI.

Ha puc. 1 naBeneno kpusi JICK momimosnounoi kuciotu Ta ii KOMIIO3UIIN 3 ecTepamu
punnHoBOi kucaoTH. Buxigna IIMK mae temmeparypy ckiyBalHs (Tg) 69.3 °C. EnnorepMiunuii
nik npu 170 °C na xpusiit JICK (puc.l, kpuBa 1) Bianosinae tTemmneparypi IUIaBICHHS MOJIMeEpY.
[MonimepHi kommo3uuii, ki MicTATh 20% MP 1 BP, matoTs 3HMkKeH]I BenmunHK Tg (Ha 18.4116.2 °C
BIJIMOBIAHO) 1 TemrepaTypu TuiaBieHHs (Ha 7.3 1 9.5 °C). 36inpmenHs BMicTy gomimok 10 30%
IpPaKTUYHO HE Ma€ HACTYHNHOro BIUIMBY Ha BennuuHy Tg [IMK, ane crnpuunHse 3MeHIIEHHS
TeMIiepaTypu IuiaBieHHs noiimepy Ha 12 °C (puc. 1, kpuBi 2 1 3, Tabmn. 1). OTpumani naHi cBigyathb
po MNOMIpHUN MacTU(IKAIAHUN epeKT ecTepiB PUIMHOBOI KHUCIOTH, XapaKTepHUil ams
BTOpPUHHUX MiacTudikaropis. OqHuM 3 MOXIUBUX MexaHi3MiB miactudikauii [IMK e yrBopenHs
BOJIHEBUX 3B’S3KIB MK T1JPOKCHJIBHUMH T'PYIIaMHU aJKUIPUIIMHOJEATIB 1 KapOOHIIBHUMU TpylaMu
I[IMK (Cxewma 3).
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Cxewma 3. di3uko-ximiuga B3aemonisa mixk IIMK 1 BP

Pesynpratu TI'A HaBeneHo Ha puc. 2 1 Tabn. 1. [IMK mae Temneparypy nodatky JecTpyKii
(BTpara macu 5%) 346 °C. [lomiMepHi KOMIO3UIII, SIKI MICTSTh €CTEPH PUIIMHOBOT KHCIIOTH, MAIOTh
3Ha4YHO MEHINy TepMiuHy cTiiikicTb. TemnepaTtypa nepepodku IIMK MeTonamu ekctpysii Ta TUTTS
i TuckoM cTtaHoBuUTh 180 — 230 °C. BBeneHHs miacTU(IKyHOUMX AOMILIOK JIa€ MOXIIMBICTh
3MEHIIUTH TPaHUYHY TeMIlepaTypy NepepoOKH IMOJIIMEpY 3a PaxyHOK 3MEHUICHHs TeMmIepaTrypu
HOTro IIaBJIEHHS 1 B’SI3KOCT1 po3IuIaBy. 3 1€l TOUKH 30py, noiaimepHa komnosuiis [IMK/BP (20%)
€ MPHUJIATHOIO JIJIs TEPEepOOKU POMHUCIOBUMH METOJaMH.

100

Brpara macu, %

T T T T -1
100 200 300 400 500
Temneparypa, °C

Puc. 2. Kpusi TTA: 1 — TIMK, 2 — TIMK/MP (20%), 3 — ITIMK/BP (20%)
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Tabmuus 1 Tepmodizuuni BnactuBocTi kommno3uiii [IMK 3 ecrepaMu puiiuHOBOT KHCIIOTH

3pa3zok Temmneparypa npu BTpati Macu Ap, °C
Tg, °C | Tuy, °C
Tam=s% | Tam=10% | Tam=20% | Tam=s0%

I[IMK 69,3 170 346 355 366 381
ITMK/MP (20%) 50,9 162,7 212 267 336 371
IIMK/MP (30%) 53,5 158 206 239 311 369
ITMK/BP (20%) 53,1 160,5 222 263 332 370
ITMK/BP (30%) 53,2 157,7 174 213 265 365

Mirpariist ectepiB pUIIMHOBOI KHCJIOTH 3 TOJIMEPHHMX IUTIBOK CTaHOBHJA MeHuie 1% ams
kommo3uii [IMK/MP (30%) 1 menme 2% mnst 3pa3zka IIMK/BP (30%). Brpata miactudikaropis
JUIS IIUX KOMIIO3HWII, BU3HAYEHA METOJIOM aKTHBOBAHOTO BYTULIS, CTAHOBWIJIA BiAMOBigHO 3.7 1
1.9%.

TakuM 4YWHOM, pe3yJabTaTH NPOBEIACHUX JOCTIIKEHb CBiYaTh TIPO MOXKIUBICTh
3aCcTOCYBaHHA ecTepiB pulMHOBOi kucioTH MP i BP B sikocTi BTOpHMHHMX IutacTU(IKaTOPiB AJs
[IMK. He muBnsunch Ha oOMeXeHHMH TUTaCTH(IKAIIMHUNA ePeKT HHUX CIONyK Ha MOJiMep, BOHU
e(pEKTUBHO 3HWKYIOTh TemIiiepatypy ruiaBieHHs [IMK i BinmoBimHO MOJIEIyOTh i 3MaTHICTh 10
nepepoOKH TPAAUIIIHHUMU METOIaMU. AKTyaTbHUM HAIPSIMOM HACTYITHUX JOCIIIKCHb € BUBYCHHS
AHTUMIKPOOHOI aKTHUBHOCTI €CTEpiB PUIIMHOBOI KHUCJIOTH $K MOTEHIINHUX Oi)yHKIIOHAIBHUX
Moudikyrounx qomimok st [IMK.

ASTM D 1203-52 T. Test methods for activated carbon. European Counsil of Chemical
Manufacturer’s Federations. 1986. 30-32. https://activatedcarbon.org/images/
Test method for Activated Carbon 86.pdf
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Abstract

Novel hybrid nanocomposites of cyanate ester resin (CER) filled with different type of
amino functionalized POSS were synthesized and characterized. It has been found that addition of
small quantity (0.1 wt.%) of amino-POSS chemically grafted to the CER network leads to
increasing stability to thermal degradation of CER matrix. Namely, the degradation temperature Ty
50 increases from 352 °C (for neat CER network) to 388 °C (for CER/AEAPIB-POSS). A
significant growth of glass transition temperature, Ty (DSC data) and the temperature of
relaxation, T, (DMA data) by 45-55 °C of CER matrix with loading of nanofillers used was fixed.
The essential increase of storage modulus values in all the temperature region investigated was
observed as well. It was evidenced that CER/APIB-POSS, CER/NPAP-POSS, and CER/AEAPIB-
POSS nanocomposites induce a more homogenous o relaxation phenomenon with higher T, values
and an enhanced nanocomposite elastic behavior. The efficiency of amino-functionalized POSS in
improving the thermal properties of the CER/amino-POSS nanocomposites increases in a raw of
amino-POSS containing one primary (APIB-POSS) < eight secondary (NPAP-POSS) < one
secondary and one primary (AEAPIB-POSS) amino-groups.

Key words: cyanate ester resin, amino-POSS, polycyanurates, thermostable hybrid
nanocomposites,glass transition temperature, thermal stability.
Introduction

Cyanate Ester Resins (CER) is a very perspective class of high performance polymers,
which differs from others by a very regular structure of the polymer networks, namely
polycyanurates (PCN), obtained by CER polycyclotrimerization [1-5]. They have received much
attention because of their unique combination of physical properties, including high thermal
stability (> 400 °C), high glass transition temperature (> 270 °C), high fire-, radiation and chemical
resistance, low water absorption and low outgassing, high adhesion to different substrates and
excellent dielectric properties [2-4]. As a result, CER are currently used as structural or functional
materials in aeronautics, space structures (composite strakes, fins, nose radomes, heat shields),
printed circuit boards, adhesives etc. [6]. However, like for most thermosets their main drawback is
brittleness. This deficiency is remedied by synthesis of nanocomposites of CER with
montmorillonite, carbon nanotubes, nanostructured aluminium borate, ZnO, ZrW,0Og, nanosilica,
polyhedral oligomeric silsesquioxanes (POSS) and other nanofillers [7]. The most pronounced
effect on mechanical and thermal properties of PCNs is achieved when nanoparticles with
organically modified surface are used.Recently thermostable nanocomposites based on densely
cross-linked CER, derived from bisphenol E and doped by 0.01-10 wt.% epoxycyclohexyl-POSS
(ECH-POSS), were synthesized and characterized [8-11] using TEM, SAXS, EDXS, FTIR, DSC,
DMTA, TGA, far-IR and creep rate spectroscopy techniques it was revealed that ultra-low POSS
contents (<<1 wt.%), covalently embedded into CER network, substantially changed its
nanostructure and properties. This resulted in changing network dynamics; increasing glass
transition temperatures by 20-50 °C; enhancing high temperature elastic and creep resistance
properties, and increasing thermal stability under inert atmosphere at T < 400 °C.

The aim of this work was to synthesize and study the structure-properties relationships for
novel thermostable hybrid nanocomposites of CER filled with amino-functionalized POSS
possessing different amount of primary and/or secondary amino-groups. We intended to study the
effect of amino-functionalized POSS nanoparticles on phase structure and thermal properties of the
CER/amino-POSS films developed. Amino groups are very reactive towards cyanate groups [2, 12],
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so during mixing of the functionalized POSS nanoparticles with CER the nanoparticles react and
chemicallyincorporate to the CER network that resulting in fine dispersing and improving
properties. We supposed that POSS cage structures with diameters of 1-2 nm evenly distributed in
the CER network will improve thermal and mechanical properties of the later that will extend the
areas of application of such CER based nanocomposites especially in constructions working in
extreme conditions.

Experimental
Materials

The CER network was formed using 1,1'-bis(4-cyanatophenyl) ethane (dicyanate ester of
bisphenol E, DCBE), under the trade name PRIMASET® LECy, kindly supplied by Lonza
(Switzerland). POSS derivatives with reactive functionalities, viz., aminopropylisobutyl POSS®
(APIB-POSS), aminoethylaminopropylisobutyl POSS® (AEAPIB-POSS) and N-Phenylaminopropyl
POSS® (NPAP-POSS) from Hybrid Plastics Inc. (Hattiesburg, MS, USA), were used as received.
Synthesis procedure

The initial DCBE/POSS mixtures were first stirred with magnetic stirrer (1500 rpm) at T~
65 °Cfor 2 hrs followed byheating over the temperature range from 25 °C to 300 °C with a heating
rate of 0.5 °C/min. The polymer nanocomposites derived from DCBE with 0.1 wt. % of different
amino-POSS were synthesized.
Techniques

Dynamic mechanical thermal analysis (DMTA) was performed using a TA Instruments Q800

analyzer with a frequency of 1 Hz. The samples were heated from -150°C to 320°C at a heating rate
of 3°C/min. Differential scanning calorimetry (DSC) with Perkin-Elmer Diamond DSC apparatus
was used for estimating glass transition temperatures, T, at the half-height of a heat capacity step
and glass transition onset, Ty onset temperatures in the composites. The second scans with the heating
rate of 40 °C/min over the temperature range from 20 to 350 °C in nitrogen atmosphere were
performed.

Results and Discussion
It is well known that cyanate groups of CER easy react with NH, and NH groups [12].Cho
et al. [13] confirmed chemical incorporation of amino-POSS into the CER (PT-30) network through
the reaction of -O—C=N groups of CER with NH; groups of amino-POSS with formation of
RNHC(=NH)OR fragments manifesting themselves via stretching band at 1640 cm™ in the FTIR
spectrum.
t?/ P In our work [14] we observed the same
i oo, band as well in the cured CER/amino-MMT
! ”°°°°”ﬂ\és \Zi\ nanocomposites. The initial stage of amino-
)vs\o\/oi< POSS chemical grafting to the CER network is
lThermal schematically ~ shown for CER and
o aminopropylisobutyl POSS system in Figure 1.
\N &o Due to differences in the functionality of POSS
nanoparticles, it is possible to achieve a great
variety in the design of the synthesized

/50

j’\ < S|\os| CER/amino-POSS nanocomposites.
i\ 5‘;’0 o Figure 2 shows the storage modulus, E'
%; %/ * (Fig. 2a), the loss modulus, E" (Fig. 2b) and the
tan 6 (Fig. 2c) versus temperature dependencies

for theneat CER network and for
Fig. 1. The initial stage Of CER and thenanocomposites studied using DMTA
aminopropylisobutyl POSS interaction. method, and Table 1 displays the corresponding
viscoelastic characteristics.
Figure 2 shows that loading nanofiller into CER network leads to significant increase of
storage modulus, E£', values in all the temperature region investigated. One can see from Figure 2
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and Table 1 that all the CER/amino-POSS nanocompositesstudied possess the higher values of T,
compared to the unfilled CER network.Indeed, the trend in the difference between T, coincides with
the DSC data below. Herewith, loading the APIB-POSS into CER network results in growth of T,
values by 18 °C, whereas addition NPAP-POSS and AEAPIB-POSS sharply increases the T, values
by 44°C and 50 °C, respectively (Table 1). These effects are reached due to the well distributed of
POSS nanoparticles as additional inorganic junctions, which hinder and restrict the movement of
the polymer segments of CERmatrix.
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Figure2.Temperature dependence (at 1 Hz) of (a) storage modulus, E’, (b) loss modulus, £, and (c)
tan o for (1) CER/APIB-POSS, (2) CER/AEAPIB-POSS, (3) CER/NPAP-POSS nanocomposites
and (4) neat CER network.

Tablel. DMTA data for CER/amino-POSS nanocomposites and CER network

Nanocomposite T,,°C | Tg, °C | T,,°C | E'at25°C, GPa
CER/APIB-POSS -92 —43 241 3.24
CER/AEAPIB-POSS -95 -11 270 3.23
CER/NPAP-POSS -99 —28 266 2.99
Neat CER network -85 -37 218 2.72

DSC data (Table 2) are in a good agreement with the above DMTA results. Introducing
APIB-POSS nanoparticles leads to negligible growth of Ty (by 2 °C) of polycyanurate matrix,
however, adding NPAP-POSS and AEAPIB-POSS shifts T, value of CER matrix in hybrid
CER/POSS nanocomposite to higher temperatures by 45 °C and 55 °C, respectively.

Table 2.DSC data (2"heating scan) for CER/amino-POSS nanocomposites andCER network

Nanocomposite Tgonsets 'C Ty, °C AT, °C | AC,, J-gTKT
CER/APIB-POSS 204 216 24 0.363
CER/AEAPIB-POSS 257 269 23 0.415
CER/NPAP-POSS 249 259 25 0.314
NeatCER network 203 214 23 0.351

Conclusions

Novel thermostable hybrid nanocomposites of cyanate ester resin (CER) filled with different
type of amino functionalized POSS were synthesized and characterized. The significant growth of
glass transition temperature (a relaxation), Tg(T,), by45-55°C of the CER matrix with loading of
nanofillers was fixed by means of DSC and DMTA. The essential increase of storage modulus
values in all the temperature region investigated was observed as well. These effects are reached due
to the well distributed POSS nanoparticles and their covalent bonding to CER network as additional
inorganic junctions, which hinder and restrict the movement of the polymer segments of CER
matrix in whole temperature region.
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OJIII'OCUIICECKBIOKCAHIB
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CuHTe30BaHO TmoJiepaibHi oyiromepHi cwiceckBiokcanu (POSS), mo wmictares B
opraHiyHOMY oOpaMJIeHHI 31aTHi 10 oToizoMmepu3saiii pparmentu azodbapsuuka Disperse yellow 7
(POSS-DY7). 3akmrouni cramii cuaresy POSS-DY7 3pilicHIOBaIM 3a peakKIli€ro CyMilri
BianoBigHUX enokcuaBmicaux POSS-moxignux i 6apsuuka Disperse yellow 7 mpu criBBigHOmEHH]
eMOKCUIHUX 1 TIPOKCUIIBHUX TPYM (3 MOJIEKyJ OapBHHKa) = 1:1, 10 cXeMaTHYHO MOKa3aHO HA PHC.
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Puc. 1. Cxema cuHTe3y a30XpoMOpOpBMICHHX oJirocuiiceckBiokcanis (N = 8-13) POSS-DY7.

Ha ocHoBi cuHTe3oBaHuX a3oBMicHMX POSS Hamu cTBOpeHO (OTOUYTIMBI TOHKOIUIIBKOBI
CTPYKTypH (TOBIIMHA IUTiBKOBOTO mapy ~ 0,6-1 MKM) 1 ImoKa3aHo, 0 3a3HAYCHI TUTIBKOBI CHCTEMU
€ MOJAPU3ALIHHO-UYTIUBUMH. 11 OTpUMAHMX CTPYKTYp 3AIHCHEHO 3amMc MOJspU3aLiiHUX
($a30BUX TOJNIOTPaM IIOCKOTO XBHIJIBOBOTO (DPOHTY JJIsi Pi3HUX CTaHIB MOJISPHU3ALii 3alMCYIOYNX
CBITJIOBHX HpoMeHiB. [Ipy 11bOMy KOHTpPOJBOBAaHMM IapamMeTpoM Oyna BeauuuHa AudpaxiiifHol
e(EeKTHUBHOCTI 1), [0 BUMIipIOBajacs B MEPUIOMY MOPSIKY Audpaxiii peecTpoBaHux roiorpam. B
SKOCTI MPUKJIQAY Ha pHC. 2 HaBeJeHO (oTorpadiro BIAHOBIEHOI IOJIOrPaMH IIOCKOTO XBUIBOBOTO
GpoHTY U BUNAIIKY MapajiebHOI B3a€MHOI Opi€HTAIli eleKTpuIHuX BeKTOopiB (el||e2) mamarounx
00'eKTHOT 1 OMOPHOI CBITJIOBOI XBWJII 3alUCYIOYMX IIPOMEHIB, 3apeecTpOBaHOI B CTBOPEHIH
(dhoToUyTIIHBIH TUTIBKOBIH CTpyKTypi HAa ocHOBI POSS-DY7. 3anuc 3/iiicCHIOBAaBCS 3 BUKOPHUCTAHHSIM
3eneHoro (A = 532 HM) HamiBopoBigHukoBoro Jsaszepy (10 MBT) mnpu chiBBigHOIIEHHI
IHTEHCHUBHOCTEH OIOPHOTO Ta 00’€KTHOTO mpoMeHiB 1:1 Ta mpocTopoBiit yacTori 3amucy @ = 250
MM . Bennunna JudpakiiiHoi e(heKTUBHOCTI JUIs 3alMCaHO] roiorpaMaMu ckiagae ~ 1 %.

Puc.2. ®otorpadisi BiIHOBIEHOT TOJIOTPaMH IIOCKOTO XBHJIBOBOTO (DPOHTY, IO OYJIO 3apeecT-
poBaHo B ruiiBIi Ha ocHOBI POSS-DY7 ToBmmmoio 0,6 mkm. (ellle2, @ = 250 mm™, n~1 %,
[IEHTpaJIbHa CBITJIOBA IUIIMa Ha ()OTO BiAMOBIIAE «HYITHOBOMY» MOPAAKY AUPPaKIIii).

Hocnimpkeno iHpopMaliiHi XapaKTePUCTUKH OTPHUMAHUX PEECTPYIOUMX CEpPEeJOBHIL Ta
JTUHAMIKY 3aUCy BIAMOBIAHUX MOJSIPHU3AIIHHAX TOJIOTPaM IIOCKOTO XBHILOBOTO (DPOHTY.

3po0sIeHO BHCHOBOK, IO CTBOPEHI IUTIBKOBI CUCTEMH MOXYTh OYTH BHKOPHCTaHI B SIKOCTI
BHUCOKOE()EKTUBHHUX PEECTPYIOUMX CEPEAOBHI ISl IMOJSAPU3AMIMHOTO ONTHYHOTO 3arucy
iHpopMarii, 30KkpeMa B mosisgpu3aliinii ronorpadii.
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HOBI BATATO®YHKIIOHAJIBHI 'OJTIOT'PA®IYHI PEECTPYIOUI CEPEJJOBHUIIA
HA OCHOBI OJITI'OCHJICECKBIOKCAHIB, IO MICTSATb B MOJIEKYJII
XPOMOPOPU POAJAMIHOBOI'O BAPBHUKA
['ymenna M. A.l, [IIeBuenko B. B.l, Crymsuncekuii C. H.z, ITasnoB B. 0.2, [ToBopo3zntok B. B.Z,
Cononyxa . A2

"ncruryt ximii Bucoxomonexymspaux crionyk HAH Vipainn, Xapkisceke moce, 48, 02155, Kuis,
Ykpaina
? KuiBchbKnit HarlioHanbHuii yHiBepeuTet iMeni Tapaca IlleBuerka,
Bys1. Bomogumupceka, 64/13, 01601, Kuis, Ykpaina
e-mail: studzynskyi@knu.ua

Hamu Oysio cuHTEe30BaHO MostiepanbHi ojiromepHi cuiiceckBiokcanu (POSS), o micTsTh B
opraniyHoMy obOpamJyeHH1 (iryopeciieHTHI XpoModopHi pparMeHTH OapBHUKA POJAAMIHOBOTO Py
«Rhodamine By» (POSS-Rh). 3axmtouni cragii curresy POSS-Rh 3nificHrOBaMCS 3a peakiii€ero
cymimn  BiAmoBigHuX —enokcuaBMicHux POSS-noximaux 1 OapeaHuka Rhodamine B mpu
CIIBBITHOIIICHHI SMOKCHIHUX 1 KapOOKCHIbHUX (DYHKIIHHUX rpyn (Mosiekyn OapBHuKa) = 1:1, 1m0
CXEeMaTHYHO TI0Ka3aHo Ha puc. 1.
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Puc. 1. Cxema cuHTE3y poJaMiHBMICHHX oJirocuiceckBiokcanis (N = 8-13) POSS-Rh.

Ha ocHoBi cuHTe30BaHMX OapBHHUK-BMicHUX POSS 6yno ctBOopeHO (OTOUYTIMBI TOHKOIUIIBKOBI
CTPYKTYpH (TOBIIMHA TUTIBKOBHX TapiB ~ 0,5-1 mxM). Bymo BusiBieHO, 10 CTBOpEHI TUTIBKOBI
CHCTEMH MPOSBISAIOTH (POTOBOIBTATYHUHN €PEKT MPHU iX OMPOMIHEHHI CBITIIOM 3 00JIACT] MOTJIMHAHHS
xpoMoopHHX (parMeHTiB pomamiHoBoro OapBHuka y ckiami POSS-Rh. Bcranosneno, 1o
BUSBJICHUH (QOTOBONbTAIYHUN edekT Mae ¢oroaudysiiiHy npupoay, TOOTO BHU3HAYAETHCA
nepeBakHo epextom [lembepa.

3 BUKOPHUCTaHHSM ONPOMIHEHHS 3eneHoro (A = 532 HM) HamiBOpOBIAHUKOBOTO Jazepy (10
MBT) 1151 oTpuMaHuX CTPYKTyp TakoX Oyso 3A1HCHEHO 3aluc aMILITYAHUX ToJIorpaM IJI0CKOIro
XBHJILOBOTO (PPOHTY, TOOTO MOKa3aHO, IO CTBOPEHI ()OTOUYTIMBI IUTIBKOBI CTPYKTYPH MOXKYTh
3HAWTH 3aCTOCYBaHHS B SIKOCTI TosorpadiyHUX PEECTPYIOUM CEPEIOBHIL. 3auc 3/11HCHIOBABCS MPU
CMIBBIHOIIEHHI 1HTEHCUBHOCTEH OIMOPHOrO Ta OO0’€KTHOro mpomMeHiB 1:1 Ha mpocTopoBHX
qacrotax @ = 200-350 MM Ilpn IBOMY KOHTPOJNBOBAHHM apaMeTpoM Oyia BENHUHHA
TQpakLiifHOi ePeKTUBHOCTI 1), III0 BUMIpPIOBAIacs B MEPIIOMY MOPSAAKY AUDpaKiii peecTpoBaHUX
roJiorpaM IUIOCKOTO XBUJILOBOIO (poHTY. BennunHa nocsaruyToi Au@pakiiiiHoi epeKTUBHOCTI AJis
oTpuMaHuX ronorpam ckiazamna ~ 0,05-0,15 %. [locmimkeHo iH(opMaliiiHi XapaKTepUCTUKU
OTPUMaHUX PEECTPYIOUUX CEPEIOBHUIII.

3a pe3ynbTaTaMM MPOBEACHUX MOCTIIKEHb 3pOOJIEHO BHCHOBOK, IO CTBOPEHI IJIIBKOBI
CUCTEMH MOXYTb OYTH BHUKOpPHCTaHI B SKOCTI 0araTopyHKLIOHAJIbHUX ToJorpapiuHuX
PEECTPYIOUMX CEpPEelOBHI JJIi ONTHYHOTO 3amMcy iHQopmamii Ta IHIIMX 3aCTOCYBaHb
MOJIEKYJISIPHOT (POTOHIKH.
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THERMOSTABLE NANOCOMPOSITES BASED ON HYBRID POLY(CYANURATE-
co-BENZOXAZINE) THERMOSETS AND EPOXYCYCLOHEXYL-POSS
Starostenko O. M.%, Fainleib A. M.}, Shulzhenko D. M.}, Grigoryeva O. P.}, Grande D.?
YInstitute of Macromolecular Chemistry of the National Academy of Sciences of Ukraine, Kyiv,
Ukraine, o_starostenko@ukr.net
’Institut de Chimie et des Matériaux Paris-Est, CNRS-UPEC, Thiais, France

Over the past decade, polymer functional materials have gained significant popularity in
various areas of human activity, including science, technology, construction, agriculture,
medicine, and more. Among these materials are polymer nanocomposites.

Cyanate ester resins and benzoxazines have many valuable properties, in particular, low
melt viscosity. In addition, during their polymerization, no volatile substances are released and
the synthesis does not require the introduction of catalysts. The resulting polymers are
characterized by low volume shrinkage during polymerization, low moisture absorption,
excellent chemical resistance, fire resistance, high heat resistance, mechanical and electrical
properties, flexibility of molecular design, high glass transition temperature and heat resistance.
The disadvantages of these polymers are their high brittleness, and the manufacture of products
is significantly complicated by high temperatures and long hardening. To overcome these
problems, the generally accepted practice of using reactive comonomers is used. Therefore, the
"ideal" comonomer reduces the activation energy of the hardening process, the final temperature,
and the total duration of the stepwise synthesis.

In recent years, only a few works on the synthesis of polymer networks based on
mixtures of the above-mentioned monomers have been published. From the literature, one can
assume that the addition of benzoxazine will improve the properties of the final materials, in
particular, increase the strength (higher values of the modulus of elasticity and the limit of
bending strength) and lower the temperature of hardening, and cyanate ester resins will give the
material a higher glass transition temperature, higher adhesion to various substrates, lower
dielectric losses and will reduce water absorption. Thus, the formation of copolymer networks of
the above-mentioned monomers and strengthening of their properties by introducing specifically
functionalized nanofillers is relevant.

Thermosetting polymers, as well as their mixtures, have recently attracted increasing
attention for use in such areas as the defense industry, the aviation and aerospace industries [1].
In fact, due to the mesh structure, in which the segmental mobility of the polymer chains is
complicated, these thermoset polymers are characterized by high strength, rigidity and thermal
stability. Among the existing thermosets, the blends based on polycyanurates (PCN) (from
dicyanate ester of bisphenol A, DCBA) and polybenzoxazines (PBA) has recently attracted the
attention of industrial researchers and today is often used in many interesting applications [2—4].
However, nanocomposites based on DCBE copolymers with PBA have not been studied at all,
no such works have been found in the scientific literature at the moment. Therefore, in this work,
the thermal properties of the nanocomposites based on PCN/PBA copolymer with the addition of
nanofiller epoxycyclohexyl polyhedral oligomeric silsesquioxane (ECH-POSS) were synthesized
and investigated.

Materials. 1,1-bis(4-cyanophenyl)ethane (bisphenol E dicyano ester, DCBE, trademark
PRIMASET® LECy, Lonza, Switzerland). Benzoxazine from bisphenol A and aniline
(Huntsman Advanced Materials, Switzerland). Epoxycyclohexyl POSS from Hybrid Plastics
Inc., USA were used as nanofillers.

The nanocomposites were synthesized as follows. The nanofiller ECH-POSS in the
amounts of 0.025, 0.05 and 0.5 wt.% was dispersed in liquid DCBE with a magnetic stirrer (1500
rpm) at 165 °C for 2 h. Then the temperature was decreased to 120 °C and BA was added and
vigorously stirred for 15 min. Thereafter the mixtures obtained were poured into PTFE-coated
mold and cured over the temperature range from 25 °C to 300 °C with a heating rate of 0.5
°C/min. For comparison, a sample of unfilled PCN/PBA hybrid thermoset was synthesized in the
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same curing schedule. The ratio between DCBE and BA was equal to 75:25 wt.% for all the
compositions synthesized. It is well known that cyanate ester resins during high temperature
polymerization transform to densely cured polycyanurate (PCN) networks and benzoxazines
form polybenzoxazine (PBA) networks through reaction of polymerization with oxazine cycle
opening. The copolymerization of DCBE and BA is possible as well via reaction of cyanate
groups of DCBE with phenolic groups of PBA, thus affording PCN/PBA hybrid thermosets. In
Fig. 1, a possible structure of the co-networks formed at a joint curing of DCBE/BOA blends is

presented.
R
O/\N/

Fig.1. Copolymerization of benzoxazines with cyanate ester resins

Differential Scanning Calorimetry (DSC) analyses were performed on a DSC25
calorimeter under nitrogen atmosphere with a heating rate of 20 °C/min from 20 °C to 350 °C.
The resistance of the nanocomposites to thermal degradation was studied by means of
thermogravimetric analysis (TGA) using a Setaram SETSYS evolution 1750 thermobalance
under 20 mL/min argon flow at a heating rate of 20 °C/min from 20 °C to 800 °C.

Figure 2 shows the DSC thermograms of PCN/PBA/ECH-POSS nanocomposites as well
as unfilled PCN/PBA hybrid thermoset. It is clear seen that all the samples studied are
amorphous and possess a high glass transition temperature, Ty, (see Table 1). At this, the onset of
the glass transition (Tq onset) and Tq shift to a higher temperatures by 13-22°C and 14-21 °C,
correspondingly, (depending on ECH-POSS content) in comparison to the unfilled PCN/PBA
hybrid thermoset (Table 1). Early [5, 6], we revealed the anomalously large positive influence of
the introduction of ultra-low amounts (e.g., 0.025 wt. %) of ECH-POSS nanoparticles on
dynamics and thermal and mechanical properties of the CER matrix that was explained by the
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enhanced long-range action of the “constrained dynamics” effect in the case of densely cross-
linked CER network.

o0
E
% 0 ECH-POSS
=
E; ~—— 0.025 ECH-POSS
]
E 0.05 ECH-POSS
\
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Exo

50 100 150 200 250 300 350
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Fig.2. DSC thermograms of the PCN/PBA/ECH-POSS nanocomposites

Table 1. Thermal properties (DSC and TGA data) for PCN/PBA/ECH-POSS nanocomposites
studied

PCN/PBA/ECH-POSS Tgonset: | Tg °C | Weight loss temperature Tg, | Char yield at
nanocomposites, °C °C 790 °C, %
ECH-POSS content, wt.% 5% 10% max
0 174 193 409 418 427 43
0.025 196 214 392 415 428 44
0.05 187 207 383 412 425 43
0.5 195 214 390 416 431 44

The thermal degradation of PCN/PBA and PC/PBA/ECH-POSS nanocomposites in argon
was evaluated using thermogravimetric analysis (TGA). Thermograms of weight loss and their
corresponding derivatives (DTG) for PCN/PBA/ECH-POSS nanocomposites synthesized are
shown in Fig. 3, and the thermal characteristics are summarized in table 1. On all TGA curves,
there is an intense drop in the weight of the samples in the 395-445 °C region, which is
associated with the destruction of the carbon skeleton of the network copolymer of
polycyanurate with polybenzoxazine. All samples began to decompose around 383-390°C, and
the char yield at a temperature of 780 °C varies within 43-44 %. As shown in Figure 3b,
decomposition temperatures increased with higher ECH-POSS content. An increase of 4°C in
decomposition temperature was observed in 0.5 wt.% ECH-POSS in PCN/PBA/ECH-POSS as
compared with neat PCN/PBA.

Thus, a series of polycyanurate/polybenzoxazine/epoxycyclohexyl-POSS
(PCN/PBA/ECH-POSS) nanocomposites have been synthesized. It was established that the T,
values of the PCN/PBA/ECH-POSS nanocomposites shifted to higher temperatures by 14-21 °C
compared to the neat PCN/PBA hybrid thermoset. The origin of elevating Ty value in the
nanocomposites is a chemical modification of PCN/PBA network due to embedding ECH-POSS
nanoparticles into the forming polymer network as the additional inorganic junctions. For all the
PCN/PBA/ECH-POSS nanocomposites studied an improvement of their thermal stability is
observed, and the higher the nanoparticles content, the higher the positive effect is reached. It
means that the ECH-POSS nanoparticles impact on thermal properties of polycyanurate-
polybenzoxazine hybrid thermosets.
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Fig.3. TGA analysis (a) and the effect of POSS content on thermal stability (b) of
PCN/PBA/ECH-POSS nanocomposites
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OCHOBI HA®TAJIIMIZI-BMICHOTI'O KOITIOJIIMEPY, CEHCUBIJII3OBAHUX
HOHHNUMHU NOJIMETUHOBUMU BAPBHUKAMUA
Cononyxal. A.l, Crynzuncbkuii C. H.l, Casuenko I. O.l, Imenko O. 0.2, KpaBuenko B. B.g,
Yynpuna M. T}, Mokpuuceka O. B
'KuiBcbKkuil HALOHABHUI yHiBepcuTeT iMeH1 Tapaca [lleBuenka,
By1. Bomogumupcerka, 64/13, 01601, Kuis, Ykpaina
ZIHCTI/ITyT opraniunoi ximii HAH Ykpaiau, Bya. Mypmanceka, 5, 02660, Kuis, Ykpaina
*[ucruryT disuko-opraniunoi ximii i Byraeximii im.. JI.M. Jlutsunenka HAH Ykpaiuu, XapkiBchke
moce, 50, 02155, Kuis, Ykpaina

e-mail: solodykhaa@gmail.com

MetogaMu paguKalbHOI KOMOJiMepHu3alii CHHTE30BaHO HOBHMH HadTamiMia-BMiCHHNA
MeTtakpuwiatauii  komosgimep  (CO-NPT-NMA). Ha o0CHOBI  CHHTE30BaHOrO  KOIOJIMEpY,
ceHcubinmizoBanoro mobaskamu (1 mac. %) HOHHHUX MOJIMETHHOBUX OapBHHUKIB — KarioHHOro (Ct)
a0o anioHHOro (AN) TUIYy CTBOPEHO HOBi ()OTOUYTIHBI IIIBKOBI rmosiMepHi kKommo3uiiii (PIIK).
Cxemy cunre3y xomomimepy CO-NPT-NMA Tta crpykrypHi ¢dopmynu cO-NPT-NMA, a Ttakox
BI/IMOBITHUX OapBHUKIB-CEHCUO1II3aTOPIB HABEIEHO Ha pucC. 1.
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Puc. 1. Cxema cunte3y komnomnimepy CO-NPT-NMA, a Takox cTpyKTypHi GOpMYJIH MOJIMETUHOBUX
OapBHUKIB-CEHCUO1113aTOPIB, 110 BUKOPUCTAHO B JIOCII1KEHHI.

BusiBneno, mo onepxani OIIK nposBisioTs GOTONPOBIIHICTh Ta GOTOBONBTATYHUN €PEKT
Mpu iX ONMPOMIHEHHI CBITIIOM 3 00JacTi JOBrOXBMJILOBOTO TOTJIMHAHHS BIAMOBITHOTO OapBHUKA
ceHcubOinizaropa. JlocmimkeHo ocobmuBocTi (oroBoabTaiyHOrO edekty y crBopenux DIIK.
BcranoBieno, mo BenuuuHH (poToBoNbTaiuHOro BiAKIMKY aisi Bcix DIIK, € Onu3pkumu 3a
BennunHOO (~200 MB), ame mnma ®OIIK, cencuOinizoBanux OapBHukamu Ct Ta AN MarmTh
NpOTHJIKHUHM 3HaK. [lokazaHo, 10 y BCIX BMINAAKaxX BHBIECHUH (OTOBOJbTAIYHMNA e(eKT mae
dboTomudysiiiny npupoay, To0TOo Bu3HavaeThes edexrom JlemOepa. 3okpeMa MoKazaHo, 110 3HAK
(OTOBONIBTATYHOTO BIATYKY (POTOUYTIIMBOI KOMIO3UIIT BU3HAYAETHCA TUIIOM HAMOUIBII PYXJIM-BUX
¢dororenepoBanux mix uvac omnpomiHeHHs @OIIK HociiB 3apsny. Ha mincraBi pesynbraTiB
BIIMOBIIHUX JTOCHIPKEHb 3po0JeHO0 BHUCHOBOK Tipo Te, mo crtBopeHi DIIK, cencubinizoBani
OapBHUKOM KaTIOHHOTO THUIY XapaKTEepPU3YIOThCS JIPKOBUM, a CEHCHOUII30BaHI aHIOHHUM
OapBHUKOM — E€JIEKTPOHHUM THUIIOM (OTONPOBITHOCTI. 3po0IeHO BUCHOBOK, 10 cTBopeHi PIIK
MOXKYTh OyTH BUKOPUCTaHI1 B SIKOCT1 TPAHCIIOPTHUX IIapiB B MOJIEKYJISAPHIN (HOTOHIII.
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OTPUMAHHA I' IPOPIJIbHUX HAITIOBHEHUX IMOJIMEPHUX IIVIIBOK, 3IATHUX
JIO CEJIEKTUBHOI COPBIIII MOJIEKY.JI OPTAHIYHHUX CIIOJIYK
Lop6au JI. A", Cepreesa T. A.?, Bposko O. 0.}
! [HcTuTYT XiMIT BECOKOMOMNEKyspauX crioinyk HAH Ykpainu,
XapkiBchke moce, 48, 02160,KuiB, Ykpaina, gorbachla@ukr.net
2 [HCTHTYT MOJIeKyIIApHOT OioJorii Ta reHeTnkn HAH Vkpainu, Kuis, 03680, 3a6onotHoro 150

IcHye moTpeba B CTBOpPEHHI HOBUX aHAJIITUYHUX 3acO0IB MOHITOPHUHTY JOBKULIS MJIS
BU3HAYECHHS TOKCHYHUX OPraHiuHUX MOJIEKYII, II0 MOETHYIOTh BUCOKY YYTIHMBICTD 1 CEICKTUBHICTD
31 CTaOUIBHICTIO, KOMITAKTHICTIO, TPOCTOTOK0 BUKOPUCTAHHS Ta HEBUCOKOIO BapTicTio. Hamu Oyro
3alpOMOHOBAHO PO3B’s3aHHS L€l MPOOJIEMH NUIIXOM CTBOPEHHS KOJOPUMETPUYHHX TECT-CHUCTEM
Ha OCHOBI MOJIEKYJSIpHO-IMIpUHTOBaHUX momimepiB (MII), Hanpuknan nias Bu3HaYeHHS (QEHOITY.
[TpuHIMI 1ii TAKKMX TECT-CHCTEM 3aCHOBAaHWH Ha XIMIYHHMX PEAKIisX, sIKi IIBUIKO BiOYBAIOTHCS HA
MMOBEPXHI MOJIIMEPHOT TJTIBKH Ta CYITPOBOKYIOTHCS MOSBOIO a00 3MiHOIO i1 3a0apBiIeHHS, 1110 JIETKO
Bi3yalbHO 3adikcyBaTH. Sk mpaBWiio, Taki CHUCTEMH MalOTh TNOTPIOHY 4YYTJIMBICTH, IIIOTh
BHUOIPKOBO, MPOCTI y BUKOPHUCTaHHI, HE MOTPEOYIOTh ICTOTHOI MIATOTOBKH MPOOM 10 aHami3zy,
BUKOPHUCTaHHS CKJIQIHUX CTAlllOHAPHHUX MPHIANiB 1 J1a0OpaTOpHOTO YCTaTKyBaHHS, 3alydeHHS
MiATOTOBIEHOTO TMepcoHany. Hemomikom oJepKaHUX TOHKHMX IUIIBOK €  HEOOXIJHICTh
nosrorpuBaioro (180 xB.) 3aHypeHHsI TECT CUCTEM y BOJHHUN PO3YMH, IO CYTTEBO YIMOBLIBHIOE
MpoLIeC BUBHAYEHHS CIIONYK B MOJIbOBUX YMOBAX.

Omxe, Meroro poboTh Oyna po3poOKka Ha OCHOBI MPUPOJAHHX KOMOJIMEPIB CHOCOOIB
OTPUMAHHS HAMOBHEHUX TiApO(UIBHUX MOJIMEPHUX IUTIBOK, 3JaTHHX JIO0 CEJICKTUBHOI COpOITii
MOJICKYJI OpTraHIYHHUX CIOJYK.

Jlis BUKOHAHHS TOCTaBIEHOI METH SIK MPHUPOAHI CKIAIOBITIAPOPUILHOT cUCTEMH OYIo
BHOpPAHO JKEJIATHH, HATPIEBY cilb KapOokcumetwmienonodn (Na-KMIL), Gicakpmramin (BAA) ta
rinytapanbiaerin (I'A), HamoBHIOBaueM CIyryBaB MOAPIOHEHHUII0 TOHKOJUCIEPCHOTO CTaHy
aTpa3uH-CEIEKTUBHUN MOJIEKYIISIPHO iMIpuHTOBaHU mosimep (MIIT).

JlocIipKeHOOTpUMaH1 pi3HUMH LUIAXaMU TP TiAPOQUIbHI CUCTEMH. 32 PaXyHOK YTBOPEHHS
(bhi3ugHOr0 3B’SI3KYy MDK MOJIEKYJaMHU JKEJIaTUHY OTPUMaHO Mepiry cucreMy. [pyry cucremy
OTPUMAaHO Ha OCHOBI jkelaTuHy Ta I'A miJ Ji€l0 TeMmepaTypH, a TpeTs cUcTeMa OTpUMaHa 3
xKenatuny, 3amutoro bAA nin niero YO onpomiHeHHS. 3a paxyHOK KOIoJiiMepi3alii KeJaTHHY Ta
Na-KMI] oTpumaHO 4eTBepTYy CUCTEMY.

Otpumani TiIpodiibHI cHUCTeMHU OynM HANOBHEHI BHMCOKOCEJIIEKTUBHMM  aTpa3uH
cnenudiuanm  MITI. Moro cuHTe3yBamM HAa OCHOBi CyMillli aKpHIAaTHOI — CKIAIOBOf,
OJIIrOypeTaHaKpuiaTy, MaTpUIli-aTpa3uHy, (PyHKIIOHATFHOTO MOHOMEpA - METAKPHUIIOBOI KHCIIOTH,
J0JlaBaHHsAM /10 Hel mopoyTBoproBada mnojierwieHriikoiast MM20000, ininiaTopa mojiMepusarii,
po3unHHuka JIM®A 1 noganbmoi Y@ mnomimepusanii oxaepkaHoi cymimi. OTpumaHy IUIIBKY
NoJpiOHIOBAIM O PO3MIPY YacCTUHOK 25-200 MKM Ta JgoAaBamM 0 TiApodiIbHOL
ocHOBU.JlOCHIJKEHO KIHETUKY HaOyXaHHS Ta pO3PaxOBaHO CTYIIHb HAOyXaHHsS HaNOBHEHHX
riipoiJIbHUX CUCTEM Ha OCHOBI JKEJNAaTUHY y BOAI B 3alieHOCTI BijJ yacy.IlokaszaHo, 1o cTymiHb
HaOyXaHHS BIIPOJIOBXK TEPIOi TOJWHU HAIMOBHEHOTO (DI3UYHO 3MIMTOTO Tiaporento sxenatun/MIIT
HaiiBuma 872%, ta micng 4-1 roguHi HaOyxaHHA 3pa3oK pyHHyeThcs. HamoBHeHmit 3pazok
xenatu/[’A/MIII 3menmye cryminb HaOyxaHHsS BOponoBX 4-x roguH 3 452% po 371% Tta
pyiiHyeTbcs. HaiiOimbin CTIMKUM BHUSBHBCS HAlOBHEHUMH 3pa30K, OTPHUMAaHUN Ha OCHOBI
xenatuHy/ BAA/MIIL. Ctyniae HaOyxaHHS IHOTO 3pa3ka IMMOCTYIMOBO 3pOcCTaja BIIPOJIOBXK dYacy
excriepuMeHTy 110 435%. Ilicns HaOyxaHHS 3pa3oK He 3pyHHYBaBCS.

TakuMm yuHOM, OTpHMaHi Ha OCHOBI XEJAaTUHY T1IPO(]1JIbHI CUCTEMHU B MOAAIBIIOMY MOXYTh
3aCTOCOBYBATHUCH SIK OCHOBA KOJIOPUMETPUYHHUX TECT- CUCTEM JUIsl CEJIEKTUBHOI COPOIIii 32 paXyHOK
caiiTiB 3B’A3yBaHHSA HAMlOBHIOBaYa Ta NPUIIBUAIIEHOTO BU3HAYEHHS KIIBKOCTI aJIcOpOOBAHMX
MOJIEKYJI OpPTraHiYHUX CHOIYK.
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ASSESSMENT OF THE POSSIBILITIES OF PROCESSING METALLIZED POLYMER
GRANULES USING THE EXTRUSION METHOD
Moravskyi V. S.!, Kucherenko A. N.}, Kuznetsova M. Ya.*, Dulebova L.?
!Lviv Polytechnic National University, Lviv, Ukraine
’Technical University of Kosice, Kosice, Slovakia
vmoravsky@gmail.com

Polymers, despite their inherent complex of high technical properties, in certain cases also
have significant disadvantages. One of the main disadvantages limiting the scope of use of polymer
materials is their low ability to conduct electrical and thermal energy. It is the high insulating
properties of polymers, which are considered their main advantage, that hinder the expansion of
industries using them. The simplest case that can be used to eliminate these shortcomings is the
development of new materials based on traditional polymers. In particular, the creation of polymer
composites in which electrical and thermally conductive materials are used as fillers. The most
common materials used to increase the conductivity of polymers are various materials with
electronic conductivity, namely metals, graphite, and carbon black. The widespread use of
composite polymer materials is also facilitated by their high manufacturability. The basic
technologies for processing polymers are injection molding and extrusion; these are high-
performance, one-stage and virtually waste-free methods. The high manufacturability of filled
polymer composites is a significant advantage when used to replace products made of metals.
Replacing metal parts with polymer ones can significantly reduce the cost of the product and their
weight, and in some cases improve some characteristics. Polymer materials with conductive fillers
constitute a separate group of high-tech composites, the research of which has significant prospects.
The combination of a polymer with such fillers should result in new materials characterized by a set
of unique properties and having significant potential for practical use. We have proposed a method
for producing metal-containing composites by introducing a metal filler into a polymer matrix as a
result of metallization of the surface of the original polymer raw material and its subsequent
processing into products.

In this work, a preliminary analysis was carried out on the possibility of processing
metallized polypropylene granules by extrusion to produce sheet material. The main indicator to be
tested was the ability to obtain a uniform distribution of metal in the polymer matrix. Microscopic
studies have shown that the material obtained as a result of the extrusion of metallized
polypropylene granules is characterized by a uniform distribution of metal in the polymer matrix
over the entire thickness and width of the sheet material (Fig. 1).

2%

Fig. 1. The material is obtained as a result of extrusion of metallized granules

Thus, on the basis of the obtained results, it can be concluded that metallized polypropylene
granules can be processed by the extrusion method without complicating the technological process
with a minor adjustment of the processing parameters. The original metallized polymer raw material
is promising and will be further investigated in the processes of obtaining oriented films.

The work was carried out within the framework of a joint Ukrainian-Polish research project

M/78-2023 " Study of the influence of films orientation obtained from biodegradable polymer
nanocomposites on their structure as well as the barrier and mechanical properties
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PROPERTIES OF FILMS BASED ON METAL-FILLED POLYVINYLPYRROLIDONE-
CONTAINING HYDROGELS
Grytsenko O.', Moravskyi V.*, Krasinskyi V.2, Malinowski R.?

! Lviv Polytechnic National University, Lviv, Ukraine
’ ukasiewicz Research Network — Institute for Engineering of Polymer Materials and Dyes, Torua,
Poland
oleksandr.m.grytsenko@Ipnu.ua

This paper presents the study results of the effect of ferromagnetic filler (FMF) on the
structure of 2-hydroxyethylmethacrylate (HEMA) with polyvinylpyrrolidone (PVVP) copolymers, as
well as the study of the properties of FMF-filled composite hydrogel materials. Micropowders of
metals (Ni, Co, Fe) and alloys (FeCo, SmCos) were used as ferromagnetic fillers. Composite
hydrogels were prepared by introducing FMF into the reaction composition during its
polymerization in the presence of ferrous sulfate (11). However, the filling during polymerization is
accompanied by sedimentation of the filler particles. Sedimentation causes inhomogeneity of the
composite in volume and, as a consequence, the appearance of anisotropy of its properties. The
solution to this problem may be the structuring of FMF during the polymerization process of the
filled composition in a magnetic field.

The formation of grafted spatially crosslinked copolymer based on HEMA with PVP
(PHEMA-gr-PVP) was confirmed by IR spectroscopy with Fourier transform and by dynamic
mechanical thermal analysis.

It is shown that the obtained composites after band magnetization with the help of profile
inductors had magnetic properties, which were evaluated using magnetization curves. Along with
the magnetic properties, the introduction of FMF particles into pHEMA-gr-PVP copolymers
provided them with electrical conductivity. In order to increase the electrical conductivity with
relatively small amounts of FMF, the filler particles were structured into chains by their orientation
during polymerization in a constant magnetic field.

The electrical resistance of FMF/pHEMA-gr-PVVP composites is significantly lower in every
case, compared to unfilled pHEMA-gr-PVP copolymer for which py>10° Ohms. At the same time,
the composites obtained in this way are characterized by anisotropy of electrical conductivity — in
the direction of the magnetic field lines, py// is minimal, but in the perpendicular direction — the
resistance (pv_£) of composites with a filler content of 40 wt.%. is greater than 10° Ohms.

The orientation of the filler along the magnetic field lines also affects the anisotropy of the
strength and thermophysical characteristics of the obtained composites. It was determined that the
surface hardness and heat resistance of the samples in the dry state, as well as the hardness number
in the swollen state, are higher in the direction perpendicular to the magnetic field lines, i.e.,
perpendicular to the oriented chains of magnetic filler particles.

During the study of the swelling process of samples of metal-filled copolymers obtained in a
magnetic field (with an ordered arrangement of filler particles), the anisotropy of the swelling
coefficient was detected. It was established that the swelling coefficient (kL = 1,28) in the
perpendicular direction to the filler chains (in the direction of the action lines of magnetic induction
forces) is greater than the swelling coefficient in the direction of aligning chains of filler particles
(k/l =1,17).

Preliminary results indicate the prospects for the use of the obtained materials, for example,
as magnetic sorbents for various applications, as well as electrically conductive materials that may
respond to changes in conductivity from various factors (e.g., moisture content, differences in
pressure, temperature).

The work was carried out within the framework of the Joint Ukrainian-Polish Research
Project No. M/78 "Study of the influence of films orientation obtained from biodegradable polymer
nanocomposites on their structure as well as the barrier and mechanical properties".

99



A NEW TECHNOLOGY FOR OBTAINING COMPOSITE POLYVINYLPYRROLIDONE-
CONTAINING HYDROGELS BY MODIFICATION METHOD IN VOLUME
Baran N.", Grytsenko T., Gajdos 1.2
!Lviv Polytechnic National University, Lviv, Ukraine
’Technical University in KoSice, Kosice, Slovakia
Nataliia.M.Baran@Ipnu.ua

Among the wide range of hydrophilic polymers, copolymers based on 2-
hydroxyethylmethacrylate (HEMA) with polyvinylpyrrolidone (PVP) are seen as promising.
Hydrogels based on copolymers of HEMA with PVP (pHEMA-gr-PVP) attract attention with their
elasticity, resilience, sufficient porosity, high chemical and biological inertness,
antithrombogenicity, which provides the possibility of their use as materials for obtaining various
types of membranes. However, the disadvantage that limits the use of the obtained materials is their
insufficient strength characteristics. Therefore, the problem of improving physico-mechanical
characteristics of hydrogel materials based on pHEMA-gr-PVP copolymers is a topical question of
present interest.

In this work, we proposed a method of obtaining composite membranes based on pHEMA-gr-
PVP copolymers by modifying in volume HEMA/PVP compositions with a solution of a mixture of
polyamide-6 (PA-6) and PVP in formic acid. A prerequisite for the realization of the developed
method is a high reactivity of HEMA/PVP compositions, possibility of polymerization in the
presence of solvents with the achievement of high porosity of a polymer matrix. The original
HEMA/PVP/H,O/PA-6/HCOOH compositions are characterized by high fluidity, which ensures
their ability to be processed in molds by the pouring method.

The strength of film hydrogel samples was characterized on the basis of the study results of
their tensile strength at the time of breakthrough, the elasticity was evaluated by the relative
elongation at breakthrough, and the ability to swell in water — by the water content.

Composite membranes were synthesized using an aqueous solution of HEMA/PVP and a
formic acid solution based on a mixture of PA-6/PVP with the ratio of components: 8OHEMA :
(14+19)PVP : (6+1)PA-6/PVP : 27THCOOH : (50+100)H>O (mass parts). It was established that
with an increase in the content of PA-6 in the volume of the hydrogel composite, its strength and
elasticity increase. In order to combine the stages of obtaining a hydrophilic polymer and its
subsequent swelling, the synthesis of modified membranes was carried out in the presence of a
solvent — water. In this connection, the dependence of the properties of the obtained composite
membranes on the amount of solvent in the forming composition was studied. In any case, diluting
the composition with a solvent leads to a deterioration of the tensile strength during the
breakthrough of the samples in the swollen state. At the same time, an increase in the solvent
content in the composition is accompanied by an increase in the elasticity of the composites — the
relative elongation at break increases.

Since the obtained membranes are operated in an aqueous environment, it was important to
investigate their ability to absorb water, as well as the influence of the amount of solvent in the
original composition on the sorption characteristics of composite hydrogels modified in volume.
Naturally, as in the case of unmodified pHEMA-gr-PVP, when the content of the solvent in the
original composition increases, its content in the volume of the copolymer increases, which affects
the growth of its porosity and, accordingly, the improvement of the sorption capacity. However, the
water content of composite hydrogels is significantly lower compared to unmodified ones.

The developed method is particularly attractive from a practical point of view, since the
processes of polymerization, modification and formation of the membrane take place in one stage in
the polymerization mold, which provides the possibility of obtaining a homogeneous hydrogel
composite with isotropic properties.
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OJAEPKAHHS I''IPOT'EJIIB 3 BUKOPUCTAHHSAM
AKBA30J1Y TA NOJTAKPUJIIAMIY
Yoo6it M.P., Tokapes B.C., [Tanuenko FO.B., Bacunbe B.I1., 'aBkamok B.O.
HamionansHuii yHiBepcuteT «JIbBiBCchbKa nomitexHikay, IXXT, kadenpa opraniuaoi ximii,
M. JIbBiB, Ykpaina, . Cs. FOpa 3/4, 79013, JIeBiB, Ykpaina, maksym.r.chobit@Ilpnu.ua

[TonimepHi rigpodinbHi mogiMepHi MaTepianu (Tigporeni) 3HaXOAATh IUPOKE 3aCTOCYBAHHS
y PIi3HMX Tany3sX. IX MOMyIApHICTH MOB’A3aHA 31 3[aTHICTIO O 3HAYHOTO MOIJIMHAHHS BOJIW,
BOJHUX pO3YMHIB Ta IHIIMX pPEYOBMH. BOHM 3HAWIUIM MIMPOKE 3aCTOCYBaHHA B XIMi4HIN
MMPOMHCIIOBOCTI TIPH  OCYIIYyBaHHI Ta3iB, B CUIbCBKOMY T'OCHOJAPCTBI JUIsl OTPUMAaHHS
BOJIOTOYTPUMYIOUOTO IPYHTY. [Ipy IbOMy BOHH MOXYTh OYTH O10JI0TIYHO HEAKTUBHUMHU, CXOKHUMH
70 HAaTypaJbHUX TKaHWUH. Y MEIUIMHI TiporesieBi MaTepialu BUKOPUCTOBYIOTh ISl BUTOTOBIICHHS
KOHTAKTHHUX JIiH3 Ta XipypriuHUX CEpBETOK, JUIS JIKYBaHHS PaH Ta OMIKiB LIKIpH, IPU OTPHUMAaHHI
JKapChbKUX TpenapaTiB MPOJIOHIOBAHOI JIii, a TaKOX BOHU BBAXKAIOTHCS NMEPCHEKTHBHUMHM IS
CTBOPEHHS XIpYPriYHHUX IMILIAHTATIB. Y KOCMETOJIOTI Iiiporesli BUKOPUCTOBYIOTH JJIsl 3a1I00ITaHHs
3MOPILOK, IUISIXOM BUKOPUCTAHHSI KOCMETUYHUX MACOK, SIKi 3BOJIOXKYIOTh Ta HAITOBHIOIOTH KIIITUHH
MIKipY TTOXKMUBHUMH Ta aKTUBHUMH KOMIIOHEHTAMHU.

Metoro pobotu Oyno ojepaHHS TIAPOTENEBUX KOMIO3UTHHX MarepiaiiB, IO SBISIOTH
co00I0 3IIMTI CTPYKTYpH Ha OCHOBI IOJIIAKpWIaMigy Ta Moui-2-eTui-2-okca3oniny (Puc.l.);
JOCITIJDKEHHST KIHETUKHA HAaOPsIKaHHS OJEP’KaHMX T1IPOTeNIiB Ta AOCIIHKEHHS iX TepMOMEXaHIYHUX
BinactuBoctedl. [lomiakpunamin € TMOMMPEHMM KOMIIOHEHTOM [UIi CTBOPEHHS MOJIMEPHUX
rigporeneBux marepianiB. OnepikaHHS KOMITO3UTHUX MaTepialliB, NUIIXOM IO€IHAHHS IMX JIBOX
PEUOBHH, MOXE JaTH MOXIIUBICTh CTBOPUTH HOBI MaTepiayiB 3 IIKaBUMH Ta KOPUCHHMHU

BJIAaCTUBOCTAMMU.

Puc. 1. AxBazon (momi-2-eTumn-2-oKca3oiH).

[Momi-2-eTun-2-okcazomin (AkBa3oin), Takoxk Bigomuii sk PEOX a6o PEtOX, € iHHOBamiiiHUM
BOJIOPO3YMHHUM TIOJIIMEPOM, SKUH € HETOKCHYHHUM, Oe3neuyHuM Ta OlocyMicHUM. OIepKyrTh
AKBa30J1 KAaTIOHHOK TOJIMEpH3alli€lo 2-eTHi-2-0Kca3omiHy. Pi3HI Mapku AKBa30jdiB, MI0
BIJIPI3HAIOTHCS MOJIEKYISPHOIO MAacol0, MOXYTh YTBOPIOBATH B’SI3KI PO3YMHH Yy HIHPOKOMY
niana3oHl KIHEeMaTUYHOI B’ SI3KOCT1. bioMeanuHi Ta (pi3UKo-XIMI4HI BIaCTUBOCTI AKBa30Jly poOJISThH
HOTo JyKe MePCIeKTUBHUM JJIsl BAKOPUCTAHHS Y MEIUIIHHI.

[TpocTopoBO 3mIUTI MONIMEpPHI TiIporemi, Mo MICTIATh XiMmiuHO 3B's3aHmid AkBazon 500
(5-40% wmac.) omepXKyBadM INUIAXOM MojimMepu3saiiii cymimn akpmiaminy (30-95% wmac.) y
MPUCYTHOCTI Tiepcynbdarty Kaiito y BogHoMY po34rnHi AkBazony 500.

Pesynbratu JgochipkeHb TOKa3alid, IO OJEp)KaHl IMPOJYKTH TiIpOreieBUX MaTepiajiB
JIEMOHCTPYIOTh TapHi abcopOyroYi BIACTUBOCTI, CTYMiHb HAOPSKaHHS SKUX MOKE JOCSATATH MOHA]
1000 % mac. 3a 50-100 rogun mepeOyBaHHSA y BOZHOMY cepemoBHIi. IIpym HLOMYy BOHM 30aTHI
noBro 30epiratu dbopmy, a hopMyBaHHS TIIPOTENIO BiAOYBAa€ThCS caMe 3a PaxyHOK YTBOPEHHS
TPUBUMIPHOI 3IIUTOI CTPYKTypu. BCTaHOBIEHO, IO KOMIIO3UTH MAalOTh TEPMOIUIACTUYHI
BJIACTMBOCTI 3 BIIHOCHO HEBHUCOKHUMH TeMIlepaTypamH TEIJIOCTIHKOCTI, 3aBJIKU YOMY iX MOKHa
OyJie JIeTKO TepepoOIIsITH Y TIEBHI BUPOOH.

OTpuMaHi TigporeneBi KOMIIO3UTH MOXYTh 3HAWTH HIMPOKE BHKOPUCTAHHS B 0Oararbox
ramys3six, 30kpema y ¢hapMaleBTHIl, KOCMETHYHHUX 3ac00ax, O10MeauIinHi, O101HXEHEepIi.
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MNPULIEIJIEHI IOJIIMEPHI «bPAII» MOJAU®IKOBAHI HEOPTAHIYHUMHA
HAHOYACTUHKAMM JIJIS1 KJIITUHHOI IHXKEHEPIT
JHIIMHCHKUI O.P.l’z, Ckiprau A.Z, Crenumug 0.5
'Haujonansuuit yHiBepcuTeT «JIbBiBChbKa moJiTexHikay, JIbBiB, YKpaiHa
“I'entchknii yuisepcurer, lent, benbris
oslishchynskyi@gmail.com

[Tpumieruieni nojiMepHi «Oparri» - MyJIbTHQYHKITIOHATHHUN MaTepiai, SKAi CKJIaIaeThCs 3
MOBEPXHEBUX TOJIMEPHHUX JIAHLIOTIB, KOTpPi OJHUM KIHIEM TpHUINEIUIEHI [0 Marepiaity
(YHKIIOHAIBHOIO TPYIo (CKI0, KPEeMHI€BI IUTaCTHHH, rpadeH, HaHOTpyOku, Ta iH.). Taki
MaTepialii IpUIaTHI JUIs pOo3pOOKH HAHOCTPYKTYPHHX MaTpHIlb, IO MOXYTh OyTH MoAH]iKoBaHi
pI3HOTO pPOJy HAHOYACTUHKAMH Ta MOXXYTh OyTH TOTCHIIIMHO BUKOPHCTAaHI SK (PYHKI[IOHAIBHI
1aTGopMu IS KIIITHHHOT 1HXKEHepil.

CuHTE30BaHO MPUIIETUICH] IIITKA MOJTi(METHIIOBOTO eTepy
nuermieHrnikoabMonomerakpunaty)  (IIOETMAI188),  mocmimkeHHO — iX  (i3HKO-XIMiYHI
BJIACTHBOCTI Ta TEMIIEPATypO-1HAYKOBaHI 3MiHH Yy MOpGOJIOrii MOBEpXHI Ta KOHTAKTHUX KyTax
3mouyBaHHA. llpomec Mmoaudikamii Oyao MIATBEPIHKEHO METOJaMH BTOPWHHO-HOHHOI Mac-
CIEKTPOCKOIIIi Ta eMIncoMeTpii.

HoBi HaHOKOMITO3UTHI TpHINEIUIeH] moiMepHi mokpuTTs Ha ocHOBI [IOEI'MA188 maroth
npuHaiiMHI Tpu miepeBaru. [lo-mepie, Temreparypo-3aiekHi aHTHOAKTepiaibHI BIACTHUBOCTI
MalOTh BEIUKWH TOTEHIiaN JIsi 3aCTOCYBaHHS, BiJl MEIUYHUX JabopaTopiii IO NaKyBaHHS
Xap4YOBHX MPOJYKTIB, /€ IHTEHCUBHUN PICT MIKPOOPraHi3MiB MpHU MiABUILIEHUX TeMIiepaTypax €
MPUPOJHHUM, aje HebaxaHuM rporecoM. [lo-npyre, HaHOYaCTUHKY Ccpibiia, BOy/I0BaHI B OJTIMEPHY
LIITKY, HE MarTh *OJHOI'0 LUTOTOKCHMYHOIO e€(eKTy Ha HOpMalibHI KIITHHM 3a KOPOTKHM 4Yac
BIuMBY. [lo-Tpere, BuaineHHs i0HIB cpibia 3 HaHokommo3uTHUX TOKpUTTIB [IOET'MA188 y Boay
Ma€ poJIOHroBanmii xapakrep [1].

baszyrounce Ha BIIACTHBOCTSX pearyBaHHsS HA TEMIIEPATypy MNPHUILEIUIEHUX ITOTIMEPHHUX
mitok [IOET'MA188 3 nanowactunkamu CaCOj3 sixk Marepianly 3 KOHTPOJIbOBAaHUM BHUBUIBHEHHSIM
010JI0T1YHO aKTHBHUX PEYOBHH, MU BBA)KAEMO, 110 MalOyTHI JOCIHIJKEHHS J103BOJISATh PO3POOUTH
HOBI MJIATGOPMHU Ul TKAHUHHOI 1HXKEHepii 3 MOKpalleHUM POCTOM KIIITHH 3aBJASKH SIK HasBHICTh
HAHOYACTHUHOK, TaK 1 BUBUIbHEHHsI O10JIOTIYHO aKTHBHOT peuoBHHM 3 HaHoyacTUHOK CaCOs [2].

[ToctifiHO mocTae MUTaHHA PO HOBI cepu BUKOPUCTAHHS TaKMX HAHOKOMIIO3MTIB.
CTBOpeHHsI HaHOMATepialiB Ha OCHOBI MPUILEIUVIEHUX MOJIMEPHUX IIITOK HOBOTO MOKOJIHHS, IO
BOJIOZIIIOTh TPUBAIMM €(EeKTOM, 3/1aTHICTIO pearyBaTh Ha KiJbKa MOJPAa3HUKIB 1 BUCOKOIO
KEpPOBAHICTIO BIAMOB/II € KIIOYOBUMHU MUTAHHSIMHU MOJIMEPHOI HAHOXIMI].

Jliteparypa:

1. Nastyshyn S., Raczkowska J., Stetsyshyn Y., Orzechowska B., Bernasik A., Shymborska
Y., Brzychczy-Wtoch M., Gosiewski T., Lishchynskyi O., Ohar H., Ochonska D., Awsiuk K.,
Budkowski A. (2020). Non-cytotoxic, temperature-responsive and antibacterial POEGMA based
nanocomposite coatings with silver nanoparticles. RSC Adv., 10(17), 10155-10166.
https://doi.org/10.1039/CO9RA10874B

2. Lishchynskyi O., Stetsyshyn Y., Raczkowska J., Awsiuk K., Orzechowska B., Abalymov
A., Skirtach A.G., Bernasik A., Nastyshyn S., Budkowski A. (2021). Fabrication and impact of
fouling-reducing temperature-responsive POEGMA coatings with embedded CaCO3 nanoparticles
on different cell lines. Materials, 14(6), 1417. https://doi.org/10.3390/mal14061417
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OJEPKAHHS TA BJJACTUBOCTI I'IPOTEJIEBUX MEMBPAH HA OCHOBI
2-TIIPOKCIETUJIMETAKPUJIATY TA KOMBIHHBAHOI MATPHUIII IBC/TBIT
Menbhauk FO. 4., Isanyx O. O., Ckopoxona B. 1.

Hamionansuuii yaiBepcuTeT “JIbBiBCbKA MOJIITEXHIKA”,

Byan. C. bangepu, 12, 79013, JIsBiB, Ykpaina
e-mail: yuriy.ya.melnyk@Ipnu.ua

AKTyaJlbHUMH € JOCHI/DKEHHS HampaBjieHI Ha CTBOPEHHsA OIlOJIOTIYHO CyMICHUX
(yHKIIIOHAII30BaHUX TiApOresieBUX MeMOpaH Ha OCHOBI BOJOPO3YMHHHX MOHOMEP-TIOJIIMEPHUX
KOMIIO3ULIH, SKI TOPS 3 PEryIbOBaHUMH BHCOKMMHU COpOLIHHO-IM(Y31HHUMU Ta CEIeKTUBHO-
TPAaHCHIOPTHUMH XapaKTEPUCTUKAMH, BiA3HAYAJIUCS HEOOXIJHOI TUHAMIYHOIO MEXaHIYHOIO
MIIHICTIO, sfIKa HEOoOXifHa y mporecax meMOpanHOi ¢inbrpamii. MoaudikyBaHHs TpaauLiIHHUX
[OJIMEpIB  LUISIXOM IPUTOTYBaHHS OaraTOKOMIIOHEHTHUX IIOJIMEPHUX CHCTEM J03BOJISIE
OOTPYHTOBAHO 3/IMCHIOBATH HAMpPAaBJICHI CHHTE3W IOJIMEPHUX 1 KOMIIO3UIIMHMX MaTrepiajiB
13 Hamepes 3aJJaHUMU BIIaCTUBOCTSIMH.

Mertoro poboTH OyiH JOCHTIKSHHS, HAalpaBJIeH] Ha OJEp)KaHHs aKPUJIATHHUX TiIpOTeIeBHX
IUTIBOK MEMOpaHHOTO THITy OIOMEIUYHOTO NPHU3HAYCHHA 13 peryJbOBaHUMH COpOLiKHO-
IUQy31HHUMH, CEJIEKTUBHO-TPAHCIIOPTHUMHM Ta (PI3UKO-MEXAHIYHHUMHU XapaKTePUCTHUKAMH 3
BUKOPDUCTaHHAM KOMOIHOBAaHOI MaTHIlli Ha OCHOBI BOJIOPO3UYMHHHMX IOJIMEP-MOHOMEPHHUX
KOMITIO3ULIIH.

OCHOBOIO CHHTE30BaHHMX TiJPOTEIECBHX IUTIBKOBUX MEMOpaH € PiAKO3IIUTI MpHINEIUICH]
KONOJIMEpH Ha OCHOBI KOMOIHOBaHOI MAaTpHIl TOJIBIHUIOBHHA CHUPT — MOJIBIHUIIIPOTIIOH
(IIBC/TIBIT) 1 2-rimpokciermnmerakpunary (I'EMA). Sk  iHimiaTop BUKOPUCTOBYBAIU
rigponepokcua izompornindenszony (I'TIIIIB). [Tomimepu3zaiito MPOBOAMIM Yy TOHKOMY MIapi, IO
JO3BOJIMJIO OTPUMATH KIHETUYHI KPHUBI 3aJIeKHOCTI KOHBepcli MOHOMEpPY BiJl TPHUBAIOCTI
noyiiMepu3anii. 3 METOI0 BCTAaHOBIEHHS MeEXaHi3My moJiMepH3alii Ta 3MEHIIEHHS BIUIUBY
€K30TepMii, MPOIEC MPOBOIMIN B CEPEIOBUILI TPOTOHOJOHOPHOTO PO3YMHHUKA — BOJIH.

BonoBmicT CcHHTE30BaHUX TIAPOTeIeBUX IUIIBOK OLIHIOBAIM 3a IXHIM pPIBHOBAaXHHUM
BOJIONOITTMHAHHAM. [IpOHMKHICT TrifiporesieBuX IUIIBOK BUMIPIOBAIM METOJOM, L0 0a3yeThCcs Ha
OCHOB1 fBMIIa ocMocy. Sk MoaenbHHH Oyrno o00paHO BOJHMHM pPO3YMH XJIOPHJY HATpilo.
EnextponpoBiHicTs po3uuHIB BuMiptoBanu KoHaykromerpoM “HANNA” DIST-1. Takox,
JNOCTKYBAIM  TPAHCIOPTHI ~ XapaKTEPUCTUKM CUHTE30BAaHUX TIAPOreNeBUX IUIBOK IpH
yibTpadinbTpaltii po3uuHiB enekrpoiitiB pizHoi mpupomu: NaCl, CaCl,, Na;SO4. Mexaniuni
BJIACTMBOCTI CHUHTE30BaHMX T1JPOreJIeBUX IUNBOK: MIIHICTh INPH PO3TATYBaHHI Ta BIJHOCHE
BUJIOBXKEHHS MPU PO3pUBI — BU3HAYAIM 3a JOINOMOIOI0 YHIBEPCAJIbHOI BUMPOOYBAIBHOI MALIMHU
Kimura 050/RT-601U, 3i mBHUAKICTIO PO3TSATHEHHS 3pa3KiB 25 MM/XB.

BcTaHoBieHo, 10 CHMHTE30BaHi TifporeseBi IUTIBKM Ha OCHOBI KOMOIHOBaHOI MOJIIMEPHOL
matpuui 'EMA-TIBC/IIBII xapakTepu3ytoTbcsi 3HaYHO MEHIIOI0 T'YCTOTOIO CITKM HIX IUTIBKU Ha
ocHoBl [II'EMA 1 'EMA-IIBC. 30inpmenns Bwmicty IIBII 1 3menmenns kiibkocti TEMA B
KOMIIO3ULISAX MPU3BOIUTH 1O 3HAYHOT'O 3HM)KEHHS MEXaH14YHOI MillHOCTI UTiBOK. [lokazaHo, 1o ams
CHHTE30BaHMX T1JporejieBUX MeMOpaH Ha OCHOBI KOMOiHOBaHOI mojiMepHoi Mmatpuii 'EMA-
IIBC/TIBII xapakTepHa BUCOKa Au(]y3iiiHa BOAONPOHUKHICTD, 1110 € BUILOIO HIX Y IJTIBOK Ha OCHOBI
kononimepy 'EMA-TIBC, a Takox 3HauHO BHII[a MMPOHUKHICTH JAJIS BOAU 1 MOHIB PO3UYMHEHHX Y
BOJI coseil. BcraHoBiIeHO, 1O CHHTE30BaHI TiApOresieBl IUTIBKOBI MeMOpaHW BiI3HAYAIOTHCS
TT1JIBUIIIEHOO MIIHICTIO Ta BUTPUMYIOTh 3HAUHI MEpErnaju TUCKY.

Bukonani pocmimkenHs nomimepusauii komnosuiiii 'EMA-TIBC/IIBII y Boxniii ¢asi
JIO3BOJIMJIM BU3HAYMTHU OCHOBHI KIHETHYHI MapaMeTpu MpOLEeCy Ta BIUIMB PO3UMHHUKA Ha mepeoir
mporecy. 3a pe3yiabTaTaMd BHUKOHAHHMX JIOCHIPKEHh OOTPYHTOBAHO KOMIIO3MIIIAHI CKJIAIN
riiporeneBux MemMOpaH Ha ocHOBI koMOiHoBaHOi MaTpulli [EMA-TIBC/IIBII, sxi MoxyTs OyTu
BUKOPUCTaHI JUIsl PI3HOMAHITHUX OlOMEAMYHHMX LIeH, 30KpeMa, BUTOTOBJIECHHS JIKYBaJIbHHUX 1
MPOTHOMIKOBUX MOB 30K, MeMOpaH i (iIbTPYBaHHS Ta KOHLEHTPYBAHHSA PIAKHX XapuOBHX 1
(dhapmareBTUUHUX CyOCTaHIIIN.
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TEPMOIIJIACTUYHI MATEPIAJIN HA OCHOBI CYMILII
NOJITTAPOKCUBYTHUPATY 3 BIOJAETPAJABEJIbHUMMH IMTOJIMEPAMUA
IBanyx O. O.l, Cementok 1. B. 2, Menpauk 1. ﬂ.l, Cxopoxoja B. nt
'HaujonansHuit yHiBepcuteT “JIpBiBchbKa moniTexHika”, Byi. C. bannepwu, 12, 79013, JIbBiB, Ykpaina
*Biyinennst (i3uKo-Ximii ropiounx kormanus [HCTHTyTY (isHKO-OpraHiaHoi XiMmii i Byrieximii
im. JI. M. JIurBunenka HamionansHoi akaemii Hayk Ykpainu, M. JIbBiB, Ykpaina
e-mail: oleksandr.o.ivanukh@Ipnu.ua

[TonirigpokcialkaHoaT € MPUPOAHUMH OioerpanadelbHUME MONTieCTepaMu, sIKi yTBOPEHi
MiKpoopraHizMamu. HainpocrimuM — npeactaBHUKOM ix € modiriapokcuOytupar  (I1I'B).
OuikyeTbes, IO MOJITiApOKciankaHoaT, 30kpema, [II'b BigirpaBatuMyTh OAHY 3 BHpIIIAIBHHUX
poisieir cepen OiomerpamaOeslbHUX IMOMIMEPIB 3aBASIKM BHCOKIM 37aTHOCTI 110 010JIOT1YHOTO
PO3KJIAJaHHA B PI3HUX NPUPOJHUX 1 KOHTPOJIBOBAHMX CEPEIOBHINAX, OIOCYMICHOCTI, CHHTE3Y
IUBSIXOM TMPSMOT0 BUJIyYEHHS 3 OaKTepiaibHOI KIITHHH O€3 MPOMDKHOI CTajii IMojiMepHu3alii.
OnHak HU3bKA TUIACTHYHICTD, CXMJIBHICTD 10 TEPMIUHOI Aerpajallii, BECOKA BapTiCTh BUPOOHHIITBA
poGuiaATe III'B MeHII KOHKYPEHTOCIPOMOKHUMM, IMOPIBHAHO 3 TPAAULIHHUMHM  CHHTETUYHUMHU
IIacTMacaMu, sIK TaKyBajbHI Marepianu abo OiomaTepianu, IO Ha JaHWKA Yac CTPUMYE IXHE
3aCTOCYBAaHHS Y YUCTOMY BHIVIAJI. AKTKaJIBHUMM € JOCIHIUKEHHS HampaBiieHI Ha MOAM(DIKyBaHHS
I[II'b 3 MeTol yCyHEHHS WOTr0 OCHOBHHMX HEJOJIKIB, 30KpeMa, KPHXKOCTI Ta YYTJIUBOCTI JI0
TEPMIYHOT Jerpaaarlii mij yac nepepoOIeHHS.

Mertoro pobGotu Oynu mochi/pKeHHsT HampasieHi Ha Momudikamito [II'b 3mimryBanHsSM 3
iHImMMH  OioJerpasadelbHUMU  TIOJIIMEpaMU 1711 OICpKAHHS TEPMOIUIACTUYHOTO MaTepiainy 3
MOTIPAIIEHIMH EKIUTyaTalliiHUMH XapaKTePUCTHKAMHU.

VY po60oTi BUKOPHCTOBYBAIM MOJIriApoKcuOyTUpaT GakTepiit mramy Azotobacter vinelandii
N-14 onepxkanuii y Bigaut ximii i 6iorexronorii BOXTK [a®OB im. JI. M. JlutBunenka HAH
Vpainu, noninaktun (ITJTA) Ingeo Biopolymer BupoOuuirtBa kommanii NatureWorks (CIHA);
nouti(e-kanponakton) (ITKJI) CAPA BupoOHmmrBa kommanii Perstork (CILIA). OG’ektamm
nocmimkenb Oymu 3pasku [II'b, TUIA, TIKJI 1 cymim III'B/TIJIA/IIKJI 3a cmiBBiIHOIICHHS
KOMIOHEHTIB 25:55:20 % mac.

dopmyBaiu 3pa3Kyd LWIIHAPUYHOI (OPMH Ha OCHOBI NOJIMEpIB 1 IXHBOI cyMmimnl 3a
JIOTIOMOTO0 MAIllMHU JIUTTEBOI BepTuKanbHoi MJIB-32 3a Temmneparypu 175 °C 1 tucky 0,5 MIla
npotssroMm 10 xB. [Insg ¢opmyBaHHS IUIIBOK BHKOPUCTOBYBaIM 3%-HI PO3YMHHM TOJIMEPIB Y
xJiopodopmi, sKki oTpumyBaiu 3a Temreparypu 70 °C mij yac nepemillyBaHHS NpOTAroM 1 rom.
OTtpumaHi (popMyBaosbHI PO3UMHHM BHWJIMBAJIM HA CKIISIHI IUIACTUHU 3 OOMEXYBAJIbBHOIO PaMKOIO 3
MOJAIBLIMM BUIAPOBYBAHHSAM pPO3YMHHMKA 3a KIMHATHOI TemImepaTtypu MpoTsarom 48 rom.
Opepxani IBKK TOBUIMHOIO (50+5) MKM BucyiyBanu y BakyyMmHil tepmottadi “BIII-0.035” nns
BUJIAJICHHSI 3aJIUILKIB PO3YMHHMKA 3a Temneparypu 60 °C yrpoaoBx 2 ros.

Bcranosneno, mo mriBku Ha ocHoB1 cymiti [TI'B/TIJTA/TIKJI Bia3HayatoThCst MiIBUIIEHUMH
(b13MKO-MEXaHIYHUMH BJIACTUBOCTSMHU. 3aBIsku npucyTtHocTi B cyMimn IIKJL, 3pocrae BimHOCHE
BHJIOBXKEHHS Mi/1 yac po3puBy miiBku 3 3% st [II'b no 46 % nns cymimi. BomgHowac, He3Bakaouu
Ha HWKYY MIIHICTh MiJl 4ac po3TAryBaHHs, xapakTepHy Juist I1KJI, mell moka3HMK € BHUIIUM JJIs
cymimn y nopiBasiHHI 3 [1I'B (38 1 33 MIla BianmoBigHO), 1110 TTOB’s3aHO 13 BUCOKUM BMicToM [1JIA
(55%). Hassuicte IIJIA B cymimi g03BOJIS€ MiABHUIIYBAaTH MILHICTh IiJ] 4Yac pO3pUBY Ta
Tenomiogi3uyHi BIACTHBOCTI OTPUMAaHUX TEPMOIUIACTUYHUX OlojerpagadenbHUX MarepialiB, a
npucytHicTh [IKJI mokpairye enacTHYHICTh IUTIBKM Ta TEKYYICTh PO3IJIaBy, IIO JO3BOJHTH
3MEHILIUTH TeMIIepaTypy 1 TUCK IiJ epepoOIeHHS.

Takum umHOM, 3MmiHmoroun ckiax cymimn  [IIB/IUJIA/TIKIL, MokHa OTpUMYBaTH
TEPMOIUIACTUYHI MaTepiajii PI3HOMAHITHOTO MPU3HAYEHHS 3 LTUPOKUM CIIEKTPOM TEMIIEPaTypHHUX 1
¢izuko-mexaniunux BractuBocted. Orpumani cymimi [II'B/TTIJIA/TIKJI moxyTh OyTH BUKOpHCTaHi
JUIS BUTOTOBJIEHHS PI3HOMAaHITHUX [aKyBaJlbLHUX MaTepialiB g NPOAYKTIB  XapyoBOi,
CUIBCHKOTOCIIOAAPChKOI Ta (hapMaleBTHUYHOI raiys3eil, 10 CHpUSATHME BHUpIIIEHHIO HpoOieMu
yTHITI3a1ii BiAXO/iB MacTMac.
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CHUHTE3 TA JOCJIPKEHHSA BJACTUBOCTEM HOBUX
MAKPO®OTOIHIHIATOPIB HA OCHOBI METUJIMETAKPUJIAT-KO-
MAJIETHOBOTI'O AHTIJIPUJIY: MNEPCIHEKTUBU TA 3ACTOCYBAHHSI B
OOTONMOJIMEPHUX MATEPIAJIAX
Orap I'. O.l, Toxapesa M. O.l, Toxapes B. c.t
'Hauionansuuii yHiBepcuTeT «JIbBIBChKa MOJITEXHIKA»

79013, Bymn. C. bannepu 12, m. JIbBiB, YKpaina
halyna.o.ohar@Ipnu.ua

Y 1pOMy JOCHIIKEHHI pO3IJISINAETbCA METOJ| CHHTE3y Ta XapaKTepUCTHKH HOBHUX
Mmakpogoroinimiaropis  (M®PI), po3polieHHX Ha OCHOBI METHIMETaKpUJIAT-KO-MaJIeiHOBOTO
aHTiApUIy, KU BKIOUYae B cede ¢parmeHTn OeH3oiny (b3) ta 2-i3ompominokcu-1,2-nudenin-1-
nponanon-3-ony (Imo/[pIT). MakpodoToiHimiaTopy cTald MPEAMETOM BEJIIMKOTO 1HTEPECY 3aBISKH
iXHiil TTOTEHIHHIi poli B peakiifax paguKaabHOTO ToJiMepH3alii. IX TONOBHUMM HepeBaraMm €
BUCOKa (OTOIHIIIIOI0YA aKTUBHICTb Ta CTPYKTYpYIOUM 3/aTHICTb, IO BiApi3HSAE iX BiX
HU3bKOMOJIEKYJISIpHUX aHaoriB. Lle BigKkpuBae HOBI MOXIIMBOCTI JUIsl BUKOPUCTAHHS LIMX CHOJYK
npyu KIMHATHIA TeMIieparypi Ta 3 BUKOPHUCTAHHSM IPOCTOrO METONY JOKAJbHOTO HIIIOBaHHS B
KOHKPETHUX JAUISHKaX MaTepiaiiB, IO CTBOPIOE HUIAX AJS CTBOPEHHS HOBHUX KOMIIO3UTHHMX Ta
¢doromiTorpadiyHUX MaTepiamiB.

OcoOnuBy yBary ciifi OpUALTUTH MOXJIHBOCcTI M®I mposBisTH MOBEpPXHEBO-aKTHBHI Ta
a/icopO1iiiHI BIACTUBOCTI, a TAKOXK IXHIO 3/1aTHICTh BUKOHYBATH pOJIb MOAM(iKaTOpiB moBepxHi. Lle
pOOUTH 111 MOJIIMEPH OCOOIMBO aKTyaJlbHUMU JJIsi CTBOPEHHSI HOBUX MOJIMEPHHUX (POTOKOMIIO3HTIB
3 MIBUIICHUMH EKCIUTyaTaliiHUMH XapaKTePUCTUKAMH, SIKI MOXYTh OYTH 3aCTOCOBaHI B Pi3HUX
rajy3six, BKIIOYAYU MEULUHY, €JIeKTPOHHY IPOMHUCIIOBICTh Ta MEMOpPaHH1 TEXHOJIOTI].

CTpykTypy OTpHMaHUX MpPOAYKTIB MIATBEPIKEHO 32 JONOMOror iH(pauepBOHOI,
yIbTpadioNeTOBOI Ta AEPHO-MArHiTHOT PE30HAHCHOT CIIEKTPOCKOMii. DOTOIHIIII0I0YI BIACTUBOCTI
CUHTC30BAaHMX TIPOAYKTIB OIIIHEHO 3a pe3yJbTaTaMu 3aTBEP/UKCHHS (DOTOMOITIMEpU3AIHHIX
KOMIIO3HULIH, sIKi MicTATh nojiectepHy cmoiny I1E-246 Tta omiroecrepakpunatr TI'M-3. Pesynbratu
MoKasanu, o cuHTre3oBaHi M®I nposBHIsAIOTH Kpamll (OTOIHIIII0I0Yl BIACTUBOCTI MOPIBHSIHO 3
KJIACHYHUMU HU3bKOMOJIEKYJIApHUMH (hoTOoiHIIiaTopamMu, TakuMu gk b3 Ta fioro noxinni Inmo/[¢IT.

3aranoM, JOCHIPKeHHS MIATBEpAuWIo, 1o oTpuMaHi M®I e edexktuBHHUMH iHILIaTOpaMU
paZvKaNbHOI MoJIIMepHU3allii Ta 3aTBEPiHHS, 1 MalOTh MOTEHIlIal AJii BUKOPUCTAaHHS B CTBOPEHHI
(dhoTomoMIMEPHUX KOMIO3UTIB 3 MIABUIIICHUMU MEXaHIYHUMU BIacTUBOCTAMU. Kpim Toro, 111 M®I
MOXYTb OYyTH YCHIIIHO BUKOPUCTaHI i MoAM]ikalii MOBEpXOHb PI3HOI XIMIYHOI NPHUPOIU
3aBJSKH iXHIM BUCOKIN CITOPITHEHOCTI 10 OKCUAIB IMHKY, TUTaHy Ta TJpOKCHUANaTUTYy, 0 poOUTH
iX MOTY)XHHMH I1HCTpYMEHTaMHU ISl TOJAAJbLIOrO PO3BUTKY HAyKOBHUX Ta 1HIYCTpiaJbHUX
3aCTOCYBaHb y (POTONOIIMEPHOMY MaTEepPiaJO3HABCTBI.
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AKTHUBHI CKJIATOBI JUTSAYOT O IIAMITYHIO JIJISI CYXOI IIKIPH
rojJgoBu
Ipuxoasko K. 1., Aaienko T. M., Hikonenko M. B.
JIBH3 «YxkpaiHcbKkuii Aep)KaBHUM XIMIKO-TEXHOJOTIYHUN YHIBEPCUTETY
Huinpo, Ykpaina
e-mail: katerinapruh@gmail.com

Jlornsaa 3a OUTSYUM BOJIOCCSM — 1€ JyXK€ BaXKIMBMH €Tall y 3arajJlbHOMY MIKJIyBaHHI Ta
TypOOTI 32 MaJIOKOM, BiJ SIKOTO 3alie)KaTUMe 3J0pPOB’sl IIKIpH TOJIOBU U 370pOB’Sl BOJOCCS B
MaiiOyTHboMy. lIkipa TUTHHHU CYTTEBO BIJIPI3HAETHCS BiJ IMIKIPH 1 BOJOCCS JOPOCIOI JIIOJAUHH. Y
MaJlloKa BOHA HI)KHA Ta TOHKA, $IKa TUIbKM NOYMHAE (POPMYBATHUCS 1 MPUCTOCOBYBATHUCS 10 HOBHUX
YMOB XKUTTA. [1 6€33aXHCHICTh MOKe TPU3BECTH 10 YPAKEHHS PI3HUMHU GAKTEPiAMH 1 MIKiUTHBIMU
pEUOBHHAMH, IO MOXYTh BU3BaTH ajepriro. OJHUM i3 OCHOBHHX 3acCO0iB Tiri€HH Ta AOTISAY €
IUTAYNH mamnyHs. [Ipy BUOOpI maMITyHIo 17151 AUTUHYU BapTO 1aM’sITaTH, 10 BIH Ma€ BUKOHYBaTH
Taki (QyHKIIT SK JeTiKaTHE OYMIICHHS, XKUBJICHHS Ta 3BOJIOKEHHS. J(UTSAUMii mamMImyHb, B MEpUIy
4yepry, MOBUHEH HE JIMIIe MUTH Ta ycyBaTH 3a0pyAHEHHS BOJIOCCS, ajie ¥ cIpaBisATHCS 13
HQ/UTMIIKaMHU IIKipHOTO caina. [IpaBmibHO migiOpaHuii mIaMIyHb HE TIOBUHEH BHKJIMKATH CBEPOIK
Ta CyXiCTh WIKipHU. 3 UM 3aBJAaHHSIM TapHO CIPABISIOTHCS CydacHI TUTSAYl MIAMIYHI, SIKI SIKICHO
miaiOpaHi i THT WKipu JuTHHHA [ 1].

JIMTA4YMii maMnyHp Ma€e BiJIIOBIIaTH OCHOBHUM XapaKTEPUCTUKAM, /10 SKUX BITHOCATHCS, B
nepury depry, HeutpanbHuil pH, skuii moBuHEH OyTH OJU3bKHUNA 0 MPUPOIHOTO PIBHS LIKIPHOTO
pH nmutunu. lle ngonomMarae yHUKHYTH TNOJpa3HEHb Ta 30€pertd NpUPOAHUI OanaHC IIKIpH.
HlammyHs MOBHHEH OyTH TiMOAJIEPreHHHM 1 HE MICTHTH arpeCHBHUX IHTPEIIEHTIB, SKi MOXYTb
BUKJIMKATH allepriyHi peakiii abo moapazHeHHs miKipu. Baxnupo, 1100 maMmyHs MaB 3BOJIOKYIOU1
KOMIIOHEHTH, TaKi sIK TIIIeprH abo aoe Bepa, Uit 3a0e31eueHHs BiITHOBICHHS BOJIOTOCTI MIKIpH Ta
Bosioccs. JuTsumii mammnyHs Moske O0yTu 6e3 3anmaxy abo MaTtu HeWTpalnbHui apomar [2].

Came Tomy Oyna po3poOieHa perenTypa JUTSIOro MAaMITYHIO I CyXOl IIKipH TOJIOBH, SKa
Oy/ie 3BOJIOXKYBATH Ta KUBUTH HLIKIPY.

Bax/mBUM KOMIOHEHTOM, IO BXOJHWTH JIO CKJIAy PEHEeNnTypd MHIAMITYHIO, € EKCTPaKT
namiHapii. Llel iHrpeaieHT BuAOOYBalOTh 3 OypHMX MOPCBKUX BojopocTei. BiH nonmaerbes 1o
0araTb0X KOCMETHYHHX MPOAYKTIB, BKIIOUAIOYH IIAMITYHi, 3 METOIO IMOKPAIEHHS SIKOCTEH BOJIOCCS
Ta IIKIpH rojioBU. EKCTpakT namiHapii HacH4ye BOJOCCS LIHHUMH MIKpO Ta MaKpOeJIeMEHTaMH,
MIPUCKOPIOE OOMIHHI MPOLIECH, MIJBUIIYE €IaCTHUYHICTh Ta CHIIy BoJioccs. Takok MICTHTH Yy co0i
KOPUCHI MiHepasli, BiTaMiHM Ta aHTHOKCHJIAHTH, SIK1 3BOJIOKYIOTh BOJIOCCS, POOJISYM HOTo OLIbII
310poBUM 1 OaucKyunM. ExcTpakT mamiHapii MOXKe MOKpallyBaTH CTPYKTYPY BOJIOCCS Ta CHPUSTU
3MILIHEHHIO KOpeHIB. Mae mpoTu3ananbHi BIACTUBOCTI, SIKI MOXKYTh 3aCIIOKOIOBATH IOJpa3HEHY
HIKIPY TOJIOBH.

Jlo cknany maMIyHIO TaKOK BXOASTh HACTYIHI aKTUBHI KOMITOHEHTH.

MurpansHe Maciio: 3BOJIOKYE WIKIpY 1 MIATpUMYE 11 NpUpoAHUi Oap’ep Bosioru. Takoxk
3MEHIIIY€E CYXICTb 1 JYIIEHHS IIKIPH T'OJOBU, MA€ MOM’ SIKITYIOUMA, 3aCTIOKIHINBUN eeKT 1 cripuse
pereHeparii WKipu.

ExcTpakT amoe Bepa: HaTypaJbHMH IHIPEIIEHT Ma€ 3BOJIOKYIOUl Ta 3acCHOKIMIMBI
BJIACTUBOCTI. BiH gomomarae 3MEHIIMTH TOJApPa3HEHHS IIKIpH, 3BOJIOKYE ii Ta goromarae
3a0e3neunTH KOM(OPT LIKipi FOJIOBU AUTHHH.

[IporiTamin BS (manTeHom): Mae 3BOJIOKYIOUI Ta 3MIITHIOIOY] BJIACTUBOCTI U1 Bosioccs. Bin
MO>K€ JOMOMOITH 30€perTy BOJIOTY B IIKIpi T'OJIOBH, MOKPAIIUTH CTPYKTYPY BOJIOCCS Ta 3MEHLIUTH
JIAMKICTb.

['nminepuH: € 3BOJOXKYIOUMM KOMIIOHEHTOM, SKHMH Jormomarae 3a0e3meyuTH BOJIOTY JUIs
IIKIPH TOJOBH Ta BoJsioccs. BiH 3MeHIIye CyXicTh 1 JIYHIEHHSI IIKIPH, CIPUSAIOUN ii 3I0pOBOMY
BUTJISY.

Optiphen BD: Ge3neunuii opranigyHuil KOHCEPBAHT.

107



Bitamin E: € mOTy)XHMUM aHTHOKCHIIAHTOM, SIKHI JOMOMArae 3axuIIaTd MIKipy TOJOBU BiJ
BIUIMBY BUIBHUX PAJUKaIIB 1 HETaTHBHUX 30BHIMIHIX (DakTopiB. BiH Takok crpusie 3BOJOKEHHIO
HIKIpY Ta MATPUMII ii 3I0POBOTO CTaHy.

Bignymika (MosIO9HHM HOTYpT): HaAa€ MaMITyHIO IPUEMHUN apoMmar.

B saxocti mnoBepxHeBo-akTHBHMX peuoBuH (ITAP) Oynu oOpani Koko-OeraiH Ta
KOKOTJIIKO3HI.

Koko-06erain (INCI: Coco-betaine) — nmoBepxHeBo-akTHBHAa PEYOBHUHA, BUKOPHCTOBYETHCS
31€0LTBIIOTO 3aBISKM HOTO 34aTHOCTI CTAOUTI3yBaTH MiHY Ta MOKpAIlyBaTH ii AKICTh y CyMimIi 3
anionnumu [TAP.

Kokormikosua (INCI: Coco glucoside): BUKOPUCTOBYEThCS SIK MOM’ SIKITyBajdbHUN cO-ITAP,
10 HaJla€ MUHHUM 3aco0aM HIXKHOCTI Ta B SI3KOCTI.

OTxe, BUKOPHCTaHI y pelenTypi KOMIIOHEHTH, 30KpeMa eKCTPaKT JiaMiHapii, KUl Mae
3BOJIOKYIOYl BJIACTUBOCTI, IO CIPHSE€ 3MEHIICHIO CYXOCTI 1 JIYIIEHHIO IIKIPH TOJIOBH, MAarOTh
niepuii edekr. Tomy po3poOieHa perentypa HIAMIYHIO MOXE OYTH pPEKOMEHJOBaHA ISt
BUKOPUCTAHHA B AKOCTI JIIKYBJILHOTO Ta MPOQiIaKTUYHOrO 3aco0y. [IpoBeieHO KOHTPOIb SIKOCTI
PO3pO0IICHOr0 MIAMITYHIO 3T1JIHO 3 HOPMATHBHUMHU BUMOTaMH, IO FapaHTye HOro eheKTUBHICTh Ta
0e3meKy Py BUKOPUCTAHHI.
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Kapotunoingn - mnpupomHi oOpraHiyHi IIICMEHTH, $KI € CHHTE3YIOThCS POCIUHAMH,
Oaktepisimu, TpubaMu Ta BomopocTsAMHU. Lli MIrMEHTH HagalOTh POCIMHAM, OBouyaM 1 (pykram
SICKpaBO-)KOBTUM, 4YepBOHUN 1 momapanueBuii komip. Cepen monan 600 BigoMux THIIB
KapOTUHOI/IB, HAWMOIIUPEHIIIUMUA € O-KapOTHUH, [-KapOTWH, [-KPUITOKCAHTUH, JIIOTEIH,
3eakcaHTUH 1 jikomiH [1]. KapoTuHoigum monainstoThCs Ha JBa KJacH: KCAaHTO(UIM 1 KapOTHHH.
KcanTodinu MicTaTh y CBOIfl CTPYKTypi KHCEHb 1 MalOTh OiIbIIe >KOBTOrO BinTiHKY. Jlo OO
KJIaCcy BITHOCSITHCS JIIOTETH 1 3eakcaHTHH. KapoTHHM HE MICTATh KHCHIO 1 MalOTh TCHJICHIIIO OyTH
acoriiioBaHuMH 3 OLIBII MOMapaH4YEBUM KOJIBOPOM MirMeHTy. Lleil kiac Bkitoyae o-KapoTuH, [3-
KapOTHH, -KPUIITOKCAHTHH 1 JIiKOMiH. Bcl kapoTuHOinu € 01010Tr1YHO aKTUBHUMH PEYOBHHAMM. O-
KapoTHH, -KapoTHH 1 B-KpUITOKCAHTHH € MPOBiTaMiHaMH, SIKi MEPETBOPIOIOTHCS B OpraHi3mi Ha
BiTamiH A. [HII KapOTHHOIAM HE BiTaMiHH, ajie CHJIbHI aHTHOKcUIaHTH [2]. KapoTuHoigu MaroTh
IIUPOKE KOMeEpIliiiHe 3acTocyBaHHS [3] sik Ol0JOTiYHO aKTHUBHI Ta XapuoBi Jo0aBku. B sikocTi
XapyoBHX J00aBOK BHUCTYMAIOTh KAPOTHHOIAM, SKI BHUKOPUCTOBYIOTHCS SK AHTHOKCHIAHTH Ta
MPUPOJHI MmirMenTH [4, 5].

[TongiitHo-1maposi rigpokcuau (I € a-mMoaudikari€ero riApokCHUay OCHOBHOTO METaly, B
KPUCTATIYHIN PEIIiTII SKOTO JCsIKi 3 KaTIOHIB TOCMOJAPChKOTO METATy 3aMIIIYIOThCS TOCTHOBUM
METaJIOM KaTiOHY: HaNpUKIaJ, Ni** a6o Zn** (roctionap) 3aminroerbes Ha Al°' (ricts) [6, 7]. B
pe3yabTaTi B KPUCTANIYHIA PEUIiTII YTBOPIOETHCS HAIUIIKOBUI MO3UTUBHUN 3apsi, SKUH MOXXHA
KOMITIEHCYBATH MUISAXOM IHTEPKANSIII J0JIaTKOBUX aHIOHIB B MDKIIApoBUil mpocTip. Taki aHiOHU
MOXXYTh OyTH MPOTHIOHAMH ToTIepeAHuKa coiti [8, 9]. Aie HaliuacTimie aHiOHUW 31 CHEI[iaJIbBHUMHA
(G yHKIIOHATBHUMU BJIACTUBOCTSAMH LIJIECTIPSIMOBAaHO BOYJOBYIOThCS B cTpyKTypy TTIIIT .

Takum unHOM, cTpykTypy ITHII" yTBOpIOtOTH HacTymHI ocHOBHI KoMmoneHTH [10]: kaTionn
rOCHOJApChKUX METAJiB, KaTiIOHM TOCTbOBHUX METaliB, 1 I1HTepKaiaboBaHi anioHu. I 3
HEOOX1THUM HAOOpOM KaTIOHIB Ta aHIOHIB MOXHA CTBOPUTH 3a JIOTIOMOTOI0 10HHOTO JU3aiHY 3
LIeCIPSIMOBaHUM BUOOPOM LIUX TPHOX KOMIIOHEHTIB.

Mera nHaioi po6otu: orpumanHs komrno3utis [T Ta mirMeHTiB 3 TpUPOIHOT CUPOBUHU Ta
JIOCIIIJIPKEHHS BIIaCTUBOCTEH OTPUMAHHUX KOMIIO3UTIB.

Ha nepmomy erami BigOMpaeThCcsi MPUPOAHA CHUPOBHMHA 3 HAMOUIBIIMM BMICTOM
kapoTuHoifiB. Cepea Takux NMPOJYKTIB MOXYTh OyTH OBoui (TOMaTH, rap0y3, MOpKBa), GppykTu
(mepcuMoHa, anesbCuH) Ta npsiHoul (madpat, 6apxaTii).

Ha npyromy eramni npoBOAMTHCS aHATITUYHUNA PO3PaXyHOK MOKJIMBOIO KUIBKICHOTO
BMICTY MIrMEHTIB y B11IOpaHUX MPOAYKTaX.

Ha TperpoMy ertami BinOyBaeTbcst (OpMYBaHHS Ta OTPUMAaHHS KOMIIO3HUTIB 3a
JIOTIOMOT'OF0 BiJIIOpaHUX COJIeH KpUCTANIOTiapaTiB Oe3rnocepenupo y dpenr GpykTiB abo 0BOUiB, a00
HACTOSTHKY MPSHOLIIB.

Ha nactynmaomMy erami BiiOyBa€eThCsi 0OpoOKa OTpPUMAHHUX KOMITO3UTIB - MEXaHIYHO
(1uIAXOM pPO3TUpPaHH:) 200 3a IOIIOMOTOI0 eKCTpallii 3 OpraHiYHUM PO3UHMHHUKOM.

Hanani BigOyBaeThbCst TOCHIIKEHHS] OTPUMAHHUX 3Pa3KiB 3a JIOMOMOTOIO JOCTYITHUX
MmetoAiB (Y D-cnekTpodoToMeTpis, iHppadepBOHaA CIIEKTPOMETPIs, TEPMOTrpaBiMETPis).

Tak, Hampukiam, pe3yibTaTd OTPUMAaHHS 3pa3kiB 3 rapOy3a 3BuyaiiHoro (Cucurbita
PepPO) 3 GopMyBaHHSIM KOMITO3UTIB Oe3mocepeinbo y ¢perri rapOys3a 3 COIIMH KpUCTAJIOTiApaTiB
rekcarigpaty Hitpaty 1uHKa (ZN(NOj3),'6H,0) Ta HOHariipary HITpaTy  ajlOMiHIiO
(AI(NO3)3°9H,0). ITicns dopmyBaHHS KOMIIO3UTIB 31 3pa3kamMu OyJu MPOBEACHI SKCTpakKIlii 3a
nornomororo 1,2-nuxnoperany y peaktopi Cokciera.
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Ha puc. 1 mitepamu A, B, C, D ta E Bka3zaHi pi3Hi KUTBKOCTI COJIeH KPUCTAIOTIPATIB
JOIAaHUX TIepen cuHTe30M y (pemni rapoysa. Lludppamu mo3HaueHo BMICT KapoTuHOIAIB y 100mMr
3pa3Ky OTPUMAHOI'0 KOMIIO3HTA.
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Xapuosi docharu (E338-342, E450-452) BUKOHYIOTH PI3HOMAHITHI TEXHOJOTIYHI (YHKIT:
peryiasTopiB  KHMCIOTHOCTI, €MYJbIYIOUHMX COJeH, pO3pUXJIIOBAaYiB, aAHTUIPYIKYKOUHUX 1
BOJIOTOYTPUMYIOUUX areHTIB, YIIUIBHIOBAYiB POCIMHHHUX TKAHWH, MOKUBHOTO CEpEJOBHUINA IS
JPIKIKIB  TOMIO. IX BUKOPHCTOBYIOTh B TakMX Taly3siXx XapyoBOi IPOMHCIOBOCTI, sK
M'sicoriepepoOHa, MOJIOYHA, MAcClIOKMPOBA, KOHIUTEPChbKA, XJIIOOMEKapchka TOMIO. 3Ba)KAalOYM Ha
00’eM mMpOAYKIli, SIKYy BHIYCKAlOTh III Taly3i, 3po3ymiio, mo moTpedba B Takux (ocdarax
0e3nepepBHO 3POCTAE 1 TOMY CTAHOBHUTH IHTEPEC pO3POOUTH B YKpaiHi BJACHI TEXHOJIOTIi Xap4OBHX
docdaris.

B Vkpaini € migmpuemcrBa 3 BUTOTOBJICHHSA (DOC(ATOBMICHHX JOOPHUB Ta KOPMOBHX
¢docdarti, MpoTe NPOAYKTH TAKOTO CUHTE3Y HE JOCTATHHO YHUCTI AJISI BUKOPHUCTAHHS y XapyoBii
npomucioBocti. Jlo Temep B YkpaiHi BiicyTHi xapdoBi ¢ochatu BracHoro BupoOHHITBA. lle
CTaBUTh HAIly KpaiHy B €KOHOMIYHY 3aJIeKHICTh BiJl IMIOPTY, MIABUILYE COOIBAPTICTh MPOIYKIIIi.
Pazom 3 Tum YkpaiHa BoJIOJi€ BIACHUMHU MOTYKHUMH POJOBHILAMH NMPUPOIHUX (ocdopuriB (10
1,03 mapa. touH P;0s). Tomy mocnmimpkeHHS 3aKOHOMIpHOCTEH cuHTE3y (GocpaTHHX CIHONYK 1
pO3po0Ka ONTUMATBHUX TEXHOJIOTIH IX IMPOMHUCIOBOTO BUPOOHHUIITBA € aKTyaJIbHUMH MUTAHHSAMH 1
BaXJIUBUM JUISl PO3BUTKY BITUU3HAHOI IPOMHUCIOBOCTI.

OueBUIHO, IO CHHTE3 XapuoBHX (TOOTO XiMIYHO YUCTHX 1 0€3 TOKCHYHUX MIKPOIOMIIIOK)
docdartiB AOLIIHLHO MPOBOAUTH 3 BUKOPUCTAHHSAM XIMIYHO YHCTUX MPEKYpCOpiB — COJEil HATpito,
KaJiro, aMOHito, Kanblito Ta ¢ochatHoi kucaotu. Tomy ans BUPOOHMIITBA XapUOBHX 1 KOPMOBHX
dbocdaTiB BUKOPUCTOBYIOTh HAWOUIBII YKCTY BiJl TOKCHMYHUX JOMIIIOK AJs JitoJed 1 TBapuH
tepmiuHy (dochopHy kuciory. OmHak, i3-3a 11 BUCOKOI BapTOCTI MPEICTABISLE THTEPEC MOCIIIUTH
MOJKJIMBICTh 3aMiHM TEPMIYHOI KHCIOTH Ha OUIBII JeleBY eKCTpakuiitHy ¢ochopHy KHUCIOTY,
Mi1aB ii J0AaTKOBOMY JOOYHIIICHHIO.

Ha cporogni po3poOieHo BiAHOCHO 0araTo METOJIB OYHWIIEHHS COJIeH: KpHCTali3arlis,
XIMIYHE OCa/PKE€HHS, BUCOJIIOBAHHS, BUMOPOXKYBaHHS, PEKTU(]IKALis IPU HAABHOCTI JIETKOJIETKOTO
KOMIIOHEHTa, €KCTPAaKIlisl OpraHiYHMMHU pO3UYMHHMKAMHM, (rortamis, iOHHMI OOMIH TOILIO.
BBakaeTpcs, 10 3 PO3IJISHYTUX METO/AIB OYMILIEHHS PEYOBUH TUIBKM IEpeKpHUcTaiizailisi B
HaWKpalii Mipi 37aTHa BUIAISTH Pi3HI JOMINIKM KaTiOHIB Ta aHIOHIB, IIO0 POOHUTH i1 HaWOiIBII
edexTuBHOIO. ONIHAK, TIEPEKPHUCTAIIIZAIlISA COJIl HE JO3BOJSE TTO30aBUTUCH BiJ MIKPOJOMIIIOK, SIKI,
Hanpukiaa, 130Mop¢HI 10HaM ocady, IO OCaJXKYyeTbcs 3 po3uMHy. Hampukman, ioHu Pb*
130MopdHI 10HaAM Ca®*, OCKIIBKH MaroTh OIHAKOBI po3Mipu 1 3apsn, 1 ToMy Oe3NepemiKoIHO
BXOJISITh B KPUCTAJIIYHY peIiTKy (GochaTHUX COJeH KaJbllil0 HApPiBHI 3 CAMUMH 10HaMH KaJbLiIoO.
ToMy miAroToBka XiMIYHO YMCTHX HPEKYpPCOPIB CHUHTE3y XapuyoBUX (ocdaTiB € He TpiBlaJbHUM
HAyKOBUM 1 MPAKTUYHUM 3aBJIaHHSIM.

Merta Hamux AOCHTIIKEHb NoJIsAraia B po3po0Ili crocodiB OUUIIEHHS PO3YHHIB IPEKYPCOPIB
cuHTe3y ¢ocdaTiB, a caMme XJIOPUIHHX COJEH HATpPiro, Kallilo, KaJbI[il0 Ta aMOHINHOI coi
oprodocdaTHOi KHCIOTH, Bii TAKAX TOKCHYHUX MIKPOAOMIIIOK, sk croiayku d-meramis, As(III) i
Pb(Il). IIpoBeaeHi AOCHiIKEHHS 3 KOHLEHTPYBAHHS MIKPOJOMIIIOK METOJOM CITIBOCAJKEHHS 3
kosiekTopom CaHPO42H,0 Ta cemexTtuBHOI ajacopOIlii Ha HU3II HEOPTaHIYHUX aJCOPOCHTIB B
pexxuMi Oe3nepepBHOrO MPOCOYYBaHHS PO3YMHIB yepe3 map iX MIKpOYacTHHOK. AHaji3 BMICTY
MIKPOJIOMIIIOK MPOBOAMIM METOJOM IHBEPCIHHOI BOJIBTAMIIEPOMETPII 3 BUKOPHUCTAHHSAM
nonsiporpada I1Y-1. BceraHoBneHo, IO TpU CHIBOCAIHKEHHI MIKPOJOMIIIOK MaKCHUMAallbHE
BuityuenHs d-metaiis i Pb(Il) cmocrepiraerbest B KMCIHUX cepeioBHax, a ioHiB As(Ill) — B myxHHX
cepeioBUIAX. TOMy pEKOMEHJOBAHO TMPOBOJAMTH KOHIIEHTPYBaHHA JIOMILIOK Y JBa €Talu:
cnioyatky mpu pH = 6,0-6,5 Bugansatu ionn Cd(II), Cu(Il) i Pb(Il), a motim mpu pH = 8,0-8,25
BUJIAJTISTH 3QJTUIIKHA apCEHY.
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JTOCJIIIKEHHSA ITPOIECIB JEKCTPAUHI3AIIIL KPOXMAJIIB
Hikxonenko M. B., Mupropoceka-TepentbeBa B. J1.
VYkpaiHCcbKuii Aep>KaBHUH XIMIKO-TEXHOJIOTTYHUI yHiBepcuTeT, J{Hinpo, Ykpaina
e-mail: n_nikolenko@ukr.net

He3Baxaroun Ha TpuBally ICTOPif0 BHUBYCHHS HATHBHUX Ta MOJAM(IKOBAHHUX KPOXMAJIB,
70Ci X JOCHIKEHHSI HE BTPAYalOTh CBOEI aKTyalbHOCTI Yepe3 HIMPOKE 3aCTOCYBAHHS B Xap4OBid
MIPOMUCIIOBOCTI, B apmarlii, JJis BUTOTOBJICHHsS KJICIOUMX 3aCO0IB B IIEJIOJIO3HO-TIANEPOBINA Ta
TEKCTHJIBHIM MPOMHUCIOBOCTI, OymiHIycTpii Tomro. TexXHOJOriuHi BIACTHBOCTI MOAM(DIKOBAHMX
KpOXMaJIiB 3alexarh Bi Tuny monaudikamii. OqauM 3 HaUOpOCTIMUX Croco0iB Moaudikalii €
MipOKOHBEPCisi, TOOTO HarpiBaHHS KpPOXMANiB Y MPUCYTHOCTI KaramizatopiB abo Oe3 Hux. Sk
MIPaBUJIO, MMPOKOHBEPCIEI0 OJEPKYIOTh PO3IICIUICH] KPOXMaJli (IEKCTPUHHM ), SIKI MalOTh TIOPIBHSIHO 3
HAaTHUBHUMH KOPOTIII MOJICKYJISIPHI JTAHLIOTH MOJIiCaxapu/IiB.

[Tponiecn nexcTpuHizalLll KpPOXMaJI0 HEOAHOPA30BO BUBYAIM TEPMIYHUMH METOAAMHU
a”amizy. Bci aBTopu BiIMidaioTh, IO Ha TEPMOTPABIMETPUYHHMX KPHBHX HPUCYTHI ABI AUISHKA
3MEHIIEHHs Mach Ui pI3HHUX BUJAIB HAaTMBHUX KpoxmamiiB. Ilepma ainsHka moB’s3aHa 3
JeTiApaTalielo, fKa TIOYMHAETHCS ONpa3y XK, KOIM TeMIleparypa JHIIe IIIBULIYEThCS, 1
3akiHuyeThest npubnuzno npu 120 °C. Sk mpaBuio, BBaXaeTbes, IO MPOIEC JeriapaTarii He
BIUIMBA€ HAa TEPMiUuHE PO3KJIANAaHHSI KPOXMAII0, OCKUIBKH BCS BOAA BHIIAPOBYETHCS IO TOYATKY
Horo poskmananus. [pyra cramis 3meHmieHHs Macu modynHaeTbes mnpu 200°C 1 3akiHUyeTbes
npubauzno npu 350 °C. IloBinoMIIs€eThCS, IO MPU TEPMIYHOMY PO3KIaIaHHI KPOXMAJIO Ha I
cTaiii BUAUIAETHCS BOAA, BYTJICKUCIUI Ta3, MOHOOKCH/] BYTJICIIO, alleTaIbJIeTi/l, MeTaH, pypaH i 2-
MeTtuindypad. OUeBUIHO, 11O CIIBBIIHOIIEHHS] KOHCTAHT IIBUAKOCTEH peakiiii Takux nepeTBOpeHb
MOJKE BapilOBATUCS B 3aJ€KHOCTI BiJl CKJIaAy KPOXMaJlo Ta 0ararboX iHIIMX YMHHHKIB, TAKHX 5K
IIBUJIKICTh HArpiBy, CTYIiHb KPUCTAIIYHOCTI, CIIiBBITHOLICHHS aM1103a/aMUIONIEKTHH, TPUCYTHOCTI
Karai3aTopy TOLIO.

Sk B1IOMO, KapTOIUISIHUN 1 KYKYpPYA3SHUN KpoXMaill BIAPI3HAIOTHCSA HE TUIBKU 3a 0y0BOIO,
¢dbopMoOIO Ta po3MipaMu KpOXMaJIbHUX T'paHyll, ajie TaKOX 1 32 MOJIEKYJIIPHO-MacOBUM PO3MOALIIOM
MOJIIMEPIB aM1103M 1 aminonektuny. [Ipencrapise 1HTEpec MOPIBHATH KIHETHYHI XapaKTEPUCTUKU
MPOILIECiB X TEPMOOOPOOKHM Ta BUPIMIUTU MUTAHHS, 110 OLTBIIO MIpO0 BIUTMBAE HA MEXaHI3MU X
JNEKCTPUHIZAIlT — XIMIYHUH CKJIaJ TojlicaxapuaiB ado ix OoTaHiyHe moxo/pkeHHs. Lle mutanHs 10
Tenep 3aJIMIIAE€ThCS TUCKYCIHHUM. Psii aBTOpIiB BBakae, 110 3aKOHOMIPHOCTI MPOLECIB TEPMIYHUX
MEPETBOPEHb KPOXMAaiB MEBHOK MIPOIO 3aJeXKaTh BiJ OOTaHIYHOIO MOXOJKEHHS KpOXMAJIo, a
3HA4YMTh 1 BiJI iX MOJIEKYJISIPHOTO CKJIAAy Ta CTPYKTYPH.

B pesynbrari mpoBeaeHMX HaMHU JAOCHIKEHb KapTOIUISIHOTO 1 KYKYpYA3SHOTO KpOXMajiB
METOAaMHU TepMOrpaBiMeTpii Ta Tu(epeHIiaIbHOI CKaHYI040i KaJopuMeTpii 0yi10 BCTaHOBIIEHO, 1110
B iHTepBai Temmeparyp 25-200 °C okpiM cTafmiii merimparaiiii Mae micie Mporec 3 MOTJIHHAHHIM
teruia npu 130 °C, sxuil He CyNnpoOBOUKYETbCs 3MeHIIeHHsAM Macu. Lleit enmoedext nolpe
MOSICHIOETHCS IPOIIECOM TOIJICHHS HU3bKOMOJIEKYIISIpHOT (ppakiii aminos3u kpoxmanis. Ha Bigminy
BIJl JIITEpaTypHUX JIaHUX TAaKOK BCTAHOBJICHO, IO CTaJil0 PO3KJIAJaHHS KPOXMaliB B IHTEpBal
temneparyp 200-350 °C cmig posrisgaTtd, sSK CYKYIOHICTh TpPbOX IIOCHIOBHUX TPOIIECIB.
Po3paxyHku mokasanu, 1o eHeprii akTWBaIlii MPOIECIB AeTiapaTallii MomepeIHb0 3HEBOAHEHUX
KpoxmaltiB JopiBHIOWOTE 60 kJDk/Monb. s cranmiii nectpykuii KpoxmaiiB eHeprii akTUBallii B
cepeaaboMy ckianarTb 400-500 kJ[>x/Moinb. Taki 3HaUEeHHS €Heprii akTUBALlil IPOLECIB AECTPYKIIIT
KpPOXMaJliB MOSICHIOIOTHCSI HAasBHICTIO Y 1X CKJIaJl HU3KM HAMiBKPUCTAIIYHUX CYOKOMIIOHEHTIB, I10
XapaKTEePU3YIOTHCS PI3HOI TepMOCTadiIbHICTIO. [Ipu criBCTaBIeHHI 3HAY€Hb €HEpPrid aKTHUBAIIil
MpoIeciB Jerifparamii Ta AEKCTPHHI3alii KapTOIUITHOIO 1 KYKYPYA3SHOIO KpOXMAaJliB BIEpIle
BCTAHOBJICHA JIIHIITHA KOPEJISIIis (R2 =0,9956), 110 CBIAYHUTH PO OJHOTHUITHICTh MEXaHI3MIB TaKUX
MpoLeciB 1 IX HE3aJeKHICTh BiJ OOTAHIYHOTO TMOXO/KEHHS KPOXMalliB, a caMe BiJ TaKHX
napameTpiB XIMIYHOTO CKJIay, SK CIIBBIIHOIIEHHS aMiJio3a/aMUIONEKTHH, CTYIIHb MOTiMepHu3arii
Ta MOJIEKYJIIPHO-MACOBHH PO3IO/IiJ MAKPOMOJIEKYJT TIOJTiCaxapuIiB.
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OJIEPKAHHSA I'EJIIO J1JIA AYITY 3 EKC®OJIIAHTAMMA
Kamr A.A., Muponsik M.O., barmniit O.0., Bonusacska O.B., Hikonenko M.B.
JAIBH3 «YxkpaiHcbkuii Aep>kaBHUH XIMIKO-TEXHOJIOTIYHUNA yHIBEpCUTET», M. JIHIIpO,
Ykpaina
email: mari.mironyak@gmail.com

Ha cporomui minomuioui 3acobu [uist AyIly € OJHUMH 3 HaWOULIBII PO3MOBCIOIKEHHUX
KOCMETUYHHUX 3ac00IB Ha OCHOBI aHIOHHHX IIOBEPXHEBO-aKTUBHUX PEYOBUH Ta 3a CBOEIO
MOMYJISIPHICTIO MOCTYMAIOTHCS JIMIIE IaMOyHsM. XO04a Ha BiIMiHY BiJl LIaMITyHIiB, LI 3aco0u €
JOCTaTHbO MOJIOAMMHU — Neplui 3acid mig aymy OyB 3anpornoHoBaHuil B 80-X pokax MHHYJIOTO
CTOMITTS. A J0 IIbOTO MOMEHTY ISl OYMIICHHS TiIa BUKOPUCTOBYBAIHMCH TPAIUIIIAHI TBEPIi MHJIA
a0o mamIyHi.

CyuacHi 3aco0u Ui Tylly € 1yKe Pi3HOMaHITHHMHU SIK 332 CBO€I0 (POPMOIO TaK 1 3a CKIJIAZOM.
Haii6Ginpm 3pydyHy Ta eproHomiuyHy ¢GopMy MarTh KpeMH Ta Teli IS AYIly, OCKUIBKH IXHS
KOHCHCTEHIIsI HalKpalie MiAXOJUTh JJs JETKOro Ta IIBHIKOTO HaHECEHHs, 3abe3levye sKiCHe
OYMILEHHS IIKIpY Ta JIETKO 3MHUBaeTbcs Bojow. Ilpu mpoMy remi ansd aymy MoKHA
BUKOPHUCTOBYBATH Uil OYAb-SIKOTO THITY IIKIpH, B TOH Yac sIK KPEMHU 3aBISKH JTyXKe JEITIKaTHOMY
OYMILEHHIO PEKOMEH/IOBaH1 TUIBKHU JJIs CyXO1 Ta UyTIUBOI HIKIpH.

3BUYAHUI TeNb IS TyITy MOBHHEH J00pe OYMINYBATH IIKipY, )KUBUTH a00 3BOJIOXKYBATH,
HaJaBaTH IIKIpi JOTJSHYTOTO BUIISINY, TOMY Ha BiIMIHY BiJl IIAMIOYHIB TeJl U1 AYILY OKpiM
MHUIOYOI OCHOBH MICTATh TAaKOX BEJIUKY KUIBKICTh KOHIHMIIOHYIOYHMX H00aBOK. Pi3HOMaHITTA
3ac00iB Ui IyIly Ha TelieBiii OCHOBI BU3ZHAYAETHCS MOTpeOaMu CIIOKMBaya, TOMY OKPEMO 1CHYIOTh
3aco0M JJIsl OYMINECHHS CyXOl IIKIpH, JKUPHOI IIKipH, aHTHUBIKOBI, TOHI3yloui abo penakcyroui,
AQHTHUIICITIOJITHI, aHTUTPUOKOBI Ta O€3J114 1HIIMX Pi3HOBH/IIB.

Oxkpemy Tpymny CTaHOBIATH Teli aius Aymry 3 edekroM ekcdoumiamii, mo JT03BOJSIOTH
OJTHOYACHO OYMCTUTH IIKIpy BiJ JKUPOBUX 3a0pyIAHEHb Ta HAJJIMILKY OPOrOBUIMX KIIITUH
emiiepMicy, IO 3aBaKAIOTh HOTO0 HOPMAJbHOMY (YHKIIOHYBAaHHIO Ta MOXXYTh HPU3BOIHUTH 10
MEBHUX MPo0seM 31 HIKIPOIO.

[lepenik pedyoBUH, 110 MOKYTh 3aCTOCOBYBATUCH B SIKOCT1 €KC(OJIIAHTIB B rejsX i AYILY
ayxe mupokuil. B sxocTi abpa3suBHUX pPEYOBMH MOXYTh BUKOPHUCTOBYBAaTHCh CHIIIKaTH abo
J1aTOMOBI KPEMHIEBI BOJOPOCTi, MOPCHKMM MICOK a00 rpsi3i, IIMHA Ta MEJEH1 KICTOUKU abpuKocCy,
a00 ManuHM, MeJeHa LIKapalyna ropixis, IpaHyld MOJIETUIEHY YM CHIliKaresib. Tum abpa3uBHOT
PEYOBHHM BU3HAYAETHCS MPU3HAYCHHS T'€ITI0 Ta TUIIOM IIKIpH CIIOKHUBAYA.

Hamu 3amponoHoBaHO BUKOPUCTAHHS B SIKOCT1 €K(OJI1aHTIB MOEIHAHHS KAOJIIHY Ta KICTOUOK
MaJMHM, OCKUIbKM TaKe IO€JHaHHA Oyae 3abe3meuyBaTH M sIKe, ajle SKICHE OUYMIICHHS Ta
excdodialiio KepaTMHOBHX JIyCOUOK IIKIpH 0e3 HaiaMipHOro mijacyuryroyoro edexty. B skocti
aKTUBHOTO KOMIIOHEHTY KaousliH Oyne 3abe3rneuyBaTH M’SIK€ OUMIICHHS Ta JIETKE MiJICYLIyBaHHS
HIKipy, npubupatu OpyA Ta >KUPOBI 3a0pyJHEHHs, PEryIIOBaTH BUIUIEHHS CalbHUX 3aJ03 Ta
pereHepyBaTtd IOUIKO/KEHHS IIKIpW, HAMOBHIOBATH IIKIpy MiHEpajlaMu, MPUCKOPIOBATH
MeTa0omi3M. 3aBISKM CUTIIII0, MI0 BXOAUTHh A0 CKJIaxy Ounoi rmHM Oyne CTHMYIJIOBATUCH
MPOIYKYBaHHS KOJIAT€HY, 10 MiABUIITUTE MPYKHICTh Ta €JaCTUYHICTh IIKIPH.

KicTouku ManwHM y CKJIa[l remro uis Aylry 3a0e3medaTh M KW MEXaHIYHUN MUTHT
OpOTOBUIMX KIIITUH HIKIPH, BUPIBHIOBAHHS ii KOJBOPY, pPEreHepalilo KIITHH. 3aBISKH CBOEMY
HEBEJIIMKOMY PO3MIpy BOHM MIIXOAATH JUIsl OyIb-SKOTO THUIY LIKIpH, a 3aBASKH HATYpaJbHOMY
MOXO/I’)KEHHIO, Ha BIIMIHY BiJl NOJIIETHJIEHOBUX TpaHys, SIKI MalOTh aHAJOTIYHHUM e(deKT M’SKOoro
NUTIHTY Ta 3a3BMYail 3aCTOCOBYIOTBCS B KOCMETHYHHMX 3ac00ax Takoro THILY, HE IIKOJSATh
HaBKOJIMIITHHOMY CEPEIOBHIILY.
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OJIEP) KAHHSA BIATIHKOBOI'O HTAMITYHIO 31 3BOJIOKYIOUUM EEKTOM
Muponsk M.O., Canpukina €.0., Kair A.A., JIabsax O.B., Hikonenko M.B.
JAIBH3 «YxkpaiHcbkuii Aep>kaBHUH XIMIKO-TEXHOJIOTIYHUNA yHIBEpCUTET», M. JIHIIpO,
Ykpaina
email: mari.mironyak@gmail.com

BinrinkoBi 3acobu ans HeTpuBajoro ¢apOyBaHHS BOJOCCS (KOJIp 3MHBA€ThCs uyepes 4-6
IUKJTIB MUTTS TOJIOBH), TaKl K MamMIyHi 0anb3amMu ab0 TOHIKM Hapasi € JOCUTh MOMYISIPHUMH Ta
3aTpedyBaHUMHU 3ac00aMH, OCKUTBKM BOHH JIO3BOJISIIOTH INBHJKO 3MIHIOBAaTH KOJIp, HE MAalOTh
IIKIIJTMBOTO BIUIMBY Ha Bojoccs mif vac ¢apOyBaHHS, HA BIAMIHY BiJ TpaguiiiiHux (ap0 s
Bosioccsi. Taki 3acobu MarTh Jyke Oararty maliTpy KOJbOPIB Ta MITXOIATH JJIS PI3HOTO KOJIBOPY
BOJIOCCS - B1JI 1y’K€ CBITJIOTO JIO KalITaHOBOTO.

BinTiHKOBHI MIAMITYHb OJHOYACHO JIO3BOJISIE M’SIKO OYMCTUTH BOJOCCS Ta HagaTh HOMY
HOBOTI'O SICKPaBOI'O KOJIbOPY a00 OCBIXHMTH MOYATKOBHH KOJIIP, OCOOJMBO SKILO MICJsl 3BUYAHHOIO
(bapOyBaHHs MPOWIIOB JEIKHIA Yac.

Jlns rapMOHIMHOrO Ta MPHUPOAHOTO BUTISALY Bosioccs micas (apOyBaHHS BIATIHKOBHUMH
[IAMITYHSMH TIPH BUOOPI KOCMETHYHOTO 3aco0y OOOB’SI3KOBO BPAaXOBYIOTh IMOYATKOBHU KOJIp
Bosioccst 10 (papOyBanns. Hampukinan, iCHyIOTh IIamIyHi Juist OUISIBOK — BOHU MICTATH (PiOJIETOBI
MIrMEHTH Ta 3armo0iratoTh MOSBI JKOBTOTO Koibopy. lllammyni asmsi TeMHOro BoJOCCS 3a3BHYaid
MICTSATh KOPHUYHEBI a00 YOPHI MITMEHTH, a IMIAMITyHi Ui pyJa0ro Bojoccs - uepBoHi. [lpu nbomy He
000B’s13KOBO BUKOPUCTOBYBATH OAMH KOJIIp, @ MOKHA HaBITh CTBOPUTH €(EKT «OMOpe».

Icnye Takox JiHiMiKa TOHYIOUMX 3acO00iB ISl YOJOBIKIB — TakKi IIAMITYHI JO3BOJIAIOTH
OCBDXKUTH KOJIip a00 TOHYBAaTH CHBHHY.

3a 10TOMOro0 BIATIHKOBUX LIAMITYHIB MOKJIMBO HE TIJIBKU MIATPUMYBATH MPUPOIHINA KOTIP
BOJIOCCS, a i HaJlaBaTH HOMY SICKpPAaBUX KOJIBOPIB — POKEBUX, CPIOJISACTHX, CHHIX, 3€ICHUX.

Hamu 3anmponoHoBaHa penentypa BIATIHKOBOI'O IIAMIYHIO 3 J0JAaTKOBUM 3BOJIOKYIOUUM
e(eKTOM, OCKUTBKHU 3/I0POBHIA BUTIISA] BOJIOCCS Ticis GpapOyBaHHs, BIICYTHICTh TBMSIHOCTI KOJIBOPY
CYTTEBO 3aJIS)KUTh BiJl CKJIQJIOBUX KOMITIOHEHTIB (papOyBasibHUX 3ac00iB, aje OUIBLIICTD 13 HUX Ma€
BJIACTHMBICTH MEPECYLTYyBAaTH BOJIOCCS Mij yac GpapOyBaHHS.

B sKOCTi 3BOJIOKYIOUMX KOMIIOHEHTIB HaMH 3allpONIOHOBAHO BHUKOPHCTOBYBATH OeTaiHM Ta
MOX1/THI LEJI0NI031, HAMPUKIA T1IPOKCUETUIIENI0N03y. Taka cucTtemMa 3BOJIOXKYBaYiB J03BOJIUTH
3BOJIOKMTH TIOBEPXHIO BOJIOCCSA B Mpoleci ¢apOyBaHHS Ta YTBOPHUTH Micis (GapOyBaHHsS CTIHKY
TJTIBKY Ha BOJIOCCI, IO JI03BOJIUTH JJOJATKOBO 30UIBIIUTHA TPUBAJICTh Ta HACUYCHICTh KOJIBOPY.

Bukopucranna OeraiHy y CKajai BIATIHKOBOTO IIAMITYHIO JI03BOJIUTH 3pOOUTH BOJIOCCS
OUIBILI CIYXHSHUM, HACHYEHUM BOJIOTOI0, OJMCKYUHM, 3aBASKU €(EeKTy 3aKpUTTS JYyCOUOK, OKPIM
TOro Takuil 3aci6 OyJqe MaTH MO3UTHBHUN BIUIMB Ha ILIKIPY T'OJOBH, OCKIIBKH HOpMalli3yBaTHMeE
TiApONiniaHUN OallaHC emiiepMicy, 3amodiraTuMe BUIAPOBYBAHHIO BOJIOTH Ta TEPECYHTyBaHHEIO
HIKIpU TOJIOBH, 3HMXKYBAaTUME HETraTUBHHMI BIUIMB ITOBEPXHEBO-AKTHBHHUX PEUOBHH ULIAMITYHIO,
3HIMaTUMeE TOAPa3HEHHS Ta TOYEPBOHIHHSA, 10 1HO1 MOKE€ BUHUKATH MK Yac ¢papOyBaHHS.

['iIpOKCHEeTUIIENI0N03a, OKPIM TOrO, IO MAa€ BHUCOKY BOJOTOYTPHUMYIOIOUY 3[aTHICTH,
CTBOPIOE Ha BOJIOCCI TOHKY TUTIBKY, SIKa 3 OJTHOTO OOKY 3axXHIIae KoJip mogapOboBaHOTO BOJIOCCS BiJl
BTPATH SICKPABOCTI Ta 3HEOAPBIIEHHS MiJl BIUIMBOM 30BHIIIHIX (haKTOpiB, a 3 iHIIOro OOKYy He
CTBOPIOE eeKTy OOTSHKEHHS BOJIOCCS, SIKMI MOKE€ HETaTUBHO BIUTMBATH HA MOTO CTaH Ta 30BHINIHINA
BUTIIAA michass ¢apOyBaHHSA. 3 TEXHOJOTIYHOI TOYKHM 30py, HOaHUM KOMIIOHEHT IOKpAIlye
MIHOYTBOPEHHS HIAMITYHIO, 110 € OJAHUM 3 NMOKa3HHUKIB SKOCTI TaHUX MHOMHUIOYUX 3aCO01B.
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OTPUMAHHS TA BUBUEHHS ZN-AL MTOABIHHO-IAPOBUX I'ITPOKCU/IIB
IHTEPKAJIBOBAHUX AHIOHOM I'ltOBPOMIAY SJIK TBEPJIUX JE3IHOEKTAHTIB
Bopucenko A.1O., linyx B.C.,Kosanenko B.JI., Korok B.A., Hab6anok O.0.,
Xpamiona /1.B.
JABH3 «YkpalHCbKHii JepKaBHUN XIMIKO-TEXHOJIOTTYHUI YHIBEPCUTET
Huinpo, Ykpaina
e-mail: bag.anastasia@gmail.com

JlesiHdexTanTaMi Ha3UBAIOTh OYAb-Ki CIONYKH, IIO MPOSIBISIOTH MPOTUMIKPOOHY M0 i
HEPEIIKO/PKAIOTh POCTY MIKPOOPIaHi3MiB, 30KpeMa OaKTepiil, a TaKoXK PEeUuOBHHH, 110 BUKIUKAIOTh
3aru0enb MiKpOOPTraHi3MiB.

[Toagitino-mraposi rigpokcuan (ITHIIN) — me a-Momudikallis rigpoKCHUIY METaly-«Xa3siHay
7€ 10HM MeTally-«Xa3sdiHa» YacTKOBO 3aMillleHi «OCTHOBHMHK» iOHaMH METalliB y KPUCTAJi4HIN
perriTiii. BoHn BigHOCATBCS 10 cnenuivyHOl TPYNMH MIapyBaTHX MaTepiaiiB, IO CKIAJAAIOTHCA 13
MO3UTUBHO 3aps/DKEHUX INapiB  TiAPOKCHAY Ta MDKIIAPOBOTO IPOCTOPY, 3alOBHEHOTO
IHTepKaIbOBAaHUMHU aHIOHAMM Ta KPUCTAJIIYHOIO BOJOIO.

Meta poOOTH- OTpUMaHHS HOBUX TBEPAUX (DYHKIIOHAIBHUX PEUYOBHH-IC31H(PEKTAHTIB, HA
ocHoBi Zn-Al TTHIT" inTepKaib0BaHUX aHIOHOM rinmodpomiay. Byso migibpaHo TeopeTHUHuU CKIaa
0a)kaHO1 CIOJYKH, MPOBEACHO PSIJI CHHTE3IB, 3a Ui BH3HAYCHHS ONTHMAJIbHUX YMOB OTPHUMAHHS
rinoopomin-iarepkanboBanux 1T, mociaimkeHo cequMeHTalliiH] BJACTUBOCTI OTPUMAHHUX OCaJiB.
HInsgxoM HOZOMETPUYHOTO TUTPYBAHHS OYJIO0 BU3HAYEHO BMICT aKTHBHOTO OpOMY B CHHTE30BaHHX
3pa3Kax, a TaKOX y CTapTOBOMY Ta MAaTKOBOMY PO3UMHAX Ul CKJIQJAHHS [TOBHOI'O MPAKTHUYHOI'O
MaTtepianbHOro Oanancy peakxiii. Takox Oysl0 BU3SHAYSHO BUXiJ CHHTE30BaHUX 3pPa3KiB.

BuBueHHs celMMEHTalifHUX BIACTUBOCTEHN MOKa3alo, 1o yci 3pa3ku (kpim 40 °C, pH =10)
JEMOHCTPYIOTh JTy’K€ HU3bKY CXUJIBHICTH JIO CeAMMEHTAIlii y po3unHi. 32 30 XBUJIMH BiJCTOIOBAHHS
BI[HOCHA TOBIIMHA IIapy ocady 3MeHImuiacs MmeHme HixX Ha 15% (mo 87,50 - 93,75 % Bin
MOYaTKOBOI BHCOTH). HailOinpImii MOKa3HUK 3HWKCHHS TOBIIWUHU Imapy ocany (mo 27,5 % Bix
T0YATKOBOI BHCOTH) IEMOHCTPYE 3pa3ok oTpumManuii mpr pH=10 Ta Temmeparypi 40 °C.

3a pe3ynpraTaMd HOJOMETPUYHOIO THUTPYBaHHS BUIIIM BMICT aKTHMBHOIO Opomy
JIeMOHCTPYIOTh 3pa3ku orpumani npu pH=8: 4,1 % macoBux npu 25 °C, 2,2 % npuTemneparypi
40 °C. 3pasku orpumani mpu pH=10 MaroTh HiKdiii BMicT akTHBHOTO Gpomy: 1,4 % Tta 1,3 %
macoBux utst 25 °C ta 40 °C Bixmosizmo. 3arasom 3pa3Ky JEMOHCTPYIOTh JJOBOJII HEBUCOKHMI BMICT
aKTHUBHOTO IHTEPKAJIIbOBAaHOTO Opomy, ToOTO Bchoro Bim 10,8 — 17,2% Bim TeopeTHYHOTO
MO>KJIMBOTO BMicTy. Takuif HU3bKMI BXiJ MOKe OyTH MOB’sI3aHUM 13 pI3HUMH YMHHUKAMH, TAKUMU
aK: ocobmuBocTsMH (opmyBaHHs cTpykTypu IIHII', KOHKYpEHTHOIO IHTEpPKAIALIE0 13 IHIIMMU
NPUCYTHIMHU Yy peakuiifHiil cymill aHiOHaMM, BIUIMBOM BHCOKOi TemrepaTrypu a0o MiJBHILEHOIO
piBHA pH, HecTabUIBHICTIO TIOOPOMIY Ta 1H.

3aranom yci 3pa3Kku MoKaszanu BHCOKUN BUXiJ mpoaykty 78,1 — 82,1 %. HaliBumiiii Buxia
JICMOHCTPYIOTH 3pasku orpumani mpi pH=8: 82,1 % ta 79,1 % npu temmeparypax 25 °C Ta 40 °C
BimmoBiAHO. OmHAK IIi 3pa3Kd JEMOHCTPYIOTH BHUIIIM BMICT BOJOPO3YMHHHX JIOMIIIOK JO
npomuBanHsa: 11,7 % ta 15,1 %. 3pasku cunre3oBani npu pH=10 mnoka3zyroTh Jemo HUXKYl
noKa3HUKKM Buxony: 78,6 % (25 0C) ta 78,1 % (40 0C). BMicT BOJOPO3YMHHMX JOMIMIOK TSI HUX
TaKoX 3HAUHO HInkwiit: 7,7 % (25 °C) ta 4,4 % (40 °C).

Taxkum yrHOM OyJ10 TPOBEAECHO JOCITIKEHHSI HOBUX (DYHKIIIOHAJIbHUX MaTepiajiB Ha OCHOBI
Zn-Al TTHIT" iHTepkaabOBaHUX aHIOHOM TiMOOPOMITY Ta JOCIIKEHO X BJIACTUBOCTI SIK HOBITHIX
(GyHKIIOHAIBHUX MaTepiaiB.
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TEXHOJIOT'ISI AMBOBOT'O MAPMEJIAZLY 3 BOJIOCBKHUM I'OPIXOM TA KEIII’IO
bocran K. 1., [iituyk B. B.
UYepHniBeubkuii HartioHabHUH yHiBepcuteT iMeHi FOpis deapkoBuua, YUepHiBii, Ykpaina

v.diychuk@chnu.edu.ua

Merta poOoTH — yIOCKOHAJIEHHs TEXHOJIOTIT aiilBOBOrO0 MapMenajy 3 100aBKaMH BOJOCBKHUX
rOpixiB Ta Kemr’'io JUIg TOKPAIIEHHS OPraHOJENTHYHHX Ta (PI3MKO-XIMIYHMX ITOKa3HUKIB Ta
30arayeHHs NOXUBHUMHU PEYOBUHAMH.

BurorosnenHs Mapmenany Ta AOCHIPKEHHS Horo BiacTuBocTed mpoBoauiu 3riqHo JACTY
4333:2018 «Mapmenan. 3arajibHi TEXHIYHI YMOBH.

BceranoBneno ontumanbHUI CKIIa] MapMmenany, B SIKOMY KUIBKICTb TOOaBKH BOJIOCHKOTO
ropixa uu keur'ro He mnepeBuinye 15%. OpraHonenTHYHUN aHaIi3 MPOBOJIUBCA TPYIOIO
nerycratopiB 3 10 ocib 3a 5-tu 6anpHOIO mKano. Tak, HallBUIIl 6aay OTPUMAaB 3pa30K allBOBOTO
Mapmenazay 3 BMicToM no6asku keur’'to 10 %. [Ipodinorpama 3paska nojnana Ha puc. 1.

Cmak
5
4
3 Janax
2
1
0
Conogricte Konip
[NoBepxHA HoHcucTeHuiA

Puc. 1. [Ipodinorpama 3paska aiiBoBoro mapmenaay 3 no6askoro kemr’to 10%.

Oneprkani 3pa3ku MapMmenaay J0CTIKYBAIUCH 32 TAKUMHU (PI3UKO-XIMIYHUMH TTOKAa3HUKAMHU
SK BOJIOTICTb, TUTPOBaHA KUCIOTHICTh 1 BMICT I[yKpiB. Tak, BOJIOTICTh 3pa3KiB HE MEpeBUIIlyBasla
JonycTUMOi HopMH 1 ctaHoBuia Bix 20,05 no 22,75 %. TuTpoBaHa KHCIOTHICTh 3HAaXOJMj1ach B
mexax 9,1+10,8 °T mpu Hopmi He menue 3 °T. Bwmict mykpiB 3rizHo JICTY - BignoBigHO 110
peLentypu 3 ypaxyBaHHsAM jonycTuMux BiaxwiiB (-3,0%; +2,0%), a i Ai€THYHOTO MPOAYKTY
pexoMeHayeTbes He Oibine 9,0 %. B ogep:kaHux 3pa3kax BMICT I[yKpiB BU3Hau€HO Ha piBHI 7,5 —
9,9 %.

EneprernuHa LiHHICTb € JyXe BaXJIUBUM 1 KPUTUYHUM MOKA3HUKOM XapuyoOBOTO MPOJYKTY.
ToMy B poOOTI TEOPETHYHO PO3PaXxOBAHO KaJTOPIWHICTH 3pa3KiB KIHLEBOTO IMPOIYKTY ailBOBOIO
MapMmenanay. BeraHoBIeHO, 110 eHepreTHuHa I[IHHICTh BUTOTOBJIEHMX 3pa3KiB cTaHoBHJIA Bif 43,8
1o 80,9 xkan Ha 100 r npoaykry. Taki AaHiI MOKa3yrOTh, U0 Ha KaJIOPIMHICTH CYTTEBO BILJIUBAE
BMiCT J00aBKH BOJIOCHKOTO TOpiXa YH Kell 1O.

Tabmuusg 1. @i3uK0-XiMiuHI MOKA3HUKU Ta EHEPreTUYHA IIHHICTh OJIepXKAHUX 3Pa3KiB MPOIYKTY

Bomnoricts, % TurpoBana Bwmict mykpiB, % KanopiiiHicTs,
KHUCJIOTHICTB, °T (me HOpMY€ETbhes, | Kkain/100 T

Opnepxani 3rigHo | Opepxani 3rigHo | 3TiJHO PeLenTypu)

3pa3Ku JACTY | 3pa3zku ACTY

20,05-22,75 | 9-24 9,1-108 >3 75-99 43,8 -80,9

OTxe, oiepkaHi 3pa3Ku aifBOBOr0 MapMmenaay 3 1o0aBKaMH BOJOCHKHX TOPIXiB Ta Kell 'to 3a
G3UKO-XIMIYHMMH ~ TOKa3HMKamH BiAmoBigamu Bumoram JICTY. 3a opra"ojenTuyHUMHU
MOKAa3HUKAMH TMOKa3HWKAMH HaWBHII Oaqy OTpHMaB 3pa30K MapMmenaay 3 J100aBKOIO KElr'r0 B
kinbkocTi 10%. TlokazaHo, 110 KaJlopiiHICTh TPOAYKTY MOXKE 3pOCTaTH Maibke y JBiYl MpU BMICTI
100aBOK BOJIOCHKOT'O TOpixa yM Kemr 1o Ha piBHi 10-15%.
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BU3HAYEHHS BMICTY BAHUIIHY Y CYXOMY MAPOYHOMY BUHI METO/IOM
OBEPHEHO-®A30BOI BUCOKOE®EKTUBHOI PLIMHHOI XPOMATOI' PA®II
Yybipka H. I1.M%, Yy6ipka €. M."?, Kpymikesua M. M.}
1V>Kropoz[cm<a ITAKTJI, Byn. Cranmiiina, 56, 88000 Yxropon
?HHIXE JIBH3 «VxHY», Byx. ixripaa, 46, 88000 Yxropox
e-mail: didiknadiya@gmail.com

Baninia a6o 4-Tiapokcu-3-MeTOKCHOCH3AIBCTT — apOMAaTHYHHKN albJEril, 0 IITUPOKO
3aCTOCOBYETHCS SIK apoOMaTHU3aTop B PI3HOMAHITHHX COJIOAOINAX, Bifaymka y mnapdymepii Ta
MUJIOBAPiHHI, TOMOMIKHHH KOMITOHEHT PI3HOMaHITHHUX JIIKAPCHKUX 3aco0iB. B X011 TepM0o0oOpoOKu
BaHUIIH pa3oM 3 HIIUMH JIETKUMH CIOJIyKaMu (popMye apomar KaBH, KJICHOBOTO CHPOITY, BiBCSHOI
Kallll Ta PI3HOMAHITHUX CTPaB 13 MUIBHKUX 3JIaKiB. TakoX BaHLIIH € MPOIYKTOM TiIpoJIi3y JITHIHY,
KU popMye 000JOHKY KIITHH JIEpEeBUHH, 30KpemMa ayda. CaMe 3aBIsSKH MPOLECY TiAPOIITHYHOTO
pO3MICIUICHHST JIITHIHY BHHO Ta KOHBSYHI CIHUPTA BUTPUMaHI y JOyOOBHX JDKKaX MarOTh
XapakTepHuil BaHUIbHUI apomar. OCHOBHUM CHOCOOOM BHM3HAUEHHS BAaHUIIHY Y KOHSYHOMY
JTUCTHUIIATI, KOHBSIKY Ta Opennai € meron O®-BEPX 3 UV-DAD nerektopom B Tpaji€HTHOMY
pexxumi. OCHOBHMM HEJONIKOM 3a3HAYEHOTO METOJy € 3aCTOCYBaHHsS €IIOGHTY Ha OCHOBI
METaHOJNy, IO CyHepedyuTh MPHUHIMITY 3eleHoi ximii. Came ToMy po3poOKka HOBOi METOIUKHU
BU3HAYCHHS BMICTY BaHUIIHY y BHHI, sIKa BiJNOBIJa€ MPUHIMIIAM 3€JEHOI XiMil € aKTyalbHUM
3aB/IaHHSM.

B nmaniit po0OOTi MPOMOHYETHCS MPOBOAWTH BH3HAYCHHS BaHUNIHY y Boli meronom Od-
BEPX 3 nerextyBanHs B Y®-o6nacti. BumiproBaHHS mpoOBOAWIN Ha PIAMHHOMY Xpomartorpadi
Agilent 1260 Infinity II 3 crmekTpoOTOMETpHYHUM OETEKTOPOM B 130KPATHUYHOMY DPEXHMI Ha
xpomatorpadiuniii kononi ZORBAX Eclipse Plus C18.

[TapameTpu KOJOHKHU: TOBXXHWHA KOJOHKK — 250MM, miameTp — 4.6MM, 3€pHUCTICTD — SMKM.
HIBunkicte motoky emtoeHta — 0.6mi/xB, 00'eM imxkekuii — 10MKi, TemmepaTrypa KOJOHKUA —
35°C.Bu3HayeHHs TPOBOIWIN B TPAIIEHTHOMY PEXUMI:

(0-10)x8:CH3CN:0.5% po3un CH3COOH vy criBBigHormienHi 5:95 06.,%;

(10-50)xB:CH3CN:0.5% po3unn CH3COOH vy criBigHorenHi 15:85 06.,%;

Curnan perextyBamu npu A=320uM. Yac peectpamii xpomatorpamu — 40xB. EdexTuBHICTH
xpomaTorpadiuHoi KOJOHKH OIliHeHa 3a 4G-MeTogoM cTaHoBUTH Outbme 3000 TeopeTHUHUX
tapinok. Yac yrpumanns Bauininy (n=6, P=0,95) — 35.440.02, craHmapTHe KBajpaTHYHE
BiIXWJICHHS TUTOMi iKY (n=6, P=0,95) — 1.2%.

VWD 1B Wavelength=320 nm
180 r

160

1404

1204

100+

mAU

cponn
Puc.1. XpomaTorpama cTaHAapTHOTO 3pa3Ky BaHUIIHY

BinnosinHo 10 BUMoOr MikHapoaHoro ctanaapty 17025:2019 BnpoBajKeHHS METOAUKU Y
MPaKTUKy poOOTH BUIPOOYBaibHOI jaboparopii MoxiMBe Jumie micis ii Bamimanii. Bamigariro
METOJIMKHU MPOBOAMIN 3 YpaxyBaHHsM pekomenaauiii Eurachem Guide: The Fitness for Purpose of
Analytical Methods - A Laboratory Guide to Method Validation and Related Topics Ta BHyTpiIHiX
JOKYMEHTIB CUCTeMHU MeHeKMeHTY Ykropoacbkoi ITIJIKTJI. B pe3ynbraTi nmpoBeneHHs Bajiigamii
OLIIHUJIM HaWBa)JIMBIIII METPOJIOTIYHI XapaKTePUCTUKHM METOJIMKHM Ta BCTAHOBWJIM, IIO BOHA
NpUJaTHA A7 BU3HAYCHHS BMICTY BaHUIIHY Y BHHI.
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PO3POBJIEHHSA PEIIENITYP COPEETY HA OCHOBI OBOYEBOI CHPOBUHHA
Bopob6enr M. M., Kobaca I. M., Korypaam M. 1.
YepHiBeubkuii HalioHabHUH yHiBepcuTeT iMeHi FOpis deapkoBuya, Ykpaina
e-mail: m.vorobets@chnu.edu.ua; i.kobasa@chnu.edu.ua

VY 3B’S3Ky 3 MOTIPIICHHSIM €KOJOTIYHOI CHUTYyaIlli Ta 3HWKEHHSM IMYHITETY HAaceJeHHS B
HaIii Ta 6araTb0X KpaiHax CBITY BUHHKIIA TPOOJIeMa 3MEHIIUTH YaCTKY MPOIYKTIB, BUTOTOBICHUX
3 BUKOPHUCTAHHSM CHHTETUYHHUX XapuyoBUX J00aBOK (OapBHHKIB, IMIJICHIIIOBAYiB CMaKy Ta 3aIaxy,
3aryCHHKIB, cTabinizaropiB Tomo). HuHi oauH 13 NpiOPUTETHUX i aKTyalbHUX HAINPSIMKIB Xap4oBOi
MIPOMHMCIIOBOCTI — PO3pOOKa O3J0POBYMX IMPOAYKTIB 13 TUIOAIB, Aria, oBouiB. OcoOiauBe Micie
3aiiMaoTh copbetu (PppykTOBI MOpO3WBA), MacoBe BUPOOHHUIITBO SKHUX 3a OCTaHHI POKH
crocTepiraeThes y mpoBigHux kpainax city: CIIA, Snonii, ®panmii, Himequnni. OCHOBOIO 1IbOTO
yII00JIEHOTO BCiMa MPOIYKTY, 3a3BUYail CiIy>kKaTh 10OipHI (ppyKTH, 3amaimiHi JIiCOBI Ta JOMAIIHI
SArOIM — CMOPOJAMHA, BUIIHS, CJIMBHU, KaByH, aHaHAC, EPCUKH, s0IyKa, aOpUKOCH, a TakoK OaHaH,
JUMOH, MAaHTO, MYCKYCHA JIMHS, KiBi; IUTPYCOBI — areIbCHH, MaHIApWH, JIAMOH TOIIIO.

Meta po6oTu — po3pobieHHs penentyp copOeTy Ha OCHOBI OBOYEBOI CHPOBHUHH, CMaKo-
apOMaTU4YHAa KOMIIOHEHTa SKMX MAaKCHMAaJbHO IPEJCTAaBICHA HAaTypaJlbHUMH IHrpemaieHTamu, 0e3
CUHTETMYHUX KOMITOHEHTIB 1 LIKIJIMBUX XapYOBUX 100ABOK.

3arponoHOBaHO BUKOPUCTATH HAJA3BUYAHO KOPUCHI M JOCTYIHI ISl BCIX OBOYi — MOPKBY
Ta CTOJIOBHM OypsK, SKi MarOTh BIJHOCHO HHU3BKY BapTICTh, XOPOIl OPraHOJECNTUYHI BIACTUBOCTI.
MopkBa MICTUTh BEITUKY KUIBKICTh BITaMiHIB 1 MiKpOeJIeMeHTiB, 30kpeMa BiTaminu A, C, E, PP, K,
B1, B2, B5, B6, B9, H, a Takox 3ami30, IIMHK, WO, Miib, MapraHeilb, CEJICH, XpoM, (Top,
MoutioaeH, Oop, BaHamiid, KoOanbT, JITIH, aTOMIHINA, HIKENb, KaJbIlid, MarHid, HATpid, Kajii,
dochop, xmop. Takok B HI HasBHUN Jy>)K€ KOPUCHHM KOMIIOHEHT — O€Ta-KapOTHH, SIKUU B
opraHi3mi JIIOJIMHH IIEPETBOPIOETHCS Ha BiTaMiH A. MopkBa € HE3aMiHHHUM ITOMIYHHUKOM JUIS
moael, SKi CTpaxJalTh Big LyKpoBoro niabery. Cupa MOpKBa 37aTHa 3HUXKYBATH PIBEHb
XOJIECTEpPUHY B KPOBi, BOHA € MPOQUIAKTHYHUM 3aCO00M BiJ paKy, 4yJOBO KOHTPOJIOE OOMiH
BYIJIEBO/IB 1 HOpMAaii3ye TpaBieHHS B LLUIOMY, BHUBOJUTH INUIAKHA, HAUIAIIKA XOJECTEPUHY,
TOKCHHHU 1 CIIOJIYKH BaXXKUX MeTalliB. PEKOMEHIYIOTh B)KUBATH O1IbII€ MOPKBU AITSIM, TaK SIK BOHA
3axUIlla€ OpraHi3M BiJ BIpYCIiB 1 3amaneHb. 3aBISKH BiTaMiHy A IITH IIBUAILIE POCTYTh, V HHUX
MOJIINIITYETHCS CTaH 3y0iB 1 KicTok. 1lle oguH mitoc MOpkBU — TpuBaiuil TepMiH 30epiranHs. [lpu
IIOMY BcCl1 ii KOPUCHI BIIACTMBOCTI Maif’)ke HE BTPAyatOThCsl.

Bypsik cronoBuit — mxepesno MykpiB (1Iykpo3a, GpyKTo3a, II0K03a), IEKTHHIB, KIITKOBUHH,
OpraHiuHUX KHUCIOT (s0/y4YHa, IIaBieBa, TUMOHHA), HOMy, cCONiel Kairo, Kalbllilo, 3ai3a Ta iH.,
0aratbox BITaMiHIB i aMIHOKHUCIIOT.

ITpu po3pobui peuentypu copOeTy Ha OCHOBI IIOpe 3amed4eHoi MOPKBH BUKOPUCTAHO
BepiikH (30 % >KuUpHOCTI), MOJIOKO, MOJIOKO 3TyILEHE Ta MeJ SK MijconoKyBad. Takuil copOer,
KpIM OYEBHJHOTO OXOJOMKYBaJlbHOIO e(dekTy, BeabMH OaraTuif Ha BITaMiHM, 110 B
€HEPTOBUTPATHHUI TIEPiOJT POKY JOCUTH aKTyalIbHO.

SIK 10AaTKOBI KOMIIOHEHTH JJIsi COPOETy Ha OCHOBI MIOPE CUPOTO CTOJIOBOIO Oypsika 0OpaHO
MeJl K TiJICOJIO/KYBad, YOpHY CMOPOJIMHY, SIKa € JHKEPeIoM acKOpOIHOBOI KUCIOTH, (EHOIBHUX
CNONYK, BiTaMiHIB rpynu B, MmakpoenemeHTiB Tomo. Takok BHUKOPUCTAHO CBIKY M ATy SIK
IHTpEIENHT, IO J10/1a€ MIKAHTHOCTI CMaKy Ta 3araxy, OCBIXKA€ B JIITHIO CIIeKy 1 TOHI3ye. Ha BiaMiny
BiJl 3alpOIIOHOBAHOI'O MOPKBSHOI'O COpOeTy, Led MPOAYKT HU3bKOKATOPIHHMM, SIKUM Moxke OyTH
XOpOIIMM  JIECEpTOM 3a JOTPUMaHHS CIeliadbHuX JaieT. HalrapMmoHiiHIIe MOETHAHHS
KOMITIOHEHTIB MPOSBIIIOCS 32 TaKOTO BMICTY Bia OypsikoBoro mope, %: 10 meny, 10 — 15 wopHoi
CMOpPOJIMHH, 1 — 2 CBIXOI M’STH.

BucnoBku. Po3poGieno pernentypu copOeTiB Ha OCHOBI BUKIIIOYHO HAaTypalbHOI OBOYEBOT
CHPOBHHH, III0 JJO3BOJHTH PO3IMIMPUTH aCOPTUMEHT O3A0POBYMX MPOAYKTIB. Takwii AecepT MOKHA
PEKOMEHAYBATH Ul PI3HUX TPYH HACEJIEHHS, OCOOJIMBO JIITAM.
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NEPCIEKTUBU BUKOPUCTAHHS HETPAIUIIMHOI POCJIMHHOI CHPOBUHHU Y
BUPOBHUIITBI KNCJIOMOJIOYHUX ITPOJAYKTIB
H3100a 5. C., Cunenxo T. I1.
CyMchKU# HallioHAIBHUM arpapHuii yHiBepcutet, Cymu, YKpaiHna
adzb033@gmail.com

Beryn. OpHiero 3 KIIOUOBUX Taly3el XapuoBOi MPOMUCIOBOCTI € MOJIOYHA, SIKa MOCTIHHO
PO3BHUBA€ETHCS B 0araTboX HampsMKax. 30Kpema, Lie¢ po3poOKa MOJOYHHMX MPOJYKTIB 3 BHUCOKOIO
010JIOTIYHOIO Ta Xap4YOBOIO IIHHOCTSAMH, 3 AaHTHOKCUIAHTHUMH BIIACTUBOCTSAMH, 3 KOMOIHYBaHHSIM
CHUPOBHHHU MOJIOYHOI'O Ta POCIMHHOIO MOXOKEHHS 1 T.[I.

Kucnomono4yni mpoayKTH 3aiiMaioTh OJHE 3 MPOBIAHUX MICIh cepel]] HAaHOUIbII I[IHHUX
MOJIOYHUX TPOJYKTIB, OCOOJUBO 3 TOYKU 30py O1070riuHO1 3HauymocTi. OCKUIBKA BOHU 3/aTHI
HOpMaJli3yBaTH poOOTY KMIIEYHUKA, 3HAYHO MOKPAIIYIOTh TPABJICHHS, MO3UTHBHO BIUIMBAIOTH HA
3aCBOEHHS TTOKMBHUX pevyoBHH [1].

CyuacHi TexHOJOrIl J03BOJIAIOTH 30aradyyBaTé KHUCIOMOJIOYHI MPOIYKTH BiTaMiHaMH,
MiHEpaJIbHUMHU PEYOBUHAMU Ta 1HIIMMH O10JOTIYHO AaKTUBHUMM CHOJTyKaMu. PociMHHA cUpOBHHA,
10 BUKOPUCTOBYETHCS TIPH BUPOOHUIITBI KMCIOMOJIOYHHUX MPOIYKTIB, Ma€ 10OpE MOETHYBATUCS 3
MOJIOYHOIO CUPOBHHOIO 1 HaJTaBaTU TOTOBOMY MPOJIYKTY OpPUTiHATBHUX CMAaKOBUX BIATIHKIB [1].

Meto poGoTH € OOrpyHTYBaHHS JOLIJIBHOCTI BUKOPUCTaHHS HETPaJULINHOI POCIMHHOT
CHPOBHHHU y BUPOOHHUIITBI KUCIIOMOJIOYHUX MPOIYKTIB.

BuKk/1ageHHs] OCHOBHMX pe3y/bTaTiB. J[0 HeTpaguUiHHUX BUIIB POCIMHHOI CHPOBHUHHU
BiHOCATh: oOminuxy (Hippophae rhamnoides L.), im6up (Zingiber officinale), 0y3uny 4opny
(Sambucus nigra L.), kpormuy nsogomuy (Urtica dioica L.), 3Bipo6iii (Hypericum perforatum L.),
masito (Salvia officinalis L.), uepeny tpunineny (Bidens tripartita L.), m’ sty (Mentha piperita L.),
mericy (Melissa officinalis L.), uebpeup mos3yuuit (Thymus serpyllum L.), pomariky mikapceKy
(Matricaria chamomilla L.), oripounuk (Borago officinalis L.), moBkoBuirio 6iny (Morus alba L.)
Ta 1HII.

Y po6oTi [2] mpeacTaBieHO pe3ynbTaTH JOCHIKECHb BHKOPUCTAHHS OOIIMUXU B TEXHOJIOT11
CHUpHUX MPOAYKTiB. [TokazaHO, 10 TOTOBUH MOJIOUYHHI MPOIYKT Ma€ OIHOPIAHY, MaXydy, HIKHY
KOHCHCTEHIII10, CBITJIO-KOPUYHEBUH KOJIIp, 3 NPUEMHUM CMAaKOM Ta apoMaroM oominuxu. B
JOCTIPKEHUX 3pa3Kax CUPHUX Mac 13 OOJINUXOI0 MIABUILYETHCS 010JIOT1YHA Ta XapyoBa LIHHICTb,
30KpeMa 30UIbIIYEThCS BMICT HE3aMIHHUX aMIHOKHCIOT METIOHIHY 1 nucteiny. CUpHUN NpOAYyKT
XapaKTepU3yeTbCsd HU3bKUM BMICTOM JKMPY, 3HQUHUM BMICTOM [-KapOoTHHY, a TaK0X BOJIOJIE
AHTHUOKCHJIAaHTHOIO Ji€r0. OAHAK HAYKOBLSAMH HE JOCTI/PKEHO BIUIMB OOJIMUXM Ha TEpPMiH
30epiranHs, KOaryJjsiiio, KUIbKicTh (eHomB Ta QuaBaHoiniB y 30aradeHid mnponykiii. Jlane
MUTAaHHS BUPILIEHO HayKoBIsIMHU 3 KuTaro.

Y poboti [3] mpeacraBieHO pe3yNbTaTH JOCHIIKCHHS BIUIMBY PI3HUX KOHIICHTpPAIHA
o0ninuxu Ha (pepMEeHTAaTHBHI BJIACTMBOCTI JEAKHUX BHJIB MOJIOUHOKHCIMX OakTepidt 1 (hi3uko-
XIMIYHI BIaCTUBOCTI psbkaHku. [TokazaHo, 110 T0aBaHHS OOJIIMUAXHM 3HAYHO BIUIMBAE HA 3arajlbHUN
BMICT (PeHOJIIB, 3arajbHUI BMICT (DIAaBOHOINIB Ta AaHTHOKCHUIAHTHY AKTUBHICTh PsDKAHKHU, IO
MOSICHIOETHCSI B3a€MOJIIE€I0 MIXK (DEHOJIbHUMHU PEUYOBHMHAMH B OOdiMKCi Ta MOJIOYHUM OinkoM. Kpim
TOrO, pshKaHKa 3 BMICTOM oOiinmuxu 5% Maja MOKpalleHi peosoriyHi BIacTUBOCTI, HAaWBUIIMH
MOKA3HUK BOJIOTOYTPUMYIOUOi 3JaTHOCTi, a TaKOXX HAHKOPOTIIMHA dYac YTBOPEHHS 3TYCTKY.
[TokazaHo, 1o AogaBaHHsA 5% oOMINUXM 30UTBIIYE KUIBKICTh JKUTTE3IaTHUX OaKTepiil y TOTOBOMY
MIPOJYKTI Ta MOKpaIlye cTablaIbHICTh MacH Ipu 30epiranni. O HaK BU€H1 HE IPEICTaBUIN CEHCOPHI
BJIACTUBOCTI KUCIIOMOJIOYHUX MPOJYKTIB 3 O0IIMUXOIO.

VYV HaykoBiil mpaui [4] mocnigkeHO MiIKpoOiOJOriYHYy Ta XapyoBY I[IHHICTb, CEHCOpHI
BJIACTMBOCTI NMPOOIOTUYHUX HOTYPTIB 3 BUKOPUCTaHHIM Mycy 3 IuioaiB obminuxu. [lokaszaHo, 1o
HOrypT 3 10JlaBaHHIM OOJIMHUXHU Ma€ MiIBULIEHY aKTUBHY KHUCJIOTHICTh Ta BMICT MOJIOYHOT KHUCIIOTH
IIPOTSTOM yChOTo mepiony mocmimkents (21 no6a 36epiramms). Morypt 3i CBIKHX MIOIIB OOMIMHXH
MaB MPUBA0JIMBI CEHCOPHI MOKA3HWKHU JUIsl CIOXKMBadYiB, siki 30epiramucs no 18 nHiB. BueHuMu
TaKOX JOCHipkeHOo moenHaHHsa 1,75% mnopomky ob6ninuxu 3 0,25% excTpakTy BHHOIPaTHUX
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KICTOYOK JUIst BUpOOHMIITBA HOTypTy. Ilpn 1ibomMy miaBimyeThest Gpi3uko-ximMiuHi Ta MIKpOO10JIOTiUH1
MMOKAa3HUKH JTOCIIDKYBAHUX 3Pa3KiB HOTYPTY.

Y poboti [5] mpenctaBieHO pe3yiabTaTH JOCTIIDKEHHS BHKOPHCTAHHS B TEXHOJIOTIi
BHUPOOHUIITBA HOTYpPTIB OY3MHOBHX IMOPOIIKIB, OTPUMAHUX MPHU OCMOTHYHIN JeriapaTariii IiojiB
Oy3uHHM 3 HAaCTYITHUM BHUCYIIYBaHHSIM Ta moapiOHeHHsM. Iloka3aHo, 110 TOTOBUI MPOAYKT Mae
MPUBAOIMBUNA CEHCOPHUH MPOQiab — CBITIO-OY3KOBUN KOJIIp, MTPUEMHUN KHCIIO-COJIOAKUNA CMaK 3
npUcMakoM i apomaroMm Oy3uHHU. JlomaBaHHS MOPOWIKY OY3WHHU 10 WOTYpPTY HiABHINYE 3arajibHy
KHUCJIOTHICTh Ta B’SI3KICTh. TaKo)K 30UIBIIYETHCS BMICT CyXHX pedoBHH. [IpoTe B JoCIimKEeHHI HE
JIOBEZICHO BIUIMB Oy3MHOBHMX MOPOLIKIB HA TepMiH 30epiranHs Horypris. Lle mutanHs po3KpUTO B
HACTyIHINA poOOTI.

Y pobGori [6] HaBemeHO pAa JOCTIDKEHb IIOJO BIJACTE)KEHHS 3MiH XapaKTEPUCTHK
npobioTHYHOrO HOrypTy 3 nonaBaHHsIM 10% mrope 3 srix Oy3unu npotsirom 30 nHIB 30epiraHHs.
IlokazaHo, mo pAoxaBaHHsA sAriy Oy3MHM 3HAYHO MIJBUINYE aAKTHOKCUJAHTHY 3JaTHICTh
JOCHIJKYBAaHUX 3pa3KiB, 3aBASKH BHCOKOMY BMICTY B HHMX HOJi(EHONIB, OCOOJMBO AHTOIIIaHIB.
Onnak, Oy3WHOBE IIOPE CIPHUSIO BUPOOJICHHIO TialeTUay NMpu 30epiraHHl HOTYPTiB, BUKJIMKAIO
MOCWJICHWH cuHepe3uc 1 3MiHM B mpodimi kompopy. [lokazaHo, mio 30arayeHuid MPOIYKT
XapaKTepU3y€eThCSl TAPHOK CEHCOPHOIO SIKICTIO Ta MKUTTE3JATHICTIO 3aKBACOK MIKPOOpPraHi3MiB,
BKJIIOYAIOUM TPOOIOTHYHI MITaMU MmiJ 4Yac 30epiraHHs. 3araJbHUN BMICT (EHONIB y HOTYpTI 3
J0JlaBaHHSM Oy3MHOBOIO miope ckiagae B Mexax 993,4-1013,4 mr/100 r, BmicT anTouianis — 11,6-
14,5 mr/100 1, Bmict miameruny — 3,5-6,9 mr/100 r. PesynapTatm mociipkeHb BKa3ylOTh Ha
MOJKJIUBICTh BUKOPUCTAHHS MIOpe 3 Oy3WHU B AKOCTI (YHKIIIOHATIBHOI JOOABKU 10 MPOOIOTHYHOTO
HorypTy, K JDKEepesia aHTHOKCHJIAHTIB 1 XapuOBUX BOJIOKOH.

Y poboti [7/] mpeacraBieHO pe3ylbTaTH BHUKOPUCTaHHS B KHUCIOMOJIOUHUX MPOJYKTax
ripcekoro yaro  ( Sideritis spp.), 3Bipo6oro (Hypericumper foratum), wmarepunku (Origanum
dictamnus), ™’stu OnommHoi  (Mentha  pulegium L.), menmicu  (Melissa  oficinallis), m’stu
kosoconoaionoi (Mentha spicata L.)i maBanau (Lavandula angustifolia), sk cupoBurm 6Garartoi
¢dbeHompbHUMHU  pedoBMHamH. [lokazaHo, M0 B 30aradeHUX KHUCIOMOJOYHHX MPOJYKTax
MiABHUIYETHCSI aHTUOKCUJJAHTHA aKTUBHICTb, BMICT (DEHOJIBHUX PEYOBUH CTAaHOBUTH BiA 4,3 10 82,9
Mr. ['0TOB1 KHCIOMOJIOUHI IPOAYKTH BOJIO/IIOTH BIIMIHHUMHU CEHCOPHUMM XapaKTEPUCTUKAMH 1 3a
(b13UKO-XIMIYHIUMH MTOKa3HUKaMH BiAMOBIJAIOTh BUMOTaM HOPMATHUBHUX JOKYMEHTIB.

VY poboti [8] mpencraBieHO pe3ynbTaTH 30aradyeHHsS TPEIBKOTO HOTYPTY 3 E€KCTPaKTOM
JUCTA KPONMMBM 1 IIOBKOBHII Ta MOPOMIKY MMMmMHUA. [loka3aHo, 110 BBEIEHHS POCIMHHOI
CHUPOBHMHU B MOTYPT J03BOJWJIO 3HAYHO 30UIBLIMTHU KUIBKICTH YCIX JIOCIHIKYBAHHUX MIHEpPAIbHUX
PEUOBHH 1 3araibHUi BMICT (peHoIiB. BmicT Oinka y qociikKyBaHUX 3pa3kax CKJIaJae B Jiana3oHi
12,9-14,3 1, KiTbKiCTh caxapo3u KoauBaeThes Bix 19,25 mo 21,29 1, a KUTBKICTh GEHOTIB 3pocia y
1,86-3,54 pa3u nopiBHSAHO i3 KOHTPOJILHUM 3pa3koM 0e3 100aBok. HemomikoM JaHuX TOCTIIKEHb €
BUKOPHCTAaHHSM KPOIIMBH JIMIIE SIK €KCTPAKTY 3 METOI0 301IbIIeHHS ()EHONBHUX PEYOBUH TOTOBOTO
npoaykTy. OHaK 1HII KOPUCHI BIACTUBOCTI KPOMMBH, 30KpeMa y (opMi IOPOLIKY, HE OepyThes 10
yBary.

Pesynbratn poGotu [9] mokaszyroTh, 10 KPONHUBA € IIIHHUM JKEPEIOM MaKPOHYTPIEHTIB 1
BiTaMiHiB. BmicT ackop6iHOBOi KHMCIOTH Yy CBDKOMY JIUCTI KPONHMBH ckiagae 64,8 Mr, KUIbKICTh
BiTaMiHy E y cBIXiif KponuBi Ta nmopouky craHoBuTh 1,02 ta 9,52 Mr BiAMOBiHO, B-KapOTHHY —
19,5 1 138 mr wHa 100 r mpoaykTy. Y cKkiaai KpONUBU € OlOJOTIYHO AaKTHUBHI CIOJYKH, TakKi K
¢bnaBanoigu Ta peHonbHI kUcIOTH. KOpiHb KpONMBU JABOJOMHOI MICTUTH OM3bKO 2% IyOMIIBHUX
pedoBuH, a B mucTax — Bitamiau (E, B, K, C), 3amizo, xnopodin, kapoTHHOIIU Ta KyMapHHH.

3 BHINEHABEIEHUX ITaHUX € OYEBHJHWUM TOW (DaKT, M0 BHUKOPHUCTAHHS TIOPOIIKIB Ta
eKCTPAKTIiB 3 POCIMHHOI CHPOBHUHU 30arauye KMCIOMOJIOYHI MPOAYKTH BiTaMiHAMHU, MiHEPaIbHUMHU
Ta (EHOJBPHUMHU CHOJIYKaMHM, SIKi 30UTbIIYIOTH (DYHKIIOHAJIbHI Ta AHTUOKCHIAHTHI BJIACTHUBOCTI
rOTOBOT MPOAYKIii. BUKOpHCTaHHS POCIMHHUX KOMIO3MIIA Ma€ MepCreKTUBy Juid 30aradyeHHs Ta
PO3IMIUPEHHS ACOPTUMEHTY KHCIOMOJIOUYHHX MPOIYKTIB 3 aHTHOKCHUIAHTHOIO JTIETO.

BucHoBok. PocnuHHa cupoBUHa, Taka K 00Jinmuxa, Oy3uHa 1 KpOmuBa, BOJOIIE BHCOKUM
BMICTOM 010JI0TIYHO aKTUBHHX CITOJYK, BITaM1HIB, MiHEpaJliB 1 (DEHOIBHUX CTIONYK. JloaBaHHS ITUX
POCIIMHHUX 1HTPETIEHTIB 0 KUCIOMOJOYHHMX MPOIYKTIB J03BOJISIE CTBOPIOBATH HOBI MPOAYKTH 3
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MOKPAIICHOI0 Xap4YOBOIO LIHHICTIO Ta YHIKaJbHUMH CEHCOPHUMH BJIAacTUBOCTAMU. JlonaBaHHs
JTUKOPOCIIOT CHPOBHHHM JIO3BOJISE TOMIMIIATH PEOJIOTTYHI BJIACTUBOCTI KUCIOMOJIOYHHUX MPOIYKTIB,
30UIBPIIUTH X BOJIOTOYTPUMYIOUY 3JaTHICTH 1 CKOPOTHTH TPUBAJICTh CKBaulyBaHHS. CeHCOpHI
BJIACTMBOCTI 30arayeHux KHCIOMOJOYHUX TPOAYKTIB BKa3ylOThb Ha iX MPUUHATHICTD 7S
CHOXMBayiB. BUKOpHUCTaHHSA POCIMHHOI CHUPOBMHHM sl 30aradeHHs MOJIOYHUX THPOJIYKTIB
PO3IIMPIOE ACOPTUMEHT KHUCIOMOJIOYHUX MPOAYKTIB, IIO BOJOJIIOTH AHTUOKCHUAAHTHOIO [IEIO, 1
MOKpaIlye ix (pyHKIiOHaIbHI BIACTUBOCTI.

OTxe, BUKOPUCTaHHS HETPATULINAHOI POCAMHHOI CHUPOBUHHM TpU  BHUPOOHUITBI
KHCJIOMOJIOYHHX MPOAYKTIB € MEPCHEKTUBHUM HANpPSIMKOM JUIsI CTBOPEHHS OUTBII KOPHUCHHX Ta
CMauHUX MPOAYKTIB, 3aTHUX 33JOBOJLHUTH IMOMUT CIOXKUBAYIB.
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STUDY OF ANTHOCYAN EXTRACTION BY ELECTRIC PULSE DISCHARGE
Saleba L.V., Saribyekova Y.G., Davydenko B. V.
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The analysis of literature data shows that physical methods of intensification of the
extraction process with the help of electric pulse discharges are promising and can be used to
extract natural anthocyanin dyes. The traditional method of extracting anthocyanins with aqueous
solutions acidified with mineral or organic acids with stirring can be improved by introducing a
preliminary stage of processing plant materials or completely replacing long-term aqueous
extraction with electric discharge processing.

In this work, the extraction of anthocyanins from frozen pomace of red grape variety Vitis
Vierul was carried out by electric discharge processing (EDT) in aqueous solutions on the Vega-6
laboratory facility. In the process of such electric discharge processing, the raw materials are
simultaneously affected by physical and chemical factors: the direct effect of electrohydraulic
action, as well as the products of water splitting formed in the working medium under the action of
cavitation.

In this work, the electronic absorption spectra of extracts obtained by electrodischarge
treatment with the addition of citric acid and in a neutral environment were constructed, which
showed a change in the color of the extracts from dark red to blue. The amount of anthocyanins
obtained at pH 7 was 5.21 mg/g, and at pH 2.8 — 6.61 mg/g. When extracted to exhaustion with an
aqueous solution of 1% hydrochloric acid by mass at pH 2.0 and a temperature of 60°C in several
stages, the maximum value of anthocyanins was 10.67 mg/g. To determine the optimal
hydromodulus, the extracts were studied at pH 2.8. The results of extraction of anthocyanins,
indicating the effect of the hydromodulus on the efficiency of the extraction of anthocyanins in an
acidic environment, are presented in Figure 1.
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Fig. 1. Dependence of the concentration of anthocyanins in the extract on the hydromodulus

It has been established that with a decrease in the hydromodulus by 3 and 5 times, the
concentration of extractable anthocyanins in the extract increases by 2.6 and 3.7 times, at the same
time, the degree of extraction, and, accordingly, the degree of use of raw materials is reduced by 13
— 17%. In total, it has been calculated that a greater amount of dye is extracted from one gram of
grape pomace at a hydromodulus of 100, and the concentration of anthocyanins in the extract is
greater at a hydromodulus of 20, which is explained by an increase in the thickness of the raw
material layer through which the water hammer formed by EDT passes. The efficiency of extraction
at the first stage is due to a large number of readily available anthocyanins in the cells of the raw
material, which are destroyed during freezing, and at the second stage — by the concentration
gradient of anthocyanins in the raw material and solution, which is formed at the first stage. The use
of a more concentrated extract obtained at hydromodule 20 reduces the cost of the next step in
obtaining the dye — evaporation of the solution.
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METOAU OTPUMAHHS BIOJIOTTYHO AKTUBHHUX JIOBABOK
HA OCHOBI YACHUKY
Inowenxo A. P., Bawxesuu O. IO.
YKpaiHChbKUI ep)KaBHUHN XIMIKO-TEXHOJOTIYHUN YHIBEPCUTET
M. [uinpo, Ykpaina
anna.ploshenko21@gmail.com

3 JaBHIX 4YaciB YaCHUK BUKOPHUCTOBYBAaBCSA I NMPOQITAKTUKH Ta JIKYBaHHS PI3ZHHUX
3axBOpIOBaHb. KOPHUCTb YaCHUKY JISl 3/I0POB'Sl TIOSCHIOETHCS BMICTOM Y HBOMY TiOCYJb(OHATIB,
OCHOBHHUM O10JIOTIYHO aKTUBHUM 3'€JHAHHSM SKUX € aJillMH. AJIIHUH HE MICTUTHCS B CBIKOMY
YaCHUKY; BIH OTPUMYEThCA 3 aliiHy B pe3ynabTaTi epMEHTATUBHOI 1ii aniiHa3u mpu pyHHyBaHHI
MeMOpaHU 3yOUMKiB YaCHUKY. AJIIIMH BIIOMHUNA CBOIMH PI3HUMHU TIepeBaraMu JJis 3J10POB'sl, TAKUMH
SK MIPOTUMIKPOOHI, aHTHOKCHIAHTHI Ta MPOTH3aNaJIbHI BIACTUBOCTI.

[TpomuCTIOBI YaCHUKOBI MPOJYKTH BHUITYCKAIOTHCS a00 SIK Xap4oBi
npunpaByd (YaCHUKOBUN TOPOIIOK, YaCHUKOBA Ciib), abo y
BUTJISIAI  TIperapariB Al TEPAeBTUYHOTO  3aCTOCYBAHHS.
[TpoaykTH [1s1 TE€parneBTUYHOIO 3acTOCYBaHHs 3a3BU4Yail € abo
TabJIeTOBAaHUI YaCHUKOBHI TOPOMIOK, a00 TOMIillleHa B KamlCyiH
YaCHUKOBA OJIisl.

BunsTKOM € 3icTapeHHi BOJHO-CIIUPTOBHHA EKCTPAKT YaCHUKY,
SIKUM MPOJIA€THCS Y BUTIIAI KOPUUHEBOT piTUHU a00 TabJIETOK.

Bimomo, 1o yacHUK MPaKTUYHO HE MICTUTH OJIii, 32 BUHSATKOM YK€ HEBEIIMKOi KiUTBKOCTI
(6mm3bko 0,2%) TpuanuiriinepuaiB, GocdominiaiB Ta TIiKOIIMIAIB, sIKI HE MICTITh cipku. ToMy Bci
MPOAYKTH, sIKi Ha3MBAIOTHCS «JYACHUKOBA OJNis», € PE3yNbTaTOM OOPOOKH YacHUKY II€BHUMHU
cnocobamu. Ilepmuii crnoci6 oTpUMaHHS TAaKOro Macja MOJsArae B TOMY, LII0 TOMOI€HaT CBLKOTO
YaCHUKY MEPEraHsioTh 3 BOJSHOIO Mapor. OTpruMaHa TaKUM YHHOM BHUTSDKKA SIBJISIE COOOI0 CyMIiIll
cynbdiniB HacTymHOro ckimagy: 26% miaminaucynsdin, 19%  miamintpucynsdin, 15%
ATUIMETHIITPUCYIb (i, 13% ATUIMETHIITUCYTb (1, 8% Jianirerpacyibdi, 6%
aninmeruwnrerpacyibdin, 3% mumernn 1% aumerunrekcacynbdin. s oTpumMaHHS TOTOBOTO
npenapary I CyMill po30aBisiioTh omiero 10 1% po3uuny. [HIMIA crocid oTpuMaHHS YaCHUKOBOI
onii € BUMOYYBAHHSM TOJPIOHEHOTO YAaCHMKY B CO€BIM oOIii, 3 MOJaNbIIUM BHAAJICHHIM
Hepo3unHHOi yacTuHH. [Ipu TakoMy crocoOi Tiocynb(QOHATH, 10 YTBOPHIKCSA IPU MOAPIOHEHHI
YAaCHUKY, PO3YMHSIOTHCS B Macii 1 MOTIM NepeTBOproroThes, natoun 70% BiHiIAMTIiIHIB, 18%
cynbdimi 1 12% amxoeniB. Hemomikom 11p0ro crocoOy € Te, 1m0 B ouii 3anummaerhes guie 20% Bin
3arajbHOI KUTBKOCTI PEYOBHH, 110 MICTSATh CIPKH YaCHHKY.

YacHUKOBUI MOPOIIOK € MPOCTO MOAPIOHEHUM 1 BHCYLIEHHM TIpu TeMneparypi 50-60°C i
IIpU aKypaTHi 0OpoOIIi MOKe MaTH TOM ke CKJIaJ 1 Ty K aKTUBHICTb ajliHa3M, 110 1 CBIKHIA YaCHUK.
[Ipu #oro oTprMaHHI HalOUIBLI BaXJIMBUM € 3/1MCHEHHS CYIIIHHS SKOMOTa OUIbIIMX IIMATOYKIB
YAaCHUKY, TaK SIK 1€ JO3BOJIsIE YHUKHYTH 3HWKECHHS aKTUBHOCTI aJliHa3M Ta BTPAT alillUHY.

TakuM 4YMHOM, TpajMIIMHI METOIM MAlOTh PAJl HEAONIKIB, Cepe]] I1HIIOTO, YTBOPEHHS
HECTIMKHMX CHOJYK 13-3a BUKOPUCTAHHS BHCOKOi TeMIlepaTypu, BUTPAaTH BEJIMKOI KUIbKOCTI
PO3UYMHHUKA, TOKCUYHICTb JESIKUX PO3YMHHUKIB, TPUBAIMM yac 0OpPOOKH Ta HU3bKY CEIEKTUBHICTb.

PinuHHa excTpakiisi miJg THCKOM — MEPCHEKTUBHUHA METOJ, IO JO03BOJISIE OTPUMYBATH
7mabUIbHI CHOJYKH 332 PaxyHOK BHUKOPHUCTaHHS PIKOTO PO3YMHHHUKA MiJi BUCOKUM THCKOM. Biibi
TOrO I METOJA MPOCTUll, 3py4HHMH B eKCIulyaTalii, IIBHJIKANA 1 BUMara€ MEHIIOi KiJIbKOCTI
PO3YMHHUKA, IOPIBHIHO 3 TPAAUIIIHHUMU METOIaMH.
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PO3POBKA 3BOJIOKYIOUYOI CHPOBATKH JJISI OBJINYYS
HA HATYPAJIBHIA OCHOBI
Bonnsnceka O. B., Muponsik M. O., Hikonenko M. B.
JIBH3 «Yxkpaincbkuii iepaBHUM XIMIKO-TEXHOJIOTTYHUI yHIBepcuTeT», JHINpo, Ykpaina
e-mail: olena.volnianskia@ukr.net

B nHam yac Ha pUHKY KOCMETHYHOI POAYKIIii ICHY€E BiTHOCHO 0arato KOCMETHYHHX 3aC001B
JUISL TIOKpAICHHS BHIJISAY IIKipH 0O0aWY4Ys. Y IbOMY PIi3HOMAHITTI 3BOJIOXKYIOYl CHPOBATKH
3aliMalOTh HE OCTaHHI MICISl 3aBISKM JIETKOCTI IXHBOTO BUTOTOBJCHHS 1 BUKOPUCTAHHS Ta
MO’KJIMBOCT] IIMPOKOIO BapiOBAHHSA IX CKIALTy.

CupoBaTka — 1€ KOHIICHTPOBaHHI KOCMETHYHHIA 3aci0, sIKUil MicTUTh mpudan3Ho B 10 pasiB
OutbiIe O10J0TIYHO AKTUBHMX PEYOBWH, HDK KpeMu. BoHa CTBOpeHa TakMM YWHOM, IO BCi il
IHTpeNli€EHTH TMPOHUKAIOTH JyXe TIMO0KO B MIKipHUH mokpuB. Ha BinmMiHy Bif KpeMiB CHpPOBAaTKU
MiIOUPAOTHCSA HE 3a THUIIOM IIKIPH, a B 3aJIEKHOCTI BiJl MPpoOJeM, 110 MOTPIOHO BUPINIyBaTH, a0
BiJl BIKY JIFOJIUHHU.

BinoMo, 1m0 3BONOXKEHHS ILIKIpY 3a JOMOMOIOK KOCMETHYHMX IIpernapariB J103BOJISE
edexTuBHO BimHOBIMIOBaTH ckiang NMF emigepmicy mikipu. Haiikpaiie s BHpPIIICHHS IThOTO
3aBJlaHHS MIAXOJATh CaM€ CHPOBATKU. AJie HE3BaXalouW, 110 Ha PUHKY € JOCUTb BEIIUKE
PI3HOMAHITTS KOCMETHYHHMX 3aco0iB, OUIBIIICTh 13 HHUX MICTUTh y CBOEMY CKJIami Jmme 2-3
HaTypaJibHI KOMIOHEHTH. KpiM TOTO, MPOMHMCIIOBI 3pa3kk KOCMETHYHHUX 3acO0iB JJIA MPOJIOHTAIIIT
TepMiHy 30€epiraHHs MICTATh y CKJIaAi JEKiIbKa CHHTETUYHHUX KOHCEpBaHTIB. ToMy, aKTyalbHUM
3aJMINAETHCA MUTAHHA PO3POOKM HOBHMX pELENTYp KOCMETHYHMX CHPOBATOK i OOIMyYs,
OCHOBOIO SIKHX € HAaTypaJbHI KOMIIOHEHTH, 5IKi OyayTh CyMICHUMH OJHMH 3 OJHHM Y 3aco0i Ta He
BUKJIMKATUMYTh aJIEPTiYHUX PEaKIIiil.

OCHOBHI BUMOTH CHPOBaTKH JJsi OONMYYS TOJNATAlOTh B TOMY, IO BOHA IIOBMHHA
3a0e3nedyBaTy 3BOJIOKEHHS IIKIpU, MaTH ONTHUMAalbHY B’S3KICTh, OyTH Mpo30poro (HE
KaJaMyTHOIO), MaTl TE€PMiH 30epiraHHs mpu KiMHATHIA TemmepaTypi He MeHme 3-x micsauiB. [lo
CKJIaJy IBOTO KOCMETMYHOrO 3aco0y TaKOX IOBMHHI BXOJUTH KOMIIOHEHTH, SKI MaroTh
TeJICYTBOPIOIOUY 3/aTHICTh, 3BOJIOKYHOUHMH €(EeKT Ta aHTHOaKTepiajdbHI BJIACTUBOCTI, a TaKOX
MOBHMHHI IIBUKO MOTJIMHATHCA HIKIPOIO 1 3a0e3MeuyBaTH JIEeTKiCTh IPU HaHECEH1 Ha LIKIipY.

Hamu Oyna po3po0OseHa 3B0OJI0KyrOYa CUpOBATKa Ui 00JIMYYsl HAa HATypasibHii ocHOBI. [0
il ckiagy BXOJATh TaKi KOMIIOHEHTH: TiallypOHOBa KHUCIIOTa, MeJ, aib(aripoKCHUKUCIOTH,
MpoIoJIic, XITO3aH Ta TifpojaT OepramoTy. B sKOCTI KOHCEpBaHTY BUKOPHCTOBYBAJIM HAacCTii
nponoiicy 3 KoHueHtpauiero 0,5 %, TepMiH MpUAATHOCTI PO3pOOJIEHOI KOCMETHYHOI CHPOBATKU
ckiazae 6 MiCAIIB 1 MpPU LIbOMYy BOHA HE Ma€ MOOIYHMX €(EeKTiB, TaKUX SK MOYEPBOHIHHS,
NoJIpa3HEeHHs a0o anepris (3a yMOBH BiJICYTHOCTI ajieprii 10 MPOAYKTIB O/ KIIbHUIITBA).

[IpodinbHUM METOJOM CEHCOPHOIO aHali3y OIIHEHO XapaKTepUCTHUKU KOHCHCTEHIIIT
CHUPOBATKM 32 TaKUMHU MOKQXKYMKAMH, SIK TeJIeNoJiOHICTh, OJHOPIAHICTh, KaJaMyTHICTh Ta
IIPO30PICTh.

[TpoBeneHo BUMipIOBaHHS BOJIOTOCTI MIKipy 00aryu4st BojoHTepiB 3 10 oci6 Bikom Bix 20-60
pokiB kocMeTosoriyHuM aHanizatopoM BBS-3000A. Ilicnst JBOTHKHEBOTO BUKOPUCTAHHS TpUYl Ha
JIeHb PO3POOJICHOTO 3BOJIOKYIOUOTO 3aco0y Oyno 3adikcoBaHO, IO BOJIOTICTh HIKIPH OOIAYYS
BOJIOHTEPIB 30UTbIIMIIACA B cepeaHbomy 110 40 %.

Kocmernuny cupoBaTky Oylio MepeBipeHO Ha BiJIOBIIHICTh JI€pPXKaBHUM CTaHAapTaM.
KonTpois sikocti mpoBoammu 3a JICTY 4093-2002 «JIockiioHM Ta TOHIKH KOCMETHYHI. BiamoBigHO
710 TIPOBEIEHOT0 KOHTPOJIIO SIKOCTI, MpH 30epiranHi 3a temmeparyp 5-25 °C BIpoJoBXK 6 MicALIB
CHpOBATKa 3ICTAETHCS MPO30POI0, OJTHOPIAHOIO 6€3 ocany, KOJOigqHO- Ta TepMocTadinbHo0, pH =
5,0+0,15.

Po3pobiniena 3BoJIOXkKyIOYa CHpPOBAaTKAa 3 BHUKOPHCTAHHSIM 3alpOINIOHOBAHMX KOMIIOHEHTIB €
e(pEeKTUBHIM 3acO00M IT0 TOTJISATY 32 MIKIpOIO O0JIMYYs, sika HaIllpaBJieHa HA BUKOHAHHS KOHKPETHOT
71, a caMe CIpUSATHME IHTEHCUBHOMY 3BOJIOKEHHIO Ta KUBJICHHIO HIKIPH.
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ITEHTU®IKALIS AHTOIIAHIB, ITIPAHOAHTOIIIAHIB I HIOJII®EHOJBHUX
CHOJIYK B EKCTPAKTAX YOPHOILIIITHOI TOPOBUHU METO/IOM XPOMATO-
MAC-CIHHEKTPOMETPIiI

O. B. Ilono6iii, M. B. Mimtokia
Hayionanvnuu ynieepcumem xapuoux mexnonoei,
01033, Kuis, eyn. Bonooumupcoka, 68, Ykpaina, e-mail: 0.podobiy@gmail.com

AHTOLIaHN— YyHIBEpCaJbHI TNPHUPOJIHI MIrMEHTH, HAsBHI B HATypalbHHUX MPOIYKTaX,
0COOIMBO B THX, II0 MalOTh CUHIW, IMypHypoBUi, (ioJIeTOBUN 1 YEepBOHHH KoOJbOpH. UMCIICHHI
JOCITIJKEHHS TOKa3yIoTh, 1110 0arati Ha aHTOIIaHU MPOAYKTH BOJIOIIIOTH KOPUCHUMU JUIs 3I0POB S
BJIACTUBOCTSIMH, TIepenyciM (papMakoJOriuHOK AaKTHBHICTIO, IIO TIOB’s3aHA 31 3HIDKCHHSIM
MPOHUKHOCTI Ta KPUXKOCTI KamuIsgpiB, y4yacTIO KOJareHy CyJUHHOI CTIHKM B KOHTpOJi i
MPOHUKHOCTI,  NPUTHIYCHHSIM  Jerpajaiii  KojareHy  MHpOTEOJITHYHUMU  (depMEeHTaMH,
MPOTUHAOPSKOBOIO AKTHBHICTIO, JI€I0 SK TOTJIMHAYIB paJUKaTiB invitro, 3 4AM IOB’S3aHA IXHSA
AHTUOKCUJIAaHTHA AaKTHBHICTh. Y 3B’A3Ky 3 [IMM IIUPOKE 3aCTOCYBaHHS aHTOLIAHIB ISl
CHUMIITOMAaTUYHOTO JIIKYBAaHHS BEHO3HOI Ta JIM(aTUYHOI HEJTOCTATHOCTI, KPUXKOCTI KAaIiJsApiB y
¢bi6omorii, B odrampmororii s JNiKyBaHHS MOPYLIEHb KPOBOOOIry B CITKIBII. bionoriunuii
MOTEHI[iaJl aHTOLIAHIB BIJKPHBAE€ MOXKJIMBOCTI Ui PO3pOOKM HOBHX XapyoBUX J100aBOK 1
(GYHKI[IOHATBHUX XapYyOBUX MPOIYKTIB.

[IpoBeneHo imeHTHdIKAIIIO AaHTOLIAHIB 1 MIPAaHOAHTOIIaHIB, OTPUMAHHMX PIJIUHHOIO
EKCTPAKIIEI0 PI3HUMH PO3YMHHUKAMH, 3 ST1Jl YOPHOIUTIJHOI TOPOOMHMA METOJIOM YacOIPOIbOTHOI
mac-criekrpomerpii HPLC/DAD/UV-VIis/ESI-MS-MS.

VY pe3ynbTaTi XpoMaTo-Mac-CIIeKTPOMETPUIHOTO JTOCIIPKCHHS alleTOHOBUX €KCTPAKTIB ST
YOPHOILUTIAHOI TOpOOMHM 32 YMOB XpoMmaTorpaiuHoro JeTeKTyBaHHS (CIEKTPOCKOMIYHE
nerektyBanHss HPLC/DAD/UV-ViS) 1 pexuMmiB iOHi3amii Ta Mac-CIEKTPOMETPHYHOTO
nerektyBanHa (ESI-MS- Tta ESI-MS-MS y mno3uTuBHOMY ¥ HETraTUBHOMY peXUMax)
1IEHTU(PIKOBAHO CIOJYKH, K1 HaJeXaTh 70 KJIacy MipaHOAHTOLIaHIB 1 MOJI(PEHONbHUX CHOIYK. Y
pexuMi  MO3MTUBHOT  ioHi3amii  imeHTHdikoBano 6 cmomyk  (6pyrTo-hopmymn)[M+H]":
[C24H22011+H]" (11 2 3 m/z 487,1235, mo Bigpi3HAIOTHECS MOTOKEHHAM TiIPOKCHIBHUX TPYI);
[CasH20010+H]"™ (3 i 4 3 m/z 457,1129, 1m0 TaKOX BiAPi3HSIIOTHCS TONOKEHHIM T1IPOKCUITBHUX
rpyn); [CasH26015+H]™ (5 3 m/z 603,1344); [C1gH1206+H]" (6 3 m/z 325,0707) i pexxum HeraTuBHOT
ionizarii (6pyrro-popmyan) [M—H]": [Ca4H22011—-H] (11 2 3 m/z 485,1119, 110 BiApi3HAOTHCS
nojokeHHsiM  rigpokcuibHuX  Tpym); [CasH0010-H]” (3 1 4 ¢ m/z 455,1014, mo Takox
BIJIPI3HSIOTHCS  MOJIOKEHHSIM  TifgpokcuiabHux 1pym); [CasHsO015—H]™ (5 3 m/z 601,1268);
[C1sH1206—H]™ (6 3 m/z 323,056). InenTu}ikoBaHO TMipaHOAHTOIIAHW 3 IIECTUWICHHUMH Ta
I’ ITHYJICHHUMH  BYTJIEBOAHUMH (pparMeHTaMu, a came: mipaHomianiani-3-O-ranakro3un (1),
nipanomianigua-3-O-rroko3un (2), mipaHomiaHianH-3-O-apabino3un (3), mipaHouiaHiauH-3-O-
keuno3us (4), momieHoNbHY CIONyKY (5) Ta mipaHoriaHiauH (6).

B ananoriuHux ymoBaX BUKOHAHO JTOCIIPKEHHS CIUPTOBUX €KCTPAKTIB AT YOPHOILIIAHOI
ropo6unu. Y pexuMi MO3UTHBHOT ioHi3allii inenTHikoBano 6 cromyk (6pyrro-popmymu) [M+H]™:
[CotH21011+H]*(1 i 2 3 m/z 449,1077, 10 BiApPI3HAIOTECA MOTOKEHHAM TiAPOKCHIBHHX TPYI);
[C20H19010+H]+(3 143 m/z 419,1157, mo Takox BiAPIZHSAIOTHCS TMOJOXKEHHSIM T1APOKCUIBHHUX
rpyn); [C24H20013+H]" (5 3 m/z 517,0968); [C18H1206+H] (6 3 m/z 287,0550) i pexumM HeraTHBHOI
ionizamii (Opyrro-popmynu) [M—H]: [C21H21011—H] (1 i 2 3 m/z 447,0549, o BiApI3HAIOTHCS
noJoKeHHs M rimpokcwibHuX rpym); [CooH19010-H] (3 1 4 3 m/z 417,0549, mo Takox
BIZIPI3HSAIOTBCS MOJOXKEHHSIM rifipokcriibHux  Tpyn); [CuH2013-H] (5 3 m/z 515,0392);
[C1sH1206—H] (6 3 m/z 287,0550). ImentudikoBano anrtomianu: miaHianH-3-O-ranakro3ua (1),
mianiquH-3-O-rmoko3ua  (2), mianinuH-3-O-apabino3un  (3), wmiaHiguH-3-O-kcunozun  (4),
nosipeHonbHy crnonyky (5) 1 mianiaus (6).

B pesynbrari nociimkenHs orpuManux ekcrpakriBmeronom HPLC/DAD/UV-Vis/ESI-MS-
MSinenTudikoBaHo AHTOIlIaHU, I PAaHOAHTOIIIAHH Ta noriheHONTbHI CIIOJTYKH.
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TEXHOJIOI'TS JIETUYHOI JOBABKH HA OCHOBI JIY3I' TPEYKHA
Kobaca I. M., BopoGenip M. M.
YepHiBeubkuii HalioHaEHUH yHiBepcuTeT iMeHi FOpis denproBuua, Ykpaina
e-mail: i.kobasa@chnu.edu.ua, m.vorobets@chnu.edu.ua

OTpuMaHHS HOBOTO TMOKOJIHHS (DYHKIIOHAJBHUX Xap4YOBHX IMPOAYKTIB, 30KpeMa THX, SKi
30aradeHi XapyoBHMHU BOJIOKHAMH Ta MiHEPaJbHUMHU PEUOBHHAMHU — BAXKJIMBE 3aBJAHHS Cy4acHOI
XapyoBOi MPOMUCIOBOCTI. Taki MPOIYKTH BOJIOMIFOTH BHUCOKOI O10JOTIYHOIO Ta (hi310JIOTTYHOIO
IIHHICTIO, HEOOX1THOIO JIJIs HOPMAJIBHOTO ()YHKITIOHYBaHHS JIFOJICBKOTO OpraHi3My.

AHaJi3 BITYM3HSIHKX 1 3apyODKHHUX JITEPATYpHUX JAHUX TOKA3ye, M0 HASBHICTh XapYOBHX
BOJIOKOH 1 MiHEpaJIbHUX PEUOBHMH Y pAIliOHI XapuyBaHHs JIOJAWHU 3MEHIIYE PU3HMK 3aXBOPIOBAHHS
HA CepLEBO-CYJMHHY CHCTEMY, OKHUpPiHHS, JiaGeT, apTepockiepo3 Tomlo. Dka 30araueHa
3a3HAYCHUMHU BUIIE IHTPEAI€HTaMHM, 3amo0ira€ TOKCHYHOMY BIUIMBY Ba)XKKHX METAliB,
PaIiOHYKIIIIIB, PI3HOTO POAY KOHTAMIHAHTIB, SIKi MPUCYTHI B CHPOBHHI i 00’€KTax MPHUPOIHOTO
HaBKOJIMIIHBOTO cepenoBuiia. KpiM Toro, okpemi npeicTaBHUKM Xap4OBUX BOJIOKOH ITiJICHITIOIOTH
¢bi3i070TI1YHY [it0 BiTaMiHIB, MO3UTHBHO BIUIMBAIOTh HA 3aCBOEHHS BYIJIEBOIB, 3HIKYIOTh BMICT
KUPIB, CTAMYJTIOIOTH KUTTEIISIIBHICTh KUIIIKOBOI MIKPOQIIOPH.

[IpiopuTeTHHi HANpPSAMOK CTBOPEHHS HOBITHIX TEXHOJIOTIA onep:kaHHSA (YHKIIOHAIBHUX
epepoOKH.

Merta poGOTH — TOCTiKEHHS] MOKITUBOCTI Ta TEPCIIEKTHBH BUKOPHCTAHHS JIy3TH IPEUKH SIK
mieTHuHOi M00aBKHM JUIsl CTBOPEHHS TEXHOJIOTII HOBUX BHJIB XapyOBHX NPOAYKTIB, 30araueHux
KJIITKOBUHOIO Ta MiHEPAIIbBHUMHU PEUOBUHAMH.

AHanii3 pe3ysibTaTiB BU3HAYCHHS MapaMeTpiB PO3MOALTY YACTHHOK TIETHYHOI 100aBKH Ha
OCHOBI JIy3rH Tpeukd 3a po3Mipamu (00 €MHHH pO3MOALT) BiJ IMIBHIKOCTI IEepEMIlIyBaHH,
BHKOHAaHUH METOJOM JazepHOi audpakxiiii, moka3as, IO CEpeaHIH PO3Mip YaCTHHOK JOPIBHIOE
46,8303 mxm. Takuif po3mip YaCTMHOK — ONTHMAIIbHUH, Y MOAANBIIOMY MPHU BHECEHHI MOPOLIKY
N00aBKH y XapyoOBHM NMPOJYKT Ha/la€ OCTAaHHbOMY HOBMH CHEKTp OpPraHOJIENTHYHHUX Ta (Pi3UKO-
XIMIYHUX BiacTUBOCTeH. [lokazaHo, 110 3 MIABUINEHHSIM MIBUIKOCTI MEPEMIITyBaHHS Ma€ MiCIe
3pOCTaHHs PO3MIpPIB YAaCTMHOK MOPOMIKY JIy3ru rpedku Bix 19,5747 no 121,9494 mxm. Lle,
IMOBIpPHO, B1I0yBa€ThCs 3a paxyHOK IMepediry mpoliecy arperamii IpiOHOAMCIIEPCHUX YaCTHHOK
rpedaHoi Jy3rd, 0 € HeOakaHUM IPOLECOM IIiJl 4ac BUKOPUCTAHHS J100aBKM B TEXHOJOTISAX
MIPUTOTYBAHHS XapUOBHX IPOJTYKTIB.

MetonomM aToMHO-aOCOPOLINHOI CHEKTPOCKOMNiT BH3HAUYEHO BMICT TOKCHUYHHUX EJIEMEHTIB
(ILmromOymy, Kagmiro, Apceny ta ['apapripymy) ta minepanbHuii ckian (cnoiayku Harpito, Kaniro,
[unky, depymy, Manrany) y aAieTuuHid n00aBLi Ha OCHOBI Jy3ru rpeuku. Ilokaszano, 1o
KOHIICHTpAIliI TOKCHYHHX €JIEMEHTIB HE TIepEBHUINYE JOMyCTUMI 3HAUYEHHS HOPMAaTHBHHUX
JOKYMEHTIB, @ MiHepaIbHHI CKJIa] 3HAXOAUThCs B Mexax 5,33 + 0,1 %.

[TpoBeneHo MiKpOOIOJIOTIYHI JOCHIPKEHHS A1€TUYHOI 100aBKM HAa OCHOBI JIy3TU T'PEUKH.
YcTaHOBIEHO, 10 3a3HAa4YeHa BHUIIE JI€TUYHA J00aBKa 3a BCiMa MIKpOOIOIOTIYHUMHU MOKa3HHUKAMHU
(MA®AM, BIKII, E.coli, marorenni Mikpoopraniamu, y ToMy uuciai poay Salmonella,
Staphylococcus aureus, apikki, IBULTI, TUTICHSBI TpUOH) BIJMOBiTa€ HOPMATUBHUM JaHUM 1 €
0€3IeYHOT0 JJIsI BAKOPUCTAHHS.

BucHoBkHM. 3amnpornoHOBaHO TEXHOJIOTIYHY CXEMY OJIep)KaHHsS Ji€THYHOI J00aBKM Ha
OCHOBI JIy3TU TPEUKH 3 MiJIBUIIEHUM BMICTOM KIIITKOBHHHU Ta MiHEpaJbHUX peuoBHUH. [IpoBeneHo
MapKETUHTOBE OOIPYHTYBaHHS PHHKOBOI MEPCHEKTUBHOCTI XJi06a 0340pOBYOTO MPU3HAYEHHS 3
JTIETUIHOIO T0OABKOIO Ha OCHOBI JIy3TH I'PEUKH.
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HNEPCHEKTHUBHICTH IEPBAIIOPAIIII ITPM BUJIYYEHHI IIHHUX KOMIIOHEHTIB
M’SITHU NEPLIEBOI

[.B. JKutHeubkuii

Hayionanvnuii ynisepcumem xapuogux mexnonozit,
01033, Kuis, éyn. Bonooumupceka, 68, Yrpaina, e-mail: zhitn@ukr.net

OgHuM 13 OCHOBHHMX KOMITOHEHTIB €(ipHOi 0ii M'ITH NEepIeBOi € MUKIIYHUN CHOUPT —
MEHTOJI, IKHI HaJa€ MPOXOJIOAHUN CMaK Ta CHIIbHUHM NpueMHUi apomart. KpiM MeHTOIy, BUSBIIEHO
e Ourst 28 MakpOKOMITOHEHTIB Ta P MiHOpPHHUX (MIKpO-) KOMITOHEHTIB. 3 MaKpOKOMITIOHEHTIB
MEHTOJILHOTO HAINpPsMYy HaWOULIBII CYTTEBI o0 — Ta [B — MiHEH, JIMOHEH, 0 —(enanapeH, MiHEeoM,
MyJIETOH, MEHTOH, MeTO(ypaH, MIMepiToH, €dhipu MEHTOHA 3 OI[TOBOIO 1 BAJIEPIaHOBOIO KUCIIOTAMH.

Cwmak 1 apomar edipHOi 0Jlii M'ATH BU3HAYAETHCS HE TUTBKU KIJIBKICTIO 1 CIiBBITHOIICHHSM
MaKpOKOMITOHEHTIB, aJie 1 HasBHICTIO apOMAaTHYHUX PEUOBHUH, SKi MICTATHCS B MaJIii KiIbKOCTI. JlJis
nappyMepHoi, KOCMETUYHOI Ta Xap4oBOI MPOMHUCIOBOCTI B M'SITHIM OJii HAWOUIBII IMIHHUM €
apomar, SIKUi BU3HAYA€ThCA SIK BMICTOM MEHTOJY, TaK 1 KUIbKICHUM BMICTOM 1HIIIMX KOMITOHEHTIB.
B ximiko-papmManieBTU4HIi MPOMUCIOBOCTI 1 MEIUIUHI 3aCTOCOBYIOTh M'SITHY OJIII0 3 BHCOKHUM
BMicTOM MeHTOIY (roHaa 70%).

OmarM 3 MEMOpaHHHX TMPOLECIB PO3AUICHHS PIOKAX CyMIIIeH, 10 OOMEXEeHO
BHUKOPUCTOBYEThCS B MIPOMUCIOBUX Maciutabax, € nepamnopaiiis. [Iporec nepsamopariii g03Bossie
e(eKTUBHO PO3IUIATH pi3HI BOJHOOPTaHIYHI CyMilIl Ta CyMIlli OpraHIYHUX PCYOBHH.
[lepcriekTHBHICTH MepBamopallii MoB's3aHa SIK 3 aKTyaJbHICTIO PO3B'S3yBaHUX 3aBJaHb, TaK 1 3
BHCOKOIO €()EeKTHBHICTIO MPOIIECy IepBaropaiii B MOPIBHSAHHI 3 1HIIMMHU TPOIECaMH IOMLTY, 3
MOKJIMBICTIO PO3JIJICHHS a3€OTPONHUX CYMIIIEH, Mallol0 EHEProeMHICTIO, Oe3peareHTHICTIO 1
KOMITAaKTHICTIO 00JIaTHAHHS.

Jns pocmikeHb BUKOPHUCTAaHO MeMOpaHy, sika Mae€ BHUCOKY MOPHUCTICTh (55-65%), mopu
cepenniM aiameTpom 3-10 HM, ZOCTaTHRO MIIlHI, @ OMHOPIAHICTH CTPYKTYpU MaTepialy MeMOpaHU
OyJI0O JOCATHYTO NPH 3aCTOCYBaHHI PO3pOOJIEHOI TEXHOJIOril BUTOTOBJIEHHS TaKOi HaHOKEPaMIKH,
OJIHEIO 13 Oomepalliid SKOi € crelialbHe MeXaHIYHe 3MINIYBaHHS BUXITHUX HAHOMOPOIIKIB OKCHJIIB
Aly,031 SiO;.

B sxocti 00’ €KTy 1OCHI)KEHb BUKOPUCTOBYBAIM €(PipHY 010 M’SITH MEPILEBO], B K1l BMICT
OCHOBHOT'O KOMIIOHEHTa MEHTOIY cTaHOBUB 47-50%. KinbkicHuil Ta sikicHU# ckinaj edipHoi omil
M’SITH TIEPIEBOI BU3HAYAIA METOOM Ta30piIAMHHOT XpoMarorpadii.

Ha mnpouec mnepBomapamii BrumBae TemmepaTypa edipHoi omii, ska HaaXOAWTh B
MeMOpaHHUN MOAY/b. JlOCTIPKEHHS MPOBOIMIM B MeKax 3MiHN Temneparypu Big 30 go 60 °C.

BcranoBieno, 1mo panioHaJbHUMU MapamMeTpaMu MPOBEJEHHS Mpoliecy MepBarnopaiii npu
BUJIyYEHHI OCHOBHUX KOMITOHEHTIB e(ipHY OJiI0 M ATHU MEPIEBOi € TemIeparypa B Mexax Big 50 -
80 °C, pospimxenns — 0,06 - 0,07 10° Ila, mBHAKicTH pyXy edipHoi ol B Hax MeMOPaHHOMY
kaHani 3 m/c. [lpu BUIE3a3HAUEHHUX MapaMeTpax Mpolecy IepBanopanii JOCATHYTO BUIy4YEHS
CYMIIIIi 3 BMICTOM OCHOBHOTO KOMITOHEHTY MEHTOIY 93 %.

[Ipy mpoBeneHHI SAKICHOIO Ta KUIBKICHOTO aHali3y JOCHIAHMX 3pa3KiB, OTPUMaHHUX B
Ipoleci MNepBOMOPALIHHOIO PpO3AUICHHI TNpU pPI3HUX Napamerpax Mpolecy (TemmepaTypH,
PO3PLIKEHHS 1 MIBUAKOCTI PyXy B HaIllipHOMY KaHaui), 11€HTU(IKOBAHO CyMINI 3 MiJABUIIEHUM
BMICTOM 0. — Ta [} — Il HEHiB.

B pesynbTati qochiaKeHHs MoKa3aHo, 1110 3aCTOCYBaHHsI MPoLiecy MepBarnopariii 103BOJIUTh
BWJIyYaTH LIHHI KOMIOHEHTH edipHOi omii M’saTH, (pakmioHyBaTH iX TTOKOMIIOHEHTHO Ta
BUKOPHUCTOBYBATH JUIsl MOTPeO XIMiUHOI, (hapMalieBTUUHOI, TapPyMepHO-KOCMETHYHOI Ta XapuyoBOi
MIPOMUCIIOBOCTI. 3a0€3MeYnTh €HEPrOOMaHICTh, €KOJOTIYHICTh OTPUMAHHS IIIHHUX KOMITOHEHTIB 3
eipHUX 0.
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XAPYOBA ITPOMUCJIOBICTH YKPAIHH TA if CTYKTYPA
Kiuypa JI. b., Cy6Trensnuii P. O., JI3insk b. O.
Hamionansuuit yHiBepcutet "JIbBiBchKka nomitexnika", kadgenpa TOII
dariia.b.kichura@Ipnu.ua

[TinnmpuemMcTBa XapuoBOi MPOMUCIOBOCTI (POPMYIOTH IPOJOBOIbYY O€3MEKy KOXKHOI KpaiHu,
3a0e3neuyroun HaceeHHsI )KUTTEBO HEOOX1THUMH TOBapaMu. 3a CrIocO0aMU OTPUMaHHS KiHIIEBOTO
MPOAYKTY XapuoBi BUPOOHHUIITBA TOAUISIOTHCS Ha BUPOOHUIITBA, SIKi: BUIYYalOTh I[IHHI PEYOBUHHU 3
MOYaTKOBOI CUPOBHHH (I[yKpOBa, OOPOITHOMENbHA, KPYIT'siHA, OJiiiHA, BHPOOHHUIITBO 3TYIIEHOTO Ta
CYXOro MOJIOKA); MiJBUILYIOTh KOHIIEHTPALi0 KOPHUCHOIO KOMIIOHEHTa B Xap4OBOMY IpPOJYKTI
(cymmibHa); BHUTOTOBISIOTH MPOAYKTH 3 PI3HUX CKJIQJOBHX 4YacTUH ab0 BHIIB CHPOBHUHHU
(koHCEpBHA, KOMOIKOPMOBA); BHTOTOBJISIIOTH MPOIYKTH 13 BTOPUHHUX IMPOAYKTIB XapUOBHX
BUPOOHMUTB (xmiOornekapcbka, MakapoHHa). Kiacudikariss XxapuoBUX BHPOOHHIITB 3aJI€KUTh BiJl
BHJIy CUPOBHHHU, CTMOCOOIB 1i TEXHOJIOT1YHOI 0OpOOKM Ta aCOPTUMEHTY roToBoi mpoaykiii. Bes
CYKYIHICTh BITUYM3HSHHX Xap4YOBHUX BHUPOOHMILTB BXOJUTH JI0 arpOHNpPOMHUCIOBOTO KOMIUIEKCY
(AIIK). 3a BumoM cupoBUHH, sika mepepoOiserbcss B cTpyktypi AIIK BuUAUISIOTH HACTYMHI:
Xi0onpodykmoeuii, 110 CKJIaay S[KOro BXOJATh OOpOIIHOMENbHE, KpYyI'sHE, MaKapOHHE
BUPOOHUIITBA Ta XJI100NEUEHHS; M ’AC0-M0104UHUIl — BKIIOYa€ BUPOOHUIITBA 3 MEpepoOKH Xynoou
Ta TTHUI, MICONMEPEpOOHI MMANMPUEMCTBA, MOJIOYHI, Macjio- Ta CHpPONEpepoOHi BHPOOHUIITBA,
MOJIOYHOKOHCEPBHI MIANPUEMCTBA;. OIE€MCUPOSUII — YTBOPIOIOThH MiANPUEMCTBA 3 BUPOOHUIITBA
onii Ta MaprapuHiB, KyJTiHAPHHX Ta IHIIUX J>XUPOBUX IPOIYKTIB; HJI0000604esuli 00’ €nHye
BUPOOHMLTBA IUIOJ00BOYEBUX KOHCEPBIB, CYIIEHUX IUIOJIB 1 OBOYIB, LIYKPY, KPOXMAJIO, aTOKH;
OpoOuNbHUI — OXOIUTIOE TAPUEMCTBA 3 IMBOBAPIHHS, CIIUPTOBE, JPIXKIKOBE, BHHOPOOHE, JIIKEpO-
ropijiyase, ciaboalKorojdbHUX Ta O€3aJIKOrOJIbHUX HAIOIB, XAPYOCMAKOGUIl — 116 KOHIUTEPChKE,
XapYOKOHIIEHTPATHE, COJSIHE, YaiiHe, KaBOBE W TIOTIOHOBE; AUUENPOOYKMOGUI — TiANPHUEMCTBA,
0 3aiiMaroThCsl MepepoOKOI0 CBIKHX S€Lb CBIMCHKOI MTHIl Ha CylIeHI ado 3aMOpOXKeH1 sS€4Hi
MPOJAYKTH, pPUOONPOOYKMOBUil — 3aWMAEThCSI PO3BEACHHSM, BHUPOIIYBAaHHSM, BHJIOBOM 1
nepepoOKkor0 puOHOT Ta 1HIIOI BOJHOI CHPOBMHM. 3alIe)KHO Bif croco0y JoOyBaHHS 1 0OpoOKu
CHUPOBMHHU Xap4oBl MIANPUEMCTBA MOJAUISIOTH HA JBI rpynu — Jo0OyBHI Ta nepepoOHi. [lepeBakHa
OUTBIIICTh BITHOCUTHCA JI0 MEPEpOOHUX, AISUIBHICTh SIKUX 3BOJUTHCS JI0 NMEPBUHHOI M MOJAIbIIOT
rInOoKoi nepepoOku BUX11HOT cupoBUHU. [lianpuemMcTBa cossiHOI Ta puOHOT ramy3i BiIHOCSATHCS 10
BUJIO0YBHUX, OCKUIBKU IX JISUIBHICTH MOB’A3aHa 3 JOOYBAaHHSAM Ta COPTYBaHHSM CHPOBHMHH, SIKa
MOTIM BUKOPHUCTOBYETHCA B IHIIMX Taly3sX XapyoBUX BHPOOHMUTB. 3a CHOCOOOM OTpHUMaHHS
KIHIIEBOr0 a00 IJIbOBOIO MPOJYKTY MiJNPUEMCTBA OO0 €JHYIOThCS B 4YOoTUpU TIpynu: L
MIJIPUEMCTBA, SIKI BUIYYalOTh OAMH ab0 MEKIJIbKa KOPHUCHUX KOMIIOHEHTIB 3 CHPOBHHH, SKa
nepepoOsieTbes, 10 HUX  BIIHOCATBCS  I[YKPOBO-OypsKOBE, OOpOIIHOMEIbHE, KpYIl sHE,
KpoxMaibHe, omiiiHe tomo; II. migmpueMcrBa, fKI NpU BHUPOOHUITBI IITHOBOIO MPOIYKTY
BUJANSIOTh 3 CUPOBUHM HEKOPUCHI a00 HA/UIMIIKOBI KOMIIOHEHTH 1 THUM CaMMM KOHIIEHTPYIOTh
TOOTO MIJBUIIYIOTH BMICT KOPHUCHMX PEYOBHH, O HEI BIJHOCSTHCS IUIOJ0- Ta OBOYECYIIMJIBHI,
MaciopoOHi, cupopoOHi Tomo; III. miampueMcTBa, NPOAYKIIIO SKUX OTPUMYIOTh LUIIXOM
KOMOIHYBaHHSI PI3HUX BUAIB CHPOBHHU a00 MPOMIXKHUX MPOAYKTIB — 1€ KOHIUTEPChKi, KOHCEPBHI,
XapYOKOHIIEHTPATHI, YalHi, TIOTIOHOBi, KaBOBI BHUpoOHMITBa;, [V. migmpueMcTBa, 110
nepepoOIsSI0Th MPOIYKIIIO 1HIIUX MiMPUEMCTB, TOOTO MPOAYKILIIO, sIKa BXKE MPOMIIIA EPBUHHY
nepepoOKy (MakapoHHe, JiKepo-ropildaHe, LykpopadiHaane, pudonepepoOHe, M'siconepepoOHe,
MaprapyuHoBe TOIIO0). 3a CTylmeHeM a0o TJIMOMHOI0 NepepoOKH BUXIIHOI CHPOBUHHM XapyoBi
BUPOOHMIITBA 00’ €IHYIOTHCS Y JIBI TPYIU — MIJNPUEMCTBA 3 IEPBUHHOI Ta BTOPUHHOI NiepepoOku. B
MepIry TPyny TEpBUHHOI MEpPEepOOKH BXOAATh MIAMPUEMCTBA, $KI 3IIACHIOIOTH IOYATKOBY
(mepBUHHY) mepepoOKy CIIbCHKOIOCHOJAPChKOI CHPOBHHM: ITYKPOBOOYpSKOBE, KapTOIUISHO-
KpOXMallbHe, CIHPTOBE, TBApUHO — Ta mTaxomepepoOHe Tomo. [limnpuemcTBa apyroi rpymu
3MIHCHIOIOTh MOJANbIIY, OUIbII TIMOOKY NepepoOKy HpOAYKIii, OTpUMAHOI Micis MEPBUHHOI
nepepoOku. Jlo HUX BIAHOCATBCA — JIKepO-TOpuTYaHi (HEepepoOsIIoTh CHUPT), KOHAUTEPCHKI
(BUKOPUCTOBYIOTH IIyKOp, OOpPOIIHO, Macio TOIIO), KoBOacHi (TMepepoOsioTh M'Co, cajo,
CyOnpoayKTH), XJa1000yJI0YHI 1 MakapOHHI BUPOOHHUIITBA (OOPOIIHO, KpyMa TOIIO). 3a MPUHIIUIIOM,
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MOKJIAZICHUM B OCHOBY TEXHOJOTii BHUPOOHHMIITBA MHPOAYKI, MIANPHEMCTBA MOXKHA MOJUIMTH:
MIIMPUEMCTBA, TEXHOJOTIT SKMX 0a3ylOThbCs Ha Tporecax OpOIiHHS: MWBOBApIHHS, BUHOPOOCTBA,
BUTOTOBJICHHS M’SIKUX Ta TBEPAUX CHpIB, XJIi000yI0yHE Ta KUCIOMOJIOYHE BHUPOOHHUIITBO TOIIO;
MiMPUEMCTBA, 10 3aCHOBaHI Ha BHUKOPHCTaHHI MeXaHIYHOi abo TepMiuyHOI OOpOOKH:
OopoIHOMENbHE, KPYI'siHe, MaKapOHHE, KOHCEPBHE BUPOOHUIITBA; MiANPUEMCTBA, BUPOOHHIITBO
SKAX 3aCHOBAaHE HAa BHKOPHUCTAaHHI (PI3UKOXIMIYHHUX TEPETBOPEHb CHPOBUHH (EKCTparyBaHHS,
po3uMHEHHs, Tudy3is, aacopOIist TOI0): BUPOOHUIITBO IIYKPY 3 Oypsika abo IIyKpOBOTO OYEpETY, 3
BUPOOHHIITBA  JIIKEPO-TOpUTYaHOI Ta  OE3aJKOTOJBbHOI NPOAYKIi  TOIIO;  MIAIPHEMCTBA,
BUPOOHMLTBO SKHX 3aCHOBAaHE Ha BUKOPUCTaHHI CYTO XIMIYHHX TII€PETBOPEHb CHPOBHHU:
MaprapuHoBe, KpOXMajie-IaTOKOBE, BHPOOHHUIITBA TiIpOJIi3aTiB, CHUHTETUYHUX OapBHUKIB,
apoMaTU3aTopiB, BITaMiHIB, CMAaKOBHUX Ta MiJACOJIOKYIOUMX DPEYOBHUH. 3TiTHO 3 TEXHOJIOTIEIO
BUPOOHUIITBA MPOAYKTIB XapuyBaHHsI BC1 TEXHOJIOTIYHI JIiHIT Xap4OBUX BUPOOHHUIITB PO3TOIIISIOTh
HAa TPU TPYNH, KOXHA 3 SKHX IMPEICTABISETHCA Y3arajJbHEHOI CTPYKTYPHOIO CXEMOIO, IO
BiIoOpakae 0COOJIMBOCTI KOXKHOT TPyl BUPOOHUIITBA. Y CTPYKTYpPi KOXKHOI TEXHOJIOTIYHOI JIiHI{
MO>KHa BHJIUITMTH TPH CTajii BUPOOHMIITBA: MiATOTOBYY, OCHOBHY 1 3aBepiiaibHy. Ha miaroroBuiit
cTaiii BUPOOHUIITBA CUPOBUHY MiATOTOBIIOIOTH A0 MEpepoOKU, TOOTO MPOBOAATHCA TaKi orepariii,
K OYHILIEHHS, MHUTTS, COpPTyBaHHs, KamiOpyBaHHs. Ha ocHOBHil crazmii BigOyBaroTbcs Bei
TEXHOJIOT1YHI TIEPEeTBOPEHHSA, SKi HEOOXiAHI AJi OTPUMAaHHS IEBHOI MPOAYKIIi (MOoApiOHEHHS,
PO3BapIOBaHHs, MPOTUPAHHS, HEHTPU(DYTryBaHHSA, TOMOTEHIi3alis, 00CMakKeHHsS, BHITAPOBYBAHHS,
BUIIKaHHs, (acyBaHHs, CylIiHHS Touo). Ha 3aBepmanbHiil cTagii BUPOOHHUIITBA MPOAYKIIT
HaJaroTh TOBAPHUI BUIJIAL (Tapa, MaKyBaHHS, €TUKETYBaHHS, MapKyBaHHsS TOLIO0). 3a 00yI0BOIO
TEXHOJIOTIYHMX JIiHIA a00 OpraHi3amiiiHOI CTPYKTYpOIO XapuoBi BHUPOOHMIITBA MOIUISIOTH Ha
MIOCTIIIOBHI, MapasnenbHi 1 KoMmOiHOBaHi. /{0 mimpuEMCTB 3 mMapaiebHOK CTPYKTYPOIO BiTHOCSTHCS
BUPOOHUIITBA MPOAYKTIB Ha OCHOBI 0araTOKOMHOHEHTHUX cyMimieid. Okpemi BUIAM CHUPOBUHH Ta
HaniBpaOpHKaTH CKIAJOBUX PEIENTYPH MOBHICTIO BKIIOYAIOTHCS 10 CKIIAMy IIIBOBOTO IMPOIYKTY.
Hanpuknan, koHauTepcbke BHPOOHHUIITBO, XJIOOMEKapchKe, MaKapoOHHE, XapyOKOHIIEHTpaTHE
Tomo. Y I[bOMY BHUIAAKY BHKOPHCTOBYEThCS 3HA4YHA KUIBKICTh TapajieIbHUX TMOTOKIB Ha
MIATOTOBYINA CTajii, sKi Ha OCHOBHINM CTajii 3’€THYIOTbCS B OJMH 3arajbHHUH MOTIK 3TiIAHO A0
PELEenTypHOro CKJIaay 1 TEXHOJIOT1] BUPOOHUIITBA IEBHUX BUJIB XapuoBUX NpoAyKTiB. [lapanenbHi
MIOTOKM Ha OCHOBHIM cTajii BUKOPUCTOBYIOTh TOJI, KOJIM HEOOX1AHO MiJBUIIMTH MPOJYKTUBHICTB,
BUIYCTUTH 1HIII COPTU TMPOAYKIIi, 30araTUTH XapyoBl NPOAYKTH OIOJIOTIYHO aKTUBHUMU
KOMIIOHEHTaMu. /[0 miANpHeEMCTB 3 MOCHIJOBHOIO CTPYKTYPOIO BiIHOCATHCS BUPOOHUIITBA, B SIKUX
MOTIK CHUPOBHMHHU IOCIIJOBHO IMPOXOJUTh BECh JIAHIIOI TEXHOJIOTIYHUX OIepaliid, a OTpuMaHa
INPOAYKIS 32 KOMIIOHEHTHMM CKJIQJIOM CYTTE€BO HE BIJPI3HA€THCS BiJ MOYATKOBOIO CKJIAAY
cupoBuHU. Hampuknan, KoHCepBYBaHHS  LUIMX OBOYIB Ta  (PPYKTIB, BUTOTOBJIEHHS
IIBHJIKO3aMOPOXKEHOT II0J00BOYEBOT MPOAYKIIiT, OTPUMAHHS MPOAYKLIi 3a JOMOMOIOI0 CYIIIHHS,
nykpopadinagHe BUpoOHUNTBO TOIIO. OCOOIMBICTIO WX MIAMPUEMCTB € TMOCIIJOBHE TTPOBEICHHS
TEXHOJIOTIYHUX OIepawiil BiJ MOYaTKOBOI J0 KIHIIEBOI CTaJil 3 OJHUM BHUJOM OCHOBHOI CUPOBHUHH.
[TapanenbHi MOTOKK HA OCHOBHIN CTaJl1i BAKOPUCTOBYIOTH TUIBKHU TOJI1, KOJU HEOOX1THO ITIABUIIUTH
NPOAYKTHUBHICTb, BUIYCTUTH IHII COPTH MPOIYKIii, 30araTUTH Xap4yoBi MPOAYKTH Oi0JIOTIYHO
aKTUBHUMH KOMITOHEHTaMHU. J[o MiAnpUEMCTB 3 KOMOIHOBAHOK CTPYKTYpPOIO BITHOCSATBHCS
BUPOOHMIITBA, B AKHX MOEJAHYIOTHCS IPUHIUIH TOOYI0OBH TEXHOJIOTIYHUX JIHIHM 1BOX MEpIINUX Py
BUPOOHUITB 1 KIHLIEBUHA MPOAYKT OTPUMYIOTH OJHHMM a00 KUIbKOMa ICHYIOUMMH CIIOCOOaMu
(excTpakiisi, (UIBTpYBaHHsS, COPTYBaHHS, TIPECYBaHHS) 3 BHUXIJHOI CHPOBUHH (IIyKpOBE,
OOpOIIHOMEFHE, MaCI0-eKCTPAKITIHHE, KpoXxMase-maTokose). JIiHii 1uX BUPOOHUIITB CKIIaAAI0ThCS
3 TOCIIJJOBHO BUKOHAHUX TEXHOJIOTIYHHMX OIEpaliii 3 BETUKOIO KIIBbKICTIO 3BOPOTHIX MOTOKIB 1
0aratopa3oBO TOBTOPIOBAHMX TEXHOJOTIYHUX BIUIMBIB, SIKI HaWJacTimie BimOyBalOTHCS B
OJHOTUIIHMX MaIIMHAaX 1 amapartax. Po3MilieHHs ramyseil xapuoBoi MPOMHCIOBOCTI Ha TepUTOpil
JIepKaBU 3aJI€KUTh BiJ] YUCEIBHOCTI Ta TYCTOTH HACEJIEHHs, IPUPOJAHUX YMOB 1 CUPOBUHHOI 0asu,
¢opm opranizaiii BUPOOHMLTBA Ta HAYKOBO-TEXHIYHOTO moTeHIiany. Ha cupoBuHHy 0azy
OpIEHTYIOTBCS I[yKPOBa, KOHCEPBHA, KPOXMase-MaTOKOBa, COJisiHa raimy3i. Jlo Miclb CIOXKHBaHHS
TOTOBOT MPOAYKIIT TSOKIIOTH MOJIOYHA 1 KOHAUTEPChKa ramy3i. OTHOYacHO BiJ HAsIBHOCTI CUPOBUHU
1 CrokMBaya 3ajexaTh M'ACHA, OOpOIIHOMENbHO-KPYI'sSiHa, XJibonekapcbka ramxy3i. OCHOBHUMU
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rajgy3siMid XapyoBOi MPOMHCIOBOCTI, SIKIi BHKOPHUCTOBYIOTh NPOAYKIIIO POCIMHHUIITBA, €
OOpOITHOMETLHO-KPYIT'sTHA, OJIHHO-)XKHPOBA, IIYKPOBA, MIOJ00BOYEBA, BUHOPOOHA. TBapHHHHUIIBKY
CUPOBUHY TMEpEpoONIAIOTh M’SICHA, MOJIOYHA Ta pPUOHA Tramxy3i MPOMUCIOBOCTI. Po3MmimieHHs
OCHOBHHX TaJIy3eil Xap4oBOi MPOMHUCIIOBOCTI MO LIEHTPaM i paiioHaM YKpaiHu MPeICTaBIIeH] B Ta0JI.
1i2.

Tabmuus 1| YnHHKMKHY, SKi BIUIMBAIOTh HA PO3MINIICHHS Xap40OBOi MPOMHCIOBOCTI

Tany3i npomucnogocmi, wjo opicHmyomuscsa Ha

CUPOBUHY cnooicusaia CUPOBUHY MA CNONCUBAYA
pubHa,  MacisHa, CHUpHa, | papiHagHa,  KOHAUTEPCHKA, | M’SICHA, MOJIOYHA,
KpyI’siHa, Kpoxmalie- | MakapoHHa, XJibomnekapcbka, | OOpouIHOMENIbHA
MaTOKOBA, CIHUPTOBA, | YaiiHa, MMBOBApHA
MOJIOYHOKOHCEpBHa,

KOHCEpBHA
Tabnuus 2. Po3mineHHs rajnysel XapuoBoi IPOMHCIOBOCTI
T'any3i npomucnogocmi Ienmpu ma paiionu po3miugenns
BopomHoMenpHO-KpyI'siHa | JIICOCTETOBA, CTENOBA 30HA
I{ykpoBa JICOCTETOBA 30Ha
OmnilHO-XHpPOBa MiBJICHb JICOCTEITY, CTEIl
Koncepsna 3axij jgicocreny, cren, Kpum
Bunopobna cren, Kpum, 3akapnarrs
Pubna npumopchka 30Ha (bepastacsk, Mapiymons, Kepu, Oneca)
Xmibonekapcbka, MaKapoHHA | CKpi3h
Konaurepcoka CKpi3b
Monouna BEJIMKI HACEJICHHI MMyHKTH (MicTa, pallIeHTpH)
M’sicHa BEJIMKI HACEJICHH] IyHKTH (MiCTa, palllIeHTpH)

[IpobnemMn Ta TEPCHEKTHBH PO3BUTKY Xap4OBOi MPOMHUCIOBOCTI: CLIBCHKOTOCTIOAApPCHhKA
MNPOAYKIiS HE MOXKE 3a/J0BOJIBHUTH TMOTPEOM HacCeNeHHs; HHU3bKOBPOXaiHI POCIMHHM 3aiiMaloTh
3HAyHl TOCIBHI IUIOIIl; HE BUKOPUCTOBYIOTHCSI HOBI COPTH POCIWH; CKOPOYYETHCS IOTONIB’S
BEJIMKOi poratoi XyaoOu, CBUHEH, OBellb, NTHI; MEpeBaka€ pyyHa Mpals; y celax >KUBYThb
MEPEBAKHO JIIOJM TEHCIMHOTO BIKY; HU3bKHI piBeHb MarepiaibHO-TeXHIuHOi Oaszu. Illmsxu
BUpIIIEHHS MNpoOjeM: IHTEHCUBHUM HUISX PO3BUTKY CUIBCHKOTO TOCIOAAPCTBA; 3MiHa (hopM
BJIACHOCTI, PO3BUTOK (EpMEpPCHKOTr0 TroOCHoJapcTBa; Benuki KamitamoBkiaaneHHs B AlIK;
BUKOPUCTaHHS Cy4acHOi BUCOKOIPOAYKTUBHOI CUTLCHKOTOCIIONAPChKOI TeXHIKU. OCHOBHI HAapsSIMHU
PO3BUTKY psAy Taiay3eil XapyoBOi IPOMHUCIOBOCTI: OHOBHTH MaTepiajJbHO-TEXHIYHY 0a3y,
MOJIEpHI3YBaTH BUPOOHUITBO, 30UIBIIUTH OOCATH BUIYCKY KOHKYPEHTOCHPOMOXHOI MPOAYKLIi i
PO3MIMUPUTH ii ACOPTUMEHT, AKTUBIZyBaTH poOOTYy WHIOAO 3alydyeHHs 1HO3EMHHUX IHBECTHIII Ta
KpeAuTiB; 3a0€3MeYUTH MPIOPUTETHICTh PO3BUTKY Taiy3eil 3/1HCHEHHSAM JepxaBHOi (1HAHCOBO-
KPEIUTHOI MIATPUMKH IiJIPUEMCTB 32 PaXyHOK PO3IIMPEHHS BHUJIB 1X KPEAUTYBAaHHS, a TaKOX
BIJIHOBJICHHS MpPAaKTHUKU MepeAdadeHHs B Jep>KaBHOMY OMOKETlI KOIUTIB JUIsl KpPEOUTYBaHHS
MDKCE30HHMX BUTpPAT MIANPUEMCTB IIYKPOBOI, OJNIHHO-)KUPOBOi, IUI0J0-OBOYE-KOHCEPBHOI,
BUHOPOOHOI Ta 1HIIMX Taldy3el; MPOJIOBXKYBAaTU MPOTEKLIOHICTCHKY MOMITUKY OO0 BITYM3HSHOTO
BUPOOHMKA; CTBOPUTH ONTOBI PUHKH MPOJOBOJIBYMX MPOAYKTIB, POLIMPUTH Mepexy (ipMoBoi
TOPriBIl 3MEHIIMBIIM KUIBKICTh MOCEPETHUKIB MPHU peanizalii MpoAyKiii, 3aBAsSKu YoMy Oyne
3HMKEHO LIHHU ¥ 30UIbIIeHO 00cATH 11 MPOoAaXy; 3alpoBaJUTH PETYIIOBaHHS PUHKIB 3€pHA, LYKPY,
OJTi{ ATKOTOJIFHUX HAIOIB; BITHOBUTH TPAIUIlIHHI i1 OCBOITH HOB1 30BHIIIHI PHHKY 30yTy, 30KpeMa,
CTBOPUTH 32 KOPJOHOM IIOCTIHHO [iI0Yl TNPEACTaBHHUIITBA OKPEMHUX Traily3ei, MiANpHEMCTB,
PETioHIB; aKTUBI3yBaTH poOOTY II0J0 CTBOPEHHS IHTETPOBAHUX CTPYKTYP, A0 CKIAAY SKUX MOBUHHI
YBIMTH TepepoOHi 1 CLIBCHKOrOCHOAAPChKI MiANPHEMCTBa, (ipMOBI MarasMHM oOprasizaumii 3
MaTepiaibHO-TEXHIYHOT 0 3a0e3ne4eHHs i 30yTy MpoayKIIii.
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KHCJIOTU BUHOT'PA/THOI'O CYCJIA TA BUHA
Kiuypa /1. b.
Hamionansuuit yHiBepcutet "JIbBiBchKka nomitexnika", kadgenpa TOII
dariia.b.kichura@Ipnu.ua

Y 1828 p. HikiTcbkuii OoTaHIYHMI caj CTBOPUB MarapadcbKuii JOCHITHUN 3aKiaj i3
CaJliBHUIITBA, BUHOTPAJApPCTBa 1 BHHOPOOCTBA, METOIO sIKOro OyB miadip, PO3MHOXKEHHS Ta
MOLIMPEHHS KpallluX COPTIB BHUHOIPaay Ta CTBOPEHHS 3pa3KOBOrO0 BHMHOPOOHOIO IOCIOAAPCTBA.
[Tiznime Ha foro 6a3i chopMyBaIl HAYKOBO-JOCTIIHUI IHCTUTYT BUHOTPAIapCcTBA Ta BAHOPOOCTBA
«Marapauy, sSIKHil CTaB HEHTPOM HAyKOBMX JIOCIIKeHb YKpaiHu. [IpomucioBe BUHOIPaaapcTBO B
iHmMX perionax Ykpainu Oepe mouatok 3 kiHmg XVII cr. ¥V 1785 p. movanock iHTEHCUBHE
ocBoeHHs [IpuyopHomop's, a y 1905 p. B Ozeci opranizyBaiy BUHOTPAIHO-BUHOPOOHY JOCIITHY
cTaHlilo, Ha 0a3i skoi BUHUK [HCTUTYT BUHOrpamapctBa i BuHOpoOcTBa iM. B. €. Taipona.
Konuckoro BuHopoOcTBa craB Kpum 3 ocHoBoro «Marapau» 1 «Macanapay», 3HauHa KOJEKIIS
PIAKICHUX 1 HAMIOPOTOLIHHIMINX BUH YCiX KpaiH He 3Haja co0i piBHUX y CBITi, Oy/1a HEOLIHUMHUM
MOCIOHMKOM JUIsl IPAaBUJIBHOTO OLIIHIOBAHHS CMaky, JOCIHIPKEHHS BHHA Ta MopiBHsAHHSA. [Touatok
pO3BUTKY BHHOpOOCTBa y 3akapmarti BimHOCATH 1m0 VIII — VI c1. mo n.e. Ilepmmit odimiiiamii
JOKYMEHT, /i€ 3TraJlyeThCs 3aKaplaTChbKUi BUHOIpa — 1ie Japya rpaMoTa yropcbkoro koposs Jlacio
I (1093 p.). ¥ XIII ct. BOHO MaJio IpHBiJIEH Ha TOPTIBIIO BHHOM, a y 1274 p. kopons beitna IV
HiANKUCaB TPaMOTy MELIKaHIIB beperosa, o mManu BifgaBaTH 4aCTUHY BUHOIPAAy CBALICHHUKAM.
Crnouatky XVIII cr. mMyxiiBcbKi, OeperiBChKi, cepenHsHChKI BUHA Modand BUBO3UTH y [lpycito,
VYropurHy, ABCTpito Ta iHII KpaiHu €BpOIU, BOHU BUPIZHSUIUCA BHUCOKOKO SKICTIO, HAJEKHUMHU
KIIIMaTHYHIMH YMOBAMH 1 BIAMIHHUMHU SIKOCTSIMU migBaiB 400-piuHOT TaBHOCTI.

®opmyBaHHS SKOCTI BUHOMAaTepiaiiB Ta BHH 3aJ€KUTh BiJ CUPOBUHHU W TEXHOJOTII, AKi €
BU3HAYAJIbHUMHU y (GOPMYBaHHI X sIKOCTi. 3HAYCHHS KOHIIEHTPAIlis TUTPOBAHUX KHCIIOT Y BHHAX €
00OB'A3KOBUM IOKAa3HUKOM SIKOCTI. 30KpeMa THUTPOBaHA KUCIOTHICTh BUHOTPAHOIO COKY (cycia)
BHU3HAYAETHCS TEPEBAKHO BHUHHOIO Ta SOTYYHOIO KUCIOTaMHU. [IMTaHHS KHCIOTHOCTI y BHHAX,
BHU3HAYEHHS BMICTY JIETKUX 1 HEJIETKMX OPraHIYHUX I HEOpPraHiuHUX KHUCJIOT y BUHAX y MOPIBHAHHI
31 CBIKMMH COKaMHM Yepe3 BBEJEHHS JIOKCHIY CipkH B KiibkocTi 200 400 Mr/M° B CYyCJO € JIEBUM
1 epekTUBHUM 3ac000M OOPOTHOM 3 HIKIAJIUBOIO M arpeCHMBHOI0 MIKpOQIIOPOIO Ta MATOJIOTTUYHUM
PO3KJIaJIOM OpraHiYHUX KHUCJIOT MiJ 4Yac BUTOTOBJIEHHS BUH. ChOroJHI Ha Cy4yaCHUX BHUHHHUX
3aBojlax CBITYy, a came, €Bpomu, Amepuku, ABcTpaiii Ta AQpPUKH 3aCTOCOBYIOTH NEPEBAXKHO
peryiapoBaHuid Tiporiec OpoiHHS BHH, METOIO SIKOTO € OTPMMAaHHSI BUHOTPAIHUX BUHOMATEPIialiB 13
ONTUMAJILHUM BMICTOM OpraHi4YHMX KuCIOT. Po3pobiieHi crocoOu 6i010T1YHOrO peryatoBaHHS
BMICTY OpraHIYHUX KHCJIOT 1 y BHUPOOHUUITBI BHH. Bimomo, mo neski pacu IpiKIKIB 3/aTHI
PO3KJIaIaTH Maif’ke MOJIOBUHY OUTBIIOCTI HEMETKUX KHUCTIOT, a 1HIII — 30BciM Hebararo. OiHi BUYeHI
BBAXKAIOTh, 1110 BUKOPUCTAHHS TAaKUX KUCJIOT HE 3aJIEKUTh B CKJIAAy Cycla 1 MPUPOIU JIPLKIIKIB.
Ha nymKky iHIIMX KOXE€H BHJ JIPLK/DKIB MPOAYKYE CBOi creru(iuHi NPOAYKTH 1 30aradye BHHO
BiTaMiHaMH, KUCJIOTaMH, aMIHOKHCIOTaMH Ta IHIIMMH MPOAYKTaMH iX MeradoiizMy. Bruus ymon
Ha XIMIYHHMHA CKJIaJ BUHOTPAJHUX COKIB Ta BUH JIOCIIKYBaJlM 6arato BUYEHUX, 30KpeMa HUMH OyJI0
JOCTIPKEHO COTHI KymaxiB. BMICT KHCIOT y HHMX BHHOTPAIHUX KyMa)kax 3MIHIOBAaBCS y Mexkax,
r/J:LM3: BunHa 0,3 1,5, s6myuna 0,89 3,10; 6ypmtunosa 0,35 — 0,97; numonna o 0,1; momouHa
0,79 — 3,80; serki 0,26 — 1,85. 3MiHa KOHIIEHTpAIlii THTPOBAHUX KHCIOT 3aJICKHUTh BiJ KUIBKOCTI
BUHHOI Ta A0Jy4yHOi KHCIIOT, BMICT SKMX HpHU OpOMAiIHHI 3MEHIIyBaBcs MpuOiIM3HO Ha 25 %,
0CcO0IMBO Pi3KO B mepion moOpokyBanHs. LI BTpaTH He KOMIEHCYBAJIMCH YTBOPEHHSM I1HIIHX
KHUCJIOT (MOJIOYHOI, OYpIITHHOBOI Ta 1HIINX).

3 MeTOI TOMEepe/PKEHHS BTPAT TUTPOBAHHX KHCIOT PEKOMEHIYIOTh OO0OB'S3KOBY
nacrepusailiro cyceia. BiamoBigHO 10 YMHHOI HOPMATHUBHO-TEXHIYHOI JOKyMEHTalii B YKpaiHi
BTpaTH OpPraHIYHMUX KHUCJIOT Mpu OpoJiHHI BCTaHOBIEHI B po3Mipi 10 3 — 5 %. Ilpore B cycnax
IUIOI0BO-AT1/IHUX, @ caMe: TOPOOMHOBHX, CTMBOBHX, SIOYYHUX, 1110 MICTATh B OCHOBHOMY SIOJy4YHY
KHCJIOTY BTpaTH MOXYTh caratu 7 — 15%. Ilpu 30pomxyBanHi cycen Oe3mepepBHUM CIOCOOOM
3aCTOCOBYETHCS TMOMEPeHs CyIbiTamis 10 BMicTy cipumcroi kuenotn 75 — 100 Mr/aM°, a s
HOMEPEPKEHHS KMCIOTO3HMKEHHSI — PEKOMEHIYETLCS MacTepusanis 3a remneparypu 80 — 85 °C.
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Ilepen 30pomKyBaHHSM TaKOX Tepeq0AYacThbcsl BHECEHHS a30THOTO JKWBICHHA Ta 2-4%
PO3BENICHHSI YHUCTOI KYJIbTYpH IPLKIKIB. JedaKi MOCITITHUKK BUSBISUIA HE JIUIIEC 3HIKCHHS, a U
MiABUILEHHS BMICTY TUTPOBAaHMX KHCJIOT MiJ yac OponinHsa. B cmabo kucioMy cepenoBullli piBeHb
HEJETKUX KHUCIIOT 3HIKYEThCS MaJlo, TUTPOBAaHA KUCIOTHICTh 3aIMILIAETHCS HA MONEPETHLOMY PiBHI
YH JICTO MiABHILY€ETHCS.

Jlo CcokiB 3 BHCOKMM BMICTOM THUTPOBAaHHMX KHUCJIOT BIJIHOCSITH COKH 3 MAacOBOIO
KOHIIGHTPALII€I0 THTPOBAHUX KHCIOT BHIte 9,6 T/M°, 3 HU3bKHM — 6,0 T/nM°. V 1ei gac Garato
MIKpPOOPTaHi3MiB MalOTh BJIACTUBICTh PETYIIIOBATH aKTHUBHY PEAKIIII0 CEPEIOBHINA, 1 3MIIYIOTh ii B
01K, CIIPUATIMBHIA JUIs1 CBO€T KHUTTEAISIIBHOCTI 32 paXYHOK BUIUICHHS! OPTaHIYHUX KHCIIOT: OLITOBOI,
130JJUMOHHO1, JIMMOHHOI, OypIITHHOBOI, MOJIOYHOi Tomio. Jleski IpikIKI MarTh BIACTHUBICTH
po3knagatu 10 90% OCHOBHUX OpraHIYHHMX KHCIOT. TEeHIEHIit0 0 30UIBIICHHS MacOBOi YaCTKH
TUTPOBAHUX KUCIOT MpHU 30pOKYBaHHI BUHOTPAIHUX CyCes BiI3HAYAIW W 1HII JOCHiTHUKH. [Tig
9ac MPOBEACHHS MOIIYKY MEPCIEeKTUBHUX IITAaMIB IPDKIKIB 11 BUHOTPATHUX 1 TUIOA0BO-AT1IHUX
BHHOPOOCTB MIABUIICHHS MAacOBOi KOHIIEHTpAIii TUTPOBAHMX KHCIJIOT TiJ 4Yac OpOJIHHS TaKHX
cycell, Temep BUPIUNIYIOTh MUTAaHHS 100 BIPOBA/PKEHHS TU(PEPEHIIOBAaHMX HOPM BTpaT
TUTPOBAHUX KUCJIOT MPU OPOIiHHI.

TutpoBaHa KHCIOTHICTh € OJHUM 3 HAWBXKIWBIMIUX TOKA3HUKIB TOTOBOI MPOMYKIIIi,
OCKIIbKU 3YMOBIIIO€ 3HaYHOIO MIpOI0, pa3oM 3 IHIIMMH CIIOJTYKaMH, OPTaHOJENTUYHI BIaCTUBOCTI
BrHA. Brcoka KHCIOTHICTD 30UIbIIY€E CTIHKICTH BUHA IO OKHMCHEHHS MOTO CKJIAIOBHX PEYOBHUH, 10
OakTepiaJbHUX 3aXBOPIOBaHb 1 METalIYHUX KaaciB. OHOYACHO COMi JESKUX OPraHiYHUX KUCIOT
MOXYTh CIPUYHHATH TIOMYTHIHHS BUHA. METHIMKH KHCIIOTHO-OCHOBHOTO THTPYBAaHHS
BIIPI3HSIOTHCS OJIUH BiJl OQHOTO B OCHOBHOMY CIIOCOOAMH BCTAHOBJICHHS TOYKH CKBIBAICHTHOCTI.
[i BU3HAuUAIOTH SIK TOUKY IIijl 4ac THTPYBAaHHS, B AKil KiGKiCTh JOJABAHOTO THUTPAHTY XiMiYHO
€KBiBaJICHTHA K1JIbKOCT1 TUTPOBAHOT PEYOBUHHU.

OCHOBHI KHCJIOTH, HasiBHI y BHHI, r/aM°; BHHHA (1,5...5), a6nyuna (0,05...5) 1 momouna
(0,5...5); moxHa BigzHauuTH Takox ontoBy (0,4...1,5), OypmturoBy (0,25...1,5), ranakTrypoHOBY
(0,1...1), mumonny (tmrpuHoBy) (0...0,8) Ta cnuzoBy (10 0,5). Y pi3HHX BUHAX Ha3BaHI KUCIOTH
nepeOyBaloTh Y PI3HUX CIIBBITHOUICHHSAX. THUTPOBaHI KUCIOTH Y BUHOPOOCTBI MEPEPaxOBYIOTh Ha
BUHHY KHUCJIOTY. Brucoka KHMCIOTHICTH 301bIIIy€ CTIMKICTh BMHA /10 OKMCHEHHS HOTO CKJIaJ0BUX
pedoBHH, 10 OakTepiallbHUX 3aXBOPIOBaHb 1 MeTaliyHUX KaaciB. OJHOYACHO cOMi JAESIKUX
OpPTaHIYHUX KUCIIOT MOXKYTh CHIPUYMHIOBATH MTOMYTHIHHS BUH. MacoBY KOHIICHTPAIIII0 TUTPOBAHUX
KHCIIOT BUPAXKAIOTh Y I/1IM°.

MeTtoa TpyHTYETbCS Ha TUTPYBaHHI TEBHOTO 00'€éMy BHHA THPOBAHUM PO3YMHOM IIYTY
(rigpokcuy Kajito ado HaTpil0) 10 TOUYKH €KBIBAJEHTHOCTI, SIKY BCTaHOBIIOIOTH nipu pH = 7,0 3a
JONIOMOTO0  iHAMKaTtopa  OpoMTHUMONOBOro  cuHboro  (3,3-mubpomTumosncynbpodraneis,
opomtumMonoinay, Co7Has0sBr,S). 3a 06'eMoM BUTpadeHOro MpU IIbOMY TUTPAHTY PO3PaXOBYIOTH
MacoBY KOHIICHTpAI[il0O TUTPOBaHUX KUCIOT. He3Bakarouu Ha Te, 1[0 TUTPOBAHA KUCIOTHICTH (SKY
4acTo He 30BCIM MPaBUIIbHO HA3UBAIOTh "3arajbHa KUCJIOTHICTH) IOBHICTIO HE BiioOpaxae JiHCHOI
(akTUBHOI) KHCJIOTHOCTI, 1i BH3HAYCHHS € TPOBIAHUM Yy JaOOpaTOpHIA MPaKTHUI IS
XapaKTePUCTHKU KUCIOTHUX BIACTHBOCTEH CHpPOBUHH, HamiBpaOpHKaTiB Ta TOTOBOI MPOAYKIII.
Jlnsi BU3HAYEHHS THUTPOBAHOI KHCIOTHOCTI BHKOPHCTOBYIOTh, B OCHOBHOMY, THUTPUMETPHYHI
Metonu. [IpuHIMT BU3HAYEHHS TUTPOBAHOT KHUCIOTHOCTI MOJISITAE Y IPSIMOMY TUTPYBaHHI MIEBHOTO
00'eMy cycna (BMHA) PO3YHMHOM JIYTY J0 HEHTPAIBHOI peakilii, sIKky BCTAHOBIIOIOTH 3a JIOMTOMOTOIO
1HIAMKATOpA.

JleTki KHCIIOTM — CyMapHUM [OKa3HMK KOHIIEHTpalii y BHHI (BHHOMaTepiami) BCIX
KapOOHOBUX KHUCIOT BiJ 1 10 9, sKi BUMApOBYIOTHCS MiJ] Yac MEPETOHKH 3 BOJISHOIO Maporo. 3
JNeTKUX KHCJIOT y BHHI OCHOBHOIO € OLTOBA, KOHIEHTpAIlis skoi cranoButh 0,4...1,5 r/nm°, To6T0
o6mu3bko 90 % Bin 3araibHOro ix Bmicty. Pemty 10 % mac. KHCIOT mpumajgae Ha: MypalluHy
(0,02...0,1), mpomionosy (0,01...0,15), i3omacnsny Ta i3oBanepianoBy (mmo 0,03...0,1), kanpoHOBY
(rexcanony) (0,01...0,1), xampuiioBy (okranoBy) (0,01...0,15) y ayxe Manux KiJIbKOCTSIX HasiBHI
=TI KUCIOTH. L{i KHCTIOTH 3HAXOATHCS Y HOPMAaJIbHUX 32 CKIIAZIOM (30POBHUX) BUHAX Y HE3HAUHUX
KUTBKOCTSIX 1 JIMIIE MPU JESKUX 3aXBOPIOBAHHSAX BHUH iX BMICT CTa€ 3HaA4HUM. JIeTki KucaoTH
NOTPiOHO PO3INANATH SK HOPMANbLHUN MOOGIYHUI MPOAYKT OPOAIHHA. IX KiNbKiCTh MU BHTPUMIL
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BHH JCIIO 3pOCTae, ane sK IPaBUIO He IMEpEeBUILYE y 340poBHX BHHax 1-1,5 r/mm°. Macosa
KOHIIGHTPALLisl JICTKHX KHCJIOT Y TOTOBMX BHHAX HE [OBHHHA IICPCBHILYBATH TICBHHX MEXK, I/IIM":
JUIS. OpIMHAPHUX CTOJOBHX BUH Oinmux — 1,2, poxeBux — 1,3, yepBonux — 1,5; mimHHX: OiNUX,
pokeBuX 1 uepBoHuX — 1,2, maaepu — 1,3; MapoyHUX 1 KOJEKIIHHUX BUH:OUTHX 1 poxeBux — 1,2,
4yepBOHMX 1 Maziepu — 1,2; mis irpuctux BuH 1,0. MeTon BU3HAYECHHS TOJATAE Y BIITOHIN JICTKUX
KHUCJIOT 3 BHMHA (BHHOMATepiadiB) y NPUCYTHOCTI BOZSHOI MapH Ta BHU3HAYEHHI iX BMICTY Y
JTUCTHJISATI TATPYBAHHSIM T1IPOKCHIOM HATPIIO Yy MPUCYTHOCTI (heHoadTaneiny.

Cipuncra KHCIOTa Y BHHOTPAJAl HE MICTUTBCS, aje IIMPOKE BUKOPUCTAHHSA CipYUCTOT
KHCJIOTH Ha BCIX CTaisX BUPOOHHUIITBA 3yMOBIIIOE 1 3HaXO/PKEHHS Y CyCJIi Ta BUHI, 1HOJI Y 3HAYHUX
KUTBKOCTAX. Y NEPBUHHOMY 1 BTOPUHHOMY BUHOPOOCTBI MOYTHAIOYH 3 MEPEpOOIICHHSI BUHOTPALy 1
3aKIHYYIOYM BHUITYCKOM TOTOBHMX BHUH, IIUPOKO BHUKOPUCTOBYIOTH AHOKCHI Cipku SOz (CipuucTHii
aHTIAPUA) SK AHTUCENTHK 1 AHTHOKCHAAHT. Y BHPOOHUITBI BUKOPUCTOBYIOTH JTMOKCH[ CipKH
OTPUMYIOTH CIAJIIOBAHHSM CIPKH; BUKOPHCTOBYIOTh TaKOXX CKpaIICHHW Ta3, sikuii 30epiraerscs y
0aJyoHax IiJ THCKOM; BUKOPHUCTOBYIOTh AUCYIb(IT Kalro (MipocyabdiT Kalito, MeTacyibdiT Kajito,
K2S,05). V k0oXHOMY 13 Ha3BaHUX BUMAJKIB JUOKCHJ CIPKH MOTPAIUILE€ Yy MPOMDKHI MPOIYKTH
BHHOPOOCTBA Ta roToBi BUHA. [03yBaHHS 3aJIC)KHO BiJl METH BUKOPUCTAHHS KOJUBAETHCS B MEXKaX
20...1000 Mr/z[M3 1 Ounbie. /lnokcua Cipku 3'SBISETHCS Y BHHI TaKOX MPUPOJHUM IUIIXOM — Y
nporeci OpoAiHHA K MOOIYHUN TPOAYKT KHUTTEIISUIBHOCTI APIKIKIB (10 50 Mr/z[M3 1 Oinb1IIC).

[TorpanuBi y BWHO AWOKCHI CIPKH PO3YHHSETHCA y HBOMY; pPEaryldd 3 BOJOIO,
MIEPETBOPIOETHCS Y CYNb(ITHY KHCIOTY (cipuucty kucinotry, HySOj), sika MpakTUYHO MHUTTEBO
qmconioe, meperBopofounch B amionn HSOs; i SOs*. OTke, y BOJHOMY CEpelOBHII
BCTAHOBIIIOETHCA JMHAMIUHA pIBHOBara MK HEIOHI30BaHUM (MOJIEKYISPHUM) PO3UYUHEHUM U
OKCHJIOM CIpKH 1 Ha3BaHWMH aHIOHAMH, a came:

SO, <> HSO3 <> SO3”.

Bu3HaueHHsI CIpYMCTOI KHCIIOTH BITHOCHTBCS JO OJHOTIO 3 HAaWBAKIIMBIIIMX aHATI3IB MPHU
KOHTPOJII TEPBUHHOTO BHHOPOOCTBa, MpH OOpOOIl 1 BUTPHMI BHH, NPHU KOHTPOJI TOTOBOI
npoAyKuii. MakcuManbHO JOomycTUMuUM 3aranbHuil BMicT SO, y roroBomy BuHI — 200 mr/ e, y
TOMY 4HcCH BUTbHOTO SO2 — 20 Mmr/ ):[MS. Mertoa nonisirae y OKUCHEHHI 3a JOIOMOTOI0 MOy BUIBHOL
CIPYUCTOI KUCIIOTH Y KUCIIOMY CEPEIOBHILI IO CIpYaHOT KUCIOTHU. SIK 1HAUKATOP BUKOPUCTOBYETHCS
KpoxMmaib. [[si BU3HAUEHHS 3arajJbHOTO BMICTY CIPYHCTO! KHCJIOTH MONEPETHBO PO3KIAAAITH il
CIIOJIYKU 3 KOMIIOHEHTaMU cyciia (BUHA) M1 T1€0 JIYTY.
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BUKOPUCTAHHSA TEPMOTOJEPAHTHUX LITAMIB MIKPOOPI'"AHI3MIB AJI51
3bPOAKYBAHHS KBACHOI'O CYCJIA
®puc X. O., 'natiok P. I1., Opobuyk O. M.
Hamionansuuii yaiBepcuteT “JIpBiBChbKa mosriTexHika”, M. JIbBiB, YKpaina
khrystyna.frys.khr.2021@Ipnu.ua, roksolana.hnatiuk.khr.2021@Ipnu.ua,
oksana.m.orobchuk@lpnu.ua

[Tomyk edexTrBHUX 30yAHHMKIB OpOMIHHS KBACHOTO cyciia (IITaMmiB MUBHUX APDKIDKIB Ta
MOJIOYHO-KUCIINX OakTepiii) Ta ONTUMAIbHUX YMOB IPOBEICHHS IPOLECY Ja€ 3MOTY JOCSATTH
BIZIMIHHUX OPTraHOJICITUYHUX IOKAa3HUKIB 1 JIIKYBIBHO-MPO(IIAKTUYHNUX BIIACTUBOCTEH KBacy.
Pazom 3 THM, BUKOPUCTAHHS AOCTYIHHUX TOBAPHUX IITaMiB MIKpPOOPraHi3MiB — 30yAHUKIB OpOIiHHS
JI03BOJISIE JIETKO OpraHi3yBaTW BUPOOHUITBO KBACy, CE30HHOI'O HAIOK, HA HAasSBHUX IOTYXHOCTSX,
30KpeMa KpaTOBUX MHUBOBAPHSIX.

3 oy 30epekeHHsT BUCOKOT (hi310JI0TIYHOT aKTUBHOCTI 3aITPOIIOHOBAHO BUKOPHUCTOBYBATH
TEPMOTOJIEPAHTHI MTAMH JIPLKIDKIB 3 ONTUMAIBHOIO TeMIepaTryporo 30pomxkyBanns Bigx 30 mo 40
°C Safale HA-18 ta MII-10. MonouyHokucni Oaktepii € rerepoepMEeHTaTUBHUMHU, TOOTO MpHU
OpoIiHHI KpIM MOJIOYHOI KHCJIOTH, MPOXYKYIOTh IHIII OpPraHi4Hi KHCIIOTH, €TaHOJ, apOMaTH4Hi
cnonyku. Ilpu crninbHOMY KyIbTUBYBaHHI J1Ba BUAM MIKPOOPraHi3MiB 3HAXOMIATHCA B CHUMO103i:
MOJIOYHOKHCII OakTepii CTBOPIOIOTh KUCIOTHICTh CEPEJOBHINA, ONTUMANBHY JUIS Ui APLKIDKIB, a
OPDKIDKI  BUAUISIOTH B CEPEOBHUINE aMIHOKHCIIOTH, BiTaMiHM, HEOOXigHi Oakrtepism. Jlus
JOCIIJKEHb 3aIPOIIOHOBAHO BHKOPUCTOBYBATH CyXi IperapaTd MOJIOYHOKHCITUX OakTepid y
BUIJISI/II 3aKBACOK, OUIBII TPOCTUX Y BUKOPHCTaHHI B yMOBaxX Kpa(TOBHX BHPOOHHUITB, SKi
J03BOJISIT TiABHUIUTH SKICTh KBacCy, OACPKUTH HAIOI 3 PI3HOMAHITHUMH CMaKO-apOMaTHYHHUMHU
npodiaamu.

Jis mociipkeHHsT BAKOPUCTAHO KBaCHE CYCIIO, TPUTOTOBAHE HACTIHHUM CIIOCOOOM 3 CyXOTO
KOHIIEHTpaTy (1moyaTtkoBa KUCioTHICTB cycna — 0,143 miu 0,1 1 NaOH na 100 ma cycna, Bmict CP —
3,2%, pH — 4,83) ta dYoTupW 3pa3Kud 3aKBAaCOK 3 pPI3HHM MIKpOOIOJOTIYHHM CKJIAJIOM Ta
TepMoTosepanTHi Apixki MII-10

3pazok 1 — apixmki + kedip

3pa3ok 2 — ApLKIUKI + HorypT

3pazok 3 — APDLKIKI + CUMOI0THK

3pa3ok 4 — apixki + 6i¢iBIT

B pesynbrarti 3aiiicHenux excnepuMeHTiB 3a 30 °C 1 Bmicty apikmkiB MII-10 1/3 gactku
BIJl MacH yci€i 3aKBaCKM 3a MiBTOPH JA00M OpOJIHHS KUCIOTHICTh 30pPOJPKEHOr0 Cyclla He3HaYHO
3pOCTa€e 3a HasIBHOCTI 3aKBacOK HOrypT, cMMOIOTHK, 01(iBIT 1 Aemio OiuiblIe B 3pa3Ky 3 Kedipom.
IIpote B 1wiOMYy HENOCTaTHE MIJABUILEHHS KHUCIOTHOCTI Cyclla CHPUYMHEHE HU3BKOIO
KOHIICHTPAII€I0 JAPDKKIB Ta HEIOCTATHHOK TEMIIEPATYPOIO JUIsl TOBHOI[IHHOTO MOJIOYHOKHCIIOTO
OpOiHHSL.

3a temmeparypu OposinHs 35 °C JoCSTHEHHS HEOOXIJHOTO TIMOKa3HWKAa KHUCIOTHOCTI
BinOynocs Ha 17-19 rox (npu BukopuctanHi 75% npixmpkis) Ta 12-18 rox (mpu Bukopucransi 80%
JOPLKIKIB). 32 MEHIIO KOHIIEHTpAIl IPIK/KIB 3017IbIIEHHS KUCIOTHOCTI B1I0YBaJIOCs MOCTYIOBO,
3a Outbmioi — crpimkime. HaimBuame mporec BigOyBaBcs mpu 30pojaKyBaHHI 3pazka Ned 3
BUKOPHUCTAHHSM KOMIIJIEKCY MOJIOYHOKUCTNX 6akTepiit «CHMOI0THKY.

BeranoBuim, mo Ha nepedir OpojiHHS KBacy BIUIMBAIOTh Taki (DakTopu, SK TeMIepaTrypa
OpomiHHA 1 CKIaA MIKpoopraHi3miB y 3akBaciii. 3a 35 °C OpojiHHS BiOYBAa€ThCS 1HTEHCUBHIIIIE,
Hik 32 30°C, mo MOXHa TMOSICHUTH BMICTOM KYyJIbTYyp 3 OLIBIIOI TEPMOTOJIEPAHTHICTIO.
BceranoBieHO onTHMaibHI KUIBKOCTI JAPDKIKIB 1 MOJOYHOKHCIUX Oaktepidt, a came 4,0 %-By
cycnensito apixmkis MII-10 (80%) ta MKbB «Cumbiotuk» (20%). [Ipoiec OpoiHHS cyciaa MOXKHA
ONTHUMI3YBaTH (CKOPOTUTH TPHUBAIICTh OpOAiHHA Ha 6 TOJ) IUIAXOM BUKOPHUCTAaHHS
TEPMOTOJIEPAHTHUX IITAMiB MIKPOOPTaHi3MiB Ta IMiJBUILEHHS TemnepaTypu oponinus 1o 35 °C.
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PO3POBKA HOBUX CIIPE/IIB
3 BUKOPUCTAHHSIM POCJIMHHHUX OJITIA TA BOJHUX EKCTPAKTIB MAKYX
[Manuenxko 10.B., Hob6it M.P., Bacunbses B.I1., Mipomauuenko A.B., bopuc .B.
HamionansHuii yHiBepcuteT «JIbBiBchbKa nomitexHikay, IXXT, kadhenpa opraniuaoi ximii,
M. JIbBiB, Ykpaina, ut. Cs. FOpa 3/4, 79013, JIeBiB, Ykpaina, yurii.v.panchenko@lpnu.ua

[TonsaTTs «cripenn» BBiMnuM B 00ir HepaBHO. Cripeau Oe3redHi 3 TOYKH 30pY AI€TOJOTII B
MOPIBHSHHI 3 BEPIIKOBUM MAcCJIOM Ta IHIIMMHU TBAPUHHUMHM KUpaMHu. BOHU BiAMOBIAaI0TH BUMOTaM
3JI0pOBOTO Xap4yyBaHHS, TaK SIK BOJOJIIOTH 30aJaHCOBAHUM BMICTOM >KMPHHMX KHCIOT 1 30araucHi
BiTamiHaMu. BupoOOHMIITBO cHpemiB MoJjojae, TOMY BHHHKae OaraTo MWTaHb, SKI HEOOXITHO
BUPILIYBAaTH, MOYMHAIOYM BiJ BAOCKOHAJIECHHS HOPMAaTHBHOI 0a3M Ta 3aKiHUYIOUM CHOXKHUBYOIO
cdeporo. Y TenepimHiid yac MPUIMHOIO BCIX THUIIOBUX MPOOJIEM CydacHOI MUBLIIZAIII € HaAMipHE
CTMOXKMBAHHS BUCOKOKAIOPIMHOT TKi, CTIHKUI 1e(DIIUT KUTTEBO BAKIMBUX KOMIIOHEHTIB, a TAaKOX
He3z0anmaHcoBaHe xapuyBaHHs. Crpenu mnpu3HayeHi it Oe3rmocepeHbOro BXKHBAHHA B 1KY,
KyJIIHApHUX MiJed, BUKOPUCTAHHS Ha MIJIPUEMCTBAX TI'POMAJCHKOTO XapuyyBaHHS Ta XapyoBOl
MIPOMHUCIOBOCTI. PUHOK cHpeniB € HOBOI Taly33i0 XapuyoBOi MPOMHUCIOBOCTI B YKpaiHi i
PO3BUBAETHLCS B PE30HAHCI 31 CBITOBUMU TCHJICHIIIIMU. 3a0e31eueHHsT HACCTICHHS BHCOKOSKICHUMHU
MPOAYKTAMH Xap4dyBaHHS € HaWBAXKIMBIIIOK HAPOIHOTOCIIOIAPCHKOIO Ta COLIaIbHOIO MPOOIEMOIO.
[TpoBigHa posb B ii peanizamii HATEKUTb MOJIOYHIH Ta ONIEKHUPOBIH MTPOMHUCIOBOCTI.

Mertoro poGoTu Oys10 BUKOPHCTAHHsS BEPILIKOBOIO Macia SIK CUPOBUHH Ul BUPOOHMLITBA
CHpENiB 13 3aCTOCYBAaHHSAM POCIMHHUX OJiK (JUIsSiHOI, rapOy30BOi) Ta BOJHUX BUTSHKOK MaKyX st
CTBOPEHHSI HOBUX (DYHKIIIOHAJIBHUX HPOAYKTIB. Po3poGiieHa MeToJuKa ofep)kaHHS Ta OTPUMAHO
YIIOCKOHAJIEH] (PyHKIIIOHAJIBHI Xap4yOBi MPOAYKTH 3 IMiIBUIIEHUMH SKICHUMH XapaKTePUCTUKAMH.

VY nocnimpKeHHSIX BUKOPUCTOBYBAIIM BOJHUHN eKCTPakT JUIsiHOI Makyxu (EJIM), ocoGnuBicTio
SAKOTO € BMICT JirHaHiB. Lle ¢eHONbHI CHOMYKH, SIKi BOJIOMAIIOTH €CTPOTCHHUMH BIIACTHBOCTSIMH.
Kpim toro, misHa makyxa Garata Bitaminamu rpynu B, E Ta ¢onieBoio KucinoTor, ayxe KOpucHa
uis opraHiB TpaBieHHs. B wilh wmictutbest 30-35% mporeiny, monan 30% Oe3zazoTucTux
eKCTPAaKTUBHUX pedoBUH Ta 8-9 % wxmiTkoBuHHU. CiHM3 JHOHY 3aCIOKOIOE CIIM30BY OOOJOHKY
LUIYHKY, 3HIMA€ 3arajeHHs], KIITKOBUHA Xk CIIPUS€ BUBEACHHIO TOKCHHIB. MakyXa MICTUTh TaKOX
3aJ1130, MarHii, Kamii Ta 1HII MiKPOEJIEeMEHTH.

VY pesynbTati npoBeaeHoi poOOTH HaMu Oyiu CTBOpEH1 (QYHKIIOHATBHI IPOILYKTH — CIIpEeIn
3 pI3HUM CIIIBBIIHOIICHHAM TBapUHHHUX Ta POCIMHHUX *XHpiB. HalkpaliuMu BIacTUBOCTSAMM Ta
MOKa3HUKaMM BOJIOJIIOTH cripenu 3 >KUpHicTi0O 73% Ta 82,5% Ha OCHOBI COJIOJIKOBEPLIKOBOIO
Macna kupHIcTio 63% Tta 72,5% BianoBigHO. 3a OPraHOJIENTUYHUMHU MOKa3HUKAMU po3poOIieH1
CIpeau Malu MpUBa0JIMBI CHOXUBYI XapaKTEPUCTUKK: IPUEMHUIN 30BHILIHIN BUIJIA, PIBHOMIpHE
3a BCIEI0 Macolo 3a0apBiE€HHS, OJHOPIIHY KOHCHCTEHLIIO Ta MPUPOAHUN, TapMOHIMHUI cMak 1
apomat. Di3UK0-XiMIYHI MOKa3HUKU HOBUX CHpeiB Takox Bianosiganu Bumoram JJCTY 4445:2005
«Cripenu Ta cymimi xupoBi». Kpim toro, BeesieHHs B HUX EJIM 3MiHIOBaB KOJIip TOTOBOTO CHpPEY.
KoHcucTeHIIsI TOTOBOTO MNpPOAYKTY CTajla eJacTUYHIIION, NMPU KIMHATHIM Temreparypi crpen
MOBUILHO TOINUTBHCS Ta JIETKO Hama3yeTbcs Ha mnoBepxHio. EJIM mom’skiryBaB >KUpOBHH cMak
OJIepKaHUX CIPE/IIB.

3a pe3ynpTaMM NPOBEIEHUX JOCTIIKEHb NPEICTaBICHA METOJUKA OJEp)KaHHS HOBUX
(GyHKIIOHATBHUX MPOIYKTIB-CIIPEIiB 3 IMiJIBUIICHUMH SKICHUMH XapaKTEPUCTHKAMHM, SIKI MICTATh
HEe3aMiHHI >KUPHI KHCJIOTH, KOMILJIEKC BITaMiHiB, JIETKO 3aCBOIOIOTHCS OPraHi3MOM JIIOAMHU ISt
BUPOOHUIITBA MPOAYKTIB 3/10pOBOr0 xapuyBaHHS. ONTHMI30BAHO CKJIQJ 1HTPENIEHTIB MJIs
oJlep>kaHHs cripeaiB. Bukopucrani onii JuistHOro Ta rapOy30BOro HaciHHS 3 I[IHHUMH KOPUCHUMU
BJIACTUBOCTSIMHU ISl JIFOJICBKOTO OpPTraHi3My SK CKJIaJ0Ba POCIUHHOTO >KHPY B TPEICTABICHHX
(GYHKIIOHATBHUX TPOAYKTaX. 3acCTOCYBAaHHS BOJHOIO EKCTPAaKTy JUITHOI MaKyXH IOKpPAaIlyBaso
CMaKOBI BJAacTUBOCTI NponaykTiB. [IpoBeaeHnit KOMIUIEKC JOCTIKEHb (I3MKO-XIMIYHHX Ta
OpPraHOJIENTUYHUX BIIACTMBOCTEH 3 MOOYJOBaHMMH MNpo(diIorpaMu CBiIYATh HPO BiAMOBIIHICTH
orpumanux npoayktiB JJCTY Ta mo3BonuB miaiObpaTu iX ONTUMAaIbHI PEHENTYPH.
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HALIIOHATNbHWUA YHIBEPCUTET [
«JIbBIBCbKA MOJIITEXHIKA» 5

BrepLle B YKpaiHi po3noynHae
Habip Ha HOBY OCBITHIO Nporpamy

XAPYOBA XIMIA TA EKCNEPTU3A
CMELJIANBLHICTb 102 XIMIS m 'L'\i,,_

B oTpumaty sikicHy iHXeHepHy OCBITy, ie OCHOBHA yBara NpUAINSETLCA XiMii XapHoBMX

OBPABLUU LIKO OCBITHIO NPOrPAMY BU 3M0)KETE:

Ta KOCMeTMYHMX NpoAaykTis, Gionorii, disionorii Ta ncuxonorii xapyyBaHHs, MeTogam
€KCNepTu3un, aHanisy Ta BU3HaYeHHN AKOCTi NPOAYKTIB XapyyBaHHSA
I nizHatics Npo po3pobneHHs, BUPOBHULITBO Ta CMOXWBAHHA NPOAYKTIB XapyyBaHHS, HOPMATUBHI [1OKyMEHTH 3a “;’;‘:T:g;fe“’cl“gﬁ“:ﬁuim
Ta BUMOTY LLIOAO eKCnepTnan Ta aHanidy Xxap4oBux NPoAyKTiB, KOCMETUYHMX 3acobiB Ta iHLMX CMOXMBYMX TOBapiB (86-,) 672 9650
(066) 302 7921
I npoitTn BMPOBHNYY NpaKTUKy Ha MiANPUEMCTBAX Xap4oBOi Ta NapgyMepHO-KOCMETUYHOT MPOMMCIOBOCTI e ———
YkpaiHu Ta B HaykoBo-gocnigHux yctaHosax CLUA, HimewuunHu, MonbLui ximii: bgig, nn. Ce. lOpa, 3/4,
kab. 204
3 . o 5 s 2 5 -mail: ¥ I C
B npogoBXUTM HaBuaHHS y MaricTpaTypi Ta acnipaHTypi nicns 3aKiHYEHHS YOTUPUPIYHOTO e ”T‘Z'T'L ((’522162%?2‘;2‘6 -
6akanaBpCbKOro OCBITHLOTO PiBHS https://lpnu.ua/oh
I Hasuatuch ogHOuacHO y JIbBiBCbKil NONiTEXHIL Ta 3aKOPAOHOM 3a NPOrpamoto MOABINHUX AUNMOMIB,
OCKiNbKM OCBITHS Nporpama «Xap4oBa XiMisi Ta ekcnepTusa» MakcumarnbHO agantoBaHa
[0 aHanoriyHMx nporpam EBPONENCbKUX yHiBepcuTeTiB
I npauosaTi Ha NigNPUEMCTBAX XapHOBOT, KOCMETUYHOT, XiMI4HOT MPOMMCIOBOCTI, Y KOHTPOMIOBANBHIX
opraHax, HayKoBO-AOCMiAHWUX YCTaHOBaX TOLLO B YKpaiHi Ta 3aKkopaoHOM
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