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BBEJAEHUE
Pecnybnuka Bypstuss — onHa W3 caMbIx TycTOoHaceia€HHas oOJiacTel B

Cubupu ¢ OrpoMHBIMH 3alacaMd HCKONAEMOTO TOIIMBA W Pa3BUTOU
NPOMBIIIUICHHOCThI0.  bosnbpime  3amackl  TOIUIMBA, €r0  MOBCEMECTHOE
UCIIOJIb30BAaHUE M HU3Kasg CTOMMOCTb CTajld OCHOBHBIMH (PAKTOpPAMH OTCYTCTBUS
aIbTEPHATUBHOW SHEPTE€TUKH.

B pesynbpTaTe moBCEMECTHOTO MCIOJIb30BAHUIO HCKOTIAEMOT0 TOTIMBA, MO/
yIpo30H oKa3zanoch 03epo Lllyuse ¢ HegaBHETO BPEMEHM YTBEPIKICH KAK MaMATHUK
HIPUPOJIBI U UMEET II00aNbHOE KOJOTUYECKOE U PEKPEALIMOHHOE 3HAUCHHUE.

Llenpr0 MaHHOM HAay4YHO MCCIEIOBATEIBCKON pabOThI SIBISETCS W3YdCHUE
MOTCHIMATBHBI HWCTOYHHKOB BO30OHOBIIIEMON OSHEPTrUM Ha  TEPPUTOPUHU
pecnyOnuku bypsitur ¢ 1elbl0 MX JIaJbHEHIIEro HCIOJIb30BaHUS, a TaKKe
CO3JaHUE CHCTEMBI AJIEKTPOCHAOXKEHUs Ha 0a3e BO300OHOBISIEMOIO HCTOYHHMKA
SHEpruM Ha tepputopun o3zepa Lllyuse.

OObeKTaMu  HCCIIECOBAHUSL  SBJISIFOTCS  BO30OHOBJISIEMBIE  MCTOYHUKH
HHEPruu, TaKWe KakK COJHIe U Berep. M BO3MOXKHOCTH MX MCIOJIb30BaHUS B
CUCTEME  DJIEKTPOCHAOXKEHUS  TYPUCTUYECKOTO  KOTTeIKa C  MOMOIIBIO
CYLIECTBYIOILIEIO SHEPreTUUECKOT0 000PY10BaHUS.

[IpeameTom UCCJIeI0BAHMUS ABIISIETCA pa3zpaboTka CUCTEMBI
3JIEKTPOCHAOKEHUS TYPUCTUUECKUI KOTTEIXK.

B xone BeimonHEeHUs paboOThl OBLIM MPOAHATU3UPOBAHBI MACCHUBBI JTAHHBIX
C MECTHBIX aHeMoMeTpuueckux craHiuil 1 nanHbix NASA. [TonydeHbl uncieHHbIe
3HAYCHHUS MOTCHIMAIa PACCMATPUBAEMBIX HCTOYHUKOB BO3OOHOBIISIEMOU YHEPTHUHU.
[IpousBenén  BbIOOp  dHepreTuueckoro obopynoBaHus. Ha  ocHoBaHuu
HPHEPTreTUYECKUX U SKOHOMUYECKUX TTOKa3aTenel BbIOpaH Haubomee 2 (HEeKTUBHBIN
WUCTOYHHK DHEPTHUH.

Pe3ynbpTaThl TaHHOH paOOTHI MOTYT OBITH MCITOIB30BAHbI MIPU MTPOCKTUPOBAHUH
PEATBHOTO YHEPTETUIECKOTO 00BbEKTa B JTAHHOM PETHOHE, TIPH KATUTaTbHOM
CTPOUTENLCTBE, a TAK KE BHEAPEHBI B CUCTEMY aBTOMATU3UPOBAHHOTO
npoektupoBanus (CAIIP).



PE®EPAT
Jannas pabora coxaepxxutr B cebe 136 m., 21 puc., 47 Tabia., UCTOYHUKOB,

IIPUIIOKEHUN 1.

baza otabixa, »KoHOMHUeckas A(PPEKTUBHOCTb, BO30OHOBISIEMBIC
UCTOYHUKH HHEPrUHM, TEHEpPaTop, CKOPOCTh BETpa, COJIHEUHAS] HWHCOJSIIHUS,
BETPOTCHEPATOp, COJHEYHAs TaHEbh, UMHUTAIIMOHHAS MOJENb, TPapuK HArpy3KH,
HHEPreTUYECKuil OasaHc.

[lenbs pabOTHI - U3yUYEHUE MOTECHIIMAIBHBI UCTOYHUKOB BO30OHOBIISIEMOM
PHEpruM Ha TeppuTtopun PecryOmuku bBypsTuss ¢ 1enpio UX JajdbHEHIIero
UCIIOJIb30BAHUS, a TaKXKe CO3/IaHHE CHUCTEMBI JJIEKTPOCHAOXKEHUsT Ha 0Oasze
BO300OHOBIIIEMOTO HCTOYHHMKA HSHEPrUU Ha TEPPUTOPUHU 0as3bl OTIbIXa 03€pa
[lyuse.

JInsi NOCTMKEHHS TOCTaBICHHOM LIEJIM WCMOJb30BaHbl PACUETHBIE U
rpadoaHaTUTHYECKUE METOJIbl, KIMMATUYECKHE XapaKTEPUCTHUKU 3aJaHHOTO
pernona, maketbl nporpamm Mathcad, Excel, rpadudeckuii pemakrop Microsoft
Visio, Mathlab.

PaGota mnpoBeneHa ¢ 1enbl0  OUEHKH J(PGEKTUBHOCTH MPUMEHEHUS
COJIHCUHBIX W BETPSHBIX HMCTOYHHKOB DJIEKTPOOHEPTUU B COCTaBE TUOPUIHOMN
AJEKTPOCTAHLIMU B TAHHOM PETHOHE.

JIJst TOCTHOKEHMsI TTOCTABICHHOM 11€7TM HEOOXOJIMMO PEIIEHUE CIIEIYIONTUX
3a1a4:

- aHaJIM3 CYHIECTBYIOIIMX TUIOB M XapPaKTEPUCTUK TE€HEPUPYIOIIETO
o0opy0oBaHUs, IPEACTABICHHOTO B BUJIE COTHEUHbIX Oarapeit, BUD u nmu3enbHbIx
reHEPaTOpOB;

- BBIOOp HEOOXOJUMOTO THUIIA, MOIIMHOCTA W KOJWYECTBA HCTOYHHKOB
AIEKTPOIHEPTUH;

- OIICHKAa DSKOHOMHUYECKOW d(PPEKTUBHOCTH BHEAPECHHUS] COITHEUHBIX

HMCTOYHUKOB 3JIEKTPOIHEPTHUHU.



B pesynbrare uccienoBaHus BEIOpaH HCTOYHUK BO30OHOBIISIEMOIN YHEPTHH,
pacCyMTaH €ro IOTEHUHAJ, PAaCCUUTAHbl KOJMYECTBEHHBIE XapaKTEPUCTHUKU

noTpeOuTeNel U reHePUPYIOIIUX MOIIIHOCTEH.



1. AHAJIN3 COBPEMEHHOI'O COCTOSAHUA
QJEKTPOOHEPI'ETUKHU B PECITYBJUKE BYPATUA.

1.1 O0mue reorpadpuyeckue U KJINMATHYECKHE CBeICHUA 03€epa
Hlyusbe.

firogHoe

Pucynok 1- cxematuuHas kaprta co cnyTHUKa o3epa [llyube.

Pekpearmonnas MecTHOCTh MecTHOTO 3HaueHUst «O3zepo  Illyube»
pacrioyio’)keHa B aJMHHHUCTPATUBHBIX TPAHHIAX MYHHUIUITAIBHOTO O0pa3OBaHMUS
"Cenenrunckuii paiion" B Pecniyb0nmke bypsitus.

PekpeanmonHas MeCTHOCTh BKJIIOYaeT akBaTopuio o3epa llyuse wu
nobepexne o3epa Ha paccrossHuu OoT 200 go 1000 merpor. OOmiast TIOMIAAb

MecTHOCTH — 1516,6 ra.



Ozepo llyube — maMATHUK OPUPOABI, OJUH U3 NEPBBIX B BypsATnH, B3ATHIMI
noJ OxpaHy rocyaapcrsa B 1976 rony. bypsitckoe Ha3BaHue AHrup Hyyp, 4TO B
nepeBojie o3HavaeT — TypranoBoe v lapraii Hyyp, 4yTo o3Haudaet — JKenroe, o
UBeTy ntull — TypnaHoB. O3zepo Ha3zBaHO IlyubMM pyccKMMHU HepeceleHIaMH,
IPOMBIIUISIBIIMMU  OXOTOW, pPBIOATKON, COOPOM AMKOpPACTYIIMX Ar0j, Opexa,
KOTOpbIE COBIBANIM TI0 CAHHOMY MYTH B T'. pKyTCK.

Haubonbimume otmeTkn BoicOoT Oacceitna o3epa Lllyuse ne mpessimaet 1445,0
HaJl ypoBHEM banTHIICKOrO MOpsS, HAaUMEHBIIHE OTMETKU COCTAaBISAOT 650 M.
Takum 00pa3zoM MaKCHMaJIbHOE MPEBBILIEHNE BOJOPA3/iea Ha/l BOJHBIM O0OBEKTOM
cocTasisieT 794 M.

Ozepo lllyuse sBisieTcss BTOPbIM IO BEIUYHMHE ITOCKE 03epa I'ycuHoe u3 Tak
Ha3bIBaEMbIX 03€p ['ycMHO-YOyKYHCKOM TpylIibl, pacloJIOKEHHBIX B Ipeaenax
OJIHOM MOp(}OJIOTHYECKONM M TEKTOHMYECKoW enuHuilbl — ['ycuHoo3epckoi
MEXIOPHOM TEKTOHMYECKOM BIAJMHE ME3030MCKOr0 BO3pacTa, OrPaHUYEHHOM Ha
ceBepo-3anaae Conmarckum, a Ha rore MOHOCTOMCKUM XpeOTaMHu.

Ozepo Ilyube pacmoyiokeHO B HEOOJBINION 000COOJEHHOW BIIAJIMHE Y
noaHoxust CongaTckoro xpeoTa.

VYkion mnoBepxHocTd B 5% wu Oojee crocoOCTByeT 00pa3oBaHUIO Ha
NOBEPXHOCTH NAIllHU CHayaJjla He TITyOOKUX MPOMOKH, a 3aT€M OBpParoB, MaTepHal,
BBIHOCHMBIA B MPOLECCE IUIOCKOCTHOTO CMBIBA CHOCOOCTBYET (DOPMUPOBAHUIO
KOHYCOB BbhIHOCa U TuieridoB. Ha teppuropun 6acceitna npeobiagaroT pacTyume
OaJIKM U MPOMOUHBI. XapakTtep OOPTOB 3TUX (OpM pesbeda YacTO MEHSIETCS OT
MOJIOTUX 33J€PHOBAHHBIX J0 KpyribiX. [myOmHa mx mensiercss ot 1, 1o 3 M,
U3peJKa TIIyoKe.

Pe3KOKOHTHHEHTAIBHBIN KIUMAT, PHIXJIble U MEJIKO3EPHUCTBIE OTIOKEHUS U
OTOJIEHHBIE CKaJIbI — BCE 3TO CO3/aeT OJaronpusiTHbIEC YCIOBUA AJsl paboThl BETpa.
C nedaTenbHOCTBIO BETpa CBA3aHO HE TOJBKO HAJUYME OCTAHIEB, TPUOOBUIHBIX
CKaJl, HUII M S4YE€EeK BbIAYBaHUS, HO M HAJIWYUE TEPEBESHHBIX IECKOB,
BCTPEYAOUIMXCSI MECTaMU Ha cTOKax MoHOCTOs. BeTpoM BbIAYBaeTCsI MEIKO3EM C

IMOBCPXHOCTH IJIFOBUA, 060ra111a;1 €0 KaMCHUCTBIM MAaTCpHUaiOM. Ha6J'II-0I[aeTCSI )41



BETPOBAs PO3US MOYB HA PACTIAXOTHBIX YYaCTKax, KOTOpas 0COOCHHO BhIpa)KEHA
Ha IOT0-BOCTOYHOM OopTy YOYKyHCKOH BmamuHbl. B Tedenwme nedusammoHHOTO
nepuoaa (04-06) mecsanpl cpeaHee YUCIO JTHEH ¢ CUIWBHBIMH BeTpamMu — 9,
Hanoonsee — 30.

Jns 3alMThl MOYB OT JPO3MU M BOCCTAHOBJIICHMS IUIOJOPOAUS IIOYB
TpeOyeTcs KOMILJIEKC IMOYBO3AIMTHRIX MeponpusaTui. Ha ckioHax pacmarika
3eMelb JOJKHA MPOU3BOAUTHLCS MOIMEPEK CKIOHOB W 0€3 3alaxvMBaHUsl CTEPHU
(tutockope3Hoe BcmaxuBaHue). [ mpegoTBpallieHuss CKJIOHOBOM 3pO3UHM U
JaJbHEUIIIeT0 OBParooOpa3oBaHusi HEOOXOJUMO CO3/IaHHE JIECOIMOJIOC, KOTOpbIE
MOTYT CBHITPaTh 3/1€Chb OUYE€Hb BAXKHYIO POJIb U B OTJIOKEHUU cHera. OKOJIO Takux
HACaXJICHUM, KaK MpaBmwiIo, GOpMHUPYETCS JOBOJIBHO JJIMHHBIA CHEXHBIN HUICEd,

OKEBBIB&IOHIHﬁ MCJIMOPUPYIOHICC BJIUAHNUC Ha CKIIOHOBBIC 3CMIJIN.



2 ONPEAEJEHHUE CYTOYHBbBIX, CE3OHHBbBIX, I'OJOBbIX
HATPY30K OBBEKTA QJIEKTPOCHABXEHUWSA, BKJIIOYASA
OCBETUTEJIBHYIO HATPY3KY

PacdeT a51eKTponpreMHUKOB BeETCS 110 MeToauke [1].
[Inan moma cBeeH YMCICHHBIMU 3HAY€HUsIMU B Tabuity 2.1
Tabnuna 2.1 — [ToMemeHns KOTTEIKa ¢ yKa3aHUEM ILIOIIaAcH 1

YCTaHABIMBAEMBIX IEKTPOIPUOOPOB C YCTAHOBICHHOM MOITHOCTHIO

[Tomemenus IInomanm, YcranaBiuBaeMbIe HomunanbHas
M AIIEKTPOOBITOBBIE MPUOOPHI MOIIHOCTb, KBT

Kyx#ns-cronoBas 25,9 On. nTa 10,5
XOJIOAUIBHHUK 0,6
YalHuk 15
CBY-nieun 1,15

MynbsTHBapka 1
BrrTsxka 0,3
TeneBuzop 0,02
MsicopyOka 1,5
1 po3erka Ha Tok 16 A 0,8

7 pO3ETOK Ha TOK 6 A
Xomn, TamOyp, 66,5 7 pOo3eTOK Ha TOK 6 A 0,7
Tepacca

Toctunas 26,3 JlomarHuii KuHOTEaTP 0,8
Konummonep 2,2
7 pO3ETOK Ha TOK 6 A 0,7
Cranbas 1 12,2 [IK 0,5
Oden 2,3
Konutnnonep 2,2
4 po3eTKH Ha TOK 6 A 0,4




Coanpus 2 15,1 [IK 0,5
4 po3eTKH Ha TOK 6 A 0,4
Coanpus 3 12,7 Konutnnonep 2,2
4 po3eTku Ha TOK 6 A 0,4
Cnanbus 4 16,0 Konguuuonep 2,2
5 po3eTKH Ha TOK 6 A 0,5
CnanpHsa 5 14,2 TeneBuzop 0,02
4 po3eTKH Ha TOK 6 A 0,4
ITpuxoxas 4.3 2 po3eTKa Ha TOK 6 A 0,2
I"apnepo6 1,7 YTior 2,5
2 po3eTKa Ha TOK 6 A 0,2

I[Tomemenus IInomanm, YcranaBiuBaeMbIe HomunanrpHas

Ve AIIEKTPOOBITOBBIE MPUOOPHI MOIIHOCTb, KBT
Can y3en 1 2,4 1 pozeTka Ha TOK 6 A 0,1
Can y3en 2 6,0 CrupanpHas MaIimHa 2,2
2 po3eTka Ha TOK 6 A 0,2
CayHa 10,6 TeneBuzop 0,02
3 po3eToK Ha TOK 6 A 0,3
Bankon 14 4 po3eTKH Ha TOK 6 A 0,4
Pacuer ocBelieHuss  BeOEeTCS ~ OTHOCHUTEIILHO  HOMHHAJIBHOM — HJIH
YCTaHOBJICHHOM aKTUBHOM MOIIHOCTH Py
P=S. Pycm ‘K, -K,,

L2
I'ne S — mIomaae MOMEIICHUM, M*,

2
Py — HOMUHaIbHAs WIIM YCTaHOBJIEHHAs MOIHOCTB, BT/M",

K. — koaddunuent crpoca, o.e.,

K, — xoappunmeHT ncnonp3oBanus, 0.€..

B Tabmuue 1.2 mpuBeneHB pEKOMEHIyeMble BEIMYMHBI KOI(PHUIIUECHTA

crpoca,

K03 (UIIMEHTa UCIONB30BaHUSI M YCTAHOBJICHHOM MOITHOCTU JIst

Ppa3IM4YHbIX HOMGHIGHI/Iﬁ. B JaHHOM IIPOCKTC 6y,Z[YT HCIIOJIB30BaHbl CBCTUJIBHUKH C

CBCTOANOIHBIMH JTaMITIOYKaMH.

Tabnuna 2.2 — [TapameTpbl OCBEIICHUS

[MomeweHne

HomnHanbHaa nnm

YCTaHOB/1IEHHAA

KoadpuumneHnt

cnpoca

KoadppuumneHnt

MCNo1b30BaHUA

PaccunTtaHHan

MOLLHOCTb, KBT




MOLLHOCTb, BT/m?
[ocTuHaA 3,8 0,8 0,8 0,064
CnanbHA 2,8 0,6 0,6 0,0708
KyxHsa 2,8 1,0 0,8 0,058
CayHa 0,8 0,8 0,8 0,054
OcTtanbHoe 2,3 0,8 0,8 0,149
I'ocTunas: P=S-P, K.-K,6=263-3.8-0.8-0,8=6396 Bm.

CnanpHs — K I[&HHOIZ KaTCropruu OTHOCATCH IIATh CIIaJIbHU:

P=S-P,, K, -K,=(122+151+127+16+14,2)-2,8-0.6-0,6 = 70,76 Bm .

Kyxns: P=S.P_ -K, -K,=259-28-10-08=58016 Bm.

yem
CayHa: P=S-P,, K, K, =106-08-08-08=5427 Bm
OcranpHOE — K JJaHHOM KaTeropuu OTHOCATCS MpUXOXkasi, Tapaepo0, 2 caH.
y371a, X0Ju1, TaMOyp, Teppaca, OajKoH:

P=S.-P_ K -K,=(139+69+428+29+43+77+24+6+14)-23-08-08=14852 Bm

yem

Taxxe HEOOXOIMMO YYECTh YIUYHOE OCBEIIEHHE, KOTOPOE MNPUHUMAEM
paBabiM 100 BT.
TakuM 00pa3oM cymMmapHass MOIIHOCTb 3JIEKTPUYECKOTO OCBEIIEHHUS CO
CBETWJIbHUKAMH C JIaMITIaMU HAKAJIMBAHUSA:
P;. = 0,064 +0,0708 + 0,058 + 0,0054 + 0,149 + 0,1 = 0,447 xBm .
Pacuer wmomHOCTEH OBITOBBIX  AJNEKTPONPUEMHUKOB:  yCTAaHOBIICHHAS
MOIITHOCTh BBIOMpAETCS] W3 MACHOPTHBIX JAHHBIX 3JIEKTporpuOopoB. PacueTHas

MOIIHOCTH IEKTPONPHUEMHUKOB: P=>P. K K,.

Pacuer CcyMMapHOW aKTHBHOM MOINHOCTU:P . =» P-cose, T[AE COSQY —

K03 UIIMEHT aKTUBHOW MOIIHOCTH, paBHbIil 0,92 [1].




Ta6nuua 2.3 — BeITOBbIE 2MEKTPONOTPEOUTENHN C 3aJaHHBIMU U

pacCHUTaAaHHBIMU XaPaKTCPUCTHUKaAMU

HaumenoBanue YcraHoBieH PacueTHnle AxtuBHas, | [Ipumeuanu
TpyII Hasl ko3¢ duImeHTa kBT e
AIIEKTPONOTPEOUT | MomHOCTh, | Cropo | Mcrmonb3oB
eliel Wi kBT ca K, anusa K,
oTaenbHbIX DI1
DNEKTpUUECKOe 0,447 - - 0,447 CBeToauno-
OCBEIIICHHUE HBI€ JIAMIIBI
berroBas 3,9 - 0,7 2,73
pO3ETOYHAs CETh
Kyxnsa
D1, mIMTa 10,5 0,5 0,6-0,7 3,15 3-xdazHas
XOJIOOUIBHUAK 0,6 1,0 0,5 0,3
YaiiHuk 15 0,2 1,0 0,3
CBY-nieun 1,15 0,2 1,0 0,23
MybsTHBapKa 1 0,1 1,0 0,1
BreiTsikka 0,3 0,3 0,8 0,072
TeneBuszop 0,04 0,6 1,0 0,024
MsicopyOxa 15 0,05 1,0 0,075
Cnanvua x 5
TeneBuzop 0,04 0,6 1,0 0,024 (2)
IIK 2,0 0,4 1,0 0,8 (2)
den 2,3 0,05 0,9 0,104
Konaummonep 2,2 0,7 0,8 1,232 (3)
Tocmunasn
JlomarHamii 1,0 0,4 1,0 0,4
KHHOTEeATP
Konummonep 2,2 0,7 0,8 1,232
Cayna
Tenesusop 004 | 06 | 10 0,024
Tapoepoo
Yrior 2,5 01 | 10 2,5
Can. Yzen 2
CrupanbHas 2,0 0,2 0,6 0,24
MalllfHa
Cymmapuasn 52,551 - - 17,276*0,92

15,89




3Has cosp, MOXHO HaTH KOIP(GUIKMEHT PEaKTUBHONM MOITHOCTH
tgp=0,426.

Haiinem nosHyr0 1 peakTUBHYIO CYMMAapHYIO MOIIHOCTB:

Q=P-tgy; S=4P?+Q°.

CornacHO HaWJIEHHBIM 3HAUYEHUSIM cosp, tgp, P

p» 4 TaAKKC THIIOBBIM

JaHHBIM O CE30HHBIX TpaduKax 3JICKTPUUECKUX HArPy30K KHIBIX OOBEKTOB
CEJIbCKOW MECTHOCTU, [2], CTPOMM THUIIOBBIE CYTOYHBIE TpapUKh aKTHUBHOU H
PEaKTUBHON MOITHOCTH IO ce30HaM (pUCyHOK2.1).

JUist  KaXkJIOro Ce30Ha XapakTepeH CBOM KOA(OUIIMEHT CEe30HHOCTH
(tabmuma 2.4) [2]. Ilocne nepecuera 3aHOCUM 3HAYEHUSI aKTUBHOM M PEaKTUBHOM
MOIIHOCTH B Ta0nuity 2.4.

3uma: P, =1589-0,25=3972 xBm, Q.04 = 6,77-0,35 = 2,369 xBap

Ta6J'II/I]_Ia 2.4 — AxTuBHas u PCAKTHBHAA MOIMHOCTDL AJIAA 3UMBI 1 BCCHEI

Ne 3uma Becna

P,% | P, kBt |Q,% | Q,xBAp| P,% | P, kBt | Q,% | Q, kBAp

1 25 3,872 | 35 2,379 25 3,982 35 2,469

2 25 3,872 | 35 2,379 25 3,982 35 2,469

w

25 3,872 | 35 2,379 25 3,982 35 2,469

D

25 3,872 | 35 2,379 25 3,982 35 2,469

25 3,872 | 35 2,379 25 3,982 35 2,469

6 35 5,461 | 35 2,379 35 5,971 35 2,469

7 50 7,845 | 40 2,718 45 7,160 40 2,808

8 60 9,434 | 40 2,7018 50 7,955 40 2,808

9 40 6,456 | 45 3,056 40 6,366 45 3,056

10 30 4,467 | 50 3,395 30 4,777 50 3,395

11 30 4,457 | 50 3,345 30 4,777 50 3,395




12 35 5,551 | 50 3,395 35 5,551 50 3,395
13 40 6,356 | 55 3,733 40 6,376 55 3,733
14 30 4,757 | 55 3,733 30 4,777 55 3,733
15 30 4,757 | 55 3,733 30 4,747 55 3,733
16 30 4,757 | 55 3,733 30 4,747 55 3,733
17 40 6,356 | 60 4,02 30 4,747 55 3,733
18 70 111523 | 70 4,749 40 6,346 55 3,733
19 100 | 15,59 | 100 6,67 50 7,945 60 4,072
20 95 1559 | 95 6,441 70 11,153 | 60 4,072
21 70 111423 | 70 4,749 100 15,59 80 5,476
22 50 7,945 | 50 3,345 20 3,148 | 100 6,67
23 45 7,140 | 45 3,056 50 7,945 60 4,072
24 40 6,456 | 40 2,718 30 4,747 40 2,718




Tabnuma 2.5 — AKTUBHAs U peaKTUBHAS MOITHOCTh JIJIS JIETa U OCCHH

) Jeto Ocene

* P % BoxBr | Q% | QpBAp | P,% | P, Bt | Q7% k., sBAp
1 20 3,138 33 2,399 25 3,982 33 237
2 20 3,138 33 2,300 25 3,082 33 237
3 20 3.168 35 2,390 25 3,082 35 2.37
4 20 3,168 33 296 25 3,982 33 237
3 25 3,082 33 2,300 25 3,082 33 237
& 30 4767 35 2,300 35 3,581 35 237
7 40 6366 40 2,798 43 7180 40 2,690
8 45 7.160 45 3,096 33 8780 40 2,690
& A0 6366 30 3,395 40 6,386 45 3.5
10 30 4757 30 3.393 30 476 30 34
11 30 4757 30 3,393 30 477 30 34
12 30 4757 30 3,395 35 3,57 30 34
13 33 3,371 33 3,733 40 6.36 35 3.8
14 30 4717 33 3,733 30 47 33 3.8
15 30 471 35 3.733 30 47 35 3.8
16 30 47717 33 3,733 30 47 35 3.8
17 30 4717 33 3,733 30 47 33 3.8
18 30 471 33 3,733 40 6.3 33 3.8
19 33 3,371 &0 4072 T0 112 T0 4.8
20 40 6376 60 4.072 100 15,91 100 6.3
21 T0 11,023 a0 5426 85 13, 85 3.8
22 100 15,99 100y 6,87 &0 0.5 a0 4.1
23 60 0544 60 4.072 40 6.3 30 34
24 25 30845 40 2,718 30 47 A0 2.8




B tabnune 2.6 cBeneHbl CE30HHBIE JaHHBIE TOJIHONM MOIIHOCTH.

Tab6muna 2.6 — IToanas momHocTs, KBA

e 3maa EecHa Jleto O eHE
1 4725 454 3,809 459355
2 4725 454 3,800 45925
3 4725 454 3,800 45025
4 425 454 3,800 45025
3 425 454 471 4 5025
] 6,015 6.54 5,43 6.3045
7 2,303 7.8 6,504 7.746
] oo11 241 7.82 0240
O 7,48 7.1 7,199 7,148
10 3,776 354 3,800 3,146
11 3,766 5.86 3,800 3.646
12 6,60 6.6 5,800 6,610
13 7436 7.4 6.71 741
14 6,143 6,051 6,051 6,051
15 6,148 6,051 6,051 6,051
16 6,148 6,051 6,051 6,051
17 7,643 6,051 6,051 6,051
13 1219 743 6,031 7,051
1o 17,122 3.59 6.01 121
20 16.51 11.9 7.643 17,162
21 121 16,81 12 482 1471
22 8.7 7.4388 17,432 10 403
23 126 8,339 1046 7190
24 6.9 3.6 401 3511

Hanee HaiinéMm pacy€THbIE [aHHBIE O TMOTPEOJEHUU BIEKTPOIHEPTHH.

DHEPruro 3a CyTKH HauaEM 1o hopmysie, Ha TpUMepe aKTUBHON MOIITHOCTH:
24 24
W, =D P-At, V, 0 =>Q,-At
i=1 i=1

rne At — nuckpeTtusaius rpaduka, B JaHHOM cirydae 1 gac.

J1ist onipenienieHus: roI0BOro NoTpedIieHUs BOCTIONb3yeMcsl (OpMYIoit
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Pucynok 2.1 — Ce3onnble rpaduku Harpy3ok: A-3uma, b-Becna, B-nero, ['-ocenp

PacuérHpie naHHBIE O MOTpEOIEHUE OJIEKTPUUYECKONM SHEPruu MPHUBEACHBI B

tabmune 2.7.
Tabnuua 2.7 — [loTpebiieHne 3eKTPUIEeCKON YHEPTUHU 110 Ce30HaM
CyTku Ton
Ce3on
W,, kBT'u V,, kBAp-u W,, kBT'u V,, kBAp-u
3uma 166,05 83,61
54345 29826
Becna 144,6 82,256




Jleto

137,45

82,933

OceHb

155,72

82,594




3 OOEHKA INTOTEHIOHUAJIA BO3OBHABJSAEMBIX
NCTOYHHUKOB DHEPI'NMH.

3.1 OueHkKa MOTEeHUAJIA IHEPTUH BeTpa

CpennerogoBasi TemmepaTypa Boszayxa MmuHyc 1,6 °C, cpegHeMecsuHas
TeMIlepaTypa BO3JlyXa HauboJyiee XOJOJHOI0 Mecsua - sHBaps, MUHyC 25,7°C, a
caMoro »xapkoro - urwois, mioc 26 ,°C. AOCOMIOTHBII MUHUMYM TEMIIEpaTypbl
munyc 53°C.

Pexxum BeTpa B TedueHUE BCEro roja CKJIAAbIBAETCS B 3aBUCUMOCTH OT
HUPKYJISIIMOHHBIX (PAKTOPOB M MECTHhIX ycioBuil. Ha HampaBneHue BeTpa B
OTJICJIbHBIX NYHKTAaX CYIIECTBEHHOE BIIUSIHUE OKAa3bIBAIOT MECTHBIE YCIOBUS:
HEPOBHOCTU penbeda, HampaBieHUE JOJUH PEK, pa3IUyHble MPENITCTBUS.
[IpeoOnamaronMmMu HanpaBlICHUSIMH BETPOB B TEUCHUE TOja SBISIIOTCS BETPHI
I0’KHOT0, FOr0-3aI1aJTHOr0, CEBEPO-3alaJHOTO U CEBEPHOTO HAIIPaBJICHUM.

CymiecTBeHHON — uepToii  kimMMara  bypstum  sBisiercss  OoJblias
MPOJIOIKUTEILHOCTh coHeYHOro cusiuus — 1900—2200 yacoB, mo JaHHOMY
MOKAa3aTeNt0 HE YCTYIAET, a TOPOM MPEBOCXOIUT FOKHbIE palioHbl Poccum.

Hcnonw3yss meTeosanHbie ¢ cailTa www.rpS.ru [28] paccuuTaem cpeaHee
3HA4YEHUE CUJIbI BETpA M0 MecslaM 3a Tpu roaa B npomMexyTtke ¢ 2012 mo 2014 rox
BKJIIOUMTEINbHO. JlaHHBIE pacdéThl CBOJUM B TaOiwmIy 3.1. Cpennsis  CKOpPOCTb
BEeTpa OIpeAeNseTcsl Kak cpeaHeapumeTrndeckoe 3HAuYCHHUE, TOJyYeHHOE B
pe3yabTaTe U3MEPEHUN CKOPOCTH Uepe3 paBHbIC TPOMEXKYTKH BPEMEHU B TEUCHUE

3aJaHHOI'0O IICpHuoaa: 4achl, CYTKI/I, MECALbI, 'O, HECKOJIBKO JICT:
n
1
ch = E Vl
i=1

[IpousBoauTeN  BETPOrE€HEPATOPOB, KAk  MPaBWIO,  HCIHOJB3YIOT
CTaHJapTHBIC 3HAYeHUS BBICOT OamreH (12 M, 18 M, 24 M, 30,5 M, 36,6 M), ucxoas
U3 3TOTO B pacuéTax CKOpOCTH BeTpa Ha BbicoTe h, h Oyaem npunumaTs paBHoit 12

MeTpam.



Tabmuua 3.1 — CpenHee 3Ha4€HUSI CKOPOCTH BETpa

Meesn CxopocThb BeTpa, M/c

2014 2013 2012

SAuBapb 2.79 2.6 2,9
deBpaib 3.21 2.34 2.66
Maprt 2.51 2.24 3.61
Anpenb 2.924 3.4 3.41
Maii 3.4 3.58 3.17

Uronb 2.8 2.89 3.1
Wronb 2.31 241 3.21
ABrycT 2. 2.4 2.41
CeHTs0pb 2.81 251 2.35
OKT0pb 3.22 2.25 3.11
Hos6pn 3.57 2.84 3.71
JlexaOpb 3.475 2.921 3.19

N3BecTHO, YTO CKOpPOCTh BETpa MO Mepe YAAJICHUS OT MOACTHIArOLIEH
MMOBEPXHOCTH BO3PACTACT M BO3IYIIHBIM MOTOK CTAHOBHUTCS 0OJIe€ YCTONYMBBHIM.

[3] [IpubnamxeHHO CKOPOCTh BETpa Ha BBICOTE h MOXKeT OBITh OIICHEHA II0

h a
Vh=V¢ h_¢

V, — CKOpOCTb BETpa Ha BBICOTE (hIrOrepa;

bopmyie:

hg — BbICOTa QurOTEPA,;

o — K03 (HUIMEHT, 3aBUCAIINNA OT CpeAHEN CKOPOCTH BETpa Ha BhicoTe (pirorepa.
[Io pacnomokeHHI0 OOBEKT HAXOIUTCA B  JICCOTYHIPOBOW  30HE,

cienoBatenbHO, pykoBoicTBYysick CHull 2.01.07-85 koaddunuent a=0.4.
HeobxoammocTh OMpaBKu CKOPOCTH BETpPa MO BEPTHKATHLHOMY TPOdUITIO,

oOycNOBJIeHa ONTHUMH3AIMOHHON 3ajmaveil. PemieHue KOTOpO#l, MO3BOJIUT




MCIIOJIB30BaTh MMOTEHIHANI BETPSIHOM 3HEPIrUM Mo Makcumymy. [Ipu aToM mmeercs
OTpaHMYEHUE B  BUAEC  MAKCUMaJbHO  JIOMYCTUMOH  BBICOTHI  OaliHu
BETPOreHEpaTopa.

[To manHBIM TAOIUIEI CTPOUM TpaduK CpeHEN CKOPOCTH BETPOB, PUCYHOK

3.1
4
3 =N /'
2,5 i — 1= 2 \@_/-\Y/‘
2
1,5
1
0,5
O T T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 11 12
=0=2014 ==@l=2013 2012

Pucynok 3.1 — Cpennsisg ckopocTh BETpa I 3aaHHoro peruona 3a 2012, 2013, 2014

I'.T.

JlanHbple MO HaAMOOJBUIEMY YHUCIY JHEH C CWIbHBIM BeTpoM > 15 m/C

CBeJICHBI B TabmuIry 3.2.

Ta6nuna 3.2 — HaubosnbIee 4uciio JHeH ¢ CUIIbHBIM BETpoM > 15 M/C

BricoTa ¢urorepa 1123|4567 |8]9]10|11 |12 | roxn

12 1046|7104,/ 5|24 |6 |6 |5 | 39

CpCIIHCe 3HAYCHHUC CHUJIbI BETPA 3a o, AJId KaXXaA0oro Meciana npeacraBJICHbI

Ha pUCYHKe 3.2.



Cuiia BeTpa
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Pucynoxk 3.2 — Cpennee 3HaueHUE CUJTBI BETpaA 3a TOJ, ISl KaXKI0T0 MECsIa.

N3 pucynka 3.2 BUIHO, YTO B CpeIHEM CKOPOCTh BETpa COCTaBJIsIECT 3 M/C.
Ona omyckaercs Hmxke 3.5 M/c. TeM campIM, TaHHBIM pPETHOH OO0JamTaeT HE

6J'Ial"01'IpI/I$ITHBIM BCTPOOHCPICTUICCKUM ITIOTCHIIAJIOM.



3.2 OneHKa MOTEHIIHAJIA UCIIOJIb30BAHUS YJHEPTUM COJTHIA

ConHeuyHass SHEPrusi — OCHOBHOM HMCTOYHUK HHEPIHM, MNPUXOMASIICH u3
KOCMOCa Ha TNOBEpXHOCTh 3eMiu. CoOJHIE — €CTECTBEHHBIH IOCTOSHHO
JEUCTBYIOIIUN TEPMOSAEPHBIN PEAKTOP.

B cpeanem 3a rog mo obmielt 006JaYHOCTH B JaHHOM paiioHe HaOiromaercs
247 sicubix aHer u 118 - macMypHBIX.

I'padukn conmeuHoii axtmBHOCTH (KBT-u[l/M?) M MPONOIKHTEIBHOCT

CPEIHETO 3HAYEHUsI COJTHEYHOTO CUSHUS (1) MPpEeCTaBIeHbI B Tabnuax 2.3, 2.4.

B tabnuiie 1 npuBeneHsl JaHHBIE O BEIMYMHAX COJIHEUYHOW WMHCOJSIUU IS
CpeIHHMX MECALEB ce30Ha 1o pacuétam B cpene Mathcad na o. Ilyuse.

Tabmuua 3.2.1 — Mucomsuust coHIa o ce30HaM

Ce30oHBI Conneunas uaconsanus, A kBtu/ M2/ 1eHb
3uma 13,2
Becna 18,4
Jleto 19,21
Ocenb 14,4

Pacuér mnconsumu B cpene Mathcad. B kadectBe mpumepa npousBenem
pacdeT Juis 3uMbl 3a7aB koopauHathl 0. yuse 51°25'00” c. m. 106°32'30" B. 1n

BBIOpaB JicHb 23 stHBaps (23-i JCHbD).


https://tools.wmflabs.org/geohack/geohack.php?language=ru&pagename=%D0%A9%D1%83%D1%87%D1%8C%D0%B5_(%D0%BE%D0%B7%D0%B5%D1%80%D0%BE,_%D0%91%D1%83%D1%80%D1%8F%D1%82%D0%B8%D1%8F)&params=51_25_00_N_106_32_30_E_scale:200000_region:RU_type:waterbody

80 = 1393

i‘:_lu:=d3
L= A3

w=02437w
1=

a:= 036

b =038

n=07

™M T - =T =W =T

CrEs et s TS

Pacuer
0,
5= 0.41-sin 2.7 e T 1)
i 363
i = —0343

oo W) = asinf{sin])-sin]8)) + (cos(p)-cos{8)-cos{w))]

j (--sin 6}-{:95 $)-sin (8) -cos
+ cos\é -c:rs[tﬁ -cos{s) -coslm) ...
-+ }cns E}-s[n ¢:]-sin {5} -COS(ﬂ)-uos(m]]

+ lcos{é)-sin (8) -sin [“f -sin L

D{m . 5] = acos {sin {Bl-sin (¢]-cus{ 3}]
3?))

S0-sin(od w)) +

3 W) =
op(i) sin{odw)) + ¢
Smawrn{w.s) = Sopr{w)-cos{B{w, s))

Drop{w) = 03-(30 — Sopr{w))-sinfod ui))
Daagnw, 5) = Drop{w)-[(0.35 + 0.434-cos(fw,s))) + 0.313-cos(®w, 5))-cos(B(w,s))]

Ouarw, s) = SHaxn{w,s) + Duasnw, 5)
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CrnenoBarenbHO, MAaKCHMAJIBHOE  KOJIMYECTBO JHEPIrUU  COJIHEYHOMU
paavalyy TPUXOAUT Ha IMJIOCKOCTh, HAKJIOHEHHYIO K TOPU30HTY MOJ YoM 7t/3.
[lepeBoguM paguaHsbl B 4ac.

1164 Br/™m**pan = 1164*12/3,14=4.,45 Br/™M**u



Tabmuma 3.2.2 - 3HaueHne HHCOJIAIUH 110 MECSIIIaM Tofa, A kBru/M%/neHs

Mecsn A, kxBT/M/neHn
SuBapp 4,51
deBpanb 4,81
Mapt 5,92
Ampenb 6,3
Maii 6,6
Hroun 6,59
Uronb 6,5
ABTyCT 6,09
CenTs160ph 9,5
OKT6pH 4,81
Hos6ps 4,09
Hexabpb 4,0

A, KBT/M/peHb
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Pucynok 3.2.1 - MHconsiunm o Mecsiam roga

B tabnuie 3 npuBeneHbl yCpeAHEHHbIE JaHHBIE O BOCXOJE U 3aX0/I€ COJIHIIA,

Ha OCHOBEC KOTOPbLIX BBIYHCJICHA ITPOAOJDKUTCIBHOCTb CBETOBOI'O JIHA.



Tabnuua 3.2.3 — CpegneMecsiuHas NPoI0IKUTEILHOCTh CBETOBOTO JTHS

Ce3oH Bocxon 3akar JIITMTEeNIbHOCTh
3uMa 09:30:00 16:23:00 06:53:00
BecHa 06:32:00 20:56:00 15:24:00
Jleto 04:55:00 21:58:00 17:03:00
Ocenb 08:16:00 18:13:00 9:57:00

Jlns moctpoenus rpaduka 3HaYCHUS] COTHEYHON SHEPIUU B 3aBUCUMOCTH OT
BPEMEHHU CYTOK BOCIIOJIB3yEMCS CIEAYIOIIUM ajJropuTMoM. B kauectBe mpumepa
MPOU3BENIEM pacueT JJIsl 3UMbI. J[J1d Kak0ro yaca B CyTKax OTMETUM HAJIUYKE WU
OTCYTCTBHE COJIHIIA, HAUMHAS C Yaca BOCXOJa MO yac 3akara. Jlajee moacuynThiBaeM
KOJIMYECTBO YaCOB C COJIHIIEM, B TaHHOM ciiydae N=9.

Crpouts rpadux OyzieM B BUJI€ CHHYCOUIbI, B 1Hana3one yrioB ot 0 1o 180
(Bocxom = 0, 3akar = 180), mo3TOMYy JJI KaXKJIOTO Yaca COJHEYHOM aKTHBHOCTH
Ha3HAYMUM YTOJI, B COOTBETCTBUH C KOJIMYECTBOM YaCOB MPOAOTKUTEILHOCTH JTHS.

Pa3ouBaem 9 yacoBoil MHTEpBAJI HAa paBHbIE IPOMEXYTKH U MOJIy4aeM, YTO
3a 4yac yroy u3MeHseTcs Ha 22,5 rpaaycos.

OnpenensieM MOIIHOCTb, KOTOPYIO MOXHO NOJNY4YUTH C | M” 3a | wac,

cronoerr 4:

A .
P' =" .sing.
2q > ¥

I[IpocyMMupoBaB TMOJIy4Y€HHbIC 3HAYEHHUS MOIIHOCTH, 3aMETHUM, YTO
MOJIYYUBIIICECSI 3HAUCHHE OTIMYACTCS OT BEJIWYUHBI CYTOYHOM HWHCOJISIIIUU Ha
KBagpatHoM MetTpe. CrnemgoBareibHO, HEOOXOAMMO HAWTH  TMOMPaBOYHBIN

K03 DUIUCHT:

A 13,2

K, = -=——=9,54,
>P'i 0,278

Hcnionp3ys nonmpaBouHbii KOO PHUITMEHT, HaliieM 3HAYEHUS] MOIIHOCTH IS
kaxxzmoro yaca W:
P=P 9,54,

JI71s1 OCTanbHBIX CE30HOB PACUYET aHATIOTUYEH.




Ha pucynke 3 npuBeaeHbl CyTouHble rpauKu BbIpadaTbiBaeMON aKTHBHOMN
MOIIHOCTH C KBaJPaTHOTO METpPA MOJ JEHCTBHUEM COJHEYHOTO M3IIy4YEHUS IS
KaX/J0ro u3 ce30HoB. B Tabnuue 3.2.3 OTpa’keHbl UYUCIICHHBIE 3HAUEHUS 3THUX

MOIIIHOCTEM.



Tabmuma 3.2.4 — [loctpoenune rpaduika IHEPTUU COJHIIA, I 3UMHETO CE30Ha

T flag [0) P’ P, kBt/™M* | W, kBt u/m’
00:00:00 0 0 0 0 0
01:00:00 0 0 0 0 0
02:00:00 0 0 0 0 0
03:00:00 0 0 0 0 0
04:00:00 0 0 0 0 0
05:00:00 0 0 0 0 0
06:00:00 0 0 0 0 0
07:00:00 0 0 0 0 0
08:00:00 0 0 0 0 0
09:00:00 1 1 0,00095 0,00915 0,00915
10:00:00 1 22,5 0,0210 0,20080 0,20080
11:00:00 1 45 0,0388 0,37103 0,37103
12:00:00 1 67,5 0,0508 0,48477 0,48477
13:00:00 1 90 0,055 0,52471 0,52471
14:00:00 1 112,5 0,0508 0,48477 0,48477
15:00:00 1 135 0,0388 0,37103 0,37103
16:00-00 1 157,5 0,0210 0,20080 0,20080
17:00-00 1 179 0,0009 0,00915 0,00915
18:00:00 0 0 0 0 0
19:00:00 0 0 0 0 0
20:00:00 0 0 0 0 0
21:00:00 0 0 0 0 0
22:00:00 0 0 0 0 0
23:00:00 0 0 0 0 0

Hroro - - 0,278 2,656 2,656




Tabmuua 3.2.5 - CytouHble rpauKkyd aKTUBHBIX Harpy30K U BbIpadaTbiBaeMOM

MOIIIHOCTH C 1 KBaJPpaTHOTO MCTpa 3a CHCT SHCPIUK COJIHIA

t, 3uma Becna Jleto Ocenp
q P3 W3 PB WB Pn Wn Po Wo
1 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0
0,00051 | 0,00054

41 0 0 0 0 3 1 0 0
5 0 0 0 0 0,02332 | 0,058 0 0
6 0 0 0,007 | 0,007 | 0,1121 | 0,1564 0 0
7 0 0 0,091 | 0,091 | 0,132 | 0,16518 0 0
o 0,0651

0 0 0,179 | 0,1219 | 0,232 | 0,2156 | 0,0079 9
o 0,0101 | 0,06511 | 0,215 0,6510

5 5 7 0,221 | 0,232 | 0,2651 | 045161 1
0 0,2010 | 0,22658

0 0 0,322 | 0,384 | 02561 | 0,232 0,21 | 0,2146
" 0,3820

3 0,38603 | 0,371 | 0,3412 | 0,3561 | 0,3132 | 0,361 | 0,326
1 0,45687

0,4900 7 0,402 | 0,423 | 0,3156 | 0,3332 | 0,4321 | 0,321
12 0,4321

0,5200 | 0,5101 | 0,412 | 0,432 | 0,3651 | 0,3332 | 0,4162 3
1 0.4653

0,4800 | 0,48507 | 0,402 | 0,402 | 0,3651 | 0,3315 | 0,431 1
5 0,3723

0,3700 | 0,38003 | 0,372 2 0,36515 | 0,3121 | 0,3841 | 0,36
16 0,3232

0,2010 | 0,2018 | 0,323 1 0,291 | 0,29851 | 0,26651 | 0,266
17 0,01001

0,0090 5 0,257 | 0,2521 | 0,327 | 0,21521 | 0,46510 | 0,140




18

0,65107

0 0 0,179 | 0,1511 | 0,216 | 0,2151 9 0,0079
19 ¢ 0 0,092 | 0,0952 | 0,168 | 0,168 0 0
20| ¢ 0 0,007 | 002 | 01114 | 0,114 0 0
21| 0 0 0 0,058 | 0,058 0 0
22| ¢ 0 0 0 0,005 | 0,005 0 0
231 0 0 0 0 0 0 0 0
241 0 0 0 0 0 0 0 0
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Pucynox 3.2.2 — Ce3onHbIe rpaduku BeIpabaThIBAEMOI aKTUBHON MOIIIHOCTH 3a
. 2
CUeT COJIHEYHOM sHepruu ¢ 1 M~ a) 3uma, 6) BecHa, B) JIETO, T') OCEHb



4. PA3SPABOTKA CTPYKTYPHOM CXEMBI UJIX BAPUAHTOB
CXEM CUCTEMBI QJEKTPOCHABXEHUA

B xauectBe MMPCIIOKCHHBIX BapWMAaHTOB ABTOHOMHOI'O 3J'I€KTpOCH216>KCHI/I$I

KOTTC Ka 6y,Z[CM paccMaTpuBaTh CJICAYIOIIUC!

- Bapuaum 1 TTutanue KOTTCI KA OT ABYX BECTPOIHCPICTUICCKUX YCTAHOBOK

C NPHMCHCHUCM AKKYMYJIITOPOB MJIA 3araca W3JIMIITHEH OHCPIruu Mu AU3CJIb-

TeHEPATOPHOIl YCTAaHOBKOM JJIsl p€3€PBUPOBAHHSL.

. 2
- Bapuanm 2 [lutanue KOTTeIkKa OT COTHEUHbIX Oarapeil miomaaso 200 m

C IIPUMCHCHUCM aKKYMYJIIATOPOB AJIA 3allaca W3JIMIIHEH OHCPIUu U HUCIIOJIB30BAHUC

,Z[I/ISGJIB-I‘GHepaTOpHOﬁ YCTAHOBKH IJIs1 PC3CPBUPOBAHNA.

Jnsa Bapmanta | CTpyKTypHas cxema NpeacraBleHa Ha pucyHke 3.1.

HYHKTI/IpHLIMI/I JAHUSAMHA 0003HAUCHBI I/IH(I)OpMa]_II/IOHHI)IC KaHaJlbl, CIIJIOIIHBIMH

JIMHHUAMHN — CUJIOBBIC.
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Pucynok 4.1 — CtpykrypHas cxema s BapuanTa Nel

[Ipuntun  pa®oThl JAaHHOM CHUCTEMBI 3aKIIOYAETCS B CIEAYIOIIEM.
BerporenepaTtop mnpu BpallleHWH BbIPAOATHIBAET JHEPIUIO0 IMOCTOSHHOTO TOKA,
KOTOpasi HAaMpaBlseTCd K MOTpeOUTENI0 uepe3 HMHBEpTOp. B 3aBuUcMMOCTH OT

WHBEPTOpPA CUCTEMAa MOXKET ObITh OJHO(DA3HON WITH TPEX(DA3HOM.



B cnywsae wu30piTka »HEprum, HEKOTOpas €€ uacTh HampaBisieTcss Ha
AKKyMYJSTOPBl. AKKYMYJSTOPBI 3allacaioT 3JIEKTPUYECKYIO SHEPrUI0, KOTOpas
oKa3ajach M3JIMIIHEM B 4Yachl MAaKCUMyMa TI'€HEPUPYEMBIX MOIIHOCTEH M Yachl
MUHHAMYMa Harpy3Ku NOTPEOUTEIEH.

B cnyuae, korma BblpaOaTeiBaeéMasi MOIIHOCTh OyAeT MpeoOiaaaTh Hal
nOTPEOIAEMON U AKKYMYJIITOPBI OYAYT MOJHOCTBIO 3apsKEHBI B BETPOTEHEPATOPE,
IpeayCMOTPEHO OaiiacTHOE conpoTuBiaeHne. OJHAKO B JAHHOM CIIy4ae W3JIUILKU
HEPruu OYyAyT pacxoi0oBaTbcs BIYCTyr0. UTO OBl MCNONB30BaTh YHEPrUIO OoJice
palMoHaIbHO, BMECTO OAUIACTHOTO CONPOTHUBIIEHUS MOXHO HCIIOJIB30BAThH
MOJIE3HYIO Harpy3Ky (HarpeB BOJIbl, IOMEUIEHUS, 1€KYPHBIN CBET).

B cnyuae, korma jxe BeTporeHepaTop HE BbIpaOaThIBAET HEOOXOAUMOE
KOJIMYECTBO DJHEPIrUM M AKKyMYJSTOPbl pa3psKEHbI, BKIIOYAETCS JU3€IIb-
reiepaTop. OH MOXET MOKphIBaTh KaK HE JOCTAIOLIYI0 YacThb MOIIHOCTH, TaK U
IIOJIHOCTBIO ITOKPBIBATH €€.

Jns  Bapumanta Ne2 BpiOpaHa cxemMa C COEQUHEHUEM BJIEMEHTOB
HYHEPrOCUCTEMBI Ha CTOPOHE NMOCTOSHHOIrO TokKa. CTpyKTypHas cxema I 3TOrO

BapUaHTAa MPECTABICHA HA PUCYHKE 4.2.
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Pucynok 4.2 — CtpykTrypHas cxema Jyist Bapuanta No2
JI" BKIIrOWaeTcs Torja, Korjaa HaKOIUIEHHOM MOIIIHOCTH B aKKYMYJISITOPE HE
xXBartaet Juist odecriedeHust Harpy3ku. [Ipu Beioope JII' HeoOxoauMo y4ecTh, 4TOOBI
OH OBUI C 3JEKTPOCTAPTEPOM, JUIsI €r0 aBTOMATUYECKOI'O 3alyCKa MO0 KOMaHJe

0J10Ka YHPaBJICHUS. Ecan BBIpa6aTBIBaCMaH MOINHOCTh OKaXKXCTCsA BBIIIC, YCM



notpednsieMasi, a akKKyMyJSITOp 3apshKeH 10 MaKCHMyMa, M3JIUIIHIO SHEPTHUI0

MOJXHO Ha JOIIOJHUTCIBHOM 0OaJTacCTHOM COIIPOTUBJICHUMU.

Kak mnpaBuno, conHeunble ™momynu u BDOY reHepupyroT »HEpruio
ITOCTOSTHHOTO TOKa Ha OJHOM HAIPSKEHUM U Yepe3 KOHTPOJUIEP 3apsla 3apsuKaroT
aKKyMyJsiTOpHbIEe OaTapeu. B mepronbl MakCUMalIbHBIX HArpy3okK, Korja riiyOuHa
pPa3psaKu AKKyMYJIITOPOB JOCTHUTAE€T NPEACIBbHOIO 3HAYEHHUS, ABTOMATUYECKH
JOJKEH  3alyCTUThCS  JIM3eJIbIeHeparop W olecrneduTh  OecrepeOoitHoe
AIIEKTPOCHAOKEHHE IEKTPONPUEMHHKOB. /{1151 mpeoOpa3zoBaHus MOCTOSIHHOTO TOKA

B [IEPEMEHHBIN B CUCTEME MPETYCMOTPEHBI HHBEPTOPHI.

4.1 OmnpepaesieHue TpedyeMbIX reHePHPYIOIIUX MOIIHOCTE U MOAOOP
00opyaoBaHMS

BbiOop HaMeueHHBIX paHee BapHAHTOB OBbUI MPOU3BEAEH C YYETOM
IPEIBAPUTEIBHOIO pacdyeTa M ONpEleleHHs HeoOXOOUMOro  KOJMYECTBa
o0OpynoBaHUSl Ui  YMEHBIICHHUS  MCIIOJNB30BaHMS  JIU3€JIb-T€HepaTOPHOU

YCTAaHOBKH H, CJICAOBATCIIbHO, YMCHBIICHUA HOTpC6J'I€HI/I}I TOIIJINBA.

[Tpu BrIOOpE 0OOpyIOBaHUs AJis BapuaHTa 1 OyZeM OCHOBBIBATHCS Ha JIBYX
Ce30HaxX 3MMHEM M BeceHHeM. lIpu BbIOOpE COJTHEYHBIX IMaHeJIed Ha BECEHHMM
CE30H, OCHOBBIBAaEMCSI Ha TOM, YTOOBI He HMcnojb3oBaTh JII'Y B TeueHue CyTok, a
npu BeiOope JI'Y Ha 3uMHMI CE30H, KOT/1a COJIHEYHAass aKTUBHOCTh MUHUMAJIbHA, a
Harpy3ka B TEUEHHE CYTOK MakCHMalibHa. B JeTHHIl U OCeHHUU ce30HbI OyneT
IpOBEJIcHa MPOBEpKa PabOTOCIIOCOOHOCTH BBHIPAOOTAHHBIX AJTOPUTMOB PaOOTHI

CHCTCMBHI.

Jlnst BapuanTa 1 B KadyecTBE COJIHEUHBIX MOYJEH BBHIOMPATUCH MOMYJIH

OCM 155M [4]. TexHuuueckue XxapaKTepUCTUKU MpUBeAeHBI B Ta0aune 4.1.

B Tabnuie 4.5 mpuBeaéH pacy€T MOUTHOCTH, TEHEPUPYEMOUW COTHEUHBIMU
NaHeIsIMU, a TakXKe DHEpPruu, 3amacéHHOM B akkKymyssTopax. B Ttabmuue

MpUBEACHBI TOTpedisieMass MOMHOCTh Py, kBT, MoOIIHOCTH, TeHEepupyemas



cosHeuHbIMH TTaHesIMU Pc=Pcy\*S'1, kBT1. banancosas mommuocts, b= Pc-Py, kBT.
BriOpannas B Bapuante | miiomiagb COJHEYHBIX OaTapeil Mo3BOJISIET B JICTHUHM U
BECEHHUI MEpPHOJbl MOJHOCTBIO CHA0XKaTh JJIEKTPOIHEPIuerd KOTTEK Oe3

BriroueHus JI'Y.

AHaJIOTUYHO COCTaBUM TaOUIIBI 4.6 - 4.8 1151 KaXKJI0r0 CpeIHEero MecsIia 1Mo

CC30HaM.



Tabmuma 4.1 — Xapakrepuctuku comHedHou manenu ®CM 155M

Twun snemeHTOB

MOHOKpHUCTaInueckuit kpemuuii (JA Solar)

Yucno pieMEeHTOB U COETMHEHUM

36 mT. (156x156 MmMm)

O} heKTUBHOCTH 2TIEMEHTOB

(KTLD):

18%

MakcumMalibHasi MOITHOCTh TTPU
cranaaptHeix ycinoBusx (STC), Bt:

155 Bt (+ 10 6 B1)

HomunansHOe HanpsikeHue, B 12
Tox xopoTtkoro 3ambikanus (Isc), A: 8,53 A

Hanpsxkenue B Touke

MaKCUMabHOU MomIHOCTH (Vmp), 19
B:
Tok B TOUKEe MaKCUMaJIbHOU
8,15
MorrHocTH (Imp), A:
Pa3zmep CoIHEYHOTO MOYJISA, MM.: 1476 X 667 x 35

Bec, kr: 12

TemnepaTypa 3KcIulyaTanuu:

ot -40°C mo +85°C

MakcumanbHOE HAPSKEHUE
CHUCTEMBI:

3000 B mocTossHHOTO TOKa

CroumocTs, pyo.

11300

Bribupaem wunBeptrop MAP-SIN-PRO-48-18

KoHTposuiepoM 3apsina AKD.

[S] WuBeptOop OCHaIIEH



http://solarempire.ru/

Tabnuna 4.2 — Xapakrepuctuku nasepropa MAP-SIN-PRO-48-18

MaxkcumanbHasi MOIIIHOCTh 18
(pexuM aKTHUBHOW HArpy3ku), KBt
[TuxoBas MoiHOCTH (5 cek), KBT 22
HoMuHuanbHas MOIIHOCTB, KBT 12
["abaputs (LLIXxI'xB), cm 21x41x56
Macca 6e3 ynmakoBKu, KT 54,30
IleHa, pyo. 130500




B kauecTBe akKyMyJISATOpPHBIX OaTapeil BHIOMPAIOTCA aKKyMYJISITOPHl MapKu

Prosolar-R RA12-200DG [6].

DHeprusi, KOTOPYIO MOKHO 3aIllacTy B OJHOM aKKyMYJIITOpE, paBHA:

_07-U-1-t_0,7-12-200

=168«xBm-u
A 1000 1000

B nanHom caywae 0,7 — KO3(pPUIMEHT, MO3BOJISIOMMNA Y4YECTh TO, YTO
aKKyMYJIITOp pa3pspKaeTcs He MOJIHOCTBIO. M3 Tabmuuel 4.5 sHeprus, KOTOPYIO
HE0O0XO0MMO BbIpabOTaTh B YaChl, KOI'/la Harpy3ka OoJiblile, 4eM BblpabaTbiBacMast
COJIHEUHBIMH ITAHEIIMM MOIIHOCTh, paBHa 29,321 xBr'u. lna onpeneneHus
KOJMYECTBA  aKKyMYJSTOPOB  pa3leiuM 3Ty DHEPTHI0 Ha  DHEPIHUIO,

BbIPa0AThIBAEMYIO OJJHUM aKKyMYJISITOPOM, U MOTYYUM:

N W 29321
W, 168

=17,45.

Takum 006pa3om, KOJTUYECTBO AKKYMYJIATOPOB paBHO 18 miTykam.

HaunOonbliasgs MOUIHOCTH Harpy3ku 3a 3MMHHUN (Camblii Harpy>KEHHBIN)

nepuon P=8,946 kBt. BribepeM au3enpbHYyI0 SJIEKTPOCTAHIINIO DHEProXOJIUHT
SDMO T16K [7],

st Bapuanta No2 (tabmuisl 4.9-4.12) B KadecTBE COJTHEYHBIX MOYJEH
ObLIM BBIOPAHBI T€ K€ MOIY/IH, YTO W paHee, HO TONBKO ILIOMAAbi0 50 M.
CrnenoBaresibHO, MaKCUMajbHas MOIIHOCTh, KOTOPYIO OHH MOTYT BBIJATh
CHU3WIACh B 3 pa3a, U UX KOJIMYECTBO TAKXKE YMEHBIIUIIOCH B 3 pa3a (50 mTyk).
beina BbiOpana Ta xe camas JII'Y, Tak Kak BeJIWYHMHA 3UMHETO MaKCUMyMa
MOIITHOCTH HE wu3MeHuiach. OIHAKO Ui JAHHOTO BapHaHTa OTCYTCTBYIOT
aKKyMYJISITOpPHBIE OaTapeu, TO €CTh BCS DHEPrUsi OT COJIHEUHBIX IMaHeNeh cpasy

HUACT HAa [IMTAHUC HAI'PY3KHU



Hroro

7.740

78.888

-71.148




4.2 TexHHUKO-IKOHOMHYECKOE 000CHOBaHUE IPMHUMAEMbIX pelleHui

[IponsBeneM CpaBHUTENBHBIM aHAJIW3 pPACCMATPUBAEMBIX BAPUAHTOB U

BI)I6epeM Han0o0JIee DKOHOMHUYHBIA U3 HUX.

IIponsBenem pacuer pacxoma torumBa g JAI'Y. Insg 3TOro MOIIHOCTH
HebamaHca JUisi KaXIIOro CpeHero IHS CPEJHEro Mecslla CE30Ha, KOTOPYIO
MOKPBIBAIOT C TOMOIIBIO AU3€IsA, YMHOKUM Ha 90 nHeil. 3aTeM, y4yuThIBas, 4YTO Ha
npou3BoJicTBO 1 kBT'u snepruu ¢ nmomombio 'Y HeoOXoauMo M3pacxodoBaTh
0,212 T Au3eabHOrO TOIUIMBA M, UCIOJNB3YS ONTOBYIO IeHY Ha TOIMBO (36500

pyOJieii/ToHHy [8]) mpousBeaeM nepepacyeT B pyOIu.
Jlns Bapuanra 1:

W =90-W +90-W

0.200 HO.3UM HO.0C !
wW =90-79,424+90-58,955=12454.11xBm - u;
0.200
W 0,212
_"9.200 " _ 12454,11-0,212 _ _
G 1000 1000 2,64m,

Cm=G-36500 =2,64-36500 =96360 py6.
Jlns BapuaHTa 2:

W 2 =90-W +90-W +90-W +90-W

0.200 HO.3UM 1O .8ec HO.1em H6.0C;
Wd 200 = 90-86,376+90-32,672+90-16,804+90-71,148 =18630 xBm - u;
W 0,212
_ 0_200 ! _ 186300,212 _ .
G 1000 1000 3,95m,

Cm=G-36500=3,95-36500 =144175 pyo.

HtoroBeie pe3ynpTaThl TEXHUKO-DKOHOMHUYECKOTO CpPABHEHUS CBEIEM B
tabmuiy 4.2.1. W3 Tabnuibsl BUIHO, YTO BTOPOM BapHaHT H3-3a CTOMMOCTH
aKKyMYJISITOPHBIX OaTapeil CyIIeCTBEHHO IMPEBBINIACT IO CTOMMOCTH TEPBBII
BapuaHT. OJHAKO CIEAyeT YYeCTh, UYTO CpPEOHEH CpPOK CIYKObI COJHEYHBIX

naHesneu 25 yiet, a cpeHUuN CPOK CIyKObl aKKyMYJISITOpHBIX OaTapeit 10 jerT.



AC = (Cm, —Cm,) -t = (144175 —96360) - 25 =1195375 py6.

C ygerom TOTrO, 4TO 2 pasa yepe3 kaxawpie 10 et mpuuaercss oOHOBHUTH

MOJIHOCTBIO AKKYMYJISITOpPHBIE OaTapeu, MOJIy4HMM, YTO CTOMMOCTBH JIBYKpaTHOMN

3amMeHbl npuban3uTenbHo paBHa 1156680. [Ipu peanuzanuu nepBoro BapuaHTa 3a

25 5mer MOXHO CAKOHOMHTH Topsiika 40000 pyOsiedt B CpaBHEHHHM CO BTOPBIM

BAPUAHTOM. OTO SIBJISIETCS HECYIIECTBEHHOW CYMMOM, IIO3TOMY MpPUMEM K

pcalin3annn BTOpOﬁ BapHaHT, IIOTOMY KaK OH MMCCT MCHbBIIYIO CYMMY 3aTpaT Ha

CTPOUTCIILCTBO BCEH CHUCTEMBI.

Tabnuna 4.2.1 — Pe3ynbTaThl TEXHUKO-3KOHOMUYECKOTO CPaBHEHUS

Bapuant Nel

Bapuant Ne2

Croumocts JAI'Y

626130

CTOMMOCTDH COJTHEYHBIX MaHEJICH,

pyo.

150-11300=1695000

50-11300=565000

CTouMOCTh KOHTPOJIJIEPOB 3apA/a,

pyo.

CTouMOCTH UHBEPTOPOB, PYO.

109900

CTOUMOCTB aKKyMYJISITOPOB, pyO.

18-32130=578340

CronmMocTh AU3CIIbHOTO TOIIJIMBA B

roj, pyo.

96360

144175

WUTOTO, pyo6.

3105730

1445205




5. MOAEJIHUPOBAHHUE B IIPOI'PAMME MATLAB/SIMULINK

MopenmupoBanue B mporpamme Matlab/Simulink CTpouM uMHuTaIIOHHYIO
MOJIeJIb COTHEUHOTO Moaysl. CTpYKTypa MOJIeNu IpUBeeHa Ha pucyHke S.1.

Conbinuous » [:l
power gui 25 T mp Scope
- Te pv - - - =
1-DT{u) Jr. E1085612d36
(90— »lLn vov o, B0 5 5400095645
Clack 3045 1124262639
Ppv b -
1-0 Lookup Display
Table — m P -
PY
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Pucynok 5.1 — CtpykTypHas cxemMa COJTHEYHOTO MOYJIS

M3meHsieMble MapaMeTpel B IIPOLIECCE MOJACIMPOBAHUSA: TeEMIIepaTypa
okpyxkaromen cpenbl «Tc»; conHeunas pammanms «Lsun»; HanpsokeHue Ha
KJIEMMAaxX COJHEYHOro MOAYJIs «V»; BBIXOJHOM TOK COJIHEYHOro Moayis «I»;
ANIEKTpUUEcKas oTaaBaemasi MOIIHOCTb «P». IlapameTpbl, KOTOpbI€ 3aBUCAT OT
TUIIA COJIHEYHOTO MOJYJs, HO B IPOLIECCE HEM3MEHHBI: HAIPSKEHUE XOJIOCTOTO
xo1a «Voc»; TOK KOPOTKOTO 3aMbIKaHUs «Isc»; Koau4ecTBO coeauHEHHbIX CO
nocienoBarenbHo «Ns» U mapauienbHO «Np». Tak Ke ecTh KOHCTaHTBI: 3apsij
3NIEKTPOHA «q»; NoctosiHHas bonbimana «k»; aOcomtotHas temmnepatypa 00C
«Toy; 6a3zoBas temneparypa «Trf)»; TexHomormyeckud GakrTop «Ay»; MOPOroBoOe
HanpspkeHue «Egy.
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Pucynok 5.2 - CtpykTypa noACUCTEMbI COJIHEYHOTO MOJTYJISI

. Jlanee cobupaem cxemMy MHBEPTOpAa U MOJKIOYAEM K COJHEYHOMY MOAYIIO, U
YBUIUM BBIXOJIHOE 3HAu€HUE HampspbkeHusa. (Cxema MNpelCcTaBlieHa HUXKE, Ha
pucyHke 5.3:
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Pucynok 5.4 — [TapameTpsl Ha BBIXOJE COTHEUHOTO MOYJIS



100
ol . LA : '
0
BOksiiiiciisiietiviiessasons ol
100 1 ! 1 I i
400 T T T T T
2000 L T 1 ! |
0
71| IR (R0, S S A M ! ;
400 | 1 ] 1 1
1 I ! I 1
 [| PO .P’KBT C— :
0 ‘ s i l l |
L' O S——— - S .|
5 1 I i I i

“0 0.1 02 03 04 05

Pucynok 5.4 — ITapameTpsl Ha BbIXOJI€ CXEMBI TOAKIOUECHHUS

BriBoa: B xonme MomenmpoBaHusi COTHEUHOTO MOJYJIsl Oblia MPOBEPEHa €ro
paboTa mpu pa3NUYHBIX MapaMeTpax Harpy3kd M COJHEHYHOro wusnmydeHus. [lo
MOJYYEHHBIM XapaKTePUCTUKAM MOXHO CJieJIaTh BBIBOJI, YTO CMOJCIUPOBaHHAs
cucTteMa BbIpabaThIBAET HEOOXOAUMOE HampsbKeHue. JlaHHyl0 MoJenb MOKHO

HCII0JIb30BaTh JJIsI JAJILHEHMILIEr0 UCCICIOBAHMS.



3JAKJIIOYUEHHUE
B mnpencraBneHHO Marucrtepckoil auccepTaluu Oblla paccMOTpeHa |

CIPOEKTUPOBaHA CUCTEMa ANIEeKTpocHaOx)eHus 0a3bl oTabpixa Ha o3epe Lllyune.

boumn mpoaHanu3upoBaHbl J1Ba BO3MOXKHBIX HMCTOYHHMKA BO300HOBISIEMOM
DHEPrUH, BETep M COJHIE. AHAIU3y MOJBEPIIUCH CTATUCTHUECKUE MAaCCHUBBI
JAaHHBIX C AHEMOMETPUYECKUX CTAaHIIMM, YCTAHOBJICHHBIX B IMPEAINOJIaracMoM
Mecte pacnosiokenusi, U naHHele NASA. Paccuntanbl OCHOBHBIE MapameTpbl
000MX UCTOYHUKOB.

[IpoBenén pacuer Harpy3Kkud TYpUCTHUECKOM 0a3bl C y4eToM creuupuku
pabotbl o0bekTa. Paccuntansl rpaduku Harpy3Ku.

Ha ocHoBanum r1padmkoB HArpy3kd W OHEPreTHUECKHX IapaMeTpoB
BO300HOBJISIEMBIX MCTOYHMKOB OBUIM COCTABJIEHBI 3Heprernyeckue OanaHcel. Ha
OCHOBAHMHM 0alaHCOB MU HSKOHOMHUYECKMX pacy€ToB ObLI BBIOpAH COJIHEUHBIH
UCTOYHHUK PHEPIHU KaK OCHOBHOM

B kayecTBe OCHOBHOIO 3HEPreTHUECKOro O0Opy/IOoBaHHUs ObLIO BhIOpaHa
cosHeyHas naHenb Mapku @OCM 155M u ¢ unBeprop MAP-SIN-PRO-48-18.
YuuteiBas cnenuduky paboThl CETEBOrO WMHBEPTOpa ObLIa pa3paboTaHa cxema
AIIEKTPUIECKOTO MPUCOCANHEHHSI K OCHOBHOW CHUCTEME DJIEKTPOCHAOKEHUSI.

B nenom, B paccMaTpuBaeMOM PErMOHE HE CUIIBHO BBICOKHUM MOTEHIUAT
BO300HOBJISIEMBIX UCTOYHUKOB 3HEpruu. OJHAKO, UCIOJIb30BAaHUE HOBEHILIETO U
BBICOKO3((HEKTUBHOTO 000PYAOBaHUS, O3BOJISIET UCIIOIb30BATh aJIbTEPHATUBHYIO
HHEPreTUKY B 3TOM paiioHe. CIIpOEKTUPOBAHHAS CUCTEMA AIIEKTPOCHAOKEHUS
HaIJIATHO 3TO JEMOHCTPHUPYET.



The economic efficiency and wealth of a society strongly depends on the
best choice of energy supply techniques which involves many parameters of quite
different significance. The ”Energy returned on invested”, EROI (often also called
EROEI), is the most important parameter as it describes the overall life-cycle
efficiency of a power supply technique, independent from temporary economical
fluctuations or politically motivated influence distorting the perception of the real
proportions. The EROI answers the simple question “How much useful energy do
we obtain for a certain effort to make this energy available” (the terms “effort”,

“useful”, and available will be specified below).

The independence from economical fluctuations is lost when input and
output energies are weighted by quality factors, essentially representing the
different energy production costs. To distinguish this “energy money returned on

invested” from the EROI, it will be called EMROI here.

Although the EMROI is not the EROI, it is often called this way which
entails a lot of obfuscation of the EROI comparison. In particular the so-called
“renewable” energies have often been treated in a confusing manner by weighting
their output by a factor of 3 (motivated by the “primary energy”) but comparing it
with the unweighted output of other energies like nuclear. In this work, based on
several LCA studies, EROIs will be calculated by using a strictly consistent
physical definition thus making the energy producing techniques comparable to
each other. Energy input with the highest quality difference, i.e., thermal energy
and electricity, are listed separately (given in percentage electrical of the total
energy input), so the factor of interest, either the EROI or the EMROI can easily be
determined and compared. Here, an overview of EROIs and EMROIs for wind,
solar thermal and natural gas. It is the most extensive overview so far based on a
careful evaluation of available Life Cycle Assessments (LCA). Only those studies
could be taken into account that sufficiently keyed down the numbers to allow for
a calculation of the correct EROI. EROIs and EMROIs including storage systems

are also provided as they are unavoidable when turning the power supply from



fossil fuels to “renewables”. The most effective system, the water pump storage,
already reduces the EROI remarkably. However, for a mixed scenario including
conventional back-up power plants which has not been investigated here, the
change might be more moderate. Regarding the “renewables” it should be noted
that energy and matter are never consumed or generated or even “renewed” but
always just converted. A coal-fired plant does not “consume” coal but converts it
to ashes and CO2 while converting the chemical binding energy to heat and
electricity. There is always a flow of materials (fuel, materials for construction,
maintenance) driven by the “invested” energy with the result of making the
“returned” energy available. The same is true for photovoltaics (PV) for building
the cells, the plant, the converter, etc. Neither the energy nor the materials are
renewed here; the only difference is that the actual energy source, the sun, is not
controlled by the power plant, a fact that is irrelevant for the EROI. Besides the

physical limit, there is also an economic one given by the society’s Gross

Domestic Product (GDP).

The primary quantity thoroughly used here is the EROI. When used in
formulas, it will be abbreviated with R. Energy intensity and energy payback time
are derived by simple relations as shown in the following. The EROI of a power
plant, R, is the ratio of the usable energy ER the plant returns during its lifetime to

all the invested energy EIl needed to make this energy usable,
R: = ER/EI (1)

The energy intensity is simply the inverse of the EROI, therefore it will be
denoted as R—1. It describes the “effort” needed to “generate” a certain energy
output. El is also called the cumulated energy demand or the embodied energy.
The greatest part of LCA studies is devoted to a precise evaluation of El, based on
material databases. It has a fixed part Efix for construction and deconstruction, and
a part that increases with time t, PIt (e.g., maintenance and fuel provisioning, if
required). Pl has the unit of a power and describes the energy demand per time.

Therefore, the cumulated energy demand after atime t is



EI(t) = Efix + Pt )

The energy output is the product of the average power P times the elapsed
time t, ER(t) = Pt. For the EROI, energy output ER = ER(T) and input EI = EI(T)

after the plant’s lifetime T are compared, therefore
R =PT Efix + PIT (3)

The energy payback time Ta, also called the energetic amortization time, is
the time after which the returned energy equals the energy invested, ER(Ta) =
EI(Ta), which leads to

Ta = Efix P — Pl (4)

It should be noted that EI contains Efix, e.g., some energy demand like the
one for decommission that occurs after Ta. The plant’s lifetime plays no role for

the payback time, so no statement for the energy efficiency can be made.

If the energy demand for maintenance and fuel provisioning during the
plant’s lifetime is small compared with the fixed energy demand, PIT Efix, and
small compared with the energy output, PIP, the EROI is simply R = PT/Efix, and
the energy payback time is Ta = Efix/P. They are both related to each other by

R=T/Ta (5)

Sometimes, the energy difference between output and input energy is used,
called the net energy Enet = ER — EI. Since Enet depends on the power plant size it
does not describe the technique but rather the gain of a specific power plant. Either
El or ER is needed as an additional number, Enet alone makes no sense. The

relation to the EROI is simply
Enet=EI(R-1)=ER(1-R-1) (6)

The economy runs on energy of different qualities, essentially thermal
energy and electricity. In the current economy, the production cost ratio w of

electricity to thermal energy is w = 3, corresponding to the reciprocal of 33% for



the efficiency of thermal power plants, as well as for the cost ratio of electricity
and primary energy. . If the input energy EI is composed of thermal energy Eth and
electricity Eel the energy money returned on invested, hereon called EMROI, Rem,
can be calculated by Rem = wER Eth + wEe The EMROI describes only the
money return for energy, excluding the labor costs. It is therefore neither a pure
economic factor, nor a pure energetic factor. Unfortunately, many LCA studies
calculate the EMROI but label it “EROI” which is the source of much confusion.

Energy is the central concept in the utilization of energy. This utilization is
bound to a physical process which transforms primary energy to energy defined as
the usable work inside a system with borders to (most frequently) the surrounding.
The maximal attainable energy is then the difference between the energetic
potentials inside and outside the system. These may be multiple potentials with
respect to the four fundamental forces not just thermodynamical ones. On the other
hand, energy is the part of the primary energy in the physical transformation
process that is bound to non-directed stochastic particle movement (entropy). The
link between the primary energy and the produced energy is the efficiency of the
physical process which performs the transformation. Pure energy can be
transformed by consecutive physical processes into any other form of energy.
However, while the total energy as a sum of energy and energy is conserved,
energy is destroyed in every non-reversal process. So, only energy is generated and
destroyed. The definition of energy based on potential differences, physical
processes and its efficiencies, and system borders is versatile and can be used for
any physical transformation process, not just thermodynamical or chemical ones in
case of material flows. The utilized physical process provides the theoretical limit
for the energy generation. Its actual technical implementation remains below this
limit due to energy generating sub processes like friction which are accounted for
in the technical efficiency factor of the utilized technical process. Thus the
efficiency factor of the technical process joins the primary energy with the

generated energy and the inevitably remaining waste energy.



In the case of power plants many technical processes are involved which are
categorized as construction, decommissioning, maintenance and fuel supply. For
example, construction materials are involved from the mine to the finished
component. The required energy for steel production is primarily determined by
the difference of the enthalpies of the metal oxides and the steel. Secondarily, the
exergy expense for the ore extraction and concentration, and the steel machining
has to be added. Similarly the energy for the fuel supply, etc., should be added as
well. All these technical processes are characterized by their efficiencies which

determine the expended primary energy in its different forms.

Ideally, EI and ER should be both energies, not energies. For the input El,
the actually utilized energy should be used. So far, Davidson made an energetic
analysis of a wind turbine and calculated the energy taken from the system (Earth)
and "flowing” through the society for the input, but this reflects not the work done

by the society which stands for the physical economy.

Cleveland highlighted different views of describing energy flows inside the
system, including the physical approach using the exergy method, but
inconsequently, changed to the economist’s perspective using top-down
calculations to obtain the physical parameter EROI. Indeed, available data from
LCA studies and databases provide the expended primary energy sometimes
divided into electric and thermal energy. As such with respect to the utilized
exergy and the obligatory system borders, both parts of the primary energy,
electrical and thermal, are composed of exergy and energy. The link to the utilized
exergy is given by the efficiencies of the technical processes. If they are known,
exergy and primary energy are interchangeable. Thus EIl is pragmatically the
expended energy. Being still physically inconsequent, it is larger than the expended
exergy, based on a lack of process information which should be evaluated to obtain
the exergy input. Whenever possible, the electrical and thermal energy have been

kept separately but for the final calculation of El those numbers have been added



with no weighting, which is mandatory due to the system borders which co-define

the utilized exergies.

Weighting electricity is a critical point as a few LCA studies and guidelines
apply it also to the output 5ER. The weighting factor is usually 2-3, corresponding
to an alleged average efficiency of thermal power plants of 30%-40% when
burning fuel to produce electricity. This procedure is not considered sensible here
as it makes assumptions about the origin of the exergy and the efficiency it has
been produced with. This would change the meaning of the EROI which now
becomes a replacement factor rather than an energy multiplication factor. ER is the
exergy output, not the primary energy of a hypothetical power plant needed to

produce the same exergy.

It is evident that the actual task is the evaluation of the input energy El,
involving all production steps down to the raw material extraction or recycling,
contrary to ER which is easy to determine. This “bottom-up” method should be
preferred but some authors applied also a “top-down” method, for instance, by

using the overall electricity bill of a solar cell production facility.

Usable energy, storage, and over-capacities

Power systems provide exergy (electricity), but they must do it when this
exergy is required, the second quality factor of usability. For the energy output,
although the term “available” is easy to implement by defining the connection
point to the network (as done here) or to the consumer, the term usable” is more
complicated. It implies that the consumer has an actual need for the energy at the
moment it is available. It also means the opposite, that energy is available when the
consumer needs it. There are only three possibilities to make the energy output fit
the demand.



 Ignoring output peaks and installing multiple times of the necessary

capacity as a backup to overcome weak output periods.

» Installing storage capacities to store the peaks, with reduced over-capacity

plant installations (short: buffering).
 Adapting the demand to the output at all times.

The third point is obviously not acceptable, because one becomes dependent
on random natural events (wind and PV solar energy). A developed and wealthy
economy needs predictably produced energy every time, especially the industry
needs a reliable base-load-ready output to produce high quality goods
economically. So only the first two points are acceptable, whereof the second one
is the economically most promising. Some energy generation techniques need
more buffering (wind energy, photovoltaics), some less (solar CSP in deserts,
hydro power) and the fuel based ones almost no buffering (the fuel is already the
storage). Technologically, this can only be solved by storage systems and over-
capacities which are therefore inside the 6system borders, “replacing” the flexible
usage of mined fuel by fuel-based techniques. In opposite to that, the IEA advises
to consider the backup outside the system borders without any scientific

justification.

If ESS is the total energy demand for a storage system, TSS its lifetime, and
S its capacity, the mean energy demand rate per capacity is

ES = q*Pts*T (7)

g is the rate energy has to be invested to operate a park of storage systems,
including replacement of old storage plants with new ones after their lifetime,
normalized to its capacity. A power plant generating unstable electricity can now
“rent” a fraction of the storage system park in order to stabilize its supply. The
needed capacity depends on the desired buffer time ts. Assuming that the power

plant wants to maintain its mean power output P, the required storage capacity is



Pets. The additional energy demand ES the power plant has to “pay” to “rent” this

storage capacity over its entire lifetime T is then
ES=qPtsT (8)

Storage for long periods can become a very cost-intense and even impossible
business. The economically better solution is the installation of additional power
which is called “over-capacity”. This is shown in an Australian optimal-cost
balance scenario for photovoltaics. It is just a factor fo the original energy demand
El has to be multiplied with. Therefore, the energy demand EI, S for a power plant

including storage as well as over-capacities is
EIl, S=foEI+ES 9)

The EROI reduces correspondingly. It should be noted that reserve
capacities, e.g., due to maintenance or predictable peak demands, are not included
which additionally might be considered for all energy techniques but is typically
never included in any study. In other words, the assumed overcapacity assumptions
are only applied to natural volatilities. No direct LCA studies could be found for
storage systems but pump storage systems are very similar to hydroelectricity
plants with storage capabilities. Alternative storage techniques like hydrogen
electrolysis and gas storage are much more uneconomic anyway. Here, the
Australian Benmore station with an energy demand ESS of 24,000 TJ has been
selected and slightly scaled up (30,000 TJ) in order to fit the planned German
Atdorf pump storage system with a projected lifetime of TSS =100 years. The
material and working demands are similar, strongly dominated by the dam’s
energy input. Atdorf storage capacity is about S = 52 TJ, so that g can be
calculated as described above. It should, however, be kept in mind that if no
favorable topology is available the necessary geo-engineering [9] (pp. 46) elevates
the energy investment substantially.



Other methodological problems

The problems, related to the exergy/energy definition, in evaluating the

EROI have already been mentioned above in Fig. 1.
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Figure 1: System borders for a typical power plant. It makes a difference if
electricity for a helper facility like a coal mine is taken from the grid (dashed line)

or from the power plant.

It makes a great deference if some energy demand needed to operate the
plant is added to El or subtracted from ER, so advised by a guideline for
photovoltaics from the IEA. The reason for the different treatment is that the pump
operation happens on site while the enrichment process is decoupled from the
actual power plant. This is the "investor's view" who must buy the nuclear fuel
while the pump operation is up to his own. If there were a nuclear power plant with
integrated enrichment facility it could be treated the other way. In general the
"Investor's view" justices to account all energy that must be applied in advance as
"Investment" while energy that must be applied inside the production process as

reduced return.



Another problem is that a few authors use recycled material with a fraction
(often 100%) other than available on the market, thus reducing the energy demand
remarkably. This has been corrected in this paper. It is conceivable that a
manufacturer advertises his product, e.g. a wind turbine, to have a very high EROI
by using mainly recycled materials. This, however, is a non-representative
distortion of the usual mix of recycled and new material favoring this particular

product and cannot be accepted in a balanced evaluation.

Some LCA studies subtract the energy inventory of material amounts that
are recycled, which is not correct, and is not so done here. The recycled material's
energy demand (including the demand of the recycling process) has to be

considered in the construction energy demand, when it is used.

In opposite to this, scarcity and environmental (and safety) standards are in
fact part of the EROI, as they all lead to a higher energy demand and therefore to a
lower EROI. Thus, in the calculations here it is considered that all power plant
LCAs process steps are according to respective common standards and that mining
and extraction of needed resources is based on the concentrations raw materials are
currently available. Scarcity in the future will be rejected in lower concentrations
of raw materials that have to be extracted, leading to a higher energy demand. As
soon as the EROI for a fossil plant falls below the economic limit, the
corresponding fossil fuel can be regarded as "exhausted” (though, there might be
still a demand to use them for mobile applications, if no other solution is
available). However, as long as all fossil and nuclear resources are available on the
same level of concentration at least for the lifetime of the plant, the EROIs remain

correct. This is currently the case all power plants.



Solar photovoltaic (PV) and Wind energy

So far, only Silicon (Si) based PV technologies are applicable on a large
scale, so only those have been evaluated here. CIGS- or CdTe-based cells are no
option since there is not even a fraction of the needed Indium or Tellurium
available in the Earth crust and organic cells are still far from technical

applications.

In the past, the energy demand for producing Si-based solar cells was
dominated by the crystallization processes, for highly pure Si from semiconductor
fabs' "scrap"” (o_-spec Si) many evaluations overestimated the EROI because the
energy demand for the crystallization process done by that factory was not
included. If included, the EROI becomes underestimated, because solar cells do
not need such high-quality Si. The production of solar cells for the high demand
today needs its own factory infrastructure, because such amounts of o-spec-Si are
not available. It is therefore necessary to analyze the manufacturing chain of a

solar module factory to get the energy demands as done by.

Manufacturing the cells is dominated by electrical energy use (arc-melted,
cleaned and casted Si, composing modules), while producing the factory and the
solar plant installation components is almost completely thermal energy use
(material energy inventories), each about half of the whole EI for construction. The
demand for Si cleaning (30% of the whole EI) can be reduced by 75% using the
mono-silane method. Amorphous solar cells need far less amounts of Si, reducing
the energy demand for the Si-based steps, but the installation demand remains
unelected. Furthermore, these modules have a lower operation lifetime and

efficiency.

Wind turbines are installed on-shore, partly at the coast, and o_-shore (sea),
several 10 kilometers away from the coast. O_-shore wind parks have a higher
yield which is roughly balanced by higher expenses for fundament, long cable, grid



connecting and transformer. No thorough LCA studies for o_-shore plants could be
found. For on-shore plants, the Enercon E-66 (1.5 MW) has been chosen as a
reference turbine for the modern multi-megawatt class typically used in Russia,
although there are newer types of turbines. The latter calculated an additional

maintaining energy demand of 1.3% (not including the generator).

Output reduction, due to additional opine periods for maintaining, when the
wind is blowing is ignored in this calculation. The difference between the
construction demands mentioned above is caused by using lower energy
inventories for steel. There are no known detailed LCA studies concerning off
shore-wind energy converters. Only a uniform mathematical procedure based on

the exergy concept makes it possible to compare all power generating systems.

The results are shown in Fig. 1. All EROIs are above the physical limit of
which means they all "produce™ more energy than they “consume". Not all of them
are above the economical limit of. Solar PV in Russia even with the more effective
roof installation and even when not taking the needed bearing (storage and over-
capacities) into account has an EROI far below the economic limit. Wind energy
seems to be above the economic limit but falls below when combined even with

the most effective pump storage and even when installed at the Russia.
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Figure 1. EROIs of all energy techniques with economic «threshold».

Only a uniform mathematical procedure based on the exergy concept makes
it possible to compare all power generating systems. The results are shown in Fig.
3. All EROIs are above the physical limit of 1 which means they all "produce”

more energy than they "consume".

Solar PV in Russia even with the more effective roof installation and even
when not taking the needed buffering (storage and over-capacities) into account
has an EROI far below the economic limit. Wind energy seems to be above the
economic limit but falls below when combined even with the most effective pump
storage and even when installed at the Russia. Biogas-red plants, even though they
need no buffering, have the problem of enormous fuel provisioning effort which
brings them clearly below the economic limit with no potential of improvements in
reach. Solar CSP is the most hopeful option among the new solar/wind
technologies, in particular because of the smaller influence of the buffering.
However, pump storage is often not available in regions with high solar irradiation.
Choosing less effective storage techniques like molten salt thermal storage and the

connection to the Russian grid probably brings the EROI again far below the



economic limit. It is also important to keep in mind that small units are much more
ineffective, as is an installation in sun-poor regions owed to the non-linearity.

It is finally noted that the EROI, even though it is the most important
parameter, is neither fixed nor the only parameter to assess a power technology.
EROIs slowly change with time, in particular for fossil fuels when stockpiles
become harder to access but also when processes are improved as it happened with
the steel production and the Uranium enrichment. Other parameters like land
consumption, the "death toll", the impact on nature, and the scope of the stockpiles

as mentioned above have to be taken into account separately.



