NHCTUTYT (DU3HUKH, HAHOTEXHOJIOTUH U
tenekommyHukanui CIIOI'TTY

Bnagumup IOpeeBruu Cepreen

npod., 1.¢.M.H., Kadeapa GU3NKH TIIIa3Mbl
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AJBTEpPHATUBHBIE UCTOYHUKHU 10 CTPAHAM

China —' N 70

|
United States === (8
|
Germany — I 61
Spain § 1 78 :
Italy |— 1722 . I l .
India | 20 Wind Biomass Solar Geothermal Others
power  power PV power
Japan r- I 11 I
]
Gigawatts 0 10 20 30 40 50 60 70

[ OcHoBHBIC MOTpeOUTENN aIbTEPHATUBHOM d3HEprun — cTpanbl EC, cTpaHbl
BRICS, CIIIA u Smnonus.

[ OcCHOBHOM MCTOYHHK aJIbTEPHATUBHON SHEPTUH B OOJIBIIIMHCTBE CTPaH —
BETED.

[0 B I'epmanum cuiabHO pa3BUTA M COJTHEUHAS dHEPIreTUKA. YIeIbHAs
BbIpaOOTKa camas 0oJblliasi B MUpe. AJIbTepHATHBHAS DHEPreTUKA
['epmanuu OyeT moApoOHEe pacCMOTPEHA B KOHIIC JICKITUH.

Renewables global status report 2012; http://www.map.ren21.net/GSR/GSR2012.pdf
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Bxang anbTepHATUBHBIX KCTOYHUKOB B MUPOBOE
SHEPronoTpeOICHUE

v | N "
. |

|| 174
11 1 1

. ‘]0] Wind Biomass Solar Geothermal Others
power  power PV power
|
|}

Gigawatts 0 50 100 150 200 250 300 350 400

EU-27

BRICS

[ PeittuHr anprepHaTUBHBIX HCTOUHUKOB: | — Betep, II — 6momacca, 111 —
conHie, [V — reorepmaiibHas 3HEprusi, V — SHEPTUs OKEaHa v T.]1.

[ W3 nponuioit neKmuu: cpeaaeMupoBoe morpednenue — 2.2 kBT, Hacenenune
3emiu 7 MIIpJI. YyelioBeK => mupoBoe notpednenue 15.4 TBT. To ecth 3a
cueT BO300HOBIsIeMbIX pecypcoB (He cuutas ['DC) npousBoautcs ~2.5%
SHEPIHUH.

Renewables global status report 2012; http://www.map.ren21.net/GSR/GSR2012.pdf
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[lapameTpsl 3IIEKTPOYCTAHOBOK

0.05-0.10

HcTounuk Mom- | Kam. Cebec-tp | OKyImmaeMocCTb, JIET
HOCTb, | BJIOXK. SHEPTUI,S$ | mpu mpomaxe 3a 0.28/kBru
MBT ThIC.$/kBT | /kBTu (*- mput oTamusx 50%)
Berep (cymia) 1.5-3.5 1.5-2.5
brnomacca 25-100 3-4.5 0.08-0.18 6
DOTORIEKTP. 2.5-100 2-2.5 0.20-0.37 oo (7.5%)
CouH. Temno 50-500 6.5-10.5 0.19-0.29 oo (12%)
['maporepmebl 1-100 2-6
[TpruBsI 1-250 5-6
I'2C 1 —1000 1-4 2.5

0 Camas pazsutas Texnonorus — ['9C — moka octaeTcsi U camoi BeirogHon. Ho n
aJbTEPHATUBHBIE METOAVKHU BBIJIAAT PA3YMHO.

[0 B 1meHy BXOIUT HE TOJBKO c€0ECTOMMOCTD, HO M TOCYapCTBEHHBIC CYOCH NN

Renewables global status report 2012; http://www.map.ren21.net/GSR/GSR2012.pdf
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IIpoucxoxaeHue Berpa

IlpuunBHa BeTpa — HEpAaBHOMEDHBIU HATPEB 3€MHOMN
HOBEPXHOCTH.

A
Z Tennkii BO3AYX HaA CYLIei NoAHMMAETCS

S
7 ’

o

S
2,
2

Hanpumep, Ha moOEpexKbSIX MOPEN BOZHUKAIOT
Opu3bI (CM. pHC.), pacOupocTpaHstommecs 10 50 kM
B CTOPOHY MOPSI M CYIIIH B YCIIOBUSIX CIA00T0
IepeHoca Bo3ayxa (TponuKy, cyoTponuku). OHu
MMEIOT CYTOYHYIO NEPUOAUYHOCTH. B Poccum —

——

netom y oeperoB UepHoro u KacnuiiCKoro MOPEH.  |Xonoaswlit 503y Haz BOAOM 3aHUMAET €ro MECTO

[ 010BbIE MI3MEHEHUS TEMIIEPATYPHI IO OEperaM OKEaHOB MPUBOAAT K CTAOMIIBHBIM MO
ce€30HaM 00JIacTsIM BBICOKOTO M HU3KOTO JIABJICHUS M BBI3BIBAIOT MYCCOHEI. B
OCHOBHOM TaK>K€ B TPOITUKAaX, HO OBIBAIOT U B JPYyTUX MeCTHOCTAX. B Poccum — Ha
JaneHeM BocTtoke, a Takke Ha yacTh mooepexbst CeBepHOTO JIeT0BUTOTO OKEaHa.

Bpamenne 3emnn TakkKe BbI3bIBACT OTKJIOHCHUS BO3YIIHBIX TCUCHHUM.

Bce 5Ti mpuyrHbBI OCHOKHSIOT OOIIYI0 IUPKYIALNIO0 aTMOoc(epbl. Bo3HUKAET psij
OTAEJIbHBIX UUPKYJISLUNU, B TOM UM UHON CTEIEHU CBI3aHHBIX APYT C JIPYTOM.

bonemasa CoBeTckast DHIOUKIONEIUS
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OOmas MUPKYJISALUS 36MHOM aTMOC(EPhI

Ha sxBaTope y 3eMJIM JICKHUT 30HA 3aTHUIIIbS CO CIIa0bIMU
MIEPEMEHHBIMM BeTpaMu. [I0TOKH BO31yXa BOCXOASIIIME.

MepemeHHbIe

—BoTpElL_ .. |

Ha ceBep u Ha 10T OT HEE PACIIOI0XKEHBI 30HbI MacCaToB (6-8 30° C.LLL

M/C y TIOBEPXHOCTH 3€MJI1 ), KOTOPBIE U3-3a BpAILICHUS 3EMIIU
OTKJIOHEHHI K 3amnany (cuia Kopuonuca). [lToaTtomy B ceBepHOM
MOIYIIaPUH ITIOCTOSHHBIC BETPHI MIPUXOIAT C CEBEPO-BOCTOKA,
B I0KHOM C FOT'0-BOCTOKaA. L~ y——————

[Taccatel pocTuparoTcs npuMmepHo A0 30° ceBepHOU U
I0’)KHOM IIIUPOT U OTVIMYAIOTCS PABHOMEPHOCTHIO BO3YIITHBIX
TEYEHHH 110 HAMPABJICHUIO U CKOPOCTH. BOIM3M OombInx
KOHTUHEHTOB OHU HAPYIIAKOTCS CUJIbHBIMU TOAOBBIMU
KOJICOAHUSIMU TEMIIEPATYPhl U TABJICHUS HAJl MaTEpUKaAMH.

B cyOTponmyeckux mupoTax 30HbI IACCATOB CMEHSIOTCS ITUIIEBBIMU oOacTsMu. K
CEBEPY M 0Ty OT ATHUX 00JacTel AYIOT MEPEMEHHBIE BETpa MKy 3armaHbIM U I0T0-
3aITaJHBIM HAIPABJIECHUAMH B CEBEPHOM IOJIYIIAPUU U MEKAY 3allaJIHBIM U CEBEPO-
3amaJHbIM B FOKHOM. B 3THX mIiMpoTax, KpoMe Toro, B arMocdepe HempephIBHO
BO3HUKAIOT BUXPEBBIC JIBUKCHUS, YCIOKHSIOIINE CXEMY LIUPKYJISIIUA aTMOC(EPHI.
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Berpossie 30HbI Poccun

o —— 30HBI CO CPEIHETOJIOBEIMU
= CKOPOCTSIMU BETPA:

o1 - BeIme 6 M/CEK;

& IleTponar/oBcK-

SR e2 - ot 3,5 mo 6 M/cek;

Pocroe

' - 10 3,5 M/cek.

B.na.’umomox
3HaueHue cpedHe200080U CKOpOCMU 6empa 8 OAHHOM PatloHe 0aem 803MONCHOCHb NPUOTUHCEHHO

cyoums 06 3¢hghekmusHocmu UCNOIb308AHUS 8EMPOOBUSAMENAL.

[1puOpekHbIE 30HBI — BHICOKAs MHTEHCUBHOCTh BETPOB. CpeaHEroIoBbie CKOPOCTU BeTpa >6 m/C.
Ha CeBepe m CaxanuHe HaOmroparotrcsi yparanabie BeTpbl (>30 M/c). IlosTomMy Tam MOXKHO
MCIIOJIb30BaTh TOJIBKO arperarhbl C BETPOABUTATEIISIMUA BRICOKOW OBICTPOXOIHOCTH U MPOYHOCTH. B
ApKTHKE U Ha «JallbHEM» MTOOEpexKbe 3(PPHEKTUBHO MPUMEHEHNE BETPOICKTPUUECKUX CTAHIIUMH,
pabOoTarOIIMX COBMECTHO C TEIJIOBBIMH.

IOr eBponelickoii yactu Poccuu, VYpan, ror CuOupu — CpenHssi HHTEHCUBHOCTH BETpa.
CpennerogoBas CKOpocTh BeTpa — 3,5-6 m/c. Boamoknoe npumenenune BOC.

CeBep eBpornerickor yactu Poccun, ceBep Culbupu (MCKIIO4as MOOEPEXKbE) — CKOPOCTU BETpa
<3,5 m/c. Illupokoe MpUMEHEHHE BETPOYCTaHOBOK SKOHOMUYECKH HE OMpPaBIaHO.
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Berpa B JIeHMHIrpaackoi o0iacTu

3uma — HanboJiee CUIbHBIC BETPHI HaJl

56
Jlagoroii, Ha ee ToOepeKbEe OHM cradee. 4 \
- -
N

Kpome Toro, CuiabHbI BETpa HaJl FOXKHBIM V4 \
: n 'S
nobepexpeM DUHCKOTO 3a/IMBa. )
W A BuiGopr "
BecHa 1 JIeTO — y3Kas [I0JI0OCA CUIBHBIX 4§ \ “CoRed
BETPOB MEK]y FOXKHBIM ITOOEPEKbEM , _
duHCcKoro 3anuBa u 0.KoTiuH. 1o RN AN/
. %omnbm @‘-_-’\ \.3 p6ypr H
- 0 . B
OceHb — HHTEHCHBHAs aTMOc(epHas M ywn
IIAPKYJISALMS Ha BCEH TEPPUTOPUM PETHOHA. / (wionn  +BOn0S0R
Hawunbomee nepcrieKTUBHOE HAPaBICHHE S e
pa3BuThs — KpOHIITAIT. N ,
- S
[TonydyeHre MOIITHOCTH C MaTeprKa N }

TpeOyeT cTpouTenbcTBa noaBoaHoM JIDIT!
C Ipyrou CTOpOHBI, Yepe3 OCTPOB
IPOXOAUT ITyTh MUTPALIUU IITUILL!

H3zonunuu pacnpeoenenus cpeoHux ckopocmeii
sempa no meppumopuu Jlenunepaockoii
obnacmu, m/c

AHanu3 rpagMKoB U3BMEHEHUSI CKOPOCTH BeTpa B KpoHmTaare nmokassiBaet, yTo BOC Moxer
MPOM3BOJUTH BBIPA0OOTKY 3eKTposHeprun oT 40 1o 70 % BpeMeHHU KaXKJI0ro Mecsiia B TCYCHUHU
roja. BeipaboTka sHepruu B yackl UK cocTaBisieT 50-70 % MecsyHOM BHIPAOOTKH.
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Hcnonp30BaHnE BETPOITEKTPOCTAHIIUN

Knaccudukanus BeTpoaBuraresei

T

KpsbLibuareie BeprukanbHbie bapabaHHbIe
Berposoe koseco BerpoBoe koneco nmeer Berposoe koneco
pacrnojyiaraeTcs B BEpTUKaIbHOM BEPTUKAIBHYIO OCh BEPTUKAIBHO, OCh
MJIOCKOCTH; TNIOCKOCTh BpaIieHus BpallleHUs] TOPU30HTAJIbHA,
BpalleHUs NEPIEHIUKYIIIpHA KapycenbHbie (a) HepreHIuKYIsIpHa
HaIlpaBJICHUIO BETPa HaIlpaBJICHUIO BeTpa (B)

Potopusie CaBonuyca (0)

Al LY
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Tunel BeTpoaBUrareneu

BBICTPOX0IHOCTH — OTHONIEHHE CKOPOCTH KOHIIA JIOMACTH K CKOPOCTH BeTpa: Z = wR/V

[To aToMy mapaMeTpy KpbUIbdaThle BETPOJABUTATEIHN AEIATCS HA MHOTOJIONACTHBIE TUXOXOHbIE
(Z<2), MasiononacTHbIE TUXOXOAHBIE (Z>2), ManononacTHble ObICTPOXOAHBIE (Z£>3).

[IpenmMyiiiecTBa U HEAOCTATKU PA3HBIX TUIOB BETPOJIBUTATEIICH

Bce BeTponaBurarenu, KpoMe pOTOPHBIX, TPEOYIOT OPUEHTAIIMK CaMOI0 JIBUTATENS UITA €T0
IIUPMBI TI0 BETPY. Y BEPTUKAIBHBIX U OapaOaHHBIX BETPOJBUTATEIICH: a) BETPOBas Harpy3Ka
JEUCTBYET Ha JIOMACTH MOOYEPETHO => UCIIOIb30BAHUE SHEPTUU BETPA MAJIO; 0) pa3Mepbl
UCIIOJIb3YEMOM YaCTH MOTOKA MaJIbl IO CPABHEHHIO C KOJIECOM => PACTET BEC YCTAHOBKH.

B Hacrosiee Bpems
HanOoJIee MMUPOKO
HCTIOIB3YIOTCS
MaJIOJIOTIACTHBIE
KPbLIBYATHIE

Y POTOPHBIEC

BCTPOABUI'ATCIIN
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PaboTa MOBEpXHOCTH 110/ ACHCTBUEM BETPA

CxopocTth BeTpa J/ — pacCTosTHUE B METPAX, MPOXOAUMOE BO3YXOM B TCUCHUE
OJIHOM CEKYyHJIbl. Macca Bo3ayxa, MPOTEKAKOIIAs Y€PE3 MONEPEUHOE CEYEHUE A CO
CKOPOCTBIO V: m=pAV

Toraa MoIIHOCTb Oyaer cocTaBisTh (6e3 yuera KI1M): P=0.5pAV?
[Tox nercTBUEM BETPA MOBEPXHOCTH JBUKETCS CO CKOPOCThIO U

OTtHomeHue padoThl, pa3BMBAEMOM JBUXKYILIEHCS TTOBEPXHOCTHIO, K SHEPTUHU
BETPOBOTO MOTOKA, UMEIOIIETO MOMEPEYHOE CEUEHHUE A, paBHOE 3TOM MOBEPXHOCTH:

L
GGl

3necs C— K03 PUIUCHT JI0OOBOTO COMPOTUBICHHUS, ¢ — KOODPUIUCHT
MCMOJIb30BAHUS SHEPTUM BETPA, 3aBUCHUT OT CKOpOoCTH U nepeMeNIeHusI MTOBEPXHOCTH
B HamnpasiicHuu BeTpa. [Ipu U=0u U=V ckopocTh BeTpa HE ucnonb3yercs!!!

J{1s mosrydeHus MakCUMaJIbHOTO ¢ Heooxoaumo U=V/3 (uto coorBeTcTBYeT ¢=0.192).

B ciydae peabHOTO BETPOKOJIECA 3a/1a4a CIOKHEE, HEOOXOIMMO YUUTHIBATh
BpallleHre U HAKJIOH TIOCKOCTH JIOMACTEW B PE3YJIbTaTe 3HAYEHHS ¢ BO3PACTALOT.

I'oponos P.B. u ap., TITY, Tomck, 2009
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PaboTta BeTpOBOIo KoJjieca

Kpbuibuarsie BeTpoKoJieca paboTaroT 3a CYET KOCOTO yaapa Mpu ABHXKEHUH JIOMACTEH
MEPIIEHIUKYIISIPHO K HAIIPABJIEHUIO CKOPOCTH BETPA.

KpbU10 COCTOUT M3 Maxa a v JIonacTu 0, 00pa3yronien ¢ MIOCKOCThIO BPAIIEHUS YTOJ ¢
— YTOJI 3aKJIMHEHUS JIOTIACTH.

Hab6eraromuii BO3AYyIIHBIM IOTOK ACHCTBYET ¢ CHUJIOM R, pacKiaablBaeMoil Ha Px —
71000BO€ JaBIICHUE BETpa, U Py, CO3AI0IIEN KPYTALIAN MOMEHT.

Tak kak KpyroBas CKOPOCTb 9JICMCHTA JIOITIACTH BO3PACTACT 110 MCPC YAAJICHHUA OT OCH,
TO IIPHU ITIOCTOSAHHOM ¢ MHTCI'PAJIBHOC UCITIOJIb30BAHHUC SHCPI'NHU BCTPA HC 6}’I[CT
OIITUMAJIbHBIM. OHTI/IMI/ISaI_II/I}I — YIojq ¢ yMeHbIaCTCsl C pOCTOM PACCTOAHUA OT OCH.

Y ONTUMHU3UPOBAHHBIX BETPOABUTATENICH KOA(DPUIIMEHT UCIIOIB30BAHUS SHEPTUU BETPA
C YYETOM TTOTEPH & =~ (.35-0.40.
max_real
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IIpocrenimas oeHKa MOIIHOCTH

M3 IpHBeIeHHBIX BhIIIE BHIPAXKEHUI CHO, YTO MOIIHOCTh MOYKHO OLIEHUTh IO
dopmyne: P= 0.5¢pAV?

BuaHo, yTo yeM Oosbliie oMeTaeMasi Iiolaab — TeM OOJIbIIEe MOIITHOCTD.
CKOpOCTh BETpa PacTET — MOIITHOCTh pacTeT KyOH4eCcKu!
JKaib, 4TO HENb3s1 YBEIUYUTH INIOTHOCTH BO3/TyXa :)

MosxHO caenmare NpoCTYIO OLEHKY: auaMeTp /00 m — cTaHaapT JIJ1si COBPEMEHHOTO
BeTpsiKa, CKOpOCTh BeTpa 7 m/c (KpoHITAAT), IOTHOCTB Bo3ayXa /.3 ke/m’,
KOA(PUIIMEHT UCITOIB30BAHUS MOJOXKUM ().4.

P =0.5%0.4x1.3xxx50°x7° = 700 xBm

Ha no6epexne ['onnanauu, ['epmanum, Jlanuu cpeanss CKOpocTh BeTpa — 7-8.5 w/c,
Ha CKJIOHaX XOJAMOB — /(-11.5 m/c. MomHOCTh BeTpska nquameTpoM 100 MeTpoB mipu
3TOM OyneT npeBwimarh 3./ MBm!

CoBpemeHHbIN KpyTHbIN BeTpsK — Enercon E-126 (I'epmanus) — nuametrp /27 m,
MOIITHOCTH 110 7.5 MBm, crommocTts 11 M €. 3a 2010-2012 ycranoBneno 147 mir.

European Wind Atlas - http://www.windatlas.dk/europe/landmap.html; Enercon - http://www.enercon.de/en-en/66.htm
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DKOHOMHUYECKHE XapaKTCPUCTHKHU

180 4

100m
160 3,000kW
140 4
Rotor Diameter (m) 80m
Rating (kW
120 g (kW) s 1,800kW
E 1,500kW
£ 100
.9 50m
- 80 750kW
E
o o J 30m
60 300kW
L 17Tm
40 | 75xw >
20 ‘l’
0 ] —
1980- 1990- 1995- 2000- 2005- 2010

1990 1995 2000 2005 2010

DKOHOMHUYECKH 00J1€€ BBITOJIHO CTPOUTH OOIBIINE BETPSIKH (MOITHOCTh
IPOINOPIIMOHAIILHA OMETAEMOM TIIOLIAIN ).

ITo mporxo3y, B OMmkaniime rogbl C€0eCTOMMOCTD BETPOAICKTPUISCTBA OyAeT
cHIKaTbCs Ha 1-5% B roa (00JbI110# pa3opoc npeackazanuii!).

US National Renewable Energy Laboratory, http://www.nrel.gov/docs/fy120sti/54526.pdf
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[Ipo0aeMBI M IEPCIIEKTUBLI

OcHOBHBIE NIPO00JEeMbI U METOAbI UX PeIlIeHUs

3Byk: Ha ypoBHe ocu BeTpokoneca y BOC momHocThiO 850 kBT ypoBens myma — 104 ab.
Heobxoaumo otHocuTh BOC Ha 300 M OT KWiibsl — IIyM CHUKaeTcs 10 42-45 nb (ynuia cpeaHen
O’KUBJIEHHOCTH ). HEBO3MOXHO yCTPOUTH ACTOMIIE — CHUYKAOTCS YIOM MOJIOKA!

Nudpaszsyk: BOC reHepupyroT 3ByKOBbIE€ BOJIHBI YacTOTOM 6-7 I'11. CoBpeMEHHBIE MOJIECIIH
BETPSIKOB U3y4aroT HH(Ppa3Byk cuioit MeHee 60 n1b — Hke yctaHoBieHHoro CHull.

IlTuuei: [Tomaganue nTuiy Mo Bpaiaromyecs jonactu (3ameruM, norepu ntuil Ha JIDII B
COTHHU pa3 OO0JbIIIE).

Kuaumar: sHeprus BeTpa nepeaacTes JOMacTaM => yXyAIIaeTCs BEHTHISALUA MECTHOCTH.

3akononarenscTso: B EBponie u CIIIA BOC — gotupyeMoe HarpaBiIeHHE, YKE BBIXOASIIEE HA
caMOOKyIaeMocTb. B Poccun HeT HU moTanui, HU MPaBrI 3aKyTIIKU W3IUIIKOB 3HEprun BOC.

HGQCHGKTI/IBHI)IG HalpaBJICHUSA

0 Jlemesie BOC Mamnoit MmomHOCTH ¢ OydhepHBIMU OaTapesiMu JIs JIOKAJTbHBIX IIOTPEOUTENICH
0 DOkcruryatarus BEeTpSKOB O0NBIIAX pazMepoB (auameTp potopa >100 M) MomrHOCTRIO >3 MBT

0 OnTuMmzanys pacrooKeHHUs 10 BETPOBBIM 30HaM (CeBep M BOCTOK Poccru 3HAYNTEIBHO
Oosiee BRITOAHBI, UeM EBpora => ObICTpasi OKynaeMoOCTh).
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Buasr OnororinBa

l

y

l

CriupThl

DTUJIOBBIN

CIIUPT M TIP.

JlepeBo Mycop
JlpeBecHoe TBepabIe 0TXOabI
>
TOILIMBO > (MakymnaTypa,
YITAaKOBKA U T.]I.)
JlpeBecHbIE
> OTXO/IbI
g CenbCKo-
(OIWJIKM U TP.) .
X035IMCTBEHHBIE

OTXO/bI (HaBO3,
COJIOMa, KMBIX )
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JlpeBecuHa - mepBoe OMOTOIINBO

0 Jlo cepenunnl XIX B. npeBecHHA — OCHOBHOI NCTOYHHUK YHECPTHH

0 Jlacke B HHAYCTPHUAIHHO Pa3BUTHIX CTPaHAX APEBECHHA BCE CIIC
HCIIOJB3YETCI KaK MCTOYHUK YHEPTUH

0 ITpumeHsieTCsS B OCHOBHOM Ha JIEPEBO0OpaOATHIBAOIINX
IIPOU3BOACTBAX JJIs MOIYUYCHHS Hapa M AICKTPUICCTBA,
JTOIIOJHUTEIIbHAS DKOHOMMS 3a CUCT YHUUTOKEHHUS (BMECTO BBIBO3A)
OTXOJ0B IIPOU3BOICTBA

TornnyBHBIC TpaHyIbl (MEJIETHI) — PE3YJIbTAT IPECCOBAHUS
TP BBICOKOW TEMITEPATYPE OTXOIOB IMPOU3BOJICTBA!
IPEBECHBIC OIMIIKH, CTPYKKA, KOPA, CYYKH, BETKH U T.J.

Texnosorus pazpadorana B Poccuu B 1830-x rogax A.IL.
BenHsakoBbIM NEPBOHAYAIBHO JJ1s1 KCTIOJI30BaHUSI OTXO/IOB
APEBECHOTO U KAMEHHOTO YTJISL.

? 2] . -~ v .
Ilpesecnvle epamynvi

Temnora cropanus 1 kr rpanyn = 1.6 kr gpoB. 30msHOCTE ~1% (mpoBa — 20%).
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buora3s
1. Mycop kak TormBo mjis Heoonbion TOC ~10 MBT.

2. OOopynoBaHuEe CBaJIOK CUCTEMOM cOOpa MEeTaHa.

[Ipy rHMEHNM OBITOBBIX OTXOAOB

IHomeMHasn cBaJIKa KaK MPOCTEHIIMIT GHOpeaKkTop
BbIICIACTCS Onora3 (MeTaH).

CHCTEeMA

[ cGopa CHCTeMAa
B 3armonHeHHON CBalIKe mepe werama o omersn
repMEeTU3aluel yCTaHABINBACTCA MRS | SDABEGRE "\
cucrema cobopa MeTaHa. el A .

MetaH HCTIONB3YETCS KaK TOILIUBO

KoJI0Jel]
JUJIA TOC. KOHTPOJIsSA

COCTOSIHHSA
MuHyc — MEIJICHHOE THUCHHEC B i MONIAKD

CBaJIKH
TrepPMETU3UPOBAHHOM IIPOCTPAHCTBE,
0

OOJIBIIIAs YacTh OTXOO0B P

CTOYHBIX BOJ

MYMHQDUITIPYETCSI, @ HE pas3iaracTcsl.

BOJOHOCHBIH cJI0H

boiiee BeIrojiHa pa3padoTKa CrelMalbHbIX OMOPEaKTOPOB
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M cnonp30BaHne OMOPEaKTOPOB

buopeakTop — yCTpONCTBO IS MOJYUYEHUSI SHEPTOHOCUTENEHU U3 UHAYCTPUAIBHBIX U
CEIIbCKOXO3SIMCTBEHHBIX OTXOJIOB U OMOMACCHI CEIbCKOXO3IMCTBEHHBIX PACTECHUM.

Haubonee pacnpocTpaHEHHBIN THI OMOPEAKTOpA — METAHTEHK (BEIIECTBO
coOpaxuBaeTcst 0e3 JocTymna Bo3ayxa npu nogorpese 10 30-50°C, Ha BbIxojie — OMoras:
~65% merana, ~30% yIIIEKHCIIOro ras3a).

CratucTruyeckas nuHhopMalus

Kutaii: ¢ 1970-x rogos crpoutcs 1 miiH MmetanTeHKOB B 101, 2000 r — 30 MJIH METaHTEHKOB
ncnonb3ytoT 10°T orxonos =>5-10''m° MeTana B roxg — o6ecneunBaet 30% NOTpeOHOCTH rasa.

Nuams: 1930-e r — npuHATHE TIEPBOK B MUPE IPOrpaMMBbI UCIIOJIb30BaHus Ororasa. 1 MIIH
METaHTEHKOB IpousBoaut 6onee 10° M> MeTana B rox. ['ocynapcTBo cyOCHANPYET UX YCTAHOBKY.

CIIA: 1a 6uoras nepepabarbiBaeTcs 372 MIH T OTXOJ0B B rof ¢ nmonyyenuem 1.5-101m°
MeTaHa, 4To obecrieunBaeT 1.9% norpedneHus rasa.

AHraus: ¢ 1990 r 6roras MOKpHIBAET BCE IHEPTO3aTParhl B CEIHCKOM XO3SHCTRBE.

I'epMaHusA: ocCHOBHOE HalpaBlieHUE — IPOU3BOJICTBO rasa it padboTsl Hebompmux TOC. Ha
2010 rox 5905 ycranoBok npousBoasaT 2.3 I'BT sanexkrpuueckoit MmomHocTH (12.6% oT Bcero
IPOU3BOJICTBA 34 CUET BO3OOHOBIISIEMBIX PECYPCOB).
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DKOHOMHNYECKOE 0O0O0OCHOBAHUE

B HaBo3€ 3akiroueHa IoYTH MOJIOBUHA SHEPTUHU, OCTYMAIoe Ha pepMy ¢ KopMamu!

IlpousBoaurtenabHocTh: [lepepaboTka HaBo3a oT 10 roj0B KPyImHOIo pOraroro CKota
1103BOJISIET MONYYHUTh B CyTKH okoisio 20 M> 6uorasa, ot 10 ceuneii — 1-3 M>. TonHa
cosiombl naet 300 M Ororasa, TOHHA OBITOBBIX OTXOIOB - 130 M. IToTpeObHOCTH B raze
JEPEBEHCKOT0 J0Ma, BKJIIOUasi OTOIUICHUE U TopsAYee BOAOCHAOKEHUE, COCTABIISIET B
cpenteM 10 M B cyTkH => (epMa SKOHOMHT Ha rase U Ha nepepaboTKe OTXOIOB.

3arparsl: Tak Kak TeMneparypa OKPyKaroller CPeabl HUKE ONTUMAIIBHOW IS
KyJIBTYpbl OaKTEpHid, TO YaCTh I'a3a TPATUTCS Ha IOJOTPEB PEaKTOpA.

Pesyabrar: buopeakrop oosemom 50 M° maeT B cyTku 70 M° 0CyIIEHHOTO OHOrasa
(comepxut 55-75 % CH,), uto obecriequt 7 NepeBEHCKUX TOMOB. JHEPTOCMKOCTh
nosydaemoro raza — 23 MJIx/m>. TomoBo# BEIXOA — 25 ThIC. M — ITO3BOJISET
COKOHOMHTH 17 T KHUJKOTO TOIUIUBA.

TpancnoprupoBka: JlapneHue rasa, norydaemoro B ouopeaxrope (1-3-10° Ila),
JOCTATOYHO JJIs €ro MoAauu Ha pacctosHue 710 0.5 kM 6€3 KoMIIpeccopoB.

Ilpumep ucnouab3oBanus: C 2010 roga Ouoras nocTaBisieTCsl B ra30BYIO0 CETh AHINIUU:
orxoasl 30000 nomoB B Okcdopaiirpe Nporu3BOAIAT MeTaH s ooecneueHus 200
JIOMOB.
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buonsTanon

CoupT B €CTECTBEHHBIX YCIOBUSX 00pa3yeTcst U3 caxapoB apoxokamu (10 10%), mis

MOBBIIICHUST KOHIIEHTPALUU — neperonka (quctuiainus) (10 95%), o0e3BokuBaHUE
— MIEPETOHKA COBMECTHO C OEH30JIOM.

Hamypassn o€
A foayyenue menaa
Celipee: ¥
mpa::lgu 4 Haneaovenue (o——w— Omxodel [~ Bmopuynsie npodyxmsi
clexna, ,
opyxmes |
Apaxman: ludposus ommeboe
us yepnolsx , 1~ (noddaementr——>— CQ¥ap |- Jgﬂaﬂeﬁue
u3 noprensodod A2€2K7)
f Ocwolwoe
Aucmuzas —
qun do 95% [~ monaulo
Apebecnan ﬁzii oaus | | }
UENAKAOIT r*mam%gg; Ovucmna das nosy _ godabau
. vewun odesfoxen-| " x denauny
NO3O cnupma

OcHoOBHBIE IJHEPro3arparsl CBA3aHbI C JTUCTHILIISIIMEH.

Vcnonb30BaHUE OTXOI0B OMOMACCHI ISl BBIPAOOTKH 3JIEKTPOIHEPTHUUA U 00€CIICUCHUS
IPOU3BOJICTBA TEIJIOM — OCHOBA PEHTA0EIBLHOCTH MOJIyYEHHS 3TaHOJA.
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HpOHGCCBI IIPOU3BOZCTBA 3TAHOJIA

1. VI3 npOMBIIIJIEHHON Caxapo3bl U3 COKA CAXAPHOI0 TPOCTHUKA!

OpodicocU
C,H, 0 +HO ¥ 4C_H.OH + 4CO,

B nipou3BoACTBE BBIXOJ OrPaHUYMBACTCA KOHKYPHUPYIOIIUMH PEAKIIASIMA U
NOTPEOJICHUEM CaxapO3bl HA YBEJIMYEHUE MACCHI APOXKIKEH, 10 BeTUUUH 0KoJIo 80%.

2. I3 caxapHo# CBeKJIbI ITOIyYaeTcs caxap I cOpakuBaHus. MeHbIIe OTXOA0B JIJIsI
MOJIYYEHUS TEIJIa => MPOLIECC MOJYUYEHUS ITAHOJIA JOPOKAET.

3. W3 pacTuTe bHOr0 KpaxmaJja, HampuMep, U3 3J1aKOBbIX, IMOJBEPracMOro ruAposan3y
Ha caxap. KpymnHbie MOJIEKYJIbI KpaxMayia MOTYT OBITh pa3pyIlieHbl Ha TIFOKO3HbIE
OCTaTKu (pepMEHTaMM COJI0JIa WJIM TPUOKOB; IMOO MpU 00pabOTKE CHIILHBIMU
KHCJIOTAMU, YTO YAOPOXKAET MPOIECC.

4. Y3 1e110103b1. MIMEET MOJMMEPHYIO CTPYKTYPY CBSI3€H MOJIEKYJ TIFOKO3bI, TPYIHO
MOIAIONIYIOCS TUAPOJIN3Y. | UIpOIu3 HETI0N03bI B KUCIOTE TOPOT U 3HEproeMok. [1pu
MCIIOJIb30BAHMHU I'PUOKOB — JACIIEBIIC, HO MeJICHHEE. B OCHOBE nponmbiuiierno2o
poIecca — UCIOJIb30BAHUE U3METBUCHHOM IPEBECHON MACCHI UJIH CTaphIX T'a3eT.
MexaHn4eckoe pa3pylIeHUE JPEBECUHBI — HAU0OJIEE SHEPTOEMKasl U 1I0poras CTaIusl
npoiecca.
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BrIxoa 3TaHOJIa U3 HEKOTOPBIX KYJIBTYP

Kynbrypa Beixon sTanoma uz 1 1 OCHOBHBIE PETHOHBI
KYJBTYpPBI, JI/T IPOX3BOJICTBA

CaxapHbIil TPOCTHUK 70 [lenTpanbHas AMepuka

Maununok 180 IlenTpanbHas AMepuKa,

THUXOOKEaHCKUN PETUOH

Cnankoe copro 86 A3zus, CIITA

Cnagkuit kapTodenb 125 A3zus, llenTpanbHas
Amepuka

3€pHOBBIE, KYKypy3a 370 IToBcemecTHO, IUaEp —
CIIA

[LnomoBbie 160 [ToBcemecTHO

Omxo0vt npou3eoocmea 200amca 0,14 npouzeoocmea ouozaza!
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M cronb30BaHue 3TaHOJIA B KAUECTBE TOILIMBA

BapuaHThl: niepejeinka asurareiei moa 95% stanon, 1100 3anpaBka OOBIYHBIX
nsurareiner cMmecbro n3 100% »staHoia ¢ 0eH3uHoM B cooTHOIeHuu 1:10.

Cmech OeH3MHA ¢ 00€3BOKEHHBIM 3TAHOJIOM — ra30Xxo0J1 — puMeHsieTcst B bpasunuu, B
CHIA. He TpeOyet nepeaenky IBUraTens.

JloOaBKa 3TaHOa TTO3BOJISIET BBIJAECPKUBATh YIApHBIE HArpy3Kku 0€3 B3phIBa —
3aMEHUTEIb CBUHELICOJEepKauX mpucagok. Kpome toro, ymenpiaercst Beiopoc CO.

Terutora cropanus >taHona (24 MJx/m>) Ha 40% Huxke, yeM y 6ensuna (39 MJIx/m),
HO >(Q(PEKTHBHOE TOPEHNE KOMIIEHCUPYET YMEHBILEHUE TEIIOTBOPHON CIIOCOOHOCTH.
To ecTh JBUraTeay NOTPEOISIOT IPUMEPHO OJJMHAKOBOE KOJIMYECTBO TA30X0Ja U
OCH3MHA.

IlepcneKTHBA: CMECh 3TaHOJIa C OEH3UHOM B cooTHoIIeHUM 85:15 (T.H. E8Y),
nonyisipuzupyetcsa B CIIA, bpa3zunuu, [lIBenuu. Pacxon TormuBa Bo3pactaeT He Oojiee
yeM Ha 12%.

IIpo0JieMbI: ¢ BO3pacTaHUEM COAECPKAHUS CIUPTA TOILUIMBO CTAHOBUTCS arpeCCUBHBIM
10 OTHOIIECHMIO K PE€3MHE. B OOBIYHBIX JBUTATEISAX MOKET NPUMEHSATHCS JIUIIb KPATKOE
BpeMS.
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MakcuMaJIbHO OJHOE UCIIOJIB30BAHUE OTXOI0B

OHepreruueckas pepMa — MPOU3BOINUT YHEPIUIO B KAYECTBE OCHOBHOTO MU
TOTIOTHUTEIIFHOTO MPOAYKTa T€X BHAOB JCITCILHOCTH, B PE3yIbTaTe KOTOPHIX
00pa3yrTCs OPraHMYECKUE OTXOIbI.

H[)OCTGfIHI&H LCJIb — TOJIBKO ITPOU3BOIACTBO S9HCPIUH, HO C IIOMOIIBIO OHCPICTHICCKOI'O
dHaJIn3a BbII'OJHO HauTH HaAnJIydlIcc COOTHOMCHUC MCKAY ITOJIYUHCHUCM U3 PA3JIMYHBIX
BHN10B OMOMAacCHI OHCPI'MH, TOIJIMBA U T.I.

LIpumep — komniexcHasa nepepadomra caxapHo20 mpoCmHUKd

depma » (anepa
i AIIEKTPUUYECTBO
—>1 Kmeix [ BogomapoBoil KoTen —|
JlocTaBka P TEIIO
CBIPbA — pa(l)I/IHaI[

Caxap —» JIp. IPOIYKTHI

!

N3menn-

yeHHue — Ilaroka » KOPpM
— JIp. IPOYKTHI

—> Cok — CIIUPT

CkuraHue OTXO0JIOB IepepadOTKU — 00eCIIeUeHNE SHEPrUeil U TEILJIOM.
DIEKTPUYECTBO M CIIUPT — BHIMIOJIHEHNE TPAHCIIOPTHBIX OIEPAITUii.
MoXHO JOOUTBHCS MOYTH MOJHOTO CaMO00ecIieueHUsT pepMbl SHEPTHUEH.
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CoCTOAHHUE aTBTEPHATUBHBIX NCTOYHUKOB B MUPOBOU
SHEPTETUKE

DHEPrus BeTpa

buosneprus

Oneprusa ConHua

['eorepmasibHas dHEPrus

DHEPrus OKEaHa

ITpuMmep: AnbrepHaTUBHAA SHEPreTUKa B I epmannu
JlonoyiHUTEIbHAS HHPOPMALIUS
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MHTEHCUBHOCTH COJIHEYHOT'O N3J1YHCHMNA

VICTOYHHK S3HEPTUH COJTHEUHOTO U3JIYUYCHUS — TEPMOSACPHAS PECAKIIUs
Ha CoJHiie.

Ho et Hano nipeonosieTs armocdepy! o 3emiin 1ouaeT He Bee!

ATMochepHas macca AM — oTpaxkaeT BIUsHUE aTMOC(hEpPhI Ha
MHTCHCUBHOCTD U CHEKTP M3JIYUYCHHS, JTOIICAIIETO J0 3eMJIH.

AM(p) = (p/pg)sin']@ :

rje p — aaBieHue, ¢ — BeicoTa ColHIa HaJl TOPU30HTOM.

Ha caMoM jzieie moTyioneHne COMHEYHOTO U3TYYEHUS TaKKE 3aBUCHUT
M OT JUIMHBI BOJHBI U3y4YCHUS, U OT MECTHBIX CPEIHUX
aTMOC(EPHBIX YCIOBUH.

Pe3ynbTaThl pacdyera ¢ y4eTOM BIUSHUS aTMOC(HEPHI MPEACTABICHBI
Ha CJICIYIOIIEM CIIanje.
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Pacripenenenune COMHEYHOTO U3TYYCHUS

Bepxnuu pucynok:
CpeaHeroioBas
BHeaTMoc(epHas
MJIOTHOCTH COJIHEUHOTO
u3nydeHus, Br/m?

Huoicnuu pucynox: - |
' D
paciipcaciIiCHUC | B e

MIPUTIOBEPXHOCTHOMN
IUIOTHOCTH M3JIY4YCHUS,
pacyeT 1o MoAeIu
KJIUMara. Y YTEeHbI
aTMoc(epHoe
TIOTJIONIEHUE U
OTPAKEHHUE.
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ConHeuHsle pecypcenl Poccnn
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vl \Xa ComHedHas pagHauA (B1/ar) &
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KHUIOMETPM

105 125 145 165 185 205

0 IlmoTHOCTBH comHeuHOM 3Heprun Poccuu Hike B 2-4 pasa
MJIOTHOCTH B HanOosiee 3(PPEKTUBHBIX «ITYCTHIHIX

[To marepuanam xxypHana «xonoruueckue cuctemsi», Nell, 2009 r. http://esco.co.ua/journal/2009 11/art168.htm
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Poccust: BiausHue o0J1a4HOCTHU

SHEPIOPECYPCbl POCCUU

ConneyHan sHeprvs

MNpoaoNXUTENLHOCTL CONHENHOMD CURHUA:

B venee 1700 vacos e ron
B or 1700 no 2000 wacos 8 roa
SN Gonee 2000 vacos B roa BisocTox

0 IIpomomKHUTEeNhbHOCTh COTHEYHOIO CUsIHHUSA B Poccuu Takke
HUXKE B 2-4 pas3a MmoKas3areied B «COJTHEYHbBIX» CTPaHax
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CONHEYHBIE DJIEKTPOCTAHIIUA
Hcnonv3yrom sunepauro ConHeyHou paouavuuu 0 8blpadbomKU 31eKmpoIHepSUl

4/\>

TenoBsbie: DOTORIIEKTPUUECKHUE:
CoJiHEeUHAas SHEPT s CoJtHEeUHas SHEPT s
l Llaposou komen l
TerutoBast SHEPIHS Domosnekmpuyeckuu
2enepamop
TypOunHbll 2enepamop l
Y Y
JIEKTpUYECKast SHEPT U JIEKTpHUUECKas DHEPT U
Ipumep: Solar Energy GS, CILIA Ipumep: Agua Caliente, CIIIA
llocneonuti sman coan 6 1990. Quepeonou sman coan 6 201 2.
936000 npuemHuKo8 usnyueHus 5.2 man gpomosnekmpomooynei
354 MBm 247 MBm (x 2014 . — 397 MBm)
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CoJIHEYHBIEC TCILIOBBIC QJICKTPOCTAHIINH

IMapOreHeparo
P patop 3IEKTPO-
reHepaTop

TeIHOCTAT HACOC Typ61mg
OHJIEHCATOP

OCHOBHO€ HAaIPABJICHUE YTWIW3AUN COJIHEYHOM TEIUIOThl — HCHOJIb30BAHUE CXEM C
KOHIICHTPUPOBAHMEM COJHEYHOM DJHEPTrUM TOCPEACTBOM 3€pKaJl WM JIMH3.
CymiecTByeT MHOTO CLIOCOOOB MPe0Opa30BaHUs COTHEYHON SHEPIUU B AIEKTPUUECKYIO.
OPdEeKTUBHBIM Il  OOJBIION SHEPreTUKH SIBJISIETCS TMApPOTypPOMHHBIN  CIIOCOO,
aHAJIOTUYHBIN TPUMEHsIeMOMY Ha 0ObIYHbIX TIOC.

OCHOBHBIE HCHOJIb3YEMbIE THUIMBI TEIUIOBBIX COJHEYHBIX anekTpoctaHiuid (CIC):
oamennbsie COC u CIOC ¢ COMHEYHBIMH TTPYAAMH.
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CoJIHEUHBIE JICKTPOCTAHIIUU OAIIEHHOTO THIIA

PasMenieHHble Ha OONBIION ILIOMIAIH g TeTIOMpHeMHIK
(poxycupyromme 3JIEMCHTBI =
(cenuocmamul) yNaBIUBAKOT COJIHEYHBIE TATUHK
JIy4Yd Y KOHIIEHTPUPYIOT UX, HAMPABJISISl IO n

Ha I1ApOBOM KOTEJ, YCTAHOBJICHHBIM Ha crat
BepmmHe Oamrau. Ilpm BhIcOTe OamrHM —— cHcTema
~100 METpOB MOIIIHOCTH TAKOHM CTAHIMU ~ Poo ot —\:Typﬁma,

reHeparop
MOXET JOCTUTaTh AeCIATKOB MBT npu —)
KII/I okono 17%.

£\

TPAIHpHS

Oarms

% J.Graham-Cumming, “The geek atlas”, O’Railly Media, 2009

<><7< http://books.google.ru/books?id=HhEC0q-OlewC&pg=PAll
<>0. 2&redir_esc=y#v=onepage&kq&f=false
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[Ipumep Oamennon COC — Ivanpah

A -_—,

SOLAR RECEIVER LBOILE RES—

yr™

7 55 =V AIR-COO LE D
e CONDENSER
-

[0 Pacnonoxena B mycTeiHe Moxase, Ha rpanutie Hesanpl 1 Kanudopuum,
Heaaneko ot Jlac-Beraca. [Tmomans — 1420 ra.

0 CrpoutensctBo Hayaro B 2010, 3aBepiienue maanupyetcs Ha 2013. [1nan mo
yCTaHOBJICHHOW MoIHOCTH — 392 MBT (celiuac — 31%). CtpouTenbcTBO
MOXET 3aTIHYThCS U3-3a MPOTECTA SKOJIOTOB — B PAaHOHE MTPOKUBAIOT PEIKUE
MyCTBIHHBIC YEPEIAXH, IPOEKT yke ype3an Ha SO MBT.

http://ivanpahsolar.com
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MHoOroypoBHEBas CUCTEMA AKKYMYJISILIAN SHEPTUU

[Ipemnaraercs TpEXypOBHEBAS CUCTEMA AKKYMYIIALIMNA SHEPTUN

[ IlepBblif ypoBEHb — TEIIOXpAaHUIHIIE (3-X YaCOBOM 3amac padbodeit
SHEPTUH IS TYpOOTreHEPATOpa) — )KUJIKUE HUTPATHI IPU
temmeparype 10 380°C

[ Bropoii ypoBeHb — JIEKTPOXUMHICCKUE aKKyMYJISITOPHI C 3aI1aCOM
Ha HECKOJIBKO CYTOK HEIIOTO/IbI

0 Tperuit ypoBeHb — TpaguniionHas TOC, TOIIMBO JjIs1 KOTOPOit
HAKaIUIMBAETCS U CUHTE3UPYETCS U3 BBIXJIOMHBIX Ta30B TOC u
Bozopoaa, noiydaeMoro Ha CTIC 37eKTpOoJIN30M OT U30BITOYHOM
ANEKTPOIHEPTUU COTHEUHOM SHEPTOCUCTEMBI (UPE3BhIYaHBIMI
YPOBEHb, PACCUMTAHHBIN HA 3aATSIKHYIO HETIOTOY ).
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[TapaOosmmueckue xeno0a

E1iie oayH TUIT COTHEYHBIX
KOHIICHTPATOPOB — IapadOINISCKHEC Tpybra-

IIPUEMHUK .-,r/ /‘\’
»Kel1o0a — PTO JUTMHHEIE
napadoJIMYECKUE 3epKaia C TPyOKamMu
(TEIUIOHOCHUTEND - MACJI0) BAOJb UX
(bOKaJIbHBIX OCEH.

pednexTop

~>TpybonpoBo.

Kenoba opreHTUPOBAHEBI C CEBEpa Ha
IOT ¥ TIOBOPAYUBAIOTCS K COJTHITY.

TennoBas 3(pheKTUBHOCTH HarpeBa
TeroHocutens — 60-80%.

TertoHOCUTEND UAET HA KUITSTYCHUE
BOJIbI, ITap KOTOPOM BpalllacT TypOUHY.

LIpumepwvr: Nevada Solar One, CIHA, 64 MBm (otkpsita B 2007);
Andasol 1-3, Ucttanms, 150 MBm (otkpeita B 2009)
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[TapaOoimuecKknue KOHIIEHTPATOPEI

[Tapabonnueckre KOHIEHTPATOPbI
— IO CYTH JieJla 0ObEAMHCHHbBIC B
MOHOJIUT A1eMeHTEI CTOC
OamIeHHoro TUIIA.

OKCIepUMEHTaTbHBIC MPOCKTHI:
Odeillo (®paniy3ckue [Tupenen,
¢doto BBepxy), Dish Stirling
(CIIIA, cripaBa). MoIHOCTb
~100 MBT.
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COJIHECYHBIE TIPY/IbI

B Bomoem Ha pa3MYHBIX YPOBHAX
BBOAWUTCA  pPa3HOE€  KOJIWYECTBO
coneu. IIpu 3TOM CO31AKOTCA ClloU
pacmeopa C pa3HOU
KOHIICHTpPAIME W  IUIOTHOCTBIO.
Huoicnue cnou, y KOTOPBIX BBIIIE
KOHIICHTpAIMsI W IUIOTHOCTH COJIH,
Hazpesaiomcs  TIOI  JICUCTBUEM
COJIHEUHOM  paJuainu bonee
UHMEHCUBHO = BO3HUKACT
memnepamypHblil 2PDAOUeHm .

['opsiuast Boaa (60-90°C) U3 HUKHUX
CJIOEB OIACTCS B
TETUIOOOMEHHHUK JIJIs UCITapEHUsI
KHUJIKOCTH C HU3KOM TeMIiepaTypou
KkuneHus (ppeoH, npomnaH, aMMHaK).
[Tapel 3TOM KUAKOCTU MPUBOIAAT BO
BpalllcHHE TYpOUHY.

TypbHHa

/
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[ Ipsimoe McnoIb30BaHUE COJTHEYHOI'O TEILIA

Oe3 KOHUeHmpauuu

Ouar 0e3 UCIOIB30BaAHMUS APOB! [opstumnii gy
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CDOTOBJIGKTPI/I‘IC CKHUC COJIHCUHHBIC JJICKTPOCTAHIINHN

® YCTpoMCTBO, HanOoIee 3(PHEKTUBHOE C IHEPTETUYUECKOM

TOYKH 3pE€HUS (IPAMOM, OTHOCTYTIICHYAThIN MEPEXO]]

SHEPTUH )

IIpenenbusbiii Teopetndeckuit KII > 90 %

B na6oparopusix yciaoBusax Kk 2012 rogy gocturayt KII1JT

44 %, a ero yBenumueHue 10 50 % - gemo OnumKanero

Oyay1iero

e K coxalieHur0, MPOMBIIIJIEHHO BbIycKaeMble UMErOT KI1J]
8-10%.
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OcHoBHBIE HeOOpaTumMeble rotepu B OOII

OTPaX€HUE COJTHEUHOTO U3JTyUYCHHUS OT OBEPXHOCTH
npeoOpa3zoBarelis,

MPOXOXKACHUE YacTu u3irydeHus yepe3 OO 6e3 mornoiieHus B
HEM,

paccesHue Ha TETIJIOBBIX KOJCOAHUSIX PENIETKA U30BITOYHOM
SHEPIUU (DOTOHOB,

pEKOMOMHALIM 00pa30BaBIINXCS (POTOIIAP HA MOBEPXHOCTSIX U B
ooneme OIII,

BHYTPEHHEE COMPOTUBIICHUE MPEOOPA30BATEN.

[Ipemnoxkenbl JOCTATOYHO YK30TUYECKUE METOAUKH MOBBIIIIEHUS
KIIJ. Harmpumep: COMHEYHBIN CBET pas3ilararoT, KaXKIbIH Y4aCTOK
CIIEKTpA ITONAaJaaeT Ha CBOUW ONTUMU3UPOBaHHbIM DOII.
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CoBpeMeHHbIE (POTOIICKTPOCTAHIUH

Kpynneiimmue B mupe dotosnekrpocranuuu: Agua Caliente (CIIA), 250 MBm;
Charanka (Mugus), 214 MBm, Golmud (Kurait), 200 MBm.

Cmpoumenvcmeo Agua Caliente —

BoJIBIIMHCTBO MIPOEKTOB MPOJOIKACT
pa3BuBarhbcs — Agua Caliente x 2014
roay pocturaet 397 MBT, Charanka —
500 MBT k TOMY %€ TOxy.

Westlands Solar Park (CIIIA) — x 2015 |
roJy J0JDKHA BBIMTH HA MOIIHOCTH
2.7 I'Bt!

CTpouTEeILCTBO aKTUBHO MOAACPKUBACTCS TOCYIAPCTBOM: MPEAOCTABIISIOT
HAJIOTOBBIE JIbIOTHI ¥ TOCYAAPCTBEHHBIC OPYYUTEIHLCTBA 10 KPEAUTAM, a
OTpeOuTENICH 3aCTABISAIOT MPUOOPETATh ONPEACTCHHBIA TPOILICHT
JIEKTPUYECTBA OT BO30OHOBIISIEMBIX PECYPCOB.

Paznen 4 47/81



JI0CTOMHCTBA COJTHEYHOM SHEPTETUKHU

OO1IEIOCTYMTHOCTh 1 HEMCUEPITAEMOCTh UCTOYHHKA.

Teopernueckn (Kak yTBEp>KIar0T €€ CTOPOHHUKH )
ojHasi 0€30MaCHOCTh A1 OKPYKAIOIIEH Cpeibl

Onnako! B Hacrosmniee BpeMs B IPOU3BOACTBE
(bOTORIIEMEHTOB M B HUX CaAMHUX HCIIOJIL3YIOTCS BPEIHBIC
BEIIECTBA- CBUHEII, KAAMUM, TaJJIAM, MBIIILSIK U AP.).

Onnako! Ecthb enie npuHIunuaibHas Ipooiema,
KOTOpasi CBsI3aHa C TEM, YTO II100AJbHOE
MCIIOJIb30BAHUE COJTHEYHOM SHEPTETUKHU MOXKET
M3MEHUTH aJIbOeI0 36 MHOM MOBEPXHOCTH (ceiuac ~35%
U OIIPEIEIIETCSA OTHOILIEHUEM OTPAXKEHHOU U
PACCEAHHOM COJTHEYHOM SHEPTUHM K I1aJIAI0IIEH HA
3eMIII0) U IPUBECTU K UI3BMEHECHUIO KJIIMMaTa.
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OyHaameHTalbHbIC Tpo0eMbl COC

[ M3-3a 0OTHOCUTEIbHO HEOOMBIITON BEIUYNHBI COTHEUHOM
MOCTOSTHHOM /151 COJTHEYHOM SHEPTEeTUKHU TpeOyeTcs
MCIOJIb30BAHNE OOJIBIINX ITIOMIAAEH 3€MJTA IO AJIEKTPOCTAHIINT
(Hampumep, IS AJIEKTPOCTAHIIMK MOIIHOCTHIO 1 I' BT 3TO MOXKeT
OBITh Mapa JIECITKOB KBaApPaTHBIX KMIOMETPOB).

[ IToTok COMHEYHOM PHEPIUU HA MMOBEPXHOCTHU 3€MJIU CHUIBHO
3aBUCHUT OT IIMPOTHI U KiIMMaTa. B pa3HbIX MeCcTax KOJIUYECTBO
COJIHEYHBIX JHEU B IOy MOKET Pa3IndarbCsi O4YE€Hb CHIILHO.

Bce 3To mpuBOAUT K TOMY, UYTO COJTHEUHAs YHEPreTUKA MOYKET
3((HEKTUBHO MPUMEHSITHCS B KPYIHBIX MacIITadax TOJIbKO Ha
OTJICJIbHBIX TEPPUTOPHUSIX, IPUUEM ATO OyIAET HAHOCUTh YPOH
IPUPOAOIIOIL30BAHUIO (HAIIPUMEDP, OTOMPAThH IIJIOIIAIH Y
CEJIbCKOTO XO35IMCTBA). JIJIsi CHAOXKEHUSI HECOJTHEYHBIX PETUOHOB
npuaerca crpouts JIOIL.
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Texauueckue npoodiaeMmbsr COC

ConHedHas 3JIeKTPOCTaHIMs He padoTaeT HOYbIO M HEJ0CTaTOYHO
3()(EeKTUBHO — B YTPEHHUX U BEUSPHHUX cyMepKax. IIpu 3Tom muk
AIIEKTPONOTPEOICHHS MPUXOAUTCSI UMEHHO Ha BeuepHHEe Yachl. Kpome
TOTO, MOIITHOCTD 3JEKTPOCTAHIIUHA MOXKET PE3KO U HEOXKUIAHHO
K0JIE0ATHCS M3-3a CMEHBI TOTOIHI.

BpemMenHas npoobieMa — JOpOroBU3Ha COMHEUHBIX (POTOANEMEHTOB. C
1990 o 2005 r. eHbl HAa (DOTORIEMEHTHI CHUKAIUCh HAa 4 % B 1o, a ¢
BBIXOZIOM Ha pbIHOK Kutas 3a nepuox 2008-2012 onn ymanu B 3 pasa.

Henocrarounsiii KII[] conHeuHbIX a1eMeHTOB. BeposTHO, OyIeT BCKOpe
YBEJIUYEH.

[ToBepxHOCTH (hoTOMaHENIEeH HY>KHO OUMIIATh OT MbUIA U APYTHX
3arpsi3HeHuu. [lpu ux momamm B HECKOJIBKO KBAJIPATHBIX KUJIOMETPOB
3TO MOXKET BBI3BATb 3aTPYIAHCHHUA.

Db PEeKTUBHOCTD (DOTOAICKTPUUYECKUX JIEMEHTOB 3aMETHO MaJacT Mpu
UX HarpeBe, IO3TOMY BO3HHUKAET HEOOXOJAUMOCTh B YCTAaHOBKE CUCTEM
OXJIQKICHUS, OOBIYHO BOJSHBIX.

Yepes 30 get akcmayaTaiuu 3GHEKTUBHOCTD (POTORIESKTPUIECKUX
3JIEMEHTOB HAUMHAET CHHXKAThCS.
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Oxoaoruueckue mpooiaemol COC

0 HecmoTpst Ha 3KOTOTHYECKYIO YHCTOTY MOTYy4aeMOi SHEPTUH, CAMH
(hOTORJIEMEHTHI COACPIKAT SAOBUTHIE BEIICCTBA, HAIIPUMEDP, CBUHEII,
KaaAMUH, TaJjIdi, MBIIIBSIK U T. ., & UX IIPOU3BOJCTBO MOTPEOIISIET MACCy
APYTUX OIMACHBIX BemecTB. M3-3a atoro B 2011 romy ObLUIO 3aKpbITO JIBA
3aBOJa IO MPOU3BOJICTBY (DOTOAIEMEHTOB Henaieko ot [Ilanxas.

[0 CoBpemeHHBIE POTOIIEMECHTHI UMCIOT OTPAHUYCHHEINA CPOK CITYKOBI
(30—50 net), 1 MaccoBO€ MIPUMEHEHHE ITOCTABUT B OJIMKAMIIIEE Ke
BpeMsI CIIOXKHBIM BOIPOC UX YTUIM3AIMU, KOTOPHIA TOXKE HE UMEET IMOKa
IIPUEMIIEMOIO C SKOJIOTMYECKOM TOUYKH 3PCHUS PEIICHHUS.

[ M3-3a sxonorudeckux mpoodeM U BOSHUKIIETo AeUIIUTa KPEeMHUS
HAYMHAET aKTHUBHO PAa3BUBATHCSA MPOU3BOACTBO TOHKOIIJICHOYHBIX
(hOTORJIEMEHTOB, B COCTaBE KOTOPHIX COAEPKUTCS BCEro okoio 1 %
kpeMHUs. K ToMy e TOHKOIJIEHOYHBIE (POTORIIEMEHTHI JCIICBIIC B
IIPOU3BOJICTBE, HO MMOKA UMEIOT MEHBIITYI0 3 (PEKTUBHOCTb.

http://www.bbc.co.uk/news/world-asia-pacific-14968605
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[IpoOnema aKKyMYyJISILIMHA SHEPIrUr

Kak YKa3bIBaJIOCh PaHCC, OJHHUM M3 OCHOBHBIX HCAJOCTATKOB
COJIHCUYHOM OHCPI'CTHUKHU ABJIACTCA €€ HCIIOCTOAHCTBO M3-3a CMCHBI
IMOroabl 1 BPCMCHH CYTOK.

JI1 mpeooaeHus 3TUX HEJOCTATKOB HYKHO MJIM HAKaIJIMBaTh TEIIO
B BEILIECTBE, JIMOO UCIIOJIb30BaTh 3()(PEKTUBHBIC IJICKTPUUECKHUE
AKKyMYJISITOPBI, TUO0 MCIIOJIb30BaTh KOHIICIIIIMIO BOJOPOIHOMN
YHEPIEeTHUKHU.

HakoruieHnue Temia B BEIMIECTBE UCIIOIBL30BAIOCH €€ B IPEBHOCTH,
KOIZia JJIsl CTPOUTEIbCTBA MOAOMPAIMCh TAKHUE MaTEpHaIbl U
APXUTEKTYPHBIC (POPMBI, YTOOBI CTEHBI CTPOCHUS MAKCUMAJILHO
IIPOrPEBAJIMCH JTHEM U OTIABATIN CBOE TEIIO HOYBIO.

Ho ecth 1 0oJiee COBpEeMEHHBIE METO/IHI. . .
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Hakonmenue padouero tena

Ha »Tom npuHIuie padoTarT FHAPOAKKYMYIUPYIOIIHE JIEKTPOCTAHIIMN — KOIJIa €CTh
«JIMIIHSIS SHEPIus, BoJa 3aKauMBaeTCs B OacceiiH, mpu JeUIUTE €€ CITyCKalT Ha

TypOuHY.

=3 = wmm ean o e [P b ———-—

' cold cold 1
Y '
I

liquefied air

liquefied air

liquefaction
plant
waste heat
(converted to
additional power)

co-loca&d generation
or industrial processes

J[pyroi BapuaHT — COKMKEHHUE a30Ta U3 BO3AYyXa, PU HEOOXOAUMOCTH OH
peBpalnaeTcs B ra3 3a cuet orpadoranHoro napa TOC u HanpaBisieTcs Ha TypOUHY.

KII/] mponiecca mpu MHOTOCTYIIEHYATOM CUCTEME OXJIaxkAeHus nocturaet 70%.

http://www.highview-power.com/wordpress/?page 1d=8 ; http://science.compulenta.ru/711648/
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[Ipoune MeToabl AKKYMYJISLIAN SHEPTUU

CoJiHEeYHas1 YHEPrusi MOXKET OBbITh 3allaceHa B BHJIC HAarpETOIr0 BEIICCTBA
pacriaBoB coseit, Hanpumep, NaNO, u KNO,, pu HeoOxoaumocT ee
HAPaBJISIIOT HA HCIIAPEHUE BOMBI.

HMcnonp30BaHue TEMIOTHI (1)33OB01“0 Iepexoga — 1pu 3aCTbIBAHNU
Hapa(bHHa BBIACIIICTCA 3HAYUTCIIBHOC KOJIMYCCTBO OHCPI'HH. B ocHOBHOM
HNCITIOJB3YCTCA AJIA IOJIYUCHHNS TOJIBKO TCILIA, A HEC SJICKTPHUYICCTBA.

Hcnonb30BaHue KPYIMHBIX JNEKTPUUECKUX AKKYMYJIATOPOB. EMKOCTH
pacCcuMThIBACTC Ha 3-5 qHEW HenoroAbl. DP(PEKTUBHOCTH UCHOJIH30BAHUS
3apsana 70-92%.

CoBMeEIIEHNE ¢ BOOOPOAHOM SHEPTETUKON. C MOMOIIBIO «JTUIITHE
SHEPIUU C COJHEYHOM AIECKTPOCTAHIIMU MOKHO IMPOU3BOJIUTH DJICKTPOJIN3
BOJIbL. [loy4ueHHBIM BOIOPO MOXKET OBITh 3allaceH, KaK JII000€ APYTroe
raz000pa3HOe TOILIMBO.

JlomomHUTENBbHBIE MAaTEPHUAJIbI IO 3TUM METOJIaM IIpUBEACHBI B Pazaerne 8.
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CoCTOAHHUE aTBTEPHATUBHBIX NCTOYHUKOB B MUPOBOU
SHEPTETUKE

DHEPrus BeTpa

buosneprus

Oueprus ConHIa

['eorepmanbHas 3HEprus

DHEPrus OKEaHa

IIpuMep: AnbTrepHaTHBHASA SHEPreTUKA B I epMaHun
JlonoyiHUTEIbHAS HHPOPMALIUS
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[IpoucxoxaeHrue TepMaIbHbBIX BOJ

I'eorepMHKa U3YYAET TETIIOBOE COCTOSIHUE 36MHOM KOPBI M 3€MJIY B LIEJIOM B
3aBUCUMOCTH OT T€0JIOTHYECKOTO CTPOCHHUS, MAarMaTUY€CKUX MPOIIECCOB U T.]I.

Kpurepnit TeninoBoro COCTOSHUAS 36MHOW KOPBI — MOBEPXHOCTHBIN TPAJUECHT
TEMIEPATYPHI.

I'eoTepMuyeckasi CTyneHb o —yOMHA B METpax, MPU KOTOPOU TeEMIIEpaTypa
pacret Ha 1°. [Ipu onpenenennn He yUUTHIBAKOT nepBbie 2-40 M, TI€ CYIIECTBYIOT
CYTOYHBIE W TOA0BBIC KojeOanus. Temneparypa 7 Ha TPOU3BOILHON TITyOUHE:

T=t +(H+h)/o,

I1e / — TeMIeparypa Bo3ayxa, /1 — ucciemyemast rryonHa, /1 — rryOuHa ciost
MOCTOSIHHBIX TOAOBBIX TEMIIEPATyP.

Cpennee 1o 3emiie 0 = 33 M. O1HaKO 3HAYCHUSI CUIILHO BapbUpPYIOTCs. B o0nacTsix
COBpPEMEHHOI0 ByJikaHu3Ma o = 2-3 M. Ha Kamyatke Ha ryoune ~500 m T = 200°C.

B 30Hax Be4yHON MEP3JI0THI ¢ IyOnHOUM Tpomepianus oosee 1000 M o cocTaBisier
okoJio 500 m. B ycnoBusix miatopMeHHONU TEPPUTOPUH (€BPOTIEHCKAs 4acCTh
Poccun) o cocraBisier ~50 M.

Pa3nen 5 56/81



Knaccudukanus TepMalIbHBIX BOJI

Boia — noaBUKHBIW Y TEMJIOEMKUN SHEPTOHOCUTEIb, HACHIIIAKOIIUN TOPO/IbI
OCaJIOUYHBIX M TPAHUTHBIX 000104eK. OHa UrpaeT BaXXHYIO POJIb B TEIJIOBOM OallaHCe.

I1o Bcemy 3eMHOMY IIapy, Ha ONPEACICHHON IITyOrHE, 3aBUCSAIICH OT F€0TEePMUUYECKUX
OCOOCHHOCTEH, 3aJIeratoT IJIACThI, COAEPKAILME TepMaIbHbIC BOJIbI — THAPOTEPMBI. B
paliOHax BYJKaHW3Ma OHA BBIXOAUT HA MTOBEPXHOCTh — FOPAYME UCTOUHUKH, TEU3EPHI. . .

OCHOBHOM IapaMeTp - TeMIeparypa NoA3eMHbIX BOA. MOTyT OBITh OT
crabomepmanwvuwvix (37°<t<40°) no nepecpemuoix (>100°).

KitaccupuuupyroTcs Takxke: M0 MUHepatuzayuu, o #ecmxocmu, 1o KUCIOMHOCMU, TIO
2azoeomy cocmag) (CepOBOIOPOJHBIC, YITIEKUCIIBIE, METAHOBBIE, a30THBIC U T.1I.), IO
2A30HACHIUWYEHHOCMU.

BceTpeuarorcs 3K30THUECKUE BUJIBI: CBEPXKPENKUE paccoibl (MuHepanu3anus > 600r/1),
C PaCTBOPEHHBIMH arpeCCUBHBIMU ra3aMu (aTOMapHBINA BOJIOPOI) U T.1.

MoryT ObITh HCOJIB30BAHBI BCE BUBI BOJ: IEPETPETHIE — IICKTPOIHEPreTHKA,
MPECHBIC TEPMAJIBHBIE — TEINIOO0ECIIEUEHUE, COJIOHOBATHIE — MEJIUIIMHA, PACCOJIBI —
ITPOMBIIIJICHHOE CHIPHE.
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[IpoucxoxaeHrue TepMaIbHbBIX BOJ

3a cYeT MOCTENEeHHOIr0 0TOOpAa TEIIa Y TOPOJI:

NuduiabTpanuoHHbie — IPOHUKAIOIIUE Y€PE3 MOPHI C MOBEPXHOCTH 3EMJIA B INIYOHUHY.
Bo1oCTOKM MOCTENEHHO HAarpeBaKOTCs, B pABHUHHBIX palilOHaX CTAHOBATCS
TepMaJIbHBIMU Ha IIyOuHE ~1 kM. [Ipn OBICTpOM MOABEME HABEPX IO KPYITHBIM
nedeKTamM KOpbl HE YCIIEBAIOT OCTHITh — FOPSYME KiItoud. MOXKHO TTOTy4YaTh
HMCKYCCTBEHHO OypE€HHMEM CKBaKMH: C TIIyOMHBI 10 4 KM — Boja 10 100°.

N3 Tem1oBhIX 0UYAroB:
Byjikanu4yeckne — MHQUIBTPOBAHHAS BOJA, IIEpPErpeTas paciiaBoM MarMbl — Iei3epHl,
rps3eBbie TPU(POHBI U KOTJIBI, IAPOBBIE CTPYHU U T.]I.

THIBI MECTOPOKACHUN TEPMAJTIBHBIX BO/I

KoHBEeKIIMOHHOE NPOUCXO0KIEHUE — B palOHAX COBPEMEHHOW WJIM HEJIAaBHEHU
BYJIKAHUYECKOM JICSATEIIbHOCTH (MOBBIICHHBIN TEMIIEPATYPHBIN IpagueHT — 45-70°/km).
Ha moBepXHOCTh BBIXOJISIT TOPSYME BOABI M MapoBoasiHast cMech. HeiHemnue ['eoTOC
paboTaloT B TAKUX paiOHaX.

KoHIYKTHBHBIN MPOrPeB — BOJbLI COCPEIOTOUCHBI B IUNIAT(OPMEHHBIX U ITPEATOPHBIX
BIaJMHAX MPU HOPMAJIBHOM TeoTepMuueckoM rpaaueHTe (33°/km). OOHapyKEeHbI COTHU
0acCeHOB B HECKOJIBKO MJIH.KM?. [lepcnexkmusa: ¢ r1youH 10 15 km — 10 350°.
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PacnpocrpaneHre TepMaibHbBIX BO/I

1% 120 i &l 30 0 x _bo %0 120 15 180 1%
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PaiioHbl BBIXOJIa HA MOBEPXHOCTh KpUcTauinueckoro dyHaamenrta (banTuiickuii AT U T.11.) U
IPUIIOAHATHIE TOPHI (Ypasl) — HE UMEIOT 3araca TepMalbHbIX BOA. Ha yyacTkax morpyKeHus
dbynaameHnToB — 10 40°, B mpeAropHsIx BnajauHax — 10 100°.

MakcuManbHO «Teribiey» 3eMHble Henpa B Poccun — Kypuno-Kamuarckas ByJikaHWY€eCcKas 30Ha.

Temneparypa mopoj ¥ CoAEepKaIIUXCS B HUX BOJI 3aBUCHUT OT ITyOWHBI 3aJIeTaHus U OT OJIM30CTU
K [IEHTPaM I'€0TePMHUYECKON aKTUBHOCTH (BYJIKAHBI, pa3JIOMBI U T.1I.)
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[ eoTrepmalibHBIE JIEKTPOCTAHIIAN

QpﬂMOQ ucnojiboeaHue eeomepmaﬂbﬂaii QHEPSUU
['eoTepManbHbIE CTAHIIUM B BYJIKAHUYECKUX palloHaX 0a3UPYyIOTCA HA MECTOPOKICHUSX
MapOBOJISTHOM CMECH, TOOBIBAEMBIX U3 MPUPOIHBIX KOJJIEKTOPOB ¢ Ti1yOouHsbl 0.5-3 kM. CpeaHss
oOecrneunBaeMast MOIITHOCTh CKBaKUHEI ~ 4 MBT.

I'eoTOC ¢ HemocpeACTBEHHBIM HCII0Jb30BAHNEM MPUPOIHOIO MAPA: MOJACTCI IPSMO B
TypOUHY U Jajiee yXoauT Ha cOpoc. CTOMMOCTh MUHUMAaIbHA, T.K. COCTOUT TOJBKO U3 TYPOUHBI U
reHeparopa, MOXKeT HCIIOJIb30BaThCs Kak nepenpuxHas. [Ipumep: Tanvs, cTaHIIAS MOIIIHOCTBIO
16 MBm (4 reneparopa 1o 4 MBm), cHaOkaeTcs MapoM OT 8 CKBa)KHH.

I'eoTOC ¢ KOH/IEeHCAIMOHHOM TYPOMHOW M NPAMBIM HCI0Jb30BAHUEM NPUPOIAHOIO Apa:
KOHJICHCAT OTpabOTaHHOTO Iapa HAINPABISECTCA ISl OXJIKACHUS B TPAJAUPHIO U J1ajiee
MCTIOJIB3YETCS JIJIS OXJIAXKICHUSI HOBOTO OTpaboTaHHOro napa. I[lpumep: Jlapaepenno-3
(Uranus): 4 reneparopa 1o 26 MBm; 2 - 1o 9 MBm (IOKpbITHE COOCTBEHHBIX HArpy30K).

0 rpajupHs
% YP {/ma reHeparTop P

KOMITpeccop

Cxema ['eoTIC ¢ npsimobim
UCNONb30BAHUEM NPUPOOHO20 NaApda
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[eoTOC ¢ OMHaApHBIM LIUKIOM

Takue cTaHIIMY BBITOJHBI TaM, I7i€ IPUPOIHBINA Hap UMEET BHICOKYIO TEMIIEPATypy U OOJIbIIOE
cojepkanue npumecei. [Ipupoaneiii map B mapornpeoOpa3oBaresine OTAAET TEII0 YUCTOMY
BTOPHYHOMY TEIJIOHOCUTEINIO, UAYIIEMY Ha TypOuHny. [Ipupoanslii map uaet Ha gera3arop.

CKBa:KMHA TypOrHa rpagupHsa

KOHIJEHCAaTOop

30BAaTeEJIb &

g HACOC

R
Jdera3aTop CﬁDC

Cxema [eoTOC ¢ naponpeobpazosamenem

CrpoutenbCTBO HE3HAUUTENBHO J0poke ['€0TIC ¢ koHAEeHCAIMOHHON TYpOUHOM U MIPSAMBIM
UCIIOJb30BaHueM napa. [lpumep: Jlangapemno-2 (Mranus), 7 typoun o 11 MBT.

[To moxoxkemy npuniumy ctpositcs [eoTOC Ha oTcenaprpoBaHHOM Mape, €CIu B Mape O0NbIIoe
conepxanue Bojabl. [lpumepul: [Tayxerckoe mectopoxaenue (Poccus), XBeparepau (Mcnanaus).

IlpeumMyIiecTBO cXeMbl B TOM, YTO YHCTHIH Iap o0jerdyaet padoTy TypOuH.
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CoCTOAHHUE re0TeEpPMaIbHOM SHEPreTUKU B Poccun

1. Bepxne-MyTtHoBckas ['eoTIC (Kamuarka) — 3 ckBaxkuHbl, 3 TypOuHbI 110 4 MBT — niepBas
ouepenb 200 MBT crannuu, oociysxuBaronieit [lerponasnopck-KamMmuaTckuii mpoOMbBIIIICHHBIN
paiion (2010). [lnan: ammMuadHbIii MOIyNb HA 6 MBT, paboTaroiuii Ha Terae cOpoCcHOro napa
(150°) => cebectonmocTh 3HEprun cHU3UTCA Ha 20-30%.

2. Okeanckasi ['eoTIC (0. Utypyn) — ocTpoB 001agaeT 3HAYUTEILHBIMU 3allacaMu
pa3BeaHHbIX reorepmalibHbIX BoA. Ha 2009 .- 2.5 MBT. [lzan — 30 MBH, .

3. ITay:xkerckas ['eoTIC (Kamuarka) — HCnionb3yeTcsi OTCEMapUpOBaHHbIN Hap, 14.5 MBTt
(2004 1.). Octatok (80% Boabl 120°) cOpachiBaeTCsl => MOTEPH TEIUIOBOTO MOTEHIINAIA,
yXyJauieHue sxkonoruu. Pekoncmpykyusa 2010 2.: cOpocHas Boja — B ABYXKOHTYPHYIO YCTaHOBKY
Ha HU3KOKHUIISIIIEM padodeM Tene (M300yTaH), 100aBOYHass MOIIHOCTD — 2.5 MBT, BbIxogHas
Temreparypa - 55°.

4. MytHoBckas ['eoTIC (Kamuarka) — KoMOMHUPOBaHHOTO ThNA. OTpabOTaHHBIN Map
HaIpAaBJIAETCS B KOHAEHCATOP, OJJHOBPEMEHHO SIBIIIOIIUICS MTAPOT€HEPATOPOM J1JIsl BTOPOTO
KOHTypa ¢ TypOMHaMU Ha HU3KOKUITAIIEM He3amep3aroleM padbodem tene. Oomeryaercs
AKCIUTyaTalus B CypOBbIX 3UMHUX yciioBuax. S0 MBt nHa 2011 .

Taxxe manupyrorcst K nocrpouike Huowcne-Kowenesckas [ eoTIC (Kamuartka) u
Cmaspononsckas [ eoTIC (ITpenkaBkasbe).

http://www.geotherm.rushydro.ru/upload/iblock/830/hrqrxzjnornaeq%20jstmvlppzs%20ndaxcizjaqaypj%202011.pdf
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[IpoOaemaTnka

[lepcriekTrBHBIN parioH ucnoyib3oBanusd [ €eoTOC B Poccun — Kamuarka u Kypuiibsr —
OTJIMYAIOTCSI CYPOBBIM KIIMMATOM, YTO C OJJHOM CTOPOHBI YBEIMYMUBACT 3aTPaThl HA
CTPOUTENBCTBO U 3KcIuTyaranuto TOC, ¢ apyro — 10CTaBKa JIU3€JILHOTO TOILJINBA
1 JI9C Takxke mopora.

MuUHYCBI: HETPaHCOPTAOEIBLHOCTD, PACCPENOTOYEHHOCTh HCTOYHUKOB,
TEPPUTOPHUAIbHAS] OTPAHUYEHHOCTh 30H IPUMEHUMOCTH, HEPABHOMEPHOCTH PA0OTHI
UCTOYHHKA.

DKOJIOTHUECKHUE IIPOOJIEMBI:

[ cBepieHue OONBIIOTO KOJIMYECTBA CKBAXKHUH B BOJIOHOCHBIC CJIOM HapyIIacT
TEIUIOBOM OaJlaHC MECTHOCTH;

[ BMmecTe ¢ BOAoM U3 IITyOMHBI MOTYT BEIHOCHUTBCS TAKXKE SIOBUTHIC Ta3bl (AMMHAK,
CEpPOBOJIOPO/T) U SIIEMEHTHI (PTYTh, MBIIIbSK, CYpbMa);

[l akTMBHOE BMENIATEILCTBO B OAJIaHC BOJOHOCHBIX TOPHU30HTOB MOKCT IIPUBOANTD
K MEJIKOMAaCIITaOHBIM 3CMIJICTPACCHUAM.

Deichmann, N.; et. al. (2007), Seismicity Induced by Water Injection for Geothermal Reservoir Stimulation 5 km
Below the City of Basel, Switzerland, American Geophysical Union, 2007AGUFM.V53F..08D
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IlepcriEKTUBEI UCITOJIB30BAHUA TUAPOTEPM

TeoT3C CrRasKHHA

i\ Hu:reKIHOHHEBIH
\/ KOJI0 eIl

HoBoe HampasiieHrEe — HUPKYIISIIIMOHHBIE T€OTEPMAIbHBIE CUCTEMBI C 3aAKAYKOU
XOJIOAHOM BOJIbI B TEPMOBOIOHOCHBIN IPOHUIIAEMBIW TOPHU30HT C JIAJIbHEUIIIAM
U3BJICYCHUEM Pa3orpeToil. MOXKeT MpUMEHAThCS Ha Mayioil riyoune (~100-200 m).

OCHOBHO€ NPUJIOKEHUE — UCTIOJIb30BAHUE OTHOCUTEIHLHO HU3KOTEMIIEPATYPHBIX BO/T
JUIs1 OTOIUICHUS. 3aTpaThl HA COOPYKEHHUE B 2 pa3a OoJIbIIIE, YEM HA KOTEIbHYIO, Ha
dKCILTyaranuio — Ha 60% MeHblle, TOINIUBO HE TpeOyeTcss => oKynaercs 3a 4-8 JieT.

JIngep Takoro ncnosb3zoBanus — CIIA (3.8 I'Bt). B Poccun npenmnosnaraercs Ha4yaTh
HCII0JIb30BaHuE B /larectane n Ueune.
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CoCTOAHHUE aTBTEPHATUBHBIX NCTOYHUKOB B MUPOBOU
SHEPTETUKE

DHEPrus BeTpa

buosneprus

Oueprus ConHIa

['eorepmasibHas dHEPrus

DHEprust OKeaHa

ITpuMmep: AnbrepHaTUBHAA SHEPreTUKa B I epmannu
JlonoyiHUTEIbHAS HHPOPMALIUS
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OKC€aH

Hcrionb30BaHue 3HEPTUNA BOJIH

IlocTvriieane »HEPTUU B OKEAH:

TIOIVIOIIICHUE I'PAaBUTALIIOHHOC MOCTYILUICHUE TEIIIa
COJTHEYHOTO BO3JICHICTBUE U3 T1yOHHBI
W3Ty9ICHUS KOCMHUYECKUX TEN IUIAHETHI

=360 MIH.KM? (70% HOBEPXHOCTH 3€MJIM) — XOPOILO HOMIOMAET H3IyYeHHE:

90% conneunoro n3nydenus noromaercs 10-MeTpoBOM TONIIEH BOABI.

3amaceHHOe TeIJI0: U3JIydaeTcs, uaeT B atMocdepy (McmapeHue, TEIIOIPOBOIHOCTD).
3amaceHHas BOAON SHEPIrus NEPEHOCUTCS BETPaMH U TCUCHUSIMH.

1/3 conmHEYHOro M3Iy4YEeHUsI OTPAKAETCA, a 2/3 WCIBITHIBAIOT Pa3INYHbIC U3MECHEHHS:

[
i
i
[

43% npeoOpazyeTcs B TEILIO
22% pacxoyeTcsl Ha UCIIapeHrEe U 00pa30BaHUE OCAJIKOB
0.2% coo011al0T SHEPTHIO BETPaM, BOJIHAM, TCUCHHUSIM

0.02% uaet Ha 0Opa3oBaHUE MPOIYKTOB (POTOCUHTE3A

CyMMapHBIA ITOTOK SHEPIHH, TTOCTYIAIOIIEH U3 HEAP 3€MIIH, U IIPUIMBHOM SHEPIHUH,
MMEET TOT XKE MOPIA0K BEJIUUUHBI.

AreeB B.A. Herpanunronsasie u Bo300HOBIIsIeMbIe HCTOUYHUKH dHeprun. KTOC, 2004
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[IpeoOpa3oBaHue SHEPIrux BOJIH

[{emecooOpa3HOCTh UCITOIB30BAHUS SHEPTUU BOJIH Mope P . kBm/m
A\ A\ 0’

ONPEAENAETCS €€ BBICOKOU YIECIbHONU MOIIHOCTBIO: £

B OTKPBITOM Mope Iipu BosiHe 10 M oHa ~2 MBm/m.

Kacnuiickoe 7-11

bapenueso 22-29
TexHuuecku OCyIeCTBUMO B TPUOPEKHBIX 30HAX (B

mupe e 6onee 80 kBm/mu, B Poccuu — cm. TaGnuy). | bairniickoe | 7-8

Ha BonHOBBIX 351ekTpocTaniusax (BioC) OxoTckoe 12-20

KHHCTHYCCKAA U ITIOTCHIOUAJIbHAA SHCPI'UA BOJIH

Yoenvnas MOUWHOCNTb 6€emMpOo6020
npeoOpaszyercs B AIEKTPUIECKYIO.

BOIHEHUs 8 NPUOPedcHOU nonoce PD

1. OTcnexxuBanue Tpoduiisi BOJIHBI. 2. DHeprus KoJeOIoIIerocs cTooa.
Iotnanaus, 100 MBT ¢ 5 km Hopgerus, 500 kBT (TecToBBIN 0JI0K)
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Hcnonbp30BaHue SHEPTUU IIPUIUBOB

HGpI/IOI[I)I, BBICOTBI 1 CKOPOCTH IIPHUJINBOB XOPOIIO NM3YYCHDI.

IHepauio npuauseos (3a CYET UCIIOIb30BAHUS CKOPOCTHU MPUIMBHBIX TCUCHU) B
y3KUX OyXTax JJisl IPUBEACHUS B ICHCTBUE MEIBLHUIL HCTIOJIb30BaI B AHIVIMU B
XVI-XVII Bekax u B Kurae.

Mo’kHO HaAITOJHHUTH 0ACCEH «CaMOTEKOM» BO BpEeMs IPHIINBA M CITYCKaTh
3allaCEHHYI0 BOAY Yepe3 TypOHHY IpHU OTIUBE.

[Ipurogusie A1 MpeoOpa3oBaHUs TEUEHUS — Y TTOOEPEXbs U B IPOJIMBAX.

YcrpoiicTBa npeoOpa3oBaHMs SHEPTUU CXOAHBI C YCTaHABIMBAaEMBIMHU Ha pPEKax.

[Ipr max. CKOPOCTH TeYeHHs 5. m/c cpelHsis MOIHOCTE ~/4 kBm/w”. TlepekpbIs
10000 = TIDC 14 MBm — Bcero B 3 pa3a GoJbllle MAKCUMAJIEHOM U3 CTaHJAPTHBIX
KOHTEUHEPHBIX Anu3elbHbIX TOC!

3aTpaThl HA COOPYKEHHE BeChMa BBICOKH! CTPOUTEIBCTBO 11€JIeCO00Pa3HO JTHUIIb B
OTJIAJICHHBIX palilOHaX C BHICOKUMH CKOPOCTSIMHU MPHUIMBOB, IJI€ APYTHe HCTOUHHKH
SHEPruM ele 0oJiee JOporu
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WNub1e BAPHUAHTDBI UCIIOJIb30BAHHU SHCPI'MHU OKCAHA

J[1s sHepreTukn BaxXHbl HE abconromuvie mowrocmu (IOJTHASE BEIWYWHA CTOJIOOB Ha
JarpaMMe) pa3InyHbIX UICTOYHUKOB, a JIMIIb Ta UX YaCTh, KOTOPYIO MOYKHO
peodpa3zoBarh B MCHOJIL3YEMBIC BHJIbl SHEPTHH (3aKPAILIEHO CEPHIM)

3
P, Br i_1013 9-10'
10'3- 3.1011
10'2L n n 110" \
no 3100 310 510
11 10110 | 11
10" 9:10 Bstl-10 10
3.10‘ 0 410
0 9 1
10" 9-10 I
10
IprmHBLI buomacca  CoJieHOCTH Betep
TeveHus BoJmHbI Tenvmeparypa

[Ipu olICHKE YUUTHIBAIUCH: gpems d2Qhgexkmusrou padbomul (1715 MIPUITUBOB, BOIH);
KIUI: (ot 3% niist mpeoOpa3zoBaHMs rpajiieHTa cojdeHoCcTH A0 60% a1 BeTpa);
B03MOUCHOCINU pA3MeuieHusl C Y4€TOM TEXHOJOTHUECKUX U DKOJIOTUYECKUX (haKTOPOB.
BaxHO y4uThIBaTh CTA0UJIBLHOCTH MCTOYHUKA JHEPITUHU U IJIOTHOCTH IHEPITUM — JACT
OIICHKY pa3MEpPOB MPeoOpa30oBaTEIICi U PEKUMOB UCITOIb30BAHUS SHEPTUH.

AreeB B.A. Herpanunronsasie u Bo300HOBIIsIeMbIe HCTOUYHUKH dHeprun. KTOC, 2004
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M crionb30BaHue SHEPTUU OKEAHCKUX TECUECHUM

MeToauKa TCOPSTUUECKU U NPAKTUUYECCKH aHAJIOTMYHA MCIOJIb30BAHUIO BETPSIKOB!

nApV>
MexaHuuecKasi MOLHOCTh M3 OKEAHCKOro TeueHus ¢ yuerom KI1D: P = 0
1 DOCTUXKUMBIE ().6-().75 B 3aBUCUMOCTH OT THIA KOJIECA
dopmysibl — KaK B BETpOIHEPreTuke, HO p B 750 pa3 Gosnblie!

OKEAHCKHWE TYPBUHDI
00CMOUHCMEa HEe00CmamKu
» CTaOMIIBHOCTh CKOPOCTH MOTOKA © CJI0)KHOCTh OOCITY’KHBAaHUSI B MOpE

»3alMIIEHO OT IITOpMa IpH 3antybnenun  |®Kopposus u oOpacranue
) [ToBBIIIAETCS TPEAEN IPOYHOCTH 110 Becy |@®CI0XKHOCTE Iepeadyn SHEPTUH

» MeHblIe pa3pylIUTENbHBIX BUOPALIHA ebosbivie ryOuHbI — yIOpOKaHUE, MAJIbIE
— IIOMEXH CYHOXOJICTBY

[IpennoyTruTenbHbl OBICTPBIE U TOCTOSIHHBIE 110 HAMPABICHUIO TEYEHUS U yIOOHAS 1S
oOcity>kuBaHus reorpadus JTHA.

['eorpaduueckue naHHbIC HE MO3BONISIOT ceuuac cTpouTh OI'9C B OTKPBITOM OKEaHe,
re HaOJromaroTCca HanoOoJee MOIIHBIE TEUEHUS
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Pecypchl TEMIOBOM YHEPIrUX OKEaHa

MupoBOM OKEAH — KPYITHEUIITNN KOJUIEKTOP COTHEYHOTO M3yueHusi! A7 Mex Iy
MMOBEPXHOCTHBIMU U TPUAOHHBIMH BOJaMu — 10 20)°,

O1eHKAa 3a11a¢a DHEPIrum

[lycte AT=12° coxpaHseTcsa Ha CBOOOIHOI 0To Jibaa miomanu 3-10'% v’ B coe 100 m.
Torna W=p VCpA T=1.5-10°* [lxc.

Jl71s1 601€€ TOYHOM OLICHKH —
KapTa C paclpe/ieIcHUueM 30H
MaKCHMaJIbHOIO Iepenasa
TeMIeparyp.

IIpu U3BITUM YaCTH TEILIa OAJIaHC
€ro B MOPE IIOJIICPKUBACTCS
TedeHusIMUA U COJTHIIEM.

J1ONOJHUTENbHbIA BAPUAHT: UCIIOJIb30BaTh A7 MEXIy BOOOH U BO3AYXOM.

o o 3
B Apkrtuke 8 1})4ec;1ueB B rony I s ayxa<'20 C, T o +2°C. Ilpu 3TOM [ M” BOABI,
MPOIYIIEHHBIN 3a / ¢ yepe3 nmpeodpazoBarelib ¢ 1=5%, nact /(0 kBm. PaboTaromias
Ha )pEOHE CUCTEMa CMOXKET KOHKYpHpoBaTh ¢ JIDC Ha 3aBO3HOM TOILIMBE.
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[Ipsimoe npeoOpa3oBaHuE TEINIOBOM YHEPrUu

dddekT 3eedeka: TepmoI/IC B AIEKTPUUSCKON SN U3 MaTEPHUAIIOB C PA3INYHON
KOHIICHTPAIIMEW HOCUTEIIEH 3apAaa, COEAUHEHUSA KOTOPBIX UMEIOT pa3InudHbIe 7.

Bapuant nonynpoBoguuka — Bi,Te,, mocrosHHas 3ecoeka 3. /41 0% B/K (s
MeTaummdeckux tepmonap — B 1000 pa3 Huxe).

IIpenMmyviiecrea:

® CpaBHUTEIBbHO BbICOKUU KIIJ]
® MUHMMM3AIYS ITOTePh Ha COOCTBEHHBIC HY K Ibl CTAHIIUM

Henocrarkn:

® BHICOKAsi CTOUMOCTh MaTepHasoB (JIeJIaeT CTOUMOCTh dHepTHH 10 $1/kBT)
® HEOOXOAMMOCTD U30JISAIIMHU MOJYIIPOBOJHUKOB OT MOPCKOM BOJIBI
® K30JISILKSA PUBOAUT K JAIBHEUIIEMY YIOPOKAHUIO U YMEHbIIEHUIO KIT/]

IlepcneKTHBBI

OT3C, co3maHHbIe Ha TAKOM MPUHIIUATIE, MOKHO MPUMEHUTH 711 00CCIICYEHUS
AIEKTPUYECTBOM KOMILUIEKCOB MOABOIHOM JOOBIYM MOJIE3HBIX UCKOITAEMBbIX.
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DKOHOMHUYECKHE XapaKTCPUCTHKHU

MOIIHOCTD U VIeJbHAA CTOMMOCTD Pa3padoTKH
JHEPreTHYECKUX PECYPCOB MUPOBOI0 OKEaHAa

HcTOYHUK dHEPrUU

MouHocTh, I'BT

CronmoCTh NMPOU3BOJICTBA,

1eHT/KBT u

['panuenT Temmneparypsl 10000 4-7

BeTtpoBrsie BOJHBI 500 11-24

Mopckue TeueHus 69 13-22

OKeaHCKUE BETPHI 170 5-9

[Tepenaapl coieHOCTH 3500 14-29

buomacca 770 11-15

[TpunuBsI He menee 10000 1.5-30

0 _Jas cpaBuenus: cebecroumocts sHeprun ['DC — 0.2-3 nent/kBt-u, ADC —
2- 9 nentr/kBt 4, TOC — 4-12 near/kBrt-u.

[ BonpImMHCTBO METO/IOB BHITOAHO JIMIIE B cpaBHeHHH ¢ JIDC Ha IPUBO3HOM
toruge (50-100 nent/kBT ).
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CoCTOsIHME AJIbTEPHATUBHBIX UCTOYHUKOB B MUPOBOU
OHEPIrEeTUKE

DHEPrus BeTpa

buosneprus

DOHeprus CorHIa

['eorepmasibHas dHEPrus

DHEPrus OKEaHa

[Ipumep: AnbTepHaTHBHASA YHEPTETHUKA B [ epMaHnmn
JloromHUTEIbHAS HHPOPMALHS

Paznen 7

74/81



[Ipumep: AnbTepHATHBHASA SHEPreTUKA B I epMaHun

CyXOmnyTHBIE BETPOIIECKTPOCTAHIIAU ConHeuHble Oarapeu
§35104l|l'1'11|111111||l 105,|,||,||[|||||||
E (4
= aue - Y = Moze"™ ,
g = ) 9.8521 /

M1 049112

(o) 4 = '

8 2510 = . R 0,98798 7
E 2 10* %
= o
Qv = f
= 1,510* o
2 " ® 1000
C 440 =

©
o) D
L 5000 L=
5

)

= 0(0 w O o R S To ® O o 100 col Ioo| lé)'IN :rllto aollollm_c:

» (v)] (@] (@] (@] (& ] O ~— — (v)] » O (@] (@] O O ~— —
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JIMHENHBIN POCT, BBIXOJUT HA HACBIIIICHUE DKCIOHEHIMAIBHBIN POCT
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[LimaH pa3BUTHA BO300OHOBISIEMBIX HCTOYHUKOB

CoBpeMEHHBI
yposenb _ _ _ 000 b e e e e e e e e e == = .
NPOM3BOJCTBA A
TOC 0
Ha c 80,0
E
3
e 40,0
= 20,0
g '
£
00
B Gecthermie ! ¢ b ; .
Photovoltak 19 89 166 232 258 284
» Biomasse 26 53 5,8 19 82 85
u Offshore 00 02 2.5 9.0 16,4 23_.8
* Onshore 18 4 268 305 R9 A4 359
®\Wasser (ohne Pumpspeicher) 47 45 5,0 5.1 515 52
Summe 21,6 46,0 61,5 78,4 90,6 102,8

Quele: Leitszenario 2009 (BMU 2009,
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Hcrounuku snexkrposnepruu B I epmanuu, 2010 .

HUcTOoOuHUK

105,8
135,2
135,2
82,3
35,3
11,8
35,3
17,6
29,4

KameHHBIN yIoJib
bypslii yroan

Ypan

IIpupoanbiii ras
Bertep

CouHeuHble 0aTapen
buora3s

I'naposHeprus

LN W O DD D

HedTs ¥ np.

18

23
23
14

[TommHOE TOI0BOE MTPOU3BOACTBO JIEKTpUYeCcTBA — 588 TBTUY.

HecMoOTpst Ha MPaBUTENBCTBEHHYIO MPOTrpaMMy MOAAEPKKH BO30OHOBIISIEMBIX
UCTOYHUKOB, HA TOC nmpounszBoasat 60% 35I€eKTpO3IHEPTUH
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IToTpebieHne 1 mpou3BOACTBO AeKTpruuecTBa, 2010

Harpy3ska

Berpoanekrpocranuuu  CosiHeuHbIE OaTapen

Power (MW)

|
i
D

JFMAMJJASOND J FMAMUJ JAS FMAMJJASOND

0 KpacHbIMH TUHHSIMU ITOKa3aHbl YPOBHH YCTAaHOBJICHHON MOIITHOCTH
BETPOIJISKTPOCTAHITNI 1 COTHEUHBIX OaTapei.

0 BwuaHo, uTO peanbHas BbIpabOTKa 3aMETHO HM)KE YCTaHOBIICHHOW MOIIIHOCTH !
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JleTannu3anus nOTpeOJICHUS ¥ TPOU3BOACTBA

I[In Bt Cp UYr IItr C6 Bc

s S

gJ.:-
E—

January 2010 July 2010

[ Yepnsie rpaduku — morpediaeHue, cuarne — mpousBoacTBo BOC, kpacHbIe —
CyMMapHOE€ Ipou3BoACTBO BOC u COTHEUHBIX JIEKTPOCTAHIIUN.

[0 Hanuio cuiabHas HEpaBHOMEPHOCTH Ha MacmiTabax Kak roja, Tak U CyTOK.
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AHanu3 NoTpeOICHUS O JIUTEIbHOCTHU

Bosbiiass MOIHOCTh OOBIYHO TPEOYETCSl Ha TOBOJILHO HEOOJIBIIION CPOK.

110°

0-'~-' ------- B o e — — -

time (one year)

8760 u

1 — 3anpamuBaemas Harpy3ka; 2 — oHa e 0e3 ypoBHsa Bkiaaa ['9C u Ouorasza; 3 —
oHa e 0e3 Bkinaga BOC (4) u CIOC (5). 'opuzonTansHas auHusg — Bkiag ADC;
cepas IUIom@aab mokaseiBaet Bkiag TOC.
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BeIBOIBI

BuaHO, 4TO HA HACTOSIIMK MOMEHT JIOJISI AJITEPHATUBHOM SHEPTETUKH BEChMA
Maia (Bcero 2.5%).

B onmxaiiiem OyayineM ajnbTEpHATUBHAS YHEPreTUKa HE CMOXKET 3aMEHUTH
COOOM KIaCCUYECKUE NCTOYHUKN SHEPTHH.

bonbmuHCcTBO AMD HE MOTYT paboTaTh paBHOMEPHO 110 BpEMEHH, KaK
KJIACCUYECKas YHEPTEeTHKA.

[Ipemaraercst CHUKarh 0011Iee MOTPeOICHUE 3a cueT Ooliee 3PHEKTUBHOTO
VCTIOJIb30BaHUS SHEPTUU. ITO MO3BOJIUT MOAHATH 00 AND.

Yacts AV npuOIMKarTcsl K HACBIICHUIO: HATPUMEP, HEBO3MOXHO 3aCaIUTh
BCE IOJI KyKypy301 M0/1 OMO3TaHOI.

Hcnonp3oBanne HEKOTOPBIX AMD caMO MpUBOAUT K HAPYIICHUIO SKOJIOT Y€ CKOM
CUTYyaluu (HaIpuMep, NPOU3BOACTBO (DOTOIIIEMEHTOB).

be3 nmoaiepKu co CTOPOHBI TOCYIAPCTBA YacTh MPOEKTOB AV npr HEIHENTHUX
IIEHAX HA SHEPrOPECYPCHI HE ABIAIOTCA CAMOOKYITAEMBIMH.

AWD Hano pa3BUBaTh, HOTOMY YTO X POJib OyJIET pacTH IO MEPE MCUEPIAHUS
TPAAUIIMOHHBIX HCTOYHHUKOB. [Ipumep — ['epmanus!!!
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CoCTOAHHUE aTBTEPHATUBHBIX NCTOYHUKOB B MUPOBOU
SHEPrEeTUKE

DHEPrus BeTpa

buosneprus

Oueprus ConHIa

['eorepmasibHas dHEPrus

DHEPrus OKEaHa

[Ipumep: AnbTepHaTHBHAS YHEPrETUKA B | epMannu
JlononHuTEIbHAS UHPOPMALTUS
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HaBo3 — 0CHOBHOE CBIPbE JJIS1 OMOPEAKTOPOB

B HaBo3€ 3aKII0YeHa MOYTH MOJOBHHA YHEPTUU, NOCTYIAONIEH Ha (hepMy ¢ Kopmamu!

«ITpou3BOACTBO» HaAB0O3a Ha COBpeMeHHOM cBUHOGepMe > 50 1/neHb. CBUHOM 1
NTUYHMI HABO3 HEOOXOIUMO BBIJICPKUBATH JIJISI YHUUTOXKEHUS TATOT€HHBIX MUKPOOOB,
SIMI TeJIBMMHTOB U CEMSIH COPHSKOB => OIpOMHBIE XpaHuana ~10° M> — HeBBITOIHO.

Komnocmuposanue — paznooicenue noo delicmsuem a’apooHvlx Oakmepuli, 8 pe3ylbmame ue2o
NPOUCXO0UM eCmeCcmBeHHoe obe33apadicusanue noo eauianuem pazoepesa 0o 60°C c
pacceusanuem menia, nomepsamu azoma u gocgopa. /[nsa i#cuoxko2o Ha8o3a HeNnpPUMEHUM.

IlpupoaHblii 6MOpPeaKTOP — KOPOBHUM JKEIYyI0K. AHAIPOOHBIEC OAKTEPHH PACIICIIISIOT
KJIETYATKy ¥ BEIPa0aTHIBAIOT U3 HEE HU3KOMOJICKYJISIPHBIE BEIICCTBA, KOTOPBIC CITyKaT
cyOcTpaToM Jist IPyrux MUKpoOOB, KoTopkie nipesparnatT ux 8 CO, u CH,.

Oona koposa npouszsooum 6 cymku 00 500 1umpoe memana, 25% obueti npooyKyuu Memaua Ha
3emne umeem makoe "zncusomuoe" npoucxoorcoenue.

IlomoOHbIe aHa’poOHBIE DakTepuu padoTatoT B Onopeakrope. [Iporecc MeaieHHee,
4eM KOMIIOCTUPOBAHME, HO U3 CHIPh HE YXOIAIT a30T, (hocPop, HE pacCEUBAECTCS TEILIO.

Koneunbie mpoayKThI — Ouoras, conepskaruii 55-75 % CH, (temnora cropanwus 1 M =
TEIUIOTE CropaHus 1 KT KaMEHHOTO YIJIsl), U KaYeCTBEHHOE YIOOpEHHE.
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Pabora buopeakropa

IIepepaboTka HaBO3a UJIET B OECKUCIOPOJIHBIX YCIOBUAX IIpHU Temneparype 30
(me3oduibHbIe) Win S0°C (TepMouIbHBIE OAKTEPUN).

JmuTenbHOCTh TIepepabOTKH [T 00€33apakMBaHusl HAaBO3a — HE MEHee 12 CyTOK.
[Tociie 3TOro KOMITOCT BBITPY>KAETCS, 3arPy»KAeTCI HOBBIA CyOCTpar.

Macca cyOcTpara npakTHYECKH HE U3MEHSIETCS, €CJIM HE CUUTATh UCTIapsSEeMOM BOJIBI,
KOTOpasi MepeXoIuT B Onora3. OpraHn4ecKoe BEIIeCTBO HaBo3a pasznaraercs Ha 30- 40
%; DIECTPYKIIMH OABEPratoTCI B OCHOBHOM JIETKO pa3jlara€Mbl€ COCTUHEHUS — KUP,
O€JIKH, YIJIIEBOBI, a IIEJUII0JI03a COXPAHSIETCS MTOJTHOCTHIO.

[TonyuaeMslii 61oras maoTHoCcThI0 1.2 kr/M> (0.93 MIOTHOCTH BO3/yXa) UMEET
ciemyromui coctas (%): CH, — 65+10, CO, — 34 +£10, comyrcTayromue rassi - 10 1 (B
TOM 4Mciie cepoBogopon - 10 0.1).

Conepskanue Boasl B ouorase npu 40°C — 50 r/m°, m03TOMy HEOOXOIMMa OCYIIKA ra3a
(HanmpuMep, yaaJeHUE KOHJICHCATa MOCIE OXJIKICHHUS ).

JlaBlieHue rasa, moimydaemoro B ouopeakrope (1-3-10° I1a), 1ocTaTouHO I €T0
nojaauu Ha paccrtosHue 10 0.5 kM 6€3 KOMIIPECCOPOB.
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[ luponus

IInposnu3 — HarpeB ¢ YaCTUYHBIM CKUTaHUEM. MI3BECTEH ¢ IPEeBHOCTH (U3
HEJICJIOBOM JIPEBECHUHBI TTOTyYald APEBECHBIN yTob U Aer0Th). ChIpbe —
JIpeBecuHa, bmomMacca, Mycop, yroJib.

Tlazupukamusa — 3To DUPOJIU3, MPUCITOCOOICHHBIN JJI1 MAaKCUMaJIbHOTO
MOJY4YE€HHUS TPOU3BOAHOTO ra3000pa3HOro TOIIMBA. YCTPOMCTBA IS
ra3uuKaiy - ra30reHepaTopsbl.

KIIJI muponm3za = QEQPWMMQW— = 80-90%

QCFOpaHI/Iﬂ UCTOJIb3yeMOM OMOoMacChl

Pa3HOBUAHOCTH TOILIMBA, MIOJIy4aeMOTo B pe3yjbTare MUpoJin3a, 00JIaaatoT
menvutei (na 10-20%) 110 CpaBHEHUIO C UCXOJIHOW OMOMACCON CyMMapHOM
dHepauell cC2oparus, HO OTIUYAIOTCA OOobuULel YHUBEPCATbHOCIbIO NPUMEHEHUSL.

[Tomy4aroT IpeBECHBIN YyTojb, CMOJBI, allETOH, METaH, 3(DUPHI, CHIPHE IS
CHUHTE3a CIIUPTOB. ..
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[IpruMep UCIoIb30BaHU MIPOAYKTOB ITUPOJIN3A

B CCCP B 1938-1950 romax
MTPOU3BOAMIIACH TA30T€HEPATOPHAS BEPCHUS
«monyTopkm» - ['A3-42. TomnuBo —
TEHEPATOPHBIN Ta3, MOJIy4YaeMblil U3 YIJId,
Topda, IpOB, OPUKETOB CropacMbIX |
OTXOJI0B (OMUJIKH, YTOJbHAs IMbLJIb).
AHaJIOTUYHBIE MAITAHBI IPOU3BOUIUCH
u B ['epmannn, Ha 1941 r B 3KCIuTyaranuu
1X Ob110 0K0JIO 300 THIC., B OCHOBHOM Ha |
OpuKkeTax yroJabHOW MbUIK U3 Pypa. E

TTX I'A3-42 ¢ cpagnenuu ¢ npomomunom (I'A3-AA-MM):

rpy3omnoabeMHOCTh — 1200 kr /1500 ke (1oTeps 3a c4eT MacChl YCTAaHOBKH),
MoIIHOCTE — 30 n.c./ 50 a.c., ckopocTb — 50 km/4 / 70 km/u,
pacxon Ha 100 kM — 80 kr aApoB / 19.5.21 beH3una.

Briroga — skoHOMUS A€ PUITMTHOTO OCH3MUHA.
B Hacrosiee Bpems MUPOKO pacupoCcTpaHeHbI TOJIBLKO B CeBepHou Kopee.
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[IpoeKT MUPOBOM CETH (POTOIICKTPOCTAHIIUI

Ecnu pacnonoxuth 6 GOTOANEKTPUUSCKUX IEKTPOCTAHIIUMN B 6 TOUKAX,
OTMEUYEHHBIX Ha KapTe, TO OHU B CYMME JIaJIyT MOII[HOCTb, MMOTPEOISIEMYIO

HBIHE 4€JI0OBEUYECTBOM! ! !
Matthias Loster (University of California); http://www.ez2c.de/ml/solar land_area/
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[IpoekT MUPOBOM CETH (POTOIIECKTpOCTAHIUM (1)

6 nycmoino — 6 cmanuuii!

[TycThins IJIOTHOCTh CBETA, IJIOMIAb MYCTHIHK, | IUIOIA/Ib CTAHIINH,
Bm/m? Km? Km’
Caxapa 260 9100000 14400
I'peiit Conau 265 400000 14200
Takmna Maxan 210 300000 17900
ApaBuiickas 270 2600000 13900
ATakama 275 140000 13600
I'peiit ba3zun 220 500000 17000

CymmapHo craHiuu odecnevar 18 TBT anekTposHeprum 1 HOKpOroT
miaHupyembie gaxe K 2040 r moTpeOHOCTH YeJIOBEYECTBA
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KocMunueckne COTHEYHBIC CUCTEMBI

OrpoMHOE KOJIMYECTBO COJHEYHOM DJHEPIrUH, NPUXOIIIEH Ha
3emiro (~0.15 MBT-u/M? B T011), 3aTPYIHUTENBHO HCIIOIB30BATh U3-
34 HU3KOHW IJIOTHOCTH COJIHEYHOW pajgvdaliii U 3aBUCUMOCTH €€ OT
00JIaYHOCTH ¥ BPEMEHH Tojia.

B Hacrosiiee BpeMs HMEIOTCS TEXHHUYCCKHME BO3MOXKHOCTH JJIs
CO3/1aHUSA doroanexkrpuueckux  IC,  pa3MellacMbIX  Ha
MCKYCCTBEHHBIX CITyTHHUKaX 3€MJIM C FeoCTallMOHapHOW opouTou. B
3TOM CJy4ae€ COJIHEYHAs DJHEprusi OydeT aKKyMyJIupOBaTbCs
HenpepbiBHO.  llepemaua  sHepruMm  HA  3eMJIO  JIOJDKHA
OCYIIECTBISATBCS TI0 CBEPXBBICOKOYACTOTHOMY KaHAIIy C JAJIMHOM
BoJIHEI 10 cM (wacTtora 2,4 I'Tn).

Pacuerneie 3HaueHuss KIIJ[ npeoOpazoBaHus SHEpPrud  Ha
KOCMHUYECKHUX COJMHEUHBIX AekTpocTaHuusax (KCIC) npuBenaeHsl B
TaOJIUIIE.

KprokoB A.B. O6mias snepreruka. Yacts 2. Upkyrck, UpAUT, 2000
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Pacuernrie nmokazareau KCHOC

Neo [IpOH3BOACTBO H Iepeada 253 KII[
TOCTHTHYTEIE| TIEPCIIEKTHB

B HAcTOAIIEe |-HEIE
BPeM

1 | T'eHepampa YKB mmoToka sHEPTrHH 76,7 90

2 | Ilepemaya  SHEpPrHH ¢  BEIXOJA 94 95

TeHepaTopa Ha BXOJ, aHTEHHE]
3 | YnapmmBaHue H JeTeKTHPOBAHHE 64 90
4 | OOt KIIJT 26,5 77

KCOC crnpoekTupoBaHbl Ha 3JICKTPUYECKYIO MOIIHOCTH 3-20 I'BT. Pa3zmepsl
KCOC ¢ BeIxoaHou MomHOCTRIO 5 'BT oneHnBaroTcd Tak:

| cymMapHasi MOBEpXHOCTh Oarapew ............... 20 kM?;
| TmaMeTp mepenaronieid aHTECHHBI .................. 1 km?;
| muaMeTp MPUEMHOM aHTCHHBI ..........cccvvee.... 7-12 kM.
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XpaHEHUE YHEPTUM B pacIljiaBax COJICH

CoJiHEeUHas YHEPTUs MOXKET OBITh 3allaceHa B BUAEC HArpeTOro
BEIIIECTBA paciuiaBoB coiel, Hapumep, NaNO, u KNO,

Conu ABIAIOTCS YPOEKTUBHBIM TEIIIOHOCUTENIEM M3-3a CBOCH
HEBOCIIJIAMEHSEMOCTH, HETOKCUYHOCTH, ACIICBU3HBI, OOIBIIION
TermoeMKoCcTH. Paboune Temieparypbl TaKOM CUCTEMBI OJIM3KH K
pabourM TeMIIepaTypam Iapa B TEILIOBOM JIEKTPOCTAHIIMU, YTO HE
TpeOyeT IK30TUUECKUX padouux Tei (kak ammuak B OTIC).

CucreMa Ha OCHOBE pacIuiaBa COJIEM COCTOUT U3 COJIEBOTO KOHTYpA,
MOJAKIIOYEHHOIO K M30JIMPOBAHHOMY TEIIOXpaHUIHUIly. Bo Bpems
HArpeBaTeIbHOIO MUKJIA coiu Harpearorcs ¢ ~300°C no ~550°C. Bo
BpEMsI IIMKJIA MMOJYYEHUS MOIITHOCTH COJICBOM KOHTYP MCHAPSIET BOAY,
ap KOTOPOM BpalllaeT TypOUHY TeHepaTopa.

Ha Solar Two 3ToT MeToa no3BoiaseT 3anactu /.44 T/[oic B XpaHUIHUIIIE
68 m’ ¢ morepsimu Bcero ~1%
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M cronbp30BaHuE TEILIOTHI (Ja30BOro mepexoaa

Elte ouH TUI aKKyMYJISITOPOB TEIIa OCHOBAH HA MCMOJIb30BAHUH TEILIOTHI
(bazoBoro nepexoja. Mcnonb3yroTcsa Kak opranndeckue (napauHsl,
’KAPOBBIC KUCJIOTHI), TAK U HEOpraHWYECKHE (COIU, METaIbl). B OCHOBHOM
OHH MCIIOJIB3YIOTCS JJI MOIYy4YEHHMS TOJBKO TEIia, a HE AIIEKTPUUECTBA.

CucremMa ¢ IpUMEHEHUEM TaparHa COCTOUT W3 HArPEBAEMOTI'0 COJTHEUHBIM
CBETOM BOJISTHOT'O KOHTYpa, IIPOXOAIIEIO Yepe3 TaHK ¢ napaguHom. Bo
BpeMs IIMKJIA 3allaCEHUs SHEPTUU ropsydasi Boja paciuiaBisieT napapuH.
VYnenpHas TeUioTa miiaBiaeHus napaduna — 230 k/[oxc/ke. Bo BpeMs
HarpeBaTeIbHOTO IIMKJIA 3TO TEIJIO0 OTAAETCS TAHKOM IIPH 3aCThIBAHUHU
napadguHa. Takum 0Opa30M MOKHO HarpeTh BOAY JJISl TOPSUEro
BOJOCHA0XKEHHS.

DBTEKTUUYECKHE COJIU TUIA IN1ayOepOBOM MOT'YT OBITh MCIIOJIb30BaHbl TAKUM
e o0pazom. IIpu OTHOCUTEIBLHOM ACIIeBU3HE €€ y/elbHasl TeIIoTa
MIJIABJICHUS COCTABIISIET 347 Kk/[owc/ke. BiepBbI€ Takas cucTema Obliia
npuMeHeHa 41t ooorpena goma B I.JloBep (Maccauycerc, CIIIA) B 1948 1o

[Tonpo6nee: http://e06.power.bmstu.ru/inc/methodiks/afp.pdf
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DJIEKTPUUYECKHUE AaKKYMYJIISITOPHI

DIIEKTPUYECKHE aKKYMYJISITOPBI MOTYT OBITh TPUMEHEHBI JJ1s1 XPAHCHUSI
«JIMITHETOY» JICKTPUYECTBA B (DOTORIECKTPUUECKUX cxeMaX. CHCTEMBbI TAKOTO
THMA COCTOST U3 (DOTORIECKTPUUECKOI0 MCTOUYHUKA HAIIPSKEHUS,
COEMHEHHOTO C aKKYMYJIATOPHOM OaTapeeil yepe3 yCTpOMCTBO KOHTPOJIS
3apsja.

Haunbonee pacpocTpaHeHHBIM TUIIOM OaTrapei, UCIOJIb3yEeMBbIX B OJ00HBIX
cXeMax, SIBJISIFOTCSI CBUHIIOBO-KHUCIOTHBIE aKKYMYJISITOphl. OHU
XapaKTEePU3YIOTCS INIOTHOCTBIO SHEpruu 110-140 x/[owc/ke, 3pPEKTUBHOCTHIO

ucronb3oBanus 3apsaaa 70-92%, u croumocteio $150-200 3a kBt 9 ($45-$55
3a M J[x).

IIpu mogbope aKKyMyISITOPOB JJIsI COJTHEYHOM AJIEKTPOCTAHIIUA HEOOXOIUMO
pPacCUMTHIBATh UX EMKOCTh Ha 3-5 AHEW SHEPTroNnoTPEOICHUS B YCIOBHUSIX
HETIOTO/JIbI.

CoBpEeMEHHBIEC aKKYMYJISITOPBI MOTYT padoTarh Ha npoTskeHuu 25000
[IUKJIOB TIEPE3APSAIKH.
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COBMEIIEHUE C BOJAOPOJHON SHEPTETUKOU

BogopoaHasi 3JHepreTuKa — 3KOHOMHUYHOE M SKOJOTMYHOE HAIIPABJICHUE
BBIPAOOTKH M TOTPEOICHUS SHEPTUHU YEJIOBEYECTBOM, OCHOBAHHOE Ha
MCII0JIb30BaHUs BOJOPO/Ia B KAUECTBE CPEJICTBA JIJISI aKKyMYJIUPOBAHUS,
TPAHCIIOPTUPOBKU U MOTPpeOIeHUs 3Hepruu. [Ipu cropanuu Bojgopoaa
oOpazyeTrcs Boja.

Heo0xonuMo norydeHne BOJIOPOAa B IIPOMBIIIICHHBIX KOJINYECTBAX.

C MOMOIIBI0 PHEPTHH, TTOTYyIaeMOI ¢ COTHEUHOM AIIEKTPOCTAHIIUM, MOXKHO,
HalpuMep, MPOU3BOAUTD JICKTPOIN3 BoAbI. I1oaydeHHBIN BOJOPO MOXKET
OBITH 3aIlaceH, Kak JIt000e Jpyroe razoo0opasHoe TOILINUBO.

MuHyc — mporiecc BecbMa JOPOrOCTOSII, CE0ECTOMMOCTh — OKOJIO $3 3a
IuTp OEH3MHOBOIO SKBUBaJICHTA (34.5 MJIX) nipu MCMOJIb30BaHUU
COJIHEYHOU SHEPTETUKM.
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Teopus npeoOpa3zoBaHUs SHEPTUU BOJIH

MolHOCTh BOJIH Ha DIy0oKou (D>4/2) Boae ~ nepuoay 7' v KBJIpaTy aMIUIMTYIHI d.
Penxue (7=10 c) BosHBI O0JIBIION aMILUIUTYBI (=2 M) naroT <70 kBT Ha MeTp ppoHTa

XapaKTepHbIE 0COOEHHOCTHU MTOBEPXHOCTHBIX BOJIH HA TTYOOKOW BOJIE:
» Hepacniagaroniyecs CHHYCOUAIbHBIE C HEPETYISIPHOM JJIMHOM, (pa30oii, HanpaBICHUEM
» AMIUTMTY/IA IBUKEHUS YACTUI] SKCIIOHCHITMAJIBHO CITaIaeT ¢ MTyOUHOM
» ¢ HE 3aBUCUT OT A, ¢, T, a IUIIIb OT XapaKTepa B3aUMOJICHCTBUS BETPA U BOJBI
» HeT mocTynareabHOro IBUKEHUS BOABI — YACTULIBI ABUKYTCS [0 KPYTy PaguyCcoM da.

OcCHOBHBIE COOTHOIIIEHM S
27T 27
A=, 1= |72 (azoBas CKOPOCTh ¢ = g4
? g 27

@ pa’g’T
Mo1HOCTh, IEpeHOCUMAs B HAIPABJICHUHU X Ha IIIMPHUHY BOJIHOBOTO (PpoHTA P’ = R
T

Ha npaktuke — HeperyJisipHbI€ BOJIHBI, @ HE CyMMa BOJIH B OJTHOM HaIlpaBJICHUM; U3BJIC-
KaeMasi HalpaBJICHHBIM IIpeoOpa3zoBaresieM MOIIHOCTh ~0.5-0.9 nepeHocumoii BoTHAMuU
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OCHOBBI TEOPHUH IIPUIUBHOK SHEPIrETUKH

baccein mioniaaepro A 3ATBOPHI

BrIcoOKaA BoJIA
Hamomnusiercs npu nipuiimse
Onycromaercst uepes Typ6HHy BacceiH

Bricora npunuBa R

[{leHTp TsKeCTH BOJbI HA R/2
MakcuManbHas dHEprus
najieHust Bojbl £=(pAR)gR/2
CpenHsig noTeHIMaIbHasl MOIIHOCTh 32 Nepuoj npuiua W=E/t

Ha npaxTuke HAOII0IAI0TCS CICAYIOIIME MPO0JIeMBbI:

[ YacTps moTeHIMaaIbHOM S3HEPTUH (IIPU HU3KOHM BOJAE) HE MOXKET OBITh TPEOOpa3oBaHa
[ HeoOGxoaumebl crieniaibHbIe (PeBEPCUBHBIC) TypOUHBI 1o yeaoBus [19C

[0 HeBo3MOKHO 00€CIIeUnTh PAaBHOMEPHYIO BEIPAOOTKY AJIEKTPOIHEPTUH

Peanpno IIDC moxeT paboTaTh ¥ IPU HAIIOJIHEHUHU OacceiiHa C
peBepcUBHOM TypOuHOM. [Ipyn onTUMHU3AIIUM MOKHO IIepepadaThiBaTh
10 90% MOTEHIIUAIBHOW SHEPTUH ITPUIABA
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MakeT npuiIruBHOU CTaHIIMKU B PaHce

e

i

Kpynuenmas B EBporie: cHumaemas Mo &OCTB — 240 MBT (24 Typ6I/IHBI) Jamba 750
M, TIIomAab Oacceitaa 22.5km?. CTOUMOCTD ctpoutesibeTBa — 100 MuTH. €, OKynHIIOCH 32
15 net, croumocTts sHEprun — 0.018 €/kB1-u (Ha ADC ®panuuu — 0.025 €/xkB14)

Kpynuenmas B mupe — Cuxsa, 10.Kopes, 3anymena B 2011 . 254 MBt. CtouMOCTb:
$646 vt — mam6a, $382 MITH — Bce OCTaIBHOE.
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II1DC B Poccun

Kucnasa ['ydba, Mypmanckas o6i1. [Toctpoena B 1968 roay, 1 reneparop npousBoactsa @panuun
pabotan 10 1994 r. 14 ucciaegoBaHusl BO3SMOXXHOCTH IPUMEHEHUS (PPAHILy3CKOTO OMBITA B

HaIlIMX YCIOBUAX (BO3MOXKHOE CUJIbHOE 00OneaeHenue). Otkpeita cHoBa B 2004, 2 arperara «I10
Cesmam»: 200 kBt u 1.5 MBT.

Mecta Bo3MoxkHOTO0 cTpouTtesibecTBa IIIC B Poccun

Mecropacnonoxenue |  CpenHsas [Imomaap [Torenuman
BBICOTA oaccemHa, KM> Cpennsis I"'onosas
MPUIMBA, M MonTHOCTh, [ BT | BBIpadGotka, TBTu
MeszeHckul 3a1uB 6.0 2330 15.2 50.0
[lemxuHCKas ry0a 6.2 20530 87.4 190.0
Tyrypckuy 3anus 4.7 1800 10.3 27.6

Pa3pabotanbl npoekTsl 151 OxoTckoro mopsi: Tveypckasa [19C (8 ['Bt, cpok cTtpoutenbcTa — 11
netT, ctouMocThb - ~$1100/kBT (cTonbko ke, ckonbko 1 Ha cinoxkHyto ['9C), cpok okymaeMocTs — 8
net.); Henorcunckasa [19C (Morna ObITh KpynHeHien B mupe, 87 ['BT — npunussl 5-13 MeTpos,
CYTOUHBII Ipoxoz Boabl 360-530 kM — 20-30 Amasonok). [IpoekTsl 3aMoposkeHsl B 1990-x.
[ToBenenue u mapaMeTpbl MPUIMBOB XOPOIIO U3BECTHBI Oiiaronaps HaBurauuu. [loaTomy
NPUWINBHAS JHEPrus — HaJleskHas hopmMa BO30OHOBIIIEMOUN SHEPTUH.

I1po0.aeMBbI:;
TexHUYeCcKre CIOKHOCTH U OO0JIbIITNE (PUHAHCOBBIE 3aTPaThl [loTeHmansHkIE
HapYIICHUS 3KOCUCTEMBI HenocraTok norpedureneit mo pa3MenieHuio B

Poccun (Cesep, lansanit BocTok)
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OOmas XxapakTepUCTUKA TEXHUYCCKUX PEIICHUN

IIpeoOpazoBarenu IHEPruy TEYEHU: a) HAIOp = BpalllcHuE, 0) MpoUYre pelieHus

BoasiHoe K0J1eCO M ero = e il
PA3HOBWJIHOCTH: HAJIBOJHOE U

ITOJIBOAHOE, MPOCTOE U JIEHTOYHOE,
- =~ ONTHUMHU3UPOBAHHOE MO Popme S o
—— T 5omacTe U XOJIOCTOMY XOHdy, W T.]I. R M oo

T Pabouee K0J1eCO C TOPH30HTAJBLHON OCHI0 B HACAAKE — HAuOoJIee
» IepcriekTuBHO. Hacanka (3) yMeHbIiaeT BO3MYIIEHHE MOTOKA B
! 1[EJIOM M TypOYJICHTHOCTh BHYTpH ce0s. YBEIMYCHHUE Pa3MepOB Kphblia

; — KPUTHUYHO pa3pylIeHUE AaBICHUEM MOTOKA, & HE COOCTBEHHBIM
BecoM. TecTOBBIM FK3eMILISIp yxke padoTaet. OlieHKa pa3Mepa

2 npeanonaraeMeix TypouH: guametp 200m (craguon Ha 20000

7 3putenieit) Ha 700 MBm — MOTYT ObITh IOCTPOEHEHI VKe ceiiyac!

Ilpoyue pemieHusi: HampuMep, coryio BeHTypu (BOJHBIN ITOTOK MOAXBATHIBACTCS
TEYECHHEM U 3aTE€M HaIIPABJISICTCS HA TYpOUHY)

[Ipyrue MCTOUYHMKH: HATPUMEP, OKEAHCKUE BOJIOBOPOTHI. II0CTOSSTHHBIN BUXPH Y
OracaBapa (SInonwust): nuametrp 200 kv HA TIYOUHY A0 3 KM. YICIbHBIC
AHEPTreTUUECKUE XapPAKTEPUCTUKH €ro Jy4Ille, YeM y TeUCHU !
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