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Annomayusn. B cmamve paccmampusaemcs pazpabomra yenesou pyukyuu 0Jisk MHO2OKPUMEPUATbHOU
onmumuzayuu  dHepeemuyeckol dghghexkmusnocmu  eubpuoHol  6buocazoeou ycmanoexku (I'BY),
UHMESPUPOBAHHOU C (DOMOINIEKMPULECKOU CUCTNEMOU U COJHEYHbIMU MENI08bIMU KOLIEKMOPAMU.
IIpeonooicennasi modenvb  yuumsviéaem nsimb KIOYEGbIX NAPAMEMpPOs:. Niowjadb CONHEUHO2O0
so0onacpesamenvrhozo koanekmopa (CBK), mowmnocmv omosnekmpuyeckol cucmemvl, 00bEM
buopeakmopa, memnepamypy aHa’pobHO20 npoyecca U CKOpOCMmb NnepeMeutusanus cyocmpama.
L]enesasn pynkyus Hanpasiena Ha MUHUMUZAYUIO CPOKA OKYnaemocmu, sHepeonomepu u vlopocog CO:
C Yuémom mexHu4ecKux U SKOHOMUUECKUX O2paHuyvyeHuil. AHanu3 3asucumocmeil napamempos om
Kpumepues 3¢phekmueHoCmu 8biA6UI UX HeTUHEUHbII XapaKmep U Haauyue OnmuMAaibHblX OUANa3oHo8,
umo noomeepicoaem HeobXo0UMOCHb NPUMEHEHUS MeNMOo008 ONMUMUAYUY, MAKUX KAK CKASAPUIAYUSL,
9BONIOYUOHHBIE ANCOPUMMBL UIU UMUMAYUOHHO20 MOOenuposanus. Pezynemamer demoncmpupyiom
NOMEHYUAN 2UOPUOHBIX —CcUCTeM 68 NOBLIUEHUU IHEeP2OIPOEKMUBHOCU U IKOLOSUUECKOU
YCMOUYUBOCU 3A CUEM CUHEPSEMUYECKO20 UCNONb308AHUS B0300HOGNAEMbIX UCTOYHUKOS IHEPIUU.
Hccneoosanue enocum 6x1ao 8 passumue memooonocuu npoekmuposanusi I'BY u moocem cuyoscums
OCHOB01I 07151 NPAKMUYECKOU Peanu3ayuu 3Hepeo3IPGekmunvix OUoIHepeemuiecKux KOMNIeKcos.
Kniouesvle cnosa. cubpuonas 0Ou02a306as YCMAHOBKA, MHOSOKDUMEPUATbHASL ONMUMU3AYUSL,
9Hepeemuueckas 3¢hexmusHocms, 80300HOGIAEeMble UCTIOYHUKU DHEPSUU, COTHeUHble KOJLIeKmOopbl,
Gomoanekmpuueckue cucmemvl, aHa’3poOHOe bpodIceHUe, IKONOSULECKAS YCIMOUYUBOCTb.

AVTONOM GIBRID BIOGAZ QURILMASINING KO‘P MEZONLI
OPTIMALLASHTIRILISHI: O‘ZINI OQLASH MUDDATI, ENERGIYA
YO‘QOTISHLARI VA CO: EMISSIYASINI KAMAYTIRISH

Avezova Nilufar Rabbanaqulovna Usmanov Abdurauf Yuldashboyevich
Texnika fanlari doktori, Farg ‘ona daviat texnika universiteti, O ‘zbekiston Respublikasi Fanlar akademiyasi Fizika-texnika
Farg‘ona, O ‘zbekiston instituti kichik ilmiy xodimi, Toshkent, O ‘zbekiston

Annotatsiya. Ushbu magolada quyosh fotoelektrik tizimi va quyosh suv isitgich kollektorlari (QSIK)
bilan integratsiyalashgan gibrid biogaz qurilmasining (GBQ) energetik samaradorligini ko ‘p mezonli
optimallashtirish uchun maqsadli funksiyani ishlab chigish masalasi ko ‘rib chigiladi. Taklif etilgan mo-
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del beshta asosiy parametrni hisobga oladi: QSIK yuzasi, fotoelektrik tizim quvvati, bioreaktor hajmi,
anaerob jarayon harorati va substratni aralashtirish tezligi. Magsadli funksiya texnik va iqtisodiy
cheklovlarni hisobga olgan holda, o ‘zlashtirish muddati, energiya yo ‘qotishlari va CO: emissiyaSini
minimallashtirishga qaratilgan. Parametrlarning samaradorlik mezonlariga bog ‘ligligini tahlil qilish
ularning nochizigli xususiyatga ega ekanini va optimal oraliglar mavjudligini ko ‘rsatdi, bu esa
skalyarizatsiya, evolyutsion algoritmlar yoki imitatsion modellashtirish kabi optimallashtirish usullarini
qo ‘llash zarurligini tasdiglaydi. Natijalar gibrid tizimlarning energiya samaradorligi va ekologik
bargarorligini oshirishda qayta tiklanuvchi energiya manbalarining sinergik qo ‘llanilishi orqali katta
salohiyatga ega ekanini namoyon etdi. Tadgigot GBQni loyihalash metodologiyasini rivojlantirishga
hissa qo ‘shadi va energiya tejamkor bioenergetik majmualarni amaliyotga joriy etish uchun asos bo ‘la
oladi.

Kalit so‘zlar: gibrid biogaz qurilmasi, ko ‘p mezonli optimallashtirish, energiya samaradorligi, gayta
tiklanuvchi energiya manbalari, quyosh kollektorlar, fotoelektr panellar, anaerob achitish, ekologik
barqgarorlik.

MULTI-CRITERIA OPTIMIZATION OF AN AUTONOMOUS HYBRID
BIOGAS PLANT: MINIMIZING PAYBACK PERIOD, ENERGY LOSSES, AND
CO: EMISSIONS
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Abstract. This article presents the development of an objective function for multi-criteria optimization of
the energy efficiency of a hybrid biogas plant (HBP), integrated with photovoltaic (PV) systems and solar
thermal collectors. The proposed model considers five key parameters: solar collector area, PVsystem
capacity, bioreactor volume, anaerobic digestion temperature, and substrate mixing rate. The objective
function aims to minimize the payback period, energy losses, and CO: emissions, while taking into
account both technical and economic constraints. The analysis of parameter dependencies on efficiency
criteria reveals their nonlinear nature and the existence of optimal ranges, which underscores the need
for optimization methods such as scalarization, evolutionary algorithms, or simulation modeling. The
results demonstrate the potential of hybrid systems to improve energy efficiency and environmental
sustainability through the synergistic use of renewable energy sources. This research contributes to the
development of hybrid biogas plant design methodology and can serve as a foundation for the practical
implementation of energy-efficient bioenergy systems.

Keywords: hybrid biogas plant, multi-criteria optimization, energy efficiency, renewable energy sources,
solar collectors, photovoltaic systems, anaerobic digestion, environmental sustainability.

BBenenue. CoBpeMEeHHBIC BHI30BHI B 00J1aCTH
DHEPreTHKU TpeOyloT pa3paboTKu BBICOKOI(]-
(EeKTUBHBIX  CHUCTEM, HCIOJB3YIOIMX BO300-
HOBJIIEMBIX HUCTOYHMKOB »dHepruun (BUD) s
MHUHHUMH3ALUN 9KOJIOTHYECKOTO ciena "
3aBHCHMOCTH OT MCKOIIA€MOT'0 TOILIHBA.

Cormacuo ITocTranoBneHuIO Kabunera
MunuctpoB Ne561 ot 25.10.2023r. [1], yrBepxk-
neHa HammoHanbHast TaKCOHOMMS — «3EJIEHOI
OSKOHOMHUKH, TpeayCcMaTpHUBaromias Kiaccudu-

KalMl0 BHJIOB  JEATEIBHOCTM W  KPUTEpUU
COOTBETCTBUS. B pamkax OHOPHEPreTHYecKoro
HampaBJIEHUsT TMPEAYCMOTPEHBl  OOBEKTBHI  JUIS

MIPOU3BOJICTBA U XPaHEHUsI OMOTOILIHNBA, OMOMACCHI,
Oworasza M Ipyrux MPoyKTOB, BKIIFOYAsT YCTAHOBKH
JUIT  aHA’pOOHOTO OpOXKEHHS U TPOU3BOACTBA
ANEKTPOIHEPTHH M3 OMoToruMBa. Takke yKa3aHbI
YCTAaHOBKH  JJIsi  BBIPAOOTKH  TEIUIOBOM U
INMEKTPUYECKOW DHEPTHH, CUCTEMBI OTOILICHHS,
CTaHIIMK Ha OWomMacce W Ouorase, yIydIlleHHBIC
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OHroMaccoBBIE €4, HUCIIOJIB30BaHHUEC OTXOJ0B
CEIILCKOI'0 U JIGCHOT'O X03SHCTBA.
HpaKTI/I‘ICCKI/Ie maru TaKXE IIOATBEPIK-

JAI0TCS MOCTEeIYIOIUMH HOPMAaTHBHBIMH aKTaMHU.
B uactHOcTH, B COOTBETCTBUM C YKa3oM
[Ipesunmenta NeVII-5 or 04.01.2024 1. [2],
IOPYYEHO CO3/aThb IPABOBBIC OCHOBBI  JJIs
BHE/IPEHUS «3€JIEHOTO Tapuda» Ha 3JIEKTpo- U
TEIUIOOHEPrUI0, TPOU3BOAMMYIO B pe3yJsbTaTe
YTUIM3AIMA OBITOBBIX OTXOJOB U MepepabOTKH
Ouorasa.

['ubpunnpie 6uorazoseie ycranoBku (I'BY),
00BeIUHAIONIME  aHadpoOHOe  OpoKeHHEe ¢
COJTHEYHBIMH TE€XHOJIOTUSIMH, TIPEACTABIISIFOT COOOM
NEpCHEKTUBHOE HAIPABICHUE MJIS JIOCTUIKEHUSA
aTuX uene. Takue CHUCTEMBI HMHTETPUPYIOT
O6uopeakTopsl ¢ (OTOIIEKTPUUECKUMHU MaHEIIMU
JUIE BBIPAOOTKHM 3JEKTPOIHEPTHH W COJHEYHBIMH
TEIUIOBBIMU ~ KOJIJIGKTOPaMHU Ul TOZJEpKaHUs
ONTUMAIIFHOTO TEMIIEPATypHOTO PEXHMa, YTO
IIO3BOJISIET HOBBICUTH BBIXOJ] OMOrasa M CHHU3HUTH
NOTPEeOHOCTh BO BHEIIHHX 3Hepropecypcax [3].
OngHako  CHOXKHOCTH — mpoektupoBanus ['BY
3aKJIF0YAeTCs BO B3aMMOCBSI3aHHOCTH MHOKECTBA
apaMeTpoB, BIHUSAIOLUIMX Ha 3HEPreTHYECKYIO,
SKOHOMMYECKYI0O M  DKOJIOTMYECKYI  3pdex-
THUBHOCTb [4].

Hacrosiiee  uccnenoBaHne — MOCBAIIEHO
pa3paboTke 1eneBo  (PyHKIMM JUIsI  MHOTO-
KputepuanbHoi ontumuszannu ['bY, Bkirodaromein
AT KJTFOUEBBIX apaMeTpoB: IUI0IAAb
COJIHEYHOI'O KOJUIEKTOPa, MOIIHOCTH (hOTOAJIEK-
TpUYECKON CHCTeMBbI, 00bEM OHOpeakTopa, TeMmIe-
parypy Tmporecca W CKOPOCTb IepeMeIInBaHUs
cyocrpara. llenpto paboTsl sBisieTcst  (opmy-
JMPOBaHUE MATEMaTHYECKON MOJENH, MO3BOJISIO-
IMUA  OJHOBPEMEHHO MHUHHMH3HMPOBATh  CPOK
OKYITaeMOCTH, dHepronoTepu u BeIOpockl CO: mpu
COOJIFOJICHMM TEXHUYECKUX U HKOHOMHMYECKHX
OTpAaHUYECHUU.

BocTpe6oBaHHOCTH M aKTyalbHOCTb JJAHHOTO
UCCIIEJIOBaHMSI  3aKJIIoyaeTcsi B pa3paboTke
METO/IOJIOTUN ONTUMH3AIMU THOPUIHBIX CHCTEM,
Oo0OBeAMHSIOMNX  OHOrazoBble U  COJHEYHBIE
TEXHOJIOTUHM, KOTOpas BHOCHT BKJIAJ B TEOPUIO
npoekTupoBaHus  3HeprospdexktuBHbix  BUD-
CHCTEM, a TaKXe B MPEIOCTABICHUN MHCTPYMEHTa
IS IPOEKTHUPOBIIUKOB u MH)XEHEPOB,
MO3BOJISIOIIET0 MOAOUPATh ONTUMAaIbHbIE KOH(H-

rypauuu ['BY, moBblmas ux peHTaOETBbHOCTH M
9KOJIOTMYECKYI0  YCTOMUMBOCTH B  pEajbHBIX
YCIIOBUSIX KCILTyaTallHu.

OcHoBHast yactb. I'BY coueraer conneunoe
TEIJIO U DJIEKTpOoCHaOXKeHue, U OHOrasoBoe
TOILJIMBO JUISI TIOZJIEP’KaHMsI CTa0MIIBHOTO TeMIe-
paTypHOro pexxuMa OMOpeaKkTopa, YTO IO3BOJSET
¢ (deKTHBHEE HCIOJIB30BaTh  BO300OHOBISEMYIO
DHEPrUI0 U CHU3HUTH 3aBUCHUMOCTb OT BHEIIHUX
UCTOYHHMKOB 3Hepruu [5, 6]. B cBeroBoil neHb
U30BITOYHAS COJTHEYHAsl SHEPIUs HalpaBJIAeTCs Ha
HI0JIOTPEB CyOCTpaTa U MOAAEP KK MEXaHU3MOB I10
€€ NepEeMEUIMBAaHUIO U YIPABICHUIO PEXUMaMH, a
HOUYBIO HEXBaTKa TeIljla KOMIIEHCUPYETCSl C)Kura-
HUEM HaKoIUIeHHoro Owuoraza b0 akKymydi-
sTopaMu. Takoi NOAX0 yCTONYUBO MOAACPKUBACT
ONTUMAJIbHYI0 TeMmnepaTrypy Opoxenus 37°C
(Me30(MIBHBIA PEXUM) HECMOTpPSI HA CyTOYHBIE U
CE30HHBIE KOJICOaHUS OKPY KaIOLIeH Cpe/ibl, CBSI3U C
YeM MOXXHO YBEPEHHO OTMETUTb, 4TO [ 'mOpuaHas
cXeMma IOBBIMAET 3HepPro3h(eKTuBHOCTh U aBTO-
HOMHOCTh OHMOYCTAHOBKH, COKpallasi YIJIEpOJHBIH
CJIe]] 110 CPABHEHUIO C TPAAULIMOHHBIMUA CUCTEMAMHU
sHeprocHabxenus [7, 8].

Puc.1. Ilpunyunuanvnasn cxema
AgMoOMaAmu3UPOCAHHOIL CONHEYHO-0U02aA308011

cucmemul IHepzoodecneuenus ouopeaxmopa [9]:
1 - buopeaxmop, 2 - cyocmpam, 3 - pybawka, 4 - mewanka, 5
- dgueamens 0I5l nepemewiuanus, 6 - pacnpeoeiumensd
mennonocumens, 7 - Mawomemp, 8 - memnepamypHuwiil
damuux 0nst usmeperusi cyocmpama, 9 - cuopozameop, 10 -
eazeonvoep, 11 - yupxynayuonnwiii nacoc, 12 - CBK, 13 -
2az06will komern ¢ bounepom, 14 - damuux ons usmepenus
memnepamypuvl menionocumens y eéxooa CBK, 15 - damuux
071 U3MepeHUs. memMnepamypbl menioHOCUmMens Ha Gblx00e
CBK, 16 -oamuux 015 usmepenus memnepamypbl
menyioHocumerist Hympu 2a3o6ou koaouku, 17, 18, 19 -
pecyiuposounble snekmpomachumusie kianatul, 20 -
pacxooomep, 21 - ®IOC, 22 - konmpoanep 3apada, 23 -
akkymynamop, 24 - uneepmop, 25 - 610K asmomamu4eckozo
VRpaseHus..

Ha Puc.l npeacraBieHa npuHLMIUANbHAS
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cxema ruOpuIHON COJIHEYHO-OMOra30BOH
YCTaHOBKM, KOTOpas BKJIIOYAeT  CIEAYIOLIUE
OCHOBHBIC KOMIIOHEHTBI: bHOpeakTop ¢ BOISHOHI
pyOalikoil HarpeBa U MEIIAIKOM, Kya 3arpy’KaeTcs
IIOATOTOBJICHHBIN OpraHUYECKUN cyocrpar;
Cucrema momaun cyocrtpara — NpUEMHBIA OyHKEp
WIM HAacoCc Juid 3arpy3Kd IPEIBapUTEIbHO
U3METBYCHHOTO U pazbasieHHoro g0  90%
BJIQXKHOCTH ChIpbs; CucTema BBITPY3KM LIAMA —
OTBEPCTHE WM KJIAIaH il OTBOJA OTOPOIUBIIETO
ocratka (ynoOpeHus) u3 peaktopa. B BepxHeit
gacTd OWOpeakTopa YCTAaHOBIEH Ta300TBOJ C
T'HJIPO3aTBOPOM, 0OECIIEUHBAIOLINM BBIX0]] OMorasa
U [pPeJOoTBpAIlalOIUM  OOpaTHBI  IOTOK.
BricBoOoxnaromuiics O6uora3 HakamjuBaeTcs BO
BHEIIHEM Tas3rojbjaepe (ra3oBoM MeEIKE WIH
€MKOCTH).

Kax Bugno u3 Puc.l. u3 rasronpaepa Ouoras
IIOCTyIIa€T B Ta30BbIii KOTEN — BOJOIPEHHBIN
arperaT Ha OHOra3oBOM TOIUIMBE, MCIOJb-
3YIOIIMICA I8 TOJOrpeBa  TEIJIOHOCHUTEIIS.
OCHOBHOIi KOHTYP OTOIUICHUS MTPEICTABISAET COOOH
3aMKHYTYIO CUCTEMY c LUPKYJIALUEN
TEIUIOHOCUTENS (BOJBI) MEXIY KOTJIOM, COJIHEY-
HbIM KOJUJIEKTOPOM U pyOamkoil OuopeaxTopa.
[upkynsunonHbIil Hacoc kadaeT Boay uepe3 CBK
(mtHéM) wW/mMaM dYepe3 3MEEBUK Ta30BOr0 KOTIA
(Houbto). KommekTop HarpeBaeT BOJy OT COJIHIIA, a
ra3oBbIil KOTEN — cxxuras 6uoras. [l yrnpasieHus
NOTOKAMU  YCTAQHOBJIEHBl  3JIEKTPOMAarHUTHBIE
KJIanlaHbl: OJJMH KJIanaH Ha JJMHUU OT Hacoca K CBK,
BTOPOl — Ha JMHHUM K Ta30BOMY KOTIy, a TakKke
KJIallaH Ha ra3onpoBoje K ropeinke. OTKpbIBas WiIn
3aKpbIBasi ATH KJAlaHbl, CUCTEMa MEPEKII0YaeTCs
MEXIy PpeXUMaMH HarpeBa: COJHEYHBIM WIH
ra3oBbIM. Harperslil TEIUIOHOCUTENb MOCTYNAeT B
pyOamky peakTtopa, OTHAET Temiuo cyOcTpary H
BO3BpalllaeTcsl OXJaKIEHHBIM OOpaTHO K HAcocy
(3ambIKast KOHTYp). Takke B KOHTYp BCTPOEH
pacxoioMep Ui KOHTPOJIsSl pacxoaa Bojabl (OH
HEOOX0UM JUIsI MOHMTOpPUHTa 3(PQPEeKTUBHOCTU
TermooOMeHa u paboTel Hacoca). [laBmeHue B
CUCTEME TEIUIOHOCHUTENSI KOHTPOJIUPYET MaHOMETD.

Jns anexTpocHa0KeHNs aBTOHOMHON pabOThI
I'BY ycranosnena ®3C, cocrosimas u3: GoTo31eK-
TpUueckoi naxnenu (MomHocTbio 550 BT), koHTpOII-
Jepa 3apsaa, aKKyMyJSATOpHOM Oarapen W UH-
Bepropa. ®OC nHEM 3apspKaeT akKyMyssiToOp, a
HAKOIUIEHHAsl DHEPrusl NMHUTAET HAcocC, MEIIaJKYy,

KJamaHbl W CHUCTEMY YyImpaBiieHus. biok aBro-
MaTudeckoro ympaeneHuss (Ha 6aze  PID-
peryistopa) TMOJdy4YaeT JaHHbIE OT JaTYMKOB
TEMIIEpaTypbl U YIPaBIsSET HACOCOM, KJalaHaMH,
MEIIAJTKOM W HarpeBaTelIbHBIMU YCTpPOICTBaMH,
oOecrieunBast CTAOMIIbHYIO pabOTy BCEil yCTaHOBKH.
B cymme cxema oxBaThIBa€T MHOJHBIA IUKI: OT
MOJIa4YM CBIPb M OpOXEHHS — [0 TOJy4eHHUs,
XpaHEHUsl U UCIHOJIb30BaHUs OHorasa, yTUIH3alUU
ocCTaTKa U MOJICpKaHMsl TEMIIEPATYPHOTO PEKUMA.

Takum o0pa3om paspaboTaHHash THOpUIHAS
COJIHEUHO-OMOra3oBasi yCTaHOBKa MO3BOJSET 3(-
(eKTUBHO MOAJEPKUBATH pabOTy OHOpeakTopa B
ABTOHOMHOM PEXHME.

Jlis onTuMu3anuu sHEpreTudeckoil sddek-
tuBHOCTH ['BY, KOTOpas cocrout u3 OHOpeakTopa
unterpupoBanHas ¢ CBK (ans  BbeipaboTku
anektposnepru) u  CBK (mns  momorpesa
peakTopa) (GOpMyIUpYeTCs MHOTOKpUTEpHUAIbHAs
neneBas (YHKIOUS C yYETOM IISITH  ONTHMH-
3upyeMbix napametpoB  Acoi, Pey, Vipior T, w.
[Ipennaraemass ruOpuaHas cucTeMa HCHOIb3YET
SHEPTUIO COJHIA JJIS MOJACPKAHHS ONTUMAIBHON
TeMIiepaTypbl OpOKEHHS M OOecCredyeHHs] paboThI
BCIIOMOTATENbHBIX YCTPOWMCTB, MOBBINIAS BBIXOJ
Ouoraza M cokpamias MoTpeOHOCTh BO BHEITHHX
JHEpropecypcax.

Hwxe kpaTko mepevrciIeHbl U OMUCAHBI MATh
ONTUMU3HPYEMBIX MapaMeTPOB B MOJIEIH MHOTO-
KpUTEpUATIBHON ONTUMM3ALIUU ruOpHUIHOM
06MOra30BOi yCTaHOBKH:

1. Azp; — nnowaow CBK.

Ot »TOrO mapamerpa 3aBUCHT KOJIUYECTBO
YJIaBJIMBAEMOM COITHEYHOM TEIUIOBOM 3Hepruu. Uem
0oJbIle TUIOMIAb, TEM OOJbIIEe MOXKHO IMONYyYaTh
Tejia JJIA TMOJorpeBa OwopeakTopa (W/wmm st
IpYTHX HYXI), HO TpPH 3TOM BO3PACTalOT
KalnuTajabHble 3aTPaThl U TPeOOBaHUS K CBOOOIHOM
momaau as pamenenus CBK.

2. Poy — mowrnocmo ®@IC (COTHEUHBIX
MoAyJen).
Ompenenser NHUKOBYIO (YCTaHOBJIEHHYIO)

MOIITHOCTh CHCTEMBI (POTODIEKTPUUECKUX MOJJICH.
Uem Bbime Ppy, TeM Oousblie 3JIEKTPOIHEPTUU
MOHO T€HEPUPOBATH W3 COJIHEYHOI'O H3JIy4YEeHHS,

CHMKast HHEPro3aTpaThl Ha BHEIIIHEE
a7eKTpocHaOkeHne M yMmeHbmas BbIOpockl COa.
Opnako  Oompme  (OTOMOAYNHM  3aHHUMAIOT

3HAYMTENIbHYIO IUIOMaah M TPEOYIOT OONBIIMX
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NIEPBOHAYAIILHBIX BIIOKECHUIH.

3. Vyio — 06wem buopeaxmopa.

Yewm Godbliie mosie3HbIH 00bEM OHOpeaKTopa,
TeM Ooibiuii 00BEM cyOcTpaTa (OpraHHYECKUX
OTXOJIOB) MOKHO TepepadoTaTth U, CIeJOBATEIBHO,
noJay4yuTh Oonbmie Oworasa. Ho yBenuuenue
00bEMa peakTopa YyBEIUYMBACT KalHUTaJbHBIC H
OKCIUTyaTallMOHHBIE 3aTpaThl, a TaKkxke TpeOyer
JIOCTATOYHOTO KOJIMYECTBA CHIpbs (OMOMAcCHI).
CyIecTBYIOT U KOHCTPYKTHBHBIE OIpaHHUYCHHUS, U
NPaKTUYECKHE AacIeKThl (HAIpPUMEp, OCTYITHBIH
00BEM OTXOJIOB).

4. T —  memnepamypa  npoyecca
(TeMIiepaTypHbIN peKUM BHYTPU OHOpEaKToOpa).

Jlis pa3HBIX THUIOB aHa’pOOHOro COpaku-
BaHUS ONTHMAJILHBIMU SIBIISTIOTCS ME30(MIBHOU
(okono 35+40 °C) unu Tepmodunbubie (50+55 °C)
pexxumbl.  [loBbllieHne TemrepaTrypsl  OOBIYHO
YCKOpSIET METaHOTEHE3, MOBBIIIAsi BHIXO Ouorasa,
oJTHaKo TpeOyeT OoJiee BRICOKHMX 3aTpaT Ha Harpes.
Ecmu CBK nokpeiBatoT HoTpeOHOCTh B TEIUIE, 3TO
MOYET OKYIIAThCsI, HO TIPY HEJOCTATKEe COIHEYHOU
SHEPrMM  CIMIIKOM  BBICOKAs  TeMIepaTrypa
YBEJIMYNAT BHEIIHUE DHEPro3aTrpatbl W MOXKET
YXyIUIHUTh 0011y10 3¢ PEeKTUBHOCTS.

5. W — ckopocmwb nepemewiuganus Cyoctpara
B OMopeakTope.

OnTuManbHBIl PEeXUM MeEHIaNku obecrie-
YHBAaET PaBHOMEPHOE paclpesieieHne cyocTpara u
MUKpPOOPTaHW3MOB, Yyiydlllas BBIXOJ Ouorasa u
TETUIOTIEPEHOC, HO TIPH ATOM CaMO TIepeMeIInBaHIe
TpedyeT dnekTpodHepruu. CIOMIIKOM  HHU3Kas
CKOPOCTB BBI3BIBAET PACCIOEHUE CPEIIBI, CIUIIKOM
BBICOKAsi — M30BITOYHBIE YHEPro3aTpaThl U JaxKe

ecTaOuIN3aIHuio MHUKPOOHBIX COOOIIIECTB.
CrnenoBarenbHO,  CYHIECTBYET  OMNpEIeIEHHAS
ONTHUMalbHAas BEIWYMHA (©, @PU  KOTOPOH

JOCTUTAETCS HAWIY4Ilee COOTHOIICHUE «IHEPTHs
nepeMenTuBaHus/BBIX0] OHOTasay.

Bce 9TH MATh napaMeTpoB
(Acor» Ppvsy Vpio, T, ) B3aMMOCBSI3aHBI C TOYKH
3peHUsT JHEPreTUYECKOro, JKOHOMHUYECKOTO U
skojornueckoro 3ddexroB. B 3amaue MHOTrO-
KpUTEpUATbHOW ONTUMHU3AIMKU HWCKOMBIE Tapa-

MeTpbl TOoA00paHbl, 4YTOOBI JOCTUTaTh cpa3y
HECKOJIBKMX  LeJeil:  MUHUMH3alus  CpoKa
OKYIaeMOCTH, MUHUMH3ALUs DHEPronoTepu Hu

OJTHOBPEMEHHO MaKCHMalIbHOE CHUXCHHE BBIOPO-
coB CO: ¢ yd€ToM 3aJaHHBIX TEXHUYECKUX U

SKOHOMMYECKUX OTPaHUYCHUN.

JlanHylo 3ajauy MpeAcTaBUM Kak 3ajady
MUHUMHU3ALIUU KOMIUIEKCHOTO KPUTEPHS, HAIIPUMED
IIOCPEJCTBOM B3BELIEHHOW CYMMBI OTJEIbHBIX
MIOKa3aTeJIen:

F= wlTpayback (Aot Prvs Vpio, T, w) +
szloss (Acol: PPV: Vbio: T, w) -

w3602red (Acol' PPV' VbiO' T, (‘))! (1)

ri€ Tpayback — CPOK OKYNAa€MOCTH IPOEKTa;
Ejoss CYMMapHbIE  DHEPIONOTEPH
sHeprosarparbl) cucremel; (0, .
npeaoTBpanieHHbIX BbIOpocoB CO: (uem Oomble,
tem nyuiie). Kosdhdummentsr wy, wy, w3>0 —
BECOBBbIE MHOXHUTENIH, MPUBOIAIINE KPUTEPUU K
COIOCTaBUMOMY BUTY u OTpakarolue
npuoputetsl. B TakoMm Buae pynkuus F camxaercs
NP COKPACHUU Tpaypack U Ejoss ¥ TIPU pocTe
CO;,,,> YTO COOTBETCTBYET TPEOOBAHUIM 3a/[AUH.
AJBTEepHATUBHO, MOKHO MUHUMU3HUPOBATH
KQKJIbII KPUTEPUI 110 OTAEIBHOCTH, PACCMaTPUBAsL
3aJlady KaK MCTUHHO MHOTOKPUTEPUATIHHYIO
(BEKTOPHYI0) ONTUMH3ALNIO, TAE UENA — Tpaypack U
Ejoss (Munummsanus) u — €O, . (MEUHUMH3ALHS
OTPULATENILHOTO AKBUBAJICHTA I MAaKCUMHU3ALUU
MOJIOKUTENBHOTO A deKTa).

OrpaHuyeHusi: Ipy ONTUMHU3ALINN BBOJSATCS
OTPaHMUYEHUSI TEXHUUYECKON pealm3yeMoCTH H

(nmm
00BeEM

SKOHOMHYECKOW  I1e1ecO00pa3HOCTH  KOTOpbIE
COCTOST U3 CIICAYIOIINX:
h Ilnomane: AcortApy (Ppy)S  Amax

[Mnomans CBK mmtoc miomanes, Tpedyemast Juis
(OTODNEKTPUIECKHUX TaHeNel (B 3aBHCUMOCTH OT
YCTQHOBJICHHON MOIIHOCTU Ppy, HE J0JDKHA
IpEeBbIIaTh JOCTYIHYIO IUIONIA/b YCTaHOBKU
Apax- DTO TapaHTHPYET BIUCHIBAHHE CHUCTEMBI B
OTBEJICHHYIO TEPPUTOPHIO.

- Oobem Ouopeakrtopa: Vy;,>V,i,. O0beMm
O6MOra3oBOro peakTopa IODKEH OBITh HE MeHee
MHHUMAJIBHO HEO0OXOAMMOTO Vinin TSt
o0ecrieyeHnss JOCTaTOYHOM BBIPaOOTKM OHorasa,
YTOOBI YCTAaHOBKA OblJIa 9KOHOMUYECKU OKYTIaeMOM.

- Temmeparypa mnpouecca: T, <T<Tp,qx-
Temmeparypa aHaspoOHOro IMpolecca OorpaHuYeHa
JIMara3oHoM,  OOECIICYMBAIOIINM  JKH3HEIes-
TEJIbHOCTh MHKPOOPTaHH3MOB ¥ CTaOMIBHOCTB
nporecca (Hanpumep, Me30(UIbHBIN PEKUM OKOJIO
35+40 °C nmu repmoduibHsIii 10 55 °C). Beixon 3a
9TH MIpeJIeIbl HapyIIaeT paboTy OuopeakTopa.
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- CKopocTh mnepeMemIMBAHUA: Wyin< ©
<Wmax- CINHIIKOM HA3KOE MEPEMEUIIHBAHUE (W in)
MOXET MPHUBECTH K paccloeHuto cyOcTtparta, a
CITUIIIKOM BBICOKOC (Wimayx) K M30BITOYHBIM
JHepro3arpaTaM M JaXK€ I10JABJICHUI0 METaHO-
reHesa. [IoaToMy CKOpOCTh OrpaHHyY€Ha pa3yMHbBIM
JMaria30HOM.

IIpouue IKCILUIyAaTALMOHHbIE
OrpaHMYeHUsi: HApUMEp, JOMYCTUMAasl Harpyska
Ha cucteMy ortorieHus (ecim Ttemwto or CBK
HEJ0CTaTO4YHO), MaKCHUMaJbHas MOIIHOCTb,
BbIlaBaeMasi B CETh, HAJEKHOCTh U 0E30M1aCHOCTD
000pyIOBaHUS U TIP. DTH OTPAHUYCHUS BBOJSTCS
0 HEOOXOAMMOCTH, YTOOBI PElIEHUE OCTaBajOCh
MPaKTUYECKH OCYIIECTBUMBIM.

Takum obpazom, 3aaua GopMyIHpyeTcs Kak
HaxoxnaeHue  TakuxX  Acor, Pevy Vpior T, w,
KOTOpbl€ MUHUMU3UPYIOT F IIpu BBIIOJIHEHUH BCEX
YKa3aHHbIX  OTrPaHUYCHHII. B nureparype
BCTPEYAETCS] AHAJIOTMYHBIN MOJIX0]1 — ONTUMHU3ALIMS
Cpasy IO HSKOHOMHUYECKHUM, DHEPIeTUYECKUM H

3KOJOIrn4€CKUM IIOKa3aTcCJIsIM. HaanMep,
HN3BCCTHO pemicHuc JJI HHTCIPHUPOBAHHBIX
OHEPIroCUCTEM, rac OIHOBPEMCHHO MMHHH-

MU3UPYIOTCS DKCIUTyaTallHOHHBIE 3aTPaThl, TOTEPH
sHeprun M BbIOpockl CO.. Taxke 3adacTyro
HETIOCPEJCTBEHHO BBIOMPAIOT CPOK OKYITAEMOCTH B
Ka4yecTBe I11eJIeBO (PYHKIUH MPH 3HEPreTUYECKOM
NPOCKTHPOBAHUHU, YTO OTPAKACT MPUOPUTET
9KOHOMHUYECKOH 3 (HEKTUBHOCTH.

IIpn pemeHun ONMCAaHHOW ONTHUMHU3ALMOH-
HOW 3aayl MOXKHO HPHUMEHHUTb DPa3JIMYHbIE
MeTobl. BIOOp MeTOAa 3aBUCHT OT TOTO, CBEJCHA
AU 337a4a K OJHOW 1eneBol (QyHKIMM WM
paccMaTpuBaeTCsi MHOTOKPUTEPUAITBHO, @ TAKXKE OT
MaTeMaTHYeCKUX CBOWCTB MOAETH (JIMHEHHOCTD,
nudepeHIpyeMOCThb " T.J.). Taxxe
UCTIOJIB3YIOTCS  CIIEUATU3UPOBAHHbBIE TPOrpaMM-
HbIE KOMIUICKCHl IS ONTHUMH3AINN TUOPUIHBIX
9HEpProyCTaHOBOK. Hanpumep,  cymiecTByroT
unctpymentsl HOMER, Hybrid Optimization
Model min coOCTBEHHBIE CKPUTITHI, UCTIOIB3YIOLIHE
oumbmmortekn ontumuzanuu  [10, 11]. OnHm
MO3BOJISIIOT YYECTh CTOXAaCTHYECKHE XapaKTepHc-
TUKHU (COJHEYHYIO pajualiuio, Harpy3Ky U T.1.) U
OPUMEHSIOT BCTPOEHHBIE ONTHMM3ATOPBI  JUIS
no00pa pa3MepoB cHCTEM. B Takux makerax 4acto
UCTIONb3yeTcst MO0  JIMHEHHOE/IMHAMHYECKOe
IPOrpaMMHUPOBAHUE, ambo TeHeTUYECKHe

ITOPUTMBIL. 3apaHee 3a/laBas T'PAaHUYHBIE YCIOBUS
U orpaHuveHust (miomaap, MHHUMYM Ouorasa,
Ol/KeT W IpodMe), IporpamMma  HaxOAMUT
ONITUMAJIbHYIO KOH(UTYPAIHIO.

Taxum 06pazom METO ONTUMHU3ALUY JOJKEH
YUUTBIBaTh ~ HEOOXOIMMOCTb  yJIOBJIETBOPHUTH
OTpaHUYEHUS U OCOOEHHOCTH ILeJeBON (DYyHKIMH.
JInst  MHOTOKPUTEpHAIIBHOM  3aJa4u  NPEAIod-
TUTEJIBHO CHayajga MOdy4uTh Habop Pareto-
ONTUMAJIbHBIX PELIECHUH, a 3aT€M, OCHOBBIBAsICh HA
BHEIIHUX KPUTEpUsX (Hampumep, OOIKeTe WU
NOJUTUKE  CHUXKEHHMS  BbIOPOCOB),  BBIOpATh
KOHKPETHOE ONTUMAaJIbHOE perienue [12].

[IpencraBnennas (yHKIHOHAIBHAS —CXeMa
I'BY (Puc.2) Busyanusupyer BCE€ KIIOUEBbHIE
IPOLECCH — OT MOJATOTOBKU ChIPbsl A0 YTHIIM3ALUU
sHepruu Oumoraza. Cuctema ynpaBieHUs Ha 0aze
PID-perynsaropa obOecneunBaeT aBTOMAaTHYECKOE
HOJ/Iep)KaHue ONTUMAJIbHON TeMIeparypbl Opoxe-
Hus 37 °C, nepexntovast ucrounuku termia (CBK
THEM, OMOra3oBbI KOTEN HOYBIO) M 3aAEUCTBYS
pe3epB Npu HE0OXOAUMOCTH. Pe3ynbTaThl pacuéToB
IIOKa3bIBAIOT, YTO Npu 00BEMe peakropa 0,5 m?
eXeJHeBHbIe Teruionorepu 6,2 KBT'u MoryTt ObITH
KOMITIEHCUPOBaHbl KOMOMHAIMEH COJTHEYHOIo TeM-
na  (2+2,5M* KOJJIEKTOPOB) U COOCTBEHHOTO
6uorasza (0,77 M*/HOYb) MPAKTUYECKHU MOJTHOCTHIO, C
MUHUMAaJIbHBIM HCIOJIb30BAaHUEM AIIEKTPUYECKOTO
HarpeBa. CyTo4yHoe »snekTponorpebnenue (2,3
kBT'4) mokpeiBaeTrcs (hOTOINEKTPUUECKOM cucTe-
Mo 0,55 kBT u akkyMyuaTopoM ¢ EMKOCTBIO
6 xkBt-u, oOecnieunBast SHEPreTUYECKYIO
He3aBUCUMOCTh cucteMbl (Tabn.1). B memowm,
THOPUIIHBIN  TOJXOJ] TMOBBIIAET dHEprodddex-
TUBHOCTb YCTAaHOBKH, IIO3BOJISI YTHJIN3UPOBAThH
BO30OHOBJISIEMbIE MCTOYHHMKH SHEPrUM (COJHIE U
06uoras) MakCHUMajJbHO TOJHO. OTO CHHXAeT
IKCIUTyaTallMOHHBIE 3aTtpaThl W BBIOpockl CO: u
JIeJIaeT yCTAaHOBKY NPUTOAHON JUIsl IPUMEHEHUS B
YCIIOBUSIX ~OTCYTCTBUSL CTaOWUJIBHOTO  3JIEKTpPO-
CHa0XXEHHUS U B IIENSAX YCTOHYMBOTO oOecreyeHus
SHEprueil arpapHOro xo3sucTRa.

B Tab6un.1 MPEACTABIEHBI
XapaKTepUCTUKHU HccieryeMon
0MOra30BOi yCTaHOBKH.

Ha Puc.2 npencraBiieHa BiaMsSHUE IUIOIIAIH
CBK (Acol) Ha kpuTepu# 3pGEKTUBHOCTH CUCTEMBI.

CBOJIHBIE
rUOpuIHON
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Tabmuua 1.

Ceoonble xapaxmepucmuku 2udpuoHol
0U02a30601 yCMAHOBKU

3Havenue
ITapamerp (en) IIpumeuanue/MCTOUHUK
Obém Gropeaxtopa, 0,5 MIOJHBIA 00BEM peakTopa
BCEro
O6n.ém paboumii 0,35 m® 70% 3anoaHeHMs
(cybeTpaT)
— 3
Macca 3arpy:k€HHOTO 402,5 kr mpu p=1150 KF/;\/I .
cyOcTpaTa BiaxkHocTh 90%
BriaxHocTs cybcTpara 90% (cyxoe BemiectBo 40 kr)
PaGouas remneparypa 37°C Me30(pUITbHBIIT PEKHM

cyOcTpaTa

CyTouHast TOTpeOHOCTh
B TeILIE

6,2 kBr-u/cyT

st AT=12 °C
(c 3annacom 10%)

KITJ] CBK 70% IIpeBpalleHHe COIHIA B
(TeIUIOHOCHTEINb) TEIIO BOABI
KIIJ nepenauu Teria o
pybamoii 82% OT BOJBI K cyOcTpary
Cooxkynubiit KI1/]

COJIHCYHOI'0 Harpe€na

57%

0,70-0,82

Heobxoaumas sueprus
OT COJIHIIA

10,8 kBt u/cyT

IUTSL TIOJTY I€HUSI
6,2 kB4 B peakrop

Pexomennyemas

npu 4+5 kBt u/M?-cyT

2
wiomags CBK 25w HMHCOJISILIUHA
Brixo1 6uorasa 3a LUK 20 u3 40 xr CB npu ya.
(28 cyTOK) BeIxoze 0,5 M3/kr
CpeHecy TOUHbII BBIXOJ 07+0.8 é/oyr | B YCUoBHIX cTaOuIbHON
6uorasa S Y paboThI
Ten%(:::agzocu 6 KBT-u/n’ 5,98 kBt 4/M* npuusTO B
(60% CH.) pacuérax

IMorpebHOCTE GHOTa32a
Ha HOYHOE OTOILICHHE

0,77 M3/H0ub

s 4,13 kBT 4 Temna

JloJist HOYHOTO Tera,
ITOKpEIBaeMasi OHOra3om

710 90%

110 pe3yjbTaTaM pacqéTa

CyTtouHoe
3NEKTpOIoTpebIieHne
o0opyioBaHUs

2,3 kBt-u/cyr

MellIaJika, Hacoc,
KOHTpOJLIE

Momrocts ®OC

550 Br

miomiaas 2 M2, KITJ{
21%

Bripabotka ©@IC (sipkuid
JICHB)

2,5 kBr-u/cyT

pH >5 Yyac IKBUB.
COJIHIIA

Pexomenayemas
aKKyMyJISITOpHas
Oarapest

48 B,
120+150 A-g

5,7+7,2 kBT 4 émkocT

Peseps no
JIEKTPOITUTAHUIO

2 cyTok Oe3
COJHIIA

npu Garapee 6+7 kBt-u

A

6.5

6.0

5.5

5.0

Cpok OKyIaeMOCTH (J1eT)

4.5

4.0

100

80

60

40

DHepronorepl, Beidpock CO2 (%)

2 3

4 5

[nommans COMHETHOTO KOIUTEKTOPA Acol (M2)
1 - Cpok OKynaeMocTH, 2 - DHepromnotepH, 3 - Beidpocel CO2

Puc.2. Kauecmeennoe eénusnue naouwaou CBK
Ha Kpumepuu 3¢pgexkmusnocmu.

C pocrom mmomaaun CBK Acol Bo3pacraer
yJlaBIMBaeMasi COJTHEYHAs TEIUIOBasi SHEPIUs, YTO
COKpallaeT MmoTpeOHOCTh BO BHEUIHEM TeIUie s
nojmorpeBa Omopeakropa. Kak mokazaHo Ha
rpaduke, cHauyana yBeaudeHUE Acol MPUBOAUT K
CHI)KEHHIO CPOKa OKYNAaeMOCTH (CHUHSAS KpHUBas) —
cuctema ObICTpee OKyMaercs 3a CYET SKOHOMHHU
TOTLJIMBA. OnHOBpEeMEHHO HHEPTONOTepU
(opamkeBas mTpuxoBas) u BeIOpockl CO: (kpacHas
IITPUXIYHKTUPHASA) MAaJaroT, TaKk Kak OoJbmias
JONISl  TeIla TOKPBIBAETCS  COJHIIEM BMECTO
CKUTaHUs OMorasa il HCKomaeMmoro Torumsa. [Ipu
JOCTHDKCHUH ONTUMaIbHOW 00sactu (Acol OKOJIO
23 m? nnst garHoro 0,5 M® peakTopa) COTHEYHOTO
TEIUIa XBaTaeT MPAKTHYECKH IMOJHOCTHIO 3aKPbITh
TerionorpedHocT. [anbHelimee yBenuueHue Acol
na€t adext HacwimeHus: sHepromnotepu u CO--
OMHUCCUU YK€ ONM3KM K Hymo (Bc€ TEmio ot
COJIHIIA), & CPOK OKYIIAa€MOCTH HAYMHAET PacTU H3-
32 HENMpONOPIHOHAILHO OOJBIIMX WHBECTULUI B
KOJUIeKTOpbl. M30bITOuHAs IUIOMIaAs BEnET K
JUIITHAM KaIATaTbHBIM 3arparam u
MIPOCTaUBAIOIIEH MOIITHOCTH B JIETHUE MEPUOJIBI, HE
yjlydlasi CyLIECTBEHHO 3HEprod((eKTUBHOCTb.
Takum oOpazom, CIMIIKOM Malblii Acol (<1+2 M?)
MPUBOANT K BBICOKOH 3aBHCHMOCTH OT BHEUIHETO
TOMJIMBA U OONBIIMM BBIOpOCAM, a CIHUIIKOM
Oonpioil (>3 M?) — K mepepacxoay CpeAcCTB IpH
MUHUMaJIBHOM J100aBOUHOM HddekTte. OnTumMym
JeKUT B JAHWANA30HE, TA€ COJHEYHAs dHEPIus

nokpeiBaer 100%  1nHEBHOM mNOTpeOHOCTH U
3HAUUTENBbHYIO YacTh HOYHOW — MJI1 JAaHHOTO
IpoekTa 3TO0 Okoso 2,5 M™% obecrednBas
MUHUMAaJlbHbIE TOTEPU U  BHIOPOCHI  TpHU

HaUMCHBIICM CPOKE OKYIIaCMOCTH.

o
8]

100

o
o

80

&
o

60

40

b
~

Cpok OKymaeMocTH (J1eT)
Fs
(=]

=y
)
Buepronotepi, Bridpockr CO: (%)

4.0

0.0 0.2 04 0.6 0.8 1.0
MOIIHOCTE (hOTOIMEKTPHUECKHX MaHeneil Ppy (KBT)

1 - Cpok oKymaeMocTH, 2 - DHepromnoTepi, 3 - Berdpocsr CO2
Puc.3. Kauecmeennoe enusanue mouwpocmu @3C
Ha Kpumepuu 3¢pgpekmusnocmu.
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Ha Puc.3 npencrasieHa BIusitHuE€ MOUTHOCTH
®OC (Ppv) Ha kpuTeprn 3 HEKTHBHOCTH CHCTEMBI.

8.0 100

7.5
80
7.0
6.5
60
6.0

5.5 40

Cpok OKyIlaeMocTH (J1eT)

5.0

DHepronoTepH, BE1dpock! COz (%)

4.5

4.0

0.2 0.4 0.6 0.8 1.0
O6BéM 6ropearTopa Voo (M3)

1 - Cpok OKyIaeMOCTH, 2 - DHeprolorepH, 3 - Beiopockl CO2
Puc.4. Kauecmeennoe enuanue oovéma
ouopeaxkmopa na kpumepuu 3phpekmusnocmu.

VYBenuueHne  yCTaHOBJIEHHOM  MOILHOCTH
OOC cHmkaeT MnoTpediieHne BHEIIHEH 3JIEeKTpo-
SHEpruu i1 IpUBOJAa MEIIAJNIOK, HAacoCOB,
HarpeBarenel u np. norpeduteneit. Ilpu HyneBoii
win Manoil Ppy ycraHOBKa BbIHYXkJeHa Opatb
2+3 kBT'9/cyT W3 ceTHm WM OT TEeHepaTopa, 4To
YBEJIMYMBAET YHEPrONOTEPHU U CBSI3aHHBIE BEIOPOCHI
CO:2 (cM. opaHK€eBYIO M KpaCHYIO JIMHUHU Npu Ppy —
0). ITo mepe pocra Ppy 3Tu mokaszarenu OBICTPO
yYMEHbIAOTCd — J0cTaToyHo MomHocTH DOC,
YTOObI TOKPBITh CYTOYHOE HIIEKTPONOTpeOsIeHHEe
obopynoBanus (2,3 kBt -u/cyT). Cpok okynaeMocTu
(cuHss KpHBas) TAaKKE COKpAIAeTCs, MOCKOJbKY
SKOHOMSTCSI ~ pacXxoibl Ha  AJIEKTPOIHEPIHIO:
Hanpumep, npu Pey 0.5+0.6 kBm (xak B 0aze
550 BT) conHeuHas TreHepauMsi NOKpPHIBAET BCE
SHepronoTpedieHne, M CUCTeMa CTaHOBUTCH
ABTOHOMHOM 1O 3iekTpudecTtBy. [lanpHenniee
yBenuueHue Ppy Bblle 3TOro ontuMyma Jaaér
MeHbIIHH 3 dexT. Iuepronorepu u CO2-BHIOPOCHI
y’K€ MUHUMAJIbHBI (BCSL DHEPTUsl 00OPYIOBaHUS OT
®3C), ModITOMY UBIUIIHAS MOUTHOCTH TaHEeIeH
1100 mpocTamBaeT (B aBTOHOMHOW cxeme), JH0o
OTHAaéTCs BO BHEIIHIOK CETh C HU3KOH J0OaBOYHOMN
BeIrool. B To ke  Bpems  Oombliue
(doTorNIeKTpUYEeCKEe MacCUBbl TpPeOYyIOT 3HAYM-
TENbHBIX HWHBECTHMIMH M IUIOINAAH, yJUTHHSS
okynaemocth. Ha rpaduke mocme 0,55 kBT cpok
OKyIIa€MOCTH HayMHAaeT pacTh u3-3a Iepe-
HaCHIIIEeHHS (POTOIEKTPUUECKON cucTeMO. Takum
oOpa3om, omntumanpHas Ppy — 3TO MOIIHOCTB,

JOCTATOYHAsl JJI TMOKPBITUS COOCTBEHHBIX HYXKI
(mns mpoekra 0,5+0,6 kBt), mnpu kortopoii
JOCTUTAIOTCS MUHUMAJIbHBIE TIOTEPH U BHIOPOCHI.
MeHnblne 3HauYeHHUsI MPHBOIAT K PACXOJIOBAHUIO
BHEIIHEH 3JeKTPOIHEpruu (yBeIHUuBas yriepo-
HBI cien), a OonbplMie — K HEOINPaBIaHHBIM
3aTpaTam Mpu HE3HAYUTEIHLHOM POCTE BBIPAOOTKHU.

Ha Puc. 4 npencrasinena BiausiHue o0bEMa
ounopeakropa (Vbio) Ha KpuTepun 3PPEKTHBHOCTH
CHCTEMBI.

O0béM peakTOpa OIpeAeNsieT KOJIUYECTBO
cyOcTpara, KOTOpO€ MOXET OIHOBPEMEHHO
HaXOAWTbCS B TMepepadoTKe, M JUIMTEIHHOCTH
aHadpPOOHOTO YAEP)KUBaHUS (PETYIUPYET CTETECHb
pasnoxkenus). [lpu coumkom maiaom Vi (IeBast
qacTh rpauka) cyocTpar He yCIeBaeT IMOJHOIIEHHO
nepepaboTatbcst (WM TPUXOIUTCS YMEHBIIATH
CYTOYHYIO  3arpy3Ky), 9YTO  TNPHUBOIUT K
HETNOJTy4YEHHOMY ouorazy — BBICOKHM
sHepronorepsM u BbiOpocam CO: (HEBBICBOOOXK-
JNEHHBIH  METaH MOMET  BBIACTSAThCS  MPH
NOCJIEAYIONMEM XpaHeHHH OTXo010B). Kpome Toro,
Manas yCTaHOBKa JaéT Mallo DJHEpruu, a
(uKcHpoBaHHbBIE PacXo/ibl (KaUTaJIbHbIE, SKCILTya-
TallMOHHBIE) OCTAIOTCS, MO3TOMY CPOK OKyIlae-
MOCTH CHJIBHO Bo3pacTaeT. C poctoM Vpjo CHauama
HaOJIr0/1aeTCsl pe3Koe YIydlleHHe: YBEIMYUBAeTCS
BbIXOJl Owuorasa (Oosbllle TOIUIMBA 3aMEHSET
MCKOIIa€MOg€), CHIDKAIOTCS YyAEIbHbIE IOTEPH U
smuccuu. CpoK OKyImaeMOCTH COKpAIlaeTcsi, Tak
Kak OoJblliee MPOM3BOJCTBO 3HEPTrUM MPUHOCHUT
Oospmie  dKoHOMHHM/moxoma. OmHAKo — moclie
JOCTHKEHUS] HEKOTOpOro omntumyma (s pacc-
MatpuBaemoro ciydas 0,5 m® pabodero o0ObEMa)
nanpHeimee yBenuueHue Vpio Ja€r  dPQexT
yobiBatonieil otmauun. Ecnu 00BbEM mnpeBbimaeT
JOCTYITHOE KOJIMYECTBO CBHIPbSI MM HEOOXOAMMOE
TSt obecrieyeHus pa3yMHOTO BpEMEHHU
yaepxuBanust (30 nuel), numHUNA 00BEM OyneT
Heno3arpyxeH. Ilpu Vbio > 0.5+0.6 m° xpuBas
OKyNaeMocTHM  Ha  rpaduke  ua€r  BBepX:
JIOTIOJTHUTEJIbHBIC KAITUTAIOBIOKEHHSI B OOJIBIION
peaKkTop HE OKYMaroTCs, MOCKOJIBKY IPOU3BOICTBO
Ouoraza yke OrpaHHYEHO TPUTOKOM  CBHIPBS.
DHepromnoTepu Mpu TOM PacTyT U3-3a YBEIUYCHHUS
TETUTOTIOTEPH OOJIBIIIOTO aTapaTa U TPAThI SHEPTHH
Ha TOJ/Iep)KaHKue MmycTyomero o0béma. BeiOpocs!
CO: Takxe yBEIMYMBAIOTCA, BEAb JIMILHHE
SHepro3aTpatsl (HarpuMep, Ha 060rpeB OOJBIIEro
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00béMa) YACTMYHO KOMIIGHCUPYIOTCA 3a CYET
CKWUTaHUS TOIUIMBAa. TakuM 00pa3oM, CIHIIKOM
0oJbIIoN peakTop padoraeT HEIDPEKTUBHO — OH
JIOpOoXKe, TpeOyeT OOoJbINe TeIIa U 3JIEKTPOIHEPTHH
Ha eMHUILY MOJy4eHHOro O6uoraza. OnTuManbHbINA
nuarnasoH Vpio OIpeiesisieTcsi HOTPeOHBIM BpeMeHeM
dbepMeHTanuu U HaJTM4KueM chipbs. B Hamiem ciyuae
ontumym 0,5wm* (70% 3amonnenuss 0,35 m?
cybctpaTa) obecrieunBaeT 28 CyTOK yAep>KUBaHHUS,
0/M3Koe K MOJNHOMY cOpaxkuBaHuio 40 KI' Cyxoro
BEIIECTBa, MPU YMEPEHHbIX MHoTepsx temna. [Ipu
OTKJIOHEHUH OT 3TOTO 00BEMA B MEHBIITYIO CTOPOHY
— HenosHasg (epMeHTanus (HEBOCTPeOOBAHHBIN
NOTEHIMAJT PHEPTUH), B OOJBIIYI0 — THEepepacxoj
PECYPCOB IIPH IMOYTH TOM K€ BBIX0JIe Ororasa.

Ha Puc.5 MPEJICTAaBICHO BIIMSIHUE
temneparypsl  mpomecca (T) Ha  kpurepuu
3¢ (HEKTUBHOCTH CHCTEMBI.

TemnepaTypHBbIii pexXUM 3HAYUTEIEHO BIHSIET
Ha CKOPOCTb MHUKPOOHMOJIOTHYECKHX pEeaKIuil u
BbIxoa Oworaza. I[lpm HHU3KHX TemmepaTypax
(<30°C) mpomecc 3amemiseTcs: BBIXOJ Trasa
HEBEJIMK, XOTA DHEpPro3arparbl Ha MOAOIPEB
MUHHMaJIbHBL. Ha rpaduke cieBa BUAHO, YTO TpU
NOHMKEHUH | CpPOK  OKYyNaeMOCTH  OBICTPO
BO3pacTaer (CuHss JMHUS >8 5ieT), BeIOpockl CO:
TaKXe BBICOKM — YCTaHOBKa BbIpabaThIBaeT Mallo
BO300HOBIISIEMON PHEPTUU W IOYTH HE 3aMeniaeT
uckormaemoe  TtomiauBo.  Kpome  Toro, B
HEIOPa3JIOKEHHOM CcyOcTpare OCcTaéTcs OpraHHKa,
KOTOpass Tpu JaJbHEeiIIeM KOMIOCTUPOBaHUU
Moxer  BbmenmuTh  Metan/CO.,  yBenmuumBas
CyMMapHble SMHCCHHU. C MIOBBIIIEHUEM
TEMIIEpaTypbl OT TICHXPO(QWIBHBIX 3HAYCHHH K
me3oduibHbIM (37 °C) cuTyauus yiaydlIaeTcs:
BBIXOJ] METaHa Pe3KO0 pacTeT, BeIOpockl CO: magaroT
(Oonbiie yriepojna yTUIM3UpYyeTCs B Ouorase
BMECTO MpsAMBIX BBIOpOCOB). OIHOBPEMEHHO
YMEPEHHO YBEIMYUBAIOTCS U HHEPronoTepu —
Tpebyercs moaBoa Temna 6 kBtu/cyr  nmns
nonnepxkanus 37°C (nmpu AT=12°C), HO 3Ty
notpedHocTh nokpeiBaeT CBK u yacts 6uorasza. B
nuanazone 35+40°C  pgocturaercs ONTUMYM:
MaKCUMaJbHBIM  BBIXOH Owmoraza mpu  emié
YMEpPEeHHbIX 3aTpaTax Ha HarpeB. /lis Harmiero
peaktopa Me30huabHBIN pexkum 37 °C okazancs
OJIU3KUM K ONITUMAJIBHOMY 10 BCEM KPUTEPHUSM (CM.
MHUHUMYM KPHUBBIX Ha Tpaduke B 3TOH 00J1acTH).
JanpHeWmuii nepexos B TEPMOQHIBHBIA PEXUM

(50+55°C) paér mnpupocT BBIPAOOTKHM METaHa
(peakuu  wayT  ObICTpee) M yIydldIaeT
o0e33apakuBaHue, HO TpedyeT CYIIECTBEHHO
6ompmero  moxgBoma  rtema.  Ecimm CBK
HEJOCTaTOYHO, JUIsl TOJAEpkKaHHUs BBICOKOM T
MPUXOJUTCA  CXKUTaTh OOJbIIE COOCTBEHHOTO
Ouoraza WM NOJKIIOYATh 3JIEKTPOHArpeB. ITO
MIPOSABIIIETCS B POCTE IHEPIroONOTEPh (OpaHKeBast
mTpUXOoBask KpuBas uaét BBepx nocie 4045 °C) u
yBeNMU4EeHUHN YCIOBHBIX BbIOpocoB CO: (kpacHas
JUHUS  pacTET BCIEACTBUM pacxoia JIOHoJ-
HUTEJIbHOTO TomMBa). CpoK OKyHaeMOCTH IIpH
9TOM Ha4yMHAeT yXyAIIATbCs, TaK Kak 4YacTb
NPOM3BEAEHHONW DSHEPTrUM TpPAaTUTCA Ha Harpes,
CHIDKaeTCs YHCTHII BBIXO]I Ha
npoaaxy/morpednenue. Kpome Toro, TepModuib-
HBIE CHUCTEMBI CIIO)KHEE B OJKCIUTyaTaluu (pucCK
BCIIBILLIEK allUJIoreHe3a, TpeOOBaHUS K M30JIALUN),
YTO MOKET KOCBEHHO BIUSTh HA SKOHOMHUKY.

Takum 00pa3zoM, 3aBHCHMOCTH IOKa3aTesen
oT T HOCUT HENUHEHHBIA XapakTep: HMeeTcs
onTHManbHas ~ To4yka  (Me3oduibHAs  30HA
35+40 °C), npu KOTOpO#H TOCTUTaeTCs] HAWTYUIIUN
OalaHC MEXIy BBIXOJIOM METaHa U 3aTpaTaMu Ha
ero obecrnieuenune. Huxe 3Toro nuamnasonHa — Hu3Kas
MIPOU3BOJIUTEIIBHOCTG M HEJAOWCIIOJIb30BAHHBIM
NOTEHIMAT CBIPbS; 3HAUUTEJIBHO BBIIIE — POCT
3aTpaT MEpEeBELIMBAET POCT BBIPAOOTKH, CHUXKAast
3¢ (HEeKTUBHOCTH CUCTEMBI.

F Y

10 100 —

80

CpoK OKymaeMocCTH (J1eT)
|
DuepronoTepi, Bridpocs CO:z (%

25 30 35 40 45 50 55
Temmepatypa mponecca T (°C)
1 - Cpoxk oKymaeMocTH, 2 - DHepronoTepH, 3 - Beopocer CO2
Puc.5. Kauecmeennoe eiuanue memnepamypol
Opooicenus na Kpumepuu Ihhpekmuenocmau.

Ha Puc.6 mpencraBiieHa BIHSIHUE CKOPOCTH
nepemenuBanus (®) Ha KpuTepuu 3¢ (HEeKTUBHOCTH
CHCTEMBI.

[TepememuBanne cybctpara oOecreynBaeT
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PaBHOMEPHOCTh TEMIIEPATYypbl U pPacHpeiesieHHe
NUTATENbHBIX BEUIECTB MEXAY MHUKPOOPTaHU3-
MaMH, MO3TOMY YMEPEHHOE MELIaHHWE IOBBILIACT
BbIX0a Oworaza. Opnnako paboTa Memanok
nOTpeOIIeT NMEKTPOIHEPTUIO U NPU YPE3MEPHOU
UHTCHCUBHOCTH  MOXXET  JaXe  MOJaBIATh
MeTaHoreHe3  (u3-3a  JecTaOMIM3alMd  MHUK-
poduioper). I'paduk wWLIFOCTpUpPYET  HAIHYUE
ONTUMYMa I10 CKOPOCTH NepemewmnBanus. llpu o
— ( (oTcyTcTBHE MEIIaHUsI) Cpela B PEaKTOpe
cTpaTuduuupyercs:  o0pa3yroTcs — IUIaBarolas
KOpKa M OCaJlOK, CHIKAETCS KOHTAKT MHKpPOOP-
TaHU3MOB C cyOcTpaToM. JTO BEAET K HEHOJIHOMY
cOpa)KMBaHUIO — YAaCTh OPTaHUKU HE IPEBPAIAcTCs
B ME€TaH, YTO MOBBIIIAET YHEPTONOTepH (Hepeanu3o-
BaHHAas PHEPIUs B OTX0J1aX) U CBS3aHHBIE BBIOPOCHI
COs.. B 10 xe Bpems 3aTpaThl 3HEPTUM Ha MEIIAJIKY
OTCYTCTBYIOT, TMOJTOMY CpPOK OKYIaeMOCTH IpH
HYJIEBOM IIepeMEIIMBAaHUM HE CTOJIb KaTacTpo-
¢uyueH, Kak IpU HYJIEBOM OTOILICHHH, HO BCE K€
Xye ONTUMAIbHOTO (CM. CHHIOIO KPUBYIO OK0JI0 0
— okynaemocTts 10 ser). [Ipu yBenuuenuu o ot 0 10
ONTUMAJILHOTO 3HAYEHUsI COCTOSIHUE YIydIlIaeTcs:
CPOK OKYIaeMOCTH COKparaercs (OOIbIIHI BBIXO]]
MeTaHa OKYIAeT pacxXoj SHEPruH Ha MEUIAJKY), a
notepu M BBIOpOCHI MajgaroT Osaronapst Oosee
MOJTHOMY W3BJICUEHUIO SHEPTHH U3 cyOcTpaTa.

A
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~1
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Duepronotepn, Beibpocsr CO2 (%
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CxopocTh epeMeIIuBanus ¢ (00/MHH)

1 - Cpok okymaeMocTH, 2 - JHepromnotept, 3 - Bribpocsr CO»
Puc.6. Kauecmeennoe é1usanue uHmMeHCUBHOCHU
nepemeuiueanua Ha Kpumepuu
Ihpexkmuenocmau.

OOouieHne OmbpITa 3KCIUTyaTallud TaKOBBIX
YCTaHOBOK MOKA3BIBAIOT, UTO JaXKe TEPUOIUUECKOE
MCIJICHHOC IICPEMCUHIMBAHHUEC MOKET YBCINYUTH
BbIxoa Owmoraza Ha 20-30% Mo CpaBHEHHIO C

HelpoMelBaeMon cpenoi. Hanmpumep, Hu3Kas
ckopocTh 150 06/MuH na€r Oonbpine raza, 4YeM
25 00/MHH B OJHOM MCCJIEIOBAaHHMH, HO CIIMIIKOM
BBICOKasi MHTCHCHBHOCTH >700 00/MUH Ha000pOT
causuia BbixoJ. Ha rpaduxe ontumym 30% ot
MaKCUMAaJIbHOW CKOpPOCTH COOTBETCTBYET MHUHH-
MaJIbHBIM MOTEpsM U BbIOpocam. B 3Toil Touke
JOCTUTaeTcsd  JIydyllee  COOTHOLIEHHE:  POCT
IIPOU3BOJICTBA METaHA MOKPBIBAET 3aTPaThl SIHEPTUU
Ha Memajiky. Ecim ke @ npomonkarh yBeIHIUBaTh
(mpaBast yacte rpaduka), nosBIsETCA SPGPEKT
NepeHAacChIeHNs: OMOTa30BBId BBIXOJ YXKE HE
pacTér, Jake MOXKET CHUXKAThCs, a MOTpebiieHue
JNEKTPOIHEPTMM Ha IEPEMELINBAHUE BO3PACTAECT
HEJIMHEWHO (MOIIHOCTh ®° s  MEUIalloK).
DHepronorepH (LITPUXOBas IUHUS) PE3KO PACTYT —
0 OIEHKaM, MeIIajJKa Ha BBICOKHX 000poTax
MOXXET moTpebnars 10 54% Bceil sHepruw,
noTpebasieMoil yCTaHOBKOH. OTO TNPUBOAHUT K
YAJIUHEHHUIO CpoKa oKynaeMoctu (npu o — 100%
OH BHOBb IpuOMMKaeTcs K 89 romam) w
yBenmmueHUI0 BBEIOpocoB CO2, TMOCKOIBKY JIMITHSSA
ANEKTPOIHEprusi b0 Oepércss M3 BHEIIHEH CEeTH
(yrnepomnsiii  cien), aubO0 oTOMpaeTcs  OT
BbIpa0OTaHHOTO OMOTa3a, CHIKAasl YUCTHINA SKOJIOTH-
yeckuil 3¢ dext. Takum oOpazom, nepeMeniBaHue
UMeEET SIPKO BBIPAYKCHHBIN HEIMHEUHBIA XapakKTep
BIMSIHAS: OTCYTCTBHE MEIIAHUS W Ype3MEepHOe
MEIIaHWe OJIMHAKOBO HEeXeNaTelbHbl. PexomeH-
JyeTCsl BBIOMPATh YMEPEHHYIO CKOPOCTB/PEKUM
nepeMeluBanus  (HampuMep,  MEepHOJHYECcKOe
BKITIOYCHHE MEIIANIKH), TP KOTOPOM JOCTHTACTCS
MaKCHMaJbHBIN BBIXOJ raza Mpu MUHUMYME 3aTpat
SHEPIHH.

BoiBoabl. PaszButue rHOpHAHON COITHEUHO-
O0uora3zoBoil ycTaHOBKH TpeOyeT OalaHCHPOBKU
MHOXKECTBa  MapamMeTpoB s JOCTHIKEHUS
Haunyuamed  dddexkruBHOoCcTH.  [IpOoBenéHHBIN
KaueCTBEHHBI aHaJIHM3 IMOKa3aj, 4TO JJIs KaKIOTO
13 KJIFOYEBBIX MAPaMETPOB CYIIECTBYET ONMTHMAIb-
HBId JMana3oH, NpPH KOTOPOM OJHOBPEMEHHO
MUHUMH3HPYIOTCS CPOK OKYMAeMOCTH, JHEPTo-
norepu 1 BeIOpock! CO:. [Ipu OTKIIOHEHUH OT 3TOTO
JMarna3oHa IO0Ka3aTelld CUCTEMBbl Pe3KO YXYI-
HIAl0TCS U3-32 JIMOO HEJOUCIOJIb30BaHUS MOTEH-
nuana (B cioydae HEIOCTaTOYHBIX 3HAYEHUI
napameTpoB), 00 yObIBaroOIIeld OTAa4YM U POCTa
BHYTPEHHUX 3aTpaT (B ciydae 4pe3MEepHBIX
BEJIMYMH).
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B uactHOCTH, ONTHUMAaNbHBIMH AJI paccMmar-
puBaemoii HebGonbioil ['BY okazamuce: miomans
CBK mnopsnka 2+3 m?, MomHocTh PV-naneneit
0,5+0,6 xBrT, 00BéM  Omopeaktopa 0,5 M3,
Me30(IbHBIN TeMIiepaTypHbii peskum 35+40 °C u
yMEpeHHasi CKOpOCTh IepeMemuBaHus. B 3tux
YCIIOBUSIX ~ CHUCTeMa  CIocoOHa  MPaKTUYECKH
MOJIHOCTBIO YJIOBJIETBOPATH CBOU SHEPIETUUECKHUE
NOTPEOHOCTH 32 CYET COJIHEYHOW IHEPrHH, CBOS
BHEIIHUE »HHepro3atpatsl U BbIOpockl CO: K
MUHUMYMY. [Ipy S3TOM HEIUHEHHBIN XapakTep
BIIUSHUS TOATBEPKIAET HEOOXOIUMOCTh KOMII-
JIEKCHOTO  MOAXOAa  MpH  MPOEKTHPOBAHUU:
yBEJIIMUEHUE TIapaMeTpa yiryqmaeT 3QPeKTHBHOCTh
JIMIIB A0 ONpPeAeaEHHOr0 Ipeesna, mociae KOTOPOoro

JIONIOJIHUTEIbHBIE WHBECTHLIMU WU YCIIOKHEHUE
CHCTEMBI HE OIpaBJAbIBAIOT ceOs. JJaHHBIC BBHIBOJIBI
MOTYT  CIYyXMTb  OCHOBOW  JUISI  METOIUKHU
MHOTI'OKPUTEPHUAILHON ONTUMM3ALINU I'bY.
I'maBHBIM NPAaKTUYECKUM pE3YJIbTaTOM SIBISETCA
JEMOHCTpalMsi TOro, 4Yro cOanaHCHUpOBaHHAas
KOH(Urypanus (CoriacoBaHue pa3MepoB COJIHEY-
HBIX CHCTEM, OMOpEaKTopa U PEKUMOB pPabOTHI)
crocoOHa 00ecIeunuTh BBICOKYIO 3HEprodddex-
TUBHOCTh M JKOJOTHYHOCTH 0€3 4Ype3MepHOro
YBEJIUYEHUSI CTOUMOCTHU UJIM CJIOKHOCTU CUCTEMBI.
OTO0 MOMYEPKUBACT 1€IeCO00Pa3HOCTh TINATEIb-
HOro mnojadopa KaxJIoro IapaMeTpa Ha JTare
IPOEKTHPOBAHUS THOPUTHBIX OMOTa30BBIX
YCTQHOBOK.
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