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Deavr colleagues,

On February 24, 2022, the life of our country and the whole world
was changed forever. Ukraine began to [ive in a new way — in a war
state, which greatly affected every area of our [ives, including
educational and scientific activities. However, despite all the difficulties
things that rose, we continue to work fruitfully for the benefit of Ukraine
and do not waste any single minute for the development of education and

science.

In defiance of the difficult times, the staff of Department of Chemical
Technology of Oil and Gas Processing of Lviv Polytechnic National
University decided to conduct XII International Scientific-Technical
Conference “Advance i n Petroleum and (

Petrochemistry”2H9m2May 20

XII International ScientificTechni cal Conference “Ac
Petroleum and Gas I ndustry and BR®isdedicateani st r

to the memory of its establisher Professor Michael Bratychak.

Head of the Organizing
Committee % Oleg Grynyshyn, Prof, DSc
APGIP-12 Ukraine, Lviv, May 2024, 2024



Professor Michael Bratychak passed away on August 20, 2023, following a long illness.

Michael Bratychak was an Doctor of Chemical Sciences, Honored Education Employee of
Ukraine, Professor at Lviv Polytechnic National University and Academician of Ukrainian Oil
and Gas Academy.

He had been working at Lviv Polytechnic National University since 1970, and since 1994,
he had been Head of the Department of Petroleum and Gas Processing.

Prof. Michael Bratychak is world famous for his research in the field of the synthesis of
mono- and oligoinitiators and polymeric materials based thereon. Prof. Bratychak has developed
the theoretical bases of the chemical modification of epoxy resins with hydroperoxides and
functional peroxides.

Michael Bratychak initiated and headed 11 scientifict e c hni c a | confer
and Gas Industry and Petrochemistryl (si
representatives of the industry not only from Ukraine but from many other countries as well.

He was Editor-in-Chief of the scientific-technical journal Chemistry & Chemical
Technology, he edited and published 17 volumes of the journal

With great sadness we perceived the tragic news of the death of this unique man and great
scientist who connected his entire career with Lviv Polytechnic National University and was one
of the most famous Ukrainian scientists. Unfortunately, Professor Michael Bratychak is not with
us now. His absence is a great loss for his family, colleagues, and for the entire chemical
community in general.

APGIP-12 Ukraine, Lviv, May 20-24, 2024
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MEPEPOB/NMTEMHGFFAKOYHMNX KOMNAJNTWHOXIHMI H
TABYT TEXI MI A

OIL AND GAS PROCESSING. PETROCHEMISTRY
AND COAL CHEMISTRY

ABCOPBEHTWN B AMI HHNUX YCTAHOBKAX CIl PKOC(
KOKCOBOIO TA3Y

OnekcaHpgp bopibbaeii x,0oB/leoHI A

JepxaBHe nNigrpeed MCTHBKMN A [ €-F0TBIH YAMH nHia YBKYO BI0E X | Mi 4 H U I
(YXbH) 6002 Xapykii.B,BecHi wzd@ukhidargu® K pai Ha,

Mi ABUMWEHHA BUMOT 0O CTYROBMI OMWMNLEe KB MN GHEEHT
ekcanygui i MOHOeTaHO/JaMi HOBOT O ( MEA) Ci pKoouML
npoekTyBaHHA Ta O6yAIi BHULTBO YOTUPbLOX HOBUX ami
BXe Ha cTapjgii OCBOEHHSA UWeKYHETaAMOEBE@QBHWUEN,OWEAT
EKOHOMI KY npouecy. KpiMm uboro, paHi Wwe oOo4Yi KyBa
KOpoO3i WHI pyhWHyBaHHA ob6GnapgHaHHSA.

Y 6a3o0Bi M ycTaHOBLUI 3axumcT ob6napgHaHHSA BIi A
POMIi 34KNUX epampeoBwWX Ki RKeUub HAK Hacapgkwmu. Y HOB
| WeHHSH wo pgo OCHaAlWeHHSH obnapgHaHHSA, AKi- BuUuMarl
OCTi MkKMUX MeTani B. Ha npaxktuyi BUKOPUCTOBYBaAINV
er oBadHi CTA&Ni BUAKKHARBACRDpPO3Ii MNHI pyWnHyYyBaHHSHA KO
opnyci B o6nagHaHHSA.

Hes3annaHoBaHI poO3napjwy CTTeaxHHOOBMOOKr i fi I HUOTBOMBXX HN E1Ad
OBUX edekTUMBHUX abcopbeHTIi B, AKI BXe€e WNPOKO 3
amMi ET A MK Bi gomMO, TakKuMm NPUANOM He TMNOHPE OoyEe :
EHHA fOoOfaTKOBOTNO oOOnNnajgHaHHSA. AK npaBwuio, HOB.I
i oBULWEeHY i PKOEMHI CT b, noninweHyYy CceNneKTUBHI CT
HUXIGYOS3 I HY @KTWBHI CTb Ta i HWi Ui HHi TeXxXHONo

Wimpoko nowuvmpeHum abcopbeHTOM, npuUM3IHavYeHUM a4,
(MOEA) . Y Tabén. 1 HaBXigeiHOH IMX PX BHEAKHMHEA P T T3SMKK 0

[1].

X o3IT T ™

W O3 w I

c
7

OT Xxe, MOEA € cepingrouweim@®mogopbeHTOM, Ma€e 3 H .
Ci pPKOBMI CHI CTb, 3HaAaYHO HUXYY TemMnepaTypy 3ame
BUEBX KOHULEeHTpaui ax. TpoxXxuW HMUXYA TenyoeMHI CTb
6i bW HM3bBbKUN TUHWMIBAPI BTPAYyMoOoBMDIOOPOEHTY 3 KOI
BMNapoBYBAaHHSA. Heponi kamMmnm MAOEA MOXHa BBaxatTwu ¢
BA3KI CTHb. OcHoOBHi cTb MAEA 3HaA4YHO HMUXYe BI 4 OCH
di 3MYHNMX abcopbeHW i @mi HAQIBEN XB i YACMTi aHHHO BCOTK O4YWUWeHH

APGIP-12 Ukraine, Lviv, May 20-24, 2024
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po6oTa abcopbui WHMX nNpucTpoOoi B Ni g NpPpakKTUUYHO
y faHOMy BuNnagkKy MOXYTb OYTWU 3 MEHLWEH.I

Ta6nuill®pl BHAHHSA XapakTepucTuk MEA Ta

[MTokKas3sHUKMN AbcopbeHTy
ME A MAOEA
MonekynapHa Maca 61,09 119,17
ryctue@) ,( 2r0/ cm 1,0179 1,0418
TemnepaTtypa K®€ni HHAa (1 6ap 171 247,2
Tuck n&@, Bl (&dp), MM pT. C] 0,36 0,01
Po3uyunHHicT)yYy BOQSgI (20 NoBHSZ NoBHaAa
Baskicy, ( 20la c 24,1 101
TemnepatypaCnnaBneHHSa, 10,5 -21
ryctuHa 15 %Cl)p,o3mnmay (25 0,999
ryctmua 40 %C)p,o3mmay (25 1,011
TennoemMHi cTb 1°B) % pAxuKAYK 3,9266
TennoemMHi cTb 4°C) % pAxXxuMKAYK 3,5629
Pob6boya Kowwemwmwmpyglyi macoBa Y 15-20 20-55
HacuMuyueHHA PO3ZYUHY KUCTUMMU 0,3-0,35 0,7-0,8
MoXxnuBi cTb cenekTIIHBSHOTr o BN Hi Tack
MoOKa@a3HUWK KOHCTAHTW OCHOBHDO 9,50 8,52
TennoTa peakuii i3 cipKoBO 1510 1050
TennoTa peakfk/likn i3 CO 1920 1340
CymapHa TennoTa peakxkuyi n, K 3430 2390
YMOBHa BIi AHOCHa BuUuTpaTa €eH 1,0 0,7
KWNCNUX KOMNOHEHTI B
Xi Mi 3Mm npoueciB abcopbuyii Anda ABOX MNOT NWUH:
Mpabcopbuyui i Agiokcwupay BYyrneuyw 3 Monexkynow ME/

Ki HETMUYHO Ob6MexXxeHOprYyeMBBA 6peianuy enoBi @OGHY CcTa
uesBoi kKkwnmcnotwu [1]:

R,oNCH3 + H,O + CO, = RzNCH4Jr + HCO3 (1),
Wwo O0O6YyMOB/MIWEB MDOKBIMBXEHHHA BUMHSYK oprnic COBOTT O L i

KnwyoBunmM MOMEeHTOM ekcnnyatauyil yCTaHOBOK C
KTHUMMPpaKTMYUYHMUM 3 HaueIIGOaym BBMi XAl HIOHUOEVHYH IK O K C O-B O M Yy
A 4YacTKM BYyrinna 3 BWUCOKMUM BMIi CTOM Ci pKUN [
O 3HMUXEHHSHA UbOro BIi AHOWEHHSA, wo o6yMmMOBANIE
i PKOBOAHI.

Uepe3 cyTTeBe 3 MSHIWe HHHAAC NP €00V P C i HBAO ICOT acAmi ai /1
aHHSA Kucnmx ras3i B, HeobXi AHO 6yno pfOJg&@aBKOBO
y T Opi HHA. Lle npusBoauMno O PpPi3HOMAHI TTHMUX
myTtTBa CipyaHOI KMNCNOHMO, Y 3 HAXKIRG MO iTDHP®NBY BT I
OBapHOT KunUcnoTwu, ni gBMuweHa Kopo3ida Touwo) .

OAna BU3IHadveHHanorepwewavya MJdEAogHOMY 3 ykKkparlt
poBeAgeHONmO@OMIME mei®e BUNpobyBaHHA MAOEA ab6bcopb
a3y Bi g ®Copoemong HETA3 untMoHB HMCc T Buganunan, a B
cnabkKnMm pPO3YUMHOM nNyru, a noTi M KoHAgeHHWdEAOM T

- I O w OB T O

L

APGIP-12 Ukraine, Lviv, May 20-24, 2024
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3 30% KOHUueHTpPpaui €. PesynbTtTaTtwmu OYNLWEHHSA K O K
HaBepjgeHo y Tabn. 2, 3.
Tab6bnu.XaapaktTepumctTmnka npoyecy Ha CBi XoMy nor
3paskwu MoKa3HUKM 3Haue
ryctundQ@, 0/ am 1,032
BMi c TEAA MM oBa 4Y4acTKa§g 29,1
HacuMueHUN PO3UYMH MIEA, 1 / o m 300,5
H,S,r / o m 2.4
CQ r/ agwm 3,6
FryctR20Q,° Kr/ am 1,03
Bmi c TEAMAE oBa 4YacTkég 305
PerenHepoBaHuin pos3{dMAEATT / A m 313,9
H,S,r / o m 0,27
CQO r/ awm 2.1
KokcoBUMNK ras3 Ha B)CQ,OEEMH& vactka, % 32
O,ok&EMHaAa 4YyacTKa, % 1,0
CQoEMHaCTKa, % 1,0
KokcoBuin ras3 Ha BUO,oemMHa 4yacTka, % 1,3
HS, 1 P 0,12

Ta6nuil® p3 BHANbHA

XapakKTepncrTnkKa

cenekKkTWMWBH

Po 3 WMEAN P o 3 YWMBA
lMoKas3HNK
HacuuygpereHep| Hacunueg pereHenp
KoHuyueHTpaui 8 y PpPO3YUHI
H,S,r /30 m 1,8 0,05 2,5 0,1
CQ r/awm 11,2 5,8 3,7 2,3
anyquo 3 KOKCOBOT O rasy.:
HS kr/ rop 140 192
CQ, Kr/rop 432 112
Cknapg KkuncoemHaagsaeTka, %
CO; 78,2 56,8
H,S 18,9 38,5
HCN 1,6 4,6
i H Wi 1,3 0,1
Y noyaTKOBUWUW nNnepiopn ek cnnpioysaBTUanumi cisa prnoespyenpHayX o I
nepeBarum nornmMmHawua, y TOMY 4ucCi 6i NbW BMWUCOKE
a6bcgpbd no Bi gHSuUNeHHIOB AMOA4anbWwWoOMY 3’ aBUAKUCA nc
npouecy, WO NOB’ A3 aHe 3p O0OB3iMAg CHYHTOH | YceTpie apHOMOBOKTANL, bB ark
APGIP-12 Ukraine, Lviv, May 20-24, 2024
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3anyckKy KOHUeHTpauia "BinebHoro" MAOAKA3I Mme 6ep
naca 3 30 oo BB3fwesasparpmoOKTWDIi NbHUX conemn,

pereHepauyir’l. Taka wWBMAKa BTpaTtTa abcopbui nHWN
Bi ACYTHOCTI npouyecy pereHepaTwmBHOT AucTtunayi
Bi gonpauboBaHBIrmovogs3ywmoeHyneperoHka MIOEA nNOoOBMUWHLE
BaKyyMOM 4Yyepes3 BUuWY TemMnepaTypy Kuni HHSA i Te

Y pes3ynbTarti npoMmcnoBux BuUuNnpobyBaHbL MNOKa
CTaHoOBMUANMN Of&©K«0m¢@@Olmm nnuwe Tpoxwmu nepeswu
nokas3HWK pagna MEA. OpHak 3HayYyeHHA agna MEA 6y
MEA wngaxom pgunctunagiril. Ha Hawy AyMKYy, -ui il
punctaHHa MAOEA, npuM YMOBAd3 BAPOBaAaBXBAHSA BaKyymMm

NitepaTtypa
[1] Kohl A.L., Nielsen R.B.: Gas purification. Gulf Publishing Company, Houston, 1997.

APGIP-12 Ukraine, Lviv, May 20-24, 2024
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2
I

MokaszaHa Ta O6rpyHtToBaHa AOLICIGHOEAGI G PRAKTHIYIMDY O
Mi KM 3 @aMKHE@HOT 6C ULPMOKB/MYH a«»B i BO XOA0CMAMK X B MU POOHMUTBAX XIi Mi vy

MpuBepgeHi TexHIi YHI po3pob6KM BUKOpPUCTAaAHHSA Bi AXoA4i B
CMPOBUHN Yy i HWMX TEeEXHONOTIi MIXX 3NPaHVMRAIHB aMp iLA-KHWMM XT & e
HAMWBHUX AXepen eHeprii, nNnAonacTMYHUX MacTunNn, CeNnekKTMUNB.L

KnwyosBi G MmioBiAY Hi TEeXHONOTr i YHi npouyecwu, anbTepHa
nnacTWMWYHI MacTMuna.

Mporpecytwynii po3BUTORMNGAEATLKORPRPEDKAMN XY AT
HUWUTBO Pi3HONNAaHOBOTI X1 MIi YyHOT CUPOBUHWU;,- BUPOC
OHOM L TBO) MNPU3IBOAMUTbL HEe /AuMWe [JO KOoOJocanbHOTO
agpTa, KaM’ AaHe BYT I J1/19€H epyraear ugwiHan Xn i ppeocvyeprcai By, p T
ennmnmyesHoOl Ki NbKOCTI TBEepPAMUX MNPOMMCANOBUX BIi A
oro 6acennHy, WO CTBOPWE BeNUWKe €eKONOoOri YHe He
RbAHO 3a3HaAaYUMTKU, XUOMI MIHSDA b HNi PCOTMbM CBI®IBOIC T i 0T
MiMX BUPOBGIi B NoB’ 93aHe 1 3 060B’' A3 KTOOBOUTMD , Yy THBAO [
Or OA4AHI He I CHYE€ XOAHOTOoO TeXHiYHOT O npouecy
MA NpopyKkKT. Peani i 0lEmokHy K@BIMO THEAM@BIKKY HKLG Mi2C i 10
OBYMEHTI B ans nepexopgy Bi A nNi Hi NHOT €KOHOMI
(International Environmental Technology Center, EC, 2015) . Tacki npouyecwn n
HOT CUWUPOBUHMU, BUPOOHMUWTTEBOP XHHIA YHaO i N @peopmy&wa i1
Xgi B MawTb O6YyTWMW NOri CTMYHO NOB’ 93aHi, nopgi 6H
MpM ULBOMY OCHOBHWUW NPUHUUN LWUKNAI YHOT € K-OHOMI K
yaeTbCHa B TOMY, wo Bi AXxXogWBaAAlHWME@ODOXKOMDAERPORBO N
TeHUui MHY Ui HHY BWUXi AHY CWPOBUHY | HWOMWE@HBMPOOH
pecypaoeHeprosbepirawnyymx, €EKOMOoOTri YHUX ,Magko/H O M i
3acTOCyBaHHSA €K OHO Miaknup U3KaNNVeKaH, € HYO ' X0i MUWIKHT Yig 6 M& XK 1& G &
Ki NbKIi CTb NpuKkKnapagi B Ta nNocusaHb -H/RA OpPUTIi HaNbHI

Tak, B [p40,6 05,ax7] LOCNi AXEeHO KOMMNINEeKMWHC nepeé
NOBUX BUPOOBHMUUTB:

—HadTonepepoSa®dC TP O MKDKHLI i pAOHIIS W H 1

—KOKCOXi Mi YHOT npomMucnoCSpcrTi (6eH30NnNbHA Gpa

—X1 Mi YHOT nNpoOMMUCNTOBOCTI ( Bi p4nOpAa)L;b OB aHI i HAOY

-BUPOOBHMUTBA necTuuMOHNX npenaparti B (Henpi
3aMi wWeHUX 6eHRBBRECHCAOH cHNECTHE).);

W O X I I W I T
o = 0
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—rTanbBaHIi YHOTI npoMucnoBocTAU)(,n pa0o MMBKHO X BBI

XxXapuyoBoi NPOMMUCNOBOCTI aPws @GBHEP®MB@ H B Y [CHi0/p /O %
ryg)) mRaHA™MP K i HUeBMUX NonSiNpyMiKaHIIOHamge Aa@KKI B
T NHYN X MacTWu~” copb6boBaHMX H a+ K )r B e pBai i 4in[ oceniqps 1 @
6ef ABK)+CuS+S) ], [ 4] ;( A{BK)+qG@HE)BI&(=S)S].Cu} [ 5, 7] . O
nnacTtTWMWYHI MUl car /BN @ Tmw®e3 Ha4vYeHHS4 6ynmnm pocni,
«C40XAM»a nokKkas3anun BUCOKI AHTNPPUK LI AHA B N ¢
NoBMUM MacTun-&m KoHcCcTaniH

B po6oTax [ 6, 8, HABbRBO BAMMOOPMETTYAMHHAGHAME) ni p
6e3 poOCTYyny KWUCHIWO nNoBIi Tpa 6Gyna p[gocni gxeHa K
(NE, nr, MC) a6o 1Tx cywMmiwen [ 8, 9] , a TakoxX

AXepen RamagpnycmMartal] 6] p¥ M@aHHAM nNi poni 3Horo rasy,
ni pokapb6boHy. dpakui NHOKW nNeperoHKOW nNiponi 3
(28,8%0 6 . ) , NirTpobrdBY KEePpd caBbo)B yT & 161 0. b) H-yh p(azk

u i[9]. 3 BUKOPUCTAHHAMOOHYY MaHOWIPO KMAIpTr®KHYy Ta T
OTpPUMAH, I BUCOKOKaAanNoOpi MHI nanwnmaeaHI bpuketTwn,
47155k Kan/ kr [ 8]

TakKMumM UYMHOM, MOXHa cTBepAXyBarTwu, wo 3a oc

BeHpy na 3 HayYHYy yBary HaykKoBLI B Yy BCbOMY CBI Ti

oace

3 MOT Y 3 HayYHO EKOHOMMUTMN MaTepiaani T a €

€EKOMTOoOTli YH U A CTaH HaBKOJITNWHbBLOT O cepegosBunuwa.

Ni tTepaTtypa

[1] Toth A.J., Fozer D., Mizsey P., Varbanov P. S., and Klemes J. J.: J. Rev. Chem. Engineering, 2022, 65.
https://doi.org/10.1515/revce-2021-0094.

[2] Andrews M., Berardo P., and Foster D.: Water Sci. Technol. Water Supply 11, 2011, 67-77.
https://doi.org/10.2166/ws.2011.010.

[B] Kopi HEB KO0 Xy OaG.podapPpa Ta RAHBbewmMk, B202-19, N4, 7
https://doi.org/10.31649/1997-9266-2021-157-4-7-19.

[4] Khudoyarova O., Ranskiy A., Korinenko B., Gordienko O. et al.: J. Ecological Engineering, 2021, 22(3),
209-213. https://doi.org/10.12911/22998993/137821.

[5] Ranskiy A., Gordienko O., Sakalova H. et al.: Ecological Engineering & Environmental Technology,
2023, 24(3), 54-59. https://doi.org/10.12912/27197050/159628.

[6] Ranskiy A., Gordienko O., Korinenko B., Ishenko V. et al.: Chem. Chem. Technol. 2024, 18(1), 103-108.
https://doi.org/10.23939/chcht18.01.103.

[7]1 Ranskiy A., Sandyl. O, Gordienko O., Didenko N., and Titov T.: Eastem-European Journal of Enterprise
Technologies, 2024, 1(6), 13-21. D0i:10.15587/1729-4061.2024.296622.

[8] P a H c BAKIMN. i, KofmiBHe HKH @pA.i,e HKa €BAOKMUMEHKO B. e. , Bi i
20. https://doi.org/10.31649/1997-9266-2023-166-1-13-20.

[O] PaHc AKT W, T a KoadBp.i:H eBH kcoH 1 kK  B-Fl4. https:2ddi Drg/10.31849/1997-8266-
2023-167-2-6-14.
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POOOBUWWA TA TITOKA3SHUKWN AKOCTI BYPC
BYIFI NNnaA YKPAIT HWU

e HMipowHwu'uCeeHpkroi e BMB/own o o Ul b @ 4 € B
'Hauyi oHanbHUN TexHi UHUIA YHiBepcutTeT «XapkKisb
ByKimpnuuosaYR p alvmigr§agmajl.com
Haui OHanbHWIK YHiBepcuTeT «JlbBi BCbKa nNnoni Tex
YKpaTlHa

BcTtyn.

MparHyuyunm HapgaTwnmw Ui nNnecnpamMoBaHYy ni gTpwWMKY pe
HUM CKOPOYEeHHAM BYTI NbHOI ranysi, EBpnnm®o®BAABa:
nporpamMy wopago nepexi gAHUX BYTi NbHWUX perioHiIi B 4
eHepria pApanNnsa BCi X e€eBponenyi B», Cnumpawuymnmcb Ha p
rpy AaH.i 2019 poky €Bponencbka KomMi cHeBiog'odiiE W s
yacTUWUHY <cTpaTeri:i Ui efi Komi ci i woano nNi ATpPUMK
HeMmTpanbHOCTI o 2050 poky. 3a 3eneHoOW yropaoio,
KNTHWYOBUM i HCTPYMEHTOM And 3abe3nevyewmdas BOMNH, |
BY Ha Kni wmart, Bi pbyBaBCcAa cnpaBepgnuso, He 3anwui
HUX perioHIi B Yy nepexi gHoMy nepiopgi, po3 WwMpeHa
2020 poui , € KNWYOoOBMUM OYyAi BeNbHUMeai/oé MeyH O &
cnpaBsepgnunsofl,8l. nepexopgy

Ha Teputopii YKpaiHMW noknagwm O6Gyporo BYTrinns«

CTPYKTYQp:
—YyKpai HCbKOIo KpuctaniyHoro wuta (OAHi npoBCObI
—-OHi npoBTcHw&WbKOT 3anapguHu,
—Bonuhoogi nbcbKdlpmmim Tt pPOBCbKa BYTFneHOCHAa nNnNo
—-nporuvHi B (MpukapnaTtcbka Ta 3aKkapnaTtTcbka BYI
—3anajguH B HeoreHoB-AXNIi BTprBERapBRA (Hoawalpo
—-pAap BYyrnenposaBi B 3ycTpivyaeTbca B TipcbkKiih
Hao6i nbwnin JBYyppPpBBECbLRHWAMN OGacenwnH 3alimae Te
YKpal HWU i NPpOCTATHYBCSAS 3 NiBAEHHOrNoOo cxXxo0A4y Ha
70-175 «KM™m, [ 3aiimaé nyn omeyx alx5 06 aTCveGi.H YK M U A B EHO 6
BYyrnenposasiB, NPOMMIBEXIOBTYT BawBE N .

B mMexax [OH[oMHELBCKLXKI0O 3 anaguMuHM po3Bi gaH-e HoBO
poro BYT i /l-miga0 UeNH orBoOUrecH Bi K VY, AKe 3HaxXogWTbCcCH
KopynbcbKOro kynony i npuypodyeHe JOHCHXMDIAKHIMN,

MepcnekKTUBHI pecypcu BHBEPOoRGOBYTO NTA RKapPpOOH
OHIi npoBcw&wWbKOT 3anajguHM oUi HWOKWTbLCA Yy 2,3 MAApAL

PopgpoBuwa 6yporo Byrinna 3axi gHux ob6bnacten
T, Wo nNpPpuUuypoweHHaeOg®HYI. AHmaali W TepuTtopi-i BUAI
wi MpupgHi CcTPpOBCbLEK a, MpukapnaTtcbka i 3akapnart
TOHKI , pi kB @mMetprawTPRPetypcum nnow Bi AHEeeeHO 4
Bi CTH ocBoOwWeTwHWHL BT ebxmngoB[3flwe B 3akapnatTTi

CtraHom Ha 01.01.2021 poKYy KinbKicTb HPoposmn
o6ndaeBbcsdhanaHCOBI 3anacum 6yporo BYyrinna B YKPp.

-k aT e ABpdlF+2593359, 00 Twuc T;

—-KaTer oRi9M9182, 00 Twunc T.

L
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Posnopgin 3anaciB 6yporo Byrinna no ob6nac:
T ab6ln.
Ta6numnua 1. Pos3nopagin 3anaciB 6yporo Byrinnsa no
BanaHcoBi 3anac
O6nacThb Ki nbkicTb
A+B+C1 C2
OAHi nponeTpc 21 1320644,00 258053,00
XXUTOMUMPCbKE 2 10884,00 0,00
3akapnaTtchbK 4 38783,00 0,00
Ki poBor paad 44 750833,00 39604,00
Xapki BCbka 1 389985,00 0,00
YUepkacbkKa 8 82230,00 1524,00
Bcboro 80 2593359,00 299181,00
AHani 3ywuyun pgaHi, HaBepfgeHI y Tabn. 1 MOXHa
6yporo BYyri A¥BsaClk &1 &k @il iH | 3HaxopaaTbcsa B [OAHI
Tuc T), Ki poBorpapgcbkiw (750833, 00 TmMCc T) Ta
Btabn. 2 Ta 3 HaBefgeHO MiHIiManbHI , MaKCMUN
BYrinns
Tabnunuys BHaAaYeHHSsS BOMNOT K, 30NbHOCTI a ™
MoK asHUK Mi Hi ManbHe 3 MakcumanbHeEe
WE,% 26,1 60,7
W2,% 4,6 35,4
Wtraf,% 23,4 57,7
wat % 10,2 38,2
A2 % 9,1 28,6
Ad, o, 10,1 40,0
A" % 4,9 20,2
MM? % 10,5 32,2
MMY % 11,6 35,1
Tab6bnuuyua 3. 3HaYeHHSHA CipKuUu, BUXOAY NeTKUX peuy
noKkKas3HWUKaAa BIi g6MTTA BIi TPUHITY Ta Tennort
Mok a3 HMK Mi Hi ManbHe 3 MakcumanbHe 13
SE % 1,16 4,91
S& % 1,10 5,41
vaaf o 42,8 68,7
APGIP-12 Ukraine, Lviv, May 20-24, 2024



MpopoBXeHH3 Tabnwu

[ToOK a3 HUK Mi Hi ManbHe 3 MakcumManbHeE 3
Tso‘igf'% 4,7 21,8
Ry max %0 0,45 0,71
R, % 0,42 0,66
anf, M Tk /KT 20,63 30,94
gf’ M /DK /Kr 12,74 27,79
Q;”mf’ MJTk/Kr 21,70 32,87
Q;, MJIx/kr 4,22 17,70

3ri gHo AOCTY Brdwhtadals, Bafll Tdals asd anthracite. Classification» 6y p e
BYrinnga Mae /nunwe O0OAHY MaHPAKY Y«BM MMa NX0& paas KHTUE pammany

3HaYyeHHA cepefpHbLOTrNro AOBI /IbHOINIO MNOKa3HWKaA BI
NeTKWX PpPeyoBWUH Ha Ccyxuim 6e330NbHUN cTaH BIi g 5
3ropAaAHHA Ha BONOIrMnm 6€330M1bHUIAN CTaH MeHLWe HI X

Mepwa Mi XHapogHa KopgoBa cucTemMa O6yporo BYT.I
I SO 2 9 5 Browh &als4nd kgnites — Classification by types on the basis of total moisture
content and tar yield» CTaHgapT NOWMPIWETbLCSHA HaB cOTyapHeo BBIWOIE i J
Knacudgi Kayi o 3a TuMunamMm Ha OCHOBI OBOX NapamMeTf

po3paxoBaHUM Ha(l/l/ﬁaé)sisomu)e'm,ﬁ CM@ANW HanNi BKOKCYBa

300bHNESNT aH

Mi XHapoagHa Knacwudinkawiask sBwrmiannmpo3pobneHa Aan

BYIi TbHUX poAfoOBMLW i He MnNpu3Havanacsa N8 BMUKC
TopriBni, a TakKoX Yy MNPOMMUCNTOBOCTI

Ha ocHOBI Mi XHapogHOT Knacwundi kauil BYyrinnasa
cTaHpapaptOl:2M 051 «Cl assi fication of coal s», 4akwu
BapiaHT kKnacwudgi kaui i BYyrinna B nnacrtax. Y Tab6.

3rigHo I SO 11760:2005.
Ta6nuByr4dnna HW3bKOISOLIPEA205Y 3ri gHO

HalimeHyBaH Ror, % wel %
Nir Myt <0,4 35<W <75
Nr vt B <0,4 <35

Cy66i TyMIi HOA3 0, B,=<05 Heper nameHT

Bi anoBi gHO pa-d62A&8FIMadD@88Bd Cl assificati-on of
KOro paHTry rmomHibsareyT™Md cHDO 3HaE | NiTHI TUnwWT®@ CWa i
OCHOBI HacTynNnHWUX nNnapameTpiB: BUXI A HenNeTKOT O E
(C2, %) , BMUWa TennoTtTa 3TO0OpPAHHA Ha d@:’foMﬂm/KI‘miaﬂMBO
BUXI A NeTKUX peyvyoBWUH Ha cyWé&)nanmeBo 6e3 Mi Hepse

HeBupi weHi acnelKpranx omnBpyodH/me MMMa S B Hi CTb Bi A MIi HH
6yporo Byrinna y cBi Ti Ta YKkpaiHi, € AOoUi NbHWU
3ri AHO Mi smap@apmkmepuwde, gRCTTHb MOXNUBI CTb oOLUI
yKpal HCbKOT Ta MiXHapoAaHUX Knacudi Kayi n apgpeks
neapyre, AO3BONWUWTb BMU3IHAUYMTMUCbL 3i wWnaxamum nNoro
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MeT o4 dam.i nNpo 3x;amlAKWM S K aokKia 6yporo BYTrinn

canTy QONepxaB-BppobOmmayeao®@oni AnpuMmemMcTBaAa «[€epxXact
ri yHmm dcdoHg Ykpai HUu». LOesacxi MOKAaA3HUWUKN AKOCTI
B nNepioagMYHI W HayKoeHGBINi BeapamyMpPi amaniHai B 6
6yporo By rinna YkpaiHu O6ynu ouyi HeHI 3 BUKOPp
i kayim 6yporo By rinnsa.

AHani 3ywyun HaBepgeHI AaHi, MOXHa 3pob6uUuTwu I
YKpail HIi TMH®eK niacggHyse 6yporo BYyTrinnsa. Ha Hawy Ay
HepocCcKOHanNni cTw ULbLOTFroOo cTaHgapTy, a CaMeB &FH MY ,
HAd KaM’  aHOro BYTifnang Ta aHTpauwmTty, a O6ype B)
Kpi m Torpoa,i HB ¥kpan obmMexeHO AaHwuX, HoOooO 3

nNokas3HMUKaAa BIi g6buntTtTAa BIi TPUHITY 0690460 @y /BOy FB INK G
pucTaHoOo nNnuwe ANSA BW3 HHWEHH S YITd alHIWL | 3H/BSMH eHa M
HOTFTO MNOKA3HYWKAK @I op@iywmno Ta BAOCTANb.

B NPOTUMUNEXHI CTHb yKpal HCGE/XZ0ayWMi smap@mgApay K
cnmcrtema O6ypleO 29 By rlinNmMmdés [ O0O3BONAE MNOBHI CTHW Ppo
yKpaiHCbKOro 6yporo Byfrinanna. BcT aHioBpigesa ag WO

BaHo y 4, 5 knacax 1 rpynun, To6To W YHrE0%epus )
T =10-15 %.
Mi XxHapogHa Knacundoi KaudSOAL 1580 AIMIDBE-IN21 ae & a x

CNPOMOXHI MOBHI CTH po3fgi nunTwn HasdaBH.I nokKknnapmgl
Knacudgi Kayi n B YkKkpaiHIi nepeBaxXxHO I CHYye <cy66
o6 MeXeHi

BUCHOBKMU.

1. BctTaHoBneHO, wo ©GanaHcoaBi paBRaauwoBgpoTr
neTpoBCbKi W, XntomMmpcbki n, 3akapnaTtTcbKi #n, Ki
nacix Ta cTaHoBNATbL (T#HZ59r3 35 9k a Tkeard@®rilopli A + BCEX
X1 AHO BUKOHATW pAgoAagaTKOBI [l EHTHasAN biHCI H YOO4CUIXI -AKHE aH Y
HKI B SAKOCTI 6yporo Byrinna YkpaiHMW.

2. Cepepg i CHywYnmx «Knacundcdi Kayui m Hamnmwoéi nbw |

Ykpai HM Mi XHapopgHa KopgoBa cucrtemalS®295:a940 B Y |
«Brown coal and lignites — Classification by types on the basis of total moisture content and tar
yield» .

Cnnmcok nitepaTtypwu

[1] Kapetaki, Z., Alves Diaz, P., Conte, A., Kanellopoulos, K., Mandras, G., Medarac, H., Nijs, W., Ruiz, P.,
Somers, J., Tarvydas, D. (2021). Recent trends in EU coal, peat and oil shale regions. EUR 30618 EN.
Publications Office of the European Union. Luxembourg. ISBN 978-92-76-30987-1.
https://doi.org/10.2760/510714

[2] Alves Dias, P., Kanellopoulos, K., Medarac, H., Kapetaki, Z., Miranda Barbosa, E., Shortall, R., Czako, V.,
Telsnig, T., Vazquez Hernandez, C., Lacal Arantegui, R., Nijs, W., Gonzalez Aparicio, I., Trombetti, M.,
Mandras, G., Peteves, E. and Tzimas, E., EU coal regions: opportunities and challenges ahead, EUR 29292
EN, Publications Office of the European Union, Luxembourg, 2018, ISBN 978-92-79-89884-6 (online),978-
92-79-89883-9 (print), https://doi:10.2760/064809 (online), https://10.2760/668092 (print), JRC112593.

[3] Mineralni resursy Ukrainy: https://minerals-ua.info/
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MONEKYNAPHA TANHRANMOPHA CTPYKTYPWU
OKPEMUX SPAKUI N HU3IBbKOMETAMOP®|I 30BAHOT

AHaToni n CTEBgemdmrTr Copoki H, EBredw Mani
YKpai HCbKWUIW pepXaBHWUW yHIiBepcurtTeT Hay
49010, Yk pai Ha, M. [OHIi n pangtolijgayayoyt@gmailfiom3 opaHa 2,

CyyacHa cTpaTteria pPO3BUTKY BUpPOOBHMUTBA 4YaBy
PO3BUTOK MnNpouyueci B 3hpLb3 3@aAaKeHasaH BMNKBRBAK OGP UAT aHHS
T e XHOOr | Nii Hiif M@a/TbHMUM CNOXMUBAHHAM KOKCY. B ywmoBa
BMNNaBKY 4YaBYHY ©OyayTb noTpi O6HI sycumnna no 3¢+
npumomi B 3 i 3HMUXEeHHA Woro cobiBapToOCTI 3a pa:
MEHLWOKW Bap OIMETK MOWIHIB OBAaHOTO BYTI nn4a.

Ona Bupi weHHA nNnocTaB/ieHOT] MeTn noTpi6GHO po
HagMonekynapHy ©6ypoBy HU3IbKOMeTaMoOpdi 30BaHOT OO
n®Mmor ow aTUYIMHBOO | Mi Kpockoni [ 1] TpBmMapeapacCciekK g O
MeHTanbHI Ta poO3paxyHKOBI OaHi pakTanbHOI po
(pi 3HMUX 3a TYCTMUHOKW) HU3IbKOMETaMOpP®i 30BMMHOT O E
pau HAaHOCTPYKTYPHUX Ta HaAMONEKW T APHIPX3IBFTBOKW
KOHMI rypauyi ew, gaKI po3TawoBadHiI Ha nNoOBepXHIi Ha}
c ryctTuHaor 7imwa@omc Tpyk Ty pHi «Kpumcrtanonopgi 6HI »
CTPYKTYpPpOBaAaHOIO xXxapakTepy. BHac Nt g oK PYMHWTBY HG
M CNONYYeHHSH . Ha okpemMumx AingHKax MNPUCYTHI C
M nnockonapanenbHY waponopagi 6HI CTb. Ha kneoBepXH
B
n
3
M
M
Y
T
K
c
c

o ©

<

Ha «aeHApi gonopi 6Ha» CTPYKTY paH K NEDCITYaHHEMHB/ € HIG
M 3 Mi HI pi 3HMWX 3a TycTWUHOW dpakKkui W HU3IbKOME
i Ha HagMONEeKYynNnAaApHWUX YTBOPEeHbL WOro Mak-pocTpy
i T, BI AHOCHO HafgMONEeKYNAPHUXPpaTKBIOP/RIHE ,[ Dly,n 014
XNTMBI CTb po3paxyBaTunu @dpakKkTanabHYy PO3IMIT¥YHICTHb
0 NMOBEepPXHI ANnNAa ABOMI pPHUX 306paxXeHb Ha-AMOINeKk
M po3paxyHKiIi B dpakTanbHOI PKOT3YMPI HOMHXO C @ M -0 JHYayaeVHO
3anwu, L, 0 MOBEepPXHSH HAaHOCTPYKTYPHMUX pe4yoBMUH
napHocTI 6yapaoBM HaAafMONNEKYNAPHWUX BUMI pPOBaHMUX
i AY4nNTb NpPpo O6Oi bW PO3IBUHEHY CUCTeMY T X CTPYKHT
Ocob6nuBeMi HM BMIi CTY Mauepani B T pynu UBIATXP U H I
nNoKas3ywWTb, WO HM3IbKOMeTaMoOp®di 3o0BaHe BYTIinna ck
Tak W [JOCWUTb BUCOKY TYCTWUHY, wo ni AoHBRgPABYETH
| HTEHCUWBHI CTb 3MIi HM TYCTWUHW Mauepani B 3anexurtesb
YyCTUHN Gpakyi m 30i NbWYyeTbCA MNOK auewy K i BEF @B € P K ¢
Hi CTb MawTb Mauepanum rpynum BIi TPUAYTY, a Haubi n

W< © 9 O O p T T o

|
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Mpwn 3 MIi HI rycTUHUW pgoOoCANi AHWUX dQpakui nm BIi by

B OypaosBi MaKpoOMONeKY napHOTI CTPYKTYpPU BYT i nJ
Mi CTATHL MaKpPpOMO/JTeKY nwu 3 BUCOKMUM cTynedHew
ani gaT Yy X abH LHKMr | B .

TakmMM YMHOM, OTpUMaAaHI pes3ynbTaTW [OCHTXEH
oKpeMunx Gpakyi m 3a TYyCTMUHOKW 3 HU3IbKOMETAaMOp
3agiatTnm 1T X nNnoTeHUiIi an AnNdA OTPUMAHHSA YOIAOCNHEOHVHYO I
SHUXEHHI BUTpPpaT Ha NWoOoro BMUPOOHMLTBO.

Ni tepatypa

[1] Yurov V., Klimov F.: J. Rev. of Scien. In. Str., 1994, 65,1551.

[ 2] Xyp6a A., MuxanboB O.: CucTtTemMHi TexHonorii wMofg
[3] Starovoyt A., Sorokin E.: Coke and Chemistry., 2019, 62, 174.
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BU3BHAYEHHA 3ONbHEPXA/™M B TA BPEOPIOBI T NPW
CMNAJNTIOBAHHI CYMYDERNS8 Pl 3HOIYO TEHES3

'AHT obra T e ETBe, T AlHeaH A pPCep FloA i Wy K
"' HCTUTYT TennoeHepreTMUYHUX TEeXHONOT i i
M . Kuni s, BY . AHAapi T BCbKa, 19
HCTUTYT-Om i @amiKWHOT X1 Mi iI/1niT BMHre/Heoxali MIATHYI M.
M. KnXapki B cC bskemdrikig@gmal.com5 O ,
HCTUWTYT MeTanoMi 3anNkKum i M. Kypawomosa H
M. KunisB, O6yBepHaAeBgemMODKa3hb

2
I

3
I

Ona BU3HavYeHHSA MiHepani B 30N Ta KOpPo3i WAHUX dopmyB:e
CyMi wemn 3acTocoBaHO MeToOA P®OA 3 BUKMAPHI.C T O p A Ma HIO B |
pe3ynbTaTtTun cBigyYyaTb NPO BEPECEMEBEHAMBHOCTHL/IGRACGCTOCEBAHA!S
YyMOB CTBOPEHHS ONTMUMIi 30BaHMUX CcyMiwen (KomMmno3wuuyi i) 3
JacTb 3MOTry niagBuwmITun TemnepaTypy nnaBKOCTI 3onn, 3
PaXyHOK 3 METHYWECHOH/AEe lB MBiaC | HWNM X ONTUMANbHMUX TeEXHI YHMX X

KnwyoBi: cooBaHe BYTi nnsga, CyMmi wesBi nanunsagsatyP®A, M i
coal, blend fuels, X-Ray diffraction, ash minerals, corrosion compounds).

BpaxoBylwuynm wWBMUAKY 3MIiHY eHepreTtTmyHoOr o i na
PoHY (3aKpurtTTsa waxrt, SHUWUWEHHSA TepUKOHI B, ni KB
ycCTaHOBOK (BUKOpUCTAaHHS BIi TpAaKi B, 6i omacwu, AE
Ti NbKW 3HayYyywmm i nNnepcnekKTUBHUM pecypcom, arne

Hawa «KpaiHa, 30Kpewma, Mae nNOTYXHI poAOBMULUWa
HumMm nonumtom [3]. CamMe [JO TakKoro pecypcy Bi AHOC
3axgHOor o JoHOacWwW.e Pomopeoougasd GB cAa 4Yepe3 0C061UBC
31 X HBIUK OpUMCY@pMedaA MN I A BUWEeHEe WHnaKyBaHHSA | aKTWUBHY

3BaxXawym Ha BUCOKI eHepreTmyUHI (nanusBHI ) X af
Jom@y (TennoTt-803MAKAKAA PO3BI faHa HWaOKBRALANT A W
cKknaapgi NPUPOAHOT O K aTna /b BTMALHEHHOOIT 00 KBOMM NC/TEYK €Q/0 /1 e 1
HO3eMe/IlbHMUX MeTani B I HWU3ZKWU MiIi KpoenemeHTIi B, MO
3 MeHW peakuyi mHMM BYTFinnam npuBepge A0 nNi ABULEH
nanwnsa. OpHOYAaCHO 3MeHWUWTbCSHA 3aranbHWl BMI CT
cynstn) BHacnAi OK 4Y4Oro Mae 3HWU3IUTUCA 3aaTHI CTHb

CamMe JBJO®MyIi AXXEeHHA CcKAgajy HOBOCTBOpPEeHUX - dpas vy
BaHGBWMI BRIgWi nna pi3HOINo T eHe3mMa@3yp cb KHaa pMIESH ® [Jai KBT Y€
HOT O NPUOHIOBEPWBB i IHNX NpouLeci B MOXTKBPE&THOIYMO
cKknapy MiHepani B SAK 30/bHUMUX YTBO@a@ww®,JaTaKk Bin nm
arpecuMBHNX NeTHWYMX CNONYK nNnanunmsea.

Anda BM3IHAYeHHSA KOMNOHEHTHOTNO CKnapgy HaWpi 3H
YyTBOPHKWIWTbCSA NPW CNHafiBaHHIE HCTY MiHLUIEBIC,b KBy KO VP CATK AL
HaMbi Nbw I HPOPMATUBHNUX HEPYMNHYWLUYUX MeTOoAai B AC
Hoa3oBOro aHani 3y (P®A) y cTartvrTi [ 5] nNokKkasaH
OCHOBI npmupoagHOT O r opoKCUMBXMIAaRKNTYOKINTAWLWNBIOD.Pp €
MeHTanbHO [ 6] 3aPi KcoBaHO YTBOPEHHSHA HOBUX (das3
3MIi T BCbKOT TEC) , wo [ O03BONAE nporHosyBarTwu p o :
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3onNnownaki B Ta 3anobirartum onpeeNieBe HHHKL i /BED&H i i

Ha OCHOBI umx BI gxopai B TEC. Bi nbw TOro,- mertc
Hi CTb ueoni THMNX pogoBULW YKpailHMU Ta OUiI HUTMU
ogepxXaHHsa MaTepiani B i3 3ajaHuMMKU BnacTUBOCTA
MeTa HaLWQ O C /1 iNnJgoxesH Hasn a : 1) Yy BWU3IHAUYEHHI X
nNPpOoOAYKTI B KOpO3il cTani MNP BUKOPUCT aAHHI co
NOHMUM BYTinnam y npoyecax cnanwBaHHSA,; 2) B
Mi Hepani B, BIOSA YBE BOPIOIE C i Kopo3ili npm cnanto
NPOrHO3YyBAHHI WNnaxi B BUKOpPUCTaAaHHA BYTinna 3
METOKW 3HUXEeHHSA WwhnakKyBaHHA Ta nNpoaBi B KOpPpO3il
XapakTepucrtumka 006’ ekKTi B, MeToaAun AOCI/NI fXeHtE

XapakTepucrtuka BUKOpPpUCTaAaHUN 3paskiB BYTinys
ConoHe BYyrinns BorpgaHi BcbkKOro Ta CTapob6i
Bi Api 3HAeTbCSHA Bi g Tpaaguuyi WHOTo eHepreTuUYUYHOT (

BMi CTOM OKCMW/AYH aH4aHTUpPM KB Myi C3TOO/M ,X /BOPY, ane -u ni,
YO 30/NbHICTIO. LLi BCI NOKa3HMWKKNU TpebBa BpPpaxoeE
nanwues.

Ta6bnuagexHi yHMI aHani 3 pocni AXeHnx 3

3paszok BY A% | V¥ % | W% [Na,Ol, o % [CI], % [S], %
BorgaHi Bc 5.3 42.8 12.70 6.80 0.80 1.2
Ctapo6i nb| 108 47.4 14.30 3.40 0.73 5.4
rasose () 21.9 38.9 1.99 0.50 0.21 2.3
MicHe (M), 16,5 17.9 7.90 0.70 0.04 1,1

Onumc nigroToBKNW 3pas3&B BTaywmieumy BIHIET!Hd MM
HaBeageHOoO YpRrebumeT pM8HMMI MeETOAOM BU3IHAYEHO 3N
Bi AKNnNageHb Ta KOPO3i MHMUX YyYTBOPEHbL Ha nNnacrT
BYyrinna Ta CyMi wen.KoPo3mpmoaiee Cii B3 AIBAXOKH D LU He

3ya/joH O BMU3HaAavYeHHA Mop®donori yHMXx ocob6GnumBOCTE

Ai7T ropwymx ras3i B nNpunm cnanwBaHHI B[@]lx i aHOT O,

MpeacTaBneHl) cdogiogq Y pMEK,. UFO BBOOAAOHPAO 3EYKNEHTHPMEXK LCI
CneHHA3&LBpPo3pobNneHumum B | TEH HAHY cnocob6omM nj
nno wi BNAUWBY T OPHWYNUX alrpecuBHUX PeyvYoOBUH Ha
KapTunuHa 3adi kcoBaHa i pAang BumoamkKk wyacymingen 50

OKpemMnmim HAYKOBUN I HTepec MakwTb 3HaAaHHHA nNpo
npwu cnanwBaHHI Cymi wem BYTi nnBaxpinsHOT T DH artevH
Bi 4 pPpi 3 HSA ECTybMisAuBeoBkOAIR @B UYL X i o HOor o CB.

Hani BKi NnbKi aHmami danmghpimak Torpam PO®PA BHUKOHaA
MHOTIoO 3ab6e3neyeHHAa Match! (Crystal | mpact ) .
Mi HepanbHMNUX ¢as3, WO MawTb HeBe/WCKHOB HBMMWIMNC Ty HY
cammMmn nporpamMHMMWERAREeRaNW PRpAR LI WHOT O aHar
3 pa33 ki B HDRBIFFRACKBUITEABrukee), HighScore Plus (PANalytical), Jade (Materials
Data), Match! (Crystal Impact), Crystallographica Search-Match (Oxford Cryosystems) [4].
MporwpiamMmnakeTmn o06pPpOOGNEHHS PpeHTreH paudpackduyi AHI
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MeTanesBwunX

NoBEPXOHDb

ni

cn4da

BNAMBY

npo/

CTtapob6i nbc bk o rbe f-pnoogsoespuxitHai :

Kao,H T a K T Yy ¢, 4d,g, b-ennooBHeMpMX HBIiY T i .
MeTanycmamgHwBaHHS

3HecONnNeHOro BYTi nns
3anunc pgvpghp@amB@AaBeHHA MiHepanbHOINo ckKnapgy 3
TakKoX Bi gnyuweHux wapiB (oOKanwmH) BUKOHYBanun 3a
Pne@ pae yAaABNEeHHSA NpPpo CcKNnapHi CTb HQ@BOYTBOPEL
XapakTee@®@meK cCci B, Wo BM3IHavyawTb SKicHUUCknNnag
CyMi wesBmx 3paskKki B.
Intensity Intensity
1000 ] H)ﬂ()‘ 1
9004 9001
800 8001
700 7()(]:
600 6001
500 5001
400 4007 3 i
Iy )
300 300-A 7 .
1 1 .2 H 2
0ol 3 2(10‘\'1{ L( ‘ | 5 2
‘Ilo b 95 ‘w"t"ﬁ F’l 5 -|Z |5 1! 1 )
100 (W i 2,1 0] wrfﬁ‘w T W‘ TI\" o B8, 1112 2,
% AT Ik mM""ln"(f IR
HIIIIIHIIlIIIII\I\IIIIII\lHI‘HHH IIHI\I\IHIIIIIIIIHHI\IIIIIIHIH [ IHH]III IIIHIIHIIII‘ [T JT T \IHIIIII!\ AN NN TN III\IH‘ [N T
20.00 30.00 40.00 50.00  60.00 70.00 80.00 90.00  100.00 20.00 30.00 40.00 50,00 60.00 70.00 80.00  90.00  100.00
Cu-Ka (1.541874 A) 2theta  Cu-Ka(1.541874 A) 2 theta
a b
Pnc. 2. [AuwdpakTorpamumu 30U CYyMIi Wi (50:50) conc
Ni cCHuUM BY Bi@y2s Me,0f BejO,; 3 -Al,03; 4 —Ca0; 5—CaSOy;

6 — Cazsi04, CaSiO3, Ca38i05; 7 —A|28|O5, 8 —NaQSiO4; 9-— NaA|S|O4, NaA|S|308, NaA|S|205,
0-— Naecag(A|68i6024)(SO4)2, NagA|58i6024SO4
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AHani 3 AndpakTorpam CcymMmi welm CONMNOHOT O BYT
CniBBi AHOWEHHAXCOBOBORO® mpriSonsa¥% B cymi wi) il

KT NbKIi CTb i HTE@HCUBHMUX pednecxci BSIO,, IHeO0; BetgOf N 0 B |
Al,03, Ca0O) , AK i CKnapawTb FM&PEBMBIONMWAY BMI ME&H @iy A b K
NOpPpi BHAHHI 310 T30p aB3yKraMywmMAC Il HB M3 HayYya€eTbCA CYynN

3 MEHWow KinbKiCTH pedpnagrTeEpMI PYOHYMAKO MHBINE
(C&SiOg, C&zSiO4, F925i04, A|28i05, C&A|28i208) T a Oi Nbw CKInNna ,EI,LHG an
CTOCYETbCSAB CIOMayx, Nyami @@ ni 3 NokKkas3aB 3HauyYHO
CWHBI CTb pednexkci B eS)i KiaTyomHmyrpBiogadWmHI CTb
HaTpiRO,) BNa oni ycynwipueBiH AHHI 3 30710 BUXIi AHOT O

HaToMi cTb Yy CYy MIiHUBEABHI | 1 p3eodprmeskficywem aa L ¥y r on nas
Mi Hepani B. ByvH 3e Hjee ute Niehe Bme PN AISi0,4), Jadeite (NaAlSiLOg), Albite
(NaAlSizOg) T a rpyny y -A bHauymea (NacPau(AIgSig024)(S04),2), Nosean
(NagA|68i6024SO4) ( O un 2) pwnc.

OTpumaeHsiynbTaTmnm CBi g4aTb NP0 OYi KyBaHy 3 Mi

3onmn y 61K O6i bW BMUMCOKMUX TemnepaTyp, WwWo p[o3B
HanunmaHHS i WwnakyBaHHSA, AKe CynpoBOAgXYE cna
nerKkongaBeRKX UK .

Ona noninweHHA | nonerweHHA npoMachdy i a&HayEi 30
KinbKa JopaTKOBUX QYHKLUI 1, MEeETOANUYHIpPpImacil.e K T u
Ha Haw nornapg, 3 HUX BlAlpha2 »B MR BIOTIW € T @ IOUCEI NTUY W
Hi CTb HaAABHMUX Ha AaudpakTorpami pednek @ubtmct 9 K v
Background» , wo p[go3BONSAEeE npuopatum GoOH, AKMUMIBmosto xe 6
RawData» , AKa 3 MEeHLWYE WYMU PODNF MG @K HO topHas EMeBa +
PyHKULI T 3acTocoBaHiIi HaMu npwun n o wBPHQ,H I WO 0BQHIWD

NeBHWN BNNMUB Ha BU3ZHadveHHSA ( po3T KiAlpw2aH HAO) 3 Booe/p
BU3HaAUYNTN DCnbwypepnakei B 3a paxXyHOK NOCWUNEHH
MPUHLMNOBO 3Hauyyuw das3un, prbaiX ywas.op3optbca y wMe

1000 i
900
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700
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500
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300

200

I .|

100

1000 a .l'»fﬁ}w il A Pu C. ' 3. Av o

200 MIHe'p?fleI/IX opas
<00 KOpPpoO3i MHUX wapi B,
700 yTBOpuauncsa I

600 | 1 1 a—-CoONnNoHOTO

500 | l 1 1 b 6-CYyMi Wi COMNOHOTO

2 .
400 ‘ rasoBoro BYyrinns
1

300 o . o 1 ]| 1—-Fey)03, 2 —Fe304, 3 —

w0l | s Il\l | \H o FeO, 4 — FeS,

100{ 4 /') 4, [24 Bz a2 t-12) 218 gyt gL

0 .‘L’e“'l"ﬂ\-‘llu"‘ I‘H I“{,I‘.\“.“\".-.‘ I} ?'I\IV.."M‘I::I‘.!.‘I“.‘fn\‘:'JIH".)'.J m"‘|‘n‘|’r‘.;-“‘["’.-1b\'\“|‘ '.".{"v".’,‘ | :‘;\'."f..(L‘.‘..‘\-.,. J.’;l iﬂll..ﬂl“.',enhﬂll .\‘liz.\!fl ‘-"u"'lliff-‘ L"I'Fl.‘\"'.‘ ‘.lll“Jll..‘l....‘j}.f‘-‘,f&“."l I .2].'..\7;;-\.."L‘;’,’-[!‘..‘."-J‘v'!‘“:

20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00
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Llen ni goxi g A[JO0O3BO/MKUB BU3IHAUYUTMU y cCKnaapgi K o
aocni pxXxeHnmx 3pas3keDEeSgR®y SBRDODNYWERMOFRO 3 HaAaWMAEHDO
PUMEHT a/bHUM BUWKSOXpOUMC. T aHHAM ONWMWCAaAaHOrNo BuUuWe nifg

Nnpo cKNnapg KOPO3i MHMX YyTBOpPEeHb Ha MNOBEePXHI cCT
CONMNOHOTNO BYTinna pi3HOT CONOHOCTI (tabn. 2) B
Ta6bnumusa By daksnoa g OKaNlWMH MeTaneBWUX nNnacTwUH
Popgoswuue ad Fe,0; Fe;O, FeO, FeS, NaCl FeCl,
800 °C
Ctapobi nbec 44 25 15 13 ~2 ~0
BorgaHi BCH 35 17 28 16 ~3 ~2
900 °C
Ctapobi nbc 46 20 4 24 ~2 4
Bor gaHi BCH 24 44 6 16 ~3 7
PesynbTaxuncmwiapmyart b, WO 3acToOCyBaHHSA 3rafjaHiu
paBApPUTN aAaCOPTUMEHT BM3HaAaYeHNUX CcNoONnyk, Wo C K/
Takox, wo cynbdgi gn Ta xXnopuaunu 3anis3a BNEeEBHEHO
ni g BNANUWBOM NeTKWUX PeyYOBUH BUCOKOTemMnepaTypHO:
KPO3i MHMX CcnoNnNykK cTani nNpwWm BUKOPUCTAaAaHHI CyMi we.!

BucHOBKMU.
1.3a p[onopveoHTTOrkE HO Pa3 0OBOTr 0O aHani 3y BU3IHAaAaUYeEeHO

npoAaykKTI B Kopo3ili cTani npwu BUKOPUCTAHHI cCo
HECOMOBWI I NNAM Yy npouyecax cnanwBaHHSA.

2.laHO KOPOTKMWMN oONMUC YHOCKOHANEHHOT MeTOopA4MUK
yTBpOIOTbBCA B npouyueci KOpPO3iil nNpwu cnanwBaHHI CO7J

3.04i HEHO NepcnNeKTUBHI CTb BUKOPUCTAHHSA BIi TuUuM
3 YMOB CTBOPEHHSA ONTWMUMIi 30BaHUX CcyMiwen (KOMIM

Takuin cnoci 6 gacTb 3MOTFTYy 3HU3IUTKU WNaKyBaHHSa T,
nemnw 3a I HWMNX ONTUMANbHWUX TEeXHI YHUX XapaKTepucrt
Ni TepaTtypa
[1] EHepreawpameri 9 YkKkpailHWU Ha nepiopag A0 XO3Nbp epHorkoy «b
c n p o M o »htpi//rape.kenek.gov.ua/minugol/control/uk/doccatalog/list?currDir=50358
[2] Dunayevska N, Shchudlo T., Bondzyk D., Beztsennyi I. Calculation Methods for Two Solid Fuels Co-
combustion. Systems, Decision and Control in Energy pp. 385-410.
B3] | BaHOBaAa A. B. ConoHe BYTIinnsa seko Nog 0 & HROED, 4i@3B)pIHa mk na ge H
42.
4] LaHuvunbyen Ky 3 HCe LM B B. M., Pélpopuemwmagu ddp.ak HOL A H i MeTOoA.al
KpmcTtani UHNUx MaTepi aGly wu: HAQBMAUILHMN AL apxXadlEHIMIAC .y Hi Bep C
5] CuHuya A. OEpnEudd. O. €. Bepgenb H9.B., babyTtTiHau#li €., Ko
Ta MarHeTHI BANacTUWUBOCTI 6i okoMno3unuTi B Ha OCHOBI r
Xi To3dH3OMK OMi YHa MexaHi,NA4OMEBTEepi aniB 2024
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https://link.springer.com/chapter/10.1007/978-3-031-35088-7_20#auth-Dmytro-Bondzyk
https://link.springer.com/chapter/10.1007/978-3-031-35088-7_20#auth-Ihor-Beztsennyi
file:///C:/Users/Anton/Downloads/Systems,%20Decision%20and%20Control%20in%20Energy%20pp

[(] YxaHboBa Plgixa wi #ma oui HK a 30nNoWNaKkoBMX Bi AgxopaiB
6yai BenbHUX wMaTepiani B. DJDHepr oNMdeixb8.onorumm um pecypec
[ KycTtoBCcbka A. .. Po3spaxyHOK Xi MIi 4KHIOMTHOO NCTMAMOMY.TH@® N
Bi cHuK HNel1921970 5
[8] Shendrik T., Dunayevska N., Tsaryuk A., Yelahin V., Fateyev A. Experimental development of approaches to
reduce the slagging and corrosive activity of salty coal. Eastern European Magazine of Advanced Technologies,
2020. Ne6 (108), 124-133.

[O] ®aTeeB A. ., WeHpgpi K T. r., 1 JAyHaeBcbka H. I
LOoCNni AXeHHI nNpoAyKTi B KOpo3ii, WO yTBOPHWIWTbLCSHA Npwu
HayKOoOBMX npauyb X X -nipiaxkHT awpoHoadie i € AHEYikGoBBA0o EHEPT ET Ut
WNAaAXmM PEHOBAUIT TA PO3BURHMY», M. Kuis. 2023
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HABPAKAHHA ENACTOMEPI B B CYMI WEBOMY
A1l ABUWEHOI TEMRNEPATYPMW

OneHa lUe,BylkaHpkoH a Mo ,AmT alan eMyiwco Ha, Oner Jlo
YKpai HCbKWUIW pepXaBHWUIW YyHIiBepcuTtTeT HayKwun i T
Y Kk p a Te_shevchenko@ua.fm

Cymi wesBe On3emesHEN aKkaTimBBHAa T a eKonori yYyHa anbTepHart

nanum@gHack NMMTaHHA WOro CyMi CHOCTI 3 KOHCTPYKUI AHNMI
BUBYEHHSA. Jocni gogXxeHoO <CcTiWkKicTb enacTtTomMepi B BAO arpec
nepaTtypwu.

KnwyoBi MeTWMBI@DBI €cTepun XUPHUX KUCHIOE ,faRWBRCTOMEQp,

B ymoBax pedi uMtTy BWMUKOMNHOTNIO nNnanmBa Ta NOCMWUDN
BaHWUX T as3i B pocni aAXyetrTbca BUKopndMeawmmdBBI BIET R
XMpHUX Kmcnot (MEXK) € nepcnekKkTBBHORUWENOBPEHAET

yncrtTomMy BUT Nnapi abo y cymiwax 3 MiHepBRHHUM |
HUN MU nepesar amu ME XK € 1 X 6i opo3kKknapgHi cTb T
Bi AnpayuboBaHUX r1as3ax. Cepep CYTTeEBERXMNRPAOHNPHI I
XapakTepucTuUuKnMW Ta arpecwmBHY Ai W Ha rymosBi Ta T
MonepepHi AOCNi oXeHHd nokasanwu, Wwo ymMoOBHAa
Ma€ TeHAEeHUI w A0 3HWUXeHHSA nicnsg 10 i 13c0r narHei B
MEXK [ 1]. B26-p e ay x CEplomipceetn o By peTaH CTi RKIi CTbhb
CYMi wWeBOro nanuea 3HUXYETbCSHA. Y BCIi X 3paskKkax
cCMmanbHe 3HWUXEHHSA MiUHOCTI Ha po3pusB. cKioHTTaeKT T

3pa3kiB 3 CYyMiWwWeBMUM NanumMBOM TMNPOTATOM HAaACTYTNHMU
MOKAa3HUK.

Ana BMWABNEHHA TeHAEHLUI A, K i onNncyrwTb NoBE
CymMi weBoro nanwusa, BM3HAUYEeHO2&,TYMO MibC cARddED WHOLA H
TaHy Ta noni xnoponpeHy B AuMW3eIbHOMY nanuwsi , n
onii. CTyniHb HabOpsgakKkaHHSA 32@m@cG/KIii N GO0 /T HEEYYE0TBB/CHSA
noniypeTtTaH, WO NOBHI CTW 36iraeTbwus [R]3MeHLWeHE

AKTyanbHOW 3apgavyetw An1dA nojganbworo BUBYEHHSH
peanbHUM ymMoBax pob6GoOTWM nNnanumBHOT cuctTemMm, TOOTC

Ana BunpobyBaHb O6yNnM nNi AroToOB/IEeHI KBajgparTHI
20 MM UWMHDOG 2 MM. Mi aroToBNEeHI 3pa3kun 36epira,l

HOMY nanuBomM npoTaromOZ. oi 6 3a TemnepaTtypwn 1
Mopi BHAHHA 3 Mi HM CTynemHs+ HabpsaKaHHSA enacrt(
TemMnepaTyp HaBefgeHO Ha pucyHkax 1 Ta 2.
AK BWAOHYHK3 BpUuci 3 nNi ABUWEHHAM TeMnepaTypu TeEe

HabpsaKkaHHA -B-npapgyn@iadmipceetn oBMypeTaH 306epiraert
cepiax pocniagiB WBUAKICTbL HabpsakKaHHSA ycCci X 3paé
eKcnepumMeHT3Va,3 Haa/Hen TUA I A0 3 a TemMnepaTtypu 25°C
MOBIi NbHEe 3pOCTaHHA cCcTyneHA HabpAKaHHSAa, a 3a T
3Mi HowBaBCcda AnA 3pa3kKi-B6noBorpropaacapprwTaasifLlslk
TeMnepaTypu wogpyinmoBRHAT npoTdarom 72 (noniypert
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BMHa). Taxi pe3ynbTaTtTn Ni gTBepAXYWTb TinoTeas
NPOHMUKHEHHA nNanuBa B NONi MEPHMUN nNnaHUKWI efnactT
nNi ABULWEHHAWMPUT emBIiefp@nmNTb NPO €HJ[OTEPMI HHCTb Ub
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Pnc. 2. CTyniHb HabpsakKkaHHSA enacToMepi B B CYMIi

TakoX cni g 3a3HauwmMn,T audaosa Mive pd KOGIn evpiivkva H T
ETbCHA 3MEHLWeHHSH CTynewHs HabpsaKkKaHHSA noni xno,
pe3synbTaTun CBi gA4yaTb NPO nNapaienNnbHe MNPOTH KaHt
KaHHSA enacTomMepy Ta #100rMor np on3puwmiHyelHerHsH. 9 , MawioH ac n3
UMx npoueci B B NofganNnbwWOMYy MOXe NpusBecTuU A0
ALaHOro MaTepiany.

Nitepatypa

[1]. WeByeHKO O. b., Monutainnenko O. B. Bnnue cymMmi weBo
BOCTI enacrtomMmepi B. Xi Mi g [ cCydyacHi TEPRETOMIHIO:N
i HTepapmepeHyi i 3po0o6yBadvyi B BMIiLo imMl. b clpHii-Tnpro@G3Bm o N 0 |
p., c. 150-151.

[2]. Hu 2.Y., Luo J.,, Lu ZY., Wang Z., Tan P.Q., Lou D.M. Interactions between Used Cooking Qil
Biodiesel Blends and Elastomer Materials in the Diesel Engine. ACS Omega 2021, 6, 5046—-5055.
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MPOBNEMN BUAOBYTKY TA TITEPEPOBKWN BAXKI

MeTpP@®nNni TbHUUDbKMUII
Hauyui oHanbHWW yHIiBepcuteT “JIbBi BCbKa n
BY . C. BaHpepwn, 1 Retro.i.tApplnytskyB@Ipnwu® 1 3, YK pal He

3a oui HKamMu daxi Ba@Ps 3 AAaKLE@ Ba@XEBMNLWYIWTb 3an
A3KUX HadpPT, BBAHWBS5OK map.arw.T b3 aoaclu TEamHK U X Ha @
epeBunwytwTb 06 €M 3anNMWKOBWUX 3anaci B Ha@T Marn:
we 162, 3 wMnpago T.

Ana HaKoONUWYeHHSA 3 Ha4vYHMUX 1 PCOOMUTCI SIBO BIAX (P TCUK Yin Y @ |
pai HI NPUCYTHI ANda UbOro BCI reonori YHi nep:e
wa € Ha KpaWHboOoMYy ni BHliomwreawK o3 axamiagAHinnpg dl
BHO BIi A4 OMIi poagoBMWA BaXKWXKkaPiTBamMadEBK 8ia KO (
3] [ 1Y mMexax Belhwxio/ib BOKIMIHCHL&E@DCNEeKTUBHOT Had
I A OoOYiKyBaTu BIi AKPUTTA BEeNUKUX HaPTOOBI TYMHYV
Oro, 3a aHanori ew 3 6n5nV3gHKOao Kea Hraegmoa r i Y4 HHoangyp
cepepxXeHo He MeHWe 2 MAPA TOHH B aMdki WM MmMa T
ApaxXyHKamu. LUa uumdpa MOXe CYTTEeEBOYyBHHAS WNTMN
eTajilbHe BUBYEHHSA NPOTrHOBMPAXHMWMAPTOOI TYMHMUX NOSFS
Tacki pogpoBuuwa HadT, 3aebi Nnbworo, XxXapakTepwus
Ci puymcTnx cnonyek, BUCOKOIKW TYyCTUHOW Ta B'
MOB/1T€HMUMU BeITMKMUM BMIi CTOM acdanbTeHIiI B i C MO
MTb BUCOKMUN -BMBPET/Tb TMOTIBAILX OBYT NeBOAHI B Ui H a
eBOAHUTKU. TakoxX Li HapPTnW MOXYTb BUKAIUKATMU K
CBOW 4Yepry MOXe CNPUUYMUHUTWN aBapi "HY 3 YNUHKY
WiHUNMM TexB@ApObOYIMK TaKMUX BaXKWUX BUCOKOB' 83KWU
aproBi gpavyi [ BTpaTuW Ui HHMUWX MNONYTHMUX K-OMMNOHE
pumMaHMUM NPUOBYTKOM i 3aBfgae wKoaun exonoriid. I
e alib TpybonpoBoagunm 3 nigirpiBoM, WO TaKoOX 30i
Mi g4 4ywac npouyuecy BUMAOOBYTKY HadpPTu 3ycT-pivyvarwT
HTHUWW nepiopn CBepaANOBUHWUW Ta ob6bnapgHaHHSA, K |
MO Yyepe3Ha@ABHNaPpadhyHI B I CMONUNUCTUX PEeUYOBMUH
KOX HasBHI CTb LUMUX peyoBUH 30ebinbworo neper
ynbci 1. 3ropom Ha peTangax Hacoci B i TpaHcno
r’fyTb 3d Udo@emoOHaumT, B pe3ynbTrTarti yoro BIi o6y
Mpouecunu nepepobknm BBH € cepil ex3 HIA W@ HII p BOI/BECM O1t@
K i AK BMUCOKa B' A93KiCThb, ryctuHa, HU3bKMWUN B
ONnyK (cmon i a CKO) &yVIbbKTOECHTi i B ) I, € TBEEP/IOVAKTOOIM H U X  C M O J
MCHIW), a TakKOX BMUCOKOrIo BMIiCTYy mMeTani e, O0CO067/
3Baxawym Ha HU3bKY SHKIiCTb BaxXkKol cunpo-i HadT
i OHO PO3POOGBUTU TexHONOTdiT3 KK IY4 HM O ¥YNTabC TMBKO T ar Ly
eToAmn 36aravyeHHHA BaxXkKoOTl HaPTunm MOXHAaA KnacwudmiK
etroaun [ 5].

Ak BIi ooMmMoO, ni ArotToBKa HaPTMW Ha npomumcnax 3
pouyueci B, NoB’' s3aHWUX il 3T ppanHaCONGOypBTayHBHAsHMH, A &133 60 oEpdnenk 1

=

I O O

o |
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CTb pob6boTwn TpybonpoBOAIi B, NO AKWUX TpawaemOpT
Hapra B panmoHax 11 BMOLOOGBYBAHHSA. T/oamcy W0
rnapgi e MYy 1b roovB,a Hav XT & KNOOXO yyla CBTOO K Me X a iDi wio e 4
aTtu NPMUUYMHOW Oi NbW I HTEHCUMBHOTNIO KRPWOWBA NH@
MXeHHSA NPpONYyCKHOT 3gaTHOCTI Tpyo6bonpoBoAai B i
BuUCoOKMUN BMIi CTUEROLW,/IeXNTOPMWMEXaHI YHUX [AOMIiI WO
pepobkKy, nNori pwye HAKIi CTb OfepXyBaHuUXkapoagy
i et0 obnapgHaHHS Touwo. Mi o Yyac npoyecyHaepsl
KCMManbHOBDAMEBODAMKN MEXaHIi YHMX [JOMI WOK Ta
ro 3 AKUX PpopfgoBUML BUAOOYMIaAaEITHLKIA Bl/Aaapaganm F@cC ™
HadaBHI CTb X/H+QEBWAZIOBIOBHBOLIMMHHMK, wo cnpuumn
oyeci nepepoeéGuwurneHadynnnBRCTOBI N-piBDHOMY.0NXNC
Tpi O Ta xXnopwupag Kani ww NpakKTWMWYHO He T imMmipwni 3
KOpo3i o6bnapgHaHHSA. Xnopwpg ™MarHi W € HaWH
Bi Tb 3a pRXYpx TWpumnei girpiBaHHI HapTwn-840 T
CTi HaBi Tb Ccni giB BOAW BIi A6byBaeTbCcsa | HTEeHC
a CNpPpUYUYMHAE Xi MIiUYHY KOpoO3itw ob6bnapgHaHHSA. ‘
achni oKX @IOBXKUE@MUX CNONYK YTBOPKWETbLCA Ci pPpKO
XNOPUOLHOKW KWUCNOTOIH) €E NPUUYMNHO-B] HaBl@ PRWBB | W
MCYTHOCTI Boan abo 3a nNniagBuuweHMWx TewmneparT

y@hhba 3R2aXB@Ha nNnniBkKa 3 FeS BKpuMuBae MNOBEepPXHH

A KoOopo3i i, ane 3a HaaBHOCTI XnNopupgHOTI K 1
aemMopi i cCynob i gy 3 KnMmcnotTow. YTBOpPEHUNn XN
pKkoBOB®@BHL NbWMBCA, 3HOBY} pearye 3 3anis3om |
OT Xxe, OO npouyueci B nonepepgHbOI Ni 4T OTOBKM

BXoaAuUTW npouyuecwu 11 3HeBOAHEeHHA Ta 3HEeCONEeHHS:s
BUKOPUCTOBYKWTb PpPi 3HOMaaHITHHI wMesgiomuT o rde0a, HIHLA],:

09]
X i
CT

NbTpPpYyBaHHSA) ; TEepPMi YH I (Harpi BaHHA 3 Bi aACT
Mi YHI (BMKOpPpUMCTaAaHHA peeMynbratvopi B) ; eneck
pymy) [ 11]. MoegHaAaHHROMEBBMYRbMYBAUNA MEMBLOP

3SHEBOOLHEHHSda, ocob6nmBO Yy BMUNagKy BaXKnmx HadT
HUNX MeTopni B, o0cob6nNMBO Yy BUNAaAKYy 3HeBOALHEHHSH
peareMmaneeeKkTUBHO.

3acTocCynBealH HAsT bCH U XA p e &Iy @ B FAHOPUWI/BO WM POK-OT O

OXEeHHA nNpun 3HEBOAHEHHI HaoT . AK peemMynbsrartTo
MHW: KaTi OHOAKTWUBHI, aHi OHORKTWMBHI pPayYORINIDKWDO

OKpi M 3HeB®BEEEBAAGHHASAM HaAaMT 3 3acCTOCYBAHHSAM

3axumcTty Bi g KoOopo3ili, BUKOPUCTOBYKWTb 3aayr oB:
BUKOPUCTAHHSA | HFIi 6i TOpi B KOPO3il

MeToa | Hri 6yBaHHSa, AK npasBuno, Bi ApBBHAET

POHOM UM OT O BNpPOBaAaAgXEeHHHA 6Ge3 3MIi HM paHi we APUNH
nb6avace cneyi anbHOro pAoAaTKOBOINO ycTaTK¥YBaHH
BYWTbCA Ppi3HI opr aHIi-M48,i-0,€,riN yakmo, iuHowivH acerHAargsm
nepepob6GHUX nNignpmemcTBax B OCHOBHOMY BUKOpPWMU

coni aMi Hi B Ta aMOHI 10, coni YeTBEPTUHHOT O a
i Hri 61 TOpM®M KOPO3ii MIicTATbL Cconi Mi@] , NMUWHWE MY
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acTiWwe BUKOPUCTOBYKWTb CNONYKUNW MUMW aKy. -TlepesBe
opi B nongrawTb Yy TOMY, WO BOHW Hapjg3IBMYaAaNMNHO L
porTdarom ©O6i nbw TpumBanoro nepioapyTepay Heopeae
Hri 6i Topwu, wBMaWwWe 3a BCe, BTpaTsaTb CBOW edecx
i wnmmm 3a 17% HCI [ MOXYTb BUBI NTbHATWU TOKCMWUYH
ONnNi MepHI (npupoAaHi Ta CWUHTEeT WYPHwIiM) AMNETIE [fiXase HH
owykax | geanbHOlT anbTepHaTWBWU HeoOoOpraHi YHUM |t

CknapgpHi cTb PpoO3pob6GKMN i BNpoBaAgXeHHA edeKTMunBEH
O I Hri6i TOpM NOBWUHHI 3a40BONbHATMWN YUNCE€SAbHUM
ymMmaxmnmcHOTI o npu [AOCUTb Mani M KOoOHUueHTpauyi.l
opManbHWUN TexHONOTi YHMAN pexmm pobBOTM yCTaHOB
o6o0oTy KaTani 3aTopi B BTOPUHHWUX nNnpouyeci B) ; 6y T
O HeoiBi/m He pobGuUTKM TOKCWUYHOrNroOo BNNWUBY Ha o06¢cH
rpo3mnm 3abpyfHEeHHSA HaAaBKONMWWHBLOINIO CcepepjoBMuLWa.
3acTocyBaHHA i HrMri6iTOpPIi B KOPO3il €E CGCHHUNUM 3
eHNnNX ™MeToOoAnAi B O6GOpPOTbLOWM 3K KMePTOBA &EMO , [BOogoX VBCHTA H30D¢E
ri 6i Topi B 3HaAayYyHO YNOBi NbHIWE KOPO3i NHE- PYWNHY
X BUTpPparTax, HaBi Tb TOAI , Konun i KOHCTPYKLUI
cnnaoyaTtauyi i
Bi goai neHa i3 Had@mTWwcBOBaM,COXaMaKBIVME TWDWE CONen
nesogHeBol ®MGasn, wWo y CBOKW Yepry MNpMTBoBOAUNT I
Ta €EMHOCTeW ANsg Bi agcToOoOwBaAaHHA BoAaguBuUMIlbari 61 1
bMYy€ npouec KOpPpoO3i MHOINro pynWwHyBaHHA MeTani B.

|l Hri 6i Topwn KOPO3iiT MNMOBMUHHI Bi gnoBi gatTmnm HacT
akKCcCuUMMyM 3axXxMWCHOT A4i T nNpwu [JOCUTbL ManiulyBa HLUeH
M HOPMasnbHWN T eux HPOOMOOOITi U4 HYUCAT apHEONBUK U , HIey KA rBi pwy
060TY KaTanis3aTtTopi B BTOPUHHWUX nNnpouexdamwBHs i6yT
IHMD B NEeHHSH; He YUHUTM TOKCUYHOTNIO BNNIUBY Ha o
TBOpPHBATKN 3arpodmnitabopy HDH €IPT L0 BB HLA .

Ha paHwmh yac, Bi AoMa BenumkKka KIinNbKi CcTb 1 HTI 6
OLAHEeBUWX CcepepoBMLlLaX. BukopumcrtaHHSA HaTypanbHL
NbTEepHATMUBHUM Bapi aHTOM Xi MIi ygHIWIX 3paEXUIOCBTWH ,M esrKai
opo3i . MepeBara uyumx MaTepiani B B TOMY, WO BC
ATHI 3a Uui Hot, nerKopgocTtTynHI Ta €eKOoONnor-i HyHOo v
lani B MIicTaTbCcda @Mi TOXIi MEYHAMIpPRAOBOAOT If T adn a B
M, canoHi HU Towo) Ta ENHE-RNRI-DR aB1@®H, rspPRYEAW3, a 6reask
Tb apgcopobébuyui O faHUWX pPpevyoBUH Ha NOBEepPXHI MeTar/s

bByBpoBepgeHuUiw pajg A[OCNiI OPEeNHL0 AMHA X B /WMKAGF RN G Jaak HBI
opo3ii pna 3axunmcTtTy wMeTani B. Y pob6oOoTIi [-13], A&
OMaHI THNUX eKCcCTpakTi B: Funtumia el astica, Pip

® —

S w ™

indica, Hibiscus sabdariffa, Ocimum gratissimum, Chamaemelum-mixum, Nigella sativa,
Wrightiatinctori a, |l pomoeatril oba, Lupinousa

o
m

n

dor at a. Okpim TOT O, AK 1T Hri6iTOoOpuKM KOPO3il M
oxXxXopaxXxeHHsa [ 14].

OT xe, nepepoobKKIO BB @XKWMX B laco noTtTpeobye K OMNMN
i oxopay 3 nip6bopomM pgeemMynbraTtopi B, i HIri 61 Topi
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AHANI 3 TA N1 Al P CKAAAY CUPOBUWMHHWNMX CY
BUWPOBHMNUTBA TEXHI UHOIO BYT NELIO

OMunTt e pemvmeBraac vbou, KB T e pRoial Ko
IOX M Roe HAQUDETre pT M LWOA@ T apPT M WH a
OBHYkKk@ai HCbKUWK [JepXaBHUWMW YyHiBepcutTeT Hayk
M. [OHIi npo, npo c rdshereetays@gmail.c@, YkKkpail Ha

3anponoHOBAHO MeETOAMWKY PpoO3paxyHKYy TeopeamsbHOpwa B

TUBHUX CUPOBMUHHUX CYMIi Wwemn. OTpumadti AaHi Nnopi BHAHO
Tpapuui WHIi W CUPOBMUHI
KnwyoBi Te/XMHE&MHWA BYyrneuyub, 3aMWKoOBAa CUPOBMUHA, Tpa

BupobHMLTBO TeXxXHI 4HOraon yeyerin eHuakp Teo Xao OvH ii-€, 10 A3K a
POGKOKW CUMUPOBMUHM HaAaMPTOBOINIo NOXOAXEHHSA TraaHI poAgyl
Hi M YyacoM Yy BUPOOBHWUTBI TeXHi YHOoro BYTrneuyw BIi
WNPEHHAM CUPOBUHHOI GBaM3XUi , L HM X C TWeMi W A QO P AKHSA BK
HEHTW 3 [fOCTATHbBLO Bi AMIi HHMUMW BRnacTUBOCTAMMU Ta

TexXHi YyHMW BYyrneuyub 3HaxoAuTb BCe O6inbwe 3actT
a camMe Yy noni mMmepHin, nakodgapb6boBi @ Ta eneKkTpoXxi

KomMnomwekkH/TagHNKN CUPOBUHEHWBXHOMAaMI WM apomarTunas3
OYIKi-BT e pMOTr a3 olnb, TepmMocMOna, TepmMoonusa, ras
B aHHd eKcTpakTmM CeNnNeKTUBHOINO OYMWEHHSHA ONKUB, B
cCMO/n, TBEMBBRPATYpPHI BYTiNnNbHIi CMOAU, aHTpaUueHORBE

fJocni gXeHO N’ ATb TWNiIi B anbTepHaAaTUBHUX CUPO
pagunuyui nHoOW —anppPpBRUBAEOBOW Gpakui €to, OTpUHMaHOLI
Yyri nbHol CMBMWHUWEK CFMi cwepoTa T X BAACTUBOCTI [

Mi g yac BUPOOGBHMUTBA TeXHiIi YHOro BYyrneutw pgoui
Yy CUPOBUHY 3 nNi ABUWEHMWUM BMIi CTOM KOHQAEHCOBaH
openaui i He MeHwe 120.

Ana ouyi HOB®HHRAPOMBT M3 0BAaHOCTI CUPOBUHN BUKDO
Kam«i HoekKc kKkopensaugyii (1 K):

IK = 437« pyy — 456,8 + 48940 /T,y

D€, —-TYCTUHA CUPOBUHU 3 a %EMH€pwﬂ¢me2Qa°cmpeq
06’ €EMY KMUNi HHA BYTrnesBoOAHI B, K.

MeTogamkK@nepuMeHTY

Ona ouyui HOBaHHA edPEKTUBHOCTI peuenTtyp cTBOpE
B ymMoBax BMUpPOOGBHMLTBA 3 nNepeBi pKoOW Bi ANO0OBI AHOCT

Anda MOXnIuMBOCTI NPOrHO3yBaHHA KIi NbKIi CHOT O B
MIi CTy BYrneuytw Ta BOALHIKW Yy CWUPOBUHI, nNnoganbuwor
porpaMHMUN NpoaykKT 3a ABOMa MeToOopaMW po3paxyHEK

Mepwnmim ™MeTopn 3aCHOBAaAHWUMN Haa PpPiBHAHHI MaTepi a
BK/AKYaAaB BMU3IHaYeHHSHA MacC va 3BOYTTY/Nl €TLAI0 KYW CCHKP OYyB MBH A X | 4

%Cc¢ mnp.r. BiZX.T.
Grp = Gop " — — =G 1
T-B. tMP 100 BYTJL ByTJL ' ( )

pe€G—-Mmaca TexHi YUHoro BYT T neuyto, CUPOBUHMN, npupoAaH-t
rasax, g+e/ miocar, BYyrneuyw B CUPOBUHI, % mMac.
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Ta6bnuXsaphkTepumctunuka Tpaguuyi nHOT cwu
Ta CTBOPEHNWUX CyMiwen Agnsa BupobHmyutTBea T

MToKa3HWUKMNK

S ° 3 n = 0= s T = « &
T — = T ™ - S
= x o S FX ™ © © o @
CupoBUHa - » o o © x = T &
o O . - . x o o _©°
> - Q s 0O =T o C o x
L m 0 m C «
Tpagunmui AHa CUPOBUHA
AHTPaUCH] 45000 |1120| 10 91 | 52 1684 | 9,35 160
bpakui a
Cy mMi w Nel
0,
BIK 2% o097 | 28125 |8883| 986 | 901 | 495 105
FyaopoH 75% 5
Cy Mi w Ne2
0,
AnTpaueH| 2% 1,175 g5 |soes5| 55 | 1615 | 834 | 178

KB cMona 75%

Cy Mi w N3

aHTpauyeH 31%

KB cmonal a46% |1129| 5715 |[89,69| 627 14,80 793 | 16046

BIK 23%

Cy Mi w No4

9
BT K 32% 1,040 256,4 85,96 | 10,68 8,05 3,84 85,58

Mas3yT1T M1 68%

Cy mi w No5

Cmona ni 85%
3aTemMHeH 1,073 - 90,63 | 6,36 14,25 7,05 138,88
. 15%
dPpakui g
Macy Byrneut B NPUPOAHBLOMY T asi paxyBanmn :
np.r. . 75 .
Bym._an'F' 0,7 loo_an.r. 0'525' (2)
A&, p,BUNTpartT a npmpo?’p,ﬂé),ﬁ,—froychamaHya, anl\Mpopﬁa?&ero ra
BMi CT BYyrneutw B npupopgHbomy r1as3i, % mMmac.
TakumHOM, Maca BYyrneuyuw B NpUPOAHBOMY T asi
Gupr. = an.r. : 0,525
BYTJL
BmicT Byrneuw Yy Bi AXI1I AHNX rasax BMW3HAayan
cCKknapg rasi B 3aTIOMKBIAM NWUMIyalee HAM, WO KWCEHDb
0 i —o . 100
%C0, = %CO, 100-%0,’ 3)
0 i—o ___100
%CO' = %CO T00-%0," (4)
oLl — 0 . 100
/oH; = %H, 100-%0,’ ()
Bi onoBi gagHO, BMIi CT a30Ty CKAMnas:
Ni=100—- CO}+CO'+H;+0,7, (6)
pne -OB,MI cT Yy Bi BOi HHCHxX T a3 ax
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O6em Bi gXi AHUX T asi B:
9

7
. — —_— 7
QBI,E[X.F QHOB NZ — ( )
L& orBUTpPpaAaTa NOBI T%H(YQ:—;B[Méa:KrT@p,OTwMWZBinAQI,aaMiTcpﬁ, %
a3o0Ty Yy BiagXigHMx raszax, % o06.
CO+CO 12
Glf;ilﬁ.r = QBi,ELX.l". " ( 100 2) ' 224" (8)
Buxi 4 TexXHi YUHOT O CBKyTra/jgealeld 3 CUPOBUHMN
Brs = == 100% (9)
CcUp
OApyrumin wmeTopl po3paxyHKy 6asyBaBCSA Ha 3anex
BMUTpaTtTum nanunsBa I NOBI TpA Ta BKNKWYaAaB TepMOXIi Mi ¢
B=b- bFVrIOB + ngna.m (10)
B-suxi g Byrneutw,b—koki yuceposBHNXDAY BYTneuylt, p i
CUPOBMUHI abo BMi CTYy Byrneuytw B uwnk F HHMX CTCF
Koedi Ui EHTN, AKI BM3HaAaYyawTbCd MacoBOKVHaCTKOI
BUTparTa ﬂmmicm@n,Qﬁwmmmp;aTa nanunsa, Kr/ Kr CuMUpPOBMWUH
0,21
F = : (11)
1,30Ccyp+4,13Hyp
_1,30Cpa,+4,13H,, (12)

" 1,30Ccup+4,13Heyp’

Chan.cdpBMIi CT Byrneut B N aHiyBckLbBIMIcoUTp 0BBYW HII €, L, KK B/ KNra;
CUPOBUHI , Kr/ Kr

OcTaHHI W MeTOQ4A BKNKWYaAaB [ABBUIB@APUWAGHIHWHI ammIB@O

rasy, OpYyFmMmo BYAWKTMW®HITI OPAHHA nNni poni 3HOT oOoNuUBMU |
nepepoodKUN WNUH) .

Po3pobneHo 3aCTOCYHOK Ha Pythen3 i am@B N 4 &P O r3pw
po3paxyBaTunu BUXI A4 TeXHiIi YHOro BYrneutw 3a npepgecrt

" ° PospaxyHok suxoay TB — ) x
File Help Exit

Aanni cuposmHn Aanni Tex npouecy
Marepian pospaxyHky

Baxkuii KaTaniTusiHmii ra30iins % CcMpOoBUHM Y CymiLLi

rycruHa npwm 20°C, r/cm® B'askicTb npw 50°C, mmP/c  Baicr Byrnewo C, % mac Buicr BoaHio H, % mac
[1.02 ] [15 | [s8.92 | [2.05
MokasHuk C/H MoKasHUK apOMaTUUHOCTI  IHAEKC KOPEenaLil: a
9.83 [s:26 | [114
Aoasta cuposuy
Pospaxyeatn Info Oumcrmin pospaxyHKosi AatHi

PozpaxyHok Buxoay TB za BmicTom Byrseuro B
CUpOBMHI

AnTpauenosa dpaia (31.0%)

[ Cuposuna |[Fycruna B asxicrs [Bmicr C[Bmicr H| O\H |[Moxasnuk apomaruunocti [Inaexc kopensuit
|AnTpauenos [ 1.12 ‘ 10.0 91.0 [ 5.2 [16.84 935 ‘ 160.0
| adpaxin ‘
Punc. 1. Mpuknagp Kam'srosyrinemia caona (46.0%)
. Cuposuna |[Fycruna B asxicrs Bmicr C Bmicr H| O\H | [Moxasnmuk apomarnunocti lnaexc kopensuit
BBOAOY BUXIT AHWNX - Ao ‘ Hpd1 [Ho2 ‘ 56 [15.92] 8.0 ‘ 184.0
nera caona : Ll

PpoO3paxyHKy BUXOAY TeXHi Y4HOT O

BXKNIA KBTANITUYHWI rasoine (23.0%)

B y r n e L'I |.O C::;::;a“ l'ylc"r;zna B'niz;(i’cn. B;;;rzc B;i;rSHF\TI-;nonaannx :::ma'ruunocri 1lnnexc1 ::zennuii
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AHani 3 pes3ynbTarTti B TeopeTunyHMUNXN Ppack3TprmadxHyNHVK
BUXOLOM TeXHiYHOTrTro BYra2eukby mepemiginaid NeiHDHN BB IiT /A
Ta XapakTepucTunkKkl, HaBepgeHuUuxXx Yy Tabn

Ta6bnunuya 2. PesaynbTatTmnm po3paxyHKI
Buxi g TexHi yuomac BYyT T ne
Me T 10 kiNp2
Buag cumposu| MeTtwig Tun nanwsa MpakTwn
Nel - - BUXi A
npumpoaHUWNi poni 3H
AHTpaueHoBa ¢p| 6694 58,87 51,04 65,0
Cy Mmi w:
Nol 64,58 60,58 53,75 60,0
No2 65,59 57,88 50,14 65,36
Ne3 65,64 58,63 51,06 59,88
No4 61,90 58,73 52,10 60,0
No5 66,57 68,91 65,71 59,0
OueBunpgHoOoO, Wo BapiaHT CTBOPEHHHA CUPOBWHHMUX

HMyuTBA TeXHI YHOro BYrneuw nNob6Gi YHUX NPpOAYKTI
HUM HSK OCHOBHWUN ANA BUPIi WeHHA nNnpobnemduxmgmpos w
neHHAa (B —-MexlW)x plg3dvbpaXyHKOBMUX 3HayYeHb 3a- pos3,
TUYHOTO BUXOAY TeXHIYHOTo BYTrneuw 3i BOBPRBXE
3a npepcTtaBnNeHMMM peuvenTtTypamwu, ni 4T B epefHIWIXo
MEeTOoOAaUK.

BuasneHo MOXNWUBI CTb CTBOpPEHHH edpeK TMUBHMX
yTuni 3auyi ero BaXKNUWX NOoO6Ii YHMUX MNPOAYKTI B n-pouye
BaHWX LWNH. HanpamMok 3 BUKOPUCTAHHAM BIi AXo0p04]
BappHT 3 pgekap6boHi3aui i Ana NPOMUCAOBOTNIO BMUPC

Ni TepaTtypa

[1] Apowykx N. 4., KoHoHuyk O.B. MeToAa BUMI poBaHHA Ta
Byr néelamkoemHi TexHonorii Hauyi oHanbpd{48)r584—-5848.1i a i MHC
[2] TaBpunw Bb. A. , Kopxuk M. B. CuMHTEe3 anropumrtTmMmMi B ONTHNUM
BUPOOBHUMUTBA TexBiicwmwr oHBYY nekKibl i meHI Il Topa Ciko

i HXeHepi a, ekonoriga TNl lded®WpcosbepexeHHa 2019

APGIP-12 Ukraine, Lviv, May 20-24, 2024
38



KATANI TUWYHHI CHLCTHMOKCUHNTIERIPMAHT AHAT
KANlI O B AEPOBHOMY OKWCHEHHI KYMOINY

Nwb6os OPomma lle fO®pcBHa XaBYHKO
Y"HeTurtyTophi amikwoHoi xi mMi i i Byrneximii i M. ]
Xap i ceouko c e, 5 RKu i B0,2 1Ydkbpea@gnai).com
Bi opi NeHKNAMIDI 3meproYymnx KonaapmMHam HCH T yXiyMidi 3|
i M. M. NTntTBnHeHka HAH YkKkpai HWU, BYNn. Hay K OE
sheparomko@ukr.net, oksana.khavunko@gmail.com

AKTyanbmHaMEBINB Y epHEHASK ALK MC HE@ B HAHICYHIKKCX p a T B
X1 Miou o MOoOX MEXE HIH&KWMC HEBMI CHSIHaAaNORBEBABN BIMP OK e
3acToCpgpaBHw®adqmPOMMCcXioRiinoxipmekaTb B OCHOBI |
6aratTbOoOX OpraHi YHMX CNONYK Ta MegUWUYHUX nNnpenape
KOHLUEeYKLiTia ni TunuMNa ingxo mcNHI) mipag s HOT 6ypaoBu, aKIi €
HaMbi Nb W AXITAUABHWMXT ani 3atopi B, WNPOKO BUKOPUCT (
aepob6BOMNOHEHHSA OpT 8pH i3UHHUMXX [1kcnnaoST yBK M X B H AW 6 H M M LW €
LOCTYNHNR i N-rH egmpoopxacrnpiHR)N[R]MA koo c TaTHBL O /N1er Ko I
btTanNmkKkgunnbHNK PIPQ)MXIRINAIPEMTBO Ma  EBUTHW.Y Katani Ty
AKTUBHI CTb Yy peakxkui ax Naw yyppHL&HLHSS YIKpomsespMsisgn rodbHES
AKOTINo € Kpatuwa rpacHs HHHHKI CPTOE BENGHDPIMIAKXH O, 0 an axx mie
BMLUA C TCYAKKLU MGNFobMiC A Nb H O T OSINDA A B K §avedBd@OOHKOW COH € H H A .

BuasneHo SHaAUYHWNN CMHepreTmMUYHNN KaTani TUYH
BaneHTHOCTI , B TOMY PYBEHMII Oi CTHNOBWI mMawWeaprpaHa4a,
r opoKCMU@PYy@ald WK ga/amHI00r 0O BU X peakui ax, 30KpemMa O]
KUCHEBEBMNU CTBOPEHHI TEXHONOT i YH U X npoueci B nep
npoBeAegHHUS NODNMY capeaepjasu BACD)K ntxe M n elpeapreyTpeackp. € H H A
NHI 3 a MPUCYTHOCTI HeopraHi YH MU X OKMWCHUKI B HUHI
MexaHi 3Mi B TOMOlIeHHOrNo KaTani 3y cunmcrtemMammn, o

YaopaHpoOGgagoOcniopxerw HEHPIHTseNHSIn e pmaHr aHaKMn@) & ani 1o
oOopraHi YHOMY —p0OBVMA@HHRMPY NI ,[ OH €EONKTUPCAHNELHHHOSAM YMLU® P M & H I &
Bi A6yBawTbCcda B npwucyTlHocpreaKkail ™0 BEO T O IKHAICEM®D THN . O (
Il Hi L1 lOBAaHHA aepoObBHONO OKMWCHEHHSA B \BRKIEHBEOTOMHKI OBIO Y
peakkiMn@iaN-ri apokcwrinmigxgymammnmparTtolt nn-ep MMnNBs)8& HIapTn
25 °C, KOHUeHTpaui o poKIOX Opi® @ & MEKY pHaearmx y aefpPobHOT
HS BUBYaAaNW a3 0BONWMETPUUYHUM MeToOmo M20CGnmi p@®w
napui anbHOOMBOTMUMKPTO cCT.

MonepeAaHbBO OoOpfepxXaHi ekcnepunmveoT d/KMHNHRAMaI 1| [
TANHSInepmMaHraHaTtTomM Kaniw B aueTtToHIi KMn@nniersuiegq 6y B
Bi A HOBI/NaeiTHICHK CM PT ANl MipH@@NTHEFKLULMHI MIi L OM Yy KMWUC]S

WBMAKI CTb peakuii 060X CcCnNONYyK 3Ha4YHO 3pocTae n
cnab6koli opraHi yHoOi KncnotTu 9K 8BLULOEPBAaKKH BBAWEe KW
KpuBbuex0 (x1B . R*=n006,p9e9 )( cnp s MnsiofogT-st, BLBH @D P L WH & PD.
nepwmim NopsaAafoOK 3a NnepmMaHraHaTtoM Kaniw. 3a yumMml
KOHCTKRHDBIAKOCTI peakui m nepworo nopagky
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Mpwn 30i NbwWeHHI KOHUeHTpauyiTl oyuToBOI Kncn
WwB M AKERBCTpied{KiLALPOKBUNKDIBA aLLeTOHI TpUunNi 3pocTawT
UnH: NESim 0,46, 140BOg nNHPI 3 4, 7 -pld& BIGBT, e npu-BCIi X
ueHTpaui aNHPlengpawwm m Bi AONHSIBHUM K OM HIi X

Ana nNowWykKYy MnNOSACHEHb UMWX K3BAAKHOTHOOBMD PHIO C P 6 A P 4
eNneKTpPOHHOI 6yafaoBUM pearyo¥mx ST MBOK O@e WO A
nepepb6bavyae enNekKTPOHHY 6ypapoBy, reomMeOCiNp ma ¢
TakoX pae 3MoOory oo6uymcnwuwmanake ACROROYN, (maodmi C

Ta6bnumuysa 1. Pe3y-RbmMaHAKWUNKB aPBNOa&bor @ NBENM(KT M N b H U

paauniKSIND,—cyKkcuiNioMmicm nbHNIG EpeugMmME awsreHepr i B U L
3ahHATOT Ta HMXYO0T Bi NbHOT MONEeKYNSAPHIMUX
NMapamerT p| NHPI | PINO" | NHSI | SINO'

AH° . x Kk an/ Mo —445 —20,6 -91,6 —66,9
Eiomo, € B -10,4 9,7 -10,5 9,9
ELumo, eB -1,49 -1,8 -0,04 -0,38
Mopi BHAHHA BeAPHUH PHBEHBOBSWYRAApPOWOI oOopb6I Tal

B peakui i 3 eMerHTpodammmn v a@un K a nBudo MwaOlie K g N

6i Nnbwoelo, HaeBoud NbkPlI 6yane MeHW peakTUBHOW ( MeH:

y peakuyil OKWUCHEHHSAa.

Wlo cTtToOoCcyeTbCcaA NOpPiBHAPHBHBEBNAHA@AT Pk g BEAWOIT

HOI opb6i Tani AN1A MONexKynu Ta HUXYOIT Bi IbHO

nepexopgi enekTpoHa 3 Moneky/AwW, Opaemap SiN@&#i, 7 70
NHPI; o npie a PINO'#NHSIu 5 Betmia € MBHMLWI @B BUCOKI Benl

cnpmnatTnmeumMm QpakTopomM And nepebiry peakui i 3a

TepMoguvuHaMi YHOKW XapaKTepUCTUKOKW peakKTUBHO
eHepri n-Hi 8B’ Xx13@i B. B 1 K Ol p3vocar eoCBMi KHHHAN XM epreogae L, i i
ponb CcUCTeMaTUMYHUX NOXUOBOK Ppi 3HULI TepMeguNHa
uim, wmetTtopgom PM7 o06u4nAH)n pie MHPHSING = &IHSTaPINOT i T (
BoHa CcTa0HOBB WMKIKbBAa N/ MONbKpPTAGA. chMe T MASHHSHND =p e a K |
NHSI+SINO'AAH pgopi BHe O, TO nNOoOpiBHWWWYNM T X Tenno

nNpo MeHWY peackuyi nHMNHSBnooapTi HBI HCATHLO NAYSHNEOK/lYENKNY 11 0 10
O6bumagBa dakTopu, —iK3 ek EpspHedeidik ( Tepmoawu
3Mi Ha eWAHd N b NOIiITTb CMUMUHXPOHHO I BK NI Y M1 TPOWHE &1 M
LKHI Mi oy. OTpumatHi BMUCHOBPKEB Y NI B ¥eEKICAIMEVP M BIERA BN
BMUBYUEHHSA KaTaniNHUIYPHMO T0 KarKCTH/AgBRHDIC TKiy MO n
PesynbTtTartwu pocni oxeHHsa NHPIHeaNHElmp agma aambiHT
NaHUWIOBWCWEHHA KYMONY MOJJTEKYNAPHUM KUCHEM T
NOT/ITMHAHHAM ok CAH®O npm P71 . CT. (WBWMYMO@RUY i-B OA&LWY
Hi Ipun NoKas3ywTb, wo npwu HMUXYi W T eRMNe HpXsp i ,
Tani 3atopa Ta nepMaHraHaTty, SAKWW B ULMUX YyMOBa
SRHTaNWlHa cTtapgii i Hi Ui OBAaHHSA, we n g NHPE, T ba Kaneiip oB
Kaani TUMHOMY LWKNDIKcAgae Hibr @PINPRiopm K aen a(K TUBHUM
NPOAOBXeHHA naHUra, BuwWa HNBMSLwWBMAKI CTb OKMWUC
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TabnumBgN24MHMN WBUAKOCTI (MM P HAKHIMGIH KHILIH IOK Y MO

PO34Y4MHI auyueToOHI TPpUAY 3 BMIX3I AWHMIX KWEHRIKGHRHTA BI
NHI t°c | [KMnO M | [NHILM [ [RHLM | roe10°, M- c
NHSI 40 0,0133 0,01 1,76 14
NHPI 21 0,0003 0,0054 0,21 2,3
OT Xxe,

OTPUMAHIMI MNBAMTMOBOGUNMCANEHHSA MWPITOMHSIHK n pe
Yy3TOAXYKTbCSA 3 e€eKEMBe/mBMWaBTIaB/HEEHMHMIN T X KaTani Tuuy

NitTepaTtypa

[l]] Oneipga W. O. : Hayka Ta74i HHoBauyii 2015, 11 (6), 6 8
[2] Ishii Y., Nakayama K., Takeno M., Sakaguchi S. et al.: J. Org. Chem., 1995, 60 (13), 3934-3935.
[3] Onevwpga n., FrpuHpga K., XaByHKoOo O. n pn@g2),467H3.cHMK JibB

[4] StewartJ.: J. Mol. Model., 2013, 19, 1-32.
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TRANSITION METALS OXIDES AND N-HYDROXYPHTHALIMIDE
IN THE CATALYSIS OF AEROBIC OXIDATION

OF BENZYLIC C-H BONDS

Roman Sheparovych®, Wolodymyr Suprun?, Anatoly Matvienko ®, losyp Opeida®
Department of Physical Chemistry of Fossil Fuels INPOCC, National Academy of Sciences of
Ukraine, 79060, Lviv, Ukraine, Naukova Str. 3a ,sheparomko@ukr.net
?Institute of Chemical Technology, Martin-Luther-Un i v e r s iWitténbergHa | | e
Germany, suprunkarpaty@gmx.de
InPOCC, National Academy of Sciences of Ukraine, 02155, Kyiv, Ukraine, Kharkiv highway 50,
matvienko.ag@gmail.com, opeida_i@yahoo.co.uk

The oxidation with molecular oxygen of organic substrates of petrochemical origin remain
in the center of attention because the products of such processes are widely used in industrial
chemistry in view of the fact that it is the first step towards the synthesis of a large variety of
advanced materials and fine chemicals. The use of molecular oxygen as terminal oxidants is
attractive from a green chemistry perspective, as it helps to find a way around the use of toxic
stoichiometric oxidants. Catalysts are needed to make such processes cost-effective. Transition
metal oxides (TMOs) are widely used as high temperatures catalysts. N-hydroxyphthalimide
(NHPI) of significantly enhances aerobic oxidation of C-H bonds at much lower temperatures. In
recent years, intensive research efforts have pursued the development of new effective catalytic
systems combining heterogeneous catalyst with organocatalyst NHPI.

This study aims at clarifying the role of redox properties of heterogeneous catalysts TMO
such as Mn and V oxides the most active catalyst in liquid phase oxidation reactions. Details of
experimental measurements of reaction kinetics and physicochemical surface properties of
heterogeneous catalysts are described in paper [1]. Temperature programmed reduction analysis
with hydrogen (H,-TPR) was performed on the automatic sample characterization analyzer (AMI-
100, Altamira instruments) equipped with a thermal conductivity detector.

Table 1. Composition, properties of heterogeneous catalyst based on TMO supported
on TiO,, TiO,-SiO, and oxidation rates (W) at [NHPI] = 0,02 M, TMO = 0,04 g ml™

Catalyst H,%"/ W-10°, TA, Ager PD,

composition umol g™ Ms*t mmol/g m?/g nm

1 MnO,/TiO,-SiO, 2178 18.6 5.6 141 10.5
2 V,05/TiO; 2180 8.1 4.45 92 9.3

cons

The total hydrogen consumption (H, ") was determined by a TPR experiment at the
temperature range between 10 ¢ almct reflécotbe total
number of redox centers, is not a sufficient characteristic to describe the catalytic activity of the
heterogeneous catalyst. The results of H,-TPR-profiles of catalysts are displayed in Figure 1.

These H,-TPR characteristic parameters were used for interpretation of the experimental
results obtained by liquid-phase catalytic oxidation of cumene in the presence of different TMO
contained catalyst and NHPI/AIBN [2]. The area and position of reduction peak, observed during
the H,-TPR experiment, correlates with the amount of redox species and corresponds to the
oxidation strength of the catalytic centers, respectively.
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Fig. 1. H,-TPR profiles of hydrogen Scheme 1. Model of the active centers of
consumption in reduction of the catalysts transition metal supported on the TiO,
VO/TiO,, MnOy/TiO,-SiO, surface

The choice of the model of the active catalytic center on the surface of the catalyst deposited
on the oxide is an important task in the theoretical analysis of the catalytic process at the
molecular level. When choosing the model we assumed that such a center is sM=0 or ;M—O-S
where S is support atom, sM is an metal atom in solid surface. sM through bridged atoms -O- is
associated with the substrate, which was simulated by a six-atom cycle (-SiH-O-); or (-TiH-
O-)3, -(-8iH-O-)303M=0. This model was also chosen so that the structure surrounding the
reaction center remained sufficiently rigid and little variable, i.e. little flexible in the changes that
occur when the reaction center is on the surface of a solid involved in a particular chemical
reaction. Using chosen model of the reaction center, the change in the standard enthalpy of
oxidation of hydrogen (H) due to the O atom, which is part of the oxides, was calculated. Here
we have two possibilities of the oxyl O-atom sM=0 with the formation of ;M(J or the bridge atom
M-O-Ti with the formation of the vacancy M-[I-Ti. In the case of the participation of an O-atom
from the bond M=0 we have the following results (Table 2).

Table 2. Enthalpies AH; kcal mole™of reactions of a hydrogen molecule with M=0 centers

C'(Ti303H3)(03)V=O + H2 = C'(TigOgHg) (03)V + HQO 693

C'(Ti303H3)(03)Mn=O + H, = C'(Ti303H3)(03)Mn + H,O 35.6

To compare the reactivity of oxyl and bridging O-atoms, the standard enthalpies of the
reaction products, species formed by the loss of the bridging oxygen atom, were also calculated
(Table 3). These values (kcal mole™) are denoted by AHs (vert). A comparison of the calculated
values shows greater activity of the bridge atom, which is consistent with the literature [2]. When
the bridge atom participates in the oxidation with the formation of a vacancy, which we denote by
(02').

Table 3. Enthalpies AH; (vert) kcal mole™of reactions of a H, molecule with bridged O-atom

C-(Ti303H;)(05)V=0 + Hy, = Cc-(Ti305H3)( Oz0)V=0 + H)0 64.6
C'(Ti303H3)(03)Mn=O + H, = C-(Ti303H3)(Oz°)Mn:O + H,O 30.1

In both types of reactions with the participation of the bridge O atom and with the
participation of the O atom in jM=0, the enthalpy of reaction for vanadium compound is
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significantly higher than for manganese compound, which corresponds to the maximum on the
H.-TPR curve towards higher temperatures. That is, the results of the calculations coincide with
the observed experimental facts. The results of quantum chemical calculations based on this
proposed model are in agreement with the experimental findings in this work and those of others
including: lower temperature of reduction with molecular hydrogen for Mn compared to V
centers; higher catalytic activity of Mn compared to V in the initiation stage; higher catalytic
activity of the bridge O-atom in the supported catalysts; the activity of the catalyst correlate on the
Sanders electronegativity of the support atom. The obtained experimental facts and the results of
theoretical calculations allow us to propose the following scheme of the radical chain reaction:

TMO + NHPI = PINO’ W, (1)
R+ 0, > ROO’ 2
ROO’+ NHPI — ROOH + PINO’ K¢ 3
ROO" + RH — ROOH + R’ ko (4)
PINO" + RH — R" + NHPI Koino (5)
2RO0" — non radical products ki (6)

In the initiation stage, by the reaction of TMO and NHPI, PINO’ radicals are formed. When
PINO’ radical participates in the catalytic cycle, it reacts with the C-H bond of substrate molecule
to abstract the H-atom and to form cumyl radicals R’ starting chain propagation reactions in liquid
phase (2-5).
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While hydrogen is indeed abundant as an element on Earth, it typically exists as part of
other compounds like water (H20) or methane (CH4), necessitating its separation into pure
hydrogen (H2) for utilization in fuel cell electric vehicles. Through a process of combining
hydrogen fuel with oxygen from the air in fuel cells, electricity is generated along with water,
marking a significant electrochemical transformation.

Hydrogen energy represents a transformative shift for both transportation and energy sectors,
offering a promising avenue for decarbonization by amalgamating them. Despite the current low
presence of renewable energy in transportation, especially in commercial vehicles, the emergence
of hydrogen-fueled vehicles signals pivotal changes. However, challenges persist, particularly in
the development and deployment of transportation, storage, and refueling infrastructure. The lack
of efficient methods for synthesizing and storing hydrogen limits its wider adoption as an
alternative energy source.

Hydrogen can be sourced from various domestic resources such as fossil fuels, biomass, or
electrolysis of water for electricity production, each method carrying its own environmental
implications and energy efficiency. Ongoing projects aim to mitigate costs associated with
hydrogen production, marking a significant stride towards its widespread adoption.

There exist multiple pathways for hydrogen production, each with its own distinct
characteristics and environmental implications:

e Natural gas reforming: This method involves reacting natural gas with high-temperature
steam to produce syngas, primarily composed of hydrogen, carbon monoxide, and a small
amount of carbon dioxide. It is the most economical and prevalent method, with most of the
hydrogen in the United States being produced this way. Integrating carbon capture and
storage can help reduce carbon dioxide emissions associated with this process.

¢ Coal or biomass gasification: Another approach involves reacting coal or biomass with steam
and oxygen to produce syngas through gasification. The resulting synthesis gas contains
hydrogen and carbon monoxide, which can be further processed to separate hydrogen.

e Electrolysis: This technique involves splitting water into hydrogen and oxygen using an
electric current. When powered by renewable sources like solar or wind energy, the
resulting hydrogen is considered renewable, offering significant emissions benefits.
Projects leveraging excess renewable electricity for electrolysis are gaining traction.

e Biomass-derived liquid reforming: Renewable liquid fuels such as ethanol can be reacted
with steam to produce hydrogen, typically close to the end-use location.

e Microbial biomass conversion: Biomass can be converted into a sugar-rich feedstock that
undergoes fermentation to produce hydrogen.

Additionally, ongoing research is exploring innovative methods of hydrogen production:

e Thermochemical water splitting: Utilizing high temperatures generated by solar
concentrators or nuclear reactors, chemical reactions can split water molecules to yield
hydrogen.

APGIP-12 Ukraine, Lviv, May 20-24, 2024
45

“1 gc

“1 gc


mailto:veytsman58@gmail.com
mailto:chemmotology@ukr.net

e Photobiological water splitting: Microbes like green algae can consume water in the
presence of sunlight, generating hydrogen as a byproduct.
¢ Photoelectrochemical water separation: Special semiconductors and solar energy can be
harnessed in photoelectrochemical systems to produce hydrogen from water.
Having considered the above methods of hydrogen production, we can obtain a system
of classification of hydrogen by color according to the method of its production.

Table 1. Color classification of hydrogen by the method of its production

Hydrogen color Production method
White Natural hydrogen
Black Use of hard coal
Gray Use of natural gas without CO2 capture

Indicates hydrogen produced by electrolysis using electricity, which comes

Yellow . . A
from mixed sources depending on availability.
Red Prqduced by high-temperature catalytic splitting of water
using nuclear power as an energy source.
Pink Produced using nuclear energy and heat

by combined chemical thermal electrolysis of water splitting

Green Produced by electrolysis, using renewable electricity
Produced using nuclear energy and heat

Purple by combined chemical thermal electrolysis of water splitting
Emissions generated in the steam reforming process, are captured and
Blue stored underground by means of industrial carbon capture and storage (CSS), so
that it does not disperse into the atmosphere.
Turquoise Thermal breakdown of methane through methane pyrolysis.
Brown Use of lignite

Storage and distribution of hydrogen.

After hydrogen is generated and refined, it necessitates safe distribution and storage
methods. Hydrogen can be stored either in gaseous or liquid state, contingent upon its application.
Liquid hydrogen, with a chilling boiling point of -252 . 9 ° C, Riawvntenpetateres u | t
conditions for safe preservation or necessitates organic bonding. Conversely, storing gaseous
hydrogen at ambient temperatures demands high-pressure systems for achieving comparable
energy density to cryogenic storage. Notably, gaseous hydrogen can be stored for extended
periods without deterioration, and existing natural gas infrastructure can be repurposed. However,
its volumetric energy density at atmospheric pressure remains relatively low compared to
conventional energy sources like natural gas or oil. High-pressure tanks or pipelines facilitate
gaseous hydrogen distribution to end-users, offering flexibility in transportation via road, rail, or
sea routes without necessitating new infrastructure. Alternatively, blending hydrogen with natural
gas enables its transportation through existing pipelines with minimal modifications, though
exceeding a 40% hydrogen fraction may necessitate component replacements. Implementing on-
site hydrogen storage and distribution entails rigorous safety protocols and testing, particularly
concerning high-pressure tanks and filling station systems. Ensuring component integrity and
employee training in hydrogen handling further enhance safety measures.

Conclusion: In this article, we have reviewed the paradigms of hydrogen energy, several
methods of hydrogen synthesis, and storage issues.

The use of hydrogen energy represents a transition to a new paradigm for the transport and
energy sectors with the potential for decarbonization. The process of using hydrogen in fuel-cell
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electric vehicles involves its separation from other compounds and reaction with oxygen to create
electricity and water. Although hydrogen energy technology has great potential, its implementation
faces several challenges, such as developing infrastructure for transporting, storing and refueling
hydrogen, as well as improving production efficiency. However, there are various methods of
hydrogen production, including natural gas reforming, water electrolysis, and biomass gasification. To
realize the full potential of hydrogen energy, technical and infrastructural obstacles need to be
overcome, as well as efficient production and distribution.
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Onwneag NMac ewcCIBwvapyaupixé 3 a nNi ABUWEHUX TemMmn
3 KMWUCHEeM nNOBIMPGY@KYMCHHECTHD A A € 0O /1i MEP U3 Y EO KM/ e K
HEHHS B ONUBI YTBOPHWIWTbLCA OpRXPOAMbBCRANENTPDIB
CTaAaHOMY NPUYMHOKW 30601 NblWeHHAA 3KKMOCC/TO T. H OA CO(h a4 mbCT eaH
wo yTBOpPHWWTbLCHA B ONUBI , € NPUUYMHOW A[ANna -pop M)
HAX pfeTaneinn Ta NepewkogxXawTb Bi 4BOAY BME HM:
puMsasakii , HakonuyyrwTbCAa Yy 30Hax nNi agsuvnwenelp, Te
NOpPYywWywWTb HOPMATMUBHI NMoKas3HUKU AKOMEJri onwuswu

HavicydyacHi wi onnewn MalT b 3abe3neyyBaTtmn n
A1 BOa i TemMmn e&p-arrOy pg of #H) a3 0DH a Y He 'sBHK 01 TLE HIH AU aBU
OXO0O/ToAXEeHHSA iniigl 4y3ame HBUMECHOHKSM X T eMnepaTyp,- MO X:
Ui OHYBAaHHSA MaWUH I MeXxaHi 3Mi B.

OAHUM 1 3 BaXNUWBWUX HaNpPHAMKIOB N3 & @SDME/POBH HH Ut
(F'TA) € KOoOHTpONb nNpauyuesgaTtTHOCTI 3MalWwyBanbHMKX

npoueci ekcnnyaTtaui i, WwWo BNNMBae Ha nepiop

CyuyacHi FrTAO xXapakTepusywTbCHa BeNURYIM@GI HWB,V
BMUCOKMUMU TemMnepaTtypamum r1rasi B, baratTocpRryeHesB
pu B KoMnpecopi . PesynbTaToM LbOIo € 3HAaUYHI
K I BUKOHYIWOTb QYHKLUI T He nNnunuwe 3 MamyBa/THH UIXH C
eTanein, a W OXO0NO[LXeHHS By3na TeprTasa.

Mi g 4yac excnnyarTtauyi.l 3MawyBarsnabHI MaTepian
aBiaui "HoOT TexHIi Kun i, ASK Hacni OK TakKoi- B3asct
MaRABI ymn aHOManNnb HOHH A p 0 Gaonr puca MogbenpanicHiaM H a Mi Y H i
bpurKUi WHI npouyuecun, WO NPOTIi KawTb Yy BYy3nax i

Y npouyeci po6OTM B Ni AWMNHUMKAX -piomiowmAdi om
Ka3HUWKW nNi g BNMWUBO-MT eSNOMBEHD allHYi pX1 , (NagKBmICOKPRi 1B, K & € A K0
MeTani B. Lle KoMnnekKcHMUN CcKNnagHUMN npouyec, Lo
napameTpi B OAMBM Ni g Yvac ekKkcnnanyatTtauyiT 1. Tomy
i 3AKMI YHMX MNOKAaA3HUKI B HAKOCTIyaaaws Ty aBul maimiil
JoTpumMaHHS4 ui e HOpPMMWM cnpumatTume Ni 4 BWUWEHHI
SHMUXEeHHIW BuUuTpaT, WO nNi ATBepPAXYE €eKOoNnorivyHy T
LbOMY HanNnpsaMKYy.

3aBaodKNW nNepi OAUYHOMY K OKH TBPp OF1K00 COTV H aawi WKKBAN  TTHD
CTATUCTUYHI OaHi wopo pecypcecy 11 po6oTu Ta
nNi AWMNHWKI B poTopa Ta peagykKkrtTopa renikonTtepi B

MoTpi 6GHMIA piBeHb exKxcnnaoyaTaui "HUX BNAac-TUBO:/

cAd 3aBDpwmKK TBMEIO ana T X BUT OTOBJIeHHHA BMUCOKOH4

PYHKULI oOHanbHOT A1 1. Ha PpUWHOK HaWua-e€ma KUeeT VB.N cLj

cknapjpgy UuUbOro nakeTy npucapok BXOAATb CNONYKMU

nepesBagfaaesr b cCA O @HOA/HWHB M, 0 BTMOHOHTO 6y TwmMm 7, abo He
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HenoBHa HeWnTpani 3aui 9 KMCAOT MNPU3IBOAWUTBL A0
ABUT YHI . Y TakoMy cepepjoBMULWi MOXYTb poO3BuUBAaATMH
BalwTb Ha WMWoOro pgetTani

AHTNOKNCHaA-KAWBIEXKTWTIBI Wa pobBOYa XxapakKkTepucrTHmu
BM3HavYyae TpuBanictb 11T ekcnnanyaTtauii. Mra Ai €t
Xemrda Ta mMeTanesoro Katani 3y BYrnesBoOAHIHYHadTORN
BaHHO, noni Mmepusauyii Ta 6aratTboOM | HWMM Xi Mi YHUM

Mi g, Y4yac OKWCHEHHHA ONWB KUCHEM NOBIi TpA YTBOPp
cMonun, AKI BNAMBaAaWTb Ha 3aranbHe JNYyXHe 4YuUucno.
ONunBI Ta CnpwuAailgwkN ayeBHEy aipy i B N K JTNOKCAUOMINIO YKA0 P30H30
pneTtanemn.

AHTMWOKMWUCHI npmcagkum 3axunmuwarwTb BYTnNeBOAHI Bi ,
Bi nbHuMNn p@RnkaB®@n)nepeBogaunm (ROOHYApo Ta@®K O1bHM |
CcTaH, nepepuBAWYHPOBBRARYPONABKWIIr OBUX peackxkuyi .

34aTHI CTFHUCMIEIPHO OY U X , AHTMWOKMUCHMUX, asyunkKkopo.
BaTW KMWCNOTKWU 3anexmTtTb Bi A T X KIinbKOCTI Ta Ccun
NyXHoHamb6i NbWwW NOWUWPEHUM MeTonOoOM oui HKMN 3 garTH
KMcnoTtTwm y npouyeci ekcnnyaTtauii ONAUWBWU € BUMI pPIOE

OCHOBHUMUMWU KpuTepdwmmun ac/awB MM OK@LBM cnpauytlsBaHH
€ YTBOPEHHSA MNpPpold§ KBP iOBN NOBK, N CHHAaEBHIHTAb. O 1T X €eKCNANny:
3@afABHOCTI KWCHI 3MeEeHWY€E TEepMOOKWUCHIWBANIbHY C°
4 o BUHMUKHEHHSH TBEepagorl dhas3mn y BUT nagi ocapgy
M a CH/oAT cmcrtemun, 3IMI HRRPE KITE PR ®Ma U Y B322aN0bPHYIM K B H K &
i nbTpi B, 3HUXYWTb edekTwunuB[flocTi Tennooob6GMi HHMNX

Y HaykKoBiIi W niTtTepatTypi B OCHOBHOMY npuBoOoAagAaT.I
i 3&kH Mi YHNX BNacTMWBOCTEW aBTOMOOI NbX{ UXIWHE,NBI, 3
3a cneumnddi KM T X BUKOPUCTAHHSA, NpPaKTUYHO BIi ACYT

MepepgpyacHa 3aMi Ha O/IWMWBMWMW HeBUTIi AHaAa HAK -3 eKOH
nemMmum nopganbuworo T BUKOPUCTAaHHSA Ta EeKOAOT I YHC
B U LWeE .

OpoHuM 1 3 HanpAwmMKiuBeBUpp@W&nemMn € 3061 NbWEHHSH
Towmy MeToOlw Ui €Tl po6O0TMN € O 6C' /PWIBHITAYK B @MH H3A/[ | e ¢ e[
KOHTpONtw 3a I X CcTaHOM B npoueci ekcnnyataui i [

LJocni axXeHHWO Cmi T a rontavbdaabil Jet Oil 254 o nAa a3 0Typo6i HHM
ABUTyanBKO2.Tepi B

Ki HeMaT#a3KWiaCaBbHOBHAaA-Me)x amiKkKwWHaA XxXxapakTepucrTuka
onNmMmwHaB xapakTepunayé rggoBaATAaTE i GRPOAMHAMI YHUK Pp
pbvoi TemMnepaTypwu, ToObmo3zamiamyi cykos@abeepesayp
3anob6irTnm WBMAKOMY 3HOWYBAHHI MarT BA@Bikd JLYyr-b Te0 MHyO
MBaHWUM MNOKa3HWKORM.3KHOPMY €eor/bucea 3Ba pi 3HMWUX TewMmn
TEXHI YHMX YMOB 1T X BUIOTOMBXIEHWMHHT € TAMHAH LY YATTHB X4 1
cynewH, H ZetOg 254 kniaHie M a TABKH3aGASTEM D445HOopMy eTbCcsda 3a 0k
TeMnepaneg pb6idflb wer & 6CEOec Mme)H We TE. Mi e €T pBOT Tewmn
40CHe O6ilIBOWET )

OaoHIi €0 XABVBIAWMBY@A QGYHKULI W onuMBMU Yy ABUT YHI , 0 K
Bi AKnajgeHb Ha peTtTandax ABUTYyHa i nNi oWNNHKWKaA AKX,
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ymcTtTorTi , a TaKOX 3paaTHiIiCcTb A0 HeuwTpani s-ayi i

nMTNMW [JO0O enasmusalcrTi ONMBMU 3abe3nedyyrwTbCcA MMUI
KaMn. Mipow MUUHUX I HOWXAepPpEHYOWMIOX HR P TBNayro 8 a €
KOH/ r) .

KncnortTHe 3abpyagHeHHA MoXe Bi gbyBaTtTwuca 3 pi
i TepMi yeHcwi. nlpeoymo Xe nNPU3IBECTUM A0 HAKOMN-MYEH.I
Wy wTb 3HOC pgeTanem Ta 3HUXYWTb T X Tpubonori vy

3aranbHe nNyXxXHe ymcno BM3IHAYaeETbCA MeTOopgoO
Haui OHanbHUM cTaHgapToOoM ayxopgH Hwin [OcCAIVM fR2E8e0T14a Mva
IASTMD4 739 T1a Mobihlet@in2v5edn ctTaHOBUTbL He MeHwe 0.0

HalinownmpeHi WMmMm MeTOAOM OULI HKMW 3gaTHOCTI M C
BMUMI plOBaHHSA 3aranbHOrNo NYXHOrTro Aunenai pBBEMNH:
3ewpdT NyXHOCTIiASEM DPB3O AMWMIDLH/ZON :

CTt aH pASpPM D2 8 9 6 NPpMU3IHaAaUYeHUMR anA MOHI TOPWUHT Y

ASTM D4 7 3 9 HaBnakhmu, KOPpUCTYKTbCHA hns aocni ax
eKcCnNy@aoc@uk 6 H T pBOAUTKPBAATTYM MakKeTy nNpucagok 3 4Yyaco
3Mi H®E3 KBO C T i oONnus BM3IHaAYaeTbCA yMOBaMM np
npouyeci B: HaKoOnNMWUyeHHA NPOAYKTI B OIK3VKOCOHCETH H 50,/1 UL
AecTpyKUi et ('PBRHYBMKHIIM)ACE 40KQ 3AUHDUN HCEPHKHEAB ORI 1
3asBunmyanm ni g 4Yac ekcnnanyaTtaui.li 3MauwyBanbHMUNX
BUPIi WanbHyY ponb Bi AgirpakwTb OKWCHI npouecwu.

LJocni axeHHW0O 0 MaghhlatOib26das @A BBHaM M HanpawuwBaHHSAN
200, 250ra30PoBeoagmBCcAa aHani 3 Bi i 6paHunx npoc
AKOCTI . PesaynbTaTun BA R K atnikBobil dei Gile2dMa3Tan yTHeONIin e p a -
6NN3IbKNUX A0 pPo60YNX) y3 aByesmiHaox Briemp THAa n(pladuwpoB a H H 9
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AK nokasanum pe3ynbTaTtTu BUNpesdyYeBawHb, cEAMT @

MOTOPpPHOJetOd2b43Bam 300 ropng ekcnnanyataui i B ABWUT YHI

OcHOBHaAa nNpmnaMHA B pBOEAMAKMUEHTHION Ha HRBIWYHaZyMm
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HBMUX CcnNONykK B npouyeci 1T X nonimMepwusaui i Ta KO
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AK 3a TedOn@pamyp ni s34 0CemIcp@ampmnb wumnnacsa,
pe3ynbTaTnompvoepemcya i anmeya TREATMOMmWWEPaAaTYpP Yy nNpuc

KMWCHIWO Ta 1T X KoHpAgeHcauii (pwuc. 2, 3) .
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Ak Bi ogMiYyanocb, JNyXHe 4YuMcCcnNno nNokKkas3ye 3ar aj

BHOCUTbLCHA MUKOYMMMU | AUCHEepPrymwdymMmMuMm npucapgkamwu
Mi g4 4v4yac pob6GBOTWMW ONUBU B ABUBHHIKXYBYXKEE&, YHE
npmcagkum cnpauboBYywWTbCcA. Take 3HUXEeHHHA Mae [
onmMBa BBaXaeTbcCcsd Takolo, wo BTpaTuna npauespg
npm 3MeHWeHI 17T nNnyxXHocTtTi meumwapg 50 % Bi g4 noya
Y CUHTEeTUu4YHOoI ONMNBUN HAa MOMEHT 3akKi HYeHHSA

NYyXHOT O 4Yyucna.
BucHoBlpwaHani 3soBaHo yYyMOBWMU po6GOTW ONMB Yy

T
Tepi B. BcTaHOBMe Hd03,K i ugor BMoboHistMERBRTS MY H1d B 4 acC Hanf
3a TemMnepCaTsyppouc T4a0e 3 a paxyHOK noni mepusauyi il 3
KuMcHtiw 3 26.4 c¢cCt pgpo 33.2 <cCrT, ToOo6TO Ha -26 %
atTypgnpC °3 11500 <cCrT. 0001380 @& c@T.T,€MWze @Iy paC
no 6,64 cCrT1, o 3cpToacHTOodBHIBHKA® CBR 5 , 2 a @B i L YUY € Y TB
peyoBUH (NPOLYKTI B OKWCHEHHS )
MokasaHO, Wwo 3aranbHe nNyxHe 4yumcno (314)

HanboTy Bemxyemrbrema 3 0,08 wmr KOH/r pgo 0, 07

Wo XapakKTepu3ye chnpauwBaHHS nNpucapgocxk.

Ni TepaTtypa
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BMNMAMB TEXHI YHOIO NI THI HY
HAXAPAKTEPUWCTOWRWDXHBOI O BI TY MY

Tapac Mihpeonasa ,[adl®pyeaid kg, cRiokwHanHi MH n X
Hayui oHanbHUWW YyHIi BepcutTeT «J/lbBi BCbKa noni Te
myroslava.i.donchenko@Ipnu.ua

AK BimpiomM#®L,ed CKNnagHWW apoMaTMUUMHWK noni-mep, L
MX POCNWUH. BiH 3a6e3neyye MiUHI CTbL Ta T BepAai
MX KOMMNOHEHTI B T X KNi TUHHWX CTi HOK.

3anexHo BiIi A TUWUNY POCNUHHOT O AMTTAIIHB/OY-,C UBINBIHA
i 3HAeTYWCK TpPpVaAaRYyDpI NNcTAaAHUX p[epes, T X onanomy
TaHOB-2®b%2Mac. Y conowmi, Ci HI Ta I Hwmx 6Garart
i THIi HY -264 1% em alch JepeBUMHaAaeB M@ HMIXC MWIPU 440 Q@ e
I T HI HY. ToYyHI AaHIi MOXYTb Bi gpi3HaTNCAa B 3a
aTepiany Ta yYyMOB #MWOro NOXOAQXEHHS .

B npomumcnoBoOCTI NiTHIi H OoOAepXYyWThb, nepesBaxXH:C
HM¥ MKW peareHTEMHatpymwpParTpuyaHOW KMUCNOTOKW Ta i
emMneparTtyp. OAHMM 3 nNPOAYKTIi B TaKoOro «pyMWHYBE
HN BIiI H BUKOPUCTOBYETbLCA Yy PpPIi3HUX T anys3ax npo.l
i onmnanuneBa, XTiiMBi,4Y HAMKX cpvepaorBeMHH a A N9 O AepXaH-HA T pa
i nnsa, nopucToOIl uer nwu, nob6pwus, outToBOIT Ta wal
i MPBHWUN nNiTrHIH MOXe BUKOpPpUCTOBYBAaATMUCH B AOp
chanbT06€eTOHALA/BA TEAN CAUNPHOMBIMTHEAA Ni T HIi HOBUX B’ AXYyu

3 ornAapy Ha BUWeBKasaHe, 6yno 3anponoHOBaAaAH
Kpal HCbKOIo MnNOXOLXEHHS Ha BNnacTWBOCT.I Ha T o
MKOPUCTAHHA Yy [OJOPOXHbOMY OyAaAi BHUUTBI

3pa3o0okKk yiNobpHIBHYIi GpaHoOo Yy Micuyi Mmoro ckKknapgysa
MoxoAaXeHHAN enqpeMHd Hkya POC/IMHHOINO MaTepiany Ha cn

LJocni gagXyBaHMWUW NiTHIi H 6yno BUpPIi WeHO KnacwuagiKy
3HAUYHY KinNbKi MeKapi SHOX O 4@NKIiqWO K , nepwoyepr oso,
Horo w~MaTepiany (Puc.1A). 3 ornapy Ha uye, nepuwn
po6boyy npoby ouyunmwanm BiIi A4 MeXaHIPpMMCANH @@ MC WD K [ :
oTpumaHy Gpadymmmw HEpocywyBFRBrgocmasyTpBHPe3YyNb
MaHa aHani TM4Ha npob6a NirHiHyyeBRuEa OBBEYYyMFKUM

AK B’ AXYyuyunmihh wmMaTepian BUKOpMcTOBYBanNnu O6i TyM
(M. KpemMeHUYYyK).

3Mi wy gaioEes g HaHHA) O6i TymMy 3 /i THi HOM 3T@yi WCcHIWOB
pun 180 °C 3i WBMAOAKI CTHK nepemMi wyBaHHA 800 06/ XE
3ri gHo cTaHpgapTMW3oBaHMUX MeTOoOaAWNK. PesynbTtaTtmnu
NMOoOpi BHAHWHTSATE EB3,y/B Tabrn. 1 TakoX HaBefJgeHO Xapack
WM Ooro 3a uUMX Xe ymMoB 6e3 nirHiHY.

3 oTpuMuMaHuUX pe3ynbTaTtTiB BUAHO, wo B MnNpouyec
CTPi MKO BTpavyae CBOI eKchnnAayarTaHid IACHN O cXTaeppaikrTaeTpm C
XeHHAM nNoKa3HMUKa nNneHeTpauyir’l Bi g 78 po 28 0,1
Ha 15,6 °C i SMEHWEHHAM AYKTWUNbHOCTI 3 58 pgo

I T

®» 7 T oo 40O £ 03 00T
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i MOBI pHO, noB’ a3aHO 3Ii Ni ABWOWME HHSDNMKHIBO ICa BER'p A3
BUKOPUCIT OBEYKXMT UHMUNIA Ni MAKI HMO Awmapn xlakogpa, 3 MeTQO
BnactTumBocTelWw [JOPOXHbBOrNro 6i TymMy Hepoui N1bHO.

PncyHok 1. T:eXHiYHUWA nNiTHIH
A-Bi gi 6paHMi 3 MIi-qU s NGIK JOa AMEEXadHHH S4;B1 INEX
AOMI WOK i npocyuwyBaHHSA

Tabnunuya TuvmexPd BiMKHWI XapaKTepucTukum B’ A

BHAO 70/1( BHAO 70/ 100 + TexHIi
3pasock Bmxig':n'i ‘iu’;’; 10% | 30% 5,0 % 7,0%
(3pas (3pa3(3paz(3pa3(3pa3(3pa3
Mokas3HMU
MeHeTpauyi
npu 25 °C 78 41 42 35 33 28
Temneparty g 60,6 61,1 65,6 66,4 67,4
pPpoO3 M’ K LwWwe
Apresia [ 40 4,0 4,0 4,0 4,0 4,0
we b6eHw, 0
Oy KTunnbHI 58 25,5 24,0 17,5 15,5 12,0
3 i HwWoro 6GOKY BUAHO, wo 6i TYM, AKWUNK MIi CTWH
3a XapakTepumcTumkKkamMm nNpakKkTMUMUYHO O[JHAKOBUK 3i
nepemmMi waHuMn, B TUX Xe ymMoBax, WO W 3pa3ok 3)
Kib/K OCTI (B paHomy Bunaagky 1,0 % wmac) nirHi
3aMi HHMK 3 HAa4YHO J[JOPOXYOro [JOPOXHBOINOo HadPTOBO
MpoaHani s3yeBaBwWwWM OTpPUMAHI pesynbTaTtTn Takox

po6OTWN:
—3060i NbWMTWU BMIi CT6 eI rMHA T rHiyp UBe HEGHIAT yWMOiT 0 X ap aKk -
MOXNTMNWBO [JOCATHYTMW Ni ABUWEHHAM CTyneHS O04YMUCTEK
-ni agi 6patunm Tacki YMOBW NOe€efHAaHHA nNiTHIi-HY 3
TWHBAW BNAUB Npouecy 3 Mi WyBaHMH.A Ha XapakKTepwuc:H

NitTepatypa:

[1] Chauhan, K., Kumar, A., Goswami, K., Negi, L., Chauhan, A., Madan, K., & Jain, S. (2023). Lignin
extraction from lignocellulosic biomass (sugarcane bagasse) and its potential application as a feedstock
for fuel production. Materials Today: Proceedings, 78, 688-694.
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HOB I METOAW PETEHEPALI I
Bl AMPAUBOBAHWUX MOTOPHWUX ONNB

Tapac YepBiOHIEGHK IPMUHUWNH
Hauyui oHanbHWI yHiBepcutTeT «JIlbBi BCbKa Noni TeXHI k
HatptTmnm Ta rasy, 79013, M. JlbBi B, BYIN.
chervinskijt@gmail.com

AK Bi [oomMO, Hawa pAgepXaBa BKpan r~MmacCTTpuos b3Hawixe
MaTepiani B. MoTpebun y 1T X DKMMOIPp POKOMG TIi AWOQ 3/p |
ry, nopoagXye npob6bnemMy wWoAO HaKONMWYeHHS-BI gnp.
T OHpU X , i HOyCTpi anbHWUX, €eHepreTuMYHUX ONUB TOLUWO

BukopucrtaHi Ha T OB I onneun ( BHO) MalTb TOK

I KIibC T b K a H LCenpoo/TyekH,H NIXO T a H o po3skKnapgawTbesd B n

BatTmca y cepepoBu i Ta B NeBHWUX BUNa-fKax C

arvMm. sBpaponopago piweHb CBIi TOBWUX €KOMNOT I -FYHNUX
OAYKTMN BBaxXatwTbC$s 0/MHaewe 3meydHmave' ABIK OB 0 ni g.
mnis3ayii Ta, B OKpeMUX BuUuNagkKax, 3HULWLEHHI.
HewopgaBsHo BHO HaWuyuacTi we BUKOpPUCTOBYBasnuUCchb

< O T £ =X
- T o<

Take BuUkopmctaHHa BHO € wo HaWwmMeHwWe HeedeKkTMH
TOOK 30pyi.Mm OcacatHM cnocTepiraertTbcsa NO3UTUBHA
BTOPMUHHOI CUPOBUHMWU, Lo CNOHYKae O PO3BUTKY |
Bi AN @BaAWHMX MacTUAbHWUX MaTepiani B Ta 1T X BUKOpPpMW
rocnopgpapcTBanTEAi BOBHARPAMOK pereHepauirld BHO
ekcnnyaTtauyui AMHUX BRnacTumBoOCTeW Ta MNOBTOPHOT O E
woago T X yTwunanis3auyiil. 3anponoHoBaHWW ni agxi g p[o
Ha 3aKyniBAKW HOBMWUX BHIKX KM&ATKE TIHM/XI BMalC TBIMP i WN T |
T X yTtuni 3auyi i

Ona pereHepauyi i BignpayuboOBaHWMUX MOTOPHWUX 0N
T € XJIHOOr i Y H i MeToAawu, 3acHOBAaAHI HXai M IYHWMIWH UMXP, O LXeit
®i 3HIMM 1 MeToAamMu (Bi yeRMHEBEHaHHBEAK YPIMMHERT poUCTUAN
BMUANYyYawWThb MeXaHi YHi OOMI WK U, KOHAEeHCOBAaAHYy B
H € NMHOOBM Y 3T OpPAHHI y ABWUT Y HI BHYTPIi WHbLOT O 3ro
ABUT YHa. -XidMi3uHkmoMmn wMeTopgamm ( Koar yanbaoy i MQ B Hai ACCTOK
BMNYyYawTb KW C ACIMDWIC Td C QRETBL AT BON H U NPUCYTHI y E
Xi Mi UHMX MeToOoAiI B ramwmwyeH Haso oB M@ X(HeyYy 1y o03 B O N A€ N
pereHepyBaTmn BiagnpauyuboBadHiI Ha T OB I onunBwuM i Y
MOKHBAERHB T XHboOT AKOCTI . OHmHXxa K Me BUXKIiOBpPMpEBABHBpP.
nNPM3IBOAUTHLb A 0 YTBOPEHHSA 3HaAaJYHOT Ki NbKOCTI K
npob6bnemy wopgo T X yTwunis3auyi.li
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Y pob6oTi 3anponoHOBAaHO 3 A4i ncHwWBATWN -perT e
HOBamMemMO/gOM, AKMWMW CcKNapgaeTbCcsa 3 OKpeMUuXx Op
pPpo3A4Ai NeHHSH Ta J[AOoOOYMWEeHHHA Kap6ami gowm. Ona
npouyuecy O6yno BUBYEHO BNMUB TEXHONOTNIi YHMUX YV
BXOALATbHL [AO BEBaABYr xomMAna TepMOOKUCHOTNO nNpo

BMN/AKUB TeMnepaTypwu, TUCKY Ta TpusBanocrtTiI Ha
BMO. Ana pooyYyMweHHA Kapbami gomM 6yno BWBUYEH
patTypwun % TpuBanocTI nNp®aes §y el X3 HIRHKE&HHH U KB
B/IeHMNX onTuMManbHNX y MO B 341 NCHEHHSA KOMOI H
Ha T OB I ONNBMU pi 3 HMUX ranyseivn BUKOPWMEBWaHBHS .
TexHakkon nyataui "HU MM BNnacTMWBPBICASHM KK CGIMKO KXW €@ H T
6as3oBWUX OnNunB, abo X Aa«kK 3MaWwWyBambWHUNUX ePR@IQ
pi 3HUX Tanys3enm NPOMUCTOBOCT.I Hawoi pepxaBwu.
APGIP-12 Ukraine, Lviv, May 20-24, 2024

56



WNnAXMN BUKOPUCTBHRAOMTO 3 AN UNWKKAH®IEP B
MPOLUECI M PONPAMBBBAHMNX ABIBOMODEI| WNH

BorpaH ,Reprauw Nunuw eB, Oner Kyxap
Haui oHanbHMW YHiBepcutetT "JlbBi BCbKa noni
Byn. C. kadaka3@ gmail.can ,

3Baxawuyunm Ha pgediymt cBIi TOBUX 3anaci B HadpTu,
eHeprii cTae BCe O6i bW akKTyanbHUM. Hadtonepep
LO BUKOpUCTaAaHHSA O6i nbw pAgeweBOi Ta «BaXKol » cCcWuj
nerkKkorf HaMPTnm 3HUXYKWTbCSA. Lle cTuMyniwe nepexi g
cCunpe a, TakKuWXx HAK MNPOMUCAOBI Bi Axoamn Ta ©6iomac
BUKOPUCTAaHHA nNpPpoOMMCNOBUX Bi gAxop[pi B, TakKnWx HAK B
44 BUPOOHMLUTBaA eHepropecypci B LO3BO/MAE 3 MeH
Bi anpayubaBaeamMob6i NbHI wnHm (BALW) € HalnnowmpeHi l
wo yTBOpPHKTbLCSA B pes3ynbrvarti eBlcnnyaTtayi i TpaHC
Bnmsbko 1,5 Minpbapaga BALW BukuMmpgawTbCcCsd WOPOKY
Ki TbKMW AaHe Y uiacon 03 pMoaceT aTHeHHsA, € HoUYi ikK Y € T b C §, wo K
BUTWNW 6GNM3bKO 5 MinbappgiB pgo 2030 pokKy- Hanp
aeTbc A 210 MIi NbWOHI B TOHH WwuH, [ T X neTnni 3
0 . Y €Bponeicmbkonmtyl 8C oBosll yntpu ni 3 yeTeBYERHOOA B
BTOpHO, 38% nepepobnaetbcsa, a 40%[4BunkopucTtTOE
3axopoHeHHA BALWl nepeBaxXHO Bi agbyBaeTbCcsa CKIANa
cue npouyuecunu T X cnanwBaHHA abo yTwuni s3auyirl, L,
3abpygHeHHA T pPYyHTY Ta noBiTp4a, a TaKoX BM
MBya X 1TMBO CTBOPUTWNU €KONOTFTi YHO YUCTI cnocobwu vy
po3knapgawTbca B npupogpalElomy cepepgoBuuwi pgo 1C
OCHOBHMMWU KOMNOHEHTaAaMW WUWH € TymMma, HanoBHIB
XHONOT I YHI O N1 BWJ KTaaH | mpanid K o p WBTanunii 3ea i 9 BALW 1
HOBI nonii3onpeHy € CKnapgpHow npob6nemmotw. N
BKNwyae 1T X 3060ip, TpaHCNOPTYBAHHA, NepepobdKY Taeé

OCHOBHI MeTOoOAMW Yy TWAic3TalHinix/ nuevpHe pBOKOJK K1Y aBHMTKBO pana
noniroHax, NOBTOPHE BUKOPUCTaAHHS, cnanwBaHHSH
i poni 3y, BuUpobGHMUTBO caxi Ta gM6.opmcrtaHHAa Yy L

acTuMHaAa BXMBAHWUX WWUH BUKOPUCTOBHIEX bEIAT yIMIiAB B|
8] . BoagHouyac, BUCOKAaAa eHeproemHi cTb BAW cnoHy
pi 3HOMAHI THUX Tanys3dax nNpPpoOMMUCTIOBOCTI . Fasundoi K a
BAW pgawTb 3MOry MakKcWUMi 3yBaTW 3acToeyBaHlHAT pPRE
Ui NHMWX BUMUAI B BUKONHOINO nNanuwsea.

MeToaun yTwunanis3ayirl Bi gnpayuboBaHMX WKUH Ta 1TX
puc. 1.

Mpouec niponis3y (BigbyBaeTbCHa 3a BUCOKWNUX TE
Mi Hi ManbHOK Ki NbKIi CT®HI @1 X0 AMe MO MBI BH anienpoedpnopb K u
XaHHA nNnanuBa Ta XIiI MIi YHOT CWUPOBUHMN. Mmi M9%41 ac uyb
Macu TBepaoro (Kapb6boHi &Boawmarcym) p3 axwmKK Y pOTBI)K,T

o= X I O
O O OO
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rasmu. T3 akKTMUYHO € nomipeamimMmsyipBANMKTA® NEPDGQ
caxa-90%p Ta HeopraH20%) , pgrxmioBBARXALAAONPUCYTHI
Wwo BUKOPUCTOBYHWTbLCH]Y BUPOOBHMLUTEBI WwnH
BXKHBAHI ABTOMOBLTBHI IITHHH
Benuxozo Manozo
pozmipy po3mipy
y i
Bionoeaeni wunu ‘ I'ymosa xpuxma I'vmosuii nopowox Cnamnosanus ‘ Hiponis
W aaxu edpexmugnozo
laz
BUKOPUCAHHA

VYmunizayis

T unu

Femoun, nanosnenuii
2YMOBUMU UWIUHAMU

mennogoi enepzii

Achanom, J
2yMO8U.

I'ymosi Oaxinu

moduivosanuii _

Pioxi npoodyxmu

ITanuso , ,
niponizy

MU WHHAMU

Cromu

Hanosniogay das
WMYYHUX NOKPUMMN I8
aanowagmuomy ouzaini

l

Kap6onizosanuii

Iymosuti waane

JAAUWOK

|

Tnuie
Gukopucm AHHA

Axmuesosane
gyeinis

Texuiunuii
syaieyb

Puée¢.. Metopagwm

yT
OT Xxe, npunoénusH
MOXHa HanpaBuUTM
BaHOro By rinnasa
Cknapgp T1TBEpAOTO
acTmHa oOpraHi YH
lETbCA Ha 3anunuw
OBepXxXHI
Ha nepuwun
MuyTBI rymu.

L

= e}

H OaH
H
BAWl Bumar ae
BM3HAaA4YawWTb
yacTUHU €
BMuganeH.i 3a
PUMNCTOBYITDH
He 3 Baxatwuwmu
OBYETbCA AK ena

BCA anA I HwWunx

Bi AnN
Mi L HIi

T
€

APGIP-12

TBEPAOT O
nornaan

eopraHi YHWUY .4 OTMIKWDOKK BMPOOBHMLTBO

HalWBaxXnnaei
gonomMoapios[ddipiouBecsy TMKePA - BMIi C

N O C AN YMIOHBYH YO GKPMOCGNKOYT.H O

Ha

mnis3auyi i Bi gnpayuboOBaHWMX WUH Ta

o
H a

(KkapboOHIi 308B:
3 MeTow

36% TBeppapgoro
noganhb Wi npouyecHu

T O Lo .

3afNneXunTb B iogv Oy, M OUBO
npoAYyKTI B,
peanci J

3anunuwky
n X raszonopgi 6 HMX
OK BHacni oK peakxui n
3annwky [3, 5, 6].
Hal®Ou O1TbauB yaKaryva N b3 on iBM& /1 |

yacTKO Taki Bi AxoAaun He
rymMu agnsa WAL
O B i [O@HKUTM BXHIi MiTYH MO BEKP/KaHL , i O C K
CTb B3aemMopagi i caxi 3 KayudykKkoc
WOoOKW XapakKTepuUCcTUWKOW, HK

ak,

BUUeHaBegeHe, Manhnxe PWBH BU
CTOMEpHBDB|n aPewyTnoad N1% am BGIZY KYT VY
ranysem npommcnoBoCTI , BKNI
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6apBHUKI B, AK areHtTa enekTtponpoBi gHOCGI-niB O6an

3aTopa [16], a TakKoX 8K HaHoOomMaTepiani B Agnsa BMW/[
3aranom, 3alNerTI0 AMI0XKQET I TBepaooro 3annuwky ni
BMUKOPUCTAHHS, A K TeXHi YyHoro Byrneuw 3anponoH

=

OPOTKO PO3TNAHYTO HUXYE.
FaszoBa akTwmBaui a9 TBepporo 3anfunwky niponi 3y

3a3BBURDHYETbLCSHA Bapae vai@p aG@p Bameo 8®0OA3HaAUUT
akTmnpaunaTpG@HI B W WI TeMnepDIypw,epleisa X HEXKS Y N am
peackui’i, LOCATHYTY 3 nonepejgHi M akKTuBylYMM ar
3 ARiTcatoo pOo3BUTKY Mi kKponop { A] N o s/PdAr3adea BUI08B & KL M
KynsapHOMY PpPO3Mipi BOAMW, wo nonerwye aAundysiito
sanuvmwky niponi 3y [17]. OpaHakK noBi TpA, WO BUKDOYF
yepeBrkKkpBpemBuMAKI CTb peaxkuyuii Ta TPyAHOLWI KOHTPOIK

®i 3 MyHa akTuBaui 9 napow T3 pgae 3MOry oOoTpuMy
BYyrinnas, ane W 36ar auyeHlB]in. BKopai HVe MT OCIrMOH, T €BT WMIKHHMWAC
akTmnmBaui WHoOT O ar eHm®Xe HTHaAKX O K M i CCNTPYW A € | P3K " B oOT p I
3anunmuwky B8 pomb3awppacTaBndae BeNUKUWN 1 HTepec AN
akTuMuBOBaHOINoOo BYTinnga.

MpocoyyBaHHSA TBepaporo 3anuvMuwkKky niponai 3y XxXi Mi
NeHHss HeoppeHMDBMEN TBepaporo 3anuMWwWKy ni poAiI 3Yy, K
wewsa BIi AHOCHOTNIO BMiIi CTyYy BYyrneutw Ta 360i NnbHIEeHHA I
nis3y [19]. Y [ 19] 6yno 3anponoHOBAaAHO WNPOKMUI
npouecysk TRKAROKCMUAMN nNyXHmx wMeTanis (ROH/ KOH
HClI /&) Hab6ao ZnCl

Bi nowmo, wo T3 MOXe MaAaTuWUu TennoTBOPHY 3pgaTHI C
LO3BO/MNAE MNOro BUKOpPUCTOBYBATMU HAK TBeyAaAlRBU Hl aTniaa B (
TexHonorii, o BMUKOPUCTOBYETbLCSHA B npouyeci, T3
Ta 3 % wMac. Bi onmoBi AHO. Y T1Tabébnuuyi 1 HaBepgeHoOo
Cipknm agnsa pi3HUWX pe3ynbTaTtTiB, ONMUCaAaHWUX B Ni Terf

Tabunuysa 1. BnacTtwuBocTi TBEepPpaoOro 3annwkKky npoy
3ri oHO nNi TepaTypHUX p[xepen
Buxi EnemMeHTHMN cCcKANa
. JTemMnep
TBEp/] Kanopi | npoue|lMocun
3anunli C H N S MO X/ K . .
% ma ni poni

39,90 80,82 1,46 0,53 2,41 30,00 550 [20]

38,00 90,27 0,26 0,26 1,22 - 500 [21]

53,00 80,08 0,42 0,17 2,84 28,57 550 [22]

49,09 85,31 1,77 0,34 2,13 30,71 550 [23]

35,00 89,40 0,30 1,80 0,90 30,90 550 [24]

OT Xe, TBEpPAUN KapboHi 30BaHUM 3a/unWwock npoue
NobGi YHMUM NPOAYKTOM. Lo HWoPOWKmMafyHieRPO[AHMWT B H IC
(10-2 0 %) , 4axi 3aBXagunm NPUCYTHI y T YMOBMX CYyMI Wwax,
TBepaundoKiazpo B a H UMi p3cavim3uyo mBAKlHa HanpaBuTuM Ha nNoA
MEeTOKW BUPOOBHMUUTBaA TEeXHIi YHOT O BYyrneuyto, akKTunBoO

3acToOCyBaHHA TBepaoro KapboHi 30BaHOTO 3aiWulilluK)
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Ha(ptroagcomaymeponoy, i 3o0ndaTopa Ta KOMNOHEHTa
cTabini 3ywuyoi pgobaBkKku y npouecax wMoagundi KyBaHt
Nitepatypa
[1] Hita I .; Arabiourrutia M. ; Ol a:DpgportunMesand bBriietsfora o J . ;
producing high quality fuels from the pyrolysis of scrap tires. Renewable Sustainable Energy Rev., 2016,
56, 745-759.
[2] Song W.; Zhou J.; Li Y.; Li Sh.; Yang J.: Utilization of waste tire powder for gaseous fuel generation via
CO, gasification using waste heat in converter vaporization cooling flue. Renew. Energy., 2021, 173,
283-296.
[3] PyshyevS;Lypko Y. ; Chervinskyy T.; Feddd&pphcatitnof@re; Kult a
derived pyrolysis oil as a fuel component. S. Afr. J. Chem. Eng., 2023, 43, 342-347.
[4] Moasas A. M.; Amin M. N.; Khan K.; Ahmad W.; Al-Hashem M. N. A.; Deifalla A. F.; Ahmad A.: A
worldwide development in the accumulation of waste tires and its utilization in concrete as a sustainable
construction material: A review. Case Stud. Constr. Mater., 2022, 17, 2214-5095.
[5] Przydatek G.; Budzik G. & Janik M.: Effectiveness of selected issues related to used tyre management in
Poland. Environ. Sci. Pollut. Res., 2022, 29, 31467-31475.
[6] HanlJ.; Li W.; LiuD.; Qin L.; Chen W.; Xing F.: Pyrolysis characteristic and mechanism of waste tyre: A
thermogravimetry-mass spectrometry analysis. J. Anal. Appl. Pyrolysis, 2018, 129, 1-5.
[71 Nagurskyy A.; Khlibyshyn Y.; Grynyshyn O. Bitumen compositions for cold applied roofing products.
Chem. Chem. Tech., 2017, 11(2), 226-229.
[8] Nagurskyy A.; Khlibyshyn Y.; Grynyshyn O.; Kochubei V.: Rubber Crumb Modified Bitumen Produced
from Crude Oil Residuals of Ukrainian Deposits. Chem. Chem. Tech., 2020, 14(4), 420-425.
[9] Oboirien B.O.; North B.C.: A review of waste tyre gasification. J. Environ. Chem. Eng., 2017, 5, 5169—
5178.
[10] Xi-Shan T.; Wei-Hua Z.; Dong-Qing L.l.: Combustion characteristics of the waste tire by thermo-
gravimetric analysis. J. Nanjing Univ. Technol., 2006, 28, 85-88.
[11] Williams P.T.: Pyrolysis of waste tyres: a review. Waste Manag., 2013, 33, 1714-1728.
[12] Martinez J.D.; Puy N.; Murillo R.; Garcia T.; Navarro M.V.; Mastral A.M.: Waste tyre pyrolysis —a
review. Renew. Sustain. Energy Rev., 2013, 23, 179-213.
[13] Mastral AM.;Alvar ez R.; Call én M. SCha€ChementeaCipnMofi k|
tire copyrolysis. Ind. Eng. Chem. Res., 1999, 38(7), 2856-2860.
[14] Roy C.; Chaala A.; Darmstadt H.; Caumia B.; Pakdel H. & Yang J.: Conversion of used tires to carbon
black and oil by pyrolysis. In Rubber recycling, 2005, 458-499.
[15] Sebok E.B.; Taylor R.L.: Carbon blacks. Encyclopedia of materials: science and technology, 2001, 902-
906.
[16] Sahu A. K.; Sudhakar K.: Effect of UV exposure on bimodal HDPE floats for floating solar application.
Journal of materials research and technology, 2019, 8(1), 147-156/
[17] Mui E.L.K.; Cheung W.H.; McKay G.: Tyre char preparation from waste tyre rubber for dye removal
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AHANI 3 MEXAHI 3MY -A/EKAAKHII B H
Y CI PYAHOKNMCNINX PO3YUHAX NANALI KO( I

Napmnca BonkosBa, Mocwun Oneiiga
|l HCTUTyTO@EPE @8MIKWHOT X1 MI T | Byrnexi mii iwm. JT
XapkiBcbke woce, 50,volkvalk@gmilem 02155, Ykp

Y cyyacHOMynieBE TTPe&TUHU 3aranbHOro o6’ emMy
MPOMMUCATOBOCTI BUPOONAETD L CH] BV pHOEBEMAITEB300 BROY I NEIB
OAHMUMOT $XHI wWNx RBaTt ewHlicamomMBn gobyBaHHSA BYTF n1eBOAH
Mi Hi cTepcTBa eHepreTukm (nmctonapg 20Z%Y4uypouny),
TexHonor ii nepepobKM HacuMmyeHUXx BYrnesopgHi s (A
TW Yyepes3d 1T X I HEPTHIi CTb NOTPEeOBYWTb BUCOKMX TeMI
Mi B QYHKUI 6lHg ni33aavjiHii [aZroma H B Al kH Ha dyHKLUI
Al kX yv M akKknx GwmoeBagagxc Y(TTHIi<TH00MCcCKY T ampea)y, X€ o0
MiHWOT o nepeTBoOpeHHA Al kH y npoaykTtTum 3 BUCOKOK

AXeHHA peakui T AIlkH y cipyaHOKMCANAUX PO3YMHAaKX
TeopeTWUYHDO 3 BUKOPUCTAaHHAM-OpPOPpEe@NAHDHHBA® MM@TO
X1 MIi HHNUX PpoO3paxXYHKIi B Ta 4Uyuepes3 nNOpiBHAHHA 3 1 HL

Po3rnaHemo nonepepgHi OCHOBHI pe3ynbTatu, Wo

peakuyui i HOp MaHELIHKEXAK)KPa’CIBY (¢ R+ @48 % H,SO..
1) JAocni gXeHHHS MeTOAOM Kopensui AHOTr o aHani 3y

Krel, Wwo o064YyncCBIEHR ®Ifelatioiske Kk cnepuMMeHTanNnbHNX KOHCTa
A nHa N K akdap) (lBoe H T Bbsyio): (
Krel = Kn-alkH / Kn-c 5112, M-Bsil1o Keet = 1, (1)

Bixga pak T eHpauccutuvekH u X  BXyaiki € B © K A P (BrHM Mei HBUO Hai a1 T
[ T e p MXXe @vel parHini romoni me{€eHqDycnpivBer @eH eDyciy) T a
CTPYKTKDP H@GKC-H BT Op U HBHTMIBXEBEC-(S) —NecY HANNKAHI B Bi g eTa
AeKkaHy , ,—-6fa40 o@Ha K i ps. wHieemprimé, p-) C-H ,nyim = 6). an s
BCTaHOB/eHHWS NgPpAHEBMbRAK LPT , Bi A(P)BE [Ae JMeoKITe[X Oy Hlan
AkHa6o romoni-d ksmesakyi CpaamnAlkHgyn s o pPeb-#HSO4
6ynu BukopuctTaHi panlgke BilHBEO QB | Bga.1 € XHOCTI

2)B psasay Biag nponaHy paolgkaeikdggy ANni Hi AHaAa Kopen

ngre| = _0,419x|n_A|kH + 4,25, R2 = 0,960 (2)
BUKOHYETbLCA i 180 e3xfd Ald BEiH/TEORVIMRILE T @a@pMd Ha QP A 4 0 K Me
aAaKTUBHUM, HBO MR MEKMaH, AanekKo no3a nCHCi.eto Kopen

A Ansi aypyauBaMBi A«HB -il NOBi Nb HHaAIN KpaGaGwL, | K 0 N 1
BHeCKkmw M B'CastHMBKXHA HeXTYyB &dIMN A BeeTIMMPWMHIARL O 3 B~ A 3 K U

Cprim—H, B 11 pas3keBg e HiUpao,n amHiyy , 3a ywmMoB DvuayiFExXe o0pAaH
989k kan/ monb, Tabn.1l, 3anexHi CcTb:

ki =0, 0 We5+9,42, R? = 0,920 3)
BUKOHYETbLCSHA T i pBupea X yHasaakmmpx2 s inge=0i@& = 0, 04, Tabn
HecyTTeBO noripuRfe 091’5. T HemwioCTMTEHO BMCOKAa TO
Kopengaui il (2) i oco6nmeo ( 3) CBIi A4yntb nNpo Te.
OAHOI, a agBomMa (ab6o O6i nbuwe) NOBI NTbHUMWN peacxwuyi

AlkH, KOHKYpPYKOTb Mi X co6010.
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4) Pos3o[Almexm@aHIi 3 M, WO pPpoO3nNoOYMHAETbHLC Kserdd BIi 4]
Anmsa K£yCpi ElmBHANA eTaHy 3 HaeBypQHYMWMBBP@MPABOMO
AlK’, LeHTDpOoEaHIoTA0 eHTaalk¥(@nomia C2 BYyrnenegOLY N
CiHanst, mmee XM Tb B MexXxax Bi aCg;, Goblio', TioHoiannosB i poakaoveki a iy
Bi ACYiTHIiMnHal 3 ak@gB gl c Ak al gxonnwe eHtna Hmaig vokaan
Bi2f:H, o @C:Hs\BUKOHYETbLCA AOCUTbL pAObGpPeE:

lgkret = —1,439%1 4, ¢-10,55, R* = 0,973, (4)
TA Ha Bi gAMi HY Bi g kKkopenauyii (2), oxonnkwe eTa

5 Mopi BHAHHSA pe3ynbTaTi B KopeRAMI AG-HCE YV aH
po3yRdHH,SO, i pngob6pecni skeHOOPEAGHiJpMIBEPOKC UL H
pagnk@HamomMB plsagmeTaHy A0 ABOKAKWM.CT¥MaXx BUKO.LI
Kopesnkgiuinsg, B peackLl+jo@ReQH ¥c9e 4Pe’viH,.S0,3 Me H wWo o
T 0 4 H iRE=T0}915.

Y paHi i po6oTi pAns BCTaHOBMAlkHys pnopavRgfionganx n «
HSOspoocnivoiomyMM Bi CTb BUKOPUCTAHHSA napui albHUX |

Mapui anbHI K O HC TAVTHAT VP euaBKWg KAO CrTOiMO /Ti TUYHOT O
3B’ A3HiHB N€aBMBEOpPUCTAaAaHHA aguUuTUBHOT MoAaeBli g gns
CH po3BORAAGEWMBHMTYKkaOTOI BikpmpemwgraBnuTum AK CYMYy K

Kret = (P-K)rel + (S-K)rel, (5)

Wwo 06y MO B /1 ewHnN e fiBBd, ApBkyki i BTT 6CpH, (S-K)rel, KOXHa 3 HdKMUx
pobOyamapuyui aebauE oe+bhoax g HiioeT ,RPUDP OiFMSTT a&li NTbKOCT
U nx’'a 3 BCHB (ncp)i:

I(rel = (nC—H)p>< IQ'kH)reI + (nC—H)s>< i‘kH)reI, (6)
Aenos3sHavyae MWHpKGBLYyNn sa®p-NBuiH)abBT 0P USH (CicgH ) y
Mo newAkH. Insa c wdT-eHySO, i OHpuuinHAannm, Hyon egdee c P K €

Benunwkugisya K omNkdp @ £y Copnopi kdpaoesHsToai i 36):pi BH. |
(S'k)rel = Krel — I(rel( gHG) = (nC—H)s X i‘kH)rel, (S'kH)reI = (S'k)rell(nC—H)s- (7)
Y Tab6n. 1 HaBepgeHi napui anbHI Ko@HEpsHITWM LW

Bi i MeTaHYyB APO RIEWHEO0yB p .80 C

Tabnnua 1. BenwuuwuH M K 0 HicarpauHi TekbBHMAXK @€ B K U i 1
n-AlkHy p o3 RdiTH#ME%H,SO,npn°9 G a pgaHun@Uyr 63 i (08B
[6]. Be NV Udhhih:Ne; MO T E€HULI anmoin@ Kl a apiaig v K Ak Bak.)

[7];e H e p roimio 8 B133ykG—d o N AIKH (Dic) i N-AlKH" (Di.c_n+) [8]

n-AlkH Neec Pd™ . OH’ * lakn, €B De, K K A N b
Kei | 5-ki)el| Kol | (5ki)el | N-AlKH | n-AIK | n-AlkH | n-AlkH’

CH, - - - |00025]6, 21 1261 | 98 | p- 1050 | p-, 411

CoHg 0,04 | 0,0067 | 0,08 | 0,013 11,52 8.3 p-, 1005 | p-, 26,3

CsHg 2 0,44 0,2 0,33 0,125 10,94 7.5 s-, 98,1 s-, 18,9
CsHyo 4 | 068 | 0,16 0,66 0,145 10,53 7.4 s-, 98,3 s-, 26,1
6
8

CsHa, 1,00 0,16 1 0,153 10,28 7,4 s-, 99,2 s-, 32,8
CeHys 1,04 | 0,125 1,58 0,188 10,13 7.4 s-, 98,0 s-, 35,0
CrHis 10 | 1,36 | 0,132 | 1,95 0,187 9,93 7,2 s-, 98,0 s-, 35,0
CsHisg 12 | 1,28 | 0,103 2,33 0,188 9,80 *p, na ,iChHgeennumu
CyHyo 14 | 1,40 | 0,097 2,86 0,198 9,71 (P-Ke)rel = K4 (PFK)rel = Krel/6
CioH2 16 | 1,56 | 0,095 3,05 0,186 9,65 B 4MOBI A HO
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Mopi BHSMHmMIOTI apundma ki® R a(Fka)d 3 i3 Mi HD®@T eH LI ana
i OHI B-AlkH B peakammaHiBagwkk @A, amk i yPd’t nH:SOE M i
3 Mi sHgKe, T dgl-ky)k 3 1 3 MAH @MOU C Y 6JT G MICER®I /1 1 H I AEKID/, MO X H a
PpO3rnNnAgaTMo AKK /TaaKaye T b c(AB i34 pA BXX BJ i, H-AElfeKwauan oxX o myl
Ci—Cs, 4 p yTH& N K &4Ho.
3anexHocTi Q@EsmsOpie ay U pPd*3—HASO
3anexHdkgthan B peakuyi DHREopapaKkaaDbmMm

lgkrer = =1,258x1,.a1kH + 13,31, R2=10,989 (8)
BAKOHYETbCA A @G pHSO, aynGHei CHgmaie Bur nag:
ngrel =-1,578x%l.akn + 16,84, (9)
3 aneXHIlgekp) ks — Inaki- OAmeak yuOH 3a@ paHUMU napui a
KOHCTaHT (Meuawae Tya HeyT(stkh)e—N pOFAHKOpPEeNnaUi a:
19(i-Ke)ret = —1,337x1.aH + 13,64, R2= 0,998 , (10)

BUKOHYE€ET b C algk—h-aie ,pimiHx ( 8) . [ Pt —HpS®a3Kal, | fia Hyn MmO 3
(P-K)rer & NEAT R KStk)—NMPOFAHKOPENALID A
19(i-K)ret = —2,235%1 1 aH + 23,66, (11)
Mae Haxwun B 1, 4lgkp-d-AKd, OpiisBbHW M 9,. HIi X
3anexHocTi ATH30He a w1 iphol®3 1HASO.
Ha puc. 1 LaG3pPeEakwiciPdi-iH,SO,HaBegeHO BUKOHAHH
n A ulgkdd i lakn T #9(S-Kn)ret B 1 10akH-

3,8 1 .
3+ngre., 3"'Ig(s"kH)rel

34 -

2,6 -
C3

2,2 A 4

| Atk €

1,8 L) T L) T L) T L) T L) T T T T T
9,4 9,6 9,8 10 10,2 104 10,6 10,8 11

Puc. 1. 3anexHi cT bwewomgkagprtihwp , k1R B TEaH T a p Hq)ea .
(B+lg(s-kpre) ,» B HIBITI 4, BeNUUYNUH RQyBeE IPILEIaHBAINYK RO HBI -
psaayCo€& papgukygnom3OH (icBK B ajg pracma
Ta y pPo5—HB®({ TeMHIii KkoBnaapaTu

3 ane xHdkgthan AN pe@KR@mi H,i acBi T i Kona Ha pwunc. 1

ngrel =—0,775%Xl.akH + 7,98, R2= 0,993 (12)
BUKOHYETbLCSH 3HaUYHO Kpauwed —HSOn iaHjaa TpeevaHki L iKio nea ) p,
pi BH. 2.
3anexHlg(eki))s — lhaki- 3@ AaHUMKU Tabn. 1, Be/TUMYUHMN

WB N AKEkJigna pieCa€pta OHpocTawTtTb BCH A®) , 1258 gmms
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CeHag. EiHan CoHoMalixe He 3 Mi HIWTO,c1A8 9 +Y0n, Ou0isBeie o T b
HSOsBenuyskiaBi 4 nponaHy O LeKaHY 3 MeHLWYWTbCA
Ansa pe®K(QninxBeBi Tni kKelaganauHa puc.
l9(s-Kn)rel = —0,155%I A + 0,799, R2 = 0,892 (13)
BUKOHYETbBLCSHA 3 HaWMHMNXYOIW, I 3 nepeBi peHUXx 3an
3ynumHeHHSsa po(ekyy, BEOIWVMMHHEHBIN B a8 Yy .
Ona peaktuiPd“MSQ@3s Wi T e MH i KKOBpaeaIpRaUTi 1)

19(s-Kn)rer = 0,258% 1 .aikH — 3,50, R2 = 0,924, (14)
BUKOHYETBbLCSA 3 TOYHIKEIFARH, HIPXKBE, Ri, X TANSBI 3BOp
pocm®MeHUi any 1 OHIi 3aui i 3pocTae 'BrKkywmHBIHa nar

Mopi BHRAAAGAXHOCT I Kekroafi-kgy)faaBH 170, K i 11 BbAk3okci ¥Bi . 1@ 5B
romMon+Hs ywa €Kk aHi B WBUWAKI CTb peaklUld3iKyBWuU3aH alyxa €K ib
Ana peadlkHi+OQHB ycbomMyCpedigny MeTaHy QA0 pAgeKaHy 3
BUKOHYETbLCSA 3 ankepdikia Nb 8 Bes ki e

Kret = 0,197-ngec — 0,033, R2= 0,994, (15)
3a yYymMoOBUO ChinaHg Y cchdZé—leSO4Kopenk;a|&hseas HW3bKOIO,
NPUIUHATHOIWRTOOY B, capneveciLlEiIfT eTaHy A0 pfekKdghey, TO
In-atirt | 193K e~ n-ane 9 K, 1 B> —H,S04, TakOHc kgasg a 10T b E i 4 B0 3ORBi 0BX
C1—Cs i C3—Cyo. Ll B@cKo @ /B1gLBOI3CBTOI A € NPUNYCTUTMN, wo ne
ABOX Cu-€sriemmmamwe aToma H. Y-AlkHh 8 @ Hoya B B1 0 pito epTerack sl i A
3 m3o0oOHHBennunHa eHDpri i(la8o0BaMmdNBaE) 1 3/MK/KEN
6i npwai X BRAMAMHMETIBHYCBI AUYNTbL NPO BUCOKY Te
came T €™M0 n iH BBk &/ p 0 3Pd/HH,$0, 3 PO CTOM BreJimeXHEB aMe
wo(Ncr)s) TOGTO 3i 3MeHLWeHHS NOT e HHH 3aMIeyH WYCEHTIb3CE
Benunustky)a S HU XY ET®BRLIA, 4K Bi opunsy eNnekKTpPpoOHa po
cni BBIi OHsekpie mpioin & p-&)e € T aHa: 00087 23 0:, T @SfkH)rer BSI KA
nponaHy A0 AeKaHYy 3MeHwWyeTbcsa B 2, llgkpb-3xu ; a
6e3 T aHY, 2.
ABoOoX cTapgi WHI M e XHaaHni k3avHi BB YROEhahQui Mxia p e a K U |

H-a nKawpios uBdiHH,SO,3 anponofAlMmBa@ei 3 M, SKWUIK PoO3NoOYM
H Bn-AdkH i NPOAOBXYETbLCS HaAcCTynNnHMUM B in-AlR vaBkoumi e n
YyTBOPHOESTHTEHOB aMIMBKHHOC ¥B Tabdbn. 1 Hakbe 4 euyoop BBAEKION Y
TaHo Ana nepelgkiplaws kKpopeeHn A udi,i sKa Y3TOOLXYETHbLC
Hi 3MPOM3. T TAHEMO afnNbTepHaAaTWUBHUWUNK MexaHi 3IM, AK W

NPOALOBXYETbLCHA HaAaCTynNnHUM Bi gpuBboMAIKMT Ewma n-edp vB i
MEHTaAaNbHWUX AaHWX¥XI3EJHYGK@MO WIHIY HABM 3 Ha@mdg we
3 anpon oduoopsmvayHsaa :
D(Alk+-H) = D(AlkH) — (I(AlkH )- I(Alk"))x23,086, (16)
3a SAKOW OoOUi HUANU BenusmMunkaRlkHp@i 46 1T.oMo.ni By s €u
BenuDWPkaH) s MeHwy eTFabcprasem 280 A 4 adeHEwo i ayiHsCeHi g
go/Hg 3pocTae y 1,5 pasu. DRKAMwnmu kaaadpdyT e p u C
pajgvame A WiXa3Bd ANO0OBI OHMBX pMmgad&pre.nayi a:
Igkres = 0,027xD(Alk+—H) — 0,86, R2 0,852 (17)
BUKOHYETbLCA 3 Melgkirolpg. T @4 HBIiHC T4HQ, aH/ I — Bs, POI 1 B/Hb. L 0310 ,
TakuMuM YMHOM f[gBa MexaHi 3MU BeagpgmTaapapoOOBRARI ©

n-Alk", AKUR y Ci pyaHOKUCTOMY cepeposwn Wi wBs n 4
NPOAYIKKBIAXKO | A eHTuo KyBarTu.
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HacTynHWK BRPXD BMOPWHB p AXEHMWOX i MIi HHUX MR X AKT ep.

B N X

MaplupyT THaBl Kk peaBL iPif 4S8, BMHMieBOAaHOBNEHHA Hali

TepMoOAMHAMI YHO BUTI AHOT O.
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CTAH TA OCHOB®MKWAYIPUAI S3ALI I
BI ANMPALBbOBAHWXORIBITIOMNX WNH

lOpi W N@epgpopin MNMunw e€eB, Makcwum HaABKEBWU
Haui oHanbHUW YHiBepcutetT "JlbBi BCbKa NO0MI

Byn. C. Byuainv lykq@pnu i |

MpoMuMUCTOBI Bi oxoAaun Hapasi BBaxXawTbCd -04HI
new, aK i 3abpyAHWOWOTbL NpPpUPOAHE cepefoBMuLULe. C
NnBe 3HauyYeHHdA npuagi naetTbcsa Bi aMBaAUY QB EAGKB MACEEEAT
3HaYHY 3arposy pAanga pi3HOMaAHIiI THOCTI eKocunucTem

3 i HWoro 6GOKY, 3 ypaxyBaHHAM BUuYepnaHHSA
anbTepHaTUBHNUX p[Xepen eHepriorl cTae Hapgs3BuYal

Tobnmepepobka NpoMMUCNIOBUX Bi gXxop[i B ANAA3BMBBPOOH
WMNTKW HeraTuWBHMUN BN/IMUB HaAa HAaABKOJ/IMWHE CcepepoBwU
ranyasi B LI NTOMY 3a paxyHOK 306i nNbweHHA ob6GcAaAry

Bi AnpauyuboBapHoi 3 KunvaHaua tolfrés C A NPUPOAHMUM WNAXOM
PHO BUKOpMUCTOBYBAaAaTKWUu abo nepepobnatrm 6e3 non

yepes T X TepMOMexaHIi YHI BNacTMWBOCTI [ 1]- 3p
HOW 3ar posot Jgepe JIOOBMPLYEL HTOT 03 [LFOP OB A4 NHOLOWHN.
TEBI MalhgaHUYMKKN abo HaKOMNMMUYeHI Bi onpaeKae@sdaHIi
ponNnboOBaHOrNoO cnantwBaHHA [ 2]. TakmMmMm Y WHAOTME, IO T N
yTuni sauyi i . YpabHhi XBiIi @gTHB dKCcTema UeHTpani
WnH, i nnmwe B pAedAKWX ob6nacTtax KpalHW | CHYI
yTuni 3ayi eto 1Tal abo nepepobBKOW BXMBaAaHMUX WNUH |
Tak 3a gaHumMm €E€BponencbKOTI acoui auwpili9 pspvopyo
95% BAWLl 6yno 3i6paHo Ta nepepobneHo, wo <cTa

USTMA, B CWA 2021 pouyi 6yno yTtwuni 3oBaHo 31!
TOHH) [5].

Ha pwuc. 1 HaBepgeHO CBIi TOBI TeHAo@HU[ B]yTwuni

MeTtToawnw yTtwuni3sdaui i BAW MoXH¥E po3ginmtum Ha ¢

- noapi GHeHHA HaAa TYMOBY KpPpUXTY |1 3acTocCcyBal
3, 6];

peuunK/BIi IHOBANEHHA eKcnAayaTaui nHMX XapakTe
Pi 3AKKMI YHMU MU MeBHMaAMWM akca [ 3] ;
cCKnagpyBaHHSA Ha 3Banwuuwi abo Ha cneuyiani 301

—TepMi YHi-FCMemOBEaHHA, Tas3undgi kayi a [ ni poni
—-BUKOPUCTaAaHHA, AK OyaiBenbHOrNo MaTepiany |
TexHoOoNnori a9 BUTFTOTOB/NEHHSHA T YMOBOI i@ O HIE HHT
WMH 3 nNnonepepgHi M Bi OKPEMNEHHAM T YMOBOIT OCHDO
KOMMNOHEHTI B. F'YyYMOBY KPUXTY 3acTOCOBYWTb Yy pi
ey OYAi BHMUUTBI Ta [OPOXHBOMY TocnopgapcrTBi
MEeTO®@I NbWEeHHSA CTi NKOCTI acdPanbTO06E€TOHHMUX
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pyVIHyBaHHFI, a TaKoX 4K HanmoBHIWBAUYI T a K oMM

gopir, MOCTI B TOLWO,;

ey BUPOOBHWUULUTBI ryMoBMX NOKPWUTTI B, TaKux €Ak
T O WO ;

e ANABYKOI 30Nnaui i Ta amMopTwuzayirl B O6ypaniBenbt

3 BYKOBOT O T a MeXxXxaHi YHOT O BNaAnMBY.

China

Europe
o/

"4 United States ' o
‘ 3.2

Japan

> Ofwin'g « 6°
Mo
c

BCHOTO l ‘

Kateropii BALI

Byalneanunit sateplat abo nanonnionas
. Orpusianus eneprfi

Peumialne maveplay

I tnse (e slanonaene: saxoponenns, nakonuaenns a6o nesiiono)

Omunui: mizbiion Tonn

Punc. 1. CBiTOoOBaUIiITeHAIEHAMP & LY TBAHIBX WNH Yy

PereHepauyi 1a Bi gnpauboBallden X BiaBH @BIDEOH HIsb HR P O TLE

NMOIT a€ OTpPpUMAHI cymMm TymMu Ta nnacTtundoi katopa (
BaHHS T YMOBUX BUPOOGIi B npoTekTopa. Llen nmi gxipg
pakKTepuMCTUKN WMHKMU Ha NeBHUW 4yac. MpoTxi Ao BO Ki H
6ya®rnJyi 3ysaTtu.

CknapyBaHHA Ha 3BaHRAWbDI nawceagomBaBByBaHI Yy

pi BHeM pPoO3BUTKY nepepobkwn Biagxopgis [12].
Frasumaogi kauyi a ( BALW) € TexXHOoONOoOri YHMM npouyuecom,
ras, ro/TOBHUMU CKNTaAaLJHSWMBINT @KOKOUE BIEMAel 0.BoE(q
npwecy 3anexXxuTb BiIi A pPi3HUX nNnapamvMeTpi B, TFakKnmx 4
dbi kaTopa Ta pob6GOUYI YyMOBMWN. Cepef TONMNOBHUX nNnepet
Ta MOXNUBI CTb BUPODOMDXEBOHYBOALBWK OP WBEIagH-WN y i
HMX nNnpouecax. MpoTe p[O Hepgoni Ki B rTasunddpeauild
cycpm (TemMnepaTtypa npouyecy nepeBunwye 800 °C) T1a
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Mi poni 3, AKNUIN € TEePHOYWHMMCAPGBREBOMOKNX Te
KMNCHW abo 3 MWOro MiHiIiManbHOW Ki NbKi cTw.- LUel
POGKWNW BUKOPUCTAaAaHUX aBTOMOOI NbHUX WUH 3 MeTO
[13, 14]

Mi g Yyac niponi 3w IyiTB@/piLIOYbCPEIL AKIA3NPOAYKTMN
wnH (PMONOBALW) Ta TBepaouihh 3anmnmuwock. AKi cTb Ta
3anexXHoCTI Bi 4, HAaCTYNHWUX YUHHWUKI B:

— TMNOM peakTopa niponis33y (3 HepyxoMuMmM wapo

PoHTaAaHY®BPBOM U peakKTOpPpOM 3 006epTOBOKW Ni Y4

— Tuun npouecy niponi33y (BakKyyMmMHuU#®U niponi 3,

nNi po/rMmi3poRiIO3 Ta KaTani TUYHMA niponi3) [16

— YUHHWKI B 3ai AcHeHHA npouecy [ 17] -H(otcda i e p a

PO3IMBPTUMUHOK, KaTanis3aTtop),;
— BUXI AHUMWW cKNnapjg WKUH.
Y xopqi LbOTO nNpouyuecy nNepedzAXKWOMFTBOPWEFT AHLCTCTH

3445 % wmac. Ppi AKNXrapwapyraHe, HAB&AJLAHO Yy PpPoO3p:;
KpUXTHN, dKa, B cepepgHboOMWeTaAKonampe )85 3% nkAll;0
MOro YUMHHUKI B, ckKnapy BUXIi AHOT CUPOBOBHIT U B A X
YcepepHeHi MeXi BMUXOoOAy NPOAYKTI B niponi3s3y TYyNM

TabnuiMe xl. smxony nNPOAYKTI B niponi 3y T\

CnpoBuHa i npoAyKTd % Mac.
MocTtynwuno

FrymoBsa KpPpUXTa | 100,0
OpepxaHo

a3 1,7-77,0

Pi oki NPOAYKTMWU 14,9-63,7

TeBepaounihh 3anunuwock 21,6-69,0

Bcboro 100,0

OCHOBHMN HanNmpAMOK 3acTocyBaHHA T as3onopfi 6H
nanmea AnNa nNi AgTPUMMKKWU npouecy niponi3y.

3 PNNBAW B 6i nbwocTi BMnagki B OTPUMYIWTb T
KOTe mwmHe B O . | H wi HanpaAaMKNMW 3acToOCyBaHHS4A PMMB
6i TymMi B, OKpPpeMWUWX OpPraHi YHUX CNONYK.

TBepaunihh 3 anmmuwock MOXHa BUKOpUCTOBYBATU AK
akKkTumBoBaHOro BYyT rinna, mMoaundcgi kKatTop pfo 61 TyMmiB

Ni TepaTtypa
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BUAPOBHMNUTBO MAMMBHWIBbHWMX MATEPI ANl B
SANbTEPHATUWUBHOI CUPOBUHWN

Knpuno WeMBHigepHikio FTpuropos
Haui oHanbHU TexHwKapumiiBgHKkBRpPOBAMEFEeXHI UHMU
61002, M . Xapki grigore/andrey@ukr.mefo n n 4 0 B a , 2,

CboropgHi nNUTaHRTIbBERPORREBABHA, wo npEpe®pgCcTa
BUMUN npoMMCTIOBUMU BI Axojgamu, y TexHoBA@ri yH
BHRMACTMUWNbHWK,BM&TEPLCATbL akTyanbHUM. Lle 3yMOB/J

6Gas3arXHONOTI YHONMWMO BPpAHMAGCY MI3PII,NbAMIT B O MUDFES I 1
HMLTBaA

Posrnapgawyn €VpOBWE@PHAAKBHOW NO Bi AHHFWEHHK
MKOAHWBPWN BUPOMEAHNNEEBAT NN b HUX, CMasaepirTmmacBYIHI

npou: MakynaTypa (neitacprmwH a (LBdl/p/ipaa3egs)o; B a H-i B U
TIMHY BMUCOKOTINO Ta HMU3IBbKOTNO TWmMak HH.qHTQoNN prnopaoynki
Bi AbigpBaalHi B@/XKIKB MW ,3anuMWKuNU Bi Agr ye@eipobupodadt e
ynKaHi 30BaHUN Kayuyk).

BupoOGHMUMLa/BBB @ OT M /Tb HUNX 3MATLETPEI PaH/& VB B B 01 TH U M O X
npoekTyBaTucsa ANd 3acToCyBamaKeanbesmioL e Pt g Mb (

o~ O ©® W

XyWwn BUTpPpaAaTW Ha NOTi CTUYHI AOCNiI AXeHHSapoiba T [
Km. A uLe HeOoOAMiIi HHO, Yy CYKYNHOCTI 3 [ eKeeHR O C
cobi BapTtocCTi K | H L1el BoOBrMOWY P @ 4 YAKOTryo KOHKYPYeHT O (
HadprTonpoagyKTi B

OCHOBHMUMM KpuUTepiamMm WOAO MOXAUBOCTI BUKO

BUPOOHMBMBEBAOT U bHUNX BWETTeyMiaavaigBCHyb Ki NbKOCTI
3a6e3neynTb nNpomepape@iersw&ampmn nieip e pdibajobv ( maT

Knac HeMHeBaBaKPW)K;C Mb Y4 HMN cKnNnapg, nopgi 6HMIA [0 Ck
T OB a HHWX 0N p;ongpyvkKaTaCTBHB N € p ecpyoM@ KCVBib | H WU MW KO MM O H
HadPTonNnpoAaYyKTI B. TakoxX, OVYOXHENT NBA X ITILB UIMH TICPT IPTy B @
nepepobKKnM anbTepyaBsWBHAOBI GHUPORWIWIBI 3MAPCONMICY/BAE
HaaBHOINO ob6nagHaHHSA.

CboropgHi, OCHOBHMUM 6a3o0BUM nNnpouecomM anbrT
ONVWB, NONIi MEPHUXBI NRAYMBBUYPI BHOXOAIPF HK Ui OHanNb

WMPOKO BUKOPUCTOBY KTKa TTa/PIMIi IMHHAWIA Trai proenpivgo n p u
50 - Tuck,axkx NMAH2[ Lleh npouec peani 3yetTbcsa B
nepioaganyHol abio. 6e3nepepBHOT Ai

Ana oTpumumMaHHA MOTOPHUX nanume (O6GEeH3UHY, 4 v
nnaBcTBa) BUKOPUCTOBYKWTb CUPABUEBY PXOBMBEBEKMUM
Bi ACYTHIi CTH X/Nopy. Takow CUPOBUHOKW BUCTYyNAatm
TEHXONOT i YHI onunseMun, WO He MIi CcTATb Npucapok Ha
nNepepobKKW aeT aTmeé PMG HMUIKW nNi poni 3 B cepepgoBrue B
LUi OHanNnbHMX KaTanis3aTopi B Ha ocHoOBFeZn € Nij Ti B
MoW, Reta i HwWi [ 5, 6]. Perynwiwuyun T, TG H dIil@ npi,nicts iv K @
TOBYKWUYNM BOAEHbL Ta nNnigbupawuynm wmeTanun KaBd%ABni 3 ar
BUXi g Ui NnboBOI ndawd;Ho-28 0P aa @o3602@M, kaka MarT
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Mi Hi ManbHY KinbkKicTb (g0 1 %) HeHaAacCUWUYEHUX BYT .
MOXe O6yTW BUKOpMCTaHa AK 6a30BMUAN KOMMNOHEHT asBT

nanmBa AnAa cypaHonnasecTBa-9 wWo BIi ANOBIi akwTb BUMO

Peamyiloum npouyuec nuwe TepMi YHOT o nNi pm@iH@my i 3 B
3MawyBalnbHUWUX ONUB, noni MepHux Ta TYMOBWUX BI AX
AopgawTb [0 NiYHMUX Ta KOTenbHWMX nasnmpe.a dYddHyadp a K |
KinbkicTtTb (pgo 40 %) HeHacCcUWYeHNWX BYT/n1eBOAHI B,
3ropadH4za MBB/ kr) . 3 ornapgy Ha MeHW XopcCc-TKI B 1
HAHHI 3 MOTOPHMUMU, pfoOAaBaHHSA A0 HUX UWUX dpackuyi

Tak, nposefgeHi HaMW eKCcCnepuMMeHTaANbHI AoCNni [
Ma3yTy Mapku 100 -B6C3@nWwcohppknaeTBOA 3 MXeHHS
3 WM N a@a-2146 Rr,/ w moamsHko’BBH M g nnacg, 98 p8A.- ymMm. ),
paTypwun 3 ac BHmMa e eldldS)° . Takox, 3a paxyHOK pjpopga
MEHLWMM BMIi CTOM Ci pKMU, Hi X B M@XyIxwms 3H uBan s ,a93 3
mMac. ) . Mpum uUubOMYy cnocTepiranocsa He3HauQle ni gt
ni oBuuWweHHDTTHNL X/).KEr3 3

Po3srnapgawynm BUKOPUCTAaHHSA albTepHaAaTUBHOTI C WY
MaTepiani B, 30KpeMaCBRE@EBKY MM HYXAaMBCH@M IPEeYyOBUHMU,
BY B/OEGHI B | MawTb BnacTuBOCTI , 6NM3bKI TW@HSD A[WNCT
HMX MacTwun, TOOGBTO [AO0O AUWCTUNATHUX Ta 3aNuMWKOBMU.
Taknmm peyvyoOBUHaBNMWNPALBYMBaABWT b 3 MalyBanbHIi-00TNBMN
Haw®mer o NPMU3IHAaAUYeEeHHSA (i HpoycTpianbHIi , MOTOPHI ,
TYpoO6i HHI |, Towo) , KOTpi nponwnwn nonepepgH niAar
oTpuUuMaHiI npun THEPYMiBI3HD Mya KEpyYerkiieBoagHeBOT yacTWuHMU
LLi PeyoB U HBIN KICOQUBI WEBbAHTAK [ VeC R @R @EIBRHWALW T MM HMN X MacTMwn
rfrmboKOro O4YuMIWEHHSAa, wo pA[JO3BO/IMTbL 306epers um nos.l
3TN BUPOOHMYBaAaBUTPADUKNCTOGL, 3HEeWKOoOAXEeHHAM BI
Ta BBOAOM JAopfaTKOBOI Ki NbKOCT.I npunmcapgock. Le ™
cepegosBumwa (Bi gAnpayuboBaHMUX O0NKUB, dbpakuyui n wnan
ancnepcHy da)sd,y AkaryapyB@MUNT b OTpPUMaAHI AT KBY MI Wi
HOro MacTtTwununa, daKe O6ypae B FTASMNXOHB | YOHAOTI M ABCHKHA/EIM 6BHMO aaLI01 [0
ancnepcHotw d¢a3soto, Ha Ry @y eBiy/f ITBa& W B aHOIT b O J

BUpob6bwu ( BAloBAWA A KA T amviel Xia HTieuypHMool 06 po6GKUKM B pgucnep
npn TemMneplh@m@pax 130

Posrnapgawuyn cepeg BTOPUHHOTI CMPOBUHUAKMATEPI
HanoOBHYB®BWMIPOOHMUTBI nnacTuWyYHMX MacTwun, cni p
MaTepianwu, AK BiagnpauboBadHi aBTOMOOI NbHI WNH W
nepar nopgi 6HMX wMaTepiani B MOXHa BIi gHecTwn T X A

Lo Ha TenepiwHiIi W Yyac 3acTOCOBYWTbCSHS Yy nNpoMuUCc
NMONMi NWeHHS AefAKuX BnacrtTwus®atle ie nomgaHCUTMAMY H & X 4 M@

npoMMCNOBUX BUAI B BTOPUHHMUX MaTepiani B, dAKi LLL C
noniroHax Ta CMiTTe3BaAMmuLWwax. 3a nporHos3amu Ko
BMWa WUTpps3ebdbcar T1BepAaux Bi AXo@mi pazyioB.202&r poxy
3anacun BALW ouyi HLWOWTbCHA B 25 MAOH. T. npu wopi 4YH
TOHH. 3o0kpemMa B YKkpailHI wsOprinwH™ . HHadpa]niv-y 6 T B & @

MeHLW ikggiakloBaHIi W nepepoobuyi ni Apnacerwy AB A, wea 3800 a%
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nepepobka nondar ae nepeBaxXxHoO Yy cnanwkdBaHmHa .

MeXaHi YHOMY nopagpi 6HeHHI Yy KpuxrtTy, AKa Haxoagwu
npowmmecoid2]i. [B 6aratbox kKpaiHax €C npoMucnosi

BAL, KOTPpI yTBOpPIWTbCA I3hpun LUex BlpprwpyBaagy BabKH
Mi XHapopgHOT i HTerpauyi npuMm 3anpoBafgXeHHI B
b o mTma e n X MacTWun Ha OCHOBI BAL, a n 3 HauHC
OTPUMaAaHHSA nNpPpuUOYTKI B BIi A4 npopgaxy niueHsin ( a
TexHonorii. Posrnapawuwmn nepcnekKkTUBMN 3acToCy
Bi AMI TUTHOemeXamma nNoTeHUI any NO3UTUBHWMWM Ba
3ywnyux, aK i 6yaAyTb BUKOpUCTOBYBABHM@A ppbHBAAcCT
paTtTypa macmoemBm@AaHHaA MG rMYBPBRATY PN BYy/KaHIi 3alu
pas, B iBOENPOXBHIi ig/ia eET eMnepaTypHI 1 Me Xi POBGOYUX Y M

T UHYN X MacTun And4 BaXKOo Hea/BHaaHHTba.)Xx € Ha K 0 XD, 1 3B 6 ¥ B
YyTBOPHOWEHDDLHA Kia/pH GIRETTELD O B U X—BBTIOPMHMHIOE @+ 01 BOH & 3
Ma adsgKaoNli gnAar ae p- €1LEVPKe/PIOHOINY € T b C A Ha i memEBMa T
NPOMMUCTOBOCTI yl4]nfepmmi puy Brobwgym e p M@K MTb B AAa/T0 3 ac
NnNaB4yHMUX MBAC HKOEX | HanoBHWBAaua, AKNWN 3 aTet
repmMeTBBEOIUNBOCTI nnNnacTUWUYHUX MacTunAN.

Mi acymomyegwTaB/leHYBIi gpopmmaae,j OWO0 NOLWY-KKU T
MBHMWX MeTO/ad /Bb TNEeeppHEaPTOMOBKHNO & BRA p@B@PMMWMa H A A M-BB g C
OT I MONOPTO3aMi-dnyaKWeEd® OT MOILHMMIK| TMAQ TE@/A MU BaKTY
€ BTpayaTuMMyTb akKTag aoieaMHOLHEO YT DOMMBBXBN BFem@C N
axX | CHYYOT O BH &K quaiiT iefpe daifiy BT yHa Ha T OBy HKPYCLCHC

w T T -
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AKTUBHI CTb YOMEBPAOABANKAHI B LEONIYTI B TW
NiHMF | PI SHNX COMDERDXRABHA

NNiw6oB MNaPpukamika BonOmewaanpgpaAHbeemra d9Kk oB e HKO
HCTUTYT O6ioopraHi Y4HOT Xi Mi T Ta Hadproxi Mi T i
Kyxapsa, 1, IKpg@uke.net YKkpai Ha,

Haui OHanNbHWUAK TexXHi YHUN yHi BepcuteT YkpaliHNU «cFk
|l ropa CikopcbKkKoOoro», npocn. bepenncTelcbkK

4

Abstract. A range of bifunctional catalysts based on MFI zeolite was synthesized. The aim of this
research was to compare the performance of Ni-HZSM-5 zeolites of different methods of nickel loading in the
n-hexane hydroisomerization. It is found that impregnation with nickel salt is more suitable method which
allows to obtain active and selective catalysts for hydroisomerization.

Keywords: MFI zeolites, nickel, linear hexane, hyrdoisomerization, cracking, conversion, selectivity.

CyyacHi 6EeH3UNHOBI ABUTYHUWU pgna cT1abi nbHOT po
AeTOoOHaUui AHMMU BnNnacTnNBeGT AMeC i 8 HA KW HA K yRanxKoaeHao C
ner kKoft 6eH3nNHOBOI bpakuyil npamMorl neper oHKMWU, b
anygi nHo T AKIi CTb NOKpawyrwTb WAAXOM Ti gpoi30M
OYKTIi B 3 BUCOKWUMU [I63k T a0 Bprevanid WHEAT HIAEMAWH & f1 0O B € P X |
Li OHanNnbHMUX KaTani 3aTtTopi B. Y HadpToOonepepoob6GHI K |
NNaTWHOBMI CHMWX— XKlTpa/BiaHaMTMo pni/BAaTNHOBUN-U®E L IMTHIaAnN
KamiazaTtopwu. OcTaHHI , Ha Bi oMiIi HIyIO,Bi @T iXikoip OB @ H
Ci pPKOBMiIi CHMUX CcNnONYyK Yy BYyrnesoagHeBIi i CUPOBMUHI

Bi nowmo, Wwo Hi Kenb 3a CBOIT MW BANACTUBOCTSAMMU
PaHi we B i 3omepwusayii niHIi AHNX asPKkaHie-Aoymo [A
Tak -Rd NgreHoin kaTtani 3atTomwi 8], Mmappanekbxo®BNi uULeoni
BUABNEHO 3BOPOTHY KoOopenauyitw MiX TemnepaTypotw N
Ki NbKIi CTH HIiKenw B 3pasky 3 a OAHaAaKOBOT O BMIi
BnNacTuBOBCTpPYIERBAMAMN 3pa3kKum 3 MeTandldvHmWmWY ‘WaIAT MK
BUXii3dByrnesogHi B cknaB 44% 3a cenekKTUBHOCTI 9
ueoni Tm po3BoNsie 3HU3IUTKU onTumafkbHY TemMneparTyf|

Byno BuaBneHo Ta-kKAsM-p me varkeonpye Nkpauwt nok a
HMOR [9-1 1] . MakcumManbHI BHMM @R niHASNIG mepiaB o-B2aA niNi 10
3040% Mac., Bi AB00Ki. nBealimemwo25@KoX, WO oeNTuMan
1-1, 5 a®%. m

Hi kenb MOXHa BBOAUTMN B ueoni Twu Pi 3HUMMU Me
NPOCOYEeHHA coONaAMMU HiKenw abo I OHHMN O0OOBMI H 3 HE

TomMy MeTOW JaHOro pAJgocni gXeHHSA O6yn-blZSM-6pi BHSAH
pi 3HOT O CnNoC oebnylo BYB €rfj €OHPHOMI FHEI K@ iy 3 a U i 1

3pa3kun 6yno cuHTe3oBaHIl, HaaogreDRBROBARIONHI K e

l OHHOTro O6MIi HY Ta MnNpOCOYYBAaHHSA . Y BuUunapgkKky np
HaHocCcununm HiTpaT NN/ FI&@KBAROOPOM OTPUMYIY MU
H-Im1,5Ni. Mpun BUKOPUCTAaAHHI i OHHOT o O6MIi HY BUXOAWN
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bopm uyeoni Ty, B SAKMUX KaTioOoOHMW o6MIi HwBanNnm Ha
ALeKaTi oOHOBaHY HiKenbBMI CHY qapmxapennhNag pasEe

IE1,5Ni T ad-1E1,5Ni) . NOoO MeTani yHoOoro cTaHy HikenvCBiI AoH
BNpoaooBX 6 r1o04. OAna 4YyacTKOBO peKaTi OHOBAHMUX
Bi AHOBNeHHs 34C.380, 450 T1Ta 500

|l 30TepMn HUBPpHOITeamogeparcopouyil a3oTy pA[ns4a
BBeAgeHMM HiKenem wWANAXOM I OHHOro o6MiI mppma n

TUX 3pas3kKiasB ueoni Ti B 3 H 63 H a YQHCOTHA H NH A & 03MYyRVPOBBO/TKE
LecCTpPpyKUi e alge o /OMIHHY rmi MO6wWI HY Ta nNpoXapBaHH:
PMU3YIKTbCA AYXe BY3bKUMWU nNneTnamMm TicTepes3ncy.
WNAXOM I OHHOrIFro o6MIi HY ©O6i nbwow Mi pow BNAMBAE
NMPOCOYEHHSAM.

Y TabrengueiHo3 Bpo3paxyHKOB.I XapakTepuncmiima 0
Topi B. Ona BCi X CUHTe30BaHMMX 3pa3Kiﬁrnmwmmh|
MIi Kponop Yy cTaHWwoBuntb 6n1M3bKO 70

Tabnuiml®ophcerti BnNacTuBOCTI HiKXe NTNbEBTMA [LiHBA XO [B €)X
SBET: Sty Smi or g VZ: Vtmicrm Vtmicro/VZy DFT

3pasok M/ or| ™Ml M | MY | el % R R,
HMFI 371 145 356 0.18 0.15 83 1.0 1.0
H-Im1.5Ni 335 5.17 330 0.16 0.14 87 0.9 1.0
H-IE1.5Ni 365 29.9 336 0.21 0.15 71 0.9 1.2
HNa-1E1.5Ni 319 16.5 302 0.16 0.13 81 1.0 1.0
HNa-1E1.5Ni-380 319 12.2 307 0.16 0.13 81 1.2 1.0
HNa-1E1.5Ni-450 301 15.8 286 0.16 0.13 81 1.1 1.1
HNa-1E1.5Ni-500 317 14.8 302 0.16 0.13 81 1.1 1.0

3a pe3ynbTatTamMu peHTreHodaslwp@ACODaAaMHAWMA&A 3¢T
OCHOBW KaTanis3aTtopi B Bignosi A-24) cTOPFKaANY-PI HM
TOr pamax He Bi gob6paxaeTbcCHA Bi 46T TANXPUTIT@ J
BMi CTy Yy 3pas3kax.

Ha ™Mi kpodgoTorpadi ax TEdMBIOYyWacTmOICA ekfpa sk e 8
HOO I MNnperHyBaHHaSM, Tofai X AK npu i OHHOMY O
rnmoéunHi nopuctor MFIcTpAyROMpPpUHBEePNKTYETbCA BIi 3

EdbeKTUMBHI CTb 3pas3Ki B KaT a/IMepaur3pdale ilBiC HoAC NH a .
T & OUBI Ha OCHOBI ra3soBOrlNO-i cpioMamioln pAaAasBag&T Q|
TOPOM. -H®K i NaBnKopmcrToByBaBCSHA BOAEHb BUCOKOTI
yacTUWUHY peakTopa i MOynbCHOMK/M) .4OoMMDaDY BTIOP BT &K P
HUWHWIeKcaH 36upanum B nacTuyi, OXONoOAgXeHY pi gKU
oui HiwWBa/IM OHNaAaWH 3a [JONOMOTOKW Kani NapHOT K (
HepyxoMow @(mas3ow nNnicna BuMNnapoByBaHHA Tennosor

Yci 3 pa3kKMm B YacCcTKOBO BoOAaHeBIi W @Gopwmi He |
BNacTMUBOCTAMMU, TONMPEBY NDbIT@AY HOKIW IOHLEOB GOIeRHA T a /11 3
cedgHNa-l E1. 5Ni ). Li 3pas3kum BUABUIUNUCHA MIUPEA Hea
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ui i, OAHAaAKkK, nokKkasanwnu BWUCOKMWUNK BUXI A NKPPoeoKyi KHTTi yB

MOXe ©O6GYyTKMW noB’ A3aHa 3 nNokanisaui ew HIi Kentw B I
KOHTAaKT 3 KMCANOTHMUMWU LeHTpamMun bpeHxmaeoga [Nl ]ln.ga
Bi OHOB/IEHHSA HI KeNnw Tal yerHepAupeswmikmTaOIiBuKNOMHO
M&Ke 3HaudHO ni823, o mncanpmsBoaguUTb A0 | HTeHCWUCI
Edpe K TUBHI CTb MNOBHOI BoAHeBOT dqopcwmB ® pamai BBAH
obox BMNajgKkKax MeTanesi YaCTUHKWN NOKMAEIP IR OT Y C A
BMNagKy 4Y4acTKOBO BOAHeBOT dGopmMu cniBBi AHOLWEHH
BEpeHcTepa MoOXe O6YyTW HeonTuManbH[BAlM, NE&KHB® R AWM N C
Topi B, onTMManbHWW KaTanis3atTop Mae Ma-Tu npwu
HMX LeATei®B HawWoOMy BuNnagkKky 3 OaAHFMOOKYI epHMyad @ @i H
Tucsa pgepiynwgpyltroe, nokani s3auyi g Ni B eMiOW@wmn @p a8x 0
yepes PpPi3HMN KiHeTUMUYHMN Mi,dMEOT pH MK a Tii OKHai FBIi OHHa TBp
0,167 HM). OcTaHHI 6i Nnb wi [ HIi Kenb, y pasi B B
n

K

O =X = @

mwe B NepeTuuHax ULeoNi THMUX Kawmainigs amMkEelrp L0, Be
pawana GopMyBaHHSA poO3ranyXeHWUX BYTNeBmEHHEBUX
PTbCA NOPUCTUMUM XapaKTepUCTUKaAMMUger AVIKAI  YIAECNT OKHOCBTC

BOAOHEeEBMUX 3pas3kKiB. HaHOYaAaCTUMHKWMKANKAa@RODObL POBAAR
Mi KponopucToCTI 3pa3kiB ULeONi TYy Yy 4acTKOBO BO/[
$100 -

E
<

75+

50 +

254

0_ T T T T T
200 225 250 275 300 325

Pmnec. 1. Bux@@a) i o MepPO BY R B) K peasi ek yu BYH iice(TBb) ,3 a i 3
KoHBepcia rekcaHy MNa{BELINi (b, HAELENL(2)aHAMIENI Bo pi B

3pa3kn B NOBHI CTHW BoOAHeBI N dopMmi 3 oOgAHAaKOBO
coby BBepgeHHSA-l MapbBloveamHds OHEAOGMIi PHMiIE HIi Nnbw cCe
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wo 4o po3ranyxeHwpwmoy.YnEmo. qHIiMECYE HOCT I anrgcTe
BMMHM&A KOHBepcia rekcaHy (pwuc. 1r) 3a paxyHOK

MpoTe MakKcumManbHWINI BUXIi A I 3omMmepi B reKkcaHy

NnoKas3HMWKa A[AnNAa KaTtTani 3aTopa MBI, 10 Pop WM X tiNo- paH il
yeHHa M ( JB]i%)cnocTepiraerTbcsa nNpu [gewo BuUWwi n

ueosMFTly i 3 cni BBi AHOWEHHAM KpemHe3eMy 4O OKC.I
LUeHTPpPI B, wo Bi gnoBi gae BMIiCcTy Hikenw 1,-5% 3
HiowN 3 pas3nkln S5HN-i ET a5 Mi MOXHa nob6auyumTtTm OAN3bK
NeKBTHA CTb NpwW Aewo BUWI N TemnepaTypi MOM-CTCT:
Ppye Buuy ceneiCgnmpsmH °Cc5T0C XUDOXIEO, wo onTuUuManb-Ha T
| m1.5Ni ci¥Champe 2KOiN Woro cenekTWUBHI CTb CTadH

TakKkMMHOM, BUKOPUCTAaHHSA i OHHOTFTro O06MI HY, 3
MemBauyHI YyacCTUHKMN 3 3HaAaYHO Kpawumum po3nogi non
TOYHO KOHTpPpONKWBATMW KiNbKi CTb BBefgeHOro MeTan

Mokas3aHO, WO BUKOPUCTA AHIHIKEOILLaM] YHPEN BMIO/IMVBAA |
Ha BeNUWYUHY AOCTYNHOI NUTOMOT NoBEepPXHI -MiKPp
nuneBi wnx @GakTopi B 3a6e3neyeHHdS T X BUCOKOT Kari
feAaKe 3MEeHWeHHS Mi KponopunoK@OTi3,alUs gwo BH/aecH & H
KaHanax ueonity MFI

|l OHOOOGMIi HHe BBeAgeHHSA HiKenw B ULeoONi TTHAM N H

HOK MeTany, nokKkani 3o0BaHMWX BCcepegunHi Mi KPOnopr
COEeHHA uyeoniTy. OmwawrNiBagT&d BAUWEOKIA THUX K a
KOHBepreHui o 3 KMUCNOTHMUMU ULeHTpamu bpeHcTepga
BpeHcTepa i, AK pes3ynbTartT, NMOCUNEHHI KPekKiH
CenekKkTUBHOCTI OKOaOTMAI JHI H3VaNT o3ppaa 3 OIKOHY MNMOBHI CTHK BO
Kpaue, Hi X NPOCOYEeHUN 3pas3 oK. ObunpBa [JEeEMOHCT
Ko 25 %, ane 1 OHOOOGMiIi HHMW 3 pa3 oK Mae O6i nNbuwy

LEeEMOHCTpPYE ceerxkpw BHE LCMep a/10y p i Huxye Ha 10

Buxi g 23 %.

Ha Hawy AYyMKY, NMPOCOYYBAHHA CONAMU HI-KeNnw
faeTbcAa O6i NbW 3PYyYHMUM MeTOAOM ANA CUHTE3Yy HI
3 BMUCOKOIW Tax TUMEB/HE KCTTUHOB HI CTI 3a poO3rasyXeHunuwmu
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HOB I HI TPONOKXREHRBBEHBOII PAIKACE MBORET AMU
dPOTOMNMPOBI AHWMIKNITBY, HAK ®OTOBNBOBBI
KOMMOHEHTW HOBIATHTXO®YHK Ul OHANBbHWMX
PEECTPYIOUUNX CEBREMOBWMA® N3 ALI NHOI

FONOrPA®I |

'Bonoaumup 160nosproas Hlkek6Gerxri iHia , CTYy A3 MHC b K WI
‘Banepi it Mawooa , Y 9B kumrHoap, KpaBuyeHKO

'"KniBcbKkKunI Haui OHaNbHWIW YyHiBepcuTeT i MeHi T
Byn. Bonopguwmwnpclhwiax p 6 gvwolad@gmailton0 1 ,
' HeTUTyTOmDi @amiKkOWHOT  Xi Mi i i Byrnexi mii 1 M.

Knuis, XapkiBcbke woce, 50, 02155,

Byno cuMHTe3o0BaHO HOBI MO H dHNLT pMan o(xg uaBH.i  C X+
HUXYe), Ha ©6a3s3i AKWUX CTBOPEHO HOBI bagwvaT 0 )
3aui "mHoYyyT AUBI ronorpadi 4YHI peecTpylUYiBacHe p e [

HA TaKoOX nNpwWu po3poobUi MyHIHIM PN EEUXK OREPBK HMUEBH M
KynspHoOoiT dQOTOHI KWu.
CuHtes Bip,nosi,qux Hi TpONOXi AHMUX CNpPpOWEHDO

@ - fté Niose

0

JI\ O COOH
Cﬁ»\@

M=
J>_> HySO/HNO; \C[

N1 N2 NO»

CunHTeEes3oBaHI CNONYKUN 0XHEHAMETeMTBOEB@AKH®TIGIR & 0
HOrFro aHani 3y. Bnkopoumncoopgpymwuyuby ooaHDgeprxamad (GO
poBi CTPYKTYypMW®U. Ona oTpumaHHA BNpndai genposm
aoinann i B AKOCTI BUXiIi AHOT BUKOpUcTOBYBaAanNnm i
No3HauyllH0 .AkK3pa3 KW b /rdo ToyoBcai yg XveeHT o goM nNlAmnBY
2 B CYyMi wnm gumxnopetaHy Ta OMOPA (3:2) y BMUT NA
3 Bi TbHOKW MNOBEeEpPXHEeW NNiBKW Bi agnNeoBpa’liopric TeN
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TponpoBi SnOulmO;(Tp—nni Blk2a. ToOBWMHY OTpUMaAHUX NAi
3a AONOMOTOW I HTepdepedH Ui inBHOOHrabh ~dmRi nkepgoBckao Ny M1 |

Hamu ©6yno pocni AXeHO cnekKTpanbHI, boToenexT
OfAepXaHUWX TOHKOWaAapPOBMUXBELPNET WP MbIBaAHMIC . Cc Mle KH
NOTHAYVMH HA CTBOPEHNUX TOHKOWaAapPOBUX @MOTOUYTANUBUX C
Nni BOK XapakTepu3syeTbcsd LOBTITOXBWAbOBMUM MaKCUM
wo o6ymMoBNeHO HasaBHI dNitoNA FVEM/HEYKTYOsi a XC UCCITORFMYMK C Y T

3B’ A3KI B.
1,0 4
084
mE
0641
. |
[=]
04
02 -
O-DI L ] L I . ] L] 1
300 400 500 600 700
A HM
Puc. 1. HopmMoBaHuim cnekTpNIE@NnTMYHOTO NOT NWUI
BnasneHo, o TCOMEYPTMIPABKIM Y PMB T AT b POTHOPOBI AHI
BONbTai UYUHUN edcdeKT Npum T X ONPOMIi HREHNNK@#HHANOMB
nNei AHNWX HIiTpocnNnomMMYRONBEOBKONPO XapaKTepuc-TUKN C
AXB/anmnmca B enekTtpo@oTorpadi YHOMY pexXxumi- mMmeTonf

TploOOTEeHUiIi any 3 BUKOPUCTAaHHSAM KOPOHHOTO po3papgy
3apany noBepXxXHI flh i Bkpa1B O 1L, bCOTMPYY RIMT PYD® WEONNEPKOTBPI O4 H i C
NMOBIi A HUX NNiBKOBMUX CTPYKTYP MOXHAaA CcyAawitTaanylio LU

nMOBepXHI 3apapgxeHorl nniBKW BIi gNnoBI AHO B TewMps4d
BHYTpPIi WHiIi W @oToedekT B CTBOPEeHOMY MaTepi ani

CUTHEO B a H KX Hi Tpocnonyek, obymMoBneHoOW GOTOIi HAOYK
boToOo3BYMMEe TA He3OYyAXEHUMWUW MONeKynamwu B-i onoBI
BDO ONPOMI HEHHS4A, AVMCcCOoOLUi aui €10-0)Y IPK@OBaAKM XN arpe MiaH a

WM™M TpaHcNnopToOM GOTOreHepoBaAaHWX HepiBHOBAXHMUX
MOneKynnwamaeapsBauw nig BNAMBOM 3O0[BHI WHBbOT O enekKkT

doToBONbTAT YHI BNNacTuUWBOCTI ogepXaHWUX nNni BKO
Moaunogi KoBaHoOoro MetToay KenbsBf8ph. (NpmopgaOmMYHAMNC f
3Mi HY TMNOBEepXHEBOODeEe HWWVRAKBTYYIMLYHHOOI T ON OMB € P X H | nni BK

3pas3kKi B Bi agHJAOH erkamppMmybapY Mi He HHI 3pdl®«ka 3 6
enekTPBogmwocTi Hanwpeurcp.aUlUi inpepgcrTaB/ieHO Ki HETUKY

HA Ta TeMHOBOI4WupderaiTackBecoa/ubi Ti a T BYSH[OM PO BOI NOPrOYMKI YH € H H |

AXB/aHOTrTo 3pd&iXacminiBeam O6/71aKMUTHOTINIO HanNni BRPOBI A4H
CMyMOM BWNPOME HIESHOH AH M.
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MOleKMmaBi ANOBI AHUX HIiI TPONOXi AHMX B ywmMoOoBax 3af!
pepfa K TMUBHOT O edeKkTy. Mopanbwe BMUBYEeHHA p[eTanbH
ogepXaHux MaTepi anax notTpebye pofpaTKOBUX [oOcC
HaBegeHWIXX 3B®&pTae Ha cebe yBary ToOW dakT, o [
NMPpEOBEeHMNX HaMWU eKcnepumeHTax BUKPHBIWEGCA3Lni BUB
HeTMNOBMUM ANsg O6i NbwWOCTIi OpraHi YHAXOBRMINGP-MREagep
BULW, AN1A AKUX, HAK npasunno, cnpasegnusm[i7le nport
3a3HayeHa o0cob6nMBIi CTb CTBOPEHUX HaMU CcUCTEM,
MIi KPOCKOMNI YHMX M eoxgaeHpi x3avHi uBx 3Haanmmc yI PBC i Biopie pma Cc U
3aui "nHMx npaduyuecimTentununy E
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Mo3HauvYeHMn BepTuMKaNnbHOW CTpi Nk o2d)n peo c3Tpoap3okBaax ulaPcCr or
3anwey 256 wmwm

¢
n

Bas3ywumnmcob, Ha pes3ynbTaTax nNpoBefeHUX [Jocni Agx
Hi TPONIOX A EMOOEHMORY IPEBHOBTN BUKOPUCTAHI B HAKOC
HOBMWX baratTodPyHKUi OHaNnbHMUX rPC pona nonapwusal
KynspHoOiT QOTOHI KWu.

Ni TepaTtypa

[1] Studzinsky S.: Mol. Cryst. Lig. Cryst., 2016, 639(1), 126.

[2] Balzani, V. (Ed.): Electron Transfer in Chemistry. Wiley-VCH, FRG, 2001.
[3] Studzinsky S.L.: Mol. Cryst. Lig. Cryst., 2014, 589, 183.

[4] Nabiyev G.: Semiconductors, 2009, 43(7), 892.
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[71 Zhao Y., Tomiki I. Smart Light-Responsive Materials. Azobenzene-Containing Polymers and Liquid
Crystals. Wiley-Interscience, 2009.
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OAEPXAHHA NAP 3 Bl OCNMPOBWHMU
anAa Moanmol KYBAHHA OOPOXHI X BI TYM

Onbra ,MoBidxoavmudp i My Hpwa 4y K
Haui oHanbHUIA yYyHiBepcutTeT «JIlbBi BCbKa nNo
By@JbaHpa &2p7a013, olha.y.poliak@lpnu.uat

MpoBefeHO CWHTYaAK3T UMB GBI &P XOHEEYBOB U H 3 Bi AHOBANIKBKAHOI

Moaudgi KaTop [OPOXHI X 6i TyMmi B. LJocni oxeHo apgresi MHI
MAP. BuBuyeHO BNNUB KOHULeHTpauiil pob6baBKW Ha 34en B
KnwyoBi pdmaxaoBa O0Ni A9, aMi HU, [OPOXHI A 6i Tym, nA

AK CcBi 44MTb CBiTOBaAa nNpakKTunmkKka eqPeKTUBHUM

B' sHXY O € Mmoro wMopagundogi KyBaHHS. Hano6i nbw Bi o0
LOPOXHbOMY i6ymMd/BWHAIUKTEBT OpaMmMm afr easki TUMHBOHI I [pi ey O
(MAP), HaWwyacTi we KaTi OHHI

3anponoHoOoBaHO MOAaUWNKI KYyBaHHSH B ' AXYUYMNX MmAP
pinmakoBoi onii. Taki po6aBKW € BUTIi gHUMU 3 T
6es3neyHUMU i BUTFTOTOBNAKTbLCA 3 Bi AHOBMAWBAaHOI

wy eTbca B-2]Ykpai Hi [ 1

3yuennwBaHi cTb O6i TYymMy 3 MiHepanbHUM MaTepi
TUMYHO BaAaX/JIUBUM acnekKkToM O6yAiBeNBBWA3IHIAK LB DI
Mi UHI CTb Ta TpuBani cTb ekKcnnyaTauyui T AOPOXHDBDO
Mi Hepa/llbHMUMW MaTepianamMumu p[JocAraeTbcCcsda WAAXOM
K I noninwywTb apgresitw MixX O6i TyimMmomo G aBMWIiNH e
BKNwYaTuMm areHtTwu, K i Ni 4BMWYKWTb N OB e prxoHBe Bay
WWT OBXYBAarAbHI BnNacTuBOCTI abo 3ab6e3neyvyyrwTb Xi
yacTuHKShmMn [ 3

Y pocni AXeHHSX BUKOPUCT O BHYaBJE /OB MK VYOG HT €/ HIN M ¢
70/ 100 BUPpo6GHUMUTBA MNAT «YkpTaTHadpTta» (M. K
ogepxXadH.i Ha Kaddhepgpi MEeETOAOM aMi oyBaHHS «CMUPC

Mpouyeagnepi KyBB asH¥ysdy Or 0 OT p U MarHpMaueio gmaoitna Bxaa M b
BNnpopagoBxX1o3@BgpramedHmsmn @i KyBaHHS BU3IHaAavanun 34yen.
ckna 3rigHo ACTY 9169: 2021 [ 6]

OpepxXaHi pes3ynbTaTunm NO 34YyennwBaHOCTI B’ AXY

Ha ocHOBI OTpPpMMAaHUX eKcnepuMMeHTaNbHUX AdaH
MAP nposaBnsge XOpouwi apgresi mHi BNacTMWBOCTI
Ki TbKOCTSAX 3BUYaAaWHOTI PO. 3i 36i NbWeHHAM Kin
aMi pysaHHa PO, I X apresi mHa p[i 9 No BIi AHOWEHE
BupmcrtoByBatTunu pgob6aBskunm MNAP1l Ta MNAP2, ontuman
(cepepgHi 3HayYeHHA 34yenn+®sbagHlociT i85 ,31 n%,B eBpiXAHNEOK
MAP3 € TakoxX edgekKkTuBHOW, abGienwswle shi,udr% mag C T
YU HHSA 34YenntwBaHOCTH6I1iN3b UNeo B7elp, X2H €249 .C K N a

APGIP-12 Ukraine, Lviv, May 20-24, 2024
82


mailto:%20olha.y.poliak@lpnu.uat

b
[EY
o
o

100 96,874 S
o
— 90
I
80
o 70
S 60
|
o 50 57,214
- 52
—+—P O
™ 40
—>—MNAP1
30 NAP2
26,06 ——~MNAP 3
20
0 0,2 0,4 0,6 0,8 1
MAP, % Mac.

Puc. 1. 3uyennwBaHiIi CTb 3 MNOBEepXHEe+pIiCKITIKO BA 3@TIEHKH (
MAP1, MAP-2,n0 elpAKRH i MeToAOM aMi gyBaHHa PO 3 pi 3

OT Xe, MAP KaTi OHHOTr meTiomy MM amepmyada@dHHSs PO, 3

6e, 9K edpekKTWUBHI apagres3i mHi po6aBKWU [0 [AOPOXHI X

Ni tTepaTtypa

[1] Dyuryagina, A., Byzova, Y., Ostrovnoy, K., Demyanenko, A., Lutsenko, A., & Shirina, T. (2024).
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15(1), 142-147.
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BAPI ATUBHI CTb HH HMAEM®B Ol CMOIWN 4K
MOAWN®lI KATOPA OXPBMKHY MI B

lOpi 1 MNpucaXepni n MNnuw’ €8

Haui oHanbHuiw YHiBepcutetT/iodlibBi BTBXKA, N on
Byn. C. Bsaiaingyrédmmail.dord ,

Ha pgaHwihh yac agna 6ypai BHMUTBA i pemMoH®Y aB
BYWTb MOAMMI KOBaAaHI LOPOXHI 6i Tymu. BoHUMU-, 3 a.
pi BHAHO 3i 3BMYANHNUMN B’ AXYUYUMU, eBIOVICOTIMN YHTULbM
TepMonAanacTUWYHUMKM W 1T HWMMWN XapakKTepucrtTumkamwu.

Becb CcnekTp NPOMUCIOBO BUKOPUCTOBYBAaAHUX M
Mi B 30eb6inbworo nopgingawTb Ha Taki OCHOBHI (H
71 N TepwmMonnac(ter a cermadei TKOANTI0apCUT) U, TepMoenacToOM
AK 1 -A0yAB 0BapHI npoAaykKTM®N, MalwTb paag nepesBar
nikamMum € pedi uynt (obGMeXeHIi CTb) CUPOBWUHWN AaAnNA
3B’ A3KY 3 BemymnscCcHIi AAY-RpPEBKTUHUYHIAYROBOT 1, Me T (
O OTCcy MH U X [ B HeoOMeXeHIi W Ki NbKOCTI TUNi B C |
LOPOXHI X O6i TyMi B, @ TakKoOX po3pobneHHS HOBMUX

Y c¢cBi Ti B Li nomMwa,a HBR YmapaiiHiy,acs3 @gkipe-po 3 W
i kaToOpi B JOPOXHI X O6i TyMi B anbTepHaTUBHUMNU,
CUPOBUHN € Bi gnagum XUWTTeni AaNbHOCTI N Kvonech H
nosBocrTi ; HMW3bKOSAKI.CHGe pkeqp NUCBHA I OK OMMeapIen/HIUR § O C (
BYWTb HeUI NbOBI (no6i YHIi ) NPoOAYKTMWU-i HKORBBBIAAI
bpakyi i . Y Hayipa@aEAMUYH/UKaAYBK@EP@ 1ax | Hpopmauyi i
purcaHHA UMUX TUNi BTBOPPEBRHWOAARKICB O [AOPOXH
Bi ACYyTHIi, ab6bo HaBepfewHiIi B KiNnNbKOCTIiI, d9Ka Hepgo

Bce BMweckasaHe cCcTano MNPUYUMHOKW TOT O, wo H
aptum Ta rasy Hauyi oOHanw®HAaIrOOIi iIXBHEe X@AmwT eTyyl 0« Jate
OBHIi 3aKOHOMiI PHOC-THL®OHEPWKaHEMO KYMBPOH 3- Hewyi
aHHA BYyrinna 3 ornaagy Ha MOX/NUBI CTb T X BUKOFE
Ana opaepxXaHwHHH] &KW MRBIWPHOHCBDKOPYCTAaHO ABIogEeBYY3b
B i bpaxkuyili (BKI @) , BUMTYYeEHI 3 pi AKUWUX NP-O0AYK:
010. XapakTepumcTtTunkmnm BKI® HaBepgeHi B Tabn. 1.

o I T

=

Ta6nuua 1. XapakKTepUCTHKRBHBBBAKKEPPAaKUMEApPOH

No NoKkasHuK 3HayYeHHH

3/ BKI ®1 BKI ®2
1 | TemnepaTtTypa noyaTKy Kuni HHA, 139 137

2 |TemnepaTtypa KiHUuAa kKununi HHa, °( 205 201

BMi CcT OCHOBHMUX peakKkuyi nHO3 garTH
CTUpPEeHY 18,13 3,86
KyMapoHY 1,65 2,69
i HOEeHY 22,15 27,24
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CMHTKg3Map@®BeHOBUX CcMON 3p[ilicHwBanum wMeToaOM

ym BKI ®2 B nNpUCYTHOCTI AK Kamani BagsopaepeEapas
aAa30TOBMIi CHOW @MYHKUI WHOKW T PpPpynow [O OCHOBHOI CMHNf
B pe3y/nb Ha™i BHIMIBABE OCHOBHMUX napameTpi B H a
|l HOEeHOoOBMUX CMOI, a TakKoOX BCTaHOBMUBLWWN XxXxapakKkTep
LOPOXHbBOTIo O6iTymMy ©O6Yyno BU3IHaAavYeHO oONTUMaAanNbHI )
(trabn. 2):
—-KyMappageHO@Ampi Mm atTop TepmonnacTtTumyuHoi pagii (K
—-KyMappgeHOBUIH mMmoandi katTAp. aaresi nHoi pgii (¢
Ta6nunua 2. OnTUManbHI -YyMOBHWMOBMUXMTEBMYNKYFMAPOHO T
3N9/ YMoBal/ YMNHHMUK 3HK6:LIMGHHKF:MAI
l1|TemnepaTtypa npouyecy, °C 37 115
2 |TpuBanictTb npouecy, °C 40 46
3 |KinbkicTb KaTanis3aTtTopa B peacxuy 3,3 3,0
4 Ki nbKi CcTb Kap§a3ony B peacxuyi W 3 195
CMO/TOYTBOpPIIWOYI KOMMNOHEHTMN Ccup '
Mepwmnimk yrumatp P e HOBO T cmonn ( KI M) CnpsasMOBaAHMIMI
LOPOXHBOTro 6i TymMmYy, wo BUpPpaxaeTbcAa, nepwoyepro
Ka3HMWKaAa TemMnepaTypu pPpo3M AKWEHHA I 3 MEHWEeHHAM

MO AWK KOBaMWAriH o@iHTOYy MM X i AHOT O.

OApyrvin Tud HggMmapBoh -AMoanmpfdMddlaHuil Ha-nokpal
HUX BnNacTuUWBOCTEeN [OPOXHBLOro 61 TyMmMYy, wo BUpaxa
BOINo 3HayYeHHHA MNOKaAa3HWUKI B 34YenneHHSA K ORAOXHILIGT O
MoaAwndpi KkoBaHoro 6i TymMy Bi QHOCHO BWXIi OHOT O.

Y BCTaAaHOBJ/IeHMX ONTUMaAalbHMUX YMOBax (tTab6n. z
KI M, AK I BUKOPUCTAaHO A[ANA MOAMMI KyBaHHSHA LO0POXH
B' AaXyuyuMuinm MaTtTepian BUKOPpMC Vapyra/bHOg®®d RO i GIH
«YKpTaTtTHapra», M. KpemMmeHuyykKk, YkKkpaiHa) 3ri agHo [

3 oTpuMaHuUux pagaHux (Tab6n. 3) BUAOHO, wo 3 i 3
3 popa&ce Moro TemMnepaTypa PpPoO3M’ SKWEHHSA (3 47 po
MHepanbHOTro wmaTepiany (apagresia). Mpun ULbOMY C)
(3MeHWYyeTbCcAa neHeTpauyui g i PO3TSAXHI CTb) .

Ta6nunusa 3. Moaundi KyBaHHS AOPOXHbOro O6i T

KyMafpeiEe HOBUM MOAMPIi KaTOpPpOM TepmonaacTMUyEF

3Hau¢ 3HayeHHA ANd MoAOMu

No NoKkasHuk BQM% an4a npu BMIi CTI KI M
3/ A Buxi g 10% | 30% | 50% | 7,0% | 10,0 %
60/90-52 .

6i TyY| mMmac| mac| mMmac| mad mac

1 2 3 4 5 6 7 8 9

1|OpHOpPiI AHI CTH + + + + + + +

p|Temnepartypa bl .5, g 47 48 49 | 54 | 58
KinbuemM®iC KYNeé
MeHeTpauyi a 3a

31|, c. _4wI 010 mMm) 61-90 62 52 48 41 38 26
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MpopoBXeHHA Ta

1 2 3 4 5 6 7 8 9
OYKTUANBbHI CTb

4 25 °C2( cwr)10 >25 75 75 71 68 36 21

. 3uennwBaHi CThb > 75 46 50 55 67 94 100
CKna, %

6 3yennweaHi CTb 50 3.0 30 3,0 35 50 50
e 6 e H 1o, ©0an

w
o

SCtm I = I
O O 0O 9 O

'3ri BHDHCTY bB-13B20@);’Mapbal] 60/ GO ECTY [AK000) 4

AK WO oOopi eHTYyBaTMWCb Ha ToBapBmMWCMO Kiktiuppais/a +
pi BHI 7 % wMac. Boanocb BUKOHAaATW BUMor mn s
K 1 BMBE 2 6 b @ © NOKa3HMWKI B TemMnepaTtypa pos3l
yBaHHA Moaumdi katTopa (noHapoToO0OnHkpaaweHHKe
Tehn O6I TYymMy i cnpmnatTmme nunwe 306i NbWeHHKW B
O nNneHeTpaui i i [AYKTUNbBHOCTI

CnpaBegnmnmeo 3as3HaudyurtTwu, o OCKIi NbKWU KI'M &
acTUBOCTI 6i TyMy, PpTo®B I MG)IRANBO HIROTTAd NBAMT & K

- 0O W o

TakKoX 8K | apgpresiwHuin mMopgudogi katTop. TMpoTte TVYT

—-nNepuwHUmMpoMMCIoBI anresi WHI AofAaTKW HeraTtwu

He3HayYHOoO Ha i HWi AaKiEgedima,n oKYaK3THMI/KBIH i6d TTey Miy , N 6 H

-Apy-HAATO Benumka KinbkKictTb KIM B 6iTyM™Mi,

NMoKas3HMKaA 3 4e-noniwBbauweo c7r,i0 %lemac (T1abn. 3)-. Ta
HO BUWA 3a BUTpaTy nNnpoMpcAaAoRK¥Ooa@i2@Bmamedy X 40

Ana nopi BHAHHSA, BUTpaTa NPOMUCNOBUX TepwM

(3anexHo-208p OTWwonwmac. ) [5] i € CNi BPO3MIiIi pPHOIO

3 ornapgy Ha BMuUwecKas aHyeB akKrluM Bmokuni KKMBHHOO SKKN arce

MoAunMd KaTop.

3 AaHux, HaBepageHMnX B -A,ab6bmopi4B HBAMHIOH 03 KoM,y
BUPAXEHNUN TepmMonnacTUUYHUNK MoOAOUQI KyUAX B e@piek ywv
MOoro TemMnepaTypa posM @aKMLEHEOERAPIQi MbANMEABEET b C

Tabnunua 4. Moaoundi KyBaHHSA LIOHHDeKHGBOUMNM 61 Ty M)

Moaudgi KatTopom apgresi "HoOoT pgil

BVIMd,llBMM 3Hau 3HaHEHM(ﬂ,ﬂ,II/,1],(.TJIF|-KOB€

No HoKasHukK E MO ho ansa npun BMI-A£THE HKH
h 20/100-54 BHMA Buxi 01%| 05% 109% 20% 7,0%
1 70110 6i 1y ma( ma| mal mal ma

1 2 3 4 5 6 7 8 9 10
1 |OgHOpPIi [oHIi CTH + + + + + + + +
o |Temnepatypa Pl 55545 46 46 | 46| 46| 48| 53

K1 N uewm | Ky

b
flewerpaul 8 3al 4 45| 71000 71 71| 71| 70| 65| 42

25 C*( Om-11 OM M)
OYyKTUNbBHI CTb 3

4 25 ©°C2( o)l 0 26 91 92 90 89 84 57
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MpopoBXeHHMHA Taby

‘Mapb#dd 70/ 1@DAGTY pR@Y.4

H
H
M

M
H
B
B
M
b

n
H

3aranom,

aBi Tb nNpu #Woro BMIi CTI B MoOAWMPpIi KoBaHOMY ©O6i TyM
eob6Xi gHY TemMnepaTypy PpPoO0O3 M’ AKLWeHHs35 5 o3pr6lemHHroy 04 |
PM LbOMY nNneHeTpaui a9 i A[AYKTUAbBHI CTb BROannu HUXL
Ak wo pos3rnAparkunalktBsi nHMW popgartok, TO AnAa
ogundgi KkoBaHoro apgagresi mHumm wMoaundcdi kaAopamhbOO,B
eobXimmHomTykBOATMCb BUMOTaMW HOPMaATWUBHUX 3MOKY ME
i B, 3[HH.pevapgi , aHani sywouyunm pgaHi, HaBepfgeHI B T a
Ci X apresi MmHMX NOKa3HWUKI B HLa&ae 100 CTHma T =UNgOmun
emi W MOro KinbKOCTI y B’ AXY4YOoOMY nNOoOKas3HUKWN afg
HA 70/ 10d07].3rMppmHopopnaBaiHDbi KYyWM noHapg 1,0 % ™
eHeTpaui i BUXOAUTHDLb 3a ponyc-AnMwMiO/ ®@Bi B3 pmnAagBC
opMaT MBOKYMEBIHT a

Ni tTepaTtypa

[ ACTY 2004 . (2001) . Bi TymMmn HadTOBI OOPOXHI B' A3KIi .

21 ACTY 4044:2019. (2019) . Bi TymMmmn HadTOBI 0 OPOXHI B' 4

(1 4CTY bB-1B52.20D07. (2007) . Byaoi BenbHI MaTepianu. biTy
TeXHIi YHI Yy MOBWU.

[4] AkzoNobel. Adhesion promotersvTechnicaI bulletin. (2013).

Bl Conopgkunih, C. WN., CigyH, KK.B. (2021). |1 HHOBaAUIiIi AHI m
6yai BHMUNUTBI . YacTtuHa 1. MaTepianun Ta TexHonorii Ha
NbBi BCbKOKM.MONi TeXHI

6] 4ACTY 9116:2021. (2021) . Bi TymMm Ta 6i TYMHI B' AXYyUi .
TexXHi YHi yMOBMU.

[1 COY 4068018212-067: 2011. (2011) . Bi TyMmn p[OpPOXHI B’ A3KI , |
TexHi YyHi ymMoBM. 3MmMiHa 1.
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5 3yennwBaHi CTh 575 >75 39 43 59 85 97 |100
ckna, %
6 3uenniwBaHIi CT b >4 5.0 25 25 35| 50| 50 |50
we b6eHtw, 6an
‘Bri PHACTY 91362 RMpCOY 408018212067 : 2011; AOTY 4044
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| HF 1 BYBAHHA ABAMETON Bl 4 KOPO3I I
HAPTONEPEPOBHOARAOHABAHA

OnekcRaemaHuyyYlkeTpo Toni NnbHWRPOMK@MWEY KBi K TOop
Hayi oHanbHWI yHIiBepcuteT “JIbBi BCbKkKa
Byn. C. baHpgepwun, 1@etro.itGpplytskys@Ilpnu® 13, Ykpai

CyyacHa HadptTonepepobHa NPOMMCNIOBI CTb X-apak:-
o1l MOTYXHOCTI Ta TexHOoOnNori yHumux cepeposBunuw i 3
ipe MOHTHUX NPo6iriB YENDRAHMOBOET BHMA Y KOO Mk IpH Q00
aHHSA. Uepe3d Kopo3itw cTanenhn Bi abyBawTbCsHa- NO3a
OMBH U , MeTany, Hani Bpabpukati B Ta T O0OTO0OBOA np
KTepHUN aANna THatpa oRa@@EPROOMIOYHOI n3pao My HIOMID C H &
anbHOT acouyui auyi NACE)H, X elyoepii WBH i3 BKuoTppoasTiui H(a KoOpo
aBopgax CWA cTtaHoBnNdaTb NoHapg 3,7 wMAapa ponapi B
MpMUYMHKM KoOopo3ilT B Hadpronepepw bdbHCLE ; yvepppy ImH
M Ta CipPKOBMI CHUMNU CNONYyKaMu; HM3bKOTEeMNnep
po3i a; BUCOKOTemMnepaTypHa Ci pyaHa KALOKpoop30i3a 4B
acni OK PO3YMUHEHOTNQOKMWCGIHI TOPTrBGAMHUNEBHIXMNT N0
onykamMm a3 oTy; KOpO3ia 4yepes3 Xi Mi YHIi peyvyoBMU
i A, CNpMUUYMHEHA Xi MikKaTawmu, AK I B U K-OLUP&eM CT io[B Y aoH
mcnoTtTa, Kaycxmwop.ami a

MeTtToan 3anob+3aeBBagHEPPH3ITAH 3HECONEeHHS -HapT

3 I O O

ratTopi B; 3anNyroByBaHHSA CWUPOBMUHU, pfOAaBaHHSA H

o 44 TT=zEFg £cooxT

4 w4 w

n

MeTopa i Hri 6yBaHHSA, AK NPKEGHWOINI, Y4 BIil @ T HDB W& &€ IT K6 iC
BNnpoBapgXeHHSA 6e3 3Mi HW paHi we npurHATeOro T
O [OfaTKOBOIo ycTaTKyBaHHSA. B akocrTi I Hr i ©6
onykun, MNoS -Qi-Pc-SATBRO60 | HLWI PEeEYoOBUHMN. Ha HadTC
HOBHOMY BUKOPUCTOBYHKTbCH a30TOBMI CHI cCnony
TBEPTUHHOINIO aMOHI 0, i Mi pas3oniH Ta TX noxi gt
NKHY MWW SHIi Kenw Ta | HWKux mMeTani B, npuyomy
nw AaKy. MepeBarm nNpwm BUKOPUCTAHHI HeopraHi v
ag3BMYaNnHO pobGpe nNpauwwTb NPWUW BUCOKWUX Temnep
a fAeuwesBHU X OoOpraHi YHi 1T Hri 6i Topu. Heopr aH-i YHI
MBHI CTb Yy KMUCNOTHWUX PO3UYMHAaAX, HAKIi €CIuHW/Mb HialBN
PCUH 9K Nob6i YHMNW NpPpoOAYKT KOpo3ipi ahfw/BinmMEpP EP 3
EHTPOM AOCAHNi AXEeHHSA B nowykax i geanbHOiI anbTe
CknapgHi cTb PpPpoO3pob6GKM I BNpoBagxXeHHA edeKkTuns
Hri 6i Topwm NMOBWUHHI 3a00BO//1b HEAATMN YBMKC3EHTISHENHWM N B |
axumcHoOT pgil npuMm AOCUTbL Manih KOHUeHTpPpauir’l;

€EXHONOTri YHMN pexXxumum pobBGBOTW YyCTaAHOBKWU, He NOTI
TOPUHHUX nNnpouyeci B) ; OOV OBMCHEBIAWMIMMU ; Bd T4iHIDI
CCKMYHHOTroO BNANMBY Ha O06CNANyroBywYuMWh nepcoHan i
MWHBLOTIO CepepfoBMLUA.

® O 3 0O O
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Tpagwuuyi WHI opraHi YHi T Hri 6i Topunm KoOpPO3il Ma

—BOHUW CUHTE3YKWTbCA BHMBMKIOPHCET @HMWMX MX ITOIKCHMNX P
[ KaTani s3atTopi B 3a ponomMorow 6GarartocTyni HyacTM
BUKULA ULUWMWX CNONYK CTBOPKWWTb Be/NUWYE3HI €eKONori YHi

—HepocTaTHI M 3axMUCT MNOBEepPXHI: yepes CBOKW MO
po3Mip Tpaaguuyi WHI i Hri 6i Topum Kopo3ii He 3abes3n
WO 3HUXYE T XHI N aHTMKOPO3i WMHMWN nNnoTeHUI an;

—Mi Hi Mi 30BaHa KinNnbKbCtnNbwWMCTHbTRpAGBADBAHMNX | HT
BIi LHOCHO MeHWYy KinbKi CTb UEeHTPpPi B apgcopbuyi i (nc
MONEeKYNAPHUX CTPYKTypax, TOMY Ui CnonNykKk# <cTat
ueHTpaui I ;

—Tpagunuyi napni kopbBi 1T AeMOHCTPYWTb O06MeXeHY p
nitax. ULle o6bmMexye T X 3acTocyBaHHSA 9K i Hrio6iTtopi

—Tpaguui nHi i Hri 6i Topum Kopo3il 3p84eb6iNbwWoro o
MMW Ta BaXKo [JOCTYNHWUMMNU.

Ak @©O©HTOPM 3 BIi AHOBNWBANbHOIT CUPOBUHU MOXYTHb
POCNUWHHI exKcTpakKTu po3rnapgawTbcda AK NPUPOLHI CV
npoBMM MeToOoOgaMM 3 HeBe/IMKMMU BUTpaTaMu.mk-Bna 3H
PUCTOBYKWTb e€eKCTpakT oOnyHUIT, naBCcoOHI T, nmcTAa a
a
r

—_

60 aBoOKapgo, THKTIWH, YOPHUWNW nepeyb, T paHaT, HaciI

i 6ickyc, Ta 1 H.

AK 1T Hri 61 TOpU KOPO3i6Gi aDOK3yKI/ba HOHIT UM BMNIKMEPMIC:T aTH:
Xi To3aH i KpoxmMans, MOXYTb LI aTN AK edPekK-TUBHI
HOoBIOBaHWUX pecypci B i € 6ionori YyHo po3KAMNa-faHUMMN
atTumuBamm.

Lesacxi A0 COlg [IeHMXWMITHE 4 Ha BUKOPUCTAHHI BIi AXO
Kopo3ili. Hanpuknapg, eKcTpakTu cinbcbKOro-cnopgap
YIKi B MOXYTb OYyTWUW edPeKTUBHUMU ANnA 3anobiraHHsa |
i Aaxonai B.

HaHoYacTUHKW, OTpUMaAaHI MeToOfaMWU 3 €/1€HOTFO0 CUHT
abo MiKpoopraHi smMi B, MOXYyTb AeMOHCTpPYyBaTWw 4YypagoB
nepepgbavyae eKONoOri YHo 4YuMcTi MeTOAMI,B.YHUKAKWYMU BMN

| OHHI —uiegwrwmi , AKI i CHYWTb Yy PpiagKOMY CcTaHi r
pi AuHM MnNnokKkas3anm <cebe nNepcneKTUBHUMU HAK i HT i 61
TOKCMYHOCTI Ta 3JaTHOCTI Yy T BICOPBHBBP&XTHMA X3.aX M CHI N i

BukopumcrtaHHsa 1 Hri 61 TOpPIi B KOpO3iil 3 BIi AHOBNIWB
pocni oxXxeHb B ob6nacrtTi 3axumcTy BIi A4 Kopo3iil HapToO
npogeMOHCTpPYBanNuW 3HaAaUYHY edeKT KEPie@OB NiLAKI 6 )BKaHO
KMWCMNOTHI , JNYyXHIiIi Ta po34YMmHMU, WO MIiCTATbL XNnopwupg.
PYHKULUI OHanNnbHWUX T pyn, TakKnUxXx AK reTepouUUMKINiI YHI C |
Ha MNOBEepPXHI MeTany TaKyiTMmop®modp BREWMPpEKTWUWApPAC)
HUM3bKY TOKCMYHI CTb | 3JgaTHIi CTb O 6ionoriyvyHoro
I Hri 6i TopamMm KoOpoO3ii. MOTOYHI JLOCNi oXeHHA 30Ce
Ni ABUWEHHSA BMWXBEAY BTH& XPIos3opoonibykka. HOBWU X CKNnapgi B 1 C
6i TOpi B KO |BO FIHIO BHIAOBAUIBLMHBOIT CUPOBMUHM Mae BUPIi wa Il
3acToCyBaHHA B PpPi3HUX NPOMUCNOBMUX 3acCTOCYyBaHHSAKX

juny

W o
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KWCNOTHI YUCNA HADPTEHOBWUX BI TY M
ONA ONLOPOXMYRBEI W

lOpi n Ci Bpwmogumump TYyHbKa, OneHa AcrTa

Hayui oHanbHUWW YyHIi BepcutTeT «J/lbBi BCbbBbaHmepunTe
12, 79013, yurii.v.sidun@Ilpnu.ua

3aranbHONPUMARHATO, wo ANA BUPOOBHMUTBaH{iZOPO
WMMum € AncTtunauyi hHI 6i TymMm 3 BUCOKUMU KWUCNO"
BMUCOKO CcMONIMCTOT , Mano napada HCHOB-GH a[PB Ak 9 [
paomM Taki 6i TymMmnm Has3wmBawTb «Naphthenic-Bitu
i HUCTI OHi UT3YBMKUN MIN3 K M CNOTHUMMU YMcnamm, HO B MU
Paraffinic bitumen»»®] (. naAmardipHun ecpTaaxnori T Bf ,M-1 ), oC[TF
e i 6i TyMm i 3 BUCOKUM BMIi CTOM T eTepoyUK-NTI YH.I
MM 4yumcnam (npumbébnmsHo 2,0 wmr KOH/ 1), AK Npeé
Mynbcii Ta aparesiw A0 KaM SHuXCMaT@ipda amib BT & [
MYynbryBaHHW (3HUXYWOTDb Mi Xha3HUN HaATAT ) T a
M ycnibl . Ha npoTtwuBary napa®i HncrTi 6i TymMnm- xapa
MM CnNnONYyK i H®3 b kmavmwmn K(uHcen o @ iHmuvwmeBuy Onclt emirt i K-
aBepjeHo, wo Ha@pmemeaBMXMNECiNBYMIi B € 61M3bKO 4,
3arani 6nmsbkumm pgo 0O wmr KOH/ 1.

AK nNnoka3ye BuUpobHMYaAa nNnpakTuka Ta nabopar
61 TYMHUX LOPOXHI X €MYWNEOO@ITH MXa eBMYKIGE 1A TOPH BA M

A

W T T ® ® d I T

i HTMcx 61 Ty max. MpoTe NOKA3HUKWN HAKOCTI Taku)
HaPTeHOBUX 61 TymMax. KpntTmnmyHmm usa npob6Gsmema n
HeapHbM X cy Mi wax ( TEMC) N/OA Nwapixe ADPOCY B®BETKO
Mi ULHIi CTb CYyMI Wi [ 3HOCOCTI KIi CTbhb TakKuUX ROKpPpMU
LOBiIi NbHUMNM [ 2, 5, 6] . BpaxoBywuun oKpecneHe,
Ta B YKpai HI BUKOPUCTOHY BHa VB UTWDLKE KMICTIYOM HIO
Nynas 70/100, Nybit E8 5 wB e agc b K dNynas,K osMKlilaii i Bur otoBnsanun i
BaXKOoTl Ha T n. MpotTe yepe3 emMbapro CWA Ha no
pPpoOKY LI 6i TyMn BiafGyEWpWHABUYH@PRAO HB, AMYyYdYO0Tr O |
YNCNMOM O CbOT OAHI He 3HaWgeHOo. Xoya 3aBpfdack
Ui aammmnm emMynbratTopamMm Ta oOopTodPoCc POPHOKW KWUCNO
aK i € CXOXMMM 3a CBOIiMmMyMiXuasipalkKI epBUCDHKIOA MM CH
MpakTmMmuyHa anpobayi a NEMC i3 opTtodoCcPOpPHOW K.I
OO CbOTroAaHI . BHacni ook 4oro ©O6yno BuUSABAEHO T

BCe TakKu [O NOWYKY caMe /NHOBHOIT® BdpmiyamyTy Axu
[8,10-1 3 ] CTBOPEHHHA BUCOKO KMUCNOTHOTro 6i TyMmMy MO

ancrtunaui i, ane | Moaundi kKauyi ero napadi HUCTOT
noni MmepumsaoBaHUMN) nNpupopaHOTLha amoos vHGa dqxTaousi osar oM a
MeTi LOCATHEHHA 3HaAUYeHHA KUWCNOTNgbOt YWEC /KD ME
Nynas. 3ri gHo 3 TeXHI YHOW 1 HpopmMaui e npo
KWCNOTHI ymcna BMU3HAYeHI 3ea NGBIBYIT M2 D66 KOHL 5]
A NyHweasHapgae 4i TKY 1 Hopmauyi o, WO A0 KMUCNOTHMU
NPMUYMH BI L CYTHOCT. Ui TKOIFToOoO 3HAYeHHHA KUCNMOTHGC
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ans 6i TYMHUX eMynbci W. KpHMi ToOrToagpesxaseten iH

HayKOoOBLUI He € oagHOCTaWHI B 3Ha4YeHHI eKcTpemMym

OT Xxe, MeTOoOw AJAOoOCNi AXeHHSA Oyno BCTaHOB#UTW da
naHiTl Nynas.

3aranom KomMnaHi a9 Nynas BBIN T DB WBAIAKEI ,0i ekyammy
Mi ymMm Knacy [ 14]. BurortosneHHda O61I TYMHUX - eMYy b
BYYWU Mi cueBi KNni MmaTunWyHI Yy MOB WU, ycni wHO npo
NYNAS 70/ 100 Ta cneyi anbHux O6i TymaNybitgEsxm 61 Ty
Ana wuwpwux [JAoOoCNi AXEeHb KWCNOTHI ymcna BU-3Hayan
ui €t: NYNAS 50/ 70, NYNAS 100/ 150, Ny bit E

BM3IHaAayYaNnmnm OCMEXBaHH I uydeii3 MMIKook a3 HMKuU 3a ACTY EN 12
[17] (Tabn. 1) .

Tab6bnumiOT HD PH B MkeaX a Hi Y H i NMOKAa3HWUKIDI TTay MK IBC JK@TMHIIA HY U C /i

Mapka 6i TymMmy

3/ Mok asHNMK NYNAS | NYNAS | NYNAS | Nybit E | Nybit E
50/70 70/100 | 100/150 85 190
FMTmMmbébunHa NPOHMWUKH
1. |(neHeT pTaeyM e p a%ag p 61 75 107 80 161
M M
2. TemMnepaTypa po3M 49 45 43 47 36
PosTtaxHicTtb (4vy
3 TeMnepaTtypu 245 > 100
4 | TEMnepatypa cnan g 231 227 234 219
TUur ni , C

Po34YymMHHIi CTb B
PO3YMHHUKY,

. | Kimemarnuna B’ A3 230 175 235 135
M N/C

KncnotHe uywncno-0%,3
7 Mr  KIOH 3,5 3,6 3,6 4,2 4,3

AHani 3 Tab6bn.1l BKa3ye Ha Te WO, WO KWUCNOTHI
B Ai admms.0HimMr KOH/r, wo yBBbpbakGemBesroi &3, Aamn ™I

BHacni ok npoBefgeHUX [OCNAi AXeHb, po6umMo BMUC
Bi gHOoCcMTNW O6GIi TymMunm 3 KUCAOTMHMN MMOHY wec naBving ntoes i g @ 10
MaHHS | 3 noap6aidriyimyc Tmaam i Kauyi eto (BBegeHHASM XWUQp

HaprTeHOBOro Heob6Xi AHO po3paxoByBaTMWM BMi CT A o
6i Tymy HWHemme KQ@QBE/ 1 .

Nitepatypa:

[l] OcTpoBepxwui o. . MpoeKTyBaHMWISH eP@HIIBMIPHNOTE LBX 16 ND YO IKH
ogAar-imBykonwuc. OuncepTauyi s Ha 380060yTTSAH HayKoOBOTlTO C1
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(2]

(3]

(4]

(5]

(6]
[7]
(8]
(9]

[10]

[11]

[12]

[13]

[14]
[15]
[16]

[17]
(18]

cneuyi anbHi cF @B 0BGV RRi. AbLLH i Wwnsaxvdama o Haae/PEOHAVPIO MA P a H ¢
YHi Bepcurtert, Knieg, 2002

Ci oyH 0. B. Mi ABULWEHHKIOTIBBY QiIKHODAT i Mi HlaH@® TPy NUTKNX )
Mi HepanbHUX- KByamii upe ik.ayi WHa HayKoBa npauas H a np e
3006yTTSHA HaAayKOBOINo CcTyneHs KaHagumpaTta TeXHi YHUX
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—Apxi TexkTypa T-aHabuyiao HBaHMbUHTVBIO )y.Hi BepcuTeT «JIbBi BCbk
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BUKAUWUKNN | MEPCNEKTWMBW AOC/HI AXEHb OEEMY
EMYNbCI W BAXKUX HA®T

Makcum v waeT p Tomi NnBameiwKmiia TkKkauyk
'Haui oHanb HY YyHi BepcuTtet “JilbBi BCbKa n

Byn. C. baHpgeplkp aBetmod tApplnytskyp@Ilpnuoud 1 3 ,
nmn

0
7

Ny u b K Hayui oHanbHWW TexHIi y4dld0ld, yAyw/BEPpCUEKAQT , 7!
B pesynbTartTi npoBepgeHoro aHani sy pob6i T, npepgcTas
npob6newmu, A K i BMUHMUKAWTb Ni g Yyac PpyWHYBAaAHHS eMynbci

HeobXi AHUX. ooCnNi oXeHb

KnwuyoBi eawyoieba:i 9 ,T a8,a XKee WMyagbr aT op.

3anyyeHHA HeTpapaguuyi mHOT Ha@TWU Ha Mi XH-apoAHI
HUMU BUKOIMKIBMUNWL 3 AKWUX € .y TIBaokpie HeIMY /ebVcyislib C3 HWia 4 H
ekcnnyaTauyi BHI Ta BUPOOBHMWYI BUMTP@Gme mma (THLE& IDPKU K
3abpyagHeHHAa HeaBexp®@manwpa Te, wo Oaradam@roneuxi 4:
eMynbci M WMPOKO BUCBI TNEHO, BCe Ue 3anomywaeThbcC
Tb NOJaNbWOTIoOo BMUBYUEHHSA. ToOMYy ANKEe3IBABXXKWMBAONIH
BOAOHWUMMU eMynbci aMu, HK TeopeTUUYHI, Tak i npaek-T
Baxka Hapra 3a cBOi M CKnapgomM € O6araaekommno
MPUPOLAHI e MyaTHpraaIbaT®WH,M 9K CMOIN, Wo MnNOoOCUNIWE CKAN
OKpi M iTTHIYoO,T b | H Wi UYNHHWUK MU, K i BNnNAnmBawTb Ha I
WMx A[AOCNAi OXeHb. Hanpuknapg, 3B’ A30K Mi X B’ A43KI
3anMuwaeTbCcCa HeACHMUM, MexaHi3M cTabinbHOCTI , 4K
LeeMmyAaTOpi B, PO3TrNAHYTMUWN He Yy BCIi X acnekTax.
MepcnekKTMBHMUM HOBWUM HaAaNpPAMKOM [JOCANi XEeHb B
CyBaHHA WOHHWUX PpPi AgWH, AKI MawwTb HU3IbKY TemMnenp:
cTabiNnbHIi CTb Ta MOXAUB.I CTb perynauii BAonacTUBOC
Mi KPOXBUNbOBRO IEBIKHDEOIOE G H WERB N AXKIBHEREKK B & MH ia MR K C
pMeHTa anbHI AOoKaswn, AK i LO3BONAKWTbL TOYHO KOHT

Heo6Xxi gHO B [, OTCEKOOPHEATANEMBHA © @ N i [ XWesBxaarHii 3BM T aH OB /1H0OB a
onTuMMapamMegTPRP OMMNCTIOBOTNO BUPOOHMULUTBaA.
Llo cTocCcyeTbCcsa ynbTpa3BygKaB@ioOpeemwWpPIERE ®MieH )

NMO€EgHAHHHWM MM MeTOgaMU i Jo3BoOo/nNuMANa AfAOoOCArFwMm Kpal
reTmMyHOr.dae dueekxTayHlii 3 M Yy 1b T Dy FBHYBYVMHHA B aXMKWHBX e MYy
YyeHM@@goCTaTHBO, a aHani 3 Teopille pegMYyWMbB Y BAHNIKCGE
ONT MW MEKABLI Kii MTBIHOT O fgeesmMymbraapp@aacTbcsa npobéne
BMMaArae nopganblWMX eKCNepuUMEeHTI B

3arapomg3 po 60lie/HHE e RE AT @ E B M O IXiMEHIBIS & @ WM b
BaHMODK/IMWNBI Bapi aHOMUHNRSONMAKPOXBUAbBLOBUM BUNPOMI
3MEHWeHHA Ki NbKOCTI XTI Mi YHIIMX KPOXBRAMNHOMBMMBOO KBIME
BaHHS ANSd HAN KO MARCTOBHO MY BUPOOHULUTEBI

Y npouyeci LoCNnNinNEKMEBABAX THEepPOAPBOAeeMYy Nbrlr yBaHdt
I CHY Y UMXH®®e O ©HIel BTOi N1 b KKy B3aoHecpsE e K T i [, S1&XM Y¥/labKroy B a
MYy ane RaPeXMHMBDK/OMB €KOHOMI YHHI Ccprabl i TO&dda@Konor
npouyecy, npuMmnmarwym [JO yBarum BecCb L oW/PIOEhHH HTI b H O
nicnga BUKOPUCTAaHHA NPOAYKTY.
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O4YNWEHHA BI ANPALBOBAHNX ONUWNB TTOBEP.
AKTUWBHMNWMN PEYHOBWHAMWU MNMOBYTOBOIO TIPWS3

NMeTKa@asnmvmiippBepsi HOBEPMHNIOMwAa@abe gb
Haui oHanbHMUNW YHiBepcurtera®Pelpma BXibMiayu M@ i TeXH
HathptTn TA90A3y, M. Jlbepa,chewigskiji@gn@il.conbaH 4

HacboropgeHHi , oAHe 3 BaXNUBMUX NUTaHb e€exKOI
Bi AXxojgamMun Bi g excnnaoyaTtauyii aBToOTpaHCNOpP-TY: i
NEeHHs CcaNoOHYy, BUKOpPpUCTaAaHWUN enekKTponi T N CBUHL
HatTqonpoAayKTMW, i nbTpPpMU, OXO0ONnNogXyBarsnbHI Pi-AWNHMU
OYIKW CTaHOB/NAATbL 3HaYHYy 4YyacTWUHY 3aranbHOI Mac
HapronpoAyKTi B YTBOPHWTbLCA He /AuMwe B aBTOMO
TpPaHCNOPTY Ta NPOMUCATOBOCTI

A K Bi oMO, ni gyac ekcnnyaTtauyi-il MOTOPHUX
BOHMW 3a3HawWTb | CTOTHWUX 3 Mi H: yacTkKkoBe abo 3
OXYyBanbHWUX pi agnH, 3abpyagHeHHS MBEAHOPBHMOMOOD
3Mi HW BYyrjiesopHEeBOro <CKnapgy ToLuWwo. Lo cknap
BXOAATb PpPi 3HI 3abpyagHeHHSsa, nNpoAYyKTWNW po3KnMNapmgy
LUNT MDPAIH e B WX N -UKaPTUYBHOHUMWXN HIOp y N , NpoQYKEHEB - BIYMI
BOAOHEBOT 4YacTWUHW onumuBu (OoOpraHi YHI KmcnoTtwu, a
POAYKTWNW TepMi YHMUX MNepeTBOpPEeHbL BYTITnesoOgHI B
poueci B, Wwo nNpPpuU3IBOALATbL A0 NOT i p UCETHEHAA NMBOHTaoupeH
nneB, OoOTpWME@T@QPHAINBY O/TMB, XO04Ya 3MIi CT UbOTO
A Hapfjani 3anvMwaeTbCca cynepeynuseBuM W [0 KIi HL

Y cy4yacHi M TexHonorii pereHepauyirl Bi gnpauy
MeTOoOACBOB&EBHAMX Ha Qi 3MYHUXE MIXYUHMUXY HRARO LTEAC adxi.3 U
di 3MYyHMX wMeToaiIi B 3 BO BMAy4dYawTb MexaHXiuMmiiy ago
Hi MeToauW 6a3ywWTbCHA Ha BUNYYEHHI 3abpypopHeHb
agpcop®ai poRAYNHEHHS. Xi Mi YHI METOAM OYUIMEHHSA
pauyil onNmMB 3 BUCOKWUM cCcTyneHemMm 3abpyfgHeHb, e
X1 AHI CTb BB®EXKETHHBMH OXiOoMip¥era eHTa (Kucnorta, nyr
HeoOOGXTARHIYyTUNI 3auyil ar pecunBHMUX Bi oxoAai B. OpA H
o6BOOHEHWX ONMB Yyepes3 nNnoTpanaaHHA [O T X- CKII
nopxXyBsanbHUWUX Ppi 4WH. AK Hacni ok, YTBOPWETHL C !
NMpoBeEe/dBe/HUHel0 Nepeni yeHUMX nNpouyueci B pereHepauyi

Y pob6orTi BCTaHOB/eHa MOXNWUBI CTb OYMUUWEHHSHA
BUKOPUCTAaAHHAMEKNEABERPXHEBMHOBMUH (NDAP) , AK I wn
TeXHonorii BUIFIOTOBNEHHS N POMMICEL.OBIMX B W6 INW 60/ G
AeWweBU3IHOW Ta [JOCTYNHI CTIO.

Ana BCTaAaHOBJ/IeHHSA ONTWUManAbHWUX YMOB 34FWCHE
poagwn TTAP, TpuBanoctTi M TemMnepaTypu npaolLweeicy
BO. Ona ni gTBepAaXeHHSH Ay c3na NUPHOONCOTH O BBAVHKOO [38W OKIT PaOHLY
Ta oyYyunuweHMmx BO -OyemTpEANIME amp eBé&yPePHHCUIEEHETR & 8 H B

OynmuweHi 3anponoHOBaAaHMUM MeTOAOM HadpTOSBI 0 .
OBUX MeTOAiI B T X [OOYRURBPRACHAHAHMAaAaSHKYyBMaANLYB i
Yy PIi 3HUX TexXxXHONOTNi YHMX npouecax BIi TUYUSZSHAHOI

I O 3O 3

=
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AHANI 3 ONEPALUI MHUX BUTPAT
anda YCYHEHHA MNMAPA®I HI CTUX BI AK/NTALE

Oner WymwdeTtTpo Toni NbHUUbKWMK, Bi kTopi a F
Haui oHanbHMW yHiBepcutetT “JIbBi BCbkKa n
Byn. C. baHhOpad3, 1 petwop. tAphlrngtekys@Ipnu.ua

MpoBepeHO KPUTUUMHUIK aHani 3 nOiTepaTypHMBapgpBaAKKMUN® CT
YCYHEHHAM napadi Hi cTUux Bi gKnageHb.

KnwyoBi Butoxao:napadi Hucta HadpTta, BUPOOHUUYI BTpatwu,

MocTi MHe 36i NbWEHHSA BMUOOOBYTKY HadTwu, a Ta

napadi HUCTI i BaXK.I HadT n yp OBOCMET bM eHHauf, 3 BOACH TAWITHHO U
HUM BUPI WeHHIS npob6bnem, nNoB' A3aHUX 3 nNnapaddi Hi CT
BplOBaTUCHBI K WMOYyrms Ui cucTtTemMm Ha wWnaxy Bi g popaos

HavnowumpeHi WNHNMMU € BUTPAaAT UK T UIGYKHI N XB | 34aHXooCsli TBb, C A

ANnAa TexHi YHOro ob6bcnyroByBaHHA Ta Bi AKnapeHOTroOo

pogoBMMLW OULiI HWKWTb BUTpPpaAaTW Ha ni K254 aiiHO rmapiadii
OOVWH BUNaAajJoOK, He BPaxXOBYHWEHWUBUBPADODYTKOBMSAS3aHMUX
BcTtTaHoBneHO, Wwo ™MexaHi YyHe BUupganeHHA -Bi AKNa
NaTkKNHHOKW Mi pow A4N1A YHWUKHEHHSA MNOBHOI 3akKynopkwm
BMUTpPpaAaT Ha 3acToOCyBaHHA Ui el TexHON@Mii 3( -HmAyoK
npocTOLl, HeobGXIi AHUM ANA nNpoBepgeHHsSs onepauyi n.
yepes3 nNpocTin cTaHOBNATbL NpumbnmMaHo 625 000 pgor
KOXeH Bunapgpgok. HaBi Tb dAKWO camMa TeraeongileHeaem
TakuMux npouyueci B HAK 3aKinblubOBYBaHHA Tpyb-OonpoBO
TgaAaTunW AecATKW MIi NbWOHI B ponapi B 3a opgHe BTPYU
pi wWeHHs, Taki 9k i 3o0onqaui a9 Tpyb6onpoBoagy ab6o Xi N
BapTtTicTb BUKOPMUCTAHHSA XIi Mi YHMX MnNoKpawysBauyi
obcTaBMUH. Xi Mi 4UHI peyYyoBUHN € cneuyundi YHUMU 4N
pob6bngawTbcAa 9K 3a cKnapomM, TakK i p[pO3yBaHHAM, 4
KopebpymwT binbw TOT O, 6baraTto nokpawysBauiB8 abo
najag non-k@getTHn meaHyeTtTartT) , nonaf#-arehpegei) @l KOQPpQ
MW | Hri 6yBaHHAa 23% i 8 %, Bi AnNoBiIi AHO, abo BuUuMa
noni akpunaTHMUIA ) i, meapb o ( BB KA Q@ @®T b C A npwu BUCO
BUCOKMWUMUM BUTpaxammperaopacocrpygobnm, wob6 3anobir Tl
Hes3Baxalwuym Ha oOoOOMeXeHIiIi CTb pgXepen AfaHKWX, aH:
HOIro aAB@peAa [JO3BO/MTMNO BUABUTKU WNPpMAIHI JIHA& TA 300
a CcCKnapgHi cTo onepauyi n. Lle y3roagxXxyeTtTbcsa- 3 nNoB
Mi YHMUX Hacni oKIi B NOTeHUI NHUX 1 HUMAOeHTIi B 4Yyepes
APGIP-12 Ukraine, Lviv, May 20-24, 2024
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METOAW YTUNHA2AOOBMI CHUX BI AXO/4! B

Oner T pPUHUWNUH, lOpi m 3Hak, Tapac UYepBi HC
Hayui oHanbHUWW YyHIi BepcutTeT «J/lbBi BCbKa nonir Te
oleh.b.hrynyshyn@Ipnu.ua

HadToBMIi CHILEBINHPO@Y K T 1, YyTBOpPEHI ni g 4Yyac A
TakoxX nicns BUKOPUCTAaHHSA OKpemMux BUAI B TOB
Bi oxoApai B BIigHOCATbL HaMroBI wnammwu, B I-coMiopnaol b O
napadgBHQBMNAagW TOLWO.

Ha T o8BI wnammu, WO € OCHOBHMUMM 3a KiNnNbKi CT]
3 BYyrnesogHeBoOIl yacTUuHMW, Boawu T a Me X aHi 4Y4HMU
HaKonNMMWUYyroTbCAa Yy ChNeli dAKIOMMYyB@EMAX 18 BEEB@TELK &
LOBKI nna, 3abpypaHwwouynm nosBi Tp4a i rPyHTOBF BOS
HOOMM i YHY npob6bnemwu. 3 opHOro 60Ky BOHW 3abpyasg
6GO0OKY B Ha®@ToOoBMX WNamMax 3HaxoAUTbCHOBW,a4YmMKi K@
HOKW CUPOBUHOKW [JNA HadpTonepepobBHOT Ta HadTOXI

nepepobkKkun HadPrToBMX wWNnami B € Hapg3IBMYaAaWMHO akKTy
HamMum BMUBMUYUYUEeHO cKnajg Ta BANnacTUBOCTI Ha@Mr.o w
Jocni oXxeHO 4 3pa3kKu HadrToBMX wWnami B.

Po3pobneHo HayKOBI OCHOBW HWU3IbKOTemMNneparTy
OB/T€EHO NPUHLWMNOBY MOXNMUBI CTb Of€epPXaHHMOTOP TB
HMUX nNnanune. Mokas3aHoO, LLITO T-HBa oor e0 3Wy1/aMTy a TYiT BIDIipROGOST ib?
7,6 % mac.-32B0ba®m wmdd6. P9, T B5e3p, p4n % 3naancn.wo,k  T(a8 , I
9872,4 % wmac. ) . Mi pokoHAaeHcCaAaT HeoOoOXi AHO poa3,
3afnvnuwock. OTpumadHi op @K Wi TH aj oHua dITbLOHNOE Preg e ™ m &N
ofepXaHHSA TOoOBapHWUX HaPToBWMUX Nnanue | MacTWUNbH

Po3pob6/nneHO TeXHOMNOT I YHI pekoMeHgauyi T ans
nNi pokoHAaeHcaTy niponi3y HadprTownami B. BeRrpon
3MHOBOT Ta Au3enbHOT dGpakui  ni pokoHpaywaaay
Ui MHMX XapaKTepUMCTUK BMUMOTramM HOPMATUBHUX [O0K
NMOHOBAHO MNpPakKTMWUYHE BUKOPUCTAHHSA Noo6iwww dmx nf
niporasun pfouyi TbHO BUKOpPpMUCTOBYBaAaTWM 6GBe3nocepe,
BNacHuUX noTtpeob,; 3anunuwok neperoHKMW MNi pPOKOHAE

K orve e HT nanauMBHOT O Mas3yTy abo a K CUPOBUHY L
TBeNpAL 3@a/IMWLIOK pPeKoOMeHJOBAaHO BUKOpPpUCTOBYBATM
POBKbB OT O NOKPUTTA.

Po3pob6/neHO OCHOBMW TEXHONOFRANPEDPE@POB®ARO HH |
BY TEeXHONOri YHY cCcXeMy ycTaHOBKMW ni ponimay, c
TepianbHMUN 6GanaHC npouecy niponi3y.

Po3paxoBaHO BUPOOBHMUY cob6iBapTicTb -1 pot
524560r pH. [ T. 3a HabnuxeHumMum oui HKkamMum cob6i Bap-
Hi X BapTicTb CuUupPpOT HadpT M.

Ni TepaTypa
[1] 3Hak ,MpMBHUMWKMH O.b., BUepBHHaAbEKAAafZY|l Ta BnacTuBoOCTE
BHacni ook nepepbdskurteaerponori a p,R0R2HNI6A-74Ta 1T X 3acTo
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MOKPI BENMTbHI PEY JTTQYHVHAH | MATEPI ANWU
XonogHoOor o HAHECEHHH4

AMnTtpo AnekcQuHegrpolBpMHUMWNH, pinh Xni 6ut
AHapin Harypcbkun, Tapac bor au
Hayui oHanbHWW YyHIi BepcutTeT «JIlbBi BCbKa .noni Te)
dmytro.y.aleksandrov@Ipnu.ua

OQ4HMWM 3 HBaMMKPOSPMAKCITBA HH A ©6i TyMmMi B € BUPOOGIHEMN L T B O
piani B i BOAOI 3-0 AsAlpiod BWOX1 sKA PPHUKKI BMaTepiMaci B AN
nNnoBMWuX, UMWBI NBbHMUX Ta | HWKUWX cCcnopyayq. M aka nokpi
BapTi CAEHDOPRBI BHWNMU TMUunamMnm MNOKPiIi BeNbHUX MaTepil
NOBEeEPXHIO. Came TOMYy 11 ALYXe 4YyacToOoO 3acTOCOBYIT
Bi 4 aTMoc®epHMUXx onapgis.

Cepepn Bi poMMUX Ha CboOTlT OfgHI PYTOHHWX B@MOKX pPIi BE
3a0/OBYWOTb PYJTOHHI MOKPI Be/TbHI MaTtTepianun XxXono
MaTepiani B He nNOTPiOHO BUKOPHNLEOTCOBYBRAEO BOBE@IPE
3HATWN 3axXUWCHY NOoNi MepHY nNnNiBKY 3 TMNOBEepXaHI pyn
po3pi BHATMK cneuyikHan bkHandveng peia MXMiKMIMIMH OT T exXxHOoONoTr i1
Haui oHanbHOTOJIYVNEHI BepRaPPOBipPpODONRIHIOA MeTOoL- O €ep X
6i TYMHOT KoMnos3unuyi i an s BUPOOBHMUTBaA PYNOHHM)
HAHeCeBHICHTS A HOBNNTEeHO OoONTUMaANbHBMINT ek NEBAGST-BEBO CcyMmi
mMac. , p 0o cylRS2H2a, 50 N% amac . , —90y12q ba YxlphaxT@aH a K , Ha
nor nanpga, nnaHa ONi A9 He € OoONTUMANbHWUM BaBM aHTOM
pobnaeTtTbcAa B OOMEeXeHMUX KITbKOCTSHAX. TomMy MeTO!
3aMi HMW Ui el onii Ha 61 nNnbwW pgeweBYy I AOCTYNHY.
6e3 3HUMXEeHHSHA MWoro AKIi CHUX NOKa3HWUKI B.

B pob6orTi BMUBUYEHO pABa Tumwi 6y my lbbHn X7 OK 8N 0 3 unj
Kayuyuyk CBC» Ta «6iTymMm BH 70/ 30 pinako-Ba o0ni
Hi Wwe BUKOpMCTOBYBATU TYMOBY KpPUXTY, OCKI NbKM
AKI CHI NOKaAa3HUKN OI TYMHOBBRA MKEMOMOXWTIAIT BeD aaBME BKK
NeHO 3ajleXHi cCTb OCHOBHMUX BJacTuBoOCTeWn 060X Ty
T XHbOT O CcKnapy i YyMOB Ofg€pXaHHSA.

Po3pobneHo wMeTopn-60gegmpuWaHHSKOMYIMBBQ i I AN08 BMUY
NOKPIi BE/TbHUX OMADE DI H/AHE CXOM S, SsKawei gnaBingasc
0O pJpaHUX .BaTepbaneBo onTumManbBOunilyomkKk BaliB4W aBOT
mMac. , pi ndklgeBa % mMasc. , — 9 yoamMrpuxTa onTIuMmmMarnbl
XaHHA: T eM0?@ praa ylppauBani ctb 1 T10p4.

Po3pobneHo OCHOBW TexHONOT i i npouyecy -opgepxa
Inyama BUPOOGBHMULTBA PYNOHHMUX NOKPI Be N bRwmXp oMbanTeeHx
MNPUUNOBY TEXHONOTI HHY CX@EMYXOWCDAIROGB KM XO HE PO M
Ta TeXHOoONori yHy «KapTy npouyuecy, CcKnapgeHo mMaTepi

Nitepatypa
[1] Nagurskyy A., Khlibyshyn Yu., Grynyshyn O. Bitumen compositions for cold applied roofing products.
Chemistry & Chemical Technology 2017, 11 (2), 226-229.
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rYyMOBBI TY MHI KOMNOBWHIOB A
AnA OAEPXXAHHSA BX TWAMHT N K

Bonoauvmup O3 vQpmvewrn Hf p U H W LWNH, Opi n Xni
Hayui oHanbHWWK yHIiBepcutTeT «JlbBi BCbKa .noni T
volodymyr.m.yuzyfyshyn@Ipnu.ua

Bi TyMHa - m@aceDpPKk@AHAa Maca, Yy cKnapgi 49kKoi € 6
36epiratrum enacTUWYHI CTb Nicna BUCUXAHHAM- CTi |
HOMY CcKnapgy 3 PYJTOHHUMMU MNOKPIiBEeNbHUMU Ta Ti/[
neyrwTb i pgeanbHy CYMiIi CHIi CTb MIi X HWUMMU NPU BUKDO

Bi TyMHI MacCTWUKWN BUKOPUCTOBYHKTbCHA MNpPHERPOB
HS aHTMKOPp OB3AIXMHCOT Y KOHCTPYKULUI W 3 6eTOHY, pAep:
3aco®YyHOTb npwu MOKPI Be/TbHMUX po6oTax, O n-A 3a
MaTepiani B. BiH He 60T TbCHA BOAW, COHUSA, Mae

MacTuMKKM 3a cnocob6omMmsamaeT H@Y BraaHpHasy i no(gronep
XO0ONMNOAHI (rotToBi pgo po6oOoTMH). Po3pi 3HAKWTb- Taki
emMynbci nHapnbwepmao Hanpwuknapg, eMy nbcCci MHI 6 i
y cKknapgi eMynbci RppnenBmépBBEepUYgOMYyBEbLDODA@3NeKY T
BUKOPUCTAHHSA NOPIi BHAHO 3 TrapsayummMm MacTuUuKamMu.

Hamu pgocni gXeHo XafaKTyeMHMXT UKKO/MNIoOyBNMale a1 , S
byaoe BUKOpPpUCTAaAaHO A[JNnda opepxXaHHsS OiI TYyMHUX wMac
ogepXaHUM 3 3annmwKy nepepoobKM HamprTo ykKpai HCb

Bi nowmo, Wo 3a/ITMWKN nepepoodbKNMW napadi HHCTMUKX
HunytBa O6i Tymi B. Bucokuim BMIi CT napadiTtdMmne3 MEe
paTtTypHI BNacTUWBOCBmM/1IWBAYg MHB , NPERUAC VBHOPXAaHHSA

3aranom noripwye HAKi CcCTb Ta 3MEeHWY€E [AOBTIOBIi YH
O n s NOKpauweHHSH enacTunyHUKX BnacrtumBocTeMm 6 T

i HTepBany 1T XHbOT HIWKICP MCHTHOBYTHE & TNHO XIHYaM O B Y Kpwu
BMUKOpPpUMCTOBYBaAaNU TyMOBY KpuxTy, dKa O6yna opep
WnH. MpuHUMND f[ild rymoBol KPpUXTHKU 9K MoOoAaUPI Ka
npwM BBeAEeHHI rymun BO BOW T yQuUK /Bavj HAGOETT & H Hb arpey.n B
HEDTbCSH eKcnnyaTtaui mHi-6ixaypymkaie p@MmMm&m L iyiMo B O
Po3pobneHo MeToOA oOpfJepXaHHA O6i TYMHOTI MacTl
MaTepi any. Cknapg 6i F83MHY i Mavcm @ PpaimmyBviHe 1 10 Ro3 & @ &
rymoBoi -k@Pu%tmac.7 nnactunodi katopa. Bi TYMHY wMa
BUKOpPpUMCTOBYBATMU ANA aHTWUKOPO3i WHOT i 3o0nauyirl

Nitepatypa

[1] Nagurskyy A., Khlibyshyn Yu., Grynyshyn O. Bitumen compositions for cold applied roofing products.
Chemistry & Chemical Technology 2017, 11 (2), 226-229.

[2] Harypcbkmpimmu@uue O. B., Xnai 6vuucHi ol®.HA. 3KaxwyHewi pBi.oE
MOAUGI KyBaHHSA 61 Tymi Bla yrkyoOMBOMBIAO OB | KCPHWMXKT o Mda i OHa Nb H
y Hi B e p20W 12%(4),128-132.

[B] Xni 6 nwumgNd® &Ancobka | . 4., FpuvHUMWKEHO cO.i Bi.x,e HH & T YWDEHK
LOPOXHI X O6i TymMi BBBigMaeROoOMHaKpBORAaOWHOIO YHERBPEASYE:
Xi mi a, TexHonoria pe20ld, bl iF,848-448.1 X 3 acTOCYyBaHHSH
APGIP-12 Ukraine, Lviv, May 20-24, 2024
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OAEPXAHHA KOMIMBHBMOTIOPHWNX MNMAJTNB
HW3IbKOTEMMNEPATVIPRDODMI 3OM Bl AXOA41 B

TEPMOINNACTI B
KceHi a TpunAamae YepBi HCbKMUR, Bonoaguwmnp
Hayui oHgabmBEePCUMTET «JIlbBi BCbKa NONi TEXHI Ka»,
kseniia.o.hrynyshyn@Ipnu.ua

OaHIi €0 3 HaWBaXNuUBi WNX nNpob6GNnemM CbOTOA-eHHSA €

HNUX Bi AXOoA4i B, SAKHa HaApoRDawmiudHywBakKNX Ta CTUXiIi ATHKX
pi BeHb €eKONnoriyHoi HebGe3nexkwnw Ha npunnanernux Tepl
pevYyoBUH Yy A[OBKI nn4a.

HamMn po3pob6bnneHO OCHOBW TexHONOT il ofepXaHH:
KOHAeHcCcATyYyynBpaxoAai[Bh TepmonnacTi B

Ha niagcTtasBi pe3ynbTaTi B TepMoTr paBi METPWUUYHC
YyMOBMW niponis3y Biagxoai B TepMONNELGTINONI MoiNe 7.
380 °C; Ta NOA4MXCuMpBaOyaHOBI/EMH OP,0KWH ARMHXIA Y -3 a L U X
pae: aAna rRBAINL T Aonenmyx . ; —719%,nli n% omia cn.e8Y81,0811 % TMa@.r
Ana nopi BHAHHSA: BUXi A4 Ni poKOHAeHCaTy niponi 3y

BcTaHOBNEeHO NPUHUWMNOBY M@X/UUE + C0D.8€ . BKi Kpoop N C T
KOHAeHCaTy niponi 3y BiagxopiB TepmMonnacTi B SK k
3a ymMoBM T X TiagpyBaHHSA 3 MeTOKW 3HWUXEHHSHA BMICT
KatTani TUMHOT O puUuOpPMI HIy An8 nNi ABUWEHHSA OKTaHGC

BcTaHOB/MNEeHO NPUHUUNOBY MOXJ/IKN-B50 T H | BIUEBHHD PN C T
caTtTy niponias3y Biagxopi B TepmMonnacTi B SK KOMMNOOH
r aopyBaHHSA 3 MeTOW 3HWUXEHHS BMi CTY HeHaAacCWU4YEeHMWUX

BctTaHoBneHO, woaBYP BMILMXNITEWMNEPBOPWETbLCA NI
bpakuyi "HOro cknaagy. 30KpeME&, BMAaCTeBNa@pPOYpOPHWAR
nNi 3y nonietTmnmneHy cBi TAKUXx Qp @@-4y8i 54, 8c k% angaace. 5% , B5v
niponi 3y noninppaty ey Bm@cremBi TAUX dpakui i
Cknapgpae 75,5 9%-9®&¢ 0, % mvmmgu 400

BctTaHoBneHO, wo i3 361 NbWeEHHAM XOPCTKOCT T
dbpakuyi—-i200AC k3.6i nbwyeTbcsa ANa noni evnmaerwy , 3aldpo
bpakuyi MHMIK cknapg nonerwyetTbca (TemnePamgpddno
°C ana noni ePnnoeckCy7 frnea 3n oNAd nponi neHy) .

JoBepgeHO, Wwo 36i NbWEHHA XOPCTKOCTI rpouecy
xoay ¢pad0fCini2@dkoHgeHcaTy 3 36,9 % mac. p[pgo 4
nonietTmneHy T1Ta 3 58,8 % mac. o 65,5 % mMac. 4]
cnocTepiraetTbcsa HEe3Ha4YHe 3MeHWEHHA T Yyam®EeUHN LI
paTypeHTNBOAT I Ta niagaBunuwyeTtTbca 11T TemnepaTypa ¢c

Nitepatypa
[1] Hrynyshyn K., Chervinskyy T . Helzhynskyy | .Skorokhoda V. Study on regularities of polyethylene
waste low-temperature pyrolysis. Chemistry & Chemical Technology 2023, 17 (4), 923-928.
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MEPEPOBKA Bl OAPMAMXb OBINB METOAOM
HUW3IbKOTEMMNEPATYPHOO/MA 3Y

AHaopin, Kdmapac 4YepBi HCbKuim, Oner TIp
Hauyui oHanbHWIKW yHIiBepcutTeT «J/IlbBi BCbKa .noni T
kseniia.o.hrynyshyn@Ipnu.ua

Ak Bi gomMo, Yy cCBIi Ti WOoOpi YHO CNOXWUBAaeETbLCSHA 4l
MOXHa nopjgi NUTKMW Ha HeBi AHOB/MAKWBAHI (6eH3uH, Ji
MacCTMUNbHI MaTepianun pi3HOMAaHI T HOMOOCT OMNPOHXI O JOXIENHBHI
EHaMNOWMPEHI WNMU MAaCTUANbHUMU MaTepianamum y ¢C
ekcnnyaTt-akKoi 6éywdwacHOT TeXHIi KMUM. B YkpaiHi, LLL C
Bi onpauyuboBaHMUX ONUB, OLHAK BOHIIYOTON/bICHY 10 TBHIMUNSE
CH B KaHya/Tipsyaduri o{,ma BOIiJOBMIMN CMIi TTeEe3Banumuwa T O WC

OgpaHMuM 3 MeToOpfniB T X yTwumni3s3auii € pereHepadyl
BY, BapTi CcTb-78K &I mébymetwHaapO®ocTi TOpRAHDIOBRA
TexHonoria peredHepauyirl Bi gnpauboOBaHMUX ONUB
BaHMX OMWB, 3MEHWWTKU BUXI A NOOBIi HYHMX MNPOAYKTI
' X yTwuni 3auyil

PereHepauyi 1a Bi gonpauboBaHMmMX 0T OBb CBI1 3 HOI

i 3MUHI, X FXM iWMHI HUiH,1 dria3 ukkoom6i HoB aHI MeToA4Mun. An
Bi OHOBUTMWU Ti NbKWN [eskK.i ekcnnyaTtaui MmHI BnacrtT
AJawTb 3MOry opgepxatTu 6a30BYy OAMBWCORBMAK K al
BKANajJeHHAMNW Ta eHeprosaTpaTammu. Ulle opgHUM He,
onvMeBa 3aBXOW Mae Tipwy AaKicCcTb, Hi X CBI Xa. K
Bi AnpayuboBaHMWX OB YacCcTO YHEMOXNUBNIWE T XHIW

Ha uwa oymKky Ha ocobnumBy yBary 3acnyroeme n
npaTypHOro niponi3y) Bi gnpauboOoOBaHWUX O0NKUB, 0 C
ONMB 4M nNnonepepgHbLOT T X Ni AroTOBKMW.

Hamu pgocni gXeHOo nNpoyec HU3MLMKEPLRBMAIBEEHOTTY PMIOH
MOTOpPHOT -1@/4MB W MabopaToOpHWX Yy WOXB gax .p i Bicktoar HOO B,
npouyuecy niponis3y (NipoKoHAeHCaAaTy) cTaxldBusB !
Mac. , B#OX,i G0 % amsayc . OAna npoBAaAXKEHHANNPAOROIBIAOIA M C
nn Ha 6eH3MHORW- Chp(akmyxiitgg NL X,.7 % mMac.-350°Caounse
(Buxi g 24,6 %>Wa°C. ([ Bmai gabfl@wWdk % mac.)

BunBuyueHo ckKknapg Ta BAacTUBOCTI CBi Tnux- dpa
LeHCcaTy. BctTaHoBneHoO, Wwo oTpuUuMaHI bpakuyil L
3aBofgax 3 MeTOW OfAepXaHHHA ToBapHMUX HaMTOBMUX
TEeXHONOTr i YHI pekomMeHAgadui T ANAa ofepXaHHSA KOM
niJpio3y BiIi gAnpayuboBaHWX ONWUB. 3anponoHOBAaAaHO MEe
ABenbHOI bpakuyin Ni poKOHAeHCAaTy A4 3abesn

XapakTepUucTuUK BUMOram HOpPMaAaTUBHMUX [AOKYMEHTI B
NpaKkyHe BUKOPUCTaAaHHA NOOGIi YHMX NpopykKTIi B npouy

Mopganb wi Jocni oXeHHa O6yayTb cTOCyBaTwu-csa B
ni3y pi3HMWX TwuUuNi B BiagnpauboOBaHWUX O0NWNB, a T al
Ha npouyec.
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MPOAOYKTWN OPI AHCHMHOE®Y
ORGANIC SYNTHESIS PRODUCTS

INFLUENCE OF CARBON DIOXIDES INCREASED CONTENT
IN THE REACTION MIXTURE ON METHANOL PRODUCTIVITY

'Maria Baran, 'Tetiana Tkachenko, *Viktor Burdeinyi, **Dmytro Kamenskyh,
'Nataliia Khimach, Vitalii Yevdokymenko
V.P. Kukhar Institute of Bioorganic Chemistry and Petrochemistry of the National Academy of
Sciences of Ukraine, Academician Kukhar Str., 1, Kyiv, 02094, Ukraine
2. Bakul Institute for Superhard Materials of the National Academy of Sciences of Ukraine,
Avtozavods'  ka Str.., 2, Kyiv,
baranmariad8@gmail.com

Carbon dioxide (CO,), one of the greenhouse gases, is the largest contributor to global
warming. Its excessive amount is due to the burning of fossil fuels and the increase in population.
These have caused serious environmental problems, such as significant climate change and ocean
acidification [1-9]. The issue of CO, emission control has been the subject of many studies. There
have also been many attempts to reduce its amount, including capture and storage or conversion
into trade mark chemicals [5, 7, 10]. The CO; used as a raw material for the production of
chemicals is potentially more desirable than its storage [1, 2, 4]. A significant reduction in the
level of carbon dioxide can be achieved by catalytic conversion into useful substances [2, 4, 11,
12]. Among the possible CO, reduction products, methanol is one of the significant compounds of
C1 chemistry because approximately more than 110 Mt/year of methanol is required to fulfill its
demand in many areas [13, 14]. Methanol is one of the ten most important raw materials in the
world because it is a key chemical building block for a wide range of chemical substances
production [1-3, 10, 12, 13]. Its versatility allows it to be used in various fields of organic
synthesis, in the production of urea, melamine and phenol-formaldehyde resins, in the paint
industry, pharmaceuticals, as well as in the automotive and defense industries [1, 2, 6, 15]. One of
the methods of methanol synthesis is the catalytic hydrogenation of carbon dioxide [1-3, 5, 7, 9,
11, 12, 16]. At the same time, climate change and the instability of fossil fuels require cleaner
energy sources, such as methanol as a transportation fuel [2, 3, 5, 12]. Therefore, the
hydrogenation of carbon dioxide to methanol is an important approach to solving the problem of
global warming and simultaneously meeting the demand for transport fuel [1-3, 5, 8, 9, 12, 16].

Most often, during the hydrogenation of carbon oxides to methanol, Cu-ZnO-containing
catalysts are used in industry in particular, Cu/ZnO/Al,QO3 is promising [1-3, 5, 9-11, 13, 15-18].
Currently, methanol synthesis over Cu/ZnO/Al,O3 is a key industrial reaction [13]. It is believed
that these ternary catalysts exhibit high catalytic activity and stability under mild conditions in
CO/CO, hydrogenation combined with economic efficiency [1, 2, 10, 16].

It was found [13, 19] that in the H,/CO/CO, mixture, the vast majority of methanol
molecules are formed as the hydrogenation of carbon dioxide molecules results and not due to the
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much slower direct hydrogenation of CO. Therefore, small amounts of CO, (2—6 %) are usually
added to the synthesis gas mixture to increase the conversion to methanol on the Cu/ZnO/Al,O3
catalyst [1, 11, 13]. It was also estimated that about 2/3 of the methanol produced in industrial
conditions is obtained by CO, hydrogenation, and the rest of the methanol is synthesized by CO
hydrogenation [10]. This is because the methanol synthesis from synthesis gas containing CO,
provides high selectivity (over 98 %) [10, 13]. According to [13], selectivity is a decisive factor in
catalysis. Due to energy storage considerations, it could be desirable to operate the process with
high concentrations of CO, in the feed or even with a pure H,/CO, feed. However, the
hydrogenation of pure carbon dioxide subsequently leads to relatively high concentrations of
water, which is the reason for the low stability of the catalyst and later its deactivation [13, 15,
20]. According to studies [18, 19], the positive effect of CO occurs due to the removal of water
through the water-gas conversion reaction. It was also shown [10] that when using a CO/CO2/H,
gas mixture, the yield of methanol is significantly higher than for the following mixtures: CO/H,
and CO,/H,. Actually, in the CO/H, feed, the catalyst is deactivated because of the copper over-
reduction [10]. When a CO,/H, mixture was used, methanol was produced, but its production rate
was lower compared to the H,/CO/CO, feed. In addition, some researchers [16] note that during
methanol synthesis on Cu/ZnO/Al,0s, coke deposition is more pronounced when using pure CO
or COz in the reaction mixture. When a mixture of CO and CO;, is supplied, the coke formation is
much less on the catalyst surface. After all, carbon oxidation can occur during the reaction.
Therefore, the addition of carbon dioxide during the hydrogenation of CO can prevent
deactivation of the surface of the Cu/ZnO/Al,O3 catalyst [16]. However, there is no data in the
literature regarding the research on the hydrogenation processes of carbon oxides with a mass
fraction of CO, greater than 10 %. Therefore, the aim of our work was to study the process of
obtaining methanol from a mixture of gases with an increased carbon dioxide content.

The domestic industrial copper-zinc-aluminium oxide catalyst SNM-U (62.7 % CuO,
32.7% ZnO, 4.2 % Al,03) was chosen for the research. Catalytic tests of the Cu/ZnO/Al,O3
catalyst (diameter 5.0 mm, height 5.0 mm) were carried out on a flow-circulation type installation.
Such catalysts require an initial activation period during which copper is reduced from copper
oxide to metallic copper [11, 17]. Therefore, before carrying out the hydrogenation process,
SNM-U catalyst granules with a weight of 10.23 g were loaded into the reactor and were reduced
inHf |l ow at 210 °C for 42 hour s. The working
mixture with the following composition: H,:CO,:CO = 13.15:23.84:63.01 % (mass.), which in the
molar ratio is: 2.92:0.24:1.0, respectively. The volume flow rate of the gas mixture supply was
600 h™. The study of the catalytic activity of the Cu/ZnO/Al,Oj3 catalyst was carried out in the
range of temperature 160-2 4 0 ° C, pr-8Gasdb.0MPs. of 1. 0

The reaction products were identified on « Ghs omhr omat ographs (C
with a ther mal conductivity detector (catar
with a flame ionization detector (the capillary column D B - 6 2,80un0.320mm, 1 mB O

It was established that the highest productivity of the SNM-U catalyst with methanol
(Fig. 1 a) at pressures of 1.0 and 2.0 MPa is &
temperature maxi mum shifted to 240 °C when
5.0 MPa. It is shown that the maximum value of the productivity of the Cu/ZnO/Al,O3 catalyst is
about 22 guveon/(kgear ) and 1 s achieved at a pressure ¢
Under these conditions, the selectivity of SNM-U for methanol is almost 88 % (Fig. 1b).
Interestingly, at the same temperature and pressure of 3.0 MPa, the selectivity value increases to
95.4 %, with a lower productivity index (about 16 gmeor/(KQcatr h') ) . I n our opin
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increased content of CO, in the reaction mixture, it was possible to achieve high selectivity
indicators, which is consistent with the data [13]. In particular, at a pressure of 5.0 MPa: 99.4 %
@200 °C) and 98.6 % (at 180 and 220 °C)
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Fig. 1. Dependence of productivity (a) and selectivity (b) of CH3OH on temperature
at operating pressures of 1.0 (1), 2.0 (2), 3.0 (3), and 5.0 (4) MPa on the granular
industrial catalyst SNM-U in a flow-circulation type installation
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OCHOBMHWMM™MaHHAM KBani i KoBaHOINIoO BUKOPUCTaAHHS

poOHGOT O KOMMNNEeKCYy € ofAepXaHHSA Ha T X O0OCHBBMIX BM
CKnapoBMuKX. Bi nbwi ctTb HadpToOnepepobBHMX Ta KOKC
BTPOMHHMU X NPOAYKTI B, 30KpemMa pi AKUX nNpameaK Ti B
TUUYHI BYyrnesopgHi, BKAYaAaKWYM MOHOUWUKINI YHi- ( 6el
KNni YHI (HaTani H, aHTpaleHKHa givyvecomerivedpmbdda
3ayui o 3 ofgepXaHHaM oniromMepi B, WOHBMKOPUCTOBY

Y CcBi TOBOMY BUPOOHWULUTBI ONA CWUHTe3yK aotia I o
niTmyHa oniromepunusaudi 9, sgKa mMae CcBOIT THoepgao N3i k
peakuyi HOT CyMmi wi , BUCOKI NMOKA3HWUKNU KONbOPY
HanpotrmBary peani 3oBaHO CUHTe3 oNniromepiB p:
BUKOPUCTAHHAM NEePOKCUAHUX, KpPpeMHIi Aopr 4HIi YHMNX

Ansa 1 Hi LI noBaHOT Kooniromepwusaui i BUKOpPpMUC
453 po 473 K) i pvemamh cTMapeEBKMI GUL&SE CcCKNapgHC
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3 MeTOW Ni gABUWEHHA BUXOAY oOoniromepi B- goc
3YyBaHHSA [ HiuyiaTopa OGeBHOT MpoeIp KK®N gMyacye p dlxe
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BMIi CT HeHacunmuyeHumx cmappuynd7485%%(y BLMK-TDO N\
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Typa TeRBBOKI.3YTabi NFrB@amio@T 8Ny € M SHI K dmu n Myl B O

MYy CcepejfoBMWLWi ; B WIK Oppor3CUTUOHB ycBTaauiomi f0i ,31a% opa y BO L
Ana BMWBYEeHHSA BN/AUBY I peXxmoiga APAYBE&XMDI0HI
npouyec:i cycneHsi mHOI oniromepuszauyili 6yno n|

nogaBaBCHa Yy peakuyui nHe cepepoBMWe nocTa-di MHC
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SYNTHESIS AND ANTI-INFLAMMATORY EFFECT OF METHYL
2-[(2,4-DIMETHYL-3-FUROYL)AMINO]-4,5-DIMETHOXYBENZOATE

Julia Matiychuk, Iryna Drapak
Department of general, bioinorganic, physical colloidal chemistry,
Danylo Halytsky Lviv National Medical University,
Lviv, Ukraine
kaf_genchemistry@meduniv.lviv.ua

The prevalence of inflammatory processes, the complexity of their pharmacological
correction, insufficient effectiveness and safety of known anti-inflammatory drugs, their side
effects, justifies the feasibility of searching for new anti-inflammatory agents.

The aim of work was the synthesis and study of the antiexudative effect of methyl 2-[(2,4-
dimethyl-3-furoyl)amino]-4,5-dimethoxybenzoate.

The design of a combinatorial library of 2,4-dimethyl-N-(2-aryl)-3-furamides was carried
out, among which a highly active compound was synthesized and identified — methyl 2-[(2,4-
dimethyl-3-furoyl)amino]-4, 5-dimethoxybenzoate:

CH;, o 0. O o-CHs
z H,N
/ c 4
0 _CH, dloxane
CH, o r.t., 30 min
O.
CH,

The study of the antiexudative effect was carried out in vivo on whlte laboratory rats
according to the known method on the carrageenan model of inflammatory edema of the rat paw.
Inflammatory edema was caused by injection under aseptic conditions of 0.1 ml of 2%
carrageenan solution under the plantar aponeurosis of the rear limb of the rat. The presence of an
inflammatory reaction was determined by the change in the volume of the limb by the oncometric
method before the start of the experiment and 4 hours after the introduction of the phlogogenic
agent. 0.5 h before the injection of the carrageenan solution, the animals were injected
intraperitoneally with the substance under investigation. Ibuprofen was chosen as the drug of
comparison. Antiexudative activity was determined by the rate of reduction of swelling of the rear
limb of the rat and expressed as a percentage. It was established that the rate of inhibition of the
inflammatory reaction of the investigated compound methyl 2-[(2,4-dimethyl-3-furoyl)amino]-
4,5-dimethoxybenzoate is 40.5%, and that of the comparison drug ibuprofen is 35.8%.

Thus, the synthesized compound methyl 2-[(2,4-dimethyl-3-furoyl)amino]-4,5-
dimethoxybenzoate exhibits high anti-inflammatory activity. The rate of inhibition of the
inflammatory reaction of the studied compound is 1.13 times greater than that of ibuprofen.

Nitepatypa
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HYDROCARBON RESINS WITH CARBOXYLIC GROUPS
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State University “Lviv Polytechnics”,
Institute of chemistry and chemical technology, chair of technology of organic substances,
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Hydr ocar bog s515rCais dbtairechduri@g the fractionation of pyrocondensate
(light pyroxic resin) by-products of ethylene production. In the production of ethylene, pyrolysis
of petroleum raw materials (gasoline and diesel fuel) produces 30-35% of liquid pyrolysis by-
products (LPP). RPP is divided into pyrocondensate (~80%) and heavy pyrolysis resin. From the
pyrocondensat e, I 5N 5@ &ywith abdailinggemperatdrerraage of 428-4v3 C
K is isolated. kK vy 5d@, @ coatainb up to 6086 ofahydocartmoms cagable of
polymerization/oligomerization. The main resin-forming components of the fraction are styrene
(~18% by weight) and dicyclopentadiene (DCPD) (~18-20% by weight), an insignificant share is
accounted f or b ynethylstyneyelwhich belorg to ¢hes sama mochologous series
with styrene. simultaneously with a mixture of monomers and a solvent (non-tar-forming
hydrocarbons) . As a result of ol igomeri zat.i
hydrocarbon resin in unpolymerized hydrocarbons of the fraction. The target product is a
hydrocarbon resin, obtained after separation (mainly by distillation) from the resin, and is a
styrene-cyclopentadiene co-oligomer. Such hydrocarbon resins are used as film formers in paint
coatings and anti-corrosion compositions [1 —4].

The existing technologies for tsh e Cos@Gnt he
hydrocarbon fraction have a number of significant disadvantages: high temperature (453-473 K)
and the duration of the process (6-8 hours) - for initiated and
additional stage of washing the catalyst and a high indicator of the color of oligomers — for the
catalytic method. Separation of the target product from the hydrocarbon solution is difficult and
energy-consuming.

Qualified use of liquid prolysis products ensures zero waste and profitability of ethylene
plants. Hydrocarbon oligomers are widely used in various industries such as: road paints, hot melt
adhesives, adhesive tapes and rubber compounds. In the USA, they are produced under the
general name "escorez”, and are used in rubber compounds, adhesive compositions, and the paint
industry. Escopol hydrocarbon oligomers are polyolefin hydrocarbon resins (HRs), which are
recommended for modifying vegetable oils and alkyd resins in order to reduce their cost, and for
use in compositions with other resins and rubbers [1 —4].

At modern ethylene plants, fraction Cs is obtained, which is mainly contained in LPP. It is
advisable to use this fraction as a raw material for obtaining hydrocarbon oligomers, because it
contains a significant amount of valuable diene hydrocarbons. The most common method is the
catalytic co-oligomerization of the Cs fraction. Thermal co-oligomerization, which is carried out
by one- or two-stage methods, is also used. The one-stage process is carried out by co-
oligomerization in the presence of aromatic or aliphatic hydrocarbons at a temperature of 523 ...

573 K (optimal 533...553 K) for 0.5...10 h (optimal time 2...4 h). In a two-stage process, the
product obtained by preliminary co-oligomerization (temperature 373-433 K, duration 5 h) and
which contains dicyclopentadiene, codimers of isoprene and cyclopentadiene, cyclopentadiene
and methylcyclopentadiene, is further co-oligomerized at 523 K for 2.5 ... 3.5 h . Unreacted
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hydrocarbons are isolated by treating the oligomerizate with steam at a temperature of 423 K. At
this stage, mainly, dimerization of dienes and their co-dimerization by the reaction of diene
synthesis (Diels-Alder reaction) takes place.

Catalytic co-oligomerization of Cs fraction hydrocarbons is carried out by one- or two-stage
methods; Friedel-Crafts catalysts are most often used as a catalyst. Olefins and dienes can be
added to the initial Cs fraction (before co-oligomerization), including the remains of the C4
butadiene fraction. Preliminary co-oligomerization of the Cs fraction is carried out for 5 hours at
373...433 K. For a more complete conversion of cyclopentadiene, it is proposed to co-oligomerize
the initial fraction at a temperature of 443 ... 453 K with further lowering to 393 ... 423 K.
Transparent oligomers can be obtained by co-oligomerization of the Cs fraction with styrene or its
derivatives in the presence of a halide complex in an aromatic solvent.

HRs widely used in the production of road paints, hot-melt adhesives, adhesive tapes,
plastic and rubber mixtures [2, 4-6]. In the USA, they produce resins under the general name
"escorez", which have found use in rubber compounds, adhesive compositions, and the paint
industry. HRs "eskopol” is a liquid polyolefin hydrocarbon resin, which is recommended for the
modification of vegetable oils, alkyd resins, in order to reduce their cost, and to be used in
compositions with other resins, rubbers. HRs imprez-100, which is obtained by catalytic
oligomerization of fraction Cs, which does not contain CPD, increases the stickiness of rubber
mixtures. Pyroplast-5 is intended for use in paint and other industries [7].

At modern ethylene plants, fraction Cs is obtained, which is mainly contained in light liquid
products of pyrolysis. It is advisable to use this fraction as a raw material for obtaining HRs,
because it contains a significant amount of valuable diene hydrocarbons. The most common is the
method of catalytic co-oligomerization of fraction Cs. Thermal co-oligomerization, which is
carried out by one- or two-stage methods, is also used. The one-stage process is carried out by co-
ol igomerization in the presence of aromatic o
573 K (the most opt i md&ol hours @he rBo& 8ptimal 5t5i3meK )i sf ok
hours). In a two-stage process, the product obtained by means of synthetic intermediate co-
oligomerization (temperature 373 — 433 K, duration 5 h) and which contains DCPD, isoprene co-
dimers and CDP, CDP and methyl-CDP, is further co-oligome r i zed at 523 K for
Unreacted carbohydrates are isolated by treating the oligomerizate with steam at a temperature of
423 K. At this stage, dimerization of dienes and their co-dimerization by the reaction of diene
synthesis (Diels-Alder reaction) [4, 8, 9] mainly occur.

Catalytic co-oligomerization of Cs fraction hydrocarbons is carried out by one- or two-stage
methods; Friedel-Crafts catalysts are most often used as a catalyst. Olefins and dienes can be
added to the initial Cs fraction (before co-oligomerization), including the remains of the C,4
butadiene fraction. The preliminary co-oligomerization of the Cs fraction is carried out for 5 hours
at 373-433 K. For a more complete conversion of the CPD, it is suggested to co-oligomerize the
initial fraction at a temperature of 443-453 K with its further lowering to 393-423 K. Transparent
resins can be obtained by co-oligomerization of the Cs fraction with styrene or its derivatives in
the presence of a halide complex in an aromatic solvent [10 — 13].

The investigation of coolygomerization process in the medium of the inert gas — argon
under the following process conditions: concentration initiators—-0, 02 ... 0, 1 mol /| , t
453 K, modi ficati on —t0, MRa has beef carhied aut. &s modifiede s s ur e
additive are using maleinic anhydride (MA) and acrylic acid (AA). A fraction of aromatic
hydrocarbons of pyrocondensate Diesel fuel and benzene (liquid by-product in ethylene
production), boiling point 403.473 K was used
radical initiator—-0, 02 ..0, 1 mol / |
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The initiators of the coolygomerization process:

peroxide di-lauroyl (Laurox S) 1 : C H( CHoC O O O C O (2)&CiH;
peroxide di-benzoyl (Lucidol) I : CcHsCOO O W CgHss;

peroxide di-cumeel (Perkadox BC) Ill: C¢HsC ( GHO O C ( ©J48¢Hs;
peroxide di-tert-butyl (Trigonox B) IV: ( C4HC OO C ( {zH

di-tert- butylperoxivinilmethulsilane V: C H= C HSIi[(C H)OOC( C#$#]2;
di-tert-butylperoximethulenoxyvinilmethulsilaneV1:
C H= C 18i(C H)[OCH,OO0C( Ci]..

Research is related to studying the possibility of involving the Cs fraction in co-
oligomerization with the Cq fraction using highly heat-resistant initiators. In foreign practice,
catalytic co-oligomerization of raw materials is used to obtain co-oligomeric NPS. Most of the
patents for obtaining co-oligomeric resins from Cs and Cg-Cyo fractions belong to Japanese
companies. There are a number of works devoted to obtaining co-oligomeric HRs by initiated co-
oligomerization [4, 6, 7]. The possibility of using kooligomeric resins in the paint industry, in the
production of paper and paints has been established. Obtaining HRs on the basis of Cs and Cq
fractions of LPP of diesel fuel was carried out by a two-stage method. Because, as evidenced by
the results given in works [4-7], high yields of HRs are not ensured during one-stage co-
oligomerization of a mixture of olefins and dienes of the Cs fraction. Despite the high conversion
of monomers, especially CPD, the predominant reactions are dimerization of dienes and co-
oligomerization of dienes and olefins. The low average molecular weight of the oligomerizate
confirms the presence of a significant number of dimers and oligomers among the products, which
are removed at the distillation stage during the preparation of HRs. At the first stage of radical co-
oligomerization, Cs fractions receive a mixture of dimers and liquid oligomers. After the
separation of unreacted hydrocarbons, a fraction with boiling points of 393473 K was obtained,
which was further co-oligomerized with unsaturated hydrocarbons of the Cg fraction of LPP of
diesel fuel to obtain co-oligomeric HRs. Under such conditions, the need for a long-term process
at the first stage disappears. Preliminary co-oligomerization of hydrocarbons of the Cs fraction
was carried out at a temperature of 433 K for 5 hours.

Table. Dependence of yield and main physicochemical characteristics

of HRs on the nature of the 5 hiphtl:28t or (
. Initiator
Characteristic 0 I T m V] v Vi
Density of oligomerizate, kg/m® 910 | 940 968 955 | 979 946 944
Bromine numberlcgotge oligom., g Br,/ 79 64 69 63 75 66 68
Yield of HRs, mass %. 36 51 57 53 60 53 51
Bromine number of HRs, g Br, / 100 g 59 52 56 60 63 59 54
Molecular mass, carbon units 690 770 890 840 920 800 750
Color of HRs, ng2/100cm3 15 20 20-30 20 30 20 15-20

According to the index of unsaturation, the co-oligomeric resin occupies an intermediate
place between the resins synthesized on the basis of separate Cs and Cg fractions. Raw materials,
which are used to obtain HRs according to the output results, can be placed in a row:

Fr. Cq > fr. C5 + fr. Co > fr. Cs.

Analysis of the influence of the mass ratio of the oligomer fr. Cs: fr. Cg on the yield and
indicators of HRs showed that with an increase in the content of oligomers of fraction Cs, the
yield of HRs decreases, unsaturation increases and its color improves (see table). When the
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amount of the Cg fraction increases, the oligomerizate density, yield, and molecular weight of
HRs increase, but at the same time, their color deteriorates and the bromine number of the resins
decreases. As we can see from the table, the mass ratio of the oligomer fr is optimal. Cs: fr. Cg =
1: 2.5. With this ratio, HRs are obtained with a high yield, which are lighter than resins obtained
under these conditions on the basis of the Cgq fraction.

HRs are used in various compositions in many industries: in the production of paint and
varnish materials, printing inks, adhesives, mastics, sealing compounds, paper, plastics, rubber,
etc. They are effective substitutes for many products of natural and synthetic origin: oils , rosin,
albumin, phenol-formaldehyde and indene-coumarone resins. There are literally thousands of
materials on the use of NPS, including functionalized ones. The use of HRs as a substitute for oils
in the production of varnishes, enamels, alkyd-type oil-polymer oils allows to save significant
resources. Since NPS form a film due to physical intermolecular interaction, it is necessary to use
them in combination with chemical hardening film formers. Therefore, such resins must have full
compatibility with oxidized oils. In addition to HRs and oils, paint compositions usually also
include siccatives, fillers, pigments, and solvents.

HRs are effective, affordable and practical bitumen modifiers. Pyroplast and pyroplast-2
NPS additives improve the adhesion of the obtained modified binders to mineral materials,
increase their cohesion and plasticity at low temperatures, and ensure the preservation of the
properties of the composition at high temperatures. Compositions based on HRs pyroplast-2 and
its maleinization product, are widely used for gluing paper and cardboard today. The use of sizing
compositions based on resins makes it possible to partially replace rosin (no more than 50%), but
at the same time, a decrease in the whiteness of the paper is observed, so such mixtures should be
used for the production of paper, the color of which is not regulated.
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The development of cost-effective materials and processes that eliminate the use of harmful
substances and the generation of toxic waste has received a lot of attention recently. Developing
chemical reaction processes that are environmentally friendly in the petroleum and chemical
industries can be achieved through heterogeneous catalysis [1,2]. The use of heterogeneous
catalysts is increasing as they have more advantages than homogeneous catalysts, such as ease of
separation, regeneration, and recycling. In contrast, homogeneous catalysts have easy access to
catalytically active centers and high product selectivity [3]. Another approach to facilitate the
separation and purification of products is to carry out the reaction in a two-phase medium (“water-
oil"), when the initial reactants are in one phase and the products are in the other [5]. The growing
interest in such a two-phase system is due to the use of environmentally friendly conditions —
reactions are carried out in an aqueous medium [2]. Since the organic substances used as starting
materials are insoluble in water, surfactants are often used to accelerate this type of reaction. The
disadvantage of this method is the difficulty in separating the surfactant from the product and
catalyst, which can be recycled for the next reaction cycle.

Developing a new type of catalyst that can combine the advantages of heterogeneous and
homogeneous catalysts and have the following characteristics is a significant scientific and technical
task: large surface area, narrow pore size distribution, the possibility of easy introduction of functional
groups, accessibility for diffusion of reagents during the reaction, non-toxicity, resistance to corrosion
and air, and suitability for reuse without loss of activity [4]. To date, several attempts have been made
to functionalize carbon nanotubes with catalytically active sites, such as Pd and Au nanoparticles.
However, despite the fact that these catalysts show promising results, their catalytic characteristics are
not satisfactory: conversion, selectivity and yield of reaction products are low [1,5,6]. In addition, the
catalytic activity decreases significantly after the 1st cycle [2,7,8], which leads to significant catalyst
losses during recycling, washing and drying [8].

Microgels are soft multifunctional cross-linked polymeric colloids that become swollen in
water or other solvents. [9]. Due to their colloidal nature, microgels can be used as colloidal
building blocks that can self-assemble at various interfaces to form functional colloidal
superstructures. Previously, we reported the synthesis and characterization of selenium-modified
microgels with a 3D polymeric network structure of PVCL (poly(N-vinylcaprolactam)) microgels
with enzyme-like activity in the process of homogeneous oxidation of acrolein by hydrogen
peroxide. As a result, we obtained acrylic acid and methyl acrylate in high yields and selectivity
[9,10]. In this paper, we describe the catalytic activity of Se-modified microgels in the oxidation
of benzaldehyde to produce benzoic acid in a two-phase benzene/water system.

As reagents, we used bezaldehyde (99.9 %) p.d.a., Across; hydrogen peroxide (60 %) p.d.a.,
Across. As a solvent, benzene (99 %) p.d.a, The following catalysts were tested: diphenyl
diselenide (DPDS), selenic acid (H,SeOs), diselenide crosslinker (X-linker), and microgel catalyst
modified with selenomethane (Se 2.0).

The reaction was carried out in a 25 mL batch reactor with constant stirring. The volume of
the reaction mixture was 2 ml. The catalyst concentration, C = 0.0044 mmol/ml. The reaction
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mixture was prepared with the addition of benzene as a solvent, benzaldehyde, C = 2 mmol/mL,
and an oxidizing agent, water solution of hydrogen peroxide, C = 2.6 mmol/mL.

The research results were analyzed by gas chromatography: Agilent 6890 chromatograph
with Restek Stabilwax-DA column.

In our previous work, we reported the synthesis of a microgel based on Poly-N-vinyl
caprolact am ( PVCL) with a c o nAMeteylertehis@cnylanhide)dBiSy, 5861 | n k er
mol, and a diselenide crosslinker, 2% mol, containing diselenide functional groups [9,10]. When
hydrogen peroxide is added, the diselenide crosslinker is cleaved and catalytically active
perselenic acid functional group (-SeOOH) is formed. This composition of the modified Se
catalyst (BIS1.5%Se2.0%) showed the best results in the homogeneous oxidation process and was
therefore chosen to study the oxidation process under heterogeneous conditions (Fig. 1).

The catalytic activity of the Se-modified microgel (Se 2.0) was evaluated in a model
benzaldehyde oxidation reaction using hydrogen peroxide as an oxidant in a two-phase reaction
(benzene/water). In this system, the reactant and product (benzaldehyde and benzoic acid) are in
the organic phase, and the oxidant (hydrogen peroxide) is in the aqueous phase.
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Fig. 1. Transformation of Se-based PVCL under the influence of hydrogen peroxide (H,0,)

Two different heterogeneous systems were tested in the course of the research: benzene:water
volume ratio = 1:4 and benzene:water = 4:1. When the reaction was carried out in an environment
with a large excess of water, the yield of benzoic acid was quite low, not higher than 30 % (Fig. 2).
This result can be explained by the inhibition of the oxidation reaction by water. For the reaction
carried out in the ratio of benzene:water = 4:1, Se-microgel proved to be a highly active colloidal
catalyst and allowed to achieve 94.1 % yieldofbe nzoi ¢ aci d at 60 °C (Fig.

100
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Fig. 2. Influence of the ratio of benzene to water and reaction temperature
on the yield of benzoic acid (Y). The catalyst is B1.5Se2.0
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The influence of the nature of the catalyst on the yield of benzoic acid was investigated.

During the studies at a temperature of 30

is twice as high as for the Se crosslinker (X-linker) and H,SeOs (Fig. 3a).
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Fig. 3. a) Effect of the catalyst on the yield of benzoic acid (Y). Benzene:water ratio = 4:1, reaction
temperature —3 0 9 Eifect ofthe nature of the catalyst on the yield of benzoic acid (Y).
Benzene:water ratio = 4:1, reaction temperature—9 0 ° C Rimea-8lourso n t

Low-molecular-weight catalysts such as diphenyl diselenide (DPDS) and selenic acid
(H2SeO3) show lower results compared to high-molecular-weight catalysts such as diselenide
crosslinker (X-linker) and Se 2.0 microgel. During the study, at a benzene:water ratio of 4:1,
reaction temperature of 90 °C, and react
microgel catalyst was 91.8 %, which is the highest compared to other catalysts, indicating
excellent surface-active properties of the developed catalyst (Fig. 3b).
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Fig. 4. Effect of Benzene /water ratio and reaction temperature on the yield of benzoic acid (Y).
The catalyst is Se 2.0. Where B4W1, B2W1, W, B1W4 is benzene:water ratio

To evaluate the catalytic properties of Se 2.0 microgel at the interface, four heterophase systems
were used: "water in oil" (benzene:water ratio = 4:1 and 2:1), "oil in water" (benzene:water
ratio = 1:4) and water, since the reagent and the reaction product are insoluble in water (Fig. 4).
When the reaction was carried out in a system without excess benzene (benzene:water ratio 1:4),
the yield of benzoic acid was quite low. This phenomenon can be explained by the inhibitory
effect of water on oxidation reactions, as mentioned earlier. On the other hand, preliminary
studies of the colloidal properties of microgels in water-in-oil and oil-in-water systems showed
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that water droplets are formed in oil regardless of the ratio of oil and water phases. In the oil-in-
water emulsion system, the reagent (benzaldehyde) is concentrated in the benzene phase, which is
surrounded by the microgel, while the oxidant (hydrogen peroxide) is concentrated mainly in the
aqueous part, and the reaction occurs at the oil/water interface in the microgel. In this case, a
lower concentration of hydrogen peroxide is observed at the interface due to excess water and a
higher concentration of benzaldehyde. A slightly higher yield in the water compared to
benzene:water ratio 1:4 system is likely due to higher concentration of benzaldehyde in the
organic phase. In the water-in-oil system, the situation is the opposite — a lower concentration of
benzaldehyde due to excess benzene, and a higher concentration of hydrogen peroxide.

The optimal ratio of benzene to water is 4:1, as confirmed by the results obtained. The
increased concentration of the oxidant could be the reason for the highest yield of benzoic acid at
this ratio.

The synthesized Se-modified microgel is a highly efficient colloidal catalyst in heterophase
reactions. It demonstrates exceptional catalytic efficiency in the oxidation of aldehydes by the
"green" oxidizing agent hydrogen peroxide. It shows high results in various heterophase systems
over a wide temperature range.
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Pyridine-based heterocyclic derivatives compose one of the most significant classes of
organic compounds and constitute a significant part of modern-day drugs arsenal. This privileged
scaffold in the design of pharmaceutical drugs is one of the basic components of more than 7000
existing drug molecules with clinical applications. Thiazole derivatives are no less interesting
nitrogen-containing privileged heterocycles. Currently, there are 33 approved thiazole-containing
drugs and more than 90 such derivatives that are at various stages of clinical trials.

Combination of two potentially bioactive heterocyclic moieties (thiazole and pyridine), both
of the priority importance for medicinal chemists, intoasingle' ' mat r i x ' ' may be
as a systematic approach toward the discovery of drug-like molecules. The fusion of these two
heterocycles results in thiazolopyridine ring system, which is the part of a large number of natural
and synthetic products. The appearance of qualitatively new properties of the annulated
molecules, increasing possibilities for pharmacophore groups alteration in different positions as
well as their ability to interact with a wider range of receptor targets may become the factors of
crucial importance.

Thiazolo[4,5-b]pyridines are ones of the most hardly accessible and insufficiently studied
analogs among this class of organic compounds, and they are also biologically relevant purine
bioisosteres. The recent data published in the scientific literature cited a diversity of biological
effects exhibited by fused thiazolo[4,5-b]pyridines. Among them, substances were found that have
antimicrobial, antimyotic, antioxidant, herbicidal, hepatoprotective, parasitocidal, pesticide,
antifungal, antidiabetic, anti-inflammatory and antitumor activity. It has been established that
individual representatives of this class of compounds are H3-histamine receptor agonists, S1P1
and S1P5 receptor agonists, dual SEH/FLAP inhibitors, potential HIV-1 inhibitors, antagonists of
metabotropic glutamate receptors 5 (epidermal growth factor receptors and a number of other
enzymes. Derivatives Thiazolopyridines have shown a positive effect in eliminating sexual
dysfunction. It has been established that some representatives of this class of compounds are
inhibitors of DNA gyrase and SARS-Cov-2 glycoprotein.

Quite a lot of publications are devoted to methods for the synthesis of thiazolo[4,5-
b]pyridines. Conventionally, they can be divided into 2 fundamentally different approaches, the
first of which is based on the annulation of a thiazolidine or thiazole ring to the pyridine ring, and
in the second method, pyridine derivatives are used as starting materials, the functional groups of
which allow the completion of the pyridine core.

Thus, the wide synthetic capabilities of this class of compounds, their high pharmacological
potential and the prospect of practical application in medicine and pharmacy are the indisputable
justification for systematic studies of these compounds.
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BUSHAYEHHA N1 GMITBHM® OKAPB UAMNMAHOO DP
mrpPpoanl 30M 3HOBHKWMOBA TbHNX WWH

CtraHicnaB ITpmHMwWMH, 3eHOBI N 3Hack
Hayui oHanbHWW yYyHIiBepcutTeT «JIlbBi BCbKa noni Tex

stanislav.o.hrynyshyn@Ipnu.ua

Hadpra Ta HadpronpoAaoyKTHM notTpannawTb Yy nNpupe

BMAOOOGBYTKY HadpTmu Ta 11T nepepobneHHSa, a TaKkox T
B OCTPpaOHKHMI 3abpyAgHEHHSHA BOAOWM, ocob6bnmeo y nisBAfa
CYTTeEBO 3poCno BHacni ook arpecii pocii -yepes

npeMmmc T B, NOWKOAXEeHHA BiIi NCbKOBOT TeXHIi KWoOT O WO .

Hi CT metio NPUPOAHMNX ekocmcrtem BnacTtTuBoOCTI , TO
BoaooMWmM Bi g uUuMmx cCcnonyk BigbyBawTbCcd AYyXe nNoBi N
BOHW € T ONOBHMUMWU [XepenamMmw BoOoJoONnoOCTauvyaHHSA Yy BHK
LOLAaTKOBRMMCBOAZO NOTYXHOCTEeEIN. TomMy nowyk pauio
ni oroToBKW BOA, 30Kpewma, 3 MeTow T X OouYMWEeHHAa I

OgaHMMM 3 HaWnNnowWMpPpeHI WNX MeTOAiI B OoO4YMWEHHSA BOL
Bi aTak nNnouwyki gemo@asmodyac e®PeKTUMBHUX CcopbBEeHTI B
HadPTonpoAaYKTiIi B € HaAg3BMYaAaWHO BaxXnumseuw.

CyTTeBO 3pewWwWeB/Il0OE nNpouLec OUYUWEHHSA BOJL BMUKOTCFE

abo npoAaykKTiB yTwuniszauyili Takux Biag/ein Bh [1diop or
Kapb6oH, AKMWUWN yTBOpPWKWTbLCA nNi g 4Yyac nNiponi 3y 3 HI
LOCNI AXEeHHAMMU BCTaHOB/NEHO, o BOHMU BONopagi LT b
Hadptun i HapT®Ompagy ymiaB oLl HKNW edekTuMBHOCBIO4Ar a
HadpTonpoaAYyKTMNW HeOobOXi AHO BU3IHAaAUYUTKU Niodi NbHI Xé

Ak Bi gomMo, LOMI HY Y a X a{PKapkaTNeopBMMCAT MKKyaT 0)13i NoajH VB
BM3HaYyeHHA KpanhnoBOro KyTa 3MOYYBMMTHGL GM i JI&E)HKaosB
Kpanni .nijmmeHypro CB U KOpPpUCTOBYBanm nipokapo6oH, OT |
pi 3HOT bpakuyi i . AK pi AMHWM BUKOpPpUCTOBYBaAanNuU cup
Mapkun 95; 6eH3eH, reKkcaH 8K TuUNOBI KOMMNOHEHTM!
eMy b CTii iHa@eH3MWHY Yy BOAI (i emMynbci i MO 4enK
6aratTbO0OX TeXHONOTNi YHMX nNnpouecax). CT irakHii ye my n
HUMW peyvyoBMHaAMKU nNi g [Ai €0 YyNbTpa3BYKOBUX- KONKUB
3pykoBwmmemeaiop —Ultras@mi avabDiHg iTotcapmatue mMlHoUD
MaRAKW BMI CT OpPraHi YHUX Ppi OoUH, 3a AKUX eMynbci

roAal7 % (3a opraHi YyHOW a3 o) .
Ana pocni AXeHb BUKOPUCTOBYBaABMNBPpOwWap@aH,w

pi 3HOI AncnepcHOCTI : KyckKkiB 3 po3mMipom -1..2 cCW
HAM) , a TakKoX 4YyacTurkdg 13 HudndOp @bic 0w 26m0), 5;
LLi dbpakuyil Ni poKkKapboOHY OTpPUMYBANMUKIPOD 3ITIii B@AKHHH M1
3a AOoOnNOMOrow CcTaHAjgapTHOrNro Habopy curT. Ri 3Ha [
neHa ocob6nmBoOCTAMMN mor o NOTEeHUiI ANHOT O 3acToCy
Hanpuknaan#g, i nbTpyBanbHOrIo 3aBaHTaXeHH®Wa abdbo
NMOBEPXHKW pPO3AMTOro HadpronpoAayKTY (Ha noBepXHI
wo, HSK BIi AOMO, 3MOYyBaHiIi CTb TBepAMUX YaAaCTMUHOK
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AK pi AMHKM BUKOpUCTOBYBaAanNuW cCcupy Hadprkynm bBo5;n

6eH3eH, rekcaH 9K TWUNOBI KOMNOHEHTMU OeH3UHI
Hadptun i 6eH3nNHY Yy BOAI (i eMynbci i MO g enik
TEXHONOT i YHUX npouyecax) . Cti ki eMy IBHInIMN 4
peyoBMHaAaMKW nNni g A1 €W YyNbTpPpa3BYKOBWUX KONMUBAaAHDb.
pAesiHTerpatop —Ultr28omiac HDbrescmpeguatvieaond oUD
Mi HoB&2H0b KT L, NOTYXHI CFL1B2ANPBOMI HMB R DWW @/HH HU
HUX Ppi onNH, 3a SAKUX eMynbci o byna —clir7ab6%ngnBa
opraHi yHotw Qa3 o) .

BcTtTaHoBNneHO, wo 3g4aTHiIi CTb 3MOYMYyBaTWu noBep
CYTTEBO BI Api 3HAETHCSAHA. Hanpunknayxe KpmmgH o 6@
Kanmcb TnNOBepXHewW Ni poKapoboOHY. To6TOo Mano Mi

TBepaoro Tina Ppi AMHOKW He 3anNnexHoO BiIi A TreomMerT
3JaTHI CTb 3MOYYyBaATW NOBEepPXHW NipoKapboOHY AN«
Bea pob6pe 3MOUYYyE nnacky TMNOBEepXHI, nnouwa sSKO
NoBepPXHI (pwnc. 1ladPG°Ccgppnsba OGAHI®Y eHHaH AN OB € P X H i
BMUCOKO AuMcCNnepcHUMUN Y a<dT, ULH KMBVM) 1,  TKi ppaociikoaBpmnoiio HKyy T(
wyrTbca p[o H(nmmses.K 0l 63)6.

Pnda. 3o06paxeHHsa kKkpanini cupoi H&PTKM Ha nosBe
a-nnacka cyui nTbHa NOBEepPXHSH;

6-noBepPpXHA, YTBORGHA MACIMOGBE@BRaMKEeHHS 06po6AN

BctTaHoBneHO, wo ana <Gphxuioh 1 N0 pdxap ®qg LY .

1,0..2,0 MM cepefHE 3HauYeHHHA Kpanos°Gr @OPY BAI
86, 83, 80, 70, 63°. 3MeHWeHHA KyTa 3MOYYyBaHHA 3ikKapPi b
6By XHoa NOACHMUTWNW 36i NbWeEHHAM NNOWMHHOCTI 3pa
3 NOBepXHAMM 3 Oi NbWOKW nNAowew nNnnanackoi nNn-oBep:
BEeEpPXHIW nNipoKapboOHY oOpraHi YHMUMU pPpeyvyoBMUHAMU H
HaATrTy.eMAQK@BHAaAYeHHA MNOBEPXHEBOrNo HaTAary -6eH3.l
TM € poBoOnioec®Nme/BHM n W ,5; 28, 9; 18,4 i 28..29
3YMOB/NNIE€HO 3HAaAa4YHOKW Ppi3HUMLEeW B A3KOCTI uMmx pe
nopiBHIWeE 0, 64; D78 n0pB8AHO)M,-NTPEMIT, M YHIO MAS
nopaagku-sbpnBuwao.

OcKi nNbKKW B’ A93Ki CcCTb Ppi guH 3i 30i NbWEeHHAM
3aAaK@MHPHO CNPUYMUHUTMU 3 MeHWEeHHA PBAHBAHSA-akKmBay
noKpaweHHA copobuUi T Ha T 1. Ane 3MouYyBaHI CTb
ponb Bi pgirpae cT1aH TBepAagoi MoBEepPXHI . Tomy B
3MoYyyBaHHSA Had@TOKW BMU3IHaAa4vanu e KpcOnoeHW MEIH3T HRO1Tb H A
HOCTI . 3i 30i NbWeHHAM TemMnepaTypwWu 3 HaUYeHHH
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NMOKpPpaWwWeHH 3MOYYyBAaAaHHS YacTWUHOK nNi pokKkapbBOHY Hac

0OBO i Ui TKa 3anNexHi cTb 3HaYeHEREXK@HMNOBION 9 a ®T
nipapoboHY. 3po3ymMi no, wo pgucnepcHicTb 2..10 Ml
Aanbwe 36i NbweHHA TT pPO3MiIi pi B OYEeBUAHO He MNpwKa3
120 -
100 -
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e 4
T80 -
o .
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geo: 5
4= 1 3
@40
£40 - 4
S i 5
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1 6
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Temperature, °C
Punc. 2. 3anexXxHi cTb 3HaAa4YeHHHA KpanoBOro K

ni pokapboHy HadpTOW BIi 4 TemnepaTypwu:

Ppakui a ni poxald,@eGyl . .mmM@5253.0, 5;
4-0, 5..1510,;0 .52-n0n;acék a nNnoBepxHSA

3a TemMnepaTy@unkpanapmiBOKYT 3MO4YyBaHHSA Ha®T

pPi 3KO 3MeEeHWyeTBOA, 3SBE6AYBapmBPAE HABaHCPOPpMYyETbLCA
CYnNnpoBOAgXYETbLCSA PO3Ti KaHHAM Kpanini HadPTun nosBe
30i NbweHHAM TeB®n°€Epamyopcur epor aeTbcC 4 Maixe npamm
KpaBihioor 0 KyTa 3MOuYUyBAapBHARABI hl@ae HAGAE AWOCT i noBep)
Bi 4 TemnepaTypwu. OpoHack nicns ui et Temn-eparTyp
nopui WHOCT 3Mi HMW KpaihWwoBOro KyTa Bipg Tewmnepa
0,5...1,0 i 1,0..2,0 wmMm.

BcTaHoBNnNeHOO,pawloms@aHe 3MOYYE TMNOBEepPXHW nip
Moro AuMcnepcHOCTI ynm ogopmvmBaHpPPnNt33832; 3HaAa4vYeHHSH

Puc. 3. 3006paxeHHA kKpanni B€AM Ha noBepXxXHI
l-nnacka cyui NbH@B eIDBEPXHWTBARREGHA MRACINOE@RMKE HH A
3-Ha YyacTUMUHKax pgucnepcHicTio 1.2 MM

YacTo Ha T a 4y u HapTOoOnNpoOAYKTMWU YyYTBOPHKWT b CT
AOoOCAni goXyBanum 3MO4YyBaHI CTb WayCITbIICH GAKM U N | Hp@aapkcasp 6500HD
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Koro popgoBuuwa Ta 6eH3MHY Mapkwun 95, BoagHa ewmy

cCBi TnoO KOpuMYHEBOT O 3abapBneHHS . 3HayYeHHSHA K [
emMycnibh € O6AUM3bKNUMONIMXDb KO PGS lB)amBI 4 UYMT b, wo
ponb Yy B3aemMopagii 3 noBepxHew nipokapboHy Bi g

1

3
Pnc. 4. 3o06paxeHHS Kpanni BOAoHOT emMmyn®&€cii cup:

l-nnacka CcyUuUi NTbHMAOBI@OBXWKHAYTRQRBHA MMRCTMUHKAaALI
2-BuXxi oHe 3 06@EAPKEHMEH e )3

36i NbwWeHHA TemMnepaTypum Mano BONAMWBAE Ha 3H:
A1 anas3oHi T e RO espHaaTyyepH H5A...4kQp a0 IBYOE Ob Ky T8I A 0D4 D

eMynbci i y LUbOMY TemMnepaTypHOMY Adianas3oHIi 3
noHapAC 60I eMynbci i nNoOYMHaAaKWTb PpPymHyBaTuUChb, np
BOOG@I aHi YHMX das3. 3i 360ie/MAL@EHOBAIN POBYEGDBITTY [

3HayYyeHHA KpaWoBOrNo KyTa 3MOYYBaHHSHA BU3HAa'
ba3znm 3 TBeppow MNOBEepXxXHeEeIl, TOG6TO Vdapr @3 igemm@m |
TBEepAiIi M NOoOBepPXHI po3paxOBryaorTb 3a piBHAHHAM [

Wa (& + cos 0),
N&c—3HaYeHHS NOBEPXHEBOTrO Hart arrays , p’j ApwPHw— H a
3HaAaYeHHA KpahmoBOrNo KyTa 3MOYYyBaHHSA, T papg.

Ona cuncTeMKH angiTpao KpaipBbHOGHB aXHa pob6oTa aaresil
<0, 1; 0,1..0, 25; 0,25..0, 5; 0,5..1, 0; 1,02, 0 |
Bi anoBi aHo -Wbpildkd ke 8(6Wa 3, 20 ; 3, 34; 3,82; 4,1
H
K

a nnacki W noBepxHI Ni poKkapboHY GITBOIPNEHKMEN XA
amMum 3 AuMmcnepcHicTiow MeHwe 0,1 mMmwMm. BogpHouac p
Liei TemnepaTH0FAx/Aw pOTerege 92, 16ynN0 nNoKas3aHO Bl
ANnA CcCeNneKTUBHOTI copobuyi i Haditove HBaM HY H 191bX ©@OERMHaSB
TOWO), 3HaAYeHHHA NOBEepPXHEeBOro HaTAry HAKWUX noAgai

36i NbWeHHSA ePe K TMBHOCTI OYMNLWEHHS4 BOnAWu B i

TeMmMmeyppan cepepfoBuMWwa nNi TBEeEPAXYETbHBCA 3HAaAYeHHSH
WeHHSA TewmMnepaTyY@Punmpwumxe dbaungo 4000 361 NbWEeHHSA p
noBepxHIi-10B84q BN?@K/AM Topai sk anle° oo A Bilm 2,

ToMy MOXHAa O4Yi KyBaTtTMm, Wwo CceNneKTUBHI cTeeqrepb
poBunuw 6ypae 3pocTtTaTtunm 31 36i NbweHHAM KWOro TewMmn

OT xe, Ha ni agcTasBi OTPUMAHUX [JaHUWUX MOXHa ¢
BMCOKAa TakK 3BaHa KOHTpPacTHIiCTb Takoi B/acTMWUB!
Ta HadpTwun UK HiagphT ol o@B/i A UMTbL NPO BUCOKY Ccenekxkrt
cepepgoBuuw Ta HadpTwu u, ocob6bnwunseo, HadrTonpoayk:

TEeXIHa i X OoO4YuMWeHHA BOJA Bi O HeeMynbroBaHuX Hawp
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| HI Ul AOBAHA MNBROARTCMUOOMEPUN3ALI 9 TORHK L
NMOBlI YHOT O MPOMPIOBHWNB,TBA ETEHY

Bonoagvmup, POmama sdPegoTo0Ba, BorgaH [A3i H
Hayui oHanbHUWW yHiIiBepcuteT "JIbBi BCbKa NONi TeXHI
bohdan.o.dziniak@Ipnu.ua

Mpun BUMPOOBHULTBI eTeHyYy Ta nponeHy niponi3s3om
npoagykTaMn opgepxXyrwTbca pi gkKi No6Gi YHI np-0oayKTMU
HOCTI Bi 4 cKnapgy CuUpPOBUHU -3TA2% peaku.mydPAnHlopk® NCCyR N ,
Miww pi3HOMaHI THWUX—CelWr, neBaocgaHMBe p@&51 apomMaTMyHMNX
Kcunnems, Hadrtani H, ayueHaomTeH, bnyopeH, aHTpauye.l
LWUKANI Y4YHI A1 €EHMN: i 3onpeH, nNeHTaAAi € H,N UYMW Kk JBOYIT eHET
BOOHI : CTUPEH, i HOoeH Ta T X noxi agHi, AOMI WKW n
po3 4l NAKTbL Ha nNi poKoOHAgeHCAT, wo BUKMUNaAae p[O Te
AKa BUKMUNae npun Temnepatypax sBunuwepaddMBi /KawTlbi p3c
TeMneparTtypaHvam okkupnel MiH app-a48i KrCeEe@EBAR K) ;— C9 (4
463 K) [1]. | —CGi8 uBou KdoppavkeutTiosiB YCE6T b C A4 A K CUPOBMUHaA
To ogpakyi a C5, Wwo Mi CTUTb 3 HauwHYypprikms Ki cCr9, [F
KOHLEeHTpPpYWOTbCH ankKkeHi napoMaTUMUYHI NiB@PrueBawei , T
bpakuyi s C5, B OCHOBHOMY, ro opyeTtbcA i BUKOPV
6eH3MHI B abo 9K CWUPOBMUHaA, WO NOBMXDYE TebTRSH YH a
npM ULUbOMY BTpaudyawTbcCcsa Wi HHIAN HkeHMECAI@ LEMHE o rcalyomiy g
HeHacuMyeHUX BYyrnesopaHi B dgpakui m CH TaYy®I bMOXH
cAa B 6arartTbox ranys3ax MNPOMUA/POBEIYKTII BAKI PP T E
XO0OL0XEeHHSd.

Hamu pocni gaxeHo oniromMepwunsaui w dpakuyi-i C5
HUMLTBI eTeHY niponis3om AM3enbHOro nanumea Ha TC

TabnwmPa 3 UXKIOMi Y H i MOKaAa3HUWUKN Ta BYreBOoOAHEeEBUNK C

HanmeHyBa 3HaYeHH4d HainmeHYyBa 3HayYeH.l

NOKa3HMUK NOKa3HMUKI NOKa3HMUK NOKa3HMWU
1. 30BHI WHI Mpo3zopa 6e|9. BwmicT, ¢

pianHa 6e3 |[MeTUNGYTEH.] 2,4
BK/NTWYE€Hb|i 30neHTaHtH 6,8
2. TycT¥Ha, 752 NMeHTEeHU 6,4
3MonexkynapH 71 neHTA aH 2,7
4 . BpoMHe y neHTan4d eH 19
r .BLOOT 230 neHrtTalBi €H 7,8
5. Kol pQO m 0,25 i 3onpes 36,0
6 . MoK a3 HMUK LMUKTONEHTal 2,0
N 1,4580 LUKNOMNEHTE | 2,1
7. dpaxkui MH LUWKTONEeHTa} 17,0
MO Y akTIKi HHA MEeTMUMNLMUKIIOI 2,0
95 % BUMKWUNA 303 OeH3eH 6,4
337 He | AeHTwNndi
8. BmicT BO 0,3 BYrnesopgHi 6,5
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Bucoke 3HayYyeHHA OpPOMHOTIO 4YuCcCAHa T a 3Haul
BK3ay e ®IAI NbHI CTb BUKOPUCTAaHHA @pakuyii C5- gns4a
nn. Oniromepusauyi o dpakuyil C5 npoBoguvunw y n
ne pcovkgy —oryprenmrny , ri oponepokcunagy KyMIi ny ,—T preeTp 0 K
OYyTVMRYOKOWNOPYTIW/HpELYMI NY. BuBuyanum BNONAWUB YHUHHMNM
peaxkui i, npunpopga i KOHLEHT pXauMisad Hil H I Xual paaTkoTpeap) n
XaHUX CMOI.

3a pes3ynbTaTtamu [OCNi AXeHb YCTaHOBJ/EeHO, L
peakxkui’i 36i NbwWyeTbCA BUXi g oniromepy. Ane
BMNBRAE Ha AKI C-T3b NO/OIBINOLMEEHPHYS M T emMnepaTypwu CVy"
c mwon , SMeHWyeTbCca 11 MoOnekynapHa Maca Ta €T
pe@dii CNnpMAe He3HayYHOMY 3pOCTaHHIW MONeKynap
3pocTaHHA TemMnepaTypwu, CYnpoBOAXYETbCSHA NOTIif
OGpPOMHOI o 4umMmcna cMoOnNwKu.

BogHoyac npuvu HUMU3IBbKUX TemMnepartyppaxiKkmeia K Ugi'ia
oniromep, [ nmwe nNpun 3HaAaUYHIi W TpuBanocrTiI pea
AagmoNbHOKW TemMnepaTypow pPO3 M’ AKWyBaHOCTI (~35

BctTaHoBneHO, Wwo 3 nNi ABUWEHHAM KOHUeHIgaLyi.
TYy Ta BuUuXi BogamammyeTbca 11 MONneKynapHa Mac
LUeHTpaui 9 i HiuiaTopa NPakKTMWUYHO He BNNAMBAE Ha

AHani s3ywuyun pes3ynbTaTwn pfocCcNi gXeHb 9K edexT
HBeRno nepo«rcpumy Tmmy , AK NI cepej fA[ocCAni AXYyBaHMU
aBMIWy KOHBepcitw MOHOMepi B dpakuyuii C5 Ta BM

OrTxe Yy pesynbTarti npoBefgeHNUX [JOCNiI MEPHbL B
auyi i BYrneBOAMe BO jppragkaay i M /Cy5 Ta BMU3IHaAaYeHO O
eakuyii: TemnepaTtypa 423 K, TpwuBani ctTbXd T 0
a B OoOnNTuMManbHMWX yMOBax cMona 3 BUXogem 25 %
yeTbcCcH MoneKynmma&mmmammmaﬁ&(ﬂlxgmo@,orcmmqDQKdH
eHacuMmyeHi cTH ( 6 p/olvOHCer )y Mix mioiii 4dhib3 mkoaBa& 3 H UK U
pernamMeHTOBAaHUM 3 Ha-05&48l60920-9 9 r kGmMonaAYHIPpBoOoNno NI
hbapboBa CUHTEeTWUWYHaD».

w

I

I W I T W

Ni tTepaTyp

[11 A3i Hak, 6. O. HaykoBi OCHOBMW | TexXxXHonoria KoOoONi I
aBTopedgepaTt AagucepTtauyirl Ha 3406yTTSHA HayKesBe@KO CT
HoNnoriAa NPoOAYKTIiI B OPpPTr aHi 4 HOHO BoeH MeEr3eyr. «JTbBBii BB:C bHE
2013. 42c.
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OVWHAMI YHHA B’ FPAOBIHUNMHH B HADGT OHIHOAIA MEMO /I
OTPUMAHWUX EMY/IHOCIONMHO OMEP N3 ALAKLO i®oPC9

Bonoaunmup FKampm Cyo6TenbHWUIR, BorgaHn [A3i
Hayi oHanbHMW yHiBepcutetT " BOHI3gC BKa .n dni beaxHi
roman.o.subtelnyi@Ipnu.ua

Mip uywac niponi 3y HadpTroBUX dpakui m [gna BUPO
Ki NbKOCTI pi AKUX nNpoaykKTiB niponi 3y r(nPelBb)aHI BK
Takunx akK onediHM, apoMaTMuUUYHI CnonyxkKkwu, LuK ML Yl
Ki nbKi cTb UWUX NpPpoaykKTI3H U ™MaK B BT kg MBMIKG ;qMH30H 0 K3 (
bpakuyi W, 3anexHo Bi Ao pexumy npouyecy [ 1].

PMNMN nopi NAKOTbCHAIT Hiaa COBIIHUOCHIOB OKOHAEeHCcCaT Ta
Ppakui OHYyBaAaHHAM nNi poKOHAeHCATy OA4AepPXYWThb, 3 0K |
TeMnepaTtyp AWABiI Kha UA28pakyi a Mi cTuntbvwaga 46 0 %
H i Ta anNkKeHi napwiMamrnerkopycneBYeETbCA ANA opep.
BoOAoHEBMUX CMON, BIi gAOMMUX nNi g Ha3IBOW HadrTrononi Merg

ByrnesopgHeBI cMONM 3acToOCOBYWTbCA Yy nakodgap
MOAWMI Kalwi TAK6I TKYOMMNMBOHEHTBEUBYOKAHTBRATN@NeEepY i K

MeToaun oniromMepumsaui i BYTFrneBOAHEBMUXKZIYWMIi wemn
HY (i Hi WLi ”oBaHYy i TEepMi YHY) oniromepunu3sayi . Yy
MPOMUCTOBUX MeTOAI B NepepooxXxmaT YyBMK OTpaM CM EHBLY HOTT [b U
uenm MNOPIiBHAHO 3 TepMi YHOI. Llein wmMeToOpn @m@BUT i AHWU
3ayi ew, OCKIi NbKWNW He BUMArlrae BIiIi LOKpPeMAeHHA Kart
i Hi Ui ”oBaHOTI oniromMmepun3sayi KUuiHieH €O uUBe HP X 3 BWH N
TpuBanoro npouecy npwu-4B713c oKk)i T ar eavHieePracr e/Npk o r( o4 5S¢
BDO npopykty (oniromepy) .

BukopumcrtaHHa MeToOoAYy eMynbci MHOT oniromepunsa
poBeAgeHHSA O0i I ocomseapaur3Hauuxi 1™ opHeoawvkelpii lBH dppak yi i C9
MKOpPpUCTAaAaHHAM | HIiuiaTtopi B, PO3YUHHMUX y- Bop4i
paTypotw npoBepgeHHs3 mpoureayaq30@Brsge CcnNpoCTUTMH
PpOAoYKTY. OrTpumaMonmy(oseBDgOgMEPp ) XapakT-epunusyitr
MKoOoM Konbopy [ 2].

LJocni goXeHO HM3IbKOTeMNnepaTypHY eMynbcCci AHY 0.
bpakuyil C9 PNN pgu3enbHOro-CcCmamema 3 & 40O0ON6MNMOIMEH
cTeapatTi B MeZinaniMi )(.SnEkcQue,puMeHTN NPOBOAMAUCA
TArom 3 TOAWH NPUW T HTEHCUBHOMY nNnepemMi WYIBBHH.I
cnpumsae NO3IUMTUBHOMY BN/AUBY Ha npouyuec, WO nNi ATBE
BcTaHOB/IeHOGT alydDH SB-aMeOp@WMUN He BNAUBAa€E Ha XapakrT
30KpemMa, Ha cepefHIO MONeKynapHY wMacy, MOKaAa3HMU
nopgi 6HI Ao XapakTepucTMuUKk oniromepy, OTpPpUMAHDQC
N e p QoKoCMA.

OAvHaMi sHKai BTb PO3UYUHI B H-aB@ADKQIMMOB/MAI MXEgPPHaNKXT €CPMIOC/T
BM3Havyae T X 3paTHiIi CTb A0 NpPOTiKaHHSA npwu 3 MIi HI
NOKa3HWKOM CcTyneHsa "TekydyocTi " po3uyunmHy HMNOC i
Ppi 3 HWXX .y MbBHaa Mi 4 HY -MBX ApP30K3iycuTHbi B1 OH a%pT OonoNni MepHMX

I O3 W 3
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Ha Bi CKO3uMUMeTQPpI OcBanbpgpa 3 AiamMeTpom Kanins
UUNHHWEH3 eHiI , Yy pianad3bHiK.TemnepaTtyp 293
Jocni oXeHO B’ A3KIi CTb OMODNOTPMBPpWUBALEGWPNE
AN3enNbHOT O nannsea 4 N4 NMOpi BHAHHSA BM3IHAUYeHOo
i Hi i "oBaHoOT oniromepwusauyii:
() l Hi yi "oBaHa onir ewmeemyTanyi Ar:i A pHo nue paorkocpu A
TeMneparty$p4ab 3p eka,k uri@mas-alon iircor. pTemnepaTypa

po3M’ AaKWeHBSI9CcKONMK
(2 EMynbci nHa oniromepepewnnbeaTti wmani @t pop, 0%)
peakB8BB K, Tpusadrircoap, pReaxdli20, BMIicT @
n

peacxuLi H+25 %yoni wiemnepatTsy pamvPBdB8 mKa k we HH

B) EMynbci WHa onirompeaqema T ®/Ali-ckieua paattop( 1, 0
T y$3a0 3p eKa,k yripim Badnircorp, pReaxWdL 20, BN\
akKUuHFEBWaOcyMmemnepaTtTypa P64 mMKak weH

—m
@
I
T
s
@
I
Y
S|
293 303 313 323 333 343
TemnepaTtypa, K
Pnéa. 3anexHi cTb AMHAMIi YHOT B’ 93KOCTI PO34YMHIB

3 niagBUWEHHSM TemMnepaTypun B’ A3KCTb PO34YMH

He pgocAraeTbcCcsda nNpu TemMnepaTypi 343 K.
BctTaHoB/neHO, Wwo AUHaAMIi YHaAaCBhaAYI QDB YB MY N T
paTtypwu BMU3IHaAaYeHHA. OTpumMaHi peonoriyHi xapa

BY3bKWUIW Ai ana3mac OMOTEOK YPIRIPMH®AI Ny OTPUMAHNNX
METOAY CUHTES3Y.
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Passive cell permeability is a complex process which involves desolvation process when the
pharmaceutical ingredient leaves the extracellular agueous environment, followed by interactions
with the negatively charged phospholipid head groups before it enters the hydrophobic membrane
interior and, finally, the cytosol [1]. Each of these steps is affected to different extents by the
compound’s molecular properties. In general, permeability may be estimated in terms of the free
energy barrier that the drug should overcome when crossing the membrane, which is usually
predicted from computationally intensive molecular dynamics simulations of the translocation
process [2].

When the permeability of an active pharmaceutical ingredient is empirically measured in
vitro, it is generally called Apparent permeability (Papp), its absolute value varies according to the
method selected for its measurement. Pap, is measured utilizing cellular based barriers such as
Caco-2 model [3], and artificial biomimetic barriers such as Parallel Artificial Membrane
Permeation Assay (PAMPA) [4] or the PermeaPad [5]. From the theoretical point of view, many
computational approaches have been developed to infer drug-like properties, such as
bioavailability, aqueous solubility, initial absorption, plasma-protein binding, and toxicity [6].
They are often related to such molecular and physicochemical features as molecular size,
hydrophobicity or number of hydrogen bonds established by the compound with water molecules
(since these bonds need to be broken for allowing the molecule to pass the membrane) [7].

Passive permeation of drugs through the biological cell membranes is obviously strongly
dependent on the molecule physicochemical properties [8]. The most common criteria for orally

bioavailable drugs which include the permeability determinants as well are based of L1 pi ns ki ' s

rule of five (Ro5) benchmarks which were derived based on the physicochemical properties of
2245 reference drugs that had reached phase Il clinical trials or higher [9].

Additional chemical descriptors of orally bioavailable drugs are based on Veber's rule (VR)
determinants namely the number of rotatable bonds and the polar surface area (PSA) of a
molecule [10]. The number of rotatable bonds in a molecule is the property which regulates
passive membrane permeation and reflects molecular flexibility or degrees of freedom, according
to VR it should not exceed 10. T hte ensBr&Sgaod
bioavailability as the polarity of the molecule which can be described by its 3D PSA is a major
determinant of the kinetics of the desolvation step. Other most relevant parameters which should
be considered as good membrane permeability and oral bioavailability determinants include the
solubility and lipophilicity of the substance, which affects its partition between aqueous and lipid
environments, the acid-base character of the molecule, which influences the charge of the
molecule at the specific pH. The molecular size, approximated by the radius of gyration (Rgyr),
governs the rate of diffusion across the membrane, while the lipophilicity (cLogP or cLogD) is of
major importance for the thermodynamics of the permeation process. For instance, the distribution
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coefficient LogD- 4 in the range of 1-3 provides the best chance of achieving the overlap of low
renal clearance, low hepatic oxidative clearance, high solubility, and high passive permeability
[11]. Also, the fraction of sp® carbon atoms (Fsp®) in a molecule together with the number of
chiral carbon atoms may be referred to as the additional components of molecular complexity. The
Fsp® criterion for the phase Il clinically tested drugs was established within the range of 0.11 =
0.50 with the mean Fsp® value of 0.29 [12].

Thus, the evaluation of physicochemical determinants for active pharmaceutical ingredients
including both empirically measured and theoretically calculated ones makes up an important step
of the drug development process and contribute considerably to the decision relating to drug
candidates promotion into clinical trials.

Acknowledgements: O. K. thanks Universidad San Pablo CEU for a Postdoctoral Contract
for Ukrainian Researchers 2022-2024.
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ECOLOGICAL ASPECTS OF PETROLEUM INDUSTRY
AND PETROCHEMISTRY

REMEDIATION OF OIL-CONTAMINATED SOILS WITH GEORGIAN
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Oil spills are one of the biggest environmental problems worldwide as a result of human
activities. It is considered a form of pollution, which is dangerous and problematic worldwide [1]
causing significant changes in the chemical composition, properties and structure of the soil. The
normal functioning of the soil ecosystem is disturbed for a long time, soil fertility deteriorates and
the intensity and direction of redox processes change dramatically. Scale of hazards imposed on
the environment depends on the surface of the territory contaminated with oil products, their
chemical composition and depth of contaminants [2].

Oil is a complex mixture of different molecular weight and structure hydrocarbons including
three chemical groups: paraffin (aliphatic), naphthenic (alicyclic) and aromatic [3]. It also
contains small amounts of sulfur, oxygen, nitrogen and some metals. They range from simple,
volatile substances to complex waxes and asphalt compounds that cannot be distilled [4].

Oil and oil products are the most common environmental pollutants. Their entry into the soil
ambiguously affects the activity of enzymes, which can both increase and weaken [5, 6, 7],
depending on the dose and type of pollutant and the type of soil subjected to pollution.

Several materials including dispersants, adsorbents, and hardeners have been used for soil
remediation. Oil adsorbent materials can be divided into three main classes: inorganic mineral
products, synthetic organic products, and organic plant products [8].

Mineral products include zeolites, clays, silica, perlite, graphite, vermiculite and diatomite,
which are used mainly because of their properties and ease of use. On the other hand, they are
economical, stable, chemically inert, have developed specific surface area, adsorb and immobilize
hazardous substances without releasing them back under pressure [9, 10, 11]. The use of such
sorbents in a hydrocarbon contaminated area facilitates the transition of the liquid phase to the
semi-solid phase and hence allows some remediation actions to be taken. These materials can also
be treated with oleophilic and hydrophobic compounds to increase their yield, so that
hydrophobicity and oleophilicity are the main determinants of the absorbents success. Other
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important factors include retention time, oil recovery of the absorbents, amount of oil absorbed
per unit weight of the absorbent, and the reusability and biodegradability of the absorbent.

The effect of nanoporous zeolite-containing tuffs of the Georgian deposit introduced into
oil-contaminated soil on some biometric indices of agricultural plants was studied.

Garden grey-brown soil was used in the experiment. The soil was polluted with oil from
Samgori deposit (Georgia). Natural zeolite was clinoptilolite tuff of Kaspi deposit, Khandaki area
(Georgia). The content of the main mineral in this rock varies within 60-65%, calcium prevails in
the cationic composition [12].

Table 1 shows the chemical composition of clinoptilolite.

Table 1. Data from chemical analysis of zeolite — clinoptilolite

Constituent CO,+H,0 SlOZ A|203 CaO | K;O | Na,O | Fe,03 MgO MnO T|02 P,O5 | SO;
elements in
the form of

oxides
Zeolite 27 46.84 | 9.78 | 7.08 | 2.00 | 0.05 3.97 154 | 0.09 | 0.56 | 0.08 | 0.24

clinoptilolite

Infrared spectroscopy is one of the most recognized and reliable methods for the determination of
petroleum products adsorbed by zeolites. Absorption bands in the range of 1200-350 cm™ are
characteristic of the zeolite framework [13, 14]. The other vibration bands mainly belong to organic
substances and water, and are located in the range 1300-3650 cm-1 (Fig. 1) [15].
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Fig. 1. IR spectra of original natural clinoptilolite (1) and natural clinoptilolite
with adsorbed petroleum products (2)

Two spectral regions of particular interest are: 2854-2955 cm™ and 1507-1340 cm™. The
region 2800-300cm™ corresponds to the saturated hydrocarbons [15]. According to the
experimental results, the obtained bands 2854, 2925 and 2955cm™ can theoretically be attributed
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to symmetric deformation vibrations of the methyl group (CHs), in the range of 2872cm™ and
2926cm™, as well as symmetric (2853cm™) and asymmetric (2926cm™) vibrations of the
methylene group — CH, [15,16]. The low intensity bands of 1340, 1458 and 1507cm™ can be
attributed to the deformation vibrations of the above groups. Judging by the intensity of the peaks,
the concentration of hydrocarbons of the methylene group exceeds the concentration of
hydrocarbons of the methyl group.

Wheat was used as a test plant. The experiment was carried out in laboratory conditions on
meadow-brown type of soil, with slightly alkaline, almost neutral reaction of water solution
(pH=7.1-7.5).

Before the beginning of the experi ment
germination and germination energy. Germination is the number of seeds that have germinated within
the set period for this crop. Germination energy characterizes the friendship and speed of seed
germination. The experiments confirmed good sowing qualities of wheat seeds (98.5%), which
were further, used in the above mentioned experiment variants. Four consecutive sowings were
carried out with an interval of one month between them. Observations on the dynamics of seed
growth for each sowing were carried out for 30 days.

120 120
100 100
80 - 80 -
m A) Soil m A) Soil
60 - 60 -
= B) S0il+2,5% = B) Soil+5%0il
Oil
0 o soil+25% | 0 C) Soil+5% Oil
Qil + Zeolite + Zeolite
20 - 20 -
0 - 0 -
(S) (o) (S) (S) (S) (8) (8) (8)
N §5 g% W N i% NN

Fig.2. Germination data of test-culture: A) Soil; B) Soil + Oil contaminated (2.5- 5%);
C) Soil + QOil-contaminated (2.5- 5%) + zeolite

Figure 2 shows the germination data of test-cultures on: a) clean, b) oil-contaminated (2.5-
5%), c) oil-contaminated (2.5-5%) + zeolite + soils. The results show prolonged effect of zeolite.
Zeolite application has ameliorating effect and improves the index compared to oil-contaminated
soil.

Experimental data showed that clinoptilolite is an environmentally safe and effective
ameliorant for recultivation and rehabilitation of polluted soils, which allows absorbing light
fractions of oil, while the heavy fractions remaining in the soil are relatively less toxic and less

APGIP-12 Ukraine, Lviv, May 20-24, 2024
129

t

he



washed away by wastewater. Such an area is desirable for the microbiological processes that
gradually occur in the local ecosystem and bioaugmentation in the contaminated soil,
transforming exogenous microorganisms into less harmful hydrocarbon compounds.
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3D printing (3DP) is considered an innovation that promotes automation and efficiency in many fields,
for example civil engineering, machinery, medicine, biology and more. In addition, options that did not exist
and the use of new materials. 3DP enables a direct transition from design/modeling (BIM) to 3DP to create a
product/object. BIM and 3DP subjects are taught in Israel in universities using several different software,
depending on the specialization (machines, architecture, etc.).

Keywords. 3D technologies, materials for 3DP, 3D concrete printing, dispersive reinforcement
concrete, 3D bioprinting.

General analysis

Main aspects of using 3DP

Materials for 3D printing and their properties are of significant research interest.

All materials printed with a 3D printer must have exceptional printing speed. This includes
the possibility of pumping, extrudability, ability to assemble.

Legislative issues and trends

Despite its potential benefits, 3DP has not yet reached its full potential in the construction
industry and is not a technology capable of completely replacing traditional construction methods.

In terms of intellectual property, there are laws and regulations that protect new inventions
and inventors. One area of future research will be to establish principles for intellectual property
protection for 3D models.

Building 3D printed technology

Demand for mass construction in construction will create a need for 3DP, new and more
economical technological solutions will appear.

In the future, with the popularity of this technology, private consumers will also be able to
complete their homes. 3DP also has great development potential in the field of personal interior
design.

Some conditions are known today of 3DP introduction: The initial conditions are time and small
manpower requirement. It takes longer to achieve a better surface quality, which increases the time
cost. The second condition is the optimization cost. Any optimization process will increase the cost
due to additional design work and the structure may become unnecessarily complex.

An example of some of the largest 3D printing companies in the world by market:

North America 3D printing market
size, by technology, 2020 - 2030 (USD Billion)

N.A. Market CAGR,

s3 18 . 20222030
. L . $26 m R . . =
Fig. 1. North America investment in - m B -
- - -
3D printing technology 2% 2031 2022 2023 2004 2025 zo-ze 20-27 = 20!)
[ ] Fuse D Modeling  Selective Laser Sintering
Direct Metal Laser Sintering @ Polyjet Printing @ Inkjet Printing @ Electron Beam Melting [Rrysmess
Laser Metal Deposition Digital Light Processing @ Others
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This technology allows the use of recycled building materials and thus saves 30-60% of
building materials. In addition, the construction time is reduced significantly (up to 70%) and
manpower is reduced by up to four times.

Today the main disadvantages are: volume and the inconvenience of using machines for 3D
printing of buildings, reinforcement problem, difficulties in building to height, technical problems
In mountainous terrain, difficulties in printing horizontal elements (floors and roofs), exterior
finishing works.

B Formwork Labor B Concrete Materials
Formwork Materials m Concrete Labor

Fig. 2. Typical cost distribution for new concrete construction project [2]

Environmental issues and trends

3D technology not only does not create waste, it also enables reuse of materials and this is
true for example according to indicators such as energy consumption, carbon emissions, use and
production of toxic substances. One avenue for future research is to use life cycle assessment
(LCA) to assess the environmental impact of 3DPs. LCA is one of the most widely used
environmental assessment tools in buildings.

An evaluation method, LCA involves the collection, processing and analysis of huge
amounts of data. It takes a lot of time and effort. Information software tools such as BIM are
therefore required to support LCA. BIM is a construction management method based on the life
cycle with a wide range of stages, including design, planning and operation, energy consumption
and energy emission, etc. These days, relevant research is being carried out on a building
environmental impact assessment method called BIM-LCA, and 3DP environmental impact
assessment has shown that it can improve efficiency and accuracy.

Materials

The most of the materials used for 3DP in construction are concrete, gypsum, steel, and
polymeric materials. As well as new materials such as stable cement-based composites, stable
cement pastes and various composites. And also possibility of combine different materials, for
example, steel and several types of concrete, including polymer-concrete. So, researchers from
NTU Singapore used recycled glass instead sand in 3D printing concrete.

Concretes and nano-additives. The HTTM CO RAN proposed to replace the base in
cement binders with a silicate one. It will improve the quality of the material used: heating at a
lower temperature during manufacture, higher compressive strength, no swelling when heated.

Replacing conventional rebar with basalt rebar. Such fittings are lighter, radio-transparent
and resistant to corrosion compared to conventional ones. The shock-resistant characteristics of
such reinforcement increase by 4.5 times, and the durability by 5 times.

Various nanostructured additives to concrete: For example, 0.1% Kemerit in the total
cement mass of such an additive will increase the strength of structures by 25%.

The polymer concrete is concrete protected by an American patent [8]. Rubber concrete is
the first polymer concrete in the world, in which liquid rubber (polybutadiene) is used as a binder
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and not epoxy, polyester or furan resin. Such concrete has a compressive strength of up to 90 MPa
and a tensile strength of up to 30 MPa.

Water absorption of polymer concrete does not exceed 0.06%. Polymer concrete has high
chemical resistance, both in alkalis and acids. In fact, the polymer concrete binder itself can be
used as an independent, chemically highly resistant protective coating, which has high adhesion to
steel (up to 11.5 MPa at separation) and is operable up to a temperature of 95° C.

The polymer concrete and dispersed reinforcement [4][8]

The development of promising concrete mixtures that can withstand the action of external
loads (including dynamic) is an important scientific problem of modern construction.

Different types of distributed reinforcement are developed and presented. These
developments include mathematical design methods and experimental tests. A 35% increase in
compressive strength was obtained in fiber reinforced concrete made with a combination of steel
and basalt fibers with a volume concentration of 2% steel fibers and 2% basalt fibers.

Maximum flexural strength increased by 79%, ultimate stress in axial compression
decreased by 52%, ultimate stress in axial tension decreased by 39%, modulus of elasticity
increased by 33%. Similar results were obtained for other combinations of diffuse reinforcement.
The studies carried out made it possible to determine among themselves the most effective
combinations of fibers of different fiber types and their optimal volume concentration.

Dynamic load of polymer reinforced concrete [9]

A laboratory experiment was conducted at 2021. The dimensions of the samples were
16x4x4 cm. An experiment was conducted for loads that correspond to requirements for high-
speed train sleepers (2*10° loading cycles). Two types of tests were conducted: bending and
pressing. Here are some results of the experiments:

In dynamic bending:
— Strength of a sample with steel fibers 40/0.8 mm relative Kb,pul = 0.301 and it is
Rbnpul=12, 15 MPa
—-Strength of a sample with brass fibers 15/ (

Rbn, pul = 10, 91 Mpa
In dynamic pressing:
-Rel ative strength of a sample with steel fi
— Relative strength of a samplewithbr ass fi bers 15/ 0.3 mm is R p

— Relative strength of a sample with polypropylene fibers 12/0.12 mm is Rpr,pul= 62.91
MP a

For comparison, in ordinary concrete axial compressive strength under such loadings is in
therangeof 15-4 0 MP a .

Liquid Metal Printing [10]

Researchers at the Massachusetts Institute of Technology (MIT) have developed 3D printing
technology that can quickly create large parts from liquid metal. For example, table legs and chair
frames can be printed in minutes.[10]

The method uses molten aluminum deposited along a programmed path into a layer of tiny
glass beads. Aluminum quickly hardens and acquires a three-dimensional structure. The developers
estimate that the technology is 10 times faster than a comparable metal additive manufacturing
process.

This method sacrifices resolution for speed and scale. While it can print components larger
than those typically made with slower 3D printing technologies and at a lower cost, it cannot
achieve high resolution.
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3D bioprinting of human neural tissues with functional connectivity [11]

Researchers at the University of Wisconsin-Madison have developed a technology for 3D
printing functional brain tissue. It can be used to study brain function, search for the causes of
various neurological disorders and test drugs. Instead of a "vertical™ 3D printing approach, the
researchers created patterned fabric by printing one thin layer or strip of cell-filled gel next to
another horizontally. They placed neurons grown from induced pluripotent stem cells in a soft gel
—bioink. Il I n this case, the cells are | ocate
on atable.

The results of a study of printed tissue showed that cells in such a structure can indeed
—communi cat e. #tethhlmediumoforreing poeneckohs within each printed layer, as
well as between layers, forming networks comparable to the human brain. The cells communicate,
send signals, interact with each other through neurotransmitters, and even form regular networks
with supporting cells added to the printed tissue.

New Al technology enables 3D capture and editing of real-life objects

3D modeling has long remained the domain of professionals because existing technologies
did not allow for editing models in a convenient and intuitive way. A more recent approach,
known as 3D Gaussian splatting (3DGS), also prevents the shape of the object from changing.

Things got moving when the researchers realized that they could treat each 3D point in the
cloud not as a separate spot, but as a control point in a continuous interpolator. With this
approach, when a point is moved, the shape of the object automatically changes in an intuitive
way. This is similar to how animated videos are created today — animators indicate the positions
of objects at several points in time, and their movement at each moment in time is automatically
generated by an interpolator.

Future 3D models will look much more attractive and it will be possible to create 3D
models also using mobile phones.

3D food printing

Israel is currently home to over 400 companies in food tech, a broad field that includes
nutrition, packaging, food safety, processing systems, novel ingredients, and alternative proteins.
The latter comprises plant-based substitutes for meat, dairy, and egg; cultured dairy, meat and
seafood; insect proteins; and fermentation products and processes.

In Israel, dishes with Redefi n e Meat ' s product s are sold
establishments, according to the company, including Coffee Bar and Hotel Montefiore in Tel Aviv.

Conclusion

Today, thanks to 3D modeling in computers and printing equipment, there are studies with
immediate application in the field of 3DP in various fields, such as construction, design,
machinery, biology, medicine, food and much more. All areas of creation, 3D technology also
enters as one that enables efficiency and cheapness, but also adds possibilities that were not there
before.

However, it is too early to say whether 3DP can fully replace all current methods. At this
moment it is necessary to research and develop the methods. There are many reasons, including
economic ones, for developing 3DP methods. One of the advantages of 3DP is the ability to create
complex 3D geometries with high precision with minimal time and human interaction.
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KI HETWYHI 3AKOHOMI PHOCTI
®l NTbTPALI MNHOIFrO CYLWI HHA Bl AXOA4l B
BUWPOBHMNUTBA KABW

OnekcaHygpBomsoagpywwump ATaMaHIK, PomaH UYwnx
Ceprin ERKapaGaX, seBa, 3opsaHa [lTHaTi B
Hayui oHanbHUWW YyHIi BepcuteT “JlbBi BCbKa nonir Te

Ykpai Ha, J1bBi Bgleksagrsivashdik@lgmeup n 1 2,

Mpob6nemMaTwunka mpan COMHOAKIGGHMOCTTOy BaAHHA Ta POo-BTOpPLE

HOT CUPOBUHWN € HAK HIi KONKW akKTyallbHOI, B T. 4.
YTBOPHWIWTb 3HAYHI o6’ emMnm BIi AXOAi B POCNUHHOT O
NMOBTOPHO. 0O XTagpw»xe 0B i JXPOMINE NOBOCTI Bi AHOCATHL

kasu [ 1].
BTopuHHEe BUKOpPUCTAaAaHHA Bi AXOAi B POCTMUHHOT C

yepes T X BUCOKY BONoricrteob, ITNo] BNAWNWBaAaEe H a (
cnocob6i B nNpopaomBpweMaHTAH OTCETPIMiEH yoCYy WHWeHHA 4O BOJO

Y paHi h pob6orTi 6yno pocni gXeHo 3aKOHOMI pPH
poHM u TBA KaBWu, 3Baxawuym Ha nepeBarunm uULbOTFTO M

wapy BONOroro mMarTepi a/oyc, T iT eTVMennenpoaBToyr poM arrae Hursaw. [
Anga ekcnepuMMeHTaNnbHWUX p[fOCNIi AXE€Hb BUKOPMUC:

OTpPpUMAHI Ha BUPOOGHWMYI W niHiIiT CN —Tanka -ATAI
A1 B KasBwu, AYyMeH Ta uunkopitw [1]. BloraTHBUp D !
HMyTBa cTaHoBuna ~65,24 % mMac.

Onvneck cnepummMmeHTanNnbHOT nabéopaTtopHOI yCTaHOB!

~

Ta CYynyTHIi X BWUMI plooBaHb pfeTa/ilbHO onunmcaHoOo Yy [ z
Ansa BU3ZIHAUYEHHSA KIi HEeTUMUYHUX 3aKOHOMI pHOCTEMW
BOro BUpobGHMUTBAa nNpoBefgeHO Tpwu cepil pocnif
CYywi HHA — TemMnepaTyprOFeB@hoBOE WL KT RTHIT YTVE N /10 E
(1,24 m/c - 2,82 wm/c), BHf ©q9g O wapy OBdsmBomMQTr o
Y3ar ams HeoHge p XaHMuKxX pe3ynbTarTiB 301 WCcHWBaA/
obpaxyHKY, onmcaHunx y [2]. Byno BM3HauyeHO Yy
H OTCi Ta 4Yacy i nbTpaui HOro cyuwi HHA Bi gxop[pi B
MYy nepiofi payumiHHS®OBHOTE® HaCWYeHHSHI TennoHOCI
Fpadi YyHKMR aHani 3 oAepXaHMUX eKcnepumeHTa an|
HunutTsea KaBu (pwunc. 1, 2) 3acBi o4uMuB HaABHI CTHb
BHacni oK y3ar azmiha/eiHHIAY g@r a maepdo n peBdw b T ¢
MEHTAaANbHWUX A[AOCNiIi AXeHb OfepXaHO MaT e Ma TAMHIOHTYO
Cyuwi HH A Bi AXopni B BUPOOHMULUTBaA KaBWu y nepuwow
TennoBOro areHTy BO/MOT O10:
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const) wapy
CepepgHa Bi gAHOCHa noxubka BIi agnoBI AHOCTI ekKc
po3spaxoBaHMUX cTaHOBUTBL 5,83 %, wo pJ[JOo03BONAE Bl

NPakKTMUUYHOTO pPO3paxXYHKYy CYWUNTbHOTO ob6GnNnapgHaHHSA.
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OYNWEHHA BI OFTA3Y Bl 4 ClI PKOBOAHK
Y BUPOBHWMUTBI BEI OMETAHY

AHAopi n_,CnkosiacpTi Ha CTenawHIK

Kadcdeagpa XxiMiiT 1 TexHonNnorii HeopraHi YyHMUX p
«/TbBI BCbKa noni TexHI Ka»,
M. JlbBi B, BY JAndriiWSliuvzer@pngq.eap n, 12,

The prospects of biogas and biomethane technologies are shown. The technology of preliminary
purification of biogas from hydrogen sulfide by the quinhydrone method in the production of biomethane is
described.

Keywords: biomethane, production, biogas, purification, hydrogen sulfide, quinhydrone oxidation
system.

Bi omMmeTaH, SAKUWUN opepxXYywWTb nNi g 4Yyac 3 6am@yeHH
HMUB NepcnekKTUBHMWX BIi OHOBNIWBAHUX AXepen eHepr
BUpobHMuTB Oiorasy/ 6iometraHy €C 6as3yeTbcsda H
cnoyaTtTKy 49K npoTwupgia KAi MaTUWYHUM 3 MiHamM, a
European Green Deal (2020 p.), sKa CcnpamMoBa
rasi B A0 HYNboOBOTIo A0-ROS5O0K @p gy &H H an fagpimsnHks® BE/IE
ras3i B WoHaWmMeHwe Ha 55% po 2030 p. n o-HiaB H A H
nos3b6aB/NeHHA 3anexHOoCTI Bi 44, poOCi ACbKWUX BUKOTN
GHMULTBA 6ioMeTAPYyKA@MO320@0pm.M[1].

Ha 2022 p.l323€GigimeToaHoBi-rHeBBOfManxe H2Q %P
TUBHI CTb 6i NbWOCTi ycTaHoOBGK BMbgMBP2hHY y EC

Po3BuUTOK I BUPOOBHMULTBO Nanue 3 BIi AHOB/MNKWBAaA
YKpai HM Yy 3B’ 83KY T30,B i9/KH OO HTi av yHVie 0 QxniBoeHDIiCen dpi K &
OXellm 06’ eKTi B reHepauyuii eHeprii. BUpPOOH#MNLTBC
ro rasy, pgacTb 3MOry 3pob6unTu WwWe OAHWUM KpPOK A

YKkpailHa, Ha Bi goMiIi HY Bi g KpaiH €C, TinbkKkwnu
6i omeTaHy HKPEKRG$DBasi 4 0Do0BH2ZC22pa ’MiFH fo
T p a HOCTTHOO T cmcTemMm Ta KO[JeKCY Tas3opos3nofi nbHV
KuWHcro B O6i omeTaHi, O Oo4OOM enkay3BABIMX WMEG e Ml 0if,a up
TaBoOi Tranys3i YKpal HN®. Ak Hacni oK, ar pokomn a
ri eEcw o06n. nepwy B YkKkpaliHIi 6i OMeTaHOBBUXYCT ¢
YyCTAaHOBOK KoOoMRNnaHi T cymMapHOKW NnOTYyXHIicTwmo 6,9 N
600/ mog cuporo 6iorasy, SKWUIW BMUpPpOo6GNAETbLGSH 3
Kpyaswu, 3 ﬂKoro3/0prJ,p>i6yimDTMbeT313+Q/.MTaK)ommTapop;y
Mae 3aBo Nitagro(mMiivmednbiHMYUbKa o6n. ), pe 3 2023 p.
6i ora3y, SAKWUW oOfepPXYWTb 3 T HOKW CBMWHEN3dK-BHPX,
faBcTBa YKpaiHun, ocobnusBo, Yy cdepi ekKcnoprTy

PUHKY ©O6i omMeTaHy.
Bioras opgepxXywTb nNi g 4Yyac aHaepoOBHOTNIO- pPoO3K
ramiol cumpoBUMHMKM. Tli g Yyac UbBOTOoO NPOpPA@Y I ERLETRNY
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YTBOpPEeHUMN ©6GIioras MicTUTb, B OCHOBHOMY, +MeTaH
newko BIi A4 BUAY CUPOBUHWU ANsS MWOro BUPOOBHMUTBA OI

amMi aksf oNH 1 %) , cCiSp K @goo HDH & HH5%), a BrowyB(YaN , KpcHtio O
(o 2%), cuMmnNnokKcaHiIi B, NeTKWUX OpPraHi YHMX CNONYK

Bioras BUKOPUCTOBYHWTHb, B OCHOBHOMY, p&nfa <cna
HbOTITO 3TOPAHHSA I BUpPpOOBHMUTBA eNnNeKTpPUUYHOT Ta T
Bi A » ICHRS, 3b6aravysBaTtun, iz ao gpevpixyrBoami UCHoi omeT aH, A
nNPpPUPOAHOro T asy. 3ri gHO 3 BWMUMOTamMum «Kopgekcy r

ngaem®Mb ¥ FTa30TPaHCNOPTHY CUCTEMY, NOERKWMEH, 2MIi%C TCU
MeHwe @iMe HtLe BH,SMrT / ™

Oyi KyeTbCcAa, Wo BUPOOGBHMUTBO OiomMeTaRgBaAAK OI
6yae nepeBunwysBaTtTum BUPpOOGBHMUTBO 6Giorasy. Tak, 'y
M6i orasy T@ BmewmngpHy .M a y 2030 p. nh@iHOreasbyx AT &8 WU
MnphA6imomeTraHny [ 1]. Bxd NG paza @iiiNkeHwor o(MiEitaa H
yacTi we BUKOPUCTOBYKRTbLCA HAK MOTOpPpHEe nanmsBo A[NnA

Y cBi TpoaxiTm U Bi oMo 6GaratTto MeT.0[i @[ eopdwalyeHHsH
6i ometTaHy (¢i 3M4yHi, apgcopbui mHi, abcopbui MHI ,
3acTocyBaHHA MeMOpaHHI TexHonorii (51% 83acToC
YeHHSA @oomMad»wWeTaHyY TaKoOX Bi gbyBaeTbca Yy- MemMbp
n a H RIGHTBIOMETHANE.

Ane pgng nNpakTWMWYHO BCi X MeToOoAiIi B opgepxXaHH4A O6i
oumcrtka 6iorasy BiIi L CipKOBOAHIO. CipKkaEBEOAEBHDB O
peoBWUHDOI, Wwo cCcnpuUMUYMHAE 3abpypHEeHHS AORBQKNNA,
HaHHa Ta i H. B npouyecax nepepoob6neHHsa i BUKOPMUCT

Y Haui oHanbHOMY YHIiBepcutTerTiI «/TlbBIi BCbKa nc
MeTohd OYNWBHHEACIIRABOBOAHIO. MeTtTopa mMae pocBi g np
OYNUWEHHS BiegTHMNAULI MHUX T as3i B Ha HABOpi BCbKOMY |,
MeToa nondarae 8 xemMmacopbmiofr TMMHaANbHUM pPO-34Y4MHOM

HaTy, okBpe@eBHXKI Miri POHHOKW OKMUCHOW cucrtemotrw ()
bdopmm XOC KMUCHeM NoOBI TpA:
Na,CO3z ( g)H2S( r5 NaHS( x4 NaHCO3 () 1)
NaHS( p# NaHCOs ( g{Q}( 5 Na:COs ( gy{Q}Hz2 ( #)S( 1) )
{Qz2 ) "2 ( &{Q} phH20( p) (3)
fe { Q} -« QidlHHa» (okwnmcHa) i «Ti ppoXxXi HOHHa» (B

lna nonepejHbLOro OYWWEHHS 6i or a3yH ago- BOWI3C T Y
po6bneHo MeTopn 3 XIi MiYHOW pereHepaui e XOC (pwuc

Bi or as nopgawTb Ha oOouYyuMmweHHd AKBgZ ophprBaBaAfHI®N
abcoeep 3 KoBwWonopgi 6HMumMuM pgucnepratopamum (-2). AG
YMHOM 3 KOHULeHTPpaLi % MasCOK20; MNa,8®;e3H5T0i; B , X i KHIT/i ML p O H Y
TemMnepaTyp@. 26G4uBS&HMUIK 6i or a3 HamPLBEHHEL bB iHm  GIC
ogepxXxaHHa 6i omMeTaHy. PereHepauyi to noranmMmHanbHOT
rAKAL (4) 3a TemM@ep®BiyimpaBbadbHe noBi Tpsas nicns
BUKMUJgaAaWTb B3 amMORTUpEPYbLHOT O pPO34YUuBY ABi OALTHONA-
Cipku y BiagcTiAnHnky -@bhbipibapBRhoaHOomiyT Bawwyy Mmp
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Ta Qi nbTpapi ndTRPaKk BYOMpawTb, KoperyrwtTb 3a cCcKkKIN
6i oras3y B d&lacoyobempi ©2).gvMomeHpac WBETUTKaOTPN P KIIK 0 0 6 &
ANT ecatbaT YA K CUPOBUHY ANA ofepxXaHHSA Li HHOro ci

Ana pereHepayi i Xi HrFi gpOHHOT o po34YyumHYy-( XOC
Xi MIi UHMUH mMeToORfq. CxemMa Bi gpi3HA€ETbLCSA BICAT bHaB
X1 MIi YHOTr o pereHepaTtopa (4) BUKOPUCTOBYHWTb 3M

B aTtmMocdepy

9 MpoMWMUBHI

2

——>BOAM
f;%

Pnaé.TexHonori yuHa c¢ xe maH,Syu vmmufgecHoHps6 e@iaxr d 3AK B i
l-Hani pHKMHAa Gocackp;, 6 e2p —H PAKN e Bn o-Ppreoeae,pad op po3y
5-Bi ACcTi AHaa ; 4 /659 per eH e p-eHBAaaCHOOGF Boa Kp#by3vM M HY ,, 7

9-6akKk ANA NPOMMUBHWUX BOA Ci pKWU.

HacuuyeHUi’h [O KOHULeHTpAwi  ab6copEepogl®) 2XBHT
HanpaBnaAwTb Yy TPYOHUN 3 Mpelyd@mepoEEaoMuin ND@ERA YT b
Mi 4 yac 3MiWyBaHHSA | TpaHCNOPTYBAHHSHA LBOX pPO:
Ci pKOBOAHKW OKMUCHOW ¢Gopmow XOC 3 yTBOpPpEeHHAM C
Norn"MHanbHOMNO@r /POBEH/NBAHAL NP OP30A3I W1 A KOT b Ha 2 MNOTOK .

aHoOOgHURN i KaToOAHWN nNnpocToOpW enexKkTponi 3ep-a 3
TPi enekTtponi3epa XOC oKMCHKWETbLCA Ha aHopgi (p
A: { QY +2e={RMH.. (4)
PereHepoBaHMUI pO34YuH 3 aHOAHOTI 30HMN nosE
enekTtTponi 3epa Ha KaToAai Bi p6yBaeTbcCcda po3pAag
Ni ANYyXHEeHHA XIi HFIi OQPOHHOINIO PO3YUHY
K: ,QH+H2@H 2e (5)

PO34MH 3 KOACTTOOOPHYO FMOO BNeEPp T alOT b Ha XemMocopouyi o
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FasoBMN BOJEHbL € We OAHUM NPOAYKTOM Takol H

HanbHOITO PO3YUHY. OcTaHHIi M 4Yyacom Pgowersoofas,6 Ty IOT b C
AKMWUX MNPONOHYKWTA TAHMMHTYP eeHaeTpr 1 1 Ha ogepXaHHSHA BOAH
BOAawW I HanpaB/naTKW WO+FB3 ademocariaif i BoO AvHEKT as3H | BYam i é K
ogepXyeTbca nicng cTapil 36aradvyeHHda 61 orasy pfoc
CO, +4H, = ¢+HH,O0-16 4 K,ﬂ,)K/ MO b (6)
Y Hawmy BUuRnapgkKy Anda umx notpebd MOXHA BUKOPMUC
X1 Mi YWHOT pereHepauyi i XOC.
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BMNMaAmB 3ABPYAHBHIOHA PEDALY KT AMU
HA EKONOTF|I YHUNPEZHAW

NNapuca Mepepmaw *MaRageEwambCb K i
OnekcaHap Miex@aem [AMUTpyXxa
'Haui oHanbHuili aBiauyi iHnWii yHi BepcuTeT, MNPpoOC
Kni B, Ypecmldy@ukranet
NTof3bKMWIW TexHi YHUIA yHiBepcurtT-B43, CAleghauna MKe

ABToOpaMu pJocni AXeHO nNnpob6bnemy BNNWUBY 3abpyAHEHHSH
rpyHtTy BusHauvueHo BNAuMB 3abpyfHeHHA TFTPYHTyARTBHOMY.

KnwoyoBi HandptBOAM PO AY KT U, €EKONMOoOTri YHI BNacTuBOCTI T
NeHHSA nNOoOpYWeHUX T PYyHTI B.

Ha cyuyacHoMy eTani PO3BUTKY TeXxXHOCdepun akKk
O PO3BUTKY Ni ANPUNESWATIBHICDOD BRAHDE DN QUOUSHBHMAMY €K
a eKonorivyHoi CKnapoBwuX. Mpn po3pobuyi € KOH
i ponpnemMcTB HadpTonepepobHOT NPOMMUCNTOBOCT.I
MOXMBAaUYi B MOTOPHWXO CMp/omrs, HEOyYB/AUB GBI NMUFAHHSA
MIcaHHA HadpPTONpPOAYKTI B, 4yepes3 -MeAdTETKUT/IMbBHHUEX  BMMAKT Of
bepexXeHHA 1T X HAKOCTIKMUMMAa BUA@A@AMO iBrTapHaHTA nGaynmbs 1
paHcnopTyBaHHI , 3égpoOnNafRHHHMENOOBARBRHI W Ta p
ON Xe 4yac HeMOXIUBUM € peanis3auia exkonoriu
aHMX niagnpunemMcTB 663 3MeHWeHHA PpPiBHAa®PROpPY
poy K Tamu , Wo N o Tipfaman Ao T b e 34Y0NT bATOaBTKI pi 3HOMAHI T
nNAawWMEIpTONpPpOAYKTIi B O[O HABKO/NMWHBLOINIO CcepepjoBu
OBKI nn4a: aTmMocC cepa, ri opocdgepa Ta niTO0€Pepa
OfOHI EKOCNCTEMATHACBHUMKPYHBE YIS A®ACAaMOBI A HOB ]/
MTaHHSH MOHI TOPWUHTY CT a&HaB arHpryankKieiHesM X Har epeax p
eTopniB Ta cnocobiB Bi ,HOBNEHHSHA T PYyHTIi B, 3ab
MeTOW HaAawWoOro pAoOCNi AXeHHA OpypeeBm3 HAPFHAY
apKkamMum MOTOPHMUX NanmB Ha WOro noni peHonkcwupg
PYHTIi B, 30Kpewma, 3abpygpHeHNX HarTronpoAoyKTaAN
A O6yna @epmeHTaTuUuBHA 3 4aT HiHcardbT OrNPPYOHATYYK, T- aLMTAY. Y
OM JoCni AXeHHA 6yB WTYYHO 3abpyaAHeHUMUN nanus
Ana WTYYHOrTro Xi Mi YHOro 3abpyagHEHHS T PYHTY
apk95ATa aBiauyui "HMUN KepoCUH. Mpwun pocni AXeHH
abpwmHenHanmBamm) , rpPyHT 3 pgopasaHHam 99 OA4K
PYHT 3 pgopgaBaHHAM 10 OAK aBi a"liyl @Oy Ke©EAAG U
HUXEeHHA depMeHTATUWBHOT 3 0aTHOCTI rpyHrty (vy
BTOOOM NbHUWUM OEH3MUWHOM, Tak i aBi aui "HMUmM kK-epoc
irTaeTbca npu 3abpyagHeHi a¥BHBTOMOOGIi NbHUM 6€eH3MU
Y pes3ynbTartTi aHani 3y oTpuMMaHUX eKcnepumMmert
Mi HW nNoni e HONMKCWYaaHHO0 I3 adbpiyyupiteHoOTIi0O WHadrTonp
abpyaoHEHHI pi3HMMKM BUMJaAaMU MOTOPHWUX nNanwus.
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BUKOPUCTAHHA TYMOBOI KPUXTMWK
anAa Moamneol KYBAHHA HA®PTOBUX bBI TYMI E

AHAapi W _ Har ybpocrpakaHin J1y 4 K O
Hauyui oHanbHWW YyHIi BepcutTeT «JIlbBi BCbKa
ByQ. baHpgepwun 12 79 ndg@skiylgmets, YkKkpai Ha,

3anMuwKkun nNnepepocodb TUHBEPT CTAaPaPKOAGHT BGEOUWHOLW ANS5
BPOOHMUTBaH®MTTOyBVIi BOIKDYMIC T oaByslO TbicApP Ooi 3 onaui i d
T pyn6époo B O i B, nane, O6po6GKM MeTaneBuUuXx enemMeHTI B
B &XpO H b , pnepeBa, BbHawyeiwmto,y TITGBESTPMIHET bT e N 1O C T i NK e, BO
YyHe nokPuntT4

CyyacHe ©OyaAiBHWMUTBO aBTOMOGOGIBMBIHDU X [ooOpP i 0 pBOKC
bygile nbHWUX MaTepiani B, ocob6bnmeBo p[O B' AXydmx pe
6eTOHY. 3aszBuyaimm acPanbTO00OETOHHI NOKPUTTHA Ha o
CyyacHOTNToO HanNnpyXeHOrNo Ta | HTMEeXBBHOMHONXPBYXIACH®@
no KTpTMi B | i X AOBTOBIi YHI CTb. Hnsbka enacTuWUYHICT
eMnepaTypHOro I HTepBany npauyes3gaTHOCTI 06 Me X
i THI W nepioag i B3UWMKY, 0 CECHOT /BWIBbOH MBA K Al M d X0 M 3
OKpaweHHA BnactTuBocTeWn 6i TymMi B T xXxBivpagmapj K woT
ns NoKpauweHHSH enacTUnNyYHUKX BnactTuBocCcTelMW 61 TyMm
HTepBany 1T XHbOT NNacTMUWYMHOCTI TMO,)KHSBK YB NX D MX Y IO
es3ynbTarti noapi 6HEHHA 3HOWEHMX aBTOMOOGI NbHMUX
YyYMOBY KpuUuxTty, fAakKka 6yna opgepxaHa nd3sHpi 6HeHHAM
Bi oMo, -m@ BymaaHi 3aT Kayudyka, woysansRBRAAAN
MBUMI PHOT CTPYKTYypMU. Ua cTpykKTypa, Ha-Hawy
MX MWOro KOMNOHeHTAaXx 3a HWU3IbKWUX TemnepaTyp. I
XNMnBe PpPYyWHYBaAaHHSA TPUBUMI PHOT C T P YTKBTOYPPEMH UIXY M
Hi MHWNX dbpar meHTIi B B 6i Tymi . CamMme TOMYy TeM
HHMUKOM MOAMUMI KyBaHHA O61 TYMi B TYMOBOKW KPUXTOH
B akocrTi 06’ ekKTi B pgocni gXeHb O6OYNO BUKOPUCTa
r'YMOBY KPUXTY @pakLwiloerte BwWM,CNAKYK oApPpEWGE HHS 3
6i nbHWB wWunH

7 T Tk 3 o -

£ oz T -
S T o 8&8&8™o

Ha ekxcnepummMeHTanbHiIi M ycTaHOBLI 6yno pgocni gx
M®O KpunuxTtTunu B O6ypiBenbHOMY O6i Tymwmi. Jocni AXeHH.
NPOULEERENEPUMMEHTM HIPOBOTMHIOB L I 3 Mi WyBaHHS4A, aK a
obnapHaHoOro HarpiBauyuewm, perynatTopomM TemMneparty

BMUBUYANM B i HTepBBOfCIi npeovOmerfdir yp 150
AHani 3 oOTpuUMaAHUX pe3y /BLOTIialTbiuBe HHA C BYiaaCUYyVBM O oumod i
BUWYETbBCA TemMnepaTypa PpPoO3M AKWEHHSA OTpPpUMAHOT O

TemMneparTypi TeMnepaTypa PpPoO3M gsKWeHHA O6inreymMy 3¢

paTtypi . OYKTUWANAbHI CTb 3 M KHAO ETTEBMIHE pHAET Y3pH a YPHOO3 UTMMpHKE t

3pocTaece CnpvENAEINUYHI cTb 6Gi TYMYy nNpPOTATOMTHIEP WU X
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MaihxXxe O[fHAKOBO, a panbwe 36i NbwyeTbeca Woi79,
3MeHWYeETbCcA A0 47, 4% npwn IC5 @ vMheeHpearTpyaplii sSsp on3pumm H3e
PO3UYMHEHHSA 3HMUACY eBTomHcaA .3 HIMpKw €2Zr%0c A 60 Nbid.i HTeHC

AHani 3ywuywu ogepxadHi eKcnepuMumMeHT AN bHI pes
npouecy Mopagudpi KyBaHHA 61 TYMDBUT MUUKBODKW B PINMNDE
3 Mi HI Mapknm BUXI AHOTOo 6i TymMy. MoKpaweHHA ocC
npwm BBeJgEHHI Takoro wMopgudogpi katTopa B 3a/ieXHOoOC
rotTyBaHHSHA, CBIi AY4UTb NPO MOX/NIMBHWCYHBPPOGAIWBAN

BunByueHoOo MexaHi 3M AiT TyMOBOT KPWUXTWU B nNpo
wo B oOob6nacrTi HUWN3bKWUX TemMnepaTyp BipgpbyBaeThsb

OTMBHMUX KOMMNOHEHTI B 61 Tymy

Mpun Temnep2H0°Qpaixqg@PwoeaApEMibYCHIa A€ BY /1K apHeHHg B L, | A
Ni Hi THNUX CTPYKTYypP, AKI Bi OHOCHO nNerKko pBe&34YWUH
LeHNWX AoCAi LXeHb BCTaHOBIMNEHDO, wo r ymowiak yK p u
BaHHSA HadTOBUX O6i TWHMI B X3 eMETIOIlW aM @K AN X ap a

Jopawynm TyYyMOBY KpPpWUXTY A0 6i TymMy MU He Ti Nni
BUPIi WyemMo npob6bnemy yTunisauyi.l HakKonMmyeHMUxXx 3
Ki TbKIi CTb SAKWUX KOXHWW piokg MHT&B MAVOH H30a O3ppy@H T & e A
cepepjgosBwunuwa.
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RESEARCH OF PHYSICAL AND MECHANICAL
CHARACTERISTICS OF THE COMPOSITE
TWO-LAYER MEMBRANES

Nataliia Baran, Oleksandr Grytsenko, Galyna Yatsulchak, Nadiia Dolhova
Lviv Polytechnic National University, Institute of Chemistry and Chemical Technologies,
Department of Chemical Technology of Plastics Processing
79013, Lviv, st. S. Bandery, 12, Nataliia.M.Baran@Ipnu.ua

Membranes based on hydrogel materials are widely used in the biomedical and
pharmaceutical fields due to their unique properties. Membrane processes are new and efficient
methods of separating mixtures into components that can be used for both liquid and gas systems.
However, the main disadvantage of hydrogel membranes which restricts the possibility of their
prolonged use is limited mechanical characteristics. In order to improve their physical and
mechanical properties membranes are modified. One of the modification methods is the
multilayer membrane derivation. Composite two-layer polymer membranes are membranes
consisting of two different layers of polymers of different types. One of these layers can be
microporous to ensure the penetration of liquids or gases through the membrane, the other layer
can possess special properties, for example, selective permeability for certain substances, or
increased strength characteristics.

The purpose of the work was to improve the strength characteristics of hydrogel films based
on polyvinylpyrrolidone (PVP) copolymers with 2-hydroxyethyl methacrylate (HEMA) by
modifying their surface with a polyamide/PVP layer.

Hydrogel films were obtained by copolymerization of HEMA with PVP in the presence of
potassium persulfate in an aqueous medium. The synthesized hydrogel films were modified with a
layer based on polyamide-6 (PA-6) with PVP by deposition from a formic acid solution followed
through evaporation of the solvent.

This work presents the results of research of physical and mechanical properties of the
obtained composite membranes (CM). CM strength is characterized by destructive stress during
breakthrough, elasticity by relative elongation during breakthrough. The influence of the time of
contact of hydrogel films with the modifying solution, the composition of film-substrate and
modifying solutions as well as the molecular weight of PVP and the thickness of the modifying
layer on the properties of CM have been studied. In each case, the obtained CMs are characterized
by better properties compared to the substrate film. The strength rise occurs due to the formation
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of a surface layer which is deposited in the form of a thin film by the water contained in the
hydrogel base. The strength characteristics of CM directly depend on the amount of the specific
amount of the modifying layer on the surface of the hydrogel substrate. The properties of CM can
be adjusted within wide limits, using PVP of different molecular weights. The use of PVP of
MMP V P = 132/mdl th the modifying solution and PVP of MMP V P = 3 & @imollii® the
membrane-substrate ensures the production of CM with an optimal combination of their strength,
elasticity, water content, salt and water permeability.

The obtained results indicate that the formation of a PA-6/PVP reinforcing layer on the
surface of hydrogel films by the method of deposition from solutions is an effective method of
creating composite hydrogel materials that allows us to consider mentioned technology as a
perspective for the creation of special-purpose membranes.
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DEVELOPMENT AND PROPERTIES
OF POLYSACCHARIDE-BASED HEMOSTATIC SPONGES

Zoia Haholkina, Maite Rico, Belen Montero, Rebeca Bouza
Pol ymer Group, Department of Physics, Univer :
15403 Ferrol, Spain.
z.haholkina@udc.es

Chitosan (CS) is a polysaccharide that promotes the aggregation of erythrocytes and
platelets, thrombus formation and blood clotting [1-3]. This polysaccharide also has
antioxidant, antibacterial properties and promotes the regeneration process [2-3]. Its physical
properties allow it to be converted into various forms (e.g. films, sponges, hydrogels,
granules, fibers and many other forms) [3]. CS is one of the most promising materials for
hemostasis due to its relatively low cost and does not require special storage conditions. But
low mechanical properties limit the application of CS, what can be solved by introducing it
into composites [1-2].

Carrageenan (CR) is a natural sulfated anionic polysaccharide extracted from red
seaweed [1-4]. It can be cross-linked with ions to form ionic hydrogels due to presence its
sulfate group [1,4-5]. The advantages of carrageenan such as biodegradability,
biocompatibility and antimicrobial activity make it often used in various fields of biomedicine
[5]. The use of several substances with significant advantages in composites allows to enhance
or obtain new useful properties.

The creation of potential hemostatic sponges was carried out in two steps. The first
stage involved the interaction of chitosan solution at pH = 4,6 with k-ori-car r ageenan
solution. In this case the complexation reaction is possible due to the sulfate group of
carrageenan and amino group of chitosan [6]. In the second step, crosslinking was carried out
using sodium tripolyphosphate (solution concentration 1 mg/ml). Composites were obtained
with the ratio of reagents: CS/CR/TPP 1:1:1; 2:1:1; 3:1:1; 4:1:1; 5:1:1; 6:1:1; 7:1:1; 8:1:1;
9:1:1; 10:1:1. Such ratios were chosen to obtain materials with a high capacity to adsorb blood
and wound exudate. Afterwards the samples were washed with distilled water until the
residual acetate acid was washed out. In the third stage, the sponges were lyophilized for two
days.

It has also been shown that more chitosan than carrageenan and cross-linker content
results in the formation of microparticles. These formations may contain drugs that promote
wound healing and may release them in a prolonged manner.

The complexation reaction of chitosan and k- or i- carrageenanes was confirmed by IR
spectroscopy. As is the cross-linking reaction of chitosan with sodium tripolyphosphate.

Images of the structure of the resulting sponges were obtained by SEM. It was shown
that some of the samples have microparticles.

The influence of the structure of the obtained materials to the water absorption rate,
swelling ratio and water retention rate ware analyzed. Addition of k-CR or i-CR substantially
increased the swelling ratio of the crosslinked sponges made them suitable for promoting
wound healing.
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These studies revealed that the CS/k-CR and CS/i-CR sponges might be used as
potential wound dressing materials.
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SYNTHESIS OF NOVEL ADAMANTANE-CONTAINING DERIVATIVES
VIA MULTICOMPONENT ISOCYANIDE-BASED REACTIONS
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In modern synthetic chemistry, multicomponent reactions (MCRs) are diversity-oriented
syntheses that provide the opportunity to create structurally and stereochemically interesting
molecules. In contrast to classical methods, multicomponent reactions involve the interaction of
three or more reacting components in one flask, where condensation, refunctionalization or
cyclization reactions take place simultaneously, resulting in new compounds with increased
molecular complexity and interesting structure/properties [1-3].

Ugi & Passerini reactions are noteworthy among the multicomponent reactions, which are
isonitriles-based reactions. Ugi-4CRs is a reaction between four or more components. With this
synthesis it is possible to obtain compounds containing an alpha-amino acid fragment, including
dipeptides and tripeptides, which are compatible with the human body. Isocyanide, carboxylic
acid, amine and oxo compound are used as reactive components. The Passerini-3CR is a three-
component reaction that allows the synthesis of polyfunctionalized compounds through the
interaction of aldehyde, isonitrile, and carboxylic acid. These reactions provide target molecules
with highly complex structures, versatile functional groups and good diastereoselectivity. These
reactions are characterized by their flexibility and diversity and, depending on the properties of
the reactive groups, they offer the possibility of obtaining analogues in nature that are difficult or
impossible to obtain by known synthesis. Therefore, during the last two decades, the
achievements of these reactions have become very impressive in terms of the potential
applications of the compounds obtained in this way in the pharmaceutical field [1-7].

The aim of our research was to obtain new adamantane-based compounds by highly
efficient multicomponent syntheses (Ugi-4CRs and Passerini-3CRs) and implemented some
transformation according to schemes 1 and 2 below and to study them for antimicrobial activity.

Adamantane line preparations (amantadine, amantol, simmetrel, mantadix, rimantadine,
paramantadine, protexin, viregite, betsovet, neoride, bromantane, kemantane, adatanserin,
tromantadine and etc.) are characterized by unique properties. They simultaneously show
antiviral, antimicrobial, cytotoxic, psychoneuroimmu-noregulatory and other actions, increase
energy of an organism, significantly improve emotional and physical conditions of patients.

It is experimentally proved that inclusion of a fragment of adamantane in a drug can
completely change or partially increase its biological activity, what can be explained by change of
spatial organization of the preparation, hydrophobicity, lipophilicity, creation of favorable
conditions for transport through biological membranes, effect of prolonged action of the
preparation, high immunotropic and etc. Based on this, synthesis and study of adamantane
containing new derivatives are promising and relevant.

In this work, adamantane-based new derivatives were synthesized by multicomponent Ugi-
4CR (scheme 1) and Passerine-3CR (scheme 2). According to the given schemes 1, 2 and 3, and
some of their transformations have been implemented. Synthesized structures were characterized
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by IR, NMR and Mass-spectral analysis. Some of obtained compounds were tested for their
antimicrobial activity on both Gram-positive and Gram-negative bacteria. The Kirby-Bauer disk
diffusion method was used to perform the antibacterial study.
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Scheme 1. 1-Amonoadamantane-based Ugi-4 CR
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Scheme 2. Adamantane-based Ugi-4 CR and their transformation

The reactivity of 1-aminoadamantane (amantadine) with carbonyl compounds was the first
focus of our investigations. Several factors were shown to be responsible for the formation of
intermediate 3. For the formation of amantadine-based Ugi product, following aldehydes: isobutyl
aldehyde, butyl aldehyde and phenylacetaldehyde were used. In the aforementioned synthesis,
carboxylic acids, such as trifluoroacetic acid, benzoic acid, 4-methoxybenzoic acid and 1-
adamantane carboxylic acid were employed. The reaction conducted in ethanol at various
temperature at different time. The corresponding products 6 were obtained according to the given
scheme 1. The above reaction was unsuccessfully performed using 1-adamantane carboxylic acid,
due to the steric factor of the two adamantane cores.

The Ugi-4 CR was carried out using various amines 7 (including l-aminoadamantane),
phenylglyoxal (8), various carboxylic acids 10 (including l-adamantanecarboxylic acid), and
isonitriles 9 (including 1-adamantane nitrile), according to scheme 2. The reaction was performed
in DMF/dichloromethane. The yield of the desired product was 50-80%. The cyclization of the
compounds obtained by the mentioned reaction was carried out using ammonium acetate in acetic
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acid or acetic acid/water area. The following compounds 12 containing the corresponding
imidazole nucleus were obtained with good yield.

The Passerini-3CR was carried out with various carboxylic acids (including 1-adamantane
carboxylic acid), phenylglyoxal, and isonitriles (including 1-adamantane nitrile) according to Scheme
3. The reaction was performed in DMF/dichloromethane. The yield of the desired product was 60-
80%. The cyclization of the compounds obtained by the mentioned reaction was carried out using
ammonium acetate or ammonium formate in acetic acid or acetic acid/water. The following
compounds with the corresponding imidazoles (16) and oxazoles (17) nuclei were obtained

o] c@ o o JNe) R,
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Scheme 3. Adamantane-based Passerini-3CR and their transformation

For the synthesized compounds, the optimal synthesis conditions were established and the
structures were studied by appropriate physicochemical analyses. In vitro antimicrobial activity of the
synthesized compounds was determined against Gram-negative (Salmonella, Klebsiella, Proteus,
Pseudomonas, Shigella, Escherichia coli) and Gram-positive bacteria (Streptococci, Staphylococci,
Bacillus and Enterococci) and compounds with interesting antimicrobial activity were identified.
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THE EFFECT OF MECHANICAL PROCESSING OF POLYETHYLENE
ON THE CHANGE IN DEGREE OF CRYSTALLINITY
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Polyethylene is a polymer that crystallizes with the formation of an orthorhombic unit cell,
which consists of parallel methylene groups that are completely in trans conformations. It must be
remembered that if we talk about crystalline polymers, we must understand that they are only
partially crystalline in structure and consist of crystalline and amorphous regions. In such
polymers, crystalline regions are characterized by an ordered arrangement of macromolecules,
and amorphous regions consist of randomly arranged macromolecules. This peculiarity of the
structure of crystalline polymers greatly complicates their study, in particular by methods of X-ray
structural analysis. The obtained X-ray diffraction results include peaks from crystalline regions,
as well as halos from the amorphous phase, which are superimposed. Also, the diffraction curves
of crystalline polymers depend on the ratio between the crystalline and amorphous phases in the
bulk of the solid polymer. Thus, the method of wide-angle X-ray diffraction can be used to study
the crystal structure of the polymer. Wide-angle X-ray diffraction can be used both to study the
structure of crystalline polymers directly, and to study changes in this structure under the
influence of various external factors.

In this study, granulated polyethylene of the Liten PL-10 brand (Unipetrol) was used.
Mechanical processing of polyethylene granules was carried out in a ball mill in order to give the
surface catalytic properties for subsequent metallization [1, 2]. The obtained metallized granules
of crystalline polyethylene are proposed to be used to create effective heat storage systems whose
work is based on the phenomenon of phase transition. Systems using phase-transition materials
are highly efficient, since the accumulation of thermal energy occurs not only due to the heat
capacity of the material, but also as a result of the phase transition of melting with high latent
heat. Accordingly, the release of accumulated heat will occur during crystallization. The need for
metallization of polyethylene is caused by its low thermal conductivity, which limits the
introduction and development of heat-accumulating technologies based on it.

In order to increase the thermal conductivity of the polyethylene-based material, we propose
to metallize the surface of its granules. This will ensure the introduction of a highly heat-
conducting metal (copper) into the heat-accumulating material and its uniform distribution in the
polymer matrix. Such a solution, in our opinion, will allow to create a heat-accumulating system
that will have high thermal efficiency.

Thus, the study of the crystalline structure of polyethylene has a very practical meaning,
which consists in obtaining a material characterized by a high value of crystallinity, which will
allow obtaining highly efficient heat storage systems.

X-ray structural studies were performed using an AERIS Research diffractometer (Malvern
PANalytical) in the mode of symmetrical reflection. The obtained diffractogram (Fig.) is typical
for polyethylene and includes three reflections: an amorphous peak at a diffraction angle of about
20° and two crystall i neOnipghe difirastogrémads machanicallyl ° a
treated (metallized) polyethylene granules, peaks corresponding to the crystal structure of copper
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appear (43°, 50¢°, 74°, 91¢°) . Al s o, t he
characterized by a lower intensity of peaks from the crystalline phase of polyethylene and their
greater width (table).

(110)
— starting granules
—— processed granules
=
= (200
Cu
J Cu Cu Cu
10 20 30 40 50 60 70 80 90 100
2¢
Fig. Diffraction pattern of initial polyethylene granules and mechanically processed granules
Table. Results of calculations of the parameters of crystalline peaks
and the amorphous phase of polyethylene
Degree of . . . Size Distance
Sample crystallinity Position | Height Width L q
21.1 323.2 0.9 101.7 4.2
Initial PE granules 0,479 23.4 101.1 1.0 89.2 3.8
19.9* 65.8 5.4 - -
. 21.4 191.2 1.2 73.0 4.2
Mechanically processed PE
granules (me)ftaﬁlized granules) 0,388 237 60.1 1.2 37 38
19.7* 53.0 8.9 - -

The production of metallized polyethylene granules includes the stage of activation of the
polymer surface as a result of their processing in a ball mill in which the granules are subjected to
impact. The result of impact on polyethylene granules is the accumulation of internal stresses,
which are accompanied by the destruction of crystallites. The broadening of the peaks on the
diffractograms of polyethylene processed in a ball mill is caused by a decrease in the size of the
crystallites and the accumulation of lattice deformations. Thus, the result of mechanical
processing of polyethylene granules is the amorphization of the material, which is indicated by a
decrease in the intensity and broadening of the peaks, as well as the calculated crystallite sizes
(table). At the same time, the shift in the position of the peaks is insignificant, which is due to the
absence of a change in the structure of the crystal lattice.

Thus, the obtained results allow us to state that the crystallinity of polyethylene can change
during its preparation for metallization and subsequent use in heat storage systems.
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HYDROGELS BASED ON NATURAL POLYMERS
AND STRUCTURED WITH PROPYLENE GLYCOL DIEPOXIDE
FOR BIOMEDICAL APPLICATIONS
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Volodymyr Samaryk, Serhii Varvarenko

Lviv Polytechnic National University, 12 Stepana Bandery St, Lviv, 79013, Ukraine
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Recently, significant advances in medicine have been made due to the great attention paid to
the controlled release dosage forms development. There are a considerable number of hydrogel
drugs used to release therapeutic drugs. In the treatment of wounds of various origins, transdermal
therapeutic systems are increasingly used. Transdermal hydrogel delivery agents should have a
number of functions for effective therapy of skin injuries, namely, ensuring heat and water
balance of the wound, protection against potential mechanical damage and ensuring prolonged
delivery of therapeutic drugs to the wound. A common disadvantage of transdermal hydrogel drug
delivery agents which prevents their wider use is the difficulty of introducing drugs into
hydrogels. This requires a detailed study of the sorption and desorption processes for each specific
delivery system.

Combined gelatin and gelatin-alginate hydrogels structured with polypropylene glycol
diepoxide are used to create transdermal therapeutic systems. On the basis of the conducted
researches, the area of optimal ratios of structuring agent and gel-forming polymers for obtaining
hydrogel composites was determined. It has been established that the maximum values of strength
during the single-axis compression test (which is an important factor in the practical use of the
materials obtained) were gelatinrb ased hydrogels obtained

ranging from 2+1 to 5=+1 at a temperature

modified with sodium alginate were made. The introduction of this component into the
composition of the hydrogel made it possible to obtain an increase in its strength, especially this
had an effect at human body temperature
factors in the preparation of gelatin hydrogel with poly(propyleneglycol)diglycidyl ether as
structuring agent was the total concentration of polymers in water. Form-stable hydrogels with a
high gel fraction value (more than 70%) can be obtained at different ratios of the structuring agent
and gelatin, but with a total polymer concentration of at least 18%. It was observed that with the
addition of one more polymer (sodium alginate) under comparative conditions, the gel fraction is
higher. This may indicate its involvement in the composition of the spatial polymer framework of
the hydrogel. Under synthesis conditions, alginate does not react with covalent interactions, but
enters the spatial network of polymers through electrostatic interactions of complementary groups
of alginic acid and amino groups in the side links of gelatin.

Studies were conducted on the processes of sorption and desorption with a number of
substances: painkillers — Novocain and sodium diclofenac; drugs with antifungal action — salicylic
acid. For the incorporation of drugs (Novocain and sodium diclofenac are waterborne), hydrogel
samples were saturated with a solution of the corresponding drug by exhaustive swelling.
According to this method, permissible concentrations of drugs for external use were created (for
Novocain 1% and for diclofenac sodium 1%). Saturation of poorly water-soluble drugs usually
presents certain difficulties and requires additional research. In this study, salicylic acid was used,
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which exhibits an anti-infectious and antifungal effect when applied topically, but which is almost
insoluble in water. When trying to introduce it into the gel-forming composition at the synthesis
stage, it led to a significant change in the properties of the hydrogel matrix and this path has no
extension yet. A method was developed according to which a solution of salicylic acid in a water-
ethanol mixture was used for saturation. Pure ethanol causes the collapse of hydrogels, but already
at a ratio of 1 to 1 with water, their swelling is observed. On the other hand, in such a mixture,
salicylic acid is still soluble and thus it is possible to create its concentration in the hydrogel at a
level of 1%, which was sufficient for the release study and corresponded to the base content in the
therapeutic agents.

Table 1. Release of preparations from the hydrogel grid into water
and model media for 180 min study

Hydrogel Media Water Saline Exudate Note
type Drug
Novocain
+
(1.0% in hydrogel composition) 90.1 824+ 4\ 79 .7
Gelatin  Sodium diclofenac 85.1 | 65.2 |37.4
hydrogel (1.8% in hydrogel composition)
salicvlic acid Complete release into
(1.0% in hydrggel composition) - - 78.0 exudate occurred for
' 400 minutes.
Novocain
(1.0% in hydrogel composition) 85.2 80.7 9.2
Alginate- Sodium diclofenac
gelatin (1.8% in hydrogel composition) 85.6 63.2 33.4
hydrogel Lo Complete release into
. Salicylic acid . - - 98. 1 exudate occurred for
(=1.0% in hydrogel composition) 200 minutes

Table 1 shows the results of drug release

can be noted that the introduction of sodium alginate into the hydrogel has a rather insignificant
effect on the release of different drugs. But the hydrogel synthesized with sodium alginate
advantages are that high mechanical properties allow it to be used in dressing design for the
treatment of decubitus wounds without fear of its destruction (during single-axis compression
tests, hydrogels are not destroyed at maximum deformation, and after removing the applied load,
they restore their geometric shape).

Release of analgesic preparations (Novocain and sodium diclofenac) most quickly occurs in
water — 85-90% during 180 minutes contact time. In other media, especially in the model exudate
sodium diclofenac is released much more slowly. It occurs in case of the hydrogel containing
alginate, which is a positive effect that allows to project the duration of local anesthesia in a wide
range depending on the purpose.

Patterns of sorption and release of drugs by hydrogels based on gelatin and its compositions
with sodium alginate are obtained. The obtained hydrogels ensure the preservation of the drugs
activity and their controlled release over a long period, which can contribute to maintaining the
therapeutic effect and reducing the risk of adverse reactions. Structuring of gelatin and gelatin-
alginate hydrogels with polypropylene glycol diepoxide ensures their mechanical strength and
stability during use. The results of the research indicate the prospects of using each of the drugs in
hydrogels for the treatment of various lesions of the skin and the possibility of their wide use in
medical practice.
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PROSPECTS OF USING BIODEGRADABLE POLYMERS
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Recently, there has been a trend of increasing interest in the use of biodegradable materials,
which is caused by their environmental safety. The very term biodegradable polymer implies any
polymers capable of decomposing (degrading) under the influence of bacteria, microorganisms,
light, air, water or their joint action in any combination. Biodegradation reactions mainly occur
under the influence of enzymes and take place in a moist environment. Natural macromolecules,
which contain in their structure fragments capable of hydrolysis (cellulose, starch, proteins), as a
rule, are easily subjected to biodegradation under the action of hydrolytic enzymes of
microorganisms. Biodegradable polymers also include a variety of synthetic polymers (polyesters,
polyetheramides, polycarbonates). Semi-synthetic polyesters of natural origin (obtained by
fermentation) are also classified as biodegradable polymers.

Biodegradable polymers can be used to produce a wide range of products, including
packaging materials that are designed to store solid and liquid substances. Biodegradable
packaging materials have a significant perspective in the case of food storage. However, in the
case of using biodegradable materials in the form of a film for packaging, the problem of ensuring
high values of barrier properties for oxygen and moisture arises. Traditionally, there are various
options for obtaining materials with gas-tight properties. In one case, the gas-tight material can be
nanoclay, in another, the polymer material itself. The logical continuation of this is the
combination of nanoclay and polymer material in a gas-tight material. The addition of nanoclay to
polymer materials reduces the permeability of the material to oxygen, water permeability and
vapor permeability. In such composites, nanoclay acts as a barrier layer that creates a physical
barrier to the spread of oxygen or water molecules. At the same time, in certain versions,
nanoclays in the biodegradable film material are natural materials that do not affect (do not
reduce) the ability of the film to biodegrade. However, it must be remembered that in order to
improve the dispersion of nanosized material, nanoclay surface treatment (organophilic treatment)
is often used, which can affect the ability of the polymer composite to biodegrade.

Another way of obtaining a composite material with a high degree of nanofiller distribution
(Laponite-RD) in a biodegradable polymer (BioPBSTM FZ71PM) is the use of twin-screw
extrusion. The technology of two screw extrusion made it possible to obtain a biodegradable
nano-filled polymer composite, which is characterized by high mechanical properties and can be
used for the production of film materials. At the same time, the presence of a nanoenhancing
agent in the polymer ensures high barrier properties of the films.

The work was carried out within the framework of a joint Ukrainian-P ol i sh r esear ch
influence of films orientation obtained from biodegradable polymer nanocomposites on their structure as well as the
barrier and mechanical propertiesn».
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HYDROGEL COMPOSITION
FOR OBTAINING FIRE-RESISTANT GLASS UNITS
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Fires are a great threat primarily to people's lives. In general, it causes significant material
damage and spreads quickly in all types of premises. The multi-functionality and complexity of
buildings increases the fire hazard. Means of passive fire protection, in particular, fire barriers
effectively delay the spread of flames and prevent the spread of combustion products. However,
many barriers have holes that reduce the fire resistance of fire barriers. To overcome this, fire-
resistant glass is installed on the openings of fire doors and windows. It prevents the penetration
of fire and smoke into adjacent rooms. In the construction industry, a wide range of glass
materials are used, and most of them have a low period of fire resistance. Since ordinary glass
materials are weak points in the building, transparent fire-resistant glass structures are actively
used. These glass systems, consisting of one or more layers of glass, frames, seals and fastening
materials must meet fire resistance criteria. An increase in fire resistance, in particular, can be
achieved when using hydrogels of different nature (inorganic, organic and combined) as an
interlayer between glass layers. The relevant task of developing new hydrogels for use in fire-
resistant double-glazed windows involves the combination of a whole range of properties.

The creation of a new generation of transparent mineral-polymer fire-fighting hydrogel
materials, followed by the production of fire-resistant glass structures based on them, has great
importance. This material allows you to increase the time for evacuation and save the most
valuable thing —human life —in the event of a fire.

A study of the conditions for obtaining a transparent hybrid mineral-organic shape-resistant
hydrogel, which has a high light transmission coefficient, is resistant to temperature changes
associated with climatic conditions (and can be used to provide fire resistance to glass structures)
is conducted. Fire resistance is achieved due to the property of the mineral-polymer transparent
hydrogel to turn into a highly porous fire-resistant mineral-carbon material (xerogel) at high
temperatures. It is able to ensure the integrity of the double-glazed unit and prevent the spread of
thermal radiation, flame and smoke for a given time. The formation of a transparent hybrid
mineral-organic shape-resistant hydrogel occurs as a result of the simultaneous course of
interchain condensation reactions of reactive polymers and the formation of a mineral hydrogel
under the action of thermal radiation and heatingto 40-6 0 ° C.

The regularities of synthesis and properties of hydrogels obtained on the basis of low
molecular weight water-soluble copolymers were studied. After conducting a correlation analysis
of the results of these studies, a mathematical model of the process was obtained, which
determines the main factors (synthesis temperature and total concentration of prepolymers) that
affect the properties of the obtained hydrogels. A method of obtaining polysilicic acid hydrogel in
the presence of polyvalent metal ions has been developed. The conditions for obtaining hydrogels
with optimal optical properties have been determined. According to the results of the full-factor
experiment, the time frame of the sol-gel process was determined depending on the composition,
concentration, and pH of the solution.
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refractory hydrogel Polyurethane
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Soda-lime glass

Fig. 1. The design of a single-chamber double-glazed window the inner space of which
is filled with a polymer-mineral refractory hydrogel: 1 — at the stage of filling with a composite,
2 — at the stage of the finished double-glazed window sealed with a polyurethane sealant,
3 —a double-glazed window with a layer of polymer-inorganic hydrogel

Fig. 2. A photograph of a laboratory sample of a double-glazed window filled with a transparent
hydrogel made according to the developed composition (a) and the same sample after high-temperature
exposure with the formed carbonized xerogel (b) (studies were carried out by point heating
on a gas burner for 45 minutes)

Laboratory tests of the double-glazed window (the structure of which is shown in Fig. 1), in
relation to the definition of fire resistance criteria (integrity and thermal insulation), were carried
out on a specially manufactured stand. Thermocouples, which are located on the sides of the
double-glazed window, both internal (from the heating side) and external, allow you to control the
processes of temperature growth and heat transfer. Violation of the integrity of the first glass (3 or
4 mm thick) located on the side of the flame (in this case, thermal radiation from the heating
elements of the furnace), according to preliminary tests, occurs at a temperature in the chamber of
about 250-3 2 0 ° C )(Fied egpporatidn of water from hydrogel is provided. Due to this, until
the complete loss of moisture, the hydrogel temperature is maintained within the range of 100-
110°C. At the same time, pore f or2rtiaes docaurnn and
the hydrogel layer. Later, with an increase in temperature above 350-4 0 0 ° C, the pr.
carbonization of the polymer component begins. The carbonized layer of polymer formed on the
xerogel obtained from the mineral component further prevents heat from entering the outer glass
of the double-gl azed wi ndow. During tests at a temp
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falling of the inner glass can occur, but the layer of the formed xerogel is not destroyed and is
retained on the outer glass forming a whole thing with it.

Thus, a mineral-polymer composition is created for filling double-glazed windows that are
part of structures with increased fire resistance due to the formation of a combined mineral-
polymer hydrogel, which at high temperatures turns into a highly porous mineral-carbon
refractory material.
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The unique properties of epoxy polymers have led to their widespread use in various fields
of modern technology. In works [1-8] epoxy polymers obtained on the basis of various bisphenols
are described. It turned out that the properties of epoxy polymers are greatly influenced by the
structure of bisphenols. In this regard, it was of interest to identify the possibility of improving the
physical and mechanical properties of epoxy polymers (including heat-, thermal- and chemical
resistance) by changing the chemical structure of the polymer chain. This can be achieved either
by changing the structure of the diglycidyl ether, or by introducing a hardener of a given structure.

There is a lot of data in the literature on the use of various bisphenols for the synthesis of
glycidyl ethers [9-12]. However, there is very limited information on the use of bisphenols for this
purpose, forming polymers with a rigid chain structure.

The purpose of this work was: the synthesis of glycidyl ethers based on polycyclic bisphenols of
the norbornane type and the study of the influence of various factors such as reaction duration,
temperature, ratio of initial components, etc. Establishment of optimal synthesis conditions for the
production of diglycidyl ethers with a high content of glycidyl groups and ether yield.

Given the importance of diglycidyl ethers for polymer synthesis, it seemed interesting to us
to study some patterns of their formation. The influence of various factors, namely temperature,
the amount of alkali, epichlorohydrin and the duration of the process on the course of the reaction
of the formation of ethers on the example of the interaction of epichlorohydrin and 4,4'-
(hexahydro-4,7-methylenindane-5-ylidene)diphenol using solid alkali. The reaction of bisphenol
and epichlorohydrin can be depicted by the following scheme:

nHO-Ar-OH +(n+1)C\2<20—/CH‘CH2CI + (n+1)NaOH —

— QQZ —/CH -CH,~[TOArO-CH,-CH-CH,-| - OArO -
| n-1

o OH
_CH, - CH, —/CH + (m1)Nacl + (n+2)H,0

o
where  Ar= -Q\/Q-
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First of all, we studied the effect of temperature and reaction duration on the formation of
diglycidyl ethers. The process was carried out at temperatures of 353,368 and 378 K. The results
of the study are shown in Table 1. It can be seen from the experimental results that the formation
of glycidyl ethers under these conditions proceeds quickly in the first 5 minutes and practically
ends after 30 minutes. According to the content of epoxy groups and the yield of glycidyl ether,
the best result is achieved by conducting are action at 368 K.

Table 1. Change in the yield and content of epoxy groups depending
on the temperature and duration of the reaction in the presence of solid alkali®

" Reaction Content of epoxy groups, % ™ Glycidyl ether yield,%
duration, min. 353 K 368 K 378 K 353 K 368 K 378 K
1 5 15.1 154 16.4 20 30 25
2 15 155 16.4 16.7 20 30 25
3 30 15.7 17.2 16.8 40 40 40
4 45 15.8 17.4 16.8 40 50 40
5 60 15.9 17.4 16.9 40 50 40
6 90 15.9 174 16.9 40 50 40

¥ The ratio of bisphenol: epichlorohydrin NaOH = 1:10: 2.3 mol.
) The content of epoxy groups (theory), % — 19.9.

As can be seen from the results, the use of solid alkali in the reaction promotes the formation of
glycidyl ethers with a high content of epoxy groups. However, its output is very low. Later, the alkali
was used in the form of aqueous solutions. It turned out that this gives good results. The study showed
that the best results are obtained when using a 50% aqueous solution of alkali.

The content of epoxy groups and the yield of diglycidyl ether are also affected by the ratio
of the amount of alkali to bisphenol (see Table 2). The best result is obtained when the molar ratio
of alkali to bisphenol is 4:1. A further increase in the amount of alkali leads to a decrease in both
the content of epoxy groups and the yield of glycidyl ether.

Table 2. The change in the yield of diglycidyl ether and the content of epoxy groupsfrom
a change in the amount of 50% aqueous NaOH solution in moles, during the interaction
of 4.4*-(hexahydro-4,7- methylenindane-5-ylidene)diphenol with epichlorohydrin®

# NAOH, molly Content of epoxy groups, % Yield, %
1 2.3 11.1 60
2 4.0 16.1 95
3 5.0 15.2 75
4 7.0 15.0 60

¥ Reaction temperature 368 K, duration 60 min.
The ratio of bisphenol: epichlorohydrin = 1:10, mol.

The reaction under study is also not indifferent to the amount of epichlorohydrin used. At an
equimolecular ratio of bisphenol and epichlorohydrin (1:2, mol), a diglycidyl ether with a low yield
and content of epoxy groups is formed. The optimal ratio of bisphenol and epichlorohydrin was 1:10,
mol. This ratio corresponds to the highest yield (95%) and the content of epoxy groups (16.1%). A
further increase in the amount of epichlorohydrin causes a decrease in these indicators.
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The effect of reaction temperature on the formation of diglycidyl ether for various polycyclic
bisphenols during their interaction with epichlorohydrin was studied. The reaction was carried out at
different temperatures: 343, 353 and 368 K. It can be seen from the results obtained that the formation
of diglycidyl ethers proceeds especially rapidly in the first 5 minutes after the introduction of an alkali
solution into the reaction. So, in the case of interaction of epichlorohydrin with bisphenol 4.4-(2-
norbornilidene)diphenol at 343 K, the content of epoxy groups after 5 minutes is 13.6% (theoretically
21.9%), and the yield is 62%, increasing within 1 hour to 16 and 72%, respectively. At temperatures
of 353 K and 368 K, a similar pattern is observed. At temperatures of 353 and 368 K, a similar pattern
Is observed. In addition, both the content of epoxy groups and the yield of diglycidyl ether increase
with increasing reaction temperature (see table 3).

Table 3. The change in the content of epoxy groups depending on the temperature and duration of
the reaction during the interaction of 44-(2-nor bor ni | i de n e Yhexdhydgrd4en o |
methylenindane-5-y | i dene) di p h e(deoahydrp-1,4,58-dimethdlenaft-2} '
ilidene)diphenol (111) and epichlorohydrinomh®

343 K 353 K 368 K
4 Reaction duration, Content of epoxy Content of epoxy Content of epoxy groups,
min. groups, % groups, % %

I I 11 I I i I ] 11
1|1 125 | 105 9.9 145 | 123 | 11.9 13.9 13.2 12.7
2 |5 136 | 114 10.3 | 154 | 142 |127 15.7 14.5 13.3
3 |15 148 | 12.3 120 |16.0 | 142 | 134 16.5 14.7 13.5
4 |30 159 | 13.0 12.7 | 165 | 147 | 135 16.8 15.0 13.7
5 145 16.0 | 135 133 | 166 | 149 | 136 16.9 15.0 14.3
6 |60 16.0 | 14.0 13.0 | 16.7 | 15.0 | 13.7 17.2 15.5 15.1
7 190 16.0 | 14.0 13.4 | 166 |149 | 135 17.0 14.9 14.8
8 | Theoret. 219 |19.9 18.8

X) The ratio of bisphenol: epichlorohydrin: NaOH =1:10:4, mol.
The concentration of an agueous NaOH solution is 50%.

365K 368 K
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A% 70 ‘7% 353K
343K 343K
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Fig. 1.1 Fig. 1.2

Fig. 1.1-1.2. Change in the content of epoxy groups (fig.1.1) and Change in the yield of diglycidyl ether
(fig 1.2), depending on the temperature and duration of the reaction during the interaction
o f -(ecallytiro-1,4,5,8-dimethylennaft-2-ylidene)diphenol with epichlorohydrin.
The ratio of bisphenol: epichlorohydrin: NaOH =1:10:4, mol.
The concentration of an aqueous NaOH solution is 50%

In addition, both the content of epoxy groups and the yield of diglycidyl ether increase with
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increasing reaction temperature. Thus, the optimal conditions for the synthesis of glycidyl ethers
turned out to be a reaction duration of 60 minutes, a temperature of 368 K, a concentration of an
aqueous alkali solution of 50%, a ratio of bisphenol: epichlorohydrin: NaOH = 1:10:4, moles.
Under these conditions, a product is formed that is closest in composition to the diglycidyl ether,
with a sufficiently high content of epoxy groups and with a good yield.

In appearance, diglycidyl ethers based on polycyclic bisphenols of the norbornane type are
transparent products of light yellow color, well soluble in aromatic hydrocarbons, ketones and
other organic solvents. It can be concluded that the obtained epoxy derivatives of polycyclic
bisphenols are similar in composition to diglycidyl ethers of bisphenols.
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SYNTHESIS AND CHARACTERIZATION OF
POLY(ESTERETERURETHANE)S OBTAINED WITH THE USE
OF NATURAL ORIGIN MONOMERS

Paulina Parcheta-Szwindowska, Julia Habaj, Joanna Brzoska, Janusz Datta
Gd anhns k UnTechmlogg, Fatulty of@Hfiemistry, Department of Polymer Technology, G.
Narutowicza St. 11/12,80-2 33 Gd an s k, Pol and
paulina.parcheta@pg.edu.pl

Polyurethanes (PUs) are product of the polyaddition reaction of isocyanates with polyols, in
the presence of a catalyst and additives [1]. They are characterized by certain properties
depending on their application, including thermal stability, flexibility, chemical resistance, along
with biodegradability, biocompatibility or electrical conductivity. One of the most developing
sectors of the polyurethane industry are elastomers (EPUs). The chemical structure of EPUs
depends on many factors [2]. The type and amount of substrates, their molar ratio and molecular
weight have an influence on the segmental structure, the interactions at the phase boundary, the
morphology of the obtained compound, as well as the degree of phase separation. A wide range of
features influences the diversity of their applications. Elastomers can substitute traditional
materials such as rubber, metals and even ceramics. They are used in various industries, e.g.:
automotive, machinery, electrical engineering, textiles and even food or medical [3].

The environmental aspect is now gaining interest, and has become a driving factor in the
development of bio-based polyurethanes. Natural compounds have been used to replace
previously used petroleum-based raw materials [4]. An effort has been made to find suitable
substrates from which products with the required properties can be obtained, while at the same
time not threatening nature or human health. Several renewable and biodegradable polyurethanes
have been made from plants. Natural oils (castor oil, tung oil, sunflower oil, soybean oil, etc.) are
the most commonly used substitutes due to their availability and versatility [5]. PUs based on
components from vegetable oils has excellent chemical and physical properties, as well as
enhanced hydrolytic and thermal stability. Nevertheless, nowadays on the polyurethane market,
there are commonly available bio-based monomers which allow to obtain bio-based polyester
polyols for PUs.

The main aim of presented work was to obtain the poly(ester-etherurethane) elastomers via
two step method with the use of two type of prepolymers — bio-based polyester prepolymer and
bio-based polyether prepolymer. Tensile properties, hardness, thermal stability and thermo-
mechanical properties were determined for obtained materials.

The polyurethane elastomers were synthesized by a two step-method (prepolymer method)
u s i n g diphenyethane diisocyanate (MDI), bio-based 1,3-propanediol as a chain extender,
orthophosphoric acid as an inhibitor and two different polyols, bio-based poly(trimethylene)
glycol (PO3G) and poly(trimethylene succinate) (PPS). 1,4-diazabicyclo[2.2.2]octane (DABCO)
was used as a catalyst. Table 1 present the sample formulation.

Thermal stability of the prepared materials was characterized with the use of thermogravimetric
analysis. Table 2 presents thermal decomposition characteristics of the obtained polyurethanes.
Moreover, Fig. 1 presents TG and DTG curves of the obtained PUs. It was observed that as the
percentage of unreacted -NCO groups in the PPS/PO3G-based EPUs does not significantly affect
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the thermal stability of materials. The DTG curve shows that thermal degradation occurred in two
steps. Two-step thermal degradation typically occurred for segmented polyurethane materials and
confirmed the good phase separation between flexible and hard segments. At the first step, the
thermal decomposition of hard segments (HS) composed of diisocyanate and bio-glycol residue
was assigned, while at the second stage, the decomposition of flexible segments (SS) occurred.

Table 1. Sample description: codes, substrates, groups and content

of the free isocyanate groups in the prepolymer used for materials preparation

Sample code Polyol Isocyanate Glycol % NCO
PPS 6 Poly(tnrpethylene
- succinate)
PO3G_6 Poly(trllmgg;ylene) 4,4'-methylene Bio-1,3- 6
g_y diphenyl propanediol
PPS/PO3G_6 Poly(trimethylene diisocyanate (Sust s
PPS/PO3G_7 succinate)/ (MDI) 7
Poly(trimethylene)
PPS/PO3G_8 glycol 8

Table 2. Thermal decomposition characteristics of the PUs. Ts is the temperature of 5% mass loss,
Ty is the temperature of 10% mass loss and Ts is the temperature of 50% mass loss

Sample code Tsw[ ° C] Tww[ © C] Tsoww[ ° ¢ Char residue [% mass]
PPS 6 312.1 326.0 385.5 7.86
PO3G_6 310.3 - 409.5 8.12
PPS/PO3G_6 307.9 319.3 390.6 6.98
PPS/PO3G_7 307.4 319.1 393.4 8.11
PPS/PO3G_8 312.2 326.7 391.5 8.16
100
80—‘
o —he
1 PPS/PO3G_6
40 PPSIPO3G_7
] —— PPS/PO3G_8 ’gj
< 204 E
» 1 X
g o o
= -20 E
-40 ]
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—80-:
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Temperature (°C)
Fig. 1. TG and DTG curves of the obtained PUs
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Fig. 2 shows the results of the DMTA analysis, and it was found that, for polyurethane
based on the prepolymers mixture, there are two peaks, which indicate the presence of two glass

transition temperatures for the soft segments. The first peak atca. -50° C det er mi nes
transition temperature of the SS derived from the polyether polyol, while the second peak at
appr ox. 0°C is related to the glass transit
polyol. Thet an & value is higher for the refereni
capacity compared to the materials obtained using the prepolymers mixture.
922
] - THE Jpp
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Table 3 presents the mechanical properties characterization of the prepared materials. It is
visible that EPUs obtained using polyether polyols are characterized by lower tensile strength than
EPUs obtained based on polyester polyols. The highest tensile strength values, at 28.8 MPa,
exhibited the PPS/PO3G_7 sample. The use of a mixture of two different prepolymers allowed to
obtain EPUs with properties typical of EPUs based on polyether polyols and those based on
polyester polyols. When a mixture of prepolymers was used, the obtained materials showed
higher values of tensile strength, elongation at break and hardness compared to materials obtained
based on only one type of prepolymer.

Table 3. Tensile strength (o), elongation at break (€),
elongation after break (€;) and hardness for PUs samples.

0 0

Sample code G [ MP £[%] & [%] Hardn:is[Sh Hardnlgis[Sh
PPS 6 25.0 4 413.8 34.5 4 86.5 4 35.8 4%
PO3G_6 16.6 4 720.7 41.8 4 81.5 #H 29.7 4
PPS/PO3G_6 17.6 # 607.9 47.8 4 83.5 #H 26.5 +
PPS/PO3G_7 28.8 4 640. 7 49.4 4 86.8 4 33.0 4%
PPS/PO3G_8 25.0 4 603.0 66.5 4 90.8 4 36.0 4%
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To conclude, it has been possible to obtain poly(ester-etherurethane) materials from polyols
of natural origin: the polyester polyol — poly(trimethylene succinate) and the polyether polyol —
poly(trimethylene glycol). Obtained materials are characterized by basic mechanical properties
which are competitive with the previously used EPUs based on monomers of petrochemical
origin. From the analysis of the DMA, it can be concluded that the polyurethane materials based
on the mixture of PPS/PO3G characterized lower damping capacity than reference materials.
Thermogravimetric analysis of the prepared bio-based poly(ester-etherurethane)s confirm their
high thermal stability. These materials could be used to make everyday items such as watch
straps, toy components, key rings, smartphone covers, etc.
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DERIVATION OF THE POLYMER NANOCOMPOSITE FROM
THE SOLUTION
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Polyamide-containing nanocomposites were intensivly reserched within twentieth century.
One of the result a group of scientists have obtained nanocomposites based on polyamide and
layered silicates that were positively impacted the properties of PA-6 significantly expanding
areas of polymer application. Polymer nanocomposite derivation is possible via such methods: in
solution, in the melt, during the polymer synthesis as well as using sol-gel process. The most
relevant is being taking place the method of obtaining a polymer nanocomposite from the
solution.

Polyamide, following its properties, is almost insoluble in ordinary solvents besides the
water (polar solvent). While the studying we refused to apply the water due to its influence on the
structure of the obtained complex.

Polyamide is researched to be soluble in formic acid in the range of concentrations from
77% to 90%, but 85% showed itself the best. Also it has been researched that for 85% of
concentrated formic acid in a volume of 100 ml, 15% of mass PA-6 is optimally dissolved. The
process of full dissolutionof PA-6 i n f ormi c acid in progress foc

The next stage in our research was adding of MPB complex into the composition (a blend of
montmorillonite with polyvinylpyrrolidone in the ratio MMT: PVP = 1: 5 in the form of a fine
powder) in amount of 5, 10, 20 wt%. relatively to the mass of PA-6.

Using acetone as a solvent enables to precipitate the PA-6 complex with the MPB but a
considerable consumption of it was found. To decrease the consumption of acetone other possible
solvents have been analyzed and their optimal correlation was experimentally determined.
Consequently , benzene was applied as a co-solvent. The derived blend was precipitated with a
solution of acetone and benzene (components correlation 1: 1 rpm).

At the first stage, a study of the solubility of PVP in a blend of acetone (A) and benzene (B)
in various ratios of 1:1 was carried out; 1:2; 1:3; 1:4; 1:5 at room temperature. To obtain PA-6-
containing nanocomposites by the method of precipitation from the solution, the ratio A:B = 1:1
by volume was experimentally determined.

A method of nanocomposites derivation based on PA-6 filled with modified montmorillonite
is developed. At the initial stage of precipitation, 200 ml of solution were used. The resulting
blend was allowed to stand for 15 minutes, followed by draining of the surface layer, after which
precipitation was again carried out with a mixture of solvents in the amount of 100 ml. The
precipitate obtained was filtered applied a water pump and dried in a vacuum dryer at a
temperature of 353K for 7-8 hours with further temperature rise to 378K.

Thus, the realized researches enable to obtain a nanocomposite based on PA-6 and MPB
from the solution determining positive influence on the features of PA-6. The explored
composites are characterized by the manufacturability inherent to thermoplastics likewise could
be suitable for the manufacture of structural products via the injection molding.
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PROTECTION OF THE ENVIRONMENT FROM POLLUTION
BY MINERAL FERTILIZERS USING BIODEGRADABLE
LONG-ACTING NITROGEN FERTILIZERS
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petre Melikishvili Institute of Physical and Organic Chemistry of lvane Javakhishvili Thilisi
State University, Thilisi, 0186, Georgia
2 Georgian Technical University, Tbilisi, 0108, Georgia
ia.chitrekashvili@tsu.ge

Intensive population growth requires a constant increase in food production — cereals, meat,
milk and other products. Agricultural land is rapidly shrinking as a result of increasing
urbanization and industrial intensification. One of the ways to solve the problem is the use of
intensive technologies in agriculture, such as the use of nitrogen-containing chemical fertilizers in
high doses. According to current data, more than 200 million tons of nitrogen fertilizers are
introduced into the soil worldwide every year. Due to the particularly good solubility of nitrogen
fertilizers in water, a significant part of them is lost as a result of evaporation and leaching, which
leads to huge economic losses. At the same time, the environment is being poisoned, especially
fresh water. Nitrogen fertilizers, as a result of evaporation, penetrate into the upper atmosphere,
cause the destruction of the ozone layer, which is the cause of many diseases on Earth
(methemoglobinemia, malignant tumors, etc.).

An effective way to solve these problems was the use of an entirely new type of fertilizer,
the so-called "exchange fertilizers” in development, invented in America by the Geological
Survey. [1]. Exchange fertilizers consist of insoluble ingredients that are released as nutrients for
plants and absorbed by them as needed as a result of the buffering effect of chemical reactions
occurring in the soil.

Laboratory and field tests have shown that exchange fertilizers are highly effective for
nutrient uptake by plants, helping plants to absorb nutrients more efficiently and reducing nutrient
leaching and environmental pollution.

Barbariki and his colleagues [2] found that the yield of Sudanese grass in some systems
increased by 4 times. Large-scale positive results were also obtained for flowers, vegetables and lawn
grasses.

Despite these positive results, exchange fertilizers are still not fully functional for widespread
use in agriculture. The main problem is that they are heavy and contain a small amount of nitrogen in
the zeolite (about 2.5% by weight) in the form of an ammonium ion involved in the exchange.

In recent years, interest in urea-formaldehyde polymers has increased. It turned out that they
can be used as nitrogen fertilizers that are difficult to dissolve in water. The article is devoted to
this problem — on modeling and optimization of the synthesis of urea-formaldehyde fertilizers and
analysis of factors influencing these processes. In [3], the effectiveness of urea-formaldehyde
fertilizers on a diverse bacterial spectrum of onions and sugar beet was studied. The authors of the
article [4] investigated fertilizers obtained on the basis of urea-formaldehyde polymer composites.
Other authors have used these fertilizers in the form of granules together with an absorbent to
retain moisture [5]. The effectiveness of carbamide formaldehyde as a delayed-action nitrogen
fertilizer on the productivity of mango trees has been studied [6]. The synthesis of urea-
formaldehyde polymers, the technology of manufacturing composites and other issues are
described in the following articles [7-13].

We have studied the process of polycondensation of urea with formaldehyde in order to
develop a technology for producing a biodegradable polymerized nitrogen fertilizer with
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prolonged action. The influence of various factors on the course of the reaction has been studied:
the duration of the process, temperature, molar ratios of the initial components, structure and
composition of the amide component, concentration.

The main Kinetic parameters of the process were determined during the reaction in the
temperature range of 323-343 K, before the deep conversion of formaldehyde. The reaction rate
constants during the reaction retain a constant value if they are calculated using a second-order
equation. The dependence of x/A(ax) on duration is linear, and its dependence on the inverse
absolute temperature also confirms that the reaction rate constant changes in accordance with the
Arrhenius equation. Table 1 shows some kinetic parameters of the process of interaction of urea
with formaldehyde, conducting the reaction at 323, 333 and 343 K:

Table 1. Kinetic parameters during the reaction at 323, 333 and 343 K

333K 333K 343K
L, Constant Degree of Constant Degree of Constant Degree of
mMin | reaction rate, trantsig?]rma— reaction rate, trantsig?]rma— reaction rate, trangg?]rma-
K, I/mo | S P,%’ K,I/Imol - S P,% K,IlImol - S P,O/(;
1 2.3884 - 10™ 2.7 4.6210 10" 5.1 14.3369 - 10* 5.1
3 2.3741 10" 7.6 43837 10" 13.3 14.2450 - 10* 13.3
5 2.3900 - 107 12.3 44116 107 20.5 14.3525 10" 20.6
10 2.3463 107 215 43728 10" 38.8 14.2840 - 10* 38.8
15 2.3535 10" 29.2 4.4039 10" 48.5 14.5047 - 10* 48.6
20 2.3402 - 107 35.3 4.4070 107 50.7 14.2450 - 10* 50.7
25 | 2.37,83-10° 41.0 4.3831- 10" 55.8 14.5900 - 107 55.9
30 2.3431 10" 45.1 4.3660 10" 60.5 14,5121 10" 60.0
45 2.3578 - 10™ 55.3 4.3781 10™ 69.7 - -
60 2.3806 - 10™ 62.4 4.3625 10" 75.3 - -

The values of the activation energy of the reaction (E) and the probability coefficient (A) are
calculated.

E (average) = 7.94 kcal/mol.; A =0.0223 - 10> I/mol ' sec.

The molar ratio of urea and formaldehyde largely determines the chemical structure of the
resulting product. At a ratio of 1:1.5 — 3.5, when the pH decreases even to 4-4.5, the formation of a
polymer with a spatial structure is possible, which is extremely undesirable, since the adaptation
period for degrading microorganisms is greatly prolonged and the period of biodegradation is also
prolonged. The optimal reaction conditions for the production of a biodegradable polymer acting by a
prolonged mechanism can be considered the molar ratio of urea and formaldehyde 1:1. At this time, a
polymer with a linear structure is formed, in which peptide -CO —NH- bonds are preserved.

An elemental analysis of a repeating ring of biodegradable polymerized urea acting by a
prolonged mechanism has been carried out. As can be seen from the results obtained, the elemental
composition of the polymer is close to the theoretically calculated parameters (see Table 2).

Table 2 The elemental composition of a polymer with a linear structure containing peptide bonds

Repeating element .C% H % N % .O %
ring of polymer theoretic | calcula th_eoret calcula thgoret calculat | theoretic | calculat
al ted ical ted ical ed al ed
-/HN-CO-NH-| 33.33 33.13 5.55 5.37 38.88 38.80 22.22 22.75
CH,/,—
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Studying the influence of the nature of the catalyst has shown that strong acids such as
sulfuric, hydrochloric and phosphoric acids significantly accelerate the process than formic or
boric acids.

To determine the urease activity of microorganisms isolated from the soil, the analysis
showed that urease activity was found in the following genera of microorganisms: clostridium,
actinomycetes and Aspergillus.

Seeded forage grasses are most effectively used among forage crops for cattle. Hay obtained
on their basis is characterized by high shelf life and richness of vitamins, has a positive effect on
the growth, development and productivity of animals. Pasture crops are more resistant to adverse
conditions and fight weeds better.

Forage grass mixtures without fertilizers provide 3973 nutritional units, which corresponds
to 3311 liters of milk and 397 kg of meat; when fertilized with prolonged urea, an additional 863
nutritional units are obtained from each hectare, which corresponds to an additional 719 liters of
milk and 86 kg of meat.

In regions where natural pastures occupy a very small area, perennial forage grasses are the
main source of food production on arable land. In order to develop a technology for the
production of perennial forage grasses, a stationary field test was conducted.

The soils of the experimental site were of meadow-brown, carbonate heavy mechanical
type. It was characterized by a low humus content, high temperature conditions and a long period
of active vegetation. The following types of herbs were used in the experiment of herbal mixtures:
blue alfalfa, red sedge. The soil was plowed to a depth of 22-25 cm and prepared for alfalfa
sowing in the summer, and grainy grasses were sown in the spring. Fertilizers were introduced in
the spring.

The first mowing was carried out at the beginning of alfalfa flowering, and subsequent
mowing depended on the height of the grass. The results of the experiment showed that the
average yield of hay in the control variant was 7.64 t/ha, and in the case of fertilization, an
increase in yield was observed in the range from 4.5 to 21.7%. In the case of industrial-grade urea,
the highest yield was noted when applying 120 kg/ha (85.2 c/ha), and the increase in hay
compared to the control was 8.8 c/ha, the same pattern persists in the case of prolonged urea, with
the difference that a higher yield was noted here in cases of 90 and 120 kg. The increase in yield
was 17.3 and 21.7%, respectively.

The grass harvest obtained in the control experiment corresponds to 3973 food units, which is
equivalent to 3311 liters of milk and 397 kg of meat. With the introduction of prolonged urea, 863
food units are additionally obtained, which corresponds to 719 liters of milk and 86 kg of meat.

Thus, based on laboratory and field stationary tests, it can be concluded:

1. A technology for producing polymerized urea has been developed,;

2. Polymerized urea is an environmentally friendly, biodegradable nitrogen fertilizer with
prolonged action;

3. Polymerized urea does not evaporate and does not cause destruction of the ozone layer,
does not wash out and does not poison fresh water, thereby protecting the population and fauna
from various serious diseases;

4. 1t avoids large economic losses caused by leaching, which significantly reduces the
hectare rates of nitrogen fertilizer application.
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Throughout the world, the demand for Portland cement and concrete is constantly growing,
the production of which is associated with large carbon dioxide emissions, which entails
environmental pollution. The total global production of Portland cement is up to 5 billion tons per
year. When producing 1 ton of cement, 0.78 tons of CO, are released into the atmosphere with
flue gases. This makes cement companies one of the main producers of greenhouse gases (8% of
global COy) [1].

To overcome the environmental crisis associated with the production of Portland cement,
over the past few decades there has been a significant increase in the tendency to search for new
environmentally friendly building materials, either through partial replacement of cement with
materials with pozzolanic properties [2, 3], or through complete replacement of cement, such as
geopolymers.

Geopolymer binders, unlike Portland cement, are environmentally friendly, durable, and
have low CO; emissions into the atmosphere. For 1 ton of produced geopolymer, only 0.18 t of
CO; is released into the environment, which is 5 times less compared to the production of
Portland cement, and in the case of using metakaolin, CO, emissions are 0.05-0.07 t [4].

The precursors of geopolymers are slag-alkaline types of cement, the compositions of which
were developed back in the sixties of the last century by Ukrainian scientists: V. Glukhovsky, P.
Krivenko, and colleagues at the Kyiv Engineering and Construction Institute [5, 6].

Geopolymers are inorganic materials with a polymeric structure, which are formed as a
result of alkaline or acid activation of thermally treated aluminosilicates (kaolins, clays, ashes, and
slags). They are inorganic, generally ceramic materials that form covalently bonded non-
crystalline (amorphous) networks similar to natural zeolites [7].

Geopolymers are also called inorganic polymers, which consist of repeating units of
silica (-Si-O-Si-0O-), silicoaluminate (-Si-O-Al-0-), ferrosilicoaluminate (-Fe-O-Si-O-Al-O-)
or aluminophosphate (-Al-OPO-), which are formed during polymerization.

Another advantage of geopolymer materials compared to Portland cement is that during the
production of geopolymers, various production wastes are mainly recycled.

Billions of tons of solid waste of various types are known to accumulate in landfills and
garbage dumps. Among them it is worth mentioning fly ash from coal combustion, the issue of
utilization of which is still a subject of discussion in our country and all over the world.

The high temperatures at which the organic part of coal is burned at thermal power plants
(1500-1 800 °C) |l ead to the formation of fly
is represented mainly by the glassy phase, as well as quartz, mullite, etc.
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Various studies have focused on the utilization of fly ash in the production of geopolymer
materials [8-10]. The properties of geopolymers depend on the composition of the ash, which, in
turn, is determined by the composition of the burned coal. Sodium hydroxide and liquid glass are
used as alkaline activator. Lime — CaO is sometimes used to strengthen the alkaline environment,
which helps to increase the mechanical strength of geopolymer materials [9].

Georgia has large accumulations of fly ash, which pollutes the environment and is almost
never used anywhere to date.

This work is devoted to studying the possibility of using Georgian fly ash to produce
geopolymer materials using the example of fly ash from the Kutaisi Thermal Power Plant.

The chemical composition of fly ash from the Kutaisi Thermal Power Plant is presented in
Table 1.

Table 1. The chemical composition of fly ash (% wt)

LOI S|02 A|203 T|02 P205 Fego;:, Mn203 CaO MgO SO3 Na,O K,O

1.47 52.14 | 3159 | 1.32 | 0.05 | 517 0.04 0.69 | 0.74 | 0.07 | 099 | 0.29
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Fig. 1. X-ray diffraction pattern of fly ash from Kutaisi Thermal Power Plant

In the X-ray diffraction pattern of fly ash (Fig. 1), along with the glassy phase (rather low
content), crystalline phases of quartz — (Q) and mullite — 3A1:05-2Si02 (M) can be traced.

This ash is characterized by low activity, as it was buried in the ground for several decades,
due to which it became wet, aggregated and the glassy (active) component partially crystallized.

The main hydration products of geopolymer materials are tobermorite-like low-basic
calcium hydrosilicates and alkaline calcium hydroaluminosilicates in the form of C-S-H and N-A-
S-H gels, which determines their high mechanical strength. N-A-S-H is a cementitious
geopolymer product of alkaline activation of ash.

CaO content in Kutaisi ash is less than 1%, which cannot provide the formation of calcium
hydrosilicates in the required amount, therefore it is recommended to add granulated metallurgical
slag.

To improve the quality of fly ash, its activation was carried out: thermal —heat i ng t
and mechanical — grinding to a specific surface of 8000-10000 cm?/g.

Temperature treatment promotes the destruction of aggregated particles and activates them.
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During mechanical activation of ash, the dispersion and destruction of aggregated particles
also occurs, which entails an increase in the amount of the glassy phase and an expansion of
specific surface area of quartz and mullite, which ultimately leads to an increase in the reactivity
of fly ash (Fig. 2).
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Fig. 2. X-ray diffraction pattern of fly ash from Kutaisi Thermal Power Plant after processing

Geopolymer materials were prepared as follows: mechanically and thermally treated fly ash
(FA), ground granulated blast furnace slag (GBFS) and ground lime (CaO) in certain proportions
were well mixed dry for 5 minutes. An alkaline activator was prepared separately: alkali — NaOH,
liquid glass — Na,O(SiO,)n and water in a given amount was added to the resulting powder until a
dough of normal thickness was obtained.

After repeated experiments, the quantities and ratios between the alkaline components were
established, which amounted to 5% NaOH and 25% Na,O(SiOz)n.

Samples measuring 2 x 2 x 2 cm were molded. The molds along with the samples were
wrapped in plastic film to prevent the binder from drying out. The samples hardened in room
conditions at an.air temperature of 20°C

Geopolymer binders with mechanical strength from 40 to 50 MPa have been obtained under
laboratory conditions. (Table 2).

Table 2. Compositions of geopolymer binders and the results of their physical and mechanical testing

Components, % wt. Alkaline component, % wit. Compressive strength, MPa
No. - f f
FA GBFS Ca0 NaOH Na,0(SiO,)n Atter Atter
14 days 28 days
1 100 - - 5 25 5.0 6.2
2 80 20 - 5 25 20.3 40.5
3 75 20 5 5 25 23.5 50.8
4 75 15 10 5 25 21.7 46.3
5 80 10 10 5 25 20.6 41.9
*U 100 - - 5 25 Samples collapsed

* The U composition used untreated ash.

Experiments have shown that untreated fly ash does not interact with alkaline components.
Although, mechanically and thermally activated ash without the addition of slag and lime (No.1)
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has the lowest mechanical strength. The addition of 10 — 20% granulated slag increases the
strength of the geopolymer binder. However, the most optimal results were achieved in the
combined presence of ash, slag and lime, which creates the most favorable environment for the
formation of a hydrosilicate gel with high strength properties.

Further research is underway to optimize compositions, develop fly ash activation
technology and hardening regime for geopolymer binders using Georgian fly ash.

Acknowledgments: The authors are grateful to m-r. Gia Nacvlishvili and Mr. Zurab Chinchcaladze for
providing materials and assistance in research.
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Wood polymer composites (WPCs) are typically produced from the combination of two
basic materials, namely wood fibres or wood flour (reinforcement) and thermoplastics (matrix)
[1,2]. WPCs are frequently substituted for conventional materials owing to inherent characteristics
such as low density, low processing costs, flame retardancy, mechanical properties, renewability
and biodegradability. The most commonly used wood fillers are sawdust (SD), wood flour, wood
feedstocks and other cellulose resources. The use of these fillers as reinforcement has attracted
substantial interest in the context of producing WPCs with desirable physiochemical properties for
use in both structural and non-structural applications [3-5]. Additionally, wood fillers can replace
synthetic fillers to reduce environmental impacts and produce eco-friendly composite products.

Nowadays, a lot of attention is dedicated to the use of natural fibers as reinforcement for
thermoplastic polymers [6,7]. Composites reinforced with fibers received increasing interest from
industries in a wide field of applications such as automotive, construction, aerospace and
packaging.

The advantages of using natural fibers are their low cost, abundance, are renewable and
have good specific properties due to their low densities. Another advantage that appears during
processing is that natural fibers do not damage the processing equipment the way glass or carbon
do [8,9].

Composite materials, being defined as the combination of two different types of materials,
have a high potential for contributing to this reduction in virgin materials usage. This is because
they can consist of a combination of materials, that otherwise would be wasted, into a single,
different material, which can be used in a new application.

Traditionally, particle reinforced composites are manufactured towards cost optimization of
parts, whereas fibre and especially continuous fibre composites are designed towards increased
mechanical performance.

The work aims to develop novel wood-polymer composites using pine sawdust and
environmentally friendly binders. In this study, we explore the physical characteristics of WPC
made with pine sawdust and various binders.

It is known that the sawdust contains cellulose derivatives and lignin structural rings with
hydroxyl groups [10]. In our poly[trimethoxy(vinylphenylethyl)] silane — (sililated polystyrene-
TMSPSt), binder we also have methoxyl groups as well as vinyl groups. Those groups are
expected to participate in the etherification reaction with a binder through inter-molecular and
intra-molecular reactions while the vinyl groups might polymerise.
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To assess the structural changes in the composite materials and to clarify the differences in
the properties, these composites were subjected to infrared analysis.

We investigated composites with various compositions of filler and binder at the same
temperature and pressure (A. Pine sawdust 60%-30% TMSPSt -220K-15MPa, B. Pine sawdust
75%-15%-220-15MPa [11,12].

The provided infrared spectrum of composite (A) describes a mixture of pine sawdust and
poly (trimethoxy-4-vinyl phenyl) silane 60% and 30%. Since bamboo is known to be constituted
of 40% cellulose and 30% lignin, the OH band's absorption peak may be detected in the regions of
3336 and 1420 cm-1, while the aliphatic structures' characteristic absorption peak is visible at
2915 cm-1. The peak t hhisthooyhtyo represent she siretching t 11
vibration of the C-O-C bond. The aromatic ring's conjugated C=C bond was visible as two sets of
absorption bands at 1600 and 1509 cm™. The absorption bands are typical of the Si-O—C— bond
and lie between 1100 and 1026 cm™ *

In the spectrum for composite (B), where the composition of pine sawdust and poly
(trimethoxy-4-vinyl phenyl) silane are 75% and 15% the absorption bands of OH band can be
seen in the region of 3358 and 1420 cm™ and the absorption peak characteristic to the aliphatic
structures shown at 2905 cm™ * the stretching vibration of the —C-O—C bond is attributed to the
peak that is visible at 1150 cm™. Conjugated C=C bond of aromatic ring appeared as two sets of
absorption bands at 1600 and 1509 cm™. At the range of 1100 and 1026 cm™ “the absorption bands
are characteristic for the Si—O-C- bond. Both spectra are consistent with the given compositions.

The surface of composites was studied by optical and scanning electron microscopic
investigation. Also, energy-dispersive X-ray examinations (EDS) were provided in parallel [13].

Obtained WPC composites contain the following elements: C, O, Si, and Al. The content of
elements in samples slightly changes when different amounts of binding agents are used.

Mechanical testing: bending strength and impact viscosity were performed for WPC at
various temperatures under pressure of 15 MPa.

Table 1. Dependence of the value of bending strength and impact viscosity of composites containing
sawdust on the conditions (temperature, pressure) of obtaining (exposition time 15 min)

Bending Impact
# Composite, % Tem_;l)_erliture, Prﬁ/IS;L;re’ strength, viscosity,
' MPa kd/m?)
1 2 3 4 5 6
TMSPSt 15% + Pine sawdust 75% +
I AI(OH); 10% 473 15 27.017 29.754
TMSPSt 15% + Pine sawdust 75% +
I Al(OH); 10% 493 15 73.703 26.786
TMSPSt 20% + Pine sawdust 70% +
Il Al(OH); 10% 473 15 61.080 20.175
TMSPSt 20% + Pine sawdust 70% +
v Al(OH); 10% 493 15 65.265 20.314
TMSPSt 25% + Pine sawdust 65% +
\Y/ Al(OH); 10% 473 15 70.087 22.388
TMSPSt 25% + Pine sawdust 65% +
VI Al(OH); 10% 493 15 90.867 33.127
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MpmMOBXeHHA Tabn.

1 2 3 4 5 6
Vi Z’:{'SEI?: e Pine sawdust 60% + 473 15 | 7099 | 33.932
VIl Z’:{'SEI?: ot Pine sawdust 60% + 493 15 | 70005 | 38.709
IX I\??S,ﬂi 30%6 + Pine sawdust 55% * 473 15 | 61425 | 45.189
X ;’I\gﬁi fgﬁj; + Pine sawdust 5% + 493 15 | 66235 | 47.44

According to the data presented in Table 1, it can be observed that the concentration of
composite ingredients and reaction conditions have a notable impact on the parameter of
strengthening at bending and impact viscosity. The results, however, are not entirely consistent. In
general, it can be seen that increasing pressure, temperature, and binder concentration tend to
improve the mechanical properties of WPC, except for some data.

Water absorption is one of the important characteristics of wood composites because they
are often used in conditions of damp climates.

As evidenced by the data of the study, elevating the composite preparation temperature results
in decreased water intake. The decrease in water intake can be attributed to the lowered binder
viscosity resulting from the elevated temperature and the resulting decrease in overall porosity.

The findings also reveal that water absorption decreases with an increase in binder
concentration of binders. A significant reduction in water absorption is observed when the binder
concentration is changed from 15 to 35 wt.% of binders. The best result was achieved at TMSPSt
15% + Pine sawdust 75% + Al (OH )3 10%, 493, 10 MPa.

In general, as the table data shows, the water absorption coefficient depends on the
concentration of binders, preparation temperature and pressure.

Fillers in thermoplastic composites require thermal stability, which depends on the
established processing conditions. In composites with trimethoxysilylated polystyrene, the fillers
should offer good thermal stability up to 473-493 K. To confirm the possibility of using sawdust
as fillers, Vicat a thermogravimetric (TGA) and differential scanning calorimetry (DSC) analysis
of the selected plant fillers was conducted.

The softening temperatures of our composites were measured by the Vicat method.
Temperature dependence of the softening of composites shows first a monotonic increase and
then a maximum or else approaching a horizontal asymptote.

TGA investigation shows that the Td10% of composites decreased as fiber content
increases. The major component of WPC is cellulose and it typically decomposes at temperatures
above 623K. However, WPC also consists of minor components such as hemicellulose and lignin,
which have lower thermal stability and start to decompose at temperatures above 523K. The
residue weight of 10% is observed in the temperature range of 400-420K. Significant thermal
degradation for composites begins at approximately 510K. Full thermal degradation is seen
between 550 K and 700 K [14].

Differential scanning calorimetric investigations were carried out for the obtained
composites. The results exhibit three patterns of heat flow. We observe the following temperature
transitions: the glass transition temperatur e,
softening temperature —i n t he range 297+ rablu@ Ransikionisd@ bread t hi r d
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endothermic peak observed around 344 K, which corresponds to the evaporation of absorbed
water by the wood composites. The treated wood composites have focused on the reduction of
absorbed water by the wood cell wall than raw wood. Thus, the water loss peaks for composites
are at 3J18]5+348 K

The measurements show that composites' thermal stability essentially depends on a
structural factor, on the concentration of the binder. In general, composites with relatively high
physical mechanical properties are characterized by higher thermal stability.

Acknowledgments: The financial support of the Shota Rustaveli National Scientific
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MODIFICATION OF WOOD COMPOSITES BASED ON PVC/HDPE
BLENDS WITH HALLOYSITE NANOTUBES
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Faculty of Technology and Chemical Engineering, Bydgoszcz University of Science and
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Due to chemical resistance, relatively low specific weight and production costs as well as
beneficial mechanical properties, polymers are used in many branches of the economy, including
the construction, packaging, electrical, and automotive industries as well as medicine. The
production of polymer materials still grows, which generates growing amount of plastic waste.

To obtain recycled material with good processing properties and, after processing, the
product with favorable functional properties, it is necessary to identify and sort the waste from the
different polymeric materials. These activities involve high cost and additional time. This problem
Is particularly significant in the case of immiscible polymers; products obtained from such
mixtures show significantly inferior mechanical properties. One way of managing milling waste
mixtures of immiscible polymers is to utilize them as a matrix of composites with natural fillers,
especially wood flour (WF). An example of such application is the mixture of high-density
polyethylene and poly(vinyl chloride) in different proportions [1][2][3].

Wood flour, used as a filler, causes most often an enhancement of mechanical properties of
wood-polymer composites (WPC), especially stiffness, however, to achieve an improvement of
properties, it is necessary to obtain interactions at the polymer-filler interface. Compatibilizers are
most often used to influence the bonding between the hydrophilic surface of the filler and the
hydrophobic surface of the polymer. Naturally occurring compatibilizer could be a mineral filler
with a hydrophobic surface to enhance interfacial adhesion between different thermoplastic
materials [4][5]. An example of such material is halloysite nanotubes (HNT), which belongs to the
group of aluminosilicates. Due to the different nature of their outer and inner surface, this mineral
material can be modified in various ways. This unigue structure and properties have attracted the
interest of many researchers to apply them to new high-tech materials, including polymer-based
nanocomposites [6][7].

Many studies related to the application of wood and mineral fillers, including halloysite,
separately or both to produce one-polymer composite have been reported in the available
literature [8][9][10]. In this work, we proposed a mixture of PVC and HDPE with various weight
ratios as a composite matrix, into which we introduced simultaneously wood flour and calcinated
halloysite nanotubes.

The compositions of the mixtures and their codes are listed in Table 1. The mixtures of
PVC/HDPE with various compositions containing 30wt% wood flour and halloysite in
concentrations of 1, 3, and 5wt% were processed in the Brabender measuring mixer. After
cooling, the plasticized materials were ground and pressed. Samples for Charpy impact strength
test, the UL94 flammability test and Vicat softening temperature measurements were cut from the
obtained moldings. The structure of prepared composites was assessed based on SEM images of
their surface fractures.
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Table 1. Compositions of the PVC-HDPE based composites

Sample code Matrix WF HNT
P 0
P1H 1

poly(vinyl chloride)
P 3H 3
P 5H 5
P-H9:1 0
P-H9:11H poly(vinyl chloride)-high-density 1
P-H 9:1 3H polyethylene (90:10) 3
P-H 9:1 5H 5
30
H 0
H1H 1
high-density polyethylene

H3H 3
H 5H 5
P-H1:9 0
P-H191H poly(vinyl chloride)-high-density 1
P-H 1:9 3H polyethylene (10:90) 3
P-H 1:9 5H 5

The structural properties of the composites with the of PVC/HDPE mixtures as matrices
were estimated based on SEM observations. The structure of P-H composites is relatively
homogeneous. What was observed and captured on the Fig. 1 is homogeneously dispersed
inclusions of polymer particles with a smaller share in the continuous phase of the polymer with a
dominant share. The wood particles are embedded in the polymer matrix, better polymer-filler
adhesion was observed for composite with the P-H 9:1 matrix. Image of P-H 1:9 5H sample
shows single agglomerates of halloysite.

The homogeneous dispersion of the mineral filler in the polymer matrix is a prerequisite to
achieve favorable mechanical and barrier properties, which can influence combustion resistance
and reduce the burning rate.

The introduction of halloysite into P composites slightly increases the Charpy impact
strength. On the contrary, the addition of halloysite to H or P-H composites, regardless of the
proportion of polymer components, leads to decrease in impact strength with an increase in the
percentage of halloysite content. This deterioration may be related to the presence of filler
agglomerates in the polymer matrix; a similar effect was found in our previous publication for
PVC-based composites with lignin and halloysite nanotubes a hybrid filler [11]. The highest
impact strength value was observed for the composites at a polymer matrix loading of 2.5 wt%,
and as the amount of filler increased, irrespective of its composition, the impact strength
decreased. Moreover, it can be seen that the impact strength values of composites based on
mixtures are similar, regardless of the proportions of polymer components.
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Fig. 1. SEM images of P-H-based composites
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Fig. 2. Impact strength without notches of PVC, HDPE,
and PVC-HDPE composites with WF and HNT

The increase of the Vicat softening temperature with increasing content of HNT was found
in the case of PVC or PVC/HDPE blend with a weight ratio of 90:10 as the matrices. Compared to
the values of Vicat temperature of samples without mineral filler, the softening temperature values

of samples P5Hand P-H 9: 1 O5H were higher respect.i

significant effect of HNT on the softening temperature of composites with HDPE and PVC/HDPE
blend with proportion of 10:90. The P and P-H 9:1 composites do not burn due to the predominant
proportion of PVC in the matrix. The introduction of halloysite nanotubes into H and P-H 1:9
matrices leads to decrease in the linear burning rate especially for composites with 1wt% of filler.
Higher combustion rates of samples of H 5H with 5 wt% and P-H 9:1 with 3 and 5 wt% HNTSs
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may be related to the presence of filler agglomerates. It should be noted that the linear burning
rate of these samples are slower than samples of composites without mineral filler.
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Fig. 3. Vicat softening temperature of PVC, Fig. 4. Linear burning rate of PVC,

HDPE, and PVC-HDPE composites with WF HDPE, and PVC-HDPE composites with WF
and HNT and HNT

Results presented in this work are preliminary with further research being carried out to
determine the effect of the fillers used on processing and mechanical properties with assessment
of the structural characteristics of all composites.
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At this time a considerable amount of theoretical and practical research on hydrogels based
on polyvinylpyrrolidone (PVP) copolymers with (meth)acrylates, in particular with 2-
hydroxyethyl methacrylate (HEMA) has been accumulated [1]. Polymerization of HEMA in the
presence of PVP under the action of ferric (I1) sulfate occurs at a high speed at room temperature,
in air, which makes it possible to significantly simplify and reduce the cost of the process, reduce
its duration and expand the possibilities of use. However, grafted polymers based on PVP do not
always have the required strength. At the same time, due to the increased deformation and
strength characteristics, the effective role of introducing polyvinyl alcohol (PVA) into the original
composition is considered promising. It was established that the addition of PVA to the original
HEMA/PVP composition has a positive effect on the rate of its polymerization. The increase in
the rate of HEMA polymerization in the presence of a combined PVA/PVP matrix allows us to
predict additional physical interaction between the polymer macromolecules and the monomer.
Therefore, the purpose of this work was to investigate the possibility of complex formation
between HEMA and polymers of the combined matrix, as well as the possible interaction between
PVP and PVA. Confirmation of the formation of complexes in the mentioned systems is a change
in the color of their solutions. Solvents of different nature were used for research — H,O and
dimethylsulfoxide (DMSO).

Qualitative evidence of the formation of complexes in the studied systems is the appearance
of inflections on the graphs of dependences of electrical conductivity, refractive index, and
viscosity on their composition. The refractive index and electrical conductivity of PVA solutions
in water and DMSO were studied. The complete correspondence of the inflection points on the
dependences of the refractive index on the PVP/PVA ratio with the extremes of the dependence of
the polymerization rate on the identical ratio of polymers in aqueous solutions confirms the
formation of a stable and active complex at a certain PVP/PVA ratio. The established changes in
the electrical conductivity of the HEMA/PVP/PVA system made it possible to determine the
stability constants of the complexes using a graphical method. The obtained numerical values of
stability constants, which are greater than zero, indicate the existence of complexes. Large values
of constants for PVA/PVP macrocomplexes in DMSO indicate a strong physical interaction
between polymers. It was established that PVVP with MM=28000 forms the most stable complexes
compared to PVP with MM=12000.

The study of the regularities of the influence of the presence of PVA on the process of
complexation in compositions based on HEMA/PVP is an additional source of establishing the
mechanism of polymerization, structure formation, and therefore the possibility of predicting the
properties of hydrogels obtained on the basis of HEMA/PVP/PVA, which will allow the
development of practical recommendations for their usage.

References:
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Mariia Yakoviv *, Nataliia Nosova *, Zoriana Nadashkevych *, Diana Varchuk *,
Serhii Tsykunkov', Dmitro Ostapiv?, Volodymyr Samaryk *, Serhii Varvarenko *
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Recently, there has been an intensive development of technologies that are associated with
nano-objects of various nature, primarily in the field of pharmacy. Particular attention should be
paid to dispersed systems of nanoparticles based on amphiphilic polymers due to their unique
physical and chemical properties. The most interesting nanomedical forms are those that combine
the possibilities of therapy and diagnosis of diseases. The main advantage of such polymer
systems is that they in addition to delivering and releasing therapeutic compounds are also able to
provide information about their distribution in living tissues. This allows you to study and control
the effectiveness of delivery. The primary requirement for these materials is their non-toxicity and
biological compatibility. Experimental assessment of cytotoxicity in vitro in cells is conducted to
establish the influence on metabolic processes in cells and their viability. The possibility of
lifetime observation by microscopy makes living cell cultures a convenient model for research.
The first stage of such studies is usually the detection of changes and their analysis in the life of
model cells, such as, for example, germ cells (sperm).

The aim of the research was to study in vitro the cytotoxicity of a number of amphiphilic
copolyesters based on N-derivatives of glutamic acid and polyethyleneterdiols, whose
macromol ecul es contain covalently bound
ability to penetrate into the cell and the possibility of ensuring control over this process, using the
effect of the appearance of fluorescein luminescence. This type of glow is released due to the
enzymatic decomposition of copolyester macromolecules (as part of the macromolecule, it does
not exhibit fluorescent properties due to the lack of a conjugate unsaturated bonds system).

<.>=>k B

Hac

Hydrophilic
polyoxyethylene
glycol fragment

Lipophilic block that contains fluorescein fragment, N-
substituted glutamic acid and dipropyleneglycol

Fig. 1. Generalized diagram of the elementary link of the copolyester structure

Amphiphilic fluorescein-containing copolyesters of N-glutamic acid derivatives were
prepared by Steglich polycondensation. These are oligomeric products with a polycondensation
degree of 3-10 the macromolecules of which according to PMR spectroscopy, photometry, and
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determination of functional groups have all monomeric units in their composition, which makes it
possible to reflect their generalized elementary unit as shown in Fig. 1

It has been shown that all copolyesters (by adding their dispersion to the medium with ox
sperm) penetrate through the membrane into the structures of germ cells and there undergo decay
with the release of fluorescein. This is evidenced by the appearance of fluorescence during UV
irradiation. The greatest intensity of the glow of which is found precisely in the metabolically
active parts of the sperm: the acrosome, the body and neck, the tail (Fig. 2).

3 —tail

2 — body and
neck

1 —acrosome

Fig. 2. Photos of sperm for adding amphiphilic fluorescein-containing copolyester GluSt-PEG1000-DPG-
F: 1 —acrosome, 2 —body and neck, 3 —tail

To assess cytotoxicity, t he f o | ducoimvte n g
dehydrogenase activity (SDH, u/h x 0.1 ml

0.1 ml of sperm); <« sperm survival ti me
rectilinear translational movement). The study was conducted by creating a concentration of
0.0001%, 0.0005%, 0.001% of the corresponding amphiphilic fluorescein-containing copolyester
in mixture with sperm solution.

The results of studies of determining the activity of succinate dehydrogenase for a number
of copolyesters demonstrate that the introduction of fluorescein into the composition of
macromolecules of amphiphilic copolyesters (2-5%) does not lead to a change in the activity of
the enzyme compared to the control at all three concentrations of the studied copolyesters.
Analyzing the results of the study of the concentration of copolyesters influence on the germ cells
cytochrome oxidase activity, we can conclude that with a minimum concentration of copoliesters
of 0.0001%, their presence does not lead to a decrease in the activity of this enzyme. With an
increase in concentration, an enzyme activity drop is observed. The results of determining the
duration of sperm survival depending on the concentration of amphiphilic copolyesters show that
there is a significant effect, since an increase in concentration affects the activity of enzymes of
the energy supply of germ cells, accompanied by changes in the time of their survival.

The relationship between the structure of amphiphilic fluorescein-containing copolyesters and
the degree of their effect on living objects in vitro has been established. Copolyesters containing
polyethylene glycol units with molecular weight of 1000 and higher (use at concentrations of 0.0001%
or 0.0005%) do not show cytotoxicity and can be used as transporters of drugs.

It is shown that synthesized copolyesters are destroyed during metabolic processes in living
cells with the release of fluorescein, which allows confirming their ability to penetrate into cells and
create a drug delivery system with the ability to monitor their presence in the body on their basis.
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Moni nakTtunppgmn (NnA) WNnpokKoOo BUKOPUCTOBYETDbLCS

ocoméBIO B Xap4yioBi W, nNnakyBanbHi W NPOMUCANOBOCTI
CinbCbKOMY TocnopgapcTBi, MeaunUuunHI Ta O0i oText
Moni nakTuMAHI MaTepi anwu, B TOMY 4YUCNI YRETAMHB K U ,
Kamu, nnactudi katTopamu, noni mepamun) aAn4a- 3ab
pakpmeTunK. Y UbOMY KOHTEKCTI HaHoO4YacCcTUWUHKN 6N
PRO 3acTOCOBYKTbCSHA SK aHTWUMI KPOOHI ar eHERUB NI
I X yYyHiKanbHI BnNacTuBOCTI B 6arartbox Bunapgka
cpi 6na. MeTolw pob6oOoTW € [AOCAHNi gXeHHSA nporecy

3Yyi nHMUX ™MaTepiani B 3 oOoAHOYaAaCHUM GOp MYylBEAHHHSA M
KomMno3aunmTtTaMmM @QYyHri akTtTepumuyumagHumx BnacTuUuBOCTEN.

KoMNno3uTHI nNNiBKW 3 HaHoOYacTWUHKaMu cpi 6na
noni nakrtunagy, MOAUWKPI KOBAHOTNO eTaHO/NbHMM3z3pa0 3 4N
BOLOOCKOHAQ/EeHOoOW TexHONOWOEBWNUK MNBPI, 6 m&,pi man ki p vBA T,
dhi K@apomMnos3sunuyi WHNX MaTepiani BCmeg@gvbHIop My B 1& 31 H
PO34YMHI B QJae 3MOry noepHaTwnw npouyuec nNAi BKOYT

MnA. MnacTtudi KoBaHI rfi uepeAomMoOK/IRI mMADBKBD 6«
ogHOPI AHI . Mni Bkwun 3 H aH O Y akCoT pvHYKHaemMBun 1 C pki obniap , |
po3rngaay nipgp MiKpocKoONnoOM BWUAHI KOTbCcA 61 ni B K
HaHOYaAaCTMUHOK cpi6na nNi 4ATBEePIAKEMOK @MR@I IOOW C 31 &
0P O#BO 7. BctTaHoBneHONNAUOAGBOIMI=03 MG M15: 15 Mac.
bakTepuuyumagHy akKTUBHI CTb, 3YMOBNEeEHY nNoABOW 3¢
%) wopo ©OGakTepinhn Escherichiozcusl iauHBRuUu$0l S(E
MM . (80 %) pana rpumnba AKomaeogimhrmys ami geire (MACT
cpi 6na, He nNpoaBuNKU GYyHTITi 6akTepunumnmAaHI BnacrtT
PYyHT i yumaHMXx Ta 6akTepu uurg HBKY X SABKJI & CMIi UCBTOACTTbE MH aKHOC
KOMNO3WNUTI B, K i T X He Mi CTATHb wo 4o BKas3aHMN
KOMNO3NTMN, K i He MicTwMunNnuMm Yy CBOEMY CaKaraeqi H
PULULMAOAHNX BRNacTuBoOCak/MagiA SKKOMWMXII 08 UAHAKHOWBACTUHKMU
bakTepim Ta rpumbi B, TaKUM YUHOM, NMPOAB/MAKNYMN
TakKMM UYMHOM MOXHa nNpPpoOrHosyBaTwu, Wwo KomMMoSs3
cpi6na 3ab6e3nevyarTsb BUCOKY e ®MmeéBT VBB HI &K bB aHMH3I p
npoAayKTIi B Ta ni Ki B | 36i nbwaTtb TpuBani ctb T X
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POTOENEKTPO®I AVNYHIGOPMALI NHNBBAARLT
HOBUX oOTONMNPOBT/NHWKXOBNX KOMMNO3NTI B
HA OCHOBI KAPBMISOHUWXT Ol I OMEPI B,
CEHCUBI NI SOBAKWPR OHOAKUETNTOPHWUMU
HI TRPRIOXI AHNWMWN | HAOEGWOBREALSI B

Onbra Wab6bnuki Ha, Bonogummunup TMoBOpPO3HIK, Ce
Banepin MNaBnos, [MwuikGoaomy XHay n p n H a ,
KniBcbKNUIK Haui oOHanNnbHWUW yHIiBepcuteT i MeHIiIi Targ

ByBonoagumupcobka, ,&4&/pHh3olpdghaa@gindil.comKni B

B po6orTi CTBOPEHO HOBI GoTONPOBI AHIT oWwel BK OB
py rniuyuvmagunkapbasony TaG@BETuine nMQgNnBEUOBDBOTO i BB
4:1Bi gnoBi AgHO] , CeHCcCunobi nNi 30BaHOT O CUHTE3OBaHUMMNU
3mi paHoBdABG MB®RoYy WwWo MOXYTb O6YTWU BWUKOMQIMWHCEGAHIEH i B

HIN X nongapum3ayi NHOYYTAUBMUX ronorpadi 4YHUX peec
MaTepAAadli BHWNX 3acTocCcyBaHbBCTMDYIKETKWPIHIP HPOG P MPOIT VO HC
GCBE Ta Bi gnoBi gNBAx NBR THpaoBneogxeiHOOH MHXa P U C . 1.
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Pwuc. 1. CTPYKTY pPeHH T ideo pevryeianp ek Hovmvxn odul K

Bi onoBi gHI hboTOoOUyTNUBI ONnNiromepHiI KU@Q @O 3 U L i
BUX CThyktyp @Mkm). OcCKinbkn, 9K HamMum O6yNnNo BCTE
ceHcunobi Ni 3ywuyi c NB & mNB#2H o(CBT i K acpnéoassyok/ii 1B Mi-CHU X C
KWMKU Mi X co6o010, TO NPWU CTBOPEHHI AOCNinapky B aH U »
Bi AHOCTI Bi AnoBiIi o HOT oOoniromMepHOiT wMaTpwuui B WK O |
NB1-2) , AKa yTBOpwBanacsa B Xopfi Hi TpyBaHH4A Ha
cnonyek, 6e3 nonepepgHbLOro 1T X B3AEMHOTITO Bi LOKP:¢

MeTOoOAOM nonuBy 3 podBli2HY GEBIE wma guxooypw TaHy T
BUT NP@AIKI3B TOHKOWAPOBUX NNIiBKOBUX CTPYKTYPpP 3 I
CTPYKTYypMU: C K-AmApHoa3 onpi ngak neangexkat pSoQz:im0:8ITQ H M /A i BuUKA @

GCBE+NB1-2 3 nopganbwum BUCGWYB@AHMMMM NP B AW H . B i
3aTbpl& B cTBOpwBaAaHUX ®IMNK cknapgpas 3 MacTWwp ToBl
BMUMIi proBanum 3a AONOMOT oW | H¥epgdeamedHu~iciHiabraem R .K P
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Hamum ©6yno pocni AXeHoO cnekKTpanbHI, boTOoeEene
ogepXaHUX TOHKoOwWapoRmaBenpyoTyWppmHdaapua. (Ha
MakKCMUMYM NOTJTUHAHHSH nni BKMW) CNeKTpP ONTUYHOT
PrK. Mmmnexar o GCBE € nposopumun i He nNornuHat
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Puc. 2. HopMoBaHMN cnekKTpP ONTWUYMHOTO MNOT I
Ha o0 G@B& s 8™ a % NB1-2.

3abapBneHHa cTBOpeHUx MK obGymoBneHOoEagoBT
MM B MONRBIK yMB@ X WwWo XxXapakTepusywTbCcHAa [JOBMOXBMW

HaHHS B Buagumi n -6H0 akcw.i npm AN ~ 440

BnaBsneHo, wo ogepxaHi GQOTOUMYTAUBI CTPYKTYPp
MHEHHI cCBi Tnom 3 0 6nioarc/mui H aHGHBAT OBXi BOAN/IObBOEBHEDHE OX 3 M|
TOpi B. -IEn®xmT@OpOBIi AHI XapakTepucTuUKN C TTBPOOP € H U
boTorpadi YHOMY PpPpexXxunmi MeToaOM QOoTO3aTyR®@AEHS4
T&HHIM KOPOHHOTIO po3pAgy npuvu NO3UTUBHOMY Ta HE
CTPpYK[ilypHpwn Lb OMYT an pdoo TEOTIEPKOTBA QA HI CTb Bi ANOBI [
MOXHa CcyauWTKU 3a WBUAKICTIK cnapgy enekT pBu YagHIoor o
BIHH B TeMpsasBi [ nNPpM ONPOMIi HEHHI LGBl TKIO®MN BH €C
PMK. BnaBneHmimm BHYTPIi WHI W dGoToedekT BOIGMBOpPE

BaHOW HIiI Tp dNBLRO ndyxkTaomrme He palului €0 B  OHIO BraOHHEMPXi  HPOy
3apapny (enekTpoOHI B Ta il poK)HOOGYMWMOBERHAP®HYYO
36y aMKesH Monekynammu BIi ANOBISHHHIKLMIMHI POTMEHT XM
MepHOT MaTpuuyi (3axXO0oMnN/ieHHTAONO B PYERO MY K OHDYl €T’ [
€EeNeKTPOHOJOHOPHOT O Kapbasopomapapr abagpka  M®IK
HacCTKOBO BNnacHOW @GoToreHepauyi et Bi gnoBi AHNX |
Ancoui aui e YyTBOPEHWXI [prkeovB VHREOT b a MBX I @M1 eTK pr g+ N O [
reHepoBaHWUX Hepi BHOB aXHIMXX HOOPCOiiiTBA NFAP AMIOYN €rKo/ Nr
ni g BNAMWBOM 3O0BHI WHBOIOoO enNekKTpUWYHOro nona [ 2
boToHani BnpoBi AHMUKaMN. HB KoOMU GBY/BMHaABIEGHAMKSE BI/OEH
XaHi PIK XapakTepusyrwTbcA nepeBaxHO Li-pPKOBI
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NPOBI AHAMKAWHN PO Y3TOLXKYETbBCSHA TakKoxX I 3 enekTpo
3 pgipkoBuM TuUNnoM nNnpEGEBEI fHOCTI ) KoOoOoONniromepy

LLi X 3pa3kun OIMNK BukopucrtoByBanun i ANA- BUBUYE
XaHWUX NNiBKOBUX CTPYKTYypP B ymoBax peecTpauyii |
(NXo) , ToOG6TO pocnhni gxyBanwm 1T X B HAKOCTI rpcC. M
TBEep/@oHTdr 0 3e/1eHoro snas3epy 3 A1 0O4HOKW HBKMAYKOW
npwMm cniBBIi AHOLWEHHI i HTeHcMBRAaAC D@ p epioawed i @ 6 'le
npocTopoBa YacToTa 3aw#AZy0 MM HFLHMWM BHHK Iga pa /T i
nagawyoro Ha IPBCrfckBamamar 6aAdOpam npdeslpegvunu a7
Ta nepneHfeEuieyBn3aapeHogio EHT aUL i T eNekKTPUWEWHMX PBA@OPOPI
(&) cBi TNOBOI XBWUNIi . KOHTM PO NweoaMyn M Yy MAP pBVBE/HUPHONMH a
ehpeKk TMBHOCTI n, WO BWUMI pwBanacsa Bro@apL@m®w. n desd,

UMnHy aundpakui nmaogionedpraMmB BMEBHIiavyann 3a 3aranbH
[ 3] a9k BiI AHOWEHHSHA HWHYT ENHOCPUABOHKOYC TAIM dqrpBaikTuial B Ol i H T
npomeH®mi H Xe BIi AHOB/MNKWWYUN NPOMIi Hb B eglfedmaci 34
nepneHankeylregppoeHXauyi i enNeKTPUYUYHNUX BeKToOpi B 3
(Bi gnoBsmmno®&d. Aakla pwuc. 3 HaBepgeHi WO HE TBKMa BKBIOE
Pi 3HUX B3 aAa€EMHWUX OPi €HTeaTU@ M6 'enNKTKH @M YiH XN BEKAIO pd
3anuMcyryYymx Ja3epHUX NPOMEeHIi B nNpu peecTtpauii rc
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Puc. 3. TpadieensyguapxmEHO)Beh vacy B ymMoBax 3anucy

nicna no4yaTtTkKy 3anumcy ronorpammum Ta nNnicng nNepekKkputTrT.

nni 6CGBE+3mac.Bl%( MOMeHTM Yyacy novyaTKy CBiIi TNoOBOIT €K
06" EKTHOTNO NPOMEH S HIMOVBMH aCHTEPH QN KBAaeMpUT) U K a N

bdopmMyBaHHA B pfoCAni gaXyBaHWUX nNniBKax agundppacxuyi
3anuncy, Ha Hawy AYMKY, obymMoBNneHO npouecamMmwu Y
Hi TPOCNBI®2IYROKpPpeEeMaAa 3a pPaxXYHOK (OTOi MOXK®OMBABRBYO
nam BIi ANOBI AHMWNX Hi TponoXxi AHWX Ta oniromepHoOT

MOXNTMNBUM BHECKOM doTOoOpedPpakTUMUBHOIO edPeKkTy. Mo
ronorpaddgpi yHoro 3anunucy B OfepXaHUX MaTepy anax
CeHCI 3BepTae Ha cebe yBary TOW dakT, wo A4 ns
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UNCTNBL-2) y BCi X NPOBEeEJEHUX HaMWU eKCchneppmeke HT a:

nL (puc. 3) , o € HEeETMWNOBMMOMAMP W 30ai Wi bALHOOCUTYI T 1 ¢
30KpemMa a30BMi CHUMUX cepepgoBul, [N AKWUX, - K I
HOLWeHHSA,n anlclé&mle. 3a3HayeHa ocob6bnuBi CTb CTBO,|

MOXe OYyTMW NOSsdC HWE HKZ OCIKDMII HHIMXT ime X aHi 3 Mi B 3 an|
Bi i KNacUMWUYHNUX @GoTOoOi 3omMePunisay.imHnx npouyuecisB T

Basytwumnmcob Ha pes3ynbTaTax nNpoBefeHWUX [OCII
®PMK MOXYyTb O6YyTMW nNnepcnekKTMUBHMUMWU BX SANKOJTOT p aH]D B
peecTpylynx cepepgoBuuw Ang nonapusali WHO- ro.
Hi KW®.

NitepaTtypa
[1] Studzinsky S.: Mol. Cryst. Lig. Cryst., 2016, 639(1), 126.
[2] Balzani, V. (Ed.): Electron Transfer in Chemistry. Wiley-VCH, FRG, 2001.

[3] Davidenko 1., Davidenko N.: Polymeric Composites: Their Application in Electro-Optics and
Polarization Holography in Organic Polymers: Advances in Research and Applications, Nova Science
Publishers, NY, USA, 20109.

[4] Davidenko N., Davidenko I., Pavlov V., Popenaka A., Savchenko I., Shumelyuk A.: J. Opt. Techn.,
2008,75(8), 528.

[5] Zhao Y., Tomiki I. Smart Light-Responsive Materials. Azobenzene-Containing Polymers and Liquid
Crystals. Wiley-Interscience, 2009.
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NJOCANI AXEHHS BIAGMETICA Ml JPOKCUBYTUPATY
METOAOM PEHTT EGIN @ CHKOP AK LI N HAOTI CBXRDY

OnekcaHap lepapy’CeWmap@o& [f&peTATKO
Bi Tani i 'CTEpHIk Me Brommwkgnmup Ckopoxopga

'Haui oHanbHuUil yHiBepcutTeT “JibBi BC/hbkmi B,0 NY KT peaiHH
Bi oai NeHMAMIDI 3meproYymnx KonaapmHaMm HER®MT yXiyMidi 3|

imM. 1. M. JInTBMHeHKa Hauyui oHanbHOIT akapgemi:i
MbBi BCbKNUNW HalLi OHanNnbHWUIE yHi BepcuteT iM. | BaHa
4 Hauyui oHanbHa aHTaAapPKTMUWUYHWUIN HAaYKOBUWN LeHTP, BY.

oleksandr.o.ivanukh@Ipnu.ua

Monirigpokcunmobytupat (NFrbB) € NepcneKTUBHUM Y

Ha PO3pPOOBKY €eKONMNori YyHO 4YMNUNCTMNUX, 6i operpapgabensb
pi amun, wo pob6GMUTbL WOro BIi oHOBNWBAHUM Ta O6iocyl
BUKOPUCTAaHHA Yy O6GiomMeagunUUHI Ta NaKyBaHHSA Xapuo
CTPYKTYpPY noni mepy, 3Mi HOKOYN WOTro KPpWUCTFani YHI
X1 MI YHI BnNnacTtTuBoOCTI . PeHTreHi BcCbKkKNUW pgudpacxkuyi i
Kpucrtani HHIi W CTPYKTYyPpI noni mepy, WO MOXYTb BKE
MeTotw pgaHoOI po60oTKMW € BUBUYUEeHHS MexaHIi 3My ©6i
Kpucrtani YHIi 1 CTPYKTYPpPI 3a pgonomMorotw XRD aHan
6i operpagaypvmBace Ha CTPYKTYypy noni mepy. LJocni p
3okKkpema pgii pi3HUWX BUAIi B GakTepin Ta rpunbis, F
Ana pocni AXeHb BUKOPUCTOBYBAaAaAM 3 pas3kKiu, AK I
MniBkwn 3 MNIrbB, 2KWBPRBODAAHAMO UAZommacer vinedardii H-p5i 1
rotTyBanm Bi AANMBaHHAM 3 PO34YMHI B nNnoni mepiB Yy

PO3YMHHMUK A 3 a °a eyminpeopaoTBy»p ug o460u . Maca 3p@GGB kmMB. n0n
Ona pocni gXeHHSA 6i ogerpapgauyi i AspedgiBus mgerk opuncrT
Penicillium chrysogenum, Trichoderma lignorum; a Takox 11 Peenimgdillass 6akTe
tundrae, Pseudomonas yamanorum, Paenarthrobacter sp., Pseudoarthrobacter sp., Flavobacterium
sp., Bacillus mesentericus, Bacillus megaterium, Bacillus cereus, Bacillus mycoides, Bacillus
subtilis, Streptomyces griseus. T pmn6mM KynbTUWUBYBaAaIuU Yy cepeoBu Wi C
Konbax EpneHmeepa°CaipoamT @maTeydpeus 0283 wdloBHOC U NN
LOOGOBY KYynbTYypy MiKpoopraHi 3mMi B i noni mepHy n
yauwy,i MeTpi aBTOKNnNaByBaHHAM 3a 1 aTmMm. M cna K
BaHOW BOAOI, nni BKSC mwpoyrmyrasamysa/nh0i5 BKoHTpone
cepegoBumwe 3 NONi MEPHUMWU NNiBKaMu 6e3 MIi Kpoopr
Ana peHTreHOCTPYKTYPpPHOrTro aHani 3y (AERES Res

ToOBYyBanwm noapi 6HEeHI i nepeTteprTi B araTtoBi i c-
AvngppakTorpamunbse ao{26p3eHkpdkom 0.022- [lindquacom
BM3IHAUYEHHA CTyneHAa Kpucrtani YHOCTI 3 p aa3Tkei B, B i

ByBanu npor pa wmHeginProa(OrigialabeCorporatiom Northampton). CT y ni H b
KpuctanClHmpa&zskii B po3paxoByBaAlum H9K BIi HOWEHHSA (
Kpucrtani YyHMMM nNi KaMm [JO CyMapHOTI | HTep @A NbHOI
Ci oBaHHS4A.
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Po3paxoBaHO MNOKa3HWK CTyneHHA Kpucrtani yvyHOC
bakTepin i rpmbi B, a TaKOoOX KOHTPONbHMUX 3pas
MIi KOppOr aHi 3 Mi B. )

BctTaHoBnGgAOGCNIWAXYBAHOTNO nNoniri ApoKCcCUMOBYTMUPE
%. Mpn uUuboOM@3 paAB&EYBHHALUO0 B3 aemMopgi anm 3 4 punbe
54 %, a ANnNd KOHFPDODUbHAmMm®D 33pPpasdzkiaB pgeGkpapenpanms
516 6 %, KOHT m@B/K4b0or o 3p

OT Xe, MEeToOAOM PpPeHTreHi BCbKOTFIo agumdpakxkuyi nHO
Kpumcrtani YHOCT I noniri gpokcunobyrtumpaTty nicna 6
npumpoamn: bakTepin i rpmbi B. BcTaHOoOBelmmemHosa myoc
Ai 1T O6akTepi M Bi AHOCHO KOHTPO/NbHOIO 3pas3kKa. Y
3HayYeHHA Kpucrtani YHOCTI MaihxXxe He 3MIi HUANKCS
edpey 30i NbWeHHSH Kpumcrtani YHOCT I MOME& @Y T H K
AocCcni aoXyBaHOro nonirigpokcumbytTumpartTy. Tob6TO,
pAecopbui i dparmMeHTIi B noni mepy 3 amMopd@HOT a3
Kpucrtani HHUMU Ta HeKpucTtTani YHMUMU [iomAwMmePNyy, T
i TpaHCNOpPT arpecuBHOro cepepgoBuwa. PYyHKUI OH
LOCTYNHI ona Bopawn, TOMY pgerpapgauyia i 3MeHLWe
dhasi noni mepy. BpaxoByluYun XxapakT enpp vBnvyi CHTUN TCUT,Y
npouec 6i opgerpapgauyil noniri agpokKcunmoyTumpaTHMUNX
cepeposBu Wi bakTepi .
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METOAWNW OOEPXAHHA | BAACTUMNBOCTI moni nA
KPOXMAJTbBMI CHNX KOMIMNO3NTI B

OAMunTtTpo ,KeMnwymppi n Mac ok, Bonogumup JleBwny

Haui oHanepuwT gHIi ®ileBi BExKiaka»,; 7980@aBylbBi B
KOpPNYRY Nn. We rmdmyirakeshyr@uokr.nét

Moni nalk/tTAMag H@n6i NnbwWwW AoCAi AXEHUM Ta nNpakKTWUu4yH
pergméd enbHNX NoNni MepHMUX MaTepi ani B. Cetpoe g pi:
BYWTbCHA ANSA [OCATHEHHS HeoOOXi AHMUX BRAnacT#BOCTE
pPpBUM € CTBOPEHHSHA NONi MEPHWUX KOMNDO3MUUI MHMX MaT
noseipy pgob6aBKaMW pi 3HOMaAHI THOT nNnpupoaun:. Takummu
a TaKOX aKTWUBHI Ta | HepTHI HanmoBHIWBaAaAu

KpoxmManb € nepcnekKkTUBHUM ANnda BuUpobHuytsa 6i
CNyrywyum aKTWUBHUM HaANOBHKBAXWEMIIONDPETI WHDT OP M 3
AONOBHWKKWYNM nNpumutamMaHHy TNNAA 3paTHIi CTb A0 Ti agpoyJ
EnkocmpoBaHa coeBa O0n1i a9 pie 9k nnacTudnmartop, |
6i ni 3atTop, TOAI HAK AWCNeEPABRIBNIeKAPOHORAWMHKAaADNI
NKwWe Mi LHI CTb, nokKpawye Tennomi 3MyHI BlacrtusesocC
mMaTepiany [2].

Ana oTpuMaHHS nNoni NaKTUMWAHUX KOMNO3WUULUI WHUX M
ngeo 2500 HP i pavime pNcaH wuir enMo o MISC Jio B  H-A N O B H 10

ui o, o6pob6bneHMNn CcCTeapUHOBOKW KWNCAOT O I o BKypBi awl UT O T
KapTonnaHMWN KpoxManb i enoKcuMmpgoBaHY CO€EBY OJ/MWNE
3a 3HayYyeHHAM wMoayna pedopmadil po3pao@neHi
MO XH a Bi oHecCTM Ao Manoged@opmMaTUBHMUX, AK i X ap

pedopmMauyi aMM Ta CUNBHOKW NPYXHOKW nNicngpgieil.
Moaundogi kKoBsBaHum 10% mac. ECO pgeMOHCTPYE 3HWUXEH
nopi BHAwWMm™ F1/TRucT

Ll i 3aAaKOHOMI PHOCTI B nNepuwy 4Yyepry MnNOACHIWIWOTDbC
3HayYyHO 36inNnbwye BiIiNbHUWK 06" €emM y cucrtemi, cnpwn
nNicna 3HATTHA HaBaHTAaAXEHHS . Kpim ToOT O, BBegEeHH
npyXHoCTI , oco6nmMBOoO NOMIi THO B MaTepianax 3 06i
ECO B cucTeMy ycCcyBae 3M&r d HEPHWHD Ir®N /HABET 0B & ®@ a J ¢
noni naktunay, 30KpemMa 3 MEHWYKWYUN KPUXKICTb MaTeE
3anosHeH/TA MoAaynb BUCOKOIT MNPYXHOCTI 3pocTaec.

| CTOTHMUM Hepgoni KoM noni nakKTuagy SK NONi MepHO
Tepmi yHoOoi pgecdopmayii (TennocTiMwkicTb 3a Bika =
3acTocCcyBaHHSA. MpoTe NBENODBEARAKONIMCHE&@WBAKNX €N NOC
yepry 3anexutTsb Bi 4, HasasBHOCTI Ta BMIicTy pobas
nnacTtudoikaTtopi B

(%)

JopaBaHHA EQiatvaHoCandQ@BuUMWYy e TennocTi MKI CTb

pi ani Bl15°aC, 108 pmeputye p.ee3s HU3bKY pAedopmMi BHIi CTb U
BNEDODM TeMnepaTypu Ta HaBaHTaXeHHSHA, WOo,4yasci 4NOB:!
Ho ECO pagie a9k nnactudi kaTtop, 360i NnbwytwyrW BIi Nb
nisauygi i MNOA.
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Bi . 3HayeHeO nNHiemg3BHMAUYEHH HA T BepAOCTI BMUCOKOHAaAMO
BMi cT ECO, wo nepeBunwye 10% mac. , nNpns3BoOAUTHDL
yepes3 MNWoro nNnAnacTudi Kyruyunmm edexkrT.

TepmMmomMexaHi YHUW aHani 3 nNnokKkas3ye, WO aionrgpas a t
poaAy TepMOMeXaHi YHUX KpuUuBUX, ToAiIi HAK BBepfeHH
wo o3Ha4vyae nepexipg NANA y B’ A93KWW CcTaH Yy [ABé
nnaBneHHsa B 6i K BUWKMX TemnepaTyp.

Po3pobnewHi MaTepianm MTHEOPr CON €EB M KM@ Bl Il C TOUHSH S € (
nakyBanbHiIi M npoMumcnoBOCTIi Ta BUPOOBHWMUTBI O nH

CnuMcokKk BUKOpUCTaAaHNUX [Jxepen

[1] Levytskyi V., Katruk D., Masyuk A., Kysil Kh., Bratychak M. Jr., Chopyk N. (2021) Resistance of
Polylactide Materials to Water Mediums of the Various Natures, Chemistry&Chemical Technology, 15
(2), 191-197.

[21 Masyuk A., Levytskyi V., Kysil K., Bilyi L., Humenetskyi T. (2021) Influence of Calcium Phosphates on
the Morphology and Properties of Polylactide Composites, Material Science, 56, 870-876.

3] Macwk A. C., Kucinb X. B., Ckopoxopga B. WN., Ka-
Ocob6nuBoOCT I ogepxXaHHSa i BnacTtup@rcrsig.6i HApMinK, cw
peyoBUH Ta 1 x 3a<€d5o0cyBaHHSA, 3(2), 146
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OCOBNNMBOCTI OHBHEP XXAWAOEI PAOABENBbHUWMX
HAHOKOMIMO3WTI BHOBAIT OMOHT MOPUJTOHI TY

Bonoaumup KB acOmecksckanriig’p TpuuyeHko
Bonoagumup MppBadarublinilmois @ediki Kauop
'Haui oHanbHNWii yHiBepcuTeT «J/lbBi BCbKa NONAi TEXHI
vkrasinsky82@gmail.com
locnNi AHWUbKA MelpexBMTlyKaicCKEeMmepi i NOoONi MepHMX
BynCkMopgpoEmpkob5, ToOpyHB, Monbuwa

3a ocTaHHI Ki nbKa pPOKIi B NPOMMCNOBI CTb CWUHTE
I H i HamMaraeTtTbCcda cTaTun O6i NbW e€eKONOTi YHOIO. T c
Ni MepHOT ynakoOBKMW B@e oy dmIpialie BMIXK OrDB@ATPA BY, OT b
o] 6i ononi mepwu 3amMi CTb Tpagunui NnHKUX CUHTEeTunuy
niMmepnm MawTb KinbKa CYTTEBUX HepgonikKi-=s, K i
X HWM3bKa MeXaHi YHar bMi UCHTIi CATKbi ,C TTbe PAMIO CPTOi 3MYKMIH H U K
acTuBOCTI Ta | H. OgHMM 13 CcCyyYyacCcHMUX Ta EeKOHO
pakTepucTtTuk O6ioagaerpagabenbHNX nNoni Mmepi B € BE
TOKW OTPUMAHHA EePHMXUN AHMKO KD OIMIOEM UT I B. BoaoHoOuYa
ANOoOBi AHOCTI BMUMOram ©O6iopgerpagabenbHOCHTI T a
BaTtTwu Bi ANOBIi AHI eKonoriYyHo YNCTI HamnmoBHIBAa'
HOHanoBHWBavYaMuM, HAI BOUEWPUICYBDBYHST b@isoger papg
BYyrneuyesi HaHOTPYyOGKMU, HaHoOYacCcTMUHKM rpadgeHy
HOBOJIOKHAa Uuenwnos3un Ta WapysaTi cwunikatTwun.
Cnoci 6 mMoaumdi KyBaHHSAS antwMoOCWUNi KaTHUX -T AUH
NbHIMMBB Ha CTPYKTYypYy Ta BAnacTUBOCTI oTpuMaHyV
Cni oXeHHsS HOBMUX MeTOAaiIi B Mopgwuddi kauyi i HaHOT NW
ni mepi B. Y uin pob6oTi BUKOpUCTOBYBABCHA po3p
0
3
0

I MO I W W 2 X T T 130 O w
V< DYV SO OO0 =

Q

Hi TMT)( M BUKOPUCTAHHAM nNnoNniBIi HIi ANi poni OHY
YUHI 3 nojganbwnumM BULTI NTEHHAM TPbOX OK-pPeMUKX

ro MacoBOro cniBBiIi HOWEHHS KOMNOHEeHTHEB ( MM’
CTi MOAUNNPMEK OB ak@DKG OMY wWwapi PO3YUHY. Ana [o
KHyWo0y €eNnNeKTPOHHY MiKpocKkonNni w, peHTreHi BCbKYy A
i aNbHY CKaHYyWO4Yy KanopummeTpiw Ta i HPpayepBOHY
oKas3aHO, Wwo W HMMTp KMODKIO&B aiMPpUMaAaTUM B HUXHBOMY L
pM MacoBOMY cCcniBBI AHOWEHHI MMT/ nBMN = 1: 2. Bc
OMNOHEHTI B Yy BWUXI AHOMY PO3YNUHI Malxe He BN
epeAgHbOMY Wapax p on3nYBMAHEY , H aa JiIBEU XCi yAT TKEIBHOL, €BBMM X N P C
o6oTIi AOC/Ni AXEeHO CTPYKTYPY Ta TepMi YHI BNnac:
AHakoBuMuM BMIicTOM TBI, ane oOTpUMaAHUX Pi3HUMMU

MawTb PpPi3HY CTPYKTYy/HpWwaHTMaA BT/aakcutw BuwomcHram NMMTp cy T
TekKydyi cTb ©6iononi mepy noni 6ytTumneH cykKuumHarty i

nNNi BOK Ha MWOro OCHOBI

O I OSSO0

O OXaJEFEOWRhOTOT 3L <€

MoapsR@ab6boTa BMKOHaAaHaAa B paMRAQRbLCEHKOBOGORAYKNEPA
y «[ocni oXEOHWHSEHBAOWBY NNi BOK, oTpuMmMaHuMx 3 6i
aAaHOKOMNO3UWTIi B, Ha 1T X CTPYKTypy, ©O6ap’'epHi Ta \

T -
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T OI WP WWIOXRwWAEONT X -
S OS99 99 49 S0 S0 o

MI KPOCOPEPWWYHI OBBMOJ/JIHT K OMIMO3MAHO BHIA
BI TUN3IHAHOI O KAKOJNKAYANT SATORATI OKUC
OETl APYBAHHA BIAO,YHYAC

OnekcaHapa KMepskBonownHa, Nwéos MaTtpunnsacx,

|l HCTUTYT 6io0oo0opraHi yHoOoiT Xi MiIi T Ta HadpTOXIi M
BYAK apgekw xap 4, 1, wmo.periko@ignail.cony Kk pai H a,

OcHOBMMO®MU €EeCOM, CNpAMOBAHWUM Ha nNOTr NUMOBGAEHHH
NiHOW W KpekiHTIy. Y pes3ynbTarti, oOKpi M ©6eH
NbKi cTb 6arartToro HeHacCcuMyYeHWUMWU BYT N1eBOLHSANM
akui AHI I 3 fAaHTOH O T Ha cllope BWHMMN aHanor ammwu, €
OKamu BV iHHi ailpTOX O MU CTOBOCT I [ MOXYTHb 6yTwu
HHMUX HadpPTONMpPOAYKTI B. 3okpema, BaX/IMBOW CMU

MaTepiani B pi3Hux lBéygyaain-S@p 6w HGN oce00C TOI A

pPpoO6GMNAKTGDL nepesBaxHDOo KPi Ol € HHKOPKE K L1 MW C ¥ U JHAaUd Te
Tani TUY4HOW AMMeOUHAKI €30 220IROH B N YB.MHUK NN ne
MKoOoro BuUpobHMUTBA OGBYyTapgi eHyeeg BOPEROBHTI YIcC
TNi NoCTi MHO 3pocTawyYyoOro nNoONWUTY HAaAa HbBOT
bTepHaTMUWBHMUX TexHoOonorim BUPOOBHMUTBA, - Han
HHA 6YR aAaM§OKWMUCHOTNIO, TakK I HOKBEHOT ©N1 BKIBWHIY
KaHOBOT CUPOBWUHUN 3i cnaHuyuesoro rasy Ta | H
nMmBae Ha aKTWBHI CTb KaTanis3aTtopi B Ta- T XHI
K'Yy cCnoXmMBaeTbcCA MeHLwWwe eHeprii Ta MPUT HI

CMHOMY pAaeri apyBaoOza my maxumi x@@PakTtep -0KUC
HROMY OKWCHEHHI BYT NeBOAHI B.
AK OCHOBY ULeoOoONnNi THUX KaTahnis3aTtTopi BB KafTanirT

rnapgatwTb Ueo[l], BEA (BEtA [2] T(aY )MF | -5)([3EMsAMa 1 (pi K O/BH H | L

Mi HyBaHmramMi Mnper HoBaH[#, cGo k3 moBiYam HavyaeThbcC
Bara Hoci iB[lladonemRlgwma@cmWOTHI CTH, A[JOCHATHYTOIH
o , oyeBUAOAHO, NPUT HI YUY E HebGaxaHi No6Gi YH I
Leoni THMUX KaTanis3aTopi B € T XHSA HMU3IbKa akKTwus
OgaHMM I 3 wWwnNnaxi B ni asunueHHSA e0dile KITEUTBKHUOXC T a 1 |
MOXeEe BWEBPUCTAHHSA TexHoONOTrIii Leoni TOBMI CHMX
ueoni Tty 'y BUTIrnagi TOHKOT O NMOBEpPXHEBOT O wa
Andy3i "HUX nNnepewkoanq, 3MeHWytLYNM andys3i WHMUK L
CKOHUEeHTpPpOBAHIN. aKkKLien BcHN p UUAETHATMPE 3 POCT aHHIK Ccen

npoagyKTaMMu p sakLial, Kampinmp you u nepeo6ir BTOpPUV

yyacTio, Takunux 4K KpekiHT, oniromepunusayi a,
KOKCOYTBOPEeHHS, WO € eBKarA/BVHBOUCM | (b akkaTtToapnoi M8 a g @ [
ypaxyBaHHAM BUCOKOTI KOHUEeHTpauili HB y peacxuy

3 ornapy Ha akKTyafnbHI CTb NOWYKY HOBWUX akT
XaHHA nerkwuwx HB, MeTOoOw pgaHOI po6oOTMWK® pbéeyaskol i B 1
CO,-0 4 6yTaHy Mi KpoC®depunuyHMXx KoMNno3nTi B, CHul
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Kaoni HY, ueoni THY a3y A K haxi ZmD @ n duiekayngoavsi 1H y B &
neperpi Toww BOAAHOKW nNapot.

AK OCHOBY anA CUHTe3y BUKOPUCTOBYBANM K &
(YKkpaY-Hadni ToBMIiI CHI Mi K pio sithbe @ B G 14 1© Me Mp]|BvaenTno 4 o
MoTi M KOMNO3UT nNepeBOAUAUN Yy NPOTOHHY dGopmy i
p o34 naNOg); ( 3 p alaMSy azoOLl, ( 3 paZsMSk Bi AonNoBiIi AHO. Tepl
AeaniwMi HyBaHHSA 3pa3kKiB 3ai ncHwBanu debgMdi 800 °
deZrMS) . 3a faHUMU peHTreHoddpnyopecueHTHSIO, D aHan
27 %M a Al,O:s. BMicT naHtaMSgyT §HGPAB K4 KaovHaicZaoMSs—a Uy up
55%Ma c .

AK 3acBi AUY4YWTb 3HI MKW CUHTE30BaHWUX 3pa3kKi B,
EKTPOHHOT SEMK,pogkKkoOpneisiynégrtarti GopMyBaAaHHSHA M i
CTUHKWN MeTakKkaoni Hy npasBunbHOI cCchpeemaxo20 dop

MK M. Y npouecinsimy yrasaodyp e He 9 nNAMWC3. b KLDE 0300 T y
CBi A4eHO 3a p[OoONOMOTow peHTreHodgasoOBOINo adHa
n6byBaeTbCcAa pAgesKe NOPYWEHHSA Ui Ni CHOCTI Mi K p
A 4Yac peanwoMi HyBaHHA MeTanoBMi CHUX 3pas3kKi B,
O MeM,0B i pPHO, aCTKOBO pPyWHeETIbTT,A WBAIMB R AE MAD ([
BHOT yacTKuW ULeoni ToBOro wapy 3 MOBEePXHI M i
HT @R Xe, MOXHa KOHCTaTyBarTMu, Wwo CcuUuHTe3oBaHi
ynewHi ELEeYMiIi WAWBOMI CHOTO0O KOMNDO3WUTY i oKpemMoTl
TaHHbBOI 6i nbwe LaWS ikdelaMSI i3aa @aoip &y 1 BMi CT ue
anwoMmi HoB aeédekakMSidlgZMS e naHOBUTbL 12 % mMmac. [ 15 %
3a pfgaHuwMmmun HM3bKOTOMMNEPpABYPROLI Tafas®pTy, B
Kpocgepunm HabyBamwakw IiaKMaed Xp@puUucTOoCTI . Mi cna
WO 3HWUXYETbLCA KIiNbKIi CTb Me3onop. Mi K ponopwu
M3 bKO 15 % BI A 3ar anb/HWON i HIYB@RWHBTO CTU T 0 MAI CI
EHWYy€eETbCA, a YyacTKa i KPp.onldApu 3 HEHEKNME T BOMA H A C
aXéHBiMiycHOMY 3pasky, WMk opa3@ea 3 WAMNW ME@B I
HyBaHHA Kpucrtani Y4HOT i NMOPMUCKTAO THEC TRO XY X W TP WM
apy KOMMNO3MUTY [ He noepgHaHa 3 Kaoni HOBOK
TBEPAOXYETHDbLCH TMBRITPOM BX HAdXnal4 i KO/TUBAHGL
OKO4YacCTOTHMUM 3CYBOM CMYTruM NOTFAMHAHHSA, o E
KONMBAHHSAM-BTBE TAmBakei BP | B kaipxoa clyQs B cIw 2 0

AHani 3 npodi ni B TepmonporpamMoBaHOI oecopobuy
XapakTepucTukKkamMm HepgeasnnwMi HOBaH.I 3pa3kKun € noog
(Makcumymum BO4H0@NALPHIZ HE3HaAaUYUHOW nNnepeBar ot
AeaniwMi HyBaHHSA 3pa3KwWm BTpayvyawTb 3HaUYHYy Ki NbK

M OO S O30 W w oL 0
® 0 49 0T T T O® o

W O0T W woh =
S —TxXx< sz S o~

O b O =T

MeTany, cunmna LeHTpPIi B BMUAUMMUX 3 MIi H He 3 a3 Hace.
AK BUXIi AHI , T ak i AeanwwMi HoBaHI KOMMNO 3
CQOOA6yTaHy B TemMnepaTyvdIHOMyYyCaoi Qo@isomHaHHDOXo0nNno
Aocni gamu y NPUCYTHOCTI KaTani 3aTtopa (puc.
peri opyBaHHS Ha AoOoCAi AXYBahWnXxyi Ko wneoaskuuti aix., Yi
peacxui i NnyacBs0 puldBiab 0 BO y MBI KFUBEB, a Takopk nobi v
C;ankaHun (pwuc. 2) .
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X C,Hyp %

S,mo n pH
100

14 - & - HMS-CO2
12 —#— HMS
—&— LaMS
10 —&— ZrMS
—QO— deLaMS
8 | —A—dezrMS
6 —X—XO0NnNocTMn
--X- X 0o €COU
4
2
0

BY 10 0Cf% b

425 525 0,3 6 0,9
Ig(1+X)
Pmnec. 1. KoHm®mepicicie oyt ahB/@) (( cHTab 33paa 3& a x
pi 3HOrd ok/BaKyaTani 3atTopa. IoraiqgaCaieis
Y, % moHMHMSC1 Y, % mohaMS§1 Y, % mon. Aigs
4 4 4
—0—1,3-BD —0—1,3-BD —0—13-BD
—e— C4H8 —e— C4H8 —e— C4H8
—-C23 HeHJac —-C23 HeHAcC —#@-C23 HeHJC
3 —4—C13 Hac/uuy —4—C13 Ha 3 —4&—-C13 Hacpu

Mi Kpocdepwnu

'BacToOoC

Mi Kpoc (pe

0 0,3 0,6 0,9 0 0,3 0,6 0,9 0 0,3 0,6 0,9
lg (1+X) lg (1+X) lg (1+X)
Y., % wmohMSeQo2| Y. % Mo .delSeMS 5 % Mo ndeZris
4 —0—1,3-BD —0—1,3-BD 13-BD
—@—CaHs ——C4H8 ©— C4HS
—#-C23 HeH c —a—C 23 He Hac —§—C 23 He ac
—4—C13 Ha 4 —4&—C13 Hacwuu
3 3 3| #&C13 HatCwuu
2 2 2
1 1 1
0 0 0
0 0,3 0,6 0,9 0 0,3 0,6 0,9 0 0,3 0,6 0,9
lg (1+X) Ig (1+X) Ig (1+X)
Puc. 2.npBbwmykgieepci i OyTaHy Ha 3pa3kax
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padHElXy nNpoOoOTOHHI W dopMmi € HalWaKTUBHI WNM: K Ol

3poctaTtunu BiIi g &Q0 HaC mMmMepwmci.oBM] CHMX KOMNO3MUTax
3cyHyTa nbMSBB HARIHKO BU WN X T-€lMme p°aCr y(ps uHxai A5HO i A e
3pas3kun B)anéigi MmuyaTtTkKy peakui i OCHOBHWUMW; Npopay
HB (pm®wc,. clenekKTUBHI CTb 3a SAKWUMWU 3 HUXYETbCSH 3 |
cCuepauyi i K peimyremom G i B . Y pe3ynbTafCiHB,MiycT O
NPOOMYK CTae nepeBaxawyumm (pwuc. 2) . OueBKWMAagHO, E
MYy€eE npouec KpekiHry ©o6yaMSH4ArMS, e@ak BnkHME) Hpa B13 p§ 3 |
30i NbWeHHSH cCTynewHs nepeTBOpPEHHSH I XHI W BUXI A
Haw@buw ui HWeHdo. T oldil ,33Mi HM MOXYTb OYTM NOB' A3 aHi [
BEpeHcTepom I JlbwicoM Yy 3paskax.
BHUXEHHSA KiNbKOCTI KWCNOTHMUX ULeHTpPiIiB Yy p[ea
CNOTHI ueHTpPpU bpeHcTepga), U aFIPUYTOMHMH & PE&M MK T
Ui TbOBUMU NpPpOAYKTaAMNU, npoTe LLOTFTrO He BIi A6yl
YyaTKOBMUX eTanax peaxkuyi i dekapl® icdeZaMS 3 @e /HeaKNTOM BHbi LLC

HHuB A1, 87Ti M BOHAa WBWUWAKO B HEAaUCATEYTNLECHAA Bl eMie B
OPOTHMUN O6Ii K peantwMi HyBaHHS nonaArae 9K Yy 4yac

K 1"
3a
no
T
3B
camMol npouepgypwu TepmMonapoobpobkwu, T ak i y 31
CNpUYMHEHOMY 36i AHEHHSAM WOro adqeowi WB KIMIA & [ C K
akKTuneE@wiai KoMnosauntTi . Ha KopucTb OCTaHHHOCO CBI
Ten, opepxaHux aAna 3pa3kaCO, B Wemo @ypea&xHrqQr @ xoak npii
UYNHUT b BiQDgyTmMac TBHacNi 4K OMCeplieXKiTeABBE 8@ XKEHBMA nj
Aeri apyBaHHSH [ nMo3HavYyaeTbC4d SMEHWEeHHAM T XHbO
NPpoOAYKTI B KpekKiHry 3a TWUX caMWXx <CcTyneHiB nep
BMULWOT TemMnepaTypwu.
3aranom, M eL®, &r) O BKMO MCTHO 3 WI(T M P YAHETM0O C X O XY -MIi X CC
Ni TUNYHY mMoe JUAHOKBYW, 0 e Pe K TUMBHI Wwe T anb MaBEMIKCp €Ki H
H®MY 3pa3Ky pagewo edekTuMBHI we Bi O byl a e3T byPsa XyeraiH/
HeraTtTuWBHOINO BN/AMWUBY [€a/ KCMel JIHEYKBTa/HBHHSAI CH & 10T UB HLiXKG
3acTocCcyBaHHA Ui el npouepypun nNnpu opfepxXaHHI KaTeé
OT xe, pe3ynbTaTtTun pob6OTM NOKa3ywWTb MNPHUHLWUNOE
BMIi CHMUX MiKpocdhepmnmuyHunmx «kKlaemb6dBrzvmrakBlL,kKamao nipdiBKk qeeaE
CQOO 6yBameTow Ni gBMWEHHA T XHbOT e®d@eKTMWUBHOCTI
6ye pos3noAgi N1 KMCNOTHWUX ULEeHTPpPiIi B 3a TuUNOM I C W

KUCNOTHWUX ULeHTpPI B Yy peacxkuyi:’i

ABTOoOpHMHu 3BIi TY BMUC oM. ODPWT bHAMHOAYKYaT HuN, O. X . H. npod.
K. xXQ.HBlapi Hiw Ta O.B. i kparTi (I eoX i m. n. B. MncapxescChb
npoBefeHHA KaTani TUY4HKUX pJocnigiB i JonoMOry B OfepXaHHIi

Nitepatypa

[1] Volpe M., Tonetto G., De Lasa H.. Appl. Catal. A, Gen., 2004, 272(1-2), 69.

[21Mi chor c zy k-Tdmerg K., Kliehdrczyk 8.ket al.. J. CO2 Utilization, 2020, 36, 54.

[3] Ajayi B.P., Rabindran Jermy B., Abussaud B.A., Al-Khattaf S.. J. Porous Mater., 2013, 20(5), 1257.
[4] Mehdad A., Gould N.S., Xu B., Lobo R.F.. Catal. Sci. Technol., 2018, 8(1), 358.

[5] Himpsl F.L. Patent 4581341 USA Method for producing cracking catalyst, Apr. 8, 1986.
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NOCAIl AXEHHSA AETIPAMJAILB OK
HA OCHOBI MNOMITANKPAAKOATI B,K TIOO™M 1A
TA | X CYMIBMEHWX CEPE/OBMWILILAX

lrop Cé&MeiHbKkMe*’Britkimkopi 5% Kouy6eli
OnekcaHAapBdBamwMnp TKkopoxopda
‘Bi gai neHMAMDI 3meplouymnx KonaapmmMa H iH'C BT Yy idii 3
i M. M. MnieBnHeHnwy nTHAMaykmpaiagn 3 A, M. Nb
Hauyi oHaNbHUI yHiBepcuTeT “JilbBiBCbKa NoNi Tex
yuriy.ya.melnyk@Ipnu.ua

AKTyambeMMOCNI AXEeHHA HanpaBNeHiIi Ha po3poob~n
npM3IHavYyeHHA Ha OCHOBI ©O6iopgerpagabenbHUX -Nnonai N
caytvwpat (NOICbB) i noni nakTtwng (MNNOTA), akKkipusyep X
TbCcA 6io0ocyMicHiIicT Ta O6iopymarmpmapmgaldEEBLHIA-T Do 3 I
Ma8WN HeoObXIi AHI MeXaHI YHI BnactTumBoOCTI , a - x cI
neyeHHA BIi A CYTHOCTI ULUWTOTOKCUYHOCTI .T olBnyi BTKbUC Al
B CMCTeMax KOHTPONbOBAHOTNTO BWUBI IbHEHHAM -1 Ki
ni sy, npouyeci B, Ha fAKI BNNMBae cKnanapg CyMi welw

ARi NTbHeHHPBpUW NPROBPOOBNEHHI 6i on®l pMEAM S MIDHIOX NP ai-

B
nepweopr oeBe 3HaYeHHA Mae€ PO3YyMIi HHHA Ta peryniws:e
cepepoBuuax.
MeToOol pob6QOT@NniOFRO®HHSA T 1 4 p OoUOIiNTI Y HOOPTO K ATE @apla M
nNhakTnagy Taf[ina cymiT@®ey. noniri gpokKkci ankaHoarti
6 a kK T eAzotolimcter vinelandii N-1 5 Rhodococcus erythropolis Au-1. Ky nb TMBYBaH
bakTepi m npoBoOoAgMANN HaAa cepepoBun Wi Ewé6i Ta bep
EpneHnmvmeliepa omy mpupevxigipiH (220 o06. FPXB. )pH2 a6, De
npotrsarom 48 r1ropga. Bnpagi nenHna TNIFA i3 6akTepi an
dbopmom. OAna pocni AXeHb BUKOPUCTOBYBAAU KOME |
3pas3kun y BUTNAa®Di 50NIMBEMK BT @BImMBRGHAM 3 PO3YUH,I
H a CKNAHI nnacTuWuHMW. BucywyBaHHSHA npoBOo°@unwu
ynpoagoBxX p[ob6bu. Mni BkKM 3Baxyssanwu, nomi wanum B
dboc pactoHob o BUM 6y hepFrdmd) PCHeppépHL, 3, 6 i 12
nomi wanum Ha i nbTpyBaAanbHMN nanip, 3 BaxyBanwu
Mi cna Lboro 1TX npoMumBanunu A[AuUCTUNbOBAaAaHOW BOAO
MMTC.T. °d pg600 NnocTBBEAXKYyBEMA@MTA BMU3IHaAyaAu BTparT)
Ana oui HKW pgerpapgauyild N1i BOK Ha OCHOBI nr
mMeTopgammeKd M Mpockoni i, KOMNNEeKCHOrINo TepMiYHOT O
Macwu. Mokas3aHO, wo Tr i QREOXiAapPAKA@EpPpASyYPpAKEHI| M O
HAM MO/NMeKynapHOTI mMacwumw Ta BTpaTow Macu nipg
rio gaponi 3y B (i 3p0o34YunHI NOCUNIWETbLCA B Hanpawm
6y hbeplilTA < NI/ NMNA cymiwmw < [FfFB. aPRas iy By T a1 I, T BE
CTPYKTYPWU AOCni gXyBaHMUX nNAi BOK Ha OCHOBI b o
Ni TUYHOTO PpoOoO3KNapgaHHSAa, NMPO WO CBIi 4YNUTb 3HUNX
TepMoCcTaTyBaHHSA Yy BOAHUWUX CeROILHBOM DA Xa.H abhg 3w/ b
30i nbweHHsOKI npyocyi cknapgi pocni axyBaHuUx ©6i c
BKa3ye€e Ha HaaBHI CTb i ApoNni TUYHOTNIO MeXxXxaHi 3 MYy
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1l 3INKXKO MI YHI 3 ACA AAMH KD E P XK
Monlt NAKTUNAHUX TBKPWAUT

HatafemeHIOK, FranmHa [y p[ok, FOpi m Tkaumk, B
Kadpe Ap &i MeHXOH ome g @ Pro/BaKaNT IMAate 1 X
Haui OHZAL B P«</UETERITBOGCBKBEXHI Ka»,
YkpalleBiy Bag@pgepu, 12
nataliia.b.semeniuk@Ipnu.ua

Mi gaBnweHnim I HTepec Ao OiopgperpapabenbH@Xx NONi
TUCb B yMoOBax JA[AOBKIinnga nijg A[iew BOAawu, COHAYHOT
HeBeNnNumKoOoro 4vyacy. Mopap 3 UUMPI BlL,OKPURK@Fe&EMA, N3NNI B
(NnA), BUKNMUKAKWTb 3ali KaBNeHHA y nakyBanbHI K i
6i oTexHoOonorii

Y paHi W pob6orTi MNA nniBKW OoOTpuUuMyBanum 3 po3uyy
3 eHi [ AnxnoperTawi .po3a/VeHHHIK aB iKpP HILEWHPEr @A wiea noni
BMna 2..8 % mMac., TewmMn€pajflppa PYRHHHANKO@BHOO KN B
TaAaKMUX UY4UMUHHWUKIB: AocTaTHHA pPO34YMHHA 3pgaTHi<TbL MN
Al EHTAa B ABKBEemMHALBRARaAaYHOT ycapgkKun nni BKMameb g 4Ya
HMUN TemMnepaTypHWUNW Tpapi eHT B’ A3KOCTI , wo none
(hbipmgwarHHA, peaepavyi a) ; HeobGXi AHaAa CcTyniHb-1€TKOC
npABYBAaHHA;, Xi MiyHa CTiWKIiCcTb I i HeEpPTHI CT-b WOAO
p urca H i PO3UYMHHUKNU 3 J4aTHI JO conbBaTayii -aKTWBH
OXeHb OO6rpyHTOBAHO OCHOBHI ctTajfgi il BWMHYT O-Bi g1kbH A
pgaHHA, dGopmMyBaHHSA nNAi BKW, CcywWwi HHS nni BKW 1 11

BnasneHo, Wo pPpo34yYumMmHeHHA TIJTA y p[JaHUX PO3YUHHMNU
cTtapgil Bi byBaeTbCcd HabpakaHHA noni mepy BHac~ NI
PO34YMHHMUK a, WO BUK/IMKAHO BEeNUKOKW Ppi3HULEW VY
po34YynmHHMKaAa. Ha papyrinm cTtapgii BigbyBaeTbCs B3ac
i CTUHHOTIO pPO34YMHY. BcTaHOBNeHO, WO WBBRAKHYTHBE A
TUCKY. Jocni gAXeHO Ki HeTWUWKY BUNapoOBYBaHHSA po34wu
TemMmnepaTtyp I pH cepepoBummwmax. Yci 3pas3kKunm xapakTt.

BunaBsneHo Mopdonori YHI OCOoOO6nNMBOCTS B HICOUTHiN alkJT @
TUdPi KatTopa i uepuHy. MNA nniBKW, opepxa-Hi 'y n
TY CTPYyKTypy 13 cepefgHimMm po3mipom nop 0,5 MKM.
nniBOK i3 NoNniMepHMUX CcyMi wehn,a B HARKRUNYTeAQP®DE3 LD
dha3szy. Mi g4 Yyac BMNapoOBYBaAaHHS PpPoO3UYMUHHUMKA BIi ob6yBa
PEeEHHAM NOP Yy CTPYKTYpPiIi KOMNO3IUTY. | 3 3MeHWEeHHSH
He BUpPpaXeHa | 3o0cepeagxXxyemkcaobnapeBAXAOI BKApMUNO!

MNni BKW Ha OCHOBI MNA Ta cymwmiwen MNNA c3-imni ye,)
KicTHw Ta TepMOCTIi WKIi CcTIO. Jochni-meEe@aei BANUBINAQEPTNI
MO AaWMI KOBAaHMUX nNonNni nNakTuUWAHMUKX MaTemipawyiBR.T N Ha iAM il
BMUKopucrtoByBaTtu TNJAA Luminy LX175.

Ha ni agctasi BUKOHAaAHUX [AOCANi oXeHb O06rp-yHTOBaA
pabkm®» NonNi NakKTUMAHUX NOKPUTTI B Ha nNi gknapgkax pi
MaTepiani B i3 Haoiwmui,BWOMIp eBwaa OQTIAB IA@AKYBanbHOT |
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MOHOMEPWN HA OCHOBI POCINTWVWHHWMX O/NI
and CTBOPEHHA NMOAI MEPHWMX W TOK
I 3 TEMNEPATHRMP&OBAHMWMWN TMEPEXOALAMW

AHacTaciga, UopowafteyunmwnH, Bonogumunp O
Haui oHanbHui YHiBepcutet " T9OOILIBCbBY N0 LI T dX
anastasiia.chebotar.xt.2020@Ipnu.ua

OcTaHHI M YyacoM 3poOoCTae I HTepeyxT I /OWB IPX 3MP®OIKN
cuncrtewm, WO  ROYCMDOOBNAMEBEOBHE [Mi IX H KMOOKB | Y bB iHMA H e 3 Hpaa4 H |
Typwu. Bnpgi naioTb KiAyYRAUNBRPYXN NDAMMEepPAaBY P &K i K J
MeXaHi 3MaMmMu -i HEQWIKeO@BaT™YPFd o BIi ANOBI A4 [ 1] . 3 HM
npeagcTaBNAT bY yTagIMMBEe pamy/pieiMe pec HOBBMT € MH a nep
TemMnepaTtypyggcknysaHHa (T

HamMmn po3pobneHo MeTOAUKY CUHTE3yYy HOBWUX MO

onim Ta canomMacy (nNnpoAaykKT ripgporedHisauyil po
CTPYKTYPpPI aEpanriveevH T4 HiM M3 g, aT Hi BCTynaTtTummBpipeack
3auyi . Moni Mmepm CUHTEe30BaAHI Ha T X OCHOBI Ma K
HadpToXxi Mi YHOT O NMOXOAOXEeHHS: 6i operpapgabenbHi
Bi 4 CYTHIVWCETOBI OH eBrMamM BY HET @YKWBKY piy1ac Y HT]e30BaHUX
TBEREHO 3a fORowmorMdwre Kk Tpockoni i Ta MaccnekT
pe3ynbTaTti T XHbOT nNnoni mMmepusauyii romonomimMmmepwnu

BoCcTeln OYHOBON,b BRWEKTOM BHYTPIi WHbBbOMO/NEKYNApPH
SHUNXeygwmx Tnoni mepi B A0 di 3i 0N00ri YHMUX TeMmMnepe
paTtypy CKNyBaHHS4A CYynpoBOAXYITbCH CYTTEBUMMU
BnNnacTumBOCTEN M®OMIi MEPHIB, cmakKkemm 3 TemnepaTypH
i 3i onori yHMx TemMnepaTyp MOXYTb OYyTW BUKOpMUC
NPMU3IHAYEHHSs.

Y npepcTtaBneHiu HaMWu po6oOTi MeToLOM papgwu
aTOMIRP)( Ha XHoBexna copMoOBaHO HaHowWapwu noni.l
MOHOMEM@K pMnol NQmrl@2-o) gparRc W@HDagTGL CUHTE3-0BadH I

B i KacTopoBOI oNni-Xi MmiJuoHCiN i F /K& GO BJDI C3TMIK OO T P U M a
TeMnepianyyYwoBAMI HH MOopdgonorii mMOoOBEeEPXHI T a ;
Mokas3aHO, Lo CcuHTe3oBaHI Wi T KoBI NonNi MepHI
CKNyBaHHSA Yy Mexax @Mi33ionoriyHmx TemnepaTyp.
NOoONi MEPHUX Wi MXK A COIl g MKe B WMWK, TKAQHWHHI N | HXE
Ha T X OCHOBI 6i oceHcoOpi B Ta cucTtemM Linnecnpsamw

Nitepatypa:
[1] Switching it Up: The Promise of Stimuli-Responsive Polymer Systems in Biomedical Science Yana
Shymborska, Andrzej Budkowski, Joanna Raczkowska, Volodymyr Donchak, Yuriy Melnyk, Viktor
Vasiichuk, Yurij Stetsyshyn https://doi.org/10.1002/tcr.2023002172 02 3, The Chemi c al Re
[2] Z. Demchuk, O. Shevchuk, I. Tarnavchyk [et. al]. Free Radical Polymerization Behavior of the Vinyl
Monomers from Plant Oil Triglycerides. ACS Sustainable Chemistry & Engineering, 2016, 4, 6974 —
6980.
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OCAAXEHHS HAHOUOKC TBAHME T AJI| B BHAT UTOP Y
KPEMHI N B CEPHYUDJIB BLWIHI N MO |

Map’' aHa ,WekwiipppirHa CTtonapyyk, BiTanin LUnb
Haui oHanbHMW YHiBepcutetT "JlbBi BCbKa noni
BY nbagpg e pnaryada Zhepida@ukr.net

Mi gcuMmneHa MOBEpPXHMEAEK TIPOM & HINE c:b KAERS € NoTY X

MeToaOM, SKWUN NoepaHYye B CcO0O6I NnNna3MOHIHBI@/paKTe
HUM CnNneKTpPOM KonitwBaHHA [ 1, 2] . Bi H Bwki-aipnmcToO
HOIFTro PpPoO3Ci ASHHA MOAR@KWMH,0 ambdoIpmByB alHoBXxe P X H i Me T ¢
[ 3,4]. Mok paweHHSA, wo 3abe3neyyeTbcsds MNAa3 MOHH

nAae BUABNATWN MONeKYNu B HefgoCTAaTHI X KOHHeHTPpPAal
NeKTMUBHMUMU € HaAa CbomEPDARAEBCUMHAae®aBaAaRUMUHBON- AuAgNI
cpwu. 3aBOAKWNW BUCOKI N NoBepXHEeBIi W TycTWUHI 6i me
AYXe BUCOKY e@M@eKTUBHI CTb nepepgaudi eHepr il Bi 4
HaHoO4YacTWUHKMW 30 10Prsa, TMmO AcuvpddiOknoaB aAHUi A gHNa  nroBBye p X H i
DTS B MNOBEepPXHeBi W paMaHIiIi BCbKIi W cnekTpopRoOoNni i,

Hi Wi, oOonNTOEenekKTPOHI Li, HAKONMUYEHHI eHeprii Ta
MpoTATromM OCTaAaHHbBLOT O [fecCcTHTMPN YCIHAH M3 YBRIMUT RAg MM
Hi YHe 3 aMi WeHHSA, 3pi icHwBaHe BOAHWUMM PO3YUHAaAMI

Ta yCKNnapgHIWE KOHTPONb Hapjg Mopdonoriew Ta I eoMEe
€ BUKOPUCTAHHA CTab-awT @ Bpmew4ypoi BBM H() M O BMeEPTXOHKE B a H O 1
AocCcni oXeHHda BNNuBY PYPhnHBI HpopmiyB@mMiHEO HyaHOUYacTWU
MOBEePXHI KpemvMPYP.aelamoa ayH HCsr abi ni 3ysaTtun -pi ¢cT H
HoOT A0 cdepumuyHoi dcopmnu (Pnuc. 1) .

I Map Sum Spectrum
Wi% o

Si 97.5 04
24 04
02 02

CEM 306paxXxeHHSA HaHoO4YacTWHOK Oi mvMeTani +35AM AgNPs) ,
AgNO; +ImMPVP3 a T °C5 210 & IrRx(EBE (

EkcnepumeHTanbHO BCTaHOBJ/IeHO, wo MeToOAOM T a
5, 10) mM (H[AuCl,] + (2.5, 5, 100 mM AgNO3; +1 MM PVPHa nNnoBepXHIiAXYEeMHI K
TbCAIINRIS 3 pgiameTrTpom o 100 HM, aAKi pPpi BHOMI pPpH
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TakoX nNoKa3s3aHO, wo 3 i 30i NbWeHHAM KOHLEHT

MyBaHHA ocapfjy Bi A H&HPEWMMUXY KYTAyCPTOMBHAOHKO T4 ON OP Yy B a T
WeHHAaM TpuBanocrTiI ocapxXxeHHsa po3mMi pum AuAgNPs

BNNAMWBY Ha T eoMeTpiw HaHoO4YacCTWUHOK 6i MmeTani B

TpuBani ctTb npouecy oOcCafXeHHS4.

BcTaHoOBpe@apunTEeTHE ocapgxXeHHA Au 3 Woro nep

noaBi WHI W cucTtTemi . MokaszaHO, MO OCHOBHMUM YMUH
HbOMY, € KOHUeHTpaui a npekypc-oHAuBl] v p a3z YAgHiC
OCHOBHMMM dupok TEOMP/AMWMBIZIOT b Ha Ppo3mMip 6i MmeTanesl
MOP@ONOTi KO NOBEPXHE CNNoi BBEBPI XOHHI 0 ukepHEHiAwCKIg[AING@G:H T p a
TeMnepaTtypa Ta TpuBani ctTb npouyuecy TranbBaHi Yl
ranbBaHi YHOTMBA A3 &Mi ugeoH HBE0 ° C cnocTepiraemo 3t

AuAgNPs Bi g ~50 pgo ~200 HM i Mopdonorii ocal
nepeBaxXHO AUWCKPETHI AuAgNPs, ToO 3a 40 °C
po3Mi pi B 6i MremTHaOKi Y mAX T Xacar nomMepauyi i . 3a T
yTBoOpwBaTunucsa nniBkoBuim ocapg. 306 [HAwCKE:PAGNOs],c ni B |
TemMnepaTtTypum Ta TpuBanocrTi ocafjXeHHSA Ccnp#NsaTsb
ni B AuUAgNPs.

HaHocTpykGiypapmaacumcrtema AUAgNPs xapakTep
Ui OHaNnbHWMKNU BNACTUBOCTAMMU, AKI CYTTEBO 3arneix
Ta npupoawm ni aKnapkwu. OT xe, BaXi1mBo Ppo3pob

AuAgNPs Ha nopyBaTwuil KpemHI W.

Ni TepaTtypa

[1] Giorgis F., Descrovi E., Chiodoni A., Froner E., Scarpa M., Venturello A., Geobaldo F. Porous silicon as
efficient surface enhanced Raman scattering (SERS)substrate. Appl. Surf. Sci. 2008, 254, 7494—7497.

[21 Fatemeh E., Parisa E., Hajar A., Mansouri T., Asieh S., Ze-Xian L., Mohsen A., Asghar T., Amir R.
Biosensors for wastewater monitoring: A review. Biosens. Bioelectron. 2018, 118, 66—79.

[3]1 LaiY.,WangJ., He T., Sunet S. Improved surface enhanced Raman scattering for nanostructured silver
on porous silicon for ultrasensitive determination of 2,4,6 trinitrotoluene. Anal. Lett. 2014, 47, 833-842.

[41 Mehdi Q., Alwan M., Ahmed S., Dheyab A.B. Accurate controlled deposition of silver nanoparticles on
porous silicon by drifted ions in electrolytic solution. Current Appl. Phys. 2019, 19, 1024-1030.

[5] Kuntyi O.l., Zozulya G.I., Shepida M.V. Nanoscale galvanic replacement in non-aqueous media: A mini-
review. Voprosy Khimii i Khimicheskoi Tekhnologii, 2020, Ne4, 5-15.
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MODIFIED POLYVINYL CHLORIDE-POLYESTER COATINGS
WITH INCREASED OPERATIONAL AND PROTECTIVE PROPERTIES

Pavlo Humenetsky, Devid Kysil, Taras Humenetsky, Volodymyr Levytskyi
Lviv Polytechnic National University pavlo.v.humenetskyi@Ipnu.ua

Polymer materials based on unsaturated polyesters, in particular unsaturated polyester resins
modified with polyvinyl chloride, are widely used for the development of protective coatings in
various industries. Such coatings are characterized by increased operational and anti-corrosion
properties. The development of modified materials based on hybrid polymer-polymer binders
containing a thermoset and thermoplastic matrix mainly leads to an increase in physical and
mechanical, in particular, deformation properties, as well as resistance to the action of alternating
loads.

In this work, unsaturated polyester resin of the Estromal 11LM-01 brand, as well as a finely
dispersed polymer modifier — polyvinyl chloride (PVC) of the Lacovyl PB1156 brand produced
by Karpatnaftokhim LLC (Kalush, Ukraine) were used to obtain polymer composite materials.

As a result of the conducted research, changes in the morphology of modified polyester
materials were revealed, which lead to changes in their physical and mechanical properties. Thus,
the introduction of PVC into the composition increases the value of the surface hardness of
polyester materials, which is obviously due to the formation of a common fluctuation network
between structured polyester and polyvinyl chloride macromolecules.

Morphological changes in modified materials also significantly affect thermophysical
properties. In particular, there is an extreme dependence of Vic's heat resistance on the content of
polyvinyl chloride with maximum values at 2-10 wt. h. of polyvinyl chloride. Such features of the
properties of modified materials are obviously a consequence of the influence of the polymer
modifier on the morphology of the polyester resin, as well as the different nature of the interaction
and the different degree of swelling of polyvinyl chloride in the oligomer. This, in turn, causes
significant changes in the supramolecular structure of polyvinyl chloride and the polyester matrix,
which also causes changes in the properties of the polyester material.

It was also established that for modified polyester compositions that are applied to a metal
substrate, during exposure in an aggressive environment, the capacity of the coatings stabilizes at
a certain level after a slight initial increase, which indicates swelling of the coating in the
environment. At the same time, the coatings retain their protective effect and function mainly as a
barrier to water molecules and corrosion-active ions.

Polyester materials with a polyvinyl chloride content of 2 wt. h. are characterized by the
highest protective effect, which is evidenced by the smallest capacity values. This is due to the
peculiarities of the formation of coatings from heterophase systems in a thin layer.

Developed coatings based on modified polyester materials, due to increased physical-
mechanical and anti-corrosion properties, can be used as protective coatings for metal surfaces.
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ocobnmBocCcTl OOAEPXAHHA TA BNACTWUBOCTI r
MATEIPANTI B 3 OPTAHI YHHUUMW AO0OOATKAMI

BoxekKvandlmneHdb akwaT p A K g Maic kikonoguleB@ U b KNI
Hauyui oHanbHNUKIWBI BEDXKIAT>ELTO Ji7i IMBeBXOHBI ,K a¥Y K pal H a,
8 HaBu4y, BgppnyHlénTtwnubKkKunx
bozhena.i.kulish@Ipnu.ua

Yy 3B' A3KY 31 3pocTamyunmMmu €EKOoOMTOoOTri YHU MMN n
BUKOPUCTAaHHAM nNnacTuUMWKOBMUX MaTepianiB Ta 11X
po3po6NeHHI @Hinxg enop/maigvmedpeHIbXx MaTepi ani B, 30KDp
(NnA) . OaHunm 3 cnocobi B nNoOKpaweHHSA BANAETUBO
pianiB Ha WOro OCHOBI, 30KpewmMa 3 fAgofgaBaHHAM
HOT npupoaun .HaGemaeigoBAAK BX Ni ABUWEHUN | HBA@pP @C
HOT nNpKkpoZxmWanb Ta KaBOBI Bi gxoaw.

B paHi W pob6oTi PO3T NAHYTO-MEX3AW/ HTHaATON FMRA CT/E
HMX BNacTMUBOCTEW KOMNO3ULI WHNXH amMDBHEPIHDIIT OB HH:
Kpoxmarneww, KaBOBMUM XMMUXOM Ta MOAMWGMpI KOBAaAaHOT O
AnAa HapaHHSA KoOMMNO3WLULI M TexXxHONOrNi yHocmNiepgopa
HUN HanoxKWpeBaYy . BMi CT KpoXxmMa/w Ta ak/avB OBB ONM @X &
515% mac=510BC@®™ac.-5% pueaicy u

Bi n3HayaeTbCS4da, Lo MaTepianu aKi Mi CT-9Tb
BULWEHMUN MOAYNb MNPYXHOCTI B NOPIi BHAHHI MELIBIM X |
ANA KOMNO3ULULI AMHUX bMcadsT epp a NiB®O I B BI@E MIyiEe TEBBOMA C T Yy
XxXMnxy Ta ECO, wo o4YyeBUMAHO MNOB A3aHO | 3- Nni g

MONeKY n noninakTuay 3aBAdgKW nnanacTugi Kyrwoui n [
yTBOpPEeHbBL apgcopbui nHwKX ndAlEPAe xTiag HKKraxs-OulaApii B MKAE O1XE N
wo Koedmi Li EHT CTPYKTYypMWU, AKUN XapaKTepusyerT.
KOMNO3UTY HaWbi nbwnmh aAna MaTepiani B HanoOBHE
KOMMNO3MTIi B 3 KaBOBUM XMUXOANPHNH &6 HiaH aSMO0K 0O B B | |
oyeBUOHO, NoB’ A3aHO i3 NOraHowW CYMiIi CHI CTIO BI
KaBOBOINIoO HanoBHBAaAu4a.

BcTtTaHoBneHO, wo TennaocCcTiMWNKi cCTb pPpoO3pobHNEeHV
pianiB 3Haxoausehdag g CpHgioanaysaocHi 9K [ NS HeHanNno
cTaHoBUTbL =60°C. OueBunpgHO, BBegeHHA HaneBHIWB
ni3auygi i noni nakTunmay Ta CTPYKTYypyBaHHA TwuM ca
Ha6i nb wi 3Ha4yYeHHHA T eanyrAo cMrai Tiekpoi catnii BX aspkal K THeaprHa
X 0M, Wwo Ha Hawy AYMKY, NOB’ A3aHO0 3 HU3b-KOW
Maui m B AOCNi gXyBaHOMY Ai ana33oHIi TemMneparTyp.

BukopucrtaHHS4 OpraHi YHMU X HanoBHWBAaui B npwu
NPOXOAMEHOHI® CI B Oi opgerpagauyil nNoni nNakTWAHUNX
NNWHBLOTIO CepepgosBwuwa, Wwo Bi AKpMBAae NOTeHLUI NHI
ANA nNakKyBaHHSA Ta XxapvyoBOi nNpoOMMUCAOBOCTI
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OAEPXAHHA EMOXTEHHAI ONBbHWMX T1/11 BOK

mno bpa@meraklomMmi pkKo
Kadpeagpa Xi Mi YyHOT TexHONnoOrii Ta nepepo
Hauyi oHanbHWIK YHIiBepcuteT "JIlbBi BCbKa noni
BYNn. C. bBanpgpepn 12,

mmbratych@gmail.com

B pob6orTi BMBUYUEHA MOKMMWBYI ©H /Jijo/pMylBXxa HRA AT B O K
npoMmcnoBol enoROn-@yEeince vayn ( BA) B NPUCYTHOCT
ri oponepok-bynaoamy 17 p-@0Alun EBaTtBepaxXxyBadyemM- cnyry
niami H NMETMA.

Monekyna -2006nmi EAVITbn e1@a®K Ol MHH | rpynw, K i 3,
Ao 373K po3knapgatwunucsa 3 yTBOpeHMyWMedRBI oaBYInNXBfAR!
Kpi M HeHacuMyeHOrNro noABi WHOTro 3B' A3KY MIi CTUTb
Cymi waeTtbca 3-2dnepponaeapealldEB/Ar BoptloYM OAHOPI AHI

3aTBepAXeHHA KoMOno3uui m npoBogunNKM, cnoyaTtkKy
24 1o, a noTi M -4nOp3uk48abBp i B aHHI 373K

PesynbTatTwnm pocni AXeHb CBppawmogibi NPOKTRREN O IWOL, if
LI CTb OTpUMMaAaHUX MNONIi MEPHUX nNNiBOK 3an2&nWyb BI
NMNPOMUCIOBOT enok-2@pgHoib6ycana/opy o EYf, bjA, a TakKoxX
CTPYKTYPpPYBAaAHHSA.

HanonTumanbHIi WO KoMno3wuui e2d ,6YEh, s pawmmaann
90:10: 10 wmac. yacrT. Ll KkomMmo3uui a9 B nopganblLwoNn
Y®onpoMi HEHHA Ha -BMUTAX NPPCIYHWDOBO B YTBOPEHMUX
OTpumatHi pe3synbTaTun BKa3ywTb -BaMTeax maoi $0op M
Imyia npunmawTb y4yac2G, arRaLOoimheETpwm @cB@EMWMOREML I
20 20813 3 MNEMNA yTBOpPHWETbLCA TPUBUMI PHUN nNnoni me
nepoKkcuMagHunx20NrpympuuweEnrnwOT b C A MONneKYy nu T i A4p
O6bumpagsBa Ui npouecu Bi gbyBawTbCcd napanenbHO I n
npoaoyKTIi 6xBXe 3a 4

Cymi wi B AKWX nNpomMmcnosBa enokKkcumpgHa cCcMOAa Y:é
Moandpi KkoBaHYOEOM@opgBE&Ade Gop My BTAaE gy 3Ny/Kd TBoKCYA,  KApKal
MIi LHIi CTH, Xi MiYHOW CTi WKi CT1HO, MakwwTb Oi NbWy TBE
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POLYMER SUBSTRATES FOR 11 GROUP CHALCOGENIDE QUANTUM WELLS:
PERSPECTIVES FOR WIDE APPLICATIONS FROM SOLAR CELLS,
OPTOELECTRONIC DEVICES TO SPECIAL-PURPOSE CLOTHING

Liliia Deva, Ruslana Huminilovych, Martyn Sozanskyi, Vitalii Stadnik
Lviv Polytechnic National University, 79013
Lviv, 12 Bandera Street, Ukraine, e-mail: ruslana.r.huminilovych@Ipnu.ua

In recent years, the field of optoelectronics has witnessed significant advancements driven
by the exploration of novel materials and innovative device architectures. Among these,
I1-VI group chalcogenide quantum wells (QWSs) have emerged as promising candidates for
various optoelectronic applications due to their unique electronic and optical properties. These
materials offer tunable bandgaps, high carrier mobilities, and strong quantum confinement effects,
making them suitable for a wide range of devices including solar cells, light-emitting diodes
(LEDs), photodetectors, and lasers.

Quantum wells based on CdSe were the most advanced nano-objects for numerous
applications such as lasers and light-emitting diodes (LEDSs), biological trackers, and recently
spectrometers. In the early 2000s, they received high praise for their excellent optical properties
(fast recombination lifetime, single-photon emission, high emission quantum yield at room
temperature, narrow emission linewidth) for applications in nanophotonics [1]. However, their
disadvantages, namely fluorescence intermittency, photobleaching, and fragility against
encapsulation in inorganic matrices, hinder their potential. These quantum wells are based on a
core/shell structure, with a CdSe core and a shell consisting of materials with a higher bandgap,
such as ZnS, CdS, and ZnSe [2, 3]. One of them is the spherical quantum well (SQW), which
consists of a CdS core, a CdSe shell serving as the active medium, and a covering shell leading to
CdS/CdSe/CdS structures [2]. SQWSs can be used as single-photon sources and provide the widest
range of optical properties at the single-particle level [4].

The quantum confinement effect allows the geometric distribution of charge carriers within
any low-dimensional semiconductor system. As a result, the conduction and valence bands
become quantized, leading to discrete energy levels. These discrete bound states play an important
role in altering the electronic and optical properties. The distance between these channels can be
modified by changing of the quantum well size, thereby demonstrating a pronounced
monochromatic emission with high quantum yield. The electronic and optical properties of any
qguantum well are significantly enhanced by the confinement of charge carriers within the QW [5].
Thus, control over the spatial separation between charge carriers leads to prolonged charge
transfer, which can be applied in potential applications in LEDs, lasers, and efficient photovoltaic
devices.

The primary task in the fabrication and processing of quantum wells is their stabilization
within appropriate matrices [6-8]. Considering that the merging of nanoparticles leads to the loss
of size-induced electronic properties, precise control over the particle size, stability, and
controlled reactivity of nanoparticles is necessary. Therefore, nanoparticles must be attached to
the substrate surface or to other particles to prevent their merging. Nanoparticles that are not
properly stabilized may agglomerate, forming larger particles and losing their quantum properties.
So, chemical properties play an important role in the fabrication and stabilization of QW. It has
been reported that quantum-sized particles are used in solar cells with limited zones and
photoelectrochemical materials [9-11]. Another significant advantage is that various materials
with very low bandgaps in the form of quantum-sized particles can be applied in solar cells.
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Quantum wells can be used to design the bandgap of materials. Nowadays, most of the main
photovoltaic systems are based on multilayer and large-area devices. An alternative could be the
use of arrays of high-density self-forming nanodevices [12]. These approaches are advantageous
due to the reduction in material volume, device behavior similarity, good crystal growth on
polymer substrates, and the perspectiveness for multi-junction bonds, which may lead to higher
efficiency.

QW are building blocks of intersubband (ISB) devices, such as Quantum Well Infrared
Photodetectors (QWIP) [13], Quantum Cascade (QC) lasers [14], and QC detectors [15].
Commercially available ISB devices [16] cover the mid-infrared wavelength range from 4 to
13 micrometers and have numerous applications in science (spectroscopy), medicine (non-
invasive glucose level monitoring), environmental (trace pollutant monitoring), industry (process
monitoring), and military affairs (countermeasures).

Quantum Well Solar Cells (QWSC) are thin semiconductor layers that confine charge
carriers in one dimension, leading to quantized energy levels. QWSC use these confined energy
levels to improve the separation and collection of charge carriers. Their attractiveness is explained
by the following points:

- Improved charge carrier separation: QW facilitate efficient charge separation due to confined
energy levels, reducing losses from recombination.

- Improved current generation: QW ease the generation of multiple electron-hole pairs, similar to
quantum dots, increasing photocurrent.

- Wide wavelength diapason: QW can be designed to absorb specific wavelengths of light,
enhancing the efficiency of using the solar spectrum [17-19].

As of today, the use of solar panels in light industrial products is not widespread enough.
For example, the globally renowned company Tommy Hilfiger launched a "pilot™ project using
solar panels in clothing and developed jackets with built-in solar panels integrated into the
garment's structure. The manufacturer did not hide the batteries but made them part of the design
(Fig. 1). The built-in 6000 mAh battery can accumulate enough energy for several smartphone
charges [20]. This idea is promising for use in specialized clothing, including equipment for
police, military, and other special-purpose clothing. By integrating flexible photovoltaic systems
into textiles, materials with the widest functionality are formed for creating "smart” clothing.
Giving products additional functionality becomes a sustainable trend in clothing design and
manufacturing. Another application of "flexible” photovoltaics is the integration of small
photovoltaic systems into clothing to power portable electronic devices [21].

women's jacket men's jacket

Fig. 1. Tommy Hilfiger's Solar-Powered Jacket
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Two-dimensional (2D) quantum wells can be synthesized with very high quality in organic
solvents at moderate temperatures (<300°C). Cadmium chalcogenides (CdX, X = Se, S, Te) QW
have attracted considerable interest for practical applications in LEDs and lasers. 2D QW exhibit
the most intriguing properties associated with quantum confinement, such as electron-hole wave
function, tunable bandgap, and controlled exciton recombination rate [22]. Advanced chemical
methods [23, 24] allow precise and uniform control of the QW thickness, so that the QW
ensemble spectra are almost identical to those of a single QW (42 meV).

Flexible displays using flexible LEDs are highly attractive for two-way visual
communications because they can be attached in any location. They are widely used in mobile
optoelectronics, advanced biomedical devices, cell phone displays, smart TVs, and deformable
displays [25, 26]. Polyethylene terephthalate (PET) is considered the most attractive flexible
substrate for manufacturing flexible LEDs due to its unique features, such as large plate size and
mechanical strength. For example:

- An LED on a PET plastic substrate demonstrated an emission wavelength of 447 nm with
a light output power of 1.4 mW at an injection current of 10 mA [27].

- A water-resistant flexible LED on a liquid-crystal polymer substrate, packaged by
biocompatible polytetrafluoroethylene (PTFE), exhibited a light output power of 1 mW at an
injection current of 10 mA [28].

- An LED based on nanowire/polyaniline heterojunction on a PET substrate with an Indium
Tin Oxide (ITO) coating showed a threshold voltage of 3.5 V and emitted light in the range of
390-450 nm [29].

- An LED on a polyimide substrate had a threshold voltage of 3.35 V, an emission
wavelength of 452 nm, and could operate linearly up to a current level of 500 mA [30].

Diarylanthracene, di(Styryl)arylene, fluourene and Pyrene are some of the popular robust
blue host materials. 10-di(2-naphthyl)anthracene, 2-(t-butyl)-9,10-di(2-naphthyl)anthracene
(TBADN), 2,6-di(t-butyl)-9,10-di[6-(t-butyl)-2-naphthyl]anthracene, 2,6-di(t-butyl)-9,10-di[6-(t-
butyl)-2-naphthyl]anthracene and 2-methyl-9,10-di(2-naphthyl)anthracene materials have gained
attention in recent years for the development of organic LEDs [31].

In addition, micro-LEDs are potential candidates for high-speed communication in visible
light. A high-speed visible light communication system using blue micro-LEDs and fluorescent
polymer color converters demonstrated a data transmission speed of 1.68 Gbps and a bit error rate
of 1.2 x 10®. It is also known that in 2014, the Nobel Prize in Physics was awarded for the
invention of highly efficient LEDs, which play an important role in future applications such as
l0T, big data, portable electronic devices, and cell phones.

Acknowledgments. Thi s wor k was <carried out undericatahde pr o
experimental bases of chemical synthesis of modified A'BV't ype film semiconductor s
(Ukrainian state registration number 0124U000522).

References:
[1]. Belacel C., Habert B., Bigourdan F., Marquier F., Hugonin J.P., de Vasconcellos S.M., Lafosse X., Coolen L.,
Schwob C., Javaux C., Dubertret B., Greffet J.J., Senellart P., Maitre A.: Nano Lett., 2013, 13, 1516.
[2]. Battaglia D., Li J., Wang Y., Peng X.: Angewandte Chemie International Edition, 2003, 42, 5035.
[3]. Salini K., Rahul K.S., Mathew V.: Appl. Phys. A, 2014, 116, 1371.
[4]. Allemand A., Kulzer F., Mahler B., Dujardin C., Houel J.: Nanotechnology, 2022, 11.
[5]. Arulmozhi R., John Peter A., Chang Woo Lee.: Chemical Physics Letters, 2020, 742, 137129.
[6]. Arai D., Kondo M., Matsuda A.: Solar Energy Materials and Solar Cells, 2006, 90, 3174.
[7]. Overgaag K., Liljeroth P., Grandidier B., Vanmaekelbergh D.: ACS Nano, 2008, 2, 600.

APGIHR UkraLugWay 24 249
22



[8]. Sager B.M., Roscheisen M.R.: US Patent App., 2002, 20,040/250,848.

[9]. Kamat P.V.: Journal of Physical Chemistry C, 2008, 112, 18737.

[10]. Gorer S., Hodes G.: Journal of Physical Chemistry, 1994, 98, 5338.

[11]. Kamat P.V.: Journal of Physical Chemistry C, 2007, 111, 2834.

[12]. Asim N., Sopian K., Ahmadi S., Saeedfar K., Alghoul M.A., Saadatian O., Zaidi S.H.: Renewable and
Sustainable Energy Reviews, 2012, 16, 5834.

[13]. Schneider H., Liu H.C.: Physics and Applications, 2007 (Springer Series in Optical Sciences, 126).

[14]. Faist J., Capasso F., Sivco D.L., Sirtori C., Hutchinson A.L., Cho A.Y.: Science, 1994, 264, 553.

[15]. Giorgetta F.R., Baumann E., Graf M., Yang Q., Manz C., Kéhler K., Beere H.E., Ritchie D.A., Linfield E.,
Davies A.G., Fedoryshyn Y., Jacket H., Fischer M., Faist J., Hofstetter D.: Quantum Electron, 2009, 45, 1039.

[16]. Joel De Jesus, Guopeng Chen, Luis C. Hernandez-Mainet, Aidong Shen, Maria C. Tamargo.: Journal of Crystal
Growth, 2015, (article in press).

[17]. Meddeb H., Osterthun N., Gotz M., Sergeev O., Gehrke K., Vehse M., Agert C.: Nano Energy, 2020, 76, 105048.
[18]. Bamham K., Ballard I., Barnes J., Connolly J., Griffin P., Kluftinger B., Nelson J., Tsui E. Zachariou.: Appl.
Surf. Sci., 1997, 113, 722.

[19]. Sayed I., Bedair S.M.: J. Photovolt., 2019, 9, 402.

[20]. Tommy Hilfiger Unveils Jackets with Built-In Solar Panels. Electronic Source.

[21]. Dallaev R., Pisarenko T., P a pHolzmar\V.: Materials, 2023, 16, 5839.

[22]. Junhong Yu, Cuong Dang.: Cell Reports Physical Science, 2021, 2, 100308.

[23]. Sozanskyi M.A., Shapoval P.Y., Hnativ T.B., Guminilovych R.R., Stadnik V.E., Laruk M.M.: Journal of Nano-
and Electronic Physics, 2023, 15 (2), P. 02009-1.

[24]. Guminilovych R.R., Stadnik V.Y., Shapoval P.Y., Sozanskyi M.A., Deva L.R.: Lecture Notes in Networks and
Systems, 2023, 709, 165.

[25]. Tae-il Kim, McCall J.G., Jung Y.H., Huang X., Siuda E.R., Li Y., Song J., Song Y.M., Pao H.A., Kim R.-H.,
LuC., Lee S.D., Song II-S., Shin G., Al-Hasani R., Kim S., Tan M.P., Huang Y., Omenetto F.G., Rogers J.A.,
Bruchas M.R.: Science, 2013, 340 (6129), 211.

[26]. Lee S.Y., Parka K.-Il, Huh C., Koo M., Yoo H.G., Kim S., Ah C.S., Sung G.Y., Lee K.J.: Nano Energy, 2012; 1 (1), 145.
[27]. Kim T.-il, Jung Y.H., Song J., Kim D., Li Y., Kim H.S., Song II-S., Wierer J.J., Pao H.A., Huang Y.,
Rogers J.A.: Small, 2012, 8 (11), 1.

[28]. Lee S.Y., Park K.-1l, Huh C., Koo M., Yoo H.G., Kim S., Ah C.S., Sung G.Y., Lee K.J.: Nano Energy, 2012, 1, 145.
[29]. Liu Y.Y., Wang X.Y., Cao Y., Chen X.D., Xie S.F., Zheng X.J., Zeng H.D.: Journal of Nanomaterials, 2013, 2013, 1.
[30]. Won-Sik Choi, Hyung Jo Park, Si-Hyun Park, Tak Jeong.: Photonics Technology Letters, 2014, 26 (21), 2115.
[31]. Manikandan M., Nirmal D., Ajayan J., Mohankumar P., Prajoon P., Arivazhagan L.: Superlattices and
Microstructures, 2019 (article in press).

AP GHR UkraLugWay 624 249
23



3MI CT
CONTENTS

Bi TaHHSA 4
MporpamMHuMim KoMi TeT KOHdepeHLUIi T 6
Scientific committee 7
OpraHi smomMinA@’ KOHMPepeHUI T 8
Organizing committee 9
| HOOPMALI WMHE 3ABE3MEYEHHSYPARNFORMATI ON SU 10

MEPEPOBNEHHA TOPKYMNX KOMAJTWUH. HAPTOXI MI A TA BYT
OIL AND GAS PROCESSING. PETROCHEMISTRY AND COAL CHEMISTRY

ABCOPBEHTWN B AMI HHNUX YCTAHOBKAX ClI PKOOYMWEHHA KOKCOB(
OnekxcaHpp bopuceHko, JleoHi  BaHHI KOB 11
KOMNNEKCHA NEPEPOBKA PI 3HONNAHOBWMX Bl 4AXO4I B Y ANbTEPI
OXEPENA EHEPTI I

PokconaHa KopiHeHko, Onbra CaHpayn, AHaToni n BaHCbkKMWN
POOOBUWA TA TNOKA3HUKWN AKOCTI BHMOIro BYTI Angag YKPA
JeHnc MipowHmyeHko, Ceprin NMnw eB, Bonoagunmuplilebepge

MONMNEKYNAPHA TA HAAMONEKYNAPHA CTPYKTYPW OKPEMUX OPAKI
HNW3IBbKOMETAMOP®I 3OBAHOIO BYTI Nn4A.

AHaTonim CTtapoBOoOMEBrEBrdMainuinCopoki H, 21
BU3HAYEHHA 30/bHWUX MI HEPIAB | BOF@A3 NP OMMMK TCNANIOBAHHI
CYMI WEW BYTI NNA Pl 3HOFCO TEHE3Y.

AHTOH ®daTeeB, TeTsaHa Wenpagpik, Cepriihn Noni wyk?23
HABPAKAHHA ENACTOMEPI B B CYMI WEBOMY TNANNBI

3A Ml ABUWEHOT TEMNEPATYPW.

OneHa WeB4yeHK O, JapuHa TMNonutaWhneHkK o, Ani Ha M38ci Ha,
MPOBNEMWN BWNWAOBYTKY TA MNMEPEPOBKW BAXKWMUX HA®T.
MeTpo Toni NbHUUbKMNIK 31

AHANI 3 TA NI ABI P CKNALY CWPOBUHHWX CYMI WEW ANA BWUPOBL

TEXHI UYHBDYTOTE L@ Tpo WepemerTa, Bacunb borywH, KaTepunHa
Oner TepTWuWHWUIK, OneHa TepTuwHa 35

KATANI TUYHI CUCTEMW NIEPRPMPKKAHA MIKIANI O B AEPOBHOMY
OKMWCHEHHI KYMONYy.

Nwb6oB Oneinpga, PomaH WenapoBuuy, OkcaHa XaBYyHKZI®
TRANSITION METALS OXIDES AND N-HYDROXYPHTHALIMIDE IN THE CATALYSIS

OF AEROBIC OXIDATION OF BENZYLIC C-H BONDS.

Roman Sheparovych, Wolodymyr Suprun, Anatoly Matvienko, losyp Opeida 42
OVERVIEW OF HYDROGEN SOURCES.
Konstantin Shvets, Sergii Boichenko 45
AP GIHR UkralLuagwayoe24 249

213



3MI HEF3K OCTI TA 3ATANbHOTI O BlYMWHOUBOC Y4 VEKIANNYATALI T ABI ALl
onuvse.

Baneduivme HK 0, Hatania KanmukoBa, OnekcaHpgp €E€d8 mMmeHKO

BNMaAamB TEXHI YHOIo ANl rHl HY HA XAPAKTEPUCTUKUWM AOPOXHBLOIO I

Tapac UYinko, Mnpocnasa JOHYeHKO, FOpi n MNpucsaxiBuii, Powma
HOBI METOAW PETEHEPALUIT Bl ANPALUBOBAHMUX MOTOPHWUX ONWNB.
Tapac ‘YKeupliig,i HOibe T T PUHMWNH 55

wnaxm BUKOPUMCTAHHA TBEPAOINO 3ANVNWKY OAEPXAHOTIO
B MPOLUECI nrpPont 3y BI gNMPAUBOBAHNX ABTOMOBI NTbHUX WANH.
BorgaH Kopuack, Cepri i MNnuw' €8, Oner Kyxap 57

AHANI 3 MEXAHI 3 MYA JPKEAKILB MY HCI PYUAHOKUCANUX PO3YUYUHAX
NANALIDOC I

Napnca Bonkosa, Mocwun Oneiiga 61

CTAH TA OCHOBHI HAMNPAMKW YTWANI 3AMBMOM@E | JJTEPHANX OB/AHH. L X
KOpi i NMwnnko, Ceprinhn Muuw' €8, Makcum HaBKkeBMWUUY 66
BUPOBHMWUTBO MWMA@ABHUObHUX MATEPA/ASITBPHATWUBHOI CUPOBUHN.
Knpunno WaAsBw@HKOI puropos 70

AKTUBHI CTb Y T APOI-BOKERUBAUWIEIONHTI B TWUNY Ni HMFI Pl 3H
OOLOEPXAHHA.

Nwb6oe MNMaTpunack, Oni 4 BonowwnHa, OnekcaHnpgpa MNefdBTKO, AH X
HOBI HI TPONOXI|I A4HI | HOEHOBEH3OMNI PAHI B 3 BNACTUMUBOCTAMNU

POTOMPABAKANE UMY, AK ®OT GBRBOBUB I
KOMMNOHEHTMW HOBI THI X BATATO®YHKLI OHANbHWUX PEECTPYOUYUX
CEPEAOBMUU, ANA MNONAPU3ALI MHOI T ONOTPA®I I

Bonogumup MNoBOoOpo3HWK, Onbra Wa6bnuki Ha, Ceprin CTtyasunt
Mnkona 4YynpuHa, Bi kTop KpaB4YeHKO 78
OFEPXAHHA NAP 3 Bl OCUMPOBUHW A4 MOAN®I KYBAHHA LOPOXHI X
Onbra nMNMNonsak, Bonognumup TyHbBKa A, KOpi i TpuHuyk 82

BAPI ATUBHI CTb -l KYINEAHFOBHOT CMONUN AK NMDJAGHKHIAXT OBPIAT Y M1 B.

FOpi i MNpucaxHun, Ceprih MNunuw' €8 84

| HF I BYBAHHA AKXWMWEITYOIBI3MA KOPO3I 1T HA®PTOMEPEPOBHOIO
OBNAJHAHHA.

OnekcaHpap PoMaHuUYyK, MeTpo Toni NbHUUbKMWM, Bi k8opia Powm
KWUCNOTHI 4YWUCNA HA®TEHOBUX BITYMI B ANA AOPOXHI X EMYNbCI |
Kpi i Ci gyH, Bonogmnmump TyHBKa, OneHa AcTtaxosa?d9
BUKNUKWN | MNEPCMNEKTHBK MBEMY A YBAHHA EMYNbCI N BAXKUX HA
Makcum Wnwak, MNeTpo Toni NbHUMUbKUK, BaneHTnMHad3TKauyk

OYMNWEHHA Bl JNPALULBOBAHMX OJIXIBT WBOHBENPK HEBWOBWWHAMWM TOBYTOB
MPN3HAYEHHA.

MeTtTpo Kasumupi B, Tapac YepBi HCbKkuih, Oner TpuHunwnmu, On
AHAN1 3 ONEPALUI VHUX BUTPAT ANA YCYHEHHHA MAPA®I HI CTUX BI )
Oner Wunwak, MeTpo ToninbHMUubKWUNA, BikToOopia Po¥WaHUYyK

AP GIHR UkralLuagwayoe24 249

23



METOAW YTWUANI 3ALIT HA®TOBMI CHUX Bl AXOA4l B.

Oner TpuHMwuH, Opih 3Hak, Tapac UYepBi HCbKkuKIK,BCBATOC

MOKPI BE/IbHHHIPYYIOT Y MHI MATEPI ANV XONOAHOINO HAHECEHHA.
OmMmntpo AnexcaHnpgposB, Oner TITpuHuwuH, Opi i Xni 6WwWuH, A
NrYMOBED TY MHI KOMAOGHWQBA ANdA OAEPXAHHA BI TYMHUX MACTWUK
Bonogumunp O3 udpumwnH, Oner ITpMHMWKH, FKOopin Xni 6wnH

OFEPXAHHA KOMIMOHEHTI B MOTOPHUWUX NANWB HM3BbKOTEMMNOEPATYP
nmrpPoOonlI 3oMm BI AXOo4Al B TEPMOIMANACTI B.

KceHia TpuHuWwWnMH, Tapac YepBi HCbKMWUI, Bonogummn® Ckopo
MEPEPOBKA Bl ANPALUBOBAHMNX ONWMWB METOAOM HU3BKOTEMMNOEPAT
AHpgpin Konau, TG@ipeaerc [UEwHsu HILH KA, 100

MPOAYKTW OPIAHI YHOITO CUMHTE3Y. ORGANI C SYNTHESI S

INFLUENCE OF CARBON DIOXIDES INCREASED CONTENT
IN THE REACTION MIXTURE ON METHANOL PRODUCTIVITY.
Maria Baran, Tetiana Tkachenko, Viktor Burdeinyi,

Dmytro Kamenskyh, Nataliia Khimach, Vitalii Yevdokymenko 101
ONI TOMEPU3ALI A4 ®PAKULUIT C9 3 AO30BAHOK MOAAYEHK | HI LI AT
PomaH Xepebeubkuih, OkcaHa Harypcbka, BorpgaH ImM8i HAK

SYNTHESIS AND ANTI-INFLAMMATORY EFFECT OF
METHYL 2-[(2,4-DIMETHYL-3-FUROYL)AMINO]-4,5-DIMETHOXYBENZOATE.

Julia Matiychuk, Iryna Drapak 107
HYDROCARBON RESINS WITH CARBOXYLIC GROUPS.
Dariia Kichura, Roman Subtelnyi 108

Se-BASED MICROGEL AS A CATALYST FOR HETEROPHASE

BENZALDEHYDE OXIDATION.

Anastasiia Pavliuk, Tetiana Kharandiuk, Volodymyr Ivasiv, Roman Nebesnyi 112
THIAZOLO[4,5-B]JPYRIDINES: A COMPREHENSIVE EXPLORING

ON THE PHARMACOLOGICAL IMPORTANCE AND THEIR SYNTHETIC FEASIBILITY.

Taras Chaban, Olena Klenina, Maryan Lelyukh, Yuriy Demchuk, Ihor Chaban 116
BWN3IHAYERHG®I TbHOCTI TNl POKAPBOHY, OTPWUMAHOIO NI POl 30N

BHOWEHMX ABTOMOBI ITbHUX WNH.

CtraHicnaB TpuHMmwmH, 3eHOBI K 3HaK 117
| HI LI NOBAHA NEPOKCWUAAMW ONITOMEPU3ALI A4 ®PAKLIT C5
MOBlI UHOINo NPOAYKTY BUPOBHUWLUTBA ETEHY.
Bonogummnup PomMaHi B, OhzxirmsxbegoToBa, Bor gaHx 121
OWHAMI YHHA B’ A3KI CTb PO34YMWHI B HA®TOMNONI MEPHMUX CMON OTI
EMY/NbCIlI AHOKO ONI TOMEPU3ALI €0 ®PAKLI T C9.

Bonogumup Cuyi pa, PomaH Cyb6TenbHUK, BorpgaH 03123 1Kk
PHYSICOCHEMICAL DETERMINANTS FOR MEMBRANE PERMEABILITY

OF ACTIVE PHARMACEUTICAL INGREDIENTS.

Olena Klenina, Taras Chaban, Yuriy Demchuk 125

APGIHR UkraLugWay 24 249
2 6



EKONOrNt 4UHt ACNHEKTW Al ANbHOCTI HA®PTOIMEPEPOBHNMX 3 A
I HA®PTOXI MI UHHUX NI ANPMNEMCTB. ECOLOGI CAL ASPECTS OF
INDUSTRY AND PETROCHEMISTRY

REMEDIATION OF OIL-CONTAMINATED SOILS WITH GEORGIAN ZEOLITIC
NANOPOROUS MATERIALS.
Maia Dzagania, Giorgi Tsintskaladze, Teimuraz Kordzakhia, Luba Eprikashvili, Marine Zautashvili,

Nino Pirtskhalava, Tinatin Sharashenidze, Amiran Chkonia 127
NEW 3D PRINTING TECHNOLOGY.
Oleg Figovsky, Arkady Shteinbok 131
KI HETW4YHI 3AKOHOMI PHOCTI! &I NbTPALUI MHOITO CYLWI HHA Bl AXOA4l
OnexcaHpgp | Bawyck, Bonogmnmump ATamaHIOK, PomaH YuxoBwuu,
Copi a Kiaesa, 3opaHa lTHarTi B 136
OUMWEHHA BI OFTA3Y Bl 4 Cl PHMQBG®GALHKBI YOMEWTRGBHH
AHppin Cnwsap, KpicTtiHa CTtenaHIlIok 138
BNANWB 3ABPYAHEHHA HA®PTOMNPOAYKTAMWU HA EKOAOFI YHUWM CTAH I
Napumuca UYepHak, Tomaw MaHeUuki, Pagocnas Yewen¥MZbki, On
BUKOPUCTAHHA TYMOBOI KPUXBAHKHMAA HAGTIOBINKY I TY MI B.
AHppi W Harypcbkuii, bBorpgaH Jlyuyko 143

nonlt MEPWU, KoMno3nmtTm | HAHOKOMMNOO3WUTMW.

POLYMERIC MATERIALS, COMPOSITES AND NANOCOMPOSITES

RESEARCH OF PHYSICAL AND MECHANICAL CHARACTERISTICS

OF THE COMPOSITE TWO-LAYER MEMBRANES.

Natal i i a Baran, Ol eksandr Grytsenko, Galyna VYali4sul chak,
DEVELOPMENT AND PROPERTIES OF POLYSACCHARIDE-BASED

HEMOSTATIC SPONGES.

Zoia Haholkina, Maite Rico, Belen Montero, Rebeca Bouza 147
SYNTHESIS OF NOVEL ADAMANTANE-CONTAINING DERIVATIVES VIA

MULTICOMPONENT ISOCYANIDE-BASED REACTIONS.

Tinatin Bukia, Tamar Tabatadze, Tamara Tatrishvili, Sophio Khazalia 149
THE EFFECT OF MECHANICAL PROCESSING OF POLYETHYLENE ON

THE CHANGE IN DEGREE OF CRYSTALLINITY.

Anastasiia Kucherenko, Ludmila Dulebova, Marta Kuznetsova, Volodymyr Moravskyi 152
HYDROGELS BASED ON NATURAL POLYMERS AND STRUCTURED

WITH PROPYLENE GLYCOL DIEPOXIDE FOR BIOMEDICAL APPLICATIONS.

Olha Maikovych, Nataliia Bukartyk, Yuliia Cherkas, Yuliia Kyrychuk, Volodymyr Samaryk,

Serhii Varvarenko 154
PROSPECTS OF USING BIODEGRADABLE POLYMERS AS A BASIS

FOR THE CREATION OF NANOCOMPOSITES.

Volodymyr Moravskyi, Anastasiia Kucherenko, Oleksandr Grytsenko,

Vol odymyr Krasinskyi, Rafat Malinowski 156

AP GHR UkraLugWay 624 249
21



HYDROGEL COMPOSITION FOR OBTAINING FIRE-RESISTANT GLASS UNITS.

Nataliia Nosova, Solomiia Kapatsila, Yaryna Kuryshchuk, Anna Stasjuk, Volodymyr Samaryk,

Serhii Varvarenko 157
INVESTIGATION OF THE FORMATION OF MONOMERS

FOR THE SYNTHESIS OF POLYEPOXIDES.

Givi Papava, la Chitrekashvili, Marina Gurgenishvili, Tamara Tatrishvili, Ketevan Archvadze,

Riva Liparteliani, Shalva Papava, Nanuli Khotenashvili 160
SYNTHESIS AND CHARACTERIZATION OF POLY(ESTERETERURETHANE)S OBTAINED
WITH THE USE OF NATURAL ORIGIN MONOMERS.

Paulina Parcheta-Szwindowska, Julia Habaj, Joanna Brzoska, Janusz Datta 164
DERIVATION OF THE POLYMER NANOCOMPOSITE FROM THE SOLUTION.
Volodymyr Prystaj, Victoria Zemke, Natalia Chopyk 168

PROTECTION OF THE ENVIRONMENT FROM POLLUTION BY MINERAL

FERTILIZERS USING BIODEGRADABLE LONG-ACTING NITROGEN FERTILIZERS.

loseb Sarjveladze, Givi Papava, la Chitrekashvili, Ketevan Ebralidze, Eter Gavashelidze,

Nora Dokhturishvili, Ketevan Papava, Nazi Gelashvili, Zurab Tabukashvili 169
PREPARATION OF GEOPOLYMER MATERIALS BASED ON ACTIVATED FLY ASH.

Elena Shapakidze, Marina Avaliani, Marina Nadirashvili, Vera Maisuradze,

loseb Gejadze, Tamar Petriashvili 173
COMPOSITE MATERIALS BASED ON NATURAL RAW MATERIALS AND

NEW BINDERS.

Tamara Tatrishvili, Omar Mukbaniani, Nikolozi Kvinikadze, Tinatini Bukia,

Gia Petriashvili, Tamar Makharadze 177

MODIFICATION OF WOOD COMPOSITES BASED ON PVC/HDPE

BLENDS WITH HALLOYSITE NANOTUBES.

Martina Wi eczorek, Jacek MiaKlapwuzmwsks,, Stawomir Wilczew

Jolanta Tomaszewska 181
RESEARCH OF THE INTERACTION IN THE MONOMER/COMBINED POLYMER

MATRIX SYSTEM.

Hrytsenko T., Levytskyi V., Baran N., Yakovenko M. 185
IN VITRO STUDY OF THE VIABILITY OF LIVING CELLS UNDER THE ACTION

OF AMPHIPHILIC FLUORESCEIN-CONTAINING COPOLYMERS OF GLUTAMIC

ACID N-DERIVATIVES.

Mariia Yakoviv, Nataliia Nosova, Zoriana Nadashkevych, Diana Varchuk,

Serhii Tsykunkov, Dmitro Ostapiv, Volodymyr Samaryk, Serhii Varvarenko 186
nonlt NAKTMWAHI KoMmioBkKIT,HIMOAN®lI KOBAHI HAHOYACTWMHKAMW CP
Frannmwua Oypokxk, HaTtani a CemMeHIK, Bonogunmnp CkolB®dxopga,

®OTOENEKTPO®I 3MYHI TA | HPOPMALI NHI BONACTUBOCTI HOB WX
KOMMNO3NTI B HA OCHOBI KAPBA3OAI NBMI CHVMOBAHMNX OMEPI B, CI
ENEKTPOHOAKUENTOPHMMWM HI TPONOXI OAHMNMWM | HOEHOBEH3OTMI PAL

Onbra Wa6nuki Ha, Bonopgwmup TMNoBopo3HWK, Ceprin CtTypns
Mnkona 4YynpwuHa, fanHa Conopgyxa 189
AP GIHR UkralLugWwayoe24 249

28



LJOCNI AXEHHSA Bl OQETPAAALIT MNONITI APOKCUBYTUPATY
METOJLOM PEHTTEHLBOGBAKROODWNHOIrO AHANI 3Y ( XRD)

OnexcaHpgp | BaHyX, Il tTop CeMeHIOK, Tapac NepeTdaTKo, Bi Ta
Bonogunmnmup CkKkopoxoga 193
METOAOW OAEPXAHHA | BHNACTWUBOCTI nNonl NAKTMWOAHMX KPOXMA/NbBI
OMntpo Keuyp, AHApp W eMancwakk,m iBono gun Mmu 195

ocoenmBocCcTl OA[AEPXAHHA BI OOETrPAOABENBHNX HAHOKOMMNO3WUTI B
MOHT MOPWNNOHI TY

Bonogumunp Kpaci HCbKWUWR, OnexcaHpagp IpuyeHk o, Bonopgumnp
Padan ManiHoBCbKIi, MOaHienb Kauvop 197

MI KPOCPEPUWUYHI LEONI TOBMI RHOCKORIMNOBUTUNBHAHOTI O

KAONI HY 49K KATANI BATOPUW OKWCHOIo AEIN APYBAHHA 3A YYAC
OnexkcaHnpgpa MNepTKoO, lOni 9 BonowunHa, Nwbéos MaTpw®Wd gk, AH X
[OCNlI AXEHHA AETPAJALUIT NNl BOK HA OCHOBI NONITI APOKCI AN
TA 1T X CYMI WEW YCEBREIHYB.U LA X

| p€GemeHtOK, pi hn MenbHUkKk, BikTopia Kouyben, OW2kcaHAp
¢l 3IN-KOMI YHI 3 ACAAN DOBPXAKHAOLHWMX NOKPWUTI B

Hatania CemMeHIK, Franwua Aypoxk, Opi i Tkauunk, BdDnopgumup
MOHOMEPW HA OCHOBMXPOONWM ANA CTBOPEHHA NONAI MEPHWUX WI TO
TEMNEPATIYPDY KOBAHVMMWN NEPEXOLAMMU

AHacTacia YeoboTap, KOpi i CTeuwnmuwnmH, Bonogumup MbHYak
OCAAXEHHA HAHOYACTWHOK BI METAMII B HA MNMOPYBATWUW KPEMHI N |
nonlt Bl HI ANl RONI OOHY

Map’' asHa Weni gapnaPayeHHBI Cani i Unbpi BCbKMUNI 205

MODIFIED POLYVINYL CHLORIDE-POLYESTER COATINGS WITH INCREASED OPERATIONAL
AND PROTECTIVE PROPERTIES.

Pavlo Humenetsky, Devid Kysil, Taras Humenetsky, Volodymyr Levytskyi 207
OCOBNMNMBOCTI OA[AEPXAHHA TA/BMAKTTWBIHITXI MATEPI ANl B
3 OPITAHI YHNUMWN OOOATKAMU

BoxeHa -[KeymdHiICbka, [iaHa KatTpyk, AHAapi W Mactwk 2086Bonogumi
OOEPXAHHA EHB®YKEWAI ONbHWMX NNl BOK
Mnuxanmno bBbpaTtunuack, Oner Tlomi pkKoO 209

POLYMER SUBSTRATES FOR Il GROUP CHALCOGENIDE QUANTUM WELLS:
PERSPECTIVES FOR WIDE APPLICATIONS FROM SOLAR CELLS,
OPTOELECTRONIC DEVICES TO SPECIAL-PURPOSE CLOTHING.
Liliia Deva, Ruslana Huminilovych, Martyn Sozanskyi, Vitalii Stadnik 210

AP GHR UkraLugWay 624 249
29



HAYKOBE BWAOAHHA
XIMDKHAPOAHAYKOBEG XHIAKKDH®OE P BEH L |

MocTyn
B Had@ToOrasonepepooHIi W
Ta HadpPTOXi Mi YHI W nNnpomMmcnoBOC

MATEPI KDADEPEHLI |
NeB2@4T1TpaBHdp .202

X1 | NTERNATI ONATLE GEENIEGIAL FC@NFERENCE

Advance
i n Petroleum and Gas | ndust
and Petrochemistry

PROCEEDI NGS
Lviv, -May 2024

APGI1R

Bi anoBi gaanbHIKOP i BeamBWKI Y C K
KomMmoT epHe Be@/cerHaad HMC T ax 0B a
Xypoxmmai H¥)psHa KenewmaH

3paHo y BURadDWBUWPBDEREAC aHOOL . 407 .0DYXY
®opmvaOTx'B&8 Manip odoepcrmiBmiiflpykK
YMOBH. 0D2Y0D Maapk .1 4pK.
Hak /8&d an p3vaM2 4 06 5 9

Bnpaseuyub | BausrHUWU BBMKAbBMECbKOT NONIi T
CBi oouUTeBkoTBa® L @B H @BMUNINgAddn4p5i9q, 2 7. 12. 2012 p.

BY . ®. Koneccwun, 4, JNbBiB, 7901
Ten. + 388401, 033par & +ABM132 2582
vip.cem. uawmutT@v.| p. com. ua

APGIHR UkraLugWay 24 249
22 0


mailto:vmr@vlp.com.ua

