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3 Meror0 3a0e3leueHHs] CTajoro pPO3BUTKY JOPOKHBOI I1HPPACTPYKTYpH, KPUTHYHO
BOXJIUBUM € PO3BUTOK YKpPAiHCHKMX BHUPOOHHYMX IOTY)KHOCTEH 3 BHUIOTOBJEHHS CYYaCHUX
MoaudikoBaHux OiTymiB. OJHMM 13 TEpCHEKTHBHUX pilleHb € Moaudikamis OiTymy
CUHTETUYHUMHU 200 BTOPUHHUMH MOJIMEPHUMHU J0OaBKaMU. Y JOPOKHHOMY OYIIBHHIITBI ITUPOKO
3aCTOCOBYIOTHCSI pI3HI TUIOM MOAU(DIKATOpiB, 30KpeMa CTHPOJ-OyTa/l€eHOBI IOJIMEpH,
CTUJICHBIHIJIALIETAT, a TaKOXX NPOAYKTH BTOPUHHOI NepepoOKH, cepel SKUX OCOOJIMBE Micle
nocijae rymosa kpuxta (I'K).

EdexruBHicTh Monmu@ikaiii OITyMy T'yMOBOIO KPUXTOH 3aJI€)KMTh BiJl HU3KM UMHHUKIB,
30KpemMa: CKJIaJy BHUXIJHOTO B’SKY4Oro, KOHIIEHTpAlii I'yMOBOi KPUXTH Y CHUCTEMI, PO3MIpYy
YaCTUHOK, XapaKTePUCTUK MOBEPXHI Ta YMOB BBEJIEHHS — a caMme TeMIIepaTypH, TPUBAJIOCTI Ta
IHTEHCUBHOCTI 3MilllyBaHHs. He MeHII BaXJIMBUM € Xapakrep MiK(a3HMX B3aeMOAiH, 10
BH3HAYaIOTh CTPYKTYPHY OpraHizalito cucteMu. UYepes CKIaJHICTh MOJIMEPHO-OITYMHUX CHCTEM
4acTO CIIOCTEpIralOThCsA  pI3HOCHPSAMOBaHI  €(eKTH, SKI HPOSBISIOTHCS B LIMPOKOMY
TEeMIIEpaTypHOMY Jliara3oHl.

VY pamkax MpOBEAEHOrO JOCTI/DKEHHS BHBYEHO BIIMB TYMOBOi KPUXTH Ha TMpPOIEC
OKHCHEHHSI BaKyyMHOT'O 3aJIMILKY, 3 OCOOJMBUM aKLEHTOM Ha TpaHc(hopMallio HOro XimMidHOro
CKJIaJy Ta 3MIHY PEOJIOTIYHUX BiIacTuBocTer. OCoONMMByY yBary mpuAUICHO BIUTMBY MOAHM(IKaTopa
— KOMOBOI CIpKH Ha (POPMYBaHHS MIKpPOCTPYKTYPH OITYMHOTO B’SIKY4OTO.

Jlnist BceGIYHOTo pO3yMiHHS MOJIEKYIAPHUX TpaHc(opMarliil, mo BiIOyBatOThCsA B OITYMHHUX
cucreMax il BIUIMBOM aTMOc(epHMX UMHHMKIB (OKMCHEHHS, TepMiuHOi jerpazaii,



BUIIAPOBYBaHHs JIETKMX KOMIIOHEHTIB, CTPYKTYpHOI peopraHizauii), JOCIiKyBalIl MOJIEKYIAPHY
IeTePOreHHICTh KOMIIOHEHTHOIO CKJaly, L0 OXOIUIIO€ IIMPOKUM Jiana3oH — BiJl HACHUEHHX
TMHIAHUX aJKaHIB JI0 KOHJACHCOBAHUX MOJIaPOMATUYHHUX CTPYKTYp. 3 Ii€I0 METOK y JaHOMY
JOCTIDKeHHI 3A1MCHEHO TMONIMONCHUN aHajii3 CTPYKTYPHO-XIMIYHOI Oprasizamii TyIpony,
HadroBoro OiTymy Ta iHoro momudikoBaHux (HopM 13 3aTy4CHHSIM KOMIUIEKCY aHaJITHYHUX
MeTOliB, 30Kpema iHdpauepBoHoi criekTpockomnii (FTIR) Ta enemenTHOTO anamisy.

Jns  mabopaTropHOro CHUHTE3y OIiTyMy METOJOM OKHCHEHHS B SIKOCTI CHPOBHUHHU
BukopucroByBanu ryapoH (I'), cipky komoBy, orpumani 3 IIAT «Ykprarnadra». Momudikarito
3MIMCHIOBAIM 13 3acTocyBaHHAM TymMoBoi kpuxtu (I'K), omepkaHoi NUIIXOM MEXaHIYHOTO
NOAPIOHEHHS 3HOIIEHUX UIMH JITKOBMX, BaHTQXHHUX aBTOMOOLIIB, a TaKOXX IPOMMCIOBOI Ta
CLIBCBKOTOCIOAAPCHKOT TEXHIKH.

VY cucremi, 0 po3MIAAAETHCS, TyMOBA KPUXTa BUKOHYE TOABIMHY (DYHKIIIIO: BOHA BUCTYIIA€E
K CTPYKTYpHUH Mozau(ikarop Ta SK KaTalli3aTop, I10 NMPUCKOPIOE peakilii OKUCHEHHS 3aBISKU
HasBHOCTI HEHACHYEHMX 3B ’S3KIB Ta aKTMBHOI NoBepXHi. KomMOiHOBaHMI mHpoIeC OKUCHEHHS
IHTETpy€e MOCTIIOBHI €Tany — MOMepeTHE 3MIITyBaHHS 3Ky OITYyMy 3 TYMOBOIO KPUXTOIO Ta
CIPKOIO B KOHTPOJHOBAaHMX TEPMIYHUX YMOBaX, IOAAJbINE TOBITPSHE OKUCHEHHS Ta (iHAIBHY
MoAu(diKalil0o — B €IUHY EHEpreTU4YHy CHCTEMY 3 BUKOPHUCTAHHSIM BHCOKOTEMIIEPATYpPHOI'O
TEIUIOHOCIS, 110 3a0e31euye 0JJHOYaCHE OKUCHEHHS OITyMy Ta CTPYKTYpHY MOAH]IKAIiIO.

[Tporiec KOMOIHOBAHOTO OKMCHEHHS PEalli30BYBAIU 33 TAKOKO ITOCIIIOBHICTIO:

1. MigroroBunii eram: J{o ryapoHy JoAaBaId Mepry MOPIi0 T'YMOBOI KPHXTH Y KiUTBKOCTI
2 % mac.+2% KOMOBOI CIpKH, CyMilll nepeMinnyBaiu 3a Temneparypu 180 °C ynponosx 30 xB. 3a
IUX YMOB 3a0e3IeuyBanocs pPiBHOMIpHE PO3MOAUIEHHS YaCTUHOK KPUXTH B 00’€Mi, a TakoX ix
HaOyxaHHsS BHACNIiJOK TIOIIMHAHHS pIJKUX KOMIIOHEHTIB OiTyMHOI cucremMu. BBeneHHs
€JIEMEHTAPHOI CIPKH y TYIPOH 13 MOAANBIIOI EHEPreTHYHOI OOPOOKOI0 CHCTEMH CIpUSE
MOM’SIKIIIEHHIO YMOB TIPOLIECY OKHMCHEHHs, IO NPOSIBISETbCA Y CKOPOUYEHHI MOro TpPUBAJIOCTI.
Kpim Toro, Taka TeXHOJIOTIYHA omeparis 103BoJise€ €(heKTUBHO YTHIi3yBaTH 10 2 % Mac. CipKw,
0 PO3MIAAAETbCa K JOAATKOBHI €KOJIOTIYHUI Ta pecypco30epiraiounii acheKkT IpoILEcy.
Peanizanig nporo migxody Jajna 3MOry HeE JIMIIE ONTHUMI3YBaTH HapaMeTpH OKHCHEHHs, a |
MOKPAIIUTH EeKCIUTyaTalliifiHi BJIACTUBOCTI KIHIIEBOIO MPOAYKTY 3a paxyHOK (OpMyBaHHS
CTaOUIBHILIOI CTPYKTYPHOI CITKH B OITYMHOMY B’ SIKY4OMY.

2. OxucHenHsi: OTpuMaHy KOMIIO3MIIIIO MIiJAaBaJld OKHWCHEHHIO TOBITPSM YIPOJIOBK 2
ronuH 3a temneparypu 260 °C, 3 Butparoro noBiTps 4 n/xB. Takuil TemmnepaTypHUH peXUM
CrpusiB iHTeHCU(IKALl PO3YMHEHHsS] YAaCTHUHOK T'yMOBOi KPUXTH IiJl BIUIMBOM ac(aibTOT€HHUX
KHCJIOT Ta MOJIEKYJSIPHOTO KHUCHIO, 110 KaTalli3yBaB OKMCHI I€PETBOPEHHS KOMIIOHEHTIB.

3. ®inanbHa Moaudikamis: Jlo MpoAyKTYy CHUIBHOTO OKHCHEHHS TyApoHY 3 2 % TrymoBOl
KpuxTu 1 2% CipKu KOMOBOI J10/1aBajli APYTY MOPIIiI0 KPUXTH B KUIBKOCTI 8 % Mac. 1 IpoBOIMIN
nepemimyBanHg 3a Ttemmneparypu 180 °C mporsrom 30 xB. Ha mpomy erami akTHBI3yeThCS
B3a€MOJIisl MIDK KOMIIOHEHTaMH CUCTEMH, 1110 3aBeplIIIye Mporec Moaudikarii 6itymy.

3acTocoBaHMII MiAXIa MO3BOJIMB IIOCIHATH [Ba 3a3BHYall HE3aJIEKHI TEXHOJIOTIYHI eTanmu —
OKHCHEHHSI TYApOHY Ta Moaudikaiiio 0iTyMy — B €IMHHMI 1HTETpOBaHUU Ipollec, SIKUK y AaHii
po0oTi KiTacK(iKOBaHO K «KOMOIHOBaHE OKUCHEHHSI.



Ha ocHogi pe3ynprariB [Y crekrpy ryapoHy Ta MPOBEACHOI IHTEpIpeTarllii, HalaHO SKICHO-
KUTbKICHY OIIiHKY BMicTy aromiB [iaporeny (H) ta tumiB aromiB Kapbony (C) y crpykTypi
T'YIPOHY Ta TYMOBOI KPHUXTH Ha OCHOBI aHami3y (yHKiioHanbHUX Tpyn. OuiHka € BigHOCHOIO (%)
Ta BiIoOpa)kae CTPYKTYPHY THIII3AIlif0, a HE aOCOMIOTHHM elleMeHTHUH ckiaa. [lopiBHSIBHMIA
a”aJti3 3Be1eHo 1o tadi. 1.

Ta6auus 1. IopiBusinasa TuniB atoma H ta C 3a ¢pynkuioHaabHMMHU rpynaMu B TyApPOHi Ta
rymoBiii kpuxri

Tun atroma H

I'ymoBa
KpHUXTa

OyHKIIOHAIbHA TPYTIa I'ynpon [losicHeHHs

Anxinpanii (CHs , —70-75% —60-65% B o6ox mepeBaxae — xgpaKTepHo IS
CH,) HACHUYCHHX BYTJICBOJIHIB

VY ryaponi Ginbiie apomatuky (OeH3eHOBI

% - ~10-129 ~5_70,
Apomatuunuii (Ar—H) 10-12% 5-7% (parventy acanbTenis)
Henacuuenuit 5 70 ~10-12% VY rymi gmue yepes 3aJUIIKU
(=CH, ankenn) OyTaHy/i30IpeHy/CTHPOITY
Tixpoxcrsmmit (-OH) 230 <1% I'ynpoH mMae npoayKTH OKUCHEHHS

(TimpokcuibHI (hparMeHTH)

Iame (NH, , TexHivHi

. <2% ~1-2% MoxuBi cTabinizaTopy, aHTHOKCUAAHTH
JIOMITITKH )
Tumn atoma C
éIJjKU;BHHH (CHs , ~50-60% ~40-50% B 060x soMiHy€, OCHOBA JOBIUX JIAHIIIOTIB
2
:SOM““HHH (=€ ~20-25% | ~15-20% | V ryaponi Gibiue — uepes achanbrenn
Henacnuenwnit (C=C) ~3-5% ~10-12% I'yma MICTUTB 3aJIMIIKH 130IPEHY, CTHPOITY
Kap6oninbauii (C=0) ~8-10% <1% iipéi};?;mwn B TYAPOHL —= HACTIAOK
Cipxosicuuii (C—-S) ~9_3% 350 B 060x — pe3ynbrar ByskaHizailii abo

OKHCHCHHSA

Iarepnperanis Y cnekTpiB T'yIpoHY CBIIUMTH MPO HASBHICTH CyMilllli apOMaTHYHUX (Sp?)
KOMITOHEHTIB 1 3Ha4HOI ajiaTuyHol (pakiii, Ae NPUCYTHI KOH IOroBaH1 KapOOHUIbHI Ipynu Ta
OKCUTE€HOBaH1 ()YHKI[IOHATM B HE3HAYHIN KUIbKOCTI. Anmidaruuuii rigporeH (tabn. 1) mepeBaxkae
HaJ apoMaruyHuM (opieHToBHO 55 —70 % mpotu 25 — 40 %), a kapOOHHUN (OHI 37Ae01LTBIIOTO
CKJIaJaeThes 3 apoMaTnyHux sp— C (=45 — 65 %) 1 anmiparnunux sp’— C (=35 — 55 %). 'yapon €
nomnukIigHIM (1o C-rpyriaM), 9acTKOBO OKHMCHEHHMM Ba)KKUM BYIJICBOAHEBUM 3aJIMINKOM, 13
MepeBarol0 apoMaTMYHUX Ta OKCUTC€HOBMICHHUX CTPYKTyp. ['yMoBa KkpuxTta Mae Oiiblie
HEHACHYECHUX, pEaKUIHHO 37aTHUX 3aJIMIIKIB 1 CIPKOBUX 3IIMBaHb, XapaKTePHUX JUIA
BYJIKaH130BaHOT'O MOJIiMEpY.

3a anamizoM cuHeprii y moaudikamii 0itymy (Tabn.2) BUSBWIOCH, IO TYAPOH 1 TyMOBa
KpUXTa € XIMIYHO KOMIUIEMEHTAPHHUMH KOMIIOHEHTaMH: TYIpOH 3a0e3redye CTPYKTYpY,
TEPMOCTIHKICTh 1 HOJSPHICTb, TYMOBAa KpPHXTa — PEAKLIHHO aKTHUBHY apMyrouy ¢a3y 3aBasKH




HEHAaCUUYEHUM 3B’s13KaM Ta CipkoBUM (parmeHTam. Lle oO0rpyHTOBY€E e(peKTHBHICTH KOMOIHOBAaHOTO
OKHCHEHHSI SK METOAYy CTBOPEHHS CTa0UIBHOTO, apMOBAHOTO OITYMHOTO KOMIIO3UTY 3
MTOKPAIIEHUMH BIIACTUBOCTIMH.

Ta6anus 2. CuHepris ryIpony i ryMoBoi Kpuxtu y Moaudikanii 6itymy

I'ymoBa .
ITapamerp I'ynpon Y Ponb y koMmnio3uri
KpHUXTa
XiMi4Ha IHEPTHICTb [Tomipna Bucoka Crabinizanis dhazu
Peakmiitna 3pathicth (C=C, S) [MomipHa Bucoka IHimiaris BynkaHizanii / 3MmMBaHHS
HasBHicTh ONSIpHUX TPy . Anresis TBOPEHHS  BOJHEBHX
P Py Bucoka MinimaabpHa , yIBop
(C=0, OH) 3B’S3KiB
ApOMaTHYHICTb Bucoxka Cepenns TepmocTaOiNbHICT

OTpuMaHi 3HAYECHHS CIEKTPAIBHHUX I1HACKCIB [1] JO3BONIMIM ONATKOBO IMPOAHAII3YyBaTH
OKHCHEHHS Ta TpaHC(HOPMAIIil0 BYIJICBOIHEBOI CTPYKTYPH 32 Pi3HUX YMOB Tpoiiecy (puc.l).

0,35 mS5S=0 CH; Cc=C Ar—H

I T
ot 1

0,05

CrieKTpaibHUN 1HIEKC

3pazox

Puc. 1. Jliarpama criektpanbHux iHgekciB: 1 — ' 3 nogaBannasam 2% 'K + 2% cipku koMoBO1
npotsirom 30 3a 180° C, 2 — micis 60 ta 3 — 120 xBuimH okucHeHHs 3a 260° C, 4 — miciiss OKUCHEHHS
npotsrom 0,5 roguam 3a 180 °C 3 8% 'K

[TpocTextoun eBoIIoLi0 CYyTbHOKCUIHUX CTPYKTYp (1HAeKe S=0) iHAEKC IPYIHU 3pOCTAE BiJl
0,08 (3pazok 1) go 0,14 (3pazok 3) 31 30UIBIIEHHSIM TPUBAJIOCTI OKUCHEHHS 3a Temmeparypu 260
°C. Taka 3aJeXHICTh CBIUUTH MPO MOCTYNOBE OKUCHEHHS CIPKOBMICHHUX CIIOJIYK 13 YTBOPEHHSAM
cynbpokcuaiB. Haiilinbm cyTTeBe 3pocTaHHs crocTepiraetbess aias 3paska 4 (0,21), mo
BiAMoBifae BBeAeHHIO 8% rymoBoi kpuxTu. Lle cBimuuTh mnpo iHTeHCHIKaIi0 TPOIECciB
OKHCHEHHS, IO MOX€ OyTH 3YMOBJICHO YTBOPEHHSIM AaKTUBHUX pPaIUKAIbHUX IEHTPIB IPH
TEPMOAECTPYKLIi TyMH, MOKpalIeHHAM Judy3ii KUCHIO B CHCTEMY, HasBHICTIO HEHACHYEHUX
3B’s3KIB y mosiMepHiid Marpuii. CTOCOBHO NepeTBOpeHHs aniaTuuHuX CTpyKTyp, iHaekc CHI
3poctae Big 0.15 1o 0.22 (3paszku 1-3), 1m0 cBITYUTH Npo nepedyaoBy aniparnyHux (parMeHTiB y
mporeci  okucHeHHs. Ile Moke OyTm TOB’S3aHO 3  YacCTKOBUM  PO3MICTUICHHSIM
BHCOKOMOJIEKYJIIPHIX KOMIIOHEHTIB OJHOYACHMMH Ipolecamu KoHjaeHcamii. [{is cucremu 3 8%
ryMOBO1 KpuXTH (3pa3ok 4) injekc fgocsrae 0,29, 110 MOSCHIOETHCSI BHECEHHSIM IOJT1130IPEHOBUX
CTPYKTYp TEpPMIYHOIO AECTPYKIIE TyMH 3 YTBOpPEHHSIM amiparnyHux QparmentiB. Ilig uac



dbopmyBaHHs apomMatHdHUX CTPYKTYp iHAeKC C=C 30inbmyeThes Bia 0.09 mo 0.13 (3pasku 1-3),
110 CBIAYMTH MPO PO3BUTOK MPOLIECIB ACTiAPyBaHHs, IUKJIII3alii, apomaru3aiii. Pi3ke 3pocTranHs
1o 0.19 (3pa3ok 4) Bka3ye Ha 3HAUHUI BIUIMB T'YyMOBOI KPHUXTH, SIKA € JKEPEJIOM HEHACHUYEHHUX
(GparMeHTiB 1 crpusie yTBOPEHHIO apOMaTUYHUX CTPYKTYp. IHnexc apomarnyaux C—H 3B’s3kiB
3pocrae Big 0.18 g0 0.24 (3pazku 1-3) i gocsrae 0.30 ms 3paska 4. Lle miaTBepmKye 3pOCTaHHS
YaCTKH apOMAaTHUYHUX KiJellb, [BUIICHHS CTYINEHS iX 3aMiIICHHS.

3 TEXHOJIOTIYHOI TOYKH 30py — KOHTPOJILOBAaHE OKMCHEHHSI 3a0e3Ieuye MPOTHO30BaH1 3MiHH
CTPYKTYpH TYIPOHY, BBEACHHS TYMOBOI KPUXTH ICTOTHO 3MIiHIOE€ HAlpPsIMOK TPOIECY, CIIPHUSIIOUN
3pOCTaHHIO CTPYKTYPHOI CKJIAJHOCTi, MiJABUIIEHHIO apOMaTU4YHOCTi, (OPMYBAHHIO HOBHUX
BYIJICBOJHEBUX (parMeHTiB. Lle miaTBepKye €(hEeKTUBHICT BUKOPUCTAHHS TYMOBOI KPUXTH SIK
Moaudikaropa 1 Karamizatopa MmiJ Yac OTpUMaHHA OITYMHHMX MarepiajiB 13 HOKpaIleHUMH
eKCIUTyaTalliiHUMH BIACTUBOCTSMHU.

Pesynpratu BunpoOyBaHb Ha MEHETPAIil0 Ta 3MIHY TeMIIeparypu PO3M'SKIICHHS OITymy,
OTPUMAHOIO MUISXOM OKHCHEHHS TYIPOHY 3a TPaJUI[ifHOI TEXHOJIOTi€0 Ta MOAHU(]IKOBAHOTO
OiTymy 3 momaBaHHsM cipku 1 'K, po3paxyHkoBe 3HaYCHHS 1HICKCY IEHETpaIlii, mpeACcTaBieHl B
Tabmmmi 2.

Ta6aunus 2. @izu4Hi i MexaHiyHi XapakTepucTHKH 0iTyMy Ta MoaudikoBaHoro 6iTymy

On. . Bitym
ITokazHuk ) bitym . .
BUMIpPIOBaHHS Mo IM(iKOBaHUH
[Menetparis 3a 25 °C MM 78 54.6
T [e]
eMl?epaTypa C 48 528
PO3M’ SIKIIICHHSI
HdykrunpHicTs 3a 25 °C cM 74 88.1
Innekc meneTparrii - Mminyc 0.63 Minyc 0.32

3MeHIIeHHsI 3HaueHb meHeTrpauii Oitymy (1o 54.6 mm), OTpUMaHOro B yMOBax
KOMOIHOBAaHOTO OKHCHEHHSI TYIpPOHY, OOYMOBJIEHE KOMIIJIEKCOM B3a€MOTOB’ sI3aHUX (HI3HUKO-
XIMIYHUX MPOIECIB, 0 IPU3BOAATH A0 CYTTEBOTO YCKIIQAHEHHS HOro CTpyKTypHOI opraxizarii. Y
NepUIy Yepry Le Moxke OyTH MOB’A3aHO 31 3pOCTaHHAM CEPEAHbOT MOJIEKYIISIPHOT MacH TUCTIEPCHOT
da3m BHacHioK i1HTeHcH(iKalli peakiii OKMUCHIOBAJIBHOI KOHJEHCAIlli, MomximMepu3allii Ta
Y4aCTKOBOTO JIET1/IpyBaHHs BYIJIEBOJIHEBUX KOMIIOHEHTIB. [0jaTKOBUM (aKTOPOM € y4acTh CIpKU Y
dbopMyBaHHI TOMEPEYHUX 3B’SI3KIB THMY S—S, IO peanmi3yloThCS 3a MEXaHI3MOM YacTKOBOI
ByJIKaHI3allli Ta 3IIMBaHHA SK BYIVIEBOJHEBUX KOMIIOHEHTIB OiTyMy, Tak 1 (parmeHTis
TEPMOJIECTPYKTOBAHOI T'yMOBOi KpUXTH. Y  pe3ynbrari (opMmyeTbcsi OUIBII  KOPCTKA,
CTPYKTYpOBaHa CHCTEMa 3 OOMEXKEHOI0 pYXJIUBICTIO MOJEKYISIPHUX CEIMEHTIB, IO
0e31mocepeaHbO MPOSBISETHCS Y 3HUKEHHI ITeHeTpallii.

[TigBumeHHsT TeMmeparypu po3M’sKiieHHs MoaugikoBaHoro Oitymy mo 52.8°C Takox
MOYKHA BBa)KaTH 3aKOHOMIPHHMM HACJIIKOM 3a3HAYCHUX CTPYKTYPHHUX MepeTBOpeHb. DopMyBaHHS
MMPOCTOPOBO 3IIUTOTO KapKacy, IO BKJIOUae acgalbTeHOBI arperarv, CIpKOBMICHI MICTKH Ta
(bparMeHTH ryMOBOiI KpUXTH, 3a0e3meuye cTabii3amiio CTPYKTypH 3a MiJBUILEHUX TEMIIEPaTyp.

3pocTaHHsl 1HAEKCY IMeHeTpamii y MoOAU(iKOBaHIM cHUCTeMi CBITYUTh PO 3HUKEHHS
TEMIIEPAaTypHOI YYTIUBOCTI OITYyMy, IO € Ba)KJIMBUM €KCILTyaTalliiHUM noka3HuKoM. Lle MoxkHa
MOSICHUTH THUM, IO c(opMOBaHA BHACIITOK KOMOIHOBAHOTO OKHCHEHHSI CTPYKTypa Ma€ OiIbII



PIBHOMIpHUW PO3MOJI BHYTPIMIHIX 3B’S3KIB 1 XapaKTEPHU3Y€EThCS ITABUIICHOK CTAaOUIBHICTIO B
IIUPOKOMY TEMIIEpaTypHOMY iHTEpBadi. Y CYKyHHOCTI Iie 3a0e3neuuth (GopmyBaHHS OITymMy 3
MOKPAIIEHUMH PEOJIOTIYHUMH Ta eKCIUTyaTalliiHUMH XapaKTEPUCTHKAMHU, IO BiJOOpaXaeTbCs y
TiBUIICHHI 3HAYCHHSI 1HJIEKCY MTeHEeTpPaIlii.



IIIMHHA IIPOJII3HA OJIUBA SIK AJIbTEPHATUBHUM KOMIIOHEHT
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BupoOHHMIITBO TEXHIYHOTO BYIJICIIO0 HAJCKUTHh A0 KIIOYOBUX HANpsMiB HAPTOXIMIYHOT
MIPOMHCIIOBOCTI Ta TPAIUIIIHO 0a3yeThCsl Ha BUKOPUCTAHHI BaXXKHX (pakiiii HadTormepepoOKu i
MoOIYHUX MPOAYKTIB Kokcoximii. CupoBHHHA 0a3a 1bOTO BUPOOHHUITBA (POPMYETHCS MEPEBAKHO
32 PaxyHOK apOMaTMYHMX 1 BHMCOKOMOJIEKYISIDHUX BYIVIEBOJHIB, 3JaTHUX 0 €(QEeKTHUBHOTO
TEPMIYHOTO PO3KJIAJaHHA 3 YTBOPEHHSIM JHUCIIEPCHOTO BYIVICHIO 3 3aJaHUMU CTPYKTYpHO-
MOP(OJIOTTYHUMH XapaKTEPUCTUKAMHU.

VY cyuyacHMX yMOBaXx ()YHKLIOHYBaHHS IPOMHUCIOBOCTI YKpPaiHHU, 3yMOBJIEHUX HOPYIIEHHSIM
JIOTICTUYHUX JIAHIIOTIB Ta CKOPOYEHHSAM JOCTYMHOCTI TPaAWLIHHUX BUIIB CHPOBUHU BHACIIIOK
BilicekoBO1 arpecii Pociiicpkoi @enepartii, 0coOnmmMBoi akTyaqpHOCTI HaOyBae AMBEpCHQIKaIis
CHPOBHHHOI 0a3u BUPOOHHIITBA TEXHIYHOTO BYIJICIIO. 30KpeMa, Aedinut abo moBHA BiJCYTHICTH
OKpeMHUX Ha()TOBMX KOMIIOHEHTIB CTHMY/IOE€ HOUIYK albT€PHATUBHHUX [DKEPEN BYIVIELIEBMICHOI
CUPOBHHHU 3 BiJIMOBITHUMH (PI3UKO-XIMIYHUMHU XapaKTCPUCTUKAMH.

OnHuM 13 NEepCHeKTHBHUX HANpsSMIB € BUKOPUCTAHHS MPOAYKTIB TEPMIUHOI NECTPYKIIii
MOJIIMEPHUX BIJIXOJIB, 30KpeMa 3HOIICHUX AaBTOMOOUTbHMX IHH. [IpoOnema HaKOMUYECHHS
IIMHHUX BIAXOJIB Ma€ To0albHUIA XapaKTep uepe3 iXHI0 CTIHKICTh 10 Olomerpasaiiii, 3Ha4H1
o0Csrn yTBOPEHHsS Ta MOTEHIIMHY €KOJoriyHy HeOe3neky. Y LbOMY KOHTEKCTI MipoJi3 LIMH
BUCTYNAa€ eEeKTUBHOIO TEXHOJIOTIEI0 yTHIII3allii, 1110 103BOJISIE OTPUMYBATH PiJIKi, ra30MOI0HI Ta
TBEP/1 NPOAYKTHU, CEpe SIKUX 0COOIMBUI IHTEpEC CTAHOBUTH IIMHHA Mipoii3Ha onusa (LHII10).

HITTO xapakTepu3yeThCsl CKIAJHAM BYIJIEBOJHEBHM CKJIQIOM i3 BHCOKOI YacCTKOIO
apOMaTUYHMUX, TMOJIUMKIIYHUX Ta HEHAaCHUEHHX CIOJNYK, M0 3yYMOBIIOE ii MOTEHUIHHY
NPUIATHICTh SK KOMIIOHEHTAa CHUPOBHUHHUX CyMillIeH JUIs CHHTE3y TEXHIYHOIO BYIVIELIO Ta
BIUIMBATH Ha TMPOLECH YTBOPEHHS HOTr0 YacTWHOK, iX JHMCIIEPCHICTh, CTPYKTYpYy Ta MOBEPXHEBI
BrnactuBocTi. [nurterpamis HIIIO y TexHOnOri0 BUPOOHHUIITBA TEXHIYHOIO BYIVIELIO MOTpedye
JOIATKOBUX ~JOCHI/KEHb JUIS ONTHUMI3alii CKJIaay CHUPOBMHHHMX KOMMO3MLIH. BoaHouac
OYIKYETHhCS 3HM)KEHHS COOIBapTOCTI MPOAYKIIT Ta 3MEHIICHHS 3aJIeKHOCTI Bil TpaJULIHHUX
BHKOITHUX PECYPCIB.

Ha BupoOHMYMX TOTYXHOCTSIX KpeMeHUyIbKOTO 3aBOIy TEXHIYHOTO BYIVICIIO TPOBEICHO
cepilo MPOMHUCIIOBUX BHUIIPOOYBaHb, COPSIMOBAHMUX Ha OLIHIOBAHHS MOXJIMBOCTI YAaCTKOBOI 3aMiHU
TPAaJUIIfHOT  BYIVIEBOAHEBOI CHUPOBMHH  aJIbTEPHATUBHUMM  KOMIIOHEHTAaMH  BTOPHUHHOIO
MOXO/DKEHHS. Y MeXax AOCITIDKEHHS ¢(hOPMOBAHO JTOCIITHY CHPOBUHHY KOMIIO3HIIIO, IO CKIIATy
SIKOT BBEICHO IIMHHY MIPOJII3HY OJIMBY y KUbKOCTi 5 1 10 mac. %.



Bubip 3a3HayeHOro  CHiBBIIHOIICHHS OOyMOBJIEHUH  HEOOXITHICTIO  30epeeHHs
CTaOUIBHOCTI TEXHOJOTIYHOTO MPOIECY TEPMOOKHCHIOBAJIBHOTO PO3KIJIAJaHHS BYIVICBOIHIB, a
TaKOX MIHIMI3alil PHU3UKIB BIAXWICHHS BiJ] PEIVIAMCHTHHX MapaMeTpiB poOOTH pPeaKTOPHOTO
obomamunanHs. llluHHA miponi3Ha onWBa po3miIsuaiacs SK MOTCHUIWHO e()EeKTHMBHHA KOMITIOHCHT
3aBJISIKH BHCOKOMY BMICTy apOMaTMYHHX 1 KOHJICHCOBAHUX BYIJICBOIHEBUX CTPYKTYp, IO €
CTIPUSATIUBUMHE MTPEKYPCOPAMH YTBOPEHHS TEXHIYHOTO BYTJICITIO.

[TpomucioBi BUIpoOyBaHHS 3AIMCHIOBAIMCA B YMOBaX, MaKCHUMAaJbHO HAOIIKEHHX [0
IITaTHOTO TEXHOJOTIYHOTO PEXUMY, 13 KOHTPOJEM OCHOBHHMX IapaMeTpiB IMPOIECy, 30Kpema
TeMIIepaTypy peakiiiHOl 30HH, BUTPATH CUPOBUHH, CITIBBIIHOIICHHS «ITAJTMBO—TIOBITPS», & TAKOXK
XapaKTepUCTUK YTBOPIOBAHOTO MpOoAyKTy. OTpuMaHi AOCHITHI 3pa3Kd TEXHIYHOTO BYIVICIIO
OiAIATany  [MOJANBLUIOMY aHaji3y 3 METOI BHU3HAYCHHA iX (I3MKO-XIMIYHHX ITOKa3HHKIB,
BKJTIOYAIOYHU JAUCIIEPCHICTD, CTPYKTYPHICTh, TUTOMY IMOBEPXHIO Ta BMICT JIETKMX PEYOBHUH.

Ta6anus 1. Pe3ynpTaTn ekcnepuMeHTAIBHOTO qocaigxeHHs fogasanns IO y cupoBuHHy cyminn
i1 4Yac BUPOOHMITBA TEXHIYHOr0 Byrjienio Mmapku N660

. . KinemaruyHa B'sI3KiCTb,
) T'ycruna 3a JluHaMivyHa B'S3KICTh Cr
HaiimenyBanns . 5 5 . 5 .
MPOIYKTY Temmeparypu | 80°C | 60°C | 500C | 80°C | 60°C | 50°C
20° C, r/em’®
Crpositia 1,163 42 76 | 130 | 37 67 | 113
TpanuiiitHa
Cuposuna +5% ILITIO 1,156 43 77 128 38 68 113
CupoBuHa +10%
IO 1,152 38 66 100 34 59 88

Pesynbraru, HaBeneHi B Tabnuui 1, cBi4aTh mpo 3akoHoMipHu# BB BBeAeHHs LIIITO Ha
peosoriyHi Ta (i3UyHi BIACTHUBOCTI CUPOBMHHOI CyMilli JjIs1 BUPOOHUITBA TEXHIYHOTO BYIJICIIO
Mapku N660. ITepeayciM BCTaHOBICHO HE3HAUHE 3HW)KCHHS TYCTUHU CHPOBHUHU 31 30UIBIICHHSIM
gactku [II1O: Bix 1,163 r/em® nost Tpaguitiiinoi cupoBunu a0 1,156 r/cm® mix yac BBeneHHs 5 %
HITTO Ta mo 1,152 r/em® mpu 10 % ILITIO. Taka TeHnaeHuiss Moxe OyTH MOSCHEHAa MEHILIOO
CepeIHbOI0 MOJIEKYIISIPHOI0 MAcol0 Ta OLIBIIOK YAacTKOKO JIETKUX (pakuliil y CKiIajl Mipoii3HOi
OJIMBU TIOPIBHSHO 3 TPAJUIIIIIHOIO HA()TOBOIO CHPOBHUHOIO.

Binbin cyTTeB1 3MiHM CIIOCTEPIralOThCs y MOKa3HUKaX B’s3KkocTi. [lpu BBeaenni 5 % ILIIO
JMHAMIYHA Ta KIHEMaTW4yHa B’ A3KICTh MPAKTUYHO HE 3MIHIOIOTHCS BITHOCHO 0a30BOi CHPOBUHM:
npu temneparypax 80, 60 1 50 °C BiAXWIEHHS 3HAXOJATbCSI B MEXax EKCIHEpUMEHTAJIbHOI
noxubku (+1-2 on.), MmO CBIAYUTH MPO 30€peKeHHs PEOJOTIYHOI TMOBEAIHKHM CHCTEMH Ta
CTaOUIBHICTh YMOB PO3NUJICHHS CUPOBUHHU Y peakTopi. e BakIMBO 3 TEXHOJIOTIYHOI TOUKH 30DY,
OCKIIBKM B’SI3KICTh BHM3HAYa€ HMCIEPryBaHHS CTPYMEHS Ta, BIANOBIIHO, KIHETUKY YTBOPEHHS
YaCTUHOK TEXHIYHOTO BYIJICIIIO.

Harowmicts 31 301nbmennsM BMmicty LIIIO no 10 % crnocrepiraeTbest iCTOTHE 3HMXKEHHS SIK
JUHAMIYHOI, TaK 1 KIHEMaTH4HOI B’S3KOCTI MO BCHOMY TEMIIEpaTypHOMY [liala3oHy. 30KpeMa,
JTUHaAMIYHA B’SI3KICTh 3MEHITYEThCs mpuOmm3no Ha 10 — 25 % (3 42 mo 38 nipu 80 °C, 3 76 1o 66



ipu 60 °C, 3 130 o 100 mpu 50 °C), a xinemaruyHa — Ha 10 — 22 % (3 37 go 34;3 67 1o 59; 3 113
1o 88 cCr, BianmoBiaHO). Lle BKazye Ha CyTTEBE PO3PIIKEHHS CHPOBUHHOT CUCTEMH, 1110 MOXKE OyTH
3YMOBJICHO IIiJIBUIIEHUM BMICTOM HHU3bKOKUIUISYMX Ta MEHII aCOLIMOBAaHUX apOMaTHYHUX
xomnoneHTiB y ILIIO.

3 TEXHOJIOTIYHOI TOYKHU 30py 3HIKEHHS B’si3kocTi y Bunanaky 10 % Beegenus IO moxe
MaTu MOABIMHMHI edekT. 3 oAHOro OOKY, MOKpAUIYEThCS PO3MMUIEHHS CHUPOBUHH, IO CIPHSE
dbopMyBaHHIO OiTBII JUCIEPCHOTO aepo30JIF0 Ta IHTEHCU(IKAIil MPOIEeciB TEPMIYHOTO
po3knaganHg. 3 iHIIOro OOKY, HaJMIpHE 3HMKEHHS B SI3KOCTI MOXKE MPHU3BOJUTU JO 3MiHU
rigpoauHamiku ¢akena, CKOPOUCHHS Yacy nepeOyBaHHS YaCTMHOK y BHCOKOTEMIIEpaTypHIl 30H1
Ta, SIK HACJI1JIOK, BIUIMBATH Ha CTPYKTYPHI XapaKTePUCTUKH TEXHIYHOTO BYIJICLIIO.

3 MeToro BcraHOBICHHS BIUBY BBeneHHs [IIT1O mo cupoBUHHOT cyMilni s BAPOOHUIITBA
TEXHIYHOTO BYyIIEI0 Mapku N660 Ha TEXHOJOTIYHI mapamMeTpu poOOTH PEaKTOPHOTO OJIOKY, a
TaKOXX OI[IHKA MOKIJIMBOCTEH MOJAIBIIOT0 MPOMHUCIOBOTO MaciuTabyBaHHS IMpolecy, Oyio
MIPOBEJICHO MPOMHUCIIOBI BUIpOOyBaHHs 13 qofaBaHHsAM 5 mac. % ILITIO. Otpumani pe3ynbraTu
3BEJICHO J10 Ta0II. 2.

Pesynbratu nmpomucioBux BUIpoOyBaHb CBiayarh, Mo BBeAeHHs 5 Mac. % LIIIO no ckmamy
CUPOBUHHOI CyMillli HE CHPUYUHWIO CYTTEBHX IMOPYIIEHb TEXHOJOTIYHOTO PEXUMY poOOTH
PEaKTOPHOTO OJIOKY Ta MOXKE PO3IVISIIATUCS SIK TEXHOJIOTIYHO JOMYCTUME.

Tabuus 2. B BBeeHHsl S Mac. % IMHHOI NipoJ1i3HOI 0/IMBH HA TEXHOJIOT4YHi napamMeTpu
npouecy BUpOOHULUTBA TeXHIYHOr0 Byrjieuo Mmapku N660

B
IMapameTpu HITpOOY BaHHA O06pobOKka pe3ynbTaTiB
3 5% mac. ILIIO
6e3 IO -

Temmeparypa: 1 2 3 cepenHe BiIXHJICHHS
30Ha TOPiHHS 1545 1540 1560 1533 1544 1
30Ha peaKilii 1400 1540 1560 1533 1374 26
30Ha rapTyBaHHS 500 510 520 525 518 -18
Burpara, kr/rox:
ra3y Ha TOpiHHA 50 50 50 50 50 0
CHPOBHHE " 350 340 330 350 340 10
aKkcialbHUH BXif
CHPOBIHHH B 3850 3550 3550 3550 3550 0
palianbHHUR BXiJ
MOBITPST BUCOKOTO THCKY 397 330 330 399 330 3
Ha PO3MHI
HOBIIPA - CEPEAIROTO | 5400 5330 5330 5329 5450 -50
THCKY
Tuck y peaktopi 2800 2730 2800 2930 2820 -20
ITinkauka KOH 8 75 10,5 10,5 9,5 -2

AHani3 TeMmMmepaTypHUX I[apaMeTpiB I0Ka3aB 30epekeHHs CTaOUIbHOCTI Ipolecy B
OCHOBHHUX (DYHKI[IOHAJIbHUX 30HAX peakTopa. Y 30H1 TOPIHHS CepeAHs TemIeparypa MpakTUYHO
He Bijpi3HsIacs BiJ 0a3zoBoro pexxumy 6e3 Bukopuctants LLIIO, mo cBiguuTh Ipo BiACYTHICTDH
HEraTMBHOTO BIUIMBY aJbTEPHAaTUBHOI CHPOBHMHM Ha MPOLIECH TOPIHHSA Ta TEIUIOBUAUICHHS. Y
peaxIiifHiii 30HI CrocTepirazocs MeBHE 3HMKEHHS Temmeparypu Ha 26 °C, mo Moxe Oyt



MOB’S3aHO 31 3MIHOK TEIUIODI3UYHUX XaPAKTEPUCTHK CHUPOBHHHOI KOMIIO3MINi, 30KpeMa
BHACIIIJIOK MPUCYTHOCT1 OIIBII JIETKUX Ta apOMAaTUYHUX KOMIIOHEHTIB MipoJi3HOi onuBH. [IpoTe
Taka 3MiHA HE € KPUTHYHOIO JJISl MPOIECY YTBOPEHHS TEXHIYHOTO BYIJICLIO Ta HE BUXOAMTH 3a
MEXI JOMYyCTUMHX TEXHOJOTIYHMX KOJMBaHb. Y 30HI TapTyBaHHSA TEMIIEPATYPHUU DPEXHM
3QJIMIIABCS CTAaOUIBHMM, IO TMIATBEP/IKYE BIICYTHICTH, HerarupHoro BrumBy IIIIO Ha
3aBepIIaNIbHY CTaii0 (POpMYBaHHS MPOIYKTY Ta HOTO OXOJIOMKEHHS.

JlocmiKeHHSI BUTPATHUX MOKA3HUKIB TAKOXK MIATBEPIUIIO CTA0UIBHICT POOOTH YCTaHOBKH.
Butpara npupoaHOro rasy Ha TOpiHHS 3ajHIIANacs HE3MIHHOIO, IO CBIJYUTH MPO BiACYTHICTh
JI0JaTKOBOI MOTpedu B eHepreTuyHux pecypcax npu Bukopuctansi IIO. [logaya cupoBuHu Ha
pamianpbHUK BXI1A TakKoK HE 3a3Hajla 3MiH, IO MIATBEP/KYE 30€pPEeKEHHs OCHOBHOTO
TEXHOJIOTIYHOTO HABAHTAXCHHS Ha peakrop. BomHodac s akciaJbHOI IOJIa4i CHPOBHHH
BiJJ3HAUAJIOCS HE3HAYHE 3HWKEHHS BHUTPATH, IO MOXE CBITYATH TPO IOKPAIICHHS YMOB
pO3NWICHHA Ta OUIbII e(eKTHBHE AMCIEPTryBaHHS CHUPOBUHHOI CyMillll 3a paxyHOK 3MIiHH Ii
peosoriyHuX BiacTUBOCTe. [loka3HUKM BUTpAaTH TMOBITPS BHCOKOTO Ta CEPEIHBOTO THUCKY
3aJUINAINCA B MEXaxX HOPMAaTHBHHUX 3HAYCHb, IO MIATBEPIKYE aJalTUBHICTh TEXHOJIOTIYHOT
CHCTEMH J0 BBEJCHHS HOBOT'O KOMIIOHEHTa 0e3 HEOOXiIHOCTI CyTTEBOTO KOPUTYBAHHS PEKUMIB
poboTH.

Tuck y peakTopi TakoXk XapakTepu3yBaBCs CTaOUIbHICTIO Ta HE JEMOHCTPYBAaB KPUTUUHHX
BIIXWJICHb TOPIBHSIHO 3 TPAaIUIifHUM pEXHMOM BUPOOHMITBA. He3HayHi KOJIMBAHHS IIHOTO
MOKa3HWKa TepedyBalu B MeKaxX TEXHOJOTIYHO [ONMYCTUMHUX 3HaueHb 1 HE BIUIMBAIM Ha
0e3nevHicTh Ta e(eKTUBHICTH MpoLecy. AHAJIOTYHO, 3MiHM y BHUTpari JyxHoro pearenty KOH
MaJIi He3HAYHUI XapakTep 1 MOXKYTh PO3IVISAATUCS K HOpMaJIbHI BUPOOHUY1 KOJTHBAHHS.

OtpumaHi pe3yinbTaTH MiATBEPIKYIOTh, 10 BUKOPUCTAHHS 5 Mac. % MUHHOI MipOIi3HOI
OJIUBU y CKJIAJl CHPOBUHH JIJII BUPOOHMIITBA TEXHIYHOTO BYIJIEII0 Mapku N660 € TeXHOJIOT19HO
OOIPpYHTOBaHUM 1 HE TMOTpedye CYTTEBOIO TMEperisily perIaMeHTHUX [apaMeTpiB poOOoTH
peakTopHOro Oyoky. 30epexeHHs CTaOLIbHOCTI TEMIIEPAaTYpPHOTO PEXHUMY, TUCKY Ta OCHOBHHX
BUTPATHUX XapaKTEPHCTUK CBIJYUTH TPO MOMIIHMBICTH MOJAJBIIOTO0 MAacIITaOyBaHHS TaKOTO
MIIXOY Ta PO3LIMPEHHS CUPOBUHHOI 0231 BUPOOHUIITBA 32 paXyHOK BTOPUHHUX PECYPCIB.

Pesynbratu aHai3y MOKa3HUKIB SKOCTI TEXHIYHOro BymIemto Mapku N660, oTpuMaHoro i3
BUKOPUCTAHHSAM CHUPOBHMHHOI CyMilli 3 JOJABaHHAM IIMHHOI MIPOJ3HOI OJMBH, IIO
XapaKTepU3ylTh HOr0 CTPYKTYPHICTh, TUCIIEPCHICTH Ta MOBEPXHEBY aKTHBHICTh, HABEIACHO B
Tabm. 3.

Taoauns 3. PesyabraTn ¢izuko-XiMivHUX NOKa3HUKIB TeXHIYHOTO ByrJienio Mapku N660 Ha
CUpPOBHHHI cymili 3 nonaannsam IO

[Tapamerpu aHOP v dakr
UYucno agcopOiii oy, I/Kr 31-41 38,8
ancio abeopbuii ommem, cmM/100 T 85-95 91,8
a0 abcopbLii OIMBH CTHCIIOrO 3paska, cM /100 T 69— 79 72,8
CTaTHCTUYHA TOBIIMHA ITUTOMOI IIOBEPXHI, M2/T 28 —40 35,3
ITMTOMA MOBEPXHS 33 a1COPOIIEI0 a30Ty, M/T 29-41 35,9
ILIOIIA MIKPOTIOP HA ITOBEPXHi YACTHHOK, M°/T - 0,6




AHami3 pe3ynpraTiB, HaBelIeHUX y Taba. 3, cBimuuTh, 1o Bukopucranus 1O y ckmami
CHUPOBHMHHOI CyMiIlll A1 BUPOOHMIITBA TEXHIYHOrO Byriewnro Mapku N660 He MpHU3BOAUTH 10
MOTIPIICHHS HOTO0 OCHOBHHX (DiI3MKO-XIMIYHMX IOKAa3HMKIB, a OTPUMAHHUH IMPOAYKT IOBHICTIO
BIJIMTOBIJa€ HOPMATUBHUM BHUMOTaM JUIsl TAHOT MApKH .

[Toka3Huk ymcia aacopOIii oxy cTaHOBUTH 38,8 I/KI CBITYUTH MPO JOCTATHHO PO3BUHEHY
aKTHBHY IIOBEpXHIO YaCTMHOK TEXHIYHOro Byniewt. lle mniaTBepakye HajeKHUH piBeHb
JMCTIEPCHOCTI MPOAYKTY Ta HOTO 3/1aTHICTh 3a0e3meuyBaT e(peKTUBHY B3a€EMOJIIIO 3 MOJIMEPHOIO
MAaTpHIICIO MiJ] YaC BUKOPUCTAHHS y TYMOBUX CyMilIax.

UYucno abcopOirii onuBY (MOTIIMHAHHS OJIUBH), SIKE XapaKTePU3YE CTPYKTYPHICTh arperariB
TEXHIYHOTO BYyIVICI0, cTaHOBUTHh 91,8 ¢cM?/100 T 1 TakoK 3HAXOMUTHCA B MEXaX BCTaHOBJICHOI
HopMmu. OTpUMaHe 3HAYEHHS CBITYUTH MPO 100pe pO3BUHEHY arperarny CTPyKTypy Ta JOCTaTHIO
3[aTHICTh YAaCTHHOK YTBOPIOBAaTH IPOCTOPOBY CITKY B €JIaCTOMEPHUX KOMIIO3UIISAX, IO €
BaYUIUBUM JTs1 3a0€3MeUeHHs] MEXaHI9HO1 MIITHOCTi TYMOBHUX BHPOOIB.

[Tokaznuk 4yucna abcopOuii ONMBH CTHCIOTO 3pa3Ky MIATBEPUKYE 30epeKeHHS
CTPYKTYPHOCTI MiCJsl MEXaHIYHOTO HABAaHTAKCHHS Ta XapaKTEpU3ye CTAOUIbHICTh NEPBUHHOI
arperarHoi OyZJOBH TEXHIYHOTO BYIJICLIO.

3HaueHHs CTaTUCTHYHOI TOBUIMHM NHMTOMOi IMOBEpXHI Ha piBHI 35,3 M*T Ta HUTOMOI
MOBEepxHi 3a ajacopbmiero azoty — 35,9 M?T TakoX BIANOBIIAIOTH HOPMAaTHBHUM BHUMOTaM i
CBiuath Mpo CTAaOUTbHUIA PIBEHb AMCIEPCHOCTI Ta OMHOPIAHOCTI YacTWHOK. BiM3bKi 3HaYCHHS
MOKA3HMKIB Ta HEBEJMKA IUIOIIA MIKPOIIOp BKa3yIOTh HA PIBHOMIPHICTH MOBEPXHEBOI CTPYKTYPH
Ta BIACYTHICTb CYTT€BUX JAeQeKkTiB y (opMyBaHHI YaCTHMHOK MiJ 4Yac MpoIecy
TE€PMOOKHCHIOBAJIILHOTO PO3KJIaIaHHS CHPOBUHM.

OTpumaHi  pe3yiabTaTd  MATBEPIKYIOTh, 10 YacTKOBE 3aMIIIEHHS  TPaguIliitHOi
ByreBonHeBoi cupoBuHu LIIIO He nmme He MOripHIye SKICHI XapaKTEPUCTUKHA TEXHIYHOTO
Byriento Mapku N660, ane i 3abe3neuye 30epekeHHS HEOOXi1IHOTO PIBHS CTPYKTYPHOCTI,
JMCIIEPCHOCTI Ta MOBEPXHEBOT aKTUBHOCTI MPOAYKTY. Lle CBIAYMTH PO TEXHOIOTIYHY TOLIIBHICTD
BuxkopucranHs IO gk anpTepHaTMBHOIO KOMIIOHEHTa CHPOBHHHOI CYMIIIl Ta HIATBEPAXKYE
MEPCIEKTUBHICTH TOAAJBIIOT0 MacITaOyBaHHS TAKOTO MiIX0My B TPOMHCIOBUX YMOBAX.
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Introduction

Large-scale military activities in Ukraine have contaminated agricultural soils with toxic
heavy metals (Pb, Cd, Cu, Ni, Zn) from explosives and munitions, threatening food safety and
ecosystem resilience [1]. War-disturbed soils suffer from degraded physicochemical properties
and increased metal mobility, which necessitates targeted remediation [2].

Phytoremediation using oats (Avena sativa L.) offers a sustainable solution due to the
species' high adaptive capacity and contaminant accumulation potential [3, 4]. However, the high
mobility of metals in conflict zones can inhibit plant development. To enhance efficiency,
incorporating humic-acid-based sorbents from Ukrainian lignite is proposed. These sorbents
possess strong chelating capacities due to their aromatic and oxygen-rich functional groups [5].

Cavitation-assisted extraction further increases humic reactivity, promoting contaminant
stabilization and stimulating root growth and microbial activity [6, 7]. Building on earlier
evidence of their biological activity [8], this research integrates lignite-derived humates with oat
phytoremediation. Conducted via a Latvian—Ukrainian collaboration, this study develops a
scalable protocol using soil modeling and sensor monitoring. The results confirm that this
integrated approach reduces phytotoxicity and bioavailability, offering an economically viable
"green” technology for rehabilitating conflict-affected landscapes.

Results and discussion

Ukraine has more than 2.5 billion tons of brown coal reserves located in 80 deposits. More
than 50% of Ukrainian brown coal can be mined in the most cost-effective way — open pit — due to
its shallow depth (usually 40-80 m) [9]. In this case, labor productivity is 2.5 times higher than in
underground mining [10]. This determines the low cost of coal on the market, which is $70. A
distinctive feature of local brown coal is its high humic acid content. This indicator ranges from
60 to 80% [11]. Humic acids have unique sorption properties that allow them to interact
effectively with heavy metal ions. This activity is due to the presence of oxygen- and nitrogen-
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containing functional groups in humic acids, such as carboxyl, hydroxyl, methoxyl groups, and
others. The interaction with metals occurs through several mechanisms: complexation, ion
exchange, and physical sorption [12]. The extraction of humic acids from coals is performed by
extraction in a weak alkaline solution, specifically a 1% NaOH solution in our case. To intensify
the extraction, we applied hydrocavitation treatment of the coal slurry [13]. This method ensures
deep extraction (up to 30-90%) of the available humic acids in the form of humates, with minimal
energy consumption and processing time.

Brown coal Alkaline

(air-dry) solution

Grinder —| HWydrocavitator |—— '{ Hydrocyclone

1

Fine-dysperaated

Sorbent solution 2
¢ Centrifuge

wineral particles

for filling

Residual coal

Fig. 1. Schematic view of the working chamber of the hydrocavitation reactor

The advantages of the chosen treatment method also include the ability to isolate fine
mineral particles (<0.05 mm) that are formed during the breakdown of coal-rock aggregates. In
addition, spectral analysis using the Shimadzu IR Affinity-IS spectrometer has demonstrated the
absence of structural changes in the extracted humates compared to the structure of humates
obtained without hydrocavitation treatment.

An artificial contamination experiment was carried out to simulate heavy-metal-polluted
agricultural soil and evaluate the efficiency of humic-acid-based sorbents in immobilizing toxic
elements. A peat substrate was used as the soil medium. The experimental container had
dimensions of 110 x 70 x 30 cm (length x width x height), corresponding to a total volume of 231
L and a total peat mass of 115.5 kg, based on a bulk density of 0.5 kg-L™ '. For treatment
uniformity, the container was divided into two identical sections, and each section contained
57.75 kg of peat. The contamination level was set at twice the maximum allowable concentration
(MAC) for agricultural soils.

The following salts were used: Pb(NO; ), , CdCl, , CuSO, -5H, O, NiSO, -6H, O,
and ZnSO, -7H, O. Salts were dissolved in 10 L of distilled water, applied to the peat, and
manually homogenized, followed by a 4-week stabilization period for metal fixation. Humic



sorbents were then applied at mass ratios of 1:5 (Sample II) and 1:10 (Sample I1I), with an
untreated contaminated sample serving as the control (Sample I). After an additional two-week
stabilization, oats were sown at a rate of 20 g per section at a depth of 1-1.5 cm.

The six-week experiment was monitored via in-situ SOIL SCOUT wireless sensors to
ensure stable moisture, temperature, and salinity. Visually, sorbent-amended sections produced
denser, taller vegetation than the control (Fig. 2). Upon completion, above-ground biomass and
excavated root systems were harvested and weighed. Soil samples were then collected from each
section to determine residual heavy metal concentrations and evaluate sorbent immobilization
efficiency.

Concentrated HNO; -extractable trace metal concentrations (CEM MARS 6 iWave) were
determined using an inductively coupled plasma optical emission spectrometer (ICP-OES;
Thermo Fisher Scientific iCAP 7200 Duo) in accordance with 1SO 11885:2009.

The application of lignite-derived humic acids in combination with oat cultivation resulted
in a pronounced reduction of heavymetal concentrations in contaminated soil. The concentration
of Zn decreased by 42.8%, Cd by 43.9%, Ni by 47.3%, Cu by 33.1%, and Pb by 41.3% in the
substrate treated with a 1:5 humate solution (Sample 11) compared to the untreated soil (Sample 1).
A further decrease in metal concentrations was observed in the substrate treated with a higher
humate dosage (1:10, Sample Ill), confirming that increasing the concentration of humic
substances enhanced the immobilization of metals and reduced their uptake by plants. These
findings demonstrate the synergistic interaction between humic amendments and
phytoremediation, where humic substances stabilize metals in the soil matrix, while oat roots
contribute to their accumulation.

Fig. 2. Oat (Avena sativa L.) biomass after six weeks of growth in artificially
contaminated peat under different humic sorbent treatments, prior to harvest

A clear differentiation in heavy metal distribution between biomass and roots was observed
across all experimental groups. The majority of accumulated metals were sequestered within the
root system (68-90%), while only a minor fraction (10-32%) was translocated to the aboveground
biomass.

The highest root retention was recorded for Nickel (Ni), indicating exceptionally strong
binding and limited mobility, which is critical for minimizing toxic transfer into the food chain. In



contrast, Zinc (Zn) and Copper (Cu) exhibited relatively higher transport to the aerial parts of the
crop. This reflects their higher physiological mobility and essential roles in enzymatic and redox
processes within the plant tissue. However, even for these micronutrients, root retention remained
the predominant mechanism, suggesting that the exogenous humic substances successfully
regulated ionic availability and mitigated stress-induced translocation patterns.

Biomass production was significantly higher in humate-treated plots compared to the
contaminated control, indicating reduced phytotoxicity and enhanced physiological performance.
This alignment with previous findings confirms that humic substances facilitate nutrient uptake
and support microbial activity, thereby bolstering plant tolerance to heavy metal stress [7].

Beyond immobilization, humic substances exert a multifaceted influence on plant
physiology under stress. Humic acids enhance root system architecture by promoting cell
elongation and increasing lateral root formation, which collectively improves the plant’s capacity
to acquire water and nutrients. These biological effects are complemented by improvements in
soil physical structure, such as increased porosity and water-holding capacity, creating a stable
environment for root functioning. Furthermore, humic amendments activate beneficial soil
microbial communities that participate in organic matter transformation, thereby restoring the
biological fertility of the disturbed substrate [14].

Heavy-metal concentrations were consistently higher in roots than in biomass across all treatments

(Fig.3), while the higher humate concentration (1:10) resulted in a marked decrease of metal accumulation
in both roots and biomass, indicating enhanced stabilization in the soil
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Fig. 3. Distribution of heavy-metal concentrations in oat (Avena sativa L.) biomass
and roots after six weeks of phytoremediation

Heavy-metal reduction increased from approximately 25% in untreated soil (Sample 1) to
nearly 47% in the soil treated with the highest humate concentration (Sample Il1), confirming the
strong positive impact of humate dosage on the remediation process. The soil amended with the
moderate humate concentration (1:5, Sample 1) also exhibited a notable decrease in total metal
content (around 37%), demonstrating that even a relatively low dose of lignite derived humates
substantially enhances metal immobilization. The gradual improvement across the treatments



suggests that humic substances play a critical role in binding and stabilizing heavy-metal ions
within the soil matrix, thereby reducing their mobility and bioavailability. These results indicate
that the application of humates in higher concentrations strengthens the sorption and complexation
processes, improving overall soil quality and promoting a more efficient phytoremediation
response.

Conclusions

Lignite-derived humic acids obtained through energy-efficient cavitation extraction
represent a cost-effective and sustainable material for soil remediation. This technology provides a
rational approach to the valorization of low-value brown coal into a high-performance
amendment. The integrated approach (humates + oats) resulted in a decrease in heavy metal
bioavailability by up to 47% and effectively minimized metal uptake by biomass. Given the
abundance of Ukrainian lignite, this scalable strategy offers a practical, low-cost solution for the
rehabilitation of agricultural soils affected by military conflict or industrial pollution, contributing
to long-term soil restoration and sustainable land management.
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birymu, momudikoBani nonimMepamu (BMII), € KOMIUIEKCHUMH CHCTEMaMH, B IMOBEIIHKY
SIKUX BTPYYA€ETHCS JOAATKOBHM (pakTop — MopdoJioris ¢asz, ssKi BAHHKAIOTh 3a Moau@ikalii 0iTymy
nonimMepoM. CTBOopeHa B mporieci Mmoaudikamii 0iTyMy moixiMepHa AUCIEPCis HE € CTaOUIBHOIO B
yaci, i recrabimizaris B nmpoueci Bu3Ha4eHHs BiactuBocteil BMII Moxe mpu3BoIuTH 10 XHOHOTO
BHUCHOBKY 110710 Horo sikocTi [1, 2]. ¥ HaBegeHoMy nociikeHHi Oynao npoananizoBano BMII na
OCHOBI JIBOX Pi3HUX OiTyMiB OJHAKOBOI IeHeTpalii — 0iTymy okuciaeHoro bl ta nuctumnsniitnoro
B2. 1li 6iTymMu Bipi3HIUCH 3AATHICTIO MiATPUMYBAaTH CTaOUIbHY CTPYKTYpYy Mopdomorii BMII,
sKa OI[IHIOBAJIaCh 3a pe3yJbraramu BUNpoOyBaHHs oTpuManHux BMII Ha crabineaicTs 32 JJCTY
EN 13399:2018. Takox pans asamizy Mopdosorii 3pas3kiB  Oylo 3aCTOCOBAHO METOA
moMiHecleHTHoOi Mikpockomii, HeBeneHuil B JICTY EN 13632:2023. Jlns monudikamii Oyno
BUKOPHCTAHO IIMPOKOBKHMBAHUN TPHOJIOKKOMOIIMEpP THIY CTHUPOJI-OyTaai€H-CTHPON JiHIHHOT
OynoBu y KoHIeHTpaii 3 Ta 5 %, mo no3Bomwio orpumaru yotupu bBMII: b1 3, b1 5 ta B2 3 1 B2
5 BIANOBIAHO. JlUCIEpCHICTh OTPUMAHUX 3pa3KiB MiCJIs NPUTOTYBAaHHS MPEICTaBIEHO Ha puc. 1.

Puc. 1. Mikpomopdororis 3pa3kie BMII, BukopuctaHux y J0CIHIKSHHI

MoskHa onpasy BiIMITHTH 10 MikpoMopdororis 3pa3kiB BMII Bka3ye Ha MeHIITy 3/1aTHICTh
6itymy b1 miarpumyBaru cTabiTbHICTh TOMIMEpHOT (ha3u. 3MEHIICHHS TUCTIEPCHOCTI MOJTIMEPHOT
¢da3u 13 30UIBLICHHSAM BMICTY MOJIIMEpy TakoX Moxke Oyt (hakTopoM jaectabinizallii cUCTeMHU,
npote, A1 3paska b2 5, HaBiTh 3a QopmyBaHHs Oinbil rpy0oi nucmepcii mosimepHoi ¢asu,
po3mapyBaHHs MiHiManbHe (Tabum. 1, puc. 2).

Tabumuns 1. CrabdiibHicTh mix yac 30epiranas 3paskis BMII

MapkyBaHHS b13 B15 B2 3 B25

Bepx Ienerparis 3a 25 °C (I1ys), 0,1 Mmm 110 105 54 45
Temnepatypa posm’sikmenocTi (T,), °C 98,5 110,5 52,9 96,0
Enacruunicts 3a 25 °C (Ejs), % 99,8 100,0 75,9 99,0

Hus [enerpamis 3a 25 °C (Izs), 0,1 Mmm 48 26 54 45
Temmneparypa po3m’sxmenocTi (T}), °C 61,2 76,5 53,0 89,0
Enacruunicts 3a 25 °C (Eys), % 32,8 43,3 73,0 98,8
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Puc. 2. Pi3Huns B MoKa3HUKaxX BEPXHbOI 1 HUKHBOI YacTHH 3pa3kiB BMII

3a oTpuMaHUM OJIOKOM JHaHuX (Tabi. 2) Oylno NMpOBEACHO MOMIYK BJIACTUBOCTEH, SIKi IS
BMII mMoxyTh OyTH HEBHUIPaBAAHO 3aBHIIEHUMH, 1 JUII HUX OyJI0 BHU3HAYCHO aJIbTEPHATUBHUMA
nmokasHuk sikocTi. lLle crocyBanoch Hacammepen TeMmIepaTypd pO3M SKIIEHOCTi, sKa €
cylnepewinBoo xapakrepuctukoro s BMII, Ta anresii Ha ckii, sika nis 3paska bl 5 Ha Bcix
I'SITH CKJISIHUX TUIACTHHAX, BHKOpUCTaHWX y BunpoOysanHi 3a JCTY 9169:2021 [3], Oyna
BHUKIIFOYHO BHICOKOKO. B SKOCT1 aJIbTEpHATHBHOTO IMOKAa3HHWKA TEMIIeparypi po3M’ sIKIIEHOCTI OyIo
BHU3HAYEHO TeMIeparypy, Npu skid neHerpamis aopiBHioe 800x0,1 mm, 3a TemmepaTypHOIO
3anexHICTIO neHeTpauii, orpumanoi s 5 °C, 15 °C, 25 °C Ta 35 °C. B sxocTi anpTepHaTUBi
aaresii Ha CkJIi OyJI0 BU3HAYCHO ajresito MeronoM mumamku 1mo odepraerbes (RBT) 3a JICTY EN
12697-11:2022 [4].

Tadanus 2. SAxicHi noxka3aukyn Buxignux 6itymis Ta BMII Ha ix ocHOBI

MapkyBaHHs b1 b13 | BIS b2 b2 3 B2 5
Konnenrpariis nonimepy, % 0 3 5 0 3 5
[Menerpartis 3a 25 °C (Iys), 0,1 MM 81 64 52 80 57 49
Temneparypa posm’skmenocTi (T,), °C 50,5 | 64,7 87 47 01,4 92,8
Temneparypa kpuxkocri (Ty,), °C -22 -27 -19 -10 -11 -12
PostspknicTs 3a 25 °C (zs), cM 45,8 45 47,6 | >146 |124,8 >146| 118
Innexc nenerpanii, BusHauenuii 3a Tp (1I1r,) 0,16 | 2,60 | 5,33 | -0,84 -0,55 5,84
Enactuunicts 3a 25 °C (Es), % 23,0 | 905 | 94,3 | 18,0 69,0 100,0

Temneparypa mpu sKiii TEHETpallis IOPiBHIOE

800x0.1 pwt, °C 47,5 60 68 43 50,5 55

T =T, — T, °C 3 4,7 19 4 0,9 37,8
3yermienns 31 ckiaoM 3a T = 85 °C, % 36,3 | 381 | 78,3 | 28,8 36,9 45,9
3deruieHHs i3 kam’ ssHUM Martepiamom 3a RBT, % | 38,5 | 36,8 | 43,2 | 445 419 41,6

Hns 3pa3kiB BMII crocrepiraetbess BifjoMa TEHAEHIS TEPEBHUILEHHS TeMIIEpaTypu
PO3M’SIKIIIEHOCTI, BU3Ha4eHoi MetoaoM Kinbig Ta Kyni, Hag Temneparyporo npu siKiid meHeTpartist
nopiBaioe 800x0,1 MM (puc. 3). OcTaHHSA 3IMIIAETHCA JIHIKHOK 13 301TBIICHHSIM BMICTY
MOJTIMEPY, X04a TeMIleparypa po3M SKIIEHOCTI PI3KO MiAIHAMAEThCS 3a 30UIBIICHHST KOHIICHTpAIIil
nojimepy Bixt 3 10 5 %, 110 MOXKe BKa3yBaTH Ha 3aJEKHICTh IIbOTO IMOKA3HUKA BiJ] MOPQOIOrii
BMII. 3a orpuManuMu 1aHUMH, Oy10 © JIOTIYHO MPHUITYCTUTH L0 TeMIEepaTypu po3M’ SKIIEHOCTI,
SK1 TIEpEeBUIIYIOTh TeMIlepaTrypy IpoBelneHHs BunpoOyBaHHs (85 °C), OyayTh NPU3BOAUTU O



TOTO, 1110 00MIBa 3pa3ku b1 5 Ta b2 5 nmpoaeMOHCTPyIOTh HEBUIIPABIAHO BHCOKY are3ir0 Ha CKIIi,
MPOTE pealibHI JIaHi BKa3ylOTh Ha MPOTIKaHHS OLIbIN CKIAIHOTO Mporecy. Aaresis BCiX 3pasKiB,
BH3HaueHa MeTonoM RBT, Mano 3MiHIOETBCS 32 HasiBHOCTI mosiMepHOro Momudikaropy B BMIL.
[Ipore, mns anres3ii Ha CKIJII, 3HAYCHHS 3aBUINYETHCS TaM, JI€ CHUCTEMa OUIBII CXUJIbHA [0
po3mapyBanHs. Lle orpuMye nomarkoBe MiATBEPKEHHS 3a aHamizy aare3ii BMII micns crapinas
metogamu RTFOT 3a JICTY b EN 12607-1 [5] ta TFOT 3a ICTY b EN 12607-2 [6] (Taba. 3)
Tam ne necrabinpna cucrema BMII (b1 3 Ta b1 5) mingaerscst TpuBaioMy IporpiBaHHIO B METOI
TFOT, i BiporigHiCTh po3MIapyBaHHS CHCTEMH € BUCOKOIO, aAre3is Ha ckii gocsrae 84-87 %. Lle
CBITYUTH TIPO YYTIHMBICTh PE3YIBTATIB I[LOTO BUIIPOOYBaHHS 10 cTadblmbHOCTI BMII.
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Puc. 3. BrumB Mmoaundikarii moiiMepoM Ha TEIUIOCTIHKICTh Ta aare3ito BMIIT

Tadauus 3. Bniue crapiHHs Ha noka3HUMKH BUXiaHUX O0iTymiB Ta BMII Ha ix ocHoOBI

MapKyBaHHs | b1 | 13| B15] B2 | B23 | B25
Mertoa RTFOT
[Nenerpartis 3a 25 °C (Ily5), 0,1 MM 63 55 49 52 39 37
OcTtarouHa ne”erparis, % 778 | 85,9 | 942 | 650 | 68,4 | 755
Temmneparypa po3m’sikmeHocTi (T)), °C 55,7 | 63,1 | 84,1 | 50,2 54 77,6
3MiHa TeMIiepaTypu po3m’sKieHocTi, °C 5,2 -1,6 -2,9 3,2 26 | -15.2
Temmneparypa kpuxkocri (Ty,), °C -21 -19 -18 -11 -10 -12
Innekc nenerpaiii, BuzHauenuii 3a Tp (I[1y,) 0,72 | 1,88 | 481 | -1,07 | -0,81 | 3,22
Enactuunicts 3a 25 °C (Es), % 64,1 | 92,25 57 94,5
Temmneparypa npu sikiii meHeTpailis J0PiBHIOE 535 | 635 71 495 55 57
800x0,1 mmMm, °C
Buennenns 31 ckiioM 3a T = 85 °C, % 324 | 399 | 384 | 259 | 27,8 | 32,2
34eruieHHs i3 kaMm ssHUM Matepiaiom 3a RBT, % 37 37,1 | 41,7 | 33,1 | 395 46
Meton TFOT
[Menetpartis 3a 25 °C (Il,s5), 0,1 MM 58 52 47 46 43 37
OcrarouHa neHerpariis, % 716 | 81,3 | 904 | 575 | 75,4 | 755
Temmneparypa pos3m’sikmeHocTi (T,), °C 57 609 | 785 | 50,1 | 53,3 59
3miHa TeMnepaTypu po3m’sikiieHocTi, °C 6,5 -3,8 -8,5 3,1 19 | -338
Temneparypa kpuxkocri (T,), °C -21 -22 -19 -12 -9 -13




MapkyBaHHS b1 b13 | B15| B2 | B23 | B25
Innexc nenerpaitii, BusHadenuii 3a Tp (Il1t,) 0,78 | 1,30 | 3,95 | -1,36 | -0,76 | 0,12
Enactuunicts 3a 25 °C (Es), % 28,8 | 58,2 | 89,6 12 60 73,5
TeMnepaTypaoan SKIH TICHETpAIlis TOPIBHIOE 57 62 69,5 49 55 58 5
800x0,1 MM, °C
3uermienns 31 ckiaoM 3a T = 85 °C, % 33,30 | 84,40 | 86,9 | 22,60 | 35,30 | 59,4
3ueruieHH 13 KaMm ssHUM Matepiasiom 3a RBT, % 248 | 43,6 | 38,7 | 40,7 | 415 45

AHani3 pe3yabTariB 3MiHH TeriocTiiikocTi BMII B pe3ynbrari cTapiHHS IOKa3ye 3HUKCHHS
TeMIIepaTypu po3M’ SKIICHOCTi, BU3HaueHoi MetonoM Kimbig Ta Kymi 3a BiICyTHOCTI 3HUKEHHS
TeMmrepaTrypu TpHu skiii meHerpamis aopiBHroe 800x0,1 mm (puc. 4). Tobto, 3a OCHOBHUM
MTOKa3HUKOM, IPUWHATHM /ISl OIIIHIOBAaHHS TerutocTiikocTi BMII, #oro sikicTh BTpadaeThes, IpoTe
aJIBTEPHATUBHUHN TTOKA3HHK IIHOTO HE (PIKCYE.

100 100
RTFOT TFOT

g o %
E B1TKiK g
o
x 4 80
3 O B2TKIR 3 B1TKiK
* =
> =
3 51T800 % 7
4 -4 617 800
" L3
- 5
[
i E 60 ’ 62T NiK
g 2 52T 800 5 < 4o T R B2T 800
g = -—_—'—’A—-:_‘ S oo
= 50 ;ﬁ:__> —

40 40

0 1 2 3 4 5 6 o 1 2 E) ) 5 3
Bmicr noaimepy, % Bmicr nonimepy, %

Puc. 4. 3minu remneparypu po3m’sikiieHocti BMII, o6ymoBneHi crapinHIM

Temneparypuuiil pexum crapiaas B 000x metonax (163 °C) mabararo HHUXXYE TeMIepaTypH,
3a SIKOT MOYMHAETHCS AecTpyKuis nouimepy (210 °C). 3mina Temneparypu po3m sikieHocti BMIT
B 1IbOMY BHMAJIKy OOYMOBIIOETbCA 3MiHOIO Mopdomorii — TOOTO 3HMKEHHSAM CTYIEHIO
JUCIIEPCHOCTI NoJIIMEpHOT a3y, sika € OubIl BupakeHoto y ctapinHi TFOT, B sikoMy cTaTuyHUN
3pa30K MiJIA€ThCsl OLIBII TPUBAJiH J1ii BUCOKOI TeMIeparypH.

TakuM 4YMHOM 3a BUKOHaHMM aHali30M Oylno BUAUICHO JBa MOKA3HUKH, IO B Jiana3oHi
BMmicty nosimepy tunmy CbC 10 5 %, aymmBi 10 3MiH MOPQOJIOTIYHUX OCOOIMBOCTEH 3pa3KiB —
TeMIieparypa po3M’sIKIIEHOCTI 1 aaresis Ha ckii. B npomy Bumaaky 3matHictb BMII go 3minu
Moposorii Ha MIKpPOpPiBHI, Ky MOXKHA OILIIHUTH 32 BTPAaTO CTAaOUTBHOCTI Mija 4ac 30epiraHHs,
abo MeTo0M Bi3yastizalii mosiMepHoi ¢a3u, MOXKe BIUTMBATH HA TEIUIOCTIHKICT ac(anbroOeToHy
OuIblIe HIK TeMieparypa po3M’sikimeHocti BMII, 1o BUBOAUTH MOKa3HUK CTaOLIBLHOCTI MiJT Yac
30epiraHHs 3 Mepesiky CyTo TEXHOJIOTIYHUX MOKa3HUKIB sikocTi BMII.
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MOJAPIKOBAHUI MMPOLIEC TEPMIYHOI'O KPEKIHT'Y
SAJTMIIKY HAPA®IHUCTOI HA®THU
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Hayionanvnuii ynisepcumem «JIvgiscoka nonimexuixkay, m.JIvsis, 79013,
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CyyacHa wHadromepepoOHa Tady3b MEpeXHBAE€ 3HAYHUM TeEpexiiHuil mepiox, IO
XapaKTepU3yETbC BUCHAKCHHSM 3alaciB  JITKUX MAJOCIpYMCTUX HAPT Ta HEYXWIBHUM
3pOCTAaHHSIM YacCTKM BaKKOi BYIIEBOAHEBOI cupoBHHHU. llepepoOka BaXkux copTiB HadTh
CYINPOBO/IKY€ETHCSI YTBOPEHHSIM 3HAYHOI KIJIBKOCTI BakyyMHUX 3aiuuikiB (Ommspko 40 % Bix
3araJibHOTO OOCSTY CHPOBHMHH), YaCTKa SKHX y MalOyTHROMY JIMIIIE 3pOCTaTHMe. Y IMX yMOBax
KOHKYpEHTHY TiepeBary MaruMyTh Ti MiJIPUEMCTBA, SKi 31aTHI €(QEeKTUBHO TepepoOIsaTn
HU3bKOSIKICHY 3QJIUIIIKOBY CHPOBHHY Y BUCOKOSIKICHI KOMEPIIiiHI MPOAYKTH.

BrnpoBamkeHHST NOIMMPEHUX  KAaTANTHYHUX  TEXHOJOTIH  (KaTaMITHYHMA  KPEKIHT,
T1APOKPEKIHT) JJIs MOTNINOIEHHS TEPePOOKH BaKKUX HAPTOBUX 3ATHILKIB YCKIAIHIOETHCS IXHBOIO
BHCOKOIO BapTICTIO, 3HAYHOIO KAaIiTaJOMICTKICTIO Ta eHeproeMHicTio. HaromicTh TepmiuHi
MpOIECH, 30KpeMa BIiCOPEKIHT, BiJ3HAYAIOTHCS TEXHOJIOTIYHOI TPOCTOTOK), HU3BKUMHU
eKCIUTyaTalliiHUMU BHUTpaTaMy Ta JerkicTio iHterpauii B icuyroui cxemu HII3. ITlpore ixuim
TOJIOBHUM HEJIOJIIKOM € BITHOCHO HHM3BKHUW BUXIJ JIETKUX BYITIEBOAHEBUX (ppakuiii (OeH3uHY Ta
JIM3EJIbHOTO TIAJINBAa), sIKUi 3a3Buuail He nepeBuirye 20—40 %.

Bupimennst miei npoOneMy BuMarae po3poOKM HOBUX METOJIB aKTUBAlli TEpMIYHOI
koHBepcii. [lepcrieKTUBHUM HanpsIMKOM € 1HTEHCHQIKaIis Mpolecy TEepPMIYHOTO KPEKiHry 3a
JIOTIOMOT0I0  aTMOC(HEPHOT0 KHCHIO, IO JI03BOJSIE MIABUILMTH BHXiJ MAIMBHUX (pakiii 3i
30epeKeHHSIM ONTHMAaJIbHHUX BIACTHBOCTEW BAYKKOTO 3aJUIIKY SIK TOBAPHOTO KOTEIHHOTO IMAJIHBA.

Jliig oniHKK e(EeKTUBHOCTI LBOTO MIJIXOMY OYyJIO JOCHTIIKEHO MPOLEC TEPMIUHOTO KPEKIHTY
BAaKyyMHOIO 3aJMIIKy (TYIpOHY), OTPUMAHOIO 13 3aXiJHOYKpaiHCbKOi mnapagiHUCTOI Ha(TH.
CupoBuHa Mana temneparypy po3m’skmeHHs 42 °C ta mictuna 6ausbko 19,6 % acdanbTeHis i
244 % cmon. ExcnepuMeHTH TPOBOAWIIKCS 32 aTMOC(HEpHOTO THCKY B TEMIIEpaTypHOMY
iaTepBaii 420-440 °C y nBox pexuMax: KIacuyHOMY (O€3KHMCHEBOMY) Ta 3 T0Jauel0 Harpitoro
noBiTpst (Bix 2,0 mo 4,0 1/(kr-xB)).

Pe3ynbTat KIHETUYHOTO aHaNi3y 3aCBITUYMIIM, 10 BBEJICHHS KHUCHIO B PEAKIIMHY cCymill
KapJMHAJBHO 3MIHIOE TUHAMIKy mpouecy. 3a temmeparypu 420 °C mBHUIKICTh YTBOPEHHS JIETKOT
¢dpakmii (mo 360 °C) 3poctac Ha 10-15 % mOpiBHSHO 3 HEAKTUBOBAHMM KPEKIHTOM. 3
nigBuieHHsM Temmneparypu 1o 440 °C neil edekT crae e BUPA3HIMIMM: MIBUAKICTh PeaKIlil
30utbmyeTbest Ha 50—60 % (y 1,5-1,6 pasza). KoHcranta mBHAKOCTI MpoLECy 3a MPHUCYTHOCTI
KHCHIO PI3KO 3pOCTa€, AOCATAIOUM IMIKOBUX 3HAY€Hb 3HAUHO IIBU/IIEC 32 PAaXyHOK 1HIIIFOBaHHS
KHCHEM PaJInKaJIbHUX MEXaHI3MIB JAECTPYKI[ii BUCOKOMOJIEKYISPHUX CIIONIYK.



BaxxnuBuM HacHmiKOM KHCHEBOI aKTHBAllll € CYTTEBE CKOPOYEHHS TPHUBAIOCTI aKTUBHOI
da3m kpekinry. Skmo Tpamumiiiaui nporec 3a 440 °C Bumarae mnoHax 30 XBWIMH IS
JOCSITHEHHSI 3HAYHOI KOHBEPCii, TO aKTHBOBAaHUI MpoIlec J03Boisie oTpumaru moHan 31-35 %
Mac. Jerkux ¢pakmiii Bcboro 3a 10 xBuwiuH. [1py nboMy 3aMMIIKOBUI TPOAYKT 30epirae BiIHOCHO
HU3BKY B'S3KICTH 1 BIATIOBi1a€ BUMOTaM JI0 KOTEJIIbHUX IaJIUB.

JlocnmikeHHsT  CTPYKTYpHO-TPYHOBOTO  CKJaay 3acBiAYWIIO, IO JIETKI  MPOIYKTH
AKTHBOBAHOTO KPEKIHT'Y XapaKTepPH3YIOThCs IMiJBUIIEHUM BMicToM mapadiniB (monag 67 % mac.,
30KpemMa JIHIHHUX Ta i3omapadiHiB), TOAI K y 3aJHIIKY CIIOCTEPIra€ThCsl 3HWIKCHHS YaCTKU
acanpreniB 3 31,0 % mo 25,0 %. lle migTBepIKye 3MEHIIECHHS CXHJIBHOCTI CHCTEMH JI0
KOKCOYTBOPEHHS.

[IpakTHyHa IIHHICTH 3aMPONOHOBAHOTO TMIIXOAY TMOJIATAE Y MOMIJIMBOCTI 3HAYHOTO
MiABUILEHHS TMPOAYKTHBHOCTI YCTAHOBOK BICOpEeKiHTY Ta MIHMOMHU mnepepoOku HapTH Oe3
BUKOPUCTAHHS JJOPOTUX KaTaai3aTopiB YM BUCOKOTO TUCKY. Takuii METO/ JIeTKO MacITadyeThCs Ta
Moske OyTu e(heKTUBHO BIIPOBAHKEHUN HA MalIUX 1 cepeiHiX HadTonepepoOHUX MiANPHUEMCTBAX.
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Sk BimOMO, TyMaTtd € TPOAYKTAMH JYXKHOI €KCTpakKIii OpraHiyHOi YacTHHHU
HU3bKOMETaMOP(I30BaHUX TOPIOYMX KOMAIMH, B T.4. Oyporo BYyriyuii, i XapaKTepU3yIOTbCS
CKJIQJIHOIO MOJNi(PYHKI[IOHABHOK CTPYKTYpOI0. BOHM MICTATH 3HaYHY KUIBKICTh KHCHEBMICHUX
TPy, IO 3YMOBIIIOE iX MOTEHI[IIHY aKTUBHICTH K MOIU(IKaTopiB OITyMHUX B sDKy4HX [1, 2].

Mertoro poboTu Oyli0 JOCTIKEHHS BILUIMBY T'yMariB Oyporo Byriuist Ha (i3uKo-MeXaHiuHi
BJIACTUBOCTI JOPOKHBOTO OITYMY 3aJIe)KHO BiJ] YMOB MOAU(IKYBaHHS.

XapakTepucTUKa BUX1IHOTO BYT1JUIsI HaBeaeHa y Taom. 1.

Tadauusa 1. XapakTepucTuku Byrijuis 3 Mopo3iBcbKoro poaosuiia, Ykpaina

Enemenrapuuii ckian, % mac.
Cdaf Hdaf Ndaf Sdaf Odaf
26.40 13.00 61.80 69.55 4.65 0.70 3.37 21.73

W, % mac. | Ay, % Mac. | Vgar, % Mac.

ITpo6u Gyporo Byrimuisa B kunbkocTi 100 r kpynHicTio < 200 Mxp. 3amouyBasacs B 1 1 1-%
po3unny NaOH Ha 24 ronunu. Ilicas uporo mnpoBoawiIMcs JAEKaHTallis PO3YMHY TyMaTiB,
LHEHTPU(PYTyBaHHS Ta MPOCYUIYBAHHSA. XapaKTEPUCTUKU TyMariB: BOJOTICTh (HAa aHANIITHUHY
Mmacy) — 8,45 % mac., 30JbHICTb Ha cyXy Macy — 33,93 % mac., BUXiJ JETKUX Ha cyXy Macy — 43,35
% mac.

MoaudikyBanus OiTymy 3aiiicHioBanu 3a temmeparypu 120 °C mpotsirom 60 XxB. mpu
IHTEHCHUBHOCT1 TepeMilllyBaHHs, 110 BiAMoBigana MoaudikoBaHoMmy uuciy Peinomnbaca 103,5.
Pesynbratu MoaudikyBaHHs HaBeneHi y Tadu. 1, 2.

Bcranosieno, mo npu temmneparypi 120 °C nogaBanHs rymartiB y KiibkocTi 0,5-3 % mac.
MPaKTUYHO HE BIUIMBAE Ha TBEPHICTb OITyMy Ta IEHETpallilo, OJHAK CIPUYMHSIE 3HUKECHHSI
OyKTUIbHOCTI 3 66 1o 24,1 cm. Ilpu npomy crnocrepiraeTbcsi TMOKpAIIEHHS aare3iiHuX
BJacTUBOCTEH OiTyMy — Bijt 59 110 75 BIZICOTKIB.

[Ticna crapinaa 3a MmeronoM RTFOT wMonudikoBaHi 3pa3ku JI€MOHCTPYIOTH MEHIILY
TEPMIUHYy CTaOLIBIIICTh (3MiHA MAacH 3a PaxyHOK HAsSBHOCTI TEPMIYHO HECTAOITbHUX PEUYOBUH Y
rymarax), MpoTe MOKPAaIIyIOThCS 3aJUIIKOBA TIEHETPAIlil Ta 3MiHa TEMITepaTypH pO3M SIKIIEHOCTI
MOPIBHSHO 3 BUX1THUM OITYMOM, IO CBIAYUTH MPO MiIBUIIEHHS TEPMOOKHUCHIOBAILHOI CTIMKOCTI.
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Tadoauusa 2. 3MiHa peosIorivHMX Ta aJAre3iiHUX XapaKTePUCTUK OITyMiB, 0J1epKAHUX B
pe3yJbTari ix MogudikyBaHHS ryMaTaMu

I'mubuna
Temmepatypa MPOHUKHOCTI Po3TsukHiCTh . .
R . . 349eIIoBaHICTh 13
PO3M’SIKIIIEHOCT] 32 | TOJKH (MyKTHIIBHICTB)
3pazox . . . N HOBEPXHEIO  CKJIa,
KiTbIIeM 1 KyJero, | (meHeTparisi) 3a | 3a T-pu 25 °C, %
°C -pu 25 °C, 0,1 | M-107 (cm)
MM
Buxinauii 6iTym 49,4 76 66 59
Buxinauit  6itym7 3 49.6 65 38 59
rymatamu 0,5 % mac.
1 % wmac. 49,8 65 31 68
2 % Mac. 50,0 64 26 74
3 % wmac. 50,8 64 24 75

Tab6umnus 3. 3mina BaacTuBoCTel 0iTyMiB O/1ep:KaHMX B pe3yJabTaTi ix MOAM(pIKyBaHHS TyMaTaMu
MicJIA MporpiBaHHsA

TToxa3zHuk Buxinunit 0,5 % mac. | 1 % mac. 2% 3 % Mac.
oiTym Mac.
3MiHa BIACTHBOCTEH IICISA TIPOTPITTS
meronoM RTFOT:
- 3mina macu (A m), % 0,11 0,18 0,21 0,24 0,27
- 3aJIMIIKOBA HeHeTpallis 3a 53.9 69.2 69.2 671 67.1
temnepatypu 25 °C, %
- 3MiHa TeMIIepaTypu PO3M'SIKILIEHOCTI, 8.6 7.2 7.0 7.2 6.4

°C

OTpumMaHi pe3ynbTaTH CBIAYaTh, 1110 TyMaTH Oyporo BYrilisi MOKYTh BUKOPUCTOBYBATUCH SIK
anresiiiHi 100aBKM 10 JIOPOXKHBOTO OITYyMy Ta, MOXKJIMBO, 1HTIOITOpU CTapiHHS. 3BaXkKalouM Ha
HalO1IbII IMOBIPHY XIMIYHY HPUPOAY B3a€MOJIIi T'YMIHOBUX PeYOBHH Ta OiTymy [1], HacTynmHUM
eTaroM J0CIiKeHb Oye MoaudikyBanns 6irymis rymaramu mpu 190 °C.
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BU3HAYEHHSA MIZKK®AZHOI'O HATAT'Y 1JII CUCTEMHA
OPXOBUIIBKA HA®TA-TA30BHUI KOHJAEHCAT-HOBI KOMIIO3UIIIT
JAEEMVYJIBI'ATOPIB

Maxcum Hluwak, Ilempo Toninvnuyvkuil
Hayionanenuu ynieepcumem “Jlvsiecoxa nonimexwixa”,
syn. C. banoepu, 12, Jlvsie 79013, Vkpaina, petro.i.topilnytskyi@Ilpnu.ua

B pesynbrari npoBeneHUX €KCIICPUMEHTIB BH3HA4€HO MiX(a3HUil HaTsAr i cucremu OpXoBUIbKa HadTa-
ra30BHi KOHJEHcaT 0e3 1 3 10/1aBaHHIM PO3pOOJICHUX KOMIIO3UIIIH JIeeMyIbraropiB Ha oCHOBI HelloHoreHHHuX [TAP.
BcranoBieno, mo MiK(a3HUH HATAT 3HWKYETHCA TIPH JOAaBaHHI JeeMyIbraTOpiB, aje TOJOBHHUM MEXaHi3M
pYHHYBaHHS eMyJbCil He JIMIIe MIiHIMI3allisl HATATY, ajle i BUTICHEHHS YKOPCTKOI acdanbTeHoBOi IUIiBKH. Tomy mpu
BUKOPHCTaHHI KOMITO3ULIT 3 BULIMM MDXX(a30BHM HATSATOM CTYIiHb 3HEBOJHECHHS HAQTH BUIIMH.

Kiro4oBi ciioBa: eMysbcid, 1eeMyabpraTop, KOMIIO3UIIisL, Mixk(a3HHI HATAT.

MixdazHuil HaTIr Ha MeXi po3Ally HadTa-Boga O€3MOCEpEeHBbO XapaKTEPU3YE CHUITY
B3aeMoJii Mk (azamMu HAQTH Ta BOAM y BOZOHA(PTOBI emMynbcii. OCKIIBKY MOBEPXHEBO-aKTUBHI
peuoBunu (ITAP), skumu € neemynbraropu, aacopOyIOTbCS Ha MEXKi PO3IUTY, BHMipIOBaHHS
Mixkdaznoro Harsary (M®OH) no3Bonsie BHU3HAUUTH HE TUIbKM CTAOLIBHICTH €MyJbCii, ane i
e(eKTUBHICTh Aeemynbraropa [1].

Busnauennss M®H nposonmmm s cymimi OpxoBuiibkoi HadTH 3 30% Ba)KKOTO Ta30BOTO
KOHJIeHCaTy 0e3 JJ0aBaHHs 1 3 J0aBaHHAM PO3pPOOJICHUX aBTOpPaMHU KOMIIO3HIIIN JIEeMyIbIraTopiB
Ha ocHOBI HeloHOreHHUX [IAP. di3uko-ximMiyHa XapakrepucTuka HapTH 1 kommo3umii 11, 71 5
npuBefieHi B poOoti [2]. BusHauenHs npoBoamnu 3a MeropoMm a0 Hyi 3 BukopucTtaHHSAM
tenziomerpa Kriiss K6 3 miarnHo-ipifieBUM KiibLieM.

Jna cuctemu OpxoBulbKoi HapTu 1 kommosuuii aeemynbraropis M®OH BusHauaeTbcs
O6amancom mnpupogHux IIAP (cmonm 1 acdanbpreHiB), apoMaTHYHICTIO cepenoBuUIla (Ta30BUI
KOHJIEHCAT + KCWJIONHN), MOJSIPHICTIO JeeMyabraropa i MOro 34aTHOCTI BUTICHATH TNPHPOIHI
crabinizaropu 3 Mexi po3nity ¢ga3 Hadra-Boza.

Pesynbratu nociimkens npeactasieHi B Tabnumi 1. Sk BuaHO 3 maHux Tabmuil, HadTa 6e3
neemynbsraropa mae M®H Ha pisni 24 MH/M. Bei Tpu nocnipkyBaHi KOMIO3HIIIT A€eMYyIbraTopiB
3HauHO 3HMWXKYIOTh M®H, 1o ~10-14 MH/M. 3unxenns MOH 3Hnxye eHepreTuuHuit 6ap’ep ams
KOaJIeCLIeHIIIT Kpamelb, Cpuse iX arperauii 1 MOCTYIIOBOMY 3MEHIIEHHIO 3arajbHOl IO, 110
BeJie 10 po3auty ¢a3 i pyiHyBaHHs eMynbCii [3].

Taoauna 1. 3nauenna MOH

M®H, 3MEHIICHHS BIIHOCHO CrymiHp 3HEBOJHEHHS,
Cucrema HadTH O3
MH/Mm o %
neemynbraropa, %
HadTa 6e3 241 i
JeeMyJbraTopa
HagTa 3 KoMt 11 12,3 49 93,1
HadTa 3 KOMIL. 7 9,9 61 89,6
HadTa 3 KOMIL. 5 14,2 42 90,8




OCKUIBKHM BC1 I€eMYJIbraTOpy MICTATh Y CBOEMY CKJIafi 1 riapodisibHi, 1 TiapodoOHi rpymu,
iX MOJIEKYJIU MIBUAKO aJICOPOYIOTHCS Ha MEXKI 1 BUTICHSAIOTh CMOJIH 1 achajIbTeHH 3 MEX1 PO3ILTY.
Taka ancopOuisi pyiiHye cdopMoBaHy ac¢anbTeHOBY IUTIBKY 1 3amiHs€ ii Ha IUIBKY 3
MOKpAIIeHUMH BiacTUBOCTAMH. OpxoBuilbka HadTa MICTHTH Oarato cMmMoi 1 acgaibTeHiB
(cymapuo 29% wmac.), ToMy YTBOpEHa ILUIIBKa OPCTKa. X04ya MEXaHIYHa MIIHICTh IUIIBKA HE
BH3HAYaJIH, 1i JKOPCTKICTh OYEBHIHA 3 BUCOKOI CTa0IIILHOCTI EMYJIbCIH.

Haiibinbie 3umkenas y BennuuHi MOH cnocrepiraerbest st KOMITO3UIi 7, Maibke B 2,5
pasu. Haiimentue, B 1,7 pa3iB, 1 kommosutlii 5. [{e oueBUIHO TIOB’sI3aHE 3 THM, 1110 KOMITO3HUITis
7 MICTUTh OKCHETWJIBOBAaHY CMOJY Yy CBOEMY CKIIaJi, a CMOJIa Ma€ Kpally CIOPIIHEHICTh 0
acanbTeHiB 1 edeKkTHBHINIE pyiHYe MiKa3Hy IUTBKY. Po3umHHHMKOM KOMMo3ullii 7 € cymimn
KCUJIONIB Ta 130MPOMUIIOBHIA CHHUPT. AKTUBHOIO OCHOBOIO KOMIO3UIIT 5 € CyMill 3IIUTHX
OKCHETHJIbOBAHUX 1 OKCHUIPOMIIOBAHUX OJIOK-KOMOMIMEPIB, SIKY PO3UMHSUIA Y BOAHO-CIIUPTOBIH
CyMill, Ha BIAMIHY BiJl apPOMAaTUYHOTO PO3ZYMHHHMKA, 3aCTOCOBAHOTO [UIsl KOMIIO3MIT 7.
[TpucyTHiCTh BOAM y CKJIJI KOMIIO3HUIIT 5 CHPHYUHSIE YAaCTKOBE PO30ABJICHHS Ta 3HIKCHHS
aAKTUBHOCTI.

3 iHIIOi CTOPOHM, SIK BHIHO 3 Pe3yNbTariB TabmuIi 1, CTymiHb 3HEBOJHEHHS KOMIO3HIIT 7
HalHIWKYa TOPIBHSHO 3 I1HIIUMHU JBoMa Kommo3sumismu (89,6 % mopiBHsHO 3 90,8% s
kommosutii 5). Lle o3Haydae, 110 TOIOBHUN MeXaHI3M PYyHHYBaHHS eMYNbCii HE JIHIE MiHIMi3alis
M®H, ane i BUTICHEHHs >XOPCTKOI ac¢anbTeHoBOi IUIiBKH. Tomy He 3amkau Hwkunid MOH
O3HAYa€ Kpamry JeeMynbraiito. 3 ofepKaHuX JaHUX MOXKHA 3pOOUTH BHCHOBOK, IIO PO3pOOIICHI
KOMITO3HUIIIT JIeeMYIbraropiB pyHHYIOTh IUTIBKY 3a 3MiIIaHUM MeEXaHI3MOM: 3HHUXKYyioTb MOH,
PYHHYIOTH ac(alIbTOBY MIKPOCTPYKTYPY 1 IPUCKOPIOIOTH KOAJIECIICHIIIIO.
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BIIVIMB PEXKUMY OXOJIO’KEHHSA HA EOEKTUBHICTD
JAEITPECOPIB
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Hayionanenuu ynieepcumem “Jlvsiecoxa nonimexwixa”,
eyn. C. banoepu, 12, Jlvsis 79013, Vkpaina, petro.i.topilnytskyi@lpnu.ua

[IpoBexeHi mOCHiIKEHHS BIUIMBY ITOBLIBHOTO 1 IIBHIKOTO OXOJOMKEHHS BHCOKomapadinmctoi JlommHCHKOT
HadhTH Ha edekTuBHiCTh aempecopiB Dissolvan 5236 i Dissolvan 5773. BcraHoBieHO, IO MPH IIBHAKOMY
OXOJIO/KEHHI e()eKTHBHICTh Aenpecopa 3HIWKyeThest Ha 50-60%. 3pobi1eHO BUCHOBOK, IO A AOCTOBIPHOI OIIHKH
e(EeKTHUBHOCTI JACTIPECOPHUX AOMATKiB HEOOXiTHHH MPaBWIBHNI BHOIp Ta KOHTPOIb PEXKUMY OXOJOKEHHS.

KaiouoBi ciioBa: Bucokonapacdinucta Hadta, Aenpecop, MBHIKICT OXOJIOKEHHS.

Bucoxonapadinucri Hapti 3axigHoro perioHy Ykpainu (JIbBiBcbka, IBaHO-DpaHKiBChKa
00JI.) XapaKTepU3yIOThCS BHCOKOIO TEMIIEPATYpOIO0 3aCTMTaHHsS Ta YTBOPEHHSAM NapadiHUCTUX
BIIKJIAIB y TpyOompoBoaax. Lle cnpuunHsie 3aTopu, 3MEHIIye NPOIYCKHY 3/1aTHICTh 1 BUMArae
MOCTIMHOTO MIiIrpiBy, peareHTHOi OO0poOKM abo MexaHiuHoro ouwieHHS [1]. H-AJkaHH, sKi
CTaHOBIIATh 3HAYHY YaCTHHY BYIJICBOAHIB B TakuxX HaTax, NpU 3HIDKEHHI TeMIeparypu
MEePEXOASTh 13 PO3YMHEHOTO CTaHy Yy TBEpIui 1 GOpMYIOTh KpUCTaJH, SIKi 30UTbIIYIOTH B'SI3KICTh
HaTH 1 YTPYOHIOOTH i1 TeKyuicTh. be3 nemnpecopa mapadiHu yTBOPIOIOTH BEJIMKI MIACTUHYACTI
a00 rojuacTi KpUCTal, SKi arperyloTh 1 YTBOPIOIOTh TPHBHMIPHY CTPYKTYpy. 3a HasBHOCTI
JieTIpecopa yTBOPIOIOTHCS piOHI MOAu(iKoBaHI KpUCTaH, sIKi He POPMYIOTh IIUIBHY IPATKYy, B
pe3ysbTaTi 4oro BiJIOyBa€ThCSl 3HM)KEHHS TEMIEpaTypu 3aCTHTaHHs, 3MEHIIEHHS B'SI3KOCTI Ta
MOKpAIIEHHS TEKy4OCTl Ha()TH 3a HU3bKUX TeMIeparyp.

PexxuM OXONOIKEHHSI BiJirpae BUPILIAIBHY POJIb Y AOCTIIKEHHI ACTPECOPHUX JOAATKIB,
TOMY IO caMe B IIeil mepiof BiAOyBaeThCs Mpoliec KpucTamizauii nmapadiHiB, 1 came pexXUM
OXOJIO/DKEHHSI BW3Hauae (OpMy I[HMX KpPUCTANiB. BaxJinMBO TPaBUIBHO 3aJaTH  PEXKHM
OXOJIOIPKEHHsI, 1HaKIIe e(EeKTUBHICTD Aerpecopa Moxe OyTu 3aHIbkeHa [2].

B peanpHMX yMoOBax, Npu IepekauyBaHHI HapTH TpyOONpPOBOJAMH, OXOJIOKEHHS
B1JI0YBa€ThCsI MOBUILHO, TOMY MOBUIbHA MIBUJKICTh OXOJIOKEHHS TP MPOBEIEHH1 Ja00paTOPHUX
JOCIIIIB BIATBOpIoe came Takuil pexxum. llIBunke oxonmomxenHsa (3°C/xB) BIANOBIAA€ peanbHIN
KapTUHI 3aCTUTaHHA HaTH B yMOBax Pi3KOro nepenajay Temreparyp (Hampukiajl, Ipu aBapiiiHii
3yNUHLI TPOKadyBaHHS).

JlocmiKeHHST TPOBOAMIIH JUTst HahTH J{OMTMHCHKOTO POIOBUINA 3 TEMITEPATYPOIO 3aCTUTAHHS
+19°C 1 Bmictom mapadiniB 9,5 %wmac. [denpecopHumu aomatkamMu i JOCTIIHKEHb OyiIu
KoMepuiiiHi neemynbraropu cepii Dissolvan 5236 1 Dissolvan 5773, ski € posramyXeHUMHU
nojiiMepamMH 1 KONOJIMEPOM BiHIJIAIETaTy Ta ETWUJIeHY, BIAMOBITHO, Y CyMIIIl 3 COJBEHTOM
HadroBum. Konnientpartis qeemynbraropiB ctanosuiaa 300 ppm.

1106 mpaBWJIBHO OLIHUTH €(PEKTUBHICTh JAENpecopa, 3pa30K Ha(TH monepeHbo HarpiBaiu
10 55-60°C, mo0 MOBHICTIO PO3YMHUTH MapadiHM 1 PIBHOMIPHO PO3MOIUIUTH JETPECOp.
JlonaBanu BHM3Ha4YEHY KUIBKICTh JeNpecopa i cucteMmy nepeminryBaiau npotsrom 10-15 xB. Le
3a0e3nedyyBajo pPIBHOMIpDHE pO3YMHEHHs mojimepy. Ilicis 1boro MpoBOAMIM KOHTPOJILOBAaHE
OXOJIOIPKEHHSI.



BusnaueHHs TeMrieparypu 3aCTUTaHHSI IPOBOJIUIIM 3 BUKOPUCTAHHAM ycTaHOBKU Y T3-60 y
pigmoBigHocti 1o ASTM D97. IlIBuakicts 0X0JIOMKEHHS 3MiHIOBaIU B Mexax 1°C/xB.—3°C/xB.
OcCkinbKkM CTaHIapTHa KOMIUIGKTallisi 0a30BOi YCTAaHOBKM HE Iepeadadae aBTOMAaTHYHOIO
KOHTPOJIIO MIBUIKOCTI OXOJIOJKEHHS, IIBUIKICTh OXOJIOKCHHS IMITYBaJIl, 3MiHIOIOUH YCTaHOBKY
Ha KOHTpOJEpPI BpPY4YHY: KOXKHI 5 XBHWIMH 3aJaHa TemIieparypa 3MiHioBaiack Ha 5°C (mns
mBuakocTi 1°C/xB) abo Ha 15°C (mms mBuakocti 3°C/xB).

3a nomomororo 1ugpoBoro mopraruBHoro Mikpockony x1000 USB HD Digital
CroCTepiragy 3a MpoIecoM KpucTamizamii mapadiHiB y IOCHIIKYBaHUX 3paskax, ski Oymu
MONEPETHBO HATPITI 1 MOTIM OXOJIOKEHHI 3 PI3HOIO MIBUJIKICTIO.

Pe3ynbraTn excriepuMeHTaIbHUX AOCIIKEHb TPUBEICH] B TabmuIi 1.

Taéauus 1. Brome pexxuMy 0XonomkeHHs Ha e(heKTUBHICTE Aerpecopis st JoarmHCcbKoi HadTH

Temneparypa 3acturanss, °C

Hempecop IIBuakicTs HIBuaKicTE
Hagra 6es nenpecopa oxonomxeHus 1°C/xs. oxonomkeHus 3°C/xB.
Dissolvan 5236 +19 +10 +13
Dissolvan 5773 +9 +15

Sk BUIHO 3 JaHUX TaOMuWIi, IPU MOBUILHOMY OXOJIOMKeHHI (mBUAKicTh 1°C/xB.) edexT
JIeTIpecopa BHUSIBIISIETHCS B 3HAUHO OUIbIIii cTereHi. [1if 9ac moBUIBHOTO OXOJIOKEHHS JETIPECOp
BCTHTae aacopOyBaTuch Ha Kpuctanax napadiny i1 3minuta ix ¢opmy. Tomuacti kpucranm,
npucyTHi y HadTi 6e3 Aernpecopa, MepeTBOPIOIOTHCS Ha ApiOH1, KOMIAKTHI, 130METPUYHI KPUCTAIH
31 chepuunoro dopmoro. Jlenpecop OIOKye akTHUBHI LIEHTPU POCTY, 3aM00iralodi BUTATYBAHHIO
KpUcTamiB 1 ix arperamii ogua 3 omgHUM. OCKUIBKH KpHCTajaM BaKKO 30JIM)KyBaTUCh, BOHU HE
YTBOPIOIOTH IIUIbHY TPUBHMIPHY CTPYKTYpY; Yepe3 Iie TeMIeparypa 3aCTHTaHHs 3HWKYETbCS Ha
9-10°C.

[Tpu mBHaKOMY oxonomkeHHi (mBuUaKicTh 3°C/XB., Tabn. 1) KpucTamu poCTyTh HIBUIIIE i
3'SBIIAETBCSA BEJIMKA KUIBKICTh 3apoiKiB (LEHTpIB KpucTanizauii). Yepe3 BHCOKY HIBHAKICTh
KpUCTaIM TMapaQiHiB 3ajJuIIaloTbcs ApiIOHMMHU 1 MOJIMEp HE BCTUrae ajacopOyBaTuCh Ha iX
MOBEpPXHI. Xo04ya KpUCTAIM MalOTh HEBEJIMKUHA pPO3MIp, BOHM 3]aTHI (OPMYBATH <«ITyXKYy»
CTPYKTYpY, IO TPHU3BOAUTH [0 MIJABHILEHHS TeMmIeparypud 3acTuraHg. Ilpu mBuIKoMy
OXOJIOJKEHHI TemIleparypa 3acTUraHHS 3HWXKYETbCS 3Ha4yHO MeHme, Ha 3-4°C. ToOto
e(eKTUBHICTH Jierpecopa 3HUKyeTbes Ha 50-60%.

OTxe, NMpaBUIbHUMA BUOIp Ta KOHTPOJIb DPEXHMY OXOJOIKEHHS € BaXKJIMBOIO YMOBOIO
JIOCTOBIPHOi OLIIHKM €(eKTUBHOCTI JEMPECOPHUX JOAATKIB 1 J103BOJSIE OTpUMATH OiIbII MOBHE
YSIBIIGHHS PO iX 3/1aTHICTh 3HMXKYBaTH TEMIEPATYPy 3aCTUTAHHS BUCOKONApapiHUCTUX HAPT.
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[Ipu 3acTocyBaHHI AOPOXKHIX OITyMiB BHHHKAE Psij MPpoOIeM, MPOTEe HAMOUIBI TOCTPOIO €
HEJOCTaTHhO BUCOKI TBEPAICTh Ta aJAre3iifHi BJACTUBOCTI TOBapHHUX OITyMiB (HaBiTh, SKIIO BOHU
BiJIMTOBIAAIOTh BUMOT'aM HOPMAaTHBHUX JTOKYMEHTIB).

OpnHuM 3 HAaUTIEPCIIEKTUBHIMIUX HAMPSMKIB B IMiIBUIICHHI SKOCTI B’ SDKYUUX IS OJICPKAHHS
JOPOXKHIX MOKPUTTIB 3 XOPOIIMMHU EKCIUTyaTallliHUMHU XapaKTepUCTUKAMU € X MOAu(iKyBaHHS
MOJIIMEPHUMH MaTepiajamu, HaldacTillle 3aCTOCOBYIOTH TEPMOENIACTOIIACTH (IIEPIIOYEproBo,
Onok-komnoiiMepu ctupoiy Tty SBS), 1m0 3ymMOBIIEHO iX 3JaTHICTIO HE TUIBKHU ITiIBUIIYBaTH
MIIHICTh OiTyMy, aje 1 HajaBaTH MOJIMEPHO-OITyMHIN KOMITO3MINi €1acTHYHOCTI, B T.4. 3a
HU3BbKUX TeMIleparyp, Ta 30UIbLIYBaTH TAKOX 3YEIUIeHHs OITyMy 3 MiHEpaJbHUM MarepiajioMm.
Bwmict Takux nmomimepiB B MoaudikoBaHux 0iTymax moxe fgocsirata 3-10 % 3a macoro.

OpnHak BBeACHHsS MOJIMEPHUX J00aBOK B CKIaa OiTyMy HOpPHU3BOAUTH A0 MOTIPIICHHS
IUIACTUYHUX BJIACTUBOCTEH OITyMHOTO B’sDKydoro. s BupimieHHs Ifi€el mpoOlieMd B CKIIAJ
0iTyMy BBOISTH PI3HOMaHITHI IutacTHdikaropu. B 3B 3Ky 3 MM, METOIO JaHOi poOOoTH OyIo
BCTAHOBUTH JOLUIBHICTh 3aCTOCYBaHHS KHUCIUX BIAXOAIB BUPOOHUIITBA KUPHUX KHUCIOT SIK
wactudikaropa ayig Moau(BIKOBAaHUX OITYMHHX B’ SKYUYHUX.

Takoxx Oyira BUBYEHA MOXKIIMBICTh 3aCTOCYBaHHS IIUX BIIXOJIB SIK aKTUBATOPa MiHEPATHLHUX
MOPOIIIKIB, SIKI B CBOIO YEPTY, € OJHUMH 3 OCHOBHUX KOMIIOHEHTIB ac(aibToOETOHY.

SIK CcUpOBHHY €KCIIEPUMEHTAIbHUX JOCHIPKeHb BHKOPHCTOBYBaIM OiTyM HadTOBUI
nopoxHiii okucHennit mapku BHJ[ 70/100, Bini6panuit y 2021 p. na ITAT «YkprarHadgTa» (M.
Kpemenuyk, Ykpaina). OCHOBHI XapakTepUCTHUKN HaBeleHo B Ta0m. 1.1.

Taomuus 1.1 — ®izuko-ximiuni xapakrepuctuku 6itymy mapku BHJI 70/100

[Tokaznuk 3HauYEHHS Meroauka BU3HAUYEHHS
I'mnOuHa NpOHMKHEHHS FOJIKM (TIEHeTpalis) 3a 82 JACTY EN 1426:2018
temmeparypu 25 °C, m-10™ (0,1 mm) (EN 1426:2015, IDT)
TemmepaTtypa po3M’SIKIIEHOCTI 3a KiJIbIIEM 1 KyJieto, 472 JACTY EN 1427:2018
°C ' (EN 1427:2015, IDT)
Po3TsxHICTD (L[yKTHnLchEL) 3a Temnepatypu 25 °C, >150 JICTY 8825:2019
M- 107 (cm)
Junamiuna B’ s3kicTh 3a 60 °C, Ila-c 96 JICTY EN 12596:2018
Kinemarnuna B’s3kicTs 3a 135 °C, Mm?/c 283 JCTY EN 12595:2018
Temmepatypa ciasiaxy y BigkpuToMy T, °C 309 JCTY EN ISO 2592:2017
Po3zuunHnicTh, % 99,95 JCTY EN 12592:2017
Temnepatypa kpuxkocti o ®paacy, °C -12 JCTY EN 12593:2018




Taémuus 1.2 — BaacTHBOCTI KHCJINX BiIX0/iB BUPOOHUIITBA KUPHUX KUCIOT

Ha3pa nmokasHuka XapakTepucTrka
®diznyna popma PinmnHa KOpUYHEBOTO KOJIHOPY
Kucnorne uncio, mr KOH/r 120,56
pH 1,77
Bwmict Bonn, % mac. 36,6
Bwicr cipku, % mac. 0,8

Taomuus 1.3 — @izuuni BracruBocti nosiMepnoi no6asku Tuny CbC (Calprene 501 M)

Ha3zpa nokasnuka XapakTeprucTuka

diznyna hopma [Topo1tok 61510r0 KOIBOPY
B’si3kicTh B Tonyewi 5,23 %, cCr 13
B’s3kicth B Tonmyeni 25 %, Ila'c, mo bpykdinbay 5
Kouip no Xanrepnaby 2
CymapHuit BMicT cTupeny (B mosimepi), % 31
CrupenoBuii 6110k (B mosimepi), % 29
Teepaicts no [llopy A° 76

1.2 AkTHBauisi MiHepaJbLHOI0 MOPOLIKY

AKTUBOBaHUI MiHepaJbHUI MOPOLIOK OTPUMAJIM 33 JIOTIOMOIOK0 CYMIILIEHHS B KyJIbOBOMY
MJIMHI BalHAKOBOTo MiHepanbHOoro nopoiky mapku MII I ta KBBXK B kinbkocTti 2 % mac. Bifg
Macu MiHepaJbHOTO TopomKy. Ilicms axTtuBamii MPOBOMMIM BH3HAYECHHS TiApOoPOOHOCTI
AaKTHBOBAHOTO MiHEPAJIBHOTO MOPOWIKY aABoMa Metonamu 3rigHo 3 JCTY 8772:2018 INopomok
MiHepaJlbHUM 11 ac(haabToO0eTOHHUX cyMmilieid. MeTtoau BUIIpoOyBaHHS:

1. BusnaueHHs TinpodoOHOCTI aKTHBOBAHOTO MiHEpAIbHOTO mMopouiky. CyTh MeTomy
MOJISITa€ Yy BU3HAYEHHI 37aTHOCTI aKTHBOBAHOTO MIHEPAJIHHOTO MOPOIIKY HE 3MOYYBATHCS BOIIOO
3a KIMHAaTHOI TEMIIepaTypH.

2. BuzHaueHHs ripo}oOHOCTI aKTUBOBAHOTO MiHEpaJlbHOTO MOpoiky Merogom XHAJY
(mpuckopenuit cmoci®). CyTb MeToAy NOJSArae y BHU3HAUEHHI 3/1aTHOCTI AaKTMBOBAHOIO
MIHEpPAJIbHOTO TOPOLIKY HE 3MOYYBATHCS BOJOI0 MpPU HAHECEHHI MpoOM aKTUBOBAHOTO
MiHEPATBHOTO MOPOIIKY Ha TIOBEPXHIO KUIUISTYO1 TUCTHIILOBAHOT BOIH.

1.3 Iin0ip cknany medeHeBo-MacTHKOBOI acanbroderonHoi cymimi (IIIMAC)

3a 101IOMOror0 KaM’sSTHUX MaTepiajiB IpPaHITHOTO 1e0eHI0 By3bkuX (pakuiii 5-10 mm, 10-15
MM Ta TpaHITHOTO BiJCiBY By3bkoi ¢pakuii 0-5 mm (Pppakuis 5-0,071 mMm) Ta BamHIKOBOTO
HEaKTHUBOBAHOTO MiHepajgbHoro mnopomky mapku MII 1 (dpakmis menme 0,071 mm ) Ta
aKTUBOBAHOIO MiHepasibHOro nopomky Mapku MITAI (MiHepaibHUI MOPOIIOK aKTUBOBAaHUHN 2%
KBBXK) Oyno miniOpano 3epHoBuii ckjiaja medeHeBo-mMacTukoBoi cymimi (IMAC-15) Ta 13
BKIJIFOUEHHSIM CTalimi3yroua J100aBKa AJsl Me0eHEeBO-MACTHKOBOTO ac(albTOOETOHY (IIENTI0NI03HE
BOJIOKHO 00poOieHe OiTymMoM) 1 pi3HUX BapiaHTiB B’spKy4oro: Oitym oxucinenuit BH/170/100
(ITAT «Yxprarnadrar), BHJ{ 70/100 + 3% CBC, BH/{70/100 + 3% CBC + 3% KBBXK 06yno




3aMpoOeKTOBaHO 1 BHMpPoOyBaHO 1eOeHeBo-MacTukoBy cyMmim (IIIMAC-15) Ta mebeneBo-
MactukoBui acanpsroderon (IIIMA-15) Ha i ocHOBI.
[TiniOpannii cknag IIIMAC-15 naBenenwmii B Tadm. 1.4.

Ta6auns 1.4 — [iniopanmii ckaan IMAC-15

. - XT3
Hassa matepiany Bwmict matepiany HIMAC-15, % mac

1e6inb dp. 10-15 mm 50
[1e6inb dp. 5-10 MM 20
1le6eneBwmii Biacis ¢p. 5-0 MM 15
MinepaapHUI TOPOMIOK (aKTHBOBAHWN Ta HEAaKTHBOBAHUI) 15
CymapHa KinbKicTh, %0 100,0
Crabimizyroua nodaBka % Mac. moHax Macy MiHepaIbHOT YaCTHHH 0.4
cymimri
B’soxyde % mac, moHa Macy MiHEpaJbHOI YACTHHU CYMITII:
13 HEaKTUBOBAaHUM MiHEPAIHFHUM ITOPOIIKOM
13 aKTHBOBAaHUM MiHEPAIILHUM ITOPOIIKOM 6,5
6,5 abo 6,2

Cxuag HIMAC-15, o HaBeneHuii B Ta0i. 2.2 € 6a30BUM, 3MIHHUM B HbOMY € JIMILIE BapiaHT
BUKOpUCTaHOTO B’sikydoro: 0iTym okucnenuit BHJ[ 70/100 (ITAT «Ykprarnadra»), BH/{ 70/100
+ 3% CBC, BH/[ 70/100 + 3% CBC + 3% KBBXK Tta BuI BHUKOPHCTaHOTO MiHEpPaIHHOTO
MOPOIIIKY: HEAKTHBOBAHWW Ta akTUBOBaHWU. [Ipym YoMy BMICT MiHEpPAIBHOTO TOPOIIKY Ta
B’spkydoro B LIIMAC-15 Oynu cranmmu. TemneparypHi pe)KMMU BUTOTOBJICHHS Ta YIIIJIBHEHHS
IMAC-15 Bignmosiganu Tadomumi 5 ACTY b B.2.7-127:2015 Ta tabmuui 2 JACTY b B.2.7-
319:2016.

1.4 Metoaun BUnpoO0yBaHb 1e0CHEBO-MACTHKOBHX ac(aabTo0eTOHIB

1.4.1 Anani3 ¢gi3suKo-TeXHOJOTTYHMX MOKA3HUKIB

Buznauennsi cepeanboi ryctunm nposoaunu 3rizHo JCTY b B.2.7-319:2016 Cywmimn
acdanprobeToHHi 1 achanbToOeTOH JOpPOXKHIH Ta aepoapoMHuid. Meroau BunpoOyBaHb. CyTb
METONly MOJISTae y BU3HAYECHHI T'JIPOCTATUYHHUM 3BaXKYBaHHSM CEPEAHbOI T'YyCTHHH 3pa3KiB, II0
BUTOTOBJIEHI B Jlaboparopii abo BiAiOpaHl 13 KOHCTPYKTMBHMX IapiB JOPOXKHIX OJATIB 3
ypaxyBaHHSM TIOD, SIKi BOHH MarOTh.

BusnayenHsi BojoHacu4eHHsi 3a 00’emoMm mnposomwin 3rigHo JACTY b B.2.7-319:2016
Cymimn acdansrobeToHHi 1 achanbToOeTOH JAOPOXKHIM Ta aepoapoMHuil. Metoau BUIPOOYBaHb.
CyTb MeTony moJisirae y BU3Ha4Y€HH1 KUTBKOCT1 BOJH, SIKY MOIVIMHAE 3pa30K MPH 33JaHOMY PEXHUMI
HACHYCHHS.

BusHavyeHHsi rpaHuuUi MilHOCTi MPHM CTHCKY 3a PI3HUX TeMIeparyp MPOBOAMIN 3TiTHO
JCTY b B.2.7-319:2016 Cymimri acdanbTobeToHHi 1 achanbTo0eTOH TOPOXKHINA Ta aepOIPOMHUM.
Mertoau BunpoOyBaHb. CyTh METONy IMOJSATa€ y BHU3HAUYEHHI TPAHUYHOTO HANPYXKEHHS, 10
MIPU3BONTE JI0 PYHHYBaHHS 3pa3Ka MPH 33JJaHUX YMOBaX BUMIPOOYBaHHSI.




®DizuKo-MexaHiyYHNI aHaJdi3 3pa3kiB 0iTyMiB MoaAM(pikOBAHMX KHCIUMM Biaxogamu
BHPOOHUIITBA )KUPHUX KHCJIOT

OpnepxanHs MoaudikoBaHUX OiTyMiB mpoBoamiau 3a Temneparypu 180 °C ta TpuBasiocTi
180 xB. Pesynbraru MmoaudikyBaHHs HaBeneHi B Ta0m. 2.1.

Ta6auns 2.1 — PesyabTaT MoaugikyBaHHs 6iTyMy KHCJIMMH BiIX0aMH BUPOOHHIITBA KUPHUX

KHCJOT
. BHJT 70/100 BHJT 70/100 +
IToka3Huk Horxaﬁi}i};ﬂﬂ I[NAT BH§) /7(():/;20 ¥ 3% CBC +
HOXY «YxpraTHaTa» ° 3% KBBKK
[lenerpartis npu )
25°C. 0.1-Mm JCTY EN 1426:2018 82 60 81
Temneparypa
po3m’sikiienocti 3a | ICTY EN 1427:2018 47,2 53,2 50,8
KUJIbLIEM 1 KyJiero, °C
Po3TsukHICTD TIpH )
25°C, e JACTY 8825:2019 >150 52,3 88,9
Emactuunicts npu ACTY b B.2.7-
25°C, % 135:2014 708 70

Ha ocHoBi nanux, HaBeneHux B Ta0m. 2.1, BUIHO, M0 BBeAeHHs TepMoenacToruiacta (CbC)
B CKJaJ OITyMy MpPHUBOAUTH /0 30UIBIIEHHS TeMIEpaTypu po3M’sKIIEHOCTI, a 0COOJMBO Hajae
O0iTymy enactuuHictb. OpjHak, BBeAeHHA B ckiaa Oitymy CBC mnpu3BoauTh J0 3HAYHOTO
3MEHIIEHHS MeHeTpauii MoAaugikoBaHOro 0iTyMy, TOOTO Takuil OITyM HE BIJANOBIAA€ BUMOTram
HOpPMaTHBHMX JOKyMeHTIB (bitymm nopoxHi, monu¢ikoBaHi monimMepamu. TexHI4HI yMOBH :
JCTY b B.2.7-135:2014).

Jly1s OKpalieHHsl IUIACTUYHUX BJIACTUBOCTEN OITyMy BBOAMJIM KHUCIII BIIXOAW BUPOOHUIITBA
xupHux kuciaor (KBBXK). Beenenns KBBXK npusBoguth A0 HE3HaYHOro 3MEHILEHHS
TemIeparypu po3m’skmeHocTi. OnHak, BapTo Bi3HAYUTH, 110 OiTyM y ckiafi sikoro € KBBXK
BOJIOJII€ KPaIllol0 MeHeTpallieio (TUIAaCTUYHICTIO), AYKTUIBHICTIO, @ TaKOXK €acTUYHICTIO. MoXKHa
3pOOUTH TPUITYIICHHS, IO 30UIBIIEHHS €TaCTUYHOCTI 3yMOBJIEHE B3a€EMOJIEI0 TMPOMHCIOBOI
nobasku CBbC ta komnonentis KBBXKK.

BpaxoByroun BullleHaBeeHE MOXKHa cTBepKyBaTH, 1mo KBBXXK mokHa BUKOpUCTOBYBaTH
K MacTu(ikaTop A JOPOXKHIX HAPTOBUX OITYMiB.

2.2 AxTuBalis MiHEpaJIbHOTO MMOPOIIKY KUCIMMH BIAXOAaMH BUPOOHHUIITBA )KUPHUX KUCIIOT




AKTHBAIlI0 MiHEpaabHOTO mopomKy mnpoBoauwan 3rigHo JICTY-8772:2018-ITopomrok
MiHEepaJbHUN I achadbTOOCTOHHUX cyMimiel. Pe3ynbraTtu akTuBaiii MiHEpaJIbHOTO MOPOIIKY
mapku MII I KBBXXK naBeneno B Tabim. 2.2.

Ta6auns 2.2 — Pe3ysibTaTn akTUBaM MiHepaibHOro nopomky Mmapku MII | kucaumu Bigxogamu
BHUPOOHUITBA ;KHPHUX KHCJIOT

Minepanpauii nopomok (MIT)
Bumoru nns Bumornu nis
0 MIT All HeaKTHBOBAHOTO aKTMBOBAHOTO
aspa ToKasHiia Ml (akTHBOBAHHIT MII 3rigno ACTY | MII 3rigno ACTY
(HeaKTHBOBAHMIA) KBBXKK) b B.2.7-121:2014 | b B.2.7-121:2014
Cryminp
Hg‘; 035\)46}1};2(1:{3; ¢ - lapodobuuii He HopmyeTtbes He HopmyeTtbes
TEeMIIEPATypH)
Crymisb
FlI[pO(I)O6HOCT1: c i > 3600 i > 1300
(mpuckopeHuit
CI10Ci0)
CrpykTypytouya . .
3)Ia’li“)l}{/iCT}II)pZT 3a 9,6 8,8 Bix 101020 Bix 10 1020
kareropiero AKiK BICHOH: BIOHOH:

O6unBa Meronu BHU3HAueHHS TiApodoOHOCTI MiIHEpaNIbHUX IOPOUIKIB TMOKa3ald, IO
OTPUMaHHUM CyMIIIEHHSAM B KYIbOBOMY MJIMHI MiHepadpbHUl mopomok wmapku MII 1 3
BUKopHucTaHHsAM sik akTuBaropa KBBXKK B kinbkocti 2 % Mac. € rizpooOHUM y NOpPIBHSAHHI 3
HEaKTHUBOBAaHUM MiHEPaJbHUM MOPOLIKOM. BHKOpPHCTaHHS JaHOTO aKTMBOBAaHOI'O MiHEPaJIbHOIO
MOPOIIKY Yy MPUTOTYBaHHI ac(anbTOOETOHIB JO3BOJIUThH OJEPKATH JTIOPOKHI MOKPUTTS, SIK1 OyIyTh
OUIBII CTIMKI 10 pyHHIBHOI Ji1 BOJYU B MPOIIEC] IX eKCIUTyaTarii.

2.3 ®dopmyBaHHS 1 aHali3 3pa3kiB rapsyux achaiabToOCTOHIB 13 BHKOPUCTAHHS
MiHEPaITBHOTO MOPOIIKY aKTHBOBAHOTO KUCIIMMH BiIXOaMHU BUPOOHHIITBA )KUPHHUX KHCIIOT

di3uKo-MeXaHIYHI BIacTUBOCTI 3agopMoBaHux 3pa3kiB [IIMA-15 3 BUKOpHCTaHHSAM Pi3HUX
cknaniB [IIMAC-15 naBeneno B Tabn. 2.3-2.4. [lokasnuk crikanss B sokydoro 3 IIIMAC-15 mus
BCix ckiaaiB OyB He Oumpmuii HiXK 0,20 % 3a macoro 3riguHo 3 Bumorow JICTY b B.2.7-127:2015.
Bumoru no ¢izuko-texniuaux nokaszHukiB [IIMA-15 pernmamentyBanuce BianosigHo 10 JACTY b




B.2.7-127:2015. 3mina 1 gns xiaiMaTu4HOrO paiioHy A-2 (mo Bkitodae B cebe JIbBIBCHKY
0071aCTh).

Taoauus 2.3 — @izuxo-mexaniuni Biaacrusocti LLI{MA-15 i3 HeakTHBOBaHMM MiHepaJIbHUM

MOPOIIKOM
) IIMA-15na | Bumoru JICTY B
MMA-15 wa | LSMAIS A | pr06100 +| B2 7.197-2015
No BH/170/100 + |, 0 s : :
. /1_1 Has3Ba mokasHuKa BHJ170/100 3% CEC 3% CBC + 3% 3mina 1 ais
KBBXKK [IIMA-15, k.
neaktuBoBanuii MII + 6,5 % B’spxydoro paiion A-2
1 Cepenns TycTrHa, r/em® 2,39 2,39 2,39 -
Boponacuuenus
2 nabopatopHux 3pa3kis, % 2,0 1,8 1,8 1,0- 3,0
3a 00’ eMOM
I'panurs MinHOCTI TpU
ctucky, Mlla, 3a
3 TeMHe‘.’aTyg‘g; c 2,7 3,3 3,7 He menme 2,1
. 50°C 1,1 2,2 1,0 He menue 0,6

Amnamizyroun nani tadi. 2.3 suaHo, mo [IIMA-15 va BH/L 70/100 + 3% CBC + 3% KBBXK

MOKa3ye HANBUII TMMOKAa3HMKU TPaHMI MIIIHOCTI TpHU CTUCKY 3a Temmeparypu 20°C, amne i
HaliHmkul 3a Temneparypu S0°C. Buacninok usoro IIIMA-15 na BHJI 70/100 + 3% CBC + 3%
KBBXK 3a kputepieM MIIIHOCTI 3a BHUCOKHMX JITHIX TEMIIEpaTyp €KCIUTyaTallli MOCTYyHaeThCs
1HIIUM gociipkeHuM BapiantaM [IIMA-15 naBegenum B Tadmn. 2.3.

Ta6auns 2.4 — @izuxo-mexaniuni Baactusocti II{MA-15 i3 akTHBOBaHNM MiHepaJIbLHUM MOPOLIKOM

IIIMA-15
MA-15wa | IMA-15 wa | 21}712(1) /100 Buvors TCTY B
. BHJ170/100 BHJ170/100 +3% CEC| B.2.7-127-2015.
o /;1 Ha3Ba mokasHuka +3% 3mina 1 mois
KBBXK IIMA-15, k.
aﬁ?{ioz ;HOZI)H aKTI/IBOBé,lHI/Iﬁ MII+6,5 % pation A2
, B’SDKYUYOTO
B’SDKYUYOTO
1 Cepenns rycTuHa, r/em® 2,40 2,38 2,37 -
Bonmonacuuenus
2 nabopaTopHuX 3paskis, % 3a 14 1,6 1,6 1,0-3,0
00’eMoM
3 I'panuus MiLTHOCTI IPH CTHCKY,

MIla, 3a Temneparypu:




e 20°C 2,9 35 3,3 He menme 2,1
e 50°C 1,1 0,9 1,7 He menme 0,6

Ananizyroun nani Tabna. 2.4 BUAHO, 110 BUKOPHCTAHHS aKTUBOBAHOTO MIHEPAIBLHOTO
nopomiky 3a gomnomororo KBBXK B kimpkocti 2 % Mac gae 3MOry 3MEHIIUTH KUTbKICTh
HeoOxigHoro B’spkydoro B cymimi Ha 0,3 % wmac. 6e3 moripmieHHS (i3UKO-MEXaHIYHUX
Brnactuocreit IIMAC nopiBasiHO 3 IIIMA-15 na BH/L 70/100 (Ta6sn. 2.3). binkiie Toro mokasHuk
IpaHull MIHOCTI MpHU CTUCKY 3a Temmeparypu 20°C € BUIIMM, a MOKAa3HUK BOJOHACHYEHHS €
MEHIINM.

BUCHOBKUA

Kucni Bigxogu BupoOHunTBa xupHux kucinor (KBBXK) 3a BBeneHHs B 0iTymMy HaJarTh
oMy TturactudHOCTI. JlaHWIA MPOAYKT MOXKHA BHUKOPHUCTOBYBATH 33 HEOOXITHOCTI 30UIbIICHHS
neHerpamii (3MEHIIEHHs TBepAocTi) Oitymy Ta OitymomoniMepy (OiTyMy MOmuQikoBaHOTO
MTOJTIMEPHUMH JTOOaBKAMH ).

Takoxx KBBXK Moxke BHKOPHCTOBYBAaTHCH, SIK aKTUBATOP MIHEPaJbHOTO IMOPOMIKY JUIS
acdanprobeToHHUX cymimeil. MiHepanbHUI MOPOIIOK aKTUBOBaHUH 2 % Mac € rizpopoOdHUM Ta
HOT0 CTPYKTYpYIOYa 3[aTHICTh € BUILOK, HIXK B HE aKTUBOBAHOTO MiHEPAJIHHOTO MOPOIIIKY.

3a nmomoMoror BHUINPOOYBaHHS IEOEHEBO-MACTHKOBOTO ac(aibTOOETOHY (MOMYNISIPHOTO
Marepiaiay AJis BJIAIITYBaHHS BEPXHIX IIApiB MOKPUTTS aBTOMOOUIBHHMX JOPIT Ta BYIUIL) OYIO
BcTaHoBiIeHO, mo akTtuBalis KBBXK nae MOXIHMBICTD 3MEHIIMTH BMICT B SDKYYOTO B CyMimm i
MOKpauTH (i3uKo-MexaHiuHi ac(haabTOOETOHY.
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Projections indicate that petroleum maintains its lead in the primary energy landscape (40
%), surpassing both gas and coal [5, 12]. While domestic refining strategies focus on advancing
deep processing capabilities, the adoption of zero-waste cycles—specifically the conversion of
atmospheric and vacuum distillation residues—remains a distant milestone. Consequently, the
accumulation of waste continues to escalate, aggravating environmental degradation. The
transition to circular production is primarily hindered by technical complexity and prohibitive
energy requirements; current deep refining already demands roughly 11 % of total energy output.
Escalating these processes will inherently drive up internal energy consumption while diminishing
marginal returns on energy products. Meanwhile, the management of massive volumes of oil
sludge and polymer waste remains unresolved, with small-scale enterprises currently leading
recovery efforts through pyrolysis for fuel production [2, 11].

The selection of a temperature regime for pyrolysis is a critical factor determined primarily
by the composition of the waste feedstocks. Industry standards indicate that the effective thermal
decomposition of rubber tires and various polymer materials occurs within the 430°C—450°C
range. Conversely, processing more complex hydrocarbons, such as waste oils and oil sludges,
requires higher intensities, reaching up to 550 °C [1, 12]. However, elevating the operating
temperature directly impacts capital expenditure (CAPEX); operating at these levels necessitates a
transition to high-cost, heat-resistant alloy steels, which significantly inflates the initial cost of the
reactor equipment.

Energy efficiency remains a pivotal concern for the viability of such operations. As
pyrolysis temperatures rise, the thermal energy of the exhaust gases increases proportionally. In
many small-scale commercial units, heat recovery systems are either absent or underutilized [11].
Consequently, energy losses can exceed 50 % of the total energy value of the resulting end-
products (synthetic oil and gas). These inefficiencies negatively affect the project's financial
metrics, extending the payback period and diminishing the overall investment attractiveness of the
waste-to-energy business.

From a technical standpoint, pyrolysis reactors designed for small-scale enterprises typically
operate as atmospheric vessels. They function under minimal overpressure—not exceeding 3 kPa
(300 mm H,0O)—which simplifies construction but dictates specific conditions for hydrocarbon
conversion. The efficiency of this conversion is governed by a complex interplay of temperature,
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the rate of temperature rise, pressure, and the residence time of the feedstock within the high-heat
zone [3, 10].

In accordance with the Arrhenius law, the rate constant of decomposition reactions exhibits
an exponential dependence on temperature [3]. This implies that even a marginal increase in
temperature triggers a rapid acceleration in the breakdown of high-molecular-weight compounds.
The depth of this decomposition is directly correlated with the residence time in the reaction zone
[10]: higher temperatures facilitate faster conversion cycles. This relationship is a fundamental
consideration in reactor design, as it allows for increased throughput but requires a precise balance
between production speed and the energy costs required to maintain such high-intensity regimes

For the calculation of energy requirements, we assume an initial temperature of the diluted
flue gases at 900 °C, derived from a burner flame temperature of 1500 °C (utilizing heating oil at
an air-fuel equivalence ratio, a, of 1.2). Based on these parameters, we determine the required
volume of flue gases and the total energy consumption for processing 1 ton of the specified
feedstock. The calculated enthalpy of the flue gases immediately following the burner is i = 2384
kJ/nm? (where nm?® denotes cubic meters at standard conditions) [7]. Upon dilution with air (~50
% by volume) to reach a process temperature of 900 °C, the enthalpy of the mixture becomes i =
1262 kJ/nm?, which closely aligns with the enthalpy of humid air at equivalent temperatures. The
enthalpy of the exhaust gas mixture at various exit temperatures is defined as follows: 963 kJ/nm?
at 700 °C; 744 kJ/nm? at 550 °C; and 397 kJ/nm? at 300 °C.

It is evident that in configurations lacking heat recovery systems, reactor designs remain
relatively simple—typically consisting of a stationary retort, a rotary drum, or a single-body screw
reactor, heated externally by the convective and radiative flow of flue gases [4]. However,
reducing energy consumption and enhancing overall energy efficiency necessitates the integration
of additional heat transfer surfaces.

When processing liquid or paste-like petroleum sludges, the optimal structural solution is a
continuous screw reactor. For highly viscous media, a ribbon flight screw is recommended, as it
allows for effective sealing via liquid seals (hydro-locks) at both the feedstock charging and
residue discharge points [1, 4]. To ensure operational stability, the reactor’s liquid fill level should
be maintained at no more than 15% of the housing's cross-sectional area (aligned with the height
of the screw ribbon). The residence time of the feedstock within the high-temperature zone is
estimated at 5 to 7 minutes, subject to refinement during operational commissioning. Furthermore,
this reactor type allows for the co-processing of shredded polymer waste by incorporating it into
the pre-treated petroleum sludge mixture.

According to practical data, the thermal decomposition and cooking time for fuel oil (mazut)
residues in a screw reactor at a temperature of 550 °C was found to be within the range of 5 to 7
minutes (conducted in Oleksandriya by V.A. Bortyshevsky, PhD in Chemistry, Institute of
Bioorganic Chemistry and Petrochemistry of the National Academy of Sciences of Ukraine) [1,
13]. This residence time may be adopted as a baseline for the preliminary design and calculation
of screw reactors intended for cracking and coking processes.

Furthermore, laboratory and field studies were conducted using gravel and crushed stone
(fractions of 3-8 mm) as a substrate for coke deposition within the screw reactor (utilizing an
operational unit in Oleksandriya, 2004-2005) [2, 13]. These studies confirmed the feasibility of



using such materials as a packing medium for effective coke removal from the reactor. According
to the final expert conclusion, the discharged material was suitable for reuse as a filler in asphalt
production [8, 9].

To determine the reactor's physical dimensions, the capacity of the screw as a transport
mechanism (D — t/h) must be synchronized with the thermal energy requirements (Q — thousand
kJ). Based on the selected screw diameter (D — m), pitch (S = 0.6-0.7 D), and the cross-sectional
filling factor (y — up to 0.15), the rotational speed is calculated as follows [4, 7]:

,__ 4 D
60zD2Syp ~ 47D2Syp

(rpm)

From this value, considering the pitch and the required residence time, the length of the
screw and the surface area of the reactor housing are calculated. This allows for the verification of
the heat transfer capacity—specifically, the ability to deliver the necessary energy through the
reactor walls to the feedstock.

Figure 1 illustrates a potential energy-saving schematic for a complex designed to process
petroleum sludge and waste oils, based on the methodology described above.

Fig. 1. Potential energy-saving
process flow diagram for thermal cracking
and semi-coking of petroleum sludges.

1. High-temperature reactor
zone. 2. Low-temperature reactor zone. 3.
Feed hopper / Receiving pit. 4. Residue
discharge liquid seal (hydro-lock). 5. Flue
gas induced draft (ID) fan. 6. Light oil
condenser with integrated separator. 7.
Vapor condenser and gasoline fraction
recovery unit with separator. 8. Mobile heat
generator for pre-heating sludge in the
receiving pit and the low-temperature reactor
zone (utilized for system startup). 9. Gas-to-
gas heat exchanger. 10. Submersible sludge
feed pump (11. including recirculation
pipeline). 12. Dilution fan (for tempering
flue gases from down 1500°C to 900°C).
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MIHEPAJIBHA CKJIAJTOBA BYT'LJLJISI PI3BHUX ®PAKIIIA KPYITHOCTI,
3A PE3VJIBTATAMU PEHTTEHO®JIYOPECHEHTHOI'O AHAJII3Y

Onekcanop bopucenxo, Hamania 3enencvka, Jleonio bannixoe

epoicasre nionpuemcmeo « YkpaincoKutl 0epicasHull HayKo80—00CAIOHU GYeeXiMIMHULL ITHCIUMYm
(YXIH)», 61023, m. Xapxie, eyn. Becnina, 7, Ykpaina, zd@ukhin.org.ua

[MutanHs cerperamii MiHEpAJIBHHX Ta CIiJIOBUX KOMIIOHEHTIB MiX BIIAMIHHUMH
IPaHYJIOMETPUYHUMH (paKIisiMU, IO YTBOPIOIOTHCS Oe3mocepenHbo B Mpoleci BigOOpy Ta
MEPBUHHOI MIATOTOBKM KOKCIBHOIO BYTUUIS, 3aJMIIAETHCS HENOCTATHHO  BHCBITICHUM.
BigcyTHICTh CHUCTEMHUX [aHMX NP0 TEPEepo3MOALT €NEeMEeHTIB MK TpyOMMH KilacaMu Ta
MUJIONOMIOHO (PaKIi€r0 OOMEXKYE MOMXKIMBOCTI MPOTHO3YBAHHS TEXHOJIOTIYHUX MOKA3HUKIB
KOKCYBaHHSI Ta €(EKTUBHOCTI MOAANBIIOI OYUCTKU CTIYHUX BOA 1 ra3oBuUX BHKUAIB. CyTTEBOIO
MPOTAIMHOKO 3ATUIIAETHCS BIICYTHICTh 3arallbHONPUMHATUX JaHUX 11010 (OPM 3HAXOIKEHHS Ta
KOHIIEHTpAI[il BaXKUX METATIB Yy BYTULI; HEOTHOPIAHICTh 1 CKIAIHICTh BYrUIbHOI MaTpuIil He
JO3BOJIAIOTH JIOCHITHUKAM JIHTH €IWHOI JYMKH CTOCOBHO MEXaHI3MIB iXHBOTO PO3MOALTY Ta
Mik(]a3HOi B3aEMOIIi.

3amauero TOCHiIKEeHHsI OyI0 eKCIIEPUMEHTAIbHO BUSHAYUTH BMICT OCHOBHUX HEOPTraHIYHHUX
Ta MIKpOEJIeMEeHTIB y mpoOax Byriuiga kinaciB 13-25 mm ta < 0,5 MM, NOPIBHATH OTpUMAaHi
CIIEKTPU PO3IOIUTY Ta BCTAHOBUTH CXUJIBHICTH OKPEMHUX TPYI €JIEMEHTIB O HAKONMYCHHS Y
IpiOHOANCIIEPCHUX MPOIYKTaX BiJICIBY.

Jlis TOpoBeleHHS TEXHIYHOTO Ta €JIEeMEHTHOrO aHali3iB JOCHIIKYBAaHOTO BYTiJUIA
3M1ACHIOBATN BiIOIp 1 MIATOTOBKY MpO0 13 PI3HUX IpaHyloMeTpuyHuX ¢pakiiii. s Bcix 3pa3kiB
BiJiciBany Qpakiiro 13—-25 MM, a TakoK BigOMpamu Gpakiiro 3 po3MipoM 4acTUHOK MeHIre 0,5 M.

3 METOI0 MPOBEACHHS TEXHIYHOTO aHaNi3y BiaiOpaHi (pakiiii 704aTKOBO MOAPIOHIOBAIHN /10
po3Mipy yacTHHOK MeHIe 0,2 MM Ha BajlkoBii 1pobapii. s nerporpadidyHoro anatisy Gppakiiro
13-25 MM noapiOHIOBamM 10 po3mipy MeHme 1 MM Ha BajkoBid apoOGapui. Ilerporpadiuni
nocipkeHHs Gpakiii menmie 0,5 MM IpoBoAMIIA O€3 TOATKOBOTO MOIPIOHEHHS.

Otpumany JpiOHOAMCIIEPCHY (PAKIiI0 BHUKOPUCTOBYBAIM JUIsl €JIEMEHTHOIO aHalli3y
PEHTIeHO(IYOPECIICHTHUM  METOAOM 3 BHUKOPUCTaHHSAM  PEHTIeHO(IyopecleHTHOro
cnekrpomeTpa ElvaX ProSpector 2 Bin BiTunmsHsHoro BupoOHuka TOB «EnBarex». TexHiuni
MOXIIMBOCTI arapara, OCHAIIEHOTO BOJIb(paMoBHUM aHoaoM Ta PIN-miomHUM aeTekTopom
(enepretuyHa posauibHa 3aatHICTE <180 €eB), no3BomsitoTh ineHTH(IKYBaTH €JIEMEHTH B
IIMPOKOMY Jliania30Hi — BiJI MarHito 0 ypasy. Pe3ynbrati BU3HauUeHHs BMICTY 30JIM Y 3pa3kax 3a
bpakxiisMy HaBelIeHO B Ta0. 1.

Taoauns 1. Po3noain 30abHOCTI Byrisuis 3a albTepHATHBHUMH KJIaCaAMH KPYNHOCTI

Oliva Lake Virginia .
IToka3Huku Downs R?LT Ss;a y Vermont Crews BO(BI? 'a M&jg))rk V:‘ZILTST
(Au) (Au) (US)
A%(13-25mm), % 8,51 13,43 7,28 12,83 5,24 6,13 12,14
AY(<0,5Mm), % 8,98 8,65 8,09 8,27 4,6 12,15 16,86




AAY % | 047 | 478 | o081 | 456 | 064 | 602 | 472 |

Sk cBimuarh HaBEIEHI JaHi, PO3MOILT 30JILHOCTI 3a KjacamMH KPYITHOCTI € CKJIATHUM 1 HE
I ITOPSIAKOBYETHCSI  OTHO3HAYHIA 3aKOHOMIPHOCTI. Y JIiTepaTypi HaBEACHO B3a€EMOBHUKIIIOYHI
TEHJICHIIIT: 111 YaCTHHH 3Pa3KiB CIIOCTEPIra€ThCs 3pOCTAHHS 30JbHOCTI 31 3MEHIIICHHSAM PO3MIPY
YaCTUHOK (Hampukian, 1o 36 % y wmaci <0,5 mm) [1], Tomi sik [uisi He30ara4eHux, 3aCMideHUX
MOPOZOI0 BUCOKO30JIbHOTO BYTULIS XapaKTepHE MiJABMUIIEHHS 30JIbHOCTI y KpyHnHHX Kiacax (+50
MM — 110 85 %) nopiBHsIHO 3 Api6HUMHE (<0,5 MM — 6mu3bko 48 %) [2]. BianoBigHo, sl OKpeMHX
¢bpaxuiit (30kpema 25-50 MMm) dikcyeTbes He NuIle MiABHILEHUN cepenHiid BmicT 30mu (13,1 %
Mac.), ajie i 3Ha4Ha BapiabenpHICTh MmokazHuka (6,8—32,1 % wmac.) [3].

MiHepanbHi JAOMIIIKH MOXYTh OyTH SIK TOHKOAWCHEPCHUMHM, TaK 1 y BUDIAAI KPYIHHUX
BKJIFOYCHD, 1110 MPH IPOOJIICHHI MPU3BOAUTH JO 1X KOHIIEHTpalii abo B ApiOHMX, a0 B KPYIMHUX
KJlacax 3aJIeKHO BiJ XapakTepy 3poOIleHb «BYTULIS—TIOpoJa». TakUM YHHOM, BCTaHOBJICHHS
VHIBEpCAILHOT 3aJICKHOCTI MK 30JIbHICTIO Ta KPYITHICTIO € YCKIIQTHCHHM.

3a pe3yJbTaraMu BU3HAUYCHHS KOHIICHTpAIiit €JICMCHTIB METOJIOM
pentreHodmyopecuenTHoro ananizy (PDA) obuucieHo pi3HUIIIO MK X BMICTOM y KJIaci MEHIIIe
0,5 MM Ta y kiact 13-25 mm.

VY Tabn. 2 HaBeIEHO PEe3yNBTaTH ISl eIEMEHTIB, SIKi, 3TIHO 3 JpKepenamu [4], mepeBakHO
OB’ s13aHi 3 MiHEPAIBHOIO CKJIAZOBOO BYT1JIIS.

Tabauns 2. Piauns konuenTpanii (%) mMixk apiOHUM i KpynmHUM KJacaMu UISl eJIeMeHTIB, 110
MAaKTh MepPeBaKHY CHOPIAHEHICTH 10 MiHEPATbHOI YACTHHH JAOCTIIKYBaHUX 3Pa3KiB Byrijuis

] Lake Virgi-
Oliva Ram- ] ] ]
Ver- nia Bory-nia | Marfork | Welmore | GLV Hail
Enement Downs sey
mont Crews (P (Us) (US) Greek (Au)
(Au) (US)
(Au) (US)
Si 0,34 0,65 0,68 0,06 -0,62 1,02 1,20 -0,25
Al 0,06 0,09 0,16 -0,02 -0,18 0,21 0,20 -0,03
Fe 0,78 0,61 0,80 0,32 0,02 0,05 3,55 0,13
Ca 0,05 0,07 0,32 0,10 -0,30 0,01 0,07 0,11
K 0,05 0,09 0,02 0,03 -0,03 0,11 0,17 -0,01
S 0,08 0,20 0,10 0,07 -0,04 0,09 0,04 0,04
Ti 0,01 0,01 0,03 -0,05 0,01 0,04 0,03 0,05
Mg 0,03 0,01 0,08 -0,07 0,03 0,02 0,19 -0,04
Mn 0,01 0,013 0,016 0,009 0,003 1x10™ 0,0324 0,001

Jnsa 6inemiocti enementiB (Si, Al, Fe, Ca, K, S, Ti, Mg, Mn) cnioctepiratoTbcsi epeBaskHO
JI0/1aTHI 3HAYEHHS PI3HUI, 110 CBIAYUTH MPO iX 30araueHHs y npiOHoMy kiaci. Lle y3romxyeTbes 3



VSBJICHHSM TIPO T€, 110 MiHEpaJIbHA PEUOBHMHA BYTriUIA (TJIMHKCTI MiHEpad, KBapll, KapOoHATH,
Cynb}ian) KOHIICHTPYETHCSA Y TOHKUX (PAKIIISX BHACIIIOK OLIbIN IHTEHCUBHOTO PYHHYBaHHS Ta
CEJIEKTUBHOTO MO/IPiOHEHHS.

Haii0inpi Bupaxenuit egext crocrepiraerbes anst Fe (cepenne 3nauenns 0,78) ta ans Si
(0,38), 110 MOKE CBITYMTH PO MEPEPO3MOILT KBAPITY Ta ATTFOMOCHITIKATIB.

st Al, K ta Ti 3Ha4eHHS pi3HMIII € BIIHOCHO HEBEIMKUMHU, ajie CTAOUIHHO JTOMaTHUMH, 110
n00pe KOpemroe 3 iX BXOMKECHHSM J0 CKIAAy TIUHHCTUX MiHEpamiB (KaoJiHIT, LMIT), sKi, SK
BiJIOMO, CXWJIbHI [0 HAKOIIMYEHHS Y TOHKOJUCTIEPCHUX (PpaKIIisix.

Boanouac y psani 3paskiB (oco6iauBo Borynia ta wactkoBo GLV Hail Greek) dikcyrorses
BiJI’€MHI 3HA4YEHHS I OKpeMux eneMeHTiB (Si, Al, Ca), mo cBiIYUTH TPO 1HITY MOPQOJIOTiI0
MiHEpaIbHOT PEUOBHHU — OUIBII IpyOOAMCIIEPCHI BKIIOUEHHS a00 cadmiuii 3B’ 130K MiHEpaiB 3
OpraHivHOIO MATPHIICIO, BHACIIOK YOTO BOHU KOHIIEHTPYIOTHCS Y KPYITHOMY KJaci.

Enementn Ca Ta Mg IeMOHCTPYIOTh 3HAYHY BapiaOelbHICTh, IO MOXKE OyTH TOB’S3aHO 3
pizHOIO (opMOIO IX MpPHUCYTHOCTI (KapOoHATH, 10HOOOMIHHI (OpPMH), a TaKOXK YaCTKOBOIO
acoIliaIli€l0 3 OPraHIYHOI PCUOBUHOIO.

Cipka (S) y OUIpIIOCTI BUMAIKIB TaKOXK 30aradayeThbest y apioHoMy kitaci (cepemnae 0,07), mo
MIATBEP/UKYE 11 4YacTKOBY acolialilo 3 MiHepanbHOK (ha3or0 (MpUT), Xoua HE BUKIIOYAE
MPUCYTHOCTI OPraHiuHO 3B’S3aHO1 Cipkh. TakMM YMHOM, OTPHMaHI JaHi MiATBEPKYIOTh, IO
NpiOHI KJTacu BYTULIS € OUThII 30aradeHMMH MIiHEPaJIbHOK CKJIQJIOBOIO, NPOTE CTYIIHB IHOTO
30aradcHHs Ta XapakTep PO3IMOILTY SIEMEHTIB CYTTEBO 3aJIeKaTh Bl TCHETUYHUX OCOOJIUBOCTEH
BYTiIA Ta MOPGOJIOTii MiHEpAIIbHUX BKJIIOUEHb.

VYV Tabn. 3 HaBeneHO pe3ylbTaTW pPI3HUII BMICTY €JIEMEHTIB, SKI MalOTh IEPEBAXHY
CTOPITHEHICTH 0 OpraHiuHoi (ha3u Byriyuis

Tabnuns 3. Pisanns konuenTpanii (%) mMixk apiOHMM i KpynmHUM KJacaMu JUIsl eJIeMEeHTIB, 110
XapaKTePHU3YIOTHCS MEePEeBAKHOK CIIOPITHEHICTIO 3 OPraHiYHOI0 YACTHHOI0 JOCHIIKYBAHUX 3Pa3KiB

BYTJLIIAA
Oliva Lake Virginia ] GLV Hail
Ene- Ramsey Borynia | Marfork | Welmore
Downs Vermont | Crews Greek
MEHT (US) (P (Us) (Us)
(Au) (Au) (US) (Au)
Ni | -5x10" | 5x10™ 2x10" | -6x10° | 1x10* | -1x10™ 5%10™ 2x10™
Cr | 4x10™ 0,0 1x10° | -9x10* | 4x10* | 8x10* 2x107 -3x10™
Zr | 2x10" | -2x10" | 2x107 0,0 0,0 0,0 1x10™ 1x10”
Sr | -3x10° | 1x10° | -6x10" | 1x107° | -3x10% | 2x10™ 4x107 -3x107

JIisl TIUPKOHII0 MPOCTEKYETHCS 3aJEKHICTh MIXK PI3HUICIO KOHIIEHTpAIlld y apiOHOMY Ta
KpYITHOMY KJjlacaX 1 BMICTOM BITPUHITY Yy BYTijUll, II0O Ja€ MiJICTaBU HPUITYCTUTH HASBHICTb
CTPYKTYpPHO-TEKCTYpHOi a00 r€eHETUYHOI1 acollialii 3 BITPUHITOBOIO CKJIaJ0BOIO.



3arajioM BEIMYMHU PI3HUIb € HAa TOPSJIOK MEHIIMMH, HDK JJIS €JIEMEHTIB MiHEpaibHOT
da3m, 1 KonmBarOThes TepeBakHO B Mekax 100](1-1001%, mo CBiQYMTH MPO 3HAYHO CIiadIe
GbpakiioHyBaHHS [UX €JIEMEHTIB Tiag dac mnoapiOHeHHs. lle y3romkyerbes 3 iX OLIBII
PIBHOMIpHMM pO3MOJUIOM y ByIIeNeBi Marpuii abo 3 TOHKOIMCIEPCHUMH MiHEpaJIbHUMHU
HOCISIMHU.

TakuM 4yMHOM, Ha BIIMIHY BiJl €JIEMEHTIB MiHEpanbHOI (a3u, s PO3MITHYTHX CJIIEMEHTIB
HE CIIOCTEPIraeThCcs YITKO BHPAKEHOI 3aKOHOMIPHOCTI PO3MOALTY MK KilacamMu KpymHocti. Lle
HiATBEPIKYE iX ab0 YacTKOBY acoIliamil0 3 OpraHiyHOI PEYOBHMHOIO, ab0 JOKami3alilo y
cnenudigHuX MiHepaIbHUX GopMax, IO HE IEMOHCTPYIOTh CEJICKTUBHOTO MOAPIOHEHHS.

VY 1igoMy pe3ysbTaTd MiATBEPIDKYIOTh, IO XapaKTep PO3IMOAUTY €JIEMEHTIB MK Kiacamu
KPYITHOCTI BU3HAYAETHCA SIK iX T€OXIMIYHOIO MPHUPOAOI0, TaK 1 (pOpMOIO 3HAXOMKEHHS Yy BYTiLTi
(MiHEpaJIbHOIO UM OPTraHIYHOIO), @ TAKOXK OCOOIMBOCTSMU MIKPOCTPYKTYPH Ta MOAPIOHIOBAHOCTI
KOHKPETHHX 3pa3KiB.
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OCOBJIMBOCTI MEXAHI3MY ®YHKIIOHAJII3AIII AJIKAHIB I
HUKJIOAJIKAHIB: TOMOJII3 YU BIZIPUB EJIEKTPOHA

Jlapuca Boakoga, /110606 Oneiioa
Incmumym ¢hizuxo-opeaniunoi ximii i @yeneximii im. JI.M. Jlumeunenka HAH Yxpainu,
Xapriscoke wioce, 50, m. Kuis, 02155, Yxpaina, volkovalk@gmail.com, opeida_l@yahoo.com

DyHKITIOHATI3AIll aJKaHIB, IO € MPOAyKTaMH HadTOXiMii, BIAKpPHBAE MUIAX JO CHHTE3Y
IIAPOKOTO CIIEKTPa IMPOMHUCIIOBO BAXIUBHX CIOJYK, & TOMY JOCII/DKCHHS MEXaHIi3MIB IUX
MPOLIECIB 3aJie)KHO Big OyIOBU allkaHy Ma€ KIIOYOBE 3HAYCHHS I BUOOPY TEXHOJOTIL.
Hocnimkeno Mexanismu BiapuBy BiJ ByrieBoaHiB (RH) enekrpona (e7) abo aroma H Bix 3B’s13kiB
C-H y tppox cuctemax: 3a 25 °C 3 paaukaiom OH y razosiit ¢asi (1) [1] i y BogHOMY pO34HHI
(2) [2] Ta y cipuanokucaomy posunni nanaairo(Il) 3a 90 °C (3) [3] uwisixoM aHai3y 3aIeKHOCTEH
koHcTanT mBuAKocTi (K) Bim xapakrtepuctuk (Xgy), moteHuiany ionizamii RH (lgy) [4] Ta
BEIMYMH eHeprii aucortarii Haiciaabkimoro 3B°s3ky C—H (Dcjp), MeTOIOM KOPEIAIiitHOrO
aHamizy [5].

Mera poboTi — mopiBHSHHSA MexaHi3miB peakiiiii aigkaniB (AlKH) i rukmoankanis (c-AlkH) y
cucremax (1), (2), (3) mpu 3icTaBieHH] KIHETUYHUX JAHUX 3 TX XapaKTEPUCTUKAMHU XAlkH 1 Xc-AlKH-
JIiist CIipoIeHHs CIIiBCTaBJICHHS KOHCTAaHT K periepom oOpano x-mientad (N-CsHip) e mo3Bonmio
obuucnutu BigHOCHI (relative, rel) mo #-nenrany koHcTaHTH MBUAKOCTI (Krel) Y KOXKHIM 13 TPhOX
cucteM (1), (2), (3) 3a popmysnamu:

Krer=Kn-alkH /Kn-csH12 38 Kn-aikH=Kn-csH12 Krei=1 (1); Krei=Ki-aik /Kn-csHi2, Krei=Ke-aikH /Kn-cshiz. (1)

VY Tabaumi 1 HaBegeHo BenmuYuHU Kre (CyOCTpaTHOT CENEKTUBHOCTI) /ISl PEaKIlii ajJKaHiB i
IUKJIOaJKaHiB y Tpbox cuctemax (1), (2), (3); eneprii qucomiarii Haiicnadkimoro 38°s3ky Ci—H
(Dci_n y KKkan/mMouib) i moTeHItiany ionisariii s ankaniB Ta c-aikaHiB (lakn, le-akH y €B).

Tadmuus 1. XapakTepucTHKH ajIKaHiB, iX cy6cTpaTHa celeKTUBHICTD (Kre) Y peakmisix 3a 25 °C 3
OH y rasosiii ¢asi (1) ii y Boai (2) Ta B posunni (Pd**—94,9 % H,SO,) 3a 90 °C (3)

Hopmanbhi ankanu psagy C,—Cig
RH' C,Hs CsHg | CiHyp | CsHip | CeHus | C/His | CgHig | CoHyo | CioHao
1, ki1, OH 0,065 0,29 0,62 1,0 1,37 1,78 2,13 2,55 2,9
2, Krel, OH+H,O 0,31 0,65 0,83 1,0 1,17 1,33 1,58 - -
3, ke, PA* 0,04 0,44 0,68 1,0 1,04 1,36 1,28 1,40 1,56
Dc.n 100,5 98,1 98,3 99,2 98,0 98,0 99,1 - -
D Hy+ 26,3 18,9 26,1 32,8 35,0 33,9 - - -
In-AkH 11,52 10,94 | 10,53 | 10,28 | 10,13 9,93 9,8 9,71 9,65
(X 8,3 75 7,4 7,4 7,4 7,15 - — -
[30ankanu psaay C,—Cg Huknoankauu psay C;—Cg
RHl i'C4 i'Cs i'C6 i'C7 i-Cg C-C3 C-C4 C-C5 C‘CG C‘C7 C'Cg
1 0,56 | 0,95 1,37 - 0.88 0,02 0,53 1,31 1,83 3,26 3,5
2 0,79 | 0,92 - 1,17 1,33 - - 1,0 1,08 1,33 -
3 4 8,8 12 17,2 0,84 - - 3,0 8,4 - -
Dc_n 95,7 | 95,8 95 95,4 95,6 | 106,3 | 97,8 95,6 99,5 94 95,7



mailto:volkovalk@gmail.com

Derye | 62 | 146 | 212 | 232 | - - — [ 304 | 483 | - -

law | 10,68 | 10,32 | 10 | 9,939 | 9,89 9,9 98 | 10,33 | 9,88 9,9 9,75

I Ate 6,8 6,8 68 | 687 — — — 7,5 7,7 — —

U Bennunnn Dcn st Cprim—H y erani, Ceee—H y pemrtu n-anxaniB, Cie—H y i-ankaniB, Cesecpeye—H y C-
ankaiB, Ta (C—H)" y (n-AlkH)", (i-AIKH)", (c-AlkH)" — y xkan/momb; Iy s n-AlkH, i-AlkH, c-AlkH
ta ix pagukanis N-AlK’, i-AlK’, c-Alk" —y eB; Z)I[n;[ H-TenTaHy Ta 1,]1-TUMEeTHINICHTHIILHOTO paiuKaa.

XapakTepucTHKH BYIJIEBOHIB Ta IX BUKOPUCTAHHS Y KopeJsiuiiiHOMY aHaJIi3i.

PosrisiayTo 1Ba OcHOBHI MexaHi3mu nepenocy: H aroma Bix Ci—H, HAT (H-atom transfer)
ta enektpona (e) Bigm RH, ET (electron transfer). ¥ Bunanky mexanismy HAT, ocHOBHUM
(dakTOopoM, 0 BIUIMBAE HA IMIBHIKICTH peakiliii, € Taki xapakrepuctukd RH (Xgry) sk eHepris
3B’s13Ky Ci—H (Dcip) Ta KijmbKicTh IUX 3B’3KiB (N;). 3a BigpuBY eleKTpoHa, mexaHizmy ET,
IIBUJKICTh TOB’s3aHa 3 iHINOI XapakTepucTrko RH, a came 3 morenmiamom ionizamii (Igp).
Otxe, nnsg Bubopy Mk HAT 1 ET cmiBcTaBieHO XapaKTEpUCTUKU KOPEISIIHHUX 3aJIeKHOCTEH
MiK KOHCTaHTaMH IIBUAKOCTI peakiiil, Kre; 200 19K, Ta Dci g, Nii lrp.
Peakyii n-anxanie y psoi C1—Cio. 3a ganumu Tadn. 1 mBuakicte HAT miast CHy (De p=105
kkan/monb) 1 CoHg 3 HalOinbminmu BenuuuHaMu Dcipp Oyzae 3HauHO Hmk4oro, Hix ams CsHg i
pemtu H-ankaHiB. Omxke, y psaai Cs3Hg-CioHzo BHeckoM nepBunHHHX 3B’s3KiB Cprim—H y HAT
MOJKHA HEXTYBAaTH 1 3a Bapiamii eHeprii BTOpHHHOTO 3B’s13Ky Csec—H Bim 98 1m0 99 kkan/monb
HIBUAKICTh PEaKIlii mepeBaKHO BU3HAYATHUMETbCs KUTBKICTIO Csec—H (Nsec), sika Oyna BuOpana 3a
XapaKTepUCTHKY 1 sika 3MiHIOeThCs Bif 2 'y C3Hg 10 16 y C1oHao, Tomi sik uis CHy 1 CoHg Ngec=0.
Ha puc.1 HaBeneHo 2 xopesiii Mi>k XapaKTEpUCTUKAMU H-aJKaHIB Nsec Ta ln-akn, 10 y psiai Ca—
Cyo BHSBIIHCS JOTapu(MIiYHHME 3 BHCOKOIO BEIHUMHOK Koedimienta nerepminauii (R%). V
PO3MIMPEHOMY PSIl 3 €TaHOM, JUISL AKOTO Ngec=0, NMiHINMHA 3aNEeKHICTh ln-AlkH — Nsec BUKOHYETHCS 3
HU3BKOIO TOYHICTIO, [, Ay = —0,108 114.c + 11,14, R?2=0,896.

12 g)ln-AlkH a) 112 7 lpakn 0)
] | =-1,46-1g(n..) + 11,86
11,5 Cz In-AIkH = *0,63‘11’1(”360) + 11,4 10,8 | n-AlkH R2= 0%957%)
1 ¢ R2=10,997 :
11 A 3
] 10,4 A
10,5 7 10 :
10 - 9,6 _ C8 ClO
Nec i 1+Ig(nsec)
9’5 ) ' 9 2 T T T T T T T T T 1
0 20 1,25 1,45 1,65 1,85 2,05 2,25

Puc. 1. 3anexHicTh MiXK XapaKTEpUCTUKAMH H-aJIKaHiB y KOOpIUHATAX
In-AlkH BT Nsec (@) 1 1n.ain Biz 1+19(Nsec) (6)

Peaxyii i-ankanie y psoi Cs—Cg ma c-ankanie y psoi C3—Cs. BuBUeHHsS MEXaHI3MIB i-aJIKaHIB
notpedye IOJaTKOBUX XapaKTEPHCTHK, SK OT CTEPUYHHX, a00 IOB’S3aHUX 3 MPHPOJOI0 TPYII,
METHJIbHI, €TWUJIbHI, NPONWIbHI a00 mpem-OyTUIIbHI, II0 BHUHUKAIOTh 4Yepe3 pPO3raly>KeHHs
BYIJICLIEBOTO JIAHIIIOTA; MIPU TOMY, IO KUIBKICTh BIIOMHX JaHUX XrH 3HAYHO oOMexeHa. I3 9-u
i3omepiB rentany C;Hie Bemuunna laky € uie s #-renrany [4].



O6pano i-ankanu psany i-Cs—i-Cg, 1m0 MaroTh oauH TpeTUHHHUHA Crer—H 3B’S130K 3 0JHAKOBOIO
eHepriero, D(ctert H)=95,5+0,3 Tabun. 1, ane Biapi3HAIOTECA OyHOBOIO:

CH, Ner=1 Iciz gz CH; CH;  Tyer]
o=
Ngec=0 Ha.C / \ H / \CH | n see_
Ao =9 3 ¢ ntert:1 3 C CH prim
/CH\ prim Neee=2 H3C/ | \C/ \CH3
H,C CH, 3-methylpentane CH prim=9 CH, H,
2-methylpropane } 2,2 4-trimethylpentane

Ha puc. 2 mns 2-merunnponany (i-Cg), 2-metunoyrany (i-Cs), 3-merunnenrany (i-Cg), 3-
erunnenrany (i-Cy), 2,2,4-tpumerninentany (i-Cg) npencraBieHa KOpessiis | akH — Nsec. Y pami
i-Cy, i-Cs, i-Cg KOpEIsIIisi BUKOHYETHCS 3 HAMBHUIIIOKO TOYHICTIO R2:O9997, puc. 2, minis 1.

10,8 I ]_0'4 - C
FAIKH lc-AlH 5
. = _ . y =-0,0982x + 11,303
10,6 II—AIkH R2 2’3,89;95(370,-; 10168 10,2 i R2=10,993,1
104 1 - y =0,0171x + 9,67
] 10 117 re=0980,2
10,2 A 1 9 c-C,
] i- . |l C¢C c-C
10 - <Ko i-C, 98 3 8
98 ] ' . ' . ' . 'nsec . 9.6 ' . ' . ' . n(SE?)cyc .
0 2 4 6 8 4 8 12 16 20
Puc. 2. Kopemsiist | axp—Nsec ¥ pafi i-Cy—i-Cg Puc. 3. Kopemstist | axp—sec ¥ paai c-Cz—c-Cg

BenuunHa Ngec 30UmbLIyeTHCS y HampsmMky O, 2, 4 depe3 nonaBaHHS 10 BYIJIELIEBOIO
nanutora rpynu CHp, npu koMY 11€HTHYHICTh Oy/10BU 30€pIraeThes, JIAHIIOI PO3MOYMHAETHCS 1
3aKIHUY€ThCSI METHIIBHUMH IpynaMmu 1 Mae onHy OokoBy rpyny CHs. Otxe, y psani i-Cs—i-Cg He
noctatbo Kopensmid (KrerNsec) Ta (IgKre—li-aikn) st Busnauenuss HAT a6o ET. YV 2,2,4-
TPUMETHJITIEHTaH]1 JIaHIIor Mae Tpu 6okoBi rpynu CHgz, HU3bKE 3HAYEHHS Nsec=2, 1110 HE CHpUSE
HAT, toni six Hu3bKa BenuuuHa li-akH CBITUUTH po MoxkiuBicTh ET MexaHizmy.

JlaHi 11010 XapakTEepUCTUK LUKIOANTKAHIB BioMi y psiai Bix c-nponany CsHg 10 c-oktany
CgHie (tabm. 1). Enepria mucomiamii 3B°s3KYy Csecjeyc—H y C-ankaHax 3MIHIOETBCS BiX AyKe
BUCOKOI D(c_H)=106 y c-C3Hg mo Huspkoi D =94 kkan/mons y c-C7Hi4, KIIBKICTH 3B’S3KIB
Csec)eye—H 3pocTae Binl Nesec)eye=6 y ¢-CsHg 10 Nsecyeye=16 y c-CgHis. Pucynox 3 nemonctpye
BIJICYTHICTh JiHIAHOT KOpemsmii l.akH—Nsec Y TOBHOMY psfi c-Cz—c-Cg, aje HasBHICTH ABOX
KOpeIsALii 3 BUCOKOIO TOYHICTIO ¥ psiai ¢-Cs, ¢-Cy, ¢-Cg (nminis 1) Ta 3 MeHmow — y psami ¢-Cy, c-
Cs, c-Cy7 (iminis 2). Ha puc. 4 npecTaBieHa 3aIeKHICTh MK XapaKTePUCTUKAMU c-aTKaHIB . alkH
ta Dichy. Y panpi ¢-Cq, ¢-Cg, ¢-C3 3a mamum iHTepBanoM l..axn= (9,75-9,88) eneprist 3B 13Ky
Csec)cye—H 361nbmyeThes Bin ¢c-C7 10 c-Cz Ha 12 kxan/monb. PUCYHOK 5 1eMOHCTpY€E BiICYTHICTh
JiHIHHOT Kopensuii Mix JorapudmoM K| 1 MOTeHIIaoM i0Hi3alii c-anKaHiB y MOBHOMY psii c-
Cs—c-Cg, mo MOXe CBIAYUTH MPO BiJICYTHICTH IMMOMITHOTO BHECKY BIJIpUBY €IEKTPOHA Y TEpIIii



noBineHIH peakii 3 OH y rasosiii ¢asi (cucrema 1).

108 -

DC(sec)cyc—H 2+ng I
] c-C i
104 OcCs 1 CO Oc-C,
- 24 S8
C-CG O . 5
01 g0 1 G
c-C ¢-Cs 1+
%1770 c-C O
- O 7 b C' 3
92 e T 0 © Lo At &V
9,6 9,8 10 10,2 10,4 9,6 9,8 10 10,2 10,4
Puc. 4. 3ai1exHICTh MiXK XapaKTEPUCTUKAMHU | ._ajkH Puc. 5. 3anexuicts Mixk I1gKre Ta le akn Y
Ta D(csec)eye-H) Y paai €-C3—C-Cg peakisx c-ankaniB Cs—Cg 3 OH y rasi (1)

Haiikpamoro miHIHOIO — KOpessii€eto, m0 ONHCYye KIHETWYHI JaHl peakuii c-alkaHiB 3
panukaiom OH y rasi, a takox 3 OH y Bojii, BUSIBHIIACS 3aJICKHICTD Krel BiJT KITBKOCTI BTOPHHHHUX
UKITIYHUX 3B”S13KIB C(sec)eye—H (Nesecjeye) (pUC. 6 3a maHnMu TadI. 1), M0 Y3roKyeThes 3 OLIbIINM
BHeckoM MexaHismy HAT nix ET.

10 1~

I(rel
g | Koo =2,68"Ng— 23,76
R2=1,0 3, Pd?
6 - Kei=0,37-ng. — 2,36
R2=0,972,1, OH
C'C7 C-CB

4 1| kg =0,08ng.+0,14
1|R2=0,919, 2, OH+H,0

2 - c-Cs
2
c-C
0 . N - . . . . (sec)cyc
U T T T T T
4 6 8 10 12 14 16

Puc. 6. 3anexHicTh BETUUHHE KOHCTAHTH Krel BIT Nisec)cyc Y PEAKIIIAX MUKIOANKAHIB y CHCTEMAX 3
panukanom OH (xminis 1, citii kona), 3 OH y Boai (J1iHis 2, CBITIII KBaApaTH)
. . 2 .. .
iy posunni (Pd**— H,SO,) (ninis 3, Temni kona)

VY Tabnuni 2 HaBelEeHO BAXKIIWBI JUIsl BU3HAYEHHS NPUPOIU NEpuIoi MOBUIBHOI peakiii
nporiecy (yHKITIOHAI3AI[ll aKaHIB PE3YyIbTaTH KOPEJSAIIMHOTO aHai3y I 3aJIeKHOCTEH Mk
KIHETUYHUMH JAHUMHU 1 XapakTepUCTUKaMH Xry AN H-, i-, c-aJIKaHIB y TPhOX CHCTEMax 3a
JaHUMH TTONEPETHIX 1 Ii€T poOiT.



Ta6anuns 2. BusHauyeHHS NPUPOIH NepIIoi NOBUILHOI peakuil aJIKaHiB | HUKJI0AJIKaHIB
y cucremax (1), (2) i (3) uepe3 kopessiiiHNA aHAJII3 KOHCTAHT IIBHAKOCTI 3 Xgy

Cucrema Hopwmaibai ankanm [30ankanu Huxmoankanu
kre| - nsec R2:0,997 kre| - nsec R2:0,9995 kre| - nsec R2:0,972
OH ra3 5 5 :
O IgKrer—1n-AnH R™=0,976 | lgkertnakn | R™=0,992 | IgKerlhaks | BincyTHs
Binpus atoma H (HAT) Bigpus atoma H (HAT) Bigpus H (HAT)
Krel — Neec R°=0,986 Kret — Nse R°=0,9999 Kret — Nsec R°=0,919
OH + H,O . . .
(2) Igkrel_ln—AlkH R :01994 Igkrel_ln—AIkH R :01989 Igkrel_ln—AIkH R :01463
Konkypenmis ET i HAT Bigpus H (HAT) Bigpus H (HAT)
, Kret — Nsec R?=0,915 Krel — Nsec R?=0,992 Krel — Nsec BUMIpSAHO JIs
Pd** .
o Igkrer—Tnaki | R*=0,965 | Igkertoamy | R=0,948 | Igkerlpann | <CsicCe
3
Binpus e (ET) Binpus H (HAT)

JInst BU3HAUCHHS IPUPOAN KOHKYPYIOUHX MOBUIBHUX PEAKIiN OKPIM 3aIeKHOCTI Krgl — Ngec 1
IgKrer — In-alH 3a1y4aroThess KOpesiii KIHETHYHHX JaHUX 3 IHIIMMHA XapaKTePUCTHKAMHU,
HaBeJeHUMH Yy Tabmuii 1, sk oT eHepris BiApuBy aroma H Bij xaTioHIB (AIkH)+ a0o0 moTeHIian
ionizanuii pamukanis AlK'.
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HU3bKOTEMITIEPATYPHUMH IIPOJII3 BIIIIPAIILOBAHUX OJINB

Onez I'punuwmun, Anopin Konau, Cepciii /[ymuun

Hayionanvnuii ynisepcumem «JIvgiscoka nonimexwnixkay», m. Jlvsis, 6yn. Cm. banoepu, 12.
oleh.b.hrynyshyn@Ipnu.ua

HadTtoBi onuBH € HEBiA'€MHUM KOMIIOHEHTOM Cy4YacHOI T€XHIYHOI iHGpacTpykTypu. BoHn
IIMPOKO BUKOPUCTOBYIOTHCS JJIs1 3MAlLLCHHS, OXOJOJPKEHHS Ta 3aXUCTy MEXaHIYHUX BY3IIB 1
arperatiB y TPaHCIOPTHUX 3ac00ax, MPOMHUCIOBOMY OOJaTHAHHI Ta €HEPreTMYHHX CHUCTEMaX.
[IpoTe, B mpomeci ekcIuryaraiii OJMBU MiJJAIOTHCS TEPMIYHOMY, MEXaHIYHOMY Ta XIMIYHOMY
BIUIMBY, 10 MPU3BOAUTH JI0 Aerpajauii iXHiX BIACTUBOCTEH 1 YTBOPEHHS BIJIPAl[bOBAHUX OJIUB.
3acTocyBaHHS TPAAULIHHUX METOMIB YTHJIi3alli BIANpPAlbOBAHUX OJIUB, TAKUX SIK CIIAJIIOBAHHS
ab0 3aXOpOHEHHS, CYNPOBOKYETHCSI BEIMKMMH BHTPATaMH PECYpPCiB, BUCOKMMH BUKUIAMU
IIKiTTMBUX PEYOBHMH Ta BTPAaTaMH LIHHUX KOMIIOHEHTIB. PereHeparrisi BiAnpamnboBaHUX OJMB HE
3aBXKM MOJKJIMBA 3 OIJIAy Ha HEOCKOHAJIICTh MPOLelyp IXHBOro 300py Ta COPTYBaHHS.

P03BUTOK HOBHMX TEXHOJOIIM MPHUBIB 10 MOSBU CY4YaCHUX alIbTEPHATUBHUX METO/IB
yTumizanii BYTJICNEeBOBMICHUX BIAXOMIB, cepel SKHX oOcoOJIMBE Miclie 3aiimMae mpoliec
HU3bKOTEMIIEpaTypHOro mipomizy. OCHOBHE TMpH3HAYEHHS TAKOTO IMPOLECY TONArae y
TEPMIYHOMY PO3KJIaJli BYTJICIIEBOBMICHHUX BiIXOMIB Y O€3KUCHEBOMY CEPEIOBUIII ISl OTPUMAaHHS
ra3onofiOHMUX, PIAKUX 1 TBEPAUX MPOAYKTIB (MasivBa, BYyIrJeleBUX MarepianiB). Ha BiamiHy Bix
CIAJIIOBAHHS, MIPOJIi3 HE nependayae TOpiHHSA, a 3a0e3neuye po3KiIaaHHs CKIaJHUX MOJIEKYJ Ha
mpoctinm mpoayktu. llepeBaramMu MmBOTO METOMY € EKOJOTIYHICTh (MIHIMQJIbHI BHKUAN B
atMocepy 3a paXyHOK BIJICYTHOCTI IPSIMOTO TOPIHHS), €HEpreTUUHa €PeKTUBHICTD (MIPOJII3HUM
ra3 MOXXHa BHKOPHCTOBYBATH JJISl MIATPUMAHHS TeMIIEpaTypu MpPOIEeCy), BIIHOBIEHHs PECypciB
(3aMicTh CHaIIOBaHHS a00 3aXOpPOHEHHs BYIJICIIEBOBMICHI BIJXO/AM MEPETBOPIOIOTHCSA Y KOPHUCHI
MPOJIYKTH), THYUKICTh (METOJ MIIXOAUTh JJI MEepepoOKH pi3HUX THUMIB BiaxoniB). Ha mpaxTuii
HU3BKOTEMITEPATyPHUN TIPOJII3 MIUPOKO 3aCTOCOBYETHCS Y TIEPEPOOIIl 3HOMIEHUX aBTOMOOUTEHUX
IIMH, BIAXOJIB MOdiMepiB Tomio. LIg TexHonoris nmoeaHye €KOHOMIYHY BHMIOJy, €HEPreTHUHY
e(EeKTHBHICTb Ta EKOJIOTIYHY O€3MeKy.

Hamu 3amporoHoBaHO TepepoOKy BiANpambOBaHUX OJMB METOJOM TIpOJi3y 3 METO0
OJIep’KaHHs JOJATKOBOI KUIBKOCTI CBITJIMX HAQTOMPOIYKTIB.

Jlns mpoBeNeHHs JOCHIDKeHb $K BHXIIHUM Matepian OyiaM BHUKOPHUCTaHI TpH THUIH
BIJNPAIlbOBAHUX MIHEPAJbHUX OJUB: MOTOpHA oiuBa Mapku M-10/IM; xommpecopHa onuBa
MI [I-20C; Tparchopmaropra ommsa T-1500.

Ha ocHOBiI mpoBeeHOro KOMIUIEKCHOTO TEPMIYHOTO aHali3y BCTAaHOBJIEHO ONTHUMAabHI
TeMIIepaTypu JJsl KOXKHOTO THITY BiANpanboBaHOI OJIUBH, a came: ais oiauBu M-10AM — 420°C,
s onmuBu MIJI-20C — 420°C, mns omuBu T-1500 — 390°C. MatepianpHuii OanaHc mpoiecy
MIpOJIi3y BIANPAbOBAaHUX OJIUB PI3HUX MApPOK HaBeleHUH B Tab. 1.
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Tabumus 1. MaTtepianbHuii 0ananc npouecy mipoJisy BiinpanboBaHUX 0JINB

A ———— Mapka Biapar-0BaHOi OJTMBH
M-10IM MI'JI-20C T-1500
Bszsro:
BianparnpoBaHa onvBa 100,0 100,0 100,0
OTtpuMaHo:

[Mipokonaencar 92,50 89,44 98,2

3aInIIoK 2,26 2,68 0,2

I'a3 i BTpaTH 5,24 7,88 1,6
Bcroro 100,0 100,0 100,0

[lipokoHaeHCcaT, OTPUMaHM Yy TMpoleci Mipodi3y BIANPAlbOBAHUX OJUB, MA€ HUBBKY
TEeMIIepaTypy cranaxy, o YCKJIIHIE HOTo 3aCTOCYBAHHS K CKJIaJIOBOI KOTEIBHOTO a00 MiYHOTO
MaJMBa, a TaKOX XapaKTePH3YETbCS HU3BKOIO TEMIIEPATypOI0 3acCTHUTaHHSA. 3 TOYKH 30py
IPYMOBOTO BYTJIEBOJHEBOTO CKJIAAY Y HMIPOKOHJEHCATI JOMIHYIOTh apOMAaTH4HI BYTJICBOJHI, IO
MIATBEP/KYEThCS 3HAUCHHSIM IMOKa3HUKA 3aJOMIICHHS. Bucoke #OJHE 4YHCIO CBITYUTH TIPO
MPUCYTHICTh Y HHOMY BEJIHMKOi KUIbKOCTI HEHaCHYCHUX BYTJIeBOAHIB. [lodaTkoBa TemrmepaTypa
KWITIHHS TIPOKOHJEHCATy TPOXHM BHINA 33 AHAJIOTIYHMN MOKA3HUK CEepPeIHbOCTATUCTUYHHUX
HaTOBUX MPOAYKTIB i cTaHOBHUTH 65 °C (Tabin.2).

Ta6auus 2. XapakTepucTuKa MipoOKOHIeHCATY MiPoJIi3y BiApanboBaHUX OJIMB

3HauCHHS MMOKa3HUKA VISl MTIPOKOHICHCATY
INokazuuk MiposIi3y BiIPalbOBAHOI OJTUBU
M-10M MI'1-20C T-1500
T'ycruna, Kr/m° 835 833 870
INoka3HUK 3aJIOMJIEHHS 1,4728 1,4672 1,4815
Bwmicr cipku, % mac. 0,204 0,179 0,155
Noaue qucio, T I,/100 T 53,4 54,1 54,6
Temnepatypa 3acturanns, °C <-18 <20 <-20
Temneparypa crianaxy
y Biikputomy Turdi, °C 53 54 60
y 3akpuTomy Turii, °C 31 37 38
Bwict dpaxuiit mo 200°C, % mac. 13,6 17,6 1,7
Bwict dpaxiit mo 350°C, % mac. 38,7 61,0 42.6

Jnst mojanpIMX JAOCTIIKEHBb MIPOKOHIEHCAT PO3AUISIN METOJIOM IEPEeTOHKH TIpH
aTMOC(epHOMY THUCKY Ha OCH3MHOBY (pakiiito, Iu3eiabHy (pakuito Ta 3amumok. Ilicns mporo




BH3HAYaJIM OCHOBHI €KCIUTyaTaIliiiHl XapaKTepUCTUKH KOKHOI pakiiii, o0 OMIHUTH MOMIIUBICTh
X BUKOpPHUCTaHHS Y BUPOOHUIITBI MOTOPHUX MaJIUB.

BcranoBieno, mo cBiTii  (paximii, BUAIICHI 3 MIPOKOHIACHCATY, MOXYTh CIYI'yBaTH
CUPOBUHOIO I BUPOOHUIITBA TOBAPHMX MOTOPHHUX TAalMB, OJIHAK JUIS LBOTO HEOOXIiTHO
MIPOBECTU JOAATKOBY TiJIponepepoOKy 3 METOI0 3HMKEHHS BMICTY HEHACHMYEHHUX BYIJIEBOJHIB 1
CIpKH, a TaKOX MiABUIIICHHS OKTAHOBOTO YKMCJIa OEH3MHOBOT (PpaKItii.

3aNMIIoK, IO YTBOPIOETHCS MICHS PO3AUICHHS MIPOKOHICHCATY, MOXKE OyTH BUKOPHCTAHUIM
SK KOMIIOHEHT Ma3yTy abo sK Jo0aBKa J0 TUIACTUYHHUX MACTWI. TBepIuil 3aMIIOK, SKUI
YTBOPIOETHCS B MPOLECI HU3BKOTEMIIEPATYPHOrO Mipoizy HadTonuiaMiB, PEKOMEHIYEThCS
3aCTOCOBYBATH y OYAIBHHUIITBI AOPIT 17151 (GOPMYBaHHS HUXKHIX IIAPIB TIOPOKHBOTO TOKPUTTS.

Po3po6aeHo 0CHOBH TEXHOJIOT1T IepepOOJICHHS BiAMIPaIlbOBaHUX HAPTOBHUX OJIMB METOJIOM
HU3BKOTEMIIEPATYPHOTO IMipOJIi3y. 3ampoNOHOBAHO MPUHIIUIIOBY TEXHOJIOTIYHY CXEMY YCTaHOBKHU
MipOJIi3y, CKJIaJEHO TEXHOJOTIYHY KapTy, pO3paxoBaHO MaTepialbHUN OallaHC Mpollecy Mipoi3y
BiJIIPAIIbOBAHUX OJIHB.
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BIIJIUB TPUBAJIOCTI 3SMIIIYBAHHA KOMITIOHEHTIB ITPU
PO3POBJIEHHI CKJIAQY JUT'HIH-BITYMHHUX MACTHUK
JAOPOKHBOI'O 3ACTOCYBAHHA

Mupocaaea /lonuenko

Hayionanvuuil ynisepcumem «Jlvgiscorxa nonimexuixay, m. Jlvsis, syn. C. banoepu, 12,
myroslava.i.donchenko@lpnu.ua

Y mpomeci eKcCIuTyaTamii  JOPOKHBOTO TMOKPHUTTS BHACHIJOK BIUIMBY YHHHHKIB
HABKOJIMIITHBOTO CEPEIOBUINA, & TAKOK HABAHTAXKEHB BiJI KOJIIC TPAHCIIOPTHUX 3aC00IB HEMUHYYE
3’ ABJSIOTHCS 1e(EKTH, 110 CBIJYaTh PO MOCTYIOBE MOTIPIIEHHS HOro TeXHIYHOIro cTany. OJHUM
13 HAWNOLIMPEHIMUX 1 HaANMepIIMX NpPOsBIB TAKOrO TMOTIPIICHHS € YTBOPEHHsS TPIIIMH, SKi
CIPUSIOTh TNPOHUKHEHHIO BOJOIM B HIDKHI IIApU JOPOXKHBOI KOHCTPYKIIi, HPUCKOPIOIOTH
PO3BHUTOK OB CEPHO3HUX NEPEKTIB 1 3HIKYIOTh JOBIOBIYHICTD TOKPUTTSL.

3 Meror0 3amo0iraHHs pPO3BUTKY BKa3aHMX Je(PEKTIB MPOBOIATH iX TEepPMETH3ALII0 i3
3aCTOCYBaHHSAM CHELIaJbHUX JIOPOKHIX MacTUK. Taki MarepiaJud BHUKOPUCTOBYIOTh JUIS
3alIOBHEHHS Ta 130JIAL1i YTBOPEHUX IMOPOKHUH 3 METOK OOMEKEHHsI POHUKHEHHS BOJIOTM Ta
3MEHIICHHS BIUIMBY TeMIEpaTypHHX aedopMariiif. 3a CBOEYACHOTO 3aCTOCYBAHHS, MACTHUKH
JAf0Th 3MOTY 3YIMHHUTHU TPOIIEC PyWHYBaHHS AOPOKHBOTO IOJIOTHA III€ HAa MOYATKOBUX €Tamax i
CHPUSIOTH 301IBIIICHHIO TPUBAJIOCTI HOT0 eKCILTyaTalii.

3 ornsAy Ha BUMOTH J0 JOPOXKHIX MACTHK CIIJl 3a3HAYUTH, WO SIKICHUHA repMEeTH3YIOUH
MaTepiall MOBUHEH HE JIMIIE BOJIOMITH KOMIUIEKCOM BIIACTHBOCTEH, K1 3a0e3MeuytoTh eheKTUBHY
repMEeTH3allil0 Ta JOBIOBIYHICTH PEMOHTY TpIIIMH, ajlé W MOE€JHYBATH iX 13 JIOCTYIHOIO
COOIBapTICTIO, TEXHOJOTIYHOIO MPOCTOTOI0 BUPOOHMITBA Ta 3PYUYHICTIO MPAKTUYHOTO
3aCTOCYBaHHA. 3 LI€I0 METOI0 $K KOMIIOHEHT JIOPOKHIX MAacCTHK OyJi0o 3ampOIOHOBAaHO
BUKOPUCTOBYBAaTH O10IOJIIMEp JIITHIH, 110 € MOOIYHMM MPOAYKTOM Oararbox HPOMHCIIOBUX
nporeciB. Moro 3actocyBamHs, HMOBIpDHO, HacTh 3MOTY OJEpXaTH TOBAapHi MACTHKH 3
HEOOX1THUMHU XapaKTepUCTUKAMU 32 BiTHOCHO HEBUCOKOI BapTOCTI KIHLIEBOT'O MPOAYKTY.

VY mporeci po3po0sieHHs CKIay MacTUK 13 BUKOPUCTAHHSM JIITHIHY MONEPEeIHbO Bxke OyII0
BCTAHOBJIEHO HU3KY ONTHMAaJIbHUX I[apaMeTpiB TEXHOJIOTIYHOTO pEXHUMY MO€IHAHHS OITyMy Ta
JITHIHY, 3a SKUX B3a€EMOJlI LHMX KOMIIOHEHTIB JOcsraja MaKCUMalbHO MOXJIMBOIO pIBHS.
30KkpeMa, BU3HAYEHO SK ONTHMAalbHI, TEMIEpaTypy 3MIIIyBaHHS KOMIIOHEHTIB, 110 CTaHOBUTb
160 °C ta BmicT GiomosiMepy, 110 3HAXOAUThCSA B Mexkax 50-60 % mac. Ha Gitym. Hactymaum
3aBJaHHSIM JIOCTI/DKEHh OyJ0 BCTAHOBIICHHS ONTHMAJIbHOI TPUBAJIOCTI TPOIECY IOETHAHHS
01TyMy 3 JIITHIHOM.

Sk 1 Ha momepenHiX eramax, A JOCTIKeHb BHUKOPHUCTOBYBAJIM OKHUCHEHUI HapTOBUI
6itym mapku BHJI[ 70/100 ITAT «VYkpratHadTa» (M. KpemeHuyK) Ta JirHiH TiIpOJIi3HOTO THUITY,
OJIepKaHUH IUIIXOM TIEPEPOOKH POCTUHHOT CUPOBUHH HA CIIMPTOBOMY 3aB0oji (3amopi3bka 00u1.).

3MillyBaHHSI KOMIIOHEHTIB CyMillll MMPOBOMIIN 3a gonomoroto nmpuctporo Dathan Scientific
HT-50 DX 3rizHo HacTynmHOI METOAMKH: 3pa3ku OiTyMy MONEPEAHbO HArpiBajid 3a MOCTIHHOTO
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nepeminryBanHs 31 mBUaKicTi0 800 06/xB 10 Temneparypu 160 °C, micis boro 10 HUX J0JaBaIu
50 % wmac. nirHiny B po3paxyHky Ha 100 % mac. Oitymy. Jlami, KokeH 3pa30K 3MIlIyBajiH 3a
BHU3HaUeHOTO st HhOro vacy (10, 30, 60 uu 120 xB). ITicist 3aBepuieHHs MPOILECy, BiMOBIIHO 10
CTaHJAPTHU30BAHUX METOJMK, BU3HAYAIN OCHOBHI ()i3MKO-MEXaHIuHI MOKAa3HUKH BCiX 3pa3KiB Ta
MPOBOJIMIIA 1X TOPIBHSUIBHUE aHaii3 i3 BUMOramMu cranmapTy. OTpuMaHi pe3ylbTaTH, a TaKOoX
3HAYEHHS JIJIs BUXIJTHOTO 3pa3ka 0iTyMy HaBeJeHO B TaOJI. 1.

Ta6auus 1. izuko-MexaHiYHi XapaKTepPUCTUKH OITYMHUX cyMimneit

TpuBanicTs 3MilTyBaHHS 3pa3KiB, XB Bumoru no
BH/T 70/100 .
MacCTHUK 3T1THO
[Toxa3uuk (BuXigHMIT
. 10 30 60 120 |(ACTY BB.2.7-
OiTyM™m)
136:2016
[lenerparis 3a
77 59 55 53 44 40-90
25°C, 0,1 mm
Temmnepatypa
48,5 65,6 65,2 65,5 67,5 >95
po3M’sikiieHHs, °C
Anresis 1o
3,5 50 50 50 5,0 50
iebenro, 0an
Enactuunicts, % 15 91 8,2 10,3 10,4 > 65
JyKTUIIBHICTD, CM 86 9 9,5 8,5 10,6 >20

3nIHCHIOIYM aHaJli3 HaBEJCHMX pe3yJbTaTiB II0A0 BIUIMBY TPUBAIOCTI HA BIIACTMBOCTI
OTpUMaHUX CyMIlIeH, MOXHA CTBEpKyBaTH HACTYIIHE:

- 30UIbIIEHHS Yacy 3MIIIyBaHHS HECYTTE€BO BIUIMBAE Ha IMOKAa3HUKH TeMIeEpaTypH
pPO3M’SKIICHHS, OCKUTBKU Y JOCTIIPKYBAaHOMY 1HTEpBaJi Iel MOKa3HUK 3pocrtae auire Ha 1,9 °C,
aHAJIOT1YHO, 3MIHA TPUBAJIOCTI KOHTAKTY KOMIIOHEHTIB JIMIIIE HE3HAYHOIO MIPOI0 B1I0Opa)aeTbes
Ha IX eJaCTUYHOCTI;

- 31 30UIBILIEHHSIM Yacy KOHTAKTY KOMIIOHEHTIB CTPIMKO MOTIPIIYEThCS NEHETpalis 3pa3KiB,
sIKa y BKa3aHOMY 1HTepBaJli 3HUKYeTbes 3 59 -0,1 mm 1o 44 -0,1 MM Ta CBIAYUTH MPO T1IBUIIEHHS
YKOPCTKOCTI KOMITO3UIIIH;

- 3pOCTaHHSl TPUBAIOCTI MPAKTUYHO HE BIUIMBAE€ HA AAre31l0 JI0 IIEOEHI0 Ta HECYTTEBO
MIJBUIIYE AYKTUIBHICTh CyMillIeH, sika 3pocTae jumie Ha 1,6 CM mpu 301UIbIIEHHI TPUBAIOCTI
3MimyBaHHs 10 120 xB.

TakuMm 9YMHOM, y3arajgbHEHHS OTPUMAaHHUX PE3YJbTATiB JI03BOJISE 3pOOUTH BHCHOBOK, IO
ONTHMAaJbHA TPUBAIICTh 3MIIIyBaHHA OiTyMy Ta JirHiHy crtaHoButh 10-30 xB. 3a MeHmIOi
TpuBanocTi npotuecy (< 10 XB) icCHye BUCOKa HMOBIPHICTh HEJOCTaTHHO PIBHOMIPHOTO PO3MOALTY
KOMITOHEHTIB y CHUCTeMIi, 110 0OMexye e(eKTHBHICTh BBEIEHHS JIrHIHY 10 OiTymy. HatowmicTb
30UIBbIIEHHS TPUBAJIOCTI 3MillyBaHHA TMoOHaA 30 XB CYHNpPOBOUKYETHCS TMOTIPIIEHHSM OKPEMHUX



XapaKTEPUCTUK CYMIIlll, HacaMIiepe]] 3HIKEHHSIM ii meHerpanii. Kpim Toro, 3a TpuBaimoro
TEPMIYHOTO BIIUBY CIIOCTEPITralOThCSl O3HAKH TEXHOJIOTTYHOT'O CTApiHHS MaTepiaiy.

BopHouac pe3ynbraTi MpOBEISHUX JOCHTIKCHb CBIUaTh, 10 BBEICHHS BUKJIFOYHO JIITHIHY
1o 6iTymy He 703BoJIsie 3a0e3meunTi GOpMyBaHHS CKIaay JOPOKHBOT MACTUKH TOBAPHOI SKOCTI,
3/1aTHOI MOBHOIO MIPOIO BiAIOBIaTH BUMOTaM YHHHOTO HOPMATHBHOTO JOKYMEHTY. Y 3B’SI3KY 3
UM, JOUIBHUM € BBEICHHS 0 CyMilI OiTyM-JIIrHIH JOJATKOBUX KOMITIOHEHTIB, IO JO3BOJSTH
MOKPAIINTH 11 eKCITyaTalliiHi XapaKTepUCTUKH.

Tloasika

Jlana poOota BuKOHaHAa B pamkax peamizauii ITpoexty «OnepxkaHHs JNIrHIH-OITYMHHX
MaCTHK PI3HOTHITHOTO 3aCTOCYBaHHS JUIsl TepMETH3allil TPIKMH B ac(haibTOOCTOHHOMY ITOKPHUTTI»
(rpant Ne 2025.05/0017) Bin HamionansHoro ¢ouay npocuimkens Ykpainun (Konkypc Ha
onepxaHHs rpaHTiB Ilpesumenta YkpaiHu A MITPUMKH HAayKOBUX JOCIIDKEHB 1 PO3POOOK
MOJIOJUX BYCHUX-TOKTOPIB (irocodii/kannuaariB HayK (10 35 poKiB BKIIOYHO).
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3pocTaHHs BapTOCTI Ha()TOBHX PECYpCiB, POIMIUPEHHS ACOPTUMEHTY HA(TONPOIYKTIB Ta
HanpsMKIB iX BHUKOPHCTaHHSA, a TaKOXX HEOOXITHICTh Mepexojy 0 MNPUHIMIIB HUPKYIAPHOL
€KOHOMIKH 3yMOBJIIOIOTH MOIIYK albTEPHATUBHUX 1 BIAHOBIIOBAaHUX KOMIIOHEHTIB JJIs1 IOPOKHBOT
raixysi. ¥ 1IbOMy KOHTEKCTI OCOOJIMBY yBary IMpHUBEpPTAa€ JITHIH — OJWH 13 HAWIOIIUPEHIIINX
NPUPOJHHUX TMOJIMEpiB, SKUHA YTBOPIOETHCS SK TMOOIYHHHA TPOIYKT IEITOJIO3HO-TAIIEPOBOI,
iepeBonepepobHOi Ta CiTbCHKOrOCIOaapchKol rady3ell IPOMHCIOBOCTI. Moro apomaTuuna
CTPYKTypa 1 HasBHICTb (YHKI[IHHUX TPYN 3YMOBIIOIOTH MOXIJIMBICTh BUKOPHCTAHHS JIITHIHY SIK
MoaudikaTopa JOPOKHBOTO OiTyMy ab0 HaBiTh SK YAaCTKOBOI'O 3aMiHHUKAa HA(TOBUX B’ SKYUHX
[1-4]. Lle 103BONUTH OJHOYACHO 3HHM3UTH 3AIEKHICTH BiJl BUKOIHOI CHPOBHHHM W YTHIIi3yBaTH
3Ha4YHi 00CATH BTOPUHHOI OpPraHiuHOI CHPOBUHH (JIITHIHY).

BopHouac mmpoke BOpPOBAKCHHS JITHIHY B JOPOXKHIO Tally3b CTPUMYETHCS HHU3KOIO
TEeXHOJOTTYHUX npobieM. OHI€I0 3 KIIOYOBUX € CKIAIHICTh 3a0€3MeYeHHs] OTHOPITHOCTI OITyM-
JTITHIHOBUX CHUCTEM, II0 3YMOBIIEHO BIIMIHHOCTSMHU B XIMIUHIA mpupodi O6iTymy 1 JirHiHY, iX
MOJIAPHOCTI Ta MOJICKYJISIPHIN cTpyKTypi. Takok ciij 3BakaTd HA Te, IO IIi J[Ba MaTepiai y
BUXIIHOMY CTaHI XapakTepU3YIOTbCS PI3HUM arperaTHUM CTaHOM: OITYM € BHCOKOB’SI3KOIO
piauHOIO (200 B’A3KOMIACTHYHOK CHUCTEMOIO), TOMI SK JIrHIH — 1€, 3a3BU4Yail, TBepAui
aucriepcHuit mopomok. IIpu 1boMy JIrHIH XapakTepU3yeTbcs OOMEXKEHOK (MiHIMaJIbHOIO)
PO3YMHHICTIO B OITymi, IO 3yMOBIIO€ (QOPMYBAHHSI TE€TEPOT€HHUX CHCTEM. SIK HacIiJoK,
3MilIyBaHHS OITYMy 1 JIITHIHY MOX€ CYIPOBO/KYBAaTHCh (pa30BUM pPO3LIAPYBAaHHSM, arperauiero
Ta KOAryJsIi€r0 YaCTUHOK JITHIHY, 110 TPU3BOIUTH O HECTAOIILHOCTI OTPUMAHOT KOMITO3UIIIT SIK
y mporieci ii IpUroTyBaHHs, TakK 1 MiJl 4ac TPAaHCIIOPTYBaHHs, 30epiraHHs i BUKOPHUCTaHHS.

Oco651BOi akTyaJIbHOCTI HaOyBae mpobiiemMa CTaOUTFHOCTI TaKUX CHCTEM TIpH 30epiraHHi.
YMOBH NIABUIIEHUX TEMIIEPATyp, XapaKTepH1 Juisi OITyMHUX MaTepialliB, CIPUSIIOTH 1 MOCUIIIOIOTh
IPOIIECH PO3IIAPYBaHHS, L0 HEraTUBHO BIUIMBA€ Ha BIJITBOPIOBAHICTh BJIACTMBOCTEH 1 SIKICThH
JOPOXKHIX MOKPUTTIB. TaKuUM YMHOM, JOCHIJKEHHSI CYMICHOCTI OiTyMy 3 JIITHIHOM, PO3pOOJICHHS
e(eKTUBHUX CIIOCOO0IB IX MO€JHAHHS Ta MiJBUILEHHS CTAaOUIBHOCTI MU 30€piraHHi € BaXXJIMBUMU
HAYKOBO-TIPAKTUYHMMHU  3aBJaHHSM, BHUDIMIEHHS SKOTO CIPHUSATHME CTBOPEHHIO  OUIBII
TEXHOJIOTIYHO HAJIMHUX JOPOXKHIX MaTepiaiB.

Jlnist 1ocipKeHb BUKOPHCTOBYBAJIH:

- nopoxHii HadToBui O6iTym Mapku BHJ[ 70/100 (BupoOnuk - I[TAT «YxpratHadTa», M.
Kpemenuyk, Ykpaina), 1oro xapakTepuCTUKU HaBeeH] B Ta0I. 1;

- JITHIH TiAPONI3HOTO THIy JOBTOTPUBAJIOro 30€piraHHs 3 MiJBUILEHUM BMICTOM
HEOpraHiyHUX JOMIIIOK (3amopi3zbka o0I1., YKpaiHa), Horo XxapakTepucTUKU HaBeJeHi B Ta0. 2.
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biTym 3 nirHiHoM 3MilIyBajau 3a JOIOMOTO0 JlabopaTopHoro 3mimnryBavya Daihan Scientific
HT-50 DX. YmoBu 3MminryBanHst Oynu HacTymHi: Temmneparypa — 160 °C; tpuBanicts — 60 XB.;
IHTEHCUBHICTh mepemimnyBaHHs cepenoBuimia — 800 00/xB; kinmbkicth dirHiny — 1, 3, 5, 10 i
20 % mac. Ha Oitym. B pesynprari Oyn0 OoTpuMaHO I’STh 3pa3KiB OiTyMy, MOAH(IKOBAHOTO
airainoMm (BMJI). 3naueHHs 1X TOKa3HHUKIB TEMIIEpaTypy pO3M’SIKIIEHHS 1 MIEHEeTpallii HaBeIeHI B
Tabu. 3.
Ta6auns 1. Xapakrepucruku aopo:xuboro 6irymy mapku bBH/I 70/100

Ne 3/ IToxa3Huk 3Ha4yeHHs
1 | Temmeparypa po3M’sIKIIIEHHS 3a KiJbIIeM 1 KyJeto, °C 49,6
2 | Menerpauis 3a Temneparypu 25 °C, m-10™ (0,1 mm) 75
3 | dykruasaicTs 3a Temmepatypu 25 °C, M-107 (cm) 86
4 | Enactuunicts 3a Temneparypu 25 °C, % 14,7

Tabauus 2. XapakTepuCTHKH JIrHiHY

Ne 3/ [oxasnuk 3HavyeHHs
1 | Bwmicr Bostoru (w?), % mac. 2,48
2 | BomsHicts (A%, % Mac. 26,90
3 Buxig neTkux pedoBuH (V9), % mac. 50,55
4 Bwict 3aranbHoi cipku (S?), % mac. 0,55
5 Bwicr Byriemro (C*), % mac. 42,11
6 | Bumicr Boguro (H), % mac. 3,86
7 Bwmict azoty (Nd), % mac. 0,82
8 | Bumicr kucio (Og), % mac. 25,32

Tadauusa 3. XapakTepucTuku 0itymy, MoaugikoBaHOr0 JirHiHOM

IToka3uuk
No Bwmicrt sirHiny, % ;
s/ 3pa3ok Mac. Ha 6iTym Temneparypa po3M’sikiienHsa | [lenetparist 3a Temneparypu
3a KinbleM i kyiero, °C 25°C, m 10 (0,1 mm)
Buxinanii 6iTym
1 BHJI 70/100 B 49,6 &
2 BEMJI-1 1,0 50,8 70
3 BMUI-2 3,0 51,9 65
4 BEMUJI-3 5,0 52,0 61
5 BMJI-4 10,0 53,8 53
6 BMJI-5 20,0 58,2 44




Ak BUAHO 3 oTpUMaHUX JaHuX (Tabia. 3), MogaBaHHA JITHIHY 0 OITYMy IPH3BOIUTH 0
IIJIBUIIICHHST TEMIIEpaTypy PO3M’SKIIECHHs O1TyMy 1 3MEHIIICHHS HOTO TEHEeTparlii, 10 CBIIYUTH
PO TEPMOIUTACTUYHHIA XapaKTep BIUIUBY IIbOTO JTOJIATKY HA B’ SHKYUHUH.

CrabinpHicTh OiTyMy, MOAM(IKOBAHOTO JITHIHOM i 4Yac 30epiraHHs BHU3HAYald 3TiIHO
METOAMKHU, HaBe/IeHO1 B [5]. OTpuMaHi pe3ysbTaTi HaBeACHI B Ta0I. 4, 5.

Ta6anus 4. Pesynbsratn anauisy cradinbHocTi 0iTymy, MogudgikoBaHoro JIrHinom nig yac 30epiranss.

TemnepaTypa po3M’siIKIIIEeHHSI

Bui 3HaueHHS TeMIIEPaTypu PO3M’ IKIIICHHS | . .
MICT . ; ° Pizuung mixk
L, 3a KiJbleM i kysero, °C . Bumora
Ne 3pa3ox JIrHIHY, %0 . . BCPXHIM 1 3rigHO [6] ms
3/m 1\?0. Ha Bepxniil mapu Hwxnil mapu HI/I)I(HII\(/)I EMIIA 70/100-55
1ITyM TyOH TYOH mapom, °C
1 |BMJI-1 10 49,8 51,4 1,6
2 | EMUI-2 3,0 49,8 53,5 3,7 PizHnng mix
TEMIIEPATYPOIO
3 |BMJI-3 50 49,9 55,3 5,4 pOSM’HKH_IeHI:ISI
BEPXHBOTO i
4 |BMJI-4 10,0 50,0 60,4 10,4 HUXKHBOTO IIapy HE
61bmre 6,0 °C
5 |BMJI-5 20,0 49,9 73,9 24,0

Ta6anus 4. PesynbTatn anajisy cradinbHocTi 0iTymy, MogudgikoBaHoro JirHinom nig yac 30epiranss.

Ilenerpauis
3HaveHHs [EeHETpallii 3a TEMIepaTypu . .
Buict 25°C, M'10™ (0,1 mm) PisHuLs MDX
Ne nirniny, % BEPXHIM 1 _BI/IMOFa
o/ | SPAsOK | Bepxiii man Hysiit manm HIDKHIM 3rigHo [6] mis
Girym b 6 P 5 PH | mapom, M-10 | BMIIA 70/100-55
Y TyOH TyOU (0.1 wn)
1 |BMJI-1 1,0 74 65 9
2 | BMJI-2 3,0 73 58 15 PizHuws Mix
MEHETPAIIEF0
3 |BMJI-3 50 72 54 18 BEPXHBOTO i
HIKHBOTO IApy HE
oinbie 25
4 |BMUJI-4 10,0 73 45 28 W 10% (0.1 nv)
5 |BMJI-5 20,0 72 32 40

SIk BUIHO 3 OTpUMaHMX NMaHuX (Tabdiu. 4, 5), Tpu 3 mocmimkenux 3paskis (BMJI-1, BMJI-2,
BMJI-3) BignosinaioTh BUMoOram [6] momao ctalbiabHOCTI (po3lIapyBaHHS) MiA 4yac 30epiraHHs.
JUis HUX PI3HUI 3HaU€Hb TEMIIEPATypH PO3M’SIKIIEHHS 1 MeHeTpauii MK BEpXHIM 1 HIKHIM




mapaMu TyOM 3HaXOJWUTHCS B JIONMYCTHMHUX Mekax. Po3smapysanns 3paskiB bMJI-4 1 BMJI-5
(BmicT nirniny B cymimn 10,0 1 20,0 % mac. Ha 61TyM BiANOBIHO) BUXOAUTH 3a AOMYCTUMI MEXI,
Mpo IO CBIMYATH PO3PaxOBaHA PI3HUIL MK  BIAMOBIIHUMHU  CKCIUTyaTalliiHUMU
XapaKTepUCTHKaMHU B spKydoro (Tadm. 4, 5).

3a pe3ynpTaTaMH aHalily OTPUMAHUX JaHMX BCTAHOBJIEHO, L0 Ui MOJIU(DIKYBaHHSA
JOPOKHBOTO OITyMy JITHIHOM #oro KijpkicTh moHaf 5,0 % mac. Ha OITyM € HEJOIYCTHUMOIO 3
Oy Ha HeCTaOUIbHICTh OTPUMAHOI CyMilli IiJ] yac 30epiranus.
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Teepai nadrosi Bigkaaau (THB) — e ckiramni 6araTOKOMIOHEHTHI CyMIillIi, 110 BUMAIal0Th
13 HadTH y TBepAy a3y Ta OCiJaroTh Ha BHYTPIIIHIX MMOBEPXHAX CBEPAJIOBHH, TPYOOIIPOBOIB i
pe3epByapiB Iij] 4ac i BUA0O0YTKY, TPaHCIOPTYBaHHs Ta 30epiraHHs. OCHOBHUMHU KOMIIOHEHTaMH
TaKUX BiJIKIaAiB € mapadiHOBI BYITIEBOIHI (alKaHMW), SKI KPUCTATI3YIOTbCA IPH 3HIDKEHHI
TeMrepaTrypu; achaabTeHU — HalBaXX4i KOMIIOHEHTH Ha(TH, 10 3TUMAIOTHCS TPHU 3MiHI TUCKY YU
XIMIYHOTO CKJIaJly CEpelOBHUIIA Ta CMOJH, IO BUKOHYIOTH POJb «IEMEHTY», SKHA CKPITUIIOE
Kpuctanu napadiny ta yacTuHkH achanbreniB. Kpim mux ByriieBoaHiB 10 ckiaxy THB BxoasTh
MEXaHI4HI JOMIIIKH — IMCOK, TJINHA, YACTHHKYU TIOPOIU Ta MPOYKTH KOPO3ii METaITy.

[Tpuunnoro Bunukaenns THB e te, mo Hadra B mnacti nepedyBae B cTa0iIbHOMY CTaHi Mij
BHCOKHM THCKOM 1 TeMITEpaTyporo. SIK TUTbKH MOYNHAETHCS BUAOOYTOK, PIBHOBAra mopymryeThCsl.
Hadta oxosomxyerbes, NpoXOAsyd Kpi3b BEpPXHI INApM 3€MHOi KOpH, IO NPHU3BOIUTH [0
Kpuctanmizainii napadini. BinOyBaeTbcst po3razyBaHHs (BHIUJICHHS JIETKHX Ta3iB), IO 3HIKYE
PO3YMHHY 37aTHICTh HAQTHU. 3MEHIIEHHS THCKY B CBOIO Yepry IPOBOKY€E BHUITAJaHHS ac(albTeHiB.
Hacninku yrBopenns THB mMoxyTs 6yTu karactpodiunumu. BoHu 3BYKyIOTh IPOXiAHUN MIEepepi3
TpyO, IO MPHU3BOAUTH A0 PI3KOTr0o MaaiHHA 1e0iTy (MPOAYKTUBHOCTI) CBEpPIJIOBHH, 3POCTAHHS
HaBaHTAXEHHS Ha HACOCHE O0JaJHaHHS Ta WOro meperyacHoro 3Hocy, ab0 HaBiTh /10 MOBHOL
3YMUHKH pyXy pinuau B TpybOompoBomax. Kpim HadToBHA0O0YyTKY, THB yTBOpIOIOTBCS B
Ha(TOBUX pe3epByapax sK JIOHHI ocaau. Hamani BOHM BMIIY4arOThCsl 3 pe3epByapiB Mija yac
ixaporo oocmyropyBanus. Buxin HadroBux Biaxoni Ha HII3 cranoButh 61au3pko 7 Kr/T HadTH,
10 IEPepPOOIIETHCS.

Bbopotr6a 3 yrBopennsim THB Benerscs nBoMa muisixamu: nomnepepkeHHs yrsoperas THB
[IJIIXOM 3aCTOCYBAHHS IVIAJIKUX 3aXMCHUX MOKPUTTIB, MIATPUMKH BHUCOKOI TeMIEepaTypH MOTOKY
a0o0 BBeJIEHHS CIeLiaIbHUX XIMIYHMX peareHTIB (1Hri01TOpiB); BUAaNEHHS Bxke yrBopeHux THB —
MeXaHIYHE OUMIIEHHS CKpeOKaMH, TEIUIOBUM BIUIMB (IPOMHUBAHHS rapsdol0 HaQTOK YM Mapolo)
a00 BUKOpPUCTaHHA po3unHHUKIB. Bumameni THB He 3aBxam 3HaXOAsaTh pallioHaIbHE
3aCTOCYBaHH.

Hamu BcTaHOBIEHO NPUHIMIIOBY MOXJIUBICTh nepepoOku THB, yTBopenux mix dyac
BUI00YTKY Ha(h)TH, METOOM HU3BKOTEMIIEPATYpPHOTO MIPOIi3y 3 OJEpKAHHAM PIAKHX Ta TBEPAUX
MPOJYKTIB, SIKI MO’KHA BUKOPUCTOBYBATH Y BUPOOHMIITBI 30KpeMa MOTOPHUX TaJIUB.

HuszpkoTemnepatypHuil miposii3 TBepAuX HA()TOBMX BIAKIAAIB MPOBOMMIM B 1HTEpBAJi
temneparyp 450-490 °C, B pe3ynbraTi sikoro onepxano 82,5-87,7 % wmac. mipokonneHcary, 3,0-
3,9 % mac. TBeporo 3anumiky, 6,2-7,9 ta 4,6-5,8 % wmac. rasy mipomizy. BctaHoBneHo, 110 CBiTI
(bpaxuii, ofepkaHi MPU PO3AICHHI MPOKOHIEHCATY MOXKYTh OYTH BUKOPHUCTAaHI SIK CUPOBUHA IS
OJIepaHHsA TOBAPHMX MOTOPHUX MaIUB. 3 MLI€0 METOI HEOOXiHO JOJAaTKOBO MPOBECTH iX
riiponepepoOKy AJsl 3HMKEHHS BMICTY HEHaCUYEHHUX BYIJIEBOAHIB Ta CIPKHU, a TAKOX IMIJBUIIUTH
OKTaHOBE 4YHUCIO OCH3MHOBOI (pakiiii. 3aluIIOK Micis PO3AUIEHHS MIPOKOHACHCATY MOXHA
BUKOPHUCTOBYBaTH SIK KOMIIOHEHT Ma3yTy a0o MOJaTOK JO IUTACTUYHUX MacTwil. TBepauit
samumok  miponizy THB pexomeHI0BaHO BHKOPHCTOBYBATHM y OYIIBHULTBI JIOpIT  JUIA
o0JamTyBaHHs HUKHIX 1IapiB TOPOKHBOT'O TOKPUTTS.
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MeTajieBa OpPTOTPOITHA IJTUTA, T1APOI30JISIist OPTOTPOIHOI TUIUTH

Beryn

3ami300€TOHHI Ta METaleBi MOCTOBI IUIUTH aBTOJOPOKHIX MOCTIB MiAJIAalOThCA BIUIUBY
TAaKUX HEraTMBHMX YHMHHUKIB, SIK arpeCUBHICTb CEpPElOBMILA, BUTIK 1 MPOCOUYYBAaHHS BOAU YU
MPOTHOXKEIETHOTO PO3YMHY COJIi, IO HEraTUBHO BIUIMBAIOTh HA CTaH MOCTOBOTO MOJIOTHA Ta
aares3ito JOPOKHBOTO OAATY IO HBOTO. 3aifBa BOJIOTa MOXE MPHU3BECTH 1O KOPO3il MeTamy
CTaJIeBOi OPTOTPOIHOI IJIMTH MOCTIB Ta HMPHUBECTH YCKHO KOHCTPYKIII0 MOCTOBOIO IOJIOTHA O
HenpuaaTHoro crany. Kpim Toro, BHaciioOK OUIBIIOI THYYKOCTI OPTOTPOMHOI IIUTH MPODHKIKOT
YaCTUHH MOPIBHSAHO 13 3a711300€TOHHOIO TUIMTOI0 KOHCTPYKIIS JOPOKHBOTO OAATY Ha METAJIEBUX
aBTOZOPOKHIX MOCTax Ma€ BUTPUMYBAaTH BEIUKI MEpEeMilIeHHs, 00 HE JIOMyCTUTH
MepeIyacHoro po3TpickyBaHHs. Te >k came mie B OUTbIIIA MiIpi CTOCYEThCS TaKUX BAHTOBUX
MOCTOBHMX MEPEXOIB 3 OPTOTPOIHOIO METAJEeBOIO IUIMTON, K , Hanmpukiana, [liBneHHuit MicTt
yepe3 piuky JlHimpo B wmicti KueBi, MOCTOBE MOJOTHO SKOTO JOAATKOBO MiAJA€THCS TOCHUTH
CYTTEBUM KOJIMBAHHSIM BHACIIJOK IPOI3JIB MOTATIB METPOIOIITEHY Ta 3HAYHOI 1HTEHCHUBHOCTI
PYXy BEJIMKOBAHTaXHUX TPAHCIIOPTHUX 3aco0IB MO KpaiHIN MpaBiii cMy3l, siKa po3TalloBaHa Ha
KOHCOJIbHINA 4aCTHHI MOCTOBOI'O MIOJIOTHA.

JlocIiPKeHHSIMH JIOBrOBIYHOCTI ac(anbTOOETOHHOTO MOKPUTTS Ha TPAHCIIOPTHHUX CIIOPYyHax
3aiimanucs 6araTo BUJATHUX BYCHHX B Hamiiid kpaiHi Ta 3akopgonom: A.I. barpakosa, O.lL
be36abuuena, B.K. Knantok, B.I'. Kpama, I1.M. Kosans, M.M. Kopsees, 17858 Jlyuko, B.B.
Mosrosuii, B.b. Hazapenko, I'.b. ®ykc, Ta iHmi.

[Ipobnemy 3axMcTy HOBEPXHI MOCTOBOTO IOJIOTHA BiJ BIJIMBY HETaTMBHUX YWHHHKIB
3HAYHOIO MIPOI0 MOXHa BUPIMIMTH 3aCTOCYBAaHHSAM 3aXMCHOIO IIAapy — HaAIMHOI JOBroBIYHOT
CUCTEMH T1APOI30JISLII].

VY CBITOBIM NMpakKTUIll eKCILTyaTallii MeTajleBUX MOCTIB, Y TOMY UHMCIIi 1 B YKpaiHi, Ha allb,
ICHY€ JTOCHUTBH BEJIMKHH JIOCBiJI MEPEAYacCHOTO IMOIIKOPKEHHS JTOPOKHBOTO MOJOTHA, METaJIeBOi
OpPTOTPOIIHOT IJIUTH, ONMOPHUX KOHCTPYKIIN BHACIIJOK HEMPABUILHOTO BUOOPY T1IpOi30ALiHHOL
CUCTEMHM, HEJOTPUMAHHS TEXHOJIOTII 3aCTOCYBaHHS TiApPOI30JiAlii, a TaKoXX BHUKOPHUCTAHHS
HesKiCHUX MatepianiB. KpiM Toro, 1o xoposii MeTansy OpTOTPOIHOI MIIUTH NMPOi3HOI YaCTUHH
MOX€E TMPU3BECTH TMOPYLICHHS 3YEIJICHHS MDK KOHCTPYKI[IEI0 MOCTOBOTO IIOJIOTHA Ta
ac(ambTOOCTOHHUM TIOKPUTTSM, BHACIIIOK SIKOTO MOYMHAETHCS PYWHYBAHHS JOPOKHBOTO OJIATY
[1, 2]. Bracnigok OinbInoi THYYKOCTI OPTOTPOMHOI IUTUTH MPODK/PKOI YaCTHHH TOPIBHSIHO i3
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3J11300€TOHHOIO TTUTOK CHUCTEMA T1APOI30JIALlii Ta BEpXHIM IIap MOKPUTTS MOBUHHI JIOMYCKATH
BEJIMKI TIEpeMIilIeHHS 06€3 pO3TpiCKyBaHHSI.

Takum uymHOM, B YKpaiHi, SIK 1 B yCbOMY CBITI, € Iy’)K€ aKTyaJbHOI Mpobiema BUOOPY
AKICHOT Ta e(EeKTUBHOI TigpOI30JAIMIHOI CHCTEMH METAIEBUX aBTOJOPOKHIX MOCTIB, BIJ
BUKOPUCTAHHS SIKOT 3aJ€KUTh TEPMIH CIy)XOM KOHCTpyKLii ©e3 3acToCyBaHHS JOPOTHUX
PEMOHTHUX POOIT.

Meta po6oTu

Ha IliBgenHomMy MocToBOMY mepexoai uepe3 piuky Juimpo B micti Kwuesi mepeBipeHo
0arato pi3HUX TIAPOIBOIALIMHMX cUCTeM. [IpakTUYHUI MOCBIJ CBITYUTH, IO TEPMIH CITYXKOH
OUIBLIOCTI 3 HUX CTAHOBUTH 2-3 POKH, a TO W MEHILe, 110 B pa3u MEHIlEe 3a mepeadayyBaHHi
TEpMiH ciyk0ou (10 15 pokiB).

B skocTi anbTepHAaTHBU Ha JOCHITHINA TUISHIN, 10 BHOpaHa Ha HAHOUIBIN HeOe3nmeuHii
mpaBiii  kpaiiHiii cmy3i [liBAEHHOrO MOCTOBOTO NEpEXOJly, 3aCTOCOBAaHO YHIBEpCaJbHY
rigpoizossiiiiHy cucremy Comb-IS MOCTOBOro mosjoTHa aBTOJOPOXKHIX MOCTIB. YHiBepcaabHa
rigpoizossiniiHa cucrema Comb-IS Ta TexHonoris ii 3acTocyBaHHs pPO3poOJeHi (axiBIsIMU
kommanii «Kamonip-I'pynm» (M.KuiB) cminmpHO 3 BueHMMH Kadenpu MOCTIB, TYHEIIB Ta
riiporexHiyHux cnopya HamionansHoro TpancmnoptHoro yHiBepcurery (HTVY).

MeTtoro poOOTH € MOPIBHAHHS IIi€T T1IPOI30ISIIHHOT CHCTEMH 3 IHITUMH.

Buxiax ocHOBHOTro MaTepiajty A0CHiTzKeHHS

JlJis HaiiHOTO Ta JOBTOBIYHOTO 3aXWICTYy MOBEPXHI METaJIeBOi OPTOTPOITHOI IITUTH Ma€
3aCTOCOBYBATHUCH TiJIpOI3OJSALIAHUI MarTepian, a TOYHIIIE CKa3aTH — Tipoi30JsliiiHa chCcTeMa,
10 MOBMHHA BIATNOBIIaTH TAKUM OCHOBHHM TE€XHIYHUM yMOBaM Ta ()YHKIIOHAILHUM BUMOTaM |2,
3]:

* BOJIO- Ta MOBITPOHETIPOHUKHICTD Y Oy/Ib-SIKUX yMOBAX;

* MOPO3OCTIHKICTh Ta €MACTHYHICTB;

* HaliiHA ajAre3iss 0 MeTaleBOi TIUIMTH MOCTOBOTO TOJOTHA Ta /O BEPXHIX
ac(anbTOOETOHHUX LIapiB JOPOKHBOTO OJATY;

* MEXaHI4Ha MILHICTh (TPAaHCIIOPTHE HaBaHTAXXEHHSI, TEIUIOBE PO3ILINPEHHS);

* cyMicHa po0OoTa 3 HOKPUTTAM O€3 pO3TPICKyBaHHS;

* CYMICHICTb 13 ac(haibTOOETOHHOIO CYMILIIIIIO;

* CTIHKICTh 1O BUCOKHX TEMIIEpaTyp IiJl 4ac yKJIaJaHHs raps4oi acGanbToOETOHHOI CyMillli;

* CTIMKICTD JI0 YIBTPa(i0JI€TOBOTO BUMPOMIHIOBAHHS, 010JIOTTYHUX Ta XIMIYHUX BIUIMBIB;

* eKOJIOT1YHA OE3MEeYHICTh Ta HETOKCUYHICTH;

* €KOHOMIYHA €()EKTUBHICTb.

KpiM ocHOBHHMX (I3MKO-MEXaHIYHUX XapaKTEPUCTUK TIAPOI3OJSLINHOI CUCTEMH Ta
(YHKIIOHATbHUX BHUMOI HE MEHII BaXJIMBUMH (DakTOpamMu € TEXHOJOTIYHI Ta TEXHIKO-
€KOHOMIYH1 TTOKa3HUKHU:

* MOXIJIMBICTh BUKOPUCTaHHS MEXaHI30BaHOTO COco0y BUKOHAHHS POOIT JUIsi CKOPOUSHHS
TPYIOBHUTPAT Ta JIFOJCHKUX PECYPCiB;

* HaJIIMHICTh Ta JTOBIOBIYHICTE;

* HE3aJICXKHICTh BiJl KIIMAaTUYHUX YMOB;



* BIJICYTHICTh BUIIJICHHS TOKCHYHHMX PEUYOBHWH, BIAMOBIAHICTH YCIM BHMOTaM 3 OXOPOHH
Ipalli Ta OXOPOHU HABKOJUIIHBOTO CEPEOBHUIIIA.

dipmoro «Kamonip-I'pynm» (M. KuiB) po3pobiieHo yHiBepcalbHy TiApOi30siiiHy CUCTEMY
MocToBoro mojotHa Comb-IS mist rigpoizossiii MOCTOBOrO TOJIOTHA aBTOMOPOXHIX MOCTIB.
VYHiBepcalbHICTh Tiapoizosiiiinoi cuctemu Comb-Is momsirae B Tomy, 1110 BoHa po3podiieHa Ijis
3aCTOCOBYBaHHS SIK Ha 3a1i300€TOHHOMY MOCTOBOMY IIOJIOTHI, TaK i Ha MOCTOBOMY IIOJIOTHI 3
oproTpornHoi MetajieBoi rmtd. Cucrema COmMb-IS ckiamaerbes 3 MOMIMEPHOro Ipaimepa,
CHeIaIbHO PO3p00IeHOT OITYMHO-MOAM(IKOBAHOT MACTUKH Ta TiPOi30JSIIIIHHOTO KOMIIO3UTHOTO
apMyI0UY0ro MaTepiany, MIPUKPIIJICHOTO 0 BOAOHEIPOHUKHOI miioxkkH [4]. Texuiuni mapamerpu
cucremu Comb-Is Bigmosigarors Bumoram JCTY 8904, JICTY b B.2.7-136, ICTVY b B.2.7-116,
JACTY b B.2.7-108, ICTY EN 15381.

Cucrema Comb-Is 3acTocoByeTbcs mus:

- Tiapoi30siii 6eTOHHOTO 1 3a711300€TOHHOTO MOCTOBOTO TTOJIOTHA aBTOAOPOXKHIX
MOCTIB Ta IUISIXOIIPOBO/IIB;

- TiAPOI30JIAIIii MOCTOBOTO TIOJIOTHA aBTOIOPOKHIX MOCTIB Ta IIISTXOMPOBO/IIB 3
OPTOTPOITHOI METAJIEBOI ILINTH;

- repmeTu3aiii geopmariiHux MBiB 0ETOHHUX Ta ac(haTbTOOCTOHHUX MTOKPUTTIB
aepoJIPOMIB Ta aBTOMOOUILHUX JOPIT;

- caHauii TpinH OETOHHUX Ta ac(PaTbTOOCTOHHUX MOKPUTTIB.



Kommnonenramu cuctemu Comb-ISs €:

- MOJIIMEPHHI MpanMep;

- 6iTyMHO-MOAM(iKOBaHA MACTHKA,;

- TiIpOI30JSLIHHII KOMIIO3UTHHIA apMyrounii matepian CompoGrid.

[TonimepHuit mpaliMep mpeAcTaBiIsie COO0K OITYMOMICTKHM TPYHTYBAJIBHHM IIap, SKHMA
3a0e3neuye HaJIHY JAOBrOBIYHY are3i0 /10 MOBEPXHI MOCTOBOIO IMOJIOTHA. XapaKTepU3YEThCS
BHCOKHM TPOCOYEHHSIM MUY, HU3bKOIO B'SI3KICTIO, 3aBIISIKA YOMY JIETKO 3aCTOCOBYETHCS B pOOOTI
1 Mae Mayly BUTpaATy IO IMOBEPXHI MOCTOBOTO MOJOTHA, IIBUIKAM BHUCHUXaHHSIM. Mae€ BHCOKY
CTIHKICTh 10 BOJHUX PO3YMHIB, COJICH, PO3BEACHUX KUCIOT Ta IHIIWX PEYOBHH, II0 MOXKYTh OyTH
Ha MOCTOBOMY IIOJIOTHI. 3aBISKM CBOIM XapaKTepUCTHUKaM IMOJIIMEPHHUI mpaiiMep rapanrye
BIIMIHHE CKJICIOBaHHS OITyMHO-MOJIM(IKOBAaHOI MAaCTUKM 3 MOCTOBHUM IOJOTHOM. Mapka
npaiiMepa Ta HOro BUTpaTH Ha OJMHUIO IUIOIIMHU IMPH3HAYAIOTHCS B 3AJIEKHOCTI BiJl TUITY
MOBEPXHi (3a11300€TOH UM OPTOTPOITHA METAJICBA TUIHTA).

birymHo-MonudikoBaHa MacTHKa TMpEACTaBlse COOOK  TiIPOi3ONALidHYy OiTyMHO-
MOJIIMEpHY ~ ONHOPIAHY  OJHOKOMIIOHEHTHY  MPYXHBO-TUIACTHYHY  MACTHKYy  Tapsdoro
3aCTOCYBaHHS, IO CHEIiaJbHO PO3poOIIeHa ISl 3aCTOCYBAHHS IO 327113006 TOHHOMY MOCTOBOMY
MOJIOTHI Ta MOCTOBOMY TOJIOTHI 3 OPTOTPOIHOI MeTaneBOi IUIMTH. MacTHhKa CKJIaJa€eThCs 3
HapToBOoro OiTymMy, MOIM(DIKOBAHOTO TMOJIMEpPaMH, MiHEPAIbHUX  HANOBHIOBAYiB  Ta
TEXHOJIOTIYHHUX J00aBOK. XapaKTepU3yeThCs IIMPOKHUM Jlialla30HOM poOounx temmeparyp Bix -50
°C mo +90 °C, BHUCOKOIO €IaCTUYHICTIO, BIICYTHICTIO YCaJIKH, CTIHKICTIO JIO0 yIbTpagioaeToBOro
BUIIPOMiHIOBaHHS. biTymMHO-MoaudikoBaHa MacTHKa 3a0e3rneuye HaailiHy JOBIOBIUHY aAre3ir0 K
JI0 TIOBEpXHI 3aJ11300€TOHHOTO MOCTOBOTO MOJIOTHA, TaK 1 JI0 MOBEPXHI MOCTOBOTO MOJOTHA 3
OPTOTPOIHOT METAIEBOI IUTUTH, B YChOMY Jialma3oHi eKCIUTyaTalliiHUX TeMIepaTyp.

ligpoizonsuiiHuii KOMIo3uTHUN apmyrounidi marepian CompoGrid mpencrasise coOoro
MII[HY TpaTKy, MOKPHUTY 3alaTeHTOBAaHUM €JaCTOMEPHUM IOJIMEPOM 1 MPHUKPIIUIEHY [0
Tipoi30MALiiHOT MiANOKKU. XapaKTepu3yeTbcsl BUCOKOK MinHicTio 115x115 £+ 15 kH/mM,
HU3BKUM BIJIHOCHUM TIOAOBXKEHHsIM 2,5 = 0,5 %, cridkicTiIo 10  y’IbTpadiosieTOBOTO
BUIIPOMIHIOBAHHS 1 XIMIKaTiB, 110 MICTATbCSA B MPUPOAHOMY CEPENOBHUIIlI 1 HAa MOCTOBOMY
nosioTHi. 3abe3neuye HaAliiHY JOBTOBIYHY /€310 10 BEPXHHOTO mapy ac(haabToOeToHYy.

Kadenpa mocrtiB, TyHeniB Ta rigpoTtexHiunux crnopyn HTY 3ailicHuna ekcriepuMeHTalbHI
JOCITIKEHHST Ta BUIPOOYBaHHS YHIBEPCAIbHOI Tigpoizossiiiinoi cuctemu Comb-IS mocToBoro
MOJIOTHA aBTOAOPOXHIX MOCTIB [5]. JloCmiKyBaquch MexaHiuHI BJIaCTHBOCTI KOMIIOHEHTIB
yHIBepcanbHOI Tifpoi3ossuiitnol cucremu Comb-Is, sikicTe aresii cucreMu A0 MOCTOBOTO
MIOJIOTHA Ta JI0 BEPXHBOTO 1apy ac(haabToOeToHy, 0COOIMUBOCTI Ta €()EeKTUBHICTD ii 3aCTOCYBaHHS
JUIS T1APOI30JIALIHHOTO 3aXUCTy 3a11300€TOHHOIO MOCTOBOTO IOJIOTHA Ta MOCTOBOTO IOJIOTHA 3
OPTOTPOITHOI METAIIEBO1 TUINTH.

PesynpTati JOCHIJDKEHb MOKa3aJd, IO 3aBJISKM TEXHIYHMM XapaKTepUCTHKaM CBOiX
KOMIIOHEHTIB yHIBepcajbHa TiIpoi3oiisliiiHa cucTeMa MocToBoro mojiotHa Comb-Is mae Taki
BJIACTHBOCTI:

- [limBumieHa TigpoOi30JAIsl MOCTOBOTO TIOJIOTHA — 3a0€3MeUyeThCs  3aBISKH
rifgpoizomnsnii  6iTyMHO-MOAM(IKOBAHOT MAaCTHUKM Ta JOJATKOBOI TiApOi30JsALii, L0 Hajaae
BOJIOHETIDOHUKHA  TiJITOXKKa TiIpOi30JSIIHHOTO  KOMIO3UTHOTO —apMYyIO4OTro Marepiainy



CompoGrid;

- Hapnilina anresis A0 MOCTOBOTO TOJOTHAa — 3a0€3MeYyeThCs 3aBISKU HAJICKHOI
TiITOTOBKY MTOBEPXHI MOCTOBOTO TOJIOTHA Ta BIACTUBOCTSIM TOJIMEPHOTO Mpaiimepa Tta 0iTyMHO-
Mo (piKOBaHOI MACTHKH,

- Haniiina anresis 10 acanbTOOETOHHOTO MmIapy — 3a0€3MEUyeThCsS  3aBISKH
BJIACTUBOCTSIM  €JJaCTOMEPHOTO  IOJIMEpY, SKHM TIIOKPHTa TpaTka Tigpoi30JsIiiiHOro
KOMIIO3UTHOTO apMyrouoro Matepiainry CompoGrid,;

- CrifikicTh 10 CTapiHHS, JOBTOBIYHICT — 3a0€3MEUy€ThCS 3aBASKH CTIHKOCTI J0
BIUIUBY XIMIYHMX PEYOBHH, BOJOHEIPOHUKHOCTI, MIIIHOCTI, CTIMKOCTI JO CTapiHHI Ta
JIOBFOBIYHOCTI KOMIIOHEHTIB CUCTEMH;

- [ligBumena TPIIMHOCTIHKICT ac(aabTOOCTOHHOTO TOKPUTTSA — 3a0€3MeUyeThCS
3aBJIIKM BJIACTUBOCTSM TiPOI30JIAI[IHHOr0 KOMIIO3UTHOTO apMyrodoro marepiany CompoGrid.

PesynbTaTi 1OCIKEHD JOBEIH Ta MiATBEPIMIA MOXKIUBICTh Ta JOIUIBHICTh 3aCTOCYBaHHSI
YHIBEpCAIbHOI TiAPOI3ONIALIHOT cUCTeMH MOCTOBOro mosiotHa Comb-IS Ha aBTOIOPOXKHIX
MOCTaX 3 MOCTOBHM ITOJIOTHOM 3 METaJIEBOi OPTOTPOIHOI TUTUTH, y T.4. HA BAHTOBUX MOCTaX.

Ha mincTaBi oTpuManux pe3yabTariB Kadeaporo MOCTIB, TYHENIB Ta TIAPOTEXHIYHUX CIOPYH
HTY cninpHo 3 daxiBusmu ¢dipm «Kanonip-I'pynm» ta TOB «Yex-2019» po3pobieno 3
Texnonoriuny Kapty TK 43051184-001:2022 3actocyBaHHSI YHIBEpCAJIBbHOI TiApOi30JsIifHOL
cuctemu Comb-1S MOCTOBOIO MOJIOTHA aBTOJJOPOXKHIX MOCTIB [6].

3rigno 3 niero Texnonoriynoro Kaproro TOB «Uex-2019» 3 texniuaum cynposizom TOB
«Kanouip-I'pynm» BHKOHAHO yKJIaJaHHS YHiBepCcaabHOI TigpoizossiiiiHoi cucremu Comb-Is Ha
npaBiil KpaiiHiii cMy3i [liBneHHOro MoctoBoro nepexonay (Puc.1).

.

a) MiIr0TOBKA MOBEPXHI B) HaHECEHHs OiTyMHO-

MOCTOBOTO TIOJIOTHA MOJU(IKOBaHOI MACTUKH

0) HaHECEHHSI TTOJIIMEPHOTO
npaimepy
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T) YKJIaIaHHS T1ApOoi30IAifHOTO KOMITIO3UTHOTO 1) YKJIaaHHs Ta YKOUSHHS BEPXHBOTO MIapy
apmytodoro matepiary CompoGrid achanbToOeTOHY

Puc.1. BramtyBadHs yHIBepCaabHOI Tifpoizosiiitnoi cuctemu Comb-1S Ha MeTaneBiit opTOTpOMHii
i [TiBIeHHOr0 MOCTOBOTO Mepexoay yepes piduky JHinpo B micti Kuesi

BucHoBxku

PesynpraramMmu JOCHiI)KEHb BCTAHOBJIEHO BHCOKY €(EKTHUBHICTh Ta ICTOTHI IepeBaru
3aCTOCYBAaHHS YHIBEpCAIBbHOI Tipoi3ossiiiHoi cuctemu COmb-IS s rigpoi3ossifii MOCTOBOTrO
MOJIOTHA aBTOJIOPOKHIX MOCTIB.

VYHuiBepcanbHa rigpoizossiiina cucrema Comb-Is mae taki mepeBaru:

- yHIBEpcaJbHE 3aCTOCYBaHHS Ha Oy/1b-KYy OBEPXHIO MOCTOBOTO MOJIOTHA;

- HIBUJIKE Ta e()EKTUBHE YKJIQIaHHS;

- 3abe3neyeHHs e(heKTUBHOI, HAIIMHOT, TOBrOBIYHOI T1APO130JIsI[li MOCTOBOTO TIOJIOTHA;

- JIOBTOBIYHICTb, CTIMKICTB A0 CTapiHHS, 30epeKeHHs eKCIUTyaTallifHUX BIACTUBOCTEN
MPOTATOM JIOBTOTO 4acy;

- Ha/TIHE 3YCTIJICHHS 3 IIOBEPXHEI0 MOCTOBOTO TIOJIOTHA;

- HaJl{HEe 3UeTJICHHS 3 BEPXHIM IIapoM achaibTOOETOHY;

- MOYKJIMBICTB TIPOT31y 1O YKJIaaeHii cuctemi (OymiBenbHa TeXHIKA, CHeiaabHUN
TPaHCIOPT);

- cyMicHa poboTa 3 ac(haabTOOETOHHUM MOKPUTTAM 0€3 pOo3TpiCKyBaHHS PU
KOJIMBAHHSIX OPTOTPOMHOI TUIUTH;

- HU3bKa BapTICTh.

3acTocyBaHHsS yHIBEpPCaabHOI Tifpoizossiiiaoi cuctemun Comb-Is mis  rigpoiszossiii
MOCTOBOTO TIOJIOTHA aBTOJOPOXKHIX MOCTIB TapaHTy€ MiABUIICHY TiIpOi30JIAI0 MOCTOBOTO
MOJIOTHA, MiJBUIIEHY TPIIIMHOCTIMKICTh ac(hanbTOOETOHHOTO MOKPUTTS, BUCOKY JOBTOBIYHICTD
T1APOI30IIALIHHOTO 3aXHUCTY Ta CTIHKICTh A0 CTapiHHS.

B ninomy mMo)kHa 3p0OMTH BHCHOBOK, IO YHIBEpCAIbHY Tipoi3oisiiiHy cucremy Comb-Is
MOXJIMBO 1 JIOIIIBHO 3aCTOCOBYBATH I 3a0€3IME€UEHHsT HAIIAHOI T1APOI30JIsIlii aBTOIOPOKHIX
MOCTIB Ta HUISXOMPOBOMIB 3 3aTI300€TOHHMM MOCTOBHM TOJIOTHOM Ta MOCTOBHUM IOJIOTHOM 3
OpPTOTPOITHOT METAJNIEBOT ITUTH, Y T.4. Ha BAHTOBHUX MOCTaX.
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BILIUB BIOJOBABOK HA AJITE3IMHI BJIACTUBOCTI JOPOYKHIX
BITYMHHUX B’SAKYUYUX

Onvea llonak
Hayionanvnuii ynisepcumem «JIvgiscoka nonimexunikay, Ykpaiuna, m. Jlvéis,
eyn. C. banoepu, 12, 79013, olha.y.poliak@Ipnu.uat

CydacHuil pO3BUTOK JOPOKHBOTO OYIIBHHUIITBA CYNPOBOKYETHCS 3POCTAHHSIM BUMOT JI0
HAJIAHOCTI Ta JOBrOBIYHOCTI achaabTOOETOHHUX MOKPUTTIB. lle moB’s3aHO 31 301IBIICHHIM
TPAHCIOPTHUX HABAaHTaKEHb, IHTEHCHBHICTIO pPyXy Ta BIUIMBOM arpeCMBHUX KJIIMaTHYHHUX
(dakTopiB. OpHi€0O 3 OCHOBHHMX MPUYUH MEPEIYACHOTO PYHHYBaHHS ac(halbTOOETOHY €
HEIOCTaTHS anaresis OITyMHOTO B’SDKYYOro JI0 MiHEpaJIbHUX MaTepialiB, 0cOOJIMBO B yMOBax Aii
BOJIOTH, 1[0 TIPU3BOJIUTH J0 3HMKEHHS BOJIOCTIMKOCTI, BiJIIIApDYBAHHS Ta YTBOPCHHSI KOJIIH.

biomo6aBku 110 OiTyMiB € IEPCHEKTHBHUM HAIPSIMOM MOJU(DIKYBaHHS TOPOKHIX B’ SIKYUHX,
mo Oa3yeThCsi HAa BUKOPUCTAHHI BiJIHOBIIOBAHOI CHUPOBHHHM POCIMHHOTO a00 OiOreHHOTOo
IOXOJKEHHS. IX 3aCTOCYBaHHS CHPSMOBAaHE HA IOKPAIUEHHS eKCILTyaTalillHMX XapaKTepUCTHK
acanbTOOETOHIB, 30KpeMa MIABUINEHHS anare3ii OiTymy 10 MiHepalbHUX MaTepialis,
BOJOCTIHKOCTI, TPIIIMHOCTIMKOCTI Ta CTIMKOCTI A0 cTapiHHSA. Ha BiIMiHy Bia TpaauiiiiHUX
100aBOK HA(TOXIMIYHOTO MOXOPKEHHS, 010/100aBKH XapaKTEpU3YIOThCS HUKYUM €KOJOTIYHUM
BIUTMBOM, OIOpO3KJIAIHICTIO Ta TOTEHLIHHO MEHIIOK BapTICTIO 33 PaXyHOK BHKOPHCTaHHS
JOCTYITHOI CHPOBHMHH, TaKoi SIK POCIHMHHI OJii, )KUPHI KUCIOTH Ta iX MOXiJHI. 3aBASKH HAsIBHOCTI
NOJSIPHUX (PYHKIIOHATBHUX TPYN Y IXHIA CTPYKTYpi, BOHH 3/1aTHI €(EKTUBHO B3aEMOMISTHU SIK 3
OITYMHOIO CTPYKTYpOIO, TaK 1 3 IMOBEPXHEI0 MIHEPAJbHOTO 3alMoBHIOBaYa, (POPMYyHOUYM CTIHKI
MikdasHi 3B’a3ku. Lle 3ymoBItoe 3pocTatounii iHTepec 10 610700aBOK K €KOJOTIYHO Oe3MmedHol
Ta EKOHOMIYHO JIOIIbHOI aNbTEepPHATUBU TPAOUIIHHUM MoaudikaTopaM y JTOpPOKHBOMY
OyIIBHUIITBI.

[lepcrieKTUBHUM HANpsMOM € OJIep’KaHHS aMiJJOaMIHHUX CIOJYK Ha OCHOBI JOCTYIHOI
POCIMHHOI CHpPOBUHH, 30KpeMa piMakoBoi OJiii, 13 BUKOPHUCTAHHSIM IMOJiETUIICHIIONIaMIHY
(ITETTA) sx OaraToyHKI[IOHaJIBHOI'O aMIHHOTO peareHTy. BukopucTaHHsS pinmakoBoi oJii sK
BUXIJTHOT CHUPOBHMHM JI03BOJISi€ 3a0€3MEUUTH BIJHOBJIIOBAHICTh PECYPCHOI 0a3M Ta 3HU3UTHU
co01BapTICTh CHHTE3Y IMOPIBHSAHO 3 OUIBII JOPOTHMH OiomoiiMepaMu abo cCrieliaai3oBaHUMU
pearentamu [1-3].

JUis mpoBesieHHs TOCII)KeHb BUKOPUCTOBYBAIM OKHCHEHHMH JOpOXKHIA HadTOBUI OGiTyM
mapku BHJI 70/100 (ITAT «YkpratHadta», M. KpemMeHuyk), Ta q00aBKH, OJEpKaHI LUIIXOM
aminyBaHHsi cupoi pinakoBoi omii (PO) mnomiermnennomiaminom (ITETTA). Bwmict IIETTA
BapiroBaBca B Mexkax 10, 20, 30 i 40 % mac (APO-1, APO-2, APO-3 ta APO-4 BianoBigHO).
Cuntes mnpoBomunu 3a Temmeparypu 140 °C mporsrom 4 roauH 13 3a0e3MedYeHHSIM
Oe3repepBHOro IMepeMillyBaHHS peakiiiiHol cymiur. Bubip ymMoB mnpoBeAeHHS amigyBaHHS
3yMOBJIeHUN migOopoM BMicTy akTuBHOro kommnoHeHTy (IIEITA), ockinbku HOro BapTiCTh €
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HaWBUIIOK 13  BCIX  KOMIIOHEHTIB  CyMimli, IS  OJep)KaHHS  €(EeKTUBHHX 1
KOHKYPEHTHOCITPOMOXXHUX 010a/Ire3UBiB.

Hanani 3aiticaroBanu MmoaudikyBanus 6itymy (bO) cuntezoBanumu nodaBkamu (APO) y
kinmpkocTi 0,2; 0,4; 0,6 % Mac. Big Macu 0iTyMy 3 METOIO BU3HAYCHHS X ONTHMAIBHOTO BMICTY.
IMpouec mpoBogmmm 3a temmeparypu 150 °C mporsrom 30 XBWIMH TpU MIBHIKOCTI
nepemimryBards 1000 06./xB. Ilicist mboro BU3HAYaIM OCHOBHI (Di3MKO-MEXaHIYHI BIACTHBOCTI
MonuikoBanoro 6iTymy, HaBeneHi B Ta0x. 1.

Taboauusa 1. @izuko-MexaHiyHi BIacTHBOCTI 0iTymMy Moau(ikoBaHOro 6ionodaBkamMu

3HaYeHHS Bumoru 1o

BO+ oiTymy

BO 1 i
APO-1 APO-2 APO-3 APO4 | /100 srimmo
JCTY EN

Bwmict y 6itymi, % mac. 12591:2017

[4] Ta COY
45.2-
00018112-
067:2011 [5]

ITokazuuk

3/

-102(04|06(02|04|06|02]|04|06|02|04]|06

Ienerpanis 3a 25 °C,
1. 78 | 97 | 89|96 9092|9292 |90 | 93|95 | 93 | 96 70-100

JIMM

Temneparypa
2. , 47,8147,0|46,6|46,0(48,0({46,4|45,8|48,2|47,8|47,2|48,6 |44,0|47,4 43-51
po3m’sikiienHs, °C

3YerIroBaHICTh 3
3. | moBepxHEero mEOeH}O, 3 4 |45 5 45| 5 5 145]| 5 5 1451 5 5 >5
OaiB

3YeIIoBaHICTh 3
4, 26,1147,3/61,0|71,2|65,8/85,1|94,2|68,4|86,2|94,8|74,3|94,8|96,9 >75
MOBEPXHEIO CKIIa, %

Pe3ynbratu 1OCHiKEHb MMOKa3ylOTh, 10 TEMIIepaTypa po3M’SKIIEHOCTI MOAM(IKOBAaHUX
OITyMiB 3MIHIOETHCS HE3HAYHOIO MIPOI0 1 3alUIIAETHCS ONM3BKOIO 1O 3HAUYEHb BHUXITHOTO
MmaTepiany. BoaHodac crocTepiraerbcs 3pOCTaHHSA IMOKa3HUKA IEHEeTpauii 3a TeMieparypu
25 °C mnopiBHgHO 3 Hemonu¢pikoBaHuM OitrymoM. lle CBiAUMTH NpPO TIEBHE 3MEHIICHHS
KOPCTKOCTI B’SDKydoro Ta 30epekeHHss a0o TOMIpHE MIABUINEHHS MOTO IUJIACTUYHHUX
BJIACTHUBOCTEM.

Boanouac crnoctepiraeTbCs CyTTEBE MMOKpAUIEHHS aare3iMHUX BJIacCTHUBOCTEH OiTymy,
30KpeMa MOoro 34eIUIIOBaHICTh 3 TTOBEPXHSAMHM MEOEHIO Ta CKJIa, HABITh MPU BBEJICHHI HE3HAYHOI
KibKoCTi f06aBku. Tak, nmpu nonaBanHi no6aBku APO1 y kinbkocti 0,2 % Mac. 34erIroBaHiCTh
3 MIOBEPXHEIO0 CKJIa 3pOCTA€ MPAKTUYHO BJABIYI MOPIBHAHO 3 HEMOAM(IKOBAaHUM B’ skyduMm. Lle
CBIJUUTH TMPO BHCOKY IOBEPXHEBO-aKTUBHY 3JIaTHICTh N00aBKH Ta ii e()eKTHBHICTh HABITH 3a
MiHIMaJbHOT'O BMICTY.




Ha ocHOBi aHami3y CcTymeHs 34YeIUIIOBAHOCTI OITyMy 3 MiHEpAJIbHUMHU MaTepiajlaMH
BH3HAYCHO ONTHMAJIBHUN BMICT 00aBKH, sSIKMI 3a0e3reuye MaKCUMaJdbHUKN aare3idHuil eeKT.
[Tokazano, 1o HaMOLIBIN 1HTEHCHBHE 3pPOCTAaHHS anare3ii BiJOyBaeThCS BXKE IPU BBEACHHI
0,4 % mac. aminoBanoi PO, mopanbiie 30UIbIICHHS BMICTY J00aBKM HE Ja€ MPOMOPLIHHOTO
NPUPOCTY aaresii, aje MiABHUILYE BUTPATH. 3TiAHO €KCIIEPEMEHTAIbHUX JaHHUX, IPU 03yBaHHI
0,4% wmac. cnocTepiraeTbCsi 3pOCTaHHs 3YCIUTIOBAHOCTI 3 MOBEpXHEI0 mebeHo (i O0iTymy
moaudikoBanoro APO-2, APO-3, APO-4) no 5 6aiiB, mo BiANOBITa€ HOPMATUBHUM BUMOTAM.
AHaJsioriuyHO, aaresis g0 ckia 3poctae 3 26,1 % nmo 96 % 3amexkHO Bij BMICTY J00aBKH.
Bignosigno g0 Bumor COY 45.2-00018112-067:2011, anresiiini g00aBKHM ITOBHHHI
3a0e3neyyBatu He MeHIe 75 % 3YEIUTIOBAHOCTI 3 MOBEPXHEK CKJIA, MO0 € KPUTEPiEM IXHBOT
€(EeKTUBHOCTI Ta MPUIATHOCTI JJIsl BAKOPUCTAHHS Y CKJIa/ll OITYMHHUX B’ SDKYUYHX.

Takoxk, Oy70 TIPOBEIEHO MOPIBHSHHS CTYICHS 3YCIIIOBAHOCTI 3 MOBEPXHEIO CKJIa J0 Ta
micast crapiHas 3a merogoM RTFOT mnst BuxigHoro OiTymy Ta OiTyMiB MOAM(iKOBaHUX
ONTUMAaIBHOIO KinbKicTI0 APO — 0,4 % mac. (puc. 1).

100 r
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Puc. 1. 3MiHa 39eIUIFOBAHOCTI 3 MMOBEPXHEIO CKJIA JI0 Ta Ticis crapiHHg 3a metogoM RTFOT

[Ticnst kopotkorpuBanoro crapinas 3a metogoM RTFOT BcranoBieHo, mo OiTymu,
MonuikoBaHi 0iogobaBKaMu, 3arajioM 30epiraroTh BUIL 3HAYEHHS 3YEIUIIOBAHOCTI 31 CKJIOM
MmopiBHAHO 3 BuxigHUM OitymMmoMm bO. BomHowac He Bci 3pa3ku TMOBHICTIO BiJIMOBIIAIOTH
HOPMAaTHUBHUM BHMOTaM, 3TiJTHO 3 SKMMH IICIs CTAapiHHS MOKa3HUK ajresii Ma€e CTAaHOBUTH HE
Mmenmre 60 %. 3okpema, B’ skyue MoaudikoBane APO-4, neMoHCTpye 3Ha4YeHHs aaresii micis
cTapiHHS Ha piBHI 69,2 %, 10 BiAMOBi/1a€ BCTAHOBIEHUM BUMOTaM. BuCOKuil moKa3HUKHU aAresii
micns crapiHHsA Moxke OyTu moB’si3anuid 3 miaBuiieHuM BMicToM [IEITA (40 %), mo crpusie
(dhopMyBaHHIO OLITBIN CTIMNKOT aAre31iHOT B3aEMOII.



Haromicte pesynbratu jius OitymiB, moaudikoBanux APO-2 Ta APO-3, micusa
KOPOTKOTPUBAJIOTO CTapiHHS cTaHOBIATH 54,7 % Ta 56,4 % BignosigHo. Lle cBiguuTh mpo
HEJIOCTaTHIN piBeHb 34erurtoBaHOCTI AaHuX ckianiB micias RTFOT Ta, BinmoBigHO, Mpo iXHIO
oOMeXeHy CTIHKICTh 110 BIUIMBY eKCIUTyaTauiiHuxX ¢akropiB. Taki pe3yiabTatu MOXYTh
MOSICHIOBATHCS 3HIKEHHSM BMICTY aKTUBHOTO KOMIIOHEHTA B CKJIaJi JOOABOK, YHACIHIJIOK YOTO
3MEHIIYETHCS IHTEHCUBHICTD aAre3iiiHOI B3aeMOIii MiXK OITYyMOM 1 MiHEpaITbHOIO TTOBEPXHEIO.

B 3aranpHOMYy OTpHMMaHi pe3ylbTaTH CBiAYaTh TPO JOCTATHRO BHUCOKY IOBEPXHEBY
AKTUBHICTh JIOCITIDKYBAaHMX J00aBOK, SKi 3a0€3MeuyloTh CYTTEBE ITIBUINCHHS aare3iiHoi
B3aeMOJIii MK OITyMOM 1 MiHEpaJbHHMMH MaTepialaMd HaBiTh 3a HE3HAYHOTO iX BMICTY Y
B’SKy4oMy. 3 OIJIAly Ha JOCATHEHHS BHUPAXKEHOro eQeKTy Npu MaluxX J03yBaHHSX,
BUKOPUCTAHHA TaKuX J00aBOK € HE JUIIe TEXHOJOrIYHO JOIUIbHUM, ajle i EeKOHOMIYHO
BUTIHUM PIilICHHSM I 3aCTOCYBaHHS y JOPOKHBOMY OY/iBHUIITBI.
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BYJIKAHI3ALIA KAYUYKY B CEPEJOBULII HA®TOBOI'O I'YIPOHY

IOpiu Ilpucaxcnuuii, Ceamocnae Makcumie

Hayionanovuuit Ynieepcumem «J/Ivgiecoxa nonimexuixa» m.Jlosie 79013,

eyn. C. banoepu 12, yurii.v.prysiazhnyi@Ipnu.ua

EnacTuuHi BNAacTHBOCTI JMOpPOXKHIX OITYMIB € OJHHM i3 KIIOYOBUX YHMHHHUKIB, IO
BHU3HAYAIOTh JOBTOBIYHICTh ac(albTOOCTOHHUX MOKPHUTTIB, OCOOJMBO B YMOBax 3HAYHHUX
TEeMIEepaTypHUX KOJIMBaHb 1 3pOCTAlOYMX TPAHCIOPTHUX HABAHTAKEHb. TpaaulliiiHI IOpPOXKHI
OKHCHEH1 OITyMH XapaKTepu3yIOThCs OOMEKEHOI0 3AaTHICTIO JI0 MPYKHO-B’SA3K01 nedopmarii: 3a
HU3BKHAX TEMIIEpaTyp BOHU CTAlOTh KPUXKUMH Ta CXWJIBHHUMH J0 TPIIIMHOYTBOPEHHS, a 3a
BHUCOKHX — HaJMIPHO PO3M SKIIYIOTHCS, M0 MPU3BOIUTH 10 KomiiHocti [1]. Taki Hemomiku
3YMOBIIIOIOTh HEOOXITHICTh MOAM(IKYBaHHS OITyMiB 13 METOIO MIABHUILEHHS IX eKCIUTyaTal[iiiHuX
XapaKTEPUCTHK, 30KpeMa, €aCTHIHOCTI [2].

ABTOpPH BUBYAIOTH MOXJIUBICTH OJICPYKAHHS €NACTUYHHX OITYMHHX MarepialiB METOIAOM
ByJIKaHi3allii KaydyKy B cepefoBulll HadTOBOI cHpoBHHHU. IIpoBeneHi IOCTi/KEHHS 3
BUKOPHUCTaHHSAM OKHCHEHOTO JOPOKHBOTO HapTOBOro OITyMy IOKa3aiu, IO el METOJl € JIEBUM
1 3a0e3neuye CyTTe€Be MIABHMILEHHS €JaCTUYHOCTI B’SDKy4Oro Marepiaidy, 30KpeMa Jae 3MOry
JOCATTH BUMOT HOPMaTUBHOI'O JJOKYMEHTY [3].

OnHak MOYHA MPUITYCTUTH, IO BUKOPHCTAHHS OKMCHEHOTO OITYyMy SIK CepelIOBHINA, SKE
XapaKTepU3Y€eThCSl BUCOKOIO BIOPSIKOBAHICTIO AUCIIEPCHOI CUCTEMHU (Ac(allbTeHH-CMOJIU-OIUBH)
Ta OOMEXEHOIO 3JIaTHICTIO 0 CTPYKTYPHUX 3MiH, HE 3a0e3ledyye MOBHOILIHHOI CTPYKTYpHOT
B3a€EMO/IIT MK MOJIMEPHOIO (KaydyKOBOK) Ta OITyMHOIO (ha3amu, 1110, CBOEIO YEProro, 0OMexye
e(eKTUBHICTh (hOpMYBaHHS CTaOLILHOI CHCTEMH (IPOCTOPOBOI CITKH).

Tomy JOriyHUM 1 HayKOBO OOIPYHTOBAHUM € JOCHIIKEHHS aJbTEPHATUBHOTO MIAXONY —
IIPOBE/ICHHS BYJIKaHI3allll KayuyKy HE B CEpeJOBUIIl BXe C()OPMOBAHOTO OKUCHEHOI'0 OITyMy, a B
cepeoBuIlll HaQTOBOrO TYAPOHY SIK MPOAYKTY, IO B Tpolieci mepepoOku HadTH HE 3a3HaB
CYTTEBHX 3MiH XIMIYHOTO CKJIAJy Ta CTPYKTYpU. BHKOpPHCTAaHHS TaKOTO THUITy CHPOBHHH MOXE
CIpUATH OUTBII PIBHOMIPHOMY JUCIIEPTYBaHHIO KaydyKy, 1HTeHCH(IKalii MIXMOJIEKYJISIpHOi
B3a€MOJIIi 3 KOMIIOHEHTaMH TYJIpOHY B Ipoleci BylKaHi3awii Ta (OpMyBaHHIO CTPYKTYPHHUX
€JIeMEHTIB, 1[0 30epiraTUMyTh CBOIO CTAOUIBHICTH TiJ 4Yac TMOJAJbIIOro 30epiraHHs Ta
eKCIUTyaTallii OTpUMaHOTO POAYKTY, a TAKOXK, 32 MOTPEOU, HOTO MOAATHIIOTO OKUCHEHHSI.

Jlist 1ocipKeHb BUKOPHCTOBYBAJIM:

- HaroBuil ryapoH (BupobHuk - [TAT «YkpratHadran, M. Kpemenuyk, Ykpaina, 2025 p.),
HMOT0 XapaKTEePUCTUKN HaBeIeHI B Ta0. 1;

- SGR-SKIM kayuyk (BupobOHuKk — «Grupo Agroindustrial Occidente», ['Batemana, 2024 p.),
HOro XxapakTepuCTUKH HaBe/IEH1 B Ta0II. 2;

- OCa/KEHY CIpKY 3 MacOBOIO YaCTKOIO OCHOBHOI pedoBUHU 99,9 % mac. (BynkaHi3yrouui
areHT);

- OKCHJ IHMHKY 3 MacOBOIO YacTKOIO OCHOBHOI pedoBMHH >99.7 % wmac. (akTuBarop
BYyJIKaHi3allii);
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- KCUJI0J1 (PO3YMHHHUK/PO3PIKYBAY KAydyKy).

Tabamus 1. XapakTepucTHKHA HAPTOBOTO ryIpOHY

No 3/m [Toxaznuk 3HaueHHs
1 | Temmeparypa po3M’SIKIIIEHHS 3a KijJblleM 1 Kyiero, °C 39,8
2 | Menerpauis 3a Temneparypu 25 °C, m-10™ (0,1 mm) 258
3 | dyxrumsricTs 3a Temmepatypu 25 °C, M-107 (cm) 52
4 Enactuunicts 3a Temneparypu 25 °C, % 24

Tabaununs 2. XapakTepUCTHKH KayqyKy

Ne 3/m [ToxazHuk 3HaueHH
1 BMicT MexaHIYHMX JOMIIIOK (3aJIMIIOK ITiCIIs MPOCitoBaHHs Ha cuTi 45 MkMm), % Mac. 0,02
2 3ompHicTh, % Mac. 0,94
3 | Bwmicr neTkux pe4oBuHH, Yo Mac. 0,70
4 [TouaTkoBa MIACTHYHICTH 27
5 [Hnekc 30epexeHHs aCTUIHOCTI 57
6 | B’sskicte Mynest ipu 100 °C 65

BynkaHnizanito Kaydyky B CepeJOBHIII Ha(TOBOIO TYAPOHY 3AIHCHIOBAIM 3a TaKOO
METOAMKOW. B €eMHICTh moMmimaiv 3ajJaHy KUIBKICTh KaydyKy, IOMNEpeIHbO MOJpiOHEHOro
(bp. 1-3 mm). Jlo HBOTO [OAAaBAIM PO3YMHHUK (KIIBKICTH — JOCTaTHS [JIsi MPUTOTYBAaHHS
TOMOT€HHOT cyMill). KOMIOHEHTH 1HTEHCUBHO NEpEMIITyBaIi 32 HE3HAUHOTo HarpiBaHHA (10 50
70 °C) no yTBOpeHHS OAHOPiNHOI cymimi. IlapanenbHO 3 pO3UMHEHHAM KaydyyKy B OKpeMii
€MHOCTI HarpiBajli HEOOXiJHY KUIBKICTb TYJIpOHY 10 TeMIepaTypu, ska 3abe3rneuyBaja Horo
pyxomuii ctaH (120-130 °C). /o Harpitoro ryJIpoHy [I0JaBajli PO3YUH Kayuyyky. OTpumany
CYMIII TEpPEeMINIyIoYd TOMOIEHI3yBalIM 1 JOBOAMIM JI0 TeMIeparypu Byikadizamii. [am pgo
CyMillll T0JIaBaJId 3aJaHy KUIbKICTh BYJIKaHI3ylHOUOTO areHTa i akTUBaTopa ByJKaHizawli (cipka i
OKCHJy IMHKY BiAMOBiHO). DIKCYBaIM yac MOYaTKy BYJIKaHi3allii, Ky 311HCHIOBAIN MPOTITOM
3alaHO0i  TPUBAJOCTI TMpU IHTEHCHUBHOMY IME€peMilllyBaHHI. 3a TeMIepaTypu IMpolecy
CTIOCTEPITaJIOCh BUKUIIAHHSA PO3YMHHUKA. BWIIyueHHs! HOTO 3aJMIIKIB 3 OTPUMAHOTO TPOIYKTY
3MiMCHIOBaNIM Y BakyyMHi# madi (temnepatypa — 120 °C, tuck — < 20 MM.pT.CT., TPUBAIICTh — 5
roju).

YMoBU ByJIKaHi3allii HaBeneHi B Ta0. 3.




Ta6auus 3. YMoBH ByJaKaHizauii

Ne 3/m [NoxazHuk 3HavYeHHS
1 | Temmeparypa, °C 150
2 | TpuBamicTs, XB. 60
3 Tuck, Mlla At™
4 | KinpkicTh KaydyKy, % Mac. Ha I'YApOH 2,0
5 KimpkicTs Bynkani3ytodoro arerra (cipku), % Mac. Ha TYApOH 1,0
6 KinpkicTs akTHBaTOpa By/KaHi3alli (OKCHAy IIUHKY), %0 Mac. Ha TYapOH 1,0

Jlns TyApoHy micis ByJKaHi3allli BHU3HAYaIM SIKICHI XapaKTEPHCTUKH, SKi JJO3BOJIMIIH
3pOOUTH BUCHOBOK MO 3MiHY HOTO BIACTUBOCTEH, 30KpeMa, enacTuaHocTi. OTpruMaHi pe3ylibTaTH
HaBeJneHl B Ta0. 4.

Ta6auus 4. XapakTepucTuku Kayuyk-Mmoaudikoanoro ryapony (KMI')

Ne 3/m [Nokazuuk 3HaveHHs
1 | Temmeparypa po3M’SIKIIEHHS 3a KijbleM 1 Kyinero, °C 40,8
2 | Menerpauis 3a Temneparypu 25 °C, m-10™ (0,1 mm) 269
3 | Dyxrunsricts 3a Temnepatypu 25 °C, m-107 (cm) 38
4 | Enactuunicts 3a Temneparypu 25 °C, % 40

3 orpuMaHuX AaHuX (Tabia. 4) BUIHO, IO B PE3yNIbTaTi ByJIKaHI3allil KaydyyKy B CEpeJOBHUIII
HapTOBOTO TYAPOHY €NACTHYHICTh OTPUMAHOTO MPOAYKTY, MOPIBHSHO 3 BHUXIJIHUM TYAPOHOM,
30impimnace Ha 16 %, mo craHoBUTH 66,7 % BiJg MOYATKOBOI €MaCTHYHOCTI cUpOBUHH (24 %).
MoxHa NpUIYCTUTH, IO MICHA BYJIKaHi3allii CTPYKTypa KaydyK-MOJIM(IKOBAHOI'O TYyApPOHY
XapaKTepU3yeThCs MIABUILIEHOK BIOPSAKOBAHICTIO 3 OUIBII BUPAXEHOK €JIaCTUYHO-TIPYKHOIO
CITKOIO. 3aKOHOMIpPHO, IO 31 30UIBIIEHHSM €JaCTUYHOCTI JCIIO MIJBUIIUIOCH 3HAYCHHS
MOKa3HUKa TeMIepaTypu pPO3M SKIIEHHS 1 3MEHIIWIOCh 3HAYEHHS MOKa3HMKa TYKTUJIBHOCTI
(po3TspxHOCTI). Taki 3MiHM NOB’s13aH1, IMOBIPHO, 3 THM, 10 BHACIIJOK CTPYKTYPHUX MEPETBOPEHD
HaTOBOI CHPOBUHHU, SIKI BIAOYJIMCS MM 4Yac BYyJIKaHI3aIlll KaydyKy B ii cepeloBHII, YTBOpPEHA
CHUCTEMA «KAayYyK-TYAPOH» XapaKTepPU3YEThCA IMIJABUIICHOI >KOPCTKICTIO TIpH 30UIBIICHHI
TeMIepaTypy, BOHa Ha0yBa€e OUIbII CTa0LIbHOT MPOCTOPOBO-3IIUTOI CTPYKTYPH.

ITpu oMy, MOXKHA MPUITYCTUTH, 110 3pocTaHHs neHetpaiii KMI' noB’s3aHe 3 HEMOBHUM
BIJIYYCHHSI PO3UYMHHHUKA ITCJIS TPOLECY BYJKaHI3aIlli, 10 MPHU3BEIO A0 JEIKOTO PO3PIIKEHHS
Kay4yK-MO/I1(P1KOBAHOTO T'YJPOHY.
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EJEKTPOXIMIYHI ACHHEKTU TA MEXAHI3M 3AXUCHOI I[II
OPTAHIYHUX IHI'TBITOPIB KOPO3II CTAJII
Onekcanop Pomanuyk, Illempo Toninonuysvkuii
Hayionanvnuu ynieepcumem “‘Jlvgiecvka nonimexuixka”,
eyn. C. banoepu, 12, Jlvsis 79013, Vrpaina, petro.i.topilnytskyi@Ilpnu.ua

3a I0MOMOTror0 MOJSPU3aLIHHNUX JociimKkeHs y cepenoBuili 0,1 M xmopuaHoi KucinoTu Oyjo BUSBICHO, IO
JOJaBaHHSA 1HT10ITOPIB KOPO3ii OpPraHiyHOTO MOXOHKEHHS A0 KOPO3iHHOTO CepeqOBHINa 3MIIly€e MOTEHIIial J0 OiIbIT
MMO3UTHBHUX 3HAYEHBb, TOOTO peakmii pO3YMHEHHS 3alliza TajdbMyIoThcs. KpiM Toro, 3MiHa TagereBChKAX HaXWITiB
CBIJTUUTH MPO TE, IO 3a THUIIOM JIii IHTI0ITOPH HAJIEKATH O 3MINIAHOTO TUITY 3 MEPEBAXKHUM raJIbMyBaHHIM aHOIHOTO
nporuecy.

Kuro4oBi ciioBa: xopo3is, exosoriuHi iHridiTopn Kopo3ii, Kopo3is B HaQTOra3oBii MPOMHCIOBOCTI.

3riqHO 3 aHaNTI30M HAYKOBOi JITEpaTypH, po3poOKa IHTIOITOPHMX KOMITO3MIIH Ha OCHOBI
OpraHiYHUX CHOJNYK Yy IO€JHAHHI 3 HITPOr€HBMICHUMH KOMIIOHEHTAMH € OJHUM 13 HaWOUIbII
MEPCIEKTHBHUX HANpPSMIB MMPOTHKOPO3IMHOIO 3aXMCTy ByIieneBux craieil. [lonpu 3HauHy KUIBKICTH
PO3pO0OK, MUTAHHS KIHETHKH ENEKTPOJHHMX IPOIECIB Yy MPUCYTHOCTI TAKUX CIIONYK 3alTUIIAE€THCS
akTyaibHUM. MeToro 11i€i poOOTH € JeTajabHe BUBYCHHS MEXaHI3MY 3aXHMCHOI JIii HOBHX iHTIOITOpIB,
30KpeMa iXHhOrO BIUIMBY Ha MapliiajibHi aHOAHI Ta KaTOAHI peakilii, 3a JOMOMOTOI0 METOJiB
€JIEKTPOXIMIYHOT MOJISIpU3aIIii.

OO6’exTaMu TOCHIKEHHsI CIIYTYBAIlM paHillle CHHTE30BaHi 1HriOITOpH KOpo3ii Ha OCHOBI BUIIMX
mcTuboBaHKX SkKUpHUX KucioT (B/DKK) Ta aminiB — mieranonaminy (EA) 1 miaminoerany (J1AE)
[1-2]. Ximizm oTpumanHs iHribiTOpiB Oa3yBaBcs Ha peakitii B3aemoii BIIKK i3 miamiHoeTaHOM, 1110
3YMOBITIOBAJIO yTBOPEHHS MOHO- Ta amsamimieHux erwiamigie (M3EA Tta [[3EA), a Takox i3
JieTaHOJaMIHOM, TPOMYKTOM peakuii 3 SKUM OyB IUTIIPOKCHUETUIIAMIJ] BUIIMX >KUPHHUX KHUCIOT
(ATEA). ns nopiBHIBHOI OLIHKK e()eKTHBHOCTI BUKOPUCTOBYBAJIM IPOMHUCIIOBHH iHTi0iTOp Dodigen
(Clariant AG, [ IBetirapist), AiF0Y0K PEYOBUHOIO SIKOTO € aMi1 MoJliaMiHHA()TEeHOBUX KHUCIOT [3].

EnexTpoximMiuHi BUMIPIOBaHHS TMPOBOJWIM METOJOM IOTEHIIOAWHAMIYHOI MOJspU3aii 3
BUKOPHCTAHHSAM BHMIPIOBAIBHOTO KOMIUIEKCYy Solartron (enexktpoximiunuii iHTepdeiic 1286 Ta
aHaII3aTOp YaCTOTHUX XapakTtepuctuk 1255). JlocmimpkeHHs 3aiiicHioBanM 3a temreparypu 28 °C y
CTaHJApPTHIN TpHeneKkTpoaHid komipii. PoOoumii enextpox i3 ByreneBoi cram (S = 0,27 cm?)
MO3UIIIOHYBAJIM BIIHOCHO HACHUYEHOTO KAJIOMEIBHOTO €JIEKTPOa MOPIBHSAHHA uepe3 Kamuip JlyriHa;
JIOTIOMDKHUM €JIEKTPOZIOM CIYTyBajla IJIATHHOBA CiTKA. SIK arpecuBHE CepefOBHIIE BUKOPHUCTOBYBAIU
po3uuH 0,1 M HCI 13 Bmicrom 0,27 M Gyranony. KonrenTpattist iHri0ITOpiB y po3unHi ctaHoBuia 50
ppm.

JInsl TOpIBHSUIBHOI OIJIHKM 3aXMCHHUX BJIACTMBOCTEH Oyn0 0OpaHO HpOMMCIIOBHM 1HTIOITOp
Dodigen (Clariant AG, [1IBefitiapisi), aKTHBHOIO OCHOBOIO SIKOTO € aMiJi MoJliaMiHHAQTEHOBUX KHUCIIOT.
MexaHi3M Aii JOCTKyBaHUX 1HTIOITOPIB 0a3yeThcs HA 3MiHI KIHETUKU €IEKTPOIHMX IMPOIIECIB, IO
CTIPUYUHSIE TIOJSIPU3AIII0 AHOJHUX Ta KATOJHUX JUITHOK TIOBEPXHI METaTy. 3MIIIEHHS MOTEHIATY
KaTolla y BII'€MHY OOJIACTh TOSICHIOEThCS HAKOMUYEHHSM HAIIHMIIKOBUX €JIEKTPOHIB YHACHTIZOK
VIOBUIBHEHHSI 1X B3a€EMOJII 3 KAaTOJHUMH Jernosspu3aropamu. HaToMicTh 3MIIIEHHS aHOIHOTO
MOTEHIIaTy B TO3UTUBHUM OIK 3yMOBJICHE 3pPOCTaHHAM KOHLIEHTpalii KaTIOHIB MeTany Yy
TIPUEIEKTPOTHOMY IIIapi, 10 BKa3ye Ha ralbMyBaHHS aHOHOTO PO3YNHEHHS .

BianoBinmHo 10 XapakTepy BIUIMBY Ha EIEKTPOXIMIUHI CTajii, 1HTIOITOpH KIacU(DIKYIOTh Ha
KaTOHI — TaKi, M0 TMEPEeBXHO JIMITYIOTh IIBUJIKICTh KATOJHHWX PEaKIlii; aHOMHI — IO
CIIOBUIBHIOIOTh AHOJIHI MPOLIECH; 3MIIIIaHOI il — 3/1aTHI OJHOYACHO BIUIMBATH HA OOMJIBI MapIiiaibHi
peaxiii.



AHaniz noiApu3aLifHUX JiarpaMm Ja€ 3MOry ieHTH(]IKyBaTH BIUIMB CHOJYK Ha MEXaHI3M
Kopo3siitHoro mporiecy. I[lapanensHuii 3cyB TaemiBCbKUX TNPSMHX CBIUIYMTH TIPO  aAcopOlLiiitHe
OJIOKYBaHHS ITOBEPXHI Ta 3MEHILIEHHS IBUIKOCTI peakiiii 6e3 3MiHM IXHROro MeXaHizMy. 3MiHa HAXUITY
TadeNBChKUX 3ICKHOCTEH BKa3zye Ha TpaHC(OpMAIlI0 KIHETUYHUX MapaMeTpiB 1 Oe3mocepemHii
BIUTUB IHTI0ITOpa HA CTAIHHICTD €JICKTPOTHOTO TIPOLIECY.

BcranoBiieHo, 1m0 KOpO31HHMNA MOTEHIIAT Y PO3YMHI COJITHOI KUCIOTH craHoBuB -0,56 B. ¥V
MPUCYTHOCTI 1HTI0ITOPIB criocTepiranocs Horo 3poctanss: mist Dodigen— npubmisao Ha 0,04 B i cTas
-0,519 B, mst M3EA— na 0,03 B i craB -0,521, g A3EA ta II'EA — npubmuzno Ha 0,06 B.
[NopiBHsUTEHUI aHATI3 HABEACHHUX JIAHUX CBITYUTH, IO BBEJCHHS 1HTIOITOPIB Y KOPO3iliHE CepeIOBHUIIEC
3YMOBJIIOE€ 3MIIIEHHS TMOTEHIlialy B OIK OUIbII JONATHUX 3HAY€Hb, 110, WMOBIPHO, TIOB’S3aHO 3
YIOBUTBHEHHSIM MPOLIECY aHOHOTO PO3YMHEHHS 3a1i3a.

Y kouTponpHOMY cepenosuil (Bomuuii pozunH HCl 3 pomaBanHsM 1-OyraHony) rycThHa
KoposiiiHoro crpymy craHoBmia 0,23 mMA/cm? e cBiqUuTh TPO IHTEHCUBHHMIN Tiepedir MpoIeciB
PO3YMHEHHS 3aj1i3a 3a BIICYTHOCTI 3aXMCHHUX areHTiB. BBeneHHs iHTiOiTOpiB y KOHLEHTpalli 50 ppm
NPU3BOJIMTH IO 3HAYHOTO, 0araTopa3oBOrO 3HIDKEHHS [HOTO TOKAa3HUKA, M0 € MPSIMHM JIOKa30M
e(eKTUBHOrO TalbMyBaHHS KOpo3ii. KUIbKiCHI pe3yabTaTé po3MOAUTIINCS HACTYITHUM YMHOM: TPU
JoaBaHHI KomepiiiiHoro iHridiTopa Dodigen ryctmHa ctpymy sHm3miacs g0 0,06 MA/cM?, 1o
eKBIBAJICHTHO e(heKTUBHOCTI 1HriOyBaHHs Onm3bko 74%. s crionyku M3EA 3adikcoBaHO 3HaueHHS
0,08 MA/cM?, 110 € neno MeHI epeKTUBHUM pe3yinbTaTtoM (Onmi3bpko 65% 3axwucry). Iaribitop A3EA
MIPOJICMOHCTPYBAB Kpallli MOKa3HUKH: 3HaYE€HHS KOPO3IMHOro cTpymy 3MeHmmioch 1o 0,04 MA/cm?,
3a0e3reuyroun eeKTHBHICTh 3aXUCTy Ha piBHI Omu3bko 83%. HaiiBummii cTymiHb 3aXHCTy Ta,
BIIMIOBIIHO, HAWHIDKYY TYCTHHY Kopo3iitHoro crpymy 0,03 MA/cMm? OyIio JOCSTHYTO MPU BUKOPUCTaHH1
crionyku JIIEA. EdextuBHicTs 11p0T0 iHTIOITOpa TIEpeBHITYE 87%, 110 MATBEPIDKYE HOrO TOTEHITiaN
SIK BUCOKOE(DEKTHBHOTO 3aXHCHOTO peareHTa.

Haxwn npsimoi Tadens mist anoauoi peakii st JIIEA, JI3EA i Dodigen BiImoBiTHO CTaHOBJISATH
40; 42 1 39, a nns xoposiitHoro cepenoBuia (HCI + 1 6yranon) — 74. To6To 3MiHA KyTa HAXWITY IPSIMOT
Tadenst cranoBunma 1,8 pasu, MO BKa3zye HAa 3HAUYHUM BIUIMB JOCIHIIKyBaHUX 1HTIOITOPIB Ha
raJlbMyBaHHSl aHOJTHHMX peakiliii po3urHeHHs 3aji3a. Monayne Haxuiny npsiMoi Tadens mis kaTtoaHol
peakuii it JAEA, JI3EA 1 Dodigen BimmoBimHo ctanoBuB 92; 89 Ta 80, a it KOpO3iMHOTO
cepenosuia (HCI + 1 Gyranon) — 118, To6to kyt Haxuity npsamoi Taderns 3minioBascs B 1,2 pasu. Lle
CBITUUTH IIPO BIUIMB JIOCHKYBAaHUX IHTIOITOPIB 1 HA KaroaHy peakmito. Omxke, cnonyku /II'EA Tta
JI3EA 3a TumoMm cBO€i i HajexaTh 70 1Hr10ITOPIB 3MILIAHOTO THUITY 3 MEPEBAXKHUM TalbMYBaHHIM
AHOJTHOTO TIPOIIECY.

IHri6iTop Ha ocHOBI iIMIOPTHOI cupoBHHU Dodigen MposiBUB BUCOKY 3aXMCHY 3[aTHICTb, IPOTE
cunre3oBani JI['EA Tta JIBEA mamm Bunmii 3axucHuii edekr — 87,3 T1a 82,7 % BiANOBIAHO.
Cunre3oBanuii iHr16iTop M3EA BHsIBUIacs HaliMeHIN epEKTUBHUM, TEMOHCTPYIOYH JIMILE HE3HAUHUI
IHriOyrouni BIUIMB SIK Ha AHOJHY, TaK 1 Ha KaTOAHY peakuii, 10 pPOOUTh HOro BUKOPUCTaHHS
HEJIOITFHAM Y TIOPIBHSHHI 3 1HIITMMU aHAJIOTaMU.
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KUCJIOTHI YAUCJIA TA MAPKA PG JOPOXHIX BITYMIB I3 PI3BHUX
HAO®T

HOpiu Cioyn L Onena Acmaxoea®, lanuin K'y/zilcoel, Apomup Bapanoeult1

1Haui0HaﬂbHuL7 yHisepcumem «JIvsiscoka nonimexuixa, Yxpaina, m. Jlvsis, eyn. C. banoepu,
12, 79013, yurii.v.sidun@Ilpnu.ua

KucnorHe 4yuciao BITHOCHTHCS 10 TMOKA3HHWKIB HAMIMHOCTI OITyMy Ta XapakTEepU3YE TaKy
HOro BIIACTUBICTh, K MOJISAPHICTH. [IOHATTS KUCIOTHHMX 4Yucel OiTyMiB B TEXHIYHHX YMOBax
JIOPOKHBO-Oy/IIBENIbHOT HOpMAaTUBHOI 0a3zu Ykpainu ta HOopmax EN Bincythi [1-4]. Jlume B
yKpaiHcbKOMYy cTaHmapti [5] 3raayroTbesi KHCIOTHI umciaa OiTyMmiB, ajie HEOOXIAHICTh IX
BU3HA4YEHHS Ul OTpeO JOPOKHBOTO OYIIBHUIITBA HE periaaMeHTyeThes. Lle € npobiemoro, amxe
SIK OMHUCaHO B [6-7] onTuManbHUME OITyMaMu JUIsS KaTIOHHUX OITYMHHX €MYJIbCIH € Ti, [0 MalOTh
BHCOKI KHCIJIOTHI YHCJIa, OCOOJIMBO II€ MUTAHHS € TOCTPUM IS IIApy 3HOCY 13 JIUTHX eMYJIbCIHHO-
MmiHepanbHux cymimei (JIEMC, Slurry Surfacing), amke BUCOKO KHCIIOTHI B’SDKyYl JJIs1 LIbOTO
MOKPUBY 3a0€3MeUy0Th 00 TEXHOJOTIYHICTh (MOXKIIUBICTH BUTOTOBJICHHSI CyMIIIi Ha 10po3i 0e3
npoOJeM Ta MIBHIKE BIAKPHUTTS PyXy IO TOKPHBI) Ta JOBTOBIYHICTH 32 PaxyHOK BiIMiHHO{
3HOCOCTIHKOCTI. ToMy MeTOI0 JOCHTiKeHHs, OyJI0 TMPOBECTH MOHITOPUHT OITYMHHX B SDKYYHX
PI3HOTO MOXO/KEHHSI BUTOTOBJICHUX 3 Pi3HUX Ha(T. BiAmoBigHO 3aBHaHHSIM OCIITKEHHS OyIo
BCTAHOBUTH KHUCIIOTHI yucia Ta Mmapky Oitymy PG 3a cucremoro SUPERPAVE (CIHA) nns
pi3Hux B’spKkyunx (Tab.1). Ananmis Tabn.1 Bkasye Ha Te 110, IO KUCIOTHI Yncia OiTyMiB KOMITaHi1
Nynas konuBaroTbes B Aiana3oi 3,5- 4,6 mr KOH/r, mo y3romkyerbes i3 nanumu [8] (6sm3bko
4,0 mr KOH/1).

Takox anani3 tabn. 1 miaTBep/pKye, Mo OITyMu 3 Jerkoi HadTH, K BITUM3HAHI, Tak 1 3a
KOPJIOHHI XapaKTEepU3YIOThCS HU3BKUMHU KHCIOTHUMHU uyuciamu, MeHme 1,0 mr KOH/T.
XapaktepHuM €, mo ykpaincbkuil 0itym BHJ[ 70/100 TTIAT «YkpraTtHadTa» BUTOTOBICHHUH 3a
TEXHOJIOTIEI0 «BAXKKOT0» OKHUCHEHHS JIEMOHCTpYyE HaMBMIE KHUCIOTHE YHUCIO Cepel BCiX
nociipkeHux O0iTymiB. Lle Moxxe OyTH CripHUMHEHE caMe TEeXHOJOTi€l NepepoOKH T'yapoHy, 110
MiATBEPKYETHCS HMYKYUM KHCIOTHUM YHCIIOM TYAPOHY 3 SKOTO BUTOTOBIISUTH el Oitym. Came
JUIs 1€l Ul 1 BU3HAYQJIM KHUCJIOTHE 4Mciao rynpony (cupoBunu mis BHJL 70/100 ITAT
«YkpratHapta ). 3a mamumu [9-11] B 130/200 AT «VYkprasBuaoOyBaHHs» IIe came
TUCTUIIALIMHUN OITYM BUTOTOBIEHUH 3 BaxKoi HadTH, ane HOro KUCIOTHE YHUCIO € 3HAYHO
MeHie HiK OiTymiB komnaHii NYNAS. Ile niarBepmkye Te3y, M0 BaXJIMBO PO3PI3ZHATU OITYM 13
Hadt, Oaratux HAPTEHOBUMH BYIVIEBOJHSIMH (IL[UKIOAJKaHamu), Ta OITyM 13 HadT 13
MiJBUIIEHUM BMICTOM Ha(TEHOBHX KHCIOT, (POpPMYBaHHS SKHX 3YMOBIJIEHE OCOOIMBOCTSIMHU
reoximMivyHoi icTopii HaTH, 30Kpema mporecamu O6ioerpaaaii Ta HEHOBHOT TEPMIYHOT 3PIJIOCTI.

3rigHo 3 Taby.l MPOCTEXKYETHCA TAKOXK 3aJE€KHICTh MK KIACHYHUM MapKyBaHHSAM 3a
MEHETPAIlI€0, M0 € XapaKTEePUCTKOI TBepHocTi Oitymy Ta PG, ske BU3HAYa€ KOMIIJIEKCHY
peoJIOTiYHY OIIiHKY OiTyMy. 3arajoM mpsMoi MaTeMaTHuHOi (GOpMylH Ajs NepepaxyHKy He
iCHye, MDK LHMMM CHCTEMaMH OI[iHKM OITyMmiB, aje BIACTEeXYyeTbCs (i3udyHA KOpEALis.
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3anexHICTh MK TOKa3HUKOM TeHeTpamii Ta kimacudikamiero PG momnsrae y tpancdopmaririi
OIIIHKM KOHCHCTEHIIII B’SDKY4Oro y HMOro TeMIlepaTypHy CTIHKICTh: I HE MOAM(IKOBAHHUX
0iTyMiB 3HMXEHHS MeHeTpaii (MiABUIEHHS TBEPAOCTI) 3aKOHOMIPHO IiJIBUIIyE BEPXHIO MEXY
eKCIUTyaTalliiHuX TeMieparyp (CTIMKICTh M0 KOJIIEYTBOPEHHS ), ajieé BOAHOYAC 3MIIy€e HUKHIO

MEXy B 30HY BHIIMX TEMIlepaTyp, MiJBHUILYIOYHM PU3UK  HHU3BKOTEMIIEPATYpHOTO

PO3TPICKYBaHHS.

Taoauus 1. KuciorHi yncia ta PG 0iTyMHHUX B’ SIaKyYMX

[ToxomkeHHs Ta MapKa OITyMy Kucnorue uncino, mr KOH/r

PG

Jucmunayitinuii nagpmernosuil 3 8adxicKoi 6eHecyenbCobKoi Haghmu i3 nioguUUeHUM 8MICTOM HApmeHo8ux

Kuciom
NYNAS 50/70 3,5 PG 64-22
NYNAS 70/100 3,6 PG 58-22
NYNAS 100/150 3,6 PG 52-28
Nybit E 85 4,6 PG 58-22
Nybit E 190 4,3 PG 46-34
13 nezkoi 3akopoonHoi Haghmu
Orlen 70/100 JIutBa 0,2
PG 58-22
Orlen 70/100 ITonbiia 0,2
Orlen 50/70 ITonbma 0,2
50/70 Shell Himeunna 0,8 PG 64-22
50/70 Motor Oil I'peris 0,4
I3 cymiwent neekux GiMUUIHAHUX HADM
BH/JI 70/100 ITAT «YkpratHadTa 0,9 PG 58-22
I'yapon (cuposuna aiig BHJL 70/100 TIAT 0,4
*
«YxprartHadTa ) )
13 aoickoi’ eimuusHaHOI (opxouybKoi) Hagpmu
b1 130/200 AT «Ykpra3sunoOyBaHHs» 0,6 PG 52-28

*/[na 2yOpoHy u3HaUANU AUe KUCTIOMHe YUCTO, K cuposutu 01 ompumanus BHI] 70/100

AT « Ykpmamuagpmany.

Moaska. [Jocnimxenns 6yno npoginaHcoBaHO MiHICTEpCTBOM OCBITH 1 HAYKH Y KpaiHu 3a
HAyKOBO-OCHIIHOIO poOoToto: IHHOBaliliHI MeToauM MOAM(DIKYBaHHS JOPOXKHIX OITYMHHX




MaTepialiB eMOKCUIOBAHUMHU CIIOJIYKAMHU OJICP)KaHUMHU 3 BIANPAIbOBAHUX POCIMHHUX OJIH
(Hdep>xaBuuii peectpariitauii Homep: 0126U000748).
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TEXHOJIOI'TYHI ACIIEKTHU TA HEPCIIEKTUBU ITEPEPOBKH
BAXKKHUX BUCOKOCIPYUCTUX HADPT
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®Di3UKO-XIMIYHI BJIACTMBOCTI HA(TH, TakKi SIK T'YCTHHA, B S3KICTh, (pakIiMHHA CKIaa, a
TaKOXX BMICT CipKH, cMOJl Ta mapadiHiB, € (yHIAMEHTAIBHUMH YWHHUKAMH, 110 BU3HAYaIOTh
CTparteriro ii MOoAaIbIIOl MEepPepoOKH Ta SKICHI XapaKTEPUCTHUKH KIHIEBHX HAPTONMPOMYKTIB.
Icropruno HadromepepoOHa ramy3sp XX CTONITTS Opi€HTyBanacs Ha «KIACHYHY» CHPOBHHY 3
HU3BKHM BMICTOM CIPKM Ta 3HAYHOI 4YacTKOw CBITIMX (pakimii (monam 40 % wmac.). Ilpore
Cy4yacH1 eHepreTH4HI peaiii BKa3ylTh Ha Te, IO MK BUIOOYTKY TPAAHUIIHUX JIerkuxX HapT Oyze
nocaruytuii yxe uepe3 10-15 pokiB, micis 4oro HacTaHe HEMHHYYE 3HIDKEHHS TEMIIB iX
epepoOKH.

Boanouac cBiTOBI 3amacu HeTpaAuIiiHOI (Baxkoi) HadTH, 30cepelkeHl B OITYMIHO3HUX
JDKepelax, € KOJIOCATbHUMH Ta 3/1aTHI 3a0e3medyBaTu IJ00adbHUN MONHUT NMPOTATOM HACTYITHUX
cromite. Lle 3yMOBIIO€ HEOOXIOHICTH JIOKOpPiHHOI TpaHcdopmalii  HadTonepepoOHOT
MIPOMHUCIIOBOCTI: MEPEXOy /0 HU3BKOSKICHOI BaXKOi CHPOBHHHM Ta CTBOPEHHS iHHOBAI[IMHUX
TEXHOJIOTIYHHUX HAIPSIMKIB, sIKi O TO3BOJIMIM OTPUMYBATHU MaMBa BUCOKOI SIKOCTI 3 MiHIMATbHUM
€KOJIOTIYHUM HaBaHTakeHHsM [1-3].

Baxxi BUCOKOCIpUMCTI HAQTH MaIOTh YHIKaJIbHI BJIACTUBOCTI, 110 BUMArarTh CHEU(pIuHIX
TEXHOJIOTIYHUX MiaxoaiB. IlepepoOka Takoi CHPOBMHM CYHPOBOJDKYETHCS HHM3KOH KPUTHUHHX
po6eM: HeoOXiJHICTh TIIMO00KOI MOJIepHi3allii MPOLECiB NEPBUHHOI MIATOTOBKU (BUKOPUCTAHHS
AT 3 Gararopa3oBUM BUIAPOBYBAaHHSIM Ta 3aXUCT OO0JaJHAHHS BiJ KOpPO3ii); BIPOBAPKEHHS
PO3raly’)kK€HOr0 KOMIUIEKCY TiJpOreHi3alifHuX MpOLEeCiB JJIs OUMIIEHHS BCIX OTPUMaHHUX
(bpakuiii BiJl CHOIYK CIPKH; CKJIQHICTh TEPMIYHOT Ta KaTATITUYHOT NEpPepOOKH BaXKKUX 3aJIUIIKIB;
notrpeda B pallioOHaJbHIA yTHUIII3allil BEJIUKUX OOCSTIB €IEMEHTHOI CIpKH, IO YTBOPIOETHCS SIK
noOiyHuit mpoaykT Ha HII3; 3HauHe 3pocTaHHs KamiTaJbHUX 1HBECTULIN Ta ONEpalifHUX BUTPAT,
a TaKOXX MJABHUILEHHS 3arpo3u 3a0pyHEHHS HABKOJIHUIIIHBOTO CEPEOBUIIIA.

B Vkpaini noknaam BaXKMX BHCOKOCIpUMCTHX HadT 30cepe/keHi Ha byrpysariBcbkoMmy,
KoxaniBcekomy Ta ocoOmmBo OpxoBuiibkomy pozosuiiax. Hadra OpxoBHIBKOTO pojoOBHINA
(JIpBiBchKa 0011.), Bigkputa y 1999 pori, kapAuHaIbHO BIAPI3HAETHCSA BiA IHIIMX YKPAaiHCBKHUX
Ha@T 3a CBOIM I'PYIOBUM CKJIAZOM.

Ile BuCOKOB’s13Ka, Tycta cupoBuHa (ryctuHa 973,8 Kr/m?), sika XapaKTepU3yeThCs: AYXKe
BUCOKMM BMicToM cipku (6,0-6,5 % wmac.); 3Ha4HUM BMICTOM ac(haabTEHO-CMOJIUCTUX PEUOBHH
(cymapuo Omm3pko 35 % wmac.); MOpIBHSHO HU3bKUM BMicToM napadiniB (2,1-2,4 % wmac.);
HU3bKUM NOTEHIIMHUM BUX0JI0M cBITIHX (pakiiit 1o 350 °C (mume 21,0 % mac.).



PopoBuiia HadT TaKOTO TUMY, K MPABHUIIO, Bi3HAYAIOTHCS IT1IBUIIEHUM BMiCTOM METAJIIB i
CIPKOBMICHMX KOMITOHEHTIB, & TaKOXX 3HAUYHUMHU 3HAYCHHSMHU TYCTHHH Ta B’si3KOCTi. Jlnst HUX
XapakTepHa BHCOKa CXMJBHICTb J0 KOKCOYTBOPEHHS, IO 3YMOBJCHO 3HAYHOIO YaCTKOIO
CMOJIUCTO-aCPAIbTCHOBUX  PEUOBHMH y  CKiajai. HasBHICTP  BEIMKOI  KUIBKOCTI  IUX
BHUCOKOMOJIEKYJISIPHUX BYTJICBOJIHIB ICTOTHO YCKJIATHIOE TPOLIECH 3HEBOJHEHHS Ta MiATOTOBKU
Ha(TH 10 IEPEepPOOKH.

KpiMm Toro, migBUIIEHWH BMICT CIPKOBMICHUX CIOJYK CIPHUS€ PO3BUTKY KOPO3IHHHX
mporeciB y HadronepepoOHOMY 00JaJHAHHI, IO MOKE MPHU3BOAUTU O HOTO TOMIKO/KEHHS 1
HaBiTh J0 aBapiiHOrO 3YNMUHEHHS TEXHOJOTIYHUX YCTAaHOBOK. BHKOpHCTaHHS TpaauLiiHUX
METOMIB BUAOOYTKY JJIsl TAKUX BAKKHX 1 BUCOKOB’ SI3KMX HA(T Y4aCTO CYNPOBOKYETHCS HU3BKUM
KoedilieHToM Ha(TOBIIAYi, @ TAKOXK BTPATaMH LIHHUX MOIMYTHUX KOMIIOHEHTIB, 110 HETaTHBHO
MO3HAYAETHCS K HA €KOHOMIUHIN €()EKTUBHOCTI, TaK 1 Ha EKOJIOTIYHIN CUTYaIIii.

JlogaTKoBi TPYAHOII BUHUKAIOTH 1 HA €Tali TPAHCIOPTYBAaHHS: 4epe3 BUCOKY B’SI3KIiCTh
CHPOBHMHH 1HOJII BUHUKAE TOTpeda y BUKOPUCTaHHI CIHEMiali30BaHUX TPYOOIPOBIIHUX CHUCTEM i3
MiAIrpiBOM, 110, Y CBOIO Yepry, MPU3BOIUTH JI0 3pOCTAHHS €HEPreTUYHHUX 1 BAPOOHHYUX BUTPAT.

Huni nepepoOka miei HapTH 3IIMCHIOETHCS 3a CIPOIICHOI CXEMOI Ha YCTaHOBKax
MEePiOANYHOI i 3 OTPUMAHHAM CYMapHOTO JUCTHIIATY Ta 3AJIUIIKY, SIKHH BUKOPUCTOBYETHCS SIK
KOMITIOHEHT OiTyMiB.

Meror monepeaHboi poOiT [4, 5] Oyino BHBUYCHHS BIACTUBOCTEH OKpeMHX (pakiiit
eKCIIEpUMEHTY OyJI0 TIPOBEIEHO BaKyyMHY NEPEroHKy 3 BUIAUIEHHSIM O0eH3nHoBoi (H.k. — 200 °C),
mu3enbHol (200-350 °C) ta macnsnoi (350-450 °C) dpaxiriii.

Hocnimkenns 6en3nHoBO1 (pakiii (Buxix 6-8,5 % mac.) mokaszano HU3bKE OKTAaHOBE YHCIIO
(51 3a motopHuM Metomom) Ta Bucokuit BMicT cipku (0,7 %), mo Bumarae 00OB’SI3KOBOTO
rizpoountieHHs Ta pudopminry. JnzensHa pakmis (Buxig 10-12,5 % mac.) mictuts 2-3 % cipku
Ta Mae Temnepatypy 3acturanss -7/ °C, mo norpeOye mpoteciB aenapadinizaiii sl OTpUMaHHS
3UMOBHX Mapok nanuBa. Macisia dpakiis (350450 °C) uepes Bucokwuii BMIcT cipku (4-5 %) ta
crenu(piyHui BYIJIEBOJAHEBUM CKiIaJl MOKe OyTH BHKOpUCTaHa abo0 SIK CUpPOBHMHA Jylsl 0a30BHUX
Mace (icist IMO0KOro OUYMILEHHS ), a00 K KOMIIOHEHT JUISl KPEKIiHTY.

OcobmuBy yBary mpuiaiieHo mepepoomi 3amumky (>450 °C), gactka skoro B HadTi
cranoBUTH O61M3bK0 50-70 % Mac. OCKUNBKH 3aIHIIOK Yepe3 BUCOKY B’S3KICTh Ta BMICT CIPKH He
MIIXOAUTh IS BUPOOHHUIITBA TAJIMBHOTO Ma3yTy, Oyno oOpaHO HampsMOK OITYMHOTO
BHUPOOHUIITBA.

[TokpamuTy SKICTh 3aJIMIIKOBUX HA(PTOBUX OITyMiB MOXHA JBOMA LUISIXaMHU: OKHCHEHHS
3aJUIIKIB KUCHEM TMOBITpS Ta MoAU(]iIKyBaHHS OITyMIB pPI3HOMAaHITHUMH MoAH]IKaTOpaMu
METOJIOM KOMIMAayHAYyBaHHs (3MIIIyBaHHs) 3a IMiJBUILIECHOI TeMieparypu. MeTol OKHCHEHHS
noTpedye BETMKUX KaliTaJbHUX Ta €KCIUIyaTalllHMUX 3aTpaT 1 HE 3aBXKIU JIa€ 3MOTY OTpUMAaTH
BHUCOKOSIKICHI OiTymMu. Merosn komMmnayHAyBaHHs OiTyMiB 3 PI3HOMaHITHUMHM Mojau(dikaTopamu €
MPOCTIIINM B arnapaTypHOMY BUKOHAHHI, @ BAKOPUCTAaHHS MPAaBUIbHO Mii0paHoro MoaudikaTopa



MO3WTUBHO BIUIMBAE HA CEKCIUTyaTamiiHi BiacTuBocTi OirymiB. Takwii minxim 3abe3medye
pamioHaibHE BUKOPUCTAHHS TOTEHIIATy BaXKoi HaTH Ta MOXKe OyTH MacmTabOBaHUM s
AHAJIOTYHUX POJOBHUII B IHIIUX PETiOHAX CBITY.
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OJEPKAHHA KOMIIOHEHTIB MOTOPHMUX ITAJIMB IIIPOJII3OM
HAPTOBUX HIJIAMIB
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HadToBi mmamu — 1ie 6araTOKOMIIOHEHTHI CUCTEMH, J0 CKIIAAY SIKUX BXOJAATH BYIJIEBOJIHI,
BOJa Ta MeEXaHi4yHl goMimkd. HainmommpeHimi TEXHOJOTIYHI MIAXOAW 10 YyTHii3amil
HadTomIamMiB 0a3yrOThCcsl Ha BUJIYYCHHI OPraHIYHOI CKJIQJ0BOI 13 3aCTOCYBaHHSM MOOITBHUX
Tpudazaux neHrpudyr. OTpumany opraHiyHy Qpakiiro NEPeBaXHO BHKOPHUCTOBYIOTH SK
NAJIMBHUN Matepiaj, TOAl SK CyMill BOAM Ta TBEPAUX JOMIIIOK IMPOJOBXKYeE 30epiraTucs B
HakonuuyBadyax. OIHaK Mpoliec CraatoBaHHS OPraHIvYHOI YACTHUHH CYIPOBOJIKYETHCS YTBOPEHHSIM
30JIMCTHX 3aJUIIKIB 1 BHKUAAMH TOKCHYHHMX Ta3iB, M0 3HIKYE CKOJOTIYHY JOIUIBHICT i
3aranbHy €(QEeKTHUBHICTh TaKOro MiAXOoAy. Y [edKMX BHUIQJAKaX BYIJIEBOJHEBY (pakiito
HadTOIIIaMy 3MINIYIOTh 13 CHpPOI HA(PTOI Ta CHPSAMOBYIOTh Ha TOJAIBITY MEepepoOKy Ha
HadTonepepoOHUX mignpuemMcTBax. OKpiM LBOTO, BiAOMI METOAU TEPMIYHOTO PO3KIAAY Ta
KOKCYBAaHHSI OpraHiyHOi YaCTMHU Ha(TOLUIaMiB, MPOTe BOHM Hapas3i HEIOCTaTHHO BHBUEHI Ta
MaloTh OOMEXEHE 3aCTOCYBaHHS y MPOMUCIOBUX yMOBaX. OCHOBHUM HENOJIKOM BUKOPUCTaHHS
MpoLecy MipoJizy HapTONUIaMIB € Te, M0 3a3BUYail IMONEPETHBO MPOBOASTH BLIIIICHHS BiJ
Ha(TOIIaMIB OpraHiuyHOi YacTHHH, AKYy 1 HampaBisatoTh Ha miponi3 [1]. Lle € Hempocroro
MPOLIEYPOI0 BpaxoByoun ckiaa HadronuiamiB. [Ipu bOMy TaKoXK 3aJTUIIAFOTHCS HE3aiITHUMU
TBepAa (pasza Ta Boja, siki 3a0pyaHEeH1 HAPTOIPOIYKTaAMH.

Hamu BCTaHOBJIGHO MNPHHLIMIOBY MOXJIHMBICTH TepepoOku  OpyrTo-HadTOIUIaMIB,
YTBOPEHHUX IMiJl 4yac BUAOOYTKYy HadTu [2], METOAOM HHU3BKOTEMIIEPATYPHOIO Mipoi3y 3
OJICpKAHHAM DIJKAX Ta TBEPAMX MPOIYKTIB, SKIi MOXHA BHKOPHCTOBYBATH Y BHPOOHHUIITBI
MOTOPHHX MaJKB Ta 1HIIUX MPOAYKTIB.

[IpoBeneHo HU3bKOTEMIIEPATYpHUH Mipoiii3 OpyTTo-HadTonIamiB 3a Temneparypu 420 °C,
B pe3ynbTaTi skoro oxepxkaHo 13,8-65,4 % mac. mipokoHaeHcary, 16,1-46,4 % wmac. TBepaoro
s3anuiky, 13,9-35,0 % mac. Boau, 4acTkoBO 3a0pynHeHoi HadTonpoaykTamu Ta 4,6-5,8 % Mac.
rasy mipoiizy. BcraHoBieHo, mo cBiTii (pakxiii, oxepxkaHi MpHU PO3IUIEHHI MiPOKOHJEHCATY
MOXXYTh OYTH BUKOPUCTaHI K CHPOBHMHA JUIsl OACpKaHHS TOBAPHUX MOTOPHMX HaJIMB. 3 II€IO
METOI0 HEOOX1HO J10JIATKOBO MPOBECTH iX TiApONepepoOKy A 3HMKEHHS BMICTY HEHaCHYEHUX
BYTJIEBOJIHIB Ta CIPKH, a TAKOX MIABUILUTU OKTAHOBE YUCIIO OEH3MHOBOI (ppakiiii. 3aluIIoK Mics
PO3JIIJIEHHS MIPOKOHEHCATY MOXHAa BUKOPHUCTOBYBATH SIK KOMIIOHEHT Ma3yTy a0o JOAATOK JI0
MJACTUYHUX MacTWwi. TBepauil 3amumiok Tmipoiizy OpyTrro-HadTouuiamiB, PEKOMEHIOBAHO
BUKOPHUCTOBYBaTH y OyMIBHHULTBI JOpIr Ui OOJAIUTYBaHHS HIKHIX IIApiB JOPOXKHBOTO
nokpuTTs. Bony HeoOXi1HO cpsMyBaTH Ha OUYHCHI CIIOPYIH.

[TepeBaroro mpoiiecy mipoizy OpyTTo-HadTONUIaMIB HAJ MIPOJII30M OPraHIYHOI YaCTUHH
HaTOUIAMIB € BIJICYTHICTh CTajii MONEPEAHbOTO PO3IAUIEHHS Ha(dTOUUIaMiB, a HEIOTIKOM €
IT1JIBUIIICH] MTUTOMI €HEPTeTHYHI 3aTPaTH Ha MPOIIEC.
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Abstract

Crosslinking is a fundamental reaction in polymer science, biomaterials, coatings,
adhesives, rubbers, and thermosets, where individual molecular chains are connected to form a
three-dimensional network.

Characterizing a crosslinking reaction is essential for understanding reaction progress,
network formation, crosslink density, and the resulting physical, thermal, and mechanical
properties. Rheology, the science of deformation and flow, is an ideal tool for monitoring cross-
linking (or gelation).

Thermal and mechanical analyses reveal changes in glass transition temperature, stability,
modulus, strength, and elasticity. By combining chemical, thermal, and mechanical
characterization methods, a complete understanding of the crosslinking reaction and its effect on
material performance can be achieved.

This work discusses the theoretical basis of crosslinking and particularly the dimension of the
mesh-size of the thermoset. To do this, we define a 3D structure by considering the average
functionality f,, of the monomers involved in the cross-linking reactions v.z. whether the chain
polymerization or step polymerization mechanism are considered.

This approach of polymer networks is applicable to systems such as hydrogels, UP resins,
vulcanized rubber and UV-curable coatings and even by conventional extrusion or pseudo
crosslink moities.
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In modern synthetic chemistry, multicomponent reactions (MCRs) represent a rapidly
developing and highly valuable approach, widely recognized as an essential tool of diversity-
oriented synthesis [1,2]. Their main advantage lies in the ability to generate structurally and
stereochemically diverse molecules in a single synthetic step Unlike classical stepwise methods,
which require multiple reaction stages and purification procedures, multicomponent reactions
involve the simultaneous interaction of three or more reactants in a single reaction vessel (one-pot
synthesis). In such systems, condensation, refunctionalization, and cyclization processes occur
concurrently, leading to the formation of complex molecules with enhanced structural diversity
and often improved physicochemical and biological properties [3].

Among MCRs, special attention is given to isonitrile-based reactions, particularly the Ugi
and Passerini reactions. The Ugi four-component reaction (Ugi-4CR) involves the combination of
an isonitrile, a carboxylic acid, an amine, and a carbonyl compound (aldehyde or ketone),
enabling the synthesis of compounds containing a-amino acid fragments, including dipeptides and
tripeptides that are biocompatible with the human body. On the other hand, the Passerini three-
component reaction (Passerini-3CR) involves the interaction of an aldehyde, an isonitrile, and a
carboxylic acid, resulting in polyfunctionalized products. Both reactions are characterized by high
flexibility, structural diversity, and good diastereoselectivity. By varying the nature of the starting
components, it is possible to obtain a wide range of analogues, including those that are difficult or
even impossible to synthesize using conventional methods. Consequently, over the past two
decades, these reactions have gained significant importance, particularly in medicinal and
pharmaceutical chemistry[1-3].

The aim of the present research was to synthesize new adamantane-based compounds using
highly efficient multicomponent reactions, namely Ugi-4CR and Passerini-3CR. Adamantane-
based drugs (such as amantadine, rimantadine, and their analogues) are known for their unique
biological properties, including antiviral, antimicrobial, cytotoxic, and
psychoneuroimmunoregulatory effects [4-7]. It has been experimentally demonstrated that the
incorporation of an adamantane fragment into a drug molecule can significantly alter or enhance
its biological activity. This effect can be attributed to changes in the spatial structure of the
molecule, increased hydrophobicity and lipophilicity, improved transport across biological
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membranes, prolonged duration of action, and enhanced immunotropic properties. Therefore, the
synthesis and investigation of new adamantane-containing derivatives remain a promising and
relevant area of research.

In this study, novel adamantane-based derivatives were synthesized using multicomponent
Ugi-4CR and Passerini-3CR reactions.

The Ugi four-component reaction (Ugi-4CR) was performed using a variety of amines 1
aldehydes (2), a range of carboxylic acids 3, and isonitriles 4, as outlined in Scheme 1. The yields
of the desired products ranged from 32% to 65 %.

0 Ry 0 0 R4
- Rs /
Ry—NHz+ R, — | N 3 oy Rs NH
! CHO Ry N
2 (o) ©) /
C\%N R1 Rz
N
R4 o

Sa-s
Scheme 1. Adamantane-based Ugi-4 CR
Structure of synthesised adamantane containing Ugi-product.
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The Passerini three-component reaction (Passerini-3CR) was carried out using a variety of

carboxylic acids, phenylglyoxal, and isonitriles, as illustrated in Scheme 2. The desired products
in yields ranging from 60-80%.
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Scheme 2. Adamantane-based Passerini-3CR
Structure of synthesised adamantane containing Passerini-product
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The structures of the synthesized compounds were characterized using infrared spectroscopy
(IR), nuclear magnetic resonance (NMR), and mass spectrometry. Selected compounds were
evaluated for antimicrobial activity against both Gram-positive and Gram-negative bacteria using
the Kirby—Bauer disk diffusion method.
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Vegetable oil degumming is a key stage in feedstock preparation for further processing,
particularly in the production of first-generation (FAME) and second-generation (HVO) biofuels.
The primary objective of this process is the removal of phospholipids and other polar impurities
that negatively affect oil stability, cause catalyst deactivation, and deteriorate the technological
properties of the feedstock. A critical requirement is the reduction of phosphorus content to below
5 ppm, which is essential for efficient hydrotreatment and transesterification processes.
Traditional degumming methods (water and acid degumming) are insufficiently effective for
removing non-hydratable phospholipids and are associated with significant losses of neutral oil
and wastewater generation. In this context, enzymatic methods have gained considerable
attention, as they are based on the selective hydrolysis of phospholipids by phospholipases of
different types.

This study presents a comparative analysis of the efficiency of enzymatic degumming of
soybean, rapeseed, and sunflower oils using Purifine® enzyme preparations: phospholipase C
(PLC), phospholipase A1 (PLALJ), a lysophospholipase component (LM), as well as the multi-

sunflower ol enzyme complex Purifine® 3G and their
‘ 1« combinations.
- It was found that individual enzymes
5 . —F i w2 provide only partial removal of phospholipids.
) ‘, \, " The application of Purifine® 3G resulted in
o : » the lowest residual phosphorus levels: 2.6 ppm
' : s * for sunflower oil; 2.8 ppm for rapeseed oil; 3.4
ppm for soybean oil. Importantly, in addition
Rapeseed ol _ to phosphorus reduction, a significant decrease
— /N \ s+ in sulfur content was observed-from initial
" wvalues of 60-100 ppm to final levels of 9-27
ppm, depending on the oil type. This is
critically important for preventing catalyst
poisoning in hydrotreatment processes. The
efficiency of multi-enzyme systems is
; explained by the synergistic mechanism of
Soybean oll . enzyme action. Phospholipase C catalyzes the
" ... cleavage of the phosphodiester bond to form
\ i . diacylglycerols (DAG), which remain in the

| ¢ oil phase, while phospholipases A[I/Al]
» | hydrolyze acyl residues to  form

lysophospholipids and free fatty acids. This
combined action enables effective degradation
of all major classes of phospholipids (PC, PE,



PI). It was also established that enzymatic degumming is accompanied by a reduction in the gum
phase mass fraction (for example, from 5.7% to 3.5-4.1% for soybean oil).

This is associated not only with the removal of polar components but also with reduced
losses of neutral oil. This effect is explained by the conversion of phospholipids into DAG and
FFA, which return to the oil phase, increasing the overall product yield.

The obtained degummed oil is characterized by stable quality parameters, including
acceptable levels of free fatty acids (0.77-2.05% depending on the oil type), which allows its
direct use in biofuel production processes without additional purification steps .

Further utilization of enzymatically degummed oil is of great practical importance. Low
phosphorus and sulfur content ensures efficient transesterification with high yields of fatty acid
methyl esters (FAME) and minimal catalyst deactivation. In HVO production, the reduction of
heteroatom impurities enhances catalyst lifetime and ensures compliance with EN 15940 fuel
standards. Thus, enzymatic degumming serves as a key step in integrating vegetable oils into
modern renewable fuel production technologies.

Fermentation-based enzymatic degumming using the Purifine® 3G complex represents an
effective, sustainable alternative to conventional oil purification for biodiesel production. The
approach ensures minimal phosphorus content, high FAME yield, and environmental benefits due
to reduced wastewater and reagent consumption. Its pilot-scale validation underscores its potential
for widespread industrial adoption within the renewable energy sector. Furthermore, combining
enzymatic pretreatment with advanced cavitation technology enhances overall process efficiency,
ensuring cost-effective and scalable biofuel synthesis. This biotechnological strategy contributes
to the valorization of agricultural waste streams and supports the transition toward greener energy
systems.

This research was funded by Ministry of Education and Science of Ukraine: Development
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The petrochemical industry is one of the most important sectors of the global economy, as it
provides the essential building blocks for the production of key industrial goods.

The increasing availability and widespread use of Data Science (DS) and Machine Learning
(ML) tools are finding growing applications in chemical technology. DS and ML are being
applied for process optimization, predictive maintenance, and equipment condition monitoring,
and for improving the accuracy as well as flexibility of process modeling [1, 2].

Based on data obtained at the unsaturated hydrocarbons hydrogenation unit of LLC
"KARPATNAFTOCHIM", a study was conducted to investigate the decline in activity and
technological factors influencing the deactivation of the LD485 palladium-based catalyst used for
the full hydrogenation of unsaturated hydrocarbons in the C4-Cs fraction (by-products of ethylene
production) manufactured by AXENS.

The possibility of using stochastic models and ensemble decision tree models was
considered to develop mathematical models of catalyst deactivation during the full hydrogenation
of unsaturated hydrocarbons in the C4-Cs fraction. The model prediction results were evaluated
using mean squared error, absolute error, and the coefficient of determination. The most optimal
model among the ones considered was selected. A ranking of technological factors influencing the
decline in catalytic activity was performed.

The results demonstrate that DS and ML can be reliably applied in chemical engineering to
model complex technological processes, within an acceptable margin of uncertainty. The
developed models can be used to optimize operational cost planning and the efficient use of
material resources in existing production facilities.

This study confirms the feasibility of integrating modern data analytics tools into traditional
petrochemical process optimization.

This research was funded by Ministry of Education and Science of Ukraine. The authors are
sincerely grateful to the Deep Tech Center (Lviv Polytechnic National University, Ukraine) for the
opportunity to use modern laboratory equipment, which ensured the quality of the experimental
part of the research within the scope of the scientific project. Special thanks are also expressed to
the Center for the collective use of scientific equipment “Laboratory of advanced technologies for
the creation and physico-chemical analysis of new substances and functional materials” (Lviv
Polytechnic National University, Ukraine) for support in conducting analytical research, which
made it possible to obtain reliable and representative results.
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1. Abstract

The paper presents the results of experimental studies on the production of ethyl esters of
rapeseed oil using microwave irradiation as an alternative source of process heat. Microwave
energy was applied to accelerate the transesterification reaction and increase its efficiency. The
influence of potassium hydroxide concentration, alcohol type (methanol and ethanol), and
residence time in the microwave reactor on the physicochemical properties and yield of the
obtained biodiesel was evaluated. All produced esters met the requirements of the standardized
requirements

Keywords: biodiesel, microwave heating, transesterification, methyl esters, ethyl
esters

2. Introduction

Microwave-assisted heating has emerged as an effective intensification strategy for the
transesterification of rapeseed oil with short-chain alcohols. In conventional convective heating,
thermal energy is transferred from an external source through the reactor walls, resulting in
significant heat losses and the formation of temperature gradients within the reaction mixture.
These limitations contribute to long reaction times and reduced energy efficiency.

In contrast, microwave irradiation delivers energy directly to the reaction medium through
dipolar polarization and ionic conduction mechanisms. Alcohols, glycerol, and partially the
catalyst exhibit strong dielectric responses, enabling rapid volumetric heating and minimizing
thermal gradients. As demonstrated by Nomanbhay and Ong [1], microwave-assisted biodiesel
synthesis consistently achieves higher reaction rates and shorter processing times compared to
conventional heating. Leadbeater and Stencel [2] reported that complete conversion of
triglycerides can be achieved within minutes under microwave irradiation, whereas traditional
methods require up to several hours.

From an energy perspective, microwave heating reduces the total energy input required to
reach a given conversion level. Because only the reaction mixture is heated, rather than the reactor
body and surrounding environment, overall energy consumption per kg of biodiesel is lower. This
advantage is particularly relevant for small and medium-scale biodiesel production systems,
where frequent heating and cooling cycles amplify the inefficiencies of conventional heating.
Overall, microwave-assisted transesterification offers a compelling combination of reduced
reaction time, improved energy efficiency, and high product yield, making it a promising
technology for sustainable biodiesel production from rapeseed oil [3-7].

3. Experimental
3.1. Feedstock
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Refined rapeseed oil (density 0.918 g/cm?, viscosity 35.6 mm?/s at 40°C) was used as the
triglyceride source. Methanol (analytical grade) served as the alcohol for transesterification.
3.2. Reaction conditions
Alcohol-to-oil molar ratio: 6:1
Catalyst: KOH (0.5-1.5 wt% relative to oil)
Microwave reactor: 800 W, 2.45 GHz
Residence times: 1 min and 5 min
Mixing: 600 rpm before microwave exposure
3.3. Purification
After microwave treatment, the mixture was allowed to separate into ester and glycerol
phases. The ester layer was washed with warm distilled water until neutral pH and dried with
anhydrous Na[1SOT].
3.4. Analytical methods
o Density: PN EN ISO 3675
o Kinematic viscosity: PN EN 1SO 3104
o CFPP: PN EN 116
o Flash point: PN EN 1SO 2719
The transesterification of rapeseed oil process was carried out in the laboratory-scale
continuous flow apparatus (Fig. 1).
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Fig. 1. Schematic view of the transesterification of rapeseed oil apparatus
4. Results and discussion

All reactants were carefully weighed before the transesterification reaction began. Rapeseed
oil, methanol or ethanol, and a catalyst in the form of potassium hydroxide (KOH) were
thoroughly mixed for 15 minutes until a clear mixture was obtained. The reactant mixture was
then introduced at 30 ml/min and 8 ml/min into a microwave reactor, where the reaction
temperature was close to the boiling point of the alcohol used.

After the reaction, the product was separated into two phases: upper — ester and lower —
glycerin. The mixture was left to separate for about 10 hours.

After separation of the products of the transesterification reaction, the lower glycerin phase
was removed, and the upper ester fraction was washed with distilled water to remove the
unreacted catalyst. The entire mixture was then passed several times through a seepage on which
anhydrous sodium sulphate (Na,SO,) was placed in order to dry the final product.

The following graphs present and discuss the results of measurements: density, kinematic
viscosity, flash point, and CFPP.
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Fig. 2. Density of rapeseed oil ethyl esters for different reactor residence times and different
concentrations of KOH

Figure 2 shows the values of the density of the obtained ethyl esters of rapeseed oil for the
concentration of the KOH catalyst from 0.50% to 1.50%. To carry out transesterification reactions
in the presence of ethanol in a ratio of 9:1 to rapeseed oil, at a concentration of 0.50% KOH, and a
reaction duration of 5 minutes.

According to the standard, the minimum density value of vegetable oil esters is 860 kg/m?,
and the maximum value is 900 kg/m?>. For all samples received, the measurements of density at 15
°C are consistent with and are within the range of PN-EN 1SO 14214:2008.
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Fig. 3. Kinematic viscosity of transesterification products for different reactor residence times and different
concentrations of KOH

Figure 3 shows the values of kinematic viscosity measurements of transesterification products
for KOH concentration from 0.50% to 1.50%. The graph shows the boundary values of the kinematic
viscosity at 40 °C in accordance with PN-EN 1SO 14214:2008. According to the standard, the
minimum density value of vegetable oil esters is 3.50 mm?*s, and the maximum is 5.00 mm?/s. For all
samples obtained, the kinematic viscosity measurements at 40 °C are consistent with and within the
range specified by the PN-EN 1SO 14214:2008 standard. However, the viscosity values of individual
samples for different KOH concentrations differ significantly. This is mainly due to the different
catalyst concentrations relative to the rapeseed oil used in the transesterification reaction, and probably
to the incomplete removal of moisture during drying of the transesterification product with anhydrous
sodium sulphate (Na,SOj,).

Viscosity values for all samples fell within the standard limits (3.50—5.00 mm?/s). Variations
between samples were attributed to catalyst concentration and residual moisture after drying.
Microwave heating ensured rapid and uniform reaction progress, preventing excessive polymerization
or incomplete conversion.
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Fig. 4. Flash point for different reactor residence times and different KOH concentrations

The graph above shows the values of flash point measurements) for KOH concentration
from 0.50% to 1.50%. The graph also shows the flash point boundary values in accordance with
the PN-EN ISO 14214:2008 standard.

For all the samples received, the ignition temperature measurements are consistent with
and within the scope of the PN-EN ISO 14214:2008 standard. However, as was the case with
CFPP measurements, the flash point values are also significantly reduced, which is the result of
the use of ethanol as one of the reaction raw materials, which is more difficult to remove due to
the high boiling point than in the case of methanol.

The graph above shows the values of the cold filter blocking temperature (CFPP)
measurements for KOH concentration from 0.50% to 1.50%. The chart also includes two guides
indicating the minimum and maximum CFPP values in accordance with the PN-EN ISO
14214:2008 standard. According to the standard, the limit values of CFPP for temperate climates
are presented, which are within the range of -20 °C to +5 °C. For all samples obtained, the CFPP
measurements are consistent and fall within the range of the PN-EN ISO 14214:2008 standard.
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Fig. 5. Cold filter blocking temperature for different reactor residence times and different KOH
concentrations

5. Conclusions



The research on the transesterification of rapeseed oil process to obtain biocomponents has
shown that:

v" Microwave irradiation significantly accelerates transesterification, reducing reaction
time to 1-5 minutes.

v" Optimal catalyst concentration was 1.0 wt.% KOH, yielding up to 87% esters.

v Both methyl and ethyl esters met PN EN 14214 requirements.

v’ Ethyl esters showed slightly better low-temperature properties but required more careful
purification.

v' Microwave-assisted transesterification is a promising method for industrial process
intensification.
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Currently, fatty acid esters are very popular as diesel fuel component, called “biodiesel”
(BD). The fatty acid methyl esters (FAME) are common alternative diesel fuel. According to
DSTU EN 14214, only FAME can be used as BD component for fuel. Although, until recently
there was DSTU 7178, which allowed also use fatty acid ethyl esters (FAEE). FAEE can be used
in different countries according to ASTM D 6751 (USA), ANP Resolution 42 (Brazil),
SANS 1935 (South Africa), and IS 15607 (India). Fatty acid alkyl esters of other alcohols are not
currently considered as components of diesel fuel despite of a fairly significant amount of
scientific research in this area [1]. Fatty acid isopropyl esters (FAiPE) are usually considered
mainly as cosmetic ingredients. FAiPE obtaining are more complicated than FAME production,
therefore they are less consumable. The price of these alcohols is also a decisive factor. The main
crude materials for methanol synthesis are natural gas and coal. The methanol production in
Ukraine is non-available, therefore this component is importable and its price strongly depend on
world price of natural gas. Isopropyl alcohol (IPA) mainly considered as self-dependent
component and it practically is not used in large-scale syntheses. The feedstock for IPA obtaining
are propylene and acetone, which in turn produced from cumene. The latter needs propylene too
[2]. That makes IPA production propylene-dependent. Propylene is manufactured from petroleum
sources by secondary oil refining processes. But, recently, more and more attention has been paid
to biological production processes both acetone (ABE synthesis) and IPA (IBE synthesis). The
feedstock for IPA obtained biologically is sugars, which are traditional for acetone [3-5], mixture
of CO and H; [6] or mixture CO, and H; [7], and CO, under UV irradiation [8].

FAME have a serious disadvantage, especially its low temperature characteristics. Theirs
low-temperature properties are quite poor, making them practically unusable throughout the cold
season. This problem can be solved by application of special adapted for BD additives [9, 10].
The line of these additives is very limited, and their production is based out of Ukraine. That
makes Ukraine defenseless to the use of BD based on FAME, because of their direct conjugation
with the utilization of imported additives.

This issue can be solved by replacing the alcohol component, namely, replacing methyl
alcohol with IPA. FAIPE have significantly better low-temperature characteristics [11-14] and
deserve attention as “winter” BD.

In this research the comparison of low-temperature properties of fatty acid esters of the line
of vegetable oils as well as methanol and IPA was carried out. As oil sources wasted deep-fryer
high oleic sunflower oil (WHOSO), unrefined high oleic sunflower oil (HOSO), unrefined
rapeseed oil (RO), high erucic rapeseed oil (HERO), unrefined corn oil (CornO), unrefined
mustard oil (MO), unrefined soybean oil (SbO), unrefined sunflower oil (SO), and unrefined
camelina oil (CamO) was used. All products was distilled under vacuum and have Acid Value
(AV) <0.25 mg KOH/g. Raw oils was characterized by lodine Value (IV) of their FAIiPE (Table 1).

Table 1. IV of FAIPE obtained from different vegetable oils



Oil

WHOSO

HOSO

RO

HERO

CornO | MO

SbO

SO

CamO

IV,gI,/100g | 75.1

75.7

101.9

102.6

102.7 | 103.6

108.7

114.0

125.4

Fig. 1 shows comparison of Cloud point, Freezing point and Melting point of methyl and
isopropyl esters of vegetable oils.
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Fig. 1. Cloud point (A), Freezing point (B) and Melting point (C) for methyl and isopropy! esters

As can be seen from the Fig. 1, for all samples the temperatures of Cloud point, Freezing

point and Melting point for isopropyl esters are lower than for methyl esters. These samples were
lined according to their IV. Change of low-temperature properties is not correlated with IV (Table
1), i.e. to unsaturation level of average molecule of ester, but strongly depend on raw oil fatty
acids composition (not shown in this research). The most influence on these indexes is caused
directly by the amount of saturated fatty acids (above all, both palmitic and stearic acids), which
can be measured only using a chromatographical method. The more branched construction of
molecules explains the lower temperatures of cloud, freezing, and melting points measured for
isopropyl esters. Because of that, a much more complicated packing of molecules into a crystal



occurs, leading to altered physical properties such as lower melting points compared to less
branched esters.

Less dense packing of molecules in the liquid state can be observed by the density of
products too (Fig. 2). The isopropyl esters, because of their worse package of molecules, have
lower density and refractive index (pic. 3) than methyl esters of corresponding oil sources.

Viscosity, on the contrary, increases when methyl esters are replaced by isopropyl esters
(Fig. 4). On the one hand, increasing the viscosity of the starting ester component will increase the
load on the fuel pump. On the other hand, as a fuel we usually utilize mixture of BD (5-30%) and
petrol fuel (70-95%). The use of these mixtures with FAME slightly affects the viscosity and
droplet diameter when spraying mixed fuel [15].

0,89
0,885

0,88
0,875
0,87
w WA
0,86

m Methyl esters  m Isopropyl esters

Density, g/cm?

Fig. 2. Density of methyl and isopropyl esters

1,46
1,458
1,456

1,454
1,452
1,45
1,448 I I I
1,446

m Methyl esters  m Isopropyl esters

Refraction

Fig. 3. Refractive index of methyl and isopropy! esters



0

$© 0 O O Q)
$

FE L& FTE LS

m Methyl esters  ® Isopropyl esters

Viscosity, mm?*/s
H o o
ol (6] al D ol

N

Fig. 4. Viscosity of methyl and isopropy! esters

The impact of isopropyl esters on the fuel system and engine working was not investigated
and needs to be researched in the future. Principles of BD base characteristics, defined by the
standard requirements, were determined exclusively for methyl esters and may not correlate with
esters based on other alcohols.

The main attention in this research was focused on comparison of physicochemical properties of methyl and
isopropyl esters of vegetable oils. It was shown that isopropyl esters have much better low-temperature properties
than methy! esters of corresponding oils, but they have slightly high viscosity.
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Abstract

The growing demand for energy and the need to reduce greenhouse gas emissions are
increasingly shifting attention towards alternative, renewable fuel sources. One option that has
gained importance in recent years is the use of waste from the food industry and agriculture. Such
materials constitute an easily accessible, inexpensive, widely available and potentially valuable
energy resource. The conversion of organic waste into fuels for high-temperature fuel cells,
including solid oxide fuel cells (SOFCs), is one of the most promising directions for the
development of distributed energy systems and the circular economy [1].

Waste materials such as fruit pomace, cereal products and simple sugars can be converted
into gaseous fuels or solid carbonaceous materials. Their chemical composition — including
lignocellulosic biomass and carbohydrate-rich compounds such as glucose — contains significant
amounts of carbon and oxygen, making them good precursors in processes such as pyrolysis,
carbonisation and gasification [2].

SOFC-type fuel cells are characterised by high efficiency in converting chemical energy
into electrical energy and the ability to utilise a variety of fuels, including synthesis gas (syngas).
Proper preparation of the fuel, through processes such as carbonisation and gasification, remains a
key challenge. These processes influence fuel structure, phase composition and reactivity. The
carbonisation process in particular leads to the removal of volatile components and the formation
of biochar with a well-developed porous structure [3,4]. These properties are crucial for
subsequent conversion stages, including gasification, where the reactivity and structure of the
material affect the composition and yield of the resulting syngas, which is mainly composed of
H[J, CO and CHIJ [5].

The aim of this study was to investigate the potential use of food-derived biochars from
waste materials as a solid fuel for SOFCs. Particular attention was paid to the role of gaseous
products (CO, COLJ) in fuel oxidation processes, the influence of mineral components of biomass
on the reactivity of the obtained materials and the determination of the maximum power densities
achievable from the cells.

Three food-derived biomass materials were used as feedstocks: orange pomace, buckwheat
groats and glucose. This diversity enabled an assessment of the influence of biomass type on the
course of carbonisation and gasification processes, as well as on the properties of the resulting
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fuel gas. The main objective was to evaluate the potential of these materials for use in SOFCs and
to identify the factors that determine their energy efficiency.

The biomass was subjected to carbonisation to obtain solid carbon products with developed
porous structures. Biochars were produced using thermal conversion at temperatures of 250—
850°C for 1 hour in an inert gas atmosphere (N[J). The phase composition and the degree of
crystallinity of the obtained samples were analysed using X-ray diffraction.

Subsequently, scanning electron microscopy (SEM) was used to determine the morphology
of the grains of both the raw materials and the produced chars. The resulting biochars from orange
pomace (WP-850) and buckwheat groats (KG-850) were characterised by a well-developed
surface with a significant number of pores. In contrast, the glucose biochar (Glu-850) exhibited
irregular, sharp-edged grains and a low degree of surface development, with low porosity
observed on the particle surfaces.

The next stage involved gasification of the prepared biomass samples to evaluate their
suitability as a source of gas for SOFCs. Biochars produced at 850°C were subjected to
gasification. Samples were collected over the temperature range 700-850°C, encompassing the
typical operating temperatures for direct carbon (DC)-SOFCs. Based on the obtained results, the
CO/COL1] ratio was calculated. The lowest CO/COL[] ratio, equal to 6.5, was observed for the
glucose biochar samples. The highest value, 28.1, was obtained for buckwheat groats at 850°C.

For the solid oxide fuel cells supplied by glucose biochar, the voltage U- current I
characteristics were measured and used to calculate the maximum output power (P) of a single
solid oxide fuel cells in the temperature range of 700—-850°C. Analysis of the I-P curves showed
that the DC-SOFC cell fuelled with glucose biochar achieved a maximum power density (Pmax)
close to 75 mW cm( 12 at 850°C.

Fig. 1. SEM image of orange pomace biomass and biochar obtained at 850°C.
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3pocTaHHs O0CATIB BiANpanboBaHUX pociauHHUX ojiii (BO) y xapyoBiii Ta mepepoOHii
IPOMHUCIIOBOCTI aKTyali3ye HEOOXiIHICTh pO3poOIeHHS e(PEeKTHMBHUX MLUIAXIB iX IOBTOPHOTO
3allydeHHs JI0 TEXHOJOTIYHMX HHKIiB. XiMmiuHa Moaudikamis BO MeTomoM enoKCHAyBaHHS €
NEPCIeKTUBHUM MIIXOA0M JJisi OTpUMaHHS OlOBiIHOBIIOBAHMX (PYHKIIOHAJIBHUX J00aBOK J0
HapTOBUX OITYMiB, IO BIANOBIJAa€ NPUHIUNAM MHUPKYISApHOI ekoHoMmiku [1]. BBemenus
peaKIiitHO3JaTHIX ENOKCUIHUX TPYIl Y CTPYKTYPY TPHUIIIEPU/IIB T03BOJISIE 3a0€3MEUUTH XIMIUHY
B3a€EMOMII0 Mojaudikaropa 3 KOMIIOHEHTaMHU OiTyMy, MOTEHIIIHHO MOKpAIIyIOud ajire3iidHi Ta
PEOJIOTIUHI BIACTUBOCTI ac(anbTOOCTOHHUX TOKPHTTIB [2].

Metoro pobOTH € CcHHTE3 emOKCHA0BaHOi BimmpainboBaHoi pociauHHOi onii (EBPO) Ta
BCTaHOBJICHHS 11 (Di3MKO-XIMIYHMX XapakTtepucTuk Metomamu [Y-cnekrpockomii, DSC Tta
TUTPUMETPUIHOTO aHAITI3Y SIK OCHOBH JIS MOJATBIIOTO MO (DiIKyBaHHS JOPOXKHIX OITyMIB.

O06'exTOM JOCTIIHPKEHHS CIyryBalia BiAnpansoBaHa pocianHHa oiis (BO) 3 BMicTOM BUIBHUX
wupaux kuciaotr (KU (xucrnorne wymcno) = 7,20 mr KOH/100 1), HU3BKUM CTyHeHEM
nenacuuenocti (MY (ffomme umcmo) = 91,00 r 101/100 T) Ta HesHayHuM mouarkoBuM EU
(emoxcuaaum unciaom) = 0,06 %.

EnokcuayBaHHs MpOBOAMIIM METOIOM in situ 3a yuyacTi cuctemu CHIUJCOOH/HIIO[! mpu
temneparypi 55-65 °C npotsarom 150 xBunmH 6e3 30BHINTHBOTO KaTanizaropa [3]. [lepebir peaxitii
KOHTPOJIIOBATH THTPUMETPHYHUMH MeTonamu: Bu3HauennsM EU, MU ta KU. CrpykrypHi 3vinu
HiATBEpKYBaiIu MeTofoM [Y-crekTpockorii, TepMidHI XapaKTepUCTUKU BUBYAIH 3a JOIIOMOIOIO
nudepeniiinoi ckanyrodoi kanopumerpii (DSC).

Taoanuga 2. Pizuko-ximiuni moxasuuku BO ta EBPO

K4 nu
o S ’
3pasox EL% | urkow10or | r1, /100¢
BO (BignpaiboBaHa 0ist) 0,06 7,20 91,00
EBPO (enokcumoBana BiNpan-0BaHa pOCIHHHA OJTis) 4,55 7,00 0,90

Pesyabratn Ta obroopenHsi. EmokcunysBanns BO (tabn. 2) mpusBeno A0 CYTTEBOTO
3poctranns EY — 3 0,06 mo 4,55 %. IlapanensHo WY sumsmwiocs 3 91,00 1o 0,90 r 117/100 r, o
BIJINIOBIIa€ JIOCUTh BHCOKOMY CTymeHio KoHBepcii monpiHux C=C 3B'sa3kiB. 3HauenHs KY
sanummiocs npaktuaao HesmiHHEuM (7,00 mr KOH/100 r). PiBens EY (4,55 %) € nocratHim st
3actocyBanHsa EBPO sk peakuiitHo3narHoro moaudikaropa 6iTymy.

[Y-cniekTpockonmiuHui aHalli3 MIATBEPAMB YCHIIIHICTH emnmokcuayBaHHsa. B cnekrpi EBPO
(puc. 1) 3adikcoBano 3HMKHEHHs cmyrd nornuHanHa C=C (~3010 cm[ '), xapaktepHOl I
HEHACUYEHUX JKUPHUX KHUCIIOT, TA MOSBY HOBUX XapaKTEPUCTHYHUX CMYT y nianasoHax 820-840 i
1240-1260 cm[1', mo BiAMOBiNaOTh AePOPMALIMHIM 1 BAJICHTHUM KOJIMBAHHSIM OKCHPaHOBOTO
KinbIs [3].
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Puc. 1. I4-cnextpu BO ta EBPO

Jns BuBUeHHs TepmiuHOi crtabinbHOCTI mpoBoaunn DSC-ananizs EBPO (puc. 2), 6yno
BUSIBJICHO eHjoTepMiunni mik npu ~130 °C Ta MiHIMyM TETJIOBOTO MOTOKY nipu ~215-220 °C, mo
CBIIYUTH PO 3MiHY TEPMIYHUX XapaKTEPHCTUK TPUIIILEPUIIB BHACIIJOK EHOKCHIYBaHHS.
3poctanns curHany micis 250 °C noB's3aHe 3 MOYaTKOM TePMOAECCTPYKIIT TPOaAyKTy [4].

£8P0

Puc. 2. DSC-kpusa EBPO

BucnoBku. IlinTBepmxeHo cTpykTypHi 3MiHM Metogamu [Y-cmekrtpockomii Ta DSC.
BcranosneHo, 1o BianpaiboBaHa POCIMHHA OISl € MPUIATHOIO CHPOBUHOIO Jisi cuHTe3sy EBPO
METOJIOM MEPKUCIOTHOTO OKUCHEHHs 3 pocsirHeHHsIM EY 4,55 % Ta BHCOKOro cTymneHst KOHBepcii
noABiMHMX 3B'A3KiB. OTpuMaHi pe3yabTaTH CBiAYaTh Mpo mnepcrnekTuBHicTh EBPO sk
O10BITHOBITFOBAHO1 pEaKIIHHO3MAaTHOI J00aBKU i1 MOAU(IKYBaHHS JOPOXKHIX OITyMIB Ta
acdansrobeToHHUX cymimel. Bucoka peakiiiiHa 3natHicTh enokcuHux rpyn EBPO 3a0e3neuye
MOXJIUBICTh B3a€EMO/IIT 3 MOJAPHUMU KOMIIOHEHTaMHU O1TyMy.

[Tomanpi qochipKeHHs Tepea0adaroTh OLIHKY PEOJIOTIYHUX Ta aiare3iifHuX BIacTUBOCTEH
6iTymiB, MmoaudikoBanux EBPO.
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HEKATAJIITUYHA B3AEMOAIA
MIZK MOHOETAHOJIAMIHOM TA OOTOBOIO KUCJIOTORO
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ETtanomamiam, iXHi COJIi, Ta IPOAYKTH B3a€MOIIi €TAHOJIMIHIB 1 allMJIOBMICHHX PEarcHTIB
BUKOPHCTOBYIOTh SIK CUPOBUHY Ul OJEP’KaHHs IIOBEPXHEBO-aKTUBHUX PEYOBUH (IPUCANOK VIS
HiABUILEHHS BUJOOYTKY Ba)KKOi HaTH, €CTEpKBaTiB, 3MIITyBaHUX i3 BOJOIO PiAMH A 00pOOKH
METaJIiB), KOCMETUYHUX BHPOOIB, JiKiB, IHT10ITOPIB KOPO3ii, moiecTepamifiB Tomo [1-5].

JlocnipkeHo HeKaTaJiTHYHY B3a€EMOIII0 MK MOHOETAHOJAMIHOM Ta OITOBOIO KHCIIOTOIO.
BceraHoBieHO BIUIMB pO3YMHHHMKA, TEMIEpPATypu 1 CIIBBIHOLIEHHS pEareHTIB Ha KOHBEPCIIO
OLITOBOI KUCIIOTH, aMIHHUX TPYI PEareHTIB 1 CEJIEKTUBHICTh YTBOPEHHS aMiJliB Ta €CTEPIB.

Sk pearenTn BUKOpHCTOBYBaiH eranonamin (MEA, 93,8 mac.%, pemra — Boga) Ta OLUTOBY
kucnory (OK, napoasHa, x.4.). o-Kcunen, TonyeH 1 H-rentas (yci X.4.) 3aCTOCOBYBaJIM OJHOYACHO
K PO3YMHHHMK 1 a3€0TPONOYTBOPIOBaY. 3aKOHOMIPHOCTI B3a€MOIlI MiX MOHOETAHOJAMIHOM 1
OLITOBOIO KHCIIOTOIO JOCHIKEHO B HECTAI[lOHAPHHX YMOBAaX 3 BHKOPUCTAHHSAM macTku [liHa-
Crapka (BomoBimainoBada). Y koiOy IMOCIIIOBHO 3aBaHTaXXyBalld MOHOETAHOJIAMIH, PO3UYUHHUK
Ta OLTOBY KUCJIOTY. Boma, yrBopeHa BHACHIiJIOK amigyBaHHS 4M eTepudikaiiii, Buiydanacs 3
peakuiiHol CyMmiln y BUIIAAI a3e0TpOny 3 PO3YMHHHKOM 1 30upanacs B mactui [lina-Crapka.
PearenTn, po3YMHHHMK 1 Karaji3arop 3aBaHTaXyBaJXd 3a Macolo, a IO 3aBEpIICHHI IMPOIECY
3Ba)KyBaJIM MPOJIYKTH peakiii B Koj01 Ta BU3HAYaIM Macy BOJHOIO 1 OPraHIYHOTO MIapy 3 MacTKU
Hina-Crapka.

V peakuiifHiii cyMimn Ta BOAHOMY i opraHiyHoMY Inapax 3 micTku JliHa-Crapka BU3HaYalIu
aMiHHE 1 KMCJIOTHE YUCJIO TUTPYBAHHSIM PO3YMHOM TIAPOKCUAY HATpit0 abo XJIOPUIHOI KUCIOTH B
IPUCYTHOCTI OPOMTHUMOJIOBOTO CHHBOTO SIK 1HIMKATOpa 1 3 BUKOPUCTAHHSIM KOHIYKTOMETPUYHOTO
aHanmizy. 3a aMiHHUM 1 KHCJIOTHMM YHCIIaMH Ta MacaMH peakIiifHoi cymill, BOJHOTro M
opraniydoro mapy 3 nactku Jlina-Ctapka po3paxoByBalM KiJbKICTb PEYOBUHHU €TaHOJAMiHy U
OLITOBOI KHMCIOTU (MoOJb) micis iX B3aeMonli. CeneKTHBHICTh YTBOPEHHS aMiJiB Ta €cTepiB
PO3paxoByBaJIi 3 BpaxXyBaHHSIM MMOYATKOBOI KIJTBKOCT1 OLITOBOT KUCIIOTH 1 €TaHOJIAMIHY.

[TokazaHo, 10 TpU 3MIlIyBaHHI MOHO €TaHOJAaMiHY 1 OITOBOi KHUCJIOTH MIX peareHTamu
BiZIOYBa€TbCcA peakilis HeWTpaiizalii 3 YTBOPEHHSM 2-TiJpOKCieTaHaMOHiHalerary, sSKuil 3a
BHUCOKOi TeMIepaTypu poO3MaJaeThCsi 3 YTBOpPEHHSM N-(2-TiapokcieTumn)amneraminy Ta 2-
aMiHOeTUJIAIeTaTy. 3a HaJIMIIKY KUCJIOTH B PEAKI[IITHOMY CepeqOBHILI TaKOX HAKOMYY€EThCS 2-
(ameTrIIaMiHO JeTHIAIETAT.

BceraHoBneHo, 110 BUKOPUCTaHHS PO3YMHHMKA CHpPHUsS€ YTBOPEHHIO HOro aseorpomy 3
BOJIOI0, MOJIETHIYE 11 BUIYYEHHS 3 peaKIiifHOi cyMillli, 3MIIIye pIBHOBAry peakiii B 01k yTBOpEHHs
MPOAYKTIB peakiii 1 3HWKYe TeMreparypy peakiii. Bonnouac, 3HUKEHHS TeMIIEpaTypu 3yMOBIIOE
3MEHIIEHHS IIBUJKOCTI XIMIYHMX MEpPETBOPEHb. 30KpeMa 3a BiJICYyTHOCTI PO3YMHHMKA CEPEIHS
Temmneparypa peakiii gocsrae 202 °C, tomi sk y npucyrtHocti 19.9-22.8 mac. % H-remnrany,
TOJIyeHY YM O-KHCIEHY BOHa CTaHOBUTH 122, 166 a6o 181 °C, BimmosimHo. 3po3ymino, 1o 3a
BIZICYTHOCT] pO3YMHHUKA Yac AJIs JOCATHEHHS BUCOKOI KOHBEPCIT OLITOBOT KUCIIOTH € MEHIIUM. 32
360 xB peakiiii 3a BKa3aHOI CEpeIHbOI TEMIEparypd B NMPHUCYTHOCTI TeNTaHy, TOIYEHY YH O-
KHCJIEHY KOHBEpCisi KUCIOTH CTaHOBHUTH 44, 87 abo 82 %, a KOHBepCist aMiHHHMX Tpyn Jocsrae 42,
90 gy 93 %, BignoBigHO. HaliBuima cenekTuBHICTH yTBOpeHHs aminiB 89,1 % cnoctepiraerbes B



NPUCYTHOCTI O-KCHWJICHY, a HaiHmwk4da 76,5 % — B NPUCYTHOCTI H-TE€NTaHy. 3a BiJCYTHOCTI
COJIbBEHTY 1 B MPHUCYTHOCTI ToiyeHy 3a 360 XB peakiii CEJIeKTHUBHICTb YTBOPCHHS aMiiiB
ctaHoBUTh 84,2-84,5 %. Opepxani pe3ylbTaTH BKa3ylOTh Ha IepeBakalouy KIJIbKICTb Y
nponykrax — peakuii  N-(2-rigpokcieTmn)aneramigy 1 Ha  HasgBHICTB y  HHX  2-
(amerTunamiHo)eTHNIANETaTy 1 2-amiHoeTuianerary. MonbHui Hammmok 14-19 % BimHOCHO
aMIHHOI I'pyIIM MOHOETAHOJIAMIHY 3yMOBIIIO€ HAasBHICTh OLITOBOI KHUCJIOTH Y HPOIYKTaxX peakuii,
opraniyHoMy 1 BogHoMy mapi B mactii Jlina-Crapka. Husbke aminne uncio (7,8-21 mr KOH/T)
BKazye, 10 2-TiIpOKCieTaHaMOHIHAIeTaT MICTUTBhCA B MPOAYKTaX peakilii 3a BUCOKOI KOHBepCii
peareHTiB B HE3HAYHIH KUTBKOCTI.

3MiHa KUTBKOCTI PO3UYMHHHUKA BIUIMBAE HA TEMIIEPATypy peakilii. 3a 3Ha4HOI HOro KiJTbKOCTI
KOHBEpCisl peareHTiB 3MEHINYEThCS BHACIHIJOK HIDKYOI Temreparypu. BiamosimHo, amns
JOCATHEHHS 33/I0BUIBHOTO CTYIICHS TIEPETBOPEHHS OI[TOBOI KMUCIIOTH, 30KpeMa, BMICT TOJTyeHY HE
noBuHeH mnepesuiryBatn 20-23 mac. %. YiTkol kopemsmii MiXK CEIEKTUBHOCTSMH YTBOPEHHS
aMifiB 1 ecTepiB 3a Pi3HOI TeMIepaTypu HE BUSBIEHO. 3arajioM CEJIEKTHBHICTh YTBOPEHHSI aMifiB
€ He HK4010 3a 80,7 %.

HasiBHicTh y peakmiifHiii cymimi un BogHoMy mapi B mactii [lina-Crapka BiibHOT 01ITOBOT
KHCJIOTH YM MOHOCTAHOJIAMIHY 3QJICKHUTh BiJI CIIBBIJHOIICHHS pearcHTiB. MOJBHHI HaTUIIOK
CIPUYMHIOE HASBHICTBCTI KOXHOIO 3 HUX Yy HPOAYKTaxX peakiiii, a pelTy iX 3aJUILAETbCs Y
BUIVISAL 2- TiApOKCieTaHaMOHiKManeTary. 3MiHa MOJBHOTO CITIBBIJIHOIICHHS pEarcHTIB BU3HAYA€
CKJIQJI MPOIYKTIB B3a€MOJIi MiX €TAHOJAMIHOM 1 OLITOBOK) KHCIIOTOI. 30KpeMa 3a OJHAKOBHIA
OPOMIKOK Yacy CTeXIOMETpUYHHMI Haaauimok MoHoeraHonmaminy (OK : MEA — 0,64 : 1)
3YMOBIIIO€ HI)KUY KOHBEPCIIO PeareHTiB IpoTe BUCOKY (10 99,8 %) celneKTHBHICTh YTBOPEHHS
amijiiB, a 301IbIIEHHS KUTBKOCTI OLTOBOI KUCIIOTH MoHaj crexiomeTpuuny (OK : MEA — 1,85 : 1)
BeZIe /10 30UIbIIEHHS CEIEKTUBHOCTI yTBOpeHHs ectepiB (10 39,0 %). AMiHHE YHCIIO MPOIYKTIB
peaxiiii 3MEeHIY€eThCs 31 30UTBIIEHHSIM KOHBEPCIi peareHTiB.

[TpoBeneHi AOCHIIKEHHS JalOTh 3MOTY KOHCTaTyBaTd, LIO TeMIeparypa peakiii Mix
MOHOETAHOJIAMIHOM Ta OLITOBOIO KMCJIOTOIO MOB’A3aHa 3 TEMIIepaTyporo KUITIHHS po3duHHUKa. Ha
CEJIEKTUBHICTh YTBOPEHHS aMiJliB 1 €CTEpIB HASBHICTh POZYMHHMKA BIUIMBAE HE3HAYHO, TOMY HOTO
POJIb 3BOAUTHCS HAcaMIlepes 10 BUITyYEHHs BOJU 3 PEaKIIMHOI CyMillll Ta 3MallleHHs! pIBHOBAru B
01K YTBOpPEHHsI NMPOAYKTIB. 3a €KBIMOJSIPHOTO CIHIBBIAHOIIEHHS MOHOETAaHOJAaMiHy W OLTOBOI
kucinotu N-(2-rigpokcieTan)aneraMis] € OCHOBHUM MPOIYKTOM peakilii, a BUCOKa CEJIEKTHBHICTh

YTBOPEHHS aMiJliB IOCSATAETHCSA 32 CTEXIOMETPUYHOTO HA/IJTUIIKY MOHOETAaHOJIaMIHY.
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BUKOPUCTAHHS XITO3AH-TJIFOKAHOBOI'O
KOMILJVIEKCY AK OCHOBHU KATAJIITUYHUX CUCTEM JUIA
OKMCHEHHS HUKJIIOT'EKCAHY
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OKHCHEHHS LMKIJIOTEKCaHy € OJHUM i3 0a30BUX IMPOLECIB OPraHiuHOTO CHHTE3Y, OCKUIbKH
came BOHO 3a0e3leuye oJepKaHHS LUKIOI€KCAaHOIY 1 LUKIOIeKCaHOHY - KOMIIOHEHTIB KA-omii,
10 Jaji BUKOPUCTOBYETHCS ISl CHHTE3y KampoJlakTaMy Ta aJuIiHOBOI KHUCIOTH. l0joBHa
TEXHOJIOTIYHA CKJIAJHICTh IIbOTO TMPOLECY TNOJSIrae y IOE€THAHHI JBOX BHMOT: HEOOXiIHO
aKTUBYBATH BiHOCHO iHepTHUH C—H 3B’S30K IUKIIOTEKCaHYy, ajie BOAHOYAC YHUKHYTH IITUOOKOTO
OKHMCHEHHS LIJbOBUX MPOAYyKTiB. Came TOMY NMPOMUCIOBUH piinHHO(DA3HUH MpoLec TpaauLiiiHO
BElyTh 3a HHU3bKOI pa30BOi KOHBEpCii LIUMKJIOIEeKcaHy, 3a3BUYail Huxue 4-5 %, mob 30epertu
BHCOKY CeIeKTHUBHICTh 3a KA-omiero [1].

OKHCHEHHsS  IUKJIOTeKCaHy y  pigkid a3l € ckimagHow — OararoctaaiiiHOro
BUTPHOPAJNKAIBHOIO JIAHIIOTOBOIO pEaKili€lo, y SKid KIIOYOBY pOJIb BIJITpae YTBOPEHHS
LUKJIOTeKCHIIIEPOKCUIHUX PAJUKAIIIB 1 IIMKJIOTEKCUIIT1IPONEPOKCUIY SIK TOJOBHOTO MEPBUHHOIO
npomikHoro npoaykry [1, 2]. Ha panHix cTazaisx mnporecy BiiOyBa€ThCs BIIPUB aToMa TiIpOreHy
BiJl IIMKJIOTEKCAHy 3 YTBOPEHHSM ITUKJIOT€KCHIIBHOTO pPajluKaa, SIKHi B3a€MOJII€E 3 MOJIEKYISIPHUM
KHCHEM 13 (POPMYBaHHSAM IMKJIOTEKCUITIEPOKCUIBHOTO pajukaia. [lofganasmuii po3BUTOK JIAaHIIOTa
IPUBOIUTH 10 HAKOMTUYEHHS [UKIOT€KCHITIPONIEPOKCUY, a BKe HOro po3Kial € BU3HAYAIbHUM
JUTSL CEJIEKTUBHOCTI Tipotiecy [2].

3a JaHUMU JOCHIDKEHb MEXaHI3My peakilii, ITUKJIOTeKCAaHOH MOXE YTBOPIOBATHCS SIK
Oe3mocepeHbO 3 TMEPOKCWIBHUX  pajJuKaliB, TaK 1  BHACHJIOK  TEPETBOPEHb
[UKJIOTeKCHIIT1IPONIEPOKCUy Ta BTOPUHHOTO OKHMCHEHHs LuKiorekcanomy [2]. Orxe,
KarajizaTop s [bOTO TPOIeCY IMOBHHEH HE MPOCTO TNMPHUCKOPIOBATH AKTHBAIIO KHCHIO, a
nepeayciM KepyBaT HUIIXaMH pO3KJIady T'IpONEPOKCHY B HAPSMI YTBOPEHHS CIUPTY 1 KETOHY,
a He NMPOAYKTIB AECTPYKLIi Kifblisd. Y IbOMY acleKTi HOCiH 1 MIKpOOTOYEHHSI aKTUBHOT'O LIEHTPY
CTalOTh HE MEHII BaXJIMBUMH, HI)K IPUPOA CAMOTO METaIYy.

Came Tomy nenmani OiumbIly yBary MNpUBEpPTAlOTh Ol0TOJIMEpHI HOCII, 3/aTHI MO€THATH
KOOPJMHAIII{HI BIACTUBOCTI, JOCTYHHICTh (DYHKI[IOHAJIBHUX TpYI, THYYKICTb CTPYKTYpH Ta
MO>KJIMBICTh TOBTOPHOTO BUKOpUCTaHHS. [0 Takux HOCIiB HajiexaTh XITO3aH Ta HOro MOXIiJHI.
Jlis TeTepOreHHOro Katalliy XiTO3aH € MPHUBAOIMBUM 3aBISKHA HAsBHOCTI aMiHOTPYII, 3JaTHUX
KOOPAMHYBATH MEPEXiJHI METaIH, Ta MOXKIMBOCTI (pOpMyBaTH IJIIBKH, relli, MEMOpaHH, BOJIOKHA
i kommosutu [3]. llle mepcnexkTuBHIIMM MOXke OyTH XiTO3aH-TIIFOKAHOBHM KOMILUIEKC TPUOHOTO
MOXO/KEHHS, y SKOMY XITO3aHOBUH KOMIIOHEHT TO€IHAHUM 13 [-TIIIOKAaHOM Yy €IMHIN
noJlicaXxapuaHii MaTpUIli.

[Tepri mepekoHIUBI pe3yAbTaTH Ul XITO3aHOBMICHMX KaTaJITHUYHUX CHCTEM OynH
OTpUMaHi Ha XiTo3aH-iMMOoOTI30BaHOMY 3aii30(IIl)-TeTpadeninmnopdipuni. [Tokazano, mo Takuit
KaTajgizarop 37aTHUM 3I1ACHIOBATH aepoOHE OKHCHEHHS ITUKIOTEKCaHy 0e3 BHKOPUCTaHHS
po3unHHMKA 1 Oe3 BimHOBHUKA [3]. Lleil pe3ynbTar € IPUHIMIOBO BAXKIMBUM, OCKIIBKH aepoOHUI



pexxuM 0e3 pO3UMHHHMKA A€ 3MOTY OILIHWUTH peaJlbHUH BIUIMB Karajizaropa Ha HapsMm
paZvKaIbHOTO MPOLIECY, a HE JIMIIE HOro 3aTHICTh TeHEPYBaT aKTUBHI KMCHEB1 (POPMH.

[Tomanemuii po3BUTOK I1i€i 1€ MpUBIB 10 cTBOpeHHS XiTo3aH-mHupdoBux ocHoB Co(Il) 1
Pd(Il), ski BusSBWIM IIe BUILY AaKTHUBHICTb Yy aepoOHOMY OKHCHEHHI ULHMKJIOreKcaHy 0e3
po3unHHuKa [4]. [[nst Takux cuctem Oylio MpoIEeMOHCTPOBAHO, 110 KOOAIBTOBI 1 MaIali€Bi EHTPH
MOXYTb TMO-pI3HOMY BIUIMBAaTH HAa TEPETBOPEHHS LUKIOTEKCHITIIPONEPOKCUAY: KOOaIbT
e(hekTUBHO cHopusie HOro crnpsiMoBaHOMY poskiany mo KA-omii, Tomi sK managid 3MiHIOE
CJICKTPOHHE OTOYEHHS AaKTHBHOTO By3Ja 1 MOXE BIUIMBAaTA HA CHIBBIIHOIICHHS MIiX
[UKJIOT€KCAHOJIOM 1 IUKJIOTeKCaHOHOM. OTXe, XiTO3aHOBa MaTpHUIls B UX POOOTAax BHUCTYIAE HE
MPOCTO SIK MACHBHHMM HOCIH, a K CTPYKTYpPHHUM €JIEMEHT, IO cTabumizye Karami3arop i Gopmye
CEJICKTUBHICTb MPOIIECY.

OcoOnMBO TOKAa30BUM € BUKOPHUCTAaHHS -OKCO-AMMEp 3aiiza TeTpadeHimoppipuny
(TPPFelll)20/CTS wna xito3ani. [ms karamizaropa (TPPFelll)20/CTS mnokazano, mo 3a
ontumanbHUX yMOB 398 K 1 0.6 MPa y peaxiiii aepoOHOr0 OKUCHEHHSI LIUKJIOTEKCAaHY JTOCSATAETHCS
6mu3bK0 90 % CeNeKTUBHOCTI 332 CyMOIO IIUKJIOI€KCAHOMY 1 IMKJIOrekcaHony npu 13.0 % Buxony
ta TON (Turnover Number, a6o uucio o6opomis) 1,03 x 10° [5]. Baxiuso, mo Karamizarop
MOXHa Oyno e(eKTHBHO BHUKOPHCTOBYBATHM NOBTOPHO 10 miecTd LUKIiB. lle o3Hauae, mio
XiTO3aHOBA MaTPHIIS OJHOYACHO BHKOHYE KilibKa (DYHKIiH: ¢ikcye MeTanonophipuHOBHHA LHEHTD,
3MEHIIy€ HOro Me3aKTUBALIII0 Ta MOKPAIIly€e KOHTPOJIb Ha/l MEPOKCUTHUMH MPOMIKHUMHU CTaIisIMU
IIPOLIECY.

Posnp XiTO3aHY SIK aKTUBHOT'O CTPYKTYPHOT'O ITPOMOTOpA I1I€ YITKIIIE [TOKa3aHa B poOoTi [6],
o€ omucaHo OiOMIMETHYHUN TMiAXiA A0 OKHUCHEHHS IMKJIOTeKCaHy 13 3aCTOCYBaHHSAM
3aJizonopgipunary [3amdizo-terpakic-(4-cynbponarodpenin)-nopepipun; Fe(Ill) (TPPS)] na
nopomkonofaionomy xirozaui (pd-CTS). V wiii crarti XiTo3aH PO3IISAAETHCS HE K 1HEPTHA
MoJIIMEpHA MIAKIa/IKa, a IK CEPEIOBUIIE, 3/IaTHE TTOKPAIyBaTH repedir 610MIMETHYHOI OKCH Il
ankany. Takuil miaxii ocoOJMBO LIHHUM A MEpexony A0 XiTO3aH-TIIIOKAHOBOTO KOMILIEKCY,
ockinpkn XI'K mae mie ckiaaHinly nosicaxapuHy apXiTeKTypy 1 MOTEHIIMHO MOXKe CHIIbHIIIe
BIJIMBaTH Ha MIKPOOTOYEHHS aKTHUBHOTO LIEHTPY, AU(Y31l0 KUCHIO 1 CTaO1Ii3alii0 NePOKCUIHUX
MPOMIKHUX YaCTUHOK.

SIKI10 MOPIBHATH I1i XITO3aHOBI CUCTEMH 3 CYYaCHUMH HEOPTaHIYHUMH KaTalli3aTopamMu JUis
OKHCHEHHS IUKJIOreKCaHy, CTa€ BHUJIHO, II0 IIEHTPAJbHOIO MPOOJIEMOI0 s BCIX MiAXOJIB
JUIIAETHCS KOHTPOJb Han cenekTuBHICTIO 10 KA-omii. Hampukman, mist QyHKIIOHaTIBHOTO
okcuaHoro karamizaropa CeMn0.5C00.50x y 2023 pori mokazano 93.0 % cenextuBHOCTI 10 KA-
omii npu 4.6 % KoHBepcii LHUKIOTeKCaHy, a BHUCOKY €(EKTUBHICTb aBTOPH IOB’S3yIOTh 13
cuHeprietro Mn- i Co-IIeHTpiB pi3HOi BaJEHTHOCTI, AKi CIPSMOBAHO PO3KJIAJAIOTh MPOMIXHHUNA
nukiorekcuiriaponepokcua 10 KA-omii [7]. Lle BaxkmuBuii opieHTHp 17151 cucteM Ha ocHOBI XI'K:
Oyab-sIKHH HOBHM HOCI NOBHMHEH HE MPOCTO MiJBHIYBaTH KOHBEPCiO, a 3abe3redyBaTu came
KOHTPOJIbOBAHUH PO3KJIA] T1APOTIEPOKCHITY.

Jlnist XiTO3aH-BMICHUX KOMIIO3MTIB L€l HampsMm yxe (paktuyHo mouascs. Y 2025 poui s
karamizaropiB Fe—CS/SBA-15, Cr—CS/SBA-15 i Cu—CS/SBA-15 y pinuHHO(pa3HOMY OKHMCHEHHI
[IUKJIOTEKCAaHy TIEPOKCHUIOM BOIHIO 3a M SKMX yMOB IIOKa3aHo, 1o Moaudikamiss SBA-15
XITO3aHOM TIOKpallye iMMOOLTI3allii0 MeTajiB, a Halkpaml pe3ynsratd fgaiote Cr- 1 Fe-BmicHi
CHCTEMH: KOHBepcisi Iukinorekcany cranoswia 21.6 % ans Cr—CS/SBA-15 1 18.5 % nna Fe—
CS/SBA-15, toni six mst Cu—CS/SBA-15 — 9.3 % [8]. Xoua B 1iit po6oti Bukopuctano H,O,, a
HE MOJICKYIApHUN KUCEHb, BOHA MPUHIUIIOBO BAXKIWBA JJS TEMH XITO3aH-TJIIOKAHOBOTO



KOMITJICKCY, OCKUTBKM JEMOHCTpPY€E, IO XITO3aHOBAa CKJIAJ0Ba pealbHO IMOKpaiye Qikcario
MeTajgy Ha IOpPUCTOMY HOcii 1 Moxke Oyt miaarGopMoOI0 IJisi CTBOPEHHS CKJIAIHIIIMX
KaTaJITHIYHUX MaTepiaiB.

XiT03aH-TIIFOKAHOBUN KOMIUJICKC € TIEPCIIEKTUBHUM CaMe 3 MOTISAIY MPOIeCY OKHCHEHHS, a
HEe JMIIe fK 3aradbHuii OiomomiMepHuil Marepian. Moro mepesara monsrae B HO€IHAHHI
KOOpAHMHAIIHO aKTHBHHUX aMiHOTPYI XiTO3aHY 3 JOJATKOBOI CTPYKTYPHOK POJUTIO TIIFOKAHOBOI
¢a3u. [ CeNeKTUBHOTO OKUCHEHHSI IUKJIOTeKCaHy 1€ 03HAaYa€ MOXJIMBICTh BIUIMBATH BiJpa3y Ha
TPHU KPUTHYHI CTail: aKTUBAI[II0 KUCHIO, HAKOMTUYCHHS 1 PO3KIIA]] IIUKIIOTEKCHIITIAPOTICPOKCHUTY, &
TAKO)X NPUTHIYEHHS TIMOOKOI JMECTPYKIl HUKIOTeKCaHONy 1 IMKiIorekcaHony. Kpim Toro,
IJIIOKAaHOBA CKJIAJ0Ba MOXE 3MIHIOBATH TiApaTallito, MiKpPOIOPHUCTICTh 1 Iu(y3il0 peareHTIiB
yCepearHl MaTpulli, a OTKE€ — 1 PO3MOIT JIOKAIbHUX KOHIIGHTpAIlill CyOcTpaTy, KHUCHIO Ta
NPOMIDKHUX HPOIYKTIB O1JI1 METAJIEBOTO IEHTPY.

3 ommay Ha HasBHI JIiTEpaTypHi JaHi HAWOUIBII JIOTIYHUM HAmpsSMOM TOAAJIBIINX
nociimkenb € ctBopeHHs Fe-, Co-, Pd-, Mn- a6o Cr-BmicHux KaraiizaropiB Ha ocHoBi XI'K Ta ix
BUNIPOOYBaHHS HacamIiepell y acpoOHOMY pexkuMi Oe3 po3uMHHHKA. [Ipy 1bOMY NPHHIIMIIOBO
BXXJIMBO OKPEMO BIJICTEKYBATH IHUKIIOTCKCHIITIIPONIEPOKCH]I, ITUKIOTCKCAHOJ, IUKJIOTEKCAHOH 1
MPOAYKTH TiepeokrucHeHHs. CaMe TakWid IMiJIXiJ JO3BOJUThH OIIIHWTH HE JIMINE aKTUBHICTh, a U
peabHUI  TEXHOJIOTIYHMM TOTEHI[ia]  XITO3aH-TVIFOKAHOBOTO KOMIUIGKCY SIK HOCIss  JUIs

CEJIEKTUBHOTO OKHCHEHHSI LIMKJIOTEKCaHY.

AHoTamisg. Y Te3ax pO3MIHYTO OCOOIMBOCTI TMpOLECy PiAMHHOGA3HOTO OKHUCHEHHS IUKJIOTEKCAaHy Ta
06TPYHTOB21HO HepCHeKTI/IBHiCTL BUKOPUCTAHHS XITO3aH-TIIOKAHOBOTO KOMIIJICKCY sK HOCIs U1 TETEPOreHHUX
KaTaJIITHYHUX CHCTeM. [loKa3aHo, 0 KJIIOYOBHMH CTaIisIMH MPOIECY € aKTUBAIlsl MOJCKYJSPHOTO KHCHIO,
YTBOPEHHS IMKIIOT€KCHIITIJPONIEPOKCUAY Ta HOro CEIEKTUBHMN PO3KIAJ A0 IMKIOIEKCaHOJY 1 IHKJIOIeKCAaHOHY.
VY3aranpHEHO JiTEpaTypHi JaHi MIOA0 XiTO3aH-BMICHHMX KaTalli3aTOPiB HA OCHOBI METATONOPQIpUHIB i KOMIDIEKCIB
MepeXiTHIX METalliB, sKi 3a0e3MeuyroTh e(peKTHBHE aepoOHE OKHMCHEHHS HUKJIOreKcaHy Oe3 po3dunHHHKa abo 3a
M’SIKUX YMOB. Bif3HaueHO, 10 MOEIHAHHS KOOPIMHAIINHO aKTHBHHX aMIHOTPYI XiTO3aHy 3 IOJIiCaXapuaHOI0
[JIIOKAHOBOIO MATPHUICKD MOXE CHOPHITA CcTalimi3arii aKTHBHHX IICHTPIB, MOJIMIICHHIO MAacCOMNEPEeHOCY Ta
MiABUIICHHIO celleKTUBHOCTI 0 KA-omii. 3po0ieHo BHCHOBOK PO MOUUIBHICTH po3pobnenHs Fe-, Co-, Mn- ta Cr-
BMiCHI/IX KaTaJ'IiTI/I‘IHI/IX CHCTEM Ha OCHOBI XiTO3aH-FJ'IIOKaHOBOFO KOMIIJIEKCY MJI CEJICKTUBHOI'O OKHWCHCHHSA
LIMKJIOTEKCaHy.

Karw4oBi caoBa: XiTO3aH-TIIIOKAHOBHHA KOMILUIEKC, IHMKIOTEKCaH, OKHCHeHHs, KA-oimis, reTeporeHHHN
KaTalli3, MeTaJonopQipuHu.
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[Tiponiz HadTOBUX (pakuildi CympoBOmKYeTbcs yTBOpeHHSAM 30-35 % pigkux moOiYHHX
MPOAYKTIB. 3 SKHUX, 30Kpema, BUIALIAOTH ¢pakmito C9 (423-473 K) 3 BHUCOKMM BMICTOM
peakuiiHo3aaTHUX KoMIOHEHTIB. Ppakmis C9 € MepcrneKTUBHOI CHPOBHUHOKO MJISi CHHTE3Y
oJiroMepiB  (BYIJICBOIHEBUX CMOJ), BIAOMHX TMiJ Ha3BOK HAQTOMOIIMEpPHI CMOJH, IO
BUKOPHCTOBYIOTBCS Yy TIOKPUTTAX, OITYMHUX KOMIIO3MIISIX, TYMOBHUX CyMIIIax Ta IIEJIOJIO3HO-
nanepoBiii MPOMHUCIOBOCTI.

Oniromepu3ailito BYITICBOAHEBUX CyMillleld MPOBOJAATH 3a 10OHHMM a0 paJuKalIbHUM
mexaHi3MoM. [IpomucioBuii iHTEpec CTaHOBHUTH iHILIHOBaHA paJHMKajbHA OJIrOMepu3alis, M0
XapaKTepU3yeTbCS HWKYMMH TEMIIepaTypaMyd Ta TMPOCTIIIMM amaparypHUM OQOPMIICHHIM
MOPIBHSHO 3 KaTamiTuuHuMu mpouecamu. [Ipore must dpakuii C9 y po3uuHi mpoiec Bce Iie
notpedye 453—473 K, 3Ha4HOT TPUBAIOCTI Ta EHEPrOEMHOTO BUILICHHS CMOJIH.

Y poboTi mochipKeHo BYIVIEBOAHEBI cMONH, oaepkaHi 3 ¢pakmii C9 pimkux MpoOmyKTiB
MIpoJIi3y 3a JIBOCTAIMHOI CXEMOIO OJIITOMEpHU3allii, M0 TOEAHYE HU3ZBKOTEMIIEPaTypHY
CYCHEH3iiiHy oJiroMepusaito Ta MOJAJbLIy BHCOKOTEMIIEPATYpHY  JOOJIIFOMEpPHU3ALil0
3anuiukoBoi  (pakmii. Takuit minxin 3a0esnedye MOCHIJOBHE 3alydeHHS [JO peakuii
CTUPEHBMICHUX 1 IMKIOTIEHTAIIEHOBMICHUX KOMIIOHEHTIB, WO JO3BOJISIE€ IJIECTIPSIMOBAHO
peryiioBaTH  MOJIEKYJIIPHY CTPYKTYpPY, MOJEKYASIPHO-MACOBHM pO3MOAUI Ta PEOJIOTIYHI
BJIACTUBOCTI OEP)KaHUX CMOJI.

Ta6auus 1. YMOBH CHHTE3Y Ta MOJIEKYJISIPHA Maca JOCTiTKEHHX CMOJT

Temmneparypa, | MonekymspHa
Cmomna Tun cmonu Meton cuHTE3y patyp YIAp
K Maca
(1) CTHpEHBMiCHA cycreHsiifHa oiiroMepusani 353 S0
THPEHBMICH MeH3iitHa oJliroMepu3artis
@) P 4 pusat 333 550
3 . iHIIIHOBaHA OJIirOMEpH3aIlist 453 640
[UKJIOTICHTAIIEHOBA . . .
(4) TEepMiYHa OJIroMepu3aris 473 610
CTUpPEH- OJHOCTaJilTHA iHiliioBana
(5) P . AHOCTAATHIHA H 453 670
[UKJIOTICHTAIIEHOBA oJliroMepH3artist

Ha mepmriii cramii mporecy ¢GOpMYIOTBCS TEPEBaXXHO CTUPEHBMICHI CMOJIUA 31 CBITIIMM
3a0apBIIEHHSAM, KOMIIAKTHUM MOJIEKYISIPHO-MACOBUM  pO3MOJAUIOM 1 HIDKYOIO CEPETHBOIO
MoJIeKynsipHoro Macoro (500-550). Jpyra craaid, mo nmpoBoauThes 3a 453—473 K, 3abesneuye
3aJlyd4eHHs] I[HMKJIONEHTAIIECHOBUX KOMIIOHEHTIB 3aJMINKOBOi (pakilii 3 YTBOPEHHAM CMOI 3
BUIIOI0 MOJIEKYISIpHOIO Macoio (610—640), HikuuM OpOMHHUM YHCIOM Ta OUIBLI BHPAXKEHOIO
CTPYKTYPHOIO HEOTHOPITHICTIO.

OpakiriiiHe ocapPKeHHS IMOKa3ano, , 0 CTHPEHBMICHI Ta IMKJIONEHTAIIEHOBMICHI CMOIHU
MaroTh OHM3bKi 3HaYeHHS nonigucnepcHocTi (Mw/Mn = 1,05-1,07), mo cBiT4UTh MPO MOTIOHMIA
CTYNiHb IIUPUHHU MOJEKYIIPHO-MAaCOBOTO po3moAiry. BomHouac CTHUPEH-LMKIONEHTAI1€HOBHIA
KOOJIITOMEDP XapaKTepHU3YEThCA BUIIUM 3HadeHHsIM Mw/Mn (=1,20), mo Bka3ye Ha 3pOCTaHHS
BHECKY BUCOKOMOJIEKYIISIPHUX (DPAKIIIM.
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Ta6auus 2. [lapameTpn MoJ1eKyJIAPHO-MACOBOT0 PO3MOAITY BYIJ1€BOAHEBUXCMOI

Tun cMonu Mw Mn Mw/Mn . E(PCKTHBHa .
KUTBKICTB (hpaKIIii
CTupeHBMICHI 519-566 460-539 1,05 2,24
uknoneHTagieHOBMICHI 604-612 562-573 1,07 1,85-3,0
CTUpEH-IIUKIIONICHTAIIEHOBA 682 567 1,20 2,9

HaBeneni y Ttabim. 2 mapamerpy MOJCKYISPHO-MAaCOBOTO PO3IOIUTY MiATBEPIIKYIOThH
CYTTEBHI BIUIMB YMOB CHHTE3y Ha CTPYKTYpPHY HEOTHOPIIHICTH cMoj. BcraHOBieHO, IO
CTHPEHBMICHI Ta LUKJIONEHTAIIEHOBMICHI CMOJIM XapaKTePU3YIOThCS OMM3BKUMH 3HAYCHHSIMHU
Mw/Mn, 10 CBiTYUTH NPO MOAIOHY IHMPHHY MOJIEKYISIPHO-MAaCOBOTO po3monidy. BogHouac mis
[UKJIOTICHTAJIEHOBMICHUX CMOJI CIIOCTEPITa€ThCsl 3MIIIEHHS PO3MOAUTY y 001acTh BUIIMX
MONeKyIsIpHUX ~ Mac. CTHUPEH-UIMKIONEHTAII€EHOBI CMOJHM  BiJI3HAYAIOThCS  3POCTaHHSAM
MOJI IUCTIEPCHOCTI, €()eKTHUBHOTO Yncia (Ppakiliid Ta BHECKY BHCOKOMOJICKY/ISIPHIX KOMIIOHCHTIB.
3navyeHHs eekTUBHOTO ymcia ¢pakiid y mexax 1,85-3,0 cBimuarh, m0 MOJICKYISPHO-MACOBHIA
PO3IONIT TOCTIKEHUX CMOJI MOKE OyTH TPEACTaBICHUN CHCTEMOIO 3 TBOX—TPhOX JOMIHYIOUHX
dpakmiii. 3pocTaHHA LBOTO MOKAa3HUKA BIAMOBIA€ MiJABHUILEHHIO BHECKY BHCOKOMOIEKYISPHUX
KOMIIOHEHTIB 1 CTPYKTypHOi HeomHopimHocti. Ha puc. | HaBemeHO KyMyJsTHBHI KpHUBI

MOJIEKYIISIPHO-MACOBOTO PO3IOILITY CMOJI Pi3HOT XIMIYHOT IIPUPOIIH.
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Puc. 1 — KymynsaTuBHI KpHUBi MOJIEKYJIIPHO-MACOBOTO po3no ity ctupeHBmicHuX ((1), (2)),
nukinonenTanieHoBux ((3), (4)) Ta cTupeH-UMKIONEHTaAi€eHOBOT (5) cMou
CrupenBmicai  cmomu (1, 2), onepxaHi 3a HHU3bKOTEMIeEpaTypHOi AMcIepciiHOT
oJiroMepu3allii, XapaKTepU3yIOTbCsI KOMIIAKTHUM MOJIEKYISIPHO-MAacOBUM po3mnoaiioM. Jlis
[UKJIONEHTAieHOBMICHUX cMoa (3, 4) crnocTepiraeTbCsi 3MILIEHHS KPUBHUX Y OOJacTh BHIUX
MOJIEKYJISIPHUX Mac, M0 CBIAYUTH Mpo (QOpMyBaHHS Baxuux (pakiiii 3a ONU3bKUX 3HAUEHb
noniaucnepcHocTi. CTUPEeH-UUKIIONEeHTaAleHOBa cMofia (5) BiJI3HAYa€ThCs HAOUTbII BUPAKEHUM
BHECKOM BHCOKOMOJICKYJIIDHMX KOMIIOHEHTIB 1 IIMpIIUM po3noaiioM. Lle y3romxyeTbes 31
3pOCTaHHSIM e(QEeKTHBHOTO 4YHciaa (pakiiif, o0 BKa3ye Ha MIJBUIICHHS CTPYKTYpHOI
HEOJHOpiAHOCTI cucTteMu. OTpuMaHi pe3ylnbTaTH MOKa3yloTh, LI0 TEMIEPaTypHUN PEXUM 1
CTaAIMHICTh oOJiromMepusalii BU3Ha4alOTh (QOPMY Ta TOJOKEHHS MOJEKYISIPHO-MACOBOTO
posmonity C9 cmoi, MmO MIiATBEPKYE MOXIHMBICTh IIJIECIPSIMOBAHOTO KEpyBaHHS  iX
CTPYKTYPHUMH XapaKTepUCTUKaMU BUOOPOM yMOB CHHTE3Y.
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Onedinn HaneXarb J0 KIOYOBHUX IPOIYKTIB CydacHOI Ha(TOXIMIYHOI IPOMHCIOBOCTI.
30kpema, eTeH 1 IPOMNeH € OCHOBHOK CHPOBHHOIO Ui BUPOOHUIITBA IMOJMIMEPHHUX MarepialiB i
IiHHUX MOHOMEpIB Pi3HOTO MPU3HAYEHHS. IX OTPUMYIOTH MEPEBaKHO BHCOKOTEMIIEPATYPHHUM
HipOoJIi30M BYIVIEBOMHEBUX (PAKIiN, 1[0 OXOIUTIOIOTh IIMPOKHHA CHEKTP CHPOBHUHH - BiJ JIETKUX
ra30BUX J0 PiAKUX HA)TOBUX JTUCTUIIATIB.

[Tpouec miponizy CympoOBOKYETHCS YTBOPEHHSIM 3HAYHOI KITBKOCTI MOOIYHUX MPOIYKTIB,
gacTKa SIKuX Moxe csratu 10 30% Big Macu BUXiAHOI cHpoBHHHU. L{i TPOAYKTH SBISIFOTH COOOFO
CKJIQ/IHy 0araTOKOMITOHEHTHY CYMIIll HACHYEHUX, HCHACHYCHHX, aDOMATHYHUX Ta MOJIIAKIITIHIX
BYIVIEBOJHIB, CKJIaJ 1 BIACTUBOCTI SKUX 3aJIe)KaThb BiJ] TUIy BUXIJHOI CUPOBHUHHU Ta MapaMeTpiB
TexHonoriunoro mporecy. Cepen moOiYHUX MPOAYKTIB Mipoiizy Ha(TOBOI CHPOBHUHU BaXKIHBE
micie 3aiimarore ¢pakuii C5 ta C9. BoHM MicTATh HeHacW4deHi amidaruyHi i apomaTHyHi
BYIVIEBOJIHI, 3/1aTHI JI0 peakwiid oJjiroMepusaii 3 yTBOPEHHIM BYIJICBOAHEBUX CMOJI. Taki cMoin
IIMPOKO 3aCTOCOBYIOTh Y BHPOOHHUITBI JakopapOOBHX MarepiaiiB, KJE€iB, T'yMOBOTEXHIYHUX
BUPOOIB, OITYMHHX KOMITO3HIIIH TOLIO.

Metoro  pobotu  Oynmo  JOCHIAUTH  3aKOHOMIPHOCTI  1HINIHOBAHOI  MEpPOKCHIAaMU
oJiiromMepu3anii cywmilli HEHacM4eHHX ByrieBoAHIB ¢pakuii C5 1 C9, sxi oTpuMmaHi mia yac
nipoJiizy MpsIMOTOHHOTO OEH3MHY Yy BHpPOOHHMITBI eTeHy. IIporec oniromepusaiiii npoBOIwIn y
TepMETUYHUX TEPMOCTAaTOBAaHMX peakTopax B arMoc(epi aprony B iHTepBaji Temmneparyp 398—
498 K mpotsirom 2—8 rogauH.

Jnst  iHimioBaHHS peakilli 3acTOCOBYBAJIM OpTraHIuHI TEPOKCHAM PI3HOI  OymoBH:
nidenzoinnepokcus (DBP), mpem-6yrunnepokcudenszoar (TBPB), mpem-Gyrunrigponepoxcus
(TBHP), ni-mpem-6ytunnepoxkcun (DTBP), kyminriaponepoxcun (CUHP), mixyminnepokcun
(DCP), mpem-0ytunkyminnepokcusa (TBCP).

BceranoBneno, 1o Temmeparypa peakuii CyTT€BO BIUIMBa€ Ha Iepedir mporecy
omiromepu3auii. ITinBuimenns temneparypu Bijx 398 1o 498 K cripusio 3pocTaHHIO BUXOAY CMOJIU
Big 21,8 o 36,5 % mac. OpHak 3a BUCOKMX TeMIeparyp CIOCTepiraisocs MoripiieHHs (i3uKo-
XIMIYHMX MOKa3HUKIB MPOAYKTY: 3MEHILIEHHS OPOMHOTO YMCIa Ta MOJEKYISIPHOI MacH, a TaKoxX
iHTeHCHiKallisg 3a0apBIEHHS CMOJIH.

30UTbIICHHS TPUBAJIOCTI peakiii 10 6 TOAUH MO3UTHUBHO BIUIMBAJIO HA BUX1J MPOAYKTY, TOMI
SK TOJAJIbIIe MOMOBKEHHS Mpolecy Oyno Manoe(eKTUBHUM 1 CYyNPOBOIKYBAJIOCS MOCHICHHIM
MOOIYHHUX PEaKIIii.

[TokazaHo, 110 €(peKTUBHICTH IHIIATOPIB 3aJE€KUTh BiJ iX XiMiuHOI mpuponau. HaiiBumry
AKTUBHICTh BHSIBWIN ANKIIIEPOKCUAM, a MAaKCUMAaJIbHHI BUXiJI cMONIM 3a0e3redyBaB [i-mpem-
oyrunmnepokcua. OntumanbHa konueHtpamiss DTBP cranoBuna 0,05 mons/aM®. 3a momanbiioro
30UTBIIIEHHST KOHIIEHTpAIlii MPHUPICT BUXOAYy OyB HE3HAYHUM. 3arajoM IIOJ0 BUXOAY CMOJIH
e(DEeKTUBHICTH 1HIIIATOPIB 3MEHIITYBAJIACh y PAIY:
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DTBP > TBCP > TBHP > DCP > CUHP > TBPB > DBP.

Buma edextuBnicTh ankianepokcunis (DTBP, TBCP) oueBumHo 3ymoBiieHa HU3BKOIO
MIBHIKICTIO 1X TEPMIYHOTO pO3Majy TpH IiIBUNICHUX TeMmIieparypax. BojHodac Hmk4a
edpexTuBHICTD TinpomnepokcuiB, 3okpema CUHP 1 TBHP, siki xapakTepu3ylOThCs BHCOKOIO
TEPMIYHOIO CTIMKICTIO, aje BOJHOYAC 3a0€3MEeUyIOTh MEHIIMH BHXiJ OJIroMepy MHOpIBHSHO 3
BIJIMOBIIHUMH TIEPOKCHIAM, TOSICHIOETHCA 1X YYTIMBICTIO JO BMICTY PI3HUX JOMIIIOK Y
peakmiitHiid cymimi. Tomy HasBHICTH OJe(diHIB UM HEBETUKI KIJIBKOCTI 1HIIMX CIOJYK, a TaKOX
BHCOKa TII0YaTKOBA KOHIICHTpAIlisl TiIPONEPOKCUIIB OyAyTh MPHUIIBUALIYBATH IX TEPMOIII3.
HaromicTe TepMoIi3 anKuUIMEpPOKCHIB BU3HAYA€THCS, B OCHOBHOMY, iX OYyJOBOIO Ta Majo
3aJIe)KaTh BiJl HASBHOCTI IOMIIIOK UM KOHIIEHTPAI[iHHUX YNHHHKIB.

BcranoBiieno Takoxx BIUIMB criBBiAHOIIEHHS (pakuiii C5 1 C9 Ha XapaKTepUCTUKH CMOJIH.
30umpmenast yacTku (paknii C9 npuBoAMIO [0 MIABHILEHHS BUXOAY Ta MOJICKYISIPHOI Mach
IPOIYKTY, OIHAK CYMPOBODKYBAJIOCS TOTIPIICHHSM KOJHOPOBOCTI W 3HIDKEHHSM CTYICHS
HeHacuueHocTi. Halikpare nmoennanHs ¢Gi3UKO-XiMIYHUX MOKA3HUKIB JIOCATANIOCS MPU MacOBOMY
criBBinHomeHH1 ¢pakuii [C5]:[C] = 1:1.

BucHoBku

Y pe3ynbrari JOCHIIKEHHS BCTAHOBJICHO ONTHMAJbHI YMOBU OEpXaHHS BYIJIEBOIHEBOT
cvonu 3 ¢pakuiii C5 1 C9 mipomnizy mpsiMoroHHoro OeH3WHY: TeMIiieparypa mpoiecy - 448 K,
TPUBATICTB - 6 roguH, KoHIeHTpallis DTBP - 0,05 mons/am?, ciBBigHomeHHs ¢pakiiit [C5]:[CI]
=1:1.

3a 1MX YMOB OJIep:KaHO BYIJIEBOAHEBY CMOINY 3 BUXOIOM 33 % Mac., XapaKTepUCTUKH SKOT
BIJIMOBiAalOTh BHUMOraM 10 JakodapOboBux cmon. ToMy OTpUMaHuil TPOIYKT MOXKeE
BUKOPHCTOBYBATHCH SIK CHHTETHYHUH IITIBKOYTBOPIOBAY T YACTKOBHH 3aMIHHUK POCITMHHUX OJIIH
y J1ako(hapOOBUX KOMITO3HUIIISIX.



OKHMCHEHHS HEHACUYEHUX AJIBAETTAIB HAJIKUCJIOTAMUA
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Henacuyeni kucnoTu pizHO1 OynoBH, 1X MOXiIHI Ta €MOKCHIU AJKaHIB \ IHHOI CUPOBUHOIO
JUISL OfICpKaHHS TMOJIMEPHHUX Ta KOMITO3HMIIIMHUX MaTepiamiB 31 Crenu(IYHIMH BIIACTUBOCTSIMHU.
OnHuM 13 NUIAXIB OJIep’KaHHS HEHACHUYEHUX MOHOMEPIB LbOTO KJIACy € OKUCHEHHS HEHACHUEHHUX
aNBJCTIIB Y PiKiit da3si.

OKMCHEHHS HEHACUYCHHUX aJIbJICT1/1iB MOMIIMBE SIK KUCHEM, TaK 1 CIIOJlyKaMH, B SIKMX KUCEHb
3HAXOAWUTHCA y 3B’S3aHOMY BHIVIAAi. BUKOpPHCTaHHS SIK OKMCHIOBA4iB IEPOKCHIHMX CIOJIYK
3a0e3nevyye BUCOKY MIBUAKICTH peakilii B M AKX yMOBaX Ta OUIbIIY CEIeKTUBHICTb.

Y po0oTi BHUBUEHO B3a€EMOJII0 HEHACHYCHHX aJlbJEriliB 3 mepkucioramu. Ha puc. 1
HaBEJICHO KIHETWYHI KPHUBI BUTPATH PEarceHTIB Ta HArpPOMAJDKEHHS MPOAYKTIB MPH B3aEMOMIi o-
eTUJIAKPOJIEiHy 3 TIEPOLTOBOIO KHCIIOTOIO.
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Puc. 1 KinetnuHi KpuBi BUTpAaTH peareHTiB Ta HArPOMaKEHHS MPOJAYKTiB IPH OKUCHEHHI O-
eTHJIAKPOJIECTHY MEPOLTOBOIO KUCIOTOI0 B Oen3eHi npu 313K
1- o-etunakposein; 2- nepouToBa KMCIO0Ta; 3- eTHAKpHIOBa KUCIoTa; 4- 1-
etunereHindopmiat; 5- 1-xtun-1,2-enokcuetundopmiat

XapakTep KpUBUX JUIS Y4YacCHHUKIB peakiii Ta CHiBBIJIHOIIEHHS BUTPAaTH albIeriay 1
NEPKHUCIIOTH MOBHICTIO MIATBEPIXKYIOTh TINOTE3y MPO CXEMY MEPETBOPEHbD, KA Y POTOPHYTOMY
BUIIIAJII MOXKe OyTH 3amucaHa:
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R, R,-CH=C-C +R-C”
1< //O //o \OH \'OH
R, -CH=C-C_ +R-C l
“H “OOH
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" ‘H “OH
R o o Rz o o
R,-CH=C-0-C +R-C —3 R, -CH-C-0-C  ¢R-C*
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®opmiatn HeHacuueHUX cnupTiB (cronyka II) MoxyTe po3knagarucs migyac peaxuii 1,
0Cco0IMBO, MPY HArpiBaHHI Mia4ac PO3AUICHHS 32 PEaKIi€cro:

Rz o | R2 | 0
R;-CH=C-0-C_ —=R;-CH=C-OH '— R,CH.-C-R,
‘H -co”, | =

— - \Y

ne : Ri= H, CHs, C;Hs; Ry= H, CH3, C;Hs, CsH7, C4Ho

Jloka3zoM MPOXOMKEHHsI TaKoi peakiii € yTBOpeHHS KapOOHUIBHHUX CHOJYK (KETOHIB Ta
aNbJETIAIB B 3aJE€KHOCTI Bif OyIOBH BHXIJHOTO albJAETiAy) Ta YTBOPEHHS OKCHUIY BYTJIEIO.
Oco0nMBO MOMITHOIO LIS PEaKIisl € IPU PO3ALTICHH] peaKIifHOI CyMillli: IPU NEPETOHII OKCH/IaniB
CIoCTepirajgu 3MEHIICHHs KUIBKOCTI (opMiaTiB HEHACHYEHUX CIHPTIB 1 BIAMNOBIJHE YTBOPEHHS
KapOOHIJIbHOI CIIOJIYKH.

[TpucyTHICTh cepel Ta30M0AI0HIX MPOIYKTIB TBOOKUCY BYIVIEIO Ta KUCHIO MOXHA MOSACHUTH
YaCTKOBUM PO3IAJI0M MEPKUCIOTH JI0 BIAMOBITHOI KMCIOTH 1 KUCHIO.

3anpornoHOBaHa CXeMa peaklii Y3ro/PKyeTbCcsl 3 KIHETHKOIO BHMTpaTH pEareHTiB Ta
HarpoMa/UKeHHs TPOAYKTIB peakuii. BoHa MOjCHIOE eKcTpeMadbHMH XapakTep KpHUBOi
HarpomaJukeHHst (opmiary HeHacuueHoro coupty (II) Ta S-momiGHMIT XapakTep KpuBOi
HarpomapkeHHst enokcunopMmiary (mponykt III). Cxema mosicHIOE TakoXX HEEKBIBAJIEHTHICTD
BUTpATH aJbJETIAY Ta MEPKUCIOTH (OCTaHHS MPUHMAE y4acTh a MOCIIJOBHUX PEAKIIAX).

Crnin 3ayBakuTH, 10 crneuu(idyHUN BIUIMB Ha CKJIaJ MPOAYKTIB pEakKilii HEHACHYEHUX
aNbJETiiB 3 TMEPKUCIOTaMHU CIpaBiisie Boja. BcTaHOBIEHO, IO NMpW NPOBEICHHI peakiii B
MPUCYTHOCTI BOAM CIOCTEpIrajd 3MEHLIEHHS B OKCHAATI KUIBKOCTI (hopMiaTy HEHaCHYEHOIo
ciupty (mpoaykt II) Tta #ioro emokcuay (mpomykt III) 1 omHOYacHO 30UTBHIIEHHS KUTBKOCTI
nponykty IV. KpiMm 1iporo crocrepiranach nosiBa HOBUX HMPOAYKTIB peakilii: MypalinHoi KUCIOTH
Ta KETOCIHPTY, K1 YTBOPIOIOTHCS, OUEBUAHO, ITpH Tipomisi npoaykTis II ta III.

MOXIHUBICTh MPOXOKEHHSI TaKUX peakiliil miaTBep/rkeHa riapoiizom npoayktiB I ta III
BOJIOIO B KHCIIOMY CEPEOBHUIII. YTBOPEHHS KapOOHOBHX KHCJIOT 3 MEHIIMM HDK Yy BUXITHOTO
QNBJIETITy YHCIOM BYIJEICBHX aTOMIB MOXIIMBE B PE3YJbTaTi JOOKHCHEHHS TEPKHUCIOTOI0
enokcugopwmiariB III. Ili KMCIOTH TpPU MEPKUCIOTHOMY OKHCHEHHI YTBOPIOIOTHCS B HEBEITHKHUX
KUTBKOCTSIX.

CelIeKTUBHICTh YTBOPEHHSI HEHACHYECHMX KHUCJIOT MPU OKWCHEHHI BIAMOBITHUX aJIbJCTi/liB
HNEPKUCIOTAaMH CWJIBHO 3aJISKUTh Bl YMOB IPOBEAEHHS peakiii (pPO3YMHHMKA, TEMIIEPATYpH,



KOHIIEHTpAIlii peareHTiB, IMOMHM TPOBEIACHHSA peakuii Ta OymoBU anbueriay). Pesymbratu
MOKa3alli, IO CEJCKTUBHICTh I HEHACHYCHOI KHUCIIOTH 3alIe)KUTh Bifl OYyIOBH aibJerimy.
HaiiGinpimn cenekTuBHO (BUXiA KHCIOTH He HIDKYE 89%) OKHCHIOETHCS KPOTOHOBHH allbJerij.
Buxin HeHacH4YeHOT KUCIIOTH NPU OKHUCIICHHI O-aJIKIJIAaKPOJICTHIB B 3aJIEKHOCTI BiJ YMOB peaKIii
cknamae 25-92%. HaiimeHmuid BuXiJg HeHacM4eHOi Kuciaotd (He Oumbme HDK 21%)
CIIOCTEPITaeThCs MPU OKMCHEHHI 0- Ta -IHMaKiIaKkposieiHiB. 3a 3MIHOI CEJIEKTUBHOCTI yBapeHHS
HEHACUYCHOI KMCIIOTH HEHACHYCHI aJIbJICTi/ll YKIAJIal0ThCS Y PSIL:

Kpomonosuii anvoezio > a-ankinakponeinu > o-, f-ouankinakponeinu

[IpoBeneHi IOCHiKEHHS 3aJI€KHOCTI CEIEKTHBHOCTI YTBOPEHHSI HEHACHUCHOT KHCIIOTH BiX
PO3YMHHHKA, B SKOMY IPOBOJMJIACH peakilis. SIKII0 aHami3yBaTu pe3yJabTaTH JOCHIPKEHb, TO
BUHO, 110 HAaWBUINWK BHXiJ KUCJIOTH CIIOCTEPITaeThCsl NMPU MPOBEJCHHI peakilii B JiOKCaHi Ta
teppariarodpypani. 3 HANMEHIIOW CENEeKTUBHICTIO HEHACHUYEHI ajbJerifii OKHUCHIOIOTHCS
HEPKUCIOTAaMH Y XJIOPOBAaHHUX BYIJICBOAHSX. BynoBa mepkucinoTy Ha BUXiJ HEHACHYEHOI KHCIOTH
NPaKTUYHO HE BIUIMBaE. B yciX BHIIQAKAaxX CHOCTEPIraeThCsi 3MEHIICHHS CEIEKTUBHOCTI 3i
301IbIIEHHST CTYIICHSI KOHBEPCIii peareHTiB.



AJICOPBIIIS OJEIHOBOI KUCJIOTH HA IOHOOBMIHHUX CMOJIAX
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Tpancectepudikaiiero oiif 0AEpXKYIOTh €CTEPU BUILUX KUPHUX KHUCIOT Ta METaHOINY,
nponaH-2-oily, caxapo3u Tomo. METHIOBI €CTepH BHIUX JKUPHHUX KHUCIOT 3HAXOIATh
3aCTOCYBaHHA AK 0i0AM3€Nb Ta MPOMIXKHI MPOAYKTH Yy MpolLecax OAep)KaHHS aJKaHOJAMIIIB,
CHUHTE3y BHUIIMX JKUPHUX CHUPTIB Tomo. Hapasi, Sk NHpoMHCIOBI KaTajgi3aTopu Mpolecy
BUKOPUCTOBYIOTh T1JIPOKCUAN a00 METUJIaTH HATpito uu Kamito. [lepeBaramu nux katanizaTopiB
€ BHCOKAa MIBHJKICTh peakmii Ta M’ski ymoBH peakmii. OmHak KaTaxiTHYHA AaKTHBHICTb
TOMOTEHHUX KaTami3aTOpiB 3aJie)KHUTh BIiJ BMICTy BOJM Ta BUIBHUX J>KAPHHUX KHCIOT Y
peakuiifHiil cymimi. 3a BMicTy y pociuHHHX oiisix moHaz 0,5 % Boau abo nmonan 1% BibHUX
XKUPHUX KHUCJIOT KpIM 3HAYHOTO 3HM)KEHHS AaKTUBHOCTI KaTaji3aTopa TaKoXX BiIOYBa€ThCs
nporec canonidikamii. ToMy a0 SKOCTi OJiii BHUCYBAarOTh >KOPCTKI BHUMOTH, SIKi 3BYKYIOTh
ACOPTUMEHT CHPOBHHU IJis TpaHcecTepudikamii [1].

JUig ycyHeHHsI IMX HEJOJiKIB 3alpOIIOHOBAHO BUKOPHUCTOBYBATH KUCIIOTHI KaTali3aTopH,
K1 MEHII YYTJIUBI JO BUCOKOTO BMICTY BUIBHUX KHUPHHUX KUCIOT y POCIUHHUX ONisIX Ta 374aTHI
OJIHOYACHO KarajizyBaru iX ecrepudikamiro. OgHAK HETOJIKOM KHCIOTHHX KaTali3aToOpiB € iX
HU3bKa aKTUBHICTB y peakilii Tpancectepudikauii [2, 3].

['ereporeHHnii OCHOBHUM a00 KHCIOTHMH KaTami3 — 1€ 1€ OJUH METOJ]
TpaHcecTepudikamii omii 3 BHCOKMM BMICTOM BUIBHUX JKHPHMX KHCIOT. I'eTeporeHHi
KaTaji3aTOpu TaKOX MaroTh IIepeBary B TOMY, 110 iX JIETKO BIAJUINTHU BiJl peakIiiiHOI CyMilli Ta
BUKOPUCTOBYBATH MOBTOPHO [4, 5].

s 3a0e3mneueHHs MOXJIMBOCTI TpaHcecTepudikamii oxif 13 MiABUILEHUM BMICTOM
BUJIBHUX KHCJOT TMPONOHYIOTH MONEpeAHI0 0OpOoOKY CHpPOBUHH, sfKa MOJIATaE y BUIYUYEHHI
BUIBHUX XUPHUX KUCJIOT 13 cupoBUHU. EdexTuBHUMU ancopOeHTaMM Ajis BUAAJIEHHS BIIbHUX
JKUPHUX KHUCJIOT € I0HOOOMIHHI CMOJIH, II€OJIITH TOIIO [6, 7].

BunydeHHs BIIBbHUX XUPHHX KHUCIOT 3 OJill ajxcopOuiero mepen 3[iHCHEHHSM peakilii
TpaHcecTepudikamii Jae 3MOry BHKOPHUCTOBYBAaTH SIK CHpPOBHMHY HepagiHoBaHi abo
BIAMpamboBaHi oii. 3acTOCYBaHHS TakWX aJCOPOCHTIB TaKOX MOXKE OYTH IOIIJIBHUM IS
BUJIyUYEHHSI HEMPOpPEaroBaHUX BUIBHMX JKUPHUX KHUCJIOT 13 MPOJAYKTIB TpaHcecTepudikamii ta
MaKCHUMaJIbHOTO 3HM)KEHHS 1X KUCIOTHOrO yucha [8, 9].

JocnimxeHo anacopOIiito 0JIeTHOBOI KHUCIOTH 3 COHSIITHUKOBOI OJii HAa aHIOHOOOMiHHIH
cmoni AB-17-8 ta karioHooOMiHHIM cmoini KVY-2-8 3a temmneparypum 303-343 K Tta BMmicTy
cMmouu Bix 2 mo 6 mac. %.

BceranoBneno, mo azcopOuist 0nefHOBOI KHCIOTM B JOCHI[DKEHOMY 1HTepBai
TEeMIEepaTypu Ha 000X JOCHII)KEHUX 10HOOOMIHHUX CMOjaxX BiAOyBaeTbcsl 3a CXOKHUMHU
3aKOHOMipHOCTSIMU. [lokazaHo, 110 MpH BUKOPUCTAHHI MOBITPSHO-CYXOi 10HOOOMIHHOI CMOJIU
pPIBHOBa)KHA KOHIICHTpAIlis OJIETHOBOT KHUCIIOTH JOCITAETHCS MOBUIBHINIE, HDK TPHU 31 HCHEHHI
azcopOIlii Ha TOMepeaHhO BUCYIICHIN 10HOOOMiHHIA cmomi. [[ns JOCATHEHHS pPiBHOBA)XHOL
KOHIICHTpAIlii OJIeTHOBOi KMCIOTH TpH ajcopOuii Ha momepeaHbO BUCYLICHIM 10HOOOMIHHIM
cMoi HeoOxigHOo Big 60 mo 90 XB. 3a1eXHO BiJ TEMIIEpATypH MPOIECY, TOJI K TPUBAIICTh
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JOCATHEHHSI PIBHOBAYXHOI KOHIEHTpALii KUCIOTH MPH BUKOPUCTAHHI MOBITPSHO-CYXOi CMOJH
cranoBuTh He MeHIIe 120 xB. [Ipu 3acTocyBaHHI monepeIHbO BUCYIIEHOT iI0HOOOMIHHOI CMOJIH
HIDKYUM € TaKO)X 3HaYEHHsI pIBHOBXKHOI KOHIIEHTpaIlii 0JIETHOBOT KHCIIOTH.

Crynine agcopOuii 0JeiHOBOI KUCIOTH MPH 3aCTOCYBaHHI aHIOHOOOMiHHOT cMosin AB-17-
8 cranoButh 10 30 %, a mpu 3acTtocyBaHHI Ak ancopOeHty cmomu KY-2-8 — mo 42 %.
301nbIICHHST KUIBKOCTI aJCOpOCHTY 3aKOHOMIPHO MPU3BOJIUTH 10 3HUKEHHS PIBHOBAXHOT
KOHIICHTpAIlii 0JICTHOBOT KUCIIOTH B PO3YMHI y BChOMY JOCIIDKYBAaHOMY JIialma3oHi TeMIeparyp,
HE3aJIeKHO BiJ BOJIOTOCTI 10HOOOMIHHOI CMOJIK. 3O01IBIICHHS TEMIIEpaTypu aacopOIii aemio
3HIKY€E PIBHOBa)KHY KOHLIEHTPALIIO 0JIETHOBOT KUCIIOTH.

KinernuHni kpuBi amcopOiiii 0eiHOBOT KMCIOTH Oy 0OpoOJIeHI 3a JOMOMOTOK0 MO/IE eit
agcop6uii Jlenrmropa, @peitnanixa ta Jyoinina-Pagymkesuua.

BcranoBneno, mo ancopOrisi 01€THOBOT KHCIOTH 3aJ0BUIBHO ONMHCYETHCS PIBHSAHHSAM
Jlearmiopa. Po3paxoBani 3a mozaemo ®pelH/TiXa 3HAYCHHS] KOHCTAHTH aJcOpOIlii CBiT4aTh,
10 aJcopOIliss OJICTHOBOI KHCJIOTH Ha aHIOHOOOMiHHIM cmoyi AB-17-8 Ta kaTioHOOOMiHHIM
cmoni KVY-2-8 € ¢dizuunoro. Lleli BUCHOBOK MIiATBEPIKYEThCS 3HAUYECHHSIM CEPEAHBOI eHeprii
azcopOIIii, po3paxoBaHUM 3a JOMOMOTro Mmojeni ancop6Oiii Jlyoinina-Pagymkeuua. Takox
OyJ10 BU3HAYCHO TEPMOJIMHAMIYHI MOKA3HUKH aJCOPOIii 0JIeiIHOBOT KHCIOTH Ha 10HOOOMIHHHX
cMonax. Big'emHi 3HaueHHs BUIbHOI eHeprii ['100ca Ta mogaTHe 3HAaYeHHsS €HTpomii axcopOrii
CBiI4aTh IPO Te, IO a7COPOIisl 0JIETHOBOI KMCIOTHU BiI0YyBA€THCS CIOHTAHHO.

OTpumaHi TepMOIUHAMIYHI TTOKa3HUKHU aJcOopOIii 0JeTHOBOI KHCJIOTH HAa 10HOOOMIHHUX
cMojaXx Ja00pe KOpenolTh 3 JaHUMH aicopOIiii KapOOHOBHUX KHCJIOT Ha pPI3HUX THIAX
agcop6entis [10, 11].
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AHoTauis. Y po0OoTi JOCIiKEHO Mpoliec TigporeHizamii 0i01M3eIbHOr0 MaJluBa, 0JIep)KaHoOro i3 COEBOI OdIil, 3
METOI0 TIOKpAIIeHHS HOro (i3WKO-XIMIYHHX Ta eKCIDIyaTaliiHUX XapakTepucTHK. IlokasaHo, mo ©Oioanzens,
OCHOBHMMH KOMITOHEHTAMH SIKOTO € METWJIOBI €CTEPH HEHACHUYCHUX JXHPHHUX KHUCIIOT, XapaKTEPH3YEThCS HHU3BKOIO
OKHCHIOBAJIbHOIO CTaOUIBHICTIO Ta HEJOCTaTHHO BHCOKMMH HHM3bKOTEMIIEPATYPHUMH BIIACTUBOCTSMH, IO OOMEXY€E
HOro mpakTHYHEe BUKOPHUCTaHHs. [IpoaHami3oBaHO Cyd4acHI MiIXOAM 1O TIOKpAIlleHHS BJIACTUBOCTEH Oioau3ers
IIIIXOM 3aCTOCYBAaHHS TPOIECIB TiApoTreHi3amii Ta TiApoacOKCHUTeHAIil i3 BHKopucTaHHAM NiMo-KkaTamizaTopis.
ExcriepuMeHTanbHi JOCIHIIKEHHS! IPOBOIWIIM Y TNepioguyHOMYy peakTopi Bucokoro Tucky LC-HPR-C100 3a Tucky
BoaHI0 9 MIla ta Temneparyp 300, 350 i 380 °C nporsirom 240 xB. SIk KaTanizaTop BUKOPUCTOBYBaIN NPOMHUCIOBHUIH
ITIOMOCHJIIKATHUH HiKeIb-MoniOaeHoBUH KaTtanizarop AHM y kimbkocTi 3 % Mac. BITHOCHO peakiiifHoi cymimii.
AHami3 TPOAYKTIB peakmii 3MiMCHIOBAIM METOAOM Ta3oBoi xpomarorpadii 3 Mac-CHeKTpOMETPHIHHM
JIETEKTYBaHHsAM. BcTaHOBIEHO, 110 MiIBUILEHHS TEMIIEPaTypHU MPOIECY CYTTEBO BIUIMBAE HA CTYIIHb TiporeHi3arii
Ta CKIax MpoAykriB peaktii. 3a temmneparypu 300 °C y mpoxykrax 30epiraroThcst ectepu au-HeHacnmdeHHX Cig
KHUCIIOT, Tozi K 3a 350 °C cnocTepiraeTbcs MPaKTUYHO MOBHE TiAPYBAHHS JIHOJIEBUX KHUCIIOT Ta YTBOPECHHS 3HAYHOT
KUThbKOCTI JTiHIHHKX mapadinoBux ByriaeBoAHiB Ci4-Cig. IlinBumenus temmeparypu a0 380 °C cympoBOIKYEThCS
YTBOPEHHSIM HIKYUX aJKaHIB 1 PO3BUTKOM TEPMOJECTPYKTHBHHX Ta KpeKiHr-mpoleciB. BcraHoBieHo, w0
temneparypa 350 °C e HaWOLIBII MOIUIHHOIO JJIS MPOBEICHHS MPOIECY TiIporeHi3alii 3a MOCTiKYBaHHX YMOB,
OCKIJIbKM 3a0e3neyye BHCOKMI CTYIIHb HACHYCHHS HEHACHYEHHWX KOMIIOHEHTIB 0e3 3HAa4YHOI'0 PO3BHUTKY
JIECTPYKTUBHHUX TepeTBOpeHb. OTpuMaHi pe3yjbTaTH MiATBEPKYIOTh IEPCIEKTUBHICTh 3aCTOCYBAaHHS MNPOLECIB
TiApOTeHi3amii A MOKPAIeHHAS BIaCTUBOCTEH 010qM3eIFHOTO TaTHBA.

Kitrouogi citoBa: 06io/u3ens, majauBo, COEBA OIisl, TiIPOTeHi3allis, ra30Ba XpoMartorpadis, Mac-CIEKTPOMETPIsL.

3pocTaHHs YNCEIBHOCTI HACENIEHHS Ta PO3BUTOK IPOMHUCIIOBOCTI 3yMOBITIOIOTH TT1IBUIIICHHS
noTpeOu B EHEPreTHYHUX pecypcax 1 MPUCKOPEHEe BUCHAXKEHHS 3alaciB BUKOMHOTO nanuBa [1]. ¥V
3B’A3KYy 3 LIUM aKTyaJbHUM € BUKOPHCTAHHS aJbTEPHAaTUBHUX BIJHOBIIOBAHUX JKEpeN €Heprii,
cepen SKMX OCOONMBY yBary mpuBeprae Oioam3enb, IO XapaKTePU3YEThCS BHCOKOIO
e(eKTHUBHICTIO Y JU3€IbHUX JIBUTYHAX Ta HIKYMM PIBHEM BUKHUIIB 3a0pyJHIOBAJIbHUX PEUOBUH
MOPIBHSHO 3 TPAAULIHHUM Ha()TOBUM MaJIMBOM.

CyuacHU PO3BUTOK <«3EJICHUX» TEXHOJIOTIH CIPSMOBAaHHUM Ha 3aMIlIEHHS BUKOITHHUX I1aJIUB
OlomanvBamMH, OIEPKAHWMH 3 POCIMHHOI CHPOBUHH. AJIBTEPHATHBOIO JU3EIHHUM TaIUBaM €
METHJIOBI Ta €THJIOBI €CTEpH >KUPHUX KHCIIOT, BiOMI K Oilogu3enbHe manuBo. Ha choromHi
610/11M3€Tb MEPEBAYKHO 3aCTOCOBYETHCS Y CKJIA1 CyMIIIEBUX MAIUB Yy KOHIEHTpauisx 10 10 %, mo
MOB’S13aHO 3 HEIOCTaTHHO BUCOKMMHU EKCIUTyaTalliiHUMM XapaKTePHUCTUKAMH €CTEpPIB KUPHHUX
KHCJIOT.

bionuzens sBisie co0Or0 aJKIIbHI €CTePH KUPHUX KHCIOT, OfepXkaHl B THpoIeci
nepeerepudikanii pocTMHHEX oili i TBapuHHEX *kupiB [1]. Floro BIacTHBOCTI BU3HAYAIOTHCS
CKJIaJIOM METWJIOBUX ecTepiB xupHux kuciaot (FAME) Ta pernamentytorsest cranaaprom ASTM
D6751 [2]. TlopiBHAHO 3 TpagUIIMHUM JU3ETLHUM TAJIUBOM O10IM3€NIb XapaKTePU3YEThHCS
KpallMMHU MacTUJILHUMU BJIACTHUBOCTSAMHU, BUCOKOIO TEMIIEPATYpOIO cranaxy, 010p0o3KJIaIHICTIO Ta
HIDKYOIO0 TOKCHYHICTIO [3].
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OCHOBHUMH HEIONIKaMH O10M3eNs € HU3bKa OKHCHIOBAJIbHA CTAOUIBHICTH 1 HEIOCTAaTHHO
BHCOKI HH3BKOTEMIIEpaTypHI BJIACTUBOCTI. HasBHICTH MOJIHEHACHYECHUX METHUJIOBUX €CTEpiB
CIpusi€ YTBOPEHHIO MPOAYKTIB OKHMCHEHHS, 10 MPU3BOJUTH /10 3POCTAaHHS KUCJIOTHOIO YMcia Ta
B’si3kocTi manuBa [4]. BoaHodac TiABMIIEHMH BMICT HACHYCHHX €CTEpPIB  IOTIpIIye
HU3BKOTEMIIEPATypPHI XapaKTEPUCTUKU Yepe3 YTBOPEHHS KPUCTANIYHHX CTPYKTYP 1 MOXKIIUBE
3aCMIYEeHHS MaJIMBHOI cuctemH [1, 4]. Y 3B’s3Ky 3 IIUM NEPCIICKTUBHUM HAIPSMOM MOKPAIICHHS
BJIACTUBOCTEHN O10/IM3€IIs € 3aCTOCYBaHHS MPOIIECIB T1APOTeHi3allii Ta riapoizoMepu3allii.

Metonu TOKpameHHs eKCIUTyaTallifHUX —XapaKTEepUCTHK Oil0IU3eNbHOTO TMaluBa €
MpPEeIMETOM aKTUBHUX HAyKOBHX JOCIHIKeHb. 30Kpema, y poboti [1-4] mocmimpkeHO BIUIHUB
MPOIIeCy YaCTKOBOI rijporeHizarii Ha (i3UKO-XiIMiuHI BJIACTUBOCTI Oioam3ens. BcranoBiaeHo, 110
BHACJIIJIOK MOCTIOBHOTO NEPEX0y MOJiHEHACHUEHUX KUPHUX KUCIOT Y MOHOHEHACHYEHI, a MPU
MO TigporeHizamii — y HacHuYeHi CHOJYKH, CHOCTEPIracThCsl MiIBHILEHHS TEMIIEpaTypu
3aCTUTaHHS, TEMIIEpPAaTypH Clajaxy Ta LEeTaHOBOro yucia nanuBa. OmHOYAacHO BiZOyBa€ThHCA
3HIDKEHHS HOHOTO YHMCNa, [0 CBIAYUTH MPO 3HM)KEHHS BMICTY HEHACHUYEHUX KOMIIOHEHTIB Y
ckiaai Oionuzens. [l mpoBeneHHs Mpoliecy TiaporeHizailii y BUllie3a3HaueHoMY JOCIipKeHHi [ 1,
5] BUKOpPUCTOBYBABCS TETEPOTCHHUN TaNai€BUN KaTalli3arop, HAHECEHHH Ha HOCIT 3 OKCHIY
QIIOMIHII0O Ta BYIJIEIO, IO 3a0e3ledyBajio BUCOKY aKTHUBHICTh Karaji3aropa Ta e(eKTHBHE
MPOTIKaHHS PEakKIliii HACHUEHHS MOABIHHUX 3B’ A3KiB )KMPHOKHCIIOTHUX KOMIIOHCHTIB.

VY crarti [6] gochigKeHo Mpollec KaTaliTUYHOTO TifpoouniieHHs onii Pongamia pinnata 3
METOI0 OfiepKaHHsS Oi0TiAPOTreHi30BaHOTO AM3EIBHOTO MAJHBa 13 3aCTOCYBAHHAM CYIb(iI0BaHUX
NiMo-karanizaropiB Ha pi3HuX Hocisx — y-AlbOs, SiO, Ta TiO,. JlocmimxkeHHs Tpolecy
rizgporenizauii npooauiu 3a temneparypu 330 °C, tucky BogHio 50 6ap, 06’€eMHOi MIBUAKOCTI
nofayi cupoBuHU 1,5 roxll! Ta cmiBBiAHOILIEHHS BOAHIO M0 OiommsensHoro manmuBa 1000:1 3a
00’eMoM. BcTaHOBIEHO BIUIMB TPHUPOAM HOCIS Ha aKTUBHICTh, CEJIEKTUBHICTH 1 CTaOlIBHICTH
KaTaJli3aTopiB y IMpoliecax JEeOKCUreHallli TPUIIILEPHAIB Ta XUpHUX KuciaotT [6]. IlokazaHo, o
karanizatop NiMo/y-Al,O3 xapakTepusyeTbCsi HaWBHUILOK KOHBEPCIEID CHPOBHMHHM Ta BHXOAOM
nu3enbHoi (pakiii, Toai sk karamizarop NiMo/SiO, nposiBise MiBHUILEHY CEIEKTHBHICTH 10
peakiiii 1exapOOHITIOBaHHS Ta JIEKapOOKCUIIIOBaHHs. BCcTaHOBIIEHO, 1110 KaTaxi3aTopyd Ha OCHOBI
v-Al,O; Ta TiO; 3a0e3nedyroTh IepeBakHE MPOTIKAHHS peaklii rigpoaeokcureHamii [6] 3
YTBOpEHHSM BymeBoAHIB (pakuii n-Cig, Tomi sk g SiO, XapakTepHe 3pOCTaHHS BMICTY
ByrneBoaHIB Nn-Cj;. OTpuMaHi pe3yabTaTd MIATBEPKYIOTh IMEPCHEKTUBHICTh BUKOPHUCTAHHS
MPOLECIB T1POOYUILEHHSI POCIUHHUX ONIH JUIsl ofepaHHs O10TiApOreHI30BaHOro JU3EIbHOI0
NaJIMBa 3 MOKPAIICHUMHU EKCIUTyaTalliiHUMH XapaKTEPUCTHKAMH Ta BHCOKOK OKHCHIOBAIBHOIO
CTaOUIBHICTIO.

VY crarti [7], aBTOpamMH [OCHI[DKEHO MpPOILEC KATaJITHYHOTO TiApyBaHHS CTEapUHOBOI
KHCJIOTH 13 3aCTOCyBaHHAM BimHOBIeHUX NiMo-karamizaropiB Ha Hocii y-Al,Os—B-meomiT.
OcHOBHY yBary MnpHuAiJIEeHO BCTAHOBJIEHHIO B3a€MO3B’ 13Ky MK CTPYKTYPHUMHU XapaKTEPUCTUKAMU
KaTaji3aTopiB Ta iX aKTHUBHICTIO Y PEaKIIAX TiIpoJeOoKCUTeHarlii. BctanoBineHo, Mo momnepeaHe
BIJTHOBJIGHHsl KaraiizaropiB BoaHeM 3a temmeparyp 400-600 °C cyTTeBo BIUIMBaEe Ha
TUCTIEPCHICTh aKTHBHHUX ()a3, KHUCIOTHI BJIACTUBOCTI IOBEPXHI Ta CEJIEKTHBHICTH MPOIIECY.
HaiiBuiry axkTHBHICTH NHpPOIEMOHCTpPYBaB KaTaini3arop, BimHoBieHui 3a 450 °C, ans sgxoro
JOCSATHYTO Maike TIIOBHOI KOHBEPCIl CTEapUHOBOI KHCJIOTH Ta MAaKCUMaJIbHOTO BHUXOIY
ByrneBoHIB Cig [7].

[TpoananizoBaHO BIUIMB THCKY BOIHIO Ta JJOHOPY BOJHIO — TETPaJiHy, HAa Mepedir peaxiiii
TiApOoACOKCUTeHallli, TeKapOOKCIIIIOBaHHS Ta TiAporeHomizy. I[lokazaHo, mo MiABUIIEHHS TUCKY



BOJIHIO CIIPHSIE 3POCTAaHHIO CEJIEKTUBHOCTI YTBOpEHHS BymeBOAHIB Cig, TONI K BUKOPHUCTAHHS
TeTpaliHy 3a0e3reuye aKTHBAII0 TPOIECIB TNEPEHECCHHS BOJHIO Ta MPHUTHIYCHHS pPEakIlii
KpeKiHry. BcTaHOBNeHO, 1110 €(eKTUBHICTh MPOIECY BU3HAYAETHCA CTPYKTYPOIO aKTHUBHOI (hazu
KaTajizaropa Ta XapakTepoM B3aeMofil Mik wmeramoMm i Hociem [7]. Orpumani pe3ynabratu
HiATBEP/UKYIOTh  NEPCIEKTUBHICTh 3aCTOCYBaHHA BigHOBIeHHMX NiMo-karamizatopiB — uis
OJICp’KaHHS ~ KOMIIOHEHTIB  JM3EJIbHOTO MajuBa 3  TOKPaUIeHUMH  eKCIUTyaTaliiiHUMU
XapaKTePUCTUKAMH Ta BUCOKOIO CEIEKTHBHICTIO 10 NapadiHOBUX BYIJIEBOJIHIB.

3 ypaxyBaHHSM BHILEIPOBEICHOTO aHAJI3y JITEpaTypHUX JKepell, HAYKOBUM KOJEKTHBOM
kadenpu XTHI' HarmionansHoro yHiBepcuteTy «JIbBIBCbKa MOJITEXHIKa» PO3POOIECHO METOIUKY
Mporiecy TriporeHizaiii O0i0AM3eIBHOr0 TajdMBa OACPKAHOTO 13 COEBOI OJIii, po3MIsAHEMO ii
JETaNbHIIIE HIDKYE.

JlocmiKeHHsT TpoIecy TiIporeHisamii MpoBOISATHECA Y MEPIOAMYHOMY PEaKTOpi BHCOKOTO
tucky Qipmu  «Lichen», momens LC-HPR-C100, po6ounm o6’emom 100 wmi. Peaxtop
po3paxoBaHuil Ha MakcuManbHHM THCK 22 MIla ta Temmeparypy o 380 °C. Koncrpykuis
YCTaHOBKH Tepedavae HasBHICTh MEXaHIYHOT MIIIANKK 31 MBUAKICTIO ob6epTanHs 10 1000 06/xB,
mo 3a0e3rnevye iHTEHCHBHE MEPEeMIlIyBaHHS PEaKIiifHOl Cymimli Ta eQeKTHBHHNA MacoOOMIH y
cucremi. Peaktop oOnagHanuii JBOMa BEHTWISIMH, OJMH 13 SIKUX OCHAIIEHUH TPYOKOO JJIs TIo/1adi
peareHTiB Oe3mocepeIHb0 B 00°eM peakropa. [logaua BoaHIO 31iCHIOETHCS 3 OanoHa 00’ emom 80
1 mix tuckoMm 130 MIla depe3 penyKkTop, po3paxoBaHU HAa MaKCHUMalbHUN BUXiTHUM ThCK 10
MIla. Cxemy 1ab0paTopHOi €KCIIEPUMEHTAIbHOI YCTAaHOBKHU TOJIJAHO HUXKY€E Ha puc. 1.

. PEOYKTOP B atmocdepy

P
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Puc. 1. Cxema 1abopaTopHOi eKCIIEPUMEHTAIEHOI YCTAHOBKH TIPOIIECY TiIporeHisaiii 6i01u3einto

[Tponiec rigporenizaiii 6i01M3eIBHOIO MajuBa NMPOBOMMWIM 3a THCKY BoaHio 9 Mlla B
inTepBam temneparyp 300, 350 ta 380 °C. Tpusamicts peaxuii craHoBuia 240 xB. Sk
KaTajgizarop BUKOPHUCTOBYBAJIM  IPOMHCIOBUNA  aFOMOCHJIIKATHHA  HIKEIh-MOJ10CHOBHI
karanizarop (AHM) y kinbkocti 3 % Mac. Ha 3aBaHTakeHHs peakTopa. O6’em 0101M3€IbHOTO
NaJInBa, OJIEPKAHOTO 13 cOo€BOI OIii, cTaHOBUB 60 MII, Maca HaBaxkKku Oiogusens — 52,59 1, a maca
katamizaropa — 1,7 . Jlns 3a0e3medeHHs] IHTEHCHBHOTO MacoOOMiHY Ta PiBHOMIPHOTO TMepediry
npouecy WBUAKICTh HEePEeMIITYBaHHS peakiiHO1 cyMmilll MiATpUuMyBanu Ha piBHI 600 00/xB.

[lepen movaTKOM EKCTIEPUMEHTY PEaKTOPHY YCTAaHOBKY NEPEBIpSIFOTh Ha MpaIe31aTHICTh Ta
repMeTUYHICTh. JlJI1 1IbOro peaxkTop 30HMparoTh, MiJ €IHYIOTH J0 CUCTEMH IOfadi a30Ty Ta
3aMOBHIOIOTH 1HEPTHUM ra3zoM 110 THcKy 9 MIla. Iliciast BUTpUMKH MPOTATOM 1 roji KOHTPOJIIOIOTh
CTaOlIbHICTE THCKY B cHCTeMi. BincyTHICTH HOro 3HW)KEHHS CBIIYHTH MPO TEPMETHUYHICTDH



YCTaHOBKH, TOJI SIK MICIII MOXJIMBUX BHTOKIB BU3HAYAIOTh 3a JIOTIOMOTOI0 MUJIBHOTO PO3UYUHY 3
HOAAJIBIINM YCYHEHHSIM HEIr€pMETHYHOCTI.

[Ticnst mepeBipku y peakTop 3aBaHTaxyrThb 60 M Ologu3enbHOro naiuBa Ta 3 % Mac.
karaiizaropa AHM BigHOCHO MacH peakiiifHoi cyMimri. Peaktop repMeTnsyroTh, BCTAaHOBIIIOIOTh
y HarpiBalpHUN OJOK Ta MiJI €IHYIOTh 10 CHCTEMHU Mojaadi BomHio. llepen mouarkom peaxiiii
CHCTEMY MPOJYBAIOTh BOJHEM I BUJIAJIECHHS 3aJIMIIKOBOIO MOBITPS, MICJIs YOTO BCTAHOBIIIOIOTh
poGounii Tuck 9 MIIa.

[gporeHizamito MpoBOAATH 3a 33JaHUX TEMIEPATYpHUX PEXUMIB mpoTsiroM 240 XB mpH
MOCTIHOMY TepeMIllyBaHHI PeaKIiifHOl cyMimti. Y mporieci JoCiay 3MiiCHIOITh Oe3nepepBHUI
KOHTPOJIb TEMIIepaTypH, TUCKY Ta CTaHy TIe€pMETMYHOCTI CHUCTEMHU. Y BHIIQJKY aBapiiiHOro
HiBUILEHHS TUCKY a00 BUTOKY ra3y 1ojiadyy BOAHIO NPUIIMHSIIOTH, HarpiB BUMUKAIOTh, @ PEAKTOP
NEePEeMIIyIOTh HAa BOTHETPUBKY OCHOBY ISl OXOJIO/IKESHHSI.

[Ticnst 3aBepiIeHHS MPOLIECY PEAKTOP OXOJIOUKYIOTh NMPUPOJHUM IUISXOM Ta BUKOHYIOTH
KOHTPOJIbOBAHE CKHMJIaHHS TUCKY Yepe3 BUIYCKHUN BEHTMIIb. [IpogyKTu peakiii BiIOKPEMIIOIOTh
BiJl Karaji3aropa JeKaHTali€lo. Y paszl yTBOPEHHS TBEpAMX NPOAYKTIB pPEaKIiiiHy CyMIII
JIOATKOBO TiIrPiBaIOTh J0 MEPEXoay y pinkuid craH. Ilicns 3aBepiieHHs] eKCIIEPUMEHTY PEaKTop
OYMIIAIOTH BiJl 3QJIMIIKIB Karaji3aropa Ta IPOMHBAIOTh OPTAaHIYHUM PO3YHMHHUKOM.

Ckian TpOAYKTIB peakiii JOCHKYBaJd METOIOM Tra3oBoi Xpomatorpadii 3 Mac-
CIEKTPOMETPUYHUM JIeTeKTyBaHHSIM. BcTaHOBIEHO, 1110 TeMIeparypa Mpolecy CyTTEBO BILIMBAE
Ha CTYIIHb TiIPOTeHi3allii Ta CKJIag OTpuMaHUX NpomaykTiB. 3a Temmeparypu 300 °C (3pa3ku
GBD-2, GBD-3) y mnponykrax peakiii 30epiratoTbcs ectepu au-HeHacHueHuX Cig KHCIOT
(J1iHONMEBOT KHCIIOTH), OJHOYACHO CIOCTEPIraeThCs MIABUIEHUN BMICT €CTepiB HACHYEHOT
creapuHoBoi kucioty. [Tigsumenns remneparypu 10 350 °C (GBD-4) npu3BoAuTh 10 MPAaKTUYHO
MOBHOTO T1JIpyBaHHS JIIHOJIEBUX KHUCJIOT T4 YTBOPEHHS 3HAUYHOI KUIBKOCTI JIIHIMHUX MapagpiHOBUX
BynIieBOAHIB y giana3oHi C4-Cis, a TakoXK MOsiBU ecTepiB HacuueHnX Cjg KUCIIOT. 3a TeMIeparypu
380 °C (GBD-5) ¢ikcyeTbcst yTBOpPEHHS 3HAYHOI KUIBKOCTI HIDKUMX ajKaHIB Ta 30UIbIICHHS
BMicTy ectepiB C16 KHCIOT, IO MOXKE CBITYMTH MPO Mepedir TepMOAECCTPYKTUBHUX 1 KPEKIHT-
IPOLIECIB.

s MOpIBHSIHHS BCTAHOBIIEHO, IO y BHUXIJIHOMY O010M3€IbHOMY MaJliBl OCHOBHHUMH
KOMIIOHEHTaMH € MeTWIOBUH ecTep JiHoneBoi kucinotu (C18:2), wmeTunoBuit ecrep
okranenenoBoi kucnotu (C18:1) Ta metusnoBuii ecrep rekcagexanoBoi kucinotu (C16), cymapauii
BMICT IKMX CTaHOBUTH 88.4 %.

Bcranosneno, 1o Temmneparypa CyTTeEBO BIUIMBA€E Ha MepeOdir riaporexizaiii 610J1u3e1bHoro
najMBa Ta CKJIaja HponaykTiB peakuii. [ligBumenHs temmeparypu Big 300 go 350 °C cnpuse
e(eKTUBHOMY TiJJpyBaHHIO HEHACHUYEHUX METHUJIOBUX €CTEpiB KMPHHUX KHUCIOT Ta yYTBOPEHHIO
HAaCHMYEHUX CHOJYK 1 mapadiHOBUX BymeBOnHIB. BogHowac 3a Ttemmeparypu 380 °C
CIIOCTEPIraeThCsl YTBOPEHHS HIKUYMX aJIKaHIB 1 MPOIYKTIB I€CTPYKIIil, 110 CBIAYUTH PO PO3BUTOK
TEPMOJIECTPYKTUBHHUX Ta KpeKiHT-mpoleciB. OTpuMaHi pe3yabTaTd MOKa3yloTh, 110 TeMIleparypa
350 °C € HaiibiIBII AOLUIBHOIO JUIS TPOBEIEHHS TiAporeHizauii 3a JIOCHiIKyBaHUX YMOB,
OCKUIbKM 3a0e3neuye BUCOKHUN CTYMiHb HAaCHMYEHHS HEHACHYEHHUX KOMIIOHEHTIB 0€3 3HAuyHOro
PO3BUTKY TEPMOAECTPYKTUBHUX MPOLIECIB Ta KPEKIHTY.
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Abstract

Hydrogen technologies are intended to replace fossil fuel technologies in certain areas or
serve as energy storage via ‘power-to-gas’ technologies. Unfortunately, most hydrogen is
produced from fossil fuels, especially natural gas (steam methane reforming) or coal (steam
gasification), which generate CO; as a byproduct. This contradicts the idea of using hydrogen to
replace fossil fuels and reduce CO; emissions [1].

On the other hand, environmentally friendly alternatives like hydrogen generated by the
hydrolysis of water (using renewable or nuclear energy) still suffer from high investment costs
and low electrolyser production capabilities. Furthermore, the current market and manufacturing
focus on low-temperature electrolyser technologies, while more promising high-temperature
technologies are not yet mature enough to enter mass-scale production [2]. Other
environmentally friendly possibilities of generating hydrogen include biomass gasification,
biogas steam reforming or fermentative biohydrogen production using waste biomass or
wastewaters. Biohydrogen may be generated using several biotechnological methods; some are
specific to certain types of microorganisms (such as biophotolysis in the case of algae) or use
more common metabolic pathways present in many microbial species (dark fermentation
technologies). Moreover, the choice of technology and microbial species or microbial consortia
may also determine the types of substrates that can be used [3].

Among those biohydrogen technologies dark fermentation seems to be the most versatile
as it does not require light sources or specific microbial strains. Biohydrogen is a byproduct of
several methabolic pathways that are present in many microorganisms. It is possible to obtain
hydrogen producing bacteria or microbial consortia directly from the environment. Such
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environmental isolates are often enriched in hydrogen producing microorganisms by using
thermal treatment. There is a wide selection of commercially available dark fermentation
bioreactors that can be used for biohydrogen production. The process itself can be very similar
to biogas production. This allows the use of well-known, proven technologies instead of
designing new types of bioreactors. The main disadvantage of dark fermentation is relatively
low yield of biohydrogen and lower substrate conversion rates compared to other bioydrogen
technologies [4, 5]. On the other hand, there is possibility to use hybrid systems employing
more than 1 type of fermentation, especially dark fermentation and photofermentation hybrid
systems. In such systems, substrate is converted into hydrogen in 2 steps: 1% step is dark
fermentation and 2™ step is photofermentation of volative fatty acids generated during step 1 as
byproducts. Such approaches increase the overall conversion efficiency of the process [6].

In some research papers it was shown that bioydrogen production in hybrid dark-
photofermentation system may be economically profitable [7]. Such reports show that
depending on the chosen technology, microorganisms, substrate and operating conditions
commercial biohydrogen production may be reality in near future.

In a modern world where securing access to energy resources is more important than their
price, any possibility of reducing the need for imports has strategic significance — especially if
both the technology and input resources are locally available. In this context, all energetic
resources like biomass, biogas and biohydrogen seem very attractive because of the wide
availability of required raw resources and well-known technologies for their implementation.
Furthermore, such technologies allow for the reuse of waste materials that could otherwise
require cost-intensive approaches for disposal, especially waste fats from slaughterhouses or
waste cooking oil.

The aim of this paper is the study of biohydrogen generation via dark fermentation using
locally available resources. In our study, the construction of our own 1.8L bioreactor is
presented Substrates for biohydrogen production were composed of bio-waste collected from
households, and microorganisms were harvested from a nearby lake (from the sediment layer).
We managed to generate hydrogen-containing gas, proving the simplicity and ease of creating a
small-scale local source of combustible gasses. In order to use such gas in fuel cell
technologies, further purification steps could be required. The composition of the obtained gas
mixture was analysed using gas chromatography.

Further research will focus on optimisation of the technology, the construction of the
bioreactor, and substrate and inoculum pretreatment methods. All of the above are intended to
increase the content of hydrogen in the obtained gas mixture.
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1. Introduction

The reduction of sulfur content in diesel fuel remains one of the important challenges in
modern fuel refining. Sulfur-containing compounds in fuel are undesirable because, during
combustion, they form sulfur oxides, mainly SO: and SOy. These emissions contribute to air
pollution, acid rain formation, and respiratory health problems [1]. For this reason, modern
environmental regulations require very low sulfur content in automotive fuels. In many regions,
including the European Union and the United States, sulfur concentration in transport fuels is
limited to approximately 10 ppm [2, 3].

Traditional hydrodesulfurization is still the main industrial method for sulfur removal.
However, this process usually requires high temperature, high pressure, hydrogen consumption,
and expensive catalysts. It is also less effective for some stable aromatic sulfur compounds,
especially dibenzothiophene and alkyl-substituted dibenzothiophenes [4]. Because of this,
alternative and complementary desulfurization methods are being studied. Recent reviews
describe oxidative desulfurization, extractive desulfurization, adsorptive desulfurization,
ultrasonic-assisted treatment, photocatalytic systems, ionic liquids, and deep eutectic solvents as
active research directions for producing low-sulfur fuels under milder conditions than
conventional HDS [5].

Extractive desulfurization is based on the selective transfer of sulfur-containing compounds
from diesel fuel into a polar solvent and can be performed under milder conditions than
conventional hydrodesulfurization.

In this work, N-methyl-2-pyrrolidone, commonly known as NMP, was used as the main
extracting solvent. NMP is a polar aprotic solvent with strong affinity for aromatic and polar
compounds. Recent solvent-screening studies showed that amide solvents such as NMP have high
extractive desulfurization performance, mainly due to solvent polarity and dipole moment [6].
Because many sulfur - containing molecules in diesel fuel have aromatic structures, NMP can
interact with them and promote their removal from the fuel phase. The process was further
improved by adding an oxidizing system based on hydrogen peroxide and acetic acid. This
oxidation—extraction logic is consistent with previous diesel desulfurization studies in which
hydrogen peroxide was used as oxidant and acetic acid as homogeneous catalyst, followed by
extraction with polar solvents such as NMP or acetonitrile [7].

The purpose of this study was not only to evaluate sulfur removal experimentally, but also
to use artificial intelligence tools for process modeling. For this purpose, experimental data were
expanded using computational methods, and a neural-network model was applied to predict
sulfur-removal efficiency under different reagent-volume conditions.

2. Experimental Approach and Process Description

Diesel fuel was mixed with analytical-grade NMP at 25 °C. In separate experiments, hexane

and an oxidizing system based on 30% hydrogen peroxide and concentrated acetic acid were
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added. The mixtures were stirred at 100 rpm for 10 minutes and then left for phase separation for
72 hours. Each experiment was repeated three times. Sulfur content was measured using a T-100
fluorescence sulfur analyzer. This experimental design made it possible to compare simple
extraction, extraction in a non-polar diluted system, and oxidation-assisted extraction.

3. Results and Discussion

The untreated diesel fuel contained approximately 298 ppm sulfur. When diesel was treated
only with NMP, sulfur content decreased gradually as the amount of solvent increased. For
example, increasing the diesel-to-NMP ratio from 1:1 to 1:5 improved desulfurization efficiency.
This shows that higher solvent volume increases the ability of the system to remove sulfur
compounds.

However, when hexane was added to the system, the efficiency decreased. Although the
measured sulfur concentration in the diluted mixture was lower, correction for dilution showed
that real sulfur removal from the diesel phase was less effective. This confirms that non-polar
dilution does not help the extraction process. Instead, it reduces the polarity of the medium and
weakens the transfer of sulfur compounds into NMP. This agrees with recent solvent-screening
studies showing that solvent polarity strongly affects extractive desulfurization efficiency;
therefore, non-polar dilution is unlikely to improve sulfur extraction into NMP [6].

The strongest effect was observed when hydrogen peroxide and acetic acid were used
together with NMP. As the volume of the oxidizing system increased, sulfur - removal efficiency
increased from 50.95% to 93.66%. The best result was obtained when 12 mL of hydrogen
peroxide and 12 mL of acetic acid were used with the diesel-NMP mixture. In this case, sulfur
content decreased to approximately 18.90 ppm.

Table 1. Experimental conditions and sulfur-removal efficiency of diesel fuel desulfurization.

=} ) _ - c < k=] S ;

2 |8, E | E |88, g, & |sge| <8
= | 3EF| g 5 |52EF | 8F 5 |5858 | £84
E | 8 = 5 | 28 g £ | a° ZES
n (@] T < A ] @<
1 5 - - - - 298.21 - -

2 5 5 - - - 199.29 - 33.17
3 5 10 - - - 153.11 - 48.66
4 5 15 - - - 129.42 - 56.60
5 5 20 - - - 114.83 - 61.49
6 5 25 - - - 99.62 - 66.58
7 5 5 5 - - 99.01 198.02 33.55
8 5 5 10 - - 68.44 205.32 31.10
9 5 5 15 - - 53.19 212.76 28.60
10 5 5 20 - - 44,72 223.60 24.97
11 5 5 25 - - 42.93 257.57 13.57
12 5 5 - 3 3 146.17 - 50.95
13 5 5 - 5 5 89.22 - 70.06
14 5 5 - 7 7 44.46 - 85.08
15 5 5 - 10 10 20.93 - 92.98
16 5 5 - 12 12 18.90 - 93.66




Note: Ccorr = Cmeasured x (Vdiesel + Vhexane) / Vdiesel, where Ccorr is the corrected sulfur
concentration and Cmeasured is the measured sulfur concentration.

The relationship between oxidant volume and sulfur-removal efficiency was nonlinear.
Efficiency increased sharply at low oxidant volumes and approached saturation above 10 mL. The

experimental trend was described using a second - degree polynomial equation:
Y =—0.719x> + 15.495x + 10.954,

where Y is sulfur-removal efficiency (%) and x is the volume of each oxidizing-system
component (mL). The coefficient of determination was R? = 0.9984, which indicates that the
polynomial model describes the experimental results very well within the studied range.

The results show that the oxidation-assisted NMP extraction method is much more effective
than extraction alone. This is because oxidation transforms sulfur compounds into more polar
forms, which are easier to remove using a polar solvent. From a practical point of view, this

combined method could be useful for deep desulfurization under mild conditions.

4. Artificial Intelligence Modeling and Conclusion

To better understand the process and visualize the influence of reagent volumes, artificial
intelligence modeling was applied. Recent studies have shown that data-driven, machine-learning,
and response-surface models can be used to predict and optimize sulfur removal from liquid fuels
[8 - 10]. Since the number of experimental points was limited, the dataset was expanded using
synthetic values generated from the polynomial approximation. The generated dataset included
combinations of hydrogen peroxide and acetic acid volumes within the studied range.

A neural - network model based on MLP Regressor was then used to predict sulfur -
removal efficiency. The model was trained using reagent volumes as input variables and sulfur -
removal efficiency as the output parameter. Approximately 900 synthetic data points were
generated and used to construct a smooth response surface. The model visualizes the fitted
experimental trend within the studied reagent-volume range. Since hydrogen peroxide and acetic
acid were varied together in the experimental design, the model should be interpreted mainly as an
interpolation tool, not as independent two-variable optimization. The response surface obtained
from the MLP Regressor model is shown in Figure 1.



NS

-u\OLUaﬁ .

Cley v
(Dq)

Fig. 1. Fitted MLP Regressor response surface for sulfur-removal efficiency as a function of H:O-
and acetic acid volumes

The model showed good agreement with the experimental results. The coefficient of
determination reached approximately R? = 0.995, and the standard deviation of predictions was
less than + 1.2%. The mean error was close to zero, which indicates that the model did not show
strong systematic bias. The model reproduced the main experimental trend, especially in the high-
efficiency region.

Overall, the study shows that NMP can be used as an effective solvent for extractive
desulfurization of diesel fuel. The efficiency of the process increases significantly when NMP is
combined with an oxidizing system based on hydrogen peroxide and acetic acid. Under the best
tested conditions, sulfur removal reached more than 93 %, which demonstrates the strong
potential of this approach.

The addition of hexane reduced desulfurization efficiency, confirming that a polar
environment is necessary for effective extraction of sulfur - containing compounds. The study also
showed that artificial intelligence can be a useful tool for modeling and optimization, especially
when experimental data are limited.

For future work, it would be useful to study the effect of mixing time, mixing intensity,
ultrasonic treatment, temperature, and solvent regeneration. Industrial application would also
require careful evaluation of solvent recovery, reagent cost, phase separation, and product quality.

Keywords: Diesel fuel; extractive desulfurization, N-methyl-2-pyrrolidone; oxidative
desulfurization; artificial intelligence; MLP Regressor; sulfur removal; fuel refining.
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ACID TAR AS A COMPONENT OF BITUMEN
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The increase in the consumption of products of various functional purposes is accompanied
by a proportional growth in the volume of waste, which, in turn, leads to the formation of
critically hazardous levels of biosphere pollution, particularly in regions with a high concentration
of chemical and petrochemical enterprises. Chemical industries, and especially the sector of
lubricant production, represent one of the key sources of ecotoxicants entering environmental
components [1].

Contamination of territories in areas where oil refining enterprises are located occurs as a
result of adsorption of pollutants from atmospheric emissions, infiltration of toxic substances from
wastewater-contaminated water bodies, as well as through the accumulation and long-term storage
of industrial waste [2]. In this context, sludge ponds containing acid tar, formed during the
purification of oil fractions using sulfuric acid, pose a particular environmental threat.

According to statistical data for 2014, the total volume of acid tar accumulated in sludge
ponds within the territories of the former USSR countries is estimated at approximately 1.343
million tons, with their annual generation continuing at significant levels.

Acid tar belongs to hazard class Il waste; however, at present, there are no universal
technological solutions for its comprehensive processing, which significantly complicates the
elimination of sludge ponds containing this waste. Acid tar is a large-tonnage, difficult-to-utilize
by-product of the oil refining and petrochemical industries. It is formed during the purification of
specialized oils (capacitor, transformer, hydraulic, medical, perfumery, etc.), as well as in the
production of flotation reagents, additives, and during the sulfonation of certain hydrocarbons and
petroleum fractions. As a result of purification, an emulsion system is formed, where the upper
layer consists of acid oil, while the lower layer is acid tar containing by-products of side reactions,
excess sulfuric acid, and a small amount of oil adsorbed on solid particles.

In terms of physicochemical composition, acid tar is a resinous, highly viscous mass
containing a variety of organic compounds, sulfuric acid, and water, formed during the sulfuric
acid treatment of distillates and residual oils, in the production of sulfonic acids, during paraffin
purification, and in additive manufacturing processes where sulfuric acid or oleum is used as a
reagent [2,4]. Acid tar belongs to the category of petroleum waste characterized by the greatest
difficulty of disposal and ranks second in terms of accumulation volumes after oil sludge.

The environmental hazard of acid tar is oOycnoBnena its composition, which practically
precludes its direct economic use. This leads to its accumulation in sludge ponds, which, in the
absence of proper disposal, poses a significant threat to the environment. This method of storage
iIs accompanied by acidification of soils and water bodies, which in turn causes ecosystem
degradation, including the destruction of flora and fauna. Sludge ponds occupy large areas and
contain thousands of tons of waste; their total volumes in Ukraine and beyond reach millions of
tons. In particular, in the Lviv region, the accumulated volume of acid tar is estimated at no less
than 150 thousand m? [4].



The processing of long-term accumulations of acid tar with the aim of reducing their
negative environmental impact is a complex and urgent scientific and technical problem that
requires the development of innovative technologies and specialized equipment. Over an extended
period of sulfuric acid purification of petroleum products, numerous approaches to the utilization
of the resulting acid tar have been proposed [6].

At present, sulfuric acid purification of petroleum products is gradually being replaced by
more advanced and efficient technologies, particularly extraction and hydrogenation processes.
Nevertheless, the problem of utilizing accumulated acid tar remains highly relevant and
necessitates the development of environmentally sound approaches to its processing.

The existing technologies for the utilization of acid tar can be reasonably classified,
according to the nature of their impact on the waste, into the following main groups:

— high-temperature pyrolysis (800—1200 °C) with the production of sulfuric acid, thermal
energy, high-sulfur coke, and activated carbon;

— low-temperature thermal destruction (150-350 °C) leading to the formation of bituminous
materials;

— hydrolytic processes using water or steam, which ensure the production of diluted sulfuric
acid and fuel components;

— neutralization using various reagents with the production of fuels, surfactants, or
detoxified products [1-2].

This classification is conditional, since in industrial practice combined technological
approaches are typically employed to achieve the desired results.

In the countries of the European Union, the main directions for acid tar processing are
focused on the production of solid fuels in lump or granular form. In addition, a significant
portion of research is aimed at the use of processed products as raw materials for construction and
road-building materials.

At the same time, most of the technological solutions described in the scientific and
technical literature concern so-called “fresh” acid tar obtained directly during production. Tar that
has been stored for extended periods (decades) in sludge ponds differs significantly in its
physicochemical properties and, as a rule, cannot be effectively processed by conventional
methods [6]. In this regard, the present study considers one of the approaches to the processing of
long-term accumulated acid tar.

The aim of this work was to determine the influence of technological parameters on the
process of converting long-term stored acid tar into petroleum bitumen. The object of the study
was acid tar sampled from sludge ponds of the Lviv Experimental Oil and Lubricant Plant, as well
as straight-run petroleum residues of different origins: tar from paraffinic crude oils obtained by
atmospheric—vacuum distillation (PJSC «NPK-Galychyna , Drohobych), and residue from the
distillation of gas condensate from eastern Ukrainian fields (Shebelinske Gas Processing Plant,
JSC «Ukrgazvydobuvannyay).

In the course of the study, the influence of the ratio of acid tar to straight-run tar on the
formation of bitumen properties was initially investigated under constant process conditions: acid
tar feed temperature — 150 °C, specific feed rate — 3 g/(min-kg), heating rate — 3 °C/min, and
final temperature — 330 °C. It was established that with increasing acid tar content, the softening
point of the bitumen increases, whereas ductility and penetration decrease. Solubility in benzene
exceeds 99% and changes insignificantly within the studied range. At the same time, an excessive
content of acid tar leads to a decrease in solubility, indicating a loss of product homogeneity. The



obtained bitumens do not contain water-soluble acids or alkalis, and the content of water-soluble
compounds does not exceed 0.2%. It was also found that increasing the proportion of acid tar
results in a higher yield of gaseous products, with the maximum intensity of gas evolution
occurring within the temperature range of 290-330 °C.

The obtained results indicate that varying the component ratio of the mixture allows
regulation of bitumen properties over a wide range. At the same time, the initial temperature in the
reactor does not significantly affect the main quality indicators of the product, but it substantially
influences the course of the process. In particular, increasing the temperature above 160 °C leads
to intensive foaming and an increase in the volume of the reaction mass. This is explained by the
interaction of sulfuric acid with reactive components of the tar, resulting in the formation of water
and sulfur dioxide, which causes the formation of bituminous foam. At elevated temperatures
(>200 °C), deterioration of product homogeneity and the formation of solid inclusions are
observed.

An important parameter is the feed rate of acid tar, which determines the process intensity.
Studies have shown that it does not have a decisive effect on bitumen quality; however, its
increase promotes intensified gas evolution and foaming, which may complicate process
operation. Similarly, the heating rate within the range of 1-5.5 °C/min does not significantly
affect product quality, but determines the intensity of the reactions.

It has been demonstrated that the process of bitumen production can be implemented either
by gradual feeding of acid tar or by single-stage mixing of components at temperatures below 100
°C followed by controlled heating (1.5-2 °C/min). The latter approach ensures a more stable
process, although it is more time-consuming.

Since both acid tar and straight-run tar are characterized by high viscosity, the intensity of
mass transfer plays a significant role, necessitating mixing. It was established that varying the
stirring rate (50-250 rpm) does not affect product quality under constant conditions; however, the
absence of stirring leads to the formation of a heterogeneous mass and the deposition of
asphaltenes on the reactor walls, followed by their carbonization. In contrast, stirring ensures

system homogeneity, reduces foaming, and stabilizes the volume of the reaction mass.
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Lviv Polytechnic National University is strategically developing its research and
technological infrastructure to strengthen the transition from academic research to practical
implementation, pilot-scale validation, and industrial collaboration. Within this vision, the Lviv
Polytechnic Deep Tech Center (DTC) was established as an interdisciplinary ecosystem
supporting deep-tech development in ChemTech, BioTech, advanced materials, sustainable
technologies, and applied catalysis.

The DTC is based on the “test-before-invest” concept, enabling research groups, startups,
and industrial partners to prototype, validate, and scale technological solutions before commercial
deployment. The Center integrates research laboratories, pilot-scale infrastructure, prototyping
facilities, and analytical capabilities into a collaborative platform aimed at accelerating technology
maturation and reducing innovation risks.

A key objective of the DTC is to provide scientific teams with access not only to research
infrastructure, but also to technological capabilities required for proof-of-concept demonstration,
pilot production, process optimization, and preparation of technologies for commercialization.
The Center is positioned as an interface between academia, industry, and innovation ecosystems,
supporting translational research and technology transfer activities.

Several successful case studies already demonstrate the practical implementation potential
of this approach. One example is the prototyping of hydrogel-based medical wound dressings
using pilot-scale manufacturing infrastructure for functional polymeric materials [1]. Another
direction involves the development of selenium-containing switchable microgel catalysts and their
testing in digital microfluidic systems (DMFS) and lab-on-chip platforms, demonstrating the
integration of advanced catalytic materials with miniaturized analytical technologies [2]. The
Center is also involved in the development and pilot-scale production of biodiesel and related
sustainable fuel technologies, including feedstock pretreatment and catalytic conversion processes
[3].

The presented model demonstrates how modern university infrastructure can evolve beyond
traditional academic laboratories toward an integrated deep-tech ecosystem capable of supporting
the full innovation pathway — from scientific idea and laboratory validation to prototyping, pilot-
scale testing, industrial collaboration, and future commercialization.
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During the processes of extraction, transportation, and storage of crude oil, particularly
highly paraffinic grades, solid petroleum deposits (SPD) are formed, the basis of which consists of
high-molecular-weight solid hydrocarbons. In addition, their composition includes liquid
hydrocarbons, resin—asphaltene components, water, mineral salts, and mechanical impurities
(sand, clay) [1]. According to statistical estimates, more than 5 kg of SPD are generated per ton of
produced oil, which, given the scale of oil production, determines the relevance of the problem of
their efficient utilization or disposal. The rational involvement of such waste in economic
circulation is an important factor in reducing negative environmental impact.

A portion of oil-containing waste is collected and regenerated directly at industrial facilities,
while another portion, due to specific physicochemical characteristics, remains practically unused.
It is precisely these non-regenerated wastes that pose an increased environmental hazard. They are
formed both within technological processes and during the treatment of industrial and wastewater
streams, resulting in the formation of liquid petroleum waste and oil-containing sludges.

Non-regenerable wastes are among the most hazardous environmental pollutants. They are
formed via two main pathways (excluding losses during transportation and storage): directly
within the technological cycle of the enterprise and during the treatment of industrial and
wastewater, forming liquid petroleum wastes and oil-containing sludges. The formation of
paraffinic and solid hydrocarbon deposits in oil-gathering pipelines is o0ycioBieHa operating
conditions, in particular the pressure-driven mode of transportation. Deposition occurs both due to
already existing particles and as a result of the formation of new ones during equipment cleaning.
The deposition process may be either uniform along the pipeline or localized — in zones of
reduced flow velocity or stagnant sections. The intensity of deposit accumulation is determined by
the geometric parameters of pipelines, the conditions of their installation, as well as the presence
of structural elements that contribute to flow retardation [2].

In oil storage tanks, the formation of solid deposits is associated with the sedimentation of
dispersed particles and the subsequent precipitation of hydrocarbons from solution as a result of
cooling and evaporation. The quantity of such deposits depends on the storage duration: with
increasing settling time, both their volume and density increase.

Petroleum waste formed from “fresh” petroleum products and entering wastewater or being
collected at industrial facilities often differs significantly in its properties, which determines the
methods of its treatment and influences the composition of the resulting sludge. The majority of
suspended particles present in crude oil precipitate from solution during oil movement through
pipelines, gathering collectors, compressor stations, and similar systems. The subsequent process
of solid hydrocarbon separation from oil in storage tanks occurs due to cooling and evaporation;
however, their quantity is relatively small. This depends on the residence time of oil in the tank:
the longer the settling period, the greater the amount of solid hydrocarbons deposited at the
bottom and the denser the formed deposits. The physicochemical properties of petroleum waste
vary significantly depending on their origin, which directly affects the selection of processing



technologies and the composition of the resulting sediments. Studies of the composition of solid
hydrocarbons have shown that it is determined by the nature of the crude oil and the boiling
temperature ranges of the corresponding fractions. [3,4]

The results of the structural-group analysis of distillate fractions of solid petroleum deposits
(SPD) indicate an increase in the proportion of alkane structures with rising boiling temperature,
accompanied by a simultaneous decrease in the content of cycloalkanes. The highest
concentration of aromatic hydrocarbons is characteristic of high-boiling fractions. At the same
time, the number of rings in the average molecule remains relatively constant, indicating a
systematic transformation of the structural composition. [3]

Studies have shown that the oil fractions of SPD and ozokerite contain from 32.6 to 65%
solid hydrocarbons, the content of which increases with the rise in boiling temperature of the
fractions for all investigated samples.

It has been established that fractions with similar boiling ranges, regardless of the origin of
SPD samples, exhibit comparable chemical and skcrtyatamiinumu properties, which
substantiates the possibility of their unified utilization. In particular, fractions with boiling
temperatures up to 350 °C can be used as components of diesel or furnace fuel; fractions within
the range of 350500 °C can serve as raw materials for the production of paraffins or protective
waxes; residues with boiling temperatures above 500 °C can be used as substitutes for ceresin or
for the production of lubricating materials.

Thus, the implementation of technologies for the processing and utilization of SPD
contributes not only to the expansion of the resource base of petroleum products but also to the
reduction of environmental impact. This is consistent with the principles of modern waste
management policy, particularly the waste hierarchy, which prioritizes reuse and recycling over
disposal. The implementation of such approaches is an important step toward the development of
an efficient circular economy system in the oil and gas sector. The possibility of processing and
utilizing waste will contribute to improving the environmental situation and, consequently, will
bring us closer to compliance with Directive [5] on waste, which is considered a framework
directive, as it establishes the boundaries and templates for legislation. One of its most important
provisions is the principle of establishing a “waste management hierarchy.” Therefore, the
processing of SPD and the full ratification of the ykaszanoi Directive will minimize adverse
environmental impacts and stimulate the creation of a comprehensive system for the recycling of
produced materials.
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Against the backdrop of anticipated global environmental disasters, the problem of oil and
petroleum product pollution of natural water bodies (which constitutes one of the most serious
environmental disasters) is becoming even more pressing. This type of disaster poses a danger and
a challenge to all countries worldwide. Strict control of oil spills at sea, management of industrial
wastewater and protection of drinking water sources through compliance with environmental
standards are therefore essential.

Oil and petroleum products are a distinct group of hydrosphere pollutants that contaminate
the environment during production, transportation, and use. Oil is practically insoluble in water,
so it accumulates on both the water's surface and its bottom, which slows the penetration of
atmospheric oxygen into the water and the removal of carbon dioxide from it. This negatively
affects the life and functioning of all types of living organisms in the water.

Currently, various methods are used to treat water contaminated with oil and petroleum
products — mechanical, physicochemical, chemical, biochemical [1]. Among the physicochemical
methods, the adsorption method is of greatest interest, since it is effective in organizing a multi-
stage process [2-6].

Modern materials (sorbents) are more effective and easier to process, which is why they can
be used to purify water from oil and petroleum products. Our attention was drawn to the vast
deposits of perlite in the Javakheti region of Georgia. They are mainly used as a construction
additive. There was previously an attempt to use perlite to adsorb petroleum products spilled into
water, but it remained only an attempt.

This paper studied the adsorption capacity of expanded perlite for water purification from
oil and petroleum products.

Expanded perlite is able to efficiently sorb oil due to a combination of a developed porous
structure, a large specific surface area and surface chemistry features [2, 4].

The experiment used natural perlite, deposits of Paravani (Georgia). Seawater taken from
the black sea (Georgia, Kobuleti) was contaminated with oil from the Akhmeti field (Georgia).

The structure of the perlite under investigation was studied using chemical, X-ray
diffraction and IR-spectroscopic methods.

Chemical analysis was carried out on a Spectroscout XEP-04 (Germany), X-ray
diffractometry analysis was carried out on a Dron-4 device (Russia). The X-ray diffractometer
connected to a personal computer via the USB port multimeter AX-18B and the corresponding PC
software-PC-Link, which allows the processing of experimental data in Excel format; Infrared
spectrometric analysis was carried out on an Agilent Cary 630 FTIR Spectrometer in the range of
350-5000cm™ (USA). Samples were prepared in KBr tablets.
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Removal of oil spilled into water is achieved directly by introducing an adsorbent into the
oil layer. Both expanded and unexpanded (fine-grained) perlite were used. In both cases, the
spilled oil and petroleum products were completely ,,bound” by the adsorbent and subsequently
removed. It is worth noting that expanded perlite settles to the bottom of the water in smaller
quantities than unexpanded perlite. In both cases, a small but definite amount of oil settled to the
bottom of the water.

The binding of petroleum components by perlite occurs due to two main forces: capillary
forces and VVan der Waals intermolecular forces.

There are 3 types of intermolecular forces: dipole-dipole forces, Debye forces, and London
dispersion forces. During the thermal expansion of perlite, a system of macro- and mesopores is
formed, providing a significant volume of voids and accessible surfaces for interaction with
organic liquids. Unlike activated carbon, whose structure consists mainly of micropores (< 2 nm)
— which are optimal for the adsorption of gases and low-molecular-weight organic compounds —
the pores in perlite are significantly larger, which facilitates the penetration and retention of
viscous hydrocarbon fractions of oil. As mentioned above, the sorption of oil in perlite is not only
due to physical adsorption on the surface (including dispersion van der Waals interactions), but
also due to capillary filling of the pore volume, which gives the process the character of partial
absorption. The properties of the pearlite surface also play an important role: although the
aluminum silicate matrix initially contains hydrophilic silanol groups (=Si—OH), thermal
treatment during swelling leads to partial dehydroxylation of the surface and reduction in its
polarity.As a result, the surface of the material becomes less hydrophilic and exhibits relative
oleophilicity, which promotes better wetting and retention of hydrocarbon compounds. An
additional factor is the low density of expanded perlite, which ensures its buoyancy on the water’s
surface and allows for the effective removal of oil films during spill response. Thanks to the
combination of these properties, perlite is regarded as a promising sorbent for removing petroleum
products from the aquatic environment.

A method of molecular analysis of such substances, based on IR spectroscopic studies,
makes it possible to determine the chemical composition of their groups [7-10].

The main regions of absorption bands of the infrared spectrum of oil are:

e 2850-2960 sm™ - the region of valence vibrations of CH,, CH; and CH bonds;

e 1600-1610 sm™ - valence vibrations of aromatic C=C bonds;

e 1375-1460 sm™ - deformational vibrations of CH, and CHj; groups;

e 700-900 sm™ non-planar deformation vibrations of CH aromatic bonds;

e 1700-1720 sm™ - C=0O valence vibrations of carbonyl groups (indicates the
presence of oxidized compounds).

Chemical analyses of the samples of perlite are given in table 1.

Table 1. Data from chemical analysis of the sample

Constituent
elements in the Sio,
form of oxides

Al,O Ca Mg K, Na, | Fe,O Mn | TiO

) 0 0 0 0 s 0 ) 503 | P:Os

Perlite 50.17 | 20.61 | 0.95 | 0.09 | 2.78 | 0.14 | 1.46 | 0.05 | 0.17 | 0.09 | 0.03




Oil-impregnated adsorbents studied by the IR- spectroscopic method have shown that the
components of oil are adsorbed differently by the adsorbent. In particular, the structure of the
adsorbent mainly incorporates the light fraction of oil, evidenced by CH bond bands in the
valence vibration region at 2850 cm™, 2921 cm™!, and 2954 cm™!, as well as in the deformation
vibration region at 1376 cm™ and 1462 cm™'.

The spectrum also shows bands of aromatic C=C bonds of oil in the valence vibration
region at 1635 cm™ and deformation vibration bands of aromatic C—H structures at 799 cm™.
These structural components are less readily adsorbed into the micro- and mesopores of perlite.
Nevertheless, the entire mass of oil spilled into water is retained by the above-mentioned
interaction forces, making its removal mechanically possible (Fig. 1).
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Fig.1. IR spectrum of perlite impregnated with oil and petroleum products

The mass adsorbed by the petroleum products removed from the water can be used for
various purposes, in particular in construction, as an additive to cement-concrete, and also as an
additive to asphalt bitumen, so that the entire cycle can be integrated, resulting in a waste-free,
environmentally friendly process.
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CYYACHI TEXHOJIOT'Ti 3BHUKEHHS BUKUJIIB JIETKHUX
OPTAHIYHUX CITIOJIYK HA A3C
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Excrutyaraitis aBTO3anpaBHUX CTAHINH CYMPOBOKYETHCS MOCTIHHUM YTBOPEHHSM JIETKUX
OpPTraHiYHHUX CIIONYK, 10 (hOPMYIOTHCS BHACIIIOK BUIAPOBYBAHHS MAJBHOTO HA PI3HUX eTamax
fioro o0iry. Haiibinbmr iHTEHCHBHI IpolecH BiAOyBalOTbCA MiA 4Yac MpPUMaHHS MaluBa, HOTO
30epiraHHs y pes3epByapax Ta BIAMYyCKy crnoxkuBadam. [lo ckiaqy TakuX BHUKHUIIB BXOAATH
MIEPEBAKHO HU3BKOMOJICKYJISIPHI BYTJICBOMIHI, Cepell SKUX ayikanu (Hampukiand, nmentan CLIHII[,
rekcan CJH[I), apomarnyuni cnonyku (6enzen CLIHII, tomyen COH, xcunenn CLOHII[) Ta
OKpeMi HEHacHueHi BYIJIEBO/IHI. BuCOKa JETKICTh IUX PEYOBHH OOYMOBIIOE 1X IIBUIKUNA MepexiJ
y ra3oBy a3y HaBiTh 3a 3BUYAMHHX TemIeparyp, IO CIpUs€ HAKOMUYCHHIO 3a0pyIHIOBAYIB Y
MPU3EMHOMY IIapi aTMOC(EpH.

Jns  OimbIn  WiTKOTO PO3YMIHHS CKJIaay BHKHIIB JOIUIBHO Yy3arajJbHUTH OCHOBHI
KOMITOHEHTH Ta X BJIacCTUBOCTI (Tab:. 1).

Taboauus 1. OcHoBHi JeTKi opraniuni cnoayku, xapakrepHi aiasa A3C

PeuoBuHa dbol; W Koac CIIOJIYK Xapakrtep BIUIUBY
ITenTan Cs Hy Ankan Jlerkonetkuii, cripusie yTBOpEHHIO CMOTY
2
I'excan Ce¢ H,y AnkaH HetipoTokcuuHa Jiist py TpUBaIOMY BILIHBI
4
benszen C. H Apomatuunn | KanneporeH, BIUIMB Ha KPOBOTBOPEHHS
6 6 i
Tonyen Apomatnunu | BrumBae na [THC
CrHs |
i
Kcnnenn Cg H, Apomatnunu | Ilogpa3sHeHHS, TOKCUYHUN BILTUB
0 i
ETtunen C, Hy AnkeH VYyacTb y HOTOXIMIYHMX peakwisx

[HTeHCHBHICTP  BHMIIApOBYBaHHS  0O€3MOCEpeAHbO  MOB’s3aHa 3 (DI3MKO-XIMIUHUMHU
XapaKTepUCTUKaMU OEH3MHY, 30KpeMa THCKOM HAacHUEHHMX MapiB 1 Temmeparyporo. Y JIiTHiH
nepios] MBHUIKICTh  3pOCTa€, MO0 MPHU3BOAWTH 10 3O01IBIIECHHS O0OCATIB BUKHIIB. Jl0gaTKOBUM
YUHHHUKOM € KOHCTPYKIIiS pe3epByapiB 1 piBEHb IX T€pMETUYHOCTI. Y pa3i BIICYTHOCTI HaJEKHOTO
YIIIbHEHHS a00 MPH 3HOIIECHH] eIeMEeHTIB 001aJHaHHS BUHUKAIOTh JU(Y3H1 BTPATH, SKI CKIaIHO
KOHTpPOJIIOBAaTH. Marepiany OLIHKM BIUIMBY Ha JOBKUUIS CBiAYaTh, 110 caMe TakKi HEOpraHi3oBaHi
BUKHAIM MOXXYTh CTAaHOBUTH 3HA4YHYy YacTKy 3arajlbHOTO 3a0pyTHEHHS TOBITPS Ha TEPHUTOPIi
aBTo3ampaBHUX cTaHIid [2]. Ckiang JETKUX OpraHIYHUX CIOJIYK CBITYUTH PO IEpPEBaKaHHS
KOMIIOHEHTIB 13 HHU3bKOIO TEMIIEpaTypol0 KHITIHHS Ta BUCOKOIO JIETKICTIO, IO BM3HAYa€e ix
30aTHICTh LIBUJKO NEPEXOAWTH Y ra3oBy (asy. HasgBHICTH apoMaTHUHUX BYIVIEBOJHIB, 30KpeMa
oenzeny (CIIH[1), mimcumioe HeOe3meKy TaKMX BUKHIIB HaBiTh 3a BITHOCHO HEBEIHUKHX



KoHIeHTpalii. Came MoeaHAaHHS BHCOKOI JIETKOCTI Ta TOKCHUYHOCTI OOYMOBIIO€ HEOOXI1IHICTH
KOHTPOJIIO HE JIMIIIE 00CSTiB BUKHIIB, aJie 1 iX SIKICHOTO CKJIaYy.

BaxxnuBo BpaxoByBaTH HE JIMINE KUIBKICHI IMOKa3HUKHM BUKHIIIB, al€ M X XIMIYHHH CKJIa.
Apomarmuni  ByrmeBomHi rpymu  BTEX  (OeHszen, TomyeH, eTWJIOSH3€H, KCHJICHH)
XapaKTepU3yIThCs MiABUIICHOI TOoKcHuHICTIO. benszen (CLIH[) BimHeceHU J0 KaHIEPOTCHIB
nepioi rpynu HeOe3NneKu Ta 3[aTeH BUKJIMKATU NopyuieHHs KpoBoTBopeHHs. Tonyen (CLIHLI) 1
kcwienu (CLHUI[]) BIuiMBarOTh Ha HEPBOBY CUCTEMY, BUKJIMKAIOYM (DYHKITIOHAJIbHI PO3JIaId TIPH
TPHUBAJIOMY BIUIHMBI. Pe3yabpraru J0CiiKeHb OKa3yI0Th, 10 HaBITh KOPOTKOYACHE epeOyBaHHS Yy
30HI MIiJBUIIEHUX KOHLEHTpAIiil mapiB OEH3WHY MOXKE CYINpPOBOKYBATHCS HEraTUBHUMH
¢iziomoriuHUMH peakilisamu [3].

BrnuB neTkux opraHi4HHUX CIOJIYK HE OOMEXYEThCS TOKaIbHUMHU edekTaMu. Y armocdepi
BOHHU BCTYMatoTh y poToxiMivHi peakuii 3a ydacTio okcuniB azory (NO i NO[J), mo npu3BOIuTh
1o yrBopeHHs o30Hy (O[]) y mpu3eMHOMY miapi. YMOBHO IIeH TIPOIEC MOXKHA TPEACTABUTH SIK
MOCIIITOBHICTh PeaKIliii OKMCHEHHS BYIJIEBOIHIB, MiJl Yac SKUX (OPMYIOTHCA aKTUBHI paJUKaiH,
IO Karajmi3yloTh YTBOPEHHS BTOPUMHHHUX 3a0pyaHIoBa4yiB. Y  pe3ynabrati  (QopMyeThCs
(GoTOXIMIYHMI CMOT, XapakTepHUHl i ypOaHi30BaHUX TEPHUTOPIH 13 BHUCOKOIO IHTEHCHBHICTIO
TPAHCIOPTHUX TMOTOKIB. CHpOIIEHO TMPOIeC MOXHA OMHCATH SK B3a€EMOJII0 BYIJICBOIHIB
(nampukian, ankeniB Tumy CLIHUI[]) 3 rigpoxcunbaumu paaukanamu (*OH), y pesynsrari 4oro
YTBOPIOIOThCS MepokcuaHi croiyku (RO[]e), ski OepyTh y4acTh y HEpETBOPEHHI OKCHAY a30Ty
(NO) na miokcua (NO[) 3 momansIuM yTBOpeHHSIM 030HY (O ).

Hagitp He3HauHi BukuAu 3 okpemMux A3C y CyKyNHOCTI MOXYTh BIUIMBAaTW Ha 3arajbHUN
piBeHb 3a0pyqHEHHs TOBiTpA y MicTi. TexHojoriuxi mpomecu, 10 BiAOyBalOThCS Ha
aBTO3alPaBHUX CTaHIIAX, (POPMYIOTh KiIbKa OCHOBHMX JpKepea BUKMIIB. HailOinbm 3HaUyImmm
BBA)KAETHCSI MIPOIIEC 3JIMBY MAJIBLHOTO 3 aBTOLMCTEPHH y pe3epByap. Y 1eil MOMEHT BiOyBa€ThCsS
BUTICHEHHSl TapOMOBITPSHOI CyMillll, SKa MICTUTh 3HAuyHy KOHIIGHTpAIl0 BYIVIEBOJHIB. 3a
BIJICYTHOCTI CHUCTEM YIOBIIOBaHHS IIi Napu MNOTpamsioTh y armochepy. [lomibna curyaris
CIIOCTEPITaeThes 1 MiJT Yac 3ampaBieHHs] TPAHCIIOPTHUX 3ac00iB, KO Ta3oBa (pa3a BUTICHSIETHCS 3
NajquBHOrO Oaka. 3MEHIIEHHS BUKHJIIB JIOCATAETHCA ILUISIXOM BIPOBAKEHHS TEXHOJOTIN
pekynepartii mapis. [lepmnii piBeHb niependadyae BUKOPUCTAHHS CHCTEM T'a30ypIBHIOBAHHS ITi]] Yac
3nuBy mnanpHOro. CyTh Takoro MiAXOAY TMOJIATa€ y CTBOPEHHI 3aMKHEHOTO KOHTYpPY MIX
pe3epByapoM i aBTorucTepHoto. [lapyu GeH3MHY HE BUKUIAIOTHCS Y TOBITPS, a MOBEPTAIOTHCS Y
TPAHCIOPTHY €MHICTb, /1€ KOHIECHCYIOThCSI a00 MOBTOPHO BHUKOPHCTOBYIOTHCA. Y Marepianiax
J03BUIBHOI AokyMeHTalii Jyist cydacHnx A3C 3a3HaqaeTbesi 000B’SI3KOBICTh BUKOPUCTAHHS TaAKUX
CUCTEM JTsl MiHIMi3allii BTpaT maabHoro [ 1].

Jpyruii piBeHb pekymepaii peaizyeTbCcsi Oe3lOoCepeHb0 Ha MNaJMBOPO3/AaBAIBHUX
KOJIOHKax. BuKkoprCTaHHS KOAKCIaJIbHUX IIJIAHTIB JO3BOJISIE OJHOYACHO MOJAaBaTH PiJKe MaIUBO 1
BiBoAMTH Napw. [lix yac 3ampaBiieHHsST aBTOMOO1IS mapy 3 oro 6aka MOBEPTAIOTHCS y pe3epByap,
110 ICTOTHO 3HMXKY€E iX KOHIEHTpalito y mnoBiTpi. [loniOH1 TexHonorii ocobnuBo e(heKTHBHI Y
MICIISIX 13 BHCOKOIO IHTEHCHBHICTIO PyXy TPaHCIIOPTY, A€ KIJIbKICTh ONepaliid 3ampaBieHHS €
3HA4YHOI0. Y MPAKTUII eKCIUTyaTallil aBTO3alpaBHUX CTaHIIA 3aCTOCOBYIOTHCS TAKOX JOAATKOBI
TexHIYHl pimeHHs. Cepel HMX — BHMKOPUCTaHHS TE€PMETHYHUX pe3epByapiB 13 MOIBIHHUMHU
CTIHKaMH, CHCTEM KOHTPOJIIO PiBHS NAJILHOTO Ta aBTOMaTU30BaHUX 3aC001B BUSBICHHS BUTOKIB. Y
Mmarepiajgax, LI0 CTOCYIOTbCS MisTIBHOCTI ONeEparopiB PHUHKY, 3a3HAYAETHCS BIIPOBAKCHHS
KOMITJIEKCHUX CHUCTEM KOHTPOJIIO, SIK1 JO3BOJISIIOTH ONEPATHBHO pearyBaTd Ha 3MIHM HapaMeTpiB
pobotu obnmamgHanHHs [5].



EdexTuBHICT CHCTEM 3HW)KEHHS BUKHAIB 0arato B 4OMy 3aJ€KHUTh BiJ iX peasbHOTO
TeXHIYHOro craHy. HaBiTh ApiOHI HECHpPaBHOCTI MOXXYTh 3BECTH 10 HYIS BeCh €(EeKT Bif
BCTaHOBJIEHOrO oOnagHaHHsA. Halyacrimne mpoOiaeMy BUHUKAKOTh 4Yepe3 3HOILIEHHS YIIIJIbHEHb,
MOIIKO/DKCHHS IIJIAHTIB 200 HErepMEeTHYHICTh 3’€HAHb. Y TaKUX BHITAJKaX Mapu OCH3WHY, IO
micTaTh 6enzen (CLIH), menran (CLJHII[]) Ta iHII JIETKI KOMIIOHEHTH, MOYMHAIOTH MOCTIIHO
npocodyBarucs B moBiTps. [1oaiOHI BUTOKHM 3a3BUYali HE TIOMITHI 0/1pasy, aje 3 4acoM (pOopMYyIOTh
cTaluibHe JKepeno 3a0pyaHeHHs. Hanpukian, nopymeHHs repMeTHYHOCTI AUXaIbHOIO KJlanaHa
MOX€ MPU3BOAUTH JI0 MOCTIHHOTO CKUAAHHS MapiB NMpU HE3HAYHMX KOJIMBAHHIX TEMIIEPaTypH,
HaBiTh 0€3 TPOBEJACHHS TEXHOJOTIYHHMX Omepamiid. Y TakuxX BUMAAKAX BHUKUIAM MAIOTh
OesrepepBHUI XapakTep 1 He OB’ s3aH1 3 aKTHBHOIO pOOOTOIO CTaHITIT.

Cucremu pekynepaiii nmapiB Takox nmoTpeOyroTh MocTiiiHOi yBaru. Hanpukinaz, npu 3:1uBi
najbHOrO 3 aBrolmcrepHu (Stage I) mopymieHHS TepMEeTHYHOCTI pykaBiB a00 HeCHpaBHICTH
KJIaraHiB MPU3BOJUTH J0 TOTO, IO TIAPH HE MOBEPTAIOTHCA Has3ajl, a BUXOAATH y armocdepy. [1ig
yac 3ampaiieHHs1 aBToM001iB (Stage II) mpoGnemu yacTo moB’s3aHi 31 3HOUICHHSIM KOAaKC1allbHUX
IIJAHTIB a00 HEKOPEKTHOIO POOOTOI BaKyyMHOI CHUCTeMH. Y TaKHUX CHUTYyallisiX Mapu OeH3UHY
IIPOCTO BUKHUJAIOTHCS HA30BHI Pa3oM i3 MOBITpsAM i3 Oaka. Oco0imBoO HEOE3MEUHUMH € TIPUXOBaH1
nedeKTH, HapHUKIaZ MIKPOTPIIIMHE B pe3epByapax ab0 HEMIUTBHOCTI y (IIaHIIX, SKi MOXYTh
JIOBrO 3aJMIIATUCS HEMOMIYeHUMH. PerynspHe oOCiayroByBaHHs 03BOJISIE YHUKHYTH MOIIOHUX
npo6ieM. Ha mpakTuii ne o3Hayae nepeBipKy KiamaHiB, 3’€/lHaHb, LIUIAHTIB, a TAKO)XK KOHTPOJIb
poOOTH BCIX CHCTEM YJIOBIIOBaHHS MapiB. JJisi BUABICHHS BUTOKIB BUKOPHUCTOBYIOTH SIK MPOCTI
crocoOu, Tak 1 crewniaibHl Ipuiaaa, ski (QIKCYIOTh HasBHICTh BYIVIEBOJHIB y HOBITpl. Baxkiausy
pOJIb BiZIrpa€ 1 MepCOHAN: HEMpaBUJIbHE MIAKIIOYEHHs 0ONagHaHHSA a00 MOPYIIEHHS TEXHOJOTIi
3IUBY MOXKE€ CHPUYMHUTH 3HauHI BHMKHJIM HaBITh 3a CIPaBHOI TEXHIKM. ToMy MO€JHAHHSA
TEXHIYHOTO KOHTPOJIIO 1 HAJEKHOT MIATOTOBKY MPAIlIBHUKIB JO3BOJISIE€ PEaIbHO 3MEHIIUTH BTPATH
MaJIbHOTO 1 HABaHTa)XKCHHS HA JTOBKLILIA [ 1].

Oprani3ariiifHi 3aX0u JONOBHIOIOTh T€XHIYHI pilleHHs. PanioHanbHe miiaHyBaHHs rpadikiB
NOCTauaHHs MaJbHOT0, CKOPOUYEHHS 4acy BIJIKPUTHX OIEpawiil Ta JOTPUMAHHS TEXHOJIOTTYHHUX
perNIaMeHTIB CIPHUSIOTh 3MEHIICHHIO BTpar. IliAroToBKa mepcoHany TakoX BIUIMBAE HA PiBEHb
€KOJIOT1YHOI O€3MeKH, OCKUIbKM OUIBIIICTh HEMITATHUX CHUTyallli TOB’s3aHa 3 JIIOJCHKUM
¢dakTopom. Bapro BpaxoByBaTu, 110 YacTMHA aBTO3alpaBHUX CTaHLii Oyna 30ynoBaHa Oe3
ypaxyBaHHSl CYYaCHUX €KOJOTIYHUX BHUMOL /[l Takux O00’€KTiB aKTyaJlbHUM € IHTaHHI
MojepHizallii. BcraHoBieHHs cucTeM pekyrnepalii mapiB 1 OHOBJIEHHS 00laJHaHHS MOTPEOYIOTh
(GiHAHCOBUX BHUTpAT, NpPOTE€ iX BIACYTHICTh NPU3BOAUTH JO TMOCTIHHUX BTpaT MNaJIbHOTO 1
HiJIBUILIEHOTO €KOJIOTIYHOTO HaBaHTa)KEHHsS. Y JIOBFOCTPOKOBIA MEPCHEKTHBI BIPOBAKEHHS
Cy4aCHHX TEXHOJIOTi/ € OLIbII JOUUTFHUM, HIXK JTIKBIJAIlisl HACTIIKIB 3a0pyIHEHHS.

Orinka e(peKTUBHOCTI 3aXO/A1B 31 3HIKEHHSI BUKUAIB Iependadae MpoBeAeHHS PEryasipHOro
MOHITOPHUHTY. BUMIipioBaHHSI KOHILIEHTpAI[ill JIETKUX OPraHiYHUX CHOJYK Yy TOBITPl JI03BOJISE
OIIIHUTH PE3YJIBTATUBHICTh BIPOBAKEHUX TEXHOJOTIM 1 BUSBUTH BIIXWJICHHS BiJl HOPMAaTHBHUX
3HaueHb. Y pa3l MEepeBHIIEHHS JOMYCTUMHUX PIBHIB BKUBAIOTbCS KOPUTYBAJIbHI 3aXOIM,
CHpSIMOBAaHI Ha YCYHEHHS IPUYHH 3a0pyIHEHHS.

CyKyTHICTh PO3MIAHYTHUX (DaKTOPIB CBIIYUTH, 110 (POPMYBaHHS BUKU/IIB JETKUX OpraHIYHUX
CIIOJIYK Ha aBTO3alPaBHUX CTAHIIISIX Ma€ CKIIAMHWN 1 OararopiBHeBH xapakTtep. Ha meit mporec
BIUIMBAIOTH SIK KOHCTPYKTUBHI OCOOIMBOCTI 00NaIHAHHS, TAK 1 peajbHI YMOBHU HOTO eKcIuTyarartii.
BaxuBy ponb BiZIrpaloTh CTaH pe3epByapiB, TEPMETUUHICT 3’€HAHb, CIIPABHICTh TUXATbHUX
KJIalaHiB 1 CHUCTeM pekymepaiii mapiB. BogHouac HE MEHII CYTTEBUMH 3alUIIAIOTHCS



OpraHizaiiifHi acleKTH, 30KpeMa JOTPUMAHHS TEXHOJIOTIYHMX PpErIAMEHTIB, IOCIHIJOBHICTh
BUKOHAHHS OIeparlliii Ta piBeHb IiATOTOBKU MepcoHary. HaBiTh 3a HaSBHOCTI CY9aCHHX TEXHIYHHX
pillleHb HEJOTPUMAHHS EKCIUTyaTalllfHMX BHUMOI MPHU3BOIUTH JO BTpAaTH iX €(PEeKTHUBHOCTI Ta
BUHUKHEHHS JIOJaTKOBUX JDKEpen BUKUAIB. [IpakTuka moka3sye, mo HaiOLIbIIi BTPaTH NaJbHOTO 1
BIJIMIOBITHO BUKHUIM JIETKUX OPTaHIYHUX CHOJIYK BHHUKAIOTh HE JIMILIE 4Yepe3 KOHCTPYKTHUBHI
HEJIOJIIKK, a W Yepe3 eKCIUTyaTalliiiHi mopymieHHs. Hanpukian, HecBoedacHa 3aMiHa YIIiIbHEHb
a0o IrHOpyBaHHS HE3HAYHUX BUTOKIB MPU3BOIATH J0 X HAKOMUYCHHS 1 (GOPMYBaHHS MMOCTIHHOTO
dony 3abpynnenHs. [lomiOHI mpomecw YacTo 3alUIIAOTBCS 11032 YBarok, OCKIIbKA HE
CYIPOBOKYIOTbCS aBapifHUMHU CHUTYallisIMH, IMPOTE B JOBIOCTPOKOBIM IEPCIEKTUBI MAalOTh
CYyTTEBHH BIUIMB Ha SKICTh MOBITPSA. 3a TakuX YMOB €(EKTHUBHICTh CHCTEM peKymeparlii
BU3HAYAETHCA HE JIMIIE 1X TEXHIYHUMHU XapaKTePUCTHKAMH, a W PEryISPHICTIO KOHTPOIIO Ta
oOciyroByBanHs. KomrmiekcHMH WiAXiA [0 YHOpaBIiHHA BUKUZAAMU Tiependadae MOEIHAHHS
TEXHIYHUX, OpTraHi3aliiHUX 1 KOHTPOJBHUX 3aXO/iB. BUKOpHCTaHHS cHCTeM ra3oypiBHIOBaHHS,
KOAaKClalbHUX [UIAHTIB 1 TEpPMETUYHHMX pPE3epByapiB Mae€ JOMOBHIOBATUCA MOCTIHHHUM
MOHITOPHHIOM CTaHy OONaJHaHHS Ta KOHIIEHTpAIliii 3a0pyqHIOBadiB y MOBITpi. BaxkmuBoro
CKJIaJIOBOIO 3aJIMINAETHCS BIPOBA/HKEHHS CHCTEM aBTOMAaTUYHOTO KOHTPOJIO, SIKI JO3BOJISAIOTH
OTIEpPaTHUBHO pearyBaTd Ha BIAXWICHHS Ta 3amoOiraTv po3BUTKY HeOe3NmeyHuX curyamiid. Taxwii
miaxin 3abe3medye He IUINEe 3MEHIICHHS BUKUIIB, alle W ONTUMI3allil0 BUTPAT MalbHOTO.
[Tomanpminii po3BUTOK IBOTO HAMPSMKY IOB’S3aHUNA 13 BIPOBAKEHHSAM OLNbII €PEeKTUBHUX
TEXHOJIOTIM  pekymepamii mapiB, BHKOPUCTAaHHAM HOBUX MarepiaiiB 13 MiJBUIICHOIO
TEepPMETHYHICTIO Ta BIOCKOHAJIEHHSM CHCTEM MOHITOpUHTY. Ilopsan 13 TEXHIYHUMH PIIIEHHSIMU
3pOCTae 3HAYEHHS YIPABIIHCBKUX MIiAXONIB, CHPSIMOBAaHMX Ha IMIJBUILEHHS EKOJOT1YHOI
BIJIMOBIAAILHOCTI MIANPUEMCTB. Y TEPCIEKTUBI 1€ JO3BOJUTH HE JIHMIIE 3HU3UTH pPiBEHb
3a0pyaHeHHs, ane W 3a0e3neyuTH OuTbIll pallioHaJdbHE BUKOPUCTAHHS PECYPCIB 1 MIJBULIUTH
3arajbHUM piBEHb €KOJIOTIYHOT O€3MeKH (PYHKIIIOHYBAHHS aBTO3alPaBHUX CTAHLIMN.
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[Tponiecu oummiennast rasziB Big CO, BifirpaioTh BaXJIHMBY poOjib y ra3oBHI00YBHIH Ta
HadTonepepoOHii Tamy3sax mpoMuciaoBocTi. OCTaHHI JIBa JAECATUIITTSA TakKi MPOIECH 3alHSIIN
Barome Miclie y npoiiecax 30aradeHsst 0iorasy 3 ofiepaHHsIM OioMeTaHy.

biora3 mictuth, B ocHOBHOMY, MeTaH (50...75%), Byrnekucnwmii ra3 (45...25%) 1 qoMimnku
CIpKOBOZIHIO Ta iHIHMX Ta3iB. [lix yac ounmieHHs 6iora3zy cOJOBUM PO3YMHOM OynyTh BiOyBaTruch
nporecu copOiii 060x «kucnux» (CO; 1 HyS) razis. J{ns po3pobiaeHHs TEXHOOTIT MonepeIHboro
OYMINEHHs Oiora3zy BiJl CIPKOBOIHIO XIHTIIPOHHUM MeETOAOM [l] BaXJIMBO IOCHIAUTH TMPOILEC
copOIIil COMOBUM MOMTMHAIBHUM PO3UYMHOM TIIBKU OAHOTO Ta3y - CO,.

Bzaemonist CO, 3 BOZHIM PO3YMHOM KapOOHATy HATPil0 BKIIIOYAE PO3UMHEHHS ra3y B PiaKii
¢da3i 3 MOAANBIIOI TiIpaTalli€l0 Ta HACTYMHOK PEaKIi€l 3 KapOOHATHMMH 10HaMHU. XiMIUHY
pIBHOBAry CUCTEMHU MOYKHA OMUCATH TaKUM PIBHSHHSM:

Na,CO; + CO; + H,O =2 NaHCO;

Lleit nmporuec € exzorepmiuHuM. OnHak eHTanbmis abcopbuii CO[ y kapOOHAaTHUX cUCTEMax
€ BIJIHOCHO HHU3BKOIO 1 CTaHOBHUTH TpuOmu3Ho —25...—50 kJbx/monbs [2]. HeBucoka rerora
peakiiii 00yMOBIIIO€ 3MEHIIIEHI €HePreTHYHI BUTPATH Ha pereHepailito copoenty [3]. YHacmigok
BOTO TEMIIepaTypa pereHepailii po3urHIB y COMOBOMY Iporeci € Hmkudow (65-100 °C)
MOPIBHSAHO 3 aMiHOBMMHM CHUCTEMaMH, 30KpeMa pPO3YMHAMU MOHOETAHOJIaMiHy, [l SIKUX BOHA
crtanoButh 120-140 °C. IIpu upomy teruiora abcopOiii anst MEA nocsrae —80...—100 kJ>x/mMoib
CO,. [4].

Po3unnHicTe koMnoHeHTIB y cuctemi Na,COs - NaHCO;3 - H,O - cyTTeBO 3a1eXuTh Bij
Temreparypu. BaxinnBoro ocoOiaMBICTIO MPOLECY € 3HAYHO HMXKYA PO3UMHHICTH TiApoKapOoHATy
HaTpil0 y BOAI MOpPIBHAHO 3 KapOoHaroMm Harpito. Tak, 3a Temmneparypu 20 °C pO3YHMHHICTD
NaHCOI'| cranoButh 65m3bK0 9,6 T, Tomi sk 1yst NayCOs et mokazauk nepesuiye 20 r Ha 100 T
BOJM. AHaNi3 JaHUX PO3YMHHOCTI BKa3zye Ha Te, 10 npu Temmeparypax Huxde 20 °C pusuk
KpHCTaji3alii NpoAyKTIB peakiii € Ay)ke BHCOKUM, IIO0 OOMEXYe MAaKCHMallbHy KOHLIEHTPALi0
copbeHTy B TpaauuiiHux mpomecax [5]. OpHak KpucTamizalis MPOAYKTY  MOXKe
BUKOPHCTOBYBATHUCS SIK IepeBara JJisi 3CyBYy pIBHOBAru B O1K MOIIMHAHHS ra3y [4].

KineTHnka ynoBitOBaHHS BYIJIEKHCIIOTO Ta3y Ha KapOOHaTi HAaTpit0 oOMexeHa JuQy3iiHUMU
nporecaMu [6]. AKTUBAIiiHI eHeprii yTBOpeHHsl OikapOOHaTy Ha Pi3HUX KPUCTAIIYHHUX TpaHsIX
Na,COj3 cranosmiats Bin 0,34 1o 0,4 eB (mpubnuzno 33—-39 k/>x/MoJb), 10 € BITHOCHO HU3bKUMU
3HaYeHHSIMH. IMOBIPHO, OCHOBHHUH OMip Maconepeaayl 30cepe/Ky€eThCsl y P1IKIi TUTIBII Ta IIapax
NPOJYKTIB peakiii, sIKi MacUBYIOTh MOBEPXHIO akTHBHOI (a3u. OCKiIbKM KapOOHAT HaTpiio €
abcopOeHTOM 13 TMOBLIBHOIO KIHETUKOK, TO JUIsl JOCATHEHHS MPUHHATHUX [IBUIKOCTEH
MIPOMHUCIIOBOTO BJIOBIIFOBAaHHS HEOOX1THO a00 301IBIIYBATH PYIIIHHY CHITY MpoIiecy (mapiiaJabHIA
tiuck CO;) ab0 paauKaabHO PO3IMIMPIOBATA MOBEPXHIO KOHTAKTY (pa3 Ta IIBUIAKICTH OHOBJICHHS
moBepxHi [7].
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[Tponiec mormmuuanHs CO, po3unHOM JIyry abo comu KIacu(iKyeThCsl SK Te€TepOreHHA
peakxiis, Mo MAMOPAIKOBYEThCS qudy3iiHO-peakiitHoMmy MexaHismy [8]. LlIBuakicts peaxiiii B
TaKid CHUCTEMI 3aJIeKUTh BiJl TOTO, HACKUIBKM IIBUAKO OyabOamku abo IUTIBKHM Ta3y MOXYThb
mudyHayBatd B 00’eMm pozumHy. IIIBuAKICTH mepemillyBaHHS Ta KOHLEHTpAIisl COPOCHTY €
KIIFOYOBUMHU (paKTOpamH, IO BIUIMBAaOTh Ha KoedilieHT Macomepenadi [8]. OnTumaibHa
KOHIIEHTpallisl KapOoHaTy Harpito s abcopOuii 3a3Buuail BU3Ha4aeTbes B Mexax 20-25% wmac.
[5]. Tloganpiie miABUINECHHS KOHIEHTpAIlli MPU3BOAUTE 10 €(EeKTy "BHUCOIIOBAHHA" Ta 3HAYHOTO
3pOCTaHHsl B’SI3KOCTI, 10 HETaTWBHO BIUIMBAE Ha KoedimieHT audysii i, SK HACTINOK, 3HIKYE
3araJibHy €(peKTHBHICTh MOMIMHAHHS, HE3BAXKAIOYM HA TEOPETHYHE 3POCTAHHSA XIMIYHOI €MHOCTI
po3unHy. I[linBHUIEHHsS TeMIepaTypu PO3YMHY Mae TMOABIHHUN e]ekT, 00 301IbIIye KOHCTAaHTY
HIBUAKOCTI peakiiii, ane 3Hmkye ¢izuuny po3unHHicTh CO;. A OCh MiIBUIIICHHS TUCKY Y CUCTEMI
Ma€ MO3UTHUBHUH BIUTUB, TaK sIK 301IbIIYye pyIIiiiHY cHiTy Maconepeaadi [5].

[ToryxHrM MeTonoM iHTeHcH(iKalii MacooOMiHY B CHCTEMaXx ra3-piJiHa € BUKOPHCTAHHS
anapartiB 13 obepToBuM 1mapoM Hacanku (Rotating Packed Bed, RPB) [9]. B ocnoBi po6otu RPB
JICKUTh MPUHLIUAIT BUKOPUCTAHHS BIALIEHTPOBOT CUIIU /7Sl CTBOPEHHS MPUCKOPEHbB, 1110 B COTHI Ta
TUCSYi pa3iB MEPEeBUIIYIOTh NPUCKOpPeHHs BimpHOro maminHs [10]. Ilig nmiero BimumeHTPOBOTO
IPHUCKOPEHHs (ac), sike Moxe gocsirati 5000 M/c”, pinuHa B 06EpTOBOMY POTOPI PO3IOLIAETHCS Y
BUIVISAJII HAJI3BUYAHHO TOHKHUX IUTIBOK (TOBIIMHOIO B KiJIbKa MIKpOH) Ta ApiOHMX Kparenb. Lle
MPU3BOIUTH O PAAUKAIBHOTO 301IBIICHHS] TUTOMOI MOBEPXHI KOHTaKTy ¢a3 (a.), 10 J03BOJSIE
BUKOPHCTOBYBAaTH HACAJKH 3 BHCOKOIO IIUIBHICTIO YHMaKOoBKH Oe3 pusmky 3aroruieHHs [10].
OpnHouacHO B1IOyBa€eThCs MiIBUILEHHS KoedilieHTa Macomnepenadl (ki) 3a paxyHOK IHTEHCUBHOTO
OHOBJIGHHS MDXK(}a3HOI TOBEpXHi, BUCOKHMX 3CYBHUX HalpyXeHb Ta 3MEHILIEHHS TOBIIUHU
IuQy3iiHOro MpUKOpAOHHOro Imapy. lle € oco0nMBO BaXJIMBUM JJsl COAOBUX PO3YMHIB, 1€
Macoriepesiadya JIMITYeTbCs ONMopoM y piakii ¢asi [9]. ExcnepuMmenTanbHi JaHi cBig4arh, IO
koedinieHT maconepenadyi B RPB Moxe mionaiimenme Ha 20% mnepeBHIlyBaTH aHaJOTTYHHMM
MOKAa3HUK Y TPAIUIIHHUX HacaakoBUX konoHax [11]. Kpim Toro, 06’em Hacagku, HeoOXiTHUN IS
JOCATHEHHS OJJHAKOBOTO CTYIEHS OUMINEHHS, Moke Oytu mnpubmuzHo y 10 pas3iB MeHIINM
MOPIBHSIHO 3 TpaBiTalliiHUMU KoJIoHamMU. Lle 103Bosie He NuIe 3HU3UTH KamiTajdbHl BUTPATH HA
oOnajnHaHHA, alle ¥ KOMIIAKTHO pO3MIIIYBaTu yCTaHOBKM yioBitoBaHHA CO[] Ha oOMexeHux
npoMucioBux miomax [10].

VY anaparax 3 o6eproBuM 3ur3aronofionum mapom (Rotating Zigzag Bed, RZB) potop mae
cienipiuHy CTPYKTYpy KaHamiB, M0 3abe3medye Ie BHUILY IHTEHCHUBHICTh Ta30piIUHHOTO
koHTakTy [9]. Hocmimkenus cucremu CO, - NaOH B RZB mnoxazanu, mo mBUAKICTh OOEPTaHHS €
HaO1IbII BaroMuM (pakTOpoOM BIUIMBY Ha 3arajibHUN 00’eMHUI KoediuieHT Maconepenaui (Kga).
[TopiBHsHO 31 crangapTHUMU RPB, amaparu tuny RZB nemMoHCTpyroTh Kpally e(eKTUBHICTD MPH
MEHIIUX pO3Mipax MPUCTPOIO Ta BUTpaTax abCOPOEHTY, Xoua 1€ CYMPOBOIKYETHCS ACIIO BUIIUM
nepenajoM THUCKY Ta €HEeProcrnoXuBaHHAM Ha oOepraHHs [12]. EQexTuBHICTH YIOBIIOBaHHS B
Takux cucrteMax Moxke aocsrata 90% 1 BUIlle HaBITh MPU BUCOKHUX Ta30BUX HaBaHTaXeHHsX [13].
OntumanbHe criBBiAHOMIEHHS piauHa/ra3 (L/G) ansg comoBUX pO34MHIB y 1HTEHCH(IKOBAHUX
amaparax OyJo BHM3Haue€HO Ha piBHI 1,25, mo 3ale3nedye OajmaHC MiX €HEProBUTpaTaMH Ha
MIPOKauyBaHHS Ta IIBUKICTIO Macorepenadi [ 14].

3acTocyBaHHA  YNIBTPAa3BYKOBUX XBHJIb € TEPCHEKTUBHUM  (PI3UYHHUM  METOAOM
Oe3karanmiTuyHoi iHTeHcudikamii adcopbuii COL]. Mexani3m [ii ynabTpa3ByKy Oa3yeThCcsi Ha
SBHINAX aKyCTUYHOI KaBiTallli Ta BUHUKHEHHI MIKpOMOTOKIB y pimuHi. [lin yac mpoxomKeHHS
VABTPA3BYKOBOI XBWJII BUCOKOI yacTtoTh (Hampukian, 1,7 MIm) y piawHi YTBOPIOIOTHCS



MIKpPOCKOIIIYHI KaBiTaliiiHi Oyn1bpOamiku, SKi IIBHUIKO PO3IIMPIOIOTHCA Ta KonamncyioTh [7]. Le
CYIIPOBOIXKY€EThCA (HOpMYBaHHSAM JIOKATbHUX 30H 13 BUCOKHUMH TeMIleparypaMu 1 THCKaMmH, a
TaKO)X BHHHKHEHHSM MIKpocTpyMeHiB piauHu. [l mpomecy abcopbmii COLl  comoBumu
pO3uMHAMHU YIIBTpa3ByKoBa 00poOKka 3alesredye HHU3KY IepeBar: pyHHYBaHHS CTarHylOUuX
Tudy3iiHuX mapiB modnu3y Mik($azHOI MOBEpXHi, II0 CYTTEBO 3HIDKYE OMIp Macormepenadi y
pinkiit ¢azi [7]; aucniepryBaHHs Ta30Boi (Da3u 3 YTBOPEHHSIM JIPiOHOAUCIIEPCHUX OYyIIbOAIIOK, 110
30UTBIITyE MOBEPXHIO KOHTaKTy (a3 [15]; a Takox 3amoOiraHHs MacuBailii MOBEPXHI BHACIIIOK
MEXaHIYHOTO BIUIMBY KaBITAllIHHUX MikpocTpyMeHiB [7]. TIOTyXHICTh YIBTPa3BYKOBOTO
BUIIPOMIHIOBAHHSI € OJHHMM 13 KIIOUOBHX MapameTpiB mpouecy. HaBith y BHCOKOe()EKTHBHUX
anaparax tuny RPB HakiamanHs ylnbTpa3ByKOBOTO MoJjisi 4actoToro 1,7 MI'i 1o3Bossie 101aTKOBO
migBUIIMTU 00’ eMHUM KoedimieHT Maconepenadi Ha 11,4%, 110 CBITYUTH MPO MOMKIIUBY CHHEPT1IO
MaKpOCKOMIYHOT  (BIAIIEHTPOBI CHJIM) Ta MIKPOCKOMIUHOI  (YIbTpa3BykoBa  KaBiTallis)
iHTeHcudikarii [15].

Membpanni kontakropu (MC) - 1e mpucTpoi, B SKHX razoBa Ta pigka (asu po3aiieHi
nopuctor TigpodobHoro memOpanoro [2]. Ha BimMiHy Big MeMOpPaHHOTO pO3IUIEHHS, TYT
MeMOpaHa HE BHUKOHYE POJIb CEIIEKTUBHOTO Oap’epy, a nuiie (iKCye MOBEPXHIO KOHTAaKTy (a3,
3armo0irardu mepeMilryBaHHiO MOTOKIB. [lepeBaru MeMOpaHHOT aOCOPOIIIT ISl COMOBUX CHCTEM -
e MOCTiiHA Ta BiJioMa IJIOIa KOHTAakTy. MemOpaHu 3a0e3neuyroTh y’e BHUCOKY HIUIbHICTh
ymakoBk# noBepxHi (10 3000 MM i OlIBIIIC), IO HEOCSKHO JIJIs HacaIKOBUX KoJIOH. KpiM Toro,
TYT BiACYTHI omepamiiiHi mpobiaemMu, TOOTO TOBHICTIO BHKJIIOYAIOTHCS SBHINA 3aTOIUICHHS,
YTBOPEHHS KaHaiB, IIHOYTBOPEHHS Ta BUHECEHHsI Opu30K abcopOeHTy razom [2]. [Ipouecu nerko
MacITaOyeTbCsl LUIAXOM JIOJaBaHHA CTaHAAPTHUX MeMOpaHHMX MoayniB [16]. OcHoBHUM
BUKJIMKOM IIpM BUKOPHCTAaHHI COJOBHMX PpO3UMHIB Yy MEMOpaHHMX KOHTAKTOpax € pHU3UK
3MOUYyBaHHS NOp MeMOpaHu [2]. SIKio po3urH MPOHUKAE B MOPH, OMip Macolepenadi B ra3oBii
¢a3zi pi3ko 3pocTae, OCKUIbKM IU(]y3is yepe3 3a0BHEHY PIIMHOIO TMOPY BiOYBAETHCS HA KiJIbKa
HOPS/IKIB MOBUIBHIIIE, HIX Yepe3 cyxy. s 3amobiraHHs 1IbOMY BHKOPUCTOBYIOTH MEMOpaHU 3
nonirerpadroperunieny (PTFE) a6o mnomiBinimigengropuny (PVDF) 3 Bucokum crynenem
rigpodobuocTi [2]. HocnimkeHHs moka3yroTh, mo abcopoiiss CO, y MOpONKHUCTOBOJIOKOHHUX
MeMOpanHux koHTakropax (HFMC) e neizorepmiunuM mnporiecoMm. Yepe3 BUAUICHHS TEIUIOTH
peakilii Temneparypa B3JOBX BOJOKHAa MO)ke 3pocTatd Ha 2 - 15 K, mo cnpuse npucKopeHHIo
KIHETHKH B COJIOBHX PO3YMHAX, ajlé BUMAra€ TOYHOTO MOJENIFOBAHHS JUIsl YHUKHEHHs JAerpaiaiii
MeMOpaH abo 3HWKEeHHS (13U4HOi po3urHHOCTI raszy [17]. TiOpuaHi cucTeMH, 10 MOEIHYIOThH
norepeaHe 30aradeHHsl razy uepe3 MeMOpaHu Ui ra3opo3AUIeHHs 3 MOAAJIbIIOK adcopOiieo B
KOHTAKTOPi, JO3BOJISIIOTh 3HAYHO 3MEHIIMTH 3arajibHy IUIOILY MeMOpaH Ta rabapuTH YCTaHOBKU
[16].

JlonaBaHHs HAaHOYACTUHOK (HANpPHUKIaJ, BYINIELEBUX HAHOTPYOOK ab0 YAaCTHHOK OKCHIIB
METaliB) Yy COJOBl pO3YMHM MOXKE MIJBULIMTH IIBUIKICTh Macolepenadi 3a paxyHOK
OpoyHiBchKOTO pyXy Ta edexty "Bumacy" (grazing effect). YacTuHKM Nit0Th SK MiIKpO-3MilIyBayi
nobnu3y iHTepdeiicy rasz-piuHa, TypOyIi3ylound MPUKOPJOHHUM IIap Ha MOJIEKYISPHOMY PiBHI.
Bcranosneno, mo nonaBanHg suumie 0,5% Mac. HaHOTPYOOK MOXKe MiABHILUTH €(EKTHUBHICTD
BuganeHus CO, na 20% [17].

Eneprosutparu Ha aecopo6itito CO; 13 COTOBHX CHUCTEM CKIIAIAIOThCS 3 TETUIOTH J1ecopoii,
BUTpPAT Ha HArpiBaHHS PO3YMHY Ta TEIUIOTH BHUIIAPOBYBAHHS BOAU JJISI CTBOPEHHS CTPHIIIHT-
edexty [18]. OnTuMizaliss TEXHOIOTIYHOT CXEMH, 30KpEMa BUKOPUCTaHHS BaKyyMHOI pereneparii
npu 343 K (70 °C), Bu3HaHA ONTUMAIBHOIO K 3 TOUKH 30py MIBUAKOCTI AecOpOIii, Tak 1 3 TOUKH



30py MiHiMi3alii BUMIapOBYBaHHS Boau [4]. YV cucTemax, /e JO03BOJSIETbCS BUIAIAHHS OCATy
OikapOoHaTy (CyCHeH31iHI MpOoIecH), CHEPreTUYHI MOoTpeOr MOXYTh OyTH 3HIDKEHI IIe OLIbIIe
(mmxue 2,5 I'Jlx/T CO;) 3a paXyHOK 3MEHIIICHHS 00’ €My IUPKYIIOIOYO0i PIIMHA Ta BUKOPUCTAHHS
TEIUIOTH KpucTamizaiii [4].
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Brcokoi rpasitanii (RPB/RZB), Bukopuctanss ynpTpa3ByKy abo0 MeMOpaHHUX KOHTAKTOPIB.
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ITASMOXIMIYHE MOJAU®IKYBAHHA HIOBEPXHI INPOKAPBOHY
SAK COPBEHTY EMYJIbCIA BOJA-HA®TA/HA®TOIMPOAYKT

3enoesiit 3nak, Cmanicnae I punuwun, Poman Muux

Hayionanvnuii ynisepcumem «JIvgiscorxa nonrimexuixay, m. Jlvgis, eyn. Cm. banoepu, 12.
zenovii.o.znak@lpnu.ua

3 KOXHHMM POKOM 4YaCTKa aJIbTEPHATUBHUX JKEPEes €HEprii y 3arajlbHOMY €HEpreTUYHOMY
OanaHci CBITOBOI €KOHOMIKM HEYXWJIBHO 3pocTae. [IpoTe OJHUM 3 TOJOBHHUX JDKEpesl eHeprii
3anmumaeTbes Hadra. OOcsaru i BUIOOYTKYy Ta mepepoOsieHHs Ha(TH 3aUIIAIOTHCS 3HAYHUMH,
OCKUIBKM NPOAYKTH ii mepepoOsieHHs Ie i Temep CTaHOBIATb OCHOBHY YAacTKy Ha PHHKY
CTpATEeriYHUX EHEPreTUYHUX PEecypCiB 1 ManuBa. Y TEXHOJOIIYHOMY JIAHLIIOKKY «BHIOOYTOK —
TPaHCHOPTYBaHHs — 30epiraHHs — mnepepoOsieHHs HadTH — mepepoOieHHs HAPTOMPOMYKTIBY»
YHUKHYTH pO3/1MBIB HapTH Ta HA(PTOMPOAYKTIB MPAKTUYHO HE MOXKIWBO. SIK HACHIIOK,
BiZIOyBa€eThCs 3a0pyJHEHHS HABKOJIMIIIHBOTO CEPEOBUIIA JOBKULIS TA IPUPOIHUX EKOCUCTEM.

Haii6inpiry 3arpo3y HadTa 1 HaQTOMPOAYKTH CTAHOBISATH AJI BOJHUX PECYPCIB, OCKIIBKH Y
BOJHUX CEpENOBHINAX BiNOYBAa€TbCS HAWOUIBII I1HTEHCHMBHA Mirpamis 1 TpaHcgopmaris
KOMITOHEHTIB BKa3aHUX TMIOJIOTAHTIB. SIK HACHiNOK, WIKIAJIUBI KOMIIOHEHTH TPOGIYHUMHU
JAHLIOTaMH MOTPAILISIOTH J10 JOACH.

[Tpobnema 3abpyaHEeHHS NPUPOAHUX BOJA B YKpaiHi Ha/J3BMUYaHO 3arocTpuiachk BHACIIIO0K
MOBHOMACIITaOHOI arpecii pocii, 0 MpU3BENIO 0 MOMIKOKEHHS i pyWHYBaHHS HiANPHEMCTB 3
nepepoOsieHHsT HaTH, TPAHCHOPTHUX BY3JIB, MOIIKO/KEHHS aBTOMOOUIBHOI Ta BIHCHKOBOT
TEXHIKH, a TAKOXK PYHHYBaHHS KOMYHAJIbHOT BOJHOI 1IHPPAaCTPyKTYpH, 30KpeMa, OUUCHHUX CIIOPY/I.

HaiinmommpeHimyMy MeToJJaMH OYMIIECHHS BOJ, 30KpeMa, CTIUHHUX, 1 IPYHTIB € COpOILIiiiHI,
30KpeMa, 3 BHUKOPUCTaHHSIM JlelIeBUX COpOeHTiB. Jlo TakuX HaJNEXKUTh MIpOKapOOH, SKHM
YTBOPIOETHCS MiJl YaC BUCOKO TEMIIEPATypHOTO MepepOoOIEeHHS 3HOIIEHNX aBTOMOOIIbHUX LIHH.

BcranoBneno, mo mipokapOOHy NMpUTaMaHHAa BHUCOKa COpOLiiHA 37aTHICTh 1010 Ha(TH,
OCHOBHMX HPOAYKTIB ii nepepobseHHs (OEH3UHM, JU3NAINBO), a TAKOK MOTOPHUX OJIUB Ta HU3KU
IHAUBIAYalbHUX OPraHIYHUX PEYOBHH, SIKI TaKOX OTPUMYIOTH IiJ 4Yac MepepoOIeHHsS TOPHOYHX
KONAJIMH. 31aTHICTh MipoKapOOHy copOyBaTH BKa3aHi peYOBMHU 3yMOBJIEHA THM, 1110 BOHH J100pe
3MOYYIOTh MOBEPXHIO MipokapOoHy (puc. 1) i, K HACHINOK, MIBUIKO COPOYIOTHCS YaCTUHKAMU
nipokapOoHy.

1 o

Puc. 1. CpitimHa kparuti cupoi HadTu (019Ha MPOEKIIisl) Ha TOBEPXHI MipoKapOOHY

Tomy mnipokapOOH € BHCOKOE(EKTUBHHUM COPOCHTOM IpPHU OUHUINEHHI CTIYHUX BOJ YU
IPOJIMBIB Ha TBEP/i MOBepxHi HadTH 1 HahTONMPOAYKTIB. BomHOYAC BiH MOTaHO 3MOYY€ETHCS BOIOIO
(puc. 2), 10 YHEMOXJIHBIIIOE HOTO 3aCTOCYBAHHS /IS OYHMIICHHS BOJIHHMX CEPEIOBHUII BiJl CTIMKHUX
eMYJIbCIH TUITY «BoAa-HadTa (HAaTOMPOTYKT)».

[TokpamuTé 31aTHICTH BOJHUX EMYIBbCIH 3MOUyBaTH MOBEPXHIO MipOKapOOHY MOXKHA
nuIsxoM ii (yHKLIOHAi3aIi€ro, TOOTO 3MIHOIO XIMIYHOTO CKJIaay, HAaNpUKIaA, BHACIIIOK
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OKCHJyBaHHs. YTBOpPEHI KHCHEBI TpyMd MOXYTh KapIWHAJIBHO 3MIHIOBaTH IOBEPXHEBI
BJIACTUBOCTI MipoKapOoHy. THIIOBUM METOJIOM OKCHJIyBaHHS BYIJICHIEBUX MOBEPXOHBb € XIMIYHHIA,
SKHI TIOJNISITae y il CHIIbHUX OKUCHHKIB, TEperyciM, Kallilo MepMaHTaHaTy i KOHIIEHTPOBAHOI
Cynb(aTHOT KUCIOTH, 3aCTOCYBAaHHS SKHX CIPSDKEHE 13 TPAaBOBUMH OOMEXKCHHSIMH, 00 HaJeKaTh

JI0 TIPEKYPCOPIB.

Puc. 2. ®oto xparuii emysbcii Boga-HadTa Ha MOBEPXHi mipokapoony 3a 20 °C

Tomy OyIi0 3ampPONIOHOBAHO OKCHIYBAaTH MOBEPXHIO MipOKapOOHY BHACTIIOK ii 00pOOIeHHS
HayBrucokoyactotHuM (HBY) enekrpomarniTHUM BurpomiHioBaHHsSM. Ilpomec 3milicHroBamu y
HBY-neui tuny “Samsung” 3a notyxHocti HBU-BunpomintoBanus 500 Bt uacrororo 2,45 I'T'w.

IToBepxHs, yTBOpeHa yacTUKaMH MipokapOoHy posmipoMm 0,5...2,0 MM, pO3MIIIEHUMH Yy
BUDIIAI TOHKOTO IIApy Ha KBapIOBIM IUIACTHHI, € HEPIBHOIO, XapaKTEPHU3YETHCS UYUCICHHUMHU
BUCTYMaMHd. BOHM BIiJirparoTb poOJb CBOEPIIHUX KOHLEHTPATOPiB YH aHTEH, Ha SKHUX
HalpY)KEHICTh €JIEKTPOMArHiTHOro nojs HaiiBuina. Lle cnpuunHsie yTBOpEHHsS MIKPOIUIa3MOBHUX
PO3psAIB, SKI HAJIEXKaTh 0 CIIOPAAUYHHUX, TOOTO BUIAJAKOBUX, OJYKaIOUMX MMOBEPXHEI0 YaCTHHOK
nipokapOoHy. OCKUIBKM YTBOPEHHS MIKPOILJIa3MOBHUX pO3psIiB BIOYBA€ThCA 3a MPUCYTHOCTI
KHCHIO TIOBITPSI, TO BiH pearye 3 MOBEPXHEBUMHU aTOMaMH BYIJIEIIO 3 YTBOPEHHIM OKCHIHUX TPYII.
Came BOHHU NEpPETBOPIOIOTH aMNOJSPHY Tipo(OOHY IMOBEPXHIO MIpOKApOOHY Ha TMOJSPHY —
rizpo¢dinbHy. BHacHizok nporo Takuii mpokapOoOH 3MOUYETbCS CTIHKUMHU BOJHUMH €MYIbCIIMU
HaQTH 91 HAPTONPOIYKTIB, @ BIITAK BOHU COPOYIOTHCS.

JonaBanus 10 mipokapOOHY A0AATKIB, SIK1 BIAITPalOTh POJb JIOHOPIB aTOMapHOTO KUCHIO Iij1
gac iX pO3KJIany, CHpUsS€ TPUIIBHIINICHHIO OKCHIYBaHHS MipOKapOOHY, MOKPAIICHHIO
3MOYYyBaHOCTI (pHc. 3) Ta MIABUILEHHIO COPOLIHHOI 31aTHOCTI. Y POl TAKMX PEYOBHUH-OKHCHUKIB
nociimkyBanu 60 % pozunn H,0,, Harpiro nepkapoonar (Na,CO;x1,5 H,0O,). Ilpu 3actocyBanHi
OCTaHHBOT'O BMICT KHUCHIO Ha MOBEPXHI MipokapOoHy csraB HaBiTh 50 % 1 OlibIie.

1 2 | N

Puc. 3. 300paxxeHHs kparwii HadTH Ha oBepxHi mipokapoony (1,0...1,5 MMm), akTHBOBaHI i
HBY-mikporazMoBuMu po3psiiamu: 1 — BuxiiHUI mipokapOoH; 2 — mipokapOoH, HacuueHuid 60 %
po3unnom H,O,; 3 — mipokap6on 3 gogarkamu Na,COsx1,5H,0,

BHaciok Takoro akTUBYBaHHS MOBEpPXHI MIPpOKapOOHY HOro copOliifHa €MHICTh 1010
BOJHMX eMynbCiit cranoBmia 1,0...1,5 1/1, Tozl sSIK HEeaKTUBOBaHMM iX HE copOyBaB BIPOJOBXK 24 i
Ounbie ronuH B3araii. OTxe, 3apONOHOBAHO HOBUI METO]] aKTUBYBAaHHS MIOBEPXHI MPOKapOOHY
JUTs 3a0e3MeueHHsT HOTO COPOIIIHOT 3JaTHOCTI MIO/I0 BOJHUX €MYJIbCii TIOJIOTAHTIB.
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[TpoHvkHeHHs Ha(QTOBUX BYIVIEBOJIHIB y IPYHT BHUKIHMKA€e 3MIHY BCIX MOro OCHOBHHUX
(h13UKO-XIMIYHUX XapaKTEPUCTHUK, MPU3BOIUTH O BTPATH POAOYOCTI 3HAYHUX OOCSTIB 3E€MeEllb,
NOPYIICHHS! JKUTTETISUIBHOCTI TPYHTOBHX OpraHi3MmiB, 3a0pyAHEHHS TIPYHTOBUX BOJ Ta
NOTIpIICHHA CTaHy eKocucTteM. Bce OumbIIoi yBarm y BiJHOBJIEHHI 3a0pyIHEHHX TPYHTIB
NPUIALISAIOTE Olopemeniallii — KOMIJIEKCHOMY BHKOPHCTAHHIO POCIHMH-PEMeIaTopiB, MIKpOOHUX
npernapariB Ta NpuUpogHUX akTuBatopiB [1, 2]. Jlo Takux pedyoBHMH Hanexarb OiocypdakTaHTH
(610ITAP) 3aBnsaxu (Pi3uko-XiMiYHUM 1 O10JOTIYHUM BIIACTUBOCTSM Ta aKTHBHOCTI 32 HHU3BKHX
KOHIIeHTparllii, pisHux pH 1 Temneparyp Ta OiomerpanadenbHOCTI. 3aBasku CBOiM ambidiibHii
npupoai 0i0IIAP maroTe MoBepXHEBY AaKTHBHICTb, €MYJbIYIOUY, COJOOUII3YIOUY, 3MOUYBAJIbHY
3[1aTHICTh, HU3bK1 KpDUTUYHI KOHLIEHTpaLii Millea0yTBopeHHs [3-5].

OCKIUTBKM OCHOBHI KOMIIOHEHTH Ha(TONPOAYKTIB 3a3BUYail MiJAAIOThCs O10J0TTYHOMY
PO3KJIaJIaHHIO B PI3HUX YMOBaX HABKOJHUIITHHOTO CEPEIOBUINA, Ol0peMeiallis Ha MiCIli MOXe OyTH
€KOHOMIYHO e(EeKTHBHUM, €KOJIOTIYHO O€3MeYHUM 1 3aCTOCOBHHUM BapiaHTOM BiJHOBJICHHS
3a0pyaHEeHUX HaTOBUMH BYITICBOAHAMU MiI3€MHUX BOJI.

PexynpruBaiist rpyHTy HUISIXOM JOAaBaHHs COPOEHTY € MOMYISIPHUM METOAOM IMMOO1LTi3arii
3a0pyIHEHb, aje BiH 0OMEXeHUI TUM (PaKTOM, 1110 COPOEHT HEMOXKIIUBO BUIIYYUTH 3 IPYHTY, 110
CTaHOBUTbH 3arpo3y JUIsl HOTO SIKOCTI Yepe3 MOCTYNOBE BUMHBAHHS COPOOBAaHUX 3a0pynHEHb. Ale
IpY BUKOPUCTAHHI TPaHYJIbOBAHOTO MAarHiTHO-BIJHOBIIIOBAHOTO COPOEHTY Ha OCHOBI Ol10BYTi/UIs
JOCSTHYTO €(EeKTUBHOCTI B1IHOBJIEHHA 3a0pyaHeHoro rpyHTy Bix 40% mo 90% st opraniyHuX
crionyk 1 30—65% nuis BaXXKUX MeTauiB [6].

OnHuM i3 cnocobiB CTPUMYBaHHS Ta KOHTPONIO Ha(TOBO-BYINIEBOJHEBUX UUICH(IB €
3acTocyBaHHs 0io0ap'epiB, 30kpemMa Cynb(ar-BiTHOBIIOIOUMX, L0 BHUBUIBHAIOTH Cyab(ar s
MOCHJICHHST aHaepoOHO1 Oiogerpaaamii HahTOBUX BYIJIEBOAHIB. TakuM crmocobom 13 3a0pymHEHUX
MeTmiI-TpeT-0ytuiioBuMm  edpipom (MTBE) 1 TomyonmoM rpyHTOBHX BOJ Oyjl0 yTHUII30BaHO
npubmuzno 70% MTBE 1 92% tonyony [7]. 3acrocyBanHs sk Oio0Oap'epy eMyabroBaHOTO
MOJIKOJIOIIHOTO cyOCTpaTy (TPOCTMHHA IMATOKa, COEBA OJisl Ta MOBEPXHEBO-AKTHBHI PEUOBHHN),
AKMH 3aKadyBaJd IIiJ] THCKOM Y PpEKYJIbTUBAILIHY CBEpAJOBHMHY, Jal0 3MOTYy 3MEHILUTH
KOHIIEHTpaIlit0 OeH301y y mia3eMHuX Bonax 3 6,9 mo 0,04 mr/n [8]. JlonaBaHHs 1150T0 CyOCTpaTy
TAaKOX 30UIBIIMIO KOHIEHTPAII0 3arajJbHOr0 OPraHiuHOro BYIICHIO Yy MiA3€MHHX BOJax 1
3araJibHy KUIbKICTB )KMTTE3/IaTHUX OaKTEpiid, 10 CIIPHsIIO aHaepoOHii Oioxerpaaarii ByriIeBOAHIB
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HadTH. OTXKe, Takuii 6100ap'ep Moke e(heKTUBHO CTPUMYBATH HA(PTOBO-BYIJIEBOIHEBUH HUIEiH} i
3armo0iraru HOoro mirpaiii.

B po6oTi [9] po3pobiieHO TEXHOIOTIUHY CXeMy peMeiarii 3a0pyIHeHOTo HapTO IPYHTY 3
BUKOPHCTAaHHSM HeEHTpamizaropa Ha OCHOBI TyMIHOBHX pEUYOBMH. BcTaHOBIEHO, IO MpH
HelTpanizaiii MOBHICTIO 3HUKAIOTh HU3BKOKUIUIYI BymieBomHeBi ¢pakiii (C,—Cj7), cyTTeBO
MIJBUIYETHCS BMICT BHCOKOKHUIUITUUX ByrieBomHEeBUX (pakiiiii (Cyp—Cj3), 3MEHIIYETHCS BMICT
Ha(TOBUX KOMITOHEHTIB 1 METAJIIB, Y TOMY YHCJII TOKCHYHUX.

['mayKoHITOBI IOPOAH, MTOKJIAIU SIKUX 3yCTPIUalOThCS HAa TepUTOPii YKpainu, € epeKTuBHUMH
IPUPOAHUMH COPOEHTaMHU LIMPOKOTO CIIEKTPY HAPTONPOAYKTIB, (DEHOIIB, BAXKKUX METAJIIB TOIIO.
3 iHmoro 60Ky, 6iocyp(haKkTaHTH € €KOJIOTTYHUM 3aMiHHUKOM cUHTeTHYHHX [IAP. Metoro maHoi
pobGotu Oyna omnrTumizaiis (yHKIIOHYBaHHS Oap'epiB HAa OCHOBI IVIAyKOHITOBOI MOPOIU 3
BukopructanHsaM 0i0ITAP y npuponnux ymoBax. Ilpuiimanucs HailOiIbII HECIPUATINBI YMOBHU Ta
NOTIEPEHBO 3HIMABCA IIAP POCIUHHOTO ITOKPHBY.

BiocunTe3 noBepxHeBO-aKTUBHUX peuyoBHH. KynbTuByBaHHs Oaktepiil Pseudomonas sp.
PS-17 npoBomunu B nmaboparopHux ymoBax B konbax Eprnenmeiiepa (750 mu1) Ha poTariiHiii
kadani (220 06/xB.) 3a temneparypu 30 °C Brupomoexk 5 1i6 Ha 0a30BOMY MiHEpaIbLHOMY
CEPEIOBHIII HACTYITHOTO CKIIAIy (r/ILM3): NaNO; — 4,0; KoHPO4x3H,0 — 2,0; KH,PO4 — 1,2;
MgSO4x7H,0 — 0,5; uutpar Harpito — 4,0, rninepus — 30,0, auctuiaboBana Boga — 10 1 ,Z[M3. Sk
IHOKYJIST BUKOPUCTOBYBaNU 24-roj KyabTypy. IlociBHuil marepian Opanu B kiibkocTi 10% Bin
00'eMy TIO)KMBHOTO CEpPEJOBHINA, THTP KJIITHH CTaHOBUB 5x10° KYO/em’. CynepHarant
KyJAbTypajbHOI pIiAMHK OakTepiil OTpUMyBalu Micis cemapanii KITHUH OakTepid NUIsIXOM
ueHtpudyrysanas (6000 06/xB., 15 xB). Pamuomniniqauii 610KOMIIIEKC OTPUMYBATH OCAIKEHHIM
HCI i3 cynepnaranty kyasrypanbHoi piguau 3a pH 3-4,0. HanocanoBy piniuHy JeKaHTyBasu.
Otrpumanuii ocaz BucymryBamu npu 102°C 1o nocTiiinoi Macu. [Ij1s €KCIIEPUMEHTIB 13 CTBOPEHHS
Oap'epiB BUKOPHUCTOBYBAJIM PO3YMHM 13 KOHUEHTpauiero O10[IAP, mo mepeBuiytoTh KpUTHUYHY
KOHIIEHTPAIII0 Mill€JI0YyTBOPEHHS.

TecryBannsi ¢yHKuii 3axucty He3aOpyaHeHHMX IPYHTIB. [IOBEpXHIO IDyHTY NOKpHBaJIN
Oap'epom TOBLIMHOIO 2-4 cM, B akuil BHocuiu S50 r/kr 3a0pynHioBaya (Hadtu, qusnanusa (AI1) uu
OeH3MHY), 110 MEepEeBHILYBaJO rpaHUYHO Jomyctumy koHueHtpamito (IZIK) y rpynrax (10-30
mr/kr) Oinbm HiX y 1600-1800 pa3iB. bap'epom ciayryBanu: map miaykoHiTomity (Moaudikamis 1);
[Iap DIAYKOHITOMITY, SKMM Ha Micli 3anuBaiud po3duHoM OiolIAP, (Momudikamis 2); map
[JIAYKOHITOMITY, 3a37ajeriap mpocodeHuit pozunHoM 010ITAP, (mogudikaris 3). Bei mocmimkeHHs
MPOBOJIMJIM Ha IPUPOJHUX AUISHKAX B OCIHHINA Mepiof 3a cepenHbono60oBoi Temmeparypu 10 °C.
3BOJIOKEHHSI YacTHHU Oap'epiB 0OMEXYBaJlOCh JIMIIE arMOC(HEPHUMH OINaJaMu, TOAl K I1HIIY
YaCTHHY JI0JaTKOBO 3BOJIOXKYBAJIX BOJIOIO.

Bwmict 3a0pyaHioBada y mpo0ax IpyHTY BU3HAYaJIM MICIs €KCTPAaryBaHHs TETPaxXJIOpPETaHOM 1
MOJIAJIBIIIOTO BiJUTIJICHHS MOJSIPHUX CIOJIYK HAa aKTUBOBAHOMY OKCHJII QJTIOMIHIIO 32 JOTIOMOTOIO
[4-cnextpomerpa SPECORD-80 3 BUKOpUCTaHHSIM KaJliOpyBaJbHOI KPUBOI.

Pe3yiabraTu Ta 00roBOpeHH

3MiHM BMICTy 3a0pyIHIOBauYiB y IPYHTI NpPH 3aCTOCYBaHHI 1H)KE€HEpHO-(010)reoxXiMiuHuX
Oap'epiB 3a YMOB, KOJIM iXHE 3BOJIOKCHHS OOMEXYBAJIOCH JIUIIE aTMOC(HEPHUMHU OIMaaaMHu, 1 3a
YMOB JIOaTKOBOTO 3BOJIOKCHHS JEMOHCTPYIOTh AaHi puc. 1 1 puc. 2 BIAMOBIIHO.



MT/KT B HezaxummeHuii IpyHT (KOHTPOJIB) HadTa MT/KT AII
B Moaudikaris 1

1000 B Moaudixaris 3 1000 910,2
839,9—
800 800
646,6¢7.89
600 ] 600
404 388
400 400 _
233
200 5,67 127 200 82,6 [
3,41 00 194 0,00,0
0 L 1 1 ’_‘ ] 0 L 1 ’—‘ —] 1 ]
bap'ep S5cm 10 cm bap'ep 5cm 10 cm

Puc. 1. BmicT 3a0pyaHioBaviB y IpyHTI IIPH 3aCTOCYBaHHI iH>KeHEpHO-(0i0)reoxiMivHMX Oap'epiB yepes 3
TXHI IMicTsl BHECEHHS 3a0pynHIoBada (0e3 J0JaTKOBOTO 3BOJIOKEHH)

Ha pinsnkax, 3axuiieHux 6ap'epom, Ha BiIMIHY BiJl HE3aXHUIIEHOTO IPYHTY CIIOCTEPIra€ThCs
3HA4YHE 3HW)KEHHS KOHIIEHTpaIlii 3a0pyaHioBadiB Ha muOuHi 5 cMm. Tyt y mmbmux mapax (10 cm)
BOHH B3araii BiicyTHi (puc. 1), Tomi K Ha HE3aXHUIEHOMY I'PYHTI 1 Ha il IIMOWHI KOHIICHTpalis
Bce 1€ cyTTeBo nepesuinye /K.

HadTa HIT OeH3uH
5__ 10__ — ] Monudikamis 1
447 g - 30 [ ] Moaudikauis 2
i i J Monudikarist 3
£ °] °] 20
~
= 24 4 - T
1 1 10 +
IR N S ]
0 T T |_|T|_' 0 T T T 0 T T T 1
3 8 3 8 3 8
Yac, THXHI Yac, THXHI Yac, THKHI

Puc. 2. JIlunamika 3MiHU KOHIIGHTpAIIill 3a0py/THIOBAaYiB Y TPYHTI Ha TIMOWHI 5 cM pH 3acTOCYyBaHH1
3aXMCHUX TJIAYKOHITONITOBUX 1HXXKeHEpHO-(010)reoxiMivHuX Oap'epiB pizHOT MoaMdIKaIii (3 JOAaTKOBHM
3BOJIOKEHHSIM)

[To3utuBHUI edeKT 3acTocyBaHHs Oap'epiB MOLUIMPIOETHCS HA BC1 TP TOCIIHKEHI PEUOBUHU
(puc. 2), mpoTe Haii0inblIe BiH MPOSBIAEThC Npu 3a0pyaHeHHi Hadroro Ta I 1 mepeBaxae y
BUMaAKy Oap'epy Momudikamii 3, KOIM INAayKOHITOBY Moponay mnpocoudyBanu OiolIAP mnepen
BHECEHHAM Y I'pyHT. [IpuunHOI0, 0OueBHIHO, € Kpallle nucnepryBanHs 0610[1AP y rmaykonitomniTi y
[IbOMY BHUIIQJIKY, LII0 CIPUsE PE3yIbTATUBHIIIOMY PO3BUHEHHIO COPOIIiIITHOT EMHOCTI IT1ayKOHITOBOT
CKJagoBOi 100 BymieBoaHiB. LlikaBo, mo Oap'ep monudikamii 3 edexkTuBHO 3armodirae
3a0pyJHEHHIO HaBITh Y HAMCKIaIHIIIOMY BUNIAIKy (OCH3UH).

Sk BUAHO 13 TUHAMIKH 3MIHM KOHIICHTPAIII 3a0pyaHIOBa4iB 3 4acoM (puc. 2), iXHii BMICT Y
IPYHTI Ha TpeTii TIKIEHb 3HaxomuThca y Mexax [JIK 1 B mopanbmioMy mpomoBKye
3MEHIIIYBaTUCh, OYEBUIHO BHACIIJOK MIrpallifHUX IMpOLECiB. 3MEHIICHHSI BMICTY y IPYHTI 5K
HadtH, Tak 1 [I1 cmocrepiraeTses 1 Mpu 101aTKOBOMY 3BOJIOKEHHI MTOBEPXHI AUISHOK (puc. 1, 2),



3aCBIIUYIOUM IHTEHCH(IKAIII0 IHUX MPOIECIB NPU MOTPAIUISHHI y IPYHT HAJUIMIIKOBOi BOJIOTH i
MOKJIMBICTh BIUIMBY TaKMX YMOB Ha CTaOUIBHICTH COPOIIHHUX BJIIACTUBOCTEH 3aXHCHOTO IIapy.
Pesynbratn nepeBipky Takoi MOYKIMBOCTI HaBeeH1 y Tao. 1.

Taéauus 1. Bmict (Mr/kr) copooBanux HagTu Ta Il y 3aXUCHUX IIAyKOHITOITOBUX
in:kenepHo-(6io)reoximiunux 6ap'epax pizHoi Mmogudikauii npu 107aTKOBOMY 3BOJ10KEHHI MOBePXHi

AISTHOK
Bap'ep Uepes Tpu THOKHI Uepe3s BiciM TIKHIB

Hadrta Al Hara JIT

Moaudikaris 1 597 532 491 388
646* 840*

Monaudikaris 2 605 687 135 200

Monaudikaris 3 711 640 261 212
668* 910*

*Binbip mpo0 Ha AiIsHKaX 0€3 10JaTKOBOTO 3BOJIOYKEHHS.

BwmicT 3a0pynHioBada y Oap'epi 3a yMOB J1OJaTKOBOIO 3BOJIOXKEHHS 3 YacOM 3HMXKYETHCS,
HaMOLIBII CYTTEBO — Y BUIIAJKY 3acToCyBaHHS Oap'epiB Momudikariiii 2 1 3 3 610ITIAP. I3 3-ro mo 8-i
THXJICHb y Oap'epi momudikarmii 2 BiH 3MeHIIyeThess Ha 70-78%, a y Oap'epi momgmdikarii 3 —
npubmu3Ho Ha 65%. llel mokasHUK Ui IIayKOHITONITY Oe3 BukopuctanHs 0i0lIAP craHOBUTH
mume 18% (wadra) 1 27% (AIl). Le miaTBepmxye NpUNyHIeHHS MPO YAaCTKOBE BHMUBAHHSA
copboBaHOrO 3a0pynHIOBaya 1 CBITUUTH Mpo Te, 1o Oap'ep momudikamii 1 (rmaykonitomrt 0e3
0i0ITAP), x04a i YMHUTH JEII0 MEHIITY 3aXUCHY JIif0, € CTIHKIIINM 10 BUMHBAHHSI.

3 oAy Ha CKa3aHe, pallilOHAJIbHUM BHJAE€ThCSI BUKOPUCTAHHS Oap'epy, SIKUH MICTUTh
[JIAyKOHIT, monepeanbo MonudikoBanuii O10[IAP, i #oro yrumizamiss micisl BigIpaltOBaHHS
BIIPOJOBXK 3-4 THXKHIB MICIIs MOTPAIUIHHS 3a0pyaHIOBaYa, OCKIJIBKU Y LIeH Mmepiojl KOHIIEHTpaLis
OCTaHHBOTO y TPYHTI mo3a Oap'epom 3HaxoauThcs B Mexax [JIK, a B momanbIioMmy iCHYe
IMOBIPHICTb ii 30UJIBIIIEHH Y 3B'I3KYy 3 YACTKOBUM BUMHUBAHHAM 13 COpOEHTA.

OpneprkaHi pe3yabTaTd BKa3ylOTh Ha 3pOCTaHHS COPOLIMHHUX MOXIMBOCTEH INIAyKOHITOMNITY
npu HOro BHUKOPUCTaHHI B cHcTeMi INayKoHiTomiT/0iolIAP sk  iH)XeHepHO-010reoXiMidHOTo
Oap'epy [UIsl 3aXUCTy IPYHTY BiA 3a0pydHEHb pI3HMMM BuJamMH HadTonponykTiB. BomHouac
iayKoHiToiTOBUN Oap'ep 6e3 O10ITAP, € cTiiikimmM A0 BUMHBaHHS 3a0pyAHIOBaya, Xxo4ya 1 Mae
JIeI[0 MEHIII 3aXMCHI BIACTUBOCTI. SIK Mmoka3aio MopiBHAHHS €(EeKTUBHOCTI 3aXMCHOI 11ii Oap'epiB
3a pI3HUX YMOB IXHBOTO 3BOJIOKEHHSI, HAJJIMIIOK BOJIOTM Ma€ HETaTUBHUM e(eKT, 1o ciia
BpaxoByBaTu MpH BUOOPI1 yacy yTuii3alli BiipanboBaHOro 0ap'epy.
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PO3POBJIEHHSI TA TOCJIUKEHHS BIBPALIIIMHOTO
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EKOJIOTTYHOI BE3MEKHU TPYBOIPOBITHUX CUCTEM
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VY cydacHuX yMOBax eKcIuTyaraiii HaTora3oBux i HaQTOXIMIYHUX TPYOOIIPOBIAHUX CUCTEM
0COOJIMBOI aKTyalbHOCTI HaOyBalOTh MUTAHHSA 3a0e3MeueHHs X HafiiHOCTI, Oe3aBapiiiHoi poboTu
Ta exoJoriyHoi Oe3neku. [lomKomKeHHsT BHYTPIMIHIX MOBEPXOHb TPYOOIPOBO/IB, HAKOITHYCHHS
BIJIKJIaJICHb, KOPO3isl Ta MeXaHi4Hi JeQeKTH MPHU3BOAATH 0 3HMKEHHS MPOITYCKHOI 3MaTHOCTI,
301IbILIEHHS] €HEeProBUTPAT MiJl 4aC TPAHCHOPTYBAHHS 1 MOXYTbh CIPUYMHSATH aBapiiiHi BUTOKH
HadTH, Tazy 4u HaQTOnpoAykTiB. OJHUM 13 NEPCHEKTUBHUX HANPSAMIB BUPILICHHS 3a3HAYCHHUX
npo0ieM € BUKOPUCTAaHHS MOOUIBHUX POOOTH30BAaHMX CHUCTEM ISl OYHMILEHHS, MOHITOPHUHTY Ta
JIarHOCTUKH TPYOOITPOBO/IB 06€3 HEOOXiJHOCTI JEMOHTAXY Y 3yIMMHKH TEXHOJIOTTYHOTO TPOIIECY
[1-3].

Y po6oTi mHpeAcTaBICHO KOHCTPYKIIO BiOpaliifHOro BHYTPIIIHBOTPYOHOrO po0boTa,
NPU3HAYEHOTO Ul TIEpEeMIIleHHs] BCEPEIrHI TPyOONpOBOIIB Majoro Ta CEpeIHBOTO JiaMeTpa
(puc. 1). Pobor 3abe3neuye OUMIIEHHS BHYTPINIHIX TOBEPXOHb 1 MOXE OyTH OCHAIICHUH
3aco0aMy TEXHIYHOTO KOHTPOJIIO Ta BifeoiHcnekii. KOHCTpyKIlis MICTUTh KOPIYC, MPYXKHI OMOPH
3 OYMIYBAJIbHUMU €JIEMEHTaMH, eJIeKTPOMArHiTHUI NpPUBIJ KOJIMBAaHb, BHYTPIIIHIO PyXOMY Macy
Ta CaMOOJOKYBaJbHUI MeXaHi3M, SIKH 3a0e3medye CHOpPSMOBaHUI pyX y TPYyOOIpPOBOII.
[lepemimennss poOoTa 3HIMCHIOETHCS 32 PAXyHOK TapMOHIYHHMX KOJHMBaHb, CTBOPIOBAHUX
COJICHOIIHUM NPHUBOAOM, 1110 TeHepye NMepioanyHy 30yproBajibHy cuiy [4—6].

1

Puc. 1. 3aransHuil BUDIIST TOCIHTIHKYBaHOTO poOOTa

s mocmipkeHHST JUHAMIKK pyxy Oyio MoOyqoBaHO CIPOIIEHY MaTeMaTH4YHY MOJEh
KOJIMBAJIbHOI CHCTeMH poOoTa. Mojenb BpaxoBye MacOBO-1HEPIIHI MapamMeTpu KOHCTPYKIIIi,
KOPCTKICTh TPYKHUX €JIEMEHTIB, CHJIM TepTd Ta Iifo mnepioguuHoro 30ympkeHHsS. Ha ocHoBi
NPUKRHATOT PO3PAXyHKOBOI CXEMH OTPHUMAHO CUCTEMY IU(epeHIliabHUX pPIBHSAHb pYyXY, SKY
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po3B’s3yBasii uncenbHO MetonoMm Pynre-Kyrtu B cepemoBumii Mathematica. I'eomerpuyni Ta
MacoBl MapamMeTpu BHU3Hayaiucsa 3a Jomnomoror TpuBuMipHoi CAD-mozeni, po3poOrneHoi y
cepenoBuii SolidWorks [4, 6].

VY mporueci 10CHIHKEHb MPOBEACHO CEPiI0 YUCENbHUX EKCIIEPUMEHTIB ISl PI3HUX PEXKHUMIB
pobotu mpuBoxy (puc. 2). AHani3 BUKOHYyBaIM Tpu dactorax 30ymxeHHs 10 I'm ta 15 T’ i
amrutiTynax 30yproBaiapHoi cuti 10 H ta 15 H. 3a pesynbratamMmu MojentoBaHHs BCTAHOBIICHO, 1110
e(DEeKTUBHICTh PYXYy pOOOTa CYTTEBO 3aJICKHUTh Bijl MapaMeTPiB KOJUBAIBHOI CUCTEMH Ta PEXKUMY
poOOTH eNeKTpOMarHiTHOro npuBoay. Haiikpalii moka3HUKH AOCATHYTO IPU YaCTOTI 30yMKEHHS
15 T'u ta ammityni cumm 15 H, 3a skux 3a0e3meuyeThCsi CEpeAHs MIBUIKICTh NEpeMileHHs
omusbko 0,08—0,09 m/c. BianmoBigHi pe3yabTaTi MOACIIOBAHHS IMOKAa3aHO HA pUC.| MpeacTaBistoTh
YacoOBi 3aJIe)KHOCTI TEPEMIIICHHS, MBHUIKOCTI Ta MPUCKOPEHHS poOOoTa IMiJi 4ac HWOoro poOOTH B
pi3HUX POOOUNX PEKUMAX.

X, Mg~ y ¥
0.08F F (1) F (1) C
0,06 F:(f) F.;(” 1
0.04} 1
0.02} 4
0.00 b . : . ; id
0.0 0.2 0.4 0.6 0.8 1S 1.0

Puc. 2. YacoBi 3anexHOCTI TiepeMilieHHst po00Ta 3a Pi3HUX YMOB 3a0pyTHEHHS

JIOCTOBIPHICTH ~ OTPUMAHUX  PE3yIbTaTiB  MIATBEPIKEHO HUIAXOM  KOMII IOTEPHOTIO
MonemoBaHHs Y cepepoBuili  SolidWorks Motion. Pesymbrati mokazanu  cTaOiIbHHIA
HOCTYyNMaJbHUNA pyX poOoTa TpyOOIPOBOAOM Ta €(EKTUBHY B3a€MOJIII0 OUHUIYBAJIbHUX €JIEMEHTIB
13 BHYTPILIHBOIO TIOBEPXHEIO TPYOHU. 3alporOHOBaHA KOHCTPYKIIisS XapaKTEePU3Y€EThCS BIIIHOCHOIO
IIPOCTOTOI0, KOMIIAKTHICTIO Ta MOMKJIMBICTIO aJarTalli 0 pi3HUX YMOB €KCILTyaTarlii.

[IpakTiuHe 3HAYEHHS PO3POOKU IMOJIATAE y MOXIJIMBOCTI BUKOPUCTaHHs BiOpaiiifHOro
BHYTPIIIHBOTPYOHOTO po0O0Ta JUIs TEXHIYHOTO OOCIYroBYBaHHS TpPYOONPOBITHUX CUCTEM Y
HadTora3oBiii ramysi. BukopucranHs Takux poOOTH30BaHUX 3aCO0IB CHPUATHME CBOEYACHOMY
BUSIBJICHHIO /1€(DEKTIB, 3MEHIIEHHIO PU3MKY aBapiiHUX BHUTOKIB, MIJABHUILIEHHIO €(EKTUBHOCTI
OYMILIEHHS TPyOONpPOBOIB Ta MOKPALIEHHIO €KOJIOTIYHOI Oe3MeKH MpPOIECIB TPaHCHOPTYBAaHHS
HadTH, razy ¥ mponaykriB Hadroximii. OTpuMaHi pe3yabTaTH MOXYTb OyTH BHUKOPHUCTaHI SIK
OCHOBa /Ui  TOAAJBIIOTO  CTBOPEHHS  ABTOHOMHHMX  pOOOTHM30BaHHMX  KOMIUIEKCIB

BHYTPIIIHBOTPYOHOT TIaTHOCTUKU Ta OYMILIEHHS.
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Hapiiinicte Ta Oe3meyHa eKcIulyartaiiss TpyOONpOBIZHUX cUCTEM HadTorasoroi i
HAaPTOXIMIYHOT TPOMHCIOBOCTI 3HAYHOIO MIpOI0 3aliekKaTh BiJ CBOEYACHOTO KOHTPOIIO
TEXHIYHOTO CTaHy BHYTPIIIHIX MOBEPXOHb TPYOONPOBOIIB. Y MpOIeci TpaHCIIOPTYBaHHS Ha(TH,
HaQTOMPOAYKTIB 1 TEXHOJIOTIYHUX PIAMH MOXIJIHMBE BHUHUKHEHHS KOPO31WHUX MOIIKOIKEHbD,
TpiluH, Je(EeKTIB 3BapHUX IIIBIB Ta HAKOMHWYCHHS BIIKJIAJIEHb, IO MOXE IPHU3BOIUTH [0
aBapifHUX CHUTYAIlill 1 HEraTUBHOTO BIUIMBY HA MOBKULI [1, 2]. V 3B’S3Ky 3 IIUM aKTyaJIbHHM €
CTBOPEHHSI MOOUIBHHUX pPOOOTH30BAHMX CHUCTEM Ui BHYTPIIIHBOTPYOHOI IIarHOCTHKH Ta
MOHITOPHHTY TEXHIYHOTO CTaHy TPYOOIIPOBOIIB.

Y poOoTi pO3MISAHYTO BIOCKOHAJEHY KOHCTPYKIIIO BIOpalliiHOTO BHYTPIIIHBOTPYOHOTO
poboTa  KOJICHOTO THUIY, OCHAICHOTO  EJEKTPOMAarHiTHUM  30yI)KyBaueM  KOJIMBaHb,
CaMOOJIOKYBJIbHUM MeEXaHI3MOM Ta aJalTUBHOIO POJMKOBOIO CHCTeMO. PoOoT mpusHaueHHid
JUls  TpoBeAeHHs (oTOo- Ta  BIJCOIHCHEKIIl BHYTPILIIHIX TOBEPXOHb TPYOONPOBOIB
HadTonepepoOHUX 1 HAPTOXIMIYHUX MIJIPUEMCTB 3 METOIO BUSBIEHHS J1€(DEKTiB, MOIIKO/PKEHb Ta
30H M1JIBUIIIEHOTO 3HOITYBaHH [3, 4].

g 7 6 3 5 1w 9 8
Puc. 1 3araneHuii BUTIIST AOCHTIIKYBAaHOTO poOOTa

OcoOnuBICTIO 3alpPONOHOBAHOI KOHCTPYKII € BUKOPUCTAHHS POJIMKOBOTO MMPHUHIIMITY
NEepeMIllleHHsT 3aMiCTh KOB3HOTO KOHTAKkTy, IO JO3BOJSIE 3MEHINUTH CHJIM TEpTS Ta
EHEPrOCIOXKUBAHHA CHUCTeMH. llepiomnyHuii pyX BHYTPIIIHBOTO 30yprOBajJbHOTO  TiNa
CTBOPIOETHCS €JIEKTPOMArHiTHUM TPHBOAOM 1 3a0e3leuyye IOKpPOKOBE IepeMillleHHs poboTa
BCEpeANHI TPYOOIIPOBOY, TOMI SIK CaMOOJIOKYBAIbHUN MEXaHI3M YHEMOKITUBITIOE HOTO 3BOPOTHHIA
pyX.

JIist TOCIHiIKeHHsI TUHAMIKH CHCTEMHU PO3pOOJIICHO MaTeMarTuyHy MOJENb, SKa OIMHCYE PyX
Kopmyca po0oTa Ta BHYTPIIIHBOTO 1HEPUIMHOTO eNeMEHTa MiJ JI€l0 TapMOHIYHOI CHIIH
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30ymkeHHs. MojenoBaHHsl BUKOHaHO Yy cepenoBuini Wolfram Mathematica i3 3acTocyBaHHIM
yucenbHoro meronay Pynre—Kyrru m’garoro mnopsaxky. JlonaTkoBO MNPOBENEHO KOMII IOTEpHE
MozeroBaHHs pyxy B cepenoBuiili SolidWorks Motion [5].

VY mpomeci MOCHIPKEHHS MPOAHATI30BaHO POOOTY CHUCTEMH IpPH PI3HUX YacTOTax Ta
ammtiTynax 30ymxeHHs (puc. 2). BcTaHoBneHo, 1o HaWOUIbII €(QEKTHUBHUN PEXUM PyXy
nocsiraetbes mpu 9actoTi 20 'y ra amrmityai cum 20 H. 3a Takux yMOB cepeaHs HMIBUAKICTD
nepemimieHHss podora cTaHOBUTh Omu3bko 0,24 m/c, M0 BiAMOBiAaE POOOTI CUCTEMHU Y PEKUMI,
HaOMMKeHOMY 710 pe3oHaHcHOro. OTpHMaHi pe3ylnbTaTd MiATBEPAWIH 3POCTaHHS €(PEKTHBHOCTI
JoKoMo1ii 31 301IbIIEHHSIM MapaMeTpiB 30y/UKEHHS Ta JOUUIBHICTh BUKOPHCTAaHHS BiOpamiifHOTo

0.0 0.2 0.4 0.6 08 s 1.0 0.0 0.2 0.4 0.6 08 ns 1.0
Puc. 2 YacoBi 3aexHOCTI IepeMillieHHS 1 CIIOKUBAHOT MOTYKHOCTI po0OoTa 3a Pi3HUX YMOB
3a0pyAHCHHS

[lepcneKTUBHICTh  BUKOPUCTAHHS  BHYTPIIIHBOTPYOHMX pOOOTHU30BAHHUX CUCTEM Yy
HadTorazoBii Ta HAPTOXIMIYHIA MPOMHUCIOBOCTI 3yMOBJEHAa HEOOXIAHICTIO aBTOMAaTH3aIlil
TE€XHIYHOTO KOHTPOJIIO y BaKKOJAOCTYIHUX Ta HEOE3MEUHUX YMOBAX €KCIulyarallii. 3aCTOCyBaHHs
KOMIAKTHUX aBTOHOMHHUX POOOTIB /103BOJIsIE TPOBOJUTH ONEPATUBHUI MOHITOPUHT BHYTPIIIHBOTO
CTaHy TpyOompoBOAiB 0e3 3YNUHKH TEXHOJOTIYHHUX TMPOIECIB, IO CHOPHUAE 3HHUKECHHIO
eKCIUTyaTalliHUX BUTPAT 1 M1JIBULLIEHHIO PIBHSI IPOMHUCIIOBOT O€3MEKH.

BuxopucTtaHHd ~ €J1€KTpPOMAarHiTHOro MpuBOAY 3a0e3nedye crabinbHe  (OpMyBaHHS
30yproBaJIbHOI CHJIM Ta MOXJIUBICTh €()EKTUBHOTO PETYIIOBAHHS PEKUMIB pOOOTH LUIAXOM 3MiHU
YacTOTU ¥ aMIUTITYIU KOJIMBaHb. Pe3ynbTaTu AOCHIKEHHS MOXYTh OyTH BHUKOPHUCTaHI MiJ yac
ONTHUMI3aIl KOHCTPYKLIi BIOpaliHUX TPUBOIIB, YIOCKOHAJEHHS CHUCTEM KEepyBaHHS Ta
PpO3po0IeHHSI HOBUX POOOTH30BaHUX KOMIUIEKCIB JIJIs 11arHOCTUKH TPYOOIIPOBITHUX CHCTEM.

3 eKOJIOTIYHOI TOYKM 30py BIPOBAKEHHS POOOTH30BAHMX CHCTEM BHYTPIIIHBOTPYOHOI
JIarHOCTUKM JIO3BOJIIE CBOEYACHO BHABIATH MOLIKOMKEHHS TPyOONpOBOAIB Ta 3amodiraru
BUTOKaM Ha(TONPOAYKTIB 1 TEXHOJOTIYHHUX PIAMH, [0 CHpPUSE 3MEHIIEHHIO TEXHOT€HHOIO
HABaHTAKEHHS Ha JOBKLUIS Ta MIJBUIIEHHIO €KOJOTIYHOT OE3IMeKH MiAMPHUEMCTB Ha(TOra30Boro
KOMILJIEKCY.
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Bimomo, mo miopiuHe CBITOBE BHUPOOHMIITBO IOJIMEPHUX MaTepialliB Csrae€ JECATKIB
MIJBHOHIB TOHH, III0 3yMOBJICHO IXHIMH YHIKQJIbHUMH €KCILTyaTallIHHUMHU XapaKTePUCTUKAMH Ta
IIUPOKHUM BHUKOPHCTaHHSM Y IPOMMCIIOBOCTI W TIOBCSKIECHHOMY JXKHUTTi. BomHouac OLIbIIICTh
HOJIMEPHUX BUPOOIB Ma€ BITHOCHO KOPOTKHI TePMiH eKCIUTyaTallii, MpHuoMy 3HayHa iX 4acTHHA
pO3paxoBaHa Ha OTHOPA30BE 3aCTOCYBAHHS, 30KpeMa IMaKyBaJIbHI MaTrepiajii, OHOPA30BHIA MOCY/,
MeIMYHI BUPOOH, €JIEMEHTH IOOYTOBOI'O Ta IPOMMCIOBOrO 00JIaJHAHHS TOILO.

Y  pe3ynbTari 1bOTO YTBOPIOIOTHCA 3HA4YHI OOCSATM TONIMEPHUX  BIAXOMAIB, SIKi
HAaKONHMYYIOTBCS Ha TIOJITOHaX TBEPAMX TOOYTOBHX BIAXOMIB, 3a0pyAHIOIOTH MPUPOIHI
€KOCHUCTeMH Ta BOAHI pecypcu CBITOBOTO OKeaHy. 3Bakaloud Ha BKpail HU3BKY 3/IaTHICTh
MOJIIMEPIB /10 O10JIOTTYHOTO PO3KJIAAaHHs, MACIITA0H IIi€l MPOOJIEMH HEBIIMHHO 3POCTAIOTh 1 BKE
MaroTh [100aIBHUM XapakTep.

PamionanpHa yTHmi3alis TMONMIMEPHUX BIAXOMIB € BAXKIMBOI MEPEAYMOBOIO 3HIDKCHHS
AQHTPOIIOTEHHOTO BIUIMBY Ha HAaBKOJMIIHE cepenoBuiie. Cepes OCHOBHUX HAINPSMIB iX mepepoOKn
PO3MISAAAI0Th CHAIIOBAHHS B INPOMUCIOBHMX YCTAaHOBKAaX, BTOPUHHY IEpepoOKy 3 MOBTOPHHUM
BUKOPHCTAaHHSIM Marepiaiy, a TAKOXK 3aCTOCYBAaHHS MOJIMEPHUX BIIXO/IB K CKJIaZOBOI CHPOBUHHU
B PI3HUX TEXHOJIOT1UYHHUX IMpOIIecax.

OcoOnuBy yBary npuBepTae HU3BKOTEMIEPATYpPHHUM MipoJii3, SIKUM J03BOJISIE peani3yBaTH
NOTEHIIa XIMIYHOI CTPYKTYypH IOJIMEpiB uepe3 iX TepMIiuHy MAECTPYKLII0 3 YTBOPEHHSIM
HU3bKOMOJIEKYJISIPHUX BYIJICBO/IHIB, OJM3bKUX 32 CKJIaJI0M /10 HAQTOBUX (paKiiil.

EdextuBHa oprasizaiiis MpolieciB Miposizy MoJIMEPHUX BIIXOJIB CTBOPIOE MEPEIYMOBU HE
JWIIE Il 3HIDKEHHST €KOJIOTIYHOTO HABAaHTAXEHHS, a W JUIsI YaCTKOBOTO 3aMIIEHHS MEPBUHHOL
HaTOBOI CUPOBUHM, PECYPCH K0T € OOMEKEHUMHU.

VY 3B’A3Ky 3 UM aKkTyaJIbHUM € INPOBEACHHS IPYHTOBHUX JOCIHIUKEHb 3aKOHOMIPHOCTEH
HipOoi3y Pi3HUX BHUJIIB MOJIIMEPIB 3 METOIO OL[IHKU NEPCIEKTUB 1X MPAaKTUYHOIO BUKOPUCTAHHS.

Y po6oTi JOCHIKEHO MPOIEC HU3BKOTEMIIEPATyPHOTO MIPOIi3y BIAXOIIB MOJICTUPOIY 3a
pI3HUX YMOB, 3/AIMCHEHO aHami3 CKIagy Ta (I3MKO-XIMIYHUX BJIACTHUBOCTEH OJIEPKAHOTO
HiPOKOH/AEHCATy i BUIYYEHUX 3 HHOTO (DPAKIIHHOIO NEPEroHKOI0 MaIMBHUX (PaKIiid Ta OLIHEHO
JOLIIbHICT, BUKOPUCTAaHHS IMX (pakiii sK KOMIOHEHTIB MOTOPHHX MalWB /Js JBUTYHIB
BHYTPIIIHBOTO 3rOpPaHHS HA36MHOTO TPAHCIIOPTY.

CuHpOBHHOIO U TPOBEIEHHS TPOLECY HU3BKOTEMIEPAaTypHOrO MipoJizy CIyryBalu
HOJIMEPHI BIJXOAM MOJICTUPOIY — NepeMelieH] TUIUTH eIeKTPOTeXHIYHOro npu3HadeHHs. [Ipomec
HU3BKOTEMIIEPaTypHOTO Mipoji3y BHILE 3a3HAYEHOI CHUPOBHHHU 3IMCHIOBAIM Ha J1IaOOpaTOpHIil
YCTaHOBIII, sIKa CKJIaJanacs 3 TEPMETUYHOTO CTAJIEBOTO PEaKTOpa, OOJIAJHAHOTO Ta30BHBITHUM
narpyOKoM JUIsl BIBEACHHS T'a30-MIPOAYKTOBOI CyMillli, €IEKTPUYHOTO HArpiBajlbHOIO €JIEMEHTa,
BOJISTHOTO MPOTUTOYHOTO XOJIOIMJIBHUKA Ta EMHOCTI JUIs 300py CKOHAEHCOBAHUX MPOIYKTIB.

Po3nineHHs oOTpuMaHOTO MIpOKOHJIEHCATy Ha (pakuii 3aiCHIOBASM Ha CTaHJApTHIH
7a0opaTopHid yCTAHOBIN I JUCTHIIAIIT CBITIMX HadTOmpoaykTiB. BusHaueHHs ¢i3uKo-
XIMIYHUX BJIACTUBOCTEH MIPOKOHJIEHCATY, OTPUMAHUX 3 HHOTO OKpeMHX (pakiiiii i TBepaoro
3aUILIKY BUKOHYBAJIHU 3T1IHO CTAaHIAPTHUX, 3arajlbHONPUHHIATAX METOANK aHAIi31B.
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HuspkoremneparypHuii  mipoji3 HOJICTUPONBHUX — BIIXOMIB  3IIMCHIOBaNM y  JBOX
TEMIEPATYPHUX PEXKUMAX: «M SKOTO», SIKHH XapaKTepHU3yBaBCs MOBUILHUM HArpiBOM peakTopa 3
BMICTUMHUM Ta <«OKOPCTKOTO», SIKHH XapaKTepus3yBaBCS IIBHAKHUM HarpiBaHHSIM peakTopa 3
MOJIMEPHOI0 CHPOBHHOIO JI0 TEMIIEpaTypH, 3a sKOI 3aBepmiuBcs mpouec. OTpuMaHi 3a BHIIE
3a3HAYEHUX TEMIIEPATYPHUX YMOB HHM3BKOTEMIIEPATYPHOTO MipOoJi3y MOJICTUPOIBHUX BIIXOMIB
MIPOKOHJICHCATH SIBJISIM COOOI0 PIiJKI MPO30pi MPOAYKTH TEMHO-KOPHUYHEBOTO 3a0apBIICHHS 3
XapaKTEPHUM CTCIU(BIYHUM 3aI1axoM, TUITOBUM IS MPOIYKTIB TEPMIYHOTO PO3KIIA Ty IMOTIMEPIB.

Ta6auus 1. XapakTepucTuka nipokoHIeHCcATIB HU3bKOTEMIIEPATYPHOI0 MipoJIi3y
MOJIICTUPOJILHUX BigXoaiB

TTokazHuk TeMmnepaTypHuil peKuM mpouecy
M’ siknit Kopcrkuit

30BHINTHII BATIISIT [Ipo3opa pinrHa TEMHO-KOPHYHEBOTO KOJIHOPY
I'yctuna, xr/m3 916 923
[Toxa3HuK 3aJIOMIEHHS 1,5308 1,5358
Bwicr cipku, % Mmac. 0,006 0,006
Woaue uncno, r 2/100 ¢ 62,5 67,4
Temmneparypa 3acturans, °C <-20 <-20
Temnepatypa cnanaxy
y BikpuTOomy T, °C 50 51
y 3aKpuToMy THTIi, °C 28 30
B’si3kicth nipu 20°C, ccT 1,36 1,52

BceranosneHo, 1110 3pa3ku O€H3MHOBOT (QpaKI[ii XapaKTepU3yIOThCSl HETUIIOBUM J1JIsl OCH3UHIB
3HAYEHHSM TyCTHUHH, 4epe3 3HauHy KUIbKICTh Yy IX CKJIaJl apOMaTHYHUX CHOJYK; MiABHILEHUM
BMICTOM HEHAaCHYEHHUX CIIOJNYK, 1[0 ICTOTHO MOHMXKYE IX XIMIYHY 1 (pi3MUHYy CTaOUIBHICTh. 3pa3Ku
JIU3eIbHOI (Qpakiii BiJ3HAYAIOTHCS MIJABUIIEHUM 3HAYEHHSM TYCTUHHU 4epe3 IPUCYTHICTh Yy iX
CKJIa/11 3HAYHOI KUIBKICTh aJIKJTOEH3EHIB 13 JOBTMMHU OOKOBUMH JIAHIIOTaMH, CTUPOJIBHUX UMEPIB
1 TpuMepiB, KOHJIEHCOBAaHMX AapOMAaTH4HUX CTPyKTyp. IligBuIieHe 3HAYeHHS MHOIHOrO yucia
3YMOBJIIO€ MIJIBUIIEHY CXWJIBHICTB JJO OCMOJIEHHS, HAarapOyTBOPEHHS B KaMepi 3rOpsHHS JBUTYHA
Ta ICTOTHO CKOPOYY€ TEPMIH iX 30€piraHHs.

ByrneBoaHeBi 3anMIIKK (PpakiliiiHOI MEPETOHKH MIPOKOHAEHCATIB HU3bKOTEMIIEPATYPHOIO
MipOoi3y MOMICTUPONBHUX BIAXOIIB 32 (Pi3UKO-XIMIYHHUMH BIACTUBOCTSAMHU JTOLLIBLHO PO3MISIATH
SK CUPOBHHY /Ul BUPOOHHUIITBA MACTHWJIBHUX MarepialliB, KOMIIOHEHTIB KOHCUCTEHTHUX MAacTUII
a00 BaXKWX TEXHIYHMX BYIJICBOJHEBUX KOMIIO3UIIIN MMICIs MPOBEACHHS BIAMOBIIHHUX MPOIIECIB
JTOOYHIIIEHHS Ta cTadlIi3aril.

JloBezieHo, 0 M’SIKHI peXUM HU3BKOTEMIIEPATYPHOTO MipOi3y MOMICTUPOIBHUX BiIXOIIB
3a0e3mneuye KOHTPOJIbOBaHY AETONIMEPU3aLliio MOMICTHPOIY, 30epiraloun OLIbIly YacTKy CTHPOIY
Ta JIETKUX OJIIrOMepiB, 1o GopMmye piaki (pakiii 3 BUCOKUM 3HAYEHHSM T'yCTUHU (IOPIBHSHO 3
3HAYEeHHSMHU TYCTHH Ha(TOBHX MAJIMBHUX (Ppakiliif) Ta HEBUCOKOIO B’SA3KICTIO. XKOpCcTKuil pexxum
IpoIleCy CTUMY/IIOE iIHTEHCUBHE PYHHYBaHHS JIAHIIIOTIB, IETIPYyBaHHS Ta LUKJIII3AIi0 paJuKaliB,
110 MMiJBUIIYE apOMATUYHICTh 1 MOJIEKYIISIPHY Macy NMPOAYKTIB, 301IbIIYIOYH TYCTUHY, B SI3KICTb 1
BUXI1J BAXKKHUX 3QJINIIKIB.

Otpumani nanuBHI (Gpakuii Mipomizy HOJICTHPOIY MOXYTh CIYT'yBaTH KOMIIOHEHTaMU
MOTOPHHX TMaJMB JJISl JBUTYHIB BHYTPIIIHBOTO 3TrOPaHHs HA3€MHOTO TPAHCIOPTY JIMIIE 32 YMOBHU
BUKOPHCTaHHS TOJJATKOBUX MPOLIECIB JOOUMIICHHS.



TIOPIBHSJIBHA XAPAKTEPUCTHUKA BIUINBY 3ABPYJIHEHHS TPA JULIIMHUMU TA
AJIETEPHATUBHUMHA MOTOPHHMM ITAJIMBAMU HA EKOJIOT'TYHUM CTAH TPYHTY
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3a0pyIHEHHS TPYHTIB HaTONMPOAYKTaMH, MiJ 4Yac iX BUPOOHHUIITBA, TPAHCIIOPTYBAaHHS,
30epiraHHss Ta BHUKOPUCTaHHA € OJHIEI0 3 HAHOUIbII aKTyaJbHHX EKOJIOTIYHHX HpolieM
cyyacHocTi. BupimeHHs: npo0iemMu 3MEHIICHHs BIUIMBY HAQTOMPOIYKTIB HAa €KOJIOTIYHUM CTaH
IPYHTIB € MiABUIICHHS €()EeKTHUBHOCTI BUKOPUCTAHHS HA(PTONPOAYKTIB, 3amoOirarouu pi3HUM
BUJIaM BTPAT TPU BUKOHAHHS TEXHOJIOTIYHUX ONEpalliii 3 MaJIMBOM Ta IiBUIICHHS €KOJOTIYHHX
XapaKTEepUCTUK MOTOPHUX HaiuB. OcoOiMBOI aKTyaJlbHOCTI HAOyBalOTh MHUTaHHS IOB’s3aHl 3
JOCIIJDKEHHSM  BIUIMBY aJbTEPHATUBHUX MaJMB 13 JIOJABaHHSIM CIHPTIB, OCKUIbKM IX
BUKOPUCTAHHS IIOCTIHHO 3pOCTae y 3B’S3Ky 3 HEOOXIIHICTIO WiABHINEHHS EKOJIOTTYHUX
XapaKTepUCTUK aBTOMOOUTbHUX OeH3uHIB. Bigomo, 1o HapTONPOIYKTH 3AaTHI 3MIHIOBATH
OionoriuyHi Ta (epMEeHTaTHBHI BIACTHBOCTI IPYHTY, IO O€3MOCEepeTHBO BIUIMBAE HA HOTO
3JIaTHICTH JI0 CAMOBITHOBJICHHSI.

Mertoro nmocmikeHHsT Oyln0 MOPIBHSHHS BIUIMBY TpajulliiiHoro OeH3uHy Mapku A-95 Ta
OCH3MHY 3 JOAAaBaHHSAM CHHPTY pI3HUX KOHIIEHTpAIil Ha EKOJOTIYHWHA CTaH TIPYHTY 3a
MOKa3HUKOM TOT1(PEHOTOKCHIa3HOT aKTUBHOCTI.

3a pe3ynprataMM EKCHEPUMEHTAIbHHUX JOCHIUKEHb Oyll0 BCTAHOBJIEHO 3aJIEKHICTb
1oJ11()eHOJIOKCHIa3HOI aKTUBHOCTI I'PYHTY BiJ BMICTy cnupTy y Oen3uHi. [lomigeHonokcuaazHa
aKTHBHICTb € BaXKIMBUM IIOKa3HUKOM €KOJIOTTYHOI'O CTaHy IPYHTY Ta XapaKTepHu3ye IHTEHCUBHICTh
OKHCHIOBaJIbHUX IMPOIIECIB 1 3aTHICTh I'PYHTY 1O CAMOBIIHOBJIEHHS MICJIs 3a0pyAHEHHS, 30KpeMa
HaQTOBUMH BYIJIEBOAHSMU. Pe3ynbraTé HaIIMX TOCTIKEHb IMOKa3ad, MO 31 30UTbIIEHHSM
BIZICOTKOBOTO BMICTY CHUPTY y TajluBl CHoOCTepiranocss OUIbLI CYTTE€BE 3HMKEHHS
(epMeHTaTUBHOI aKTHBHOCTI I'PYHTY Ha IOYAaTKOBOMY €Tami JOCIHIKeHHs, ocobmuBo no 10-i
no6u micns 3a0pyaHeHHs. HaifOuibi BupaxeHe NpUrHidYeHHs MoJi(heHONIOKCH1a3HO1 aKTUBHOCTI
BiJ[3HAYaJIOCs TIPY BHECEHHI NaluB 13 BMicToM cnupTy nmoHaj 10 %. Lle cBimuuth mnpo Te, 10 npu
MOTPAIUISIHHI JI0 TPYHTY O€H3WHIB 31 COUPTOBUMH J00aBKaMU y BUCOKHX KOHIICHTPAIIISIX MOXKE
CTHIOCTEepIraTUCsl CHUJIbHINIE TPUTHIYEHHS Ol0JOTriYyHOi AaKTUBHOCTI IPYHTY TIOPIBHAHO 3
TpanauuiiHuM OeHsuHoM A-95. BogHowac 31 30UIBIIEHHSM TPHUBAJIOCTI EKCIEPUMEHTY
BIIMI4aJIOCSl TIOCTYIOBE BITHOBIIEHHS ()epPMEHTAaTUBHOI aKTHBHOCTI IpyHTY. lle mMoxe cBiquutu
PO aJanTalio IPyHTOBOT MIKpOOI1OTH 0 YMOB 3a0pyAHEHHS Ta aKTUBAIIIIO MPOLECIB IPUPOIHOTO
camoouniieHHs. [lomiOHI TeHAeHHIl MO0 3MIHM AaKTHUBHOCTI IPYHTOBHUX (EpMEHTIB Mpu
HaQTOBOMY 3a0pyAHEHHI MIATBEP/DKYIOTbCA W pe3ydabTaTaMHd HAIIUX JOCTKEHb IpU
3a0pyAHEHH] IHIIUMH BUAMU MOTOPHHX TTaJIUB.

OTxe, TIABUINEHHS EKOJOTIYHUX XapaKTEePUCTUK aBTOMOOITBHUX OCH3MHIB MHUISIXOM
JIOZIaBaHHS CHUPTIB CYNPOBO/DKYETHCS 3MIHOK BIUIMBY IaJiiBa Ha PIBEHb EKOJOTIYHUX
BJIACTUBOCTEH TIPyHTy IMpH MHoro 3a0pyaHeHHi. BukopucranHs O€H3MHIB 31 CIHPTOBUMHU
No0aBKaMM MOXK€ CIIPUYHMHATH TUMYAcOBE 3HMIKEHHS 3[JaTHOCTI IPYHTY /10 CAMOBIJTHOBJIEHHS IIPU
3a0pyAHEHH], OHAK Yy TMOJAJIBIIOMY CIIOCTEPIra€ThCsl MOCTYNOBE BiAHOBIEHHS (hepMEHTATUBHOI
akTUBHOCTI. OTpUMaHi pe3ynbTaTH JOIIIFHO BPaXOBYBaTH IPH OILIIHII PIBHS €KOJOTIUYHOT O€3MeKH
TPYHTIB, TOPYIICHUX 3a0pyAHEHHSAM Ha(TOMIPOTYKTAMHU.
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Introduction

The aviation sector currently accounts for approximately 4% of global anthropogenic CO [
emissions, with air traffic demand projected to double by 2050 [1]. Given the limited scope for
efficiency gains in conventional jet engines and the impracticality of full electrification for long-
range aviation, sustainable aviation fuels (SAF) have emerged as the most viable near- and mid-
term decarbonization pathway [2]. Unlike hydrogen or electric propulsion, SAFs are "drop-in"
fuels fully compatible with existing aircraft engines, fuel infrastructure, and distribution networks
— a critical advantage for large-scale deployment [3].

This paper traces the development of SAF from early scientific inquiry through regulatory
milestones and flight demonstrations to the current commercialization phase, and provides a
comparative assessment of modern production pathways and their strategic positioning.

Historical timeline of SAF development

Exploratory Stage (1970s—2000s). The earliest studies on alternative aviation fuels date to
the mid-1970s, when isolated publications explored the potential of synthetic jet fuels from coal
and methane, among the first attempts to use non-petroleum feedstocks for aircraft propulsion [4].
Through the 1980s and 1990s, research remained sparse and primarily experimental, focusing on
synthesizing bio-derived hydrocarbons, studying their chemical properties, and comparing their
combustion behavior with that of conventional kerosene. Despite limited scope, these pioneering
studies established the scientific groundwork for subsequent breakthroughs by identifying key
feedstock candidates, thermochemical conversion routes, and future technical barriers [2].

Proof-of-Concept and First Demonstrations (2008-2011). A decisive turning point came in
February 2008, when Virgin Atlantic conducted the first commercial demonstration flight using a
blended biofuel derived from babassu and coconut oils [2]. This was followed by demonstration
flights by Air New Zealand, Continental Airlines, and Japan Airlines, establishing proof-of-
concept for biofuel use in commercial aviation. In parallel, IATA committed in 2009 to carbon-
neutral growth starting in 2020 and to a 50% reduction in net CO[] emissions by 2050 relative to
2005 levels [3].

The key regulatory milestone of this period was the issuance of ASTM D7566 in 2009,
initially covering Fischer—Tropsch synthetic paraffinic kerosene. In July 2011, the first bio-based



pathway, Hydroprocessed Esters and Fatty Acids (HEFA-SPK), was added to the standard,
allowing up to 50% blends with conventional jet fuel [4, 5]. This certification transformed SAF
from experimental demonstrations into a regulated, drop-in fuel compatible with the existing
aviation infrastructure.

Acceleration and Institutionalization (2011-2019). Following ASTM approval, SAF
research gained momentum. The period 2011-2019 saw steady growth in scientific publications,
driven by environmental policy initiatives and international climate frameworks. Airlines began
signing purchase agreements, governments introduced initial mandates, and industry coalitions
such as CAAFI (Commercial Aviation Alternative Fuels Initiative) established structured
roadmaps for SAF qualification. [CAO Resolution A38-18 (2013) formally recognized SAF as a
key instrument to reduce aviation's environmental impact, establishing three foundational
sustainability pillars: GHG efficiency, biodiversity and ecosystem protection, and socio-economic
fairness [3].

Exponential Growth and Policy-Driven Deployment (2020-present). The adoption of
ICAO's CORSIA framework in 2020 marked the beginning of a decisive acceleration phase [5].
Analysis of research databases confirms exponential growth in SAF-related publications since
2020, reflecting the convergence of net-zero commitments by major airlines and governments,
large-scale corporate SAF purchase agreements, and increased public funding for technology
demonstration [6]. The EU ReFuelEU Aviation regulation (2023) established binding SAF
blending mandates: 2% from 2025, rising to 70% by 2050, providing the most ambitious
regulatory framework globally. As of 2024, eight production pathways are certified under ASTM
D7566, with global SAF output growing rapidly, though still representing under 1% of total
aviation fuel consumption [1].

Comparative analysis of modern SAF production pathways

Feedstock Categories. SAF feedstocks are classified into four principal categories. Oil-
based feedstocks, including vegetable oils, used cooking oils (UCO), animal fats, and algal oils,
currently dominate commercial SAF production due to the technological maturity of HEFA
pathways; however, their scalability is constrained by limited sustainable lipid availability and
competition with other sectors [7]. Lignocellulosic feedstocks (agricultural residues, energy crops,
forestry waste) offer high long-term availability without competing with food production, but
require complex pretreatment and significant capital investment [4]. Gas-based feedstocks
(biogas, syngas, industrial off-gases, CO[] with renewable hydrogen) enable low-carbon and fully
synthetic SAFs but involve energy-intensive processing [7]. Waste-derived feedstocks support
circular economy principles and deliver favorable life-cycle emissions reductions, though they are
limited in volume and subject to quality variability. Electrofuel (Power-to-Liquid) feedstocks,
based on renewable electricity and captured CO[], offer the potential for near-zero GHG intensity
but remain constrained by high energy demand and limited commercial maturity [6].

Certified Production Pathways. HEFA is currently the most mature and commercially
deployed SAF pathway, converting lipid feedstocks into paraffinic hydrocarbons via
hydrotreatment, with blend limits up to 50% under ASTM D7566 [4, 8]. Its scalability is
fundamentally limited by feedstock availability. Fischer-Tropsch SPK (FT-SPK) converts syngas
derived from biomass or municipal solid waste into high-quality hydrocarbons; while technically
mature, its SAF application remains limited by high capital costs and the complexity of
gasification [9, 10]. Alcohol-to-Jet (ATJ-SPK) converts ethanol or isobutanol into jet-range
hydrocarbons with feedstock flexibility, though it faces challenges of process efficiency and



hydrogen consumption. Emerging pathways, including Synthesized Iso-Paraffins (SIP),
Hydroprocessed Depolymerized Cellulosic Jet (HDCJ), and Power-to-Liquid (PtL) electrofuels,
are at lower technology readiness levels but offer superior long-term scalability and
decarbonization potential [7]. Table 1 provides a structured overview of the main SAF production
pathways, summarizing their primary feedstocks, producers, ASTM certification status,
technology readiness level, and current production scale [4, 7].

Table 1. Overview of SAF Technological Pathways

Pathway Primary Feedstock Main Producers | ASTM Status TRL Pr%%l;?gon
HEEA Oil feedstock (oils, fats, used Neste, World Certified 9 Commercial
cooking oil, fatty acids esters) Energy, ENI (<50%) in 2011 (>1 Mtly)
ET-SPK Coal, natural gas, biomass, Sasol, Velocys, Certified 7.8 Early
municipal solid waste, syngas Fulcrum (<50%) in 2011 commercial
. Certified Early
ATJ-SPK Ethanol, butanol, isobutanol LanzaJet, Gevo (<50%) in 2016 7-8 commercial
. Certified .
ATJ-SKA | Ethanol, butanol, isobutanol R&D stage (<50%) in 2023 4-6 Pilot
Sugar feedstock, cellulosic o Certified Limited
SIP materials Amyris (historical) (£10%) in 2014 67 commercial
Oil feedstock (oils, fats, used .
HDO-SK | cooking oil, fatty acids esters), Various R.&D Unde_r 5-7 Pilot
- consortia evaluation
lignocellulose
HDO- Oil feedstock (oils, fats, used i Under .
SKA cooking oil, fatty acids esters) Research-stage evaluation 4-6 Lab-pilot
HDCJ Lignocellulosic biomass R&D stage Not certified 4-6 Pilot
DSHC Sugars Academic / startups | Not certified 3-5 Lab—pilot
G/ CO, CO; -rich gases Lanza-Tech Partial 6-7 L|m|teo!
waste gas commercial
.. HIF, Sunfire, .
PtL CO, , H, , electricity Norsk e-Fuel Emerging 4-6 Demo

Despite the diversity of certified pathways, global SAF production remains heavily
dominated by HEFA, which relies on waste lipids including used cooking oil, tallow, and animal
fats. The potential of HEFA is inherently limited by feedstock availability: the global supply of
waste lipids is far too small to cover even a modest share of aviation's long-term fuel demand [9,
10, 11]. Global SAF production has grown substantially in recent years but remains modest
relative to total aviation fuel consumption, as illustrated in Table 2 [1].

Table 2. Global SAF production

SAF production capacity 2023 Yze(gj 2025
Global SAF production, min tonnes 600 1300 2700
Share from global jet fuel production, % 0.2 0.3 0.7
Share from global renewable fuel production, % 3 11 13

The data in Table 2 highlight the accelerating growth trajectory of SAF output over 2023—
2025, driven primarily by capacity expansions of HEFA facilities in Europe and North America.
However, even at 2.7 million tonnes in 2025, SAF represents less than 1% of global jet fuel
demand, underscoring the scale of the challenge ahead [1, 6, 11].




Strategic assessment: SWOT analysis

A generalized SWOT analysis of the SAF sector reveals a fundamental trade-off between
near-term deployable technologies and advanced pathways with higher long-term potential [7, 8,
12]. Key strengths include full drop-in compatibility with existing infrastructure, a growing
regulatory framework, and the maturity of HEFA and FT-SPK pathways. Weaknesses include
persistently high production costs (3—5 times higher than conventional jet fuel), feedstock supply
constraints, and the low technology readiness of next-generation pathways. Opportunities include
the rapidly expanding policy landscape (CORSIA, ReFuelEU, U.S. SAF Grand Challenge),
corporate net-zero commitments, growing markets for second-generation feedstocks such as UCO
and lignocellulosic biomass, and advances in electrofuel technology. Principal threats include
fossil fuel price volatility undermining the economic case for SAF, feedstock competition across
sectors, slow infrastructure scaling, and geopolitical risks affecting supply chains [6, 7].

Conclusions

The development of sustainable aviation fuels has followed a trajectory from isolated
exploratory research in the 1970s, through regulatory breakthroughs and first demonstrations in
the 2008-2011 period, to exponential growth in research activity and policy support from 2020
onward. Eight production pathways are now certified for commercial use, with global SAF
production growing rapidly but still representing a marginal share of total aviation fuel demand.
The gap between current production capacity and the volumes required to meet international
decarbonization targets, 10% SAF share by 2030, 70% by 2050 under EU mandates, underscores
the need for a specific approach. This approach must combine near-term deployment of HEFA and
ATJ technologies using second-generation feedstocks with investment in advanced pathways,
particularly FT-SPK from waste biomass and electrofuels, supported by long-term policy
frameworks and international regulatory harmonization.

References

[1] ICAO. Resolution A37-19: Consolidated statement of continuing ICAO policies and practices related to
environmental protection — Climate change. Montreal, 2010.

[2] IEA. Sustainable Aviation Fuels: Tracking Progress. International Energy Agency, Paris, 2024.

[3] Yakovlieva, A., Boichenko, S.: Chemmotological Aspects of Sustainable Development of Transport. Springer,
Cham, 2022.

[4] European Parliament. Regulation (EU) 2023/2405 on ensuring a level playing field for sustainable air transport
(ReFuelEU Aviation). Official Journal of the EU, 2023.

[5] Yakovlieva, A., Andoga, R., F6z06, L. et al.: Fuel, 2025, 274, 108252.

[6] ICAO. CORSIA — Carbon Offsetting and Reduction Scheme for International Aviation. Montreal, 2020.

[7] Yakovlieva, A., Boichenko, S., Boshkov, V. et al.: Aviation, 2023, 27(1), 1-13.

[8] Abrantes, 1., Ferreira, F.A., Silva, A., Costa, M.: J. of Cleaner Prod, 2021, 313, 127937.

[9] Huang, C., Lin, Z., Xu, C., Zhang, B., Ou, S., Xue, X., Hong, F.T.: Renew. Sust. Energ. Rev. 2025, 224, 116033.
[10] Stauch, A., Miiller, A.: J.L. Walls, A. Wittmer, Sustainable Aviation. Management for Professionals, Springer,
Cham, 2022, pp. 23-50.

[11] Watson, M.J., Machado, P.G., da Silva, A.V., Saltar, Y., Ribeiro, C.O., Nascimento, C.A.O., Dowling, A.W.: J. of
Cleaner Production, 2024, 449, 141472.

[12] Boichenko, S., Shkilniuk, I., lakovlieva, A.: Modern Technologies in Energy and Transport II. Studies in
Systems, Decision and Control, Springer, Cham. 2024.
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AHoTanis. Y cTarTi IpeAcTaBIeHO 0araroakToOpHUil CUCTEMHUH GEHIMapK CHIOBHX YCTAHOBOK JJIS LMBIIBHUX Ta
KOMEpLiHHNX aBiallilHUX KOMIUIEKCIB MPOMUCIOBOrO Kiacy. J[OCHikeHHsI OXOIUTIOE I1’SITh KIIIOUOBUX TEXHOJIOTIH:
mitid-nonimMepHi akymynstopu (Li-Po), mpoToHoOOMiHHI nanuBHI eneMeHTH Ha crtucHeHoMmy BojHi (PEMFC),
MOPINHEB] JBUTYHA BHYTPIIIHBOTO 3ropsiHHSA Ha OcH3umHi Ta apiaraci (Jet-A/Heavy Fuel), a Takox Mikpo-ra3oBi
TypOinu. [lopiBHSJIBHUIA aHaNi3 NMPOBENEHO 332 KPUTEPIIMH TEPMOIUHAMIUHOI e(EeKTHBHOCTI, BYIJIELEBOTO CIiay
xurreBoro mukiy (LCA), cykymnoi Baprocti BosioaiHHs (TCO), a Takoxk ekcIuTyaTalliiHUX (KIIMaTHYHHX Ta
ypbanicTnunmnx) ooMexenb. Ha ocHoBi po3pobnenux mpodinis Payload-Endurance (Kopuchue HaBaHTa)KeHHS MPOTH
Yacy) imeHTH(IKOBAaHO ONTHUMaJbHI TEXHOJOTIYHI HIilll JJs KOXHOI apXiTeKTypH, IO JO3BOJISE OIEpaTopaM Ta
MPOEKTYBAIbHUKAM MiHIMI3yBaTH JOTiCTUYHI BUTPATH NPH JOTPUMaHHI cydacHuX exonorivanx HopM (ESG).
Karouosi ciioBa: cuitoBa ycraHoBKa, maiuBHi eneMedTd, PEMFC, BonHeBa aBiarlis, JiTid-IIOIIMEpHI aKyMyJISITOPH,
Mikpo-TypOian, LCA, KoprcHe HaBaHTaXCHHS

1. Tepmoaunamika, LCA Ta exkonomika (TCO)

AHani3 eHepreTMyHHUX XapakrtepucTuk (Puc. 1A) miaTBepaxye CHCTEMHY AMBEPIEHIIII0
TexHoJorii [1]. EnexTpoximiuHi pyuIii AeMOHCTPYIOTh HallBUIIMI TepMalibHO-esekTpuaHnii KK
(88-95%), mpote ixHs MacoBa eeKTHBHICTh € oOMekeHor0. Tpamumiiiai Li-Po akymynstopu
3a0e3MeuyroTh CUCTEMHY NHUTOMY eHeprito B miamazoHi 0.18—0.25 xkBrt-roa/kr. BrpoBamkeHHs
HamiBTBepAOTUIEHUX (Semi-Solid) Garapeii mo3BoMMIO MiABHIIUTH 1l mokazHuK 1o 0.35-0.42
kBt ron/kr. Boauesi nanusHi enementu (PEMFC), nonpu BHCOKY eHepriro 4MCTOro BOJHIO, Ha
CHCTEMHOMY pPiBHI JIIMITYIOThCSl Macoro 6asoHiB (300 6ap), mo GpopMye MUTOMY €HEpriro B Mexax
0.41-0.45 xBrrom/kr [2]. Haromicts mnopumHeBi JIB3 renepytors 1.10-1.80 kBt rom/kr,
komrieHcyroun Hu3bkuit KK/ (22—-32%) MiHIMaIbHOIO Baroro NajiuBHOT 1IHGPACTPYKTYpPH.

Oninka xwurreBoro mukiay (LCA, Puc. 1B) po3kpuBae €KOJOTIYHMM MapajioKc:
enekTpoximiuni cucremu (Oatapei Ta PEMFC) wmatoTe 3HauHMii ByrJeneBHi ciiig Ha erari
BupoOHuuTBa (110-190 xr CO, /kBT) yepe3 Bum10OyTOK piKICHMX METaliB Ta CHHTE3 MEeMOpaH.
[Ipore B mpoueci ekcrutyataunii /IB3 Ta TypOinu Oe3anbrepHaTuBHO emiTyioTh 800-1300 r
CO, /xBt'ron, Toxi sk PEMFC € mxepenamu HyJIbOBUX BUKHIIIB, IO POOUTH BOJHEBI CHCTEMHU
HaO1IbII €KOJIOTIYHO peHTabeIbHUMU Bke micis nepmux 100 ronuH HanboTy [3].
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Puc. 1. TepmoauHamiuHui, €KOIOTIYHUI Ta EKOHOMIYHAN OEHUYMApPK KOMEPIIIMHAX CUJIOBUX YCTAHOBOK
(MTOW 50 xr): (A) mopiBHSIHHS CUCTEMHOT IMUTOMOI eHeprii Ta TepmanbHO-enekTpuaHoro KK/I; (B)
CYKynHU# ByraeneBuit ciij xurteBoro nukiny (LCA) 3a 1000 roaun ekcrutyararii; (C) cyKyIiHa BapTicTh
BonoiHHs (otom (TCO) 3a ronuHy monboty. JaHi BimoOpaxaroTh TeXHOIOTiYHUH piBeHb 20242026 pp.

Jis KOMepUiiHUX ONepaTopiB KPUTHYHOIO METPHKOI0 € CYKYIIHAa BapTICTh BOJIOJIHHS
(TCO, Puc. 1C). Hezpaxkaroun Ha HaAWBHIII CTApTOBI KamiTainbHi BuUTpaTH, cucremMu PEMFC
3abe3neuyrorh HaiHwkunid TCO ($60-$110 3a romuny momboTy) Ha ropu3oHTi moHan 3000
rogud. Lle nocsraeTbest 3aBIASKM BiZCYTHOCTI 3HOCY MEXaHIYHMX JeTayedl 1 moTpebi y dacTux
KaliTalbHUX PEMOHTaX, XapaktepHux i nopiiHeBux JIB3 ($100-$160/rom) Ta mikpo-TypOiH
($200-$350/ron) [4].

2. Excruryaraniiini 6ap'epu Ta Jjioricruka

VYpOanictnyni Ta kiaimMatuyHi Hopmu (Puc. 2D, 2E) udiTko po3mexoBylOTh chepu
3aCTOCYBaHHS. J[151 €KOJOrIYHOrO MOHITOPUHIY Ta MICHKOI JIOTICTUKH BUKOPHCTAHHS TEIJIOBUX
PYLIIiB YHEMOXIIUBIIIOETHCS BUCOKUM piBHEM Iiymy (75-90 nb) Ta BiOpamisiMu, siki KpUTHUHO
NOTIPIIYIOTE  po0OTy  BUcCOKOTOWHMX  onTtuyHuX ceHcopiB (LiDAR). Jlmme Li-Po,
HamiBTBepAOTUIbHI 6aTapei Ta PEMFC BinnoBifaoTe BUMOraM akyCTUYHOT CKPUTHOCTI.

KiimaTudna CTIMKICTh 3aUIIAETHCS BHUKIMKOM JUJIS €JIEKTPOXIMIl: TIpH TeMIlepaTypax
Hwkue -20°C Oarapei BTpauaroTh emHIcTb, a PEMFC notpebyioTh €HeproeMHUX alropuTMiB
3axXHUCTy BiJl 3aMep3aHHs BOAM. B ymMoBax BHcOKoOrip's uM apkTuyHux ekcreauuii (-30°C no -
40°C) moHomnomito 30epiratots opurHesi B3 [5].

Hiarpama Payload-Endurance (Puc. 2F) Bu3Hauae Tpu HUBLIBHI HIIII:

1. Jo 1.5 rox: nominyBanns Li-Po.
2. 2-4.5 ron: PEMFC Ta HamiBTBepOTUIBHI OaTapei.
3. Tonan 5 rox: 3oHa 3actocyBanHs nopiiHeBux JIB3.
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Puc. 2. Excrinyatamiiini ooMeskenHs Ta sorictuka: (D) remneparypHi Mexi ctabinbHOT poO6oTH (X0JI0JHHAN
crapt); (E) ingekcn akycTHIHOTO Ta BiOpaniiiHOTO 3a0pyAHeHHS (BILTUB Ha ceHcopHe obnaananus); (F)
mpodine Payload-Endurance (koprcHe HaBaHTaKEHHS / Yac MOJLOTY), [0 BU3HAYAE KOMEPIIHHY
peHTa0eNbHICTh

3. InkenepHuii 0aaHc Ta nepexigHi npouecu

Amnaiiz repmanbHOi quHamiku (Puc. 3G) migrBepmaKye HasBHICTH cremudiunoro "mrpady
Ha oxonokeHHs" mis cucteM PEMFC. Uepe3 Hu3bky pobouy temreparypy (6mau3bko 60-80°C)
Ta BIJCYTHICTh rapsdoro BUXJOIY, 10 45% eHeprii CKMIAeTbCs Yepe3 pLAMHHI pajiaTopu, IO
3011bIye aepoanHamiuHuil omip [2]. J{is mopiBHSHHA, TypOiHM BinBoasTh noHan 80% reruia 3
BHUXJIOITHUMH Ta3aMH [5].

Kpim Toro, mumamika mepexigaux mporeciB (Puc. 3H) moxasye, mo iHepHidHICTH
ra3onoBiTpsiHoro Tpakty komipecopa PEMFC (monan 3 cexkyHaum ans pocsrHeHHS 90%
HOTYXKHOCTI) YHEMOXJIUBIIIOE TpsSME KEePYBaHHS IPOCTOPOBUM IMOJOXKEHHAM MYJIbTHPOTOPHUX
wiarpopm Oe3 mapanensHOi iHTerpamii Oydepnoi Li-Po OGartapei. BimmosimHo, yci BogHEBI
amapatu BepTukaiabHOro 371ety (VTOL) KOHCTpYKTHBHO MOBUHHI OyTH TiOpUIHUMHU.

__G) TepmansHuit Gananc H) Aunamika nepexigunx npouecis
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Puc. 3. Imxenepuuii 6ananc ta tuHaMika kepyBanHs: (G) TepManbHUil OajaHC Ta PO3MOIiT eHeprii
MaJINBAa, U0 UTIOCTPYE MPOoOIeMy OXOJIOKEHHS eNeKTpoximMiunux cuctem; (H) nuHamika nepexiqHux
mporieciB (BIATYK pywIist Ha pi3Ky 3MiHy moTyxHOcTi 3 10% 1o 90%), kputruHa st crabimizanii VIOL-
amaparis



BucHoBku. JKoaHa 3 iICHYIOUMX TEXHOJIOTIM HE 37aTHA OJHOYACHO 33JI0BOJHLHUTH BUMOTH
JI0 MaK3uMi3allii KOPUCHOTO HaBaHTa)KEHHs, MiHIMIi3allii BYIJICLIEBOrO CIiAy Ta 3a0e3leueHHs
aKyCTUYHOI CKpUTHOCTI. BuOip apXiTeKTypu »KOPCTKO IETEPMIHYEThCS MTpodisieM KOHKPETHOL
3aadi.

Jns 3aBmanp "octaHHboi Mmii" cuctemu Li-Po 3anmimaroteest Oe3anbTepHATHBHUMH
3apnaku HaiiBuoMmy KKJI (90%), BiZCyTHOCTI JOKaJbHUX BUKHIIB, MIHIMAIBHOMY PIBHIO IIYMY
Ta HYJIbOBHM BiOpaIlisiM, 1110 € KpUTHIHUM JIJI cepTHdIKaIlii OJIbOTIB Y TYCTOHACEIICHHX 30HAX.

Texnonoris PEMFC 3i cruchenum razom (300 Oap) 3amoBHIOE NPOTAIMHY MIiX
aKyMyJsITOpAaMU Ta TEIUIOBUMH JIBUTYHaMH. He3Bakaloum Ha BHUCOKI KaliTadbHI BUTPATH
(CAPEX) Ta "mTpad Ha 0X0JOKEHH", BOJHEBI CUCTEMH CTaIOTh EKOHOMIYHO BHUTITHIIIUMU 32
JAB3 micis 2500 ronun HanboTy (4yepes Hu3bkuii OPEX) 1 € €quHMM €KOJIOTiYHO YHUCTHUM
PIIIEHHSM JUTS PETiOHATIBHOT IOCTaBKH CEPEIHIX BAaHTAXKIB.

Jlnst 6araToroMHHOTO TOJIBOTY MOPIIHEBI ABUI'YHH (OCOOJMBO HA BaKKOMY naiuBi Jet-A)
30epiraioTh nepesary. Bonu 3a0e3neuyioTh HallBUIy €(EKTUBHY MUTOMY €HEPril0 CUCTEMH Ta
3aTHICTh MPALIOBATH B EKCTpEeMalbHUX KIIMaTUYHUX ymoBax (mo -40 °C), mpore ix
BUKOPUCTaHHS B MicTaXx OJIOKYEThCSI KPUTHYHUM pPIiBHEM aKyCTHUYHOTO Ta BiOpariiiHoro
3a0pyAHEHHSI.

[Tonpy BUHATKOBY MHUTOMY MOTYXHICTh Ta IJIABHICTH poOOTH (i€aidbHO AN ONTHYHUX
CEHCOpIB), 3aCTOCYBaHHS TypOiH y KOMEpIIHHUX amaparax € €KOHOMIYHO HEeOLITbHUM Ha
JOBTMX JHCTaHIsAX dYepe3 Kartactpodiuyno Hu3bkui TtemoBuit KKJ[ (6mmseko 10%), mio
MPU3BOIUTH J0 MIBUIKOI BTpaTH KOPUCHOTO HABAaHTAXKCHHS Yepe3 HaMipHE CITOKUBAHHS ITaJTHBA.

Honsaka. Jlocnimkenns Bukonano asropamu C. B. Bboiyenkom, B. O. Koposymkinum, I. O.
Ikineutok, JI. K. Jlicropmukom, B. II. Crymenniem, €.M. bpoaHikoBchkuM 3a (iHaHCYBaHHs
MinictepcTBa OCBITH 1 HayKH YKpaiHu y Mexkax pobotu 3a Hakazom MOH Ne23 Bix 09.01.2026.
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AJIIOMIHIFMOBI KOMILJIEKCHI MACTWJIA - OTPUMAHHS TA
3ACTOCYBAHHAA

Onena boasua

TOB «Ilanmex»,Kuis, eyn. Tapaciscoka, 10/2, E-mail: olena.boliacha@palteh.com

OcobmuBe wMicle cepel MacTWIBHHX MartepiaiiB 3aiiMaioTh Mactwia. | xoua B
3araJlbHOCBITOBOMY 00’€Mi BUPOOHHUIITBA MACTUJIBHUX MaTepiaiiB iX JoJis He mepeBuinye 5 %
(6mu3bpko 1 MuTH T/pik), 3HAUECHHS] MAacTUJI B 3a0€3MeUeHHI HaAiiHOT 1 Oe3mepebiiiHol eKcIuTyaTartii
pi3HOrO 00JaIHAHHSA TYKE Baroma.

[Tounnarouu 3 70-X POKIB MHHYJOTO CTOPIYYS JIEBOBA JIOJII MACTHJI, 1[0 BHPOOJISIOTHCS Y
CBITI NIPUXOJUTHCS Ha JIITIHOBI Ta KOMIUIEKCHI JIITIHOBI MacTHIIA: iX JIOJS CTAHOBHUTH ONHM3BKO 75
%. IlosicHIO€ThCS 11e, SIK TOCTYIHICTIO TAPOKCHUIY JIITIIO, 0 BUKOPUCTOBYEThCS ISl OTPUMAHHS
3aryCHHUKA, TaK 1 AKICHUMH €KCIUTyaTal[liHIMH BJIACTUBOCTSIMHU TOTOBOTO MacThia. AJe CHTYallis
3 JIOCTYIHICTIO JITIIO MOCTYIOBO 3MIHIOETHCS, B 3B’SI3KYy 3 CTPIMKHM 3pOCTaHHSIM MOTpeOU B
TTIA-I0HHUX aKyMyJsTopax uis cMapTdoHiB, HOYTOYKiB Ta eleKTpoMoOiniB. BpaxoBytouu 1e,
BUHUKA€ HEOOXIAHICTh MONIYKY aJIbTEPHATHBH JIITIHOBUM 1 KOMIUJICKCHUM JIITIHOBUM MacCTHJIAM.
OnHi€0 3 TakuX aJlbTEPHATUB MOXKHA PO3IJISIATH ATIOMIHIMOBI KOMIUIeKcHI Mactuia (KAl-
MacTuia).

[Mepmi 3raaku mpo kAl-mactuna BimHOCSATBCA 10 50-X pOKiB MuHysmoro cropiuds. Jlis
otpuMaHHs KAl-MacTHIa BaJIMBI HACTYIHI IHIPHIIEHTH: )KUPHI KUCIOTH, OCH30iHA KHCIIOTa,
aIIOMIHIN 1 onuBa. BUpoOHMIITBO MacTHiIa MOXKJIMBO 3/IIHCHIOBATH JIEKUJIBKOMa CrocobamMu mpu
B3a€MO/I11 KOMIUIEKCOYTBOPIOIOYMX KHUCJIOT 3 alIOMIHIHOpraHiuHMMU 3’€HaHHAMU. YacTime 3a
BCE BHKOPHUCTOBYIOTH i3omponmiuar amoMiHiio (I[TA). B 3anexunocti Bin toro, IIIA Gepytsh B
dopMi MOHOMEpPY UM LMKIIYHOIO TpUMepy (BMICT akTUBHOro amomiito 13,2 1 12,7-13,0 %
BIJIIIOBIAHO), peakiis 3/1icHI0eTbes B oAHY (1) abo 181 (2) cTazii 3 OTpUMaHHSAM 130IPOIUIOBOTO
CIIUPTY B AKOCT1 MOOIYHOTO TPOIYKTY:

AI(OR); + R'COOH + R"COOH + HOH — HOAI(R'CO0)(R"COO) + 3ROH (1)

(OAIOR); + 3R'COOH — (OAI OR'); + 3ROH (2)

(OAIOR"Y; + 3R""COOH - 3HOAI(R'CO0)(R"CO0)

[TopiBHSIHHS SIKOCT1 KOMIUIEKCHUX MAacTHJI, OTPUMAHUX MPHU OJHOCTAIIHHOMY 3aBaHTaKEHH1
BCiX KOMIIOHEHTIB 1 Oaratocraaiinomy merony, pospodnenomy BH/IIIIKHadTOXiM, CBIAYUTH ITPO
X 1IGHTUYHICTh 110 OLIBIIOCTI MOKA3HUKIB (TadmuIls 1).

Tadmauus 1. BniinB MeToIiB BBeIeHHsI KOMIIOHEHTIB NPH BUTOTOBJeHHI KAl-MacTHiIa
Ha AKicTh (8 % 3arycHuka)

ITokazunkm Meton
OmHoCcTamiHHUHA BH/IITKHadToXiM
Temmepatypa Kparienagings, © C 250 250
Komnoinna crabinbHicTs, % 8,2 10,4

Mexa wmitHoCTi , [1a, mpu Temmepartypi:
50°C 580 540
80°C 480 400




I[MponoB:kenur Tadanui 1

MexaniuyHa cTaOIBHICTD, %

innexc pyiinyBanns K, 75 65
iHmexc BimHOBNIeHH: K, (72 roxm.) 96 49
3mmuBaemicts (30 xB.), % 12,6 15,0
KoediieHT TepMO3MILIHEHHS 1,14 1,73
Hiametp TISIMHA 3HOIIYBaHHS (meTon

HAIYacnpomy), MM 0,080 0,081

BaxnuBumu XapakTepUCTUKAMU OJIUB , SKI BUKOPHUCTOBYIOTHCSI MPU BUTOTOBJICHHI, €
aHUTIHOBA Kparka, [0 XapaKTepu3ye BMICT apOMaTUYHHUX BYTJIEBOJHIB 1 B A3KICTh. ApOMaTHuH1
BYIJICBO/IHI CWJIBHO BIUIMBAIOTh HAa CIIIBBIAHOIIEHHS PO3YMHHOCTI OCH30HATY ATIOMIHIIO Ta
PO3YHMHHICTH AFOMIHIMOBUX COJICH YKUPHUX KHUCIIOT. Bix B’SI3KOCTI OJIMBH, K HA3BKOB SI3KO1 , TaK
1 BUCOKOB’SI3KO1 3aJI€KUTh HEOOX1/IHA KUTBKICTh 3aryCHHUKA.

Kpim ITTA mist orpuMansst KAl-MuI MOKHA BUKOPHUCTOBYBATH €THIIAT, OYTHJIAT Ta iHIII
QJIIKOTOJISATH AIOMIHIIO, Y SIKUX alIKiJIbHA TpyIa BMIIIye Big 2 10 22 aTOMIB BYTJIEIIIO.

[Ipu orpumanHi kKAl-macTiia B IKOCTI KOMILICKCOYTBOPIOBa4a BUKOPUCTOBYIOTh OCH30WHY
kucinoTy. O/iHaK, B ISIKUX MATEHTaX BKA3yeThCsl HA MOXIIMBICTh BUKOPUCTAHHS 1 IHIIUX KHCIIOT:
HU3BKOMOJIEKYJISIPHUX MOHO-, IUKApOOHOBUX Ta 1HIIKX 3 YUCJIOM BYTJIEIIEBUX aTOMIB B MOJIEKYII
menie 10.

3po0JicHO BHCHOBOK, IO JUIsi OTPUMaHHS BHCOKOsKiCHOro KAl-mactunma — moJsipHe
CIIBBIJIHOIIEHHS BUCOKOMOJIEKYIsIpHUX KHciaoT (HR) 1 xommnekcoyrBoproBaua HBz nmoBunHO
oyru 1 : 1, a cmiBBigHomenHs HR : HBz : H,O : IITA =1 : 1 : 1 : 1 Ta mocnigoBHICTb
3aBanTaxxeHHs cupoBunu: IITA — H,O — HR — HBz; peakuist yrBopenns kAl-mmna BinOyBaeTbes
0e3rocepeIHhO B JAUCIEPCIHOMY CepeloBHUIlll MacTuia 3 BUKOpUCcTaHHAM 30 %-HO1 aucmepcii
niniHoOrO IITA B HadTOBIH ONMBI.

B ocranHi poku mns orpuMmaHHsS KAl-MacThiia MPOMOHYETHCS TOTOBHM 3aryCHHK,
Hanpukiag KOMAD 8400 xomnanii MOL-LUB Ltd. (Yropuiiaa). 3arycHuk npeacrabisie Co000
MOJIIMEP Ha OCHOBI MOJIOKCHCTEaparTy ajlloMiHII0O B PO3UYMHHUKY 1 BMiurye 4,0-4,3 % wmac.
amoMiHito Ta 40-43 % mac. creapuHOBOT KUCIOTH. J1Jisi BUTOTOBJICHHSI MacTHIA MTOTPIOHI TUTbKH
OasoBa onmBa, OeH3oiHa kucitora i KOMAD 8400.

BinminHi ekcrutyarariiiini BiactuBocTi KAIl-MacTui J03BOJSIFOTH PEKOMEHIYBAaTH iX JIO
PI3HHUX BY3JIB TEpTs: MIALIMIHUKIB KOYEHHS 1 KOB3aHHS, PEIyKTOpPIB, LIEHTPAII30BAHUX CHUCTEM
3ManryBaHHSI.

BpaxoByroun, mo kAl-mMacTuina MarTh BHCOKY TEMIIEpaTypy KparulenaaiHHs, BHCOKY
BOJIOCTIHKICTh, IIUPOKUI TeMIepaTypHHUH /iana3oH eKCIuTyaTalii Ta XiMiuHy CTifKICTh, OUeBUIHA
NepcreKkThBa iX 3acTOCYBaHHS Yy cIeliaiizoBaHUX cdepax, HANpUKiIag y MeTalypridHii
IIPOMUCIIOBOCTI, Xap4yoBiil Ta B XIMIYHO aKTUBHUX CEPETOBUINAX.



HHEPCIIEKTUBHU TA BUKOPUCTAHHSA CIIMPTOBMICHUX
BIOAOBABOK JJIAA OAEPKAHHSA AJIbBTEPHATUBHUX ITAJIUB

Banepiii €pumenxo’, Onexcanop €d)imem<02
1 . o« . . .. o
Hayionanvuuii ynisepcumem 6iopecypcie i npupoookopucmysanusn Yxpainu, 03041,
M. Kuis, syn. I'epoie Oboponu, 6y0. 15, YVrpaina, v.yefymenko@nubip.edu.ua.
2®inisn «L{enmp memponozii ma 2azopo3nodinohux cucmem» Ilyoaiunozo akyionepno2o
mosapucmea «Hayionanvna axyionepna komnauin «Hagpmoeasz Yrpainuy 08151, m. Bospka,
Dacmiecvkuil p-1, Kuiscoka oon., eyn. C. [lemmopu, 49, Yrpaina, S94000@ukr.net.

IIpoBeneHo nOCTIMKEHHS MO0 WiABUIICHHS OKTAHOBOTO YHCIA, SKOCTI Ta EKOHOMIYHOCTI OEH3WHO-
CIMPTOBUX MAJMBHUX KOMIIO3UIIiH, SKi 3aI0BOJBHIIOTh CYYaCHUM BUMOTAM CTaHIApPTIiB.

Karwuosi cioBa: etanos, 0i0eTaHOJ, CIUPTO-OCH3UHOBA CYMIlll, OKTAHOBE YHCJIO, AJIbTCPHATHUBHI MaJINBa,
(i3uKO-XiMIUHI TOKa3HUKH SKOCTI.

CBiToBi 3amacu HaTH TOCTYMOBO BHUCHAXYIOTHCA, a Ipouec ii BHIOOYTKY cTae aenani
CKJIQJHIIINM, L0 3yMOBIIIO€ 3POCTaHHS BApTOCTI TOBAPHUX HA(TONPOAYKTIB. Y 3B’S3KY 3 LM
OJTHUM 13 aKTyaJbHHX 3aBJIaHb CYyYaCHOCTI € pO3pOOJCHHS MaJMBHHUX T00aBOK, SIKi MOTJIU O
CJIyTyBaTH aJbTEPHATHBOK HA)TOBUM KOMIIOHEHTAM, IPUUOMY CUPOBHHOIO Ul IX BUPOOHHUIITBA
MO’KYTh BHUCTYIIATH BiJIHOBJIIOBaHI O10JIOTIYHI pecypcHu.

Junamika BUpPOOHHUIITBA €TUJIOBOrOo choupTy B Ykpaini 3a 2019-2025 poku
XapaKTePU3YEThCS KapAMHAILHUMU 3MiHAMU: BiJl MOHOIIOJII Ta CKOPOUYCHHS 00CATIB Ha MOYATKY
nepiogy A0 JAeMoHomomizauii (mpuBatuzamii  «YKpCOHpTy»), JHeTiHi3amii Ta 3pOocTaHHs
BUPOOHUIITBA, ONIPU TOBHOMACIITAOHY BiiiHY.

VY 2019-2020 poxkax (mepioa mepen Ta MiJ Yac MpUBATH3allli) BUPOOHHUIITBO JIETATHLHOTO
Xap4yoBOro CHUPTY Oylo HU3BKUM (OaM3bKO 6-8 MIIH JEKaliTpiB), PUHOK 3HAYHOIO MipOIO
nepedyBaB y «TiH1». 3 ki1 2019 poKy po3noyaTo mporec 1eMOHOMOI3aIli.

VY mepion 2021-2022 pokiB (aemoHomnodizanis) mpusaruzanis 3aBofiB Il «Ykpernupr»
JI03BOJINJIA 30UTBIINTH KUIBKICTh MPAIIOI0YNX JeTalbHUX BUPOOHUKIB.

2023-2024 poxku (BiAHOBIEHHS Ta 3pOCTaHHs]) CIHOCTEpIrajJocs MOMITHE 3POCTaHHS
JIETaJIbHOTO BUITYCKY eTaHoiy. 3a 10 micamiB 2024 poky oOcsar BUpOOHHUIITBA 3pic TPUOIU3HO HA
35 % mopiBHAHO 3 aHAJOTTYHUM TiepiojioM 2023 poky.

3a 11 wmicsauiB 2025 poky B Ykpaini BupoOneHo 32,56 MIIH A€KalITpiB (Jlaid) YMCTOTO
€THJIOBOTO CIIHPTY, 110 MOKa3ye PeKOp/HI MOKa3HUKM JeTiHizauii ramysi. Lle Ha 26,6 % Oinblue,
HIX 3a aHanoriunuii mnepion 2024 poxy. CepenHbomicsiuHE BHUPOOHUITBO CKJIANO OJIU3BKO
2,96 mun pan. Bognouac oOcsar 2025 poky craHOBUTH Juiie Onusbko 82,4 % 1o piBHA
noBoeHHOTO0 2021 poky.

VYkpaiHa Takoxx Hapolye ekcropT Oioeranoiy. Y 2025 poui exkcioproBano 111,2 tuc. ToHH
6ioetanomy, mo Ha 11,9 % OGinbine, Hixk y 2024 poiii, 3 OCHOBHOIO YacTKOI eKcropTy (moHay 9
6%) 1o kpain €C.

st BupoOHUIITBA 1 KT Gl0€TaHOIy HEOOX1THO ONMHM3bKO 3 KI MIISHHI a0o KyKypya3u Ta
O6muzpko 4 kr wMemscu (MOOIYHMM TPOAYKT IIYKPOBOIO BHPOOHUIITBA, CEpPEIHBOPIUHE
BUPOOHUNTBO sKkoro craHoBUTh 550 THc. T). dns nmocsruenHs 10 % HopMU BUKOpHCTaHHS
6ioeTaHoisty, HEOOXiAHO Horo BUpOOHUITBO B 00cs3i 200 TuC. T Ha piK 3 MOTPEeOOIO CHPOBUHU
(mmeHuns, Kykypyasa) B oocs3i mume 600 Tuc. T, abo HezHayHo Outbme 1 % Big piuHOTO
BUPOOHHUIITBA IIUX KYJABTYp, a3 BUKOPUCTAHHSM JJIsi BUPOOHUIITBA MEIISICH, TOTPEOU y 3€pHOBHX
MOYKJINBO CKOPOTHTH BJIBiUli, IiIHSABIIHN PIBEHb OYPSIKOIYKPOBOro BUPOOHHMIITBA B YKpaiHi [1-2].

OcTaHHIM YacoM CIIOCTEpIraeThCsi CYTTEBUN MPOTrpec y MTOCTIIKEHHAX, MPUCBIYECHUX
BUKOPHUCTAHHIO 010€TaHOJy SK €KOJOriyHOI J00aBKM N0 HHU3BKOOKTAaHOBHX O€H3HHIB. Sk
3a3HayeHO B poOOTax, HA BiAMIHY BiJl €THJIOBOTO CIIUPTY, KU 3aCTOCOBY€ETHCS JIJIsl BAPOOHHIITBA
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QJIIKOTOJIbHUX HAIOiB, NAJMBHUNA €TAaHOJ OTPUMYETHCS 3a CIPOIICHOI0 CXEMOIO JUCTHIIALII.
VYHacniok IpOro BiH MICTHTh CHUBYIIHI MAacia, ajlbJerii, METaHOJI 1 BUINI CIUPTH, IO POOHUTH
HOro HEeMPUAATHUM AJI1 BUKOPUCTAHHS B XapYOBHX I[IISIX.

Bpazunis ta CHIA 3aiimaroTh mpoBinHI MO3MIII y CBiTI 32 BUPOOHHUITBOM TaKHUX BUJIB
nanuBa. Jljis morped aBTOMOOUIBHOTO TPAHCIOPTY TaM BHPOOJISIOTH 1 peani3yloTh OCH3WHO-
eranoibHI cymimi — E10 (10 % 06.), E85 (85 %), E95 (95 %), a Takox uucruii eranosn E100.
CykynHa 4acTka LIMX KpaiH Ha CBITOBOMY I[aJMBHOMY pPHHKY CTaHOBHUTH Oiu3bko 87 %.
BoaHouac y nocTpaasiHCbKHX KpaiHaxX TaKOK MOCUIIIOETHCS IHTEPEC A0 BUKOPUCTAHHS €TaHOIY 5K
KOMITOHEHTa aBTOMOO1IbHUX OCH3HUHIB.

Uunnuii B VYkpaini nepxkaBHuii ramyzeBuid ctangapt ['CTY 320.00149943.015-2000
«bensuHan MoTOpHI cymimeBi. TexHIYHI YMOBH» JO3BOJISIE MM 4Yac BUPOOHMIITBA OCH3WHIB
BUKOPUCTOBYBATH KMCHEBMICHI KOMIIOHEHTH Ta J100aBKU. /lofaBaHHs €TaHOIY, SIKHH Ma€e BHCOKI
OKTaHOB1 XapaKTEPHUCTUKH, J1a€ 3MOTY BHJIYYWTH 3 MallMBa 1HIII LIKIJUIMBI CKIAJ0Bi, 30KpeMa
apomatuyHi cronykn abo MTBE. TakuM 4YuHOM, €TaHON € BaKJIMBUM KOMIIOHCHTOM JUIS
OTPUMaHHSI BUCOKOOKTAHOBUX HEETUJIHOBAHUX OEH3MHIB, OCOOIMBO 32 YMOB OOMEXKEHHS BMICTY
apOMaTHUYHUX BYIJICBOIHIB Ta OJCQiHIB.

3 1 TtpaBHs 2025 poky B VYkpaiHi HaOylM YMHHOCTI HOBI MpaBuja, 3TIAHO 3 SIKUMHU
JoJlaBaHHs OloeTaHoiry (CUPTY, BUPOOJIEHOTO 3 POCIMHHOI CHPOBHUHH) JI0 OCH3HWHY CTallo
00oB's13koBUM. Ile wacTMHa €BpOIHTErpalliiiHOI CTpaTterii, CHpPsSAMOBAHOI Ha EKOJOTi3aIlilo
TPAHCIOPTY Ta 3MEHIIIEHHS 3aJIE)KHOCTI BiJl IMIIOPTY HAPTOIIPOAYKTIB.

Yci aBTOMOOUTHHI OcH3WMHM (30KpeMa caMHii momupeHud A-95) MOBHHHI MICTHUTH
nioHaiimentie 5 % Oioeranony. Ha A3C take naimBo Mapkyetbes sk ES (5 % eranoiny) abo E10
(10 % eranony). OCHOBHOIO METOIO IIbOIO HOBOBBEJECHHS € IiJIBULICHHS OKTaHOBOI'O YHCIA,
3MeHIIeHHS MKITMBUX BUKUIIB CO, Ta BUKOPUCTAHHS MOHOBIIOBAHUX PECYPCIB.

VYpsan 3arBepauB TexHIYHUN perlaMeHT 111010 BUMOT JI0 IaJIUB MOTOPHUX aJIbTEPHATUBHUX
(moctanoBa Ne 1482 Bix 19.11.2025), sixkuii perymitoe sKiCTb TAaKOTO MaJuBa.

HoBoBBeieHHSI HE MOIIMPIOETHCS Ha OCH3MHM 3 OKTAaHOBUM YHCIIOM BHIIE 98, a TakoX Ha
NAJIMBO, SIK€ 3aKYMOBYEThbCS ISl MOTped 30poilHMX cuil, a Takox JlepkpesepBy MO MPHYMHI
HU3bKOT XiMiuHOi cTabinbHOCTI 0100eH3uHy. [lo it mpuumHi TepMmiH 30epiraHHs 0i00eH3UHY
CKOPOTHJIX J10 6 MICSLIIB, HA BIAMIHY Bijl 0€3€TaHOJIbHOTO OEH3UHY, TEPMIH 30€piraHHs SIKOro 0yB
2 poku.

IIlo me o3Hauae A1t BOAIIB:

o CyMicHicTb: binbiricTe cydacHuX aBTOMOOLIIB a/lalTOBaH1 10 BUKOPUCTaHHS MAJIMBA 3
nonaBanHsM etanoiy (E5/E10). IIpote 6arato BupoOHUKIB aBTOMOOLTIB a00 IBUTYHIB HE
PEKOMEHIYIOTh 3aCTOCOBYBATH CIIMPTOBI OEH3MHU MO MPUYHHI MOUIKOHKEHHS €TaHOJIOM
MPOKJIAIOK paMiii (POPCYHOK JIBUTYHA, TOOTO MOTO HECYMICHOCTI 3 CHJIIKOHOBHMH Ta TYMOBUMH
VIIITBHIOIOYUMHU KUTBISIMHU.

 BiractuBocri: bioeraHon rirpockoniunuii (BOUpae BOJIOry), TOMy OEH3UH 3 HOTO BMICTOM
HE peKOMEHAYeThCs 30epiraTi B 0aky TpuBaiuil yac (moHas 2-3 micsii).

o [lina: ExcniepTy npumyckaiy NOTEHIIHHI 3MiHH B 11iHI, IPOTE J10/1aBaHHS CIIUPTY
3a3BHUYail poOUTH NAJMBO JEUIEBIIE Y BAPOOHMIITBI, ajle HE JJIsl CIIOKMBayYa.

BcranoBneHo, 10 €TaHOJ 3JaTHUN B3a€EMOMISTH 3 TIAPOKCHIBHUMH TPyHaMu; y XOIi 1€l
peakuii BigOyBaeThCs BiIIIEIUIEHHS aToOMa BOJHIO BiJl Horo rigpokcuibHoi rpynu. Lleir atom
BOJHIO, MAlOYM BUPAXKEHI BIIHOBHI BJIACTUBOCTI, pyHHYE TEPOKCHUIH, IO CIPHUSE TABUIIICHHIO
JETOHAIIHHOT CTIHKOCTI MaIMBa.

J10 OCHOBHHUX TIepeBar MajvB 13 BMICTOM CITUPTY HaJekKaTh TaKi:

e €TAHOJ € MEHIII TOKCHYHHUM 1 HE MICTUTh KQaHIICPOTEHHUX CIIONIYK;



e 1OTO TIapW MEHIII IMOXKEKOHEOE3NEUH1 Yepe3 BUIIY TeMIeparypy camosaiimanus (423 °C
npotu 257-300 °C y 6eH3uny);

e CJICKTPOTIPOBIIHICTH CIIUPTY BUIIIA, IO 3MEHITY€E PU3UK HAKOIMUYCHHS CTATHYHOI
€JIEKTPUKH 1] 4ac NepeKauyBaHHS;

e OKTAHOBE YHMCJIO €TaHOJTY 3HauHO Olnbiie (6sm3bko 108 mpotu 75-98 y OeH3uny);
e JI0/1aBaHHS €TAHOJY CIIPHUSIE 3HIKCHHIO BUKU/IIB BYTJIEBOJIHIB;

e fioro MOXHA BUPOOJISATH 3 BiJHOBIIOBAHOT CUPOBHUHU, TOMY PECYpCHA 0a3a MPaKTHYHO
HEBHUEPITHA;

e 3MEHIIYETHCS BMICT IIKIITUBUX KOMIIOHEHTIB Y BUXJIOTHUX Tra3ax, a TaKoXK
MOKPAIY€ETHCS TTIOBHOTA 3rOPSIHHS, 1110 Beae A0 3HmkeHHs BUkuaiB CO ta CH;

 PO3pO0JIEHO CyYacH1 TEXHOJIOTIi OTPUMAHHS €THJIOBOTO CIIUPTY 3 POCIUHHOT CHPOBUHH.

Bonanouac eranol K majauBo ado HOro CKiiamoBa Mae€ 1 IIEBHI HEJOMIKU:
e BICOKa KOpPO3iiiHa aKTUBHICTH Ta HECYMICHICTb 13 JISIKUMH MaTepialaMu;

e HECTAOUTBHICTH CKJIa/ly €TAaHOJIOBMICHOTO TAJMBA Yepe3 BUMIAPOBYBAHHS CIIUPTY Ta HOTO
BUJIYYEHHS BOJIOIO;

e 30UIBIIICHHS] BUTPATH MAJIMBa MPUOIN3HO Ha 3% mpu BMicTI eTanoy 10 12%;

[Tonpu HasBHICTH K MepeBar, Tak 1 HEJIOJIKIB y Ol0€TAHOIBHOIO OEH3WHY MOPIBHSHO 3
TpaauLliiHUM HaTOBHUM MaJIMBOM, 3arajioM MepeBark albTEPHATUBHOTO MallMBa MEPEBAKAIOTh.

[IpoBeneHO MOCIHIKEHHS 3aJ€KHOCTI OKTAaHOBOT'O YHCJIA CIHPTOBMICHOTO MalluBa BIJ
BMICTYy CIUPTY B HbOMY. SIK MOKa3alu pe3yabTaTH JOCHIHKEHHS LS 3aJeXHICTh MPaKTUYHO
OpsIMOJIiHINHA, IO € 1€ OJHIEI0 IePeBarold CHUPTIB, SKa BIAPI3HIE iX BiA  IHIIMX
AHTUICTOHAIIIMHUX TPHUCATOK Ta [00aBOK, TaKUX SK, METaJOBMICHI, SKi MamThb MeEXY
e(PEeKTUBHOCTI BUKOPHUCTAHHS TIPU HEBUCOKMX 3HAYCHHSIX MPHUPOCTY OKTAHOBOTO YHCIIA.
Pesynbratu gociimkeHHs HaBeaeHo Ha Puc. 1.

AHTHIeTOHAIIHHA  eQeKTUBHICTh  IHAUBIAyalbHUX  amidatuyaux couptiB  C1—Cs
PO3TAIIOBYETHCS Y PAI METAHON > €TaHOJ > 130MPOMAHON > 1300yTaHOJ, IO MiATBEPAKYEThCS
TEOPETUIHUMH TIepeI0auCHHIMHU.
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Puc. 1. 3aiexXHICTh OKTAHOBOTO YHCIIA CTUPTO-OCH3WHOBOT KOMIIO3HIIIT B/l KOHIIGHTpAIlii CIIUPTY B
Oensuni A-92



ETanon xapaktepus3yeTbCcsi BUCOKUM OKTaHOBHUM uuciaoM — 108 onuHuIe 3a 1OCHiTHUIIBKUM
METOJIOM, TOMY Cepejl CITUPTIB BiH € HaHO1IbIN €(h)eKTUBHUM JJI iABUIIEHHS OKTAaHOBOTO YHCIIA
O0ensuniB. Hanpuknaza, nogaBanus npubinuzno 19 % wmac. eranony ao O6eHsuHy mapku A-92
MIJBUIIYE HOTO OKTaHOBE YHUCIO A0 piBHA A-95, mo BignoBimae mamuBy tumy E20. CrupTtu
BUPI3HAIOTHCS BUCOKOIO CTIMKICTIO 0 peakKIliii paJuKalbHOTO PO3MICTUICHHS, OJTHAK LIS CTIHKICTh
3HIDKYETBCS 31 30UTBIIEHHSM MOJIEKYJIIPHOT MacH CIIUPTY. TakuM YMHOM, BUKOPUCTAHHS €TAaHOIY
(GioeraHOMy) SIK BIJHOBIIOBAHOTO JDKEpeNa €Heprii BHUpILIye HE JHIIE EKOJOTiuHy, ane M

E€HEepPreTUYHY MPOOJIEMH.
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KOHTPOJIb SIKOCTI BIOMETAHY XPOMATOTPA®TYHUM
METOJ/IOM

Ounexcandp Edimenko’, Banepiu €dmmem<02
Y ®inia «L{enmp memponozii ma 2azopo3nodinouux cucmemy Ilyoaiunozo akyionepno2o
mosapucmea «Hayionanvna axyionepna komnauis «Hagpmoeasz Yrpainuy 08151, m. Bospka,
Dacmiecvkuil p-1, Kuiscoka 0oa., eyn. C. Illemmopu, 49, Yrpaina, S94000@ukr.net.
?Hayionanenuii yHisepcumem biopecypcie i npupoookopucmysanus Yxkpainu, 03041,
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Bmsnaaueno xpoMaTtorpadidvHAIM METOAOM KOMIIOHCHTHHH CKian OioMeTaHy Ta IOKa3aHO HamiHHOCTI i1
JIOCTOBIPHOCTI OLIIHKH HOTO (pi3MKO-XIMIYHUX MOKA3HHKIB SKOCTI.

KoarouoBi ciioBa: anbrepHaTHBHI NanuBa, OioMeTaH, (i3MKO-XIMiYHI INOKa3HUKH, Tra3oBa Xxpomarorpadis,
CHEPIreTUYHI TOKA3HUKH.

OCHOBHOIO TEHJICHIII€I0 PO3BUTKY CYYaCHOTO EHEPIeTHYHOTO CEKTOpa € IOCTYMOBHH
Mepexia 10 BiJHOBIIOBAHMX JDKEPENl €HEprii, cepell AKUX BAXIIMBE MiCIle Iocigae O6ioMeTaH —
€KOJIOTIYHO YUCTHH Ta30NOJIOHMI E€HEepProHOCiH, OTPHUMAaHUi NUIAIXOM OHOBIEHHsS Oiorasy a0
CKJIay, HOJIOHOTO 32 XapaKTepUCTUKAMU J0 NPUPOAHOro razy. biomeran, sk 1 IpUpoIHUIL ra3 3a
cBOIMH (Pi3UKO-XIMIYHUMH BJIACTHBOCTSIMH Ma€ BIJIIMOBiIaTH BUMOTaM UYMHHHX HOPMATHBHO-
IIPABOBHX aKTIB I HOTO Mojadi 0 ra30TPaHCIOPTHOI a00 ra30po3MHoiIbHOI cucTemu [1-2].

SkicTh 6ioMeTaHy € KpUTHYHUM (HaKTOPOM, IIO BU3HAYAE MOKIIMBICTD HOTO OE3MEYHOTO Ta
€(eKTUBHOI'O BUKOPHCTaHHS B E€HEPreTMYHOMY CEKTOpi, TPAHCIOPTHIN ramy3i Ta y cucTeMax
razoposnoauty. He3Bakaroun Ha 3HauHUN MOTEHLIad LIbBOTO EHEProHOoCis, Mpolec Horo
BUPOOHMIITBA TIIOB’S3aHUN 13 HHU3KOK TEXHOJOTIYHMX Ta OpraHi3aliiiHuX BUKJIHKIB, SKi
BIUIMBAIOTh Ha KiHIIEBI (P13MKO-XIMIYHI XapaKTePUCTUKH MIPOAYKTY.

OpHiero 3 KIIOYOBHUX MPOOJIEM € BaplaTUBHICTh CKJIaAy CHpPOro 0iorasy, sika 3aJIeKUTh BiJ
TUIy Ta HOXO/PKEHHS CyOCTpaTiB, yMOB aHaepoOHOro 30poJKyBaHHs, NapameTpiB poOOTH
OlopeakTopiB Ta CTaOLIBHOCTI MIKpOOioJOTiYHMX TiporeciB. [[i YMHHUKHM BIUITMBAIOTH Ha
KOHIIEHTpALI0 METaHy, BMICT JIOKCHUIY BYIJIELIO, CIPKOBOJHIO, aMiaKy Ta 1HIIUX JIOMIIIOK, L0
noTpeOyIOTh PETEIEHOTO OUUIIICHHSI.

BuBuenHst (i3MKO-XIMIYHMX TIOKa3HUKIB OlOMeTaHy € HaJI3BUYalHO BAKJIMBUM TS
3a0e3nedeHHsT Horo eQeKTHBHOrO Ta Oe3NeYHOr0 BHUKOPHCTAHHS Yy Ta30TPAHCHOPTHHUX Ta
ra3opo3NnoAUIbHUX cHUcTeMaX. XpomarorpadiuHuil MeTo]1 aHaJli3y y IbOMY KOHTEKCTI € HalOUIbII
JOLIJIBHUM, OCKLIBKHU 3a0€e31euye BUCOKY TOUHICTb, YyTJIUBICTh Ta BIATBOPIOBAHICTh PE3YNbTATIB
IpY BU3HAUEHHI CKJIaly CKJIaJHUX ra3oBUX cyMmimei. 3aBasku XxpoMaTtorpadii MOKIMBO OKPEMO
1IEHTU(IKYBaTH OCHOBHI Ta CIIiJIOBI KOMIIOHEHTH O10METaHy, 110 JO3BOJIIE HE JIMIIE OI[IHIOBATH
foro 3aranpHi (i3UKO-XIMIYHI BJIACTUBOCTI, aje ¥ TNPOTHO3YBAaTH TOBEAIHKY Ta3y IpHU
CHAIIOBaHHI Ta TPAHCIIOPTYBaHHI.

Kpim Temnotu 3ropsiHHS, XpomarorpadiuyHuil aHami3 Ja€ MOMIMBICTH TOYHO OIL[IHIOBAaTH
TyCTHHY, BIJHOCHY TYCTHHY Ta 4ucio Bo0be, mo Oe3mocepeHhO BIUIMBAIOTH HA CYMICHICTH
O6ioMeTaHy 3 ICHYIOUMMH ra30TPaHCIIOPTHUMH CHCTEMaMM Ta BU3HAYAIOTh HOTO MPUIATHICTh VIS
nonavyi y cnoxuBdi Mepexi. KoHTponb nux mnapameTpiB 3a0e3nedye BIANOBIAHICT rasy
HOPMAaTHBHO-TIPABOBUM BHUMOT'aM II10JI0 SIKOCTI IPUPOIHOTO ra3y Ta J03BOJISE IPOrHO3YyBAaTH HOTO
MOBEJIIHKY MTPU 3MIIIyBaHHI 3 IPUPOJIHUM I'a30M a00 IHIIMMHU BHIamu Oiora3y[3-4].

[TopiBHSHO 3 IHIIMMHU METOAAMHU aHaNli3y, XpoMarorpadis BUPI3HAETHCS KOMITJIEKCHICTIO Ta
TOYHICTIO, MO0 poOWUTH ii ONTUMAILHUM IHCTPYMEHTOM [UJIi OIIHKKA  (Di3UKO-XIMIYHHX
BJIACTUBOCTEH OioMeTaHy. BoHa m03BOJIsIE OTHOYACHO BU3HAYATH BEJIUKY KUTHKICTH KOMIIOHEHTIB,
0 3HAYHO MIiJABHUIINYE TOCTOBIPHICTh MaHUX Yy TOPIBHSIHHI 3 TPOCTUMHU (PI3UKO-XIMIYHUMHU
METOJIaMHU, SIKi MOKYTb JIUIIIE OI[IHIOBATH OKPEMi ITapaMeTpH rasy.
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TakuM YWHOM, 3aCTOCYBaHHS XpoMaTorpaiqHoro MeTOay Uil  KOMIUIEKCHOTO
JOCIIJKeHHS (P13UKO-XIMIYHUX MTOKA3HUKIB O10METaHy € OOTpPYHTOBAaHUM 1 HEOOX1THUM JIJISI:
e 3a0e3MeYeHHs] BUCOKOT TOYHOCTI Ta BiATBOPIOBAHOCTI PE3yJIbTATIB;

e KOHTPOJIIO eHepFeTI/I‘IHO'I. I_IiHHOCTi ra3y 4c€pes3 BUSHAYCHHS TCIIJIOTHU 3TOPSHHA;

e  OILIIHKH MPUIATHOCTI r'a3y Ui TPAHCIOPTYBAHHS Ta MM0/1a4i y Ta30TPAHCIIOPTHI Ta
ra3opo3Mo/iIbHI CUCTEMH,

e  TIATBEP/KCHHS BIAMOBIIHOCTI HOPMATUBHO-TIPABOBUM aKTaM IIOJI0 SKOCTI MPUPOTHOTO
rasy;

e MiABHUIIEHHS 0€3MeYHOCTI Ta eEKTUBHOCTI HOTO BUKOPHCTAHHS Y TPOMHUCIIOBHX 1
CHEePreTUYHUX MPOLECax.

3 ornsay Ha BUIE3a3HaYeHe, XpoMaTorpadiune qocimkeHHs (Pi3UKO-XIMIYHIX MOKA3HUKIB
OloMeTaHy € KJIIIOYOBHM €TarioM Yy 3a0e3ledyeHHi CTabuIbHOro, 0e3rmeyHoro Ta e(eKTHBHOTO
BUKOPUCTAHHS BiJJHOBJIFOBAHUX ra30BHX PECYPCIB.

Bu3HaueHHS KOMIIOHEHTHOTO CKJany BimOyBasiocs 3rigHo 3 BuMoramu cranaapry JCTY
ISO 6974 «IIpupoanuii ra3. BusHaueHHsI KOMIIOHEHTHOTO CKJIay i3 3a/1aHOI0 HEBH3HAUEHICTIO
METO/IOM Ta30BOi Xpomatorpadii», po3paxyHOK (i3UKO-XIMIYHHX TOKAa3HHUKIB — 3TiHO BHUMOT
BuMoram ctanaaptiB JACTY I1SO 6976 «llpuponnuii ra3. OOYHCIEHHS TEIUIOTH 3TOPSHHSA,
T'YCTHHH, BiJIHOCHOI TYCTHHU Ta uncia BoOOe Ha OCHOBI KOMIIOHEHTHOTO CKIIaIy».

Pesynbraty Bu3HaueHHs (i3UKO-XIMIYHUX IIOKa3HHMKIB BiliOpanoi mpodbu Nel, ta Ne2
6iomerany HaBenieHO B [IpoTokouni aHani3yBaHHs razy — tadbauus 1.

Tab6smmus 1. Ilporokos anajisyBanus razy Nel ta Ne2
1. KoMmioHeHTHMI cKilaj ra3y, BAZHAYEHUH XpoMaTorpadivHIM METOIOM 3a

JACTY ISO 6974
IIpo6a Nel IIpo6a Ne2
N Kowmonent Popwya BMiET, % MoJ1. BMiI;T, % MoJI.
1 Meran CH, 97,7388 99,3524
2 Etan C,H, 0,000 0,000
3 [Iponan CsHg 0,000 0,000
4 H - byran H-C4Hyg 0,000 0,000
5 i30 - byran 1-C4Hjyg 0,000 0,000
6 H - [IleHTan n-CsHi» 0,000 0,000
7 130 - Ilenran i-CsHyo 0,000 0,000
8 I'excan CeHia 0,000 0,000
9 Asor N, 1,3232 0,5715
10 Kucensp 0, 0,0760 0,0457
11 Jliokcun Byriemto CcoO, 0,8619 0,0303
2. ®i3uko-XiMiuHI Moka3HKUKH, po3paxosani 3a JICTVY ISO 6976
®Di3UKO-XIMIYHHMI TOKA3HUK
rasy
(mpm 20 °C Tta 101,325 xITa) 3HauYeHHS
I'ycTuna BiiHOCHA 0,5690 0,5577
I'yctunHa abcomroTHa, 0,6717
Kr/M° 0,6854
Temnora 3ropsHHs, M/ MJTx/m®
guciio Bo6oe:




Temumora 3ropsiHHS 32,68 33,21
HIDKYA

Temmora 3ropsiHHS 36,26 36,86
BHIIIA

Yucno Bo60e Bue 48,07 49,35

AHaii3 OTpUMaHHUX PE3yNIbTATIB MOKa3aB, 1m0 mnpobda Oiomerany Nel Ta mpoba GiomeTraHy
No2 3a ¢i3uko - XIMIYHMUMH TIOKa3HMKaMH BiamoBijzae BuMoraM Kozekcy ra3oTpaHCIoOpTHOL
CUCTEMH Ta MOKE TPAHCIIOPTYBATHCS FA30BUMHU MepekaMu Y KpaiHu — Ta0uuis 2.

Ta6auus 2. BignoBinnicTs iznko - ximiunux noxkazHukiB 6iomerany Bumoram Konekcy
ra30TpaHCHoOPTHOI CHCTEMHU

IHoka3zuuk IIpo6Ga Nel IIpoba Bumorn Pe3yasbTar

No2 Koaexcy I'TC BinnoBigae/ne
BianoBinae
Meran, % Mo. 97,7388 99,3524 | minimym 90 BIIIOBI A€
Asot, % Mo 1,3232 0,5715 MaKCUMYM 5 BIIIOBI A€
Kucens, % Mo. 0,0760 0,0457 makcumywm 0,2 BIIITOBIHa€
Hiokcun Byriemro, % Mol 0,8619 0,0303 MaKCUMyM 2 BIIIOBI A€
Tenmora 3ropsiHHS BHIIA, 36,26 36,86 MiHiMyM 36,20 BIJITOBIHa€

M/

3a pe3ynbTaTaMM BU3HAYCHHS (PI3MKO-XIMIUHUX MOKAa3HHUKIB BCTAHOBIJIEHO, II0 OTPUMAaHHM
6iomeran noBHicTiO BianoBigae Bumoram Koaekcy I'TC mozo sikicHUX napaMeTpiB.

JletanbHU aHai3 MIATBEPAXKYE, IO HOro KOMIOHEHTHUH CKJIaJ 3HAXOJUTHCS B MeEXKax
HOPMAaTUBHO JIOMMYCTUMHX 3HaYE€Hb 1 HE MICTUTh BIAXUJIEHb B PETJIaMEHTOBAHUX ITOKAa3HUKIB.

KpiM Toro, Bu3Ha4yeHa BHINA TEIJIOTA 3TOPSHHS CBITYUTH MPO BIAMNOBIAHICTE OiOMETaHy
EHEePTreTUYHUM KPHUTEPISIM, HEOOX1THUM JIJIs TT0/1aul B Ta30TPAHCIIOPTHY CUCTEMY.

Po3BuTok BUpoOHUIITBa OioMeTaHy B YKpaiHI € CTpaTeridyHO BaKJIMBUM HampsSMOM JUIS
MIJBUILIEHHS EHEPTeTHUYHOI HEe3aJIeKHOCTI JepKaBW, 3MEHIICHHS 3aJeKHOCTI BiJl IMIIOPTHHUX
eHepropecypciB Ta (GOpMyBaHHS CTIHKOI HHU3BKOBYIJTIENEBOI €KOHOMikH. bioMeraH, sk
BIJTHOBIIIOBaHUM ra30BUIl €HEProHOCI, Ma€ 3HAYHHUI MOTEHMLIaN JUIs 1HTerpauli B HalllOHAIbHY
ra3oTpaHCIOPTHY CUCTEMY, 3a0e3euyoun cTallabHe Ta €KOJIOT1YHO YHUCTE HKEPENIo eHeprii.

Kiro4oBUM e1eMeHTOM pO3BUTKY IIi€i rairy3i € CHCTEeMaTHYHUH KOHTPOJIb (Pi3UKO-XIMITHUX
NOKa3HUKIB OioMeTaHy. Bucoka TOYHICTE 1 pEryJspHICTH TaKUX BHUMIPIOBaHb TapaHTYIOTh
Oe3meuHy eKcIutyararito iHQpacTpyKTypH, ONTHMalIbHY poOOTYy OOJIaJHAaHHS Ta BiAMOBIIHICTH
IPOAYKIIiT BAMOTaM Cy4acHOTO PUHKY €HEPTrOHOCIIB.

3ale3neueHHs BiAnoBinHOcTI Olomerany HopmatuBam Konekcy I'TC  Vkpainn e
HEOOXIJTHOI0 YMOBOIO HOT0 IMoJjiaui O Ta30TPaHCIOPTHOI CUCTEMHU, OCKUJIBKM caMe IIi CTaHAapTH
PErJaMeHTyIOTh SKICTh ra3y. Pe3ynpraTi Bu3HaueHHS (Di3MKO-XIMIYHUX MapaMeTpiB BiIIOpaHUX
npo® MiATBEPANIM BUCOKY SIKICTh BUPOOJIEHOTO OioMeTaHy MiANPUEMCTBAMH Y KpaiHH.

TakuM 4MHOM, PO3BUTOK 010METAaHOBOTO CEKTOpPY B YKpaiHI Ma€ He JHIle €eKOHOMIUHE Ta
€KOJIOTIYHE 3HAuYCHHs, aje H BHMarae CTBOPEHHS €(QEKTHBHOI CHUCTEMHU KOHTPOJIIO SIKOCTI
nponykiii. Jlorpumanus (i3uKo-XIMIYHUX CTaHAApTIB 1 3abe3medeHHs BiamoBigHOCTI Komekcy
I'TC € pynnaMeHTanbHOIO YMOBOIO iHTErpaii 0ioMeTaHy y HalllOHAJIbHY ra30BY iHPPACTPYKTYpPyY
Ta MOAAJIBIIIOTO MacTaOyBaHHs HOTO BUPOOHHUIITBA



Jlitepatypa

[1] Koaekc razorpancnopraoi cuctemu Ykpainu (['TCY). Hakaz HKPEKIT Ne 2490 Bix 18.12.2015. 210 c.
URL: https://zakon.rada.gov.ua/laws/show/z1378-15#Text (mara 3Bepuens: 03.04.2026).
[2] Pavi'ci’c, J., Novak Mavar, K.; Brki'c V., Simon, K. Biogas and Biomethane Production and Usage:

Technology Development, Advantages and Challenges in Europe. Energies 2022, 15, 2940.
https://doi.org/10.3390/en15082940

[3] Teopriii 'eneryxa, FOpiit MatBees, [letpo Kyuepyk, Cemen parues, Boxogumup Kpamap. Bupobrunrso
nepesoBoro 6ioMeTaHy 3 JIrHOIETIOI03HOT CHPOBUHU: AHamiTHuHa 3amucka Ne2. Kuis: bioeHepretuuna
acomiamist Ykpaiau (UABIO), 2025. URL: https://uabio.org/materials/18274/ (nata 3sepuenns 01.04.2026).

[4] Gustafsson M., Anderberg S. Biogas policies and production development in Europe: A comparative analysis
of eight countries. Biofuels. 2022, 13, Ne. 8, 931-944. https://doi.org/10.1080/17597269.2022.2034380



https://zakon.rada.gov.ua/laws/show/z1378-15#Text
https://doi.org/10.3390/en15082940
https://doi.org/10.1080/17597269.2022.2034380

MACTUMJIA —- PETPOCHIEKTUBHUH MOTIJIS I,
CYYACHICTD I BUKJIMKHA YACY

Hocun JTiwbinin
TOB «Ilanmex», Kuis, syn. Tapaciscoka, 10/2, E-mail: joseph.lyubinin@gmail.com

Mactuna € BaXIMBOIO CKIQJOBOI CyYaCHHUX MAJIMBHO-MAaCTHJIBHHX MartepialiB.
Ckiaiatoun HEBEJIMKY 4YacTKy B 3arajlbHOMy 00’€Mi BHpPOOHHIITBA MacTWJIBHHUX MaTepialis,
npubm3HO 10 5 %, BOHM 3aCTOCOBYIOTHCSI B COTHSAX PI3HOMAHITHUX BY3JIIB TEPTS 1 MeXaHi3Max
TPAHCIIOPTHHX 3aCc00iB 1 00J1aTHAHHS.

CBili movyaToOK BITYM3HSHI MacTuiaa 6epyTh 3 30-x pokiB MuUHYsoro croiitts B npamsx J.C.
BenikoBCchKOTO, IPOIOBKEHUX B IPYTriii MOJOBHHI MUHYIOTO cToiiTTs B.B. Baitnmrokom, B.B.
CuninuanM i1 LT, @dykcom.

3 60-70-x pokis micas crBopenHs BH/IIITKuadToxiM (3a yaciB He3asexHOI YKpaiHu -
YxpHIAIHIT «cMACMAY») 1ieHTp J0CHiKEeHb 1 po3po00K cydacHUX MacTuil 3MmimnyeThesi B YPCP.
[Tix xkepiBaumnTBom FO.JI. Timyka po3po0iisitoThesi KOMITIEKCHI KallbIiiioBi MacThia (cepist YHioN) i
CUJTIKareJieBi; Ha OCHOBI 12-rigpokcucreapary Jnititoo: Jluron-24, cepis ®uoin 1, 2 ,3 1 2y, HIPYC-
4. Y 80-x pokax KOMILJIEKCHI JIITIHOBI, KOMIJIEKCHI aJTFOMIHIHOBI, TTOJIICCYOBHUHHI Ta HaMiBPIIKi, a
TPOXH Mi3HiIIe KOMIUIEKCHI Cylb(OHATHI Ta KOMIUIEKCHI alKiicaninuiaaTHi Mmactuna. HaiiGinbie
BUPOOHUIITBO MacTHJ 3ocepemkeHo Ha bepasacerkomy JIHO3 (miznime BAT «A3MOJDy),
pPO3pO0JICHO 1 BIPOBAKEHO OE3MEepepBHI IMPOIECH BUPOOHHIITBA JITIHOBHX Ta KOMILICKCHUX
KaJbliioBUX MacTui. Exciopt macTun 3ailicHIOBaBcs B 64 KpaiHM CBITY.

90-1 pOKM MHUHYJIOTO CTOJIITTS 1 IOYAaTOK HUHIIIHBOTO BUSBUIINCH 3ryOHUMU JiIs ranysi. by
3HuIeHni xiMMmoTosoriunnii 1ieHtp YkpH/IIHIT «MACMA» 1 1HCTUTYT TakoOX, IMOCTYIIOBO
OpUNUHUB CcBOIO JisIbHICTE BAT «A3MOJI». Ha BITUM3HSHOMY PUHKY JUIIMIUCH 3apyOixKHI
KOMIMaHii 1 ApiOH1 BITUYM3HSAHI BUPOOHMKU. Taka cUTyallis BUKIIOYa€ MOXKJIMBICTh 3aCTOCYBaHHS
MacTUJI NIEPEBIPEHOT0 PiBHS SKOCTI.

[lepcrieKTHBHM CTBOPEHHS SIKICHUX Cy4YaCHHUX MAacTHJl 0OYMOBJIEHI HEOOX1IHICTIO 3aTy4eHHS
IIMPOKOTO0 ACOPTUMEHTY CHUPOBMHHUX KOMIIOHEHTIB. CTOCOBHO JUCHEPCIHHOTO cepeloBuUlla, Lie:
MaJloB’s3Kl  HadTOBI onuBH, monianbdaonediHu, ecTepHi 1 NOMieHIIeCTepHI  OJHBH,
nep(TopasIKiIbHI €CTepH, CUIIIKOHOBI OJIMBU Ta poCiaMHHI omii. 3anyueHHs onuB 1V 1 V rpyn nae
MOJKJIMBICTh 3HAYHO PO3ILIMPUTH TEMIIEpATYPHHUIL Jl1alla30H Mpale31aTHOCTI MacTuia 1 B 6araTbox
BUIIAJIKaX 3aCTOCYBAHHS OMPAB/AHO 1 3 EKOHOMIYHOI TOUKH 30DY.

B sxocti nucnepcHoi (a3u MepcrneKTUBHUMM €: KOMIUIEKCHI HaTpiioBi, KOMILJIEKCHI
JITIHOBI 1 KOMIUIEKCHI atOMiHiHOBI MacTuiia; MpPOCTi 1 KOMIJIEKCHI Cylb(OHATHI, CaiIMIATHI 1
dbeHaTH1 MacTuiIa; Ha 3MIIMIAHUX 3aryCHUKaX — JITIHOBO-KajbIiiioBl Ta iHui. [{lum nepenikom He
00MeXY€eThCS MOKIIUBICTh PO3POOKH MACTHII 3 30BCIM 1HIIMMH 3a MPUPOAOIO 3aryCHUKAMH.

JUis OTpUMaHHS BHCOKHMX TPUMOOJIOTIYHUX XapaKTEPUCTUK MACTHJI BUKOPHUCTOBYIOThH
nobaBku: Tpadity; AuxaabKoreHigu TyromnaBkux meraniB (IXTM) — MoS;, WS, MoSe; Ta
1HIII1; TIOJTIMEPH — MOJIeTUIIEH, MOMITeTpadTOPETUIICH; MiHEpaJId — CIIIOJY 1 BEPMUKYIIIT; METaIH
Ta iX 3’€THaHHS — MiJb, IIMHK, CBUHEIb, OKCH/T aJTFOMIiHII0 Ta JIp. 3 mosiBOI0 HaHO100aBoK [IXTM,
dynepeHiB i rpadeHy, BOHH TaKOK BUKOPHCTOBYIOTHCSI B MAaCTHJIaX.

Jlnis BiAHOBJIGHHS IIMBUII30BaHOTO PUHKY B JlepikaBi iCHye HarajgbHa morpeda B CTBOPEHHI
HEHTPY 3 MPOBEACHHS Ja0OpaTOPHUX, CTEHIOBUX Ta EKCIUTyaTallifHUX BUIPOOYBaHb MAacTHII,
MirOTOBKA KaapiB ISl IUX POOIT.



3AKOHOMIPHOCTI HABPSIKAHHS ITOJIIMEPIB PI3HOI XIMIYHOI
IMPUPOAM B CEPEJOBHUIII CYMIIIEBOTI'O ITAJIMBA

Onena Illesuenxo, lapuna Illonumaiinenxko, Kocmanmun 3amikyna
Ykpaincokuii oeparcasnuii ynisepcumem nayku i mexuonoeiu, m. [{uinpo eyn. Jlasapaua 2,
Vkpaina, darinapopy@gmail.com

[Tponiecn HaOpsIKaHHS CYTTEBO BILIMBAIOThH HA €KCILTyaTalliiHI XapaKTEePUCTUKU MaTepiais,
30KpemMa iX MeXaHIYHy MIIHICTh, €JaCTUYHICTh 1 JOBrOBiUHICTh. (OCOOIMBO BaXKJIKBE
JOCIIJKEHHSI BIUTUBY TEMIIEpaTypH Ta XiMIYHOI NPUPOaM (PYHKIIOHAIBHUX TPyH MOJIMEpiB Ha
XapakTep B3aeMOJIli 3 PO3UMHHHMKOM, OCKUIBKU L€ JI03BOJIIE BU3HAUUTH MEXI IMpaLe3JaTHOCTI
MartepiajiiB Ta ONEpeIuTH X MepeIyacHy Aerpaalito.

BceranoBneHHs MexaHi3MiB 0OMEXEHOTr0 W HEOOMEXEHOTO HaOpsSKAaHHS  HAIOBHEHOTO
ONMBOOCH30CTIKOTO TOJMIMEPHOTO MaTepialy Ha OCHOBI OyTai€eH-HITPUIBHOTO KaydyKy 3
cepenHiM BMicToM akpusioHiTpuiy ( 26% wmac) (BHK-26) ta koMmmosuiiiHux marepialiB Ha
OCHOBI ’KOPCTKOT IOJICEYOBUHU Ta JIMTTEBOTO KOPCTKOTO MOJiypeTaHy Ma€e NPaKTUYHE 3HAYECHHs
JUIs OOTPYHTOBAHOTO BHOOpPY MOJIIMEPIB, CTIMKUX M0 ii METHJIOBHX €CTEPIiB YKUPHHUX KHUCIIOT, a
TAaKOX JUIsi PO3POOJICHHS HOBHX KOMITO3UIIIHHUX MAaTepialliB 13 MiJBUIICHOIO XIMIYHOIO Ta
TEPMIYHOO CTIHKICTIO.

Jane nocnimxeHHst 6a3yeThCsl Ha pe3yibTaTaxX MONEPEAHIX €KCIIEPUMEHTAIbHUX pOOIT, y
SKUX OYyJI0 BHBYEHO IpollecH HaOpsiKaHHS TOoiiMepHHX MaTepianiB y cepemoumii MEXK 3a
temriepatyp 25 °C ta 120 °C, mo 103BOJIWIO BCTAHOBUTH BIUIMB TEMIEpPaTypHOro (akTopa Ha
XapakTep MKMOJIEKYJISIPHOT B3a€MOIIT Ta CTyMiHb HaOpsikaHHs [1].

HaOpsikanHst € (i3UKO-XIMIYHUM MpOIECOM, IO TMOJArae y TMOTJIMHAHHI PO3YMHHUKA
BHCOKOMOJIEKYJISIPHOIO CIIOJTYKOI0, BHACIIZIOK YOTO 3MIHIOIOTHCS ii Maca, 00’€M 1 BHYTPIIIHS
CTPYKTypa. 3ajeXHO BiJ XapakTepy B3ae€MOJAIl MK TMOJIMEPOM 1 PO3YMHHUKOM PO3PI3HSIIOTH
oOMexxeHe Ta HeoOMexeHe HaOpskaHHS. Jlns oOMeXeHOro HaOpsKaHHS XapaKTepHUM €
JIOCSATHEHHS PIBHOBa)KHOT'O CTaHY, 3a SIKOTO IMOJajbllle MOTJIMHAHHSA PO3YMHHUKA MPUITHHIETHCS.
VY Bunaaky HeEOOMEXEHOro HaOpsKaHHS NPOIEC MOKE MEPEeXOJUTH y IOBHE PO3YMHEHHS
MOJIIMEPY, 10 CYNPOBOIKYETHCS JE3IHTETPAIlIEI0 HOTO MTPOCTOPOBOI CTPYKTYPH.

VY Bunazaky 13 BHK-26 ta mnomnixnoponpeHy HaOpsikaHHS 3a Oynb-fKOT TemIepaTtypu €
00MEKEeHUM, OTKE, MO’KHA 3pOOMTH BUCHOBOK, LII0 MPUpPOa Ipolecy 0azyeTbes Ha cuinax Ban-
nep-Baanbca, ToOTO Ha MPUTSATHEHH] (YHKIIOHAIBHUX TPYI, SIKI MAlOTh IMPOTHJIEKHI YaCTKOBI
3apsaau (UTIOCTpalliss Takoro MeXaHI3My HaBeldeHa Ha pHUCYHKY 1) B mpormeci HaOpsikaHHA
BiZIOYBa€ThCS NMPOHUKHEHHS PO3YMHHUKA B TOJIMEp, BHACTIIOK YOr0 PYHHYETHCS TpPETHHHA
CTPYKTYpa OCTAaHHBOT'O, IIPH LIbOMY XIMI4HOT B3a€EMO/I{ HE Bi10yBa€ThCS.
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Puc. 1. I'imoternuynnii mexanism HaOpsikanHs BHK-26 (a) Ta momixnoponpeny (0)

Hwxunit cryninp HaOpsikanHs BHK-26 mnopiBHSHO 3 MOMIXJIOPONPEHOM HOSCHIOETHCS
MEHILIUM BMICTOM HOJSPU30BaHUX (YHKUIOHAIBHUX Ipyn —C=N, 31aTHUX 10 €I1eKTPOCTAaTUYHOI
B3aemonii 3 monekynamu MEJXK. Bopnouac y momixmoporpeni HasBHI 3B’si3kn C=C,
NOJSApU3allis  SKUX MiJACHIIOETECS  €JICKTPOHETaTUBHUMH aTOMaMd  XJIOPY, IO  CIIPHSE
IHTEHCUBHIIIOMY IIPOHMKHEHHIO PO3YMHHUKA Ta 30UIBIIEHHIO CTYIICHSI HAOpSKaHHS.

Jlis moniyperaHy Ta MOJICEYOBUHH, SIKI XapaKTEpU3YIOTbCS BHUCOKUM BMICTOM MOJIIPHHUX
rpyn C=0 Tta N-H, crnocrepiraeTrbcsi 3HaYHO BUIIMKA CTyIiHb HaOpsikaHHs. lle moxe Oytu
NIOB’S13aHO 3 YTBOPEHHSM BOJHEBUX 3B’S3KIB MK MOJIEKYJaMH IOJIMEpPY Ta KOMIOHEHTAMHU
MEXK, enepris sikux icTOTHO nepeBuulye cunu Ban-nep-Baansca. Kpim Toro, 3aBasku Takum
B3a€MOJIISIM MOXJIUBE (OPMYBaHHsS TEPMOJAMHAMIYHO CTaOUIbHUX LMKIIYHUX CTPYKTYp, LIO 3a
HIJBUIIEHUX TEMIIEPATyp MOXKYTh COPUATH Nepediry peakiiiil nepeetepudikaiiii (pUCyHOK 2).

[Tinumenns temnepatypu 10 120 °C mpu3BOAMTH 10 3pOCTaHHSI €HTPOMII CUCTEMH Ta
aKTUBAllii XIMIYHUX I€PEeTBOPEHb, YHACIIOK YOro I TMOJIiypeTaHy Ta TOJiCEYOBUHU
BiZIOyBa€eThCs TMepexi] Bii OOMEXKEHOro 10 HeoOMexeHOro HaOpskaHHs. Hacmigkom nporo €
JECTPYKIIs MOJIMEPHOI CITKM Ta pyHHYBaHHS 3pa3KiB, 110 CBIIYUTH MPO HEJOCTATHIO XIMIYHY
CTIMKICTh IUX MaTepialliB y 3a3HaYEHUX YMOBax.
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Puc. 2. 'inoreTnynuii MexaHi3M HaOpsIKaHHS MOJTICEYOBHHHU Ta MOJiypeTaHy

s oOMexxeHoro HaOpsikaHHs, xapaktepHoro s BHK-26 Tta momixmoporpeny,
JOCSATAETHCSI MaKCHMaJIbHE 3HAYEHHS CTYNEHs HaOpsKaHHS, IICIs YOTO BCTAHOBIIOETHCS
PIBHOBaXHMI CTaH.



TakuMm 4YMHOM, BH3HAYAIBHUMH (akTopamMH Tpouecy HaOpsKaHHA € TpUpoAa
(GYHKIIOHATBPHUX TPYH TMOJIMEPY, THUI MDKMOJEKYISPHUX B3a€EMOJINH 13 PO3YMHHUKOM Ta
Temreparypa cepepoBuiia. OTpumaHi pe3yinbTaTd MOXYTh OyTH  BHUKOPHUCTaHi  JUIs
IPOTHO3YBaHHS JTIOBrOBIYHOCTI MOJIIMEPHUX MaTepialiiB i BUOOPY enacToMepiB Ul eKCILTyaTalii B
arpecuBHUX OPTaHIYHUX CEPeIOBHIIAX.

Hocnidoceno ocobausocmi HAOpAKAHHA NONIMEPHUX Mamepianié pi3Hoi XIMiuHOI npupoou y cepeoosuuyi
MEXXK 3a pisnux memnepamypHux ymos. Bcmamnosneno 3axonomipnocmi nepexody 6i0 obmedceno2o 00
HEOOMEINCEHO20 HAOPSKANHS 3AEHCHO 610 BMICIY NOIAPHUX QYHKYIOHATLHUX 2DYN MA XAPAKMEPY MINCMONEKYIAPHUX
63aemoliu. Ilokasano ennus memnepamypu HaA XiMiuHy CMIUKICMb [ CMPYKMYPHY YILICHICMb O0CHIONCEHUX
noaimepis.

Knrouogi cnosa: memunogi ecmepu JHCUpHux KUCiom, eiacmomep, HAOPAKAHHI, MepMOCMIlKiCMb, XiMiuHa
cmiukicms

JlirepaTypa

[1]. Shevchenko, O., Popytailenko, D., Ebich Yu., Zamikula K., Sukhyi K., Vytrykush N. Features of the swelling
kinetics of polymer materials in blended diesel fuel. Chemistry and Chemical Technology 2024, 18(4), 642 — 651.
https://doi.org/10.23939/chcht18.04.642



https://www.scopus.com/authid/detail.uri?authorId=57288760400
https://www.scopus.com/authid/detail.uri?authorId=57289612300
https://doi.org/10.23939/chcht18.04.642

HAYKOBI ACTIEKTH KOHBEPCIi JIOKCHUY BYIJIELIO 10
MOTOPHUX ITAJINB

. . e 1 v o 2
Bikmopia Pioyn’, Cepeiii boiiuenxo®, Ipuna Tapacrok3
TAT «Vrprnagpmar, m. Kuis, nposyriox Hecmopiscokuii 3-5. ribun.vika@gmail.com
2 . o . . o . . . . .
HTY «Kuiscokuii nonimexuiunuu incmumym imeni leopsi  Cixopcbkoco, m. Kuis,
bepecmeticokuii npocnekm 37, chemmotology(@ukrnet.com
AT «Yxpnagpmar, m, Jlonuna, eyn. Hagpmosuxie 18. ivtarasiuk(@gmail.com

PosrisayTo cywacHi Texnonorii kouBepcii COLJ y C,. ByIJIEBOIHI Ta MOTOpHI IanuBa, e(QEeKTUBHICTb SKHUX
BU3HAYAETHCS 3aCTOCYBAaHHSAM pI3HUX KaTaJiTUYHHX CHCTeM. HaBemeHO MOpPIBHAUIBHY XapaKTEPUCTHKY psIy
KaTaJli3aTopiB Ta IOKa3aHO KIIFOYOBY POJb MIABBMICHUX KaTalli3aTopiB, 30Kkpema meHTpiB Cull, y migBUIIEeHHI
CEJIEKTUBHOCTI CHHTE3Y LITHOBUX MPOIYKTIB.

KirouoBi cnosa: BigHoBieHHs CO[J; MOTOpHI manuwBa;, KaTaliTHYHA CEJCKTHBHICTh, CHHTE3-Ta3;
JIeKapOOHI3aIlisl CHePTeTUKH.

Ha cyuacHoMy eTari €KoJI0r1uH1 XapakTepUCTUKU TPAJAULIHHUX BUAIB MaJIMBa 3aIUILAIOTHCS
poOIEeMHUMH, IO 3yMOBITIOE HEOOX1THICTh PO3POOIICHHS aJbTEPHATUBHUX MMAJTHBHUX CUCTEM IS
3MEHIICHHS aTMOC(EPHUX BUKUIIB 1 JOTPUMAHHS BUMOT JieKapOOHi3allii EeHepreTHYHOTO CEKTOpY.

Posmisinyre B Tezax OiomaquBO Moke OyTHM CHHTE30BaHE METOJaMH (POTOKATaJiTHYHOTO,
€JIeKTPOXIMIYHOTO, TEpMOXIMIYHOrO Ta  OloenmekTpoximiunoro BigHoBieHHs COLl 13
BUKOPHCTAHHSM TOMOTEHHHX 1 TE€TEpPOreHHHX Karaji3aropiB, HpU IbOMY (OTOKATATITHIHA
KOHBEpCis BIJIrpae BaXJIMBY pOJb y IMOJOJAHHI EHEPreTHYHUX 1 KIIMAaTUYHUX BHUKIJIMKIB.
[ToxazaHo TexHIYHY MOXIHUBICTh BukopuctaHHs CO[] sk mxepena BYIVICIIO JUIsl CUHTE3Y
HIMPOKOTO CreKTpa MpoaykTiB — BiJ CO 10 piAKMX MaJUB 1 BUCOKOMOJIEKYIISIpHUX ToiiMepiB [1].

3pocranns iHTEpecy no koHBepcii CO[] 3ymMOBIeHE MOEAHAHHSIM €KOJIOTTYHOTO eeKTy Ta
CTBOPEHHsI JO/aHOi BapTOCTi, OJHAK ii MaciiTaOHE BIPOBAJKEHHS NOTpPeOye EKOHOMIUHO
KOHKYPEHTOCITPOMOXHUX MPOAYKTIB 1 KOMIUIEKCHOI OIIHKU €HEPTeTUYHOTO OaslaHCy, eKOHOMIYHOL
JOLIIBHOCTI Ta )KUTTEBOTO LIUKITY TEXHOJIOT1H.

Kongepciss COl! € ckinasoBor0 MOOAJIBHOTO BYIVIELIEBOIO IUKIY, @ YCIHIX BIJMOBLAHUX
TEXHOJIOT1M BHM3HAYAEThCA IX CYMICHICTIO 3 HAasBHOK 1HQPACTPYKTYpOI Ta TOAOJIAHHIM
TEXHIYHUX 1 KOMEpUIHHUX Oap’epiB HUIIXOM MDKAUCUUIUIIHAPHUX JIOCHIKEHb. 3arajiom
yruizaniss COLl po3misiiaeTbes K MEPCIEeKTUBHUM HampsM 3MEHIIEHHS BHUKHJIIB MapHUKOBUX
rasiB, peajizarllis SKoro moTpedye MI>KHAPOIHOI CITIBITpAIi.

B nanmii MomeHT HaiinepcnekTHBHIIIMMHM MeTojgamu koHBepcii CO, € KkoHBepcis 10
BYIJICBOAHIB 13 JOBrUM KapOOHOBHM JIAHITFOTOM, B OCHOBI SIKOi JIGKHTHh CIIOCIO OTpHUMaHHS
BYIVIEBOJIHIB 13 cuHTe3-razy MetonoMm Pimepom-Tpommia. Bapro Takox BiA3HAYMTH KOHBEPCIIO
JIOKCHTY BYIJIEITIO 10 HACTYMHUX croiyk: MetanoBa kuciora (HCOOH), popmansaerin (HCHO)
ta Metanoi (CH3OH), npoTe y BUKJIaIeHUX Te3aX MONIMOJIEHO PO3MIIHYTO caMe JIOBIOJaHIIIOTOBI
BYIJIEBOJHI, OCKIJTbKH BOHHM € KOMITOHEHTAMH I[JIbOBOTO TTPOAYKTY — MOTOPHOTO TajuBa [2].

Karanizatopu BifirpaioTh KiIrO4OBY posb y mporecax koHBepcii CO[]l 1o MOTOpHOro
najuBa, OCKUIbKM 32 OCTaHHI JAECSITUIITTS Oyl10 po3poOJeHO YMCIEHHI METOAU M KaTaliTU4HI
CHCTEMH JJIs1 XIMIYHOTO NEpeTBOPEHHs JiOKcHIy Byriemto. CydacHi TEXHOJIOTIi 3a0e3neuyroTh
BHUCOKY €HEpProe(eKTUBHICTh, IIBHUJIKICTb pEaklii Ta YTBOPEHHS LIJbOBUX MPOAYKTIB, OJHAK I
XapaKTePUCTUKU PIJIKO JOCATAIOTHCS OJHOYACHO B MEXaxX OJHOTO IMPOIIECY.

MexaHnizmu 0aratbox 13 IUX PEaKIlii 3aJUIIAI0THCS HEIOCTaTHRO BUBUCHUMH. BBaXkaeThcs,
10 peakii BigOyBalOThCs yepe3 pi3Hi MPOMIXKHI CIIOMYKH Ta cTafii MexaHizmy. OHOeNEeKTPOHHE
nepeHecennss Ha CO[l (3 yTrBOpeHHsM aHioH-pagukana CO[le[]) yCKIagHIOE TOMABITY
KOHBepCito, Toni K A yrBopeHHss CO HeoOXigHMI MeXaHi3M, KU OB’ sI3aHHUH 13 PO3PUBOM
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3B’sa13kiB C—O. Bcranosienssa tounux cramiyi akruBamii COLl € HeoOXiZHMM IJId ITiIBUAIIECHHS
CEJIEKTUBHOCTI Ta BUXOAY MNPOAYKTIB INUIIXOM LijecnpsMoBaHOi Moauikamii KaramizaTopis.
Cepen 1HIIMX KPUTUYHO BAXJIMBUX YWHHUKIB — CTAOUIBHICTB, MPOMYKTHUBHICTH, BapTICTh 1
eKoJIoriyHa Oe3MevHicTh mporecis[3].

3 TepMOOMHAMIYHOI Ta KiHETHYHOI TO4YOK 30py KoHBepcis CO, y JOBrOJIAHIFOTOBI
BYIVIEBOJIHI Ta KHCHEBMICHI OpraHiuHi CIOJYKH € OUIbII CKJIQJHUM 3aBJaHHSM TOPIBHSHO 3
YTBOPEHHSIM  BHIICTECPENIYCHUX  MPOAYKTIB.  ByIeBomHI  XapakTepH3yIOThCS  BHIIOO
CHEPrOEMHICTIO Ta € 3py4yHIIMMHU Juis 30epiraHHs W TpaHcmopryBaHHs. CydacHa CBiTOBa
TPaHCIOPTHA 1H(PACTPYKTYypa Ta TPAHCIIOPTHI 3aCO0M MEPEBAKHO OPIEHTOBAaHI HA BUKOPUCTAHHS
caMme TakuX piaKuX naaus [4].

Sk Oyno BWIE 3a3HAYCHO, CHUHTE3-Ta3 € OCHOBOIO METONYy OTPUMaHHs OiomanuBa 3a
noromororo Merony @imepa-Tpomnma[5]:

xH,(g) +yCO(g) -
aCpHeni2)(l/g) + bCyHy, (1/g) + cChHan41)OH () + dCp_1Hizpn—1)CHO(D) +

eCn_lH(Zn_l)COOH(l) + zH,0(1),
Jie n — JI0/IaTHE 1IiJIe YKucio, a Koediientu a, b, ¢, d, e Ta z BiAnoBinawTh GpakiiiHOMY CKIa1y
MPOMYKTIB PeaKiiii:

x=n(a+b+c+d+e)+a+c

y=n(a+b+c+d+e)
z=nla+b+c+d+e)a—d—2e

AnxanoBi mpoayktu (CyHzni2) € HeposramyXeHHMH BYIVIEBOIHSAMH, NPUAATHUMU JUIS
BUKOPUCTaHHS SIK JM3€iIbHE Ta asilaliiiHe mamuBo. OKpIM LbOTO, BHACIIJOK KOHKYPYIOUHX
peaxiiif Takox yTBoproroThes ankeHu (ChHyy), a Takok KMCHEBMICHI BYITIEBOJHI, 30KpeMa CIIUPTH
(CyH2n11OH), anbnerigu (Cp-1Hzp-iCHO) Ta kap6onoBi kucnotu (Cp-1Hz,- COOH)[6].

JUis celeKTUBHOTO OEp)KaHHS IU3EJIbHOTO MajHBa, JIETKUX ONe(iHIB 1 BUIIMX CHHUPTIB
po3pobieHo pi3HI TUMHM KaranizaropiB cuHTedy @Dimepa—Tporina 3 BHCOKOIO KaTadiTUYHOIO
CEJNICKTHBHICTIO. 3HAa4YHA KIIBKICTh JOCHIIKEHb TaKoX MpucBiadeHa TinpyBanHio COLl 1o
MypalIMHOI KHUCJIOTH, METAaHOJly Ta aBlallifHUX MajuB 13 BHUKOPHUCTAHHSAM TOMOTE€HHHUX 1
reTeporeHHuX KaraiizaropiB. [IOpiBHSHO 3 TOMOreHHUMM cUCTeMaMHM, Karaiizaropu Pimepa—
Tpormia MarOTh nepeBaru 3aBAsKd IPOCTOTI PO3AUIEHHS, HUXKYMM BUTparaM 1 BUIIIH aKTUBHOCTI.
Bonnowac tepmonuHamiuHa crabinpHicTh CO[) 3ymMOBiIOE HEOOXITHICTH peanizaiii peaxiii
3BOPOTHOI'O BOJISIHOTO Ta30BOT0 3CYBY SIK KJIFOUOBOI CTaAli Horo rigpyBaHHs [7].

Haii6inpm qocnimkeHnnMu € karanizaropu Ha ocHoBi Fe, Co Ta Ru, HaHeceHi Ha pi3Hi HOCIi.
HonaBanus kamito (0,5-3 %) copusie yTBOPEHHIO JOBTOJIAHIFOTOBHX BYIJIEBOJHIB, TOMI SIK
HaaMipHuid BMicT K 3HIKye aKTHBHICTh KatamizatopiB. OKCHIM Maprasiuioo Ta Iepito
3aCTOCOBYIOTh SIK TMPOMOTOPH JJIsl IIJBUIICHHS AKTUBHOCTI peakilii 3BOPOTHOTO BOJSIHOTO
ra3oBoro 3cyBy, a BBegeHHs Cu Ta Ru 10 3ami3Hux karamizaropiB 30iibinye koHBepcito COTJ i
CIpHUsIE CUHTE3Y BUIIUX CIUPTIB 3aBASIKU CUHEPTiUHOMY €(eKTy aKTUBHHX IIEHTPIB [§].

CyyacHi  JOCHIJDKEHHS  TOKa3yloThb, [0  BHUKOPHUCTaHHS  Mn-mpoMoTOpiB i
HAaHOCTPYKTYPOBaHHMX HOCIIB  JTO3BOJSIE  3HU3UTH  TEMIIEPATypy TMPOIECY,  ITiIBUIIATH
CEJIEKTUBHICTh [0 BUIIMX BYIIEBOAHIB (>Ciy) 1 pPErymoBaTH CIiBBITHOIICHHS OJe]iHIB Ta
napadiniB. OnHaK po3MOALT MPOAYKTIB YaCTO BIAXUIISETHCS BiJ KIaCHMYHOI Mojeal AHAEepCOHa—
Hlynena—®nopi  (ALLI®D) BHaAcHiAOK BTOPUHHUX peakiid, IO MiJKPecIoe HeoOXiTHICTh
MOJIAJTBIIIOT ONITUMI3AIT CKIIay KaTaii3aTopiB 1 yMOB mporecy [9].

Hosromanmorosi  BymeBogni  (mo  C[l)  MOXyTb  yTBOpIOBAaTHCS — IMiJ  4ac
eJIeKTpoKaTamiTHuHOro BifgHOBIeHHS CO[! Ha MJIATMHOBMX HAaHOYACTUHKAaX, HAHECEHMX Ha
ByIenesi enekrpoau. Ilpore 3a Hu3bKOi Temmneparypu (298 K) picT ByIJIeBOJHEBOTO JIAHIIOTA €



MOBUJILHUM, a PO3MOLT MPOAYKTIB BiAXUIsAeThCs Big Moaeni Auaepcona—Illymsiia—®dnopi depes
peancopOIrito MPOMDKHUX CIIONYK y TopucTomy Byrieiti [ 10].

[TnazmoBuii pedopminr CO[//CHI| € anbTepHaTUBHUM IUIAXOM OJIEpKaHHS CHHTE3-Ta3y,
JIETKUX BYIVIEBOJHIB 1 PIIKHUX MMaJIMUB, MPUYOMY CEIEKTUBHICTH MPOLECY BHU3HAYAETHCS CKIIAIOM
CyMIlIlli, 9YaCOM KOHTAKTY Ta ITIBEICHOIO MOTY)XHICTIO. PO3MOI1I MPOIYKTIB TaKOK HE BiAMOBIAA€E
ALI®-monerni, a 32 BIACYTHOCTI IIEONTITY A CIIOCTEPITraeThCsl yTBOPEHHS BYIJICHIEBUX ILTIBOK.

Enexkrpoximiune BimHoBieHHa CO[] y BOIHHUX pO3UMHAX HA MIJIHHUX e€JIEKTpoAax
JEMOHCTPYE BHCOKY €(EKTHBHICTH YTBOPECHHSI BYIVICBOAHIB. 30KpeMa, €JICKTPOAM Ha OCHOBI
rajoreHiaiB Miai(I)/Cu 3a0e3meuyroTh BUCOKY CEJIEKTHUBHICTh JI0 €THJICHY Ta 3HAYHY CTPYMOBY
epeKTUBHICTh. 3ampomoHoBaHU MexaHi3m yrBopeHHss CUIH[] Bkirouae cramii ¢GpopMmyBaHHS
kapOokcmipbHUX Tpyn —COOH Ta ancop6oBanux mnpomikaux crnoiayk tuny —CHIICO, mo
miaTBeppKyeThest  HasiBHICTIO C[J—C[] KapOOHOBUX KHCJIOT Cepell MPOAYKTIB peaKiii.
[TopiBHsIIBHI JOCTiIKEeHHS oka3anu, 1o mapu Cul /O € akTUBHIIIMMH 3a MOJIKPUCTATIYHY Mijib,
OJTHAK TIOCTYTAIOTHCS 32 CEJCKTUBHICTIO CUCTeMaM Ha ocHOBI ramoreHifiB mimi(l). CykymHicTh
eKCIIEPUMEHTAIbHUX PE3yNbTaTiB CBIAUYUTH MPO KIOYOBY poiib 10HIB Cull K aKTUBHHX IEHTPIB
CEJIEKTUBHOIO YTBOPEHHs eTuieny [11].

BucnoBok. InTterpamiss pisHux TexHojioriii konBepcii COLl 3 BHKOPHCTaHHAM
HAHOCTPYKTYPOBAaHUX KaTaJITUYHUX MaTepialiB € HepCHeKTI/IBHI/IM NUITXOM BUPOOHHUIITBA
OiomanuBa. OnTumizallisi KaTaliTUYHUX CHCTEM Ha OCHOBI B3a€MO3B’S3KiB «CTPYKTypa—CKJIaji—
AKTUBHICTH» MiABUINYE €()EKTHBHICTH CHHTE3y JIOBTOJIAHIFOTOBHX BYIJICBOJIHIB 1 MOTOPHHX
MaJIuB, X0Ua MPOIECH 3AIUIIAIOTHCS CENEKTUBHUMHU, KIHETUYHO Ta €HEPreTHYHO OOMEKEHHMH.
Oco0nuBO MEpCIeKTUBHUMHE € MiJIbBMICHI Karaiizaropu, ae ionu Cull 3a0e3medyroTh miIBUIIeHY
ceNIeKTUBHICTh 10 C,4-BYIVICBO/HIB, a MOAAJBIIMNA PO3BUTOK TEXHOJOTIH MOTpedye IMIMOLIOro
PO3yMIHHSI MEXaHI3MIB PeaKIlii 1 MIJIECIIPSIMOBAHOT ONTUMI3aIll1 KaTATITUYHUX CUCTEM.
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3MIHA BJIACTUBOCTEM OJIUBHU T-1500 IIICJISI BUKOPUCTAHHS i
B TPAHC®OPMATOPAX

Tapac Yepgincokui, I2op binoyc, Ilempo Kazumupie, Mukona I pucopaw

Hayionanvnuii ynisepcumem «JIvgiecoka nonimexnikay»,kageopa Ximiunoi mexnonozii nepepooxu
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TpancpopmaropHi  ONMBH  BiAIrpalOTb  KPUTHYHO  BAXIMBY poiib y  poOoTi
CJIEKTPOCHEPIeTHYHOTO 00JIaJIHAHHSA, HAcaMIlepe]l CHJIOBHX TpaHc(opMaTopiB. IX 3HaYeHHS
BU3HAYAETHCS TIOEHAHHAM KITbKOX KIIIOUOBUX (YHKIIHA, Oe3 sKuX cTabiuipbHa Ta Oe3medHa
eKcIutyaranisi Tpancopmaropis Oyna 6 HemoxiauBorw. llepemyciMm TpanchopmaTopHa ONHBa
BUKOHYE 130JIMIiHY (yHKIIIO, sika 3a0e3nedye eIeKTPUYHY i30JIAIiI0 MK CTPYMOBEIYYHMHU
YacTUHAMM, 3alo0iraloyd KOPOTKMM 3aMHUKaHHAM. Bucoka enekTpuyHa MILHICTh OJIMBH €
HEOOX1THOI0 YMOBOIO Ha/IIMHOT poOOTH 00MaIHaHHS, OCOOIMBO MIPU BUCOKUX HAMpyTrax.

VY nporeci pobotu Tpanchopmaropa BHIUISETHCS 3HAYHA KUIBKICTh TEIUIa, i caMe OJIMBa
3a0e3mnedye HOro BiJBEICHHS BiJ aKTUBHOI 4acTUHH (OOMOTOK i MarHiTonmpoBonay). EdextuBHe
OXOJIO/PKEHHS 3amo0irae meperpiBaHHIO 130JIALIMHUX MaTepialiB 1 MOJOBXKYE TEPMIH CIYKOU
oOJiafHaHHSL.

3axuCHI BJIACTUBOCTI TPaHC(HOPMATOPHOI OJMBU IMOJISTAIOTH B 130JIFOBAHHI TBEPIOT 1301111
BiJl KOHTaKTy 3 KHCHEM 1 BOJIOTOIO, IO CIIOBUJIBHIOE TIPOIECH OKUCHCHHS Ta CTapiHHS
1eIr0103H1X MaTepiaiiB. Lle 6e3nocepesHbO BIUTMBAE HA IOBFOBIYHICTh TpaHChOpMarTopa.

VY mpoueci ekcryaTanii TpaHCOpMaTOpHA OJIMBAa BUCTYIA€E CBOEPITHUM iarHOCTUYHUM
cepenoBHILEM. 3a ii cTaHOM (BMICT ra3iB, MPOAYKTIB OKHMCHEHHSI, BOJIM, MEXAHIYHUX JTOMIIIOK)
MO’KHa OLIIHUTH TE€XHIYHUI CTaH TpaHc(opmaTopa Ta BUSBUTH OYATKOBI 1€(DEKTH.

Bonnouac mij Ji€r0 TeMmepaTypH, €JIeKTPpUYHUX IOJIB 1 KHCHIO TOBITPS BiIOYyBaeTbCs
CTapiHHS OJIMBH, IO CYNPOBOKYETHCSI YTBOPEHHSIM OPTaHIYHMX KUCJIOT, CMOJIMCTUX PEYOBHH 1
nuiamiB. Lle npu3BoauTh 10 3HMKEHHS 11 130JISLIMHUX Ta TEIUIOTEXHIYHUX BJIACTUBOCTEH, TOMY
peryisipHuil KOHTPOJIb 1 CBOEYacHa perenepaiiis abo 3amiHa OJMBU € 000B’I3KOBUMH.

Metoro poOOTH € BCTAaHOBJIEHHS 3aKOHOMIPHOCTEM 3MIHM OCHOBHMX (I3UKO-XIMIYHHUX
noka3HUKiB ouBH T-1500 micis 1 BUKOpUCTAaHHS B TpaHC(HOpMaTOpHOMY OO JHAHHI.

VY mporieci ekcrutyaraiiii TpaHcopMaTopHa OJMBa 3a3HAE OKUCHIOBAIBHOI JECTPYKIIii, sSKa
CYNPOBO/UKYETHCSI YTBOPEHHSIM BHUIIE MEPENiYeHUX MPOAYKTIB CTapiHHSA, IO 3yMOBIIOE
HOTIpIIEHHS i1 eKCIUTyaTallifHUX XapaKTEePUCTHK.

[TopiBHsuibHUE aHami3 cBDXOi Ta BiampanboBaHoi onuBu T-1500 mokasye, mo micus
eKCIUTyaTalii 3pocTae B’SI3KICTb 1 KHUCJIOTHE 4YHCIIO, 3HUKYEThCS TEMIlepaTypa crajaxy Ta
eJeKTpuYHa NpoOuBHA Hampyra. BojaHouac BiI0OyBaeThbCs MOTEMHIHHS KOJIbOPY OJIMBH, IO
CBIAYUTH MPO HAKOIIMYEHHS MPOJYKTIB OKUCHEHHS 1 TEPMIYHOT IECTPYKIIii.

Otpumani pe3ylnbTaTH CBiAYaThb NPO HEOOXIJHICTh PEryJsSpHOTO KOHTPOJIO CTaHy
TpaHCc(OpPMATOPHUX OJHMB Yy Tpoleci ekcruryatamii. J[jas BiJHOBJIEHHS IXHIX BJIACTHBOCTEH
JIOLIJIBHUM € 3aCTOCYBAaHHSI METOJIB pereHeparlii, Takux K ajcopOLiiiHe OYMIICHHS, BaKyyMHa
Jierasailisi, @ Tak0>X XiMi4H1 METO/IM BUJAJIEHHS TPOAYKTIB CTapiHHS.

TakuM 4YMHOM, BCTAHOBJICHHSI 3aKOHOMipHOCTE 3MiHM BiactuBocted oiuBu T-1500 micns
BUKOPUCTAHHS JO3BOJIIE OOIPYHTYBAaTH WiAXOAU JIO TIOAOBXKEHHS TEpMiHY 11 CIyxou,
MIJBUIECHHS HAAIHHOCTI poOOTH TpaHCPOPMATOPHOTO OOJATHAHHS Ta 3HWIKEHHS HETaTUBHOTO
BIUIMBY Ha JIOBKIJIS.
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Introduction

The Pomeranian coastline is a popular destination among tourists in Poland during the
spring and summer months. Many studies show that surface waters neighboring human populated
areas contain microplastics, the negative effects on a biological and environmental level of which
have been widely documented. Here, samples of surface waters from the Pomeranian region have
been collected over the course of April and May and screened for the presence of microplastics.
The work below is a part of a wider thesis paper, thus the final results will contain further data
coverage from more research spots.

Materials and methods

For the study, we have chosen relevant tourist destinations, which are the beaches located in
Sobieszewo, Stogi and Brzezno - all of them being sections of Gdansk city and the Gdansk Bay
[Fig. 1]. The samples were collected at the coastline into clean 1L glass bottles at a depth of
roughly 1 m, 10-20 cm under the surface. They were then transported to the laboratory within one
day for further inspection. Over the course of three weeks, nine samples were collected, eight of
which have been analysed.

Fig. 1. Sampling locations

The samples were first filtered with filter pore sizes of 30-50 um. Excess organic matter was
removed via treating the filtered residue with 30% hydrogen peroxide at 55 °C. The resulting
solution was filtered once more on a 0,45 pm pore size filter and viewed under a microscope.



Results and further analysis

Microscope observation has shown that in every viewed sample microplastic particles were
present. The most abundant type were plastic fibres of various shapes, sizes and colors,
predominantly black and blue [Fig. 2, 3]. Table 1 and Fig. 4 were made to illustrate the average
amount of microplastic spotted in every location sampled.

Fig. 2,3. Ekamples of microplastics spotted during observation

Table 1. Microplastic numbers spotted

Sobieszewo Stogi Brzezno
Medium 1 - 33 34
0,45 ym 1 - 26 30
Overall 1 - 59 64
Medium 2 37 17 32
0,45 ym 2 50 17 49
Overall 2 87 34 81
Medium 3 4 2 8
0,45 um 3 29 55 77
Overall 3 33 57 85
Average 60 50 76,67
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Fig. 4. Average microplastic values per L

Discussion and conclusions

Many studies were aimed to measure the number of microplastics in densely populated
areas, although, to our knowledge no work was focused on the Pomeranian region. Despite other
studies employing much more refined techniques [1,2], here we have shown that even upon casual
microscope observation, it is clear that microplastics are a common occurrence in Gdansk Bay
water systems. Here, we mostly detected fiber and film particles, most likely originating from
textile and packaging waste [4]. Their numbers are comparable with other works [1-3] and it’s
worth saying that we only focused on microplastics on the surface, whereas more of them can be
found in the sediment.
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Computer tomography (CT) is one of the most popular ways of cancer diagnostics
nowadays. This non-invasive and simple method is applied as an effective instrument for
detecting pathologies without excessive burden on patients, based on X-ray imaging of the
patient’s body. The X-ray tube and a row of detectors mounted within the supporting frame rotate
around the patient during each scan. CT generates digitized images, which are usually printed on
film in a format convenient for review by any doctor [1].

Generally, technique can be used to increase the natural radiological contrast between
organs. However, it cannot create contrast where it does not exist. The mechanism of computed
tomography (CT) is based on extinction. When X-rays pass through the patient’s body, some of
them are absorbed by tissues, while others are scattered in different directions. CT is widely used
for examinations of the entire human body, but the most frequently studied areas are
neuroradiology (the brain and lumbar spine), general radiography of the chest and abdomen. It is
especially useful for determining and monitoring cancer tumors [1].

Extinction depends on the density of the organ, body thickness, and the number of electrons
in the tissue atoms. Organs with high density such as lungs or bones can be clearly visualized
using X-ray imaging. However, organs with a low electron density are difficult to distinguish on
radiogram. To visualize such organs and tissues, an additional substance with a large number of
free electrons and compatibility with human tissues is required [1].

To improve soft tissue imaging, contrast agents administered intravenously were developed.
The iodinated aromatic compounds with stabilizing hydrophilic groups are quite popular in this
field, due to high X-ray absorption capacity of lodine (Fig.1) [1,2].
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Fig. 1. lonic and nonionic iodinated contrast media [3]
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The benzene ring in the structure of compounds shown at Fig.1 provides not only a stable
framework for three iodine atoms, but also increases the effective molecular size and reduces
compound toxicity. Long side chains (spacers) rich in hydroxyl groups ensure high water
solubility. In addition to low-molecular-weight iodinated compounds, monomers (for the further
preparation of polymeric compounds), as well as ionic and non-ionic dimers such as lotrolan (Fig.
2), have been developed.
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Fig. 2. lonic and nonionic dimers as iodinated contrast media [3]

Compared to low-molecular-weight compounds, dimers have significant advantages, such
as reduced pain at the injection site, lower risk of kidney damage, and fewer cardiovascular
complications. However, the viscosity of dimeric agents is much higher, which often leads to
slower elimination from the body and more painful administration [3].

However, low-molecular-weight iodinated compounds used as contrast agents also have
certain disadvantages, such as toxicity to human tissues and high viscosity of injection solutions.
Their use may cause allergic and pseudoallergic reactions, as well as even acute renal failure. Due
to these disadvantages of low-molecular-weight contrast agents, several different types of contrast
agent systems based on macromolecular compounds have been developed [1,3].

The problem of contrast agents is one of the most important for biomedicine. Now scientists
are working on multifunctional macromolecular nanoparticles, with good contrast properties and
high compatibility with the human body.

This work represents a continuation of the development of core—shell nanoparticles that are
colloidally stable in aqueous media. These systems consist of a polystyrene (PS) core and a
thermoresponsive poly(N-isopropylacrylamide) (PNIPAM) shell [4]. The aim of this work is to
extend the applicability of such nanoparticle systems by employing core functionalization. In
particular, the system was further modified by incorporating iodine-containing compounds to
impart contrast properties.

The development of efficient contrast agents remains a significant challenge in modern
biomedicine. Current research efforts are focused on designing multifunctional nanoparticles that
combine high biocompatibility, effective contrast enhancement, and potential for drug delivery. In
this context, the present work is primarily focused on improving the biocompatibility of contrast-
enhancing nanoparticles.



To achieve this goal, a series of novel iodine-containing monomers was designed and
synthesized as precursors for the further production of core—shell nanoparticles with an iodinated
core (Fig.3)[5].
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Fig. 3. The novel iodine-containing monomers

Three new monomers based on 2,3,5-triitodobenzoic acid were obtained, and their
physicochemical properties as well as polymerization behavior were investigated. Polymerization
was carried out in deuterated benzene at 85 °C using azobisisobutyronitrile (AIBN) as a radical
initiator. The structures of the synthesized monomers and the corresponding polymers were
confirmed by "H NMR spectroscopy. Under these conditions, two of the monomers (3-[(2-
methylacryloyl)oxy]propyl 2,3,5-triiodobenzoate and 4-(acryloyloxy)butyl 2,3,5-triiodobenzoate)
underwent polymerization, reaching conversions of 48.3% and 44.4%, respectively, whereas 2-
(methacryloyloxy)ethyl 2,3,5-triiodobenzoate did not polymerize under the same conditions [5].

Consequently, we have identified promising iodine-containing monomers for the
development of polymeric nanoparticles with a dual function—as drug delivery carriers and
contrast agents.
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Abstract

End-of-life tyres remain one of the most persistent streams of polymeric waste because they
combine high durability with a highly crosslinked, multi-component structure. Tyre rubber is
designed to resist deformation, oxidation, abrasion and heat build-up during service; these same
features make it difficult to return the material to high-value processing after the tyre has been
discarded. Conventional routes such as energy recovery, landfilling, stockpiling or the use of
ground tyre rubber (GTR) as a low-cost filler can reduce visible waste, but they do not fully
exploit the material value of natural rubber, synthetic rubbers, carbon black, silica, processing oils
and other compounding ingredients already present in tyres.

The central scientific and technological problem is therefore not only to reduce tyre volume,
but to restore processability while preserving as much of the useful polymer structure as possible.
Vulcanised rubber is insoluble and infusible because sulfur crosslinks connect polymer chains into
a three-dimensional network. Reclaiming and devulcanization seek to partially reverse this
network formation. In an ideal case, S-S and C-S crosslinks are cleaved selectively, whereas the
main carbon-carbon polymer backbone remains largely intact. In practice, this selectivity is
difficult to achieve because thermal, oxidative and mechanical stresses can simultaneously
promote useful de-crosslinking and undesirable chain scission. A successful recycling technology
must therefore balance the degree of devulcanization, molecular integrity, processability,
emissions, energy use and final compound performance.

This contribution presents extruder-based low-temperature devulcanization as a practical
route to valorising waste tyre rubber into sustainable elastomeric materials. It relies on continuous
thermomechanical processing of GTR under controlled conditions, in which temperature, shear,
residence time, and formulation are tuned to promote network breakdown while limiting polymer
degradation. The discussion focuses on reactive extrusion and planetary roller extrusion, which
combine conveying, mixing, heat transfer, shear activation, and devolatilization in a single,
scalable process, enabling devulcanization to serve as a controlled materials-engineering step that
produces reclaimed rubber feedstocks with defined structure and properties.

Keywords: end-of-life tyres; ground tyre rubber; low-temperature devulcanization; reactive
extrusion; planetary roller extruder; reclaimed rubber; circular economy.

Extrusion as a low-temperature devulcanization platform

Low-temperature devulcanization is attractive because it aims to limit the thermal damage
associated with traditional high-temperature reclaiming. Lower processing temperature reduces
energy demand and decreases the probability of uncontrolled decomposition of the rubber matrix



and volatile additives. At the same time, temperature cannot be considered independently:
efficient devulcanization requires sufficient mechanical and thermal activation to weaken the
crosslinked network. Extrusion offers a useful compromise because mechanical work can be
delivered continuously and intensively, while the thermal profile is accurately controlled along the
barrel or processing zone.

In reactive extrusion, GTR is subjected to compression, elongational and shear stresses in
the presence or absence of chemical aids, plasticisers, compatibilisers, or auxiliary elastomeric
phases. These stresses may open the network, reduce gel rigidity and improve the ability of
reclaimed material to mix with fresh elastomer compounds. In planetary roller extrusion, the
specific geometry of the central spindle and rotating planetary spindles promotes repeated
kneading, renewal of the material surface and efficient heat exchange. This is particularly
beneficial for heterogeneous tyre rubber, where particle size distribution, filler content, residual
textile fibres, carbon black, oils and the original blend of NR, SBR, BR and other rubbers strongly
influence processing behaviour.

A useful way to view the extruder is as a continuous reactor for solid-state or highly viscous
reactions. The material is not only transported through the equipment; it is repeatedly deformed,
heated, mixed and partially de-crosslinked. Process variables such as feed rate, screw or spindle
speed, zone temperature, residence time, filling degree, specific mechanical energy, pressure,
moisture level and additive concentration determine whether the dominant outcome is selective
devulcanization, insufficient activation or excessive degradation. Consequently, low-temperature
devulcanization requires a quality-by-design approach rather than a single universal recipe.

The expected products may be described by their degree of devulcanization. Low-
devulcanized GTR may retain a substantial fraction of the original network and behave mainly as
an activated recycled filler with improved interfacial compatibility. Highly devulcanized GTR
may show enhanced processability, greater capacity for re-vulcanisation and better incorporation
into new compounds, but it can also be more sensitive to chain scission, odour formation and
changes in thermal stability. The optimum level depends on the intended application: asphalt
modification, moulded products, rubber mats and polymer blends may tolerate different balances
of crosslink density, viscosity, elasticity and mechanical performance than demanding tyre-related
applications.

Mechanistic and formulation considerations

The mechanism of low-temperature extrusion devulcanization involves the combined action
of mechanical stress, localised heat generation, oxygen availability, filler-polymer interactions
and possible chemical assistance. The desired molecular event is the cleavage of sulfur crosslinks.
However, tyre rubber contains mono-, di- and polysulfidic crosslinks, carbon-sulfur bonds and
physical filler networks. Different bond types respond differently to thermal and mechanical
treatment. This explains why devulcanization efficiency can vary substantially between natural
rubber-rich formulations, SBR/BR-rich tread compounds, EPDM-based components and complex
tyre mixtures.

Formulation strategy is therefore crucial. Elastomer modifiers can improve compatibility
between GTR and the fresh rubber matrix; plasticising oils can reduce processing torque and
assist diffusion; reactive additives may accelerate crosslink cleavage or promote later re-
vulcanisation. Fillers and nanofillers can also be introduced to engineer the interface between
reclaimed rubber particles and virgin elastomers or thermoplastics. The goal is not only to break



crosslinks, but to create a feedstock that can be compounded reproducibly and converted into
products with predictable curing behaviour, morphology and mechanical properties.

Characterisation of reclaimed rubber feedstocks

Because devulcanized rubber is a partially transformed material rather than a chemically
pure product, its characterisation must be multi-dimensional. Swelling tests, sol fraction
determination, and crosslink density analysis are useful for estimating the extent of network
breakdown. Horikx-type analysis may help distinguish selective crosslink scission from main-
chain degradation, although interpretation requires caution for filled, multi-polymer tyre systems.
Rheological behaviour, Mooney viscosity, torque evolution during mixing and curing curves
provide practical information about processability and re-vulcanisation potential. These
measurements are important because the industrial value of reclaimed rubber depends not only on
chemical structure, but also on how the material flows, mixes and cures in real compounding
operations.

Thermal and emission-related tests are also essential. Thermogravimetric analysis and
derivative thermogravimetry can indicate changes in thermal stability after processing, while total
volatile organic compound (TVOC) assessment is important for environmental and occupational
evaluation. Low-temperature devulcanization should not be judged only by mechanical
performance; it must also demonstrate that emissions and odour are acceptable for scale-up and
final product use. Mechanical testing of re-vulcanised compounds, including tensile strength,
elongation at break, modulus, hardness, tear resistance, abrasion resistance and dynamic-
mechanical behaviour, completes the assessment by showing whether reclaimed material can
replace a meaningful fraction of virgin rubber without unacceptable performance loss.

The most informative evaluation, therefore, combines structural, rheological, thermal,
emission and mechanical data. A single indicator, such as sol fraction or tensile strength, is
insufficient. For example, a high apparent devulcanization level may be accompanied by severe
backbone degradation, giving good processability but poor strength. Conversely, a material with
modest network breakdown may retain high elasticity but remain difficult to disperse. The
technological target is an application-specific optimum rather than maximum devulcanization at
any cost.

Application potential and circular value

Devulcanized rubber can serve as a secondary raw material in several product families. In
rubber compounds, it may partially replace virgin elastomer or conventional reclaimed rubber,
provided that compatibility, curing behaviour and mechanical properties are controlled. In tyre-
related applications, the requirements are strict, and the permissible replacement level must be
carefully validated. Nevertheless, selected tyre components and technical rubber goods can
benefit from reclaimed feedstocks when the devulcanization process produces stable, well-
characterised grades.

Less demanding but high-volume applications include rubber mats, anti-fatigue flooring,
sports and playground surfaces, vibration-damping products, seals, gaskets, bumpers and molded
technical parts. In road construction, rubber-modified asphalt and bitumen systems can exploit the
elasticity, crack resistance and damping ability of devulcanized rubber or activated GTR. In
construction materials, reclaimed rubber may contribute to acoustic insulation, impact-resistant



panels, flexible composites and roofing products. Another promising direction is the incorporation
of devulcanized rubber into thermoplastic or elastomeric blends, including materials intended for
extrusion, compounding and potentially additive manufacturing. In these applications, the value of
devulcanization lies in improved interfacial adhesion, reduced particle pull-out and better stress
transfer compared with untreated crumb rubber.

From a circular-economy perspective, the key distinction is that crumb rubber is mainly a
recycled particulate filler, whereas devulcanized rubber is a partially reprocessable elastomeric
raw material. This distinction changes the design space. Instead of asking how much waste can be
hidden in a product, the relevant question becomes how reclaimed rubber can be engineered to
deliver measurable function. Such a shift supports higher-value use, lower reliance on virgin
rubber, reduced material loss and more credible pathways toward closed-loop or semi-closed-loop
rubber products.

Challenges to implementation

Despite its advantages, low-temperature devulcanization is not free from limitations. Lower
temperature can slow crosslink-cleavage kinetics, making sufficient residence time and effective
shear transfer essential. Specialised extrusion equipment and process control may be required,
especially for high-throughput industrial operations. Incomplete devulcanization remains a risk
for highly crosslinked or heterogeneous rubber streams, while over-processing may cause polymer
chain scission, loss of elasticity, odour, and volatile formation. Reclaimed-rubber quality may
vary with tyre source, GTR particle size, contamination, moisture content and storage history.
Therefore, industrial implementation requires feedstock control, process monitoring, material
grading and clear specifications for each target application.

Future direction: from recycling operation to circular rubber design

The next stage of rubber reclamation should move from empirical processing toward
integrated circular rubber design. Future devulcanization technologies will be evaluated not only
by waste-diversion capacity, but also by selectivity, reproducibility, energy demand, emissions,
traceability and verified performance in final compounds. Continuous extrusion platforms are well
suited to this direction because they can be coupled with sensors, torque and pressure monitoring,
thermal profiling, rheological fingerprints and data-driven process control. These tools can help
transform reclaimed rubber from a variable waste-derived material into standardised grades
suitable for industrial formulation.

Hybrid processes may also become important. Extrusion can be combined with chemical
aids, microwave pre-treatment, ultrasound, compatibilisation, selective fillers or recovered carbon
black technologies to create complementary pathways. However, the environmental benefit of
each route must be demonstrated through energy and emissions analysis, not assumed. A low-
temperature process should save energy and reduce degradation, but the complete system must
also account for grinding, drying, additive production, devolatilization, re-compounding, and
product lifetime. Life-cycle assessment, techno-economic evaluation, and occupational safety
criteria should therefore accompany material development from the earliest stages.

Standardisation is another key requirement. Industrial users need reliable information on
particle size, gel content, crosslink density, viscosity, curing behaviour, volatile emissions and
expected replacement levels. Without such data, devulcanized rubber will remain difficult to
specify. With suitable standards, it can become a recognised secondary elastomeric feedstock.



This is particularly important for applications where quality consistency is more valuable than
maximum recycled content.

Conclusions

Extruder-based low-temperature devulcanization offers a realistic and scalable route for
converting ground tyre rubber into higher-value reclaimed rubber materials. Its main advantage is
the ability to combine controlled shear, moderate heat, mixing, residence time, and
devolatilization in a continuous process. When properly optimized, this approach can promote
selective sulfur-crosslink cleavage, improve processability and reduce the loss of valuable
polymer structure. The resulting materials may be used in new rubber compounds, molded goods,
mats and flooring, asphalt modification, construction products, polymer/rubber blends and other
circular-material applications.

The success of this approach depends on treating devulcanization as a materials engineering
process rather than a simple waste treatment operation. The most important tasks are to define the
target degree of devulcanization, minimise polymer backbone degradation, control emissions,
stabilise feedstock quality, and match reclaimed-rubber grades to realistic applications. Combined
with formulation design, compatibilisation, and modern process monitoring, extruder-based low-
temperature devulcanization can contribute substantially to sustainable rubber recycling and to the
transition from waste management toward circular elastomeric materials.
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Hydrogel materials based on copolymers of 2-hydroxyethyl methacrylate (HEMA) with
polyvinylpyrrolidone (PVP) are promising for the biomedical field due to their high
biocompatibility and the ability to regulate their structure and properties within a wide range.
However, the use of such hydrogels in structural products (vascular prostheses, medical films) is
limited by their low mechanical strength. Traditional reinforcement with meshes poses a risk of
heterogeneity and defects; therefore, the development of methods for the bulk modification of the
hydrogel matrix with polymer fillers is of current importance.

The aim of this work is to study the effect of bulk modification of pHEMA-gr-PVP
copolymers with a polyamide phase on their physical, mechanical, sorption, and diffusion
characteristics. The essence of the method consists in dissolving polyamide-6 (PA-6) and PVP in
formic acid, followed by the introduction of HEMA and the FeSOy initiator. Polymerization was
carried out by the casting method into molds at room temperature. This combination of processes
allows for obtaining a homogeneous composite with isotropic properties in a single stage.

Visual observations and viscosity analysis of the solutions confirmed the formation of an
interpolymer complex between PVP and PA-6. The emergence of mixture turbidity and a decrease
in dynamic viscosity indicate specific interpolymer interactions and a change in the
conformational state of the macromolecules. IR spectroscopy recorded a shift in the absorption
bands of the PA NH-groups and the PVP carbonyl groups, which confirms the formation of
hydrogen bonds between the components.

The study of mechanical properties showed that the introduction of PA-6 contributes to a
significant increase in the ultimate tensile strength and elasticity compared to unmodified
hydrogels. This is due to the formation of additional physical network nodes and the reinforcing
effect of the rigid polyamide macrochains. It was established that increasing the water content in
the initial composition reduces strength due to a decrease in crosslinking density, but
simultaneously increases relative elongation.

Studies of the sorption capacity of the obtained materials revealed a decrease in the
equilibrium water absorption of the modified samples. This is explained by the «blocking» of PVP
hydrophilic centers within the IPC (interpolymer complex) and the introduction of hydrophobic
methylene fragments of polyamide into the structure. Swelling kinetics demonstrate a slowdown
in the water sorption rate with increasing PA-6 content, which is associated with the compaction
of the polymer network and a decrease in chain mobility. Similarly, a decrease in osmotic
permeability toward NaCl is observed, confirming the formation of a denser structure.

The results obtained form the basis for developing an effective single-stage method for the
bulk modification of pHEMA-gr-PVP hydrogels with polyamide-6. The resulting composite
materials are characterized by an improved complex of physical and mechanical properties while
maintaining stable sorption characteristics, making them suitable for the manufacture of
biomedical products for structural purposes.
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Polylactide (PLA) is a biodegradable semi-crystalline polymer that has gained significant
attention in recent years as an eco-friendly alternative to traditional plastics. Due to its
biocompatibility, it has been approved by the U.S. Food and Drug Administration (FDA) for use
in medicine, contact with living organisms, and the packaging of food and pharmaceuticals as
well. Modern packaging must not only fulfill a protective function by shielding contents from
mechanical damage and also meet strict airtightness criteria to prevent oxidation, dehydration, or
moisture absorption. However, the widespread use of pure PLA in the packaging industry is
currently limited by its high permeability to gases and moisture, which facilitates the growth of
harmful microorganisms such as bacteria and mold. One of the most promising ways to overcome
these disadvantages is to create nanocomposites using nanofillers. A special place among them is
occupied by silver nanoparticles (Ag NPs). Their unique antimicrobial properties significantly
enhance the protective characteristics of the polymer matrix and prolong the shelf life of products.

The work purpose was to develop a method for modifying PLA with silver nanoparticles
and to research the properties of the resulting composites.

The INGEO 3001D polylactide, analytical grade silver nitrate (AgNO3),
polyvinylpyrrolidone (PVP, M = 10...300-10°, AppliChem GmbH), and polyhydroxybutyrate
(PHB) which was obtained via microbial synthesis have been applied. Silver nanoparticles (Ag
NPs) were synthesised via AgNO; reduction using PVP as both a reducing agent and a stabiliser.
A PLA mixture of 0.47 g and 0.03 g of PHB was dissolved in 5 ml of chloroform. Subsequently, a
solution containing AgNOs3 , 0.1 ml of glycerol and 0.1 g of PVP was added. The mixture was
stirred within 10 minutes, poured into a Petri dish and evaporated at 333 K. The morphology of
Ag NPs was studied by TEM (JEOL JEM 200 CX). The fungicidal properties were researched by
applying the test cultures of E. coli HB101, S. aureus and A. niger using the agar diffusion
method.

Using PVP as a reducing agent enabled the production of stable silver colloids without toxic
amine applications. The colour of the solutions within the synthesis changed from transparent to a
brownish-yellow hue, indicating the formation of silver nanoparticles and the absence of
agglomeration. According to TEM results, the Ag NPs were predominantly spherical and
polyhedral in shape. FTIR spectroscopy confirmed the stabilization of the nanoparticles by PVP
through a coordination bond between the NPs and the nitrogen (N) and oxygen (O) atoms of the
polymer.

The study of the swelling degree a (%) of the composite films demonstrated their excellent
barrier properties (Table 1). All samples exhibited a low swelling degree (up to 2%), which
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confirms the applicability of the mentioned films as packaging materials. The swelling increases
by more than twofold at a temperature of 313 K.

Table 1. Swelling degree of composites depending on composition and pH of the medium

Swelling degree a, %
Ne Composition T=291 K T=313 K
pH=4 | pH=7 | pH=9 pH=7

1 PL:Ag":PVP=90:0:10 wt% 0,3 0,6 0,8 1,7
PL:Ag":PVP = 90:1:9 wt%

2 (washed at 293 K) 04 0.4 0.2 11
PL:Ag":PVP =90:1:9 wt%

3 (washed at 373 K) 0.9 0.9 1,0 13

4 PL:Ag":PVP = 89:2:9 wt% 0,4 0,5 0,6 1,9

5 PL:Ag":PVP =82:1:17 wt% 0,1 0,2 0,3 1,4

The antimicrobial activity of the silver-containing composites was confirmed by the
research results presented in Table 2. Samples without Ag NPs did not demonstrate any fungicidal
or bactericidal properties.

Table 2. Antimicrobial activity of silver-containing composites based on INGEO 3001D

Test Dose, | NPs100| NPs30 | Growth control |Sniffing zone,
samples | CFU/cm® | mcg/ml | mcg/ml mm (%)
S. aureus 10° 0 0 +++ 18,4 (84)
10° 0 0 +++ 17,9 (79)
E. coli 10° 0 0 +++ 16,2 (62)
10° 0 0 +++ 15,6 (56)
A. niger 10° 0 + +++ 13,9 (39)
10° + ++ +++ 10,8 (8)

0 - external growth inhibition; + - growth of single colonies; ++ - weakly depressed; +++ - intense growth.

Antibacterial activity against S. aureus and E. coli is observed even at minimum
concentrations of Ag NPs. For A. niger, only single colony growth is observed at a concentration
of 100 mcg/ml and a dose of 10° CFU/cm?. Growth inhibition zones exceed 15 mm, indicating
the high sensitivity of the pathogens.

The solution casting method was grounded for film formation. This ensures processing of
the polymer at low temperatures and allows the introduction of non-heat-resistant components -
antimicrobial compounds, preservatives and stabilizers. The technology includes: solution
preparation and purification, film formation, drying, edge trimming and winding.

Conclusions. A safe method for the synthesis of stable silver nanoparticles (Ag NPs) has been
developed, utilizing PVP as both a reducing agent and a stabilizer. The PLA/PHB/Ag composites
are characterized by pronounced fungicidal and bactericidal properties, effectively inhibiting the
growth of E. coli, S. aureus, and A. niger. The low swelling degree across various pH levels and
temperatures confirms the excellent barrier characteristics of the films. The obtaibed materials are



highly promising for applications in biomedical engineering and eco-friendly packaging for food
and pharmaceuticals.
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Macromolecules, humic and fulvic acids (humus acids), refer to organic materials in the
environment that result from the decomposition of plant and animal residues, but those do not fall
into any of the discrete classes of compounds. They are ubiquitous in natural objects: soils,
waters, sediments and lignites[1-5].Humus acids take an active part in complex formation and
sorption processes proceeding in natural objects and stipulate migration forms of heavy metals in
natural waters, soils,sediments and lignites[1,4,6-14].

Humic and fulvic acids represent the main mass of organic substances dissolved in natural
waters. The concentration of humus acids changes from 0,1mg/L to 100 mg/L in surface waters
[2,4,5,15-19].

The content of humus acids changes in a wide range from 0.003% to 10.0% in suspended
solids and bottom sediments [16,20-22].

Generally, with a few exceptions, literature data about humus acids in natural waters, have
unsystematic nature. We have studied the regularities of distribution of humus acids in liquid and
solid phases of the surface waters. After filtration through membrane filters (0.45 pm pore size),
for the concentration of humus acids from natural waters was used the coprecipitation
method(collector-CaCO3). We dissolved the precipitate in 6M hydrochloric acid. The pH of the
solution was adjusted to pH 2 and was put for 2 hours on water bath at 60°C, for coagulation of
humic acids.Then the solution was centrifuged for 10 min at 8000 rpm (Centrifuge T-23) for
isolation of humic acids. For the isolation of fulvic acids from centrifugate was used the
adsorption-chromatographic method [10]. Charcoal was used as a sorbent. Desorption of amino
acids and carbohydrates was performed by means of 0.1 M HCI. For desorption of polyphenols
was used 90% acetone water solution. The elution of the fraction of fulvic acids was performed
with 0.1 N NaOH solution.The extraction of humus acids from the solid phase was performed
with the solution of sodium pyrophosphate and sodium hydroxide, which concentration in relation
to each component was 0.1 M. The subsequent analysis procedure is similar to the previous
one.The concentrations of fulvic and humic acids, were determined by the spectrophotometric
method (pH=10, I=420 nm). The used standard solutions of humic and fulvic acids, were isolated
from Lake Paravani. Fot that purpose, obtained alkalic solution of fulvic acids, for the purification
was passed through a cation-exchanger (KU-2-8). For determination the concentration of fulvic
acids n obtained solution was used gravimetric method, the part of the solution was dried under
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vacuum until the constant weight was obtained. For purification, isolated humic acids were
dissolved in 0,1 M NaOH, then humic acids were reprecipated. The purification procedure was
repeated four times. Purified humic acids were washed with bidistillated water until the negative
reaction on CI™ ions, then humic acids were dried under the vacuum until the constant masses
were obtained.

As the results show (Table 1), in surface waters (in the liquid phase) of Georgia, the
concentration of fulvic acids changes from 0.08 mg/L to 7.56 mg/L. The concentration of humic
acids changes from 0.00 mg/L to 0.80 mg/L and as a rule, it is less in a row than the
concentration of fulvic acids. The high concentrations of humic acids are observed in spring,
when occurs an intensive erosion of soil and the minimal in winter when the rivers are basically
fed by ground waters. In natural waters of Georgia, the concentration of fulvic acids decreases
with an increase in both pH and mineralisation.

Table 1. The Concentrations of Humic and Fulvic Acids (mg/L) in Surface waters of Georgia

The Humic acids Fulvic acids
The object quantity of

Samples Min Max Min Max
River Aragvi 15 0.00 0.04 0.08 0.46
River Chorokhi 8 0.00 0.09 0.08 0.75
River Paravani 8 0.11 0.42 0.65 5.72
River Mtkvari 20 0.11 0.58 0.31 7.63
River Rioni 8 0.00 0.07 0.18 0.78
River Tskhenistskali 8 0.00 0.04 0.20 0.58
River Khrami 20 0.00 0.03 0.33 0.45
Bazaleti Lake 15 0.0 0.31 0.19 0.48
Paravani Lake 8 0.18 0.45 0.89 7.58
Lisi Lake 20 0.00 0.06 0.56 0.70
Paliastomi Lake 8 0.20 0.45 0.58 5.00
Saghamo lake 8 0.18 0.50 0.79 7.00
Sioni Reservoir 8 0.00 0.08 0.15 0.56

The concentration of humus acids changes from 0.12% to 4.75% in suspended solids(Table
2).With the increasing of turbidity, increases the absolute quantity of humus acids and the relative
decreases in solid phases. The reason of this could be the increasing of share of rough fractions
(quartz and others).

The results of the determination of humus acids in fractionated samples indicate the
connection between the degree of dispersion of solid phase and the quantity of humus acids in
solid phase. The fraction where the size of particles < 0.004mm is two times rich with humus



acids (43-59%), rather than the fractions with the size of particles 0.03-0.015mm(16-34%) and

0.015-0.004 mm(18-30%).

Table 2. Humic and Fulvic Acids in Suspended Solids

The object Suspended | Humic acids % Fulvic acids %

Solids mg/L | Min Max Min Max
River Aragvi 12-150 0.05 0.08 0.09 0.25
River Chorokhi 10-120 0,04 0,11 0,12 0.32
River Paravani 18-140 0.33 0.72 0.62 1.97
RiverMtkvari 14-1150 0.05 0.75 0.38 4.00
River Rioni 12-200 0.07 0.14 0.40 0.96
River Tskhenistskali 12-600 0.03 0.15 0.12 0.45
River Khrami 15-460 0.08 0.33 0.56 1.76
Faravani Lake 20-54 0.40 0.75 1.04 3.95
Saghamo Lake 30-180 0.34 0.69 0.90 3.50

Table 3.Humic and Fulvic Acids in Bottom Sediments (%)

The object Horizont, cm Humic acids Fulvic acids
River Aragvi 0-10 0.03 0.25
10-20 0.05 0.40
River Chorokhi 0-10 0.06 0.45
River Paravani 0-10 0.25 0.58
River Mtkvari 0-10 0.03 0.15
10-20 0.09 0.49
River Rioni 0-10 0.02 0.20
10-20 0.04 0.31
River Tskhenistskali 0-10 0.02 0.18
10-20 0,05 0.38
Paravani Lake 0-10 0.35 0.90
10-20 0.40 1.00
Saghamo Lake 0-10 0.30 0.75
10-20 0.40 1.00
Sioni Reservoir 0-10 0.10 0.90
10-20 0.15 0.60




According to containing of humus acids, the bottom sediments of fresh waters fall behind
the suspended solids. This is logical, because the bottom sediments comparatively to suspended
solids are rough dispersion systems. The containing of humus acids changes from 0.18 to 1.40%
in bottom sediments (Table 3).

We were able to determine the concentrations of humus acids in the bottom sediments of the
Indian Ocean (stations 1911, 1913, 1935, 1964, 1966). The concentration of humic acids in them
varies from 0.05 to 0.23%, and that of fulvic acids from 0.19 to 0.80%.As can be seen from these
data, there is no significant difference between the humification of fresh surface waters and ocean
bottom sediments. That’s fair for oceanic carbonate sediments. As for such bottom sediments,
which are mainly presented with iron oxides and hydroxides, no humus acids have been detected,
suggesting that, unlike carbonates, humus acids do not co-precipitate during the formation of
precipitate of iron hydroxides.
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Polymers with temperature-induced transitions are a versatile class of chemical compounds
that can reversibly change their properties in response to changes in temperature. While
homopolymers exhibiting such behavior are well established and extensively studied,
heterofunctional copolymers remain comparatively underexplored and less systematically
investigated. Moreover, their stimuli-responsive mechanisms are inherently more complex, often
involving cooperative and competing interactions between different functional segments of the
heteropolymer.

Temperature-responsive polymers that exhibit only one such transition can be classified into
two broad groups — copolymers with a lower critical solution temperature (LCST) and copolymers
with an upper critical solution temperature (UCST).

We propose a new classification of heterofunctional copolymers exhibiting a single critical
solution temperature (CST), based on the contribution of individual copolymer segments to the
overall CST of the system. All heterofunctional copolymers are split into five groups: copolymers
with tunable CST, copolymers with enhanced CST behavior, copolymers with CST controllable
by pH, copolymers that can “switch” between LCST and UCST, and thermoresponsive
copolymers constructed from non-thermoresponsive components. In turn, copolymers with
tunable CST are split into two smaller subgroups — copolymers with tunable LCST (copolymers
with LCST values intermediate between homopolymers, copolymers where one component
increases LCST, and copolymers where one component decreases LCST). In addition, copolymers
with tunable UCST (copolymers where one component increases UCST, and copolymers where
one component decreases UCST).

Copolymers that exhibit LCST behavior are insoluble above the LCST and are soluble
below this temperature. By adding hydrophilic or hydrophobic functional groups to such
copolymers, their LCST can be tuned to higher or lower values, respectively. When combined
with other thermoresponsive polymers exhibiting LCST behavior, new heterofunctional
copolymers can be formed that display an LCST intermediate between those of the individual
components.

An example of such a copolymer is poly(N-vinylcaprolactam-co-di(ethylene glycol) methyl
ether methacrylate) — P(VCL-co-DEGMA) [1]. LCST of PVCL is 35 °C, while PDEGMA has an
LCST around 22-26 °C. When copolymerized, the LCST of the resulting polymer can be tuned in
the range from 26 to 35 °C. Different copolymer that fit into this category is poly(N-
vinylcaprolactam-co-N-vinylpyrrolidone) — P(VCL-co-NVP) [2]. As mentioned above, the LCST
of PVCL is around 35 °C. On the other hand, the LCST of this heteropolymer can range from 40
to 75 °C. NVP is hydrophilic, so it stabilizes the hydrated state of the polymer, thus leading to a
higher transition temperature.

Copolymers with UCST-type transition are insoluble below UCST and are soluble above
this temperature. By adding hydrophilic or hydrophobic functional groups to such copolymers,



their UCST can be tuned to lower or higher values.

A representative example of a copolymer exhibiting this type of UCST behavior is poly(N-
acryloylglycinamide-co-acrylonitrile), P(NAGA-co-AN) [3]. This copolymer consists of
thermoresponsive NAGA and hydrophobic AN. UCST of this copolymer can be tuned from below
5 °C to 45 °C. When the acrylonitrile content exceeds 45 mol%, the copolymer becomes insoluble
due to its increased hydrophobicity.

Copolymers with enhanced CST transition often have sharper or more intense transitions
when compared to homopolymers. Poly(2-(2-methoxyethoxy)ethyl methacrylate-co-acrylamide) —
P(OEGMA-co-AAm) [4] is one of the copolymers with such quality. Polymer brushes containing
more than 44% Aam exhibit a significantly more pronounced transition compared to the
POEGMA homopolymer, as evidenced by a substantially larger increase in water contact angle
(=45° versus 17-18°). The mechanism of this transition is considerably more complex than in
POEGMA, as it involves not only polymer—water hydrogen bonding but also intricate
intermolecular and intramolecular hydrogen bonding between different functional groups along
the polymer chain.

Copolymers with pH-tunable CST typically incorporate ionizable groups that undergo
protonation or deprotonation in response to changes in pH. These ionization changes alter
intermolecular interactions and hydration, allowing the polymer to exist in distinct states that
exhibit different temperature-induced phase transitions—or, in some cases, suppress the transition
entirely. Poly(2-(dimethylamino)ethyl methacrylate)-b-poly(acrylic acid) - (PDMAEMA-b-PAA)
[5] is one of the polymers that react to both temperature and pH changes. If the content of PA4 is
high, then the polymer shows strong responses to pH changes, but it is weakly thermoresponsive.
On the other hand, PDMAEMA-rich polymers are completely opposite — strong temperature-
induced transition and weak pH-induced transition. This is governed by the ionization of
carboxylic acid and tertiary amine groups, which in turn control hydration of polymer chains and
hydrogen bonding.

Polymers that can “switch” between LCST and UCST change their response behavior based
on some other factors, like pH or composition. Poly(oligo(ethylene glycol) methyl ether
methacrylate-co-2-hydroxyethyl methacrylate) - P(OEGMA-HEMA) [6] can change its properties
based on monomer composition. Equimolar P(OEGMA-co-HEMA) is only weakly sensitive to
temperature changes and does not go through pronounced phase transitions. When the content of
OEGMA 1s much higher than HEMA (90/10), the polymer exhibits an LCST-type transition at
temperatures slightly shifted from the LCST of POEGMA. In this case, hydrogen bonding
happens between the ether oxygen and water molecules, and it is disrupted with temperature
increase. When the content of HEMA is slightly higher (70/30, for example), copolymers exhibit
UCST-type transitions. In this case, at low temperature, ether groups of OEGMA create hydrogen
bonds with hydroxyl groups of HEMA, which are also disrupted at higher temperatures, so HEMA
bonds with water molecules. When HEMA is in excess, the polymer is water-soluble.

Sometimes non-thermoresponsive monomers, when combined, result in a thermoresponsive
heteropolymer. This behavior arises from intra- and intermolecular interactions between distinct
monomer units within the copolymer. One such polymer is poly(acrylamide-co-acrylic acid) —
P(AAm-co-AA) [7]. Although AAm can exhibit LCST-type behavior under very specific
conditions, it is generally not considered a temperature-responsive monomer. This heteropolymer,
on the other hand, is water-soluble only in neutral and alkali pH, and in acid pH (pH < 3) it
exhibits UCST-type behavior. Below the critical temperature, interactions between amide and



carboxylic groups promote polymer—polymer hydrogen bonding, leading to an insoluble state.
Upon increasing temperature, these interactions are disrupted, and the polymer becomes water-
soluble. The transition temperature depends on the relative composition of the copolymer, but the
variation in UCST is non-linear. At low AAm content (0—44 mol%), increasing AAm leads to a
rise in UCST; however, beyond this range, further addition of AAm results in a decrease in UCST.
This behavior indicates an unequal contribution of the two components to intermolecular
hydrogen bonding, with a higher acrylamide content required to maximize the strength of these
interactions.

Collected data indicate that heterofunctional copolymers exhibiting a critical solution
temperature enable precise tuning of thermoresponsive behavior. This capability makes them
highly suitable for applications in biomedical materials design, cell engineering, targeted drug
delivery, and the development of “smart” surfaces.
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The use of collagen-based hydrogels in regenerative medicine is determined by their unique
biomimetic ability to replicate the architecture of the natural extracellular matrix, providing an
optimal microenvironment for cell adhesion, proliferation, and differentiation. However, the
limited mechanical properties and rapid degradation of pure collagen matrices stimulate the
development of hybrid systems that combine the synergistic properties of natural and synthetic
polymers. The combination of the bioactivity and low immunogenicity of natural gel-forming
agents with the high mechanical strength and swelling capacity of synthetic components enables
the development of promising next-generation hydrogels. Such composite hydrogels exhibit
improved functional characteristics, ensuring effective regeneration of damaged tissues while
maintaining the structural integrity of the material throughout the entire period of use.

Hybrid polyacrylamide—collagen hydrogels based on copolymers of acrylamide, acrylic
acid, and N,N’-methylenebisacrylamide were synthesized and investigated using a polymeric
structuring agent. The formation of a three-dimensional polymer network was carried out through
polycondensation of macromolecules in an acidic medium (pH = 2-3) at elevated temperature
(70-80 C). The effect of collagen content on the structure, degree of cross-linking, mechanical
properties, swelling behavior, and collagen release kinetics was studied. It was found that the
incorporation of collagen into the hydrogel matrix leads to a decrease in gel fraction content and
effective cross-link density, which is reflected in a reduction of Young’s modulus (1-7 kPa) and
the formation of softer and more elastic materials suitable for soft tissue regeneration. This
indicates that collagen does not form part of a continuous polymer network, thereby enabling its
release from the matrix. Collagen release studies at physiological temperature (36 °C)
demonstrated that the release rate depends on the nature of the medium: up to 90 % of collagen is
released into water, whereas up to 75 % is released into a model exudate.

For the application of the obtained polyacrylamide—collagen hydrogels as wound dressings,
it was important to evaluate their cytotoxicity. Since hydrogels synthesized at pH = 2 contain
residual acid, it was necessary to remove it by partial collapse in isopropanol. It was established
that after the washing procedure, the hydrogels can be considered non-cytotoxic and safe.

The obtained results demonstrate the potential of polyacrylamide—collagen hydrogels as a
basis for the development of wound dressings with controlled mechanical properties and
prolonged release of biologically active components.
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Maleic anhydride (MA) copolymers are versatile functional polymers widely used as
dispersants, antiscalants, modifiers, and thickeners in the production of plant growth inhibitors.
They are used in water purification, the production of detergents, paper, paints, and also in
medicine as containers for targeted drug delivery due to amphiphilicity — the property of
molecules to have both hydrophilic and hydrophobic parts, which allows them to interact with
various environments, both aqueous and non-aqueous. The composition of the copolymer
macromolecules and, accordingly, its properties are determined by the Kinetic features of
copolymerization, which can be purposefully regulated. Therefore, the study of the processes of
radical chain polymerization of monomer mixtures, in particular the participation of maleic
anhydride in radical reactions to obtain its copolymers with unique characteristics, is an important
and rather complex task.

The radical stages of the multi-stage copolymerization process are studied using stable
radicals, in particular 2,2-diphenyl-1-picrylhydrazyl (DPPH) — C1gH12N5sOg, the consumption of
which can be easily monitored by a change in optical density. The aim of this work was to study
the reaction of the DPPH radical with maleic anhydride in a polar solvent — methyl ethyl ketone
(MEK) using UV-visible spectroscopy.
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It can be expected that the reaction of the electron-withdrawing-stable DPPH radical with
the electron-withdrawing-maleic anhydride at room temperatures will proceed slowly or not at all
due to the lack of polar stabilization in the transition state. It has been experimentally shown that
the optical density of a solution of 2,2-diphenyl-1-picrylhydrazyl, with a concentration of 7.3-10*
M, in methyl ethyl ketone in the region of 520 nm (A>?°), which corresponds to the absorption
region of the DPPH solution, at 25 °C is 1.65 and remains practically constant for a long time
(Table 1; 1, 2), decreasing by less than 5% of the initial value in 24 hours. When maleic anhydride
at a concentration of 1.0 M is added to the DPPH solution, the optical density of the reaction
mixture immediately decreases to 1.4. Subsequently, the optical density decreases with time to
1.14 in 20 min (Table 1, 3). This is evidence that a chemical reaction occurs between DPPH and
MA, as a result of which a stable radical is consumed.

It is noteworthy that the optical density of the DPPH+MA solution decreased to 1,4 from
1.65 for the DPPH solution in MEK, since according to the Bouguer-Lambert-Beer law, when
diluting the DPPH solution with a maleic anhydride solution by 2 times, the radical concentration
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drops by 2 times, and the optical density should be 0.82. So this observation indicates that the
system does not behave as a simple mixture of non-interacting components. A value of 1.4 instead

of 0.82 indicates that the system absorbs light more intensely than the sum of its parts. This
may be a consequence of the formation of complexes that absorb in this region.

Table 1. Change in optical density of DPPH, DPPH+MA, DPPH +MA+QCT solutions with time (t).
Concentrations, M: [DPPH] =3.5:10*(3), 3.2:10* (5); [MA] = 1.0; [QCT] = 3.2:10. Solvent — MEK,
cuvette — 5 mm, A =520 nm, 25 °C

Time | DPPH, | DPPH +MA, AAna, DPPH +MA+QCT, AAqgcr,
t, min Ao A(DPPH+MA) Ao — A(pPPHMA) A(pPPHMA+QCT) A(DpPH+MA) — A(DPPH+MA+QCT)
1 2 3 4 5 6
0 1.65 - - - -
0 1.65 1.4 0.25 1.15 0.25
1 1.65 14 0.25 1.02 0.38
5 1.65 1.35 0.30 0.90 0.45
10 1.65 1.28 0.37 0.80 0.48
20 1.65 1.14 0.51 0.77 0.37

The interaction of a stable radical with a concentration of 5.93-10™° M in a solution of MEK,
which has a purple color due to the presence of an unpaired electron, with the electron donor
quercetin (QCT) - a strong antioxidant, plant flavonoid (vitamin P) at its concentration of 2.96-10"
3 M, is accompanied by a decrease in the optical density of the reaction mixture already at the
moment of merging the solutions and a subsequent transition of its color to light yellowish, due to
the reduction of DPPH to the non-radical form DPPH-H.

The kinetic curves of changes in optical density (A**®) of DPPH+MA, DPPH+QCT and
DPPH+MA+QCT solutions are presented in Fig. 1. The data in the figure show that A?
decreases maximally in the first minutes of the reaction for all three solutions and subsequently
slows down, which is due in particular to the products of the reaction with the radical. The
decrease in the A°® value during the interaction of DPPH with QCT (Fig. 1, line 2) and
DPPH+MA+QCT (Fig. 1, line 3) is rapid at the beginning of the process, but then the rate of
decline in the optical density of the DPPH+MA+QCT (Fig. 1, line 3) solution decreases compared
to the DPPH+QCT solution.
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Fig. 1. Time-dependent change in the optical density of A solutions: DPPH+MA (1), DPPH+QCT (2),
DPPH+MA+ QCT (3). Concentration, M: DPPH — 3.5-107* (1), 3.2-10 (2, 3); MA — 1.0; QCT — 3.0 -10°%.
Solvent — MEK, cuvette —5 mm, A = 520 nm, 25 °C



The data in Table 1 and Table 2 indicate that the electron acceptor radical 2,2-diphenyl-1-
picrylhydrazyl reacts with maleic anhydride, which is a strong electron acceptor, much worse than
with the strong electron donor quercetin. According to the data in Table 1; 3,4,5,6, its relative
reactivity towards MA may be estimated as (AAqct/[QCT])/(AAwA/[MA]) (Table 2, 4).

Table 2. Kinetics of DPPH consumption in the reaction with MA and the MA+QCT system.
Concentrations, M: [DPPH] = 3.2:10*; [MA] = 1.0; [QCT] =3.2:10°%. Solvent — MEK,
cuvette — 5 mm, A =520 nm, 25 °C

Time, AAWA[MA] AAqct/[QCT] AAqct/[QCTI:
min AAuA/[MA]
1 2 3 4
0 0.25 78 312
1 0.25 119 476
5 0.30 141 470
10 0.37 156 422
20 0.51 116 227
x =381

The relative reactivity of MA and QCT in their reactions with DPPH (MA in the addition
reaction and QCT in Hydrogen Atom Transfer, HAT reactions), can be estimated by calculating
the ratio of the difference in optical density of DPPH+MA and DPPH+MA+QCT (AAqct) /
[QCT] to the difference in optical density of DPPH and DPPH+MA (AAma) / [MA] (Tables 2, 4).
This relative reactivity is 381. Therefore, QCT, which reacts with DPPH via the HAT mechanism,
is significantly more reactive than MA.

DPPH?e reacts with maleic anhydride via the HAT mechanism very slowly for two reasons.
The first is that both reactants are electron-withdrawing. The second is that the dissociation
energies of C—H bonds in maleic anhydride are high ~ 100 — 105 kcal/mol, which makes them
poorly reactive in reactions of H-atom abstraction by radicals. The heat of addition of DPPHe to
the double bond of MA is weakly exothermic (~ —10...—20 kcal/mol), while the removal of the H-
atom with the formation of the radical -HC=C-- is strongly endothermic, so the addition reaction
is thermodynamically much more favorable. Therefore, DPPHe enters into an addition reaction to
the C=C bond of MA, which is analogous to the chain growth reaction during its polymerization.

The dependence of the change in the rate of DPPH depletion on time for mixtures
containing DPPH and MA in MEK was investigated, depending on the initial concentrations of
MA in the range of 0.1-1.6 M. Since [DPPH], << [MA]o, the results obtained can be considered
within the framework of first-order reaction kinetics with respect to the DPPH radical, which, as
a result of the addition reaction, gives products that absorb with a much lower intensity of A>%.
The plots in first order coordinates (InA vs t), derived from kinetic data, do not exhibit linearity,
which indicates a more complex reaction mechanism than a simple addition to the double bond.
Therefore, it should be assumed that at the first stage, the equilibrium interaction of DPPH with
MA with the formation of the DPPH*MA adduct (1) and its decomposition (1a):



DPPH* + MA — DPPH'MA ke (1)
DPPH'MA — DPPH® + MA K4 (1a)

with the subsequent reaction of this adduct with another DPPHe radical (2), which proceeds with
the formation of a compound DPPH -MA-DPPH:

DPPH’MA + DPPH* — DPPH-MA-DPPH  k; (2
The rate of change in DPPHe concentration in reaction (2) is described by the equation:
1/[DPPH] = K ko' [MA]-t + const, 3)

where K (ki/k ;) is the equilibrium constant. The linearization of Kinetic curves in the coordinates
U(A; — Aeng) (R? = 0.98 — 0.99) supports the assumption of the formation of the DPPH-MA
adduct.
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Nitrogen fertilizers play a fundamental role in modern agriculture by significantly
increasing crop productivity and supporting global food security. Nitrogen is an essential
macronutrient required for plant growth and development, as it is involved in the synthesis of
amino acids, proteins, nucleic acids, enzymes, and chlorophyll [1-4].

Despite their agronomic importance, conventional mineral nitrogen fertilizers are
characterized by relatively low utilization efficiency. A considerable fraction of applied nitrogen
is lost through volatilization, leaching, and surface runoff before it can be absorbed by plants.
These losses lead not only to economic inefficiency but also to significant environmental
problems®”. According to numerous studies, only 30-50% of applied nitrogen is effectively
utilized by plants, while the remaining portion enters natural biogeochemical cycles and
contributes to environmental pollution [8-11].

In recent decades, the development of controlled-release and long-acting nitrogen fertilizers
has become a key direction in fertilizer technology aimed at improving nitrogen use efficiency
and reducing environmental impact. Controlled-release fertilizers gradually supply nutrients over
an extended period of time, thereby synchronizing nutrient availability with plant demand [12-15].

This study investigates the synthesis of amide-aldehyde oligomers based on urea-melamine-
formaldehyde systems and their application in innovative seed pelleting and encapsulation
technologies. The research focuses on the kinetic regularities of polycondensation, the role of
specific microbial strains in biodegradation, and the agronomic efficiency of encapsulated winter
wheat seeds. Results demonstrate that controlled synthesis parameters allow for the creation of
biodegradable polymer coatings that significantly enhance field germination and reduce nitrogen
loss.

The first stage of the research involved a detailed study of the physicochemical regularities
of oligomer formation. The influence of various factors on the course of the reaction between
melamine and formaldehyde-such as reaction time, temperature, the molar ratio of the initial
components, the structure and composition of the amide component, and concentration-was
investigated.

It was established that the interaction between melamine and formaldehyde proceeds
through a multi-stage polycondensation mechanism. In the initial stage, the formation of methylol
derivatives (mono- and dimethylolmelamine) is the decisive factor.

The stability and subsequent transformation of these methylol groups are critically
dependent on the pH of the reaction medium and the temperature. To evaluate the efficiency of
the process, a kinetic study was conducted to analyze the degree of conversion under various
thermal regimes. The results are presented in Tables 1 and in Figure 1.



Table 1. Depending on the degree of transformation and reaction rate on the temperature and
duration of the reaction during the interaction of melamine with formaldehyde

Reaction time, min Degree of transformation, % Reaction rate, %/min
323K 333K 343K 323K 333K 343K
1 2.71 5.12 14.35 2.71 5.12 14.35
3 7.69 13.33 33.33 2.56 4.44 11.11
5 12.30 20.51 45.64 2.46 4.10 9.12
10 21.53 33.84 62.56 2.15 3.38 6.25
15 29.23 43.58 71.79 1.94 2.90 4,78
20 35.38 50.76 76.92 1.76 2.53 3.84
25 41.02 55.89 81.01 1.64 2.23 3.24
30 45,12 60.51 83.58 1.50 2.01 2.78
45 55.38 69.74 - 1.23 1.54 -
60 62.56 75.38 - 1.04 1.25 -
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Fig.1. Dependence of the degree of conversion on temperature during the interaction of melamine with
formaldehyde (the melamine-to-formaldehyde molar ratio is 1:1, concentration is 0.1 mol/L)

Kinetic analysis revealed that increasing the temperature from 323K to 343K significantly
accelerates the conversion process, which practically reaches completion within 60 minutes. The
reaction follows second-order kinetics. The optimal synthesis conditions were determined to be a
temperature of 333-343K and a weakly alkaline medium (pH 7.5-8.0). Structural modification of
the polymer is directly related to its solubility: intense condensation in acidic media (pH < 7)
leads to the formation of methylene bridges and complex three-dimensional networks, which
markedly reduce the rate of nitrogen release.

Experimental data confirmed that melamine exhibits lower reactivity toward formaldehyde
compared to urea, which allows for the fine-tuning of the copolymerization process to achieve
specific structural properties. The results are shown in Figure 2.
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Fig.2 Dependence of the degree of conversion on the chemical structure of the amide component during
interaction with formaldehyde (1-melamine; 2- urea). Initial amide concentration: 1:4 mol/L; reaction
temperature: 323K; amide-to-formaldehyde molar ratio: 1:2.

Particular attention was paid to the biodegradation mechanisms of the synthesized polymers.
Since the efficiency of the fertilizer depends on its biological availability, large-scale
microbiological studies were conducted. Specific microorganisms, namely strains of the genus
Urobacterium, were isolated from soil samples. These strains were found to possess the ability to
hydrolyze amide bonds effectively.

Microbiological investigations confirmed that the synthesized amide-aldehyde systems do
not exhibit biocidal effects on beneficial soil microflora. On the contrary, studies showed a
significant increase in biomass for bacteria of the Azotobacteraceae and Urobacillaceae families,
indicating that these microorganisms utilize the polymer as both an energy and nitrogen source.

The rate of biodegradation correlates with the degree of polymer cross-linking: linear
structures are much more susceptible to microbial attack than rigid, three-dimensional networks.
By adjusting synthesis parameters, fertilizers can be tailored to the specific vegetation periods of
different crops.

The efficiency of the controlled-release mechanism is significantly influenced by the
physicochemical properties of the soil, particularly its moisture content, temperature, and pH.
Experimental observations indicate that biodegradation of the amide-aldehyde coating proceeds
most actively in soils with a moisture capacity of 60-70% and temperatures ranging from 293K to
298K, which are optimal for the metabolic activity of Urobacterium and Azotobacteraceae. In
heavy clay soils with restricted aeration, the degradation rate of highly cross-linked polymers
slows down due to limited microbial penetration into the polymer matrix. Conversely, in well-
aerated sandy loam soils, the transformation of linear oligomers into plant-available nitrogen
forms is accelerated. Furthermore, the soil's buffering capacity plays a role in stabilizing the
peptide-type linkages within the polymer chain; in slightly acidic soils, the hydrolytic cleavage of
methylene bridges is slightly enhanced, whereas in alkaline environments, the polymer maintains
its structural integrity for a longer duration, providing a more extended release profile. This
environmental adaptability ensures that the encapsulation system can be calibrated for diverse
agro-climatic conditions.



In the practical phase of the study, a novel method for seed pelleting and encapsulation was
developed. Melamine-formaldehyde oligomers were utilized as multifunctional fixing agents.
Unlike traditional adhesives (such as starch or molasses), these oligomers inherently function as a
nitrogen source, increasing the economic efficiency of the technology. The developed
compositions ensure the formation of a strong, elastic, and biodegradable coating on the seed
surface, protecting it from mechanical damage, pathogens, and pests while creating an optimal
microenvironment for early germination.

Field experiments were conducted using the winter wheat cultivar "Bezostaya-1". The
results are presented in Tables 2.

Table 2. Germination of seeds of winter wheat ""bezostaya-1'"" in the first year

Naming options

# Naming options Germination, % | Deviation, %

Laboratory Field Laboratory Field
1 Encapsulation-free control 93.8 77.1 - -
2 # 90 encapsulation 92.6 91.8 -1.2 14.7
3 # 80 encapsulation 92.4 92.0 -1.4 14.9
4 # 70 encapsulation 92.2 92.2 -1.6 151
5 # 60 encapsulation 92.8 92.6 -1.0 155
6 # 60 encapsulation 93.0 92.8 -0.8 15.7
7 # 40 encapsulation 934 92.7 -0.1 15.6
8 # 30 encapsulation 935 93.0 -0.3 16.0

The experimental data clearly demonstrate the advantages of the encapsulation method.
While a minor decrease in laboratory germination (0.6-1.8%) was observed due to mechanical
stress during processing, the field performance of the encapsulated seeds was exceptional.

Analysis of the data shows that the field germination rate of encapsulated seeds exceeds the
control by 11.2-17.9%. The best results were achieved under relatively low nitrogen dosages
(variants #7 and #8), as a thinner polymer layer does not hinder the diffusion of water and oxygen
to the seed embryo. The economic impact includes a reduction in the seeding rate by 40-50 kg per
hectare, leading to substantial grain savings in large-scale agricultural operations.

The controlled synthesis of amide-aldehyde oligomers allows for the creation of
environmentally safe and agronomically highly efficient systems. The developed encapsulation
method represents a comprehensive solution for modern agro-technologies, combining resource
conservation with increased crop productivity. The results of this study provide a solid foundation
for the wide-scale implementation of these technologies to support sustainable agriculture and
environmental protection.

Acknowledgement: The abstract was prepared within the framework of the project Ne FR-23-
29704 - “A method for obtaining polymer nitrogen fertilizers of prolonged action containing a
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Among the best materials for modifying the selective reflection of light are cholesteric
liquid crystals (CLCs), whose selective reflection band (SRB) typically falls within the visible
range of the optical spectrum. The SRB of a CLC can be altered by numerous external and
internal stimuli, including light, temperature, mechanical deformation, electric fields, chemical
substances, pH changes, humidity, and biomolecules[1]. Organic molecules, such as volatile
organic compounds (VOCs), can diffuse into CLC materials and alter the order parameter [2].
Notably, nanoparticle-doped CLCs are a promising platform for chemical sensing because the
SRB is highly sensitive to various chemical reagents.

In this work, we used a CLC doped with gold nanoparticles (GNPs) to detect VOCs,
including benzene. The GNPs/CLC nanocomposite was prepared by doping capped GNPs into
CLC at the isotropic phase and stirring at 600 rpm for 12 h at room temperature to prevent
aggregation and achieve homogeneity. Initially, 1 milliliter of the CLC/GNPs mixture was
prepared, to which 10 microliters of benzene was added. After vigorous stirring, the spectral shift
of CLC/GNP to SRB was measured using a spectrometer. Then, 10 microliters of benzene was
added to the CLC/GNPs mixture each time. The GNP/Benzene nanocomposite self-assembles into
defect structures of CLC and interacts strongly with the CLC periodicity, which is exactly what
makes the optical response so sensitive to chemical changes (Figure 1). As a result of the
experiments, we determined the dependence of the SRB spectral shift on benzene concentration.
Using the spectrometer, we found that the SRBs of the GNPs and benzene-doped mixtures were
red-shifted by 60 nm relative to the pure CLC at A = 550 nm, and that the shift was approximately
proportional to the benzene concentration. In the experiments, we determined that in CLC
structures, benzene interacts with the GNPs primarily through its aromatic © system, leading to
adsorption on the GNPs and measurable changes in their electronic structure and vibrational
modes. Based on the method we developed, it is possible to detect key chemicals derived from
benzene, including cyclohexane, aniline, and maleic anhydride.
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Fig. 1. Micrometer-sized droplets in CLC/GNP nanocomposite using an optical polarized microscope
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3D printing technologies require materials with controllable rheological properties that can
ensure a stable product formation process. In this context, highly filled epoxy composites are
promising systems due to the combination of high performance characteristics and the ability to
regulate their flow by varying the composition.

The work investigated epoxy composites based on ED-20 resin, modified with epoxidized
soybean oil and a mixture of polyvinyl butyral with epoxidized soybean oil, using copper
polyvinyl chloride and aluminum oxide as fillers. It was shown that such systems exhibit complex
non-Newtonian behavior, which is determined by the nature of the binder and the concentration of
the filler.

It was found that the studied compositions are characterized by pseudoplastic properties,
i.e., a decrease in effective viscosity with increasing shear rate. Such rheological behavior is
critically important for extrusion 3D printing technologies, as it provides a combination of good
fluidity of the material during passage through the nozzle with its ability to maintain its shape
after application. Analysis of flow curves shows the presence of structural transitions in the
systems, which manifest themselves in the form of inflections of the dependences of shear stress
on shear rate. This indicates the destruction of internal structures under load and their existence in
a state of rest, which is a necessary condition for the formation of self-supporting layers in 3D
printing.

It has been shown that the degree of filling significantly affects the suitability of the material
for additive manufacturing. At high filling (up to 100 wt. parts), a stabilization or decrease in
shear stress is observed, which may be associated with the destruction of the structure or the effect
of sliding of the material layer. This helps to reduce the extrusion effort, but may negatively affect
the geometric stability of the printed products. It has been established that modification of the
binder allows you to regulate the interfacial interactions and adhesive properties of the system. In
particular, the use of a modifier contributes to increased adhesion and efficient transfer of shear
stresses in the bulk of the material, which is critically important for ensuring interlayer adhesion
in 3D printing.

Microstructure studies have shown a uniform distribution of the filler in the polymer matrix,
which ensures the stability of the extrusion process, the absence of local defects and the
uniformity of the properties of the finished products. This is especially characteristic of modified
systems.

Therefore, highly filled epoxy composites are promising materials for additive
manufacturing, primarily for extrusion 3D printing technologies. The ability to purposefully
regulate their rheological properties by changing the compliance provides the conditions for



creating materials with specified technological and operational characteristics.
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The production of ordinary Portland cement (OPC) is associated with a huge amount of CO,
emissions (approximately 8% of the world total), the use of non-renewable natural resources and
the low durability of concrete made from OPC [1].

Alkaline-activated cements, which were developed almost 70 years ago thanks to the
research of V. D. Glukhovsky [2], can serve as an alternative to OPC. Subsequently, J. Davidovits
developed geopolymer material compositions [3] based on alkali-activated binders with low
calcium content.

Geopolymers (GPM) are inorganic materials with a polymer structure. They are the product
of a reaction between aluminosilicate-rich sources, such as kaolin clay, fly ash, and metallurgical
slag, and an alkaline or alkali silicate solution, typically at room temperature.

The advantage of GPM over OPC is low CO, emissions, low energy consumption, high
mechanical strength and durability, and the fact that the production of geopolymers mainly
recycles various production wastes.

Metakaolin (Al,03°2S10,) is one of the essential precursors for the production of alkali-
activated geopolymer materials. Commercial metakaolin, which is obtained by calcining natural
kaolin clays at 600—-850°C, is primarily used for the synthesis of high-strength geopolymers [4].

The main mineral of kaolin clays is kaolinite - ALl:Si2Os(OH)4, i.e. 25i02 - Al:Os - 2H>0,
the rest are quartz, mica and feldspar. Under normal natural conditions it is quite stable, but
in the temperature range of 550-850°C it loses 14% of its mass, which was present in the form
of hydroxyl ions. As a result of heat treatment, the structure of kaolin is destroyed and

amorphous metakaolin is formed: 25i02°Al20s.

Kaolin clays are characterized by a high Al,O; content (35-45%). Global reserves of these
clays are extremely limited. Georgia only has kaolinized clays, in which the Al,O3; content ranges
from 20-30%. Therefore, it is advisable to develop an energy-saving technology for modifying
substandard raw materials - kaolinized clay to produce high-quality metakaolin.

We have previously investigated several deposits of kaolinized clays in Georgia as a
pozzolanic additive to cement [5]. A technology for the synthesis of modified metakaolin (MKM)
has been developed, which involves the combined thermal treatment of kaolinized clay and 10-
20% FA.
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During thermal treatment, coal particles contained in fly ash are burned, which generates
additional heat and reduces the formation temperature of metakaolin to 550-590°C. Furthermore,
fly ash has a high Al,O3 content, which serves as an additional source for metakaolin synthesis [5,
6].

This technology for producing a pozzolanic additive based on metakaolin, synthesized from
kaolinized clay and fly ash, was patented [7].

This work is devoted to the study of the influence of activated fly ash (AFA) and modified
metakaolin (MKM) on the mechanical properties of geopolymer materials.

Fly ash from the Kutaisi Thermal Power Plant was used as AFA, and kaolinized clay from
the Makvaneti deposit was used as MKM.

Sodium hydroxide and liquid glass were used as alkaline activators. The chemical
composition of the Kutaisi Thermal Power Plant fly ash and the kaolinized clay from the
Makvaneti deposit are presented in Table 1.

Table 1. The chemical composition of raw materials (% wt.)

Ne | LOI | SiO, | ALLOs | TiO; | Fe,03 | FeO | CaO | MgO | SO; | Na,O | KO

*1 | 147 | 52.14 | 31.59 | 1.32 | 517 - 0.69 | 0.74 | 0.07 | 0.99 | 0.29

*2 | 4.14 | 57.70 | 27.80 - 1.14 115 | 099 | 197 | 054 | 2.01 | 2.05

* - fly ash, ** - kaolinized clay.

Fly ash from the Kutaisi Thermal Power Plant is characterized by low activity due to the
fact that it was in the ground for several decades, under the influence of high humidity, it
aggregated and the glassy (active) component partially crystallized.

To improve the quality of the ash, it was activated: thermally — heating to 600°C (with a
holding time of 1 hour) and rapid cooling, as well as mechanically — grinding to a specific surface
area of 8000-10000 cm?/ g [8]. In this way, activated ash (AFA) was obtained.

Heat treatment breaks down agglomerated particles and promotes their activation.
Mechanical activation of ash also results in the dispersion and destruction of aggregated particles.
All of this contributes to an increase in the amount of the glassy phase and the specific surface
area of quartz and mullite, which ultimately leads to an intensification of the reactivity of fly ash
[9].

To synthesize MKM, kaolinized clay (85%) and FA (15%) were co-fired at 570°C for 1
hour. For comparison, the same clay was fired at 700°C for 1 hour without the addition of FA -
the synthesis of conventional MK.

X-ray diffraction patterns of kaolinized clays (Fig. 1) show, primarily, the crystalline phases
of quartz (Q) and feldspar (F).

As can be seen, firing kaolinized clay at 700°C leads to the formation of a certain amount of
an amorphous phase - metakaolin (Fig. 1a). When kaolinized clay and FA are fired together (Fig.
1b), the increase in the amount of the amorphous phase (halo) compared to the previous firing
indicates an increase in the amount of metakaolin in MKM, i.e., metakaolin modification occurs.



At the same time, for comparison, commercial metakaolin from Bulgaria (MKC) with the
chemical composition: SiO[] - (52-55) %, A1LIO0] - (42-45) % (Fig. 2) was studied.
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Fig. 1. X-ray diffraction patterns of kaolinized clays: (a) - fired at 700 °C without the addition of FA
(MK) and (b) - fired at 570°C with the addition of 15% FA (MKM).
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Fig. 2. X-ray diffraction pattern of commercial metakaolin (MKC)

The GPM were prepared according to the following scheme: modified metakaolin (MKM)
and activated fly ash (AFA) (composition No.1), as well as MKC and FA (composition No.2) in
specified proportions, were thoroughly mixed dry for 3 minutes. An alkaline activator was
prepared separately: alkali — NaOH — 5%, liquid glass — Na,O(Si0;)n — 25%, and water in a
specified quantity were added to the resulting powder until a dough of normal consistency was
obtained. The dough was mixed for another 6 minutes, and small samples measuring 2 x 2 x 2 cm
were molded. The molds, together with the samples, were wrapped in polyethylene film to prevent
the binder from drying out. Some samples hardened at room temperature at an air temperature of
20°C, while others were heat-treated at 60°C for 24 hours.

The mechanical properties of the GPM produced under laboratory conditions are shown in
Table 2.

According to the data in Table 2, the mechanical strength of GPM obtained using modified
metakaolin synthesized from substandard raw materials and activated ash (composition No.1) is



only slightly lower than that of GPM based on commercial metakaolin and ash (composition
No.2).

Commercial metakaolin is a relatively expensive material produced from scarce raw
materials. Replacing it with a cheaper, readily available alternative would make it possible to
produce high-quality GPM in regions that lack kaolin clay reserves.

Table 2. Compositions of GPM and their mechanical properties

) Compressive strength, MPa
Components, % | Alkaline component, %
wt. wi. Curing conditions
No. At room temperature, 20°C After heat
After After treatment at 60°C
FA NaOH | Na,O(SiO .
a 20510z 14 days 28 days during 24 h.
MKM - 60
1 AFA - 40 5 25 28.6 64.7 68.2
MKC - 60
2 FA - 40 5 25 304 66.8 70.0

In addition, we have developed an energy-efficient technology for the production of
metakaolin: calcination of kaolinized clay together with fly ash at a temperature of 550-590°C,
instead of 600-850°C [7].

This study shows that activated fly ash (AFA) combined with modified metakaolin (MKM)
demonstrate promising performance in terms of GPM mechanical strength, while using non-
standard raw materials and industrial waste. Future studies are expected to investigate their

durability and corrosion resistance, as well as environmental and economic aspects.
Acknowledgments: The authors are grateful to the Shota Rustaveli National Science Foundation of Georgia
[grant number FR-25-2526].
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Suspension polymerization is an efficient and promising method for obtaining spherical
particles with controlled size, structure, and chemical composition. Such polymer suspensions
with a narrow particle size distribution form the basis for the development of modern drug
delivery systems and biologically active compounds. Considerable scientific and practical interest
is focused on spherical polymer particles synthesized by suspension homopolymerization of
methacrylic monomers, particularly 2-hydroxyethyl methacrylate (HEMA) and glycidyl
methacrylate (GMA), as well as by their graft copolymerization with polyvinylpyrrolidone (PVP)
in the presence of crosslinking agents in inert solvent media.

One of the key challenges of the polymerization process is the selection of an inert organic
solvent that simultaneously ensures dissolution of the monomer—polymer composition
components while limiting their diffusion into the aqueous phase. It has been established that the
determining criterion for solvent efficiency is the solubility parameter, which characterizes the
polarity of the system and affects interfacial interactions, critical molecular weight, and
polymerization kinetics.

Studies of diffusion processes showed that the transfer of monomer components
(particularly 2-HEMA) and PVP into the aqueous phase occurs mainly at the initial stages of the
process and strongly depends on the nature of the solvent and the composition of the organic
phase. It was found that the addition of PVP to the monomer mixture reduces the diffusion rate of
the monomer into the aqueous phase, thereby contributing to stabilization of the dispersed system.
For the 2-HEMA-based system, optimal solvents are mixtures of higher alcohols, particularly
cyclohexanol and decanol, which ensure minimal diffusion of the components and promote the
formation of spherical particles. For GMA-based compositions, the use of individual solvents
(dioxane, toluene, or cyclohexanol) was found to be ineffective due to intensive diffusion of PVP
or destabilization of the system. Instead, solvent mixtures, particularly toluene/decanol systems,
were shown to be optimal.

It was demonstrated that the nature of the monomer significantly affects polymerization kinetics:
compositions containing glycidyl methacrylate exhibit a higher reaction rate compared to HEMA-based
systems, which is associated with a lower solubility parameter and specific features of interfacial
interactions. An extreme dependence of polymer particle size and polydispersity index on the solubility
parameter was established. An optimal value (approximately 42.3 (MJ/m?)" 2) was identified at which
the smallest and most homogeneous particles are formed. Deviation of the solubility parameter from this
optimal value leads to an increase in particle size, higher polydispersity, or even agglomerate formation.
It was proven that the solubility parameter is an effective tool for controlling the structure, size, and
homogeneity of polymer particles during suspension polymerization.

The obtained results provide a basis for the targeted selection of reaction medium
composition for the synthesis of polymer materials with predetermined properties. Polymer
suspensions with controlled particle size distribution and structure are promising materials for
drug delivery systems and biologically active compounds.
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Fires pose one of the greatest threats to human life and health and cause significant
material losses [1]. Modern architectural solutions involve the use of large glazing areas to
provide natural lighting and visual openness of space. To limit the spread of fire in the event of
a fire in adjacent premises, doors and windows are designed with fire-resistant properties, since
conventional glass quickly fails under high temperatures, creating danger for people and
promoting fire spread. In accordance with current building regulations, this necessitates the use
of insulated glass units with fire-resistant properties. Such products must meet established
criteria of fire resistance, integrity, and thermal insulation capacity [2]. Fire-resistant glazing
units are used in fire partitions, doors, windows, and evacuation routes to block the spread of
flames and smoke. One of the main functions of such structures is to maintain integrity and, for
a specified period, prevent the penetration of fire and combustion products into adjacent spaces
[3].

Considerable scientific and practical attention is drawn to composite fire-resistant glazing
units manufactured by introducing a fire-protective hydrogel interlayer between glass panes.
Under the influence of high temperatures, the hydrogel layer forms a carbonized xerogel that
acts as a barrier to fire spread, thermal radiation, and oxygen access (fig.1). At the same time,
insufficient resistance of hydrogel interlayers to ultraviolet radiation and atmospheric factors
may lead over time to deterioration of the optical properties of glazing units, which limits their
wide industrial application.

Effect of Fire on the Structure of Hydrogel in an Insulating Glass Unit

Insulating Glass Unit Fire Exposure ’
with Hydrogel Intertayer {Heating above 100 “C) After Fire Exposure

Mydrogel in the initinl stote - . Wiaster removal and jon of a porous carbonized
transparent, water-contaning, th wotural i xerogel - a thermally resistant
polymer-mineral structure In the hydrogel Barrior layer
RESULT
i The hydrogel ntesiayer < Under high tempeoratures, A porous morganic xerogel is formed,
lij] onsures transparency r the hydrogel undergoos ) preserving structural integrity
and functionad properties dehydration and #nd hindaring heat transfer

of the glass unit structursl transformadion

Fig. 1. Effect of fire on the hydrogel structure
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The development of a new generation of transparent hydrogel-based mineral—polymer
fire-protection materials and fire-resistant glass structures based on them is important for
improving civil and fire safety at industrial facilities. The use of such solutions increases the
time available for safe evacuation, limits fire spread, and minimizes its consequences, thereby
directly contributing to the preservation of human life.

This study proposes the formation of fire-resistant glazing units using a polymer—mineral
(hybrid) hydrogel. Under the influence of extremely high temperatures (above 100 °C), this
material changes its structure, forming a porous layer. This technology effectively prevents the
spread of fire and high temperatures, ensuring a reliable level of fire protection and compliance
with modern safety standards.

The technology for obtaining the fire-resistant layer is based on the synthesis of a hybrid
hydrogel that combines the properties of a mineral polysilicate hydrogel and a polymer
hydrogel. The formation of a transparent, shape-stable hybrid mineral-organic hydrogel occurs
due to the simultaneous parallel reactions of interchain condensation of reactive polymers.

For the synthesis of the polymer hydrogel, a method for the controlled synthesis of
branched copolymers of acrylamide, acrylic acid, and N,N-methylenebisacrylamide was
developed. Their aqueous solutions over a wide concentration range (up to 30%) follow the
flow laws of Newtonian fluids, which allows the creation of low-viscosity casting compositions.
The obtained copolymers were characterized by IR and NMR spectroscopy, and it was
established that copolymers containing no more than 15 mol.% of acrylic acid units are suitable
for producing transparent solutions in the presence of polyvalent metal cations (magnesium,
aluminum).

Based on the selected copolymers, a structuring agent is obtained through polymer
transformation reactions. Due to intermolecular crosslinking reactions, polymer hydrogels of
various compositions were synthesized, and the patterns of their synthesis were studied along
with the characterization of the resulting material. A correlation analysis of experimental data
(crosslinking density, light transmittance, swelling behavior, gel fraction, mechanical
properties) was performed. Graphical and mathematical relationships describing
polycondensation reactions in the selected system and the properties of polymer hydrogels were
obtained.

The conditions for producing polymer hydrogels with optimal properties for their use as a
component of the polymer phase of a hybrid hydrogel composition in the production of fire-
resistant glazing units were determined.

In parallel, the synthesis parameters were studied and optimal conditions were established
for obtaining polysilicic acid hydrogels. These are used as the mineral component for preparing
hybrid hydrogel composites, in which the sol of metal silicate and silicic acid is stabilized by a
hydrogel based on an organic polymer. This system is used to obtain a transparent, shape-stable
hybrid mineral-organic hydrogel for filling the space between glass panels of insulated glass
units with special properties. In the event of a fire, under high temperature, water is removed
from the composite, which slows down the rapid temperature rise across the entire hydrogel
layer. After water removal, due to the presence of the mineral component, a continuous layer of
inorganic xerogel forms on the surface near the radiation source. This layer delays heat flux
propagation and preserves the integrity of the entire structure, preventing the spread of both fire
and smoke. Tests of the obtained fire-resistant glazing units filled with hybrid hydrogel
demonstrate increased fire resistance compared to existing analogues.



The creation of a new generation of transparent hybrid fire-resistant hydrogel materials,
particularly fire-resistant glass structures based on polymer—mineral systems, has significant
social importance, as does the establishment of their production and implementation in practice.
This class of materials makes it possible to increase evacuation time and save the most valuable
asset—human life—in the event of a fire.
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The wide application of organosilicon polymers in many fields of techniques pushed the
development of organosilicon chemistry and increased application-oriented research in the above-
mentioned field'”.

Nowadays, development of new and more efficient methods of energy storage and
conversion is one of the major problems facing scientists. This includes the efficient storage of
electricity. Therefore, development of batteries and other energy storage devices with high energy
density, low energy losses during operation, low cost, and long lifetime is one of the most
important challenges.

During the last decade, several different types of secondary (rechargeable) battery systems
have been studied, among which are the nickel-metal hydride, the sodium-sulfur and the lithium-
ion systems. However, Nickel-metal hydride batteries suffer from relatively low energy density
and higher self-discharge (up to 30% per month), and the main disadvantages of sodium-sulfur
batteries are higher operating temperature (up to 350 °C) and corrosive nature of sodium sulfides.
Lithium is the most attractive choice because of its low equivalent weight and high standard
potential.

Therefore, the lithium-ion (Li-ion) system is the most promising and thus its development
is considerably supported. Li-ion polymer (Li-Pol) batteries are also widely used in portable
electronic devices from cell phones to laptop computers and have proved their economical
viability and convenience®™”. Even though this type of batteries are widely used and quite well
developed, its further improvement is still one of the major challenges for scientists®"".

Among the few rare publications wherein the cycling behavior of solid polymer electrolytes
was tested under either galvanostatic or voltammertic conditions, decent cycle life was obtained
only when low-potential cathodes such as V,0s, TiS,, or polymeric electroactive materials — solid
polymer electrolytes were used'*.

Solid polymer electrolytes are materials that can serve as ionic conductors in such devices.
They act as separators in Li-ion polymer batteries through which lithium ions move from anode to
cathode during discharge and vice versa. They are unusual solids in the sense that they allow ions
to pass through them as if they were liquids. Polysiloxanes®® and polyphosphazenes'®"? are the
most promising materials for such electrolytes because their physical and chemical properties can
be easily adjusted over a broad range by varying substituents attached to them.

Since the pioneering work by Fenton et al., it has been known that alkali metal salt
complexes with poly(ethylene oxide) (PEO) act as conductors'*. Although the etheric oxygen of
the polymer chains provides a good solvation of lithium ions, crystalline domains in the PEO-
based polymer electrolytes present at temperatures below 60 °C permit only low conductivities'”.


mailto:tamar.tatrishvili@tsu.ge

Polymer electrolytes based on poly[bis(methoxyethoxyethoxy)phosphazene] (MEEP),
which was studied as a polymer electrolyte by Shriver, Allcock and their coworkers, was a
breakthrough in this area'®*°

The polysiloxanes with very low glass transition temperatures T, = -123 °C for poly
(dimethylsiloxane), extremely high free volumes and a high segmental mobility are expected to be
good hosts for Li" transport.

As it is known from the above-mentioned literature data, polymerelectrolytes are obtained
via hydrosilylation reaction of methylhydrosiloxane with allyl or vinyl-containing organic
compounds in the presence of a catalyst. It must denote that the reaction at this time proceeds in
time with the obtaining of various linking systems, and often cross-linking and branching
processes take place, which is undesirable technologically.

So, elaboration of a new approach to the synthesis of new polysiloxane-based polymer
electrolytes with enhanced characteristics for Electrostorage Devices in Lithium Batteries is
important.

The objective of the research is to synthesise organocyclosiloxanes with various
surrounding groups, their polymerisation and copolymerization reactions for obtaining new
siliconorganic polymer electrolytes for electrostorage devices in lithium batteries.

According to our work plan, we have obtained allyloxydiethyleneglycolmonomethyl ethers
via condensation reactions of allyl bromide with diethyleneglycolmonomethyl ether at a 1.5:1
ratio of initial compounds, in the presence of excess potassium hydroxide, in dry toluene solution.
The reaction proceeds by the following scheme 1:

KOH, T°C
HO-(CH,-CH,-0),-Me + xBr-CH,-CH=CH, T CH,=CH-CH,-0-(CH,-CH,-0),-Me
Scheme 1. Condensation reactions of allyl bromide with diethyleneglycolmonomethyl ether
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Scheme 2. Hydrosilylation reaction of D4" with allyloxydiethyleneglycolmonomethylethers
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Me o Me
Scheme 3. Polymerization reactions of 2.4.6.8-tetra (propyldiethyleneglycol monomethyl

ether)- 2.4.6.8-tetramethylcyclotetrasiloxane in the presence of a catalyst

Obtained D" and D,*® compounds are yellow type viscous, transparent compounds well
soluble in ordinary organic solvents. The structure and composition of compounds were proved
via FTIR, #Si, *H and *C NMR spectra data.



In the FTIR spectra of compounds | and Il (Figure 1), one can observe absorption bands at
1079 cm'™* characteristic for asymmetric valence oscillation of =Si-O-Si= in the cyclotetrasiloxane
ring. In the spectra, there are absorption bands at: 1257 cm™ for =Si-CH3 bonds, 2869-2923 cm™
for CH bonds, 1199 cm™ characteristic for ethereal C-O-C bonds in a repeated ~OCH,CH,- ring.

Fig. 1. FTIR spectra of compounds I and 11
Via sol-gel reactions of compounds | and Il, solid transparent films have been obtained.
These sol-gel processes have been used for obtaining PE membranes.
We tried to obtain such oligomers from the PMHS matrix via hydrosilylation reaction of
PMHS (n~35) with allyl biethyleneglycolmonomethyl ether and vinyltriethoxysilane at a 1:28:7
ratio of initial compounds in the presence of Karstedt’s catalyst in 50% solution of anhydrous

toluene. The reaction proceeds according to the following scheme 4:
Me

Me;Si0{—Si~0--SiMe; + 28 CH,=CH-CH,-O-(CH,-CH,0),-CH; + 7 CH,=CH-Si(OEt); Caty

TOC
H
i 1\|/Ie -‘ ’/
—> Me;Si0— Sli—O SI—O SIO SiMe,
(|:3H6 C2H4
(x)

A

O(C,H40),CH] (5 51(0C2H5)3 (b)

Scheme 4. Hydr05|lylat|on reaction of PMHS with allylbiethyleneglycol monomethyl ether and
vinyltriethoxysilane at 1:28:7 ratio of initial compounds

Polymer electrolyte membranes doped with lithium trifluoromethylsulfonate (triflate) or
lithium bis(trifluoromethylsulfonyl)imide salts by us have been obtained in three ways.
1. To the oligomers which were obtained via polymerisation reaction without the use terminated
agent (hexamethyldisiloxane) in the sol-gel reaction, was added tetraethoxysilane and one or two
drops of 0.01M solution of hydrogen chloride in ethyl alcohol.

2. Oligomers with an ethoxyl group in the chain are directly subjected to sol-gel processes
using only a drop of 0.01M solution of hydrogen chloride in ethyl alcohol. There were
investigated electro physical properties of the membranes based on polymers P1, P2, P3,
P4 and lithium salts of two types.
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In our work, the conductivity of obtained membranes (thickness ~0.5 mm) was measured
using a bridge-type scheme under conditions of permanent and 36 W frequency electrical current
over a temperature range 30—110 °C at a constant rate of temperature change both at increasing
and decreasing the temperature. The membranes were sandwiched between two cylindrical brass
electrodes in a PTFE cell. This cell was also used for voltammetry measurements operating at a 20
mV /s scan rate in the potential range of 1 to 20 V.

The electrode area was 3.14 cm”. Experiments on voltammeter analysis were performed at
room temperature. Some experiments were provided for the establishment of the effect of pressure
on the electrical volumetric specific resistance of ion complexes obtained by us.
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The creation of new polymer composite materials (PCMs) based on thermoplastic matrices
and inorganic fillers is currently one of the most promising fields in the technology of polymer
and composite materials. Among a wide range of engineering thermoplastic polymers,
polypropylene (PP) has become widely used. Typically, the technological and performance
properties of PCMs are effectively improved when the filler exhibits enhanced technological
compatibility with the polymer matrix while maintaining intermolecular and interfacial interaction
between the composite ingredients during the operation of products based on it.

The main problem in the creation of PCMs is the low compatibility between the filler and
the polymer matrix; to improve this, methods involving the preliminary modification of inorganic
fillers with functionally active high-molecular-weight compounds are widely used.

For filling "Moplen" grade PP, a Ni-containing polymer-silicate material (Ni-PSM) was
used, obtained by the co-precipitation of sodium liquid glass and polymer modifiers — polyvinyl
alcohol (PVA) and polyvinylpyrrolidone (PVP) — in the presence of nickel chloride.

The morphology of PCMs significantly depends on the nature of the initial components,
technological mixing parameters, interfacial interaction at the phase boundary, the crystallization
ability of the components, the conditions under which it occurs, the presence of other compounds,
etc. Therefore, establishing the morphological features of the studied composites makes it possible
not only to determine the factors affecting the compatibility of components in these materials but
also to predict their technological and operational properties. It was established that the
introduction of a filler, regardless of its nature, leads to a change in the morphology of the
developed composites. It was found that the introduction of the filler and its nature positively
affect the physical and mechanical properties of the obtained composites. The greatest impact is
observed for composites with modified fillers, since, along with the change in the morphology of
the materials, an increase in the technological compatibility of the components is recorded.

It should be noted that the introduction of filler into PP promotes an increase in Vicat
softening temperature. The highest heat resistance value was observed for composites with a filler
based on Ni-containing PVP-silicate material. One of the significant disadvantages of polymers is
their high coefficient of thermal expansion, which causes substantial dimensional changes in parts
under significant temperature fluctuations. It was found that the introduction of Ni-PSM reduces
the value of the thermal expansion coefficient. At the same time, the lowest values of thermal
expansion coefficients are characteristic of unmodified fillers. The observed regularities are
confirmed by the lower processing shrinkage of the obtained composites. Thus, PP-based
composites are characterized by a 10-15% higher degree of crystallinity. Simultaneously, filled
PP-based composites exhibit a smaller average crystallite size. It was established that the
introduction of modified fillers contributes to the improvement of the technological and
operational properties of filled thermoplastics. The tensile strength of the composites increases by
10-20%, the elastic modulus by 20-30%, the Vicat softening temperature by 10-20 K, and
surface hardness by 30-35%, while the coefficient of linear thermal expansion decreases by 3—5
times.
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Introduction. One of the most effective methods for purifying the aquatic environment
from heavy metal ions is adsorption [1]. Among the wide range of adsorption materials, organic-
inorganic composites combine the structural stability and high specific surface area of inorganic
carriers (e.g., silica gel, bentonite) with the chemical functionality and possibility of modification
of polymer matrices. A characteristic feature of a polymer composite with an inorganic carrier is a
significant increase in the interfacial surface area compared to traditional composites [2].

In the presented work, the synthesis and properties of two organo-mineral composites based
on the silica gel and a natural mineral bentonite were investigated. An organic copolymer poly(2-
[(4-ethenylphenyl)iminoethyl]phenol)-co-styrene was immobilized on the carriers during in situ
formation (Figure 1) as a result of precipitation copolymerization of comonomer 2-[(4-
ethenylphenyl)iminoethyl]phenol with styrene in solution. As we believe, the presence of
monomer units (2-[(4-ethenylphenyl)iminoethyl]phenol) with functional OH and =CH-N- groups
in the o-position would provide chelation of metal ions. Taking into account our previous studies
[3,4], silica gel and bentonite were previously activated with ultrasound US and further organic
polymer formation was made on the US-activated carriers silica gel US and bentonite US.

o

Fig. 1. General scheme for the synthesis of organo-mineral sorbents 1 and 2

Copolymerization with the such active monomer as styrene ensured polymerization of
inactive monomer 2-[(4-ethenylphenyl)iminoethyl]phenol. In addition, the introduction of
styrene also contributed to the formation of a polymer layer that is insoluble in water [5,6].

For the obtained organo-mineral composites silica gel  US/poly(2-[(4-
ethenylphenyl)iminoethyl]phenol)-co-styrene 1 and bentonite US/poly(2-[(4-
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ethenylphenyl)iminoethyl]phenol)-co-styrene 2, the surface parameters were determined and the
sorption capacity for heavy metal ions was investigated (Cu?* , Pb** , Fe*" ).

Materials and methods. Ultrasonic treatment of silica gel and bentonite (obtained sample
Bentonite US) was carried out using an ultrasonic bath “ULTRASONIC CLEANER SET” (model
WUC-AQ3HD, ultrasound power — 170 W, operating frequency — 40 kHz) for 20 min without
heating. Composites 1 and 2 were synthesized by precipitation copolymerization of the Schiff base
monomer 2-[(4-ethenylphenyl)iminoethyl]phenol and styrene in ethanol (10 wt.% in ethanol) during
18 hours at 70°C. The mol.% fraction of 2-[(4-ethenylphenyl)iminoethyl]phenol in the in situ
immobilized copolymers in the composites 1 and 2 was estimated ~85% using ‘H-NMR
spectroscopy.

FTIR spectra were recorded using an IR spectrometer with Fourier transformation (Thermo
Nicolet Nexus FT-IR, USA) in KBr. Thermogravimetric analysis was performed on a
synchronous TG/DTA analyzer "Shimadzu DTG-60 H" (Shimadzu, Japan), heating ratel0
°C/min. The values of the specific surface area and the average pore diameter were calculated
from the isotherms of low-temperature adsorption-desorption of nitrogen using sorbometer
software "ASAP 2420 V1.01" (Micromeritics, USA). Before measurement, the samples were
degassed at 100 ° C for 24 hours.

Adsorption behavior was studied in a static mode. Working nitrate solutions of Cu(II), Fe(III)
and Pb(Il)wereprepared with the sets of “standard sample solutions™ of the corresponding salts on 1
M HNO; background (produced by A.V. Bogatsky FHI in Odesa) with concentrations of 1 and 10
mg/ml. The interaction with the composites was proceeds while the flasks were shaken
mechanically. Equilibrium concentrations of ions were measured using atomic absorption methods.

Results and discussion. Polymers’in situ immobilization of on the silica gel surface was
confirmed by IR spectra comparative analysis of the composites and parent silica gel or bentonite
(Figure 2). In the FTIR spectra of the composites, the signals present at 1390 cm™ ! and 1590
cm™ ! are associated with stretching vibrations of the C-O and C=N groups, respectively. In
addition, the presence of absorption bands in the region of 2900 cm™ ! indicates stretching
vibrations of aliphatic C—H bonds [7].
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Fig. 2. IR spectra of: parent silica gel (curve A) and Composite 1 (curve B) and parent bentonite (curve A)
and Composite 2 (curve B)
From the thermogravimetric analysis data the mass fraction of the organic polymer
component in composites based on silica gel and bentonite was calculated. In particular, the mass



fraction of the organic polymer in SiO,-based composite is about 30.5%, and in the bentonite-
based composite is 18.0%.

For the composites silica gel US/poly(2-[(4-ethenylphenyl)iminoethyl]phenol)-co-styrene 1
and bentonite US/poly(2-[(4-ethenylphenyl)iminoethyl]phenol)-co-styrene 2, the sorption
capacity for Fe(ll1), Cu(ll) and Pb(ll) ions was estimated. Adsorption isotherms of Cu?* , Pb>* ,
Fe3* adsorption from aqueous solutions of the corresponding nitrates were constructed and the
efficiency of metal ion extraction was assesed.

Sorption studies revealed a significant increase in the ability of the composites to trap
Fe(Ill) ions compared to unmodified silica gel or bentonite. The bentonite-based composite 2
demonstrated a higher sorption capacity for Fe(lll) (see Table 1). Generally, the ultrasonic
treatment and subsiquent chemical modification of silica gel and bentonite surface mostly
improves the adsorption capacity of the parent mineral for Fe(l11) ions.

Table 1. Sorption capacity assessment of the parent monerals and organic-mineral composites for
Fe(111), Cu(ll) and Pb(l1) ions

Sorption capacity, mmol/g
Sample Fe(IIl) Cu(Il) Pb(Il)
Silica gel [8] 0.008 0.006 0.002
Silica gel US/poly(2-[(4-
ethenylphenyl)iminoethyl]phenol)-co- 0.031 0.005 0.005
styrene
Bentonite [9] 0.036 0.101 0.036
Bentonite US [4] 0.15 0.091 0.03
Bentonite US/poly(2-[(4-
ethenylphenyl)iminoethyl]phenol)-co- 0.196 0.083 0.004
styrene

A low-temperature adsorption-desorption method was applied to estimate the specific
surface area as well as average pore volume and average pore diameter using the BJH method
(Table 2). From the data presented in Table 2, it is clear that polymer immobilization on the
surface of a mineral carrier significantly reduces the specific surface area (from 3.5 times to
almost 12 times) and the average pore volume decreases by 2.8-5.3 times. Instead, the average
pore diameter practically does not change in the case of the silica gel-based composite 1 and
increases by 1.4 times in the case of composite 2 compared to the parent bentonite.

Table 2. Comparison of surface parameters of parent minerals and composites 1, 2

Specific Average pore
Sample surface area V'gﬁ?g?g Jol_rs diameter
p (BET), 3 "l (BIH),
m?/g cm/g nm
Parent silica gel [8] 464 0.68 59
Silica gel US/poly(2-[(4-
ethenylphenyl)iminoethyl]phenol)-co-styrene 130 0.24 6.2
Parent bentonite [9] 43 0.08 13
Bentonite US [4] 45 0.08 12
Bentonite US/poly(2-[(4-
ethenylphenyl)iminoethyl]phenol)-co-styrene 4 0.015 18.4




Conclusions. Ultrasonication and chemical modification of the bentonite surface with
organic copolymer bearing Shiff-base moieties generally improves the adsorption capacity of
the parent inorganic carrier for Fe(lll) ions by more than 5 times. However, chemical
modification of the bentonite surface with in situ formed polymer leads to a deterioration of the
adsorption capacity for Cu(ll) and Pb(ll) ions. For the silica gel-based model composite 1, a
similar trend is observed in the case of Fe(lll) and Pb(Il) ions. Surprisingly, ultrasonication and
chemical modification of silica gel leads to a deterioration of the adsorption capacity for Cu(ll)
ions.
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Novel microgel particles were developed that are capable of forming stable complexes with
proteins and low-molecular-weight drugs. In addition, these hydrogel-based systems effectively
encapsulate and retain hydrophobic compounds, including water-insoluble luminescent europium
complexes.

The interaction of the microgel particles with albumin demonstrates their potential as
vaccine adjuvants. Albumin incorporation occurs within the hydrogel network, as evidenced by
the preservation of the particles’ hydrodynamic size (confirmed by DLS and SAXS) alongside
pronounced changes in internal morphology. These findings indicate strong intermolecular
interactions between the protein and the anionic polymer matrix. The resulting hydrogel—protein
complexes exhibit long-term stability, which is a critical parameter for vaccine formulation and
storage.
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Fig. 1. (A) SAXS profiles of the pristine microhydrogel (1) and the corresponding microhydrogel-BSA
complex (2). (B) Hydrodynamic diameter of the microhydrogel particles (1) and its complex with BSA (2)
(pH 7.4)



The inherent porosity, functional versatility, and biocompatibility of these materials provide
promising prospects for biomedical applications. The hydrogel microparticles were systematically
evaluated in terms of stability, hemolytic activity, albumin loading efficiency, cytotoxicity, and
immunopotentiating properties. Furthermore, the microgels were evaluated as drug delivery
carriers using doxorubicin as a model compound. The microgel-based delivery system resulted in
a significant enhancement of the drug’s biological activity, demonstrating their effectiveness as
polymer carriers.

Exploiting their capacity to encapsulate hydrophobic substances, the microgels were also
used to incorporate luminescent, water-insoluble dyes to generate fluorescent markers for cellular
imaging. The successful internalization of these labeled particles into cells was confirmed,
highlighting their applicability in bioimaging.

Overall, the developed microgel system represents a versatile and multifunctional platform
with potential applications in drug delivery, vaccine development, and cellular labeling.



JOCJILIZKEHHA IVIIBOK HA OCHOBI EITIOKCHUJHOT'O OJII'OMEPY
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Enokcuani  omiroMepu MIMPOKO BHKOPHCTOBYIOTHCSI B SIKOCTI  IUIIBKOYTBOPIOKOUHUX
MaTepiajiB, OJHIEIO i3 c(heporo 3aCTOCYBAHHS SIKUX, € 3aXUCT METAJIEBUX BUPOOIB Ta KOHCTPYKIIIH,
a TaKOX 3aXUCT OETOHY, IEPEB'sTHIX BUPOOIB TOIIO.

PerymroBanHsI J€KOPaTUBHUX BIACTUBOCTEH MOKPHUTTIB - KOJIBOPY Ta HETMPO30POCTI, 8 TAKOK
3aXMCHUX BIIACTHBOCTEH, 3/IHCHIOETHCS BBEIEHHSIM IIITMEHTIB 1 HANOBHIOBAYiB Yy TOJIMEpHY
Matpuiro. B pesynbTaTi aacopOIiiHMX SBUIN, XiMIYHOI Ta (Hi3u4HOI B3aeMOAIl TOBEPXHI
JTUCIIEPCHUX YaCTUHOK 3 IUIIBKOYTBOPIOBAIBHOK PEYOBHMHOKD, Mae Micie Moaudikaris
IUTIBKOYTBOPIOBada MOOJIHM3y MOBEPXHI MIrMEHTHUX YAaCTHHOK, KA € MPUYMHOI0 3HAYHOI 3MiHU
negopManiiHO-MIITHICTHUX, 130JTIOI0YMX, aAre3iHUX Ta IHIIMX BIIACTHBOCTEH JlakogapOOBUX
MOKPHUTTIB IPU BBEJICHHI IMITMEHTIB 1 HAIOBHIOBAYIB.

[TpoBoawiioch JOCHIJKEHHs THpouecy (OpMyBaHHS HOJIMEPHOIO IIOKPUTTS Ha OCHOBI
enokcuaHoro oniromepy EJI-20 y mpucyTHOCTI MIrMEHTHOrO HAllOBHIOBAYa - JIOKCHIY THTaHY 3
PI3HUMHU [TOBEPXHEBUMHU BJIIACTUBOCTSIMH B MPUCYTHOCTI PI3HUX 3aTBEP/AKYBayiB:

- JHIAHUN He MoAM(IKOBaHUH Jl1aMiH - rekcameTminenaiamus (I'MJI)
- posranmyKeHu# aiamiH - 2-meTui-1,5-nenramerunenaiamin (MIIM/])
- apOMaTHYHHUU JiaMiH - H-Kpe3wieTuiaeHJiaMiH (AD-2)

SIK pO3UMHHUK 3aCTOCOBYBAJIM: €TUIILEN030JbB Ta alleTOH

[TirMeHTHUH HaNOBHIOBAY - JA10KCHJI TUTAHY BHUKOPUCTOBYBAJIM PI3HUX MAPOK, SIKI 3HAYHO
BIJIPI3HSIOTBCST OJIMH BiJl OJIHOTO IO BJIACTUBOCTSAM TOBEPXHI, CTETEHI AUCIEPCHOCTI: M10KCH]
TUTaHy pyTHibHOI Moaudikauii Mmapok R-02, R-706 1 Kronos 2310, a TakoXX AIOKCHA TUTaHY
aHartaszHoi popmu Mapku AO-1.

Kommnoszunii Ha ocHoOBi emokcuaHoi cmonu EJ[-20 roTyBamu HUISIXOM NEepeMilllyBaHHS
KOMITOHEHTIB NP KIMHATHINA Temreparypi 3 MOAAJIbIINM JOAABAHHAM 10 OJHOPIAHUX CyMilieit
3arBeppkyBada. CyMilll HAaHOCWJIM HAJIMBOM Ha MONEPEIHbO 00€3KUpEH] alleTOHOM CTaHJIapTHI
CKJIsHI a00 MeTaneBl IJIACTMHKM 1 NPOBOAMIM 3aTBEP/DKEHHS KOMIIO3MIIM CIIOYaTKy IpHU
KIMHATHIH Temreparypi BOpoaoBx 24 roa, a notiM npu HarpiBanti 60°C 180xs.

KoHTposb 32 CTPYKTYpHUMH 3MiHAMHU HPOBOIWIN IIJISIXOM BU3HAYEHHS BU3HAYCHHS Iellb-
¢pakuii noapiOHeHNX 3pa3kiB B anapati CokcieTa, MIIIXOM eKcTpakiii anetoHom 10-12 rox.

[IBuaKiCTh 3aTBEpIiHHS BCIX MITMEHTOBAaHMX KOMIIO3UIIA 3HAYHO HWXKYA, HIXK s
HEMITMEHTOBaHUX. MiHIMalbHy MIBUIKICTh 3aTBEPAIHHS Ma€ KOMIIO3HIIis,, MIrMEHTOBaHa
niokcuaoMm Tutany Kronos 2310.

3 BHIIOI MIBHAKICTIO 3aTBEPIKYEThCS KOMITO3MINis, HamoBHeHa AQO-1, MIBHIKOCTI
3aTBEPIIHHS KOMITO3MITIN Yy MPUCYTHOCTI AIOKCHAYy THUTaHy Mapok R-02 1 R-706 cmiBmipHi 31
MIBUJKICTIO 3aTBEP/IHHS HEMIrMEHTOBAHOI KOMIIO3MIii, OJHAK, YTBOPEHHS TPUBHUMIPY B HHX
MOYMHAETHCSI 3HAYHO Mi3Hie (depe3 135 xB s kommno3wuiii 3 R-02 Ta uepe3 175 xB mist R-706).
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I'mubuna 3aTBepAiHHS BiAMOBIAHO 3HIKYETHCS Big 86% IUIsl HEMIrMEHTOBaHOT KOMITO3UIIii 10 70-
75% nns komno3uiii, mirmeHToBaHux R -02 ta R-706. binbm HU3bKY INIMOMHY 3aTBEpIiHHS
MalOTh 3pa3KH, U0 MICTATh Alokcua TuTany Mapku AO-1 (60%) Ta Kronos 2310 (51%).

[Ipu BUKOpHCTaHHI K 3aTBEpKyBaua H-Kpe3WJIeTHICHI1aMiHy (3aTBep/ukyBad AD-2) mis
BCIX MITMEHTOBAaHUX KOMITO3UIIIH, KPIM KOMITO3HIIii, IO MICTUTh JIOKCH THUTaHy Mapku R-706,
CIIOCTEPIraeThCsi 3BOPOTHS KapTUHA.

HaiiGinpmnii BIUIMB HA MIBUAKICTh 1 TIMOMHY 3aTBEPAIHHS EIMOKCHUIHOI KOMITO3HUIIIT
JOCIIJKYBAaHUMH 3aTBEPKYBAa4aMu 3/1MCHIOE TIrMEHTYBaHHS TIOKCHIOM THTaHy Mapku AO-1:
IpU BUKOpPHUCTaHHI 3aTBep/pkyBada ['MJ] BMicT renp-nonimepy 60% mpocsraerbest yepes 3 TOAUH
BUTpUMKHU 1ipu Temreparypi 60°C, toai sk komnosuiii, mo wmictutb KEJIA (Ad-2), Taka
TIIMOWHA 3aTBEPIHHS JOCATAETHCS yepe3 1,5 roauHm.

Taki edexTd MOXKYTh OyTH MOB'sI3aH1 3 SICKPABO BUPAKECHUM KHCIHM XapaKTepPOM MOBEPXHI
JTIOKCHIy THTaHy aHara3Hol Moau@ikamii, 10 MPHCKOPIOE PEaKIil0 MK EHNOKCHIHOK Ta
aMiHOTPYIIOIO, IO B CBOIO YEPry MPUCKOPIOIOTH 3aTBEPIiHHS.

[Tpu BUKOpHCTaHHI B SKOCTI 3aTBepKyBaya 2-metui-1,5-nentamermnengiaminy (MIIM/I),
YTBOPEHHS TPUBUMIPY TMOYMHAETbCA He panime HiK depes 80 xBunuH. [lpum npomy ans
HNIrMEHTOBAHUX KOMITO3MIINA Ied mepiox 30epiraeTbcs JWIIE sl CHCTEMH, ITIrMEHTOBAHOI
niokcugoM Tutany Mapku AO-1 3 sICKpaBO BUPaKEHUM KHCIUM XapaKTepOM IOBEPXHi, 1 3pocTae
y psaai Kronos 2310, R-706, R-02, 36inbmrytounce a0 180 xBumuH. MakcuManbHHM CTYIiHB
3aTBEpJIHHA s BCIX JOCHIIKYBaHHMX KOMIO3MILINA pgocsrae Oiamu3bko 90%, mpudomy, HHUXKUI
3HAYeHHS BiAMIYeH] I HEIIIrMEHTOBAHOI KOMITO3uIli Ta HanoBHeHOI AO-1.



HOCIHA I0HIB KAJIBIIIO SIK PETYJATOP ABCOPBIIMHUX
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Auprinatai rigporeni 3 Ca?*  ¢dopmyroTbes 3a Momeiui0 siedHol KopoOku, me Ca*
KOOPAMHYETHCS 3 TYJIYPOHOBUMH OJIOKAMHU. YTBOpPEHI TaKMM YMHOM CITKM 4acTO HEIOBHICTIO
onHOpiAHI Ta MicTath nedekTH. KepyBaHHs aOcopOiMHUMM BIACTUBOCTSAMHU, MEXAHIYHOIO
CTaOUIBHICTIO Ta apXiTEKTYpOIO MOpP € BaXKJIMBUM 3aBIAHHAM I IMPOEKTYBAHHS MOJIMEPHHUX
MEJIMYHUX BUPOOiIB, COPOCHTIB, MaTPHUIh JOCTABKU Ta CUCTEM 3 KEPOBAaHOKO mopucricTio. Ha
JaHW Yac ICHye HEJOCTaTHS KUIBKICTh pOOIT 13 CHCTEMAaTHYHUM  TOPIBHIHHAIM
HHU3bKOMOJICKYJIIPHHX, OpPraHiuyHuX i mosiMepHux Gopm Hocis Ca?* [1,2].

Kanpuiif BBOAMIN Yy BUIJISAI TIILEPUHOBUX AMCIEPCIH pi3HUX coliell (IUTpaT KalbIliio
(CIT) sk eranon i momakpmiosi comi: STR — pinkocrpykrypoBana, CAR — kap6omep- 940,
HLIN/LLIN — miniiinHa PAA BHCOKOI/HM3bKOI MOJICKYJISPHOI MacHu). Yci KIiHIIEBI 3pa3ku
rigporeniB mictinu 2.20% anbrinary Hatpito (AH). 3minryBaHHS BUKOHYBAJIH JBOIINIPUIIEBOIO
cuctemoro (6.00 r po3unny anerinaty Harpito+ 1.00 r aucnepcii) g0 oaHopinHocti =10-15 c,
3pa3Kku J03piBaiu 24 roJUHMU.

HalpsikanHs 3pas3kiB BU3Hayanu micias 72 TOAMH y JUCTUIBOBaHIA BOJAl, HOPMYIOUHU
3HAUEHHS JI0 CyMM BMICTY ajbriHATy HATpilo Ta KaiblieBoi comi. KipkicTh reneBoi (pakiii
BU3HAYanu mpomuBaHHSAM 24 ron y Boai mpu 30-35°C i3 3amiHOIO BOAM KOXHI § roa Ta
HACTYIHUM BUCYIIYBaHHSM. PeoJiorito omiHOBalIM 3a 4acTOTHOIO po3roptkoro 0.015-15 I'n npu
20° 13 19 =500 Ila (BuOpano Bcepeauni JIBEO). SEM BukoHyBasin mHicisl JBOPa30BOTrO
HaOpsIKaHHA, 3aMOPOXKYBaHH4, Jiodisizamii Ta HaUICHHS 30J10TOM, 300pa)keHHs aHaI3yBallu B
ImageJ.

VY Bcix cepisx 3i 3poctaHHsM criBBigHomenHs Mix Ca?™ /AH aGcopOiiiiHa 31aTHICTB
3HUXKYEThCs, ane Hocid Ca?’ Bu3HAYae MaKCHMajbHI pIBHOBaXHI 3HaueHHs. [lpu
cmiBigHomreHni Ca?* /AH=0.5 mmone-r™ ' CIT nornuuae mo 125 r/r, Toai sSK MONIaKpHIOBI
comi — 300—450 r/r, mpu Tim HLIN nae na 10-120% Oinpme nHaOyxanus, Hixk LLIN npu
OJIHAKOBHX CITIBBIIHOIIEHHX.

VYci cucremu € dizuuno 3mmTumu (G™>G") 13 mmaro G’ va 0.2—15 T'. s cniBBiAHOIIEHB
~1.45 ta =2.37 mMmonb'T” ! modiakpuiioBi cepii neMoHcTpyloTh Bulli G’ 1 G”, a HaWOUIBILINI
npupict (3—4 pasu) orpumano st CAR i HLIN; npu usomy G'/G” 3menmyerbes 3 6-8 (CIT)
1o 1.5-2.0 (HLIN/LLIN), mo Bka3ye Ha 3poctanns gucunaruBHOCTI. Cepis STR mopdomoriano
rereporeHHa: SEM Busnse mikpocpepu 1.5-2.0 pm aucnepcHOi MOMIaKpUIOBOI COJi; AJs
LLIN BkitodeHb He 3adikcoBaHo. KinbkicTh reneBoi ¢pakuii craHoBuTh 3aranom 50-80%, ane
s HLIN i CAR Bona 3pocrae 3i 30inbinennsm Ca?* /SA, toai sk mis CIT i STR icroTHOrO
3pOCTaHHS HE CIIOCTEPITaH.

P0301HICTD OIIHOK PO3Mipy KOMIPKH 3IIATOTO Tiaporesto { BUIIMBAE 3 PI3HOT MPHUPOIU
eKCIIepUMEHTAJIbHUX MiJBX0IB. Y Teopii dnopi-PeHepa kiI040BUM MapaMeTpoM € PiBHOBa)KHE
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HaOpsikaHHA Ta anpokcumaris mnapamerpa jx (—0.510...—0.501), Tomy BiH BigoOpaxkae
MaKpOCKONIYHUA 00’€MHMI cTaH pa3oM 13 JedeKTaMu Ta HEOJHOPITHOCTAMH. Teopis
ryMOTOI0HOT MPYXKHOCTI OTPUMYE PpO3Mip KOMIipku ( 4epe3 MOAyJb 3CYBY 1 OIKCYE JIHUIIE
edekTuBHY Hecydy ciTKy. sl momiakpuiaoBHX cepiil JOoAaTKOBI 10HHI acomiaTd Ta (i3U4YHI
B3a€EMO/IIT TIJCHITIOIOTh HAOpSKaHHS 1 3aBUIIYIOTH po3Mip mop { 3a Teopieto dnopi-Penepa, ane
He OepyTh ydacTi y mepeaBaHHI €1acTHYHOI Hampyru. JloniJibHO BBaXkaTH OILIHKH ( 3 Teopii
ryMOTOA10HOT IPYKHOCTI OLTIBbIII TOYHUMH JIJIs1 TAKUX YMOB [3].

Tabumnus 1. IlopiBHSIHHA XapaKTEePUCTHK eTAJTOHHOIO0 3pa3Ka TiAporesiio 3 XapakKTepuCTHKAMHA
riaporeiB i3 mojiakpuiaaTamMu Kaabiliro

XapakTepucTuka Eranon (CIT) IMoximepni Hocii Ca?*
. o -

PIBHOBa)I_(HIC HaOpsikanns npu Ca?* /SA=0.5 125 1/r 300-450 /r
MMOJb T
Crissignomenus G'/G” (1 Hz) 6-8 1.5-4.0
KinpkicTs reneBoi gppakuii 50-65 % 50-85%
Po3mip xomipku (oLiHKa 32 HAOPSIKAHHSIM ) 59-222 um 687-708 am
Po3mip xoMipku (OLiHKA 32 MPYKHICTIO) 86-169 um 54-322 um

Bl

&

&

é 700 R A

600

5

"3 500

z v

400

g 4

5300 ¢ e CIT

E200 ». £ SR

= 1 & v CAR

"o 100 HLIN

N = LLIN

'SUJ O T T T T T T T

3 0 100 200 300 400 500 600 700

=

Mesh size by Rubberlike elasticity theory (nm)

Puc.1. Jliarpama po3citoBaHHs 3Ha4€Hb {, 00YMCIICHUX JIBOMA TCOPETUIYHUMH IMiAXOJaMH, JJIs I’ ITH
cepiif 3paskiB

BumienaBenennii pucyHoK y3arajibHIOE, IO PO3Mip KOMIPOK ( 3a Teopiero HaOpsSKaHHS
®nopi-Penepa cucrematnyno Oumpmmii 3a { 3a Teopiero TymomnofiOHOiI mpyxHOcTi. lle €
HACJIIJIKOM  pi3KOro MiABMIIEHHS aOcopOuiifHOi 34aTHOCTI MaTepiady TMpu  3aMiHi
HU3bKOMOJIEKYJISIPHOTO HOCIS Kalbllio Ha moniMepHuid. [IpakTuuHO 11e 03Havae, 10 HOCiH 10HIB
KaJplLlil0 Y Taki CHUCTEMI € BakKelieM NpPOEKTYBaHHsS BiacTuBocTei Marepiany. STR moxe
MaKCHUMI3yBaTH COPOIlil0 4Yepe3 TeTepOoreHHy MOpPQOJIOriio, ajie MOTEHIIMHO CTBOPIOE OB
BapiabenbHi qudysiitHi TpaekTopii. CAR/HLIN naroTh Haiibinble NOCUICHHS MOAYIIB 1 TPEHA
pOCTy KINBKOCTI TeneBoi (pakiiii, Mo Mae NEepCrHeKTUBY s TiIpaTOBaHUX MAaTPHIb, J¢€
MoTpiOHA MEXaHIYHA ITICHICTb.




@dopma BBEACHHS 10HIB KaJIbI[il0 ICTOTHO BIUIMBA€E Ha HAOPSKAHHS, PEOJIOTIYHY TOBEIIHKY,
MOpGOIOTiF0 Ta KUIBKICTh Tenb (pakilii albriHaTHUX TiAporeniB. BBeneHHs y cucTeMy
3IIMBAYiB Ha MOJIMEPHINH OCHOBI miaBuILye HabpskanHs 10 300—450 r/r 1 3maTHI 301abLTYBATH
G', G" no 3-4 pasis ( y Bunaaky CAR, HLIN) nopisusino 3 CIT. [dna intepnperanii po3mipy
Op KPUTUYHO BKa3yBaTH METOJ| OI[IHKH, a/ke ( 3a TEOpi€l0 PIBHOBAKHOTO HaOpPSIKaHHS
CHUCTeMaTU4YHO OUIbIIHI 3a { 3 Teopii ryMomnoaiOHOT MPYKHOCTI.

Ioaska. [IpencraBneni pe3ynbTaTi AOCTIKEHHS OTPUMaHi 3a TPAHTOBOTO (piHAHCYBaHHS
Hamionanenoro ¢oHmy agocmipkeHb YKpaiHM B pamMKax KOHKypcy  «JlociimHMIbKi
1HOPACTPYKTYpH I TPOBEICHHS IEPEJOBUX HAYKOBUX OCTI/DKEHb» B paMKax IPOEKTY
2023.05/0015 «Po3pobka rimporeneBuX 3aco0iB HaJaHHS HEBIAKIATHOI JOMOMOTH IIpH
NPOHUKHUX NOPAHEHHSIX YEPEBHOI MOPOKHUHH B MEKaX CTBOPEHHS LEHTPY JOCTiIKEHb HOBUX
MOJIIMEPHHUX MaTepiaiiB s MEIULIUHI.
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CyyacHuil PO3BUTOK MaTepiaJloZHABCTBA, 30KpemMa Yy cdepli OOOpOHHUX TEXHOJIOTIH,
3YMOBIIIOE MIiJBUINEHY YyBary 10 ()YHKIIOHAIBHUX BJIACTUBOCTEH MOJIMEPHUX MOKPHUTTIB, IO
3aCTOCOBYIOTBCSl y BilichbKOBiH TexHimi. [impodo0i3oBaHi MONIMEpPHI MOKPHUTTS Ha OCHOBI
HEHACHUYEHUX MOJIECTEPHUX CMOJ BiJIIrPalOTh BAXKIIUBY POJib y 3a0e3MeueHH1 3aXUCTy 030pO€HHS
Ta TEXHIYHUX CHUCTEM BiJl BIUIUBY BOJIOTH, arpECUBHUX CEPEOBHUII] i TEMIIEpAaTypHUX KOJIUBaHb. B
YMOBaX €KCIUTyaTallii BiliChKOBOI TEXHIKM TaKi MOKPHUTTS 3a3HAIOTHh BIOpAIifHUX HaBaHTa)XXCHb,
10 MOXYTh ICTOTHO BIUTUBATH Ha iXHIO MPYXHO-AehopMaIiiiHy MOBEIIHKY Ta JOBrOBIYHICTb. Lle
3YMOBIIIOE€ HEOOXITHICTh JOCHIHKEHHS MEXaHi3MiB naedopmarii, HAKOMMUYEHHS IMOIIKOIKEHb 1
pelakcaliifHuX MpoleciB y Marepiani. ToMmy, TOLIIBHUM € BCTaHOBJICHHSI 3aKOHOMIPHOCTEH
3MIHU MEXaHIYHMX XapaKTEPUCTHK MMOKPUTTIB ITiJT Al€r0 BiOpaIliiHUX HaBaHTaXKEHb.

OruiHIOBaHHS TPYKHO-Ie(DOPMALIMHUX BIACTHBOCTEH MPOBOAMIN 33 IMOKa3HHUKAMU
MOBEPXHEBOI TBEPIOCTi, €JIACTUYHOCTI Ta 3JaTHOCTI IOKPHUTTIB JIO penakcaiii MeXaHIYHHX
HANpyXXeHb ][ Ji€I0 HaBaHTAKEHb, a TAKOXX METOJOM MOOYJOBH KpPWUBUX HaBaHTAKEHHS-
nedopmartis, MO € BAXKIUBUM I1HCTPYMEHTOM [UIS  JOCHITKEHHS  (Di3MKO-MEXaHIUHUX
BJIACTUBOCTEH MOJIIMEPHUX Ta KOMITO3UIIIMHUX MaTepialiB.

BceranoBneno, 1mo 3MIHM MPYXHO-AePOpMAIMHUX XapaKTEPUCTHUK JOCIIIKYBaHUX
HOKPUTTIB 3yMOBJIEHI OCOOJIMBOCTSMU MIKMOJIEKYJISIPHOI B3a€MOJIiI KOMIIOHEHTIB, PYXJIUBICTIO
NOJIMEPHUX JIAHIIOTIB Ta (OpMyBaHHAM HaJIMOJEKYJISAPHOI CTpyKTypu komnosuuii. Ilopsn 3
MM, ONTHMAJIbHE CITIBBIIHOIICHHS KOMITOHEHTIB J03BOJISIE JTOCSATTH OalaHCy MK TBEPHICTIO
MOBEPXHI Ta MPYXHOI JedopMaliiero 6e3 yTBOPEHHS MIKPOTPIILIUH, [0 € BAKIUBUM AJS IXHBOI
CTIMKOCTI B yMOBax BiOpalliifHMX HaBaHTa)KEHb.

BusiBneno, mo BBeeHHS MOIU(IKATOPIB TPU3BOANUTE 10 JESIKOTO 3MEHIIICHHS TOBEPXHEBOT
TBEPJOCTI JIOCHIPKYBAaHUX MaTepialiB, [0 IOB’S3aHO 3 YTBOPEHHSIM NEpexXiHUX IIapiB
Mo (ikaTOp - MoJliecTepHa MaTPHULIS, OJTHAK 3aJIUIIAE€THCA BUCOKOIO 1 cTaHOBUTH 218-230 MIla.

HonaBanus 5 mac. 4. nmomiBiHUXiopuay (IIBX), emokcumoBanoi coeBoi omii (ECO) Ta
rpadiTy y MoylieCTepHYy MaTpHUII0 Ma€ BIUIMB Ha OPCTKICTh 1 HPYKHICTh MarepiamiB. Tak,
monupikyBanus [IBX cynpoBomxkyerbes (popMyBaHHSIM JBO(A3HOI CTPYKTYPH, IO 3yMOBIIIOE
3HWKEHHA Moayns aedopmarii 3 2,14-10° o 1,89-10° I'Tla Ta piBHOBa)KHOTO MOJYJIsI IPY>KHOCTI
Ha 1,5-1,6:10° I'Tla. Taki ocobauBoCTi BiacTUBOCTEe 00ymoBieHi HasBHicTIO B [IBX momsipHux
rpyn, Kl 3/aTHI BIUIMBAaTH Ha MDKMOJIEKYJSIPHI JMIIONb-IUIONBHI B3a€MOJIIT Ta MiJBUIICHHS
PYXJIMBOCTI MAaKpOMOJIEKYISIPHUX CETMEHTIB, L0 CIpUsie penakcanii HanpyxeHnb. Beenenns ECO
TaKOX 3HUKYE MOJYJI, aje MEHII IHTEHCHUBHO, IO CBIAYUTH MPO M SKIIHUNA MIACTHU(PIKYIOUMA
edekT, 00yMOBIIEHUH 3pOCTaHHAM BUIBHOTO 00’ €MY Ta 4aCTKOBOIO B3a€EMOJIIEI0 €OKCUIHUX TPYII
13 MaTpUIEIO.

I'padiT Ak mapyBaTHii HAIOBHIOBAY 3MEHIIYE >KOPCTKICTh 1 MiJBUINYE TUIACTHYHICTH 3a
paxyHOK cnaOkoi Mixkda3HOT B3aemoaii Ta 3JaTHOCTI YacTKOBO JAeMIiiyBaTd BiOparliiiai
HaBaHTAXXCHHS y TNPUIOBEPXHEBUX IIapax, LI0 BIUIMBA€ HAa OIMip BTOMHOMY pYHHYBaHHIO.
HaiiGinpIne 3HUKEHHS MOMIYJsSI BHCOKOEIACTHMYHOCTI croctepiraeThest s cucteM i3 ECO Tta



rpagiTom (MOIyJIh BUCOKOCTACTUIHOCTI 3MEHIITYETHCS 3 22,5:10° I'lla mo 15,3:10% i 14,2:10° I'la
BiJIMIOBITHO), 110 CBITYUTH MPO MiJBUIICHY 3JaTHICTh MaTepialy 10 nedopmarriii.

3arajoM 3MEHIICHHS MOIYJIB CBITYUTh MPO MiABUIIEHHS 3JaTHOCTI MaTepiayiB o
penakcariii HarpyxeHb; npu nbomy [1BX HalicunpHilIe 3HIKYE XopcTKicTh, a ECO 3a6e3neuye
OinpIn piBHOMIpHE TuacTu(dikyBaHHS cucTteMH. Lli criocTepexeHHsS MiATBEPIKYIOTHCS NaHUMH,
MIPEICTaBICHUMH Ha PUC, K1 BKa3yloTh Ha Te, mo AonaBands [IBX, ECO Ta rpadity BrumBae Ha
CHIBBIAHOIICHHS IJIACTUYHOI Ta IPYKHOT Aedopmarii.

1 2 1 3 1 4
1 012 0,2 0,2
I 0... ; 3 4
11 oHo - . 11 11 OHl I Il I
0,6 é 0.6 0!1 0,6 é 0,6 0,1
6 ' 1 4 3 3

Puc. Yactku npyxHoi (1), Bucokoenactuunoi (I1I) ra mmactuunoi (I11) cknanosoi
Jnedopmaltii KOMIO3UTIB 3aJIEXKHO BiJl MPUPOAH Moaudikaropa:
1 - 6e3 momudikaropa; 2 - [IBX; 3 - ECO; 4 - rpagit. Bmict MmonudikaTopa — 5 mac.4.

BromHy MilHICTh MaTepiaiB OLIHIOBAIH ILUISIXOM MOOYAOBH KPHUBHX HaBaHTaKEHHS—
PO3BaHTAXEHHS, SKi O3BOJSUIM BHU3HAUUTH XapakTep PO3BUTKY AedOpMAIiifHUX IpPOIECIB 3a
MEXaHIYHUX BIUTMBIB. 3a pe3ylbTaTaMH aHaNi3y KPUBHX IHCTPYMEHTOBAHOTO iHJCHTY(]iKyBaHHS
BCTaHOBJIEHO, 1[0 BBEAEHHS MOJU(IKATOPIB Pi3HOI MPHUPOIM ICTOTHO BIUIMBAE HA MEXaHIKY
nebopMyBaHHS TOJIECTEPHOI MaTpulli. BusBieHo, 1m0 OTpUMaHi KpHUBI HaBaHTAXEHHS
nedopMalii xapakTepHi Ul MPYKHO IUIACTUYHUX MartepianiB, SKi BIAPI3HSAIOTHCS HAXUIOM
KpUBOI 3aBaHTaK€HHs. 301IbIICHHS] HABaHTA)KEHHS MPU3BOAMUTH /0 3MIHM KyTa HaXWiy KpHBOI,
3HAa4YeHHs SKOT0 3aJeXUTh BiA Mpupoau Moaudikatopa. s nmomiectepHux komnosuTiB 3 [IBX
XapakTepHi OUIbII 3HaYeHHs Jedopmallii Ta 30UIbIIEHHS IUIONI TicTepe3nucy, 10 CBIAYUTH MPO
3pOCTaHHS YaCTKH IUIACTUYHOI Ta B’SI3KONPYXKHOI nedopmaltii, a TaKoK MPo 3HIKEHHS TYCTHHH
CTpYKTypHOi ciTkd. HaiiOinbini 3Ha4YeHHA NPOHUKHEHHS IHJAEHTOpa Ta HaWIIMpIIa NeTs
ricrepe3ucy CrocTepiraiorbes i rpadiTOBMICHUX KOMITO3UTIB, 110 XapaKTepU3ye Marepiai sk
HaOLIbII TUIACTUYHUM, 3 MIHIMAJBHUM OINOPOM JIOKAJILHOMY JAe(OpMYBaHHIO Ta HaWHIKYUM
CTYIIEHEM CTPYKTYpPHOI opraHizaiii.

OtpumaHi pe3yabTaTH MiATBEPIXKYIOTh, IO KOMIUIEKCHE MOJAM(DIKyBaHHS HEHACHYEHOI
MOJTIECTEPHOT CMOJIM TIOMIBIHUTXJIOPHIOM, €MOKCHIOBAHOK COEBOIO OJUBOIO Ta TpadiToMm
JIO3BOJISIE  IIUJIECTIPSIMOBAHO ~ PETYJIIOBAaTH  CTPYKTYPHO-MEXaHIYHI BJIACTHUBOCTI IOKPUTTIB,
3a0e3meuyroun ONTUMalbHE IOE€THAHHA IOBEPXHEBOI TBEPAOCTI Ta MPYKHO-IehopMaliiftHuX
BiactuBocteil. Lle cTBoproe nepenymoBH i po3poOsaeHHs e(eKTUBHUX BIOPOCTIMKUX 3aXMCHHUX
MOKPUTTIB U BIHCHKOBOI TEXHIKHM, 3JaTHUX MpAIIOBaTH B yMOBaX TPUBAIOTO BILUIMBY
MEXaHIYHHUX KOJIHMBAaHb.

®inancyBaHHsa. Po0oTy BHMKOHaHO 3a paxyHOK KoHKypcy HamionansHoro ®oHay
Hocnimxens VYkpainu komTamu TpaHTy Ilpesunmenta VYkpaiHu A MIATPUMKH HAyKOBHX
JIOCJTIJDKEHb 1 PO3pOO0OK MOJIOIUX BUYECHHUX-IOKTOPIB (imocodii/kanaumariB HayK (10 35 pokiB
BKIII0YHO) 2025.05/0041 «Bibpocriiiki rinpodo0izoBaHi MoiiMEpHI MOKPUTTS Ui BIHCHKOBOI
TEXHIKI».
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AHoTtanisg. Y po0OoTi MOCTI[DKEHO KIHETHKY BHBUIBHEHHS JIJIOKaiHy TiIpOXJIOPHIY, HOBOKaiHY
TiIPOXJIOPHIY Ta AUKIOPEHAKY HATPIIO 3 )KEJNATHH-aJbliHATHHUX TiIPOrelliB, 3MUTHX AUTTIIUANIOBUM €TEPOM
nomierunenraikoio (PEGDE-500). Tporec BuBiibHEHHS BuBYain y hocharHo-coapoBoMy Oydepi (PBS) ta
CEpeIOBHINI 3 JOJaBaHHSAM MPOTCONITUYHOTO (epMeHTy. BcTaHOBNIEHO, 10 KiHETHMKA MPOIECY HaiKparie
ONMUCYEThCST MOIEIUNI0 Xirydi, IM0 BKasye Ha andy3idHui MexaHi3Mm. JKenaTuH-anbriHaTHI MaTpHLli €
NEepPCHEKTHBHUMH HOCISIMH JJIs1 KOHTPOJIbOBAHOI TOCTABKH NpenapariB P JIKYBaHHI paH.

KoarouoBi ciioBa: xenaTuH, ajubriHaT HaTpilO, TiIPOTeNb, MICIEBI aHECTETUKH, AU(Y3is, BUBIIbHEHHS
JKiB, IIKyBaHHS paH.

Beryn. Tigporemi Ha OCHOBI NPHPOJHHUX TOMIMEpIB (KENATHHY, ajbliHATY HATPilo)
IPUBEPTAIOTh 3HAYHY yBary B OlOMEAMIIMHI, 30KpeMa K MaTepialu Uil HOKpUTTS paH. Bonu
3a0e3Me4yloTh ONTUMAJIbHE 3BOJIOKEHHA, € OIOCYMICHHUMH Ta 3[aTHI CIyryBaTH €(EeKTUBHUMU
MaTpUIIMUA JUIsI KOHTPOJIbOBAHOTO BUBUIBHEHHS JIIKApChKUX 3aco0iB. MicIeBl aHECTETUKH
(J1iToKaiH T1APOXJIOPHU, HOBOKATH T1APOXIIOPU]T) IIMPOKO 3aCTOCOBYIOTHCA JIJIsi 3HEOOJICHHS PaH,
npote ix TpaauuiiiHi GopMu MarOThb KOPOTKOYAcCHY Ji0 Ta MOXYTh BHUKJIMKATH CHCTEMHY
TOKCHYHICTh. BKIJIIOUEHHA LMX NpenapaTiB, a TaKoX NPOTH3amajbHUX 3aco0iB (AMKIO(EeHaK
HATpil0), Yy MOJIMEPHY MATPHUII0 [O3BOJIAE JOCATTH IPOJOHTOBAHOIO Ta JIOKAJII30BaHOIO
TepaneBTUYHOro edexty. Meroro poboTH Oyj0 BCTAHOBJIEHHSI KIHETUYHHUX 3aKOHOMIPHOCTEH
BUBUTbHEHHS X MPErapaTiB i3 CHHTE30BaHUX KeNaTHH-abITHATHUX T1IPOTeliB.

Marepiann Ta Metoam. ['iporeneBi MaTpulli OTPUMYBAJIN LUIIXOM 3MIITyBaHHS BOJHHUX
po3unHiB xenaTuHy (20 mac. %) Ta anbriaty Hatpito (4 mac. %) y cmiBBigHomenHi 10:1 13
MOJAIIBIIAM JIOJIAaBaHHIM 3IIMBAIOYOT0 areHTa — IUTTIHAIMIOBOTO €Tepy IONIeTHUIICHTIIIKOIIO
(PEGDE-500) Ta narpiBanusm mpu 80 °C mporsrom 4 roauH. IMMOOLTi3aIifo JiKapChbKHUX
peuoBMH (JIiJOKaiHy TiAPOXJIOPUIY, HOBOKAiHY TiAPOXJOpHUIY, JAUKIO(PEHAaKy HaTpilo)
3MIMCHIOBAIM METOJOM BHYEPIHOTO HaOpsikaHHA. JloCHiMKEeHHS KIHETHKM BUBLILHEHHS
OPOBOAMIN 1In Vitro 3 BUKOPUCTAHHAM BEpTUKaNbHOI Audy3iiiHOi komipku Ppanma 3a
temriepatypu 37 °C y 1BoX MOJENbHUX cepenoBuiax: pocharno-conroBomy Oydepi (PBS, pH =
7.4) Ta PBS 13 nonaBanusM 0.001 % po3umny mpotea3u. KoHleHTpauito mpenapariB BU3HaYalIu
CHEKTPO(POTOMETPUUHUM METO/IOM.

Pe3yabTaTn Ta 00roBopeHHsi. /[ BHU3HAYCHHS MEXaHI3MY BHBIIBHEHHS JIIKAPCHKUX
3ac00iB €KCTIEpUMEHTANIbHI JlaHl OyJIM MpoaHalIi30BaHI 3a JOMOMOTOK MaTEeMaTHYHUX MOJENIeH
HYJbOBOT'O Ta MEPIIOro MOPsAIKiB, a Takoxk Mozenei Xiryui, [kcona-Kpoyemnna ta Kopemeiiepa-
[Tennaca. Kinetnuni napamerpu HaBezeHo y Tabuumi 1.

Ha ocnoBi 3HaueHb koedimienTa aerepminaiii (R?) BcTaHOBIIEHO, 10 MPOIEC BUBUILHEHHS
BCIX TPbOX MpemnapariB HaKkpaiie onmucyerbes mMoaeio Xirydi (R? > 0.88), mo cBiguuth mpo
TuQy31HHUNA KOHTPOJIb Ipolecy. 3HaueHHs nokasHuka augysii (n) 3a moxemto Kopcmeiiepa-
[lenmaca ans JigoKaiHy Ta HOBOKAiHY CTaHOBHTH MeHmie (.5, 10 BiAMOBigae KIacH4YHIN
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¢ikiBebkiit audysii. HatomicTs 1 nukinodenaky 3HadeHHs n > (.5, 1m0 BKa3ye Ha aHOMaJIbHUN
MEXaHI3M TPaAHCIIOPTY, SKUW 3aJeXUTh SK Bix audysii, Tak 1 BiJ perakcaiii MoaiMepHOro
JIaHIIIoTA.

Ta6auus 1. Kinetnuni napamerpu BuBijibHeHHs npenapatiB y PBS

[Ipenapar K (Xiryui), rog?® R? (Xirydi) n (Kopcmetiep-lTlenmmac) Mexanizm audysii

Jlimoxain 7.3607 0.8821 0.2984 dikisceka (N < 0.5)
HoBoxkain 9.3101 0.9364 0.3548 dikisceka (N < 0.5)
Hukmodenax 7.2941 0.9733 0.6109 Anomanbha (0.5 <n<1)

JlonaBaHHS TPOTEONITUYHOTO (PEPMEHTY 10 CEpENOBHINA BHBUIBHEHHS IPH3BEIO JI0
3pOCTaHHS KOHCTAHT IIBHJKOCTI Ta 30UIbLICHHS TMOKa3HHKA N. Lle TMOSCHIOETbCS YacTKOBUM
(epMEHTAaTUBHUM TiIPOJII30M >KEIATHHOBOTO KOMIIOHEHTA TiJAPOTeNI0, IO CIPHSE MIBUAIIOMY
BUBUILHEHHIO 1HKAICYJIbOBAHMX PEUYOBHH 1 MOJIETIOE TOBEMIHKY Marepialy B pealbHOMY
cepenoBulli iH(pIKOBaHOI 200 XPOHIYHOI paHH.

BucnoBku. CMHTE30BaHI KeMaTHH-AJIbIIHATHI TiAporeni € ¢()eKTUBHUMH CHCTEMaMH [
IMMOO1TI3aIii Ta MPOJOHTOBAHOTO BHUBUILHEHHSI MICIEBHX AaHECTETHKIB Ta MPOTHU3ANAIbHUX
3ac00iB. BcTaHOBIEHO, IO IOMIHYIOYHM MEXaHI3MOM BHBUIbHEHHS € audy3is (Monxenb Xirydi),
pU IIbOMY HasiBHICTH (DEPMEHTIB Yy CEpENOBHIII NMPHUIIBUANIYE IIEH MPOIEC Yepe3 Jerpajaliiro
maTtpulli. OTpuMaHi pe3ynbTaTH MIiATBEPKYIOTh TEPCIEKTUBHICTh BHUKOPUCTAHHS TaKHX
TiAporeniB AJii CTBOPEHHS CyYaCHHUX PAHOBHX MOKPUTTIB 13 KOHTPOJIHOBAHMM BHBIIHHEHHSM
JKIB, MO JO3BOJUTh 3HU3UTH PHU3UK CHUCTEMHOI TOKCHYHOCTI TMperapaTiB Ta IiJABUIIUTH
e(eKTHUBHICTb Teparii.

Mopsiku. IlpencraBneHi pe3yiabTaTH MOCHIIKEHHS OTPUMAHO 3a (D iHAHCOBOI HiATPUMKH
HamionansHoro  ¢oHxy gocnipkeHb  YKpaiHM B MeXaxX KOHKypey — «JlocmigHuIbKi
1HQPACTPYKTYpH Ui TPOBENEHHS MEpPEeJOBUX HAyKOBHUX JOCHIKEHb» Y paMKax MpPOEKTY
2023.05/0015 «Po3pobka rimporeneBux 3aco0iB HaJaHHS HEBIJIKIATHOT JOMOMOTH TIpH
NPOHUKHHUX TIOPAHEHHSX YEPEeBHOI MOPOKHUHU B MEXaX CTBOPEHHS IEHTPY JOCITIKEHb HOBHX
MOJIIMEPHHUX MaTepiaiiB A MEAUIIMHI



PO3POBJIEHHSA ABOITAPOBHUX 3AXUCHUX ITOKPUTTIB I3
KEPOBAHUMMH TEILTOIBOJIALNINHUMUA, AHTUKOPO3IMHUMHU TA
ITOBEPXHEBHUMMU BJIACTUBOCTAMMU

Andpiii Macwx', liana Kampykl, JImumpo Keuypl, Jlesio Kucins'
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CydacHi yMOBHU eKcIUTyaTarlii BiCBKOBOI, TPaHCHOPTHOI Ta CIEIialli30BaHOI TEXHIKH
BUCYBAaIOTh MiABUINEHI BHUMOTH [0 3aXHCHUX TIOJIMEPHUX TOKPHUTTIB, SKi IMOBUHHI
3a0e3rnevyBaTy He JIMIIE aHTUKOPO31MHUI 3aXUCT, BUCOKY aJre31l0 Ta MEXaHIuYHYy CTIHKICTb, ajie
W 3JaTHICTH pEryJiIOBaTH TEIJIOBI Ta IOBEPXHEBI BIAacTUBOCTI MarepianiB. OcoOmmuBoi
aKTyaJIbHOCT1 HaOyBae CTBOpEHHS 0araToQyHKIIIOHATBHUX MOKPHUTTIB JJISI TEXHIKH, IO MPAIIOE
B yYMOBax MAacKyBaHHS, 1 K HACHiJOK ITJIBUIICHOI BOJIOTOCTi, arpeCMBHHX aTMOC(HEpPHHX
CEpEeIOBHII Ta IUKIIYHUX TEMIIEPATypPHUX BIUIMBIB. TpaauiiiiHi moxiMepHi MOKPUTTS 4acTO HE
3a0e3MevyloTh JIOCTaTHbOI TEpPMOpEryisuii MOBEpXHI Ta IIBHJIKO BTPA4yalOTh 3aXMCHI
BJIACTUBOCTI B YMOBAX TPUBAJIOi eKCIUTyaTalii. ¥ 3B’S3Ky 3 LIMM HNEPCIEKTUBHUM HAIpPSIMKOM €
CTBOpPEHHSI 0araTomapoBUX KOMIIO3HIIMHUX CHUCTEM, Yy SKHX KOXEH IIap BUKOHYE OKpEMY
(GyHKITIOHATIBHY POJIb, IO JAO3BOJISIE ONTHUMI3yBaTH €KCILTyaTalliiHi XapaKTePUCTUKH MOKPHUTTS
B LILJIOMY.

Po3po6iieHo JBOIIApOBI MOJIECTEPHI 3aXUCHI TMOKPUTTS 3 MOEJHAHHAM aJres3iiiHux,
TEIJIOI30MISIIMHUX ~ MacKyBaJbHUX, AHTUKOPO3IMHMX Ta  (YHKIIOHAJIbHO-IIOBEPXHEBUX
BJIACTUBOCTEHN 3 PO3MOIIOM BJIACTUBOCTEN MIXK IIapamMu NOKpUTTs. HikHil map chopmoBanuit
Ha OCHOBI HEHAaCHYEHOI TMOJiecTepHOi CMOJH, MOAM(DIKOBAHOI MOPOKHUCTHUMH CKISTHUMH
MikpocdepaMu, MOJIBIHIIOYTUpaeM Ta aHTUKOPO31MHMM HalOBHIOBaueM Ha OCHOBI (ocdaty
nuHKy. CKIIsiHI MiKpocdepu 3a0e3MeuyloTh 3HUKEHHS TEIUIONPOBIAHOCT], 3MEHIIEHHS TYCTHHU
MOKPUTTS Ta MiABUILIEHHS O0ap’epHUX BiaacTUBOCTeH. [1omiBIHIIOYyTHpATh BUKOPUCTOBYETHCS K
aare3ifHui Monu@dikaTop 1 KOMIATUOUII3AaTOP, IO CHpPUs€ 3HUKEHHIO BHYTPILIHIX HaNpyXeHb
Ta MOKPAILICHHIO 3MOYYBaHHs MeTajeBOi MOBepXHi. /| miABUIIIEHHS TEXHOJIOTIYHOI CyMICHOCTI
AHTUKOPO31HHOTO MITMEHTY Mepe0ayeHo WOro CUHTE3 METOIOM CITIBOCA/KEHHS Y CEPEIOBHIII
MOMiBIHIIOYTHpamto 3 (OpPMYBaHHSIM YAaCTHHOK KOHTPOJILOBAHOI JUCIIEPCHOCTI. BepxHiit
¢yHKIIOHATBHUM map chopMOBaHUN Ha OCHOBI MOJIECTEPHOTO TEIBKOYTY, MOAM(IKOBAHOTO
rpadgiToM 1 TeXHIYHMM ByrieueM. BuxopuctanHs rpadiTy 03BOJSE€  MiABUIIUTH
TEIJIONPOBIIHICTh Y MJIOLIMHI MOKPUTTA Ta 3a0€3MEeYUTH PIBHOMIPHIMINKA PO3MOALT TEMJIOBOT
eHeprii Mo TMOBEepXHi, IO CHpuUs€ BUPIBHIOBAHHIO TemneparypHoro mnons. JlonaBaHHs
TEXHIYHOTO BYIJIELIO J03BOJIA€ (OpMyBaTH JIOJATKOBI MIKYAaCTMHKOBI KOHTaKTH MIX
rpadiTOBUMHU IUTACTUHAMH, TMOKPAIIyIOUH eNeKTpo(i3ndHi XapaKTEepUCTUKH KOMIIO3MIII Ta
MiABUIIYIOYH CTA01IBHICTh (YHKIIIOHATBHOTO IIapy.

BcranoBneno, mo 31 30UIBIICHHSM BMICTY TOPOXHUCTUX CKJISHHUX Mikpochep y
HIKHBOMY IOJIiecTepHOMY Iapi B Mexax 5—20 mac.% crocrepiraeTbecsi MOCTYNOBE 3HUKEHHS
TYCTUHU Ta €QEKTUBHOI TEIUIONPOBIAHOCTI KOMIO3MIII BHACHIIOK 3pPOCTaHHS YacTKH
ra30HAMOBHEHUX 130JIbOBAaHUX 00’ €MIB y CTPYKTypi MOKpUTTA. [Ipu KoHIEHTpalisx moHam 15—
20 mac.% MOXJIMBE JOKaJbHE 3HUKEHHS MEXaHIYHOI MIITHOCTI Ta aares3ii depes MiABUICHHS
HEOJTHOPITHOCTI CTPYKTYPH Ta KOHLEHTpawii MiK(pa3HUX 1e(eKTiB.
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Brenennst nomniBiHIOyTHUpanoo y KinbkocTi 1-3 mac.% crupwusie MmiIBHINEHHIO aare3iiHol
MIIIHOCTI Ta yJapHOi B’SA3KOCTI MOKPUTTA 3a paxyHOK (OpMYBAaHHS J1OJAaTKOBUX IOJISIPHUX
MDKMOJICKYJIIPHUX B3a€EMOJIIN y CHCTEMI «IOJiMEep—HANOBHIOBaY—MeTa». ONTUManbHUN e€PeKT
crocrepiraeTecsi B 001acTi KOHIEHTpaliid 2—3 Mac.% NoJiBIHIIOYTHUPAIO, 1€ JOCATAETHCS
OaJlaHC MiXK ITiIBHIICHHSM aJre3ii Ta 30epeKeHHSIM TeXHOJIOT1YHOI B I3KOCTI KOMITO3HIII].

31 30impLIeHHSIM KOHLeHTpauii ¢gocdary nuHky B Mexax 5—10 mac.% miJBHILYETHCS
AHTUKOPO3iiHa €(QEeKTUBHICTh TIOKPHUTTSA 3a PaxXyHOK 3pPOCTaHHS KUIBKOCTI aKTHBHUX
NacUBYBAJbHUX LEHTPIB, 3MaTHUX (OpMYyBaTH 3aXHCHI (hocdaTHI IIapu HA TMOBEPXHI METaIy.
HagnumkoBuil BMIiCT aHTUKOPO3iHHOTO MIrMEHTY MOXE HMPHU3BOJAUTH JI0 3POCTAHHS KPUXKOCTI
KOMIIO3HII] Ta JIOKAJILHOI'O 3HWKEHHS KOTe€31HHOI MIITHOCTI.

Jl1st BepXHBOTO IIapy BCTAHOBIIEHO, IO 31 30UIbIIEHHSM BMICTy rpadity B mexax 5-10
Mac.% TIABUINYETHCS TEIJIONPOBIAHICTG Yy IUIOMIMHI TMOKPUTTS, IO CHpHUsi€e OLIbII
PIBHOMIPHOMY pPO3IMOALTY TEIUIOBOI €HEprii mo moBepxHi. JlomaBaHHS TEXHIYHOTO BYTJICIIO B
KiibkocTi 1-5 Mmac.% 3abe3neuye QopMyBaHHS TONATKOBUX MDKYACTUHKOBHUX TPOBITHUX
KOHTAKTIB, 3HWXKY€E MEPKOJSIINHUN MOpIT Ta MiABUILYE CTPYKTYpPHY CTaOUIBHICTH IpadiToBOI
CUCTEMH.

TakuM  YWHOM, ONTHUMI3allis  KOHIICHTPALIMHOTO  CIBBIIHOIICHHS  MiKpocdep,
noniBiHIIOyTHpamo, Qocdary 1uHKY, Trpadity Ta TEXHIYHOTO BYIJCIIO JO3BOJISIE
[IJIECIPSIMOBAHO PETYNIOBaTU Teruio(i3uyHi, aHTUKOPO3idHI Ta aare3iiHi BIACTUBOCTI
JIBOILIAPOBOTO TIOJIECTEPHOTO MOKPUTTS.

Po3pobnene nBomapoBe MOKPUTTS XapaKTEPU3YETHCS T1IBUIIICHOIO a/Ire31WHOI0 MIITHICTIO
JI0 MEeTajeBoi MOBEPXHi, MOKPALICHUMH TEIJIOI30ALIHHUMHI XapaKTePUCTUKAMU, 1B HUILEHOO
KOPO31iHOI0 CTIMKICTIO Ta CTaOUIBHICTIO A0 BIUIMBY arpeCUBHUX cepenoBull. BuxopucrtanHs
0araTOKOMIIOHEHTHOTO HUKHBOTO IIapy JO03BOJIUTH MIHIMI3yBaTH NPOHUKHEHHS BOJIOTH Ta
arpecUBHUX AareHTiB JI0 METaJeBOl MOBEpPXHI, a BEpXHi rpaiTOBMICHUN IIap CHPUATHUME
cTabimizanii TEMIOBOrO PeXHMY MOBEPXHI Ta MiABHILEHHIO E€KCIUTyaTalliiiHOi JOBrOBIYHOCTI
HOKPUTTS.

TakuMm YuHOM, 3alpONOHOBAHWM MiAXiA 10 (GOPMYBaHHS JBOUIAPOBUX IIOJ1ECTEPHUX
MOKPUTTIB € MEPCIEKTUBHUM JIJIsl CTBOPEHHSI HOBUX 0arato()yHKIIIOHAJIbHUX 3aXMCHUX CHCTEM
13 peryiabOoBaHMMM TEIIO(PI3UYHUMH, AHTUKOPO3IMHMMM Ta MOBEPXHEBUMH BIACTHBOCTSIMHU.
3aBISKH TOEIHAHHIO TEIUIOI30JIALINHOTO HI)KHBOTO MIapy Ta (PYHKIIOHAIBHOTO BEPXHBOTO
mapy 3 KEpOBaHOIO TEIJIOMPOBIAHICTIO PO3pO0JICHI MOKPUTTS 3a0€3MeuyroTh PeryatoBaHHS
MPOLIECIB aKyMYJIIOBaHHS, PO3MOJUTY Ta BIJABEJCHHS TEIUIOBOi €HEprii B MOBEPXHEBOMY IIapi
Mmatepiany. Lle cmpusie 3MEHIIEHHIO JOKaJIbHUX TEMIIEPATypHUX TpaJli€eHTiB, BHUPIBHIOBAaHHIO
TEMIEPATYpHOTO OIS MOBEPXHI Ta 3HUKEHHIO IHTEHCUBHOCTI TEIJIOBOI'O KOHTPACTY BiTHOCHO
HaBKOJIMIIHBOTO CEPEAOBMINA, II0 MOXXE 3MEHIIyBaTH 1HQOPMATUBHICTH TepMorpadigyHoi
peectparii.

diHaHCyBaHHS

Po6ora BuKOHaHa 3a paxyHOK KomTiB rpanty [IpesuneHTta YkpaiHu JUisl MiATPUMKH HAyKOBHX
JIOCJTI/DKEHb 1 PO3POOOK MOJIOIUX YYEHUX-IAOKTOpaHTIB (10 35 pokiB BkimrouHO) 2025.04/0002
«HoBi OaratomapoBi KOMMO3HWIIHHI TOKPUTTS [JII MACKyBaHHS BIMCHKOBOT TEXHIKH
HamionansHoro gonny gocmikeHp YKpainu.
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Tpancectepudikamiero oyiii OAEpPXKYIOTh €CTEPH BHUIIUX >KUPHUX KHUCJIOT Ta METaHOIY,
nponaH-2-ojiy, c€axapo3u TOmo. METWIOBI ecTepu BHIIUX >KUPHUX KHUCIOT 3HAXOIATh
3aCTOCYBaHHsI K 0107M3eNb Ta MPOMIXKHI MPOAYKTH Yy IpoIecax OACpKaHHS aKaHOJAMIiIiB,
CHUHTE3y BHIIMX JKUPHMX CHUPTIB Tomro. Hapasi, sK NpOMHUCIOBI KaTajli3aToOpu IpOLECY
BUKOPHUCTOBYIOTh T1APOKCUAN a00 METHIATH HATPito uu Kaiito. [lepeBaramu 1ux Karani3zaTopis €
BHCOKa IIBHJKICTh peakmii Ta M’ski ymoBH peaknii. OgHak KaTajxiTHYHA aKTUBHICTH
TOMOTEHHHX KaTaJi3aTopiB 3aJEKUTh BiJl BMICTY BOJIM Ta BUIBHUX KUPHHUX KHUCJIOT y pEaKLiiHiN
cymimri. 3a BMicTy y pocinuHHUX omisix moHan 0,5 % Bomu abo monanm 1% BUIBHHX KUPHHX
KHUCJIOT KpIM 3HAYHOTO 3HIDKEHHS AaKTMBHOCTI KaTajli3aTopa TaKOX BiJIOyBaeTbcs MpOLEC
canonigikarii. Tomy 10 SKOCTI 0ONiii BUCYBalOTh OPCTKI BUMOTH, IKi 3BY)KYIOTb ACOPTUMEHT
CHUPOBUHHU /ISl TpaHcecTepudikarii [1].

Jlis ycyHeHHS! IUX HEOMIKIB 3alipOIIOHOBAHO BUKOPUCTOBYBATH KHUCJIOTHI KaTali3aTopH,
SK1 MEHII YyTJIUBI O BUCOKOTO BMICTY BIJTBHUX JKUPHUX KHUCJIOT Y POCIWHHUX OJiSX Ta 3/1aTHI
OJTHOYACHO KarajizyBaTu iX ectepudikarito. OgHaK HEJOJIIKOM KHCIOTHHUX KaTali3aTopiB € ix
HU3bKa aKTHUBHICTH y peakiii TpaHcectepudikamii [2, 3].

['eteporennunii  OocHOBHMH a00 KHUCIOTHUH Karamizs — 1€ 1€ OAWH METOJ
TpaHcecTepu@ikamii oyii 3 BHCOKMM BMICTOM BUIBHUX JKUPHHUX KHCIOT. lereporeHHi
KaTaJli3aTOpU TaKOXK MaloTh IepeBary B TOMY, L0 IX JIETKO BIJJIUIMTH BiJl peakuiiHOl cyMilli Ta
BUKOPHCTOBYBAaTH MOBTOPHO [4, 5].

Jnst 3abe3neueHHss MOXJIMBOCTI TpaHcecTepudikamii oiidl 13 MHIABUIIEHUM BMICTOM
BUIBHUX KHCJOT MPONOHYIOTh IONEPEIHI0 OOpOOKY CHUPOBHMHH, SIKA MOJATa€E y BHIYYEHHI
BUIBHUX JKUPHUX KHUCIOT 13 cUpoBUHHU. EdexkTuBHUMHU ajcopOeHTaMu Uil BUAAJIEHHS BUIBHUX
JKUPHUX KHUCJIOT € I0HOOOMIHHI CMOJIH, 1I€OJITH TotIo [6, 7].

BunydeHHs BUIBHUX JKUPHUX KHCIOT 3 OJill aAcopOIi€ro mepen 3A1MCHEHHAM peakil
TpaHcecTepudikalii gae 3MOry BHKOPHCTOBYBAaTH SIK CHpPOBHMHY HepadiHoBaHi abo
BiJIMpanboBaHi ofii. 3acTocyBaHHS TaKUX aJCOPOCHTIB TAaKOXX MOKe OyTH IOIIBHUM IS
BUJIyUYEHHSI HEMPOPEaroBaHWX BUIBHUX XUPHHUX KHUCIOT 13 MPOAYKTIB TpaHcecTepudikaiii Ta
MaKCHMaJbHOTO 3HMKEHHS iX KUCJIOTHOTO Yncina [8, 9].

Jocnimkeno ancopOiiro 0JIeiHOBOI KHCIOTH 3 COHSIIIHUKOBOI OJii Ha aHIOHOOOMiHHIN
cmoni AB-17-8 Ta karionooOMmiHHi# cmoni KY-2-8 3a temneparypu 303-343 K ta BmicTy cMonu
Big 2 mo 6 mac. %.

BceranosneHno, 1mo aacopOiiisi 0JIeiHOBOT KMCIIOTH B AOCIIKEHOMY 1HTEpBaIl TeMIeparypu
Ha 000X JOCHIPKEHHX 10HOOOMIHHUX CMOJIaX BiJJOyBAa€ThCS 32 CXOKMMHU 3aKOHOMipPHOCTSIMHU.
[TokazaHo, 10 TpPH BHUKOPUCTAHHI MOBITPAHO-CYXOi 10HOOOMIHHOI CMOJHM piBHOBa)XHA
KOHIIGHTPAIIiSl 0JICTHOBOI KHCJIOTH JOCITAETHCS MOBUIBHIIIE, HIK MPHU 3A1MCHEHHI aacopOIii Ha
MoTNepeHk0 BUCYIICHIH 10HOOOMIHHIN cmoui. sl MOCATHEHHS PIBHOBa)KHOI KOHIIEHTpAIIil
OJICTHOBOI KHMCIIOTH TpU acopOuii Ha momepeaHbo BUCYIICHIH 10HOOOMiHHIN cMoli HEOOXiIHO
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Bim 60 mo 90 XB. 3aJeXHO B TEMIEpaTypu IMPOIECY, TOMAI SK TPHUBATICTh ITOCSITHEHHS
PIBHOBa)KHOT KOHIIGHTPAILlll KUCIOTU MPU BUKOPUCTAHHI MOBITPSAHO-CYXO1 CMOJIM CTAHOBUTH HE
menmie 120 xB. [Ipu 3acTocyBaHHI HoONepeaHbO BUCYIIEHOI 10HOOOMIHHOI CMOJU HUKYHUM €
TaKOXK 3HAUEHHS PIBHOBAXXHOI KOHIIEHTPAIil 0JIETHOBOI KUCIIOTH.

Cryninp agcopOrii 01eTHOBOT KMCIOTH MPHU 3aCTOCYBaHHI aHIOHOOOMiHHOT cMonu AB-17-
8 cranoButh 10 30 %, a mpu 3actocyBaHHI sK aacopbenty cmomu KY-2-8 — mo 42 %.
301nbIICHHST KITBKOCTI aaCcOpOCHTY 3aKOHOMIPHO NPHU3BOIUTH 10 3HIKECHHS PIBHOBAKHOL
KOHLIEHTpaIlii 0JIETHOBOI KUCJIIOTH B PO3UMHI Y BCbOMY JIOCIHIKYBaHOMY Jlialla30Hi TeMIeparyp,
HE3JIEKHO BiJ BOJOrOoCTi 10HOOOMIHHOI cMoOyH. 30UIBIICHHS TEMIIEpaTypu anacopOIii aemio
3HIKYE PIBHOBA)XHY KOHIICHTPALIIIO OJICTHOBOT KUCJIOTH.

Kinetnuni kpuBi agcopOiii ojaeiHoBOi Kuciaotu Oynu oOpoOIieHi 3a JOMOMOroK Mojeiei
ancopoOii Jlearmropa, ®@peitaanixa ta Jlydinina-PagymkeBuya.

BceranoBneno, mo aacopOuis OJeiHOBOI KHCIOTH 3a0BUTBHO OIUCYETHCS PIBHSIHHIM
Jlenrmropa. PospaxoBani 3a moaemnto OpeiftHiixa 3Ha4eHHS KOHCTaHTH a/1copO11ii CBiq4arh, 110
ancopOrrisi oJeiHOBOI KMCJIOTH Ha aHIOHOOOMiHHIN cmoii AB-17-8 Tta karioHOOOMiHHIN cMoT
KVY-2-8 € ¢piznunoro. Lleli BHCHOBOK MiATBEPHKYETHCS 3HAUEHHSIM CEepeHbOI eHeprii aacopOii,
po3paxoBaHUM 3a JIOMOMOTO Momeni anxcop6mii [yOinina-PagymkeBwua. Takox Oymo
BH3HAYCHO TEPMOJMHAMIYHI TIOKAa3HUKH aJcopOIlii OJeiHOBOI KHCIOTH Ha 10HOOOMIHHHUX
cMonax. Big'emHi 3HaueHHS BibHOI eHeprii 1'100ca Ta momarHe 3Ha4YeHHs €HTpoMii ajacopOrii
CBIYaTh IPO TE, IO AJCOPOIis OJIETHOBOI KUCIOTH BiZIOYyBA€THCS CIOHTAHHO.

OTtpumaHi TepMOIUHAMIYHI MOKA3HUKU aCcOpPOIii 0JIETHOBOT KUCIOTH HAa 10HOOOMIHHUX
cMojJax J00pe KOpeloTh 3 JaHUMH aJcopOlii KapOOHOBUX KHCIOT Ha PI3HUX THIAx
aacop6entis [10, 11].
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BigmparsoBani aBTOMOOUTBHI IMUHU € CKJIQJHOK CHCTEMOI TOJIMEpP-KOMITO3UTHUX
BIZIXO/iB, OCKUIbKM MO€JHYIOTh HATypalbHUW 1 CHUHTETUYHUN KaydyK, TEXHIYHHHA BYTJELb,
MiHEpalbHI HANOBHIOBAYi, CIPKOBMICHI BYJKaHi3alliliHI CHCTeMHU, TEKCTHJIbHUN Ta MeTaJeBUM
kopA. Ilicis 3aBeplIeHHs KUTTEBOTO LUKIY Taka OynoBa YCKJIAQJHIOE TOBTOPHE BUKOPUCTAHHS
IIMH, CTpHUs€ iX HAKOMUYEHHIO, a YAaCTUHKM 3HOCY IIWH DPO3IIAAAIOTh SK CYTTEBE JKEPEIO
MIKpOTUIACTUKOBOTO 3a0pyiHeHHs JOBKiLIs [1].

MexaniuHe moOapiOHEHHS, 3aCTOCYBaHHS TyYMOBOI KPUXTH y JOPOXKHIX Marepianmax 1
JIeBYJIKaHi3allisl € BaKJIMBUMU HamnpsiMaMM PELUKIIIHTY, OJJHAK BOHU HE 3aBXKIU 3a0e3Me4yIoTh
MIOBHE PECYPCHE BiIHOBIICHHS: MEPUIMHA MiIXi/1 EPEeBayKHO 3MIHIOE AUCIIEPCHUI CTaH Marepiainy,
a Jpyruii OOMEXYyeThCsl HEOTHOPIAHICTIO IIMHHOI CHPOBHHH Ta HEMOBHUM BiTHOBJICHHSM
BJIACTUBOCTEN Kay4yyKy [2].

[Tiposi3 € mNEepCHeKTUBHUM TEPMOXIMIYHMM METOAOM, SKUH Jae 3MOry OJHOYacHO
OTPUMYBAaTU PiAKI BYIJEBOJIHEBI MPOIYKTH, MIPOJI3HUNA ra3, MeTaJeBUH KOpI 1 TBepIui
KapOoHi3oBaHuii 3anumok [3-6]. BomHowac #oro exosoriuHa e(EeKTUBHICTh 3aJICKUTh BiJ
TepMETUYHOCTI PEaKTopa, TEMIIEPaTypHOI'0 PEXHUMY, SKOCTI KOHJEHcalii, OYMIIEeHHs Tra3iB 1
HOJAJIBIIION0 OYMIIEHHS 1 MOAM(]IKYBaHHS PIAKUX Ta TBEPAUX MPOAYKTIB.

MeTtot0 po60TH OyJ0 BCTAHOBJIEHHS BILIMBY TEMIIEpATypH MipoJii3y BiANpPallbOBaHUX IIUH
Ha CKJIaJl TBEPIOi Ta pikoi (a3 1 BUBHAYEHHS TEXHOJOTIYHO JOIUIBHUX HAMPSMIB BUKOPUCTAHHS
oJiepaHuX NpoaAykTiB. O0’ekTaMu JOCTIJKEHHS OyiM TBep/i 3aJuIIKy, oTpuMadi rpu 380, 450,
530, 650 ta 860 °C, a TakoX piAKi MPOAYKTH Mipoi3y B TemmeparypHux iHtepsanax 250-350,
3504501 450-550 °C.

ExcnepyMeHTanabH1 JOCHIKEHHSI MPOLECy MipoJi3y MNPOBOAMIM HA HaIiBIPOMMCIIOBIN
ycranoBui «Manuit Iliponizauii  Kommuieke» mnpoayktuBHicTio 0,2 M/rox 3a OpraHiYHUMU
BIJIXOJJaMH, KA CKJIQJa€ThCS 3 JBOX TEXHOJOTIYHHMX JiHiA. PobGoTa xommiekcy Oa3zyeTbcs Ha
HU3BKOTEMIIEpAaTypHOMY Mipodi3i ByrieneBmicHuX BiaxoniB (450—650 °C). CuHTe3 «BOISHOTO
ra3zy» BIZIOYBa€eThCs MiJl Yac B3a€MOJII BYIJIELIO 3 MEPErpiTOI0 BOISHOIO Mapolo 3a TeMIEepaTypu
6mu3pko 850°C. Iliposi3 1 cMHTE3 Ta3iB 3A1HCHIOBAIN B T€PMETHYHUX PETOPTax, sIKi HarpiBalOTh
TOTKOBHMMHU ra3aMy, 110 [IUPKYJIIOIOTh Yepe3 CeKIii medi.

Enementnuii ckiman tBepaoi ¢asu BusHauanu merogomM EDXRF ma crmexrpomerpi ElvaX
Light SDD. /Iy 3MeHIIIEHHS BIUTHBY HEOHOPITHOCTI P00 1 3aIHMINKIB METAIEBOTO KOPIY 3pa3Ku
npokamoBanu npu 550°C npotsrom 48 roa; ToMy pe3yibTaTH IHTEPIPETYBAIN K CKJIAJ 30JIU
a00 MiHEpalTbHOTO 3AJMIIKY. Pinki MpoayKTH (pakiliOHYBaJIM MEPErOHKOI0, a KOMIOHEHTHUH
CKJIaJ JIETKUX 1 cepenHix ¢pakuiii Busnayanu merogom GC—MS Ha cucremi Agilent 8890/5977
MSD i3 6i6moTeunoro inentudikariero 3a NIST23 [7].

Opakiiitauii ckiian ucTuiaTy (Tabma. 1) mokaszas, 1m0 HAMOITBIIHIA BUX1]] JISTKOT (paKIlii 10
200 °C xapakrepHuii s intepBany mipomizy 350450 °C i cranoButs 32,86 %. Came y 11iii 30Hi
3pa3ok pinkoi ¢asu MicTuUB miaBUIIEH] KinbkocTi D-nimoneny (16,4 %) ta p-iiumeny (14,9 %),
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TOOTO KOMIIOHEHTIB, fKi € MapKepaMH JenojiMepHu3alii IOJii30MpPeHoBOi CKIAJA0BOI Ta
MOJAJIBIINX Peakilii apomaTtu3arii. 3a migsuiieHHs Temneparypu a0 450—-550°C gacTka BayKKOTO
3QIIMIIKY 3pocTana 10 66,60 %, mo CBIAYUTH MPO MOCHJICHHS BTOPHHHOI MOJIKOHJEHCAIll Ta
YTBOPEHHS BaXKYUX apPOMATU30BAHUX IMPOIYKTIB.

Tabumnus 1. @paknilinuii cKJIax PiAKMX NPOAYKTIB MiPoJIi3y IIMH

TokasHuK npotiecy AMCTHAAi TemmnepaTypHuii iHTepBan mipoinisy, “C
«250-350» «350-450» «450-550»

[Nouarox xuninns (I1K), °C 35 37 55
Kinens neperonxu (KII), °C 295 240 245
®pakuis 1 (ITK -200°C), % 25,17 32,86 24,85
Opaxuis 2 (200°C —KII), % 39,78 15,01 6,80
Opaxkmis 3 3ammmok (>KII), % 33,26 50,22 66,60
Brpatu, % 1,76 1,90 1,71

VY mporeci mipomizy TBepAa ¢asza ¢hopMyeTbcs BHACTIIOK AeMOIiMepur3allii, 1eriipyBaHHs,
apomaru3anii, kapOoHi3alii Ta 4YacTKOBOi Tpaditm3amii oOpraHiyHoOi Marpuli MmUH. Y
temneparypuomy intepBani 350-550°C BigOyBaeThCs IHTEHCHBHE pPYWHYBaHHS Kay4dyKOBOi
CKJIaJI0BOI 3 BHIUICHHSM JIETKUX pedoBHH. 3a Temmeparyp mnonan 600 °C akTHBI3yHOTbCA
BTOPHUHHI MpoliecH KapOOoHi3allii Ta yIliIbHeHHsI ByTJieneBoi ctpykrypu [3, 6].

Jns TBepAoi (a3M BCTAaHOBJIEHO HENIHIMHUN XapakTep MNepepo3NoAily MiHepalbHUX
eneMeHTiB (Tabm.2).

Ta6anus 2. EleMeHTHUI CKJIaJ TBePAOro 3aJMIIKY Micasd Niposi3y NuH

TemnepaTypa mipodi3y 3pa3KiB IIvH, °c
Enement | 20 (ryma) | 380 450 530 650 860
Konnenrpariis, %
Al 0,0842 0,0478 0,0292 0,0841 0,1025 0,7767
Si 5,0091 4,4850 1,6743 3,4334 5,3670 2,2858
P 0,0300 0,0215 0,1035 0,0579 0,0569 0,0318
S 0,3358 0,4970 0,7810 0,6383 0,8939 0,3989
K 0,0254 0,0156 0,0280 0,0253 0,0212 0,0238
Fe 0,0050 0,0076 0,0230 0,0207 0,1422 0,0201
Co 0,0004 0,0100 0,0037 0,0057 0,0027 0,0020
Ni 0,0002 0,0010 0,0010 0,0010 0,0010 0,0010
Cu 0,0010 0,0011 0,0009 0,0018 0,0009 0,0014
Zn 0,3665 0,3743 0,6738 0,4284 0,4693 0,3055

Bwicr cipku 3poctas Bix 0,3358 % y BuxinHiii rymMoBiit ckiiafosiit 1o makcumymy 0,8939 %
npu 650 °C, micns yoro 3umxkyBaBca 10 00,3989 % mpu 860 °C. Taky 3MiHYy AOLITBHO
MOB’SI3yBaTU HE 3 TIOBHUM BHJIyYEHHSIM CIPKH, a 3 ii Mepepo3noIijioM MIX TBEPJAOIO, PIIKOI Ta
razoBoro (azamMu y BUIISAL Cyab(DimiB, OpPraHocylnbypHHUX CIIOIYK 1 JIETKHMX MPOMYKTIB.
Maxkcumym Zn mpu 450 °C (0,6738 %) BimoOpakae KOHIIEHTPYBaHHS BYJIKaHI3aI[IHUX
KOMITOHEHTIB MICJI BUAAJICHHS JIETKOT OpraHiuHOi YaCTHHH.



OxpeMo JOCHIKYBIM BIACTUBOCTI BHCOKOTEMIIEPATypHOTO TBEPIOTO TPOIYKTY SK
MOTEHLIHHOTO copOeHTy. BcTaHOBIEHO, 10 BiH XapaKTepU3YeTbCS HU3BKUM BMICTOM 30JIHM Ta
Boau (mo 1,9 %), Bucokum iogauM uyuciaom 944 wr/r. Taki MOKa3HUKH OArOTh IT1JICTaBH
pO3MIIAIaTH HOro SIK MEPCHEKTHBHHUI HAMIBIPOIYKT IJIi COPOSHTIB Y BOJO- Ta Ta300YMIICHHI.
OpHak A7 MPaKTUYHOTO 3aCTOCYBAaHHS HEOOX1THO BU3HAYUTH MUTOMY ToBepxHIO BET, po3mosin
1Op, MEXaHIYHY MIIHICTh, BWJIYTOBYBaHHS ZN, S Ta 1HIIMX METaTIB, a TaKOX pereHepaiiHy
3JIaTHICTh MaTepiany.

OTxe, TeMIepaTypHUN pEXUM Ma€ BH3HAYATHCA IUIBOBUM MpoaykToM. [nTepBan 350450
°C € HalOLIBII JOIIIBHUM JJISI OJICPXKAHHA JIETKOT OpraHiyHol (pakuii 3 MiIBUIIEHUM BMICTOM
TEPIEHOBUX 1 ajkilapoMatTuuHuX crnoiayk. IHTepBan 450-550 °C dopmye mnepeBaKHO BaXKKi
MPOIYKTH, SIKI MOKYTh OYTH CUPOBHHOIO JUISl ATUBHOTO ab0 OiTymMoMOau]iKaifHOTO HANIPSIMY
aume michas ounnieHHsA. Pexxumm 650-860 °C  pominbHimme opieHTyBaTH Ha (OpMyBaHHS
KapOOHI30BaHMX MaTepiajiB, MPOTe IXHS IIHHICTh BH3HAYAETHCS HE caMHM (PaKTOM IMipodily, a
SIKICTIO MTOJIAJIBIIIOT aKTHBAITIT Ta AeMiHepaTi3allii.

[lpakTuHa peanizailis Mipodi3y MIMH TOBMHHA OyTH IHTErpOBaHAa Yy CHCTEMY
MUPKYISLIHHOT €KOHOMIKH: CTaHAapTH30BAaHE COPTYBAaHHS CHPOBHUHH, KOHTPOIIb BMICTY KOpPIY,
OUMINEHHS Ta30BOi (pa3u, BUKOPUCTAHHS MIPONI3HOTO Ta3y JJIsi BIACHUX CHEPTeTHYHUX IMOTpeO,
MOBEPHEHHSI METaJeBOro KOpJy B METATYpriiHUN UK, (PpaKiiOHyBaHHS Ta OYMIICHHS OIii, a
TaKOXk €KOJIOriuHa BepuiKallisl TBEPAOTo 3alUIIKY. 3a BIIICYTHOCTI IUX €JIEMEHTIB TeXHOJIOTis
PU3UKY€E 3aJUIIUTHCA JIUIIE EHEPTeTHYHOI0 YTHIII3ALI€l0, a HE MOBHOIIHHUM PECYpCHUM
PELUKITIHTOM.

TakuM YMHOM, pe3yNbTaTH AOCITIKEHHS MiATBEPKYIOTh, IO MIpOJi3 BiAMpaIlbOBAHUX
IIMH € MEPCIEeKTUBHUM, aje TEeXHOJOTIYHO BHMOTJIMBHM HampsMoM mepepobseHHs. HaiOinbi
paLliOHAJILHUM € HE YHIBEpCaJbHUI PEXUM Mipoii3y, a TEMIIEPaTypHO CEJIEKTUBHE KEpPYBAaHHS
IPOIIECOM 3JIEKHO Bifl OakKaHOTO TMPOJYKTY: JIETKOi XiMIYHOI CHPOBHHH, BaXXKHUX MAIUBHO-

XiMIYHHUX (pakiiif a6o copOLiiiHO aKTUBHOTO KapOOHI30BaHOTO MaTepiamy.
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