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(54) NNA3MOXIMIYHUA PEAKTOP Ansi NEPEPOBKN POCNWHHUX BIAXOAIB Y PIOKI CUNIKATK 3
BUKOPUCTAHHAM HEBPIBHOBAXEHOI OBEPTAIBbHOI NMJIA3MU

(57) Pedpepar:

MnasmoxiMiyHUI peakTop [ANA Nepepodbku POCNUHHMX BigxodiB Yy pigki cunikatm Mictutb
UUNIHOPWYHMIA KOopnyc 3 oyTepyBaHHAM, Na3MOTPOH, CUCTEMY MOAAYi CUPOBUHUW, BUXIOHWUIA NaTpybok
ONs BigBeAeHHs ra3onodibHuMx MpoAyKTiB Ta NPUCTPiN Ans BiaBeAeHHst pigkoi chasn. MNna3moTpoH
BMKOHAHO y BUrNsdi reHepatopa obepTanbHOro KOB3HOrO po3psay 3 MOXMMBICTIO 3MiHU HanpsiMKy
obepTaHHs NnasmMoBOro CTPYMEHS 3a FOAMHHUKOBOK abo MpoTy roguHHMKOBOI CTPINKKW, peakuiviHa
30Ha peakTopa 3abe3neyeHa TaHreHUinHMM NigBeAeHHAM NIa3mMoyTBOPIOKYOro rady Afisi CTBOPEHHS
CTIIKOro BMXPOBOrO MOTOKY 3 a3umyTarnbHOK cknagosoto wsuakocTi Big 400 go 700 m/c, cuctema
nogadi CMPOBMHM MICTUTb 403aTOp ANS KOHTPOSNbOBaHOI Nofadi nonepegHbo nogpibHeHoi 6iomacu 3
BOMoricTio He Ginbwe 5 % Ta dpakuinHum cknagom Big 0,5 oo 5 mm, Kopnyc peaktopa obnagHaHo
CUCTEMOI0 pekynepadii Tenna Ana niagTpyuMaHHs TemnepaTypu CTiIHOK peaktopa B AianasoHi 350-
900 °C 6e3 yTBOPEHHSA rapHicaxy, Mpu UbOMY CMiBBIOHOLEHHS MOTYXHOCTI MNMnasMoTpoHa Ta
NPOAYKTUBHOCTI MO CUMPOBMHI cTaHoBWUTL Big 0,4 o 2 kBTt-rog/kr, a 4Yac nepebyBaHHA 4aCTUHOK
CYPOBUHW B peakLUinHin 3oHi cknagae Big 0,5 0o 2 cekyHA,.
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KopucHa mopenb Hanexutb [0 ranysi nnasmMoxiMiYHMX TEXHOJSOrn nepepobKM OpraHivyHux
BiOXOA4iB, 30KpeMa OO0 peakTopiB Ans TePMIYHOI KOHBepCii pocnuMHHUX GioBioxodiB y HeopraHiyHi
cunikaTtHi NPOAYKTM 3 OAHOYACHUM OTPUMAHHSAM CcuHTe3-rasy. KopucHa wmogens mMoxe 6yTu
BUKOPUCTaAHUIN Y XiMiYHIN NPOMUCNOBOCTI ANs BUPOOHULTBA PiAKOro ckna, cunikaT-rnub, a Takox y
CiNbCbKOMY rOCNOAapCTBi AN yTunisaLii arpoBigxois 3 04HOYACHOK reHepaLield eHeproHociiB.

Mpobnema yTunisauii poOCNUHHUX BiOXOAIB CiNbCbKOrOoCNoAapChkoro BUPOOHULTBA € aKTyanbHOK
anga 6aratbox KpaiH CBiTy. LLlopidyHO YyTBOPIOOTLCA MINbMOHM TOHH COMoMW, AepeBuHW, cTteben Ta
NYWNUHHA, SKi noTpebyloTb edekTUBHOI nepepobku. TpaguuinHi MeTogu KOMMOCTYBaHHA Ta
CranioBaHHs MalTb HU3bKy eHeproedeKTMBHICTb Ta CTBOPKKTb EKOJOMYHE HaBaHTaXEHHs Ha
JOBKINns.

Bigomi TexHonorii TepmiyHOi nepepobku 6GiomMacu BKAYaKTb 3aCTOCYBaHHS  MipOMi3HMX
YCTaHOBOK, rasudikaTtopiB Ta peakTopiB MpsiMOro cnantoBaHHA. [liponisHi ycTtaHoBku [amB.,
Hanpuknag, nateHT US 10851037 B2, onyon. 01.12.2020, 3asBHuK: lowa State University Research
Foundation, Inc., nig HasBow "Fast pyrolysis of biomass in an autothermally operating reactor"]
npautoTe npu Temnepatypax 500-800 °C Tta 3abe3neyvyioTb pO3KrafaHHA OpraHiyHOi PevyoBUHW 3
YTBOPEHHSIM niporasy, piakMx NpoAyKTiB Ta TBepAoro 3anuviky. Heponikamm Takux cucTeM €
TpuBanumn yac o6pobku (oo 12 ai6 ans GioximiyHOT KOHBEpCIT), HM3bKa NPOAYKTUBHICTL (80 100 m3 rasy
Ha TOHHY CMPOBUWHW), YTBOPEHHS 3HAYHOI KiflbKOCTi CMONUCTUX PEYOBUH Ta HEOBXiaHICTb 4O4AaTKOBOrO
OYULLIEHHS ra30BUX NPOOYKTIB.

3 nateHTy [US 6815633 B2, onyon. 09.11.2004, 3asBHuk: Startech Environmental Corp., nig
Ha3Boto "Plasma processing system"] Bigoma nnasmoBa ycTaHOBKa Ansi nepepodku HebeaneyHnx Ta
MeaunKo-6ionoridyHnxX Biaxoaie, WO BUKOPUCTOBYE NNA3MOTPOH MOCTIMHOIO CTpyMy. YCTaHOBKa MpaLtoe
npu TemnepaTypax noHag 1500 K Ta 3abesnevye rasudikauilo opraHidHOi 4YacTuHWM BigxoadiB 3
YTBOPEHHSIM CUHTE3-rady Ta iHepTHOro Lwwraky. [poTe BUKOPUCTaHHSA TpaauLUiiHUX CUCTEM MPSIMOro
CTPYMY XapakTepusyeTbCs 3HaYHUMU eHepro3aTpaTamu.

Y pobori [Messerle V. E., Ustimenko A. B. ta iH. The Gasification and Pyrolysis of Biomass Using
a Plasma System // Energies. - 2024. - Vol. 17, Iss. 22. - P. 5594] onncaHo nna3smoBy cuctemMy Ans
rasucpikauii Ta niponidy 6Giomacu y Burnagi BMCYLUEHOro rHow. 3a [OOMOMOrow nra3mMoTpoHa
nocrtinHoro ctpymy (70 kBT) npu npoayktneHocTi 50 kr/roa. gocsratotbea Temnepatypu 1500-1887 K.
EkcnepvMmeHTanbHO NigTBEPMKEHO OTPMMAHHS FOPIOYOro rady 3 NMMTOMOI TennoTot 3ropsHHS 10340
Ta 10500 kx/kr. Mutomi eHeprosaTtpaTu cknagatTb 1,4-1,5 kBT-roa./kr.

3 pobotn [Petrov S. Monosilane plasma pyrolysis reactor // Eastern-European Journal of
Enterprise Technologies. - 2014. - Vol. 2, Ne 5(68). - P. 32-36] Bigomun peaktop nnasMoBoro niponisy
ANsi OTPMMaHHSI KpPeMHilo vepes pigky ¢hasy, o MICTUTb NNasMOTPOH, peakuiliHy kamepy ob'eMom
0,091 m® 3 BorHeTpmMBKUM (pyTepyBaHHAM Ta cucteMy POPMYBaHHS rapHicaxy Ha cTiHkax. Peaktop
npavltoe Npu ekCTpeMaribHO BMCOKMX TemnepaTtypax i3 (oOpMyBaHHSIM 3axXMCHOIO Liapy Ha pobo4mx
NOBEPXHSX.

Y pocnigxeHHsax [Volokitin O. G. T1a iH. Thermal Plasma in Construction Industry // IOP
Conference Series: Materials Science and Engineering. - 2017. - Vol. 286. - P. 012015] po3rnsHyTo
npouec OTPMMAaHHA CunikaTHUX po3nnasiB y NnasMoxiMiYHOMY peakTopi npu TemnepaTypax 1700-
2000 °C s3i wsuakicTio Harpisy noHag 1000 °C/c. TuTtomi eHepro3aTtpatu cTaHoBnsate 1,5-2,1
KBT-rog/kr, Wwo y 2-2,5 pasy MeHLLe TpaguuinHux TEXHOMONIN.

CninbHMM HeOonikomM BiAOMMX MIA3MOBMX CUCTEM € BUKOPUCTAHHS TEPMIYHO PiBHOBAXHOI
BMCOKOTEeMMepaTypHoi nnasmmu 3 Temnepatypamu noHag 1500 °C, wo npu3BoauTb A0 3HAYHUX
eHeprosaTtpaTt, BWUCOKMX BWMOr [0 KOHCTPYKUIMHMX MaTepianiB peakTtopa Ta HECEeneKTMBHOro
NPOTiKaHHSA XiMIYHUX MPOLECIB 3 YTBOPEHHSIM LUMPOKOro CrekTpa nobiyHMX NpOayKTIB.

MpuHUMNOBO BaxnuBWM € BCTaHoBNeHun y gocnigxeHHsax [Chernyak V. Ta iH. Effects of Non-
Equilibrium Plasma Processing on Solutions of D-, L-Isomers // Journal of Biomedical Science and
Biotechnology Research. - 2025. - Vol. 3, Iss. 1, DOI: 10.61440/JBSBR.2024.v3.18 ISSN: 3049-7272]
edekT BMMMBY HEBPIBHOBaXKEHOI Nna3mu 3 obepTanbHNM ra3oBUM NOTOKOM Ha XiMiyHi NepeTBOPEHHS
OpraHiyHMx cnonyk. EkcnepumeHTanbHO MiATBEPAXEHO, WO Yy cuctemi 3 obepTanbHMM KOB3HUM
po3psaoM peani3yloTbCs cneumdivHi yMoBM ANS peakuin, 3anexHi Big HanpsiMKy o6epTaHHsi ra3oBoro
notoky. Lle Bka3ye Ha MOXNMBICTb KepyBaHHS CENeKTUBHICTIO XiMIYHWX NpoueciB yepe3 3MiHy
HanpsIMKy 06epTaHHs nnasmu.

OpHak y BigoMmiv niTepaTypi BiOCYTHI [aHi Npo 3acTOCyBaHHSA HEBPIBHOBaXKEHOi obepTanbHOI
nnasmu Ang KoHeepcil TBepAWX POCAWHHUX BIAXOAIB Yy CuMiKaTHIi NpoAyKTWM nNpuv  MNOMIPHMX
Temneparypax.

B ocHoBy KopucHOI Mofeni nocTaBrneHO 3ajadvy BOOCKOHANEeHHs nna3mMoXiMiyHOro peaktopa
LUMAXOM BUKOPUCTaHHA oOepTanbHOro KOB3HOrO po3psgy Ta TaHreHuinHoi nogadi rasy. IHwoto
3agavelo, Ha pO3B'A3aHHA HAKOI CMpsMOBaHa KOPWCHa MOAENb, € CTBOPEHHS eHeproedeKkTMBHOro
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nna3mMoxiMiYHOro peaktopa Ans nepepodkn POCNMHHMX BIOXOAIB Y PigKi cunikatun, skun 3abesnevye
3HWKEHHS poboumx TemnepaTtyp npouecy, NiABULLEHHA CENeKTUBHOCTI XiIMIYHMX MepeTBOpeHb Ta
MOXMUBICTb KEPYBaHHS BNACTUBOCTSIMU LIiNTbOBOrO NPOAYKTY.

TexHiYHUM pe3ynbTaToOM KOPUCHOI MOAENi € 3HWXKEHHA NUTOMUX eHepro3aTpaTr Ha nepepobky
bioBigxonis Ha 30-40 % noOpiBHAHO 3 TpaguuiiHUMKM BUCOKOTEMMEpPaTypHMMU NIasMOBUMMU
cuctemMamu, nNiABULLEHHS BUMXOAY LiNbOBMX CUNIKATHUX MpOAYKTiB, 3abe3neyeHHs MOXMIMBOCTI
peryrnioBaHHs CUMikaTHOr0 MoAgynsi roTOBOro NpOAYyKTY B AianasoHi Big 1,5 go 3,6, oTpumMaHHsA
AO0AaTKOBOrO €HEepreTMYHOro NPOAYKTY Y BUMNSAI CUHTE3-rasdy Ta 3HWXKEHHS BUMOT OO TEPMOCTINKOCTI
KOHCTPYKUINHMX MaTepianis peakTopa.

MocTtaBneHa 3agava BUPIWYETLCS TUM, WO Y NIasMOXiMiYHOMY peakTopi Ansi nepepobku
POCINUHHUX BIOXOAIB Y PpigKi cunikaty, SKUAW MICTUTb UMAIHOPWYMHUMIA KOpnyCc 3 dyTepyBaHHSAM,
NNasMoOTPOH, CUCTEMY MoAdadi CUMPOBMHW, BUXigHUA naTpybok Ans BigBegeHHs rasonogibHmx
NPOAYKTIB Ta NPUCTPiN AN BiABeAEHHA pigkol dasun, 3rigHO 3 KOPUCHOK MOLENNH, NiasMOTPOH
BMKOHAHO Yy BUrNSAAi reHepatopa obepTanbHOro KOB3HOMO Po3psiiy 3 MOXMMBICTIO 3MiHU HanpsiMKy
obepTaHHs NNasMoBOro CTPYMEHsI 3@ FrOAMHHUKOBOK abo nMpoTu rOAUHHWKOBOI CTPINKKW, peakuinHa
30Ha peakTopa 3abesnevyeHa TaHreHUiMHUM NigBeAeHHSAM NNasMOyTBOPIOKYOro rasy Ans CTBOPEHHS
CTIiIKOrO BMXPOBOrO MOTOKY 3 asuMMyTanbHO cknagosoto wsugkocTi Big 400 go 700 m/c, cuctema
nogavi CUpOBUHM MICTUTb 403aTOP ANA KOHTPONbOBAHOI NoAaYi nonepeaHbo NoApibHeHoi Giomack 3
BonoricTio He Binbwe 5 % Ta dpakuininm cknagom Big 0,5 oo 5 MM, kopnyc peaktopa obnagHaHo
CUCTEMOIO peKynepauil Tenna ona niaTpyumMaHHa TemnepaTypu CTiIHOK peaktopa B AdianasoHi 350-
900 °C 6e3 yTBOpEHHs rapHicaxy, npu LbOMY CMiBBIOQHOLWEHHS MOTYXHOCTi MMnasMoTpoHa Ta
NPOAYKTUBHOCTI MO CUpPOBMHI cTaHoBUTL Big 0,4 oo 2 kBT-rog/kr, a yac nepebyBaHHS 4YaCTMHOK
CUPOBWHW B peakUilnHin 30Hi cknagae Big 0,5 o 2 cekyHa.

3rigHo 3 ogHMM 3 BapiaHTiB BUKOHAHHSA, NNa3MOTPOH sIBNSE COOOI eneKkTpoayroBuin reHepatop
06epTanbHOro KOB3HOIO po3psgy MOCTIMHOro ctpymy noTyxHicTio Big 20 go 100 kBt 3 Topuesum
BONbPaMOBNM TEPMOKATOAOM Ta MOPOXHUCTUM MiOHUM aHOAOM 3 BOLSHWM OXONOMXEHHSM, npwu
LbOMY NIIa3mMOyTBOPIOYNM ra3oM € aproH-BogHeBa Cymiw abo cymill giokcuay Byrmneuto 3 NoBiTPSM.

PeakuinHa 30Ha BWKOHaHa y BUMAAi LUMNIHAPWYHOI Kamepu gdiameTtpoM Big 450 go 600 mm Ta
Bucototo Big 500 go 1000 mm, dyTepoBaHOi BOrHETPUBKUM MaTepiarioM Ha OCHOBiI KapBoHiTpuay
KpemHito 3 nopuctictio  15-25% Ta Tepmobap'epHMM MOKPUTTAM 3  AIOKCMAY  LUPKOHIHO,
ctabinisoBaHoro okcuMaoM iTpito, ToBWUHOW 0,4 MM.

Peaktop popgaTtkoBo o06nagHaHO CUCTEMOI BBEAEHHS MYXHUX KOMMOHEHTIB Yy BUrMsAi
KanbUMHOBaHOI coan abo notawy ©Oe3nocepefHbO B 30HY MA3MOXIMIYHUX MEepeTBOpeHb AnsA
peryrnoBaHHs cunikaTHOro MoAyns roToBoro NpoAykTy B AianasoHi Big 1,5 oo 3,6.

Cuctema pekynepadii Tenna BMKOHaHa y BUIMAAi TENNO0OMIHHUKA 3 LMPKYMALIE TENMOHOCIS MiXk
KOpnycom peakTtopa Ta BUXigHUM naTpybkoM Ans nonepeaHboro nigirpisy niasMoyTBOPHOKYOro rasy
no temnepatypu 200-400 °C.

Cuctema nopayi CUPOBUHM [J0OATKOBO MICTUTb OyHKep Ansi nonepeaHboro  HaKoMUYEHHS
bioBigxoais, BiOPaLUiNHWUIA XMBUNBHUK NS PIBHOMIPHOI nogadi Ta NHEBMOTPAHCMOPTHY cuctemy Ans
iHxekuii nogpibHeHoro maTepiany B 30HY NnasmMoBoro ¢akena.

Peaktop obnagHaHO UMKMOHHUM cenapaTtopoM ANs BiaineHHs TBEPAMX YaCTUHOK Hegonany 3
MOXTMBICTIO TX NOBEPHEHHS B peakuiiHy 30HY, Mpu LbOMY CTYNiHb rasudikauii Byrnew CTaHOBUTbL He
MeHLe 87 %.

Mepenik giryp kpecneHb

@ir. 1. 3aranbHun BXA NNasmMoxiMidYHOro peaktopa y no3goBXHbOMY po3pisi.

dir. 2. CxeMa cucTemMu TaHreHLUinHOro niaBegeHHs NnasMoyTBOPIOKYOro rasy (BUrnsa 3sepxy).

@ir. 3. padik 3anexHOCTi NUTOMUX eHeprosaTpar Big TemnepaTtypu npouecy.

@ir. 4. [iarpama cknagy rasonogibHnx npoaykTiB 3anexHo Big Temnepartypu.

®ir. 5. MNopiBHANBHA ePEKTMBHICTb Pi3HMX MeToAiB nepepobkn biosiaxoais.

Ha oir. 1 nosHaveHo: 1 - unniHapryHMi Kopnyc; 2 - dyTepyBaHHs SisN4 - SiC; 3 - Tepmobap'epHe
nokputta ZrO2 - 8 %Y20s3; 4 - nnasmoTpoH ob6epTanbHOro KOB3HOTMO po3psgy; 5 - TopueBun
BOSMbhpamMOBUMIA TepMOKaTod; 6 - MOPOXKHUCTUA MIOHUA aHOA4 3 BOAAHUM OXOMOMKEHHAM; 7 -
po3noAinibHa Kamepa Anis NrasMOyTBOPHYOro rasdy; 8 - TaHreHuinHi natpybkmu; 9 - cuctema
KepyBaHHSA HanpsiMkoM obepTaHHs; 10 - ByHkep Ona HakonuyeHHs Giosigxopis; 11 - BibGpauUiiHMI
XUBUNbHUK; 12 - NHEBMOTPAaHCMNOPTHA cuUcTema iHXekuii; 13 - peakuinHa 3oHa; 14 - cuctema
[03YBaHHSA NY>XHUX KOMMOHEHTIB; 15 - NpucTpin BiaBeAeHHs pigkoi dasu; 16 - BuxigHWi natpybok ans
BiABELEHHs ra3onofibHmMx npoaykTiB; 17 - LMKMOHHWIA cenapaTop TBEpPAMX YacTuHOK; 18 - cucTema
noBepHeHHs1 Hegonany; 19 - TennoobMiHHWK pekynepaLii Tenna.

Ha goir. 2 nosHaveHo: 1 - unniHapuyHKIi Kopnyc; 2 - dyTepyBaHHst SisN4 - SiC; 3 - Tepmobap'epHe
nokputTa ZrO2 - 8 %Y203; 7 - po3noAinibHa kaMmepa nia3mMoyTBOPYoro rasy; 8a, 86 - TaHreHuinHi
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naTpybkm pexxumy obepTaHHs! 3a rOAMHHUKOBOK CTPINKOK (aKTMBHI y pexumi A); 8B, 8r - TaHreHLinHi
natpybkm pexmmy obepTaHHA NpoTW FOAMHHUKOBOI CTPINku (akTuBHi y pexumi B); 9 - cuctema
KepyBaHHS HanpssiMkoM obepTaHHA (aBTOMaTUYHE NepemMukaHHs). AKTMBHI conna no3HayeHo YOpHUM
OHOM, HEAKTMBHI - 6iNMM (POHOM 3i LUTPNXOBOIO MiHIEID CTPINKMN.

Ha cir. 3 nosHaveHo: 1 - niponi3Hi yctaHoBKkW; 2 - KOpucHa Mopernb (obepTanbHUA KOB3HWI
po3psa); 3 - TpaguuirHa nnasmoBa rasudikauis; 4 - ekcnepuMeHTarnbHe 3HaJYeHHs MNUTOMUX
eHeprosatpart (1,42 kBT-rog/kr 3a Temnepatypu 1500 K).

Ha oir. 4 nosHadveHo: 1 - BogeHb (H2); 2 - moHookena Byrneuto (CO); 3 - giokeng Byrneuto (CO2);
4 - BogsaHa napa (H20); 5 - asoT (N2); 6 - meTaH Ta iHwWi ByrneBoaHi (CH4 + iHwWi); 7 - cyma ropro4mx
koMmnoHeHTiB (CO+H2). BepTukanbHOW LWITPUXOBOK JIiHIEID MO3HAYEHO oONTUManbHy pobody
TemnepaTtypy 1500 K; 30HO KOCOro LWTPUXYBAHHS - ONTUManbHUA TEMNEPaTYPHUIA iana3oH.

Ha cpir. 5 JliBopy4 - NOpiBHAHHSA 06'€MHOT NPOAYKTUBHOCTI (Kr/rog - M) pisHMX MeToaiB nepepobku
OioBioxopaiB; NnpaBopy4 - baraTonapaMeTpuyHa NOpiBHSMbHA OLjiHKa 3a LWiCTbMa NokasHukamu (Lukana
0-10, Ginbwe - kpawe). MeToaM NO3HAYEHO PI3HUM LUTPUXYBAHHAM CTOBMLUIB Ta TUNaMu MiHiN Ha
Jiarpami BignoBigHO 4O NereHamn Ha PUCYHKY.

MnasmoximiyHMi peakTop Ana nepepobkn pocrnMHHUX BigxoAiB y pigki cunikatu (gir. 1) micTuTb
LUUNIHOPWYHWUIA KOPMYC 1 i3 30BHILLHBOK CTIHKOIO 3 HEPXKAaBito4Ool CTarli TOBLUMHOW 3 MM Ta BHYTPILLHIM
dyTepyBaHHaAM 2 ToBLWMHOW 10 MM 3 kKapBoHITpMAy KpeMHito. PeakuinHa 30Ha peakTtopa BUKOHaHa y
BUrNSAAI LMniHapu4YHOI kamepwu giameTpom Big 450 oo 600 mm Ta Bucototw Big 500 go 1000 mm.
PyTepyBaHHsl 3 KapOOHITPMAY KPEMHit0 BUKOHAHO 3 nopucTicTio 15-25 %. Ha BHyTpIiWHi noBepxHi
dyTepyBaHHS HaHeceHO TepMobap'epHe NOKpUTTA 3 3 OiOKCMAY LUMPKOHItD, cTabiniaoBaHOro OKCMaoM
iTpito, ToBWMHOW 0,4 MM. Y BEpXHiA YacTUHI KOpMNycy PO3MilleHO MnnasmoTpoH 4 obepTanbHOro
KOB3HOIO po3psay.

Mna3moTpoH 4 ABnsie cobo0 eneKkTpoayroBuin reHepaTop 3 TOpLEBUM BOSNIbPaMOBUM KaTtogom 5
Ta NOPOXHUCTUM MIAHMM aHoAOM 6 Ta npauloe 3 NOoTyxHicTio cTpymy Big 20 go 100 kBt. Katog
BUrOTOBIEHO 3 BoNnbpamy mapku BA 3 gogaBaHHAM OKCMAIB NaHTaHy AN 3HWXKEHHA poboTu BMXoAy
€neKkTpoHiB. AHOL BMKOHAHO y BUrMsAi conna JlaBansa 3 BOASHUM OXOMNOMXKEHHsIM Ans 3abe3neyeHHs
TpuBanoro pecypcy pobotu. Eposis BonbgpamoBoro katoga He nepesuwye 104 rfroq a migHoro
aHoga - 101 r/roa, wo 3abesneyye YMCTOTY LiNbOBOrO NPOAYKTY Ha piBHI BUMOr Ao OyaiBenbHUX
cunikaris.

Cuctema TaHreHuiiHoro nigBefeHHs rasdy (dir. 2) MiCTUTb po3nofinbHy Kamepy 7 3 4oTupma
TaHreHuivHMMM naTpybkamu 8, posTawoBaHuMu nig  KyTom 12° pgo  pagiyca kamepwm.
lMna3moyTBOPOOYNIA a3 (aproH-BoO4HEBA CyMill abo cymill giokeuay BYrneLto 3 NoBiTPsiM) NOAAETLCS
y posnoginbHy kamepy nig tuckom 0,4 MMa Ta HagxoauTb B peakuiHy 30HY Yepes3 TaHreHUinHi
naTpyoKn, CTBOPIOKOYN CTiiKuMn obepTanbHUIM NOTiK. A3MMyTanbHa CKNagoBa LWBWAKOCTI ra3y Ha BXOAi
B peakuiiHy 30Hy ctaHoBuTb 400-700 m/c.

MpuHUMNoBa 0COBMMBICTL KOPUCHOI MOAENi NONArae y MOXMMBOCTI 3MiHW HanpsiMKy obepTaHHs
nnasmMoBoOro cTpymeHsi. Lle pocsaraetbca nepemukaHHAM nogadi rasy Mk gBoMa Habopamwu
TaHreHuUiHMX naTpybkiB, OpPIEHTOBaHUX Yy NPOTUNEXHUX Hanpsmkax. Cuctema kepyBaHHs 9
3abesnevye aBTOMaTW4YHE MEPEMUKaHHS HanpsMKy oOepTaHHSA 3anexHo Big Ckrnagy BuXigHO!
CUPOBUHW Ta 3afaHnX BrIAaCTMBOCTEN LiNbOBOro NpoaykKTy.

Cuctema nogadi cuMpoBMHM MicTUTb OyHkep 10 Ona monepegHbOro Hakonu4ieHHsi Giosigxonis,
BiOpaUiHMA XMBWIMbHUK 11 Ta MNHEBMOTPAHCMOPTHY cucTtemy 12 ans iHXekuii nogpibHeHoro
MaTepiany 6e3nocepefHb0 B 30HY nna3moBoro dakena. bioBioxoan nonepedHbo nogpibHOLTE A0
dpakuyii 0,5-5 MM Ta BucywywTb [0 Bonorocti He Oinbwe 5 %. [MNpu 6Ginbwin BOMOrocCTi
NPOAYKTUBHICTb peaKkTopa 3HWXKYETbCS Yepes BUTpaTy eHeprii Ha BUNapoByBaHHS BOSOrK.

PeakuinHa 3oHa 13 BUKOHaHa y BUrMA4i uMniHApU4HOI kamepu giametpoMm 450 MM Ta BMCOTOKO
500 MM. BHyTPpiLLHI 06'eM peakuiiiHoi 30HM cTaHoBuTb 0,091 Mm3. Mpu NpoayKTUBHOCTI peakTopa 25-
33 kr/roa. yac nepebyBaHHsI YaCTUHOK Y peakLiiHin 3oHi cknagae 0,7-1,2 cekyHau.

YHikanbHO 0COBNUBICTIO KOPUCHOT Mogeri € poboTa peakTopa npu NOMipHUX Temnepartypax 350-
900 °C, Wwo 3HaA4YHO HMKYe TpaauuinHUX TemnepaTyp nnaeneHHst cunikatie (1400-1700 °C). Lle ctae
MOXITMBMM 3aBASKW BUKOPWUCTAHHIO HEBPIBHOBaXKEHOI oGepTanbHOi nnasmu, B SKil enekTpoHHa
TemMnepaTypa 3Ha4yHO TMEepEeBULLYE TeEMMNepaTypy BaKKMX YACTMHOK. AKTMBHI pagukanu, Lo
YTBOPIOIOTECA B HeBpiBHOBaxeHin nnasmi (OH, O, H), iHiuitloioTb naHutorosi peakLuii nepeTBopeHHs
OpraHiyHOi pe4YoBMHU NpY BIAHOCHO HU3bKMX TeMMepaTypax rasoBoi asu.

3a temnepatypu 350 °C BigOyBaeTbCst iIHTEHCUBHUIA MipOMi3 LeNtono3n Ta MirHiHy 3 BUAINEeHHsIM
neTkMX MPOAYKTIB. Y TemnepaTypHoMy Adiana3oHi 450-600 °C peanisyeTbca rasndikallis KOKCOBOro
3anuiIKy 3 YTBOPEHHSIM MOHOOKCMAY Byrneuto Ta BogHwo. [lpu Temnepatypax 700-900 °C
BioOyBaeTbCA MoOBHA rasudikalis OpraHidHOi 4YacTuHM OioBiAXOAIB Ta NMaBMeHHA MiHepanbHoi
CKIagoBOi 3 yTBOPEHHSAM CUMIKAaTHOrO pO3niaBy.
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MiHepanbHa 4YacTuMHa POCIMHHMX BiOXOAIB MICTUTb MepeBaXHO AioKkcua KpemHito (45-65 % Big
Macu 3o0nM), okcuau kanbuito Ta marHio (15-25 %), okcmamn 3aniza Ta anomiHilo (5-15 %). Ons
OTPUMaHHA pigKMX cunikaTiB 3 3agaHuMm  cunikaTHUM  mopynem 6e3nocepefHbO0 B 30HY
nnasmMoxiMiyHMX NepeTBOPEHb BBOOATLCS MNYXKHi KOMMNOHEHTU - KarbLMHOBaHa coga abo notall yepes
cuctemMy fo3yBaHHA 14.

CwunikaTHWIA MOAYIb LiNbOBOro NPOAYKTY pO3paxoBYyeETbCA 3a OPMYIOH:

M=SiO2/(Na20+Kz20) ge SiO2, Na20, K20 - BMICT BignoBiAHUX OKCUAIB Y MacoBWX BiACOTKaXx.

PeryntoBaHHAM KiflbKOCTi NY>XHUX KOMMOHEHTIB JOCAraeTbCa CUMikaTHAA MOAYNb y Aiana3oHi Big,
1,5 go 3,6, wo BignoBigae BCiM Tunam NPOMUCIIOBMX CuUnikaT-rnmo.

Pigknin cunikaTHUIA po3nnaB CTikae MO KOHIYHOMY [OHWULLY peakTopa Ta BigBOOMTbCS 4epes
npucTpin 15. TemnepaTtypa po3nnaBy Ha Buxogi ctaHoBuTb 1200-1400 °C.

"a3onopnibHi NpoaykTh BigBOASATLCA Yepes3 BUXigHU naTtpyook 16 y UMKNOHHMIA cenapaTop 17 ons
BiQAINEeHHs TBepAuX YaCTMHOK Hegonany. YNoBMneHi YacTuHKM yepe3 cuctemy 18 nosepTalTbCs B
peakuinHy 30HYy. OuullieHuMn CuHTe3-ra3 HagxoauTb y CuUcTemy pekynepauii Tenna 19, ge
OXOJIOOXKYETLCHA 3 OAHOYACHUM MigirpiBOM NNasMoyTBOPIOKOYOro ragdy. 3a paxyHOK pekynepauii Tenna
nnasmoyTBoptoouMn ra3 nigirpisaeteca o temnepatypu 200-400 °C, WO 3HWXKYE CNOXUBAHHSA
erneKkTpoeHeprii NnasMoTpoHoM Ha 15-20 %.

Mutomi eHeprosaTpatu npouecy (cir. 3) 3a Temnepatypm 1500 K craHoBnsTb 1,28 kBT-rog/kr
(pospaxyHkoBi) Ta 1,42 kBt-rog/kr (ekcnepumeHTanbHi). Po3b6ixHicTb y 11 % noACHIOETHCS
HEKOHTPOJSIbOBAHUM MiACMOKTYBaHHAM MOBITPS Ta HEPIBHOMIPHICTIO 3MilLyBaHHS.

Ha ®ir. 4 npegctaBnena giarpama cknagy rasonofibHuMx NpoaykTiB 3anexHo Big TemnepaTtypu
npouecy. [iarpama intoctpye 3aMmiHy KoHueHTpauii Hz, CO, CO2, N2 Ta H20 B gianasoHi TemnepaTtyp
500-1900 K. Mpu noBiTpsiHi nna3moBin rasundikauii 6ioBigxoais 3a ontMmMarnbsHoi TemnepaTtypu 1500
K (1227 °C) oTpumyeTbCs rasoBa cymiw, e Buxig roptounx komnoHeHTtiB (CO+H2) gocsarae 68,5
06'eMHMX BigcoTka. TennoTta 3ropsiHHA CUHTE3-rasdy npu ubomMy ctaHoBuTb 10340 kx/kr.

MopiBHANbHa ePEKTUBHICTL 3asBNEHOr0 peakTopa BiAHOCHO TPaauLiiHUX MeTOoAiB NpeacTaBneHa
Ha ®ir. 5. OuiHka npoBoaunacsa 3a MokasHUKamMy MUTOMOI MPOAYKTMBHOCTI Ta SKOCTI CUHTEe3-rasy.
KopucHa mogenb 3abesnevye 3HWKEeHHs NMToMUx eHepro3datpat Ha 30-40 % npu 36epexeHHi BUCOKOT
AKOCTi ras3onofibHnx NpOAyKTIB Ta OTPMMaHHi A04AaTKOBOrO LIHHOrO MPOAYKTY Yy BUMMAAi pigkmx
cunikaTis, WO NiATBEpAXY€E OOCATHEHHS 3a3HA4YEHOr0 TEXHIYHOMO pesynbTaTy.

CtyniHb rasudikauii Byrmeuto B 3asiBIEHOMY peaktopi cTaHoBuTb 87-91 %. EkonoriyHa
e(EeKTUBHICTb NIATBEPAXKYETLCA BIACYTHICTIO B NPOAYKTAX NPOLECY TOKCUYHUX PEYOBUH - OiOKCUHIB,
dypaHiB Ta 6eH3omnipeHy, ockinbkn TemnepaTypa noHag 1273 K 3abesnevye ix NOBHE po3KragaHHs.

PeakTtop 4o4aTkoBO MICTUTb CUCTEMY BBEOEHHS MY>XHUX KOMMOHEHTIB Yy BUMMA4i KanbLUMHOBaHOT
coam abo notawy 6e3nocepeAHbO B 30HY Na3aMoxiMivyHNX NepeTBopeHb. Cuctema pekynepadii Tenna
BMKOHaHa y BUMMsAA4i TennooOMiHHMKA 3 UUPKYMAUIED TENMOHOCIA MiXX KOpMycom peaktopa Ta
BUXiOHVM NaTpybKoM Anis nonepeaHboro nidirpiBy nnasMoyTBOPHOOYOro rasdy Ao Temnepatypu 200-
400 °C. lNpautoe NpUCTpin HacTynHMM YuHoM. Y ByHkep 10 3aBaHTaxyloTb MNOAPIOHEHI Ta BUCYLUEHI
pPOCNUHHI Bigxoan. BmukaoTe nna3moTpoH 4 notyxHicTio 50 kBT. MnasmoyTBoploloumin ras nogarTb
yepes cucTeMy TaHreHuinHux natpybkis 8 3 Butpartot 250 n/xB. [llicna nporpiBaHHS peakTopa A0
400 °C BMuKaloTb Nogady CUPOBUHM 3 MPOOYKTMBHICTIO 25 Kr/rog.

Mig pieto HeBpiBHOBaXkeHOi obepTanbHOi Mna3mu BigOyBa€eTbCS LWBWAKE HarpiBaHHA 4YacTUHOK
(moHag 1000 °C/c). Tpu 350-650 °C BigbyBatoTbCcs peakuii niponisy Ta rasudikauii. pwu
TemnepaTypax sule 700 °C miHepanbHa YacTvHa nnaeBuTbcA. OAHOYACHO MOAAKTb KarnbLUWHOBaHY
coay Ons oTpUMaHHS cunikaTtHoro moayns 2,8.

KpUTUYHO BaXnMBWMM € CTBOPEHHSI CTIKOrO BMXPOBOrO MOTOKY rasy, wo 3abesnevyetbcs
CUCTEMOIO TaHreHuiiHoro nigseneHHs (Pir. 2). Cnucrema mMicTUTb 4 TaHreHuinHi natpybkm 8 (no 2 Ha
KOXEH HanpsiMoK), po3TaloBaHi nig Kytom 12° go pagiyca. Lle possonsie npauioBatv y [BOX
pexvnmMmax: obepTaHHs 3a roOAMHHUKOBOK CTPINKOK Ta NpoTu Hei. MNMpu Tucky rasy Ha Bxoai 0,4 Mla Ta
Butpati 250 n/xB [OocAraeTbCa asumyTanbHa LWBKUAKICTb Yy peaktopi 400-700 m/c. Hanpsamok
obepTaHHs1 BNIIMBAE Ha CKMag MPOAYKTIB: O0EpTaHHS 3a FOAMHHMKOBOK CTPINKOK MigBULLYE BUXig
nerknx ByrneBoAHiB, a npotu - Buxig CO Ta Ha.

Pigkunin cunikaTHui posnnas (Temnepatypa 1300 °C) BigBoanTbCA Yepes npucTpin 15. FazonogioHi
npoayktn (temnepatypa 800 °C) ouuwyloTbCa B UMKMOHI 17 Ta OXONOOXYKTbCA B CUCTEMI
pekynepadii 19.

3a 1 roanHy poboTu peakTop nepepobnsie 25 kr bGiosigxogie, cnoxuBatoum 35,4 kBT-rog
enekTpoeHeprii. Ak nokazaHo Ha rpadiky 3anexHocTi NUToMux eHeprosatpaTt (®ir. 3), 3agBneHun
npucTpin 3abesneyye nokasHukn 1,4-1,5 kBT-rog/kr npu poboumx Temnepatypax 600-900 °C. Lle
3Ha4yHO nepeBuLLye ePeKTUBHICTb TpaauLinHOT NnasmMoBoi rasudikadii (2,5-3,0 kBT-rog/kr npu 1500-
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2000 °C) Ta niponisHux yctaHoBok (3,0-4,5 kBt-rog/kr). Mpu ubOMy OTpUMYETbCA 2,7 KI PiOKUX
cunikatiB Ta 17,5 Kr cuHTes-rasy.

KopucHa wmogenb moxe ©OyTu peanizoBaHa 3 BUKOPUCTaAHHSAM oObGnagHaHHsS, WO CepiviHO
BUMNycKaeTbCA. PeakTop MOXe BMKOPUCTOBYBATUCS Ha NiANPMEMCTBAX arponpoOMMCIIOBOrO KOMIMEKCY.
EkoHOMiYHa edpekTuBHICTL 0GyMOBRNEHa KOMMMEKCHUM BUKOPUCTaHHAM GioBigxodiB 3 OTpMMaHHAM
TOBapHMX NPOAYKTIB BUCOKO| 4OAAHOT BapTOCTI.

Mpuknagm KOHKPETHOrO BUKOHAHHSI

Mpuknag 1. Nepepobka conoMu nueHuLi

Conomy nweHuui (dpakuis 1-3 mm, Bonoricts 3 %) nepepobnsoTb Npy NOTY>KHOCTI Na3MOTPoHa
50 kBT (Ar/Hz2), npopyktmBHocTi 25 «kr/roq. Temnepatypa B 30Hi peakuii - 820 °C. [Mutomi
eHepro3atpaTu - 0,71 kBt-rog/kr. OTpumaHo 9,2 kr pigkmx HaTpieBMX cunikaTiB (moaynb 2,7) Ta 68 kr
cunHTes-rady (Tennota 3ropsiHHs 11200 kx/kr). CTyniHb rasudikadii Byrneuto - 90 %.

Mpuknapg 2. MNepepobka gepeBHOT TUPCU

Tupcy cocHoBy (dpakuis 0,5-2 mm, Bonorictb 4 %) nepepobnsaTe npu noTtyxHocTti 30 kBT
(CO2/noBiTpa), npoayktmuBHocTi 15 kr/rog. Temnepatypa - 700 °C. lMutomi eHeprosatpatu - 1,4
kBTt-rog/kr. OTpumaHo 4 Kkr kanieBo-HaTpieBol cunikat-rnubun (mogynb 2,1) Ta 31 Kkr cuHTes-rasy
(Tennota 3ropsHHa 10800 kx/kr). CTyniHb rasudikadii - 88 %.

®OPMYJIA KOPUCHOI MOLESI

1. lMnasmoxiMiyHMIA peakTop Ansi NepepobKM POCHMHHUX BigxodiB y pigki cunikath, WO MICTUTb
UMNIHAPUYHUIA KOpnyc 3 OYyTEPYBaHHSIM, NNa3MOTPOH, CUCTEMY Nodadi CUPOBUHU, BUXiIOHUIA NaTpybok
AN BigBedeHHs1 ras3onofibHMX nNpoaykTiB Ta NPUCTPIA AN BigBeAeHHs pigkoi dasn, SKWi
BiApPi3HAETLCA TUM, WO NMasMOTPOH BMKOHAHO Yy BUrMsdi reHepaTopa oGepTanbHOro KOB3HOTMO
po3psaay 3 MOXNUMBICTIO 3MiHM HanpsiMKy obepTaHHs NnasmMoBOro CTPYMEHS 3a rogvHHUKOBOK abo
npoTU FOAMHHMKOBOI CTPINKKU, peakuinHa 30Ha peakTopa 3abesnedyeHa TaHreHuiiHMM nigBeaeHHsM
NIa3mMoyTBOPIOKYOro rady Ansg CTBOPEHHS CTIMKOro BMXPOBOrO MOTOKY 3 a3MMyTarnbHOK CKMaZoBO
wemgkocTi Big 400 go 700 m/c, cnctema nogadi CMPOBMHU MICTUTbH A03aTOP ANS KOHTPOMbOBaHOI
nogavi nonepeaHbLoO noapibHeHOI Giomacu 3 BonoricTio He Binbwe 5 % Ta dpakuiiium cknagom Big
0,5 mo 5 mm, kopnyc peaktopa obnagHaHO CMUCTEMOKO pekynepaudii Tenna Ans MigTPMMaHHS
TeMnepaTypu CTiHOK peakTopa B AgianasoHi 350-900 °C ©e3 yTBOPEHHSI rapHicaxy, npu LbOMYy
CNiBBIQHOLIEHHS NOTY)KHOCTI NNa3MOTpOHa Ta MPOAYKTMBHOCTI MO CMPOBMHI cTaHoBUTb Big 0,4 Ao 2
KBT-rog/kr, a 4yac nepedyBaHHs YaCTUHOK CUPOBUHW B peakLUiiHii 30Hi cknagae Big 0,5 0o 2 cekyHa.

2. Peaktop 3a n. 1, SkMiA BiAPI3HAETBLCA TUM, LLO MNAsMOTPOH SABNSAE COOOK eNneKkTpoayroBun
reHepatop obepTanbHOro KOB3HOIO pPO3psily MOCTIMHOrO CTpyMy MoTyxHicTio Big 20 go 100 kBT 3
TOpUEeBUM BOMbMPaAMOBUM TEPMOKATOAOM Ta MOPOXHUCTUM MIOHMM aHoAOM, MpU  LbOMY
NnasMoyTBOPKOIOYMM ra3oM € aproH-BogHeBa Cymil abo cymill giokeuay Byrfeuto 3 NoBiTPsSIM.

3. Peaktop 3a n. 1, akun BiAPI3HAETbLCA TUM, LLO CUCTEMA MNoJadi CMPOBUHW OO0OATKOBO MICTUTb
OyHKep Ons nonepegHbOro HakonuyeHHst 6iosigxodis, BiOPAUINHUIA XKMBWUIBbHUK ONA PiBHOMIPHOI
nogavi Ta NHEBMOTPAHCNOPTHY CUCTEMY ANS iHXeKuii nogpibHeHoro martepiany B 30HY Mna3moBOro
dakena.

4. Peaktop 3a n. 1, skui BigpI3HAETLCA TUM, LIO peakuiiHa 30Ha peakTopa BUKOHaHAa Yy BUMNAgi
umniHapunyHoi kamepu giameTtpom Big 450 go 600 mm Ta Bucototo Big 500 go 1000 MM, pyTepoBaHoi
BOrHETPMBKMM MaTepianioM Ha OCHOBiI KapOOHiTpuay kpemHito 3 nopucTtictio 15-25% Ta
Tepmobap'epHe NOKPUTTSA 3 AioKCuay LUPKOHIl, CTabinisoBaHOro oKCMAOM iTpito TOBLUMHOW 0,4 MM.

5. Peaktop 3a n. 1, gk Bigpi3HAETbLCA TUM, WO A0AATKOBO OGragHaHUM CUCTEMOK BBEAEHHS
NYXHUX KOMMOHEHTIB Yy BWrMA4i KanbUuHOBaHOi cogum abo notawy 6e3nocepedHbO B 30HY
nrasmMoxiMiyHMX nepeTBOPEeHb AN perynoBaHHSA CriBBIAHOLWEHHS JYXHUX OKCuAiB Ta Aiokcuay
KPEMHit0 B LliNTbOBOMY MPOAYKTI.

6. Peaktop 3a n. 1, 9kMn BiApi3HAETbLCA TUM, LLO CUCTEMA peKynepauii Tenna BUKOHaHa y BUrnsAi
TeNnnooObMiHHMKA 3 UMPKYNSLUIE TENmOoHOCIA MK KOPMyCOM peakTopa Ta BUXigHUM naTpybkom Ans
nonepeaHbOro Migirpiey NrasMoyTBOPHOOYOro rady go temnepartypu 200-400 °C.

7. Peaktop 3a n. 1, slkMiA BiAPI3HAETLCA TMM, WO obnagHaHWA LUUKIMNOHHMM cenapaTtopoM Anist
BiQAINEHHs TBepAMX YaCTUHOK HeZonany 3 MOXMMUBICTIO X MOBEPHEHHS B peakuiiHy 30HY, Npu LIbOMY
CTynMiHb rasudikadii Byrneuto cTaHoBUTb He MeHLe 87 %.
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