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BCTVII

HeoOxigHicTh 30a1aHCOBAaHOTO CHIOKMBAHHS €HEPTEeTUYHUX PECYpPCiB €
TOJIOBHMM 3aBJIaHHSIM CYCIIUIBCTBA B 3B’SI3KY 31 3MEHIICHHSIM 3amaciB Tpa-
JUIIAHOTO MajJrBa Ta MOJAIBIIAM 3pOCTAHHSIM MOT0 BapTOCTI, @ TAKOXK I0-
TipIIEHHSAM eKoyoTiuHoi cutyarlii. CydyacHUN CTaH €HEProCHOKMBaHHS B
VYkpaini 3a ymoBH, 110 40 % €HeproHOCiiB HIOPIYHO IMIOPTYETHCS, TOTPE-
Oye BIPOBAKEHHS €HEPTOOIIAIHUX TEXHOJIOTIN Ta BiTHOBIIOBAHHUX alTh-
TEPHATUBHUX JIKEpENl CHeprii, a TaKOX YCYHEHHS €KOJIOTIUHUX MpoOJieM,
MOB’SI3aHUX 13 HEPaIlOHAIBHOIO YTHIII3AIl€I0 OpPraHiyHUX BIAXOMAIB TBa-
PUHHOTO MOXO/KeHHs. Peanizaliisi 610KOHBEpPCIHHUX MPOIIECIB aHACPOOHO-
ro 30po/KyBaHHS HUISXOM YTHJII3allll OpraHiyHUX BI1IXOMIB B O10p€akTo-
pax /03BOJIsIE OTPUMATH albTEPHATHBHE JKEpENIo eHeprii — Oioras, a Ta-
KOX MOTMEpPEaUTH 3a0pyJHEHHS O10CepH KIITMBUMHU PEYOBUHAMMU.

3akoHo/aBUa 0a3a YKpaiHU CIpHsi€ MOLIMPEHHIO €HEepro3oepiraloymx
TEXHOJIOT1! Ta allbTepHATUBHUX JKepell eneprii. BepxoBHoro Panoro Ykpa-
iHu Oyno npuiiHaTo 3akoH «IIpo ampTepHaTHBHI MKepena eneprii» (20 mro-
toro 2003 p.) Ta 3akoH «IIpo po3BUTOK BUPOOHUIITBA Ta CHOKUBAaHHS 010-
joriyaux BuAiB nanuB» (18 wepBus 2007 p.), skUMH nepeadOaYeHO KOM-
TUTEKC JepKaBHUX MPOTPaM 3 €HEPro30epeKeHHs Ta BIPOBAIKEHHS abTe-
PHATUBHUX JIKEPEN €Heprii 3 BUKOpUCTaHHSAM Oiomacu. OJIHI€I0 3 MPUYUH
HEJOCTATHHOI'O BIPOBA/KEHHS 1HHOBAI[IMHUX E€HEProolaJHUX MPOEKTIB
AIbTEPHATUBHUX JIKEPENI € BUCOKA €HEPrOEMHICTh MPOIECiB 010KOHBEpCIi
Ta HEJOCTaTHS BUBYEHICTh TEIUIO- 1 MAaCOOOMIHHMX XapaKTEPUCTUK Ta Ki-
HETUKHU TEXHOJIOTTYHOTo oOnanHaHHsA. [IpoBeneHHs KOMIUIEKCY TeopeTHd-
HUX Ta €KCIIEPUMEHTAIBHUX JOCIIIP)KeHh MEXaH13My Ta KIHETUKH TEXHOJIO-
TYHOrO Mpoliecy O10KOHBEPCIi BIAXOAIB TBAPUHHOTO MOXO/KEHHS € aKTy-
AJIbHUM.

3a pe3ylbTaTaMy TEOPETUYHUX Ta E€KCIEPUMEHTAIbHUX JOCIIKECHb
OOTPYHTOBAHO MEXaHI3MH BIOCKOHAJICHHS PEKUMIB aHAepOOHOTo OpoiH-
Hsl MIEPEMIILTYBAHOTO CyOCTpaTy BIAXOJIB TBAPUHHOIO MOXOJKEHHS 1 3Me-
HIIICHHS €HepreTUYHUX BUTPAT Ha iX 3a0e3MeueHHs Ta 3alpONOHOBAaHO HO-
Bl KOHCTPYKIIi1 G10peakTopiB JJid iX MPAKTUYHOI peajizallii; BOEpIle po3-
pPOOJIEHO eKCIEePTHO-MOAECIIOBAIEHY CUCTEMY 1HTENEKTYalbHOI MIATPUMKU
NPUUHATTS pIlIEHb IIOAO BIOCKOHAJEHHS MeXaHI3MIB 1HTeHCHUiKaIli

IpoLECy aHaepOOHOT0 OPOAIHHS OpPraHIYHUX BIAXOIB MPH MEPEMIITyBaHH1



cyOcTpaTy 3 BUKOPHUCTAaHHSM TEOpii HEYITKOI JIOTIKM Ta JIHTBICTUYHOI
3MIHHOI W HEWpPOHHUX MEpeX; BCTAHOBJICHO 3aKOHOMIPHOCTI KIHETHKHU
MpoIIeCy TEPEeMINTyBaHHS Ta CEAMMEHTAIll TOJITUCIIEPCHOI OpraHivHOI
MacH B 010peakTopi 3 BEPTUKAIBHUM IEPEMIITyBaueM 3aJICKHO BiJl TEXHO-
JIOTIYHUX TapaMmeTpiB 1 HI3UIHUX BIACTHBOCTEH CyOCTpaTy; €KCIIEpUMEH-
TaJIbHO MIATBEP/KEHO JIOIUIBHICTh Ta €PEKTUBHICTh MEPEMIlllyBaHHS CyO-
CTpaTy BEPTHKAJILHOIO MIIIAIKO0 B O10peakTopi Ta WOTO BIUIMB Ha 1HTCH-
CUBHICTB MpOILIECY aHaepoOHOro OpodIHHS IpU BUPOOHMIITBI Oiorasy; 3a-
IIPOMOHOBAHO €HEProoIaJHI KOHCTPYKTUBHO-TEXHOJOTIYHI CXeMH 010KO-
HBepCli BIJXOJIB TBAPUHHOTO MOXOHKEHHS Ta OIIHEHO iX KOHKYPEHTOCII-
POMOXHICTh IPU BUPOOHUIITBI AJIbTEPHATUBHOIO JKepesia eHeprii — 0iora-
3y Ta €KOJIOT1YHO O€3MEeUHUX JI0OpHB.

B pe3ynbrari TEOPETUYHHX 1 €KCIEPUMEHTANBHUX JOCIIKEHb 00IPY-
HTOBAaHO KOHCTPYKTHBHI €HEProoIaHi cxemu it 6iopeaktopiB. Po3po0-
JICHO Ta BHUTOTOBJICHO EKCIEPUMEHTAIBHHUN Oi0peaKTop 3 MPHUCTPOSIMH
TepMocTaluIi3alii Ta IHTeHcuiKkalii TernIoMacooOMIHHUX MPOIIECIB — Be-
PTUKAIBHAM JIONATEBUM TIepeMinryBadeM. 3a pe3yibTaTaMUd €KCIIEPUMEH-
TaJbHUX JTOCTIIKEHb BHUSBIICHO, KOJIM CIIOKUBaHA IMOTYKHICTH 1 4ac Opo-
JIHHS HallMEHIl1, a MPOAYKTHUBHICTh OlopeakTopa Oijibllia MOPIBHIHO 3 1C-
HYIOUHUMH. Pe3yapTaTi 10CiKeHb € OCHOBOIO JJIs 1HTeHCH(iKaIlii Ta 1miI-
BUILICHHS €HEPrOOIIaJHOCTI Mpolecy aHaepoOHOro OponaiHHS cyOcTpary
BIJIXOJIIB TBAPUHHOTO MOXOJ/KEHHS IIJISTXOM KOHCTPYKTUBHOT'O BJIOCKOHA-
JICHHSI MEXaHIYHOTO NMEePEMILITyBaHHS.



PO3/1L1 1
[IJISIXH BAOCKOHAJEHHS TEXHOJIOTTYHUX
MMPOLIECIB TA OBJIAJJHAHHS BIOKOHBEPCIi

1.1 OcHOBHI TeHeHLii PO3BUTKY Ta BAOCKOHAJIEHHS CHCTEM
OiokoHBepcii

[Tpu 3MeHIIeHH1 BUIOOYTKY Ta 30UIBIIEHH] BApTOCTI TPAAUIIIHHUX BHU-
JiB manuBa (BYruULIs, HAQTOMPOIYKTH, MPUPOIAHHUMA ra3 TOIIO), BUKOPHUC-
TaHHS OPTraHIYHUX BIJIXOJIB, BIJXOJIB TBAPUHHUIITBA, POCIUHHUX 3aJIUIII-
KiB CUIBCBKOTOCIIOIAPCHKOTO BUPOOHUIITBA, TBEPAUX MOOYTOBUX BIJXO/IIB
KOMYHaJIBHOTO TOCTIOZApCTBA MICT, SIKIIIO HE TIOBHICTIO, TO X04a O YaCTKO-
BO 3a0€3MeYnTh MOTPEeON B CHEPreTHUHUX pecypcax. [IporHo3oBaHMX pe-
cypciB HadTH Ha IJIaHETI BUCTa4YUTh He Oubiie sk Ha 20—40 pokis. B 3B's-
3Ky 3 UMM aKTyaJIbHOIO MPOOJIEMOIO € MOLIYK 1 BUKOPUCTAHHS BIJHOBIIIO-
BaJlbHUX JpKepen eHeprii [1-3]. Exosorizaliis rocmoaapchbkoi AisiIbHOCTI
noTpedy€e CTPYKTYPHO-TEXHOJIOTTYHOI NepeOyJOBU YIIpaBIIHHS €HEPreTH-
YHUM KOMIUIEKCOM Ha 0a3l TpaHcdepy 1HHOBAIIMHUX EHEProOIIaTHUX
€KOJIOTTYHO Oe3MEYHUX TEXHOJOT1M.

3akoHo/aBua 6aza YKpaiHU CIpuUs€e MOIMPEHHIO €HEpro30epirarodmnx
TEXHOJIOT1! Ta allbTepHATUBHUX JKepell eHeprii. BepxoBHoro Panoto Ykpa-
iHn Oyno mpuitHsaTo 3akoH «IIpo eneproszdepexenHs» [1] Ta 3axon «IIpo
aNbTEPHATHBHI JDKepelia eHeprii» [2], sKuMu mepeadadeHo KOMIUICKC ep-
YKaBHUX MPOTpaM 3 eHEepro30epeKeHHs Ta BIPOBAKEHHS aIbTEPHATUBHUX
JoKepen eHeprii. 3rigHo 3 «Jlep»kaBHOIO HIJIOBOKO €KOHOMIYHOIO Mporpa-
Moto eHeproedexktuBHocTi 2010-2015 pp.» Bu3zHaueHo mnepedopmMyBaHHS
CTPYKTYpPH €HEPreTHYHOTrOo OanaHcy YKpaiHM 3a paxyHOK 3MEHIICHHS B
HBOMY 9ACTKH IPHPOIHOTrO rasy Ha 14—15 mupx m° mopidso i3 3amimen-
HSIM WOTO 1HIITUMU BUJAMU €HEPTrOpeCypciB, B T. 4. Oiorasy.

TeopeTnyHa METOJOJIOTISI Ta MPUKIAAHI aCHEKTHU TpaHCPOpMaLIMHUX
0COOJIMBOCTEHW PO3BUTKY PUHKY OlomanuB B YKpaiHi Ta opraHi3ariiHo-
TEXHOJIOT1YHI MEXaHI3MHU BIPOBA/PKEHHsI IHHOBAIlIHA B MPOIIeCH 010KOHBEP-
cii gocmipkyBanuchk B poborax b. baanepa, /. boitnca, I'. I'. Teneryxu,
M. ®@. JIpykoBanoro, B. O. Jly6pogina, I'. M. 3abapnoro, B. JI. 3aB'suioBa,



I'. M. Kanernika, C. O. Kyzapi, B. M. ITeperinus, C. Coydepa, C. 1. Tka-
yeHka [4-12] Ta iH.

biokoHBepcis € TEXHOJIOTIYHUM TPOIIECOM, KU Tependadae mepepo-
OJICHHS OpPraHiuHOl Macu 3 METOI0 OTPMMAaHHA TerJia ado MajuBa BUCOKOL
SKOCT1, @ TaKOX €KOJOTIYHO YHCTHX OPTaHiuHUX NoOpuB. biokoHBepcis €
OJIHMM 3 HaWBaXKJIMBIIIMX BIJHOBIIOBAHUX JKEPE €HEprii 3 HaHO1IbIITUM
noTeHianoM. Ha ceoromui y kpainax €Bpocoro3y ¢yHkiionye nonan 6500
0l0peakToOpiB PI3HOTO THITY, IO JAa€ 3MOTY OTpUMYyBaTH moHaja 10 miH
MBrTtroxa enextpuyHoi Ta 6mm3bKo 10 MuH. ['kan TemaoBoi eHeprii mopid-
HO [4]. Ykpaina 3HaxonuThes cepell 10 HaOUIBIIMX MOTEHIIATLHUX BUPO-
OHMKIB BIJHOBIIIOBaHO1 Ol0€Heprii B CBITI. BUKOpUCTaHHA HETpaauLIHHUX
JDKepen eHeprii JO3BOJUTh CYTTEBO 3MEHILUTH €HEPro3aJIeKHICTh HAIIOl
JIep’KaBU Ta HETaTUBHUI BIUIMB Ha €KOJIOTIYHUM CTaH HABKOJMIITHHOTO Ce-
penoBuIa.

[Ipu nepepoOIIeHHI OpraHiYHUX BIIXO/IB 3 METOIO BUPOOHHUIITBA Olora-
3y BOHM BUKOPHUCTOBYIOTHCSI IIOBHICTIO. B pe3ynpTaTi HE JNHIle MOKpaIly-
€TbCSl CaHITAPHUU CTaH TEPUTOPIi, 3HUILYIOTHCS 30YAHUKU 1HQEKIINHUX
3aXBOPIOBAaHb, 3HUKAE HEMPUEMHHM 3aMax POCIWH, 0 THUIOTh, 3HUIIYETh-
csl HaciHHS Oyp'siHy, a ¥ YTBOPIOIOTHCS ILIIHHI BHCOKOSKICHI J00pHBa, 110
MAalOTh MiABHUINEHUN T'yMycHul motenmian [11-23].

3pocTaHHs BapTOCTI TPAIULIMHUX €HEPTrOHOCIIB Ta MOAANIbIIE TEXHO-
IeHHE HABaHTAKEHHS HA NPUPOJHE CEPElOBHUIIE 3YMOBIIIOIOTH BCEOIUHE
BUKOPUCTaHHS BIJHOBJIIOBAHUX aJbTEPHATUBHUX JKepen eHeprii. o 65 %
BIJIHOBJTIOBAaHMX €HEPrOHOCIIB MOYKHA OTPUMATHU 13 OPTaHIKU CUTbCHKOTOC-
nogapchbkoro noxopkeHHs [1, 4]. EkoHOMIYHO MOUUIbHHUIM MOTeHI1an 610-
MacH YKpaiHU CTaHOBHTH 27 MJIH TOHH yMOBHOro najuBa [4]. Cepens Ki-
JBKICTH 6i0rasy, sIKy MOJKHA OTPUMATH 3 | M° BUJIiICHD TBAPHH, OLIHIOETH-
cst y 20-25 M°, X0ua PEHTaBENbHO KiIBKICTIO B TEXHiKO-CKOHOMIYHOMY
BimHOMmEHHI BBaxaeThest 3035 M. Taky KiIBKICTh Ta3y MOKHA OTPUMATH
IUISIXOM TIOE€JHAHHS BHUIIJICHb TBAPHUH Ta TOCIOJAPCHKUX BIIXOAIB 3 1H-
100 CUPOBHUHOIO, SIKa BIAPI3HAETHCSA BUCOKMM BMICTOM CYXO1 OpraHiqyHOI
MacH, a caMe BIIXOJaMH 3 MIAMPUEMCTB XapuoBOi MPOMHUCIOBOCTI a0 po-
cauHHOI Macu [4]. biorazoBuii moTeHIIIa 3aJUIIKOBOI 010MacH CKIIaJae B
VYkpaini 2,13 maa T y. n. HoBiTHI TexHosorii 610KOHBEPCii J03BOJISIOTH
OTpUMYyBaTu OlomanuBa B PI3HHUX arperaTHUX CTaHaX, a caMe. TBEPAOMY



(Opuketn, rpaHy U TOIIO), pimkoMmy (Oiomm3enb) ¥ razomoaioHOMY (Oio-
ras), Ta €KOJOTIYHO YHMCTI OpraHiuHi JoOpuBa. [lepCrieKTUBHUM HampsM-
KOM O10KOHBEpCii € OTpuMaHHs 6iora3y HUIIXOM yTHJIi3alii BIAXO/AIB opra-
HIYHOTO MMOOYTOBOTO, TBAPUHHOIO Ta CLIILCHKOIOCTIOJAPCHKOTO MOXOIKEH-
HS, a TAaKOX BIIXOJIB MIAMPUEMCTB XapuOBUX BUPOOHUITB. OOCATH BHKO-
pUcTaHHs 0l0Ta3y, OTPUMAHOTO 3 THOIO, MOXKYTh CTAaHOBHUTH B HaWOJIHXKYl
JIeKiTbKa poKiB 61m3bK0 130 MiH M,

BpaxoByroun BuJI BUPOOJEHOTO KIHIIEBOI'O MPOJAYKTY (TBEpje, pilKe
a0 razomnoaiOHe MajanBo), ICHYIOTh Pi3HI ciocoOu nepepoOaeHHs 6ioMacu:
TEPMIYHHUM, XIMIYHHHM, TEPMOXIMIYHUH, O10J0TTUHUHN, O10XIMIYHHH, B SKHX
3a]lisiHI TEPMOXIMIYHI, OlOXIMiYHI Ta arpoxiMmiuHi npouecu [24]. BuOip
crioco0y mepepoOsIeHHs OpraHIYHUX BIIXOJIB CUIBCHKOTOCIIOIAPCHKOTO
BUPOOHUIITBA Ta BIJIXO/AIB TBAPUHHOTO TOXOJKEHHS XapyOBUX BUPOO-
HUIITB 3aJICKUTh BiJl BUAY OloMacH, KIHIIEBOI MeTH (0JIepKaHHS TBEPJIOTO,
piakoro abo ra3onoioHOro najanBa), EKOHOMIYHOT Ta €KOJOT14YHOI AOIIb-
HOCTI Ta 1H. 3aJIeHO BiJl CIOCOOIB MepepoOIeHHsT OpraHiyHOl Macu Ha
puc. 1.1 HaBemeHo kiacudiKalil0 OCHOBHUX THUIIIB EHEPreTUYHUX
npoiiecis [1, 24].

TepMOXiMIYHI MPOIECH BKJIKOYAIOTh B ce0€ CralfoBaHHs, MipoJi3, ra-
3udikaiio Ta TigporeHizaito. CHaloBaHHS BHKOPUCTOBYIOTH 3 METOIO
OTPUMaHHA TEIUIOTHU 13 CyXOro roMoreHHoro naiausa. [lix yac mipomisy 0i-
omacy HarpiBaroTh 10 Temmeparypu 450...550 °C 6e3 qocTyiy moBiTps, B
pe3yabTaTi 4Or0 OTPUMYIOTh TBEPAUM 3aJTUIIOK — KOKC (JIepEeBHE BYT1JUIS),
ra3u (CO, CO,, Hy, H,0O tomno) Ta piauaHy Macy (cnupty, oiii Torno). [Tpu
razugikaiii BiOyBaeTbcs HarpiBaHHS (YaCTKOBE CIANIOBaHHS) MajivBa 3
0OMEXEHOI KIUIBKICTIO MOBITps y Aianasoni remneparyp 800...1600 °C ta
tucky Big 1,0 o 10,0 MIla. I1ix gac ra3udikariii yTBOPIOEThCS CHHTE3-Ta3
(CO, H,, CH, y BianosiaHii nponopuii). ['igporenizaiis BigOyBaeTbes 3
pI3HMMH BapiaHTaMH TONEPEAHBOI MiITOTOBKH CHUPOBUHH 1 MPOBEICHHS
CaMoro Mporecy.
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Pucynok 1.1 — EHepreTuuHi nporecu nepepoOieHHs 6iomacu

Jlo 010XIMIYHUX TPOLECIB BITHOCATH CIIUPTOBY (p€pPMEHTAILIO, AaHAECPO-
OHy nepepoOKky Ta 6ioditomi3. B pe3ynbrari ciupToBoi dhepmeHTalli yTBo-
PIOETHCSL €TWJIOBUH CIUPT, IO € ajJbTepHATUBOIO OeH3uHy. Ilin yac anae-
poOHOT TIepepoOKH MIKPOOPraHi3MU B OC3KMCHEBOMY CEpPEIOBHIII, TOTIIH-
HAIO4M eHeprito, 0e3rnocepeHbO MepepoOIaIOTh BYTJICIEBMICHI KOMIIOHE-
HTH 1 BHPOOJIIIOTH BHACHIIOK Ib0oro miokcug Byriaemio (CO,) i meran
(CHy4). Orpumany cymim CO, i CHy, a TakoXk CymyTHIX rasiB, Ha3UBaIlOTh
6iorazom. biogoTomizom € po3kinajeHHs BOJAW HA BOJICHh Ta KUCEHb i [Ii-
€10 CBITJIa. ATPOXIMIYHHUM MPOIECOM € eKCTpakilis nmajupa. Pigke abo TBe-
pJe TMaJIuBO MOKHA OTPUMATH MPSIMO BiJ KUBUX a00 CBIKO3PI3aHUX POC-
JIUH, 3 SIKUX 30uparoTh a00 BUYABIIOIOTH MPECOM CiK (HampHKia, BUPOO-
HULTBO Kay4yKy).

OtpumManHs 0iorasy i3 OpraHidyHUX BIIXOIB 0a3yeThCs Ha iX BJIACTH-
BOCTI BHJIUIATH TOPIOYMI Ta3 B pe3yibTaTi METAaHOBOTO OPOJIIHHS B aHae-
poOHMX ymoBax. bioras, 110 yTBOpIOETbCS PU METAHOBOMY OpPOJIiHHI, SIB-
Jsie co0oro cyMil, 1m0 ckiaanaerses 13 50...80 % metany, 15...20 % Byrie-
KHCIIOTO Ta3y, 611 1 % CipKOBOIHIO, @ TAKOX HE3HAYHOT KUIBKOCTI JICSIKAX
HIIMX Ta3iB (a30Ty, KUCHIO, BOJIHIO, aMiaKy, OKHCY BYTJICIIO TOIIO) [25].

BindgepmentoBana maca, 1mo nepedpoansia, 30BHINIHIM BHUTJISAOM HE
BIJIPI3HSAETHCS BiJl IEPBUHHOT CHPOBUHU, MatOUU OJIM3bKY J10 HEl BOJIOTICTb.



Boanoyac 11e TOTOBE BHCOKOSKICHE 3HE3apa)keHe 1 Mmo30aBiieHe HETPHEM-
HUX 3alaxiB opraHiyHe JoOpUBO, MPHUAATHE AJi1 O€3M0CcCepeTHHOTO BHECEH-
HS B IPYHT 0€3 J0JaTKOBOT'O BUTPUMYBAHHS B TPAHIIESX 1 BIACTIHHUKAX. Y
BiIepMEHTOBAHIN Maci 3HMINCHO MATOTeHHY MIKpPOQIopy, aie ILJIKOM
30epeKeHO MOXKUBHY IIHHICTh THOIO 3a a30ToM, (Gocdopom, KaixiemM TOIIO
[26, 27].

SIx BUXITHHUM MaTepian A ofepx aHHs O6iorazy MOXKyTh OyTH BUKOPH-
CTaHl BIIXOJW TBAPUHHUIIBKUX (DepM Ta PI3HUX POCIIMH, TOOYTOBI OpraHi-
YH1 BIJXOJY HACEJICHUX MYHKTIB Ta BIIXOIU TBAPUHHOTO MOXOHKCHHS Xa-
puoBUX BUPOOHUITB. Buxia 1 ckiag 6iorasy BU3HAYa€ThCS 3HAYHOIO KiJIb-
KICTIO YMHHUKIB, aJl¢ B OCHOBHOMY 3aJIeKUTh BiJl CKJIay BUXIJHOI CHUPO-
BuHH [28-33]. Buxin 6iorasy 3 pi3HUX BiJIXOJiB CIJIbCHKOIOCIOAPCHKOTO
BUPOOHMIITBA Ta OPraHIYHUX MOOYTOBUX W MPOMHUCIOBUX BiIXOJIB HaBe-
neHo y tabm. 1.1.

Tabmuusg 1.1 — Buxiz 6iora3y 1 BMICT y HbOMY METaHy NPU BUKOPHC-
TaHHI Pi3HUX BUIIB BiIX0iB [25]

Buxizma cuposisa Buxin 6iorazy Ha 1 kr BwmicT meTany
CYXOl peYOBHHH, JI/KT (CHy), %
HO6HFH1H BEJIMKOI poraroi Xy- 200-300 50
I"Hiii cBUHSYMI 340-480 6075
Kincpkuii THiM 13 COJTOMOIO 250 56-60
Banumns kapToruisiae 420 60
Crebna KyKypy13u 420 53
CosoMa mniieHn4Ha 342 58
JIy3ra COHSLIHUKOBA 300 60
Cunoc 250 84
Tpasa cBixka 360 52
Bypsik 430 84
Binxonu MmopkBu 250 60
Tupca nepeBunu 220 51
TBepawmii ocaj CTIYHUX BOA 570 70
dexanpHUN ocal 250-310 60
JloManiHi BiIXOH 1 CMITTS 600 50




[Ipomec anaepoOHOTO PO3KIALy OPTraHIYHUX PEUOBHH 3IIHCHIOETHCS
JIBOMa OCHOBHUMHU I'pylaMu MiKpooprasi3mis. [lepina rpymna — e rerepot-
podHI KUCTOTOTBOPHI OakTepii, sIKi KIITKOBUMHU (pepMEHTaMU 3/11HCHIOIOTh
riapomi3 (po3kiian) CKIATHUX OpraHIvYHUX 3’€HaHb (OUIKiB, )KUPIB, ByTJIE-
BOJIHIB) 10 MOHOMEPIB Ta YTUII3YIOTh iX 13 CTBOPEHHSIM HU3bKOMOJIEKYJIS-
PHUX KUCJIOT, JIOKCUAY BYTJIELIO, aMiaKy, CIPKOBOJIHIO Ta BOJIH.

Jlpyra rpymna anaepoOHUX OpPTaHi3MiB — 116 METAaHOTBOPHI OakTepii, sKi
B CBOEMY PO3BUTKY BUKOPUCTOBYIOTH JIUIIIE HU3bKOMOJIEKYJISIPHI OpraHivHi
pPEUYOBUHU, TOOTO MPOAYKTU OOMIHY KUCIOTOTBOPHUX OakTepiit. MeTaHOBe
OpOMIHHS OPraHIYHMX PEYOBUH MPOTIKAE 3 YTBOPEHHSM amiaKky, METaHy
(bioras), BIILHOTO a30Ty, AIOKCH Y ByrJemto Ta Boau [10].

EdexTuBHICTh BUPOOHUIITBA METaHY 3aJI€KHUTh BiJl KIJTLKOCTI HEPO3K-
JaJIeHOi BYTJIEEBMICHOI PEYOBMHM Yy BIJICTOI: UMM CTapillli BiXOAHM TBa-
PUHHOTO MOXOJKEHHS, TUM BHIIA CTYIIHb HOTO MOMEPEAHBOTO PO3KIATY 1
TUM MEHIIIE HEPO3KJIaIeHOI PEUOBHHH, sIKa MOKe OyTH MepeTBOpeHa B Me-
TaH. TeXHOJOTisi BUPOOHUIITBA METaHY TaKOXK 3aJICKUTh B1J BMICTY y BiJIC-
TOI IHEPTHUX PEUOBMH: YMM iX OUIbIIE, TUM MEHIIWWA BUXiJ METaHy Ha
OJTMHHMITIO0 MacH Biaxomais [33-36].

AHaepoOHi OiopeakTopu 3 IMMOOLITI30BaHOI0 MIKPOQIIOPOIO € OLIbII
MOIIUPEHUMH, HIXK aepoOHI OiopereHepaTopu, OCKUILKH B HUX HE OTPIOHO
OpraHi30BYBaTH YMOBH JJI1 IHTEHCUBHOTO MacooOMiHY (TOCTiitHa aepartis).
B Giopeaktopax cepelHbOI KOHCTPYKIIi JJII aHaepOOHOTO TepepoOICHHS
MIHIMaJbHUM Yac OpoaiHHS cKiangae 6—12 rof, 1m0 3Ha4yHO MEePEeBUIILYE TO-
Ka3HUKH aepoTeHKiB [14].

k10 BUXITHUM MaTepiai 3HAXOJUThCS B PIAKOMY CTaHi, TO aHaepoO-
HUM crnoci0 OpOoMiHHS € TEepPEeBaKHUM, OCKIJIbKM MOTpEeOM B €Heprii Jyis
OKpEMHX €TaIriB Mpoiiecy (HampuKiad, MiAIrpiBy) MOXKYTh OyTH TIOKPHTI 32
paxyHOK OTpUMaHOro razy. [Ipu BIAMOBIIHOMY BEACHHI MPOIECY MOMKIIHU-
BUM € JIOJJaTKOBE 3HIDKCHHSI BUTPAT 3aB/ISIKA KOPUCHOMY BHUKOPHCTaHHIO
HAJIJTMIITKOBOI KinbKocTi rasy. Ille omHiero mepeBaror aHaepoOHOro Opo-
JIIHHS MOKHA BBa)KaTH ITIJIBUIIICHUI BMICT a30Ty B KIHIIEBOMY CyOcTpaTi
(mpu aepoOHOMY OpoAiHHI BTpaTH a3oTy csratots 40 %) [17].

3a paxyHOK aHaepOOHOTO MEepPepOoOJICHHs BIIXOMIB TBAPUHHOTO TMOXO-
JIKEHHS 13 BMICTOM CyXOTr0 3aJuliKy Bia 5 10 15 % oTpumyetses Oioras 3
TEIUIOTO 3ropsiHEs Bix 2,5 10 5,6 kBr-rom/m® [36]. I'ycruna Giorasy —



1,22 /e, BubyxoHne0e3neuna KOHIIEHTpAIlis HOTO B TIOBITPi CTAHOBUTH Bij
19 no 25 %. CroxuBaHHsI €HEprii Ha BJIacHI moTpedu ckianae Big 20 10
30 % Giorazy, sSIKHii OTPUMYETHCSI BHACTIIOK OPOJTIHHS.

[Tigxia 1o mpobiemu mnepepoOICHHS BIAXO/IB XapyOBUX Ta CUIbCHKO-
TOCTIOAPChKUX BUPOOHMIITB MMOBHHEH 0a3yBaTHCh MEPII 3a BCE HAa BUMO-
rax 3axuCTy HAaBKOJMIIHBOIO CEPENIOBHUINA, O SKMX BXOISATh: YCYHEHHS
eMicii HeIPUEMHMX 3amaxiB MPH OTpUMaHHI 1 30epiranHi BiIXOMiB; 3apa-
JKEHHsI JII0JIeH 1 TBapuH 30y THUKaMHU XBOPOO; 3aro0iraHHs epeBaHTaKeH-
HS TPYHTY, BOAM Ta POCIWH IIKINIMBUMU pedoBuHamu. [Ipu 1isomy 3acto-
CyBaHHS aHaepoOHMX METOIB YTHWJIi3allii BIIXOJIB TBAPUHHOTO TIOXO-
JOKEHHS Xap4YOBUX ITIAMPUEMCTB JI03BOJISIE OTPUMATH JTOJATKOBI TIEPEBAry 3
TOYKHU 30pY BUPOOHMIITBA MPOIYKIlli Ta €KOHOMIi €Heprii, OCKUIbKUA MPHU
3aJJaHUX yMOBaX 3MCHINYIOTHCS 3aTpPaTH Ha MEPBUHHY CHEPTII0 IUITXOM
peaiizalili eHepreTHYHOro MOTEHIaTY BIIXOIIB.

OCHOBHI TE€HJEHIIi PO3BUTKY CUCTEM O10KOHBEPCIi BU3HAYAIOTHCS BU-
MOTaMH OXOPOHHU HaBKOJHUIIIHHOTO CEPEIOBUIIA Ta MOXKYTh OyTH JTOCATHYTI
B pe3yJbTaTl BUKOPHUCTAHHS SIK aepoOHOro, Tak 1 aHaepoOHOro crnocoly
OpOiHHS.

BupimansHumMu gaktopamu mpu BUOOpPI KOHKPETHOTO croco0y Opo-
JIIHHSA €:

—  TIEpPBUHHI Ta €KCIUTyaTalliiiHl BUTPATH;

—  HaJiiHICTh 010ra30BOro o0JagHaHHS B €KCILTyaTallil;

—  BHMOTH JIO TEXHIYHOTO 00CITyrOBYBaHHS Ta MEPCOHAIY;

—  e(heKTUBHICTh BUKOPUCTAHHS OTPUMAHOI MPOYKIIIi.

Jlep>kaBHa MOITHKA 3 BIPOBAKEHHSI €HEPro30epiralouux TeXHOJIOT1H
Ta aJbTEPHATUBHUX JKEpesl eHeprii Moxke OyTH YCHIIIHO peali3oBaHa
[IUIIXOM TOJAIBIIIOT0 PO3BUTKY CHUCTEM Ol0KOHBepcii. BupimeHHs 1iel 3a-
Jayl moTpedye JAeTaabHOTrO TOCHTIIKEHHS MpoIeciB iHTeHcHudikalli aHae-
poOHOTO OpOJIIHHA B 010peaKTOpax 3 METOI PO3POOJICHHS MPAKTUIHUX Pe-
KOMEHAIl{ 3 YIOCKOHAJICHHSI CUCTEM TEXHOJIOTTYHUX TMPOIeCciB O10KOHBE-
pcii.

EdextuBHicTh nepepoOsieHHsT 610Macu B €HEPreTUUHY MPOIYKIIIO J10-
CSITAETHCS JIMIIIE 3a PalliOHATBLHUX MapaMeTpiB TEXHOJIOTTYHHUX IMPOIIECIB 1
MaIUH JJ1s1 TIepepOoOHUX MIAMPUEMCTB, IO 31MCHIOIOTh KOHBEPCiO O6i0CH-
poBunu. dopmanizamisi 3B'13KIB MK MapaMeTrpamMu 00JaJHAHHA Ta Mapa-



MEeTpaMu TPOIIECIB, aJaNTUBHUX 10 HAsSBHOI CUPOBHHHM, JO3BOJIHUTH ITiIBU-
IUTH €(EKTUBHICTh O10€HEPreTUUHUX BUPOOHUIITB Ta MOKA3HUKHU SIKOCTI
Oilomanuaa.

1.2 Hanpsaimku inTeHcudikanii anaepoOHOro npouecy OpoaiHHs npu
BUPOOHUUTBI Oiorasy

JIns JOCSATHEHHST BHMCOKOI e(PEeKTHMBHOCTI poOOTH OilopeakTopiB Ta
OTPUMaHHS MaKCHMAaJIbHOI KIJTBKOCTI 0iora3y i3 oJuHHUIN 00’emMy OioMmach
HEOOXI1JTHO CTBOPUTH ONTHUMAIbHI TEXHOJOTIYHI apamMeTpu B OiopeakTopi
[37]. Ha iHTeHCHBHICTB mIpoliecy 30pOKyBaHHS 1, IK HACIJIOK, YTBOPCHHS
0iorasy BIUTMBAIOTh YOTUPHU TPynH (pakTopiB: O1070T14HI, Pi3UYHI, XIMIUHI
Ta OpraHi3aiiitHO-TEXHOJOT14HI.

CTpyKTypHY CXeMy NUISIXIB IHTEHCH]IKaIi Mpolecy aHaepoOHOro
OpoxiHHs cyOcTpaTy B OiopeakTopax HaBeJAeHO Ha puc. 1.2,

[Insxu inTeHcudikauii npouecy
aHaepoOHoro OpoaiHHs cydeTpaty

T

nepeMillyBaHHs TepmocTabinizanis TEXHOJIOTisl

MeXaHIuyHe

peKuM poboTH
(6e3nepepBHHIi,
JIMCKPETHUIA)

nigirpiBaHHs

H rizipaBiidyHe
3MEHIIEHHS TEeTIo-

MPOBIAHOCTI 3aXMCHUX SKICTb CHPOBUHH
KOHCTpPYKLiii (ppakuiiiHicTb, BONOTICTD,
B'SI3KICTb, JIYJKHICTb)

aepoAuHaMiuHe

[

Pucynok 1.2 — CrpykTypHa cxeMmMa HUISXIB 1HTEHCH}IKAIl MpOIECy
aHaepoOHOTo OpoaiHHS CyOCcTpaTy B O10peakTopax

Jlo GiosoriuHuX (haKTOPIB BITHOCITHCS: CKIIAJ] 30pOIKyBaHOI OlomacH
(BMICT OLJIKIB, )KMPIB, BYTJI€BO/IB, JITHIHIB); CKJIaJl MIKPOQJIOPH (KIJIBKICTh
1 Tpyn# MIKpOOPTraHi3MiB BIAMOBIAHOI CTaail pO3KIIagaHHs); YMOBH KUTTE-
JUSTTBHOCTI MIKPOOPTaHi3MiB (BMICT IIKIATUBUX A0MIIIOK). Di3uuHi Qak-
TOpPHU BKIIIOYAIOTh: TEMIEpaTypy 30pO/KyBaHHS; TUCK y OiopeakTopax; ri-
JIpaBIiuyHUN pekuM. XiMiuHI (DAaKTOPH BU3HAYAIOTHCS KHUCJIOTHICTIO cepe-



nosuia (BenumurHa pH); BMICTOM JIETIOUHMX KUPHUX KHUCIOT y 30pOIKyBa-
HIl Maci; 00csroM 1 ckiiagoMm Oiorasy, 10 yTBOpPIOEeThes. OpranizaiiiHo-
TEXHOJIOT1UHI (pakTopu mepeadadaroTh: 103y T000BOTO 3aBAHTAKEHHS HO-
BUX MOPIIiH 30pOAKyBaHOI MacHu; HaBaHTaXKEHHS 3a 0€330JIbHOI0 PEUOBU-
HOIO; BMICT Y 6ioMaci peuoBHUH, 110 HE MiAIal0ThCs Mepepooiii.

3aeKHO BIJ TEMIEPaTypHOro IHTEpBaly, IO MIATPUMYETHCS B
OiopeakTopi B mporieci poOOTH, PO3PI3HAIOTh TaKi PEKUMH 30pOIKYBaHHS
[10, 13, 14, 25, 32, 38]:

e kpiodinbHM (t < 20°C; toy = 5-15°C);
e MezodinpHui (t = 25-45°C; ton, = 32-42°C);
o TepMoubHUl (t = 45-55°C; ton, = 48-51°C).

KpioduibHuii pexxum 30poKyBaHHs HE MOTpeOye creniaabHOro Mmiair-
piBy cyOcTpaTy, MpOTIKa€E MPU TEMIEpPaTypl HABKOJIUIITHBOTO CEPEIOBHUIIA 1
BUKOPHCTOBYETHCSA Ha HEBEIMKUX 1HAMBIIyaIbHUX YCTAaHOBKAX y KpaiHax 3
TEIUTUM KJIIMaTOM. SIK mpaBMIio, Taki yCTAaHOBKU MalOTh IUCKPETHUN Xapa-
KTEp 3aBaHTAKCHHs 1 BUBaHTaKeHHs. [lepeBaroro kpiopiibHOTO PEXKUMY €
BIJICYTHICTh BUTPAT TEIUIOBOI €HEPTii HA MIATPUMKY CTAOLILHOI TeMIlepa-
Typu. [0 HEAOMIKIB Ciif BIIHECTH MOBUIbHE MPOTIKAHHSA O10J0TTYHUX MPO-
IeCIB 1 HU3BKMM BUXij Oiorasy.

Me3odinbauil pexum 30po[KyBaHHS, SIK L€ MIATBEPIKEHO IOCHi-
JDKEHHSIMH 1 MTPAKTHKOIO eKcriyaTarlii ycranoBok [9, 10, 12, 17], npoTikae
HaANOUTBIN IHTEHCUBHO B TemnepaTypHoMy iHTepBani 32—42 °C. I1pu upomy
HANUOUIBIII aKTUBHO «IPAIIOIOTHY) METAHOTEHHI 0aKkTepii 3 MaKCUMaIbHUM
YTBOPEHHsSIM Oiorazy. OjHak BIAXWJIEHHS BlJ ONTHUMAJIBHOIO IHTEPBAIY
temriepatyp Ha = 5 °C mpuBOAWTH 10 3MEHIIEHHS BUXOJy Oilorasy B
2-2,5 pasu, 110 CBIAYMTH MPO YYTIUBICTH OaKTEpid 10 TeMIlepaTypH cepe-
JOBUIIA 1 MOTpeOye BUKOHAHHS KOHCTPYKTHBHO-TEXHOJIOTTYHHX 3aXOIB
o0 ii miarpumanHs. [ligirpiBaHHs 1 MATpUMaHHS CTaOLIBLHOI TeMrepa-
Typu 30pOJIKYyBaHHS 31HCHIOETHCS, SIK TTPaBUJIO, TIPOKAYYBAHHAM HArpiTol
BOJIM yepe3 CreliaibHI TeII000MIHHUKH, 3MOHTOBaH1 B Oiopeaktopi. Ha-
TPITY BOJY OJIEPKYIOTh Y KOTEILHOMY arperaTi, BAKOPUCTOBYIOUH JIJISl HO-
ro podboTH YacTuHy Oiorasy.

TepmodinbHMI pEKUM Ta€ MOKIUBICTD OJIEPIKYBAaTH MaKCUMAJbHY Ki-
JBKICTH 010Ta3y 32 KOPOTKUH TEpMiH 30pOKyBaHHS. IHTEHCUBHICTh 30pO-
JOKYBaHHS B 2 pa3d BHINA, a 4ac nepeOyBaHHA B OlopeakTopi B 2 pasu



MEHIINHA, HDK Tpu Me30(inbHOMYy. OMHAK MATPUMAHHS MOPIBHSHO BUCO-
KOI TeMIiepaTypu notpedye 3HaYHUX BUTpAT eHeprii [25].

[TimBuieHHsS TUCKY B 010pEaKTOpi BIUIMBAE IBO3HAYHO. 3 OAHOTO OOKY,
3 MJABUIIEHHSM 3arajbHOro THUCKY 1 mapiiainbHoro THcKy CO, peaxiiis
YTBOPCHHS METaHY

C02 + 4H2 — CH4 + 2H20 (11)

3MINIYETHCS BIIPABO, IO € CIPUATIUBUAM JJIA OJIepKaHHs Oiorasy. 3 1HIIIO-
ro OOKy, MIJBUIIEHHS THCKY BEJE 10 3pOCTaHHS po3unHHOCTI Tra3iB (H; i
CH,) y Boai, mo ranemye Buxia Metany (CH,) y razoBy ¢aszy. Tomy Ouib-
IIICTh YCTAHOBOK MPAIIOIOTh MPU TUCKY, II0 HE3HAYHO MEPEBUIIYE aTMOC-
bepHuil.

[TinroToBka 6GioMacu BKJIKOYAE BIIIJICHHS CTOPOHHIX PEYOBUH Ta CyO-
CTaHIIIM, MOJAPIOHEHHS, TOMOTEHI3allll0 1 BCTAHOBJICHHS MOTPIOHOrO st
30pomKyBaHHs ckiaay cyoctpary. IloapiOHeHHs GloMacu J03BOJISIE TOK-
palMTH 3MIilIyBaHHs CyOCcTpaTy 3 BMICTOM (pepMeHTepa Ta MOJIIIIYE J10C-
Tyl OakTepisM J0 MOKUBHUX PEUOBUH CyOCTpary. 3a paxyHOK I[bOTO MPO-
1ec 30poKyBaHHS MPOTIKAE MIBUIIIE 1 B O1IbIIT TOBHOMY OOCSI3I.

Pi3n1 rpynu 6akTepiit 1Sl KUTTEASUIBHOCTI BIJIAIOTH MEpeBary pisHii
KHCIIOTHOCTI cepepoBuia. ONTUMaIbHUM BBaXKaeTbcs 3HaueHHsa pH 4,5—
7,5 [25]. lns crabimizaliii BUKOPHCTOBYIOTh B OlOpeakTopi J00aBKH Kap-
o6onaty NaHCO3 a6o 6ikapoonaty NaCOj3 HaTpito.

Jlesiki €IeMEHTH 1 CTIOMYKH IIFOTh THITIOYE Ha MIKPOOPTaHi3MH ax 0
MOBHOI'O MPUMUHEHHS 1XHbOI KUTTEMISUIBHOCTI. JI0 TaKMX pEYOBUH BiHO-
CSAITBCS: COJII BAXXKUX METAJIB; COMI JYXXKHHUX 1 JIY)KHO3EMEIbHUX METalliB;
HITpaTH, Cylb(paTh; OpraHIyHl PO3UMHHHUKHU i aHTUO10THUKH.

Jlesiki peuOBUHM 3aJI€KHO BiJ KOHIIEHTpAIlli MOXYTh OyTH CTUMYIIIO-
BaJIbHUMH, TaJIbMYyBaJIbHUMHU a00 1HT10yBaJIbHUMHU. AMiaK IIPU KOHIIEHTpa-
uii Oubie 200 Mr/a CTUMYJTIOE PICT MIKPOOPTaHi3MIB, IPU KOHIIEHTpAIIil
outemie 500 Mr/m — rampmye iXHIM PICT, a TpU KOHIEHTpaIlii OuIbIIe
3000 M/ — TOKCUYHHM.

Ha mizmcraBi mocBiny ekcrutyaTtarlii 610peakTopiB y Me30(iIpHOMY pe-
YKMMI1 ONITUMAJILHOIO JI03010 3aBaHTaXXE€HHsI Ha 10Oy BBaxaeTbes 7—10% Bin
3arajibHOi Macu cyOcTpaty npu Bosorocti 90-95 % [25].

I3 3akopOHHUX JaHUX cTablIbHA PoOoTa OlopeakTopa 3a0e3neuyeThCs
mpu  BUTpaTi 1-2,5 Kr Cyxoi pedoBMHM Ha 1 M° YCTAaHOBKM 3a



100y [25]. MakcuManbHe HaBaHTaKEHHSI JIOIYCKAEThCS 8,5 KT CyXo0i pedo-
BHHHI Ha M° 3a 100y. [Ipu poMy Buxiz Giorasy cknamae 0,8—1,4 MP/kr cy-
X0l PEYOBHHH .

Yac nepebyBanHs cybcTtpary B 6iopeakTopi ckiagae 15—40 nib, a cry-
HiHb epepoOIeHHs cyXoi pedoBuHU 36-54 % [25].

Excrutyarariiss KOMIUIEKCIB ofiep>kaHHsl 610raszy 3 BiXOIIB CUIBCHKOTO
roCIoJapcTBa mokasaja, mo Jimad (KUpH) 1 BYTrJIE€BOAU PO3KIATAFOTHCS
Ha 62—70 %, Outku — Ha 46—48 %, po3KiIaJlaHHA JITHIHIB HE MEPEBUIILYE
20 %.

TpuBanicts Buxoay OiopeakTopa Ha CTaOUIBHUN PEKUM BHPOOJICHHS
Oiloraszy (3amycky) 3aJ1€XUTh BiJl IHTEHCUBHOCTI PO3MHOXEHHS METAaHOTCH-
HUX OakTepidt. 3 METOI0 CKOPOYEHHS Yacy 3aIlyCcKy JOIIBHO Tij] Yac 3aBa-
HTaXXEHHS BBOJIUTU B YCTAHOBKY 30pO/KyBajJbHY Macy («3amai») 31 cTa-
OUIBHO TPAIIOIOYUX YCTAaHOBOK.

[Ipouec anaepoOHOro OpoIHHA BiIOYyBa€ThCsA €(PEKTUBHIIIE TTPU HOTO
iHTeHcHudikalii Ta TepMocradimizaiii. BaxiuBuM acrmekToM cTalGlIbHOCTI
TEIJIOBOTO PEKUMY B O10pEaKTOP1 € MiIrPIBaHHS CyOCTpaTy Ta OAHOYACHA
TEIJIO130JISIIIsl CTIHOK O10peakTopa Bijl KOJIMBAaHb TEMIIEPATyp HABKOJIMIII-
HBOTO cepenoBulla. PeHTabenpHICTh 010peakToOpiB NpONOpLIifHa BUTpaTaM
eHeprii Ha ii 06irpiBanHs. Mikpo0610J0TiuyH1 0COOIMBOCTI IPOTIKAHHS MPO-
ecy aHaepoOHOro OpOAIHHS MOTPEeOYIOTh TOTPUMAaHHS MEX TeMIlepaTyp-
HUX PEXHUMIB 1 TeMIlepaTypHOi cTaluiizailii, piBHOMIPHOTO MPOTPiBaHHS
CepEeIOBHINA, BiICYTHOCTI 30H MEPEOXO0JIOKEHHS 1 meperpiBanus [39-44].

[Ilo6 oTpumatu HEOOXITHY JJIS Tpoliecy OpOJIIHHS TeMIlepaTypy 1 3a
MO>KJIMBOCTI MIATPUMYBATH 11 Ha CTAJIOMY pI1BHI, BapTO, MEPIL 3a BCE, MiI-
IPITU 10 HEOOXI1JIHO1 TeMIlepaTypu cyOCTpaT, sIKMil NoJIaeThcsa B Olopeak-
top. JlomaTkoBe MmiBeACHHS TEIUIOTH HEOOXigHE JI KOMIICHCAIlli TeIIo-
BUX BTpaT. TemioTy MOXHa MiJBOIUTH 10 cyOcTpaTy B pobodomy cepesio-
BUIIll OiopeakTopa abo B MPUCTPOI, AKUIM HOro TiHKUBIIOE. OCKUIBKH TIe-
penaay TeMIepaTypu HEraTUBHO BIUTMBAIOTh Ha X1 010JI0TTYHOTO MPOLIECY
aHaepoOHOTO OpOJIIHHS, HEOOX1HO 32 MOMJIMBOCTI MTOEHYBATH TiBEICH-
HS TEIJIOTH 10 OlopeakTopa 3 1HTEHCHUBHUM IEpPEMIIIyBaHHSIM CyOCTparty
[8, 14].

Kpim ToOro, B cucreMi mijBeAeHHS TEIUIOTH HEOOXIHO TepeadadarTd,
00 Ha MOBEPXHIX TEIUIONEpeIadi He BIAKIAMANCS TBEP/Il YACTUHKH Cy0-



cTpaty. ToMy pekoMeHa0BaHi, HANPUKJIAA, BUCOKI IMIBUIKOCTI pyXy CyO-
CTpaTy BIJTHOCHO IOBEPXOHB TeIUIonepeaadi ado, mob 11 MoBEepxHI JIETKO
ouniryBaiuch. Ha po6oTy TeminooOMiHHMKA HE MMOBUHHA BILTUBATH MPHUCY-
THICTh B CyOCTpaTl TBEpJUX MaTepialiB (HANpHUKIaJI, cTeOea COJIOMH,
mip’s, mepceri) [3, 13].

VY HeBenukux 0l0peakTopax BUKOPUCTOBYIOTHCS TEMJIOOOMIHHI HArpiB-
Hi arperatu (Hampukiaa, THy4YKi HEMETaJeBl TPyOOIPOBOIH, LMIIHAPUIHI
a00 TIJIOCKI TEMJI00OMIHHUKH ), Yepe3 sIKI MPOXOAUTh rapsida Bojaa 1 ki Mo-
KHa BHiIMaTH 13 OiopeakTopa mpu ii ouummneHHi. Harpiaui, BOymoBaHi B
CTIHKH 010peaKTopiB, JOLLIBHO 3aCTOCOBYBATH 3 MOIJISAY Ha iX KoedilieH-
TH KOPUCHOI JIii JIWIIe B TOMY BUTAJKY, SKIIO BOHH MOXYTh IepeaaBaTH
TEIUIOTY JI0 cyOcTpary 3 000X CTOpPIH CTIHKHM TakK, SK I BIIOYBA€ThCS B
JBOKaMEpHIii YCTaHOBII 3 BHYTPIIIHBOIO meperopoakor [13]. Kpim toro,
HiIrpiBaHHs cCyOCTpaTy MOKHA 3/IIMCHIOBATH 0€3MOCepeHbO, MOIAI0UH B
HBOTO Taps4y BoAy abo mapy. OCKUIBKH BO/A CIY>KUTh OJTHOYACHO AJISL PO-
30aBlieHHA 1 TypOymi3ailii cyocTpary, KUl Mpy 3aBaHTAKEHHI MICTUTh Be-
JUKY KiJTBKICTh TBEPJAUX YACTHHOK, IIEH METOJ MOKE BUSBUTHCH €(hECKTHB-
HuM [3, 13]. IligirpiBanns cyOCTpaTy NUISIXOM BBEJEHHS MapH i TUCKOM
NPUBOANUTH A0 MiJABUIIEHHS BMICTY BOJIOTH B Oiorasi, Il YCYHEHHS SIKOi
IpU TIATOTOBIN Ta3y 0 BUKOPUCTaHHS HEOOXITHI JOMATKOBI 3ax0oau. Y
BEJIMKHUX YCTAaHOBKAX, OCOOJMBO B KOMYHAJIbHUX YCTAHOBKAX ISl OUMIICH-
HSl CTIYHHMX BOJI, ITUM HEJIOJIIKOM HEXTYIOTh, 3BaXKAI0UM Ha O1IbII BUCOKUHN
eHepreTHYHui Koe(IilieHT KOPUCHOI JIii Terionepeaayi.

PiBHOMIpHY mepenady TEIJIOTH A0 CyOCTpaTy MOXHa 3a0€3Me4uTH 3a
JIOTIOMOTOI0 TETJIOOOMIHHHUKIB, pPO3TAIIOBAaHUX I03a yCTaHOBKOIO. [Ipore,
iX CJIi1 BUKOPUCTOBYBATH JIMIIIE B ITOETHAHHI 3 CHCTEMOIO BUMYIIICHOT ITHAP-
KyJiAwii cyOcTpary, 0 CIPUYMHIOE BINOBIIHE MiABUILIEHHS BUTPAT €HEp-
rii, ajie 103BOJISIE HAIIMTHO peryJstoBaT TeMieparypy oposinns. L cucre-
Ma TiJITpIBaHHS Ma€ TEpeBard 3aBASKA OJHOYACHOMY MiAITpIBaHHIO Ta
NEepPEMIITYBAHHIO CBIXKOTO Ta LIMPKYJIOHYOro cyocrpary. Pi3HuLsl Mk Te-
MIIepaTypaMu cyocTpaTy, SKUi HaJaXOJWTh B O10peakTop, Ta THUM, IO TaM
3HaXOJUThCs, Oyjae He3HauHOK0. Jlo TOTO K, HAIIMHO MIATPUMYETHCS IIBU-
JIKICTh TIEPEMIIICHHS CyOCcTpaTy, sika € HEOOX1THO /i 3armo0iraHHs BU-
MaJiIHHS TBEPJIOr0 OCaay Ha MOBEPXHSIX TEII0O0OMiHHUKA. Po3ramryBaHHs



TEIJIO0OMIHHHUKIB 11032 M&KaMH 010peakTopa 3HAYHO IMOJIETIITYE TOCTYII 10
HUX N7 00CTyTOBYBAaHHS Ta PEMOHTY.

[lepemimryBanHs cyocTpaTy B 010peakTopi CpUs€ IHTEHCUBHOMY KOH-
TaKTy MIKPOOPTaHI3MIB 3 KUBHWJIBHUMH PEUYOBHHAMH, IHTCHCHU(DIKYE BHIa-
JeHHs 6iorasy i 3amobirae yrBOPEHHIO KipKH Ha MOBEPXHI, IO MPUBOAUTD
710 301JIBIIICHHST YTBOpPEHHs Oiora3dy. IlepeminryBanus 6iomacu B JaHUM 4dac
3IIACHIOETHCS, SIK TTPABUIIO, MEXAHIYHUMH MIIIATKaMH 3 €JIEKTPOIPUBOIOM
a00 3BOPOTHUM 010Ta30M TIICIIS MIABUIIICHHS HOTO THCKY B KOMITPECOPI.

Y mepmoMy BHNAgKy BHTPATH eIeKTpoeHeprii ckiamaiors 50 Br/m®
00’emy OiopeakTopa. B npyromy Bumnajaxy npu BuTpati 0iorasy O6im3bko 1
M>/M® IUTOIi TIOBEPXHi JOCSTAEThCA TapHHH e(eKT MepeMillyBaHHs, ane
niaBuieHHs napmiaasHoro THcKy CO, 1 CH4 MOXe YIMOBUTBHUTH TPOILIEC
YTBOpPEHHs Oiorasy.

[aTeHcudikyBaTi mpoiiec BUBUIBHEHHS 010Ta3y MOKIIMBO 32 PaXxyHOK
NepeMIITyBaHHsI OPraHiuHOI Macu BiOpoakTuBalli€ro, 0apOOTyBaHHSAM 4H
MexaHIYHUM criocoOoMm. [locTiitHe piBHOMIpHE PO3MOJIJICHHS Ta MEpeMi-
LIEHHS PIAVHM 1 TBEPAUX PEUYOBHH, K1 MICTATHCS B HIM Ta PI3HATHCS 3a PO-
3MipoM, (GOPMOIO Ta MIUIBHICTIO, € TIEPEyMOBOIO O€3MEPEIIKOIHOTO Ta
e(eKTHBHOTO MPOTiKaHHs nporiecy Opoainas [13].

B OpomunbHux kamepax HEOOXITHO MPOBOAUTH CTPIMKE MEpEeMIlly-
BaHHS JJIA TONEPEIXKEHHs] BUHMKHEHHS Y BEpXHIA 4YacTHUHI OlopeakTopa
CIUTMBAIOYO0i pedoBUHHU. Lle 3HAUHO MPUCKOPIOE TMporiec OPOAIHHS 1 BUXIA
Oiorazy. be3 mepemilnyBaHHs Uisi OTPUMaHHS Takoi >K MPOAYKTHBHOCTI
00'eéM yCTaHOBKHY MTOBHUHEH OYTH 3HAYHO 301IbIIICHHI.

[TepemimmyBanHs 37iiicHIOEThCS [13, 14]:

® MEXaHIYHUMH MilTaJkamMu pi3Hoi popmu abo HacocaMu 3 IPUBOIOM
B1JI €JIEKTPOJIBUTYHA;

® TiIpaBIIYHUMU HACAJKaMM 3a PaXyHOK €HEprii CTpyMeHs, 110 nepe-
Kaudy€eThCsl HACOCOM 30POJIPKYBaHOTO CyOCTpary, ab0 pelUpPKYJIISIIEL0;

® HAJMIPHUM THUCKOM 0iorasy, 10 MPOIYyCKAEThCs yepe3 0apOOoTaKHUN
npuctpiit abo TpyOKy, po3TalioBaHy B HUXKHIN 4aCTHHI peIyKTOpa.

3acTocyBaHHS 00€pTOBUX MEPEMIIIyBaJbHUX MPUCTPOIB MOTpeOye BU-
COKHUX BHMOT 110 ¢opMu OlopeakTopa, OCKUIBKH BOHA MMOBHHHA 3a0e3Medy-
BaTHU HEOOXI1/IHI YMOBH JJisl 3SMEHIICHHS] YTBOPEHHS OCay 1 TIaBarovyoi Kip-
ku. [IIBUaKICTE mepemillieHHs, 10 TOTPiOHA JJIs1 IHTEHCUBHOTO MEePEeMIITy-



BaHHsI CyOCTpaTy, BU3HAYAE€THCA yMOBAMU TYypOYJICHTHOCTI B YCIX 30HaX
ycTaHOBKU. TOMy Taki MIllIaJIKu MOXYTh €(EKTUBHO BUKOPUCTOBYBATHUCH
JWIlIe B HEBEJIMKHUX OlopeakTopax MmpH il Ha Baxki cyOctparu. [ns cy6-
CTpaTiB Majoi B’S3KOCTI, IO MICTSTh MajO PEYOBHH, CXMUJIBHUX JI0 OCa-
JOKEHHS UM YTBOPEHHS TUIaBA040i KIPKH, MEXaHIYHI TIepeMIlTyBalbHI MPU-
CTpoi € 011 e(DEKTUBHUMU 1 Y BITHOCHO BEJIMKUX OlopeaKTopax.

VY Benukux OlopeakTopax, 0COOIMBO IMIIHAPUYHOI dopMu, cyOcTpar
MOXJIMBO TIEPEMIIIYBATH TiJIPaBIIYHUM CIIOCOOOM, TOOTO 3a JOIOMOTOIO
CTpyMeHs pinuHu. B uncnennux 6iopeakropax, 30ynoBanux B deneparus-
Hiit PecnyGumini Himeuuuni 20 pokiB Tomy, q00pe 3apeKoMeH1yBajita cede
CHUCTeMa 3 PyXOMHUM corioM. [Ipu ropu3oHTaIpHOMY HAampaBieHi COIIa,
K€ 00epTaeTbCsl HABKOJO OCI YCTAHOBKM Ta MOXE MEPEMIIyBaTHCh
B3JI0BX HEi, CTpyMiHb PIJUHU MOTPAIUIIE€ B YC1 30HU POOOUYOTO MPOCTOPY
yCTaHOBKHU. ['1paBiiiuyHi CUCTEMH 3 HEPYXOMHUM COILIOM MOTPeOyIOTh, Ha-
BIIaKH, PETEJILHOIO MiA00pYy 3TiHO 3 po3Mmipamu 1 GopMor0 010peakTopiB
JUIs 3a0€3MeYeHHs JOCTaTHBOTO MEPEMILIYBaHHS CyOCTpaTy B YCIX 30Hax
yCcTaHOBKH [8].

Bucoky skicTh mepemilryBaHHs MO>XKHA OTPUMATH, HAarHITalOUd OTPU-
MaHHI B pe3yibTaTi OpoMdiHHS ra3 B piakui cyoctpart. IIpore, npu upomy
cyOcTpaT HE TOBUHEH MAaTH BUCOKY B’SI3KICTh Ta CXUJIBHICTh 10 YTBOPEHHS
IJ1aBaroyoi Kipku. B iHIIOMY BUNaaKy, ciij 6e3nepepBHO BUAAISATH YaCTHU-
HKH, SIKI CITUBAIOTh, @00 BIIOKPEMITIOBATH KPYMHI YaCTHHKU TBEPOTO Ma-
Tepialy BiJi CyOCTparTy mepes 3aBaHTaKEHHSIM HOTo B O10peakTop.

[lepcrieKTMBHUMU NIISTXaMHU BIOCKOHAJIEHHS! YCTaTKYBaHHS JIJISl 1HTCH-
cudikailii mporecy aHaepoOHOro OponiHHSI cyOcTpary B OlopeakTopax 3
METOI0 30UIbIIEHHS BUXOJYy Olorazy Ta 3MEHILEHHS 4Yacy nepeOyBaHHS
cyOcTpaTy B YCTaHOBIII € MEXaHIYHE nepeMinryBanHsa. OHUM 13 HAPSMKIB
iHTeHCcU(IKalli Ta 3MEHILIEHHSI €HEPrOBUTpPAT Ha BUPOOHUUTBO Oiorazy €
TAaKOX 3MEHILEHHS TEIJIOBTPAT Yepe3 OropoKyBajbHI KOHCTPYKIII KOp-
nycy ycranoBku [13, 28, 43].

1.3 KoHCTPYKTHBHI 0C00JIMBOCTI yCTATKYBAHHS 010KOHBeEpCii

biopeaktop — ocHOBa Oyzb-sKOi 610ra30BOi yCTaHOBKH, TOMY JI0 HOTO
KOHCTPYKIIi BUCYBalOThCS HOCUTH KOpCTKI BuMoru. Kopmyc OiopeakTtopa



MOBUHEH OyTHU JOCUTH MIIHUM IpU aOCOJIOTHIN repMEeTHYHOCTI HOTo CTi-
HOK. O0OB’A3KOBUMH € HaJlMHA TEIUIOI30JIALSI CTIHOK Ta iX BJIACTHUBICTH
MPOTUCTOATH Kopo3ii. [Ipm oMy HEOOXiAHO TependaYnTH MOKIUBICTH
3aBaHTaKCHHS Ta BUBAHTAKEHHSA O010peakTopa, a TaKOX JOCTYH 10 HOTo
BHYTPILIHBOTO MpOocTOpy st oociayroByBanHs [13]. [Ipunimn poboTtu Beix
010peaKTOpiB OJHAKOBUM: MICIS 3aKIHYCHHS 30MpaHHA I IMiITOTOBKH CHUPO-
BHHH, IIIO IOJIATa€ B JOBEACHHI ii 10 HeO0OX1HOI BOJIOTOCTI B CIEIliabHII
€MHOCT1, BOHA MOJAEThCS B YCTAHOBKY, B SIKIil CTBOPIOIOTHCS YMOBH IS
oINnTUMI3allii mporecy anaepooHoro oposinas [45-51].

[IpakTUyHO AOCSYKHUN B MPOMUCIIOBIN YCTAHOBII BUX1J ra3y 3aJI€KUTh
B1Jl Oaratbox (paKTopiB, BIUIUB SAKUX OOYMOBIIOE€THCS KOHCTPYKIIEI yCTa-
HOBKHM Ta BUpOOHMYUMH yMOBaMU. CyTT€BE 3HAUCHHSI MAlOTh Taki (pakTopH
[10]:

— 3aBaHTaXXEHHsI poOOYOro MpocTopy (KUIBKICTh 3aBaHTaXXEHOTO CyO-
CTpaTy, 10 MPUIaJae Ha OJUHUILII0 YUCTOrO0 00’eMy OlopeakTopa, a TaKoX
MPOJYKTUBHICTh MOTO 3aBaHTAXKEHHS);

— TEXHOJIOTTYHUM Yac UKy aHaepoOHOro OpoxdiHHs (d4ac mepeOyBaH-
HSI B YCTAHOBII OPTaHIYHOI MacH, siKa B HHOT'O 3aKJIaJIeHA);

— IHTEHCHBHICTb TIEpEeMIITyBaHHs CyOcTpaTy B 00’eMi GiopeakTopa.

3a KOHCTPYKTUBHUMHU O3HaKamMH OlopeakTopu OyBarOTh OJJHO- Ta Oara-
TOPEAKTOPHI. BUTbIy MPOAYKTUBHICT, MAaIOTh 0araTOpEakTOPHI YCTaHOB-
KH, B AKUX 3a0€3IeuyeTbcs Oe3nepepBHUN LUK aHaepOOHOT0 OpOIHHS.

Krnacudikariro 6iopeakTopiB 3a KOHCTPYKTUBHUMH O3HAKaMH HaBejle-
HO Ha puc. 1.3.

JIJist AT HAPUYHOTO pe3epByapa 3 KOHYCHUMHU BEPXHBOIO Ta HIXKHBOIO
YacTUHAMHU, SK 1 7S SIMIEenoi0HNX, XapaKTepHI HEBETUKUM TPOCTIP IS
HAKOMWYEHHS Ta3y, oOMexeHud 00’ €M TIaBaroydoil KipKH, a TaKOX 3pydHE
BUBAHTKCHHS BiAmnpaiboBaHoi macu. OnHaK, B MOAIOHMX OlopeakTopax
CTBOPIOIOTHCSI MEHIII CIPHUSTIMBI YMOBH JIJIsi TIEPEMIIICHHS PiJIKOTO CyO-
cTpary. B iHAMBiAYyaqbHUX TOCHOJAPCTBAX KOPIYC peakTopa BHILEBKa3a-
HOT (pOpMH, ajie MEHIIIOT MICTKOCTI, BUTOTOBJISIFOTH 13 cTaji abo CKJormiac-
Tuka. B peakropax i3 CKJIOMIACTHKA CTBOPIOIOTHCS Kpallli yMOBH IS Tie-
pemimieHHs cyoctpaty [17, 33].



KoncTpykiiisi 6i0ra3oBux peakTopiB

AiLenoaioHi
LAJIHJIPUYHI
dbopma peakropa TpaHIIeHHI
KyO14HI1
eJacTU4HI

: FOPU30HTAJIbHE
03MillleHHs pe3epBya
posM pesepByapy [=— BEPTUKAJIbHE

" <: 0JIHOKaMepHi

KIJIbKICTh KaMmep JBOKAMEpH
OeTOoHHI

marepiajl KOHCTPYKLIi <E CKJIOTJIaCTHKOBI
MeTalieBl
MeXaHIYHe

nepeMilryBaHHs <E rizpaBIiyHe
OapOoTaxHe

_ HarpiB rapsiioro BOJO0

TeNnI000MiH %E HarpiB Naporo MiJi TUCKOM

eJIeKTPOHArpiB

Pucynox 1.3 — Knacudikarisi 0iopeakTopiB 3a KOHCTPYKTUBHUMH

O3HaKaMu

3 pO3riIsiy CTBOPEHHSI HAWOUIbII COPUSTIMBUX YMOB JJIsi MEPEMIlLy-
BaHHS PIJIKOTO CyOCTpaTy, HAKOMWYEHHS Ta3y, BUAAJICHHS BiAPaIlbOBAaHUX
no0puB Ta pyWHYBaHHS KIPKHU, IO YTBOPIOETHCS Ha MOBEPXHi, JOLIIBHO
BUKOPHCTOBYBATH pe3epByap, sikuil 3a gopmoro Haraaye siite (puc. 1.4).
KpynHi 6iopeakropu Takoi popMu 3a3BUYail CIOPYIKYIOTh 13 OETOHY, TO-
My 71 HUX XapaKTEpHOIO € BHCOKA BapTICTh BUTOTOBJICHHS, 1[0 CYTTEBO
oOMexye ix 3acTocyBaHHs. [IpoTe ycTaHOBKM MEHIIMX 00’ €MiB 30BCIM He-
CKJIQHO BUKOHATH 13 CKJIOIJIACTHKA, TOOTO 13 apmoBaHOi mosiedipHOi
CMOJIH, 0 TOTO K BOHH MAalOTh MEHIIY BapTICTh.



<= —ra3 <zza — cyOcTpar, wo nepedpoauB
<= — pinkuii cyocTpar <=2 — TBEpAUi ocan

Pucynok 1.4 — HaiiOu1b11 IOIIMPEH] TUIIHA PE3epBYapiB 010peaKkTopiB: a
— Y BUIJISLL SIALSA, © — MWITHAPUYHUHN 3 KOHYCHUMU BEPXHBOIO Ta HUKHBOIO
YaCTUHAMH, B — UWIHAPUYHUN, T — MWIHIPUYHUA 3 HEPEropoaKolo,
I — y BUIJISIII Mapasenemninena (3 Meperopojikor), € — IMWIHAPUYHUN
(pO3MIILIEHUI 3 HAXUJIOM), %K — TPaHILEs B IPYHTI (13 KPUIIKOIO)

HuningpuyHi pe3epByapy BITHOCHO MPOCTI y BUTOTOBJIEHHI, 11O MOSIC-
HIOETHCSI 3HAYHUM JIOCBIIOM OY/IBHHMIITBA €MHOCTEH JUISI CLIBCHKO-
rocrloJIapChbkux Iiijied (cTajeBi, OETOHHI, CKJIOIJIACTUKOBI IUCTEPHHU-
OyHkepu aiis cuiiocy Ta iHmux kopMmi) [10]. IIpore mopiBHSHO 3 pe3epBy-
apaMu nonepenHix GopM B IMIIHAPUIYHOMY pe3epByapl HEMOXKIIMBO Opra-
HI3yBaTH JOCTAaTHI YMOBH JJII IEPEMIIIICHHS CyOCTpaTy B YCTaHOBIII, a TO-
My TIpH IIbOMY JIOBOJAUTHLCS BPaXOBYBAaTH BHMCOKI BHUTpaTH Ha BUIAICHHS
ocaly Ta pyHHYBaHHS IJIaBalO4Oi KIPKH, IO TOB’SI3aHO 31 30UIBIIEHHSIM
BUTpPAT €HEPrii Ha epeMilTyBaHHsI 610MacH.

B mpoctux, 30kpeMa, B HEBEIMKUX Ol0peakTopax, siki CHOPYIKYIOThCS
BJIACHUMU CUJiaMu, OpoauiibHa Kamepa mae dopmy mnapanenemninena (6a-
ceitH a0o siMa 3 KpuIkoro). [list migBuiieHHs: €(peKTUBHOCTI TaKOi YCTaHO-
BKH TIEPETOPOIKYIOTh BEPTHKAIBHOIO CTIHKOIO, CTBOPIOIOYHU TOJIOBHY Opo-
TWIbHY KaMepy Ta KaMepy AJIsi OCTaTOYHOTr0 30pOIXKYBaHHSI Ta OCaIKEHHS
nuiamy. [IpoTe ycTaHOBKM Takoro THUILY HE JO3BOJSIOTH JOCATTH BUCOKOTO



CTYIIEHIO PO3KJIaJICHHS CyOCTpaTy, OCKIIBKM B HUX MPAKTHUYHO HEMOMKJIUBO
3a0€3MeunTH PIBHOMIpPHE INEepeMilllyBaHHs OloMacH, yMNpaBiIiHHS 3aBaHTa-
KEHHSM Po00doro o0’eMy KamMepH Ta TOTPUMaHHS dacy rnmepeOyBaHHS Ma-
CH B YCTAHOBIII, 110 € HEOOX1THUM JUIsl OTPUMaHHS MaKCHUMaJIbHO1 KITbKOC-
Ti razy. PyiiHyBaHHS T1aBaro4oi KipKd Ta Ocaay MOB’A3aHO 31 3HAYHUMU
BuTparamu [52-54].

Jlnis 301nbIeHHsT BUX0Ay 0iorasy B pe3yibTaTi aHaepoOHOro OpOoIiHHS
cyOcTpary B 610peakTopl HIMPOKO 3aCTOCOBYETHCS MPOIIEC MEPEMIITyBaHHS
cymim [8, 10, 13, 14, 55-60]. IlepemimryBanusa iHTeHCU(]IKY€e TMpolecH
BCcepeanHi OlopeakTopa Ta 3amobdirae yrBOPEHHIO 0Caay 1 IUIaBaloyoi KipKu
Ha MOBEPXHI1 010MacH, 1110 IPUBOUTH JI0 30UIBIICHHS YTBOPEHHS Oiorasy 13
OpraHiYHMX BIJXOJIB, a OTXKeE, J0 3POCTaHHs e€(PEKTUBHOCTI OiopeakTopa.
BinoMo mexaHiuHe, TipaBiiyHE 1 aepOJAMHAMIYHE MEPEMINIYBaHHS CyMI-
mieil. HallG11bI1 mepcneKTHBHUM yCTaTKyBaHHSM I 1HTEHCU(IKAIT Tpo-
1ecy aHaepoOHOro OpoiHHS cyOcTpary € 010peakTopH 13 MEXaHIYHUM Iie-
pEMIIITYBaHHSIM.

MexaHiyHe mepeMillyBaHHS CyMIIIEH 3A1MCHIOEThCA JIONAaTEBUMM,
MpoTeNepHUMU, TYpOIHHUMH Ta CHemiadbHUMHU Mimankamu. Kinacudika-
10 MepeMIIyBaIbHUX MPUCTPOIB AJIs1 O10peaKTOpIB HaBEAEHO Ha puc. 1.5.

MexaHiuHi
nepeMimyBaJibHi NIPUCTPOL

IPOTIENIEPHI1
JIOTIaTeB1
JTIUCKOBI
CKpEOKOBI

TypOiHHI
SIKIpHI
paMHi
IIIHEKOBI

Pucynok 1.5 — Kiacudikamiss MexaHIYHMX NEpEeMIlIyBaJbHUX MPU-
CTpOiB Jj1s1 610peaKkTopiB

TypOiHHI MillIaJKK OCHAILIEHO JIONATSIMH 1 BOHH MalOTh YiTKO OKpece-
HUN pOTOp. 3aJIe’)KHO BiJl CIIOCOOY KPIMJICHHS JIoNaTen 1 ix KoHdirypariii B
aHaepoOHil G10KOHBepCli 3yCTpiualoThCs Pi3HI TUIH TypOIHHUX MIIIANOK.



Haii6inb11 mpocToro Ta 0JJHOYaCHO BUCOKOE(PEKTUBHOIO € MIIlaiKa 3 Mpsi-
MHUMH pajilajJbHO PO3TAIIOBAHUMH JonataMu. [1nocki gomari MoxyTh OyTH
HaXWICHI 1] IeBHUM KYTOM BiJHOCHO IUTOIIMHHN 0OCPTAaHHS MIITAIKH TSI
Kpauioro nepeMiiryBaHHs cyocTpary.

[IponenepHi MilIagKu BBaKAIOTHCSI HAUOLIBIN €(DEeKTUBHUMH B TUX BU-
najikax, KoJIM HEOOX1JHO CTBOPUTH 3HAUHY IUPKYJIALI0 cyOcTpaTy B 010-
peakTopi MpW MiHIMAJIbHIM BUTpaTi MexaHIYHOI eHeprii. BoHu sxicHime
MePEMIIIYIOTh CyOCTpaT, HXK MIIIAJIKKA 1HIIIOTO THUITY, HAIIPUKJIAJ, TypOiH-
Hi. [IponenepHi MilIagKu CTBOPIOIOTH OCbOBY IUPKYJISIII0 OPraHiuHUX Bi-
JIXOJIIB BCepeArHI 010peakTopa 3a paXyHOK HaCOCHOTO €(eKTy, ToMy BOHU
JIETKO M1IHIMAOTh TBEP/1 YaCTUHKH 3 HOro JHA.

JlomareBi MIIaJIKK MOYaid BIEpIIE BUKOPUCTOBYBATUCH B CHUCTEMAaX
O10KOHBEpCIi Ta B XIMI4HIM TpoMHUCIOBOCTI B3araii. Ha choroani BoHu Bu-
KOPUCTOBYIOTBCSl Y THUX BUMAJKAX, KOJIM HEMA€E HEOOX1AHOCTI B IHTEHCUB-
HI{ paJllalibHO-OChOBIM LUPKYJISLIi OpraHiyHoi cymimii B Oiopeaktopi. Oc-
HOBHOIO IE€PEBAror0 JIOMATEBUX MIMIAJIOK € iX MPOCTOTa Ta HHU3bKa Bap-
TICTb.

SxipHi Ta pamMHI MIITAJIKH BUPI3HSIOTHCS BUKIIOYHO HU3BKUM YUCIIOM
o0epTiB. JliaMeTp Takux MIIIAJIOK HAOJIMKAETHCA 10 AlameTpa 0iopeakTo-
pa, a 3a30p MIX JIONMATTIO Ta CTIHKOIO peakTopa € He3HayHuM. Takum 4u-
HOM, y BUIAJKYy 3aCTOCYBAaHHSI [UX MIIIAJIOK MOKHA YHUKHYTH MiCIIEBOTO
neperpiBaHHs CyOCTpaTy Y BUHUKHEHHSI 0CaJly Ha JTHI YCTAaHOBKHU.

[IIHeKkoB1 MIIIANKK MPALOIOTh 33 TUM MPUHLIMIIOM, IO 1 MPONENEpHI,
aJie Py MEHIIIN KiIJTbKOCTI 00epTiB. BOHM 3aCTOCOBYIOTHCS JUIs TIEPEMIIITY-
BaHHS CyMilllel 3HAYHOI B’SI3KOCTI, 30KpeMa JjIsi OPraHIYHOTO CyOCTpaTy
BcepenuHi OiopeakTopa. B 1bOMy BUINAIKY Uil CTBOPEHHS OJHAKOBOIi
MUPKYJISIIT cyOCTpaTry B OlOpeakTopi BOHU 3aTpadalOTh MEHINE €Heprii,
HIXK TPOMETIEPH] MIIIATKH.

BuxopuctanHs TUCKOBUX Ta CKpEOKOBUX MIIIAJIIOK B Mporiecax 010Ko-
HBepCli € Hee()eKTUBHUM, TOMY Mai’Ke HE 3aCTOCOBYETHCA.

Sk cyOcTpar AOLITEHO BUKOPHUCTOBYBATH BIAXOAW TBAPUHHOTO TMOXO-
JKeHHS. J>kepeso mocTtavyaHHs TakKUX B1AXOIB HaBeJeHO Ha puc. 1.6.

Bigomi GiopeakTopu, B sKux sl 1HTeHcU(DiKaIlii mporecy OpomiHHS
OpraHiYHOT MacH BUKOPHCTOBYIOTHCS TIEpeMillryBayi pisHUX BUIiB [61—73].
Jlna mepeminryBaHHsI CyOCTpaTy 3aCTOCOBYIOTHCS IIHEKOBI abo JomaTeBi



MIIIAJIKH, SIKI PO3MIIIEHI TOPU30HTAIBHO, BEPTUKAIBHO, 300Ky a00 mij Ky-
toM. [Ipu TOpu3OHTaILHOMY JIOTIATEBOMY TepeMilnyBaHHi [61-63] nomari
PIBHOMIPHO PO3MOJUISAIOTE TBEPAY 1 piaKy a3y cyOcTpary mo BChOMY
o0'emy OiopeakTopa. [l Tepmocrtabimzaliii mporecy aHaepoOHOro Opo-
JIHHS BUKOPUCTOBYIOTHCSI TETJIOOOMIHHMKH, HArpiBaJIbHI MPHIAIH, a Ta-

KO TEIUIOI30JIAIisl CTIHOK OlopeakTopa 3 METOI 3MEHIICHHS TEIUIOBTPAT
[74-84].

[Tocrauanus xyioou

!
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HaxonuuyBajibHUI pe3epByap

Pucynoxk 1.6 — TexHomoriyHa cxema OTpUMAaHHS BiJXOiB TBAPUHHOTO

MMOXOJKEHHS

Jlns yrusmizaliii opraHiyHuX BiAXOIB CUIBCHKOTOCIOAAPChKOTO BUPOO-
HulTBa MetonoM OiokouBepcii I'. C. Parymmaskom ta B. B. [xemkynoro
3aMpPONOHOBAHO KOHCTPYKTUBHO-TEXHOJIOT1UHI pIlIEHHS O10peakTopiB 3
BUKOPUCTAHHSAM KOJIMBAJIBHUX TOMIB JUISl MIABUIICHHS €(DEKTUBHOCTI TETI-
JOBIJIA4l BijJ CTIHKM HarpiBada J10 JBO(a3HOro cepeioBHINa CyOCTpaTy
[61]. KonuBanpHUM pyX aKTUBYIOUOI TUIACTUHU 31MCHIOETHCS 32 JIOTIOMO-
ror0 BiOponpuBOAY Ha 0a3i TiAPOIMIIHAPA, KPUBOLIUITHO-IIATYHHOTO Me€-
XaHI3My YM 1HIIOTO 30yproBaya, Kl aKTHUBI3YIOTh IPOLEC MEePEMIITyBaHHs



cyOcTpaTy 3 METOI TepMmocTaldimizamii mporecy aHaepoOHOTO OpOJIiHHS.
Po3pob6ieno MaremaTuuHy MOJieIb Mpoliecy TypOyJi3aliii 610ra3oBoi ycTa-
HOBKH IUIACTHHOIO-aKTUBATOPOM 3 KPHUBOIIUITHO-IMATYHHUM MEXaHI3MOM.
ExcrniepuMeHTanbsHO JOBEACHO, IO KOJIMBAHHS CEpeIOBHUINA IMIAaCTUHOO-
aKTUBATOPOM IHTEHCU(}IKye BUTPHOKOHBEKTHUBHY TEIUIOBIIauy B CyOCTpa-
Ti B 1,5-2,5 paza. ABTopamMu TakoX 3alpoOINIOHOBAHO palliOHaJIbHI TEXHOJO-
T1YHI cXeMHU poOOoTH 010Ta30BHX YCTAHOBOK 3 PEKYIEPAIIEI0 TEIIa IIaMy
Ta 3 TEIJIOBUM HACOCOM, a TaKOX CTPYKTYPHO-JIOT14HI CXeMH BHOOPY CII0-
co0y Ta TEXHOJOTil OYMIIEHHs 0lora3zy BiJ] JHOMIIIOK IS BUKOPUCTAHHS
HOro B TEIUIOTEXHIYHOMY OOJiaHaHH1 [14].

Astopamu C. . Txauenxom, H. B. Pesunent, H. B. Ilimeninoro,
M. C. I'ymeHIOKOM 3alporOHOBAHO YCTAaHOBKY JUIsl OTpMMaHHs Oiorasy,
110 MTpU3HaYeHa JJid reHepaiii 0iorazy Ta OTpUMAaHHS OpPTraHiYHUX JT0OpUB
3 MOOYTOBOTO CMITTS, JIUCTS, BIAXOAIB TBAPWHHHUIITBA TOLIO BHACIIIOK
aHaepoOHOro po3kiaay 0loMacu MIKpoopraHi3Mamu, 1 BUKOPUCTaHHS KiH-
[EBUX MPOJYKTIB JJi mo0yToBUX noTped. B Takiit ycranosii [63] 3a paxy-
HOK BHUKOPUCTAHHSI BOYJIOBAHOTO TEIJIOOOMIHHHMKA 1 OpraHizallii MexaHiy-
HOTO TepeMilllyBaHHsA B 00'eéMi peakTopa Ta MOBHOI yTWJII3aIlli TEIUIOTH
30pOIKEHOTO CyOCTpaTy 3'SBISETHCS MOXJIUBICTH CTBOPEHHS ONTUMAJIb-
HOTO TEMIIEPATYPHOTO PEKUMY ISl aHaepoOHOro 30poKyBanHs. Lle mpu-
BOAUTH 10 MIABUIIEHHS BUXOAY 0i0ra3zy 1 3MEHILEHHS €HEproBUTpaT MpH
eKCIUTyaTallii yCTaHOBKHU. YCTaHOBKY JUIsi OTpUMaHHs 010Ta3y OCHAIIECHO
NepeMIITyBaJIbHUM MPUCTPOEM y BUTIISIAL Basa 13 3aKPIIJIEHUMHU HAa HBOMY
THYYKHMH JIOTIATKAMHU JIJISI OUMILCHHS TeIJIOOOMIHHO1 MOBEPXHI, sIka BOY-
JI0OBaHa B peakTop. TakMM YMHOM 3a paxyHOK IMepeMillyBaHHs Bi10yBa€eThb-
Csl BUPIBHIOBAHHA TEMIIEpaTyp MO 00'eéMy YCTaHOBKH.

biorazoBy ycranoBky [64] 3ampornonoBano A. A. MydakoMm Jj1si OTpH-
MaHHA J0OpWB 1 0iorasy, a TakoK 3MEHIIEHHS 3a0pyJHEHHS HaBKOJIMIII-
HBOTO CEPENIOBHUIIA. 3a JOMOMOTO0 MEPEMIITyBAIBHOTO MPUCTPOIO Y BU-
TJISIT1 TIO3JIOBXKHIX 1 MOIMEPEYHUX JIOMATOK 3 BITHOCHO HE3HAYHUMU 3aTpa-
TaMU €Heprii e(PeKTUBHO MepPeMIITy€eThCs CyOCTpaT 3 YaCTKOKO TBEPAMX Ua-
CTUHOK B HbOMY Ouibiie 12 %, mo 103BoJisie JTIKBIyBaTH TaKl HETaTHBHI
SBUIIA K Ocaj 1 TutaBaroya Kipka. [{umiHapuaHuil KopIyc peaktopa MOxKe
o0epTaTHuCs HaBKOJIO OC1 MIIIHAPA 1 MO3A0BKHIMHU JIOTIaTKaMHM I1ap 3a Iia-



pOM TepeMiliaTé Bech 00'eM CyOCTpaTy, SKHM 0JaTKOBO MEPEMIIIYyIOTh
MOTIEPEYH1 JIOMATKH.

YcTaHoBKa A7 IepepoOIeHHs TBEpAUX Ta PIAKUX OpraHIYHUX BiIXO-
JIIB 3 OJiepKaHHAM Oiora3y 1 noOpuBa [67] MOKe BHKOPHUCTOBYBAaTHUCH B
CUIBCBKOMY Ta KOMYHAJIbHOMY TOCIOAapCcTBaxX. B Hill 3aBIsKM BCTaHOB-
JICHHIO 3aBaHTaXyBaJIbHO-BUBAHTAKYBaJbHOTO TBHUHTOBOIO KOHBEEpa 3
IPUBOJIOM PEBEPCUBHOTO OOEpTaHHS 1 MPHUCTPOEM JJisi TMEepEeMIlTyBaHHS,
110 PO3MIIIEHUI Ha KIHI[l Bajla TBUHTOBOTO KOHBEEPA 32 MEKAMH KOHTEM-
Hepa, 3a0e3meuyeThes KOMIUIEKCHE BUKOHAHHSA MPOIIECIB 3aBaHTaKyBaHHSI-
BUBAHTa)XYBAaHHS Ta IMepeMIlTyBaHHS B KOHTeHHepi. lle BiAMOBIAHO MOK-
palrye npu 1boMy YMOBH MacoOOMIHY Ta 30pO/I’)KyBaHHSI TBEPIUX B1IXOIIB
B KOHTEWHEpl Ta PIAMHU B3araji B peakTopl. BiAMoBiIHO MiIBUIIYETHCS
MPOJYKTUBHICTh 32 BUXOJIOM 0l0ora3y Ta MepepoOJICHHIO CUPOBUHHU TBEP-
JUX BIJIXOJIIB, Peali3y€ThCsl KOHCTPYKTUBHO-TEXHOJIOTIYHA KOMITAKTHICTB,
e(EeKTUBHICTh BUKOPUCTAHHA po00OYOro 00'eMy peakTtopa, repMETHYHICTb
peakTopa. 3HAYHO MIABHUILYIOTHCS MEXaHI3allisl MepeHaBaHTaKEHHS CyO-
CTpATIB, 3pOCTAE MPOAYKTUBHICTD 13 IEPEPOOJICHHS] CUPOBUHU TBEPJIUX Bi-
JIXOJIIB, 3HIKYIOTBCSI TPYAOMICTKICTh €KCILTyaTaIifHO-TEXHOJIOTTYHUX PO-
OIT Ta 3arajbHa METaJIOMICTKICTb.

B 6GiorazoBux ycranoBkax [70—73] BUKOPHUCTOBYETHCS ITHEKOBUH TIe-
peminryBad, 10 pO3TalloBaHWi ropu3zoHTanbHO. ABTopamu I'. €. MoBce-
coBuM, O. O. JIamenko, T. B. CropkaioBor 3alponoHOBAaHO YCTaHOBKY
JUTsl 30pO/IKYBaHHS TBEPAMX Ta PIAKUX OPraHIYHUX BIJIXOJIB 3 OJIEpXKaH-
HsaM Olorazy 1 mobpusa [70], 1m0 BUKOHaHA 13 ITHEKOM. TakUM YMHOM 3a-
Oe3rneuyeTbes O€e3MepepBHICTh TEXHOJIOTTUHOTO MPOILECY aHAepOOHOI nepe-
poOKu pizHO(A3HUX OPraHIYHUX BIIXOJIB Ta PETJIAMEHTHI YMOBU METaHO-
BOTO 30POKYBaHHS, 110 BIJIMOBITHO MIABUILYE €(hEKTUBHICTH METAHOBOTO
30pOIKyBaHHS CyOCTpaTiB Ta 3arajibHy 1 MUTOMY MPOJAYKTUBHOCTI YCTAHO-
BKH 13 BUPOOHHIITBA OioTasy, 10OpUB Ta 00'eMy mepepoOIeHHS BIIXO/IIB.

YcranoBky miig BUpoOHUITBa Oiorasy [74] npencrarieno B. O. Kosa-
nenko, B. O. HyOposinum, M. 5. Kpuenkom, B. M. TlonskoBchkum,
JI. B. llleBuenko. Sk TemI0i3010IHHNNA MaTepial BUKOPUCTOBYETHCS aKY-
MYyJIIOBajbHA PEYOBHHA, a CaM€ OpPTraHiYHA Maca, MpUjaTHA JO KOMIIOCTY-
BaHHS. 3aBJsKU BUKOPHUCTAHHIO SIK JKepesa Teria 1 akyMyJIloBajIbHOI pe-

YOBHHU OPTraHIuYHOI MacH, MPUAATHOI 10 KOMIIOCTYBaHHS, SIKa MEPIOAUYHO



3aBAHTAXYETHCS 1 BUBAHTAXKYETHCS, 3a0€3MeUy€eThCsl CTaOUTBHICTh pOOOTH,
MIJIBUIYETbCS €KCIUTyaTalliiiHa HaJiiHICTh YCTAaHOBKM IS BUPOOHHIITBA
Oiora3y. 3acTocyBaHHS Takoi yCTaHOBKH JI03BOJISIE CTAOUILHO BECTH TMPO-
nec 30pomxyBanHs, Ha 25-30 % miaBuIye eheKTUBHICTh MPOIECY OTPHU-
MaHHs 0ioTrasy.

B 6iora3oBiii ycraHoBIll [77] BMOHTOBaHO €JIEKTpOHArpiBay, mapHipHO
3'€THAHUI 3 HIDKHBOIO YaCTHHOIO TPYOH 3 MOKJIHMBICTIO 0O€pTaHHS HAaBKO-
j0 oci. biorazoBa ycraHoBka OCHallleHa CHUCTEMOIO aBTOMAaTUYHOTO Pery-
JIOBaHHS TeMIIEpaTypH TEIUIOHOCIS 1 cyOCTpaTy 3 TphOMa TEPMOPETYIISATO-
pamu. CeHcop NEepIIOro TEPMOPETYJIATOpa BCTAHOBICHUM y MepIiid €éMHO-
CTl, @ CEHCOPU JAPYIoro 1 TPEThOro TEPMOPETYISATOPIB — MO BEPTUKAJIl Ha
KOpIyci, 3 aBTOMATHYHUMHU 1 PyYHUMH BUKOHABYMMHU MEXaHI3MaMH 1 CXe-
MaMH peryJiloBaHHS €JIEKTpOoHarpiBaya i mpuBoy 3MilryBada. EHeproede-
KTUBHICTD I[1€] YCTAHOBKH JOCATAETHCS TUM, 10 HEPUINI TEPMOPETYIATOP
NIATPUMYE 3aJaHy TeMIlepaTypy TerioHocld. Jpyruii 1 TpeTiid TepMopery-
JSITOPU BKJIIOYAIOTH JATUYMKHU TEMIEPaTypH, SIKi BCTAHOBJICHI Y HIKHIN 1
BEPXHII YaCTHHI KOPIYCY peakTopa Juisl KOHTPOJIIO0 TEMIEPATYpH cyOcTpa-
Ty Ha mepudepii (O CTIHKK KOPITYCY), /1€ BOHA 3HIDKYETHCS B TEPITY
yepry. TakuM YMHOM MIABUIIYETHCA MPOJYKTUBHICTH 010ra30BOi YCTaHOB-
KM BUPOOHHUIITBA Oiorasy, MIATPUMYETHCS ONTHUMAIBHUN TeMIepaTypHUI
peXUM 30pOKyBaHHS CyOCTpaTy B peakTopi B OyAb-sKy MOPY POKY, a Ta-
KO 3MEHIIYIOThCSI BTpaTH TEIUIOTH 13 peakTopa 4epe3 OropoJKEHHs 3a-
BJISIKM BUKOPUCTAHHIO TPUILIAPOBOI CTIHKU 3 MOBITPSHUM CEPEIHIM LIAPOM.

He3Bakatoun Ha HasBHICTh 3HAUYHUX KOHCTPYKTHBHHMX OCOOJMBOCTEN
010ra30BUX PEAKTOPIB € HEOOXITHICTh iX MOJAIBIIOTO BAOCKOHAJIEHHS 3
METOI0 TOIIYKY HampsIMKIB ONTHMMI3alli aHaepoOHOTo mpolecy OpoaiHHS
cyOcTpaTy aJis MABUIICHHS 1X MPOAYKTHBHOCTI Ta 3MEHIIIEHHS €HEPro3aT-
pat Ha TepMOCTa0LI13aIlii0 MPoleCy BUPOOHHUIITBA Oiorasy.

[lepcrieKTMBHUM HANPSIMKOM ITiJIBUIIIEHHS €HEeproeeKTUBHOCTI 010-
KOHBEpCIi € 3MEHIIEeHHS JOJaTKOBUX BUTPAT TEIUIOBOI €Heprii 3 Olopeak-
Topa Ta inTeHcudikaiis GepMmenTarlii 6ioMacu MEXaHIYHUM MEPEMIITyBaH-
HSIM CyOCTpaTy 3aJI€KHO BiJl KUIBKICHUX Ta SKICHUX MapaMeTpiB BILUIUBY.
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