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BBenenue

JucouninHa «OIEeKTPOCTAHIIMM COBPEMEHHOM JHEPIETUKW» H3Yy4aeTcCs CTy-
JE€HTaMH 3a0YHOTO OT/EJICHUS Ha MEPBOM Kypce oOyueHus, 0a3upyercs Ha 3HaHUsX,
HOJTyYEHHBIX IIPU U3yUEHUU AUCLMILIMHBI « BBeneHne B crniennaabHOCTh» U MO3BOJIS-
€T PACIIUPUTH TEOPETUUYECKUE U MPAKTUUYECKHE 3HAHUS IO CYLIECTBYIOIIMM M HEp-
CHEKTUBHBIM TE€XHOJIOTHSIM TEIUIO- U 3JIEKTPOCHAOKEHUS, IPUHATHIM B KaUeCTBE OC-
HOBHBIX U1 HeprocucreM Poccuiickon denepannu.

He.]'ll/l H 3aJa9Y1 OCBOCHHUA NTUCIUIIJINHBI

[{enbro OCBOCHUS TUCIUIUIMHBI « DJIEKTPOCTAHIIUU COBPEMEHHON SHEPTETUKI
SBJISIETCA M3Yy4YCHHUE CIOCOOOB PAlMOHATIBLHOIO MCIOJIb30BAHUS PA3TUYHBIX THUIIOB
DHEPropecypcoB C BBICOKOH 3(h(PEKTUBHOCTHIO, HAJEKHOCTHIO W O€30MaCHOCTHIO.
CTyneHThl JOJDKHBI MPEACTABISITE COBPEMEHHOE COCTOSIHUE PHEPreTuku B Poccuu u
3a pyOeKOM M BO3MOXHOCTH €€ d(D(PEKTHBHOIO pa3BUTHUS B OJvKaiiiiee AccsATHIIC-
THE.

3ajauyaMy JaHHOW JUCIUIUIMHBI JI1 CTYJCHTOB SIBISIOTCS IOJIy4YE€HHUE MPE.-
CTaBJICHUSI O TEXHUYECKOM YPOBHE U COCTOSIHUM SHEPr€TUKUA U TEIUIOPHEPTETUKU
Poccun.

Mecto nucuumiiuasl B ctpykrype OOII BITO

JucuummirHa «DJIeKTPOCTAHIIUN COBPEMEHHON YHEPreTUKU» OTHOCUTCA K Ba-
PUATUBHOM YacTH TYMAHUTAPHOTO, COLUAIBHOTO U SKOHOMHYECKOTO ITUKJIa Y4eOHO-
ro MjiaHa MOJIrOTOBKH OaKajaaBpOB.

HucunminHa «JEKTPOCTaHIIMM COBPEMEHHOW 3HEPreTUKU» TECHO B3aWMO-
CBSI3aHA C TAKUMHU JUCHUITIMHAMHA MAaTeMaTUY€CKO-HAYYHOTO I[UKJIA, KaK «Du3nKay,
«MareMarvka» ¥ JIpyruMu. B IUCHMIUIMHE U3Yy4arOTCsl OCHOBBI TEIUIO- U 3JIEKTPO-
OSHEPTreTUKH, TEOPETUUYECKUX OCHOB TEIUIOTEXHUKU U DJIECKTPOTEXHUKH, MOJIPOOHO
paccMaTpuBaroTcsi GU3HUECKHE OCHOBBI PA0OTHI U KOHCTPYKIIMH BCETO OCHOBHOTO
000py10BaHUS JICKTPUYECKUX CTAHIIUN U ceTei. M3ydueHue MUCIUIUIMHBI TT03BOJISET
MOJIYYUTh TIPEACTABICHUE O TEXHUUYECKOM yCTPOMCTBE SHEPTeTHUECKOT0 000pyI0Ba-
HUSI, DHEPTreTUYECKOM XO3SIMCTBE, DKCIUTYyaTallMOHHBIX CIYK0aX AJEKTPOCTAHIIMKN U
AHEPrOCUCTEM, U3YYUTh COBPEMEHHBIC TEXHUUECKUE PEIICHUS I MOJAEPHU3AIIMU 1
OOHOBJICHUSI DHEPTreTUUECKUX TMPEANPUITHI, TCHJICHIIMU Pa3BUTHUS SHEPTETUKU U
SHEProMalIMHOCTPOCHHUS.

B nucuuminHe « 9NeKTPOCTAaHIIMU COBPEMEHHOM SHEPreTUKNY BHUMAHUE Y-
JII€TCSI HE TOJBKO «(PU3MUECKOI» CTOPOHE SIBIICHUM, HO M KOJWYECTBEHHBIM Xapak-
TEPUCTUKAM OOOpPYAOBAHUS W MPOIECCOB, TAKUX, KaK YJEIbHBIM PacXoJl YCIOBHOTO
TOIUTMBA HA TPOU3BOJACTBO AJIEKTPUYECKON W TEIUIOBOM IHEPTUH, KOIPPUIIMEHTHI
MOJIE3HOr0 JEHUCTBUS, MOUIHOCTA M TapaMeTpbl YCTAHOBOK, arperatoB U 3JEKTPO-
CTaHIUH, rabapuTHBIE pa3Mepbl 000PYAOBaHUS, MOTPEOHOCTH, HAPUMEP, TETTOBBIX
ANEKTPOCTAHIIUM B TOIUIMBE, OXJIAXKIAIOIIECH BOJIE U T.I.



Komnerenuuu ol0y4amwmerocsi, (popMupyemMbie B pe3yJbTaTe OCBOCHHS
AUCHHUILINHBI

B pesynbTaTe uzydeHus: JUCHUIUIMHBI « DIEKTPOCTAHIIMU COBPEMEHHOU 3HEp-
reTUKN» GOPMUPYIOTCS CIASAYIONINE KOMIIETCHIIMH UM UX COCTaBIISIONINE:

- CIIOCOOHOCTh K OOOOIICHHUIO, aHAJIU3Y, BOCHPHUATUIO WHGOPMAIIUU, TOCTa-
HOBKE LIEJIM U BBIOOPY myTeit ee noctmkenus (OK-1);

- TOTOBHOCTh K CaMOCTOSITEIbHON, MHANBUAYAJTLHON pabOTe, MPUHATHIO DPe-
IICHWI B paMKax cBoel npodeccruonanbHor komneTeHmun (OK-7);

- BJIQJICHHE OCHOBHBIMH METOJAaMH, CIIOCOOAMH M CPEICTBAMH TOJYYCHWS,
XpaHeHusI, epepaboTku MHGOPMAITUH, TOTOBHOCTh MCIOJIB30BaTh KOMITBIOTEP Kak
cpencTBo padboTsl ¢ mHpopMmarmeit (OK-11);

- CIMIOCOOHOCTH JEMOHCTPUPOBATh 0a30BbIC 3HAHUSA B 00JIAaCTH €CTECTBEHHOHA-
yunbIx aucuurind (ITIK-2);

- TOTOBHOCTb BBISIBUTh €CTE€CTBEHHOHAYUYHYIO CYIIHOCTh MPOOJIEeM, BO3HUKAIO-
IMX B X0j€ MpodhecCUOHATBHOM NEATeNbHOCTH, U CIIOCOOHOCTh MPHUBJICYb IS UX
peleHusI COOTBETCTBYIOIIMK (hr3nKo-MaremaTrueckuit ammapart ([1K-3);

- CIIOCOOHOCTH U TOTOBHOCTH aHAJIM3UPOBATH HAYUYHO-TEXHUYECKYIO0 HHPOpMa-
[[MI0, W3y4aTh OTEUECTBEHHBIH M 3apyOEeKHBIA OMBIT MO TEMATUKE HCCIICTOBAHMUS
(IIK-6);

- TOTOBHOCTH K caM00OydeHuI0 U opranu3anuu ooyuenus (ITK-23).

B pe3ynbrate 0CBOCHUS TUCHUILUIMHBI 00yUYarONTUNCs TOKEH:

3HaTh:

- ICTOPUYECKHUE, COUATILHBIC M SKOJIOTUYECKHIE ACTICKThI TUCIIUILIAHEI;

- COCTaB ¥ OCHOBHBIC MOHATHUS TOTUTMBHO-YHEPTETHYECKOTO KOMILICKCA,

- MECTO DJIEKTPOIHEPTETUKHU B SHEPreTHUECKOU cTparerun Poccnu;

- YCTpOHCTBO U (yHKIIMOHUpOBaHUEe coBpeMmeHHOM TOC, paboTaromieil Ha Op-
TaHUYECKOM TOILJIUBE;

- YCTpOMCTBO U (YHKIMOHUPOBaHUE coBpeMeHHoun TOLI;

- YCTPOMCTBO BOJIOIO/IOrPEBATEILHON YCTAaHOBKU MoltHOM TOII;

- ycTpoicTBO U pyHKIMOHUpoBaHUE ADC pa3IMyHOTO THIIA;

- YCTPOUCTBO COBPEMEHHBIX MAPOBBIX TYpOUH;

- MApOTa30BbIC YCTAHOBKU AJICKTPOCTAHIIHIA;

- YCTPOWCTBO COBPEMEHHBIX CTAIIMOHAPHBIX Ta30TypPONHHBIX YCTaHOBOK;

- TEXHUYCCKUH YPOBEHD M COCTOSIHUE YHEPTCTUKU U TEIIOdHEPTeTUKH Poccuuy;

- 3apyOeKHBbIC KJIACCUUECKHE MapOTypOUHHBIE DHEPrOOJIOKHM HOBOTO IMOKOJIE-
HUS;

- TEXHUYCCKYIO CTPATETUIO OOHOBJICHUS TEIUIODHEPTreTHKH Poccnu;

- CTpATeTuIo MPOJIJICHUS pecypca U peHoBaluu padoTaromux TIC;

- TEOPETHUYECKUE OCHOBBI AJIEKTPOTEXHUKU;

- KPaTKyH0 UCTOPHIO dJIEKTPOIHEPTETHKHU, MIEKTPOIHEPTETUIECCKIE CHCTEMBI;

- YCTPOWCTBO TE€HEPATOPOB IECKTPOCTAHIIHIH;

- o0mue cBeIeHus 00 PISKTPUUESCKUX CXeMaX CTAHIIUH U MTOACTaHIINM;

- 001IMe CBeNCHUS O KOHCTPYKITUH JIMHUM JJICKTPOIIepeaay;

- 00IIIHME CBEICHMSI O CUCTEMaX dJIEKTPOCHAOKEHHUS;
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- HOPAJOK PCTYJIMPOBAHUS HAIMMPAKCHUA 1 4aCTOTHI B SHEPIroCUCTEMAX
- OCHOBHBIC CBCACHHUA O pCHGﬁHOﬁ 3alIuTcC.

Ymers:

- UCI0JIb30BaTh OCHOBHbIE (PU3NYECKHE BEIUYHMHBI, UCIIOJIb3yEMbIE B MTPAKTHUKE
IPOU3BOJICTBA U MOTPEOJCHUS IIIEKTPUUECKON M TEIUIOBOM PHEPTUU IPHU BBITOJIHE-
HUU KYPCOBBIX, TUIIJIOMHBIX M BCEX JAPYTHX BBIMTYCKHBIX KBATU(UKAIMOHHBIX PadboOT
(bakanmaBpCKUX U MaruCTEPCKUX) MO CHEIUAIbHOCTH;

- TIPOU3BOJWTH BBHIOOP OCHOBHBIX KPUTEPHEB OIEHKH KAadyeCTBa TEIUIOBOW H
ANEKTPUYECKOW SHEPTUU TPH BHITIOJHEHUU BBIMYCKHBIX KBATM()UKAITMOHHBIX padoOT
0 CTICIIHAIBHOCTH.

Bnaners.:

- CIIOCOOHOCTHIO K 0000IIIEHUI0, aHATTU3Y, BOCIIPUITHIO HH(GOPMAIINH;

- CIMIOCOOHOCTHIO TIONCKA METO/Ia U 00paboTKH HH(POPMAIINH KaK BPyYHYIO, TaK
U C MPUMEHEHUEM COBPEMEHHBIX WH(OPMAIMOHHBIX TEXHOIOTHIA,

- CIIOCOOHOCTBIO O(OPMIISIT, TIPEICTABIIATh U JTOKJIAIBIBATh PE3YJIBTATHI BbI-
MIOJTHEHHOW PabOoTHI.



1 O0mme pekoMeHIANMH MO PadoTe HAJ AUCHUIIHHON «JIEKTPOCTAHINH
COBPEMEHHOM JHEePreTHKHN»

Pabora cTyaeHTa Haj AUCUMILIMHON «NEKTPOCTAHLIMU COBPEMEHHON IHEpre-
THUKW» CKJIAJIBIBACTCS U3 CIEAYIOIIMX MIEMEHTOB:

- CaMOCTOSITEIBHOTO M3Yy4YEHUS TEM JUCLMIUIMHBL [0 y4€OHHKaM M y4e€OHBIM
OCOOMSIM € MOCIIEAYIOLIEH CaMOIIPOBEPKON;

- UHJIUBU1yaJIbHBIX KOHCYJIbTalUi (OYHBIX U MMCbMEHHBIX);

- TIOCCIICHUS JICKIIUH;

- IOCEUICHUS TIPAKTUYECKUX 3aHATHIH;

- BBIIIOJTHEHUS] KOHTPOJIBHOU paboTHI;

- KOMIIBIOTEPHOTO TECTUPOBAHUS;

- Tu(PepeHInPOBaHHOTO 3a4EeTa.

CamocrosiTenbHas padoTa

[lepen camocTosTeNbHON pabOTON HEOOXOAUMO IMPEIBAPUTEIILHO BHUMATEIb-
HO O3HAKOMUTBCS € COJIEPKaHUEM JUCLMIUIMHBI U €€ IIPOrPaMMOM.

[Tpu nepBOM UTEHUU CTYAECHT JI0JKEH MOJYYUTh oOllee MpeacTaBieHue o0 us-
JaraeMbIX Bompocax, oOpaTuB oco00oe BHHUMaHHME Ha OOLIMI MOAXOA K M3yyaeMou
TeMe. [Ipr MOBTOPHOM YTEHMHM HY)KHO IApajUIEIbHO BECTU KOHCIEKT, B KOTOPBIH
HE0OXO0AMMO 3aHOCHUTh BCE OCHOBHBIE MOHATHS M 3aKOHOMEPHOCTH paccMaTpUBaeMOM
TEMBbI, MATEMAaTUYECKUE 3aBUCUMOCTH U UX BBIBO/IBI.

[lepexoauTh K M3YyYEHUIO HOBOW TEMBI CIEIYET TOJIBKO MOCIIE MOJHOrO U3yve-
HUS TEOPETUYECKHUX BOIIPOCOB MO MPEBIIYIICH TEME.

CamornpoBepka

3aKOHYMB U3YYCHHE TEMBbI, HEOOXOUMO OTBETHUTh Ha KOHTPOJBHBIE BOMPOCHI
JUIsl CAMOIIPOBEPKH M BHECTH KOPPEKTUBBI B KOHCIIEKT, KOTOPBI BIOCIEACTBUH MO-
MOXET MPU MOBTOPEHUHU MaTepralia B MEPUO]] OATOTOBKH K 3a4ETY.

Koncynpranuu

IIpy BO3HMKHOBEHUHU 3aTPYAHEHHM, INPEHATCTBYIOIIUX IIOCIEN0BATEIBHOMY
M3YYCHHUIO TEOPETUYECKOM YacTH IHUCLMIUIMHBI, TOMCKY OTBETOB HA BOIIPOCHI AJIS
CaMOMPOBEPKH WJIM PEIICHUIO KOHTPOJIbHBIX 3aJlaHui, cliefyeT oOpaliarbes 3a
IMUCbMEHHOM WJIM YCTHOW KOHCYJIBbTAllMEW K IIPEroaaBaTelllo B yHuBepcureT. Ilpu
ATOM HEOOXOAMMO yKa3aTh BOIIPOC, BBI3BIBAIOIIMM 3aTpyAHEHHE, MECTO B YUEOHHUKE,
r7ie OH pazoupaercs.

Jlexuun

B nepron ycTaHOBOYHOW MJIM 3K3aMEHALIMOHHOM CECCUM CTYIACHTaM YHMTAIOTCS
JIEKITUH 0030pHOTO XapaKTepa, Ha KOTOPBIX pacCMaTPHBAIOTCS OCHOBHBIC TEMBI M BO-
MIPOCHI, BBI3BIBAIOIIME 3aTPYAHEHHUS TP CAMOCTOSATEIIBHOM U3yUYECHUH.

[IpakTrueckue 3aHATUA
B mepuon ycTaHOBOYHOW MIIM 9K3aMEHALMOHHOM CECCUU MPOBOAATCS NMPAKTHU-
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YECKUE 3aHSTHS, MO3BOJSIONIUE CTY/IEHTaM MPHOOPECTH HABBIKU PELICHHS MPaKTH-
YECKUX 3a1ay.

KonTponbHas pabota

B npouecce u3ydeHns TUCHUILIMHBL « DJIEKTPOCTAHIIMM COBPEMEHHOM 3HEpre-
TUKW» CTYAEHT JOJKEH CaMOCTOSATEIbHO BBINOJIHUTH KOHTPOJIbHYIO paboTy U CBOE-
BPEMEHHO C/1aTh €€ Ha npoBepKy. KoHTposibHas paboTa COCTOUT U3 YETHIPEX 3aJaHUN
C mpuMepamu pemieHus. TaOnauipl ¢ BapuaHTaMH 3aJaHUN KOHTPOJIBHOW paboThI,
TpeOOBaHUS U METOJMYECKHE YKa3aHHs MO €€ BBIIOJHEHUIO IPHUBEACHBI B COOTBET-
CTBYIOLIEM pa3fesie JaHHON METOINYECKON pa3pabOTKH.

KommnerorepHoe TecTupoBaHue

[Tocne Toro kak CTy€HTbl MPOCIYIIAIOT KypCc 0030pHBIX JIEKIHI, OHU MPOXO-
IST 00sA3aTeIbHOE KOMIIBIOTEPHOE TECTUPOBAHME Ha BhIMycKarouled kadeape. Cry-
JEHT, HE NpOLIeNNi 00s3aTenbHOE TECTUPOBAaHUE HA BBITyCKaroulel kadeape, K
auQdepeHIIPOBAaHHOMY 3aU€Ty HE JIOMYCKAETCS.

JuddepenurpoBaHHbIif 3a4€T

CryneHTsl OJIY4aroT I0NycK K AuddepeHnpoBaHHOMY 3a4€Ty MOCIE OCBOE-
HUS JAHHOM NHUCIMIUIMHBI, BBIMOJHEHUS KOHTPOJIBHON paOOThl M YCHEIIHOTO MpO-
XOXKIEHUS KOMIBIOTEpHOTO TecTtupoBaHus. [luddepeHnupoBanHbiii 3a4€T MpPOBO-
JTUTCSI B COOTBETCTBUH C YTBEPKIACHHBIM PACITUCAHUECM.

1.1 Tembl AJ151 CAMOCTOSITEJILHOTO U3y4EHUSI
Pazmen 1

1.1 BBenenue B COBPEMEHHYIO TETUIOOHEPTETUKY

O ¢usnuecknx BeIUYMHAX, UCIOJIb3YEMbIX B MPAKTHUKE MPOU3BOJICTBA M IO-
TpeOJICHUS DJIEKTPUUECKOW U TEIUIOBOM sHepruu. HexoTopwie CBOWCTBA BOASHOTO
napa 1 BoAbl. HeKkoTopbie CBOMCTBA TOIJIUB, COKUTAEMBIX Ha TEIIOBBIX AJIEKTPOCTAH-
nuax. HexoTopweie cBOWCTBa MaTepuajioB ISl YHEPTETHUYECKOTO OOOpYIOBAHMS.
DHepreTuka U IeKTPOTCHEPUPYIOIINE CTAHIUU.

1.2 YerpoiicTBo U pyHKIIMOHUpOBaHUE coBpeMeHHOoM TIL]

CHa0xeHue TerIoM MPOMBIIUICHHBIX NPEANPUSITHI U HACEIEHUsI KPYIHBIX U
cpenHux roponoB. Ilonstue o temnodpukanuu. IlpencraBieHue o TEIIOBBIX CETAX
KPYIHBIX TOpo/oB. Pa3aenbHast 1 KOMOMHUPOBAaHHAS BBIPAOOTKA AJIEKTPOIHEPTUU U
terna. TepMoaMHAMUYECKOE MPEUMYIIECTBO KOMOMHMPOBAHHON BbIpaOOTKHU. Pac-
npeJiejeHre YKOHOMUU TOIUIMBA OT TEeIIO(UKAIMU Ha BhIpaOOTaHHBIE 3JIEKTPOIHEP-
ruto u Terioty. [lokazarenu kadectBa padbotsl TOL. YcrpotictBo TOIl 1 TexHomO-
TUYECKHI Mpoliecc NOMydeHus: ropsueit cereBoi Boabl Ha TOLI.

1.3 YcTpoiicTBO BOAOMOAOTpEBATENBHON YCTAaHOBKU MOIIHOM TOL]
Cxema BogomnoaorpeBarenbHoi ycraHoBku TOL. ['paduk TernoBoit Harpy3ku
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TEIUIOCETH U paboTa BOAOIOAOrpeBaTebHON yecTtanoBk Ha TOLI. YcrpoiicTBo cete-
BOT'0 MOJOrpeBATEIIs.

1.4 YerpoiictBo u pyHkimonupoBanne ADC pa3IMyHOro TUma

MecTo aTOMHOM 3HEpreTuku B Mupe, Poccun u B €€ eBponenckon yactu. Pe-
cypcsl, notpednsgembie ADC, e€ mpoAyKIusi U OTXOJbI Mpou3BojcTBa. [Ipeacranie-
HUE O AJIEPHBIX PEaKTOpax pa3nudHoro tuma. CpaBHeHHE peakTopoB TUIIOB BBOP u
PBMK. Tekyiee nonoxeHue u nepcrnektuBbl ctpoutensctBa ADC B Poccun u 3a
pyOexom.

1.5 YcTpoicTBO COBPEMEHHBIX MAapOBBIX TYpOUH

YcrpolictBo napoBoi TypOuHBbI. [IpoTouHas 4yacTe U IPUHIMI AEUCTBUS TYp-
Ounbl. KOHCTpYKIMSI OCHOBHBIX Y3JIOB M JieTajneil mapoBbix TypOuH. KoHcTpykuus
OCHOBHBIX Y3JIOB U JeTajeil napoBbiXx TypOuH. KOHCTpyKIUs OCHOBHBIX Y3JIOB U Jie-
Tajei napoBbIX TypOuH. Turbl mapoBbIX TYpOUH M 00JACTH UX HCIOJIb30BaHuA. Oc-
HOBHbBIE TEXHUYECKUE TPEOOBAHUS K IMaPOBBIM TYpOUHAM U X XapaKTEPUCTUKH.

1.6 VYcTpoiilcTBO COBPEMEHHBIX CTAIlMOHAPHBIX Ta30TYPOMHHBIX YCTAHOBOK
Y cTpolcTBO COBpeMeHHOU BbicokoTeMnepaTrypHot I'TY. Ilpeumyinectsa, Henocrar-
ki 1 obnactu npumeHeHus: ['TY. CpaBHUTENbHbIE XapaKTEPUCTUKN OTEUECTBEHHBIX
u 3apyoexHbix ['TY.

Paznen 2

2.1 TTaporazoBbie YCTaHOBKH 3JIEKTPOCTAHIINNA

[loHATHE O MApOra30BBIX DHEPIETHUYECKUX TEXHOJOTHUSIX M YCTPOMCTBO IPO-
crermeit [II'Y. Knaccudukarus [1I'Y, ux tumsl, npenuMyIiecTBa u HegocTaTku. [la-
pOra30Bble YCTAHOBKM YTHJIM3ALMOHHOIO TUMA. Y CTPOMCTBO TOPU3OHTAIBHOIO KOT-
Ja-yTuinszaropa. MecTo B 3apy0eKHON SHEPreTUKE U TEHACHIIMU UX Pa3BUTHS.

2.2 TexHn4ecKkuil ypoBEeHb U COCTOSIHUE PHEPTETUKU U TeIUI0dHepreTuku Poccuu

[ToHATHE O TEXHUYECKOM YPOBHE SHEPre€TUKH U TEIUIOPHEpreTuku. HoMeHkna-
Typa TEHEPUPYIOMINX TEIUIOIHEPTETUYECKUX MOIIHOCTEH U CTPYKTypa BBIPAOOTKH
anekTposHepruu. Bo3pactHoit coctaB obopyaoBanus TOC u TOI] Poccuun. DkoHo-
MHYHOCTB 3JIeKTpocTaHlni. OueHka Texauueckoro ypoHs TOC Poccum.

2.3 3apyOexHble KJIacCUYeCKue MapoTypOMHHBIE SHEPTrOOJIOKHM HOBOTO MOKO-
JeHus

OCHOBHBIE MTyTH COBEPIICHCTBOBAHUSI 3HEPIeTHUECKOTO 000PYI0BaHUS KJlac-
cuyeckux TOC. CpaBHUTENbHBIA aHAIN3 TEXHUYECKOTO YPOBHSI OTEUECTBEHHBIX U
3apyOexHbIX MapoBbIX TypOuH. [lepexoa K CynepcBEpXKpUTHUECKUM HapaMeTpam
napa. CoBeplleHCTBOBaHHE TEIUIOBOIM cxembl TypOoycTaHOBKU. I[lapamerpsl U Tex-
HUYECKHE XapaKTEPUCTUKH 3apyOeKHBIX KIACCHUECKUX IHEProOI0KOB HOBOTO MOKO-
nenusi. OCHOBHBIE MPUYMHBI HU3KOH 3k0HOMHYHOCTH TOC Poccun.



2.4 TexHuueckas cTpaTerusi OOHOBIIEHUS TEIJIOIHEPTeTUKU Poccru

TexHuueckasi cTparerusi OOHOBJICHUS TEIUIOAHEPTETUKU ISl PA3IMYHBIX PETHU-
oHOB Poccuu. CocTosiHuE 1 NEPCIIEKTUBBI CO3JaHNs COBPEMEHHBIX BBICOKOTEMIIEPA-
TypHBIX I'TY poccuiickuMm sHepromMammHoCcTpoeHueM. [IpoGiemMbl U MEPCHEKTUBEI
CO3JJaHUSI POCCUUCKUX MapOTYypOUHHBIX HEProO0JIOKOB HOBOIO MOKOJIeHUs. KOTIbI ¢
UUPKYJIUPYIOIIUM KHUIISIIAM CIIOEM.

2.5 Ctparerust npojjieHust pecypca u peHoBauuu padotaromux TIC

Metonpt penoBaruu TOC m mpobOnema mpojuieHus pecypca. Ilocnenctus
JUTUTENBHON pabOThl MeTalljla MPU BBICOKOW TeMIlEpaType W HCUEpIlaHHE pecypca.
Texnonorus obecriedeHus! U MPOJJICHHUSI pecypca 3JIEMEHTOB HEPTeTUYECKOro 000-
pyIoBaHMs. YTPaBI€HUE CPOKOM IKCIUTyaTallMH AJIEMEHTOB SHEPreTHYEeCKOro 00o-
PYJOBaHMS.

2.6 I'a3otypOunHas yctaHoBKa sHeprooioka [1I'Y-450T

Oo6mee onucanue ['TY. YcerpoiicTBo kamep cropaHusi. Y CTpOHCTBO Ta30BOM
TypOuHBI U cucteMa e€ oxnaxnaeHus. Coopka I'TY, TpancnoptupoBka Ha TOLl u
yCTaHOBKa B MamMHHOM 3aiie. Pa3Butue konctpykiuit ['TY ¢upmsl Siemens u Mme-
cto I'TY V94.2 B 3TOM pa3BuTHm.

Paznen 3

3.1 KorenpHas ycTaHOBKa mapora3oBoi ycraHoBku [11'Y-450T
TemnoBass cxema KOTEJIbHOM YCTAaHOBKH. KOHCTpyKIMS KOTJa-yTHIA3aTOpa
[I'Y-450T.

3.2 TlapoBas TypOWHa, KOHACHCAIIMOHHAS W TEIUIO(MUKAIMOHHAS YCTAaHOBKH
sHeproooka I[1I'Y-450T

Koncrpykmust mapoBoit Typounst T-170-7,8. Ocobennoctu paboThl mapoBoit
TypOunbl B coctaBe [II'Y-450T B KOHIEHCAITMOHHOM U TEIUIO(UKAIIMOHHOM PEXHU-
Max. KoHjeHcallMoHHasi yCTaHOBKA M KOHCTPYKIMSI KOHAEHcaropa. Terodukamu-
OHHas ycTaHOBKa sHeprooioka [1I'Y-450T.

3.3 TemoBble cXeMbl TPOMBIIIIEHHBIX U OTOMMUTENIbHBIX KOTEIbHBIX

Hasnauenue, knaccudukaiys u 001acTH UCMOJIb30BAHUS KOTEJIbHBIX JJIA MPO-
M3BOJICTBA TEIUIOTHI B CHUCTEMAax TEIJIOCHAOXKEHUS MPOMBIIIICHHBIX MPEANPUSITHI.
[TapoBbie koTenbHble. BogorpeitHpie koTenbHble. O0NACTH MX PAMOHAIBHOIO HC-
MOJIb30BaHusA. MeToibl BbIOOpa KOJIMYECTBA U TUIIOPA3MEPOB BOJOTPEHHBIX KOTJIOB,
yCTaHaBJIMBAEMbIX B KOTEJIbHONU. MeTo1bl BEIOOpa KOJIMYECTBA pabOUYUX U PE3EPBHBIX
KOTJIOArperaTtoB, UX TUIIOPAa3MEPOB M COCTaBa BCIIOMOTraTeIbHOTO OOOPYJIOBaHMS B
3aBUCHUMOCTH OT BEJIMYMHBI U XapaKTepa MPUCOEIUHEHHBIX TEIUIOBBIX HArpy30K, MC-
MOJIb3yEMOT0 TOTUJIMBA M KaTErOPUHHOCTH MOTPEOUTEINCH mapa.

3.4 TeopeTnyeckne OCHOBBI ANIEKTPOTEXHUKHU
[IpeameT, OCHOBHBIE pa3/eiibl U MOHATUS TEOPETUUECKUX OCHOB 3JIEKTPOTEX-
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HUKH. DJIEKTPUUYECKUE TIEMHU: JIEMEHTHI, CXeMbI, 3aKOHBI, KiIaccuukanus. IIeKTpo-
MAarHUTHBIE MPOLIECCHl U PEKUMBI DJIEKTPUUECCKUX LEeNel. PeXKUM CHHYCOMAAIBHOTO
TOKa. MOIIIHOCTH B LIETISIX CHHYCOMAQIBHOTO ToKa. Tpexda3zubie 1enu: (ha3Hbie U JH-
HEWHBIC TOKH, HAMPSIKECHUS, MOIIIHOCTH.

3.5 DAEKTPOIHEPreTUUECKUE CUCTEMBI
OCHOBHBIEC MOHATHSA IIEKTPOIHEPreTUKU. Pa3zBuTue snexktpos’nepretuku Poc-
CUU. DJEKTPOIHEPIE€THUECKUE CUCTEMBL. DIIEKTPUUECKHE CETH.

CrpykTypa nekuui
Jlexmmst Ne 1 — O630pHas nexmus o pasznenam Ne 1-2 (2 gaca).
Jlexmmst Ne 2 — O630pHas ekius 1o pasznenam Ne 2-3 (2 gaca).

CrTpykTypa NpakTHUYECKUX 3aHATUN

[Ipaktuueckoe 3anstre Ne 1 — Pemenue 3anau no paznenam Ne 1 (2 gaca).
[Tpaktruueckoe 3anstue Ne 2 — Pemenue 3anay no pasaenam Ne 2 (2 gaca).
[Ipaktuueckoe 3anstre Ne 3 — Pemenue 3amau no pasnenam Ne 3 (2 gaca).

1.2 MeTtoanueckue YKa3aHHsi 10 BBINOJHEHUIO H  0(OPMIIEHHUIO
KOHTPOJIbHOI padoThI

K BBINIOTHEHUIO KOHTPOJIBHON PadOThl ClEyeT MPHUCTYIATh TOJIBKO IOCIE
M3YUYCHHS] COOTBETCTBYIOLIETO TEOPETUUYECKOr0 MaTepualia u ompeseeHnus HeoOoXo-
JTUMBIX MCXOJIHBIX JaHHBIX. TOJBKO CO3HATENIbHOE («HE MEXAHUYECKOE») PEIICHHE
3a/1a4d MPUHOCUT TOJIb3Y W MOMOTAET 3akperuieHuto 3HaHui. CornacHo ydyeOHOMY
MJIaHy, HEOOXOUMO BBINIOJHUTH OJHY KOHTPOJBHYIO pabOTy, COCTOSAIIYIO U3 YEThI-
pex 3amanuii. [Ipy BBITOTHEHUM KOHTPOJILHOM PabOThl PEKOMEHAYETCS TPHUIACPHKU-
BaThCS CIAEAYIOUIUX TPaBUIL:

1) KOHTpOJIbHBIE 3aJaHUS, BBHINOJHEHHBIE HE MO CBOEMY BapHaHTy, HE pac-
cmatpuBatorcs. Homep Bapuanta 6epércs no mudpe HoMepa 3a4€THOM KHIKKH CTY-
nenta. l'ox mocrymuienust B8 PU(P)MILY npu onpenenenuu Baiiero BapuanTa He yUu-
TBIBAETCS, TAK KAaK OH Y BCEX B IPyNIle OJIMHAKOBBIN (B 1aHHOM npumepe 08). Bapu-
aHT omnpezensiercs no nudpe 16 (B cepeaune mmdpa), rae 1 — nepsas mudpa Homepa,
6 — Bropas mudpa HOMepa. Ha ycTaHOBOYHOM JEKIIMM HOMEp Balleil 3a4€THOM
KHUKKH 3aIlMCHIBACTCS B KypHaJ y4yeTa penoaBaTers;

2) npu pelnieHruy 3a7a4 HE0OXOAUMO JIeJlaTh MUChbMEHHbIE TTOSICHEHUS, TIPUBO-
JUTh COOTBETCTBYIOIIUE (OPMYJIbI, 00s13aTEIBHO YKa3bIBaTh PA3MEPHOCTH HCIIOJb3Y-
€MBbIX B pacuéTax BEJUYMH (HEBBIOJHEHUE IMOCTETHEr0 TPeOOBaHMS PABHOCHIILHO
o1noKe);

3) BBIYMCIIEHUSI MPOU3BOAUTH MPU MOMOIIHU UHKEHEPHOTO KaJbKYJIATOpa HIIH
KOMITBIOTEPA C JOCTATOYHOW JJIi MH)XKCHEPHBIX PAacuéToB TOYHOCTHIO. ['paduku u
JMarpaMMBbl JOJIKHBI OBITh TIOCTPOEHBI B MacIiTade, xKenaTebHO Ha MUJUIUMETPOBOM
Oymare;

4) B OTBeTax CIIEAyeT MPUACPKUBATHCS OOMICTIPUHSATHIX TEPMUHOB M 00O3HAYE-
HU. Pe3ynbTare! pernienus 1omKHbI OBITh TipecTaBieHbl B enuauax CH;
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5) TeKCT cienyeT mucaTh pa300pUMBO, OCTABIIAS TMOJIE JUISl 3aMEUYaHUN PEIeH-
3€HTa, CTPaHUIbl HyMEPOBaTh, BHIMOJIHEHHOE 3a/IaHHUE MOANMKUCATD.

2 Tembl caMoOCTONAITEIBHOI Pa0OTHI CTYJEHTA
2.1 Ilapora3oBble YCTAHOBKH

B razorypOunHON ycTaHOBKE TypOMHY BpalalOT ra3000pa3Hble MPOTYKTHI
CropaHusl TOIUIMBA. TOTUTMBOM MOYKET CIIYKHTh KaK MPUPOIHBINA Ta3, TaK M MPOTYK-
ThI HEPTAHOHN MPOMBIILIEHHOCTH (IU3eIbHOE TOIUINBO). Ha omHoM Bamy ¢ TypOuHOM
HAXOJUTCS TeHEPaTop, KOTOPBINA 3a CUET BpaIICHUS POTOpPa BbIPaOATHIBAET AJIEKTPH-
yeckuil Tok. [Ipoxonas uepe3 ra3oByro TypOUHY, MPOIYKTHl CTOPAHUS OTHAIOT JIUIIb
9JacTh CBOEH SHEPTUU U Ha BBIXOJE U3 He€, KOTJa uX JaBJICHUE yKe OJM3KO K HapyxK-
HOMY U pa0oTa HE MOKET OBITh MU COBEPILEHA, BCE €I1I€ UMEIOT BBICOKYIO TeMIIepa-
Typy. C BBIXO/Aa Ta30BOM TypOMHBI MPOIYKTHI CrOpaHUs MOMNAAal0T B MapOCUIIOBYIO
YCTaHOBKY, B KOTEN-yTHIIM3ATOp, TJ€ HArpeBalOT BOJY W OOpa3yIOIIUNCS BOJSHON
nap. Temneparypa npoayKTOB CrOpaHHs JOCTATOYHA JIJIsi TOTO, YTOOBI JOBECTH Map
10 COCTOSIHUS, HEOOXOJUMOro [iIsi MCHOJb30BAaHUS B MApPOBOM TypOHHE
(TemmepaTypa ABIMOBBIX Ta30B oOkoj0 500 °C Mo3BOJIAET MOJIYyYaTh MEperpeThiid
nap npu gasiaeHuu okosio 100 atm). IlapoBas TypOuHa NPUBOAUT B JIEWCTBHE BTO-
poii anekTporeneparop (cxema multi-shaft).

[upoko pacmpocTpaHeHbl MApOra30Bble YCTAHOBKH, Y KOTOPBIX MapoBas U ra-
30Basg TypOMHBI HAaxXOJATCS HAa OJHOM Bally, B 3TOM CIy4ae HCIOIB3YETCS TOJBKO
OJIMH, Yallle BCEro JABYXIPUBOAHBIN renepaTop (cxema single-shaft). Takas ycranos-
Ka MOXKET paboTaTh Kak B KOMOMHHPOBAHHOM, TaK M B MPOCTOM Ta30BOM IIUKIIE C
OCTaHOBJICHHOM mapoBoi TypOuHOMU. Takke yacto nap ¢ AByx 010koB I'TY — kotén-
YTHJIM3ATOP HAIMPABJISETCS B OJIHY OOIIYIO TAPOCUIIOBYIO YCTAaHOBKY (PUCYHOK 1).

Pucynok 1 — Ilaporasosas ycranoska 115 MBt Jlsrunesckoit TOL]
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https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D1%80%D0%BE%D0%B4%D0%BD%D1%8B%D0%B9_%D0%B3%D0%B0%D0%B7
https://ru.wikipedia.org/wiki/%D0%9D%D0%B5%D1%84%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B7%D0%B5%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%82%D0%BE%D0%BF%D0%BB%D0%B8%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%82%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%82%D0%B5%D0%BB-%D1%83%D1%82%D0%B8%D0%BB%D0%B8%D0%B7%D0%B0%D1%82%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D1%8F%D0%BD%D0%BE%D0%B9_%D0%BF%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%B4%D1%8F%D0%BD%D0%BE%D0%B9_%D0%BF%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B3%D1%80%D0%B5%D1%82%D1%8B%D0%B9_%D0%BF%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B3%D1%80%D0%B5%D1%82%D1%8B%D0%B9_%D0%BF%D0%B0%D1%80
https://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0_(%D0%B5%D0%B4%D0%B8%D0%BD%D0%B8%D1%86%D0%B0_%D0%B8%D0%B7%D0%BC%D0%B5%D1%80%D0%B5%D0%BD%D0%B8%D1%8F)
https://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%B5%D1%80%D0%B0%D1%82%D0%BE%D1%80

Wuorga maporas3oBble YCTaHOBKM CO3JAl0T Ha 0a3e CYIIECTBYIOLIUX CTapbIX
NapOCUJIOBBIX YCTAHOBOK (cxeMa topping). B aToM ciiydae yxopsiue ra3bl U3 HOBOU
ra3oBOM TypOUHBI COPACBIBAIOTCS B CYIIECTBYIOIIMI MapOBOM KOTEN, KOTOPBIM COOT-
BETCTBYIOIUM oOpa3zom MozaepHuszupyercs. KIIJ[ Takux ycTaHOBOK, Kak IMpaBUIo,
HUKE, YEM Y HOBBIX IMAPOTra30BbIX YCTAHOBOK, CIIPOEKTHUPOBAHHBIX U MOCTPOCHHBIX
«C HYJISD».

Ha ycranoBkax HeOOJBIION MOUTHOCTH MOPIIHEBAs MapoBas MallMHa OObIYHO
s dekTuBHEE, YeM JIOTIAaTOYHAsl paJuaibHasi WU OCeBas MapoBas TypOMHA, U €CTh
IIPEUI0KEHNE IPUMEHATh COBPEMEHHBIE TaPOBBIE MAIIMHEI B cocTase [11'Y.

[Ipenmymectna I1I'Y:

- TapOra3oBbI€ YCTAHOBKM IO3BOJISIIOT JIOCTHYb 3aekTpudyeckoro KIIJ]
6onee 60 %. Jlns cpaBHEHUS, y pabOTAIOMUX OTAEIHHO MapOCHIOBBIX YCTaHOBOK
KIIJI o6pruHO HaxoauTcs B npenenax 33-45 %, mis ra30TypOMHHBIX YCTAHOBOK — B
nuanasone 28-42 %;

- HU3Kasi CTOMMOCTb €JIMHUIIbI YCTAHOBJIIECHHOW MOIIHOCTH

- TIapora3oBble YCTAaHOBKU MOTPEOJIAIOT CYIIECTBEHHO MEHBIIE BOJbI Ha €U-
HUILY BBIpa0aTHIBAEMOM 3JIEKTPOIHEPTUU IO CPABHEHUIO C MAPOCUIOBHIMU YCTaHOB-
Kamu,

- KOPOTKHE CPOKH Bo3BeaeHus (9-12 mec.);

- HET HEOOXOJMMOCTH B TOCTOSIHHOM IIO/IBO3€ TOIUIMBA KE€JIE3HOJAOPOKHBIM
WJIA MOPCKHAM TPaHCIIOPTOM;

- KOMIAKTHBIE pa3Mepbl MO3BOJISIOT BO3BOJIUTH HETIOCPEACTBEHHO Yy MOTPEOU-
Tens (3aBojia WM BHYTPH rOpojia), 4To cokpamaet 3arpatsl Ha JIDII u TpancnopTu-
POBKY 2JIEKTPUYECKOU SHEPTUH;

- 00Jiee HKOJOTUYECKH YHCThIE B CPABHEHUU C MapOTYpOMHHBIMH yCTaHOBKA-
MH.

Henocrarku I1I'Y:

- HEOOXOAMMOCTh OCYIIECTBISATh (DUIBTPAIUIO BO3/yXa, UCHOIB3YEMOTO IS
CKUTaHUS TOIUIUBA;

- OrpaHUYEHUs HA THUIIBl UCIOJb3yeMOro ToruBa. Kak mpaBuiio B KauecTBe
OCHOBHOT'O TOIUIMBA MCITOJB3YETCS MPUPOIHBINA ra3, a Ppe3epBHOIO — AU3EIIBHOE TOII-
nuBo. [IprimMeHeHHe yriasi B Ka4eCTBE TOIUIMBA BO3MOXHO TOJIBKO B YCTAHOBKAax C
BHYTPHITUKIOBOU ra3uuKaIren yrisi, 4TO CUIBHO YA0POKAET CTPOUTEIHCTBO TAKUX
anekTpocTaHuuid. OTCI0[la BBITEKAET HEOOXOJUMOCTh CTPOMTENIbCTBA HEACIIEBBIX
KOMMYHUKAIMH TPAaHCTIOPTUPOBKHU TOTUIMBA — TPYOOIIPOBOJIOB;

- CE€30HHBIC OrPaHUYCHUSI MOIIHOCTU. MakcuMalibHasg MPOU3BOAUTEIILHOCTh B
3UMHEE BpEMS.

[IprumeHeHne Ha AIEKTPOCTAHIIUSX

- CeBepo-3anaanas TOL[ — nepBas snexktpoctanuus B Poccuu, ucnons3yromas
MapoTra3oBbIN UK,

- Aprentunckas TOC Kocrtanepa — nepas snekTpoctaniusa B HOxHoit Ame-
PHUKE, UCIIOJIb3YIOIIasi HapOTa30BhIM IIUKIL.
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https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D1%82%D1%83%D1%80%D0%B1%D0%B8%D0%BD%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%B5%D0%B2%D0%B5%D1%80%D0%BE-%D0%97%D0%B0%D0%BF%D0%B0%D0%B4%D0%BD%D0%B0%D1%8F_%D0%A2%D0%AD%D0%A6
https://ru.wikipedia.org/wiki/%D0%A2%D0%AD%D0%A1_%D0%9A%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D0%B5%D1%80%D0%B0

2.2 TlepcnekTHBBI HCHOJb30BAHHS BO300HOBJISIEMbIX HCTOYHUKOB
IHEPIruun

B npennsepuu rpsaymiero CoOKpamieHus moTpeOaeHus OpraHuYecKuX dHEPro-
HOCHUTEJEH, KOTOPBIE YETIOBEYECTBO TAK HE PAIIMOHAIBHO IIPOIOJIKAET UCIIOJIb30BATD,
npobsiemMa MOMy4YEHUsI PHEPruu OT BO30OHOBIISIEMBIX HMCTOYHMKOB CTAHOBHUTCS BCE
Oonee akTyanbHOU. [10 OlleHKE AKCIIEPTOB, MPU HBIHEMIHUX 00bEMaxX JOObIYM YIJId HA
3emiie xBatut Ha 400-500 net, a HepTH U ra3a — MaKCUMyM Ha ctojiete. [loaTomy
IIepe/l YEJI0OBEUYECTBOM CTOMT 3aJada OCBOEHHUS 3KOJOTMYECKH YUCTBIX, BO3OOHOBIIS-
€MBbIX UCTOYHUKOB YHEPTUU.

[To cymectBy, peub UAET 00 KUCTONb30BaHUU dHEprun CoJHIA I TOJTYUYEHUS
AJIEKTPOMATHUTHOM M TEIJIOBOM 3HEPIHH IO JBYXCTYNEHYATOM cXeMe MmpeoOpa3oBa-
HUA 0€3 yXyAIIEHUs 3KOJOTuU TutaHeThl. JHeprus CojHIa U BETpa MOMCTUHE HEHC-
yepraemMa U yTBEpAWIOCh MHEHUE, YTO YCTPOMUCTBO COJIHEUHBIX CTAHIMN U yCTAHOB-
Ka BETPOIr€HEPaTOPOB HE BHOCUT MPAKTHUYECKU HUKAKUX WU3MEHEHUH B rpupony. On-
HAKO 3aT€HEHHE OIPOMHBIX IJIOLIAAECH COHEYHBIMU CTAHIMSIMU OOJIBLIONW MOIIIHOCTH
U ocnabjieHue MOTOKOB BETpa MOJISIMH BETPOYCTAHOBOK INPUBOJAUT K H3MEHEHUIO
TEIUIOBOTO OajaHca MOYBbl U BEHTUIUPYEMOCTU aTMoc(epbl O0JIBIINX, MHOIOMUJI-
JIMOHHBIX TOPOJIOB U B UTOr€ K OTPULIATEIBHOMY BO3ICHCTBUIO HA YEJIOBEKA, KaK U
BCSIKOE JIPYrO€ TEXHOI€HHOE BMEIIATENIBCTBO B J€J1A IIPUPOIBI.

Pa3ymeercsi, Bce cTpaHbl MHpa CTPEMSTCS K HCIOJIb30BAHUIO «OECIUIATHON
sHeprun CoJIHIA, HO TeorpapuuecKkoe NOJ0KEHHE U IPUPOIHBIE YCIOBUS OTpaHUYu-
BalOT 3T0 cTpemiieHne. OTKpoeM atriac BeTpoB Poccum u ydeaumcs, 4To CpenHss
ckopocTh BeTpa B llentpansnom denepanbHoM okpyre He mpeBblmaet 3-5 m/c. Ilo
CIPABOYHBIM JAHHBIM YCTAHOBHMM, YTO MaKCUMaJbHasi MOIIHOCTh F'€HEpaTOpa B 3TOM
ciaydae He mpeBbIcUT 3-5 kBt1. CrnepgoBaresbHO, OJWMH-IBA BETPSKA I SK30THKU
MOKHO YCTaHOBUTH, TEM 00JIe€ YTO BO3MOXKHA U HEKOTOpasi M0JIb3a, HO CTPOUTH BET-
POBYIO CTaHILIMIO, BBUAY Majoi €€ MOUIHOCTU M OOJIbIIMX 3aHMMAaeMbIX IUIOIIAJEH,
HenesnecooOpasHo. Llena kumoBarT-4aca 3HaUMTENBHO IPEBBICUT aHAJIOTUYHBIN MTOKa-
3aTellb TEIJIOBBIX CTAHUMUM, €CIM YYECTh KOMIUIEKTALMIO KaKJOr0 BETPSKA aKKyMY-
JATOPOM, 3apsIIHBIM YCTPOKWCTBOM, HHBEPTOPOM M YCTPOWCTBOM COIIPSKEHUS C Ce-
THIO IPOMBIIIJIEHHON YaCTOTBHI.

Poccust umeer camplii 00JIBIIION B MUpE BETPOBOM MOTEHIIUAJ, PECYPCHI €€ BET-
poBoii sHepruu onpeaenensl B 10,7 'Bt. K 6G1aronpusTHeIM 30HaM pa3BUTHUSL BETPO-
sHepreTuku oTHocuTcsi CeBepo-3anaj crpanbl (Mypmanckas u JIeHUHTpajackas 00-
JacTH), CeBepHBbIE TeppuTopun Ypana, Kypranckas ob6macts, Kanmbikus, KpacHo-
napckui kpau, JlaneHuii BocTok. B 11e110M TEXHUYECKUN OTEHIUA BETPOBOM dHEP-
run Poccuu onieHuBaetcst 6osee yem B 50000 mupa. kBT-4/roa, skoHOMUYECKH TMO-
TeHmuan cocrasisieT 260 mipa. kBt-u/roa, T.e. okoyio 20 % mpou3BOICTBa IEKTPO-
SHEPIrUU BCEMH JJIEKTPOCTAHUMSMHU CTpaHbl. Peain30BaHbl 3TM BO3MOYKHOCTH HE3HA-
yutenbHo. B HacTosmee Bpemsi B Poccun HacuuthiBaercs Oonee 13 MBT ycranos-
nennoit momrHocTH (0,1 % Bcell BbipabaThiBaeMoil B cTpane 3Hepruu). Camoil MoIIl-
HOW Ha CETrOAHSIIHUM JE€Hb CUMTACTCS BETPOIICKTpOCTaHIMsA B KanuHuHrpaackou
obnactu, BBenéHHas B cTpoit B 2002 roxy (mepBasi yctaHoBka — B 1999 r.) u cocros-
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mas u3 21 ycraHoBKkH, nepegaHHol B nap Biactsamu Jlanuu (Bce BOY — npousBoa-
cTBa Vestas).

E€ cymmapHas momHocTh coctaBiseT 5,1 MBT. Bcero B pabote Haxomaarcs
caenytomue cucteMubie BOC:

1) Kanuaunrpaackas BOC (cM. BeIie);

2) Bopkytunckas BOC momuoctsio 1,5 MBT (arperatst HITO «FOsxHoe»);

3) Kamuarckas BOC (o. bepunra, n. Hukonsckoe) — 2 BOY MomHocThIO
250 kBT npousBoactBa Micon, /lanus;

4) Troonkenpasl BOC (r. Oxtsa0pbckuii, bamkupus) — 4 BOY momHOCTBIO
550 kBt npouszBoactBa HAG, ['epmanus;

5) PoctoBckas BOC — 10 BOY momnoctsio 30 kBt npousBoactsa HSW, I'ep-
MaHMUS;

6) Mypmanckas BOC — 1 BOQY momnoctsio 200 kBT, npousBoacTtsa Micon,
Jlanws;

7) Uykotrckas BOC — 10 BOY mommnuocteio 250 kBt npouspoacrea HITO
«BeTtposn».

CrnenyeT Takke yIOMSHYTh TaKK€ Majble BETPOYCTAaHOKH YCTaHABIMBAEMBIE B
Cubuvpu Ha yJajJeHHBIX CTaHIMAX COTOBOM CBSI3WM W 3aIUIAHUPOBAHHOE CTPOUTEIIb-
ctBo BOC na Konbckom nomyoctpoBe MoniHocTh0 200 MBT.

[Tomumo cereBrix BOY, B Poccun cosmanbl M BBITYCKAIOTCS HEOOIBIIMMHU
naptussMu Masible BOY Ha COBpEMEHHOM TEXHOJIOTUYECKOM ypoBHE. Cpelin ux U3ro-
toButeneii: MKb «Panyra» (8-16 kBt), 'HI[ PO — THUN «3nexkronpudop» (40,
500 u 1000 BT), HIIK «Betpotox» (4 u 16 kBT), AO «lomuna» (2 u 5 kBt), OO0
«Crnenpemteke» (1,5 kBt), HIIO «3aekrpochepa» (5 kBt). B ssuBape 2009 r. Ilpe-
Mbep-MuHUCTpOM P® B.B. IlytuneiM moanmucano Iloctanosnenue lIpaBurenbcrBa
No 1-p o moBenenun k 2020 r. gonmu BUD B snektporenepauun Poccun no 20 %
(15,5 % nomxHO BBIpAOATHIBATHCS OOJIBIIMMU TUIPOCTAHIMAMH, 4,5 % — Apyrumu
Bugamu BUD, B T. u. u BOC). Cymmapnsie nenu no B nogpazymeBarot 100
B3C k 2020 r. — npumepno 1 % (17,5 mapa. kBT npu cyMMapHOU yCTaHOBJIEHHOMN
MourHoctu BOC 7 I'Br).

[TocMoTpyM Ha KapTy COJIHEYHOW WHCOJSIHH (KOJIHMYECTBO COJTHEYHOW JHEP-
T'YH, MOMAJAoNIed Ha TMOBEPXHOCTh 3emiin) peruoHoB Poccum u yGemumcs, 4Tto B
pa3HbIX peruoHax Poccuum rojoBas HHCOJALMS HAaXOAUTCS B IMpeaelax oT
800 kBT-u/Mm? 1o 1900 kBTu/M>. st MOCKOBCKOTO peruoHa rojioBasi UHCOJISIUS O~
HOTO KBaJpaTHOTO METpa TOPU30HTAJIbHOM IUIOIIAAKH cocTaBisieT okosno 1100
KBT"4/M%, T.e. KOJHYECTBO COJHEUHOM JHEPIHH, MOCTYMAOIICH B reorpahruecKyro
30Hy LlentpanbHoro ®enepanbHoro Okpyra, cpaBHUMO ¢ ['epmaHuel, MecSYHbIE
U TOJOBBIE CYMMBl CYMMAapHOM COJIHEUHOM paJHalllH, kB1a/m° IIPUBEACHBI
B Ta0smie 1.

B cpenHem 3a CyTKH 3TO COCTaBUT OKOJO 3-X KBT'4 ¢ OJHOTrO KBaapaTHOTO
MeTpa HEKOTOPOTO YCIOBHOTO MPeoOpa3oBaTelis COJHEYHOW dHEpruu ¢ Kodhduiru-
entoM noJe3Horo aerctust (KIIJ) B 100 % (ecnu y4ecTh COMHEUHYIO paJHaIiio 1o
MecsiaM, To Mojaydum auana3ol ot 0,4 mo 5,5 kB14/M%). KoaDHLHEHT m0Ie3HOro
JEUCTBUSA peabHOTO (DOTORIEKTPUUECKOTO MpeodpazoBarelis Ha OCHOBE KPEMHHSI
(conneunoit 6arapen) okojo 16 % (maHHBIE HOBEHIIMX JTAOOPATOPHBIX Pa3pabOTOK
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Ha apyrux ocHoBax 30-40 %), mosTomy dTa 1udpa peanbHO YMEHBIIUTCS IO
0,48 kBT'u B CyTKM IIpH 1IeHE OAHOTO KBaJIPpaTHOTO METpa COJIHEUHOU OaTtapen OoJee
2000 pyo6uneii. Hanee nocneayer ymensiienue KIIJ] na 10 % exeromno 3a cuér pe-
rpajaliid KpHUCcTaJlyla KPeMHMsI U HEU30€KHBIN BBIBOJ O HEIEIecCO00pa3HOCTH HC-
M0JIb30BaHUS COJIHEYHBIX OaTapeil B HallleM PEeTrHoHE.

Ta6muma 1 — CripaBouHbIC TaHHBIS

Mocksa,
mupoTa | sHB | eBp | MapT | anp | Mail |MIOHb|HIOJNb| aBr | CEHT | OKT | HOSIO | JeK | Tof
95.7°
["opu3zoH-
TaJbHast
COJIHEYHAas
[aHEeb
BepTukaib-

Has COMHEYq 271 3 | 57,9 1104,9| 93,5 |108,2|100,8(108,8103,6| 86,5 | 58,1 | 38,7 | 25,8
Hasi TaHeJb

16,4 | 34,6 | 79,4 |111,2|161,4|166,7|166,3({130,1| 82,9 | 41,4 | 18,6 | 11,7

1020,7

908,3

Haxion
COJITHEUHOM
MaHean  —
40°
Bpamenue
COJITHEUHOM

naHenn Bo-4 21,7 | 62,3 |132,9(161,4| 228 |227,8|224,8|189,2|126,5| 71,6 | 42,2 | 26

KPYT IIOJISIP-
HOUW OCH

20,6 | 53 |108,4/127,6/166,3| 163 |167,7| 145 |104,6| 60,7 | 34,8 | 22

1173,7

1514,3

Boixon BUnuTCA (M OH MPAKTUYECKHU €IMHCTBEHHBIA B HACTOSALIMNA MOMEHT) B
HCIIOJIb30BaHNN COJIHEYHBIX BOJOHArpeBaTeNbHbIX YCTaHOBOK, KII/I koTophIX mocTu-
raet 95 %. B HacTosimiee BpeMs oOliasi mioniaab COTHEYHBIX BOJIOHAIPEBATEIbHBIX
ycTaHOBOK B Poccun He nipeBbimaet 20 ThIC. M°, 9TO Ha IIOPSIOK MEHbLIE, YEM B APY-
rux crpaHax u yem 0bu10 B CCCP. B OCHOBHOM 3TO OTCTaBaHUE CBSI3aHO C HEIOMO-
HUMaHHEM YPOBHS Pa3BUTHS U TEXHUYECKMMH BO3MOXXHOCTSMH T€JIMOTEXHUKH, IO-
CKOJIBKY KOJINYECTBO COJHEUHOM SHEpruH, MOCTYMAIoIIEed B reorpaguueckyro 30Hy
MockoBckol 00yract, cpaBHUMO ¢ ['epmaHuei, rie Ha JaHHBIM MOMEHT ILIOIIAIb
HCIIONB3yEeMbIX CONHEUYHBIX KOJUIGKTOPOB Oomnbmie 6,5 MiuH. M°, T. e.. ['epManus u
MockoBckasi 00J1acTh, MOTYYalOT paBHOE KoJuuecTBO COJHEUHOM 3HEPrHH, TOJIBKO
OHa MOYeMy-TO cjlabo ucmosb3yercs. OTMETHUM, 4TO BO BCEM MHpPE B HACTOSIIEE
BpeMsi paGoraer Gomee 180 MiH. M® CONHEUYHBIX KOIUIEKTOPOB, 0OECIICUMBAIOIINX
TeruiocHa0eHue norpedutesneii. bonbimas ux yacte nocrpoeHa B Kurae (59 %), Ha
BTOpoM MecTe — EBpomna (14 %). CosHeuHble KOJUIEKTOPHI BBITYCKAOT 186 KpYIHBIX
¢upm B 41 cTpane.

OpHa M3 rIaBHBIX COCTABIISIIOUIMX YACTEH reJTMOCUCTEMbI COJIHEUHBIN KOJIIEK-
TOp, MPEBpAlIAOLIUI COJHEYHYIO SHEPTHI0 B TEIUIOBYIO MYTEM MOTJIOIIEHUS COJI-
HEYHOI PHEpPruM, KOTOpas MEPEHOCUTCS BUJIMMBIM U OJIMKHUM UHQPAKPACHBIM U3-
nydeHreM. CylecTByeT MHOXECTBO Pa3HbIX KOHCTPYKLUHWA M TEXHOJOIMH, KOTOpBIE
MO3BOJIAIOT MOJy4YaTh TEIJIOBOM MOTOK B coiHeuHble AHU 10 1200 Bt/M?, a B mac-
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mypHbie 10 400 Bt/M?. B ogHOM M3 BapuaHTOB KOHCTPYKLHUH OCHOBHBIM 3JIEMEHTOM
KOJUIEKTOpa siBIisieTcs adcopOep (MIacTMHA U3 MEIM WU aTIOMUHUA, YEpHEHAsl, Ma-
TOBasi C OJIHOM CTOPOHBI MO CIEUAIBHON TEXHOJOTUH). DTa IJIACTUHA UMEET CHUHE-
BaThI OTJIUB M CIOCOOHA MOTJIONIATh TPEOYyEeMbI CIEKTP COJHEYHOTO H3Ty4YEHUs
MHOTOKPATHO BBIIIIE, YEM MPU NOKPBITUU IUIACTUHBI CAMOW YEPHON U3 BCEX BO3MOXK-
HBIX KpacoK MM NUrMeHTOB. C 00paTHON CTOPOHBI K IJIACTUHE MPUKPEIUICHBI MeI-
Hble TpyOKH, 4epe3 KOTOpbIE MPOXOAUT TEIJIOHOCUTENb — BOJA WU aHTU(DPU3.
OcranbHas 4acTh KOJUIEKTOpA COCTOUT M3 KOPIyca ¢ TEIIOU30JISIUEN U 3aIIUTHOIO
MOKPBITHS (KaK MPABUIIO, UCHOJB3YETCS 3aKaJIEHHOE CTEKIIO), OHO 00ECIIEUnBAET 3a-
LIUTY OT rpaja, MEJIKUX KAMHEH, BETOK, a TAKXKE MPOMYCKAET HY>KHbIE CIIEKTPBI COJI-
HEYHOTO M3JIyYCHUS U CHUXKAET OOpaTHOE MPOITyCKaHUE OTPAKEHHOW YacCTH COJIHEU-
HOTO M3Iy4eHHs] 00paTHO. [10CKOIBKY TETJIOHOCUTENh UMEET OUYEHb BBICOKYIO TEM-
neparypy, €ro Helb3sl HApsMYIO MMOAaBaTh B OaTaper OTOIJICHUS WM B KpaH rops-
yeil Bojbl. Takoil TEMIOHOCUTENh MOJMAETCA B TEIJIOOOMEHHUK, aKKyMYJIUPYIOIIHMA
TEIIOTY.

B renmocucremax mpousBozacta ¢upmbl «lIporpecc-XXI» ucnonb3yercs: Bbi-
cok03(pdEKTUBHBIN BaKyyMHBIN TpyOUaThIii COTHEUHBIN KOJUIEKTOp (pUCYHOK 2). Ba-
KyyMHasi TeIUI0Basi Tpy0a aBTOHOMHA M COCTOUT M3 CBEPXITPOYHOTO OOPOCUIUKATHO-
ro crekia. BHemHss TpyOka — mpo3padHasi, a BHYTPEHHSISI UIMEET CIelMaIbHOe ce-
JIEKTUBHOE MOKPBITHE, KOTOPOE 00ECIEUYNBAET MAKCUMAIbHOE MOTJIOIIEHUE TEIIOTHI
MIPY MUHUMAIHLHOM OTPaKCHUHU.

Pucynok 2— I'enmuocucreMa ¢ TeI000MEHHHUKOM
Jns monniepkaHusi Bakyyma MEXIy BHYTPEHHEH W BHEITHEH TpyOKamu B COJI-

HeuHOM BojoHarpesareie «lIporpecc-XXI» ucnosb3dyeTcss 6apueBbIil Ta30MOTIOTH-
tenb, KoTopsiid CO, CO,, Ny, Oy, H,O u H,, koTOphIe BBIACIAIOTCS U3 TPYOBI B TIPO-
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LIECCE XPAHECHUS U DKCIUTyaTallM, W SBISECTCS YETKUM BU3YaJIbHBIM HHIUKATOPOM
COCTOSIHUSI BAKyyMa B TPYOKE COJIHEYHOTO KOJIEKTOpA.

[Ipu 3araszoBaHHOCTU TPYOKM OapHEBBbIN CIOW M3 CepeOpPHCTOrO0 CTAaHOBUTCS
OeJIbIM, YTO MO3BOJISIET OMPENEIUTh LEIOCTHOCTh TPYObl BAKYYMHOI'O COJHEYHOIO
BojioHarpeBaTes. [Ipy HaIMYUKM COJHEUYHBIX Jydel (MpSMBIX, PACCESIHHBIX) MOTJIO-
[IEHUE TEIJIOTHI MPOUCXOAUT B MEAHOW TpyOKe, KOTOpask HAXOAUTCS BHYTPH BaKy-
YMHOM TpyOBl U COACPKUT HEOPTaHUYECKYI0 HETOKCHUUHYIO KUJIKOCTh, KOTOpas HC-
napsieTcsl MpU HarpeBaHUM UCTHAPSIETCS, a MOCKOJIbKY B TPyOKe HU3KOE JaBJICHUE, TO
ATO MPOUCXOAUT Aaxe mpu Temmepatype munyc 25-30 °C. Ilap noaHumaercs K
HAaKOHECUHUKY (KOHJICHCATOpA) TEIJIOBOU TPYOKH, TJ€ OTAAET TEIUIOTY TEIJIOHOCUTE-
mo (aHTU(dpU3y), KOTOPHIH TEYET MO TEIUIOMPOBOAY TeaHoKoIeKTopa. [loTtom oH
KOHJEHCHUPYETCS U CTEKAET BHU3, U MPOLIECC TOBTOPSAETCS CHOBA.

ConHeuHbINl BOJOHArpeBaTeNib ¢ BAKYYMHBIMU TPYOKaMU MOKa3bIBAET OTIWY-
HbIE PE3yJIbTAThl JIaKE€ B MACMYypPHBIE JHU, MOCKOJBKY OHHU CIIOCOOHBI MOTJIONIATH
SHEPTUI0 UHPPaKpacCHBIX JTy4del, KOTOpbIE MPOXOJAT Yepe3 Ty4yu. biaarogapst uzosns-
IIMOHHBIM CBOMCTBAM BaKyyMa, BIIMSHUE BETpa U HU3KHUX TeMIIEparyp Ha paboTy re-
JINOCUCTEMBI TAK)KE HE3HAUUTEJIBHO 10 CPABHEHUIO C BIMSHUEM HA IUIOCKUNA COJIHEY-
HBIM KosuekTop. CrucreMa ¢ BaKyyMHBIM COJTHEYHBIM KOJIJIEKTOPOM YCIIEHTHO pabo-
taet 10 munyc 35 °C. Bakyymubie TpyObl Kpyriible, Onarogaps 3TOMY KOJUYECTBO
COJIHEYHOI'0 M3JIy4YEHUs, KOTOPOE MOMNAafacT Ha IeIMOKOJUIEKTOP OCTAETCA MOCTOSH-
HBIM C yTpa JI0 BEYEpa, YTO YBEIMYMBAECT CYMMAapHYIO MOTJIOIIAEMYIO DHEPIUIO B
CpPaBHEHMHU C IJIOCKUM. TpyObl yCTAaHOBJIEHBI B COJTHEYHOM BOJIOHArpeBaTelie mapali-
JIEJIBLHO, YTOJI X HAaKJIOHA 3aBUCUT OT reorpaduyeckod MUpPOThl MECTa YCTAaHOBKU
cucteMbl oToruieHUus. OpUEHTUPOBAHHBIE M3 CEBEpa Ha IOT, HA MPOTSHKEHUM JTHS
TpYOKH BaKyyMHOT'O COJTHEYHOI'O KOJUIEKTOpA MAaCCUBHO JIBUTAIOTCS 3a COJHIEM. Ba-
KYYMHBIE COJIHEUHBIE KOJUICKTOPHI MOJTHOCTHIO MPUTOJHBI JJIsI PEMOHTA: B Clly4yae
HEO0OXOMMOCTU TPYOKY MOKHO 3aMEHUTH 0€3 OCTAHOBKU COJTHEYHOTO BOJOHArpeBa-
Tens. 3a HEOOXOJUMOCTBIO BaKyyMHBIE TPYOKH MOKHO J00aBJATH (MPU HEIOCTaye
TETJIOTHI) WM YACTUYHO CHUMATh (€CJH €CTh €r0 M30bITOK), YMEHbIIIas MJI0Mahb re-
JIMOKOJUIEKTOpa. BakyyMHBIE COJIHEUHBIE KOJUIEKTOPBI OTJIMYHO CHPABISIOTCS C
oOecrieueHneM JIoMa ropsiueil BOJOW, OTOIUIEHHEM KBAapTUPHI, TOJOTPEBOM Oacceii-
HOB, TEIUTHII, pa0OTAIOT B CUCTEMAaX BEHTWIAINH, KOHIUIIMOHUPOBAHUS U OTOTLICHUS
3nanuii. Pabota remmocuctemsl «IIporpecc-XXI» mpocra, Kak ¢ TOYKU 3pEHUS IKC-
IJTyaTaluy, TaKk 1 00CITy»KMBaHUS U KPOME BaKyyMHOTO COJTHEYHOTO KOJIJIEKTOpa CO-
JEPKUT HACOCHBIN y3€1 IS MEePEeKauKy TEINIOHOCUTENS OT COJIHEYHOTO KOJUIEKTOpa
K 0aKy; KOHTPOJUIEP, KOTOPBIM PYKOBOAUT pabOTOM BCEM CUCTEMBI; OaK-aKKyMYJISITOP
ropsiuei BOJAbl M MHUKOBBIM JOBOAYMK (TEIJIOBOM Hacoc, anekTpuyeckuit TOH wm
npyroit uctouyHuk). OOmMI ciydail opraHu3aluu COJIHEUHOW BOJOHArpeBaTeIbHOMN
YCTAaHOBKH M3 COOCTBEHHO COJHEYHOT'O KOJUIEKTOPA, TEINIOOOMEHHOTO0 KOHTYpa U aK-
KyMyJsiTopa Teria (6aka ¢ BOJoOM) Mmoka3aH Ha pucyHke 3. Uepe3 conHEUHBIN KOJ-
JEKTOpP IUPKYIUPYET TEIJIOHOCUTENb (KUIKOCTh). TEIIOHOCUTENh HArpeBaeTcs B
COJIHEYHOM KOJUIEKTOPE SHEPTUEN COJIHIA U OTAAET 3aTEM TEIUIOBYHO SHEPTHUIO BOJIE
yepe3 TEIIOOOMEHHHK, BMOHTHpPOBaHHBIH B Oak-akkymynstop. B Oake-
AKKyMYJIATOPE XPAHUTCS TOpsA4Yas BOJA O MOMEHTA €€ UCHOJIb30BaHUsl, IO3TOMY OH
JOJKEH MMETh XOPOIIYIO TEIUIOM30JSIIMI0. B mepBOM KOHTypeE, Ili€ pachoJIOKEH
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COJIHEUHBIA KOJUIEKTOP, MOXET UCIOJIb30BATHCSI €CTECTBEHHAS! WJIM MPUHYAUTEIbHAS
HUPKYJSIIUS TEIIOHOCUTEN. B 0ak-akkyMyJITOp MOXKET YCTaHABJIMBATHCS JJICK-
TPUYECKUN HarpeBaTenb-ay0sep. B ciiydae moHmkeHus TemiiepaTypbl BOJbl B Oake-
AKKyMYJISITOPE HUIKE YCTAHOBIIEHHOM (MPOAOKUTENbHAS MacMypHas IMOroja Wid
MaJjioe KOJMYECTBO YACOB COJHEYHOTO CHUSIHUS 3UMOI) HarpeBaTelb 1y0Jép aBTOMa-
TAYECKHU BKJIIOYAETCS U HATPEBAET BOAY 110 3aJIaHHOW TeMIEpaTyphbl.

)

Pucynoxk 3 — Cxema opraHu3aniy COJIHEYHON BOJOHArPEBATENBHON YCTaHOBKH

OCHOBHOE TPUMEHEHUE COJHEUHBIX KOJJIEKTOPOB B MUpPE — JJIsl HAarpeBa BOJIbI
B CHCTEMax Tropsyero BOJAOCHAOXKEHHUS. DKOHOMUYECKHUE BHITOJIbI IIPUBEICHBI B Ta0-
JIALE 2.

[To maHHBIM TaOIUIIBI 2 MOXKHO CJI€JaTh BBIBOJI, YTO JICKTPOHATPEBATENIN BO-
JIbI BBITOJIHEE U1 HEOOJBIINX XO3SUCTB CO CPABHUTEIHLHO HEOOJBIITUM PaCXOI0M
ropstueit Bojipl. CoJTHEUHBIE BOJOHATPEBATENHN 11€JIeCO00PA3HO UCTIOIB30BaTh JIJISl XO-
3STUCTB C OOJIBIIMM PAacXOJOM TOpsueld BOJBI W IS LIeJIed OTOIJICHHUS, B palloHax C
BBICOKMMU I[€HAMH Ha 3JIEKTPOIHEPIHIO WM B MECTax, IJ€ DJICKTPOIHEPIusl Hemo-
CTyIHA.

Jnst cpaBHEHUS B IPUBEIEHHOM HUXKE TaOIuIEe 3 JaHbl PacXo/ibl Ha YCTAHOBKY
U coZiep)KaHue Pa3JIMYHBIX OTOMUTENIBHBIX CUCTEM JIJISI XOPOIIIO TEIJIOU30JUPOBAHHO-
ro jgoma mionaaso Menee 100 M2 u MOTPEOHOCTHIO B OTOIJICHUHM 3a CE30H
25200 kBT'4 TemioBoil 3HEprum.
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Tabnuma 2 — CpaBHUTENBHBIN aHATIN3 ABYX BOJOHArpeBaTenei

CoHeuHbIN BOJOHArpeBaTENb DNeKTpUYECKU BOJOHATPEBATEIh
Pacxonpl Ha cosiep>kaHue B TOA: Pacxonpl Ha conep)kaHue B roj:

0-1 000 py®. 2 000-6 000 py6.

Pacxonp! Ha conepxanue 3a 10 ner: Pacxonpl Ha conepkanue 3a 10 ner:

10 10 000 pyO. 10 60 000 pyO.
O0bém: 150-300 . O0bém: 60-120 1
Cpox ciayx0sb1: 15-30 net Cpoxk ciayx0sb1: 10-15 ner
He 3arpsizHsieT okpy:Xarolryo cpey CrocoOCcTByeT 3arpsi3HEHHUIO

OKpY>Kalollen cpeibl
He 3aBucuT OT paciieHOK Ha 3JIEKTpO- |Pacxo/pl yBETUUUBAIOTCS €KETOTHO C POCTOM

HHEPTHUIO Tapu(OB Ha NIEKTPOIHEPTHUIO
['opstuas Boga nocTynHa He3aBucuMO | HarpeB BoJbI HETOCTYIIEH B CIIy4ae OTKIIIO-
OT JOCTYIA K 3IEKTPOIHEPTHH YEHUS AJIEKTPOIHEPTUU

Tabnuua 3 — CpaBHUTETBHBIEC 3aTPAThl TEIUIOHOCUTENEH

Kamu- Crou- [kBtu3a | Okcmr. | O0miue 3a- OO01ue
Hcrounuk
TaJIbHBIE | MOCTBH CE30H | 3aTpaThl | TpaThl3a |3aTpaThl 3a
SHEPTUU
3atparsl |l kBTu 3a CE30H 10 yer 20 yer
Jn3enpHOC 300000 1,90 25200 47880 778800 1257600
TOILUIABO
Onektpuueckas | 40000 1,80 25200 45360 493600 947200
SHEPrusl
JlpoBa 80000 0,70 25200 17640 256400 432800
CoJtHeYHbIE 240000 0,60 25200 15120 391200 542400
KOJIJIEKTOPBI

Cucrema COJIHEYHBIX KOJUIEKTOPOB SBIISIETCSI KOMOMHUPOBAHHOM € 3JIEKTpUYE-
CKOM M CUMTAaETCs, 4TO McnoJib3yeT B cpeaHeM 70 % comneunou sHepruu u 30 %
ANEKTPUUECKOM. J{JIsl yIpoIeHus OMyCTUM Pacxo/bl Ha COIEPKAHUE U MPUMEM CPOK
ciryx0b1 20 net. [To nanupIM TabnuIbl 6 Hanbosee IKOHOMHYECKH 3P (HEKTUBHOM (U ¢
HAaWMEHBIIIMMU TPYJ03aTPaTaMu) SBIACTCI KOMOMHUPOBAHHAs CHCTEMa COJTHEUHBIX
KOJUJIEKTOPOB U 3JIEKTpOHAarpeBaresied, kotopas 3a 20 net noiydyaercs B 2,5 pasa ne-
IIEBJIC AU3EJIbHOW M MOYTH B J[Ba pa3a ACHIEBJE YHUCTO AJIEKTPUUYECKOU. A 3a BeCh
CPOK >KM3HHU JIoMa 3KOHOMUS OyJeT elie BbIlIe, TeM OoJiee, YTO LIEHBI Ha BCE PHEPro-
HOCHUTEJIU OYIyT PacTH, a COTHEUHAs YHEPTUs TaK M OCTaHeTcs OecriaTHoit. Hampu-
Mep, pu 1eHe 3 py6. 3a 1 kBT-4 anekTposHeprun cucrema COJIHEUHBIX KOJIJIEKTOPOB
cokoHoMuTt 3a 10 set okosio 300 ThIC. pYO., a 3a 20 et 700 ThIC. pyO. O6€3 yuéra 3a-
TpaT Ha TEXHUYECKOE 00CITyKMBaHUE, peMOHT U MHDIsAnu0. HyXHO OTMETUTDH, YTO
TaKyl0 BBITOAY ISl OTOIJIEHUSI MOTYT 00€CTIeUnTh TOJIbKO KaU€CTBEHHbIE BAKYYMHBIE
KoJuiekTopbl Mosienu 20-21 ¢ U-tpyOkamu npou3BojcTBa kommnanuu Himin unu Ta-
KOT'O JK€ KauecTBa JAPYruX MPOU3BOAUTENEH, U KOTOPHIE ABJISIETCS IPUMEPOM HauOo-
nee 3p(HEeKTUBHOTO U B TO K€ BPEMsI CPABHUTEJILHO KOMIIAKTHOT'O COJIHEYHOI'O KOJI-
JEKTOpA.
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Takoll KOJJIEKTOp NpPH MPABWIBHONW YCTAHOBKE (HA I0KHYIO CTOPOHY IOJ YT-
aom 50-60°, ©e3 3aTeHEHHs) 3a OTONMTENIBHBIM CE30H O00eCIeunBaeT OKOJIO
2200 xBT'4 TemIoBOM »HEPruU, YTO COOTBETCTBYET Teuly OT nmpuMepHo 400 kr ka-
mMeHHoro yris unu 200 n qusensHoro torurBa (B 3aBucumoctd oT KIIJ[ nmeun wim
KOTJIa KOJIMYECTBO MOXET ObITh OOJIbIIe Ui MeHblIe). Ho yrons u npoBa Hajo mo-
CTOSIHHO 3amacaTh M 3aKUJbIBaTh B M€4b, & TOILUIMBO MPUBO3UTH M 3ajuBaTh. B TO
BpEMsi KaK COJIHEUHAas SHEPTUs MOCTYIaeT cama (B CBETJIOE BpeMs CYyTOK, MHTEHCHB-
HO B T€UYECHHE 6-8 4) U pacnpenensieTcs B CHCTEMY OTOIIEHUS JOMa aBTOMATHUYECKH.

W3 BBIIEU3I0KEHHOTO CIEAYET, YTO IPHU BCEU MPUBIIEKATEIBHOCTU HCIIOJIb30-
BaHHE BO300HOBIIIEMBIX MCTOYHHMKOB JJIEKTPOIHEPTHUU B IEHTpaidbHOU Poccuu He
3¢ (HEeKTUBHO TTpU OpHEHTAUK Ha O0bIHe MOIHOCTH. OHAKO, €CITM TTOCTaBUTh BO-
IIPOC O KOMIIEHCAIMU MOTEPh AIEKTPOIHEPTUU NIPU TPAHCIIOPTUPOBAHUU OT IE€HEPU-
PYIOIIMX YCTAHOBOK J0 MOTPEOUTEINS, TO UAEsI CTAHOBUTCA 0O0JIee MPUBIEKATEIbHOM.
C 3T0i1 LEeNIBI0 pacCCMOTPUM CTPYKTYPY KOMMEPYECKHUX NOTEPD AIEKTPOIHEPTHUH.

[Totepu 3neKTpoO’HEPrUM MpU IMepenaye OT IEKTPOCTAHIUHU A0 MOTPEeOUTENs
HEN30€KHBI B CUJTY psiia 00ObEKTUBHBIX IPUUUH, TIO9TOMY YPOBEHb MOTEPh SBISETCA
BOKHEUIIIUM MOKa3aTeJIeM 3KOHOMUYHOCTH PaboThl SHEProcHaOKaroIel opranusa-
LMY, TEXHUYECKOTO COCTOSIHMUS JIEKTPOOOOPYIOBAaHUS CTAaHLMHA U MOTpeOuTeNel u
CUCTEMBI yu€Ta 3JIEKTPOIHEPTHH, a Takke F(P(HEKTUBHOCTH UX IHEProCOBITOBOM J1€si-
TENbHOCTU. Penienns B pa3BUTHH, PEKOHCTPYKIIUHM U TEXHUYECKOM MEPEBOOPYKECHUU
ANEKTPUUECKUX CETEe MPUHUMAIOTCS C YY4ETOM NOTEph 3eKTpodHepruu. CriencTBu-
€M 3THUX PEUICHUH SBIISIETCS COBEPIIEHCTBOBAHUE METOJOB U CPEJICTB UX AKCILTyaTa-
U1 ¥ aBTOMATHU3ALMK YIIPABJICHUS dJICKTPUUECKUMHU CETIMHU, a TAK)KE B MOBBIIICHUU
TOYHOCTU HU3MEPEHMS U yu€Ta OTIYCKAEMOM M MOTPeOIsIEMOI 3JIEKTpOIHEPTUH, (-
(PEKTUBHOCTH M CBOEBPEMEHHOCTH cOOpa JIEHEXKHBIX CPEACTB 3a MOCTABJIEHHYIO MO-
TPEOUTENIIM BCEX YPOBHEU 3JEKTPOIHEPTHIO U T.1I.

[IpuHATO CUMTATh, YTO OTHOCUTEIIbHBIE TOTEPH AJEKTPOIHEPIUH, NIPU NIEpeaa-
Ye OT DJIEKTPOCTAHIIMHM JO TOTPEOUTENs, B DJICKTPUUECKUX CETAX OOJIBIIMHCTBA
HanOoJiee TPOMBIIIUICHHO Pa3BUTHIX CTPaH MHUPA MOXKHO CUHTATh YJOBJICTBOPUTEIH-
HBIMH, €CJIM OHHU HE MPEBHIIAIOT 4-5 % OT BIpaOOTAHHOMN AJIEKTPOIHEPTUH.

[ToTepu snextposHepruu Ha ypoBHE 10 % MOXKHO cuMTaTh MAKCUMAaJbHO J0-
MyCTUMBIMH C TOYKH 3peHUs (U3HKU Tepelayd dJIEKTPOIHEPTHH IO CETSIM, a Ypo-
BeHb 1oTepb 6osiee 12 % abcomoTHO HenomycTUMbIM. OTMETUM, YTO 0CO00€ BHUMA-
HUE K Mpo0JieMe CHIKEHUSI IOTEPh ANEKTPOIHEPTUHU B DJIEKTPUUYECKUX CETAX CBA3AHO
KaK C TpSAYLIIUM KPU3UCOM OPraHWYECKHUX SHEPrOHOCHUTENEH, TaK U ¢ BO3HUKHOBE-
HUEM psila HETaTUBHBIX TEHACHIIUN, OTPUIIATEIILHO BIMSIONIUX Ha YPOBEHB MOTEPH B
CeTsAX, TAaKMX Kak: ycrapeniiee o0opyaoBanue (u3Hoc 10 70 %), busnyeckuii 1 Mo-
palbHBIA M3HOC CPEACTB y4eTa JJIEKTPOAIHEPTUU, HECOOTBETCTBHE YCTAHOBJIEHHOTO
o0opy0BaHusl TEpelaBaeMOil MOIIHOCTH BCJEACTBUE HEIOCTATOYHOM Pa3BUTOCTU
anektpudeckux cereil. [loaTomy mpoOnema CHUXKEHHSI MOTEPb AJIEKTPOIHEPIHH B
AMEKTPUUECKUX CETSIX aKTyalbHa, MTOCKOJIBKY CBSI3aHA C pEIIEHWEM O0eCTeUeHHEeM
(MHAHCOBOM CTAOUILHOCTH YHEPTOCHAOKAIOIINX OpTraHU3aIMK (pean3alus MmIaHOB
MOJIEPHU3AIUH AJIEKTPUUECKUX CeTel) U IKOHOMUYECKH 00OCHOBAHHOTO, KAYECTBEH-
HOTO U HaJIe)KHOTO JIEKTPOCHAOXKEHUS TOTPEOUTENCH.
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OnHMM U3 BUIOB MOTEPH AJIEKTPOIHEPTUH, BIUAIOMINUX HA (UHAHCOBOE OJaro-
MOJIy4He YHEPrOCHAOKAIOIIUX OpraHU3alluid, ABJISIIOTCS KOMMEpPUYECKHUE MMOTEPH, B CO-
3JIaHUH KOTOPBIX yYaCTBYIOT JBE CTOPOHBI, KaK MPOU3BOJUTENH, TaK U TOTPEOUTEIH
AJIEKTPOHEPTUH [7].

CreneHp UX y4yacTHs CIEAYyeT U3 ONpeAeICHUI:

AOCOJIOTHBIE TOTEPH JTEKTPOIHEPIUH — PA3HOCThH DJIEKTPOIHEPTUH, OTIY-
IICHHOW B DJIEKTPUUECKYIO CETh TeHEPUPYIOLIEH KaMIIaHUEH U MOJIE3HO OTITYIICHHON
MOTPEOUTENSIM AIEKTPOCHAOKAIOIIEH OpraHu3alue.

TexHuyeckue MOTEPU IJIEKTPOIHEPTUM — TOTEPU, OOYCIOBICHHbBIE (PU3NYe-
CKHMHM MPOLECCaMU IMepeaadn, pacupeneseHuss U TpaHc(hopMaluu IEKTPOIHEPIHH,
ONPENENSAIOTCA PACUETHBIM IYTEM IO METOJMKAM 3JIEKTPOCHAOKAIOIINX OpraHu3a-
nui. TexHnyeckne noTepu JIEKTPOIHEPTUU JETATCA HA YCIOBHO-IIOCTOSIHHBIE U Tie-
pPEMEHHBIE (3aBUCALLUE OT JIEKTPUUECKON HATPY3KH).

Kommepuyeckne nmorepu 3J1eKTPOIHEPrUM — IIOTEPH, ONPEAEISIEMBIE KaK pa3-
HOCTb a0COJIIOTHBIX M TEXHUYECKHUX MOTEPH (CTPYKTypa KOMMEPUYECKUX MOTEPh MpU-
BeJicHa B Tabuiie 4).

Tabnuua 4 — [IpuarHBI KOMMEPYECKUX TTOTEPH AIIEKTPOIHEPTUU

Kommepueckue norepu 31eKTpo3HEPTrUU

HOTepI/I HN3-3a HCIAOCTATKOB OSHCPIO-
COBITOBOM ACATCIIBHOCTHU

[Torepu mpu BOCTpeOOBAaHHM OIUIATHI 32
HOTPEOJICHHYIO JIEKTPOIHEPTHIO

- IOTEPH NP BHICTABICHUH CUCTOB;
- TIOTEPHU W3-3a HECOOTBETCTBHUS JaT
CHATHUS TOKAa3aHWW PACUYETHBIX CUET-
YUKOB C PAaCUETHBIM TIEPHOJIOM;

- TIOTEpU U3-3a PacYETOB MOTPEOIICH-
HOM DJIEKTPO’HEPruu abOHEHTOM Ha
OCHOBE JIOTOBOPOB 0€3 y4ETHOTO
AJIEKTPOIIOTPEOTICHUS U JIp.

- 33JICPIKKHU TUIATEKEN;
- HEJIOIUIAaTa WM HETIOJIHAS OIIaTa v Ap.

[ToTrepn M3-3a OrpaHUUYCHHS IOTPEO-
JIIEMOU MOIITHOCTH

XHILEHUE IEKTPOIHEPTUN

- HCOIlJTaTa MOIIIHOCTHU OTPpaHUYCHUA

- HE3aKOHHOE€ TOJKIIOYEHHE K CEeTAM
AIIEKTPOCHAOKEHNS,
- MOIIIEHHUYECTBO ¢ MpubopaMu ydeTa U

1p.

[lotepu Ha wucTpebOBaHUE [OJITOB,
BBISIBJICHUE M JIMKBUAALMS XHUILEHUS
AJIEKTPOIHEPTUU

[ToTepu u3-3a HapylIeHUs] KauecTBa AJIEK-
TPO3HEPTHH

- cyZIcOHBIC PacXOJIbI;
- TPAHCIIOPTHBIE PACXOBI U JIP.

- 3aKOHHBIM OTKa3 OT OIIaThl HEKaue-
CTBEHHOU 3JICKTPOOHEPTUU WU yMEHbIIIE-
HHE IIJIATEeXKEH;

- 3aTpaThl Ha PEMOHT 3JEKTPOYCTaHOBOK,
JOKIM3AIMIO W JIMKBUAAIMIO MPUYUH
HApPYIICHHS] KAYECTBA AJIEKTPOIHEPTUH.
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Heobxoaumo OTMETHUTB, YTO B OOJIBIIMHCTBE CIIy4aeB KOMMEPUYECKHE TOTEPU
AIEKTPOIHEPTUH OO0YCIIOBICHBl KOHKPETHBIMU OOBEKTHUBHBIMH MPUYUHAMHU, B TOM
quCciie U YeloBeueckuM (aktopoM. OpHaKo, MOTPEOUTENN AIEKTPOIHEPTUH C TIpe-
UMYIIECTBEHHO OJHO(a3HOM HArpy3Koi, K KOTOPbIM OTHOCSITCS YUPEKIECHHUS 3]Ipa-
BOOXpaHEHUs, 00pa30BaHus, KUIUIIHO-KOMMYHAJIBHOE XO3SMUCTBO U JAp. oOecreyu-
BalOT 3HAYUTEIBHYIO 010 (10 50 %) KOMMeEpUecKrX MOTeph 3a CYET HECUMMETPUY-
HBIX PEXKMUMOB palbOThI U SBIISIOTCS BEPOSITHBIMA BUHOBHUKAMHU YXYIICHUS KaueCTBa
AIEKTPOIHEPIHH.

Onnako uHAHCOBas OTBETCTBEHHOCTH 3a MOTEPH, CO3AHHBIE B 3TOM CITy4aeM
OTpeOUTENEM, IEPEKIIABIBAETCS HA OCTABILIMKOB 3JIEKTPOIHEPTUU.

[TogkroueHne HECUMMETPUYHBIX JIEKTPUYECKUX HArpy30K Ja)Ke B CUHYCOU-
TATBHOM pEXUME 0€3 KOMIIEHCHUPYIOIHUX YCTPONCTB MPUBOJAUT K TOSIBJICHHIO TOKOB
00paTHOM MOCIEA0BATEILHOCTH, JOTOJHUTEIBHBIX MOTEPh, MyJIbCalluii MTHOBEHHOM
MOIIHOCTU U HE CUMMETPUU HAIPSKEHUS, B KOHEYHOM HTOre K YXYAIIEHUIO Kaude-
CTBA SHEPIUMU.

JlonoIHUTENBHBIE TOTEPU MTPU HECUMMETPUYHOM SJIEKTPUUECKON HArpyske, a
oHa cocTtapisieT okoso 40 % Bcell Harpy3ku npombinieHHoro npeanpusatus u 80 %
JUTSI KWJTMIIHO-OBITOBOTO KOMITJIEKCA, MOTYT JIayKe MPEBBIIIATh MOTEPU OT PEaKTHUB-
HOM MomHocTu. [Ipu 3TOM mpefenbHO OOMYCTUMOE 3HadYeHue Kod(p(UIIeHTa
HECMMMETPUHU HAIpsHKEHUH 10 HYJIEBOM IMOCIEAO0BATEIbHOCTH, B TOYKaX OOIIEro
MIPUCOCAUHEHUSI K YETBIPEXIPOBOAHBIM JJIEKTPUUECKUM CETSIM C HOMUHAIbHBIM
HanpsokenneM 0,38 kB npesbimaer 10 % Bmecto 4 % [7]. IIoCKOJIBKY 3TH TOTIOIHU-
TEJIbHbIC MOTEPU HE BIHUSIOT HAa KOJMYECTBO DJIEKTPOIHEPruu, 3aUKCUPOBAHHOU
CYETYMKAMH MOTPEOUTEIIS, TO B MPOUTPHIIIE OCTACTCSl dSHEProcHabkarolas opraHu-
3aIusi, KOTopasi B CBOIO Ouepeib 3aKIaJblBa€T ATH MOTEPU B Tapu(pbl HA DIEKTPO-
SHEpruto s norpedutens. [loaTomy pacuér MOMOJHUTENBHBIX MOTEPb AJEKTPO-
SHEPIruM MPU HECUMMETPUYHBIX PEKUMaXxX MPEICTABISAETCA aKTyalbHON U JIOBOJBHO
WHTEPECHOM 3a7a4eid, JUIsl pelIeHUs KOTOPOM HEOOXOJUMO PacCMOTPETh B KaueCTBE
HCXOJHBIX CUMMETPHUYHBIE PEKHUMBI, & 3aT€M YACTUYHBIE U IMOJHbIE HECUMMETPUY-
HBIE PEXKUMBI.

B cuHyconmanbHOM peXuMe DHEPreTHYECKHe MPOIECChl, B TOYKAX OOIIETro
MPUCOEAUHEHNS] K YETBIPEXMPOBOJHBIM BJIEKTPUUECKUM CETSIM HECUMMETPHUUYHON
Tpex(a3HON DIEKTPUUYECKON HArpy3KH, TOJHOCTHIO OMPEIEISIIOTCS KOMILJIEKCAMU
JNEUCTBYIOIIMX 3HaYCHUM (pa3HBIX HAIPSHKEHUM U TOKOB (B OOIIEM cliydae TpEéxmep-
HBIMU KOMIUIEKCHBIMA BEKTOPAMHU C BEIICCTBEHHBIMH KOOPIMHATAMMU )

U, U, ei¥c
U = Ub = Ub E’jtpb . (1)
Uc UC Ej"Fc

N3BECTHO, YTO CKAISIPHOE MPOMU3BEICHUE TPEXMEPHBIX KOMIUIEKCHBIX BEKTO-
pPOB (TPaHCHOHUPOBAHHBIN BEKTOP HAMNPSHKEHUS 7 HA KOMILIEKCHO COMNPSIKEHHBIN
BEKTOP TOKa) B ClIy4a€ CHHYCOUJIAJIbHOIO PEXUMa MO3BOJSET ONPEIEIUTh MOJHYIO
KOMILJIEKCHYIO MOITHOCTH TpeX(ha3HOU IIEKTPUIECKON HArpy3Ku

S=JP+Q*. @
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B 3TOM ciydae nercTBUTENbHAS U MHUMAs YaCTH MOJHOW KOMIUIEKCHOW MOIII-
HOCTH (2) onpeAeIsitoT aKTUBHYIO M PEaKTUBHYIO MOIITHOCTH TPEX(Pa3HOU HArpy3Ku

P=Py+Py+ P, Q=0Q,+ Qp+ Q.. (3)

B cinyyae cHHycOMIambHOrO peXMMa aKTUBHAs W PEAKTUBHAS MOIIHOCTH
KECTKO CBSI3aHBI MEXy COOOM uepe3 MOyJb MOJHONW KOMIUIEKCHOW MOIIIHOCTH, KO-
TOPBIM MOXHO HA3BaTh I€OMETPUUYECKON MOITHOCTHIO TpEX(a3HOU HArpy3ku (B Ma-
TEMATHUKE 3TO CPETHETEOMETPHUECKOE)

Se = [S.+5S, +5.|. (4)

[Ipn cuHycOMIanbHOM pPEXHME U CHUMMETPUYHOM Harpy3ke (KOMIUIEKCHBIE
IpPOBOAMMOCTH (a3 paBHBI) T'€OMETpPUUECKas MOLIHOCTh TpEX(a3zHOW HarpyskKw,
omnpeznenseMas Kak IPOU3BEICHUE MOIYJIEH TPEXMEPHBIX KOMIUIEKCHBIX BEKTOPOB,
OyZeT paBHA T€OMETPUUYECKON MOIIIHOCTH, BEIYUCIISIEMOM 10

S=\U:+U2+UZ - \JUZ+U2+UZ, (5)

T. €. BBIIOJIHACTCS PaBEHCTBO Sg = Sg.

B ciiydae cuHyconaanbHOr0O CUMMETPUYHOIO PEKUMa B TOYKE MOAKIHOYEHUS
HECUMMETPUYHON HArpy3KH HaNpsHDKEHUE CMEIICHUS HEUTPAIIM U TOK B HEUTPAJIBHOM
MpOBOJIE OYyIyT OTJIMYHBI OT HYJSI U TIOATOMY BEKTOPHOE NMPOU3BEICHUE TPEXMEPHBIX
KOMILJIEKCHBIX BEKTOPOB C BEIIECTBEHHBIMH KOOPAMHATAMM IO3BOJISIET ONPEACIIUTD
MOIIIHOCTb HE CHMMETPHUU HArpy3KH (MOITHOCTH HeOamaHca)

D=U-I. (6)

Bektop D Oyzner HyleBbIM TOJIBKO MPU CUHYCOUAAIBHOM CUMMETPUYHOM pe-
KUME U CUMMETPUYHOI Harpys3ke (Kak MpOM3BEJEHHUE JBYX HYJEBBIX BEKTOPOB), a
IpU HECUMMETPUYHON Harpys3ke BeKTOp D cumTaioT TpEXMEpHBIM BEKTOPOM pEak-
TUBHOM (110 ONPENESIEHNI0O BEKTOPHOTO YMHOKEHHMSI) MOIIIHOCTH HebanaHca (Bce crna-
raemMble BhIpakeHus (6) UMEIOT pa3MepHOCTh MoIIHOCTH), (7) a ero Moaynb — AeH-
CTBYIOUIEH BEJIMYMHON PEAaKTUBHOW MOIIHOCTH HebanaHca.

B ciydae cuHyconaanbHOTO peKMMa IPU HECUMMETPUIHBIX HAMPSHKEHUAX (a3
¥ HECHMMETPHYHOU Harpy3ke BeKTop D reomeTpuiecku CyMMHPYETCS C BEKTOPOM
MOJTHOM MOIIHOCTH CHUMMETPHUYHOTO PEKUMa, MOITOMY CIPAaBEIIMBO CIEAYIOLIEe
COOTHOILIEHUE

[I]?- U= o™ -1 - |U-TI|*. (8)
CnenoBaTrebHO

Sz =S2+D2. 9)
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Taxkum o06pa3om, reoMeTprdecKasi MOIIHOCTh TPEX(Pa3HON HATPY3KH B CIydae
CUHYCOUJIAJILHOTO PEeXUMa MPU HECUMMETPUYHBIX HaIpsKEHUsX pa3 U HeCUMMET-
PUYHON HArpy3ke BKIIIOYAET B C€0S U JIOMOJHUTENbHBIE TOTepU, 00YCIOBICHHBIE TO-
KOM HeOajiaHCca W HaNpsHKEHUEM CMEIICHUsI HEUTpalid U UMEIOLUE CMBICH TTOTEPh OT
PEaKTUBHOM MOIIIHOCTH, HE YYUTHIBA€MbIE CUETUYMKAMU aKTUBHOW DHEPTUU SHEPTO-
cHaOXKaroIIe opranu3anuu

S2=P24+Q?+DZ. (10)

[1oCKOJIBKY BEKTOP HANPSKEHUS CMELICHHUS HEUTPAIM U TOK B HEUTPAIBHOM
npoBozie (TOk HebanmaHca) 00yCIOBIEHBI KaK HECUMMETpHUEH (pa3HbIX HAMPSKEHHM,
TaK ¥ HECUMMETpPUEW COMPOTUBIICHHM (ha3 HArpy3Kd, TO MOIIHOCTh HebaslaHca (BEK-
Top D) MOXKHO ONpenenuTh TaKKe BEKTOPHBIM MPOU3BEICHUEM BEKTOPA CMEIICHHS
HaIIPSDKEHUS. HEUTPAJIM HAa BEKTOP TOKa HEUTpau

Du = U“u ) lr.ﬂu‘- (11)

Hanuune AOmoMHUTENbHBIX MOTepb, OOYCIOBJICHHBIX TOKOM HeballaHca |
HANPSDKCHUEM CMELICHHUS HEUTpaIW, NPUBOAUT K HECHUMMETPUYHBIM IaJCHUSIM
HaIpSOKEHUS, YXYIIIEHUIO KaueCTBa dJIEKTPOIHEPTHH, YMEHBIIICHUIO Ko puimeHTa
MOIIHOCTH, HEJOYUYETY IEKTPOIHEPTHH, T. €. K YBEIIMUCHUIO KOMMEPUYECKUX ITOTEPD.

B uaecanbHOM Cciydyae KOMMEPYECKHE NOTEPHU IEKTPOIHEPTUU B IIEKTpUUE-
CKOW CETH, IOJKHBI ObITh paBHBI HYJII0. OUEBUIHO, OJTHAKO, YTO B PEATBHBIX YCIIO-
BUSIX OTITYCK OT T'€HEpaIluu B CETh, MOJE3HBIA OTIMYCK MOTPEOUTENIO U TEXHUYECKUE
MOTEPU ONPENEISAIOTCS C MOTPeIHOCTAMU. PazHoCTH 3TUX morpemHocteld paktuye-
CKH U SBJISIFOTCA CTPYKTYPHBIMH COCTABJIIOIIUMU KOMMEPUYECKHUX MOTEPb.

K OCHOBHBIM COCTaBJISIFOIIIMM MOTPEIIHOCTEN U3MEPEHHUI OTHYIIEHHOW B CETh
Y TIOJIE3HO OTIYIIEHHOM 3JIEKTPOIHEPTUU OTHOCSTCS:

- TIOTPEIIHOCTY U3MEPEHUM AIIEKTPOIHEPTUN B HOPMAIIBHBIX YCIOBUAX PAOOTHI
n3MepurtenbHbiXx kKoMiiekcoB UK, onpenensempie kiiaccaMu TOYHOCTH TpaHchopma-
topoB Toka TT, TpancdopmatopoB HampspkeHus TH u cuérumka smeKTpodHEPruu
CO;

- JIOTNOJIHUTEJBHBIE MOTPEIIHOCTH W3MEPEHHUMN JJIEKTPOSHEPTUU B PEAIBHBIX
ycnoBusix skcmtyatanuu UK, o0ycnoBieHHbIe;

- 3aHI)KCHHBIM MTPOTUB HOPMATUBHOTO KOA(PPUIIMEHTOM MOIIHOCTH HArpy3Ku
(IOTIOJIHUTENLHOM YIIIOBOM MOTPENTHOCTHIO);

- BausgHUMEM Ha CO MarHWTHBIX U 3JEKTPOMArHUTHBIX TMOJEH Pa3IMYHON 4Ya-
CTOTBI; HeAOrpy3kou u neperpyskou TT, TH u C3;

- HE CHMMETpHUEN U ypoBHEM noaBeaeHHOro K MK Hanpsbkenus;

- pabotoii CO B HE OTAIJIMBAEMBIX TTOMEIIEHUIX C HEIOMYCTUMO HU3KOU TEM-
MepaTypou U T.I1.;

- HEJIOCTAaTOYHOM YYBCTBUTEIHHOCTHIO CD TPH MX MaJIbIX Harpy3kax, 0COOCH-
HO B HOYHBIE YaChl;

- CHCTEMAaTHYECKHE TIOTPEIIHOCTH, OOYCIOBJICHHBIE CBEPXHOPMATHBHBIMH
cpokamu ciryx0b1 UK
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- IIOTPEIIHOCTH, CBA3AHHBIE C HEMPABWIBHBIMUA CXEMaMM IMOJAKIFOYEHHS DJICK-
tpocuetunkoB, TT u TH, B uwactHOCTH, HapylmieHUSIMU (Pa3UPOBKU TOJIKIIOUCHHUS
CUYETYUKOB;

- TIOTPEIIHOCTH, 00YCIOBIICHHbIE HEUCIIPABHBIMU MPUOOpaMU y4€Ta AJIEKTPO-
SHEPIUH;

- TOTPEUIHOCTH CHATHSA TMOKa3aHW SJEKTPOCUETYMKOB HM3-3a OIIMOOK WIIU
YMBILUJIEHHBIX UCKAXKEHUN 3aIMCEN ITIOKA3aHUM;

- HE OJHOBPEMEHHOCTH WJIM HEBBIIIOJIHCHHS YCTAHOBJIEHHBIX CPOKOB CHSITHS
MOKa3aHWil CYETUNKOB, HAPYIICHUS TPaPUKOB 00X04a CUETIMKOB;

- OIMMOOK B OmpeaeeHnd K03 GUITMEHTOB MepecuéTa MoKa3aHui CYETYNKOB B
BJIEKTPOIHEPTHUIO.

Cnemyer OTMETUTh, UTO MPU OJUHAKOBBIX 3HAKAX COCTABIISIONIUX MOTPEIIHO-
CTel U3MEPEHUM OTIyCKa B CETh U MOJIE3HOTO OTITyCKa KOMMEPUECKUE MOTEpU OyAyT
YMEHBIIATHCS, a MIPU Pa3HBIX — YBEJIMYUBATHCS. JTO O3HAYAET, YTO C TOUKHU 3PECHUS
CHUKEHUSI KOMMEPUYECKHX TMOTEPh JIEKTPOIHEPTUU HEOOXOJUMO MPOBOJUTH COTJIa-
COBAHHYIO TEXHUYECKYIO IOJUTHUKY IOBBIIICHUS TOYHOCTU HU3MEPEHUU OTIIyCKa B
CeTh U IOJIE3HOI'0 OTIyCKa. B yacTHOCTH, ecnu, Hanpumep, OJHOCTOPOHHE YMEHb-
aTh CUCTEMAaTUYECKYI0 OTPULIATEIHHYIO MOTPEIIHOCTh U3MEPEHHUM (MOJIEPHU3UPO-
BAaThb CUCTEMY Yy4€Ta), HE MEHSs MOTPEIIHOCTh U3MEPEHUN, KOMMEPUYECKUE MOTEpU
IIPYA 3TOM BO3PACTYT, UTO, KCTaTH, UMEET MECTO Ha MPAKTUKE.

Kommepueckasi cocTaBisitomiasi notepb, 00yCIOBICHHAS 3aHUKEHUEM I10JIE3-
HOT'O OTITyCKAa M3-3a HEJOCTATKOB SHEProCOBITOBOM JAEATEIbHOCTH, BKIIOYAET B CEOsI:

- HETOYHOCTh JAHHBIX O MOTPEOUTEIISIX DJICKTPOIHEPTHUU, B TOM UHUCIIE, HENI0-
CTAaTOYHOM MM OIMOOYHON MH(pOpMaLKeld O 3aKIFOUYEHHBIX J0roBOpax Ha IMOJIb30-
BAaHUE DJICKTPOIHEPTUEH;

- OIIMOKaMH MPU BHICTABJIICHUHM CUETOB, B TOM UYUCJIC HE BHICTABJICHHBIMU CUE-
TaMU TOTPEOUTEINISIM U3-3a OTCYTCTBHS TOUHON MH(OPMAIIUU 110 HUM U MMOCTOSHHOTO
KOHTPOJIS 32 aKTyaJu3aIiueit 3Toi nadopmarmy;

- OTCYTCTBHEM KOHTPOJS U OIIMOKAaMHU B BBICTABJICHUHM CUETOB KIIMEHTaM,
MOJIB3YIOIIMMCS CTIEIIMaIbHBIMU Tapudamu;

- OTCYTCTBHEM KOHTPOJISI U YUETA OTKOPPEKTUPOBAHHBIX CYETOB U T. II.

[ToTepu OT XUIIEHUHN AIECKTPOIHEPTUH SBIISIOTCS HaOOJIee CYIIEeCTBEHHON CO-
CTaBJISIONIEH KOMMEpPUYECKUX TOoTeph. ONBIT OOPHOBI C XUIICHUSMHU AJIEKTPOIHEPTUN
B Pa3IMYHBIX CTpaHax 0000IIaeTcs CrhenuaibHON AKCIEPTHOM TPYNIoN Mo u3yye-
HUIO BOIIPOCOB, KACAIOIIUXCS KPAKU DJICKTPOIHEPTUU U HEOIJIAaYeHHBIX CUETOB (HE-
matexeit). [Ipu 2ToM TEpMUH «KpaXka AJEKTPOIHEPTUM» MPUMEHSIETCS TOIBKO B TEX
CIIy4dasix, KOT/Ia 3JIEKTPOIHEPTHS HE YUUTHIBACTCA WJIM HE MOJHOCTHIO PETUCTPUPYET-
Csl 10 BUHE MOTpeOuTeNs, Ju00, KOTJa MOTPeOUTEIh BCKPBIBACT CUCTUUK WJIU HapYy-
IaeT CUCTEMY MOJAYHU AJIEKTPONUTAHUS C LEIbI0 CHUKECHUS YUYUTHIBAEMOI0 CUETUM-
KOM pacxoia moTpedIsIeMOn AIEKTPOIHEPTHH.

O06001IeHNe MEXKIYHAPOTHOTO M OTEUYECTBEHHOTO OIBITA MO0 OOphOe ¢ XuIle-
HUSIMH 3JIEKTPOIHEPTHUM MMOKA3aJ70, YTO B OCHOBHOM 3TUMH XUIIECHUSMH 3aHUMAOTCS
ObITOBBIE TIOTpeOUTENH. MIMEIOT MECTO Kpakd 3JIEKTPOIHEPTHUHU, OCYIIECTBISIEMBIC
MIPOMBITTUICHHBIMUA ¥ TOPTOBBIMH TIPEIMPUSATUSIMHA, HO 00BEM ITUX KPaxk HEb3s CUU-
TaTh ONPEACISIIOMMNM. XUIIECHUS JIEKTPOSHEPTUH UMEIOT JOCTATOYHO YETKYHO TEH-
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JICHITUIO K POCTY, OCOOEHHO B PETHOHAX C HEOJIAromoIyYHbIM TETUIOCHA0KEHHEM T10-
TpebuTenel B XOJOJHbIE MEPHOJIbI ToAa. A TaKke MPAKTUUYECKH BO BCEX PErMOHAX B
OCEHHE-BECEHHUE MEPHUO/IbI, KOT/Ia TeMIIepaTypa Bo3AyXa YK€ CHIIbHO MOHU3UIIACH, a
OTOIUJICHUE €IlI€ HE BKJIIOYEHO.

Kak npaBuiio, B 0OCeHHE-3UMHUE U 3UMHE-BECEHHUE MEPUO/Ibl T01a UMEIOT Me-
CTO HEJOIJIAThI 32 JIEKTPOIHEPTHUIO, & B BECEHHE-JICTHUE U JIETHE-OCCHHHUE TIEPUO/IbI
ATU HENOIUIATHl B OMpPENENICHHON Mepe KOMIEHCUPYIOTCs. B MOoKpHU3MCHBIN nepuon
9Ta KOMIICHCAIMs OblIa MPAKTHYECCKU TOJTHOW, W TMOTEPU DJICKTPOIHEPTUU 3a TOJ
pEeAKo, KOrjJa UMeIu KOMMEPUYECKYIO COCTaBIISIONIYI0. B Hacrosimiee BpeMsi OCEHHE-
3UMHHUE U 3MMHE-BECEHHHUE CE30HHBIE HEIOIIATHI 3a 3JIEKTPOIHEPIUI0 HAMHOTO Tpe-
BBIIIAIOT B OOJIBIIIMHCTBE CIIy4acB CyMMapHYIO OIUIAaTy B JApyrue nepuoasl roga. [lo-
ATOMY KOMMEpPYECKHE MOTEPU UMEIOT MECTO MO MecsllaM, KBapTajaM U 3a Tojl B lie-
JIOM.

KomMmMepueckre motepu 3JIEeKTPOIHEPTUU HEINb3s U3MEPUTh, UX MOXKHO C TOH
WM WHOW TOTPEIIHOCTHIO BBIYMCIIHTH. 3HAYEHHE STOW MOTPEIIHOCTU 3aBUCUT HE
TOJIBKO OT MOTPEIIHOCTEH M3MEpEeHUN 00bEMa XUILEHUN DJIEKTPOIHEPTUH, HATHUUUS
«0eCX03HBIX TOTPEOUTENECHY, IPYTUX PACCMOTPEHHBIX BbIIIE (PAKTOPOB, HO U OT TO-
IPEIIHOCTH pacuéTa TEXHUYECKUX MOTEPh dJIeKTpodHeprun. Yem OGosiee TOUHBIMU Oy-
IyT pacu€Thl TEXHUUYECKUX MOTEPh AJIEKTPOIHEPTUH, TEM, OUEBUIHO, TOUHEE OYIyT
OLIEHKH KOMMEPYECKOM COCTABJISIOIIECH.

2.3 BerpodHepreruka

TpanuunoHHO 3HEprus BeTpa B Poccuu MCHosib30Banach INIaBHBIM 00pa3zom
JUIsL TIOMOJIa 3€pHa JIEPEBSAHHBIMU YETHIPEXJIONACTHBIMU BETPSIHBIMA MEJbHULIAMU
yucsio KOTopbix aocturaino 200 Teic. mT., cpeaHer MomHocThi0 3,5 kKBT. Camblie
OOJBIIIE MEJTBHUIIBI UMENTU AuamMeTp BeTpokosieca 20-24 M u momtHocTh 10-15 kBT.
BerpsiHble MeIbHUIBI ITIEpEMAIBIBAIA B roJl 0K0JI0 34 MIIH. TOHH 3epHa. Bce Berps-
HbI€ MEJIbHUILIBI OBLTM MECTHOTO KPECThHCKOTO NMPOU3BOJICTBA, UX MOCTPOHKA OCHO-
BBIBAJIACh HA MHOT'OJIETHEM IPAKTHYECKOM OIIBITE.

TeopeTnueckue U 3KCHEpUMEHTaIbHBIE Pa0OTHI 110 BETPOJBUTATENSAM Hayalld
npoBoAuThCA B 1920-x romax, B pe3yibTaTe 4ero sl HYXKJ CEIbCKOTO XO35KCTBa
ObUIM pa3paboTaHbl MHOTOJIONACTHBIE BETPOJIBUraTeNld LEIbHOMETANINYECKOW KOH-
ctpykuuu guamerpom 5-8 M (TB-5 u TB-8). MaccoBoe npon3BOACTBO 3TUX YCTaHO-
BOK oTHOcUTCA K 1936 r., koraa os110 noctpoeHo 1300 ycTaHOBOK, YKOMILIEKTOBAH-
HBIX MOpIIHEBbIMU HacocaMu. [IpousBoautensHocTh TB-5 cocraBmsia 1 m*/u npu
ckopoctu Betpa 3 M/c u 5 M*/u mpu V = 5 mM/c. TB-8 obecneunBana B 3-3,5 paza
OOJIBIIYIO MPOU3BOAUTENBHOCTh. K I0BOEHHOMY NEPHOYy OTHOCUTCA TaKXe pazpa-
6otka BOVY c Berpokonécamu nuamerpom 8 u 12 m. [locneanwuii arperat Obut yKOM-
IJIEKTOBaH reHepaTtopoM 15 kBT. OH ucnosib3oBaica Ha ctaHuax CeBepHOro Mop-
CKOTO ITyTH M MOKa3aj BBICOKYIO HaJIeKHOCTh B padbote B ycioBusix Kpaiitnero Cese-
pa.

[Tepas B mupe BOC momrHocThio 100 kBT ¢ acCHHXpOHHBIM T€HEPATOPOM ObI-
na pazpaborana B [IATM u moctpoena B Kpeimy Hemamexko ot r. CeBacTOIOb
B 1931 r. Cranuus paboTrana Ha MECTHYIO S3HEPrOCUCTEMY, OHAa UMeEJa TUaMeTp BET-
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pokosieca 30 M. Ctanmus ycremrHo paboTana, Ho Obuta pa3pymieHa B 1942 r. Bo Bpe-
Msl BOMHBL.

B 50-x rogax B CCCP Berpoasurarenu Bbinyckanu 44 3aBojga. Makcumalb-
HBIN ypOBEHB MPOU3BOACTBA ObLT JOCTUTHYT B 1955 1. 9142 mt. HauGonbimmm cripo-
COM I0JIb30BaJICS BETpoABUTaTeNb TB-8, KOTOPBIN CTan NPUMEHATHCS HE TOJIBKO IS
noJibeMa BOJIbI, HO U JJisl mepepaboTku kopmoB. Ha BomocHabxkenue pepm B Poccuu
B 7 obnactsx B 1958 r. paboranu 2352 yctaHoBKU. BeTpoasurarenu okymanu ceOs 3a
1-2 rona pabotsl. Betponasurarens J[-12 Takike MCHOJIB30BAJCA JJIsi MEXaHHU3ALUU
TPYAOEMKHUX MPOIIECCOB B KMBOTHOBOJICTBE U JUIsl MoJibeMa Bojibl. bonee 3 Twic. pa-
IUOY3JIOB B cTpaHe B 1956 r. mutanock ot Ab, 3apspkaeMbIX ¢ MOMOIIBIO BETPOIIICK-
Tpuueckux arperaroB Tumna B2-2 momrHocteio 100 kBT. Ha 6a3e Betpoarperara /[-18
ObLTa co3/laHa BeTpou3eNbHas nekTpocTanus MourHocThio 100 kBT u MHOTOArpe-
ratHast MmontHOCcThIO 400 KBT.

C pazButTueM 3JIeKTpUUKaAIUN CeIbCKOTo x03sicTBa BOY cranu tepars cBoe
MpeXHEe 3HAYEHUE Ui cena. 3aJadyeil BETPOIHEPreTHMKM HAa HOBOM 3Tale CTajo
oOecrieueHre IHeprueil 0OBEKTOB CEITBCKOTO X035SMUCTBA, HE TOJKIIOUEHHBIX K DJICK-
TpoceTsiM. ITo otroHHble nactouma [loBomkes, Cubupu, Kazaxcrana, TypkmeHuu.
B nepuon ¢ 1968 no 1975 rr. B psane opranuzaiiuii Ob11M pa3paboTaHbl HOBBIE BETPO-
AJIEKTpUUECKUe arperatbl MoitHOCThIO OT 1 10 30 kBT. Hanbonee ynaunoit okasa-
JaCh KOHCTPYKIIMS JBYXJIONACTHOIrO BeTpoarperara ABDVY-6 ¢ nmameTrpom BETpOKO-
neca 6 M u momHocThio 4 KBT. Cepuiinoe npousBoacteo ABDY-6 6bu10 opranuzo-
BaHo B HIIO «Betrposn». O0bEM rogoBoro npousBojctsa B 80-¢ roJbl COCTaBIISI
400-500 mT. ABDVY-6 mpuMeHssics B COCTaBe YCTAaHOBOK PA3IMYHOTO HA3HAUYCHMUS:
JUIsl TOJbEMA BOJABI M 00OTpEBA IOMEIIEHUH, IJIs 3apsijia aKKyMYJIATOPOB Ha Masikax,
IJIS. OMPECHEHUST MOPCKOM M COJIOHOBATOM BOABI, JJIs KATOJAHOM 3alllUThl Maru-
CTpaJIbHBIX BOJOMPOBOJIOB. B uacTHOCTH, BeTpoarperatoB OOECIEeUMBAIM TEILIO-
cHaO)keHHe OBITOBBIX TMOMEIICHHN B AHTapKTuIe Ha cTaHiuu HoBosazapeBckas.
HITIO «BeTpo3H» OCBOWJIO TakKe CEPUIHOE MPOU3BOACTBO 3apsiAHBIX BETpoarpera-
ToB MOoIIHOCTBI0 100250 BT 1 BOAONOABEMHBIX BETPOArPEraTOB MEXAHUYECKOTO TH-
1a MPOU3BOJAUTEILHOCTRIO 10 1 M*/4.

B Hacrosiiee BpeMsi CEpUiHO NPOU3BOAATCA TOJIBKO Mayibie BOY MOIIHOCTBIO
ot 0,1 go 10 kBT, HO pa3paboTaHbl U MPOILIN OMBITHYIO MPOBEPKY BETpoarperaThl
6onpimx MormHocTed. Hadato cozmanne BOC momHuocThio 24 MBT non Dnuctoi
(Kanmpbikus). Pa6oraer BOC «3anonsipnas» (r. Bopkyra) mommuocteio 2,0 MBT,
o0opy/noBaHHAas CETEBBIMU BeTpoarperaraMyd OTEYECTBEHHOW pa3pabOTKu TUIla
ABD-250. B ycnoBusix Poccuu ¢ €€ orpoMHBIMH TI0 TIIOIIAAN U ¢J1a00 3aceIE€HHBIMU
CEBEPHBIMU TEPPUTOPUSIMHU HAUOOJBIINE MEPCIEKTUBLI UMEIOT aBTOHOMHBIE BOY, a
TaKXe THOPHUIHBIE CUCTEMBI AJIEKTPOCHAOKEHUS CETbCKOXO3SMCTBEHHBIX MOTPEOU-
TEJIEeH.

XOTs 3HEPrUsi BETpa U3BECTHA YEJIOBEYECTBY MHOTHE THICSUENIETUSI €€ UCTIOJb-
30BaHME JIJISl TPOU3BOJCTBA AJICKTPUUECKON dHEPruH OYpHO Pa3BUBAIOCh B MOCIE/I-
Hue 10-15 ner. K nacrosmemy BpemeHu B mupe ycrtaHoBieHo 6osnee 20000 Betpo-
AIEKTPUYECKUX arperaToB, 0OIas MOIIHOCTh KOTOPBIX MpeBbimaeT 16 muiH. KBT.
CoBpemeHHbIE BETpodHEepreTuueckue ycranoBku (BOY) umeror MOIHOCTh OT eau-
HUI[ KAJIOBATT J0 HECKOJBKUX METABATT M MO3BOJISIOT SKOHOMHYECKH 3(h(PEKTUBHO ¢
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BBICOKOU CTETICHBIO HAJIEKHOCTH MTPEoOPa30BhIBATh SHEPTHIO BeTpa. BOY MoryT uc-
MOJIB30BAThCS JIJISl PA3JIMYHBIX IIeJIei, HAaUMHAas OT 3apsjia aKKyMYJISITOPHBIX OaTapei
(AB) u sHeprocHaOXXeHHUs Pa3IMYHBIX OOBEKTOB (10Ma, hepMbl U TIp.) IO TMOJA4H
AJIIEKTPOIHEPTUH B CETH LIEHTPATU30BAHHOTO AJIEKTPOCHAOKEHUS.

Bo3spacraromuii uaTepec K npobiemam ucnoiab3oBanus BUD cBs3an ¢ yBenu-
YEeHUEM JI0 HEBUJAHHBIX paHee MacllITaOOB MOTPEOJICHHS] MCKOMAaeMOro ToruiBa. B
HACTOSIIEE BpEMs MOHMMAaHUE TOTO, YTO 3alachl OPraHUYECKOro TOIIMBA MCTOLIA-
IOTCSl U €r0 KCIOJb30BaHME BO BCE BO3pACTAIOIIMX 00beMax BENET K 3arps3HEHUIO
OKpY’Karolel cpe/ibl CTano BceoOmuM. Beiaenenue yriaekuciaoro ra3a, npuBOIsIIEro
K TI100aibHOMY MOTeIUieHuto, B Poccun nocturio 16 T B roj Ha OJHOTO >KUTEJNS; B
EBponie — 12 1. Beinenenue AByOKHCH CEpBI SBIISIETCS NPUYMHOM YYaCTHBIIMXCS B
MOCIICAHUE JIECATHIICTUSI KUCIOTHBIX MoXei. B Oymyiiem Hen30eKHO COKpalleHue
MOTPEOJICHUS] OPraHUYECKOro0 TOIJIMBA M €r0 3aMeHa JIPYTMMHU HUCTOYHHKAMH SHEP-
run. Vcnons3oBanne BUD Hauboisiee mpuBiekaTesnbHO, TaK KaK OHO HE HapylIaeT
€CTECTBEHHOTO OajaHca SHEPTUH, MoJydyaeMou Haiel rmianetoi. B Onuxaiiem Oy-
OYIIEM 0XKUAAETCS 3HAYUTENbHBIA pOoCT ucnolib3oBanuss BUD. B HacTosimiee Bpems
710J1s1 BO3OOHOBIISIEMOM SHEPTrUH B 3Heprodanance EBporbl cocraisier okoso 12 %.

B Poccuun BUD ucnosnb3yroTcs HE TaK HIMPOKO, a MX JOJISI B IPOU3BOJICTBE
AIEKTPOIHEPTHH cocTaBisieT MeHee 1 % (6e3 yuéra kpynabix ['9C). OnHako mep-
CIIEKTUBBI X MpuUMeHEeHUs! Beauku. Okoso 60 % TeppuUTOpUU CTpaHbl, IPEUMYIIIE-
CTBEHHO CEJIbCKOXO3SIMCTBEHHOTO MCHOJIb30BAHUS, UMEIOT IUIOTHOCTh JJIEKTpUYe-
ckoit Harpy3ku 0,5-10 kBT/M°. DNeKTpoCHA0KEHNE HACEJICHUS U MPOU3BOCTBEHHBIX
00BEKTOB 3/1eCh 00€CTICUMBACTCS, KaK MPaBUJIO, 32 CUET JU3EIBHBIX AJIEKTPOCTAHIIMM.
ITocTosiHHBIN POCT 1IEH HAa MPUBO3HOE JKUAKOE TOTLJIUBO JIeJIaeT YIKOHOMUYECKH 1IeTie-
cOoOOpa3HbIM MPUBJICYEHUE B SHEProOajaHC 3TUX TEPPUTOPUI MECTHBIX, B TOM YHCIIC
BO300HOBJISIEMBIX SHEPTOPECYPCOB.

BanoBoii norenuuan BUD, koTopsiM pacnosaraer Poccusi, SKBUBaJICHTEH
4-5-10" TOHH YCIIOBHOTO TOILIMBA, 4 PKOHOMHYECKHIT TOTCHIMAN HETPAIHIIHOHHBIX
BUD cocrapmsieT okoino 30 % eé rogoBoro sHepromnorpedneHus. Jlo 80 % BUD mo-
I'YT OBITH HCIIOJIB30BaHbI B Chepe CeNbCKOr0 X0341UCTBa, YTO Oy/IeT CIOCOOCTBOBATH
MOBBIIICHUIO HAJIEKHOCTH SHEPTO00ECTIeueHNs, IKOJIOTHUYECKOM YMCTOTE U MOBBIIIIE-
HUIO MPOAYKTUBHOCTH CEJIbCKOXO35MCTBEHHOTO mpou3BojcTBa Poccuu. Berposnep-
TeTUYECKUI MOTEHITMAT HAIlle CTpaHbl COCTaBIsET OKOJO 1/4 0o0miero moTeHIaNa
Bcex BunoB BUD.

Betep MeHsieTcst B 3aBUCUMOCTH OT BPEMEHHU CYTOK U ce30Ha roja. [Ipuuem B
3UMHHE MECSIbl CKOPOCTh BETpa OOBIYHO BBINIE, YeM JieTOM. J[HeBHbIC M3MEHEHUS
CKOpPOCTH BeTpa HaOJIIOAAIoTCs, Kak MpaBWJIO, BOJM3UM MOpPEW M OOJIBIIMX O3ep.
YTpom conHIlE HarpeBaeT 3eMJI0 ObICTpee, YeM BOJYy, MO3TOMY BeETep HOyeT B
HarnpaBJICHUU noOepexbs. BeuepoM ke 3emiisi OCThIBaeT ObICTpee, YeM BOJia, MOITO-
My BeTep AyeT OT moOepexbsi. CKOPOCTh BETpa 3aBUCUT OT BBICOTHI HAJ YPOBHEM
3emid. BiiM3Ko K 3emiie BeTep 3aMeJIsieTCs 3a CUET TPEHUSI O 36MHYIO0 TOBEPXHOCTD.
Takum 06pazom, BeTphl OBIBAIOT CHJIbHEE Ha OOJBIIUX BBICOTAX IO OTHOIICHHIO K
3emiie. [t ceTbCKOXO3SIMCTBEHHBIX MOJIEN U MTYCTBIHHBIX TEPPUTOPUM MPU yBEIIAYE-
HUUW BBICOTHI HAJl IOBEPXHOCTHIO 36MJIM B JIBa pa3a HAOIIOAACTCS YBEIIMUEHHUE CKOPO-
CTH BeTpa npuonu3uTensHo Ha 12 %.
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Ha ckopocth BeTpa OKa3bIBalOT 3HAYUTENBHOE BIUSHUE Teorpapuueckue
YCIIOBUSI U XapaKTep 3€MHOI MOBEPXHOCTH, BKJIOYAsl pa3InyHbIC MPUPOIHBIE U HC-
KYCCTBEHHbIE NPENSATCTBUS, TaKUE, KAK XOJIMBI U IIp., @ TaKkKe JAepeBbs U 31aHus. [1o
sToi mpuunHe BOY pacnonaraioT, Mo BO3MOXXHOCTH, Ha BO3BBIIICHHBIX U yJaJCH-
HBIX OT BBICOKHX JIEPEBBEB, KUJIBIX IOMOB U JIPYTUX COOPYKEHUN MeCTaX, T.K. TAaKHUE
IPEMSITCTBUS CHUKAIOT CKOPOCTh BETPa U MPUBOJAT K 3aBUXPEHUSM [IOTOKA, 3aTPYy-
HSAIOLUM IpeoOpa3oBaHUE SHEPTUU BETPA.

CpennerogoBasi ckopocTh BeTpa (V.) XapakTepu3yeT BETPOBOM MOTEHLHAI
tepputopuu. CpeiHUEe CKOPOCTH BETpa MOTYT OBITh BBIYUCIEHBI U JJIs IPYTHX MEpH-
OJIOB, HANPUMEP, MECSUYHBIC, THEBHBIC, YAaCOBBIC. DHEPrus, 3aKIIOYEHHas B BETpE,
HAXOAUTCS B KyOWYECKOH 3aBUCMMOCTH OT BEJIMYMHBI CKOPOCTH BETpa. Y IBOCHHE
CKOPOCTH BETpa JaeT yBeIuueHue sHepruu B § pa3. Takum oOpa3om, cpenHss CKO-
pOCTh BEeTpa 5 M/C MOXKET JaTh MPUMEPHO B 2 pa3a 0oJbllle YHEPTHH, YEM BETEP CO
cpenHeil ckopocThio 4 M/c. XapaKTepUCTUKH BETpa U3MEPSIOTCS HAa METEOCTAHLUSAX.
Ha ocHOBe JaHHBIX MHOTOJIETHUX HAOJIOJIEHUI CKOPOCTEN BETpa B Pa3IMUHBIX 00Ja-
cTsix Poccum cocTaBisitoTcs cienuanan3upoBaHHble KapThl BETPOB (aTiac BeTpoB Poc-
cun).

CoBpemennbie BOY — 370 MamuHbl, KOTOpbIe MPeoOpa3yroT IHEPTUIO BETPa B
MEXaHUYECKYI0 SHEPIHI0 BPAILAIOLIETOCsl BETPOKOJIECA, a 3aTEM B DJIEKTPHUUECKYIO
sHepruto. B Hacrosiee BpemMsi IPUMEHSIOTCS IBE OCHOBHBIE KOHCTPYKIIMM BETpOAr-
peraToB (pUCYHOK 4):

1) ropu3oHTaIBHO-OCEBBIC;

2) BEpTUKAIBHO-OCEBBIC.

- ]
Pucynoxk 4 — KoHcTpykiiuu BeTpoarperaTtoB

O6a tuna BOY umerotr npumepno pasusiit KI1JI, onnako Hanbosnbiee pacrpo-

CTpaHEHHE TOJyYHJIM BeTpoarperaTsl mepBoro tumna. Momuocts BOY MoxeT ObITH
OT COTEH BAaTT JI0 HECKOJbKMX MEraBarT. PaHee B BETPOYCTAaHOBKax MPUMEHSIINCH
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BETPOKOJIECA TaK HA3bIBAEMOI'0 «aKTUBHOI0» THMa (KapyceibHOro tumna, CaBoHuyca
U JIp.), UCTIOJIB3YIOIME CUITY JaBJeHUs BeTpa (B OTIMYHME OT BhIIIE YKa3aHHBIX BET-
pPOKOJIEC, HUCIOJIB3YIONINX MOABEMHYIO cuily). OJIHaKO TaKHMe€ YCTAaHOBKH HMMEIOT
ouenb Hu3kui KIIJI (Menee 20 %), mo3TOMy B HacToslIee BpeMsl JIsl POU3BOJICTBA
HHEPTUU HE TPUMEHSIOTCS.

OcCHOBHBIE KOMIIOHEHTHI YCTAaHOBOK 0OOUX THUIIOB:

- BeTpokoJieco (poTop), mpeoOpas3yroliee IHEPTUI0 HAOETAIOIIEr0 BETPOBOTO
MIOTOKAa B MEXAHWYECKYIO SHEPIHUIO0 BpalleHusi ocu TypOuHBI. J[uameTp BeTpokoieca
KOJIEOJIETCSA OT HECKOJIBKUX METPOB JI0 HECKOJIBKHUX JECATKOB METpoB. YacToTa Bpa-
meHusa cocrtasizeT ot 15 mo 100 MUH ", OGBIMHO JUI1 COEOUHEHHBIX ¢ ceThio BOY
4acTOTa BpalllEHUs] BETPOKOJEca MOCTOSIHHA. J[JI1 aBTOHOMHBIX CUCTEM C BBIIPSIMHU-
TEJIEM U UTHBEPTOPOM — OOBITHO TIepEMEHHAS;

- MYJIbTUIUTUKATOP — MPOMEKYTOUHOE 3BEHO MEXKIY BETPOKOJIECOM U BJIEKTPO-
reHEPaTOPOM, KOTOPBIN MOBBIIIAET YaCTOTY BpAIllEHUs Bajla BETpOKoJieca U obecre-
YUBaeT coryiacoBaHue ¢ o0oporamu reuepartopa. Mckimouenue cocrapisitor BOY ma-
JI0M MOIIHOCTH CO CIEIMAIbHBIMU F€HEPATOPAMU HA MOCTOSTHHBIX MAarHUTAaX; B TAKUX
BETPOYCTAHOBKAaX MYJIbTUILUIMKATOPHI OOBIYHO HE MPUMEHSIOTCS;

- OamHs (€€ MHOTJa YKPEIUISIIOT CTAIbHBIMU PACTSXKKaMH), Ha KOTOPOM ycTa-
HOBJICHO BeTpokoJieco. Y BOY GoubInol MOIIMHOCTH BhICOTa OAIlTHU JOCTUTAET 75 M.
OOBIYHO ATO MWJIMHIPUYECKUE MAUThl, XOTS MPUMEHSIOTCA U pelieTdyaTsie OalllHu;
ocHOBaHue ((pyHAaAMEHT), peIHa3HAYEHO ISl IPEOTBpAICHUs aJeHUs YCTAaHOBKU
MIPU CUJILHOM BETpE.

ABTOHOMHBIE BETPOAJIEKTPUUECKAas CHUCTEMa 3HeprocHadxkeHus padoTaer
HE3aBUCUMO OT CETH LEHTPAIU30BAaHHOTO YHEProcHadxeHus. B atux ycnoBusx BOY
MOXET (PYHKIIMOHUPOBATH CAMOCTOSITEJILHO WJIM B Ka4€CTBE KOMIIOHEHTa KOMOWHU-
POBaHHOW CHUCTEMbI dHeprocHadkeHus. Kak mpaBuiio, MajioOMOIIHbIE aBTOHOMHBIE
B3OV renepupyroT moCTOSIHHBIN TOK JJIs1 3apsijia akkymynsatopHoit 6arapeu (AbB). Cu-
CTeMa COJICPKUT MHBEPTOP ISl MPeoOpa3oBaHMs MOCTOSTHHOTO TOKA B TIEPEMEHHBIN C
HanpsbkenneM 230 B. B nacrosiee Bpemst B Poccun mosiyduiau pacnpoCTpaHEHUe
TaKMe BETPOIHEPIeTHUECKUE YCTAaHOBKM MOUTHOCTHIO 10 0,5 kBT. PaspabGortansr u
HCIIOJB3YIOTCS OMBITHBIE 00pa3iibkl BOY momHuocteio 2,5; 5; 8 u 10 xBT. bonee
MOIIIHBIE CUCTEMBI, UCTIOJb3YEMbIE, HAIPUMED, JJI dJIEKTPOCHAOKEHUSI HECKOIBKUX
00BEKTOB, 0OBIYHO TEHEPUPYIOT IEPEMEHHBIHN TOK.

[IpropuTeTHBIM HaIpaBJIECHUEM Pa3BUTHS BETpOIHEPreTUKH B Poccun Ha Oiu-
kKaliee BpeMsi OyJieT aBTOHOMHOE MCIIOJIb30BaHUE MajbiX U cpeanux BOY B orna-
neHHbIx pernoHax Kpaiinero CeBepa, T.K. TaM COCPEAOTOYEHBI OCHOBHBIE BETPO-
DHEPreTUYECKUE PECypChl CTpaHbl, HU3Kas IJIOTHOCTh HACEJIICHUS, OTCYTCTBYIOT
KPYITHBIE AJICKTPUUYECKUE CETH U UMEETCS OKOJIO 17 ThIC. MaJbIX HACEJIEHHBIX MyHK-
TOB, TJ/I€ IIeJiecooOpa3Ho wucnoyib3oBath BOC mist 1eneil sHeprocHaOXeHUsI.
B 1996-1998 r.r. B MypMaHCKO#1 1 ApXaHTeIbCKON 00JIACTSIX YCTaHOBJICHBI TIEPBBIC
aBToHOMHbIe BOY momHocTthio 10 kBT.

['uOpuaHas sHEpProcUcTEMa MOAPa3yMeBaeT UCoib3oBaHre BOY coBmecTHO ¢
JIPYTMMH HWCTOYHUKAMU SHEPTrud (IAU3EIb-T€HEpPaTOp, COJIHEUHbICE MOMYJIU, MHK-
pol'DC u 1. 11.). CoOTHOIIIEHHE MOIIIHOCTH KOMIIOHEHTOB CUCTEMBI 3aBUCHUT OT CXEMBbI
TCeHEPUPOBAHUS HArPY3KH U PECypCOB BeTpa (PUCYHOK 5).
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Hcnonb3oBanue pexxuma pasznenbHoit padotel BOY u JIDC no3Bosnser nogHsaTh
JIOJIFO ydacTusi BeTpoycTaHoBKHU 10 50-60 % u 6onee. OgHako, B 3TOM cllydae HEU3-
0EXHO YCIIO)KHEHHE CHCTEMBI 3a cueT HEOOXOJIMMOCTH BBEJICHUS CUCTEMBI yIIpaBJie-
HUs, UHBEPTOPHOTO 000pyAoBaHus U Ab, KOTOpbIE aKKyMYyJIHUPYIOT YHEPTHUIO, BhIpa-
0aThIBAEMYIO BETPOArperaToM mnpu pabodux CKOPOCTIX BETpa ISl MUTAHUS HArpy3KU
B 0€3BETPEHHYIO MOroAYy WJIU MPHU HEOOJBIIUX CKOPOCTAX BeTpa. Beskuii pas, korja
ATO BO3MOJKHO, dHEPrus noiydaercs 3a cu€r BOY, a Ab HenpepbIBHO TOA3aPSKAIOT-
ca. B mepuoasl BETpOBOTO 3aTHIlbS, KOTAA 3apsig Ab magaer HUXKE ONpenesieHHOTO
YpOBHS, 711 o0ecrieueHus: MoTpeOuTeseil 3Heprueil aBTOMaTUYeCKU (MM BPYUYHYIO)
3aIyCKaeTcsl AU3eb-reHepaTop. BeTpo-n1nu3enbHble CUCTEMBI PACCMATPUBAEMOIO TH-
Ma B HACTOSIIEE BPEMsI UCIOJIb3YIOTCS B ApXaHTelbcko 1 MypMaHCKOM 00iacTsix
Poccun.

['ubpuHBIC BETPO-IU3EIbHBIE CHCTEMBI MOIITHOCTRIO OT 2 110 500 kBT paznuu-
HBIX KOHCTPYKIIMI M Ha3HAU€HWs B HACTOAIIEE BPEMS UCIBITHIBAIOTCS, pa3padaThl-
BAIOTCA WJIHM IUIAHUPYIOTCS K peanu3aluu B paMkax DeaepalibHOW MNpoOrpamMMbl
«OHeprocHabxenne yaaneHHoix tepputopuii Kpaitnero Cesepa P®». Kak mpasuro,
9TU THOPUJIHBIE CUCTEMBI MPEHA3HAYEHBI JIsl HaJIeKHOTO AJIEKTPOCHAOKEHHUS aBTO-
HOMHBIX MIOTpeOUTENeH ¢ OJHOBPEMEHHONW SKOHOMUEH KUIKOTO TOTLJIMBA.

DneKTpruyecKasi JHEprusi MOXKET ObITh MOJyUeHa 3a CUET MpeoOpa30BaHUsl COJI-
HEYHOTo u3ayueHus ¢orodiekTpudeckumu 6atapesmu (Ob). HecMoTpst Ha 10BOIBHO
BBICOKYI0, B HAcCTosllee BpeMs, CTOUMOCTh Db, MX HCHOJIb30BAHUE COBMECTHO C
BOYV B HekoTophIX ciiydasix MoOxKeT ObITh 3 (dekTuBHbIM. [TockonbKy 3uMoi cytie-
CTBYET OOJIBIION MOTEHIMAN BETpa, a JIETOM B SICHBIE JIHU MaKCUMAaJIbHBIN 3(pdexT
MOXHO MOJIy4uTh, Ucnoib3yd @b, To coueTraHne 3THUX PECypCcOB OKa3bIBAETCS BbI-
TOJTHBIM JIJIS TOTPEeOUTES.

BOY moryT ucnons3oBathcsi B koMOuHaIuu ¢ Mukpol DC, uMeronmmu pesep-
Byap sl BojAbl. B Takux cucremax NpU HalMYUK BETpa BeTpoarperar MUTAeT
Harpy3Ky, a W3JIMIIKKA SHEPTUU UCIOJIB3YIOTCS ISl 3aKauyMBaHUS BOJIbI C HUYKHETO
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Obeda Ha BepxHUIl. B mepuoasl BETpOBOTO 3aTHILIbs YHEPTHUS BHIPAOATHIBACTCS MHUK-
pol'DC. [TonobHbIE CXEMBI 0COOEHHO YPPEKTUBHBI IPU MAJIBIX pECypcax I'MIpOdHEp-
TUH.

BOY, noaxntoueHHblE K HHEProceTs M, MOJpa3yMeBalOT CBSA3b C KaKOH-INOO
CYILLECTBYIOIIEH SHEPIeTUYECKON CEThI0, KOTOpas MOCTABIIIET BETPOYCTAHOBKE aK-
TUBHYIO U PEAKTHBHYIO MOUIHOCTb JUIsl 0OO€CHeUeHHus 3amycKa, padoThl U KOHTPOJIS
BeTpoarperara. 9To 03Ha4aeT, 4To JIEKTPOIHEPTHUs, BeipaboTanHas BOVY, nocrymnaer
HEIOCPEJICTBEHHO B ceThb. BOY HauMHaIOT BbIpaOaThIBaTh 3HEPTUIO IPH HEKOTOPOU
CKOPOCTH BETpa, OOBIYHO OKOJIO 4 M/C Ui OOJIBIIMHCTBA COBPEMEHHBIX YCTAaHOBOK.
Tok Bo30yxeHus: 6epercs U3 CeTH U UCTIOIB3YETCsl 11l CHHXPOHM3AIMH T'eHEpaTopa
BOYVY. Oro o3Hauvaer, 4TO €ciau CeTh OTKIIIOYEHA, TO BETpOArperaT He MOXKET IMPOou3-
BOAUTH 3Hepruro. CoeIMHEHHbIE ¢ ceThi0 BOY ycTaHaBIMBaIOTCS Ha TEPPUTOPUSX C
XOPOIIMMH BETPOIHEPTETUYECKUMH PECYPCAMH JIJIsl IPOU3BOJICTBA SJEKTPOIHEPTUH C
LEJbI0 IPOAAKU €€ SHEPreTHYeCKUM KOMIaHUsAM. ['pyIina Takux TypOUH COCTaBIISIET
TaK Ha3bIBaEMYI0 «BETpodepMy».

Berpodepma — 3Tto kommuexke BOY, yacto ycTaHOBIEHHBIX psiiaMU, KOTOpBIE
NEePIEeHIUKYIISAPHBI FOCIOACTBYIOLIEMY HallpaBieHuto Berpa. [Ipu pazpaboTke Tako-
ro MPOEKTa HYKHO YUYMTHIBATH HAJIIMYUE JOPOT Ui AOCTyNa K arperaram, MOACTaH-
LIM 1 MOHUTOPUHIOBOI U KOHTPOJbHOU cucTeM. OOBIYHO y4acTOK 3€MJIU, OTBEICH-
HBIM 10l BETpOepMy, UCIONB3YETCSI U Ha APYTrue HYXJIbl, HAIPUMEpP, CEIbCKOXO-
3siicTBeHHble. OOBIYHO B BeTpodepMax HCIONBb3YIOTCA KpPYIHBIE BETPOArperaThl
MourHOCTEI0 0T 200 kBT 10 1,5 MBT u Bbimie. [Ipu 3T0M 00111251 MOITHOCTH BETPO-
(dbepMbl MOXET AOCTUraTh AECATKOB M coTeH meraBarT. B mrare Kamudophus
(CIIA), nanpumep, 3a CU€T HCHOJb30BaHUS BETpPO(PEepM MPOUZBOAUTCS CTOJIBKO
ANIEKTPOIHEPTUH, YTO €€ XBaTaeT ISl YJOBJIETBOPEHHUS MOTPEOHOCTEM B SHEPIUH
KPYITHOT'O TOpoJia, Takoro, kak Can-OpaHIMCKO, B TEUEHHUE TOA.

3 3aaum Aj1sl KOHTPOJILHOI padoThI CTYI€HTOB

3agaua Ne 1

Hcnonb30BaHME COJIHEUHOW 3HEPTUM ISl OTOIUIEHUS «YEPHOTO COJTHEYHOTO
nomay. «HEpHBIN COTHEYHBIN JOMY» ¢ OOIBIITMM OKHOM C FOXKHON CTOPOHBI pa3MepoOM
H-L (BbIcOTa, IyIMHA) U MAaCCUBHOM 3aUuepHEHHONM CTEHKOW C CEBEPHOM CTOPOHHI (Ta0-
nuna 1). TonyHa MOTJIONIAONIEH CTEHKH, U3rOTOBJICHHOW M3 0eToHa (8), ero IoT-
HOCTB p = 2,4-10° kr-M®, K03 duImenT mponyckanus crexia 7, = 0,9, kodhuIeHT
MOTIJIOIEHUS cTeHKH a,, = 0,8.

OnpenenuTs:

Kakoil TpeOyercs NMOTOK COJHEUHOIO HM3JIy4Y€HHUs, 4TOOBbl HArpeTb BO3AYyX B
komHare Ha 20 °C rpaaycoB BbIllI€ HAPYKHOTO.

TeMneparypy Bo3/lyxa B IoM€ B 8 4acOB yTpa, T. €. uepe3 16 yacoB. Temrmepa-
Typa HapyxHoro Bozayxa 7; = 0 °C. Temnoémkocts OetoHa ¢ = 840 Ix-kr-K.
VY enpHOE TEPMUYECKOE COMPOTUBJIEHUE MOTEPSIM TEILJIa U3 KOMHATHI HApyXy uepes
crexyio r = 0,07 m>K-Br.
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Taomuna 1 — Ucxonusie naHHbIE

Bemnununa| 1 | 2 | 3 | 4 10|11 (12 | 13| 14 | 15

Hm |34 |54 5|34 ]5]4]5

g1|o1jon
Awo
Ao
wW|PH |00
M| W|O

LLm |53 |4]6 3164|546

8, M 02/01/03/04/05/03/04/0,2]03]05[{0,4/0,2/0,3/0,4/0,3

3agaua Ne 2

3Hast romans 6acceiina F-10%, kM? 1 cpeHIo0 BemmanHy npuinsa R, M (Tab-
muna 2). OueHuTh NPUIMBHOM MOTeHIMan OaccedHa 3,,,, UCIONB3Yys (QopMyiry
JI. b. bepHiurerina.

Tabmuia 2 — VMcxonHele JaHHbBIE

BapuanTsl

Bemamwa = s T T 5 [ 6 [ 7 | 8] 9 10|11 ]12] 13|14 15

F10°,km°| 1 11,2(1,4[15[1,8[20(24(22(26|28| 1 [12/15[20] 22

R, M 7181910111213 |14|15|12 11|10 9 | 8 | 7

3agaua Ne 3

Pasmeppl MmIoCKOro mjiacTUHYATOro HarpeBaTens H-L (WupuHa W JAJIMHA)
(Tabnua 3), conporuBieHne Terronotepsu I = 0,13 M*K-Br, koahdurment rermio-
nepenaun, a = 0,85. KoaddunueHnt nponyckanus crexiassHHON Kpbimku 7 = 0,9.
Kosddumument nornomenus miactunsl o,= 0,9. TemnepaTypa BXOIsLIEH B MPUEM-
HUK xuakoctu T,. Temmeparypa OKpyXawIero Bo3ayXa 13, TOTOK JY4YHUCTOU
sueprun G, Br-m’, Temmoémkocts Bogpl, ¢ = 4200 Jix-(kr-°C). TemmepaTypa BbIXo-
ISIIIEN JKUOKOCTH 173

OnpenenuTh CKOPOCTh MTPOKAYKH, KOTOpasi HE0OXOoauMa ISl TOBBIIICHUS
temriepatypbl Ha t rpamycoB. Hacoc pabortaer u Houbto, korna G = 0. Kak Oyner
CHIDKAThCS TeMIIepaTypa BOJBI 3a KaKAbli mpoxoj uepe3 npuémuuk (73, 7). HeoO-
XOIUMO YYHUTBIBATh CPEIHIOIO TEMIEPATYPy MPOXOIAIIEH JKUIKOCTH ).

Taomuna 3 — cxoquele qaHHBIE

BapuaHThI
Bemmmua 5 T3 T4 15 6] 7| 8] 9 |10]11]12]13] 14 15
H, M 21251 2 (251 2 (251 2 (251 2 (251 2 (251 2 (25 2

L, M 8/0/7/09/10]0,//08]/09[10]1,1]12]0,7]08|09]10[11

G, B'm” | 750|650 | 600|600 | 650 | 750 | 700 | 600 | 650 | 700 | 750| 700|650 | 700 | 750

7, °C 1201510 5 (201510 5 201510 5 [20[15] 10

15, °C 40 |45 [ 354035 [45[35[40[45|35]40[50 ][50 ]40]40

t, °C. 4 155455545544 ]4]4]4

3agaua Ne 4

[110THOCTH MOTOKA M3TY4YEHHUS, MAJAIOIIET0 HA COJTHEUYHYIO0 OaTapero, COCTaB-
mser G, Brm?, KITJI, # %. Kakyio miomans F 10/kHa MMETh CONMHEdHas GaTapest ¢
KII/J # m momHoCcTBIO P, BT.
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Taomuna 4 — cxonusle JaHHBIE

Beanunna

BapuanTsl

1] 2

3| 4

5| 6

/71819

10 | 11

12 | 13

14 | 15

G, Brm®

460|500

550|600

700|750

450

480

500

520|550

580|600

650|700

n, %

20 | 18

19 | 20

21 | 22

23 | 18

19

20| 21

22 | 23

24 | 20

P, Bt

100| 90

110|120

130|150

140] 90

100

110|120

130|140

150|160

3amaua Ne 5
Conneunass Gatapest coctouT u3 (N) (GOTOITEMEHTOB, MOIIHOCTHh KaKIOTO
1,5 BT, pasmep 20-30 cm. Onpenenuts KII/] (1) comneunoit Gatapeu, eciu IIIOT-
HOCTB oToKa G, Br-M° (Tabmia 5).

Tabmnma 5 — McxonHble JaHHBIC

Bemuia - > - BaEI/IaHTBI - - -
n, IiT. 900 1000 1100 1200 1300 | 1400 | 1500 600
G, Br-Mm° 500 450 550 600 650 700 750 450
Bennuunna 9 10 11 12 13 14 15
n, IiT. 1700 1800 2000 2200 2400 | 2700 | 3000
G, Br-Mm 500 550 600 650 700 750 500
3agaua Ne 6

Ilnouaas comHedHoit 6arapen S, M°, IIIOTHOCTH TOKA §, A-CM’, IIIOTHOCTb H3-
nygenns G, Br-m® (tabnuua 6). Onpenenuts JJIC B conneunoii 6atapee mpu KITJT 7.

Tabmauma 6 — McxonHble JaHHbBIE

BapuanTsl
Bennuuna 1 5 3 4 5 5 7
S, M 0,25 0,3 0,4 0,5 0,6 0,7 0,8
i, Acm® 3-10° | 2:10% | 410° | 1-10° | 2:10% | 3-10% | 4107
G, Br-m® 300 400 500 400 450 500 550
n 0,3 0,25 0,26 0,27 0,28 0,29 0,3
Bennuuna 8 9 10 11 12 13 14
S, Mm° 0,9 1,0 1,1 1,2 0,3 0,4 0,5
i, A-cm’ 5107 | 1-10° | 2:10° | 3:20° | 410° | 510° | 6107
G, Br-m® 600 650 700 750 600 650 700
n 0,25 0,26 0,27 0,28 0,29 0,3 0,25
3agaua Ne 7

Hebomnbimas qomaniasisi OCBETUTENbHAS CUCTEMA MTUTAETCS OT aKKYMYJISITOPHOM
Oarapen Hanpsokennem U, B (Tabmuia 7). OcBenieHne BKIIIOYAETCS KaXKIbIA BeUep
Ha 4 4, moTpebnsembiii Tok |, A. Kakoit nomkHa ObITh cOTHEUHast OaTapesi, YTOOBI 3a-
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PAIUTH aKKYMYJIHPYEMYIO OaTapero, €Ciu U3BECTHO, UYTO KPEMHHUEBBIN 3JIEMEHT UMe-
et OJC E =0,5 B npu toke 0,5 A. Pacxon suepruu Ha 3apsia 6arapeu 20 % Oombiie,
YeM PHEprusi oTaBaemasi HoTpeOUTENIO IPU pasps/ie.

Taomuna 7 — cxoquele qaHHbBIE

Benu- BapuanTsl

M TS T3 4506 718 911011 12 | 13 |14 ] 15
UB |8| 9 |10]11]12|8] 9 1011|128 | 9 | 10 |11 12
| A 130/25]|3|35(40(25/30(35|40(25/30]| 35| 40 |30/ 35

3amaua Ne 8

[IpuéMHUK pacroyokeH Ha TEIUIOU30JATOpE ¢ KO3P(OUIIMEHTOM TEIIONIpo-
BogHOCTH A, BrM'K , (Tabnuua 8§), yaenbHOe TEPMHUUECKOE COMPOTUBIEHUE MTOBEPX-
Hoctu npuémunka I = 0,13 M*K-Bt. Onpenenurs Kakol TOMIIUHBI TPEOYETCs M30J15-
1Us1, YTOOBI 0OECIIEYUTh TEPMUUECKOE COIIPOTUBIICHUE JAHA, PABHOE COMPOTHUBIICHUIO
ITOBEPXHOCTH.

Tabmnma 8 — McxoaHbple JaHHBIC

Benu- BapuanTtsl

ypga | 1 | 2 | 3 |4 | 5|6 |78 ]9]10]11 1213|1415

BrMK

4, 10,034/0,04/0,05|0,06(0,07/0,08/0,09/0,15(0,10,12|0,13|0,14(0,05/0,06|0,04

3agaua Ne 9

Omnpenenuts Temneparypy Tpyoku 7, BAKYyMHPOBaHHOTO NPHUEMHHKA, €CIIH
BHYTPCHHUU IuaMeTp TpyOku d, cM, MOTOK coHe4YHO# sHeprun G, B1-M’, TeMIiepa-
Typa cpensl 1, (tabmuna 9). Conporusnenus norepsam temnorsl R = 10,2 K-Br, ko-
3¢ GUIMEHT MPOMyCKaHus CTEKISTHHON KpbIKU f = 0,9, K03(hdUIMeHT moraomeHus
(momst mornomEnHOM 3HEprun), o, = 0,85.

Taomuna 9 — cxoqusle qaHHbBIE

B BapuanTsl
CAMIMHA ™ 53" T4 [ 5 [ 6 | 7 ] 8 | 9 [10] 11 | 12 | 13 | 14| 15
d. cm 1 09| 1 |11|12]13[14] 15 1 (111213 14 |15] 1

G, Br-m° | 750 | 700 | 650 | 600 | 550 | 500| 750 | 700 | 650 |600| 550 | 500 | 750 | 700 | 650

T, °C 20115 (10| 5 10|15 20| 15 |10|5| O 5 10 | 15 | 20

3agaua Ne 10

Conepxanue Biaru B coopanHom puce W, % (tabnuia 10). [Ipu Temneparype
Bo3nyxa 1> = 30 °C u otHOocuTenbHOU BiaxkHoctu @ = 80 %, paBHOBecHas! BIIax-
HocTh. W, =16 %, mnoTHOCTH BaxHOTO BO3ayxa p = 1,15 KF'M3, yJeJbHas TEeTIoTa
napooOpasoBaHus Bojibl I' = 2,4 MJx-kr. Puc Heooxoaumo BeicymuTh 10 W, = 16 %.
[ToacunTarh, Kakoe KOJIMYECTBO BO3yXa IpH TeMiiepaType cymkw t, °C, Heo0Xou-
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MO, YTOOBI IPOCYIIUTH M, KT pHca.

Taomuna 10 — UcxoaHbie qaHHbBIE

Besuiia BapuanTsl
1 2 3 4 5 6 7 8

W,, % 28 26 30 24 26 28 30 24
t, °C 45 50 40 45 50 40 45 50
M, xr 1000 800 1200 1000 | 1550 | 1000 | 1200 | 1800

Bennunna 9 10 11 12 13 14 15
W,, % 26 28 30 24 26 28 30
t, °C 40 45 50 40 45 50 45
M, xr 2000 2500 3000 1000 | 2000 | 1500 | 1200

3agaua Ne 11
[Imomaap COMHEYHOrO AUCTWILIATOpPA B-L, M. TIoTok W3JIy4YE€HUS COCTABIISIET
G, MI[)K-M2 B JieHb (Tabmuua 11). YaenbHas Temiora mapooOpa3oBaHUs BOJIbI
r =2,4 M/xkr. Onpenenuts NPpOU3BOAUTENBHOCTD AUCTUILISITOPA.

Tabmanma 11 — McxoaHele JaHHbIE

Bemuna BapuanTsl
1 2 3 4 5 6 7 8
B, m 5 5 10 15 10 15 20 15
L, M 5 10 15 5 20 20 20 10
G, MI[)K'MZ'I[GHI) 20 15 10 10 15 20 20 15
Benuuuna 9 10 11 12 13 14 15
B, m 10 10 25 25 25 25 25
L, M 10 5 5 10 15 20 25
G, M/lx'm>mens | 15 | 10 15 15 | 20 20 15

3agaua Ne 12

Heb6omnb11oii XopoIo M30JUPOBAHHBIA JOM TPeOyeT CpelHero BHYTPEHHETO
pacxona teria Q, kBT. (Tabmmma 12). Bmecte ¢ JOMOTHUTENBHBIM TEIJIOM OT OCBE-
IIEHUs1 ATO oOecreunBaeT mojjep;kanue BHyTpeHHel Temneparypsl 20 °C. Tlox mo-
MOM HaXOJATCSI aKKyMYJISITOp TOpsiYeil BOJbI B BUJE MPSMOYTOJIbHONU EMKOCTH, BEPX-
Heil 4aCTBIO KOTOPOH CITYXKHT 1O oMa S, M°. AKKyMYJISTOp TepSieT TeILIO B POLIEC-
ce oxyaxenus ot 60 1o 40 °C B Teuenue 7, cyTok. [loTeps Temna npoucxXxoauT TOJb-

KO Yepes3 Mol.

Heobxoaumo omnpeaenuTs: riayOuHy €MKOCTH, M; TEPMUYECKOE COMPOTHUBIIE-
Hue, K-BT; TONIMHY NOKPBITHUA BEPXHEUW KPBIIIKKA EMKOCTH, CM; INIOTHOCTh SHEPTHUH,
3aIaCEHHOM B aKKYMYJISITOPE.
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Taomuna 12 — Ucxonable 1aHHBIE

Benuuuna BapuanTer
1 2 3 4 5 6 7 8

Q, kBt 1 1,1 1,2 1,3 1,4 15 1 1,1
S, M 200 100 120 140 150 170 280 250
7, CyTOK 100 150 110 120 130 140 80 90
Benmnunna 9 10 11 12 13 14 15

Q, kBt 1,2 1,3 1,4 1,5 1,6 1,7 1,8

S, M 220 120 130 150 140 100 150

7, CyTOK 100 120 140 70 80 90 100

3agaua Ne 13

Panuyc Berpokoisieca R, M, ckopocTh BeTpa 110 Kojeca V,, M'C, TIoclie KoJieca
V,, m-c (tabmuma 13). OnpenenuTsb: CKOPOCTh BETpa B MIIOCKOCTH BeTpokojeca Vi,
MOIIIHOCTb BETPOBOTO MOTOKA P,, MOIIIHOCTh BETPOYCTaHOBKU P u cuiy F, neicrBy-
FOLLYIO HA BETPOKOIeco. [LIOTHOCTB BO3ayXa p = 1,2 Kr-M.

Tabmnma 13 — McxoaHble JaHHBIE

Bennunna BapranTo!
1 |2 |3 (4|5 |67 |8 ]|9]10|11 |12 |13 |14 | 15
R, M 4 |6 |8 |10]12 |15|20 |25 |30 |35 |40 |45 |50 |7,5 12,5
V,, MC 10 |11 |12 13|14 15|6 |7 (8 |9 |10 |11 |12 |9 | 10
Vs, MC 5 |64 8|7 |8/3 |3 |3/4|5 |6 |6 |5 4

3apaua Ne 14

AKTHBHas THIPOTYpOHHA ¢ 0gHUM corioM (N = 1), MomHOCTBIO P 1 pabounm
HaropoM H (tabnuima 14). YrioBasi CKOPOCTh @, MPU KOTOPOW JOCTHTAETCS MAKCHU-
manbsHbi KITJ 7 = 0,9. Onpenenmuts nuametrp D kosieca TypOUHBI U yTIOBYIO CKO-
pOCTh .

Tabmnma 14 — Mcxonusle 1aHHbBIE

Bemua BapuanTsl
1 1123 |4 5|6 |7 8|9 |10 |11 |12 |13 |14 | 15
P,xBr (10|20 |30 |40 {50 (690 |70 {80 {90 (100 {110 {120 |130 (140 |150
H,m 10 {1520 |25 |30 |26 |40 |45 |50 |55 |60 (65 [70 |75 | 80

3agaua Ne 15

Onpenenuts 00bEM OHOrasa, MmojaydyaeMoro ¢ MmoMolbl0 OnorasoreHeparopa,
YTHJIU3HUPYIOIIETo HaBo3 N KOPOB, U obecreunBaeMyro UM MolHocTh. [logaua cyxo-
ro cOpaXMBaeMOTro MaTepuaita OT OJJHOTO )KUBOTHOTO UAET CO CKOPOCTHIO Vi, KI"CYT.
Boixon Gmorasa cocrapmsier C, M>KT. D(QEKTHBHOCT TOPENIOYHOTO yCTPOHCTBA
0,68. ConmeprkaHue MeTaHa B mmosrydaeMomM Ouorase f (tadmuna 15). Bpemst mpeObiBa-
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HUS OYepeTHON Mmopuuu B buoreneparope t..

Taomuna 15 — UcxoaHbie qaHHbBIE

Benmnuuna BapuanTer
1 2 3 4 5 6 7 8
n 4 10 15 20 25 30 40 | 45
Vi, KTCYT. 2 2,5 3 2 2,5 3 2 2,5
C, Mk 0,24 0,3 02 | 024 | 03 03 | 04 | 02
f 0,8 0,75 07 |075] 08 | 0,75 | 0,7 | 0,75
t,, CYTKH 20 18 16 14 12 10 8 10
R, M 7 8 9 10 11 12 13 | 14
I 9 10 11 12 13 14 15
50 55 60 65 70 80 | 100
n 3 2 2,5 3 2 2,5 3
Vi, KI*CYT. 0,24 0,3 03 | 04 | 02 | 024 | 03
C, Mok 0,8 0,75 07 /075 08 | 0,75 | 0,7
f 12 14 16 18 20 15 13
t., CyTKu 15 12 11 10 9 8 7
R, m
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3akJIoueHue

B nepuox noAroToBKYM K 3aHATHUSM [0 AUCHUIUIMHE «DJIEKTPOCTAaHIMU COBpE-
MEHHOW SHEPreTUKN» CTYJIEHTY HEOOXOJIMMO HAayuHUThCS METOJAaM CaMOCTOSITENIbHO-
r0 YMCTBEHHOI'O TpyJd, CO3HATEJIbHO pa3BUBaThb CBOU TBOPUYECKUE CIOCOOHOCTH U
OBJIaJIEBaTh HaBbIKAMU TBOPUYECKOW paboThl. J{J1s 3TOro HE0OOXOIUMO CTPOro COOJIIO-
JaTh JUCHMIUIMHY yu€0bl M TMoBefeHMs. UYETKoe MIIaHMpOBAaHUE CBOEro pabouero
BPEMEHU M OTIbIXa ABISIETCS HEOOXOAMMBIM YCIOBHEM JUISl YCIIEIIHOM CaMOCTOS-
TEJIbHON padOoThl. B OCHOBY €ro Hy»HO IMOJIOXKUTh pado4Ke MPOorpaMMbl U3y4aeMbIX
B ceMecTpe AUCIUIUTUH. ExxeqHeBHON yueOHON paboTe CTYIEHTY CIIeyeT YACHsITh OT
9 o 10 4 cBOETrO BpeMEHHU, T. €. IIPU LIECTH YacaxX ayAUTOPHBIX 3aHATHM CaMOCTOSI-
TEJIbHOU paboTe He0OXOAMMO OTBOAUTH 3-4 U.

[InanupoBaHre caMOCTOSITENBHONU PaOOTHI JOJKHO OBITh CBSI3aHO CO CTPYKTY-
POM M collepKaHUEM JUCLUIUIMHBI, & TAK)KE C PACIIPEIECICHUEM YacOB Ay JUTOPHBIX U
BHEAYJUTOPHBIX 3aHATUHI 110 U3y4aeMOM TUCLIMILINHE.

OCHOBHBIE 33/1a4U CaMOCTOSITENIbHOM pabOThI:

- Pa3BUTHE U NPUBUTHUE HABBIKOB CTYAECHTAM CaMOCTOATEIbHON yueOHOM pado-
ThI U (hopMHUpOBaHKE MOTPEOHOCTEN B CaMOOOpPa30BaHUY;

- OCBOCHHME COJICP)KAHMS IHCLUUILIMHBI B paMKaX TEM, BBIHOCHMBIX Ha CaMoO-
CTOSITEJIBHOE U3YUECHUE CTYCHTA;

- OCO3HaHUE, yriyOJieHne CoJIep >KaHMsl U OCHOBHBIX IMOJIOKEHUN Kypca B XOJ€
KOHCIIEKTUPOBAHMS MaTepuaia Ha JEKIHIX, OTPAOOTKH B XOJ€ MOATOTOBKH K CEMU-
HApPCKUM U MPAKTUYECKUM 3aHSATHUSM;

- UCIOJIb30BaHUE MaTepuaja, COOPaHHOTO U IMOJYYEHHOTO B XOJE CaMOCTOS-
TEJbHBIX 3aHATUM, IPU HAMCAaHUU KYPCOBBIX U JUIUIOMHON paboT, Ayid 3PQpeKkTuB-
HOI MOJATOTOBKHM K UTOTOBBIM 3a4€TaM U 3K3aMeHaM.

B pesynbrare camMocTOATEIbHONW pabOThl CTYACHTHI MPHOOPETAIOT TOMOIHU-
TEJbHBIE JUII W3Y4YEHHUS BOIIPOCOB IEPCIIEKTUBHOIO Pa3BUTHUSA CPEACTB IEpeNadu
AIIEKTPOIHEPTUH, UX MPOEKTUPOBAHUS W SKCIUIyaTalMy 3HAHUS OCHOBHBIX HOpMa-
THUBHBIX JIOKYMEHTOB IPOEKTHO-KOHCTPYKTOPCKOM, IIPOU3BOICTBEHHO-
TEXHOJIOTMYECKOW M JAPYTUX BUAaX mpodeccruoHanbHOM aestenbHocTu. [Ipuobpera-
IOT YMEHUS NIPUMEHATh COBPEMEHHBIE METObI U CPENCTBA MCCIEAOBAHUS, IIPOEKTH-
pOBaHUs, TEXHOJOIMYECKOW MOATOTOBKM IMPOM3BOACTBA U 3KCIUTyaTallUH 3JIEKTPO-
HSHEPreTUYECKUX U DJIEKTPOTEXHUYECKHX OO0BEKTOB. OBIaJeBalOT MPOrpaMMHBIMU
CpelCTBaMM JJisl pelieHus MPOoPeCcCUOHANBHBIX 337]a4 B 00JIACTH 31EKTPOIHEPTETUKHU.
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