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OLEHKA 3®®EKTUBHOCTH YTHWIN3ALINHU BTOPUYHBIX JHEPTOPECYPCOB B
SJEKTPOXUMHYECKUX DOHEPTOYCTAHOBKAX TPAHCIIOPTHBIX CYJ1OB

AHHOTAITHA Tlpogeden ananu3 u binoanena oyeHka dQPekmusHocmu ymuiuzayuu GMopudHsIX SHepeopecypcos 6 cyoo-
BbIX DNEKMPOXUMULECKUX IHEPLeMmUUeCKUX YCMAaHO8KAx Ha Oasze mMeEpOOMONIUBHbIX MONAUGHBIX daemenmos. Ilonyyenv
3HAYeHUs NOMEHYUATNLHO B03MOJICHO20 KOIUYECHEA IHEP2eMUieckKux pecypcos s obecnedenus obujecy0osuix nompeoHo-
cmeli, KOMopbvle MO}CHO NOJYUUMb NYymMeM YMUIU3ayuyu napa unu 20padeil 600bl Ha 6bIX00€ U3 MONIUBHBIX NeMEHMOE.
IIpeocmasnensr pexomenoayuu no yeaecooopasHocmu UCHONb308AHUS PAZIUYHBIX YMUTUZAYUOHHBIX CXeM 6 CYOOGbIX dJeK-
MPOXUMULECKUX YCIMAHOBKAX.

Kniouesvie cnosa: meepoomonnughvle monausHvle 21eMeHmbyl, 1eKMPOXUMUYECKULL 2eHepamop, dIeKMPOXUMUYECKAs IHep-
2emuuecKas yCmaHoseKad, 6mopuiHsle dIHep2opecypcsl, YMuau3ayuoHHas napoeds mypouna, cyooeas onpecHumenbHas ycma-
HOBKA, cucmema Xo358UcmeenHo-0b1mo8o20 8000CHADICEHU, cUCeMd 800AH020 OMONIEHUs, MeniozeHepamop, obpabomxa
bannacmuuix 800.

V.M. GORBOV, V. S. MITIENKOVA, M. A. KARPOV, O. P. FEDOROVA

ESTIMATION OF WASTE ENERGY UTILIZATION EFFICIENCY IN ELECTROCHEMICAL
POWER PLANTS OF TRANSPORT VESSELS

ABSTRACT Analysis of waste energy utilization efficiency in electrochemical power plants based on proton exchange mem-
brane fuel cells for transport vessels is done in this article. Quantitative estimation of waste heat energy flow in electrochem-
ical power plants from 100 kW to 2000 kW operated on pure hydrogen is the main aim of research. Usage of hot water or
saturated (or slightly superheated) steam at outlet from fuel cell as heating agent is considered. Total fuel mass and capacity
for one-way trip are estimated for electrochemical power plants operated on pure hydrogen, methanol and liquefied natural
gas. Potentially-enable quantity of power resources obtained through utilization of heat power and slightly superheated
steam is come out. Analysis of these indexes makes possible justification of rational engineering choices at ships’ conceptual
design and elaborates recommendations of keeping options for different variants of waste energy utilization in electrochemi-
cal power plants based on low-temperature fuel cells.

Key words: proton exchange membrane fuel cells, electrochemical generator, electrochemical power plant, waste energy,
waste treatment steam turbine, ship desalination plant, domestic water supply system, water heating system, heat generator,

ballast water treatment.
BBenenue

DJIEeKTPOXIMHUYECKUE SHEProycTaHOBKY (DXIY)
Ha 0a3e TOIUIMBHBIX A1eMeHTOB (TD) Ha CeroTHSIIHMIMA
JCHb TIPUMEHSIOTCS HE TOJBKO JUIS CTAllMOHAPHBIX
NIEKTPOCTAHLIUH, HO U HA TPAHCHOPTE, B TOM UHCIIE U
JUTS pa3JINYHbIX THIIOB CYZ0B B KAYE€CTBE OCHOBHBIX HJIN
BCIIOMOTATENIbHBIX MCTOYHUKOB JHEPIMH BMECTO Tpa-
JMIMOHHBIX AN3EbHBIX TBUTATENICH.

CynoBeie 3HepreTndeckue ycraHoBku (CDYVY)
Ha 0a3e TOIUIMBHBIX JJIEMEHTOB JJISl BOGHHBIX KOPao-
Jel W TpaXJIaHCKUX CyJIOB pa3pabaThIBalOTCS U HPO-
u3pogarcs B CIIA u psne eBponeiickux crpas. s
BHEJIPEHHS BOJIOPOIHBIX TOIIMBHBIX 3JIEMEHTOB Ha
MOpPCKOM TpaHCIopTe B EBpone co3maH KOHCOPLUYM
FellowSHIP (Fuel Cells for Low Emissions Ships). B
koHCcopuuyM FellowSHIP BXOIAT KJIACCH(PHUKAINOH-
Hoe obmectBo Det Norske Veritas (DNV), xoMIaHUH
Eidesvik Offshore, MTU CFC Solutions, Vik-Sandvik
u Wiirtsild Automation Norway. TONITUBHBIE dJIEMEH-
TBl B COCTABE JSHEPTETHYECKUX YCTAHOBOK NPHUMEHS-
I0TCSI Ha TOZBOJHBIX JIOJIKaX, PHIOOJIOBELKUX Cy/aX,
napomax, MaccaXHpCKuxX CyJax BHYTPEHHEro paioHa
TUIaBaHus, cyJax o0cimyxuBanus u np. [1-3].

OCHOBHBIMH TTPEUMYIIECTBAMH TPHUMEHEHUS
TD Ha cynax 1Mo CpaBHEHHIO C IU3EIBHBIMU JIBUTATE-

JIAMH  SIBJIIIOTCS:  DKOJOTHYHOCTh, BbhICOKMi KIIJI,
KOMIAKTHEIC pa3Mephl U 0oJiee HU3KUHA YPOBEHbH IITy-
Ma.

K npoGnemam mpumeHenust TO MOXXHO OTHe-
CTH: MEIUICHHO PaCTYIIyI0 MHPPACTPYKTYpy, CBSI3aH-
HyI0 ¢ OYHKEpPOBKOI BOJOPOZa B MOPTaX; CIOKHOCTH
XpaHEeHUsI JaHHOTO TOIUIMBA B CYAOBBIX YCIOBUSAX H
ero 0Ooiee BBICOKYI0 CTOMMOCTH II0 CpPaBHEHHIO C
HEe(PTSIHBIMH TOIUTMBAMH, HAaJHIUe 3HAYUTEIHFHOTO
KOJIMYECTBA TEIUIOBBIICTICHUI MpPU paboTe IJIEKTPO-
XUMHUUYECKON yCTaHOBKM. PelieHue nocieanei mnpo-
Oembl TpeOyeT HCIOIb30BAHUS YTHIN3AIMOHHOTO
000pyIOBaHUsA, YTO, C OIHOM CTOPOHBI, YCIOXHSICT
COCTaB YCTAaHOBKM M YBEJIMYUBAET €€ CTOMMOCTH, C
JIPYTOil CTOPOHBI, MTO3BOJIAET MOBLICUThH KO3 HUITUEHT
HCIOJIb30BaHUA TEIIOTH COY U MOIYyYUTh TOMOIHU-
TEJIbHYI0 3KOHOMHUIO TOILJIMBA.

AHAIU3 NOCTeHUX UCCTeI0BAHMI M MyOanKanuii

CoBpeMeHHBIE TEXHOJIOTHH TO3BOJISIOT CO3/a-
BaTh Ha 0aze TD HOCTATOYHO MOIIHBIE IHEPTOYCTa-
HoBkH. Camas OoipInas B MHpEe Ha CETrOJHSAIIHHUN
neHp DXOVY BBeleHa B JKCIUTyaTanuio B Hwasung
City (IOxnas Kopes). YcranoBka, paboTaromias Ha
BOJIOpO/IE, 00IIIel MOIHOCTRIO B 59 MBT coctout u3 21
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AIEKTPOXUMHIYECKOTO TeHepaTtopa mo 2,8 MBT kaxmblid
[4].

B oTnmume oT 3HEpreTHYecKMX YCTAaHOBOK Ha
0a3e TEIIOBBIX [[BI/IF&TCHCFI BHYTPCHHCTO W BHCHIHETO
CropaHuisi «BbIXJIOMOM» T SBISIIOTCS HE YXOMSIIUE
rassl, a H,O (B KMIKOM WM Ta3000pa3HOM BUJIE) WK
naporasoBasi cmech (4are Bcero H,O u CO»). B 3aBu-
CHMOCTH OT THUIIa TOIUTMBHBIX 3JIEMEHTOB TEMIICpaTypa
«BBIXJIONA» MOKET cocTaryATh oT 40 °C no 1100 °C [5].
KommaectBo mpoaykroB peaknuu B TO mpsiMo mpormop-
IIMOHAJIBHO BBIXOAHOM AJIEKTPHYECKOH MOIIHOCTH, IPH
JIOCTAaTOYHOM KOJIMYECTBE «BBIXJIONA» €T0 IIeNIec000-
pa3HO OyIeT YTHIN3UPOBATh.

Ileperpetslii map B cMeCH € YIJIEKUCIBIM I'a30M
Ha BBIXOZIE M3 TO MOXKHO HCIIONB30BaTh UL HYX] Ca-
MOIl YCTaHOBKHM JUIsl MPOTEKaHHsi Mpolecca MapoBOM
KOHBEPCHUU YIJTICBOAOPOAHBIX TOIUIMB, KOTOPBIC ABJIA-
I0TCSl UICTOUYHHMKOM CHHTe3-raza. [lepen nonmaueii B ma-
POBOI pHUOPMHHT TIapOra3oBasi CMeCh IMOAAETCS B Ka-
Mmepy aoxuranus. [logoOHas cxema yTWnM3aluy BTO-
pHu4HBIX 9HepropecypcoB (BOP) npencrasnena B pabote
[6]. Onenka TermoBoro Gamanca DXJVY Ha 0aze TBep-
JIONONUMEpHBIX TO ¢ yueToM BIUSHUII BXOIHBIX Mapa-
METPOB Ha TEMIIEPATYpPy NMPOIYKTOB PEAKIMH IPHUBEIC-
Ha B pabore [7-8].

Psng pabotr mocsmieH wucciuenoBaHuio d(pdek-
THUBHOCTH CO3JIaHUsI KOTCHEPALMOHHBIX YCTaHOBOK Ha
6asze DXDVY, BKIIOYAOIKX B CBOM COCTAaB KaTaJIMTHYe-
CKYIO KaMepy CTrOpaHusi JUIsl JO’KUI'aHUS TOPIOUUX KOM-
[IOHEHTOB TApOra3oBOM cMecH C MOcJeayroule mnoaa-
4eil uX B MPUBOAHYIO Ta30By0 TypOuHy. s riryGokoi
yTWinsalgyuu TEIJIOTHI B HOI[O6HI)IX CXeMax OIIOJIHU-
TEJIBHO TPEyCMaTPHUBAIOTCS YTHIIM3AlMOHHBIE KOTIIBI
WIM pEreHepaTUBHBIE TEIUIOOOMEHHbBIE —arIapaThl
(TOA) [8-10].

Oco0EHHOCTBIO YTHIIM3ALHOHHBIX CXEM B CY/O-
BBIX YCJIOBUSX SBIISIETCS TO, YTO B KQUECTBE BTOPUYHBIX
SHEPrOpPecypcoB ISl TEXHHMYECKHX M XO3SHCTBEHHO-
OBITOBBIX HY’KA HAIIM TPUMECHEHHE HACHIIICHHBIN
(wmm cmabo meperpeTsiil) map 1 ropstyas BoZa, IIPH 3TOM
OTCYTCTBYET TOTPEOHOCTH B TEPErpeToM mape (Kpome
MapoTypOOXO/OB, JIONS KOTOPHIX B COBPEMEHHOM MH-
poBoM (rioTe He3HaunTenbHa) [10].

CrieyeT OTMETHTh, YTO Ha CErOAHSIIHUI JIeHb
OTCYTCTBYIOT KOMIUIEKCHBIE HCCIICIOBAHUS, ITOCBSIIICH-
HBIC OIICHKE IleJecoo0pasHocTH u 3 dHeKTHBHOCTH
NPUMEHEHUS] YTWIM3ALMOHHBIX CXEM, TpaJHLHOHHBIX
JUISL CYJIOBBIX SHEPIeTHYECKNX YCTaHOBOK C TETUIOBBIMU
JIBUTATEIISIMHA, B cocTaBe DXJY, 4To 00yCIaBIHBacT
AKTYaJIBLHOCTH JJAHHOW paOOTHI.

ean paboThl

Ornenka 3¢ peKTHBHOCTH HMCIIONB30BAaHUS BTO-
PUYHBIX dHepropecypcoB DXOVY mns pa3nudHbIX Ba-
PHUAHTOB YTHJIM3allTUOHHBIX CXEM C y‘IéTOM CHCHI/I(i)I/IKI/I
CY/IOBBIX MOTPEOHOCTEH.

H30xeHne OCHOBHOTO MaTepuaJjia

ToruMBHBIE 3JIEMEHTHI — PAa3HOBHHOCTD JJIEK-
TPOXUMHUYECKHX JJIEMEHTOB, CYIIECTBEHHBIM TIIpe-
MMYILIECTBOM KOTOPBIX SIBISIETCS TO, YTO B OTJIIMYHE OT
TaJbBaHUYECKUX 3JIEMEHTOB U aKKyMYJISATOPOB, TOII-
JMBO W OKHUCIHTENb MOAAIoTcs B TOD B MOMEHT €ro
paboTHl W HE BXOAAT B COCTaB 3JeKTpomoB. Cxema
obecnieueHns peareHTaMu T TI0X0Ka Ha CXEMBI TOTI-
JIMBOCHA0XEHUS! TEIJIOBBIX IABUIATEINEH, HO MPU 3TOM
nmocturaetrcst 6onee Beicokuii KIIJ] 3a cuer mpsmoro
npeoOpa3oBaHus XUMHYECKOW SHEPTUU TOIUIMBA B
anekTpuueckyro [11].

OCHOBHBIMU TpoayKTaMH peakuuu OXOVY Ha
OCHOBC TOIIZIMBHBIX DJJIEMCHTOB B 3aBHUCUMOCTH OT
pabouell TeMneparypsl SBISIFOTCS ropsidasl BOJa, BO-
JITHOM map (HACHIIEHHBIA MM NeperpeThlii), nmapora-
30Bast cMech. Hapsiay ¢ 9THM, U3 TOIUIMBHBIX 3JIEMEH-
TOB OTBOJITCS HENPOPEArHpOBaBIINE CHHTE3-Ta3,
BOJIOPOZ, BO3JYX WIJIM KHCJIOPOJ (€CIM OKHCIHUTEIh
MoJiaeTcss B YHUCTOM BHAE), TeMIleparypa KOTOPBIX
TaK)Ke 3aBUCHUT OT THIA TOIUIMBHBIX 371eMeHTOB. O0-
pa30BaBIINECS IHEPIETUYECKHE IMTOTOKH MOXKHO HC-
TMOJIb30BATH I TCXHOJIOT'MYCCKUX HYXK]] caMoOM dJICK-
TPOXUMUYECKOW DSHEPrOYCTAaHOBKU WM YTUIM3UPO-
BaTh (IIOJHOCTHIO UM YACTUYHO).

Ecmn DXJV ycraHoBka paboTaer Ha 4YHCTOM
BOJIOPOJIE, «BBIXJIOM» OyAeT cocToaThk Tosbko u3 H>O,
npu noxpade cuHtes-raza — u3 H,O u CO,. Bropoit
BapUaHT XapaKTepeH Ul UCIIOJIb30BaHMS B KayecTBE
WCTOYHHMKA BOJIOPO/a YIIIEBOAOPOJHBIX TOIUIMB, IJIS
CYJZIOBBIX YCJIOBMH 3TO — METAHOJI, NPHUPOJAHBINA ra3
WM Tu3ebHoe TotmiBo [11].

Hanbonee mepcrieKTHBHBIE BapHaHTB YTHIIN3a-
MM TIOJTyYaeMOM HHM3KO- M BBICOKOTIOTCHIIHAILHON
SHEPTHUH B CYJIOBBIX YCIOBHUSIX:

® ra30BBIE CMECH, COCTOSIINE M3 HEMpOopearupo-
BaBIIHMX KOMIIOHEHTOB, MO)KHO HAINPSIMYIO WM C TPEa-
BapHUTEIbHBIM JOKUTAaHUEM B KaTATMTHIECKUX Kamepax
Cropanusa I1oaaBaTb B IPUBOAHBIC TI'a30BbIC Typ6I/IHI)I
KOMIIPECCOPOB WIIM B ra30TypOOreHepaTophl i BbIpa-
OOTKM JIOTIOJTHUTENFHOTO KOJMYECTBA AJIEKTPUUECKON
SHEPTUH;

® [1apOra30ByIO0 CMECh U MEPErPEThIN Map MOKHO
NojiaBaTh B pU(OpPMEp TOILINBA, €CIU HCIIOIb3yeTCs
TEXHOJIOTHSI TIapOBOW KOHBEPCHH  YTJIEBOJOPOIHBIX
TOIUIHB;

® HACBIILICHHBINA WX €11a00 TeperpeThiii BOJASHOM
Iap MOXKHO HAalpaBJIsITh B HApOBBIE MPUBOJIBI CYJOBBIX
HacocoB (IIPUMEHUMO NPEUMYIIECTBEHHO Ha TaHKEpax),
YTWIM3AlMOHHBIE TapoBble TYypOMHBI [UIsl TPHBOJA
3NIEKTPOT€HEPAaTOPOB WM TEIJIOOOMEHHBIE aIIaparsl
JUTSL TIOZIOTpEBa TSDKENOTo TOILIMBA MO0 Harpesa pado-
4el cpeipl B CUCTEMax MapOBOTO WM BOJSIHOTO OTOI-
JICHUS;

® TOpSIUYI0 BOJY MOJXKHO HCIIOJIB30BAaTh ISt
OIIPECHEHMSI MOPCKOH BOABI B aJHabaTHBIX OIPECHH-
TENBHBIX YCTAHOBKAaX, IUISI MOAOTPEBA TOPSYCH BOABI
XO3SIIICTBEHHO-OBITOBOr0 HAa3HAUYEHUS B BOIOBOISIHBIX
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TEIUIO0OMEHHHKAX WM BO3LyXa B CHCTEMAx BO3IYIIHO-
ro OTOIUIeHMsI, i 00pabOTKKM OasIacTHBIX BOJ, HC-
TOJIB3YS! TEXHOJIOTHIO MTOIOTPEBA.

HaunOonee nepcrieKTUBHBIME Uil MCHOJIB30Ba-
HHSl B CYIOBBIX YCIOBHsIX sBiitoTcs DXJV Ha 0aze
TBEPJIOOKCHIHBIX TOIUIMBHBIX 3JIEMEHTOB (solid-oxide
fuel cells) nnu TBeproTorUMBHEIX T (proton exchange
membrane fuel cells), kak oOIamaroN¥e BEICOKOH 3HEp-
TeTHYeCKOi 3 PEeKTUBHOCTBIO NPH CPABHUTEIIBHO He-
OOIBIIMX MaccorabapUTHBIX TTOKA3aTeIsIX, YTO OCOOCH-
HO Ba)XKHO JJIS1 CYJIOBBIX yCioBHi [12].

Temreparypa NpoyKTOB PeakLiy Ha BBIXOJIE U3
TBEPJOOKCHIHBIX TOIUIMBHBIX 3JEMEHTOB COCTABIISCT
(600-1000) °C, TBepIOTOIUTMBHBIX HHU3KOTEMIIEPATYp-
HBIX — (60-90) °C, TBEpIOTOIIMBHBIX BEICOKOTEMITEpa-
TypHBIX — (150-250) °C npu gaBieHny napa Ha BBIXOJE
1o 0,5 MIla [5].

B nanHO# cTaThe pacCMOTPEHBI BAPUAHTHI yTH-
mzanmu BOP 9XOV Ha 06aze BBICOKO- W HU3KOTEMIIE-
paTypHBIX TBEPIOTOIUIMBHBIX TOIUIMBHBIX SJIEMEHTOB,
paboTaronx Ha BOJIOPOJIE U BXOSILIKX B COCTAB CyJI0-
Bol sHepreTnueckoil ycraHoBku (CDVY). B 3aBucumo-
CTH OT THUIIA CyJHa U TpeOyeMoi cyMMapHOI yCTaHOB-
neHHoi MorHocTH COY, TOMIMBHBIE 3IEMEHTHI MOTYT
YaCTUYHO WJIM TOJTHOCTBIO 3aMEHSTh TU3EIbHbIC JBUTA-
TenH (TJIABHBIC M BCIIOMOTATENbHBIE) B COCTABE IIPO-
IyJIbCUBHOW YCTAHOBKH WJIM CYZOBOM 3JIEKTPOCTAHLIUM.

Yrumsanus TerioBoit sHeprin OXJVY B BHIE
HACBIIIEHHOTO WM C1a00 MEPErpeToro mapa Mo3BOJIUT
CHU3UTh TPEOYEMYIO TEIUIOBYIO MOIIHOCTh CYJOBBIX
KOTJIOB, YTO IIPUBEAET K YIPOLICHHIO CXEM M CHIKE-
HHIO pacxojia TOIUIMBA. B OTAENbHBIX CiTyyasx 3TO M03-
BOJIUT OTKA3aThCS OT YCTAHOBKH YTHIIM3ALMOHHBIX
BCIIOMOTATENIbHBIX ~ KOTJIOB, €CJIM  BBbIpaOaThIBaeMOI
OXDY TemnoBoi 3HEpruM AOCTATOUHO VIS MOKPBITUS
CY/IOBBIX TTOTPEOHOCTEH.

VYrunuzanus TemnoBoi sHeprun OXOV B BHIE
ropsideil BOJIbI TIO3BOJIUT OTKA3aThCsl OT IEKTPUIECKUX
TOZIOTpEBaTENeH, KOTOPhIE MIMPOKO HCIIOIB3YIOTCA Ha
HeOOJBIINX CyJaX U Cylax ¢ KOPOTKOH pelCOBOH JINMHH-
e 11t MoJjoTpeBa BObI UL OOIIECYIOBBIX HYK, CHH-
3MB TEM CaMbIM DPacXoj TOIUIMBA 32 CYET CHIDKCHHS
HOTPEOIEHHUS HNEKTPHUUECKOIN SHEPTHH.

J1nst oLIeHKH 11eJ1eco00pa3HOCTH pean3aliii TeX
WM MHBIX YTWIN3aLHOHHBIX CXEM Ha Ha4aJIbHOM JTare
HEO0OXO/IMMO TMPOBECTH KOJINYECTBEHHYIO M KAaueCTBEH-
HYIO OLEHKY BTOPWYHBIX 3Hepropecypcos (BOP). B
JTAHHOM HCCJIEZIOBAaHUM TPHBENCHBI PE3YJIbTaThl KOJIU-
4eCTBEHHOH olleHkn BOP snexTpoXuMudeckux sHepro-
ycraHoBoK ¢ TO momHocTteio oT 100 1o 2000 kBT, pa-
0OTafoIMMKA HAa YHUCTOM BOJIOPOJE C EIMHCTBEHHBIM
npoaykroM peakimu — HyO (B JKHIKOM COCTOSHUM C
temneparypoit (60-90) °C wim B BHJIE HACBILIEHHOTO
win cnabo meperperoro mapa ¢ Temmneparypoi (150—
250) °C).

B cooTBeTCTBHMHM € TEXHMYECKHMH XapaKTepH-
CTHKaMH, 3asBIISIEMbIMHI TIPOM3BOUTEISIMH, TIPH pacue-
Tax HanpsbkeHue oHOH stueiiku T npunumManocs 0,8 B
(pu mapaiieabHON YCTaHOBKE sUeeK B OaTtapero MoIl-

HOCTH W HAIPSDKCHUE CYMMHPYIOTCS), KO3()OUIIMEHTHI
WCTIONIB30BaHUS BOJOPOAA M KHCIOPOIa MPUHUMAIICH
0,8 u 0,6 coorBercTBeHHO. Pacyer xommdgectBa, oOpa-
gytomierocst H;O mpoBouiicst Ha OCHOBE CTEXHOMETpPHU-
YeCKHUX KOI(PQUIMEHTOB XMMHYECKOTO YpaBHEHHsI, CO-
JICpIKaHKe BOJIBI B BO3IYXE, MojaBaeMoM B 1D, He yuu-
TBIBAJIOCH, INTOTHOCTh BO3/yXa MPHHUMAIACH IIPUA TEM-
nepatype 20 °C [5, 11].

KonuuecTBenHast oLieHKa II0Kaszajga, 4YTO s
DX3YV Ha 0a3ze TBEpIOTOIUIMBHBIX T3 MOIIHOCTHIO OT
100 mo 2000 kBt Tpebyemas mogada BOAOPOIa COCTaB-
mger ot 5,9 mo 117,5 xr/4, Bozmyxa — ot 220 mo
4435 M*/u (puc. 1-2). Yaembnas macca HO (B Buze
BOIBl WJIM TIapa) Ha BBIXOAE COCTaBisieT oT 42 1o
846 xr/u (puc. 3).
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3Hasg mojady BOJOpPOAA MOXKHO OIPEAECIUTh
Maccy U o0BeM 3amacoB TorumiBa. Ha puc. 45 mpuse-
JIcHa YKpyNHEHHAs OLICHKAa JAaHHBIX HapameTpoB (Tpu
OJITHAKOBOW TIPOJIOJDKUTENFHOCTH pefica). s cpaBHe-
HHUS pacCMaTpUBAICH BaphaHTHl padoTel DXJVY He
TOJIBKO Ha BOJOPOJIE, HO M HA METAHOJIE U CHKIKCHHOM
npupoaom raze (CIII"). Ompexnenenre 00bEMa Tpedy-
€MbIX 3allaCoB TOIUIMBA IMPOU3BOAWIOCH JIsI PA3HBIX
Croco0OB XpaHEHHUs BOAOPOJia — B CKIDKEHHOM BHUJIE U
METaJUIOTHAPHIHOM (XpaHeHHe B BHAE coenuHeHni Hp
¢ Meraiutamu). Bapuant xpanenuss Hy B cxxatom Buze
TI0/1 IaBJICHUEM HE paccMaTpHBaJIC, T.K. TT0JIe3Hast Mac-
ca TOIUTMBA cocTaBisieT He Oosree 3 % oT mMaccsl 6amto-
Ha, 9TO B YCIIOBHSIX OTPAaHMYCHHOTO NPOCTPAHCTBA HA
Cy/ax JieJlaeT HelenecooOpasHbIM HCTIOIb30BAHNE €T0 B
TaKoOM BHJIE.

[Ipu ucnonp3oBanum Bomopoaa B DXV macca
3amacoB ToIUMBa (6e3 ydera MacCchl eMKOCTEH Ui ero
XpaHeHUs) B 2 pa3a MEHbIIIe, YeM Macca CXKIKEHHOTO
NPUPOIHOro Ta3a (MpW NaBjeHHWH, OJM3KOM K aTMO-
cdepHomy u Temmeparype —162 °C) u B 5,3 paza MeHb-
111, YeM IPH HCIOJIb30BaHUU METaHOJIa B KaueCTBE UC-
tounnka H, (puc. 4). CpaBHeHHe 0oObeMa 3amacoB TOM-
JIMBa Ha peic (puc. 5) mokaszaso, 4To JaHHBIH Mapamerp
HAaWMEHBIINA TPH WCIIONB30BaHUHM B Ka4deCTBE HCTOY-
HMKa BOJIOPOJia IS TOIUTMBHBIX 3JIEMEHTOB CHKIDKEHHO-
TO TPUPOJHOTO Ta3za. Jyis mosydeHns: Tex e MOIIHO-
creil TpeOyemblli 00beM MeTaHoda Ha 65 % Oosblie,
yem CIII', MeTaimoruapuaHOro BoAopoaa — B 2,5 pasa
OospIe, CKIKEHHOTO Bojopona — B 3,5 pa3a OodbIe.
Hcnonp3oBaHue cxKaToro BOIOpOJa HElenecoo0pasHo,
TOCKOJIbKY JJIA MOJIYYCHHA SKBHUBAJICHTHOM MOIITHOCTHU
B DXDV ero tpebyemsiii 00beM B 16 pa3 Bbllle, YeM
npu npumenenun CIIT, B 4,5 u 6,5 pa3 Gosblie yem st
METaUIOTHAPHIHOTO U CXKMDKEHHOTO, COOTBETCTBEHHO
(npu oaMHAKOBOI Macce).

Ha cragmm KOHIENTyaJIbHOTO NPOEKTHPOBAHMUS
C3Y Heo0X0IMMO YUUTHIBaTH 00BEM ITPOCTPAHCTBA HA
Cy/iHE, 3aHUMAaEMbIil TOTUTMBHBIMHA €MKOCTSMH CO BCIIO-
MOTaTeNIbHBIM 000pyZI0BaHUEM, HEOOXOANMBIM, HAIPH-
Mep, A MOAJCPXKaHWA HHU3KUX TEMIepaTryp B KpHO-
TEHHBIX TAaHKAX CO CXKMKEHHBIMH Ta3aMH.

Temneparypa mapa Ha Beixoge B 9XJV Ha 6aze
BBICOKOTEMIIEPATYPHBIX TBEPIOTOIUIUBHBIX TOILUTMBHBIX
anmeMeHToB jocturaet 250 °C mpu maBieHuu A0 5 6ap
[5]. [Ipu ucmosp30BaHUK PabOUEro Tejia ¢ TAKMMH Iia-
pamerpaMd B YTHIM3ALHOHHBIX TypOOreHeparopax
(YTI') ¢ KOHeYHBIM IaBIEHHWEM OTpabOTaBILEro Mapa
0,01 MIla gOoNOAHUTENHEHO MOYXKHO NOAY4UTh 10 S0 kBT
ANIEKTpUYEecKO sHepruu (puc. 6), uto cocrasiser 2,5 %
OT JEKTPUUECKO MOIIHOCTH DXJVY.

C y4eroMm TOro, YT0O MHHUMAJIBHASI MOIIHOCTh
CEpUITHO TPOM3BOJMMBIX MAPOBBIX MHKPOTYpOMH B
OonpIIMHCTBE CciydaeB mpesbimaetr 50 kBT, mcmonbs3o-
BaTh YT memecooOpa3HO TpH BO3MOXKHOCTH MOITyde-
HUSI MUHUMYM 75 KBT 1ONOHUTENBHON JIEKTPUYECKOM
MoIlnHocTH. Ha Takue 3HaveHus] pacCUUTaHbl, HANPH-
Mep, MapoBble MUKPOTYPOUHBI KOMIIaHUH Siemens ce-
pun  SST-040, BxmIOHarOLIWe arperatsl oT 75 110
300 kBr.
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Bxmrouenne YTI ycnoxuser cxemy COVY, uro
Heleaecoo0pa3Ho Uisl Cy/IoB C KOPOTKOM peiicoBoi
JIMHUEH, Ha KOTOPHIX B OOJBLIMHCTBE CIIy4aeB WM IIPH-
mensttotes TO [1-3].

OueHka  TPOM3BOJWTEILHOCTH  aanabaTHBIX
ONpPECHUTENBHBIX YCTaHOBOK ¢ AaBieHueM 30 klla oue-
HHUBAJIACh TIPU TEMIIEPAType TEIUIOHOCUTEINS (Topsuei
Bojbl mociie TO) Ha Bxoae 90 °C corjmacHO METOJUKE,
m3noxkenHo# B [13]. Kak BumHO U3 puc. 7 3a cuéT yTH-
msammd BOP B DXV morHocTeio 10 2 MBT MOXHO
moy4duTh 10 440 Kr npecHoi Boabl B CyTKH. OnpecHu-
TENbHBIC YCTAHOBKU OOBIYHO MPENyCMAaTPUBAIOTCS Ha
CyJax ¢ aBTOHOMHOCTBIO IUIABaHUS CBBIIIE 5 CYTOK
(I kareropusi cornacHo kiaccudukanuy «CaHUTapHBIX
MPaBWI U HOPM JJIsI MOPCKUX CYAOB»). MUHUMaIbHbIE
HOPMBI BOZOINOTPeONeHs Ha cynax / KaTeropum co-
craBisiror 150 s1/cyTku (BKIIIOYas BOJy Ha IMTHEBHIE U
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XO035HCTBEeHHO-OBITOBBIE HYXOBI) [14, 15]. YcranoBka
OXDYV Ha 6aze TBEPAOTOIUTMBHBIX TOILIMBHBIX 3JIEMEH-
TOB CyMMapHOH MomtHOCThI0 2 MBT 3a cuér yrmnmsa-
i BOP mact BO3MOXHOCTH OOCCICYUTH CYTOYHBIC
MOTPEOHOCTH B TIPECHOW BOJIE TOJIBKO IS TPEX Yeno-
BEK.

[Tpu ucnonszoBanuu Bojbl ociie TO B kayecTBe
TPEIOMICH CpeAbl B BOIOBOASHOM TEIUIOOOMCHHUKE
MOXKHO MOJTy4HTbh 10 11 T/cyTKM Topsdeit Boaw! (puc. 8),
YTO MOJTHOCTRIO YIOBIIETBOPSIET CyTOYHBIC IIOTPEOHOCTH
B BOJIE JUTS XO3SHCTBEHHO-OBITOBBIX HYXI[ Ha TPY30BBIX
cyJax ¢ JUIMHHOM peWcOBOM JIMHUEW WM AJsl CYHOB C
OOJIBIINM KOJMYECTBOM ITACCAKUPOB TIPHU HX KPaTKO-
BPEMEHHOM IpeObIBaHIN HA OOPTY (TIApOMBI), YIUTHI-
Basi MEHUMAJIbHBIE HOPMBI TTOTPEOICHIS TOpsdeil BOIBI
JUISL CyJIOB pa3iyHbIX Kateropuii [14, 15].

Taxxke BOP BricokoTemneparypusix 9XJVY Ha
TBEPAOTOIUIMBHBIX TOIUIMBHBIX 3JIEMEHTaX MOYKHO HC-
MOJTB30BaTh JIJIsl TIOJIOTPEBA BBICOKOBSI3KUX HE(TAHBIX
TOIUTMB (BapUaHT CyJOBOI 3HEPreTHYECKOH YCTaHOBKH,
KorJa INIaBHBIM JBUTATENb — Au3eabHbIH, a XDV BX0-
JUIT B COCTaB CY/IOBBIX JIEKTPOCTAHLIMH BMECTO OJTHOTO
WITH HECKOJIBKHX JU3elb-reHepaTopoB). OIeHKa TaHHO-
TO BapHaHTa YTWIIM3AIUH COTIACHO METOIUKE, TIPHBE-
néHHoM B [16], MoKa3aa, 9YTO TakuM 0Opa3oM MOYKHO
obecrieunTs momorpeB ot 12 mo 250 T/cyTku THRENOTO
torumBa (puc. 9). JlaHHBIE pacxol COOTBETCTBYET
HAJIMYMIO HA CYJHE JU3EJIbHBIX JBUraTeIed CyMMapHOU
YCTaHOBJICHHON MOIIHOCTHIO OT 3 70 58 MBT mpu co-
oTBeTcTBeHHOM MotmHocTH DXV ot 100 10 2000 kBT.

Emé omumM BapmantoM yTwimsaimu BOP nHa
CyJHE SIBIISIETCS WCIOJIb30BaHHUE «BBIXJOMay OXJY B
KauecTBe TIperolliei cpesbl B TEIJIOreHepaTopax BOJs-
HOM CHCTeMBI OTOIUIEHMS! Ha cyxaHe. Vcronb3yst 3aBu-
CHUMOCTH, TNpuBeleHHble B [17, 18] MoxHO mpoBecTu
VKPYITHEHHYIO OICHKY TPOU3BOAUTEIBHOCTH CHCTEMBI
BOJSIHOTO OTOIUICHHS (JUISi TPAaHCIIOPTHBIX CYIOB CO
CTATEHBIMH KOPITyCAMH TIPH TEMITEpaTypax HapyKHOTO
BO3myxa B amamazoHe — 15 ...—25 °C) ¢ mpuBs3kod K
KOJIMYECTBY JIOJCH, IUIT 000rpeBa KOTOPBIX OyIeT Jo-
CTaTOYHO paccyuTaHHOI MommHocTH. [loTeHnmana BOP
HU3KOTEMIEPATYPHBIX TOIUTMBHBIX AJIEMEHTOB JOCTa-
TOYHO, YTOOBI OOECIIEUUTh TEIUIOBYIO MOIHOCTH CH-
CTeMBI BOASHOTO OTOIUICHHUS (CO CpemHell Temmepary-
poit 70 °C) mocratounyro st oborpeBa ot 9 no 189
yenoBek mpu MorHocT DXV ot 100 mo 2000 kBt
(puc. 10).

[epcrieKTHBHBIM BapUAHTOM YTHJIM3AIMA TEI-
JIOTHI JUTS MaJIbIX CYIOB CO CPaBHHUTEIHLHO HEOOJBIITNM
00BbeEMOM OajuiacTa SIBISIETCSL MCIIONB30BaHne BOP st
o0e33apaxuBaHMs OauIacTa IMyTeM HarpeBa B COOTBET-
cTBUM ¢ TpeOoBaHMsAMH «KOHBEHIIMM MO0 KOHTPOJIIO U
YIpaBICHUIO OATTACTHRIMU BOJAMH M ocamkamm» [19].
HccnenoBanns mokasaim, 9TO IMOJICpKaHIE TeMIIepa-
TypHI 3a00pTHOM BO/IEI Ha ypoBHE 45 °C B TeueHne 4 1
NPUBOAUT K YHHYTOXEHHIO 95 % MHKpPOOPraHW3MOB
[20]. dast 3¢ dhEeKTHBHOTO YHHYTOKCHHUS KHIICYHOM Ia-
JIOUKH, COZiepyKaHHe KOTOPOH TaKKe HOPMUPYETCSI KOH-

BEHIMEH, HeOOXO0IMMO HarpeBaTh 3a00PTHYIO BOLY [0
80 °C B Teuenue 60 c [21].

Pyrr. 5Bt
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BroiBoabl

ITpn nmpumenennn Ha cymHe DXDV Ha 0Oasze
HU3KOTEMITepaTypHsIx TD B KadecTBe OCHOBHOTO
crocoba yTHIIM3anuu o0pasylomeiics ropsdeil BOIbI
eJIeco00pa3Ho BEIOMPATh CXEMBI, BKIIFOYAIOIINE IO-
JIOTPEB TOpA4Yed BOABI HA XO3SHCTBEHHO-OBITOBBIC
HYX/bl B BOJIOBOJISIHBIX TEIJIOOOMEHHBIX armaparax
WM B TEIJIOTEHEPATOpax B COCTABE BOJSHON CHCTEMBI
otoruieHus. Mcmonb30BaHne BOABI B Ka4eCTBE TEIIO-
HOCHTENs B aauabaTHBIX OINPECHUTENbHBIX YCTaHOB-
KaxX HEe MO3BOJHUT 00ECIeYnTh MOTPEOHOCTH IKHITaKa
B NIPECHOM BOJE COIJACHO CYIIECTBYIOUIMM HOpMam
BOJIONIOTPEOJICHUS Ha Cy/1ax.

Vrunmuzanuss BelcokoTeMneparypHeix BOP B
BUJIE HACBIIMIEHHOTO WM cjIab0 Meperperoro Imapa
nesnecoodpasHa sl HOAOTPEBa TSHKEIOTO TOIUIMBA B
KOMOMHHpPOBaHHEIX CDY, BKIOUYAIOMINX TU3CIBHBIC
JIBUraTeNId U TOIUIMBHBIE 3JEMEHTHI. YcTaHoBKa YT
Heresecoo0pasHa, T.K. MO3BOJISIET MOJyYUTh He Ooee
50 kBT 1OMONHUTENHHON SHEPTHH TPH HCIOIH30BA-
Hun BOP ycranoBku momHocThIO 2 MBT.
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AHOTALIA. Ilposedero ananiz ma 6UKOHAHA OYIHKA egheKmueHocmi ymunizayii 6MOPUHHUX eHep2opecypcie y CYOHO8UX
e1eKMPOXIMIYHUX eHep2emUYHUX YCMAHO08KaX Ha 6a3i meepOOnatusHux nanusHux eiemenmis. Ompumano 3HauenHs nomeH-
YitiHO MOHCIUBOT KINLKOCTI eHepeemudHUX pecypcié O 3a0e3neyents 3a2aibHOCYOHOBUX BUMO2, WO MOJCHA OMpumMamu
wiAxom ymunizayii napu abo eaps4oi 600u Ha 6uxo0i 3 nanueHux enemenmis. Ilpedcmasnerno pexomenoayii wjo0o 0oyinbHo-
cmi BUKOPUCMAHHA PI3HUX YMUTI3AYIUHUX CXeM 8 CYOHOBUX eHepeeMUUHUX YCIMAHOBKAX.

Knrouosi cnosa: meepoonanueni nanueHi enemenmu, eneKmpoxXiMiyHuil 2eHnepamop, eneKmpoxXiMiuna enepeemuyna yCmanos-
Ka, 6MOPUHHI eHepeopecypcu, Ymunisayiina naposa mypoina, cyoHo6a OnpicHio8albHA YCMAHOBKA, CUCIEMA 20CNO0apio-
nooymoeo20 6000NOCMA4ANHSA, CUCIEMA 800AHO20 ONANEHHSA, Mmenio2eHepamop, oopobxka 6anracmuux 8o0.
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