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Herona H.B. VYnpapniaHS MeIuYHUMU BiAXOJaMH 3 BHKOPHUCTAaHHSIM
MOOUTBHHX TIIIA3MOBUX TEXHOJIOT1H

KpamidikariitHa HaykoBa Ipalls Ha MpaBaxX PyKOITHCY.

JHuceprariiss Ha 3700yTTS HAYKOBOTO CTYIEHS JgoKTopa (imocodii 3 ramysi
3HaHb 10 — «[Tpupoaunyil Hayku», 3a criemianbHicTio 101 — « Exonorisy. KuiBchkuii
HaIllOHAJIBHUI YHIBepcuTeT OymiBHUITBA 1 apxitektypu, MOH Vkpainu, Kuis,
2025.

Hucepraiiiiina poOoTa MNpUCBAYEHA BUPIMICHHIO HAYKOBO-TIPUKIIAIHOTO
3aBJIaHHS YJOCKOHAJIIEHHS HAsSBHUX Ta PO3pPOOKH HOBHX IMIJIXOAIB O€3B1IXOAHOI
TEXHOJIOT1] 3HUIIEHHS HeOe3IMeUHNX MEANYHUX BIIXOIB B MICIII IX HAKOITMYEHHS 3a
JIOTIOMOTOI0  TIJIa3MOXIMIYHHMX TMIPOJI3HUX TEXHOJOTIH 3 METOI0 OJIOKyBaHHS
NOMNaJaHHs iX B 3arajbHl MYHIIMIAJIBHUX KOMYHaJIbHO-MOOYTOBI MOTOKM Ta iX
(bIHIIIHOTO HAKOMIMYEHHS Ha CAHKI[IOHOBAHMX 1 HE CAHKI[IOHOBAHUX IMOJITOHAX YU
3BAJIMIIAX.

Y po3zoini 1 3rigno 3 goxymentamu BOQO3, 310poB'ss Opi€eHTOBaHE MICTO
(30OM) Bu3HAYAETHCS TAKUM MICTOM, B SIKOMYy B OCHOBY MICBKOTO PO3BHUTKY,
IUIAaHYBAaHHS TPAHCIOPTHOI 1HPPACTPYKTYPH, apXITEKTYpH, €KOJIOTil JOBKULIA,
OXOPOHHU 37I0POB’Sl Ta OCBITU BCS MOJITUKA CTBOPEHHS Ta PO3BUTKY MOCIYT 1 YMOB
MPOXUBAHHS OpraHi3oBaHa I MaKCUMAaJbHOTO 3a0€3MeueHHS 1 MIATPUMKHU
(G13MYHOTO, MCUXIYHOIO Ta COLIAJBLHOTO 370pOB’S MOro MEUIKaHLIB Ha OCHOBI
Oaratrox 0a30BUX MPUHIIUITIB.

OpuH 3 TaKUX NPUHIMIIB aKIeHTY€e Ha Te, 1110 30OM noBuHHE OyTH MOBHICTIO
BUIbHUM B1J] Oy/Ib-SIKOTO HAKOMMYEHHS! MYHIIIUIATbHUX Ta KOMYHAJIBHO-ITOOYTOBHX
TBEPAMX 1 PIAKUX BIIXOJIB BUKJIIOYAIOUM 1X MEPEBE3CHHS MO TEPUTOPIi MicTa Ta
YTBOPEHHS TMOJITOHIB 1 CMITTE3BAJIMII HABITh 11032 MICBKOIO cMyTOR0. Lleit mpuHIu
€ 0COOJIMBO OOJTFOYMM JIJISI TPOMAJISTH YKpaiHu 1 J71s 11 HaIllOHATBHOT O€3IeKH, 110 B
yMOBax MOBHOMACIITA0OHO1 BIHA HAa TePUTOPIi YKpaiHu MOPOIKY€E BaXKKI 1 CKIIaTHI
€KOJIOTIYHI Ta MEOUYHI MNpoOJeMu [Jsi BUPIMICHHS SKUX HEOOXI1JHI HOBI

TEXHOJIOTIYHI TIIXO0MA Ta BHUCOKOC(EKTHUBHI TEXHOJIOTIi mepepoOKu, yTumizamii 1
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3HUIICHHS HeOe3nmeyHux MeaudHux Ta (papmareBtuynux Biaxoais (HM®B). [Ipu
upbomy ropuanyHo HMO®B He BXomsTh y 3BHYAMHY CUCTEMY ITOBOKCHHS 3
micbkumu TIIB [1].

Ha choronni HalmomuypeHimuMu MeToiamMu (PiHIITHOT yTHII3aIli OyIb-IKUX
MYHIIIUTIATFHUX Ta KOMyHaIIbHO-100yTOBHX BiaxoaiB (MKIIB) € ix cnagtoBanHs B
1HCHHEpaTopax ad0 Ha BIKPUTOMY IOBITPI, a TAKOXK IOXOBAaHHS Ha IOJITOHAaX 1
cMmitTe3Banumax. OaHak nepepaxHa ouipimicts HM®B nomnanae B 3arajabHi TOTOKH
MKIIB 1 norpamisie Ha CMITTE€3BAJIMIIA 1 TOJITOHM, 1 TAKUM IUIAXOM Jlajdi BOHU
MOXXYTh IIPOHHMKATH B XapuoBi JaHItoru. Tomy BcecBiTHS opranizaiiisi 0XOpOHU
310poB’s (BOO3) He pekoMeH1yBala HU3bKOTEMIIEPATypHE CHAITIOBAHHS Oyab-SIKHX
HM®B 1 0co0nuBO B yCTaHOBKax 13 HU3bKUM pPIBHEM OYHIIECHHS BHUXJIOIMHHUX
TUMHUX cyMmimer. Otxe, pexomenaarii BOO3 BuUKIIOUAIOTh 3aCTOCYBaHHS
HU3BKOTEMIIEpATYpHOi 1HCUHEpallli 0e3 HaJIe)KHOTO EKOJOT1YHOTO OYHIICHHS
JUMOBHUX Ta3iB. B imean Temmneparypa 3ropsiHHs BIJIXO/IB B NEPBHHHIN Kamepi
1HCHHepaTopa moBMHHa Oytu Ouibmioro 3a 800°C, a y BTOpUHHINA Kamepi
nonantoBaHHs — MiHiMyM 1000°C.

VY SIKOCTI1 aJIbTepHATUBHOTO MMIIX0AY JIJIsl POpMYyBaHHS 370POB’ IOPIEHTOBAHUX
MICT B POOOTI pO3MIAmacThcsi cTpareria «Zero Waste» sika Oyna peanizoBaHa B
okpeMux Mictax - M. Jlwoonsna (Cnosenis), M. Can-®Opannucko (CIHIA), wm.
Kamanopi Ta M. KanGeppa (ABctpanis). OgHak MOBHOI JikBigarii abo 3yNMUHKU
HAKOMMYEHHSI BIIXO/IB IMOKH IO HE JOCATHYTO Ha JKOAHOMY MyHinunamiteti. [Ipu
[IOMY BUSIBUJIOCS, IO Yy OUIBIIOCTI BEJIMKWX MPOMHUCIOBUX MICT 1 HaBITh KpaiH
BaXXKO 1 HaBITb HEMOXJIMBO CTBOPUTH TMOBHOLIHHY IHPPACTPYKTYpy ISl «Zero
Waste». ToMy Ha ChOTOAHI I CTpaTeris 3aJIUIIAEThCA OUIbIIE 11€0JOTIYHUM
CTpaTEriYHUM OPIEHTUPOM, a HE MACIITA0OHOIO TPAKTUYHOIO peabHICcTIO. OHIETO 3
MPUYMH II€T CUTYAIlli € Te, 10 TEXHOJOTIYHE HAIIOBHEHHS cTparerii «Zero Waste»
HE MPUAATHE JIJIs1 TOBHOI[IHHOTO MEINKO-EKOJIOTTYHOTO O€3MeYHOT0 YHIBEPCAIBHOTO
BIIPOBAKCHHS MOTO TIEPIII 32 BCe B CUCTeM1 TToBOokeHHsS 3 HMDB.

3 MEeTOI0 MOJAJBIIOT0 yAOCKOHAJEHHs cTparerii «Zero Waste» B cucrtemi

noBokeHHs: 3 HM®B B M. Kuesi B po60Ti mMpONoOHYIOTHCSI BUCOKOTEMITEpATYPHI
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MJIa3MOB1  JIYTOBl TEXHOJIOT1i, 30KpeMa, MOJYJbHI IOBHICTIO aBTOMAaTH30BaHI
MJ1a3MOXIMIYHOT YCTAHOBKM SIKI MOXYTh OIEPATUBHO JIOCTABIATUCS B MiCIS
BUpoOeHHs abo HakonmueHHss HM®B. BnipoBamkeHHs TaKUX YCTaHOBOK B CUCTEMI
noBokeHHs 3 HM®B 103BONUTE: MOCTYNOBO 3011bIITYBaTH BHIIYYESHHS 1 3HUIICHHS
HM®B i3 3araipHuX TMOTOKIB MYHIIUIAIBHOTO Ta KOMYHaJIbHO-TIOOYTOBHX
BIJIXO/IB;

Exonoriunuii Ta Meauko-06iooriuHui ehexTr BIpoBapkeHHs Zero Waste 11s
MEIUYHUX BIIXOmiB B M. KW€Bi mepmn 3a Bce M03BOJSIE 3MEHIIWTH YacTOTy Ta
KUTBKICTh XPOHIYHUX Ta 1H(GEKIIHHUX 3aXBOPIOBaHb CepeJl HACEJEHHS, a 3HAUUTh 1
3MEHILIEHHS KIJIBKOCTI BUITQJIKIB rOCHITaNI3alli TPOMAJIIH Yepe3 XIMIUHI YpaKeHHS
HIKIPHI Ta pecHipaTopHl XBOPOOM dYepe3 3MEHIICHHsS 3a0pyIHEHHsS MNOBITPS Ta
PHU3HKIB 3a0pyHEHHS TOBEPXHEBUX Ta MiJ36MHUX BOJI.

Tomy HOBa cTpareris Zero Waste B cuctemi noBoakenns 3 HM®B nosunna
HE MPOCTO 3MEHIIUTH KUIBKICTh MEIUYHHUX BIJIXOIB, a PEaIbHO BUKIIOUUTH YCi
JJAHKU HAsBHOTO JIAHIIOTa Ha SIKOMY BHOyJOBaHa BCA CHCTEMa MOBOJDKCHHS 3
HM®B: 30upanHss — 00poOJeHHS — yTWII3alil0 — MOXJIMBICTb INOBTOPHOTO
HECAHKI[IOHOBAHOTO BUKOPUCTAHHS —> HEOE3MEYHOT0 TPAHCIOPTYBaHHSI —>
YTBOPEHHS, HAaKONUYEHHS Ta 30epiraHHs HeOe3NMeYHUX KOHUEHTPOBAHMX
TEXHOJIOT1YHO HE MEPEepOOIIOBAHUX 3aTUIIIKIB.

Peanizariist MyHIIUITAIIBHOTO TIPOEKTY «Zero Wastey I MEIUYHHUX BiXOMIB
y M. KueBi Ha ocHOBI TexHoorii «llnazmon-3M» gacTh MOXIUBICTh €KOJIOTIYHO
oe3neuno ytwiaizyBatu yci 100% HMO®B nusixom iX BHCOKOTEMIIEpaTypHOI
TpaHchopmallii Ha HETOKCHYHI CIIOJIYKH 1 3HAYHO CIIPOCTUTH CUCTEMY IMOBOIKEHHS
3 HM®B, a takox dikBiayBaTH HEOE3MEUHI YUCIEHHI TPAHCIOPTHI omeparlii 3
HM®B 1, sik Hac/i 10K, YCYHYTH PU3UKU MEIUKO-EKOJIOTTYHOTO 3apa>KeHHS IOBK LIS
1 MaKCUMaJIbHO 3MEHIIUTH JOTICTUYHI BUTpaTtu. OAHAK TUIa3MOB1 TEXHOJOTI IS
BUKOHaHHSI TpoekTiB Waste-to-energy (WTE) Bce mie 3amumaeTbcss Ha crafii
JOCJTII’KEHD 1 eKCTIEPUMEHTIB.

Y po30ini 2 3niiicHeHO OLIHKY aHTPOIIOTEHHOTO BILJIUBY YMOB YPOOEKOCHCTEM

Ha 3710poB’st HaceneHHs M. KuiB. B xomi qociimkens Oyii0 BU3HAYEHO Ta JOBENICHO,
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o ¢GopMyBaHHS 370POOPIEHTOBAHOIO MICBKOTO TMPOCTOPY HEMOXIIMBE 0€3
3MEHIIICHHS MICBKUX MYHIIMIIAJIBHUX BIIXOAIB, OCOOJMBOi yBaru moTpedye
nmpoOieMa yTBOPEHHS MEIWYHUX BIIXOMIB, IO TMOB’S3aHO 13 TTOBHOMACIITAOHUM
BTOPTHEHHSIM, @ TaKOX SIK HACHIIKU — 3a0pyAHEHHsS MOBITPS, BOAU Ta TPYHTY,
BTpaTu Oi1OpI3HOMAHITTS, PYWHYBaHHS €KOCHUCTEM Ta IHIIE. YIOCKOHAJICHO
METOJIMKY OIIIHKM PU3UKIB JJIi MICBKOTO HACEJIEHHA Ta 3allpOIIOHOBAHO
BUKOPUCTAHHS 1HACKCIB PU3UKIB HEOE3IEUHUX SIBUII HA TEPUTOPIT ypOOEKOCUCTEM
IPUPOTHOTO Ta TEXHOTEHHOTO XapakTepy.

CraH Ta BIUIMB HasBHHUX BIUIMBIB XapaKTEpPU3yBaBCs 3a JOMOMOIOIO OIlIHKH
Ta XapaKTEpPUCTUKH KOHIICHTpAIlil 3a0pyAHIOBAJbHUX PEUOBHH B CKJIAIOBUX
HABKOJIMIIIHBOTO CEPENOBHUINA, OIIHII PIBHSA Ta IHTEHCUBHOCTI IIyMy, BiOparlliil Ta
1H., mopiBHstHHS 1X 3 [JIK.

BianoBigHO 10 MpoBeAEHOT OLIIHKU OYJI0 JOBEACHO, 110 KUIbKICTh YTBOPEHUX
BIJIXO/IIB Ha IIPSIMY 3aJICKUTh B/l PIBHS 100pOOYTY HACEJICHHS, a HEIOCKOHAIICTh Ta
HEOPraHi30BaHICTh CHUCTEMH TMOBO/KEHHA 3 BIAXOJaMU MPSAMO 3arpoXye
3araJbHOMY CTaHy 3/10poB’sl HaceneHHs. [Ipu oMy Oynmo po3paxoBaHO OCHOBHI
pu3MKK (KaHLEPOTE€HHI Ta HEKAHIIEPOTeHHl), $KI BHUHHMKAIOTh B MPOIECI
KUTTEASUIBHOCTI MICTSH, W10 3HAYHOIO MIPOI0 TOB’s3aHl 13 3a0pyaHEHHS
aTMoc(epHOro MoBiTps.

BusnaueHo, 110 OJHUM 3 OCHOBHHMX KpUTEpIiB OIIHKH  PIBHS
3/I0POB’SIOPIEHTOBAHOCTI  MICBKOTO  CEpPEIOBHUINA € BIAMOBIIHICTH MICHKUX
1H(}pacTpyKkTyp moTpedaM HaceleHHs, PIBEHb SKOTO OIIHIOETHCS HAa OCHOBI
TIr€EHIYHOTO KPUTEPIIO0 MICHKOTO cepenoBuia. [Ipu 1ipoMy mokKazaHo, 10 PUBHKHU
PO3BUTKY KaHLIEPOTEHHUX Ta HEKAHLIEPOTEHHUX PU3UKIB 3HAYHOIO MIPOIO OB’ sI3aH1
13 3a0pymHEeHHS arMocC(EepHOro TIOBITPS, 3aXBOPIOBAHICTh HACCICHHS B
aHTPOIOT€HHO HABAHTAXKEHUX pailoHax Ourbmia B 1,5 pasu, HiX B pailoHax 3
HUKYUM HaBaHTKCHHSM.

Y po3oini 3 BuKoHaHO aHaI3 CBITOBOTO Ta BITYM3HIHOTO TEXHO €KOJIOTTIHOTO
JIOCB1Ty pO3pOOKH, CTBOPEHHS 1 3aCTOCYBaHHS IJIa3MOBHUX €JIEKTPOTyTOBUX BUCOKO

TeMIiepaTypHux TexHonorii s yrwmsanii HM®B. Tlposeneno mocmimkeHHS
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TEXHO €KOJIOTIYHMX Ta €KCIUIyaTallliHUX MapaMeTpiB IUIa3MOBOi YCTAHOBKH IS
BHUCOKOTEMIIEPATYPHOI IJIA3MOXIMIYHOI yTUJT13a1[ii TOKCUYHUX PEUYOBUH Y TTOJIbOBUX
yMOBax 3 JAOTpUMaHHsAM caHiTapHO-TirieHidHuX BUMOT STANAG 2982 «Essential
field sanitary requirements». CrangaptuzoBanHi HopMu HATO, Bu3Ha4arOTh
MiHIMaJbHUM Ha0lp CaHITAPHO-TITIEHIYHUX MPaBWJI IS BIICHKOBUX Y TOJBOBHX
YMOBaX.

[Tna3mMoxiMiuHI TEXHOJIOTII 3/1aTHI 3HUIIYBATH XJIOPOBAH1 OPTaHIvYHI CIIOIYKH
3 e(eKTUBHICTIO 3HHUIIEHHA A0 99,9% 3 nyke BUCOKMMHU XapaKTepUCTHUKAMU
JECTPYKIii TiOKCUHIB Ta (ypaHiB Ha piBHi (5-9)-1073 Hr/M?, mo HabaraTo MeHIIE 3a
HOPMAaTHUBHI €KOJIOT14HI CBITOB1 CTaHAAPTH.

B VkpaiHi exkcnepuMeHTanbHI MOOUIbHI IIJJa3MOBI JIyTOBI YCTaHOBKH
«Ilmazmon-1,2,3M» 3 MaKCUMaIbHOIO EJICKTPUYHOIO MTOTYXKHICTh CTaHOBUTH 90 KBT,
Oynu cTBOpeH1 Ha 0a3l BITYM3HAHOIO IUIA3MOBOIO T€HEpaTopa MOCTIMHOIO CTPyMy
[TYH-1 B axomy I1a3MOyTBOPIOBAJILHUM T'a30M MOXKE OyTH MOBITPS, a TEMIIepaTypa
B peareHTHiil 30H1 ropinuHs (P3I') Mmoxke minrpumyBarucs Ha piBHi (1500-4000) °C 1
3a0e3reyyBaTy CTYMiHb MOJIEKYJISIPHOI ACCTPYKIli BiAxoaiB A0 99,%. 1 HaBiTh
ounbire. [Ipu ibomy MoTy)He yabTpadioeToOBE BUPOMIHIOBAHHS TIA3MOBOI TyTH
3HAQYHO TPUCKOPIOE JECTPYKIIIO BIAXOMIB 3 TMOBHUM 3HUIIEHHSIM MaTOTEHHUX
MIKPOOPTaH13MiB.

ExcriepumeHTanbHO-IPOMHUCIIOBa  MOOUIbHA — TIa3MOBa  €JIEKTPOYTOBa
yctaHoBka «Ilmasmon-3M», Ha sAKid NOPOBOAWIKMCS aBTOPCHKI JIOCIIIKEHHS
MPOIIECIB JUI TMEepepoOKH Ta YTWii3aIli MEIUYHUX BIAXOMIB Ma€ HACTYIHI
xapakrepuctuku: 10-12 1/100y; Bosnorictb — 10 20%; HeopraniuyHa KOMIIOHEHTA —
10 20%. [Ipu ubomy ycranoBka «IlimazmMoH-3M» Takok MOXKE 3aCTOCOBYBATUCS JJIsI
3HMINECHHS MPAKTUYHO BCIX KaTEropiil JIKApHIHUX BIAXOAIB: 0aBOBHSHI BUPOOH,
pI3HI1 IJIACTMACH, IIETFOI03HO-TIOIIMEPHI TIOB’I3KU, MOJIBIHIIXJIOPUIHI TTAKETH IS
KpOBl, pPyKaBUYKM Ta KaTeTepud 3 TOJiypeTaHy YU 3 CHJIIKOHOBOI TyMH,
MOJIIETUJICHOB] Ta MOJIIMETHJIMETAKPHIIATHI MaTepialid, CKJIO Ta 1HIII, a TAKOX JIJIs
nepepooseHHs paaio (papManeBTUYHUX BiIXOIIB.

Y po3oini 4 B8 po60Ti Oys10 3aMPOTIOHOBAHO CIPOIIEHY EKCIPEC-METOIUKY IS
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OI[IHKHY €HEPreTUYHOTO OajIaHCy 1 mapaMeTpiB OUMILECHHs (PIHIIIHOT TUMOBOT CyMiIIT
JUISL OIIIHKA €(EeKTHUBHOCTI poOOTH IJIa3MOBOi ycTaHOBKH «llmazmon-3M» s
BU3HAYCHHS i1 EHEpPreTMYHOro OajaHCy Ta MapaMeTpiB OYMIICHHS MPOIYKT-
CyMIiIIIei.

Y po3auii  OmMUCaHi pe3yabTaTH  EKCIEPUMEHTAIBHUX — JabOopaTopHUX
BUMIPIOBaHb 1 3aBOJICBKUX BUMPOOYBaHh MOOLIBbHOI yCTaHOBKM «IlmazMoH-3M».
30KkpeMa TMPEACTaBICHO PE3ylbTaTH JOCHIKEHHS poOOYMX XapaKTEePUCTHK
wiasMoBoro reneparopa IIYH-1 Ta pesynbratd  CHekTpo(hOTOMETPUUHHX
BUMIPIOBaHb CKJaAy (PUITPYBAJBHOTO 3MIIIAHOTO PO3YHUHY JIAOIPUHTHOTO
piauHHOTO (pisIbTpa. AHAII3 MPOO MPOBOJUBCA 3a JIONOMOIOIO CIIEKTPOPOTOMETPA
FT-801.

B mna3sMoxiMiuHOMY peakTopl NpH CHallOBaHHI TBEPAUX MEIMYHUX
OpraHIYHUX BIAXO/IB 3 BMICTOM BYIJIELIO TAKOK YTBOPIOETHCSI BACOKOEHEPTETUUHUI
CUHTE3-Ta3 SIKWW 3HAYHO MPOCTIIIe, EKOHOMHIIIE 1 e(EeKTUBHIIIE BUKOPUCTOBYBATH
el CHUHTE3-ra3 B HEOYMILEHOMY BHMIJISAIAl JUIsl BJIACHUX MOTped IIa3MOBOI
YCTAaHOBKM 3 METOI0 E€KOHOMIl 30BHIIIHBOTO  €NEKTPOCIOXKHUBAHHA  Ta
«JIONATIOBaHHS» YTBOPIOBAHUX B JUMOBIHM CyMillll HEOE3MEYHUX PEYOBHH 3 METOIO
JIOBEJICHHSI BUXJIOMTHUX JAMMOBUX CYMIIIEH O €KOJIOTIYHUX BHMOT JIEP)KaBHHX 1
MDKHApOAHUX HOPM, MPaBUJ Ta METOMAIB IIOJI0 OE3MEUHOI yTUIi3alii MEIUYHUX
B1JIXO/II1B, BKJIFOUatOUX 1H(IKOBaHI B1IXOJIH.

Pesynpraté excrieprMMEHTaIbHUX TEMIIEPaTypHUX BUMIPIOBaHb PO3MOALTY
TeMIiepaTypu (TeMreparypHuil npodiib peareHTHOro MPOCTOPY peakTopa o
BHCOTI) Y3J0BXK IEHTPAJIBbHOI OC1 CUMETpli HUIIHAPUYHOTO pPeakTopa peakuiiHol
30HH, BiJi TOPU3OHTAIBHOI TUIOMIMHMA COIUIA IJIa3MOBOTO CTPYMEHS IO BHXOAY
BUXJIOMHOI JUMOBOI ra30aep030JbHOT CYyMIIlll JTO3BOJISIFOTH OIIIHUTH €(EKTUBHICTh
mporiecy, CTabUIbHICTh POOOTH YCTAaHOBKM Ta PIBEHb YTBOPEHHSI MOOIYHUX
MPOYKTIB.

[Tix yac po6OTH yCTAaHOBKU Ha MOTYKHOCTI TeHepaTopa Tutazmu 12 kBT Oyio
BUSIBJICHO TeMIlepaTypHi mmysbcauii B inTepBaii ~ (1200—1600) °C BUHUKHEHHS SIKHX

MOKHA TOSICHUTH 3aJIEKHICTIO B1AOOPY MOTY)KHOCTI IUIa3MOBOTO CTPYMEHIO Ha
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MPOrpiBaHHS MEIUYHHUX BIAXOAIB O TEMIEpaTyp, 110 3a0e3Meuy0Th BUHUKHEHHS
MJIa3MOXIMIYHUX JIECTPYKIIIHHUX TPOIECIB 1HTEHCUBHICTh SKUX 3aJICKUTh BIJl
IIBUAKOCTI Ta HEPIBHOMIPHOCTI X HAJXOKEHHS B pEareHTHY 30HY peakTopa Ta Bif
MOTY)KHOCT1 IJIA3MOBOTO CTPYMEHS, a TaKOX 3aJIeKHO BiJI 3MIHM PEYOBHMHHOIO
CKJIaly Ta TEeMIEPaTypHu BX1THUX BiIXO/IB.

B po3nimi  Takok TPOBEACHO TMOPIBHSAUIBHUN —aHAN3  XapaKTEPUCTHK
MJIa3MOBHUX I'€HEPATOPIB 3 METOIO X BUOOPY, OXOIOKEHHS Ta (PiIbTpalis JUMOBHUX
Ta KOHJEHCOBaHUX cyMmime. OmnucaHo mepeBarn 1 HEAOMIKUA T[JIa3MOBHX
TeHEePaTopPiB MOCTIHHOTO CTPYMY.

KinpkicTh BiAXOMIB, IO NPOUILIM Yepe3 IIa3MOXIMIYHUM peakTop,
ckopouyeTbes Bia 50 10 400 pasis.

Jjis y10CKOHAJIEHHSI CUCTEMHU OXOJIOJIPKEHHSI Ta OUMILEHHS P1IKUX 1 TUMOBUX
CyMIILIEd BHUKOPUCTAaHO JIOJIATKOBHII CaMONPOMHUBHUN OJIOK (PiIbTpamiiHOro
OYHIIEHHSI P1JIKOTO 3a0pyaHeHoro 3ainuiiky. [lle onun 1omaTkoBuii 30BHIMIHIN 010K
1 BUKOPUCTOBY€ETHCS IS JOMAJIOBAHHS Ia30a€pO30JbHOTO JUMOBOIO 3aJIMILIKY 3
BUKOPDHCTaHHSIM CHHTE€3-Ta3dy YTBOPIOBAHOIO B IUIA3MO XIMIYHOMY peakTopl
YCTaHOBKH.

Ha ocHOBi pe3ynbrariB OTpUMaHUX B JAaHOMY PO3/LIl HAJlaHO OMHUCAHHS
TerI0(13UYHUX, (PI3UKO-XIMIYHUX Ta IJIA3MOXIMIYHUX MPOLECIB 1 MEPETBOPEHD Ha
eTarnax peakTOpPHOTO Ta MIC/s peaKTOPHOTO TEXHOJOTIYHUX ITUKITIB

JI1st mepeBipKu NPaBUIILHOCTI TEOPETUUHHX YSIBICHD PO MEXaHI3M MPOLECY
MJIa3MOXIMIYHOI JECTPYKINT MEIUYHUX BiAX0miB Oyna po3pobieHa ¥ cTBOpeHa
nuI0THA JlaboparopHa yctaHoBKa «Ilma3smoH-1», a 3rogoM 1 JOCHiHO-TIPOMHUCIIOBI
ycTaHoBKH «lIna3zmoH-2» Ta «IlnazmoH-3M».

Byno Bu3HaueHO TemmeparypHi PEKUMH B PI3HUX 30HAX IJIa3MOXIMIYHOTO
peakTopa Ha MOYaTKOBIi, poOoUiil 1 3aBepIaNbHIA CTaisAX MPOLECY 3 METOIO
YHUKHEHHS P13KUX 3MiH TEIJIOBUX HABAHTAKEHb HA KOHCTPYKIIIITHI €TeMEHTH.

3HaueHHs TeMIepaTypy B kamepi gonantoBands cranoButh 1200-1400 °C 3

yacoM TniepeOyBaHHS JAUMOBUX Ta3iB ~2C JOCTaTHSA [JIsi BHCOKOE€(EKTHUBHOIO



3HEIIKOJDKEHHS  BCIX  TOKCMYHMX  OpraHiuHUX  MOPOAYKTIB, 30KpemMa U
raJIOrT€HOBMICHHX.

[Ipu ubomy B peaktopi 3 reneparopom miazmu [IYH-1 nna crBopenns
CTalllOHApHOTO CTaHy Ta OpraHi3ailii mpoIecy 13 YITKUM PO3IOJILJIOM 30H TOPiHHS,
BIJTHOBJICHHSI, CyXOi MIEPETOHKH 1 CYIITKH MOTPIOHO MIATPUMYBATH TOCTATHIO BUCOTY
apy BiJIXOIIB.

OTtpumani pe3ylbTaTH Ta HAOyTUH MPAKTUYHUIA JOCBIJ T03BOJIMIM MEPEHTH
70 BUPINICHHS KOHKPETHHMX 3aBIaHb 3HUIICHHS BIIXOMIB 3 METOI 3aXHCTY
HABKOJIMIIIHBOTO CEpPEJOBUINA, PO3POOKH HOBUX €(DEKTUBHUX TEXHOJOTIH Ta
CTBOPEHHS HAJIMHUX YCTAaHOBOK JUIsl YTWJII3allli OCOOJMBO TOKCUYHUX BHJIB
BiixoaiB. [Ipu npoMy crienndivyHi BIACTUBOCTI MEAUYHUX BIIXO/IB MEepen0adyaroTh
JOTPUMaHHS HOPM €THKH, €MiJIeMIOJIOTIYHUX Ta EKOJOTIYHUX CTaHJApTiB IpHU
po6oti 3 Humu. Lli HOpMH 3a00pPOHSIOTH 3aCTOCYBAHHS 3arajbHUX TPUHIIUIIB
MOBO/UKEHHST 3 BIIXOJaMH, TaKUX SK COPTYBaHHs, TOMEpeaHs ImepepoOka Ta
BUKOPHUCTAHHS K BTOPUHHOI CHpOBUMHHU. KpiM TOro, kareropudHo 3a00pOHEHO
3MIIIYBAaTH iX 13 TOOYTOBUMH BIIXOAaMH Ta 3aXOPOHIOBATH HAa MICHKUX 3BajiUIIax.

Ha Buxoni 3 razoxosy, TOOTO Ha BUXO/1 3 pyKaBHOTO (PiIbTPY 3a JOTIOMOTOIO
razoanamizatopa MSI-2000 npoBoauiIKCs BUMIPIOBaHHS BMICTY OKCHUJIy a30Ty Ta
OKCHJly BYIJICLIO Y JTUMOBHX a€pO30JIbHMX 3aluiikax. Jliama3oH BUMipIOBaHHS 3a
OKCHJIOM 30Ty CTAHOBUB NO= (0—1227 me/m’, AT OKCUAY BYTIICITIO - CO=0—2000m2/m’.

HaiinikaBimmm € Toil (haKT, 110 B MpOLEeCi eKCIEPUMEHTIB, Mal’kKe BiJl IOYATKY
MPOIIECy MPOTATOM CTaAiil BHUXOAY JIETKHUX Ta BIJHOBIIOBAJIBHOTO €Tamy CTaiii
BUTOPSIHHSI BYTJICIFO, OKCHJI a30Ty B IUMOBHUX Ta3ax HE BUSBIISBCA.

["azoananizarop OKCHU 5M BHKOpPUCTOBYBaBCS JIsl TECTOBMX BHUMIPIOBaHb
CO,, BukuaiB B armocdepy kucHio O,; okucy pyriemnto CO; okcuay azory NO;
niokeuny azoty NO,; miokcuay cipku SO;; Tucky B razoBo/i (P); temneparypu T°C
JTUMOBUX Ta3iB 1] 9ac TECTOBOTO OOCITYTOByBaHHS yCTAaHOBKH.

ExcnepumenTtanbHa yctaHoBka «[lma3mon-3» Ha 0a3l  BITYM3HSHOTO
reHeparopa IUIa3MH OTpUMalia cepTUdIKaT Ha BIJAMNOBIIHICTh CEpiiHOMY

BIIPOBA/PKCHHIO Ta TPOMWIIUIA 3aBOACHKI BUMPOOYBaHHS 1 TOTOBA JUIsl CEPIAHOTO
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BIIPOBA/)KEHHS B CUCTEMI MOBOXKEHHSI 3 HEOE3MEeUHUMU MEIMYHUMU B1JXO/IaMU, a
TaKOX TUTSI IPOBEJICHHS 1abopaTopHUX JOCIIIKEHb polLIeCiB
BHUCOKOTEMIIEpaTyPHOI TIa3MOXIMIYHOT I€CTPYKIIi.

JlocBim CTBOpEeHHS Ta eKCIUTyaTallli IJIa3MOXIMIYHHUX YCTaHOBOK PI3HOTO
NpU3HAYCHHS TOKa3ye, [0 Ha CHOTOAHI Il TEXHOJOTIS Ie HE TOTOBa [
HIMPOKOMACIIITA0HOTO MAaCOBOTO 3HUIIEHHS MOTOKIB 3MIIIAHUX MYHIIIUIAIbHUX Ta
KOMYHaJIbHO-MIOOYTOBUX B1IXO/1B Ha MOJITOHAX Ta 3BAJIMINAX. AJle TP IbOMY BOHA
€ €IMHOI0 MOOUIBHOIO TEXHOJIOTIEI0 3[aTHOI0 3HUIYBAaTH HEOE3MeyHl MeIudHi
BIIXOAM Oe3mocepeHhO Ha MICHAX IX YTBOPEHHS a00 HAKOMUYEHHS 3 METOH iX
BUJTYYEHHS 13 3arajlbHUX MICBKHUX MTOTOKIB BIAXO/I1B.

VYrnockoHaneHa cxeMa 30BHIIIHBOTO OJOKY OXOJO)KEHHS Ta OYHUIICHHS
PIIKUX Ta JUMOBHUX CyMimieid. Y pa3l CHajdioBaHHA MEAUYHUX BIAXOMIB 3
HernependauyBaHUM 0COOIMBO HEOE3MEYHUM XIMIYHUM CKJIaJIOM BUKOPUCTOBYETHCS
JOJTATKOBHM 30BHINIHIN (iIBTpyBaNbHUI OJOK.

JI71st 3HVDKEHHSI 30BHIIIHIX €HEPrOBUTPAT YTBOPIOBAHY B MJIa3MOXIMIYHOMY
peaxkTopi roproda mpoayKT-CyMiI MMOAA€THCS TOBTOPHO B PeareHTHY 30HY peaKkTopa
a00 B 30BHIIIHIA OJOK JOMANIOBAHHS JIJIi TIOKPAIIEHHS EKOJIOTTYHHUX Ta
€KOHOMIYHMX TMOKa3HUKIB YCTAHOBKH, 1110 JIa€ €KOHOMIiI0 enekTpoeneprii go (20-
40)%.

Kniwwuosi  cnosa:  3710poB’SIOpIEHTOBaHE  MiICTO,  ypOoekocucTema,
AHTPOTIOTEHHUM BIUIMB, HeEOE3Me4YHl MeIU4YHI Ta (QapMaleBTUYHI BIJIXOMIH,
MYHIIIUTIATBHI BIJIXOJU, €KOJIOTIYHI PU3HKH, TEXHOTEHHUIN BIUTUB, CTPATETis HYIb

B1JIXO/I1B, €KOJIOT1UHA Oe3MeKa, MIa3MOXiIMIYHUM MipoJIi3, MIa3MOBUM TeHepaTop.

ABSTRACT
Nehoda N. Medical waste management using mobile plasma technologies
Qualification scientific work as a manuscript.
Thesis for the degree of Doctor of Philosophy in the field of knowledge 10 —
“Natural Sciences,” specialty 101 — “Ecology.” Kyiv National University of
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Construction and Architecture, Ministry of Education and Science of Ukraine, Kyiv,
2025.

The dissertation is devoted to solving the scientific and applied problem of
reducing the negative impact of anthropogenic load of the population and city
infrastructure on its urban ecosystems.

In Chapter 1, according to WHO documents, a health-oriented city (HOC) is
defined as a city in which urban development, transport infrastructure planning,
architecture, environmental ecology, health care, and education, all policies for the
creation and development of services and living conditions are organized to
maximize and support the physical, mental, and social health of its residents based
on many basic principles.

One of these principles emphasizes that the ZOM must be completely free of
any accumulation of municipal and household solid and liquid waste, excluding its
transportation within the city and the creation of landfills and dumps even outside
the city limits. This principle is particularly painful for the citizens of Ukraine and
for its national security, as in the context of full-scale war on the territory of Ukraine,
it creates serious and complex environmental and medical problems that require new
technological approaches and highly efficient technologies for the processing,
disposal, and destruction of hazardous medical and pharmaceutical waste (HMPW).
At the same time, legally, HMW is not included in the normal system of municipal
solid waste management [1].

Currently, the most common methods of final disposal of any municipal and
household waste (MHHW) are incineration in incinerators or in the open air, as well
as burial in landfills and dumps. However, the vast majority of NMWs end up in
general waste streams and are sent to landfills and dumps, where they can enter the
food chain. Therefore, the World Health Organization (WHO) has not recommended
low-temperature incineration of any MSW, especially in facilities with low levels of
exhaust gas purification. Thus, WHO recommendations exclude the use of low-
temperature incineration without proper environmental purification of flue gases.

Ideally, the waste combustion temperature in the primary chamber of the incinerator
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should be above 800°C, and in the secondary afterburning chamber — at least
1000°C.

As an alternative approach to creating health-oriented cities, the paper
considers the Zero Waste strategy that has been implemented in certain cities, such
as Ljubljana (Slovenia), San Francisco (USA), Kapanori and Canberra (Australia).
However, no municipality has yet achieved complete elimination or cessation of
waste accumulation. At the same time, it has become apparent that in most large
industrial cities and even countries, it is difficult or even impossible to create a full-
fledged infrastructure for Zero Waste. Therefore, today this strategy remains more
of an ideological strategic guideline than a large-scale practical reality. One of the
reasons for this situation is that the technological content of the Zero Waste strategy
1s not suitable for full-fledged, medically and environmentally safe, universal
implementation, primarily in the system of handling non-hazardous municipal
waste.

As an alternative approach to creating health-oriented cities, the paper
considers the Zero Waste strategy that has been implemented in certain cities, such
as Ljubljana (Slovenia), San Francisco (USA), Kapanori and Canberra (Australia).
However, no municipality has yet achieved complete elimination or cessation of
waste accumulation. At the same time, it has become apparent that in most large
industrial cities and even countries, it is difficult or even impossible to create a full-
fledged infrastructure for Zero Waste. Therefore, today this strategy remains more
of an ideological strategic guideline than a large-scale practical reality. One of the
reasons for this situation is that the technological content of the Zero Waste strategy
is not suitable for full-fledged, medically and environmentally safe, universal
implementation, primarily in the NMW management system.

The environmental and medical-biological effects of implementing Zero
Waste for medical waste in Kyiv will, first and foremost, reduce the frequency and
number of chronic and infectious diseases among the population, and thus reduce
the number of hospitalizations due to chemical skin and respiratory diseases by

reducing air pollution and the risks of surface and groundwater contamination.
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Therefore, the new Zero Waste strategy in the medical waste management
system should not only reduce the amount of medical waste, but also effectively
eliminate all links in the existing chain on which the entire medical waste
management system is based: collection — processing — disposal — possibility of
unauthorized reuse — hazardous transportation — formation, accumulation, and
storage of hazardous concentrated technologically non-recyclable residues.

The implementation of the Zero Waste municipal project for medical waste in
Kyiv based on the Plazmon-3M technology will make it possible to safely dispose
of 100% of of NMW by transforming it into non-toxic compounds at high
temperatures, significantly simplify the system for handling hazardous MW,
eliminate numerous dangerous transport operations involving NMW and, as a result,
eliminate the risks of medical and environmental contamination and minimize
logistics costs. However, plasma technologies for waste-to-energy (WTE) projects
are still in the research and experimental stage.

Section 2 assesses the anthropogenic impact of urban ecosystem conditions
on the health of the population of Kyiv. The research identified and proved that the
creation of a health-oriented urban space is impossible without reducing municipal
and household waste. with particular attention being paid to the problem of medical
waste generation, which is associated with full-scale intrusion, as well as the
consequences - air, water, and soil pollution, loss of biodiversity, destruction of
ecosystems, etc. The methodology for assessing risks for the urban population has
been improved and the use of risk indices for hazardous phenomena in the territory
of urban ecosystems of natural and technogenic nature has been proposed.

The state and impact of existing influences were characterized by assessing
and describing the concentrations of pollutants in the components of the
environment, assessing the level and intensity of noise, vibrations, etc., and
comparing them with MPCs.

According to the assessment, it was proven that the amount of waste generated
directly depends on the level of well-being of the population, and the imperfection

and disorganization of the waste management system directly threatens the general
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health of the population. At the same time, the main risks (carcinogenic and non-
carcinogenic) arising in the course of urban life, which are largely related to
atmospheric pollution, were calculated. An algorithm was also developed to study
the cause-and-effect relationship between anthropogenic and climatic factors and
their impact on the urban environment and public health.

It has been determined that one of the main criteria for assessing the health-
oriented nature of the urban environment is the compliance of urban infrastructure
with the needs of the population, the level of which is assessed on the basis of the
hygienic criterion of the urban environment. At the same time, it has been shown
that the risks of developing carcinogenic and non-carcinogenic risks are largely
associated with atmospheric air pollution, and the incidence of disease among the
population in anthropogenically loaded areas is 1.5 times higher than in areas with
lower loads.

Section 3 analyzes global and domestic technological and environmental
experience in the development, creation, and application of plasma arc high-
temperature technologies for the disposal of NMW. A study was conducted on the
technological, environmental, and operational parameters of a plasma installation
for high-temperature plasma-chemical disposal of toxic substances in field
conditions in compliance with the sanitary and hygienic requirements of STANAG
2982 “Essential field sanitary requirements.” The aim is to standardize the minimum
sanitary standards to be observed by NATO forces during field operations.
Standardized NATO standards that define the minimum set of sanitary and hygienic
rules for military personnel in field conditions - “Essential field sanitary
requirements”.

At the same time, plasma chemical technologies are capable of destroying
chlorinated organic compounds with an efficiency of up to 99.9% with very high
destruction characteristics of dioxins and furans at the level of (5-9)-10° ng/m?,
which is much lower than the regulatory environmental standards.

In Ukraine, experimental mobile plasma arc installations “Plasmon-1,2,3”

were created on the basis of the domestic direct current plasma generator PUN-1, in
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which air can be used as a plasma-forming gas and its maximum electrical power is
90 kW and the temperature in the reagent combustion zone (RCZ) can be
maintained at 1500-3500°C and ensure a degree of molecular destruction of waste
up to 99.95%.

An important feature of plasma pyrolysis compared to traditional incineration
of MSW is that preliminary waste sorting is greatly simplified or becomes
completely unnecessary. At the same time, the high temperatures and powerful
ultraviolet radiation of the plasma arc significantly accelerate the destruction of
waste with the complete destruction of pathogenic microorganisms. And high
temperatures in the reagent zone minimize the duration of heat treatment of waste
and ensure high productivity in its processing/disposal.

The experimental-industrial mobile plasma arc installation “Plasmon-3M”, on
which the author's research on the processes for processing and disposal of medical
waste was carried out, has the following characteristics: 10-12 tons/day; moisture
content - up to 20%; inorganic component - up to 20%; special additives - 1.5
tons/day; coke - 0.4 tons/day. At the same time, the Plazmon-3M unit can also be
used to destroy virtually all categories of hospital waste: cotton products, various
plastics, cellulose-polymer bandages, polyvinyl chloride blood bags, gloves and
catheters made of polyurethane or silicone rubber, polyethylene and polymethyl
methacrylate materials, glass and others, as well as for the processing of radioactive
pharmaceutical waste.

The energy balance of smoke mixture purification processes in the plant is
determined by comparing the energy consumption for plasma generation and
reaction process maintenance with the amount of energy that can be obtained in the
form of solid, liquid, or gaseous useful products. Plasmochemical pyrolysis
technology eliminates virtually all the shortcomings of other existing waste disposal
technologies and represents a comprehensive solution for the safe disposal of
medical waste with over 99% conversion of organic matter into gas and no need for

segregation of chlorinated hydrocarbons.
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In Section 4 of the paper, a simplified express methodology was proposed for
assessing the energy balance and purification parameters of the final smoke mixture
to evaluate the efficiency of the Plazmon-3M plasma unit to determine its energy
balance and purification parameters of product mixtures.

The section describes the results of experimental laboratory measurements
and factory tests of the Plazmon-3M mobile unit. In particular, it presents the results
of research into the operating characteristics of the PUN-1 plasma generator and the
results of spectrophotometric measurements of the composition of the mixed
solution filtered by a labyrinth liquid filter. The samples were analyzed using an FT-
801 spectrophotometer.

In a plasma chemical reactor, when burning solid medical organic waste
containing carbon, high-energy synthesis gas is also produced, which is much easier,
more economical, and more efficient to use in its unpurified form for the plasma
unit's own needs in order to save external electricity consumption and “afterburning”
hazardous substances formed in the smoke mixture in order to bring the exhaust
smoke mixtures into compliance with the environmental requirements of state and
international standards, rules, and methods for the safe disposal of medical waste,
including infected waste.

The results of experimental temperature measurements of temperature
distribution (temperature profile of the reactor reagent space along the height) along
the central axis of symmetry of the cylindrical reactor of the reaction zone, from the
horizontal plane of the plasma jet nozzle to the outlet of the exhaust smoke gas-
aerosol mixture allow us to evaluate the efficiency of the process, the stability of the
installation, and the level of by-product formation.

To improve the cooling and purification system for liquid and smoke
mixtures, an additional self-cleaning filtration unit for liquid contaminated residue
is used. Another additional external unit is used for afterburning gas-aerosol smoke
residue using synthesis gas generated in the plasma chemical reactor of the

installation.
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Based on the results obtained in this section, a description of the
thermophysical, physicochemical, and plasma-chemical processes and
transformations at the stages of the reactor and post-reactor technological cycles is
provided.

To verify the correctness of theoretical ideas about the mechanism of the
plasma-chemical destruction of medical waste, a pilot laboratory installation
“Plasmon-1” was developed and created, and later experimental industrial
installations “Plasmon-2"" and “Plasmon-3M”.

Temperature regimes in different zones of the plasma-chemical reactor were
determined at the initial, working, and final stages of the process in order to avoid
sudden changes in thermal loads on structural elements.

The temperature in the afterburning chamber is 1200-1400°C with a smoke
gas residence time of ~2 s, which is sufficient for highly efficient destruction of all
toxic organic products, including halogen-containing ones.

At the same time, in the reactor with the PUN-1 plasma generator, in order to
create a steady state and organize the process with a clear distribution of combustion,
recovery, dry distillation, and drying zones, it is necessary to maintain a sufficient
height of the waste layer.

The results obtained and the practical experience gained have made it possible
to move on to solving specific waste disposal problems with the aim of protecting
the environment, developing new effective technologies, and creating reliable
facilities for the disposal of particularly toxic types of waste. At the same time, the
specific properties of medical waste require compliance with ethical,
epidemiological, and environmental standards when working with it. These
standards prohibit the application of general waste management principles, such as
sorting, pre-processing, and use as secondary raw materials. In addition, it is strictly
forbidden to mix it with household waste and bury it in municipal landfills.

At the outlet of the gas duct, i.e., at the outlet of the bag filter, the MSI-2000

gas analyzer was used to measure the content of nitrogen oxide and carbon monoxide
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in the smoke aerosol residues. The measurement range for nitrogen oxide was NO=
0—1227 mg/m?, and for carbon monoxide - CO=0-2000 mg/m°.

The most interesting fact is that during the experiments, almost from the
beginning of the process, throughout the stages of volatile release and the carbon
burnout stage, no nitrogen oxide was detected in the smoke gases.

The OKSY 5M gas analyzer was used for test measurements of CO,, oxygen
O2 emissions into the atmosphere; carbon monoxide CO; nitrogen oxide NO;
nitrogen dioxide NO,; sulfur dioxide SO;; pressure in the gas duct (P); and the
temperature T°C of flue gases during test maintenance of the installation.

The experimental installation ‘“Plasmon-3” based on a domestic plasma
generator has received a certificate of conformity for serial implementation, has
passed factory tests, and is ready for serial implementation in the hazardous medical
waste management system, as well as for conducting laboratory studies of high-
temperature plasma-chemical destruction processes.

Experience in creating and operating plasma chemical plants for various
purposes shows that this technology is not yet ready for large-scale mass destruction
of mixed municipal and household waste streams at landfills and dumps. However,
it is the only mobile technology capable of destroying hazardous medical waste
directly at the site of its generation or accumulation in order to remove it from the
general municipal waste streams.

An 1mproved external cooling and purification unit for liquid and smoke
mixtures. In the case of incineration of medical waste with an unpredictable,
particularly hazardous chemical composition, an additional external filtration unit is
used.

To reduce external energy costs, the combustible product mixture formed in
the plasma chemical reactor is fed back into the reactor's reagent zone or into an
external afterburning unit to improve the environmental and economic performance
of the plant, resulting in energy savings of up to (20-40)%.

Keywords: health-oriented city, urban ecosystem, anthropogenic impact,

hazardous medical and pharmaceutical waste, municipal waste, environmental
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chemical pyrolysis, plasma generator



