View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Electronic archive of Tomsk Polytechnic University

MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
(benepanabHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUpEKACHNE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA UCCJIEJOBATEJIbCKUM
TOMCKHU MOJIATEXHUYECKA YHUBEPCUTET»

HNucturyr - JHepreTuveckuii
Hanpasienne noarorosku — 13.03.01 Ten103HepreTuka u TeMJIOTEXHUKA
Kadenpa - ATOMHBIX H TENJIOBBIX 3J1€KTPOCTAHIIHI

BAKAJIABPCKAS PABOTA

Tema pa6oTsl

OINNPEAEJIEHUE DOPEKTUBHOCTU PABOTHI IVIOCKOT'O
COJIHEYHOT O KOJUIEKTOPA

YK 621.311.243-049.7

CryneHt
I'pynna DOUO Hoanuck Jara
5B2A Munop Anekcanp AnekcaHIpOBUY
PykoBoaurens
JloszkHOCTH DdUO Yuenast cTeneHsb, Hoanuce Hara

3BaHUE

TOTIEHT Kadeapbl

aTOMHBIX U TEIUIOBBLIX MatBeeBa A.A. K.T.H., JOIICHT
AJIEKTPOCTAHIUI
KOHCYJIbTAHTHI:
ITo pazneny «DOuHAHCOBBIM MEHEKMEHT, Pecypcod(PPEeKTUBHOCTE M pecypcocOepekeHUEY
Jlo/zkHOCTH DdUO Yuenasi cTeneHb, Hoanmucn Jara
3BaHHUE
OIIEHT Kadeaphl
Aon bexp ITomosa C.H. K.3.H., JOIICHT
MeEHeIKMEHTa
[To pazgeny «CounanbHas OTBETCTBEHHOCTbY
JloJzKHOCTH DdUO Y4yeHasl cTelleHb, Hoanucy Jara

3BaHUe

JOTICHT Kadeapbl
9KOJIOTUH U Oe301ac-

I'ycenpHukoB M.O. K.T.H., JIOLICHT
HOCTH >KU3HEACATEIIb-
HOCTH
HOPMOKOHTPOJIb:
JloJzKHOCTH DdUO YueHasi cTeneHb, Hoanuch Hara
3BaHUe
CT. IIPENOJaBaTEIb
Kadeapbl aTOMHBIX U
Baruwep M.A. -
TEILIOBBIX
AJIEKTPOCTAHIUI
JONNYCTUTH K 3AIIUTE:
3aB. kadeapoii DPUO Yuenasi cTenenb, Moanucey Jara
3BaHHUeE
aTOMHBIX U TEILIOBBIX
MartseeB A.C. K.T.H., TIOLIEHT

AJIEKTPOCTAHIUI
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3amiaHupoOBaHHbIC Pe3yJbTAThI 00y4eHUsI BBINNYCKHMKA 00pa3oBaTelib-
HOM mporpamMmmbl 0akajaBpuara no HanpasjeHuo 13.03.01 «Temodnepreruka

H TCINJIOTCXHHUKA»

Pe3ynpraT 00yueHus

Kon
(BBIITYCKHUK JOJKEH ObITh TOTOB)

YHM6€pCCUl bHble€ KOMnemeHyuu

P1 | OcymiecTBisiTh KOMMYHHUKAIMHU B MPO(ECCUOHAIIBHOM CpeJie U B 00IIIECTBE
B 1I€JIOM, B TOM YHCJI€ HA UHOCMPAHHOM s3blKe, Pa3padaThiBaTh JOKYMEH-
TalMI0, MPE3CHTOBATh U 3alUIIATh PE3YJIbTAThl KOMHIEKCHOU WHXEHEP-
HOM JIEITCILHOCTH.

P2 | DdpdextuBHo paboTaTh MHAMBUAYATBHO U B KOJUIEKTHUBE, B TOM YHCIIE
MEXIUCUUIUIMHAPHOM, C JEJIEHUEM OTBETCTBEHHOCTH M MOJHOMOYMUHN IPH
PELICHUY KOMNAEeKCHbIX UHKEHEPHBIX 3a/1a4.

P3 | JleMOHCTpUpPOBATH J14uHYI0 OTBETCTBEHHOCTb, IPUBEPKEHHOCTh U CIIEO-
BaTh Npo(ecCHOHATBLHON ATUKE W HOPMaM BEICHUS KOMNIEKCHOU WHXKe-
HEPHOM NIESITEIbHOCTH C COOJIOJEHUEM MPABOBBIX, COLUATIBHBIX, IKOJIOTU-
YECKUX U KYJIbTYPHBIX aCEKTOB.

P4 | Aranm3upoBaTh SKOHOMHUYECKHE MPOOJIEMBbI U OOIIECTBEHHBIC MPOIIECCHI,
y4acTBOBAaTh B OOIICCTBEHHON XH3HU C YY4E€TOM TPUHSATHIX B OOIIECTBE
MOpPAJIBHBIX U TIPABOBBIX HOPM.

PS5 | K mocTmkeHuro JOMKHOTO YPOBHS SKOJOTUYECKON O€30MaCHOCTH, SHEPro-
U pecypcocOepexeHns: Ha MPOU3BOJICTBE, OE30MACHOCTH JKU3HEIEATEIbHO-
CTH U (U3UYECKOW MOATOTOBICHHOCTH [JIsi OOECHEYeHHs MOJTHOIICHHON
COIMANILHOM U TIPo(heCCUOHATBHOM IEATETLHOCTH.

P6 | Oco3HnaBath HEOOXOAUMOCTh U JEMOHCTPUPOBATH CHOCOOHOCMb K CAMO-
CMOsIMENbHOMY 00VUEHUIO 8 meyYeHue 6celi JHCU3HU, HENPEPbIBHOMY CaMo-
COBEPIIIEHCTBOBAHUIO B WH)KEHEPHOU MPOodecCuu, OpraHu3aiii 00ydeHus
Y TPEHUHTa NPOU3BOJACTBEHHOr0 NIEPCOHAIA.




IIpogheccuonanvuvie komnemenyuu

P7

[IpumeHsTh 6a306ble MaTEMaTUYECKHUE, €CTECTBEHHOHAYUYHBIE, COIUATIbHO-
SKOHOMUYECKHE 3HAHUS B MPO(ECCUOHAIBHOU ACSATEILHOCTH 8 UWUPOKOM
(B TOM 4YHCJI€ MEXAUCIUIUIMHAPHOM) KOHTEKCTE B KOMNIEKCHOU WHXKe-
HEPHOU JEATEIIbHOCTA B IIPOU3BOJCTBE TEIUIOBOM U AJIEKTPUYECKOU DHEP-
THH.

P8

AHanu3upoBaTh HayYHO-TEXHUYECKYIO0 MH(OpMaIUIO, CTaBUTh, pEIIaTh U
MyOJIMKOBAaTh PE3yJbTaThl PEIIECHUS 3a]a4 KOMNIEKCHO20 WHIKEHEPHOIO
aHaJln3a C MCIOJIBb30BAHUEM 0OA306bIX U CNEYUalbHblX 3HAHUM, HOPMATHB-
HOM JIOKYMEHTAllUM, COBPEMEHHBIX AHAJIMTHYECKHX METOAOB, METOJOB
MaTEMaTUYECKOr0 aHalIu3a U MOJECIMPOBAHUSA TEOPETHYECKOrO M JKCIIE-
PUMEHTAIBHOTO UCCIIEA0BaHUS.

P9

[IpoBoauTh MpeABapUTENbHOE TEXHUKO-DPKOHOMHUYECKOE OO0OCHOBAaHUE
POEKTHBIX Pa3zpaboTOK 0OBEKTOB MPOU3BOJCTBA TEIJIOBOW U DJIEKTpUYE-
CKOW DHEPTUH, BBIIOIHATD KOMNIEKCHble NHKEHEPHBIE MPOEKTHI C IPUME-
HEHUEM 0d308bIX U CHeyualbHblX 3HAHUH, co8pemeHHblX METO/I0B NPOEK-
TUPOBAHUS ISl JOCTHXKCHUS ONMUMANbHbBIX PE3YIbTaTOB, COOTBETCTBYIO-
IIUX TEXHUYECKOMY 3aJaHUI0 C y4YemoMm HOPMATUBHBIX JOKYMEHTOB, KO-
HOMUYECKHX, IKOJIOTHUYECKUX, COLIMAIIBHBIX U IPYTUX OTPAHUYCHUM.

P10

[IpoBoaUTE KOMAIEKCHbIE HAYYHBIE MCCIEIOBAaHUS B 00JaCTH MPOU3BO/I-
CTBa TEIJIOBOM W 3JIEKTPUUECKON DHEPTrUM, BKIIFOYAS TMTOMCK HEOOXOIUMOM
uHGOpMAIINH, SKCIEPUMEHT, aHAIW3 W HUHTEPHPETAINIO JAaHHBIX, U HX
MOJITOTOBKY JIJIsl COCTABIIEHUS 0030pOB, OTYETOB M HAYUYHBIX MMyOJHMKAIUH
C MPUMEHEHUEM 0Ad308bIX U CHeYUAIbHbIX 3HAHUN U COBPEMEHHbIX METO-
TOB.

P11

Hcnonp3oBaTh HHPOPMALIMOHHBIE TEXHOJIOTHH, UCTIONB30BATh KOMITBIOTED
KaK CpeACTBO palboThl ¢ MH(MOpMAIUEl U Co3JaHusl HOBOM MH(OpPMAIIHH,
OCO3HABaTh OMACHOCTH M YTPO3bI B PA3BUTHH COBPEMEHHOTO MH(OpMAIIH-
OHHOTO OOIIECTBA, COOJIOIATh OCHOBHBIE TpeOOBaHUS MHGOPMAIIMOHHON
0e30MmacHOCTH.

P12

BriOupaTth 1 uCmonb30BaTh HEOOX0AMMOE 00OPYIOBAHHUE JJIS MPOU3BOI-
CTBa TEIUIOBOM U AJIEKTPUUYECKON SHEPTrUU, YIPABISATH TEXHOJIOTMYECKUMHU
00bEKTaMHU, HCIOJIb30BaTh MHCTPYMEHTHI W TEXHOJOTHUU Ji BEJCHUS
KOMIUIEKCHOM TMPAKTHUYECKOW HHXXEHEPHOU AEATEIIBHOCTU C YYETOM 3KO-
HOMUYECKHUX, SKOJIOTMYECKUX, COLUATBHBIX U APYTHUX OrPAHUYCHUH.




Cneyuanvrule npogeccuonanvhvie

P13

VYyacTBOBaTh B BBINIOJIHEHUH PaOOT MO CTaHAAPTU3ALMHU U MOJATOTOBKE K
cepTUPUKALNU TEXHUYECKUX CPEACTB, CUCTEM, MPOLECCOB, 000PYIOBaAHUS
U MaTepualioB TEIJIOIHEPIeTHUYECKOr0 MPOU3BOJCTBA, KOHTPOJIHPOBATH
OpPTraHM3ALMI0 METPOJIOrMYECKOro OOECHEYEHUs] TEXHOJOTMYECKUX IIPO-
LIECCOB TEIUIO3HEPTETUUECKOTO IIPOU3BOACTBA, COCTABIATH JOKYMEHTALIMIO
0 MEHEJKMEHTY KauecTBa TEXHOJIOTMYECKUX MPOIIECCOB HAa MPOU3BOJICT-
BEHHBIX y4acTKax.

P14

OpranuzoBbiBaTh paboure MecTa, yIpaBJIsiTh MAJbIMU KOJIJIEKTUBAMU HC-
MOJIHUTEJNICH, K pa3paboTKe ONEepaTUBHBIX IJIAHOB PabOTHl MEPBUYHBIX
IPOU3BOJICTBEHHBIX MOJIpa3/IeICHUH, TUITAHUPOBAHUIO paOOThI IEPCOHAJIA U
(GbOHIOB OMIaThl TPY/Ja, OPTaHU30BLIBATH OOYYCHUE U TPEHUHT MPOU3BO/I-
CTBEHHOT'O TMEPCOHAsa, aHAJIU3UPOBATH 3aTPaThl U OLEHUBATH PE3YJIbTATHI
JNEATEIbHOCTA TEPBUYHBIX MPOU3BOJACTBEHHBIX MOAPA3CICHUN, KOHTPO-
JUPOBATh COOJIFOICHUE TEXHOJIOTUICCKON TUCIIUTUINHBI.

P15

Hcnonp30BaTh METOMKN UCTIBITAHUHM, HAJAJKH U PEMOHTa TEXHOJOTHYE-
CKOT0 000pYyIOBaHUs TEIJIOIHEPTETHUYECKOTO MPOU3BOJICTBA B COOTBETCT-
BUU C mpoduneM padoThl, MJIAHUPOBATH U yYaCTBOBATh B TNPOBEICHUU
IUTAHOBBIX HCIIBITAHUH M PEMOHTOB TEXHOJIOTMYECKOr0o 000pY/I0BaHUSA,
MOHTaKHBIX, HaJIaJI0YHBIX U MTyCKOBBIX pabOT, B TOM YHCIIE, TP OCBOCHUU
HOBOTO 000pYyI0BaHUA U (UJTH) TEXHOJIOTHIECKHUX ITPOIECCOB.

P16

Opranu3oBbIBaTh pabOTy MepcoHaNa Mo 00CTY>KUBAHUIO TEXHOJIOTHUYECKO-
ro 000pyI0BaHUS TETUIOIHEPTETUYECKOTO MPOU3BOICTBA, KOHTPOIHPOBATH
TEXHUYECKOE COCTOSHUE U OLIEHUBATh OCTATOYHBIN pecypc 000pyI0BaHuUs,
OpraHU30BbIBaTh MPOPUIAKTUYECKHE OCMOTPHI U TEKYIIUE PEMOHTHI, CO-
CTaBIISATh 3asIBKM Ha O0OOpPYJOBaHUE, 3alIaCHBIE YACTH, TOTOBUTH TEXHUYE-
CKYIO JIOKYMEHTAIlUI0 HAa PEMOHT, MPOBOAUTH PabOTHI IO TPUEMKE U OC-
BOCHHUIO BBOJUMOTO 000PY/I0BAHUS.




MunncrepcrBo o6pazoBanusi 4 Hayku Poccuiickoii ®@enepanuu
(benepanabHOE TOCYAAPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUpEKACHNE
BBICIIIETO 00pa30BaHuUs
«HAITMOHAJIbHBIA HCCJIEJOBATEJIbCKUM
TOMCKHUM MOJIATEXHUYECKA YHUBEPCUTET»

HNucturyr - JHepreTudeckuii

Hanpasienne noarorosku — 13.03.01 Ten103HepreTuka u TEJIOTEXHUKA

Kadenpa - ATOMHBIX U TEIJIOBBIX 3J€KTPOCTAHIIUIA

VYTBEPXIAIO:
3aB. kadenpoit ATOC SHUH
MartgeeB A.C.

(ITonmuce) (Mata)

3AJIAHUE

HA BBINOJIHEHHE BBINYCKHO KBaIN(pUKaANOHHON padoThl

B dpopme

‘ OakaaBpCcKOW pabOThI

(bakamaBpckoi pabOThI, IUIIOMHOTO MPOEKTa/paboThl, MArUCTEPCKON TUCCEPTALIHN)

Crynenty

I'pynna

DPUO

5B2A

Munop Anekcanipy AJleKCaHAPOBUYY

Tema paboTsI

OINPEAEJIEHHUE D®PEKTUBHOCTH PABOTHBI IINIOCKOT'O
COJIHEYHOT' O KOJUIEKTOPA

YTBep:KIeHa NPUKA30M JUPeKTOopa (1aTta, HOMep) \

\ Cpoxk ¢1auM CTYyI€HTOM BbINIOJTHEHHOH PadoThI \

TEXHUYECKOE 3AIAHHUE

Hcxoanbie JaHHBbIE K padoTe

(HaumeHoBaHue 00BEKMa UCCIeO08AHUS UM NPOEKMUPOBAHUSL;
NPOU3EOOUMENLHOCb UL HASPY3KA, pedtcum pabomol (Henpe-
PBIBHbLIL, NEPUOOULEeCKUll, YUKIUYECKUTi U M. O.); 8UO CbIPbS ULU
Mmamepuan uszoenusi; MpedOsaHUs K NPOOYKMY, U0eNUI0 UTU
npoyeccy; ocobvle mpebosanus K 0cOOeHHOCMAM YyHKYUOHU-
posanus (dxcniyamayuu) o6vekma uu uzoenus 8 niawe He3o-
RACHOCMU DKCNIAYAMAYUY, GNIUAHUA HA OKPYICAIOWYIo Cpeoy,
IHEP203AMPAMAM, IKOHOMUUECKULL AHATU3 U M. O.).

Llenpto paboThl siBAsieTcs: omnpezaesneHne 3 eKTrB-
HOCTH pPabOThl IUIOCKOTO COJIHEYHOTO KOJUIEKTOPA,
BBIOOD METOJMKH pacueTa, MpOBEACHHUE UCCIeI0BaHUI
Ha JCHCTBYIOIIEH SKCIEPUMEHTAIBHON YCTaHOBKE.
OOBEeKTOM HCCNeOBaHUs SBJISETCS TUIOCKUN COJHEY-
ubiii Koyuiekrop Buderus Logasol SKS 4.0.

IMepeyens moaIeKANMX HCCJIET0OBAHNIO,
NMPOEeKTHPOBAHNIO H Pa3padoTKe BONPO-

COoB

(ananumuyeckuil 0630p NO AUMEPAMYPHBIM UCMOYHUKAM C
Yeblo BbIACHEHUS. OOCMUMCEHUN MUPOBOL HAYKU MEXHUKU 8
paccmampusaemol 0bnacmu; NOCMAHOBKA 3A0adu UCCIed08ad-
HUsl, NPOEKMUPOBAHUS, KOHCIMPYUPOBAHUS, COOEPI’CAHUE NPO-
yedypbl UCCIe008AHUS, NPOSKMUPOBAHUS, KOHCIMPYUPOBAHUSA;
06cydcoeHe pe3yibmamos 8blNOIHEHHOU pabomvl, HAUMEHO-
6aHUe OONOIHUMENbHBIX PA30EN08, NOONEHCAWUX paA3pAdOmKe;
3aKmoueHue no pabone).

Bgenenue;
1 OG30p IUTEpPATYPHI:

1.1 CocTosiHME COBpPEMEHHOUN TI'EIMO3HEPIeTUKH B
Poccuu;

1.2 KoHCTpYKIIMM CONTHEUHBIX KOJUIEKTOPOB;

1.3 OTedecTBEHHBIN U MUPOBOM TEXHUUECKHI ypO-
BEHb COJTHEUHBIX KOJJIEKTOPOB;

1.4 DddeKkTHBHOCTh COTHEUHBIX KOJJIEKTOPOB U
METO/IbI €€ MOBBIIICHHUS;

1.5 Marepuassl, UCIIOJIb3yeMbI€ B COJTHEYHBIX KOJI-
JEKTOpax;
2 OOBEKT ¥ METObI UCCIICIOBAHUS,
3 PacueTsl U aHAIUTHKA;
4 Pe3ynbTaThl IPOBEAECHHOTO UCCIIEI0BAHMS;




5 ®uHAHCOBBIN MEHEDKMEHT, pecypcod((eKTUBHOCTD
U pecypcocOepexeHue;

6 ComuanbHas OTBETCTBCHHOCTE;
3aKJIoueHue.

Hepeqeﬂb rpa(]mqeclcoro MaTepuaJjia
(C mounbLM yKazanuem o0s13ameibHbIX yepmedicel)

KOHcy.TIbTaHTbI 110 pa3aejiaMm BI)II[yCKHOi/i KBaJII/I(l)HKaIII/IOHHOﬁ paﬁDTI)I

(c ykasanuem pazoenos)

Paznen

Kouncynabrant

dunaHCcoBBIN MCHEJPKMEHT,
pecypcodhpekTHBHOCTE U pe-

[TonoBa C.H., notieHT kKadeapsl MEHEPKMEHTA

cypcocOepexeHne
ConuanbHas I'ycenbHukoB M.D., noueHT Kadeapbl 3KOJOTUU U 0€30MacHOCTH
OTBE€TCTBCHHOCTH KU3HEACATCIIbHOCTHU

HaszBanus Pa3ac/ioB, KOTOPbIC TOJKHbI ObITh HAIMCAHLI HA PYCCKOM M MHOCTPAHHOM SI3bIKaX

JarTa BbI1a4M 3a1aHUS HA BBINIOJIHEHHE BBIIIYCKHOM
KBAJIM(UKANMOHHOMH padoThl 110 JUHEHHOMY rpaduky

3ajaHue BbIIA]I PYKOBOIUTED

JloJzKHOCTH DdUO Yuenast cTeneHb, Hoanuce Hara
3BaHHe
JOTIEHT Kadeaphl aTOM-
HBIX U TEILUIOBBIX dJICK- MartBeeBa A A. K.T.H., JOICHT
TPOCTaHIMI
3aHaHI/Ie IMPUHA K HCIIOJIHCHUIO CTYACHT
I'pynna DPUO Hoanuch Jara
5B2A Munop A.A.




3AJAHUE JUISI PA3JIEJIA
«@UHAHCOBBI MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEKEHUE»
Crynenty
I'pynna DPUO
5B2A Munop Asiekcanipy AJleKCaHIpOBUYY
HNucturyr JHepreTHYeCcKHii Kadenpa ATIC
Yposenn o0pa3oBaHus Baxanasp Hanpasienue/cnenuajbHOCTh 13.03.01

Tenio3HepreTuka u
TENMJIOTEXHUKA

cypcocOepexeHHne»:

Hcxoanblie 1annblie K pa3jieny «OHUHAHCOBBII MeHeIKMEHT, pecypcodrddeKTHBHOCTH U pe-

JleKkmopa.

1. Cmoumocms ocrnosno2o 0b6opydosanus, UCHOIb3YEMOZO 8
ycmanoeke 01 Hazpeda 600bl C NOMOWBIO COTHEYHO20 KO-

Conneunviii konrexmop Logasol SKS 4.0 — 64062
pyons, bax-eodonazpesamens Logalux SM 300/5
— 063950 pybneu, yeHmpobeduCHvIll HACOC
GRUNDFOS CM3-3 A-R-A-E-AVBE C-A-A-N
96806803- 14120 pybneu, membpanusiii pacuiu-
pumenvHolil Oax — 1713 pybreil.

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAIIUX UCCJICA0OBAHUIO,

NPOEKTHPOBAHMIO M pa3padoTke:

1. Bosmooicnocmu uchonb308anus COIHEUHbIX KOLLEKMOPOS8 Ha
meppumopuu Tomckoii obnacmu.

s kakux yeneti MO2ym HPUMEHSAMbCS COMHEY-
Hble KOLLEKMOopbl, 8 KAKOU nepuod 200d, 00 KaxKol
MeMnepamypol 603MONCEH HAZPes 800bl, 8 KAKUX
obnacmax Moodcem UCNONb308AMbCS, OM  Ye20
3asucum e2o IghpexmusHocmo.

2. Cpaeneﬂue sampam npu ucCnoib306aHUU COJIHEYHO20 KOJl-
JeKmopa U 3J1eKmpuiecKo2co Hacpesameli.

Paccuumames cmoumocmo 3ampauennoii snepauu
Ha Hazpes 8006l NPU NOMOWU COJHEYHO20 KOJ-
JIeKmopa u 91eKmpuiecko2o Hazpesameis, onpe-
0enUmb B03MONCHYIO IKOHOMUIO CPEeOCmE 3a 200,
paccuumams CpoK OKynaemocmu yCmaHoGKu OJis
Hazpesa 600bl C NOMOWbIO CONHEYHO20 KOJIEK-
mopa.

\ JlaTa BbI1a4u 3a1aHus JJI51 pa3jesia no JuHeiiHoMy rpaguky |

3anaHne BbIIAJ KOHCYJIbTAHT

JloJzKHOCTH

()7 (0]

Yuenasi cTeneHb, Hoanucn Jara
3BaHHE

JOIEHT Kadeapsl
MEHEHKMEHTA

TTonnoBa CeTnana
HuxonaeBna

K.3.H.,JOLIEHT

Baz[a}me NPUHAJI K UCIIOJTHCHHUIO CTYAEHT

I'pynna

PUO

Hoanuch Jara

5B2A

Munop Anekcanap ANeKCaHIPOBUY




3AJAHUE JUISI PA3JIEJIA
«COLUMUAJILHASI OTBETCTBEHHOCTb»

CryneHty

I'pynna DPUO

5B2A Munop Asiekcanipy AJIeKCaHIpOBUYY
HNucturyr JHepreTHYeCcKHii Kadenpa ATIC
Yposenn o0pa3oBaHus Baxanasp Hanpasienue/cnenuajbHOCTh 13.03.01

Tenio3HepreTuka u
TENMJIOTEXHUKA

Hcxoanble JaHHbIE K pasaeiny «COIII/Ia.]'lI)Haﬂ OTBETCTBEHHOCTDb)» .

1. Onucanue pabouezo mecma (paboueil 30Hbl, MEXHOIOSUHECKO-
20 npoyecca, Mexanuecko2o 060py008anus) Ha npeomem 603-
HUKHOBEHUSL:

—  BPEOHBIX NPOSGIEHUT PaKMOPO8 NPOU3600CMEEHHOU CPEbl
(memeoyciosus, 6pednbvle 6eujecmed, 0CEeUueHUe, UMb,
BUOpayULL, INEKMPOMACHUMHbIE NOJSL, UOHUZUPYIOUUE U3-
Jyuenus);

—  ONACHBIX NPosAGIeHUl (PaKkmopos NPou3B0OCMEEHHOU cpe-
Obl (MeXanuwecKkoll npupoobl, MepMUYecKo20 Xxapakmepa,
INEKMPUYECKOU, NONCAPHOU U E3PbIEHOU NPUPOObL);,

—  He2amusHO20 8030€UCMBUsL HA OKPYICAIOUYIO RPUPOOHYIO
cpedy (ammocghepy, eudpocghepy, rumocghepy);

—  Upe3BbIYAUHBIX CUMYAYULl (MEXHO2EHHO20, CIMUXUIHOZO,
9KONIOZUUECKO20 U COYUATILHO20 XapaKmepa,).

B nabopamopuu mozym 603HuKHymo.:
Bpeouvie paxmopetr:
—  NOBbIULEHHDBII YPOBEHb WUYMA;
—  NOBbIULEHHBIIL YPOGeHb GUOPayUL;
— omcymcmeue unu HedOCmamox ecmecmeeH-
HO20 0C8eujeHUsL;
—  OMKIOHEeHUe NoKazameneti MUKpOKIuUMama.
Onacnuvie ghaxmoput:
—  0suUdCYWUeCs MAUUHBL U MEXAHUZMbL NPOU3-
600CMEeHH020 000PYO0BaAHS,;

— NoO6blUleHHas memnepamypa,

— Hanuyue OOABLUO20 KOIUYECTNEAd INeKmpuU-
4ecK020 060pYO08aAHUA.

2. 3Haxomcmeo u omoop 3aKOHOOAMENbHBIX U HOPMAMUBHBIX
OOKYMEHMO8.

I'OCT 12.1.005-88 CCBT. IloxapHasi 6e30macHOCTb.
O6mme TpedoBanus (01. 07. 92).

I'OCT 12.0.003-74 (c n3meH. 1999 r.). Onacubie u
Bpe/HbIe TPOM3BOACTBEHHbIE (akTophl. Kiaccuduka-
M.

I'OCT 12.1.010-76 CCBT. B3priBode3onacHocts. O06-
mye TpeOoBaHMSsI.

I'OCT 12.1.003-83 CCBT. [lonycriMbie YPOBHH 3BY-
KOBOT'O JIaBJICHUS C SKBUBAJICHTHOTO YPOBHS 3BYKA.
I'OCT 12.1.012-90 CCBT. T'urueHuveckrie HOPMbBI
YpOBHEI1 BUOPOCTOMKOCTH.

I'OCT 12.4.011-89 CCBT. CpencrBa 3amurtsl pado-
taromux. O6ume TpeboBaHus 1 Kiaccu(uKarys.

I'OCT 17.4.3.04-85. Oxpana npupozsl. [Toussl. OOmue
TpeOOBaHMs K KOHTPOJIIO M OXpaHe OT 3arpsA3HEHUsL

Ilepevennb BOPOCOB, MOJIEKANMX HCCJIET0BAHUI0, MPOEKTHPOBAHNIO H Pa3padoTKe:

1. Ananu3 eviasnennbvix 8peOHbIX (PaKmopos npoexmupyemot
NnpoU3800CMBEHHOU CPedbl 8 Clledyiouell Nociedos8amesb-
HoCcmu:

—  QusuKo-xuMuUecKas npupooa epedHOCmU, €€ Ce13b ¢ pas3-
pabamulgaemoll memotl;

—  Oeticmeue paxmopa Ha opeanusm 4eno8exa;

— npugedenue OONYCMUMbIX HOPM C HEODXOOUMOU paA3MEPHO-
CMblo (CO CCHLIKOU HA COOMEEMCMBYIOWULL HOPMAMUBHO-
MexHuyecKuti OOKyMeHm),

— npeodnazaemvie cpeOCMea 3auunbl
(CHauana KoaneKmusHoU 3auumsl, 3amem — UHOUBUOYATb-
Hble 3auumHbvle cpeocmsa).

AHanu3 bIsAGIEHHBIX ONACHBIX YAKMOPO8 NPOEKMUPYEMOU npo-
U3800CMBEHHOU Cpedbl 8 Cledyrouell NoC1e008amebHOCL:
—  MexauuuecKkue ONacHOCmu (UCMOYHUKY, CPeOCmEa 3aujil-

mot);

—  mepmuyecKue OnacHoCmu (UCMOYHUKY, CPEeOCTEa 3auju-

mot);

AHanu3 8viABNIEHHbIX BPEOHBIX PAKMOPO8:

—  NOBbIUEHHBII YPOBEeHb WYMd,

—  NO8blUeHHbII YPOSeHb sUbpayuu;

— omcymcmeue unu HeOOCMAamox ecmecmeeH-

HO20 OceeujeHus;

—  OMKIOHEeHUe noKasameinell MUKpOKIUMAma
€ UCNONB306AHUEM KOJVIEKIMUBHBIX U UHOUBUOY AL~
HbIX CPeOCme 3auumal.

Amnanu3 6vIA61eHHbIX ONACHBIX PAKMOPOS:
—  0suUdICYWUECs MAUUHBL U MEXAHUIMbL NPOU3-
800CMBEHH020 000PYO08AHSL,
—  cmamuveckoe 3IeKMmpuyecmeo, 3aujumHble
02padICOeHUsA, 3AUUMHOe 3a3eMAeHUe;




91eKMPOOE30NACHOCb (8 . 4. CINAMUYecKoe 1eKmpu-
Yecmeo, MOIHUE3AUUMA — UCTOYHUKU, CPeOCMEa 3alil-
mot);

noAHCapos83pul80Oe30NACHOCHb (MPUYUHDL, NPODULAKMU-
Yeckue Meponpusimus, nepeutHvle CpeoCmed nOXNCaponty-
wienusi).

—  B03MOJCHOCMb noacapa
ocHemyuiumesnu.

— Yenexkuciommbvle

2. Oxpana oxpyoicaroweli cpeovl.

3awuma cenumeOHOU 30Hbl;

ananusz 030elicmeusi 06vekma Ha ammocgepy (8vlopocul);
ananusz 8o30elicmeust 0bvexma Ha cuopocghepy (copocul);
ananu3z 030elicmeusi 06veKma Ha aumocgepy (0mxoovt),
paszpabomamu peuteHust N0 00eCneyeHuI0 IKOA02UYECKOT
bezonacnocmu co ccolikamu Ha HT/] no oxpane okpy-
Jrcaiowyeti cpeowl.

Oxpana oxkpyacaiouseti cpeob:
—  u3yyYeHue GIUAHUSL BO3MOICHLIX YMeueK 6 OK-
pyorcarowyio cpedy, paspabomka peuienus:
9moii npobemol.

3. 3awuma 6 upe36bIualiHbIX CUMYAYUSIX.!

nepeyens 603modicHvix YC na obvexme;

ev100p Haubonee munuunou 4C;

pazpaboma npegeHmuUsHuIX Mep no nPedynpeicoenuro
4c;

pazpabomxa mep no NOGLIUEHUIO YCMOUYUBOCU 00bEKMA
x Oannou 4C;

paspabomka Oeticmsutl 8 pezyivbmame gosnuxuteti 4C u
Mep no Jukeudayuu eé nocieoCmeaull.

3awuma 6 upe3ebIuaunbIX CUMYAYUAX:
—  noakcap (ycmamoexa ocnemyuumeneti).

4.Ipasogvle u opeanuzayuoHuvle BONPOCHL obecneuenus be30-
nacLocmu:

cneyuanvbHble (Xapakmephwie OJisi HPOEKmupyemot paboyetl
30HbL) NPABOBLIE HOPMbL MPYO0BO20 3AKOHOOAMENLCMEA,
OpP2aHU3AYUOHHBIE MEPONPUAMUS NPU KOMNOHOBKe paboyell
30Hbl.

Cneyuanvuvie (xapakmepHule OJisi NPOSKMUPYeMoll
paboueti 30Hbl) NPABOEbIE HOPMbI MPYO0BO20 3AKO-
HOOAMmMebCmad.

\ JlaTa BpI1a4u 3aIaHus JJIs1 pa3jaesia no JuHeiiHoMy rpaguky \

3anaHne BbIIAJ KOHCYJbTAHT

Jlo/zkHOCTH DdUO Yu4enasi cTeneHb, Hoanmucny Jara
3BaHHe
JIOLIEHT KageIphl I'ycenbaukoB Muxauin
SKOJIOTMH U 0€30I1aCHOCTH OnyaproBuy K.T.H., JOLICHT
KHU3HCACATCIbHOCTHU
3ana1me NPUHAJ K HCIIOJTHCHUIO CTYACHT
I'pynna DPUO Hoanuch Jara
5B2A Munop Anekcanap ANeKCaHIpOBUY




Pedepar

Boeinycknas kBanugukanuonHas pabdora 140 c., 28 puc., 5 Ttabm., 35
ncToyHukoB, 10 mput.

Kmouessie ciosa: COJTHEUHBINM KOJUIEKTOP, T'EJJMOYCTAHOBKA,
COJIHEYUHA#A PAJIMALINA, CEJIEKTMBHOE [TOKPLITHUE,
[NOTJIOIIAIOIIAA TTAHEJIb, KOHIIEHTPATOP, ITPOITYCKATEJIbHAS
CIIOCOBHOCTD, IIOI'JIOIIATEJIBHAS CIOCOBHOCTh, OIITUYECKMUIA
KITI, 5OOEKTUBHOCTHD.

OOBEeKTOM HCCIIeIOBaHMS SBJSETCS TUIOCKUI COTHEUHBINH KojutekTop Buderus
Logasol SKS 4.0.

Lens paboTel — onpenenenre 3pGHEeKTUBHOCTH pabOThHI MIIOCKOTO COJHEYHOTO
KOJUIEKTOpa, BHIOOp METOAMKHU €€ pacyeTa, CpAaBHEHHUE pe3ysibTaTa, MOJIYyYEHHOTO 10
AKCIIEPUMEHTATBHBIM JIaHHBIM, C TEOPETHUECKUM, 0030p JTUTEPATYPHI.

B mnpouecce wucciegoBaHus B TEUYEHUE Mecslla HAa SKCIEPUMEHTAIBHOM
YCTAaHOBKE  MPOM3BOAWINCH HW3MEPEHHs]  IMapaMeTpoB, HEOOXOAUMBIX  JJIA
onpeneneHuss APEGEKTUBHOCTH  IUIOCKOTO  COJIHEYHOTO  KOJUIEKTOpa,  TakKkKe
IPOBOAMIICS 0030p JTUTEPATYPHI.

B pesynbraTte wucciemnoBaHus OBLIO ONPEACICHO SKCIEPUMEHTAIBHOE
3HaueHue KIIJ[ colHEeYyHOro KOJIEKTOpa, a TAaKKE TEOPETUUYECKOE, MOJIYYEHHOE B
pe3ysnbTaTe pacueToB MO TNpenokeHHOW wmetomauke. [loctpoensl rpaduueckue
3aBUCUMOCTH, OTPEICISAIONINE BIUSHUE Pa3IUYHBIX (PakTopoB Ha 3PGHEKTHUBHOCTH
COJTHEYHOTO KOJIJIEKTOPA, BBHITIOJIHEH UX aHAJIMN3, CACIaHbl HEOOXOIUMBIE BBIBOIBI.

OcHoBHble TexHuueckune xapaktepuctukn CK Buderus Logasol SKS 4.0:
oOmasi moBepxHOCTh — 2,37 M2, MOrJIomaronas noBepxHocts — 2,10 MZ, 00BEM
abcopOepa — 1,43 n, KII1 — 77 %.

OO6nacTb MPUMEHEHHS: YaCTHBIE JIOMAa, MHOTOKBAPTUPHBIC 3/IaHUS, IIIKOJIBI,
ABTOMOWKH, OOJBHUIIBI, PECTOPAHBI, CEIBCKOE XO3SIHCTBO M MPOMBIIIJICHHOCTD.

PaGora BeImosnHeHa B TekcToBoM pemaktope Microsoft Office Word 2007, ¢

ucnois3oBanue nporpamm Microsoft Office Excel 2007, Kommac 3D-V13.
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Omnpenenenusi, 0003HAYEHUSI U COKPALLICHUSA

Onpenesienus

B nanHoii paboTe NMpUMEHEHBI CIEAYIONIME TEPMUHBI C COOTBETCTBYIOIIMMU
ONPEIECIICHUSIMU

COJIHEYHBIH KOJUIEKTOP: YCTpoilcTBO Juisi mpeoOpa3oBaHUs HHEPrUu
COJIHEYHOM paJialliy B TEMJIOBYIO SHEPTHIO.

reJijuodHepreTuka: HanpaBineHrne anbTepHATHBHOM DJHEPreTHKH, KOTOPOE
OCHOBaHO Ha HEMNOCPEACTBEHHOM MWCIOJIb30BAHUM COJHEYHOIO M3JIy4YEHUS MJIs
MOJIyYE€HUS SHEPTUH B KAKOM-THMOO BUJIE.

cosHeyHasi paguanusa: COBOKYIHOCTb COJHEYHOM MaTepuu W HHEPIuH,
NOCTYMAIOWEN Ha 3eMITIO.

ceJIeKTHBHOe TNOKpbITHe: Clioucras CTPyKTypa W3 HECKOJIBKHUX CJIOEB
IUAJIEKTPUKOB, KOTOPAsi U3TTy4aeT B HECKOJBKO pa3 MEHBIIE TEIJIa, YEM MOTJIONIAET.

KOHIEeHTpaTop: ONTUYEeCKOEe  YCTPOMCTBO, YCTAHOBJIEHHOE  MEXKIY
OPUEMHUKOM W HUCTOYHMKOM H3ITyYEHHs, KOTOPOE YBEJIWYMBAET WHTEHCUBHOCTH
MOCTYMAOIIEW COJTHEYHOU YHEPTUH.

NUTTUHTOBasi koppo3usi: Kopposus MeramioB, Benymias K oOpa30BaHUIO
MOJIOCTEN B METaJlJIe, HAUNHAOUIUXCS C €r0 MOBEPXHOCTH.

TEePMOCTOMKOCTh: CBOIICTBO MaTEpHAIOB MPOTHBOCTOSTh, HE PAa3pYIIAsCH,

HAIIPAKCHUAM, BBI3BAHHBIM H3MCHCHHUCM TCMIICPATYPBHI.

O06o3Hauenus
V, M | ¢ — 0ObeMHBIIH pacxo dTUICHIJIUKOJISA B COJTHEYHOM KOJIJIEKTOPE,

t, °C — Temmneparypa STHJICHIJINKOJS HA BBIXOJE U3 COMHEYHOTO KOJUIEKTO-

pa,

t,, °C — Temmeparypa STHICHITIMKOISI HA BXOJE B COTHEUHBIH KOJIJIEKTOP;
F., M° — MIOIIAIb COMHEYHOTO KOMIEKTOPa;

FC’ ./I/l2 — IorJiomaromasi MOBEPXHOCTb COJIHCYHOI'O KOJIJIEKTOPA,

11



HBI;

HOCTD,

L, m— niuHa CONHEYHOrO KOJJIEKTOPA,;
|, m— paccrostHre MEK Iy OCIMU TPYO;
T, — KO3(QOULMEHT NPOITyCKaHHUs NOKPBITHS COJIHEYHOTO KOJIJIEKTOPA;

05 . — KOO(Q(QUIHUEHT NOIIOIEHUS] MOBEPXHOCTU COECIAMHUTEIBHOMN IIACTHU-

& — K03 (PUITUEHT OTpaKECHUS;
h,,rpax.— yrioBoe cMelleHHE;
J,Tpajl— yroijl yCTaHOBKH COJTHEYHOTO KOJIJICKTOPA;

3
P, Ke [ M° —TIIOTHOCTH OTHUIICHI'JIMKOJIA

E—, Bm/m*— NOTOK CONHEYHOM paaMallid HA TOPU3OHTATBHYIO MOBEPX-

E/, Bm/! m* — MOTOK COMHEYHOI paavaIy Ha HAaKJIOHHYIO TOBEPXHOCTB;
cp, Horcl (ke -°C)— TernoeMKoCTh STUIICHIIIKOJIS;

n— KOB(i)(l)I/IHI/IGHT ITOJIC3HOI'O HGﬁCTBHH COJIHCYHOI'O KOJIJICKTOpA.

Coxpamenus

KII — ko3 purmeHT moae3Horo 1eMcTBus;

BU — BO306HOBIsIEMbIE HICTOYHUKU YHEPTUH;

CK — conHeuHbIN KOJIJIEKTOP;

HIIO — Hay4HO-TIPOU3BOACTBEHHOE O0HETMHECHHE;

CTBK — conHeuHbIi TpyO4aThIii BAKYYMUPOBAHHBIN KOJUIEKTOP;
KEO — ko3¢ dhunueHT ecTecTBeHHON OCBEIEHHOCTH;

H2uHT — uentp sHeprocobepexeHuss 1 HOBBIX TEXHOJIOTHH
HIPT — nentp sHEprodhHEKTUBHBIX TEXHOIOTHIH;

EC — eBponeiickuii coro3s.

12
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BBenenue

[IpuMeHeHUE COMHEUHBIX KOJUIEKTOPOB O3HAYAeT PEBOJIIOLMIO B MPUHIIMIAX
CTPOUTENbCTBA, OTOIUICHHSI U OOECIIEUEHUH KWIIbsl Topsiued Bojod. Mcmonb3oBaHue
COJIHEUHOM PHEPTUU MO3BOJSET YMEHBIIUTH PACX0/Ibl HA OTOIJICHUE U HA MOJyYeHUE
ropsiueil BOJbl B HECKOJIbKO pa3. CoJIHEUHbIE KOJUIEKTOPHI - caMble 3(P(HEKTUBHBIC Ha
CETOJIHSIIITHUN JICHh YCTPOMCTBA MO UCIOJIL30BAHUIO HHEPrUM CoJHIA. Ecinu
dboTOdNEKTpUUECKUE TIaHEIW UCNoIb3yIT 14-18% oOT mnocrynammeil K HUM
COJIHEUHOW pajuanuu, TO 3()PEKTUBHOCTh COJHEUYHBIX KOJUIEKTOPOB B HEKOTOPBIX
ciyyasx gocturaet 70-85%.

B HacTosimiee BpeMs HCTOJB30BAHUE COJHEUHBIX KOJUIEKTOPOB MOCTETICHHO
YBEJIUYUBACTCS, OHW BCE OOJbIIE HCIOJB3YIOTCS Y HAc U 3a pPyOekKoM s
obecrieueHUs ropsiuel BOABI MU B PA3IUUYHBIX CHCTEMax OTOIUICHHS. Hcmomb3ys
SHEPIUI0 COJIHLA, TEJIMOCHUCTEMBI TO3BOJSIOT €XKErogHO HKOHOMUTH 10 90%
TPaAULIMOHHOTO TOIUINBA.

Cuuraercs, yto B Poccuu 1Sl TOTHOTO KCIIOJB30BAHUS T€JIMOYCTAHOBOK HE
XBaTaeT COJHEYHBIX PECYpPCOB, OAHAKO AK€ B CpeAHEl mosioce Poccuu comHEdHOM
SHEPIHH JOCTATOYHO IS KPYIJIOTOJAMYHOW paboThl TelnoycTaHoBOK. B I'epmanuu
y’K€ HECKOJIBKO JIET C yCIeXoMm peanusyercs nporpamMmma «CTO ThICSAY COJTHEYHBIX
KpBIID», B paMKax KOTOPOW TOCYIapCTBO CTUMYJIUPYET Pa3BUTHE COJIHEUHOU
SHEPreTUKH, BbIJaBas JICHIEBbIE KPEAUTbl HA TOKYNKY TeJIMO0YCTaHOBOK.
AHanornunsle mporpammbl naeictByror B Wcnanmun, CIIA, [I'peunn, bonrapuu u
IPYTUX CTpaHaXx.

Bo3HukaeT psa cloXHOCTE ¢ NMPUMEHEHHWEM COJIHEUHBIX KOJUIEKTOPOB B
cuctemMax TerocHaOeHus. ECTh HEKOTOphle TPYIHOCTH C pacdéToM pealbHOU
MIPOU3BOJIUTENLHOCTA COJTHEYHBIX KOJIJIEKTOPOB, TaK KaK B PEaJbHBIX YCIOBUSX OHHU
3a4acTyl0 HE CHOCOOHBI BBIIABaTh TE€ XapaKTEPUCTHUKH, KOTOPHIC OIHMCAHBI
npeAnpusiTueM-u3roropuresieM. Ha  MOUIHOCTb,  BBIJABAEMYIO  COJHEYHBIM

KOJUICKTOPOM, BJIHMAIOT TAKHC (I)aKTOPBI, KaK mMupoTa MCCTHOCTH, I'IC PACIIOIIOKCHA
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YCTAHOBKA, YroJl HakjoHa Mo OTHomeHHWI0 K CoJHIy, CHEeKTpaldbHBbI COCTaB
W3JIy4YEHUs, TOr0/1a, BpeMs CYTOK U TeMIlepaTypa.

Lenpto maHHOW paboTHl sABIsiETCS omnpeaeneHne 3P(HEKTUBHOCTH IMIIOCKOrO
COJIHEUHOTO KOJUIEKTOpa, IO pe3yJbTaTaM UCCIEAOBAaHUNA Ha JICUCTBYIOIIEM
AKCIEPUMEHTATBLHOM 00pasiie, BEIOOP METOJUKH pacueTa, a TaKKe O3HAKOMJICHHE C
OCHOBHBIMU  THUIIAMH  COJIHEYHBIX KOJUIGKTOPOB M HMX KOHCTPYKTHUBHBIMHU
OCOOCHHOCTSIMHU, a TAK)KE€ METOJIaMH TOBBIICHUS UX 3P(HEKTUBHOCTH.

OOBbeKT ucclieJoBaHus — IUIOCKUK COJHEYHbIN kosutekTop Buderus Logasol
SKS 4.0.

B pesynbrare nponaenanHoi paboThl, HA OCHOBAHUHM TOJYUYEHHBIX PaCUETHBIX
U DKCIIEPUMEHTAIBHBIX 3HAYeHUU d(PHEKTUBHOCTH COJTHEYHOTO KOJIJIEKTOpa, OyneT
CJIeJIaH BBIBOJI O PEaIbHOM MPOU3BOJIUTEIBHOCTU COJIHEUHOT'O KOJIJIEKTOpA, a TaKKe
0 I1eJIeCOO00Pa3HOCTU MPUMEHEHHUS JaHHBIX YCTAaHOBOK, pPabOTAIONIMX B YCJIOBHSIX

Tomckoi 001acTH.
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1 O030p JuTEpaATYPHI

1.1 CocTosinue coBpeMeHHOIi rejino3HepreTuku B Poccun

AJnbTepHAaTHBHAsT HSHEPreTUKA Ha OCHOBE BO300OHOBIISIEMBIX HMCTOYHHUKOB
sreprun (BUD) pa3BuBaetcs crpeMuTelIbHBIMU TeMIiaMu. Tak, B sHeprodanance EB-
pocoroza BUD popmupyror 7 %, a k 2020 roxy ux goius Bo3pactet 10 20 %. U3 Bcex
BUD B nHaubonpmmx wacmrTabax HCHONB3YETCs cojaHeuHas dHeprus. OOmas
IUIOWIA/b TEeTHOHEPIETHICCKUX YCTAHOBOK B MHpE mpeBbimraeT 120 MiH. M7,
OosbIas 9acTh KOTOPhIX moctpoeHa B Kutae (60 %) u B EBporne (15 %).

B Poccuun, mo psay NOpuyuvH, TEIUOYCTAHOBKM HE MOJYYWIH IIUPOKOTO
npuMeHeHns. B HacTosee BpeMst paGoTaeT He Goiee 15 ThIC. M° FeTHOYCTAHOBOK,
YTO Ha MOPSAI0K MeHbIle, yeM O0b110 B CoBeTckoM Coroze B 1990 roay (150 Thic. M).

B ocHOBe pa3BuUTHS COBETCKOM TEIMOIHEPreTUKU - TOCYAapCTBEHHOE
IUIAHOBOE YIIPABIICHUE M KOMIUIEKCHBIM MOJIXOJ] OT HAy4YHbIX HCCJIEAOBAaHUU 0
mHpoKoMacmTabHoro crpoutenscTBa. Hopmarusrao - nunpopmanuonnas 6aza CCCP
BKJIFOYAJIa €JWHbIE CTaHJApThl HA COJIHEUHBIE KOJUIEKTOpPHl [l], HOpMBI
IPOEKTUPOBAHUS TEIHOYCTAHOBOK [2], METOAMYECKHE YKa3aHUs [0 pacyeTy M
IPOCKTHPOBAHUIO CHCTEM COJTHEYHOTO TeIrIocHa0keHus [3].

B cnpaBounnke [4] ObLIM TpeACTaBICHBI JTaHHBIC COJHEYHOM paauariuu Ha
BCEM TEPPUTOPUU  CTpaHbl. Pe3yinbTarbl HAy4YHBIX  HCCIEAOBAHUM,  OIMBIT
MIPOEKTUPOBAHUS U CTPOUTEIHCTBA T'EIHMOYCTAHOBOK aHAJIU3UPOBAIUCH HA CTPAHUIIAX
oOmrecoro3Horo xkypHana «lemmorexuuka» (r. Tamkent). EsxerogHo mpoBoauiauck
HAay4YHbIE, HAYyYHO-TIPAKTUYECKHE KOH(EPECHINH, W3JABAINUCh JECSITKH KHUT
OTEUECTBEHHBIX W 3apyOeKHBIX aBTOpPOB. HaydHbIMH HCCIEIOBAHHUSAMHU TIO
TeJIMOYHEPTreTUKE 3aHUMAIIMCh B OCHOBHOM OJHepretuueckwii mHctutyT (DHUWH),
r. MockBa, uHctuTyT BbhIcOKMX Temmeparyp AH CCCP (MBTAH, r. Mocksa),
WHCTUTYTHl Akanemuii Hayk Y30ekckod u TypkmeHnckoi pecmyOnuk. Begymummu
OpraHu3alusMH 10 TMPOCKTUPOBAHUIO TEIUOYCTaHOBOK Obutn  KueBckuid,

TalKkeHTCKUH, Tounucckuit 30HAJIbHBIN HUN AKCIEPUMEHTAIBHOTO

npoektupoBanus - Kues3HUUIII, Tam3HUUIII, TOoun3HUUIII, xotopbiMu
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pa3paboTanbl 35 THUNOBBIX MPOEKTOB TeIUOYCTAHOBOK M COJIHEUHO-TOILIUBHBIX
KOTEJIbHBIX PAa3IUYHON NPOU3BOAUTEIHLHOCTH.

B wnenom, yposens paszButus rennodHepretuku CCCP  cooTBeTcTBOBAI
MHUpPOBOMY YpOBHIO, a MO psay HampaBiieHuil (cenexktuBHble MOKpbiTUd CK) u
MPEBOCXOAMII €TO0.

PazButne remuosHepretuku B Poccuum  XapakTepus3yercsi OTCYTCTBHEM
rOCYJapCTBEHHOT'0 YIPABJICHUS U cTUMyJupoBaHus. B 1995 rogy muHuCTEpCTBOM
TOIUIMBA W DJHEPreTHKU OblJJa YTBEpPXKJEHA KOHLEMIMS pa3BUTUS Majoll U
HETPAIUIIMOHHON dHEPreTUKH [5], B TOM YMCIIE W T'eIMOIHEPIreTHKH, HO OHA TaKKe
oKazajlach HEeBOCTPEOOBaHHOM.

Maroe KOJIM4ecTBO COOpYykKaeMbIX B Poccuu reamoycTaHOBOK OOBSICHSAETCS
TaK)Ke DKOHOMUYECKUMU MpUUrHaMu. Hu3kasi CTOMMOCTh OpraHU4eCcKOTo TOIUTHBA (B
2,5 paza Hmxke, ueM B cTpaHax EBpocotoza (EC)) ¢ omHOW CTOPOHBI W BBICOKAs
CTOMMOCTh MAaTE€pHaJOB (COMOCTaBUMAsl C E€BPOIEMCKOWN) MPUBOAUT K OOJBIIUM
CpPOKaM OKYIIaeMOCTH T€JIM0yCTaHOBOK (Oouiee 7 jer).

C ydeTroMm H3JI0KEHHOTO, OCHOBHas paboTa MO Pa3BUTHIO TEIHOIHEPTreTUKHU
BEJIETCSl B peruoHax, B OCHOBHOM B KpacHomapckom kpae u B peciryonuke bypsitus.

B KpacHomapckoM kpae B MocieIHUE ToJibl TOCTpoeHO 102 reanoycTaHOBKHU
¢ 0b6mumM kommaectBoM CK 5000 m°. Ha pucyHke | mpeacrtaBieHa CTPYKTypa 3THX
reJIn0ycTaHOBOK. Hambompiiee WX KOJIMYECTBO MOCTPOCHO [IJISi MAHCHOHATOB U
canaropuen (63 mT.) oOmiel momamaso 2550 M2,

MaHcHoHaTEI
63 renMoyCcTaHOBEMW
Mpeanpuamia 2550 k.M. 1
18 renMoyCcTaHOBOK 53ng 1
BAS EB.M. 1
17%

MpoyKe YCTAHOBEKH
204 kB M

B T.H. 9 WMnbIx
AcMoE BoneHuua,
CNopMUKona

KoTensHse

10 renuoycTaHOBOK
4% 96 Ke.m 1144 kB.Mm.

2% 24%%

Pucynok 1 — CtpykTrypa renmoyctaHOBOK
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I'enuoycranoBka s u3narenberBa «CoBerckas KyOanb» miomanbio 260 M’
coopyxkeHa B 1989 rony B KpacHomape u 3kCIUTyaTUpyeTcsi 40 HACTOSIIETO BPEMEHU
[8]. CoopyxeHa Takke CONHEYHO-TOIIMBHAS KOTelbHass B AHame ¢ rwiomaapio CK
310 m* [9].

B ocHoBe pa3BUTHS TeIMOyCTAaHOBOK B JaHHOM pETHOHE - 3aKOH 00
ucnons3oBanuu BUD B KpacHomapckom Kpae. 3aKOHOAATENbHBIM COOpaHUEM
peruoHa mnpuHsTa nporpamma passutus BUD, npenycmarpusaroiasi, B TOM 4YHUCIE,
CTPOUTENIBCTBO TEJIMOYCTAHOBOK C o0O0BeMoM (¢uHaHCUpoBaHUs 33 MIH. pyo.
Anmvunuctpanueit KpacHomapckoro kpasi pabora mo pa3paboTke U COOPYKEHUIO
reJIMOYCTAaHOBOK mopydeHa opranm3anuun «lLleHTp sHeprocOepekeHuss U HOBBIX
texHosoruit» (IIDuHT), xoToppIM cO3MaH XOJNJIUHT HAy4YHBIX, MPOCKTHBIX,
MPOU3BOICTBEHHBIX MPEANIPUITHH.

ITog pykxoBoactBom I[IDOuHT paspaborana u yTBepkjaeHa KOHIICTIIUS
pa3BUTHs COJIHEUHOTO TeriocHabxeHus. B KybanckoM rocynapcTBeHHOM arpapHOM
yHUBEpcUTEeTe uMmeeTcs kadenpa sHepretukun u BUD, npu koTopoil opranuzoBaHa
NOATOTOBKA CIELHAINCTOB, B TOM YHCIJIE AaCIUPaHTOB IO HCHOJb30BaHHi BUD,
BEJIETCSl Hay4yHas padoTa 0 TeTMOdHEePreTHKE.

B ocHOBe mNpoeKTHpOBaHUS TEIMOYCTAHOBOK - JIOCTOBEPHBIE 3HAYCHUS
COJIHEUHOM panmaruu. Ha ocHoBaHmM 0o0paboTKu 15-meTHUX  HaAOIIOICHUIA
METEOCTaHIIMl PEruoHa, COMOCTABJICHUS C JaHHBIMM clpaBouyHuka [4] co
CIIyTHHUKOBBIMM 3HAUEHHSIMH JUISI BCEX TOPOAOB Kpas MOJYYEHBl JOCTOBEPHBIE
3HAYEHUSI HHTEHCUBHOCTH MPSIMOM, PACCESIHHOM U CYMMAapHOW COJHEYHOW paJualvu
Ha TOPU30HTAIBHYIO IIJIOCKOCTD.

Ha ocHoBaHMu aHann3a CTOMMOCTHBIX MMokazaTtened 102-X reamoycTaHOBOK
Ha PUCYHKE 2 NMPUBEJECHA CTPYKTypa 3aTpart.

[TonoBHHY CMETHOM CTOMMOCTH TEJIMOYCTAHOBOK COCTaBIISIFOT 3aTpaThl Ha
npuobpererrie u MoHTaX CK. ComocTtaBieHHE CTPYKTYyp CTOMMOCTH POCCHHCKUX
reJIMOYCTAaHOBOK C HEMELUKUMHU (PUCYHOK 3) MOATBEPKAAET 3HAYUMOCTbH 3aTpaT Ha

CK.

19



Mpoume;
A%

MPOSKT;
10%

GAKA-AKKYMYMATOPSL,
15%

COMHEYHBIE KOMNEKTOPG!
C MOHTaMOM;
50%

METANNOKOHCTEYELMA W

TpyGonpoBOAs,
20%

Pucynok 2 — Ctpykrypa 3atpat npu cOOpyKEHHUH reJIM0yCTaHOBOK B Poccun

PEryMAPOBIHNE,
OMOPHEIS KOHCTRYKLIMI, 41% npoune; 3,4%
8,6% COMHEYHBIE KOMMEKTOPSI;

M.5%

DakW-3EEyMY MATODS;
10%

MOHTEH, COMHEYHBI
HOMMEXTOpPOE;
10.7% MpPOeKT TpyOONpOBoaL;
13,6% 15,1%

Pucynok 3 - CtpykTypa 3aTpat mpHu COOpyKEHUU

reJIn0yCTaHOBOK B ['epmMaHumn

KpacHomapckumu  crnenqpaniucraMu COBMECTHO —opranm3anuent  «LleHtp
SHEpProcOepeKEeHUsI U HOBBIX TEXHOJIOTHI» ¢ KOBpPOBCKMM MEXaHHMYECKHM 3aBOJIOM
paspabortana koHcTpykius CK, uMerorias onTuMalIbHOE COOTHOIIEHNE CTOMMOCTH U
sHepreTudeckux xapakrepuctuk. C mpumeHenneM nanHbpIX CK moctpoena Ooblnas
4acTh FeIM0YyCTaHOBOK B KpacHomapckom kpae.

Ha ocHoBe aHann3a COOTHOIIEHW MHTEHCUBHOCTH CYMMApHOW COJIHEYHOU
paguanui W TEIUIOBBIX HArpy30K OOBEKTOB B TEUYCHHE roja, CACIaH BBIBOJ 00
SKOHOMHYECKOMN IIeIeCOO0Pa3HOCTH IPH PETHOHAJIBHBIX IICHAX Ha 3aMelacMoe
TOIJIMBO (TPUPOJHBIM Ta3), CTPOUTh, HA JIAHHOM OJTame, TOJbKO CE30HHBIC
TeIMOYCTAHOBKU JUISI OOECIIEUCHHS TOpsSYero BOJOCHAOXKEHUS OOBEKTOB B

MEXKOTONUTEIbHBIN Tiepro [10].
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B pecnybnuke bypsatus «lenTpom 3HEpro3Pp@GeKTUBHBIX TEXHOJOTHII»
(IDDT) (r. Ynau-Ya3) noctpoero 6osnee 70 reamoyCcTaHOBOK ¢ OOIIEH TIIOMIAIbIO
CK 3600 M°. Bce OTH TeIHMOYCTAHOBKM CMOHTHpOBaHBI Ha ocHoBe CK,
n3rotoBiaeHHbIMU [[D®T Ha OCHOBE JXMIKOCTHBIX MEIHBIX JIUCTOTPYOHBIX H
MOJIUTIPONMJICHOBBIX ~ TNOTJIOLIAIOIIMX — MaHened, a Takke Bo3aymHbix CK
COOCTBEHHOM KOHCTPYKIMU. C Y4YETOM pETHOHAIBbHBIX OCOOEHHOCTEH CTpOsATCA
reJIM0yCTAHOBKY JJI OTOIIEHUS U TOPSYETO BOAOCHA0XKEHUSI 0O bEKTOB.

[ToBbIIIEHNIO POJIM TOCYJAPCTBA B PAa3BUTHU TEIUOIHEPTETHUKUA OYyIyT
crocoOCTBOBATh: MPUHATHE 3aKOHA 00 ucmnonb3oBaHuu BUD, paspabarbiBaemas de-
JepajibHas MporpaMma SHEpProcOepekeHusl ¢ pasfiesioM Mo ucnojib3oBaHuio BUD.
[Inan pabor, Ha (enepabHOM YypOBHE, BKJIIOYAET aHAIU3 JIEWCTBYIOILIETO
3aKOHOJIATENIbCTBA, OLEHKY CHCTEMBbI 1I€HOOOpa30BaHMS, AIMUHUCTPATUBHBIX MU
HKOHOMHYECKUX OapbepoB, o0oOmeHue ombita crpan EC, pa3paboTky mnpoexkToB
3aKOHOB, HWHBECTHUIIMOHHBIX TMPEUIOKEHUN, TPOEKTAa POCCUICKON MpOorpamMMel
ucnonb3oBanus BUO u e€ monutopunra. [[is anpobannu MeponpusiTUil IpOrpaMMbl
Ha PpErHOHAILHOM YpoBHE BbIOpaHbl KpacHomapckuili kpaii (Telno’HepreTHka,
THAPOdHEpreTHKa), AcTpaxaHckas oOyacTe (BeTpodHepreTuka), Hrupkeropoackas
obJacTh (FHEPTrUss OMOMACCHI).

B KpacHogapckom kpae miaHupyeTcs: JopadoTKa PernoHaNIbHOIO 3aKOHA 10
ucnoib3oBanuio B B yacTu cTuMynupoBaHUsi MOTPEOUTENEH K MCIOJIb30BaHUIO
conHeyHou »HHeprun. B nernee Bpems 200 MBT ycTaHOBIEHHON MOIIHOCTH
AIIEKTPOCTAHIIMN Kpas HCIOJb3yeTCSd Ha JIIEKTPOHATPEB, KOTOPBHIA MOXKET OBITH
3aMeHeH  reiauoyctaHoBkamu. [Ipm  3TOM  mOTpeOyeTrcs  CTPOUTEIHCTBO
reJIM0YCTaHOBOK oO1ei miomaaso 100 Thic. M.

AKTyanpHOW 3aJad4edl i1 POCCUMCKOM TEIIMO3HEPTETUKH SIBISIETCS 10
CYIIECTBY BOCCO3J]JaHME HOPMAaTHUBHO-MH(pOpMaIMoHHON 0aspl. ['ocymapcTBeHHBIC
CTaHJapThl Ha KOHCTpyKuuu U ucnbitanuss CK [6,7] ycTapenu, HE COOTBETCTBYIOT
COBpPEMEHHBIM TpeOOBaHUSAM, HanpuMmep, eBpornerickuM Hopmam EN 12975, Hopmel

MIPOCKTUPOBAHUS TE€IMOYCTAHOBOK [2] HEOOXOAMMO KapJuHalbHO Nepepadborath. B
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HacTosliee Bpemsi TpeOyeTcsl MOAJAEpX Ka M3JaHUs KHUT [0 TEeIHMOTEXHUKE
OTEUYECTBEHHBIX U 3apyOEKHBIX aBTOPOB.

Jlannbie cnpaBoyHuka [4] mo cosHeuHoil paauauuu 1990 roma wmspaHus
ycTapenu. Bech Mup mosib3yeTcst JeCATKOM 31eKTPOHHbIX 0a3 panHbIX. s Poccuu B
HACTOsIIlIee BpeMsl JOCTyIHA TOJBKO HMH(pOpMalus ¢ MaTepuajaMu HaOJI0JIeHUN
poccuiickux MereocTanuui, mnpeacraBiennas B CHull 23-01-99 [22]. B nmannom
JOKYMEHTE COJIEPKUTCA HH(pOpMalUs O CyMMapHOM COJIHEYHOM paauanuu Ha
TOPU30HTAIBHYI0 UM HAKJIOHHYIO TOBEPXHOCTb, CpeAHEH U MaKCUMAaJbHOU
TEMIIEPATYPE HAPYKHOTO BO3yXa U BBICOTE COJIHIIA HAJ TOPU30HTOM.

B Poccun CK, 6nm3kue K €BpOmeicKkoMy YpPOBHIO CHOCOOHO MPOU3BOJIUTH
HIIO «Mamwunoctpoenue», (r. PeyroBo, MockoBckas 001.). B perunonax
BBIHYXKJIEHBI pa3BopaunBaTh coOCTBeHHBIE MTpon3BoacTBa CK.

B wutore moxem ckazarh, 4TO B ILIEJIOM pa3pylleHa COBETCKas CHCTEMA
pasButHs  renuosHepretuku, obecneunBawomas CCCP  MupoBoil  ypOBEHb
CO3J1aBAEMBIX T'€JIMOIHEPreTUUECKUX YCTAHOBOK.

Majoe KOJIM4ecTBO COOpYykaeMbIX B Poccum reamoycTaHOBOK OOBSICHSETCS
OTCYTCTBHEM JOCTATOYHOM TOCYAAPCTBEHHOW MOIIEPKKH, HHU3KOM CTOMMOCTBIO
3aMENIaeMOro  OpraHMYEeCKOro  TOIUIMBA, JOPOTOBU3HOM  MAaTepuajioB A
uzrotoBieHus: CK.

[lepcrieKTUBBI TOCYAAapPCTBEHHOW NOAJEPKKH TEIMOIHEPIeTUKU CBSA3AHBI C
IpoeKkToM (elepaabHOM MPOrpaMMbl IO HSHEProcOEPEeKEHUI0 U IpOorpamMM 1o
ucnons3oBanuto BUD. Jlng coBeplIEHCTBOBAaHUS POCCUHUCKON HOPMAaTHBHO-
nH(pOpMaIMOHHON 0asbl, B TEPBYIO OYEpENlb, HEOOXOAMMO pa3paboTaTh CUCTEMY
rOCY/JApCTBEHHBIX CTAHAAPTOB, B TOM YHCIE€ U C JOPA0OTKOW CYIIECTBYIOIIMX,
BBECTH B JCHCTBHE HOBBIE HOPMBI MPOEKTUPOBAHUS I'EIMOYCTAaHOBOK, 00ECHEUYUTH

CHEUUATMCTOB HHPOPMAIIMOHHBIMU MaTepHUalaMu.
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1.2 KOHCTPYKIUM COJTHEYHBIX KOJLJIEKTOPOB

1.2.1 O6uimne cBegeHus

CoJIHEUHBIM KOJJIEKTOP - JJEMEHT YCTAHOBKH, B KOTOPOM COJIHEUHOE
U3JIydeHue npeoopasyercs B TemioByto sHepruto. Bece CK uUMeOT MOBEPXHOCTHBIN
WU O0OBEMHBIN MOMJIOTUTENb TeIuia. Termio MOKET OTBOAMTHLCSA M3 KOJUIEKTOpa WU
akKkymyJaupoBatbca B HeM. B mepBom ciiydyae CK Ha3biBaloTCsi NPOTOYHBIMH, BO
BTOPOM - C TEIJIOBBIM aKKyMyJisiTopoMm [14].

ITo Buny Temnonocutenss CK pa3gensitoT Ha ®KUJIKOCTHBIE U BO3AYIIHBIC; IO
MakCUMaJIbHOM  TeMmmepaType -  Hu3KoTeMmiepaTypuele (o 100  °C),
cpeaneremmeparypssie (10 200 °C) u BeicokoTemiiepatypHbie (110 350 °C).

TemnepaTtypa  HarpeBa  TEIUIOHOCUTENSI  MPAMO  IPONOPIIMOHAIBHA
WHTEHCUBHOCTH TAJAIONIC HAa HAKONMUTEIh COJIHEUYHOW OHHEPrudM | OoO0paTHO
IPOMOPUMOHATIbHA TEMJIOBBIM MOTEPSIM B OKPYKAOUIYIO CpeAy. Y MEHBIIUTh NOTEPH
MO>KHO, €CJIM HCIIOJIb30BaTh CBETONPO3PAYHBIE IMOKPBITUS U TEIUIOBYIO H3OJISIUIO
IUISl  TIOTJIOTUTEIIS. Ho npu sTOoM He ynmactcss Harperb TEIIOHOCUTENb [0
temriepatypsl 6omnee 120 ... 150 °C.

UTtoOBl yBENIMYNUTh HWHTCHCHUBHOCTH ITOCTYMAIOMICH COJMHEYHOW SHEPruu
BO3MOXXHO NpuMeHeHue kouieHtpatopoB. CK, pabortarommue 0e3 KOHIIEHTPATOPOB,
OOBIYHO HA3BIBAIOT IJIOCKUMHU. Hike OyayT paccMOTpeHBI OCHOBHBIE KOHCTPYKIIUU
takux CK.

[IpocTenmmuil COJIHEYHBIN KOJUIEKTOP ¢ aKKYMYJIHUPOBAHUEM TEIUIA BBIIIOJIHEH
B BUJIC TUIOCKOM BaHHBI, 3aII0JJHEHHOW BOJOW M 3aKPBITOW CTEKJIOM. JIeToM, B SICHYIO
MOrojy, BOJia B HEM MOXET Harpethbcs 10 Temmnepatypsi 40 ... 60 °C.

Komnekrop-akkymyssrop KA-120 (Pucynox 4) [14] BemmomHeH co
CBETOINPO3PAYHbIM TMOKPBITUEM U TEMIoBOW wu3oysinued. [loryomarommi  u
AKKYMYJIUPYIOIIUM 3JIEMEHTHI U3TOTOBJIEHBI U3 CTalbHBIX TPYO nuamerpoMm 120 mwm.
I'aGaputel komiektopa cocraBiastoT 2x1,1x0,2 M, obbem 120 1, macca 130 xr.
I'maBublii Hemoctatok CK ¢ akKyMylaupOBaHMEM TEIJIOTBI B TOM, UYTO HY)KHas

TEMIICpAaTypa BOALI B HEM HOOCTHUIaCTCsA ITIOCJIC IMOJTYaH:Ad.
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Pucynok 4 — Conneunsrii kosuiektop KA-120 ¢ akkymynupoBanueM Teria [14]

HuszkotemnepatypHbie MPOTOYHbBIC KOJIJIEKTOPBI BBITIOJIHEHBI C
MOBEPXHOCTHBIM TOTJIOTUTEJIEM, M KOHCTPYKTHMBHO TaKXe MOTYT OBITh KaK C
OTKPBITHIM TTOTOKOM TETUIOHOCHTENS, TaK M C TIAHEJbI0 WK TPpyOamu, MO KOTOPBIM
IPOTEKAET TEINIOHOCUTENb.

Beprukanpupiii  CK  oTkpbiToro Tuma (PucyHOK 5) BBIIOIHEH U3
TOPU30HTAIBHO PACIOJIOKEHHBIX JIOTKOB. Ilogauy BOJBI OCYIIECTBISIOT uepes

BEPXHUH JIOTOK, 3a00p - Yepe3 HWKHHUN BO10COOpHBIH JIoTOK [11].

6

J'\-H-‘:r':;l rl e
\\_\‘ | ~ &

l
1

| frﬂn |

Pucynok 5 - Komtekrop otkpbeiToro tumna [11]:
1 - notok; 2 - ¢hapTyk J0TKa; 3 - cTeHA 3AaHUs (TSIION30ISINA); 4 - OCTEKICHHUE; S -

MOTJIONIAIONIEe MOKPHITUE; 6 - MaTPyOOK JIJIs MOJJa4u BOBI
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Henocratkom CK OTKpBITOTO THIA SIBISIIOTCS BBICOKHE TEIJIOBBIC TOTEPH.
OpmHako UX TJIABHOE MPEUMYIIIECTBO 3TO TO, YTO OHH HE IMOABEPIKCHBI 3aMEP3aHHUIO.

bonee nyumme TeroTrexHudeckne mokaszatenu Habmomatores y CK ¢
MOTJIOTUTEIISIMH B BHJIE IJIOCKOM MaHenu ¢ KaHanamu [14].

Takue maHenu BBITOJHAIOT W3 METaia, IIACTMACC WJIM JIAMUHUPOBAHHBIX
TkaHel (PucyHok 6, a, 0, B). HeMHOro Xy»e naHeiabHbIX MOTJIOTUTENCH MOTIOTUTENN
U3 psja napaienbHbix (PucyHok 6, r).

Bonpiiee  pacnpocTpaHeHWE — MOJIYYMIM  TOTJIOTUTEIM M3 JIACTA  C
HaxoJISIIIIUMUCS B TEIJIOBOM KOHTakTe ¢ HUM Tpybamu (Pucynok 6, 0, e, x). Jus
JAHHBIX TIOTJIOTHTENIEH 0CO00€ 3HAYEHHWE WMEET TEeIJIONPOBOJIHOCTh COCTMHCHHM.
Tak, U1 XOPOIIO MPHUIASHHBIX TPyO oHa coctasmsier 1,5 ... 1,7 kBT/(M*+°C), a mis

IUIOXO TIPHIASHHEIX - 6 ... 10 KBT/(M*+°C).

a) &1

)

Pucynoxk 6 - Tunsl normotuteneit nporounsix CK [14]:
a - TTAHEJIbHBIN U3 TJIACTMACCHI; O - MITaMIIOCBAPHOM MaHEIbHBIN C KaHAJIaMU; B -
ITAMIIOCBAPHOMN MAHETBHBIN; T - TPYOUATHIH; /T - TUCTOTPYOHBIH; € - TPyOUaThIN C

MOTJIOMIAIOIIUMH BCTaBKAMH; K - TPYOUAThIN C TIPOJOJIBHBIMU peOpamMu
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VYeemnunts KIIJI CK MOXHO, €Cnv NpPHUMEHSTh CEIEKTUBHBIE MOKPBITHS,
KOTOpbIe OOECIEeUMBAIOT BBICOKYIO IMOTJIOMIAIONIYI0 CIHOCOOHOCTh COJHEYHOTO
U3JIYYEHUSS U HU3KYI0 COOCTBEHHYIO H3JIydaTelabHyI0 crnocoOHocTb. Haubonee
3 PEeKTUBHO TPUMEHEHUE CEJICKTUBHBIX MOKPBITHH B BakyymupoBaHHbIX CK, Tax
KaKk B HHMX oOOecneyuBaeTCsl HaJEKHas M30JSIUs OT BJArd W, CJeJ0BaTEIbHO,
JOJITOBEYHOCTh CEJIEKTUBHBIX NOKpbITUH. B nansheitmem sddextuBnocts CK
cleayeT TOBBIIATh, TMPUMEHSST CEJNEKTHUBHBIE TOKPBITHS ocTekieHus. CTekIo,
KOTOPOE MOKPBITO JIBYyOKUCHIO 0JIOBA, HEMHOT'O XYK€ MPOIYCKAET COTHEYHBIC JIyUH B
obmactu cmnektpa 0,3 .. 2,5 MKM, HO 3ar0 TIOYTH TOJHOCTHIO OTpa)kaet
JUTMHHOBOJIHOBBIC JTyuH, CHIbKas Terutonotepu CK [12].

B mnameit ctpaHe ObUT OCBOCH BBINYCK psjfia MPOTOYHBIX KUJIKOCTHBIX
KoJUIeKTOpoB-BogoHarpeBareneir.  CoBpemennble CK  uUMEIOT  aHaJOTHMYHYIO
KOHCTPYKIIMIO, TTOATOMY CTOUT PACCMOTPETH €€ Ha UMEIOIIUXCS TPUMEpax.

OcHoBHBIMU TUNaMHU KuUJAKOcTHOro mpotouyHoro CK  saBusmuce CA-121 u
CA-221 c mornoTuTeneM U3 CTalbHOrO JUCTa TOJIMMHON | MM, Ha KOTOPOM C IIaroM
100 MM mpuBapeHbl CTaJIbHbIE YEpPHbIE WIIM OLIMHKOBaHHBIC MIOCKHE TPYOBI B BUIE
smeeBuka (CA-121) mau peructpa (CA-221) (Pucynok 7) [14]. Ilormotutens ObuI
OKpAIIIEH MAaTOBOW YEPHOU SMAJIBIO.

CaeTompo3padyHoe TOKPHITHE OBLIO M3TOTOBJICHO M3 3aKAJCHHOTO CTEKIIa
TONIMHON 4 MM ¢ BbICOKMM TMporyckanueM (0,9 ... 0,92) u yCcTaHOBIIEHO B paMKe C
3aKpYrJI€HHBIMA  yriaMu. YIUIOTHSUIOCB ~OHO  TE€PMOCTOMKHM  PE3HMHOBBIM
YIUIOTHUTENEM. Temion3o0iaiusl BBINOIHSAETCA W3 CJIOS MHUHEPAJbHOW BaThl B
MOJIMATUJICHOBOM TuleHKe TonmuHo 40 MM u ¢ubepriacca TOMMMHOW & MM.
ITomumo CA-121 u CA-221 Beimyckanuch emnie MHoxkecTBo CK ¢ pazHbIMU THHamMu

norsotutenei [14].
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Pucynoxk 7 - [Tonepeunsiii pa3pe3 coyiHedHOro kosuiekropa tuna CA-121[14]:
1 - cranbHOI KOPITYC; 2 - MONUATUICHOBBIE JIUCTHL; 3 - TETUIOM3OJISIIIUS U3
MUHEpaJIbHOM BaThl 6 = 40 MM; 4 - CTEKJIONJIACTUKOBAs MjIacTuHa & = 8 MM; 5 -
MOTJIOMIAOIIAs MIACTHHA; 6 - Tuiockue TpyOosl 40x20x2 mMMm; 7 - onmopHas
IUIACTMACCOBAsl MIACTHHA; § - 3aKaJIEHHOE CTEKIJIO O = 4 MM; 9 - KpeneKHbIe

QJICMCHTHI

Taxoke cepuitHO BhITTyCKaJICs )KUIKOCTHBIN KosutekTop turna KBT-1 (Pucynok
8). IlormoTuTtens BBIMONHSIICS W3 CTAJBHOTO JIMCTA TONIIMHONW 1 MM, K KOTOpOMY
ObUTM TIpUBapeHbl CcTalbHBICe TPYyObl auamerpom 20X2. [MabGapuThl KoJUIEKTOpa
1855x875x100 MM, macca 65 Kr, o0beM TEIUIOHOCHUTENS 3,4 11, TEIIOMU3OJISILIH

BBITIOJTHSJIACH U3 CJI0SI MUHEPAIbLHOM BaThl TOMIIUHON 20 MM.

Pucynok 8 - Conaeunsrii koyuiekrop tTuna KBT-1[14]:

1 - ymmoTHUTENB; 2 - CTEKIIO; 3 - MOTJIOTHTENb; 4 - TEIJIOBast H3OJISIITUS;, 5 — KOPIyC

['maBHOW mpoONEeMON TIpU KOHCTPYMPOBAHWUU BO3IYIIHBIX COJIHEUHBIX
KOJUICKTOPOB OBLIO yBenuMdeHHE KOA(D(UIIMEHTa TEIIOOTAAYd MOriaoTHTeNs. Jlis
ATOW TENW HYKHO OBUIO CO37aTh TypOYJEHTHBIM MOTOK BO3MyXa, JTUOO YBEITUYHTH

MOBEPXHOCTH TeriooOMeHa (Pucynok 9) 3a cuer opeOpeHus.
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Pucynok 9 - Tunsl norinotuTenel BO3AYIIHBIX COTHEUHBIX KOJJICKTOPOB [14]:
a - TNIOCKUH ¢ pedpamu; O - U3 HAKJIIOHHBIX MPO3PAYHBIX TUIACTHH; B - CETUAThIN

MHOTOCIIONHBIN; T - V-00pa3Hblii; 11 - U3 MOPUCTOTO MaTepuasa

Panee rosopusmoce o cymectBoBaHun CK, KOTOpple yBEIMYMBAIOT
MHTEHCUBHOCTH NIOCTyNAOILIEH conHeuHoi 3Hepruu. B atux CK Mexay npueMHUKOM
U MCTOYHUKOM W3JIyYEHHUs YCTAHOBIEHO ONTHYECKOE YCTPOMCTBO — KOHIIEHTPATOP.
KoHueHTpaTops! Aensrcs Ha iBa THIIA: peppakTopHbIe U pediiekTopHbie [13].

K pedpakropHbIM cieayeT OTHOCUTH BBINTYKJIbIE JIMH3bI, JUH3bI PpeHens u

npu3mbl (pucysok 10, a, 0).

2l 8o\, &
o o
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Pucynok 10 — Konnentparopsr [13]:

a - muu3a Openens; 6 - MPU3MEHHBIN; B - TAPAOOIOUTHBIN; T —

apadoIOIMINHAPUICCKHAM
I'maBubiii Hemoctatok CK ¢ nuuzamu ®penens - Oousbinoe ¢GOKycHOE
paccrosiHde, KOTopoe npuBoAUT K yBenuueHuto rabaputoB CK. Ilpusmennbie

KOHIIEHTPATOPbl MOTYT KOHIIEHTpUPOBaTh 4acTh Auddy3Horo wuznyuenus. Takoi
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KOHLIEHTPATOp NPEICTABIISIET COOOM TPEXTPaHHYIO IPU3MY, IEPENHSIS T'PaHb KOTOPOU
ABJIAETCS MPUEMHHUKOM, 3aJHSs - OTpakaTesleM U OOKOBas - BBIXOJOM M3IIyUYECHHS.
[TpuHIMD paOOThl KOHLIEHTPATOPA COCTOUT B MOJTHOM BHYTPEHHEM OTPAKEHHH JIydeil
710 TonajaHusl Ha OOKOBYIO IPaHb.

PedniekTopHbie OTpaxkaTeld BBINOJHSAIOTCS B BUJE 3€pKajia, MOBEPXHOCTb
KOTOpPOTO 00pa3oBaHa BpallEHUEM WJIM MEPEMEIIEHUEM KPUBOM OTHOCHUTEIHLHO OCH.
HaubGonpmryto  cremneHb  KOHUEHTpAalMd  OOECMEYMBAIOT  KOHUEHTPATOPHI
napaboiougHoro  tuna. OpHako — HAMOOJBIIMI  MHTEpEC  NPEJCTaBISIOT
KOHILIEHTPATOPhl, UMEIOIUE IUIOCKUE WM NapaOoJOUMINHAPUYECKUE OTpakaTelu,

KOTOpbIe Ha3biBatoTCs (oximHamu [13] (Pucynok 11).

al

Pucynok 11 - Komnekrops ¢ ¢poxmmaamu [13]:
a - IBYTPaHHBIM; O - TapaOOoJONMINHAPUICCKIM; | - Mpo3pavyHOe MOKPHITHE; 2 -

oTpaKaromiasa IIOBCPXHOCTD, 3 - KaHAaJbI C TCIINIOHOCHUTCIICM, 4 — TCIINIOMU3OJIALN A

Koapdumment xonneHTpanuu (OKIMHOB ONPEACISICTCS KaK OTHOIICHUE

IIUPUHBI BXOIHOTO o0TBepcThs D n Beixomuoro d (Pucynok 11):

k=D/d=1/sina, (L.2.1)

€ o — NapaMEeTPUYECKHUI yTroJl PaCKpbITHS, Tpaj.
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Ha pucynke 12 wuzobpaxen mnonepeunbii Bux CK C-121 ¢ manoit
KOHIICHTparueit [14].

B cBA3M ¢ Tem, 4YTO TEIUIOOTHAANOIIAs IUIOA[h MPUEMHUKA H3IIYYECHUS
yMEHbIIaeTcsl, Temneparypa TemioHocurena B ¢pokycupyromux CK yBennuupaercs.

VYMeHb1IeHuE IMOTCPb TCIJIAa HIPOIMOPIHHMOHAILHO CTCIICHN KOHICHTPAIHUH.

Pucynoxk 12 - TTonepeunsiit paspe3 CK tuna C-121 ¢ manoii koHueHTpauei [14]:
1 - cTanbHOM KOPIYC; 2 - MONUITUICHOBBIE JINCTHL; 3 - U30JSUUA U3 MUHEPAIIbHOU
BaThl 0 = 40 MM; 4 - CTEKJIOIIACTUKOBA IIACTHHA O = 8 MM; 5 -
napadoJIOIUINHAPUISCKUN KOHIIEHTPATODP; 6 - moriomaroras Tpyoa 40x20x2 mm; 7
- 3aKaJICHHOE CTEKJIO O = 4 MM; § - KpEIeKHbIE JIEMEHTHI C PE3MHOBBIM

YILUIOTHUTCIICM

N3-3a Toro, uro xoHueHtpupytomue CK UCMOIB3YIOT B OCHOBHOM MPSMYIO
COCTABIIAIONIYIO COTHEUHOU paauanuu, nx 3hPexTuBHOCTL HUKE YeM Yy Tuiockux CK,
XOTSl OHM MMEIOT MEHbBIIME TEIUIONOTEepU. ECIM NPUMEHSTh CUCTEMBI CIEKEHUS 3a
COJIHIIEM, MOXHO YJyUIIUTh MoKazaTenu. IGHEKTUBHOCTh CICKEHHS] Pa3HOTO BHUIA

pasyInyHa.
1.2.2 Tlnockuii KOJIEKTOP

[Ipaktuecku o060 mmiockuii CK cocToMT U3 CleayIOmMX OCHOBHBIX

aneMenToB (Pucynok 13) [14]:
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"  [OIJIOIIAIOUICH MaHeI, Ha MOBEPXHOCTH KOTOPOH HAHECEHO MOKPBITHE,
oOecrneunBarolee mnoriomenue Oonee 90 % mnamaromeil COMHEYHON paaualuu, ¢
KaHaJaMH JIsl TeTJIOHOCHUTETIS,

"  [PO3pavyHOM H3OJSALMU, KOTOpas COCTOMT M3 OAHOTO WIH JBYX CIIOEB
OCTEKJICHUS;

"  TEIJIOBOW HM3OJISIIIMM, KOTOpas CHIKAET TETUIOMOTEPHU B OKPYKAIOIIYIO
Cpedy uepe3 THUIE KOJUIEKTOpa U ero OOKOBBIE TPaHU;

"  KOpIyca, B KOTOPOM PAacCIOJIOKEHBI MOTJIOLIAIONas aHedb U TeryioBas

M30JISIIMSL, CBEPXY 3aKPBITOTO MPO3PAYHON U3OJISAILIUECH.

Pucynok 13 - ITnockuit CK [14]:
1 - kopmyc; 2 - npo3padHasi U30JSALUs; 3 - KaHAJbI JJIs TeIIOHOCUTENS; 4 -

rnoriaomaromas 1maHeJIb, 5 - TemoBas HN30JIA0 A

B CK manaromiee mznydeHue COJHIIA MpeoOpasyeTcsi B TEIJIOBYIO SHEPTHIO,
KOTOpasi OTBOAMTCS TIOTOKOM TEIJIOHOCUTENS (Bona, aHTU(PU3, BO3AYX H [Ip.),
MPOTEKAOIIMM MO KaHajaM Ioriomaromei navenu. [Ipo3paunas n3oisuus CHHXKAET
KOHBEKTHBHBIE U JIYUYHUCThIE TEIUIONOTEPU OT MOTJIOUIAKOIIe MaHenu B atmocdepy,
BCIIEJICTBHE 4ero Bo3pactaer TteronpousBoautenbHocTs CK. IlpomyckarenbhHas
CIIOCOOHOCTh OOJIBIIMHCTBA MPO3PAYHBIX CPEl, B TOM YMCIIE CTEKJIa, 3aBUCUT OT

JJIMHBI BOJIHBI IIaJarOmICro H3J1y4YCHU:I. B 3aBucuMocTtu oT COACPIKAaHMA IKCIIC3a
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00BIYHOE OKOHHOE CTEKJIO MmporyckaeT A0 85 ... 87 % comHeyHOM paauaiuu, OJIHAKO,
OHO NPAKTUYECKU HEMPO3PAauyHO AJisi COOCTBEHHOTO TEIJIOBOTO M3Iy4Y€HHUs MaHEIU.
Eciu mepenté OT OOMHAPHOIO OCTEKIIEHUsS K JBOMHOMY, TO TEIUIONMOTEPU YEPE3
MIPO3PavYHY0 M30JSALMI0 YMEHBIIATCS, B TOXKE BPEMS YMEHBLIIUTCA WU IUJIOTHOCTH
ITOTOKA M3JIyYEHHUsl, KOTOPBIM NaJaeT Ha MOMIOMIAONIYIO TAHETb.

Haubonee pacnpocTpaHeHHBIMH KOHCTPYKUHMSMM TOTJIOMIAIONIMX MaHelen
CK sBnsrotes caenytorue [14]:

"  CTaHJapTHBIN NaHeNbHBIA OTONUTENbHBIN panuatop (Pucynok 14, a);

"  [aHenb, KOTOpas COCTOUT M3 JABYX OLMHKOBAHHBIX CTaJbHBIX JIUCTOB -
ropupoBanHoro u miockoro (Pucynok 14, 6);

"  [POKATHO-CBapHas aqtoMuHUEeBas naHens (PucyHnok 14, B);

"  peructp u3 Tpyo ¢ MeTauIM4eckuM JUCTOM. CrocoObl KperieHHs JIUCTa
NoKa3aHbl HA pucyHke 14, r, 1;

"  peructp u3 Tpyd C pACHHUPAOIUMHU METAJIMYECKUMHU TUIACTUHAMHU
(Pucynok 14, e). bokoBble KpOMKH TOCIEIHUX MPHUKATHI K TpyOam, oOecrieuyuBas
XOPOIIUU TEIIOBOM KOHTAKT MEX]y MJIACTUHAMU U TpyOaMu;

"  peructpsl u3 Tpyo c momnepeynbiMu (Pucynok 14, x) ¥ npoaoabHBIMH
(Pucynox 14, 3) pebpamu.

[Mormomarorias nmaHeb J0JDKHA HMETh CJICIYIOIHMEe OCHOBHBIC CBOMCTBA [14]:

"  KOPpPO3MOHHAs CTOMKOCTh MO OTHOUIEHHWIO K TEIUIOHOCUTENIO s
o0ecrnedeHus: BBICOKOTO CPOKa CITYKObI U3ENHNs;

= HeOOJIBIIIasg Maccea,

"  XOpOIIWW TEIUIOBOM KOHTAKT MEXIY JIUCTOM U TpyOamu, HEOOXOAMMBIN
JUTSL JOCTHOKEHUS BhICOKOH A pexktuBHOCTH padoThl CK;

= TCXHOJIOTMYHOCTD JI1 CHUXKCHUS 3aTpaT HAa U3TrOTOBJICHHUC.
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Pucynok 14 - KoHCTpyKLIHMH MOTJIOMIAIONINX MaHEeIeH KOJUIEKTOPOB (TONepeyHoe
ceuenue) [23]:

a - CTaHJAPTHBIN NAaHEIbHBIM OTONUTENbHBIN pafuaTop; O - maHedb U3 ABYX
OLIMHKOBAHHBIX CTAIBHBIX JINCTOB - TOPPUPOBAHHOTO U MJIOCKOTO; B - IPOKATHO-
CBapHas aJIOMUHHUEBAs MaHEelb; I' - PETUCTP U3 TPYO C MPUKPEIIEHHBIM K HUM
JIMCTOM; € - PETUCTP U3 TPYO C pacHMparOLIUMU METAIUIMYECKUMU TUIACTUHAMMU; XK -
peructp u3 TpyO ¢ nonepeyHsIMU pedpamu; J1 - CHOCOObI COEMHEHUS

METAJUTHYECKOTO JIUCTAa U TPYOBI; 3 - PETUCTP U3 TPYO C MPOAOIBHBIMH peOpaMu

N3o0paxxeHHple Ha puUCYHKE 14 KOHCTPYKIIMHU, HE HCYEPIIBIBAIOT BCETO
MHOT'000pa3usi KOHCTPYKTHUBHBIX PEIIEHHWH, YTO TOBOPUT O TOM, YTO HHU OJIHO
pEIICHHE MOJTHOCTHIO HE YJIOBJIETBOPSET Pa3pabOTUHKOB.

Paccmorpum ocHoBHble xapaktepuctukun CK [14].  UToObl pacKkpbITh
BO3MOXKHOCTH COJIHEYHBIX KOJUIEKTOPOB U NYTH HX COBEPLICHCTBOBAHUS CTOUT
paccMOTpeTh ypaBHEHHE OajaHca SHEPruu JUisl CTAMOHAPHBIX YCIOBHM, KOTOPOE B
CBOIO OYE€peab OMPEAENSIET TEMIONPOU3BOJUTEILHOCTh KOJJIEKTOpA (k B pacyeTe Ha
€IUHUIY IUIOIIaAX  TEIJIOBOCHPUHUMAIONIEH  IMOBEPXHOCTH, KaK pPa3HOCTb
MOTJIONICHHON COJIHEYHOW paualiid | TEIJIONOTEPh B OKPYKAIOIIYIO CpEeay:

6= f 'm0 - F'k(t, ~t,), 122)

rae ( - TOBEPXHOCTHAsl IUIOTHOCTh MOTOKAa CyMMapHoOW (mpsamoil u

nudy3HOI) COIHEUHON pajualii B TUIOCKOCTH KOJUIEKTOPA;
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f'- kosddunuent s3pdexTnBHOCTH;

17, - onrmdyeckud KIIJI, npakTMyecku  paBHBIM  IPOMU3BEIEHUIO
NPOMYCKATEIIbHOW CIOCOOHOCTU MPO3PAYHON H30JLILUU 7, HA HONIOLIATEIbHYIO
CIIOCOOHOCTH (¢, TOTJIOIIAIOILEH TTAHEIH B COTHEUHOM CIIEKTPE;

k - oOmuit koahpunuent remionepenaun ot CK B oKpysKarolyio cpeay;

t = - cpenHss TeMIeparypa TEIUIOHOCUTENS B KOJUIEKTOPE;

t, - TeMnepaTypa Hapy>KHOIO BO31yXa.

Kooddurment sddexruBaoctn ' mokaspiBaeT  cremeHh  mepeHoca
MOTJIOLIEHHON COTHEYHOM pajiualiuu K MOTOKY TEIUIOHOCUTENS B TpyOax. 3aBUCHUT OH
B OCHOBHOM OT KOHCTPYKIMM IaHenu. MakcuMallbHOe €ro 3HaueHue, pPaBHOE
€AUHUIIe, JOCTHraeTci B TOM Cjy4ae, KOrja TeIJIONPOBOJAHOCTh MaTepuasa
JUCTOBOM YacCTH TMaHENH A —» o0, TEPMHUUYECKOE COMPOTUBICHUE KOHTAKTa MEXKITY
muctoM u Tpyooir R, -0 u xosdduuneHt remonepesauud oT CTEHKH TPYOBI K
TEIIOHOCUTENI0 K —> 00 |

ITpu pazpabotke CK, B coorBeTcTBHM ¢ ypaBHeHHEM (1.2.2) HEOOXOAUMO 10

BO3MOXXHOCTH CACJIaTb Oonpmue 3HaueHus ' u Ny, U CBECTH K MHUHUMYMY

TEIUIONOTEPU, YTOOBI OOECIEUUTh MAKCUMAIBbHYIO TEIUIONPOBOJHOCTH. B Xoporio

cupoektupoBanHoM CK kodddunment f' cocrasmsger 0,92 ... 0,99; MakcuManbHOE
3HAYeHue 7],, 7,, 0, paBHo enunuue. Ho B OonpmuHcTBe ciyyaeB ontuueckuil KITJI
1, Ip1 OMHApHOM ocTekJeHuH He npesocxoauT 0,8. Koadunuent tennonepenaun

K 3aBHCHT OT CKOPOCTH BETpa, YMCIIa MPO3PAYHBIX MOKPHITHHA, PACCTOSHHA MEXIY
HHUMHU, & TAKXKE€ MEXIYy BHYTPEHHUM CTEKJIOM U IaHENbIO, OT YCIOBUUA B BO3YLIHOM
MPOMEKYTKE  KOJUIEKTOpAa, CTENEHW YEPHOThl  MOTJOLAIOIMIEH IaHEIu B
JUTMHHOBOJTHOBOW YacT crekTpa. CKopocTh BeTpa OyJeT onpenensomuM GakTopoM
MOTEpPh MpPU OTCYTCTBUM MpO3payHoOM wu3oisinuu. I[Ipm BakyymupoBaHuM 3a30pa
MMPOUCXOAUT PE3KOE COKPAIICHWE KOHBEKTHMBHBIX IIOTEPb, a €CJIM HAHECTH Ha
MOBEPXHOCTh NAHEIH TOKPBITUE, HWMEIOIHNE HU3KYK) CTENEHb YEpPHOTHI B

I[HHHHOBOJIHOBOﬁ 4acCTH CIICKTPa, CYIMICCTBCHHO YMCHBIIATCA ITOTCPH U3JTYYCHHUCM.
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Taxxke BaxxHoM xapaktepuctukon CK sBnsercs MakcuMalibHas TEMIIEpaTypa,
10 KOTOpOM MOXET Harperbcs Mnoriomaromas mnasens, ecnu or CK He Oyger
OTBOAUTHCS TEILIOTA, T.€. KOIAA BCs MOTJIOLICHHAS COJHEYHAas pagualys IepexoauT

B TeruloBble notepu. Ecnu B ypaBHeHuu (1.2.2) npunsats ¢, =0 ut =t

o0

t =t +(7,-q/k). (1.2.3)

TO

Cornacuo (1.2.3) MoOXeM HaWTH MaKCUMAJILHO BO3MOXKHYIO TEMIIEPATypy
HarpeBa MOTJIONIAOLIEH ITAHEIH.
C yuetom (1.2.3) ypaBuenue (1.2.2) MOXKHO TIepenucaTh B BUJE
q = fk(t, —-t,). (1.2.4)
Baxwueiimeit xapakrepuctukon CK  sBmgercs ero KIIJ, xoropsiit
paccMaTpUBaEeTCs KaK OTHOLIEHUE TETUIONPOU3BOAUTEIBHOCTH K MaAalolEMy TOTOKY

conHeyHnoro manyuenus. Cornacuo (1.2.2)

n=fn— k(). (1.2.5)
q

3aBucumocts 7 ot (t,.—t,)/Qq rpaduuecku mpeacraBiser coboi MPAMYIO

JMHHIO, KOTOPYK pacCMaTpMBalOT Kak TeluoBylo xapakrepuctuky CK. B
cootBeTcTBHU ¢ ypaBHeHueM (1.2.5) KIIJI u3MeHAETCS OT MAKCHMMAIbHOIO 3HAYEHHS
f'n, mpu t =t, no myms mpu t =t . Tlapamerpsr f'm,u f'K , xortopsie
xapakTepu3yior coepuiencTBo CK, 00bIUHO UCITONB3YIOT st cpaBHeHus CK Mexay

coboii. Taxke Ayt 9THX IeNeld TpuMeHsIoT cieayromue Beanannsl: o, u fok |, rme

f, - koaddumument orsona termnorsl u3 CK, kotopstii cesizan ¢ f ' Bepaxennem:
qC f'k
fo =2 [1—exp(-—=)], (L.2.6)
k qC
0 p
rae ( - yaenbHblid pacxon teroHocutens yepe3 CK;
C, - yaenbHas TEmI0EMKOCTb TEIUIOHOCUTENI.
Ecnu B ypaBHenuu (1.2.2) 3aMEHUTH CPEIHIOID TeMIEpaTypy TEIIIOHOCHUTENS

Ha €ro TeMIEpaTypy Ha BXoJe B Kojiekrop, To f' B 3ToM ypaBHeHUM cieayer

3ameHuTh Ha f !
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q, = fer,0— fRK(t ., —1,). (1.2.7)

1.2.3 TpyOuaThlii BAKYyMHPOBAHHBI KOJJIEKTOP

B nocnennee Bpems B Poccuu u 3a pyOekoM Bce yCWIIMSI HalpaBiIeHbl Ha
coznanue CK, oGmamaronux cpaBuutenbHo Bbicokum KII[ (0,4 ... 0,8) mpm
noBeilieHHbIX Temneparypax (100... 150 °C u 6onee). [dns gocTuxeHus: 310l 1enu
MPUMEHSIOTCSL CrIocoObI, CHUXkatoiue TernoBsie nmotepu CK B okpyskaroiyto cpemay,
a TaKkKe MOBBIIIAIOUIME TUIOTHOCTh MOTOKA COJHEYHOW paJHMallMi Ha MOBEPXHOCTU
NPUEMHHKA.

[Ipy cOBMECTHOM MPUMEHEHUHU CEIEKTUBHOIO MOTJIOMIAIOIIETO MOKPHITHS Ha
MOBEPXHOCTH MPUEMHUKA W TIyOOKOTO BakyymMa B 3aMKHYTOM IPOCTPAHCTBE, B
KOTOPOM COJICPKUTCS MPUEMHHUK TeIjia, MOXKET ObITh JTOCTUTHYTO 3((EKTUBHOE

CHMKCHHUC TCIJIOBBIX IIOTCPD. Ecau BAaKyyMHUPOBATb BHYTPCHHCC IIPOCTPAHCTBO

o6omoukn 1o masnenus P <10~ Tla, cTaHOBHTCA MPeHEGPEKRIMO MaJl TIEPEHOC TeTa
KOHBEKIIMEH M MOXeT He yuuThiBaThcs [16]. B BakyymupoBanusix CK B kauecTBe
000JIOYKH OOBIYHO TMPUMEHSAIOT HWJIMHIAPUYECKHE TPYOKH W3 CTEKJa, MOCKOJIBKY
co3gaHue M coxpaHeHue Tpebyemoro ypoBHa Bakyyma B CK mimockoro tumna
TEXHUUYECKH 3aTpyaHeHo. Takue BakyymupoBaHHble CK Ha3bIBalOTCS TPyOUaThHIMHU.

PacueTsl M SKCIIEpUMEHTHI TOKA3bIBAIOT, YTO PABHOBECHAs TeMIeparypa
COJIHEYHOro Tpybuartoro BakyymupoBaHHOro koiuiekropa (CTBK) c¢ cenekTuBHBIM
noryomaromuM nokpeitueM (o, =0,9, £ = 0,1) npu ypoBHe Bakyyma P <0,07 Ila
0e3 KOHIIEHTpAIMN COJHEYHOW pajuaIiuu Ha TersonprueMHoi nosepxuoctd ( = 900
Br/M®)  wmoxer  mocrmrate 200  °C  [16, 17]. Ecam  mnpuMmeHsTh
napaboIONUIUHAPUYECKH  KOHIIEHTpatop [16] paBHOBecHas TeMIepaTypa
noBbImaetcst 10 440 °C, a 3arem magaet 10 260 °C, aBTOpbl pabOThI OOBSICHSIIOT ATO
TE€M, YTO BaKyyM U ONTHYECKHE CBOWCTBA CEJIEKTHUBHOTO MOKPBITHS YXYAIIAIOTCA
mpu 380 ... 400 °C.

NsroraBnuBaembie koHCTpykumu CTBK pasgensrorcs Ha naBe rpynmsl B
3aBUCUMOCTH OT TOTO MaTepuaia, U3 KOTOPOro cJlieJlaH MPUEMHHUK: METaJul WIH

crekino. Hanwmuune BAKYYMHO-IIUIOTHOI'O CIlagd MCTaJlZla CO CTCKIOM ABJIACTCA
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OTJIMYUTENILHOW  OCOOCHHOCTBIO  KOHCTPYKIIMM B  Cllyda€  METaJIJIU4YeCKOro
TeronpueMHuka. Eciau TernonpueMHUK U3roTOBJICH U3 CTEKJIa, TO HEOOXOIUMOCTh
B Cllae «METAJUI-CTEKJIO» oTmajgaer. i1 MaHHOW CHUTyaluH, C TEXHOJIOTUYECKOU
TOYKU 3PEHUS, ONTUMAJIbLHON KOHCTPYKIIMEH OyJeT CTeKJIsHHAs Kojaba Tuma cocyna
Hptoapa. [lpu 5TOM TPOCTPAHCTBO MEXIYy TPyOKaMHu KOJIOBI BaKyyMHUPYIOT, a
CEJICKTUBHOE TOTJIOLIAOIIEE IIOKPBITUE HAHOCAT HA HApPYyKHYIO IOBEPXHOCTH
BHYTpEHHEU TPYOKHU.

KonctpyktuBaoe BbinmonHenne CTBK pasznuuHo, Hampumep, HEKOTOPbIE

noka3aHbl Ha pucyHke 15 (B paspese) [23].

! 1 !
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Pucynok 15 - [lonepeunoe cedeHre BAKyyMUPOBAHHBIX CTCKJISTHHBIX TPYOYaThIX
KOJIeKTOpOB [23]:
1 - crexnstHHAs 000OYKa: 2 - TpyOKa JJIsi HarpeBaeMo KUIKOCTH: 3 - JTy4ero-

IJI0IIAIOIIAsl TOBEPXHOCTD; 4 - OTpa)KkaTeNb; D — TeIIOU30JISIIUS

[Tone3nas TerIoTa MOKET OTBOJMTHCS OT KOJIOBI HECKOJILKMMHU BapHaHTAMH,
KOTOpBIC MOpoOHO paccMoTpeHbl B [IpunokxeHun A.

CTBK wyacto uMEIOT OTpakaTedb I HCMHOJIb30BaHUSA BCEU IUIOIIAIN
MTOTJIOIIAIONICH IMOBEPXHOCTH. MoOryT mnpuMeHsAThes auddy3HBIE W 3epKaIbHBIC
oTpakaTeiu. 3epKaJbHbIC OTpakaTein 00CCIeYNBAIOT 00JIee BBICOKHI ONTHUCCKUN
KIIZIT CTBK, mo cpaBuenutro c¢ auddysasiMu. B cBoro ouepenr auddys3Hbie

oTpaxkarenu 0oJiee H0JATOBEUHBI U TPEOYIOT MEHBIIIKMX 3aTPAT HA U3TOTOBJICHUE.
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B ucrtounmkax [19, 23] uzyuarorcs xapakrepuctiku CTBK ¢ nuddy3asimu
OTpakaTeJIIMH, BBINIOJHEHHbIE B BHJI€ CTEKISIHHBIX KOJIO THUma cocyna Jlproapa.
Onrtrnueckuit  KIIZI nmamebeix CTBK 3aBucur OT paccTosHUS MEXKIY OCSMH
KOJUICKTOPHBIX TPYOOK W M pacCTOSHUSI OT OCH TpyOKu 1o otpaxkarens h [14], a eme
OTPOMHOE BIIMSIHUE OKAa3bIBaIOT ONTHUYECKHE XApaKTEPUCTUKH - MOTJIOIIaTeIbHas

CIIOCOOHOCTh  CEJIEKTUBHOIO IOTJOMIAIOIIEr0 IOKPBITHA « , OTpa)kaTenbHas
CIOCOOHOCTh  OTpaxaTens R, U TpomyckarenbHas CIOCOOHOCTb —BHELIHEW

CTEKJITHHOM TpyOku 7. B ciyuae mimockoro quddysnoro orpaxarens [19, 23], koraa

paccTosHHE MEXAy OCSMM KOJUIGKTOPHBIX TpyOok W=(2...3)d  , onrumaibHOE

3HayeHue h B 3aBucumoctH oT W cocrasisier (1,3..1,8)d_ , roe d - HapyxHBIH

cn

JMaMeTp TIOTJIONIAIOIIECH TPYOKH.

C ysenmnuennem W onrtuueckuii KIIJI CTBK 77, yMmeHbIIaeTcs, 4To BEAET K

YMCHDBIICHAIO VIeIbHON (B pacdere Ha | M° IUIOMAAM  OTpakaTels)
TEIJIONPOU3BOAUTENBLHOCTHU. [Ipr 3TOM yMEHBIIAIOTCS YAEIbHbBIE IOTEPU U ylIE€TIbHAS
cronmocts CTBK, Tak Kak 4mcio TpyGOK B pacdere Ha 1 M’ IUIOMIAAM OTpaKaTels
yMmeHbiaetcs. B aureparype [21] omuceiBaercs, uto yBenuuenue W ¢ 2dq, 10 2,50,
BIIOJIHE OMPABIAHHO YKOHOMHUYECKHU.

B nurepatype [20] Takke paccMoTpensl aud@dy3HbIe OTpakaTeiad pa3HOM
dbopMbl, Hampumep, TpeyroyibHbie W modykpyribie. Ontuueckuit KIIJ| mans Takux
BUJIOB OTpakaTeJel pa3inuyaloTca He3HauuTelbHO (mpuMepHo 0,33), moaTomMy u3-3a
MPOCTOTHI ¥ HEOONBIIMX 3aTpPaT Ha W3rOTOBIECHHWE NPEUMYIIECTBO OyAET HUMETh

IJIOCKUM OTPaXaTellb.

1.3 OtedecTBeHHbII W MHPOBOWl TEeXHHYECKHII YPOBEHb COJHEYHBIX
KOJLIJIEKTOPOB

['maBHBIM 00pa30M, CUCTEMBI COJTHEYHOTO TOPSTYET0 BOJAOCHAOKEHHS HaXOAAT
B Poccum onpenenenHoe mnpuMeHeHue. B HAcTOAIMMI MOMEHT CYLIECTBYET
TeHJEHUHUs yBeandeHus npousBoacta CK, koTopoe mocTuraino cBOEro MakCuMyMa B

90-e rompl, KOT/Ia AaHHAs OTpacib Obuta Hambonee pa3BuTa, a kK 2005 romy B HEl
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npousomien pe3kuii crnaa. Celdyac MBITAIOTCA BEPHYTHCS K TEM HAIPABJICHUAM IO
Mpou3BOJCTBY U ucnoiab3oBaHui0 CK, koTOpbhle OBUIM OYEHBH XOPOIIO Pa3BUTHI B
CCCP.

3a pyOexoM OrpoOMHOE MPUMEHEHHUE UMEIOT YCTAHOBKH JJIsl HAarpeBa BOJbI HA
ObITOBBIE HYXIbl. HauOonpmmii BKJIaJ COJHEYHOM SHEPrMM B  TOIUIMBHO-
SHEPreTUYECKOM OajaHce TOCTUTHYT B cTpaHax Cpeanu3eMHOMOpbSI.

B Ilpunoxenun b mnpuBeneH aHanu3 NOKA3aTeled OTEYECTBEHHBIX U
MHUPOBBIX COJIHEYHBIX KOJUIEKTOPOB. Ha OCHOBaHMM TPOU3BEIECHHOTO aHAJIN3a,
MOXEM cKa3aTh, 4To kadecTBOo CK, koropsie BbimyckaroTcss B CIIA, HeckoibKo
BBIIIE, YeM y €BpPOMEHCKUX (UpPM, HO ITO OTIMUME HEBENWKO. Eciu cpaBHUBATH
NPUBEJICHHBIE XapaKTePUCTUKU 3apyOekHbIx wMozenedt ¢ mapamerpamu CK,
BbIITyCKaeMbIX B Poccum, TO cieayeT mpu3HaTth, 4YTO oOTedecTBeHHble CK
CYIIIECTBEHHO YCTYMAlOT 3apy0e)KHBIM aHAJIOTaM [0 MHOTUM IOKa3aTelIsIM.

Muposoit ypoBeHb mnpousBojcTBa CK MoxkeT ObITh JOCTUTHYT B Poccuu
TOJIBKO B PE3YJIbTATE OCYIIECTBIIEHUS KOMIUIEKCA MEPOIIPUATHUM, A TAKIKE U B IIEPBYIO
ouepelb NPUMEHEHUs CIELUAIBHBIX BBICOKOKAYECTBEHHBIX MarepuayioB. lloatomy
npu MojaepHu3anuu BeimyckaeMbix CK u pa3paboTke HOBBIX, CIEAYET OCYIIECTBISATh
TaKXe MapajijIe]IbHOE OCBOCHUE HOBBIX MAaTEPUAIOB U TEXHOJIOTUH.

3a pyOexxoM B KauecTBe MaTepuagoB JUIsl MPO3PAYHOM  H3OJSIUH,
MOTJIOMIAOIIMX MOBEPXHOCTEN U KOPIyca MPUMEHAIOTCS IuiacTtMacchl. B Poccuiicknx
pa3paboTKax TakXKe CIEeNyeT YASISITh JTOMY Ba)XHO€ BHHMaHHE, TaK KaK K
JOCTOMHCTBAM IIJJACTMACCOBBIX MAaTEpPHUAIOB OTHOCSITCA BBICOKAs KOPPO3WOHHAS
CTOMKOCTh, MAJIasi MAcCa, TEXHOJIOTUYHOCTD.

Takke mIacTMAacChl UMEOT U MHOXECTBO HEJOCTATKOB, TAKUX KaK: HU3KAS
TEMJIONPOBOJHOCTh, HHU3Kasl CTOMKOCTh K B3aUMOJACHCTBUIO YIbTPA(PUOIETOBOTO
W3JIy4YCHUS; HU3Kasi TEPMOCTOMKOCTb.

B kaudectBe MaTepuasia MOTJIOMIAONICH MaHEIW MPUMEHSIOT MOIUCYJIb(OH,
MOJIMIPONUIICH, TMOJNOJePUH, HSTUICHOPONUIECHOBBIH MoHOMEp. [Ipo3paunyro
M30JISLMIO BBIMOJIHSIOT M3 MOJMKapOOHaTa, CTAOMIM3UPOBAHHOTO OTHOCHUTEIBHO

yibTpadroneToBbiX Jydei. Takxke oHU ucnonb3yroTcs U s urorosienus CK.
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B cBA3M C nmepexoqoM Ha MEHONOJUU3OJISLUAHYPAThl MOXKET ObITh
JOCTUTHYTO YJIYYIIEHHUE TEIUIOBOW M30JSALIMH, IEPCIIEKTUBHBIM SBIIIETCS BapUaHT UX
3aJIMBKM B KOPILYC M U3TFOTOBJIEHUE CHEIHUAIbHBIX (DOJBIMPOBAHHBIX HWIH
OOJMIIOBaHHBIX TEIUIOM3O0JIUPYIOMMX MIUT. Takas miauTa, BKIEUBaeMas C MOMOLIBIO

repMeTHKa B JIETKYI0 MeTajutndyeckyto pamy CK, oOpa3yer nerkuii u »keCTKUi KOpIyc
[14].

1.4 D¢ ¢PpekTHBHOCTH COTHEYHBIX KOJJIEKTOPOB U METO/AbI €€ MOBbIIIEeHHS
IToxazatensb, KOTOPbIN onpenenser 3pPEeKTUBHOCTh COJTHEYHOIO KOJUIEKTOPA,
ato ero KIIJI, paBHBI OTHOHIEHUIO Temaonpous3BoauTeNbHOCTH CK K KOIMYECTBY

COJIHEUHOTO M3nydeHusi, noctynatomiero Ha CK [23]:

__Q
77k - (Ek A)’ (141)

rae Q, - reronpousBoaurensHocTs CK, Br;
E, - KoJn4ecTBO COMHEUHOr0 M3Iy4YeHMs, MOCTYMAIOIIEero Ha | M’ TLIOmIAH
noBepxHoctu CK, BT/MZ;
A - montaap norjoiaromnieit mopepxuoctu CK, M2,
Ternmonpou3BOAUTEIbHOCTD ONpeaeseTcs Kak [23]:
Q = me (rz _Tl)’ (1.4.2)
rjae M — pacxo] TeINIOHOCUTES, KI/C;
C, - yIenbHas TEIUIOEMKOCTb TernoHocutens, k/x/(kre°C);
T, — remnieparypa Temonocurens Ha Beixoqe CK, °C;
Ty — remneparypa Temonocurens Ha Bxone CK, °C.

KIIZ CK 3aBucut ot 3pdpextusroro ontuueckoro KIIJI 7, n appexrusHoro

k03¢ purnmenta teronoreps K, [23]:

n=n,—K.d.-T;)/E,, (1.4.3)
rne E, - MHTeHCHBHOCTH MOTOKA COJHEYHOM pajMaliM, KOTOpas MOCTyHaeT
Ha oBepxHOCTh CK, BT/MZ;

Ky - 2¢dexruBHblil k03 Punnent rertonoreps CK, BT/(M2°°C);
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T, - Temneparypa mnactunsl CK, °C;
T, - Temneparypa Hapy»HOro Bo3ayxa, °C.

®opmyna 1.4.3 mpencraBasier coboit cpennee 3Hauenue KIIJI CK s

JaHHOro 4daca CYTOK. Tak kKaKk MHTCHCHUBHOCTH IIOTOKAa COJIHCYHOU paauanuu Ek

n3mensiercs B teuenue aHsA, To U KI1JI CK toxe Oyznet usmeHsAThCA.
[Tonyuaercsi, uto cpennenneBHoe 3HaueHue KIIJ[I CK Oymger nHamHoro
MEHBIIIE, YEM €TI0 MaKCUMAJIbHOE 3HAY€HUE, KOTOPOE JOCTUTAETCS B TOJI/IEHb.
Benmuuna KITJ] CK B Gombliieit cTenenn 3aBUCHT OT [23]:

. WHTCHCUBHOCTU COJIHCUHOM paauanuu Ek , KOTOpad HU3MCPACTCA Ha

FOpHSOHTaHBHOﬁ IMOBCPXHOCTH, U TCMIICPATYPbI HAPYKHOT'O BO3JyXa TB )

"  MarepuaJia WM TOJIIMHBI JIMCTa JIyYeIOIJIONIAIONICH TOBEPXHOCTH,
TOJIIIUHBI U KO3 (UIIMEHTA TEIUIONPOBOJHOCTH TEIUIOBOM H3OJISAIMM, Iara Tpyo,
YHcIia CJIOEB OCTEKJICHHS U €r0 MPOIMyCKAaTEeIbHOW CIIOCOOHOCTH;

"  pacxoja TEIJIOHOCHUTENsS U ero TeMieparypsl Ha Bxoje B CK.

[To manHBIM [23], cpaBHHMBas pa3IUYHBIE MaTepUalbl I MPOU3BOACTBA
abcopbepa — amOMUHUH, cTanb, MeAb, IUIACTMAcCa, YCTAHOBWIHM, 4YTO TIpH
YBEJIMUEHUHU TPOU3BENEHUS TOJIIMHBI JHCTa O Ha ero KodpduimeHt
terutonpoBogHoctu A KITJ[ CK Bo3pacraer.

B tabmume 1 B 3aBUCHMMOCTH OT MaTepuaia pedpa, ero TOJNIIUHBI U IIara
TpyOOK TEIUIOHOCHUTEN TIPHBEISHBI 3HadeHus Koddduinenta 3¢deKTHBHOCTH
OpeOpEHHs] METAJUTMYECKOTO JIUCTA JIY9eBOCTIPUHUMAIOIIEH MOBEPXHOCTH TUIOCKOTO
CK [23].

Tabnmuna 1 - Kosddumuent >¢pdextuBHOCTH Opebpenns F' abcopbepa mmockoro

KHUJIKOCTHOT'O KOJUIEKTOpa (TOJIIHHA JrcTa 1 MM, muameTp Tpyo 25 mm) [23]

Marepuan A, Bt/( m*°C) [ar Tpy6, MM
JIUCTa 50 100 150
Menp 390 0,989 0,972 0,948
AmtoMuHAMA 205 0,988 0,967 0,934
Cranb 45 0,984 0,925 0,819
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Ecnu ucnonp3oBath 0Oosiee TEIUIONPOBOAHBIN MaTepHall, yBEJIMYHUBATH €T0
TOJILIMHY ¥ YMEHbLIATh 1Iar TpyOOK, OyJeT BO3pacTaTh TEIUIOTEXHUYECKOE KaYECTBO
nyuyeBocnpuHumaromei nosepxunoctu CK. Ecnu ymensiiars nuamerp Tpyook, KITI
CK Oyner cHUXaThCs, HO MPU ITOM OyJeT CHIKAThCs U 001mas temtoeMkocTh CK u
€ro TEeIuioBas MHepLus, cienoBareabHo, nporpeB CK 6yner npoucxoauts ObIicTpee.

Ecnn yBenmuutcs BenmmumHa cosiHeuHou panmanuu, To KIIJI CK Takxke
yBenuuutcsa. Taxxe yBenmnuenne KIIZ CK npousoilner npu  yBEIMYEHUU
TEMIIEpaTypbl HAPYKHOro Bo3ayxa. CienoBaTenbHO, B X0M0AHbIA niepuoa roaa KITJI
CK OGynet HU3KHUM.

Baxxnoe 3HaueHue urpaer temmneparypa termtonocutens Ha Bxoge B CK. Uem
oHa OyxmeT Hmke, TeM Hiwke OynyT u Teronorepu CK, coorBerctBenHo, KIIJ[ CK
Oyner Oonwine. Ecnu yBenmuumBarh pacxon tersoHocurtens, To KIIJ CK Oyner
YBEJIMUMBATHCS 10 OMPEIETICHHOTO MOMEHTA, IOCTUTHET MaKCUMYyMa, U 3aTeM Oyner
CHIJKATBCA, TTOITOMY CYIIECTBYET ONTUMAIBHOE 3HAYEHHE PACX0Ja TEINIOHOCUTEIIS.
[Ipu npumenenun abcopOepa C CENEKTHBHBIM TOTJIOMIAIONIUM  IOKPBITHEM,

HMCIOITUM OOJIBIIIOE  OTHOIIICHHUE HOTHOHI&TCHBHOﬁ a, 1u I/I3Hy‘IaTCHBHOﬁ &

criocobnocrei, KIIJI CK Oynmer 3HauuTeIbHO YBEIUYUBATHCA. VI3MEHsS CTEIeHb

cenexTuBHOCTH abcopbepa o, /& ¢ emunuusl go 12, KIIJ CK yBeauuuntes ¢ 45 10

60% 1pu OHOCIONHOM OCTEKJICHUH.

Jlist ropsiuero BogocHaOxeHust TpeOyroTes: HecenekTuBHbie CK ¢ ogHuUM min
IByMsI  CIIOSIMH  OCTEKJIEHHS,  KOTOpble  MpU  PA3HOCTH  TEMIEPATYp
AT =20+50 °C u npu cpeqHeil 1 HeBBICOKOW HHTEHCUBHOCTH COJTHEYHOW paJHaliiu
MOTYT JlaBaTh MOJIE3HYIO »HEpruto. [Ipu nmpuMeHeHHH OBYXCIOMHOTO OCTEKJICHUS
CHUKAIOTCS TEIJIONOTEPH, HO U OJJTHOBPEMEHHO YBEIIMUMBAIOTCSI ONTUYECKUE MOTEPHU.
BricokoapdexktuBable BakyymupoBaHHble CK WM MIIOCKME C CEIIEKTUBHBIM
abcopbOepoM, oOecneunBaronue OONBIIYyI0 pa3HOCTh Temmepatyp AT , moryr
MCIIOIb30BAThCS JIJIs1 OTOIUICHUSI 3[TaHUM.

[loBbimenus temnoBod »pdexkruBHocTH CK  MOXKHO J1OOUTHCA, €Clu

NPUMEHSATH [23]:
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"  KOHLEHTPATOpbl COJIHEYHOW paavalUy; CEJIEKTUBHO-TIOTJIOMIAKONINE
MOKPBITUSL abcopoepa;

"  BaKyyMHpOBaHHE npoctpaHcTBa BHyTpH CK;

"  HECKOJBKO CIIOEB MMPO3PAYHOIN U30JALNH;

"  COTOBYIO SIYEHUCTYIO CTPYKTYPY B NPOCTPAHCTBE MEXIY abcopOepoM U
OCTEKJIEHUEM M AaHTHOTPAKATEJIbHBIE TIOKPBITHS HA OCTEKIICHUH.

Ecnu wucnonb3oBats ganubie Meroabl, KIIJI CK Oyner mnoBblaThes,
BCJIEJICTBUE YMEHBIIIECHUS TEINIONOTEPb.

Haub6onee a¢dextuBubiM criocodom noseiteHus: KITJI miockux CK sBnsieTcs
UCIIOJIb30BAHUE CEJEKTUBHO-NOTJIOIMAIINX MOKPBITHI. Takke CTOUT HW3MEHSATH
ONTUYECKHE CBOWCTBA MPO3PAYHOM M3ONSLMUU I TOTO, YTOOBI YBEIUYHUTH €€

OTpaXkaTeIbHYI0 CHOCOOHOCTH O, CO CTOPOHBI HOIIOWIAKOIIEro adcopbepa u
IPOITYCKATEIbHYIO CIOCOOHOCTD 7, ISl COJIHEYHOW paualyy.

CeneKTUBHEBIC IMOKPbITHUA, HCIIOJIB3YCMBIC JJIs1 quCHOPHOIHaIOHIGﬁ

noepxHoctd CK HOMKHBI MMETh BBICOKHM KOA((UIMEHT MOMIOIEHUSI o

KOPOTKOBOJIHOBOM COJIHEYHOW pajauanuu (Kopode 2 MKM), HU3KYIO H3JIy4aTelbHYIO

CIIOCOOHOCTh &; B HMH(pPaKkpacHOil obOsacTu (AJMHHEE 2 MKM), CTaOMIIBHYIO
BEJIMYMHY CTCIICHU CENICKTUBHOCTH @, /& , CHOCOOHOCTh  BBIJICPIKHBATDH

KPAaTKOCPOYHBIN TIEpEerpeB IMOBEPXHOCTH, XOPOIIYIO KOPPO3MOHHYIO CTOHKOCTD,
00J1a71aTh COBMECTUMOCTBIO C MaTepHaiaMi OCHOBBI 1 UMETh HU3KYIO CTOUMOCTb.
Tonkue TIUIGHKM Ha  METAJUIMYSCKOM  OCHOBE  SBISIOTCSA  CaMBbIM
pacpOCTPAaHEHHBIM THUIIOM CEJIEKTUBHBIX MOKPBHITHH. OHU MOTJIOIIAI0T BUAUMBINA
CBET W MPOMyCKarT HHPpakpacHoe u3aydeHHe. K HUM OTHOCHTCS TOKPBITHE W3
YEPHOT0 HUKEISI U YEPHOTO XpOMa, HAHOCAIIHECS ICKTPOXUMUICCKIM CITOCOOOM Ha
3apaHee MOJATOTOBJIEHHYIO IOJJIOXKKY M3 OJI0Ba, IMHKA, MEAW, HUKesA. Harmmydmmm
MaTEpUAIOM TOJJIOKKH SIBIIIETCS MEIb, TaK Kak IPH €ro MCMOJb30BaHUHU
JOCTUTACTCS BBICOKMH KOA()(PUIIMCHT TIOTJIOMIECHUS W HHU3Kas H3IIydaTeabHas

CITOCOOHOCTb.
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W3-3a BBICOKMX TEIJIONMOTEPh MPH MOBBIIICHHBIX TEMIIEpaTypax B IUIOCKHX
CK mouyTtn HEBO3MOXHO TMONYYHTHh TEMIIEpaTypy Ha BBIXOJE, KOTOpas MPEBBIMIACT
TEeMIIepaTypy Hapy»KHOro Bo3ayxa 6osee uem Ha 100 °C.

Jnsa cHmxenua temwtonoreps B CK ucnons3yercs mnpo3payHas COTOBas
CTPYKTypa, KOTOpas pa3MellaeTcs MEeXAy OCTEKJICHHEM H JIy4eBOCHPUHUMAIOIIEH
MOBEPXHOCThIO  abcopOepa.  [laHHas  cTpykTypa  oOecrneuyMBaeT  IOJIHOE

MpeaOTBpAIICHUC KOHBCKTUBHOI'O TEIJI000MeHa M YaCTUYHO JIyducCTOoro.

1.5 MarepuaJbl, HCTIOJIb3yeMble B COJTHEYHBIX KOJLUIEKTOPax

B naHHOM IyHKTE cleayeT pacCMOTPETD:

»  Marepuaibl, UCIOJb3yEMbI€ MPH HU3TOTOBJICHUH KOPIyca COJHEYHOTO
KOJIJIEKTOPA;

»  Marepuaibl, HUCIHOJIb3yeMble JUIsi HM3TOTOBJICHUS JIYy4eHOTrJIOlaoIen
MIOBEPXHOCTH COJIHEYUHOT'O KOJUIEKTOPA;

= MaTepuaibl, HCIOJIb3yeMble i1 NPO3payHON M30JSLUU COJHEYHBIX
KOJIJIEKTOPOB;

= TEIJIOU30JISLIUOHHBIE MaTepHaJIbl 111 COJTHEUHBIX KOJIJIEKTOPOB;

*  TEIUIOHOCUTEJHU I COJIHEYHBIX KOJUIEKTOPOB.

[Toapo6uas nHbopmalus npuseacHa B [Ipunoxxenuun B.
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2 O0BbEeKT U MEeTOAbI HCCJICI0BAHUSA

B cootBercTBHU ¢ 3amanueMm, ocHOBHOU 1eiabio BKP saBisgercs saBisercs
onpenenenre 3PGEKTUBHOCTH pabOThl IJIOCKOTO COJHEYHOrO KOJJIEKTOpa ¢
MOMOIIBIO JACHCTBYIOMIEH 3KCIEPUMEHTAIBHOW YCTaHOBKM Ha 0a3e J1abopaTopuu.

[IpuHOMNManbHAs CX€Ma YCTaHOBKU IIPUBEIEHA HA PUCYHKE 16.

(L

/Y 4 1

6 9 7
250
ok <
Pucynok 16 — IlpuHIunuanpHas cxema SKCIIEPUMEHTaIbHON YCTaHOBKHU:
1 - conueunsrii koiiekTop Buderus Logasol SKS 4.0; 2- 6ak-BogoHarpeBarteb
Buderus Logalux SM 300/5; 3 - nieatpo6exusiii Hacoc Grundfos CM3-3 A-R-A-E-
AVBE C-A-A-N 96806803; 4 - 6anancupoBouHbIi kianad pydnoit Danfoss MSV-C
PN16 Kvs 4.1; 5 - o6patusiit knamnas; 6 - Manometrp POCMA TM-5; 7 - naTuuk
TEMITEPATYPhl, COSTMHECHHBIN ¢ IBYXKaHAIBHBIM n3meputeraem OBEH 2TPMO; 8 -

mapoBbIi kpaH; 9 - cueTunk Boasl MuHomecc; 10 - 3anuBHO# 6avok; 11 -

MEMOpaHHBINA PACIIUPUTENHHBINA OaK.

HpI/IBeI[eM KpaTKOC OIIMCAHUEC M HA3HAYCHHC 3JICMCHTOB M3 KOTOPBIX COCTOUT

OKCIICPUMCHTAJIbHAA YCTaHOBKaA.
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OOBEKTOM HCCIIeIOBaHUS SBISICTCS COJNHEYHBIN KoyuiekTop Buderus Logasol
SKS 4.0 (I'epmanms) [25] (Ilpunoxenue I'), moatomy ero paccMoTpum Oolee
noApoOHO. ITO COBEPIIEHHO HOBas pa3paboTka B 00JaCTH MJIOCKUX KOJUIEKTOPOB C
TOYKHM 3pPEHUS MOBBIICHUA 3(PPEKTUBHOCTH U MOIIHOCTH, YIPOIICHUS MOHTaXa W
BO3MOXKHOCTEM  BTOpHYHONM mepepaboTku wmatepuanoB. CK  cooTrBeTcTBYET
TpeOOBaHUAM  JKOJIOTMYEeCKMX HOpM. OH HU3rOTOBIEH W3  JOJIFOBEYHBIX,
BBIICPKUBAOIINX JITUTENIbHbIE HATPY3KH MaTepHuasoB, JJI MPOU3BOJICTBA KOTOPBIX
TpeOyeTcsl Majo SHEPTUU U MOABEPraeMbIX BTOPUUHOM NIepepaboTKe.

Ero Bec cocraBmsier 46 Kr, U MO3TOMY C HHMM JIETKO MOTYT paboTaTh jaBa
yenoBeka. Logasol SKS 4.0 (ITpmioxxenue I') MOXHO BCTpaWBaTh B KPBIIIH, YCTa-
HaBJIMBATh HAa HAKJIOHHBIE KpBINIM, Ha ¢acagbl ¢ yrioM HakioHa 45° u miockue
KPBIIIHY C UCIOJIb30BAHMEM COOTBETCTBYIOIIMX MOHTAXHBIX KOMIIJIEKTOB.

OcHoBHbIe TipeumyItiiecTsa [25]:

"  JJOJITOBEYHOCTH 0JIaroapsi repMETUYHON KOHCTPYKIIHH;

"  repMeTHYHas KOHCTPYKIMS C HANOJHEHHWEM HHEPTHBIM Tra3oM MEXIy
CTEKJIOM U abcopOepoM KOJUIeKTopa: aTMOc(epHbIe OCaJKH, BIaXKHBIN BO3/1yX, MbLIb
HE TIPOHUKAIOT MEXAY CTEKIOM U abcopOepoM, CpOK CIy>KObl YBEIWYMBACTCS U
MOJIe3HAsI MOIITHOCTh OCTAETCs CTAOMIBHO BBHICOKOM;

"  ONTUMH3ALMS MOIMHOCTH Ojarojaps 3amojJHEHUI0 WHEPTHBIM Ta30M:
WHEPTHBIA Ta3 MEXIy abcopOepoM M CTEKIOM CHIIKAET TEIUIONOTEepH, MOITOMY
nocturaetrcs Beicokuit KII/;

"  OBICTPBIM W TIPOCTOM MOHTAX: TMPOCTas TEXHUKA COCAMHEHUN C
KOMIICHCATOpaMHU M3 HEp)KaBEIOIIEeW CTajlu TMO3BOJSIET OBICTPO MOAKIIOYATh
KOJUJIEKTOPbI 0€3 WHCTPYMEHTOB, HM3KHE 3aTpaThl Ha OOBS3KY TpyOOmpoBoJamu,
BO3MOXHO OJHOCTOPOHHEE IMOAKIOYEHUE A0 IMATH KOJUIEKTOPOB, /I MOHTaXa Ha
KpBbIlIe TpeOyeTCs TOIbKO OJUH UHCTPYMEHT;

"  KOpIYC: paMa M3 CTEKJIOBOJIOKHA, 33JIHSASI CTEHKA U3 CTAJBHOIO JIMCTA C
ATFOMHUHUEBO-IIUHKOBBIM MOKPBITHEM;

"  U30JISIUA: YCTOMYMBAs K BBICOKMM TeMmIlepaTypaM MUHEpalibHas Bata,

HE BBIJCIAIONIAs Ta30B, TOJIIHHA 55 MM,
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"  CTEKJIO: CTPYKTYPUPOBAHHOE O€30CKOJIOYHOE CTEKJIO C HHU3KHM
COJIep>KaHMEM jKeJie3a, TONIKUHA 3,2 MM, CBETOIIPOHUIIAEMOCTh 110 92 %0;

=  abcopOep: MONHOTPAHHBIM MeAHBIM abcopOep, BHICOKOCEIECKTHUBHOE
BaKyyMHO€ MOKPBITHE (MOHHO-TIJIA3MEHHOE HAIbIJICHHUE).

OCHOBHBIE TEXHUYECKUE XAPAKTEPUCTUKHU TpejcTaBiieHbl B [lpunoxenun I’
[25].

bak-BogonarpeBarens 2 (Pucynok 16) mnpeanasHaueH miss Iepeiadd U
aKKyMYJISIIIUM ~ TeIla OT HarpeBaeMoro TEIUIOHOCUTENsT (ITWICHTJIUKOJSA) K
ucrojiab3yemoin Boje. IlentpoOexubiii Hacoc 3 (Pucynok 16) mpenHasHaueH ist
UPKYJISIMA HAarpeBaeMoOTo TEIJIOHOCUTENS MEePBOr0 KOHTYpa. bamaHCHPOBOYHBIM
kiaaman pyuHoit 4 (Pucynoxk 16) wucmonb3yeTcss IS peryjaupoBaHHUS pacxoja
TETJIOHOCHUTEINSI TepBOoro KoHTypa. Manometrp 6 (Pucynok 16) ucnomssyercst nist
U3MEPEeHUsT M30BITOYHOTO [IABJICHHWS TEIUIOHOCUTENST TIEPBOTO KOHTYpa, Kiacc
touHoctu 1,5. JIByxkaHanbHbId m3Mmeputenb 7 (PucyHok 16) mpenHasHaueH s
U3MEPEHUSI TEMIEPATypbl TEINIOHOCUTENSI MEPBOr0 KOHTYpa Ha BXOJE M BBIXOJE U3
Oaka-BojoHarpeBareis, kimacc tounoctr 0,5. Cuerunk Boabl 9 (Pucynok 16)
UCITONB3YETCA JIJI1 U3MEPEHUS pacxoda TEIUIOHOCUTENS TIEPBOTO KOHTYpa. 3aJIMBHOM
0ayok 10 (Pucynok 16) ucroap3yeTcst s HAOJHCHHUS CUCTEMBI TEINIOHOCUTEIIEM, a
TaK)K€ BOCTIOJIHCHHS TOTEeph B paboueM KOHType. MeMOpaHHBIA pacHIupUTEIbHBIN
0ak 11 (Pucynok 16) mcrmonb3yercst Juisi peryaHMpOBaHUS [aBJACHHS B KOHTYpPE B
ClIyya€ €ro IMOBBIIIEHHUS M TMpHU IMepenaaax MJaBI€HUS, 4YTO MPEIOTBpALIACT
Ype3BbIYaliHbIE OMACHBIE CUTYallud U HEUCIIPABHOCTh CUCTEMBI.

PaccMmoTpum mpuHIMI paboOThl SKCIIEPUMEHTAIBHON YCTaHOBKH. B dackl cou-
HEYHOTO CUSIHUA TeruioTa paauanuu npu nomomu CK nepeaaeTcst TEMIOHOCUTENIO —
ATUIEHTIIUKONI0. HarpeTeiil B COTHEYHOM KOJUIEKTOPE TEIJIOHOCUTENh HACOCOM I0-
naetcs B 0ak-BojoHarpeBareis 2 (PucyHok 16) u oTmaer Teruio Boje. 3aTeM OXJIax-
JIEHHBIN TEIIOHOCUTENh CHOBa Bo3Bpamaerca B CK s mocnemyroniero Harpesa.
Bona, HarpeBaemasi B 0Oake-BoJOHArpeBaTese, MOXKET HCIOJIB30BAThCS JJIST KaKUX-

00 HYX]I.
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B cooTBeTcTBHM C MOCTaBICHHOW 3a/1ayel, rI1aBHOM LENblo padOThl SBISETCA
AKCIEPUMEHTAIBHOE ONpeleleHne dPPEKTUBHOCTH COJIHEYHOIO KOJUIEKTOpA, C IO-
Molbto JabopatopHoil yctaHOBKH. Ilonmyuennsie pesynbrarel KIIJ| comnednoro
KOJUIEKTOPA C TIOMOILBIO KCIIEPUMEHTA, CPABHUTH C PE3yJIbTaTaMH, HAWICHHBIMH 110
M3BECTHOM MeToauke pacyeta. [locTpouth rpaduueckue 3aBUCHMOCTH JIs OLICHKU
BiusiHUA paznuuHbix ¢akropoB Ha KIIJ[ CK, mpousBectu aHanu3 pabOThl MIOCKOTO
COJIHEYHOT'O KOJUIEKTOpA, 1aTh PEKOMEHAAINH 110 ONITUMHU3ALIUU €r0 paboThl, CIENaTh
BBIBOJI O BO3MOYKHOCTH HCITIOJIb30BaHUSI COJIHEUHBIX KOJIJIEKTOpPOB B ToMckoil obiac-

TH.
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3 Pacuersl M aHAJIUTHKA
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4 Pe3yJbTaThbl NPOBEAEHHOT0 UCCIEA0BAHUS
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3) DUHAHCOBBIN MEHEIKMEHT, pecypcod(ppexTuBHOCTD "

pecypcocoepexenmne

IIpy  coBpeMEHHOW  DSKOHOMHMYECKOM  CHUTyallud, poOCT€ ILeH Ha
SHEPrOHOCUTENU, ATMHUHUCTPATUBHOM OTPAHUUYEHUH OOBEMOB HUX TNOTPEOJICHUS
OCOOCHHO aKTyaJieH BOMPOC MPUMEHEHHUs BO30OHOBIISIEMBIX UCTOUYHUKOB DHEPIUH, B
YaCTHOCTH, UCTIOJIb30BAaHUU Henccskaemoi sHepruu CoJHIIa.

Haubonee mpocTo mMpUMEHATH COMHEYHYIO SHEPTrHUIO IS MOJIYYEHUs Teruia
Ui Topsiyero BojocHaOkeHus. B ycnoBusix tora CuOupu MOTYT YCHEIIHO
skcruryatupoBatbesi CK paznmuyHbIX TUMOB [JiS HAarpeBaHUs TOMEIIECHUN, BOJIBI,
CYIIKH KOPMOB M T.JI., OJHAKO B Halled o0JlacTU H3-3a HEJAOCTAaTKa COJTHEYHOTO
ocgenieHns CK He MOryT ObITh MCIOJIB30BaHbI B MOJHOM O0BEME, COOTBETCTBEHHO
OHM MOTYT TPUMEHATHCS JIUIIb JJI JOMOJHUTEILHOTO HAarpeBa BOJBI B JICTHUU
nepuoji. CoBpemennbie CK 1mo3BossitoT HarpeBaTh TEIJIOHOCUTENh 10 OTHOCUTEIBHO
BbICOKMX Temmnepatyp, nopsaka 180 °C. Cpemumit KIIJ[ Takux yCTaHOBOK
koneosnercss or 30 mo 60 %. JlocTUrHyThle B HACTOAIIEE BpPEeMs TEXHUKO-
HKOHOMHMYECKHUE TOKa3aTeIN YCTAaHOBOK ISl MOJYYEHUS Terula JaloT BCe OCHOBAHUS
1 6onee mupokoro ux BHenpenus. Onnako CK moka nMeroT HeOobIol o0beM B
MHPOBOH SHEPTETUKE.

OddextuBHocTh CK 3aBUCHUT OT TeorpadmuecKoro pacrojioKeHus: 00beKTa.
Yem r0KHEE pACTOJOXKEH OOBEKT, TeM OoJblle BbIpabaTbiBaeTcs 3Hepruu. Ha
pUCYHKE 28 TpenCcTaBICeHbl BO3MOXKHOCTH IO €KEroJHOMY OOBEMYy BBIPAOOTKH
sHepruu ¢ nomoineio CK B Poccuiickoit Gpeaepannn.

B Hamm 1HM COJTHEYHBIE BOJOHArpEBATENIbHbIE CHUCTEMbI HCIOJIB3YIOTCSA B
YACTHBIX JIOMaX, MHOTOKBAPTUPHBIX 3/IaHMSX, IIKOJaX, aBTOMOWKaX, OOJbHUIIAX,
pecTopaHax, B CEJIbCKOM XO3SMCTBE W MPOMBIILUICHHOCTU. Y BCEX MEPEUUCIECHHBIX

BaBeI[eHI/Iﬁ €CTb HCYTO O6IHCCI B HUX HMCIIOJIB3YCTCA ropsAavasd BOJA.
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SHEPIOPECYPCbl POCCUA

ConHe4Han aHeprus

MpoACIXUTENLHOCTL CONHEYHOI0 CURHWA.

menee 1700 yacoe & roa
s or 1700 po 2000 vacos 8 rog
B Gonee 2000 vacos 8 roa

Pucynoxk 28 - Bo3M0KHOCTH HCIIOJIb30BaHUs COJIHEYHOM dHEeprun B PO [27]

[nockue CK — cambiii yaoOOHBIM, TPOCTOM W SKOHOMHUYHBIM BapUaHT
YCTAaHOBKM TeIHOCHUCTEM OJjarojapsi OTHOCUTEIHLHO HEBBICOKHMM II€HaM M BBICOKOM
3¢ (PEKTUBHOCTH, MPOCTOTE MOHTAXa U YCTAHOBKH.

Lenpto  nmaHHOrO  paszgena  SBIASETCS ~ CPAaBHEHUE  IKOHOMHUYECKOM
s dextuBHOCTH padoThl Tiockoro CK u Gonee pacrpocTpaHEeHHOTO YCTPONUCTBA ISt
HarpeBa BOJbI — JJIEKTPUUYECKOro Harpesaresst. Jljisi 3TOro ciienyer paccuuraTh
noTpeOsieHre HSJIEKTPOIHEPruy Ha HArpeB BOJBI YCTaHOBJIEHHOTO oOOBEMa ¢
OJIMHAKOBOW HA4yaJbHOW W KOHEYHOU TemrepaTypoil. Ilocie 3Toro mMoxkHO OyaeT
paccunTaTh BO3MOYKHYK) SKOHOMHUIO CPEICTB, 3aTPAauyCHHBIX HAa HArpeB BOJABI 3a
ONpPEAEIEHHBIA Nepuo. TakxKe cieayeT ONpeaesuTh CPOK OKYNAaeMOCTH YCTAHOBKHU
JUIs1 HarpeBa BoJibl ¢ nmomoiibio CK.

BrinosiHuB Bce HEOOXOAMMBIE pacyeThl, MpeacTaBieHHble B [Ipunoxennn E,
MOXEM CKa3zaTb, YTO 3aTpaThl Ha HarpeB BoAsl ¢ mnomombio CK coBcem
HE3HAYNTEIbHBI, TaK KaK dHEPrusi TpeOyeTcs JuIb s paboThl Hacoca HEOOTBIION
MormrHOocTH. OJIHAaKO, MaHHBIA CIMOCO0 HarpeBa BOABI SIBISIETCS HEIPPEKTUBHBIM,
MIOTOMY YTO OH HMMEET OYEHb BBICOKUM CPOK OKYHaeMOCTH U TpeOyeT OOoJbIINX

KamnuTaJbHBIX BIOXKCHM.
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6 COHI/IaJIbHaﬂ OTBETCTBCHHOCTD
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3aKJII0UeHHe

75



Cnucoxk nydoaukanui
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