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1. KOHCHEKT JIEKIIUI

1. 1 Jlexuus Nel-2 (4 gaca).
Tema: «Cocmosanue u nepcnekmugvl pazeumus HeMpaoUUUOHHHIX U 60300HO6IAEMBIX
UCHOYHUKOB IHEPZUU

1.1.1 Bonpocs! Jiekuum:

1. TpaguuoHHbIE U HETPAAULIMOHHBIE UCTOYHUKU SHEPTUH.

2. 3anachl ¥ JMHAMUKa OTpebIeHHs SHepropecypcos, noauTuka Poccuu B obnactu

HETPaJULUOHHBIX U BO30OHOBIISEMbIX HCTOYHUKOB HEPTUH.

3. OcHOBHBIE 00BEKTHI HETPAAULIMOHHOM SHepreTuku Poccuu.

1.1.2 Kpatkoe coaep:xaHie BOIPOCOB:
I'eomepmanvuas snepeus

JHeprus 3emJH. TenjoBoii Hacoc U reorepMaJibHble YCTAHOBKHU

I'eoTepmanbHas 3HEPreTUKa - IPOU3BOACTBO ICKTPUUECKOM U TEIJIOBOM SHEPTUU HA

reoTepMaJIbHBIX CTAHIMAX 3a CUET TEIJIOBOM dHEPIMH, COAECPKALLIEHCS B HEIpaxX 3€MIIH. e
M cTOYHMKOM TakOM SHEPTUU Ul 34aHUS U COOPYKEHHUs SABIISIETCS TEIUIOBOM Hacoc. B otinuuue
OT APYTUX TEIIOTEHEPaTOpOB (Ia30BbIX, AU3EIbHbIX, JJIEKTPUUYECKUX ), OH 3a0UpaeT
HAKOIUICHHYIO 3€MJIEW WJIU MOJ3EMHBIMH IPYHTOBBIMH BOJIaMU TEILIO U NIEPEAET €T0 B IOM.
OO6nanaeT BHICOKMM, B CPAaBHEHUH C IPYTUMU CUCTEMAaMU TeTJI0CHA0XeHus, Ko3(duuueHrom
3 PEeKTUBHOCTH.

TennoBoi HACOC MOKET MOJHOCTHIO TOKPHITH MOTPEOHOCTH 31anus B Temie, [ BC, obecieuntsb
MaCCMBHOE KOHIUIIMOHUPOBAHUE, OJJHOBPEMEHHO BBIMOIHSSA (DYHKIIMHU SHEprocOeperaronieit
CHUCTEMBI BEHTHJISIIMU. 3aTPaThl SJIEKTPOIHEPTUHU IO CPABHEHHIO C TPAIUIIMOHHBIMU CUCTEMAMHU
OTOIUICHUS/KOHIUIIMOHUPOBAHUS YMEHBITIAIOTCS B 2 pa3a.

[TpuHun paboThl TEIIOBOTO HAcCOCA - «XOJOAMIBHUK Ha000poT». PaboTaeT Ha
3NIEKTPOIHEPTUH, HO BBIaBaeMasi TEIIOBAst MOIIHOCTE B 3-5 pa3 OoJblie 3aTpaunBaeMoil
anekTpuueckoid. Cpok ciryxObI - 15-25 ner.

TennoBbie HACOCHI MOAPA3ACISIIOTCS HA HECKOJIBKO BUIOB:
3aMKHYTBIE

e TOPU3OHTAIBHBIE - KOJUIEKTOP Pa3MEIIAETCs KOJIbLIAMU WM CIIUPAJIBIO B
TOPU30HTAIBHBIX TPAHILEsX HUKE TITyOUHBI TpoMep3aHus TpyHTa (00bIYHO OT 1,2 M 1
Ootee)

e BEpPTUKAJbHBIC - KOJJIEKTOP pa3MEeNIaeTCsl BEPTUKAIBHO B CKBAXXHUHBI TITyOnHOM 10 200
M. (IIpUMEHSIeTCs KOT/ia MJIOAaAb 3eMeJIbHOTO Y4acTKa He MO3BOJISIET Pa3MECTUTh KOHTYP
TOPU30HTAIILHO WM CYIIECTBYET YIpo3a MOBPEXKACHUS JTaHamadTa).

e  BOJHBIE - KOJUIEKTOP pa3MEIaeTCsl CIIUPANIbIO HIIM KOJIbLIaMU B BOJI0EME HHMKE TITyOUHBI
IIPOMEpP3aHus


http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect1_1.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect1_2.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect1_2.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect1_3.htm

OTKpBITHIE (B KayecTBE TEIJIO0OMEHHOM KUIKOCTH MCIIONb3YET BOY, LIUPKYIUPYIONIYIO
HEIMOCPEICTBEHHO YePEe3 CUCTEMY Ie0TEPMaJIbHOTO TEIJIOBOTO HACOCA B paMKaX OTKPBITOrO
[IUKJIa, T.€. BOJA MOCJE MPOXOKICHHUS 110 CCTEME BO3BPAIIIaeTCs B 3eMJIIO).

[IpenmymiecTBa TEMIOBBIX HACOCOB:

e PaboTaroT KpyrioroanydHo, T.K. HCTIOJIb3YIOT CTAOMIbHBIA UCTOYHUK TTOCTOSTHHOMN
MOJIO’KUTEIBHON TeMIepaTypsl (TPyHT, BOJA).

e OcHarmieHbl QYHKITUEH OXJIaXICHUS - 00ECIICUNBAIOT MACCUBHOE KOHTUITUOHUPOBAHHE
3/1aHUs Yepe3 CUCTEMY OTOIUICHUS UM C TOMOIIBIO BEHTHIIALIMOHHBIX IOBOTYHKOB.

e lIMeroT BcTpoeHHBIH Ooiinep, MPOU3BOAAT HATPEB BOBI /711 OBITOBBIX HYXK]I WIIH
Oacceifna.

o (OOecneunBarOT SKOHOMHYHYIO BEHTHIIALNIO 3/1aHus. CrienuanbHbI MOTyTb OTOMpaeT
TEIIJI0 U3 BBITSHKHOTO BO3/yXa M MEPEIaeT ero B CUCTeMy cOopa Teruia (pekymnepaTop-
TEIJI0O0OOMEHHHK ).

Cxema oeticmeuss THY ¢ ucnonvzosanuem ceomepmanbHol 3Hepeuu
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JHeprus Boabl. MaJjiasi THAPOIHEpPreTHKA

K Maunoii rusposHepreTnke OTHOCUTCS IMUPOKUH CHEKTP THAPOIHEPTETHUECKIUX OOBEKTOB C
YCTaHOBJIEHHON MOIIIHOCTHIO MeHee 25 MBT, B Tom uncie munu-I'9C (menee 5 MBT) u mukpo-
I'2C (3 kBt — 1 MBr1). [IpuHuunuansHoe oTIMYMe Maiol SHEPreTUKH OT OOBIYHON
3aKJIF0YAETCsl B OTCYTCTBHM HEOOXOAUMOCTH COOPYKEHHUS KPYITHBIX THAPOTEXHUUECKUX
00BEKTOB. ITO YIPOIIAET CTPOUTETHCTBO U JIMIICH3UPOBAHUE.

Muxpo-I'9C

Hcnonp3oBaHue 3HEprul HEOONBIINX BOJIOTOKOB € TIOMOIIBIO MAJIBIX THAPOIEKTPOCTAHLIUI
(MuHU- 1 MUKPO-1"DC) — 0HO U3 Hanbosee FPHEKTUBHBIX HANPaBICHUIN pa3BUTHS
JIbTEPHATUBHOM 3HEPreTUKH. TeXHUKO-9KOHOMHUECKHUI MOTEHIIMANl MaJIOW THPO3HEPTeTHKH B
Poccun B Hacrosiiee Bpemst Hcnosb3yercst Bcero Ha 1%.

Munu- u Mukpo-I'2C Ucnonab3yeT SHEPTUI0 BOJHBIX PECYPCOB U THAPABINYECKUX CUCTEM C
MOMOIIBIO THIPOIHEPTETHUECKUX YCTAHOBOK MaOi MOIIHOCTH. DPGEKTUBHBI [
AIEKTPOCHAOKEHUS TAUHBIX TIOCEIKOB, (PepMEPCKUX XO3SIICTB, XyTOPOB, HEOOIBITHX
MPOU3BOJICTB B TPYJHOJOCTYIHBIX PalloOHaX - TaM, KyJla He BBITOJJHO MPOKJIAIbIBaTh CETH. TaKkxke
OHM MOTYT HaliTH IPUMEHEHHE B KOHCTPYKTHUBE OOBHEKTOB BOJOCHA0KEHHUS, CUCTEM MO1aYU
BOJIbI, CTAaHIIUI OYUCTKU CTOYHBIX BOJ], KOTOPbIE MOTPEOIISIIOT O0JIbIIIOE KOJTHUUECTBO
anexkTpodHepruu. [Ipumenenne Munu-I"2C CyliecCTBEHHO YMEHBIIUT 3aBUCUMOCTb TaKUX
MOPEINPHUATHIA OT LIEHTPATU30BAHHOTO 3JIEKTPOCHAOKEHUSI.

HcTounnku sHEpruu:

e  HEOOJBIITNE PEKH, PYIbH;



e  ©CTECTBEHHbIE Iepemnajbl BBICOT Ha 03€PHBIX BOJOCOPOCAX M OPOCUTENIBHBIX KaHalax
UPPUTrallOHHBIX IIJIOTHH,;

e MPOMBIIUICHHBIC U KaHAIN3AUOHHBIE COPOCHI;

e Tepemnajbl BHICOT CUCTEM BOJOOYHCTKH U BOJOIIOATOTOBKH U IPYTHX TPyOOIPOBOIOB,
IIPEAHA3HAYEHHBIX Ul [IEPEKAUYKHU PA3JIMYHbBIX BUAOB XUIKUX IIPOLYKTOB.

I'mapoarperat cocTOUT U3 3HEProOII0Ka, BOA03a00PHOT0 YCTPOWCTBA U YCTPOHCTBA
aBTOMATUYECKOT0 peryiaupoBaHus. Mukpo-I"'9C npocTsl B KOHCTPYKIUH U [TOJIHOCTBIO
aBTOMATHU3UPOBAHBL, T.€. HE TPEOYIOT IPUCYTCTBUS YeIoBeKa. BripabaTbiBacMblii MU
IIEKTPUYECKUI TOK cOOTBETCTBYET TpeboBaHusiM ['OCTa 1o yacToTe U HalpsHKEHHUIO.

Mukpo-I'SC MoryT paboTaTh Kak mapajijiebHO C CEThIO, TAK M1 aBTOHOMHO, T.€.
HEMOCPEACTBEHHO NuTas notpedurtens. [loaHbiit pecypc paboThl CTAHIIMK COCTABIISIET HE MEHEE
40 net (He MEHEe 5 JIeT 10 KaUTaIbHOTO PEMOHTA).

Iloxa3areu Munu-I"C /In3enb-reneparopsl

MOIIHOCTh YCTaHOBKH 3 kBt - 5 MBt 1 kBt - 5 MBT

Croumoctb ycranoBienHoro kBt [500 - 2 000 momr. CIHA 300 - 700 momn. CLIA
MOIIIHOCTH

CebecToumoctb kBT 3/3 0,45 - 1 py6./xBtu 5 - 20 py0./kBTu

1. 2 Jlekuusi Ne3-4 (4 yaca).

Tema: «Inepeus eempa u 603morcHocmu ee uCnO1b308aHUAN
1.2.1 Bonpocsl JieKuum:
1. TIpoucxoxneHue BeTpa, BETpoBbIe 30HbI Poccun.
2. Knaccudukanus BeTpoaBuTaTeei mo npuHIuIy padoThl.
3. Pabora moBepxHOCTH IpH JeHCTBUU HAa HEE CUJIbI BETPA.
4. PaGota BETPOBOI0 KOJECAKPHIILYATOrO BETPOABUTATEN.

1.2.2 KparTkoe conep:kaHue BONPOCOB:
Onepeus eemp


http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect6_1.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect6_2.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect6_3.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect6_4.htm

DKOHOMUYECKHUH IOTEHIHAN BETPOIHEpPIruu B Poccuy, o OLleHKaM 3HEPreTUKOB, COCTABIISAET
oko110 260 MiipakBTY B rox, uto cooTBeTcTBYET MpuMepHO 30% COBOKYITHON BBIPaOOTKH
JJIEKTPOIHEPIUH.

BetpoycTtaHOBKH MOTYT paboTaTh Kak COBMECTHO C CEThIO, TAK U B aBTOHOMHOM pexknme. OHM
MIpeAHa3HAYEHBI I JICKTPOOCHAOKEHNS MHANBUIYATIbHBIX JOMOBIAAECHUH U OOBEKTOB,
yJaJIEeHHBIX OT LEHTPAIM30BaHHOTO YHEPTrOCHA0KEHHS («COTOBBIE)» CTAHINH, (PePMBI,
METEOCTaHI1H, 0XOTX03sHcTBa U T.1.). HeOonbme BeTpsiku MoryT 3¢pdexTuBHO paboTaTh npu
OoJiee HU3KNX CKOPOCTSIX BETPA, TOITOMY UMEIOT 0oJiee IUPOKYIO reorpaduio yCTaHOBKH.
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Bujabl BeTpoBoii reHepanuu 1Mo moKa3aTe 0 MOIIHOCTH:

- Manas eemposas zenepayusa (10 100 kBT4 B CyTKn)

NuauBuayaibHbIE BETPOYCTAHOBKM €IMHUYHON MOIIHOCTH 10 10-20 kBT,
npeHa3HaYeHHbIE [ aBTOHOMHOTO 3JIEKTPOCHA0XKEHHS MEJIKMX ToTpeduTenen
(TOMOXO035HCTB, J]au, MEJIKUX X03IHCTBEHHBIX 00beKTOB). CpelHUil [uana3oH cKOpocTel BeTpa
JUISL BBIJJa4X MOIIHOCTH y TaKUX BETPOT€HEPaTOPOB HaXOAUTCS B mpenenax 5-7 m/c. Cpok
CITY>OBI YCTaHABIMBAEMBIX BETPOYCTAaHOBOK Baprupyetcs oT 20 1o 30 ser.

- Cpeonsn eemposas zenepauus (10 3000 kBTy B CyTKH)

Berporeneparops! equanyHoi MoHOCTH OT 20 10 500 kBT. IIpennasnaduens! qis
AIEKTPOCHAOKEHUS CPEeHUX U HEOONBIIUX MOTpEeOUTENEH YEKTPOIHEPTUH - OTEIEH,
HEeOOJIBIINUX MPOU3BOICTB, BOCHHBIX 0a3, TypOas.

- bonvuwan eempoesas zenepayusn

Berporeneparopsl enuHndHON Mo1HOCTHIO cBblie S00 kBT, 00buHO rpynmnupyroTcs B
BETPOIAPKU - KPYIHbIE SJHEPreTHYecKue 00beKThl MOImHOCTHIO 10 100 MBT u co cpenneit
BbIpaboTKOM 3nekTposHepruu 10 700 MBT4 B cyTkH.

CKopocThb BeTpa — 3TO CaMblif BaXXHBIN (PaKTOpP, KOTOPHIH BIUSET HA KOJMYECTBO SHEPTHUH,
BbIpabaThiBaeMoii BeTporeHepaTopoM. [Ipon3BoAuTENbHOCTD BETPOYCTAHOBOK pacTeT MpH

YBCIWYCHNUHN UX BBICOTHI 3a CHET YBCIMYCHHUA CKOPOCTH BETpPA.

KonudecTBo 31eKTpodHEpTUH, BEIPaOOTAHHOM BETPOIICKTPUIECKON YCTAaHOBKOM, BO3PACTAET
KyOMUYeCKHU ¢ yBETMUEHHEM CKOPOCTH BeTpa. T. €. eciii CKopoCTh BETpa yABauBaeTcs,
KMHETUYecKasi SHEPIUsl, MOJIyueHHasi POTOPOM, YBEIMYUBAETCS B BOCEMb pa3. B cBsi3u ¢ aTUM



1esecoo0pa3Ho NpUMEHEHHE BETPOTEHEPATOPOB HA MAKCUMAITLHO BO3MOXKHOH BBICOTE, C IEIBIO
BBIXOJIa MX K ITapaMeTpaM, OJTM3KUM K HOMHHAJIbHBIM.

CpokH OKynnaeMOCTH BETPOIHEPreTUUYECKUX MPOEKTOB COCTABIAIOT OT 2-X 10 10 jeT u 3aBucAT
OT CpeJIHEeroJJ0OBOM CKOPOCTH BETpa U cocTaBa 00opyaoBaHus. Pemenue o nenecoodpa3HocTu
YCTaHOBKH BETPSIKa B KAJKJJOM KOHKPETHOM CiIy4ae MPUHUMAETCS OTAEIBHO C y4EeTOM
CPEIHEMECSYHBIX M CPETHETOIOBBIX CKOPOCTEH BeTpa, peibeda MECTHOCTH, IIeiei 1 3a7ay.

BeTporeHepaTopH MOKHO PasacjnTb HAa ABC KAaTCrOpuu: MPOMBIINIJICHHBIC U JOMAIITHUC (I[JI?I

YaCTHOTO UcHob30Banus). Hebompiire BeTpsiku MoryT 3¢ dexTuBHO paboTaTh npu Oonee
HU3KHUX CKOPOCTSIX BETpa, IOATOMY UMEIOT 00Jiee IIMPOKYIO Teorpaduio YCTaHOBKH.
Cy1IecTBYIOT IBa OCHOBHBIX THIIA BETPOTYPOHH: C BEPTUKATHHOW OChIO BPAIIICHUS

U ¢ TOPU3OHTAIBHON OChIO BPAllICHUSI.




-

OT/1M4MsA BePTHKAIBHBIXBETPOI€HEPATOPOB OT FOPHU30HTAIbHBIX

BepTukanabHbie BETPOreHepaTopbl

Jlnst cTapTOBOTO BpAIEHHSI JOCTaTOYHO
CaMoro TUXOro BeTpa cKopocThio 1-1,5 M/c.
BBIXOI[ Ha HOMUHAJIBHYIO MOIIHOCTDH
POMCXOIUT MPU CKOPOCTHU BeTpa oT 6 M/c (B
3aBHCHUMOCTH OT HOMHHAJa FeHeparopa 1
pa3MepoB Kphblia)

KoaddunmenT noneznoro neicTBust
cocraisiet 20-30%.

Bcerna HaxoIsTCsI «110 BETPY» U HE
HYX/IAlOTCSl B pa3BOPAYMBAHUU TIPU
WU3MEHCHHH €T0 HaIPaBJICHHUS.

Cpok city>kObI IPY TIPaBUIIBHOM YXOJI€ H
00cITy>)KMBaHUU cOCTaBsieT 15-25 ner
OecriepeboitHO PaboTHI.

OcHOBHasi Harpy3Ka NPUXOAUTCS Ha OTIOPHBIE
Y3JIbI ¥ JIONIACTH, KOTOPBIE HYKIAalOTCS B
3aMeHe 110 Mepe U3HOCA.

BepTukansHbIe BETpOreHEPATOPHI
PEKOMEHYETCS UCIIOJIb30BATh B PETMOHAX C
BBICOKOM TYypOYJIIEHTHOCTBIO M TIOCTOSIHHO
MEHSIIOIEHCS] CKOPOCTBIO BETpa.

I'opu3oHTaIBHBIE BETPOreHepaTopbI
HeoOxomumasi cCKOpOCTh BEeTpa JUIsl cTapTa
HauMHAeTCs OT 2-3 M/C, MO3TOMY TOPU30HTAIBHEIE
B3OV noaxonsaT asns ucnonb30BaHUs B pETHOHAX C
CUJIBHBIMH BeTpaMu. BeIxoJ Ha HOMUHAJIBHYIO
MOIIIHOCTh MPOUCXOUT MPU CKOpOCTH BeTpa §8-10
Mm/c

KII/I 25-35%. Onaako HeOOoIbIIToe
HpeI/IMYIIIeCTBO r[epe)l BepTI/IKa.]'IBHBIMI/I
KOMITEHCUPYETCSI HEOOXOAMMOCTBIO Pa3BOpOTa
MIpY U3MEHEHUH HAIPaBIICHUS BETPA - B MOMEHT
pa3BoOpoTa MPOU3BOJUTEIHLHOCTD 3aTyXaeT.

Cpoxk cityx0bl ITpH MPaBUILHOM yXOJI€ U
oOcmy>kMBaHUM cocTaBisieT 15-25 ner
Oecriepe©oitHOI paboTHI.

OcHOBHasi Harpy3Kka IpUXOaUTCS Ha OTOPHO-
MIO/IIIUITHUKOBBIH y3€J ¥ TIOBOPOTHBIH MEXaHH3M.

I"opr30oHTaIBHBIE BETPOr€HEPATOPHI
YCTaHABJIMBAIOTCS BO BCEX OCTAJIbHBIX CIyJasiX,
T.€. UMEIOT 0oJiee MUPOKUNA CIIEKTP MPUMEHEHUSI.

BetpoBgoii pe:xxum besiropoackoii o6acTu xapakTepu3yeTcs IpeodialaHiueM 0ro-3anaaHbIX,

I0’)KHBIX BETPOB B XOJIOJHBINA IEPUOJ T'0J1a, 3aTaHBIX U CEBEPO-BOCTOUYHBIX — B TEILIOE BpEMs
rona. CpeHsis ro10Basi CKOPOCTh BeTpa 1o obsiactu coctasiseT 2,1 — 4,1 m/cexk.



Hcnonp3oBaHne BETPOBOI IHEPTUU HA TeppUTOoprn benropoackoit obmacty mo 60ibIIeH YacTu
ABJIsIeTCs 11es1ieco00pa3HbiM. CpellHero10Bast CKOpOCTh BeTpa Ha Tepputopun benropoackoi
o0actu coctasisieT okojo 2,1 - 4,1 M/c, YTO OTKPBIBAET MEPCIIEKTUBBI K PA3BUTHIO STOTO
HaIpaBIICHUS Pa3BUTHS allbTEPHATUBHON 3HepreTuku. s benroposackoit obmactu Hanbosee
aKTyaJIbHBIMH MPEJICTABIAIOTCS MomHOCTH 5, 10, 20 kBT, KOTOpHIE BIIOJIHE MOTYT YaCTUYHO
o0ecnieunTh FHEprUeii pepMbl, Majble IPEIIPUITHS, YaCTHbIE JOMOBIaAeHUs. EAMHCTBEHHBIM
KPYITHBIM HEJIOCTaTKOM 3TOT0 CIiocoba obecrieueHus SHepruei SBIsSeTCs] HerapaHTUPYEMOCTh
SHEProcHa0KeHHsI B IHU, KOTJ]a CKOPOCTh BeTpa OyaeT HU3KoM. [loToMy 3TOT HCTOUHUK SHEPTUU
Jy4III€ UCTIOJIb30BaTh B COUETAHHH C APYTUMU UCTOYHUKAMU YHEPTHH.

1. 3 Jleknus Ne5 (2 gaca).
Tema: «Teopusa uoeanvnozo eempaxa»
1.3.1 Bonpocsl JieKnum:
1.  TumoBble BETPOYCTAHOBKHU U MX TEXHUYECKUE XAPAKTEPUCTUKH.
2. .Hcnonb3oBaHMe€  BETPOYCTAaHOBOK JuIsi  IpuBoAa  paboOyux  OpraHoB
CEJIbCKOXO3IMCTBEHHBIX MAIlUH

1.3.2 KpaTkoe coaep:kaHue BONPOCOB:

Ouepeus 6000l
JHeprus Boabl. Majasi THAPOIHEpPreTHKa

K masoif rusiposHepreTuke OTHOCUTCS IIMPOKHUNA CIIEKTP THAPOIHEPTETUIECKUX OOBEKTOB C
YCTaHOBJIEHHON MOIIIHOCTHIO MeHee 25 MBT, B Tom uncie munu-I'9C (menee 5 MBT) u mukpo-
I'9C (3 kBt — 1 MBr). [IpuniunuanbHoe OTJIMYHME Mallod SHEPTeTUKU OT OOBIYHOM
3aKJIF0YAETCS B OTCYTCTBHM HEOOXOAUMOCTH COOPYKEHHUSI KPYIHBIX THAPOTEXHUUYECKUX
00BEKTOB. ITO YIPOIIAET CTPOUTETHCTBO U JIMIICH3UPOBAHUE.

Muxpo-I'9C

Hcnonp30BaHne YHEPTHH HEOOIBIINX BOJAOTOKOB C TOMOIIBIO MAIIbIX THAPOIIEKTPOCTAHIIHIA
(MunH- U MUKPO-1"DC) — o1HO U3 Haubosee 3P PEeKTUBHBIX HAPABICHHUH pa3BUTHS
aJbTEPHATUBHOM SHEPreTUKHU. TEeXHUKO-3KOHOMUYECKUH MTOTEHIIHA MAJIOW TUIPOIHEPTETUKH B
Poccuu B HacTosiiee BpeMs UCIonb3yeTcs Beero Ha 1%.

Munu- u Mukpo-I"'2C UCcroNb3yeT SHEPTUIO0 BOJHBIX PECYPCOB U THIPABINYECKUX CUCTEM C
MOMOIIBIO THIPOIHEPTETHUECKUX YCTAHOBOK MaOi MOIIHOCTH. DPGEKTUBHBI [
AIIEKTPOCHAOKEHHUS TAYHBIX MTOCENKOB, (DePMEPCKHUX XO3SMCTB, XyTOPOB, HEOOIBIINX
MIPOU3BOJACTB B TPYAHOJOCTYITHBIX paiOHaX - TaM, KyJla HEe BBITOJHO MPOKIaAbIBaTh CETH. TaKkxke
OHHM MOTYT HATH MPUMEHEHHE B KOHCTPYKTHBE OOBEKTOB BOJIOCHAOKEHMUSI, CUCTEM TOJaun
BOJIbI, CTAHIIUN OYMCTKH CTOYHBIX BOJI, KOTOPBIE TIOTPEOIISIFOT OOJIBIITIOE KOJIMYECTBO
anektposHepruu. [Ipumenenrne MuHu-I"2C CylecCTBEHHO YMEHBIIUT 3aBUCUMOCTh TaKUX
HNPENNPUATHIA OT LIEHTPATU30BAHHOTO 3JIEKTPOCHAOKEHUSI.



I cTOYHUKU DHEPTHU:

e HEOOJIBLINE PEKU, PYUbH;

e CCTCCTBCHHBIC IICPEIIaabl BBICOT HAa O3€PHBIX BO,I[OC6pOCﬁX " OPOCHUTCIIbHBIX KaHajlax

HPPUTaAllMOHHBIX IIJIOTHH,
e IIPOMBIINIJICHHBIC U KaHAJIU3alIMUOHHBIC C6p0CBI;

e I€pf€naiabl BBICOT CUCTEM BOAJOOYUCTKH W BOJOIIOATOTOBKHU U APYTI'UX Tp}I6OHp0BOI[0B,

MNPpE€aAHa3sHAYCHHBIX IJIA INCPEKAYKN PA3JIMYHBIX BUAOB JKUAKUX IIPOAYKTOB.

['unpoarperar cOCTOUT U3 PHEPro0IIOKa, BOJI03a00PHOI0 YCTPOMCTBA U yCTPOKCTBA

aBTOMATUYECKOT0 peryiaupoBanHus. Mukpo-I'2C npocTsl B KOHCTPYKIIUH U MTOJIHOCTHIO
aBTOMATHU3UPOBAHBL, T.€. HE TPEOYIOT MPUCYTCTBUS UeioBeka. BripabaTbiBaeMblil UMU
ANEKTPUYECKUI TOK cooTBeTCTBYET TpeboBaHusiM ['OCTa 1o yacTore U HaNpsSKEHUIO.

Mukpo-I'DC MoryT paboTaTh Kak apajiesIbHO C CEThIO, TAK M aBTOHOMHO, T.€.

HEIOCPEICTBEHHO nuTast morpeduresns. [lomHbiil pecypc pabOThl CTaHIIMKM COCTABIISIET HE MEHEe

40 ner (He MeHee 5 JeT 10 KaUTalIbHOTO PEMOHTA).

1. Tumnoseie BCTPOYCTAHOBKH U UX TCXHUYCCKUC XaAPAKTCPUCTUKHU.

2. JMcnonp3oBanue BETPOYCTAHOBOK JUISL npuBojaa pabounx
CEIIbCKOXO03AMCTBEHHBIX MAIlINH

1. 4 JIekuus Ne6 (2gaca).
Tema: «@u3uueckue ocHoevl npoyeccos npeoodPaA36aHUs COJTHEYHOU IHEPUU
1.4.1 Bonnpoce! JieKnum:
1. VHTEHCUBHOCTb COJIHEYHOTO U3ITyUEHHUS.
2. DOTO3J7EKTpUUECKHE CBOMCTBA P-N Mepexoia.
3. BonpT-ammepHast XapaKTEpUCTHKA COTHEYHOTO JIEMEHTA.
4. KoHcTpykuuu v MaTepuaibl COJTHEYHBIX 3JIEMEHTOB.

1.4.2 KpaTtkoe coaep:kaHue BONPOCOB:
OHepeus connya

JHeprus coHua. CoiHeYHbIe 6aTapen U COJHEYHbIEe KOJIEKTOPbI

OpraHoB


http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect3_1.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect3_2.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect3_3.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect3_4.htm

CoutHe4HOe H3ITydeHUe - O/IMH U3 Hanbosiee NepCleKTUBHBIX HCTOYHUKOB 3Hepruu Oynayuiero. B
ACHYIO TIOroly Ha 1M? 3eMHOM oBepxHOCTH B cpenHeM naaaer 1000 Bart cBeToBol 3Heprun
conHua. CoHeuHas dHEprys MOCTYNaeT Ha 3eMIII0 HEPABHOMEPHO: B OJJHOM MECTHOCTH COJIHLIE
cBetuT 320-350 nHel B roay, B Ipyroi COJHEUHbIE IHU - PEIKOCTb. VIcXoas U3 3Toro, npexae
YeM CTaBHUTbH COJTHEUHBIE OaTapeu ¢ IENbI0 BEIPAOOTKH JIEKTPUIECTBA, HEOOXOAUMO PAaCcCCUUTATh
3¢ (EeKTUBHOCTh MPUMEHEHHS JTAHHOTO METO0/1a B KOHKPETHBIX KIMMAaTHUECKUX YCIOBHUSX.

[IpeobpazoBanue COTHEYHOM SHEPTHH OCYIIECTBIISIETCS IBYMsI CIIOCOOaMU:

e (QorodnexTpuueckuM (IpsMoe npeodpa3oBaHUE CBETOBOI SHEPTUHU B AIEKTPUUECKYIO);
e (otoTepmuueckuM (Ipeodpa3zoBaHNe CBETOBOM YHEPTUH B TEILUIOBYIO, a 3aTEM, ITPH
HEO0OXOAMMOCTH, B SJICKTPUIECKYIO).

ITo nannbM EBponeiickoit acconnanuu gortoBonbranueckoit unaycrpuu (EPIA) B 2011 r. B
MUpE TOIKIIOUEHO 0K0JI0 28 ['BT HOBBIX COJIHEUHBIX CTAHIUI, UX CyMMapHas yCTaHOBJICHHAS
MOIIHOCTE cocTaBuna 67,4 I'BT.

Ha ceronnsiiiamii nens conmreunsiit KBT 1 qoposke TpaguimonHoro. OMHAKO MIIAHUPYETCS, YTO
yxe B 2012 r. B HEKOTOPBIX pailoHaX MHUpa OyJET JOCTUTHYTO PABEHCTBO CTOMMOCTH
«COJTHEYHOTO» U «TPAJUIIMOHHOTO» KHJIOBATTA. [l0JIs1 «COTHEUHOr0» IEKTPUUECTBa B 00IIeH
BbIpaboTke annekrposHeprun B Poccuu k 2020 r. cocraBut 4-7%, a B Epornie - 12%.

[Tpunumn neficTBus comHeyHbIX (poTorIeKTprUecknX ycTaHoBOK (CDIY) cocTout B

IPSIMOM TTPE0OPa30BAHNH COTHEYHOTO CBETA B MIOCTOSHHBIHN JIEKTPUIECKUI TOK. DHEPTHS
MOYKET UCTIOJIH30BATHCS KaK HAMPSMYIO, TaK U 3alacaThCsl B aKKyMYIISITOPHBIX Oatapesix. Ecim
Tpedyercs momyuuth 220 B mepemMeHHOTo TOKa, HY)KHO MCIOJIb30BaTh IPeoOpa3oBaTeH -
WHBEPTOPBHL.

[Ipeumyimiectea CODVY:




e DYKOJIOTUYHOCTh

e MPOCTOTA B OOCITY>KHUBaHUHU

e ABTOHOMHOCTbH PaOOTHI

e OecuryMHOCTB pabOTHI (JOCTUTACTCSI OTCYTCTBUEM JIBHIKYIIIMXCS YacTeil)
e 3HAYMUTEJbHBIN CPOK CIIYKOBI

CoJiHeuHble 0aTaper COXPaHIT padoTOCHOCOOHOCTD MPU:

e juanazone temmneparyp ot —50 go +75 °C
e armocheproMm nasienuu 84-106,7 klla;

e OTHOCUTEILHOU BiaxkHocTH 10 100%;

e HMHTEHCUBHOCTH OIS 10 SMM/MUH;

e CHEroBoH, BeTpoBoii Harpy3ke 10 2000 Ila.

Tunsl poTodnekTpUIECKUX Npeodpa3zoBaTtesei

ABTOHOMHBIE ()OTOIIEKTPUUCCKUE ITPeoOpa3oBaTey MpeAHaA3HAYCHBI JIJI1 aBTOHOMHOTO
SHEProcHa0KeHHsI 00bEKTa - 00BEKTOB, YIaJCHHBIX OT OCHOBHBIX JIMHUH JIEKTpoIiepeayu (B
TPYAHOJOCTYIHBIX MECTax, KyJa 3aTpyAHEeHA WM SKOHOMHYECKH HEBBITO/IHA TPOKIIAAKA
nuHui). UX MomtHoCTh Kosebnercs B mpenenax 0,01-100 kBr.

DOTOIIEKTPUUECKUE CTAHLINH, TTOJKITIOUECHHBIE K AJIEKTPUUECKUM CETSIM, OTAAIOT
BBIPAOOTAaHHYIO YHEPTUIO B CETh, OTKY/Ia OHA pacrpeesieTcss noTpeouTesnsim. Takue CUCTEMBI,
YCTaHOBJICHHBIE B TOPOJIE, MOTYT 00ECTIEUNBATH JIEKTPUUYECTBOM 3aHUE U KOMIIEHCUPOBATh
SHEeproAeUIUT MPU TUKOBOM YHEPTONOTPEOICHUN B TTONyIeHHOE BpeMsi. X MOIIHOCTH
JoCTUTraeT HecKonbkux MBT.

Pe3epBHHe CI)OTOBJICKTpI/I‘-IeCKI/IC npeo6pa30BaTeJm MOAKIIIOYACTCA K CCTAM LHECHTPAJIM30BAHHOT'O
3J'IeKTp00Ha6)KeHI/I$I " B CJIy4dac OTKIIFOUCHUS SJICKTPOSHCPIUH.

CoJIHeYHBIH KOJIEKTOP

ConHeYHbI KOJUIEKTOP — YCTAaHOBKA, UCHOJIB3YIOIIAsl SHEPTUIO COTHEUHON paiualvK ISl HYK]
OTOIUICHUS U TOPSIYEro BOJAOCHAOKEHUs. Pa3mu4aroT HECKOIBKO TUTIOB COTHEUHBIX
KOJIJIEKTOPOB: TUIOCKKE, C KOHIIEHTPATOPAMU, IPOMBILIJIEHHbIE, BAKYYMHBIE U
KOMOWHHpPOBaHHBIE. /{7151 MCTIOJIB30BaHUS COTHEUHOTO KOJUIEKTOPA B YCIOBHSIX OTPHUIIATEIIBHBIX
TEeMIIepaTyp MEePCHEKTUBHBIM SIBJISETCS BAKYYMHBIN KOJUIEKTOP, uMetomuii Beicokuii KIT/I.



[Tornomaer paguanuo B COTHEYHOM KOJJIEKTOPE CHElHalbHasi HOBEPXHOCTh, COEIMHEHHAS C
MEIHBIMU TPYOKaMH, MO KOTOPHIM IUPKYIUPYET TEIUIOHOCUTENh. TeMIOHOCUTENb, IPOXOIs MO
BCEH IUIOIIAIU KOJIJIEKTOpa, HarpeBaeTcs 1 MOMaJlaeT B pe3epByap, I1e OTAaeT TEIUIO Yepe3
TETUIOOOMEHHUK B 0aK - aKKyMyJIsTop Teria. KoekTopsl i TpyOOompoBOABl HMEIOT XOPOIIYIO
TEIUIOU30JISILMIO, YMEHBIIAIOIIME TIOTEPH dHEPTUuu. Bes 3Ta KOHCTPYKIUS HAXOAUTCS B
CTEKJITHHBIX BaKYyMHUPOBaHHBIX TpyOKax. CTEKJIO 001a/1aeT BRICOKOH CTENIEHBIO XUMHYECKON
CTOWKOCTH, TEIJIOCTOMKOCTH U yIaPHOH MPOYHOCTH. B KOJTbIIe00pa3HOM MPOCTPAHCTBE MEXKTY
BHYTpPEHHEN 1 HapyXKHOU TpyOaMu co3aaeTcs BakyyM Aiisi 3pGEeKTUBHOTO YMEHBIIECHUS MOTEPH
teruta. Takue TpyOku QYHKIIMOHUPYIOT B TACMYPHYIO MOTOAY U MPU OTPHUIIATEIHLHOM
TEeMIEepaType, OHU MPeoOpa3yIoT MpsIMbIE U pacCesHHBIE COTHEYHBIE JIyUr B TeIuio. biaromaps
3TOMY KOJIJIEKTOP COXpaHseT A0 95% TennoBoil 3Hepruu.



ConHeuHBIH KOJUIEKTOP MO3BOJISIET MTOAJIEPKUBATH MOJIOKUTENBHYIO TEMIIEPATYpPy B 34aHUU
3UMOH U YAOBJIETBOPATH MOTPEOHOCTHU B TOpsiUEH BOJIE JIETOM, @ KPOME TOTO SKOHOMUTD
35eKTposHepruo. OHaKO MUHUMAIbHAs! MOIHOCTh T€IMOCUCTEMBI 10JKHA ObITh He Hike 100
B1/M2. B 3aBUCUMOCTH OT COJTHEUHOM pagualnuu 1 TeMnepaTypbl okpyxaroeit cpensl KI1/]
COJIHEYHOT'0 KOJUIEKTOpa MoXkeT ObITh 0T 20 10 65%. ITpu sipkom conHue - 10 650 Bt/M2, a B
NacMypHYIO roroay — nopsiaka 10 Br/m2.

[IpumeHnenne Takoi CCTEMbI IOMOKET COKPAaTUTh 3aTpaThl Ha oToruieHue Ha 30%, Ha ropsiuee
BojiocHaOkeHue — Ha 70%. B kiumaTtnueckux ycinoBUsX cpeaHel nonockl Poccun conHeunsle
BOJIOHArpeBaTeNIbHbIE YCTAHOBKU MOTYT 3()()eKTHBHO HCIOIB30BAThCS B TEUEHUE 6-7 MECSIIEB B
roay (c MapTa o CeHTSAOph) - B YACTHBIX JJOMaX, MUHH-OTEIISIX, Ha 0a3aX OTIbIXa, a TAKXKE KaK
PE3epBHBIN HCTOYHUK ropsiueil BoAbl B OOJBHUIIAX, JETCKUX cajax, Ha aBToMokax, A3C u T.x1.
B netnee Bpems cosiHeuHasi yCTaHOBKA U3 2-3 M2 COJIHEYHBIX KOJUIEKTOPOB OyieT obecreunBaTh
exeaHeBHbI Harpes 100 1 Boasl 10 TeMnepatypsl He MeHee 45 0C ¢ BepositHOCThIO 70-80%.

B OpeH0yprckoii 00J1acTH CpeHETr0J0Bast MPOA0JKUTEIBHOCTh COTHEUHOT'O CHSIHUSA
cocrasiseT 2300 yacoB B roa. Mcnonb30BaHne COTHEYHON S3HEPTETUKH B PETHOHE
11e71ecO00pa3Ho B COYETAHUH C JPYTHMHU CIIOCO0aMH HOTYYEHHS YSHEPTHH.

1. 5 Jlexknus Ne7 (2 gaca).
Tema: «conneunozo mennocnabicenus
1.5.1 Bonpochl Jieknum:
1. Knaccudukanus 1 OCHOBHBIC SJIEMEHTHI TEIIHOCUCTEM.
2. KoHueHTpupyomue reTnonprueMHUKH.


http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect4_1.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect4_2.htm

3. ConHeyHbIE KOJUIEKTOPHI.
4. Conneunble abcopOepsl.

1.5.2 Kpartkoe coaep:xaHue BONPOCOB:

([ L[]



http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect4_3.htm
http://dhes.ime.mrsu.ru/studies/nrps/lectures/lect4_4.htm

KoMnnekcHana cucreMa TernJiocHab)>XeHmsa Ha
BO306HOB/NIAE€MbIX UCTOYHUKAX SHEPprmn

TennocHabxeHue — 2.8 MBm,, F'BC - 0,3 MBm,,, mennu4yHoe xo3gucmeo — 7 MBm,
2enuoycmaHoeka — 0,1 MBm,,, mennosou Hacoc — 0,7 MBmiy,
KO2eHepayuoHHbIG 3Hepzobnok — 1,0 MBm; u 1,2 MBmi,

T

Mnan-cxema mecropacnonoXennn obvexros
UEHTPaNbHOMN TENNOBON0 NYHKTa CUCTEMbI reoTepManbHOro
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30aHne reotepmManbHOro LEeHTPasribHOro TensoBOro NyHKTa (UTH)

BHenrHui BUI IEHCTBYIONIETO T€OTEPMAIIFHOTO IIEHTPATBLHOTO TetutoBoro myHkra (L[TIT)

af]

1. 6 Jlekuus Ne8 (2 yaca).
Tema: «IKkonozuueckue npobaemvt UCnOIb308AHUA HEMPAOUYUOHHBIX U 80300H06IAEMBIX
UCHOYHUKOB IHEPZUL»

1.6.1 BonipochI ekuumn:

1.ITpobnemMbl B3aUMOCHCTBUS DHEPTETHKH U SKOJIOTHH.
2.BiusiHUE BETPOIHEPTETUKU Ha IPUPOAHYIO CPELLY.

3.DKOJIOTHYECKHE HpO6JICMLI pPa3BUTHA COJIHEUHOM OHEPICTUKU

1.6.2 KpaTkoe coaep:kaHue BONPOCOB:



ConHeuHbut KonnekTop:

1 - NOrNOWaKwan naHenb
2 -TpyduaThie KaHanbl ANR

TENNOHOCHTENR
3 -coeanHMTENDbHBLIM NaTPYDOK
4 - anoMuHWeBan (honbra
5 - BO3AYWHAaA NPOCNONKa
6-neHononuypeTaH
7 -MUHepanLHan BaTa
8-kopnyc
9-cTekno
10 — NNACTUK NUCTOBOMN
11 - kpenneHuecTekna

CONMHEYHON SHEPT B 'renmaylo
NPOWNCXOAWT B COSTHEYHOM
KonnexTope 1. Harpemn 3HEpruen
conHua B0AaNOCTyNaeTE Oak-
AKKYMYNSTOP 2, 0TKYAA NPOMCXOaMT
€€ pastop noTpeduTensmm.
CucTema nonHoCTLH
3BETOMAaTU3NPOBaHa N HeTpedyeT
0OCNY#MBaOWEro NepcoHana.
uup:ymmmmmmm
OCYWECTENRETCA HACOCHBIM
MOAYyNeM 3, yNpasnsembin no
pﬂSHOCTH 'reunepa-ryp(gatmm Te/MOy CTanoRKa ropanero noaocnadmenna
mneparypuS) KOHW 4, C POTORACKTPHUCCRINI NPCOOPATORNTEIAMI

[/ /][] ]/}




deMOHCTpaLUUOHHbIA NPOEKT reoTepmMmanbHOro
TennocHabXeHus

3apaum npoexTa: OCHOBHbIENOKA3aTENWU NPOEKTa:
1. CBzcnadesnz S2cnepsfoiorD K3SERR0T0
HESOQOTOTD TEOTEDMENEROTO TENNOCHITRERNR N0
Fozossll

T IENERIToE UNR NOSMMYLECTE TEOTEOME e HED
TEXRONOTNN ANF TEMNOCHITRESNR

2. Orp300TeE MOSERN ORTERNIZUNN, TDONIE0CTES =0T BT
¥ MHESCTALNORHON SERTEMENOCTR :
4 O7p3B07eE 1 COEEQWERITEOE I NS COMNNEKCHOTD
NPAMEHERNA FEOTEPMSREHED CACTEM W TEXHOROTWA

Maonszsaii oTnyckTenna — 157 Taic Tean/ron
YAN- 12610 Teic. pyB.

BHO - 16,87%:

g D =147

LicKosTnposss=ali CO0K OKyMESNaCT — T NET
(c wowssTa nycks)

MpoekT npeanonaraeT:

VI OSEORINZILND I YESMINERNE FE0TEPUENE RO
pEcyponon 933s

YW OSE0=NE3UND TENNOCETEN T2OTEONENERON
chcTEME

vrennocsaTmerng 00 n counansso-OuiTosEn
oSeexTos n.Foz0E=IR

v COIa3#0E SOE070 SETOMETAINDOEIR=00
TEOTEDMENEROTD TENNOE0TD Ty kTS ATTT

TennoesIeMOLHOCTV 11 TOR0EER BblpadoTka TENNoEoi
1 TEOTEPMANsHLIX MECTOPOKAEHIIT KpacHGIapckoro kpas

NpHEUNNNAENEHIR CxeM3 TennockaGxerna n TEC n. Poz0Eki 1
Tennuuel 000 «Kpokycs (E3puanT 1B, t=-18C).

MpoeKkTupyeMbii reoTepManbHbIi TENNOBOW MYHKT

CyulecTEyIOWAaA CUCTEMa TennocHabXeHuA



I ETUHOYCMAHOGRA CCOMEPNATHHOZ0 MENTOE020 NYHKMA
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2. METOAUYECKHUE YKA3ZAHUA
11O MMPOBEJIEHUIO TIPAKTUYECKHWX 3AHSATUI

2.1 llpakruueckoesansatue Nel-2 (4 yaca).
Tema: «Pa3paboTka PacueT TEIIOBBIX peKUMOB HETPAIUIIMOHHBIX U BO30OHOBIISIEMBIX
WUCTOYHUKOB YHEPTHUH.»

2.1.1 3apanue 1Jis1 padoThHI:

1. Onpenenenue NOTOKA JIyYUCTOrO TEIJIOOOMEHA MEXKY ABYMS TeJIaMU

2. OmpenesneHue TEIUIOBBIX MOTEPH AJIs HarpeBa Tena oobemMoM 1 ky0.m.
2.1.2 KpaTkoe onucaHue MpoBOMMOI0 3aHSITHS:

PACYET IIOCTYIUIEHUWM TEIJIOTHI, BJIATH 1
BPE/IHBIX BEIIECTB B IOMEIIEHU A

He.]'lb — U3YUUTb U OCBOUTH MCTOJUKY pacucTa HOCTYHJIGHI/Iﬁ TCIJIOTHI, BJIaru U BPCIAHBIX
BCIICCTB B IIOMCIIICHUA 06H_I€CTBCHHBIX " IIPOU3BOACTBCHHBIX 3,HaHPII>i.

1.1. OnpenesieHue U30bITOYHOMH TENMJIOTHI

OCHOBHBIMU BpEIHBIMU BBIIECICHUSAMHU, KOTOPbIE IOCTYMNAIOT B IOMEILEHUE, SBIISIOTCS
n30BITOYHASI TEIUIOTA, BJIara U BPEHbIC BELECTBA.

H36vimounas mennoma (M30BITKU SIBHOM TEIJIOTBI) — OCTAaTOYHOE KOJIMYECTBO SIBHOM
TEIUIOTHI (3@ BBIUETOM TEILIONOTEPD), IOCTYNAIOUIEH B MOMEILIEHUE ITPU PACYETHBIX IapaMeTpax
Hapy>KHOT'O BO3/yXa IIOCJE€ OCYIIECTBJIEHUS BCEX TEXHOJOTMYECKUX MEPONPUITUHA MO HX
YMEHBILEHUIO (TEIJIOBOM H30Js1uM 000pyAoBaHMs, TpyOompoBonoB u mp.). Ilomemenus c
W3GBITKAMA SBHOH TEmIOTHl Gonee 23 Br/M° HA3BIBAIOT MOMCIICHHMSMH CO 3HAYHTENHHBIME
U30BITKaMH SIBHOM TEIUIOTHI M OTHOCST K KaTErOPUHU FOpsSYMX 1IEXOB.

N36biToyHast TemoTa oOnpeiensercs Kak CcymMMa TeIUIONOCTYIUIGHMH OT  JIHoJIeH,
UCKYCCTBEHHOT'O OCBELICHHUS, 3JIEKTPOABHUraTeneil, Harperoro o0OpyIOBaHHS, OCTBHIBAIOLIUX
MaTEpUasoB, YEpe3 3allOJHEHUS CBETOBBIX IPOEMOB, YEPE3 MACCHBHBIE OIpakJarolue
KOHCTPYKLUU U TIp.

1.1.1. TenJjionocTynjieHus1 OT JIlOAei

TeronocTymieHuss OT JIOJEH 3aBUCAT OT BBIACIAEMOW JIIOJBMH DHEPTUU MPU padoTe
(xaTeropuu paboT) ¥ TEMIEPATYPHI OKPYIKAIOIIETO BO3/TyXa B MOMEIIICHUH.
TermonocTymieHus ot Jroaen, Bt

Q,nod = nqﬂk}l 1

rae N — KOJIWYECTBO JIIOMENH;
(s — TEIUIOBBIJCIICHUS OJJHMM B3POCIIBIM YEIIOBEKOM (MYX4nHOM) BT, nmpuHuMaeTcs B
3aBHCHMOCTH OT TEMIIEpaTypbl BHYTPEHHETO BO3/yXa U KaTeropuu padboT mo tadi. 1;
kK, =1 — st myxumH, K, = 0,85 — st sxenmu, K, = 0,75 — 1y1st reteit.
(s — TEIUTOBBIACIICHHUS OJHMM B3POCIBIM YEIOBEKOM (MY)K4YHMHOW) BT, mpuHUMaeTcs B
3aBHCHMOCTH OT TEMIIEpaTypbl BHYTPEHHETO BO3yXa U KaTeropuu padboT mo tadi. 1;
K, =1 — st myxumH, K, = 0,85 — st sxenmuH, K, = 0,75 — my1st netei.

1.Kosmm4ecTBO TENJI0THI M BJIarH,
BbIJeJIsIEeMbIX B3POCJIbIM Y€JI0BEKOM (MYKYMHO)



Temre KomuuecTBo TemioTsl (|, BT, u Braru m, r/4,

parypa BBIIEISIEMBIX B3POCIIBIM YEJIOBEKOM (MYKUHUHOI)
OKPYX | B COCTOSIHUM | MpH JIETKOM | mpu paboTe |mpH TKEIOon
arorer MTOKOS pabore cpenHei pabote
0 TSKECTH
BO3IYX| m 0 m Qs m o m 0x
a, °C

15 30 | 120 | 55 | 120 | IIO | 135 | 185 | 165
16 32 | 114 | 59 | 116 | 116 | 129 | 196 | 158
17 34 | 108 | 63 | 112 | 122 | 123 | 207 | 151
18 36 | 102 | 67 | 108 | 128 | 117 | 218 | 144
19 38 96 71 | 104 | 134 | 111 | 229 | 137
20 40 90 75 | 100 | 140 | 105 | 240 | 130
21 42 84 83 93 | 149 | 98 | 251 | 123
22 44 78 91 86 | 158 | 91 | 262 | 116
23 46 72 99 79 | 167 | 84 | 273 | 109
24 48 66 | 107 | 72 | 176 | 77 | 284 | 102
25 50 60 | 115 | 65 | 185 | 70 | 295 | 95
26 55 56 | 122 | 60 | 194 | 64 | 307 | 86
27 60 52 | 129 | 55 | 203 | 58 | 319 | 77
28 65 48 | 136 | 50 | 212 | 52 | 331 | 68
29 70 44 | 143 | 45 | 221 | 46 | 343 | 59
30 75 40 | 150 | 40 | 230 | 40 | 355 | 50

IMPUMEP. 1. Onpenenuts TEIUIONOCTYIUIEHUS OT JItoJIel (My>KUMH) B 3aJie 3aceJaHuil
Ha 50 MecT, HaxoAAIIeMcs B a/IMUHUCTPATHBHO-OBITOBOM Kopryce. TemmnepaTypa okpy-
KAIOILEro BO3/lyXa: B TEIUIbIM mepuon roaa — 24,2°C, B

IMPUMEP. 1. Onpenenuts TEIUIONOCTYIIEHUS OT JIIOACH (MY>XKYWH) B 3aJi€ 3aceaHui Ha
50 mect, HaxoAsIIEMCSl B aJMUHUCTPAaTUBHO-OBITOBOM Kopryce. TemmepaTypa OKpY’Karollero
BO3/yXa: B TEMIbI mepuon roga — 24,2°C, B nepexoansiit nepuoa roga — 18 °C, B Xon0aHbIN
nepuon rona — 18 °C.

[Tpu BEIMOTHEHWH PAOOTHI YIOOHO MPEACTABIIATH PACUEThI B BUIC TAOJHI] U BBITOIHITH UX
¢ momorieio mporpammbl MicrosoftExcel. Pacuer TeruiomoctyrieHuit OT JI0AeH NpUBEICH B
Tab. 2.

J1J1s1 X0JT0THOTO TIeproJia U IepeXxoaHbIX yeiaoBuid Q, = 50-102-1 = 5100 Br.

Jiis Terutoro nepuoaa Q, =50 - 66 - 1 = 3300 Br.

2. Pacuer TenionocTymniieHuii ot Jgwoaei

06 ®opmyn| 3HAYEHHUS BENUYUH
03
HanmenoBanu En. | awma |rerms | mepex | xomox
Ne HayeH . .
€ BEJINYUHBI M3M. |[HCTOYHH| ¥  |OJHBIC| HBIA
ne
K IIEPHO | YCIIOB | IEPHO




uHpopM| I us hi§
aruu
Tenonocryn
1 |1eHus ot Quoo | BT | n-gyk, | 3300 | 5100 | 5100
JIo el
COTJIacH
g [ROmIeCTBO e | © | 50 | 50 | 50
mrozeit 3a7aHu
10
Tenunossiaene
HUSI OTHUM
1.2 |yenoBexkom (o8 Br | Tabn. 1| 66 102 | 102
(B3pOCIIBIM
MY>KUYHHOM)
Temneparypa COTJIacCH
1.3|0°PY t, | °c | ° | 242 | 18 | 18
KAFOIIETO 3aJ1aHu
Bo3ayxa, °C 10
1.4|Koadpdunment| K, - 1 1 1

INPUMEP. 1. Onpenenuth TEIIONOCTYIUICHUS OT JIOJCH (MyX4MH) B 3ajie 3aceaHuil Ha
50 mecT, HaxOASAIIEMCS B aAMUHUCTPATUBHO-OBITOBOM Kopryce. TemrepaTypa OKpY>Karolero
BO3/yXa: B TEIUIbIA mepuon rofga — 24,2°C, B nepexoanbiit nepuoa roga — 18 °C, B X010 HBIN
nepuop rona — 18 °C.

[Ipu BeIMOTHEHUH PabOTHI YIOOHO MPEACTABIATh PACUETHl B BUAE TaOIHUI] U BBIMIOIHATH HX
¢ momorieio mporpammbl MicrosoftExcel. Pacuer TermomocTyrieHuit OT Jf0Aell NpUBEICH B
Tabm. 2.

JU1s1t X0J10/1HOTO TIepHo/ia M epexoqHbIX yenouid Q, = 50-102-1 = 5100 Br.

Jts Terutoro nepuoaa Q, =50 - 66 - 1 = 3300 Br.

2. Pacuer TemionocTynjieHuii ot Jwoaei

®opmyi1| 3HAYEHUS BEIUYUH
a U
0603 TETUIBI | IepeX | XOJI0J
HanmenoBanu En. |ucrounm| = .
Ne Ha4eH H  |omHble | HBIHA
€ BEJINYUHBI U3M. K
ne MIEPHO | YCIIOB | IEPHO
uHpOpM pHO Y P
ust
anuu g A
Tensonoctyn
1 |[j1eHus ot Quoo | Bt | ngyk, | 3300 | 5100 | 5100
Joaei
K COrJIacH
0JINYECTBO
1.1 . n yell. 0 50 50 50
moaei
3aJlaHu




10

TennoBbraene
HUS OJTHUM

1.2 |yenoBexom o8 Br | Tabn. 1| 66 102 | 102
(B3pOCiBIM
MY>KUMHOMN )
Temmepatypa corJiacH

1.3|0PY t, | °C °© | 242 | 18 | 18
HKAFOILETO 3aaHH
Bo3ayxa, °C 10

1.4|Koadpdunment| K, - 1 1 1
TemnoBbeinEnE
HUS OJIHUM

1.2 |genoBekom (o8 Br |Tabn. 1| 66 102 102
(B3pOCIIBIM
MY>KUYMHOMN)
Temneparypa COIIaCH

1.3|%PY t, | °C © 1242 | 18 | 18
KAFOIIETO 3aJ1aHu
BO3ayxa, °C 10

1.4|Koadpdumnment| K, - 1 1 1

1.1.2. TennoBblgeJeHUSA OT HCKYCCTBCHHOI'0 OCBCIICHUSA

TeroBbIIeN€HNs OT UCTOYHUKOB MCKYCCTBEHHOT'O OCBEILEHUS, €CIIM MPeHeOpeyh YacThio
DHEPTUH, HarpeBaroLeld KOHCTPYKIMHU U YXOSIIEN yepe3 Hux, Br:

QOC6 = NOC@1

rac Nocg — CyMMapHas MOIITHOCTb UCTOYHUKOB OCBCIICHU, BrT.
TennoBeiAeaeHUSS OT HCTOYHHKOB HCKYCCTBCHHOI'O OCBCIICHUA, CCJIIM CyMMapHas
MOIIHOCTHh HCTOYHHUKOB OCBCIICHHUA HEN3BCCTHA, Br:

roe = Equce' 77006;

raeE — HopMupyeMasi OCBeIlIeHHOCTh nomenieHus, JIk (tabmn. 3) [6];
Jocs — YACIBbHBIC TEIJIOBBIICTICHUS OT JIAMII, BT/(MZJ'IK) (Tabm. 4);
F — IuIowmas noja MOMEIIeHNs, M’
Moce — AOJS TEILIOTHI, ITOCTYIAIOICH B IIOMEIIICHHE.

Ecimu ocBeTuTenbHas apMmarypa W JIaMITbl YCTaHOBJICHBI Ha HEKOTOPOM PACCTOSHUHU OT
MOTONKA 7Jpcs = |, JUISI IFOMMHECHIEHTHBIX JIAMII, BCTPOGHHBIX B YepJadyHOE MEPEeKPHITHE HIIN
MOJABECHON TMOTOJIOK 7 = 0,4. JI7is OONBIIMHCTBA TOMEIICHUH, MMEIOIINX €CTECTBEHHOE
OCBCIIICHUE, TEIIOMOCTYIUICHHUSI OT MCTOYHHKOB MCKYCCTBEHHOTO OCBEIICHHS YYHUTHIBAIOTCS B
XOJIOJIHBIWA U MEPEXOIHBIN NEPUOABI roAa.



2.3 lIpakTnueckoe3ansitue Ne3-4 (4 yaca).

Tema: «Pacuer BeTpoIHEPreTHUECKUX YCTAHOBOK

2.3.1 3aganue 1Jis1 padoThI:
1. Kak perynupyrT 4acTOTy BpallleHHs BETpoKoseca?
2. CrocoOpl akKyMYJIUPOBaHUS YHEPTUU BeTpa?

2.3.2 Kparkoe onucanue padoTsbl

OnpenesieHue TuaMeTpa BeTpoKojeca

[ns  omnpeneneHuss — mapameTpa BETPOKOJECa Mbl  JOJIKHBI

KOJIMYECTBO TEIUIOTHI OyAeT BbIpabaThiBaTh TeHepaTop [8, 15].

3HaTh, KaKoO€
Ham HeoOxomumo

2
KOJINYECTBO TeruioTel paBHO 4,1 kBT, mus oborpeBa momenieHus Iwiomaapio 54 M.

OmMeuaeMyto IUIOIIAb BETPOKOJIECAa MOXKHO ONPEAEIUTh 0 popMyJie:

rae J1- nnametp Kozeca, M;
Cuity BeTpa OIpeAesiuM 10 BBIPAKEHUIO:

I[IpeobpasyeM NaHHOE BbIPAXKEHHE:
mv:  ghv? 5w

P,=n—=n1—"=1
[ToncraBum popmyiy (4.1) B popmyny (4.3), monyuum

p I V3 _
FP.=n T; ELIpA3lUM OmMcooa
_ e
y poprmev®
| 8.18069
d= = 10,91

(129-04-314-59°

rJie -ko3dduimenT nonesnoro aeitcraus serpa ~ 0,4
P-TI0THOCTH BO3ayXxa,1,29 AATE

J1- muameTtp BeTpoKoeca

V-ckopocTh BeTpa, 5,9m/c

[TpuarMaeM quamerp Kosieca paBHbIM 10 meTpam.

Tabnuya 3.1. Cxopocmetl éempa 6 200y

5. =39

8T 4

(3.3)

(3.4)

(3.5)

CxkopocTb BeTpa, M/c KonuuectBo nHel B rony

1 23.7

40.8

62.1

65.7

58.4

40.8

~N|(Oo|lo bW

29.2




8 18.3
9 11.2
10 7.3
11 3.65
12 2.19
13 1.46
14 1.1
15 0.7

Bb10op NoAIIMIHUKOB KAaYeHHUs

OpnHopsAnHbIE pajualbHble IIAPUKONOAIIUIIHUKA HapsAly € paJualbHON HArpy3Koiu
CIIOCOOHBI BOCIPUHUMATh OCEBYIO HAarpy3Ky, BeJIMYMHA KOTOPOM HeEJO0JKHA NMpEBbIIIATh
70 % HeucrnoJab30BaHHOM JONMYCTUMOHN pajavalbHOM HArpy3KUIIpU 3aJaHHOW pacueTHOU
nonroBedHocTd. [lo3ToOMy 5TH MOAIIMIHUKU MOXHO MPUMEHATH A (UKCAIMU Baja WU
KOpIlyca B OCEBOM HallpaBJICHUHU.

OnHopsiAHbIe paauaibHble MIAPUKOMOAIIUIHUKA HMEIOT OTHOCHUTEIHHO HeOOoIbIIne
MOTEPHU NPU TPEHUH, TOFTOMY UM CIEAYET OTAABATh MPEANOUYTEHUE, €CIU PACUETHBIN CPOK
CIIY’K0 NOJAIIMITHUKA HAaXOAUTCS B IIpe/iesiax HOpMaJIbHOW paboTocrocoOHOCTH MamuHbl. OHU
Xopouio paboTalT TakXkKe B y3Jax MAalIMH IPU PacTOYKe IOCAaJOYHBIX MECT IOJ BCe
HNOJIIMIHUKH, CTOSIIIME Ha OJHOM Bajldy, C OJHOIO YCTaHOBAa WJIM IpPH HPaBUIBHO
BeIOpaHHBIX 0Oa3zax s o0paboTku. PaawanbHble OXHOPSAIHBIC TOMIIMIHUKA MOTYT
paboTaTh C HEPEKOCOM BHYTPEHHEI0 KOJIblIa [0 OTHOIICHUIO K HapyKHOMY He Ooiee 15', mpu
YCTaHOBKE C OOJBIIMM MEpPEeKOCOM JOJIOBEYHOCTh MOJUIMIIHMKOB PE3KO CHHXKaeTcs,
BO3MOXEH UX MEPErpeB, a TAKKE pa3phlB cenaparopa.

PannanbHblli ONHOPSAAHBIN IIAPUKOMOJUIMIHUK MOJKET BBIIOJIHATHCA U3 CIEIYIOLINUX
KOHCTPYKTHUBHBIX Pa3HOBUIHOCTEH:

a) C KaHaBKOW Ha HApPYy)KHOM  KOJIbIIe JUIi  CTONOPHOW IIalObl;  Takue
MOJANINITHUKY MTO3BOJISAIOT pacTayuBaTh KOPIYChl HAa MPOX0J 0€3 3alJIeYHUKOB;

0) c omHOW W JBYMs 3alUTHBIMH Iaii0aMu, a TakXe CO BCTPOCHHBIMU
GeTpoBBIMM M PE3WHOBBIMU  YIUIOTHEHMSIMH;  NPUMEHSIOTCA,  KOrJa 3aTpyAHEeHa
YCTAaHOBKAa  CaMOCTOSATEJIbHBIX YIUIOTHSIFOLIUX YCTPOUCTB B KopIyce
NOAIIMIIHUKOBOIO y3Ja WM HEBO3MOXXHA IMOJNMTKA IMOJIIMIHUKOB CMa3KoH B IpoIEcCce

9KCIUTyaTaluu.
[Ipu BrIOOpE THIA M pa3MEepOB WIAPUKO — U POJUKOMOAIIUITHUKOB YYUTHIBAIOTCS
cienayromue GakTopshl:
a) BEIMYUHY " HarpaBlieHUE Harpy3Ku (panuanbHasi, oceBas,
KOMOMHHUPOBAHHAas);

0)xapakTep Harpy3ku (IIOCTOsSTHHAs, IEpEeMEHHasl, yaapHas);
B) YHCJIO0 0OOPOTOB BPAIIAIOIIETOCS KOJIbIIA MOITUITHUKOB;
T)HEOOXOIUMYIO TOJNTOBEYHOCTH (KEIaeMBbI CPOK CIIY»KOBI, BRIPa)KEHHBIN B Uacax);
1) OKpYXKAIOLIyIo cpeay (TemiepaTypa, BIaKHOCTh, KUCIIOTHOCTH);
e) TpeboBaHHs K MOAIIUITHUKY, NpeIbsBIsEMbIE KOHCTPYKIUEH y37a
MalINHbBl UM MeXaHu3Ma (HeoOXOAMMOCTh CaMOYCTaHABJIMBAEMOCTH MOJUIMIIHUKA B OMOpE
C 1eNbl0 KOMIIEHCAllMM TIEPEeKOCOB Bajlla WJIM Kopllyca, oOecrnedeHue rnepeMenieHus



Baja B 0CEBOM HaIpaBJIeHUH, 1eJ1eco00pa3HOCTh MOHTa)Ka MOJIINITHUKA
HEMOCPEICTBEHHO Ha BaJl, Ha 3aKPEMUTEIbHYIO HIIM 3aKPENUTEIbHO-CTSKHYIO BTYIIKY,
HEOOXOIMMOCTh PEryJIUPOBAHMS PAJUAIBHON U OCEBOM UT'PHI MOAUIUITHHUKA).

[Tpu BbIOOpPE MOANMIMIIHUKOB HE CIEAYET 3aJaBaThCsi UYPE3MEPHO OOJBIIMM CPOKOM
CITYOBbI (AOJATOBEUYHOCTHIO), TAK KaK 3TO MPUBOJIUT K YBEIMUYCHHUIO Pa3MEPOB MOIIINITHUKA.

[ToammnHuKY BEIOUPAIOT MO CIENYIOLIEH CXeMe:

a) HaMeyalT TUN  MNOAIIMIIHUKA,  HCXOAs W3  YCJIOBUH  OBKCIUTyaTaluu
KOHKPETHOTO0  MOJNIUITHUKOBOTO y37a B COOTBETCTBUM C  YKa3aHUSMH,
IpHUBEICHHBIMHU B pa3zene «Pa3mMepbl 1 OCHOBHbBIE XapaKTEPUCTUKHU TOIIUITHUKOBY;

0) ompenensioT pa3Mepbl MOAIIMIIHUKA B 3aBUCUMOCTH OT JCHCTBYIOIIUX
Harpy3oK, 9rciia 000poTOB U TPeOyeMOTO CPOKa CITYKOBI,

B) HA3HAYAIOT KJAacC TOYHOCTH TOJAIIMIIHUKA C yd4eToM TpeOoBaHWU K
TOYHOCTHU BpAILEHUS Y3JIa.

[Togmunauk  TpebyeMoro TUmopasMmepa BbIOMpalOT 1O ero  KoduiueHty
paboTtocnocobnoctu C, KOTOPHIM 3aBUCUT OT KOHCTPYKIUH MOJIIUIIHUKA, €T0 MaTepHaia u
psiza Apyrux napaMmeTpos.

Pacuer 10/Ir0BeYHOCTH NMOJIIUITHUKA

[Tox pacdeTHO! MOATOBEYHOCTHIO MOAIIMITHUKA TTOHMUMAETCS BPEMs, BBIPAKEHHOE B
yacax, B TeueHHe KoTtoporo He meHee 90 % mapTum NOALIMIIHUKOB JOJIKHBI NMpopadoTaTh
Opyd  HMACHTUYHBIX YCJIOBUAX 0O€3 TMPU3HAKOB YCTAJIOCTH MeTalja. XapakTEePHBIMHU
NpU3HAKAMU  YCTAJIOCTH  SIBJISIOTCS  ClIe[bl  BBIKpAllMBaHUAMETadda Ha paboyux
MOBEPXHOCTSX B BHJE PAKOBUH WU OTCIanMBaHUs (IIETyIICHUS).

JloNroBeYHOCTh MOJIIMITHMKA 3aBHCUT OT BEJIMYMHBI M HaIlpaBICHUS
Harpy3ku, d4uciaa oO0o0poToB, KkodpduuueHta pabdOTOCHOCOOHOCTH U psAa APYruUx
(bhakTopoB.

CBs3b MEXJY pacyeTHOH TOJTOBEYHOCTHIO N, ycimoBHOW Harpyskoi Q, dwucioMm
oboporoB m u kKodpdumuentom padorocnocobHoctn C ompenensercs CIeAYIOUUM
IMIIUPUYECKUM PABEHCTBOM:

C = Q(nh)"? (3.6)

®opmyna cnpaseginuBa npu > 10 o0/MHH, HO HE MNPEBBIANIEMIPEIEILHOTO
gucia 000pOTOB, JOIMYCKAEMOTO ISl JAHHOTO TIOIITUITHAKA; TIPU

n =1 no 10 06/mun C moacuutsiBaeTcs, kak anag 10 o6/munu; npu n< 1 06/mMuH
NeWCTBYIOMas HAarpy3ka MPUHUMAETCs KaK CTaTHCTHUYECKas W MPH BHIOOPE MOMIIUITHUKA
CpaBHHBAETCS C JOMYCKAEMOM CTATHCTUYECKON HArPYy3KOU AJIsI KOHKPETHOTO MOIIUITHUKA.

YcnoBHas Harpy3ka

YcnoBHas Harpy3ka Q y4yHTBIBaeT Kak XapakTep W HampaBieHUE ACHCTBYIONIUX
Harpy3oK, Tak 1 0COOCHHOCTH KHHEMATHKHU U TeMIIepaTypy y3Jia.

Y CIoBHYIO HATPY3KY JUIS TOIINITHUKOB OMPEACIISIIOT IO (hopMyIam:

JUTSL paJIAATTbHBIX ;

Q=(RKx+mA)KeKt (3.7)

rne Q - panmanbHas Harpy3ka B kI'; A - oceBas Harpyska B Kr; M -kKod3pUIUEHT,
VYUTBHIBAIOMINI HEOJUHAKOBOE BIUSHUE PAJUAIIbHBIX U OCEBBIX HArPYy30K HAa CPOK CIIYKOBI
noamunanka; Kg - KodpOUIUEHT, YYUTHIBAIOMUN BIMSHUE XapaKTepa Harpy3Kd Ha CPOK
cayx0b1 mommunuuka; K; — koaunuenT, yduTpiBalomuil 3aBUCUMOCTh CpPOKa CITY>KOBI



noamunauka; K - koo GuimeHT, yauThIBaloOmui 3aBUCUMOCTb CPOKA CITY>KObI MOJIINITHUKA
OT TOT'0, KAKO€ KOJIBI[O BPAIIAETCs OTHOCUTEIHHO BEKTOpA HArpy3KH.

Koaddunuent m 3aBUCUT OT yria KOHTAKTa JOPOKKHU KaUCHHS C TeIaMU KadyeHWUs.

[Mommumuuky ~ BbIOMpalOT 10  KO3(p(UIHMEHTY pabOTOCHOCOOHOCTH,  KOTOPBIH
ompenensiercs 1mo Gopmyie

(nh) 38)

Orta ¢opmya mojaydeHa myreM oObeIuHEHUs paBeHCTBA U Gopmyibl. 3Hauenus (hn) '
MPUBEICHBI HUXKE.

R=531,1,Ks= 1,2; K;=1,0; A =470 m.

m = 1,5, umes B Buay, uto R/A =531,1/ 470 * 1,0 yBenuuum 3T0 3HauUeHHUE Ha 25 %.

= 1,875

1 = 250 06/MuH

6300 gacoB paboTHI

C=(531,1.1,4+1,875 .470) .1,2 .1 .(72,5) = 141354,1

IMoamunuuk 316

d =80, D=170, mup.B =39, C=144000

CrnenoBaTenbHO, HEOOXOIUMM  MOAIIUIHUK, KOI(PPUIUEHT
paborocnocobHocTH KoTtoporo C nomkeH ObiTb He MeHee 144000. DTomy 3HauenuroC
COOTBETCTBYET paJualibHbIM OJTHOPSAIHBIN MIAPUKONOAIIMIHUK 316.

2.4 TlpakTuuyeckoe3ansaTue Ne5-6 (4 yaca).

Tema: «PaC‘-IeTI[OJII‘OCpO'—IHI)IX XapaKTCPUCTHUK CUCTEMBbI COJTHCYHOT'O TeHJIOCHa6)I(CHI/I$I)>
2.4.1 3ananue s padoThI:

1.0OnpeneneHre napaMeTpoB COTHEUHOTO KOJIJIEKTOPA.

2.0npezaeneHne TeMIOBbIX Harpy30K CUCTEMBI.

2.4.2. KpaTkoe onucanue 3aHsSITUsI

IIpumenenne porolieMeHTOB

ConHeuyHble (OTORIEMEHTHI SIBISIFOTCSI BIIOJIHE PEAJIbHON TEXHUYECKH U 3KOHOMHUYECKH
BBITO/IHOM albTEPHATHBON HMCKOIAaeMOMY TOIUIMBY B psle npuMeHeHH. CONMHEUHBIH 3JIEMEHT
MOJKET HampsMyl0 MPEeBpaIlaTh COJHEYHOE H3JIyuY€HHE B 3JIEKTPUYECTBO 0O€3 NpUMEHEHUs
KaKMX-TMOO JIBIXKYIIMXCS MeXaHU3MoB. bnaromaps sToMy, CpOK CIyXObl COJHEYHBIX
TEHEPATOPOB  JOBOJIBHO  NPOAOIDKUTENECH.  DOTOIEKTPUYECKHUE  CHUCTEMBI  XOpOIIO
3apeKOMEHJOBAIN ce0sl ¢ caMOro Hayaja NMPOMBIIUIEHHOTo MpuMeHeHus (otosnementoB. K
npuMepy, (OTOIEMEHTHl CIIY)KaT OCHOBHBIM HCTOYHMKOM IHWUTaHUS [UIsl CIYTHHKOB Ha
okoJio3eMHOM opoute ¢ 1960-x ronos. B oTaaneHHbIx pailoHax (OTOAIEMEHTHI OOCITYKHBAIOT
aBTOHOMHBIE »HHEproycraHoBkn ¢ 1970-x. B 1980-x romax mNpOM3BOIUTENN CEPUHHBIX
NOTPEOUTENHCKUX TOBAPOB HAYalld BCTPaUBaTh (DOTO3JIEMEHTHI BO MHOTHE YCTPOMCTBA: OT YacoB
U KaJbKYJIATOPOB JI0 MYy3bIKaNbHOM ammaparypel. B 1990-x mpeanpusitust sHeprocHabxeHUs
Hayald IPUMEHATH (POTORIEMEHTHI [yl 00eCTIeYeHHUsI MEJIKUX MOTPEeOHOCTEN MOIb30BaTENEeH.

@DOTOINEKTPUUECKUE YCTAaHOBKM KayaloT BOJY, OOECIEeYMBAIOT HOYHOE OCBEILICHHE,
3apsHKAIOT aKKYMYJISTOPBI, MOJAIOT AJIEKTPUYECTBO B OOLIYI0 3HeprocucreMy u T. 1. OHH
pabortator B moOyio morony. Ilpu mepemennoii obmaunoctu onHu pocturaior 80% cBoei



MOTEHIMAIBHOM MPOU3BOAUTENIBHOCTH; B TyMaHHyl noroay - okoio 50%, m naxe mnpu
CIUTOIITHOW 00JIAYHOCTH OHU BhIpabaThIBaIOT 110 30% sHEprUu.

B Hamie BpemMst MOXKHO HAaWTH HE TOJBKO (POTOIEKTPHUECKUE MaHenu. Pa3zHbie (upMBI
npeiaratloT (OTO3JIEMEHThl B BHUJE JIETKUX, JACTUYHBIX M TMPOYHBIX KPOBEIBHBIX IUIUT, a
TaKKe HEHECYIIMX CTEH-TIEPeropoJokK s (acagHblX paboT. OTH HOBHHKH JIENAIOT
(OTO37I€MEHThl HKOHOMHMYECKH OoJiee IPHUBIIEKATEIbHBIMU IPU BKJIIOYEHHMM HX B COCTaB
CTPOMTENBHBIX MaTepualloB. B oTnaneHHbIX pailoHaX (OTO3NEKTPHUECKUE YCTAHOBKHU SBIISIOTCS
HauOoJiee peHTaOeIbHbIM, HAJIEKHBIM U JIOJTOBEYHBIM HCTOYHUKOM SHEpruu. B HekoTophix
peruoHax (OTO3JIEMEHTHl IOBBIIIAIOT KOHKYPEHTOCIOCOOHOCTh CHUCTEM, IOJAKIIOYEHHBIX K
anekTpoceTd. OJJHAKO IJIABHOE - YTO U B OTHAJIECHHBIX, U B MOJCOECIUHEHHBIX K 3JIEKTPOCETIM
MECTHOCTSIX (DOTODJICKTPUUECKHE CHUCTEMBbI BBIPAOATHIBAIOT YHCTYIO SHEPTUI0, MOJy4YeHUE
KOTOpPOM HE CONPOBOXKJIAETCS 3arpsi3HEHUEM OKPY’KAIOLIEH Cpenbl, B OTJIWYHE OT MPUBBIUHBIX
ANEKTPOCTAHIIUH.

Hacochble ycTaHoBKH, pa0OoTarolye Ha COJHEYHBIX (OTOdJIEeMEHTaX, 3(PPEeKTUBHBI U
SKOHOMHYECKU BBITOJHBI B YCJIOBHUSX NPAKTUUYECKH JHOOO0ro npuMeHeHus Bojabl B cenbckux
paiioHaxX HaXOAWUTCS W JpPyroe NpUMEHEHUEe (OTOAIEKTPUUECKHMM CHCTEMaM - 3apsjika U
OCBELICHUE 3JIEKTPUUECKUX U3ropoJiell; odecrieueHre UPKYJIALUU BOJbl, BEHTHWIALMH, CBETa U
KOHJUIIMOHUPOBAHUS BO3AyXa B TEIUIMIIAX U TUIAPOIOHHBIX COOPYKEHUSIX.

Comueunbie  (OTOIIEKTPUUECKHE CHUCTEMBI IPOCTHI B OOpamieHMH W HE HMEIOT
JOBIDKYIIUXCS ~ MEXaHW3MOB,  OJHAKO  caMH  (OTODJIEMEHTHI  COJAEpXKAT  CIOXKHBIE
MOJIyIPOBOJJHUKOBBIE ~ YCTPOMCTBA, AaHAJOTUYHBIE HCIHOJB3YEMBbIM JJIi  IPOM3BOJCTBA
UHTErpalbHbIX CXeM. B ocHOBe neicTBUS (POTOIIEMEHTOB JISKUT (PU3HMUECKUI MPUHLUI, TPU
KOTOPOM  DJJIEKTPUYECKHH TOK BO3HMKAeT TII0J BO3JCHCTBUEM CBETa MEXKIY JBYMs
MIOJIYTIPOBOJHUKAMHU C PA3IMYHBIMU JJIEKTPUYECKUMU CBOMCTBAMHU, HAXOASIIUMUCSA B KOHTAKTE
apyr ¢ apyroM. COBOKYIMHOCTh TaKUX 3JIEMEHTOB 00pa3yeT (OTO3IEKTPUUECKYIO MaHelNb, JTH00
Moaydb. DOTO3JEKTpUYECKHE MOAYIM, Onarojapst CBOMM JJIEKTPHUUYECKUM CBOMCTBaM,
BbIpa0aThIBAIOT MOCTOSHHBIN, a HEe MepeMeHHbIH TOK. OH HMCNONb3yeTcs BO MHOTMX IMPOCTBIX
yCTpoiCcTBax, NHUTAOIUXCS OT Oarapeil. IlepeMeHHBI ke TOK, HAaIlpOTUB, MEHSET CBOE
HaIpaBJIEHUE 4Yepe3 peryjspHble MPOMEXYTKM BpeMEeHU. VIMEHHO STOT THIl 3JEKTPUUYECTBA
MOCTaBIISIIOT JHEPIrONpPOU3BOAUTENN, OH HCIOJb3yeTcs s OOJBUIMHCTBA COBPEMEHHBIX
npubOpOB U DIIEKTPOHHBIX YCTPOMCTB. B mpocredmmx cucremMax MOCTOSHHBIM TOK
(hOTO3IEKTPUUECKUX MOJYJIEH MCIONb3yeTCsl HanpsAMyto. TaM ke, TJie Hy)KeH NepeMEeHHBIN TOK,
K CHCTEME HEOOXOIUMO [00aBUTh HHBEPTOP, KOTOPBIM MpeoOpa3yeT NOCTOSHHBIA TOK B
[IEPEMEHHBIN.

DOT031EMEHTHI

CoBpeMeHHOE MTPOU3BOJACTBO (POTOIIEMEHTOB MPAKTUUYECKH IOJHOCTHIO OCHOBAHO Ha
kpemHuu. Oxono 80% Bcex MoAyiell MNPOU3BOAUTCA C HCIOJIB30BAHUEM TMOJMU- WU
MOHOKPHUCTAIJIMYECKOTO KpeMHHUs, a ocTaibHble 20% HCIONb3yI0T aMOp(QHBIH KpEeMHHUH.
Kpucrannuueckue GpoTosneMeHTsl - Haubosee pacupoCcTpaHeHHbIe, OOBIYHO OHU MMEIOT CHHUN
IBET C OTOJECKOM. AMOpGHBIE, MM HEKPUCTAIUIMYECKHE - IJIaJKUe Ha BUJ M MEHSIOT L[BET B
3aBUCUMOCTM OT Yyryla 3peHus. MOHOKpUCTANIMYECKU KPEMHUN HMMEET HaWIydllylo
3ppexTUBHOCTh (0K00 14%), HO OH JOpOXKE, YeM IMONUKPUCTATUINYECKUH, 3((HEKTUBHOCTH
KOTOporo B cpenHeM coctaBisgeT 11%. AMop@HBIH KpeMHHH IIMPOKO NPHUMEHSETCS B
HeOONMbIIMX TpHOOpax, TaKMX KaK dYachl M KaJIbKYJIATOpbl, HO ero »(h(EeKTUBHOCTh U
JIOJTOCPOYHasl CTAOUIIBHOCTh 3HAYUTEIBHO HIDKE, IOATOMY OH PEIKO IPUMEHSETCS B CHIIOBBIX
YCTaHOBKAX.



JIeBSHOCTO N1€BATH MPOLIEHTOB COBPEMEHHBIX COJHEYHBIX AJIEMEHTOB HM3TOTABIMUBAIOT U3
KpemHus (Si), a ocTalbHbIE MOCTPOEHBI HA TOM K€ MPHHLHUIE, YTO U KPEMHUEBBIE COTHEUHBIC
aneMeHThl. Ha oMH clloif KpeMHHS HAaHOCHTCS OIPEeNIEHHOE BEIIECTBO, OJaronaps KOTOpoMy
oOpa3yercss M30BITOK 31eKTpoHOB. [lomydaercs orpunatensHo 3apspkeHHBIA ("N') cnoii. Ha
JPYTOM CJI0€ CO3JaeTCs HENOCTATOK 3JEKTPOHOB, OH CTAHOBHUTCS MOJIOKUTEIBHO 3apSKEHHBIM
("P"). CoOpanHble BMecT€ ¢ MPOBOJAHMKAMH, OTH JBE IIOBEPXHOCTH OOpa3yroT
CBETOUYYBCTBUTEIIbHBII AJIEKTPOHHO-ABIPOYHBIA mepexod. OH Ha3bIBaeTCs MOIYIPOBOJIHUKOM,
TaKk Kak, B OTJIMYHE OT AJIEKTPONPOBOJA, IPOBOJAUT TOK TOJHKO B OJHOM HANpaBIE€HUU - OT
OTPULIATENILHOTO K MOJOXKUTEeNbHOMY. [Ipy BO3IEHCTBUU COJHIIA WM JIPYTOro MHTEHCHUBHOTO
MCTOYHHMKA CBETA BO3HUKAET MOCTOSHHBIN TOK HarpsbkeHueM npumepHo B 0,5 Bonbt. Cuta Toka
(amriep) mpoMOpIMOHATBHA CBETOBOM JHepruwm (KOJaudecTBY ¢oToHOB). B mo0oii
(OTO3IEKTPUUECKOI CUCTeME HANPSHKEHHUE TTOYTH ITOCTOSHHO, @ TOK MPOIOPIIMOHANIEH pa3Mepy
(OTORJIEMEHTOB U UHTEHCUBHOCTH CBETA.

CostHeYHBbIE MO/ IH

ConHeuHblii MOAydb - 93TO Oarapes B3aMMOCBSA3aHHBIX COJHEUYHBIX JJIEMEHTOB,
3aKJIIOUEHHBIX TOJI CTEKJSHHOW KpbIMKOW. YeM HHTEHCHUBHEE CBET, MaJalolui Ha
(boTonIeMEHTHI U YeM OOJIbIIIE UX IJIOLIa/lb, TEM OOJbIE BEIPA0ATHIBACTCS NIEKTPUUECTBA U TEM
OoJibie cuiia Toka. Moaynu KiacCuGUIUpyroTCs 0 MMKOBOM MOIIHOCTH B BarTax (Btm). Barr -
eAMHMIIA U3MEpEeHUsI MOIHOCTU. OJIMH NMUKOBBIN BATT - TEXHUYECKAs XapaKTEPUCTHKA, KOTOpast
YKa3blBa€T Ha 3HAYEHUE MOIIHOCTH YCTAHOBKM B OIIPENEICHHBIX YCIOBMSX, T.€. KOTJa
conHeyHoe m3iydeHne B 1 kBr/M2 mamaer Ha snemeHT mpu Temmeparype 25 oC. Taxkas
WHTEHCUBHOCTh JOCTHTAETCS MPU XOPOIIUX MOTOAHBIX ycioBusx u ConHie B 3eHUTE. UTOOBI
BBIpa0OTaTh OJMH MUKOBBIM BaTT, HY>KE€H OAMH 3neMeHT pazMepoM 10 x 10 cm. bonee kpymHbie
mMonynu, tiomansio 1 M x 40 cwm, BeipabareiBatoT okono 40-50 Brmn. OpHako conHeuHas
OCBEIICHHOCTh peAKOo jaocTturaer BenuuuHel 1 kB1/M2. Bonee Toro, Ha conHue MoOAaylb
HArpeBaeTCsl 3HAYUTENbHO BhINIE HOMHHAIBHON TemmepaTypsl. O0a 3TH (dakTopa CHUKAIOT
MPOU3BOIUTENIBHOCTh MOAYJs. B TUNMUHBIX YCIOBUSIX CpelHSAs MPOU3BOAUTEIHLHOCTH
cocrasirsieT okoio 6 Br'u B newr m 2000 Bt'y B rog Ha 1 Brm. 5 Barr-yac - 9TO KOJHYECTBO
sHepruu, norpedisemoe 50-sarTHOM Namnoukoi B TeueHue 6 MuHyT (50 Bt X 0,1 u = 5 BT'u)
WJIM IOPTATUBHBIM PaMONIPUEMHUKOM B TeueHue yaca (5 Brx 1 u =5 Br-u).

Haubonee pacnpocTpaneHHble MOAYIH (U3 KPUCTAUIMYECKOTO KpeMHHs) npou3Boait 100-
120 BatT Ha kBagpatHbIil MeTp (B1/M2). Takum oOpa3zom, MOAYIb TUIOMIAIbIO OJTUH KBaIPaTHBIN
METp MPOU3BOJIUT JOCTATOYHO DJEKTPUYECTBA, 4TOObI muTath oaHy 100-BaTTHYIO Nammou
ConHeuHbld MOJyNb BBIPAOATHIBAET MOCTOSHHBIA TOK, OOBIYHO C HampsbkeHueMm 12 B. Ectb
MHOKECTBO  DJIEKTPONPUOOPOB - JIaMI, TEJIEBU30POB, XOJIOAUJIBHUKOB, BEHTUISTOPOB,
MHCTPYMEHTOB U T.J., KOTOpbIEe pabOTalOT OT MOCTOSHHOTO Toka B 12 B. OnHako 60NbIIMHCTBO
OBITOBBIX JIEKTPOIIPHUOOPOB Bee ke moTpedisaoT 110 wim 220 B nepemeHHOro ToKa.

Cocrtas GoT03/IeKTPHYECKON CHCTEMbI

@DOTOINEKTPUUECKUE CHCTEMBI C AKKyMYJIATOPOM MOXKHO TNPHUCIIOCOOMTH Ui MUTAHUS
000pyIOBaHUS TOCTOSHHOTO MJIM IMEPEeMEHHOro Toka. JKenaromue moib30BaThCsl OOBIYHBIMU
npubopaMy MEPEMEHHOTO TOKa JOJDKHBI J00AaBUTh K CHCTEME, MEXKIy aKKyMyJIsSTOpOM U
Harpy3Koi, OJIOK peryJupoBaHHsS MOIIHOCTH - TaK Ha3bIBa€MbIil MHBEpTOp. XOTS B Mpoliecce
npeoOpa30BaHus MOCTOSHHOIO TOKA B NEPEMEHHBIM HEKOTOPOE KOJMUYECTBO HEPTUU TepsieTcs,
Omaromapsi MHBEPTOPY (POTOINEKTpUUECKAss SHEPrusi MOXKET HCIOJIb30BaThCsl HApaBHE C



MPUBBIYHBIM KOMMYHQJIBHBIM 3HEPrOCHA0KEHHEM (MUTaTh ObITOBYIO TEXHHKY, OCBETUTEIIbHbBIE
puOOPbI UM KOMIIBIOTEPHI).

Cucrema ycTpoeHa Tak: (POTOIEKTPUIECKUN MOAYIIb COSAUHEH C aKKyMYJISTOPOM, a TOT,
B CBOIO OuYepelb, C Harpy3koil. B aHeBHbIE 4Yackl (POTOINEKTPHUUECKUE MOIYIH 3apsKAIOT
AKKyMyJIATOp. ODHEprus Mo Mepe HeoOXOOUMOCTH IIOCTynaeT Ha Harpy3ky. llpu mnomoim
IIPOCTOTO0 KOHTpOJUIepa 3apsia aKKyMyJsTOp 3apsikaeTcs B HYKHOM cremneHu. [lpu stom
MIPOJIEBAETCS CPOK €ro KU3HU, 00ECIeUNBAETCS 3allUTa OT MEePErpy3Ku U OT MOJHOU pa3psIKu.
AKKYMYJISTOp CHOCOOEH paciiupuTh cdepy NpUMEHEHUs (POTOIIEKTPUUYECKON MaHeTu, HO
TpeOyeT OMpeeIeHHOTO O0CIYKUBaHUS. AKKYMYISTOPBI (DOTOIIEKTPUUECKUX CHCTEM MOXO0XKHU
Ha aBTOMOOMIbHbIE. Kak M aBTOMOOWJIBHBIE AKKYMYJSTOPBI, OHHU TPEOYIOT OCTOPOKHOCTHU B
oOpamieHun M XxpaHeHMH. HyXHO mNepUOIMYECKH IIPOBEPSATh YPOBEHb JKUAKOCTH B
HETePMETHYHBIX aKKyMYJISATOpaX, K TOMY e HX HEO0OXOAMMO 3alMIaTh OT HU3KHUX
TeMIEeparyp..

AKKYMYJIATOP

B akkymynsTope HakamiMBaeTcsi JHEprusi, BbIpaOOTaHHAs COJIHEYHBIM MoAyjiem. B
KayecTBE KOMIIOHEHTAa JOMAIIHEHl COJIHEYHOM HHEPreTHUeCKON YCTAaHOBKH, AaKKyMYJSTOD
BBITMIOJHSET TPU 33Jayu: MOKPHIBAET MHUKOBYIO HArpy3Ky, KOTOPYIO HE MOTYT MOKPBHITH CaMH
(doTorIeKTpUYECKUE MOAYNIH (PE3EPBHBIM  3amac); JaeT DJHEPrHMil0 B HOYHOE  BpeMs
(KpaTKOBpEMEHHOE XpaHEHHUE); KOMIIEHCHPYET IEepUOJbl IUIOXOM IOroJbl WU CIIHLIKOM
BBICOKOT'O DHEPTroNoTpeOIeH s (CPeTHECPOUHOE XPAHCHHUE).

PeryasTop 3apsina

AKKYMYJSTOP MPOCITYKHUT HECKOJIBKO JIET TOJILKO B TOM Cllydae, €ClIM OH UCHOJb3YeTCs
BMECTE C KaueCTBEHHBIM PETYJSATOPOM 3apsja, KOTOpBIH 3aluiiaer OaTapero OT Ype3MepHOU
3apsAAKM M TIyOokoil paspsnaku. Ecnm Garapes MONHOCTBIO 3apsKeHa, PEryjasTop CHHXKAaeT
YPOBEHb TOKa, BbIpabaThIBAEMOI'0 COJHEYHBIM MOJYJIEM J0 BEJIWYHMHBI, KOMIEHCHUPYIOIIEH
€CTeCTBEHHbIE IMOTepH 3apsiaa. M1 HaoOOpOT, peryiasTop MpepblBaeT IMOCTABKY SHEPrUU Ha
noTpedsone TpuOopsl, KOr/Aa aKKyMYJISITOP pa3psyKaeTcsl 10 KPUTHUECKOTro ypoBHS. Takum
00pa3oM, BHE3aIHOE MPEKpaIIeHUE IHEPrOCHAOKEHHUS MOXKET OBbITh BBI3BAHO HE MOJOMKON B
CUCTEME, a pe3y/IbTaTOM JAEUCTBUS 3TOTO 3alIUTHOIO MEXaHU3Ma.

HNuBeprop

HNuBepTop mnpeBpamiacT IMOCTOSHHBIA TOK HHU3KOTO HANpPsDKEHUS B CTaHJAPTHBIN
nepemenHbii (120 nim 240 B, 50 wium 60 I'). MaBepTope! ObiBatoT oT 250 BT (cTommocTsio
okoJj10 300 nonnmapos) no ceeie 8000 Bt

OueHp BaXHBIM (DPAKTOPOM HKOHOMMYECKOI'O aHalIM3a SBISIETCS CPOK OSKCIUTyaTalluu
dorornektpuyeckoir  cucrembl. Cpoku  CIyKObl  pa3HBIX  KOMIIOHEHTOB  COJIHEYHOTO
HHEProCHA0XKEHUs TMOJICYMTAHBl Ha OCHOBE OIbITa, HAKOIUIEHHOTO 3a TOCJEIHHUE TOJBI.
Cpok ciyx0bl  (QoTOdNEKTpUUECKUX TaHenedl omnenuBaercs B 20 ner. Hamrexamas
repMeTu3alys U MPpUMEHEHHE 3aKaJeHHOI0 CTeKJa ¢ HU3KUM COJEepKaHUEM jKeJie3a CIIOCOOHBI

YIJTUHUTD 3TOT CPOK.

Kapkacel M KpemjieHMs U3 OLMHKOBAaHHOTO >Kelie3a MCIIONB3YIOTCS B OOJBIIMHCTBE
(OTO3IEKTPUUECKUX CUCTEM. XOPOIIO OIIMHKOBAaHHBIE MaTepHaJIbl JOJDKHBI IPOCITYKUTH TaK JKe
JI0JIT 0, KaK u MIAHEIH, XOTs MOTYT " notTpe0oBaTh pPEMOHTA.
AKKYMYJISTOP: B 3aBUCMMOCTU OT XapakTepa LMKIa 3apsji/pa3psij, CPeAHUH CPOK CITykKObI Tak
Ha3bIBAEMbIX "COTHEYHBIX aKKyMYJISITOPOB" COCTaBJISIET 4 roja.
3apsgHble YCTPOMCTBAa AaKKyMYJISITOPOB pacCuMTaHbl IO MeEHbIIeH wmepe Ha 10 Jjer.
HNuBepTops! 00bIYHO ciy>kat He MeHee 10 JerT.



2.5 IlpakTuyeckoe 3ansiTue Ne72 yaca).
Tema: «CucTeMbl COTHEYHOTO TETUIOCHAOKCHHSI
25.1 3ananue nJist paGoThI:

1. BonbpT-amnepHasi XapaKT€pUCTHKA COJTHEYHOT'O 3JIEMEHTA.
2. KOHCTpYKIIMH 1 MaTepHajIbl COTHEYHBIX HJIEMEHTOB.

2.5.2 KpaTkoe onucaHue 3aHATHA

CoJiHe4YHbIE MOTYJIH

ConHeuHbli MoOAyab - 3TO Oarapes B3aMMOCBSI3aHHBIX COJIHEYHBIX 3JIEMEHTOB,
3aKJIIOYEHHBIX TOJ CTEKJISHHOM KpbILKOH. YeM MHTEHCUBHEe CBeT, MaJalolluil Ha
(oTO371€eMEHTHI U UeM OOJIbIIIE UX IJIOIA/lb, TeM OOJIbIIe BEIpaOaThIBAETCS JIEKTPUUECTBA U TEM
6osnble cuiaa Toka. Moaynu kiaccuUUUpPyOTCs 110 MMKOBOM MOIHOCTH B BarTax (BTm). Batr -
€AMHMLIA U3MEepeHUst MoIHOCTU. OJIMH MUKOBBIN BATT - TEXHUYECKAs! XapaKTEPUCTHKA, KOTOpas
YKa3bIBa€T Ha 3HAYEHUE MOIIHOCTH YCTAaHOBKM B OIPEIEICHHbIX YCIOBMSX, T.€. KOTJa
conHeyHoe m3iydeHne B 1 kBr/M2 mamaer Ha snemenTt mpu Temmeparype 25 oC. Taxkas
MHTEHCUBHOCTh JTIOCTUTACTCS MPHU XOPOIIUX HMOTOAHBIX ycioBusix W ComnHie B 3eHHTE. YTOOBI
BbIpa0OTaTh OJAMH MUKOBBIN BaTT, HY’KEH OJUH 371eMeHT pazmepoM 10 x 10 cm. bonee kpynHble
monynu, iomansio 1 M x 40 cm, BeipabateiBatoT okono 40-50 Brmn. OpHako coiHeuHas
OCBEULICHHOCTh peAKO JjaocTuraer BenuuuHbl 1 kBr1/M2. bonee Toro, Ha cojiHuEe MOAYJNb
HarpeBaeTcsi 3HAUMTENIbHO BbIIIE HOMMHAIBbHOM TemmepaTypbl. O0a 3TH (akropa CHIKAIOT
IPOU3BOJUTENIBHOCTh MOAYJs. B TUNMUHBIX yCIOBUSIX CpEOHSS IPOU3BOAUTENBHOCTh
cocrasirsieT okoio 6 Br'u B newr u 2000 Bt'y B rog Ha 1 Brm. 5 Barr-yac - 9TO KOJIHYECTBO
sHepruu, norpedigemoe 50-sarTHON Namnoukoi B TeueHue 6 MuHyT (50 Bt X 0,1 u = 5 BT'u)
WM TIOPTATUBHBIM paJiMONIPUEMHUKOM B TeueHue yaca (5 Brx 1 u=5 Bt-u).

Hanbonee pacnpocTpaneHHbIe MOIYIM (M3 KPUCTAUIMYECKOTO KpeMHus) npousBost 100-
120 BarT Ha kBaapaTHbIil MeTp (B1/M2). Takum o6pa3om, MOAYb MJIOLIA/IbIO OJUH KBaIPAaTHBIN
METp MPOU3BOJUT JOCTATOYHO HIIEKTPUYECTBA, YTOOBI mMHTaTh OAHY 100-BaTTHYIO NaMIou
ConHeuHbIf MOAy/b BbIpaOaThIBaeT MOCTOSIHHBIA TOK, 0ObIYHO c HampspbkeHuem 12 B. Ectb
MHOKECTBO  DJIEKTPONPUOOPOB - JIaMI, TEJIEBU30POB, XOJIOAUJIBHUKOB, BEHTUIISITOPOB,
MHCTPYMEHTOB U T.J., KOTOpblEe pabOTalOT OT MOCTOSHHOIO Toka B 12 B. OnHako O0NbIIMHCTBO
OBITOBBIX JIEKTPOIIPHUOOPOB Bee ke moTpedisaoT 110 wim 220 B nepemeHHOro ToKa.

CocrtaB (pOT0IIEKTPUYECKON CHCTEMbI

@DOTOINEKTPHUUECKUE CHCTEMBI C AKKyMYJISTOPOM MOXXHO NPUCIOCOOUTH JUIS NMUTAHUA
000pyIOBaHUS TOCTOSHHOTO MJIM IMEpPEMEHHOro Toka. JKenaromue Mosib30BaThCsl OOBIYHBIMU
npubopamMy MEPEMEHHOTO TOKa JOJDKHBI J00aBUTH K CHUCTEME, MEXIy aKKyMyJsTOpOM U
Harpy3koH, OJIOK peryJupoBaHHs MOIIHOCTH - TaK Ha3bIBAEMbI MHBEPTOp. XOTSA B IpoLEcce
peoOpa3oBaHus MOCTOSHHOTO TOKA B MEPEMEHHBIN HEKOTOPOE KOJIMYECTBO SHEPTUU TepseTcs,
Onaromapss HMHBEPTOPY (OTORNIEKTPUUECKasi DSHEPIrUsi MOXKET MCIONb30BaThbCsl HAapaBHE C
MPUBBIYHBIM KOMMYHAJIBHBIM 3HEProcHa0XeHHEeM (MHUTaTh ObITOBYIO TEXHHKY, OCBETHTEIbHBIE
puOOPbI UM KOMITBIOTEPHI).

Cucrema ycTpoeHa Tak: (OTOIIEKTPUIECKUNA MOAYINIb COSAUHEH C aKKyMYJISTOPOM, a TOT,
B CBOIO OuYepenb, C Harpy3koi. B jHeBHbIe uachl (DOTORNEKTPHUUECKUE MOIYIH 3apsDKAOT
AKKyMYJISITOp. DHEprus Mo Mepe HeoO0XOAMMOCTH TOCTymaeT Ha Harpysky. Ilpu momornim
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IPOCTOTO KOHTpOJUIEpa 3apsijia aKKyMYJIATOp 3apsbkaeTcss B HYXHOM cremeHu. Ilpu stom
MPOJIEBAETCS CPOK €r0 KU3HM, 00ECTIeUNBACTCS 3aIUTa OT MEPETPY3KU U OT IOJHOMU pa3psiIKu.
AKKYMYJSTOp CIIOCOOCH pacmMpHuTh chepy NpuUMEHEHUs (OTODIEKTPUUECKON IaHenu, HO
TpeOyeT OnpeAeNeHHOTO 00CTyKUBaHUS. AKKYMYJISATOPHI (DOTORIEKTPHUUECKUX CHCTEM IOXO0XKHU
Ha aBTOMOOWIbHBIE. Kak M aBTOMOOWJIBHBIE aKKyMYJISTOPBI, OHH TPEOYIOT OCTOPOXXHOCTH B
oOpamieHnn u XpaHeHuu. HyXHO nepuoauyecku IMpOBEPSATh YPOBEHb JKUAKOCTH B
HErepMETUYHBIX aKKyMYJIATOpax, K TOMY € HUX HEOOXOJMMO 3allMIaTh OT HU3KHUX
TeMIeparyp..

AKKyMYJISITOP

B akkymymnsaTOope HakaruiMBaeTCs SHEpPrus, BbIpaOOTaHHAs COJHEYHBIM MoayieMm. B
KAaueCcTBE KOMIIOHEHTA JOMAalIHEH COJHEYHOM DSHEPreTUYECKOM YCTAHOBKH, AKKYMYJISATOP
BBITNOJHACT TPU 33Jauu: MOKPHIBAET MHUKOBYIO HArpy3Ky, KOTOPYIO HE MOTYT IOKpBITh CaMu
(doTorIeKTpUYECKUE MOAYNIH (PE3EPBHBIM  3amac); JaeT DJHEPrHMil0 B HOYHOE  BpeMs
(KpaTKOBpPEMEHHOE  XpaHEHHE); KOMIIEHCHPYET IMEpHO/bl IUIOXOM MNOroJbl WM CIHUIIKOM
BBICOKOT'0 SHEpronorpedieHus (CpeIHeCPOUYHOE XPAHEHHE).

PeryasTop 3apsina

AKKYMYJISTOP HPOCIYXHUT HECKOJIBKO JIET TOJIBKO B TOM Cllydae, €ClIM OH HMCIOJIb3YyeTcs
BMECTE C Kaue€CTBEHHBIM PETYISITOPOM 3apsija, KOTOPBIM 3alluiiaeT 0aTapero OT Ype3MEpHOI
3apsSAKH M TIyOOKOH paspsaku. Ecnmm Garapes MONHOCTBIO 3apshKeHa, PEryasTOp CHIDKAeT
YPOBEHb TOKa, BbIPAOATHIBAEMOI'O COJIHEYHBIM MOJYJIEM JO BEJIWYMHBI, KOMIIEHCHUPYIOLIEH
€CTEeCTBEHHBIE MOTEepH 3apsina. M HaoOOpOT, PEryisTop HpephlBaeT IMOCTAaBKY SHEPrHH Ha
notpedustone npudopsl, KOrja akKyMyJsiTOp pa3pspKaeTcst 10 KpUTHUECKOro ypoBHs. Takum
0o0pa3oM, BHE3ANHOE IMPEKpalleHue dHEProcHaOKeHHsI MOKET ObITh BBI3BAHO HE IMOJIOMKOW B
CUCTEME, a PE3YyJIbTATOM JAEUCTBUS ITOTO 3aIUTHOIO MEXaHU3Ma.

HNuseprop

WMuBepTOop mnpeBpamaeT IMOCTOSIHHBIA TOK HU3KOINO HANpsKEHUS B CTaHJAPTHBIN
nepemeHHbIi (120 wim 240 B, 50 wim 60 I'n). MuBepTopel ObiBatoT oT 250 BT (cToMmocThiO
okosio 300 nomtapos) a0 ceimie 8000 Bt

Kaobean

Jlyuymnii cnoco® u30eXaTh HEHYXHBIX IOTEPh - HCIOJIb30BAaHUE COOTBETCTBYIOIIMX
JNIEKTpoKabenel W MpaBUIbHOE HX NOJKIIOUeHHe K mnpubdopam. Kabenb nomkeH ObITh
MaKCHUMaJbHO KOpOTKHMM. IIpoBona, coequHsomue pasiuyHble MNpUOOPHI, TOKHBI HMETh
IUIOIAAb TONEepevyHOro cedeHus He MeHee 1,6 mMm2. UToObl mMajeHHWe HANpsSKEHUS He
npeBbimasio 3%, kabenb MeXAy COJHEYHBIM MOJAYJIEM M aKKyMYJSTOPOM JOJDKEH HMETh
nonepeunoe ceuenue 0,35 mm2 (12-BonpTHas cucrema) wiu 0,17 mm2 (24 B) Ha 1 meTp Ha ouH
Moayib. To ecTh, kKabenb amuHoM 10 M 1 AByX MOAyJel AokeH ObITh He ToHbme: 10 x 2 x
0,35 mm2 = 7 mm2. Tlockonbky ¢ kabenem Oonbiie 10 MM2 B cedueHUH TpyAHO oOpalaThes, U
elle TpyHee HalTH, HHOT1a MPUXOAUTCS CMUPUTHCS ¢ Oosiee BRICOKUMU noTepsaMu. Ecnu yactp
Kabesst MpoJieraeT Mo OTKPBITHIM HEOOM, OH JOJDKEH OBITh YCTOWYMBBIM K IJIOXMM HOTOJHBIM
YCIOBUSIM.

YcrpoiicTBa ciiexKeHus1 32 COJTHLEM

@DOTOINEKTPUUECKUE MOAYIM paboTaroT Jydlle BCEro TOrjaa, Korjaa (OTO3JIeMEHTHI
pacrosIokeHbl NePIEeHINKYISIPHO COMHEUHbIM ydaM. Crnexenue 3a COJIHIIEM MOXKET MPUBECTU
K YBEJIMYEHHUIO €KEroJHOro mnpousBoicTBa sHepruu Ha 10% 3umoir m Ha 40% nerom 1o
CpPaBHEHUIO C HEMOJBI)KHO 3aKpeIUIeHHBIM (oToanekTpudaeckuM mogayieM. "Crnexenne"



peamm3yercss ¢ TIOMOIIBI0 MOHTaXa COJHEYHOrO MOAYJIS Ha MOABMXKHON Iuiatdopme,
noBopauuBaronieiics 3a CosHueM

2.6 IlpakTuueckoe 3ansitue Ne8-9 (4 uaca).

Tema: [IpoGiiemMbl B3aUMOICHCTBHS YHEPTETUKU U KOJIOTHH.
2.6.1 3ananue 1Js1 padoThl

1. BiiustHue BETpOIHEPIreTUKY HA IPUPOAHYIO CPENyY.
2.DKonoruyeckue npoodeMbl pa3BUTHUSL COTHEUHON SHEPTeTUKH.

2.6.2 KpaTkoe onucaHue 3aHSITHS:

OHeprus cosHuna. CojiHeuHble 0aTapen U COJTHEYHbIE KOJJIEKTOPbI

ConHeuHoe U3IyueHue - OJMH U3 HauboJee MepCreKTUBHBIX HCTOYHUKOB dHEpruu Oyayiiero. B
SICHYIO TTOTo1y Ha 1M? 3eMHO# TTOBEepXHOCTH B cpeaHeM maaaet 1000 Batt cBeToBoit sHEprUN
coaTa. CoJTHEYHAsT YHEPTHS MOCTYIMAeT Ha 3EMITF0 HEPAaBHOMEPHO: B OJJHOW MECTHOCTH COJTHIIE
ceetut 320-350 gHEH B TOY, B APYTOM COTHEYHBIC THU - PEIKOCTh. Micxoas U3 3Toro, mpexie
YeM CTaBHTbH COJIHEUHBIC OATapeH C IENIbI0 BRIPAOOTKH JIEKTPHUIECTBA, HEOOXOJMMO PaCcCUUTATh
3¢ HEeKTUBHOCTS IPUMEHEHHS JAHHOTO METO/Ia B KOHKPETHBIX KIIMMATHUECKUX YCIIOBHUSX.

ITpeobpazoBanue COITHEYHOM YHEPTUH OCYIIECTBISIETCS ABYMS CIIOCOOAMHU:

e (hOTORIIEKTPUUECKHUM (TIPSIMOE TTPeoOpPa30BaHNUE CBETOBOM YHEPTUH B DIIEKTPUUECKYIO);
e hoToTepMHUUECKUM (TIpeoOpa3zoBaHUE CBETOBOI SHEPTUHU B TEIUIOBYIO, a 3aTe€M, IpU
HEOOXOAMMOCTH, B SJICKTPUIECKYIO).



ITo manasiM EBpomneiickoit accommaruu dpotoBosbranyeckor uuaycrpuu (EPIA) B 2011 r.
B MUPE ITOAKJIIOUYEHO 0K0JIO 28 I'BT HOBBIX COJTHEUHBIX CTAaHLMM, UX CyMMapHasi yCTaHOBJIEHHAs
MOIIHOCTH cocTaBuna 67,4 I'Br.
Ha ceroansiiinuii nens conneunsiii KBT 4 nopoxke TpaguumonHoro. O1Hako IUIaHUPYETCS, YTO
yxke B 2012 r. B HEKOTOpBIX paiioHax Mupa OyJIeT JOCTUTHYTO PAaBEHCTBO CTOMMOCTH
«COJIHEYHOTO» U «TPATIUIMOHHOTO» KHJIOBATTA. Jl0JIs «COJIHEYHOTr0)» 3JIEKTPHUUECTBa B OOIIei
BbIpaboTke 31ekTposHepruu B Poccuu k 2020 r. cocraBut 4-7%, a B EBpone - 12%.

[TpuHIIUTT IEHCTBUS COTHEUHBIX (POTOANEKTpUIECKUX YCcTaHOBOK (CDPDY) cocTouT B

IPSMOM MTPe0OPa30BAHNUU COJTHEYHOTO CBETA B MIOCTOSHHBIN 3JIEKTPUUECKUHN TOK. DHEPTus
MOYKET UCIOJIB30BATHCS KaK HAMPSMYIO, TaK U 3alacaThCsl B AKKyMYJIATOPHBIX Oatapesix. Ecnu
TpebyeTcs monyuuTh 220 B nepemMenHOro ToKa, HY’)KHO HCIIOJIb30BaTh IPE0Opa3oBaTeNu -
WHBEPTOPBIL.

[Ipeumymiecrtea COIY:

e KOJIOTHYHOCTh
e TIPOCTOTA B OOCITYKUBAaHUH

e AaBTOHOMHOCTb PaOOTHI

e OeCIIyMHOCTB Pa0OTHI (ZOCTUTAETCS OTCYTCTBUEM JBIDKYLIMXCS YacTel)
e 3HAYUTEJIbHBIM CPOK CITYKObI

CoaHeYHBIE 6aTapeH COXpPAHAIOT Da6OTOCHOCO6HOCTB Ipu:

e nuamna3oHe temneparyp ot —50 no +75 °C
» arMocepHoM naBneHnu 84-106,7 klla;

e OTHOCHUTENILHOM BiIaxkHOCTH 10 100%;

e UHTEHCUBHOCTH JI0KJ11 10 SMM/MUH,;

e CHETOBOM, BeTpoBo# Harpys3ke 1o 2000 ITa.

Tunsl poTodneKTPpHUECKUX NpeodpasoBaTenei

ABTOHOMHBIE (POTODNIEKTPHUUECKHE MTPe0Opa3oBaTeNy MPeAHA3HAUCHBI JJIsl aBBTOHOMHOTO
HHEPTrOCHAOKEHHST 00BEKTA - 00BEKTOB, YIAICHHBIX OT OCHOBHBIX JJUHUH JIEKTporiepeaauu (B
TPYIHOAOCTYITHBIX MECTaX, Ky/a 3aTpyJHEHA WIH SKOHOMHYECKH HEBBITOHA MPOKIIAIKA
nuHuit). Ux MomHOoCTh Konebnercs B mpenenax 0,01-100 kBr.

DOTOTEKTPUUECKUE CTAHIINH, TTOJKITFOUEHHBIE K AJIEKTPUYECKUM CETSIM, OTIAI0T
BBIPa0OTaHHYIO PHEPTHIO B CETh, OTKY/a OHA pacIpeneseTcs moTpeOuTensaM. Takue CHCTeMBlI,
YCTaHOBJICHHBIE B TOPOJE, MOTYT 00€CIeUnBaTh JIEKTPUIECTBOM 3[aHHE U KOMIEHCHPOBATh
9HEProJeUIUT MPU TUKOBOM YHEPTOMOTPEOICHUN B MONYyACHHOE BpeMs. X MOIIHOCTh
JocTUraeT HecKonbkux MBT.

PesepBHbIe (poTO3IEKTpHUECKHE TPEOOPA30BATENH MTOAKIIOUAETCS K CETSIM LIEHTPAIN30BaHHOTO
JIEKTPOCHAOKEHHS U B CIydae OTKIIOYEHHUS HJIEKTPOIHEPTUH.



Co/iHe4YHBbI KOJIEKTOP

ConHeuHbIH KOJUIEKTOP — YCTaHOBKA, UCIOJIb3YIOIIAsl SHEPTUIO COJIHEUHOM PaiualvK [
HYK]] OTOIJICHUS. ¥ TOPSIYETo BoJIOCHAOXKeHMs. Pa3nnuaioT HECKOJIBKO THIIOB COJIHEYHBIX
KOJUJIEKTOPOB: IJIOCKHE, C KOHLIEHTPATOPaMHU, IPOMBILIUICHHbIE, BAKYYMHbBIE U
KOMOMHHMpOBaHHbIE. J{JI51 HCIIOIB30BaHUS COTHEYHOTO KOJUIEKTOPA B YCJIIOBUSAX OTPHUIIATEIbHBIX
TEMIIEpaTyp MEPCHEKTUBHBIM SIBISIETCS BAKYYMHBIN KOJUIEKTOp, uMeromuid Bbicoknid KIT/I.

Konnextop

Fopavaa '
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[Tornommaer paguaiuio B COTHEYHOM KOJIJIEKTOPE CTeIHaIbHAs TTOBEPXHOCTD,
COCIMHEHHAs C METHBIMU TPYOKaMH, 110 KOTOPBIM ITUPKYITHPYET TEIIIOHOCHTET.
TennoHocuTesb, MPOXO/Is MO BCEH IUIOLIAAN KOJUIEKTOPa, HAarpeBaeTcs U MONajgaeT B pe3epByap,
/1€ OT/IaeT TEIUIO Yepe3 TeMII00OMEHHHK B 0aK - akKyMyIaTop Teruia. KoekTopsl u
TPYOOIPOBOIBI UMEIOT XOPOIIYIO TEIIIOU30JISAINI0, YMEHBIIAIOIINE TOTepH dHepTrun. Bes ata
KOHCTPYKIIUSI HAXOJUTCS B CTEKJITHHBIX BAKYYMHUPOBAaHHBIX TpyOKax. CTeksio obnagaet
BBICOKOM CTENEHBbI0 XMMHUUYECKON CTOMKOCTH, TEIUIOCTOMKOCTH U YAAPHON IPOYHOCTH. B
KOJIBIIE0O0pa3HOM MPOCTPAHCTBE MEXKTY BHYTPEHHEH M HAPY)KHOU TpyOaMu CO3/1aeTCs BAKYyM
1151 9 (HEKTUBHOTO YMEHBIIICHUS TOTepH Tera. Takue TpyOku QyHKIIMOHUPYIOT B MACMYPHYIO
MOTO/Ty ¥ TIPU OTPUIIATEIILHOM TeMIIepaType, OHU TPEoOPa3yIOT MPSMbIE B PACCESTHHBIC
COJIHEUHBIE JIY4YH B TeII0. biarogapst 3ToMy KOJUIEKTOp coxpaHsieT A0 95% TemioBoi sHEpruu.



gien §3$4 515
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CoHeuHBblH KOJUIEKTOP MO3BOJISIET TOAJEPKUBATh TIOJI0KUTEIIBHYIO TEMIIEPATYPY B
3IaHUH 3UMOM U YJOBJIETBOPSITH MOTPEOHOCTH B TOPsTUEii BOZIE JIETOM, @ KPOME TOTO SKOHOMUTH
35eKTposHepru0. OHaKO MUHUMAIIbHAs MOIIHOCTh T€IMOCUCTEMBI T0JKHA ObITh He Hibke 100
B1/M2. B 3aBUCUMOCTH OT COJTHEUHOM pagualnuu 1 TeMnepaTypbl okpyxaroeit cpensl KI1/]
COJIHEYHOT'0 KOJUIEKTOpa MoXkeT ObITh 0T 20 10 65%. ITpu sipkom conHue - 10 650 Bt/M2, a B
MacMypHYIO roroay — nopsinka 10 Br/m2.

[IpumeneHnue Takoi cCTEMbI IOMOKET COKPAaTUTh 3aTpaThl Ha oToruieHue Ha 30%, Ha
ropsiaee BogocHaOxkeHue — Ha 70%. B kmuMaTHUecKux yCIOBHSIX CpeaHel moiaockl Poccun
COJIHEYHBIE BOJJOHATrpeBaTeIbHbIE YCTAHOBKU MOT'YT 3()()eKTUBHO UCIOIb30BATHCS B T€UEHUE 6-
7 Mecs1eB B Toay (€ MapTa 1o CeHTSI0pb) - B YaCTHBIX JIOMaX, MUHM-OTENAX, Ha 6a3ax OTAbIXa, a
TaKXe KaK pe3epBHbIM NCTOYHUK ropsiueil Bobl B OOJbHHIIAX, JETCKUX Cajlax, HA aBTOMONKAX,
A3C u T.1. B neTHee BpeMs COJTHEYHAast yCTaHOBKA U3 2-3 M2 COJIHEYHBIX KOJIJIEKTOPOB OyeT
obecrieunBath exxenHeBHBIM HarpeB 100 11 Boasl 10 Temnepatypsl He MeHee 45 0C ¢
BeposATHOCTHIO 70-80%.

B Opendyprekoii 06,1acTH CpeTHET010Bast MPOAOKUTETLHOCTh COJIHEUHOTO CUSTHUS
cocrasiseT 2300 yacoB B roa. Mcnonb30BaHne COTHEYHON SHEPTETUKH B PETHOHE
1ieJIECO00pa3HO B COYETAHUU C JPYTHUMU CIIOcO0aMu



