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PaccMOTpeHBl OCHOBHBIE acNEKThl KOMMEPYECKOH peaau3aliii BeTPO3HEPTeTHYECKHX
MIPOEKTOB KaK NMPHUKJIAJAHON YacTH BETPOIHEPTETHKU C IENbI0 OLIEHKH KU3HECIOCOOHOCTH H
(MHAHCOBON peann3yeMOCTH yKa3aHHBIX MPOEKTOB. IIpeacTaBieHsl pe3yabTaThl OMBITa KOM-
MepuecKoi skcIuryaTanuu 3a 10-71eTHHH mepros IBYX BETPOIAPKOB, BBHIIOJHEHHBIX Ha 0ase
Tpex BerpoycTanoBok (BOY) tuna NORDEX N54 momnoctsio 1,0 MBT kakaas ¢ BeICOTOI
Gamrau 60 M, pacroNoKEHHBIX B IIyHKTaX Y»aBa M AJICYHTa Ha nobepexse banruiickoro Mo-
ps Pecriy6nuku JlatBus. Pe3ynbTarhl mosy4eHsl MyTeM CpPaBHEHMS BETPOBBIX YCJIOBHH MeCT
PacHoJIOKEeHHUs ¥ OCHOBHBIX 3KOHOMHYECKHX IOKazareneil pabotsl BOY paccMarpuBaeMbIx
BeTponapkoB. CpaBHEHHE MPOU3BOIMIN IO CIEAYIOUIMM OLIEHOUHBIM IOKa3aTelsIM: ToJ0Bas
BBIPa0OTKa 3JIEKTPOIHEPTHH, CPEAHHE TOJOBBIE OXOJBI, MOJTyYSHHBIE 32 pacCMaTPUBAEMbIH
neproj, ce0ecCTOMMOCTD JIICKTPOPHEPTUH. BeTpoBble yCIOBUS MecT pacrnosioxeHus BOY
U yJaJlleHHue 3THX MECT OT OeperoBOif INHUM BIUSIOT HA SKOHOMHYECKHE TTOKa3aTeIn PaboThl
BDYVY, koTopsle 1aoT enbHOE MPECTaBICHIE O XU3HECIOCOOHOCTH 1 (PUHAHCOBOH pealnsy-
€MOCTH BETPO3HEPTETUUECKHUX POEKTOB.

Ha ocHoBe aHanmM3a MoJIy4eHHBIX JaHHBIX IOKAa3aHO, YTO BEJIMIMHA OTHOCHTEIHLHON MPO-
W3BEJICHHOI 3/1eKTpo3Heprun noHmxkaercs Ha 10 % ¢ KaxIbIM KUIOMETPOM yJaJeHHs MECTO-
TIOJIO’KeHUS BeTponapka oT OeperoBoil immauMU banruiickoro Mops. Taxke oTMedeHO, Kakoe
BJIMSTHUE OKa3bIBAaIOT BETPOBBIE YCIOBUS OKPECTHOM MECTHOCTH M yJAaJ€HHOCTh MECT PacIo-
noxennst BDY or GeperoBoil muHNE Ha ce0ECTOMMOCTh DJIEKTPOIHEPTHH, BEIPAOaTHIBACMOM
BeTpomnapkamu. lIpefcraBieHHbIE Pe3yabTaThl LENECOOOPa3HO B MOCIEAYIOIIEM HCIIOIb30-
BaTh JUISl OIIEHKH BETPOIHEPreTHUECKOr0 MOTEHIMAIa KOHKPETHOTO paiioHa M BBIOOpa MecTa
PAacroNOXKeHHs BETPOIapKa, a TakKe MPH MPUHATHH KOHKPETHBIX YHNPaBICHUYECKHX PEIIeHUH
B XOJI¢ peanu3aluyd KOMMEPUYECKUX BETPOIHEPreTUIECKUX IIPOEKTOB.

Knwuesrbie cioBa: BETPOYCTAaHOBKA, BETPOBBIC YCJIIOBUA, CKOPOCThL BETpA, rog0Basl BbI-
pa60TKa QJIEKTPOSHEPIruu, cebectonMocTh 1 kBT 4 BHGKTpH‘IeCKOﬁ OHEPIUU.

Wn. 4. Tabn. 3. bubmmorp.: 10 Ha3B.
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ANALYSIS OF THE MAJOR ECONOMIC FACTORS
OF THE WIND TURBINES PERFORMANCE BASED
ON THE RESULTS OF COMMERCIAL SERVICE EXPERIENCE
OF THE WIND-FARMS IN LATVIA

ROLIK Y. A.Y, GORNOSTAY A. V.2

YTransport and Communication Institute (Latvia),
2Belarusian National Technical University

The article examines the main aspects of commercial realization of wind-power projects
as application part of wind-power industry with the view of evaluating viability and financial
feasibility of the specified projects. The paper presents the results of 10 years’ commer-
cial service experience of two wind-farms accomplished on the basis of three wind turbi-
nes (WT) — NORDEX N54, 1.0 MW capacity each, 60 m tower height, located in settlements
Uzava and Alsunga on the coast of the Baltic Sea in the Republic of Latvia. The results were ob-
tained by the way of collation of the site-location wind conditions and the major economic factors
of the WT operation in the considered wind farms. The collation included the following estimated
figures: annual electricity production, average annual income received during the period under
review, electricity prime cost. The WT-site location wind conditions and the site-distance from the
coastal line have an effect on the WT-performance economic factors that provide an integral
insight into the viability and financial feasibility of the wind energy projects.

Based on the analysis of the obtained data, the authors show that the relative produced
energy value decreases 10 % with each kilometer wind-farm site distance from the coastal line
of the Baltic Sea. They also indicate the effect the surrounding-area wind conditions and the
TW-location site remoteness from the costal line have on the prime cost of the electricity
generated by the wind farms. There is a good reason to utilize the presented results in the
future for the wind-energy potential valuation of a particular region and a wind-farm location
choice as well as for making particular managerial decisions in the way of realizing com-
mercial wind-energy projects.

Keywords: wind turbine, wind conditions, wind speed, annual electricity production,
1 kW:-h electricity prime cost.

Fig. 4. Tab. 3. Ref.: 10 titles.

BBenenue. DxoHOMHYECKHE TTOKA3aTeNN paboThI BeTpoycTaHoBok (BOY) [1, 2]
JIAIOT LeJIbHOE TIPE/ICTaBlIeHHE O YKU3HECIOCOOHOCTH M (PHMHAHCOBOW peanu3sye-
MOCTH BETPOIHEPTeTUIECKIX MTPOEKTOB. Takne moKa3aTean pacCUUTHIBAIOTCS I10
JTAaHHBIM KOMMepUecKoil skcruryatannu BOVY [3, 4]. B cratee mpencTaBieHO
CpaBHEHHME Pe3yIbTaTOB pabOTHI IBYX BETponapKkoB 3a 10-1eTHuil nepron Kommep-
YeCKOW SKCIUTyaTalliy, pealn30BaHHBIX Ha 0aze Tpex BOY tmma NORDEX N54
momHocTE0 1,0 MBT kaxnas c¢ BeicoTo# Oamau 60 M [5] B myHKTax Yika-
Ba (omHa BOY) u Ancynra (nBe BOY), pacnonoxeHHbIx Ha modepexbe bantuii-
ckoro Mops pecriyonmkn Jlarus. [lomoxkenue (ynajneHrne oT OeperoBoil JTUHUH
Bantuiickoro Mops) mMect pacmonoxxeHuss BOY cocraBnseT: B BeTpomapke
VYxasa — 0,5 kM, B BeTpomnapke Asncynra — 13,5 km. CpaBHeHHE POU3BOIMIH 110
CIEAYIOIIKM OLICHOYHBIM MOKAa3aTeNsM [6, 7]:

e BETPOBBIC YCIOBHS MECT PACIIOTIOKEHIIS;

e yIAJICHHE MECT PACIIOJIOKEHUS OT OEPEroBO JIMHUN;

e TOZI0Bask BEIPAOOTKA DIIEKTPOIHEPTHH;

e CpEJHHE TOJIOBBIE TOXO/IbI, MOTyYeHHBIE 32 pACCMATPUBAEMBINA IEPUOT;

¢ C€0ECTOMMOCTD JIEKTPOIHEPTHH.

[IpuBeneHHBIC B CTaThe PE3YNIBTATHI MCCICIOBAHUIA MPEACTABISIOT MPAKTH-
YECKUI MHTEPEC M UX MOXKHO OOBCIUHHTE B JIBE PA3IMYHBIC TPYIIIBL XapaKTe-
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PUCTUKH BETPOBBIX YCJIOBHM MeCT pacroyiokeHuss BOY u ocHOBHBIE 3KOHOMU-
YecKUe ToKazarenu paboTel BDY. DT naHHBIC B MOCIEAYIONIEM MOXHO HC-
MOJIb30BaTh /ISl OLIEHKH BETPOIHEPTETUYECKHX PECYPCOB pPaccMaTpHUBAEMOTO
paiioHa, a TaKKe MPU MPUHATHN KOHKPETHBIX yNPaBICHYECKUX PEIICHUH B X0/
KOMMEPUYECKOH pearn3aluil BETPOSHEPTETHUECKUX TPOEKTOB.

BetrpoBble yciaoBusi MecT pacnoJiokeHusi. [IperncraBieHHsie XapakTepu-
CTHKHU BETPOBBIX YCJIOBUI OBLIM MOMYYCHBI HA OCHOBAHWUW CTAaHAAPTHBIX METEO-
POJIOTMYECKUX U3MEPEHUM, NPOU3BEICHHBIX C MOMOUIBIO CHELMATBHBIX METEO-
POJIOTHYECKUX CTaHLUH [5], pacroyioKeHHBIX B BEpXHEW yacTH roHAonsl BOVY.
OO0paboTKy JaHHBIX, 3a()UKCHPOBAHHBIX B CHCTEME METEOPOJIOTHUECKUX H3Me-
PEHHI, TPOBOIMWIIN IO CHENUATFHOW MeToAuKe [7]. DTO MO3BOJMIO MOIYYUTH
TaKve OCHOBHBIE XapaKTEPHCTUKH BETPOBBIX ycioBuid [1-3] mMecT pacmonoxe-
Hust BOY, kak:

e TIPOIIEHTHOE PACIIpe/IeIeHne CKOPOCTel BeTpa U Oe3BEeTpHsl 10 MecsAlaM H
3a roJ1 MO Pa3InYHbIM HAMPABICHUSIM;

¢ IOBTOPSIEMOCTH CKOPOCTEH BETpa MO Pa3INYHbIM HapaBICHUSM;

e CPEJTHET0/10Basi CKOPOCTh BETpA.

Po3br BetpoB [8] paccMaTpuBacMBbIX MYHKTOB HAOJIOJCHUS, COCTABJICHHEIC
JUTSL BBICOT oceil potopoB BOY (60 m) [9], npencrasnens Ha puc. 1, 2. 31ech
paauanbHBIEe JTMHUHA YKa3bIBAIOT YacTh BPEMEHH OT BCEro roja (B MPOIEHTax),
B TEUEHHE KOTOPOTO BETEp IyeT C NaHHOTO HampaBieHUs. AHanu3 puc. 1, 2 mo-
Ka3bIBAET, YTO T'OCIIOACTBYIOIINM HAIpaBJI€HHEM BETpa B IMyHKTE Y’KaBa SBIIS-
eTcsl oro-zanagHoe. IIpu 3ToM Takke XOpPOIIO BUIHO, YTO MOBTOPAEMOCTH 3a-
MaJIHOr0, I0’)KHOTO M IOT0-BOCTOYHOI'O HAMpAaBJIEHUH BETpa MO CBOEW HacTOTe
OJM3Ka K TJIaBHOMY HampaBieHHIO. Beicokue mpoueHTHble 3HaueHus (3/4 ot
TJIaBHOTO) 3THX HamNpaBJIeHWH AENaloT PO3y BETPOB JTAHHOTO IMyHKTa LIMPOKO
HarnpaBieHHOH. [Ipeobnanaromiee HampaBIeHUE BETpa B MMyHKTE AJICYHTa IOTO-
BOCTOYHOE, OHO UMEET Y3KOHANPABJICHHYIO PO3Y.

2

C3 15 CB

1 \
3

= =]

103 0B
10
Puc. 1. Po3a BeTpoB IIyHKTa Puc. 2. Po3a BeTpoB ITyHKTa
HaOmoneHus Yxasa HaOmoneHus AJcyHra

Hpyroii BaxHeHIel xapaKTE€pUCTUKONH BETPOBBIX YCJIOBUH CpaBHUBAEMbIX
ITyHKTOB HAOJIOJICHUS SIBJIICTCS CPETHET0/I0Basi CKOPOCTh BeTpa [8]. JlaHHbIe 110
CPEIHETOIOBOM CKOpPOCTH BeTpa (10 MecsAllaM W 3a ToX) IS BBICOTHI 60 M,
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KOTOpbIC OBUIM TMOJYy4YeHBI B COOTBETCTBUM C METOJIWKOHN, OMHCAHHOW B [7],
npencTaBieHsl B Tabn. 1. CpaBHEHHE BETPOBBIX NAaHHBIX TIOKA3bIBAET, YTO CPEI-
HEerojioBas CKOpPOCTh BeTpa B MyHKTe HaOmromeHus YkaBa Ha 25 % OombIme
3HAYCHUsI CPEHET0I0BOM ckopocTH BeTpa B Aucynre (7,0 u 5,6 M/c cooTBeT-
CTBEHHO). DTO OOYCIIOBJICHO OJIM30CTBHIO PACIOJIOKEHHS BETpoIapka YjkaBa K
OeperoBoil TMHUU MOPSI.

Tabauya 1
CpennerooBasi CKOPOCTh BeTpa B MyHKTAX HAGII0/IeHUS
Mecsin | v v | vEVIEHVIIX | X | XI|XIT| Tox | Mecto
Ckopocts Vv, | 7,780]76(63|64|66|61|64|64|76|73|74| 70 | Vxasa
Mm/c 6,054 |58|57|54|52|48|55(58|5,7(53|6,3| 56 |Ancynra

JKOHOMHYECKHE MOKA3aTeId MPOEKTOB. B KauecTBe OCHOBHBIX 3KOHOMHU-
YEeCKHX TOKa3aTelel, oTpaaromux dPPEeKTHBHOCTh KOMMEPUECKUX BETPOIHED-
TeTHUYECKUX MPOEKTOB, ObLIM OTpeeeHs! [3]:

e TO/I0Bast BEIPAOOTKA AIIEKTPOIHEPT M,

e CpeJHHE TOJJOBBIE TOXO/bI, MOTydYeHHBIE 32 IKCIUTyaTallMOHHBIN MTEPHOL;

e ce0E€CTOMMOCTD ANEKTPUIECKON SJHEPTUH.

TI'onoBasi BbIpaGoTKa 3J1eKTPO3Hepruu. /lanHeie MO TOAOBON BBIPaOOTKE
3NEKTPO3IHEPTHH (TI0 MeCsIaM, 3a TOJl U CpeHee 3HaueHHe) Ul MPoeKTa YKaBa
MIPEACTABICHBI B Ta0Jd. 2, a CcyMMapHbIe IaHHBIE IO TOJOBOH BBEIPAOOTKE 3JICK-
TPOSHEPTHH 10 TEM K€ MOKa3aTelsIM IS BeTporapka AlicyHra — B Ta01. 3.

Tabauya 2
TI'onoBasi BBIpa00TKa 3/1eKTPOIHEPIUHU BeTponapka Y:kasa, MBT-u

Mecsn Fon Cpennee
2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
| 257 | 122 | 285 | 183 | 312 | 260 | 210 | 104 | 218 | 195 215

I 92 178 | 135 86 189 | 319 96 79 192 | 168 174
i 176 | 195 | 138 | 136 | 189 | 190 | 122 | 239 | 278 | 218 195
v 153 99 145 | 143 | 192 | 103 95 126 95 181 127
\% 105 | 137 93 161 | 109 92 149 | 117 | 174 | 139 127
VI 128 | 116 | 115 94 146 | 160 | 161 | 116 | 110 | 123 130
VIl 69 129 | 103 77 195 | 102 | 135 76 50 156 112
VI 156 | 117 | 158 90 154 [ 219 | 150 | 141 | 154 | 135 140
IX 149 | 307 | 161 | 166 | 212 | 107 | 254 | 189 | 179 | 270 178
X 163 | 210 | 154 | 222 | 137 | 359 | 178 | 184 | 297 | 188 209
X1 107 | 217 | 171 | 223 | 185 | 254 | 213 | 178 | 210 | 196 194
Xl 296 | 312 | 183 | 413 | 238 | 132 | 147 | 177 | 338 | 183 217

Iom | 1854 | 2142 | 1843 | 1995 | 2196 | 2297 | 1912 | 1726 | 2294 | 2152 | 2020

CpaBHEHHE JaHHBIX O TOJOBON BBIPAOOTKE 3JICKTPOIHEPTUU MOKA3HIBACT,
4T0 00a BETpOMapKa HMMEIOT IOYTH OJWHAKOBYHO TOJOBYIO IPOU3BOIUTEIH-
HocTh. CliefioBaTeNbHO, IO JAHHOMY TIOKa3aTellto d3(PQEKTHBHOCTh BETPOMapKa
YxaBa B 11Ba pa3a 00JbIIIe, YeM BETpomapka AJCyHTa.

N3meHeHue rooBod BRIPAOOTKH AIICKTPOIHEPTHH JIy4YIlE OICHUBATH B OT-
HOCHTEIBHBIX CIUHUIIAX, T. €. HEOOXOAMMO TOKa3aTh, KAKUM 00pPa30M MPOUCKO-
JTUT TPOIEHTHOE YMEHBIICHHWE OTHOCUTEIBbHONH MPOU3BOIUTEIBLHOCTH BETPO-
MapKa ¢ yBeJIMYCHUEM PACCTOSHUS €r0 MECTOIOJIOKEHUSI OT OeperoBor JINHUH.
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Pacuetsl mokaseiBator [9, 10], 4T0 3HAYCHHE OTHOCHTENBLHOW MPOM3BEICHHOM
3NeKTpo3Hepruu moHmwkaercs Ha 10 % ¢ KaKIpIM KIJIOMETPOM YAaJleHUs Me-
CTOIIOJIOXKEHHUST BETpOIapka oT OeperoBoil tuHuu. B mpoekre AJicyHra OHO co-
cTaBiAeT ToIbko 60 % OT MPOM3BOANUTENBHOCTH MTPOEKTa YIKaBa.

Tabauya 3
I'onoBast BbIpa0b0TKA 3/1€KTPOIHEPrUU BeTponapka AJicynra, MBr-4

Mecsn Ton Cpennee
2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
| 218 | 156 | 196 | 143 | 387 | 372 | 180 | 144 | 207 | 218 222

I 101 | 172 | 178 | 102 | 151 | 350 98 95 209 | 192 165
i 184 | 189 | 135 | 132 | 178 | 188 | 111 | 184 | 299 | 220 182
v 209 | 108 | 136 | 139 | 231 | 114 | 120 99 158 | 202 152
\% 91 169 | 106 | 179 | 100 | 100 | 164 | 120 | 163 | 129 132
VI 136 | 112 | 119 94 74 169 | 175 | 123 | 122 | 139 127
VIl 81 119 85 72 158 92 120 80 87 138 102
VI | 180 | 112 | 121 | 112 | 120 | 165 | 130 | 101 | 123 81 124
IX 129 [ 212 | 132 | 149 | 164 96 197 | 187 | 189 | 193 165
X 155 | 179 | 166 | 188 | 123 | 269 | 185 | 187 | 212 | 140 180
X1 105 | 156 | 195 | 180 | 175 [ 252 | 216 | 173 | 208 | 182 175
X[ 309 | 269 | 201 | 321 | 226 | 168 | 171 | 174 | 359 | 233 232

Tox | 1898 | 1945 | 1772 | 1810 | 2087 | 2335 | 1868 | 1667 | 2334 | 2068 1958

Cpennue rofoBbie 10X0/AbI, MOJYy4YeHHbIE 32 IKCILTYaTAUOHHBIN Mepuo.
JIOXOHOCTh OT PabOThl BETPOMAPKOB HaMOOJIee TOYHO XapaKTepH3yeTcs Jie-
HEXKHBIMU TOCTYIICHUSIMU OT TPOJaXH 3JICKTPUYCCKOW SHEPTUU B CETh.
Cpennue 3HaueHUs BeIpydykd, B noit. CIIIA, mo Mecsiam oT peanu3aiuu mpous3-
BEJICHHON MPOAYKIIUH JUTSI IBYX BETPOMAPKOB MIOKA3aHbI HA JUarpaMme puc. 3.

it
35000c> o O

Mecsn

Puc. 3. CpaBHEHHE TaHHBIX 0 IOXOJHOCTH BETPOIAPKOB:
[ - Vxasa; [l — Ancynra

CpaBHeHHE JaHHBIX MOKA3bIBAET, YTO JIOXOJBI, MOJyYaeMble OT MPOJAKHU
AJIEKTPO3HEPTUH BETpOIapka YjkaBa, MPUOIU3UTEIBHO TaKHE XKe, KaK OT IMpo-
JaXd DIEKTPOSHEPruy BeTpomapka AJCyHTra. DTO O3Ha4aeT, YTO 3KOHOMHUYE-
ckast 3¢ (hEeKTHBHOCTh BETpoNapka YjkaBa B JBa pa3a OoJIbIIe, YeM BETpoIapka
Ancywra.

CebecTOUMOCTD IJIEKTPHUECKOW YHeprun. BaxxHelmmM noka3zatenem 3¢-
(ekTHBHOCTH pabOTHI BeTpomapka sBisieTcsl cebectonMocth 1 KBT-4 aiexTpo-
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SHepruu, npousBeneHHoil BDY. Pacuer cebecTonMOCTH 3IIEKTPOIHEPTHH, BBI-
pabortannoii BOY, npousBonunu no meroauke, npuseacHHoi B [10]. [Tpu 3Trom
YYHATHIBAIA OCHOBHBIE JKCILTyaTallMOHHBIE pacxoxbl BOY (3aprurara obcmy-
YKUBAIOIIETO TEPCOHANa, OTYMCIEHUS Ha COLMalIbHBIE HYXJbl, CTPaxOBaHUE,
TEXHUYECKOE 00CTYy)KMBaHHE WM 3alacHble YacTH, aAMUHUCTPATUBHO-YIPaBICH-
YecKHe pacxXo/bl, apeHHas MyIaTa), aMOPTU3ANNOHHbBIE OTYMCIICHUS U TIPOIICHTHI
0 KPEIuTy.

Pesynprarel pacyeToB ce0ECTOMMOCTH AIIEKTPOIHEPTHH PACCMATPUBAEMBIX
BETPOMApKOB IO rojaaMm 3kcruryaranuu, B noi. CIIA, mpencraBneHsl Ha nua-
rpamMMme puc. 4. AHaIHM3 TaHHBIX TIOKA3bIBAET, 4TO cebecTouMocTh 1 kBT 4 3mek-
TPOSHEPTHH BETpOIMapka YjkaBa IOYTH B JBAa paza MEHBIIE, YeM BETpOIapKa
AncyHra. OTO MOIHOCTBEIO COOTHOCHTCS C JAHHBIMHE IO JOXOJHOCTH JIBYX TPO-
exToB (puc. 3).

1071./(kBt-4)

0,350 -

0300 22 69

0,250 [_ ]

0,200 .0.178 0.204 9,189
0,149 0,163 0,154 (149 0,136

0,150 -
0,100 - 0,098 0,086/ 0,079 10,078 10,077 |0,076 0.069 0.065

°'°5§: 1 B0 BR W) _I_I_I :

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Ton

— 0,124- 01157

Puc. 4. CpaBuenne cebectonmocTr 1 KBT 4 31eKkTposHepruy, npousseaeHHoi BOY:
[ - Vxasa; []- Ancynra

BBbIB O 1 bl

1. IIpeobnagaromuM HampaBJIeHUEM BETpa B MyHKTE YjKaBa SBISETCS IOTO-
3amajHoe, a B AJICyHre — oro-socroynoe. [Ipu 3Tom cpemHeronoBasi CKOPOCTb
BeTpa B ITyHKTe YkaBa Ha 25 % Ooiblie, 4eM B AJICYHTE.

2. TonoBasi BBIpaOOTKA DIEKTPOIHEPTHU BETPOIHEPreTUIECKOTO MPOEKTa
V>kaBa B 1Ba pa3a Oosblie, 4eM npoekta AjcyHra. [Ipu 5Tom BenTMuuHa OTHOCH-
TEJTHHON MPOU3BENECHHON AIEKTPOIHEeprur oHMKaeTcs Ha 10 % ¢ KaXIpIM Kh-
JIOMETPOM yJIAIeHUSI OT OEPETOBOM JTMHHM.

3. JloxogHOCTh BeTpomapka YjkaBa B [Ba pasa Oojblle, a ce0ecTOUMOCTb
BEIpa0aTHIBAEMOM AIEKTPUUECKOM SHEPTHH B JBa pa3a MEHbIIIE, YeM BEeTpomapka
Ancynra. 910 00yCIOBIEHO YJa4YHBIM BHIOOPOM MeCTa PacIOIOKEHHS BETpPO-
napka Y»asa 10 BETPOBBIM YCIIOBHSIM.
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	8                               16           Т, ч
	Рис. 1. График изменения температуры критических точек  в трансформаторе напряжением 110 кВ с системой охлаждения М или Д:  K – коэффициент нагрузки трансформатора; Qo – температура верхних слоев масла;  Qh – температура наиболее нагретой точки обмотки
	8                                16            Т, ч
	Рис. 2. График изменения температуры критических точек  в трансформаторе напряжением 110 кВ с системой охлаждения Ц или ДЦ (обозначения те же, что на рис. 1)
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	Рис. 3. График изменения температуры критических точек  в трансформаторе напряжением 110 кВ с системой охлаждения Ц или ДЦ  (обозначения те же, что на рис. 1)
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