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IMocTtaHoBka mpoOGJeMH. YpOaHICTHYHUH CTHIb JKUTTS TICHO TIOB’SI3aHHMM 13 PO3BUTKOM OYIIiBHHIITBA,
aBTOMOOiIeOyMyBaHHs, BHUPOOHHUIITBA TAKyBaHb, EJCKTPOHIKW; MiIBHUIICHHSIM pIiBHSA JOXONIB Yy KpaiHax, IO
PO3BHBAIOTECS; 3aMiHOIO METAJICBMX BHPOOIB IUIACTMAacOBUMH aHajnoramu [1]. 3a manumu arentcrBa Markets and
Markets (CILIA), cBiTOBHI PMHOK YHAaKOBKHM LIOPiYHO 3poctae Ha 3,5%. IIpotsrom 2015-2019 pp. Horo cykymHi
ob6opotu 3pociu 3 843,8 no 914,7 mupa. monapie CIIIA Tta owikyersces, mo a0 2021 poky riao0anbHHMA MOMUT HA
nomieruiieH (I1E) csrue 332,4 miH 1. [HIIa cCTOpOHA HAYKOBO-TEXHIYHOT'O ITPOrPECy — BiAXOAU SIK BUPOOHHIITBA, TAK
i OOy TOBI.

YcBigomieHHs MpobieMy HAKOITMYEHHS BiIXOMIB Ta iX BIUIMBY HA HABKOJIMIITHE CEPEIOBHIIE CHPUSE MOUIYKY
HOBHX CITOCO0IB MTOBTOPHOTO BUKOPUCTAHHS Ta 3MEHIICHHS IIKIIJIMBOTO BIUIMBY BHKOPHCTAaHHX IIACTHKIB.

AHaJi3 momepeaHiX AOCJHiMKeHb. 3araJlbHOIO HAYKOBOIO MPOOJIEMOIO € CKIATHICTh MPOLECY YTHIIi3alii
BHKOPHUCTAHUX BUPOOIB 3 MOJIIMEPHUX MaTepiajliB Ta iCTOTHUN HEraTUBHUI BIJIMB HA HABKOJIMITHE cepepoBuie. it
po0JIeMi MPUCBIICHO 6araTo HAyKOBHX Tpalb Ta myOmikariii B 3MI [2-13].

Bucokwuii norut Ha [IE 0O0yMoBIeHHH HOrOo MacOBUM BHKOPHUCTAHHSM SK IAKyBaJbHUH MaTepiasl 3aBiIsSKd
THYYKOCTI, TEIUIO- i IEKTPOI30ILiiHNM Ta 6ap’€pHUM BJIACTUBOCTSIM, XIMI4HIM Ta TEpMiuHiil CTIHKOCTI, JIETKOCTI
nepepoOKH Ta, TOJIOBHE, - JOCTYITHOCTI Ta HU3bKii BapToCTi. [IJIsi BUTOTOBJIEHHS! YIIAKOBKK BUKOPHCTOBYIOTh TIOHA]
35% Bcboro I1E, mo Burorosnsierscs. [HIMMU cepamu HOro 3aCTOCYBaHHS € BUTOTOBJICHHS €JIEKTPOI30SLiHHIX
MarepiaiiB; riIpoi3osiiiHuX MaTtepianax; TpyOOIpOBO/IIB ISl BOJM, XapuOBHX 1 TEXHIYHUX PIIUH 1, HABITh, razy;
TEIUIO3aXUCHUX 1 IIyMOI30JIOIOYMX MaTepiaiiB Juisi OyMiBHMLTBA, BIIAIITYBAaHHI KOMYHIKalii, npumamo- i
MalMHOOYyBaHHs; AeTaneil pisHoi mo0yToBOI Ta MPOMUCIOBOI TeXHIKH; 3 nesikux BuaiB [1E MenuuHux nporesis,
30BHIITHIX 1 HABITh BHYTPIlTHIX; OpOHEXMIIETIB [3].

[[Tupoxe po3NOBCIOKEHHS Ta 0OMEKEHHUI TEPMiH BUKOPUCTAHHS 3HAYHOTO CIIeKTpy BUpoOiB 3 I1E, Hanmpukia,
OJIHOPA30BHX TAKETIB, Ma€ i iHIIY CTOPOHY — BEJIMKA KUIBKICTh BiJXOJiB, IO IIKiIJIMBO BILUTUBAIOTH HA MPHUPOJY,
BHKJIMKAIOUH 3a0pyTHEHHS HABKOJIMIITHHOT'O CEPEeNOBUINA. 3a TaHUMHU MiHiCTEpCTBa PO3BUTKY TPOMAJT Ta TEPUTOPIit
Vkpainu 3a 2019 pik B Ykpaini yrBopunocs 53 MiH. M3 OOYTOBHX BifIXOJIB, 1[0 CTAHOBUTE MoHax 10 MITH. T i anine
6,1% 3 HEUX mepepobieHo Ta yTwiIizoBaHO. BpaxoByioum, mo B Ykpaini 3a mepme miBpivus 2020 poky oOcsr
BUPOOHMIITBA JHIIEe BUPOOIB JOMAIIHLOIO BXXKUTKY 3 IUIACTMAac, He BPaXOBYIOUM HOCYJY Ta CaHITAPHO-TEXHIYHHX
BHUPOOiB, cTaHOBUB 4795,6 THC.T, a TIOJTIETUICHOBHUX MIIIKIB Ta MakeTiB — 29,4 Tuc.t, To obcar Biaxoxis [1E Bpaxae,
e 10% 3 sSKux nepepoOiseThesi, peniTa — HaKOIMUYY€EThCs Ha IOJIITOHaX 4M cMiTre3Banminax. Lle mpusseno 1o
Toro, mo 1163 cmirre3Banuma (19,2%) abo nepezaBaHTaXKeHi, a00 HE BIIMOBIIAIOTH HOPMaM EKOJIOTIYHOT OE3MEeKH.
[4-6].
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MeTto10 cTaTTi € aHaNi3 ICHYIOYMX CIIOCOOIB MOBTOPHOIO BHMKOpPHCTaHHs Ta yTwirizauii Bupo6OiB 3 IIE Ta
MOJKITUBICTB iX 3alpOBaPKEHHS B YKpaiHi.

Buksiag ocHoBHOro martepianay. HaiimommpeHimuMm 3a BHUPOOHHUIITBOM 1 3aCTOCYBaHHSM IUTACTHKOM €
monietnsien. O6csar Bupo6is 3 IIE Ha cBiToBOMYy pMHKY cTaHOBHTH 10 48%, Tomi sk BupoOiB 3 IIET — 13% [7].

[Moniernnen — ne npoaykt noyimepusauii ermieny (-CH,—CHa-)n. B mpupoai crionyka maiixe He 3yCTpidaeThes, a B
IPOMHCIIOBOCT] HOT'O OTPUMYIOTE METOAAMH KPEKiHI'Y BUCOKOMOJICKYJIIPHUX CKJIAIOBUX HaTH, NeTiNpyBaHHS eTaHy
Ta jerigparanii etuioBoro cnupty [8]. [Tomietnnen — HeOIOPO3KIATHUN MIACTHK, 1 6€3 3aCTOCYyBaHHI TEXHOJOTIH
PO3KJIalaHHs JIMIIE MTPHU PO3Maji Ha GparMeHTH 3 HU3HKOI0 MOJICKYJISIPHOIO Maco¥0, BiH MOXKe OyTH aCHMIUTbOBaHMI
MiKkpoopranizmamu. Y 3B’s3Ky 3 1uM, posknan IIE tpuBae monaiimenme 200 poki. IlpoTsroM mporo dacy
BHKOPHUCTaHI BHpPOOW 3 TOJNieTHSeHy 30epiraloTbcss Ha TIOJIrOHaX Ta BUIIIAIOTH IIKIIJIWUBI PEUOBHHH, SKi
NOTPAIUISIOTh B IPYHT Ta TPYHTOBI Boau. XiMiuHI pedoBHMHH, Taki sk Oicdenon A, ¢ramaru i aHTHHmipeHH sKi
nonatotbes B IIE mpu Horo BupoOHMLTBI AJsl HagaHHS HEOOXiIHHMX BJIACTHBOCTEH, HETaTUBHO BIUIMBAIOTH HA
30POB’S JKMBHX OpraHi3MiB, OCOOJIMBO Ha EHIOKPHMHHY cHcTeMy. Jlesiki TOKCHYHI MOHOMEpU CHPHUYUHSIOTH
PO3BUTOK OHKOJIOTTYHUX XBOPOO Ta MpodiieM penpoayKTHBHOI cucTeMu [9].

OOcsr yTBOPEHUX IUIACTUKOBHX BIJIXOJIIB IEPEBHUIIY€E KIJIBKICTh YTHII30BaHUX Maibke B 1,5 pa3. [lo Toro x, sk
[OKa3aHO Ha puc.l 3a OCTaHHI KUNbKa POKIB CIiBBIAHOLICHHS YTHWII30BaHHX Ta YTBOPEHHMX BIJXOIIB 3HAYHO
3MeHmuiIocs [5].
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Puc. 1 — O6csAr YyTBOpeHNX Ta YTHIi30BAHUX MJIACTUKOBHUX BigxoaiB mpotrsirom 2011-2019 pp.

Ile BuMarae momryky HOBHX JEHIEBIINX Ta €(PEKTUBHIIIMX CTIOCOOIB YTHIII3AIIIT INIACTUKOBUX BiIXO/IiB.

bioposknanannio ITE MoxyTh cipusiTé TuticHsBI rpubku Penicillium simplicissimum, siki 31aTHi 32 TpH MicsII
YaCTKOBO YTHJII3yBaTH MOJIETHIIEH, MTONIEPETHRO 00pOOICHUI a30THOIO KUCIOTOI0. BiTHOCHO MIBUIKO pO3KIaAal0Th
nosietniern Oakrepii Nocardia asteroides. Jleski OakTepii, M0 MEMIKAalOTh y KHIICYHHWKY IiBIEHHOI KOMIipHOT
BoraeBku (Plodia interpunctella), 3natHi po3iactn 100 Mr mosierwieHy 3a BiciM THXHIB. ['yceHuIi 6/pKomMHOT
BorHeBkH (Galleria mellonella) MoxxyTh yTHITI3yBaTH noJieTnieH mie mweuame [11].

J1J1s1 3MeHIIeHHsT HEraTUBHOTO BIUIMBY BUKOPUCTAHOTO IJIACTHKY, BiIX0u epepobisitoTs. Ilepepobka mnactuky
— 11e mpouec 30MpaHHs BiIXOAIB IuIacTMacu Ta iX nepepoOKa y KOPHCHI MPOAYKTH. ICHye KibKa THIIB MpOLECIiB
nepepo6Oxkw I1E. Ile nepBuHHa, BTOpUHHA, TPETHHHA Ta YETBEPTHHHA IepepoOKa.

ITepBuHHa TIepepoOKa BiTHOCUTHCS IO BiJHOBIEHHS Ta TIOBTOPHOTO BUKOPHWCTAHHS MarepiaiiB 0e3 3MiH i, SK
MIpaBUIIO, 3 Ti€l0 X MeTor0. [le 3abe3neuye mpocToTy Ta HU3BKY BapTiCTh, MPOTE JO3BOJISE TIEPEPOOIIATH JIUIIE YUCTI,
He3a0pyaHeHi Ta ogHoTUNOBI Bimxoau. He Bci BupoOu 3 ITE mepepoOisroThesl TAKUM YHHOM BiIIOBITHO JO BUMOT
YUCTOTH, & TAKOX iICHYE OOMEXKEHHS KUTbKOCTI IMKITIB 7151 KOKHOTO BUPOOY [8].

o BropuaHOi nepepoOku [1E HanexuTh TepMOMEXaHIYHHNA PEIUKIIIHT — BUPOOHUIITBO Tpanys 3 Bigxoxis I1E.
Uepes Te, M0 CTPYKTypa i MOJIEKyJsIpHA Maca TMOoJIiMepy 3aJaloThCs TMPU HOTOo CHHTE31 1 Hajgalli 3aJIMIIAIOTHCS
HE3MIHHMMH, TEXHOJIOTI] IPpaHy/II0BaHHS HE JO3BOJISIOTH IIEPETBOPIOBATH OJMH THII ITACTHKY HA 1HIINH.

Bararonraposi miiBky, 3muTHd nosietniieH PEX ta Binxoan 3 BHCOKMM CTyneHeM jaerpajaiii nepepoOuT y
TpaHyJi Ba)XKO, TOMY 3aCTOCOBYIOTh TPETHHHY HEpPEepOOKYy — PELUPKYJISILis - MPOLEC MEPEeTBOPEHHS HOIIMEPIB B
MOHOMepH abo iX YacTKOBOI JemnojiMepu3alii B oJliroMepu HUIIXOM XiMiuHOI peakuii. Lle mocsraerbest HuIsxom
ripyBaHHs, TIKOJI3y, rasu¢ikamii, rigposnisy, IMipoii3,y MeTaHoi3y, XIMIYHOI AenoiiMepu3auii, TepMiyHOTO
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KPEKIHT'y, KaTaJiTHYHOI'O KpeKiHry i pucopminry, ¢doronerpazanii, nerpaiauii yJibTpa3ByKOM, PO3KJIaJaHHS B
MIKpOXBHIILOBOMY peakTopi mosiMepy. OTpuMaHi MOHOMEPH MOXYTh OyTH BUKOPUCTAHI JJII HOBOI MOJiMepu3arii
JUTSL BIATBOPEHHSI BUXiTHOTO a00 OJIM3BKOTO 3a CTPYKTYpoto nomimepy [11].

ITipoiiz — mporiec TEPMITHOTO PO3KIALY MOJTIMEpPYy TPH HArpiBaHHI OPTaHIYHUX PEYOBHH 10 Temriepatypu 300-
900°C 6e3 moctymy kucHto [13]. Jlns TTE Ta ITIT remneparypa mipoiizy ctanoButb 450°C, anst [1C mmwkxga — 320°C.
Jlnst 30inmbIieHHs €()eKTHBHOCTI IMpOJIi3y BHUKOPHCTOBYIOTH PI3HOMAHITHI KaTalli3aTopw, Hampukiaj zeolite, Y-
zeolite, ZSM-5, FCC i MCM-41. Ilpouecc mipomi3y CKIAAa€ThCA 3 TPHOX CTAIii: 1HIIIIOBAHHS, MOITUPEHHS Ta
3aBeplIeHHs. Ha mepmmx BOX cTajisx Mpolecy Mmipoiizy OTpUMYIOTh TOPIOYi ra3u, BaXkki napadinu ta cMonu. Ha
TpeTiii craaii BaXxki ByryieBogHeBi (ppakuii po3kianaroTees Ha Oibir sierki. [IpuHimnosa cxema miposisy 300paxkeHa
Ha puc.2. Cucrema MiCTUTh OaJIOH JUISl TTPOJIYBKH a30TOM Ta BOJOOXOJIOKYBAILHUN KOHJICHCATOP, 110 3’ €/IHAHI 3
PEaKkTOpOM eJISKTPUYHOI HarpiBasibHOI nevi. TemrepaTypa B CHCTEMI BUMIPIOETHCSI TEPMOIIApaMHy, 110 BCTAHOBJICHI
Ha BUXO/Ii IPOJYKTIB MipoJIi3y Ta Ha CTiHLI peakTopa. [Iepes mouyaTkoM Nmpomuecy cUCTeMy OYHMINYIOTh Fa3010AI0HNM
a30ToM. ['a3u, 110 0XOJIOPKYIOTECS B MPOIIEC] MPOITi3Y, OXOJIO0HKYIOTECS B KOHAEHCATOPI MICHS YO0 PiJiKi MPOIYKTH
Ta HEKOH/ICHCOBaHI Ta3 30MPaIOTHCSA OKPEMO B HAKOTIMYYBAYi PiIMHH Ta Ta3030ipHUKY BiIIOBIIHO.
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Puc. 1 — O0csr yTBOpeHUX Ta YTHJIi30BaHUX MJIACTUKOBHUX BiaxoaiB nmpotsirom 2011-2019 pp.

[IpoxyxTu mipostizy 3anexath Bi cTyneHs posrainyxeHHs [1E, ioro MosieKy1IpHOT MacH, TeMIIEpaTypu Ta THITY
peakTopa, KarajizaTopa, SIKUil BUKOPUCTOBYETHCS Ta BIAPI3HSAIOTHCS BHCOKOIO SIKICTIO 1 €KOJIOTTYHOIO OE3IeKOlo,
OCKIJIbKM CHPOBHMHA HE MICTUTH cIoiyK ocdopy, cipku Ta azory. ['a30moniOHi MpoxyKTH Miposi3y - e MPOIYKTH
0J1epiHOBOTO sy — STUIJIEH, TIPOMIJICH Ta 1H.; UKJIIYHI CHOJIYKH — OEH30I1, TOJyoJ; iHOAl — BOAEHb Ta MeTaH. Jlo
PiIKMX HajekxaTh ajdipaTHYHI BYTJIEBOAHI. B OCHOBHOMY MpPOAYKTaMH IpOJi3y 3 MaKCUMJIbHUM BHXOJIOM
nu3enpHOro manmBa € 18% HekomeHcOBaHWX TasiB, 82% pIOKUX MPOAYKTIB 1 MEHII HiX 1% HYHCTOTO BYTIICINIO.
IIpomucnosi mipomizHi ycraHoBKH AafoTh 40-70% ra3y Ta 30-60% mipomizaux Macen. YacTka rasiB B 3araJbHOMY
BHITAJKy 301IBITY€ETHCS 31 3pOCTAHHAM TEMIIEpaTypu B peakTopi [8,10].

ITipoii3 TakoXX MoOke OyTH 3aCTOCOBAaHHWU JJI OTPUMaHHS BUCOKOSKICHUX ByrJieneBux HaHoTpyOok (BHT) i3
YHIKaTbHUMU (I3UYHUMH Ta XIMIYHAMH BIIACTUBOCTAMH. Ll TexHika moJsiarac y 3MillyBaHHI IUIacTMac i3
KaTajli3aToOpoM B OJTHOMY peakTopi abo IpoIrycKaHHI IPOIYKTIB IipoJIi3y IlacTMac 4epe3 peakTop 3 KaTaji3aTopoM.
BHT wmoxHa knacudikyBatn 3ajiexHO Bij ix rpadenoBux iuctis sik oguoctinHi BHT (SWCNT) ta 6araTocrtinni
BHT (MWCNT), sxi € 6e3nepepBHUMHU LMIIHAPAMH TIpadeHOBOro JIMNCTAa 3 I'eKCArOHaJIbHUMHU OIMHUIISAMH, IO
CKJIQJalOThCsl 3 2-TIOB'SI3aHUX aTOMIB BYIJICIIO Ta KUJIBKOX rpa)eHOBHX JIMCTIB BiNOBiAHO. Binxomu miactMac €
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OIHMMH 3 JUKEpeN BYIJICLIo, SIKi 103BOJISIIOTh BHpoOiatH BHT. TakuM 4MHOM MOXKHA BUPIIIMTH SIK IPOOJeMy
BIIXOIiB, TaK i OTpUMAaTH HEOOXiaHMIA MpoaykT [11].

YeTBepTHHA TepepoOKa — peKymepallis eHeprii, ska MoJisArac y mpoliecax BiJHOBICHHS BMICTy €HEpTii B
noyieTuiaeHi. Ha#iOimbIr TpocTHM CHocoOOM 3MEHIICHHS O0CSTY IIIaCTMACOBUX BIiTXOMIB, SKUH BKIIOYAE
peKyTepaltito eHeprii € cmamoBanHs. el crocid reHepye 3HauHy SHEpTiio 3 MoTieTHIIEHY (TMTOMA TEIJIOTa 3TOPSTHHS
ITHIIT — 47 MIx/kr, [IBIII — 46,7MIx/kr [14]), ane BiH HE € €KOJOTIYHO MPUHHATHUM Yepe3 PU3MK UIA 300POB'S
BiJl TOKCHYHHX PEUOBHH, IO BHUAUIAIOTHECA. [Ipu HarpiBaHHI TOJETHJICHY MOJIIMBE BHUAUICHHS B aTtMocdepy
JIETIOYHX IPOJYKTIB TEPMOOKHUCIIOBaILHOI necTpykuii. IIpu Tepmiuniii nectpykuii nmosmieTHaeHy B HNPUCYTHOCTI
HOBITPst 200 KMCHIO YTBOPIOETHCS O1IbIlIE HU3bKOKUIUITYMX CIIONYK, HIX IIPU TEPMIUHil JecTpyKuii y BakyyMi abo B
aTtMmocdepi iHepTHOTO rasy.

[Tix wac necrpyxuii Ha noBiTpi, B atMocdepi kucHio abo B cymimi, mo ckiragaerses 3 Oz 1 O3, npu 150-210°C
I0Ka3aJ1o, 1110 yTBOPIOIOTHCS TiAPOKCHIIbHI, IIEPEKUCHI, KapOOHIIbHI Ta edipHi rpynu. IIpu HarpiBaHHi moJieTHICHY
mpu 430 °C BigOyBaeThCs myke TIHOOKUH po3man Ha mapadinm (65 - 67%) 1 onedinu (16 - 19%). Kpim toro, B
MPOAYKTaX PO3KIAaNaHHI MICTAThCA: OKHC Byriaemto (1o 12%), Bogens (mo 10%), Byrmexucnuii ra3 (mo 1,6%). Le
3YMOBJIIO€ HAWHIMKTY €KOHOMIUHY €(QEKTHBHICTh CHATIOBAHHS TOPIBHAHO 3 iHIIMMHM MpoIlecaMy yTHIIi3amii yepe3
3HAaYHY BapTiCTh Ta3004MCHOTO oOmamHanus [8,12].

3MeHIIeHHsT 00CATIB BiAXOMIB Ta 30€peKeHHS MPUPOTHUX PECYPCIB € METOI0 BIPOBAPKEHHS IUPKYISAPHOT
€KOHOMIKH, sika 3acHOBaHa Ha mpuHIM 3-R: Reduce (ckopodeHHS BUKOPHUCTaHHS PEeCypciB i HAAaHHS TepeBark
BIZTHOBJIIOBaHUM Martepianam), Reuse (MakcMMaJlbHO MOXJIMBA e€(EKTUBHICTh BUKOPUCTAHHS MPOXYKTiB), Recycle
(BiTHOBJICHHSI MOOIYHMX TNPOAYKTIB W BiAXOAIB JyIs iX IMOBTOpPHOro BukopucranHs) [2]. CrabinbpHuUil picT Ta
BIZICYTHICTh MOXJIMBOCTI IIEPEepOOKHU YCiX BiIXOJIB IIPUBOAUTH 0 MOLIYKY AJIbTEPHATUBHUX METO/IIB BUKOPHCTaHHS
BUKOPHCTAHOTO MoJjiieTwiieHy. PiHomMaHITTs Ta yHiBepcaibHicTh [IE npu HenpaBmibHOMY BUKOPHCTaHHI CTAHOBHTh
3arposy Il TOBKULIA, 10 3000B’513y€ BUKOPHCTOBYBATH JAaHUU pecypc, CIIIYIOYH LUISIM CTajJoro po3BUTKy. HoBi
migxoau a0 BukopuctaHHs BigxoniB [1E sik ambTepHATHBHUX MarepialliB AJsl IPOrpaM PO3BUTKY MICT JIO03BOJIHUTH
CKOPOTHTH BHUKHIH Ta3y i CIOXUBAHHS BUKOITHOTO MAJIBA.

OmHUM 3 HOBUX CIIOCOOIB MOBTOPHOTO BUKOPHUCTAHHS TOJIETHICHY € BUKOPHUCTAaHHS TOJIETHICHOBUX ITAKEeTiB
JUISL YKPITUIEHHS TPYHTY B TEOTEXHIYHHUX CXeMax IMiAMipHUX CTiH, QyHIaMEHTIB, OCHOB JOPIT, HACHITIB, CTAa01Ti3allii
YKOCiB. B pe3ynbTaTi BKIIOYEHHS CMYXKOK 3 IOJIIETHJIICHOBUX TAKETIB B IPYHT 30UIBIIYETHCS OIp TPYHTY 3CYBY,
Hecyda 3JaTHICTh 1 MOKPAIIyIOThCS XapaKTEPUCTUKH MpocimaHHs IpyHTy [15]. YcmimmHe 3acTOCYBaHHS TakKOTO
croco0y MOXKE CKOPOTHTH KUIBKICTh IIACTUKOBUX BIJXOJIB, SIKi YTHJII3YHOTHCSA Ha 3BaJMIIAX Ta IOJICOHAX, IO
MaTHUMe €KOJIOTIUHY BUTOJLy B pe3yJIbTaTi e()eKTHBHIIIOr0 BUKOPUCTAHHS NIPUPOJHUX PECYPCIB 1 SMEHIIICHHS BUKH/IIB
BYIJIEKUCIIOTO Ta3y. /logaBaHHs BOJIOKOH IOJIIETHIEHY 1O OCTOHY 1CTOTHO BIOCKOHAJIIOE MaTepiajl, 3011bIIyrouu
HOro NOKa3HUKH B BHMIIPOOYBAaHHSX Ha PO3TAT-CTUCK, ONOpPY PO3TPICKyBaHHIO, BTOMJIIOBAHOCTI, CTIMKOCTI Ta
IUTACTHYHOCTI.

[Hmra cepa 3acTocyBaHHS BAKOPHCTAHOTO MOJIETHIICHY — OyAiBHUUTBO Jopir [16]. AchanbT Mae 31aTHICTD 10
pYHHYBaHHS TIPW BHUCOKHX Ta PO3TPICKyBaHHS NpH HU3BKHX Temmeparypax Y 2002 pori iHkeHepH iHAIHCHKOT
rxommnanii KK Plastic Waste Management Ltd 3amaTeHTyBai TEXHOJIOTIIO 3aCTOCYBaHHS IUTACTUKOBHX BiIXOMIB MPH
achanpTyBaHHI Jgopir. KommaHis cTBOpmJa MOMIMEpHY CyMIlll 3 TMepepoOSieHNX TIOMIETHICHOBUX ITaKeTiB,
crakanyukiB Ta [IET-mmamok, ska 3amiase 8% OiTymy cxmami acdampToO0eToHHOI cymimi (Bmict OiTymy B
3pr4aitHoMy acanpti 10-60%) i moKpalrye XapakTepUCTHKN TOPOKHBOTO MOKPUTTS. TepMiH ekcIuTyararii Iopir,
1o moOyaoBaHi Ha OCHOBI ITbOTO MaTepiairy, 30inbInennii B 2 pasu. [TloOymyBasmm 2 trc.kM gopir KK Plastic Waste
Management Ltd nepepoOuinn 8 ThC. TOH IJIACTMKOBUX BigXOJIiB. 3rOJ0M JaHa TEXHOJOTis Oyja BIOCKOHAJIEHa
LIOTIaHACHKOI0 KoMItaHiero MacRebur. Bonu BumyckaroTh MoJjliMepHi TpaHyJIM Ta IUIACTIBII K BUCOKOC(EKTHUBHI
n00aBku Juist BUpoOHMLTBA achansTy. Moaudikaris miBuUILy€e MIIHICTh MOKPUTTS Ha 60% Ta 30UIbLIYE TEPMiH
ciryx6u noporu y 10 pasis. JlinepoM BHpoOHHMITBA IUIACTHKOBOTO acdanbTy € Kanana. AcdanbT 3a TEXHOJIOTIEIO
kommnanii Green Mantra mictuth 10 20% muacTuky.

Byrnexucnuii raz (CO;), m10 BUAUISAETHCS B PE3yJIbTATI CHAIIOBAHHS BUKOIHOTO TAJIMBA, € OJHIEI0 3 OCHOBHUX
MIPUYXH TI00aTbHOTO TOTEIUTIHHS Ta 3MiHHM KiliMaTy. YioBmoBaHHS Ta 30epirants CO,, 0 YTBOPIOETHCS TiJ] Yac
CIIATFOBAaHHS Ha BYTUIBHHX a00 Ta30BUX EJIEKTPOCTAHIIISAX, € TPHUBAOIMBUM s 3MeHIIeHHs BUKUAIB CO, B
atMocdepy. [CHyI0Th €EKOHOMIYHI Ta TEXHITHI IPOIIETYPH, IKUX ITOTPIOHO JOTPUMYBATHUCS IS TBEPIUX aJICOPOCHTIB,
10 BUKOPUCTOBYIOTHCSI Aiis yioBmoBaHHs CO, 10 Ta micis 3ropstHAs . AJICOPOSHT MOBUHEH MOTPAMTH B Ta30BUI
TIOTIK 1 3aJIMIIUTH peakTop Mmpu TemrepaTypi npudmmsHo 40°C i 3arampHOMY THUCKY Omu3bko 30—45 6ap. Kpamuit
a71cOpOeHT TIOBHHEH MaTu J00pY CelIeKTUBHICTb 111010 CO», 06 MaTH MOXIIUBICTh acOpOyBaTH HOTO cepes IHIITHX
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KOMITOHEHTIB B TIOTOIIi Ta3y, MaTH BEJIMKY COpOLiHHY 31aTHICTb, 100 OyTH €KOHOMIYHO BHI'1THMM i MaTH XOpOLILY
(hi3uKO-XiMiUHY CTa0iIBHICTh, @ caMe CTIMKICTh 0 BOJIOTH , TeIJIa i KUCIHMX Ta3iB, TAKHX SK CipkoBoaeHb [11].
[ToenHaHHS BUCOKOI MOPHUCTOCTI Ta XOPOIIOT XiMidHOI CTaOIBHOCTI MOYKHA 3HAHTH B MIKPOIIOPHCTHX TIOJTiMEpax.
3BakarouM Ha Ii BUMOTH, OyJIO CTBOPEHO KOMIO3UITIHII MaTepian mis aacopoiii CO,.

3MeHIIIeHHI0 00CATIB BiIXOIIB CHPHAIOTH JeMaTepiaji3ailis, BUKOPHCTAHHS TOBAapy SIK TOCIYT'H B3aMiH
TpaAMIIHIA MOJEN MPOoJaXy, BUKOPUCTAHHS BiIXOJiB OJHOTO BHPOOHHUIITBA SIK CHPOBUHM i iHmmoro [18]. B
pamkax Ilmany niii 3 mupkyssapHoi ekoHoMiku B 2017 pormi B VYpaini Oyma npuiiHaTa HarmioHanbHa cTpaTerist
MOBOJDKEHHS 3 Bigxogamu. BoHa nependadyae BIpOBaXKEHHSI CUCTEMHOTO IMIAXOAY /0 MOBODKEHHS 3 BiJXOJaMH,
CTOPEHHSI HOBUX IIOTY)XHOCTEH 13 mepepoOKHM BTOPCHPOBMHHM, 3MEHIICHHs 00csary 3axopoHeHHs TIIB [2]. Ta
BupimIeHHs npobiemu yrunizanii Bigxonis I1E morpebye He nmiie BIpOBaPKEHHS CTPATEriid i CTBOPEHHS HOBHX
METOJIB YTHJIi3alii Ta IOBTOPHOTO BUKOPHCTAaHHS, a i BiANIOBIIAIbHOTO CTAaBJIEHHS KOKHOT JIOJAMHH TUIAHETH.

BucnoBkmu. IlomieTuaen — oanH i3 Maibke HE3aMIHHMX MarepialliB y *HTTI JIIOJUHU, TOMY IOIIYKA HOBHX
cHoco0iB #oro yTtwiizamii 3aBxIu OyAyTh akTyalbHUMH. IlmacTMKOBUMM BHpoOamMu HEOOXiIHO BiAIIOBiNalIbHO
KepyBaTH IPOTATOM YCHOTO iXHBOTO JKUTTEBOTO IUKIY, 00 MaKCHMAaIbHO 3MEHIINTH iXHil BIUIMB HA HABKOJIHIITHE
cepenopuiie. [ToBTopHE BHKOpHCTaHHS Ta NepepoOKa IOJIETHICHY, BiJHOBIICHHS €Heprii — OCHOBHI cTpaTerii
YIpaBIiHHS BigXoJaMu 3 mouieTwieHy. HaiOinpm OakaHa cTparterisi 3MEHIICHHS KUTBKOCTI BIXOJIB BKIJIFOYAE
3aX0/JM 31 3MEHIICHHSA KiJbKOCTI MaTepiasliB, IO BUKOPHUCTOBYIOTHCS Yy BHUPOOHUIITBI IIACTMACOBHX BHUPOOIB,
TIPOJIOBKEHHS TEPMiHYy CIYKOH MPOAYKTIB MUITXOM iX MOBTOPHOTO BUKOPHUCTAHHS, MO0 BiKJIACTH YTHIII3AIIIO, &
1Ie MOXKJIMBO. 3arpoBa/LKEHHS TEXHOJIOT1H NepepoOKH MOMIETHIIEHY MOXKEe Ha0yTH HOIIMPEHHS B YKpaiHi.

IlepcnekTUBH MOJAJNBIINX AOCTiAKeHb. [IpeclieKTHBHIM € BIPOBAPKEHHS HOBHX Ta €(EKTHBHUX METOJIB
YTHII3a1lii BiTXO/iB ITACTMAC B MMPOMUCIOBOCTI YKpaiHU Ta JOCHIIKCHHS MOXIIMBOCTI OTPUMAaHHs HAHOMaTepialiB
i3 Bigxonis I1E.
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Shilovich T. B., Omelchuk 1. V.

ANALYSIS OF PROBLEMS OF POLYETHYLENE UTILIZATION IN UKRAINE AND WAYS
TO OVERCOME THEM IN THE WORLD

Polyethylene is the most widely produced and used plastic in the world and is an integral part of the urban lifestyle
of a person. The high demand for PE is given to its mass use as a packaging material due to flexibility, heat and
electrical insulation and barrier properties, chemical and thermal stability, ease of processing and, most importantly,
accessibility and low cost. More than 35% of all PE produced is used to make the package. Other areas of its
application are electronics, mechanical engineering, construction, light industry. Another side of scientific and
technological progress is the problem of waste accumulation and its negative impact on the environment and human
health. With the development of industry in Ukraine, the amount of waste is growing. Conversely, the amount of
recycled, i.e. reused plastic articles, is reduced.

Polyethylene is an ethylene polymerization product and it is hardly naturally occurring. This is non-biodegradable
plastic, the decay of which lasts at least 200 years, releasing harmful substances into the environment. To reduce the
negative effect of the used polyethylene, it is disposed of by burial or by external exposure to physicochemical or
biofactor. Some fungi and bacteria can contribute to the biodegradation of PE by releasing chemicals that can break
down long chains of polymers.

The problem of plastic waste accumulation is related to the limited shelf life of many plastic products and the
complexity and high cost of plastic recycling processes. Plastic recycling is the process of collecting plastic waste
and processing it into useful products. There are several types of PE processing processes. This is primary, secondary,
tertiary and quaternary processing. Primary processing - reuse of the product, as a rule, for the same purpose.
Secondary processing - pellet production. Thermoset polymer cannot be recycled into granules, so they are
depolymerized into oligomers by chemical reaction. This is tertiary processing. One of the methods of recycling the
polymers is pyrolysis. This is the thermal scheduling process of the organic substances that the polymers consist of.
For polyethylene, this temperature is about 450 C. To increase the efficiency of the process, for example, to accelerate
it or reduce the temperature in the reactor, a variety of catalysts can be used.

Pyrolysis products depend on the degree of branching of PE, its molecular weight, temperature and type of reactor,
catalyst, which is used and is characterized by high quality and environmental safety, since the feedstock does not
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contain phosphorus, sulfur and nitrogen compounds. The simplest example of recovery (quaternary processing) is the
burning of PE. Incineration releases a significant amount of energy from polyethylene, the heat of combustion of
which is about 47 MJ/kg. This method is environmentally dangerous because the thermal degradation of PE in the
presence of oxygen releases cellular compounds that are dangerous to human health. The cleaning of the combustion
gases is expensive, resulting in the lowest economical combustion efficiency among all recycling methods.

Waste reduction can be achieved by introducing a cyclical economy based on the principle of 3-R: Reduce (reducing
the use of resources and providing the advantage of renewable materials), Reuse (maximum possible product
efficiency), Recycle (recovery of by-products and waste for their reuse). The use of PE waste as alternative materials
Jfor urban development programs will reduce gas emissions and fossil fuel consumption. Dematerialization, the use
of goods as a service instead of the traditional model of sale, the use of waste from one production as a raw material
Jfor another contribute to the reduction of waste volumes too.

An example is the use of PE waste to strengthen the soil in geotechnical schemes of retaining walls, foundations, road
foundations, embankments, and slope stabilization. As a result of including strips of polyethylene bags in the soil, soil
resistance to landslide increases, bearing capacity and soil subsidence characteristics are improved. Another area is
the construction of roads where plastic waste is used to increase the life of roads. The life of roads built from plastic-
modified asphalt is growing several times. Such a coating is more resistant to damage, reduces the cost of raw
materials and industries, is much safer for the environment than ordinary asphalt. The use of plastic waste instead of
specially made additives will help significantly improve the environmental situation in the country.

The best waste reduction strategy in Ukraine is measures to reduce the quantity of materials for the production of
plastic products, extend the service life of products by reusing them in order to postpone disposal where possible.

Keywords: polyethylene, utilization, processing, recycling, pyrolysis
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