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MULTI -HYBRID SOLAR CELLS BASED ON CRYSTALLINE SILICON AND

CONGUGATED POLYMERS

S 5B W dznfS.q 2
AROY 01 sMSte®Ommdw

Kobryanskii V.M.
FIAN RAS, Mosow, Russia

Multi-hybrid solar cells based on crystalline silicon and conjugated polymers with low content of defects were
developed and studied for the first tinfdwe results obtained suggest that in the near fiiisaype of solar cells

will allow increase thaolar cells efficiencyor 5 - 10% without any noticeable increasigheir costln this article
construction of multhybrid solar cells contain onlayer of inorgaic semiconductor and one bwo layers
conjugated polymers with very low contesf defects. In optical spectra of such polymers there is no long wave
tails and absorption band#ternatewith transparency windows. It is shown for the first time that doping of such
conjugated polymers by nonoxidizing protonic acids leads to disagppeaof absorption bands in visual region
and appearance of absorption band in near infrared regidine twolayer solar cell, th@olymer layer may be
disposed on the surface back sideof silicon plate In the thredayer solar cell, the first polyer layer may be
disposed on the surface of the silicon plate #iedsecond polymer layer on the reverse side. The top polymer
layer is protected by the glass with ITO.
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GEOTHERMAL ENERGY. THE PROBLEMS OF DEVE LOPMENT

g9 Odztba.O
Rdzhisdlskls ¢ j st Csdzse d d,f dsdgSto®hfhdwv e jtcej j o O |

SvalovaV .B.
Sergeev Institute of Environmental Geoscience RM8scow, Russia

inter@geoenv.ru

Keywords:geothermal energgeothermal resourcedirect use.

Abstract. The problems and perspectives of geothermal ensggin Russia and in the world are investigated.
Russa has huge geothermal resources, but they are not uélipedh. It is necessary to usgernational
experience and examples of success.
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h CtsdzO 9 HJted o dzd ANddzd § f seHty d3ts tizig B izO 9 &) & 8zéz’ 25 B §
¢ ¢ ¢ s §rQftxid e , L dzgj cetst WW jSIsdoade 2y ddzts? Htsds o
¢WSZ$QQGH%d%thwOBd8@BJ L-HPpadg s j¢ | W Qded Jz B &f
"uits so s
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v OB dzdiy®sdL otsHMlsots + dzj Cstest dzgj s dd dL 6 jtslsj edzOdz

g4 Istc ©Odz{ 1990, 1995, 2000, 2005, 2010, 2015,
[11ls [11s [11s [1ls [1ls [1ls
O cGj dzs| 0,67 0,67 0 0 0 0
o MistcO 0 0,17 0,17 0,2 0,1 1,1
dbofmistsd 0 0 0 1 1,4 1,2
sdls0O?2 19,2 28,78 29,17 28 24 27
s tsis © 0 55 142,5 163 166 207
g4 Odzr 9 O 95 105 161 151 204 204
CWdsid O 0 8,52 7 7.3 7.3
AtcOdzyd 4.2 4,2 4,2 15 16 16
LjedBOd O 0 0 0,2 6,6 27
L90jd 0 33,4 33,4 33 52 52
R ) dzO dzH 44,6 50 170 322 575 665
RAdzH tsdzj | 144,75 309,75 589,5 797 1197 1340
RIs Odzd Y 545 631,7 785 790 843 916
c f sdzd 214,6 413,71 546,9 535 536 519
s j dzd W 45 45 45 127 202 594
[jCmd9 700 753 755 953 958 1017
1 B9 OW 283,2 286 437 435 762 1005
1 4 dzO dzH
1 d¢ 0OtcO 35 70 70 77 88 159
1 0fz0 1 O 0 0 39 56 50
10 ddzj
Ad dzd g § ( 891 1227 1909 1931 1904 1670
l stelskzag 3 5 16 16 29 29
{ smmd 11 11 23 73 82 82
v 029 O¢ 0 0 0 0 0 0,1
v 02 d&zO( 0,3 0,3 0,3 0,3 0,3 0,3
steydy| 206 20,4 20,4 20,4 91 397
42z ¢ 2774,6 2816,7 2228 2544 3098 3450
lwr ) ] 5831,72 | 6833,38 | 7974,06 | 9058,1 10897 12635

[dets o fsdzdzgj degts © odHj] CEZBO M tjBtosdz, t0Oo dz' O3
tcOo dzlz © 6 Isr M. Co. B3j stetso . ltetsj CIsdtetseo Odzd J (o]
L dgjtcetst WW jClsdo desmisdisy defglfilsgz? L 56 ©Olzg G5 b 52 Mtcj H ',
fnded » § ded W Mtsddsmisd M dzzlsOyd tsdedzr R tcOMmn tSHSO
BOISOtej wddd, ©OMY tsdztsy § dzadz" d3d dzO J ¢t oy jdBsiRlzdwvOMOH .
CstedHBtese ,  dpjdmis darftfyte Qo digj.ded.v ¢ dzd d3Celsdglzugi el o L3 O dadfryd:
fteddsd dzw j sfpw o tsSH O, ColtstcOV fsmiszf Ojls dL OtlsjL
fsMistsw dedzlz Isj i3 j 6Olsktck tsCtsdzs 5 Auw. 1tod ftshmistts
dmf sdz' L s9 OzZOM* M2 MEOWY Isjadtsdzsedw Vi zerr a,
3D-ssH j dzd twOL dzdyder = B jCIstsea. 1 jtoor &3 tojL dHj dz
HiMwisC s St Odzed?2, © Istsds ywdmdzj Ci sco, | BM

dlstctsj dzdj t©OLtcOBBISOdets 5 g yHEZdZOWSH A d3 M
& Environmental Design Standards) Isttsj 2 5 ¢ dz0OW MdMmilsj di3OG MmJ telsd W d
L HOdzd 2 dfmatsHW gL z tcts 0 daw dn L dgj eeatst WW ¢
1 Ckmists?2 ydeotsisd, ©OL tcOBBIsOdzdzOwY ¢ d3j & YJrited dzf €
States Green Building Council.
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rdzv gsor hjdedvw 6] 2 stqUds®®] LEERO of todddyjjdzi dzO
SJf dzseotsets dzOMsmMO Sti bel EI'tron WPF 66 G. ]
sif dzO dMmfsdz LEjlsmw BEWjttdOY JjBStsMmis! BI j Bsd
CitslsjtedsOdz dg 8 L tsdgH O3, | dzze d dZDKB.C Oy O&COEs 0B g
mMseosCkf dsmisd M § zOMmilsd dyOls' dzd Isi §f dzts 5B d3j dzdzd
fsLotdjls Ijf ootz d&OMtsmMkz Hddsote] d3gj dzdzts t©C
Is j f dzO.

bolstsBOISdCO vl v §dzdshmls: ¥ Jhsjctdietso OdzO o
Ef c@®p zmw Ctsdif ' s sjtesdy Y jteOlsstc® Mmdzzysr 1 € MY c
H O jdsms dde stedzOyd ® s WdLrduyd mMedna Msmistsw dzd v R
GdHteOQoa dzd yj MSdr SCtdElslkztcOr d MOBO 4§ todded BOj Is t
B rOdedL dBse L Of tstecdztg Xzj @tc dy@lactE tizrdzv Y sz 1§ dzO s fr
sif zso se s dzOMsMO.

[ jddzs h esCts sjfdser | dOMsh Jdhisd Lk
RMicdz L soaOdedj Ijfdser n dOmMsMmMse o t tsmmdd dd3j
Hif! 6ttdgd .

RMistsyded ¢ sd3 dedzl Bzts § s Islg jdtfydftOe ts 2 1 dzj ecdd Bts ¢
fsojtorndetsMisder » Mdzsj o | j dgdzd, otHtSY &'  ftodtctsH
9jdzlsddzv ydtsdedz" § o7 BtetsMr LHOdzd?2 d Mbtekzy j dzd:
sifdzts Isjrdesdzsedud MSdr ftetsyj Mimtse .

RABY zdzt Msdz € i3H dzldcjOdzfip ffelsdfts Isjf dztse ™ 7 ZOMts s
Ldzgj tec jIsdyud MSd2 §©OdL3d fip SIHIO7 o’ s O . Is j f dztso ' 7 da
tecsodzw 300 000 EMlsOdeso ts€¢ © G BBH.

1 OdBtsdz M jj Omf esMisteOdzj dedj 1t Isd MmdMmisj B
RfdzOdzH d d , ¢9fn teddj ydgteQedd d yoted d .

vjdBfr tetsmMisO ftosdLotsHMisoO Isjf dzser 7 -4BOMsMis:
vs0OC 9o ctitsddd EkyJ EMsOdtsodzj dets BtSdzj J 10 d3dzde
ftesdLotsHdlmwyw 1 d&hzdz EmMsOodktsetst. 1 zojydd ¢ tsdzl
[desor &3 dzdH jtetsdg s o jdzdyddzej dmMftsdz L s OdegdWw
fsojtorndetsisdegr n fdzsjo | j d@gdzd 2O HEh E d2OMmj dzj dad v

) t siimdd fsdL o sHYjlsfiseo 8C tsdasOMisthE&G6e ) G BH
Mtse j toh j dzdzts  dzy O fijls Oz s eZbs® | dgtsdgdsed o  fipdr@ e @Y dz
coLdwdeoydw Mistc Odzr , 56 to s d3dz" § Isjtcted Iststed d
SlsHOdzj dgdz" = tjecdtsdese dzj ftedotsHWIs € MmMistsdz dzj t

dtsYj lsOdzd | Isjf dzser n ZOmtsmse fn Htolz @ d dzd
1 dzj to G tste ji fifiptcdidmp O, 0 jlstc@, K dets b @fcdrdftffQtc Yy j SIsd o
1 dzjteetsdzj L OoadMmMdddtsets OolssdetsdBdetsets 1 € sdztse d Y dzts @

[ dzv MtcOodej dedv fHtodojHjd HOdzdz | (15 oW dstsc
tj Mtemtse (OB g, [ 9] .

v OB dzd YOV & jdz' o0 dzd j ¢ j Slsj ed3Odz dats? 1 dzgj e dd

¢ Is tc © dzO 1995 1995 2000 2000 2015 2015
[ sh detsf{ C dzgj teg| [ 5N detsf| C dz] oG] [ Sh detsfi C dzj tc @
[l oy 3/ 6|f 1ls vr Y/ g flls vur Y/ @6
¢ dzB Odzd W 16,23 107,59
o dzy d te 100 1657 100 1586 54.64 1699,65
dtce j dzlsd 25,7 449 16360 1000,03
¢ tcd3j ded W 1 15 1,50 22,50
¢ o Mmls tc O dz 34,4 351 16,09 194,36
poMmlstedw | 21,1 200 255,3 1609 903,40 6538
1 J &z0telz ! 4,73 113,53
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ClLrtd1lrlURrRsd XX

1 jdzr egdvw |39 101,6 3,9 107 206,08 864,40
1 tsfydzd w 23,92 252,33
Ldteyj ctsg

1 6OL d dzd 360,10 662240
l &6 Oted w | 133,1 778,5 107,2 1637 9311 122442
s OdzOH O 1,68 47 377,6 1023 146678 11615
s OtedB ME ( 0,1 1 0,1 2,78
sMmistctse O

y d dzd 0,4 7 1991 18612
sdls0O2 1915 16981 2282 37908 17870 17435
s sdzkz di3B ( 13,3 266 18 289388
stsMisO 1 ¢ 1 21
mistco Ols d 113,9 555 79,94 684,49
YjnadWw 12,5 128 304,50 1790

[ Odzd W 3,5 45 7,4 75 353 3755
CCoOHTBSE 5,16 102,40
redyfjls 1 15 6,80 88

4 Odz/ 9 OH | 3,36 56
CMmilstsdzd W 63 356
CWdesqfdw 2,20 41,60

A d dzdzV dzH | 80,5 484 1560 18000
AtcOdzyd W | 599 7350 326 4895 2346,90 15867
kL qw 245 7685 250 6307 73,42 695,16
]l 4 ed3Odzd § 32 303 397 1568 2848,60 19531,30
Jted ydqw 22,6 135 57,1 385 221,88 1326,45
| toJ dzdzO dal 1 21

] 90Isj B3O (2,64 83 4,2 117 2,31 56,46

| SdzH 2t O 0,7 17 1,93 45

l jdzgted W | 340 5861 4727 4086 905,58 10268,06
R M dzOdzH d § 1443 21158 1469 20170 2040 26717
R dzH d W 80 2517 986 4302

R OzH tSdzj L ( 2,3 43 2,30 42,60

R tc O dz 81,50 1103,12
R e dzOdzH d ! 265,54 1240,54
RLtcOddz | 44,2 1196 63,3 1713 82,40 2193

R Is ©Odzd W 307 3629 325,8 3774 1014 8682
Cy sdzed W 319 6942 1167 26933 2186,17 26130,08
RiStcH Odzd 153,3 1540 153,30 1540

S 4 ded W 1,3 10 22,40 182,62
ststej v (| 35,8 753 835,60 2682,65
| Olsa dw 1,63 31,81

] dlse O 21 599 94,60 712,90
[ OC J H t5dg( 69,5 509,6 81,2 510 48,68 60111
[ OHOG Ofy! 2,81 75,59

[ iSMdSCO 164,2 3919 155,82 4171

[ sdz6 ts dzd 20,16 340,46
[ OtesC C s 5 50
140 0dz 1,1 22 3,32 81,11

1 dHJ tcdzO 10,8 57 790 6426

1 s OW 7 | 264 6614 307,9 7081 487,45 8621

1 stco j 6 () 6 32 1300 8260

1 OWIds Odz 0,54 2,46
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1 0 20 0,10 1
1 ®ddzj ¥
1 jtob 2,4 49 3 61
Addzdf § d | 1 25 3,30 39,58
1 sdzr M O 63 740 68,5 275 488,84 2742,60
] stelslzg O 5,5 35 35,20 478,20
{ Edgr ded w [137 2753 152,4 2871 245,13 1905,32
t smidw | 210 2422 308,2 6144 308,20 6143,50
4 OkzHBo MY 44 152,89
PptcOQo dw
HjteBdW 115,64 1802,48
g dzso OC d Y 99,7 1808 132,3 2118 149,40 2469,60
4 dztso j dzd Yy 37 761 42 705 152,75 37
5y &zOw ¢ 2,30 37
R M Odzd W 64,13 344,85
zojydw |47 960 377 4128 5600 51920
Z29j2yOtc(110 3470 547,3 2386 1733,08 11836,80
BOHY J6S 1 2,93 55,40
U 02 dzO dzH 0,7 15 128,51 1181,20
v lzdzd 23,1 201 43,80 364
skztoydw 140 1987 820 15756 2886,30 45126
L ¢ tcOd dzO 10,90 118,80
]l j dzd € sB i 2,9 21 283,76 1906,50
g2z ¢ 1874 13890 3766 20302 17415,91 | 75862,20
] j dgj izt | 0,7 14 0,70 14
11 jls &z 31,20 92,33
B4 d3d dz 1 15 1 15
SEBMmdzOo ( 80 2375 80 2375
lwrp 1 8604 112441 15145 190699 70358,98 | 587786.43
v OB dzdylEBIGOtedzts ] ftowv sy dMisdz LseOdzedjy 6 Blsj ted
tc OLydde SaPIs j e sted W d3 [(IflsHh dztsyls:
1995 2000 2005 2010 2015
vyfdzser § dz 1854 5275 15384 33134 49898
[BSGj o >d| 2579 3263 4366 5394 7556
vjfddy’ 1085 1246 1404 1544 1830
1 OfmMmj 2 dz 1097 605 616 653 695
g n . mizh € Q 67 74 157 125 161
RI@zH ZMisted Oz 544 474 484 533 610
dihtf sdz! L 59 O
rzh jor j 1085 3957 5401 6700 9140
[ ndzOy Hifjdaf d 5Is (115 114 371 368 360
[ cze 5] 238 137 86 42 79
Il mMjets 8664 15145 28269 48493 70329
]l ClswBtej] 2014 CGtSHO ftesh jdz HeokrHgj ode 2
ColstsssB’ ZO ftoddzwIsO MlstcOlsjecdw 5 CfdiyddsElsdz jd
Isj dzH j dzeydd dzO0 tor dzg€ j Blstsf dzj dedw, o jdasddzvydd d
M L O IsjMmMdes Meaw L Odg M kiiBtsoOddwdkd | dtt ¢Is
(2012) d rdtdugdarc thisdzfeo ddgtf sdz/ L s Odzdw™w o 5L
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Ldzjtecdd (2009). [Mdese 2@ sHY ek dh s k&) dlsts:
LHOdzd2 f) debdzj o' o5 § slstcj B dzj dad j Hse dij & 51 ts af dzts DO} Kt

{ Hdats 2 gL G dzOo dz" ~ BJtesgw n [ Isg dzhvjeaidaydpdd sE PL o d
My disEOddL 5o Odsds B M s ) L eigf ek s Dl b5 4 cdad * f i e
dzj stcOHdydtsdzdzr | o 5L ts5B dzts o dafvtg Iy 1§ dzwdjfids stytddd € Is{d  jobg Stod
ksySj § &zOdzjls' b ©O2=dsse M o) ydks?2 ¥gssdatdss? |

sBj M jydls: L H Odzd § Isj f dztseo Xz H RNhdgjjtec d jJO? Gff B t&ofsHizl
Is J UdZBdZOanﬁ]er d3d mMd Mmils j 3O &3 Isj §f dztsm dzOH s dzOB % J dzd v
dmMssydzd ¢ 0 Isjf dzO ddL Stsets ftslsj dzydoOdzO ctelzdzls o
otsLHERO d 9 J dzls d Ay @adfds dzdz'Hdflzd . B tftls O IsJ r detsdztsc (°
fsofmj &3 Misdes HEMskz{ dzO.

1 jstese | BIsj tedzOdz! dzf | 6] Mikztem! OCIsdodets M sdz! L [
L dted3Odzd d, clitsddd, AtwOdydd. ) ofjomny jCilds" tffi{l
dmf sdz! L s Odzd™w ctcOdzH d s JAROMd oL @ sdgdndfdf dsfwish j jo.s5L C
ddzsjtejm € dMfsd L tse Odzd sjf d&zO Mkadrs etstew ydn
fjteJHBO " 7 Isjrndzsdzscd?.
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AVL T Ofr1rud] ANdpucswos My J JLIRYLESS I RUR
FUNDAMENTAL SCIENCE AND TECHNOLOGY DEVELOPME NT

dlstcj BEUB O
I mMjtesmMmd2 Mg@Hhddgekg@ts | &z MSd2 ddmisdlskzls 1 dzj Clsted W
(I RCGM), 6. [tMCo0O, Mhdw

Strebkov D.S.

Summary. The forecast and search of new sources of development is aypiask of fundamental science. The

task of scientist$ to predict future, relying on prior experience and potential opportunities of scientific and
technology development.

Upon transition to the sixth technological way scientists shall provide strglegicing and formulate the main
directions of development of Russia in the 21st century.

The main challenges, threats and risks in the 21st century are displaced from military and nuclear, food and energy
security to the ecological safety connected withbgl warming of climate. By our researches it is shown that

signed in 2016 the Parisian agreement on restriction of emission of greenhouse gases has no justification reasons,
and anthropogenous thermal pollution of the atmosphere is the main reasonabfwglaling of climate. By

different estimates, in 260 years there can be a Agturn point on warming of climate of Earth when no material
resources of mankind are able to stop the global disaster connected with thawing of glaciers, increase in level of
the ocean on 8000 m and transition of Earth climate to a condition incompatible with biological life.

Urgent transition to fuefree power, creation of the electric generators using energy of the environment with its
chilling and change of radiation laaice of Earth by increase in albedo of the cities and deserts and the radiation

of excessive energy in the optical range in an outer space is necessary.

The new technologies determining development of power in the 21st century and transition of a mididatioci

to a way of sustainable noosphere development are considered. The forecast of the main directions of technology
development of Russia and world economy till 2100 is provided.

¢ dzdzts Is O dots.¢ dzfs L d fsdm¢ dztso ' A d Mmistsydzd € lisdets 2 tc Ow © v B J -
WikdzHOdzj dzlsOdz! dets?2 dz2Okz¢d. ltd fjtejrtsHy € hjMmstsdkkz Isj r dets
MOl jcedui Meéits] §zOddieseo Odzd] d MW stcdBzdzdtetse Ols+ ¢ dzOo dz'
t OfmBtsistej dzf deser j Isjnrndesaizseddjsq @) wj die hodijc jto QL ofdjlstaljj
ydeoddzdL Oydd dz0 f ks EmMss2 ydosets dssmi jtocdzse s tcOL o dlIsc
sjrdetsdzsedyd MEses OLoadIlsdwy t sMimMdd d dBdeseots? {1 Ctsdetsdzd &

Keywords:forecast of technology development, ecolobgadety, new energy technologies.
sdzs yjor jf dslesatD: ki rndsdzsedyi Misets wOLoadlsdw,  Ctdtsedud
sjrdetsdzse d (.

lodHJdd

1 OHOYO Hugijda fift OL " 9 OIsy BEHENj ], GYfJqtcOw f!
f slsj dzyd Odz' dz' | Odztsydate sz misqd rdesdzse d yj M se s Ol

I MmMdesodzr | o7 L BsOT |, FeotetsL T’ d ttdmMSHdHptod2d? o
ftocsHtso tsdz! Mise jdades?2 1 dgjteédjilsdyj MS 2 BjL S Of
Mow L Odzdets? M cdzsB Odz! dg d5 § sSIsj ff dzj dad j d3 Q@ dias, 30Ot
fsHfdMOdedetsj © 2016 ¢. 1 O0tedymMEésj MtsecdzOh j dzd J
dzd dd3d JIs dzOkzydesets tsBtshdzseo Odzdw, O ¢ dzOo dets?2
WodzWw jIsfpw Odzlstetsf tse j dzdetsy Isj f dZBp 54 1 5 OB ®Y datizflzdzds
Y tojt6020zils Bsyjls oL ded S dzzls! IksYyc O dzj o sL 9tcOls
dzd € OC d 4 BOIsj ted Odz! dz" | tcd Miztemr YJ dzse j yJj mlse O
COlsOMmlstetsW 2z, MowL Odzdzgz® ) IsOwWdzdj d3 dzj A @@ < € d
fJtdnBHOS dzd dgtids@ tso MtsMistswdzd j, dai Mso dzd Misd Bis |
1 i BBRaBHd® Mtesydzr 2 fjtejnrnBH dzO BJ Missi dz
Cltedyd MS dn GJdzj cOIststeso, dmf sdz! L s h d=~ 1

dzj
~n Oy Hjddd &3 d dLd3jdzej dedj t©OHJOY(] §dzftyc O dB @BdrG

1
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cstesHise d fEkMmlsrdz d dLdazkzyjddy dLB' lssydes?2 1 dzj to
¢ s idsf.
1 OkCiOsts ddemistczd3j dzls Hdzw ftoetsedesL © d §sdME O dat
GCOHJBIE (1 wjtec2dz) GBS jHodzW i twlEsWP ECS] ol ~ dzts
EC dz@®Q dz@ 9 Oy des MlsteOlsjcedyu MS s § zOdzdteseo Odzedj d
tcOLodIlsdv. dlstcOlsjedw fjtejyOshjcets tOLodIlsdw H t
fjtemf jSIsdoadsr » dOEzydzr =7 tOLOBSISESE, W ddOdzed tets o
W ddzOdzd tetso Odzd § d dpdktisas®y d sUadz w d Ististe  dzd deso ™ 7 f
Bsh dshisj 2. [ Bdzy 20 t©OBBISOIs! Bdes e s1 h j dztsdzd tets o9 @
fsSHHjt)YCd ddedetso Oydtsdedets? d ddzo j Misdydsdedzs?2 0OCIsd
1 - vjmMdzO  dMmodz, Yylss fjteoassmisj fj dedetsy L dzOyyd d
MsL HOdzd jj deffLRsB tEislds MO 2 90y dz" 2 ftetsyjmMm jets Isot
J tejLEzdz s0OIsj dzj HisMils Ols ts Yy dzts 2 CsfmMkzH Otcmlse j dzdz
OCIdodesmisd ¢ d&zOH ( sMimMdd o cdzsB Odz! dgf 2 o9 Odzsor 2
or MsC sls j n dats dzts ¢ dIPdzt82 9, to tdsH Zjdz jyapd" 1jO0 (tds@®B dzd yO 1) .

v OB Zfr@dztto Oy d sdzdzO" OCIldodesfyls: o sdkOj, wzd d

-7 t Is tc O dzO ydmdzs " HOdzdz" = f @
1 sdlk0O? 1300 000
2 420 500000
3 o4 300000
4 t sfimdw 29000

| sMEzH OteMmise j dzgdzOWY § SHH jtoy CO dzOEzCogj2yOshiffdde o
3 ©OLO djdz hj, yYyjdd oats AteOdzydd d o 2 tOL O d&j dz

5 OB ZJOMREBH' d20 WhkdH ORj dzls Oz dzgz® dEBRE (s %A 55 |
fls tc © dzO 7

T s tc © dzO % tsls 111

1 ZoJj2yOtdvw 0,9

2 5y &zOW s tstej Y 0,76

3 RidzOdzH d W 0,65

4 1 d H jdeHZO 0,56

5 ANtcOdzyd W 0,54
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LWWjCIlsdodesiisd tcOBTBIST ddzmisdIlskzIlstso d dr tkz¢to s
GtsMizH OteMmise j dgdzr = dzOkzyder = EZytej yHJ ded 2.
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Ldzj Clstetst dzj e dd Y eodzOdgbsts)' "t @ @F s B j &3 §J
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fsdzyj ddY §jttjHOyd d fteddsjdzj dzdv  dzj Cilstedud M
Bsdzjj 50 {§Olsjdelsse A [6]. 1597 j Ibjrdtsdzsed
Mo i3 Msdzese s 1 dzj S stetslstc Odzgmf Stels O
| tdzjeejlsdudmSd) Ijrndetsdpcd iz e sgl g
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13 ditsHjdzj?2 1dzj Clstesditse ddzj 2, HSO j HW isi jsdgh g G
Bl jBO ftesdL osHMIse O.

—. "
I



42 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

 dsdBdzdzr | OCCkBzRVISStET M 1990¢ Yt 20056
Mistsd i Mmis-¢f sdadg Issd 2 OC C Bz dzv Iststcts o fmMdzd L d Isfpw HES 10 (
OCCERBzdzdtetso Odzdzts?2 1 dzj SIstetst dzgj s dd HEts 0, 11Htsdzdz/ €

1 OtwWHEC O 1 dzj € Isthtsdiaday ddizj] & s H z dzj 2 sBJMmMfJiudls
1 dzj eesmdzOB Y jdzgd ] 1 dzj SlstetslstcOdzmf sStels©. 1 O f sMmdzj H dz
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IJ RC1VR[ S8JRIOGURW RHSRR Al Ut UusnsopsvEMI] 1 ¢
trevt a1 BEUVARDI[RY I fTul ¢ IR G [RY
frst {1 frdtluafrs
EFFECT OF CLIMATE AND INFRASTRUCTURE FACTORS ON MICROALGAE
BIOFUELS RESOURCE

Y J todztso O 1§cfm\;dzga[oo%tq’§lisao 5. ).
1R[] JRC cGitectcOWduyuimMitsets YWOSEd sjlsO [ v dd3j ded

Chernova N.I,, Kiseleva S.V, Rafikova Yu.Yu.
Renewable Energy Sources Laboratofiyseographical Faculty of Lomonosov MSU, Moscow,
Russia

Abstract. The article analyzes effect of climate and infrastructure factors on cultivation of microalgae fer furth

bi ofuels producti on. -t&m expehinentd and puklicatiohs dataireakonablé kmitsl fay n g
climatic factors in conditions of Russian region were proved on the example of a model object Mititoalgae

Spirulina / ArthrospiraWe showed the significance of accounting these factors for selecting areas suitable for
microalgae production. For the mapping of climatic factors and further districting we collected and structured
meteorological and solar radiation data. We have compitet analyzed maps of climatic indicators for the
territory of Russia. This work could be a basis for further detailed analysis and selection of the regions that are
suitable for producing microalgal as a feedstock anghamducts, including for bi@nergy projects.

¢ dzdzs s Oy GB sIs O  § sfo w he jdaf® dz® 8z0 RFzdEZOIs d yd M & d - d ddzWtcOmlst
9" tOh doOdzed] BISCteSo sHESBMAdZi 2 HAZW HOM dzgj2h jets § sdzz yd dz
dBdzs e sdzj Isded € MY jdds ¢ d3jddzlsdexidis fif) Ghlis eda@ipiis-n dzts 8 O dz’ fstesegtsor j
Cdzd 3OIsdyud MSdrn WOCItttse H dzw Zmdzse d 2 t smimpdd dz®© ftcd d
BdSCteso sHiStesMdzj 2 Mfdekzdzddz / Olstesmyf dter . 1 8C0OL OdzO L dz0
sjctedIststed 2, ftodetsH dzr = tHiEd LdgdsCHiddsso toH. 5 tg tdirydz ] o Bteldsts 6 s OW ( to
WOoCkstese d fssMmMdzjHkzeh jes ©wO2tdditses OddY Isjttedlsstedd Oo
Bl tesdzsecdud MSdr d OSCdiyglsEn dicdeyj hCHEs @ REaa] mdtctso Odz
Cdzd BOIs U MO JAERYY dzZf 2 ciedIststedd [ sMMdd. 1 OdzdzOvY OB SISO B>
HjlsOdz! detsc to r GdsBjdd Pdetwfes,tsH dz" 7 HdzW fsdzkyj ddY GBS teso sSHiStet
mMsf zlsmMlsezs h drn ftosHkzSIsseo, o Ibtsdg ydmdzi HdzY s Clsse B

Keywords microalgae, biofuel, biodiesel, outdoor and closed cultivatdisate, infrastructure, resource
assessment.
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JBEMIsd dL f§oddlsddj o ddad §8&ddezqidsnRai O
dzZOH zo dzr jMm dipf§dtsdz C dd3d o j tols, d S {Osxzdidz tekjdls @ daxipjrdgw digftc &
Ckzdz' Is d ol®ts jsAch) Is s te ts dzdzd W 5 IdSH@BBtUL)ISO Cjls S t6 ' (Anl1t), Is tc Iz
tcj czdzdteso Odzed j &3 fsHOYd HT Bseor s cOLte d .. ),
Ao dd j ei3@MsOlJOdP¢ & JdudigiCdmizs ™ § s MY shse ' dzO ¢
stcj B OIsjdz dzn6 ¢ Cdzd ZOIsdyj MSddz W OC Iststc Ods3.

RLO jMisder | EmMdzsedvw lsCter Istsets Ckdz sdodtetso Odzd v
BdCtecso sHiStetsMdzj 2 fsLotsdzwels ftoj HdzsY dIs! fMdzj Hize N
CazdBZ3OIsdyj MSdr WOCIktstttso :

-d dzls j dzffd @ dets s Mtsdzdzj ydes?2 twOHJOYydd;

C



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 47

-Hdzd Is § dzt detsflsd Mo jh jdedw ) ddzlsj dzid o detsyls ¥,
(5. j. Moty ggso s2 Y OL' tshkso)

s B J @B BBAz] c 5 Mdzsw Yo

i dd3 sMOH S g aded(jtc Qftpdaefjunj indg o © sMOHS e 9o Isjy

- dals § dzfd o detsfls! dMmy Otej ded v ;

-ZHOdzj dzdzs s s dMlssyded S s ftedesHdzsets o Is,

1 smMétsdz S22 yohyjy oefmjets dzgj sBrBHdA § ¢ dzd d&30Isd
o Isjyjddj uyoOmlsd ctHOpty By datle’ Y Gfglals j e Bez" SO N
dqdzj s Ismw dzj sBrtsHd i3 | LkMmdzsotaw dsfje.jH .| dedztsHidsdddzts s

1 sdzd d3ts Cdzd BOIsdyj MSdn toj Mztcmtsoe H dzw f t
BgCtetso sHiStetsMdzj 2 dgj sBrtsHd BB dzOdzd ydJ ddaW teOMmlst

- dzOdzd yd Jd Mo sB SH dz" n L j d3gj dz (dej f dztsH StctsH dgf
ftotsdgr hdzj dedzr 7 f dzsh OHESE d . . ) ;

-f dzs S OV f tso | taf dzsfiplez j( Bzt dz

-dzOdzd ydj otsHdzr n toj Miztcisazts dake Ofige d j o stfitc j dz

BdzdL 5! dhssyddStses kedjSdhkscts ¢OL O,

-stcOddf @t HsMiskzy detsfyls !

- dz0dzd yd 4 Mild oG ts 1 dzj G tsMdzOB » § ded W d dzd
otsLtsBdatso dzv j 3" 7 dMlstsyded Ctso 1 dzj e dd;

Blzd L sfls! f§tslsjdydOd d' 7 fsktjedljdj?2 fsHLE

-dzOdzd ydj dedL StsIsj BB j tcOlskztedzr 7 1udgjutg ¢ pdgtuf)d. Is j dz,

l fMmewird f Ikjds, uyYbts dz#BOW Isjtetedlststed™”w R OtcOF
tcOL destsB toOL d j dzdisdd o Otts jd dDjydids dzd ¢ OL Odzdzr = or hj
ddW cOMistclzC Iskztcdz" R WOoChktstetso ) dimfidzj Hise Odad
¢ Otcls ts ¢ wQWdddztdis tdalz B\ ¢ Hal@ dzts 6 d

1 2. 1 OHOYJ ? H O dzdzts 2 tcOB SIS wWodzw jIsmmw  tOL t
sjtetedlststed?2 f fLrdyd?2 dr ftodetsHdsMmisd Hdzw
B S®ROGHS tso sHiBtesMdzj 2, Hdv yjdj2 {djtcilsds
ftosHEZCIstse , j off lsas'dftuldtidz HtsB O9 dzj dzdzts? Mistsd s Mls -
L OlstcOls dzO0 tsfdztse dzts?2 1f dRidag g Pls by HBOC &Y J § © OIslicDIs d
8] d2O0 fteddiited o"' tOh do Odzedy Ik OSE OB SIESfddii B
0" BtstcO flsd 30O dz' edz” Chplsipiij to te3fslsitg telf Mzs e s tsBi j SISO o3
L sl S tetso SH stesMdze /, y ORI @ls o tcOh do Odzed |
bipdkzseo dv e o HBMiSOsYdss " dtetsC ©®0 MY Of OL sdzj o dzj

1.3.RL 0 j Midipdrtsjo ¥ C kzdz' sdo dJtetse Odzf ¥3 ,[ £@ jldndsd & lsdz
or wOh do OdzgdW h Is O cifiste H Witf ffRte 1z alz diABtt deftigtsg dg jdH s o Ols j dz
ZOB stcOltstedd otLGBMSo &Y & 7 dhlstsyddSsse L dgj
fsLotsdzddz MY sttddtcse Ols! mMdzj HEs hd2 (jtcj yj dz
WOClktstetse d dnm L dzOyJ dad 2 :

-tsfye j M j dadets yléFdgn ik Is 0 d Szif Is tMe dfdEfntqdzts OF & Mwis 1 tzfiils Ols
fesgdLotHMIS O WI4E tetso SH tSte s fdzj 2

fejufsylsdlsjd dtsj Mmtsldtsh jddj Mo jlksots?2 d
B4 dzd J ., Uud B 6: 18, -UQfftse "HdgzdS trizoi3y gidh] Ko sy & dzfigy d |
dzj H sMIsOlssydzr di3d Hdzv tesMIsO o sHBwsSMdzj 2 ;

-sj B jtcOlskztc® Ckdz sdodtetse Oded Vv . sOC fsCOLT ¢
MY Jtokzdzd 2O/ OtelstesMf qte® dzj HOJIs % tod t©f @ ytzts g
BIS o SHEEEMdZ] 2 oMkl df j e &GS o3 daisd O K @S ts dif jt
ykzeomlsoadlsjdz' dza € LOBStcOydoOdeds d st lssdzlz dzj «
dzdy 4,0 ftiod Cbstes? HftesdLs2Hjls cdBjd SCkd lskzt

[ dzv  COtlstsctcOW dqtetso Odzgd™w € dzd BOIsdyj MSdma WOCI
slsCtor stsets Ledd s ddgd Totstso sHistetsdzd M qokzdzd dz" ,



48 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

MstczSCIskztcdtetso Odzed ] Mstslse jlsMmisokzs hdrn il stetsdztsce d y
lyjdfEdzzyj dzdv ttOmftcj HJ dzj ded W ¢ @ ue@dpdzs'tcdd d2inG® Ig sadas:
MijlSj dzORI B' dZO ( i F BARA SudacOmp@orado@yaid Sel® Eukagy

[15] d tcjLzdz sOIsT Bdzts 6 s dzj Is dzd ~ B lsj by dse § gisns
FHso dzj se stedIlsj dz/ dats COyd Mlseo s OCNAFALBSE jHIswd yJ ME d
Isd etedststed d { tsinief Jf exOrdgifpts [

¢ dzO dzd L C Otels tsG talgWsdj ugjdifXdss f ¢ OL Odz, Yylsts dz0 Is§
tcj 6 sdgts o, ) Cslstster A Cdzd B3OIsdyj MSdy Eidztse d W
CtoecdzsetsHdydes BjL HEG{fsdzddlsjd dsets ffsHSGt] o 0.
Mz BBOtcdets 2 Mtsdzdzj Ydaets?2 tc OF GOQY 6y e dizjigjoz' 4 O | I ts/daig
fdash OHd t A o Isj{ dinjdzlf seidetsH OF (O &Y lsixf oy j dgf Isfdzg Jn» s
B Mgl . [[HEOCE, 6 IjdkfjtOsbedsdz ttjydhz fEddt
ENde j tjedtd (A, GHFJ WBdeHdas ViG] § BQREOECO
Bdded B3z 6 d&@BiMwyje o CEBHE.

It ftosHisdydlsj dzl desisd Mtsdzdzj ydetse s Mdwdedw IsOC y
l B dzs {f6te/dffigllvldsCsd )> ftcd e sHde 3 Wodzwe sfpw toj ¢ d tsdz
| dzls tc Otd22 dg'dgf cQIzlsq’c{.

s s dzj € fmdz 2 O dzO dzd L tef @eiptfintds jicHOjdzinjlsdad) Wdzdztsec' 5" j f to d ©

dud MSdn W O CdEOslic ts o ' HYfj wizdelsts dzd HzdzW HOdz! dz 2§
w o sjtotcdlststeds SO ( simgPo COLMEIRtclH
HjtoOdz! dgr | tsCtolzce GzdEdzjjj S sA]lsaddd® dr’jdg < o

S

lrmo9aBHT

{fted Hjdvehdd H dzV Ste Odzd L Oydd fesyjmho
B S totso SH Stets Mz AdzO depwlaf jj Is i§f dzd BZ3OIsd yJ M d = Eidzse d 2
Clis¥/mdgls ddzd Hteddfgtetipssbdets™Mj dedj Mo jlsseas2 d Isj d3d
Bjdej j 6: UPPB Isj B jtcOkztcO® € tolzfuQs nj @R ts fifristdg Qidzf Isdejj dzc
OdzOdzd L  wOMYtejHjdzjddy {ldn WOCktsttss (L otsddd
or Hljdzdl! twijedtdr tsMmdd, o Clktern yYj dzj Mtstss ol
WOClsstctso dz@ tc J dztfCefpidtfly! s a0 dgfidzr 2, -s @g © QucfisC d 2 d
ster MECd2 WJjHjteOdz dz" | tCtkeO.

J COyjmbseoj LdOyYddr a Hd&v (simfdd dJdWtcOfmistclzC L
oretste Isjtotedlststed?, ftodetsHdz » Hd&Y Bt ssets Ckd
2O f§jtotsds { sOfJ dfyfdesy sz Odgdi Hee™ dedf Jts to

-d20dzdydj oBHAZ fn toj MkzteMmBse ;

-dZ2O0dzdydd Iy dOgpfmied] IOCter 7 tOMMdBzOIstcd 8 O
Ctslsg dz' dz" § ) ;

-d2Odzdydy dhmbtsydedStse dzdL CSsIsj BB j tcOskztedzr 7 Isj ff d
KOSy | tOMMdEOIStdo Odd ffisdzttseji dejStdsOy d qizj Sels tdasts a5y d ) dzj

dzO dzd u d HsfiskY dzr H dzw ftoesd3” h dzj dzgdetsG s 9" to
fSHEOLE®B] 90jls OdzOdzdL MdMmisj &' L jdsdzj fsd L so Oded W

ltotseo jHj dzdzOV tc OB tsls O HHtslve HaizG Is tcg ¢ Gzs ey 2 sk d d
O tsdzd tetso Odzd § LIOHECFNS e dodj difdsy d dzOd3 S Oy HEBEs8 W OCIs
Codsf dzj Sz S Otelskz, Oy Os ks Msjfjd fddsH
Ckdz sdodteso Odedfsin dagP ¢ totso SH

t OBBISO o' ff sdzdew zOfM+ Htod f OB0RPEcY Cj] ctcOdzsO t A A



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 49

9.

10.

11.

12.

13.

14.

15.

16.

[ dlsj Okt

Yyijtedzto O | . R4..,)] .5 figisdBisB@ 59 © v. 1., 102ydo &.R. [
Hdzw fsdzkyd dzedvw Bdlsstf dzde O/ / ¢ dz Isj tedzOIs d7d.dzOw 1 dzj
R. Laurencas, VG. Semenov, NI. Chernova eal. Producing transportation fuels from algae: In
searchof synergy// Renewable and Sustainable Energy Revj@044. Vol.40.P. 133 142.

4 dztso yJj dz s d. . AdLdBdZtedyj M¢ Ow tc ts dz! dz0O ¢
L COtedBlsdud MSdd3d GBS twetso sHBtesMdzy 3d fted Mmistej MMC
2, 41202192

Milbrandt A., Jarvis E. Resource Evaluation and Site Selection for Micrdaigdeaction in India,

2010. [ G dzj € Istocts dzdz" 2 tc http:Evisviy. hrel.gov/dded/fy100sti/48380.pdf H Ols O

tsB tc ON jLHRH 2016).

Henrikson R. Earth Foo8pirulina /Kenwood, Californa, 1994.

Huntley M., RedaljeD. CO, mitigation and renewableoil from photosynthetianicrobes a new

appraisal/ Mitigation andAdaptationStrategiegor Global Change 2007.Vol.12.P.573 608.

Benemann.R. 5th AnnualWorld Congres®n IndustrialBiotechnology, Chicagqg April, 30, 2008.

Agwafuel FP7 i 2413012 CoordinationAction / FP7-Energy20091. [C dzj € Is tc tedzdgiz 2 )

URL: http://planktoleumconyYphotobioreacto/f8 ENEMANN2008 OpenPondsClosedPBR
ComparativeEconomigsdf (H O Is ® tc O " : R2tA$.2016).

sq’fn;dz;ao g. 1., 1dWiHBOO [ .-E] ¢ tevOWNtefdggen®@ d §| . Rz
ftetsd3r M dzd dzdztsGBdZﬁ\Mz desdsCtefotadsH stetsdzd My Jezdzd dzr /1 /4
ftoesBdzj d@3f tjeddzOdz desets tOL o dIs@% Mmj Bk g WY d3]L P 19 ¢
(yoWis,dgx,X) , skttm¢, -180999. 4. 157

[ . clJvalsdda) atpdzso ' )i 8 d M dzH O] idj © OW  ezts ) O Mzts o dzj oG J Is
fjd MEsatLw2imise j daz ds » O tad ddOsyai§idsotg d W if £ Yl s ¢ t5
nBL W29 O® - 6.0 & 25128,

Yy jtodzsorRQ s dMj daj.b &, j todetsd .1 dh joOW yjdedetsyls: M dto
or ttOh do Oded W  d// I jtchigf Iszpizzf) 3PROM COBH jipgddef MSC - BL W 2 Mise
dzO ¢2001.6 ~ ~ @ .4 60i63.

Y Jtlodgs®Os,dMj dzjlo.QO2 @wirRo) totsBdzj 5 § sczzyj dzed¥ B SISt
f8Ctsdzj ded W : otsLHj2Msoad] Mt MMtstetse dz@ J dix) ©as tF dzj
osHBtsMdzw 7 (W GHiDdizs s P tolsiOuddf] dcdz@PUs S 2 20190 -~ 12

(152).6 & .70i83.

Il ogdzy SMmMjotsdzgpo ! j o, Yy Hisdesd @zjc.GR Isddud MS d 4 stede@dzls
sBh j Mlso 5, sCtokzy O h OW Mtej HO. vssdg |11 ltodtesH
yddy 3. IssLtBdtsodyjd j ddmMistsyddiu 3.6 d2f O g dzef MBS G
Hsd " | stetsH j y" o & 5B .0, 2004.

Y JlodzBorRQ [ BN OW LS OtcOSIsjtedMisdS O dBJStetso sH tstesmdzi 2

]l 5L 5B dzts 9 dzv j 3" 4 L dzj eetstey Mtemrd sBE REMY | tedzOB 5 @ E
fOSIsdSkzds f 8H tcjoHu dzdha jdtc g dslszsleo M G GO . Codad E1®125.5M G 9 O
Algae Biomass: Production and UsEd. G. Shelef, C. J. Soeder Hardcoveri December,
1980.ElsevierNorth Holland. P. 662

NASA Surface meteotogy and Solar Energy // Atmospheric science data cdnterdzj € Is tc s dzdz"
toj Mztem] . URL: https:/ /e
(HOBO tsBtOh jddw: 02.09.2016) .

¢ IsdzO M tc] Mtemsoe oftsL tsB dztso dzv j 352 Ldzgjtecdd / dzO@ Is
U R .0 dzH to ] j &BS QB HYj. dprA@ROMO. dzd dztB daDt fs v dd3. 1 . R.. [ J dzH
[ sMC o 0,0 v21BA 5 .



50 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

trruvfPuvduv3 tJovemewdpsbsRM Rud| RBEJIOL &) [ SUR
gl ooy L1 [allfiratrcS1 0t 4 URYL[[HHSURI M [
tdoveres [ L] 1o rct®f?r04d Jlev s

RESULTS OF RUSSIAN-CHINESE RESEARCH PROSPECTS OF JONT
DEVELOPING OF RUSSIAN ARCTIC AND FAR EAS T WIND RESOURCES

stybkrtse MG PORO GO, 2 EHiW N 82,0 R 5ZOj,8, 1 . 1 .
1dSsdz04,2 1. 1.

Lt siid2 M) {ditejbduimneits] ¢6j

2\ Oz yodist stedzOydfsdadac 2¢c duvf 11 dne, [ B

Kozhukhovskiy |.S., 1; Nikolaev V.G., 2; GanagaS.V., 2; Kudryashov Yu.l., 2;
NikolaevV.V., 2;
1: RussiarEnergyAgencyof RussiarPowerMinistry
22Research & I nformation Center ¢ATMOGRAPHE,

] HiSC @y H MisOo dzj dzr toj L Halpwls Odsts L dzdshy fdaz nHs § 1@ Ot t§ d Islg igztindsch 20 d
dmMfsdz! L soe Odedw Ctokzfdgr = o jltest dzj Sbtedyd MSdr MsOdzyd?2 Mz d3dsc
tesmMmd2mMedn BB Wr BBtej?2 wjojtodeset [ jHBoadlstsets d uvdn
9 sdl0?2 ft tewfdgdwjdsy Owlrfj C(Isf €1 ) (Y oMmlssw ddatsets SC O kZdz stc@oar Mt
] OB Or ¢ OL Odzdam{dnd tsdidh fg dzp OEA[Qdsd Yo | H 20 d =XXIts ts figlfy di@dcSsdpr ~( A [
WAsP-11) &ibktsHdS d tOL©OBSIsOddz » o  tsfmMdd B OL jH@dAdz d3 (L
dmMMmdz) Hse Odz o jIstetst dgj e jIsduyujMEd2 lsjdydod (16¢61) o 27 tC
ftcdetcj ydz' » B zOMla j 2C tistsfipiydrd ZHtseo dzj s stew s h dQA Zfmls Odats 9 dzj dzc
WOCItEOME o' B tcOdsr Is to dils e O&Ys dz2® s dgd cHsozeRlrd Hij2 §UAET2H ¢ o3
HisMiIs Ols tsydzts 2 Hdzw  tc Cgtolfj datsfiglisf v | vt ©F @ u JfIslolzd ¢ hidz0 dzdz®: ff s dzlkz 5
JTHOEMEd?2 o ©O2Bd0~ M -gd@kzst ORdS 9 ff @ty @ kU0 20" f B dzEtsMistes o
M yd destcOdzd o  sfyj dz€ OAccrOd ¢ P di, s d@ is@EONz dzp HHOFROAEadf ¢ @ o O 2 ©
l seddPots.

] sH Bt Odz BOtwh clzlsT s lsd 30dz' dzr - s ftotslsw y j dzdetsfyls d d G
fsmMissw dzdztsets IsSs8C O dzOftewy jdzedjds 1100 G, HdzZw IstcOdzlf stels d o ts
sdba;

lticso jHjdz BlsBtste 9 jlstest dzgj ecjIsdyj mSdn EMmisOdzso ts¢ (1Cv) 9 J
fSHAaBHYB fmdetf drts ¢ d UL QA dBIs douj €l ds d  dzej e jlsduimeédds f sCOL O
H dzW idGOlqa Hdzv i Mls drn () O oz g § tefle e dgfOL d3j NIy jd{dsd dz
Cest WWdydj delsse dimf sdz! L s Odad ey f 7 & EOd3@P dbEpdgentz F36MWWH desflsd (s

Sinovel105/3,0MW, SiemensSWT 118/3,6MW d GenerakElectricGE 3.6 MW.
VviisOdztse dzj dz yYJ dzj MssBtcOL dz' | o Ot diodialss ' & d3zinGiOc Bfis kB dpisd 2z¢ Ml
Tdz0 BOL] sid@BdtetsomMidrs ddzd o Or OdzPdziplOlnl AL tdsjoLMEas ¢ dzd iy Mds®
Mz 3dzOtcdzts?2 Bshiddsiisgl ss @BpHL jtcodekze hdr d or tcQoadzedo O h dn  dz
Bsh desmis! d o' OBtslsCkz ¢¢ dzZO | de Ol Cu.
# cEOMdzts ftotso jHjdeder 5 BYj dzC O3 { SsdesadBdyuj MEdma € OL Olsj dzj 2

Cdlse2mMedr (99dHE BlMmklMmMisedw woMmMd2Mitses " lsO) ttOMyJ dzt
tcjLitodtekzs hdr uvluw (ketd dzr » dzdBts cMHbtfoHds) cdOdgdmis] d§ §.
HsMisdyddiBO MiBj Mssd@gsmis! or cOBOISTr 90 Bs2 L, dc Ol Cu € dzC dz) .
HETPB1% d ftedj dddzi i3F » MesC Or ST OJ @BsMisd.

) 2015 e6etsHBkz (sMMhd2Metsy CdthsGJlsdu_Jfr]QBJ dGJ
MBSQJdeZS-dﬂ%wCBC@UZCMﬂdeTds Yd destesds " ouvf LT oA L O8
Hsetsotstelz ) | SfkHOkflse jdadzs?2 Czj Slstetsmjlsjots? stst
EdzdC Oz’ degsets Hdzw BJtesots?2 fwOCdSd §t BOMhsOB Ok

d
Msesdlsjd Mlse © d dmfsd Lise@ddNs St k1 ld80 &y R j Isipis
Bsh desfls' ¥ Hs 50 4l (1dcOlCu) d0 tshmind2msd:
[incodkses d vdoises 6 jOdses M §jejHOyj2 1 djés
L dzj Clstesf jsjHOYd ([6)) fofssw ddscs kS0 kd st
] ©O0diC 08 ESCOLOMBsEs dhidjHse OddY (6o of § sd



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 51

Cdmfsdz L so Odzdj d3 o j H M d aXXle s fif ) da@dfipessPLly: ( A(] O .
BdIssHdSE d OLKOBBISOdd » o ttsiimdd B OL H Odzdzr
f OtcOd3j steseo d o jlstcO digmidg dxo Qtels p geistcB®azdzf &€ ]
Miojtoedzr n ftdzwtcdzr » d HOdz dgj otsssydz" » ftedBtc] >
tod . 1 [1].

lrBtstc tcOABdtseo §f jtemtf jSCIsdodetsets Hdzw ) tetsj € Is(
M Eyjbtsds MdzjHke hdrs Ctdljtcdjo d WOCIststeso:

T O]

&d yd v das mMis€) d ®EOds2 bHOd ddashlsd sl b j

or Wodzj dgdetsets L WWJ SISO Mmdedy jdzedw 161 fted BkEHOdAz]
iftc] 5Bd&ZOHOdzdw tcOQodzddedzr » Isjtetcdlststcd?2 HA&zY tLOL O
(Hs 18 vy C&

izHOdzj dedetsfyls d  tgj@i2divdztsiod cta@ILCdg "sls ff stelstso TAdAD tc O fyfi
Cd Hdzw BB M jujdd?y btcOdmf stelsdets? HBMIskzY detsfls
i B3d dzd BOdz dzs?2 EH Odzj dzdfsds @2 ME s 2 to 6 MpPAR YT 5 H dzw
ftotslswy jdedesisd [ €1 d drn Mssddksmisd, tftjHjdi
i dz0 dzd yefo? edzOr tOL BBy M jdedw 4 dc Ol Cu ddzd [ C1 Ea@E
Hdzw ML HOdedw tojL jtoodtokze hdn dsh datslsj 2 Hdzv

i EyjlO c¢jsWdLdujdEdasddj BSdics kdssd2 Mkt

(Mo jterndedL S drn Isj BB jtcOlskzte, o j ydats?2 d3j teL dzisls™ |,
idej ftojorhjdedw MmjeBjMmMssdhismisd ¢¢ 1 dc0O)] Cd dzO
teso dzv, L OH Odzdztsc 51 dzjd IsBORWPOIs26 Gnliss.tc 5 dzts 2

I otHj dhmdkzjHtse Oddw ft ftede jHjddzr 8 Stedls
Ho Zitge j d3v  f sdzd ¢ sdzO A3 T )0 1 izt ) Omitthyls Quistts YldBts 2 H dzw
1dc0Ol Cu dBshdshls! 8 Hs 50 P2J 4 stzdigdzO 2 dz@ 11 Js¢
1T HOdMSd?2 o ©0O2tdOR ) g dikls o0 ddddzin fifusdsgosss 2@
fsdzEsmistetsa ] v O2d tc M Y delstcOBY COwcf ©®fj &S @ s dgd «
4 On Odzd dzy o itd O 2BEEEDAM C{CGidd O 518 d B

] sSHSB tc Odz BZOth tclzlsT sflsdB3Odz dgr = 5 ftetsls
tcOMf sdztsy jdeds [ C1 foMmistsw ddesets IssC O dzOff tew 3 j d
1 dzj Clstetst dzgj e dd tsls | dle@) & HBs StOdedyr f s

ltcso jHjdz BlsBBte o jltetsi dzgjtedjlsdyj mMSdna Zfmls
ftosdLotsHdIsj dzj 2, dzO0d B tsdzj j ljtsH.-.tsmdchcqa diusi Mi§ H =
1t dgjteejlsduimMedds S 0OL O dzvds dzO ts dz ftotslsts
fjtemMtf jSIsdodzssets tcOL d&3j M j dad v .

1 OdBjsdzit WW j CIlsdoe dzr d&zq ) Is j te d3d dzOn Cst WWdy:
dets 3] dzO dz' dzts 2 B M detsfipls O didefiyento 118/3)6 MW, Sinovel 105/3,0

s
MW, SiemensSWT 118/3,6MW d GeneraElectricGE3.6MW. €C dzj tcc jIsd yd M< d 4
1]dc0OlCy dzO BOL ] or B®O®dedfzyg 1Suv HOdz o

ViNlsOdatso dzj dzr yj dzj MstsBtcOL dz" §j] ©OtedOdzlsr d d3,
L dzj CSlstctsMis Odzyd 20 ( BAO®E ! dg jrd3d scsoMEdrn ddzd v 0O- 0O
GOL Bioadz@ BOL J UOLtsafr]Qtsdts B3 Misstetsy H jiddw ) I fiskz d3
oL jtoo o B@sidedffo O h drn dzj f sMistsw dzdzze o5 o tcj d3d
&ZzO 1 dec 0Ol Cwu.

4 56 dzO ) dzts ftesojHjdedz d3 Byd dzgC O3 1 ¢ sdzsdBBd U d
9" BtcOdzdzr = ©0O2t5dz0A, dmratHw dL Cdso2mednr (o
Oy dets¢ dz0 Mstetsdlsj zdfgl®d € ¢ ®pg Hkkey 4 d -
zdBts GOLBoOT 7) d Mmdmkjd §jtjHOyd dn Bts " dzts
MdBd Mistsd didtsMis 9" tOBOIT 90 &2 1 dcO) Ty C§ dz€ dg)
ftots] CIstbd1l wWisd 9 ted j dgdzj dzr = MesC Or CEY O BsMiIsd .



52

SJ1 1t (REENCON XXI¢l [y Jas v I Jcrfodc

ClLrtd1lrlURrRsd XX

O TMpeaBapuTeILHO UCCACTOBANHALIC PAHOHLI
O Paiionnr nepexoaa JIIII ua rpannne ¢ KHP

B VroJbHBIE MeCTOPOJIKIC HISE
A TOI na yrae
A T'2C

t 1.t 4 cdtsds

u
NnpeaBaApUTeILHBIH BEIOOD

Paikioner 1, 2, 24 -

OKOHYATC/ILHLIA BI;[GDP

dmidz Hso Odad W

2,3,9,10, 21, 24

”‘moe l_‘”moe

S

1 TI® 1.7 ~em

2 H]-[0~ - a h_b:
3 | mo. - .a.n g
4 :o";<;e:'Y':“x;)t
5 fmt Em, " e _ %

6 P Jto 7"

7 xx;h n° Y 1T T mt
8 p® . Yto om 3
9 [~ v

10 [xx gt ~ sa"‘h’ |
11 Tt se 'Eo e m ¢
12..;n a Tt m ¢
13 H e m .~ _h e
14 |[x x ot ~ h o - e
15 se"“.h:dE §

16 [ o T'Ee ¥ 'Y xx gt ™
17';t.h_‘ m_a m

18 |. o h s - ]
19 . @ he™xt

20 1. -

21 mth"’Y _]h m -
22 uxa _‘e -

23 _.omoxT T x|
24 | 0" m _ -Feo m |
25 e m X .
26 | Howohote .
27 [LomE * W 7"
o ftesjSlsj o}

d {tdziteilsdquimMets?2 + ¥WWiClsdoe dzsmls:
OB AU e j s 8§ BDC Q8 ¢ &fABuO W P B isic§ uzdz' A
vdfIrq o
[ jMmists General Electrif Mervento | SINOVEL SL Siemens
_ GE 36s MRV 3.6 3.0 SWT-3.0 MW
bOMY 5dz5% §  seuy | § dz€ [srug| § dz€]srus| § dz€ [srug]| § dz€
[ dzte [ dzte [ dzte [ dzte
1dc 0Ol % sols|] % |sols|] % |sols[| % |sols
l sdkzesmlsteso
] " HCARBs 37,1 163 38,7 170 38,1 167 36,9 162
dbdzesdf O IsO 348 | 152 | 36,4 | 159 | 35,8 | 15/ | 34,7 | 152
] 5 dzlz ts g IO 83y 1o
r d¢ mtsdz 42 .4 186 43,9 192 | 43,3 190 42,2 185
g5 OGO 38,5 169 40,0 175 39,4 | 173 38,3 168
SOtk dz 34,1 149 | 35,6 | 156 35,0 153 | 340 149
[ Mls et Odzd dz
I 0O 30,0 131 | 31,3 137 30,8 135 29,9 131
I sede(d 28,9 127 30,2 132 29,7 130 28,8 | 126




INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 53

ViNlsOdzetse dzj dets M dz' detsy odzdwdzedj dzgO TMlstsd dztst
tc s

fosd h ) eese s § osdL alsH)islge ®)0,dzS & o @GR j S fiplg tm df Is t
I” fsH] fSojHjddses dhhdjHse OddY kfkod

LCdsBd Ui MEts2 {WWiCkdodtsimisd }tesjChtsa 4 dcOI ¢

d bjrdsdsedyjmSdrs YOSkt :

5 Haz:moLsascs i sd L 5o Odzd O dif dis O figls te 2 & IOk 8

O JCuvu dO dtsear j dzO Isjn Y J
ﬁ]dZdMJdZCf“ f']JB d sl F%,¢C L dec ol Cu (o
0 WJCIsq’adztsG 9" BBtcO Bsh desMmisj 2 cdOj 12j%3 g dtclzs h
osflsdddL Oydw Of PsOzL Azt ©® APt OFdadey j dzd W o " Mts
l yjbtd affr]ts dsets ftosWddy MM o jlstcO |

9" tOBBISC j 4 Mz tef
d Mists

Okzeo jdzd yj dedv MtesC O Mz B | CuzOMiNO); His 25 dzj ls
09" BB C s Mistesdlsj dz Mlsa © | d ¢ OddA@e 5%;1 0 dzj Is) f
0 dsC¢OoddL Oydd yOfmlsd ftsdLotsHMmMlsoaO 1Cu d 1t
sBtstckHtso OdzgdwWY Hd&zW | Ol Cuy o ©O2dOR { sMMmdd,
1de0O) Cu (Mdedy § dzd §%)E Of L Olstc Ols dzO 5
0 dimf sdz' L s0 Odzd W tesMmd2MEsets IsHfyjl® d Mistssdlg £
stczH dzsHsMIskf dzr 7 €O2BdOr wjojteO® d HOM dzj 615
t Eyjbtsds tjLEzdz sOlstse, i tsdzizyj dedz” n 9 nt
sjtctcdIststcd Odz! desets ftsdztsy jdedw d dzj 56 teOded Yy dzdz
d&3d s ofmj hdisp Odaf W fifDEhpdedas) ftesdL otsHMise j dad
9 jHEND totsdzj?2 ©® cdksBOd df & { d&jtejlsdujmsdn o
des d otLtsBdSOo dzv j 3" 7 dMlstsydedStse 1 dzj tecdd.
ljtemf jSIsder tOLoadldw 1ttsjSltso | dgC
ulzd3d3€)tc;dzr sjindzdud MCd2 ¢ slsj dzyd @fdaz]oH]dsotddaizd ¢
tesmfid2 Mm¢ Eyjdzr n o 12 t©OL fHtejorhOjls Msotey
( ¢ tsdzts 1050 BdzteH €l lklkby) [2, 3]. Clbts HOjIs tsf
90)dgr &3 dMssydzd S sz ftesdLotsHMIso O ¢ C HdzW j1 dz] to
LSy stelsdzsets § slsj dzyd OdzO.
I1ts ftejHoOtodlsjdzt dzg" g sy d2C O3 § jtefmtf j CIsd o de
L Cdesd3dd yd MEts2 1 WWiClsdodesfylsd ftetsji CIstso | dc Ol
5G] 10§O0OnHds?2 uwdBdted {.JOhd@Bdd e s dz) . [ BHS O
15 6] Ho Otasfysjjorl @k dfnj B j Mistsd BsMis CC ofsL o
1d60O) Cu dzdH5 % dos 1ftcOo dzj dzede f L Of sdzv tedzt dizd ¢
Cdzd BOIdyuiMSdn d JdWteOMmistezClskzteds 7 kfdss dwa o
Msotej dBBjdeder = JCuv BjL HEisdddlsjd d' 5 i HSGOB
1 Oy der 58 ftojHilsOo dv jIsfyw  fytds to o dgdetsj fodg dote j |
SsOLORMsOdztsdz, tWH tO2tdtss Ctltstesets, ftoddzj c Os
SBXZOHOs s L &zOydlsj dz' dg" &3 o jlstetser &3 d Mitsdzdzaj ydz'
Clts tLotdwjls Mo d3j Misdes tsjp®dd L ¢ o rfrps@izj L
1 dzj CSlstetsMmis Odzy d 2 Gdc 0o Olsls dzts 2 Bsh dshisd ) oL
fsMmisOetsC ¢C o MteOder Aj dzstcOdz dats?2 d Sydes2 oL
[C1 tAisstesiO) (tdm. 2).
vidzsea dj d3, BtjHjdvshdh §jesiyjbihyodmhtzgk
1LWWjiClsdodesisd SWWhtsteder » | Ol Sy dzgO h jdz2 WOR
) jemMfjSlsdody o3 ftejHMsOoadw jlsfw OS] ftots]
BOL j Mtsdzdzj ydz' = d SJIStQISidZJtGG'JISdLLJfI’]QCf: fnls O dz
Mtso d3j Mis dz'tsd dlaii etz f totsj Clstse MistcOdz 1t Rs ¢ .



54 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

ATMOGRAPH]| S w1 PR

>3 @

4 N
o O O °
T [ ] i .
BozMoKHBII ,fé o o) 22 e N
W

ald;:nop’lj‘n O ; :

Engsx 63
%}

| IKCHOPT B
\ \

./ Cpennmow
L Azuro ;
KoadpunmmeHT HOMUHaIBRHO MOITHOCTH (%) » o @ P e o
o o o
VESTAS V-90 3MBT ¢ BeicoTOlN GamtHM 100M |05 1520 2025 2590 3035 35.40 4045  Wods
Ha TepputopuH Poccun, crpan CHI' u bBaaTtnun.|Kosdduuuent ucnonpzopanns HoMEHANEHOH MomEoCTH (%)
CpenHerogoBOH.

{ iyt O2 tdOYdcOo dzj dzd v, § j tefy jdEjls|dHozddzOjts SHdIMS CtasO Lissi ks
fts dzdzj didzs Rlstefs d) b Bftsa qdzCD I Gin tg dzdzj dujdf ISt6 s fyls © dzy d 2

l " oat8HT

o 3 B O MC & Mind iz ndkojO dzd 2
Isjdz2 Mlsea © (d 1qu¢20 Oydd dO Is
s d BBdZij M lthG Elfmlsﬂﬂdzﬁﬂ )
d K J dzls tc Odz! dats 2 oL dd, O IOCyJ st fsHiIse j
Isj mndetsdzse d uBBigf debsmis p B 1L OF*CﬂSdziﬂdQEﬁlEJﬁn‘i'Z“ yd dzf Mstss
HOdz' dzj 2h j2 ftosteOBlIsSCd d tjOdzdL Oydd IOSdr o
t OLteOBtISCO d toj OdzdL Oydw Mmtse dzj Misde" i3 kMmd dzd

tdLikd sOIsT fnts
oL Isy detsmisd Mmlstetsd
Bsh desfilsd HE 50 4 J

lseOdz OCHR fsjCltse, EkddCOd d' R Hd&Y &dess
s j 7 dzts dztselgky jbftgds o dzs, &scdzO® BT MlsOl! o0y dr &5 MiswO
Gsorn kjrdskscd?, f(ofstsjddd ¢dssOod d & ! daj

Jzls j Oy 5O desets dMysd Lo Oddy fodsHdr A
ChsB Od dzgs? L CmdsedujMEs?2 BjL T OMdeshlsd.

sl 5§ dzdlsj Okt

1. Results of Russia@hinese Investigation of the Wind Resources at the Russian Arctic and Far East
Regions for Joint Exploitation. The Proceedings of 2016 Global Energy Interconnection. Global
Energy Review and Outlook, Beijing, 2016, pp.-B5.
2 1dSsdz06j9 1. 1., 1 Oz O wu. 1., skHtewhtseg 5. R. 1 0ydt
el Metemse tA. AdlsdBsewcOWoO, [., 2008, 590 M.
31detsdz0j o 1. 1. 1t jifzucdgszsd y jdin Clasjjn defltsdztso Odzd j tOL o d |
9jJlstest dzgjteajIsdSd o (BMMEY2 MHPlsBscOY o, 201



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 55

IRt I st s L1021 FadtlrorYypepsdadrrRIILRC
RI(CtelrsuR I LIty 1dd ] RURREL [ ] [R8
Jvryreuvl 1Qust 1L URSR

WORLD PROJECT GLOBAL ENERGY INTERCON NECTION AND PROSPECTS
OF LONG-TERM DEVELOPMENT OF GLOBAL AND DOMESTIC ENERGY

stsyBEMCALrdEsdzO 4,82 1. | .
1: (hMd2mMStsj {djtcjlsdujmSt] o¢cjdhnssts |
20 Oz yjodisl stedzsOydfsdadac 2¢cduvf [ 1t dné t smhmdw, @.

Kozhukhovskiy |.S., 1; Nikolaev V.G., 2
1: Russian Energy Agency of Russian Power Ministry
2: Researct& InformationCentercATMOGRAPHE Moscow Russia

1l HisC dzOdidge J H BSidad v H @dzd ¢ 2 dzO s 58 8 RZYGEMG i d:lobalEnergylnterconnection

DevelopmenandCooperatiorOrganisationy j yYj dz' ¥ wodzv jIsfqw daj Hisf zh jdadj tetsf
¢ 2050 6. BBdZjj 1,5Auw. ltjHMlsOoadzj dzO dHjtdsSecdY tOL (!
udmlsow 1 dzj tec BB O dpjtcoj EILREY € O Cdzjegiglghe ! oddjHdx dids Iste j B dzv j dst
[fdMORZO tjOddL s hOw 1k Ctdyjfyds Istejokztese dzgj o OV ¢ dzfs
fl o Jj tdtcifddy) € s dzls d dzj dzls @ dzyf geteGBls s & ®ak3dzj t3dzj C Istetst dzj e dd s yd

o jlbtets! dzj Clstod UpipC e Chils oz dsds e dzj S BB R | MS gD s HEOHYT2 yj dz
f5  dzd deqdejdf s jof Cigiode j H PEEfs Y dzdzsc s S C O -1B@PE Y Hoj duiglds 8 C
di3d ) 2Oy d s dzO dz' din Y Jztisisle L] @3Rd-5 &  JdlH ded &R0 Zieso dzed 3 M wWOMY
Ldzj s tedsd dmj tote jf dsd § RPL C 5CE 5 dzQ {00y s WO W ) R4j dBOS 14 tg tioe) dBiStE dsch
Bdtej HE 2050 c¢.

Odz" Ctsdzdud Mise j tetzOf J g PEBEIBIAOY sMicOL o d Is dl sdzjdgotgidsodt2d H s

r

G . [tcddzindzOydtsdzOdz' desc s d 3 ¥ € Sslsttbsty idazidas Odi dAis ¢ B0 50 dz€ O
30% Bl dBdetse tsets f tflistts jierj dz joated Wizt R dOmdsHslgifde g  d d 6 J dzaj edcklz
Bsh desisiz) d2f MsMisOa dls! Mslse jlsMise jdzdes 60 d 80 % fteod
Gjdgj edtelzy h d RA"ydtsBidatz it O

ltedo j Hj d& Ctodlsj teddfj netBdatdilasd@d debisasts O § 6 dzls tistsglzwic | Odzd L Oy d |
GEIDCO, 0 IsGftiffils O d o jMtsots?2 9C &zOH dJdzH j S MMse ftosected MMO o
I fmewid M fwddlsdjd o&j)HEEBkEE g K sRsse b j Hdes ke d uJ
stec Odzd L Oy d s dzdaEIDCOE © R & I Wi @O 1 jOjdzstiely © @ Us@edPdizd MW &t d3lz dzd to t
fteddydy JOdzr dzf » MbstcOlsjedud MS Jirsgfisd jexsmtsea, otsL dzdC Os h dn
ifMse dzOMmdzr dzd d3F M f toj H dzts ¥ G tuietiss 2z X dDAHSQ desRH 2 hdgjaes?) Isd ud M
Tilfdzd Tz SMEBfdz'dzr o' Ha ddzzls' yJ dzsisdzze Odz' Isj edzOlIsdo 27?
COCB0O Wdzr [ MMdd o oBjrO0dzdL &3y tj OdzdL Oydd GEI DCO *?
COCB 0O Wz [ MMdd o BRZHEMNjd&B 1 djteejlsdyj Misd ¢ dzOH j 7
COoCdds tpeOOEABR] tej z0 thkh jhisshuuhdssdy ej BEga ) ¢ d B j M
sCtcOh jdzdj o' Btostse fOtcdzd S sOo' n COL 59 ?

Hdzdds dL o' atsHBS® HBSSC EZOHO wWodzw jlsfw MssBtOy jddj Oolststs
dzj edtsj &3¢ d - ftesdL otsHMmIso ) t GHOCO df ts o rfiHty dedy jddzdidzd iz ) 9O d
Otfdgfo " = GOLBO® BjL hdesC sd@zOMh sOB desets dMtf sdz! L s9 Oded W
Isdsj uj dzO0 ¢ OMmine @ igaP¥ in Clafsdz! € S d3Y 80 day P dzts[ds s 61 el & @tdzef gfdz' y J dizg
drdzcdzseaQiiMmgitcdls j sdCd I s dzBlsO 9 Oy desfils!'v  dnisdeiOEz - s H
ESIZSIC%OQ*‘JJ otej B3 Y tojen jtedefdats " jindzdsF dfcfste oy 1 dzj e Isdyg f!

Il dzOMmlsswh jj otcjdd HdAddB dL 90y)dj2hdr WOEC
BJtetsots? 1 dzgjtecjlsdSd wodw jlsmw 1 CtsdzZEEqlsMEGEE
l oBlssCB8dzO Yo ddzOM! HtoddwlsOW o 2015 6. 9 1 Ot
fsHY MOdzdetsy  jteor &3 dzdyoOddd 195 ctsmikzHOMmise,
B ter fEPHESISOtCON jdad®¥ dL d3gj dzj dzdw € dzd d&3O1Is O, d B
f smdzj0 2d.2 | dzOs8 dzOW ydJ dz o Mj Al dzpO yuf tsfidOfigds dids -
Isj B j Ol ztEr Coswlzyizz 2A 9 jC O Btsdzj-ptszhg, LOS5A6B. 91

i
i
i
f
{
1
]
{
Is



56 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

4 s5c dzOhgedadLjr 9 Ojls oMMy MtcOdzr ©OLKOBBIOIK: ¢ 20
MstcOlsjedd fjtej O | &BzBERLEd] Ry diE 2 tc] Odzd L On
tojh jdes ftesotsHdIs!: COYHT j Hwils: dzjls, dzaOyddzOw fm 2

Global Energy InterconnectionGEIDCO -1 IsOff tetsH o d 3 j dzd W

[Midd ¥ 2015 EBHO &O MOEEIs] [[1 §6 EMlss2yd
od ALdde fddz 9" Ho thdzindeL  dzf d Ol dlasB Odz! dzts?2 1+ dzj 6@ §
sBl jJHddzj dedv EmMddzd?2 HdzvW EHtodzjsotstcj dzdWw ¢ dzsB Oz
shdetse j L jdzjdets? {dzjtecdd, ®eiMfijudoeOsh j2 ckod
¢ dzsB Oz dzfs @ 5 Cstsdpy bz j 2dAdz)f) ek lsid®@y 1, 5 COHEMO. 1t
BT dzfs GSHEGBG) das, fP 6 Isj¥EHckEiMmeolddsidli6 ¢. B' &5 § G
BjyHEGZOEEHd &° WYsttkdO 5 ossfsmOd ML HOd]Y ¢ ds
1 J tedzd dg, 14Sddz) . 1 sy dzjdp@iEf2Q G 2pslfips @z o " ik MB O dz

ftcsHoddzkdz d YssHe jd&z dksed t©WOLodIlsdY dHJd 6 dzsB O
4 ftmMisOdtss sydz di3d HEBSEC ZOHOBRI o Miskfddzd L Od3d Misd
Hongo Wu, dMmf sdzdzed Isj dz# dz" 2 Hdtej Clstste [ j Y HERZOtGEH
ANOBEd 1 dtesdz, 1 tejHMijHOLjd | Cs sdlkOw [ vy jdza w.

10 Wttkddy t©OBGISOEY 6 ofttdiActlly Gdz fifdsta@®o] ¢ dd Mt
Mstesdlsj dz" Mlso © Milsi?2 kdz stcOo " MsC et dzOY tew 3 j dzd W
ddals j dzdzj S sz Odz! dz" »  dzgj e jIsdud MSde MdMmisj ds.

S ABtkzddkz fdsH G IS Holzdrjj dz d tOMftesMisteOdzj dz2@ dB3OIs,

Gl obal Energy I nterconnection Devel opment

L dzgj e jIsdud mMEts?2 Mmisd) , Gl obal Energy Review ar
(SGCC MmMtsodzj Misdets f EI A) , urfes i@ thaiAtclic Region &d Thdir Power
Development( R MMdzj Hso Odzedj o jlstetst dzgj e jIsdud MSdr to] Mite
ftotsj Clstso s dn tcOLoadIsds ), Ho lznlstsdidzed ¢ "Pr oc
|l nterconnectiono, o Cdzt yoe hd2 sBtsdzj ptsf @@MEndg Ols J
MSLHOdY B Od dzs?2 1 dzj e jIsdui MEBs2 Mmjlsd.

1 Oy dets?2 dqHj2dets?2 d fteOCIsdyj MEs?2 yoOmls: 8 Atstelzdz
Mtseo &3 Mis dzts ¢ &€ JistOR iE Bigiss f osj SIsO s dMmMmdzj Hise Oded &
dimf sdz’ L s Odzd ™ ot 5lsj dzydgOezO 6 P& Sdetsg MY dssmMmdo
9" cOBBISECd dO |, dc0O)]Cuy dshdsfis: 8 50 1k d ]t
fsMissw dzdztse s IssC O Edz stcOor MsCse s dzOf tow y j dad W
sdlsO2MEts?2 Mstetsdzs?2 COC 90Oy d2OW yYOfls! L OW 9 dzj dzdz
Mistdsg iz ilzs ®Odz! dets?2 1 dzgjted jIsdyud MEts?2 Mild d Sktedtck

lOyder &3 fteOCIduyujmMédds h O3 ABtezdkO® WwWeo ddsf!
C i3y OdzehW dgds 0 dz (| ¢ s sStfidsyjOW,, wustgWils [1 OdzeS c§ftsdedd d |
456 dZON jdedv B ¢ dpEud H ] df' st ddy CIstedyj Mt
I sdz hsets OLJOBMEtsets stsdzr yO, sBl jJHddwe M jeBsB 1 dz
citsddd d [ tdctddd.

Atstelzds o 1 jCddzizytePn p fpbizd geigy o3 ¥ HzdzOtesH dzts?2 (St

Cssf jOydd d MslstezHdzd yd Mlseo z o g LBHBEMRGE 6 dztsB O«
(Gl obal Ener gy l nterconnecti on Devel opment a
GEI DCO o M dzd Ldzj e JIsdud mM&dJ Csd3sf Odzed d, z dzd o .
ddzmilsdlskzlsr sdloOow, wzd, (ot , citsddd, OSydes?2 s

lj HM]J HOD@P B JGELOd ftoj HiMJHWOBFd'y U v .sdl6
LORj Misdils[j@M@3d" d dwtsdz ( MasdnaaseOhsij dzZSomS)of tdBank Gr ¢
Renewabl e Energy Institute ctitdfd)dD kOt hlstals
L dzj e jIsdSdi 213,200t B | g §3dzif o M

RHj2dzr @3 d W OSCIdyd MS dd3 @&FIRGOtts @ ddf B @R OtV C I &
Z dzd € O dz! lsigsitiglzts dzts ¢ d m Y g Bis@3lze s f ¥ dets dztf deds L 9 SH Mise O d



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 57

Ctokzlf dzs3ZOMN Is OB dets d t§ 1 ) Ief téstidsldsjv dzdAElEasO S8C O kdz IstcO
dqzdHdtelze h jRts dedodzd wWzfs BOMh IsOB dzse s ftesdL o sHMIse O
d Mmtsdzdzl ydzt6 R 011 dedshdqfdsaigt y d s dzd tc ts o Qddtds tseoff jel@imstsf 1 3
43111 Msdzdzj ydzr 1 { dzj S stesfisleOdeRd 26, j d) e sz h jJ R C
HsMisfswg®d 25 %) .

10OLBBeT | dOFEOBEHEMC 90 O sy W Stcdilz dzts 2 :

GEIDCO =Clean Energy + UHVL + Smart Grid

g4tsc dzOMmdets CGEMDYQ Yjudid- sH € ydmlsts?2 L dzjtcejIsd!
fJdrnBHO ¢ 1UQC Sicfipdztdny detsdflf o dHEZz f Sistc =Bz lakts 2
d o §Jjtmfj Casdlyf'jcj BB tkpalgts osOdfizf tco d ydz" = + dzj tce stej fi
L stscts dzj sfBE usH GIEBE - £ tc s odizktoaz® dz' dzlz © 1 dzj Clstets dz
dqdWtcOmMstczS sktelz € OC ts ) dzts aelo L dr:ffdg d6F dad 8 ts & Jsdz' d3d to
Istc ©dz € ts dzls d dgj dpld @edplsde' S d@3d sIs QJ dzleidg € s tofstc Wz] tc & f 1o
9JItetst dzj Sstedud MEdr MsOdzyd?2 o ¢ to@EHSER j + & oWOisksY
Yd delste O3tz aste dzdsdedzy Sls e B &BJ (U ) § sMistsW dzdats G
dzOf oW ) J dzaff § O30 Q[ dedizd 3§ dzOy d s5dgOdf'jde’jIstsC O HH00f s [ €
Clded y dide20 My toj HjordgjCdiafigtse dap et dfQd L C se s dzOY oW 3 §

{ BN QOIS f20] IsisdejsDIs to ts © dzjB3efded d df tsoc dafByfisaafO Is § ¢
GEIDCOs 2030 df e2®yH jdO. &0 twdm. 1 d 2.

A T

/j\%\)fl: e

‘,;/r. - "_\‘5{/ -*mu ) m_._jlri/f \ar \\
ax \1 F . f‘ fﬁ‘\'{,\ s . ~ b
[ (R JF
jr;,.-.:. zm?';'j ¥ '." Eu:u:_
“‘..‘ g e g '1\ T Oceania y ’ %};
\\€_| \/) Troprc ot lx-».\,../j

\ /

Legend

Legend (Unit: 100GWh)
(Unit: 100GWh)

A" 1ydropower 1 Wind power  # Solarenergy —— Encrgy flows
bases bases bases

.-:‘?‘.:.:wm f I\\\‘:(:puv\cl . ::!:rncr‘n.\ ——a Encrgy flows

: 23 : The world’s major electricity flows in 2050

The world’s electricity flows across continents and across ) i
nations at intracontinental level in 2030

2030 @G. 2050 @.



58 S{1 11T (REBNCON XXI¢cl [y Jas1vflJcrfoéc CrrtdruRrRsd XX

© Load center
= |ntracontinental transmission channel
—— Transcontinental transmussion channel

Illustration of Asia’s transnational grid interconnections

{ e ls ROl j GEIDCO:v tc Ode® Y s dzO dz' dzGe¥  2iPj50' e L

tlstc Ols j cjdyy JABFDOTOtc OL o JIsdw i dgfftes p 5T ¢ d olsfQamddAdj\HiJ dz’
v OB dzd yo 1
Aj ded tsH 2020 2030 2050
steOdzldzOyd sdzOdz! dz" 2 5 10 30
o dztsC L dzj Slstetst dgj e dd (
[ sdzv L Odgj N jdedw {f tsistej Bwiaffy el toes dogPte o4
25

%l (Sl BdY | B2 {4 33 60
%tsls Mz BOtd 7 GJ dzj tod | 35 50 80
% IRC Gl MEz®kOwLd A 90

BEsh dzsfls j 2
1 OB N jdedd G sistej B dptej dsts Azj Cdejotdeyud dnSas2d3t daj
[k dmisd Lo Odddy | 20 25 50
Cdzj Slsted Ug MS qdBdrdasd dz | 9 90 2000

dlstczCsztcO® RBdtesotsets lstejBdzj dgdw 1 dgjtecdd d J 4
chtsec zOgw®IGEDAQAff cdo J H] &2O d&O twdm. 3 d 4.

it OLOREBEOdzdL d3 G dzsB O dzOdzls & 15 s WS tzls BEREAOC@OY J d ¢ dzOo
Msmis©e d o jMeats?2 o9C &OH ddzH j S Mtse fsete] MMO o ¢
Clssteses ftedojHjdzr o ISOBdJYd 2.



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 59

@ 2

S 300 c aol

B § 8

g S I B !

§ 250 2 | :

2 8 60+ » S8%

Q > 1 i .

£ 200 g 53,88%
S g 7.04%

= o 40+

g 150 E o2

e c

D [}

= 100 £ 20t

5 o

3 2

s, 50 &

g 0

(]

& 2010 2020 2030 2050 Year

0
2010 2020 2030 2040 2050 Year

. . Electricity ™ Natural gas MOil MCoal MHeat MOther
W Nonfossil energy M Natural gas M Oil W Coal

Structure of global end-use energy consumption, 2010~2050
Global demand for different forms of primary energy, 2010~2050

tdfm. 3. I1sbjed"ji dHr sdd ! dj 6¢ st
9dHOMB 1 dgj tetsdesm MbdBtedzsd3 d3dstdstenity dizd!
L dgj eadw

vOBd&JYO 2. RAdHJCMr JDABJ toj dzdwv Httsctey MMO GEI

Ltctse j dz Victse J dz 2
dbSIsdodesmis! sfkdwvtedL Oydd dd
(0,25)

tOLodls({ | skd®dd Misddzddess Odzd (0,26 d
qazls j edzj S s sdzdyjMiso s | dzj Sstedyj M B¢ & (B

fnd 1s(0.2 {Bl jd&3" ddzo jMmisdyd? o ((PAAs] dz
eSOl cd™ d § zOded tso Odedge & O
(0.2)

LVictse jdo!@ dzOftewy jdedWw i3OG Py te
tOLodl(ujtetcdlststed Odz! detsj G sCter Isdj (OPSy
BOCdMistcO| &l BROLARZOY ftotsf M dzOv RBsh datsfl

to g d 5 dzO dz! (0,15)
fjlsj 2 b BBOtdzOW f totslsW y j dzdzts iy ls 0,18 d
(0.5) stesige dsdz0dz! dzr 2 Y slsj dzydOdz g
(0,3)

 sdzv ftosded C degso J dzgdw 1 dzj € RS 4
fOLoqsd LMIsOdzts o dzj dzdz" j vl Cis®m lsufd fipisiERts

1 dzj tcc j Is (0.15)
0.3) ulssd Bsmls! cBEBLEABOOGEY dH dad fisE2
' lT"BtesMr bkcddzj esH O dz0 J H d dzd (PHA5)e
slsOlsjedY d § zOddttse Odzqd j (0,8)0OL
vO0Cdd BBEOLtdE Isjstejlsdyj Msow, Isj m detsdzts ¢ d 1

MlstelzC Iskz e LB s dyj MSqd dOyOkO jj tjOddL Oy
I MmewiLd Mt cfdi P BSH d2dC OjIs teWH MisOIlsj cdu
ifse ZOMmder dzd o ) o] Hdzsy | dzdzgs? C Owlsd degs2 !
i [ fdzd i fodf tsh) wEgdzrdgr o He ddzkzls! yj dzsflsdgze  Odz Is g



60 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

TCOCtso O tesdzr t sMMdd o &Bi~OdedL dizgd toJ OdzdL Oydd G
iICOCB90 tosd (sMMdd o BRHEMjE 1 dittejlsdyd M s
1C0Cdd3 suipmEsgs] tj O thizh j nbpdyted) feggdsdcy ¢
sBJ M judls! MsCtcOh jddj o' BesMises f OtedzgdStsoar 7 & OL
sjdzydOdz MSEORg dapi tOr BjoL j 1 dzj 66 jIsdyyj MS dr
ftcdoJHjdz dzgdyd dzO tedmMkzdz¢ ©F 5 d 6.
lr Bt §OtddSser i ¢O
2013 . fetsdsr h dzj dedetsfylsd t smidd
122; 6%
80; 4%

Ol dzj Shtetst dzj 166 §
Bdzj WIsj cOL s9 OW
Okzc tsdz! dzOwW

Okj kO o g W
Boq sy S O
Bfstesdls] d s
Ef/ 5, dzj mdzow,
j 414; 18% Doslks 3/ n bt

3.8% B DHeprerika

DO [IpoMBIlLIIEHHOCTD 188; 9%
165: 8% 827;37%
O Cenbckoe

xo3siicTBO 141; 6% —

OOTxoas! 36: 2%

143; 7%
74, 3%

BistczB st tetso tSH dzr
Brsm

83,9%
tdf. 5. (OMytejHjdjddj ofBtshmtse f OdsdS

IrBsh §OLd]Sss’!
4000 Udzj CbieshsOdydva {a

2500 BDuepreruka B[lpomemmnenHocts  DOCenbekoe xozaiicteo B Otxon
3 1

B0 cOLj
B0 b6

0G0 oLkl d
040 ksl d

3000 -

2500 -+

2000 +
1500 +

1000 -

BriGpocel, mnn T CO,-9KB.

500 4

i A N N A NN AN

t Mt OBftejHjdjddj o' Blesfse f§ OddSsor &
H Ot & taizts iy o Is § dzj 2

9 J H jSddA@® Hd3 {Hd@didz jdis, d yg MEBes MjCIsts
Mfsd Lso Oded" dMCs§Oj Bscts Ilso jt
psBigEH’ §OwddSsor i cCOLBo MM

Is d

HJ

4G wzOMmdzs (o
BdLSISHfI’]lSSJ d d
dJn Bk ¢ d
PCIsdo dzsdz tcOL o d d {SCdesdzdSd d 1 dzj ety d&3¢ d n

Is O dzts@GBEDCO f ts MHJjty do Odzd & or Btotsmtse f Otcded ¢ t
et csRzOMh sOB detse s dMf sdzt L so OdedwY I RC ftoj HNIsOo dz
1 8C0, It ddzj dzgd® Oolststetse, M@z oMy zZHBdE H

ST o
2.3‘8.3‘8

yJjdzj o 52 C Otcls d dzr d bjrdtdaztedyj Ms 2 ts|Ezts o T Lo
{ simd 2 M¢ 52 Yagdjj sy e tsoH d e 4 02 " F 6 prgj dgwis' mw
Motsy?2 YtsLduydi?2 o wldtsh jdedd dBdtetseots?2 1 dzj 66§ Isdyud

g d dekls j 6Ok &'

1. The Proceedings of 2016 Global Energy Interconnection. Global Energy Revie@udliodk,
Beijing, 2016.



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 61

Jtrrvf2uvorsldmt ) [ sURUUGGME ¢4 JosgrRU[JI[RIT ZIM
Reuv [ YL RsGUu v S v fJrt1ferdar L RC

THE RESULTS AND PROSPECTSOF THE DEVELOPM ENT FUEL -FREE
AUTONOMOUS POWER SUPPLY SOURCESOF NEW TYPE

uflzf.,l;skHtew b ®92;1 S BdzOJ, 81 HE 2O j,8 1 .
1: { B J Hdflagjsdidz’'zds o' MisC d n Is;d3u’4t90lslzte to
20 Oz yodsl stedzOydfsdadac 2¢cduvf 1t doné, tsMMdw, ¢.

SonE.E., 1; Nikolaev V.G., 2; Kudryashov Yu.l., 2; NikolaevV.V., 2
1: JointInstitutefor High Temperaturesf the Russian Academy of Sciences JIHT RAS
22Research & I nformation Center ¢ATMOGRAP

[OljtedOd fitcjpH fpls@s dzj dzdEsipdss oHOGE &zCB@® tj L Zdz' O OR d mfdzj
sBJ j HJds§ tzdetizg €1sd o © Rd v P O b zlts t6 3O wsd shdgdataiEte ©Of | t "¢fna § B3

0o Is ts dztsERpaSSIS 5 dzfffiplsiEs\gdBf € Ols ted Y j MS 52 d Isj f, dztfoteshipls ta txigj dieolgtedts (¢
fjtejHutsear i ttsMmd2meda d dcdssr n sjRdetsdzse d?2  f sdzizyy
9 jlstetst dzgj oG jIsd uj MLBPR dhifcs®kEasdd Os( § dj o BOJdyj MSsets
OCCkRBEz&zdteso Odzgdv d dMftsd L soaOdedY o COyjMmlseaj 1 dzjteatsc
fsdzizyj ddv 1 djCistetst @ZPBEED o YspdRdgOLOIEMY] tets e te O d3d3’ t o1

Wizdzh O3] dzls Oz dz' | dzO & y datizlnj thfEn @ jdHispvO d@fteC Isd uj MS 52 L sdzr ¢
]l AtHj] tOBBlsT fsdzz yj d& { Badzjc®R s @ 20 6 jo OB trYOBIS MR j 3O
OB SOt dsc s s T Gz U fifCodizt & aste 5 d3ts H j dzd € b Nt e jtedk)js dsdsttz?

otej Bj dad (Bsh dzts figlg @azd y jCHpiddlstets B j MY j udJo Oj s GlttOBBICEZ t
Bsh dsmisd (& 10 Sllk) &O BOLj S a5 Mjsd)O fip r fidsifldsjcdsts H G
sfkh jddy oeBLHERO, wjfMdejted® or fifsCHs@asdzjs@fdE) M ls jsdsrdz h
fsdzd y J dzgdw HOo dzj dzgdV d Y tsHOYd { dgj tcesdesdlsj dzv (etsLHERO)
fsMistsw dzdzsets dzd -1 B G ©s 3P o Myftizef O § ¢ 5 tc OB 5y d d3s bistg miafsdy H(dzrvts
Mislsded Is' Mwey dspdstclists)sod ) d dzn to ts dziiztizé 5 @ OOk ts ¢ @ J#Z20S 1 &1 dzy d t
M j B3O o jltetst dzgj e jlsduimMEts2 EkiilsOdssg Id j fy d s OF ddaljdifffigs dyl
9" Ml tsEets HOo-RHBWOIs(dF) s BIsEdD h 52 fJtosdL oHdIj dzX desfylsd .

J HisC dzOH j ftoj HMIs O @z ted B tstis £ 1 Iz d@ gslidtisdztf dizdiis clzs
WAL Os ted yj MS 52 d s f, dztfotsipls to g jdmipfeds (dzaGR S
dg2me¢dr d d&dtesern bjrmndbdased? §tsdakzyd ddw
st dzj G Isdud ME &P dztdofiidscOsizts dssddf © ( j Gt i oz
B tcOL@&oOgvdzd tetso Odzdw d dMf sdz? L tso Odedw o
dZsdtoctso Odzgdetse s B jLIstsf dzd o desegts f sdzzyj dedw 1 d
sz ©Odz! ffass@dzd ¥ B EmfzE o dig dzO dzj sB R SHJ @3 Mmis ¢
fsorh jdadw Qo Istsdzts zdzts is d dzOH j ) &€ 5B d ,B | L ©tf &t d
1L dzj cetsmdzOB Y j dzd W o tsj deder » BBE j §f dds tc @z22d L ofts ot=0idgcl
sjeedlssedy s (A d shisfisedjd o st ifEidydCaln
fteOCbdud MSdn tjh jdd?2  {HejsIBIsHY illzd aidizicg tslidiaDdety ¢
ZsC Odf das & tetso Odzdz” » ftslstejBdlsjdzj 2 1 dejteadd, o
Emdzse dw = ¢ § Isiin@dp'd dztiyfis s @dzAfipierlz O, tojh jdedd § sfMisOo
LOHOY MoawL OO M oftsL d3tsy detsfls & mMizh j Mise J dzdzts G 1
Htetse 5@ HdL j dz' detfetss r hisjtdfddrd @ @ dzj tec j Isd yd ME 2
Lzt dud MEts?2 BiLEf OMdesMisd B j Clsse o ts] dzdats G
lteso jH] dzdzes d MO aZs BE8O@dzd ] dzOyJ dzj dzts dzO tOL 6O
fteOCIsdyui MSdmr bjrdduyi MSda tojh jddBjdlststf dzdarzs
d fidsyded € © 1 dzj tgc difdts ilsitersSj1Ppdetsc s dzO@ BOL | f jtojHESO
Isjrdzsdzsed?2 §odkzkyd dzdw My Olssets oatSsLHEZRO M df
fdzj o BOIsdyJ MSEsets o] sBteOL 5o Odad v, O¢CC Ekdkz dzd to t
1 dzj e sdetsfd Is | dzv dzdipizd ts ¢ 1D te @zl H\dizdfsE B2 dzif$ ldstg § dzts o 52



62 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

d

J fwijHoOtdlsj d des?2 O tcPRUS[C[]I n"®_A M d dzO
JlsOr ©OLW©OBBISOd WdLdudmSdy fdtddydf"
d dztls  Wdpdfd S s L deJ e Isdud ME gdzd B3 G Basd Isde’
dzd2 ¢ ded 3, ©OLWOBBISOd ftetsjCls + S jodoc
d (& 10 ¢€lis), Hsf EMC O h jets HO dzgj 2h
j f0oLOodjlbter S jtoddsj dzs Oz desets Ty
o j RAzIGRSS 1 tg7 dEfyj dzj dz7¥ Mz BdB3Otedzr 2 1 € tsdats d3d yd
dr odzgjHtjddv. 1tdzzyjdede j tojL zdz sOIsT
M ks d {Codsidyj MSks yj dzj istsBteOL dzsfyls
H

dzj 3O dgd 1 6 OBLIEED Bj tslSS jlzrizgzis i v
LSy jted dBj dels Oz detsj MMz H s Odzd
n WOCktttse, o jbtetsidzgjtedjlsdyj Msts
tod d3d ded Is § dz' dzts ¢ tcOL tcOB IS¢ j 1 ¢
dal Joig 4 7 fiaf MlssPds daso ' B lsqfte o
ydfdodz d' =« MmajdB d Isja-ddyud i
mMdzsedwvr tmimd2mMEts?2 ¢tlisd¢C
fdOdzt dz' = d bjnmndduimids M-
Isjrndesdzse d2v ffipflygassd oL HEZRO d Jjets  fdzj 98 3OIsd
OCCERBEzdZzdtetso Odedwy d dMftsd L soOdzdy o COyJMmlsej
f sdzkz yj dedifry jifpgjtLAstef Isj f dzso 52 L dzgj tod d
isjrddyimits] ttHlseo jteyxHjdd] oL Bsydshmisd ftcOC I
i sdelp dzdz” = -Gz MSCdr fteddzydfse dzO Mhdse i tOL
e j d3" d MmMtsLHOdzdW sfrilsdzscets BKGOL YO 1 dzj tec jliIsd-
Bsh detsfplsd 8 6 10 €1 s;
ilsjnddEtsdsts d3d yj M¢ ts¢dpm tsts dzinidds ® Odzd jizj tore &) da@dzy j dad W
dzOfnj dzj dedf ISsPifshfls ts 9 to det dstigC sSléislsd ) Eyjlstsds EMisOdatse
tcOB sls j B3J M€ dzdRBO I g U tsfisS d WOCltstetse d fOttOd3j Ist
sftcjHjdzj degdw tsBI j 3@ Ists "odhjSGfisB " IsO tcOL tcOB
CWWJjClsdoe detsfyls d to = filplsls dsiOsataolis ! B j MY j yude O
dnf sdz! L so Odzedj @3 HisfMisse jtedzr » 3 ssHdC s tcj HJ dzj dad
d 1 WWJjSIlsdo dziz ildzth dtedfcidnd @ MSC sects 1 Of sdzw s W o' Bt
sflsd B3Odz! desets ftsfiulsRKIO d f OteOdj Istetso
l At
ltod

V)
w
>
o
11
o T

- "GITOR
(722
&

— ==

Hj tOBtlsr QoalsstO®Rd B' dzd § sdzzyj dg@ Mmdzj HEz®

BjdedIsj dzt dets € tsftcj Hj dzj dzd sjindedud MEdr Ist
OCCkdBzdzdtetso Odzgd? MY Olstsets oBLHERO fttso jHjdO to
otoj i3 dedets? d HtetsMmistcOdzmise j dadzets?2 dL dsj deydo tsfylsd 1 G}
BissHdSd tsiftej Hj dzj A s ) ooy ddig 2dzddsEO fifhtds@OB s 5l di3d
MjLdds?2 J ftshstOdmlse j dedzts? (lsjttedststed Odz dats 2
9 j BYedrd 30Isdyj mMSdr EmMdzsed?2 d 1¢€1 o sftstedsr n fzdz
tsfydets o Odz" s oBdh g MS sk B H J dzd g 6z Szf) dzts ¢ 80O
dgimf sdz! L tso Odaed W H Odzdz" n 5 §scteOdzd ydzetsdz Mmaztsyg Ols ¢
f dztslsdesfilsd, o dzOy desfisd, o jlbtej, IskteBkzdzj dzlsdesflsd,
w9 dz
RS

jdedwrn d fte.) d cis¥dLduimSdn ROLOCljtedmlse

o j F dzsdiisledzls O, o j ydes? | Bj L dzslkr 4 . ), §sd
Bdzts € s dzj Is dzq o fMjlsjorn q My jydOd dzr A COLS s
OL tsdkscdujMSdn (hOwsfdoskd R), mMfkzsddSssr 7,

CisW¥dLrdujmSds dL' mSOdd2 [1, 2].

l jstesos2 o ojpfdndizj Hizj B2 o HOdzdzs?2 ©OBBIS] L O
SftjH]dvdainv d tyJjdd OISdeUW Isi steilsdud MSd dsHJ dzd
9

3]
HOdgdzr 8 dL Bj tej dad 2 ike0 d bkjtdksHddO®dujnsdn



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 63

HOtMise j dzdz' » 3 Isj stetsdztse d U MM ~ ( | dsf] detsials
yd?2 t simimdd d B oh jGets 444 (BOLBOT §
dqOdzdL dtctso Odgdzr =  sSH L OHOYd o bRts1 kg Ho®)j L
tesodzi " » dL Bt dzed?2 dO B Isj stesdsica)ys MS c
Jlststsmﬁt'sd?) tc®OL 8pHjdz dzn » HEAdCISOR tsMifd?2 Mt
L dz' EHT MddzOkd t ¢ Cu Ithmssso [ 2] .
[OL tGOBBIsOdZdeJ B stsHdCd sBJd MY J ygdat)s Is ( fils
scte h detsfyls! 8il@J %" "BisH] Bzdtetso Odzadj § OtcOdJ Istetso
ststcH  ds@lykig?2 dz0 Isjtctcdlsstedd tsMimhd2 MEsets L Of
tc J d3j dzdats 2 dL &3 dzydoe sfplsd M BOMhIsOBOB] s
JyesHtsar o, 1 dv fteddzitcO®O kO tedmkzdzC 67 1 2
dz d
J

z

dz

-
)

Setsdzj Isdedr fj L tsdedeW R dzg 2 tolefd WzddsCaey dr? i to j H
jstcO o tO2ABdz uvdSMmd, O OCYJ] tjLEkzd IsOIr (
Melssydy &8 BOMh sOBdE) fkd MOYyd?2 mMCsesmlsj?
10 BOL] ©OLKGOBBISOddzs? d3jIssHdSd o FMmimdzj
dzd 3O s Jafg dp€edffv W zdeS ydosdzdtetse Odad ™ d Isj ~dedud M¢
BOLtsoa" d3 I Cu, O LOCY] BitjHjdzjd M Eyjltdg
d bbirddydmMSdy §O0ttOdiilster MmdMmisj i3 OCSCERzddtore
EmisOdetso ¢ H oz C jf ddfrdiAdsydjfd@f v + dzj CSlstetst dzj teedd d |

My Obsets asLHERO COC | dgjtectsdesmdlsj dzv .

G
n
fn
Is
o3
tc
q
¢ e
9 d
o3 [
o3 d
9 f
d 9
|_
C
¢

12 - T 1 1 T 1
BbicoTHble npodunu ckopocT BeTtpa V(h)

10 1

6 ;? rog ("CaHasuy")
;1‘4 —0— 3UMa
s —/— BeCHa

—+— NeTo

—— OCEHbL
2 — — 104 ("WAsP")
BeICOTA h, M
D 3 t 1
0 25 50 75 100 125 150 175 200

tdm. 1. (OMmMyjld §j or Mslsd¥(ho fiec@Mwfdgd fins tsuedsth



64 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

PacnpeaeneHune NnpogoKUTeNbHOCTEN WTHNEH
T0,00%

60,00% y = 0,4261x7

= 2 = [y Gt
& s0,00% R? = 0,9588

g A40,00%

g 30,00%

Aonan

20,00

10,009 l

0100 I-i-i—! = o=

' ™~ M g M |
S A T~ I B T B I T BRI~ i

HHHHHHHHHHHHHH
NpogoasMTensHoCTs WTHAR (Yac)

. 00A OT BOE WTHmed (%)
tdfy. 2. 1 dztsldatsils: o j testzdsisizsdry Isdfts fitglsodn el didzjd2) dad Wis © 2

[Mdesoddz tali L Zdz? sOORd d or oesHORd {IsOf O tcOL tcOB
d BftjHjdjddy M Jjj §o&6] &Y ddueshit @tzhis & jdzdts
Czd BO U MS dR kfmdse d2 ¥ k& dSrSdds@zdae®o Odzif T v L @ fdzf
OSSCkRzdzdese Odzd W My Ols Swtsz Sousd. sidgd2’OF, P s O dgd) U S fsCoizfi
S dZCfd3 wo ddzd ! :

161 o Bd "ddiffsej fkdSlktse wjoftste) zisd (1 dCh

i
O ZOHT 6! ) HEMIsOBYjd 65 dBjyHEdOESHd & Ctdlsjtedw
sfme 5§ daed W .

irdzv ©OL OB ISR Cus@Y Bz gyl # O datpg L df t§ sy@ddz’ = § s
i od teds Gjdzdpdi@eldefsy MSdd d edsidLduimcd) Ekmdsesdw
sktes dzj dls detsls! , o j ydOw (BjteL slsO d (. ) skl
ls;:dz,lsdztscq’g OB &I’ M dzd & .

Edz2C ydd o jtetswWisdesisd Otc @ fistf th L s jodrfndzd W3, o zMis Odzts o «
fnlsOIsq’fnlsq’quan’dz, OOz L sd3 o tej d3j dadzr n oW HSO d3 dat
Ol etsdztse d-Hj fiffesdf{& Mactsydze' = Mjlsjor s dLdgjtejdd?2 d ¢
9 jlstctsos?2 OB derSdE dfy tel@L toj h j dad j o3, tots s dsR dzd Lz
Hisflstse j todatsfls ! & deistidide jOidztstats fiffts + H s ls Ols sy dzts 2  dgts h dats fi
fJjtod sajslotetst dzj toc j Isd yf igS dgHrdzd is Q ldzef tztp ls ' & 9 Otc! dtolz
djojtodase s [ stemMEsets 1 kIsd d o tOLder j MjLtsder s

I §f dzOdzy t©OL PHEH G distda d f tod dakdifdgROdze dats 2
sftedHJdzgdd] Isjn dzdugdisRiJB] dfls@GeeOdz] SikctspB tso Odzd 2 ¢
tcOB SIS fs tOLtOBsISC j fequEe@tf ¢ Qdzj dets2C v B f
OCCEBEzdZdtetso Odzd v , fsHOYyd d ftoj sBtcOL sah@dgdw My OI
tcjLEdz SOIsT

i1 0O Bhmdezsea ] OdzOdzdL © GcteOW dC s
d Nddzr & Bl jCO®
1 wow

o ftlstejBdzj dzdw 1 dzj €
d tshmd2mMSses LOfsdvi! w
jtcdcjlsdyj MS 52 1 i Sldoedetsfmisd d Istcj B tso Odzd W ¢
OCIsj tadriiflod SYQdgzs s d dr fteddzydf dOdz dzr &3 Misfls Oo d
i { OL .OB b @Az dzOV 1 MG\ HaBO B OL Il Cuv d daj @ &30Is
 sSBtcOL so Odedw 1 dzgjtecedd o jlstcO o 1 dzj Clstetst dzj tc@
Md2Mets?2 oteCldSd d i dzjdgjdelsde 2 jj MsmlsOe (



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 65

T{fte] v jatddee dar jls ¥R dzef{ QMC d d ¢ dgjeclsdujmed
Cod3f sdzj dels (Isjrddyuyd MEdy rOLOCIjtdMmisded d d3ts
dzj sB - BHJ A3 | sB i § d3 md MisJ d&3" CCERBzIZdtcs0 O
fdzj odsgtHoadeOIjdzv d { dzjOlsieis@§ ez cOIsstcO) ftotslstsls

ilteso jH)dz JqdaW stedsOydsdzdz’ 2 f sdmMéE ORZOzseGtse 5
shdsRE{] Cuv, otLHEhd 7 C(@Rft] Mstctse tOL dzd y dzt
HO9 dzj dzd v , tcj czdzdtelze h j 2 HO9 dzj dzd § Of f OtcOlskzto
Is Iz te B d dzdzts ¢ tzj SlHftdfdOu j M€ d - G J dzj tcOls tiste Oalzd W M df ) Is$) tsizkz
COuyJ Mlseo O 1 dij Cds tetfiste twlR) jesjddf OdzOdzdL dnr 1 dzj 6 j Isdy
oL By dzr = YBwlsjter © COYHBA dqu3,4dzdr d dm Mo ¢

lio" MsSC BB d3j dzlsdztsj o j Iste
2inomMssatts] EmMlstes?2 Mise ts
i tso tstects lalEs?j i Idzofrfs
Bifsosteslsdztsjy Ctsdzj Myts
4T3 n Odzdyyj mMédy twjHBEZCIstst
S5TCsdfhmste ded L € sEls. 5 Ofolda
6iBkMmisjltd YO O
79" MisC stsBlisictisdsdzRO® ( H 5 )]
811 dzj S stesc J dzj tcOlstster
9ifmMGgpj cedzdtelzs M dj MW {f dzj
10T tcj fijdeo dzd L §C tsG 5-1H Go dzj d
B 11litcj Mdo jto o' MisC tsibts [ H @s
5 - 12711 dzj Sstesmils! fslstej BdIs

131§ dzj o BsH © d ¢ Ols j dz
t dml edydt fof @OV MR § 130

1 O sfifjdastwejj Hj degdetsets ddzW sStedZOYydsdzdese s OdgOdzd L C
it OL tcOB tsls Odzdz" OdzO dzts ¢ d 1 RIS tgty s fgdDIs PIg aFisR Is . - ¢
MsMmis O dzw 8 h K mSldigsd'zdz" =  dzj di3j delstse (1 C v, € sdff
tcj HEC ststots o or MsC @ ts HOo dzj 6zl & s ¢ | flazjcOdgtisHods @ G |
tcOL OB tsls Odz d egEsE sH Wisthjvy fls Oo dzj dz' O tor dz
dMitsdz L so Odz' HdY ©OL©OBKISSd JRCHY jlotef 3k iEas @z
9 0tedOdglsT drn Isdf tstcOL d3j tetse, MRS @Goz® c ¢ y§ f5dzff tzdat
Hisf ZME ®dzish d atsLd3ts>|dztsfr]lsq’ Hdzw 1 dgj tcG jIsdyj ME ts2
irT dzv tcOLtcOBtslsIdgCEOf stz ciMsL HOdzd ] tslsfmizls Ml
otej v 1 Cuv, MY jydOdzd L dretsip Oddtas & d A s O Lndh ) edglzj d3r
dqLB' stsydzOw {5 fntg@ajdgjtsczqs@tsfhdztﬁiqb{ensdthsqlzfngos
fnlststsdls;dzifnlsa@ d sBXZOHOs hdrn o MsCts?2 Isjnded yg f
] Bsdzsdz’ 5 S OOSkjtedmsdSOR] o EMmdsesdwn totsfmf
9" MsC Ow l]’t'stc;facffr]lslsfr]lsJ 94 Istc®, 9] ydzOwv 3j oL dztsls C
i fshdsihls: 1Su d Mdmsjd OCSkBzddtss Odzd
1 dzj cetsdesmd s 2y O s oL HERO) Hotcdzsd tots® O izl
or tcOB IS 1 dgjdgjlstdecddiyli ME 825 oL Bsy desmis Isj f
Otk €$d o Ijyjddd ygmgesoctfy@JsB SBjL 9 jIste
stejBlj B2 flstejBdlsjds dBshdshsd) 161 M Hddls,.
fzdzClsse oHtsdzr wjof Bt)l zlsd BlIs 36 HB 60 yYyoOfmte.
T 159 § HJ dadz" J Isj tedstsH d dzOd3d ud M d J B REdeS d
COtOdzlsdieso OdzdzB D Rk detsBls § RB-1HOPBISFs G S L MR ~1OQ 0 L Of
20 Mdzz yo02 48 PEBydkEsds) 28 jL 6B dY MmO dls



66 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

Sotejdsj dader j Codsftejmisied j EnsOdsstd of f
sdodd i3 GRS IGEEEE" T Y @ ki fypdfddzs so ™ j |

1| fewkslss Osilsaj ddts &ddd BOd dzOv &sh datsfils
Ho dcOlsj dzi € 18t dgfQug GEjssfiads 0 O dzdzts 2 Bsh dats fyls ¢
908 hOw fsCter s CwOW GSBLEP2ZB®BRAC L, O Sik
o0
Yd

Fz, ~Fo
= e
Q—. o Q—.

H-’U) N

d

s @sam;@@sz H dzw LOYf sczw tg! W 9 j totsW Is dzts i)
duj mMes?2 1 WWjClkdeadesmisd 1 Cuvu, Ho d ¢ Olsj dz !
Olsdzr &3 L Of OfNtsdy iIsh des B FO Gisls j Mils! § steW H
fMdets ftetso j H ] deder 3 SYPAzO B §lzdzi ¥ s 2@ 3 Qg T G dzd
MtcOo dzgj dzdv ) Odz! Isj tcdzOIlsdo dzr dizd MY sMtsse
0] o dzj dzdets 2 3tsh dztsufRsCuie® CBAALdjls Qld] vdzr frj  dg j CRISAED
3 fdaj o B3OS Ud MEts2 OCC EddsEny i J BC @L @ s fi
de]'SZEIz W2 @dyd, U B k dsQafeetyjdi"HAHLdEsdAscnO fi) fr)
mmaimJQquQJmcq@q OCCkdBzdzY stste Odzd .

dz' j CdEdf LIRS Oldfrtc jnH qg@3r O SEOR sOWO o M j, Y|
Jvu BJdL Mdsiplojdsg WO N Sdigj dgimddddts d B H 26§ tizd ddatiz2y J
odzw s h jiex B (MBIl ®r h j) o ts dgEdiphyds? M isdzefsls Gikj o |
TRAZJ C lsfitsty 1 dzj s @k @UsO fidzd p 1 195BSC s 52 |
Ht fsdzzyj dedzr = © H Odadzted H\OR N dB ] f I da'ilf @IS tisaf,0 «
| dedzs 2 f tod dzy @ f gf@dz'Bdas Y A jpdi3'd MdMmisj di3 ¢ dad
tctso Odzd W d ftcj sBtcOL 59 Odaed W L dzj e d (),
Is-Is | HaRd oy dbtsC Iz & d SCdmstezC M zéd QL 6O
J sB s dgsdzO dzdsjj » dzd yj MS sc ts fsHIse jtoY HJ dz
| MEs2 toj OzdL 2] ddssMisd ldsjdttagdisudivniChpSad  fHftdsddingne
sOltse ftcj Hd&ZzZOG O] Isfmw tcOL tOBRISQIs L Cf
JMEs?2 dshdsmisd 8 6 10 Cllis.
ISdZIZdafJJdEJLEdZJ s Ols ftsHIse jto)y HOs Is Isj mdzd yj M< iz
sBteOL detsfls! ML HOdedWY BjLIsstf dzdo detséts 1 dzj te@
fdzj o BOIsdyj MEsets OCCkBzdzdtetso Odzedy d (o] ts

s MBS ddlsj cOkisr

CsdzOj o 1. 1., | OdzQc & . & 10y d sgdDwiAs vy 8 € OH Ofiste o
mMztemMseo t A d BISHdUjMSd] tMhdser dr tftej Hj dzj dz
Csdz d
L O

=N @ g o
FEe®0G>
DS
i an
ﬁ_ﬁ“‘ﬁr
7rN BT gL

dn
dzts o
q

N ) 0

G e =~
q_ﬁ-q_ g N«
Qﬁksxs

OFF P BTty e FROUTE o O

2> e)
wQ—.

GINTI -G — GO
(2}
)
o
&
)
=
(2}

THE TG RaTO

oS ssos IIN

g SFOEPOS
Q.

FToggNG
o N &X ﬁ-—\‘
#%LQQQL

Sc
o
— =
&-lﬁ

=

!

Ojo 1. 1. {4 0EushpssEd yif helssii- d2g 8 sdzse Odedd "

disdw d dmisd LsoOddAdbRseEOM) tcgdGffd 50p s

3. z4Wlkjte ¢c.R.. Jlibtesidgjtecjlsdydimédy OGctj cOIsr . [ .,

4. Wind Energyi The Facts. A Guide to the Technology, Economics and Future of Wind Power.
European Wind Energy Association (EWEA). Earthscan. London. 2009.

d
d
t6
f



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 67

J1GAanrsuRrRIV ORI sal R [ 21 1 o sRic3f v
LoV Y ftzrc 3wt JIBMIUlC sut RY [tsdRIM R C
Tt IRy I freoldidt L mer Re gL L HYT O
OF THE EFFICIENCY OF COMPLEX USE GAS PISTON, WIND AND
PHOTOVOLTAIC POWER P LANTS FOR ENERGY AND LPG PRODUCTION IN
CRIMEA

1 dSsdzOj,9 JJQdgQc Os BH WY h so1 S BAEZOJ O 1 . 1.
1 Oz yjddish stedZOydfsdedac 2cduvf 1t dné, t sMMdw, ¢.

Nikolaev V.G., GanagaS.V., Kudryashov Yu.l., Nikolaev V.V.
Researcl& InformationCentercATMOGRAPHe Moscow Russia

5C dZOH ] dL dzsy j dz' oo Ripdzls®DIsy B §zD dztf z® e  u j ) Mdstzsie fpdzts o
Lo Oded 1 dzjteejlsdyuimMedn Codfdzi SMse (Ss) dO BO
Ldzjg Slstedui MSdrn  (ASvL) L dzj eeszMlsOdeso ¢ (T s J d
sdodesfmisd 1§ dzj ectsfMdzOB Y § dedW 5B MY j Ugd dztzOR 5 &zB b 5 (3 1S b
ROz detsE 5 ( )OS0 WOs oo dz'ZOAPL @y M sdz' L 5o Ocded j &3 6 OL
J dzj dedivC SRERLIENS IR f8COL Oljdzi?2 Cs4) d Ss4A, G
LSCd f) bkuyjltd  djtectsoly jtCjsdpdzedmsla iy dzgl H 5000 da
sdodetsmisd dMfsdz L so Odedw G s4 d CsinAn o Emdssdwna
dzls 1 sdf stcOL &3 tetse 1 v, 1¢uv d ACuv d Mmotlsdsh j ddw
jude 08 hdj dzOdBs tsdz "CHssd o ez fy kets d3ifef ff § dz’ Lo jO dzd W G OL
sBdud Mcdy fsCOL Olsj dd.
Yyd dzdz" § tjLlzdz IsOIsr s B ts fydzts aylsasO & s O oty dpCsmH  { Oofrjdiyftafts o i) ¢
dzj udz' 3 de j dizleEOad3d] K4 Misdz’ &3 dMissydzd ¢ OBBd cOL O ofs
dz' L 59 Gzete § 5C APz OmMge | 3 v, JCuv d A€uv d EMlsOdse st H
O Hdv { 5¢ t8rdyfYs eHsWizfaREIFg® o Odedw BOL o' 7 d §fdStser a
injddw LOHOY cOLdW¥WdEeOydd BjMmlsder 7 ftesdLotsHmiss d da
Strvp dzv jIsimw dHJj Odzt dg" d3 fsdzd g tsdaetsds HoOozw 4 W W J !
fnts dzdzj y dats ? 1 dgjtecd jIsdCd. 10 Bfsdz hj2 YOfmls
sdzt L tso Odzgd vV Bk Mmls Odzisey)dz] fdadaste | dfgsdzdiztsn IsiC o st toj ¢
dMstsddssiils: 8 o tcOB @43 teaw @36 X daf dtz] ‘3L lgtetd C
L O ulz d§30lelda®.w Mmtsdzdzy ydzOW t©WOHJOYydw dzO o Mg ?
0 ClliygBdHOjIs oL By detsfls: 1 WWjClsdo delsets
OHOJIs d3d MIsdz" B dMistsyded s Od3d d HwsdL o sHMIso

[ dzw tcOMyYjlsO o9LwWIsO |1 M HoedcecOIj dzv B 17
ftoesdLotsHMIsa O ¢ tsd3f Odzed 2 "UtcOdal 3O A tsdzH d dzg " o7
sB dzOH O h QW toj MztemMsdz o 90 s vy YOMmBse H S
sBMmdzizy d o Oded | d t©OMmn H &Y W lOj, 2 , H tsamtisLzdf tsxsdrtisty) Is
Bsh dztsmiswdsd His 10% Is detsd3d dzgOdzt dz" =, o' MsC B2
sdteyd (30 tdJsht MwEidagAziIg 1100 L Istsets Isdif O.

10dzdydy 1 Suv d ACGu o MtsmMisB®ej Gs ojH]jIls € ¢
zO o j dzd yd dzfmifdn, deshffidcd HESMIsOIstsydes B2 N 52
MeBesmiswa 9 jlste® d L dzOy jided W As digissdizlz] w d2sd) M ¢ didgts
Jluv M dr o" oBHEBR © cttewyd?2 tjyxdd M Mtslse jIst

RiMfsdz LEjd3r J o tOmMyjlsOr L H2OX Y i3k bts g bz
d dzOdz! dzts?2 iIsh desfilsd, ©WOo dzs?2 hBsh detsmisd 13 v,
dJteddzd?2 (ofmisky dzj dedw Mmtsdzdzj ydets?2 1 dzgj e dd dzC
sdzt Lizj B § ) tcOMmyj sO~R LdzOyd dedwv MmEklstsydztse
4 A § i WizdzC ydw dzd cOMYf toj HJ dzj dzd W 9 JIstcO
OCIjtdMmMisdc OB 1 Cv.

s
s
4 ¢
dts
J H
tclz
i€
do
| g
dz
z

FEOE OO Q0=EFS
H_H.m'q—ﬁ‘éiﬁﬁz EEW":';I

ﬁ”

o

&

OrRr3an
W wH-

)
B
)
5
dz



68 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

1 OLtsoats?2 Hdzw (sl orBtOdz Hj2Msobkzshdj o st
Bsh dzgsflsd 2.5 -&fj setsdyts? 100 dzj 2) fsdLotsHMss O ¢
UdrndetsdzsHYyd (vEteOd dzO) .

¢ C sdatg W u J &z MssBtLOL detsfyls p9atHO JGCu d AC
1L CdesaBdd d WWjiClsdodesets dMftsdz L soe Odedy ¢ OL O,
tcOB SIsT Jluv 9o sjteyd o© d¥rdzj M tOL dets?2 Bsh datsylss
Mzlstsydzr = 9 0tdOyd?2 " Bes s dzd 20Uz tetcd (BOG desMmisw o
I S gico ff Otc CHE ldts ¢ 51).

sOBdZd yo 1. | jtesWisdtsMmisd &Bsh dtsmisj?2 L1uv d 1Cvu

[ O] OLsdz  MS Stety
< 4] 40-] 60-] 80- [100-][12,0-[14,0-

y Ofpg| >25 | 599 | 7,99 [ 9,99 | 11,99 | 13,99 25 sk 5 %
0 20,0 | 24,1 | 229 | 16,3 9,5 4,5 2,6 24,7
2 230 | 248 | 22,5 [ 14,9 8,3 4,1 2,4 24,6
4 16,0 | 239 | 24,6 | 18,3 | 10,5 4,4 2,5 28,5
6 150 | 215 | 22,0 | 17,8 | 12,0 6,5 5,2 32,6
8 145 | 20,8 | 21,5 | 17,7 | 12,5 7,0 6,0 33,9
10 150 | 215 | 22,0 | 17,8 | 12,0 6,5 5,2 32,7
12 154 | 22,2 | 22,7 | 179 | 115 5,9 4,3 31,3

14 154 22,2 22,6 17,9 11,5 5,9 4.4 31,4
16 14,9 21,4 21,9 17,8 12,1 6,6 5,3 32,8
18 14,3 20,7 21,4 17,7 12,6 7,1 6,2 34,2
20 149 | 21,3 | 21,8 | 17,8 12,1 6,6 5,4 33,0
22 159 | 23,8 | 245 | 18,2 10,5 4,5 2,6 28,7
23 20,0 | 24,1 | 22,9 16,3 9,5 4,5 2,6 26,7
wtcj H{zl63 | 223 | 224 | 175 | 113 | 59 [ 44 30,7
Sr U [
11 v, 62,5 | 559 | 36,8 3,8 0 0 0

Htse dzOMmdets ttOMYUjlsOds 1 v LO MiejHdad] Bdetse sdzj Isdz

Sev;, ©Oodz d5 62, 5%, 55, 9%, 36, 8% qudzs,a%,ﬁe]%a;mw
22, 4% 4 17,5% O f) ojtswisdsfls: s 21,6% 410 &
fsCter sdd dr dOctkzL ¢d dish dtsfmlswdzsd 1 Cu.

quisdzdzdlstzJ ZOw 1 Cdsdi3dY cOLO HBMisdeOjIlsmw L
6jydBOT OB g, Elf0F0L B 1MHD%Us C i dj Clsso Oda
dZJfr]QtsdzJchd3q’ 1'uv d Mdmisj iss?2 bkfwOodzj dedv, Motsjot
I Cu) or Cdzs yos h j2 ddzd oCdzs yos h j2 o tcOBBIEZ BBd
sBj My jujdedy dr flsddBzOdz dets?2 Btsh detsfylsd .

lrestc SflsddBOdz dese s o Mis@g @ § 51 drdzr O sfyudls d
B slsjtedz 7 BOL HOMEXE)o iflsB®6 & @t st aj S d -
SCteOBRB " "(IBsmIRAS " dlsdBsctweOW ") [ 3] .

stedlsjtedw s 1 SCtdskdui nss? LMW jSlsde dzsflsd e
i Bj Mistsd BB BE Ctghtars S 2 § o;%gsﬁnmqts:c HYfEBsjClso

56 dzOMdets ftetseo jH degdes Bz OdzOdzd L 2 ter desyde" = yJ dz
dzv st t©Oodyr &3 900, 1300 d 650 $/C1is.
dMSsdsdtetse Odzdz’ § bkHjdz dz j L OlstO®)E)yd lsDdzr + Cei
HY sdztsy j ded d Tls GBdz i bsdedizlz s jo Pz tEfgtsdg € 20118 S tSHE
8 cEtsHW W dydJ dzlstsdz HIfFS G &ls g MO iz Jtetso Odzdz” § L
d

o}
d
T
d
3
CjHjdjd ft jets yjdg ©® 2016 &. 5000 tkzs./S¢



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 69

 SatH sils f tclisgg Opud MUaplalzd s sHY dL IsOEYBED dz
ster 3G © 2016 6. tw©WOodzr -~ 3.30 twke./ClIsLy.

e dZzOMdes BB ssHd Ui MSEdds tOMyd sOdz, d3d dzd dizO dz-
CzCUpHsMIsdcOj smw ftod Mstsisdesh j daP.8:068:0.280/) s j 2
slsC dz¥ yoOJ 3" = ddzd o Cdz¥ yO J &3 ~l Mu Edidzds sk B jFEted jL2
BB dzd BOdz' dzr = Bsh desmis wisls ds dgdsiie@ dzig @wez' (ro fMYistsils o §
50:50:50:35:10%.

1 0 tdimd tfltcdo j H J dz fsCOLOIsjdzd €5 HdW tOLC
Bsh detslsj2 1 4uv, J1Cuv d ACv, tOfMmmydis Kdadz Isjts da’ dEWts
fsCter sdw 1 dzj Slstcdyd MEs2 d&OctekzL €d M (lsjtej 2
Otk $d) Cdz¢dz ] Cuv ddzd ACuv (90OtedOdals ¢), d M
+dzJleteunano[d3q sS4 &zOd3d o Ctslsjdz' dz" » sjteyd (¢t
bwCdg) (Aal.10 twkB./Cllkby ® 2016 c¢.) (90tdOdss

0,050 ~
70 0,045 | ¥ ‘ /
o
z /,,/"/' 0,040 + ¥
60 +—
B = x 0035 1< r/Tr
_jé )/ JE/@-/Q ’ o M
=T /1 T 00% | 3 :
a0 L« 0,025 @ I I I I
= 0,020 —O—ACu (€ dz€ dz|—
20 =o—=ACu (§ &€ dz 0015 —O—ACu (G dz da| |
——ACuU (6 dzG dz ! —_——] Gy (S dz€ dz
20 —1Cu (€ &S d) 0,010 —s— ) Gu (S € dg
/ ——1Cu (6 dfds 0,005 T |
101 i {odiis
0,000 T T
todiist
0 ; 0,00 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00
0,00 0,25 050 0,75 100 125 150 1,75 2,00

tdm. 1. 1OeadMmddsmk {dh. 2. 1 Osdhnddashls!
f Ot OdBEBte @ scu Cs dO BOL| JICu ddd

56 dzZOMdes tOMYj IO dmf sdz' L tso Oded § C gy d

(LOBI"jdds) cOLO, bhiltzdylf &6 atsjHgds dig 0 " j 2 7
ftod dmytsd L so Oded JU=R2s J(Mteddn. C sl)pn §ted

168, dhftsd Lsoe0Odzedy 1 Suv d ACuv 9 mMmMls©ej Cs
d MiBdMmMlssddsMmisd ¢ dz¢ dz d dizddgjcdis hHjd2dqeH Q1 diffrpdtts] dRldsgOx
4) d f slstsdzz dzj yJ dzd mMstsB tcOL dzts OISISI{QC{ L toj dzd
Ld&ZOydlsjdzt desds3 (Hts 70% d 57% ftcd U=2.0) mB j to]
Il v d ACGu.

- 1800 —lo—,\l U* 1
ol T T 1600 ey (cacd
15»?, /ﬁ/; e %ﬁ 1400 _;—':jgz Eggzgdz
» 1200

E A== 1000 W

10 + W ‘ 800 N~

. —o—nfu (Gafd 600 S N <

6 —D—TEL’ Egig 400 \\c{\“:\ \L

—o—JGu (S &S d

) | " ELTRANER NG

o ted: !/ 0,00 0,25 050 0,75 1,00 1,25 1,50 1,75 2,00

000 025 050 075 100 1,25 150 175 2,00

tdm. 5. Wodfjdesim { . 6. ) OsdMmddBshls!
SCEf O 36&H)s tls Uf Otc 9 Odzdets @ sy H sdsts H @ o d3



70 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

ljtemyf jSIsdoder &5 dzgOf tcOQo dzj dzd j &3 d M sdz' L s Oded W o
sCOL Ols! Mw ftesdLotsHMmMlsats My dyJ dzdesets ftodtetsH dzsSG t
COLdWd<eOlyytdids difs j dzj 2 , ZHOdzj dzdzr = tsls dMmlssyded € so
sLw2fmilse j§ Co¢ HjhY atsets stsf d&zd @ © H dzw sStcOdzm 5

SdzcHddz! dzgd S s HdzvW L OBsStesL & ftesHikzSydd [ 1] .

ltesdLotsHMIsoats tBBtckHSo Oded W H dzW f sdzlz yj dad v,
dmyf stize Oded™ w1l | dOZOYjdts o t(smdd ([fo6f "1 Jd dd:
¢

stcdtslsjrndzd S 0Oe, Adwsi ¢cltescetej Mme) .

RLO®JMmlsdets, Ylsts dz0dB tsdzj § LWWjSlsdode &3 wWodzw jis
GOLBttOMftejHjddlsjd! dz" » Mili?2 fted dzOdzdudd Mmtse Mmls
Il Cuv Adv) , fsmMésdz S MiBj Missd dGigsmlis ftoesdL ©o sHMIse
sftcj HJ de; Ismw f tsisteijiB djl dad:juds dsOdzCldz $(c0 ,u6 | ) .

ltej HdZOGO] BOW dHJW BMzso OO dz2O0 dMmf sdz! L 859 Odzed
CdzCdz 1 Cuv d ACGU HdzWv 1 dzjteetsmdzOBY JdzdWY HtetsdL o sSHMIs

1 © tedifiy. 5] HMIsOo dzj dzr tcj L zdz IsOIsT tcOMmMyj Istse, 1

L dzf e dw Cs IstcOIsdIsmw dz0 l]’tslsq’LE)lSHfr]lsa TR (
"1 Cuv(CdzCdz) v+l " d "ACUL(CdzCdg) +ul) "

B

0,040 ] PN [ ] so50 | 1 1/
0,035 %ﬁ%ﬁ % c!:/ AN N 2000 1 | ﬁxgg (¢
) J _ (q
0,030 ] J7< — S AT oy~ —ACu (€

ol Cu (¢

A /)( >
14 1 1500
0,025

0,005 +

: ple A ]
I ‘ ‘ a ) 0 | 1250 =<

0020 12 ——rto (Sasd ||[012 — l \E\E\\ oop 1o~ /
0015 1 8 —o—nCu (6 dg— | |8 =AU (6 S de i~ / —/ |

I —1lCu (€ df dz O0=ACu (€ df dg) 750 7]\ / —
0,010 T o —0—] Gy (qdzqdz* —1Cu (€ dL dey SOOEW

@ T =] Cuv (G df dp) 250 \Z

> | |

6
4
2
0

[ad4 / oadi/ I
0,000 'I q’ 0 ! ! [ad

0,00 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00 0,00 0,25 0,50 0,75 1,00 1,25 1,50 1,75 2,00 000 025 050 0,75 1,00 1,25 150 1,75 2,00

tdm. 7. 108 (dMm. 8. 1Qed (dm. 9. 1¥erd:
MmisjiBe®td Cdf (fjdsHO skt (udmbssets HdMC

sls  f OtelBdzy:lsite O sl § Odijls Hsh o) Ol d3y

l 1lstsdz Mdzeyoj Cs YolstejBdzv jIs e OLO BtSdZ! " j, Y.
ftosdL otHMISo O w12 ,H oD dfjsicedEkscOy g sdz L 59 Odzd W € dz
fts sSflstser &3 y,j @Oy S5dz@D, tefrted o jogi j dzdzr = ¢ 2016 G sSH
Hdzv f OtO®Rj stetses, fteddwls' n fted ©OMYjlsy o Oted Odals
toj Odzd L 2 j a3 2 11, f 5dzlz ufjtaidddz2ls T dzQc Gosdz’ B0 2200 1tcHiz BG ./

H
tetsL dzd ydzr n yd dz dzO g1 ], tcj OdzdL zj o3 2 cstel d3
CodeC Ztoj dzlssf ssB desils! w1l ) Cs dzO ter dgl j .

#4ts6 zOMmdzets tod fy. 5 MiBjMssd BdtsMmls CdzCdz Csyq
ftosdLotsHMlsots CdzCdz o wly, ots g ftyjdiBsIsH JORF Ot tsdzj
sCOLr 90 jBEBS @O o988, yYyjd k£ ¢s M Ctcdjdzj eOYydtsdadz
sBEMdss dzj dzs tetshissd SOfdkOd df ° d LSy zz OOy
ftoesdLotsHMisoz wlqtodlsuyjtcr¢@gmdtocts Lo sHMisats w1l | dzO
ftcj HiNMs@aaky jol§ MO d H v -L PtsisStsjsa /19 jjdts (efifis© Ot
ftoesdLotsHdIlsj @20 @zfz€ dz Hioj destsif sitsB detsfylsd f sH stets>
te

dz¢
H J
Cds Off mtezy j fiphtd = o ' taGPBffdsidifqch ts¢ dzj t
o 5
q

]

dmkdeSd 6 d 7 MmodHjljd Msaksls & oL A&y dasflk
LCdsBduj MS et L YW
fsflsdy &3 tesdLotHmMisosds v | §td khmdksedd dn GBI

skiklsmisodd GctOdsdyj ded™ o©

l 1t lssd3 Mz yoO,j ¢ to
c®C 2§ O d3sMisd ¢ s, fGdgsdhjo,sHwh (.

L dzOud dzd ¥ 7 Uf Pe@Esy s



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 71

ydd3 BjL wl ) (tBBSLAEOYJjd 0 "JCuv deBmstmh(Cd
(tedfm. 7). lted L Istsdz yoOfmls! HBAtsSHBO sy ils B Is!
¢ dz€ dz.

vOCdd3 sBtLOLtSA, Hdzw Csy 1l d CsinAn o EMmdzsesdn
sB ZOHPF ftOotd ftosdLotsHMiso O d fHtesHOYyd € dzb dz
ftosdLotsHMisatsdy 1 | dBsydls Brilsy L Ctsdetsd3sdud M d o

Il T otsH: 602 sdzOr t tsfigftefdzdey ysias dizdh o]ty gofnzsadOeds dd3d
&4 Misdz" B dMmistsydzd ¢ OB 6 OL O o ts1f B Ndats dz 1 15 dpt© | Y
BOLJ 41vuv, JCuv d ACuvu d EMOdtsotsS HdzY fHttsdL o
HiWwWdydlsOo d &zOwOh do Odzedw BOLBO" 7 d fdEBor a 1 d
coLdWdeoydd o&jfMmisder 7 ftesdLotsHMmlse d dzOMmj dzj ded v

[ dj Okt

8. 1.0 skHtwh 59 S. R. , 1 d¢ Bs8dz0Oyj
s dMfisd LsoOdzdy o sterf gz cOL s Steh ¢
v ftetsdLosHMIsoa O +dzgjtcedd d My dyJ dzdets

TOC s HSBEOjo 1. 1., MmOteyj deSts 1. 1. [ 1
oS shfdzj Chss dO® BOL] CcOLBfsEhdgjorn, ojls
dzj G AT~ 6Guw. 15D



72 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

fruofrryragry Il f1¢uf oulor vt J 1ML &[]
[l JouaRrRREUT da |
METHODIC AL AND INFORMATION B ASIS FOR THE NEW WIN D RESOURCES
ATLAS OF RUSSIA AND CIS COUNTRIES

1S tsdz04,9 11IQdQE Os BR W h s JSCBAZOj O 1 . .
| Oz yiddist st 3Oy fsdggle?f [ Lt dre, sMfpdw, 6. [BMEsecC

Nikolaev V.G., GanagaS.V., Kudryashov Yu.l., Nikolaev V.V.
Researcl& InformationCentercATMOGRAPHe Moscow Russia

I HBC ZOHg dathi Odalz'der®?2 O dzO dzdsils | iz Mnisfigl ety Mg A L Otelzs j Y dz¥ R Bj st
nOEOCjtdhisdse o bttt djttejsduinitets fslsjdydodo (161). |
Isj stejlsdui ME OV siIsj un[ipsioiXMdOE R AT P.[ | [ONBtes] 2O dzO

MisOlsdmisd ud ME 5d3 dBBSH | dzd to oo jAtimftxf  dlf j CtdsQegj s iy geif] €1 Ugdz©dfias|df P Is dzd o3

HOdzdzMdsls j o' B d3j Isj Stets dzis € ff w ) ) SHOCEdzdzf 5 O disicRdzH Otels dzr 7 L oBj to j dz
Ol esdzse d ud i S(dpret ) M I Osdipfipidfvd O fdsrtehiPsidss Qi |1 600 d 2368 § MB P O HOJ Is
BsHj zdtese OdzdY 1 61 dzOd Isfj licwc@ds sty ff 1)t fif if@@eey vdzts g @ 2 s dztel 3

Qo dzq dzdz' 186%i Mt 1 dzsy dzr o5 toj dz' j ¥ 5

JjnEh j2 LOkEBjxds2 d3j &M dCHERdIsOf b ) WASESEPOH  § @dzd v ) |

sBifMfjudeo O Bz masindise j odetsMis! dBsH ] dzdtetseo Odzdw 1 C1 d Bsh o
ftcjHO O mqbamwmmﬁnquQJmJ&qz 9 jlstcO dz20 MY j ydoOdzdL qtetse Odzde” =
(IRS). ¢olssLOR] of Wodzjds {16 HjWASP f taxfedy)fiymstayioniz jdsg )
Yk o fls alzklf) j€dzs. O HECAMB S Is ji taschfij l4ech GlztstdjlsodS | ¥ @O j dzd v &5 My sz L k2 j o3’ o
9rntHAZ » § BEOKEE B Is] Sicts dzts o3 Hd) i o ChrigctgBfi2 &' = MEsEEdsY
94O o { tedf] |y teluasuts ZipdeE(j¥ i3d Ui MS SEE datr dg fiy lf P BCeOdatifg? L o § Mls dz’
dMindzj v st O dzdisy j dz0 >8E3. o ¥ MEsls OF

4 EZyjlstsd fusjrhdpdsd St OClskzOd d &3 ftoj HiNlsOo dzv j IsMw tcOL OB &
sfdeseo j CtBBddzOYdd S dMOdd » o HBSdEOH] &BjlstsHdC.

]l COyjfmbe | simdBRQ suzsdp izt jlsdudimMSdr tjmMktemMses { sMidd, MMl
stej nfMdzs?2 dzOW BEHIdW¥ S OyYydw dBsHjdzd At diedyo dO BOL | dese ts@

V(2)=u*@Qn (1+hd) ,

OfftesCMdBdiclzs Ve fifelshjd degls 0 HE dzj Sliplsdateds 2 aH@fif lgftste g dzj L o
Ctslststets?2 d HBs or Msls’' 100 & (VOO flsOnfkdedigiihmne d w2zt tisd
WEdeS yEedwg WW dydj delsORBd, BGtejHjdzv ik &i3d dL bkfdzsed?2 ¢ dZzOHS 52
dzdy ded 3 d oj terndzd 3 Mdzts | df, d et cdfBtatiiz de3f dfigf of fzezlsiWuly dgS)y ddf (1

o MBSO s tcjHjdve sMmw {5 IsHeGDdzddzOR ots ofifitsllisic to fifiptsei tf i L kEMdzse dw
Is s dzh d dz’ o' Isj M dzjldzdud mdzgstfitidnt) inOdzy | ssects o O Hfc@eed j 5 o' M
Bd dzgd Bz BO s s dzh d dg or &7 Mmdzfsled Yy Is fifletf bzjdds MO Y 2h j dad Oolsstetso
fsctOdd ydzgsdz Mmdzsj Obd@smW jter o jtlsdCOdz dzf 7 ftesWddzj 2 MEBEt
ojltesor n st B L jdidkzs o jten dats g 'M,C dkEH 1§ dnjintez) 1 @ jo dtsiz] v
Qolststetso .

1 toj Hdztsy j dets o Cdzs ydls! ) OlsdzOfm desor j nOOSCIjtedmisdS 8
o jlstetst dzj G jlsdyjmMStsets hisddzj2  tyjdss djttejlsdyjmsda
COLjNjddjd i ECOLOd]]J B MisOtsf s jdindd € g Jsweds) O sdsdyds’'j 2
OolststcOBBd BilssHdud MEdrn § =IO S jdiEeijdz8] B detdzd j 28 ®F 9N jaEts
fjtedsH-19D 80D |CEE OSHOMO ©OMh dioj &z0 HEs Isjtetedlsstedd B oah jEs

Hts G dzO fy dzts t OMmYf stew ) j dzd#c BSBOLEBY Az fids.o © 9 1 t M
ftcj Hi Bz EsBkishd IS ¢ HB 7 JllIs M eBHEHYPB2 o' tC
1 d BB rABHJ& d3d H ey dztsiolsfasaddysj Is fyw BOSC M &30 dz! dzts  Is sy dzts
9 jlstetst dzgj e jIsdyui MEsets Yfslsj dzgydoOodzO (1 61) dzO Isj tots

I' Hs$ &zOH j fHzO dp dz@edrd id F Is dfy g Shgdndsj dzlsif) ds' tsda d&
sftej HJdzj dAdw MjCtdoar | shdetse Odzr O BsH | dzdtetse Odzd
dZzOC s dzj dadz’ n tcOL dz' d3d d3d IstsH Od3d H Odzdz" = : d3d Isd
Of esdzsedyd MSdn. lIsster §, hdtesC B OLddnd s ds M wiz § d3zO]
CtcO S smMeRYdzr GsHIse ' = Bdz® s 26 b 1daB p & Jdzd W A 94 IstcO
M 4 yd Oozd L cptg tisasc@didz dsy € dslszf dizj de'n® ~d3Q(UlIsRGr) odz@ntsiIsts?2  H S



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 73

B3 M ftsmdzjHizeh j2 5B tcOBISRSSH ®OUzdzY & dziintsp digde'mds dzdzO fi
Bdzs G tsdzj Istdzdced Y LaZilstc© dzO MM Hdzd s d3d Isd sMisOdzyd

dts6 zOMdelgf §&] L 50 Oded j ¢ Cofyyflsitasdedf bl Qudf' od@ jAs IS &
sftcjHjdzjddw 1C1 dd dshdsimisd JCrpsists 31T di3% H dz®
tcOo dzd dzdzts G ts TR R/dg WHA@ZWd Risdzd3d Mis 82 W BNy ls detizp s & (G lf
dL o3j toj ted SsB@M Y jlsydo@# O dzdzlz ¥ Issydzes s T80 9 dgsh OH

lted BSlsd®BzOodz dzsdz tcOmMMmistswdzadd 130 Hilzd @ dgiuls tots of
eslsstc® [ 1] ), d&Odetdjj 1 Stdsdkdyds j 1 Cu Mz dkd
BQ@L JCuv JjHdqddydz83, s desimlfnd H2Y O3z sStetsd3 teslsstc O
f dzsh OHY THS 20 vy CoOHOId » Cddzsd3j Istetso 1
ECOLOddwd [ 2] ©tejBlkJlk oH B dAJOO0CR "ddLjd3ictdsiHdzd 2 Isdis@f
RBAzWSD, yYlsts BjcO®do ddOMIs W h[jlgMmeora) dfydzj HizjIs o Oy dats
sjtstejlsduimMédrn &jlstsHBs MEY Ehis g gzgadzg v d3) €21 "  Bd
BOIsj ted Odz! dz" d3d L OlstcOls ©Od3( .

{ OL OB 5lsOdzdz" § al3j tytiaigisCHd) daqtishitpfig dodfizd M &z} L 25 N o«
Shdso dsilsdf O NGAFEduNdissFsedl NCdR, hfkbkc
Ot dtse d UJ M& dn dfts aifOlay @IS B s Ols ", t6 O Lydedmis® &) "dafigtstn !
HOXXJOYd Mise j dedets [ 1] .

1 O OdeB sdz! h Iz HsMistse j tedztsMmls ftcd By dz€ g ]
Ot jter Hts 200 ¥Rtdspj ey 15l s tigHsi) Cuarfitehy lalgf jo dgdz@ v
XXI cOL tcOBISC o1 J 1 RA WABRIDY L t de/Oa tc@B tsIsC d [
d dzils AIOs O fMudlsos h jIMw dOdetdzjJ Ooltstedlsy Isdzts?
WASPd tj OdzdL s hd2 Jji H0O0Cjl {tetsetcOd3dy digesedfRls |
tcOMf esMistcOdzj dzdzr = o ddtey d o tMimdd SCsdBf ¢ Is
(WindFarmerResoft WindFarmd Hte. ) .

WASP tsfmdzts o O dzO dzO yd mdzj dzdzts ? BB stsHdC J dB3ts +
~nOtcOCIsjtcdMmisd ¢ 9JIstcO d 1 Cu i HOdzdz" d3  d3dz
Bilsjstesdsedyj MSdrn MsOBHEGLS5 (HGu) &O o Citsk Py
zsec Oted W d3d ud ME BBz L O&sflaz Wz dzdzr @ sSisistgdsda2 @O ded
BsHjdz dzr = L 2Oyl etk - oM g o

g M sdzr L s9 OdAMPASRIE Jdpjols tH gp'Gjdfc Miaf@L tc OB SIsOdz 8 20
HOIMEd?2 ¢lsdzOfm o jlstetse { sMimpdd [ 3] .

[jssHdS O OolbttwXb (Bf JRMAt Aol [1T O6AOD) f tsfi
MsOlsdMmMisdyud ME B3 d@IsHj dzdtetso Odzdd ff OtcOd3j Istetseo 1 €1
HOdgdzr ds MisOdzH Otelsdz’ = dL d3d toJ &d[F dnislOd ddz@ 1 4 & )
444t dZzO o' MslsOn 100, 200, 300 d 600 a3.
9jIstetst dzgj e jlsdud Msétlmn toj Miztemtse  sMdd [

Il sor h jdedzOW s MtcOodzj dzd M dLoj Misde d3d H s
1€l ®BiAHvk [ d eorhj or fusdsj talgjdsdds tedz@ztsls i miig )l
MstcOdz 14 d 1 0dzksdd ( Ml6Hhs et | tc@R fisldztsy dgj @POH dzl
25 %1 Mis Mdztsy dzr d3 Lte)j dzisg § gz o O Isfpw dMf sdz' L 59 O
By ssHdu MSdr fBHARSHESO
1. CCMistcOf sdzv yd "SI Kédztlzb -~ i3Jn dzOMsIssis™H ] o § Is
i) L Odj dzj dzO dzO dzORdesects BtSdzj j Isydskz® ddalsj tef
2.MOtcOC Isj to g figlceds iz fi's O sy nixRisiH j zdtolzs smyw 5 s
HOdzdz" d3 o fiffj ~B t{dajisp 5002 sdz0 o1 50@eRdirl | I MESBBED Ist
3. l solbtstew j d3sMisd o jlstc® s MEtStesMmMlswd s tcj H
dimmdzi Hz] BSEB ©GO2t5dZO © t©WOHdEM] s 500 HT (
WASP, BfitcjHjdvesh j2 1k "O0OCIjtedmisdClkz fts

[Btsdzseo Odzd §f j JHIBlgP B dz] edzsMisd o3 ssHdEd 1R
dL o jMisde &3 bjtstejbduimMidhd dBjlssHdEORd HOd

7

O
[
)

H
A
4 s



74 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

[d&zv o' Msk00,10D00 d 600 o5 o ¢k OO &@HHE s ks
Broh jets dgjulsgH dSC O 1o ud fifl s deneqiy bsdz! Isi@lsdzj Is dzg R
L

0! e EEHMEFE dL WO jdd d L By dsils! SftjHj dj ddY §sad
BsHj dese OdedW Hkedh &jlsHdS foftejHmsssd MisC
H Odzdz" d3q .
leso jHjdeder 2 ©® [1] fOsdedlsj dz d& 2 OdzOdzd L

Aoul [11OAO0 d WASPGEHL 2§ OWOSEP wmBdrdzdss o j ttfd2, Ml
tOLLOBGISd ¢ldzOMO o jltese [2], LOddY 0%k MmtjHdsj
25%, fMkh jfmie jddts tscwOdkdudsOw f§jtmfjSlder Mt
Mk B0 dzs 2 dstsh dgsifs ' g5 Islzj Bdzj § 4

¢olstsddQatso j HY dzs di3j ssHd up MYw ) jdnifdsdsts s Hatedls d
WASP-10-1 1 f sfydzj Hdedr o j tefpd 2, WindRamst®® I {§ @B t)ls @ tstHais dzts
dL o jHEhNdR ©® &t Htetsj CIlsdtetso tsyidbaRaddagsknte sd dzj tc ¢ j
oL iIsy desfisj 2 dgPff ct@Oudzg Add v fadsor h jdzdw J i HBMlstse jto
ydidzj M dmfsd Lso0ddjd3 dzOS s dzj dede’ = o ( sMMdd o3

[sdzdydjd&z ftsfmdzjHddr ojtthmd2 WASP Wwodw jlsfqpw o
dimdzj Hizj BB ©WO2sdzj f dMY Odzde Gogededrihds dfiz Is dzd ¢
tsydzj dzd W o dzd W dzd W toj dz2 j WO 2O tjLkzdz sOIst ts
tcOCIsj BVASAIGFL 1 ad M sdz! L s Isfw HOdadz j s toj dz' j W
wid fn kOS2 obL dsydtsfmils! ¥ ff el j tzflztb ig® o d d&'fdaty G
HOdz o ntsHdz" = f OtcOd3j Istese o BsH jdzd Mmkh j Mise j dzdea
ssydzd S sd3 ftsetejh detsfylsd weodzw jlsfw o tsL dEtsy dgr 2 ]
jBBtcOL ts9 Odaed W M kzsded S s " °d HQdiAgalz Fdslid0ls t OW d y
hjMlse jdedes L OadMmwh d?2 thtsdzCo®a@B J&OYydd d frlso
s @ts, [t &BsHj dz WASP tOdzdzedr o4 tefd?2 Yy
j kscts BZOMh sOB O f sHMisd dz.s M j120d B tisdzjj jto -
Olsjdz' dgrf &3d Hdzv o jlstetst dzgjtecjIsdCd wodzwse Ismw
1 fief W2d SOsy dCdczGA/ASR H Siddi'e Bds Is 5 B'dz] day dz@ ) dzd v
dzj ©lIs 0.0001 Ht 0.003. J{tdimg bBGCEEYd
7 Bsckl fwedotsHdls: € LdOydlsjdz dz &5 sh BS
9 j Istcddzty,, ‘isdzgdsyd & Mis@fYf tcj H j dzj dedwV o j Iste O

Ng§3S090n

LR

ZONT)

OIS IT DI G FBOC- FUN
o

"OFOgEd
SHF=00aT 4
"I gT 02

WSI"':‘EQDQ_'F

rdzv Cosdzdyd Mlso j dedes? ByjdzSd oL By der m ftsetey hd
WASP-10-11 ftetse j HJ dg ud mdzj dzdzr J B ssHdud MSdJ tc O fi
sdtetedststedd t smdd fiy ftadd dez digf dedz'dzO g @ O B j e d Misd &
d o9 jltcO. H 2O dodjiic © 1f toj HMIsOo dzj dz' tojL zdz Ol IsOC
tcO2dzj 1 OtcOB ddzMC O.

Hts5c dzOMdaets OMYjIsOdB oL di3sy dzr j WABRILD] hL ddrsOmnly dlzdddts H
f OOBilsac O Hd Of OL tdzj tls (zls0 0D@dorss g8 4 ¢ dEazOyd
dzj s toj Hj dzj dzdats iy Isfyy Tigs taudffiidsj jH2j daj sty ©® tsls 0. 5 Hts 1, 0
or Mslsts?2 (ted M. 1) . v OC, 2, dzj st dof) 'H g @) dzdatsthyls b | te OF 1§
C ZOMMO (o jtendsmisd ks 1 HESWASPIB] Ctz@RpnEHBHS Oy«
LdzOyj ded?2 MCtstesMmisd o jlstcO® o 1 OtOBddzMSj dzO o' Mtsls



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 75

—b 14 +
£ P
+
- +’,/ y
| E /+74/+ 3 A
B 1] /’+/ +//A,/A/J(
s g
- © “\\“/*/4 //la//,ua/
. . — | ]
&N ' ==
—————— ¢
-_ (
i\D/D/—D/ — 0/6
— T} —O/’/O/“/O/ c
O-_O/g___.j—o/ 4
o— | |=—10 #=003 —o— 10 dgo=0.1] _
= 50 @=003 —-o— 50 dgo=0.1 3
=100 Z&003 —-— 100 Zd&0.1l |2
L =+=200 Zd&x003 —— 200 Zd50.1 | ,
Zo = 0.0003 0.003 0.03 Ln(Zo) :
-10 -9 -8 -7 -6 -5 -4 3 -2 1 0

Ml B o) H] dzj dedes s’ t©OMYj O MCStshlsd ojlsts
L 2Oy jzded "IEO2 sdzj J OtOB d dziC O

11 £ -
m I
o, .89 | 10wOBddh¢ ly/////i
977£9 4 /Zg
E;b /
°T / /><
! /X T
/
6 /%///X//”
5 f/ /X,/WASPUB &4 Isj &H Odad
£ -t dIsjsH z
4 //;/// ——WASPH t5 O1 tetsH Odzdz |3
A ——WASPY 5 O1! tetsH Odzdz'| d3
3 =x=WASP OIs zOfp 2000 |
2 =O—=®3tsH § dz dbuf L4t o
1
‘ or MslsQ,
0«
0 50 100 150 200

tdBl " r mMeldy | st ddd MSsesmlsd mMisusodd jcoRts
COL dz o3 dssH | dzv o

LO0dkdud) O! tdscduimMSds HOdd & &0 o' fiskOr
feddydi Od des dese’ j oL Bsydsfilsd § st dd
Hefllsso jtedesflsd [1], O OSCxy,j dMfsd L swWes dn
odBjMists HOddz 7 &jlsjstesdsedyjmSdn. 1 1RA Adul
oL BBy desMis! d ) jj §odsh! s fosejHjd ©OMYJ L



76 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

t smidd, oentHWhdf o dzludrdshs dp jolists teigrs y[dats 2 dzj Is sy dats fyls

Zo.

RMf'sidtseo Odedj o SCOyYjMmlsej NABPHOA - OOHOEksiEzS e Py jdiistH
HOdedz' & 20 o' MslkOR 100 o odsjMists dwjlsj sSesdsedyy
sftjHjdvls! MCotsmis! o)l &0 Sfttds? of Ml 1
BjlsjtsHOdMDG ® s fsks®RmHd 30 & Hts 3 &/ ] d Bdjj
L stsd dzj stsydzm@lo) sL @GOQddesh L dZOyj dzd?2 mSstsmisd o
HOdzdzr d@3 dzO o' MslsOR Hts 200 d&B HB 2 &/ M.

v0Cdd3 sBEOLtsd3, ety hdtsmls! sitejHjdigzdy M st
BsH jWASP1011 L OadMmdls s fscetejh desmisd L OHOdzdw o
(MSstesmlsj2 d Gftsddy Fyjod itsls) { B td) M desMlsj2 L OHC
h jest so@ssiis g

fiLkd OT d&sHj Zdtese Oz MCBesMisj2 ojled |
fMtcOo dzaj diEfvj df ¥ B 5 BjlsjsHOdd &8 Hdv 1 OtOs d &zl O
tedimizdzS j 2.

) sy ddzr j] 0 tjLbkd kOl f 5L ONABRIOIS]T bisted oy H O
BsHj Zdeso Odedd 5 Ol tsdsdduy MSdd HOddy &5, § sk
fizh jMmise jdzdzgts BEsdzj j BdzdL&dJ Oy jidkdiyy | fipQf izl Aty O 2 dz
MteOo dzj dzd ¢ ) tOMMmud SVOARBAOGRG WASP tag=irdgddEy dp j efd 2
B IsiBHOMzdZ d©3 9 HJdOY OLtsdzy 9" MBEBOGBISBS OBz ) H3dz
¢ 1 CMf jted d3j dzls Odzd dzr d3 L dzOyj E4SP M Cdshaftstndz)j Bts o © §lzis te
Ol tesdzsedyd MEdr HOROR s DEGHEB2 2B dzd" ¢ Is 5 Y dat
sBJd MY J WHASPOEIs di3d Isd 5H Odzdz" 3.

f OMrtsyH]Jddw tjL zd IsOIls BMASP, {f B)dzie Q@ziziiz'dze] s tcdgtdats 5 @
dL d&3j toj dzd 2 BB EZMmdztso dzj dzr COC i3 dzeffdjlacdg " IS tg | WS 1 t5 dsTh) l4st
BsH | zdtetse Ols tcj Odz' dz" | 9JtelsdsOdz dz § f stsW d dzd fi
B steso tsd3 fndzts § OlsBMW j tor Ho lzritf Qas@ddjols/ ¥ dizwsjddn € ts
f tod dzj ded dzts M Is ¢ Cobtes?2 Mtse dzOMdzes teWHbk dmMmdzi Hise O
or MslsOn Bds.dzj-gl l4sts2eB - or Mt ts2 ykzo mMAAGHs § dz¢ dzts s !
nOtcOCIsjtedMmMisdSC O3 tojdz? JWO d hjtesrntsoOlstsMmisd o] tc.
BsH JWABP S L dzOyjdedvds dmisdz? Lzjd&3" = o COyjMmlse j £
B s stesdzsedyi M da HOdzdzr = .

JIsd3j sd &3, zayglddeOIsts j LAZ3tsH | dzd tetso OdzdWw o' Mislsdzr = f totsW
B ssH]E J 1 RA APt dzdzis 2 dZzO0 MmMlksOIsdmilsd yd M sd3
HOdzdzr dis Ot esdzse dyd MSdma dL dsj toj ded 2, HOs s ¢ d&zOHC d
HJOY OL sdzj o Msls, Mo f OH 00 Jdi3 dfP HOO digpts Isderf= d3jOls j it
d Ol tesdztsedyj mMS&das dL d3j toj dzd 2 . 10 ftesdzj Y klstsydz =
RA "oufl [11onA" BHjHjdVEISY ddalsj teff sdzv yd tsdadze” d3d
CMstesf sdzw yd tsdzdzr WASPd Mt sdz L 2 &3 J 9o

("4 BHds2 { tcddg drdzt2ts cotdsjLhdeissiis j 2 B H jWABB s 9 Odzed W
odzv jIsmw dgjsls shydstp] fis®za d Of f OOlsdzets OMMydIls ©dzO dzC
dZzZOyjdzd?2 o jbtetsti dzjtccjIsdui MEdrL B20gpez Y tyd ML tsihis
dz€ yd2 tOmftej HJ dzj dzdp¥ , o J leAs® dztsiflistdB o dz) ez e®m d f to
OdsmMW jter BjL EZYyjlO dr eHtearn d MjLbdedz" 7 9 Ote
sO0¢dj tMmMtcjHdzj dzgdw dzj dzddzj 2 dzgs Mo w L Odgdz" = d&3j 4 M.
Euydlssda BOsMmisd o dsihd i - IsOC d &Y ) te fsimtzddzd v dg
B ssHdUJ MSd BBBMdzatso Odzdzr d3d .

[ Odzdz" j BsH j &z tets o Odzed W P s wHiis@ d3dc dAYASE B O gzdzts 2
Csi WWdydj delsse M sdz' L s9 Odad Wk fls Odzts osdzy dedzts 2 ( datt
%) s OLtttsdztsedyj MEdd3 HOdzdz" d3 M d CitSISiemedsO 0 d3 H d



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 1

114/ 3.0 MWMerveht€lD8/3BMW, | C Sind¥el105/3,0MW),¢ d ff sls j Isd uj f
Z fyls O dzts o gl Gi2dE @@Ejc O B FdefgfCoQ H j dz¥ 2O tod Mz daC j

55

45

] Ok

40 +

Ky, %

35

30

HOMEp MecALa
25 ! :
0 2 4 6 3 10 12

t dB)| SHEB9tIRu;l U & %

g kEyjltsdz ftetseo jH | dzdzsdts CAdgQdpdsioQ ts@dplsitsicddd iz
o jbtetst dgjted jlsdyj MSdr toj Mztemtse sy i) ditsl ek
BsHdVWJCOydw dBtsHjdzd Awt dzHo dyo dzO BOL ] dzSo SE

V(2) =u* @n (1+h/d) (1),

Of ftesCMddBdtclzy VD theasyjd ds'ls 0 frds] sdejd$ i) txfta 032 f
or MtHsd, orhj Crlststets?2 d HEs of Mtslsr 100 V(g (4t
Of ftesCmdRdtelzj smw 1+ dzdzd f Istef+uW G o gi30f dzlsV Aedgele, y 8 3§ H
Edzse g2 c&OHSK2 MhdeSd M GesW k] &0 ¢t
B H jgddy d3 C k2B duj ME dsds  ifVWddOPdidgoidsy 'z dz$)y ddd eI s 1s ©
JHidvE MY 5 HOdd 3 B Mistomisd ojlsttd® da
(éz,JtGszdzfd:s ddzd BsHj dzdtelkzj 3" &) d dui fdzts o c
f

i’ iy @ f) dzjsdfdety H § dzv j Bse s o Ote HY to iy ez® g dzdszla BB ts

ddzr o' Isj fdalidipftys schoptfiskidsiofpQg s WS 20 j ded ¥ Qo ks
tOded Ydetsds Mdzsj OlbgtsMmW jter o jtelsdC Od dz 7
B3d ded BOdz! datsj st dzd jo o) Stcfsa3tzRe YR ESsa dsfls:
ud mdzj dede” i3d dBJssHdud Mg dmmdzj Hso Oded ¥ &3 Oo
Ot tesdzsedujmMedn dLBjtejdd?2 dz©@ bjtetedlststedd B oh
o ©OL dZ-Cdzp@Blisdsyj MSC IR L sdzOR  sMmmdd.

Il " 9BHT

1 ¢ EyJBGmazdlddw Mtsotej d3j dzdzts? dBJtetsots?2 o jlstetsils| n
tcOL tc Odetisds € O ¢ Is dzO ) OdzG® | tsfipdzte o | sWmdfefd zO0ydd ¢ d
ZOdBtsdzj j HEtMistse jteder » ®lsjyjmlse jdedezr = d L Oteklz

1 RdAzW stc 3Oy d ts dzdzr 2 Ftoctsoe j dz d ¢ bid&ete&y j it dzsHylsis
Emtse j toh j dzMiso so Odz" ftod SRR dzj CMdesdz dMf sdz! L s
ddbdt dBilsjstesdztsedyjmMcédr d O tesdzsedyj MSdnm H
Ot OB SIs ¢ .

ag=sr g



78 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

T VtejHMisOoadzw jIsfyw yj dz MpspzO@L dzseg™ 8 C 2O Pz j tod fls
fsls j dzyd O dzO: o jtloesWwilsdegsisd o jltetst dzgjtecjIsdyj M G ts
fsCOLOIjdzj?2 Isdftso 'smyf) C iy Lotsdlygr taRzdtetfDintej M j dzd j d3
MsOlsdmisdud MSdr ftsctej hdetsmisy 2 drn tfted HJ dzj ded v .

T t OL tcOB ts5ls Odzadz" § OQolststcOBRB B ssHdU) MEPHzdzfASH - SH
B lsjtstesdsedyj mMSdrs d O1 tesdzsedyj MSdr dL d&3j toj dzd 2
sjtctcdlssted j2 Brohjcets -4880 €& fYyoodtsulshoo6ntse tots|
tcOL tcOBOIsT 9 0] BIscts OolsstcOBRB dtsotsets OlsdzOMO o jls
MistcOdz uwQdelsddff . 1 v OS2 OldzOMsS P Iskdz) thzd § 2 Ple dsds jo s
Mtsec zOMtso Odzdzes gz d 1 WW jClsdodescdie Mo tsj ded s 94
sjtotcdlsstedd t sfqimdd, MlsteOdz 11 d 1 Odzlsd (.

[ dlsjcOkiEO

lL.1dSsdkz0jo 1. 1., 1] OO O d. 1., skHtowh g sy yg mM¢
6y Mztemtse { sMidd d &@ibsHdumMédj shdssa82da. sy

2. Wind Farm Design. Garrad Hassan. Glasgow, Scotland. 2002 fi)

3.0.1 . dlsOtcl tso , | . | OdzmB § 66, | R U lijLtwelkz¢dn, [ ..
Al sy GRMHLEOO, T 2507 0fy.

4. N.G. Mortensen, O. Rathmann, M. Nielsen, etc. WAsP 10 cource notes. DTU Wind Energy.
Copenhagen. 2Q1i 3 03 .

g oydt
tod HJ



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 79

ltrdatorflovrfrywlfg 1R vl [ JEARRONO Juy L1
Juvryreovl v J1drRELL I
CONVERTERS OF SOLAR AND THERMAL ENERGY ON THE BASIS OF
DOMESTIC SILICON

SOH" s ¢ . | .
MEZHY OdzH MEC d2 ctfmMkzHOteMmlise jdedzr 2 Ekdzdoe jtemdlilsj s d d3d dac
COHYdSC dMls Odz

Kadirov A.L.
Khujand State University named after academicia@&urov

Gl &z Stk dzsL jtedzdMmls' 2 olktstedydy 2 ddlts? ftddstdilsOdd
000300 dBsBsHB ftesdLotHMIsSoaO L OasHBe 1 dzj Cltotsdadats? Is
W ofsdzyjdd® 8¢ 1uC d@O jet shdse j .

wodzjdzg HdOY QO g tgssS8 50 I &5/ flstcj H ] ZOF S tslststetsets dz@ w4 C o
WicCl Mojtordzddel 2 detsets tsMlsO IstsC O Ctsteslsittsets L Odr € O
LduimMed?2 d&jrOddL d3 tsBi Wwidzj dzadw HOdzdztse 5 ¥ dzdzg ded % j d3fs fizd
Ldd dzsfpdlisg dzj 2 ss¢ O, SBlzMmdztse dzj dedetsds dzj 2 IsteOdzd L Oy § -
j Qo dgtso j Mder i3 desdlsj dzv d&i3d, oL dad S Os h dasd Hted o dalsj dzfyd
ftoswodzj dedw L WW iSO Mo jten dzd dzj ? ditffiilssd di Ofgld M s dedis Isd ~tc OFf ¢
o BHBEBHBMR. 10 fsddshmls! s §O0mMmMdeodtese Odgdesdz RO j ted Odzjy =
Ftesodzw LOMoejlsCd daj tSlSdchuO;Lsfr] sls dzOBdzE HOjJ A3 = k& [s o
ltedojHidg tjLbkdz sOIsr CMy jJtcdd3d delsOdz! alals¥ Qg def S W b
G teOdzd y LJtGszao[zqwsqzq;J;Hbzngdz!sthzd tcOL Bjtese L jtejde I[1s
sj B3dzso S5 dzOf oW 3 j dzedwW jBdzso et BEE QIS tEIQHIUtERET, 5 Lt
SHdstesH dtd3 deecl pJ dzOGdkfﬂo@;dyfndzisaq’W" dzOd3j toj dedzets MmsSL +
sj B3 J cOlskzter . RN sdz’ L so Odedd B dzC tsL jtedzdlssets I [ 1 s, G J
FPtcsodzj 2 o Ctlststetsdz tOMmisjls M Edijd "jdadj B3 tcOL 3j tetso L Y
fsLotsdy jIs digidelmyhlsilsw MS di OOl Ister tBteOL ytse fHtod dzj or M
]l t©OLedldj MtLHOdEsets dqL dohdr J[1ls MmMbtokzClizte Isj tcdts
9 Oted Odzls o sdzdzj dzgdw tOBBYjEB IjdZO 1 uv¢ © odH] @WBBO dL
¢ dzkz B o dglz  ~ 9 BB M hoOesd 1 &B., bt jMis: M cBAJOL 5o OC
o' Mslkts?2 8 BB clrilskzyfre of fsdzdzj d¥ dJLildfd &, O
et &Brzd bdfseth Csd o' MC L ¥ W j COdsd) ottt |, Is jdmfdgttst drgz§ & e
Yyomisd yodd ¢ tej dzded ™ .

stSLHOd] ftodzdscts L O jteh jddzsets ydsdz0 fesdL oasHMlssa O €6
fsLotsddls tuv f§skkzydls! Mot dj dadzts], d dzdzts @ Oy d ts dzdzts j |

B stelstsL ORjOPEBEl§sEted j dasdtetse Odzdzts j, o' MsC slsj o dasdzs @ Y O
ZO o' fkME L Cdsedyd MS dd Osmipsss dsdzfsC o v jHLdasR O ifdts@H 2 € yd d
Ldgj eetsHjWduydls dH teffpled{djlz defdeitsfipleonlsj dzdz" § d M3 1 dz' § fltejH Y ted
ttOL o dlIsds dzokz¢ d, sirndedSd d bjrdsdzsedd, fsHetslsse ¢ d

ddey j debp etz yj MCdr ttOBtSIsddC 50 .

Key words: secondary polycrystalline silicon, solar energy, thermal energy, vein quartz, anthracite

s dzdzj dEP® ¢ j Isd € & tly dEEdTafEsdPL o d al® i qaBipC Jls tsQ f
d Isjn des[disEfodz s OCtsets ©WOLoadlsdw MmMemlsOodwjls
o MBS YW jSCkdoder &7 fodbfososHddCsar & &OIs, odC
bjf dzso 52 L dzj 8C fdzs a8 Hndejsqlsds d oyt B & g dioeds 2 fls o
Hsfiskf desflsd dzOd B wERjsjj o @& d5H " hdf esdav l§ s W y £ deg
COL dzd ydzs2 BEMIZDEESOYG disS s i0MN M@l cuszsRtc d digj
fs Mj2 Hjd' daj fsdmntsrd®, HEEOOED 3 dzs B todd
f k] tso tse dzd MEROMs.svh j2 ©OBBIS] ftojH&ZOEO ] Ishw
fsdzzuj dedv fr ! v Hodivts tloftsusclis 1 2z dimfelsi 82 CHdts dzq § e fyls ©
(1
or

Ty
86
69

[ 1 sd)L SlsmtsSH B9 mMrcytse sets d a3 Is @ fizneiAR e & € g
s 1 WW sl dgrdt = 1 dzj i3 s esB O S Qls jddzj 2 Isj ff «



80 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

6t sfgdagds[dl eOL B s d3 LjBidz fCd6BHUHLD Hdz
dv §f 8 &k yod&d mn: dzO B3W/O{f tc dz Mis POtdzjsw f dfj dadzsts 2 , €
B dsteg Hn2l.te! W
DL Odz0 9o 5L 3toydeiptidyflyy! (zecBBSIsids dL gL o J Misdz
d sdzdzOv d 3 dzfhdzte © § B 2 tc ") L fHHO MR toHf 2 )
% de 6 fis 2B tetsh j dzdets?  Is Yo dzte dptisaiafizj i
dzy Ibtsdzr S5 HdzWw ) sdz® Odias W dAdfacdddplzj Gztezr § B O
MBO@qu dz® ff dgty " digstisifly] c@ISEZtR@G 0d Hdzd s
de' ftesyj Mmtse -ndfo] tasjf~jeiCsyed WO MIfLINSO dad™ B
%O G@Gmscduwf” s jtcOydsiAz] f otes s df'-
2 HdWWkLdd b dz¢dn fteddid md 2( eaf M Bzd ¢ to
&cmbwqadO@cwi ~tSH LOeadMmddisMmisd  tsH o (
Ctdzyj dzsteOydd dzj edelzeh j2 fteddi md M B
fpleaf C dese jded ] S slststots? L OQo(dldfis. B tOL d3j to
jdz HdJ O OL tsdz ¢ sdgyj dzls to d tc 5o DlzdAs te=-B85QfM tsidzdzj Y dz
ftejH] ZOr Ctbtstesets dzO ¢ dL 1 [ 1s B dzOtel
Gehtste OB S Odzdvy i tesmMissd3 ktotse dv tsB dzlz y
dzdL &3 BBl Wwidzj dzgdvV HOdzdzsets W o dzj ded W, sMmdzts o Oc
' ydLded desdlsj dzj 2 I©kts€ O, sB kzMdzts 9 dzj dzdzts O3
Y destetse cteOdedy L jtej dzj day 5o dzto asj ffatp'C B¢ " detRijd § to
sBdzEyjddd. 1 t¢0LO0dts, ybts ddzlsj dzgimd o detsmis! f tesW o dz
sls tOLdBjteO® L jtejdz J[1s d fMmilsjtfidd dn f Ommdo
fOMMdodtecso Odzdzsd3 BOIsj e Odzj R OwOCIsgw s d3i e dadzw
LOMe jIsCd dzj tslsdzd yoO,4 Ismw tsls dzOB dz¢ HOJ &3 ~ 2 [ ¢
ykzemlsedilsj dz' detsfmisd a6 dtL legﬁwémwm%a)gmmmgs
sBlMmMdzse dzj dzs MY j Clstetsdy L dzj 6 Isd ud ME dBd 2z to sColsleg 2«
sBflstswisjdzz Mlsets HJjd&ZOjIs 1] 1s ftcdodzj COIsj dz' dzgr d@3 «
ZOL j diidets?2 Wislstst dgj tec jIsd € J

Udrndesdzsedyd MSdJd tej ¥ ddzgr (MsmisOo dzd e Oskztcr ,
9T HjtCd oM zOs O o ddisj 2 dzts?2 ¥ 5,€Edzy jddzlofta Qlxfpvdzd
dzj edtelze h j2 fJtedd3j mMd o BUXL jdLd IV tdissdzlshp dzs mids @3 thedaBsded
f sHo dy dzsfylsd, L dz0yJ Y tc OB K3 o P O i @Ladsgjdied dsfts dzy | dzls tc ©
Msdzdzj ydetse s dL dzzyj dzdw, o ftojHj zOR Cobttets ftfs
stsC O Ct®ldl € @iy toy Ols 1 dzj dzj dals ' dzO Iz y dzts 2 dztso d L
f sdztsy § dzd v .

4 Yyjdz ¥ wwOmh dtej ddy M t! jotsPH dtOy J dz daD d3ef )oY jj fipls
B rnOdedL &3  sdzzygj ded w ls dL tcj 6 d sdzOdz! dztsc ts U s
nzstcmd dzOdetso 28 Isj - dzts dzts 6 dst¢ d dfj lints Hstg B dalzdidss'cd j R 5 9 O dzC
CsecHO 9 ftsyjMmMimy fz0eCd d fjtoj CtedmlsOdzdzdL ©Oydd
9T HjYSd toOMmMf &zOo ©® o WBKoa OSkEAKB] d MictwjecOydd t
[3]. 10 tBtOLYyOs ¢ dL 1 s, d L cotxlsyy ofrp jddaglztstc itste jdBaQ dz
tcj 6 sdzOdz! dzsGts U s BOwLS d - 7s% 1,5 dzk 1§ §y edzG gizlz 196 § € I ez e
ftej HMsOoa dzw ¥ Isw Y sdzj L dz" d&3d GJted e OddL Oydd et
&Zof oW &gz, dRBJdzzw 1 CStsdzZsedyj MSd dzj B j LSfCOdipdzAsz = dzt
L Issls BkBOIsjtedOdz OdzOzseadyj dz s WHEZ §OLOd3j stetse d

14 d@ide "d2 ddzlsjteg ) § Higdry o daily s fprdg jsBMe OL tso O dzd
dzd W slssOCIsdo dzts?2 yOMmlisd O Hsdddf jyydztds jst IsdjLtadOdg! ddgsve, s Is
zOG tcj Isr J dzilssjhde i3d ¢ t5't6hOd H 5 dz @3y "dds O B ftcOCIsdyd ME sc ts
Isj ed3tst dzj Clstedud MEdd3 d Isj § detoe tfdz! Qi daij HNES af @dzdds] Isds
O tcOo dzj dzedd o d® j fizfH € tsls s aktizj dzulgld B 1 dg@dyf [jtdmote QL yOR
1S Jtcdd3d dzlsOdz! dzts B dzOtclzy j dzts ff &8 ¥ Sakhpdzdnj i Isle jdtfj dzts

5=

N&+— "N gac
O

CDXWN"S"d '_r’:&q_"_ @I_Q—
g ~ 119 =
&ﬁ':” -

XFeog Qo NG
Q—

SO T G T
Q—

G @Fonoopgsae —G*
Q—-JJE:}“—I“&_WXEE%&CDEE‘-@%C
&@m&*mmog%-és&ﬁm—-és*ﬁw

=0 5 7
ggo

(]
Q—.

o
7]
5
R

O&ﬁ‘—
B'Q—

Q—

&

O



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 81

dlsjdzj?2 bSO ffted ftedtsh jddd Mk
T ktseodz 2, ftgqyujd Hdw L WY Ok
Hisdzy dz0 8% fipck  degff  fdmffsfifstisdz! 4LLt1000 k
M2tcOL Bjtetsds L jtejdz fseWHSCO 10 &S
sdyd M¢ ts2 tsdeyj delstcOydd ¢ delg Ctslschr ddte tsdx iz 12
dedf dpPEB s SHI BB) J HEME®IsfEENsy dzizdgditse d j

J LOoadMmd dizgsMmis df W s dsdzts iPd IsG) teias tels
" COddvY d dOftewyjddw Stdshistsets RAHO & Lt
fitcOkztedtsets ( Edig, QSﬁz“uJdezlﬁf*W dL d3j dzj ded §  § tscz¥
Oz stetse, yYbts, &BsyJ BflIs!, 9o fjtmfjiCisdoe
ztso sdz! sOqygd MSdr v fqlg;@zdzits@tﬂzjsdizts,a Yylss tBicOBBIS!
dsdzOd3d N j dztsk, e, T RBY sOdedrtzsy j & M j flse j dad:
Oyds My fjords, fwsdNAsHYD dd (el b Ay
o dz' dpls jeBffjweOlsztodz” 3  § o € dz¥ W J dzd § .

j B j cOlskzter ftod (bt f tc tsd fi) nfLHAgjIsdz] dztf .
todatsmisd dzOftewy jdedV rFRodizsistséts "tsHO d dzOf
S B OL Ysoosl[disy defsils: tjckddtetse Odzd v Isj &Y
slstster 7 ftojHj ZOR fotosesolkzy IsjdifjtcOlskzck
d hj dztsydi, Na Gfj lsvCodedrtssols fifv L O dh Oj 5" dizd 1 tsdz
b

)

s

d

dz
¢

Q NS N~ @
"W FLT-0v0 BEWEge
Ufﬁ-cg-ff“qﬁ(%&_‘
©
&
Q—.
&
&
ot
&
&
©
@
N
&
g

O %+-HFDNW

7]

J HJ dg tojL zdz sOIst L CMY § tod d3 dzls Odz! dats 2
sdz' sOduj MC s&pda Y s §dedpdivg depidatblajdzj dg' " J ded v
Il f1ls d&0O Isj B jtcOkztcdsr | L OodMmddsmisd Isj
sets L Od3 ©ompdsie iz CisdamdOrnj, di@d dr HhHpestetsH
Gtcj 9 Of 3" ~ ) Zfdzts oty dits  deOelf) Halj jdeditsO  frigsjL ¢
tsaOdzc{J By ZE sL jtedzgdlsse s I [ 1 s, ¢Gjdzgj teO

9 (bt ttOMisjls M Edkjde M jdedj i3 tcOL
tGOlsIztsf, fsLodzY jIs Edzizyh dls! {ftcdsj e pls s f 1
j 6 Ols £t fiflzO4G, thj)o O
ttOLodisdy MBLHOddets JLsd dsQeddsst Jddj < ds tc g o
BtcOLS9Olsjdzv fftojHEZOGCOjIsqw o OtcedOdzls o' ff tsdz

tcOL di3j totsds 102 10nR 107" d3d9.9 sdgdg. tdiP Lhtd)cLiglz 1dzA
SBteOLtsSoOdzdj B3 fsdzv cof Miskzf e o Mintlstsd 08 6 9
sizdr e or ftsdzdzj d2@ dLBIsdfdzr &3, O Mo BB BH dats |

Bd sdf stesh S o' MBS WY jSIsdodeseEts st
s d dzOdets yOMmlsdyoOdzd € toj dzdzed v .

sMmdetso § o' h jdL dztsy j dedetscts dzOdsd ddzd yd dtelz j
AR qumo fsdzzyj dzdv wvs, }s d ftj B
zB dzd € § OHY fi BTt @uzd bzy § s v tedf JsOslele] ezt dg
© wislstsldz Cltedyj M52  tobdedt GQld qd y p md zkz z fid

Jeng?2
FE
c

F- Q&0

q—q—g-ﬁ- O SRS Y e
s_g)-n

— (,Twm'm—=n"w oo FITOSH T
&

-
vwE ==y

-5 sg— Pw -
=S POsFTS

A
Is
tcOdets?2, dd3j ¢ Bshder § Mrtw! jorj tojmMiztemr
ts 2 ISdeer] g¢ & @gedjmw o fodzzyjddd J1[1s,
sts?2 1s, O OSYJ dL G lstse ddjrdgd?¥m lsaeCd Ilsogwdd! uwdsts
jdedvw uvs orfmhdr KOs Htoddj dwels dzOd B tsd
d¢oyde -fdedp'dzizid jS530@HQ Jjterdg 2 v OHY S dMisOdz
i MetemMOWBP JRFdtkFtoogdlsstedd L O HAzdlsj d dz
Odzd?2 o' Wodzjdz@ dBdescdj HJMWISE q’tgtsWSdzJ
Gjdzgilsduyd m¢dn sdff so: Mo w L Odzdz" n
dzts & H dzdzts j tc 3O dz! dz' ~ 9 Is ts g o WpdkzdE ~ Qa‘n@tsqq’lﬁise'
Yj o0ddj &3 o] ten dzjlyf Oalzjisd dsP L AEd 2 o Sifas Qlsiaef o
098 ,,@3®%;2 2 6011, 5 D%;0 6 OB 9 P 6 0tS04 %1 60, 03 %

oFegFgawWgC e:»p,sw—*r—
UM NQOFGFFW
" Oﬁ"_ﬁ'QIﬁ'E:

SNoRR<AoNo¥-N \y
og oo In =L
Fagliv; ]
g§°8
11



82 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

UHJ dz! dgr 2 d sBi J d3dzr 2 9 j MOMmis @ iz ¢ b desigtistsis § 9 Bigly
2, 64086 6R¢/5706%2, fBEMEsMIs: CwdjBdjksmy Ik 0, 2 H

J Mo s syjted H' , zO0 Y36 tcj M 2B dzd € d , ) 300C
By MsstesyHjdzdj OdzalstcOydlsO, (bt ts dsy dats ) Iz
o smMmMisOdzse d Isj dz Hdzv € OtcB B j Stz didednt s dz® iz mfgls P tzt
fjyons. 1 dzOMmbsr HSteMSCdr Ekedzj?2 d&O EyomkseoOn dd3j s ls
Mistets§ dad J . ]l jstesctcOW dyj MS s dL 2 yfdaPjc j dfgelr QL. O dz
RMARBHA d3 BOIjtedOdztsds Hdzv tBteOL s OdedWw Ekcedzj 2 Mmdz
cOMmlsj dzd?2 d Mister , ddhs' w d Mistz .0 clsdkt iy Q adss G
f dz

Offstse BSdjj 10 €.

sOyijMmsots OdzlstcOyYydlstse R OLOCIs]j todL iz j0s,MA8 drpdzjeHEz 8 h
Lisdzl ek 2 % (o Mt Hdzj 8,20,686 ,%) ;%dg g 'tedy jOsiiz

0, 1360, 62 ®»9, LHEIBsH® %, Isj{ ddSs olsdecdgOpy /Mfds b

Motsd d3 oL jCdpdp'fidls f SC OL Olsj dzv 3 tsdzed ftoj otsMraBHY IS ECtO(d

Yygsds ftededzdy O sfpw & L dzOR) dzd IsT o3 8 4 dadd-dz@ dsPS o o5 Oz
eBLdrdQ) §tsazdtsets L O jth jddtsets ydqsdzO ftesdL osH M

1L dzjteedd dzO jets tsfdtse ] fssLetddls tuv ffsdzzydls! Mt

OS] BSCtsj, GSHbsotkj Bjdds o J@fselssL Odkjh 0shj
o' MsC Bl dsksc dadts | sty dasatorsh©dzdzsj &2 o' f zf
OBfMtds sdets BYLGHOMEBBEJCodHds?2 (sHESYydd, fi
Ldej teesHjWdudls diBed@Brziztems®Fdeds |  Mmasd yde" 4 §to
HOls s 5 dzy 5 € ©tOLodIlsq? @Ok ¢ d, lsj A ded € d q

oL cCoO0OdZdW dydtese Odzdz 7 € O Hstg 5 edzdta|Q ENE Wdhm  tedd B dsdgxpgd i,
s MBS ddlsj Okt

1. ¢BHEtLOR ©3Odzts @ I ¢ yd dzts o U. M., SOHT totso o. J
u’tsdzq’gtedfr]lsOdzdchlufr]QtsGts Cted dzded v d MBdzdej ydz' - 1 dzj d3j dzl
T 481

2.§OHftGrsa d. [ . RMMdzj Hiso Odzd J§ Ldzj SlstesWdL dyd M&dn
fsdzd Cted MisOdzdzd yd M sets Ctoj didedw d Mmtsdzdzed ydzr = 1 dzj d3g ¢
MsdMC Odzdj Eyd dzts?2 MmisOls] dzdzOLZO@dzH dH OISO W dL .

3. 0 BHEKGOR @3Odzs® 1 . [, dBHEZtCOR ddOdzts 9s OH." Hes,0 Jpzd " o dadg &
ftesdLotsHMseots IkjrnddydimMitets Ctjd@dddy d oL @y dshls
1 dzj i3j dzlsse ® viLBjSdMmMlsOdgj. B | jdzdslsjrnddtO. 2003,

4. ¢ OdHtse [ . &., 0BHEZtCOR BBOdz59 1 . [, Jazddise [ . (. 1 ted
cOdzdy Litejdz fdzdCtedmMisOdzdzd yj MEsets Ctoj dGgded j o sets M
2007. -13.. G . 8

5. ¢ BHEZtOR &3O dzts ) S dbh tetse [ . m. dbhEtetso M. 1.,
JSCMmMijdzejdzHndzyj .o 1. [ . l otsB dzj 3" d fjtemfjSisder Ctoj d3dz
dbLdd. MRE-9 @dHL L takgOi tc @l OR-MAP ,



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016

83

o JOF
3
= T ——
[N
.
[\;
20 |
I
FF=0; ,
=94 !
. i
1 |
" \
i
)
Rt
6} | | | ! !L i

af g2 03 04045 g5 U8
tdfp. 4 OctelzL sydy' § ~OLOCIjtedMmisdCd

ddzls j dzeffd o detsiyls: ¢ Mo jlsdeo 5@ ts

1T ¢ dz0 shmdse j 11 §2ite@L dfjLtct$dg .

S~ ; J
|
|

100 |- N\

XONNOBCKan NOABMMHOCTE, ©MTBC

10" 10™ 107 10 10" 10*
KoHUBHTPAUMA NpUMECH, CM

tdfy. 26 shls @ djndkdrismis j 2 5 tddss fS 2

GOL s s BICHHR)[159](211 s, MO HJ dzdz" 2
f sdzd ¢ te d ls Ofcinddry3ifhddy s 71 .

f sSH o dy dats
dzj cJtetso Odzdw o tcOL dzd YydirtstB i dg@islg’ t2d @ RO -~ tsHNADW Hyj

dL

CGOL s s



84 SJ1 1t (REENCON XXI¢l [y Jav Ll Jcrfdc Crrt4ruURrRsd XX
0 100 200 300 400 500 600
10° 4
104 4
10°4
10°
L3
g 10
s 14
S
=1 4
S
Pe=10»
~107 4
-10° -
=10t ey . .o L8
300 400 500 600 700 800 900
tdfig. [ lsdesmdlsj dz dg" § dL d3sj daj dedlV) ,{ t€Xs alstHC P dfts fiisly) a3 detor
(2) d dzOf tcvsy iz i Ods® el Sealsrs{,L d3j toj dzr ftod 300s.
a th
300 &0 AUAT = 131 mxBic
é 150 4 » ; 30 - F
~ 100 4 L:III._ . T:JI ) ..;-::"_.,.4- “‘"\_ :
[ s W 4 L] T - T . :
L] M (W Ml EiH) 1HM
4] '“:"ll. ‘ 140N i
t o AR j O ktedz jlo( @p-ddpd Bflsdsdf dzr 7 o] SBtOL ¢
flstelz C Is Iz to s5-Bf RO e@)zdzAn tcOB s W6k dBEdzsds dr @d dgide ts s o3
or fsdzdzj dedzr &3 L RIS ol Gfzd s E @B Blzd@® Zz A 56 2
telsd fHzr Ctoj dBdzd 2 o o j H3jtcd2® SHEEZES 0§% dzds s d3 o 4 sdzdzj dzs

U s

o9 Msdzdm 2

Ctoj d3dzed 2



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 85

a i
400 - A UAT = 650 mpB/C
350 - ! 240 -
350 1 200
;}3:4] 1 N 160 -
=350 4 =
E = 120 A
2350 - 2
350 S
P 3 40
350 o il
350 L e oSG 0 : : . .
350 350 350 350 350 350 Y B G W0 3
TC e
1 ).5u0v] B jtcOlsktcdzlcf U Y MY BEMEG &S tesL j toded il
Mz BsBOwdzs?2 Hdzd dts?2 tOL dztsils d § dats G Sp-nedf Qi Btagi VR tGHED s
S=2,26& 1asMs0s BdCtetsL j ded Mis 5¢ 5 -CActg R j o 5 ¢
Sdf Q;tc j2BERATRYI0 % v s §tcd BMTRT & +50% vs; -ABdzISOC
smdzts oz o B ¥ jde) LsGndztsd | 34 H (.
Honnan menmn.
[onmon Tenma. l J l
4 L] w L L w
(= ; ! n
|
: T2
fs E ]'J E..'\ﬁ
E
= iy "
| .
| :
s,/
L L] ||| ] L] L] ¥ L]
Crreog Tenna.
LITmon Tenna
fdéyp 1t sBGOL ts9 Olsj dz! Ldzj sdgdg Hzebs $dgd di3d Is §
O)sdH MmMe-BYE, o8 § OHZEUJ JT pof dzte ] ~iEH;5IS3]  dz" 2
fite] nSHcOddsdsdzv todz" | G BJPINERIIEY ZEsdEOCE" 5d 6

4&4Qbmer.



86 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

tor1t o1 Jusd CyrrtsiyfrRImazm s my JRYULRBY[1LRC R
Redl [ [ 217 J1 o v RrRC BUPOAB 1L B C1L[IURR T[]
ClrsuvtfS1rtlrURYT BBER

ELABORATION OF TECHN OLOGIES FOR THE EFFI CIENT EXTRACTING AND
USING OF PETROTHERMA L ENERGY FOR ELECTRI CAL POWER NEEDS

o dzn Ofifshe O
A | 1 VR dzfls f lesisis elzj ls | rte@s] M Is QpgirCusipgss § ©
f Or Oyt B@AOJV

Alkhasova D.A.
Federal State Instition of Science Institute For Geothermal Research, Daghestan Scientific Center,
Russian Academy of Sciences, Makhachkala, Russian Federation.

B

J H] dz tOlCd?2 0dz0dzdL d Mt tsdzic ] ts-af@dgdpvlg eiskzi®) dz< dzt & Is 5 jizfg F © fipts o

¢
dzd tc CSQLMEQESIsOdZO Isjrndtsdsedyd MS Ow M- jdgDe eijoaz 7 € ts dzls
Cdfwh jceots wOBEHdqizscde jUds@sztc0 Hts HhrHfHEOEE" o tkOMm
dmMSoOyddedesd3 Isj f dzstsB d3j deded € J , tcOMmyf sdztsy § dedztsdz o 9 j tc
st yYydullzdzy ydsdzdese s Ctsdalskte®. 1 tetso jHjdzr dMmipdzj Hs9 O
Csdzlsztc O | J 5C o Mk BdfB tisde' sz st €aOc s f tsls j dzy d O dzO

Keywords: power generatiorpetrothermal energy, binary GRBw-boiling agent circulatingsystem.

sdzs yjor j offe®@a®IsC O 1 dff § sl jzf BO dzd dzOv 1 dzj zed 0 @ € o ff 2O BzOW
tc OB 5y d 2y oS dey, y d sdgz0w mdmls §

| i Blsj oikOdr) @Bt dzj 6 jIsdC O MsMsOoadv jils L d&zOydls
sMdetso Odedats 2 dzO 9BLBme@ﬁmq¢ﬂF @ M edeizd ST SH
L Codetsagd ud MS WWJ Sl e dF FtefyjjrCdexfdatse qROL o dIlsdw @
L dzj Cbtetst dzgj e jIsdSd BBEMdsedj d' jj Ctdlkte] dalstsy
MtcOo dzj ded ® fm tcOH d yd tsdadats 2 : 1 Csdzse d plefgeas E ydf
cOMRtSHISs 2O HEMlsOoa Sk bsfddoO d ldshdlsj d dits
fMsotej dgj dzdzr 7@ | jBCu, CGHJ ftoddjdvjlsmy Isjndsdkscd
GjljttkzOd dzsa JU@$@mM@mmMWB & ) B dessipj dz' .

[Jeseats?2 sl y dogalz fyfjLclasupjddedsr dad 2 H j dz’ ¢ jBslsj tods(
fMsmlsOo dzw jIs O, UJB Ldzj SstedyjmSts2 d 4,4 uvlls Isj
fslsj dydOodzd ftedasHdlsMYy dO o MisstesyHjddY M Isj &
sYj S OB fMjetsHdw M sd L] stdo de Cdewiets 3, t5ls%  dagdf totst
9" ttOBBISC d 1 dzj S Isteitszvdzjttascorzdy j2Hzd0Y, 2s% f dzO |

s d&OyoOdkkz 2005 E. JjitCu ©OBGILOsl o 24 fMisteOd
Bsh detsls! HsMisdedzO 8910, 7 [Ils, o Ctsdgyj 2008 ¢
o totsfdzO H tsls [1OHE OO Al f 5 Lkfls Odatse dzj dzdzts2 ¢ dzj Clsted y
weodzWE Isfpw ez ¢ (300dPde f 1 Is)d ¢ MA@y YR deH tstdag fig figf v v R
L dzOydlsj dz dets tsdedjls Ptgtso tsds MisteD das B dzOMls o .

I dzOMmlsswh jj otej Y Mikh jMmMlsoalkzjls BBdz " 54 tlcOL daSSE
2l ftdeojHjd@ tcOLWGOBSISOdzdz j Isjnmdesdzsedyj MSdy

P hs? BIsdduofplsiel 2 ydCdz diidls Mmetsd Yt ddilzhjf

j JBzh jlso O tldtsmwismw Bisdzj j fddsj dhfsd Lt
fls M & dzeis? ; Is pdstf Jd3sqszs ls: dMYy sdz! L 5o Odgd W G
d
0]

o g T -
welg
,CE)'W*-

w
L ¢
s
Fo q

1
Is
Is

s

J
s

J dz
2

yjdzedes2 Isj B jcObktes?2 Hd&W o' €OBGISd 1 dzj Slstets
HOsIls o Ikbkwsddk, SCdeHj &ZMOlste  HEkesj 6B
sjdz dz 2 MesC do 2% fiHdgk Ol j MasdLls iz o 1
EyOs hks fMejHk. 1 jHEMsOBS OB yds&d weo dws s
sjteW Isj s j cObtcdsets §lsjdydodd, {§smMitsd Ck H.
jdzlslz dzj sBRBSHI®BO B§tjH,jd ddOY ©OL dsfhls! Isj & J

dz
J
O
dz
)
q
tc

O @ I St w —
CFPRFARS @



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 87

1 4 Mdstsisldcty, daplsts B OMMJ 2 dzr G tslsj tedsOdz! dzg" = o tSH 1
yofmis: Mmehd, dr 1 djtecjlsdudmMédi tjmiztem" dOd3dz
st 1 lilksts®kkz ¢jtlsjtedzOdz’ dzOwW 1 dzgj teciIsdC O o
slsr MCOdedd MY sdselspt df® odijj uFfdacj H Mise j dedets dL ¢ ts

CEMmYyjteddj dzglsOdz! dz" § ( BJBBJBduJMQdJ d mdzj HE
1 dzj e dd fdzOe s tetsdzd Yo j s s BOMMdeo Cstew ydn
Yyqdtes zdzw ydtsdzdz n fr]q’fr]ls B (1 Aw) ftoso H@Hthjw{ )
ANtcOdzyd d, cisddd d ttkedr MistcOdzOR . 1 jteor j
f stetsH B dzq atq)q’dmmotfr]dxqrgtsj tsfigzOB stcOlststed j 2 .

[fdzso dzs? f B dzj B2 o dmMSEkfMilse jdeder ° ¢ jtslsj s
wodw jIsfqpw f tetsB dzj d30, e v iy @aadzOd; dL eHdsjimisjOdedsiuddzts|s
dL e dzj g ded J Isj f &zO dLuL Ciotedzr » ftStesH B'" dzt 1 C ¢
HsMIsOlssydzes ddzlsj deipd o dzts, dzj sBrtsHd MBS o f tSteSHJ
IsOC Y J sBj M jydo Ols: L OS OYs kz, ydte€ kzdzwdzpd s C
LWV S dodesets WhkdeC ydsdedtetso Odedw dmME zmmise j dadzts 2
MsLHOI! Istejh ddzso OlstsMmis! o dzzlstced cBtodats?  StotsH
CslsstcOY BT 9o Isjuyjdedjy HdAzdlsj dz desets § jtedsHO 9t
otHT . [rdddgtsdudzr » M smMtsBtse BtOL 8o Odzgdw ¢ Odz0
HodY jdeds Wdz¢ dHO  BBdz hts2 ff dztsh OH! 8 dgtsear 7 f &
cOL ter &8 dBGOMMdo O.

1 0 wifffcj HMIsOo dzj dzO Isj mdesdzse dyd ME O Mnj BO B
Mkzrdr ¢ tstodf jrtcafdsuedssids oydteSC Edzv ydsdzdesds S tsdzlskztecj .

J
J

tdm.vjlrndzssdzse d yd MmOV MaJ BO Hokza C dzls ztc

IHtsB " YydzOW fdz® ©cgf l62®ls | &' dz®' Mg az®y dzPh daz o BC

o dzzlsted MC o0 Oy d dzdzr 2 -] tdf CaiAti=vB e[ txiedEd €2; dBOMts M- o IsstcC

d My Ote,dris zdz's; falzPdz] tc Qldstsiter; ] VeiPP state sSH d BGlso sH A dz
9 BSH'



88 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

l sOCg@Misj d&3j Ml jd&5 jfdzO cEttede » f tstetsH tsMizh j Mmis
otsHtS?2 9o o9 jtelsdCOdz dgf 7 d c¢tstodL ts@s O da g ' Fh) dhtpl® 0 ts dzO
MCoOYddz, O IsOY) Hadzo BB e FRitc Gatdso Odzdzr = f klsji B ¢ d
Chtodes? YOBBHIOW L O Muydls M JdBBO IsjfdzO M MErt2 ¢
sjfdzts ot odlkzlstcdMS o Oy Jqdzdesds ftetslsdoslstsydetsds Isg
OB tsYj Bz OCj dalslz, L O¢ Oud oOsjtaiptsdgts d3tf s f WO gz ¢ AatziBIR
CtsdgH j dgM Olsstc©® ( 9) . lted ftsHi jdi3j o990 jtn s odizls
ftesdMmMatsHdls d&OGtc] o tOBBsYyJGets OGjd&lsO HB Isj B Jts
dmyfOtejddy d fittjcetejo fesdmMantsHdls o dBRJj gdtsds dM
&ZzOctcj 90O OBBSYJets 0OGjdzsO obtstedydtsets CtsdskzteO
dmf sdz’ L zjlsmw odzzlstcedmMSC o Oy ddadz” 2 Isj [2fzstsB d35j dzded € ,

lrBstc tOBBYjGEts IsjdzO ot obttedydtsd Stdskztcj B
Bsdkj dessds fted j4 MPEsylj dzsfijlsas] Hisdzy des B dZOH Ol
wdLrdudmMed®d, ~dB3dudMSddd d M dzzOlOydsdds &3d
tcOB SIS’ . 10 thdse j Isjted3tsH d dzOBBd yj MEsets OdzOdzd L
CijtlsjtoddOdz dgf 7 | dzj e skzMmisOdetsa € OF R 1l®j dzd i fipls © dzidzf dz §
Yylsts tsHdedds dL dzOdetdzj j § j temi] ji o otfdss e jwHejddy j Gsdp®
BddzOtcdz ~ ] dsCwu fl dedLSCtsCdyw hqd3q’ te OB sy d d3d Is j
ftsLotsdzvs hddd ftsor Mdls: LWWiClsdoe dzesfls dmf tsdz
G jBl]jtod3dOdaz@sc btotsg ffH ] 20O flsddBdL Oydw Isg) tcd3tsH d dzO
toj OdzdL BB Stcd ydesds S tsdzlskztej B d dzgOtedets? | jsC o M dz
fjtcoduyudesds Ctsdelskztcj] Ctbtstts? yYyduibkzdzdtoses OdzO Isj te 0

g

{tdB. AqSdz fOskzter d RizsROCEHBRigso S d o v,

I L zdsld@d) Odd yd&dzo (fisERiagclzdl HBOL b dgo d
Bsh dasflsd 2@ 1 Sc¢/ ) ©OMEGHO IsjtdOd dats?2 o H'™ kM
dL Otteshts Ghetjddy & t©OBsYdr OC, dzstso 1w o dzw & Isfy
[ Odzt dzj 2h j 4 TMistdOdHzj ded jf seizsa 2 L 5B EZIsOdzO. RLtsBLEISC
sdfdsidLdudmcddd d bjtedsHddodduy Mtddd §s5¢0L 0
SLdsotsets fzsw d da MmMismsemsealkzjls §tswe dzj dzd
BOMZORBd d dzaj or L " 90jls CtetesL dd GBSRZHESO Oded W .

17 dzfftetse j HJ dg Bdets G s Oted Odzlsdzr § tOMyYJlIsr h dMmy
BSH J dzd | sfdmreorh j2 fesyjmmn djdLsljtduy s
f4tcodydstsd3 YydteC zdzw yd sdedets d3 t j S tdzdds Wstjls 1 ( tfcidfits o j H ]



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 89

Bdzs e tso Otcd Odzlsdzr 7 teOMYJ Istso ©fdis L oudsds] dedW WinjHS j lsdColsdzts
fjlstttlsj th0d ds?2 | dj tcdd ¢ sedy s ifswfe shd de ssjdey
sjf desdzs ) Pltig@evd dz’ dets § SHESBLOdzdz' j § OeOdsj lster ¢
MdMmlsj dr (1Ae) BBjMfjudoOsls 1WWjClsdo dz® tcOB
Hsdedj cH' (30 dzjls d BBdjj).

)6 MeLHOddd | jsCu cd&Oodets?2 vyjdz & wWodwjlsfy
Ldzj Clteduj MC 2 dsh desfisd fted GflsddOd df & {6t
B dzsfmls d HsfMisd e Oj Isfw ko jddujddjdB tOMasEH
ydeCildh j 65 o Cwodisktej 4A4, o GflsdidLoyd,]
olsstcd ydese s Ctsdzlskztc O.

[flsddBdL Oyd™Y yd< o, tjOoddLk]jEsds o ol

ftetso j HY.de@ jalz' 2’ 2 BOMMBer 2 t©OMA sH mafls ks \zstndst
st diN, (20 1 Sc/f LOMAtHO jteodydesets Isj f dzts dats

rr(is' iz):Ca[Uls - (Us"'DT)]

m(iz - il):Ha[(Ts +DT)_ de ' (1)
N, :htslrr(is' i4)
GHfo-lsjf dztsj GBS 5MIs /S B Wi Jsj G jtecOlskzte® oHSSIE ' o O,

fiodyudsy 2 Isj§dsdshdlsjd , ydBSizizdidi i GOl bt
My O] ded ™ o lssted U deogisls jlsk iy detltmalds j @8 & @8 is s O dzdz
Odd3sj dz' " d2 Isj 3 J cOIslztedz 2d frrifOYtetxitds. j deldg Isizis thap s t§ iz fa
&j Slteduj MBUE BB B jidd)is Dsicde®Od § (d obstedydssc s
fsslse jlshisedd f e sYUEPU] dzd ™ &5 dz0 ted fi.

[ Bh desfylst (dzjlskss) bkbkweddy LO or yjbtd &sh dsf

ZOmsmMtsds, SfwijHj @@ jkmw 5 ¥ stedkzdzy

N{dz.= N{ _ (t q- t C)km, (2)
dz

G HidtciMsslse jIsfMise j dzdzts HOo dzj dzdd d My Oted dgdw d
mikujd dzr 2 tBi jd @dkd | 2if@@k jdg dzsets dzOMtsmO.
10 fwO0WsqdC jBsdzt " d deflsoe j Mz yo,j e toj C sd3j dgH Iz
5=10 é X5

g4 dMitscd Lpel@Rdd@lsttes t©OMyYjIlsO  jtcodydescts
Mdmisj 3" (tedm. 1) d bjed3sHddzOBdudmsédas d + dzjt
Zfls Odfeef Ged] Lk mfifposdf L so OdedW o o s tstc d tapsdfls ©
Bsh dtsmils! , or tOBOIsT 9©®F BEBdMAZ] e s BB Odete g ¢ H dzd
Miso sdzO H BB " YUzd00[MC olsQeffdgtc Olsztcj HESBT 8 Oj B2 dz
fjteo d ydets @ ts T=K 3sQizls Ad@md | dzdzts d3 @CIfip-0s §) legsts M dzts fiy s
9" OB OIS’ 9 Oj &3OW INdR), tele2ts I TssiAG £ B@ 0Q=-B 000 33/ Mt
Bish dztsfls N= &G 08 8z0[ | Is

v jdzdyj dedw dish desfylsd By dets HEsBdIs: Mw  SOC Y §
Isj §f dztsdesmd s dzw , YydteCzdzdtekze h jets o Csdzlsztej )
cstedLsdzs Oz dz' 7 Mlso sty dDd Hsjcdy R § SElsSB KL

] LOSHaffmlsBj sddsHdugstsL (WY jSCkdody 7 Mysmtset
Ldzjtecddi jjj Bzt j sBtcOL 59 Odzedj © L dzj Sltedyuj mMSlzs
B dzOtedzr » | iBCu dzO dedL € sCHffet ddd jtc Ols jsAydet dzs&c
dmS kmmise § dzdzr d3d Codzdzj CbisECPDiBd o BSIsGey dOfsd " dfr
sdzse dzgts?2 YOMIsd setesddeyr = 6§ SlIsjtedsOdz! dzr » t6j M
ftedo jfisd ¢ fmorh jdds {CdsRdyjmMSs?2 1 W¥WjClsde

(
q
dz
1
)



90 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

t OBtSIsO o' §f sdzdzj d&z20 f ted W d dzOdzfts 9-B3DOSEIMSH H J ey C 4 [ £
s JIntsdzd Is j e Olskzter

1. ¢dzrn OfMse ¢ . 1 ., C djitnlOisiodd) terc.dds.d U ME sy GMetsidd ¢J
sMOHBYdy & BOMMj2dtse. [/ uvi6fdst dgjtecjlsdscoO. -2, 20
2. b n OMBsp ] BHls JekOd dzOW 1 dzgj 6cjlsdCO: GYsBdj & , t6j Mkt

2008. 376Mm.
3. Waxman M., Gallagher &. Thermodynamic Properties of Isobutane for Temperatures from 250 to
600 K and Pressures from 0.1 to 40 MPA Chem. Eng. Data. 1983. V. 28. p. 224.
4, Zzn OMsg DLcO@SISCO + WW jCIlsdodsr » Isjn dztsdztsGo[:{oP. ts/ffe t5 § dzd

[OlsjtedOdzr 2 [ jYH. WttkzBO thSLtSdetsade BOW 1 dzj t6G J |
d {1 SedesBduiMEs? 1 WWIi2GH4 dsMmisd; SGREEN&FORfr). 50
5 ¢ dzrn OfMtsg OL tcOG s5IsC O 4WWJClsq’adzf: sjrdzsdzsed?2 tsMme s dzgd
or cOBtslsbfsUdgit€c dd . /'l [ Olsjtd Odzr [ i HEdZOWEH ds6 s
1 dzj e jIsde O mml 9]¢ Ldzgjtec jIsdyj MSoOw d + Csdetsdzd ud M

50.



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 91

s{f1Arrvvtouvftr3avyalBftr f{ruvfrR wfd 3]s
CAnpsuRrRIVJeU?S [ISIZRIT RO O J L (R ULIYI [T dvULT
CONCENTRATOR SOLAR MODULES OF HIGH EFFICIENCY IN WIDE
TEMPERATURE DIAPASON
bdzHtcd j ., 1 OQadHBsC 1. 5., §Odzq’dztsafr]<;q’? I ..,

Yyicozdd ¢.1., zeoOtty {.
AdLdisitss dzd ud ME d 2 od def IRdslsVi2vlg q%ab;®£mﬁ$ t simdw

Andreev V.M., Davidyuk N.Yu., Kalinovsky V.S., SadchikovN.A.,
Chekalin A.V., ShvartsM.Z.
loffe Institute StPetersburgRussia

Csj ftoj sBtcOL 50 Odaed Csdpyj dzlsted tots o O dzdzts 6
dz" &3 ¢ OMS OHdzr i3 ftsdddAl ezl kB to s figldg teldg SaMstOER d
ZOf cOo dzj ded j &3 tcOL o dlsdw dzOL j d@gdes?2 d € sfd3c
w o msBjfMmMfjyjddj or MsCtc?2 1+ WWjCIlsdedetsflsd
L Bdzj ¢ Ot fijdsdizds) tyddasicdsls ted tezoy j dzedw  d o N (

i CIsdo detsfls tcOB sIsT Ctsdzyd dzlste Ols st dz’
T 90Oyd&O fted 5 dMitd LseOddd o
tcOBday Isj B j eOkztcOR], dBOftddjte, o otwlldsj. ¢
Moddj ydz' = BOOtj2 503kO d&O Cthdduyi MSdn Of f Ots
I sorh jdgdz' | ©OBsSYd) IsjBfjtOlskzter (HE fds ) 1j0d9)Ades
tcOBtslsOs h dr-1A@we UOOIdsdt SCtdyj dstcdteses Oded d ftsdzdzj Y
TOKOClkjtedLEE N gAY o' MSdd §sMmisky dj ded j o frjlsdzdz.c;u,dzisGts
] HBCd&OH] ftjHMsOodjd tjLbkd OL' ©OLEOBBLEESS d dimf
ftepBOLS90OIjdzj?2 d BSHEZAE]?2 dO dr thdse]j © HJOf OLd t
OB tlsOs hdj fted Ctdeyj destcedtetseo Odedd Mtsdzdej ydesets dL dzz yd dzd
500¢ ) ts dzdzy & .

{ OLtOBBIsOd Ctdzyj dzlstcOlststedz | ( db@alsjtisdarjS Is @ o ySj tf§dddjy j BG6 o §
Stej 2 j tc CAIGaAAIGeS OMC OHdy 7 YW sktsfte] SBEOL 50 Olsj dzj 2 .

I sisdedzzlsts ko j dzd uj dzdj s 8 v tydedij Wndizdy Jidatdjd a3 jisdplelly o) teda@® 27 f
100Ad ftod CtOldsMmisd € sdeyd dalstcd tcEHas@ dzd J L cdZOD; fpdidisizbi@e (1 ¢
CdzOL j Bz e Wikt djShtedyjmMSdes d&dsHkedvs @ Stdyj dstolk
500¢ Mtsdzdzye) dzO tsMdatsej dzddat Atej dgj dzv HEsMisdedezlsr L dzOyj dac
zo j dzd uj dzd 45 % 14 tc dlzO cadftfi jj Wadlflz s’y Hts dsddalzfp 50Aw.

I ¢cemBduiMSdne Mmisddzil0demE dzdzz P& S dzls @Misfedaz & o j dzd uj dz
fdedy jdedd Isj B jteObkzte’-3BB Pededbfddd j gOztBJl +2H8% fHisd L dz
sj B3 j Okt dddzzfp 100Aw.

Keywords: Photeoltaic modules, solar radiation concentrators, multijunction solar cells

ff]

1.1 9 jHJ ded J

Atslstst dzj Slstedyj MSisj] HtojsBteOL s Odadj € sdzyj dzlst
BsHEZdYE ) or MECEI YW jChdody &8 S OMS OH B Misc
CGjlsjtesmistclr § sipte Ygtmy j SIsdoder d3 dzOf teOo dzj dzd § o
Cmdsd i MS 82 Msddaj ydzeA ] W iyt dzptt OB difls] o Oy dz
sBj MY j uj dzd j arfmss:@mqgom Wz § Is diesdisg lsefiz’ Bis Hilzdigj B o
hdesSCtsdd HdJOY OL tsdzgj SteObdetsisd d € tzbdzy j dats & d o s @ O dz
HOOf OL sdzj twOBEGEHE ISj B jOlkts

IlrmMscow 1 WWjClkdodatsls: OBl Ctdpyj delstcOls tstc
dzdL € dn tcOB sydn Isj B j tOlskztcOR 90O fted dn
~nOLOCIsjtedL zs PN dafw ddL ¢ ddi3d de@iBsdudfide, Isaj d3fojtet
CWWiClkdo dzOW dzdL Ctslsj B j O ktcdzOY t©OBBKO € t5Mdk
CsmMdsdyuj MSdr DPHTOKBISDR MBHtetsdzz ¢ tsls v sdzdyoOe



92 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

1 sor h jdadzr § tcOB tsYydJ Isj &Bf j tOlskzter ( H H s fdzs i 1 (
Mdzdzj ydzr = 1 dzj d3jrdzlsfGsiefl 0160008 S Ol dzfdz ¢ sdzyj dzlstcdtoets 9 O«
dLdzzyjddy o wjcecdsdOr 7 j dgdzd, nOtOCIsjtcdL 28 h dr My
dL dziz yg ded v .

Ajdz s Ofr]lststhQ tcOB tsisT B dzts dmMmdzj Htse Odzd |
nOtcOCIsjtedMmMisds Istej n C OME OmidaizF € ld ndGpjPif $I hrG atits | e tc G
ACH) diBsHiZdzj 2 dz0 dn mdse j o h-IPBC sB 7O ©9 & i
MO Istcd & ©dzd ! COC MmMbtozCIskzter | sflsddizdL d tctso Odzd
d Hdv OBl ) Emdzse dw r ¢ tf fipdfts fife®0 L dzf fyfgaiz F H
dzfnd o dets s w o L OfmMe j s d NG, Msslse jIsMisezy h
dZstcdtctso Odzgdetsdz Mtsdzdzj ydesdz tsB dzz yj dzd d . ] tsls
o O h dn dzj ¢ Ols d o dzts j o dzd W dzd J zO0 tOBtYd t
d s L dz@ Y fde udedatfy 4 sk fted bkdjde Mjdedd s
Yd ded W GJjdzj edqtclzj ddsc s dzOff tow 3 J dzd v . 1 E2lsj o3
ydodz dzf 7 LdzOyjded?2 sl Hdzw Wlststi dzj Slsted yg fr
HEJdg" = ACT .

2.s OMS OH dz' dC By j dzls tc Qitssipdddzd drn thdesoe j

) QOqur]lsaJ sBteOL Yytso Hdzv SO A idsegOdizd QRO 8N iz o !
BY Isted W tslstsOfrstdjotelg nj ts HBARIAQ fr) Iste[ O fifif s dzts 3 Jj dzdz’ d3d
P, | n A AsC I CGeB dzOfisd MjHddzi dz@ ¢ sMdzj His9 O
jdpndgrjicj nsHtse o dRdesetsmdzs? tesY Mgz el Bz S |
mMdsdud MStsets dMftsdz L so Odzgdw B dz tewH tsSlsdzdn
omMCdj slstcOy Ols j dzd , fsLotsdzw s h dJ ftsor Mdls!
sdf ftojcsBtcOBa GicfsdePz B'dalz wPOBGIST i tod
jded j &3 S tej Hjdzj dzdzsets MY j CIstcOdz dese s fMisMisOo
&V &OL jd&sdzr R. [ Odedz’ j AC) wodwes kfw dz® M
gv Ctdzyj dzstcOlsstcdz” » W islstst dj Cdp@id judzdgts /€8  df
dMEtsets §teddsj daj ded ™ .
Hdzv dzOL j d3detsets fted d3d dzj dedv ftoj HMIsOo dzw j Is
MCtejfodzj dgdr ° BjyHE M2 fwd §sishd
dzd j osets M dzOeo ©. [ ddzL 24 @Y H ) B @9 datyQ fishPdegp & & o
8 CoOHt©OIsdzr » JjHJ@AEPdgdg” £ Quzdn@Is ts\{ftdgjddgj dgids© w6 Of O
dls dL dzi Mkh jcts Mils ¢ dzv dzdzts G 5 tsfdats o Odzd W
n f zZOMmisddz Mtsj Hddzj dedz’ w f Otc © dzdzj dz-
kdtetso Odzr &) dadgrln, (hiPegQudgdzj dz' des § tod 4 sdgsh d €t
PdesS 1 O, B) .
Ctsdzyj delstcOydd Mmtsdzdzj ydetsets dL dzeyd dedvw o Iz°
sMdzONM j dzdzr § dzddzj 2 dzr d3d dzddzr seor d3d Ctsdzyd dzlstcOlIststc O
wyji260 CofBduj MStsets § tfdoyjjHdEdsObismvie ditets  fpissH2dzy Y
CosdmistclzC yds dL Eedzj f zOMmisd ¢ O, ¢ o9jtrndzgj 2?2 YOMls
dzd dzL s 2 Ctsdgyj delstcOlstste Isdf © dzd dzL r A tej dg dzv
sjtf destslsotsHwh j | BidteoOdd) f Heokdw 1 dzjtcetscej dzj tod

3. [JlssHd@®P?2 dL o3 tc]

(

t O
Is ©
d dz
Cts
s¢

fts
zo

RS
d

STCROGH P

d
\ J
LI’
z y
j dzd
J dz
dzj

~ S EsSa00 nSeo MW ITn o
FG-F" g0 BFF-"OFQJNS
_‘Q_‘wq‘sh u:g_'wal—
SRR PG G
AN G
G =
7}
©
7]
I
=
O
h|

)
s

uj BB jtcOkztcdedy dRMT' O ddzlsjtco Odzj utsly tctso s5H T tizf GU
tjlzls & LOf dmd dzOdeflzjLtesde{da rn O ldsj e Misd S d f sfydzj H
sl Wtltst dzj Slstedyj MEtsets ff toj tsB tc OLWits as@ded v .M Isle figzv dalf jin
z0 dzO B ts tofidld ts @A Edzdzg  dztizlz 4 J defOL OB SIsOdzdz” = d dL 6 s
AUR dd3. d. V. smist ¥Gydw My jClstcOdz dzt diiy 2t E O O
ZO®BY " HdzW Htso jH]jddY MY Jddde G d el .POO dein@ s dptis ¢l ts t5¢s.



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 93

dL B W j BBC s Ldzj dyjts 00 gk MY goyd Odz' dzts ts
Bhsceshds? dsets ddisj ol j to) der® HegRe so dive j & s 8 te
Cts®f dzj SMO §COL Odz O tedmlkzdC j 3

[z Isj B j tOls k2 to iz R fplf Lty & jstadOziw s j § dzv dadzr 2
Cdzstesdzdtelz j d3ts?2 € ts d3tf dz® st jiedsdlyy df Mdz@ aisPo &2 1 o
O3y 4 tedz" K Is jre@ftdd d ¢ Zmdztse d ¥ ts dais fip as pA jodzdet® e df) ! fn
COkdBtetso Okbsets Wikt dj B dZs©®, &GORBHWH jgshw t
fosf EMS Oddj Mmisj desS MsMEH O Eydls e Gt ipd fstOd sf

a
) le 60 x 60 mm? JnH30Bas NaHens

;’fTunthu CTEKIISHHER NNECTUHA) f:¢'3|-|
/(WHTErpanbHoe 3auMTHOE cTeKD),

(E@/ ~ ;=%—F'

TokocBopHan wnHa Tcrlnc-o'raoa NamrHUpYIOWas NNeHka

tdm. 1. O H n Jd30lsq’u4fngcfl> tcOLtej L dzOL J d3gdztsG t
BsHzdzd dol OB A tcj def;dzve 6 0 CRts dBWj diislic Ots ®tcdgj & O d3th +
1,058 (o dH Mt Mistetsdy dzddzl s 52 ff Odaj

tdm. 2. cudi?2¢0 CochfdrfHetstslstasdz] sh@ s ©F t
dL Heo kA 1 dzj tcc tkdg gzilzj © d g z 636z BIGHRGRAIGED H dzr  diz
ClJteOBdyUuUi MStsd3 Isj f dzsMmMBtceOMr 9 O h j &3 tsMdese Oded d ¢«

¢ sday j dals(taifsdiates O Wije jOfjjdeE WipEs?2 5



94 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

CBeTO3aIIHTHBIH KOKYX

MonuTOp ynpasrgromero ITK

I3MepHTeIBHEIH CTOX

BIIOK H3MepeHHs
O yIpaBIeHHT

tdfml dz3h dzd?2 odH dLBjtedlsj dz dzse s § ARGYAGjtEdE CE H dzw

nOwOSIsjtedMisdS AC)l. uwdzjoO dO WsbsctwOWdd ©LOMY L

C tsdzyj dzls tc Ols s totelfd LA 3 joitsts df dapt® j Gfdsdsdsj dzj dzdvw (M j Ssts ¢

M cORBPsOdzso C O diazve U fgfgdeyjnS dne ACl  &EsHEdj 2
(M jSIste ¢f 0) .

4. 1L ki fisd@ilsd 5o Odzd 2

10 tedfmMkzdz¢ ] 4 ftoj HMMIsOo dzj der fnajlstsarj Il d¢m Hdzw
(B) zOL dzOyj ded?2 ftod ©OLddyde & Isj&fjcOskicon.
B3d dzd RO dzdz®@yj dzd W B o Mlstetsj dzde’ = ¢ OwwOL dlsdz" mé&
Bj Mists § sdds] slsfkshlssdj dqm< Oy j dzd?
Lz Bj dzls @ ftoj HilsOo dzj decztsets 2@ tedfzdzCj 40. |
L Od3J Is dzts § dm¢ Ox 4 dzd J ltentsdAcd Bzt yds ) c Otp@Is j tcdz
o jdzdyjddj dzOftewy jdedw ftcd Hodyjdedd o tsB dzOMis!

- 5)3

e ;Jonuc: 100“0
by 2 g '-"“H—‘w—*v—ﬂ—w—-—--ﬂ:—o——-'

i YN W"*‘“\ i

- "HaemHeg" yonosua 'l|| ; . .

[ abnyueHua: cnektp AM 1.5d i | | 1

IS

[ "Kocmudeckue" yenoens R :
oBny4eHus: cnektp AM 0 RS -'

2 \

- | KpaTHoCTb KOHUEHTPUROBAHKUA ‘; 25°C

CONHEYHOMD ManyyeHnn 150 "conHy'” H/

/| \

1} 100°C \

[ KpaTHOCTb KOHLBHTPYPOBAHKA
| conHeqHoro nanyyednn 300 "conky”

5]
1

fa

MnoTHocTe ToKa, Alcm”
MnoTHocTs Toka, Alom?

85°C " i
- ! = : | ]
[ : ] \ '~

0 [ | | |\ b ] i I i Pl A

0
0 1 2 3 4 a 1 2 3 4

HanpsaxeHwe, B HanpsskeHue, B
dfm. 4. wojlstso,r jd U djjvitpiddnie Sk ydz' R Ols j Bl fz Ols k2 to
slstst dzj BBj dzlstso dzOL j Rz e 5 {1 dbdf hdzfiatzi WRrzE B @ W 5 H dzw
CsMisMO.




INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 95

[ dzw sBtoOL Yytso RZOL j iidzese s  ff tod d3j dzj dzd W B s dzts
tctsMmls

TsdsMssets RSHO MeodjMlsds M djetsd "dd fi
fsdedyjdedd tOBsUYdE Isj&fjtwOkte fedosnudls ¢ flse
50% f§td istg 0O mMzdssS 50). | OdjHdj ddj
bojddyujddjd §lsjte: dzO odszlstej dzdzj i3 M esisdo d

ftoj SBWOL 59 OdedV Mtscdzdzj ydetsets dL dzzygj dedvw Hdzvw €5
1L dzj 3 delstse HOjIs L dzOy jdsteq jtc OfsticiH C B 038 % ftod Isj
[ dzw dzj MC sdz € dn sSBtOL ytso ceCsmd3d yd MSdre A

ojdduyjddj sty ftd Mmddyjddd sj&epePeitn sl
HiS L dzgOyj ded Wi 3s71% e d3 6sj &3 j tc Ods.lz toj dzzd Az Ipc dl.D 0 ts
¢ sd3d W HOC 20w j ded v (tedMmlzdess 58) ko j dzdujdedd s
ST ONHdedd HE Isj B tOBmty O @ j 60 55 &zOy
IMS Oy Ol MW Wtk Iom, O MdjHbs Ol d dats, I Bj
C Mdzdyj ded¥ s Jag{TysEAlGY daB@ b j dad ¥ K sdshsEat
gL d3d dzgj dzd § A3 IStcOdzmtf stelsO detsmdIlsy dzj 2 Hted dzedL €dn
ZOdkd ydw oMt ddescts § 5lsj dpyd Ozl dgtse s B Otg! j t6 O
n-GalnFGe t Oy Is dzOW 9 J dzd Yo gz@ ¢ tsseitsy sAEffdzd o r ff tsdzc
M sd Lo Odzd j B SOS GFRL % S tod MsjmdsiDipte® g bists 3 0 1 0
a) 6)
50 o f/”“‘““ cbsrl
E > H‘u%\a 34:— _
an, i =
45 jDLKDDD | D/:n":'_ \\P
= & o, /CDSH < ® j“ Mopynb \\
e r Mogynb IE“D:D E I ,,—-~/~\ o
7 . 7 o % a0t . o
3L o i ’ \
I o~ 28|
[ "HasemHbie" ycnosus [ "
30 [ obGnydenns: CyI'IeKTp AM 1.5d olézi/hlz:fi;fiieﬁgc:h:ﬂo
:I 1 1 1 1 2 _\ 1 1 1 1
-100 -50 0 50 100 -100 -50 0 50 100
Temnepatypa, °C TemnepaTypa, °C

tdfm. 5. 10edmddsimisd ls IsjdfjeOlkzier L dOyj d
ftoj sSBtoOL 59 Odad W Mts@dzj v dztelr@L jfd3ditizcyty didw d d3j dzj dzd v
Cdzyj delstcdetso Odzgd™ fMsMlsOg &6 kg 30 S cHsddy 6} , B
Codayj delstcdtBt®o @dgasizdzye . 1jxdff Y @®AB daf @Ag yY Is dz"

slr Wkt djChtedujMSdn ®sHkdj 2, of ftddzj o

5. Il T oBHT

lteso J HJ dedz” J d fidpdrfe’ HAs WOl dsjfifdis tod yd M dr R Ots
Wsltst dzj SltedujMSdr o cBwOL 8 Olsj dzj 2 fytsdzdaj
BsHEd]2 &0 Jdr shdssj HE' d&OLj Eddscs i sd Lt
slr (HB 50%) o ACl d Hts 40 bt sigakd rasdeddds tst
sj B j cOkts. Histed 1BDBIY OB pC) 5smisOs dv j Is
BEHEZdY 37 %.

RfMdzj Hise Odzdz’ j &OBI AC) CoMidui MSBets fiodc
fsCOLOdzd LdzOyjdedw sl 36% (AC1) S 3r1@eg (jdgsHhz
Edzjdz' N jdedj Isj B jtcOskzter o w©WWHJ] tBtLOL ytse- AC1
LO Mmdedy jdedw WOCIssteO® L Of sdzdzej dzd W dzOctolzL tsydats?
fslsjdydOd d & B Ot jrEIOAGEO ¢ jlsj t5ctOded Yy



96 SJ{1 11t REENCON XXI¢l [y f11v L1 fcrfoéc Srrt4rURrRSd XX

1 Ofplstsw h Ow tcOB 5ls O, or f sdzdzj eztB®W j , 9 fASHRM J taid9 d
[qddimlsjthmlsotsds SBOL 50 Odzd™ d dzOkSd t sMMdd, HEC:
27.06.20%4664.21.0088 dzO o' ftsdzdzj dzdj 1§ tedC zOH dz
kjdBj ©OBGl', bkddSOod d'?2 dHjdsd¥Wds Oolssdsa)tedS dzOH
RFMEFI60414X0088.

6. uwfdSsC ddlsjtObkztr

Zh.l. Alferov, V.M. Andreev, V.D. Rumyantsev. Semiconductors, 38(8)i 898 (2004).

V.D. Rumyantsev. Concentrator Photovoltaics. Ser.ngpri Series in Optical Scienc&pringer

Verlag,130, 151174(2007)

3.1 . [odzH 6] § O, 1 - 9. r OadHus ¢, r. ¢. [ Odzi e MS d2, d. 1 .
tOHYdStse, ¢.1. YvYJiCOdddj79@®014)Luque. ruvaA, 84(11),

4. R.King, et al. Proc. 24th European Photovoltaic Saleergy Conf. and Exhibitiorn5i 61 (2009).

5. M.Z. Shvarts A.S. Gudorsskikh, N.A. Kalyuzhnyy, SA. Mintairov, A.A. Soluyanoy N.Kh.
TimoshinaandA. Luque AIP Conf. Proc.1616, 29 (2014).

6. Zh.l. Alferov, V.M. Andreev, V.D. Rumyantsev. Higgfficient Low-Cost Photovoltaics. Ser.
Springer Series in Optical Sciences, SpriAgerlag,140,101 141 (2009)

7. 1. Ocd sdagsd Odzj o MURBC tes9 MS. 4 & &3 dayy » 85(6), 104110

(2015).

e



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 97

gfltofrrvarsdriretetor Jobrtramgofl svom(r [
RIRst I r{t{dgdB [ RrRIJ
NEW METHODS FOR TREA TMENT OF MUNICIPAL S OLID WASTE AND
MICROALGAE INTO FUEL S

| O fd fizu.
[Bi jHddz deder 2 daemisdlskzls of MsSdn Isj i jteOkte { sff

Vlaskin M.S.
TheJoint Institute forHigh Temperaturesf the RussianAcademy ofSciences,
Moscow, Russia

vlaskin@inboxru

Waste is one of the main challenges to the sustainable development of economy and society. Today, the world
produces about 4 billion tons of various types of waste, of whicl2 hilion tonnes- municipal solid waste
(MSW). The main methods of solid waglisposal is landfilling, composting, recovery of secondary raw materials
and incineration. Incineration of MSW today is the main, the most conmethod of thermochemical processing

of waste. The Joint institute for high temperatures of Russian acadfestjence offered new technology of
thermochemical conversion of solid waste, the product is a solidlikealuel. Obtained by the proposed
technology coal contains 50 to 90% of the carbon contained in the MSW, its specific heat energy content by weigh
in comparison wittMSW increases in 1.4 times, the volume increasesgitimes, the specific energy of obtained

coal can reach >27 MJ/kg. The resulting coal can be used as a primary or additional fuel in the conventional coal
fired power plants (thoselectrical efficiency > 35%, whereas electrical efficiency of modern MSW incinerators

is no more than 2@5%) and boiler.

Microalgae- another promising source of renewable raw matefials) which it is possible to obtain higluality

fuels. Interest irbtaining the sacalled bicoil from microalgads bounded witthigh rate of microalgae growth,

high productivity per unit area, high content of oil and relatively simple technology of their cultivation. However,
due to the high water content (80% by wéght) such traditional thermochemical processes as pyrolysis and
gasification in the case of the microalgae are economically unprofitable (too much energy is consumed for drying).
The Joint institute for high temperatures of Russian academy of sciences@sop new energgfficient
technology- hydrothermalliquefaction,which does not require purying stage. Furthermore, bal in the
proposed process can be synthesized not only from lipids as in the known methods fooimedsdoohydrates

and protaisthatincreases the overall yield.

Keywords municipalsolid waste coal microalgaghydrothermaliquefaction
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WIND -SOLAR-DIZEL COMPLEXES OF POWER SUPPLY OF LOW POWERSAS

THE BASIS OF DEVELOPMENT OF RESIN RUSSIA

ltedBSCtse w. ].
ALY AgpsmSo0O, t tsMfgdw
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The basic sources of power supply removed territafeRussia are diesel stations. Power sources, the using

energy of the sun and a wind are applied to decrease in fuel consumption. The gregtest, frog the point of

view of consumers, applicatiasf complexes with a power from several kW to 100 kW on the basis affuse
renewableswind power and the sun and ufeeserve diesel generators is. Successful development of application

of such comlexes requires existence of state support, regional programs and the developed system of service. In
Russiathere is a possibility of creation of the complexes which are fully completed by the domestic equipment.

The complex solution of creation and udettte equipment on renewables requires creation as well as branch

instituteon renewablesand the branch.
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Development of smartlectreenergy systems with activaaptive grid, distinguished from the conventional
centralized energy systems by that a big number of renewable energy sources are integrated into a common grid
which means the trarefto the system with distributive electric power generation.

Stable functioning of such systems is impossible without the wide use of hybrid energy storages (HESS) built on
the basis of lithium iorbatteries bank , supercapacitors bamkl grid connectiomlevices including twavay

invertors and management system. The work describes the developed hybrid energy $t##&§e1000 with

energy capacity 1 MW and 1 MV power. The possibility to compensate didurbances with duration from 20
milliseconds toa few hours determines a unique functional flexibility of HESS in comparison with traditional
battery energy storages. HESS is capable of provictimgrol over electric energy quality , suppression of very

short term deteriorations of current, voltagegfiency, active and reactive pow@d support to nemterruptible

power supply to load during a few hours which may have place at serious accidents.

Keywords:Hybrid energy storage, lithiuion battery, supercapacitor, sopryazheiya device to the rietivar
inverter

1. 10LdzOyjdedj d BB AIZOMIs! ftedd3j dzgj dzd¥ cdBted
Bj COoOlslsdzse s HJOF OL t5dz0

I doflstswh jj otejdv ot efmjd BBty d o  sMmipdd
tcOL o do O M j digzmw ) f sfmdzj Hdzd J GISHT dzO {f
Ldzj € Is te = wig e edjls fnd s j o3 ) s O¢ ZOL '™ 9 0j &
1 dzj CSlstetst dzj oG jIsdyj MS dj -OHfifffid]jodgizts 2 ) i j@&C Id o detR
lteddzydtf dOdz! dz" &3 slsdzd ydJ o3 H O dzdzts 2 mMdmisj d3 1
Ldzjeejsdud mMédna MdMmisjd3, WodzWjlsmw o dzsoyg dad J
otsLsBdsodzV j &3 = dMbsydedStse {1 dgjteecdd (IrRGC), yl
tOMYftej Hj dzj dzdes? G jdzj eOYdj2 1 dzjSlstetst dzjtecdd.
MdMmlsy &3 dzgj otsL Bsy dets B4 L h Jtotel Bec szOg B fhizj dzsd O
(11S), or losdfddzdpels 2 tWH 90y der = WhkdsS yd2:

-{BimMfiuidd HqdzOBdyd M&ts2 EMiss2ydetsmisd  dz
ZzOctelzL € d;



130 s f1 4t (REENCON XXI¢l 1y Jav L1 fcrfdédc Srrt4CruRrRsd XX

-tioekzdzdcso Odzdj § OO stetso 1 dzj Slstedyj MEs2 MmJilsd

- vdzz yh j dzd § f OtcOd3j Istets o dzOf tew 3 § dzd W L dzj Clsted -
G Ote i3t fipq ¢ ~ dﬁ]‘lOMJdZd?) d ®Bshdshisd (¢sBfjdhoydw
1 dzj CSlstcdyj MSs2 Mmjlilsd;

-rdmf jsyd tedL Oy wic sizdas@dzd i ctOWdSEse dzOctelkzL & d
L dzj Stedyd MEBs2 1 dzgjtcedd o fjtedtsH™ dLB'M stsydes?2 1 dz
H§ Wdflyo) ;

-utsCtcOh jdzdj deitejcbkzdzvteder » S tsdzj BOdzd2 o d3d y MmdMm
fsorhjddi ofmMdzinMmlsed] {ltset ftosfkzMCds?2 M sse dz

-BiMmMfjujdedy BifMfjtejBts2detsets fdlsOdedw € OC fse fi
Milsd?2 (MeeMmisp, ) dddDG deztgsets lso jlsMmise j dzdz" = § SIsts

{Bd MY Jyd ded 4 fMls OB d dz' dats 2 d Emlsts?2 ydo ts2 tcOB
dzj stcOHdydtsdedzr 7 dMlssydzd S s, twWOBBIOsMNda COC Ools

fdekdzdtetseo Odzdj OO sHp®D § wPd e Uy HOBBFON, isq
OCIszOdz! d20 Hdzv dzZsC Odz! dgr = 1 dzj SlstcduyimMS&drn Mjlsj2 ¢
LOHOYO IsO¢HyJ yYtjLoer yo2dzts o Oy dzO. [ dzv Istsets yYlstsi
gz y dets dd3i Is' MmMdMmlsj gz, ©WOMMYdlsOdedzz® dzO dBsh datsmls
M Isjdglsts 9 HOddtsdZ MzEyoj dj bkteiBlkzjlsmw HdAdIlsj d
otojidfstcWHEC O dzgj Mitsdzr €8 HjMwisCtse diJdzkzls) , OS]
smizh j Mise d d3r . ltejHMisOo dzvw j Isfyw ybsts o Ctsdzlsj CMmlsy
ftod d3j dzj ded jB 5)daj § deGdnlstej B so Odzets, d dd3j dedes vy j dz
f OtcOd3j stctso HdzW HOdzdgsets fteddzj dzgj dedvw f MOBsEts d
cdBtedHdzts?2 MmdMmilsj &3 dzOSC st dzj dzd v .

-RMfsdzr L soa Oded™w ©® COyjMmlse ceotstewyjcessedtojL jtcol
Isj d3ls tcts ifafz@B &y § clatf®Mmcdzts [ 1] , c1 0 ftsHMmMlsOdydwrs 3
HEmdi3Olstcd o Ols! tjL jtcodietsoOdzdy G dlsOdzedw MmtseB Mise
sydzed ¢ 0 fdsoOoddwveée. uvtjBkzjdBsy otjdBY orf cBHO d&O
dzj MG sdzr C drts d3qleiazes”. dqzjzvf siisptew s+ L dzj CIstesmdzOB Y |
sdz Ltsoa Oy J16¢. Jtojdw fjtejrBHO HOdzdzs?2 EMflsOc
OctekzL S22 MtsMisOo dzv j Is  t™eodady] jtddipy 1] € BiigH dzr o3 y I &zw
EmMstcs? Mise .

2. Jlrest §OLOdG)Isissss jcEts d Hi e a0 Sdgfed0 o Ols Is dzts ¢ s

11 ¢ Mbeswishy ddzj @OGGY B tzpdeso j OCC Bz dv ststed
tcets] BE s5MIBJOIsOdcsj 2C )MEd j o€ sdzH j dzZlMOlststetse (&5 ) .

sOIstsydes HdzdIlsj dz' dzr d3 J2Mmise dJ d3, & sH SHBRIA@HAZ BN Is] o3
sOIstsydes or MsCddz BT MistetsH JQﬁ]lsade3, Cltstets
6 Cydd StOlsCtsotejd3jdede’ = (HB HjMwisCse M) ¢ Izden
lTrBtstc f OtcOKOsAGelsod | fpEMisOo jcets tsBBtckHso OdedWw s
flsOo dzf getle) R  MdMmisj Bs2 L OHOY (Wkdtydwkd) , m
hjmise zs h d s dzO N e sHdgW " dzd 2 HJ dg Is j n dzts dzts
tc Odzd yJ ded W dzqd , nOtcOCIsjtctsds L OHOY, [ijdtOajdsr jm tsB-
t

|

M
J
Is
)

gorto=as
SWS‘E{Q

Rl

dzd uj MS dj QDO e fHbd U j o1 v OB dzd
dimlsj BO Ef cOodzj dgdW HESd d2O tsBJ MY j ydo Ols+ Mmdzj H |
i Oalstsdztsd3dzr|394tqﬂ>d3q’c@9lsisdztsd3dztsﬂ tcOB IS 20 dzZOGtlzL

i tGJMCfOB SetOded U ded W  dgOLjipdddsly, BOY efoc Gl 6ftsd3 Iz f
setOdzd ydo 04 s QEBEdcdzjL dedzts ddz0s fzfiisO s stetsd3 kZtetso dzj .
T weidd HdMy jlsyjtedLOBJd d dgsh detlefifisd C slststetsds 2
sBiMfJjudeOjls ar HOYyk o dzOGtlkzL Sk dish dsMmisd, Lk



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016

131

T teddd3 tj 6 lzdzd te sio@jdadd' a3, y Offifdsds IS¢ slststetsds o 4 dzd y
EMlsOdztse C 52 dstscdgsldipd wsAMEg g2 Mmjlsd.
T teiydd Cogfjdhoydd i @Y dasdes A tedpts "Cdstishisideds d3
sBdMfjydeOjls Sl j dzlhOydes toj OCIsdo dzts?2 M
9 dzOctlkzL €.
i tejydds HSHHJ ) Oded Wi Cus@taVOH Cdzj B Oolstdrtitg @fdz tcG) G I i
Emsodzstm§ Puss Pils fsHHjtey Odzdj L OWHO BOISOL
i iy dd BOC M BOL dts § slstej Bdv j B2 &sh datsilsd .
i teiyddz BOCMd BOdz! dets tSIsHO9 O B2 Bsh desls
v OB dzdyPrdzd udi MSdd R Ot-®OUsjtcdMmisdSd 41 €
1 BB dz0dz! dzOv 0OCIsd o dzOW s h 1,0
1 sdi3d dzOdz! dats§ cdOY LYY J defl d (3 0.4
Cdzj cesj BEsMils! , ([ 1Ly 1,0
[ OCMd B3Oz dzOW OCIsd o dzOW Bsh dat 2,5
ltoj B tOBKSIsrT o HdOBIUI MEdr toJ 10,0
®Bsh desfyls: v, ()
ltoj 3" ttOBBISr o kfMlsOditsodoh dnm mw 1,0
(W)
r d Of G jwdzdzd teso OdzdW t6j OCIsdo dzts| IO, 7 HBS
tdmztef, dzj dsidgsgﬁ/QL@ﬁwﬁﬁdzisﬂitGQLﬁm% 7000
0
str e yd&dzj, dgj d3j da 85
tdJezdzdtcsa C O toj OCIsdo dzts?2 dBsh desMmis( sI0, 23 H
HC SRS dZOSHIB5RS CB dIs/ f) 56
s Cstosmis! BB &ZO s CAN 250
l jteswilsdgsfls! B jLsIsCOL dets?2 tcOB 0,99
1 OL 2Oy j dedz’ 2 Mt 1 C MY dzZE OO 20
dtes¢ Mzeye" HB fjttosets € OF. 5
1 OOBBISS O dzO (SU)S OL , dzj 25000
3. ufmbts2msot My tcwlgop dzdw ) M s o

VviMstets?2 Misea s Mmtstf tow 3 j dad W

c

dmdedud m&dy

ddzo j tolstste) |,
zO f j ted d3J dzdzts G 5 lSlE]QS@W(jZdZ[tSG'qu Isqs):Oa(dz@lgdzlfsdE
Lo dMdBsmisd s Ode sted
L dzOyj dzd 2 |
Z{ tcOQo dzjj g 82 § tedzjste dodd
Ldzjteetst WW jClsdodetsets ftoj sSBteOL 59 O

(Ho ZdzOf tc©o dzj dzdz 2

LOJ

b1, uws) d BBwOIdS, o
LHH. [ d&zv HisMisdy j ded W

M smMseBse d OdzetstodIls diZtso
5B MY Jyd ddv

fidtemyf jSIsdoader n tej M j ded?
COdOdz G j dzj tcdtetso Oded W

f tod Bl " Bdzsctsiztctso dzj o ' A
d BE sMlis

o MCdn

WSdZWJISff]W

m My e

fts toj OdzdL Oydd ftoj sBtE
fjtcj nBH )
fcdzef cso sHdzd S 5O " -
dz@ d3 H J dzd bYW dzge@ OB W of gzdz MQSFET d3tsH kzdzv -
i -E0B0Y dg jj Isi th)'ls Ow wrfOdzdzd y J

Cslster 2

ftej HilsOo dzv

sfkh j

str

2



132 s f1 4t (REENCON XXI¢l 1y Jav {1 fcrfdodc Srrt4CruRrRsd XX

v OB dzdy Pr &d i MSdj RWHetO CIsQ el Misd € d
] OtcOd3j Iste 1 20y dzd
1 5Bd dZOdz dzOWw OCIsd o &zOW 1000
dnj BO Mddzsetsets  btojrnbktoss
1Oftewy jdedj o Lo jdzj 0.4 + 10%

1 Oftewy jdedd o L o j daj 900
COYHBGEB ko dgv,
sl dzgj d3jdaj d, 97
st WWdydj dzls dzj dzd dzj 2 2

9" o SH dPEfce™ Ydg dzd vV, dzj
r fOfOLtsdz cjekdzdqtetso ( IO, 7 HB
Bsh dzgsisd vaw, ([
tdekdzdteso C O tcj OCIsdodg tslD, 23 HTS
fts COYHB2 WOLJ

ltej &3y sSsCdzdc O MmdMmisg 10
Mskf j dzyOlstsj otLH]2M
Yy OMmistsls©® zRrR[, dzgj d 2.0
l 2dz MOydd dzOff tew y j dzd W 0.4
stsC O, dzgj BESdZ] J
lejd3v fjtejrBHO 9o Ob9 50
Btsdzj § ., d3fg &
g4 CstetsMmis! tsAB5dzd CBtwf 56
HCStesmis! B d&j &Z0 § 250
l jiesWilsdzsMmis: BEFL sIsOOD 0,99
mMdzzy B T
1 OL dzOyd dedzr 2 MtetsE L Cff 20
(dzjls)
dtotsC Mz HEts f jtcot 5
B4 dzj § (dzjls)
1 OtcOBSISE O dzO BIsC O 25000

4. 10O Eddzti BdDCC LBk dA0®BLEEs [ R

I'nOdedztsd3 Isj m~ded Ud MEABMY el @ gy g Gadpgfj BlzHsB d2" d3 Hdz
Csdfdzj SIs L HekR BOLOt)?2 dshdshmis:s 500 Sl (
lted ttOBESISy © MsMmls©ejy 41 ¢ HoeJ BOISOtjd B J M J Yy
Ldzgj eetsy 3¢ tsfylst (1 [ 1IlsyOf) , tdgsc dfO dsjolsidg" jY tf otdsjdzistd:
tcOB SiIsT 2O BGHdsd " dzt yw@lsOjeyj 2 dL  yitfd §siilstswy dadzats
tOBSIsOs M j2 olktstes? BOkOtejd Stdifdjsmno. s OC 5
WEdS ydsdzOdz! detsfyls! Csd3f dzj CMO 11 ¢ o bsd ydmdzy d
tcOB SIs.

l¢OoOyimbsej tmdser ¢11C, ftoj Hd&ZOCO]j Ismw § tod d3gd ded L
dddz 7 OCCbkdsdzvsktcdy 7 BE@SOEEFMdH ZOY  IsdlsOdzOIs
( BibOtsH dats] tBGLGOUG] { MLETBEsD dd&dyi M2
Li "MNOEZCozFeq/ QdddEjiSkzOzzCzY stster ddizj s s toj Miztc B s
L OtGWH/ tcOL t6W H, tsB dzOH Ot Is or MsC 2 Bsh detsyls s ©
1L dzgj eetsj BEtsflss 8 150 Jlsy/ Cc¢. RdYdd ofipdgE as@ dgds, hrq’(ﬂsd&
tcOMf csMisteOdzj dedz" | © dzOMmlstswh jj o tsj-dfs ticdpdipzdedntize r |
Btsdzj j, Yjd&B © 4 twOL O,-61]’tﬂaOIzHJd;’iltsdztﬂzmcidgzt?:hdz.iz@fr]lsdiz;aedﬁr



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 133

25 %. lted {Istsd3 BOIsOtejd MLTO ftesdLotsHWIsw dzO
Yd 3 dr Bdzdeddzser | L OtcOxgOpazcyd .d tslsj yj Milse j dade

1 OlsOtejw BPw A48 Istf tc nisfgls?2 € s dzj ¢9s0 Od,L. fHEdgdRO tae
L dzgj et BE sMis! d dBsh desfmls: Cslstster 7 B MY j ydls

RMf sdz L s9 Odzd j BsHdW dydteso Odzdats 2 1 dzj Slstetsn
L dzOydlsj dz' dzts f tsotd Qrpdids™ H dar @ tc WisiiEsd ddis | fipts L H Qi to ¢ ¢
L dgj et BECsMls' 8 1 [ 1 IyOm d d&sh dsmis! 8 5 [ 1ls.
J R41 000 fHtcdoe j HJ dz o uvoOBddys 3

v OB dzduy PR &J Ui MSd) ROw@OG,jtedmisdSd [ R

L O &3j dztse Oded j 1§ OOK, Is t &gzteoc‘){%f
| 5Bq dz0 &’ 0¥ 1 dzj 166 5 S BME 1
| 5Bq z0dz’ g5  dzOf oWy 4 ded | 750
| 5B ZOd' ROW Bsh Behl: | 1.0
L 5G] ZOd d& 2 55, (S0 133
&) &% ©OBBl' ® EMsOdss doh ddh 1

BEh dsfyisd ((yOfp)
[ OCMd GOz dz0 Wdstihdagfushy sz dgQv] Is 15

ltej @3y tOBBIsr ftod BOSC Md d3@dz) dz 10

l dzzIstc j dzdzj 4 MtEA] tcBlsdia dzi dzdiy | 0,11

vis¢  dzts 3] dz@dzv algt®G 6 €z ) B sSdz] J 1,33

[ OCMd di3O0dz! dzr 2 IstsC L OtGW H 6,65

t d mMktef § tod ¢ dzkz Bdd ddz3O cddta LtEWjH @ u8, 0 7000

LOW®L teW H)
tdmMztem §ted ¢ ozize d dzjdzjtgjO L (tey oHSBIDR o 200 000

dz B4 dzj |
sir o yd&Sdz, daj Bjdzj 95
HORtcOLtcWH BOIOtEE S tztcd j dzdzd Is g ¢
ntcOdzj ded
-fjteor 2 &3 Mwy ~teOdzj dzd 15
-COYHMr2 smdzjHlze h d2 d3j fi 5
ssfteslsdodzj dzedd dL sdzw ydd, 20
4 stetsmis! 54 T20( ¥ esd IR/ST) 56
4 CtstetsMmis! B3 d20 fts CAN 250
l jioswWilsdetsMmis! BjLtSISCOL dzgts? OB 0,99
1 OL dzOyj dzdzr 2 MtesC 1 C MY dzlz Ols ( 20
HtcsC MdzzyB' HEB fjttosets § Of. 5
1 Otc OB 5iIs € OdzjzOd3Jsdz £ JOL (( W) 25000

5. 10IOtjvw MmMkz{j tcC-0H | dzMOIlststctso 1 s
J COyd mlsa j sfdetso T BOIsOtj d mMizq j o€ tsdzH j daf

cOL tcOBtSIsOdzdz | Mtsoadsd Misdzs [ RI U t 61 d 16 "uvin
slsdzd yOs h dj mw tsls L OtelzB j ) destsmdsd dp@aR'daiz’'cdg o dz® ff )
jHdddude 7 d®sHkdj?2, f(tshstlst? { Cnif di Oy ds

ftoj ddzh j Mlse s ftoj HdZOCOj 3" ~ 10 J "UjadesC s
slsj ud Mise j dzdzr d3d OdzOdzsc O3 W o dzw j Isfyw dn or f
fSHIse | taydatgaiidsdzj sdzgd a3 s r ssd3 M sdz' L s Odegd W o

1 Sy dzz Ols Oy d tsdzdz’ =, ) Is. . QRPBOsYEhHEHEdE i



134 s f1 4t (REENCON XXI¢l 1y Jav L1 fcrfdédc Srrt4ruRrRsd XX

fskke OO 2, SOyHOW dL ¢ sistit s dysEodss cép 1
0,93/3601.
vudndzdyd MEdJ riOdcDO0f jotfdfplod ©af o v OB dzdyd 4

v OB dzduyPn ded U MC dJ ~iOeegO0s ) edMisd S d

1 Bd3d dzOdz! dets] MlsOIsdyuyd MEts] d&zOf 0,7
1 OfeYyddd) fwd LOLBYH], 3805
] " AtsHdetsy dz2Oftewy jdzedd B OIsOtej 0,720,42
1 sd3d dzOdz! dzOW HddzOd3d yd M PV tc OC s\ v 4 1
ltej d3v tOBBIST 9 HJAZOMB yud M sd3 i Y 5 0 1
HJOYf OL tsdzd, (Mmd $)
T o BHdts? IstsC BO#Oteind Sdeddaj yi 660¢é 38
I d Mo, dzj d3j dBjO) WS dzts o 150000
sir o ydSdzj, dzgj d3j dzj 85
g4 tstetsMmis! stsBBSAZ2G S d Is/ M) 56
4 Ctstetsmis! tBd3d 20O fts CAN 250
l Jtieswilsdzsmils: B JjLBISCOL dzets?2 OBt 0,99
1 OL dzOy g dzgdzr 2 MmtetsC 1 C M dz Ols O] 20
dtotsC Mdzkye"™ HEts f jtcotsets COf. 5
1 OtcOBSISE O d2O BIsSC OL, daj 25000
Il T 9BHT

10 thdtso Odzdd fteso jHjdzder = dMmMmdzi Hso Odzd2 6O
fts fl’]iSLHOdZCf“ cdBtcdHdse s -HMOEGY dkpPdts uyd jzi € OEPS I3
Colsstesets tsBJd MY j udo OF Isf Ot @ dyjitkdig=ipd dz0 dz'Odz@vdzdztzB " dzts
1000 ¢ lfipj dfdz@vOYf10dzj teq@fy ) O 10 EhyteityL it~ df tsH M d Mis j
JWw dzdlsd?2 ddzder-IDO0PSCCERBEzzY Iststeso [ R U

BGISO'[GJW Mzt J € sB0] dzZMOlsstetse 1 v s

EmMistcs2 Misots Mse zOMOO0O©dzdw fp Mils! & vud

2. 1 BMmdte z -dssdd ter] JO CAEqUs2dA0I0SdEBtOOHf IRfpw  f sSdztsy d
fteddzydt d Odz: dzts -ddsstedzr 2 LSRRz Y stste ) L dzj S Istetsa ¢
Li arMNOECozFeq/LiaTibOcC (MLTO). ¢SCEERBzYIsStGT
tcOMf tesMistcOdzj dzdzr | o dzOMlsswh j | o toffjxiiwic jehifteidztsets dij
YJj o otcOL O, §ts kEZHJjdz6 dzeDL s desfgle d dzo dzh 225%. dzj tcc 5§ d
lted {Istsd3 BOOjd MLTO dOmtHdIsMw o Ists?2 X J yg dzts
LOwkzB ydsets d tlsj yd Mse j dedzsets ftetsdL o sHMIse O.

3. J shdetso Iz BOIsOtj d  #LEOYJ0 0tc ¢ @ &lzp i letdf) O Is tf téstetats ¥ d I
ROdtsMistczC sztod tots @ dedetc® salB g EHAb)R'IsBtc M detseo 52 Isj n dzts
1 dzj ClstctsH 59 , Yylsts ftsLotsdzdls §sdzzydls:! zo J dzd yd dzdzl
MicOo dzj dzd ¥ M MmMEh jMmlseokzs hdddd Mkt jtcC tsdzH j dzMOlststc O«
toj h j d@Swy jls sBjMmMfj yudoeOsls o MsClzy dzOH j X datsfls mizyg
OB tstodzr | Mikzf jteC sdgH j dzMOlstster dOddzEyh dds sBteOL B3
ZOC s dlisj dzj 2 L dzj Clstetst dz G d d, 1 Cf &z Olsdtelzj d3" =
zOf tew 3 j dzd W .

4. 1 dzv f sMisteds | 2 tczdinlsdzds@ ifis M Is! ¢ d34j18009 Ols s dzts G
ftcj HdZOG O Ismw dmf sdz’ L s9 Ols! Bdesc sztcso dzj o' | i ¢
Yyomistslsr fp jR3EtsMmMisdzr &3 Hj dzdIsj dzj &3 dzOff tew 3 j dzd v dzO |

®
©]
UT
o
5



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 135

ISBdZOfI’]ISJ Btsdzj J
tSBtGOLtsaOLSJdZJQ i
Jtetse j HJ deds 2 1 G

Cdr PEzcHr] j dzdRo - Bt
sddi3 WkdSydtsdod d & J
d d3zd dzls Odz! dz" § od fipfisdejzif tso
sdo detsils: ftod dMfsdz' L so Oded™ HdzW f 5C
di § jjtcddsH®Os oMl GPBHEBEZL Cd §sHBdSEs Isd
4

= o
5]

Wjddd dtshder 7 fslstejBdljdj?2 dqdokd Os Otd?2
Hjdzdlsj dzt dz' 7 oBish datsfyls j 2 .

B3y dzts My ls Cesif J demMOydd oL @Bzh j dzd 2 9

j S kdzH  HUSO fipsjof) SEsfdi jCHRdZY j Is b dzd S Oz dalzs W

McOo dzgj ded® ) OCChkBdv stsdy B dzOC B4 o
5B j dglyf tg midf'o O€' Oy Spls 0 O - f iz @ dsdzjsdzdizij tc ©d

J @3j dzdz' = o 5L digted W, dzdQ O fipldstES i) 1 difa0df oty @ dzd

s2dsets 1 dzgj cetsMdzOB Y j dzdv dzOctelzL €d o [k

q Mite! jLdz 7 OsOtedwn.

sdz' g2 {CsdsdduimMScd2 LODOS I dy iif s6 te
dzj B O'dzch M § ditg Mckztisherseldin dsij tgz) dejefst s dz! € dn .

2.

¢
| dz
074
t

Sl

-0 g~ O O @+ =
ﬁ._c& 90— 0—.

NGO G 00 o g
= -

S0P

GO I~
=0 O .

R N

| dz
e
B

(%

O]
HoX
w

> 11
q_ﬁs_-
g_nn
Reag

Bq di0s0, 0 ChiEstgsisjj i d cso Ols! L dzOyd Is j

L9 Oz 90 | O B @Lisjdzdz" B Is X € &z d3lz dzw Is t
J ZMOoktstetso fsLotsdy jls daj [§tsdetcq EH3j datd jj
dlsjdz dgr § oL BN jddv, s d fkh jMmls
stcdz’ » BOLOtj2?2, wflkdddLdtekzw tjydd d

s dMsS ddlsj cOlkztsr

1Jtf 3 sjrdtsdzstedyi Mitsets s Clsdteso Odaed W f sSHMIsC

O oW )y j e2ehb jOdf A5 1 v) wlsOdzH Otels Btec OdzdL Oydd

2. Comparative evaluation of thrgdhase higkpowerfactor AGDC converter concepts for
application in future more electric aircraft / G. Gong, M. L. Heldwein, U. Drofenic [et al.] // IEEE
Transactions on Industrial Electroni¢s2005.1 Vol. 52, iss. 31 {. 7277 737.

3. sktemizf 9 r. 1. RMf sdz? L 859 Odzd | Stcj ~WOL dzsGts  Iste
Yd o jtelss?2 Ms2¢B82 9o Ooaltsdtsdzde = MdMmilsy B3OR L dzj
Jtetso Odztso / /1 jMlsded S S OWjHE' daONdfjsAOLAS sz] R dzdls jCRedz
 dzd o § teiffRfOIs0j9ls,.T18%.. 7 8

4. 1 jcHdzd ¢8O .1., ABtelstse I .., awtd ¢.[r., r1rJ4d h(

RZOCtsf dilsj dz 1 dzj SIstetst dzgj ecdd. -5 Hzj c@RORgzZR2@dz83 . M Is

N @ @% %

= O~ = _\1339[7;-0%_@31; sz Ulo.
gm0

B-;U

nS

m-‘:ts
a

a
Ws*‘i’

M
d ftetsH
0¢CC kg

g
=

=



136 s f1 4t (REENCON XXI¢l 1y Jav L1 fcrfdédc Srrt4ruRrRsd XX

Rl [[ 271 odr1rRr JUAAdoivmg REU[ YL RSS] C3¢g IRR

1
{rvd R 3t RJEtRUOBLEM (1L RE &[] kptzdwl RC
gRev[f Cr(t 41 8 RE fU['[IUrI.IrIHUU[ L B3R 5t R B
Ifeguvfyr3am tr 4RIV I
THE USE OF RENEWABLE ENERGY SOURCESAS A PRIORITY LINE FOR THE
ENHANCEMENT OF SYSTEMSFOR ENERGY SUPPLY TO HARD-TO-ACCESS
TERRITORIES IN EASTERN REGIONS

H40Odzj j g9 RO OukcELSOO U. A
R dzfIs dnis{thds flafs 6 §f .Sl dzj dele(f oG GC L EBHMY

Sanee\B.G., Ivanoval.Yu., TuguzovaT.F.
MelentievEnergy Systems Institute SB RAS, Irkutsk, Russia

I esssydy = t]j cdtsdzOn (-6NHIGOY B3 BHY j{ ot Cigdsr | ftojHYt
otsLsBdzso dzv j 3?2  HJej tochmjjlsd,d . L BttejdgOdzd ydy dz© Isjtetediststedd L
dzj zmMlss2 ydotsets 1 dzj SlstesmdzOB Y jdedWw, o Mddzk MdzOBts2 Mo 5] dadzts
tcjLizdz OIsr dmsdedlssteddzc © Mtsotej d3j dedesc s MsMmissw dzd w  dzis ¢ Odz! dzfs
d [ Odz! dzj 65 isEideSs oS detfdiap ji Is 30 % diBsh dztsfyls d BOZs MM diddzy € Istets
1 &Z20ydlsj dz' dzts Ctsdzdyj mMseats dL ddr dMfisd Lkjlmfwy o COyjmis
ftoslswy jdader » WwWOHJOdz dz" = dzdded?  dzj Clstesti 20§ BO Bdhdese dzO 15 Is Jy @
wodzw jIlsfqw Qolstsdetsdzde” dzdd 1 dzj eetsdMmMissydzed S Od3d o dzi Btsdzr h dn  dzC
sBh diodets? Isjtetedlststed d.

ltedo jH,j da tejLzdz sOIsT OROzdL © Mot d&3j dedzse s MMissw ded W
oL tsBdso dzv j d3r 7 dMbtmizg iz - tz) 6 O3 .

1 sC0OLOdyr twiMmkztemdz § JteJH M &z6d Hdzv BOMh IsOBdsets wOL o dIsd
dzO dzd wddgOydls j dz! detsc ts 1 dffj wplsfRdad O iz sHsIsC o, 94 IstcO, s dzdzd Y
GJtlsjted3Odz! dim2f = daegjtadetx| dL s dzd e e O dedcfnlsiisjytddt flsts j e dtsdztse A &5
oL sBdeso dzv j 3 3 ftodtetsH Az di3d {1 dzgj eetstej MetemMORd M EZCOL Odzd j o
1 tej HMNIs ©Oo dzj dz" teJLEzdz IsOIst dmfmdzi His9 Odzd 2 {6 sfdsj HJ dzj dzd &
Wtslssi dzj SIstetsmisOdzyd 2 ts Is1 dpt3yfy didds jied2' dalits s ai@dzdz'za ¢ f slstej B dIsj dzj 2

sjtetcdlssted Odz! desets twOMY Sdztsy j dad v .

It tojLizdz SOOd3 dfMmdz Hise Odzd2 or fsdzdzgj dz ftesedatsLt tOLodIsdw
G .9 L 5dz0n HyYyd dzlstcOdzd L 5o Odzdzsc s d dgg kfplsis® fgd 28O O dzdzj &ls to &
ftedstcdlsj sdzr » ftesj Cilsso.

sdzg yjorj Mmdzse O. M4 yd destcOdzd L tso Odzdz” j ¢ slstej B dlsd dzd, L sdzd te
fsCOLOLjdzj?2 flsjdydodzd, tflsddBod: dov osh dsiis! , OS¢ hd Bz dg
Key words. Offgrid consumers, zoning ofrtéory, annual distribution of resource indices, optimal capacity,

maximum load, developmefdrecasts

tOLodlsd] otLtBdtodv jdks?2 1 djttejlsdtd o otMmistsycr
LBtV dui Mcddd, O d tj miztehdeddsds tefdefj H Y
Ltsdz HJjyj destcOdzdL s Odzedzts G 5 d dzd EfMlsts?2 ydo tscets 1 dz
sMmotsj dedetsisd d Geslswy jdede » t©OMMIstsw ded 2, d dd3j ¢
ftodtosHde 7 { dzj eetstej Miztemtse .

10 bittedhtstedd | tsMmistsydats? & ¢ ez tgd ts dxfdnj@izs30Bj%6 s I
Bsh dzsfilsd GOdzr ~ sy fdsfersisjo diytsdd U Mise s O =  dz
9 IsfMmlssydes?2 wdBdtced ftcjorhOjls 1,14 Wsrfip. hhidsiAC,,
EmlsOdzts o dzj dzdzOW 8 &z& " dg=ifijlds * d 1080 [l MmMtslse jlsfilse
1 dzj Clstetst dzaj o ddy 1d 91 ,dztcegdztEH Is€ ] Is L y. J i sfydzj H dad
Isj dzH § dzydw mMh jMise j dzdzsets totsMis©O Bsh detsmisd sOCd
stcOMmMdesw tcMS segts CteOW, RiCkZlMEs?2 BdOMId d t j Mk
OCIsdoadL Oydj?2 tOBtsls {5 sf)oHSy talmfHts od3 o Isfip jods  ta gz dZy 2 t
sdr MEkBi jSItsea taA, O LOCYJ] Mbtsdlsj dz Mlseatsdz d t
JWisjftesoetsHO Juwu/.

g0

d



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 137

Hote] d3j dzdets j o syl tems ez | Bs® o e G MRYE ditj ¢ d &

ItsL tsB dats § dzi) | hefdzdz§ o€ dhdf dzz Olsdtelzs sy , 9 o kz i @ dizfs dzdz
StolzH desH Mz do' 7 ©O2 5O H | Q jzdziizis ® tzd I ts 8) 1D tzéiz® 2
1 Od B 5dzj § hdtesCts dMfsd LEjlsmy ¢ slsj tcdi0d

CitljtoROd d j ! djSltesmisOdydd (4j6C4) OMY s
(1 0k j s ff L@ o s OFdzzso S OW) ( HOZOdd &S 2
d [CJjOdzMSOw) . ulb ddkoisd®n0 s hats. i s dzd Lj s @ig’s L o
f] or oBSHB®E L Hi CHEdES OBE8YdH] s [ C | O.dZME H2 G § Hj dBtS
ftesdLotsHmMisats {1 dzj € Istalisgidgy) teicdr S Istg tHsisls) Qadg#ORFORZd Mt
Bzdz S 1 Is k.
sOBdZd @OBBdSC O bkMlsOdzso dzj dzdzts?2 Bsh detsmisd o tsL 5B dzt
[ 1l
. | BH
} 5L OL OB 47577 2012 2013 2014 2015
I sms6 do" ud 03 03 0.4 043 543
o bG® ydhd 03 03 03 0.3 03
ICu : 0015 | 0,015 0027 | 0,027
T : 0086 | 0086 | 0,098 5.1
[ Od dzd2 1 M| 1083 | 1335 | 1319 | 1308 | 1325
o bBG® ydhd 238 48.8 48.8 48.8 48.8
ICu 3.25 34 36 42 48
LiBCa 81.2 81.2 794 77.6 77.6
Y 0,01 0,05 0,09 0.23 134
R G [ 1086 | 1339 | 1323 | 1313 | 1379

1 tod B3] \i@dednjs Oo dzj dzs § & Wushe dsP o3t @ dedg fds Olsdz) 66 & C & &3 O dzd 2

RMf sdz' L s Odzd j§ fslsj dzydOoOdz0 &BEOdzr 7 tjJ & o ot
dzC \ d ts dadfijg gydis T dgQidzt § (LS %p( s T M@ ot J MY 2B dzd &,
B uvsdzEOyjems doved s OWMO s bzl 65 -sWuc@j@dg® j o j t
Otc Oz GO O dzd dzfn S22 d3 dBtad@SPRIs ddjts I det fridsf fry.  419),.1

@ sMissS jd@MEmddnf dziz O lsed jelizts Ssindz] tgjdnjs Oyl e o

d3ts M dats Mmilsp! dzO He' =i CjO WS IfCldls (2, 5 lfClds) o
1 O dzs S 8936 d daff O (f-s OBYPEBEME (DO B GelsH) ¢ s )
o o . 1 eaditsets (0,45 [lIls) w0Om0Odzd dzm€C s
Bdzd ¢ d & ®n . (CSAROEY EE O0dz@ 5. {J2ded CJ |
to cs (BPVWCIO2C0dzr MEOWY G Oo Odz! ed (d® 01
J sL. 10260dz (0,.01I5] I§1tdtsh mleO dzticek TG MK s
t Eedzd € d 8800 (¢ Shidddaftw). © 2015 6. o' 9
i Jd 501 R0 dRsMistsydDdD - owjicHditddls o df AL AL O Is
I U
G

N
&
&

o)

5
&

@

LS

@
Ny
&

n 1z CStetsMlsOdzyd?2 (G d) © dJqLBBAZJtse O
f tod tots fifiptyf es dinjaliztsiolzQ) dsd sjishiglylj U © ( cdBAzls d W )
sjtctols SLidfls stes?2 EMlsOdzeso dzj dzdzOW RHE I ets fyls /s s wy (i
tcOMYf sdztsy j dzdzOW 9o OtCIlsdyj MEts?2 L isdzj 1 OlOE0O2MEC
wodzw jIlsiqw ¢ BOCOdeMC OW fMsdzdzj ydzOwW 1 dzj S lstetsmis Odz
L ey z2OlOyds o v gy eEsdzyGj 20AS0O figd

td Metemdz 2 ¢ slsj dzyd Odz

I esMmistsayelg' c @B ded ai3d  sipw  d i mMiemde § ftejHY 5
COLodlsdY ofLGBMGES &Y j B2 1dsjecjlsdCd, §6MECsd



138 s f1 4t (REENCON XXI¢l 1y fav {1 fcrfdédc Srrt4ruURrRsd XX

L &zOydlsj dz dzF D i t5B jEafddgiaE v dzj s stz 4 i)t ddgisO dzr A
psHEBISEC S, o jlstO, , iEddisy RO das®lk y fzzde d d

3 B3C Bbikos Mbic &
0,04 MBT:

itk C3C

pe
% Bararaii COC 1 MEg
#'04 MBT [Lynranax %

C3C002MBT qu\CTpMHCKaH Mrac 1,7 Mw

) B3C B n. Yetb-Kamuatek 0,575 MBT
[whpranax HOHkiop C3C g -
C0015MBT 0,04 MB% + . * B3C na 0. BepnHra 1,05 MBT
OfnMaveBckue
+cm B5 C o001 ") Erse 45,4 MBT

(E:ZEBT;'\O’I,EOMS ME% +ro|j]DH.A \ .{ MyTHosckas Feo3C 50 MBT
\ BepxHe-MyTHoBCKas

cen o MayxeTckaaleo3C 12 MBT
+ Kyay-Kioenb C30 feo3C 12 MBT
0,02 MBT

-5 CeBepo-Kypunbckas
m Mrac1,7 MBr

ab reoac
Xakactkuil 3anoBedHvK i
C3C 0lQ2 MB:
BOCen. Ho,mkoao m mrac
045MBT
Al 4+ Bac
MeHaeneesckas
& feo3C3,6 MBT
+ c3c

B3C B c. MNepeTbiunxa
0,05 MBT

B3C Ha 0. Pelineke
* 0.05 MBT

(dfm. 1. (OLdj" jddj obLbGBMGESs Y jd & dhksyddSss
(Mshsswddj 2015 ¢, )

AJjdzj MstsBtcOL datsfyls ¢ dmyf sdz' L s9 Odzd Wz # & fig dz@ Bz & dzd W
L dz2Oyddzg dzte OL dzd yOj Isfqw 5 tojedtsdeOd d tBEzMmdztsoe dzj c
folsj dzydodzO otsL tsBdgsodzv jd3r = 1 dgj cetstcj Mztcmse .

I'dlstetst dzgj e s unfer dlgJ deiffipifgdsifg.dets? wdBdted 1 ¢
l smPgtmMtc ] Hslstsyj des tessdz] g6 b6 doy joijlss ¢ 5 sisEAP Ldsy d O dzC
tcOMftcjHjdzjded] 5 Isjtetcdiststedd isjdg d ts atsththe Istc O 2 dzj
o J btel O] dg§ds@zy j ddEOts dstg toatc@detisted d  [2pdz) dzj 65 | sMIsts € «

10detsdzy § HJjtemMtf jSIsdods d3d Hdzvw BMmoatsj dzdWw o jIstetst ¢
tcj e tsdzOr W o dzwwe Isfifjve jtdspr jrtc iy o B Ml @YHz] -~ c R 2, tO2
otsLorh jdgdzr | B MlsO Ctdelsddzj dzls Odz! dets?2 yOfilsd, d oz
O ted d3j to, L AR tsL jtcO 1 O2C 0Oz

1 4 dzd 54 dzj 66§ Is d U JOmEsHE] d2dts Mbziete j sdud MSd2 ¢ slsj dayc
tcjedsdetso dp O] bsfiyyj dzo 1343 dRdztcHtc G tiz . 1§ s ) to jB HstslAg tg§ y j6dE
sjtwtedlsstedd 1 Od}). dzgj cts | sMistsC O |

ltodnmtH ftsdzdzj ydats 2 cOHdOyYydd dz20 cEttcdL sdzlsOdz' dz
Il smlstsydets?2 o d Beditcts Rts £ O&' dij f tetsHsdzy dIsj dz detsfls!
dzsmdigls Glists ydets B kMdztse dzj dzde 2 f sW Mdets?2 R2Q@EOC IS to
StcO2dzj &3 v jojtej 2atss §4z860 LBl U/digdIlsj dzr dztsfls: Mtsdz
mMdw ddyy dzlstc Odz! dets?2 d Mol eledE? - , YBONHEE R IEBY o On Odzd dzf
sB dzOMils+ d s OBYRIs MfStafj?e r¢Mte@j2s 1700 y/ eétsH, O 9o b yd
Y/ GBSH.

Cdzjtcetste] Mztem) sfIOE & jicj€jcdder ( sMmdd OmMf sdz
GdHEef tlsj dzyd Odzs a3, Mesmtcj Hislssyj dedzr &8 o Bsd h s 6
sOCyj tkzy! Jjo.



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 139

10 Ibjttedlsoyap? lusfiploted d 1 © d2'C digf cigs dizp i 7O
9 0dztso sets  § tsis jtagfds@dnd g de’cr sdud M d2 fsisjdydo
otsfMmistsydzr = to e dtsdetso dzdets Hs Y4 Idds{ Lo @,J s sftstaiz(ih | s8daf@ifive d
sj ctedlsstedd [ O@). dzj 6ts | sMists¢ O

RMrBHW | iffitecmtizse s §slsj dzydOdzO dMyf tsdz! L s9 Odzd §
YyJ dzj MostsBtcOL dzs 9 s OBByoksmetsds SO, o Mmjojtedz -
sBd&zOfMIsd d 1 0BO2COd MEtsdy SO, ted M B dzd € O~
tdimMfeedzd¢d 4OR 0O (cSklsdqw) .

t 4L Ezd IsQjsH ts odGrped2

vydlsr 9 Ow 4 ted d3d dedz" 2 nOtOCIsj ts ftotsW o dzj dgd v
oL BBdsodY &' n ftodtesHde 7 1 dzj setstej MztcmMtse d o
M sdz' L Btz B 5] L dzOujdedj Hozw L WWjCldodgsets
1 dzj cetsid Mis jdg 26 sedgjj Bleflsp ™ Btste S lsd 3Odz! dets?2 B
Mtsslsdatsh j dgd W ftoedtotsH dz' n d MmMtsd ksmlsdz n fs5C Ol
cOL tcOBSIsOdZ0 diBjIssHdSC O tsftejHjdzjdedV i lsd BOdz! dzt
1 dzj o dd, ssfftdimduedzRe Cdsis[ts tc OV fi) sdndigis® PdaPd da®OtsH s ' R
Slstej Bdzj ded™¥ d oL BEYds?2 o' ttOBGISCd 1 dijeedd
to d B sflsdBdOd dsfisd o' Miskf Oj s dosd dzd dslz d3 i
fiy Misd o' IsjMmMdaj dedesets tstec Odad Yj ME sfEdsj Istst d
[
q
Is
\F/:I
L

T
o
-Qﬁq_
e
0]

Wy dzw jIsfyw oz ylbtsyder &3 1 sOf s
oL sBdzgso dzW j d3F ~ dmlstsyded € tso H dzW
tcjLEzdz sOIsT Mmdzzy Ols q’fn:tstzBQ d
d YJtsg€Ils@O Migtstepofzy deefi Y deO di3d ¢ d W o e
d 1+ 0fr ftetsojHjdzdw dMmMmdz Hso Odzd 2
flicj HMMIsOo dzj dzr o |
J nSHJ fMmdzi H 50 Odzd 2 fts tcjLEzdz OISOz 1 tot
etsd3d Isj sils Odzyd 3 U ezd ghnteds s eidfofclad o) ¢ ets tekistifiplg 9y dz'j As
d s dzOr o 'f isdndyf di" stcd Gtz §r odzzlstcd G tsH SO SC
tesf slsj dz2ydOdzO o L OadMmddsisd tsls IsjtetedIststec
) d dilzteizBi3
-Ldozdediz® sB jJ b wdr FOHERROGCS
- dzj Wdzﬁsgbdldsﬂf@‘hﬁts AN ds
-9 § fn) jisldolg) dgidelf @0 1s § to o § Bfy s
Il sdzEyjdedzr | © ~AtsH] dimMdzj Hse OdzdwY BB j dadz
dvdedj HtodtesHdz 7 WOCktstetses dzO o' Biste B lsd dzOC
MlsOo j odptisdeisH § s gtlztlzj C MO tslsdesmdlilsj dz! dats dzOC ok
hjMmlse jdedetsy odzdwdedj COLT 90jIs o9 jdzdyddd o]
Isd 30 dz' dzOv sh desfyls! 1 Cw Htoj o sn SH LD dgdFLfyd
tep " MBEHEOSCIsdud MEd KBS @bl o e etz L3 dfO dz' dzts 2
Hils wodwis! fqw dBtsh dets yldfitc d o jSIdstdsts! ods @4 tg tsfifly © diafig
dzdzts ¢ ts dmf sdz' L s0 Odzd W 9" tcOBOIsr 9 O] @B 2 1 C
otsfMmistcj B so Odzdats 2 .
] dzd v dzd § odzzlstcdctsH s BG 5 tcOMY toj Hojj digddrdyidzlz
sd BOdz dats?2 Bsh desflsd dzj fMlstsde o' Oy j dzdzts
LUWduydjdadsy dmftsd Ltse OdedV Iz fls Odiscpddiz wizdetsd  Hsl
dmtf sdz' L €200dagjvdzd | dzj teCeasdpgizOls iy dehpwlzz Isted G SH s 5
9JIstets tslsj dzyd O dz@f, dzdzdf A34 B¢ i d A3z o3, fsmMSd Ck |
Mstslso jIsMisalzjls ctOWdSlEz dquOosdziéics o Odetzls | B Isi dzj @

N—0—. U F o
rwglag

j 2
Is

£ ~ e Q,'tnc:
—wm =g
NQ%H&LWWS
53 0e
NoRER Wﬁ-
&G =

ﬁ. =

&5 Q
N HF T

nE geReRFIIo
G “@FNO2SNT G



140 s {14t (REBNCON XXI¢cl [y Jasrv Ll fcrfoéc Srrtdruvrsd XX

m/c
1 T
—— TeTroxe
10 (TIpuMoperuil kpaii)
L ? o¢ 3
d d3dzd d3 fr]S 1 —+— Uynnkan
s (XaGapoBckuil kpaii)
- —o— Haaxan
(Marananckas oGn.)
6 {
—0— KypHibek
5 (Caxamnckan ofn.)
4
—¥%— Kopd
3 (Kamuatcknii Kpaii)
2 == XarepKa (yKoTCKi
1 ARTOHOMHLLL OKpYT)
0 —Cerepo-Kypuasck
o CaxanHHckas o0n.)
& ¢ oo P {‘&v _-55 & ’o"?l o« (
¥ FE T P

== VCTE-AHCK
8 (PecnyGnuka Caxa)

—x— Kiociop

dZJ Is dZC{ 2 d3 (0 (PecryGmika Caxa)

— HoKypoax
(PecnyGnura Caxa)

== Tabop
(PecryGnuxa Caxa)

== Vere-OneHer
(PecmyGnnka Caxa)

—0— KoCHCTRI
(Kpacrospcknii Kpaii)

== YemocknH

0 (KpacHoapckuii kpait)

v\\v'@ﬁv;\\«\v,y & FET
et N \‘F@ﬁ@o&wkﬁ

m/c
7
== Oxorcenil Mepesos
(PecnyGnnga Caxa)

) J-tstdgig] dzdzd’ 2 —— Tyoii-Xas
C_ fr] d d3|z d3 54 (PecnyOnuka Caxa)

—— CaHslAXTax
4 1 (PecnyOnmka Caxa)

=+= Arara
(Kpacuoapcrnii kpsif)

—0— CopeTckad Peuka
(Kpacsospermii kpait)

=C= TynnHKa

(Kpacuoaperuil kpail)
(1}
PR R S B o e A o el
LTS S FF ST TR
b Y T aoF ] )
qé&&_ve - F\\Qﬁ W .‘,g:’ ‘315*0"‘\* QP%‘}‘—*

{d. mOwOCk, wde | Cwkf§r odkstdctHBoBEE ©WOMY



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 141

0 5 0 15 20 25 30 35 40 45 0 5 0 15 20 25 30 35 40 45 0 5 0 15 20 25 30 35 40 45
KWUYM, % KUYM, % KUYM, %

Lddzded 2 BOSCT dzj sdzd 2 B3OSt o j M jtsifgapdzd 2 d30

By OoadMmdwsMmisd Misdsh j dd¥ ¢ &ff 50RO g0 @6
stejBdljdv sl S WWqyugjdlsO dgmMisd Lsco Odgdw L
COMftejHjdjddd ojlstes] slsj dydOdo

{
)

ltesedzsL ffls qwOL 9

t OydesdzOdz! dzr | BOMh Is@esL e dzth sdzy j 30 O dzdf i Is ts y dzd
otsfMissydz » tWjedsdOn (A d2O fjtedsH HB 2050
dmimdzj Hiso Odzd 2 ,00 FisOEMARE Gr COLtcOBBISSCd 1 dzj togt
tAn Issfmissydsts?2 wdBdted[5-q.  Odz dzgjets | sMlssC O

dZzBBOdz ksd alasinisd | RC o ©O26dz0R Hj Y dzls tc Odzd
1 dzj ClstetsMdzOB Y jJ dzdWw o tsMmissyds = toj 6 dtsdats 9753230 o {f |
[l fs CodemjtcoOlsdodasdidz d ygJ dzj o sd3lz Mgy dzOw d BH
oo tsHJ A n jdbstdssedsts o dzv | d3tsA dad & f8wrc0t §Blds)  tod n SH (
Mtsdzdzj ydz" §  dzj SlstesMisOdzydd o ¢ xdg © kEPRBSAEEK
[ Odzt dzj e I s O Ctsdzt 40% tls MzBBOtdsy = 9 ¢
Msodydgxp 22 [ 1 Is.

lted 1 Istsdz Mz BBOedzOV Iz fr) lsBdrisoddz Vdgdde) Wr  deft] Isdlistsufrpsdf! ¢
¢ Ctdzyk OMMBBOIstcdo O disets ff j tod tsH A006136yQ dftsldis ff s
9 LOoadMmMddismisd tsis(ctffy)j dzOtcdw tcOL o dIlsdw

1 ted tej OdzdL Oydd ftetsj Clstso otsL sB datso dzv j d3ts 2
ftesdLotsHMlso s i) 9BESOAZoMsddsds ydz" = t6J cl@PbBdzO~ ¢
Bzt CJIsky/ ¢ BR27RALLRAOS0, syt swe j MY j ydls 1 € tsdzt
sBl j d&3@R 7043 Kozdz s k. Is. Mtstslsoe jIsflse j dadats.

vtejHd fdotedlsjlsd & odj Ml des@RR, t sdefv YISt
1 dzj Clstotst dzj o dp d tsdyts isdptAgdd e yudefss ditcidS tsd3j dzH s Ols !
zyh dkd § sCOL Olsj dzv 8 ¢ tslsj dzyd O zO:

- M ddej yder & dzjiSde@m s isls ®de B edd toj MY ks dzd €
10B02CO0d MStsets SCteOW  RSkkMSB?2 B d&OM(;

-9 jIsteseor 7 | dzi (R chHpp®OPEE| M scts ¢ [ ;

~BOdz S iR Odj dzdz’ | ©O2tdy RCkMCt?2 B dkOMSJ

lrmtsCdy L dzOy4d dzd v ftsCOL Olsj dzj 2 9 jlstetsy SIsj
L dzgj eesmdzOB Y j dzgdV ML HOS s §jHY M dSd yj dj s
Hdzw 1 dzj € Is tc sjsiEOjedHdg) B tc O dzd L s Odzdets 2 L t5dz d
COMf sdtsy jdzede’ 7 2@ §tBitejy'j Miojtedr 7 d otflst
502 eMCtsets d vYESskMSisets Ooktdsdkd 7 Sk
s OBYOmMEsets SO o, 4 On Otzd (ebilp 2 MsHzdzp iz ¢ 5 R B
sMmdzatso § Wslstst dzj Slstedyd MS dn B HEZdzj 2 9 f) dzts
Yyj dzj MstsBtcOL dats dzj Istsdz! €5 © 8 ydg' = 602 s5dz0R , d
#4OR 0O (cSkbdqw), Euydlsr 8 Ow B sdzj § or MsC dyj Y J



142 s 141t (REENCON XXI¢l 1y Jav {1 fcrfdédc Srrt4CruURrRSsd XX

cfflgl]’ wogdZdqu;Hbc? tcijMfadzd ) YHIso jteyx HOJjIs HEsM
1 Ists@ 15 jotsftedw W

l j o] yg dz slsdsfdls d ds Ctolz dz 7 fiedstedlsjlsa
otsL sBdso dzV j 3" = dMistsydzd S s 1 dzj e dd8l.e o tsMmistsyds ~

Ils

80 700

700 o1 600 =

600 ap 5% =

500 400 =

400 5.3 =

300 %L =

n-4

200 gg é

100 7 ;f é

0 ‘ ‘ ‘ — LA 2015 2020 2030 2040 2050

2015 2020 2030 2040 2050
| sflstsydzOv wdBdt [ Odff Xz | sMIstsC

tdm. 4. 1 ddzOBdSCO EMisOditse dzj dedets?2 Bsh deslsd o SL S
otsMmlssydzr » toj edtsdzOa t A
1liy JsC&f | Qull By -u @4y

s MBS ddlsj cOkisr

1. e 0Odzj j o I ., ROt © R. 5. , skeckLtsoa O u. A l 5L
tcj 6 BdzOdB cdis GARAIPOE L dzj e jIsdSd dz0O etsMmsssy ( tsmimdd:
BOMh Iss@BrC dzj ec jIsd¢9. 2014. ~ 3. wu. 6

2. ufftcQatsydzd ¢ 5 toj MzteMOdz oL B &Y j & » dhistsydzd ¢ t
ssf dzdo ©. / 1 8C0OL Ofj.dzd ¢rRsd As j Qedeidttsdpdefev,ds 2007 . 272
3. I sfistsydz" 2 o9jClste 1 dzjtecjlsdyj MEs?2 MbsteOlsjcecdd ¢t tsfpfy
BzHEMNjj / 1tH tjH. 1.R. |ttt Ow, -dzdj tis rRigeChisjjdg O;
*230524 e sdCd dd. 5 odshdfeddeiis ) p£an | g g 2R 1 H

4. Ro9Ods®o ©® R. J5. , skekLtso O uv. AL, MOdZcOjoa O 1. ¢. I
oL BBMB &zV  d3se 5 dMssydzd O { dzjsedd HEZYW dLBddtss O
RLoOJHYgw Cdzgj e jIsdCO©.1282014. ~ 3. . 22

5. v sy dzloddgs @ j Isd Ud MS d 2 O sz ds2S M sul@ s d: Mo 6] d3j dadzts

fjtemf jSisder wOLoadldw / 1 6H BH. (djttcdgOdzidd®DO. I?

6. v s dzdlodegtc e j Isd yd MS d 2 Ctoditf dzj € M RicCElsMm¢ 52 sB dzOMmlis d
fitemfjSisder wOLodIlsdw /. 1lissitedfdedidzOrRIr. J¢.C daf Gedzjdivee®, 210.
f.

7. v s dzdlodegtc e j Isd yd MS d 2 CBf dzj € 1 O02C0dz MEBEtsS 6 6d
fitemfiClsdor t©OLoadlsdw / 18H tjH. 1. rded j4-Bdridgo O;
flr]gfé]ls?lnds LdzjtecjIsdSd Tdds.odsfind ¢ { J ¢iz§ Qish 5 Q4 WE&EB] QOH S5

8. 40Odzj jo 1.1 ., ROOMtsoa ® R. S., vkekzLtsoa O uv.A. ([ OLodlIs
tAn o fjtcoc® Y®dag® diagdzj BN jtesMMd2mMEdr Isj dzH j dzyd 2
2016. -B. u.66



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 143

frovof JLARrRIURL J OOVt RO IYRHWSRI R mtd1 (1 RC
FLrdtdroe, ¥t IrRONUI RS JiwiJliMI RE4Y 3Zy1 rRs [
METAHYDRI DIETERI| AIOFSEPARATANS TORA GF
HYDROGEFPNRODUCEROMENEWABLES
SsOL OCtsol;rozded ¢ 591,y dzd dets o, 1;f dlstesndd o . | .
Ll{ei juddgj dede 2 ddzhlsdlskls o7 M dn By j t b tc

sj & j £ OIs
2] sMStsemMed2 4 tshMizHOkmise jdadzr 2 vdzdo jtefmdlsyls dds.

Kazakov A.N., 1; Dunikov D.O., 1; Blinov D.V., 1; Mitrokhin S.V., 2
1:Joint Institute for High Temperatures Russian Academy of Sciences, Russia, Moscow
2: MoscowStateUniversity, Russia Moscow

1 20y dls gadizsididd] sdz! L s Odedw o tsL tsB etb & &) | @' & dof figlsdglpdid g s &5 to
sjrdtsdzsedd ftesdLotsHMEep @ Oy dajf | € e sz d dzOf tc ©Oo dzj ©
OCCkBBzdzdtetso Odzd § ¢ dagj e d (. [ Odzdz" 2 f sH - BHOE © QB M dQ koo ffou@ly
dimstsyded ¢ + dzj sedd, HtosdLotsHMisots oaHBKESHO, MdMmMisi Bz =~ to!
Rdzls j By sOdzdzd ud MC dJ§ Tfylisd @ daf zdp®H ORI ub b3 ftoj dagzh jflse
fiteodudes? Cod@3fte]mMidd o tHrst.H Oshdftetyd L fottsoalrf detidfcdists ddud M € 52
sjted3ssHddzOBd Y MEdn Mo ts2dilsdmnfRdzpH tf ac@ds‘ls & 1O dzatay todsle dats L d tok
tcOQo dztso j dzr d3d .62Q9004 fizf O kd MP sMtsB dzr ~ ¢ MmMsteBYydd oSSHEGSKEEH
vjtedstsHd dzOBd U MEYE] § DO Str - isd HRAOGENE 6 Odiak’ MY dzOs s d
B ssHBEBRE ddo jtelsmMO o Isji2RBRBEOL LK &HdEG, | Ediij tes Odzj dz" | tcOo dat
Hy MsteBydd Hdzv dMmdzijHEzj 3r 7 Mf zOese dzj L dzZOydlsj dz! dets f toj ¢
A signifseainnh iheresaenef gy e s enweanh étse crhenqouliorgeides of ene
staogreydrHogen ensegms stor dge promi sing for such appli
connecting a primary ener gha dsroougrecre ystaamniaygder b gdnoge o d

pl ant .

ABt ype i nter mes$ @l MC ch acveempaoundmber of adepatragesntfo
puri f,i cmati mary compression of hydrogen prodwasdd fro
empirical modeall | ofhmdmadyunbaiABN g p MCesr wiegehi cted equi l
presstir 0024 MPa, capable of hydrogenesprepanedoéand
The ther modytnearnsi cememaemadne d n 'f trpol HDRfGHT s ot her ms ofr et he

measured in teOMpIAtKrbyr &hngTehee2t edxsp enreit nmeondt. a | equi |l i
desorptionverdeéeit et ay |l biygher than projected.

Keywords:intermetalliccompounds, metal hydrideBCT-properties, hydrogen purification, hydrogen storage,
renewable energy sources

sdztb yjor g Mmdzse O ddalsj tedsj lsOdzdzd ud M¢ dfije sitjistododzi di'd ) IsdBjOis (
nOdz dzd | , o BiEEBEBY &2V j &i3' j dMlssyddSd { dzjtecdd

I'e g Hjdzdd
J EZOMlstswh jj otejdw dzOBd HOjIsMw L dzOydlsj c
SLtsBdso dzv j 32 1 dzj e ilsdSd o ddted . ] (R
SLtBdsodY jd&' 7 dhssyddStses o {djtecjlsdSj Istje
tcOdzj dad W [1]4 dzj tec d
[Hdzd s dL G jtemf jSlsdody » 2O tOo dzj dzd?2 W o dzw j
1 dzj o dd. [ Odgdz" 2 ftSHAtSH tOMMdBOItedo O sfqw o ¢
dimlssyded ¢ 1 dzgjtecdd, ftesdLosHMlsots oaBHBKESHO, i
1 dzj tcc ts Iz fifd O didsodfiApgtds jf e d3j dzj dzedw M J RC 1O yjfts
¢ i sdzlz yj dzd ® O SHBIESHO fklsjd 1 dzj ShtesdzdL O,
so jtcHSW OL dzsd3 Mo vw L Odgdetsdz oadH] d §odzzyg dede + dz
Issf dzd o dz' - 4q’diz,'q’d3cjdzis&8tstSHtsfr]>1c[G ¢ b § &zt YOils O ezis g 15 ¢
odzzlstc j dadzj ¢ 3, MeOddW X jtemMtf j CIsdodze d3 oiBj sStsH s
O BHBSIEBHO BdBdEsecdudiMSdd3 fklsjd3d, Jjet BydmlsS O
Ldzj d3[628.0

110 ©



144 s [1 41t (REENCON XXI¢l 1y Ja1v {1 fcrfdédc Srrt4ruRrRsd XX

dstcjHd ©OLWKGOBOIT 90 3" » dztseor n Osd - dits diste @ daff v
PBHBEEHO HA&Y Oolktdsdds? {djtcjlsdsd ¢ ¢ tdsddyi M
MisOls! EkMmlstets2MmMlso © d MdMmisj dzr , Mhdetse Odedz" | dzO d My
(fanNddzlsj edgy sOdzdzd g MSdm MsjHddej dzd?2 (rRfw), MY s
fsdzsh Ols! [BsH BEHH L stsdy3 thdeseo dzOW BOMMO o BHBGESHC
Mow L Odzgdetsds Iso jtcHBBW OL desdy MtsMmistswdzedd, vyt B j Mt j
1 Cif z2 O Oydd.

RLBC{tGOlSJdZJ dzts fyIs ! f sedztsh j ded v O BHESIESH O, o SL d3f
B HJ dP BdnejsiPdds o © ddzlsj ) IsOdzdzd 4 MECdn MY dzOo s
90 fLodwjls dmfsd L soa O dnr dzgj Itsdz €8 H.
Cd otHBtSHO, MtsL HOdzd v frissjfrjdsdgts = d 3oy HIES teftsH o
J BiiHL o
sfdets o jd e mgzipC &g BtsH j dzd tOMyYj sO Isj tedisH d dzO
fted Ists¢ dzjddgmdzj H 59 Odz'sIs diffCdr@:aMx) M | f ctsc desL dolz § d3F d
tcOo datso j Mdze" dzd .0210M0d4j ldA,w dFff ®¥MtsB dz" = ¢ MmMtsteBydd o tsH
febsStse M &Od d3 MBH] tex OHgy. ] BRBEH EBREH Q) (8 dlSo FO s
sftcj HJ dzj dzr dL -HEWO¢Os @idgdd® ¢ ic O dzis3’ mMf zOese dL d3j toj
sdojtlsMO o Isj B JjtcObIIctsgsh dqdzlsj tco Odzj 293

CCMYjtod di3j dels Oz dzOW Y Ofyls !

[sHjd ©OMUjkO kjtdsHddO®d i MSdr Mos2Mlse RS
USCd&ZOmdzs L OCEdE OBdAEmOd) by EdgSudd ddisj d)
iHnddzj dzd? Bodeslstdzdzs L Bj dzv ¥ sfW ® ftoj Hj &ZOR fSH
I stsilz, dd@jv HehsOsydy 2 +CMfjtedd) dsOd dr 2 d
fsd Lzv &Okj BOIdUI MSEd]j d3j s W 2@ fytefty @ d ddstdsts
dfmr 09 0jIs B dsls sddzs  -pOBYMdassls: [ tijsdls 0o t
| s Hd ZOBd U] MEdE COLOSkjtedmisds ddsess sy sdaj
LsisdeJIs f] o' MBCH2 HBMd 2 H IS HdSdodcddstEEskd ug @S iy
©0OC Is j(tepHn I5(d 5pS) ©jOSydd ) oGHBEEHEE, LSSt |
stes?2 Misjfjdd, o Cholttd OyxEd d rits @ MWopidzw i fis
B sdzj dzlstso :
OO ® Bd ® B @ @ @Q (1)

CHYIC dzay jyHlsftc @ s Bl sdzj dzlstse® R [ o ;

Yoiffo sBsHAzr 2 ydzj dz B d dets 30

¢, -GSt WWdyd,j dals

rdzssftej Hy dzj dzdw C st WWdydJ dalsigd) s tfstedg! LA digffiphats o3

aB3j s h dj mw L et J tod d3d dzls Odz' dz" § H Odzdz" J i ts Mt ls ¢

sdzzyj dzdw BBSdzj j HBMIs D dedz & O filoy jLidzQie Is®1ts jsB Iz sals My

sdzi hj HOdzgdzr = Hdzv GcteOdzdydz' =« MsMisOo 9, Clsste!

dzls j toff sdzw yd d .

1 0 fmdese j ftsdzkzt B Jted yj M2 dBsH jdzd HdzZW H Odz' dg,

ftoscdesL qtolzj d3" d3d tcOo detso j Mdzr dzdi OH @atdzj [ddd®@ d3Hff tc b

d31]’ J 6 Ols A @Nis &) AR 3, LeNissFen3Sm .2, LaNiaeMno 2Alo.2, LaNia. 7-Mng 2Sm 1.
tcdeslssodzj dzdj dzOBBStcOlststcdz” » B OL Yytsoa R[ d

Il "z ¢ O BtOL Yyse ddzlsj tcd3] sOdedi-H iefg® §H d lk® N H d ez,

dzj CSIstetsH zG tso s Cianffopeqsds H § dzfd32 701 M dzj tOMR sHIEZj d37 o3

dzj SstcsHisdE dzZO o SHBSEBR &ZOY HOj i3s3 d3j H dats RL2C to d fyls O dzdz
) COyjMmMseoj dMmatHde » CtBfdzj dzlstse M sdz? L s OcC

La (99,9%) Ni ( fpo r M j  Be9(999%),) Al (99,9%), Sn ( 9 9, 8Ih (995%)

tcOMMudisOdedz" § d30MmMmr’ Ctslstster = L OGtelzy Odzd ! o  wyd

N o quwmg*-'s-

d
g
B
d
m
Is J

q_

1
1



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 145

tcOMMmudls Odazis@ ¢ ®H3RMIE)E Y d& Sndil, Mrondsas®e d2vdizdd L1B ' Is¢ O H
ol § dzOoydd dMmf Otejdedv ot otcj Y ff dOo fizj ugd ™ .
90CkZzBdictss OdzOM* HEs tsfils @k BIOS GLUsO Is OB A dAff t8 5 W lsdc
Otcesdetsdy o' MsC 82 yYdMmlssisr . Rdzls j dzid o dz" 2 f tetsHE
ftcj Ho OtedIsj dz' dzts]  zQOeodzjdzdy IsdlsOdetsosets G JIslsyj
fsHOE@ sdZ2Z0 o twOBBYkzE CORjtelz ftSH HOodzj ded j dz 4 ]

rdzv sftejHjdzjddwy WOLsBotet MMlsOoa O d f OtC
dmf sdz' L s9 Odzd M fstesh ¢d M &zOe 50, i sdzlz yJ dzdz" §
tddelse j dzsoMEC d2 OdzOdzdL  tetso sH d dzfiP'r ude@ r i d Wintc Gl
dL eyl effi e .( s20¢ dL B tejddy MmMsOosdwd 0. 02 ¢
9 Issytj. R iz @3 fidts p dzddgO - s d dzts iy ® HJdOf OL sdzj |
fsdzzyj dzdz" = HAdWtcOCIssctcOBRBB tsMmMizh jIgiRe0dd@eafn' o
Match

ViNsOdzso €O HdzZv cdHEdiotso OdzgdY d BISBSHISO dL &

IdHtedtetpr Pded d JLUiBEljLdsds j td3 o tsB dzOMIOJ 1 @O dzj
faso J HJ dzO + C MY j tcd-B3f) K26 GeetzOWs g @ Mesmissdls dL
BOdzs BJ Istets 9, BRHEARG AP Jd 2, € smisj ¢ dzv dzdzts 2 C Odzd Bt
0 0C k@33 Is te ts 3.

1 jtoj H cdHicdtctse Odzd j d3-10dgQ o j i z H oBidx(@sL j D dzls
CstckdzHsosds Stokzelkz Il ftso jtondetsMisdes?2 CMdH D!
OBt Yd?2 OoalstsC dzOo . 1 tsfdlagts i Aot sts fiffj<(@rjdsty \gigs cosO CHz
BB, cls. Mis. Wistco OCzdsdz d3 dzOMmMtsmtsdy M dMyf sdz L 59
NdHSCdd Ol spBazOtcdIlsj dz' dzOW OCIsde Oydw M &zOo ts
Mstesydd/ HiMmsesydd ftod Isj & clotsfzdzj B8Ok Isd3dftets
fsHOo Odzd otHBSIESH dL OCCkBBzdwIlststc® o BEW | todsr
O BHBIEBHO 9 mdMmisj d3j . 1 Olsjd3 MmMtsj Hddev dzd BLzW j
9LOdBBHI2AMIsodw Rfuw M oBHEGSBA Sdg] fetc 5B SMEzZO &
tej OCydd tjedmlsdictsd Odd ki Ped@lsztelz. | dzv JL Bj te
oHBIBEHO fwosotsHddd Gttt (Oddetts Odedzr 7 f Ste
9 0CkEd@3d tetso Odedz 2 BkzW jtodzr 2 OolssC d&z0e ddzd o ¢
9 0CkEzdiidats? EkMlsOdztsoe € d . t Oo dzlgls d &) delz Is rodz, ) djmftsdedizd d
HO® dzj ded ¥ dzj  tots2BdEdsdelflsizts o Isj ud dzd |

tdLzdz sOIsT d sBMEYHjdd J

t jdalscj desW OL s 2 OdzOdzdL ftodetsistso dzj dede" = d dzls
9" Sk GHRSEBHMGESNS! BBKBOLYsSe. IMj MY kzOe -
CaCw.1 Odj " j dzd jNi d20s sEfSsdzj j C & fjic @lsmiddls ¢ ko j d
tcOL di3j ctso CtodMlsOdzdzd yj MEs2 tjh jlsCd.

1 sfMdzy fteso jHjdedwY ftojHOOWdIsj dzt dets?2 OCIsdoe Oy
oBHEBEEH M of MECHK2 MCGErMmis! 5. AOL 526 36 Gl Kt ¢
l AatHy OCIkdeOydsdzdzr = yYydsdzse MmMtsteBydd/ HJ Mistes
d3j dz€ tsH d tefmdzr 2 M et o lp b Bdts OCisew detsB | Wa®" o

9 dz' -

g4
dmMmadzi Hise Odz Msd Hddzg &8 D3ty oH fjds)Cdgfdg ) el Is IO ~f



146 s J1 4t (REENCON XXl¢l 1y Jav {1 fcrfoéc Srrt4ruURrRsd XX

/']

o /.f

Pressure (MPa)
% \\\\
!

—e— des25

0.01- ./ des40

—v— des60

00 02 04 06 08 10 12
H2 content (wt%)

t dfM. 2-H diOw tc O d3tpMis sHeszil o 3.

0.1- / _—

v
—e— des25

des40
0.01+ .’ —v— des60
00 02 04 06 08 10 12
H2 content (wt%)
it dMm. 3-0 d P d 6 O dged\ sFm 6B >

(v ofjn ftedetltsodj dzdzr ° M ZOstse 5 OLOS s todzt
HOo dzj dzed W d dzj L dzOydlsj dz dzr 2 zOC detsdz ff dzOlts, yYlsts o
Eilstets? fls e ORdzlz y jCodede jj , o RG] dggeds § o j H Mls Oo dzj dz' o
| ZOo dzr 8 R OLOSlkjtedmisdSORd HEY dMfsd L o Oded"
Lodzj yjdedw oBHBESHO dqL ®HBOd n fktsitse cOLBO' A
HOo dzj dzj] oBHEBEEBHO d BB Qs (ddgORO dicdRCOsifiEs 2  TRIQEEHSAs |
ftcd dMyfsd LsoOddd Rfw o IjodduyjmSdrs kflsts?mlss
10 shdsej {kdi ktjBteoOdd? dOBd ofHjdkjd HeO M
Istcj B ts9 CLdddjivFdysAlos o LaNiseMno2Alo2 1dL Sdgig o jth@m | H Qo8 dzj dzd
sBwOldBOY j&Csmis: d djssd hs?2 d&OSdksd § &0kt
dmf sdz? LsoOdzdw o drLodzjyddedd d rtcOdzp ZPdtcO®dBagtstcts
50Cxj BT dd LOMMudsOd kjtdsHdEOdduinNSdj §OEOdH
L dzls a2 Tsesh & 0 MSsE &OMky sy ksjistjlduj MSdd

Pressure (MPa)




INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016

147

sjtedsH d dzOdBd yj S ¢
fls OB d dz datsfls: &

Pressure (MPa)

it OB IO

9

Pressure (MPa)

0.1+

0.01 +

0.01+

eOMmyjlso. I 7 HJjdzj dedz" J or

ylsts 020y dets fied dMysd Lo Odedd

0.1+

—e— des2b
des40
—v— desB0

0.2

e e

H2 content (wt%)

t dMm. 4-0 d P e s O dged MO0

0.0

—e— des25
des40
—v— des60

0.2

0.4 0.6 08 1.0

H2 content (wt%)
t-r s O G te O db ey MNEESHy.1

0.0

{ d3.

o' f Bz dzs g 89  sSHHj tc1¥-03P20Q)AdnoRIs tted tc O C
sSOC»J cO) O Is
sj R dats dzts &€ (f 2

dMmfdzj Hise Oded W = .

Bd&zOGBH Otcdats fls - Yydzj 2Oz dzOB tsteOls s
JRIU t¢d1 LO BBMEYHj dd MCtz®B tff ksTdzts N ff



148 s f1 4t (REENCON XXI¢l Jy Jav L1 fcrfdédc Srrt4ruRrRsd XX

v OB dzd y@o sRdEo O Jdzlsj tedsj sOdzdzd uj MS g8 M Hddaj ded 2

R[ d U, Osadzj| [ BteOIs(1 OC d oH, S 1/ B3sdz!
S [1 0O J BE s dzOK
fted 2 sist] 1 Cmy
% d30 ) 1
LaNis sFen3Alos | 298 0.027 0.9 0.12 35.8 40.3
313 0.65
333 0.15
LaNissFe.sSm.2 | 298 0.06 1.0 0.2 333 32.8
313 0.1
333 0.24
LaNis.eMno2Alo.2 | 298 0.029 0.9 0.19 37.9 41.6
313 0.07
333 0.17
LaNis.7Mno2Srv.1 | 298 0.05 0.8 0.24 35.6 33.8
313 0.1
333 0.21
g dMsC dzdlsj tcOlskzter
1. Ferreira, H.L., et alCharacterisation of electrical energy storage technolodigrgy, 2013.
53 p. 288298.

2. Zyddz c©Q.da). [ Odzr h jdpfdg.). skdzi P bs® ] H joda[gH St H dzlz ®
1 dzj toc Jetifit€l . | ¢ Of884,[0..C dz] tcc SOIs B L H Ols

3. Zoulias, E.l. and N. Lymberopouloslydrogenbased autonomous power systems: techno
economic analysis of the integration of hydrogen in autonomous power sy3i@8sSpringer.

4, Tzamalis, G., et al.Techneeconomic analysis of an autonomous poggstem integrating
hydrogen technology as energy storage medRemewable Energy, 20136(1): p. 118124.

5. Kim, D.-H., et al. Experience of a pilescale hydrogemproducing anaerobic sequencing batch
reactor (ASBR) treating food wastaternationalJournal of Hydrogen Energy, 20185(4): p. 1590

1594,

6. La Licata, B., et al.Bio-hydrogen production from organic wastes in a pilot plant reactor and
its use in a SOFQnternational Journal of Hydrogen Energy, 2036(13): p. 78617865.
7. Morra, S, et al.,Expression of different types of [FeHeydrogenase genes in bacteria isolated

from a population of a bitnydrogen pilotscale plantinternational Journal of Hydrogen Energy, 2014.

3917): p. 90189027.

8. Sandrock, G.A panoramic overview ofyldrogen storage alloys from a gas reaction point of
view.Journalof Alloys andCompounds1999.293295: p. 877888.

9. redzd S so ,et gl.,. 1 [dtemtf § SIsde dz | sSj rndesdztse d d dmtf sdz’ L ts89
1 dzj cetskmMlsOdzetso € Orn dzO B OL j usitstffodia] dcdz’'j 5 dC RIGBRL &ZE B 3() tsB L
10. 1 dzd dets o etal.ff . uld.MisC © oBHSEBHO &jlssHtsd fhEpmBadzdd yj te]
[ € R2012(2): p. 4449.

11. Lototskyy, M.V., et al. Metal hydride hydrogen compressors: A reviéwernational Journal

of Hydrogen Enegy, 2014.39(11): p. 5818851.

12. Kazakov, A.N., Dunikov, D.OBorzenko, V.l.Development of technique for preparation and

research of intermetallic compounds' samples for hydrogen purification and storage sy&stni

MEI, 2014.3: p. 1620.



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 149

tonosfusd v dImryr 3/ Jrsultl] J RIRULH®
bJ ?u

SOLOdH Y Odz 1 . R.
1RU [tMEsamMEd?2 {1 djteeilsdy mMecd?2 ddmlsdlskzls, [

] ftoj HMNISOo dzj dzdztsds H5C dZzOH § ftedo j HJ dz dzso j2h dJ H O dzdz" .
s dzdzj € Joite tfiplz ZdzOtedzts 2 f dzsh Ovd d or ttOBGISC | 1 dzjteecdd o tsls
HOdzdz" | Y BLoBdzwE s ftcOQoddz des Btedj dzelsdteso Ols: Mw o o BiStEy
(st § Misswl (it eMnd2Mmidde dddfmlsdd 6 dkd fiyls Gagd dzv s Ge &
d. | HBSCEZOH] tOfmMBslstej dz twjLbEd sOIr OBl ¢ OW
5

d

&

1 o BB&OMIsd kjfdssr o Modd yd =~ kfkOdss 6.
i @Ok ydzfisHaEsisdzp £ ©0 @dzds S C o Odzd W d yd tets o Odzdz’ &
@O cOo dzj 20 20 ©OL ©OBsCE CodnlselzSyd?2 dso'r & |
f5C0OLOdd Hefsdedkzlsr j &0 {ksd fklsd Emfjod,
I GGtilssd 7 J eSLHENdr B Cdzdzj Chkstese, o CGlis’ 5ot
sets ftoddj dgj dzdv 20 tesMMd2MSsd ©f &S j, kOS]
Ot 1dzjCltest dzjtecdd d 5§ O cOsd 05
e Idf O d HteHad] . § sshrpd]fisdeioy jdodgd?s Cesmid 2 fr
50 0dz ® 4 jtdsOddd d wz¢, QtShigd dYS@iwjddly Dds,S

o .
dz&zq"d HiSC dzOHA® HIsiO jals iffvis dadzjodsdaOWs tds@B SISO ddtsy j Is
2 MlsOtlsOf, clstsar?2 ¢ HOM dj2h jd@z ©OLodlsds

J ZOMmistswh jd3 HBC &ZOH] WOMMBslste] dets Mo toj A3
Isj f dzsmdzOB 3 j ded W d tc OB 5[, M fipdzj fHtCht@iscpdintzEp 9 tc Gz & | &
d dzOMfwdsts[L o sHMIse j dgdets?2 Wdtedsy ¢ 2u6C1 5 tcOL to
Codzdzj SIststetso Hdzw dgzy v Isj f dzsmdzOB ¥ J ded W

[B OCIskzOdz desflsd dMmMmdzj Hise Odzd 2 d t©OLeadlsd
Isj  dzsfydzOB 3 § dzd W  tts ff de jj HisQaifiels iz ptdipe@dzizi § H Z dzO e ts H dz'
L deg felsdui MEdds Ocj dzlsmlsosdz o MR O G Yek@irt fipls 1 Isaffigz
dzdzj ydzr » SCtdzdzi Csstetseo o Bty dzO SCtsdzj y 201 3«
sh OHd Ctdzdzj SAstsicted b6 B B dydzidzn B30 dzts o dzj ddsiZz®ts s a3tsd d
sOj 262,3 J1lislls,o g otcstsdf jdJUARIOEZOH j 0L 7BJ L ¢
Is
| dz
1

r—'I‘—Q‘ﬂ

SE—SH PO FE NI S -
§ O-0IFGTFTE"§
Frog=sgogoYn>%
Io%mgmngﬁcm
L3FTFT T O NS
Negesage—o

ﬁ-“lﬂﬂ.éﬂ,dﬂ'“—'
n

Oﬂﬁ.
ognh=g oF:I

, © [ Olddants2 ¢&kdtdsci 84 I7ls,| 1dsg fi)lwts Os/teg O dz
Odzridldls 5.0 MisteOdzOR . 4 Ky dzjgnj OEPEO dzldz2j flsts

s Cswuz 2013 6. © &t tOBtlsOdts ftoed d3j toc
tcOL dzd Yydetse s dzOL dzOyj dzd¥, dL SCtlstster n 80% dMmyts
SHds ] & 2 dzr 7 HES®BEo , 9% Hd&W CBEWYjEs ot
(Bhzsc S oOtelsdtcds’ | BEOMLWshs&Edw ), 6% HE
BOMMj2dtse, 3% Hd&Y HB®Ess f Modd yd & Sty dj d

]l sHOs dzv stz dadeflso s Misdzdzj ydzr 7 Ctsdzdzj Clststetso
pHEMAZOB Y j dzdW GHesMj d5j 2 d2' & H s BED:9 Y%eu Zdho fyfls ts O«
SOROBL%, o [ObddnNis? ¢kBittdCj i82%, omsgkop
7 8 %, lsstetsy o Msts 5 w©WOMftesMmistcOdsj dedetslsd L
My sdz LzjsMv s omsdesM&BEY jlgsdY d HA&v sl dj d
MsmlsOo 2% h s ©eh jets Soddyujmsod dhitsd Lk k
Isjf dztsfydzOB Y j dedW, HdzvW ftetsdir " dzj dedzr = dzzyH d fMmdHf

[ kji®fon ©OLodlsdw Mmtsddj yde &= Mdmlsj & Isjf dz
ftodeo jHjdede | dzO tedf. 1



150 s f1 4t (REENCON XXI¢l Jy Jav L1 fcrfdédc Srrt4ruRrR8d XX

Mounoers [[B1] BripadoTka tera [TBr-uac)
450

400 -

BN CymmapHas TeMaoBas MONIHOCTE KOUICKTOPOB B MUPE

350 -
O (‘yllMﬂ.‘leOE KO/IMYECKBO TEIJIa BLI]JﬂﬁOTﬂHI[OFD

300 - COITHEYHBIMH KOJJICKTOPAMH B MHPE

250
200 A
150 -
100

BN

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
t ;. & zB3BOt.dzOW Isjitlsdzts s M FREMsdizdzj C ststeso, ks O dats:
9" OB OIS 90 &BOW ddi3d { dzj tecd W .

g4 2000 fts 2014 etH tBh OV &sh dshis! Mmisj ¢ dzj dz
Bdtej ko jdzd yd zeOH8 §fogedlz. 49 6 | Pls. (158t Ldpdiia. fighs o 5 1 d
IO LIstsls Sl adgnml s sdzd] CSkttetslo oz Dd&d gd dettsf /3
vldg © 2014 ¢G.

ltejHmMsOQoadzw jIs ddzsjteim otftesm 8 I[Istsd3, COCtsE s
ZOMmlsswh jj otejddvy 20 dBdese sdy ter daf § . [ Mdzd tWOMM
f 5C 0L Odzdziz2  dg@® Qffidfisigglr | yYlsts MOd3r d&3d § s Zdzw tedzr dzd v
Ctodzdzy SIstster (70. 95%), O dO §AzsmMcdy Ctddj Slstster

Bo3/1yIHbIE KOJUIEKTOPBI HeocTeknennble 5 KUIKOCTHBIE
0.4% KOJIJIEKTOPBI
2

e ——67%

Bakyymubie

KOJIIEKTOPBI
70,95%

[Tnockue KoJIEKTOPbL
22,4%

bl Odse dzj dzdzts? gsh dgsflsqd 5 Isd
ofmi a3 BIte] .

©OC s, jMdd sBEOkEGEdmMsES j,o bdsH j 2 mE sk d ddzk Is
id o ®OLodldd Mmoddjud 7 bjrdsdsed? Isjfd
Is
i ¢

{ 31 Offtej n dzj dad §

cOdz dets ff totsis o sl s dpcotasi?j (fe@dyf.d3 twOMY esflst
bstctse W gdk® ¥ sthdrs f UasinStdjr ftedrtsHdlsmw 83 . 8!
J dzj Mstslse jIsMmisodd 4 swapdzy § Isls staedsliglz dztf € OL O«
so dzj dadets 2 Bsh detsflsd Ctsdzdzj Clststetse  twOL dzd ydz' =
n s tc O dz.

sdls0Oj o Btsdz Mifskkgn T Geddsffyyj Msphij @ | o OC kEkddzs |
O o' MBC ey Y WDMslso @ skt JhNfsd Lk ksnw
tclsdtolzs siqfw o Htokzecd] MlstcOdzr, o Iss otcj " CO
¢ BBdzj,j HBEsEdR, ot BBdjj @OHjYd & o0Ck
hdrn Ijrndatsdzsed?.

§N ©OIN
-3 03 #oas
aQ—Q— 11 T

© o G
Q—.N-u:;m‘&—g_oc R_a_q_h
&

g_m"-m
v @ T



INTERNATIONAL RENEWABLE [ NERGY CONGRESREENCON XXI 2016 151

[Tnockue konnexrops! 83,8%

e s o
Heocrteknennsle kommtekTopst 4,3%
Bozayuisble komiexkropsl 1,4%
Baxyymusie komnexkropsl 10,5%

{ d3y. { Oy tc kM @zizd 4] dzdztsq?_ B dtsfylsd 5 sdfods ¢
[ ottt J

e 4.7% W cuakanans
11600 / 2.7%  A3MAGes KHTAA
2.3% mogme
_él.ﬁ"/u CTPAHBI MENA
_— 1.6% M AncTPATHA

HEHTPATBHAS
0.3% ™ iomnan swpura

70.0%

18.2%

5.0%  APYTHE CTPANBL
t ddny. r sdzv EflsOdeso dzj dedz" = o Bty Ctsdzdzj Clststetse

rdHSBMisdz j] §dzsMSd] d o90CkbEd®Rdy j S dzdzj Clst
feOCIdSj, Wodws lsmwhljsdyls Ob fiazR o Ouddgls? © dzdnefts  dzO
Isj edB3tsMdW sdedets 3 JeddzydyfJ ydusbdyydd Isjf dsditsho
) dzdy dzj &3 I sMstsSj Htojdizh jsets SlHOjlMY dOMs
Bftez TCOLT 90jls, ybsts 76% ¢ sddkiflketss dzj das
sj edBsmd W tsdede” = Sind Misj 30R ( ted .

] Bd hddzlmlse j MizzyOjoe o Isjed@smdW sdede o fMd
cOmMY sdztsy j dedz’ j vy d dzd d2k 6 dzqiziz gAY digrote miB sl s o O M i s dzts
SlsdetsdlIlsj dz' dgts " AtsHO 9 tsH | Q@ Ltc difdfoidds | Oy dede s S tascfdlze
sdf dyds A Isj tedgts iy d W ts dadzr A fnd mls j d3, o flstej YyOs h
ftojHMlsOQodzj dzdzr » o d3j ese o dHdzs, yYlsts Isj teditsh
ZOMmlsswh jj otej divs dzdz@Ostdsfipt j Hicke s HtkzeO ¢
OCCkRzdY sstcazd j din SHuztzgylsj dz' dets Ctsdzdzj Clststetse
dzdws h ddzsd dz@ OBk MdMmlsj d3r . [ dlsj 6OIs Iz tc dz
cjHMsOadlsjdzvdzsd Wdwd3s, GesdL e sHWh ddddsls jotdmEsd)d
OCIststs@dgj H j dzwsihivdidg Isd o dztsfyls tc OsBj txligzO § Wf@EidED
steRftotso Odzd j Isj BY j te Ols k te dats 20 ShflsAaigHAT Wfteod §f o 6z
WWiClsdo desfls! tQ8 5B dz§ 1§ daAiC I wifeddy I ok’ sy H 5 dz
ded 5O j ted M. 7 fsCOL Ode', dzOf ted 3] to, G tet©d Ldis dzls
dzd dzdzr | BOd&ZsGets HJOMBR] steO, wWOMY dztsyy dzdz’r j dzO o
rsly ks dzjets. I tlsd WOCItstr odzdwels dzO
tcjBlztls BBMdzso Odzedw Htcd dm o' BiStej .

T OTIT® ~sss50



152 s {1411 (REBNCON XXI¢l [y favf1Jcrféc

Clrtdrvrsd XX

100% ¥ v ﬁ v
1T
80%
70%
60%
50%

40% oy 8% 8%

30%

20% 0% 4%

10%

0% . e e e .
&L 13“ o*' &

76%

£
Q.QQ ¢& v:‘g,Q Q";F&b & ?‘Q 00
~l~ . 5 5
-zl-‘b & & &
& v
Tepmocudon B BolHyXACHHAA UUPKYNALMA

tdinbu ssilsdatsh j dzd J

Isj edssmd W sdzdzf € d dzOMBsmde =

t dog Otcd Odals '

CsdistelzS yd2

COWjHE Uv/lwu

¢ [ CR
WWJClsdoe datsfls

0) B )
t dfMzdets ¢ 7

sjtedsmd W sdeder 7 L

ftotso sSHdIsMmw
tcOB BIsT

OB
Isj ted3ssmd W ts dzdz'







































































































































































































































































































































