Ayork 4.J1., Mazena C. C., THamuwuH 5. M.

HETPAOIUUIAHA
EHEPIETUKA:
OCHOBM Teopii Ta 3apaui

HaB4yaabHuil NOCIOHUK

Bupasuunrso III “ MarnoJia 2006”
JIbBiB



VK 65.012.32:674 Biomeopenns yici knuzu avo 6y0v-aKoi it yacmunu

141

A 41

3a00poHeno be3 nucbMo80i 3200U UOAGHUUMEA.
Byov-saki cnpoéu nopywienns asmopcokux npae
0yoymo nepecaioysamucs y cy0060My nOpaoKy

T'pugh naoano Minicmepcmeom ocgimu ma nayku Ykpainu

Peuenzenmu:

binei I1. B. — 0. m. u., akademik nicignu4oi axademii Hayx, 3a6i-
oysay Kagheopu mexnonozii depegoobpodbru i 3axucmy depe-
sunu HJITY Yipainu (m. JIveis) ;

Mapywax A. FO. — 0. m. 1., npogecop xagpedpu erexmponpuso-
0y I asmomamu3zayii npomuciosux ycmanogox Hayionanw-
Ho2o yHigepcumemy “Jlvgiscbka nonimexHika’” .

Hymiok 1. JI., Mazena C. C., I'natumun 1. M.
Hetpanuuiiina eHepreTuka: oCHOBH Teopii Ta 3amaui: Hasuy.
moci6. — JIpBiB: “Marnomis 2006” — 187 c.

ISBN 978-966-2025-39-2 “Marnomnisa 2006

BukiazgeHo OCHOBHM Teopii, MpUHUUNU (QYHKI[IOHYBaHHS, MOOYIOBY Ta
BUKOPHUCTAHHSI HETPAAUIIMHOI eHEPreTUKH: COHSIYHOI eHeprii, BiTpy, eHepril
BoaHM, OiomasuBa, re0OTepMaIbHOI eHepril.

Jo KOXKHOTO pO3ALIY MOJAHO MPUKIAIN PealbHHUX 3a7a4 32 MaTepiaiom
po3aiy Ta iX po3B’sI3aHHS.

Januit moCiOHUK MpU3HAYCHUN JUISl CTY/ACHTIB BUIIMX HABYAJbHUX 3aK-
JaiB Ta IH)KEHEPHUX IMPAI[iBHUKIB, [0 3aiMalOThCSI BUBUEHHSM Ta JTOCIII-
KEHHSIM JDKepel HeTPaJAULiHHOI eHepTreTUKH.

YK 65.012.32:674

© Hymiox . JI., Mazena C. C.,
T'natumusx S1. M.

ISBN 977-966-2025-39-2 © “Marnosis 2006”



MPUMHATI CKOPOUYEHHSA

AIIK — arpornpoMHuCIOBHI KOMILIEKC
BM - Giomaca

BEY - BiTpoeHepreTHYHaA yCTaHOBKA
BPX - Benuka porarta xygoOa

I'EC - rigpoenekTpocTaHIis

EE - enekTpuyHa eHepris

EHC - eneprocucrema

EHY - eHepreTuyHa ycTaHOBKa
HJE — HeTpanuuiiiHe TKepeao eHepril
HC - naBkonuiHe cepenoBuiiie

OP - opraHiuHi peuOBHHU

IIE - meperBOpioBau eHeprii

CB - coHsiYHE BUIIPOMIHIOBAHHS

CJIE — ckiHuYeHe JKepero eHeprii

CII - crokuBay eHeprii

TE - temoBa eHepris

TIIB - TBepai moOYTOBI BigXoau



BOTYII et 7
PO3/ILI 1. BUKOPUCTAHHS HETPAJJUIIMHUX
JUKEPEJTI EHEPTIT (HIE) ..ocvveeiveeeeeeecee e 9
1.1. BuznauenHs ta kiaacudikamis HOE ......ccooooeoiiiiiiiiine, 9
1.2. 3amaui BukopucTtandst HIE ...........cccooiii e, 11
1.3. Texuiuni npobaemu 3actocyBanHs HIAE ............ccccceeeee, 12
PO3JIJT 2. COHAYHA EHEPTETUKA .....ccccoooviiiiiiiiieeeie, 16
2.1. CoHsAYHA €HEPTisd HA MOBEPXHI 3EMITL .....vvvvvvrereeeeesiierireeeeenss 17
2.1.1. 3agaui 2.1 — 2.5. Po3paxyHOK COHSYHOI
€Heprii, sIka HaJXOIUTh Ha 3€MHY MOBEPXHIO ............... 24
2.2. CenexkTHBHI nMoBepxHi HarpoMmakyBauiB CB ..................... 28
2.3. HarpiBHI COHSUHI CHCTEMU ..uuvvvrrrreeeesssiiusrsnneeeaeessssssnsssneeeeens 30
2.3.1. T1acuBHI COHSIUHI HATPIBHI CHCTEMU ...vvvvvreeessiinnrvvnnnnnsns 30
2.3.2. AKTHBHI COHSYHI HATPIBHI CHCTEMH ..vvvvrveeeessiinnrvvnnnnnnn 34
2.3.3. HarpiBaul HOBITPS «oeceeveeevivviereeeeesisiiinrereeeeesssnnenvnneeeens 35
2.3.4. 3agaui 2.6 — 2.10. Po3paxyHOK COHSYHMX
HATPIBHUX YCTAB treeeeiiiirrirreeeeeesesissnnnneseeessssanssnsnneeees 36
2.4. HarpiBaHHS BOJM COHSYHHUM BUIIPOMIHIOBAHHSM ................ 41
2.4.1. TerIOBUI OATAHC ..eeeeeviiiiiiiiiiieeee et ee e e e e siiibneee e 42
2.5. COHSTYHE OMATIOBAHHS OYIUHKIB ..eeeceviieiiiiieeeeeeessisnivenneeeans 45
2.5.1. IIUPKYIIALISA TEITOHOCI «vvvvvvrrreeessiiirrrrereeaeesesninnnenneeeens 46
2.5.2. 3agaui 2.11-2.15. Po3paxyHOK TEIIOBOTO
OanaHCy OyIUHKY 31 COHSYHUM OTATIOBAHHSM ............ 47
2.6. CYIIHHS MATEPIATIIB tevveeeeiiierrrirreeeeeessssinsnnereeesssssssnsssneeeees 53
2.7. OIeprKAHHS TIPICHOT BOMH «...uvvvvvvrreeeeeessssnnnnneeeeasssssnnnssnneeeens 54
2.8. CoHsTYHI CUCTEMH UIS1 BUPOOHUITBA €IEKTPOEHEPTil ......... 55
2.9. IlepeTBOPEHHS TEIIOBOI EHEPTIl OKCAHY .vvvvvereeeseiievrrvnnnnnsn 59
PO3JLJT 3. TIAPOEHEPTETUKA .....ccooeviiiiiiieeieee e 62
3.1. ManonoTyKHa TIAPOCHEPTETUKA veeeeerrirerrvvrrrereeesssinrrenneeeens 63
3.1.1. MIKPO-TEC ...t 63
3.1.2. Ma-TEC oot 64




3micm

3.1.3. TiapoTapaHHUM IPUCTPIM vvvvvrrreeeesiiiriiiereeeesseeiniveneeeens 68
3.1.4. BusHaueHHS MApAMETPIB BOJISHOTO TOTOKY ....ovvverenns 70
3.1.5. Bagaui 3.1-3.6. Po3paxyHOK rigpoTypoin
st MATHX TEC 71
3.2. XBUITBOBA CHEPTETHKE ...cerueevrrrrrreeasssanninnnneeeaesssaannssneeeeeess 77
3.2.1. BUKOPHUCTAHHS €HEPTIl TPUILTUBIB .....vvvveervrreeesrireeeennns 79
3.2.2. 3amaui 3.7 — 3.10. Po3paxyHOk mapameTpiB
19405 0001070:33 170.45:4:37 11 0 XTI 80
PO3JIJ 4. BITPOEHEPTETUKA .....cooviiiiiiiiiiceee e, 83
4.1. XaPAKTEPUCTUKA BITPY «rvvvrerrurrrreesrrrreesssnreeessninneeessnsnneeesans 85
4.2. Knacudikauiss BEY Ta BITPOKOIIC ...vvvevviviiieiiiiiiieiiiiieeee 88
4.3. EnemenTH Teopii BEY ..o 94
4.4. PeKUMU POOOTH BITPOKOIIECA «.vvveervrreeesrnnreeesanneneessnneeeennns 99
4.5. BUKOpHUCTaHHS BITPOKOJIECOM €HEPTIl BITPY ..vvvvverrivnnennns 101
4.6. BupoOHUIITBO eneKTpoeHeprii 3a mormoMmoro BEY ......... 103
4.7. 3acrocyBaHHS Ta MepcrleKTUBM BUKopucTanHs BEY ... 108
4.8. 3anmaui 4.1 — 4.8. Po3paxynok Bitpokodic Ta BEVY ........... 110
PO3LJI 5. BIOITAJIMBO ......ccoiiiiiiiiiiiiec e 116
5.1. ITpuHIUTT TEPEPOOITEHHS OIOMACH ....cevieeeriiiieeeeeeeeiiieeeeeenn 118
5.2. IIpotecy MEPEPOOTCHHS OIOMACH ....ecevvvvreesiiiieeeesiieeeennees 121
5.3. TEPMOXIMIUHI TTPOTIECH ...eeeuevrrreeinirrreesssireeesainneeessneneeenns 123
5.3.1. TTIPOIIIB eevveeeiiiiiiee ettt 123
5.3.2. Ta3sU@PIKAIIST TATTABA ...ooceeveveeeeeeeeeeeiiiiieeeeeeee e e e eeeneeees 126
5.3.3. Tepmiuna yTumizamist (CITATIOBAHHS) ...vevvreeeeeeeneenennn. 130
5.3.4. THII TEPMOXIMIUHI TTPOIIECH ..eevreeerrieirireeeeaaaneeaannnenees 135
5.3.5. Bamaui 5.1-5.8. ITipomi3. ["azudikaris.
TepMITHA YTHITIBAITI «.vvveeiiiieieeiiiiiee e e e e 135
5.4. BIOXIMIYHI TTPOIICCH tvvvvrreeessisnrrenrereaessssssnnnnneeseessssssnsssneeees 141
5.4.1. CriuproBa pepMeHTAIA (OPOMIHHS) .vvvvereeeererrrrrnnnnen. 141
5.4.2. AHaCPOOHA (PEPMEHTALIIS ..vvvvvvvvrnrrrnnnrnnnnnnnnnnnnnnnnnnnnnns 142
5.4.3. YcTraTKyBaHHS [JIs BUPOOJIECHHS O10TA3Y ...vvvvvvvrrrnnns 144
5.4.4. Po3paxyHOK aHAEPOOHOTO MPOLIECY ..vvvvrrreeersrnruvrrnnnes 147
5.4.5. 3agaui 5.9 — 5.13. Po3paxyHok Giorazo-
TEHEPATOPHUX YCTAB ..evvvurnrurnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnennn 148
5.5. ArpoximMiuHi CIOCOOM OTPUMAHHS TATTHBA ....ovvvveerrivineaennes 152




Hempaduuilina eHepzemuka

PO3ALJI 6. TEOTEPMAJIBHA EHEPITA ... 154
6.1. 3araTbHI TIOTTOMKEHHS «..uvvvreesisrrreeesiutteeeesssireessssssneeessnssneessans 156
6.2. Crrocobu BUKOPHUCTAHHS F€OTEPMAJbHOTO TEIUIA ............. 158
6.3. OCcHOBH pO3paxyHKYy 3 BUKOPUCTAHHS

TCOTEPMAITBHOT CHEPT T 1vvvvrreesiiiiriierieeeeesisiitiinreeeeeessssnnnnnnes 161

6.4. 3amaui 6.1-6.5. Po3paxyHOK reoTepMalibHOrO
TETUTOTIOCTAUAHHST «.eeeueetvieeeeeaeesssaintnreeeeeeessaannnrneeeeaeessaas 169
JOIATEKH ... 174




BCTYVYII

Cv0200Hi Y c8IMOBITl eKOHOMIYI NPOBOOUMBCSL NEePeoYinKa eHepee-
MUYHOT NOIMUKU 8 368’ 53K) 3 PO3YMIHHAM PealbHOl NepcneKmugu 8u-
yepnHoOCMi 3anacié 0peaniyno2o naiusa, wo besnocepeonbo 6yoe 6u-
3Hayamu 8apmicHi 3MiHU uMpam Ha 6UO0OYMOK, A MAKOIHC eHepee-
muuny besnexy kpain. Ilouanace nepeoyinka 3abesnevenms Kpain eidac-
HUMU 00CMYNHUMU pecypcamu 0as cghepu cnodicuganms. JJo yux pe-
cypcie sionocams nempaouyiini (6ionos08ani) Oddicepena euepeii
(HIE). lle € consuna padiayis, enepeii 6impy, Maaux pidox ma 6000-
cmoxis, npuniugis, xeuav, dviomacu (Oepesunu, nobymosux ma
CIIbCLK020CNO0APCLKUX 8I0X00i8, 8I0X00i6 MEAPUHHUYMEA, NIMAXIE-
HUYMBA, Xap4oeoi npoMuciosocmi, icozazomieenv, JNicHOI, depeso-
00pobHOT T Yen01030-naneposol NPoMUcIo8ocmetl), 2eomepmalbHa
enepeis, a maxooic posciana menioga euepeis (menio nosimps, 600u
oxkeanig, mopie ma 6oooiimuwy). OcHosna nepesaza 8iOHOBNI0BAHUX
Odicepen enepeii — ix HeguuepnHicmv ma exoJioziuna yucmoma. Bukopu-
CMAaHHA MaKux 0dfcepesl He 3MIHIOE eHepeemuyHuil 6alanc nianemu.

Exonomiunuii nomenyian 8iono8m08anux odzicepe eHepeii 6 cbo2o-
Oenni oyintoemocs 6 20 Mapo. mown y.n. Ha piKk, Wo 6 08a pasu nepesu-
wye obcse piuno2o 6uo00ysants 6cix 6udie opeaniynozo naiueda. Illu-
POKULl nepexio Ha 8i0HO8MI08AHI 0dcepena eHepeil He 8i00y8acmbcs
Jauwe momy, wo npoMUCIO8icMb, MAWUHU, 001A0HAHHA ma nooym
J00eil Ha 3eMill 30PIEHMO8AHT HA Opeaniute naiugo. A maxoc Oesxi
8UOU BIOHOBNIOBANHUX Odicepen eHepeil HecmabinbHi, MAOMb HUZLKY
WinbHicmv enepeii, a 8 0eaKuxX GUNAOKAX GUCOKY YIHY 3 IX GUKODU-
CMAHHS.

3acmocysanns 8ion0611068aH0I eHepeii Ha MicyegoMy piBHI 3HAYUHO
niosuwyyc Oe3nexy eHepeonocmavanus y pe2iomi, NOKpawyye coyianbHy
ma exonoeiuny cumyayito. Cropouenns iMmnopmy 00pocux eHepeoHoCiis
npu3800UNL 00 3MEeHWeHHs 3anedcHocmi Yrpainu 610 iHuux 0epaicas
ma MeHuw 8I0YYMHO20 GNAUGY eHePeeMmuYHOT Kpu3u.

Buicm nasuanvrnozo nocionuka 6aszycmocs Ha Mamepiani nepuio2o
suoanns kuueu [1], 3 doonpayrosanusm ma uKOPUCMAHHAM NPAK-
MUKU 3aCMOCY8AHHI HeMPAOUYIUHOT enepeemuKu y pi3HOMAHIMHUX
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chepax cycninvnozo rcummsi. Kpim euxnadok npo meopii, ocHosuU
no6yoosu, memoou po3paxyuky i npakmuuue zacmocysantns HIE,
HABEOeHO NPUKIAOU PeanrbHUX 3a0a4i 3 Hempaouyilinoi eHepeemuku ma
ix po3é’sazamnns.

Buoarnns npusnaverne 051 cmyoeHmis UUX HABHUAIbHUX 3AK1A0I6
K HABUANLHUL NOCIOHUK 3 BUBUEHHS OUCYUNJIIH, N8 A3AHUX 3 Hempa-
OUYITIHOIO eHepeemuKol0, a maKoxic Modice 6ymu GUKOpUCIAne iHice-
HePHO-MEeXHIYHUMU NPAYIBHUKAMU 8 IXHIli NPAKMUYHILN OISIbHOCMI.
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