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HEPEJIIK CKOPOYEHD

AEC — aTomMHa eJIeKTpOCTaHIIis.

ATH — abcopOiiiiHuil TENIOBUN HacoC.
BAX — BoibTamMInepHa xapakTepUCTHKA.

BJIE — BimHOBIIOBaJILHE JIKEPEIO CHEPTII.
BEY — BiTpoenekTpuyHa ycTaHOBKA.

BEC — BiTpoenekTpuyHa CTaHIIiA.

I' — reneparop.

I'BII — rapsiue BogonocradyanHs.

I'AEC — riipoakymyiIroBaJIbHa €IEKTPUYHA CTaHIIisl.
I'EC — rigpoenekTpocTaHiisl.

JAE — mxepeno eeKTpOKUBICHHS.

JAHT — mxepeno HU3bKOTEMIIEPATYPHOL TEMIOTH.
JPII — mxepesno peakTUBHOI MOTY>KHOCTI.
EE — eneproszoepexxeHHs 1 eHeproeeKTUBHICTb.
EPC — enexTpopyiiiiiHa cuna.

KK/I — xoedilieHT KOpUCHOT JIii.

JIEII — ninHis enextpornepeaay.

OEC — 00'eqHaHa eHepreTUYHA CUCTEMA.
OIP — oOomexenuit nuki Perkina.

IIE — nanvBHUUN €IEMEHT.

K — napoBuit kore.

IIITH — nepeTBOprOBay MOCTIHHOI HAIPYTH.
IIC — miacraHIs.

II'TH — mapoxoMIpecopHul TEIJIOBUN HACOC.
PII — po3noiyibHI IPUCTPOI.

CEC — coHs4Ha eJIeKTPOCTAHIII.

TEC — ternnoBa eJleKTOCTaHIIisl.

TEII — TemioenexkTpoueHTpaib.

TH — rennoBuit Hacoc.

T — TypOina.

TT — trepmoTpancopmarop.

XJC — xiMI4HE JDKEPENo CTPyMy.



BCTYII

Ha cyudacHomy erari pO3BHUTKY MPOMHCIOBOCTI, 32 ICHYIOUHX TEXHOTEHHUX
HABAHTAKCHHAX HA HABKOJIUIIHE CEPEIOBUIIE, € BAKIMBUM FapMOHIYHUNA PO3BUTOK
E€KOHOMIKH, CHEPTeTUKHU 1 ekoorii. [yt 1iboro HeoOXiTHO 3ampoBaHKYBAaTH 3aX0IN
MIOJI0 3MEHIIEHHS BapTOCTI 1 EKOHOMIi MaJUBHO-EHEPreTUYHUX PECypCIB,
BIIPOBA/PKCHHSI HOBUX TEXHOJIOTIA HAa OCHOBI albTEPHATHUBHUX 1 BIAHOBIIOBAIBHUX
mxepen eneprii (BJE), 3MeHIIEHHS BUKHAIB MIKIAJIMBUX PEUYOBUH y HABKOJIUIIHE
cepenoBuiie. B 3B’S3Ky 3 BEIMKUM 0OCSITOM IMIOPTOBAaHUX EHEPrOHOCIIB,
BUPIIIECHHS! BKAa3aHUX 3a/iay, BIAITpa€e BUPIIIAIbHY POJb y NMUTAHHI €HEPreTUYHOI
Oe3MeKH HaIo1 KpaiHu.

Binomo, 1mo BTpatu TEmIOBOi €HEprii JuIle MiJ Yac TPaHCHOPTYBAHHS B
[EHTPATI30BaHUX MeEpekax TeIUIoNoCTayaHHs B YKpaiHi ckimagarote 45-60 %.
Husbkuii piBeHb Teruioi3omsiii 30ubinye 1 BTpatu Ha 15-20 %, T06TO criokuBay
OTPUMY€ MEHILy YacCTHHY TEIJIOBOi eHeprii. BTpaTu B IHIIMX raiy3siX €HEpreTHKU
TAaKOXK € 3HAYHHMHM, 110 OOYMOBJIEHO HU3bKOIO BapTICTIO €HeproHociiB g0 2000-x
POKIB, JI€PKaBHUM PETYJIOBAHHSIM €HEPTEeTUYHOTO CEKTOPY, BIJCYTHICTIO KOIITIB Ha
MOJIEpHI3AI[I}0 €HEPrOreHEPYBATIbHUX MOTYKHOCTEH 1 TPAHCIOPTHUX MEPEK.

Tomy meprioueproBoro 3aadero JJisi MOJIMIIEHHS CUTYyallli B eHepreTUYHIN 1
EKOJIOT14HIN cdepax € MiABUIICHHS eHeproe(eKTUBHOCTI BCIX Tally3ei €HepreTHKH,
€KOHOMIKH,  TPOMMCIIOBOCTI,  KHUTJIOBO-KOMYHAJIhLHOTO  TOCMOJapcTBa.  3a
npUOIM3HUMH PO3paxyHKaMu L€ JO3BOJUTh 3MEHILIUTH €HEProCIOKUBAHHS MIHIMYM
y 2-3 pasu. Pa3oM 3 UM € JOIUIBHUM MOCTYIOBE HApOIIyBaHHS BCTaHOBJIEHOI
notyxaocti BJIE, 110 703BoJIsi€ 3MEHIIIMTYA BUKOPUCTAHHS BUKOITHUX JDKEPET MaluBa
1 3MEHUINTH TEXHOT'€HHUI BIUIMB Ha HABKOJIUIIIHE CEPEOBHUILIE.

AKTUBHUN PO3BUTOK TEXHOJIOTIM reHeparilii Ha ocHoBl BJIE moB’s3anuii 3 ix
MOTEHIIHO HEBUUYEPITHUM 00csiroM eHeprii. OgHaK y MOPIBHAHHI 3 TPaIULIHHIMHU
JUKEpellaMy eHepTii, MepBUHHUMH €HEPTOHOCIAMH SIKUX € HadTa, ra3 abo Byrijui,
BJIE MaroTh HU3bKY KOHIIEHTPALII 1 Majay LIIIbHICTh €HEPreTUYHOIO IMOTOKY,

JIOKAJIbHUN XapaKTep BHUKOPUCTAHHS, 3aJICKHO BiJl reorpadivyHOTO TOJOXKECHHS,
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HEPIBHOMIPHICTh TMOCTa4aHHA eHeprii B wyaci. Lli dakropu npu3BOAATH 10
YCKJIQAHEHHSI CHCTEeMH eHepromoctadanHs Ha ocHoBi BJIE 1 mepexomy Bin
HEHTPaII30BaHOTO /10 ACIICHTPaI30BaHOTO0 FT€HEPYBAHHS €HEPTIi.

VY KOHCIEKTI JIeKIii KpeauTHoro mMonayns «Mepexi MOCTIHHOrO 1 3MIHHOTO
CTPYMY 3 aJIbTEPHATUBHUMH JDKEpellaMH eHeprii — 1» TMosiCHeHI 0COOJIMBOCTI
Cy4acHOi MOJITUKU 3 €Hepro3oepekeHHss B YKpaiHi Ta 3a KOPJAOHOM Ha OCHOBI
OCHOBHHMX HOPMAaTHMBHO- MPaBOBHX JOKYMEHTIB, Cepell SKUX MOXHA BUAUIMTH TaKi:
«Eneprernuna  crtpareris  Ykpaimm g0 2030  poxky», «3akoH  TMIpo
CJIIEKTPOCHEPTEeTUKY», «3aKOH Mpo 3acaaul (YHKIIOHYBAHHS PUHKY EJIEKTPUYHOT
eHeprii Ykpainum». Ha OCHOBI IuX [OKYMEHTIB BHU3HAYE€HO OCHOBHI HOPMAaTHBHO-
NPaBOBi, OpraHi3aliiHi, TEXHIYHI Ta TEXHOJIOTIYHI 3aXOIU 3 EHEPro30epeKeHHs Ta
€Heproe()eKTUBHOCTI, TEPCIEKTUBHI CydYacHI HamnpsSMKH, OKpEeMl TEXHOJIOrli Ta
o0JiaIHaHHsI TEXHIYHOI peajtizallii 3aX0/IB 3 €Hepro30epekeHHs 1 eHeproeeKTUBHOCTI B
CHEPreTUYHMX Ta eJIEKTPOTEXHIYHUX CHCTEMaX, BUKOPUCTAHHA IS LIMX LI MPUCTPOiB
CHJIOBOI €JIEKTPOHIKM. B KOHCHEKTI JEKWId TaKoX PO3IJISHYTO MNPUHLHUII poOOTH 1

MeTOJMKa BUKOpUCTaHHS ocHOBHUX BB BJIE.



JIEKIIIA 1. OcHoBHI 3ax014 3 eHepro3depe:KeHHs

1.1. CyuacHuii cTaH i cBiTOBI TeHAeHIIil y raaxy3i eHeprozoepe:;xeHHs

OcCHOBHI TepMiHM | BUBHAYECHHS

Enepzozbepestcennsn — BIpOBAKEHHS MMPABOBUX, OpraHi3alliiHUX, HAyKOBHX,
BUPOOHMYMX, TEXHIYHUX 1 EKOHOMIUYHHUX 3aXOiB CIPSIMOBaHUX Ha 3MCHIICHHS
CIIO’KMBAaHHS €JICKTPUYHOI €HEeprii Cro)kKMBauyaMH 1 Ha 30UIbIICHHS YacTKU €HEeprii,
IO CIIOXUBAETHCS B1J] BIIHOBIIOBAIBHUX JIKEPEI EHEPTii.

Enepzoepexmugnicms — paiioHalibHe BUKOPUCTAHHS €HEPrii, 10 JT03BOJISE
MEePETBOPIOBATH ii MapaMeTpH 1 TPaHCHOPTYBAaTU JO CIOXKHBaya 3 MIHIMAJIbHUMU
BTpaTaMH.

Ymoene nanueo — onuHUIT BHUMIPIOBAHHS EHEPrOEMHOCTI OPraHIYHOTO
nanuBa (HadTH, ra3y, Byruuis), SsKy BUKOPUCTOBYIOTh JIJIsl IOPIBHAHHS PI3HUX BUJIIB
najanBa. 3a OJMHUIII0 YMOBHOTO IMAJIMBa MPUIHATE MMAMBO, TEIIOTA 3TOPSIHHS SKOTO
nopiBHioe 29,3 MJDx/kr a6o 7000 kkayw/kr. MiKHApOJIHUM EHEPTeTUUYHUM
arenrctBoM (IEA) 3a oOauHULIO YMOBHOrO MajiiBa NPUUHATO EHEPreTUYHUIN
CKBIBJICHT Bija criamtoBaHHs | ToHu HadTH, sskuii nopiBHioe 41,87 '/ abo 11,63
MBT Ton.

Amepukancokuit  Hagpmoeuir  dapeny — oAuHUL  00’eMy,  SKY
BUKOPUCTOBYIOTH JIJIsSi BUMIPIOBaHHS 00’ eMy Ha(TH 1 ckiangae 159 .

Bionoenweanvni  Oxcepena emepeii  —Jxepena  €Heprii  MPUPOTHOTO
MOXO/PKEHHS 3aMacy SKUX MOHOBIIOIOTHCS 3 HaCOM.

Bionoentosana enepcemuka — eHepreTuyHa rajy3b, 110 CIELIATI3YEThCS Ha
OTPUMaHHI Ta BUKOPUCTAHHI €HEPTii 3 BIIHOBIIOBAHUX JHKEPEI €HEPTTIi.

3enenuit mapugh — SKOHOMIYHMI MEXaHI3M, CHPSIMOBAHMM Ha 3a0XO0YCHHS
reHepailii eIeKTpoeHePTii BiAHOBIIOBAHOK €HEPTETUKOIO.

Kiomcbokuii npomokon — MikHapoaHa yrojga TIpo OOMEXKEHHS BUKHUJIIB

B aTMOc(epy MapHUKOBHX Ta3iB. [oloBHa MeTa yroau: CTaOuLTI3yBaTH pIBEHb


http://uk.wikipedia.org/wiki/%D0%95%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
http://uk.wikipedia.org/wiki/%D0%95%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
http://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D0%BD%D0%BE%D0%B2%D0%BB%D1%8E%D0%B2%D0%B0%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D0%B5%D1%82%D0%B8%D0%BA%D0%B0
http://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0_%D1%83%D0%B3%D0%BE%D0%B4%D0%B0
http://uk.wikipedia.org/wiki/%D0%90%D1%82%D0%BC%D0%BE%D1%81%D1%84%D0%B5%D1%80%D0%B0_%D0%97%D0%B5%D0%BC%D0%BB%D1%96
http://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%BD%D0%B8%D0%BA%D0%BE%D0%B2%D0%B8%D0%B9_%D0%B3%D0%B0%D0%B7

KOHIIEHTpAIlli MapHUKOBUX Ta3iB B aTMocdepi Ha piBHI, SIKUH HE JOMycKaB Ou
HEOE3MEYHOT0 aHTPOIIOI€HHOTO BIUIMBY Ha KIIIMAaTUYHY CUCTEMY TUJIAHETH.
Enepzemuuna xapmis — MiXHApOJHA yrojaa, CHOpsSMOBaHa Ha MOJOJAHHA
E€KOHOMIYHOTO PO3JIJICHHS €BPOINEWChKOro KOHTHHEHTY. JloroBip no Enepreruunoi
Xaprii rpae Ba)JIMBY POJIb B KOHTEKCTI 3yCHJIb 31 CTBOPEHHSI MPABOBOIO IOJIS IS
1J100aJpHO1 eHepreTUYHOI O€3MeKH, Ha OCHOBI BIIKPUTHX, KOHKYPEHTHHUX PHUHKIB 1

MPUHIIUIIB CTIHKOTO PO3BUTKY .

OcHOBHI 3aX0/1M 3 eHepro30epeKeHHs

[nmycTpiamizanis CBITOBOI €KOHOMIKM IpHU3BEJa JI0 CTPIMKOIO 30UIbIIECHHS
CIIO’KUBAHHS €HEPreTUYHUX pecypciB NpoTsirom octaHHix 100-150 pokiB. OckinbKy B
CTPYKTYpl CHOXXMBaHHSI EHEPreTHYHHUX PECYpPCIB HaMOUIbIy YaCTKy 3aliMaroTh
BUKOITHI JKepesa eHeprii: HadTa, ra3, BYriuisg — 1€ NPU3BOAUTH JI0 iX HIBUIKOTO
BUYEPITyBaHHS Ta IIOCTYIOBOTO 3pOCTAHHA I[IHU Ha 11I eHeproHocii. B 3B’43ky 3 num
CTaJIO 3pO3YMUIO, IO JIJIsl CTa0LILHOTO €KOHOMIYHOTO PO3BUTKY HEOOX1JHO BKUBATU
3aX0JIM 1010 PalliOHATBLHOTO BUKOPUCTAHHS eHeprii. ToMy B OUIBIIOCTI pO3BUHEHUX
KpaiH BOpPOBa/KeHHS eHepros0epiratounx 1 eHeproedexktuBHux (EE) TexHomoriii
(biHaHCYIOTh 3 iepxKaBHOTO OropkeTy. OcHOBHI 3axoau 11 miaBuiieHHs EE.

1 TexHiuHi:

® BHUKOPUCTAHHS MPUCTPOIB Ta YCTATKYBAaHHS 3 MAJIMM CIIOKWBAHHSIM €HEPTii;

® BHUKOPUCTAHHS €HEProe(eKTUBHUX TEXHOJIOTIM i TEeHEpyBaHHS Ta
TpaHCTIOPTYBaHH1 €HEPTii,

® TEIUIOI30JIAIIS Oy MiBENIb;

® 3aMiHa BUKOITHUX JKEpeJl €Heprii Ha BiTHOBIIOBAJIBHI.

2 EKOHOMIYHI:

® BBEJCHHS JICHHOIO 1 HIYHOTO TapuiB;

® orulata eHeprii, o BUPOOISIETHCS BITHOBIIOBAIILHUMH JKEpEIaMu €HEepTii

3a «3eIeHUM» Tapudom;



® BBEJICHHS TMpOrpecuBHOI Tapudikaiii (OUIbIIe CHOXHUBAEMl — OLIbIIE
CIUIAvye€l);

e JepXaBH1 0TIl Ha BIPOBAIKEHHS eHeproe(EeKTUBHUX TEXHOJIOT1H.

3 Oprani3zaniiiHi:

® BCTAHOBJICHHS JIIYWJIbHUKIB;

® BHUKOPHUCTAHHS 3UMOBOTO 1 JIITHHOTO Yacy;

® CKOHOMIsI €JIEKTPOCHEPTI].

4 TIpaBoBi:

e patudikalliss MDKHAPOIHUX YTOJl 1 KOHBEHIIIH B Tally31 eHepro30epeKeHHs;

® po3po0Ka 1 BIPOBAKEHHS HAI[IOHAIBHUX MIPOTPaM 3 EHEPro30epeskeHHs.

Edexr Big 3axomis 3 EE:

- 3a0IIaHKEHHS €Heprii;

- 3MEHILICHHS BUKHU/IIB IIKIJJTUBUX PEUOBUH;

- 3MEHIIICHHS BUTPAT HA BIPOBAKEHHS HOBUX €HEPrOMOTYKHOCTEH.

B nanomy Kypci OCHOBHA yBara NnpuaUieHa TeEXHIYHUM 3axofamu 3 EE.

CTpyKTypa CNOKNBAHHS €HEPreTHYHHUX pecypciB

BaxxauBUM TMOKa3HMKOM €HEPro30epeXeHHS € CTPYKTypa CIOKMBaHHS
CHEPreTUYHUX PECYPCIB, K1 MOAUIAIOTH Ha TaKl TPYyNMU €HEPrOHOCIIB:

- HadrTa;

- TIPUPOJHUM Ta3;

- Kam’siHe BYTULIS;

- sJlepHa eHepris;

- TIJpOEHEPTeTHKa,;

- BIJHOBJIIOBAJILHI JDKEpEIa €HEePrii.

Hadry, mpupognuii ra3 1 kam’siHe BYTUUISI BUIUISIOTH B OKpEMY TpYILy
BUKOMMHUX JpKepen eHeprii. BukomHi  eHeproHocii HEOOXIAHO EKOHOMHO
BUKOPHUCTOBYBATU uepe3 0OMEXEHICTh 1X 3amaciB, 3pOCTaHHS I[IHW Ha HUX 1 IIKIJIJTUBI

BUKUIN OKCUIY BYTJIELIO, CIPKH, a30Ty.



3amaciB  ypaHy, OCHOBHOTO SICPHOTO TajWBa, 3a HUHIMIHIX TEMIIIB
CIIO’KMBAHHS BUCTAYUTh Ha JIEKUIbKA TUCSY POKiB. LliHa eHeprii, oTpumana BiJ] IOTO
BUJy TAJIMBA € OJHOIO 3 HAWHMKYMX. 32 YMOBH JOTPHUMAHHS BCIX 3aXOJlIB 3 TEXHIKU
Oe3neKy aTOMHA €HepreTHKa 3HaYHO MEHIIIE BIUIMBA€E Ha HABKOJMIIHE CEPEIOBUIIIE,
HIK BUKOIHI JKepena eHeprii. OJHaK pU3HK TEXHOTEHHUX KaTacTpod, MOKIIUBICTD
CTBOPEHHs sIIepHOI 30pOi Ha OCHOBI MalvBa [JIi ATOMHHMX €JEKTPOCTaHIIIM,
CHOBUTHHIOIOTH PO3BUTOK IIHOTO BUAY €HEPTCTHUKH.

[NapoeHepreTuka TakoXX HAJEXKHUTh N0 BIAHOBIIOBAJIBHUX JHKEpEN EHEprii.
OpHak iCTOpUYHO 1i PO3MISIAAIOTH SIK OKPEMMM BHUJ €HepreTudHoro pecypcy. Lle
MOB’SI3aHO 3 TUM, 10 BOHA [TOYaJia aKTUBHO PO3BUBATHUCH 3 30-X pokiB XX cTopiyus,
TOI1 SIK 1HIII BHJAM BIIHOBIIOBAIbHOI eHepreTuku — 3 70-80 pokiB. Po3pi3HAOTH
BEJIMKY 1 Maiy riapoeHepreTuky. IloTeHIian BeJIMKOI EHEpPreTMKd B  CBITI
BUKOPUCTOBYIOTh Ha JIOCUTh BUCOKOMY piBHI (OU1s1 50%) 3 MOCTYIIOBUM BBEJCHHSIM
B EKCIUTyaTallll0 HOBHX IOTYKHOCTeH. Maina rijpoeHepreTika IMoyvajia aKTHBHO
PO3BUBATHCH JIMIIE HA NPUKIHLI XX CT., OCKUIBKA Ma€ MEHIIy OKynHICTb. OnHak
TEXHOTEHHUN BIUIMB HA HABKOJIMIIHE CEPEJOBHINE 32 YMOBHU €KCIUTyaTallli 00’ €KTiB
MaJioi T1APOECHEPTETUKN MiHIMAJIbHUN, OCKUIBKU JO3BOJISIE OTPUMYBATH €HEprito 0e3
3MIHM pycJia 1 3aTOIUICHHS MTPUOEPEIKHUX TEPUTOPIM.

CTpyKTypy CHOKHUBaHHSI EHEPropecypciB MoKa3aHo Ha puc. 1.4.

HadTa
6.7 %1,9 %
< . NPUPOAHI
o
33,1% Byrinna
aTOMHa e
29,9 %

rigpoeHej

23,9 %

a) BECh CBIT
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Onadra

O nNpUpoa4HUiA ras

Osyrinna

O atomHa eHepria

ErinpoeHepreTvsa

O iHWi BUAK BiAH.
eHepreTuku

0) pO3BUHEHI KpaiHU
0.7%

OwHadra

O npupogHwii ras

Oeyrinna

O aromHa eHepria

EriapoeHepreTrka

O iHWi BUAMW BiAH.
eHepreTuku

B) KpaiHH, 1110 PO3BUBAIOTHCS
Puc. 1.4. CtpyKkTypa CIOKHBaHHS €EHEPTOPECYPCiB

3 puc. 1.4 MoxkHa 3pOOMTH BHCHOBOK, IO [JIi BUPOOHUIITBA EHEPTIi
NEPEBAXXHO BHKOPHUCTOBYIOTH BHUKOMHI Jkepena (O0uta 87 % yciel eneprii). ons
BIIHOBJIFOBAJIBHOI €HEPTEeTHKU cKianae auine 8,6 %. Jlo Toro » BigHOBIIOBaIbHA
€HEpreTMKa AaKTUBHILIE PO3BUBAETHCS Y PO3BUHYTHX KpaiHax CBITY BHACIHiIOK
Jep KaBHUX JOTaIlil.

CTpyKTypy CHOKHMBaHHS €HepropecypciB B YKpaiHi nmokasaHo Ha puc. 1.5.

3 puc. 1.5 MoxHa 3p0OUTH BUCHOBOK, IO 3aJIEKHICTh €HEPreTUKU YKpPaiHU Bij
BUKOITHUX JIKepen ckiagae 82 %, 110 Jemo MEHIIe 3arajibHOCBITOBHX MOKa3HUKIB. Lle
TIOSICHIOETBCSI  BEJIMKOIO YaCTKOIO EHEPropecypciB, OTPUMYBaHUX BiJ SACpPHOI
eHepreTuku — 16 %. OnHak ykpaiHChKa MPOMMCIIOBICTh MA€ BEIUKY 3aJICKHICTh Bl
MIPUPOTHOTO Ta3y. 3BaKalOYM HAa MOTO BUCOKY IIIHY, CIIOKWBAaHHS MPUPOTHOTO Ta3y
JIOIIUTHHO 3aMIHUTH Ha KaM’siHE BYT1JUIA, 3aMaciB SIKOro YKpaiHi BUCTAYUTh OUTBIIIE HIXK

Ha 300 pokiB.
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O HaoTa

O npupoaHuit
ras

O syrinna

O atomHa
eHeprin

Puc. 1.5. CtpykTypa crio)XuBaHHsI eHEPropecypciB B YKpaini

BuxopucranHs BiTHOBIIOBAJIBHUX JiKeped eHeprii (KpiM TiApOCHEPreTUKH) B
VYkpaini Hkue 3araabHOCBITOBUX (2 %). IIpoTe 1eil CerMEeHT €HEepPreTHKU IIBUIKO
3pOCTa€ MPOTIATOM OCTaHHIX JEKUIbKOX pokiB. 3okpema B 2012 porii 3aranbHuil 00csar
eHeprii,  BUpOOJEHUHA  O00’€KTaMHU  BIAHOBJIIOBAJBHOI  E€HEPreTHKU  (OKpIM
TIAPOEHEPTEeTUKN) 3pic Y 4 pasu.

3a mporHo3aMu aHaIITUKIB Kommanii British Petroleum mo 2030 poky uactka
€HEProHOCIIB, OTPUMAHUX 3 BUKOMHUX JKEpEs eHeprii, SMeHIUThCs 110 82 %, yacTka
BIJTHOBJIIOBJILHOT €HEPreTuku 3pocte a0 12 %, a BiJHOCHA KUIbKICTH EHEprii,
OTpUMaHa BiJl SJIEPHOI EHEPreTUKHU, 3MIHUTHCA HE 3HAYHO. JluHAMIKy 3MIiHH

CTIOKMBAHHS €Heprii mokazaHo Ha puc. 1.6.
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Puc. 1.6. [Iporuos cnioxuBanus enepropecypcis 10 2030 poky

3 aHasi3y MPOTHO3HUX JAaHUX pUC. 1.6, MOXHA 3pOOUTH TaKi BUCHOBKH:
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- BUKOPUCTAHHS BIJHOBIIOBAJILHUX JKEpeN eHeprii Hailommkuil 20 pokiB AacTh
3MOTYy 3201 IUTH BUKOITHI €HEPTOPECYPCH;
- IIIJIKOBUTA BIMOBa BiJ BHUKOIMHHUX JDKEpPEI €HEeprii — chopaBa JajeKoi

IIEPCIIEKTUBH.

Knacudikauis rajsy3ed BiZHOBJIIOBAJILHOI €eHEPreTHKHA
BinHoBMIOBaNbHY €HEPTeTUKY PO3ALISIOTH HA HACTYITHI raly3i:
- BITPOCHEPI€THKA,
- COHSIYHA €HEPreTUKa:
® CIIEKTPUYHA,
® TEIUIOBA;
- TIIPOEHEPIeTHKa;
- 010MaIMBO:
- T€OTEpMAJIbHA EHEPIeTHKA,;
- IAJIMBHI €JIEMEHTH.
TeXHIYHO-JOCSKHUI TMOTEHIa)l BUPOOJIEHHSI €HEPrOHOCIIB 3 BIJHOBIIOBAHUX
JDKEpell eHeprii Ta ajJbTepHATHUBHUX BHJIIB MajMBa B OJMHUILIX YMOBHOI'O MajiiBa

(y.n.) 1 B HaTOBOMY €KBiBaJIEHTI (H.€) /u1sl YKpaiHu HaBeaeHo B Ta0. 1.1.

Tabmuus 1.1. IToreH1ian BiAHOBIIOBAILHOI €HEPreTUKU Y KpaiHU

No Piunnii TEXHIYHO-TOCSKHUN
. /1'] Hamnpsim BiTHOBIIIOBAILHOT €HEPIETUKH CHEePreTUIHUHN TTOTEHITIAI,
MJIH. T. Y. II. | MJIH. T. H. €.
1. |BiTpoeHepreruka 28,0 19,6
2. |CoHsluyHA eHepreTUKa 6,0 4,2
2.1. - CJICKTpUYHA 2,0 1,4
2.2. - TEIUIOBA 4.0 2,8
3. |T'iapoenepreTuka 7,0 4,9
3.1.| Benuka rigpoeHepreTruka 50 3,5
3.2.|Mana rizpoeHepreTuka 2,0 14
4. |bionaauBo 31,0 21,7
5. |T'eoTepmanbHa TEIJIOBa €HEPreTUKa 30,0 21
3arajgbHui 00CsAT 102 71,4
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Ha panuii MOMEHT BIJHOBIIOBAJbHI JKepena Ha Teputopii YKpainu
BUPOOJISAIOTh OJIM3BKO 2.5 MIIH. T. H. €. €Heprii (Maike BCS CHEPrisi TeHEePYEThCs
Benukumu  ['EC), TOOTO mTOTEHIiaJl BiJHOBIIOBAIbHOI EHEPreTHKU Y KpaiHu
BUKOPUCTOBYETHhCSI Ha 3 %. [IpuumHOI0 TakMX HHU3BKUX TIOKA3HHWKIB € BHCOKA
co01BapTICTh €HEPrii y MOPIBHAHHI 3 BUKOITHUMHU JKEpeJIaMH €HEPrii.

KoHKypeHTHUMH rany3siMd  BIAHOBIIIOBAJIbHOI E€HEPreTUKH € TiApo- 1
6ioenepretuka. Co0iBapTICTh €HEPrii OTpUMaHa 3 1HIIUX BiTHOBIIOBAJIBHUX JKEpe
MOCTYIOBO 3HUXKYETHCA, TOMY 3 HYacOM IX BHKOPHUCTAHHS TEX CTaHE €KOHOMIYHO
JTOLIIJIBHUM.

Ha npmanomy erami OUIBIIICTH Tady3edl  BIAHOBIIIOBAJIbHOI €HEPrETHKHU
pPO3BUBAETHCS 3a JIEPKABHOI MIATPUMKHU. [l LbOrO BHUKOPUCTOBYIOTH s
MEXaH13MiB:

- patudikaiiis MbKHapOIHUX yroa 3 eneprozoepexenHs (Kiorcbkuit mpoToko,
Eneprernuna xapris);

- 3aTBEP/UKCHHS] HAIlIOHATIBHUX TMPOrpaM 3 PO3BHUTKY BiJHOBIIOBAIBHOI
CHEPreTUKH, B paMKaX SKUX:

® CHEPTit0, BUPOOJICHY BiIHOBIIOBAIBHUMH JIPKEPEIaMH, JIepKaBa 3aKyTMOBYE 3a
BUILUM, «3€JIE€HUM» Tapu(oM, HIK Y IHIIUX BUPOOHUKIB;

®BUPOOHUKAM €HEprii 3 BIJHOBIIOBAIBHUX JDKEpENI HANalTh IOJATKOBI
MBI H;

®IJI1 SHEProOHOCIIB 3 BIJHOBIIOBAJILHUX JKEpEI CHeprii HagaloTh KBOTH Ha
PUHKY €HEPropecypciB.

VYkpaiHa npoAeMOHCTpyBaja IparHeHHs 10 pedopMyBaHHS EHEPreTUYHOIO
CEKTOpPY, SIK€ JO03BOJIUTH 1M CTaTHM Ha MUIAX 10 CTIAKOro 3poctaHHs. Oxynaiis
Kpumcbkoro miBoctpoBy Pocieto y 2014 pori Ta mouatok koHiikty Ha Jlonbaci
pO3ipBaju JAHUIOT IOCTAa4aHHS €Heprii B YKpaiHi, OCKUIbKM ICTOTHAa YacTKa
BYTJIEBUAOOYBHHUX INAXT 3HAXonuThes y JloHemnpky Ta Jlyranceky. OpHak micns
nignucanHs Yroau mpo acoiiarito 3 €sponeiickkum Corozom (€C) y 2014 pori Ta
B3STTS Ha ceOe MDKHapOAHUX 3000B’s3aHb (y ToMy uucii nepen MB®) Vkpaina

noyasna poooty Haj pedopmamMul 1JisI CTUMYITIOBAHHS €HEProeeKTUBEHOCTI.
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B VYkpaini gie nporpama 3 eHepro3oepe:kenHsi: Enepretnuna crpateris
VYkpainm ©Ha mepion 1o 2035 poky «besmeka, eHeproe(eKTHBHICTB,
KOHKYpeHTOoCTHpoMOXHICThY (ECY).

Limi ta mpioputetn ECY:

- CB1JIOM€ Ta eHeproe(EeKTUBHE CYCH1IbCTBO;

- eHepreTUYHa HE3aJICKHICTh, HAJIMHICTh Ta cTadbLIbHICTh [1EK;
- PO3BUTOK PUHKIB,;

- 1HBECTHIlIHA MPUBAOJIHUBICTD,

- MEpekeBa IHTerparis;

- CyyacHa CHMCTeMa yNpaBJIIHHS.

['onoBHoro Mmetoro Crparerii € JOCATHEHHS LUJIBOBUX IOKa3HUKIB 3
€HEpreTMyHoi Oe3NeKu Ta eHeproeeKTUBHOCTI, 3a0e3MEeYEHHs 1HHOBALIMHOIO
OHOBJICHHSI €HEPreTUYHOT0 CEKTOPY Ta MOro 1HTerpaiii 3 €eHepreTMYHUM CEKTOPOM
cC.

JIOCSITHEHHSI 3a3HAYEHHUX LUIEH MJIAHYEThCS 3IIMCHUTH LUISXOM JiiOepami3anii
PUHKIB, YTBEPJKEHHS €(QEKTUBHOTO PETyJIOBaHHS Ta 3aJly4Y€HHs 1HBECTULIN B
eHepreTuuHuii cexrop. Kpim Toro, B Tekcti camoi Crtparerii BH3HA4YeHl KepiBHI
NpUHIUIHN (1HAHCOBOTO 3a0e3nedeHHs peopM B EHEPreTUYHIHN Taiys3i.

30KkpeMa 3a3HavYa€eThCs, IO JepKaBa MOBUHHA MIHIMAJIbHO 1HBECTYBATH, ajie
MaKCUMAaJIbHO CIHPUATH (OPMYBAHHIO CTHUMYJIOIOYOrO0 1HBECTHULIMHOTO KJIMary,
JacTKa MNPSAMUX 1HBECTHIIM 3 JepKaBHOTO OMOMKETy VYKpaiHM Yy PO3BUTOK
eHepreTUyHoi 1H(PACTPYKTYpH He Mae nepeBulryBatu 5 - 10%, a npsmi iHBeCTHLIIT 3
OJIHI€I KpaiHM HE TMOBHHHI CSATaTH KPUTUYHOIO PIBHS, LIO0 3YMOBIIIOE MOTPEOY
nuBepcuikaili IHBECTHITIH.

Jlist Bcix BUpPOOHUKIB y cdepl BiAHOBIIOBAIBHOI €HEPreTUKU [1€ 3€JICHUM
Tapud.

3akoH Ykpainu «IIpo BHeceHHs 3MiH 10 JeSIKHX 3aKOHIB YKpaiHMU 11010
YIOCKOHAJICHHSI YMOB MiATPUMKH BHPOOHHITBA €JEKTPUYHOI eHeprii 3

aJIbTEePHATUBHMX JI’KepeJ eHeprii»
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1 cepmias 2020 poxy HabpaB unHHOCTI 3akoH Ykpaiau «IIpo BHECEHHS 3MiH
710 JISIKMX 3aKOHIB YKpaiHH 1010 YAOCKOHAICHHS YMOB IMIATPUMKH BUPOOHHUIITBA
CJIEKTPUYHOI €HEPTii 3 albTEPHATUBHUX JIXKEPEN CHEPTriiy..

OcHOBHI 3MiHH, III0 BHECEHO 3aKOHOM:

e 3HIDKEHO PO3MIP «3€JICHUX» Tapu(diB;

 BBEJICHO BIAMOBIIAIBHICTE 32 HeOamancu BUpoOHuKiB B/IE;

o Nepea0ayeHo MOKIMBICTH (PIHAHCOBOI MIATPUMKH FapaHTOBAHOTO MOKYTILIS
3 JepKaBHOro OropkeTy y posmipi He menHmie 20% Big TPOTHO3HOT BUPOOITKU
€JIEKTPUYHOI €HEPTii 3 albTEPHATUBHUX JIPKEPEN Ha BIAMOBIIHUMN PIK;

e YTOYHEHO MOPSIIOK MPOBEACHHS «3€JICHUX)» ayKII1OHIB;

e BU3HAUEHO OllepaTopa CHUCTEMH TMepefadi  BIAMNOBITAIBHUM 32
KOMIICHCAIIF0 HEJOBIAMYIIEHOI EJIIEKTPUYHOI €eHeprii BHACHIAOK BUKOHAHHS
JUCTIETYEPCHKUX KOMaH/1 Ha 3MEHIIICHHsI Ta/a00 0OMeKEeHHS HaBaHTaKECHHS;

e HaJIaHO JICPXKABHY TapaHTII0 CTOCOBHO HE3MIHHOCTI 3aKOHOJaBCTBA,
YUHHOTO Ha JIEHb IPUUHATTA 3aKOHY, JAJI1 BUPOOHHKIB €JICKTPOSHEPTIi 3a «3eTICHUM
Tapudom;

3HMKEHHA 3eJeHOor0 Tapudy BiaOynocs pakTUUHO TUIBKHU ISl COHSYHUX Ta
BITPOBUX €JIEKTPOCTAHIIIH.

Jiist Giorazy/6iomacu oOMeKeHHs B Tapu(i Ha BCTAHOBJICHO.

Cucrema mATPUMKH «3eJIeHUMI» Tapudamu aistume a0 31 rpyaas 2029.

Biarenep Bci BUpOOHMKHU €JIEKTpOEHEPTii 3 eHeprii BITpY OepyTh y4acTh B
ayKI[IOHaX NpPHU BCTAHOBJIECHIM MOTYXHOCTI yCTaHOBOK Ounbiie 5 MBT. Panime
00’€KTH 3 TphOMa BITPOTYpOIHAMHU HE3aJIEKHO BiJ] BCTAHOBJICHOI MOTYKHOCTI TaKUX
BITPOTYpOIH MOTJIM HE OpaTH y4acTh B «3€JICHUX) ayKI[IOHAX.

Biarenep Ypsin Ykpainu BCTaHOBIIIOE PiYHY KBOTY Ta rpadik MNpOBEICHHS
ayKITIOHIB HA KOXXEH HACTYIMHHM piK (paHillle KBOTAa BCTAHOBJIIOBAJIACS HA 5 POKIB).

B piuHniii KBOTI Tenep MOXYTh OyTH:

o BU3HAUEHI OKpemi oOnacti (perionn) st OyAiBHULTBA 00’ €KTIB

B1IIHOBJIFOBAHOI €HEPIreTHKU;

16



 BHU3HAYEHI MaKCHUMaJbHI BEJIMYMHU HOTY>KHOCTI o0’exTa
CJIEKTPOCHEPTETUKN a00 Yepru Horo OymiBHHUIITBA (ITyCKOBOTO KOMIUIEKCY), OO
SIKOTO BUPOOHUK €/€ MOXke Ha0yTH MpaBo Ha MIATPUMKY Ha BIAMOBITHOMY ayKIIIOHI;

e 3AIPOTNOHOBAHI  3€MENbHI  JUISSHKA  JAns  OyAiBHUIITBA  00’€KTIB
BIJIHOBJIIOBAHOI ~€HEPreTMKM 3 BHU3HAYCHUMHU TEXHIYHUMHU I[apaMeTpaMu Ta
TEXHIYHUMHU YMOBAMH Ha MPUEAHAHHS 10 €JICKTPUYHOT MEPEXKI;

. 3aIpONOHOBaHI Jaxu Ta / abo ¢dacamu OyIiBeNb Ta HIIMX KamiTaIbHUX
CIIOpYJ, IO HAAAIOTHCSI B OPEHAY JJisg OyAiBHHUIITBA OO0 €KTIB BiJHOBIIOBAHOI
€HEPreTUKH, SKI BHPOOJIAIOTh EJIEKTPUYHY €HEprit0 3 EHeprii COHSYHOIO
BUMIPOMIHIOBaHHS 3 BH3HAUCHUMH TEXHIYHUMH IMapaMeTpaMd Ta TEXHIYHUMHU
yMOBaMU Ha MPUETHAHHSA JI0 €JIEKTPUYHOT MEPEKI.

MiHIMaJIbHUIA PO3MIp YaCTKM B PIYHIA KBOTI MIATPUMKH JJII COHSYHHUX 1
BITPOBUX €JEKTPOCTAHIIIN, a TaKOX I 1HIIMX BHJIIB aJbTEPHATUBHUX JKEpEI
eHeprii 3HmkeHo 3 15% no 10%.

Takox BHU3HAYEHO UITKY CTapTOBY IIIHY JUISI TIPOBEICHHS «3CIICHUX)
ayKIioHiB. PaHiie cTapToBOIO 1iHOIO OyJia I[iHa Ha PiBHI BIJMOBITHOTO «3EJIEHOTO»
tapudy. Bigrenep crapToBa 11iHa:

. JUIS BITPOBUX Ta COHSYHUX CTaHIINA JUIS «3€JICHUX» ayKI[IOHIB, IO
npoBosAThes 110 31 rpynns 2024 poky — He Butie 9 eBpoiieHTiB 3a 1 kB1/T;

. JUIS BITPOBHX Ta COHSYHUX CTaHIN Ui «3€JI€HHUX» ayKI[IOHIB, MIO
npoBosaThes 3 01 ciunst 2025 poky — He Bute 8 €BpoieHTiB 3a 1 kB1/t;

. IHIIMX BU/IIB aIbTEPHATUBHUX JIXKEPEI eHeprii — He Bulle 12 €BpOIEHTIB

3a 1 kB1/T.

IIpoexT 3akony Ykpainu «IIpo enepretuuny eQpeKTHBHICTH»

04 Oepesns 2021 poxky cxBajJeHO y MEpPUIOMY UYWTaHHI 32 OCHOBY IPOEKT
3akony Ykpainu «IIpo eneprerrnuny eeKTUBHICTDY.

VYkpaina mae oAHYy 3 HaMOUIbII €HEProeEMHUX €KOHOMIK y cBiTi. [Ipu upomy,

HAsSIBHUM 3HAYHUI MOTEHIIIAJ TiBUIIEHHS €HEPTeTUYHOT €()EKTUBHOCTI.
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Tax, BIANOBIAHO A0 MOSICHIOBAJIBHOI 3aMHMCKU IO 3aKOHOIPOEKTY, TUIBKH 3a
OLIIHKOIO B TPHOX CEKTOpPax — KUTIOBH, OI0KETHHUI Ta MOCTaYaHHS eHeprii (pa3oM
onu3bKk0 63% eHepreTMUHOro OanaHcy YKpaiHM) MOTEHIian eHeproe(eKTUBHOCTI
JIOPIBHIOE 33011 KEHHIO OJ13bK0 19 MutH THe a00 8 MiIpA €BpO HIOPIYHO.

3aKOHOMPOEKTOM, PO3POOJICHMM Yy paMkax iMIuiemMeHTamii JlupexktuBu
2012/27/€C, Bu3Ha4aloTHCA:

OCHOBHI 3acajil JIep>KaBHOI MOMITHKU y cdepi 3a0e3nedeHHss €HepreTU4HO1
e(heKTUBHOCTI;

ocoONMMBOCTI (POpMyBaHHSI Ta BUKOHAHHS HAIllOHAJBHUX IUIAHIB i 3
eHeproe()eKTUBHOCTI;

miaxoau 10 GopMyBaHHS CTpaTerii 3a0e3MeueHHs eHepreTuYHol e(heKTUBHOCTI
Oy/liBEb;

3acanau 3a0e3MedeHHs] €KOHOMIi eHeprii B OyAiBISX IIEHTPaJbHUX OpPraHiB
BUKOHABYOI BJIA]IH;

BUMOTH JI0 €KOAM3aiiHY €HEPTOCIIOKUBYUX MPOIYKTIB;

3acad  EHEPreTMYHOro  ayJuTy Ta  CHEPreTUYHOTO  MEHEIKMEHTY,
€HEprocepBicy;

0COOJIMBOCTI 3aIIPOBAPKEHHS IHTEIEKTYAIbHUX CUCTEM OOJIKY;

CTUMYJIIOBaHHS €HeproeeKTUBHOCTI B cdepl TemIonocradyanHs Ta y cdepi
nepeiadl Ta poO3MOAUTY €JEKTPUYHOI €HEeprii, TPaHCIOPTYBAaHHS Ta PpPO3MOALTY
IPUPOJIHOTO Tazy;

BIJIMOBIJIAJIBHICTh 33 TOPYILIEHHS 3aKOHOAAaBCTBAa y cdepi 3abe3nedyeHHs
€HEepreTUYHOi €(PEKTUBHOCTI Ta 1HLIE.

B VYkpaini giloth Taki moaaTkoBi MiJbru IS BiAHOBJIIOBAJBLHOI
€HepPreTUKM:

- 3BUIbHEHHsS BiJ omnoaatkyBaHHi 80 % npuOyTKy mianpueMcTs y cdepi
BIJIHOBJTIOBJIBHOI €HEPTreTUKH OTPUMAHOTO BiJl TPOJAXY HA MHTHIN TepUTOpIi
VYkpainu ToBapiB BJIACHOTO BUPOOHUIITBA 3a MEPEiKOM, BcTaHOBJIeHUM KabiHeTom

MinictpiB Ykpainu.
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- 3BUIbHEHHS B1 onofgaTkyBaHHs 50 % npulyTKy, OTpUMAHOTO BiJl 3/11HCHEHHS
eHeproe(eKTUBHUX  3aXOAIB Ta  peami3amii eHeproe()eKTUBHUX  TPOEKTIB
HiANPUEMCTB, IO BKIOYEHI A0 JlepkaBHOTO peecTpy MiANPUEMCTB, YCTaHOB,
Oprasizaiiii, siki 3aliMalOTbCsI PO3POOKOI0, BIIPOBAKEHHSIM Ta BHUKOPUCTAHHSIM
eHepro30epiraroyux 3axo/1iB Ta eHeProePeKTUBHUX MTPOCKTIB.

- 3BUIBHEHHS BiJ] OMOJIATKyBaHHsI OIepaIliii 13 BBE3€HHs HA MUTHY TEPHUTOPIIO
Ykpainu eHepro3Oepirarounx  MaTepiaiiB, oOOJaJHaHHS, yCTaTKyBaHHA Ta
KOMIUICKTYIOUHX.

- 3BUIBHEHHS BiJl ONOJIaTKYBaHHS NpUOYTKY BUPOOHUKIB Olomaiuga.

3anuTaHusA

1. Ha3BiTh OCHOBHI 3aX0/l1 3 €HEPro30epeKEHHS.

2. HaBeniTh popMyity AJist po3paxyHKy €HEPrOEMHOCTI BUPOOHUIITBA.

3. BkaxiTh YacTKy BHUKOIIHUX JDKEpPENI €Heprii B CTPYKTYpl CHOKHMBaHHS
€HEeprli.

4. Ha3BiTh OCHOBHI BHJIU BIIHOBITIOBAJIBHUX JKEPEIT €HEPrii.

5. Ha3BiTh OCHOBHI METOAM CTUMYJIFOBAHHS BITHOBIIOBAJILHOT €HEPTrETUKH.

6. [TosicHITH 3HAYEHHS TEPMIHY «3eJCHUIN Tapud».

7. Ha3BiTb OCHOBHI TOJIOKEHHS €HEPreTHYHOi cTparerii Ykpainu go 2035
POKY.

8. Ha3BiTh OCHOBHI mojoxkeHHs 3akoHy Ykpainu «IIpo BHeceHHS 3MiH [0
JESAKUX 3aKOHIB YKpaiHW WHI0J0 YAOCKOHAJIEHHS YMOB MIATPUMKH BHUPOOHHUIITBA
€JIEKTPUYHOI €HEPTii 3 AIbTEPHATUBHUX JIPKEPEN EHEPrii».

9. flki came MOMATKOBI IMUIBTHM JJIS BIJHOBJIIOBAJIbHOI CHEPreTUKH IiIOTh B

VYkpaiHi.
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Jlekuisg Ne 2. XimiuHI 1:Kepesia CTpymy

OcCHOBHI TepMiHU | BU3BHAYCHHS

Ximiune oxncepeno cmpymy — xepeno EPC, B sxomy eHepris XiMIYHUX
poIeciB 6€3MmocepeIHLO EPETBOPIOETHCS HA €ICKTPUIHY SHEPTIIO.

Enekmpuunuil akymyaamop — XiMidHe JDKEpeno CTpyMy OaraTtopa3oBoi il
JUIsT HAKOTIMYEHHSI €Heprii 1 aBTOHOMHOTO S>KHMBJICHHS €JIEKTPOHHUX MPHUCTPOIB 1
oOaHaHHSI.

AKymynamopna éamapesa — ACKIIbKa aKyMYJISTOPIB, 3’ €IHAHUX MapasieIbHO
a00 ITOCI1IOBHO.

Cenapamop — TOHKUI TIOPUCTUM JIUCT, SIKUA BUKOPUCTOBYIOTh JUISl PO3JILJIEHHS
JIOJIATHOTO 1 BiJI’€EMHOTO €JIEKTPOIIB XIMIYHOTO JKEpea CTPyMy.

Ecgexm nam’ami — BTpaTa €MHOCTI aKyMyJisITOpa MiJ 4ac 3apspKaHHS He
MOBHICTIO PO3PSIIPKEHOT0 akymyiaropa. Lle siBuie mputamaHHe HiKeIb-KaJIMIEBUM 1
HIKEJIb-METAJIOT1IPUHUM aKyMYJISITOPaAM.

Hanuenuii enemenm — XiMidHe JKEPENIO CTPYMY, 3a MPUHLIUIIOM Jii CXOKE Ha
ralbBaHIYHUM €JIEMEHT, ajie BIAPI3HAETHCS BiJg HHOIO THM, IO PEUYOBHHH IS

XIMIYHOI peakilii NoJIal0Th 10 HHOTO 30BHI.

ITapaMeTpu XiMiYHMX JKepeJ CTPYMY

XimiuHi mxepena ctpymy (XC) BUKOPUCTOBYIOTH MJii aBTOHOMHOI'O
CJICKTPOKUBIICHHSI EJIEKTPUYHOTO OOJaHAHHS, CJIEKTPOHHHMX 1 EJIEKTPOTEXHIYHUX
npuctpoiB. X/IC 3anexHO BiJl MOXKIMBOCTI HOBTOPHOTO BUKOPUCTAHHS MOAUIAIOTH Ha:

- TaJIbBaHIYHI CJICMCHTH,

- eTICKTPUUH1 aKyMYJISITOPH;

- MAJIMBHI €JIEMEHTH.

Bci tumum XJIC wmaroTh cx0Xy KOHCTPYKIito 1 mpunmun pobotu. XJIC
CKJIZICHO 3 ABOX €JIEKTPOJIIB: aHOMY, IKMM MICTUTh OKUCHUK, 1 KATOY, SIKUH MICTUTh
BIJIHOBHUK. MDDK aHOJOM 1 KaToJI0M PO3MIIIEHO eeKTpoiiT. OcHoBow podbotu X/[C

€ XIMIYHa peaKIlisg B3aEMO/II1 OKMCHHUKA 1 BITHOBHUKA. Y MpoIlieci B3aeMOJii OKMCHUK
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BITHOBIIIOETHCA 1 TPHUEAHYE €JCKTPOHU, a BIJHOBHHMK OKHCIIOETHCS 1 BiIJae
CJIEKTPOHHU.

VY ranapBaHIYHUX e€JEMEHTaX 1 eJNEKTPUYHUX aKyMyJIsAaTOpax OKHCHHUK 1
BITHOBHHK po3MilleHi BcepeanHi kopmnycy XJIC, a B manuBHUX eleMEHTaX — 330BHI.
Tomy nepuri nBa tunu XJIC MaroTh 0OMEpeKeHY €HEeproeMHICTh. EHEproeMHiCTh
NAJMBHOTO €JIEMEHTa 3aJIeKUTh JIMIIE BIJ KIUIBKOCTI TOJIAHUX B3a€EMOIIIOUYUX
PEUOBHH.

["anpBaHIvHI €JIEMEHTH 1 aKyMYJISITOPH MalOTh Takl TEXHIYHI TapaMeTpHu:

1. Hampyra xonocTtoro xony Ej,.

2. BHyTpimHii omip enemeHTa .

3. Po3psnnuii ctpym enementa Ip.

4. Pozpsana Hampyra Uy = Ey, - lpr.

5. Po3psanna emuicts enementa Cp = lptp, ne t, — 4ac po3psiny rajbBaHIYHOTO
€JIEMEHTA.

6. [lutoma pospsaHa emHicTh ¢p = Cy/m, me M — Maca TaIbBaHIYHOTO
€JIEMEHTA.

7. Pospsigna eneprig enementa W, = Uplpt,.

8. Camopo3ps — BTpaTH EMHOCTI €JIEMEHTA 3a TIeBHUH Jac.

EnexktpuuyHuili akymyJasTOp Mae€ JeKUIbKa JOJAaTKOBUX HapaMeTpiB, IO
XapaKTepU3yIOTh MPOIIEC HOTO 3apsiay:

1. 3apsgna Hanpyra U, = E,, + L.r,.
3apsaHa emHicTh enementa C; = L,t,.

[TuToma 3apsaHa eMHicTb ¢; = C,/m.

3apsana eneprisa enementa W, = U,Lt,.
KoeoimienT Bianayi 3a emHictio 17¢ = Cp/C..
Koedimient Bimmaui 3a eneprieto gy = Wy/W,.

KinbKkicTh IUKITIB 3apsa-po3psin Z.

© N o g Bk~ DD

['mubuna po3psny (.
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I'anbBaHivHI eJleMeHTH
[cHye nMOCUTH MIMpPOKAa HOMEHKJATypa TalbBaHIYHHUX EJIEMEHTIB iX OCHOBHI

rapaMeTpu BKaszaHi B Ta0. 2.1.

Tabmuus 2.1. XapakTepuCTUKU TaTbBaHIYHUX €JICMEHTIB

Crcrena Hanpyra, | IIut. emHiCTb, Mutoma | Poboua CaM0£)03psm
AHOJI|eNeKTPOIIT|KaTOx B, cepenus/ | Br-ron/xr/ [MOTY>HICTh | Temir.,°C 3820°C, % B
P KIHI[EBA Br-ron/n YK " piK
1. Zn|ZnClz, NH4CI|MnO,  11,25-1,1/0,9 65/100 Husbka | -5..+45 10
2. Zn|ZNClo|MnO; 125-1,1/09 85165 | KA~ 14 45, 7
cepemHs
1,25-
3. Zn|KOH|MnO; 1,15/0.9 125/330 Cepenns  -20..+50 4
4. Zn|KOH|HgO 1,3-1,2/0,9 105/325 Cepemust | 0..+55 3
5. Zn|KOH|Ag>0 1,6-1,5/1,0 120/500 Cepemust | 0..+55 6
6. Zn|KOH|noBiTps 1,3-1,1/0,9 340/750 Husbka 0..+50 2
- 285-300/
7. Li|LiClO4|CuO2 1,5-1,4/0,9 480-600 Huspka |-10..470 1-2
8. Li|LiClO4|MnO; 3,0-2,7/2,0 230/550 Cepennst  |-20..+55 1-2
9. Li|LiBF4|(CF)n 27-2623 220410 | MPKA- o6 460 05-1
cepenHs
10. Li|LiBr[SO2 2,9-2,7/2,0 300/415 Bucoka | -55..+70 2

320-650/ Cepennsi -
700-1000 BHCOKa

12. Li[LiCI|I 2,8-2,6/2 300/900 Ayxe | 10 +60 1

HU3BbKa

11. Li[LiAICI4,SOCI: |SOCI: | 3,5-3,2/3,0 -55..+85 1-6

Haii0inpm1 po3NOBCIOAXKEHUMH TallbBAHIYHUMM €JIEMEHTAMH € MapraHleBO-
IIMHKOBI 1 JiTi€Bl mkepena ctpymy (1, 2, 3, 8, 9 mo3unii B Tabn. 2.1). [Ipunmun ix

poOOTH OIIMCAHO HUIKYE.

Mapzanuyeeo-uyunkogi 2aibeaniuli e1emenmu

MapraHiieBo-IIMHKOBI TajbBaHIYHI €JIEMCHTH MalTh ABI Momudikamii — 3
€JICKTPOJIITOM Ha OCHOBI coJji abo JIyry. B SIKOCTI el1eKTposiTy B MEPIIOMY BUIAIKY
BUKOpUCTOBYIOTh Xsopua amoHito NHsCl a6o xmopun mmuky ZnCl,. JlomaTHwuii
€JIEKTPOJ BUTOTOBISIIOTH 3 CyMIilIl JIOKCHAY Mapranui Tta rpadity, sSKAl
BUKOPUCTOBYIOTh JIsl 301TBIIIEHHST MPOBIAHOCTI €NeKTpoay. Bim’eMHuii enexktpon
CKIAJAEThCS 3 YHUCTOTO IMHKY 3 HE3HAYHUMH aHTUKOPO3IMHUMH JOMIIIKAMU

CBHHIIIO, TAJIII0 00 KaaMIIO.
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CymapHa peakiiisi A5l eIEKTPOJIITY 3 XJIOPUAY aMOHIIO:
2MnO, + 2NH4C! + Zn — ZnClr- 2NH3; + H,O + Mn,0Oa;. (21)

CymapHa peakitis Uit eeKTPONITY 3 XJIOPUAY IUHKY:

8MnO, + 4Zn + 2ZnCl; + 9H,0 — 8MnOOH + ZnCl,-4Zn0O-5H,0. (2.2)

Yac poboTH rajibBaHIYHHUX €JIEMEHTIB 3 XJIOPUTHO-IIMHKOBUM €JIEKTPOIITOM 32
BEJIMKUX CTPYMIB B 1,5 — 2 pa3u Oubliie HK y 6aTapeiok 3 XJI0pUI0M aMOHIIO.

Y JIy)XHHX MapraHieBO-IIMHKOBHX TallbBaHIYHUX €JIEMEHTaX aKTHUBHHUM
MaTepiajioM aHOJy € MOPOIIKOMOJIOHMN HHMHK BHCOKOI YHMCTOTH. AKTHBHA Maca
KAaTOAy MICTUTh MIOKCHJ MapraHuio Ta rpadit. [is BUTOTOBJIEHHS EJIEKTPOJITY
3acTOCOBYIOTh KoHIIeHTpoBaHi po3unan KOH, NaOH 3 mogasanusm ZnO.

CymapHa peakirisi raJlbBaHIYHOTO €JIEMEHTA.

Zn+20H — Zn(OH),; + 2¢. ...l (2.3)

[TopomikoBuii IIMHKOBUI  €JEeKTpoA  3a0e3neuyye 3HAuHE  30UIbILIECHHS
BUKOPUCTAaHHS aKTHUBHOTO MaTepially B MOPIBHAHHI 3 COJbOBUMHM OaTapeiikamu. 3a
yMOBHU O€3IMEPEPBHOIO PO3PSIAY CEPEAHIMU 1 BUCOKUMHU CTPYMaMHM JIYXKHI €JI€MEHTH
3a0e3neuytoTh B 7-10 pa3iB OUIbIIY €MHICTh 32 OJJHAKOBUX ra0apuTiB B MOPIBHIHHI 3
cosiboBUMH Oartapeiikamu. IIIBUIKICTH PO3psay HYKHHUX 1 COJNBOBUX Oarapeiok

(10-15) % B pik. CTpOK MPHIATHOCTI Y COJILOBUX — 1-3 pOKH, JTy>KHUX 5-10 poKiB.

Jlimiegi zanveaniuni enemenmu

JliTieBi TanbBaHIYHI €JEMEHTH MAIOTh BHUINY IMUTOMY €MHICTH Ta BUXIIHY
Hampyry, ska ckimamae 1,5 - 3,5 B. Kartonm miTieBHX ranpbBaHIYHHMX €JIEMCHTIB
BUTOTOBJIAIOTH 3 OKCHUJIy MapraHiio, OKCUly CIPKH, OKCUAY MiJi, MOTI(pTOPBYIIIELS.
OCKIJIbKY JIITIA AyXKE€ aKTUBHUM MeETaj, N0 TaJdbBaHIYHUX EJIEMEHTIB I[bOTO THITY

CTaBJIATh BUCOKI BUMOTH II0JI0 TEPMETUYHOCTI.

JIicepena cmpymy na ocnogi cucmemu aimiii-oiokcun manzanuro (LijMnO»)
CymapHa peaxIiis Ha eJIeKTpoaax:
Li + Mn**O; — Mn*30, (Li"). (2.4)

EnexTpomiT — nepxJyiopar JiTito B 3MIIMIAHOMY OpPTaHIYHOMY PO3YMHHUKY.
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3acToCOBYIOTH AJisi OOYTOBUX MpUCTPOiB. CTpok 30epiranHs — 10 pokis.

Jicepena cmpymy na ocnosi cucmemu aimiii - 1100 (Li|lI2)
CyMapHa peakilisi Ha eJeKTpoaax:
2Li + 1, — 2Lil. (2.5)
B pesynbTaTi peakii JaiTiro 1 KOy yTBOPIOETHCS TBEPAUN HOTUT JITI0, SIKUH €
CJICKTPOJIITOM 1 cenmapaTopoM, IO PO3JAUIS€E JIBl akTUBHI pedoBuHU. I[lix yac pobotu
raJIbBaHIYHOTO €JeMEHTa HE YTBOPIOEThCS rasiB. JITiH-HOAHMI TanbBaHIYHUIMA
€JIEMEHT Ma€ BHCOKY HaJIWHICTh, WOTO 3aCTOCOBYIOTh MEPEBAXHO B MEIUIIMHI.

Ctpoxk 36epiranns — 10-15 poxkis.

Jcepena cmpymy Ha 0cHO8i cucmemu aimiil - noaigpmopeyzieuysp
CymapHna peaxilisi Ha eJIeKTpoaax:
nLi + (CFx)n — nLiFx + nC, (2.6)
Jie N — KUTBKICTh aTOMIB PE€YOBUH-PEAreHTIB 1 MPOAYKTIB PEAKIIi.
["aibBaHIYHI €1€MEHTH 3aCTOCOBYIOTh Y MOOLIBHIN TexHill. CTpok 30epiraHHs

—10-15 poxis.

EnexkTpu4Hi akyMyJasTopu

EnexTtpuuni  akymymnsTOpu ~ BHACHIIOK  MOXIJIMBOCTI  0araTopa3oBOTO
BUKOPUCTAHHS MAIOTh OUIBIINI CTPOK CIY>KOU 1 MEHIITY BapTICTh €KCILTyaTallli, ToOMy
iX BUKOPUCTOBYIOTh YACTIII€ HIK TAJIbBAaHI4YHI €JIEMEHTH.

TunoBi pexuMu eKCIuTyaTaIlli akyMyJsITOPIB:

1. BydepHuii pexum, B SIKOMY aKyMyJIsITOp IPALIO€ MMApaIebHO 3 OCHOBHUM
JDKepesoM Hampyru. B Takomy pexumi poOOTH aKyMyJsITOp BHKOPHUCTOBYIOTH SIK
pE3epBHE JDKEPENO JKUBJICHHS. B 1boMy pexumi poOOTH Tepiogud po3psay
aKyMyJIATOpa 3HaYHO KOPOTILI HIXK IEPI0JIN 3apsTy.

2. TlukmiyHUN peXuM, KU XapaKTePU3YETHCS MTOBHUM 3apsIOM 1 PO3PSAOM

aKyMyJIATOpa BIPOJIOBK MIEBHOTO TIEPIOTY.
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3. 3MilIaHuN pexKUM.

Haii6inb111 po3MmoBCIOIKEHUMU € TaKl TUIU EIEKTPUIHUX aKyMYJISTOPIB:
- CBUHIIEBO-KUCJIOTHI,

- Hikenb-kaamiesi NiCd;

- Hikesb-MeTanoriapuani NiMH;

- mititi-ionHi Li-ion;

- miTii-nonimepHi Li-pol.

TexHiyH1 XapaKTePUCTUKHU €JIEKTPUUYHUX aKyMYJIITOPIB HaBeJeHO y Tab. 2.2.

Tabmuus 2.2. TexHiuHI XapaKTePUCTUKH aKyMYJISTOPIiB

[TapameTp Tun akymynsitopa

Cs.-xucn. | NiCd NiMH Li-ion Li-pol
ITutoma emHicTh, BT roa/kr 30-50 45-80 60-120 110-200 | 100-135
BryTpimHii omip, MOM <100 100-200 | 200-300 | 150-250 | 200-300
Hamnpyra Ha enemenri, B 2 1,2 1,2 3,6 3,6
Uucno MUKITIB 3aps/po3psi 200-300 1500 300-500 | 500-1000 | 300-500
Yac mBHAKOTO 3apsny, To. 8-16 1 2-4 2-4 2-4
['mubuna po3psay, % 20-40 100 100 50 50
Jomyctumuii iepe3apsi Bucokuii | cepenHiii | HU3BKHIA JIyXKe Huzbpkuii

HU3bKUUN

Camopo3spsina 3a 1 wmic. 5 20 30 10 10
npu t=20 °C
CTpyM HaBaHTaKEHHS
BiIHOCHO eMHOCTI C:
- MIKOBHIA; 5C 20C 5C >2C >2C
- HOMIHAJbHUH 0.2C 1C 0.5C 1C 1C
Jiana3zoH po6ounx temi., °C | -20..+60 | -40..+60 | -20..+60 0..+60 0..+65

[Tpuniun po6oTH 1 OCOOIMBOCTI KOHCTPYKINT KOKHOTO THUITY aKyMyJsaTopa

HABEJICHI HIDKYE.

Ceunyeeo-Kuciomui akymyasamopu

Y CBHHIIEBO-KHCJIOTHUX aKyMyJSTOpax €JIEKTPOJIITOM € PO3YMH Cip4aHoi
kucnotu HySO4, aKTUBHOIO PEUOBHUHOIO aHOY — CBHHEIIb, KATOAY — OKCHJ CBUHIIIO.
CymapHa peakiisi y CBUHLIEBOMY aKyMYJIATOPI:
PbO; + Pb + 2H,SO4 — 2PbSO,4 + 2H,0 (po3psin);
2PbSO, + 2H,0 — PbO, + Pb + 2H,SO, (3apsn).

2.7)
(2.8)
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Hampyra xojocTtoro Xomy 3aps/KEHOTO akymyssiTopa ckiagae 2,15 B,
pospsmkenoro 1,95 B. AxymynaropHa OaTtapess MICTUTh BiJ TPhOX JO IIECTH

MOCJIIJIOBHO 3’ €IHAHUX TaJIbBaHIYHUX €JIeMEHTH, puc. 2.1.

Habip aHOAHWX NAACTKH

ANBE AHIYHWKM e NeMEHT
JHaﬁip KaTofHWX NNac THH

oo KaTogHa nnac TkHa
KaToaHa pewiTka

AHOAHa NnacTKHa B cenapaTopi

AHOAHa pewiTka

Puc. 2.1. KoHcTpykiiist akyMyasTOpHOT OaTapei CBUHLIEBO-KHCIOTHUX aKyMYyJIITOPIiB

Icnye pexinmpka Moau@ikamii KHUCIOTHO-CBHHIIEBUX aKyMYJSITOPIB, Kl
BIJPI3HAIOTHCSA MIXK COOOI0 KOHCTPYKTUBHUMH OCOOIMBOCTSIMU:

1. AKyMyJATOpH 3 PIAKUM €JIEKTPOJIITOM, IO B CBOKO YEPry NOAUISIOTh Ha:

- 3 00CJIyTOBYBaHHSIM;

- 6e3 00CcITyroBYBaHHS.

2.  T'epmeTH30BaHi aKyMyJIATOPH 3 PETYJIHOBAHUMH KJIaTTaHAMH:

- 3 JICKTPOJIITOM, a0COpOOBAHUM CerapaTopaMus;

- 3 TEJILOBUM €JIEKTPOJIITOM.

[lepire MOKOMIHHA KUCIOTHO-CBUHLIEBUX aKyMYJSITOpIB — Oarapei 3 piakuM
€JIEKTPOJIITOM 3aKPUTOTO 1 BIAKPUTOrO THUMIB. B akymynsiTopax BIIKpUTOTO THILY
CJIEKTPOIT Oe3mocepeIHh0 KOHTAKTye 3 TMOBITpsM. OCHOBHI BUTpATH MijJ 4Yac iX

eKCIUTyaTarlii moB’si3aHH1 3 YaCTUM JI0JIaBaHHSIM JIUCTUILOBAHOT BOJH 1 BEHTUIIAIIEIO
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MPUMIIICHb, B SIKUX 3HAXOIATHCS aKyMYJISTOpU. AKYMYJISTOPH 3aKPUTOTO THITY
MalOTh CHeIialibHI KOPKH, IO MEPelIKOKAIOTh MOTPAIUIIHHIO Y HAaBKOJIUIITHE
CEepe/IoBHUINlE TapiB cipyaHOi KHUCJIOTH. ICHYIOTH Moaudikaimii aKyMyJasTOpiB
3aKpUTOTO THIy, SKI He TOoTpedyloTh oOciayroByBaHHa. Taki Oatapei
BUKOPHUCTOBYIOTh B aBTOTPAKTOPHIN TEXHIII1 SIK CTAPTEPHI1 1 TATOBI.

JpyrumM TOKOJIHHSAM aKyMYJSATOpPIB € TepMETH30BaHI aKyMYJSTOpU 3
TeIbOBUM EJEKTPOJITOM. Y HHX 3aMiCTh PIJKOTO EJIEKTPOJIITY BHKOPHUCTOBYIOTH
reiib, SIKUH CKIamaeThes 3 cyMili cipuanoi kuciot H;SO41 okenay kpemuiio SiO; —
CUIIIKOTEeNM0. ['enboBl aKyMyJSITOpM HE MOTPeOYyIOTh OOCIYrOBYBaHHS MPOTITOM
YChOTO CTPOKY eKcIutyartaiii. JlJsi yCyHEHHS Ta30BUAUICHHS IX 3apsKaioTh
IPUCTPOSIMUA 3 HECTAOLIbHICTIO Hanmpyru He Ourbine Hik 1 %. Taki akymynstopu
KPUTHYHI JI0 TEMIIEPATypH HABKOJIHMIITHBOTO CEPEIOBHUIIIA.

Tpere NOKOJNIHHA AaKyMyJSITOpPIB — TE€PMETHU30BaHI 3  EJICKTPOJIITOM,
abcopboBanum cemnapatopamu. CemnapaTop — IIe  TTOPUCTa CUCTEMA, B SIKIM KamJIgpHI
CIJIA yTPUMYIOTh EJEKTPOJIT. Y TepPMETH30BAaHUX aKyMyISATOpax MaJIeHbKI MOpU
cemaparopa 3allOBHEHO €JIEKTPOITOM, a BEJIWKI — 3aMIIAINCh BUIBHUMH IS
HUPKYJSLIl ra3iB, $KI BUBUIBHSIOTBCA TIJI Yac XIMIYHMX peakiii. Braus
ra30yTBOPEHHS 1 TEMIIEPATYPH HA POOOTY TaKUX aKyMYJISATOPIB MiHIMambHI. SIK 1 ass
reJIbOBUX aKyMYJISITOPIB, JUISI HUX HEOOXIJH1 3apsiiHI MPHUCTPOI 3 HECTaAOUIHHICTIO

Harnpyru He oiunbe 1 %.

3apsja akymyJasiTopa

Yac 3apspkaHHs CBUHIICBO-KUCIOTHUX akymylsitopiB — (12-16) roa. Sxmio
30UIBIINTH 3apsAHUNA CTPYM 1 3aCTOCYBaTH 0araTOCTYyMiHYATI METOIM 3apsay, Len
4ac MOKHA CKOPOTHUTH A0 8 TOJ.

[cHye nexisibka METOIB 3apsPKaHHS CBUHIICBUX aKyMYJISITOPIB.

1. IocriiiHOIO Hampyror. 3a YMOBU BUKOPUCTAHHS IIbOIO METOIY A0 BUBOJIB
Oarapei npuknanaeTbes Hanpyra (2,4-2,45) B y po3paxyHKy Ha KOXHHI CJIEMEHT.

3apskanHs 6aTapei 3aBepIITy€eThCs, KOJU 3apsAIHAN CTPYM HE 3MIHIOETHCS TIPOTATOM
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B mpoMy Bumazky BoOJa TOYMHAE BUIAPOBYBATHUCH 3 EJEKTPOJITY, HOTO pIBEHb
3HIKYETHCS, 10 MPU3BOIUTH JI0 3HWKEHHSI EMHOCTI Ta CTPOKY CITY>KOM aKyMYJISITOPIB.

[TocriitHOIO Hampyroio i cTpymoM. [Iporiec 3apsypkaHHS aKymyssiTopa UM
METOI0M Ma€ nBa eranu. CroyaTKky akyMyJIITOPHY OaTapero 3apspKaoTh MOCTIHHAM
ctpymoM 0,4 C 3 ogHOYACHUM KOHTPOJIEM HaIlpyry Ha Oatapei, miciig TOTO SIK BOHA
nocsarHe 3HaueHHs 2,45 B Ha elneMeHT 3a KIMHATHOI TeMmIepaTypH, 3apsj
MIPOJIOBXKYIOTh TOCTIHHOIO Hampyroro. Yac 3apsypkaHHs Oatapei MM METOIOM
ckianae (6 - 12) rox. YacoBy miarpaMmy 3apsikaHHs OaTapei mokaszaHo Ha puc. 2.2.,

ne 1 —4JacoBa glarpama HampyTu, 2 — 4yacoBa jiarpama cTpymy.

U4 Hanpyra
B

2

Ctpym

Puc. 2.2. Metoauka 3apskaHHs KUCIOTHO-CBUHIIEBOT OaTapei

2. MeTton MBOCTYNEHEBOTO 3apsay MOCTIHHOI HAMPyrow. BUKOPHCTOBYIOTH
JUISL aKyMYJISITOPIB, Kl TPAIIOIOTh Yy CHCTEMaxX pPE3epPBHOTO >KHUBJICHHS. 3apsij
OPOXOJAUTh Yy JBa €Talu: 3apsj] BUCOKOK HAIPyrol, a MOTIM 3aps] HHU3bKOIO
Hanpyrow (KoMmeHcyBaibHUN 3apsa). Ha mepmiomy erami 3apsjpkaHHs Oatapei
ctpyMm 3apsay BcranoBmowth (0,15-0,25) C, tpuBamicts eramy — 10 rox. Ha
IpYroMy eTani 3A1MCHIOTh MiA3apsaKy Oarapei HEBEJIMKUM CTPyMOM (3a3BHYAid
0,05C).

[lepeBaru CBUHIIEBO-KUCIOTHUX aKyMYJISITOPIB:

HM3bKA I[1HA;

MiHIMaJbHe 00CITyrOByBaHHS;

MaJIuid cCaMOpO3psL;

JIOCTaTHBO BEJIMKUU PO3PSAIHUN CTPYM.
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Henomiku:

- HEMO>KJIUBICTD 30€piraHHs y po3psaIKeHOMY CTaHi;

- HU3bKa MMUTOMAa €HEPTOEMHICTB;

- MaJIa KUTBKICTh ITUKITIB 3apsiA-pO3pPsi;

- IIK1JIMBICTH /1711 HABKOJIMIITHBOTO CEpeIOBUIIIA.

Hixenv-xaomiesi akymynsmopu NiCd

3aranpHa peakiiisg B NiCd akymynaTopi Mae BUTIIA:

2Ni(OH); + Cd(OH), — 2NiOOH + Cd + 2H,0 (3apsn); (2.9)

2NiOOH + Cd + 2H,0 — 2Ni(OH); + Cd(OH); (po3psin) . (2.10)

NiCd akymMynsaTOp € OJHUM Cepel] HAMIMHIMUX TUMIB akyMmynsaTopiB. 10 90-x
pokiB XX CT. MOro mHEepeBa)KHO BUKOPUCTOBYBAJIW JMJI KUBJICHHS IOPTATUBHOI
TexHikd. Llel Tun akyMynsTOpiB, Ha BIIMIHY B1Jl IHIOUX, NMOTpPeOye MEPIOJUUHOTO
MOBHOI'O PO3PSA/DKAHHA, SIKIO MOTO HE 3/1MCHIOBATH, Ha €JEeKTpojax (popmyroTbes
KPHUCTaJIH, 110 3HUKYIOTh HOTO EMHICTH (TaK 3BaHUM «e(EKT mam’sTi»).

NiCd akymynsaTopy epeBa)XHO BUTOTOBJISIFOTH Y IIJIIHAPUYIHOMY KOPITYCI, 1110
MOK€ BUTPUMYBAaTH BUCOKMM THCK MiJ 4Yac 3apsay 1 po3psiay aKyMyJsTOpiB
(mo 14 arm.). Takuii kKOpmyc Mae CHCTEMY BEHTWISIT KJIalmaHHOTO THUITy, sKa
CHpalbOBY€ 3a YMOBHU IMEpEBHILEHHs rpaHuyHoro tucky. Ha puc. 2.3 mokazaHo

KoHCTpyKIito mumiaapuaroro NiCd akymyssitopa.

JonarHuit
[‘ KDHTaKT
. 3anotixHMi
" " KNnanaH
i JlonartHuit
i enexipog,
—_Cenaparop
___ Big’emHui
enexkTpos,
e o e
L Bin’eMHMI
KDHTaKT

Puc. 2.3. Konctpykuis nuninapuanoro NiCd akymynstopa
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Metonu 3apsmkanas NiCd akymynsTopiB NOIUISIOTh HA THITK 3AJIEKHO Bif
TPUBAJIOCTI MPOIIECY 3apsTy Ha:

1) HOBIJIbHUI;

2) cepIHbOT MBUIKOCTI,

3) MIBUAKHUI.

VY MOBUIBHOMY peXUMI aKyMyJSITOp 3apsxkaioTh noctiviHum crpymom 0,1 C
(12 - 15) rox. BigknroueHHs OaTapeid 3iHCHIOIOTH BPYUHY.

3a YyMOBU BHKOPHCTaHHS METONY 3apsKaHHS CEPEAbHOI MIBUIKOCTI CTPyM
ckianae (0,2-0,3) C, mo 103BosIsIE 3SMEHIIUTH Yac 3apspkants 10 (5-8) roa. B npomy
PEXUMI TPOIIEC 3apsKAHHS 3aBEPITyEThCS] aBBTOMAaTHYHO 32 CUTHAJIOM Bij Taiimepa,
TICIIS YOTO 3IMCHIOETHCSI KOMIICHCYBalIbHMM 3apsi 6aTapei ctpymom 0,05 C.

[Tim gac mpomemypw MBUAKOTO 3aps/DKAaHAHHS aKyMYJSTOPIB KOHTPOJIOIOTH
BUXIJIHY HaNpyTy O0aTtapei 3apsiIHUM MPUCTPOEM 3 THTETPOBAHUM MIKPOKOHTPOJIEPOM.
AKyMyJISITOp BBaXKalOTh TMOBHICTIO 3aps/DKEHUM, KOJIM WMOro BHUXIJHA Hampyra
ctpubkononiono 3menmyerbess Ha (10-30) MB Ha emement. Lleli meTton oTpuMmaB
Ha3By Big’emHuit AV-3zapsng. YacoBy piarpamy poOOTH 3apsiAHOTO MPUCTPOIO 3
METOZIOM Bix eMHOTO AV-3apsay mokazaHo Ha puc. 2.4. TpuBaiicTh 3apsmKaHHS

Oartapei M MetooM ckiagae (1-2) rox.

Mepenaa Hanpyru -4V, Mexa nepexoAy B Pe3siM KOMNEHCYBaNbHOro
AKWH ENPOTATOM 3apaAy NpW AOCATHEHHI HaNpyru Ha
Nepwix 5 X8 WBMAK. 33DSAY  eneyenti 1,95 B

Vo \ P
h Vs

—AV
MoMEHT Nepexoay B Pexau

I KOMMNEHCYBANIbHOrO 3apAaay
[l

b

NovyatkoBWI 3apaa
cTpyMomM 0,2C

N KoMneHcyBanbHWI 3apsaj cTpyMoM 0,05C

L -
Lol |

LI BHAKICHHA 3apaa CTPYMOM
0,5-2)C, t= (1040) °C

Puc. 2.4. Meton Bin’emHoro AV-3apsny

30



3 miarpamu AV-3apsiay BUIHO, IO TIPOIIEC 3apsiKAHHS MTOYMHAETHCS 3 3apsiay
ctpymoM 0,2C. Ile#t eran 3apsypkanas Oartapei HEOOXITHMIA, SKIIO BOHA ITOBHICTIO
po3psimkeHa. I[Ticist Hporo MoYMHAETHCS eTan MBUIKICHOTO 3apsany. Ha fioro mouatky
Ma€ Miclle He3HauHE 3MEHIICHHS HAMpYTH, TOMY IO KOHTpoJjep He (IKCye 3MIHH
HAIpyr'y MOPOTATOM MEpIIMX S5 XB IMIBUIKICHOTO 3apsay. HampukiHi 3apsmkaHHS
Oartapei Hampyra Ha Hii 3HIKYETbCA Ha 20 MB Ha KOKHOMY €JIEMEHTI, 1110 € CUTHAJIOM
JUISL TIEPEXOy B PEXHM KOMIEHCYBAJBHOIO 3apsay, L0 YCyBae po3ps Oarapei.
Oppasy micis eramy IMIBHJIKOTO 3apsiKaHHS OaTapes roToBa JJisi BUKOPUCTaHHSI.
Skiio eneMeHTu Garapei HEY3ro/pkKeHl MK co00I0 (MalOTh Pi3HY €MHICTH), TO BOHU
3apsAIHKAOTHCS 3 PI3HOI0 IHTEHCHBHICTIO 1 Iepenaan Hanpyrd AV KOKHOTO eJleMeHTa
BUHUKAIOTh Y Pi3HI MOMEHTH 4Yacy Ta MalOTh HE3HaYHE 3HAUEHHS, SIKE€ HE (PIKCYIOThCS
KOHTposiepoM. ToMy B 3apsiAHOMY MPUCTPOI nepeadadeHe NPUMYCOBE MEPEKIIOYCHHS
Oarapei B pex1M KOMIIEHCYBAJIBHOTO 3aps/Iy 32 YMOBH JOCATHEHHs Hanpyru 1,95 B Ha
enemeHT. [1{o0 maniHHsA Hampyru Oyjlo JOCTaTHBO BEJIMKHM, CTPyM 3apsay Oarapei
noBuHeH Oyt He MeHIMM Hix 0,5 C. [IpoTsaroM mBUAKOTO 3apsKaHHS TeMIIepaTypa
Oarapei MiBUILYETHCS, TOMY B SIKICHUX 3apsiIHUX MPHUCTPOSAX NepeadaueHa cuctema
TepMo3axucTy Oartapei. [[nst 1poro B kopmyc 6aTapei MOHTYIOTh CEHCOP TeMIEepaTypH,
KU BUMIPIOE MIBUAKICTH MIABUIIECHHS TeMIiiepaTypu Oarapei 3a popmysoro AT/At .
Takuii MeTon KOHTpOIK OTpuMaB Ha3By Merony AT-zapsay. Tepmozaxuct
CHpalLbOBYE 32 YMOBH IIJIBULLIEHHS TeMIiepaTypH msume Hixk Ha 1°C 3a XBUiuHy a0bo
3a remreparypu 60 °C.

3HauHe 30UIbIIEHHS TeMmIepaTypu Oarapei BiIOyBa€eTbCSd HANPUKIHIL 1l
3apsIKaHHS, KOJIM 3/IaTHICTh Oarapei 3amacaTd €HEeprito iCTOTHO 3MeHIyeThcs. Ha
i 0COOMMBOCTI MOOYOBAHO 3apsiiHI MPUCTPOi HAAMIBUAKICHOTO 3apsiKaHHS, B
SKMX Ha TIOYaTKOBOMY €Talll 3apsKaHHs 3apsaHuil ctpym Oatapei ckianae (1,5 - 5)
C, mo mo3BoJsie 3apsaautu 6atapeto Ha 70 % 3a meKinbKa XBHIJINH, MICJIS YOO CTPYM
3MEHIIYEThCS 10 CTaHAAPTHUX 3HA4YeHb. JIsi 3MEHIeHHS HarpiBaHHs Oataped,
30UTBIICHHS CTPOKY CIIY>KOM 1 3MeHIIeHHs1 «edekty mam’sti» 3apsn NiCd Garapei

3MIIUCHIOIOTH IMITYJIbCHUM CTPYMOM.
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[lepeBaru NiCd akymynsiTOpIB:

- IIBUJKWUW 3apsg;

- BEJMKHM CTPOK city:k0u — 10 1000 1uKIIiB 3apsa-po3psi;

- BEJIMKa HaBaHTa)XyBaJIbHA 3/IaTHICTH;

- 30epeKeHHs EMHOCTI ITiJ] Yac eKCITyaTallli 3a HU3bKUX TeMIeparTyp;

- MOJKJIMBICTB 30€piraHHs B pO3psAHKEHOMY CTaHi;

HEBUCOKa I[iHA.

Henomiku:

- HEOOXIAHICTh MEPIOANYHOIO PO3PSAKAHHS aKyMyJsATOpa sl YCYHEHHS
«edexTy nam’sTiy;

- JI0OCTaTHbO BEJIUKHUNA CaMOPO3PSL;

- TOKCHUYHICTh PEYOBHH, SKI BHUKOPUCTOBYIOTH [JiJIi  BUPOOHUITBA

aKyMyJaTopa.

Hixenv-memanoziopuoni akymyaamopu NiMH

B NiMH akymynsropax BHKOPHUCTOBYIOTH CIUIaBH, SIKIi MOXYTh YTPUMYBaTH
BOJICHb: HIKEJb-3a/1i3H1, MAapraHieBO-IMHKOBI, MapraHlEBO-HIKENEeBl a00 JaHTaHO-
HikeneBl. XiMi4HI peakiiii mpoTsaroM 3apsay 1 po3psay NiMH akymyssTopiB € TakKUMH:

Ni(OH); + M — NiOOH + MH (3apsn); (2.11)
NiOOH + MH — Ni(OH), + M (po3psn). (2.12)

Le#t tun akymynaropiB mae Ha 40 % BUIly TUTOMY €MHICTh y TIOPIBHSHHI 3
NiCd 3a He3Haunoi pi3null B miHi. Konctpykiiss NIMH akymynsTopiB monioHa 1o
NiCd, puc. 2.3.

Bapsiani mpuctpoi NiIMH Garapeit 3a npuniunom aii moxioni mo NiCd
OaTapeil, oHaK BIJIPI3HSAIOTHCS BUILOK TOYHICTIO. [{e moB’s13aHO 3 TUM, 1110 Miepenan
Hanpyru AV y NiMH 6arapeii cknamgae 15 mMB, a neperpis Garapei BHacmigoK ii
nepe3apsay € 3HauyHo OumbmmM HiK y NIiCd. V 3B’s3ky 3 1um, Ui 3apsiypKaHHs
NiMH 3acTocoByrOTh TUIBKH METOJ IIBHIKOTO 3apsiay 3 KOHTPOJEM TEMIIEpaTypH,
OCKIJIbKM 32 YMOBH 3apsi/pPKaHHS HETIOBHICTIO PO3PAKEHO1 OaTapel MUMU METOaMu

€ pPU3MUK IMEeperpiBaHHs aKyMYJISITOPIB 1 BUXOIYy iX 3 jJaay. Y IIBHUJKICHUX 3apsiAHUX
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OPUCTPOAX [UJIsl YCYHEHHS mepe3apsiay Oarapeld BUKOPHCTOBYIOTh KOMOIHAIIIIO
metoiB AV 1 AT-3apsany. /st 3MeHIeHHs meperpiBanHs 0aTtapei 4acToTy IMITyJIbCIB
3apsAHOTO CTPYMY B MIPOIIECi 3apsKaHHs TTOCTYIOBO 3MEHIITYIOTh.

[MepeBaru NiIMH akymynsTopis:

- BuIIa eMHicTh y nmopiBHsHHI 3 NiCd akymynsitopamu;

- 3HAYHO MEHIIHH MPOSB «EPEKTYy IMaM’ ATi»;

- EeKOJIOTiuHa OE3MEeYHICTb.

Heponiku NIMH akymysiTopis:

- HeBUCOKHUH cTpoK pobotr — 200-300 1ukI1iB 3apsia-po3psi;

- CKJIQTHIIIMN TIPOIIEC 3apsiay aKyMyJsITopa,

- BUCOKUH CaMOpPO3PS/I.

Jimin-ionni akymyaamopu Li-ion

JIiTi#i Mae HaAMBUIIMI €IEKTPOXIMIYHUI MOTEHIIIaJ, TOMY 3a0e3Ieuye HalBHIILY
CHEPreTHYHY EMHICTh Ha OJUHUITIO Mach. OqHaK Oe3rmocepeIHE BUKOPUCTAHHS JIITiIO,
BHACJIZIOK MOro BENMKOI aKTUBHOCTI, € HeOe3neyHuM. Tomy Il BUTOTOBJICHHS
aKyMYJISITOPIB BUKOPUCTOBYIOTh HE YMCTHH JIITIH, a CIJIaBU J0 SKUX BXOIATH HOTO
ionn. EHepretnyna emuicth Li-ion akyMynsTopiB Oijibliie HK B 2 pa3u MEPEBHIIYE
emuicTh NiCd.

VY Bcix Li-ion akymyssTopax KaToJl BUTOTOBJISIOTH 3 BYIJICIIEBHX MarepialiiB
(kokc, mipomizHMii abo Me3odaszHui  ByrJelb, caxka Ta 1H.). Marepianu mis
BUTOTOBJIEHHS aHOAY — OKCHUJ KOOAJIbTy, OKCH]I HIKEJIO, JIITIH-MapraHeBl CIIOIYKH.

Peaxmi:

LiCoO, + C— Li1.xCo0; + CLix (3apsn); (2.13)
Li1-xCoO; + CLix — LiC0oO; + C (po3psn). (2.14)

[Mporec 3apsmkanns Li-ion akymynsTopiB moka3aHo Ha puc. 2.5.
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SapagxaHHa
LiNiO> €- Byrneub

®
o
o

KuceHb loHu nitito loHu Hikeno Byrneub

Puc. 2.5. TIpouec 3apsmkanns Li-ion akymymastopa

Li-ion akymynaropu ayxe A00pe 3apeKOMEHIyBaiu ce0e¢ B EKCIUTyaTallii:
OKpIM BIJIMIHHHUX TOKa3HHMKIB €HEPrOEMHOCTI BOHM MAalOTh HU3BKHUIA CaMOpO3psi,
BHCOKY HaBAHTAXXYBaJIbHY 3JaTHICTh, HE MOTPEOYIOTh OOCIYyrOBYBAaHHS, HE MAalOTh
edeKTy «mam’sTi», iX BUTOTOBJISIIOTh 3 €KOJIOT1YHO Oe3neuHux marepianiB. [lupoke
BIIPOBA/KCHHS IIHOTO THITY aKyMYJISTOPIB CTPUMYE iX BHCOKA IiHA. ToMy Iel THm
aKyMyJIATOP1B BUKOPUCTOBYIOTh IIEPEBAXKHO Y MOOUTBHUX MPHUCTPOSIX.

[Tin vac BukopuctanHs Li-ION akymynsaTopiB HEOOXiTHO JOTPUMYBATHUCH
npaBui Oe3neku: 3a00pOHEHO 3aMUKAaTH KJIeMH Oarapei HaKOpOTKO, JOIMYyCKaTh
nepesapsi/pkaHHs  Oarapei, MOTpiIOHO BUKOPUCTOBYBAaTH JwHine Oartapei 3
IHTETPOBAHOI0 CXEMOIO 3aXHCTy, OCKUIBKM 1X EJEKTPOJIT BOTHEHEOE3NMEUHHIA.
36epiratu Li-ion akymynstopu HeoOXiHO y HamiB3apspkeHoMy craHi (40 - 50) % 3a
HeBucokoi Temmepatrypu (10-15) °C. Koncrpykirito Li-ion akyMyisTopiB oka3aHo Ha

puc. 2.6.

OTBip ANA 3aNTMBaHHA eNeKTponiTy

3anobixxHMi KnanaH

Enektpon (Al)

TepmozanobiKHUK
. _Karoa

CIpyHOBMI KONEKTOp | BHYTPIiWHIA kopnyc
-aHog, - Al, rpadir
*cenaparop

*karopg, - Cu, LiCoO

Puc. 2.6. Kopmyc Li-ion akymynstopa
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3apsimHi mpuctpoi Li-iOn akymyssITOpiB 3a MPUHIMIIOM POOOTH TOIIOHI 110
3apSAHUX TPUCTPOIB CBUHIICBO-KUCIOTHUX AaKyMYJSTOpPIB — 1€ TMPUCTPOi 3
KOHTPOJIEM BUX1AHOI Hanpyru 6arapei. BiiMIHHOCTI MOJATaOTh Y BUIIINA HANpy3i Ha
eJIeMEHT OaTapei, MEHIIMX JOMYCTUMHUX BIIXWJICHHSIX 3apsIHOT Hampyru 1y
BIJICYTHOCTI PpEXHMMY KOMIICHCYBaJIbHOTO 3apsiay. [lporec 3apsypkanHs Li-ion
aKyMYJISITOPIB TOBHHEH 3aBEPIIIYBATUCH 32 YMOBH JIOCSITHeHHs Hanpyru (4,2 = 0,05) B
Ha eJIEMEHT. SIKIo cuiia 3apsaHoro cTpyMmy nopiBHoe 1C, gac 3apspkaHas OaTapei
TpuBae (2-3) roj, Koyu OaTapes MOBHICTIO 3apsauIacs ii 3apsIHAN CTPYM 3HIKYHOTh
no 3HadueHHs 3 % Biag modarkoBoro. Ilin uvac 30epiranHs Oartapei uyepe3 NEBHI
IHTEpBaIM Yacy il MiI3apsIKaiTh. [HTepBall yacy MK MiJ 3apa/KaHHAMH Oatapei
BH3HAYAIOTh 3@ BEJIMUMHOIO i caMOpo3psy, sSIKUi y cepeiHboMy cTaHOBUTH 500 ron
a060 20 guiB. [diarpamy 3apspkanss Li-ion akymynsTopa moka3zaHo Ha puc. 2.7.

3a ymMoBHM Tiepe3apspkanHs Li-lon akyMynsaTopiB 10 Hanpyru Buiie Hik 4,3 B
Ha €JIEMEHT BiIOYBA€ThCS METadi3allis aHOAY JITIEM, a Ha KaTolll MOYHUHAE
BUJUISITUCH KUCEHB, 10 MPU3BOAUTH A0 MiABHUILEHHS TEMIIEpaTypH aKyMyJaTopa i
HWOr0 BUXOAY 3 JIAHdy.

[TepeBaru Li-ion akymynstopis:

- BHCOKa CHEpreTUYHA EMHICT;

- HU3BKUU CaMOPO3PsL;

- BIJICYTHICTb €(DEKTY «IaM’sTi»;

- TMPOCTOTa 00CITYrOBYBaHHS.

>
Hanpyra
& 4,20B Makc. Hanpyra
[ = T A U N ——
g [Make. chy_M[": 3apsay I ""'1
|
% sapaay F g |
5 v '| \
o= : 1 : Mepioanynnii KomneHcmehleﬁsapﬁn.
5 | ! | MpoBoauTLCA NpoTArom 36epiraHHA
g— | : | npubnusHo yepe3s koxHi 500 roa.
© 1 |
T ! ]
(- 1
| !
! =
/eran 1 eTTn 2 \IeTa 3 Yac, rog.
g Rocarwyra wac. wanpyra it 20
MaKc. 3apAaHUIA CTPYM, NOKU ha 6ataei. 3a ﬂ' HUH CTOYM o
Hanpyra Ha Hiil He nocarie 4.2 B noc Pel. 2apa 24 BenuuuHu cTpymy ao 3 % sin
TYNOBO 3MEHWYETHLCA no4yaTKOBOIo

Puc. 2.7. [iarpama 3apspkanns Li-ion akymymstopa
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Henomiku Li-ion akymymsiTopis:
- HasBHICTb IHTETPOBAHUX y OaTapero KiJl 3aXUCTY 32 CTPYMOM 1 HAIPyTolo;

- BHCOKA IIiHA.

Jimiin-nonimepni akymyaamopu Li-pol

Li-pol akymynsaropu  BiapisHsioTbCs Bim  Li-ION  akymyssiTOpiB  THUIIOM
€JIEKTPOJIITY: B TAKUX aKyMYJISITOpaX BUKOPUCTOBYIOTH TBEPAMN CYXHil €JIEKTPOIIT 3
MOJIIMEPY, IKUI CXOKUHN Ha MIIIBKY 3 TUIACTHKA 1 HE TPOBOJIUTH €IEKTPUYHUN CTPYM,
ane 3abe3rneuye BUIbHUN 10HOOOMIH. [loniMepHUil eNneKTpomIT 3amiHs€ COOO0I0
MOPUCTUI CemapaTop, HACUYEHHH €JEKTPOJITOM, BHACIIAOK YOTO IJBULIYETHCS
OesmeuHicTh BuKoOpHcTaHHs Li-pol akymynsaropis. Iledi Tun akymynsaTopiB Mae
NOPIBHSHO HU3BKY IMPOBIIHICTb, TOMY JUIsl il MIJBHUILIEHHA YacTO KOMOIHYIOTh
BUKOPHUCTAHHS TBEPJOTO 1 T€JIEBOr0 €JIEKTPOJIITIB.

[Mporiec 3apsmxanns Li-pol akymynstopiB nomiouui qo Li-ion, Tomy mms ix
3apsAKaHHS BUKOPUCTOBYIOTh TaKl K 3apsH1 IPUCTPOI.

[TepeBaru Li-pol akymyssitopis:

- Majia TOBIIHA KOPIYCY aKyMyJISITOPa;

- IOBUTBHUN PO3MIp aKyMyJISITOPA;

-Masia Maca (TBEpPAHWM ENEeKTPONIT JI03BOJSIE BIIMOBUTHUCH BiJl METaJi4YHOTO
KopIycy);

- MABUIIIEHA 0€3MEeYHICTh BUKOPHUCTAHHS.

Henomniku:

- BUIIIA 1[iHa, HK y Li-10n aKkymyJsTopis;

- HEBUCOKUH PO3PSAIHUM CTPYM y MOPiBHAHHI 3 Li-ion akyMynsaTopamu.

MeToauka BUOOPY aKyMYyJISITOPHOI OaTapei

Bxigaumu naHumu 1jst BUOOpY akyMyJIsiTOpHOT OaTaper €:
- BX1/IHA Halpyra Ha HaBaHTakeHH1 Uy;

- IOTYXXHICTh HABaHTaKEHHS P;

- yac poOOTH HaBaHTAXEHHS B1Jl aKyMYJIATOPHOI Oartapei t.
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Bubip axymynstopHoi OaTapei TakoXk TPYHTYETbCA Ha OCHOBI TaKHX
napaMmeTpiB:

1) makcumainbHa rIUOMHA PO3PSIAY aKyMYJISITOPHOI Oatapei (|, sKy BUMIPIOIOTh
y BIICOTKax BiJ €eMHOCTI OaTapei:

- 0 = 20 % 1151 CBUHIICBO-KUCIIOTHUX aKyMYJISITOPIB 3 PIAKUM €JIEKTPOJIITOM;

- = 40 % 1151 CBUHIIEBO-KUCIIOTHUX aKyMYJIITOPIB 3 T€IIBOBUM €JICKTPOIIITOM;

- g =50 % mna Li-ion i Li-pol akymynsitopis;

- g =100 % misa Ni-Cd i Ni-MH akymynsaTopis.

2) TUIOBE 3HAYEHHs HAIMpPYTd TalbBaHIYHOTO ejaeMeHTa Ugy BIAMOBIIHO /10
TUITY aKyMYJIATOpa:

- g Ni-Cd i Ni-MH Ug; = 1,2 B;

- M1 cBUHIECBO-KHCIOTHHX Ug) =2 B;

- s guis Li-ion 1 Li-pol Ugy = 3,6 B.

llopsidox po3paxyHky
1. €EmHicTh akymynaropHoi 6arapei C:
C,=100%-P-t/(q-U,). (2.15)
2. KinbKicTh MOCTIIOBHO 3’ €qHAHUX aKyMyJsATOpiB Nz
N,=U, /U, (2.16)
ne Up — HampyTa Ha OTHOMY aKyMYJISITOPI.
3. KinbkicTh mapanenbHo 3’ e€qHaHuX akyMmysiTopiB Nyp:
N,,=C./C,, (2.17)
ne C4— EMHICTb OIHOTO aKyMYJISITOPA.
4. KinbkicTh akymynsiTopiB y 6arapei N:
N=N,,-N,. (2.18)
Bubip tuny akymynsaropa i Moro mapaMeTpiB 0a3yeThCsi Ha PO3PaxOBAHUX
napameTpax akymyJasTopHoi Oarapei. KpiM enexkTpuuHHMX aKyMmyJsiTOpiB 1CHYIOTH

aKyMyJIATOPH TEIUIOBOI €HEprii — PEYOBHHHM 3 BEIUKOK TEIUIOEMHICTIO 1 MaJIOIO
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TeILIONPOBIAHICTIO — TipChKi HOPOAH, PifMHU. IX 3aCTOCOBYIOTh NSl AKYMYIIFOBAHHS

TEIUIOBOT €HEeprii, OCHOBHUM J[KEPEJIOM SIKOi € 010MaJIUBO.

3anutaHHs

1. Ha3BiThb KHCJIOTY, SIKY BUKOPHUCTOBYIOTh SIK €JEKTPOJIT B CBHUHIIEBO-
KHUCIIOTHUX aKyMYJISITOpax.

2. BkaxiTh mpU3HAYCHHS Cemaparopa.

3. Ha3BiTh peuoBuHY, Ky J0/Ial0Th 10 €IEKTPOJITY B IeJIhOBUX CBHUHIIEBO-
KHUCIIOTHUX aKyMYJIATOPaX.

4. Ha3BiTh TUIIM aKYMYJISITOPIB 3 JIY)KHUM €JIEKTPOJITOM.

5. TloscHITH TEpMiH HaIpyra X0JIOCTOrO XOAY aKyMyJIsiTopa.

6. TlosicHiTP pUUYUHY O1TBIIOT EMHOCTI XIMIYHUX JDKEpPET CTPYMYy Ha OCHOBI
JITIIO y TOPIBHSIHHI 3 IHITUMU XIMIYHUMU JKEpEIaMu CTPyMYy.

7. OOrpyHTYyiiTe MPUYMHY BUKOPUCTAHHS 10HIB JITIIO B XIMIYHUX JDKepeax
CTPYMY 3aMICThb YUCTOTO JIITIIO.

8. TlosicHITh TepMiH «ePEeKT mam’sTi».
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JIEKIIA Ne 3. Bionaauso

OcCHOBHI TepMiHU | BU3BHAYECHHS

bionanueo — opraniu"i Marepiaiu (JIepeBHUHA, BIIXOIU J1€PEBOOOPOOHOT
IIPOMUCIIOBOCTI, CIIUPTH Ta 1H.), SIKI BAKOPUCTOBYIOTH I BUPOOHUIITBA €HEPTii.

3ona —miHepaNbHUN MPOAYKT, IO YTBOPIOETHCS B PE3YNbTATI CHATIOBAHHS
OpraHIYHUX PEUYOBHH.

Ilenemu —nepeBHi TpaHyiy, 0 MalOTh GopMy HUIIIHApa AlameTpoM 6-10 MM 1
JOBKHUHOIO 50 MM, SIKI BATOTOBJISIFOTh METOJIOM IPECYBaHHS.

IHiponiz — TepMiYHMI PO3KJIAJ OpPraHIYHUX 3 €JHAHb (JIEpPEeBUHHU, HAPTH,
BYTUUIs 1 T.A.) MIJ 4Yac HarpiBaHHs Oe3 KUCHIO ab0 YacTKOBE CHAJIIOBAHHS 3
0OMEXEHUM JOCTYIIOM KHCHIO.

T'a3ughixayia —p13HOBU]I MIPOJIIZY, ITIJT YaC SIKOTO MAJIUBO pearye 3 00MeXEeHOI0
KUIBKICTIO KHCHIO a00 TOBITPS JJIA TEPETBOPEHHS BYTJEI0, KU MICTUTHCS B
NajavBi, Ha TOPIOYl ra3u B pe3yibTaTi BUCOKOTemmeparypHoro HarpiBanHs (1000-
2000 °C).

Emepudghixayia — peakiiisi yTBOpEHHsI CKIaAHUX eipiB B pe3yabTaTi B3aEMO/IIi
KHCJIOT 1 CIIUPTIB.

bioouzens — 6iomanuBo Ha OCHOBI POCIMHHUX YU TBAPUHHHUX KHUPIB, a TAKOXK

MPOJYKTIB iX eTepudikarii.

biomanuBo — oiuH 3 HAUMOMIMPEHIMIUX JHKEPEI BIAHOBIIOBAILHOI EHEPTeTUKHU
Ha OCHOBI BHKOpucTaHHA OioMacu. IIlopiuHo mpupicT OioMacu y CBITI OLIHIOWOTH Y
200 muipA. TOHH B NEPEPAXyHKY HA CyXYy PEYOBHHY, 110 €HEPTETUYHO €KBIBAJIEHTHO
80 mupa. ToHH HadTH. 3Baxarouun Ha OOCSIT CHPOBHHH, OlOMAJIMBO € OIHUM 3
NEPCIIeKTUBHUX JDKEpeN  BiAHOBIIOBaNbHOI eHepreTuku. (OCHOBHUM  BHUIOM
OlomanuBa € JepeBHHA, SKy TMICIsA MEXaHIYHOro OOpOoOJIAHHA  (CYIUIHHA,
1oJIpiOHEeHH) MOKHA BUKOPUCTOBYBATH 3aMiCTh BYT'ULIS, Ma3yTy 1 ra3y B KOTEIbHSIX
1 TEIUIO-eJIeKTPO UEHTpaIIX Majioi 1 CEepeaHbOI MOTYKHOCTI. 3arajibHy CXemy

nepepoOIistHAs 6ioMacu B 010MaMBO MOKa3aHo Ha puc. 3.1.
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Biomaca

[Ipupomni micu

CoerniaiabHo
BHPOIIICHA OpraHika

Crebia 1 cotoMa
3JIaKOBHUX POCIIMH

Metoau nepepo0.IsHHA TexHoJ10rI4HI IpoLecH Enepreru4Hni npoaykru

v

Bigxoau

TBApUHHUILTBA

TBepai 1 piaki
MICBHKI BIAXOIH

Opranika okeaHis,

pIK, 03ep

TepmoxiMiuHi
cpMo > CnantoBaHHs
METOAN
> Iiponi3 T'a3, pinumy,
MacTHIIa,
JEPEBHE BYTILIS
> lNazudikaris
bioximiuHi R .
> bponinus > Eranon
METO/IH
R AHaepoOHMit > bioraz, meran
" po3KIan
> biodoromiz > Bonens
ArpoxiMiuHi . .
Y > Excrpakiris PinuHan, Mmactuna
METO/IH
> Erepudikarris > Biom3enn

Puc. 3.1. 3aranbHa cxema nepepo0iisiHHs 6iomacu
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TepmoximiuHi MeTOAH

Cnanioganns diomacu

CnamroBaHHsi 6ioMacu € OJHUM 3 HaWJABHIMIMX METOJIB ii BHUKOPUCTAHHS.
Jlume 3 cepenunn XX CTOpivUs AJIi OTPUMAaHHS TEIJIOBOT €HEPrii BUKOPUCTOBYIOTh
BUKOITHI JKEepeJia €HEPTii, OCKUIBKA BOHU MalOTh OLIBINTY IMMUTOMY TEIUIOTY 3TOpaHHS
1 TeXHOJIOT1YHICTh. JlaH1 3 MHUTOMOi TEIUIOTH 3TOpPaHHS PI3HMX BHJIB IMaJIUBa

HaBseqeHo B Tadu. 3.1.

Tabmuus 3.1. [lutoma TemnoTa 3ropaHHs pi3HUX BHUJIIB NTAJIMBA

Bung nanusa ‘ ITutoma Ternora 3ropannst MJx/kr

JlepeBuHa:

- 3eneHa 8

- (CesonHa 13

- Bucymena 16
PucoBe nymmnuHHS
HprOBa TPOCTHHA 19-15
Bigxoau TBapuHHHIITBA
Topd
Metan 55
benszun 47
I"ac 46
Ju3nanuso 46
Cupa Hadra 43-46
Byrimns 20-30

3 aHamizy JaHuxX, HaBeJeHUX y Tabm. 3.1, MoxHa 3poOUTH BHCHOBOK, IIIO
BUKOIIHI JKepera eHeprii MatoTh B 2-3 pa3u OUIbIILY MUTOMY TEIUIOTY 3ropaHHs. I3
ypaxyBaHHSM €KOHOMIYHHMX Ta €KOJOTTYHUX (hakTopiB, O10MATMBO BUKOPUCTOBYBATH
JotibHIme. JkepenoM s 1bOro BUAY OlomaiuBa € BIIXOIU JEpPeBOOOPOOHOT
MIPOMUCIIOBOCTI, CIIBCHKOTO TOCHOJAapCTBa a00 CHEliaJibHO BHUPOIIEHA JIepEeBUHA
(BepOa, TomoJis, eBKaJIINT). BIacTUBOCTI JEPEBHOTO MaduBa 3MIHIOIOTHCS B IIUPOKUX
MeKax 3aJIe’KHO BiJl TUITY JIEPEBUHU, MICIIS 1 CE30HY 30MpaHHs, METOJOM 30epiraHHs
1 TpaHcmopTyBaHHs. Hampukiag BMICT BOJIOTHM y JE€pPEBHHI MOXKE KOJIMBATHUChH B
mexxax (2-75) %. BHacmiok MiJABHINCHHS BOJIOTOCTI TeMIleparypa CHAaTIOBaHHS

JEPEBUHU 3HUKYETHCA, 110 CIIOBUIBHIOE TIPOIIEC TOPIHHS 1 301IBIINY€E OOCAT BHUKHITY
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IIKIJJTMBAX PEYOBHH y HABKOJMUIITHE cepenoBuine. ToMy e(peKTHBHE BUKOPUCTAHHS
IFOTO BUAY Ol0ManruBa MOXKIIMBE JIUIIE MICIs TEXHIYHOTO 0OpOOIISTHHS: MOAPIOHEHHS
1 CyIIIHHS, 10 30UIbIIy€ MIBUAKICTH 1 MOBHOTY 3TrOpsHHS manuBa. [licis Takoi
o0poOku OlomamuBo HaOyBae CcTalLIbHUX  (DIBUKO-XIMIYHMX 1 MEXaHIYHHX
BinactuBocTel. lle n03Bossie MIABUIIMTH MUTOMY TEIUIOTY 3ropsiHHs manuba, KK,
3HM3UTH BapTICTh 1 BUTPATU HA EKCIUIyaTallll0 TEeIJIOT€HEpYBaJIbHOTO OOJIaJHAHHSL.
Haitnomupenimumu popmamu padiHoOBaHOTO 010MANIMBA € MENETH 1 OPUKETH.

JlepeBHI OpHWIKETH 1 TIE€JIETH BHUTOTOBJISIOTH 13 BIAXOJIB JE€PEeBOOOPOOHOI
MPOMHUCIIOBOCTI. IX BHKOPHCTOBYIOTH Yy BCiX BHIAaX TOMOK, KaMiHaX, KOTIaxX
LHEHTpaJIbHOTO onajeHHs. Temnora 3ropanHs OpukeTiB ckiagae 18 MJDx/kr.
[1o3UTUBHUM aCTIEKTOM BUKOPHUCTAHHS OPUKETIB 1 MEJETIB € X Maja 30JbHICTh —
(0,5-1) % (y Byrimuisg 30abHICTB cKinanae 40 %).

Temmeparypa ropinus 6iomacu B kotiax (900-1200)°C.

Iiponiz diomacu

[Tiponi3 OpraHiyHUX pPEYOBMH BUKOPUCTOBYIOTH MAJII OTPUMAHHS MPOCTHX
ByrJieBOJHIB (nponuieny CzHs, etuneny CoHs), MeTaHony, amiaky 1 T.4. i uporo
HalYacTile BUKOPUCTOBYIOTh HadTy 1 BYruuia. Y pe3yibTaTi Miposi3y opraHiyHa
pEeUOBHHA PO3KIIAAAETHCS Ha!

- ra3omno/i0HI PEUYOBHMHU: CHHTE3-Ta3 (CyMiml BOAHIO 1 okcuay Byriemio CO),
METaH 1 1HIII BYTJEBOIHI;

- PIAKI FOpIOYl PEYOBHUHH;

- TBEp/Il PEUOBHUHHU 3 BUCOKMM BMICTOM Byruiewto (Oubiie 90 %).

TexHounorio mipoii3y TakoX BUKOPUCTOBYIOTH AJisi Oiomacu. Panimie miposi3
OlomMacu HalyacTille BUKOPUCTOBYBAJIM [JIsi OTPUMAaHHS 3 JEPEBUHU JIEPEBHOIO
BYTUmiss 1 ApOorTIO. Ha ChOrojHI TEXHOJOTII0 TIPOJi3y JEpEeBUHU TaKOX
BUKOPHCTOBYIOTH JJISI T€HEepaIlii TerIoBoi eHeprii 1 orpumanus metanoiny CH;OH.

MeTaHoa OTPUMYIOTh 3 CHHTE3-Ta3y 32 HACTYITHUX YMOB:

- Ttemneparypa — 250 °C;

- THuckKk — 7 Mlla;
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- Karaji3aTop — CyMill OKCUIIB IIUHKY 1 MiIi.
XiMiuH1 peaKIlii yTBOPEHHS METaHOYy:
3H, + CO, — CH30OH +H-O0. (32)

[TiponizHi onanoBalIbHI KOTJIU, HA BIIMIHY BiJl 3BUYaHUX, MAOTh JIB1 KaMEpH:
KaMepa 3aBaHTAKEHHS 1 Kamepa TOpiHHSA. Y KaMmepl 3aBaHTaXEHHS 3 OOMEXEHOIO
KUTBKICTIO KHCHIO MOBLJIBHO TOPHUTH 1 MIPOIII3Y€ETHCS TBEP/E MATUBO 3a TEMIEPATypU
(400-800)°C. I'a3u, 1110 BUAUIAIOTHCS i Yac MipoIi3y, 3roparoTh Y ApyTid Kamepi 3a
temnepatypu (900-1200)°C.

B mipoii3HuX KOTiaax MOKe BUKOPUCTOBYBAaTUCH JAEPEBUHA 3 BMICTOM BOJIOTH,
mo He nepesuirye 35 %. lle moB’s3aHO 3 THM, IO BOJASHA Iapa 3MEHIIYE
KOHLIEHTPALII0 MIPOdI3HUX Ta3iB 1 3aBaXkae iX ropiHHiO. ToMy B MIpOJI3HUX KOTJIax
nepesl BUKOPUCTAHHSAM JEPEBUHY NPOCYIIYIOTh. BUKOpHCTaHHS Nipodizy i
1HJIMBIAyaJIbHOT 1 IICHTPAII30BaHOI CHCTEMH OTNaJIEHHS Ma€ TakKi IepeBaru:

- PEryJIIOBaHHS IIBUAKOCTI Ta IHTEHCUBHOCTI TOPIHHS MAJIUBA;
- LIJIKOBUTE 3TOPAHHS NAJINBa;

- SMCHUICHHA BUKHUY IHKiI[J'H/IBI/IX PE€YOBHUH Y HABKOJIMIIHE CCPEAOBHUIIIC.

TI'a3ugpikauia diomacu
[Ipouec ra3zudikamii MOKHa ONHMCATH MPOCTUMHU XIMIYHHUMH PEAKIISMHU.
HarpiBanus manuBa 70 Temrepatyp razudikaiiii Bij0yBa€eTbCsi BHACTIAOK TOTO, IO
YacTUHA HOro 3ropae, yTBOPIOIOYN JI0KCU BYTJIEIIO:
C+ 0, — CO,. (3.3)
[Tin wac mpoTikaHHS peakiii BUALISIETbCA TeruioBa eHepris 393 kJlx/monb. Y
BUITAJIKy HECTa4l KUCHIO TaKOXX B10YBa€ThCS PEaKIlisi YTBOPEHHS OKCUTY BYTJICIIIO:
C+0,50,— CO, (3.4)
3 BUIUIEHHAM TeroBoi edeprii 110,6 kJ[/Mob.
SAxkio B 30H1 razudikaliii € BoAsHa rMapa 3a BUCOKUX TeMIepaTyp BiAOyBaeThCs
peaxiiist i mepeTBOPEHHS:

C+ H,O— CO + H, — 131,4 x/I>x/Mounb, (3.5)
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CO + H,O— CO;, + H, + 41,2 x]J1)x/MOb. (3.6)

BHacniiok 1bOTO YTBOPIOETHCS IPYTHM TOPIOYUM CKIAJHUK Ta3y — BOJEHb. Y

BUIAJKy HasBHOCTI BUCOKOTO THCKY BIAOYBA€TbCS PEAKIIsl YTBOPEHHS TPETHOIO
TOPIOYOT0 CKJIAJTHUKA — METAHY

C+ 2H, — CHy + 74,9, xJI>x/MOIIb, (3.7)

2CO + 2H; — CH4 + CO, —321,3, xI)x/MOTb. (3.8)

3aramoMm cKiang rasy, OTpUMaHuUW y Tporieci rasudikarii, 3aj1eXuTh Bil 0aratbox

YMHHUKIB, TOJIOBHUM 3 SIKMX € BUJ| 1 XapaKTEpPUCTUKA NAJIINBA, TEMIIEpATypa 1 TUCK Y

30H1 peakuii. Ha npaktuml temneparypy mnporecy rasudikamii HiATPUMYIOTh Y

mexax (1100-1300) °C 3a tucky Bix 0,1 g0 10 MITa.

BioximiuHi MeTOAM

bioximMiuH1 MeTOIM O3BOJISIOTH OTPUMYBATH 3 IMEBHUX POCIMHHUX KYJIBTYP
Oiloras, 6i0aM3eb, €TAHOJ 1 MacTUja, 10 € aTbTEPHATUBOIO MAIIMBHO-MACTUILHUM
MaTepianam 3 BUKOIHMX JpKepen eHeprii. HaifuacTime a1 nepeTBopeHHs: 6io0MacH Ha

BKa3aHi NMPOJYKTH BUKOPUCTOBYIOTH PEaKIIii OpOMiHHS 1 aHAepOOHOTO PO3KIIALTY.

bpooinna

Omnepartito OpOJiHHS BUKOPUCTOBYIOTH JJIS TPOMHCIOBOTO BHUPOOHMIITBA
€TaHoNIy — eTUI0BOTO crupty CofsOH.

ETtunoBuii ciupt 6e3nocepeiHbO0 MOXKHA OTPUMATH 3 POCIMHHUX KYJBTYp, K1
MICTATbH IJIIOKO3Y (IJI0JI0BI KYJBTYpHU, IYKPOBUHM OYpsIK, IIyKpoBa TPOCTHHA). Peakiiis
OpoAiHHS BIIOYBA€ETHCS 32 HAABHOCTI OaKTEpii APIKIXKIB.

CeH1206 — 2C,Hs0OH + 2CO.. (39)
B mpomucnoBux Macmitabax €TraHOJd OTPUMYIOTh 3 KYJIbTYP 3 BHCOKHM CKJIaJIOM
KpOXMalio (KapToIulsl, KyKypya3a, 3€pHOBI KyJabTypu). s 1bOro Kpoxmaib
MIEPETBOPIOIOTh Y ITYKPUCTI PEYOBMHHU TIAPOTI30M 3 JoaaBaHHsAM cojoxy. Conon
MICTUTh OCOOJIMBUN (PEepMEHT, Tij] BIUIMBOM SIKOTO BiIOYBAa€ThCSI OLIYKPOBYBAHHS
(rimpotiz) KpoXMairo, TOOTO MEPETBOPEHHS WOTO B INIIOKO3Y. 3arajioM Ied MpOIEC

OHI/ICYIOTB TaKUM piBHHHHHMZ
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NCsH100s5 + nH>0 — nCgH1,0s. (310)

Kapromns 1 3epHO, Ha IepepoOIsTHHI AKHX 0a3yETHCSI BUPOOHUIITBO €THIIOBOTO
CIIUPTY 3a MOMEPEaHIM CIIOCOOOM, - JOCTaTHBO ITIHHI Xap4oBi MPOJYKTH. ToMy iX
Oa)kaHO 3aMIHUTH HEXapyOBOIO CHPOBHHOI. B 3B'3Ky 3 MM 3HAMIIOB IMIMpPOKE
3aCTOCYBaHHs CHOCIO OJ€pXaHHS CHUPTY 3 IENI0JIO3H, SKa 3a CBOIM XIMIYHUM
CKJIaJIOM OJIM3bKa 10 KPOXMAJIO.

Ie#i crociO TpyHTY€EThCS HA TiIPOJIi3i MEN0I03H (KIITKOBUHU) 3 J0/IaBaHHIM
KHUCIIOT 1 YTBOPEHHSIM TUIIOKO3M, Ky MOTIM 30pO/KYIOTh Ha CHUPT APLKIKIMU. 3
II€I0 METOI BIAXOAM JepeBa (OIIYpKH, CTPYXKKY TOILO) HarpiBaloTh 3
(0,3-0,5) % cynbdarHoro kuciororo mig TuckoM (7-10) atm. BHacmigok mboro
1EJIF0JI034, IMOIIOHO A0 KPOXMAJII0, T1IPOIII3YE:

(C6H1005)n + nH,O — nCgH1,0s. (311)

[Ticns 3aKiHYEHHS TIPOLIECY, KUCTIOTY HEUTPaTi3yIOTh KPEHI010:

H,SO, + CaCO3; — CaSO, + COs. (3.12)

Masiopo3urHHUN Cynb(aT Kajbllilo BiAQUIBTPOBYIOTh, @ PO3YHMH MiAJIAI0Th
OpOJIIHHIO, JTOJABIIM APLKIKI. OpepikaHud TaKUM — CIIOCOOOM  €THJIOBHM — CITUPT
HA3MBAIOTH TiPONI3HMM. MOr0 3acTOCOBYIOTH IMIIE I8 TEXHIYHMX Iijiei, 60 BiH
MICTUTh 0araTo WIKIAJMBUX JOMIIIOK, 30KpeMa METWUJIOBUN CHHPT, alleTOH TOIIO. 3
OIHOi TOHHM JE€peBUHHM MOHa onepskatd 10 200 nm3 cnmpry. Lle o3nauae, mo 1 T
nepeBuHU Moke 3aMiHuTH 1 T kKaprorum abo 300 kr 3epHa. Y3arajibHEHY CXEMy

OTPUMAaHHS €TaHOJIy MOKAa3aHo Ha puc. 3.2.

PoclHHEHI KVIBTVDH, SKi
MiCTATh IPHPOIEI I VKPH
(bypak, IVKPOEa TPOCTHHA,
IIONOE] KYIETYPH)

PoCIHEH 3 BHCOKHM , : . .
- como rigpomis DE R
EMICTOM KpPOXMAany A |Tap AP Goomi
: AMAT} » (TiIIA€ThCq g OpominEs
(3epHOBI, KVKVpVIO3a, N
TETKO
KapTOILIT) l
IECTHIIAN %
Ienronosa (IepesHHa, rinpomis
. . KHCIIOTa
Bimxo eBoobpobHEOI .
FIOZH ASPEBOOLD p (mimmaetbes  — l
I POMHECTIOBOCTI, BKKO)
MAKVIaTypa) eTanal

Puc. 3.2. Y3aranbHeHa cxeMa OTpUMaHHS €TaHOIY
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Anaepoonuii po3xknao

AHaepoOHMI po3KIIa — 1€ po3kiaan 0e3 JOCTymy KHCHIO Yy TPUCYTHOCTI
cnemiagbHux OakTepiil. 3a yMOBHM 3acCTOCYBaHHSI aHaepoOHOro po3kiagy Oiomaca
po3kianaeThcs Ha MmeTaH CH, 1 okeun Byriieno CO,. YacTka eHeprii MeTaHy CKIIagae
10 90 % Bix Ti€l, 10 MICTUIACh B MEPBUHHIN pedoBUHI. CyMilll METaHy 1 OKCHUIY
BYIUICIIO 32 HAsABHOCTI B HEBEJHWKIN KIJBKOCTI IHIIMX Ta3iB HAa3WBAalOTh 010Ta30M.
Moro cxnax: (55-80) % wmerany CHa, (15-40) % Byrnekucioro rasy CO,, (0-1)%
cipkoBogHio S, (0-1) % azoty N, (0-1) % Boanio H,. Temmora 3ropaHHs 3aieKHO
Big ckmany craHoButh (21-27) MJx/M3. KpiM oTpumanHs Giorasy aHaepoOHMI
pO3KiaJ TOBHICTIO MiHepamizye a3oT, docdop, kamiii Ta 1HII MIKPOEIEMEHTH,
3aBSKA YOMY BOHH Kpallle 3aCBOIOIOTHCS POCIMHAMU. TakuM YMHOM Il TEXHOJIOT1s
JI03BOJISIE€ BUPOOJISATH 010MATUBO 1 IepepoOJisie BiAX0u Ha JOOPUBO.

OcHoBHaA CUpOBHHA JJIs1 BUPOOHUIITBA 0l0Ta3y — II€ BIXOIU TBAPUHHUIITBA.
JI71st bOTO TaK0 MOXHA BUKOPHCTOBYBATHU CHJIOC, COJIOMY 1 MOOYyTOB1 Binxoau. 3 1
TOHHU BiIXOMiB K mpaBuiio MoxHa otpumary (250-500) m? Giorasy. Temmneparypa 3a
KO TPOBOAATH aHaepoOHmi poskiazn ckiaagae (20-70) °C. Ilporec aHaepoOHOTro
po3kiany sk mpaBwiio TpuBae (5-15) mi0: 3a BHINOI TemmepaTypu po3KJIamgy, HOro

TPUBAJICTh 3MEHITYEThCS. Cxemy 010ra3oBoi YCTAaHOBKH IMOKa3aHO Ha puc. 3.3.

XniB
n96yTOBi Xapuosi Biora3
Bigxoau, conoma,
s cunoc KoHpeHcaTop
\ D Sem —— CnoxuBay
i)
MHin Bopa
Birpi6Ha o
AMa
Ma3zoBumn
HarpiBayi

3miwyBay

TennoizonboBaHa EMHICTb

Puc. 3.3. Cxema 6iora3zoBoi yCTaHOBKHU
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Texnonozia ompumanns o0ioousens
biomuzens BUpOOIATH 3 OJN POCAMHHUX KYyJIbTyp. Buxin macma 3a yMOBHU

BUKOPUCTAHHA PI3HUX POCIUH HaBeJeHa y Tadi. 3.2.

Tabmurs 3.2. PociuHHI KyIbTypH AJ11 BUPOOHUIITBA 010 AM3EIIS

Pocnunna kyneTypa | O6’eM macna, i/ra | Pocniunna kyneTypa | O6’em Macia, j/ra
Kykypynza 172 Puc 828

Ogec 217 CoHSIIHUK 952
Xomok 325 Apaxic 1059

Cos 446 Parmic 1190
JIvoH 478 Koxoc 2689
[ipuwmis 572 Bonopocri 95000
KymxkyT 696

JIJist 3MEeHIIIeHHsT B’SI3KOCTI MajiiBa OJisl MPOXOAUTH mepeerepudikaliito, s
qoro a0 Hei nomaroTh cnupT. HailwacTimie BHUKOPHUCTOBYIOTH METAHON, PIAIIE —
€TaHoJI, 130IPOIIOBUN CIUPT. Y pe3ybTaTi peakilii nepeerepudikaritii 3 cymin omii
1 COUPTY YTBOPIOEThCS Oloausens (edip) 1 riinepuH. Y BUNAAKY BUKOPUCTAHHS
METaHOJIy HOro 3MIIIYIOTh 3 oJiero y mpomnopiii 1:9. V pesynbrari nepeerepudikartii
3 1 1 omii oTpumyroTh 1 T Gloamuzento (MeTusoBoro edipy) 1 TIilepuHOBY GpakKiiio, 3

K01 MOkHA BUAUTATUA 100 KT 4YKCTOTO TIILIEPUHY.

Oc00,1MBOCTI BUKOPUCTAHHA METAHOJIY, €TAHOJIY I OioamM3ensi K MaJuBa
JJISE ABTOMOOLITIB

[TocTymoBe 3pocTaHHS IIIH Ha HaTOMPOMYKTH 1 3OLIBIIEHHS OO0CATY iX
BUKOPHUCTAHHS CIIPUYMHUIIO 3POCTaHHS MOMUTY HA aJIbTEPHATHBHI BUIW TAJIWBA IS
aBTOoMOOUTIB. OgHE 3 TPOBIAHMX MICIb Cepejl aJbTePHATUBHUX BUIB TMajJuBa
3aiiMaroTh PiaKi BUAW OiomajyBa: METAHOJ, €TaHoj 1 Oiogusensb. LI Buam mamuBa
MEHIIE IIKOJAATh HABKOJUIIHBOMY CEPEJOBHILY Y TMOPIBHSIHHI 3 OEH3UHOM 1

Iu3eabHUM nanuBoM. OfHaK ABUTYHM CyYacHUX AaBTOMOOLIIB MPHUCTOCOBAHI [0
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nanuBa 3 HaQTOMPOAYKTIB, TOMy BHUKOPUCTaHHsS OlomajlvBa Ma€ CBOI OCOOJIMBOCTI.
Ha manwii MOMEHT IMHMPOKO BUKOPUCTOBYIOTH JIBa BHAM OloTaJiMBa: €TAHOMN 1
O0loamuzens. Lli Buau OlomanmBa MOXYTh JIOJABAaTHCh 10 OEH3MHY a00 AU3EIBHOTO

NajvBa Y4 BUKOPUCTOBYBATUCH CAMOCTIHMHO.

Ilanueo 3 0o0asannam emanosy

ben3uH 3 qomaBaHHSAM €TaHONY MapKylOTh EXX, M€ XX — MPOIEHTHUN BMICT
eranony. [lomynsapui mapku OeH3uny Takoro Oensuny: ES5, E10, E15, E85, E100
(unctuid eranois). beH3uH 3 BMicTOM eTaHoiny a0 10 % MoxHa 3ampaBisiTd B
OUIBLIICTh CyYaCHHX aBTOMOOLTIB. Mapku O€H3MHY 3 OUIBIIMM BMICTOM €TaHOIY
MIIXOMATh JIMINE JJI1 aBTOMOOUTIIB 31 cHeriaibHuM JBUTYHOM. lle moB’s3aHO 3
TaKUMU OCOOJIMBOCTSIMU €TAHOJTY:

-3a TeMmriepaTtypu Hiwkue -15 °C manuBo 3 BMiIcTOM eTaHoiny 85 % 1 BuIe
3aMep3ae;

- eranol Mae Ha 34% MeHIIIe eHeprii Ha OUHUITIO 00'eMy HiIXK OCH3HH,;

- €TaHOJI Ma€ BUIIIE OKTAHOBE YUCIIO HIK OCH3UH;

- €TaHOJ TOTJIMHAE BOJY, IO CHpPHSE PO3IIAPIOBAHHIO NajMBa Ha OKpeEMi
dbpakiii.

Yepes 3a3HaueH1 0COOJMBOCTI B aBTO, MPU3HAYCHUX JJISI XOJIOJAHOTO KIIMATYy,
JUIi BUKOPUCTAHHS €TAaHOJIOBOTO MajvBa HEOOXIJHO BCTAHOBJIOBATH OO0IrpiBad.
ButpaTtu uncToro eraHony B MOPIBHSIHHI 3 O€H3UHOM 30UbiIyoThes Ha 30 %. Tomy
JUIsl €KOHOMIYHOI JOLUUIBHOCTI BUKOPUCTaHHS OlomajiMBa KMOro IiHa MOBMHHA OYTH
MeHmo Ha 30 % HiX y OeH3uHy. OKpiM LbOro 30epiraTd €TaHOJIOBE MaJMBO

HEOOX1THO B TEPMETHUHHMX EMHOCTSIX, JIJISl 3aI100IraHHs MOTPAIITHHS BOJIOTH.

bioouzenn
[TamuBo 3 momaBaHHAM OiloaM3ers IMO3HAYAIOTh BXX, e XX — NPOLECHTHHUI
BMICT Oloausensa. Yuctuih Oiogusenb, Ha BIAMIHY BiJI €TaHOJIy, MOXHA

BUKOPUCTOBYBATH JIJIsl 3BUUAMHUX JU3EIHHUX JIBUTYHIB (IMiCIs HanamrtyBaHHs). J{is
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BUKOPHUCTAaHHS O10/M3€Nsl 3a HU3BKHUX TeMIepaTyp, HEOOXiJHUN HarpiB JIBUTYHA.

Ctpok 30epiranns 6i01u3ens He MEePEBUIILYE TPHOX MICSIIB.

OctanHe aecatupivusi 010MATMBO AKTUBHO BUKOPUCTOBYIOTh Y KOTE€HEPALIMHUX

yCTaHOBKaX, MPU3HAYECHUX I TeHEepallli TETJIOBO1 1 €eKTPUIHOI EHeprii.

3anuTanusn

1. Ha3BiTh OCHOBHI METOIM MEPEpOOICHHS OiomaInBa.

2. Ha3zBiTh mepeBaru 1neseTiB y MOPIBHIHHI 31 3BUYAHUMHU JIPOBAMH.

3. TlofACHITH CyTHICTh TEPMIHY «ITIPOIIi3».

4. BkaxiTh pEYOBHMHHU, SIKI MOXKHA OTPUMATH 3a Tporecy rasudikaiii
BYTJICLIEBMICHUX PEYOBHH.

5. Ha3BiTh HalifeneBry CHpOBUHY JUIsl BAPOOHUIITBA €TAHOIY.

6. Ha3BiTh OCHOBHI P€YOBHUHHU, SIK1 BXOJSTH A0 CKJIaay Olorasy.

7. Ha3BiTh OCHOBHI HEJIOJIIKM €TaHOJIy 332 YMOBH BUKOPUCTaHHI MOTO B SIKOCTI

aBTOMOOLIILHOTO ITAJINBA.

8.

HaBGILiTB Ha3BH CiJ'IBCI:KOI‘OCHOI[apCBKI/IX POCIIMH, 3 AKHX BHUI'OTOBJIAIOTH

010113€EITb.
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Jlekuisa Ne 4. Cucremu KoreHepauii eHeprii

OCHOBHI TepMiHM | BUBHAYECHHS

Kozenepayia — mpouec CHOITBHOTO BHPOOHHUIITBA JIBOX BHJIB €HEPrii,
HaiyacTime TerioBoi 1 ejdekTpuuHol (Ha3By yTBOpeHO Bing ciiB KOwmOiHOBaHa
['EHEPAILILA).

Kanopia — tpaauuiiiHa mo3acucTeMHa OJWHUI BUMIPIOBAHHS, 110 JOPIBHIOE
eHeprii, HeoOximHIM juis1 HarpiBanHa 1T Boau Ha 1°C. 1 kam = 4,2 JIx =
1,17-10° xBr-rox.

Tennosea enexmpocmanyia (TEC) — enexrtpocrtaHuis, 1m0 BUPOOJIsE
CJICKTPUYUHY €HEPT1I0 BHACIIOK MEPETBOPEHHS XIMIYHOI €HEPTii MaJiuBa B MEXaHIUYHY
EHEeprito 00epTaHHs Bally TeHepaTopa.

Tennoenexkmpouyenmpans (TEL]) — pi3HOBUI TEIJIOBOI €IEKTPOCTAHII, sKa
BUPOOJISi€E HE TIIBKU EJIEKTPOEHEPTilo, ajie 1 TEIJIOBY €HEPrilo B IIEHTPaJi30BaHUX
crcTeMax Teruto3abesnedeHHs (mapa i rapsia Bojia).

Hukn Penkina — TepMOAVMHAMIYHHUI IUKJ TMEPETBOPEHHS TeIjia B poOOTYy
BOJISIHOIO Maporo. CKIIaaaeThes 3 YOTUPHoX (a3: 1) HarpiBaHHS BOJM 3 MOJAIBIIUM ii
BUIIAPOBYBAaHHSAM 3a TMOCTIHHOTO THCKY, 2) PO3IIUPEHHS Tapu B TypOiHi,
3) KoHAEHCAIlisl BIAMPAIbOBAHOI MapH 3 BIBEJEHHSM TEIUIOTH BOJOI0, 4) CTUCKAHHS
YTBOPEHOI BOAM JI0 TIOYATKOBOTO THUCKY.

Hukn Cmipainza — TepMOAMHAMIYHUN IUKJI, SIKAA OMHUCYE€ POOOYMM MK
MamuHu  Cripmiara. Mamumbaa  CripaiHra  cKJIagaeTbess 3 poOoYoro  Tija,
XO0JIOMUJIbHYKA, HariBaua 1 pereneparopa. [{ukn CripiiHra CKiIagaeThes 3 YOTUPHOX
¢da3: 1) i30TepMivHE PO3MIUPEHHS pOOOYOro Tija 3 MiABOAOM TeIlIa Bij HarpiBaya, 2)
BIJIBEJICHHS TeIla Bij poO0OYOro Tijia 10 pereHeparopa 3a yMOBU MOCTIHHOTO 00’ eMy
poGouoro Tina, 3) i30TepMidyHE CTHCHEHHS pOOOYOro Tijlla 3 BiABEIEHHS TEIUIA 0
XOJIOAWIbHKKA, 4) HarpiBaHHsA POOOYOro Tijia 3 MiJBOIOM TEIUIA BiJ pereHeparopa 3a
YMOBH MOCTIHOTO 00’ €My poOOYOTO Tija.

Pexynepauyia — noBepHEeHHS YaCTUHU €HEPTii JUIsl TOBTOPHOTO BUKOPUCTAHHS Y

TOMY K TEXHOJIOTTYHOMY TTPOIIECI.
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CTpyKTypa eHeprocrno:KuBaHHA Y KpaiHu

binpma mnonoBuHa eHeprii B Ykpaini renepyerscsi Ha TEC 1 TEL, mo
MpaIol0Th Ha BUKOMHUX JDKEpesiax eHeprii: Byruui, raszi, maszyTi. OKpiM HHUX Y
BUPOOHUIITBI eHeprii ~ O6epytb  ydactb  rigpo-enekrpocranuii  (I'EC),
rigpoakymymoBaibHi enekrpocrtaniii (I'AEC), atomni enekrpoctaniiii (AEC).

CyMmapHy KUIBKICTh €JIEKTPO- 1 TeIIoeHeprii, siky BupooOneno y 2020 p.

PI3HUMU BUJAaMH CTaHILIN oka3aHo Ha puc. 4.1 Ta B Tabun. 4.1.

CrpykTtypa BupobHuursa enekrpoereprii 8 OEC Ykpainu 3a 2020 pik

bnox-cranyii 1a inwi
AnbrepHatmeni grepena kepena

7,30% 1,20%

TEC ra TEY
35,20%

« TECra TEY

w [EC 1a FAEC

= AEC

» AnsrepHaTHBeHi gwepena

Brok-cranyii Ta inwi gwepena

AEC
51,20%

FEC 7a TAEC
5,10%

Puc. 4.1. Enextpoenepris, BupobisieHa y 2020 p. B YkpaiHi

Tabmmig 4.1.
JuHamMika i cTpyKTYpa BHPOOHHITBA eJiIeKTpoeHeprii
Bupobirok enexktpoeHeprii 2019 pik 2020 pik +/- po 2019
MAH KBTr % MAH KBTr % | MAHKBTT | %

Bcboro 153967,1 100,0 148854,0 100,0 -5113,1 -3,3
TEC ta TELL, 3 HMx: 55785,0 36,2 52360,8 35,2 -3424,2 | -6,1

TECTK 44915,1| 29,2 39562,6 | 26,6 -5352.,5 -11,9

TEL| Ta KoreHepawiitHi ycTaHoBKK 10869,9 7,1 12798,2 | 8,6 1928,3 | 17,7
FEC Ta TAEC, 3 HMX: 7868.,6 51 75835 51 -285,1| -3.6

NEC 6521,8 4,2 6026,2 | 4,0 -485.6| -7.6

FAEC 1346,8 0,9 1557,3 1 1,0 210,5| 15,6
AEC 83002,7| 53,9 76202,5 51,2 -6800,2 | -8,2
AnbTepHaTtMeHi axepena (BEC,CEC, iHwi) 5542,2 3,6 10862,1 7.3 5319,9 | 96,0
Bnok-craHuii 1768,6 1,1 1845,1 1,2 76,5 4,3
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3 HaBeACHUX JAaHUX MOKHA 3pPOOMTH BHCHOBOK, IO Maibke MOJOBHUHY
SJIEKTPUYHOI 1 BCIO TeruioBy eHepriro (Oumst 245 000 muH. kBT rom) BUpOOISIOTH
CHAJIIOBAaHHSM BUKOITHHMX JiKEpels eHeprii. Jljisi TeHepyBaHHS Takoil KUIBKOCTI €Heprii,
HE BPaxoBYIOYM BTpaTH, HeoOxigHo 21,1 mun. T. HadTn a6o 24,5 muH. M° rasy um
28,5 muH. ToHH Byruuisa. HeoOXiHO 3ayBa)KuUTH, IO JJIsl TEHEPYBaHHS €JIEKTPUYHOI
eHeprii nepeBakHo BUKOPUCTOBYIOTh TEC, a s reHepyBaHHSI TEIUIOBOI €HEprii —
KoTenbHi. B pganomy Bumaaky ne € mamoedextuBHuM, Tomy 1o KKJ[ TEC ne
nepesuirye 40%, TOOTO MEHIIIE MOJOBUHY TEIUIOBOI €HEPrii NajnBa NEPETBOPIOETHCS
Ha enekTpuuHy eHeprito. TEL] go3Bossie eekTHBHIIIE BUKOPUCTOBYBATH E€HEPTIO
3rOpaHHs NaJuBa: OKPIM EJIEKTPUYHOI €Heprii, BOHa I'€HEepye 1 TEIJIOBY E€HEPrIIo.
VY CTaHOBKM TaKOTO TUIYy Ha3UBAaIOTh KOT€HEPALIHHUMHU.

Ha puc. 4.3 noka3aHo e(EeKTUBHICTb BUKOPUCTAaHHS MajJMBa 3a YMOBH
OKpPEeMOTr0 BUPOOHUIITBA TEIJIOBOI 1 €IEKTPUYHOI €HEprii 1 32 YMOBHU iX CYMIIIEHOTO
BupoOHunTBa TELl. 3 HaBeneHMX AaHMX BHUJHO, IO 3a HEOOXIJHOCTI T'€HEpyBaHHs
TEIJIOBOi 1 eneKTpu4Hoi eHeprii BukopuctanHs TELl 3MeHmye BTpatu eHeprii

O1bIIIE HIXK B 2 pa3u.

3a HUHINIHBOTO €HEProCIOXUBaHHA B YKpaiHi, Bukopuctanus TEL] 3amicTb
TEC no3Bommiio 0 TeHepyBaTH BCIO HEOOXIJIHY TEIUIOBY €HEPrii0 0e3 BUKOPUCTAHHS
KoTtesieHb. Manuii o0csar BukopuctanHs TEL noB’si3anuii 3 HEOOXIIHICTIO MIITPUMKH
y HaJeXHOMY CTaHI MEpeXl TEIUIONOCTadyaHHs, 0 3a Bedaukoi moTyxkHocti TEI]
CTaHOBUTH JIEKUIbKa COTEHb KijoMeTpiB (Hanpukiaa y Kuesi — 899 km). Tomy Taki
TEL| nominbHO OyAyBaTH juIle NOOMM3Y BEIMKUX MICT. [ I1HIIKMX TepUTOpIid
nouiapHo BHKOpUcTOBYBathH MiHI-TELl, motyxHicTh skux He mepeuirye (20-30)
MBT.

OcnoBoto MiHI-TEI] € razomopmaeBi abo ra3oTypOiHHI €IEKTPOCTaHIIi, 110
MpaIoTh Ha TPUPOAHOMY rasi. [[pHumHOI0 BUKOPHUCTaHHS Ta3y € WOro OuibIma
MOBHOTA 3TOPaHHA 1 €KOJIOTIYHICTh y TMOPIBHSHHI 3 1HIIMMH BUJAMU OPTraHIYHOTO

IIajaunBa.
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Nanweo 100 oa.

42 on. sTpar

Manueo 68 oa.
s = E——

24 oa. enexTpoenepris )

TennoBa enexTpoLeHTPans ~ 34.0n Tenno :
Y

R

10 op. BTpar

Puc. 4.3. EdexruBnicts Bukopuctanas TEL]

VY 3B’s3Ky 3 MIABUIIECHHSM I[IHU HAa NpUpOAHUM ra3 sk manuBo s TEILL
JOIIJTLHO BUKOPHUCTOBYBAaTH BYTULISA. Y ILBOMY pa3l Il 3MEHIIEHHS IIKIJITUBUX
BUKH/IIB BUKOPUCTOBYIOTh CHEIlaJIbHy CYMIIl MIJIKO MOJPIOHEHOTro BYTULIS 1 BOAM.
OcHOBHI IlepeBary BOJHOBYTUIBHOI CyMilIi:

- 3HIDKEHHS BUTPAT NaJIMBA y MOPIBHSAHHI 3 Ma3yTOM 1 Ta30M;

- 3HWKEHHS BUKHUY IIKIJJIMBUX BUKU/IB Y OPIBHIHHI 3 BYTULISM;

- TEXHOJIOT1YHICTh BUKOPHUCTAHHS BYT1JUIA B PIAKINA (opMi.

Crnip 3a3HauyuMTH, 1O AJI1 BUKOPUCTAHHS BOJOBYTUIBHOI CyMillll HEOOX1AHO
noBHicTi0 mepeobsagHaty TEL] 1 CTBOPUTH HOBI MOTYXHOCTI sl MOJAPIOHEHHS
BYTULJIS, 1110 TOTpeOy€e 3HAYHHUX KamiTAJIOBKIIAICHb.

OcTaHHIM YacOM OKpIM BUKOMHHMX BHUJIB MajuBa JUIs T€Hepallii TeIoBoi 1
CJICKTPUYHOT eHeprii Bce O1IbIIIe BUKOPUCTOBYIOTH OlonannBo. BUpoOHUIITBO eHeprii

3 6loMacH pO3AUISIOTH Ha MPOIIECH 13 3aMKHEHUM 1 PO3IMKHEHUM TETUIOBUM ITUKIIOM.
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Po3iMKHEHI LMK BUKOPUCTOBYIOTH IS CHATIOBAHHS ra3onoji0HOro abo piakKoro
najuBa y ABUTYHaX BHYTPIIIHBOTO 3rOPSIHHS 1 Ta30BUX TypOiHaxX. Y LbOMY BHIAAKY
MajJMBO CIAIOIOTh 0e3MocCepeHhO B JBUTYHI a00 Kamepl 3ropsiHHS ra3oTypOiHHO1
YCTaHOBKH.

B cucremax 13 3aMKHEHHUM TEIJIOBUM ITUKJIOM IPOIECH CIAJIIOBAHHS MajIuBa i
reHepaiii eHeprii po3AUICHO: EHEepris TapsuuX Ta3iB CIOYaTKy IepeaacThCs
TEIJIOHOCII0, SIKW BHKOPHUCTOBYIOTH Y BTOPHMHHOMY ITMKJII. B oMy BHUIIanKy B
JBUTYH TIOJAIOTh YHUCTUW TEIUIOHOCIM, 110 YCyBa€ TMOIIKO/KEHHS JBUTYHA
HeOaKaHUMH JTOMIIIIKaMH.

VY 3B’sA3Ky 3 TUM, IO MiJ Yac CHAJIOBAaHHS OlomaivBa YTBOPIOIOTHCS ras3u, Kl
MOXXYTh TOIIKOJUTHA JBUTYH, B OCHOBHOMY BHKOPHUCTOBYIOTH YCTAHOBKH 13
3aMKHEHHM LIUKIIOM, a CaMe:

1. TlapoBi TypOiHM 3 BUKOpPUCTaHHSM UKy PeHkiHa. VY 1iif ycTaHOBI SIK
poboye TUIO BUKOPUCTOBYIOTH BOJYy, fKa BHUIAPOBYETHCA TiJ THCKOM 1
NEePErpiBAETHCS.

2. Ilaposi nBuTyHHM 3 IIUKJIOM PeHkiHa 3 meperpiBoM abo Oe3 reperpisy.

3. TlapoBi TypOiHm 3 oOMmexxeHuMm 1ukioM Penkina (OIIP), B sxux
BUKOPHCTOBYIOTh OpraHigyHe poboue Tij1o (Macio).

4. Jleurynu Cripmiara (Ta3oBi ABUTYHHU 3 HETIPSMHUM CIIAJIIOBAaHHSM IaJuBa),
SKl TPaIOTh HA OCHOBI MEPIOJUYHOTO TEIVIOOOMIHY MK AMMOBUMHU Ta3aMHu 1
ra3ono/ii0HUM poOOYHUM TLIOM (TIOBITPS, TeIiii, BOJEHB).

CydJacHi TEXHOJIOTIl JO3BOJIAIOTh TMPOEKTYBATH YCTAHOBKH B IIIHPOKOMY
Jllarma3oH1 TEIMIOBOI MOTYXXHOCTI — BIJl ACKUIbBKOX KijoBaT (aBurynu CTipiiHra) 10
JIEKUIBKOX COTEHb MeraBart (IapoBi TypOiHH).

Pa3zom 3 mporecamMmu 13 3aMKHEHMM IIMKJIOM B YCTAHOBKax Ha OlomayiMBi
BUKOPUCTOBYIOTH JCSKI MPOIIECH 13 POZIMKHEHHUM ITHKJIOM:

1. Ta30Bi TypOiHM 31 cCraNIOBaHHSAM OlOMAacH IiJ] BUCOKUM THUCKOM, B SIKUX ra3

PO3LIUPSIETHCS 1 BUBOAUTHCS B aTMOChEPY.

54



2. Ta3o0Bi TypOiHM 31 crIaTIOBaHHAM OloMacu 3a aTMOC(HEPHOTO TUCKY, B SIKUX
ra3 po3IMHUPSETHCS 3 MOAAIBIINM OXOJOKEHHSIM 1 CTUCHEHHSIM Ta3y 3 MOJajbIIUM

HoTo BIIBOAOM y aTMoOcdepy.

IHapoBi Typ0inm i3 po3iMKHEHMM HUKJIOM

[ToTy>kHicTh mapoBux TypOiH ckianae 0.3-500 MBT.

BupoOHUIITBO ~ eneKTpoeHeprii MapoBUMH TypOiHAMH €  PO3BHHEHOIO
TexHoJoTi€10, Ky BukopuctoBytoTh B TEC 1 TELL. I1apoBa TypOiHa i3 po3IMKHEHUM
IIUKJIOM — I1€ TETVIOBUH ABUTYH, B IKOMY MOTEHIlIaIbHA €HEPTisi CTUCHEHOI 1 HarpiTol
BOJISTHOI MTapH MEPETBOPIOETHCS B KIHETHUHY, SIKa B CBOIO Yepry BHPOOIIsie MEXaHIUHY
eHeprito Ha Baiy. [loTiKk BOASHOI mHapu HAAXOAUTHb Yepe3 HaIpPaBIAIOYl Ha
KPUBOJIIHIMHI JIOTIATKH, IO 3aKpilieHl Ha poTopi, 1 obeparae potop. B mapoBux
TypOiHaxX BUKOPUCTOBYIOTh ITUKJ PeHKkiHa.

3aranbHUN BUJT TApOBOI TYpOIHU MOKa3aHO Ha puc. 4.4, cxeMy TEXHOJOTTYHOTO

LUKIIy — Ha pucC. 4.5.

1 — nacoc, 2 — HarpiBay, 3 — koteln, 4 — BUNIapoByBay, 5 — TypOiHa, 6 — BiIBIJHUIA TpyOONIpPOBiX
KOHJIeHCaTopa
Puc. 4.4. 3aranpHuii BUTIIST TApOBOi TYpOiHU
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Puc. 4.5. TexHONOTTYHUN ITUKI TAPOBOI TYpOIHU

®da3u TEXHOJOTTYHOTO UKITY TApOBO1 TYpOIHU:

1-2 — mABUIIIEHHS THCKY BOJAW HACOCOM;

2-3 — HarpiBaHHS BOJIM JI0 TEMIIEpaTypH BUIIApOBYBaHHS y HarpiBadi;
3-4 — BUMapoByBaHHS BOJU B KOTIII;

4-5 — meperpiBaHHs apH y eperpiBaui;

5-6 — po3mMpeHHs napu B MapoBiid TypOiHi;

6-1 — KoHaeHcaIlis apy, YTUJI13allisl mapyu B KOHJIEHCATOPI.

ITapoBi mopHeBi ABUTYHH

[TapoBi nBurynu, puc. 4.6, marote notyxHicte 50 kBt — 2 MBT. Tomy ix
BUKOPHCTOBYIOTh Y MAJIOTIOTYKHUX YCTaHOBKAX, JIe MTAPOBY TypOiHY BCTAHOBIIOBATH
HeZo1UIbHO. [TapoBi MOPITHEBI ABUTYHU MarOTh MOJYJIBHY KOHCTPYKIIIO: B PI3HUX
CXeMax JBHUTYHIB KUIBKICTh TMOpPIIHIB MOXe OyTh y Mexax 1-6. 3aiexHo Bin
napaMeTpiB Iapyu BUKOPHUCTOBYIOTh OJHO- a00 OaraToCTymneHeBe ii pPO3IIMpPEHHS.
Tunogi 3nauenns KKJ]I renepyBaHHs eleKTpoeHEPTii OJHOCTYIIEHEBUX JIBUTYHIB € y
mexax (6-10) %, 6aratoctyneneBux — (12-20) %. 3a aHajgoriuHUX MapaMeTpiB mapu

KK/l nopiiHeBux IBUT'YHIB Ma€ Take K 3HaYEHHS, K 1 y TapOBUX TypOIH.
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Puc. 4.6. [1lapoBuii nopuiHeBUi JBUTYH

VY nmapoBux [BHUIyHax, IO NPALIOIOTh HAa MEPerpiTii
KOTeHepallii, TEXHOJIOTYHUI IIUKJI aHAJIOTIYHUM MapoBiit TypOiHi puc. 4.4. CyTTeBUM
HEJIOJIIKOM TAapOBHX TOPIIHEBUX JBUTYHIB € HEOOXIAHICTh J1OJaBaHHS MacTHia
nepe/ MOoJIaBaHHIM IMapu y JABUTYH. Y HOBUX KOHCTPYKIIISX TBUTYHIB 1M HEMOJIK

yCYHEHO. B mopiBHSHHI 3 mapoBUMHU TypOiHaMU MapoBi ABUTYHU MAIOTh MEpeBary i

HEIOJIKH, K1 HaBeACHO B Ta0IIL. 4.1.

Tabnuus 4.1. I[lepeBaru 1 HeAOIIKH MAPOBUX JIBUTYHIB

IlepeBaru

Henomnikn

1. [IpunaTHi 1711 BUKOPUCTAHHS 32
HU3bKO1 TOTYHOCTI

1. Hu3bka Mexa MakCUMalbHO1
BUX1JTHOT MOTY>XHOCTI (70 2 MBT)

2. IIpaitoroTh 3 HACUYEHOIO MTAPOI0

2. 3HayH1 BUTpaTH HA
TE€X0OCITYTOBYBaHHS 1 PEMOHT

3. Matots Bucokuii KKJ/[ 3a HermoBHOTo
HaBAaHTAXKCHHS

3. Bucokuii piBeHb 1rymy 1 Bioparii

4. MopayabHa KOHCTPYKIISL JI03BOJISE
e(EeKTUBHO TIpaIfoBaTH 3a PI3HOTO
TUCKY TTapu

4. HeoOX1aHICTh 1OJaBATH MAaCTHIIO
nepes1 MoJaBaHHsAM MMapy y IBUTYH (B
HOBUX MOJIEJISIX JIBUTYHIB 1€/ HEJ0JIK

YCYHEHO)

YcTaHOBKH 3 00MeKeHUM HUKJI0M Penkina

O6mMmexennit ruki Penkina (OL[P) moniOHuit 10 cranaapTHOro MUKy PeHkiHa.
CyTTEBOIO BIAMIHHICTIO € BUKOPUCTAHHS OPraHIYHOTO PoOOYOro Tiia (CHIIIKOHOBOI

oJ1i1), 110 JTO3BOJISIE €KCIUTyaTyBaTH il 3a BITHOCHO HM3bkux Temrieparyp (Big 70 °C

S7
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10 300 °C). OnHy 3 MOKIMBUX KOHCTPYKIIiN KoreHeparopa Ha ocHOBI OL[P moka3ano
Ha puc. 4.7., ne 1 — pereneparop, 2 — KoHAeHcaTtop, 3 — TypOiHa, 4 —
CJICKTPOTeHEPATOp, 5 — MUPKYIALINHUN Hacoc, 6 — miairpisay, 7 — BUMapoByBay, 8,9

— BIYCK 1 BUMYCK raps4oi Boau, 10,11 — Bmyck 1 BUITyCK Macia.

Puc. 4.7. Korenepatop Ha ocHoi OL[P

B ycranoBkax 3 OIIP 3acTocoByloTh Tpoiec 13 3aMKHEHUM IHUKJIOM.
Opraniyse poOodYe TIJIO BHUIIAPOBYETHCS, MIAAAETHCA YACTKOBOMY MEPETPIBAHHIO
TEPMOOJIIEIO 1 OTIM PO3IIUPIOETHCS B OChOBIM TypOiHi, sika Oe3mocepeIHbO 3’ €JHaHa
3 aCHHXPOHHHUM TeHepaTopoM. [IoTiM oJlif0 MPOMyCKarTh Yepe3 pereHeparop, e
B110yBa€ThCS peKyImepalis Teria, 1 1oJ1aloTh y KoHaeHcatop. KonaeHcairisi pooo4oro
TiJa BiIOYBAETHCS 32 TEMIEPATYPH, sIKa TO3BOJISIE HATPIBaTH BOAY JO TEMIEPaTypH
80-100 °C. Hwuxn OIP € 3aMkHEHHWM, TOMY BTpaTH TEIJIOHOCIS BiACYTHi, IIO
BU3HAYa€ HHU3bKUM pIBEHb EKCIUTyaTAlllfHUX BUTpPAT. TEXHOJOTIYHUMA LMK
ycranoBok 3 OIIP mokazano Ha puc. 4.8., ne 1 — Hacoc, 2 — TpyOONpOBI Mixk
HAaCcOCOM 1 BUIIapOBYBaueM, 3 — BUINIApOBYBay, 4 — TpyOOIpPOBIJ M’k BUIIAPOBYBauYEM
1 TypOiHOTO, 5 — TypOiHa, 6 — KOHACHCATOP, 7 — pEreHeparop, 8 — TpyoOIpoBia Mix
pereHepaToOpoOM 1 KOHJICHCATOPOM.

VY BunapoByBaui 3 opraHiyHe poOodYe TiJIO0 BUIAPOBYETHCS IMICIS JTOAaBaHHS
tepmoodnii (3-4). Ilap poGouoro Tina posmmproeTbes (4-5) y TypOiHi 1 micius
OXOJIOJUKEHHSI B pereHepatopi (5-9) KoHaeHcyeTbesi B KoHAeHcatopl (6). Temsora

KOHJIeHCaIlli mepenaeThcsi Boai cuctemu omaneHHs. [Ipomec OIIP 3aBeprnyerbes
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micnas miaBumieHHs Tucky (1-2), mimirpiy (2-8) 1 momaui pobodoro Tina y

BUTIApOBYBaY (§8-3).

Tepmomacno

Boaa

Puc. 4.8. TexHonoriunuit UK yctanHoBok 3 OL[P

B 1a6:. 4.2 HaBeneHo niepeBary 1 HeoMiKK ycTaHoBok 3 OLIP.

Tabmuns 4.2. [lepeBaru 1 Hepomiku yctaHOBOK 3 OLIP

[TepeBaru Henomniku
1. Bucoka HaailiHICTh TEXHOJIOT1] 1. Benuki moyaTkoBi
KaniTaJIOBKJIaCHHS
2. Bucokuii piBeHb KEpOBaHOCTI Ta 2. OpraHiuHe TepMOMAcCiO € TOKCUYHOIO
aBTOMAaTH3allli 1 BOTHEHE0Ee3MEeYHOK PEYOBUHOIO

3. MOXIuBICTh YTHIII3aIlil
HU3BKOTEMIIEPATYPHOTO TETLIa
(TEeXHOJIOT1YHI CTOKH)

4. Hu3bki BUTpaTH Ha 0OCITYyTOBYBAaHHS 1
PEMOHT

TypOinu i3 3aMKHEHMM HHMKJIOM

Konctpykitis TypOiH 13 3aMKHEHMM IIMKJIOM aHajoriyHa TypOiHaMm 13
pO3IMKHEHUM IMKJIOM. OnHak y TypOiHaX 13 3aMKHEHUM IIMKJIOM TEIIOTa
MepPeIa€ThC CTUCHYTOMY TIOBITPIO BHCOKOTEMIIEPATYPHUM TEIIOOOMIHHUKOM.

[lepen HaCTYyMHUM CTHCKaHHSIM ra3 OXOJOJKY€EThCS B TerooOMiHHUKY. Ha puc. 4.9
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MOKa3aHO TEXHOJIOTTYHUN LUK poOOTH TypOIHU 3 TPUCTYNEHEBUM PO3IIUPEHHSM 1

JIBOCTYIICHEBUM CTHCHEHHSIM 1 IPOIIECOM PEeKyTepartii.

{) MeHepaTop

. 5 |6 |
Aumosi —t—
raazw *— I\/ [ -

Manueo
MoBiTpaA—= l7 8|9

Tenno ‘;g

10" | 10'
‘_

Puc. 4.9. TexHonoriuHUA UK poOOTH TYpOiHU 13 3aMKHEHUM LIUKIOM

TexHOJOT1UHUI UK CKIIAAA€THCS 3 HACTYITHUX (a3:
1-2 — cTucHeHHs MOBITPS y JaHIi | Kommpecopa;

2-3 — IPOMIXKHE OXOJIOJIPKEHHS MOBITPS B 0XOJIO/[)KYyBaui;
3-4 — CTHCHEHHS TIOBITPA y JIAHII 2 KOMIIPECopa;
4-4" — pexymnepallis Tenna B peKyneparopi;

45 — migirpis MOBITPA y TOMII;

5-6 — posmupeHHs MoBiTps y TypOiHi 1;

6-7 — miairpiB MOBITPS Y TOIIIII;

/-8 — po3mMpeHHs MOBITPs y TypOiHi 2;

8-9 — miirpiB MOBITPS y TOIIILI;

9-10 — po3mmupenHs noBiTps y TypOiHi 3;

10-10” — pexynepatiis Temna B peKynepaTopi;

10"”-1 — momaya Teruia B TEII000MiHHHK.

60



Opniero 3 mpoOjeM 3acTOCyBaHHSA TypOiH 13 3aMKHEHUM IIMKJIOM €
eKCIUTyaTarlisi BUCOKOTEMIIEpAaTypHOTo TeriooominHuka. Lleit mpuctpiit mpairoe B

pexumi Bucokux temmnepartyp (1o 1000 °C) B arpecHBHOMY CEpeI0BHIIII.

JABurynn CripJinra

JBurynu CTipiiHra BAKOPUCTOBYIOTh B YCTAaHOBKAX Majioi motyxHocTi 10 100
kBT. BoHu mpaiforoTe 3a 3aMKHEHHM IHKJIOM, B SKOMY Ta30moji0He po0ode Tijio
MOYEProBO CTUCKAETHCA B XOJOAHIN Kamepl 1 po3IMprOeThes B rapsyiid. Ilepesara
nBUTyHIB CTipJiHra y NOPIBHSHHI 3 IBUTYHAMHU BHYTPIIIHBOIO 3TOPSIHHS MOJISTAE y
TOMY, 110 TIOJIaBaHHS TEIUIa Y ITUKJ 3IMCHIOIOTh HE IUIIXOM CITATIOBAHHS TaJnBa
BCEpEANHI IUIIHJIpa IBUTYHA, a 13 30BHIMIHBOTO JPKepesa yepe3 TerI00OMIHHUK, SK

y napoBoMy koTJii. Ha puc. 4.10 nokazaHo cxemy yCTaHOBKH 3 IBUT'yYHOM CTipIiHra.

Harpigay nogitps| BnYyck nositps

FapayuMn TennoobMiHHMK PereHepartop

EkoHomansep

TonHu# ras

FeHeparop

MosiTpa OBuryH .
Cripninra :
Bionanuso Tonka 5 @ CnoxuBaui

Tenna

Puc. 4.10. Cxema yctaHoBkH 3 JBUTYHOM CTipiiHra

Yepe3 BHUCOKY TeMIeparypy TEIIOOOMIHHUKA 1 MOMIIMBICTh 3a0pyJeHHS
KaHAJIIB JIBUTYHa 30JI0F0 1 aepo30JsiMH, SKI YTBOPWJIHCS TMICHIS CHATIOBAHHSA
nepeBuHM, NBUTYHH CTipjiHra jyis OlomajiuBa BiAPI3HSAIOTHCA BiJ 1X aHAJOrIB, IO
MPAaIfOI0Th Ha rasi.

B niniomy koreHepariiiii yCTaHOBKM Ha OlomaliiBl MalOTh IIMPOKHI Jiana3oH
BUXIJTHUX TOTY>KHOCTEH BIJ JECATKIB KUIOBAT 1O JECATKIB MeraBaT. Ekcruryararis

IIUX YCTAHOBOK TOJI0HA /0 X aHAJIOTIB HA MPUPOIHOMY Ta3i. Y 3B’S3KY 3 OUIBIIIOIO
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30JIbHICTIO OlomanuBa 1 HASBHICTIO aepo30JIiB KOT€HEpalliiiHi YCTaHOBKH Ha
OlomanuBi MaiOTh TMEBHI KOHCTPYKTHMBHI BIAMIHHOCTI, IO MEPEUIKOKAIOTh iX
3aCMIYEHHIO.

OcCoOAMBICTIO OMUCAHUX TEXHOJIOTIM BUPOOHUIITBA EMEKTPUYHOI 1 TEIIOBOT
eHeprii € 6araropa3oBe IMEPETBOPECHHS €HEPTrii 3 OJHOTO BUIY B I1HIIWN: €HEpris
XIMIYHOTO 3B’S3KY MMaJIMBa — TEIJIOBA EHEPris — MEXaHIuHa €HEePrisl — eJIEKTPUIHA
eHepris. 3po3yMiJio, 10 KOXKHE MEPETBOPEHHS €HEPTii CyNPOBOKYIOTCS BTpaTaMHu.
Tomy KKJI renHepariii eJleKTpUYHOTO BUIY €HEprii, Skl B 0araTbOX BHIAIKaX €
HUIL0BUM, ckiiagae 12-30 %.

[cHylOTh  eQeKTHBHIIII METOAM TEPETBOPEHHS  €HEprii, HalpuKIaj
CJICKTPOXIMIYHUM, SKHUM J03BOJIIE OTPUMYBATH TEIUIOBY 1 E€JIEKTPUYHY EHEPIiio
0e3nocepeIHbO 3 XIMIYHOI peakiiii OKUcCIeHHS BoaHio Hr, Metany CH,, METaHOIY
CH30H, oxcuny Byriento CO. Ilpuctpoi, B AKX 3IIMCHIOETBCS XIMIYHA peakilis,

Ha3uBarOTh ITAJIMBHUMH CIICMCHTaMMU.

IIanuBHI e1eMeHTH

[TamuBui enementu (IIE) sx 1 iHmn ximiydi jgxepena crpymy (XIC)
CKJIQIalOThCS 3 JIBOX EJIEKTPOJIIB: aHOAY 1 Karoay, MK SKUMH € enekTpomiT. Ha
BinMminy Bin iHIMX TUmiB XJIC TIE € mxepenoM He TUIbKU €IEKTPUYHOI, a 1 TETIOBO1
e”eprii. Tomy IIE BHUKOpPUCTOBYIOTH y KOreHepauiiHux ycraHoBkax. IIE MaroThb
nopiBasHo Bucokuit KKJI mis enekrpuunoi eHeprii, skuii ckiamae (40-60) %.
Cymapuuii KKJI TTE moxe nocsratu 90 %. JlonatkoBoro nepesaroto I1E y mopiBHAHHI
3 YCTAaHOBKAMH CIIAJIFOBAHHS TMaIKBa € BIACYTHICTh PyXOMHX MEXaHIYHUX YACTHH, IO
301IBIIY€E TX HAAIHUHICTD 1 3MeHITye radaputu. [Ipunnun aii [1E noscueno Ha enemenTi
3 IPOTOHOOOMIHHOIO MEMOpaHoto, puc. 4.11.

Bkazanui tun IIE npanroe takuM 4vMHOM: BOJEHb, skuil norparuisie B IIE,
PO3KIIaZaeThCs Mifl i€l KaTalizaropa Ha i0HM BoaHIO H' 1 enektponu. [licis 1p0ro
B JIiF0 BCTYIA€E CIeliaJbHa MeMOpaHa, sika MPOIyCcKae i0HM BOAHIO H' 1 3aTpumye

eJIEKTPOHHU:
2H,; —4e” — 4H". (4.1)
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N e- Bopa, Tenno
P .
H+
Al
P € BHE
Manueo med A = MoeiTps
L T
AHop Enexrponit Karog

Puc. 4.11. IlanuBHU# eneMEHT 3 TPOTOHOOOMIHHOIO MEMOPaHOIO

TakuM YMHOM Ha aHOJIl HAKOMUYYEThCS HAJJIMIIOK €JIEKTPOHIB, sIKI 32 YMOBHU
HiAKIIOYEHHS HABaHTa)XEHHsSI CTBOPIOIOTh CTpyM. loHM BOAHIO uepe3 MemOpaHy
NOTPAIUISIOTh Ha Karojd, A€ pearylTb 3 KUCHEM, SKMA MICTUTBCS y TOBITPI,
YTBOPIOIOYH BOAY:

AH" +4¢ + O, — 2H,0 + Temo. 4.2)

B sKkocti karamizatopa B TakuMX €JE€MEHTaxX 3acTOCOBYIOTh MIKPOYACTHHKHU
iaTuHU. MemOpaHy BUTOTOBIISIIOTH 3 CIPKOBMICHOTO mojiiMepy Hadiona. ToBmiuHa
MeMOpaHH CKJIaJa€ J0JI1 MUJTIMETpa.

Bonens € ocHoBHuM nasmBom s IIE. 3a ymMOBM BHKOPUCTaHHS 4YHMCTOTO
BOJHIO MIPOJIYKTOM PEaKIlii, OKpPIM eJeKTpoeHeprii 1 Temna, € Boga. Tomy Taki IIE €
€KOJIOrYHO yucTuMu. OIHAK Yepe3 CKIaJHOUIl 3 TPAHCIOPTYBaHHAM 1 30epiraHHsIM
YUCTOr0 BOJAHIO, aKTUBHO cTaiu po3BuBarucs I1E Ha 0CHOB1 BOZHEBMICHUX PEYOBHH:
MPUPOIHOTO Ta3zy, MeTaHy, OCH3MHy, METaHOIy 3 SKuX, mig yac podoru IIE,
BUJIITISIETBCSA BOACHBb. 3a YMOBHM BukopucTaHHs IIE icHye NBa MeTOAM BUALICHHS
BOJIHIO 3 BOJIHEBMICHUX PEYOBHH:

1. V pedopmepi, 3a Bucokoi temmneparypu (900 °C) BigOyBaeThCs peakilis
pEeYOBUHM 3 BOOK0. [[11s1 MeTaHy 1151 peakiiisi € TaKoo:

CH4 + 2H,0 — 4H, + CO.. (43)
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Otpumanuii BojeHb nojatoth Ha BXif [1E.

2. Y xamepi IIE, 3a miaBuieHoi TemmepaTypu 3 JAOAaBaHHSIM OCOOJIMBUX
KaTaxi3aTopis.

Po3po6ku B cdepi IIE moxyTrs OyTH BHUKOPHCTaHI HAJSi €JIEKTPOKHUBIICHHS
MOOUTBHUX 1 TOPTATUBHUX MPUCTPOIB 1 aBTOHOMHOTO TEIUIO- 1 €JIeKTPo3a0e3neueHHs
OynuHkiB. Buximna mnoTyxHicts IIE Moxe 3MiHIOBAaTHCH y IIHPOKHUX MeEXKax 3i
30epexkeHHsIM BuCcOKuX 3HaueHb KKJI. BukopucTaHHs naiuBHUX €J1€MEHTIB CTPUMYE
ix Bucoka Bapricth (mpubmusno 4 000 $ wa 1 kBt moryxkHocti). Tunu IIE mis

KOMEPLIHHOTO BUKOPUCTAHHS, HABEJIEHO Y Ta0. 4.3.

Tabmuis 4.3. XapakTepUCTUKH MATHBHUX EJICMCHTIB

Tum I1E Po6oua | KKJI em. Cym. Bxinna Peaxkmis
temr., °C | eHepprii KKJ{ peYOBHHA
3 MPOTOHOOOMIH. 80 30-35 50-70 BojeHb |aHOM: 2H2 — 4e — 4H*
MeMOpaHOI0 karom:4H" +4e+0r—2H>0
(PEMFC) KaTaJli3arop: MiaTHHA
3 MIPSIMAM 120 30-35 50-70 METAHOJl |aHO:
OKHCHEHHSM CH30OH+H>0—CO>+6H"+6e
METAHOIY karon:1,50:+6 H +6et+— 3H,0
(DMFC) KaTaJli3aTop: MIaTHHA
3 oproocthopuum| 150-200 35 70-80 BojieHb  |anox: 2H2 — 4e — 4H"
€JIEKTPOIIITOM karon: 4H +4e+0,—2H,0
H3PO4 (PAFC) KaTraiizarop: IiaTuHa
€JIEKTPOAH 3 rpadiTy
Ha OCHOBI 600-700 | 45-50 70-80 BojgeHb, |aHom: CO3% + Hy — H.0 +
PO3IUIABIEHOTO IIPUPOJHUN CO2 + 2e
KapOOHATy ras, 6ioras, |[katom: CO2+0,502+2e— CO3?
(MCFC) METaH, |eNEKTPOJIT: KapOOHAT JITilO,
mpornaH |kapOOHAT HaTpio
aHOJ — HIKEITb, JIETOBAaHHI
XpOMOM
KaTOJ — OKCH/] HIKEJIO 3
JIOJaBaHHAM JIITIFO
Karajui3aTrop: HiKelb
TBEPAOTLIBHI 700-1000 | 50-60 70-80 |mpuponnwmii |aHo: H2 + O — Ho0 + 26~
okcuani (SOFC) ras, BozeHs,(CO + 0> — CO; + 2e~
meranon, |katom: Oz + 4e — 20%
€TaHOJI  |eJICKTPOJIIT: TBEPAOTUILHHIA
KepaMi4HHH 3 KHCHEBOIO
MIPOBIIHICTIO (OKCUIH
IIUPKOHIIO, KaJIBIIIIO)
SJICKTPOJIM — Kepamika
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Ckopoueni 3aranpHOBkHBaHI Ha3Bu TumiB [IE yTBopeni 3 alpeiaTyp ix
MOBHUX HA3B aHTTNCHKOIO MOBOIO:

-PEMFC - proton-exchange membrane fuel cell — IIE 3 mporooOMiHHOMO
MeMOpaHo1o;

- DMFC — direct-methanol fuel cell — ITE 3 mpsitMuM OKHCIICHHSIM METaHOJIY;,

- PAFC — phosphoric-acid fuel cells — ITE 3 oprodochopHrM eaeKTPOTITOM;

-MCFC - molten-carbonate fuel cells — IIE Ha ocCHOBiI pO3IIIaBICHOTO
KapOoHaTy;

- SOFC — solid-oxide fuel cells — tBepnotinpawmii [1E.

OCHOBHUM YMHHHKOM, 110 BU3Hauyae cepy Bukopuctanus [1E, € remnepatypa
peakiii miJi 4Yac SKOi BUIUISEThCS BOJIEHb. Hampukiaam BHUCOKa TeMmIiepaTypa
KpUTUYHA JJII HOYTOYKIB Ta IHIIMX MOOUIBHMX MPHUCTPOiB, TOMY JJISI HHUX
BukopuctoBytioTh I[IE 3 mnpotonooOMinHOw wmemOpanoro PEMFC 1 npsmum
okucHeHHsiM MeTtaHoiy DMFC. [Ins aBTOHOMHOTO eHepro3abe3nedeHHs Oy/IUHKIB
OCHOBHOI0O BHUMOIOI0 € JOCTaTHbO BHCOKa mOTyXHIicTh I[IE 3 MoxiauBum
BUKOPHUCTAHHS TEIIOBO1 eHeprii. ToMy miis 1iboro cerMeHTy mniaxoasTs Bel IE. Jlns
aBTOMOOUIBHOT TPOMHUCIOBOCTI AouiabHO BHKopucToByBatn I[IE Tnmy PEMFC,
SOFC, DMFC.

BukopucranHsi manvBa Ha OCHOBI BOJHEBMICHHUX PEUOBHH 3aMICTh BOJHIO
CTIPUYHMHIOE BUKHMIW IIKIJUIMBAX peYOBHUH y aTMocdepy. [IpoTe 3Bakaroun Ha BHCOKY
epextuBHicTh [1E, 06car mkimmmBux BUKUAIB Ha 1 kBT BupoOieHOi eHeprii 3HaYHO

MEHIIMK HIXK Y IHIIMX KOT€HepaliiHuX ycTaHOBOK. [[aHi 3 00Csry MIKIAIMBUX BUKHU/IIB

HaBeJIeHo y Taou. 4.4.

Ta0muus 4.4. PiBEHb HIKIINBAX BUKUIIB

PAFC | MCFC | SOFC | IMaposa | Jlm3emb- | JIBuryH
TypOiHa |reneparop | CripmiHra
PiBens BukuziB (mpup. raz)
NOy, r/MBT'TOA <10 <10 <10 300 700 200
SOy, i/MBT'TO <0,1 <01 <0,1 1 1 1
Koediuient Bukopucranns nanmuea | 0,7-0,8 | 0,7-0,8 | 0,8-0,85 0,75 0,78 0,77
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3a manumu Tabn. 4.4, MOXKHA 3pOOUTH BUCHOBOK MPO BUCOKY €(EKTUBHICTH 1
exostoriuHicTh I1E. Ille ogHIM eKOIOTIYHUM JIKEPETIOM TEIJIOBOI €HEprii € TerIoBl
HACOCH, SKi BUKOPUCTOBYIOTH Ui CHUCTEM TapsSdyoro BOJONOCTAYaHHS, OMAaJCHHS 1

KOHTUITIFOBAaHHS TTPUMIIIICHB.

3anuTaHHsA
1. HaBeniTh mepeBaru TEMIOCNEKTPOLICHTpANICH y MOPIBHSAHHI 3 TETIOBUMHU
€JIEKTPOCTAHLIISIMU.
2. Ha3BiTh mpuYMHY AOUITBHOCTI BHKOPUCTAHHS TEIUIOEIEKTPOLICHTpaei
MaJioi MOTYKHOCTI y CUTbChKIN MICLIEBOCTI.
3. BkaxiTh pi3HHUIIIO MIDK YCTAHOBKAMH 13 3aMKHEHUM 1 PO3IMKHEHUM ITUKIIOM.
Ha3BiTh OCHOBH1 BUJIU TEIUIOETIEKTPOIICHTpAJIEH.

4
5. Hapenith npuHIuI, Ha SKOMy 0a3yeTbcs poOOTa MAJIMBHOTO €JIEMEHTA.
6. Ha3BiTb OCHOBHI CKJIQJHUKHU MMAJIUBHUX €JIEMEHTIB.

7

Ha3BiTh OCHOBHI BUIY MAJIMBHUX €JIEMEHTIB.
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Jlekiisa Ne 5. TemsioBi Hacocu

OcHOBHI TepMiHU | BU3BHAYECHHS

Tennosuit nacoc — TPUCTPIN 1A TIepelaBaHHS TEIJIOBOI €HEPTil B Kepesa
HU3BKOMIOTCHITIHHOT €HepTii (3 HU3BKOI TEMIIEpaTypol0) IO CIOKHABada 3 BHUIIOIO
TEMIIEpaTypoIo.

Tepmoounamiunuii yuka — TEPMOJIUHAMIYHUI Mpolec, B PE3ybTaTi SKOTO
CHCTEMa MiCIsl ACKITbKOX 3MiH CBOTO CTaHy TIOBEPTAETHCS Y MMOYATKOBHIA CTaH.

Ipamuii mepmoounamiunuii yuka — TEPMOAMHAMIYHUN IUKI, B SIKOMY JO
CUCTEMU MIABOAATH TEIUIOBY €HEPTril0 3a BUILOI TEMIEPATypH, a BIABOASTH TEIIOBY
€HEPIiI0 32 HUKYOI TeMIEePaTypH, PI3SHUIIO TEILIOBUX €HEPrid BUKOPUCTOBYIOTh Ha
BUKOHAHHS POOOTH.

Obepnenuil mepmoOuHaAMiYHUI YUK — TEPMOJIUHAMIYHUM ITUKII, B IKOMY J10
CUCTEMH I1JIBOASATH TEIIOBY €HEPTil0 32 HUKYOI TEMIIEPATYPH, a BIIBOASATH TEIIOBY
CHEprilo 3a BHUIIOI TEMIEPATypH, PIZHUIS IUX TEIUIOBUX EHEPriid JOpIBHIOE
BUTpaYEHii Ha 11e POOOTI.

Hukn Kapno — ineanbHU TEPMOJIUHAMIYHAN UK. Y UK 4oTHpU (da3u:
1) pobGoue TiNO HarpiBaeTbcsi 3a TOCTIHHOI TeMreparypu, 2) pobode TUIO
PO3IIMPIOETHCS 3@ TMOCTIHHOI eHTporii, 3) poOode TII0O OXOJOMKYEThCS 3a

MOCTIMHOI TemnepaTypH, 4) pobode TIJIO CTUCKAETHCS 3a MOCTIMHOT EHTPOITIi.

OcHoOBH po00TH TENJIOBOT0 HACOCY

Po6ora TtennoBoro Hacocy (TH) cxoxa Ha poOOTYy XOJOIMUIBHOI MalIUHU.
OpHak, SIKIIO B XOJOIUIBHINA MAIlIMHI OCHOBHOIO METOIO0 € BUPOOHUIITBO XOJOIY, TO
B TH — BupoOHMIITBO Terua JJjsi crokuBada. HuzbkoTeMIepaTypHHUM JKEpesioM
TEIJIOBOI €Heprii € TpPHUpPOJAHE CEepeloBHUINE: IPYHT, BOJOWMH, TMOBITPA,
SHEePreTUYHUN TOTeHIlian sAkux HeBmuepnHuit. OcobmupicTio pobotn TH € te, mio
KUIBKICTh BUTpA4y€HOi €Heprii Ha Horo poOOTy B JEKUIbKa pa3iB MEHIIa HIXK

KUIbKICTh OTpuMaHoi TerioBoi eHeprii. Tomy TH € ognum 3 Haiie()eKTUBHIMIUX
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IPUCTPOIB OMajJeHHS 1 KOHAMIIIOHYBaHHA cepea BiaoMux aHanoriB. TH MoxyTh

OyTH MapOKOMIPECOPHOro a00 aOCOPOIIITHOTO THUITY.

IHapoxomunpecopuuiit TH
[Tapokomnpecopuuit TH  (IITH) mpamtoe Ha  OCHOBI  3BOPOTHOTO
TepMOMHaMIYHOTO 1KY (Haituactime KapHo, Penkina).

Cxkunan [1TH:

BUIIAPOBYBAY;

- KOMIIpecop;

- KOHJEHCATOp;

- Apocelib (TEpMOPO3LINPIOBAILHUN KJIalaH);
- 30BHIIIHIN KOHTYD;

- cucTeMa onayieHHs 1 rapsiyoro Bojonocrayanus (I'BIT).

Knacudikauisa IITH

Icnye nexinbka o3Hak kinacudikamii ITTH.

3a MpU3HAYCHHSIM:

- ONaJCHHS;

- ONAJICHHS 1 KOHJUIIFOBaHHS;

- rapsue BogonoctayanHs (I'BIT).

3a arperaTHUM CTaHOM BiJHOBJIIOBAJILHOTO HU3BKOTEMIIEPATYPHOTO JIKEpea i

TerutoHocls cucremu onajieHds 1 [ BIT:

BOJIa-BOJIA;

BOJIa-TIOBITpSI,;

NOBITPSI-BOJIA;

MOBITPSI-TIOBITPSI;

IPYHT-BOJIA;

I'PYHT-TIOBITPSI.
3a TUIIOM KOMITPECOPHOT0 00JIaIHAHHS:

- CHipajbHi;
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- TIOpIIIHEBI;

- TBHHTOBI;

- TypOOKOMITPECOPHI.

3a TUIIOM JBUTYHA KOMIIPECOPA:

- CJICKTPUYHU;

- TEIUIOBUM.

3a TUITOM 30BHINTHBOTO KOHTYPY:

- pPO3IMKHEHUH;

- 3aMKHEHHI.

Cucremu temno3ade3nedyeHHs Ha ocHOBI TH Takox OyBalOTh MOHOBAJIEHTHI 1
OiBajieHTHI. MOHOBaJIGHTHI CUCTEMHU 3a0€3IeUylOTh TEIIONOCTAYaHHs JIMIE Ha
ocHoBl TH. /lo cknaay G1BaJIGHTHUX CUCTEM BXOJUTbH JOJATKOBUHN MPUCTPIA 0OIrpiBY
(koTeln, eJeKTpooOirpiBau), SKUM Mpaloe JIMIIE 3a MIKOBUX HABAHTAXKEHb. Y
OiBajeHTHUX cucteMax TH po3paxoByroTh HE Ha MIKOBY, a Ha TaKy, 3a SKOi HE
NOTPIOHO BMMKATHU JOJATKOBUM 00IrpiBay 3a CepelHbOI 3UMOBOI TeMIlepatypu. Y
takid cuctemi TH mpairoe mpotsrom BchOro ce3oHy, a obirpiBau Juie (20-30) %
yacy. BukopucrtanHs OiBaJE€HTHUX CHUCTEM J03BOJISIE 3MEHIIUTH BapTICTh CHUCTEMH

OTaJICHHS B LILJIOMY.

Hpuauun podoru IITH

Kounctpykmito TITH 3 rpyHTOBUM 30HAOM 1 (DPEOHOBUM XOJIOJ0areHTOM
NoKa3zaHo Ha puc. 5.1. Y rpyHTOBOMY 30H1, IKUH € 30BHIIIHIM KOHTYPOM CHCTEMH,
LUPKYJIIOE piavHa (Boja). B pe3ynbpTaTi UMPKYJSLIi piAuHA HArpiBaeTbCcs M0
TeMIiepaTypu IpyHTy (B cepemupoMy 70 8 °C) 1 aKyMyJIO€ HU3BKOTEMIEPATYPHY
CHEpril0 HaBKOJMIIHLOTO cepeaoBuiia. [Ipoxonsym uepe3 BUMapoByBad, piavdHa
HarpiBa€ XoJjomoareHT ((PppeoH), SKUM IUPKYIIOE y BHYTPINIHBOMY KOHTYPI.
HarpiBatounch, X0J1010ar€HT MEPEXOAUTH 13 PIAKOTO CTaHy B razonomionuii. [1ix gac
3MIHM arperaTHOr0 CTaHy B XOJIOJOAreHTI HaKOMHUYYE€ThCA JOCTAaTHhO BEIIMKa
e”epris. Jlayii XonoaoareHT y ra3onoaioHOMYy CTaHl HaIXOJUTh Y KOMIIpecop, A€ BiH

cTUcKaeTbea (ppeoH ctuckaerbes 3 4 no 26 armocdep). Ilig wac cruckaHHs
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XOJIOJIOAreHT HarpiBaeThcs. EHepris HarpiToro rasy B KOHACHCATOpI MepelaeTbes
cuctemi omamenns 1 ['BII. Ilim d9ac mepenaBaHHS €HeEprii XOJOIOAreHT
OXOJIOJIKY€EThCS. Y BUIIAPOBYBAy XOJOJOArEHT MOTPAIUIs€ YEPE3 IPOCEIb, BHACHIIOK
4oro THCK ra3y 1 HOro Temmeparypa 3HWKYIOTbCA. [lami mporiec MOBTOPIOETHCS

UKJIIYHO.

lFazonopibuun FazonopniGuuin
¢peon, t=8 °C ¢peon, t=75°C

r

Bunapoeysay Konpencatop |

- TE
' Komnpecop | | | I i |

Cucrema
ONaneHHsn,
TpyHTOBMI 30H1
3 TeNnOHOCIEM
t=8°C

Pinkun chpeon, fApocens Pignkui chpeoH,
t=0°C t=30°C

Puc. 5.1. Konctpykuist I[ITH

[ITH Moe BUKOPUCTOBYBATHUCH 1 JJIsI KOHAMIIIFOBaHHS MOBITpA. i iboro B
CUCTEM1 HEOOXIJTHO MependauuT pEeBEPCHUN PeXUM poOOTH KoMIpecopa. B mpomy

pasi Temo BiAOMPAETHCS BiJI CIIOKMBAYaA 1 BIIBOJAUTHCS Y HABKOJIUIITHE CEPEIOBUIIIE.

E¢extusnicts IITH
EdextuBnicte TH  xapakrepusyioTb  0e3po3MipHUM  KOE(ILIEHTOM
TpaHchopmarii eHeprii Kzp;, SKHil po3paxoByIOTh 3 11€asibHOr0 LUKy KapHo:

Tvon (5.1)

Ky = —KOH
TPi T T

KOH ~— * KkuIl
ne Tkowu1 Tgpm — TeMOEpaTypy KOHJAEHCAIIIT 1 KUITIHHS XO0JIOI0areHTy y KOHIAeHCcaTopi
1 BUNIapOBYBayl BiAMOBIHO.
Koedimient tpanchopmaiii TH mokasye y CKiUIbKH pa3iB KIJIBKICTh TEIMIOBOI
CHeprii, OTpMMaHOI CIOXKMBaueM, OUIbIIa HIK KUIBKICTh €HEpPrii, CIOXHTOI

KoMIipecopoM. Y pearbHoMmy TH, BHachiok HeigeaJbHOCTI pOOOYOro LUHUKIY, BTpAT
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y JApoceni 1 Komripecopi koedimieHT TpaHchopMmarii eneprii Krp 3MeHIIyeTbCS
npuOJM3HO BIBiYi. /)i BpaxyBaHHS BTPAT BUKOPUCTOBYIOTH KOediIlieHT h:
KTP =h- KTpi. (52)

3navenHs koedimienta h nus [TTH pi3HOT mOTYXHOCTI HaBeAeHO y Tabm. 5.1.

Ta6muus 5.1. Bennunna koedinient h ais IITH pi3HOT moTy»KHOCTI

[Totyx#nicts, kBT |500-5000| 50-500 | 20-50 2-20 0.5-2 <0.5

h 0.6-0.75 | 0.5-0.65 |0.45-0.55|0.35-0.45/ 0.2-0.35| <0.25

Ha npaktumi xoedimient tpanchopmarntii [ITH mae 3nauenns y mexax 2,5-5,

110 J103BOJIsi€ eKoHOMUTH 110 70 % eHepropecypcis.

J:kepesia BITHOBJIIOBAJIbHOI HU3bKONMOTEHIIMHOI TEMJIOTH

Edextusnicts podotu IITH 6araro y yomy 3ajeKuTh Bil HapaMeTpiB JKEpeIia
HU3bKONOTEHMLIMHOI TeroTu (JIHT): moBiTps, IpyHTY 1 TOBEPXHEBUX IPYHTOBHX BOJ,
BogoiimM. Mg HopmaneHoi pobotu IITH JIHT moBuHHO miaTpumyBaTtH CTaOUIBHO
BHUCOKY TEMIIepaTypy HpPOTArOM ONATIOBAIBHOITO CE30HY, HE OyTH KOpO31iHO-
aKTUBHHUM, 3a0pYIHIOBAIBHUM 1 MaTU HU3bKI €KCIUTyaTaiiiiHi BUTpatu. Y Tadm. 5.2
HABEJICHO TEeMIIepaTypHI MOKa3HUKH, TUIMOBI 1Jisg po3noBcromkenux JIHT. Tloitps,
IPYHT 1 MOBEPXHEBI I'PYHTOBI BOJM BHKOPUCTOBYIOTH ISl 1HAMBIAYAJIbHUX CHUCTEM
onaneHHs. JJI1 MOTYXHIIIMX CHCTEM YacTillleé BHKOPUCTOBYIOTH PIYKOBY, O3EpHY,

MOPCHKY BOJly 1 ITTMOMHHI IPpyHTOB1 BoAM (HUxKYe 20 m).

Tabmuug 5.2. Temneparypa JHT

Jxepeno Teruia Temneparypuuit miamazon, °C

[ToBiTps Big -10 o +15
[ToBepxHEBI IPYHTOBI BOAM Bij +/ 1o +12
O3zepHa Bojia B11 0 mo +10
PiukoBa Boma B11 0 mo +10
Mopchka Boa Bij +3 10 +8

IpyHT Bix 0 10 +10
['muOuHHI IPYHTOBI BOJIU Big +10
["'eoTepmaiibHi JKepena B1 +20 mo +50
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Hwxue onucano Bukopucranusa koxxHoro tuny JJHT.

Ilogimps

[ToBiTps € HAWAOCTYMHIINM JKepenoM Teria. st Bigbopy Tema BiJ moBITps
BunapoByBad [ITH po3sramoByroTs Ha ByJulll, Ha CTiHI a00 gaxy OyauHkKy. Lleit Bua
[ITH mae HaiimMeHIITy BapTiCTh, OCKIJIBKH BIJIOIp TeIJia 3A1HCHIOIOTH O€3M0CEepPETHBO 3
noBiTpsa. Oxnak [1TH 3 nmoBitpsim B sikocti JIHT MaroTh HUK4y €(eKTUBHICTD Yepes:

- 3HAYHE 3HW)KCHHS TEeMIIEPaTypH MOBITPS B3UMKY;

- BEJIMKY PI3HUIIIO TEeMIepaTyp CHUCTEMH OINaJeHHS 1 HaBKOJIHMIIHBOTO
CepelloBUIIA B NEPIOJ MIHIMAIBHUX 3UMOBUX TEMIEPATYpP, IO JOJATKOBO 3HUKYE
edextuBHIcTh podoTu [1TH;

- eHepros3aTpaTaMu Ha pO3MOPOKyBaHHS BUIIApOBYBaya.

OcTaHHIl HEIOJIK MOB’SI3aHUM 3 THM, III0 3a BEJIHMKOI BOJIOTOCTI 1 BiJ €MHOI
TEMIEpaTypyd Ha IMOBEPXHI BUIAPOBYBaua yTBOPIOETHCS 1HIM, 110 MPU3BOIUTH 10
3HkeHHs noryxHocTi [ITH. Po3mopoxyBanHs BHIapoByBada 31HCHIOIOTH

peBepcom podotu T1TH.

Booa

VY nopiBasHHI 3 iHmuMA JIHT rpyHTOBa BOja 3a0e3nedye HAatMEHIIy Pi3HUIIIO
TeMrepaTyp MK BHUIIApOBYBaueM 1 KOHJEHCATOPOM 1, BIAMOBIAHO, HAWOUIBIINI
koedimienT TpaHnchopmarii eneprii. s BimOopy eHeprii BiJ IPYHTOBUX BOJ
BUKOPUCTOBYIOTh JIBI CBEpJJIOBMHU: TIO OAHIA Boay 3akauytore g0 I[ITH
(mpuiiManbHa CBEpIJIOBHHA), IO JAPYTid BOAY, OXOJIOJDKCHY Y BHITAPOBYBAHi,
MOBEPTAIOTh Ha3aa (BiABIAHA CBEpAJIOBMHA). BaxknuBo, mo0 npuitmManbHa
CBEp/JIOBMHA 3HAXOAWJIACh BUIIE 3a TEUI€I0 IPYHTOBUX BOJI HIK BIABIJIHA, TOJII BOJA,
OXOJIO/PKEHA Y BUIIAPOBYBadi, HE MOXe OyTH BUKOPUCTaHA TTIOBTOPHO.

Konctpykuito cucremu omnasneHas Ha ocHoBi [ITH tumy Boma-Boga mokazaHo
Ha puc. 5.2. 1 — BifBiJIHA CBEpJIOBUHA, 2 — IpUiiMalibHa cBepioBuHa, 3 — [1TH, 4 —

CUCTEMA OTAJICHHS «TeTUTa MiIJIoTa», 5 — HampsM Teuli IPYHTOBUX BOJI.
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Puc. 5.2. Koncrpykuis cuctemu onanensst Ha ocHoBi [ITH tuny Bona-Bona

OcuHoBHuM HenodikoM IITH Ha ocHOBI IpyHTOBHX BOJ € BUCOKA BapTICTh pOOIT
OypinHs 1 oOnamtyBanHsi cBepmiioBuH. [ITH 3 piukoBoro abo o3epHOIO BOAOKO B
sxocti JJHT MaroTh siIk MEHIIy BapTiCTh, TaK 1 CBOI HEJIOIKU:

- HU3bKY TEMIIEPATypy BOJM y 3UMOBHI TIEPiOJ;

- HEOOXIJHICTh BUKOPHUCTOBYBAaTH 3aMKHEHY CHUCTEMY TpyOOINpOBOMIB 3
HE3aMep3al0uiM TETJIOHOCIEM.

Mopceka Boga € oxguuM 3 Havikpamux JIHT. Ha rimouni (25-50) M Mopchka
BOJIa Ma€ Maike moctiny temmepatypy (5-8) °C. 3 BpaxyBaHHSIM TOT0, 1110 MOPChKa
BOJIa 3aMep3a€ 3a TeMIeparypu Hk4de Hixk -2°C, mpobsieM 3 yTBOPEHHSM JIbOY TEX
HE BUHHKAE.

Takox sx BomHi JIHT BUKOPHCTOBYIOTH KaHami3alliiiHI CTOKH, TETUIOHOCIT
TypOIHHUX 1 TApOBUX YCTAHOBOK, SIKI € MOOIYHMUM MPOAYKTOM BHUPOOHHUIITBA

CJIEKTPOCHEPT1i.

Ipynm
[pyHT sK 1 IpyHTOBI BOAM Mae CTabilbHY TemIeparypy, 1o 3abes3meuye
JIOCTaTHbO BHUCOKUU KoediieHT TpaHcopmarliii eneprii. Temno Bix TIpyHTY

BIIOMPAIOTh CHUCTEMOIO TPYOOTIPOBOIB, SIKI MOKYTh PO3MIIIYBATUCh TOPU3OHTAIHLHO
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(rpyHTOB1 KOJIEKTOpH) ab0 BEpPTUKAIBHO (IPYHTOBI 30HIU) Yy SKUX IHUPKYIIIOE

TEIJIOHOCIH.

VY IpyHTOBHX KOJEKTOpax Bi0lp Teria IPYHTY 3[1MCHIOIOTH CHCTEMOIO TUIACTUKOBHX

TpyO, PO3MIIIEHNX Ha JIOCTAaTHHO BeNWKUM Tuiomi. [lmacTukoBi TpyOH 3 momieTusieHy

a00 IMOJIIXJIOPBIHIIY BKJIaJal0Th y IpYHT Ha riauouny (1,2-1,5) M Ha Bigcrani (0,5-0,7) m

napaeibHO OHa OHIM Tak, o6 Ha 1 M? 6yno npoxnageHo (1,4-2) m Tpy6. Criocobu

YKJIaJaHHs] TPYO IPYHTOBUX KOJIEKTOPIB TMOKa3aHO Ha puc. 5.3, me 1 — i3 mMOCIiI0BHO

3’€IHaHUX TPYO, 2 — 13 MapajeabHo 3 €JHaHUX TPYyO, 3 — yKIIaaeHu B TpaHiiei, 4 —y

dopmi merm, 5 — cHipaJbHUN, YKIAQICHUH TOPU3OHTAIBHO, 6 — CHipaabHUM,

YKIJIAICHU BEPTUKAJIBHO.

Puc. 5.3. Tunu rpyHTOBUX KOJIEKTOPIB

KinpkicTe Teruma 1 1IOIa TMOBEPXHI  TEIJIOOOMIHY  3alIeaTh  Bif

TEMI0(13UYHUX BIACTUBOCTEH IPYHTY 1 KIIIMATUYHUX YMOB:

cyxuii mimannii — (10-15) Br/m?;
cupuii mimanuii — (15-20) Br/m?;
cyxuii rmuaucTuii — (20-25) B1/M?;
cupuii tiuancTEi — (25-30) B1/M?;

BooHocHU — (30-35) B1/m2.

Ha oOMexeHHx 3a IUIOLIer0 AUISTHKaX BUKOPUCTOBYIOTH I'PYHTOBI 30H/HM, SIKI

BUTOTOBJISIFOTH 3 MOJIIETUICHOBUX 200 MPOMUIEHOBUX TPyO. Y OUIBIIOCTI BUMAIKIB Yy

KOYXHOMY 30H/Il BCTAHOBJIIOIOTh YOTHPHU TpyOu (30H1 noaBiitHOI U-ntoaiOHoi hopmm):
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y ABOX TpyOax TEMJIOHOCIA Teue B HANpsSMKY BUIApOBYBada, y OBOX IHIIUX — Yy
3BOPOTHOMY HampsiMKy. Bci mopokHWHU Mik TpyOaMu 3amoOBHEHI MaTrepiajioMm 3
BHCOKOIO  TEIUIONpPOBiMHICTIO  (OeToHiT). Takok MOXHa BHUKOPHCTOBYBATH
KOaKCiaJbHi TpyOM Ta iHII KOHCTPYKINi. [pyHTOBI 30HIM MOHTYIOTH OYpPHIBHUMH
ycranoBkamu Ha rinouny (50-200) M. [TuToMa TerI0eMHICTh Ha METP TPYOOIPOBOIY
3aJIeKUTh BiJl TUIY IPYHTY:

- cyxwii mimanuii — 20 B1/Mm;

- cupuii mimanuit — 40 B1/m;

- BoJIoru¥ kam sHucTui — 60 B1/M;

- BogoHocHuii — (80-100) Bt/m.

Bizgcrans mik 30H1aMH OBUHHA OyTH He MeHiIe (5-6) M.

B mimomy y TH 3 JHT Tuny rpyHT BHUKOPUCTOBYIOTH BHYTPILIHINA KOHTYD
3aMKHEHOI'0 TUITY 10 SIKOMY LHUPKYJIIO€ TeIIoHOCIH (Bonxa + antudpus). Tomy Taki
[ITH maroTh gemo MeHimry edektuBHicTh, HIX [ITH 3 po3iMKHEHMM 30BHINIHIM
KOHTYpPOM, OCKIJIbKH B I[bOMY BUIAJKy B1JOYBAa€ThCs MOJABIMHUI TEMJIO0OMIH (TpyHT-
TEIUIOHOCIM, TEeIUIOHOCIH-BUIIapoByBay). OJHaK eKCIUIyaTyBaTH Takl CHCTEMHU

3py4dHilie (TEMIOHOCIM He 3aMep3a€ 1 He 3aCMIYy€e TeTIO0OMIHHHUK).

Po3zpaxynox IITH

1. Po3paxyHOK TEmJIOBOI MOTYKHOCT1, HEOOX1JHOI JJIsl OnajeHHsl OyAMHKY 3a
MiHIMAJILHO MOKIJIMBOI TeMmIleparypu (eHepris, HeoOXimHa i onajgeHHs 1 w2
3BMYaiiHoro Oyauuky Py = 100 B1/M?, eneproedektuBHOr0 — Pryr = 30 B1/Mm?).

Pr = Prur - S, (5.3)
ne S — iornia OyAnHKY.

2. BuOip mxepena HU3BKOTEMIEPATYPHOTO TEIJIa 3 TEMIEPATyporo T1 1 TUIY
CUCTEMHU OMAJCHHS 3 TEMIepaTyporo TemioHociss T,. OmiHka KoedimienTa
tpanchopmarii [ITH 3a dopmynamu (5.1) 1 (5.2):

K,, =hK,,, =057, /(T,-T,). (5.4)

3. Po3paxyHOK MOTY>KHOCTI KOMIIpECopa:
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Pe =R 1 (ncKpp), (5.5)
ne nk — KK/ kommpecopa.
4. PospaxyHok moBHOI noTy>kHOCTi TH:
P = P+ Pr. (5.6)
5. Po3paxyHOK TOBXMHU TPYOOIIPOBO/IIB 30BHIIIHHOTO KOHTYPY:
I'PYHTOBHI KOJIEKTOP: L=R /PR, (5.7)
ne P — nuToma Bijijaya Tersia IpyHTy a00 BOJIH.
IPYHTOBUII 30HA: L=2R /P. (5.8)
VY dopmymni (5.8) MHOXKHHK 2 BpaxoBY€, IO KOXXHUM 30HJ CKIATAETHCS 3 MPSAMOI 1
3BOPOTHOI TJIKA TPYOOIIPOBO/IA.
6. a) oA AUISHKYU JJI1 [PYHTOBOTO KOJIEKTOpA!
S=L-d, (5.9)
ne d — BijicTaHb MixK TPyOOTIPOBOIAMH;
0) KIJIbKICTh CBEPIJIOBUH ITi/I IPYHTOBUM 30H/:
H=L/(2H,), (5.10)
ne H; — rmuObuHa CBepIJIOBUHH IT11 30H1.
Ha ocHOBI po3paxoBaHUX JaHUX OOMpAEThCs MoAenb TH, OIIHIOEThCS MiHIMalIbHA
JIOBXXMHA TPyOONPOBOAY 1 HEOOXiJHA IIIOIIA 3€MENbHOI JIISHKHU T 30BHINIHIN

koHTyp TH.

AocopOuiinuin TH

A6cop6mivinniit TH (ATH) — 1me TemioBuii Hacoc, MPUHIUIN POOOTH SIKOTO
0a3yeThCcsl Ha BUKOPHUCTAHHI JIBOX PEUOBHUH — PO3YMHY a0OCOpOEHTY 1 XJIaJIOHY.
Ananoramu ATH € abcopOiriiina BojgoamiauHa abo cOIbOBa XOJIOIWIbHI MamuHu. B
ATH BukopucTOBYIOTH Taki po0OOYl PEYOBHHH: BOJla-aMiayaHa CyMIll 1 BOJHI
po3uuHM cojielt Opomuctoro ado xjopuctoro itito. o ckmagy Oimemiocti ATH
JIOIATKOBO BXOAMUTH abcopOuiitHa xonoauiabHa MamuHy (AXT), mpusHaueHa uis
KOHIUITIOHYBaHHsT TmoBiTpsa. B Takux TH mpomec mepeHeceHHS TEIIIOTH

3IMCHIOETHCS CYMIIIEHHSIM TIPSIMOTO 1 00EPHEHOTO TEPMOJUHAMIYHUX ITUKJIIB.
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BpomucromnitieBi ATH MaroTh HaiiBUII TEXHIYHI 1 €HEPreTHYHI TOKa3HUKU, TOMY
BOHU 3HAMIIUM HalIIUpIIe BUKOpUCTAaHHA. /|71 T0JJaTKOBOTO Mi/IBUILIEHHS €HEPTeTHYHUX
XapaKTEPUCTHK JI0 HOrO CKJIQJAy MOXKE BXOAUTH aOCOpOLiiHUI TepMoTpaHchopmarop.
Po3pi3HsAlOT,  MOHWKYBaJbHI 1  MiABHILyBaJibHI — TepMmoTpancodpmatopu  (TT).
[NormwkyBameauii TT 103BOJIIE OTpUMATH 3 JDKEpena TeIUIOBOI EHEprii BUCOKOI
TEMIIEpaTypy 1 JpKepela TeIyIOBOi €Heprii HU3bKOI Temreparypu (HaBKOJIMIIHE
CEepEZIOBUILE, KaHaTI3allliiHI CTOKM) TEIJIOBY EHEPril0 CepeHbOI TeMIIepaTypH, SKY
BUKOpPUCTOBYE crioxkuBau. [linsuiryBanbauii TT BUKOPUCTOBYIOTH 3@ HAasiBHOCTI JKepesia
TEIUIOBOI eHeprii 3 cepenHporo Temmeparyporo ((40-60) °C) i jpkepena 3 HHU3BKOIO
temrieparyporo (moBitps (15-20) °C a6o Boma (0-10) °C) st oTprMaHHS TETUIOBOT
eHeprii 3 Temmeparyporo Ha (15-30) °C Buimie HDK Yy JpKepela 3 CEpPeIHBOIO
TEMIEpPaTypor0. 3a LUX YMOB KUIBKICTh TEIJIOBOI €HEprii 3 BHUCOKOIO TEMIIEpaTyporo
CTaHOBUTH O13bK0 50% BiJ €HEprii, OTPUMAHOI 3 JKEpesia 3 CEpeTHbOI0 TEMIIEPATYPOIO.
Ha nannii MOMEHT NMPaAKTUYHO OCBOEHO BUKOPUCTaHHS MOHMKYBAJIBHUX TT.

ATH wmarote npemo menury edexktuBHicTh HK [ITH, ognak ix pouisibHO
BUKOPHCTOBYBAaTH y BHUIAJKY HAasABHOCTI JDKEpEN TEIJIOBOi €HEprii 3 CepelHbOIo 1
HU3BKOKO TemnepaTyporo. [lo cknany ATH He BXoauTh KOMIIpECOp, TOMY LEW BUJ
TH nmpamtoe 0e3 enekTpoeHeprii 1 Maibke Oe3mymumii. bimeimicte ATH
BUKOPUCTOBYIOTh Ha MPOMHCIOBUX MIAMPUEMCTBAX, JI€ MMOOIYHUM TMPOJTYKTOM
BUPOOHHMIITBA € MPOMUCIOBI CTOKHU 1 JKEpesia TeIUIOBOI €Heprii y BUTIIIAAI BOASHOI

napu i rapsioi BOJIu.

Knacudikaunis ATH
1. 3a Bupom mxepena 3 Bucokoro Temneparyporo ATH posainstors Ha:
- 3 MApOBUM 00IrpiBOM I'€HEPATOPA;
- 3 BOJISSHIM OOITpIBOM Te€HEpaTopa;
- 3 TEHEepPaTOpPOM Ha PiIKOMY a00 ra30mo/1I0HOMY MMaJTKBI.
2. 3a 4ynCIoM JTaHOK pereHepartii po3uyuHy OpOMUCTOTO JITIIO:
- OJTHOCTYTICHEBI,

- IBOCTYTICHEBI.
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Hpunoun podorn ATH
[Mpunmun pob6otu ATH omnmcano Ha mpukiaai ogHoctyneneBoro ATH 3

apoBUM OO0ITPiBOM I'eHepaTopa, puc. 5.4.

[ KoHuertpoBaHu# p-H GpomMucToro nirito

Cnabkuit p-H 6pOMUCTOrO niTilo
[/7777) Bona

Harpira Bopa

C

Konpencarop

KoHpencar (ﬁ L
CT

OxonopxeHa
Boaa

G

Tenno-
OBMIHHMK

e
Bopaa, sika
OXOMNOMKYETHLCH

Bopa, ska HarpiBaeTecs

Puc. 5.4. ATH 3 nmapoBum 006irpiBoM reseparopa

VY TpyOHUIi NpOCTip BUMIAPOBYBaya MOJAOTh BOJY 3 HU3bKOIO TEMIIEPATYpPOIO,
JIe BOHA OXOJIO/DKYETHCS B pe3yJIbTaTi BUIIAPOBYBAHHS BOJHM Y BaKyyMi, IKa CTIKA€E y
BUJISI IUIIBKM B MDKTPYOHOMY MpOCTOpl. YTBOPEHHWI Nap MOIJIMHAE PO3YHMH
OpOMUCTOTO JITit0, SIKWW CTIKa€ Mo MLKTpyOHOMY mpocTtopi abcopbepa. Bracmimok
MOTJIMHAHHS TapiB BOJM PO3YMH OPOMUCTOTO JITiF0 HarpiBaeThes. [ 30epexeHHs
WOT0 MOTJIMHAJIBHUX BJIIACTUBOCTEH 3J1MCHIOIOTH BIJIBEICHHS TEIUIOTH BOJOIO, SIKa
IUPKYJIIOE B Tpybax abcopbOepa, 1 MmiCis IIbOTO MOMAETHCS A0 CHOXKMBada (CUCTEMU
onainenns, ['BII). TakuM 4MHOM 3M1MCHIOIOTH MEPEHECEHHS TEIUIOBOi €HEprii Bij

JKepera 3 HU3bKOK TEMIIEpaTyporo J0 CIIOXKKBayva, SKUM Ma€ BUILY TeMIEpaTypy.
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[Tin gac mormMHAHHS BOSHOI MapH, KOHIIEHTpAIlis OPOMHCTOTO JITIFO B PO3YUHI
3HWKYETbCA. Jlnmsi pereHepanii Horo moOAAlOTh y TeHEpaTop, O€ 3 PO3UHHY
BUIIAPOBYIOTh HAJIIMIIIOK BOJIM 3aBASKH TEIUIOTI IMapH, SKY MOJAI0Th Bijl 30BHIITHBOTO
JoKepena (mapoBoro, ra3oBoro kotiia). KoHieHTpoBaHuid po3urH MOIal0Th B abcopoep.
Otpumany B reHepaTopl BOJSHY IMapy KOHJICHCYIOTb y MIDKTPYOHOMY IIPOCTOPI

KOHJICHCATOpa 1 BIIBOJIATH y BUMTapoBYyBay. Jlaji nporecu HUKIIYHO TOBTOPIOIOTHCS.

EdexTuBnicrs ATH
EdextuHicte podbotn ATH owiHiOI0TH KOe(ILI€EHTOM TpaHcpopMallii eHeprii
Krp, six 1 IITH. Krp anst ATH po3paxoByroTh uepe3 CIIBBIIHOIIEHHS BXITHOT 1
BUX1/1HOi1 eHeprid ATH:
K,=0Q,/Q.=1+Q,/Q,, (5.11)
ne Qp — KimpKicTh BUpoOeHoi Termotn ATH,
Qr — KUJIbKICTh BUCOKOITOTEHIIIMHOI TETUIOTH, 10 MABOAUTHLCS 10 TeHEpaTopa,
Qo — KUIBKICTh HU3bKOTIOTEHITIMHOT TEIIOTH, IO ITIBOJUTHCS IO BUTIApOBYBaya.
Koediuient tpancopmanii Krzp Mae 3HaueHHs B Mexax 1,65-1,75, s
nBoctryneneBux ATH Krp ckmamae 2,05-2,15, mo nemo menme Hixk y ITTH.
Ha puc. 5.5 nokazano edexktuBHicTh pi3Hux BuAIB ATH y mnopiBHSHHI 3

ra3oBOIO KOTCJIBHCIO.

0,15 Brparm
0,15 Brpamm
Nanwueo . 88 {:,:2;' .t JreHepoEaHa
(ra3) ONR 145, 3reHepoBaHa Tennoea eHepria
y / 1ennoea eHepria Huaskonore-
Huasxonore- oF HuiMe Tenno O

Hul#Me Tenno

Tenno (napa

1 > 3reHepoeana P =07 MMa)
NN TENNOBE BHEPMA L e

3reHepoEaHa

Tenno (napa X
TENNOEE SHEPriA

P =07 MNa)

Huauxonore-
HUiRHe Tenno

0,15 Brpamm
Nanueo BunoGnons
(ra3) ! 0.85 ,‘::::,o

R

a) ATH na razononionomy manusi, 6) ATH Ha BoasHii mapi, B) ABoctyneHeBuii ATH
Ha razonojaioHoMy nanusi, T') ABoctyneHeBuiit ATH Ha BoasHii mapi, ) ra30Ba KOTEIbHS
Puc. 5.5. TlopiBHsnbHA XapakTepuctuka BTpaT y ATH 1 ra3oBiit KoTesbHi
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3 puc. 5.5 BUIHO, 110 BUTPATH NajJuBa HA OJAMHUIIO 3r€HEPOBAHOI TEIIOBOL
ereprii y ATH B 2-3 pa3u MeHIIII HIX 32 YMOBH BUKOPUCTaHHs ra3oBoi koTenbHi. 1lle
OJIHUM BHUJIOM B1JHOBJIIOBAJIBLHOTO JHKEpea €HEepTii, SIKWii YCIIITHO BUKOPUCTOBYIOTh
TUTsT BUPOOJISTHHST TETUIOBO1 €HEprii € consiaHa eHepris. [Ipuctpilt, sikuii mepeTBOPIOE

COHAYHY eHepri}o Y TCIIJIOBY, HA3UBAIOTh COHAYHHUM KOJICKTOPOM.

3anuTaHHA

1. [TosICHITH OCHOBHMI MPUHITUTT POOOTH TEIJIOBUX HACOCIB.

2. Ha3BiTh OCHOBHI CKJIa/I0BI YACTHHU MTAPOKOMITPECOPHOTO TETIOBOTO HACOCY.

3. Ha3BiTh akropu, Bil AKHX 3aJIEKUTh €PEKTUBHICTH POOOTH TEIJIOBOTO
Hacocy.

4. BkaxITh Ha 1110 BIUIMBA€ 3HAUYCHHS KOePillleHTYy TpaHCc(opMallii TEMI0BOTO
Hacocy.

5. HaBeniTh ymMOBH, 3a SIKMX JIOIUIBHIIIIE BUKOPUCTOBYBATH TEIUIOBI HACOCHU 3
MOBITPSHUM 30BHIIIHIM KOHTYPOM.

6. Ha3BiTh BIAMIHHOCT1 Y KOHCTPYKIIISIX TPYHTOBOI'O 30H]TY 1 KOJIEKTOpA.

7. O0epiTh THUIl TEIUIOBOTO HACOCY, SKUWA Mae Oulblly €(QEeKTUBHICTH: 3
PO3IMKHEHUM Y1 3aMKHEHHUM 30BHIIITHIM KOHTYPOM ?

8. BKaxTiTh pPEYOBUHM, 110 BUKOPUCTOBYIOTH Yy SIKOCTI XOJOJAreHTy B
a0bCcopOLIMHUX TETJIOBUX HACOCaX.

9. IlepeniuiTh TepeBard 1 HEMONIKM aOCOpPOIIMHUX TEIMJIOBUX HACOCIB Yy

MOPIBHSHHI 3 MAPOKOMIIEPCOPHUMH TETIIOBUMH HACOCAMH.
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Jlekuist Ne 6. Consiuna eHepreTuka. COHsIYHI KOJIEKTOPH

OcCHOBHI TepMiHU | BU3BHAYECHHS
Conaunuit Konekmop — NPUCTpii 1 30upaHHs TeruioBoi eHeprii CoHIs y

1H(GpauepBOHOMY 1 BUAMMOMY CIIEKTPI.

CoHIle € TOJIOBHMM TIEPBHHHUM JDKEpenoM eHeprii. [IoTyXHICTh COHSYHOI
eHeprii, gka MoTpaIuIie Ha 3eMHY MoBepxHio cknagae 1.7-10% kBr. Consunoi eneprii,
sKa MmoTparuisie Ha 3eMiTio 3a 1 roiuHy, BUCTaYyuTh JJIsl 3a0e31eueHHs oTped JII0ICTBA
npotsroM | poky. BemnumHoro, mo XapakTepusye MOTYKHICTh COHSYHOI €HEprii, €
TYCTHHA TIOTOKY BHUIIPOMIHIOBAHHS, IO MPOXOAUTH Yepe3 IOy | M2, po3TarioBaHy
MEPICHIUKYJIIPHO TOTOKY BUIIPOMIHIOBAHHSI HaJ atMocdeporo. CepeaHe 3HAYCHHS
IOTO MOKa3HuMKa cknamae 1367 Br/m2. Y atmocdepi MOTYXKHICTh COHSYHOTO
BUIIPOMIHIOBaHHS 3MeHIyeThcs. Ha piBHI 3emiti Horo moTyXHICTh HE TepeBullye 1
000 Br/m?. CoHsiuHA €HEpris Mac MIMPOKHMM CIEKTP: Ha yIbTpadioneToBHil miana3oH

criekTpy npumnazae 7 % BunpomiHoBaHHs, BuauMuid — 47 %, indpaueponuii — 46 %.

I'asy3i cOHSIYHOI eHepreTuKu

CoHsluHYy €HEepril0 BUKOPUCTOBYIOTH JIJISi OTPUMAaHHS TEIJIOBOi 1 €NEeKTPUYHOT
eHeprii. Maiike Bcsl €Heprisi COHTYHOTO BUITPOMIHIOBAHHS 30CEPEKEHA Y BUAMMOMY
1 iHppauepBOHOMY Jlana3oHl, TOMY TEIUIOBY €HEpril0 BiJl HbOTO MOKHAa OTpUMATH
0e3rmocepelHbO IIJISXOM HarpiBaHHS TEIJIOHOCIS YW CHEIladbHOI TMOBEPXHI —
adbcopbepa. KKJI Takux remioycraHoBok ckmagae (30-80) %. Jlns 1moro
BUKOPUCTOBYIOTh COHSIYHI KOJIGKTOPH, B TPONIYHMX 1 €KBATOPIANbHUX IIHUPOTAX
MOXXYTh BHKOPHCTOBYBAaTHCh COHSYHI CTaBKHU. llepeTBOpeHHs COHAYHOI eHeprii Ha
enexktpuuny mae meHimui KK/, moxe Oytu 0e3nocepeaHiM abo 60araTocTyrneHEBUM.
besnocepenne mepeTBOPEeHHS COHAYHOI €HEprii Ha eNeKTPUYHy O0a3yeThcsl Ha
doToenekTpuayHOMY edeKTi, KUl BUHUKAE y (poToereMeHTax — HaImiBIPOBITHUKAX 3
HeogHopigHoo  crpykrypoto. KKJI  dotoenementie  ckimamae  (10-20)  %.

bararocTyrieneBe TepeTBOPEHHSI COHSYHOI €HEprii Ha eIeKTpU4YHy Oa3yeThCcsl Ha
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BUKOPHUCTAHHI MapOBUX MaIIMH a0o ABUTYHIB CTipiiHra, /Ui HarpiBaHHs poO0Y0oro
TiJa SIKAX 0 HEOOXiTHUX TEeMIlepaTyp BHUKOPHUCTOBYIOTh COHSYHI KOHIICHTPATOPH.
Ha npoMy mpuHIMIII TPAIOIOTh COHSYHI CTaHIil 3 KOHIEHTpaTopaMu OaliToBOro,
napabomiuaoro i mapabonommmiaapuaaoro TumiB. KKJ[ Takux cTaHIiii cTaHOBHUTH
(10 - 20)%. VY jeskux BUNAIKax Ui OTPUMAaHHS CJICKTPUYHOI eHepril

BHKOPHUCTOBYIOTH COHSTYHI CTaBKH.

OCHOBH COHSIYHOI EHEPIreTHKHU

['ycTuHa BUNPOMIHIOBaHHS y PI3HUX TOYKAX 3€MHOI MOBEPXHI BIIPI3HAETHCS
MIK cOOOFO0 1 3MIHIOEThCS Y yacl. L{ell moka3HUK 3aJIe’KuTh BiJ reorpadiyHoi MHPOTH,
MOpU POKY, 4Yacy JI00M, HAsABHOCTI XMap 1 HaXWJy MOBEpxHi. ToMy BaKJIMBOIO
3a/1a4el0 € MpaBWIbHA OPIEHTAIlIS T€II0YCTaHOBOK BiAHOCHO CoHIll. BrumuB mmpoTtu
MICIIEBOCTI 1 TOPU POKY CIIPUYMHEHO ENINTUYHOIO TPACKTOPIEID PYXy 3€Mili HAaBKOJIO
Conng. Biacrans mixk CoHueMm 1 3emiiel0 3MIHIOETHCS MPOTITOM POKY. 3eMIls
Haiibmmxde 10 Conng 22 rpyans (1.445-101 M), MakcuManbHa BifCTaHb MiX HUMH
22 uepBHsa (1.543-10' wm). Ilg BiZHOCHO HEBENWKA 3MiHA BiJCTaHI NPU3BOIAMTH IO
BIIYYTHOI PI3HUII Yy COHSYHOMY BHUIIPOMIHIOBaHHI, sIk€ OOEPHEHO MPONOpLIHE
KBajpary Bimcrai (s rpyas — 1430 Br/M?, mns gepsus — 1330 Br/m?). Jlna
TOYHOTO PO3PAXYHKY MOTYKHOCT1 Ha MEBHIN AUIAHIN Y KOHKPETHUN Yac, HEOOX1THO
PO3TIIIHYTH 1i TIOJIOKEHHS BiTHOCHO HAMNPSIMKY PyXy COHSYHHMX IPOMEHIB Ha SK

nmokasaHo Ha puc. 6.1.

Puc. 6.1. Cxema pyxy Contis Ha HeOOCX U
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Ha puc. 6.1 Toukoio A Mo3Ha4YeHO TOYKY 3€MHOI MOBEPXHI, MOJOKEHHS SKOT
XapaKTEPHU3YETHCSI IMHUPOTOO ¢, KyTOBUM COHSIYHUM 4acoM y/ 1 cxuseHHsIM COHIIA 0.

[upota — 1e KyT MIX JliHI€IO0, sika 3’€AHye ii 3 meHtpom 3emumi O, 1 ii
IPOEKIII€I0 HA IJIONMHY ekBaTopa. KyToBuii COHSIUHMI Yac y — 1€ KyT, BUMIpSIHUHN B
EKBaTOpIaIbHIN TUIONIMHI MK Tpoekiiero JiHii OA 1 mpoekiiero JiHii, AKa 3’€IHye
nentpu 3emii 1 Conug. IlepepaxyHok m000Boro 4dacy t y COHSYHHUNA dYac W
3IIHCHIOIOTH 32 (POPMYJIOIO:

w=(t-12)-360/24=0,262-(t -12) °. (6.1)

Cxunennst CoHg d — 11e KyT MiX JIHI€TO, 110 3’€iHye 1eHTpu 3emii 1 CoHi, 1
il mpoeKIIi€ro Ha MoKy ekBaTopa. CxuneHHs CoHISI BIPOJOBXK POKY HEEPEPBHO
3MIHIOEThCS Bim -23°5 B JeHb 3MMOBOTO COHIIECTOSHHS 22 TpyAHs 10 23°5' B neHn
JITHBROTO COHIIECTOSIHHS 22 YepBHS 1 JJOPIBHIOE HYJIIO B JIH1 BeCHSHOTO (21 GepesHs) 1
ociHHbOTO (23 BepecHs) piBHoJeHHs. KyT cxuniendss CoHIlsl 6 B AeHb n micist 1 ciuHd
PO3paxoBYIOThH 32 (GOPMYIIOI0:

& =23,5-5in(360°(284 + n) / 365). (6.2)

YucnoBl 3HAYE€HHS COHSYHOTO CXUJICHHS Al CCPpCAMHU  KOJKHOI'O MiCSI]_UI

HaBezeHo B Tadu. 6.1.

Taomurs 6.1. Yncnosl 3Ha4E€HHSA COHIYHOTO CXUJIEHHS O

Micsaus| 1 2 3 4 5 6 7 8 9 10 | 11 | 12

rpazg, ° |-20,9| -13 | -24 | 9,4 | 18,8 |23,1|21,2|135| 2,2 | -9,6 |-18,9| -23

Y  po3paxyHKax TOTYXXKHOCTI  COHSYHOTO  BUIIPOMIHIOBAHHS  TaKOX
BUKOPHUCTOBYIOTh 3€HITHUI KyT CoHUS 67, KyT BUCOTH a 1 a3UMYT as, puc. 6.2, a
TaKOX a3uMyT MOBEPXH1 ay, pUc. 6.3. 3eHiTHUI KyT CoHLS 67 — KyT MK HAIpsIMOM
Ha CoHIle 1 BEPTUKALIIO JO TOPU3OHTAJIBHOI IUIOMMHUA. 67 PO3pPaxoBYIOTH 3a
dbopmyoro:

cos(6, ) =cos(y) - cos(g) - cos(d) + sin(e) - sin(o) . (6.3)

83




TpaexTopis CoHus
0z W
¢
Us
S - » N
A
lopusouT
E

Puc. 6.2. KyTu, siki BA3Ha4al0Th MMOJIOKECHHS TOYKHA 36MHOI MTOBEPXHI
BiTHOCHO HANPSMKY COHSIYHUX MIPOMEHIB

Bucora CoHusg o Haa TOPU30OHTOM — KyT Y BEPTUKAJIbHIA IUIOMIMHI MIXK
HaIlpsIMOM COHSIYHOTO BUIIPOMIHIOBAHHSI 1 HOr0 MPOEKLIEI0 Ha TOPU30HTAIbHY
IUIOUIMHY. 3 pUc. 6.2 0OYEBUAHO, 1110

a=90°-6,, (6.4)
TOMY sin(a) = cos(y) - cos(e) - cos(d) + sin() - sin(o) . (6.5)

31 30umbIeHHsIM BUCcOTH COHIISI ¢ 3MEHILYEThCA BiACTaHb 4epe3 atMmocdepy,
Ky NPOXOAUTHh COHSYHE BUIPOMIHIOBAHHSA, 1 30UIBLIYETHCS 4Yac MPOTATOM SIKOTO
COHSIYHA €HEPTisl MOTPAILIsiE Ha MOBEPXHIO.

Azumyt COHIS 05 — KyT B TOPU3OHTAJbHIA IUIOIIMHI MK HPOEKIIE
HANpsSIMKY COHSYHOTO BUIIPOMIHIOBAHHSI 1 HAIIPSIMOM Ha MiBJAEHb. 3HAYEHHS a3UMYTY
0s pO3paxoBYIOTh 32 (POPMYIIOIO:

sin(e ) = (cos(d) - cos(y)) / cos(6,) . (6.6)

/

; Fopu3oHTanbHa
nrowmHa

v
IIH’

Puc. 6.3. Kytu, siKi XapakTepu3yOTh ITOJI0KEHHS TOUKH Ha MOXWIIH MOBEPXHI

B1JIHOCHO HamlpsMy COHSYHUX IPOMEHIB
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A3MMYT MOBEpPXHI 0y — KyT MDK HOPMAJUIIO JO TMOBEPXHI 1 HAMpsSMOM Ha
miBJACHb. SIKIIO TMOBEpPXHS 30pI€EHTOBAHA MEPIEHIUKYISIPHO COHAYHUM IMPOMEHSM,
HOTY>KHICTh COHSYHOTO BUIPOMIHIOBaHHSA Ha HIH € MakcumanbHOw0. KyT manmines
COHAYHUX MPOMEHIB Ha JOBUIBHO OPIEHTOBaHY MOBEPXHIO 3 a3UMYTOM Oy 1 KyTOM

HaXWIy 10 TOPU3OHTY f BU3HAYAIOTh 32 (POpMYIIOIO:

cos(i) = sin(f)[cos(d)[sin(¢)cos(ex,, )cos(y) + sin(ex,, )sin(y)] - (6.7)
—sin(d)cos(p)cos(ex,, )]+ cos(B)[cos(d)cos(@)cos(y) + sin(o)sin(p)]. '

Otxe, 11 epekTUBHOT poOOTH TeNli0yCTaHOBOK HEOOXITHO, 1100 MOTYXHICTh
COHSIYHOT'O BUIPOMIHIOBaHHS OyJia MAaKCUMAaJIbHOIO. [[J1s1 IIHOTO KyT M1 MOBEPXHEIO 1
HANpPSIMKOM COHSYHOTO BUITPOMIHIOBaHHS MOBUHEH OyTH Onm3pkum A0 Hyns i = 0.
st uporo ii HEOOXiAHO OpieHTyBaTH Ha MiBIEHb (ay = 0) MiJ MEBHUM KyTOM [
BIJIHOCHO TOPU30HTAIIbHOT TOBEPXHI.

Benwuunna kyta § 3HaX0auThes 3a (6.7) 3 ypaxyBaHHSIM IIUPOTH MICIEBOCTI ¢ 1
IIOpH POKY, B1Jl IKOi 3aJI€XUTh cxuyieHHs! CoHLIS J.

JUis migpaxyHKy YHCEIbHUX 3HA4eHb KyTa [ OepyTh CepelHE 3HAYEHHS
KyToBOro yacy 3a n00y y = 0. OTpumaHe 3HaueHHs MiaCTaBiIA0Th a0 (6.7).
Po3paxoBana (QyHKIlIS Ma€ TaKU BUI:

f (B) =sin(B)[cos(S)sin(¢e) —sin(d)cos(¢)] + cos(B)[cos(5)cos(p) + sin(5)sin(¢p)].(6.8)

Jlns ofepkaHHST MaKCUMaJIbHOI TOTY>KHOCT1I BiJi COHIISE HEOOXIAHO 3HANTH
MakcuMyM (QyHKIIi (6.8).

B 1abn. 6.2 HaBegeHO 3HA4YeHHS KyTa [3, 3a SIKUX OTPUMYIOTb MAaKCHUMaJbHE
3HAUEHHS MOTYKHOCTI COHSIYHOTO BUIIPOMIHIOBAHHS Ha MIMPOTaxX YKpaiHU MPOTATOM
POKY.

3 nmaHux Tabm. 6.2 BUAHO, IO JJI1 OTPUMAaHHS MaKCHUMAaJbHOI TMOTY>KHOCTI
COHSTYHOI €HepTii KyT HaxXuiy (POTONpHUIMaIbHOI MOBEPXHI Ieli0yCTAHOBKH HEOOXITHO
3MIHIOBATH B IIMPOKUX MEXKaxX MPOTITroM POKy. 3a YMOBH BIIXWJIEHHS HA KyT £10° Bixg
ONTUMAJILHOTO Ha MOBEPXHI po3citoeThes 10 90 % Big MakCMMallbHOT MOTYXHOCTI. B
nepeBakHii OUIBIIOCTI BUMAIKIB Te€I10yCTAHOBKU MalOTh HEPYXOMY (OTONPUIMAIIBEHY
NOBEpXHIO. B 11boMy Bunazaky ii HEOOXiTHO OpIEHTYBATH Yy MIBACHHOMY HaIpsiMi MiA
KyToM (30-45)°.
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Tabmuist 6.2. OnTUMaNIBHUI KYT HAXWJTy MOBEPXHI Ha Pi3HUX IMHAPOTAX

lIupora ¢ | 45° 46° 47° 48° 49° 50° 51° 52°
Micsip
1. Ciuensb 66° 67° 68° 69° 70° 71° 72° 73°
2. JIrotuii 58° 59° 60° 61° 62° 63° 64° 65°
3. bepezenn 47° 48° 49° 50° 51° 52° 53° 54°
4. KBiTeHD 36° 37° 38° 39° 40° 41° 42° 43°
5. TpaBeHb 26° 27° 28° 29° 30° 31° 32° 33°
6. UepBeHb 22° 23° 24° 25° 26° 27° 28° 29°
7. JIuneHo 24° 25° 26° 27° 28° 29° 30° 31°
8. CeprieHb 32° 33° 34° 35° 36° 37° 38° 39°
9. Bepecenb 43° 44° 45° 46° 47° 48° 49° 50°
10. XKoBTeHn 55°¢ 56° 57° 58° 59° 60° 61° 62°
11. JIucTomang 64° 65° 66° 67° 68° 69° 70° 71°
12. I'pynenp 68° 69° 70° 71° 72° 73° 74° 75°

SIK1110 reslioycTaHOBKY HEMOKIIMBO OPIEHTYBATHU CTPOTO Ha MiBJEHb, TO 32 YMOBU
opieHTaIlli Ha MIBACHHWW cxig abo MBIEGHHUM 3axig KyT ii HaxwIy HEoOXiITHO
3MeHIUTH 70 (25 - 35)°. SIKimo remioycTaHOBKY BHKOPHCTOBYIOTH JUI CHUCTEMH
OTayieHHsl, KyT il HaXuiTy HEOOX1IHO 30UTbIITYBaTH, B IbOMY BUIAAKY OTPUMaHa EHEPris
PO3NOAUIAETbCA PIBHOMIPHIIIE TPOTITOM POKY. 3aJ€XKHICTh BEIMYMHHU BHJILICHOT

MOTY>KHOCTI TeTI0YCTaHOBKH BiJI 11 Opi€HTAIIiT /I IUPOT YKpaiHu MOKa3HO Ha puc. 6.4.

Puc. 6.4. BB opieHTallil re;1ioyCTaHOBKU Ha KUTbKICTh OTPUMAHOI eHeprii
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CepenHsi TIOTYXHICTh COHSYHOTO BHUIIPOMIHIOBAHHS 3aJICKUTh TAaKOX BIJ
noTroAHNX yMOB. [loTeHITIam COHSIYHOT €HEPTeTUKHU 3a PerioHaMu Y KpaiHU MOKa3aHo

Ha puc. 6.5.

B I soxa- 1350 xBr * romiar’» pix
I 10 s0ma - 1250 BT * romr’ pi

I IO s0ma - 1150 kBT * mominr’» pix
I IV 30ma - 1000 xBT * romor’> pix

Puc. 6.5. [loTeHmian COHAYHOI EHEPTEeTHKHU Y perioHax YKpaiHu

CoHfIYHI KOJIEKTOPH

CoHsYHI KOJEKTOPH BHUKOPUCTOBYIOTH HJisi HarpiBaHHsS BOAHM 1 OMNAJCHHS
npumitieHb. [IpuHimn ix po60TH Moisrae y MupKyJIsilii BOAU Yepe3 TErI000MIHHUK,
Jle BOHA HArpiBa€ThCs COHSYHMM BHUIPOMIHIOBAHHSM, 1 MOJadi HArpiToi BOAU B
CHUCTEMYy OTAJICHHS YW Tapsvoro BOJOINMOCTAYaHHs. BUIIIAIOTH TUTacKi 1 BaKyyMHI

COHSTYHI KOJICKTOPH.

Koncmpykuia konekmopie

[Inackuil KOJEKTOp CKJIAJCHO 3 TEIUIOI30JIbOBAHOI MaHell, B SKIM pO3MILIEHO
IJIACTUHY TorjivHavya. llornumHady BUTOTOBISIIOTH 3 TEIUIONPOBIAHOIO METaly
(Haitgacrime 3 Mizi abo amomiHio). Ha miacTuHy nmornmHavya HaHOCATH CIelialibHe
MOKPUTTSI, SIKE MA€ BUCOKY MOTJIMHAJIbHY 3J]aTHICTh Y BUIUMOMY J1ara3oH1 CIeKTPy 1
HU3BKUN KOE(IIIEHT BUIPOMIHIOBaHHS Yy iH(GpadepBoHOMYy miama3zoHi. Jlis

SMCHIICHH BTPAT TCILIA MCPCAHIO YaCTHHY KOJICKTOpPA IMMOKPUBAKOTH CKJIOM, a 3a/IHIO

87



1 OOKOBI — TEIIOI30MIOBAILHUM MatepiagoM. KOHCTPYKIIIO TUIACKOTO KOJEKTOpa

MOKa3aHo Ha puc. 6.6.

Cucrema Tpyo
3 TeIJIOHOCIE

Tenmmnoizonsnis

Puc. 6.6. KoHcTpyKIlis 1aCKOTO KOJIEKTOpa

CrpollieHuM BapiaHTOM IIJJaCKOTO KOJIEKTOpa € IUIACTUKOBUN KOJIEKTOD,
abcopOep SIKOr0 BUTOTOBJIEHO 3 IUIACTUKY. SIK MpaBUIIO HOTO HE 130JII0I0Th, TOMY
IUTACTUKOBUN KOJEKTOP BHUKOPHCTOBYIOTH JIMIIIE B JITHIO MOPY, B OCHOBHOMY MJIs
HiIIrpiBy OaceiHiB.

BakyyMHI KOJEKTOpU CKJIAQIE€HO 3 BaKYyMOBaHUX TPYOOK, y KOXHIN 3 SIKHX
pO3MillleHO MIAHUI abcopOep 3 TUTAHOBUM MOKPUTTSAM, IO TapAaHTyE BHCOKHUU
pIBeHb TIOTJMHAHHS COHAYHOI €Heprii, a BaKyyMOBaHMA TIPOCTIP JO3BOJISIE
MIHIMIMI3yBaTH BTpaTH Ha TEIUIONPOBIAHICTb. B  abcopOepi BCTaHOBIIOIOTH
KOoakcianbHUM (TpyOKa B TpyOIll) TETUIOOOMIHHUK, Yepe3 KU TEIJIOHOCIH OTpUMY€

Tero Bigx abcopbdepa. KoHCTpyKITiF0 BaKyyMHOTO KOJIEKTOpa MOKa3aHo Ha puc. 6.7,

pyda 3 TEILIOHO CieM

BakyymoBaHa TpyoKa

Puc. 6.7. KoHCTpyKIIisi BAKYYyMHOTO KOJIEKTOPa
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3a yMOBH BUKOPUCTaHHS BOJW SK TEIUIOHOCIS TUIACKUKA 1 BaKyyMHHI
KOJICKTOPH MOJKJIMBO BHUKOPHUCTOBYBATH JIMINIEC 3a TeMIEpaTyp BUIUX HYyJsA. Jlis
YCYHEHHSI I[bOTO OOMEXEHHsS pPO3pO0JIEHO BaKyyMHI KOJIGKTOPU 3 TEIJIOBOIO
TpyOKO10. BOHU MICTATH JBI CKISIHUX 200 METaIIYHUX TPYOKH, SKi BCTABJICHI OJIHA B
OJIHY 1 PO3/AUICHI BakyyMOM. 3OBHIIIHS TPyOKa Ma€ Taky K KOHCTPYKLIIO SIK Y
3BUYAaHOTO0 BAaKyyMHOTO KOJEKTOpa 1 BHKOHYe (yHKIIO abcopOepa. Bceepemuni
abcopbepa po3MINTyIOTh TEIJIOBY TPYOKY 3 PIAMHOIO, SIKa Ma€ HU3BKY TEeMIEPaTypy
kuninHg. [lig mgiero termotu abcopOepa pivHA BUMAPOBYETHCA 1 MITHIMAETHCA Y
BEPXHIO YAaCTUHY TPYOKH, fKa 3’€/lHaHA 3 TEIUIOOOMIHHUKOM MO SIKOMY IpOTIKa€e
BoJia. B Tenmino00OMIHHUKY Ta3W piAMHU KOHJIEHCYIOThCS 1 BIJJIalOTh €HEPrii0 BOJI.
[le#t T KOJIEKTOpa MOKE IMpaltoBaT 3a Temrneparypu -30°C, ko TerioBa Tpyoka
BUTOTOBJIEHA 31 CKJa 1 3a Temreparypu -45°C, skiio BoHa meTaneBa. KoHCTpyKIlio

BaKyyMHOTO KOJIEKTOpa 3 TEIJIOBOIO TPYOKOIO IMOKa3aHo Ha puc. 6.8.

TenioodminHHK

BakyymoBana Tpyoka

Ten.ioBa préi&\\

Puc. 6.8. BakyymMHUI1 KOJIEKTOP 3 TEIJIOBOIO TPYOKOIO

Koegiuienm kopucnoi 0ii conauHUuUx KoJ1eKmopie

KK]I coHsuHOro KoJIEKTOpa — 1€ BIJIHOUIEHHSI KOPUCHOI TEIUIOBOi €Heprii
BiJIBEICHOI Bim abcopOepa 1m0 BHUIIIEHOI Ha HBOMY EHEPrii COHSYHOTO
BUNIPOMIHIOBaHHS. BTpatu eHeprii MawmTh JIBa CKIAJHUKH: ONTHYHUU 1

TEIJIONPOBIAHUN. B KoJNeKkTOpax ONTHYHI BTPATH BUHUKAIOTH IiJl 4ac BiJIOMBAaHHS
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COHSIYHOTO BUIIPOMIHIOBAHHSI BiJ MOBEpxH1 ckia 1 abcopoepa. Ontuunuii KK/ 7k
Ma€ MakCMMaJbHE 3HAYEHHS 3a HYJIbOBOI PI3HMII TeMmIepaTyp Mik abcopOepom i
HaBKOJIMIITHIM CEPEJIOBUINEM, KOJIM BTpaTH Ha TEIJIONPOBIAHICTh BIJICYTHI. 3i
301IbIIEHHSAM pI3HUII TemmepaTyp 47 BTpaTH Ha TEIJIOMPOBIIHICTH 3pPOCTAIOThH
maibke miHiiHO. Ontuunuii KKJ[ #xy miackoro kojexkropa Aemio OUIBIINN HIXK Y
BakyyMHOTro. OJHaK BHACTIOK MCHIIWX TEIUIOBMX BTpPAT BaKyyMHi KOJEKTOPHU
MmaroTh Oumbimii cymapuuii KKJI 3a Benukoi pi3HuULl TemrepaTyp Mix abcopOepom 1
HaBKOIHUIIHIM cepenoBuiieM (30°C 1 Buie).

Cnpomena popmyna aist po3paxyHky KK/ kosekTopiB 7x:

_k-AT

KO0 P !

1

=1 (6.8)

e P1 — HOTYXHICTh IIOTOKY BHIIPOMiHIOBaHHS, IO T1aaa€c Ha | M? mwIomi Konekropa,
k — xoedilieHT, 110 BpaXOBY€ CTYIiHb TEILIOI30JIALII KOJEKTOpa, JJIs IJIACKOrO
kosiekropa k = 3-5, Bakyymuoro kK = 0,7-1,1, mnactukosoro k = 40-100.
Jlis TouHoro po3paxyHky KKJI konekropa HE0OXiIHO BpaxOBYyBaTH 3HAUEHHS
noTy>)XHOCTI BunpoMmiHioBanHd P. Tomy Ha mnpaktuni ioro KKJ[ BuzHauaroTth
eKcrepuMeHTanbHo. TunoBy 3anexHicTe KK/ pi3HUX TUMIB KOJEKTOPIB MOKA3aHO Ha

puc. 6.9.

NNACTHKOBHH KOMeKTop
e BAKYYMHHI KOMEKTOP

—— MAACKHA KONeKTop

0.9 NOTYHRHICTE
™ BMAPOMIHIOBAHHA
0 8 1 000 BT/M*
g 07 —
S 06 —
L
2 0,5 T~
€ 04
203
e
0.2
0.1
|

0 10 20 30 40 50 60 70 80 90 100
PisHMUA TeMnepaTyp

Puc. 6.9. Tunosa 3anexuictb KKJ[ cOHIYHUX KOJEKTOPIB
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3acmocysanHua COHAYHUX KOJIeKMOPi

VY ckimani cucremu onaneHHs 1 'BIT Ha 0CHOBI COHSTYHUX KOJIEKTOPIB 3aBXKIIU €
6ak Ui HAKOIMYEHHS HArPiTOro TemloHocis. Moro 06’€M pO3paxoBYIOTh 3
TPaHUYHOI YMOBHM: SKIIO OaK BIAKIIOYEHO BIiJ CIOXHBaya, TEMIEpaTypa BOAMU B
HbOMY MPOTSATOM JIHA HE TOBMHHA MEPEBUIIUTH TOYKH KUIIHHS. 3aJIeKHO BIJ THUITY
CUCTEMHU JI0 1i CKJIaTy MOXE BXOJUTH TepMOpEryssiTop 1 Hacoc. CHUCTeMH Ha OCHOBI
COHAYHUX KOJEKTOPiB KIAaCU(IKYIOTh 32 TAKUMU O3HAKAMHU:

1) KiIBKiCTh KOHTYPIB IUPKYJIALIT TSIUIOHOCIS: OHO- 200 IBOKOHTYPHI,

2) THII UPKYJIALIT TETUIOHOCISI: aKTUBHUHN a00 MaCUBHHUIA.

B OIHOKOHTYpHIA cHCTEMI B KOJIEKTOPl HarpiBa€TbCs BOJA, SKY IMOTIM
MO/Ial0Th B cuctemy omnajneHHs i I'BII.

[lepeBaru 0OTHOKOHTYPHHX CHUCTEM:

- IPOCTOTa KOHCTPYKLII;

- HavBunm KKJ/I.

Henomniku:

- HEOOXIJIHICTb BUKOPUCTAHHS SIKICHOT BOAM (3 HU3bKHUM BMICTOM COJICH);

- TNPUIIBUAIICHA KOpO3is TPyOONPOBOMIB YEpe3 HASBHICTh PO3YMHEHOTO

MOBITPS Y BOJI;

- poboTa cHUCTEMH HEMOXXJIMBAa 3a MIHYCOBUX TEMIIEpaTyp dYepe3 pPHU3HUK

3aMep3aHHs BOAM TPYOOIIPOBOaX.

Bracniiok BKkazaHUX HEAOJIKIB CTPOK CIYKOW OJHOKOHTYPHOI CHCTEMHU
CTaHOBUTH 3-5 POKIB.

B 1BOKOHTYpHHX cHCTeMax MO TpPyOONpOBOAAX KOJIEKTOpa LHUPKYIOE
He3aMep3al0uuil TeIJIOHOCIH, SIKU Tepeiac CBOIO0 €HEePrito BOAI CUCTEMH OIajieHHS 1
I'BII yepe3 Temio0OMiHHHUK.

[lepeBaru JBOKOHTYPHUX CUCTEM:

- YIOBUTHHEHHS MPOIIECIB KOPO3ii;

- MOXJIMBICTB €KCIUTyaTallii 3a Bi’€MHUX TEMIEPATYD.

Henomnik:

- 3menmenas KK/ cucremu na 5-10%.
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Ctpox cimyx0u TBOKOHTYpHOI cuctemu ckianae 10-30 pokis.

Jlo ckmaxy TenioCUCTEeMHM 3 TAaCHBHOIO ITUPKYJISIIEI0 TEMJIOHOCIS BXOAWUTH
KoJiekTop 1 Oak, puc. 6.10. bak mis opranizaiiii macUBHOI HUPKYJIAILIT HEOOXITHO
PO3MIIIYBAaTH BHUIIE COHAYHOTO KOJIEKTOpa. Y TakKiii CUCTeMI HarpiTHil y KOJEKTOpi
TEIJIOHOCIH, PO3LIUPIOIOYNCH, MEPEMIIIYEThCS Y BEPXHIO YaCTHUHY KOJIEKTOpa 1
noTparisie B 6ak. OmpHoyacHO 3 0aKy BHUTHCKYETHCS TEIUIOHOCIA 3 HAHMKUYOIO
TEMIEPATypol0 1 MoTpamisie y KkoJekrtop. Jnga momadi xonoaHoi Boau Oak
17’ €IHYIOTh O CUCTEMH XOJIOJHOTO BOJIONIOCTAYaHHS.

IlepeBara macCuBHMX CHCTEM:

- MPOCTOTA KOHCTPYKIIII.

Henomnixu:

- BEJIMKI BTPATH Y€pe3 HU3bKY IIBUJIKICTh UPKYJIALII BOJIN;

- yepe3 HEOOXIJHICTh BCTAHOBIIOBAaTHM Oak BHUIIE KOJIEKTOpPA, YacTo BIH
3HaXOJUTHCS HA BIKPUTOMY IMOBITPI, IO JOJIATKOBO 30UIBIIY€E TEIJIOBI BTPATH;

- 3QJIEKHICTh IUBUJKOCTI HUPKYJISILIT BOAU Bl TEMIIEPATYPH.
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Puc. 6.10. I'emiocucreMa 3 MaCUBHOIO LUPKYIISALIEIO TEMIOHOCIS

VY remiocucteMy 3 aKTUBHOIO IUPKYJISAIIEI0 TEIIOHOCIS BXOIUTh €NEKTPUUHUN
Hacoc. CMiBBIIHOIICHHS MiX CHOXXUBAHHSIM €JIEKTPUYHOT €HEprii 1 EHEepriero

HarpiToi BOAW NMpHOIU3HO CTaHOBUTH 1:50, M0 CBIAYUTH MPO BUCOKY €(EKTHUBHICTH
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Takux cucrteM. Jlo ckiaqy akTHMBHMX CHCTEM JOJAaTKOBO BXOJWUTh HarpiBad 1
TepMoperynaTop. KoHCTpyKIIiio reniocucTeMH 3 aKTUBHOIO IUPKYIIALIEI0 TOKa3aHO

Ha puc. 6.11.

TepMo-
perynarop

-
;- 70°C || mmm
-t W @ Hacoc

droconcnccnccscacnnccsnay
eheganxoud o

4 niaBia xonoaHoi BoAK

Puc. 6.11. I'enmiocucrema 3 akTUBHOIO IIUPKYIISIIIEI0 TETLIOHOCIS

['emiocucTeMy 3 MACHUBHOIO IUPKYJAIIEI0 HOCISI JOIUIBHO 3aCTOCOBYBAaTH B
TPOIIIYHMX KpaiHaX 3a YMOBHU HEBEJHKOI ILIOMII KOJIEKTOpiB (10 10 M?), y momipHHX
IMPOTaX OUIBIIICTh Yacy BOHHU IMPAIOBaTUMyTh HEE(HEKTHUBHO UYepe3 MOBUIbHY
HUPKYJSLI0  piAvMHU. SKIIO 1iomia KOJIEKTOPIB  3HA4yHa, PEKOMEHJ0BAHO
BCTAHOBJIIOBATH CUCTEMU 3 aKTUBHOIO IIUPKYIISIIIEI0 TETIOHOCIS.

Jig mupotr YKpaiHu paliOHAJIbHOK € JBOKOHTYPHA CHCTEMa 3 aKTUBHOIO
HUPKYJSLIE pIIMHUA. Takl CUCTEeMH BUKOPUCTOBYIOTH pa3oM 31 3BHYAWHUMH
koTiaamu y cuctemi omajneHHs 1 I'BII mgns exonomii enepropecypciB. Cuctema Ha
COHSIYHMX KOJICKTOpax 3a0e3leuye HarpiB BOAM BIITKY 1 MEBHY YacTKy €Heprii Ha
omnajieHHs1 OyIMHKY B3UMKY. Po3paxyHOK cucTeMH 3[1HCHIOIOTH HAa OCHOBI KPHBHUX
BUTpAT TemIoBOi eHeprii Ha omaneHHs i1 ['BII, moOymoBaHuX uisi KOHKPETHOTO
Oyauuky. TumoBlI KpHBI €HEPreTMYHHUX BHUTpAT IMOKa3aHO Ha puc. 6.12, ne A —
BUTPATHU €HEPTii Ha onajeHHs B OyauHKax 0e3 Terioi3ousii; B — Butpatu eneprii Ha

omasieHHs B OynuHKax 3 Terioizossiiieto; C — eneprisi, HeoOX1qHa SISl HarpiBy BOJIU;
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D — oOcsar eneprii BiJl TEIJIOBOIO KOJEKTOpa, po3paxoBaHoro s cuctemu ['BII y
miTHIA mepioa; E — oOcsar eHeprii Big TEMJIOBOTO KOJEKTOPA, PO3PaxOBAHOTO IS

cuctemu ['BII 1 ommasieHHA.
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Puc. 6.12. ButpaTu TerioBoi eHeprii Ha onanenHs i ['BIT

OCHOBOIO 1711 PO3PaxyHKY KOJIEKTOpAa € TEIUIOBE HABAaHTAXCHHs Yy JIITHIN
nepion cuctemu ['BIl. SIxk mpaBmio o0’em crmouBaHHS Tapsdoi Boau Vi maiike
NOCTIMHUI MPOTATOM POKy. ToMy 3a UM MOKa3HMKOM pPO3pPaXxOBYIOTh MIHIMAJIbHY
TJIOIY KOJEKTOPIB Spin uTst 3a0e3neuenns ['BII. Ha mpakTuiii mionry KoiekTopiB So
obuparoth y 2-2,5 pazu Oibmry 3a MiHiMaTbHY. CHCTEMa 3 TaKOIO TUIOIICIO TTOBHICTIO
3a0e3neuye I'BII 1 yacTkoBO — cucTeMy oOmajieHHS y 3UMOBI Iepiogu. 3a yMOBH
MOJIaJIbIIOTO 30UIBIIEHHS TUIOMI KOJEKTOPIB CUCTEMY BHUKOPHUCTOBYIOTH MEHILE HIK

Ha 50 % npoTIroM NOJIOBUHU POKY, TOMY CTPOK i OKYITHOCTI 301JIBITY€THCS.

Po3paxynok cucmemu onanenns i I'BII na ocrhogi conaunozo Konekmopa

BXiqHUMH JaHUMU TSI pO3PaXyHKY €:
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- TeMmuepaTrypa XOJIOIHOI BOIU 1 Buin;
- HOMIiHAJIbHA TeMIepaTypa rapsiaoi Boau 7 puou;
- MakcuMasbHa TeMueparypa rapsdoi BoIu 7 guax;

- 00’eM CIOKUBAHHS Tapsiu0i BOU NPOTAroM oaHoro aus N Vr;

MaKCUMaJbHE 1 MiHIMaJIbHE 3HAYCHHS  CEPEAHBOI  TEeMIIepaTypu
HABKOJIMITHLOTO cepenoBuIa 3a 100y Tmax 1 Tmin;

- CcepeaHs MOTY)KHICTh COHSYHOTO BUIIPOMIHIOBAHHS MPOTIroM | THS y MITHIN
1 3MMOBMII TIepiofl i3 3a/JAHOI0 OPIEHTAI€0 KONEKTOPIB Prmax 1 Pxmin Ha 1 M? iX

TUIOIII;

TEI0EMHICTE TeruioHnocisa Cr,

temneparypa 471, Ha Ky HarpiBa€ThCs TEIIOHOCIN Y KOJIEKTOPI;

ioma OyauHKy Sg;

TEIIOBA NOTYKHICTh P 1), HE0OXinHa 115t onaneHHs 1 M2 Oy IMHKy.
[TapameTpu, iK1 HEOOX1HO PO3paxyBaTHU:

- IIJIOIIA COHSYHUX KOJEKTOPIB Sp;

- 00’em Oaky Vg,

- nmiaMeTp TpyO y SAKUX IHUPKYIIOE TeIUIoHOCIH d;

- TOTYXKHICTb Hacocy Ppy;

- TIOTYXKHICTb HarpiBava Ppr.

MeTtoauka po3paxyHKy
Po3paxynok nnowi conaunux Koaiexkmopie
1. Enepris W, sika HeoOXi/1Ha [UIsl HArpiBaHHA rapsidoi Boau Ha 1 100y:

W =V,.-Cp (T, = Tamin) - Gs s (6.9)
ne (s — Koe(dimieHT, SKuil BpaxoBYy€e TEIJIOB1 BTpAaTH 0aky 1 CHCTEeMH TPyOOIpOBO/IIB
KOJIEKTOpIB, (s = 1,2,
tertoeMHicTh Boau Cr = 1,16 Bt roxn/(i1 - °C).

2. Cepenns enepris Ha 1 M2 moi konekropa 3a 1 1eHs:

W =Py -t (6.10)
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ne Uy — TpUBaNiCTh JHS.
3a (6.10) po3paxoBytoTh eHeprito anst JTHBOTO Wg/jmax 1 3UMOBOTO Wx(1)min
CE30HIB 3 BUKOPUCTAHHIM TapaMeTPiB Priax 1 Promin.
3. Ilnomra xonekTopis S:
E
So=mM—, (6.11)
E )
K(max "Mk

ne nx — KKJI konekTopa y JIiTHIH ce30H, po3paxoBanwii 3a (6.8), m = 2-2,5.

Po3paxynok 00’emy oaky Vi

OG6’em 0Oaky pO3paxoBYIOTh 3 TPAaHUYHOI YMOBH, IO MPOTATOM JHS Tapsda
BOJIa HE CIIOKUBAETHCS. J{JIs 1IbOTO BUMIAAKY HEOOX1AHO, 00 TeMIeparypa BOJIU HE
MEPEBUILYBAIA MAKCUMAIBHY T gpiasy.

V = W
’ q5 '(TBmax _TBmin).C

(6.12)

Po3paxynok diamempy mpyo cucmemu

[Ipoxoasiun yepes cucTeMy KOJIEKTOPIB, TEIUIOHOCIM HarpiBaeThcsl Ha JEKUIbKa
rpaayciB. Ha mpaktumi 1s BennunHa ckiaaae (5-10)°. Binbmiuii HarpiB TEIIoHOCIS
HEJIOIJIbHUM, OCKITBKM Ha II0 K BEIIMYUHY 3pPOCTa€ PIZHUIT TEMIEpaTyp Mix
HABKOJIMIIHIM cepeAoBHILEM 1 KosiekTopoM, 1o 3meHirye KKJI cuctemu. O6csr
TEIJIOHOCIA, 110 HarpiBaeThCs B KOJIEKTOPI HA BKa3aHy TeMIEpaTypy, MPOMOPIIHHHIA
IJIOII KOJIEKTOpa. sl 3MEeHIIeHHsI BTpaT THUCKY B TpyOOINpoBoAax HEOOX1THO, 11100
IIBUJIKICTh TEIUIOHOCISE vV He mepeBuinyBajia 1 Mm/c. B po3spaxyHkax HMIBUAKICTH
TETUIOHOCIS MOBUHHA 3HaxoauTHch B Mexxax V = (0,4-0,7) m/c. Tomy mns 3amaHol
IUTOII KOJIGKTOpa HEoOXigHo oOpaTu miamerp TpyO d, 1o 3abesneuye 3agaHy
MIBUKICTh IUPKYJISIIT TeTIoHOCis. PO3paxyHOK BUKOHYIOTH ISl JIITHBOTO CE30HY.
B3uMKy, A1 €eKOHOMII €NIeKTPOeHeprii, MBUAKICTh HUPKYIISIT MOXKHA 3MEHIITUTH.

1. Po3paxyHok 00’emy TerioHocis Vi), SKHil B KOJIEKTOP1 HArPIBAETHCS 10

temnepatypu 1., 3at=1ron.
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— F)Kmax 'SO Tk . (613)

W Cc.aAT,

2. Po3paxyHOK BHYTPIIIHBOTO JIIaMETPY TPyOOIIPOBOAY:

4

d=,[—2. (6.14)
w-v-t
Po3paxynok nomyscnocmi nacocy
m.-h-g-c
P, = &, (6.15)
Ty

Jie ¢ — BTpaTu onopy B Tpyoomnposoai, ¢ = 1,3; ny — KKJI nacocy, nz = 0,8, g = 9,8;
M(1) — Maca TETIOHOCISA, SIKUH MPOKAYyIOTh Yepe3 KoieKTop 3a 1 ¢; h — pi3HuId BHCOT

MK HHKHBOIO 1 BHIIIOIO TOUYKaMHU TPyOoIpoBoay (B po3paxyHkax Opatu h = 3 m).

Pospaxynox nomysicnocmi nazpisaua
1. Pospaxynok KK/I cucremu #x y 3umoBuii epion 3a (6.8).
2. Po3paxyHOK TEII0BOi MOTY>KHOCTI CUCTEMHU KOJIEKTOPIB y 3MMOBHIA TIEPiO;

P« =So " Fcmin Tk - (6.16)

3. Po3paxyHOK TemjaoBoi MOTY>KHOCTI, HeoOximHoi mis cucrem ['BIT i

OINaJICHHS:
N
PT = Sé ) P6(1) + m -C- (TBHOM _TBmin)' (6-17)
4. TloTyXHICTh HarpiBaua:
PHF = PT - PTK . (6-18)

Po3paxoBaHi mapaMeTpu OKpeMHX IMPHUCTPOIB CHCTEMH Ha OCHOBI COHSYHOTO
KOJIEKTOpa BUKOPUCTOBYIOTH JJIS OIIHKK il BapTOCTi, rabaputiB 1 KoepiIieHTy
KOPHUCHOT Iii.

CoHSlYHY EHEpril0 TaKOX BHUKOPHUCTOBYIOTH IS BHPOOJITHHS EIICKTPUYHOL

€Heprii HaMmBIPOBITHUKOBUMU (HoTOOATAPESIMU 1 COHTYHUMHU €JICKTPOCTAHITISIMH.
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3anuTaHHs

1. HameniTe 3HAYEHHS TMOTYXHOCTI COHSYHOTO BHUIIPOMIHIOBAaHHS HaJl
aTMoc(eporo 3emMi.

2. llepeniuith (axkTOpH, SKIi 3MEHIIYIOTh €()EKTHUBHICTh MEPETBOPECHHS
COHSYHOI €HEeprii Ha TEIJIOBY 1 €JIEKTPUYHY.

3. Ha3BiTh THIIN COHAYHUX KOJIEKTOPIB.

4. BkaxiTh mapaMeTp COHSYHOTO KOJEKTOpa, AKH BH3HAYa€e HOro ONTHYHHIMA
KKII.

5. Bkaxite npuunHy Outbmoro cymapHoro KKJI BakyyMHUX KOJEKTOPIB Y
MOPIBHSHHI 3 IUNTACKUMH KOJIEKTOPAMHU.

6. IlepeniuiTh mepeBarn BUKOPUCTAHHS CUCTEMHU 3 AKTUBHOIO LUPKYJIALIEO
TEIJIOHOCIS.

7. Ha3BiTh NpuUYMHY JOLIJIBHOCTI BUKOPHCTAHHS Y CHCTEMax OIAJIEHHS Ha

OCHOBI COHSTYHOT'O KOJICKTOpa A10AaTKOBOI'O HarpiBaqa.
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Jlekuis Ne 7. Consiuna eHepreTuka. COHsIYHI eJIEKTPOCTAHIl

OcCHOBHI TepMiHM | BUBHAYECHHS

Conaunuii cmaeok — BoJ0IIMa, SKa TOTJIMHAE 1 aKyMYJIIO€ COHSIYHY €HEpriio
MPOTSTOM POKY.

Domoenemenm — ENEKTPOHHUN TpUIad, 1O MEPETBOPIOE €HEPrilo (HOTOHIB

Ha CJICKTPUYHY €HEPTiIO.

CoHsiuHi cTaBKH

CoHsIYHI CTaBKM — CIIELiaJIbHI BOJOMMH 3 COJIOHOKO BOJOI0, KOHLEHTpAIisd
CoJIel B SIKMX TMOCTYIOBO 3pOCTa€ BlJ MOBEPXHEBUX MIAPIB 10 NpUIOHHUX. COHSUHE
MPOMIHHS BUIBHO MPOXOJUTH Yepe3 MOBEPXHEBI MPICHI IIAPU BOJAU 1 BIJJIA€ CBOIO
€HEPril0 TEMHOMY JHY BOJOMMHM, sSIKE HarpiBa€e MpUIOHHI mapu BoAau. Yepes OuIbILy
KOHIIEHTpALI0 COJiel y MPUAOHHUX IIapax, BOHM MAalOTh OLIbIIYy TyCTHUHY, IIO
yCyBa€ sBMIIE KOHBEKIIi. ToMy Harpita Boja NPUAOHHOTO IIAPY HE NEPEMIIIYETHCS
3 XOJIOJHOIO MOBEPXHEBOIO BOJOK0. Lle 103BosIsiE HArpIiTU MPUIOHHI ApPH BOAM IO
temneparypu (70-90) °C. IlpicHuii TOBEpPXHEBUH IIap BOJOWMH BHKOHYE POJIb
TEIUIOBOTO 130JIATOpa, TOMY COHSYHHMI CTaBOK TaKOK MOYKHA BHUKOPHUCTOBYBATH SIK
TEIJIOBUN aKyMYJISITOp €Heprii, sKui JJ03BOJIAE€ 30epirati TEIUIOBY E€HEPriio
OpOTATOM 3MMOBOrO Imepiofy. s CTBOpEHHS IITY4YHOTO COHSIYHOTO CTaBKa
ruouHo 1-3 M HeoOxigHo (500 — 1 000) kr moBapeHoi coii abo XJIOPHIYy MarHito
Ha 1 M? miomi. EQexkTHBHICTE NEPETBOPEHHSI COHSAYHOI €HEPTii Y TEIJIOBY CKIIAgac
(15-25) %. Binbip TemIoTH BiJ COHSYHHMX CTaBKIiB 31MCHIOIOTH 3 MPUIOHHOTO IIapy
TEMI000MIHHUKOM. HarpiTuii TermnoHociii BUKOPUCTOBYIOTh B CUCTEMI OIAJIEHHS YU
I'BII, pigmie — B TepMOAWHAMIYHOMY MK JJii BUPOOHMIITBA EJICKTPOEHEPTIi.
CoHsYH1 CTaBKM JOLIIBHO €KCIUTyaTyBaTW B TPONIYHMX IupoTtax. lIpomucnosi
3pa3Ku COHSIUHUX CTaBKiB ekciutyarytoTh B CIHIA Tta I3paini. Yepes nuzpkuit KKJ]

COHSIYHI CTaBKU HE 3HAWUIIUIM IIUPOKOTO BUKOPUCTAHHS.
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CoHsIYHI KOHLIEHTPaTOPH

[TpuaIMn 1ii COHSYHUX KOHIIEHTPATOPIB MOJIATAE Y (POKYCYBaHHI COHSYHOTO
BUIMIPOMIHIOBaHHS HAa €MHOCTI 3 TEIUIOHOCIEM. ICHye TpW THUNH COHSYHUX
KOHIICHTPATOPIB:

- mapalboJIOMMITIHAPHUYHI,

- mapaboIiyHui;

- OamToBi.

[TapaGononumHAPUYHI KOHIICHTPATOpH MaroTh (GopMy mapadoiid, BUTATHYTOI

B3JIOBK IpsAMOT, puc. /.1.

Puc. 7.1. [TapoGonoumIiHAPUIHII KOHIICHTPATOP

Bonu ¢okycyloTh COHSYHE BUIIPOMIHIOBAHHS y MpsAMY JHHIIO 3 MIHIMYM
CTOKpATHOIO KOHIIeHTpaliero. B ¢dokyci po3MilytoTh TPyOKY 3 TEIJIOHOCIEM, SIKHIA
HarpiBaetbess 10 Temmeparypu (300-400) °C. Harpituit TemaoHOCIH TOAAOTh Y
TEIUIOOOMIHHMK JUIi YTBOPEHHSI TMapH, SKYy BHUKOPUCTOBYIOTH Uil BUPOOHMIITBA
enekTpoeHeprii. JlJis 3MeHIIEeHHsI MPOCTOiB OOJNaJaHaHHS Y HECTIPUSTIUBY IMOTOAy B
cucTeMax rnepeadadyeHa cucreMa TeIIOBUX aKyMYJISATOPIB — TEPMOI30JbOBaHHUX OakiB. Y
HUX 30€piraroTh HArpiTHUI TEIJIOHOCIH 1y pasi NOTpeOr NoJar0Th A0 TEIIOOOMIHHHKIB.

[Motyxuicts CEC 6arrroBoro tumy ckinanae (10-100) MBr, KK/ — (10-20) %.
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IcHytoTh BapianTu mapabosouii-HapuyHux coHstunux enekrpoctanuiit (CEC) 3
doroenemenTamu. Lle 103BOIsIE CIPOCTUTH KOHCTPYKINIO CTAHIIT 1 3MEHIIIUTH TIIONTY
doroenementiB. Onnak KKJI Takux cucrem He niepeBuiirye 10 %.

[Tapabosniynauii KOHIICHTpATOp — II€ TapaboiivHe Ja3epKajio 3 MpUHMaveM,
BCTaHOBJICHUM Y #oro ¢okyci, puc. 7.2.

VY npuitmaui 3Haxonuthes aBuryH Cripiinra. Pobode Tijo ABUTyHA BOJIeHb a00
remiit. [loTyxuicts onniei ycranoBku ckianae (10-25) kBr. KKJI cucremu pocsirae
(25-30) %. Konnenrparopu 0aiiToBOr0 THUIY PO3MIIIYIOTh HABKOJIO IEHTPAILHOTO

npuiiMada i GOKyCyIOTh Ha HOTO COHSYHE BUIIPOMIHIOBaHHS, puc. 7.3.

Puc. 7.2. [TapaGoniuHuii KOHIIEHTPATOP Puc. 7.3. bamroa CEC

B koxxHMI1 KOHIIEHTpaTOp I1HTErpoBaHa cuctema pyxy 3a CoHiem, TOMy
BIIONTI COHAYHI TPOMEHI 3aBXKIW CHOPSIMOBAaHI Ha [EHTPAIbHHUM MpHUiiMay.
KoHuentpaniss conssuHoro BunpoMiHioBaHHsa B 1000 pasiB Oinblia 3a 3BMYaiiHy. B
OamroBOMy TpHWiiMadl  po3TalioBaHa TapoBa TypOiHa, SK poboye  TiIo
BUKOPUCTOBYIOTh BOJSIHY Tapy, TOBITpS, Macio. TemmepaTypa TEIIOHOCIS
(500-1500) °C. Yacro B Ttakux CEC BCTaHOBIIOIOTH TEIUIOBI aKyMYJSTOPH.
[Motyxuicts CEC 6amrroBoro tumy ckiaaaae (10-100) MBt, KK — (10-20) %.

B pe3ynbrati orsisany pizaux BuaiB CEC MokHa 3p0o0UTH Taki BUCHOBKH:

- OamroBi, mapoOosonuiiHapuyHi CEC 1oniIbHO BHKOPUCTOBYBATH JIJIst

YKUBJICHHS TIPOMHUCIIOBUX 00’ €KTIB MOTY>KHICTIO BiJl OIMHHUIIb JI0 JIECSITKIB METaBar;
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- mapaloJiiyHl KOHIEHTPATOPU MOXKJIMBO BHUKOPHUCTOBYBAaTH B MOOYTOBOMY
CEKTOpI;
- nis excrryataiii CEC HeoOX11HO BIIBOJUTH 3HAYHO O1IBII TEPUTOPIi, HIXK

JUTSL €TICKTPOCTAHIII Ha BUKOITHOMY TaJIMBI.

DoroesIeMeHTH

Y QoroeneMeHTax €Heprisi COHSYHOTO BHUIIPOMIHIOBAHHS Oe€3MOCepeaHbO
NIEPETBOPIOETHCSI HA E€JIEKTPUYHY €HEPTiI0, 10 3YMOBIIIOE iX IPOCTY KOHCTPYKIIIO.
[TocnioBHO a00 mapajnenbHO 3’ €qHaHl (POTOETEMEHTH YTBOPIOIOTH (poTodarapei, siki
BUTOTOBJIIIOTH y BUTJIAI ITACKUX MOAYJB. PoToOarTapei, ikl Npalio0Th Ha CHUIbHE
HABAHTAKEHHA, YTBOPIOIOTH enekTpocTaHiii. B mopiBusHi 3 CEC Ha oOCHOBI
TEPMOJMHAMIYHOTO IMKIY, BOHH MOTPEOYIOTh MEHIIMX BUTPAT HA CHOPYKCHHS 1
eKCIUTyaTallllo, L0 JI03BOJISIE 3JCIIEBUTH BapTICTh eHeprii, orpumanoi 3 CEC.
MonynpHa KoHCTpyKLIA cripoiye HajamtyBaHHs CEC 1 103Bosisie BUKOPHUCTOBYBATH
iX y m0OyTOBOMY CEKTOPI.

@DOTOENEMEHTH BUTOTOBIIAIOTh HA OCHOBI HAMIBIPOBIIHUKOBUX CTPYKTYp 3
PI3HOIO MPOBIAHICTIO 200 3MIHOK XIMIYHOIO CKJIaqy HamiBIOpoBiAHUKIB. IlepeBakHy
JacTHHY (OTOCIEMEHTIB BUTOTOBIISIIOTH 3 KpeMHito. KK/ goroeneMeHTIB 3a/1eKUTh
BiJl OJTHOPITHOCTI CTPYKTYPH HAIIBIPOBIIHUKA 1 HOTO QOTONMPOBIAHOCTI. TomMy s
(GOoTOECNEMEHTIB BUKOPUCTOBYIOTh KPEMHI 3 Maliol0 KUIBKICTIO  Je(EKTIB.
[Tpubnuzno 80% Bcix MOAyNIB BHUTOTOBJISIIOTH HA  OCHOBI  moji-  abo
MOHOKPHUCTAIIYHOTO KpeMHito. doTroeneMeHTH Ha OCHOBI MOHOKPHUCTAIIYHOIO
kpeMHito MaroTh KKJI 1o 17 % (cepenniii nokasHuk 14 %), momiKpUCTAIIYHOTO — B
cepenboMy 12 %. CTpok cimy)0u KpHCTaTIYHUX eleMeHTIB ckianae 30-50 pokis.
doToeneMenTH Ha OCHOBI amopdHOTO KpeMHito MatoTh Hu3bkuit KK (6:1m3bK0 8 %)
1 CTaOlIBHICTh, TOMY IX B OCHOBHOMY 3aCTOCOBYIOTh Y MaJONOTY>KHHUX €JIEMEHTax
CJIIEKTPOKUBIICHHS. BapTicTh (POTOECIEMEHTIB 3aJI€KUThH BiJl BAPTOCTI BUKOPUCTAHOTO
B Hill KkpemHito. Ockiabku ajig oTpuMaHHa HeoOxigHoro KKJI BHKOpHUCTOBYIOTH
KPEMHIM 3 HAMMEHIIIOI KUIBKICTIO IOMIIIOK, HOTO BapTICTh € JOCTATHHO BHCOKOIO,

10 3/I0pOXKUye BapTicTh oTobaTapei y miiomy. B TOHKOIIIIBKOBUX (hOTOEIEMEHTaX
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JUISL 3MEHILIEHHSI 00CATY KPEMHII0 WOTr0 HAMMIIIOIOTh TOHKUM IIapOM Ha MiAJIOXKKY
(MeTamivyHi CTPIYKH, CKJIO, MOJIMEpHI IUIiBKH). B pesynbraTi 3MeHIIeHHS 0O0cCATy
KPEMHIIO 1 MPOCTOTI TEXHOJOT1i BUPOOHUIITBA, TOHKOILIIBKOBI ()OTOCIIEMEHTH MAIOTh
mennry BapTictb. KKJI ToHkommiBkoBUX (poToenemMeHTIB ckianae 8 %, HEIOIIKOM
TakuxX (oToeneMeHTIB € Jerpajaris iX BJIACTUBOCTEH TiJ JI€H0 COHSIYHOTO
BUNPOMiHIOBaHHA. B opraniuaux  (QoroeneMeHTax  3aMiCTh  KPEMHIIO
BUKOPDHCTOBYIOTh  JiemieBi  OapBHukM abo momimepu. KKJI  momimepHHX
dbotoenementiB He mnepeBuurye 10 %. CrpykTypy KpeMHI€BOTO (HOTOEIeMEHTa

MOKa3aHo Ha puc. 7.4.

| %
| %4%a%a%0%0 6760 OO 0

ANNNVARRRRNNRRL

Puc. 7.4. HaniBrpoBiJHUKOBUH (OTOETEMEHT

KpemuieBuii (oroeneMeHT CKJIaJeHO 3 HamiBOPOBIAHUKOBOIO Marepialy,
OCBITJICHA YaCTHMHA SKOTO Ma€ MPOBIAHICTH N-TUIy, TEMHOBA — P-TUILY, 1 JBOX
enekTpoaiB. Jlo oGmacti N-Tumy mija’€qHAHO CMYXKOBHM €JIEKTPOJ 3 HEBEIUKOIO
IIOLIE0 TSl 30UIbIIeHHST €(EeKTUBHOI IUIOLII OCBITJIEHOrO HamiBIpoBigHMKA. Ha
TUJIBHIA CTOPOHI 00JIacTI P-TUIy PO3TALIOBAHO CYIUIbHUM enektpoxd. [lin miero
GbOoTOHIB CBITJIa B aroMax HaMIBIOPOBIIHUKA N-TUMY €JIEKTPOH NEPEXOJUTh 3
BaJICHTHOI1 30HU JO 30HM MPOBIJHOCTI, B PE3YJbTATI YOIO YTBOPIOETHCS JBa BUIU
HOCI1B 3apsily — BUIbHI €JIEKTPOHU 1 JIPKH, SIKI 3yMOBIIOIOTH MPOTIKAHHS CTPYMY B
30BHIIIHbOMY KOJii. EKBIBaJIeHTHY cxemy 3amilieHHs (oroenementa 1 ioro BAX
MOKa3aHo Ha puc. 7.5.

OcHoBHUMHU mapaMmeTpamu (oroeneMenta € cuia Qoroctpymy Ilp, cuia

CTPyMy KOPOTKOTO 3aMHMKaHHs [g3, Hampyra xojoctoro xoay Uxx 1 cymapHuid
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akTUBHUN omip ¢oroenementa Rgp, sAKUil AOpiBHIOE cymi OmopiB (pOHTAIBHOT
JUISTHKY HAMiBOPOBIAHUKA N-THUIY, KOHTAKTY HAMIBIPOBIIHUK N-TUIy—eIEKTPOJ 1

CMYIKKOBOTI'O CJIICKTPOAY.

ks = I-‘hi I I I

Ry ! : . . . ]

11— | : 5 ; :

I
@ 0.6- ]
N) YD (TP — |
0.2
© ; ; : : ;
0 0.1 0.2 0.3 0.4 0.5 Uxx
a) cxeMma 3amimeHHs GoToereMeHTa 6) BAX ¢oroenemenTa

Puc. 7.5. Xapakrepuctuku (HoTOCIeMEHTA

@otocTpyM Ip YTBOPIOE BUIBHI HOCII 3apsly OCBITIEHOTO (POTOEIEMEHTA.
CTpyM KOpPOTKO3aMKHEHOTO (poToenemMeHTa AOpiBHIOE (orocTpymy lo = Ixz. 3a
YMOBHU TMIJIKIIOUEHHA 10 (OTOeleMEeHTa HaBaHTaXEHHS dYacTUHA (OTOCTPYyMY
IpOTIKa€e yepe3 HbOro, a 1HIIA YacTHHA — 4epe3 p-N mepexin oroenemeHTa. SAkino
30BHIIIHE KOJO PO3IMKHYTH BeCh (DOTOCTPYM TMPOTIKAE Uepe3 p-N mepexin
dboToenemenTa, Hampyra Ha (OTOEIEMEHTI MaKCHUMajibHa 1 JOPIBHIOE Hampysi
xonoctoro xoay Usxx (mms kpemuieBoro ¢otoenementa Uxx =~ 0.6 B). Cuia
dboTocTpyMy 3alieKuTh BiAg OcCBITJIeHOoCcTI 1 1wiomi Qoroenementa. BAX

dboToenemMeHTa rnoka3zaHo Ha puc. 7.5 0), i anpoKCUMYIOTh (HOPMYIIOIO:

qUH—IH~R,D
¢ AkT -1

, (7.1)

l,=1,—1,e

ne Iy — 3BopoTHiii cTpym mioza, §. = 1,6-107° Kun, 3apsan enekrpona, k = 1,38-102
JIx/K — crana bonsiimana, 7' — abcoiroTHE 3HaYEHHS TeMIlepaTypu, A — KOHCTaHTa,
3HAQYCHHS K0T Ma€ 3HAYCHHS B MeXkax 1-2.

dotobarapero CKIaAeHO 3 JSKUIBKOX JIAHIFOXKKIB IIOCTIAOBHO 3’€qHAHUX
onHOTUNHUX (oToenemeHTiB. [ToCTIIOBHO 3 KOKHUM JAHITIOKKOM (POTOETIEMEHTIB

BMHUKAIOTh [107. Moro 3acTocoBYIOTH MJii YCYHEHHS 3BOPOTHUX CTPyMIB uepes
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JAHIIOKOK  (DOTOETEMEHTIB, AKMM Mae MeHIy HDK y 1HmmX ¢otoEPC uepes
3aTiHEHHS OJTHOTO 3 Horo (poToeneMeHTiB. B iboMy BUMAAKy 3aTEMHEHHSI JIAHITIOKKA
NPU3BOJUTH JIO BIAKIIOUEHHS BIANOBIMHOTO JIAHIIOXKKA BiJl HaBaHTaXCHHS.
doTobaTapero 3 TPHOX JAHIIOXKKIB, B KOKHOMY 3 SIKHX TPU (HOTOETEMEHTHU MOKa3aHO

Ha puc. 7.6.

1+

L1 L1 L1 [l
M P P L1

Puc. 7.6. ®orobaTapes

BAX Qorobartapei 3HaxomsTe agomaBaHHAM BAX 11 QoroenemeHTIB.
Bupobnuku HaBonmate BAX Qorobatapeil 3a pi3HOI NOTYXHOCTI COHSYHOIO
BUIMPOMIHIOBaHHSI, HOMIHAJIbHY TMOTY>KHICTh PO3PAXOBYIOTh 32 BUIIPOMIHIOBAHHS
1000 B1/M? i y3romkeHOCTi ONOPY HABAHTAKYBAILHOTO KOIA 3 BMXITHMM OIIOPOM
dotobatapei: Ry = Rpyx. 3a 1HIIMX 3HaYEHb OMOPY HaBaHTa)XeHHs Bin (oTobarapei
B1JIOMpaeThcsl MeHIIa NoTyXHIicTh. Tunosi BAX ¢otoeneMenTa 1 KpUB1 3aJ€XKHOCTI
fioro moty>kHocTi BiJ Hanpyru Ha HaBaHTakeHH] P = f(Uy) HaBeneHo Ha puc. 7.7.

3 pucCyHKY BHJIHO, 10 QoTtocTpyM (oTtodaTapei 3MIHIOETHCS MPOMOPIIHHO
OCBITJIEHOCTI, a Halpyra XOJOCTOIO0 XOJy Mailke He 3aleXHUTh BiJ PIBHA
OCBITJICHOTCI. 3arajioM To4ka MaKCUMAaJIbHOI IMOTY>KHOCTI 3a Hanpyroto ckianae (0,7-
0,8) Uxx, 3a ctpymom — (0,85-0,93) Ix; i Maibke He 3aJ€XHUTh BiI MOTYKHOCTI
COHSIYHOTO BHIIPOMIHIOBaHHSI.

JIist y3roJiKeHHsT BUXIAHOTO omopy ¢otobaTapei 1 Omopy HaBaHTaKCHHS
BUKOPHUCTOBYIOTh NepeTBOproBay noctiHoi Hanpyru (ITITH), skuii npattoe B pexumi
cTabumzanii BXIAHOro CTpyMy a0o Hampyru. s akyMmyJtOBaHHS €JIEKTPUYHOL
eneprii Ha Buxozi [IITH BcTaHOBIIOIOTH aKyMyJISITOpHY O6aTapero.
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Puc. 7.7. CimeiictBo BAX 1 kpuBuX notyxHocTi hoToOaTapei

CTpyKTypy aBTOHOMHOTO JKepeJia >KUBJICHHS MOCTIMHOTO CTPyMY Ha OCHOBI

dboTobaTtapei mokazaHno Ha puc. 7.8.

. I~ 1

CnooxuBaul I Coxxusaui :
co | .

MOCTIHHOTO | 3MIHHOTO |

|

CTpyMy |

d

A

®dorobarapest _T_, IleperBOproBau

Cucrema
KEepyBaHHS

AKyMyIATOp

Puc. 7.8. ABTOHOMHE J)Kepesio *KUBIIEHHs Ha OCHOBI (hoTobaTapei

JIist KUBNIEHHS CIOXKMBAdiB 3MIHHUM CTpyMOM a0o0 TeHeparii eHeprii B
MEpPEKy Ha BUXO/Il CHCTEMH BCTaHOBIIIOIOTH IHBEPTOP HAIIPYTH.

Jlyist BUu3HaUeHHS po6o4oi Touku GoTodaTapei 3 MaKCUMAIBHOKO TIOTYKHICTIO Yy
CHUCTeMl KEpyBaHHsS 3a MHUTTEBUMM 3HAUCHHSMH BHUXIJHOTO CTPYMy 1 Hamnpyru
dboTobaTapei po3paxoBYIOTh BHUXIJHY NOTYXKHICTh Oatapei. Ilicma woro IITTH

peryiioe BuXimHHM cTpyMm (Hampyry) ¢dortobarapei TakuM YHHOM, 1100 i poOoua
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TOYKA 3MIIIyBajach y HANpSAMKY 30UIbLIEHHS BUXIAHOI MOTY>KHOCTi. 3a BIIOMHUX
3HaueHb mapameTpiB (Qorodarapei Ip, Uxx, Re, A TOUKy 3 MakcHMaiabHOIO

MOTYKHICTIO BU3HA4aroTh 3 hopmynu (7.1) 3a Bupazom Uy:
U, =(In((l, = 1,)/ 1, +1)-A-k-T)/a,+1,-R,. (7.2)

3anexHICTh MOTYXHOCTI Py Bl CTpyMy pO3paxoBylOTh 3 ¢opmynu (7.2)

MHOEHHSM I[bOT'0 BUPA3y Ha CTPYM HaBaHTa)KEeHHS I
P,(1)=(In((1, = 1,)/ 1, +1)-A-k-T -1, )/ q,+17 -R,. (7.3)
Touky MakcUMalbHOT MOTYKHOCTI 3HAXOAATHh MPHUPIBHIOBAHHSAM TMOXIAHOI

HOTy}KHOCTi A0 HYJIA.

PRy | Lo AkT by g do=ly g ] akeT /g,+2l,-R,=0. (7.4)
dl,, l,—1,+1, |

p
3 piBHsAHHA (7.4) pO3paxoBYIOTh CHIy CTPYMY [y, 32 YMOBU NPOTIKAHHS SKOTO B
30BHILIHE KOJIO BIIA€THCA MAaKCUMAaJIbHA MOTYKHICTb.

PoGoTta ¢otobarapei B pexumi Biagadl MakCUMalIbHOI €HEPrii MOXKJIMBa 3a
ymoBH, 1o BxigHuid crpym IIIIH wmae HenepepBHuili xapaktep. Lliii ymoBi
BIJINOBIJIAIOTh TaKl TUIM TEPETBOPIOBAYIB: IMIABUIIYBAJILHOTO THITY, EPETBOPIOBAY
Yyka, SEPIC mneperBoproBau (Single-ended primary-inductor converter -
OJIHOKAHAJILHUN TEPEeTBOPIOBAY 3 1HAYKTUBHICTIO y TEPBUHHOMY KOJIi), JTBOTAKTHI
MEePETBOPIOBAYl 3 JpocesieM B MEPBHHHOMY KOJIi. 32 YMOBU BHUKOPUCTAHHS 1HIIUX
MEepPEeTBOPIOBAYIB Y  BUXITHOMY Kol ¢oTobatapei HEOOXITHO BCTAHOBUTH
KoHaeHcartop. lleperBoproBau  MiJBULIYBAJLHOTO THUILy Ma€  HaWIpPOCTINLY
koHcTpykuito 1 HaBummii KKJ[ 3a mortyxnocteir o 200 Bt, Tomy loro yacto

BUKOPHCTOBYIOTH Ha TIPAKTHIII.

Mertoauka poO3paxyHKY CHCTEMH €JEeKTPOKMBJIEHHSI Ha  OCHOBI
dorodaTapei

BxinHi naHi 11 po3paxyHKy:

- ©KBIBaJIEHTHUM OIip HaBaHTAXXEHHS 3a MOCTIMHUM CTPYMOM Ry;

- TOTY>KHICTb 32 3MIHHUM CTPYMOM Ppy_;
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- TOTY)XHICTb 32 MOCTIHHUM CTPYMOM Pp=;

- KK]I inBepTOpa Hanpyru #;;

- KKI[ T1IITH N,

- KK akymyisitopa 745

- MOTY>KHICTh COHSTYHOI'O BHUIIPOMiHIOBaHHSI P (3 BpaXyBaHHSIM KyTa HaXWiy
MIX IIOBEPXHEIO0 COHSIYHOT OaTapei i COHIYHUM BUIIPOMIHIOBAHHSM);

- yac poOOTHM CHCTEMH CHEPrOKMUBIICHHS BiJI aKyMyJATOPHUX OaTapeil 3a
B1JICYTHOCTI COHSYHOT'O BUIIPOMIHIOBAHHS ta.

Po3zpaxynok

1. CymapHa nOTYy>KHICTh HABaHTAKEHHS 32 OCTIMHUM CTPYMOM

Pos =R I+ B ) m,. (7.5)
2. €MHICTh aKyMYJIITOPHUX Oatapeii:
Q=P t,/q, (7.6)

1€ ( — I0IyCTUMA TTIMOMHA pO3pALy (3aJIEKUTh BiJl TUITY aKyMYJIATOPA).
3. Po3paxyHOK Halpyru Ha BUXO/1 EpeTBOpIOBaya /il OTPUMAaHHS 3HAYE€HHS

MOTYXHOCTI1 Py
U, =P Ry - (7.7)
4. Bwusnauenns 3 BAX (oTtomMomyinisi TOYKH 3 MaKCUMAITBHOIO MOTYXKHICTIO (/,,
U,,) 3a 3a1aHOTO PiBHS OCBITIICHHOCTI, PO3PaXyHOK MaKCUMAJIBHOI MOTYXKHOCTI P,,.

5. PospaxyHOKk MiHIMaIBHOI KIIBKOCTI (HDOTOMOJIYJIB It 3a0e3MeUeHHS

HEOOX1THOI MOTY>KHOCTI:
N :[PH2 I (P, '77nnH)]+1- (7.8)
6. BusnauenHs koH@irypauii 3’eqHaHb GOTOMOAYJIB y Oarapero (KUIbKICTb
MOCIIZIOBHO 1 MapanenbHo 3’enHaHuxX ¢ortomonyiniB). Ha mpoMy erami KUTbKICTb
(bOTOMOYJIB MOYKE KOPEKTYBAaTUCh B CTOPOHY 301JIbILICHHS.
7. Bu3HaueHHs TOYKH 3 MAKCUMAJIBHOIO MOTYKHICTIO (hotobaTapei (1, Uy).
l,=1,, N_» (7.9)
(7.10)

@

u,=U, -N

11oci1 !

ne — Nyzap, Nzocyr — KITBKICTh MapasenbHO 1 TOCHTIIOBHO 3’ €AHAHUX (POTOMOTYITIB.
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8. Pozpaxynok miomii poTobaTapei:
S =50 Nyocr - Npp (7.11)
ne So — mora oAHOTo (POTOMOTYIIS.
9. Po3paxyHOK CHIBBIAHOIICHHS MDK Hanpyrord Ha HaBaHTAKECHHI 1 Ha
dorobarapei:
k=U,/U,. (7.12)
10. Po3paxyHok KoehillieHTY KepyBaHHS IIEPETBOPIOBAYECM ) 3a 3HAYCHHSIM K.
Ha ocHOBI po3paxyHKiB 0OHparOTh TMOTYXXHICTh (OTOMOAYJIB, €EMHICTh
akyMyJsiTopa, po3paxoByroTh napamerpu [IIIH 1 i#Beptopa. Cucremu
CJICKTPOXKUBIICHHSI 3MIHHOTO 1 TMOCTIMHOTO CTPYMY CTBOPIOIOTH TAaKOXX Ha OCHOBI

BITPOEJIEKTPUYHUX YCTaHOBOK.

3anuTaHHA

1. Ha3BiTh siBUILIE 3aBASKH SIKOMY COHSIYHI CTaBKH MOXYTh 30€piraTu TEIIOBY
€HEpPrilo IPOTATOM TPUBAJIOTO Yacy.

2. Bxaxitb popmy pokycy napaboaonuiiHIPUIHUX KOHIIEHTPATOPIB.

3. Ha3BiTh THIIM KpeMHi€BUX (OTOETEMEHTIB.

4. Ha3BiTh MpUYMHY, Yepe3 SIKy €JEKTPoJ (poToeneMeHTa 3 OCBITIIOBAIBHOI
CTOPOHH Ma€ CMYXKOBY (hopmy.

5. Ha3Bith npuumnHy, yepe3 sSIKy Ha BUXOJ1 OaTapei 3 MOCTiJOBHO BKIFOUEHUX
dboTOENEMEHTIB BCTAHOBIIIOIOTH J10/I.

6. BkaxiTh Ha3By MNPHUCTPOIO, SIKUM Bif ¢oTodaTapei MOXKIMBO BimiOpatn
MaKCUMaJIbHY MOTY>KHICTb.

7. Ha3Bitb  (bakTOpW, BiA SKUX 3aJ€KUTh BeJIWYMHA  (POTOCTpyMy

dboToeneMeHTa.
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Jlexuist Ne 8. BiTtpoBa enepreruka

OcCHOBHI TepMiHU | BU3BHAYECHHS

Bimpooeuzyn — mnpucTpiii Ui TIepeTBOPEHHS KIHETUYHOI €HEeprii IMOTOKY
MOBITPS Y MEXaHIYHY pOOOTY.

Bimpokoneco — cxnagoBa 4YacTMHa  BITPOABUTYHA, TpPU3HAYEHA  JUIS
MIEPETBOPEHHSI KIHETHMYHOI €HEprii BITPY B MEXaHIYHY €HEprito oOepTaHHS Baly
BITPOJIBUTYHA.

Bimpoenepzemuunuii azpezam (eimpoazpezam) - BITPOJIBHUTYH 1 OfHA a0o
JEKIJIbKa CHePreTHYHNX YCTAaHOBOK JIJISl TEHEPYBAHHS €IEKTPUYHOI eHepTii, miaiomMy
BOJM, CTUCHEHHSI MIOBITPSA 1 T.J.

Bimpoenexmpuuna ycmanoeka (BEY) — enepreTuuHuil KOMIUIEKC Yy CKIIaJi:
BITpoarperar, akyMmyJroBajibHa CUCTEMa (32 HEOOXIJTHOCTI) 1 CHUCTEMa PETyJIFOBaHHS
pexuMiB poOOTH 1 KEpyBaHHSI.

Bimpoenexkmpuuna cmanyia (BEC) 00’enHye B €IWHMIA eHEpreTUYHUIN

KOMIUIEKC B1J JE€KIJIbKOX OJUHHIE 10 JeKUIbKOX THCIY BEY.

®Di3n4HI 0CHOBY BUKOPUCTAHHS €HEPril BiTpy

Pyx moBiTpsiHux mac y atMocdepi — BiTep — BUHHUKAE M JI€I0 PI3HUI TUCKY
MOBITPS B PI3HUX TOYykax armocepu. Pi3HMISI THCKY 3a3BUYail BHHUKAE 4Yepes
PI3HMIIIO TeMIiepaTyp MNOBITpsIHMX Mac. OAHIED 3 NPUYMH BUHUKHEHHS BITPY €
TakoX oOepTaHHS 3eMJi HABKOJO CBO€i oci. [7100anbHY HUPKYJSIIO TOBITPS B
aTMocQepi nmokazaHo Ha puc. 8.1.

VY 30H1 exkBaTopa MOBITPsS HArpiBa€ThCS 1 MiJAHIMAETHCS Bropy. BepxHi mapu
aTMOC(epH pyXaroThCs Y HAMPSIMKY TOJIIOCIB, JIe OXOJOKYIOTHCS 1 OMYCKAIOThCS J10
noBepXxHi. XOJOJHI IIapu TMOBITPS MNEPEMILIYIOThCS HaJl TMOBEPXHEK 3emil Y
HaIpsAMKy eKBaTopa. EHepreTnunmii moreHmian BiTpy craHoBuTh 16.8-10%° kBt rox

(6musbko 1 % Bix eneprii Conis).
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Puc. 8.1. Llupkynsuis noBiTps B atMocdepi

[Ipote, 3Baxkaroun Ha penbedHI OCOOIMBOCTI MICIIEBOCTI, BIIAAICHICTD BIJT
MODIB 1 OKEaHiB, MOPHU POKY, CHJIa 1 HAMPSIM — OCHOBHI XapaKTEPUCTUKH BITPY —
3MIHIOIOTECS 32 PI3HUMHU 3aKOHAMH, TOMY €HEpris BITPY B KOXHiil TOUIll MOBEPXHI
3MIHIOETBCS B IUPOKUX Mexax. [loTeHirian eHeprii BiTpy 3a perioHamMu YKpaiHu Ha

BucoTi hy = 10 M Bix moBepxHi 3eMJIi mokazaHo Ha puc. 8.2.

%
ST %
SN
: i -
s bRNDS
"‘" YIII“‘"
Cepens WBHIKICTS BiTPY 'M”.'":iw,
(Ha BuxcoTi 10 ») xBraromixsapic
| [ V<dsmc | "-?“nmui
Mlnh{,
e
- ] R
e

BITPY HA PizHiit BHCOTI

Puc. 8.2. [Totenuian eHeprii BiTpy Ha TepuTopii YKpaiHu

31 30UIBIIIEHHSM BUCOTHU IIBUAKICTh BITPY 301IBIITYETHCS 32 TAKUM 3aKOHOM:
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n

V=V, h : (8.1)

h,

Je Vi —3HaueHHS IIBHIKOCTI BiTpy Ha BHcoTa hi, h — BHcoTa, Ha sKili HEOOXiITHO
BU3HAUWUTHU IIBUAKICTH BITPY, N — KoOEdIIEHT, SKUH BpPaxoBYy€e OCOOJIUBOCTI
MICIIEBOCTI ([ piBHUHHOI ToBepxHi N = 1/7).

Kinetnuny eneprito E MOBITPSHOTO MOTOKY PO3paxoBYIOTh 32 (HOPMYIIOIO:

2
W = % (8.2)
Jie M — Maca MoBITPS.

Bupasumo Macy nositps M yepes 06’em V i ryctuny p = 1.23 xr/m®;

2
w2V (8.3)
2

OO6csr eHeprii HOBITPSHOTO MOTOKY, SIKU MTPOXOUTH Yepe3 mepepi3 MO0 S

3a yac t Bu3Ha4aTh 3 Bupasy (8.3) 3aminoro V = S-v-t:

3
W = /’32”. (8.4)

3Bakatoun Ha (8.4), MUTOMa TOTYKHICTh MOBITPSHOTO TOTOKY P uepe3

ningaky miomero 1 M% 3a 1 cekyHIy TOPIiBHIOE:
3
V
p = (8.5)
2
3a mMBUAKOCTI BITPY V = 3 M/C NUTOMa MOTYXKHICTh TMOBITPSHOTO IOTOKY

ckinanae Py = 17 Bt/mM%, v =5 M/c — Py=77 Bt/M?, v = 10 M/c — P = 615 B1/™m2.

BiTpoenekTpu4Hi ycTAHOBKH

Eneprito BiTpy HailuacTillle BUKOPUCTOBYIOTh ISl T€HEPYBaHHS €JIEKTPUYHOI
eHeprii i3 3acrocyBaHHsSM BEY. OcHOBHMM KOHCTpYyKTMBHHM BYy3j1oM BEY €
BiTpoarperar /10 CKJIaay SKOTO BXOJSATH BITPOKOJECO, MYJBTHILTIKATOP 1 TEHEPATOP.
Bitpokoneco mif ai€ro BITpY CTBOPIOE 0OEPTOBHMII MOMEHT Ha Bajly reHeparopa. s
y3TOJKEHHS 4acTOTH OOepTaHHS BITPOKOJEca 1 YaCTOTH MEPEKi BUKOPHUCTOBYIOTH

MynbTUILTIKaTOp. Takox BEY KOMIUIEKTYIOTH CHCTEMOIO KEpyBaHHS POOOTOIO
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BiTpoarperaty i renepatopoM. IcHye nBa ocHoBHuMX THNH BEY — 3 BepTukanpHo1O,

puc. 8.3 1 TOpU30HTAIBHOIO BicCIO 0OepTaHHs, puc. 8.4.

a) 3 poropoM CaBoHiyca; 0) 3 potopom Macrpysa; B) 3 poropom Jlap’e; T) 3 TeTIKOAIHUM POTOPOM

Puc. 8.3. BEY 3 BepTuKanbHOIO BicCIO 00epTaHHS

£

G ¥

a) OJJHOJIOIIATCBA, 6) JABOJIOIIATCBA, B) TPUJIOIIATCBA, F) OaraToJionareBa

Puc. 8.4. BEY 3 ropU30HTaJIBHOIO BiCCIO OOEpTaHHSA

Porop BEY 3 BepTUKaJbHOI BICCIO 00EpTa€ThCs  HABKOJIO  OCI,
NEPIEeHIUKYIIAPHIN HampsMy NoBiTpsHOTO noToKy. [lepeBarn BEY 3 BepTukanbHoro

BICCIO OOEpTaHHS:
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- BIJCYTHICTb CHCTEMH Opi€HTalli 3a HampsMOM  BITPY, OCKIJIbKHU
edekTuBHICTh poOoTH BEY 3 BepTHKaAIBbHOIO BiCCIO BU3HAYAETHCS JIUIIE MIBUAKICTIO
BITPY 1 HE 3aJICKHUTH BiJl HOT'O Opl€HTAIIIT;

- BiCh OOepTaHHS pOTOpa TEeHepaTropa CIIBHNAZaE 3 BICCIO OOEpTAHHS
BITPOKOJIECA, TOMY F'€HEPATOP 1 pEAyKTOp PO3MIlLyI0Th BHU3Y BEY;

- MEHIIIC HaBaHTaXeHHs Ha ornopy BEY.

Hes3Baxaroun Ha 111 mepeBarn, BEY 3 BepTukanbHOIO BicCI0 OOEpTaHHS HE
3HAUIIUIM [UPOKOT0 3acTocyBaHHs. Lle moB’s3an0 3 TuM, o BEY 3 ropuzoHTansHO0
Bicctlo oOepranHs MatoTh Outbumii KKJ[ 1 MeHmry BapTicTh. 3a Te€OMETpIEIO
BiTpokojieca BEY 3 ropu3oHTanpHOIO BiCCIO 0O€pTaHHS MOJUISIOTH HA OJHO-, ABO-,
Tpu- 1 OararosionareBi. Sk mpaBwiIo GaraTojOMaTeBl arperaTu MpalioTh 3 HU3BKOIO
HIBUJKICTIO OOEpPTaHHA, NPOTE MAalOTh BEJIMKHA OOEPTOBHM MOMEHT, TOMY IX
BUKOPHUCTOBYIOTh B SIKOCTI ITPUBO/IIB HACOCIB Ta 1HIIMX BUKOHABYUX MPUCTPOiB. O1HO-
TPWJIONIATEBl POTOPU MAIOTh BHUCOKY IIBHJIKICTH OOEpPTaHHS, TOMY iX, SIK IpaBUIIO,
17’ €JHYIOTh JI0 €JeKTporeHepaTopis. HaifuacTiiie BHKOPHMCTOBYIOTH TPHJIONMATEBI
BITPOKOJIECA. [X OCHOBHMM HEJOJIKOM Oylia BUCOKA CTapTOBa MIBHAKICTH (4-6) M/c, y
cydacuux BEY 3HaueHHs 1IbOr0 MOKa3HHUKA 3HUKEHO 110 (2-3) m/c.

3a mpusHaueHHsaM By3nu BEY po3ainsioTs Ha MexaHiuHi, aepoMexaHiuHl 1

eJICKTPHUYHI, pHC. 8.5.

OnopHa dyHIaMeHT Bitpokoneco I'eneparop
Oarrta ¥
v I'onnoma
Cucrema 3
\ 4 \ 4
CTEREHHA 38 N\ |
HaInpsAMOM BiTpy Mexaniuna | | Aepomexani- | | Enexkrpuyna
/ JacTHHA YHa YaCTUHA JacTHHA
Baun BiTpokoneca
A A A
["anpMmiBHA / . OO6Tikau Cucrema
MynpTHIUTIKATOp
cHucTeMa TOHI0IA KEpyBaHHA

Puc. 8.5. CrpykrypHa cxema BEY
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Bci Bukonasui nmpuctpoi BEY 3 ropusonTanpHO0 BicCl0 00€pTaHHS PO3MILICHO Y
BEPXHI YaCTHHI OMOPHOI OAIITH — TOHOJII, Ky 3aKPIIUIIOITh Ha GyHIAMEHTI, PHC.

8.6., ne 1) pynmament; 2) 6ammra; 3) rongoa; 4) BITpOKoJeco; 5) o0TiKa4 rOHJI0MH.

Puc. 8.6. 3oBHiHIN Bux BEY

B3aeMHe po3MillleHHs arperariB B TOHA0J1 TOKa3aHo Ha puc. 8.7, ne 1- BTynka
BITpOKOJIECa; 2 - TeHepaTop; 3 - MYJbTUIUNIKATOp; 4- CUCTEMa CTEXEHHS; 5 -

rajapMo; 6 - BaJl BITpOKoJieca

Puc. 8.7. BzaemHe po3MillieHHSs arperartiB y TOHI0J

Huwxue HaBeIEHO KOHCTPYKIIIO, OMUC 1 TEXHIYHI OCOOJIMBOCTI OCHOBHHUX

ckiragoBux yactud BEY.
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Bimpoxoaeco

[Ipu3HaueHHs BITPOKOJECa MEPETBOPIO-BATH KIHETHMYHY EHEPTii0 TOTOKY
MOBITPS y MEXaHIYHY 1 KOHILIEHTpYBaTH 1i Ha Bally. BiTpokoiieco CKIagaeThCcs 3
BTYJIKH 1 3aKpiruieHuX B Hiil jonateil. B notyxxuux BEY nonarti maioTe nomatkoBuii
MIPUBO/I, SIKUH 3MIHIOE KyT MPOGLII0 KpUjla 3aJICKHO Bijl ITBUAKOCTI BITPY. BUIbIIICTh
cysachux BEY  ocHamyioTh — TpujonmaTeBUMH — BITPOKOJECaMH,  OCKLJIbKU
aepoJMHaMIyHI BTpAaTH 3a YMOBHM iX BUKOpHcTaHHI MeHmn Ha 10 %, HIK Yy
nBosonareBux 1 Ha 4 %, HDK y onHosnomnareBux BiTpokodic. CyudacHi BEY
MOTYKHICTIO JIEKiJIbKa MeraBaT MaroTh Jionari po3mipoM (40-60) m. Po3wmip somareit
OOMEXEHO TPaHUYHOIO JIHIAHOI IIBUJIKICTIO I1X KIHIIB, SIKA HE TOBUHHA
MEePEBUIIYBATH MIBUAKOCTI 3BYKY, 1 3MIHOIO IIBUAKOCTI BITPY 3 BHCOTOIO, opMyIia
(8.1). OcranHIM YacoM € TEHAEHLIs A0 30UIbIICHHS [laMeTpy BITPOKOJIC 1
noTy>HOCTI BctaHoBlieHux BEY, mo 3MeHmiye BuTpatu Ha crnopymkeHHs BEY i

BapTICTh OTPUMAHOI €JIEKTPOCHEPTi.

Mynemunnikamop

BiTpokosieco pazoM 3 BaJIoM € pyXOMOIO YaCTHHOIO BITPOJBUTYHA — POTOPOM.
KyroBa mBuAKicTb 00epTaHHS pOTOpa 3a3BHYali 3HAYHO MEHIA HDK CTaHJapTHA
yacToTa Hamnpyru Mepexi. TomMy MIDK pOTOpOM BITpOKoJieca 1 TEHEpaTopoM

BCTAHOBJIIOIOTH MYJIBTUILIIKATOP, pUC. 8.8.

reHepaTop

MyJIBTH-

Puc. 8.8. Cexma 3’eHaHHSI BaTy BITpPOKOJIECa, MYJIbTUILIIKATOpa 1 TeHepaTopa
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[lepenaBanpHe 4YMCIO SKOTO, SK IPaBWIIO, Ma€ 3HAuUeHHSA B Mexax 5-50.
Buxopuctanas MynbTUILTIKaTOpa MPU3BOIUTH N0 JTOJATKOBUX BTpAT, TOMY HIEsKi
BUPOOHUKH TIpoekTyioTh BEY 3 Ge3nocepennim 3’€JHaHHSAM pOTOPIB BITpOKoJieca 1
redepatopa. [[ns Takux cuCTeM BHUKOPHCTOBYIOTh IIBHUIKOXIJHI BITpOKojeca 1

IrCHCpAaTOpHU 3 ZIeKiJIBKOMa ImapaMu TTOJIFOCIB.

Cucmema Kepysanns

Cucrema KepyBaHHs BUKOHY€E Takl (yHKIIII:

- opiedrtauito BEY 3a manpsimom BiTpy;

- rajJbMYBaHHSI BITPOKOJIECA 3a BEJIMKUX IIBUAKOCTEN BITPY (BHIE HIX 30 M/C);

- peryJroBaHHS BUXIIHOI MOTY>KHOCTI.

BukoHaBurMM MeEXaHI3MOM CHCTEMH OpI€HTallll 3a HampsIMOM BITPY €
CJIEKTPOJIBUTYH, Bajl SAKOTO 3’€IHAHO 3 CHCTeMOl oOepraHHs ToHgonmu BEY

3y0uaToro rnepenayeto, puc. 8.9.

Puc. 8.9. Mexanizm cucremu opientanii BEY

Kyt noBopory BEY Bu3HauaioTh 3a JaHWMH, OTPUMAaHMMH BiJl CEHCOpIB
IIBUIKOCTI 1 HANIpsIMKY BiTpy. Jliis 3abe3nedeHHst aBapiiiHO1 3yITUHKHU BITPOKOJIeca Ha
BEY BCTaHOBIIOIOTH TaJibMIBHI CUCTEMH aepOAMHAMIYHOTO (ITOBOPOT YAaCTUHH a00
BCi€l Jiomati) 1 MexaH1yHOTO ((PpUKITIHHE TAIbMO) THITY.

PerymtoBaHHsI BUXIJHOT MOTY>KHOCTI 3/1MCHIOIOTH PErYJIIOBAHHAM IIBUAKOCTI

oOepTaHHs Bajly BITpPOKOJieca 3aj€XKHO BiJ MBUAKOCTI BiTpy. s 1boro
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3aCTOCOBYIOTH JIBA METOJM: 3MiHYy KyTa MOBOpPOTY Jionarer (pitCh-perymoBanus) i
3puB 1moToky (Stall-perymioBanns). 3a ymoBuM BukopuctanHs pitch-perynroBanHs
3MIHIOIOTh KYT OpI€HTAIlli JIOMaTel BIJHOCHO HAMNpSIMKY BITPY (KyT aTaku), IIO
JI03BOJISIE  PETYJIIOBATH MEXaHIYHYy TMOTYXKHICTh Ha Baiy BiTpokoieca. Stall-
peryJIIoBaHHS peaji3yloTh 1HAKIIUM YMHOM. JIiHIHA MBUAKICTH Tepepizy npodiitro
BITpOKoOJIeca 30UIBIIYEThCSA 3 BiJaJeHHSAM BiJl oci oOepraHHs. ToMy Ha TMEBHIM
BIJICTaHI BiJl LIEHTPY OOepTaHHS BiAOYBa€TbCs 3pUB MOTOKY 1 MiTHOMHA CHIIa
nepecTae JIisATH Ha JIONAaTh, TOYMHAIOYH 3 I1i€1 TOYKH, JIOMATh MPAIIO€ HECPEKTUBHO.
Jns  3a0e3nedyeHHs] ONTUMAJIbHOTO BHKOPUCTAHHS €HEPrii MOTOKY 3a pI3HUX
IIBUIKOCTEH BITPY, JIOMATh 3aKPY4YyeEThCS HABKOJIO CBO€i oci, puc. 8.10. Stall-
peryiioBaHHs 3abe3nedye Taki yMOBHM pOOOTHM BITpOKOJeca, IO 3a PI3KOro
30UTPIIEHHS IBUJIKOCTI BITPY, MOTYKHICTh Ha Bajy BITPOKOJIECa HE 30UIbLIYETHCS.

[le#t meton edexTuBHMM i 3a0e3MEUEHHS TOCTIMHOI IMIBUAKOCTI OOepTaHHs

BITpOKOJIECA.
\ ILnomuna
. : 00epTAHHA
OcHoBa jiomati :
Kinenn
JI0MATI
B
————
-
Bitep '
i
!
Puc. 8.10. 3oBHimHiit Bux npodinto kpuna 3i stall-peryiaroBanasm
I'enepamop

BEY Manoi moTy>XHOCTI OCHAIyIOTh T€HEPATOPAMH MOCTIHHOTO CTPyMYy, SKi
3aCTOCOBYIOTh SIK JiKepesia aBTOHOMHOro »uBjieHHS. BEY cepennpoi 1 Benmkoi
MOTYXXHOCTI KOMIUIEKTYIOTh T€HepaTopamMu 3MIHHOIO CTPyMy 1 HiJ’€IHYIOTb 0
mepexi. Y BEY 3 mocTiitHOIO MBHIKICTIO 0OepTaHHS BCTAaHOBIIOIOTH CHHXPOHHI
reHeparopu. [ns crabimizanii MIBUAKOCTI 0OEpTaHHS BITPOKOJIECA BUKOPUCTOBYIOTh

meton Stall-perymioBannsa. V takux BEY Bimbip MakcumaibHOI IMOTYKHOCTI
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3I1ACHIOIOTH JIMIIE 32 HOMIHAJIBHOI HIBUAKOCTI BITPY, TOMY Ha MPAKTHIIl YacTilIe Ha
Buxoai BEY BCTaHOBMIOIOTH cHucTeMH BIiOOPY MaKCHUMAaJIbHOI IOTY>KHOCTI, MO

MIJBUIIY€E e(PEKTUBHICTD X POOOTH.

TexHiuHi mapaMeTpu BiTpoKoJIeca

VY pe3ynbTaTi B3a€EMO/IIi JonaTel 1 MOBITPSIHOTO MOTOKY YacTUHA MOro eHeprii
nepenacThesl BiTpokosiecy. B ijeanbHil BITpPOBiM YCTaHOBIII B MEXaHIYHY €HEPTiiO
nepetBoproeTbest 59,3 % eHeprii  MOBITpSAHOTO TMOTOKY. IloOKa3HUK, sIKUN
XapaKTEePHU3y€e BEIMUMHY €HEPrii MOTOKY, sIKa MEPETBOPIOETHCA Y MEXAHIUYHY €HEPTIIO,
Ha3MBalOTh KoediluieHToM MnoTykHOocTi Cp. Y peanpHUX BiTpoarperarax Leu
MOKa3HUK Mae 3HadeHHs y Mmexax 0,2-0,45. 3 ypaxyBanusm koedimienty Cp 1

dbopmynu (8.4) notyxHicTh BiTpokoseca BEY onucyroTs hopmyoro:

2,,3

ne R — paniyc BiTpokoJieca.
BaxnuBuM mapamMeTpoM BITpoOKoJieca € MOro MBUAKOXIAHICTD Z:

7 -9R (8.7)
\Y

Jie ® — KyTOBAa IIBUJIKICThH BITPOKOJIECA.

IBraKOX1AHICTE O3HAYac CHIBBIAHOIIECHHS JIHIAHOI IBHUAKOCTI KIHIA JOMaTl 10
HIBUJKOCTI  TOBITPSHOTO  TOTOKY. 3a  NPaBWIBHO  OOpaHOro  3HAYEHHS
IIBUKOX1THOCTI JIONATh BITPOKOJEca HE TMOTparuisie y TypOyJEeHTHUN TOTIK,
CTBOPEHHUH MONEPEAHBOIO JIOMATTIO, OCKUJIBKH IIEH MOTIK BCTUTAa€ TTOKUHYTH 00J1acTh
BiTpoKosieca. Pa3oMm 3 TUM He BIIOYBA€ThCS BUIbHE MPOXOKEHHS MOBITPSIHOTO
MOTOKY Yepe3 BITPOKoJieco Oe3 B3aemoii 3 jonaTsMu. JJis BUKOHAHHS IUX YMOB
CIHIBBITHOIIIEHHS MK IIBUAKOXIJIHICTIO 1 KUIBKICTIO jorraTteil N € Takum:

_ar

8.8
onm N ( )

KoeiuienTt notyxnocti Cp 3a1€KUTh BiJ MBUAKOXIAHOCTI Z. OYHKIIIOHATBHY

3anexHicTh Cp(Z) aist BiTpoarperaTiB pi3HOTO TUITY TIOKa3aHo Ha puc. 8.11.
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& , - .
MaKCHMAJbHO JOCHKHHH KoedinieHT noTyxHocTi 0.593

IenakoxinHi
/ ;,Q 2-, 3-1onaresi
BiTpokouieca (0.45)

0.6

Ineaanane
BiTpOKOIECO

0,5}

0.4

TuxoxigHe
faraTosonareBe
BiTpokoaeco (0.3)

0.3

0.2

0.1

Puc. 8.11. 3navenns koedimieHTY MOTYKHOCTI PI3HUX THITIB BITPOKOJIIC

3 puc. 8.11 MoxHa 3poOUTH TaKi BUCHOBKH:

- HaWOUIhIIMI  KOE(ILUIEHT TMOTY>KHOCTI MarOTh JBO- 1 TPHUIJIONATEBI
BITPOKOJIECA;

- JIOCSTTH MaKCUMAJIbHOTO KOe(dilli€EHTa TMOTY>KHOCTI MOKJIMBO 3a YMOBH
MPABUJIBHO M1110paHOT0 3HAYEHHS MIBUAKOX1THOCTI BITPOKOIECA Zopp-

s nBo- 1 tpwinonareBux BEY 3anexHicTs koedirienTy notykHocTi Cp Bij
MIBUAKOXITHOCTI Z 100pe ampoKCUMYEThCS JBOMa (YHKIISAMU — JO TOYKH 3
MaKCUMAaJIbHOIO MOTYKHICTIO Cpmax 1 micist Hel. i 11boro HeoOX1JHO 3HATHU 3HAYEHHS
MIBUIKOX1THOCTI B TOYIIl 3 MAKCUMAJIBLHOIO MOTY>KHOCTI Z,y, 1 MAKCUMAIIBHO MOYKITHBE
3HAUEHHSI IBUJIKOX1THOCTI JIJIsl JAHOTO TUITY BITPOKOJIECA Zmax.

JIiBy rinky xapaktepucTtuku (Z < Z,,) OMUCYIOTh TaKOK0 (YHKILIETO:
2
Co=Comn(Z/Zpy) (2212, +3). (8.8)
[TpaBa rinka xapakTepuCTUKH (Zoym < Z < Zmax):
2 2
CP = CPmax _CPmax(Z - Zopt) /(Zmax B Zopt) . (89)

Ha ocHOBI aHaMITUYHOTO BHpa3y 3aJIEKHOCTI KOE(ILIEHTY MOTYXHOCTI Bij

B aAKOXigHOCTI Cp = f(Z) omiHIOIOTH pOOOYHMIA AiaMma30H MIBUAKOCTEH BITpOKOIEca.
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Y3romxkeHHs XapaKTePUCTHK BITPOABUIYHA i reHepatopa BEY
[TotyxHiCTh Ha Bally BITpOKOJieca MPOMOpPLIHHA TPETi CTeneHi HIBUAKOCTI
BITpY, popmyna (8.6), TOMy MOXKE 3MIHIOBATHCh B IIUPOKUX Mexax. Jlo Toro x 3i
3MIHOIO IIBHJKOCTI BITPY 3MIHIOETHCS IIBHIKICTh 00E€pTaHHS BITpOKOJEca, 3a SKOi
NOTY>KHICTh Ha Bajly BITpOKOJieCa € MakCHUMalbHOI. ToMy HEOOXiIHO Y3roguTH
XapaKTepUCTHKH BiTpokosieca i reHeparopa BEY. Ili xapakrepucTUKM HOBHHHI
BimoOpakyBaTH 3MIHM TIOTY>KHOCTI BITpOKOJIeCa 1 TEHeparopa 3alleHO Bif
MIBUJIKOCTI OOEpTaHHs BiTpOKoJieca. 3arajJbHUM BUJ IUX XapaKTEPUCTUK HaBEIECHO
Ha puc. 8.12.
P

v, 00/XB

Puc. 8.12. CymilieHi XapakTepUCTHKU TOTYXHOCTI BITPOJIBUTYHA 1 TeHepaTopa

3 puc. 8.12 BumiauBae, M0 3a PI3HUX IIBUAKOCTEHN BITPY Vi- Vs MaKCHUMaJlbHa
MOTYXHICTh JIOCSTAEThCA 32 PI3HOI YacTOTH oOepTaHHs BiTpokojeca. Jls
y3rOJKEHHS BITPOKOJIeca 3 TeHepaTopoM HEoOX1JHO oOpaTu Take meperaBaibHE
YUCJIO MYJIbTUIUIIKATOPA, MO0 KpUBa MAKCUMAJbHOI MOTYXHOCTI Te€Heparopa
npoxoauiia OJU3bKO BiJ BEPIIMH KPUBUX MOTYXHOCTI BiTpoaBuryHa. Ha puc. 8.12
MOKa3aHo, M0 HAWUCHPUSATIUBINIMK pPEXKUM pOOOTH BITPOKOJEca 1 reHeparopa €
JOCSDKHUM  JIIE  CUCTEMH  BITPOKOJIECO-MYJIBTUILIIIKATOP-TEHEPATOp 32 KPHUBOIO
NOTYXXHOCTI A. SIKimo mepenaBaibHEe YHCIO MYJIBTHILUIIKATOpA BHUINE, KpUBA
MOTYKHOCT1 BIAMOBIae cuTyairii B, sikio 3anmkene — curyarii C. Y 1BOX oCTaHHIX

CUTYyaIlisix po0oTa reHepaTopa 1 BITpOKOJIeca € HEY3TOIKEHOTO.
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CTpyKTypa cucTeM eIeKTPOKUBJICHHSA HAa 0cHOBI BEY

BEY 3anexHo BiJ TUIly €JIEKTpOreHepaTopa MOXKYTh BHUKOPHUCTOBYIOTH IJIs
oprasizaiiii MepeXeBUX Y aBTOHOMHHUX CHUCTEM >KUBJICHHS 3MIHHOTO YW MOCTIHHOTO
cTtpymy. Jlms opranizariii aBTOHOMHHUX CHCTEM JKUBJICHHS IIOCTIHHOTO CTPyMY
BukopuctoBytoTh BEY manoi noryxnocti (o 10 kBT1). ¥V npomy Bumajaky He Mae
MOTPeOM pETryJIIoBaTH IIBUAKICT, OOEpTaHHS BITPOKOJECa 1 BUKOPHUCTOBYBATH
mynpTUILTiIKaTOp. Y Takux BEY Haituacriine BUKOPHUCTOBYIOTH ABUTYHH MOCTIHHOTO
CTpyMY 1 akyMyJsiTop. [HO1 i opraHizaliiii CUCTEM KUBJICHHS TTOCTIHHOTO CTPYyMY
BUKOPHCTOBYIOTh JBUTYHH 3MIHHOTO CTPYMy, Ha BHXOJl SIKHX BCTaHOBJIEHO
BUTIPSAMIISY 1 PUIBTP.

BEY cepenHboi 1 BeNMKOi TOTYXKHOCTI 3a3BM4Yail 3aCTOCOBYIOTH  JIJIst
TeHepyBaHHS HANpPyTrW 3MIHHOTO CTPyMy B LEHTpalbHy Mepexy. [ms 1mporo sk
reHepaToOpy 3MIHHOI HAMPYTH BUKOPUCTOBYIOTh CHHXPOHHI 1 ACHHXPOHHI JIBUTYHH.
3a yMOBH 0€3MOCEPEHBOTO MiJIKIIOUYEHHS JABUTYHIB 3MIHHOTO CTPYMY J0 MEpPEKi
4acTOTy OOEpTaHHs pOTOpa BITpOKOJEca MIATPUMYIOTh HAa MOCTIHHOMY PpIiBHI, IO
3MeHIye epekTuBHICTh podoTH BEY.

Jlis  ycyHeHHS TIIbOTO HEJOJIKYy Ha BHXOHI JBUTYHAa BCTaHOBIIOIOTH
BUTIPSIMJIISTY, TPUCTPIA BIAOOPY MaKCUMaJbHOI TMOTYKHOCTI 1 1HBepTop. Tomi
HIBUJKICTh OOEPTAHHS pOTOpa BITPOKOJIECA MOXKE 3MIHIOBATHCH B IIIMPOKUX MEXKAX 32
MOCTIIHOT YaCTOTH BUX1IHOI HAIIPYTH.

CxemMHu OCHOBHUX CUCTEM eleKTpoxkuBiieHHs BEY mnokaszano Ha puc. 8.13, ne
a) aBTOHOMHA CHCTEMa EJIEKTPOXKHUBJIEHHS 3 JIBUTYHOM TOCTIMHOrO cTpymy; O)
ABTOHOMHA CHCTEMa ENEKTPOXKUBJICHHS 3 JBUTYHOM 3MIHHOTO CTPyMYy; B) CHCTEMa
CJICKTPOXKUBIICHHS 3 TIOCTIMHOIO IIBUIKICTIO OOEpTaHHS  BiTpoKojeca 1
HIJKIIOUYEHHAM JI0 MEPEXKI; I') CHUCTeMa EJNEKTPOKUBJICHHS 31 3MIHHOIO IIBUAKICTIO

oOepTaHHs BITPOKOJIECA 1 MiIKIFOUYCHHSIM JI0 MEPEXKI.
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JBHTVH IlepeTsoproBay
Birpoarperat p{ OOCTifiHOTO p  [OCTifiHOI - >
CTPYMY HalpyIrH
F
a) —
AxyMyngarop
JEHTVH
BiTpoarperat »  3MiEHOTO »  BHIpaMITI —
CIpyMy
¥
0) ARKyMyIATOp
JEHMTVH
Bitpoarperat > 3MIHHOIO —
CTpyMy
B)
MBHTVH [IpucTpiil Bigbopy
Bitpoarperar |—p 3Mi{EHOTO — MaKCHMAIBHOI o BHOPAMATY |y [HBEPTOD Ly
CTPYMY DOTYAHOCTI

r)

Puc. 8.13. Cxemu cucrtem elneKTpOoKUBIICHHs Ha 0ocHOBI BEY

Po3paxynoxk BEY

Bximni maHi 11 po3paxyHKy:

- HOMIHaJIbHA HIBUJKICTb BITPY V;

- pamioHaNbHa IIBUJKOXIJIHICTh BITpOKOJeca Z,, 1 KOeDIIEHT MOTYKHOCTI

1A 1€l BUAKOX1AHOCT! Cpmax,

MaKCHUMaJIbHA IIBUIKOXIAHICTD Zmax,

BUXI1J{HA TIOTYXHICTh TeHepaTopa Py ;

KK]JI reneparopa 7, MyJIbTUILTIKaTOpa (Ha 3a/1aHE MepeIaBaIbHE YHCIIO0 ).

1. Po3paxyHOK MOTYKHOCT1 Ha Bajly BiTpokosieca (0e3 BpaxyBaHHs BTpAT y

MYJIBTUILTIKATOP1) P!

2. Paniyc BiTpokoineca:

PB’:i.

nr

/ 2PE§
R = ﬁ .
Pmaxpﬂv
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3. IIBunkicth 06epTaHHs BiTpoKoseca N:

n = A, (8.12)
27R"
4. Po3paxyHOK Iepe/1aBajibHOTO YUCiIa MYJIbTUIUIIKATOpA i
=2 (8.13)
n
S. KopekTtyBanHs  mepefaBajbHOTO  4YMclia  MYJbTUIUIIKATOpa 3
BpaxyBaHHsM Horo KK/ 7,

o

I = - (8.14)
6. [lepepaxynok iHmux mnapamerpiB BEY: n, R, Pg 3a 3HaueHHsIM

Koe(dilieHTy nepeaadt .

Po3paxoBani mapamerpu BEY BHKOpHUCTOBYIOTH JIsI OLIHKM PEXKUMIB il
pob6otu. Iuterpamis BEY Tta cucrem enexrpokuBieHHs ¢oToOaTapeii B €auHy
€HEpProcUCTEMY MOXJIMBA JIMIIE 33 YMOBHM BpaxyBaHHS IX HECTaOlLIbHOI BUXIAHOI
MOTYXHOCTI 1 MEpexoy BiJ LEHTPATI30BAHOI 1O JEUEHTPaI30BaHOI CTPYKTypHU

CHEPTOCHUCTEMH.

3anuTaHHA

1. BkaxiTh THUI 3aJI€KHOCTI MUTOMOI MOTY>KHOCTI BITPY BiJl HOTO IIBUJIKOCTI.

2. Ha3BiTh OCHOBHI TUIIH BITPOYCTaHOBOK.

3. Ha3BiTh OCHOBHI TiepeBard BITPOYCTAHOBOK 3 BEPTUKAIBHOIO BICCIO
oOepTaHHs.

4. HaBeaiTh 3aJIeKHICTh IMIBUIKOCTI OOEpTaHHS BITpPOKoOJIeCa BiJl KUIBKOCTI
JIOTIaTeN.

5. BxkaxiTh QyHKII10, IKY BUKOHY€E MYJIbTUILTIKATOP.

6. Ha3BiTh crocoOu peryiroBaHHSI MOTY>KHOCT1 BITpPOKOJIECa 32 YMOBHU 3MiHU
IIBUIKOCTI BITPY.

7. HaBeniTh BU3BHAUYECHHS TEPMIHY «IIBUJIKOXIJHICTH BITPOKOJIECAY.
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JIEKIIA Ne 9. IlenTpanizoBaHi i po3ocepen:keHi CHCTEMH €JIEKTPONOCTAYAHHS

OcCHOBHI TepMiHHU | BU3HAYECHHS

Iliocmanuyia (I1IC) — enekTpoycTaHOBKAa, IpU3HA4Y€Ha Ui NpPUKAMAHHS,
TpaHcdopmMmariii 1 po3noAiTy eHeprii.

Jicepeno enekmpooscuenennsn (JIE) — mxepeno enekTpoeHeprii, Ha MIMHAX
SKOTO 3MIMCHIOIOTh aBTOMAaTHUYHE pEryJloBaHHA mapameTpiB Hampyru. Oxpim
CJICKTPOCTAHIIIN JKEepenaMu €ICKTPOKUBJICHHS € TpaHChOpMaTOpHI MiACTaHIli, Ha
SAKUX BCTAHOBJIEHO PEryJsTOpPU HANpPyTH, JKEpella pPEeaKTHUBHOI €Heprii, JIHIMHI
pEryJsATOpH Ta 1H.

Enexmpuuna mepesca — 00’ € THaHHS TIICTAHIIIN 1 TIHIN eJeKTporiepeaay.

Enekmpoenepecemuuna cucmema — CYKyOHICTb €JIEKTPUYHUX YaCTUH
eJIEKTPUYHUX CTaHI[IM, €JIEKTPUYHHUX MEPEXK, CIIOKHUBAYIB €JIEKTPOCHEPrii, a TaKOX
IOPUCTPOIB KEPYyBaHHs, PETYJIIOBAaHHSA 1 3aXUCTy, $KI MpaliOlTh Y3TOHKEHO 1
3a0e3MeuyloTh ~ O€3MEepPEepBHICT,  BUPOOHUIITBA, TMepeldaBaHHA 1  CHOXKUBaHHS
€JICKTPOCHEPTii.

Enepzemuuna cucmema — cucteMa eJIeKTPOCTAHI[IN, EIEKTPUYHUX 1 TETJIOBUX
MEpeX 1 yCTaTKyBaHHS JUIsl BUPOOHUIITBA, MEpPEIaBaHHs, PO3MOAUTY 1 CIIOXKUBAHHS
TerI0Bo1 1 enekTpuyHoi eneprii: maposi kot (I1K), Typ6inu (T), reneparopu (I').

Ilponyckna 30amuicmb JiHII eleKkmponepeday — MaKCUMallbHAa aKTHUBHA
MOTYXHICTh TPhOX (pa3, SKy TEPEelaHO B YCTAICHOMY PEXKHMI 3 ypaxXyBaHHAM
PEKUMHO-TEXHIYHUX 0OMEKEHD.

Oo'conana enepcemuuna cucmema (OEC) Ykpainu — CcykynHicTh
CJIEKTPOCTAHIIIH, CJEKTPUYHUX 1  TEIUIOBHUX MEpEX, THIITUX 00'eKTIB
€JIEKTPOCHEPTeTUKH, 110 O0'€JHAHI CHUIBHUM PEKMMOM BUPOOHMIITBA, Mepeaadl Ta
PO3MOMILTY €IEKTPUYHOT 1 TETVIOBOT €HEPrii 3a X MEeHTPaTI30BaHOTO KepyBaHHS.

Tiopoakymynrweanvna enexkmpuuna cmanyin (I' AEC) — rinpoenekTpocTaHiiis,
Ky BHKOPHUCTOBYIOTH NJisi BUPIBHIOBAaHHS HEOJHOPITHOCTI rpadika HaBaHTAXKEHHS
CHEpProCUCTEMH 3aBISIKU CIIOKMBAHHIO €HEPril y HIUHI TOAMHU M1 Yac NnepeKavyyBaHHs

BOJIM 13 HIXKHBO1 BOJJOMMHM Yy BEPXHIO 1 T€HEPYBaHHS €HEPrii y MIKOB1 FOJIMHHU.
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http://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%81%D1%82%D0%B0%D0%BD%D1%86%D1%96%D1%8F
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http://uk.wikipedia.org/wiki/%D0%92%D0%B8%D1%80%D0%BE%D0%B1%D0%BD%D0%B8%D1%86%D1%82%D0%B2%D0%BE
http://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F
http://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%B2%D0%B0_%D0%B5%D0%BD%D0%B5%D1%80%D0%B3%D1%96%D1%8F

Maxoeux — ipuCTpiil A7 aKyMYJIIOBaHHS KIHETUYHOI €Heprii.
Po3zocepedicena cucmema eneKmponocmayanna — MeEpexa 1HTETPOBAHUX
TEIUIOBUX 1 €JIEKTPOCTAHIIIN MaJjIol 1 CEpeIHhOI MOTY>KHOCTI Ha OCHOB1 BUKOITHUX a00

BiJTHOBJTIOBTBHHX JKEPETT CHEprii.

CTpyKTypa HeHTPAJIi30BAHMX CHCTEM €JIEKTPOIOCTAYAHHS

Enexktpoennii BuJ eHeprii € yHIBEpCAIbHUM, OCKUIBKH €JIEKTPOSHEPTiio
MO>KJIUBO:

- TPAHCIIOPTYBATH Ha 3Hayl BIJICTaHI 3 MIHIMaJIbHUMHU BTpaTaMu;

- e(heKTUBHO aKyMyJIOBATH;

- 3pY4YHO PO3Tally’>KyBaTH MIXK CIIOKHUBayaMHu.

BukopuctanHs eneKTpUYHOI €HEeprii CIPUYMHWIO TIOSBY IPOTPECUBHUX
TEXHOJIOTIYHUX TPOLECiB, €PEKTUBHUX THUIIIB MAIIMH 1 MEXaHI3MiB, aBTOMAaTH3AIlil
mpoliiecy BUpOOHUIITBA 1 CIPUSIIO MBUAKIN enekTpudikaiii HaceIeHUxX Teputopiit. Y
3B’SI3KYy 3 THM, II0 TPAHCIOPTYBAHHS €HEPrii y eJEeKTpU4HIA (opMi 31MCHIOIOTH 3
HEBEJIMKUMHU BTPAaTaMH, €KOHOMIYHO BUT1IHUM € CHOPY/DKCHHS BHUCOKOMOTYXHUX
reHEePYBaJIbHUX CTAHIIM 3 PO3TATYKEHOI CUCTEMOIO JIiHINM eNeKTporepenad. 3a miel
YMOBHU CHCTEMOYTBOPIOBAJIbHI TMOTYKHOCTI MOXXYTh PO3TAIlIOBYBAaTUCh Ha 3HAYHIM
BiJICTaHI BiJ] criouBaviB. EHeprocucremu moOyaoBaHl Ha IIbOMY MPUHIIUII MAOTh
YiTKy IIEHTpali30BaHy CHUCTeMYy, B Ky O0O0’€JHaHO JEeKUIbKa MOTYXHHUX
CJICKTPOCTAHIIIN, EJICKTPUYHY €HEPT1I0 BiJl IKMX TPAHCIOPTYIOTh J0 CIIOKHBAYIB.

JUis 3MEHIIEHHS BTpAT MiJ] 4ac TPAHCHOPTYBaHHS EJIEKTPOEHEprii Ha BEJMKI
BIZICTaH1 11 MepenaroTh BUCOKOI Hampyrow (220 kB 1 Buie), A 4oro Ha BHUXO/I1
SJICKTPOCTAHII BCTAHOBIIOIOThH MiJIBUIIYBAIGHI TpaHC(HOPMATOPHI MIJACTAHINi, a IS
3BOPOTHOI'O NIEPETBOPEHHSI Y Oe3mocepeiHiii OJIM3bKOCTI BiJl COYKHWBa4a — MOHKYBAIbHI
TpaHchOopMaTOpHI MIACTAHIII. Y CKJIal eJIeKTPUIHOI MePEkKi, puc. 9.1 Takox €:

- posnoauteHi mipuctpoi (PIT), sxi mnpusHaueHi st npudMaHHS 1
po3noiy enekTpoeHeprii 6e3 ii Tpancdopmariii. Cxnaguuku PII: xomyrtatopw,
MPUCTPOI KePyBaHHS, 3aXUCTYy, BUMIPIOBAaHb;

- miHii enekrponepenad (JIEIT);
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- MPUCTPOT KOMIIEHCALlll pEaKTUBHOI MOTYXHOCTI;
- okepena peaktuBHOI moTykHOCTI (JIPII): koHaeHcaTopHi OaTapei, CHHXpOHHI

1 CTaTUYHI TUPUCTOPHI KOMIIEHCATOPH.

r rnc1 JIEN Mnc2 .
+@7+©—>|7“—>|—>© . » > Cnoxusaui
A\ Y
KomneHcaTop AOPr1
MK

EnekTpuyHa mepexa

A
\

Cuctema elieKTponocra4vyaHHA

A
\

EnekTpoeHepreTnyHa cuctema

A
\

EHeprequHa cucrtema

A
Y

Puc. 9.1. OcHOBHI By3/I1 €HEPreTHUHOT CUCTEMHU

Enextpuuna wmepeka mMOBMHHA 3a0e3leyyBaTh HaJliHE, HEOOXIJHOI SKOCTI
€JIEKTPOIOCTAa4YaHHs, MaTH BHUCOKUM piBEHb O€3MEKH, €KOHOMIYHOCTI €KCILTyaTarlii 1
MOXJIUBICTb PO3ILINPEHHS. OCHOBHOIO MEPEKEI0 €HEepProcucTeM €
CHCTEMOYTBOPIOBAJIbHA, Yepe3 Ky TPaHCHOPTYIOTh MOTYXKHICTh 10 oAuHUlL ['BT Ha
BEJIMKI BiJICTaHI. /{7151 3SMEHIIIEHHS BTpaT MOTYHOCTI HaNpyra M>KCUCTEMHHUX MEPEXK €
HavBuiorw 1 gocsrae (500-1150) kB. s nepenaBaHHsi eHEprii y CepeluHi CUCTEMH
BUKOPUCTOBYIOTH Harpyry 220 kB a6o 330 kB. 3arajioM HOMiHaIbHA MOTY>KHICTh JIHIN
eJIeKTporiepeiad 3aJIeKUTh BiJ] MOTY>KHOCTI 1 BiICTaH1 O criouBauiB. [Ipu3HadueHHs
PO3MOJIIIBYUUX MEPEX — TPAHCIOPTYBAHHS €HEpPrii Oe3mocepeHhO 10 CIOKHUBAYiB
Harpyroto (6-10) kB, posmomin eneprii Mk migctaniism (6-110/0.38-35) kB,
TPAHCMOPTYBAHHS TOTY>KHOCTI BIJ] €JIEKTPOCTAHLINA CEpeHBbOI MOTY>KHOCTI (IECATKH,
coTHI Merasar). CUcTeMy pO3MOJIUTY €IeKTPOCHEprii yTBOprooTh Mepexi (6-220) kB 3
JIBO-, TPUCTyNEHeBUM moHmWKeHHsM Hampyrd (110-220/35/6-10) xB. Posnomiibui
mepexi Hanpyroro (110-220) kB nepenaroth MOTYKHOCTI 10 JiecaTKiB Merasar, (6-35)

kB — 10 ogunumie merasar, mpomucioBi mepexi (0.38-0.66) kB — 10 coreHp Kimosar,
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crioxkuBaipki Mepexi (0.22-0.38) kB — 1o mecarkiB kiioBat. Mepexi Hanpyroro (110-
220) kB OyayroTh Ha OCHOBI TOBITPSHUX JIiHIA €JIEKTporepenay, MiICTITh BEJIHKI
MIJCTaHINI palOHHOTO 3HAYEHHS 1 MOXYTh OO0 €IHYBaTH TIiJCTaHIi HEBEJIUKOI
noTyxHocTi. Mepexi 35 kB mpoeKTyroTh Ha OCHOBI JIiHiI TOBITPSHUX €IEeKTporepenayd
3 IeKiJIbKOMa MMiFACTaHIisIMUA HeBeIuKoi motyskHocTi. JIiHii (0.22-10) kB € xabeapHUMHU.
Kondirypariiss Mepex 3aleXuTh BiI B3a€EMHOTO PO3MIIICHHS E€IEKTPOCTAHIIIM,
NpUMaNbHUX MIACTaHIINA 1 BUMOr 3a0e3MeueHHs HaIIMHOCTI eJIeKTPOIOCTaYaHHsI.
3arajioM BOHHM MalOTh PO3IMKHEHY a00 3aMKHYTY CTPYKTYPY: 32 YMOBH PO3IMKHEHOI

CTPYKTYPU — y BUIJISAI pajilaibHOIL, pHcC. 9.2 a, a00 MaricTpaibHOI CTPYKTYpH, puc. 9.2 0.
/ B
HE |

HE
@%_\ ;] Ot

e

a) 0) j

a) pajianpHa 0) MaricTpaibHa

Puc. 9.2. Po3iMkHeHa KoH(pIrypaiis Mepexi

Sxmo Mepexka € maricTpainbHOi KoH(irypartii, JiHIi eJIeKTpornepenady MarTh
MEHIIy JIOBXXKHHY, TOMY BOHM JCHICBII HIXK pamiayibHi. OIHAK BOHU TAaKOX MarOTh
MEHIITY HaJiHHICTh. J{71s1 301IbIIEHHS HAIIMHOCT1 €JIEKTPOIIOCTAaYaHH MEPEXK1 BEIHKO1
1 CEpeIHBOI MOTY>KHOCTI PE3ePBYIOThH JYyOJIIOBAaHHSM JIIHIM €JIEKTpoIepeiad Ha OJHIM
a0o pizHuX omopax, puc. 9.3.

VY BkazaHii cxeMi HaBaHTa)XCHHs 000X JIIHIM € PIBHOMIPHUM, IO BiJIOBIi/IA€
MiHIMyMYy BTpaT. [lepeBaramMu po3iIMKHEHHUX MEPEX € iX MmpocTa KOoH(pIryparisi, Hu3bKa
MaTepiaio-MiICTKICTb 1 ITiHA.

JIyis pe3epByBaHHS JKUBIICHHSI CIIOKHBAYiB TAaKO BUKOPUCTOBYIOTH KIJIBIICBI

Mepexi, puc. 9.4, abo Mepexi 3 IBOMa JiKepesaMu eHeprii, puc. 9.5.
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HE IE

/ \f/\ "

********* T
v v v
Puc. 9.3. Mepexa 3 pezepByBantsMm JiHii  Puc. 9.4. Kinbuesi mepexi e1ekTpo-
eNeKTporepeaad MOCTa4aHHs

JAE2 JIEl \r/‘i

-
<
2

é/

0,

5

v
a) oJMHapHa 0) moaBiliHa
Puc. 9.5. Mepexa 3 1BOMa JKEpenaMu eHeprii

Mepe;xa 3 JABOMa JKCPCIaMHM JKHUBJICHHA OXOIIIOE 6iJ'II)IHy TepI/ITOpiIO.

OnuHapHy MepeXy CTBOPIOIOTh Ha OCHOB1 00’€HAHHS JIBOX MariCTpajibHUX MEPEK,

0 BMMara€e MIHIMQJbHUX KamiTadbHUX BUTpaT. OJuHapHa Mepeka Mae MEHITY

MPOIYCKHY 3/1aTHICTh, HIXK MOJBiiHA Mepexa. [lin’eqHaHHs HOBUX MIJACTaHIUN 10

Mepexi uyepe3 HalOMMXK4l MyHKTH MPU3BOJUTH J0 CTBOPEHHS 0araTOKOHTYPHHX

MepexX 3 MABUIICHOIO HAMIMHICTIO €IeKTPOINOCTa4aHHsl, puc. 9.6.

JE1 | IE2

Puc. 9.6. baraTokoHTypHa KOH(Irypariis el1ekTpoMepexi

Po3paxyHok, aHami3 pexuMiB, 3aXHUCT OAraTOKOHTYPHUX MEPEX € 3HAYHO

CKJIAIHINIO 3aJa4el0 y TOPIBHSAHHI 3 PO3IMKHEHMMHU Mepexamu. CTBOpeHHs

6aFaTOKOHTypHI/IX MCPCIK IIOB’S3aHO 3 AOJAaTKOBMMH BHUTpAaTaMM Ha BCTAHOBJICHH:
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JOTIOMDKHMX T1JICTAHI[IH, TPOKIaJAeHHS AOJATKOBHUX JIIHINA €eKTporepeaay, ToMy ix
BUKOPHUCTOBYIOTh JIJISl €JIEKTPOTIOCTAYaHHSI BETUKUX MICT 1 TPOMHUCIOBHUX pPailOHIB.
SIk mpukiaa Ha puc. 9.7 HaBEACHO CIPOIICHY CTPYKTYPY CUCTEMH Iepeadi Ta

PO3MOILTY €IEKTPOEHEPTIi MPOMUCIIOBOTO PaiioHy.

Puc. 9.7. Cxema nepenaui i po3no/iisly eJIeKTpOoeHeprii B IPOMHUCIOBOMY paiioH1

Buxigny wnampyry 15.75 kB 1 13.8 kB rigpo-enekTpocTaHIii cepeaHbol
notyxHocTi ['EC-1, TEC-2 BinnmoBigno miaBuinyoTs 10 330 kB minBuiyBaaisHUMU
craniisimu [IC1 1 TIC2 1 TpancnopTyioTh A0 cnoxkuBada. 3B’s30k Mik ['EC 1
TpaHCTIOPTYBaHHS €Heprii Ha npuiiManbHy miactanimito [1C3 37iiCHIOOTE JHIIMH
enextporiepenad JI1 1 JI2 3 mpomikauMm Bigoopom eneprii Ha mincranmii [1C4. Ha
nigcranuii 11C3 wanpyry 330 kB 3menmyiots 1o 110 xB 1 mepepatots 'y
0araToKOHTYpHY Mepexy. Y 10 K MEPeXy HaIXOAUTh EHEepris BiX

teroenekrponentpaieit TELl-1, TEI[-2, TEI[-3. Mepexa 110 kB, sika 00’eanye
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JDKepena eHeprii, TakoX BUKOHYE (YHKIIIO PO3MOJUTY €Heprii y HMpOMHCIOBOMY
patiori. OO0’emHaHHA TIEpPeNaBAIBHUX 1  PO3MOAUIBHUX  YacTUH  CHCTEMH
CJICKTPONIOCTaYaHHs 3A1MCHIOITh Ha mpuitManbHiM miactaniii [1C3 3 manmpyramm
330/110/35 kB, sxa Mae MIKCHUCTEMHHUH 3B’S30K 3 CYCIIHBOIO EHEPTreTUYHOIO
cucremoro uepe3 JIEIT JI1. EnektpomnocrauanHs cnoxkuBadiB HaBkoio TEIL]
3MIMCHIOIOTh TOBITPSHUMH JIIHISIMU TeHepaTopHOI Hampyrow 6 1 10 xB. bingsma
yactuHa enektpoeHeprii TEL] dyepe3 miaBuiyBaibHi TpaHCHOpPMATOPH MiACTAHIIN
[1C5-I1C7 nopatoTh Ha IMHU BUCOKOBOJIBTHUX JIIHIHN, yepes Kl ii TpaHCIOPTYIOTh 10
CIOKMBAYiB, K1 PO3TAlllOBaHO Ha 3Ha4HiM BijacraHi. [IluHM reHepaTopHOl Hanpyru
TELl 1 BropunHux Hamnpyr miactanimii IIC3-IIC10 € ueHTpamu KHUBICHHS
po3noauTbunx Mepex Hampyrorw (6-110) kB, a Takox HH3bKOBONIBTHUX Mepex 0,38
kB (uepe3 mincranuii TIT1-TII3).

L1 enepreTuuHa cuctema 3ade3nevye Ha/lliiHe eJIeKTPOKUBIICHHS CII0KUBAYiB.
3MEHILEHHS BTparT IiJl Yac TPAHCIIOPTYBAHHS 1 pO3MOALTY €JIE€KTPOEHEPTIi TOCSHKHO Yy
pe3ynbTari OararocTymiH4aroi TpaHcopmauii Hanpyru. Tomy B I cucTeMi
JOIUIBHO BUJIUTMTH CYKYHHICTBH JiHIN enextponepenay ['EC-1 1 'EC-2 nanpyroro
330 kB 1 emementn po3moainpuoi Mepexi: Oarato-KOHTypHY Mmepexy 110 kB i1

posrainykeHi po3iMkHeH1 Mepexi Hanpyroro (0,38-35) kB.

IIpyHUMI peryII0BaHHS MOTYKHOCTI 00’ €ITHAHOI CHEProCHCTEMH Y KpPaiHH

O6’ennana enepretuyHa cucrema Ykpainu (OEC Vkpainu) mnpeacrasisie
co00I0 CYKYNHICTh AaTOMHHUX, TEIJIOBUX, TIIPaBIIYHUX 1 TIJPOAKYMYJTIOIOUHUX
€JIEKTPOCTAHIIM,  TETUIOCNEKTPOLCHTpaIl, a  TaKOoX  eJEKTPOCTaHIii 3
BIJIHOBITIOBAJIbHUX JDKEpEN €Heprii (BITpPSHI, COHSYHI Ta 1HIN), MaricTpajbHI
CJICKTPUYHI MEpPEeXi YKPEHEpPro Ta po3MOJlIbyl eJeKTpoMepexi (00JIeHepro), sKi
00’eHaH] CMUIBHUM PEXHMOM BHPOOHMIITBA, TEpeaadi Ta PO3MOILTY €IeKTPUIHOT
Ta TEIJIOBOi EHEprii.

B OEC o06’eanano Bci tunu enekrpoctaniii: TEC, TEL, AEC, I'EC 1 TAEC,
BEC, CEC. CymapHa MOTY>XHICTh KOXHOTO THUITy €JEKTPOCTaHIA 1 BIJICOTOK Bif

3arajgpHOI notyxHocti OEC:
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CrpykTypa TreHepamii Ha MakcUMyM enekTpocrnoxkuBanHs Ha 14.05.2020p.

MoKa3aHa Ha puc. 9.8.

MEC Ta MAEC: 17.77%

AEC: 53.30%
FEC Mt 22.72%

/

TEL: 4.03%

BOE: 2.12%

Puc. 9.8

VY 3B’s3Ky 31 3MIHHUM HaBaHTOKEHHSIM MEPEXKi, K€ MaKCUMaJIbHE y JIEHHI 1
BeUipHi roauHu 1 MiHIManasHe BHOYI, Big OEC BimOuparoTh 3MiHHY MOTYKHICTh, PHC.
9.9, mo mae 3mory Bimbouparu Bim AEC mocTiliHY MOTYXHICTh, a IHIINI CTaHI1

MPAIoI0Th 32 MOTPEOOIO.

OCBITNIEHHSA
TA HACEJIEHHA

NMPOMUCINIOBICTD

/s

Puc. 9.9. I'padix cnoxuBaHHS eNEeKTPOCHEPTIi MPOTIroM 100U B YKpaiHi
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OcnoBoro maneBpoBoi 3matHocTi OEC € TEC — ix BMUKaiOTh B TOIWUHU
MaKCHMaJbHOTO CIHOKMBAaHHS EJIEKTPOCHEPTii, AJisi 3a0e3MeUYeHHsS IIBUAKUX 3MiH
IeHEPOBAaHOI TOTYXHOCTI BUKOPUCTOBYIOTh ['EC, M0 MOSCHIOETHCS BIAHOCHOIO
OpocToTOl0 iX KepyBaHHs. [lns BupiBHioBaHHS HaBaHTaxkeHHs Ha OEC
BUKOpUCTOBYIOTh ['’AEC, siKi BUKOHYIOTh POJIb aKyMYJIATOPIB €HEPT1i.

Ha puc. 9.10 nokazaHo 3anexHICTh NOTYXHOCTI, sIKy reHepytoTb B OEC pi3Hi

TUIIN CTaHIIIN, BiJl 9acy J00U.

P, FBL.

30 R /LL*J_/

20

10

0
21 0 3 6 9 12 15 18 21 24

Yac

Puc. 9.9. [loTyXHICTb, IKY TEHEPYIOTh Pi3HI TUIIU CTAHIIIA TPOTATOM JOOU

CydJacHi TCHJICHIII PO3BUTKY CHEPTETHKH CIIPSIMOBAHO HAa 3MEHIIICHHS YaCTKU
TEC B enepro6amanci OEC 1 ii 3aMiHOI0 Ha aTOMHY 1 BiTHOBJTIOBAJIbHY €HEPICTHKY.
Tomy, 3a HuHIHKOI cTpykTypu OEC, ii ManeBpoBy 3matHicTh Bu3HavyatoTh ['EC 1
I'AEC, TtenepiniHg TOTYXKHICTh SKHUX He 3a0e3neuye J000Be peryJroBaHHS
HNOTY)KHOCTI. 30UIbIIEHHS YacTKU BiIHOBIIOBAJIbHMUX JKEpenl eHeprii (OKpiM
TIAPOEHEPTETUKHN) JTOJAATKOBO 30UIBIINTH PO30AIaHCYBaHHS CHCTEMH, TOMY IIIO
MOTYKHICTh BIJHOBJIOBAJIBHUX JIXKEPEN 3MIHIOETHCS B Yaci 3a 1HIIMM 3aKOHOM, HIXK
3MiHA CIIOXXWBAaHOI MOTYXHOCTI, 1 4yepe3 1ne B OEC y meBHI iHTepBaiM dYacy €

HAJUIMIIIKA €HEeprii, B IHIII IHTEepBaJIU — HecTtadya eHeprii. ToMmy pasom 31
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301IbIIEHHSAM YacTKM €HEeprii Bi aTOMHOI €HEpreTHMKd abo BITHOBIIOBAIBHUX
JDKepen eHeprii, HeoOXiqHO 3a0e3MeYNTH MOXKIIUBICTh aKyMYJIIOBAHHS HAJIUIIKOBOT

eHeprii.

Po3ocepemxeHi cucTeMu eJIEKTPONOCTAYAHHS

KoHueniist  po3ocepeykeHUX CUCTEM  EJEKTpPONOoCTayaHHs mepeadayae
BUKOPHUCTAHHS TEIUIO- 1 EJEKTPOCTAHIIM Mayioi Ta CepeaHbOi MOTY>KHOCTI, SKI
o0’eqHani B Mepexy. Jlo TemepimHbOro Yacy pPO30CEPEKeHI  CHCTEMH
€JIEKTPOTIOCTAa4YaHHsI B OCHOBHOMY BUKOPHCTOBYIOTh y MaJlOHACEJICHUX PETIOHAX, /1€
HEJIOIIJILHO MPOKJIAIATH JIIHIT eJeKTporepeaayd BiJl MOTYKHUX €JIEKTPOCTaHIi. Y
TaKUX perioHax JUIsl opraHizauii eJeKTpPONOCTayaHHS BUKOPHUCTOBYIOTh aBTOHOMHI
razoBi a00 IM3eNbHI €JIEeKTPOCTAHIIII.

CydacHull cTaH pO3BUTKY BIJIHOBIIOBAIBHUX 1 KOTEHEpAIHUX JKEpes
eHeprii Npu3BIB JI0 3HAYHOIO 3JCLIEBICHHS BapTOCTI OTPUMAHOI B HHUX
€JIEKTPUYHOI 1 TerioBoi eHeprii. ToMy B pO3BHHYTHX KpaiHax iX aKTHBHO
pO3IIAAalOTh K aJbTEPHATUBY CHUCTEM1 LEHTPAJIbHOIO E€JIEKTPOIIOCTaYaHHS,
0COOMMBO B CITBCHKMX perioHax. BmpoBakeHHS 3eleHOro Tapudy Cropuse
MIJKITIOYESHHIO BIIHOBIIOBAIBHUX 1 KOTCHEpAIlIMHUX JDKEpel JI0 IMEHTPAIbHOI
MepexXi, B pe3yJbTaTl 4YOTO CHUCTeMa EJIEKTPOIOCTAaYaHHS BTpAYaE I1€papXidHy
CTpyKTypy. HasdBHICTP y cHCTEMI JEKUIBKOX MaJIOMOTYKHUX [KEpesl €Heprii y
OesmocepeHii OJM3bKOCTI Bijl CIIOKMBAava Ja€ 3MOTY:

- SMEHIIIMTH BTPATH HA TPAHCTIOPTYBAHHS €HEPTii;

- MAKCUMAJIbHO BUKOPUCTOBYBATH MOTEHIIIaJl BITHOBIIOBATLHOI €HEPTeTUKH;

- 301JIBIITMTH HAIIMHICT TTOCTaYaHHS CHEPrii,

- aJanTyBaTH CHOXXKWMBaHHS €HEpPrii J0 peXUMHUX 1 PUHKOBUX YMOB
(YHKI[IOHYBaHHSI ~ €HEProOCHUCTeMH  LUIAXOM  BIAMOBIIHOTO  MiAKIIOUEHHS/
BIJIKJIFOYEHHSI CIIOKMBAYIB.

Peanizaniiss mepepaxoBaHUX IepeBar MOXJIMBA 3a YMOBH BIPOBAKCHHS
CHUCTEeMM OpraHi3alii aKyMyJIIOBaHHS, TPAaHCHOPTYBaHHSA 1 PO3MOAULY €Heprii Ha

OCHOBI aHaJ3y 1H(oOpMalii Mpo 0OCAT CHOKMBAHHS/TEHEPYBAaHHA 1 BapTICTh €HEPril
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KOKHOTO BY3JIa MEpexl 3 BpaxyBaHHSM BapTOCTI eHeprii 1 ii BTpaT mia 4ac
TPAHCTIOPTYBaHHS BiJ KOXXHOTO TE€HEPYBaJbHOTO BYy3jda A0 CIOXHBada. 3aBISKH
IHTEIEKTYyaJIbHOMY KEPYBaHHIO B PO3IMOAIIEHUX CUCTEMAX MOXKJIMBO 3a0€3MEUUTH:

- 3HIDKEHHS MIKOBOTO HABaHTAXKEHHS 1 BUPIBHIOBAHHS Tpadika HaBaHTaKCHHS,

- IBOCTOPOHHIM OOMIH €HEprii 3 EHEPrOCUCTEMOIO;

- OOMEXEHHSI CTPYMIB KOPOTKOIO 3aMUKaHHS 1 3a0e3ledeHHs HeoOX1IHOi
SIKOCT1 €JIEKTPOCHEPTi;

- Oe3repelbiiiHe eIeKTPOIOCTauYaHHs.

Y poai akymynSTOpiB €HEprii B PO30CEPEIKEHUX CHUCTEMaxX JOIIIbHO

BukopuctoByBaTu I'’AEC, MaXOBHKH, €IEKTPUYHI aKyMYJISITOPU €HEPT1i.

3anuraHHsA

1. [lepepaxyiiTe OCHOBHI CKJIaJIOBI €JIEKTPUYHUX MEPEXK.

2. BkaxiTh 3HaUY€HHS MaKCHUMAaJIbHOI HaNpyTH, SIKY BUKOPUCTOBYIOTH Tij] 4ac
TPaHCIOPTYBAHHS €JIEKTPUYHOI EHEPTi.

3. Ha3BiTh OCHOBHI TUTIH PO3IMKHEHHUX EJIEKTPUYHUX MEPEXK.

4. TlepepaxyiiTe 3aX0AH, SKUMU MIJBUILYIOTh HAJIHHICTh €JI€KTPOIOCTaYaHHS.

5. BkaxiTh MpUYMHY BUKOPUCTAHHS 0AraTOKOHTYPHUX EJIIEKTPUYHUX MEpPEex
MEePEBAXKHO JJIST €IEKTPOIIOCTAYaHHSI BEJIMKUX MICT 1 MPOMUCIIOBUX PailOHIB.

6. Ha3BiTh THI €JIEKTPOCTAHIIIH, SKHA € OCHOBOIO MaHEBPOBUX MOTYKHOCTEH
€HEPreTUYHOI CUCTEMHU.

7. IlepeniuiTh ~ mepeBaru  BUKOPUCTaHHS  PO30CEPEKEHUX  CHCTEM

€JIEKTPOXKUBJIEHHS y MOPIBHSHHI 3 HEHTPAJ130BaHUMHU CUCTEMaMHU.
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BUCHOBKHA

VY KOHCHEKTI JIeKI[id pO3MJISIHYTO Cy4YacHUM CTaH EHEepreTUKU Y KpaiHwu,
3po0JIeHO aHali3 OCHOBHUX 3aXO/iB, SIKI BXXUBAIOTh y Taiy3l eHeproz0epe:keHHs 1
eHeproeeKTUBHOCTI, PO3MISIHYTO PSAJl TEXHOJOT1H aJbTePHATUBHOT €HEPTreTUKH, K1
MOXXYTh Y HaOIMK4OoMy MaOyTHHOMY 3aMIHUTH €HEPrOyCTaTKyBaHHS, SIKE MPAIIO€
Ha BUKOITHUX JiKepesnax eHeprii. Ha ocHOBI TeopeTMUHUX MaTepialiB JICKII MOXKHA
3pOOUTH TaKl BUCHOBKU:

1. OOcsr 3amaciB BUKOIHUX JUKEPE €Heprii € 00OMEKEHUM, TOMY HarajlbHOIO
3a/1a4el0 € EKOHOMisl E€HEPreTUYHUX PECypCiB, JUIsl BUPIMIEHHS $AKOI JOLIBHO
BXKMBATH PsiJI 3aXOJMIB 3 TIJIBUILIEHHS €HEPro30epekeHHs 1 eHeproeeKTHUBHOCTI,
OCHOBHUMH 3 HUX €:

- BHUKOPUCTAHHS MPUCTPOIB Ta YCTATKYBAaHHS 3 MAJIMM CIIOKUBAHHSIM €HEPrii;

- BHUKOPUCTAHHS €HEProe(eKTUBHUX TEXHOJIOTIM i TEHEpyBaHHS Ta
TpaHCIOPTYBaHH1 €HEPTii;

- TEII0130JIs1Iis1 Oy IBEIb;

- 3aMilIeHHs] BUKOITHUX JKepes eHeprii Ha BITHOBIIOBAJIbHI.

2. HuHi BUTOTOBIAIOTH MIMPOKY HOMEHKJIATYPY XIMIYHHMX JDKEPENl CTPyMY.
JIOIUIbHICTh BUKOPUCTAHHS KOKHOTO 3 SKUX, 3aJIEKUTH BIJl HOTO XapaKTEPUCTHK. Y
MaJIONOTY>KHIM ~ amapatypi  (TOOWHHUKAX,  KaJIbKyJIsATOpax,  €JIEKTPOHHUX
TEPMOMETPAX) BUKOPUCTOBYIOTH JICIIEB] MapraHelb-IMHKOBI TaJIbBaHIYH1 €JIEMEHTH.
B Ouibl MOTY)XHUX €IEKTPOHHUX MPUCTPOAX (MOOUTbHUX TenedoHax, HOyTOyKax,
doroanaparax, Oe3mepeOiiiHux mKepenax kuBieHHs) — NiIMH, Li-ion, Li-pol
akymynaropu. OfHi€r0 3 MPOBITHUX chep BUKOPUCTAHHS aKyMYJISITOPIB €IEKTPUUHOT
eHeprii € BiJHOBIIOBAJbHA CHEPreTHKa, J€ iX 3aCTOCOBYIOTHh ISl HAaKOMUYECHHS 1
Nepepo3Nno LTy B 4aci HecTabIpHOI eHeprii npupoaaux mrepen (CoHld, BITPY) s
3ac001B BEJIUKOI MOTY>KHOCTI.

3. bionanuBo € OgHUM 3 HaAWJCIICBIIMX THUIIB BIJHOBIIOBAILHUX JIKEpEs
eHeprii. OCHOBHUM pecypcoM Jis BUPOOHHUIITBA OlomanuBa € JACpEeBUHA, BIIXOIU

JIepeBOOOPOOHOT MPOMUCIOBOCTI, KPOXMAJIOBMICHI (KapTOIJIs, 3€pHOBI) 1 OJIE€BMICHI
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(COHSIIHMK, piMaK, parc, KOKOCOBa MajbMa, JbOH, KyKypyl3a) KyJIbTypH, 3 SKHX
BUT'OTOBJIAIOTE O€H3HUH, 010/113€/b, MACTHJIA, @ TAKOK €TAaHOJL.

4. Cucremu KoreHepailii eHeprii 103BoJisoTh niaBumuT KK/ nepepoOnsHas
NEePBUHHUX €HEPrOoHOCIB Yy TeIioBy 1 enektpuuny ¢opmu eHeprii. Cepen
KOTeHEepalllfHMX yCTAaHOBOK JOIIJIBHO BHJIUIMTH TEIUIOSICKTPOIEHTpaIl 1 MaJuBHI
enementy, cymapuuid KKJI saxux gocsrae 80 %.

5. TemnmoBi Hacocu — MPHUCTPOi Uil MEPETBOPEHHS HU3BKOTEMIEPATYypPHOI
eHeprii  mpupoaHUX  JpKepen  (TpyHTY, BOJOWM,  MIJI3€MHMX  BOJ) Y
BHCOKOTMIIEpATYPHY €HEPTiI0, SIKy MOKHA BUKOPHUCTOBYBATH JII CUCTEM ONAJICHHS 1
CUCTEMHU Taps4doro BoamnocrayanHs. g BupoOHuuTBa 1 kBT TemnmoBoi eHeprii
TEIIOBMM HacocoM HeoOximHo smmre (200-300) Bt enexkrtpuuHOi eHeprii, iHIIY
YaCTUHY €Heprii BiAOMpalOTh BlJ HHU3bKOTEMIIEPATypHHUX JDKEpen Teria (CPyHTY,
BOJIOMM), TOMY Il MPUCTPOI MAIOTh HAMOUIBITY €(QEeKTUBHICTH Cepell BITOMHUX
aHaJIOT'1B.

6. ConsuHa eHeprisi Mae HAWOIIBIIMKA TMOTEHIIaNl Cepell BiTHOBIIOBAIBHUX
OJlHUM 3  HaWNEepCHNEeKTHBHIIIMX  BIAHOBIIOBAJIbHUX  €HEPrOHOCIiB,  SIKY
BUKOPUCTOBYIOTH JIJIsl TEHEPYBAHHS TEIJIOBOI 1 eNeKTpu4HOi eHeprii. HecTtabinbHICTS
1 HU3bKa MUTOMA TOTY>KHICTh COHSAYHOTO BUIIPOMIHIOBAHHS, MaKCUMaJIbHE 3HAUYCHHS
akoi 1 kBr1/M?, mepenbadac BHKOPHCTAaHHS B CHCTEMAax €HEPro3ade3leueHHs
aKyMyJIATOPIB €HEPrii 1 CUCTEM B1I00PY MaKCUMAaJbHOI MOTY>KHOCTI, 110 YCKJIaTHIOE
CTPYKTYPY CUCTEMH y TIOPIBHSIHHI 3 HEHTPAII30BaHUMHU CUCTEMAMH.

7. EHepreTuuHuii MoTeHmian Birpy cranoBuTh 16.8-10% kBt rox (6mm3eko 1 %
Bin eneprii Conist). Enepriro BiTpy HalyacTillie BAKOPUCTOBYIOTh JIJIsI TEHEPYBAHHS
€JICKTPUYHOI €HEepTii 3 BUKOPUCTAHHAM BITPOEIEKTPUUYHUX YCTAHOBOK, 5IKi OYBarOTh
JIBOX THIIB: 3 BEPTHKAJIHHOI 1 TOPU3OHTAIBHOIO BicCio oOepranHs. Ha mpakrtwuin
YaCTIIle BUKOPUCTOBYIOTH BITPOCTEKTPUYHI YCTAaHOBKH 3 TOPU30HTAIHHOIO BICCIO
oOepTaHHs, 10 TMOSCHIOEThCS OUTbIIMM 3HaueHHsM ix KKJI 1 meHmoro BapricTio.
Hait6inpry Buxinny noryxHictb BEY po3BuBaioTh B y3romkeHoOMy pexuMi podoTu

3a MEBHOTO 3HAYEHHS TMapamMeTpa IIBUIAKOXITHOCTI. s 3a0e3medyeHHsT BKa3aHOTO
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peXUMYy pOOOTH BUKOPUCTOBYIOTH MPHUCTPOI B1IOOPY MaKCUMAIbHOI MOTY>KHOCTI Ha
OCHOBI TIEPETBOPIOBAYIB €IEKTPUYHOT €HEPTii.

8. Enextpruuna mepeka MoBHHHA 3a0e3leuyBaTH HaJlliHE, HEOOXITHOI SKOCTI
€JICKTPOTIOCTAa4YaHHs, MATH BUCOKHUIl piBeHb O€3MEKH, eKOHOMIYHOCTI eKCIUTyaTallii 1
MOKJIUBICTh PO3IIUPEHHS. Y 3B’S3Ky 3 TUM, IO TPAHCIOPTYBaHHS €Heprii y
CNCKTPUYHINA (PopMi 3A1IHCHIOIOTH 3 HEBEJIMKUMHU BTpaTaMH, €KOHOMIYHO BUTITHUM €
CIOPY/UKCHHSI I[EHTPATI30BaHUX BUCOKOMOTYXHUX TEHEPYBAJIBbHUX CTaHIN 3
pO3rayly’)K€HOI0 CHUCTEMOIO JiHIA enekTponepenad. KoHuernmiss po3ocepemKeHnx
CHCTEM EJICKTPOINOCTayaHHs mepeadayac BHUKOPUCTAHHS TEIJIO- 1 €JIEKTPOCTAHIIN
Majioi 1 CepeHbOi TMOTYXKHOCTI, sIKi O0’€JHaHI B PO30CEPEIKEHY MEPEKYy.
Po3ocepemkeni cucTteMu €IEKTPONOCTAYaHHS PO3MIAJAIOTh K aJIbTEPHATHUBY
CUCTEMI IIEHTPAJIBHOTO EJIEKTPONOCTa4aHHs, OCOOJMBO B CUIBCHKUX perioHax.
BnpoBamxenns 3eneHoro Ttapudy CHOpHUsi€ MIIKIIOUYEHHIO BiJHOBIIOBAIBHUX 1
KOTCHEpalliiiHUX JpKepen 10 LEHTpPalbHOI MEpeXi, B pe3ysibTaTl 4oro CHCTEMa
€JIEKTPOIIOCTAYaHHs BTpayae i€papxiuHy CTpykTypy. HasBHICTH B cuctemi psmy
MaJIONIOTYKHHUX JDKEpell eHeprii y Oe3mocepeHii OJM3bKOCTI BijJl CIIOKHMBada Ja€e
3MOTY:

- 3MEHIIUTH BTPATH HA TPAHCIIOPTYBAHHS €HEPTii;

- MAaKCUMaJIbHO BUKOPUCTOBYBATH MOTEHIIIAJ BITHOBIIOBAILHOT EHEPTEeTUKH;

- 30IBIIUTH HAJIMHICTh MOCTAYaHHS €Heprii;

- alafiTyBaTH CIOXKMBAHHS E€HEprii /10 PEeKUMHHUX 1 PHHKOBUX YMOB
(GYHKI[IOHYBAaHHSI ~ €HEPrOCUCTEMHM  HUIIXOM  BIAMOBIAHOTO  MIJIKJIFOYEHHS/
BIJIKJIIOUEHHSI CIIO’KUBAaYlB.

Peanizariss mepepaxoBaHMX TiepeBar MOXJIMBA 3a YMOBH BIPOBAKCHHS
CUCTEMHU Oprasizaiii akyMyJlOBaHHS, TPAHCIOPTYBAaHHS 1 PO3MOALLY €Heprii Ha
OCHOBI aHa3y iH(opMaIlii Mpo O0O0CAT CIOKUBAHHS/TEHEPYBAHHS 1 BapPTICTh €HEPrii
KOXXHOTO BY3JIa MEpeXi 3 BpaxyBaHHSM BapTOCTI €Heprii 1 ii BTpaT miJa dac

TPaHCIIOPTYBAHHA Bi)l KOXHOI'O TCHCPYBAJIBLHOT'O BYy3Jia 10 CIIOKKMBAaya.
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