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1. HaumeHoBaHUE QM CIUATIIHHBI
Basics of wind power

2. MecTo IMCHHUILIMHBI B CTPYKTYpeE 00pa30BaTeIbHOM NMPOrpaMMBbI

JlucuumniauHa BXOAUT B 00s3aTenbHy0 YacTh bioka « b.1 » oOpa3oBarenbHON IporpaMMBI [0 HANIPaBICHUSIM
MOATOTOBKH (CMEIUATBLHOCTSIM):

Hanpagsnenue: 05.03.06 Dxosnorus u npupo0n0Jib30BaHUE

HAIMPAaBIEHHOCTb DKOJIOTHYECKasi HH)KEHEPHsI U HOBasi SHEPreTHKa



3. [lnanupyembie pe3y/ibTaThl 00y4eHUs M0 AUCHUILINHE

B pesynbrare ocBoenus nucuuiuivabl Basics of wind power y oOydaromnierocst 40KHbI ObITh
c(OpPMHUPOBAHBI CIIETYIONTNE KOMIIETECHIIHH:

05.03.06 Dxonorust ¥ MPUPOOINIOIL30BaHKE (HAPABIECHHOCTD | DKOJOTHUECKas MH)KCHEPUS U HOBas
JHEPTeTHKA)
ITK.1 CniocoGeH oCcyIIecTBIATh BBHITIOJIHEHHE SKCIIEPUMEHTOB B 0(DOPMIICHHE Pe3yIbTaTOB UCCIICIOBAHUNA U
pa3paboTok
HNuaukaropsl
IIK.1.1 ITocTaHOBKa, IUTAHUPOBAHKE U PELICHUE HAYYHO-MCCIIEIOBATEIBCKHUX 3a/1a4 110 3aKPEIUICHHON
TEMaTUKe
IIK.1.2 Vcnone3yeT B podecCHOHATIBHOMN IS TENFHOCTH SKCIIEPUMEHTAIBHBIE U TTOJIEBBIE METOIBI
HAy4HOT'O MCCIIEI0BaHUs
IK.10 Criocoben pazpabaTsiBaTh U BHEAPSATH MEPONPUSATHS, HANIPABJICHHBIEC Ha BBHITIOJHEHUE TpeOOBaHUH B
00JIaCTH OXpaHbl OKPYKAIOWIEH cpelibl, BHEIPEHUIO CUCTEMBI HKOJIOTHUYECKOTO MEHEKMEHTA, pa3padoTKe U
(YHKIIMOHMPOBAHUY CUCTEMBI KOJIOTUYECKOI0 MOHUTOPUHTA, TIPEAYIPEKICHUS] BOSHUKHOBEHHUS
Ype3BbIYaiHBIX CUTYalMi IPUPOAHOIO U TEXHOTEHHOTO XapakTepa
HNuauxkaropsl
ITK.10.1 Pa3zpaGaTbIBaeT Ii1aH MEPONPUATUI TIO YIIPABICHUIO U YCOBEPILICHCTBOBAHUIO
MIPUPOIONIONIB30BaHUS, HAPABICHHBIX Ha BHIMIOJHEHHE TPeOOBAaHUIT HOPMATUBHBIX NIPABOBBIX AKTOB B 00JIACTH
OXpaHbI OKPY>KaIOIIEH Cpe/bl C YYETOM MEPEIOBOTO OMBITA OTEYECTBEHHBIX U 3apyO0EKHBIX KOMITAaHUH 10
MOBBILIECHUIO YKOJIOTHYECKON O€30MacHOCTH



4.

O0beM U coepkaHue TUCHHUILINHBI

HanpasyeHusi noAroToBKu 05.03.06 Oxonorust U MPUPOIONOIL30BaHUE (HAIIPABICHHOCTD:
OKoJoru4eckasi MHXEHEpHsl U HOBasi JHEPIreTUKA)
¢opma o0yuenus OYHas
NeNe TpumecTpoB, 4
BbIJICJICHHBIX /151 H3y4YeHUs!
AUCHHUILINHBI
O0beM AUCIHUILIMHBI (3.€.) 3
O0beM JUCHUILIMHBI (AK.YaC.) 108
KonTakTHasi padora ¢ 42
npenoaaBartesieM (aK.4ac.),
B TOM 4HcJIe:
IIpoBenenue JeKIUOHHBIX 14
3aHATHH
IIpoBeneHne NpakKTHYECKHUX 28
3aHATHI, CECMHMHAPOB
CamocTrosiTesbHast padoTa 66
(ak.4ac.)
®opMbI TEKYLIET0 KOHTPOJIA Bxonnoe tectupoBanue (1)
HtoroBoe koHTposbHOE MeponpusTue (1)
ITuceMeHHOE KOHTpOIbHOE MeponpusTue (2)
DopMbI IPOMEKYTOUHOM Ok3aMeH (4 TpuMecTp)
arrecTanuu




5. AHHOTHpOBaHHOC OonmucaHue CoaAcpKanusd pasacjaoB U TEM TUCHUIIJIHHBI

Basics of wind power (1st term)

Historical overview. Recent advances in wind power.
History of wind power. Sailing. Wind mill and wind pump.
XIXth century: development of electric technologies. First electric wind generators.
Reasons of modern interest to wind power: fuel price, fuel depletion, global warming. Modern wind farms.

Modern wind turbine design
Main features of modern wind turbine. Main design specifications. Limit regimes.
Rotor. Nacelle. Transmission. Gearbox. Gearless turbines.
Electric generator and control system.
Turbine tower.
Vertical turbines. Advantages.
Microgeneration. Small-scale turbines.

Mathematical model. Efficiency. Optimal regimes
Model of wind energy extraction.
Betz's law. Theoretical limit of power coefficient. Estimates and simulations.
Rotor calculations. Blade element momentum theory.
Optimal number of blades and rotor velocity.
Numerical simulation methods.

Economic efficiency. Problem of energy storage.
Building and explotation costs. Cost of electric power. Climate limits.
Efficiency of wind farms and microgeneration.
Problem and methods of energy storage.



6. MeToanueckue YKa3aHus /151 00yYaIOUIMXCH 10 OCBOCHHIO JUCIHUIIIHHBI

OcBoeHme JUCIUIUIMHBI TPeOYeT CUCTEMATHYECKOT0 U3YUEHHUs BCEX TEM B TOM IOCIIE0BATEIBHOCTH, B
KaKoW OHM yKa3aHbl B paboueil mporpamme.

OcCHOBHBIMU BUAAMH y4€OHOU pabOTHI ABJISIOTCS ay IUTOpPHBIE 3aHATUA. VX 1ensb - pacmmputh 6a3oBbie
3HaHUA 00yYaIOIIKXCs 10 OCBAMBAEMOM AUCLHUIIIIMHE U CUCTEMY TEOPETHUECKUX OPUEHTHPOB IS
HOCJIEAYIOIEro 6osee riry00Koro OCBOSHHUs IIPOrpaMMHOT0 MaTepualia B X0/1€ CaMOCTOSATEIbHOM PaboOTHI.
OOyuaronieMycst BAXKHO IOMHHUTb, YTO KOHTaKTHas1 paboTa ¢ mpernoaBaTeneM 3(h(HEeKTUBHO TOMOTAET eMy
OBJIa/IETh MMPOTPaMMHBIM MaTepUaioM Ojarogaps pacCTaHOBKE HEOOXOIUMBIX aKLIEHTOB U yAECPIKaHUIO
BHUMAaHMS MHTOHAIIMOHHBIMH MOJTYJISIIIUSIMH TOJIOCA, A TAKXKE MOAKIIIOUYCHUEM ayAHO-BH3YalbHOTO MEXaHU3Ma
BOCIIPUATHS HHPOPMALIUY.

CamocrodTenbHas paboTa MpecienryeT ClIeAyIoHe Heu:

— 3aKpEeIUIEHNE U COBEPIIEHCTBOBAHUE TEOPETUUECKUX 3HAHHUM, TIOTYYEHHBIX Ha JIGKLIMOHHBIX 3aHATHAX;

- (hopMupoBaHKE HaBBIKOB MOATOTOBKU TEKCTOBOW COCTABIIAOLIEH HHpOpMALUK y4eOHOTO U HAy4YHOTO
Ha3HAYEHUs JUIsl pa3sMELCHHs] B PA3JINYHBIX MH(POPMALMOHHBIX CUCTEMAX;

- COBEPIIIEHCTBOBAHUE HABBIKOB [TOMCKA HAYYHBIX MyOIMKaluil 1 00pa30BaTENIbHBIX PECYPCOB,
pa3MeleHHbIX B cetn HTepHeT;

- CAMOKOHTPOJIb OCBOEHUS IIPOrPaMMHOI0 MaTepHaa.

Ooyuatomiemycst HEOOXOAUMO MOMHUTB, YTO PE3YJIbTAaThl CAMOCTOSTENIFHON paOOThl KOHTPOIUPYIOTCS
MIPEeroIaBaTeNIeM BO BPEMSI IIPOBEICHHSI MEPOTIPUSATHIA TEKYIIETO KOHTPOJIS M YUUTHIBAIOTCS TIPH
IIPOMEKYTOYHON aTTECTaLUN.

Ooyuatonmmces ¢ OB3 1 nHBaNMMI0B MPEIOCTaBIAETCS BO3MOXKHOCTh BbIOOpa (popM nmpoBeeHust
MEPONPUATHIA TEKYIIIETO KOHTPOJIS, aTbTEPHATUBHBIX (OpMaM, MPEAyCMOTPEHHBIM pabodel MporpaMMoii
aucuuIuinHel. [IpegycmarpuBaeTcss BO3SMOXKHOCTD YBEJTMUEHUS B Ipejienax | akaJeMHUuecKoro yaca BpeMeHH,
OTBOJIMMOTO Ha BBIIIOJIHEHUE KOHTPOJIBHBIX MEPOIIPUATHI.

ITponetypa onieHMBaHUS Pe3yJIbTATOB 00YUEHHS MHBAJIUAOB U JIUI C OTPaHUYEHHBIMU BO3MOXKHOCTSAMU
3JI0POBbsI [0 JUCLUIUIMHE MPEeIyCMaTPUBAET MPeA0CTaBIeHUE HHPOpMaLH B (popMax, aTanTHPOBAHHBIX K
OIPaHUYEHUSM UX 310pPOBbS U BOCIIPUATHSA HHPOPMALIUY.

ITpu npoBeieHNH TEKYyIEro KOHTPOJI IPUMEHSIOTCS OLIEHOUHBIE CPEACTBA, 00eCIeUnBaroLIe nepeaavy
nH(popMalnu, OT 00yyaroLIerocs K IpernoaaBaTesio, C y4eToM ICUX0(PU3N0IOTHYECKUX 0COOEHHOCTEN
3I0POBBST O0YJAFOIITIXCS.

7. llepedyeHb y4eOHO-MeTOAMYECKOT0 00ecTiedeH s AJIsl CAMOCTOSAITEIbHOM PadoThI
o0y4aromuxcs o JUCIUIINHE

[Ipu camocTosTeNbHON paboTe 00yUaIOMIUMCS CIETYET UCIOIB30BaTh!

— KOHCIIEKTHI JIEKITHIL,

— JINTEPATypy U3 MEePEYHSI OCHOBHOU U JOTOJTHUTEIHHOM Y4eOHOH TUTEpaTyphl, HEOOXOIUMOMN ISt
OCBOCHMS TUCIUIUIUHBI (MOJTYJIST);

— TEKCT JIEKIUN Ha SJIEKTPOHHBIX HOCUTEISX;

— pecypchl HH()OPMAITMOHHO-TEIIEKOMMYHHUKAITMOHHOH ceTn "MHTepHeT", HEOOXOAMMBIE JIIST OCBOCHUS
JTUCIUTUIUHBL,

— JIMIIEH3UOHHOE U CBOOOIHO pacpOCTpaHIEMOE MPOrpaMMHOE 00eCTIeUeHNEe U3 TIEPEUHSs
MH(OPMALIMOHHBIX TEXHOJIOTHH, UCIIOJIb3YEMbIX IIPHU OCYIIECTBICEHUH 00pa30BaTeIbHOrO MpoIecca mno
JUCIUIUINHE;

— METOAMYECKHE yKa3aHUs i1 00y4arOIIUXCs 0 OCBOSHUIO AUCIUILTUHBIL.



8. [lepeyeHb OCHOBHOM M IONOJHUTEIbHON YUeOHOM JIUTEPATYPbI
OcHoBHas:

1. Sathyajith Mathew. Wind Energy. Fundamentals, Resource Analysis and Economics / Sathyajith Mathew //
Publisher Name: Springer, Berlin, Heidelberg, 2006. — 246 p. — ISBN 978-3-540-30906-2. — TexkcT :
AJIEKTPOHHBIN // DIIeKTpOoHHO-O0nboTeuHas cucrema SpringerLink : [caiT].
https://link.springer.com/book/10.1007/3-540-30906-3

2. Hermann-Josef Wagner. Introduction to Wind Energy Systems. Basics, Technology and Operation /
Hermann-Josef Wagner, Jyotirmay Mathur // Publisher Name: Springer, Cham, 2018. — 105 p. — ISBN 978-3-
319-68804-6. — TekcT : 31MeKTpOHHBIN // DIeKTpoHHO-O0MbIMoTeyHas cucteMa SpringerLink : [caiiT].
https://link.springer.com/book/10.1007/978-3-319-68804-6

JlonmosiHUTEIBHAS

1. V.I. Osipov, Biosphere and Environmental Safety / V.I. Osipov // Publisher Name: Springer, Cham, 2019. —
53 p. — ISBN 978-3-319-91259-2. — TeKcT : 31eKTpOHHBIH // DIEKTPOHHO-OMOIMOTEUHAs CUCTEMa
SpringerLink : [caiiT]. https://link.springer.com/book/10.1007/978-3-319-91259-2

2. Benenson W. Handbook of Physics / Benenson W. Harris J.W. Stocker H. Lutz H. // Publisher Name:
Springer, New York, NY, 2002. — 1186 p. — ISBN 978-0-387-21632-4. — TekcT : 27I€KTPOHHBIH //
DnexTpoHHO-0mbMuoTeuHas cucrema SpringerLink : [caiiT]. https://link.springer.com/referencework/10.1007/0-
387-21632-4



9. Ilepeuenn pecypcoB cetu UHTEpHET, HEOOXOAUMBIX /IJII OCBOCHHUSA TUCIUILINHBI

http://library.psu.ru/node/738 PSU Library resources
https://elis.psu.ru/ ELiS elecronic library
10. Ilepeuenb uHGPOPMAITUOHHBIX TEXHOJIOT Ui, HCIOJIb3yeMbIX IIPH OCYIIECTBJICHUMN
00pa30BaTeJIbHOIO MpoIecca Mo JMCIHUIINHE

Oo6pazoBatenbHbIl nporiecce mo auciuruinae Basics of wind power npeanonaraet ucnoiab30BaHue
CJIEYOIIET0 MPOrPaMMHOTO O0ecTieueHusl U HHPOPMAIIMOHHBIX CIIPABOYHBIX CUCTEM:
- Online Electronic Library System of Universty;
- Electronic Informational and educational environment of University;
- Web-services: databases, search engines, email etc.

Software:
- PDF-viewer;
- LibreOffice software.

IIpu ocBOCHMM MaTepUalla U BBIIIOJHEHU 3aJaHUH 110 JUCLHUIUIMHE PEKOMEHAYETCS UCIIOIb30BaHUE
MaTepHaoB, pa3MelleHHbIX B JInunbix kabunetax odyqaromuxcs ETUC [ITHUY (student.psu.ru).

[Tpu opranuzanuu AUCTAaHIIMOHHON paOOTHI U MPOBEICHUU 3aHATHI B pEeXKUME OHJIAH MOTYT
UCTIOJIB30BAThCS:

cucTeMa BHUeoKOoH(epeHIICBsA3H Ha ocHOBe TuiaTdopmbl BigBlueButton (https://bigbluebutton.org/).

cuctema LMS Moodle (http://e-learn.psu.ru/), koTopas moanepKuBaeT BO3MOKHOCTh UCIIOJIb30BaHUS
TEKCTOBBIX MaTepPHAaJIOB U MPE3EHTAIINH, ayINO0- U BHJICOKOHTEHT, a TaK JK€ TECThI, IPOBEPSEMbIC 3a/IaHus,
3aJJaHus JJ11 COBMECTHOM paboTHI.

cuctema tectupoBanus Indigo (https://indigotech.ru/).

11. Onucanue MaTepHAJILHO-TEXHUYECKOI 0a3bl, HEOOX0AMMOM AJIsl OCYLIeCTBJICHUS
00pa3oBaTeJILHOIO NpoLecca Mo AUCHHUILIMHE

Lectures, problem classes, group (individual) consultations, current control:
An auditorium must have the presentation equipment (projector, screen, computer / laptop) with the appropriate
software, chalk or marker board.

Free work:
An auditorium for free work, equipped with computer equipment with the ability to connect with the Internet,
provided with access to the electronic information and educational environment of the university. There must be
an access to the Scientific Library of the PSU.

[Tomemenust HayuHoii onbmuoreku [II'HUY mist oGecrieueHns: caMOCTOSTEIbHONW PabOThl 00yUYaOIUXCS:

1. HayuHo-Oubnuorpagpuueckuii otaen, kopm.l, aya. 142. O0opynoBaH 3 nepcoHanbHbIMU KOMIIBIOTEPA C
JOCTYTIOM K JIOKQJIBHOW U TI100aJIbHON KOMITBIOTEPHBIM CETSIM.

2. YnTanpHbI{ 3aJ1 TYMaHUTAPHOM JUTEpaTyphl, Kopi. 2, aya. 418. O6opynoBaH 7 mepcoHaIbHBIMU
KOMIIBIOTEPAMH C JIOCTYIIOM K JIOKaJIbHOH U INT00ANBbHOM KOMIIBIOTEPHBIM CETSM.

3. UuranbHbIH 3a1 €CTECTBEHHOM auTeparypsl, kopim.6, aya. 107a. O6opyaoBaH 5 nepcoHanbHbIMU
KOMIIbIOTEPAMH C IOCTYIIOM K JIOKaJIbHOM U INT00ANBbHOM KOMIIBIOTEPHBIM CETSM.

4. Otnen MHOCTPAaHHOM UTEpaTyphl, Kopm.2 aya. 207. O6opynoBaH 1 mepcoHaTLHBIM KOMITBIOTEPOM C
JOCTYIIOM K JIOKQJIBHOW U II100aJIbHOM KOMITBIOTEPHBIM CETSIM.

5. bubnuoteka opunuyeckoro axkynprera, kopmn.9, aya. 4. O6opynoBana 11 nepcoHaIbHBIMU
KOMIIbIOTEPAMH C IOCTYIIOM K JIOKaJIbHOM U INT00AIbHOM KOMIIBIOTEPHBIM CETSIM.



6. UutanbHbIi 3a1 reorpadudeckoro dakynprera, kopn.8, aya. 419. O6opynoBaH 6 nepcoHaIbHBIMU
KOMITBIOTEPAMH C JOCTYTOM K JIOKaJbHOU U TT100aTbHONH KOMIBIOTEPHBIM CETSIM.

Bce koMmbioTephl, yCTaHOBIIEHHBIE B TIOMEIIEHUAX HAYYHONH OMOIMOTEKH, OCHAIIEHBI CIIETYIOIINUM
MIPOTrpaMMHBIM 00€CTICUeHUEM:

Omneparmmonnas cuctema ALT Linux;

OducHerii naker Libreoffice.

CnpaBouno-npaBoBas cuctema «Koncynprantlmrocy»



@oH/IBI OIIEHOYHBIX CPEICTB JIsl ATTECTANMH MO JUCHHUIIJIHHE
Basics of wind power

I[lnannpyemble pe3yabTaThl 00y4eHHsl 0 TUCHUILIHHE IS GOPMUPOBAHUS KOMIIETEHIIUM.
NuaukaTopbl M KPpUTEPUU UX OLleHMBAHUS

IK.1

Cnoco0eH ocylIeCTBJIATH BbINOJHEHHE IKCIIEPUMEHTOB M 0()OpMJIeHHE Pe3yJIbTATOB
HCCJIeIOBAHUI M Pa3padoTOK

KoMnerenuus Ili1anupyemMsle pe3yabTaThbl KpuTtepuu oneHMBaHus pe3yibTATOB
(MHAUKATOP) o0y4eHust o0y4eHust
IIK.1.2 The students must be able to HeynosiierBopuren
Ucnonp3yet B estimate the local wind potential, | The student does not know the basic concept of
npodeccuoHanbHOM and to know basic concept of meteorological data analysis.
JEATEIbHOCTH meteorological data analysis. The student does not know the methods of the

SKCIICPUMCHTAJIBHBIC U
MOJICBBIC METO/IbI
HAay4YHOT'O UCCJICAOBAHUSA

local wind potential calculation.
Y10BJ1€TBOPUTEbH

The student partially knows the basic concept of

meteorological data analysis.

The student is able partially to use the methods

of the local wind potential calculation.
Xopouro

The student knows the basic concept of

meteorological data analysis.

The student is partially able to use the methods

of the local wind potential calculation.
OT1iu4HO

The student knows the basic concept of

meteorological data analysis.

The student is able to skillfully use the methods

of the local wind potential calculation.

IIK.1.1

ITocTanoBKa,
IJIaHUPOBAHUC U
PCIICHUC HAYYHO-
HCCIICA0BATCILCKIX
3a/1a4 10 3aKpeIIeHHOM
TEMAaTHKE

The students must be able to
estimate the turbine properties and
efficiency, and to know basic
concept of wind turbine and wind
farm building.

HeynoBiaerBopuren
The student does not know the basic concept of
wind turbine and wind farm building.
The student does not know the methods of the
turbine properties and efficiency calculation.

YnoBaerBopurTeabH
The student partially knows the basic concept of
wind turbine and wind farm building.
The student is able partially to use the methods
of the turbine properties and efficiency
calculation.

Xopoio

The student knows the basic concept of wind
turbine and wind farm building.
The student is partially able to use the methods
of the turbine properties and efficiency




KoMnerennus
(MHAUKATOP)

IInanupyemble pe3y/bTaThl
o0y4eHust

Kpurepun oneHuBanus pe3yibTaToB
o0y4eHust

Xopomuo
calculation.

O1anyHo
The student knows the basic concept of wind
turbine and wind farm building.
The student is able to skillfully use the methods
of the turbine properties and efficiency
calculation.

IIK.10

Cnoco0eH pa3padaTbiBaTh U BHEAPATH MEPONPUATHS, HANIPABJICHHbIC HA BBINIOJTHEHHE
TpeOoBaHMII B 00J1aCTH OXPaHbI OKPY KAIOLIEH cpebl, BHEAPEHHIO CHCTEMBbI IKOJIO0THYeCKOI0
MEeHe/XKMEeHTa, pa3padoTke 1 PYHKIMOHUPOBAHMHU CHCTEMBbI IKOJOrH4eCKOr0 MOHUTOPHHTA,
npeaAynpe:kIeHUs BOSHUKHOBEHHS YpPe3BbIYaiiHbIX CHTYAIUI MPHPOJIHOI0 M TEXHOT¢€HHOT'0

Xapakrepa
Komnerenuus Iianupyembie pe3yabTaThl KpuTtepuu oneHuBaHus pe3yabTaToOB
(MHaUKaTOP) o0y4eHHs o0y4eHus
IMK.10.1 The students must be able to HeynosiierBopuren

PazpabaTbIBaeT mian
MEPOIPHUATHH 110
yIPaBICHUIO U
YCOBEPLICHCTBOBAHUIO
MPUPOIOTIONIB30BAHUS,
HaIpaBIEHHBIX HA
BBITIOJTHEHHE TpeOOoBaHUI
HOPMAaTUBHBIX IIPABOBBIX
aKTOB B 00JIACTH OXPaHbI
OKpY>Karollel cpeJibl C
YYETOM TIepETOBOTO
OITBITa OTEYECTBEHHBIX U
3apyOeKHBIX KOMIIAHUN
IO MOBBIMICHUIO
JKOJIOTMYECKOU
0e3onacHoCTH

estimate the economics efficiency
of wind farms, and to know basic
history of wind power usage and
recent advances in this area.

The student does not know the basic history of
wind power usage and recent advances in this
area.
The student does not know the methods of the
economics efficiency estimate of wind farms.
YnoBaerBopuTeabH

The student partially knows the basic history of
wind power usage and recent advances in this
area.
The student is able partially to use the methods
of the economics efficiency estimate of wind
farms.

Xopouo
The student knows the basic history of wind
power usage and recent advances in this area.
The student is partially able to use the methods
of the economics efficiency estimate of wind
farms.

OTtiam4yHo
The student knows the basic history of wind
power usage and recent advances in this area.
The student is able to skillfully use the methods
of the economics efficiency estimate of wind
farms.




OueHoYHbBIE CPEACTBA TEKYIIEr0 KOHTPOJISI M IPOMEKYTOUYHOM aTTecTanun

Cxema JIOCTaBKH : ba3opas

Buja meponpusiTHs NPOMEKYTOYHOM aTTECTALMH ¢ DK3aMEH
Cnoco0 npoBeieHHsI MEPONIPUATHS MPOMEKYTOYHOM aTTecTanuy : OLIEHKa N0 JUCUUIIMHE B paMKax
MIPOMEKYTOUYHOH aTTECTAIIUHU ONPEIEISIETCS Ha OCHOBE 0alIoB, HAOPAHHBIX O0YYAFOIIMMCS Ha KOHTPOJIbHBIX
MEPOTIPUATHSIX, TPOBOJIUMBIX B TEUCHHUE YIEOHOTO TTEPHOIa.
MaxkcumMajbHOe KoJu4decTBo 0aios : 100

KonBeprauusi 6a/U10B B 0TMETKH

«OTJIHYIHO» - OT 81 mo 100
«xopomo» - ot 61 1o 80

«Y/AOBJIETBOPHUTEJIBHO» - OT 43 110 60
«HEYI0BJICTBOPUTEIbHO» / «<He3a4TeHo» MeHee 43 Oaiia

KoMmnerenuus
(uHaAMKATOP)

Meponpusitue
TeKYILero KOHTPoJIs

Kountposmpyemblie 3jieMeHTbI
pe3yJibTAaTOB 00y4eHHs

BxoaHoii KOHTPOJIb

Historical overview. Recent
advances in wind power.
BxoaHoe TecTupoBaHue

Basics knowledges about flows and fluid
dynamics

IIK.1.1

ITocTaHOBKa, IIAHUPOBAHUE U
pellIeHne HayyHo-
UCCIIEI0BATEIbCKUX 3a/a4 110
3aKpEIJICHHON TEMATHUKE

Modern wind turbine design
IIncbsMeHHOE KOHTPOJIbHOE
MeponpusiTue

Development of wind energy. Main
elements and features of modern wind
turbine. Unconventional systems.

IIK.1.2

Hcnonb3yeT B npodhecCHoHaIbHON
JIESTEIIBHOCTH
JKCIEPUMEHTAJIbHBIE U I10JIEBBIE
METO/Ibl HAYYHOT'O MCCIIEA0BaHUs

Mathematical model.
Efficiency. Optimal regimes
ITncbMeHHOE KOHTPOJIbHOE
MeponpusiTue

Evaluation of turbine efficiency. Optimal
and critical regimes.
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PaspabareiBaet mian
MEPOIPUATHIA TI0 YIIPABICHHUIO U
YCOBEPLICHCTBOBAHUIO
HPUPOJIOTIONB30BAHMS,
HAIpPaBJICHHBIX HA BHIMOIHCHUE
TpeOOBaHUI HOPMATHUBHBIX
MIPAaBOBBIX AKTOB B 00JIACTH
OXpaHbI OKPY’KarOIIEH CpeIbl C
YUYETOM MEPEOBOTO OMBITA
OTEUECTBEHHBIX M 3apyOeKHBIX
KOMIIaHUIA IO MOBBIICHHIO
HKOJIOTHYECKON 0€30MacHOCTH

Economic efficiency.
Problem of energy storage.
HTOrosoe KOHTpPOJIbHOE
MeponpusiTie

Wind farm efficiency estimate. Energy
storage problem.

Crnenudukanuss MeponpMATHI TeKylIero KOHTPOJIA




Historical overview. Recent advances in wind power.

[IpoOmKUTENBHOCTD IPOBEACHUS MEPOIIPUATHS IPOMEKYTOYHON aTTECTallUU: .S yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChI ayINTOPHOM padoThI

MaxkcumanbHbIi 0ais, BEICTABISIEMbIH 32 MEPONPUATHE IPOMEKYTOUHON aTTecTanuu: 0
ITpoxoanoii 6amt: 0

IToxa3zaTesn oneHUBAHUS

Banabl

Kinetic energy of flow.

Flux calculation.

Compressible and incompressible media. Laminar and turbulent flows

Flow velocity.
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2
2

Modern wind turbine design

[IpoOmKUTENBHOCTD IPOBEACHUS MEPOIIPUATHS IPOMEKYTOYHON aTTEeCTalluU: .S yaca
VYcnoBus npoBeaEHUS MEPONIPUATHUS: B YAChI ayINTOPHOM padoThI

MaxkcumanbHbIH 0ai, BEICTAaBIsIEMbIi 32 MEPOIPUSATHE TPOMEKYTOUHOM aTTectanuu: 30
ITpoxonnoii 6amn: 13

IToxa3zaTenn oneHUBaHUA

Bajaasl

Properties of turbine rotor and electric generator.

Alternative wind turbines. Large scale systems and microgenerators.

Main construction elements and features of typical wind turbine. Limit regimes.

Historical usage and development of wind power.
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Mathematical model. Efficiency. Optimal regimes

IIpo0mKUTENBHOCT IPOBENCHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTecTanuu: 1 yaca
VYcnoBus npoBeAEHUS MEPONIPUATHUS: B YAChI ayANTOPHOH padoThI

MaxkcumanbHbIH 0ai, BEICTABIIsIeMbIi 32 MEPONPUATHE TPOMEKYTOUHOM aTTectanuu: 30
ITpoxonnoii 6amn: 13

IToxa3zaTenn oneHNBaHUA

Baaasl

Rotor calculatiom methods

Betz' law

Numerical simulation approaches.

Critical rotor speed and wind load.
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Economic efficiency. Problem of energy storage.

IIpoKOmKUTENTBHOCT IPOBENCHMS MEPOIIPUATHUS IIPOMEKYTOUHOM aTTecTanuu: 1 yaca
VYcnoBus npoBeAEHUS MEPONIPUATHUS: B YAChI ayINTOPHOH padoThI

MaxkcumanbHbIH 0ai, BEICTABIIsIEMbIi 32 MEPOIPUSATHE TPOMEKYTOUHOM aTTecTanuu: 40
ITpoxoxanoii 6amr: 17

IToxa3zaTenan oneHNBaHUA

Bajaasl

Ecomonics efficiency of large and small wind farms.

13




Energy storage. Short-term and long-term. 10
Main components of wind farm and its energy cost. 9
Wind map. Climate limitations 8




