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BCTYIl

HeoOximHicTh 30a71aHCOBAHOTO CITOKMBAHHS €HEPTETUYHUX PECYPCIB €
TOJIOBHUM 3aBJIAHHSM CYCIUIBCTBA B 3B’SI3KY 31 3MEHUIEHHSIM 3aIaciB Tpa-
JTUIIAHOTO TAaJMBa Ta MOJAJIBIINM 3POCTAHHSIM HOTO BapTOCTI, @ TAKOX TIO-
TIPIICHHSIM €KOJIOriYHOi cutyalli. CydyacHUH CTaH €HEepProcrnoXUBaHHS B
VYkpaini 3a ymoBH, 110 40 % eHeproHociiB MOPIYHO IMIOPTYETHCS, TTOTPE-
Oye BIPOBAKEHHSI €HEPTOOIAIHIX TEXHOJIOTIA Ta BiTHOBIIOBAHUX allb-
TEPHATUBHUX JKEPENl CHeprii, a TaKOX YCYHEHHS E€KOJIOTIYHUX MpoOiieM,
MOB’s3aHUX 13 HEPAILIOHAIIPHOK YTHWJII3alll€l0 OpraHIYHUX BIJXOMIB TBa-
PUHHOTO MOXO0/KeHHs. Peanizaiiisi 610KOHBEPCIHHUX MPOIIECIB aHAEPOOHO-
ro 30po/KyBaHHS LIISAXOM YTHJII3allll OpraHiyHUX BiAXOMAIB B O10peaKTo-
pax J03BOJISIE OTPUMATH aJbTEPHATHUBHE JHKEpeso eHeprii — Oioras, a Ta-
KOX TMOMEpPeaUuTH 3a0pyJHEHHS O10CcepH LIKIJIMBUMHU PEYOBUHAMMU.

3akoHo/aBua 0a3a YKpaiHu CHpuUs€ MOIMUPEHHIO eHepro30epiraroymx
TEXHOJIOT1H Ta allbTepHATUBHUX JKepelt eneprii. BepxosHoro Panoro Ykpa-
i Oyso mpuiinsTo 3akoH «[Ipo anbrepHaTuBHI IKepena eHeprii» (20 ro-
toro 2003 p.) Ta 3akoH «IIpo po3BUTOK BUPOOHHUIITBA Ta CIIOKUBAHHS 010-
joriyaux BuAiB naymB» (18 gepBHs 2007 p.), AKUMHU TEpen0aYeHO KOM-
TUIEKC JepKaBHUX MPOTPaM 3 €HEPro30epeskeHHs Ta BIPOBAKEHHS albTe-
PHATUBHUX JKEpEJ eHeprii 3 BUKOopUCTaHHAM Oiomacu. ONHI€0 3 TIPUYUH
HEJIOCTATHBOI'O BIIPOBAJXKEHHSI 1HHOBAI[IMHUX EHEPrOOIIaJHUX IPOCKTIB
ATbTEPHATUBHUX JIKEPEN € BUCOKA C€HEPrOEMHICTh MPOIECiB O10KOHBEPCii
Ta HEJOCTATHS BUBUYEHICTh TEIJIO- 1 MACOOOMIHHUX XapaKTEPUCTUK Ta Ki-
HETUKHU TEXHOJOTIYHOTO oOnagHaHHs. [IpoBeeHHS KOMILJIEKCY TEOpEeTUY-
HUX Ta EKCIIEPUMEHTAIBHUX JOCIIIPKEHh MEXaH13My Ta KIHETUKH TEXHOJIO-
TIYHOTO TMpoIiecy O10KOHBEPCii BIXO/IB TBAPUHHOTO MOXOKCHHS € aKTy-
QIBHUM.

3a pe3yibTaTaMu TEOPETUYHUX Ta EKCIEPUMEHTAIBHUX JOCITIIHKCHb
OOTpYHTOBAHO MEXaHI3MHU BJIOCKOHAJIECHHS PEKHUMIB aHA€pOOHOTO OPOJiH-
HSl TIEPEMIITYBAHOTO CyOCTpaTy BIJAXOJIB TBAPUHHOTO MOXOKEHHS 1 3Me-
HIIICHHS €HEPTeTUYHUX BUTPAT HA iX 3a0€3MEUeHHs Ta 3alPOMIOHOBAHO HO-
Bl KOHCTPYKIIT 610peakTopiB JJIA X MPAKTUYHOI peasizallii; BOEpIe po3-
pOOJIEHO eKCIEPTHO-MOACIIOBAIbHY CUCTEMY 1HTENEKTYaIbHOI MIATPUMKH

OPUHAHATTS PIIIEHb IIOAO BIOCKOHAJEHHS MeEXaHI3MIB 1HTeHCcHiKaIli



IpoLEeCy aHaepoOHOro OPOAIHHS OPTaHIYHUX BiIXO/1B MPH MepeMilTyBaHHI
cyOCTpary 3 BHKOPUCTAHHSIM TEOpli HEUITKOI JIOTIKM Ta JIHTBICTUYHOI
3MIHHOI i HEWpPOHHHUX MEpEX; BCTAHOBJICHO 3aKOHOMIPHOCTI KIHETHUKH
MpoIecy MEepeMillyBaHHS Ta CEIMMEHTAIlli MOJIAUCIIEPCHOT OpraHivyHOl
Macu B 010peakTopi 3 BEPTUKAILHUM TMIEPEMIITyBaueM 3ajie’HO BiJl TEXHO-
JIOTIYHHUX TapameTpiB 1 (HI3UYHUX BIACTUBOCTEU CyOCTpary; €KCIepUMEH-
TaJbHO MIATBEPIPKEHO JONUIBHICTh Ta €PEKTUBHICTh MEPEMINTyBaHHS CyO0-
CTpaTy BEPTHUKAIBHOIO MIIIAJIKOI B O10peakTopi Ta MOro BIJIMB HA 1HTCH-
CUBHICTH TPOIIECY aHAaepOOHOTO OPOJIHHSA TPU BHUPOOHHIITBI Oiorasy; 3a-
MPOTOHOBAHO E€HEProou[aJHl KOHCTPYKTUBHO-TEXHOJOTIYHI CXeMH O010KO-
HBEpCli BIXOJIB TBAPUHHOTO MOXOKEHHS Ta OIIHEHO iX KOHKYPEHTOCII-
POMOXKHICTh MPU BUPOOHUIITBI AIbTEPHATUBHOTO JIXKEpesia eHeprii — Oiora-
3y Ta €KOJIOT1UHO Oe3MeYHUX T00pUB.

B pe3ynbrari TEOPEeTUUHUX 1 €KCIEPUMEHTANBHUX JOCIIIKEHb 00IPY-
HTOBAaHO KOHCTPYKTHBHI €HEPrOOIIa/iHI CXeMH JJisi OiopeakTopiB. Po3poo6-
JIEHO Ta BHUTOTOBJICHO EKCINEPUMEHTAIbHHUA Ol0peakTop 3 MPUCTPOSIMHU
TepMocTaduTi3amii Ta iIHTeHcudikaiii TerToMacooOMIHHUX MPOIECIB — Be-
PTUKATBHUM JIOTIATEBUM TIEpEMillyBaueM. 3a pe3ylibTaTaMu eKCIIepUMEH-
TaJIbHUX JOCIIPKEHb BUSBIIEHO, KOJIM CIIOKMBAaHA MOTY>XHICTh 1 9ac Opo-
JIHHSI HallMEHIl1, a MPOAYKTUBHICTh OlopeakTopa Oijibllla MOPIBHSIHO 3 iC-
HYIOUUMH. Pe3ynbraTtu 1oCHiKeHb € OCHOBOIO Il IHTEHCH(IKAIIIT Ta ITij-
BUILICHHS €HEProOIIaJHOCTI Mpolecy aHaepoOHOro OpoaiHHS cyOcTpary
BIJIXOJIIB TBAPUHHOTO TMOXOJKEHHS MIJISTXOM KOHCTPYKTUBHOTO BIOCKOHA-
JICHHSI MEXaHIYHOTO MEePEMIITyBaHHS.



PO3/1T 1
HIJISIXU BAOCKOHAJEHHS TEXHOJIOTTYHHX
IMPOIIECIB TA OBJIAJTHAHHS BIOKOHBEPCIi

1.1 OcHOBHI TeH1eHLil PO3BUTKY Ta BAOCKOHAJICHHS
cucrem OiokoHBepcil

[Ipu 3MeHIIeHH1 BUAOOYTKY Ta 301IBIIICHH] BAPTOCTI TPATUIIMHUX BU-
JiB manvBa (BYriUig, HAQTONPOAYKTH, MPUPOJHUNA Ta3 TOLIO), BUKOPHUC-
TaHHS OPraHIYHUX BIJIXOJIB, BIJAXOJIB TBAPUHHHIITBA, POCIUHHUX 3aJIUII-
KiB CLIBCHKOTOCIIOJAPCHKOTO BUPOOHUIITBA, TBEPAUX MOOYTOBUX BIIXO/IB
KOMYHAJIBHOTO TOCTIOZApCTBa MICT, SIKIIIO HE MOBHICTIO, TO X04a O 4acTKO-
BO 3a0e3MeynTh MOoTpedu B eHepreTHYHux pecypcax. [IporHo3oBanux pe-
cypciB Ha)TU Ha TUIAHETI BUCTAYHUTH He Oubie sik Ha 20—40 pokis. B 3B's-
3Ky 3 UMM aKTyaJIbHOIO MPOOJIEMOIO € MOLIYK 1 BUKOPUCTAHHS BIJTHOBIIIO-
BalIbHUX JpKepen eHeprii [1-3]. Exosorizaliisi Tocnoapchbkoi AisTIBHOCTI
noTpedye CTPYKTYPHO-TEXHOJIOTTYHOI NepeOyOBU YIPaBIIHHS €HEPreTu-
YHUM KOMILJIEKCOM Ha 0a31l TpaHcdepy IHHOBAIIMHUX EHEProOIIaHUX
€KOJIOTTYHO O€3MEYHUX TEXHOJIOT1M.

3akoHo/aBua 6a3a YKpaiHu CHpuse MOIMUPEHHI0 eHepro30epiranyux
TEXHOJIOT1! Ta albTepHATUBHUX JKepell eHeprii. BepxoBHoro Panoro Ykpa-
inn Oysno mpuitHaTO 3akoH «IIpo eHeproszbepexenus» [1] Ta 3akoH «IIpo
albTEPHATUBHI JKepesa eHeprii» [2], sKuMu nepeadadeHo KOMIUIEKC Aep-
YKaBHUX MPOTpaM 3 eHepro30epeKeHHs Ta BIPOBAKEHHS aIbTEPHATUBHUX
JoKepen eHeprii. 3riiHo 3 «/lep>kaBHOIO LJILOBOIO €KOHOMIYHOIO MpOrpa-
Moo eneproedextuBnocti 2010-2015 pp.» Bu3HaueHO mepedopMyBaHHS
CTPYKTYpPH €HEpreTMYHoro OamaHcy YKpaiHM 3a paxyHOK 3MEHIICHHS B
HbOMY YaCTKH IIPHPOIHOTO rasy Ha 14—15 mapa M’ mopidHO i3 3aMileH-
HSIM MOT0 THIITUMHU BUIaMU €HEePropecypcis, B T. 4. 6iorasy.

TeopeTnuna MeTOAONOTIS Ta MPUKIATHI aCTEKTH TpaHCHOpMaIliHUX
0CO0JIMBOCTEN PO3BUTKY pUHKY OlonasvB B YKpaiHl Ta opraHizaliiHO-
TEXHOJIOTIYHI MEXaHI3MHU BIIPOBA/PKEHHsI IHHOBAIIINA B TIpoIieCH 010KOHBEP-
cii gocmimkyBanuck B poborax b. baanepa, . boitnca, I'. I'. I'enetyxu,
M. ®@. JIpykoBanoro, B. O. Jly6poBina, I'. M. 3abapnoro, B. JI. 3aB'suioBa,
I'. M. Kanernixa, C. O. Kyzpi, B. M. Ileperiuis, C. Coydepa, C. 1. Tka-
yeHka [4—12] Ta iH.



biokoHBepcis € TEXHOJIOTIYHUM TIPOIIECOM, SKUM Tepenadadae mepepo-
OJIEHHS OpPraHiuHOl Macu 3 METOI0 OTPUMAaHHA Terjia ado MajuBa BUCOKOL
SKOCTI, @ TAKOX EKOJIOT1YHO YHCTUX OpraHiuyHuX 100puB. biokoHBepcis €
OJIHMM 3 HaWBAXKJIUBILIMX BIJTHOBIIOBAHMX JIKEPEN €HEpTii 3 HalOLIbIINM
noTeHiianoM. Ha ceoromui y kpainax €Bpocoro3y ¢yHkiionye nonan 6500
0iopeakTopiB pi3HOTO THITY, IO Ja€ 3MOTy OTpuMyBatu moHan 10 muH
MBTrox enextpuyHoi Ta 6;m3pk0 10 mutH. ['kan TenaoBoi eHeprii mopid-
HO [4]. Ykpaina 3Haxoautbest cepen 10 HalOITBIITNX MOTEHIIAIBHUX BUPO-
OHUKIB BIJTHOBJIIOBaHOi Ol0eHeprii B CBITi. BukopuctanHs HeTpaauIiiHIX
JDKepen eHeprii JO3BOJUTH CYTTEBO 3MEHIIUTH €HEPro3aJIeKHICTh HAIIOI
JIep’KaBU Ta HEraTUBHUU BIUIMB Ha €KOJIOT1YHUM CTaH HaBKOJMIIHBOTO Ce-
penoBuIa.

[Tpu nepepobIieHHI OpraHiYHUX BIAXO/IB 3 METO BUPOOHHUIITBA Oiora-
3y BOHU BHUKOPHCTOBYIOTHCSI TTOBHICTIO. B pe3ynbraTi He Juie moKpariy-
€ThCSl CAaHITAPHUU CTaH TEPUTOPIi, 3HUIIMYIOTHCS 30YAHUKUA 1HGEKIIHHUX
3aXBOPIOBaHb, 3HUKAE HEMTPUEMHUN 3arax POCIUH, 1110 THHIOTh, 3HUIIYETh-
csl HaciHHA Oyp'sHy, @ i YTBOPIOIOTBHCS LIHHI BHCOKOSKICHI J0OpHBa, 110
MaloTh MiABUIICHUIN ryMmycHHI notenuian [11-23].

3pocTaHHsl BapTOCTI TPAIUILIMHUX €HEPrOHOCIIB Ta MOJAJIbIIE TEXHO-
TeHHE HABaHTAKEHHS HA TPUPOJTHE CEPEIOBHUIIE 3YMOBIIOIOTH BCEOiUHE
BUKOPHMCTAHHS BiJTHOBIIIOBAaHHMX aJIbTEPHATUBHUX JiKepen eHeprii. Jlo 65 %
BIJIHOBJIIOBAHMX €HEPrOHOCIiB MOYKHA OTPUMATHU 13 OPraHIKH CUIbCHKOTOC-
oIapchKoro moxo keHHs [1, 4]. EkoHOMiUHO AOUUIBHUN MOTEHIan 6io-
Macu YKpaiHU CTaHOBUTH 27 MJIH TOHH YMOBHOTO naymBa [4]. Cepenns ki-
JIBKIiCTH 6iorasy, sSIKy MOHA OTPUMATH 3 | M BHJIiIEHb TBAPHH, OLiHIOETh-
csi 'y 20-25 M°, X04a PEHTABEIBHOI0 KITBKICTIO B TEXHIKO-CKOHOMIYHOMY
BijHOMEHH] BBaxaeThess 30—35 M°. Taky KillbKiCTh ra3y MOKHA OTPUMATH
IUSIXOM TO€HAHHS BUIJIEHb TBApUH Ta TOCMOJAPCHKUX BIJIXOMAIB 3 1H-
IIOI0 CUPOBHUHOIO, SIKa BIPI3HSAETHCSI BUCOKMM BMICTOM CYXOi OpraHi4HOi
MacH, a caMe BIJIXOJaMU 3 MiAIMPUEMCTB Xap4yOBOi MPOMHUCIOBOCTI 200 po-
cnuHHOl MacH [4]. biora3oBuil moTeHIal 3aJMITKOBOI O10Macu CKJIaJac B
VYkpaini 2,13 man T y. n. HoBiTHI TexHoorii 010KOHBEPCIi 103BOJIAIOTH
OTpUMYyBaTH OlomajMBa B PI3HUX arperaTHUX CTaHaX, a caMe: TBEPIOMY
(OpukeTH, rpaHyJd TOIO), piakoMy (Ologu3enb) ¥ razonomioHoMy (610-
ra3), Ta €KOJIOTIYHO YHCTI OpraHiyHl AoOpuBa. [lepcrieKTHBHUM HaIpsM-



KOM O10KOHBEpCii € OTpuMaHHs 0iora3y IIISXOM yTHIII3allil BIIXOAIB opra-
HIYHOT'O TTOOYTOBOT'0, TBAPUHHOTO Ta CLIILCHKOTOCIOAPCHKOTO MOXOKECH-
HS, a TAaKOXX BIIXOJIB MIAMPUEMCTB XapuoBUX BUPOOHUITB. OOCATH BUKO-
pucTaHHs 610Ta3y, OTPUMAHOTO 3 THOK, MOXKYTh CTAaHOBUTH B HAHOIMXUi
JeKinbKa pokiB 0ym3bko 130 mutH M.

BpaxoByroun BuJi BUPOOJIEHOTO KIHIIEBOI'O MPOJYKTY (TBEpHE, piake
a00 razonofiOHe MajanBo), ICHYIOTh Pi3HI CIOCOOU mepepobIieHHsT Glomacu:
TEPMIUYHUM, XIMIYHUHN, TEPMOXIMIYHUH, O10J0TTUHUHN, O10XIMIYHUH, B SKUX
3aisiHI TepMOXiMiuHI, Ol0XiMi4HI Ta arpoximiuni mporecu [24]. Bubip
croco0y mnepepoOJIeHHsS OpPraHiYHUX BIIXOJIB CUIBCHKOTOCIOAAPCHKOTO
BUPOOHMIITBA Ta BIAXOAIB TBAPUHHOTO TOXO/KEHHS XapuyoOBUX BUPOO-
HUIITB 3aJICKUTh BiJl BUAY OlomMacH, KiHIIEBOi MeTU (0Jep>KaHHs TBEPAOrO,
piakoro abo ra3onoAiOHOro majauBa), EKOHOMIYHOI Ta €KOJOTIYHOT JOI1Th-
HOCTI Ta 1H. 3aJIeKHO BiJ CHOCOOIB IMepepoOJICHHS OpPraHiyHOI Macu Ha
puc. 1.1 HaBeneHo kimacudikaIito OCHOBHUX THUIIIB €HEPTETUYHHUX MPOIIECIB
[1,24].
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Pucynok 1.1 — Enepreruuni nporecu nepepodiaeHHs 6iomacu

TepmoximiuH1 MpoliecH BKJIIOYAIOTh B ce0€ CHaatoBaHHS, MipoJii3, ra-
3udikamio Ta rigporexizamito. CraaioBaHHS BHUKOPHUCTOBYIOTH 3 METOIO
OTPUMAaHHS TEIJIOTH 13 CyXOro ToOMOoreHHoro nanusa. [lig yac mipomnizy Oi-



oMacy HarpiBaroTh 10 Temueparypu 450...550 °C 6e3 gocTymy moBiTps, B
pe3ynbTaTi 4oro OTPUMYIOTh TBEPJIUN 3aJTUIIOK — KOKC (I€peBHE BYT1IUIS),
rasu (CO, CO,, H,, H,O Tomo) ta piguaHy Macy (cnuptu, oii Tomro). [Ipu
razudikanii BiIOyBa€eThCsl HarpiBaHHS (YaCTKOBE CHAJIIOBAHHS) IMaluBa 3
0OMEKEHOIO KiJIBKICTIO MOBITPst y Aiana3oni temiepatyp 800...1600 °C ta
tucky Bia 1,0 o 10,0 MIla. ITix yac rasudikariii yTBOPIOETbCS CUHTE3-Ta3
(CO, H,, CH, y BiamosiaHiii mpomnopirii). ['igporenizaiist BinOyBaeThcs 3
pPI3HUMH BapiaHTaMu TMONEPEIHbOI MIATOTOBKA CHUPOBUHHU 1 MPOBEIACHHS
caMoro Ipolecy.

Jlo 010XIMIYHUX TPOLECIB BITHOCSATH CIIUPTOBY (hepMEHTAI1l0, aHAepO-
oy nepepoOky Ta 6ioditomis. B pesynbTaTi criupToBoi depmeHTaIlii yTBo-
PIOETHCSL €THJIOBHU CIUPT, IO € ajJbTepHATUBOIO OeH3uHy. [lin yac aHae-
poOHOT TIepepoOKU MIKPOOPTaHi3MU B O€3KHUCHEBOMY CEPEIOBHIII, ITOTIIN-
HAI4M eHeprito, 0e3mnocepeHb0 MepepoOIaIOTh BYTJICIEBMICHI KOMITOHE-
HTU 1 BUPOOJISIIOTH BHACHIIOK 1hOro miokcua Byriemio (CO,) 1 meTaH
(CHy). Orpumany cymim CO, 1 CH,, a Takox CyMyTHIX rasiB, Ha3UBalOTh
6iorazoM. biogoTomizom € po3kiaaeHHsT BOIM Ha BOJCHD Ta KUCEHB T -
€10 CBITJIa. ATpOXIMIYHUM IPOIECOM € eKCTpakilis najmpa. Pigke abo TBe-
pJe TaJIMBO MOKHA OTPUMATH MPSAMO BiJl KUBUX a00 CBIKO3PI3aHUX POC-
JIUH, 3 SIKUX 30MparoTh a00 BUYABIIOIOTH MPECOM CIK (HampuKJaJ, BUPOO-
HULTBO Kay4yKy).

OtpumanHs 0iora3y 13 OpraHiyHMX BIAXOMAIB 0a3yeThCs Ha 1X BIACTH-
BOCTI BHJIUIATH TOPIOYMI Ta3 B pe3yibTaTi METaHOBOTO OPOJIIHHS B aHae-
poOHMX ymoBax. bioras, 10 yTBOpPIOETbCS MPYU METAaHOBOMY OpPO/IIHHI, SIB-
Jsie coboro cymit, 1o ckimagaerhes 13 50...80 % metany, 15...20 % Byriie-
KHCIIOTO Ta3y, 611 1 % CipKOBOIHIO, @ TAKOXK HE3HAYHOT KUIBKOCTI JICSTKUX
1HITKX Ta31B (a30Ty, KUCHIO, BOJIHIO, aMiaKy, OKHCY BYTJIEIIO To1o) [25].

BindgepmentoBana maca, 1o nepeOpoawia, 30BHINIHIM BUTJISAOM HE
BIJIPI3HSIETHCS BIJ IEPBUHHOT CUPOBUHM, MAatOUH OJIM3bKY /10 HET BOJIOTICTb.
Boanouac 1€ TOTOBE BUCOKOSIKICHE 3HE3apa’keHE 1 1M030aBlieHEe HETPUEM-
HUX 3araxiB opraHiuHe J00puBO, MpHUAaTHE 1151 Oe3rmocepeJHLOTO BHECEH-
HS B IPYHT 0€3 JJ0JIaTKOBOT'O BUTPUMYBAHHS B TpaHIIEsX 1 BIACTIHHUKAX. Y
BiIEpMEHTOBAHIN Maci 3HMUIIEHO MATOT€HHY MIKpPOQIIopy, aje ILIKOM
30epexeH0 TOXKMBHY IIHHICTh THOIO 3a a3oToM, Qochopom, kamiem
Touo [26, 27].
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Sk BUXiTHUIN MaTepial Ui oJep>KaHHs 0iorazy MOXKyTh OyTH BUKOPH-
CTaHl BIIXOJU TBAPUHHUIBKUX ()epM Ta PI3HUX POCIUH, MOOYTOBI OpraHi-
YH1 BIJXOJM HACEJICHUX MYHKTIB Ta BIIXOIU TBAPUHHOTO MOXOHKCHHS Xa-
puoBUX BUPOOHUITB. Buxia 1 ckiaj 6iorasy BU3HAYa€ThCS 3HAYHOIO KiJTb-
KICTIO YMHHUKIB, aJlé B OCHOBHOMY 3aJICKHUTh Bl CKJIaJy BHXIJHOI CHpO-
BuHM [28-33]. Buxig 6iora3y 3 pi3HUX BIIXOMAIB CUIHCHKOTOCIOAAPCHKOTO
BUPOOHUIITBA Ta OPraHIYHUX MOOYTOBUX W MPOMHUCIOBUX BIIXOJIB HaBe-
neHo y Taom. 1.1.

Tabmuusg 1.1 — Buxizg Oiora3y i BMICT y HbOMY METaHy MPU BUKOPHUC-
TaHHI PI3HUX BUJIB BIAXOMAIB [25]

Buxizua cuposisa Buxin 6iorazy Ha 1 kr BwMicT merany
CyXO1 pe4OBUHH, JI/KT (CHy), %
I'niii Benukoi poraToi Xypoou 200-300 50
Iuiit cBuHSUMH 340480 60-75
Kinchkuii THIl 13 COTOMOO 250 5660
bangunns kapromisiHe 420 60
Crebna KyKkypyI3u 420 53
Conoma nueHnyHa 342 58
Jly3ra coHsAIIHMKOBA 300 60
Cunoc 250 84
Tpaga cBixka 360 52
Bbypsik 430 84
Binxoau MopkBu 250 60
Tupca nepesuHu 220 51
TBepauii ocaj CTIYHUX BOJ 570 70
®dekanbHU ocaj 250-310 60
JlomarirHi BiIX01 i CMITTS 600 50

[Ipomiec anaepoOHOTO PO3KIAAy OpPTraHIYHUX PEUOBHH 3IIHCHIOETHCS
JIBOMa OCHOBHUMHU I'pylaMu MiKkpooprasizMmis. llepiia rpymna — e rerepot-
podH1 KUCTOTOTBOPHI OaKTepii, K1 KIITKOBUMHU (DepMEHTaMH 3/1HCHIOIOTh
riapodii3 (po3Kiaa) CKIAaJIHUX OpraHiuHUX 3’€AHaHb (OUIKIB, )KUPIB, BYTJIE-
BOJIHIB) 10 MOHOMEPIB Ta YTUJII3YIOTh iX 13 CTBOPEHHAM HU3bKOMOJIEKYJIS-
PHUX KUCJIOT, JIOKCUAY BYTJIELIO, aMiaKy, CIPKOBOJIHIO Ta BOJIU.

Hpyra rpyna aHaepoOHHX Opra”i3MiB — 116 METAHOTBOPHI OaKTepii, sKi
B CBOEMY PO3BUTKY BUKOPHUCTOBYIOTH JIUIIIE HU3bKOMOJIEKYJISIPHI OpraHivHi
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pEUYOBUHHU, TOOTO MPOJYKTH OOMIHY KHCIOTOTBOPHUX OakTepiil. MeTaHoBe
OpOAIHHS OPraHIYHMX PEYOBUH MPOTIKAE 3 YTBOPEHHSIM aMiaKy, METaHy
(61oras), BIILHOTO 30Ty, AIOKCHLY ByrJiewto Ta Boau [10].

EdexTuBHICTh BUPOOHUIITBA METaHY 3aJ€XKHUTh BiJl KITBKOCTI HEPO3K-
JaJICHOI BYTJICIIEBMICHOI PEYOBMHM y BIJICTOI: UMM CTapill BiIXOJU TBa-
PUHHOTO TIOXOJIKEHHSI, TUM BHIIA CTYMHb HOTO MOTMEPEAHHOTO PO3KIAMIY i
TUM MEHIILIE HEPO3KJIaIeHOI PEUOBUHH, IKa MOKe OyTH MepeTBOpeHa B Me-
TaH. TeXHOJ0Tisl BUpOOHUIITBA METaHY TaKOX 3aJIEKUTh BiJl BMICTY Y BiJIC-
TOT 1HEPTHUX PEUOBMH: UMM iX OLUIbIIE, TUM MEHIIMA BUXiJ METaHy Ha
OJWHUINIO MacHu BigxomiB [33-36].

AHaepoOHi OlopeakTopu 3 IMMOO1TI30BaHOI0 MIKPOGIOPOI0 € OUIbII
NOIIUPEHUMH, HIXK aepoOHI1 O10pereHepaTopu, OCKUIbKM B HUX HE MOTPIOHO
OpraHi3oBYBAaTH YMOBH JUIsl IHTEHCUBHOTO MacOOOMiHY (TIOCTiiiHa aeparfis).
B GiopeakTopax cepelHbOi KOHCTPYKINi AJIsI aHAepOOHOTO NepepoOIeHHS
MIHIMQJIbHUNA 9ac OpodiHHS cKkianae 6—12 rop, Mo 3HaYHO MEPEBUIILYE IMO-
Ka3HUKU aepoTeHKIB [14].

kim0 BUXiIHUM MaTepiai 3HAXOJUTHCSA B PIAKOMY CTaHI, TO aHaepoO-
HUM crnoci0 OpOoMiHHS € NMEePEeBaKHUM, OCKIUIbKM MOTpEeOM B €Heprii Juis
OKpEMUX €TariB Mporiecy (HapuKiaj, MiIrpiBy) MOXKYTh OyTH MTOKPUTI 3a
pPaxyHOK OTpUMaHOro razy. [lpu BIANOBIAHOMY BEIEHHI MPOLECY MOXKIIU-
BUM € JIOJIATKOBE 3HMKEHHSI BUTPAT 3aBISIKHU KOPUCHOMY BUKOPHCTAHHIO
HAJIJIMIITKOBOI KinbKocTi rasy. llle oaHiero mepeBarorw aHaepoOHOro Opo-
JUHHS MOKHA BBaYKaTH I1JIBUIICHUIA BMICT a30Ty B KIHIIEBOMY CyOcTpaTi
(mpu aepoOHOMY OpOJIIHHI BTpaTu a3oTy csaraioTs 40 %) [17].

3a paxyHOK aHaepoOHOTO MepepoOIeHHsS BIAXOAIB TBAPUHHOTO IMOXO-
JUKEHHS 13 BMICTOM CYXOro 3aJHIIKy Bifl 5 10 15 % oTtpumyerbes 6ioras 3
TEIJIOTOIO 3TOpsiHHS Big 2,5 1m0 5,6 kBr-rom/m [36]. I'ycTuHa Oioraszy —
1,22 r/m’. Bubyxone6e3neuna KOHIEHTPAIlisl H0To B IOBITPi CTAHOBUTH Bif
19 no 25 %. CnoxuBaHHsI €HEprii Ha BJIACHI MOTpedu ckiamae Big 20 10
30 % ©Oiorasy, IKHii OTPUMY€ETHCS BHACTIIOK OPOAIHHSL.

[ligxia 1o mpobiemu mepepoOsIeHHST BIIXO/IIB XapyOBUX Ta CUIbCHKO-
rOCIOIapChKUX BUPOOHUITB MOBHHEH 0a3yBaTHCh MEPII 3a BCE HA BUMO-
rax 3aXMCTy HaBKOJIMITHBOTO CEpPEIOBHINA, A0 SKUX BXOMASTH: YCYHCHHS
emicli HeMpUEMHUX 3amaxiB MpPU OTPUMaHHI 1 30epiraHHi BIAXOMIB; 3apa-
YKEHHS JII0/IeH 1 TBapuH 30yAHUKAMU XBOPOO; 3armo0iraHHs nepeBaHTaKeH-
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HSl TPYHTY, BOAM Ta POCIWH LIKIIJIUBUMHU pedoBuHamu. [Ipu npomy 3acro-
CyBaHHSI aHAEpOOHMX METOJIB YTHWJII3allil BIIXOMIB TBAPUHHOTO IOXO-
JDKEHHS XapyOBHX MIAIPUEMCTB J03BOJISI€ OTPUMATH JIOJIATKOBI IIEpeBary 3
TOYKH 30pY BUPOOHMIITBA MPOJYKIIi Ta €KOHOMIi €Heprii, OCKUIbKU MpHU
3aJlaHuX YMOBaxX 3MEHIIYIOTHCS 3aTpaTH Ha TMEPBUHHY E€HEPrilo HUIIXOM
peaizalli eHepreTUYHOro MOTEHIlaTy BiIXOIIB.

OCHOBHI TEHJEHIIII pO3BUTKY CUCTEM Ol0KOHBEpCii BU3HAYaIOThCS BU-
MOTaMHU OXOPOHH HAaBKOJMIITHHOTO CEPEIOBHUINA Ta MOXKYTh OyTH JOCATHYTI
B pe3yJbTaTl BUKOPHUCTAHHS SIK aepOOHOr0, Tak 1 aHAEepOOHOTO CIOCO0y
OpoAIHHS.

Bupimansaumu gakrtopamu pu BUOOpPI KOHKPETHOTO CHOco0y Opo-
JIIHHA €:

—  TIEpBUHHI Ta €KCIUTyaTalliiiHl BUTPATH;

—  HaAlHICTH 610Ta30BOT0 00JIATHAHHS B €KCIUTyaTallii;

—  BHUMOTH JI0 TEXHIYHOTO OOCIIyTOBYBaHHS Ta IIEPCOHAIY;

—  e(eKTUBHICTh BUKOPUCTAHHSA OTPUMAHOI MTPOIYKIIIi.

Jlep>kaBHa MOJIITHKA 3 BIIPOBAXKEHHS €HEPro30epiratounx TEXHOJIOTH Ta
ATBTEPHATUBHUX JPKEPET CHeprii MoxKe OyTH YCIIITHO peani3oBaHa IIISTXOM
NOJJAJIBLIOTO PO3BUTKY cUCTEM Ol0KOHBepcii. BupiiieHHs 1i€i 3agadul nmotpe-
Oye JeTaabHOro JIOCHIKEHHS TpOIeCiB iHTeHCHbIKaIi aHaepoOHOro Opo-
JiHHS B OlopeakTopax 3 METOI0 pO3pOOJICHHS MPAKTUYHUX PEKOMEHJAIl 3
YIOCKOHAJICHHSI CUCTEM TEXHOJIOTTUHUX TIPOIIECiB O10KOHBEPCII.

EdextuBHicTh TIepepoOieHHsT 610Macu B €HEPreTUYHY MPOIYKIIIO JOCS-
Ta€ThCS JIMIE 32 PaIliOHATBHUX MapaMeTpiB TEXHOJIOTTYHUX IMPOIECIB 1 Ma-
IIMH [Tl TIEPEPOOHUX MIANPUEMCTB, 110 31HCHIOIOTH KOHBEPCIIO 010CHPOBH-
Hu. GopMmaizaiiisg 3B'SI3KiB MK TTapaMeTpaMu OOJIaTHAHHS Ta TapaMeTpaMu
MPOLIECIB, aJalTUBHUX JI0 HASBHOI CUPOBWHU, JO3BOJUTH MIABUIIUTU €]eK-

TUBHICTh O10€HEPTETUYHNX BUPOOHHUIITB Ta TIOKA3HUKH SIKOCTI OloTainBa.

1.2 Hanpsimku iHTeHcudikanii aHaepoOHOro npouecy OpoaiHHS
Npu BUPOOHUNLTBI Oiorasy

JIist  MOCsATHEHHST BUCOKOi €()EKTUBHOCTI poOOTH Oil0OpeakTopiB Ta
OTpPUMaHHS MaKCUMAaJIbHOI KUIBKOCTI Oiorasy 13 oJMHHII 00’eMy OioMacu
HEOOXITHO CTBOPUTH ONTHUMAIbHI TEXHOJOTIYHI TapamMeTpu B OiopeakTopi
[37]. Ha iHTeHCHBHICTB TIpoliecy 30pOIKyBaHHS 1, SIK HACTIAOK, YTBOPEHHS
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Oiora3y BIUIMBAIOTh YOTHPHU Ipymnu (akTopiB: 010J0T1uHI, Pi3uuHI, XIMIUHI
Ta OpraHi3aliitHO-TeXHOJIOT14HI.

CTpykTypHy cXxeMy LUISXIB I1HTEHCH(]IKalli Mpoliecy aHaepoOHOro
OpomiHHs cyOcTpaTy B 6iopeakTopax HaBeJeHO Ha puc. 1.2.

[Lnaxu inTeHcudikauii nporecy
anaepoOHoro 6poliHHg cyOCTpaTy

MmepeMillyBaHHs TepMocTadinizaiis TEXHOJIOT s
MeXaHiuHe H ninirpisans peskmuM poﬁo'n:{
- (OesnepepBHUI,
JUCKPETHUH)
H rijipaBiiuHe
3MEHILEHHS TeMJIo-

MPOBIAHOCTI 3aXHCHUX SAKICTH CUPOBMHU
KOHCTPYKILiii

((ppakuiifHiCTb, BOJOTICTS,
B'SI3KICTb, JTY’KHICTh)

aepoiMHaMIYHe

Pucynok 1.2 — CtpykTypHa cxema NUIAXiB iHTeHCU(IKAIlT Tpolecy
aHaepoOHOTO OpoiHHA cyOcTpaTy B 6i0peakTopax

Jlo 6ios0riuHuX (PaKTOpiB BITHOCATHCA: CKJIaa 30pOoKyBaHO1 OiomMacH
(BMiCT O1JIKIB, KHMPIB, BYTJICBOJIB, JITHIHIB); CKJIa[ MIKpodIopH (KiIJTbKICTh
1 Tpyn# MIKpOOPTraHi3MiB BIAMOBIAHOI CTaAll PO3KIIAJaHHs); YMOBU JKUTTE-
JISTTBHOCT1 MIKpOOPTaHi3MiB (BMICT MIKIJIUBUX JIOMIMIOK). P13uyHi (hak-
TOPU BKJIIOYAIOTh: TEMIIEpaTypy 30pOKyBaHHS; TUCK y OlopeakTopax; ri-
JPABIIYHUNA peKUM. XIMIUHI (PaKTOPU BU3HAYAIOTHCA KHUCIOTHICTIO Cepe-
noBunia (BenuurHa pH); BMICTOM JIETIOUMX JKUPHUX KHUCIOT Yy 30pOIKyBa-
HI Maci; 00csToM 1 cKilagoMm Oiorasy, 1o yTBOPHOEThCs. OpranizaliiiHo-
TEXHOJIOT14HI (PaKTOpu mepeadadaroTh: 103y T000BOTO 3aBAHTAKEHHS HO-
BUX TOPIIiK 30pOKyBaHOT MacH; HaBaHTAXKEHHs 3a 0€330JbHOI0 PEUOBH-
HOIO; BMICT y 610Maci pe4OBUH, 1110 HE IMiIAI0ThCs IEPEPOOIIi.

3ajie’)kHO BIJI TEMIIEPATypHOI'O IHTEpBaly, IO HIATPUMYETHCS B
OiopeakTopi B mpoiieci poOOTH, PO3PI3HAIOTH TaKi PEKUMHU 30pOIKYBaHHS
[10, 13, 14, 25, 32, 38]:

e kpiodimpaMIL (t < 20°C; ty,, = 5-15°C);
o Mme30¢inpHuH (t = 25-45°C; to, = 32-42°C);
e TepMoubHUl (t = 45-55°C; ton, = 48-51°C).
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KpiodinsHuii pexxum 30poKyBaHHS HE MOTPeOye CreniaibHOTO ITiJIir-
piBy cyOcTpaTy, NpoTiKa€e MpU TeMIepaTypl HaBKOJUIITHBOTO CEPEIOBUIIA 1
BUKOPHCTOBYETHCSI HA HEBEJIMKKX 1HIMBITyaIbHUX YCTAaHOBKAaX y KpaiHax 3
TEIJIUM KJIIMaTOM. Sk TIpaBmIIO, Taki yCTAaHOBKU MalOTh IUCKPETHHI Xapa-
KTEp 3aBaHTAXEHHS 1 BUBaHTaxeHHs. [lepeBaroto KpiopiabHOTO PEXUMY €
BIJICYTHICTh BUTPAT TEIUIOBOI €HEPTii Ha MIATPUMKY CTAOLIBLHOT TeMIiepa-
Typu. []o HEeAOMIKIB Ciij] BIIHECTH MMOBUIbHE NMPOTIKaHHS 010JI0TTYHUX TIPO-
1IECIB 1 HU3BKUM BUX1j Oiorasy.

Me3odinbauil pexum 30poJKyBaHHS, SIK L€ MIATBEPAKEHO HOCHTi-
JKEHHSIMU 1 IPAKTUKOIO eKCIuTyarailii ycranoBok [9, 10, 12, 17], npoTikae
HaWOUIBII IHTEHCUBHO B TeMnepatypHoMy iHTepBam 32—42 °C. [Ipu npomy
HAWOUIBIII aKTUBHO «IPAIIOIOTHY) METAHOTEHHI OakTepii 3 MaKCUMaIbHUM
YTBOPEHHsSIM Oiorazy. OjHak BIIXHWJICHHS B1J ONTHUMAJIbHOTO I1HTEPBATY
temriepatyp Ha = 5 °C mpUBOAWTH JO 3MEHIIEHHS BUXOIy Oiorasy B
2-2,5 pa3u, 1O CBIAYUTH MPO YYTIUBICTH OAaKTEpii O TeMIEpaTypu cepe-
JIOBUIIIA 1 TOTPeOY€e€ BUKOHAHHS KOHCTPYKTHBHO-TEXHOJOTIUHMX 3aXO]IiB
o0 il miarpuManHs. [ligirpiBanHs 1 mMATpUMaHHS CTaOLIBLHOI TeMIepa-
Typu 30pOJIKYyBaHHS 31HCHIOETHCS, SIK TTPABUIIO, MPOKAYyBAHHSAM HArpitoi
BOJM Yepe3 CreliajgbHi TerI000MIHHUKHM, 3MOHTOBaH1 B Oiopeaktopi. Ha-
TPITY BOJY OJCPKYIOTh Y KOTEJIIbHOMY arperati, BAKOPUCTOBYIOUHU JIJIsl O-
ro poOOTH YacTUHy Oiorasy.

TepmodibHMI peXKUM 1a€ MOKIUBICTD OJEPKYBATH MAKCUMAJIbHY Ki-
JBKICTH 010Ta3y 32 KOPOTKUH TEpMIH 30pOJIKyBaHHs. IHTEHCUBHICTh 30pO-
JOKYBAHHS B 2 pa3u BUIIA, a 4ac nepeOdyBaHHA B OlopeakTopi B 2 pa3u
MEHIIUH, HIXK Tpu Me3odinbHOMY. OHAK MIATPUMAHHS MOPIBHSHO BUCO-
KOi TeMIiepaTypu noTpedye 3HAaUHUX BUTpAT eHeprii [25].

[TinBuIieHHS THCKY B 010peaKTOpi BIUIMBAE ABO3HAYHO. 3 OJTHOTO OOKY,
3 MIJABUIICHHSIM 3arajilbHOro TUCKY 1 mapiiainbHoro tucky CO, peakilis
YTBOPEHHS METaHY

C02+4H2—>CH4+2H20 (11)

3MINIYETHCS BIIPABO, IO € CIPUATIUBUM JUIS OJIepKaHHs Oiorasy. 3 1HIIIO-
ro OOKy, MiJIBUIIIEHHS TUCKY BEJle 10 3pOCTaHHs po3unmHHOCTI ra3iB (H, 1
CH,) y Boai, mo ranemye Buxin metany (CHy) y razoBy ¢azy. Tomy Oib-
IIICTh YCTAHOBOK MPAIIOIOTh MPU TUCKY, 1[0 HE3HAYHO MEPEBUIIYE aTMOC-
bepHuil.
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[TinroToBka GioMacu BKJIIOYA€E BIJIIJICHHS CTOPOHHIX PEYOBHH Ta CyO0-
CTaHIIlM, MOJPIOHEHHS, TOMOTEHI3allll0 1 BCTAHOBJICHHS MOTPIOHOTO JJis
30poKyBaHHS ckiaay cyoctpaty. IloapiOHeHHsT GioMacH J103BOJISIE MOK-
paIiTH 3MINTyBaHHS CyOCTpaTy 3 BMICTOM (pepMEHTEpa Ta MOJIIIITYE J0C-
Tyn OakTepisM J0 TOKUBHUX PEUOBUH CyOCTpaTy. 3a paxyHOK IIbOTO TIPO-
1iec 30poKyBaHHS MPOTIKAE IIBHUIIIE 1 B OIBIIT TOBHOMY OOCS31.

Pi3H1 rpynu O6akTepiil 1S KUTTEAISUIBHOCTI BIAAAIOTH MepeBary pi3Hii
KHUCTIOTHOCTI cepefoBuimia. ONTUMaJIbHUM BBaXaeTbcsd 3HaueHHs pH
4,5-7,5 [25]. Hdna crabutizailii BUKOPUCTOBYIOTh B OiopeakTopi J00aBKU
kapoonaty NaHCO; a6o 6ikap6onaty NaCO; Hatpiro.

JlesiKi eJIeMEHTH 1 CHOJYKH J1I0Th THITIOYE Ha MIKPOOPTaHi3MHU ax J0
MOBHOTO MPUITMHEHHS IXHBOI KUTTEMAISUIBHOCTI. Jl0 TaKMX PEUOBHH BiJIHO-
CATBCS: COJI BaXKHUX METANlIB; COJII JIY’)KHUX 1 JIY’)KHO3EMEIbHUX METaiB;
HITpaTH, CyJIb(aTH; OpraHidHI POZUNHHUKHN 1 aHTHO10THUKH.

Jlesiki peuOBUHM 3aJI€KHO BiJl KOHIICHTpAIlli MOXYTh OyTH CTHUMYJIIO-
BaJIbHUMHU, rajbMyBaJIbHUMHU 200 1HTOYBaJIBHUMHU. AMIaK MPU KOHIIEHTpa-
uii Outbme 200 MI/a CTUMYJTIOE PICT MIKPOOPTaHi3MiB, MPU KOHIEHTPALIii
outbme 500 Mr/m — rampMmye iXHIM PICT, a MpU KOHIEHTpAIii OiIbIIe
3000 Mr/m — TOKCUYHUH.

Ha mizmcraBi mocBiny ekcrutyaTtarlii 6i0peakTopiB y Me30(iIbHOMY pe-
KUMI ONITUMAIBHOIO JI03010 3aBAHTAKEHHS Ha 100y BBaXkaeThesi 7—10% Bif
3arajibHOi Macu cyocTpary npu Bojorocti 90-95 % [25].

I3 3akopoHHUX AaHUX cTaOUIbHA poOoTa GlopeakTopa 3a0e3neuyeThes
npu BUTpaTi 1—2,5 Kr CyXoi pedoBMHM Ha | M> yCTaHOBKHM 3a 100y [25].
MakcuMasIbHe HABAHTaXKEHHS JOITYCKAEThCS 8,5 KI' CyX0l PEYOBHHH HA M
3a 106y. IIpn upoMy BuXix Giorasy cknanae 0,8—1,4 M°/Kr CyXoi peHOBHHH.

Yac nepebyBanns cyOcTpary B 6iopeakropi ckianae 1540 nil, a cry-
MiHb TIepepoOsIeHHs cyxoi pedoBuHU 3654 % [25].

Excrutyarartiiss KOMIUIEKCIB OJiepaHHsI 01orazy 3 BIAXOMAIB CUIbCHKOTO
rocroJapcTBa rmokaszania, o Jiman (KUpu) 1 BYTJIEBOJIU PO3KIAIal0ThCS HA
62—70 %, 61nku — Ha 46—48 %, po3kiagaHHs JirHiHIB He nepepuiiye 20 %.

TpuBanictb BUXoay OlopeakTopa Ha CTaOUIBHUN PEXKUM BHPOOJICHHS
Oiorasy (3amycKy) 3ajie’KUTh BiJ] IHTCHCUBHOCTI PO3MHOKEHHS METaHOT€H-
HUX OakTepid. 3 METOI0 CKOPOYEHHS Yacy 3aIlyCcKy JOIIJIBHO TiJ] Yyac 3aBa-
HTAXXCHHS BBOJIMTH B YCTAaHOBKY 30pOJKyBalIbHY Macy («3amai) 31 cTa-
O1IbHO MPAIIOIOYUX YCTaHOBOK.
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IIponec anaepoOHOTO OPOJIIHHS BiJIOYBA€ThCS €(DEKTHUBHIIIE IPH HOTO
iHTeHcu(ikamii Ta TepMocTadiizanii. BaxxnuBuM acrnekToM cTablIbHOCTI
TEIJIOBOTO PEKUMY B O10pEaKTOp1 € MIJIrpiBaHHS CyOCTpaTy Ta OAHOYACHA
TETJIO130JIAIIIS CTIHOK O10peakTopa BiJ KOJMBAHb TEMIIEPATyp HABKOJIHIII-
HBOTO cepenoBuila. PeHrabenpHICTh 610peakToOpiB MPOMOPIIiifHA BUTpATaM
eHeprii Ha ii o6irpiBanHs. Mikpo0610J0Ti4HI 0COOIMBOCTI TPOTIKAHHS MPO-
1ecy aHaepoOHOro OpoAiHHS MOTPeOYIOTh TOTPUMAHHS MEX TeMIlepaTyp-
HUX PEXHUMIB 1 TeMIlepaTypHOi cTaOuli3ailii, piBHOMIPHOTO MPOTPIBAHHS
CepeIoBUIIA, BIJICYTHOCTI 30H MEPEOXO0JIOKEHHS 1 meperpiBanus [39-44].

[I{o6 oTpuMaTtu HEOOXiAHY JJIsl MpOLeCY OPOIIHHS TeMmepaTypy 1 3a
MO>KJIMBOCTI MIATPUMYBATH i1 Ha CTAJIOMY PiBHI, BapTO, MEPII 3a BCe, M-
TpITH A0 HEOOXIJHOI TeMmmepaTrypu CyOcTpaT, KMl MOJaeThes B Olopeak-
top. JlomaTkoBe MmiJBEACHHS TEIUIOTH HEOOXITHE I KOMIICHCAIIl TeIlIo-
BHUX BTpaT. TerioTy MO)KHa IiJBOIUTH 10 CyOCcTpary B pobouomy cepeno-
BUILI OlopeakTopa abo B MPUCTPOI, AKUI Horo mipkuBiItoe. OCKUIbKH Te-
penaay TeMIepaTypu HEraTUBHO BILTMBAIOTH HA X1 O10JOTTYHOTO MPOLIECY
aHaepoOHOro OpOAIHHS, HEOOX1THO 3a MOKJIMBOCTI MOEAHYBATH I1JIBEICH-
Hi TEIJIOTH JO OlopeakTopa 3 I1HTEHCHBHHM TIEPEMIIIyBaHHIM
cyoctpary [8, 14].

Kpim Toro, B cucremMi migBeJeHHS TEIUIOTH HEOOX1THO IepembdayaTu,
00 Ha MOBEPXHAX TEIIonepeaavl He BIAKIAIAIUCS TBEPIl YaCTUHKH CyO-
ctpary. ToMy peKOMeH/I0BaHi, HAIPUKJIAJA, BUCOKI IIBUAKOCTI pyXy cyO-
CTpaTy BIJIHOCHO MOBEPXOHb Terionepenayi ado, mood i TOBEPXHI JIETKO
ouninyBanuchk. Ha po0boTy TemmooOMiHHMKA HE MOBUHHA BILIMBATH MPUCY-
THICTb B CyOCTpaTi TBEpIWX MaTepiayiB (HAMPUKIAI, CTEOEN COJIOMH,
mip’s, mepcTi) [3, 13].

VY HeBenukux OGlopeakTopax BUKOPHUCTOBYIOTHCS TETJIOOOMIHHI HArpiB-
H1 arperaTd (HampuKIIaJ, THY4YKI HEMeTajeBl TpyOOIpOBOIM, IMIIHIPUYHI
ab0 MIIOCKI TEMIOOOMIHHUKH), Yepe3 sIKI MPOXOJUTh rapsiya Boja 1 skl Mo-
’KHa BUWMATH 13 OlopeakTopa mnpu ii ouunieHHi. HarpiBaui, BOyaoBaH1 B
CTIHKHU 010p€akTopiB, JAOLIBHO 3aCTOCOBYBATH 3 MOTJISAY Ha iX KoedillieH-
TH KOPHCHOI JIii JIIlIe B TOMY BUTAJIKY, SKIIO BOHH MOXXYTh IepeaaBaTh
TEIIOTY JI0 cyOcTpary 3 000X CTOPIH CTIHKHM TakK, SIK 1€ BIIOYBA€ThCS B
JIBOKaMEpHIM YCTaHOBIII 3 BHYTPIIIHBOIO Teperopojikoro [13]. Kpim toro,
HiirpiBaHHs cyOCcTpaTy MOKHA 3JIIHCHIOBATH OE€3MOCEPEeIHbO, TTO/Ial0UH B
HBOTO Tapsuy BoAy abo mapy. OCKUIBKH BOAA CITY>KUTh OJHOYACHO IS PO-
30aByieHHs 1 TypOyJi3alii cyocTpaTy, SKui Ipu 3aBaHTaXKEHH1 MICTUTH Be-
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JIMKY KUTBKICTh TBEPJUX YACTUHOK, 1I€M METOJ MOXKE BUSIBUTUCH €(DEKTUB-
HuM [3, 13]. IligirpiBanns cyOCcTpaTy HUISIXOM BBEJIEHHS MapH MiJ THCKOM
MPUBOJUTH J0 MIJBUILECHHS BMICTY BOJIOTH B 0l0rasi, i YCYHEHHS SKOi
Py TIATOTOBIN Ta3y 0 BUKOPUCTAHHS HEOOXIJIHI JOAATKOBI 3aXoiu. Y
BEJIMKUX YCTaHOBKAaX, 0COOJIMBO B KOMYHAJIbHUX YCTAHOBKAX JJIsl OUMIICH-
HSl CTIYHUX BOJI, IIUM HEJOJIKOM HEXTYIOTh, 3BaKal0Uu Ha OUIbII BUCOKHIA
eHepreTHYHUi KoedilieHT KOPUCHOT JIii Teronepeaayi.

PiBHOMIpHY nepenavy TEIIOTH A0 CyOCTpaTy MOXKHa 3a0€3MeYuTH 3a
JOTIOMOT'010 TETJIOOOMIHHHMKIB, pO3TAIlIOBAaHUX I03a ycTaHOBKOKO. IIpote,
X CcJi1 BUKOPUCTOBYBATH JIMIIE B TTOEJHAHHI 3 CHCTEMOIO BUMYIIEHOT IUP-
KyJisLii cyOcTpary, 0 CIPUYMHIOE BINOBIIHE MiABUILIEHHS BUTPAT €HEp-
rii, aje M03BOJIsi€ HAIHHO PETYIIOBaTH TemmepaTypy opominus. Ls cucre-
Ma MiAITpIBaHHS Ma€ TEepeBard 3aBASKH OJHOYACHOMY MiJIrpiBaHHIO Ta
MEePEMIIITYBAaHHIO CBIKOTO Ta IUPKYIIOIYOro cyoctpary. Pi3Huils Mix Te-
MIiepaTypaMu cyOcTpaTy, KU HaJAXOAUTh B 010peakTop, Ta THUM, 110 Tam
3HaXOJIUThCS, Oye HE3HAUHO0. [0 TOro *k, HaAIiHO MIATPUMYETHCS IIBU-
JKICTh NIEpPEMIIIEHHs CcyOcTpaTy, sika € HeOOX1AHOI Uil 3aro0IraHHs BU-
NajiHHS TBEPJIOTO OCajy Ha MOBEPXHIX TeriooOMiHHMKA. Po3TanryBaHHs
TEIMJIO0OMIHHHUKIB 11032 M&KaMHu 010peakTopa 3HAUYHO IMOJIETIITYE TOCTYII 10
HUX JUIsl 00CITyTOBYBaHHSI Ta PEMOHTY.

[lepeminryBanHst cyOcTpatry B 010peakTopi CIpHsie IHTCHCUBHOMY KOH-
TaKTy MIKPOOPTaHi3MIB 3 KUBWJIBHUMH PEYOBHMHAMU, IHTEHCU(]IKYyE BUJA-
JeHHs O1orasy i 3anmo0irae yTBOPEHHIO KIpKU Ha MOBEPXHI, 10 MPUBOIUTH
110 301IbIIeHHST YTBOPEHHsI Oiorasy. [lepeMinryBanHsa 0ioMacu B JaHUM 4yac
3MIMCHIOETHCS, SIK MPABHUIIO, MEXAHIYHUMH MIIIAJIKAMH 3 €JIEKTPOTIPUBOIOM
a00 3BOpPOTHUM 010Ta30M MICTS MIABUIIEHHS HOTO TUCKY B KOMITPECOPI.

V HepIIoMy BUIAAKy BUTPATH €NEKTPOeHeprii ckiagaiors 50 Br/m’
00’emy OiopeakTtopa. B apyromy Bumaaky mpu BuTpati 0iorasy OJM3bKO
1 M°/M* IO OBEPXHi HOCSAraeThCs TapHHUil e(DEKT IepeMilyBaHHs, ane
niaBuieHHs napiiaisHoro Tucky CO, 1 CHy MoXe YNOBUIBHUTH MPOLIEC
YTBOpPEHHs O10rasy.

InTencudikyBaT mpoiiec BUBUIbHEHHS 010Ta3y MOMKIIMBO 32 PaXyHOK
NepeMilTyBaHHs OPTaHIYHOI Mach BiOpOakTHBaIli€r0, 0apOOTyBaHHSM YH
MexaHIYHUM criocoOom. TloctiitHe piBHOMIpHE PO3MOIJICHHS Ta MepeMi-
IICHHS PIAWHY 1 TBEPAUX PEUYOBHH, SIKI MICTSITHCS B HIM Ta PI3HATHCSA 3a PO-
3MipoM, (OPMOIO Ta IIUIBHICTIO, € MEPEeAyMOBOIO O€3MEepEenIKOHOIO Ta
e(eKTUBHOr0 NPOTIKaHHs npouecy Opoainns [13].
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B OpoamnpHuX KamepaxX HEOOXITHO MPOBOJIUTHU CTPIMKE IEpEeMIlry-
BaHHS /I TOINEPEPKeHHs] BUHMKHEHHS Y BEpXHIM 4YacTUHI OlopeakTopa
CIUIMBAOUYO1 pedyoBHHHU. Lle 3HAUHO MPUCKOPIOE Mpoliec OPOAIHHS 1 BUXIA
Oiorazy. be3 mepemimryBaHHS JUIsi OTPUMaHHS TaKOi K MPOJTYKTHBHOCTI
00'eM yCTaHOBKHM TOBUHEH OYTH 3HaYHO 3011bIIEHUH.

[lepeminyBanHs 3aicHIOETRCS [13, 14]:

® MEXaHIYHUMH MilIaJIKaMH pi3HOI (opmMu abo HacocaMu 3 PUBOJAOM
B1Jl €JIEKTPOJIBUTYHA;

® TiApaBIIYHUMHU HACAJKaMU 3a PaXyHOK €HEprii CTpyMmeHs, 10 mnepe-
KauyeThCsl HACOCOM 30pOJIKYBAHOTO CyOCTpaTy, a00 PeIUpKYJISINELO;

® HaJMIPHUM THCKOM 010Tasy, 110 MPOMyCKaeThcs yepe3 0apOoTaxHUn
NpUCTpiit a00 TpyOKy, po3TalllOBaHy B HUKHIM YaCTHHI PeAyKTOpAa.

3acTocyBaHHsI 00EPTOBUX NEPEMINIYBAIbHUX MPUCTPOIB MOTpeOye BU-
COKHMX BUMOT /10 opMH Ol0peakTopa, OCKUIbKM BOHA IMOBHHHA 3a0e3meuy-
BaTH HEOOX1/IHI YMOBH JIJIsi 3SMEHIIICHHS] YTBOPEHHS OCay 1 TUIaBarovoi Kip-
ku. [1IBUIKICTh MepeMillieHHs, M0 MOTPiOHA AJI IHTEHCUBHOTO TIEPEMIIITy-
BaHHSI CyOCTpaTy, BU3HAYA€ThCA yMOBaMHU TYpOYJIEHTHOCTI B YCIX 30HaX
yCcTaHOBKU. TOMy Taki MIllIaJIKU MOXYTh €()EKTUBHO BUKOPHUCTOBYBATHCH
JUIIe B HEBEJNMKUX OlopeakTopax MHpu il Ha Baxkki cyoctparu. [ns cyO-
CTpaTiB Majoi B’S3KOCTI, 10 MICTSTh MaJl0 PEYOBHUH, CXUJIBHUX JO OCa-
JUKEHHST YM YTBOPEHHS TUIABAIOY01 KIpKH, MEXaHIUHI TIEpEeMIlTyBalbHI MPHU-
CTpOi € OUIbII e(HEKTUBHUMH 1y BITHOCHO BETTUKHX O10peaKkTopax.

VY Benmukux OiopeakTopax, 0COOJMBO IMTHAPUYIHOI hopmu, cyOcTpaT
MO>KJIMBO TIEPEMINTYBATH TiAPaBIIYHUM CIIOCOOOM, TOOTO 3a JOMOMOTOIO
CTpyMeHs piiuHu. B uncinenHux 6iopeakropax, 30ynoBanux B denepatus-
Hii PecnyOumini Himewuuni 20 pokiB Tomy, 100pe 3apekomMeHyBajia cede
cCUCTeMa 3 PyXOoMHM coruioM. [Ipu ropuzoHTaIbHOMY HampaBleHi COIUIa,
AK€ OOepTaeTbCsi HABKOJO OCI YCTAHOBKM Ta MOXE IMEpPEMILTyBaTUCh
B3JIOBXK HEi, CTpyMiHb PIJUHU MOTPAIUIAE B YCi 30HU POOOYOTrO MPOCTOPY
yCcTaHOBKHU. ['ipaBiiyHi CUCTEMU 3 HEPYXOMHUM COILIOM MOTPeOyIOTh, Ha-
BITaKH, PETEILHOTO MiA00pPY 3T1HO 3 po3Mipamu 1 GopMor0 Oi0peakTopiB
JUTsl 3a0€3Ne4YeHHs] TOCTaTHBOTO MEPEMIITYBaHHS CyOCTpaTy B yCiX 30HaxX
YCTaHOBKH [8].

Bucoky sikicTh nepeMillyBaHHs MOKHa OTPUMATH, HATHITAlOUU OTPH-
MaHU B pe3ynbTaTi OpoAiHHs Ta3 B piakuil cyocrpat. Ilpote, npu upomy
cyOcTpaT He TTOBUHEH MaTH BUCOKY B’SI3KICTh Ta CXWJIBHICTH 10 YTBOPEHHS
1aBaroyoi Kipku. B iHIIoMy BUmaaKy, ciiija 0e3nepepBHO BUAAISATH YACTH-
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HKH, SIK1 CIJTUBAIOTh, a00 BIJIOKPEMIIIOBAaTH KPYITHI YaCTUHKH TBEPIOTO Ma-
Tepiany BiJl cyOcTpaTy nepes] 3aBaHTaKEHHSIM HOoro B 010peaxkTop.

[lepcieKTUBHUMHY HUIIXaMHU BIIOCKOHAJICHHS YCTAaTKyBaHHS IS 1HTCH-
cudikarii mporecy aHaepoOHOTO OpOiHHS CyOCTpary B OiopeakTtopax 3
METOI0 30UIbLIEHHS BUXOJYy Olorasy Ta 3MEHLICHHsS 4acy nepeOyBaHHS
cyOcTpaTy B YCTAHOBIII € MEXaHIYHE nepeMinryBanHs. OJHUM 13 HAPSIMKIB
iHTeHCcU(IKaIli Ta 3MEHILIEHHS €HEPrOBUTPAT Ha BUPOOHUUTBO Oiorasy €
TaKOX 3MEHIIEHHS TEIJIOBTPAT 4Yepe3 OTOPOKYBalbHI KOHCTPYKIIiI KOp-
nycy ycraHoBku [ 13, 28, 43].

1.3 KoHCTPYKTHBHI 0CO0JIMBOCTI YCTATKYBAHHS 010KOHBepCii

biopeaktop — ocHOBa Oyzb-sKOi 010ra30BOi YCTaHOBKH, TOMY JI0 HOTO
KOHCTPYKIIii BUCYBAIOThCA JOCUTH KOpCTKI BUMoru. Kopnyc 6iopeakropa
MOBUHEH OYTHU JOCUTH MIIHUM IPU aOCOJIOTHIA F€PMETUYHOCTI HOTO CTi-
HOK. OOOB’S3KOBUMH € HaJiifHA TEIJIO130JIAIIS CTIHOK Ta iX BJIACTUBICTH
IpOTUCTOSATU KOpo3ii. [lpu 1pomy HEoOXigHO TependadynuTH MOKIUBICTh
3aBaHTAKEHHS Ta BUBAHTAXKEHHS OlopeakTopa, a TakoX JIOCTYyI A0 HOoro
BHYTPIIIHBOT'O MPOCTOPY 1J1st 006ciyroByBanHs [13]. [IpuHuun poOoTH BCix
010peakToOpiB OJHAKOBUMA: MICHsI 3aKIHYEHHs 30UpaHHs ¥ MATOTOBKU CUPO-
BHHH, 1110 IIOJISITA€ B JOBEJCHHI 1i 10 HEOOX1THOI BOJIOIOCTI B CIIEIIaIbHIN
€MHOCTI, BOHA TOJAETHCA B YCTAHOBKY, B SIKii CTBOPIOIOTHCSI YMOBH IS
onTHMI3allii mporecy anaepoobHnoro oposainus [45-51].

[IpakTUyHO TOCSIKHUN B MPOMHUCIIOBIN YCTAHOBII BUXI1J] Ta3y 3aJ€KHUTh
BiJl 6aratbox (paKTopiB, BIUIUB SKUX OOYMOBIIOETHCSI KOHCTPYKIIIEIO yCTa-
HOBKM Ta BHUpOOHMYMMH yMoBaMu. CyTTeBe 3HAU€HHS MAIOTh TaKi
¢dakropu [10]:

— 3aBaHTaXEHHs poOOYOro MpocTopy (KUIBKICTh 3aBaHTAKEHOTO CYO-
CTpary, 10 MPUMNAJAE HA OJUHUII0 YUCTOro 00’ eMy GlopeakTopa, a TaKoXK
IPOAYKTUBHICTh HOTO 3aBaHTAXKECHHS);

— TEXHOJIOTIYHHUM 4Yac MUKy aHaepoOHOTo OpoxiHHs (4ac mepeOyBaH-
HSl B YCTAHOBI[ OPraHIYHOI MACH, SIKa B HbOT'O 3aKJIaJICHA);

— 1HTEHCHUBHICTb MEepeMilllyBaHHs cyOcTpaTy B 00’ eMi GiopeakTopa.

3a KOHCTPYKTUBHUMH O3HaKaMu OiopeakTopu OyBarOTh OJTHO- Ta Oara-
TOPEAKTOPHI. Bijblly MpOAYKTHBHICTh MalOTh OaraTopeakTOpHI yCTaHOB-
KM, B IKUX 3a0€31euy€eThbcs 0e3MepepBHUIA UK aHAEPOOHOTO OPOTIHHS.
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