YK 620.97

HetpanmiyoHHbIle HCTOYHUKY 3HepruH: MeTogudyeckie yKa3saHMs K IpaKTH-
Y4ECKHMM 3aHATHAM M AHIUIOMHOMY IIPOEKTHPOBAHHIO WA CTYAEHTOB ClENMalb-
HocTi «30I» no guciuiuiHe «HeTpaAHLHOHHBIE H BO30OHORBIAIEMBIE HCTOYHMKH
areprum» / Coct. B.A. Ilepdusno; BomrT’ACY. Bonrorpagn, 2006. 28 c.

PaccMoTpeHBl maccuBHBIE M aKTHBHBIE T€/IHONIPHEMHHKH IJIst TEILIOCHaGXe-
HYs, TEIIOBbIe aKKYMYJISTOPHI COTHEYHOH BHEPTHH, (hOTO3NeKTpHIeCKHe peobpa-
3oBaTend. [IpHBOAATCS pEeKOMEHJANMH MO paOHMPOBAHHUIO TEPPUTODHH M KC-
NOJB30BaHUS SHEPTHH BETPA, PACCMOTPEHBI Pa3IMIHbIE BUABI BETPOIHEPrOyCTaHO-
BOK. JlaHbI OCHOBHBIE CIIOCOOBI HCNONB30BaHHA GHOIHEPTETHYECKHX pECYPCOB,
a TaKKe BOJIOPOJHOTO TOINMBA. [IpHBeseH NpHMep MPaKTHYECKOro MPHMEHEHUs
SHEprMH BOJOPOJA AN IOJydeHHA CTPOMTENBHBIX MaTepHalioB. PexoMeHuyer-
cs METOIMKa TEeXHHKO-O9KOHOMHYECKOH OUECHKH HCNOJE30BAHHS HETpaviHOH-
HBIX HCTOYHHKOB SHEPTHH.

Hns crymentoB crennansHocTH «30ID» 3 1 4 Kypca ogHO# K 3a09HO# dopM
o6y4enus, a Taloke APYTHX CIeNHaNbHOCTEH, H3ydarolux qucnumines! «Herpaau-
HHOHHBIE ¥ BO30OHOBISEMBIE HCTOYHEKH SHEPTHHY.

Wn. 10. bubnuorp. 6 Ha3B.



BBEJEHHME

Kax noxassIBaeT OIBIT HCIIONB30BAHKA HETPAUIIHOHHON SHEPreTHKH, B MUpe
HeT HU OJHOH CTpaHBI, rie Obl HETPANULUHOHHBIE BO3OOHOBISEMBIE HUCTOYHHKH
BHEPrUH COCTABIISUIM OCHOBY TOIUIMBHO-3HEPreTHYecKoro Gananca, OxHAKoO cylne-
cTByeT GONBINOE KOJMYECTBO MPHMEPOB, NMOKA3HIBAOIIMX, YTO HETPAJULHOHHBIE
HCTOYHUKHU SHEPrHM MOTYT IOKphIBAaTh ONPEACIEHHOE KONHYECTBO MOTPeCHOCTH
TEIUIOBOH, 3IeKTpUIeCKO# SHEPTHH H OPraHHYecKoro Tormnusa [1—6].

IIpouzBoncTBO 5nEKTpo3HEpTHH B I'epMaHUM Ha Oase anbTepHATMBHBIX HC-
TourHkoB (MUBMI 3C, 6uomMacca, Betep, conrne) cocrasuser 4,3 % obwero npo-
H3BOJCTBA 3NIEKTPOIHEPTHH B rofi. B Hactosiee Bpems 28 % Temnosoil sHepruu,
notpebisieMoll B ABCTPHH, JAlOT BO30OHOBIISIGMBIC HCTOYHUKH SHEPIHH. Y AElb-
Hast CTOMMOCTB IUIOCKHX KOJIEKTODOB COJNHEYHOH 3HEPrHH, KOTOPHIX B MHpE yc-
TaHOBNeHO 20 MIIH. M’, COCTABIAeT JIi IUIACTMACCOBBIX 70—250 HOMapoB/MY,
I8 MeTammdecknx — 300—1000 mom/m® (BKIouas 3aTpaThl Ha MOHTaX).
CrouMOCTh MOTy9aeMOM TETIOBOR 3HEPTHH (MCKIIoYas 3aTpaThl Ha aKKyMYJIHpO-
BaHHe) B 3aBUCHMOCTH OT TeXHOJOTuH coctaBnseT 0,005—0,04 mon./(xBt ). Kax
oxupaercs, B 2020 rofly CTOMMOCTh KOJNIEKTOPOB AOCTHTHeT S0—400 mom./m%, a
TeoBoi snepruud — 0,004—0,02 mon./(kB1-9). TexHudeckuil noTeHUMan BEIpa-
OOTKH 3NMEKTPOSHEPIUH BETPOIHEPreTHIECKUMH ycTaHOBKamu (BDVY) B MHpe co-
crasister 20000 TB1-u B roa. Mounmocts BJY B Mupe nocturna 2700 MBr, a ko-
JIMYECTBO BETPOArperaToB M YCTAaHOBOK PA3NIMYHBIX KOHCTPYKIHNA H HA3HAYEHHS
npesblmaer 2,4 MiIH. Bonsmoi ollsIT B HCIIONB30BaHHH HEPTHH MAIBIX PEK HMEET
Kuraii. 3xech noctpoeno donee 90 thic. I'DC Manoii MomuocTy, 60 THIC. U3 KOTO-
psix otHocATCs K MEHUIOC (o 100 xBT). Jins HUX HallaXeH BHITYCK CTaHApTH-
30BaHHOrO ob6opynoBaHus, HawuHasd ¢ 12 kBt. Cosnaunsie B Kurae I'3C manoit
MOIIHOCTH CIIOCOOCTBYIOT Pa3sBUTHIO arpOIPOMBUINIEHHEX IPOU3BOJCTB, 3all[UTe
OT HaBoxHeHUH. BrlpabarbiBacMas MMM 3IEKTPOSHepIus obecrednsaet okono 1/3
SJIEKTPONOTPeONIEHUS B CENBCKOH MECTHOCTH (HE BKIIOYAS 3NEKTpONOTpebieHHe
TOCYAapCTBEHHBIMHU [TPEAMIPASTHIMHU).

Ji1s OLleHKH BO3MOXHOCTH KCTOJB30BAHUA HETPAIUIMOHHBIX BO30GHOBIsIE-
MBIX UCTOYHHKOB SHEPTHU BEOOXOIUMO ONPENENIHTE MOTEHIMAT 3THX HCTOYHHKOR
(npexse Bcero 3HeprHM COJHIA, BETPA U PeK), a TaKke SKOHOMHYECKYIO LENECO-
00pa3sHOCTh MX HCIIOAB3OBAHMUA.

Jns palioHOB ¢ pefiIkOH aKTHHOMETPHYECKOH CETHIO NPU U3y4eHUH TOCTYILIE-
HHf CONHEYHOR pafHalliM MOXHO BOCIIOJB30BAThCS KOCBEHHBIM METOMOM pacue-
Ta, KOTOPBIA 3aKIOYaeTcs B ONpeAeNeHUH 3HAYeHH# MOCTymalomeil cOmHedHOH
pajuaniy KaK (pyHKIMH OT MU3BECTHHIX (ITO JAHHBIM MHOIMX METEOPOJOrHIEeCKHX
CTaHIIMi) BEJIMYMH, CBA3aHHBIX C UCKOMBIM HEHM3BECTHHIM HE TONBKO 3aBHCHMO-
CTAMH KOPPERSI{MOHHOrO THIA, HO B (pU3nIecKoro. TakUMU BeIMYMHAMH SBISIOT-
s MPOJIOIKUTENFHOCTh CONHEYHOro CHAHUA U obiadynocTh. B Hacrosimee Bpems
HaOMIOAEHHUS 33 NPOAOIDKUTENBHOCTHIO CONHEYHOr0 CHAHUA M OOGNAYHOCTHIO BE-
IyTCs TOYTH BO BCEX METEOPONOrHYECKHX CTaHIUAX cTpanbl. [lo3ToMy Hcnomne3o-
BaHHE TO# WM HHON MCKOMOMH BEJIMYMHEI C TOUKH 3PEHHS KOCTATOYHOCTH HH(OP-
MaiuH He BBI3EIBaeT COMHeHHUA [ 1—6].



1. HCHIOJIL30BAHME SHEPTHH COJTHIIA
JJISI TEILIO- H DJEKTPOCHABXKEHHS

1.1. HaccHBHBIC H AKTHBHbIE FCTHONPHEMHHKH

CucTeMaMH COJIHEUHOIO TEIUIOCHA6XXeHHs Ha3bIBAIOTCA CHCTEMEI, HCIIONB-
3ylomMe B KauecTBe HCTOYHHKA TEINIOBOH SHEPrUM CONHEYHyI0 paguaryo. Ux xa-
PAKTEPHBIM OTIIMYHEM OT HPYTHX CHCTEM HHU3KOTEMIIEPAaTYPHOTO OTOIICHHUS ABJIA-
€TCsl TIPUMEHEeHHE CIEHANbHOrO 3leMeHTa ~— TelIMOIPHEMHHEKA, NpeJHasHaueH-
HOTO JUIsi YNIaBIMBaHHUA CONHEYHOH pajuall U Ipeobpa3oBaHus ee B TEIUIOBYIO
axepruo [1, 2].

Mo cnocofy HCIONB30BaHWA CONHEYHOH pajuallid CHCTEMbEI COJNHEYHOro
HM3KOTEMIIEPAaTypPHOr0 OTOIUIEHHs NOZPAasfeNsloT Ha IIaCCHBHBIC M aKTHBHBIE.
TTaccMBHBIMH Ha3BIBAFOTCSA CHCTEMBI COHEYHOrO OTOILIEHHA, B KOTOPBIX B Kade-
CTBE 3JIeMEeHTa, BOCTIPHHHMAIOMIEr0 CONHEYHYIO PafiHallHIo M IIpeobpasyrolnero ee
B TEIUIOTY, CIYXaT CaMO 3laHHe WIIM €ro OTHAENbHBIe OTrpa¥(IeHUs (3LaHue -—
KOJJIEKTOP, CTeHa — KOJUIEKTOP, KpOBIIS — KOJUIEKTOp H T. 1. (pHc. 1)) [1].

|

Puc.1. Haccnnﬂax HH3KOTEMIEPATYPHaA CACTEMA COJTHEYHOr0 OTOIUICHHA «CTEHA — KOIIEK-
Top»: ] — CONHEIHHIE JIyuH; 2 — Jydenpo3pauHrill 9KpaH; 3 — BO3AyLIHAA 3aCTI0OHKa; 4 — Ha-
TPeTHIA BO3AYX; 5 -—— OXJIaXAeHHEL# BOYIYX U3 OMEIeHHs; § — coOCTBEHHOE JJIHHHOBOIHO-
BC€ TCIJIOBOEC U3JIYYCHHE MACCUBA CTCHEL, 7 — YepHad NyYCBOCIPHHAMAIOM AL NIOBEPXHOCTH
CTEHK; § — Xaso3u

AKTUBHBIMH Ha3hIBAIOTCH CHCTEMBI CONMHEYHOIO HH3KOTEMIIEPAaTypHOrO OTO-
IUICHHS, B KOTOPBIX reJIMONIPHEMHHUK ABIACTCS CAMOCTOATENEHEIM OTAENBHEIM YCT-
pOMCTBOM, He OTHOCSAHIUMCS K 37aHHIO. AKTHBHBIE TENHOCHCTEMBI MOIYT GBITH
TofipasieeHbl:

IO HasHa4YeHHIO (CHCTEeMsl TopAdero BONOCHaOXEHWs, OTOILICHHA,
KOMOMHHpOBaHHbIE CHCTEMBI JUIS IieTlelt TeMN0X 010 0CHa0KeH s );

IO BUJY MCIIONE3YEMOro TEIUIOHOCHTENS (KHIKOCTHBIE — BOJA, aHTH(PH3 U
BO3YIIHEIE),

IO NPOAOIDKUTEILHOCTH paboTh! (KPyTIIOrOAUYHbIE, CE30HHEIE);

0 TEXHHIECKOMY PELIEHUIO cXeM (OXHO-, IBYX-, MHOTOKOHTYDHEIE),



Bo3ayx sBnseTcs MHPOKO paclpOCTPaHEHHBIM HE3aMep3aloUM BO BCEM
JMara3oHe pabouux napaMeTpoB TeroBocuTeneM. [Ipy npuMeHeHUH ero B kave-
CTBE TEIUIOHOCHTEIIA BO3MOXHO COBMEILEHHE CHCTEM OTOILICHHA C CHCTEMOM BEH-
THIAUME. OIHAKO BO3AYX — MAIOTEILIOEMKHHA TEMIOHOCHUTENb, YTO BEAET K yBe-
JIMYeHUI0 pacxojla MeTalula Ha YCTPOHCTBO CHCTEM BO3IYIIHOTO OTOILTEHHMS IO
CPaBHEHHIO C BOJSHBIMHM CHCTEMaMH.

Bopa sBnseTcs TemIoeMKUM H ITHPOKOJOCTYITHBIM TeIUIoHocHTeneM. OfHaKo
npu Temmeparypax Himke 0 °C B Hee HeoOXoAUMO N0OaBIATE HezaMep3aroliue
*kuaxoct. KpoMe Toro, HyXXHO YYHTEIBATh, YTO BOJA, HACHIIIEHHASA KHCIOPOIOM,
BBI3BIBACT KOPpO3ui0 TPyOOIpoBozoB M amnmapatoB. Ho pacxon Meramwia B Bofif-
HBIX TeNHOCHCTeMax 3HAYHTENbHO HUXKE, YTO B OOMNBINOH cTemeHH crocobCTBYET
6osee MUPOKOMY MX [IPHUMEHECHHIO.

I'ennocHcTeMB! OTOINEHHA 3/faHUH OOBIYHO ABYXKOHTYPHBIE MM Yallle BCEro
MHOTOKOHTYpHBIE, IIPHYEM I pasHLIX KOHTYPOB MOTYT OBITh MpHMEHEHHI pas-
NUYHBIE TEIUIOHOCHTENH (HarpuMep, B IeHOKOHTYpe — BOAHBIE PacTBOPHI He3a-
Mep3afoIlUX KHAKOCTeH, B MPOMEXYTOYHBIX KOHTYpaX — BOJa, a B KOHTYpe Mo-
Tpebutens — Bo3ayx) [1].

KombuaupopanHsie renuocucTeMsl [1] Kpyrmorogussoro geicTsus ajs Iie-
Je# TEITOXONOROCHA0KEeHNS 31aHUH MHOTOKOHTYDHBIE M BKIKOYAIOT XKOIOJIHH-
TeNBHBI MCTOYHHK TEIUIOTHl B BUAE TPaAHUIMOBHOIO TeIUloreHeparopa, paGo-
TAIOIIEr0 Ha OpPraHWYeCKOM TOIUIMBE, WiIH TpaHcdopMaTopa temnorsl. Ilpurnmnu-
aJlbHAsA CXeMa CHCTEMBI CONHEYHOTO TelIoCHaOXeHWs npuBeneHa Ha puc. 2 [1].
OHa BKJIIOYaeT TPH KOHTYpa IHPKYJANMH: EPBBLIA KOHTYD, COCTOSAIIKE U3 cOjl-
HEYHBIX KOJUIEKTOPOB [, IUPKYIAIHOHHOTO Hacoca 8 M XHAKOCTHOIO TeInoo6-
MeHHHKa 3; BTOpo# KOHTYp, COCTOAINNR U3 HaKa-aKKyMynsTopa 2, IHpKYJISIHOH-
HOro Hacoca 8 H TemnooOMeHHHKa 3; TpeTHHl KOHTYp, cOCTOAIMi H3 Gaxa-
aKKyMyJATopa 2, IMPKYIAIMOHHOIO Hacoca &, BOJXOBO3LYIIHOTO TEINIOOOMEHHHKA
(xanopudepa) 5.

JIeKTOp; 2 — 0aK-aKKyMyAsTop, 3 — TCIWIO0OMEHRHK; 4 — 371aHue; 5 — Kanopudep;
6 — KyOiep CHCTEMEI OTOILICHHS; 7 — AyOnep CHCTEMBI FOPAYEro BOAOCHAOKEHHES; 8 — nup-
KyJISIHORHEI HacoC; § — BEHTHIATOP

OYHKIMOHUPYET CHCTEMa CONHEYHOro TENIOCHabXeHus cNeAyIomuM obpa-
30M. TerutoHocuTens (aHTU(PU3) TEIVIOMPHEMHOTO KOHTYpa, HAIPEBA’Ch B COJI-
HeuHbIX KOJUIeKTopax /, mocTynaer B TeMIOOOMEHHHUK 3, Iie TewioTa aHTedpusa
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HepelaeTcs Bole, WUPKYJIHMPYIOHIeH B MEXTPYGHOM IIPOCTPAaHCTBE TeMJIOOOMEH-
HHKa 3 moj JeicTBueM Hacoca 8 Broporo KoHTypa. Harperad Boja mocrymaer B
Gax-akkymynstop 2. M3 6aka-akkyMyssTopa Bojia 3a6MpaeTcss HACOCOM ropsdero
BoOCHaGKeHHs 8, IOBOAUTCS TIPH HEOOXOIUMOCTH JI0 TpebyeMoi TeMIepaTyps! B
nyGnepe 7 ¥ MOCTyIIaeT B CUCTEMY ropsyero BoAaocHabxenus 3panns. IloanuTka
6aka-aKKyMyJIATOpa OCYLHECTBIeTCA U3 BOAONpoBoja. i OTOIUICHHS Bofia M3
Gaka-aKKyMyJsaTopa 2 MOJAETCA HACOCOM TPEThEro KOHTypa 8 B Kanopudep 3, ue-
pe3 KOTOPBIii ¢ MIOMOIIBIO BEHTHIATOpa 9 POIyCKaeTCs BO3AYyX, KOTOPEIH mocie
HalpeBaHMs MOCTYyIaeT B 3JaHHe 4. B ciyyae OTCYTCTBHA COJNHEYHOH pajHaLBiH
WM HEXBATKH TEIUIOBOH 3HEPrUH, BEIpabaThIBAEMO CONHEYHBIMU KOJUIEKTOPAMH,
B paboTy BKIOUaercs Xybiep 6. Beibop 1 KOMIIOHOBKA 3JIEMEHTOB CHCTEMBI COJI-
HEYHOTO TEIUIOCHaOXEHHS B KaXJOM KOHKPETHOM CIy4ac ONpeAeNoTCA KIHMa-
THYECKHMH (aKkTopaMH, Ha3HaucHHEM OOBEKTa, PEXHMOM TEIUIONOTpeOneHus,
IKOHOMHYECKHMH ITOoKa3aTeaMu [1].

1.2. KonuenTpupyromue rexHonpHeMHHKH

KoHuenTtpupyiomue reixHonpHEMHHKH IPEACTaBIAIOT cOoO0H chepHueckue
uin napabommieckue 3epkana (puc. 3) {1, 2], BEIIONHEHHBIE U3 HOIHPOBAaHHOTO
MeTajlla, B QOXyC KOTOPBIX IIOMELIAIOT TEIIOBOCIIPUHHUMAIOIHA 3/1eMeHT (com-
HEUHBIH KoTel), Yepe3 KOTOPhIA HUPKYyIHpYyeT TeIUIOHOCUTENb. B KauecTse Terwo-
HOCHYeNs HCIOJNB3YIOT BOAY HIM He3amep3aromue jxunkocty. [lpu ucnonssosa-
HHH BOJIbI B Ka9€CTBE TEIUIOHOCHTENA B HOYHBIE YaCHl H B XOJOJHBIA IEPHOJ CHC-
TeMy 0043aTeNbHO OMOPOXHSIOT AJIs NPeNOTBPalleHKs ee 3aMep3anud. s obec-
neyYeHus BhICOKOH 3ddexkTHBHOCTH mpoliecca YJaBIMBaHUSA M NpeobpasoBaHUA
CONHEYHOH pajualiy KOHLUEHTPHPYIOMMHA IeJIMONPUEMHHK JOIDKEH OBITH MOCTO-
sHHO HampaBlieH ctporo Ha ConHiue. C 3TOH IieNipl0 TEIHONPUEMHHK CHAGXaroT
CHCTEMO# CIIe)KeHHs, BKIIoJaroillell naTunk HampaBicHHs Ha CONHIlE, 3NeKTPOH-
Hbli 6JI0K Mpeo6pa3oBaHUs CHTHANIOB, EKTPOABHUIATENb C PEXYKTOPOM JUId IO~
BOPOTa KOHCTPYKIIHH IeJTMONPHEMHHKA B IBYX IUIOCKOCTSIX.

a 6
Puc. 3. KoHUEHTPUPYIOINHE TeTHONPHEMHEKA: a — NTapaGoNHJIecKnii KOHIEHTPaTop;
6 — napaboAOUMIFHAPHYECKHH KOHNEHTPaTop; / — COTHETHEIE yuH; 2 — TEILIOBOCIIPHEHH-
MalouH it 3JIEMEHT (CONHEYHBIH KOJUIEKTOP); 3 — 3epKaio; 4 — MeXaHH3M IPHBOJAA CHCTEMBI
CIIEXEHRA; 5 — TPyOONpPOBOAL, MOABOASINME H OTBOASIIHE TEIIOHOCHTEIE
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IperMyTIIECTBOM CHCTEM C KOHIIEHTPHPYIOUWUMH TeTHONIPHEMHHKAMH ABIIA-
eTcs CIoCOOHOCTH BBIPAabOTKM TEIUIOTH C OTHOCHTENBHO BLHICOKOM TeMIIepaTypoit
(mo 100 °C) n paxe mapa. K HepocTaTtkaM cnenyeT OTHECTH BBICOKYIO CTOHMOCTH
KOHCTPYKLMK; HEOOXOAHMOCTD IOCTOSHHOH OYHCTKH OTPaXAIOHIMX IIOBEPXHOCTEH
OT IIBLTH; paboTy TONEKO B CBETIOE BPEMS CYTOK, a CIeOBATENbHO, IOTPEOHOCTD
B aKKyMynaTopax Gonsmoro o6bema; 60Nbmne SHEPro3aTpaThl HAa MPUBOJ CHCTe-
MBI cnexenns 3a xofoM CoNHIa, cOM3MepUMbIe C BhIpabaThIBAEMO# SHEpTrHEi.
DTH HEAOCTAaTKU CHEpPKMBAIOT MMPOKOEe NPHMEHEHHE aKTHUBHBIX HH3KOTEMIEpa-
TYPHBIX CHCTEM COJIHEYHOTO OTOIUIEHHS C KOHIEHTPHPYIOL¥ME TelTHONPHEMHH-
KaMH. B nocneznee BpeMs Haubonee 9acTo JUIA CONHEYHBIX HA3KOTEMIIEPATYPHEIX
CHCTEM OTOIUIEHUs MPUMEHSIOT IIOCKUE TeTHONPHEMHHKH [1, 2].

1.3. TemnoBbIe aKKYMYASITOPbI JHEPrUH

TemnnoBoe akKyMYJIHpOBaHHE — 3TO QH3HYECKHE HIH XMMHYECKHE Tpomec-
CHI, IIOCPEACTBOM KOTOPBIX NPOMCXOAUT HaKOIIEHHE TeIlla B TENNIOBOM aKKyMy-
JATOpE 3HEPTrHH. AKKyMYISITOp COCTOHT M3 pe3epByapa IUIs XpaHeHus (0OBIuHO
TEINON30IHPOBAHHOI0), aKKyMyJHpylomel cpenst (pabodero Tesia), YCTPOMCTB
JUIS 3apSLIKH M pa3psAKH ¥ BCIIOMOTaTeNbHOT0 000pyI0BaHuA. AKKyMyIHpYoIas
CHCTEMa XapaKTepu3yeTcd crioco0amy, KOTOPBIMH 3HEpPTHUs IS 3apsSAK¥ aKKyMy-
nsTopa oTOMpaeTcs OT HCTOYHHKA, TpaHCchopMupyercs (IpH HeOOXOOMMOCTH) B
TpeGyeMEIi BHJ SHEpTUH ¥ oTaaercs notpedutesmo. Ha puc. 4 [1] mokazan npo-
LIeCC TEIIOBOI'0 aKKyMYNHPOBAaHUS C HCIIONB30BAaHAEM COCYNa-aKKyMynaTopa. ba-
JIAHC SHEPTHY IS 3TOTO Ipollecca B o6IeM BHie MOXHO 3anucats [1]

(1)

rae E,.— nonsenenHas sHeprus; F,,, — OTBeIeHHas 3Heprus; E,, — aKKyMyIH-
pOBaHHas 3HEPTHA.

dmex dmeeix

. ..—,—-—.—-—._—.%».
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Puc. 4. Daeprerndeckuit 6ananc akkyMyasTopa

IprMenss NepBbIi 33aKOH TEPMOIMHAMHKH JUIA TOABENCHHON H OTBENEHHOM
3HEPIHH K 3TOM OTKPBITOH cHCTeMe, NONYYHM OCHOBHOE YpaBHeHHE aKKyMYIHpO-
BaHWs YHEPTHH JUIA OTKPHITHIX CHCTeM B auddeperiansHoi dopme [1]
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rle u ~— BHYTpeHHsS 3Heprus; P — jaBleHue; v — yJenbHbiit 06beM; g — ycKo-
peHre CHibl TXecTH; H — BBICOTa; gHf — ylelbHasd NOTEHUUANbHAS SHEprus;
¢ — CKODOCTb TEUeHUs; ¢/2 — yNeNbHas KMHETHUecKas sHeprus; d) — Teruo,
nojiBeJieHHOe K cHcTeMe; dWW — paboTa CHCTEMBl, He 3aBHCAINAS OT IepeHoca
Maccsl (HampuMmep, NPYU JBIKCHHH CTEHOK CHCTEMBI, SJIEKTPHYECKas 3IHeprus,
SHEPIUs Balla JBUIATEI); My — Macca akKKyMYNHPYIOWEH cpesisl.

Hccnenopanue o0imero ypaBHeHHs (2) MOKa3bIBAaeT, YTO aKKYMYJIHPOBaHHE
3HEPrHH MOXET OCYINEeCTBIATHCA B pe3yNbraTe H3MEeHEeHHU: YIeNbHOM BHY TPEHHE(
SHEPrHH; YAEIbHON TOTeHNHAaNLHOH SHEpIrid; yAe/BHOH KHHETHYeCKOM dHepriy;
Maccel cucTeMsl [1].

1.4. TenioBoe aKKyMyJIHPOBaHHE JJIR COJIHEUHOI0 000rpeBa NoMeleH i

THIIHYHAS CXeMa aKTHBHOM CHCTEMBI C TEINOBBIM aKKyMyTHPOBAHWEM 3Hep-
THH I TIONyYeHHNs ropaued rompt (puc. 5) [1] BKIIOYaeT NepBHYHbLIH KOHTYp Ha
anTr¢pH3e, TEIULI0OOOMEHHIK B HIDKHEH YaCTH akKyMyIMpylomero 6aka U Jomon-
HUTENbHBIH HarpeBaTellb B BepxHeH ero yactd. Tak Kak 3¢ @eKTHBHOCTH CONHEY-
HOTO KOJUIEKTOPA CHIDKAETCS C YBEIHYEHUEM pPa3sHOCTH TEMIEPaTyp IEpBHYHOIO
KOHTYpa M OKpyXalomeH Cpeasl, TeMIeparypy IEPBHYHOTO KOHTYpa CIERyeT
MIOLAEP>KUBATh Ha BO3MOXKHO Gollee HU3KOM ypoBHe. J{isg 3toro cienyer obecre-
yuTh HeOONbIION NepeNaj TeMmeparyp B TEIUIOOOMEHHMKe, BOCIPENATCTBOBATH
HepeMenMBaHiIo B 6ake i 00ecieduTh NOJBOJ TEIIa TOJIbKO B CaMyIO XOJOAHYIO
yacth Gaka. Bribop cooTHOMmEHNS MeX Ty pasMepaMH CONHEYHOro KOJEKTopa M
aKKyMyJISTOpa JUIS KPaTKOBpeMeHHoro (ropsdas GbITOBag BOja) U JONTOBpEMEH-
Horo (06OrpeB) akKyMyJHpOBaHHA SBISETCA OCHOBHOH 3afadell remnoobMena.
VrensHsle €MKOCTH aKKYMYIATOPOB HIfi KPAaTKOBPEMEHHOTO aKKYMYIHPOBAaHHS
o0kryrO cocTaBmoT 50—100 xr Bofwl Ha 1 e IOty KoNeKkTopa, a A Jo-
TOBpEMEHHOT0 2KKYMYJIHPOBaHHS B KIMMaTHYeCKMX ycnosmuax IentpansHoit Es-
pons! HeoOXOAUMEI 3HA9eHU yIeNbHOM eMKkocTH 1000 Ke/M> [1].

Conneunbiit 6acceitt, rHe KOJUIEKTOp U aKKyMYJATOD COBMEINEHSEI, SBNIETCA
YacTHBIM CIy4aeM aKKyMyJIMPOBAHHA ¢ MCIONIL30BaHUEM IOpPSYero TEIUIOHOCHTe-
ast (puc. 6) [1].

CosiHeyHas pajuallis Noriomaercs JOHHO! MoBepXHOCTHIO OacceitHa. B Te-
TUIOHOCHTEJIC CO3KAeTC M MOJNEPKMBAeTCS MPaJueHT KOHLEHTPAanUu cONH (KOH-
eHTpalysd YBEINYMBAETCA C IIyOHHOM) MeXIy BEPXHHM KOHBEKTHBHBIM CHOEM
(mox Je¥icTBHEM BeTpa) W HIKHHM KOHBEKTHUBHGLIM C10eM (B pe3yibTaTe 0TBOAA
Tea).



S

Puc. 5. Cxema nnomydyeHus ropsuedf BOABI A% OWTOBBIX HYXA ¢ HCTIOMB30BaHHEM COMHEYHOMH
3HEPrHH: | — CONHEUHbE KOUIEKTOPE]; 2 — NePBHYHBIA IAKI (aHTHPU3); 3 — 1EpPKyILUHOH-
HBIA Hacoc; 4 — aKKYMyTHPYIOIAHN 6aK; 5 —- CONTHeYHbIH TENI00OMEHHHK; 6 — 1mo/jada Xo-
JIOZIHOR BOABI; 7 — HOTIOMHHTENbHbIM HarpeBaTeib;, 8§ — JIMHUA MONAYH

Bnarogaps 3TOMy KOHBEKIWA U CBA3aHHEIH C HEH TENIOOTBOA K HOBEPXHOCTH
MOMABIAOTCS, U CNIOH TOMUMHOH ~ 1 M, B KOTOPOM HET KOHBEKIUH, CIyXHT Tell-
nosoit m3omnpei. TakuM crnocoboM MOXKHO HOCTHYR TeMIepaTyphl Boas! 100 °C

[11.

Puc. 6. Cxema conseurnoro 6accejisa ¢ rpanHeHTOM KOHIIEHTPAIMHI CONK: | — NOBEpXHOCTHBIH

CJIOH BOARL, 2 — HOBEPXHOCTH 3¢MIIH; 3 — BBIXO/ rOpAYEro CONSHOTO PacTBOpa K norpebutenio

TeIAa T K TEIUIO0OMERHHUKY; 4 — KOHBEKTHBHaA (aKKyMyNHpyoas) 061acts; 5 — BO3Bpar
XOJOAHOLO COJISHOIO PACTBOPa; 6 — HEKOHBEKTHBHBIH (M30UpYIOMmHUit) Cloi

1.5. ®oTo31eKTPHYECKHE Opeobpa30BaTE/IH COTHEYHOMH DHEPTHH

ConHeyHriii $OTOTEMEHT H3rOTABIHBACTCA HA OCHOBE ILIACTHHBI, BEHION-
HEeHHOH W3 MONYIPOBOJHMKOBOIO Marepvana, HanpuMep kpemuws (puc. 7) [5).
KoHcTpyKuus 31eMeHTa COCTOHT W3 ABYX IUIACTHHOK: KPeMHUs n-THNa 2 A KpeM-
HHUA p-THma 3, KOTOpHIE 3aKphITHI ¢ 00Xy9aeMOH CTOpOHBI IJIEHKOH AHMOKCHIA
kpemHuA. /. C OpOTHBOMONOXKHONA CTOPOHEI K MOJIYNPOBOAHUKOBEIM IUIACTHHAM
MPUCOENHHEHEI NIEKTPOAEI 4.



B miactiHe cO3[al0TCs 06MacTH ¢ p- ¥ n-THIIAaMHU IpoBojuMocTH. [Tonyxaror
pasnUYHEle THITEI IPOBOJMMOCTH IIyTEM H3MEHEHHS BBE/ICHHBIX B IIOYIIPOBOJIHUK
HpHUMecei, KOTOpble NPH/AIOT ABIPOYHYIO (IOJOKUTENBHYIO) M SICKIPOHHYIO (OT-
pHLIATENBHYF0) IPOBOAMMOCTH. KOHTaKT p- M n-IIOJNYNPOBOXHUKOB NPHBOIHUT K
06pasoBak0 MEXXY HIME KOHTaKTHOTO 3JICKTPHYECKOIO II0JIs, HIPAOIIEro Bax-
HyIO0 ponb B paboTe conHedHoro ¢ortodnemeHTa [1].

IIpryuHa BOHUKHOBEHHS KOHTAKTHOH Pa3sHOCTH IMOTCHIHMANOB 3aKIII0UAeTCs
B cneayromem [1]. Ilpu coequHeHNH B OJHOM MOHOKPHCTAJLIE IIONYIIPOBOXHUKOB
p- ¥ n-THIA Bo3HuKaeT MuGQy3HOHHEIH HOTOK 3IeKTPOHOB M3 IIOJYIIPOBONHHKA
n-THNA B MOJXYNPOBOJHHMK p-THNa K, HaobOpOT, NOTOK JBIPOK H3 p- B
n-TIOMYNIPOBOHKK. B pe3ynsTaTe TaKOro nponecca HpuUieraonast K p-1 nepexony
YacTh MOJYNPOBOAHUKA P-THIIA Oy/IET 3apsKAThCSl OTPUHATEINBHO, a IPUIETalomas
K p-n epexojy JacThb IONYIPOBONHHKA #-THIIA, HA000POT, IpHOOpETeT MONOXKHU-
TenbHBIH 3apsy. TakaM oOpasom, BOMM3M p-n nepexona obpasyeTcs ABOHMHOM 3a-
PSUKEHHBIH CIOH, KOTOPBIH NPOTHBOAEHCTBYET NpoLeccy IU(QY3UH SMCKTPOHOB U
npipok. JleiicTBuTensHO, AUGGY3HA CTPEMMTCS CO3[aTh HOTOK 3MEKTPOHOB H3
n-061acTd B p-007acTh, a MOJE 3apSHKCHHOTO CIIOs, Hao0OpOT, — BEPHYTH 3JIeK-
TPOHHI B #-00J1acTh. AHANOTHYHBIM 00pa3oM II0JIE€ B p-# IEPEX0/ie TIPOTHBOAEHCT-
Byer muddy3HH ABIPOK U3 p- B n-00nacTs. B pesynsrate ycranaBimBaercs paBHo-
BECHOE COCTOSIHHE: B 00JIACTH p-n IIepexXofia BOSHHKAeT NOTeHIUANBHEI Gapbep,
JUIsL TIpeOfONIeHHs] KOTOPOTO BIEKTPOHBI U3 #-TIONYIPOBOJHNKA M JGIPKHA U3
P-TIONYIIPOBOTHIKA IOJDKHBI 3aTPaTHTh ONPEHENeHHYIO 3HEPTHIO.

IIpy nornomenyy CcBeTa B IONYIPOBOLHUKE BO30YXIAIOTCS 3JIEKTPORHO-
JLIPOYHE Mapbl. B 0HOPOMHOM HONYnpOBOAHHKE (OTOBO3OYXACHUE YBEINYH-
BaeT TOJBKO SHEPTHIO 3JeKTPOHOB H JBIPOK, He pasfelsii uX B IPOCTPAHCTBE, TO
€CTh 3JIEKTPOHH! U ABIPKH Pa3leloTC B IPOCTPAHCTBE SHEPTHIT», HO OCTAIOTCH
PSAOM B IreOMeTpHYECKOM IIpOCTpaHCTBe. [l pasmeneHHs HocUTenel Toka u mo-
sBienus (porosnekrpoasmwkymed cumsl (PorodIC) momxHa CymiecTBOBaTH HO-
monauTenbHas cwna. HanbGonee addexTuBHOE pasfeneHre HepaBHOBECHBIX HOCH-
Tenell HMeeT MeCTo MMEHHO B o0iacti p-u mepexoyia (puc. 7). ['enepuposadHiie
BO)NH3M p-n Tiepexoia «HEOCHOBHBEIE» HOCHTENH (IBIPKU B #-TIONYTPOBOJHUKE H
3MEKTPOHBI B p-NONYHPOBOAHNKE) TUPOYHIUPYIOT K p-n HEepexXOny, HOAXBATHIBA-
1OTCS TI0NIEM p-n TIEpeXoja U BRIOPACHIBAIOTCS B MOJIYTIPOBOJHAK, B KOTOPOM OHY
CTaHOBSTCS OCHOBHBIMH HOCHTEISAMH. DJIEKTPOHbI OyIyT JTOKAIM30BAaThCS B MOJY-
NPOBOJIHUKE 71-THIIA, a JNBIPKY — B MOXYIIPOBOJAHHUKE p-Tula. B pesynprare nony-
[IPOBOJIHUK p-THIIA MOJIyYaeT M3OBITOYHBIH ITOJNOXXWUTENSHBINA 3apsii, a MONYIpPo-
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BOJHMK #-THIIa — OTPHLATENBHEIH. Mexny n- i p-obnacTsimMu $poTo3IeMeHTa BO3-
HHKaeT pasHOCTh IOTeHIHanoB — ¢Gotod/IC, #id HanpshkeHHe B peXHMe XOlo-
croro xofa. IlomapHocTs (oTo3JIC COOTBETCTBYET «HPAMOMY» CMELIEHUIO
p-n Tepexo/ia, KOTopoe MOHMKAeT BRICOTY MOTEHIMaIbHOro 6apbepa u cnocober-
ByeT WHXEKIMH JbIPOK M3 P-00JacTH B 1-001aCTh U 3NEKTPOHOB U3 n-001acTd B
p-obnacte. B pesyinsTaTe NEHCTBUA 3THX ABYX IIPOTHBONOJIOXHEX MEXaHU3MOB —
HaKOILTEHMA HOCHTeleH ToKa MoJ JeHCTBIEM CBETA M X OTTOKA U3-3a TIOHMDKEHIs
BBICOTBI TIOTEHIMABEHOTO Gapbepa — NpY pasHON MHTEHCHBHOCTH CBETA YCTAaHAB-
nuBaeTcs pasHas BenmuauHa GoToDJC. ITpu sToM Bemduna Goro][C B mmpokom
JMANa30He OCBENIEHHOCTEH pacTeT NPONOPIHOHANBHO JTOTapH(My HHTEHCHBHO-
CTH CBETA.

TTpu KOpPOTKOM 3aMBIKaHHH OCBELICHHOTO p-71 IEPEXOJia B JIEKTPHIECKOH Iie-
M [I0TEYET TOK, IPOMOPIUOHANBHEIN 110 BeNTMYUHE HHTCHCHBHOCTH OCBEINCHUS M
KOIMYEeCTBY FeHEPHPOBAHHBIX CBETOM 3IEKTPOHHO-ABIPOYHHIX nap. [Ipn Brmrode-
HHH B 3JIEKTPUYECKYIO Lielb MONe3HOH HAarpy3KH, BENHYHHA TOKA B IEIH HECKONb-
K0 yMeHbmmTcsa. OOBIYHO 371eKTPHYECKOS CONPOTHBICHHE MOJE3HOH HarpysKH B
el CONHEYHOro 3JIeMeHTa BBHIOMPAIOT TAKHM, 9TOOH NONYIHTh MAKCHMAIBHYIO
OT/IaBaeMyI0 3TOH HarpysKe 3JeKTPHYECKYIO MOIMHOCTH [1].

2. ACTTIOJIB30BAHHUE JHEPT Y BETPA

2.1. Ilpuvnnbl 4 palionbl BO3HHKHOBEHuS BeTpa

OCHOBHOI TIPUYUHOH BO3HUKHOBEHHS BeTpa ABIAETCS HEPaBHOMEpHOe Ha-
rpeBaHye COJHIEM 3eMHOH IOBepXHOCTH. 3eMHas IOBEPXHOCTh HEONHODOJHA:
CyHIa, OKeadbi, 'OPEl, Jeca o6yCIOBIMBAIOT pa3MYHOE HarpeBaHMe MOBEPXHOCTH
TOx, oJHOM u TOH e mupoTodl. BpanteHue 3eMIIM Takke BEI3BIBAET OTKIOHEHUS
BO3IYIIHBIX Te4eHHH. Bce 3TH IPHUMHE OCTIOXHSIOT O0ILYI0 LHPKYJISAIMIO aTMO-
ctepnl. Bo3HUKAET pAA OTACIEHBIK NHUPKYIANHH, B TOH WIH MHOU CTENEHH CBi-
3aHHBIX JPYT ¢ ApyroM [1, 4—6].

Ha sxBaTope, y 3eMHOH TOBEPXHOCTH, JISKUT 30HA 3aTUILIBA CO CNAOBIMHU ITe-
peMeHHbIME BeTpaMu [1]. Ha ceBep u Ha 10T OT 30HEI 3aTHILES PACIIOIOXEHBI 30HBI
[accaroB, KOTOPLIEC BCIEACTBHE BpalleHUs 3eMIHM ¢ 3amaja Ha BOCTOK HMEIOT OT-
KNOHeHHe K 3amagy. TakuM o6pa3oM, B CEBEpHOM MONYIaPUH HOCTOSHHEIE BETPHI
TPHXOJAT C CEBEPO-BOCTOKA, B F0XKHOM — C FOT0-BOCTOKa. IlaccaTel npocTHpatoT-
ca npuMepHoO 10 30° ceBepHOH M H0XXKHOH IIHPOT U OTAMYAIOTCS PaBHOMEPHOCTBIO
BO3AYIIHBIX TeYeHWH MO HalpaBleHMI0O M cKopocTH. CpefHsas CKOpPOCTE IOTO-
BOCTOYHBIX NACCATOB CEBEPHOTO MOJYMIAPHS Y MOBEPXHOCTH 3eMIIM JOCTHraeT
6—8 M/cek. OTH BeTpH! BONK3Y GONBIIMX KOHTHHEHTOB HApyHIAIOTCA CHIbHBIMY
TOOBBIMH KONeOGaHUsMM TeMilepaTyphl M JaBleHHs Haj MaTepukamu. BricoTa
CII0A MAcCaToB MpoCTUpaeTces oT 1 1o 4 KM. Brlle Hajy naccaTaMu HAXOMUTCs CIIOH
TiepeMeHHHIX BETPOB, a HaJl 3THM clloeM HaXONWICs 30HA AHTHIACCATOB, KYIOIIMX
B HANpABJICHUH, POTHBOION0XHOM HAMPAaBJIEHHUIO MaccaToB. BricoTa cios aHTH-
NaccaToB MeHsAeTcs oT 4 o 8 KM B 3aBHCHMOCTH OT BPEMEHM rojia M OT MecTa.
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PasnuuHble 30HH Hamiedl CTpaHbl MMEIOT BETPOBBIE PEXMMBL, CHIBHO OTIHYA0-
mEecs ONUH OT ApYyroro. 3HayeHHe CPEXHEroJoBOH CKOPOCTH BETpa B JaHHOM
paiioHe JaeT BO3MOKHOCT MPUOIIDKEHHO CYMTh O HENECOOOPasHOCTH HUCTIONE30-
BAaHHs BETPOABUraTens U 06 3(hdeKTHRHOCTH arperara.

TTpu6GpexHsie 30HBI ceBepHO YacTH Hamel cTpasl, Kacmuiickoe mobepexbe
B ceBepHas 4acTh CaxailHa OTIMYAOTCH BBHICOKOHW HMHTEHCHBHOCTBIO BETPOBOIO
pexnMa. 371ech CpeAHETONOBbiE CKOPOCTH BeTpa IpesbiuarT 6 m/cex. B atux
paiioHax 4acTo HabloJaloTCs yparauHele BeTphl (Bhime 30 M/cex), KOTOpHIE Co-
MPOBOXIAIOTCA CHEXHEIMU MeTensMu M GypaHamu. [osToMy B yka3zaHHOH 30He
MOKHO HCIIONIB30BaTh TOTBKO arperathl ¢ BETPOJBHUIraTEAsIMH BBICOKOR OBICTpoO-
XOAHOCTH (HBYX- TPEXJIOTACTHEIE), IPOYHOCTh KOTOPBIX PaccYMTaHa Ha BETPOBEIE
Harpy3Kd IIpH ckopocTH BeTpa 40 M/cek. B ApxTuxe n Ha mobepexne HanGoree
5h}EeKTHBHO TpEMEHEHHEe BETPOSIEKTPHYECKHX CTaHIMH, paboTaronHx COBMECT-
HO C TEIUIOBLIM PE3EPBOM, a TakXKe HeOONBIIUX BETPOINEKTPHYESCKUX arperaToB.

BonsmuHECTBO o6iacTell eBpomneiickoil 4acTd Poccuu OTHOCATCS K 30HE Cpea-
Hell HHTEHCHBHOCTH BeTpa. B 3THX palioHax cpeIHeronopas CKOPOCTb BeTpa cO-
ctaBiget ot 3,5 jo 6 M/cex. K 3T0if e 30HE OTHOCHTCS 9aCTh TEPPUTOPHUH, JIexKa-
1iast 10ro-BocTouHee osepa bakikan.

JIpyras 30Ha HHTEHCHBHOCTH BeTpa 3aHHMaeT oOIIMpHYIO TeppuTopHIo Boc-
tounoii Cubupu u Hansuero BocToka, HeKOTOpPBIX obnacTeil eBponieckol yacTH
Poccuu. B 3Toif 30HE CKOPOCTH BETpa OTHOCHTENHHO HEBENMKH — 10 3,5 M/c, &
WHPOKOE MPUMEHEHHE 371eCh BETPOIHEPTETUYECKHUX YCTAHOBOK HE PEKOMEHIyeT-
e [1].

Ipu paspaGoTke BEeTPOIHEPreTHUECKOTO KaJacTpa IpoOiIeMHOH sBIseTcs 3a-
ada OTHICKAHWS 3aKOHA paclIpefeNeHHs CKOPOCTH BETpa, YAOBJICTBOPHUTENBHO
OIMCHIBAIOIIEro paclpefeeH e HecleAyeMoro TIpA3Haka B TeX HIIH HHBIX (H3n-
KO-TeorpadpHiecKiuX YCIOBHAX B IIpeJieNiaX TOYHOCTH HCXOAHBIX NaHHBIX [4].

Ouenkeii ROMEeHYUANLHBIX 6eMPOIHEPZOPECYPCOE CITYKUT MOILIHOCTD BET-
PpOBOro TOTOKA P, IPOTEKAIOIETO B €IMHALY BPEMEHH 4€pe3 NoNePeYHOe CeUCHHE
IWIOm@aasio S B OJIMH KBaJPaTHEIM MeTp NpPH ONpefeNeHHOR CKOPOCTH BeTpa Vv
(M/C) H TIIOTHOCTH BO3AYyXa p (xr/n’) [4], Thx/e

P=—pVs. 3)

V IiesbHAs MOMHOCTD BeTpa, IPHXONAIascs Ha eHHHLY IUIOMAnH monepey-
2
HOTO CeHeHHs, onpeensdercs no popmyie, Hi/c-m

Q)

CpexnHeMecsiHas (Ce30HHas, rofoBas) yHAeabHas SHeprus BeTpa Wyn — 310
3HEPrys, MPOTeKatolas 3a MecAu (Ce30H, TOA) Hepes NONEepeyHoe CeYeHHe INo-
IM@BI0 B OXMH KBagpaTHGIH METp H 3aBHUCSINAs OT IUIOTHOCTH paclpeleReHHs
CKOOCTH BETpa, /M’
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vV,
3 mx 2
Wyn =18-10°pT [ v uv, 5)
0

rae T — 4YMCIO 9acoB, 3a KOTOpOE OINpeensercd yAeNbHas 3HEPIUs BeTpa:
€OOTBETCTBEHHO, T — 720 4 — yucyo 4acoB 3a Mecan, T — 2160 4 — 3a ce30H,
T=8760 y—3arox.

B 3aBHcHMOCTH OT mapaMertpa T onpenessiercs ynebHas BEIpaGoTKa SHepruu
3a MecA1l, Ce30H, TOf.

JIis HarIsAHOTO TPeJCTABIEHMS O BETPO3HEPropecypcax MpOBOAUTCA paii-
OHMpPOBaHHE TEPPUTOPUH. FICXONHBIM IapaMeTPOM CIIYIKUT CpeIHAA TO[0Bas MHO-
ronetHsasA CKOPOCTb BeTpa, NpUBEAEHHAs K YCHOBUAM OTKPHTOH MECTHOCTH Ha
IUIOCKHX MIM BRITYKIEIX (popmax penbeda Ha BEICOTEe 10 MeTpOB OT OBEPXHOCTH
semmu. [IpoBemeHHBIH AHAA3 IO3BOJNAET HCCNICAYEMYIO TEPPHUTOPHIO YCIOBHO
Pa3[eNUTh HA 30HBI CO 3HAYHMBIME Pa3IUIHsIMH BETPOBBIX HATPY30K, BHYTPH KO-
TOpBIX Pa3Max BapbHPOBAHU IO CPefHEMY 3HaUSHHIO cocTasHT 1 M/c [4].

K nepeoii 6empogoii 30ne OTHOCATCS TOPHBIE palioHEl, a TOYHEe — OTKPHITHIE
BEpUIMHEL XpeOTOB, MOBCTPeHHbIC CKIIOHBI, IJie CPeIHHE MHOTOJIETHHE CKOPOCTH
BeTpa Haxogsrcsd B mpenenax 4—I10 m/c. Penbed paliona B npeAropssax U ropax
OYeHb pasHOOOpasHBIl, 4TO 00ycHOBIMBacT GONBIIYIO H3MEHYUBOCTH CKOPOCTH
BeTpa Ha ONU3KUX paccTOAHUAX. VIsMeHeHWe HalpaBleHHs BeTpa ocoOeHHO 3a-
METHO B JAONHMHaX. biaromaps MecTHOH IUPKYJSIMH 3/€Ch BOZHUKAIOT TOpPHO-
JIOJMHHbBIe BeTphl. IlepcriexTUBHEIMU I pa3MemleHns BOY sBnsfroTcs y4acTku ¢
abcomotHoi#t BeicoTol 1000--1200 M. Tak kak BeTpoarperaThl MCIOJB3YIOT He
BeCh TIOTEHIUAN SHEPTUH BETpa, TO BEKHO 3HATH YTUIH3YeMbIe BETPOIHEpreTHYe-
ckMe pecypest. Jis 3Toro onpefensdeTcs MONe3HAs YTHIN3yeMas dHEpTHs C yde-
TOM Koad¢unrenta npeodpazopanus sHepruu Betpa U KI1J] yeraposok.

Ko smopoii 3one OTHOCATCS paliOBBI, paclONOXeHHbIe B CTENHOW HIIH paB-
HMHHOH YacTAX, Ile CPEJHEroJoBbie CKOPOCTH BaphbUPYIOT B MHTEpBAJle OT 3 O
4 m/c. MakcHMyM CPeIXHErogoBOH CKOPOCTH BETpa B 3TOH 30HE HE MMeeT Xapak-
TEPHOI BBHIPOXEHHOCTH, XOTA MPOUCXOAUT HEKOTOpOEe BO3pACcTaHHE CKOPOCTeil B
3MMHMI TlEpHOJ, 2 MAHAMYM HacTymaeT ieToM. CyTOUHBIHA X0/ cKopocTeil Berpa
XapakTepu3yeTcs yCHIeHHeM B JHeBHBIe Yachl. CpeHeMecsdHas CKOpOCTh BeTpa
SBIAETCS OTHOCUTENBHO CTaOMIBHOH M M3MEHseTCs, KaK IPaBHIO, B IIpefeliax
3,4—4 m/c. B TO XKe BpeMs NOBTOPAEMOCTh pa3lUYHEIX Ipajiarui cKopocTed B
pa3sHBle MecsIBl ToJa OTKIOHSETCS OT CPENHMX PAacueTHBIX HA BechbMa GOJNEIIYIO
BEJIMYHMHY, YTO MOXET CYHIECTBEHHO BIUATh Ha CYMMAapHYIO BEIpabOTKY SHEpIau
BETpOAarperaroM.

K mpemveii sempogoii 30He OTHOCATCS PaHOHBI, PACIIONONKEHHEIE B JIECOCTEI-
Hoii 30HE U, YaCTUYHO, B TOPHO-TIECHOH 30He. 3/lech CpPeJHET0/IOBLIE CKOPOCTH M3~
MEHSTCA OT 2 o 3 mM/c. MakcHMYM CpeIHeroJIoBOH CKOPOCTH BETpa, Kak U BO
BTOpO#i 30He, He HMEET XapaKTepHOIl BhIpakeHHOCTH. CyTOUHBIH XO7 CKOpocTel
BETPa 3/1€Ch TAKXKE YCHIMBAETCS B THEBHBIE YACHL.
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K uemeepmoti 30ne OTHOCATCS pPalOHBI, pacTlONOKEHHbE "BHYTpH"' TOp.
CpenHEerofoBse CKOPOCTH He IIPEBHINAIOT 2 M/c. 3Ta 30Ha HEMEPCHEKTHBHA i
BeTpo3HepreTHKy [4].

2.2. Buael BeTpoaBHraTesel

CylecTByIOmlie BUIbI BETPOJABHraTeNelt 10 CXeMe yCTpOHCTBa BeTpoKoyeca
H ero ION0KEHHIO B IOTOKE BeTpa pasfeltoTcs Ha Tpu Knacca [1, 4—6]. Ileprrii
KJIACC BKJFOYAET BETPOJBUTATENH, ¥ KOTOPLIX BETPOBOE KOJECO pacronaraercs B
BEPTHKAIBHOMN IUTocKocTH (KphLIbUaTele BETpoABHraTenu). Iipy 3ToM miockocTs
BpAlEHHs NEPIICHIMKYISPHA HaNpaBIeHHIO BETPA, a, CIEIOBATENLHO, OCh BETPO-
KoJeca mapajuielbHa IOTOKY. Takue BeTpOABUTATENH Ha3bIBAIOTCA KPIAbYATHIMA.

BHICTPOXOMHOCTEIO HA3BIBACTCH OTHOUIEHHE OKPY)XHOH CKOPOCTH KOHIA JIO-
NaCTH K cKopoctd BeTpa [1]

v

Kpoinvuamsie 6empodsuzameny B 3aBUCHMOCTH OT THIIa BETPOKOJeca M OBI-
CTPOXOZHOCTH PasieNAIoTCA Ha TpK Ipynne! (puc. 8) [1]:

BETPOIBHraTeN! MHOTOJIONACTHBIE, THXOXOAHEIE, ¢ GBICTPOXOAHOCTEIO Z < 2;

BETPOJIBUTaTeNd ManioJIONacTHhe, THXOXOAHBIE, B TOM YHCNE BETpSHEIC
MENBHHIBI, ¢ GBICTPOXOHOCTBIO Z >2;

BETPOJBHUIATENH MAJIONONACTHEIE, GEICTPOXO/HEIE Z > 3.

Ko BTOpOoMy KNaccy OTHOCSTCS CHCTEME 8emMpo0susameneii ¢ 6epmuKanbHol
ocs10 spaiyeHun semposozo koneca. 1o KOHCTPYKTHRHOM cXeMe OHM pa3buBaroTcs
Ha FpYIIIBL:

KapycellbHBIE, Y KOTOPBIX Hepaboyue JTOMacTH JIM60 IPHKPEIBAIOTCS MIMPMOH,
6o paconaratoTcs pebpoM MPOTHB BETpa;

POTOpHBIE BETpoABUTaTENH cucTeMsl CaBonMyca.

K TpeTpeMy KiacCy OTHOCATCS eempodeuzament, pabomaiouwjue no NPUHYUNY
800AHO20 MENBHUYHO2O KORECA U Ha3vléaeMule bapabannbimu. Y 3THX BETPOIBU-
rateneii OCh BpalieHHs rOPU30HTANIbHA H.NepIeHUKYNApHa HAUPaRICHHIO BETpa.

KomMepueckoe NIpuMeHeHHe KpbUIBUAaTHIX BETpOJBHraTeNell Hadanock c
1980 r. 3a mocnexune 14 neT MOLHOCTH BeTpoABHrartenedl ypenwumiack B 100
pas; ot 20—60 kBT npu nuaMerpe poropa okono 20 M B Hayane 1980-x romos 10
5000 xBr npn nuaMetpe poropa ceeine 100 M k 2003 rogy. Hexoropsie mporoTtu-
TIBI BETPOZBUTaTENEH UMEIOT eie OONBIIME MOIHOCT U JUAaMeTp poTopa. 3a ToT
€ NEPHUOJ CTOMMOCTh FeHepHpyeMOH BEeTpAKaMH SHEpTUM cHU3UIachk Ha 80 % [1].

B I'epManuu nocTpoeH camblil 601BIION B MHpe TPEXJIONAcTHOH BETpOIcHe-
paTtop ¢ JAHaMeTpoM poTtopa 126 M, KOTOpEIE YCTaHOBIEH Ha OalmHe BBICOTOH
180 M. YcranoBka HaspiBaeTcd «REPOWER SM», uro 0603HaYaeT ee MOMHOCTEL
— 5 MBT.
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Prc. . CxeMsl BETPOKOIEC KPBUILYATHIX BETPOABUIraTeneii: [ - - MHOTONONACTHBIX,
2—4 — MaONIONaCTHRIX

BaxHbIM sABIAETCA OnpeielleHHe KOJMYECTBa SHEPrHH BETPa, KOTOPOE MOXET
[IPEBPATUTH B MONE3HYIO pabOoTy MOBEPXHOCTb, IOCTABJIEHHAS NIEPIIEHAUKYIIAPHO K
HallpaBIeHHIO BETpa U NIepeMENIAoIAiICA B 9TOM XK€ HalpaBJeHUH, YTO UMEET Me-
CTO, HAalIpUMep, Y BETPOABUIaTeNel KapycenpHoro Tumna [1].

Mommuocts T onpeaensercs Npou3BeAeHHEM cullbl P Ha cxopocts V [1], B

T=PV. 0)

Onny H Ty *e paboTy MOXHO HOXYYHTb JHOO 3a CYET GONBIION CHIEI IpH
MaJioff CKOpOCTH NepeMelleHus pabodeli TOBEPXHOCTH, 1160, Hao60opOT, 3a CUET
Manoif CHIBL, a CliefJoBaTeNbHO, U Mano#l MOBEPXHOCTH, HO NPH COOTBETCTBEHHO
YBEJIHYEHHOM CKOPOCTH €€ IepeMelieHus.

HomyctuM, uMeeTcs NOBEpXHOCTH F, MocTaBieyHas epIeHAUKYISPHO K Ha-
HpaBleHHIo BeTpa. BO3IYMHBIA MOTOK BCIEACTBHE TOPMOXEHHsS €ro IOBEPXHO-
CTBIO MOJYYHT HOANOp ¥ OyneT oO0TeKaTs €€ U NPOU3BOAMTH AaBicHHE CHIION P,.
Benepcrsue AeficTBHS 9TOM CHITBI IOBEPXHOCTH OyET nepeMeIaThca B HalpaBJie-
HHH ITOTOKa ¢ Hekotopoi#i ckopocthio U (puc. 9) [1]; pabota npu sTom Gyzer pas-
Ha NPOM3BEJICHUIO CUJIBI Ha CKOPOCTh, C KOTOPOH MepeMelliaeTcs OBEPXHOCTE F,
T. €. [1]

T=P.U, )]

raoe Px — CHNa CONIPOTHUBJIEHH, KOTOpas paBHa
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P, =ch%(V -UY, ©)

rage C,— adpojuHamMuyeckuii koadduumenT a060BOTO  CONPOTHBICHHS;
F — NOBEPXHOCTh MUJENEBOrO CedeHHs Tena, T.e. NPOEKIMH MIOmagH Tena Ha
IUIOCKOCTD, NEPIEHAMKYJIAPHYIO HANPaBICHHIO BO3LYIIHOTO MIOTOKA.

B 3ToM cnydae Berep Haberaer Ha NOBEPXHOCTb C OTHOCHTENBHOH CKOpO-
CTBIO, PaBHOH

W=v-U. (10)

ToncTaBus 3naueHue P, u3 ypasuenus (9) B ypasHenue (8), noixyqum

T _C F—(V-U)U. (11)

l\

Prc. 9. [leiicTBRe cRibl BETPa Ha OBEPXHOCTH

OnpegenyuM OTHOIECHHE pabOTH, pa3sBHBAaeMOH JBIXKYIIEHCS NOBEPXHOCTHIO
H BhIpaxeHHO} ypaBHeRueM (11), k sHeprum BETPOBOro NOTOKA, HMEIOMIEro More-
pedHoe ceYeHHe, paBHOE ITOH MOBEPXHOCTH, a HMEHHO [1]

p 2
CxFE(V—U) U L 17
§=—~T=Cx(V*U) v (12)
j ol
2

TTocne npeoGpazoBaHuil HOTYYHM

2
TSI EANS (13)
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Benuuuty & Ha3bIBaiOT KOIG(QHUIMEHTOM HUCHONB30BaHMs SHEPTHH BeTpa. Y3
ypaBHenus (13) BHAHO, & 4YTO 3aBUCHT OT CKOPOCTH NepeMeIEH s TIOBEPXHOCTH B
Harpaslenun Berpa. Ilpu HexoropoM 3Hauenun U ckopoctu ko3¢ dunuent & mo-
Jy4aeT MaKCHManbHOe 3HadeHHe. ECIM CKOpOCTh NepeMenieHHs MOBEPXHOCTH
paBHa Hymo U=0, To pa6oTa Betpa TaKkxe paBHa Hymo. Ecnu U=V, 1.e. nosepx-
HOCTH IIepeMeiliaeTcsl CO CKOPOCTHIO BeTpa, pabota takxke OyJeT paBHa HyJlIo, Tak
KaK HeT CHMJIBI CONPOTHBIICHWS, 3a CYET KOTOpOH cosepiuaercsa pabora. Orciofa
crefyer, 4To 3HadeHHe ckopoctH U 3akmodeHo B npefenax Mexay U=0 wu
U=V [1]. YcTanoBneHo [1], 94To6BI NOMYYUTs MaKCHMAaNBHEIH KOI(QHUUHEHT
TOBEPXHOCTH JIODKHA MTePeMEIaThCs CO CKOPOCTHIO

v=1y. (14)

MakcuManbHbIH KO3(HIHEHT UCTIONE30BaHMA SHEPTHM BeTpa MpH paboTe
MOBEPXHOCTH CHJION CONPOTHBIIEHHUS He MOXeT OBITh Oonbmre § = 0,192 [1].

KprutbyaThle BeTpokoieca paboTaloT 3a CYET KOCOrO ynapa MpH JBHKEHHH
JionacTed MepneH MKy IAPHO K HaNpaBJIEHHIO CKOPOCTH BETpa, T.€. B MPOTHBOIO-
JIOXHOCTH K NPAMOMY yJapy, pacCCMOTPEHHOMY B NpeABIAyIIeM cily4ae. Y cTpoli-
CTBO TaKoro kosueca nokasaHo Ha puc. 10 [1]. Ha-ropusonraneHoM Bany sakper-
JIEHBI KPBUIBS, UMCJIO KOTODHIX Y COBPEMEHHBIX BeTpOABHrareiell OblBaeT 2 U
6onsiue. Kpplto BeTpokoneca COCTOMT M3 MaxOBHKa @ M JIOHACTH 6, 3aKpernseMoi
Ha MaXOBHKe TaK, 4YTO OHa 06pa3syeT ¢ INIOCKOCTBIO BPAEHHUA HEKOTOPEIH Yroi ¢.
OTOT yron Ha3bIBAIOT YIJIOM 3aKIHHeHus nonactd (puc. 10). Ilpu sToM Ha eé ane-
MEeHTSHI Ha0eraeT BO3AYIIHBIH TOTOK C OTHOCHTENBHO! CKOPOCTEIO W MO YIIOM a,
KOTOPBIH Ha3BIBAIOT YIJIOM aTakKd, U NEHCTByeT ¢ cuiloi R. YINBI @ U @ B 3HAYH-
TeNbpHOI Mepe onpelensioT 3¢ ¢peKTHBHOCTh KpbinbeB. Cuiy R pacKiaqslBaloT Ha
cunsl P, u P, (puc. 10, a). Cunsl P, Npou3BOJAT JaBleHAE B HAIPABICHUH BETpa,
KOTOpOe Ha3sblBaeTcs JIOOOBBIM napleHHeM. Cibl P, NEHCTBYIOT B IUIOCKOCTH
y— BpalleHHs1 BETPOKONEca ¥ CO3NAIT KpyTaiuuit MoMeHT [1]. MakcuMansHele
CHJIBI, IPUBOJIAIIHE KOJIECO BO BPAIlEHHUE, MTONYYalOTCA NIPY HEKOTOPOM 3HAYEHHH
yrja aTaxu @, T. €. YT7a HaKIOHa OTHOCHTENIFHOTO MOTOKA K MOBEPXHOCTH JIoNa-
cTH. BBuAY TOTO, 4TO OKpYHas CKOPOCTh KpBlJIa He OJMHAKOBa, a BO3PACTAeT 110
Mepe YHaleHHs ero 3JIEMEHTOB OT OCH BpaINeHUs BEeTpOKOJeca, OTHOCHTENbHAS
cxopocTh W naberaHus noroka Ha JIONACTh TaKXKe BO3pacTaeT. BmecTe ¢ 3TUM
yOBIBa€T Yrojl aTak#d @, W IpH HEKOTOPOH OKpYXHOH ckopocTH wR, rie
W -— YIJIOBasg CKOPOCTh, 9TOT Yro}X CTaHeT OTpUnaTeasueM (puc. 10, 6). Crenosa-
TebHO, HE BCE JIEMEHTHI Kpbula OyyT HMETh MaKCHMAIBHYIO NOABEMHYIO CHITY.
Ecnu yMeHbIIATh YTOJI (p KaXAOTO 3JEMEHTA JOMAacTH 110 Mepe YHANCHHS €ro OT
OCH BpallleHHs TaK, YTOOb! HAUBHLINORHEHIIN YroJl aTaKu o IPUMEPHO COXPaHSICS
MOCTOSHHBIM, TO MOJIYSMTCS YCIIOBHE, IPH KOTOPOM NPUONH3UTENHHO BCE 3eMEH-
TBI JIONACTH OYAyT paboTaTh CO CBOeH MaKCUMAJIBHOH NOABEMHOM CHTOM.



Puc. 10. KoscTpyKTHBHRAs CXeMa KPHUILYATOTO BETPOKOIEca

Jlomacts ¢ TepeMeHHEIM YoM 3aKIHHEHUS IIojlydaeT GopMy BHHTOBO¥H IO-
BepxHOCTH. [IpaBUIEHBIE YIB! 3aKNHHEHUA JONACTH IIPH XOpOIIEM a3pOoXHHAMHU-
4ecKOM KadecTse IpOoQuUILI, a TaloKe LIMpHHEe, COOTBETCTBYIONIEH 3afaHHOMl GBICT-
POXOIHOCTH, 06ecIequBalOT BLHICOKHHE KOXD(QUUHEHT WCIONHE30BAHUS IHEPIyN
BeTpa. Y XOpOLIO BHIIONHEHHbIX Moeliel od nocturaet 46 % [1].

3. ACIIOJIb30BAHUE BHOSHEPTETUYECKNX PECYPCOB

Jxo6Ble poxieccsl, [PU KOTOPHIX OpraHudeckoe CHIpbe MOJABEPraroT HarpeBy
WM YaCTHYHOMY CUTAHUK Ul [OAy4eHHs. MPOU3BOJAHBIX TOILUIMB MM XHMMYE-
CKHX COCHUHEHUH, Ha3bIBAKOT nupoauzom [1, 4—6]. Vi3HaualbHEIM CHIPEEM MOTYT
CIyXHTh ApeBecuHa, 0TXOAbl GHOMAcCH], TOPOACKOH Mycop H yrois. Ilpomyxramu
TIHPOJTA3a ABIKIOTCA Ta3bl, KUAKAH KOHAEHCAT B BUJE CMOJ H Macell, TBepAbIE Oc-
TATKU B BUIC IPEBECHOTO YIS Y 30Jbl. I asuduKaids — 3TO MMPOIIH3, IPHUCIIO-
coBGneHHEI 11 MAKCHMAIBHOTO MOJIy4eHHs! IIPOM3BOJHOrO ra3006pa3sHOro Tom-
nuga. YerpoficTsa A YaCTUYHOTO CXXHMIaHHSA GHOMAcCH, NpOEKTHpYeMbIe B pac-
Yere Ha NOIydeHre MAaKCHMANBHOTO BEIXOZA Ta30B, Ha3bIBAIOTCS Ta3OreHeparopa-
mu. HanGosee MpeAnoYTHTENBHBIMA CUMTAIOTCA BepTHKANBHEIE YCTpOHCTBa, 3a-
rpyxaemble ceepxy. KITH nuponusa onpenensercs Kak OTHOIIEHYWE TEIIOTH Cro-
paHds POX3BONHOTO TOIUIMBA K TEIUIOTE CTOpaHMA HUCTOIB3yeMO# B Ipoliecce
6uoMacchl. [lomaBaeMsIii MaTepHal NPeNBapUTENBHO COPTHUPYIOT ANS yIAQICHHS
HETOPIOYHX IpAMeceil, MOJCYINABAIT U H3MelbdaroT. Kpuriaeckum mapametpom,
BIMAIOMIAM Ha TEMIIEPATYPY M Ha COOTHOINEHHE BHAOB IONYyYaeMbIX MPOLYKTOB,
ABIETCA COOTHOLIIEHHE 6030)x — 20pioyee. Y IPABIATh pabOTaOMM GIIOKOM He-
obxoaumo mpu TeMnepatype He Sonee 600 °C. IIpu 3TOM MOXHO BBLACHHUTH YETHI-
pe craguy neperouky [1]:

1) 100—120 °C ~ mojaraeMyrii B razoreHepaTop MaTepHa, OycKasch BHH3,
0cBOOOXEETCA OT BIIAIY;

2) 275 °C — otxopauue Tassl cocTosIT B ocHOBHOM u3 N, COwu COy;
M3BJIEKAIOTCA YKCYCHas KHCIIOTa ¥ METAHOI;
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3) 280—350 °C — HauMHAIOTCS 3K30TEPMUYECKHE peakld#, B MpOLEcce
KOTOPBIX BBEU{ENAETCS CIIOXKHAast CMECH JISTYMHX XMMHYECKHX BEINEeCTB (KETOHBI,
anbaeru/p, GeHobl, 3GUPHI);

4) ceoime 350 °C — BHAENAIOTCS BCe THIBL JIETYYHX COEAUHEHHI,
onHoBpemeHHO ¢ obpaszoBanHeM CO NponcxXomuT yBejarYeHHe obpazosanus H,
YacTh YIJIEPOIa COXpaH’eTcs B {opme APEeBECHOro YIVIA, CMEIMIAHHOrO ¢
30JIHBIME OCTaTKaMH.

PazHoBHAHOCTH MOJNYYaeMOro B Pe3yIbTaTe MHPONM3a TOIUIUBA TOAPa3es-
IOTCA Ha TBepIble, XKHAKUE U razoo0pasHeie cocTasisiomme. Isepduiii ocmamox
cocrapnser 2535 %. CoBpeMeHHbIe YCTaHOBKH IUIS MOMY4EHUS IPEBECHOrO yrI-
151, paboraromue npH Temneparype 600 °C, npeoGpa3yioT B TpebyeMEI POAYKT
ot 25 1o 35 % cyxoii 6uomaccsl. JApesecHblit yrons Ha 75—85 % coctout U3 yr-
Jnepofa, obMafaeT TemoTol cropanus okono 30 MJDK/kr. JKudkocmu (xoHeHCH-
pOBaHHEIE HCTIapeHHs) HMEFOT MaKCUMATbHYIO MacCOBYIO IO okoio 30 %, Oun
JENATCs Ha BA3KHe (DEHONBHBIC CMOJE! M TeKy4YHe XMAKOCTH, MUPOIUTEHHEE K-
CJIOTHI, B OCHOBHOM YKCYCHYIO KHCJIOTY, METaHON (MakCHMyM 2 %) W aneToH.
KunkocTd MOTYT OBITh OTCENApHPOBAHHL, JIMGO MOI'YT UCMONB30BATECS BMECTE B
Ka4ecTBe HeoOpaboTaHHOTO TOIUIHBA ¢ TEILIOTOH CropaHus okomo 22 MJDx/kr.
Tassl, noy4aeMble B Ta3oreHeparopax, cocTaBisroT npuMepHo 80 %. Cmech BeI-
JENAIOMUXCS IPU MUPOJIU3E ra30B ¢ a30TOM U3BECTHA KaK JAPEBECHHIH ras, CUHTe-
THYECKHIA I'a3, FeHepaTOPHBIH ra3 MK BoJIHOH ra3. TennoTa cropasus Ha BO3AyXe
cocrasnser 5—10 MJDx/kr (ot 4 o 8 MJDx/M® TIPH HOPMAJIBHBIK YCIOBHAX). OTH
rassl MOTYT OBITH HCIIOJIE30BaHBl HEMOCPEACTBEHHO B AM3ENSX WM KapGroparop-
HBIX JIBUTATeNAX C HCKPOBBIM 32)KUI'aHHUEM, ITPK 3TOM OCHOBHAs TPYXHOCTD — M3-
6exaTh monagaHus B NANHHAPSI 3076l B KOHASHCHPYIOUIMXCS MPOAYKTOB MTHPOIH-
3a. 236l B OCHOBHOM COCTOAT U3 Ny, CO U CO; ¢ Mansivu fobaBkamu CH,. U Ha-
KAaIUTMBAIOT B ra3rofipjiepax IIpH AaBlieHUH, GIU3KoM K arMocheproMy [1].

CyInecTBYIOT TaK)K€ MHOTOYUCICHHBIE TEPMOXMMUYECKHE METOIBI MOJIyde-
HHMA GHOTOIUTABA C HCIHONB30BAaHHEM MOBHIIIEHHOro NaRJeHHs, BOJASHOTO Mapa,
BOJIOPOJIa, YIIIEKUCIIOTO Ta3a, CepHOH, hocthopHOH U npyrux xucaor [1, 4—~6].

Illupokoe pacnpocTpaHeHHe NONYHHI CIOCO0 HONy<deHHs OHOTOILIMBA U3
3TUIOBOTO ciupTa (3ranona) [1}. TlpoMenuieHHOE MPOU3BOLCTBO ITAHOTA 3ABUCHT
OT MHOTHX (axTOpOB, BKJIIOUas SHepreTHdeckue M skoHoMuyeckune. Heobxoaumo
0o0paTuTh BHUMaHHE Ha TO OOCTOATENBCTBO, YTO HCIONB30BaHHE Pa3sTMYHBIX BH-
JIOB OTXOJOB OHOMAaccCHI IS BEIPabOTKA 3IEeKTPOSHEPTHH H ofecnedenus npous-
BOJICTBA TEIUIOM — OCHOBA peHTabeNbHOCTH NOIy4deHHUs 3TaHONA.

Kuaxue TOILTHBA Ype3BEMaifHO BAXHE! U3-3a YIO0OCTBA UCHIONB30BaHAL U X0~
PpOILEro YIPaBACHHS CTOPAHHUEM B JBUraTensX. MoXHO BBOJHTE B IepereiaHHbIe
GeH3nHOBEIE ABUraTed 95%-it sTanon [1], a MoxHO MoAaBars B OOKIYHEBIN ABUTA-
Tenp cMech u3 100%-ro sTaHoNa (00€3BOXKEHHOI0) ¢ GEH3WHOM B COOTHOIIEHHH
1:10. O6e3BoXeHHBIH 3TaHON — XYIKOCTh B MHTepBale Temmepatyp ot —117 no
+78 °C ¢ temneparypoit Bocmiamerenus 423 °C. [IpuMeHeHHe ero B OBUTaTENe
BHYTpeHHero cropasus tpelyer crenmanbHoOro kapbroparopa. ITostomy cmenmn-
BaroT OeH3uH ¢ 06e3BoeHHBIM 3TaHoIoM (20 % mo 06BeMy) ¥ HCIONB3YIOT 3TY
cMech (ra3oXxol) B OOBIMHBIX OEH3HHOBBIX JBHrarelsx. ['azoxon B HacTosimee

19



BpeMs — OOBIMHOE TOINIMBO B Bpaswiiuu (3TaHON TaM MOJYHalOT M3 CaXapHOro
TPOCTHHKA H MaHHOKHM), HCrionis3yioT ero u B CIIIA (3Tanon u3 KyKypy3sl). Bax-
Hast 0cOOEHHOCTh 3TaHONIa — CIIOCOOHOCTD BBIICP)XKUBATH yAapHbIe Harpy3ku 6e3
B3pEIBA, YTO SABIAETCA NMPEANOYTHTENbHEE N0GABOK M3 TETPASTHICBHHIA, BBIZHL-
BAIOIIETO CePhe3Hble 3arps3HeHMs atMochepsl. XOpoIHe CBOMCTBA 3TaHONA Kak
ropiouero obecrneuuBaoT ABuratensM 20%-e yBeludeRre MOMIHOCTH IO CPaBHe-
HHMIO C 4HCTHIM OeH3uHOM. MaccoBas IUIOTHOCTE M TEIIOTBOPHAs CIOCOGHOCTH
9TaHONa HIKe, YeM OeH3MHa, COOTBETCTBEHHO TEILIOTa cropanusa (24 MJIx/M’) na
40 % nuwmwxe, yeM OeusuHa (39 M,deMz). OnHako nyuiliee FOpeHHe 3TAaHONA KOM-
[EHCHPYET 3TO yMEHBIUEHHE TEeMIOTBOPHOH croco6HoCcTH. OMBIT MOATBEPKAAET,
YTO JBUTaTeld NOTpeCISIOT NPUMEPHO OJWHAKOBOE KOJHYIECTBO ra3oxola U GeH-
suna [1].

4. BOJOPOJHOE TOILINBO
4.1. OcHoBHEBIE cNOCO0KI NOJYUeHHS BOJOpOa2

Bogopos ymoBneTBOpSeT MHOTOYHCICHHBIM TPeOOBaHHAM, [IPeIbABISEMbIM
k sHeproHocutenaM [5]. OH obGnajmaeT BEICOKOH TEIUIOTBOPHOH CIIOCOGHOCTEHIO.
ITpu coxwuranuu 1 kr Bogopona obpasyercs ceiue 138000 x/hx, uto Gonee uem B
TPH pa3a IIpeBBINIAET TeINIOTY cropaHus OensmHa. ConepikaHue Boxopoga B
3eMHO# Kope CocTaBlsgeT o Macce 1 %, a OKHCIASCh, OH 00pasyeT BOAy, B KOTO-
poii ero cosepxanue gocturaeT 12 %. I'lmaBHOE HOCTOMHCTBO BOJOPORA COCTOHT B
TOM, YTO 3TO 3KONOTHYECKH YHCTOE TOIUTHBO. BBHIY HH3KOH INIOTHOCTH W BA3KO-
CTH BOAOPOXA MOIIHOCTH IIepeKaykH ero 1o TpyOOIpOBOaM MOXET HOCTHIATh
20 teic. MBT. Kax TOWIHBO BOJOPOJ] Ka4YECTBEHHO OIH30K K IPUPOXHOMY ra3y
TOIUIMBHO-BO3yHUIHO# cMecH. I1o3ToMy OH NpHromeH /Ui HCIONB30BAHUA B TeX
K€ TEXHOJIOTHIECKUX YCTaHOBKax, KaK H ApYTHe opraHdyeckue TomuiBa. Bogopon
YHHUBepcaJleH B HCIIOJIb30BaHUH M yA00€eH B XpaHeHUH (B rasronezepax) [5].

Bogopon B npupose BcTpewaeTcst B CBA3aHHOM COCTOSIHUH, B OCHOBHOM B BO-
Ie. UroOsl BBINENHTS BOJOPOJ M3 3THX COeJWHEHHH, HaNo pa3sopBaTh ero Kopa-
JEeHTHYI0 CBS3b C aTOMAMH JPYTHX 3JIEMEHTOB, 0Opa3ylOIMX MOJIEKYNYy KOH-
KpeTHOro BemecTa. [l BOABI, HampHMep, HEOOXOAMMO DA3OpBAaTh CBS3b BHAA
H=0=H. Pa3pbIB BOZOPOAHEIX CBs3€H MOXHO OCYIIECTBHTh KaK IPAMBIMH, TaK K
KOCBEHHBIMH MeTofaMH. B nepBoM ciyyae K pacIersiieMoil MoleKyle H3BHe
MOIBOJUTCS 3HEPIHs KaKOro-JHOO BHAA: TEIUIOBas, dJEKTpUIecKas, XUMHUIeCKas,
panuanpoHHas. KocBeHHBlE  MeTObl  MPEAINONAraldT  MHOTOCTYHEHYaToe
npeobpa30BaHHe MCXOMHOrO BEMIECTBA C YJACTHEM BCIIOMOTATENBHBIX PEareHToB.
Takue METOABI CIIOXKHBI, HO MEHee SHEProeMKH [5].

JUis momydeHHs BOHOpOJAa M3 BOAbLI HCIIONB3YHOT CIERYIOIIHE CIIOCOOHL:
TepMHUYECKHH, 3TEKTPOTATHIECKHM, TEpPMOXUMHUYecKHi U GoToXuMuyeckwuii [3, 6].

Tepmuueckuii cnoco6 (Tepmonu3s) [5] COCTOMT B BHICOKOTEMIIEPATYPHOM
BO3/ICHCTBHA Ha BORy. TepMOAMHaMMUYeCKHE pacyeThl I[IOKAa3bIBAKOT, 4TO IS

OCYDIECTBIIEHH] TEPMONH3a HeOOXOAHMO IONEPXKUBATh TEMIIEPATYPy OKONO
3500 °C.
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IlpoBomuTh TakoH NpoLecC B INPOM3BOJACTBEHHEIX YCIOBHUAX CJIOXHO.
ITosToMy TepMuHuecKHi ClOCO6 NpeCTaBAET JIHIIb TEOPETHIECKHI HHTEPEC.

Onexmpoxumuueckuii cnocob (3neKTponu3) [5] cOCTOUT B pa3noXeHHH BOEI
anextpuyeckuM ToxkoM. KILJ{ aneKTpOCTaHIMH, Ha KOTOpOH TeIloTa CropaHus
BOJZIOpOZA NpeBpallacTCs B 3HEPTHIO, cocTaBisAeT He Gonee 40 %. Dro o3HayaerT,
uto M3 KaxAex 100 xBT'yacoB, 3aTpaueHHBIX Ha MOIy4YeHHe BOAOPOMA, TOJHKO
32 xBryaca MOXHO BHOBb Npeobpa3soBaTh B 3IEKTPOIHEPTHIO, a OCTadbHAsd
SHEPTHs TEPAETCS H3-33 HECOBEPLIEHCTBA pabOYHX IIPOLECCOB B 3HEPreTHUECKHX
YCTaHOBKAX 3/IeKTPOCTAHLMM — MaporeHeparope, TYpOKHe, 3MEeKTPOreHepaTope,
KOHJIeHCaTope. JINeKTPONM3 BOAB ABNAETCA B HACTOAWIEE BPEMA OCHOBHBIM
cnocoboM MoJy4eHus BOJOPOAa.

Tepmoxumuueckue cnocober [5] 3axmMOYarOTCs B IMOCIENOBATENHHOM
NPOBEICHHH HECKONBKHX XMMHYECKHX peaKI{Hif, OMHHM U3 KOHEYHBIX MPOJYKTOB
KOTODHIX ABJIAETCH BoAopo. MHOrocTanHiHOCTh NPOLEcca OYeHb 3aTPYAHAET ero
KpynHOMacmTabHoe IPOMBIIIIEHHOE BHeApeHHe. [JOCTOMHCTBOM Xe ABNISETCH TO,
49T0 OHH He TpeOyIOT MOABOAA 3NEKTPOSHEPTMM H OCYIIECTBISIOTCH IIpH
OTHOCHTEJIEHO HEBBICOKHMX TemnepaTypaX. Pa3pabGoTannslif ydensiMa EBpatoma
TEPMOXHMHYECKMH  CTOCO0  TpEeXCTagMHHOTO  MOIy4eHMs  BOAOpoda C
HCIIONB30BAaHHEM XJIOPHCTOTO JKejle3a, OKCHAA JKele3a M CONAHOM KHCIOTHL
HO3BOJIMJI IONY4YHTh YHCTHIH Bomopox. Temmeparypa IpOBEHEHHS XHMHUYECKHX
peakuuii uameHsiack ot 120 xo 650 °C.

Domoxumuueckuii cnocob (Goromas) [5] ocHoBaH Ha pacmieneHHH BOBI TOK
JelcTBHEM CoNHeYHOH 3HeprHu. OJHaKO NPOMBILIIEHHOE IPUMEHEHHE STOTO Me-
TOJ]a OrPaHMYEHO H3-33 HCIIONE30BaHHA B Ipolecce (OTONHM3a JOPOrOCTOSIIHX
(oToKaTam3aToOpoB — KpacHTenei.

4.2. Hcrionp3oBanue TeNJIOBOH 3HEPruH BOJOPOA /Isi IOy YeHHs
TeJioH30AA UHOHHBIX CTPOHTENLHBIX MATEPHAJIOB

Paspabotan HOBBEIH COCTaB H TEXHOJIOTHS NONYYEHUS CHIPLEBOM CMECH Ul
NPOM3BOJICTBA JIETKOTO OTHEYNOopHOro GeToHa, He TpeOyIOIero TemioBoii o6pa-
6oTkH [3]. BTo HOoCTHraeTCA MPUMEHEHNEM CHIPBEBBIX KOMIIOHEHTOB, B pE3yJbTaTe
CMEIIHBAHMA KOTOPHIX NPH OOBMHBIX TEMIEpaTypax W aTMOC(epHOM AaBNEHHH
BBLIEJISETCS YUCTHII BOXOPOA.

Tpebyemplii TeXHHYECKHMH PE3y/bTaT, MONYYEHHBIH B pe3yAbTate pelIeHHs
TIOCTAB/IEHHOM 3a1a4H, JOCTHIraeTcs TeM, 4TO CHIPhEBas CMeCh JUIL MPOU3BOACTBA
JIETKOTO OrHEYNOPHOTO O€TOHa, BKIIOYAlONlas alfOMHHHEBYIO MYApY, oprodoc-
dopHyto kucnoty 60%-i KOHIEHTpanuH, IIIHHO3EMHCTEIH DUIAK, JONOJHUTEILHO
COZEPXUT CEPHOKHCIBIA IIIaM M BEPMHKYJHT IIPH CIEAYIONEM COOTHOIIEHUE
KOMIOHeHTOB (Mac. %):

aNIOMHHMeBas Tyipa 3—4,

yKaszanHas oprodocopHas kuciora  22—25,
TIIHHO3EMHCTHIN IITaK 40—42,
CEPHOKHCIIBIH 1IIaM 12—14,
BEPMHKYJIHT 15—23.
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CepHOKHCIBIHA 11aM NpefcTaBnset co0oi MpoAyKT, obpasylomuiics Tpasie-
HMEM OKAIMHEI IIPH NPOHM3BOACTBE CTANBHBIX Tpy6 cepHOR KHCHOTOH ¢ moche-
nyrome#t Heffitpanu3aupeil U3BecTHAKOM. IlomydyeHHEIH Mpu 3TOM OTXOX B BHHE
1amMa He HaxOJwi MPHMeHEeHHs U B 6ONBINHX KOIHYECTBAaX BEIBO3UIICA B OTBAJ,
yXyAuas 3KOJIOTHYECKOe COCTOSHHE NaamadToB. XMMUYECKHH COCTaB LIlaMa
pwmogaeT: Fe,0 — 10—15 %; MgO — 3—5 %; SiO, —7,3 %;
CaSO; — 25—30 %,; Cr,0; — 1 %; CaF,— 25—30 % u ap. ConepxaHue B Lina-
e okcuoB St, Cr, Mg 1 Fe sBngercs nonoxXuTenbHBIM $akTOpoM IS pHMeHe-
HEd B OTHEYNMOPHEIX cMecsX, Tak Kak docdatHsie cucteMsl H;PO,, comepxaniye
9TH KaTHOHBI, 0GJaNalOT BEICOKMMHE NPOYHOCTHEIMH H OTHEYTIOPHEIMH CBOWCTBa-
MH.

Conepxamuiics B CEPHOKHCIIOM IlNJaMe CEepHOKHMCIBIA Kanpuui (no 30 %)
B3aMMOJIEHCTBYET ¢ 0pTOdocGOPHOIl KMCIOTOM I10 peaKIyy:

H,O
CaSO4 + H3P04 —> Ca3(PO4)2 + HzSO4

B pesynsTate 06pa3oBaBlIasics CepHas KHCIOTA, a TAKKe COJepikKaliascs B
cMecH opTodochopHas KHCIOTa B3aHMOAEHCTBYIOT C aIIOMHHHEBOM MMyApo# mo
PpeaKIUAM:

H,0
H,SOs+ Al = AlL(SO4); + HoT + Q xxan
H,0
Al(OH);
H,0

H;PO, + Al - Al(H,PO,); + Hy1 + Q xxan
T
Al(OH),

O6pasoBaBumecs coefqunenus AL (SO,);, AI(OH);, a takke nomydenHsie
BELIECTBA B Pe3yNibTaTe aHANOIMYHOrO B3aUMOACHCTBHA aMOMHHUEBOH MyJApHI C
oprodocdoproit kucnoroit Al(H,PO,); obecnieunBaroT OBICTpEIil Habop mpouHo-
CTH.

Hcnons30BaHne NMHO3EMHCTOTO LIMaKa (OTXOMQ), COZEPXKAaLIEro B CBOEM
cocrase 10 30 % okcuJa amfOMHHUA, IO3BONAET CHU3UTH PacCXOl JOPOrOCTOANICH
aMOMHHUEBOH IYIPbI.

CHWKeHHe IUTOTHOCTH TIOMY4eHHBIX H3MelHi NPOHCXOIUT 32 CYET BhIAee-
HHES BOAOPOJA H GONBLINOro KOJHYECTBA TEILIA, JOCTATOYHOrO IS TBEpACHHA
cmecH. Ilpumenenue BepmuxynuTa dpakuun 0-—5 MM, KOTOPEIH OTIMYaeTCs, O
CpaBHEHHIO C K€PaM3HTOM, MeHbuel B 2—3 pa3a IUIOTHOCTBIO IIPH COXpaHEHHH
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BBICOKHX OrHEYIOPHBIX CBOHCTB, IO3BOJMIO NOJNYYHTH CTPOUTENbHBIE H3AENus
ILIOTHOCTBIO 110 550 kT / M.

ChIpseBYI0 CMECh TIOTOBAT B CIEAyIOLIeH MociefoBaTelbHOCTH. K
CEPHOKHMCIIOMY HUIaMy  RobaBmsioT  oprodochopHyro  kmciaory  60%-i
KOHI{eHTpaiuu B KonudectBe 30 % or obmiero obbema, U HONYYEHHYIO CMECH
NepeMeNIHBaIOT B TeYeHHe 1—2 MHHYT. AJNIOMUHHMEBYIO IMYApY, TIIMHO3EMHUCTHINH
OUIaK ¥ BepMHKYIHT $pakinuu 0—S5 MM rnepeMemHBaioT JO OAHOPOJHON MAcChL
IMoaroToBNeHHEIE CMECH CEPHOKHCIOIO MUIaMa M OpTOPOCHOpHON KHUCIOTHI, a
TaKXe alFOMHHHEBOH IyApPbI, INTHHO3EMHCTOTO IIUIAKa ¥ BEPMUKYIHTA COEUHSIOT
U 3aTBOPAIOT OCTaBMHMCS konugecTBoM (70 %) oprodocdopHOM KHCIOTEL
IMonyyenHylo cMech NEPEMENIHBAIOT JO Hayajla TenJoBbIXeIeHust H GOpMYIOT B
n3nenus. Bpems TBepAeHHA wu3fenui cocraBiser 25—30 MuHYT mocrne
CMELIMBAHHS KOMIIOHEHTOB CMECH.

Hcnonb3oBaHue CHIPHEBOH CMeCH IIO3BOJNHT IIOBBICHTH OTHEYIIODHbIE
CBOWCTBA NpH YBEIMYCHHM IPOYHOCTHM H CHIDKEHHH TIUIOTHOCTH M3/ENIHi,
YIy4IATh 3KOJOTHYECKYI0O OOCTaHOBKY H CHH3MTB CTOHMOCTh 33 CYeT
HCIIONb30BaHUS. HEYTHIN3MPOBAaHHBIX OTXOMOB IPOM3BOACTBA W  MOJIHOIO
OTCYTCTBHSt TensioBoii o6paGorkn [3].

5. TEXHUKO-3KOHOMHYECKAS OINEHKA UCIIOJIL30OBAHUS
HETPATUITHOHHBIX BO3OFHOBJISIEMBIX HCTOYHUKOB
3HEPTUHA

OCHOBHBIM METOJIOM OLEHKH 3KOHOMHYECKOH 3¢(eKTHBHOCTH MCIONB30Ba-
HHUSl TeJIHO-, BETPOIHEPreTHYECKHX YCTaHOBOK, GHoTommMBa, Mambix [DC u apy-~
THX HETPajIHOHHEIX HCTOYHHKOB 3HEPTHM ABIISETICS CIOCOO CpaBHHUTENHHOM
s dextuBHOCTH [4—6]. ITo 3TOMY METORY CONMOCTABISIOTCA 3aTPATH], CBA3AHHBIE
C COOpY)KEHHEM H MOCIeAyIoler SKCIUyaTalieii paccMaTpHBaeMOro 3HepreTHye-
cKkoro 06BeKTa, ¢ aHAIOTHYHBIMM 3aTPATaMH T10 aIBTEPHATHBHOMY IIPOEKTY, o6ec-
[eYHBaoUIeMy TaKoH xe 3HepreTHdeckuii 3¢ dekr.

O6obmarolneil 3KOHOMHYECKOH XapaKTEPHUCTHKOH BapHaHTa CTPOUTENHCTBA
YCTaHOBKH, HCNONB3YIOIIEH HETPaIHUMOHHBIH BO30OHOBISIEMEIH HCTOYHUK 3Hep-
ruu (YHBHD), u ansTepHaTHBHOIO peeHHs B COOTBETCTBHH C TUIIOBOH METOH-
koif 3(eKTHBHOCTM KaNHUTaNbHBIX BIOXKEHWH SBISIOTCS IPHUBEACHHEBIE
3aTparsl {4].

AnpTepHaTHBHBIM BapuanToM i YHBHD MoxeT ciyxuts, Hanpumep,
TOLL. IlpusederHoie 3ampamvt OnA MENIONEKMPOYEHMPAAU MOXKHO ONPENENHUTD
Kak [4], py6/ron

3;=EK+ };+ C,B,, (15)

rae Ky — efHHOBpeMEHHBIE KalHTalbHBIE BiOXeHHs, py6.; ¥} — rozoBsie 3kc-
[UyaTalMOHHBIE H3NEPXKKH, py6/rox; E, — HopMaTHBHBIH ko3ddunpent sddex-
THBHOCTH KalHTaoBiaoXeHHH, 1/ron; C;— CTOMMOCTH HCIIONE3YEMOr0 TOILIHBA,
py6/T; B — rofioBo#t pacxo/| TOILINBA, T/TOA.
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T'on0oBO# pacxol TOMIHBA MOXHO OINPEJENUTh Yepe3 KONMYECTBO BripabaThl-
BaeMoil 3mexTpodHepruu (W, KBT-4) H ynelnbHOro pacxoia TOIIMBA Ha OJUH
kBT 4 (B, T/ xB1-4). ITocne npeobpasopanus (15) MoxHo 3amucars {4], py6/ron

3]=EHK|+ I/I|+ C]ﬁ Wl . (16)

Tlpu cTpouTeNsCcTBE B paccMaTpuBaeMoM paiione YHBHO notpeburtens 6y-
IeT MoJTy4aTs OT Hee 9acTh 3NMeKTpodHeprud (W), a HemoCTalOmiee KOJIHMYECTBO
(W - W3) — ot TOLL IlpuBeneHHsle 3aTpathl (3;) B 3TOM cly4dae, py6/ron

3,=EK+ U+ C, (W, - W, ) + EKo+ W, a7

rae K; u W, — xanurtamsable 3aTpaTsl (py0.) U CyMMapHBIE TOIOBBIE H3LEPKKH
(py6/rox) Ha YHBUD.

B s3aBucmMocta (17) mpu 6onee TOYHBIX TOACYETaX HEOOXOIMMO YYeCTh
CHIXEHHE NOTeph BIEKTPOIHEPIHH B CUCTEME IIPH YMEHBIUECHHH Mepefladn dYepes
Hee DJIEKTPOdHeprUH Ha BenWduHy W,. OnHako MOTPelIHOCTh B JAHHOM Ciydae
GyZAeT HeBeNnMKa, TaK KaK ONpefiefleHAbe [OTEPH 2MeKTPOIHEPrud OyAyT 4 B CIIy-
yae MUTaHHUA MoTpeburens ot YHBUS.

Onexmpocnabacenue motpebutens ot YHBHU3 6yner uenecoobpasuo, ecnu
6yIeT BHIOMHATECS YCIIOBHE [4]

3, =3 (18)
170101
EX,+ U+ C, B Wy =EK,+ U+ C, B (W, - W, )+ EK+ W 19)
TTocne npeo6Gpazosanus paBeHCcTBO (19) MpUHAMAaET BHT
C, B W,=EK;+ U,. (20)

Beipaxcenue (20) nokassiBaet, uTo npuMeHenre YHBUD skoHoMuueckH 1e-
necooGpasHo, ecli roJIoBbIe MPUBEJeHHbIe 32TPaTEl Ha Hee GYAYT paBHBE CTOMMO-
CTH BHITeCHIeMOro Torutiea Ha TOLL,

CymmapHslie rofosbie usaepxkH (M) MoxHO onpenenuts xak {4]

I/I2=ZE| Kz, (21)

rzie E; — HopMBI oTdHCIeHus Ha aMOPTH3aLHIO, TEKYILUHH PEMOHT U T.IL.

Ins YHBUD Benuauny E, MoxHO mnpuHsTh paBHo#t 0,12, Bemuanny
E, — pasHoit 0,06 [4].

PaccMoTpumM 3¢)¢eKTHBHOCTD HCNIONBE30BAHUSA COTHEUHOU SHEP2UU B IBYX Ba-
puaHTax [4]:

TIpH HENIOCPEACTBEHHOM IpeoOpa3oBaHuM B ANICKTPUIECKYIO;

TIpH NOJy4eHHH TeIUIOBOH SHEPIHH C OMOIIBIO COMHETHBIX KOJIIEKTOPOB.
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Jins HemocpenCTBEHHOTO NPeOoOPa3sOBAHHUA CONHEYHOU SHEPZUU 6 IneKkmpuie-
ckyio ciyxart conHedHnle Gatapeu. 3Hayenns KITJL stux Gatapeif B npoMblnuieH-
HEIX ycTaHOBKax MoxeT foctHratek 0,15. Toraa seipaxenue (20) moxHo npeobpa-
30Bath (4]

AUE,+YE,’ p

rae K,, — ynenbHas crommocts 1 M* CONHEYHOTO KOJLIEKTOpa, pyb6., cooTBeTCT-
Byromas ycnosuio (18); C; — crouMmocTs yris, npuHUManack pasaoil 385 py6/T;
B - npuHuManack papHo# 335 ry.1./KBTy; W, — rogosas cyMMapHas [oCTynao-
as coJHeYHas dHEeprus, KBT"{/MZ; n¢6— KIL conneqnoit 6atapeu [4].

IIpu noxy4eHHH mMennosol 3Hepeuu ¢ NOMOWLIO CONHEHHBIX KOMANEKMOPOS
SKOHOMHYECKHH 3(peKT ceayer HCKaTh B CONIOCTABIEHMH JBYX BapuaHTOB [4]. B
OIIHOM U3 HUX TeIUI0CHaO)KEeHHe OCYIIECTBIAETCH OT KOTENEHOH, BO BTOPOM — OT
COJIHEYHBIX KOJUIEKTOPOB M KOTENbHOH. PacyeT B JaHHOM Ciy4ae MOXHO BECTH 110
auanorum c ypasuenueM (17), umes B Buny, 4ro KITJ conHeyHwIX KOLIEKTOPOB
cocrasnser okono 50 %: a KI1J] koTensHOi Ha TBepAOM TOIIMBE — OKOIO 65 %.
MuHEMAaTBHAA CTOHNMOCTD COMHEYHAIX KOMIEKTOPOB COCTAaRIAeT okono 70 mom./m%.
IpunsB 3Ty BenMyMHY 3a PacHeTHYIO, ONpeie/IMM NpeebHOe 3HaUYeHHe CTOMMO-
CTH OpraHH4ecKOro TOIJIMBA, IPH KOTOPOM I AAHHOrO pafOHa SKOHOMHYECKH
1erecoo06pasHO HCHONB30BaHHE SHEPIHH CONHIA NS NPOM3BOACTBA TEILIOBOl
SHepruu. PacyeTsl OKa3bIBalOT, YTO PHMEHEHHE CONHEUHON SHEPIHH AN TEILTO-
BEIX LieJiei 3KOHOMHYECKH ONPaBAAHO PU CTOMMOCTH OPTaHHYECKOTO TOIUIABA OT
250 mo 300 py6/t [4].

JIns pacyeTra TeXHUKO-3KOHOMHYECKOH 3¢ PeKTHBHOCTH UCHONL30BAHMSA 6em-
PpO3HepeemuNecKux yCmaHoeoK UCIoNb3yetcs BripaxeHde (20) B suae [4]

CiB Wo=KoE,+ ¥ E), (23)

rae C; — CTOMMOCTH OPraHHYecKoro TOILIMBa, pYO/T y.T.; B — pacxox opraHuye-
CKOrO TOIUIMBA, T Y.T. (KBT-4); W, — KOIHYEeCTBO 3NEKTPO3HEPTHY, BEIpabaThiBae-
MO€ BETpO3HEpreTHyeckoH ycTaHOBKOH 3a rof, kBty; K, — kanmuTajieHelE BiO-
JKEHHS Ha BETPO3HEPreTHUYECKyIo YCTaHOBKY, py0.; E, — HopMaTuBHEIi k03ddu-
IHEeHT 3¢eKTUBHOCTH; ) I; — HOPMEl OTYMCJIEHHA HAa aMOPTH3aLMIO, TEKYLIHi
PEMOHT H T.IL.

Bsipaxenue (23) npeobpa3yeM, MogeNuB JIEBYIO U IPaBYIO YacTH Ha BeIHNYH-
HY HOMHHaNBHOW MOIIHOCTH I€HEPaTOpa BEeTPO3HEPreTHYECKOH ycTaHOBKH (Py). B
pe3ynbTate MonydaeM YAENbHYIO CTOMMOCTh OJHOTO KBT, KoTopas Gyner 3KoHO-
MH4YECKH ONpaBJiaHa, T.¢. KOJHYECTBO CIKOHOMJIEHHOTO TOIUINBA HA 3JIEKTPOCTaH-
1wy 6yner No CTOMMOCTH Oofbille, YeM 3aTpaThl Ha BETPOIHEPreTHUECKYI0 YCTa-
HOBKy [4], py6 / kBT
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Konuyecto BEIpaGaTEIBacMOM 3HEpPIUM ONpeENAeTcs Al BETpOIHepreTuye-
ckol ycraHoBkH THma ABOVY-6-4 M. B pacuerax 3Hauenue f NpHHuUMaeTcs pas-
HbIMH 335 ry.1. / KBT-4, a 3Hayenue (E,+ Y. E.)=0,18 [4].

JJ1st OLEHKHU TEXHUKO-IKOHOMHM4ECKOH 3 PEKTHBHOCTH UCTIONB30BAHUA SHED-
2UU MANLIX peK UCTIONB3YIOT BRIpaxkenue (20) [4].

KomnmyecTBo BEIpabOTaHHOH 3JIEKTPO3HEPIUU W, BHIPAKAIOT YEPE3 yCTAHOB-
JICHHYIO MOIIHOCTH /. U BpeMs €€ ucrone3oBaHus 7 [4], kBTu

W, =Pyst. 25)
C yueroM (20) 1 (25) BeIpaxenue (24) npuMeT BUJ
Cip Pyt = (Ea+YE, )Ky. (26)

Torna sxoHOMEMeCKH HeNeco0GpasHEle yenbHbIe KAIUTAIORIOKEHHS Ha COOpy-
xeHus MabIx I'DOC 6yayT paBHbI

Ky =(Ci -B1) / (Es+XE). @7

Jng ruaposHepreTHUeckHx OOBEKTOB HOPMATWBHBIA KodHUHEHT 3bdek-
THBHOCTH TpuHHMaeTcs paBHbIM 0,12. Ilpu GoNBIIOM BIHSHHH WX HA Pa3BHTHE
9KOHOMHKH paiiona x03bhUIHeHT MoxeT ObITh cHiDkeH 10 0,08. Cymma exeron-
HBIX oT4HCHEHHH Jng MHHE] 2C 1o NpuMeHseMBIM B HacToOsIlee BpeMs HOPMaM
HpHEAMAETCS B NpefienaX 2—6 % OT KanMTaNbHBIX 3aTpaT. B pacuere mo gopmy-
ne (27) npunsrta crouMocTs yrias C;— 385 py6. u croumocts raza C= 250 py6. 3a
TOHHY YCJIOBHOTO TOILTHBA, a 3Ha4eHue f = 335 r y.t./kBru [4].

s 5KOHOMUYECKOrO CpPaBHEHHS 33 KOCBEHHBIH [IOKA3aTeNsb yCTaHOBIEHHOH
MOILIHOCTH IIPH MPOYHMX PaBHBIX YCIOBUSAX (IIOMAMH BogocGopa, Hanopa) NpHHAT
MOJYNb cToKa (M, H/C‘KMz). O6ecniedeHHBIl MOAYTE CTOKA ONpENENANCs I
cpeaHero no BoaHocTH roaa (P = 50 %).” JIns onpeneneHus BpeMCHH UCHONG30Ba-
HUSL OJJHOH H TOH € MOIHOCTH B YCIOBHSX PasNHYHBIX THAPOIHEPreTHUECKHUX
paifoHOB HCCIIENYeMOif TEpPPUTOPHH HCIONB3YIOTCS KPHBBIE paclpenelieHus cpell-
HeMeCSYHEIX MoJyJel cToka o pafionam [4].

Hcxozs u3 BEIIIEH3T0KEHHOIO, IV BCEX PailOHOB HCCIIeAyeMOH TeppUTOpUH
o ¢opmyne (27) CTPOATCA 3aBHCHMOCTH IKOHOMHYECKH LENeCOOOPasHBIX Kalu-
TRJIOBJIOXEHH# B coopyxeHse MaJbix ['DC OT CTONMOCTH OpraHHYECKOro TOINKBa
s M= 2, 4 u 6 n/ckM?, uTo COOTBETCTBYET AJI YCPEAHEHHBIX YCIOBHHA Py = 60
120 u 180 kBt [4].

Ora MeTo/INKa MO3BONAET OLECHHTH S5KOHOMUYECKYIO LIENeco00pasHOCTh BO3-
BeAeHMs ycraHoBok HBYD mpu cymecTByIonpX neHax Ha OpraHHYeCcKoe TOIUTHBO
Ans moboro paiioHa ¢ y4eTOM YCTaHOBJIEHHOH MOLIHOCTH ycTaHOBKH. ITpu Guk-
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CHPOBaHHOH CTOMMOCTH TOILIMBA 110 MOIIHOCTH YCTAaHOBKHM MOXHO OIpeJeIHTh
ripeaes! 3¢§eKTIBHBIX KamuTaNoBIoXeHHH. C MOMOIIBIO 3TOH METOAMKA MOXKHO
peImnTs U 00paTHYIO 3ajady — IO NMPOEKTHLIM YJAEAbHBIM NOKa3aTeNnsM SHepre-
THYECKOW YCTAHOBKH ONPEAEIHTD, A KAKOH CTOMMOCTH OpraHHYeCKOro TOILINBA
IKOHOMHYECKH Lellecoobpa3Ho eé CTpoNTenbcTBO [4—06).
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