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PEDEPAT
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B poGoti Oyno mpoBeneHO TPYHTOBHUM KPUTHUYHUN aHaNi3 Cy4aCHHX
TEXHOJIOT1i HAKOTIMYEHHsI €HEPTii rpaBITAllIMHUMU aKyMYJIITOPAMHU.

Po3po6ieno 3arambHi  OpUHIUIKA ~ MOOYAOBH  KOMIUIEKCY  IILJIbOBOI
(OTOENEKTPUIHOI CTAHIII] 3 PIAUHHUM TPpaBITAITHIM HaKOMTUIyBayeM €HEprii.

Po3po6isieH0 TEXHOJIOTIYHY CXEeMY KOMIUIEKCY IUIbOBOI (OTOETEKTPUUHOT
CTaHII1 3 PIAMHHUM TPaBITAIIITHUM HAKOITUYYyBaueM €HEpTii.

JlocnipkeHo mapaMeTpy KepyBaHHS MOCTIMHOKO MIBUJKICTIO TiAPaBIidYHOTO

HAKOIMWYyBaya eHeprii.

OOTOEJIEKTPMYHI EJIEKTPOCTAHIIII, I'PABITAIIIIHI
HAKOIIMUYBAUI EHEPI'II, 3ACOBU PET'YJIIOBAHHSA IIBUIKICTIO,
TEXHOJIOI'TYHA CXEMA, I'TTPOAKYMVJIATOPU



ABSTRACT

Pages of text — 67; pictures — 25; tables — 1; literary sources — 51.

The work has conducted a thorough critical analysis of modern technologies

for energy storage using gravity accumulators.

The general principles of building a complex of a target photovoltaic station

with a liquid gravitational energy storage system have been developed

The technological scheme of a complex of a target photovoltaic station with a

liquid gravitational energy storage system has been developed

The parameters of constant speed control of a hydraulic energy storage

system have been studied

PHOTOELECTRIC POWER PLANTS, GRAVITATIONAL ENERGY
STORAGE SYSTEMS, SPEED REGULATION DEVICES, TECHNOLOGICAL
SCHEME, HYDRAULIC ACCUMULATORS
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BCTYII

AKTYaJBHICTh JOCTi>KEHHS TOJISITA€ Y TOMY, 10 (POTOETEKTPUYHI CTaHIII1
MalOTh HU3KY IIPO0OJIeM TpH iX iHTerpalii 10 3arajJbHUX MEPEXK, a B ABTOHOMHOMY
peXrMi BOHU TIOBHHHI MaTH 3ac00M Hakomu4eHHs eHeprii. Hapasi 11 mpobiema
BUPIIIYETHCS 3aCO0aMU aKyMYJTIOBAaHHS €JIEKTPUYHOI €HEPrii MepeBaXKHO B
XIMIYHHAX aKyMyJISITOpax 3 MpHETHAHHIM CTaHIIIi Ta aKyMyJISTOPiB 0 CIIOKHUBadya
Yyepe3 CUIIOB1 IHBEPTOPH.

Baprictb 11boro 06y1aJHaHHS CKIIAJa€ MEPEBAKHY JOJIO 3arajbHOT BAPTOCTI
(boTOENEeKTPUYHOT eNeKTPOCTaHIl1. BUKOpUCTaHHS PIAMHHOTO rpaBITAILlIIfHOTO
HaKOMYyBava CHEPrii 3 JBOMAITMHHNM arperaToM J03BOJHUTH BIAMOBUTHCS Bif
CHJIOBHUX 1HBEPTOPIB Yy CKJIAJ1 TEXHOJIOTTYHOTO 00IaiHAHHS (POTOCTEKTPUIHOT

€JIEKTPOCTaHLIi a 3HAYHOIO MIPOIO 3/ICIIEBUTH ii OyI1BHULITBO

O06’exkTOM JOCJIIKEHHSI € TPOIEC HAKOMMYEHHS EHEprii B PIIUHHUX
rpaBiTalliiHUX HAKOMMYyBayax eHeprii
IIpeamMer pOCJiUKEHHSI - TEXHOJIOTIYHA CXeMa KOMIUIEKCY IiIhOBO1
(OTOENEKTPUYHOI E€JIEKTPOCTAHIll 3 PIAWMHHUM TIPaBITAUIMHUM HAKOMUYyBaueM
eHeprii
Jlo 3aBOaHHS JOCHIIKESHHS BITHOCITHCS
- IlpoBenenHsi aHami3y Cy4YacHUX TEXHOJIOTIH HAKONMYEHHS  EHEprii
rpaBiTalliiHUMU aKyMyJIITOpaMU
- Po3pobka 3aranbHMX NPUHIMIIB MOOYIOBM  KOMIUIEKCY  LJIOBOI
(GOTOENEKTPUYHOI CTaHIii 3 PIAUHHUM TpaBITalIMHUM HAKOMUYyBaueM
eHeprii
- Po3poOka TEXHOJOTIYHOT CXEMH KOMILIEKCY LUIbOBOI (POTOEIEKTPUUHOI
CTaHIUIi 3 PIAUHHUM T'paBiTal[liHUM HAKOIMYyBaueM €Heprii
- - Jocmiautu mapaMeTpy KepyBaHHS MOCTIMHOIO MIBUAKICTIO T1APaBIIYHOTO

HaKOMM4YyBa4ya eHeprii



PO3A1J1 1 AHAJII3 CYYACHOI'O JOCBIAY T'TAPABJINYHUX
CUCTEM HAKOIIMYEHHS EHEPTII

1.1 TI'igpaBJiiyHe HAKONMYEHHSI €HEPrii BITPOBUX Ta (POTOEJIEKTPUUHUX

eJIEKTPOCTAH LI

TpanuiiitHi HeHTpani3oBaHi €eHEPrOCUCTEMH MalOTh CYTTEBI HEIOJMIKH, TaKi
SK 3HAYHI BTPATH CHEPrii depe3 BIAMANCHICTh NMESKUX CIOKHWBadiB, HEAOCTATHS
THYYKICTh BUPOOHHUYOTO TPOIIECY Yepe3 WOro HU3bKY MAHEBPEHICTh, BIJCYTHICTh
HaJIEXKHOIO PETYJIIOBaHHS CIIOXUBaHHA Ta Tapudikamii eneprii. L{i Hemomiku
3pEHITO0 MPU3BOAATH J10 30UIBIICHHS BUTpAT ManuBa, piBHA BUKUAIB CO2 Ta
BapTOCTI BUPOONEHOI eHeprii. Y 3B'I3Ky 3 LIMM OCTaHHIM 4YacOM BCE 4YacTille
BUKOPUCTOBYIOTHCS JIOKAJIi30BaHI €HEPreTHUYHI CHCTEMH, TaKl SIK MIKPOMEpEXKI,
PO3yMH1 MepexXi, KJIaCTEPH PO3IMOAICHOI reHeparlii Ta BIpTyalibHI €JIEKTPOCTaHIII].
Taxi cucteMu MOKyTh JOTIOMOTTH Y BUPIIIEHH] Ty>K€ Ba)KIIMBHUX 3aBJIaHb, TAKHUX SIK
onTHUMi3allis, cTabuIi3allisl, THYYKICTh €HEPTOCUCTEMH, IHTETPAIlisl BITHOBIIOBAHUX
JUKEpeNl eHEeprii, «po3yMHI» IIEHTPU YIPaBIiHHA B TPOlECi BUPOOHUIITBA Ta
posnoainy eHeprii [1-3]. HakomuueHHs HaJJIMIIKOBOI YacCTUHU EHEPrii s
BUKOPUCTAHHA B TOJIUHU MK € HEOOXIJHOK MPOIEAYPOI0 ISl JIOKATbHUX
€HEprocucTeM, [JIsi 4YOr0 HaiyacTilie BUKOPUCTOBYIOTHCS EJIEKTPOXIMIYHI,

pEreHepaTUBHO - MAIMBHI Ta 1HIN HAKOMMYyBayl €Heprii.

B nanuii yac Meroa TiApaBIIYHOTO HAKONMUYEHHS €Heprii Mae Haukparii
XapaKTepUCTUKU Cepell HaKoNMW4yBauiB. BBakaeTbCs €PEKTUBHUM HaAMPSIMKOM
PO3IIMPEHHS] MOXKJIMBOCTEW BUKOPUCTAHHS BiIHOBIIIOBAHUX JDPKEPEN €HEprii, Xxoua
BUPIIIAJILHUMU € HasSBHICTh JOCTaTHIX MPUPOJHUX PECYpCiB, YMOB IJis

OyIIBHUIITBA BOJOCXOBHIIl Ta OTPUMaHHS HEOOX1THOTO TUCKY [4, 5].

Po3BuTOK 1HTErpAllil CHCTEM BUKOPUCTaHHS BITpoBUX enekTpocTaniliil (BEC)
1 TIIPOaKyMYJTIIOIOUUX MIPUCTPOIB JO3BOJIAE 30UIBIIUTH YaCTKy BITPOSHEPTEeTHKHU B

cepenuboMy 10 20% y 3aranpHOMY €HeprocmnoxuBaHHi [6]. ocmikyroun 1e



MUTAHHS B 3aJICKHOCTI Bijl €HEProCHOXKUBAHHS, aBTOP [7] cTBepKye, 1110 10 80%
€HEprii BITpy MOke OyTH peasi3oBaHO B CUCTEMax EJIEKTPOIIOCTa4aHHS 32 YMOBH
BUKOPDUCTaHHA  TIAPOAKYMYJIOIOYOi ~ CHUCTEeMH.  3pocTaHHs  KoedimieHTta
BUKOPHUCTAHHS €HEPTii BITPY CIOCTEPITAEThCSA TAKOXK 13 30UIBIICHHSIM TPUBAIOCTI
30epiraHHd eHeprii, Tak, Hampukian, 10 90% eneprii BiTpy Moxe Oytu

BUKOPHUCTAHO JIJII HAKOITMYEHHS BOJIM Y BEpXHIi BojioiMi npoTsarom 1 ... 3 mi6 [ 8].

Y poboti [9] momaHO OrIsAA MEPCHEKTUB PO3BUTKY T1IPABIIUHOTO
HAKOMIMYCHHSI €HEPTii B CBITJII CTAJIOTO PO3BUTKY. BiAMOBIAHO 0 IIBOTO OTJISAY,
HAaWOUIbII ~ TEPCIEKTUBHUM  HANpSIMKOM €  TIOpUJIHE  BUKOPUCTAHHS
rigpoakymymtorounx enekrpoctanuid (I'TAEC) manoi moTy»XHOCTI B KOMILUIEKCI 3
BITPOBHMMHU Ta COHSIYHUMU €JIEKTPOCTaHIIsIMU. [{e miaTBep/pKy€eThes pe3yabTaTaMu
JOCHIIKEHb, K1 CBIYATh PO MIJBUIIICHHS HAIITHOCTI Ta 00CATIB TeHeparlii eHeprii
rIOpUIHUMHU COHSIMHUMH Ta BITPOBUMH €JIEKTPOCTAHIIISIMU IMOPIBHAHO 3 iX poOOTOIO

[10].

Astopu [11-13] giimg BUCHOBKY, 110 KOMIUIEKCHA CHCTEMa BUKOPUCTAHHS
eneprii BiTpy Ta 'TAEC 3a meBHMX YMOB € HaWOLIbII €KOHOMIYHO Ta TEXHIYHO

KOHKYPEHTOCTIPOMOKHOIO TEXHOJIOTIE€I0 B PI3HUX TeorpadiuHuX MIMPOTaX.

VY poborti [14] Ha mpukiIagl BUKOPUCTAHHS €HEPTii BITPY PO3TISAAIOTHCS
MUTaHHS MacIITa0HOT IHTErpallii BITHOBIIIOBAaHUX JXKEPEN €HEPTii 3 BAKOPUCTAHHAM
['AEC B eneprocucrtemy Ipmannaii. Po3risiHyTo OCHOBHI KIFOUOBI MHUTAaHHS:
KamiTaJlbHI BUTPATH, ONITUMAJIbHI TApaMETPHU Ta ACTIEKTH eKcITyaraiii. Pesynbratu
nocimimkeHHss mokasanu, 1o ['AEC no3Bonsie miaBUIMUTA €GEKTUBHICTh
BUKOPUCTAHHS BIJTHOBJIIOBAHUX JDKEpPET €HEprii Ta 3MEHINUTH EKCIUTyaTarliifHi

BUTPATH.

Iarerpamis 'AEC B cucreMy BiTpoBO1 eleKTpocTaHilii B IcnaHii miaBuiye

mpUOYTKOBICTH II€] IHTETPOBAHOT CHCTEMH Ta MiHIMI3y€ BTpaTH eHeprii BiTpy [15].

VY po6orti [16-18] mocaiKeHO MOKIMBICTh MAKCUMAJIBHOTO BUKOPHUCTAHHS

eHeprii BITPY B TMO€AHAHHI 3 ICHYIOUMMH aBTOHOMHHMH  TETUIOBUMH



€JIEKTPOCTAHIIISIMU [IUITXOM BUKOPUCTAHHS TiAPOaKyMYJTIOIOUUX EJICKTPOCTAHIIIN B
130JIbOBaHIN eHepreTuuHii cucteMi octpoBiB Kacoc Kapmaroc, po3ramoBaHux y
MiBICHHO-CX1IHIM YacTuHi Ereiichkoro mops. Pesymbratu mporo goCiiKEHHS
MITBEPIUIIM €KOHOMIYHY JOIIBHICTh BUKOPHUCTAHHS BITPOTCHEPATOPIB MaJoi
NOTY)KHOCTI ~ JUIS  JKUBJIGHHS  HAaCOCHHMX  arperariB  TiIPOaKyMYJIOIOYHX

CJICKTPOCTAHIIIM HaBITh 0€3 ypaxyBaHHs 0€3CYMHIBHUX €KOJOTTUHHX IepeBar.

3aBAsKM ONTUMANbHINA 1HTETpallii BITPOCHEPTETUKH 3 TiAPOaKyMyJIIOI0UY0I0
enekTpocraniieo B o3epi Typkana (Kenist) rigpaBiiyHuUi HaKOMU4YyBayd €HEPTii
BITPOTYPOIHM JO3BOJIMB 3HU3UTU nAePiuT eHeprii g0 46%, 10 eKBIBAJIEHTHO

OTPUMAaHHIO 10X0y noHay 10 Tucsy nonapis Ha JieHb [19].

1.2. AHaJi3 TeXHOJIOTiYHUX CXeM HAKONMYEeHHs eHepril

Cxema manonoty>xHoi '’AEC 3 BiTporeneparopoM HaBeJ/ieHa Ha pUCyHKy 1.1.
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Pucynok 1.1 Cxema I'’AEC manoi notyxHocTi 3 BEC



3a i€ CXEMOK OCHOBHMM BUPOOHHMKOM €HEPTii € BITPOCICKTPOCTAHIS
(BEC), 1o ckiagaeThes 3 KUIBKOX BITPOTrE€HEPATOPIB, SIKA B TOJUHU MIHIMAJIBHOTO
CHEepProCIOKUBAHHS, MAlOYH HAJIMIIKOBY MOTY>KHICTb, MOJA€ EIEKTPOCHEPTIIO JI0
HacocHux arperatTiB (I’AY) rigpoakyMyno04oi MOTYKHOCTI. yCTaHOBKa IS
HAKOMMYEHHS BOAM y BEPXHIN BOMOIMI. Y TOJUHU MK €HEProCIOKUBAHHS, KOJIH
MOTY)KHOCTI BITpOBOi TYypOIHM HEIOCTaTHhO, BOJA 3 BEPXHBOTO pe3epByapa

MOJIA€THCS B T1APOTYPOIHM JJIsi BUPOOJIECHHS €HEPrii, a MOTIM y HIDKHIN pe3epByap.

[Tpu BiIOMHMX 3HAYEHHSX MOTY>KHOCTI BITPOBOTO IOTOKY BCTaHOBJICHY
noTykHictb BEC HeoOXigHO BH3HAaYaTH 3a 3HAYEHHSMH J1000BOro Tpadika
HABAHTAKEHHA. SIKII0 IPUITYCTUTH, 1110 €HEPris, IKy BUPOOJISIOTh BITPOBI TypOiHH,
BUKOPHCTOBYETHCS 3a JBOMA IIUIIMU: OCHOBHA YaCTHHA €HEPTii CIIPSIMOBY€ETHCS Ha
NOTPeOU CIOXKUBaYa, a HAAJIMIIOK BUKOPUCTOBYETHCS I HAKOMUYEHHSI, TOOTO JIJIst
wusneHHs I1Y. Cepenni rpadiku no0oBoro HaBaHTakeHHs Ta eHeprii BEC 3

MakcuMalibHOIO moTyxHicTI0o 100 MBT HaBeneHi Ha mnpuKIiIaai, HaBEJICHOMY Ha

pucyHky 1.2.
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Pucynok 1.2. I'padik podotu ['’AEC manoi notyxkuocti 3 WPS

Jns 1poro mpuknaay ClIpaBeJIMBUN HACTYIIHWM BUpPA3, KWW BUIUIMBAE 3

PIBHSIHHS OalaHCYBaHHS 1IOJICHHOTO HABAHTAXXEHHSI Ta BUPOOJICHOI €Heprii.

.
Dyes M = [ PO)L

(D)
ne Dwps — eHepris, Bupodiera WPS 3a gac T;
nE — €PEKTUBHICTB MpoOIIECy Iepeaayl eHEeprii CoKUBavy;

P(t) — 3HaueHHs CNIOKMBaHHSI HABAaHTAXKEHHS B MOMEHTH 4acy t. 3BIJCH MU

MO>KEMO BU3HAUUTH CepeHIO MOTykHIcTh WPS 3a vac T.

jPH}dI

T — 0 ¥
N WWSar — T
M

(2)

HactynHe CcmiBBITHOIIEHHS MOXE BH3HAYUTH BCTAHOBIIEHY IMOTYKHICTh

BITPOBOT €JIEKTPOCTAHIII]

Nyps = Nyr n
4)

JI€ 1 — KUTBKICTh BITPOBUX TypOiH

BusHaueHHsi TuIly, MapKd Ta KUIBKOCTI BCTAHOBJIEHHUX BITPOTE€HEpaTOpiB
HEOOX1IHO TPOBOJUTH HA OCHOBI TEXHIKO-€KOHOMIYHOTO OOIPYHTYBaHHS 3

ypaxyBaHHSIM MICIIEBUX YMOB Ha OCHOBI1 PO3TJIsiTy KUJIBKOX BapiaHTIB.
VYci napameTpu MaroTh BIJIMOBIJATH YMOBaM, 3a3HauyeHuM y (1)

OTtpumani 3HaueHHs TOTY>KHOCTI WPS Nyps B 3a1€KHOCTI BiJ] 4acy ¢ MOXKYTh

OyTu BUKOpUCTaHi ajsi Bu3HadeHHs pexkumy PSP 3 WPS (muB. puc. 2. I'padik

Nwes=f(T)).



Ywmoga enepreruunoro 6anancy 'AEC 3 WPS y pexumi HakadyBaHHs, TOOTO
KOJIM € HaJUIMIIIOK T€HEPOBAHOI €HEePTii, MepPEeBUTPAYCHUMN, OITUCYETHCSI HACTYITHUM

PIBHSIHHSIM OajlaHCy

n

iNWE‘Sirr _Z‘Pr 'T=iNl>ifr =':"P
i=] i=] i=1
&)

Np, Dp — MOTY>KHICTb Ta CIIOKMBAHHS €HEPTii B pEKUMI HaKauyBaHHS

3BiJicH 32 BIIOMOIO (POPMYJIOI0 BUBHAYAEMO MAKCUMAJIbHUI 00’ €M BEPXHLOTO

pe3epByapa

n

36?"’?]1um IZrf"lr‘l.".r'l’?-;i'fr' _ZF; 'rf'
=1

v _ i=l1 i
e ©)

3 (6) BuHO, 110 00'eM pe3epByapa V BU3HAYAETHCS B IPSMIM 3aI€KHOCTI BiJl
KUTBKOCTI €HEeprii, IKy HEOOX1JHO aKyMYJIIOBAaTH, 1 B OOEpHEHIM 3aJeKHOCTI BIJ

TUCKY Hp.

O06'em BoM y BepxHI 1 HUKHIA BOJOMMAX MPOTIAroM 100 OyJe 3MIHHUM 1
3anexuTh B yacy pobotu 'AEC B TypOiHHOMY 1 HACOCHOMY peKruMax. J1Jis OLiHKH
3MIiHU 00’€MIB BOJIM BUKOPUCTOBYIOThCA Tpadiku Wi, =f(V), 1m0 xapakTepu3yoTh

3aJIeKHICTb PiBHS BoaU Wiy Y BOZOCXOBHIIAX BiJl iX 00’ €MiB V.

Hannumkosa notyxkHicTe TAEC Np = Nyps — P noBUHHA OyTU BUKOpPUCTaHA
st kuBneHHa ['AEC, sxa 3akauye 00’em Boau AVy y BEpXHIO BOJONMY,
HAIPUKJIIAI, 3T1THO 3 Tpa(ikoM Ha PHC. 2 TPOTATOM Yacy Bifl ¢y A0 ¢;, > 10 t3 1 B 14

0 15.

[Ipu nemocrtatHiit motyxHOocTi BEC mns moxputTts moboBoro rpadika
HaBaHTa)XCHHS HeCTada MOTYXHOCTI Ny = P — Nyps KOMIICHCY€EThCS MTEPEBEACHHAM

['AEC B pexxuM BUpOOJICHHS €JIEKTPOCHEPTI] 3 M01a4YeIo BOIM Ha TAPOTYpOIHH, SIK1



BUPOOJISITUMYTh BIJICYTHIO €JIEKTpoeHeprito. Hampukian, 3riHo 3 rpadgikoM Ha puc.
2, TIPOTATOM 4Yacy Bija ¢; 10 ¢, 1 BiA ¢3 10 ty. Pe3ynbratu po3paxyHKIB 3py4dHO

1oJaBaTu B TabJIMUYHOMY BUTJIsAL (Ta0d. 1).

Tabmuis 1.1. Busnauenns noryxsocti TAEC

Daily load Pumping
Time of electric WPS power power Turbine power,
of day power P, Niwps, kW regime, Ny, kW
kW Np, kW
l.1 Pio.y Nwes i (0-1) Npi o1y -
112 Piia Nwps i1 - Nhi(1-2)
th3 Pipa) Nuwps i0-3) Npios) -
l34 Pi(a4) Nwes i4) - NHiG4)
ly.s Pias) Nwes i.1) Np i1 -
The amount
- The amount of | Volume water
, of electricity o Volume water
Time : . electricity in | supply upper
In pumping : . supply lower
of day turbine mode, | reservoir, Vy, .
mode, EN, ET kWh o reservolr, V. m
kW/h ’
I-U-] ZE'I’[[]-l ] - ﬁvl’[li-l ) -
t1-2 - Ini1-2) - AV
t3 I3 - AVpos) -
tig - g - AV
lys Ipias) - AVp.s, -

KiIbKICTh €NeKTpOoeHeprii BU3HAYAETHCA JUCKPETHUM IiJCYMOBYBAHHSIM

: : . . Do = SN,
n00yTKiB N-At 3a (hikcOBaHi iIHTEPBAIU YacCy, HAPUKIAI, 3a Iepiof ty.; Zl‘ !

. . ‘Ble:: > NH.-'mr
13anepion t;., Z]

OG’em Bomu, mo nomaetbes 1Y y BepxHiM pe3epByap y Mepiiuil mepioj

pO6OTI/I, MOXHa BUBHAYUTHU HACTYITHUM YHMHOM.

367- gp[n_[] -}?lui'rrrl .

‘Ha"[\\'lI 1) (7)

AV

PlO-1) —




ne Hpg-1) , pum — Hanip Ta KKJI TAEC B HacocHOMY pekumi.

[Tpu monepeminHiN Moavi Ta BiAOOP1 BOU 3 BOJOCXOBUII] PIBE€HD BOAM B HUX
3MIHIOETbCA, a OTXKe, 3HaueHHs TUcKy ['AEC OynyTh pi3HMMH 1 BU3HAYalOThCS

HACTYITHUM CHiBBiTHOIIEHHM [20]

_ G
HHr'.Pr’ - Hi Fi i‘ﬁ'H."’

(8)

ne AH; — BTpaTu THUCKY Y BOJAOIIPOBOJIax, K1 3ajJeXaTh BlJ BUTPATHU Hacoca

abo TypOiHM @ 1 MOXYTh OyTH pO3paxoBaHi 3a JOMOMOIOI BIJOMHX METO/IB

TiIpaBIIYHOTO PO3PaxyHKy. Y HaBeAeHid Bume Gopmyii 3HaK (+) BIIMOBITAE

pEXUMY HaKadyBaHHs, a 3HAK (-) pexxumy TypOinu, H® — reoMeTpuuHuii HATip.

Konu nactane uwac enepretuunoi HemoctatrHocti BEC ¢,.,, TH OynyTh
3ynuHeHi, a rigpoenekrpocranuii ('EC) OynyTe BBeaeH1 B poOOTy 3 MOAAUYEIO

00’emy Bou AVH ;.2 (puc. 2 1 Tabmuus 1)

367"
VH[I—ZP = H

H(1-2) ,

H{1-2) ' 'q.'ur (9)

Hy2) , N — Hamip 1 KKII TAEC B TypOiHHOMY pexkumi. O0’em Boau y
BOj0MMax, mo Bianosigae pexxumy podotu 'AEC 1 BEC, naBenenuit Ha puc. 2

MO’KHA BU3HAYUTH 32 MAaKCUMAaJIbHUM 3HaYeHHAM AV ado AV p 3rigao 3 tadi. 1.

Burpary Bonu 'AEC y Typ6iHHOMY Ta HacocHOMY pexxkumax Oy ta Op y
(bikcoBaHI MOMEHTH 4acy #; MOXXHA BU3HAUWUTH 33 3HAUYCHHSMH IMOTY>KHOCTEH Ta

HaIopiB 3a TaKUMU (HOpMyJIaMHu.

N

QE[. = = | Ql‘i

— Nf".- ) 'r-?pum
981-7. -H, 981-H,,

FiiF

(10)



OnHUM 13 MUTOMUX €HEPreTUYHUX MOKa3HUKIB € KOS(pIIIEHT BUKOPUCTAHHS
BUPOOJICHOT Ta CIHOXKHTOI €Heprii, SKUH PO3PaxOBYEThCS 3a HACTYIHUM

CHIBBIIHOIIEHHIM

~ T
K= (3wps — 3p + Su)DOwes
(11)
TakuMm 4YWHOM, MOXKHA IMiJCYMyBaTH, IO HaBeJE€HA METOJHMKA I03BOJISIE
Bu3HauuT mnapametrpu ['AEC, makcumanbHo BignoBimHi noTyxHocti BEC, i

I[O6OB€ CIICKTPUYHC HABAHTAXXCHHAI.

JIns 1bOro KOMILIEKCY po3po0JieHO (YHKIIOHAIBHY CXEMy BHUKOHAHHS

omnepauii nporpamuoro kepyBanHs napamerpamu 'AEC ta BEC (puc. 1.3).

Ha nepmomy ertani @yHKIIOHYBaHHSI KOMIUIEKCY JJII BUPIIIEHHS MUTAHHS
«aKyMyJIIOBaTH a00 T€HepyBaTH €HEPrilo» BEJIMYMHA MOTY>KHOCTI Nyps B MOMEHT
4acy f OPIBHIOETHCA 3 BIAMOBIIHOIO MOTYKHICTIO T0OOBOTO rpadika HaBaHTaKEHHS

P, BHAaCNiIOK 4OT0 OfIHA 3 TPHOX MOKIIUBUX OTEpalliii BAKOHY€ETHCA.

a) Nyps= P, npu upomy I'TAEC He npaioe; HaBaHTaXEHHSI MOKPUBAIOTHCS

enepriero WPS.

0) Ilpu Npyps>P croctepiraeTbCsi HAAJIUIIOK EHEprii, sKy HE0OXI1JIHO

HaIMpaBUTH Ha *kuBJeHHs [1Y 1151 HAaKOTIMYEHHSI BOAM Y BEPXHBOMY pe3epByapi.

B) CtaHn Nyps<P moka3ye BIJICYTHICTb BUPOOJIEHOI €HEeprii, 1o mnepeaye

3aMyCKy €JIEKTPOCTAHIIII 3 TOAa4€r0 BOJY 3 BEPXHHOTO BOJOCXOBHIIIA.



WPP start-up Measurement

—H Nywe, P
Not Not
2 5 HPP start-up
v
Yes Yes Measurement [*
Pumping Ny N
—  Npgp=10 unit start-up Increased
l water *
consumption
Measurement
Wi
Inﬁ?&sfd Measurement [ O
consumption N Fp e :
Measurement Reduction of
Yes W, water
consumption
Shutdown of
the pumping
unit
Reduction of
— water
consumption Sh'-ﬁ‘g']:',"'m

Pucynox 1.3. ®ynkiionanbaa cxema PSP 3 WPS

Takum YMHOM, OCHOBHHUM 3aBAaHHAM IICPIIOIO €TAally € BU3HAYCHHA 4acCy Ta

ymoB nyckiB ['EC Ta IV 3a mapametpamu Nyps Ta P.

Hpyruii eran noumHaeTbcs 3 mycky I[IY 3 moBHUM abo Maifke MOBHUM
o0'eMOM BOJM B HWXHBOMY pesepByapi. Ilim yac poboTH HacociB HEOOX1THO
KOHTPOJIIOBAaTH PIBEHb BOAW B HIDKHBOMY pe3epByapi 1 MOTYXKHICTh Hacoca JjIs

BUKOHAHHS HACTYITHUX OTlepariiii:
- IPY 3HMKEHHI PIBHS BOJM JI0 piBHS MepTBOro 00'emy I1Y BiakimovaeTbes;

- mpunyctumo, mo NP He Bianosigae 3nauenHto PH, sike xapakrepusyernscs
ak pi3Hul notyxkHocrer PH = NWPS. V takomy Bumnanky P (HaIauiikoBa

notyxkHicte BEC, cnpsimoBana Ha »xuBieHHs IIY) BUKOHyeTbcsl omepanis 3i



30UIBIICHHST 00 3MEHIIICHHSI BUTPATH BOJM, 110 MojaeThes B ITY 1m0 mocsrHeHHs

BianoBigHOCTI Np = Pp.

Ha tperpomy etami, komu Nyps<P, s MONOBHEHHS BIJACYTHHOI YaCTHHU
HABAHTAXKEHHA 3alycKaeThCs rifpoenekTpoctanmis. I[lix uwac pobotu T'EC
pEryJipHO BUMIPIOIOTh Ny 1 MOpPIBHIOIOTH 13 3HadeHHsSM PH, mo xapakrepusye
pi3uULIO Py = P — Nyps. SIKIO 111 3HAYEHHS PiBHI, II€ O3HAYaE, M0 MOTYXKHICTh
eJIEKTPOCTAHLIIi JOCTATHS JUIsl TOKPUTTSA KPUBOI HABAHTAXKECHHS, 1 MEPEBIPSIETHCS
MIOJIOXKEHHS PIBHS BOJIM Y BEpXHIH BOA0MMI1, TOOTO Wi, < Wy, Ilpu 3HMDKEHH1 PIBHS
BOAM HUXKYE W, enexTpocTanilisi BUMuKaeThes, a TAEC nepexonuth B HacoCHUM
pexum. Y pa3l HEeBUKOHaHHA Ny # Py mnojaeTbcs KOMaHjaa 30UIBIIMTH a0o
3MEHIIIUTU BUTPATy BOJHU, IO TMOJAETHCS HA EJNEKTPOCTAHIUIO /10 JTOCSTHEHHS

6anancy Ny = Py.

PosrisineMo neBHy JIOKaJIbHY €HEprocucTeMy 3 J1000Bot0 noTpedoro Bia 800
10 1050 MBt roa Ha 6a31 BEC, mo Bupo6sisae 850 ... 1100 MBt-ron enexkrpoeneprii
Ha 00y, rpadiku Nyps =f(T) 1 P=f(T), 3 akuX moka3aHo Ha puc. 2. 3a pe3yJbTaTaMu
pO3paxyHKiB, TPOBEICHUX 3a XapakTepuctuunumu rpadikamu Nyps =f(T) 1 P=f(T),

OTPHUMAHO HaCTyrIHi ITIOKAa3HHUKMH:

1. Kinbkicts akymynboBanoi eHeprii EP = 110...150 MBT-roa, a Bupo0ieHoi

eneprii OH = 76...104 MBT-roz.
2. O6'em pesepByapa V=8 000 000...10 230 000 m3
3. Bcranosnena notyxHicteWPP N, =100 MBt
3. Bcranosnena notysxHicts [TY Ta HPP Np = 55 MBT, Ny = 35 MBT.
4. Cepenniii yac podoru IT1Y 12,5 rog., 'EC — 11,5 rox.
5. Cepenniit namnip Hp =40,0 M, Hy = 38,5 ™.

Pe3ynbpTat po3paxyHKiB MOKa3ylOTh, 10 KUIbKICTh aKyMyJbOBAHOI €HEprii

ctaHoBUTh 13,0...13,6 % Bix BUpoOiaeHO, 11 yoro HeoOxiaHo nodyayBatu 'AEC



noTyxHicTio 55 MBT 3 aBoma BojocxoBuiamMu o6’emoMm 8,0...10, 23 MaH M3.
Koedimient Buxkopucranns eneprii BEC cknamae 0,91 ...0,96, mo € oguum i3

HaWBUIIUX MOKA3HUKIB JJIsI TAHOTO TUITY €JIEKTPOCTAHIIIH [7].

[Ilo6 BIOMOBICTH HA NHUTAHHSI, HACKIIBKHA II€ C€KOHOMIYHO BHWT1JIHO, MH
MOPIBHIOEMO BUTPATH HA HAKOMHMYEHHS T1IPaBIiuHOI €Heprii 3 BUTpaTaMu Ha ii
30epiraHHs JITIH-IOHHUMH aKyMyJaTOpaMH, SIKi € OJHUMHU 3 HaMMOIIUPEHIIINX
HakonuyBaviB y 2019 pomi. 3a mannvu ¢iHaHCOBOT KOHCAJITHHTOBOI KOMMAaHIi1
Lazard, mutyerbcst B [21], coOiBapTicTh OAMHMIN JIITIH-IOHHUX aKyMYJISITOPIB
cranoButh 204...275 $/xBt-ron, a PSP — 177 §. ... 186 / kBt*roxa. Lli BurpaTu
BKJIIOUYAIOTh BapTICTh 30€piraHHs €MHOCTI MPOTAroM 4 ToAuH IS JITIH-I0HHUX
aKyMyJaTopiB 1 16 roauH st rigpoakyMmysrorouoi yctaHoBku. [lpu cepemHix
3HAYCHHSAX [MX MUTOMHUX TOKAa3HHKIB (HANpUKIAI, npH ix pisHuii 60 $/xBr*ron)
eKOHOMIYHMI edekT Bia BukopuctaHHsi ['TAEC B po3risiHyTiii eHeprocucremi
TIOPIBHSHO 3 JIITIH-IOHHAMH aKyMYJIATOpaMU CTaHOBHTH 60,6...9 $, 0 MinbiioHIB Ha

JCHB.



BucHoOBKM 32 mepmIuM po3aijioMm

1. Po3pobiieno metonuky BuzHaueHHs napametpiB komiiekey 'AEC 1 BEC,
3aCHOBaHY Ha 3a0e3neueHHi OanaHCcy BHUPOOJIEHOI, CIOXKUTOI Ta aKyMYJbOBaHOI

€HEeprii B eHeprocucTeMi.

2. Po3pobneHo  (yHKIIOHAIbHY CXEMy MpPOTPAaMHOTO  KEpyBaHHS
napamMeTpaMu TiIPOaKyMYyJTIOIOUHNX €ICKTPOCTAHIA Ta BITPOBUX EJIEKTPOCTAHIIIH,
0 JO3BOJIIE JOCATTH ONTHMAJIBHOTO BUKOPHCTAHHS  BITPOTOTEHIIATY

riIpaBIiYHUM HAKOMTMYYBa4yeM €HEprii.

3. Pe3ynbraty NOPIBHSAJIBHUX PO3paxyHKIB BUTPAT Ha HAKOMMYEHHS €HEPrii
nokazasii ekoHoMiuHy e¢ekTuBHICTh [TAEC y mnopiBHAHHI 3 JiTIH-IOHHUMU

aKyMyJsiTOpamu, o1liHeny B 6,6...9,0 muH. qonapi CIIIA Ha 100y.



PO3/L1 2 PO3POBKA TEXHOJIOITYHOI CXEMH KOMILJIEKCY
®OTOEJIEKTPUYHOI CTAHIOII 3 XIMIYHO-TPABITAIIMHUM
HAKOIIMYYBAYEM EHEPI'TI

2.1 XimiyHo-rpaBiTaniiiHuii HAKONUYYBAa4 eHepril

Kopucna Mozens HaJleKUTh JI0 Taly31l €eHepreTUKU 1 Moke OyTH 3aCTOCOBaHa
B CHCTEMax T'eHepallli Ta HAaKOMWYEHHS eJIeKTPUYHOI EHEepTii.

Binowmi rpasitaiiiiHi HAaKOMYyBadi €HEeprii MPUHIIMI SKUX 3aCHOBAaHUM Ha
nepeBo/ii KIHETUYHO1 €Heprii pyXy MacH B MOTEHIIMHY €Heprito 1i CIIOKOI0 Ha OUTBIIT
BHCOKOMY PIBHI JIHIHHOTO BEPTUKAIBHOTO po3Mipy. ['paBirTalliifHi HaKONMAYyBayi
€Heprii, BUKOPUCTOBYIOTh Pi3HI BUAM POoOOYOTO cepeoBuUIlla 00’ €KTY CBO€I Macu
(pimkicHi, TBEpJIOTUIbHI, TOMIO...).

HenonikoM Takux HaKONMHUYYBayiB €:

BEJIMKI JIIHIMHI pO3MIpH;

- BEJMKa Maca poO04Oro cepeoBUILA;

- BEJIUKA TEPUTOPIs BIUYKEHHS;

- oOMexeHHH Yac CIycKy po0OOYoro cepeloBHMINA B PEXKHMI BHIAYl

€JIEKTPUYHOI €HePrii;

CKJIQJIHICTh PEryJIFOBaHHS MPOILECY BUAAY1 EHEPT1i.
Bigomi XiMiuHI akyMyJISITOPU €IEKTPUYHOL €HEPrii, sIKi MalOTh 3HAYHY Macy
3 00MEeKEHOMY 00’ €eMi.

Jlana xoprcHa MOJIENb MOKJIMKaHa BUPIIIMTHA HACTYITHI TEXHIYHI 3a/1a4i:

-  ONTUMI3ZYBaTH pEXUM BUKOPUCTaHHS O00’éeMy 1 Macuh XIMIYHHX
aKyMYJISITOPIB €JIEKTPUYHOT €HEpril HUISIXOM IX BUKOPUCTAHHS B SKOCTI
pobGodoro cepefoBuIna 00’€KTY MacH TBEPJAOTUIHBHOTO T'PaBITAI[IHHOTO
HAKOIMMMYyBaya eHeprii;

- TMOJINIIMTH  €HEPreTHYHl  TOKA3HUKH  XIMIYHHUX  aKyMYJSTOPIB

CICKTPUYHOI CHeprii MIJIIX0M J0AaTKOBOI0 BUKOPHCTAHHS IXHHOI MacH B

SAKOCT1 pecypcy akyMyJIFOBaHHSI €HEprii.



B ocHOBY KOpHCHOT MO/IeJTi TOCTAaBICHO 33/1a4y yA0CKOHAJIEHHS KOHCTPYKIIii
Oatapei XIMIYHUX aKyMYyJSITOPIB HUISXOM CIHOPY/DKEHHS Ha 0asl ix Macu
TBEPAOTUIHHOTO TPaBITAIIHHOTO HAKOMIMYYyBaya €Heprii.

CyTb KOPUCHOT MOJIEJ1 TIOSICHIOETHCS KPECIEHHIMH, Jie Ha (pir. 1 300paxkeHo
KOHCTPYKIIII0O XIMIYHO-TPaBITalliiHOTO HAKOMHYyBada €Heprii, a Ha ¢ir. 2 Horo
y3arajibHeHy TEXHOJIOTIYHY CXEMY.

XiMIYHO-TpaBITAIlIHHUM HAKOMMYyBad €HEPTii MICTHTh OaTapero XiMIYHUX
aKyMyJsTOpiB 1, sIka 3MOHTOBaHA SIK €IUHHUIA OJIOK BEPTUKAIBHOTO PYXY, OMOpPHI
KOHCTPYKIIi BEXI1 rpaBiTallliHOr0 HAKOMUYyBaya 2, 000pOTHY MallIuHy MOCTIHHOTO
CTpyMy 3, siKa MpalIO€ B PeKUMaxX T€HEepaTopa Ta JIBUTYHA, CUCTEMY YIIPaBIIHHS
00OpOTHOKO MAILIMHOIO MOCTIHHOTO CTpyMy 4, IHBEPTOpP - KOHTPOJEp 3apsay S,
MEXaH13M MITHATTS BaHTaxy (po6ouoro cepeoBuina 00’ €KTy MacH IpaBiTaI[iiHOTO
HaKomu4yBaya eHeprii) 6.

EnemenT | po3ramoBanuii Ha €IMHIN OCHOBI, 1110 103BOJISIE BAKOPUCTOBYBAaTH
1oro macy sik po0oye cepeoBUIla TBEPIOTUIHHOTO TPaBITallIfHOTO HAKOTIMYYyBaya
€HEeprii.

[HBEpTOP-KOHTPOJIEP 3apsny S5 3apsamxae 0aTapero XIMIYHUX aKyMyJISITOpiB 1
JI0 TIOBHOTO 3apsy, MICIs YOro MOYMHAE KUBUTH OOOPOTHY MAIIMHY MOCTIHHOTO
CTpyMy 3, sika B LIel Yac Mpaiioe B peKUMI1 JBUTYHA Ta MiAiMae Bropy €IuHUN 010K
BEPTUKAJIILHOTO PyXy 3 XIMIYHMUMH akymyisitopamu 1. Takum uymHOM o0O0CAT
32011a/)KEHO1 eJIEKTPUYHOI €HEPrii B 0aTapee XMIYHUX aKyMYJISITOPIB 301JIbIIYETHCS
ab0 YacTKOBO1 po3psaku OaTapei XIMIYHHUX aKyMyJATOPiB OOOpOTHA MaIlnHa
MOCTIHHOTO CTPYMY TNEPEeXOIUTh B PEXHUM TeHEpaTopa Ta MOYMHAE 3apsKaTh
OaTapero XiMIYHUX aKyMYJIATOPIB.

3acToCyBaHHS J1TaHOI KOPUCHOI MOJIEJ JO3BOJISAE MiJABUIIUTH C€HEPreTHUHY

MacH, siKa MiIHATa Ha BUCOTYy H.



Jxepeno iHpopmarrii.
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2.2. 3arajbHi NOJIO)KE€HHS1 3 TPaBITAIMHOrO0 PiIUHHOIO 30epiraHHsA

eHeprii

Hecnpusitiupi Hacaiaku 17100adbHOT 3MIHU KJIIMAaTUYHUX YMOB O0OYMOBJIEHI
710 BTPYYaHHS JIIOJAUHU B IPUPOJIHY €KOCUCTEMY )KUTTEBOTO LIUKITY 3MYCHIIH JTIOACH
3BECTH JI0 MIHIMYMY TaKy IisUTbHICT, SIKa BeJle 0 IJIaHeTa 10 3HUIICHH. Jltoam 3
pI3HUX BEPCTB CYCHUIBCTBA YCBIJOMMIM HACHIJAKH BUKOPHCTAHHS BHUKOITHOTO

NajyBa Ta € PO3BUTOK 1 BUKOPUCTAHHS YUCTHUX 1 BITHOBIIOBAHUX JKEPEN EHEprii.

i mkepena eHeprii BKIOYAIOTH BITEP, COHAYHY (HOTOCNEKTPUUHY, COHIUHY
TEIUIOBI, TE€OTEepMalibHI, TIAPOEIEKTPOCTaHIli, OlonmaauBo, OlomMaca, XBWII,
NPUILUIMBY, Ta 1H 3 HHUX BITPOBI Ta COHSYHI JpKepesa 3alHsUId MPOBIJTHE MicCIe
3aBISIKA X TEXHOJOTIYHA 3pUTICTh 1 KOMepIiiHe upuitHaTTsa. [nobanbhe
pPO3rOpTaHHS Ta 1HBECTHLII LUX JDKEPES 3pOCTAI0Th 3 POKY B PIK, SIK BUIHO 3
mitepatypu. KpiM Toro, BUCOKa BapTiCTh BUPOOHUIITBA, 3JICKHICTh BiJl BAKOITHOTO
najuBa Ta €KOJOTIYHI MIPKyBaHHS OyJM TMOTYKHUM pYIIIEM 3pPOCTAaHHS
BUKOPUCTAHHSA TMOTEHLIANy BIJHOBJIIOBAHOI €HEPrii MPOTArOM OCTaHHBOTO

JIECATUIITD.

3riIHO 3 OCTaHHIM OHOBJICHHSM, TIJIOOAJbHI 1HBECTHIII B PO3BHUTOK 1
BUKOPUCTaHHS BIJHOBIIOBAHUX Jpkepen eHeprii 244 mapn nomnapis CIIA B 2012

potii mopiBHsAHO 3 279 mupna nonapis CILIA B 2011 pori.

Ha puc. 1 mokazaHo Te€H/IEHI1110 BCTAHOBJICHUX MOTY>KHOCTEH BITHOBIIOBAHO1
SHEPTeTUKH JJIsl CBITOBUX 1 Halikpammx kpain. Hanpukinii 2012 poky rinobanpHa
BCTAHOBJICHA MOTYXKHICTh BIHOBIIOBAaHUX JiKepen eneprii gocsria 480 I'Bt, Toxai

sk Kuraii 3anuiaBcs CBITOBHUM JiijiepoM 13 BHeckoM y 90 I'Br.
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Puc. 2.1 Jlunamika 3pocTaHHs MOTY>KHOCTI BITHOBIIOBAHUX JKEpET eHeprii

CIIA Ta HimeyunHa 3 BCTaHOBJICHOO MOTYXkHIcTIO 86 Ta 71 I'BT BinmosigHo.
VY rnob6ansHiil notyxHocTi 480 I'BT BHecok €C-27 cranoButs 210 I'BT 1 kpainu
BPIKC (bpazunis, Pocis, Inais, Kutait 1 [liBnenna Adpuka) 128 I'Bt. 'mobansHa
BCTAHOBJICHA MOTYX HICTh BITpOEJEKTpOCcTaH1ii 3pocia Ha 12,4% no nmonan 318 ['Bt
y 2013 poi yepe3 Ounbiry Kuraro ta Kananau, sk mokazano Ha puc. 2.2. OgHak, y
2013 porri MOTY>XHICTh YCTAaHOBOK CITOBUIbHMIIACS Maibxke 10 35,5 I'Bt, na 10 I'Br
MeHIe, HI BcTaHoBJeHO y 2012 poui. Kutato Ha kinenps 2012 poky BcTaHOBJIEHA
BITpOBa MOTYXKHICTh ctaHoBmwia 75,3 I'Bt mocsrma 91,4 I'Bt y 2013 p. Iamum
OCHOBHUM (DaKTOPOM BITPY € EHEpreTUYHUX MOTYy>kHOCTeH, Kanana, nonana 1,6 'Bt
HOBUX MOTYy>XHOCTeH. €Bponu Y mnopiBHAHHI 3 2013 BcTaHOBJIEHA MOTYXHICTh
BITPOBHX BITpiB 3pocia maitke mo 121,5 I'Bt mo 110 I'Btr na kinems 2012 p.
CykyrnHa BcTaHOBJEHa (DOTOENEKTpUYHA TOTYKHICTh Y CBITI HOTYXHICTh
nepesuimia no3Hauky B 100 I'Bt, nocsaruysmu tpoxu Ounbiie 102 I'Bt npu kineup
2012 poky, Weblink3 [5], sx moka3ano Ha puc. 3. [mobanbHa CyKymHa BCTAHOBJICHA

MOTYXHICTb oToenekTpuaHoi cuctemu B 2011 pori cranoBusia 71 I'Bt. L emHicTh



3MaTHUN IIOPIYHO BUPOOJSITU CTUIBKK EJIEKTPOCHEPrii, CKUIbKU 16 ByTuULIs
eJIeKTpOocTaHLli abo sijepHi peakropu nmoTykHicTio 1 I'BT koxHa. KoxkeH pik 11
dboToENEeKTPUYHI YCTAaHOBKH 30epiratoTh moHas 53 minsiioan ToHH CO, eKBiBaJIEHT

MAapHUKOBHUX Ta31B, 110 MOTPAILIIIOTH B aTMOChepy.

Wind power installed capacity, (GW)
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Puc. 2.3. [lopiuna nuHaMika 3pOCTaHHS BCTAHOBJICHOT OTY>KHOCTI1

(hOTOCTEKTPUYHUX €IEKTPOCTAHIIIN



3arasiibHa BcTaHoByieHa NoTykHICTh ' EC y 2012 pori pocsirna 990 I'BT no
960 IT'Bt y 2011 pomi, 30umbmennas Ha 3,12%. 3a3Buyail BiJHOBIIOBaHI JKepesa
eHeprii MPUPOAHO TEPEPUBUACTI 3 PI3HUM CTYIEHEM mepepuBdactocTi. CoHsTUHA
CHEpTisl € MEHII MePEePUBYACTHI MOPIBHIHO 3 BITPOM, OCKUIBKU MIBHUAKICTH BITPY
BHCOKa KOJIMBAHHS METEOPOJIOTTUHOTO napamerpa. Lleit MiHIuBUN XapakTep YHCTI
JDKepena eHeprii HEeraTUBHO BIUIMBAIOTh HA TMOTYXKHICTh O€3M0CepeTHBOTO
BUPOOHUIITBA, IO CTa€ TMPOOJEMOI Ui peryjspHoro Ta Oe3nepebdiitHoro

MOCTaYaHHs €NEKTPOCHEPTii KIHIIEBOMY CIIOKHBAUy Ta JUIsl CTA0LIBHOCTI MEpexi.

TakuMm 4MHOM, OTI[ISI MACOBOTO 30€piraHHs €HEprii € BIAMOBIJIO, 1 BOHA BXKE
€ BU3HAHO 3aCO00OM 3MEHIIICHHSA TIONMUTY HAa BHUKOIHE MaJUBO TMOTIPIICHHS
HABKOJIMIIHBOTO CEPEOBUIIA. Y BHUMNAAKY 130JIbOBAHMX OCTPIBHUX CITOK [I€
TEeXHIYHI OOMEXEHHS HAKJIATaI0ThCs 3BUYaHUMU TCHEPYIOUMMH yCTAaHOBKAMHU Ta
OOMEXKEHHUM PpO3MIpOM CHCTEM, BapiaHT 30epiraHHs EHEeprii BBAXKAEThCS

Halle(heKTUBHILIUM 3aCO00M JIJIsl TOCUJIEHHS BITPY IPOHUKHEHHS.

{06 3BecTH 10 MiHIMYMY, TOTP1OHI BIANOBIAHI MACOBI HAKOMMYYBayl €HEprii
BTpaT €HEPTii BITPY, 3aXUCT IHTEPECIB IHBECTOPIB 1 CTBOPEHHSI BITPOBOT €HEPTIT K
JoKepella  BUPOOHUIITBA  €JeKTpoeHeprii. EnekTpuuHuii  Mepexi  3a3BUyan
30epiraroTh 8—10% 107aTKOBOI EMHOCTI Ha JI0JATOK J0 MOTYKHICTh Ha JIiHii, 1100
BIIOpATHCS 3 MUTTEBUMH MOTpeOamu B enekTpoeHeprii. 3abesneuenns PHES B
130JIbOBAHUX Mepexax, MOAIOHUX 0 THUX, IO 3HAXOMSITHCA B OCTPOBIB, 37AEThCS
MEPCIEKTUBHUM BapiaHTOM JUIsl BUPIIIEHHS SK BUCOKHI BapTICTh BUPOOHUIITBA
eJIEKTpOCHEpPTii Ta Oe3nepepBHE 30UIBLICHHS MOTYKHOCTI MOIMMUTY, 1110 BUHUKAE B

X 00JIaCTSIX.

JlocmimkyBanu ~ 3JaTHICTh  TPEIBKAX  C€HEPrOCHUCTEM  IOTJIWHATH
BIJIHOBIIIOBaHY €HEPrif0 Ta HEOOXIJHICTh HACOCHUX AaKyMYJIOIOYMX CHCTEM.
Pe3ynbpTaT mokaszaiu, 1m0 JJIS MOCTYIOBOTO 30UIBIIEHHS 3MIHHOI BUPOOJICHHS
BiIHOBIIOBaHUX Jpkepen eHeprii (BJIE) HeoOXinHa riapoakymylisiis. OAHAK,
JOLUIBHICTS BHUKOPUCTAHHS TIAPOAKyMYJIIOIOYMX CHCTeM He Oyna J0oBeleHa B

npomixkHi cueHapii ixTerpamii BJIE. CropustiuBuii 1 peanicTUYHUNIIOCIO



BIIPOBA/DKEHHS T1POAKyMYJIIOBAaHHS B OCTPIBHMX CHCTEMax 3aCHOBaHUM Ha
kouuernuist PHES, 1o ckiagaeTsest 3 BITpOBUX €JIEKTPOCTAHIIINA Ta CXOBUIL, JI1I0YU
3JIaTOJKEHO. 3 IUX MPUYUH CUCTEMH HAKOTIMYCHHS €HEpPTii, 3/1aTHI BiJHOBIIIOBATH
BIIKHHYTUHA BIT€p e€Heprii 3a eKOHOMIYHO €(QEeKTUBHUX YMOB IIHPOKO
3aCTOCOBYIOTBHCS, JOCATAIOYM MAKCUMAJIbHOTO BUKOPHUCTAHHS €HEprii BITPY SK Ha
HAI[lOHAJIbHOMY, TaK 1 Ha piBHI chiuibHOTH. CaiTiBaH Ta 1H. JOCIHIIKYBaJlId
eHepretuyny cuctemy CIIIA 1 3Haiimmm mo 30epiraHHs MoO)Ke HPU3BECTU [0
301JIbIIIEHHSI BCTAHOBJICHOT BITPOBOI eHeprii, m00 3po0UTH 1€ TOCTATHBO LIIHHUM.
BUBYAB JI0JlaBaHHs HaKomuuyBauiB eHeprii ctucHeHoro mnosiTps (CAES) no
CHJOTEHHUX 1HBECTHIIIN MOjeb. JlOCTiPKeHHS MOKa3aio, 0 NP MEBHUX PIBHIX
MOTY>KHOCTI BITPY 1 KamiTayibH1 BUTpat, CAES Moxke OyTH €KOHOMIYHO BUTITHUM
y HimeuuuHi ayig Benukux MacimiTaOlB BHUKOPHUCTAHHS BITPOBOI €HEprii uepes
3MIHHUM XapakTep BITPY. IHb Ta 1H. 3alpONOHYBajJd MIKPOTIOpPHIIHY CHUCTEMY
HAaKOMMYEHHS €HEeprii, M0 CKJIAJA€ThCs TIAPOAKYMYIIOIOYOi CTaHIi Ta

HaKOIIn9yBayda eHepri'l' CTHCHCHOI'O HOBiTpH.

Bxrouae ribpunHy cuctemy, 1o Ji€ sk TypoiHa 3 mikponacocom (MPT).
JIBa pe3epByapu, OMH BIAKPUTHI 17151 TOBITPSI, & IHILIUN MIIAAHUI CTUCHEHOMY
noBiTpto. MPT BUKOPUCTOBY€E HAIMIIIKOBY MOTY>KHICTh 3 MEPEXKI JIJIsl HAcoca
BOJA, SIKa, Y CBOIO YEPTy, CTUCKAE MOBITPSI, 1 3PEIUTO EHEPTIsl IEPETBOPIOETHCS
Ha BHYTPIILIHIO €HEePrito MoBITpsi. EHEpris B MOTIM BUITYCKA€THCS MOBITPS JJIs1
pyXy BOJH, IO TpoxoauTh uepe3 MPT renepyBatu enekTpoeHeprito, KOJIu
€HEPronocTavyaHHs 3 Mepexki HeJocTaTHeE. MelOoM Ta iH. 00roBOpIOBaJIM MepeBaru
BUKOPHUCTAHHS TeIlIa 30epiranHs s iHTerpaii BiTpy, To/i ik Mathiesen 1 Lund
JIOCITIJIXKYBaB Pi3HI TEXHOJIOTI{ IHTETpaIlii BITpy, MOKa3yK4H, 10 TETIOBE
30epiranHs Moxke OyTu ayke kopucHuM. Ummels Ta 1H. BUBYaB BIUTMB 30€piraHHs
Ha poOOTYy CUCTEMH MPOTATOM OAHOrO poky B Hinepnannu. BusiBunocs, mo xou
naMm'aTi cTano OIbIIe JKUTTE3AATHUM JIJISi CACTEMHU 31 30UIBIIEHHSIM PIBHSI €Heprii

BITPY, 1€ HIKOJIM HE BUSBUBCS HAWKPAIIUM BapiaHTOM JIJISL PO3TIITHYTOI CHCTEMH.



['iapoakymyIirOr0Uil CTaHIIIl € 3ac000M 3MEHIIICHHS PI3HUII MK ITIKOM 1
JIOJTMHOIO Ta 30UIBIIICHHS BUKOPUCTAHHS €HEeprii BITpy, COHsAYHA (POTOETEKTpUUIHA
eHepris Ta 1HIIe BUPOOHUIITBO YUCTOI €HEPTIi 10 eNeKTpUIHUX Mepex. Haioinbim
MIEPCTIEKTUBHUMH € T1IPOAKyMYJIIOI0Yi CTaHIlii. BOHM MiIX0a9Th 10 Yncia HKepen
MKOBOI MOTY>KHOCTI 1, TAKUM YHHOM, € OJTHAM 13 OCHOBHHX 1HBecTHIIi1 KuTaro B
MaiOyTHE. 3T1HO 3 Zeng Ha 1HIIL., JJIs IUPOKOMACIITAOHOTO PO3BUTKY YHCTUX
JDKEpEIN eHeprii, TAaKuX K SHEepris BITPY, SKa € Jy)Ke TepepruBYacToro, MoTpeda B

MKy MOTY>KHICTh CUCTEMH 3HAUHO 3POCTAE.

Y HUHIIIHBLOMY CIeHapli po3poOka €dEeKTUBHOI Ta €KOJOTIYHO Oe3meqyHOi
cuctemu HakonuueHHsi eHeprii (CHE) € BaxxiauMBMM NHUTaHHSAM CHpsIMOBaHI Ha

3aXUCT CYCIUIbCTBA BiJl CTUXIMHUX JIHX.

[Tonut na CHE 3pocTtae ajig BCIX THIIIB 3aCTOCYBaHb, TAKUX SIK CHUCTEMU
€JIEKTPONIOCTAYaHHS ~ BIJAAJICHUX 30H (HaOpHKiIaJ, MOPCHKI IUIAT(HOpMH,
TEJCKOMYHIKallliiHI yCTaHOBKH), CHUCTEMHU €JIEKTPOIMOCTa4YaHHs TiJ] HaIpyrolo,
aBapiifHe pe3epBHE KOIMIIOBaHHS, MOOUIBHI 10JJATKH Ta, HAPEIITI, JAJIs MiIKITI0UYEHUX
JI0 MEepeXl BEIMKHX EJEKTPOCTaHIIi 3 BITHOBIIOBaHOI eHeprii. [locrauanus
CJIEKTPOCHEPT1i IS BIJAJICHUX pPANOHIB CTae OUIbII MPUBAOIUBOIO 3aBISKH
nporpecy B dotoenekTpuuHiit (PV), KoHIIEHTpOBaHIil COHSYHINA TETUIOBIN eHeprii
cuctemu (CSP) 1 TexHomorii BUpoOHUIITBA BiTpoBOi eHeprii po3podka ECC. 3a
cinoBamu JIi Ta ['yuri notyxHe NpoMUCIIOBe 30epiraHHs eeKTPOEHEPTli € KPUTUYHO
BKJIMBOIO TEXHOJIOT1€10, HEOOX1THOIO JIJIs1 BITHOBIIFOBAHOI €HEPTETUKH, SKIIIO BOHA
X04Ye CTaTH OCHOBHUM J[KEpPEJIOM IUCIETUYEPU30BAHOI €NEKTpOeHeprii 06a30BOro
HaBaHTaXeHHA. KpiM Toro, BOHM BKa3alid, 10 CHCTeMH 30epiraHHs eHeprii
KOITYIOTh Onu3bko 30% 3aranpbHOi BapTOCTI CHUCTEMH  BIJHOBIIFOBAHOTO
eHepromnoctadyanHs. KpiMm Toro, 3a OCTaHHIMHM OIlIHKaMM acoliarlii 30epiraHHs
enektpoeneprii (A3E) 1 KEMA, 6inbuie 100 000 nogatkoBux po6oui Miclist 0y 1y Th

cTBOpeHi 110 2028 poky B cekTopi 30epiraHHs eHeprii.

HacocHi rigpoenexkTpocTaniii 30epiraiote eHepriro y ¢opMi HNOTEHIIHHOT

€Heprii BOAM, SIka BUKAUY€ThCA 3 HUKHBOTO pe3epByapy 10 pe3epByapa BHUIIOTO



piBHA. Y 1BbOMY THIIl CHUCTEMHM HH3bKA BapTICTh CJICKTPUKH EJIICKTPOCHEPTIs
(€JIEKTpOCHEPTisl B HEMIKOBUHN 4Yac) BUKOPHCTOBYETHCS IS 3allyCKy HACOCIB IS
MiBUIICHHA BOJA 3 HUKHBOTO pe3epByapa y BepxHiil. [1ig uac y mepioau BUCOKOTO
CIIO’)KMBaHHS €JICKTPOCHEPrii HaKOMMYEeHA BOJIa BUBUIBHAETHCS T1APOTYPOIHU NSt
BUPOOHUIITBA eJeKTpoeHeprii. PeBepcuBHI By3nu TypOiHHM/TeHEpaTopa MIIOTh SIK
Hacoc abo TypOiHa, KO HEOOX1THO. TUNOBHI KOHIIENTYaIbHI T1IpOaKyMyJTIOI0ul
('EC) cuctemu c BapiaHTU BITPOBOi Ta COHSIYHOI (POTOETEKTPUYHOI €HEepTii JUis
NIEPEHECEHHs BOJIM BiJl HUKHBOTO JIO BEPXHBOTO pe3epByapa rnokasani Ha puc. 2.4 i
2.5 BianoBiaHO. MeToarKa Ha TaHUM MOMEHT € HalO1IbIII €EKOHOMIYHO €(heKTUBHUM
3aco00M 30epiraHHs BETUKOi KUTBKOCTI €JIeKTPOCHEPTil, alie KamiTajabHl BUTPATH 1

HAsIBHICTH BIJMOBIIHOTO Ie0rpadiyHOTO MOJO0KEHHS € BUPIIIAIbHUM (PaKTOPOM.

Electrical
Loads or
consumers

Power transformer

Wind turbines

Upper reservoir

——  Direction of electric flow

— Direction of water flow

Lower reservoir

Pucynok 2.4 CTpyKTypHO-JIOT14Ha CXe€Ma €JIEKTPOCHEPreTUYHOI CUCTEMH 3

rpaBITAIliiHUM PIAMHHUM HAKOTTUYCHHSIM €HEprii

Konctpyxkiiis maiike koxHoi enektpoctaniili [IEC cunbHO 3amexuTh Ha
XapaKTEPUCTHKHU caiTy. Miclie 3 TOCTaTHBOIO KUTBKICTIO BOJU € KaXyTh, IO T00pe

1t po3BUTKY 3aBoay PHES, skiio penbsed 1 reosoris pailoHy CipusiTinbi.



[apoakyMyIl0r04y CHUCTEMYy BBaXKAIOTh HAHOUIBII  TEPCIEKTUBHOIO
TEXHOJIOTIS MIJBUILNECHHS PIBHSI IIPOHUMKHEHHS BIJHOBIIOBAHOI eHEprii B
CHEPreTUYHUX CHCTEM 1 OCOOJMBO B MaJMX AaBTOHOMHHUX OCTPIBHHUX MEpEKax.
BiTpoBi Ta riipoakyMyJror4l CHUCTEMH HA3WBAIOThCS TIOpUIHUMH CTaHIM, €
peaiCTHYHUM 1 3A1MCHEHHUM BapiaHTOM OCSTHEHHS BHCOKOTO IMOHOBIIOBAaHI
MIPOXOJIKY 32 YMOBH, III0 1X KOMIIOHEHTH € mpaBuibHOro po3Mmipy. Cucrema I1EC €
TiIPOCTIEKTPOCTAHITIEI0  CHCTeMa TeHepallii, 110 BHUKOPHUCTOBYEThCA Ha

CHCKTpOCTaHHiHX JJIA 3SMCHIIICHHA MMKOBOI'0 HaBaHTaKEHHS.

Electricity Out Upper Reservoir

During Discharging

|

Generator

Double

D R
Penstock

Lower Reservoir

I

Electricity In During
charging

Pucynok 2.5 [IpuHLIKMIIOBA TEXHOJIOTIYHA CXEMa Iy IPOAKYMYJIIOI0YOi

€JIEKTPOCTaHIII1

CxemMH TiApOaKyMyJIIOBaHHS B JIaHUM dYac 3a0e3NeuyroTh HalOUIbII
KOMEpPIINHO BaXXJIMBHI 3aci0 HAKOIMMYEHHS €HEPTii BEJIMKOI Mepexki MOKpalluTU

Koe(dirmieHT 1000BOi MOTY>KHOCTI CUCTEMH T'eHepaIlii.

BinnocHo Hu3bka miubHICTH eHeprii cuctem ['AEC BuMarae myske BeTUKHX

BOJIOMM a00 BEIMKOI PI3HUII Y BUCOTI MK BEPXHIM Ta HUXKHIM 0’ eom.



HacocHa akymynsdimiss € HalOUIbII TOTYXHOK (OPMOIO MEPEKEBOIO
HaKOMMYEHHSI €Heprii JHOCTymHO 1 craHoM Ha Oepe3eHb 2022 p. Sk mosigomiise
Hocnigaunbkuii iHcTUTYT enekrpoenepretuku (EPRI) TAEC 3aiimae 6inbie 99%

MacH MOTYXHICTh 30€piraHHs B yCbOMY CBITI, III0 CTAHOBUTH Oyn3bko 127 I'BT.

BigHoBOoBaH1 Ta 4YHCTI JpKepesna eHeprii, Takl sK BITE€p, COHIIEC, XBHIII,
MIPUILUTABH, Ol0Maca, MyHIIIUATIATBHI BIIXOIN TOIO MAIOTh MEPIOANIHUNA XapaKTep 1,

0TKe, Opak y BUpOOHUIITBI Oe3nepepBHOI Ta (HipMOBOT OTYKHOCTEH.

3 HUX BITEp € METEOPOJIOTIUHUM MapaMeTpoM, L0 CHUJIBHO KOJIMBAETHCA
3MIHIOETHCA Ha TOTOAWHHY, IIOJCHHY, IMOTIKHEBY, MICSYHY Ta ImopiuHy. OTXKe,
HIJKIIOYUTU €HEPTII0 BITPY A0 MEpEXi Ta 3a0€3MEUYUTH SIKICHY €JIEKTPOEHEPTIo
MOoCTavyaHHs, MOTPiOHI BeNuKi cuctemu 30epiranHs eHeprii. CoHsiuHa pajiaiis 1e,
OJIHAK, OUIbII BIIOMI JIK€peJia €HEPrii Ta MEHIIIE KOJUBAETHCA ajie MPAIO€ TUIbKU
B JICHHUI Yac. 3 TOYKU 30pYy SKOCTI €JIEKTPOEHEPTil COHAYHA €Hepria 3abe3neuye
BIJIHOCHO OLTBIII HAJIIHHY €HEPrito 1 MOXKe OyTH BIJAJaHUM 1 KEPOBAaHUM. Y IIbOMY
BUIIAJIKY BITHOCHO MEHIIIA €HEPris CUCTEMU 30€pIiraHHsl MOKYTh OyTH KOPUCHUMU
JUTsl 3a0e3reueHHss Oe3MepepBHOi Ta AKICHOI poOOTH MOTYXKHICTh. 3rifHO XiHO 1

Jlexeny, HacocHl '’AEC ycTaHOBKM MaroTh psijl IepeBar, Takux sK:
1) rHy4YKHii cTapT/3yNHUHKA Ta IBHUJIKA IIBUIKICTh PEAKIIIi;

2) 3MATHICTD BIJICTEXKYBATH 3MIHM HAaBAaHTAXXEHHS Ta aJaliTyBaTUCS 10 PI3KUX

3MIH HaBaHTa)KEHHS
3) Mo’ke MOy JIFOBAaTH YacTOTY 1 MIATPUMYBATH CTaOUIbHICTD HAIIPYTH.

Yce mne oznauae, mo ['AEC € kopucHUM I1HCTPYMEHTOM B CHCTEMI
eJIEKTPOEHEPTii, Ik BKazanu Hazapi ta iH. 1 Mitteperrep i [lenninrep, Kip 1 Uenmen
poBeJIM OOCTEKEHHA 1 BUSBUIM, 10 HacocHy ['EC Oaumnu OUIBIICTB SIK
HEMOMIPHO JIOpOre, ajie Maike MOBCIOAHO PO3TISAANOCs SK TEXHIYHO 3JaTHHUN
3a0€3MeUnTH BIJHOBIIOBAHY MMIATPUMKY Ta MIK aJeKBaTHICTh IOTYXHOCTI. VY

Cy4acHOMY CBITI 3 POCTOM YCBIJJOMJICHHSI Cepe]l IOl € YMCTI Ta BiTHOBIIOBaH1



JOKEpelia CHeprii 3a0X09Y€EThCS Ta BAKOPHCTOBYETHCS B YChbOMY CBiTi. 3Bakarouu Ha
Il 3pOCTalOTh TEHJCHIII BUKOPUCTAHHS IMEPIOIMYHUX JKEpeNT eHeprii €, 1 Oynue

OinpIa moTpeda B THYYKOCTI B CydacH1 CHCTEMH Mepeiadi Ta pO3MOALTY eHEprii.

3Ba)karouu Ha BEJTUKY 1HTETPAIlilo EHEPrii BITPY B €IEKTPUUHY MEPEXKY, HU3KA

IIMTaHb, OIIMCAHUX HUXYC, BUMAIra€ThbCA aﬂpeCOBaHHﬁ:

- TlotyxHicTh Mepexi Ta mpodiab HANPyrd HE IOBHUHHI IEPEBHUIIYBaTH
BU3HAYCHI MEXI.

- IlepeBanTaskeHHs MEpEKI.

- BmumB 3minHux enepretuuHux pecypciB (VER) Ha 3aranbHy NOTYXHICThH
nepeaaya 3aBAsiKy IHTErpalii BITpy.

- OOpoOka rapMOHiK, CTBOPEHHUX JOJJABAHHSIM €HEPTii BITPOEIEKTPOCTAHIIIN B
MEPEKY.

- Iloka3HukM mnepexigHOi CTIMKOCTI CHCTEMHM JIJIi HOPMAaJbHOTO 1 aBapiiiHi
YMOBH Ta BU3HAUEHHsI Mepeadl MOTYKHOCTI PiBHI 0OMEXKEeH1 0OMEeXEHHSIM
CTab1ILHOCTI Yepe3 JoaaBaHHs B3aemo3B'si3ku VER.

- OOpoOka 3MIH IMIIEIAaHCIB MEpPEXi dYepe3  BITPOEIEKTPOCTAHIIIO
MIJKIFOYEHHS J0 MEPEXi, a MOTIM HOro BIUIMB Ha IYJIbT JUCTAHIIIHHOTO
KepyBaHHS KOHTPOJIbHO-CUTHAIIH.

- IlutanHs 3aXUCTy MEpPEKEBOTO 3aXMCHOTO OOJIATHAHHS Ha €JICKTPOMEPExKi
yepes JJIsl J0IaBaHHS €HEPTii BITPY B MEPEKY.

- IIpobmeMu cTabiIBLHOCTI B MEpekKaxX K1 MOKYTh BUHUKATH Yepe3 JUHAMIUHY

MOBEIHKY BITPOBUX €JIEKTPOCTAHIIIH, IMIKITFOYCHUX JJO MEPEXK.

Jlns TOM'SKIIEHHS MOJKE€ 3HAJOOUTHCS OIiHKAa KaIiTaJoBKJIaJACHb
HECTIPUATIIMBUHN BIUIMB HA CUCTEMY, SIKIIO TaKa €, BKIIOYAOYM O0JIaTHAHHS, JTiHIT

eJIeKTporepeayl Ta CreliadbHy/BUCOKOUIBUAKICHY CUCTEMY 3aXHUCTY.

[Tepur 3a Bce, BXKJIMBO PO3YMITH, 110 BIJHOBIIIOBAHI JpKepelia eHeprii — 11e
€HEprid, siKa OTPUMYETHCS 3 MPUPOIHUX PECYPCIB, 1110 MOCTIMHO BiTHOBIIOIOTHCS.
Jlo HMX HajeXxaThb COHSIYHA EHEpPTis, BITPOBa EHEpris, reoTepMmalibHa EHEepris,

eHepris 0iomacu Ta rifipoenepria. Ha BiaMiHy BiJ TpaAULIMHUX BUKOITHUX JKEpel,



TaKuX SK ByTULIs, HadTa 1 ra3, BIIHOBIIOBAHI JHKEpeia €Heprii He BUCHAKYIOThCS 1

MalOTh MIHIMAJIbHUM BIUTUB HAa HABKOJIUIITHE CCPpCOAOBHUIIIC.

Opnak, HE3Ba)KalOUM Ha OYEBHJIHI IEpeBard, PO3BUTOK BiJIHOBIIOBAHUX
JoKepen eHeprii B YKpaiHi CTUKA€ThCS 3 HU3KOIO Cepio3HUX mpobieM. OaHieo 3
TOJIOBHHX ITPOOJIEM € HEJ0CTaTHIN PiBEHb JIePKABHOI MIITPUMKH Ta (piHAHCYBaHHSI.
[aBecTuii B 1Eel CEKTOp YacTO BUMAraloTh 3HAYHMX KOINTIB, a BiJCYTHICTH

CTaOlIBbHUX 1 3pO3YMUTUX MPABUJI IPU MOKE BIUISIKYBATH MOTSHIIMHUX 1HBECTOPIB.

[Ile oHa BaxkuBa nmpodieMa — 1€ TEXHOJIOTTYHA BIJICTANICTh. X04ya B YKpaiHi
€ OKpeMi MPUKIAIU YCIIIIHOIO BUKOPUCTAHHSA CYYaCHUX TEXHOJIOTiH, 3arajom
pIBEHb TEXHIYHOTO OCHAIICHHS 1 JOCIHIKEHb BIJACTA€ BiJ MPOBIIHUX CBITOBUX
cranaaptiB. lle ycCkiIagHIOE MOMXKIUBICTb KOHKYPEHTOCIIPOMOXHOTO PO3BUTKY

B1IHOBJIFOBAHOI €HEPTreTUKHU Ha HAIlIOHAJIIbHOMY PIBHI.

Kpim TOr0, BaXK/IMBO 3a3HAYUTH HU3bKUH PIBEHb eHEpProe(eKTUBHOCTI. YacTo
BUKOPHUCTAHHS BIIHOBIIOBAHUX JUKEPENI EHEPTii CYyNmpOBOKYETHCS 3HAYHUMHU
BTpaTaMu 4Yepe3 HEIOCTaTHhO PO3BUHYTY 1HGPACTPYKTypy Ta 3actapiii
eHeprocuctemu. [liBUILIEHHS PIBHA €HEProe(EeKTUBHOCTI € OJHIEI0 3 KIIFOUOBHX
3aja4 s 3a0e3leyYeHHs] YCIHIIIHOTO BIPOBA)KEHHS BIJIHOBIIOBAHUX JIKEpEN

€HEeprii.

[Ile ogHa kpuTM4yHa mpobiemMa — e BIACYTHICTh KBaJli(PIKOBAaHUX KaJpiB.
BinHoBmOBaHa eHepreTuka norpedye BUCOKOKBaTi(pikoBaHUX (DaxiBIIiB, K1 37aTHI
IPAaLOBaTH 3 HOBITHIMHU TEXHOJIOTISIMU Ta 3a0e3neuyBaTH e()eKTUBHE yIpPaBIiHHS
eHepreTHYHUMU npoektamu. B Ykpaini € notpeda y po3BUTKY OCBITHIX MpOTpam,

10 TOTYBATUMYTh TAKUX CIEIIATICTIB.

CoI11aapHO-TICHXOJIOT1YHI aCTIEKTH TaKOXK HE MOKHA 3aJIUIIIATH 11032 YBaroro.
CycniJIbCTBO 4acTO Ma€ CTEPEOTHUIH IIOJ0 BIIHOBIIOBAHUX JKEpEN €HEprii, 110
MOKE TrajJbMyBaTH iX BIPOBaKEeHHs. [IpoBeneHHs MPOCBITHUIBKOI poOOTH Ta
iH(QOpMYyBaHHSI TPOMAJCHKOCTI TMPO TMepeBaru 1 MOMJIMBOCTI BITHOBIIOBAHHMX

JOKEPCII CHCpI‘ﬁ € BAXKJIMBOIO CKJIaIOBOIO PO3BHUTKY OO0 CCKTOPA.



I Ha 3aBepiieHHS, OJHUM 3 HAHOUTBIIMX BUKIWKIB 3aIHIIAETHCS MHTAHHS
1HTerparli BIIHOBIIOBAHUX JIKEPEJ CHEPTii B ICHYIOUy €HEepreTuUHy cucrtemy. Lle
BUMarae po3poOKH HOBUX TEXHOJIOTIH ISl yIPaBIIiHHS €HEPTOCHCTEMOIO, a TAKOXK
CTBOPEHHS YMOB JUISl THYYKOTO 1 CTa0lIbHOTO (DYHKI[IOHYBAaHHS €HEPreTHYHOTO

PHHKY.

3 ornAny Ha BKaszaHi MpobiieMu B poOOTI MPOMOHYETHCS 10 BUKOPUCTAHHS
JieIeBa, aBTOHOMHA, IMUThOBa (POTOCTEKTPUYHA CTAHINSA 3 OOMEKEHUM HaOOpOM
BHUCOKOTEXHOJIOTIYHOTO OOJaJHAHHS, fKa HE TMOTpeOye BUCOKOKBaI(PIKOBaHHMX
KaJpiB 1 11 MOHTaXy Ta ekciutyaramii. Lle BiAMOBiAa€ CydyacHUM YKpaiHCHKU

peaisiM B ray3i BCeOIYHOTO BUKOPUCTAHHS YCIX JTOCTYTHUX BHJIIB €HEPrii.

3anpornoHoBaHa HaMU CX€Ma BUKOPHUCTAaHHS (POTOENEKTPUYHMX MOJYJIIB
3HAYHOIO  MIPOK  30UIBIIMTH  E€HEProePEeKTUBHICTH CHCTEM  JIOKAJBHOIO
BOJOINOCTAYaHHS Ta JO3BOJIMTH 3 MIHIMaJIbHUMHU BUTpaTaMu BIPOBAKYBATH

TEXHOJIOT1i BITHOBJIIOBAHOT EHEPTETUKH.

HaykoBO-TeXHIYHOKO  HOBH3HOKO  3alpONOHOBAHOI  HaMH  IIUIBOBOL
(GOTOENEKTPUYHOI €JIeKTPOCTAHLII 3 PIAMHHUM TpaBITAlliHUM HAKOMUYyBayeM
€Heprii 1 MPUHIIUIIOBOIO BIAMIHHICTIO BiJ] aHAJIOTIB € BUKOPUCTAHHS BOJIOHAIIPHUX
BeXK (puc. 2.6, 2.7) y sSIKOCTI OCHOBHUX CHOPYA AJII MOHTaXY (POTOENEKTPUUHUX
MOJAYJIB Ta BHUKOPHUCTAHHA BOJIM Yy SIKOCTI POOOYOrO CEpelOBHILNA BAHTAXKY
rpaBiTAI[ifHOTO HAKOMIMYyBaya eHeprii. TakuM YMHOM yCsl €Hepris, sika TeHEPYEThCS
(bOTOENEKTPUIHUMH MOYJISIMU BUTPA4Ya€ThCs Ha MITHOM BOAHM 10 pE3EpByapy
BOJIOHAIMPHOT BEXi. A TeHepallis eJIeKTPUYHOI eHeprii BiIOyBAE€ThCS TPHU

BUKOPHUCTAHHI 111€1 BOAM 3a 1i IPSIMUM TTPU3HAYCHHSIM.



Pucynok 2.6. 30BHIIIHII BUTJISA BOJOHAIIPHOT BEXK1 TUIIOBOTO BUKOHAHHS

3anponoHoBaHUM MpUHIMI BUKOpUCTaHHA eHeprii CoHus mo30aBise
(OTOCNEKTPUYHY €JICKTPOCTAHIIII0 TaKUX KOIITOBHUX E€JIEMEHTIB SIK IHBEPTOp Ta
aKkyMyJITOpHi 6aTtapei. Lle 3HauH010 MipOot0 3ACIEBITIOE 11 Oy IIBHUIITBO Ta CITPOIILY€E
nojablly ekcrutyatarito. [Ipore Taka (oToenekTpuyHA CTAHINS € BUKIIOYHO

IIJIbOBOIO Ta pO3paxoBaHa MEPI 3a BCe AJI MOTPeO BOJOMOCTAUYaHHS, a TeHepallis



CJIEKTPUYHOI €HEeprii € J0JaTKOBOIO MOKJIMBICTIO BUKOPHUCTAHHSI arperaTtiB Ta

OCHOBHHX CIIOpYd CUCTEMH BOAOIIOCTAYAHHS].
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Pucynok 2.7. Tunosi Mozesni BOJOHAMIPHUX BEX



2.2. CkIagaHHA TeXHOJIOTIYHOI CXeMHU

TexHomoTiuHA CcXeMa KOMIUIEKCY (OTOENEKTPUYHOI EeJICKTPOCTAHINl 3
rpaBiTAllifHUM PIAMHHAM HaKOTMYyBadeM €HEprii ska MPOIMOHYEThCS B POOOTI

HAaBEJICHA HA PUCYHKY 2.8.

BiamoBimHO 10 BKa3aHOI CXEMH YCs CICKTPHYHA CHEPTis, SKa TeHEPYEThCS
(bOTOCTEKTPUIHUMH MOAYJISIMH | BUKOPHUCTOBYETHCS JJII POOOTH TIPUBIIHOTO
JIBUTYHA TMOCTIHHOTO CTpyMy 5, KMl 00epTae Hacoc-HarHiTau 4, IKUi mepekaydye

pinuny (Body) 3 pe3epByapy HIKHbOTO 0’ey 8 10 pesepByapy BepxHboro 0’edy 2.

BiamnoBiiHO 10 3apoONOHOBAaHOI B pOOOTI Taiy31 BUKOPUCTAHHS BKAa3aHOTO
KOMILUIEKCY Y SIKOCTI HIXKHBOTO 6’ ey MOKe ToOUKa Bo/103a00py abo CBEp/IJIOBHHA,

a y IKOCT1 BEpXHbOTO 0’ ey — pe3epByap BOJOHAIIPHOI BEXKI.

TakuM YMHOM €HEprisg COHSYHOIO BHUIIPOMIHIOBAHHS LLJIBOBUM 00pa3zom
BUKOPHCTOBYETbCSL JJI1 BOJOINOCTAa4aHHA CHOXKuBayiB Bojau. lLle € mnepumum
CTYNIEHeM mepeTBopeHHst eHeprii. [lin yac BIAOYyCTKM BOAM 3 pe3epByapy
BOJIOHAIMIPHOT BEX1 /0 CHOKMBadiB Maca BOJU TEPETBOPIOE CBOIO MOTEHIIMHY
CHEPril0 CIIOKOI0 Ha KIHETUYHY €HEPriio pyxy. B 1pomy pexumi 3a JOMOMOTO0
riipaBiaiyHoi TypOiHM 6 Ta CHHXPOHHOIO TiJporeHeparopa 7 BIIOYBa€eThCS
reHeparlisi eJeKTPUYHOI €eHeprii 1 rpaBiTallliHANA HAaKOMUYyBad TMEPEXOJUTHh B
pEXUM BHIa4l eIeKTpUYHOI eHeprii. L eHnepris Moxke OyTH KOPUCHO CIIOXKUTA Ha

NoTpeOu CIOKMBAYIB, SIK1 PO3TAIIOBAHI TOPYY.



[lo cnokuesaya [~
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Pucynok 2.8 TexHoJioriuHa cxema KOMIUIEKCY (hOTOCIEKTPUYHOI CTaHIIIT 3

rpaBiTAIlliiHUM PIAMHHUM HAKOTTMYYyBaueM €Heprii

1 — dhoToenekTpuyHi MOy, 2 — pe3epByap BepxHboro 0’edy, 3 — 3amipHa
3acyBKa, 4 — Hacoc, 5 — IBUTYH MOCTIHHOTO CTpyMy, 6 — rigpotyp0Oina, 7 —

riporeHeparop, 8 — pe3epByap HUKHLOTO 0’edyy.



BucHOBKH 32 APyruM po3aijioM

HpOBCI[eHO oI aKTyaJbHHUX HpO6HeM BIIPOBA/’KCHHA AJIbTCPHATHBHUX

JUKEpEeIl EHEPrii B eHEPreTUYHUM CeKTOp Y KpaiHu

Buznaueno XapaKTepHi YMOBH BIIPOBAIKCHHSA BiI[HOBJ'IIOBaHI/IX JLOKCPCII

€Heprii Ta iX iHTerpaii 7o 00’ €JHaHOT eHepProcUcTeMH Y KpaiHu

Po3po6ieHo  TEXHOJOTIYHY  cXeMy  LUIbOBOI  (hOTOENIEKTPUYHOL

€JICKTPOCTAHIIIT 3 TPaBITAlITHUM PIIUHHUM HAKOIIMYyBaueM €Heprii.

Busnaueno mepemk oOjagHaHHS Ta CKJIQJCHO BIJMOBIIHY KOMIUICKTAIIIFO
KOMILJIEKCY (DOTOENIEKTPUYHOI EJNEeKTPOCTaHUIi 3 PIAMHHUM T'paBITALITHUM

HAKOIUYyBa4yeM €Heprii.



PO3/ILJ1 3. JOCJIIKEHHSA IAPAMETPIB KEPYBAHHS NOCTIHHOIO
IIBUAKICTIO T'IJIPABJIIYHOI'O HAKOINMUMYEHHS EHEPT'TI

3.1 3arajbHi MOJI0KEeHHSA

Yepes HaIMIpHY EKCIUTyaTallil0 Ta BUKOPHUCTAHHS TPAAMIIMHUX JKepen
€HEeprii, TAKUX SK BYT1J1ISA, BECh CBIT IOBUHEH 31TKHYTHUCS 3 EHEPTETUYHOIO KPU3010
Ta mpobIeMaMu 3a0pyIHEHHS HABKOJIUIITHHOTO cepenoBuia. i mpobiemu moBruHHI
OyTH BHUpIIIEHI NUISIXOM IIMPOKOMACIITAOHOTO BUKOPUCTAHHS BiJHOBIIOBAHOI
eHeprii. 3aBIsSKH TEXHOJIOTIYHOMY MPOTrpecy BITPSHUX TYpOiH 3a OCTaHHI POKH,
BUPOOHMIITBO BITPOBOI €HEPrii € XOpOIIMM BHOOPOM JJIsl 3aJ10BOJIEHHS MOCTIHHO
3pOCTar0YOro MOMUTY Ha eHeprito [22]. 3aranbHa CBITOBA BITPOCHEPTreTUYHA ray3b
Ha KiHenb 2016 poky ctanoBuia 486,8 I'BT, 110 03Havae 3araibHe 3pOCTaHHS PUHKY
O11bII HIK Ha 12 B1ICOTKIB. 3arajioM CBITOBa BITpOBa €HEPreTHKa BcTaHOBUIA 54,6
['Bt y 2016 poui. ¥ Kurai 1o enextpomepexi kpainu O0yso npogano 23 370 MBT

HOBMX MOTY>KHOCTEH [23]

BiamosiznHo 10 cucTeMu TpaHCMICIi, TPUIHSTOL BITPSIHOIO TYpOIHOTO, BITPSIHI
TypOIHA HAyKOBO KJIACH(IKYIOThCS HA TPaAMLINHUI 3yOyacTUi MpUBiA, TPSIMUN
npuBig 0e3 KOpoOKH Tmepenad i1 riapoctaThuuHy mnepemady [24]. Y 3BudaitHik
BITPOTYpOiHI 3 PEAYKTOPHUM NPHUBOJIOM PEIYKTOP € KIIOUYOBUM KOMIIOHEHTOM
CUCTEMHU TMEPETBOPEHHS €HEprii BITPY, AKUHA Mae OUIBIIMN BIJICOTOK BIJIMOB 1
notpedye perymnspHoro pemoHty [25]. KopoOka mepenad CTBOPIOE€ MeXaHIUYHUN
IIyM 4Yepe3 BIICYTHICTh MNPOMUIAKTUYHOTO OOCIyrOBYBaHHS, IO BUKJIMKAE
pO3ApaTyBaHHS Y JIFOJIEH, 10 KUBYTh moomm3y [26,27]. BitpoTyp6ina 3 mpsMum
npuBOJOM 0e3 KOpOOKHM Tmepenad 3HIMae KOPOOKy TMepedad, 3aMiHIOYH il
reHepaTopoM 3 TMOCTIMHUM MarHiToM. OjfHak 1€ J0poXkKdYe TOPIBHAHO 3
TCeHEPATOPHUMH CHCTeMaMu 3 pexayktopamu [28]. BitpoBi TypOinm, o06iamHaH1
TAPOCTaTUYHOK TEpeIaueto, Ha3UBAIOThCS TIAPaBIIYHUMU BITPOT€HEpPATOpPaMHU.
JocnixeHHs Ta po3poOKH TiIpaBiIlYHUX BITPSHUX TYpOiH MPUBEPHYIH BEIIUUYE3HY
yBary JIOCIIiJHUKIB y BCbOMY CBITl, OCKIJIbKA BOHM MAIOTh YHIKaJIbH1 IIEpeBaru, Taki

AK BUCOKEC Cl'[iBBiI[HOHICHHH HOTY)KHOCTi J0 Barru, CBo€4aCHa 3MIHA rnepcaaBajabHOTO



yucjaa Ta YCYHEHHS CHUCTeMHU TMeperBoproBada [29]. Hukpanmxbap cTBOpUB
MaTeMaTUIHYy MOJIeJIb BITPOBOI TYpOIHHU 3 T1APOCTATUYHOIO MEpe1aueto 31 3MIHHOIO
MIBUAKICTIO B mporpamHomy 3abe3neueHHi MATLAB. MopnentoBanus Oyiio
JIOCSITHYTO 32 CEPE/IHbOI MIBUAKOCTI BITpY 9 Ta 16 M/c Ta 12% IHTEHCUBHOCTI BITPY
TypOyJeHTHOCTI. Pe3ynbpratu MozentoBaHHs MOKa3aid, M0 TiApaBliyHa BITPOBa
TypOiHa Masia BUCOKY poAyKTuBHICTH [30]. ABTOpH B [31] po3pobuinu iMiTariitHy
MOJIEIb Il BITPOBUX TYypOiH 3 MEXaHI3MOM T1JIpaBJIiYHOI TPaHCMICIi BHCOKOTO
TucKy. Bonu Bukopuctann HAWC?2 (cydacHuil aeponpyXHUI KO, MPU3HAYEHUI
JUTSL PO3PaxyHKy BIJITYKY BITPOBOi TypOIHM B 4acoBiii 00sacTi), mo0 BUKOHATH
JMHAMIYHE MOJIETIOBaHHS BITPOBOI TypOiHU MOTYXHICcTIO 5 MBT. BoHu BusiBuiIH,
10 TiApaBiiyHA BITpoBa TypOiHa Ma€ XOpOILly MNPOAYKTHBHICTH 3a MIHJIMBUX
BITPOBUX yMOB. ABTOpu B [32] mepeBipwid MaTeMaTH4YHy MOJEIb
rigposiTporeneparopa 3a aonomororo MATLAB 1 AMESim. Bouu npencraBunu
CTpaTerito KepyBaHHS JUIS MIATPUMKHA TOCTIHHOT IIBUJIKOCTI JBUTYHA.
MopnentoBaHHs Ta €KCIIEPUMEHTH MOKa3aju, 1[0 METOJ/I KepyBaHHS MaB €(EKTHUBHI

XapaKTEPUCTUKHU PETYIIOBAHHS IIBUIKOCTI.

Uepes BUMAIKOBHM 1 IEPEpUBYACTUN XapaKTep MPUPOIHOTO BITPY BHUXiJIHA
MOTY>KHICTh BITPOBHUX €JIEKTPOCTAHIIIM YaCTO KOJMBAETHCA, III0 MOXKE BILTMHYTH Ha
CTablIbHy pOOOTY EHEeProCUCTEMH Ta TPHU3BECTH JIO 3HIDKCHHS SKOCTI
enekTpoeHeprii. OTxe, ICHy€e Takui K€ BUCOKHMI MONUT HA CUCTEMH 30epiraHHs
eneprii (ESS). ESS mosxe 30epiratv HaagUIIKOBY €HEPTi0, OTPUMAaHY BITPOBOIO
TypOIHOIO, 1 33JJOBOJILHATH MOTPEON B €HEprii, KoM Hemae BiTpy. EHepris BITpy
MOXKe OyTH TMepeTBOpeHa B MEXaHIUHY EHEpPrilo, €JIEKTPUYHY EHEprio, XIMIUHYy
CHEpril0 Ta EHEPril0 THUCKY, SKI JMOIIIBLHO 30epiratu B PI3HUX THIAX CHCTEM
HakonuyeHHs1 eHeprii [33]. Uyau Ta iH. 3anponoHyBaB BUKOPUCTOBYBAaTH MaXOBY
YCTaHOBKY SIK TIOBHOLIIHHY CUCTeMY 30epiraHHsl €Heprii 1 HaKOMUYEeHHs eHepril
BITpY. Mozeni anreOpaiyHoi ontumizaiii Oy 3M0/1eJIb0BaHI Ta MPOaHaIi30BaH1 3
BUKOPUCTAHHAM (AKTUYHMX JaHUX TPO MIBUAKICTb BITPY 3  BITPOBOI
eJIeKTpOCTaHIli. 3A1ICHEHHICTD TUIaHy MIATBEPKEHO pe3yIbTaTaMu MOCITIOBaHHS

[34]. ABTOopu 3MOAENIOBAJIM TIAPOCTATHUHY BITPOBY TypOiHY 3 CHCTEMOIO



30epiranns eHeprii Ha ctucHeHoMY TOBITpP1 (CAES). KoHCTpykTHBHI napamerpw,
Taki SK KOe(]IlllEHT CTHUCHEHHS/PO3IIMPEHHS Ta po3Mip pe3epByapa, Oyiu
ONTHUMI30BaHI g 3a0e3nmedeHHs] MaKCUMallbHOTO Buxomy eHeprii [35]. s
e(heKTUBHOTO BUKOPHUCTAHHS CHEPTii BITPY OyJia 3aporoHOBaHAa BITPOSHEPreTHYHA
cuctema 3 cucremoro HakonuwdeHHs TerioBoi eneprii (TEC). JlochimkxeHHs
po3po0miIo 3aranbHy O10I0TEKy Mojened 1 MOJenb OJHOBUMIPHOI CHCTEMH
riopuaHoi cuctemu. PesynpTaT mokasanu, mo iHTerpoBaHa cuctema 3 TEC
OinpIoro Macimtady O0yna e(eKTUBHOIO Y BUKOPUCTAHHI BIAKUHYTOT €HEprii BITPY
[36]. Hnst yCyHEHHS HETaTUBHOTO BIUIMBY 3MIHHOi TOTY>XHOCTI BITPY Ha
E€HEProCUCTEMY BUKOPUCTOBYBAIUCS CUCTEMH HAKOTTMYECHHS €HEPrii aKyMyJIsiTOPIiB
(BESSs). 17151 IOBHOTO BUKOPUCTAHHS €HEPrii BITPY HaBEI€HO METOM BU3SHAUEHHS

noty»xkHocTl BEC 3a ouikyBanum BiTpoM [37].

JIro Ta 1H. 3aPONOHYBAJIA HOBY T1/IpaBIiYHY BITPOBY TYpOiHY, SIK OKa3aHO
Ha pUCYHKY 3.la. ¥ wiif rijpaBiiuHii BITpOTYpOiHI TAPOAKYMYJISITOPU BKIIIOUEHI B
3aMKHYTY CUCTEMY TAPABIIIYHOI BITPOBOI TYpOIHU JIJIsl HAKOITMYEHHSI €HEprii BITPY.
[{s rimpaBmiyHa BiTpoBa TypOiHA CKJIAJA€ThCs 3 BITPOBOTO Kojeca, Hacoca 3
dikcoBaHuM 00’eMoM, TimpaBiiyHoi cucteMu HakonuueHHs eHeprii (HESGS) i
CUCTEMHU HaJayBy. BiTpoBe Kojieco BITPOBOi TypOIHM BHUKOPUCTOBYETHCS
Oe3mocepelHbO I TOTJIMHAHHA ~ eHeprii  BiTpy. [iapaBmiunuii  Hacoc
BUKOPUCTOBYETHCS JUIsl IEPETBOPEHHS €HEPTii BITPY B TIAPABIIUHY €HEPTilo, AKa
Oe3nocepelHbO MIAKIIOUEHA 10 BITPOBOro KoJsieca. Maciio 3 Hacoca MOTparuise B
HESGS uepes 3Bopothuit kinanan. HESGS Moske nmoctauaTtul mocTiiiHy elIeKTpUUHY
€HEprio, MOrJMHaI4Yd ad0 BUBUIBHAIOUM Ha(Ty Mia yac KoyiuBaHb BITpY. Komu
BITEp BHUXOJWTH 3a MEX1 poOodoro fiana3ony BitpoBoi TypOinu, HESGS wmoxe
MPOJOBXKYBAaTH BHJIABATH EJIEKTPUYHY €HEPrilo, BHUBUIBHSIOUM T1IpaBIIuHY
EHEPTito, 110 30epiracThCsl B TIAPOAKYMYJISATOPAX, 110 3HAYHO MIJABHUIIYE SKICTH 1

CTaOUIbHICTh €JIEKTPOEHEPTIi B/l BITPOBOI eekTpocTanii [38] .

3 TOUKHM 30py ICHYIOUOi JiTeparypu, OyiaM MPOBEACHI JOCIHITKEHHS,

NPUCBSIYEHI 3aCTOCYBAaHHIO CHCTEM HAKOMWYEHHS €HEeprii s TiApaBIiYHUX



BiTpsiHUX TypOiH [39]. Omnak nochimkenHss HESGS, oco6mmBo mnocTiiiHOTO
koHTposto mmBuAkocTi HESGS, € piakichumu. Kpim Ttoro, HESGS e
TiAPOaKyMyJISITOPHO-3MIHHOIO  CHCTEMOIO JIBUTYHAa, SKa HE € THIIOBOIO
TiIpaBIiYHOI0 CXEMOIO, SIKa 9YacTO BUKOPUCTOBYETHCS, 1 1 Opakye BuBUeHHS [40].

OTtxe, TepMIHOBO TTOTPiOHE OLIBIN iHTEHCHBHE AociikeHHss HESGS.
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Pucynox 3.1. IIpuHImn HOBOI TiipaBiivyHOI BITPOBOI TypOIHHU Ta T IPaBIiYHOI
cuctremu 30epiranus eneprii (HESGS). (a) I'igpammiuna BitpoBa TypOiHa 3
TiIpaBIIYHOI0 CHUCTEMOIO HaKomu4eHHs eHeprii; (0) [impaBiiuHi HaKomMYyBayl

eHeprii

3.2. CucTteMa KOHTPOJIIO NMOCTIHOI MIBUIAKOCTI Ta €KCINEPUMEHTAJIbHA

BUIIPOOYBAJIbHA YCTAHOBKA
3.2.1. Orasiy cucreMu

[MpuniunosBa pgiarpama HESGS mnokazana nHa wmamonky 16. HESGS
CKJIQIa€ThCs 3 TIAPOAKyMyJIsiTOpa, MPOMOPLIMHOIO PEeryJioyoro KiaraHa,
3ano01KHOTO KJIalaHa, JBUTYHA 3MIHHOTO 00’€My Ta CHHXPOHHOTO TeHepaTopa.
['eneparop 3'emHanwii 3 BapiaropoM uepe3 MydTy Baidy. Pons mpomopiiitHoro

KJIamaHa B I CHUCTEMI - IIepeMHUKay MOTOKY Macjia B aKyMyJsTopl. 3amoOiKHUAN



KJIallaH KOHTPOJIIOE MAaKCUMAaJIbHUUA pOOOYMI THCK 1 3aXMINAE CUCTEMY BIJ
HAJMIpHOTO THCKY. PeryiaboBaHuil ABUTYH € Kito4oBHUM KommnoHeHToM HESGS,
KU TIEpEeTBOPIOE TIAPABIIUHY E€HEPril0 B MEXaHIYHY EHEpriio, Ky MOTJIHHAE
CUHXpOHHUM renepatop. [IIBUAKICTh ABUTYHA NIATPUMYETHCA HA PIBHI CHHXPOHHOI
MIBUAKOCTI CHHXPOHHOTO TE€HepaTopa, CIHUPAalYhCh HA CHCTEMY KepyBaHHS
nocTiitHoro BUAKIcTI0O HESGS, ska 3abe3neuye perymtoBaHHS poO0doro 00’ emy
JIBUTYHA B peajibHOMY 4acl. Ha mpoayKTHUBHICTh CUCTEMH PETYJIIOBAHHS MOCTIHHOT
MIBUAKOCTI MOXYTb JIETKO BIUIMHYTH BHYTPIIIHI Ta 30BHIIIHI MEPEIIKOAN. 3MiHa
NOTY>KHOCTI HaBaHTa)KEHHS, 5IKa PO3IJISAAETHCS K 3HAUHE 30BHIIIHE MOPYILICHHS
CUCTEMHU KEpYBAaHHS IIBHJKICTIO JBUTYHA, MPHU3BEAE IO CEPHO3HUX KOJIMBAaHb
HIBUIKOCTI JBUTYHA Ta HECTAOLIbHOI YaCTOTH reHepanii. ToMmy ay»xe BaKJIMBO, YU
CTIKMIA KOHTposib mocTiHOi mBUaKocTi HESGS n0 3MmiHHOT mOTYXHOCTI

HABAHTAKCHHS
3.2.2. Cxema ynpaBJiiHHSA

Cxema perymoBanHs mnoctiiiHoi mBuakocti HESGS, posrnsnyta B 1ibomy
JOCITIJKEHH1, TIOKa3aHa Ha pucyHky 3.2. Cuctema KepyBaHHS CIpsSMOBaHa Ha
MOCTIMHY HIBUJIKICTh 0OEpTaHHS JBUTYHA, HE3AJICIKHO BiJl TOTO, 3MIHIOETHCS TUCK B
aKyMYJISITOP1 YM MOTY>KHICTh HaBaHTAXKEHHs. 3 pUCYHKa 3.2 BUIHO, IO MOJABIHHA
CepBOCHCTEMA KEpyBaHHS XOJOM ILMIIIHJpa, KEepOBaHOro KiamnaHoM. Cucrema
3aMKHYTOTO LMKJIY KEPYBaHHS XOJOM CKJIQJA€ThCA 3 CEPBOKJIANAHA, MOPUIHS
KepyBaHHSA XOJIOM 1 Jaruuka mnepemimieHHs. [Ipoliec pyxy MOpIIHS KepyBaHHS
XOJIOM PETYJIIOETHCS BUX1THOIO IIBUAKICTIO TOTOKY Ta THCKOM CEPBOKJIANIaHa, SIKUN
OpONMOPUINHUN BXiIHOMY CHUTHAJy Ha cepBokianad. IlomokeHHs mOpIIHS
KEpyBaHHS XOJOM BHSBISIETECA Ta TEPETBOPIOETHCA B EIEKTPUYHI CHUTHAIU
JATYMKOM TIEPEMIIIeHHS, SKUI TOPIBHIOETHCA 3 ONOPHHUM CHUTHAJIOM KyTa
3aMKHYTOTO IIMKJIY KEPYBaHHS XOJOM. Pe3ynbTaT TOpIBHSHHS HA3HBAETHCS
BIJIXWJICHHSIM TOJIOKEHHS, SIKE TOPIBHIOE HYJIIO, KOJH MOPUIEHb KEPYBAHHS XOJIOM
J0cATa€e TMOTPIOHOTO MOJIOKEHHA. SIKIIO BIIXWIEHHS HE JOPIBHIOE HYINIO, PyX

MOPIIHS KEPyBaHHS XOJI0M KEPYETHCS CEPBOKIIANAHOM Y 01K MEHIIIOTO BiIXMJICHHS.



TakuM 4YMHOM, KyT NEPEKOCHOI IUIACTMHU Ta OMNOPHUW CHUTHAJ KyTa 3aBXIU
36iratotbest. [11J]-peryasaTop BUKOPUCTOBYETHCS IS MMOKPAIICHHS IIIBUIKOT peaKiii

Ha pCTyJIIOBAHHA HepeMiHleHHﬂ Ta 3a0€31eUCHHS TOYHOCTI HOBI/IHiOHYBaHHH
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Pucynok 3.2. Cucrema KepyBaHHS TOCTIMHOI IIBHJAKICTIO TiJIpaBIIIYHO1

CUCTEMHU HAKOMMYEHHS €HEePrii.

[HImMiA — 116 3aMKHYTe KEpYBAaHHS LIBUJKICTIO ABUTYHA. J{aTYMK MIBUIKOCTI
BIJIIrPA€ BAXKIIUBY POJIb y PETYJIIOBAaHHI MIBUAKOCTI IBUTYHA, 1 HOTO TOYHICTh Ma€
3HAQYHUN BIUJIMB HAa CTAOUIbHY TOYHICTh CHCTEMH KEpPyBaHHs MIBUAKICTIO.
BigxuiieHHS IIBUIKOCTI, SKE OOYHCIIOETHCS IIIAXOM BiJHIMAHHS (PaKTHIHOI
IIBUKOCTI, BUMIPSHOI JATYMKOM IIBUAKOCTI, 13 OMOPHOTO CUTHATY IIBUIKOCTI,
NIEPETBOPIOETHCSI HA OMOPHUH CHTHANT KyTa 3a JOMOMOTOI0 1HTETPaIbHOTO
posauneHoro anroputmy IIJ[-konTposmto. LIBuakicts ABUryHa Oyne 3HUKYBaTUCS
32 YMOBHM 3HWXEHHS THUCKY B aKyMyJsTopi a00 30UIbLIEHHS MOTY>KHOCTI
HaBaHTa)XCHHA. BiIXWICHHS MIBUIKOCTI CTaHE MO3WTHUBHUM, a OMOPHUN CUTHAI
KyTa 30UTBIIUTHCS, IO TpU3BEAE N0 30UIbIIEHHS POOOYOTO 00’€My JBHUTYHA.

JIBUTYH TIPUCKOPUTHCS, OCKUIBKHU TIAPaBIIYHUA KPyTHUI MOMEHT, CTBOPIOBAaHUM



JBUTYHOM, OUIBIIMI, HIX KpyTHUM MOMEHT HaBaHTaKEHHS, CIPUYUHEHUMN
reHepaTopoM. BiaXuineHHs MBUAKOCTI JOPIBHIOE HYJIO, KOJIU HMIBUAKICTh JBUTYHA
H1ABUIIYETHCS JO OTIOPHOTO CUTHATY IIBUIKOCTI, THM YaCOM OTIOPHHM CUTHAJ KyTa
Ta poOounii 00’€M JIBUTyHA HE 3MIHIOIOThCSA. TaKMM YMHOM IIBUJIKICTH JIBUTYHA
HOiATPUMY€ETbCA Ha OakaHoMy piBHi. [IIBuAKicTh ABUTYHA 30UTBIIUTHCS 32 YMOBHU
MiABUIICHHA TUCKY B TiApoaKkymyjsTope a00 3HIKEHHA MOTYKHOCTI
HaBaHTa)XECHHA. TEHIEHIIs 3MIHM KOHTPOJBHUX 3MIHHHUX IPSMO IPOTUIIEIKHA.
BOynoBanwuii Bimokpemiuenuit [11/[-perynsitop BUKOPHCTOBY€ETHCA, 1100 YHUKHYTH

CEpIO3HOI0 MEPEBUILIEHHS IBUKOCTI 1]l 4ac 3ayCKy JBUTyHA
3.2.3. EkcriepuMeHTaJIbHIH BUNIPOOYBAJIbHUI CTEH/]

ExcniepumenTtansuuil BunpoOyBanbauii ctena HESGS nanamroBanuii, sik
nokazaHo Ha pucyHky 3.3. JIBuryn Rexroth A4V BukopucroByeTbcs s
MIEPETBOPEHHS T1IPABIIYHOI MOTY>KHOCTI, IO 30€pIraeThCs B TAPOAKYMYJISITOPI, Y
MexaHIyHy. J[aT4uK MBUAKOCTI 00epTaHHsS BOYJOBaHUN B PEryJIbOBaHUI JIBUTYH.
be3niiTkoBuii CUHXPOHHUN TeHepaTop 30y/HKeHHS 3'€HAHUN 3 PEryJbOBaHUM
JIBUTYHOM 4epe3 THYUKy My(Ty, sika IePEeTBOPIOE MEXaHIUHY €HEPrito BiJ IBUTYHA
B eNeKTpuuHy. EnexkTpudna eHepris, BUpOOJiEHA CHHXPOHHHUM TE€HEPaTOpOM,
NOJIA€ThCSl B HaBaHTaXCHHs. B1H MepeTBOPIOETHCS HA TEMJIO B HAaBaHTAXyBaJIbHIN
YCTaHOBIII Ta PO3CIIOETHCA B MOBITP1. TpUALSTE OAIOHHUX aKyMYJIATOPIB 00’ €MOM
200 n (xomnanis Chaori, ®enxya, Kurail) oOpaHi B SKOCTI HaKONH4YyBaya
riIpaBIivyHOI €HEeprii, OCKUIbKA BOHHM MAlOTh XOPOIIl €KOHOMIYHI Ta JHUHAMIYHI
xapakTepucTuku. [lepen modyaTkoM eKCIEPHMEHTY Maciio B 0aKy 3aKadyeThCsl B

T1IPOAKYMYJISITOP 3a JOIIOMOT'0X0 CUCTEMH HAJAyBY.
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Pucynok 3.3. ®otorpadis sumpodOyBampHOi ycranoBkm HESGS. a -

peryap0BaHUi ABUTYH 1 TeHEpaTOp; O - TIAPOAKyMYIISITOP; C - 0aHK HaBaHTAKCHHS.

3.3. MaTemaTH4Ha MOJeJb TiIPOAKYMYJaTOpa

[Tepen moOymoBOIO MaTeMaTHUYHOT MOJIEIII BCI€ET CUCTEMH BPaXOBYIOTHCS TaKi

MMPUITYIICHHS

1) Brpatamu THCKy B TpyOONpOBOJI Ta JUHAMIYHUMU XapaKTEPUCTUKAMHU

TpyOOIIPOBOY HEXTYIOTh AJI1 MaJOi JOBKUHU TPyOOIIPOBOY.

2) BuyTpimHi Ta 30BHIINIHI BUTOKH PEryJIbOBAaHOTO JABUTYHA € JIaMiHApHUM
MOTOKOM, SIKMI IPONOpUIRHUHN pi3HULI THCKY. THCK y KOpIyCl 3MiHHOTO JBUTYHA

JIOPIBHIOE HYJIIO.
3) O6’eMHMI MOIYJIb 1 TYCTHHA T1APABIIYHOTO Macja € MOCTIHHUMH.

4) JIlnnamika 3armo01>KHOTO KJIamaHa BBAXKAETHCSI HE3HAYHOIO.



3.3.1. I'inpoakymyJsitop

bannonnuit akymynarop BukopuctoByerbes B HESGS nist 36epiranns macna
3 Hacoca, SKUM CKIAJa€ThbCcsi 31 CTaleBOi OOOJOHKH, TYMOBOI KaMmepu Ta
aAHTHUEKCTPY31HHOI cucTeMu. I'yMOBHII MIXyp HAIlOBHEHHI Ta30IOIOHUM a30TOM.

PoGounii mporiec ra3omno1i0HOTo a30Ty MIAKOPSIETHCS 3aKOHY 171€aJIbHOTO Tra3y

B V," = Py V" (1)

ByV" Py V"
Pﬂ' — ﬂf::: — - ovo - {2]

Vq (Vo + [ Qadt)
1

VoPyr dP,
Qu=——g — (3)

np, & dt

ne Py 1 Vy — Tuck mepenzampaBkud razy Ta o0’eMm akymyisaropa. Pa 1 Va
MPEICTABIIAIOTH TUCK 1 00'€éM Ta3y B MpoIleci CTUCHEHHA. (J, — BUTpaTa 3apsiay abo
pO3psiy aKyMyJisiTOpa. N — TMOKa3HUK TMOJITPOIHOCTI, SIKUM JOpiBHIOE 1 s

130TepMiyHOTO mporiecy i 1,4 mist aniabatuyHOTO.
3.3.2. IlponopuiiiHuii KjIanax

[Ipomnopiiiiinuii Ki1amaH NIMPOKO BUKOPUCTOBYETHCS B T1APABIIYHIN CHCTEMI
JUISL 11€aJIbHOT KOHTPOJBHOI XapaKTepUCTUKHU. BUXIIHUN MOTIK MPONOPLIAHOTO
KJIallaHa TPOMOPLINHUI BX1IHOMY CTPYMOBOMY CHUTHaly. BiAmoBiaHi piBHSHHS

BUIIAJa0OTh HACTYITHUM YHMHOM:

|'|2(P e 1] Pp?m.rj‘:|
Q L leﬂ |II =
P '& 0

(4)

Amaxlyy 0< Iy <1
Amax Ipz' =1

A= (5)
ne O,y — BUTpATa uepe3 NponopLiiHui KinanaH. Py, 1 Ppvowr TPEACTABISIIOTh TUCK
Ha BXOJ1 Ta BUXOJI MponopiiitHoro kiamaHa. Cy; — KOCPIUIEHT MOTOKY. Apay —

MaKCHUMaJjbHa IJIoma BiIAKPUTTA. 4 — (aKkTUYHA IUIOIIA BIAKPUTTS, MPOIMOpLIiHA



BX1AHOMY CTpyMYy I,,. [IponopuiiiHuii Kj1anaH HaJJallTOBAHUN HA KOHTPOJIb TIOTOKY
3apsAy Ta po3psALy aKyMmyssiTopa. AKyMyJsITOp 3aKpUTHUH, KOJIM BXITHUHN CTpyM 1,

JIOPIBHIOE HYJIIO
3.3.3. 3ano6ixHuil KIanaH

3ano0KHUN KIlalaH BIiAIrpae BaXKJIUBY POJb y HAAIMHOCTI TipaBiIivHOi
cuctemu. Moro ¢yHKIiIT B OCHOBHOMY MOKHa po3ainuTH Ha aBa Tumu: (1)
pETYIIIOBaHHS Ta OOMEXEHHS MaKCUMAIBHOTO THCKY B CHUCTeMi; (2) miaTpuMaHHS

MOCTIITHOTO THCKY B CHCTEMI:

{Pr'zlr'n — P.rmur - p::p,:' Krv Pr;'m - Pr'mm' = Pn-p

(6)
0 Proin — Proour < Pn-p

QJ’L' -
ne Prin 1 Proows — THCK Ha BXOJ1 Ta THUCK Ha BHUXOJl 3alO00DKHOIO KJlalaHa
BIJIMOBIJTHO. (J,, TIPENICTABIIAE MOTIK MEPENUBY 4Yepe3 3anoODKHUN KIIamaH, SKUN
00YMCITIOEThCS 3a pIBHSAHHAM (6). P,, — 11 TUCK KpeKiHry, a K,, — Koe(]ilieHT
TUCKY Ta BUTpaTH. Komn pi3HULSA MK Py 1 Prvoows OLIBIIA, HIXK P,,, CEpLIEBUHA
KJlallaHa B 3amo0DKHOMY KJIalaHl BIIXOAWTh B CiAJla KjamaHa, Macio
NEPEIMBAETHCS B pE3EpByap uepe3 OTBIP, YTBOPEHHM CEpPUEBHUHOIO KJIallaHa Ta

CIIJIOM KJIamaHa.
3.3.4. 3miHHUI1 IBUTYH

Cucrema KepyBaHHS XOJOM BaplaTOPHOTO JABUTYHa €  THUIIOBOIO
€JIEKTPOTIAPABIIYHOI CEPBOCUCTEMOIO LIMJIIHIpPA 3 KIAMAHHUM KEePyBaHHSAM, TOMY
JUIS ONMUCY JWHAMIYHMX XapaKTePUCTHK pETyJbOBAHOTO MEXaHI3My MOKHA

BUKOPHUCTOBYBAaTH MOJENb IEpUIOro nopsaky [41, 42]:

Dw(s) _ K
U (s) Tys +1

(7)

ne Dy, - 06'em 3miHHOTO nBUTYHA. U, - CUTHAJI KEpyBaHHS CEPBOKOHTPOJEPY. K,y —

KOoeQIlI€HT MOCWUJICHHA KepyBaHHS XOJOM JBUTYHa, a 1, — TOCTIiHAa dYacy



KepyBaHHS X070M. BiAMOBITHO /10 PIBHSIHHS HEPO3PUBHOCTI PIBHSHHS MTOTOKY IS

TpyOOIIPOBOAY MOKHA 3aIlMCATH TaK:

Vdp
Qﬂ - QJ’L' - Qm - EW (8}

ne O, — MOTIK ABUTYHA. V - 3araJibHAiA 00'€M TIiJi CTHCHEHHSM, BKIIFOYAI0UH
Macjio B TpyOONpPOBO/II BUCOKOTO THCKY, aKyMYJIATOPl Ta 3MIHHOMY JIBUTYHI. [ —
e(heKTUBHUI 00’ €MHHI MOIYJIb T1APABIIYHOTO Macia. P; 1 P, MpeacTaBisiiOTh TUCK

Ha BXOI[i Ta THCK Ha BHXO,Z[i ABHUI'YHA:

erz = Durfb’rrz + C.z'm'ipl — Pz] + Currz P‘l {9]

ne @, — WBUAKICTb oOepTanHs ABuUryHa. Ci, 1 C,, TPENCTABISIOTH
BHYTPIIIHIM 1 30BHIMIHIA KOE(IIIEHTH BUTOKY JBWUTYHA BIAMOBIAHO. JlMHamiuHe
PIBHSHHS 1HEpINii BaHTaXy IJIs PYXy BCTAHOBIIOETHCS HACTYITHHM YHWHOM 32

JONIOMOTOI0 APYTOro 3aKkoHy HeroToHa:

d
Din(Py = Py) = Jy=" + Bowy + Ty + Ty (10)
ne J; — cymapHa iHepliisi poTopa peryJibOBaHOIO IBUTYHA Ta reHeparopa. By, -

KoeQILIEHT B'SI3KOro TepTs poropa. Ty

— KYJOHIBCBKMII MOMEHT TepTs,, a 7y — 3O0BHIIIHIA KPYTHUH MOMEHT JUIs
BUPOOHMIITBA €JIEKTpOEHEPTii. T, — 11e 30ypeHHs AJis BCI1€l CUCTEMHU, OCKITILKH BOHO

3MIHIOETHCS 3aJIEKHO BiJ] OTY>KHOCTI HABAHTAKEHHSI.
3.3.5. CuHXpOHHM I reHepaTop

Monenb CHHXPOHHOTO TEHepaTopa OTPHMMAaHO Ha OCHOBI TEPETBOPEHHS
[Tapka [43]. PiBHsHHS OanaHcy Hampyr potopa 1 ctatopa B koopaumHaTax dq0

BUBOAATHCA 3FiI[HO 3 y3araJibHCHUM 3aKOHOM Oma:



ff¢::1f

Uy = T WelPsqg — Raigy (11)

Usg = % + Welpsg — Raigg (12)

0= % + Rygigg (13)

0= d% + Ryyidg (14)

ne Uy i Uy, — wnampyra craropa Ha oci d i g Tlapka. yu i yy —

IOTOKO3YEIUIEHHSI OOMOTOK CTAaTopa. iy Ta is; — CTPYM cTaropa Ha oci d [lapka ta
oci g Ilapka, a R, — omip 0OMOTKH CTaTOPA. W44 1 Wiy — MOTOKOZYEIUIEHHS 0OMOTOK
nemndepa. iz 1 igg — CTPyM cTaTOpa 4epe3 oOMOTKM aemidepa. Ry 1 Ryy — omip

oOMoTKH aemrdepa.

Hwxye HaBeneHO BHUpa3  pIBHSAHHS  [OTOKO3YEIUIEHHS  OOMOTKH.

EnexTpoMarHiTHUN KpyTHUI MOMEHT | BU3Ha4aeTbes piBHSHHAM (20):

. I,I'IE . ."E . -

Ysq = Logisa + \ > Mssig + V >Msaiaa (15)
[3

IP:iq - Lm]f::uj + \‘,"ll iqu !Id'q (16)

| [3 . .
Yp = Lgip + \ yMsfisi + Myaiaa (17)
[3

Wad = Ladiaa + \j EMsd Isd + Mgaig (18)
[3

tpdq - Ln‘q idq + 'lv"ll Equ JI‘:=q (19)

['= P(tpsd "sq - [Psqf «d) (20)

ne My, Ma, My, 1 My — B3a€eMHa IHIYKTHUBHICTb MK IBOMa 0OMOTKaMH. Ly, Ly, Ly,

L4q1 Ly — 1HIYKTUBHICTE OOMOTOK. p — KUIBKICTB Tap MOJIIOCIB.



3.3.6. JlaTunK MBHAKOCTI

VY peryiroBaHHI MIBUJIKOCTI BaXXJIUBY pPOJb BIAIrpa€e AATYUK IIBHIKOCTI

00epTaHHs, SKAH MEPETBOPIOE MIBUIKICTh ABUT'YHA B €JICKTPUIHUMN CUTHAI:
Uss = wmKss [2]-]

ne Us — BiNMOBiAHE 3HaueHHs Hampyru. Ky — Koe(illieHT MOCHIICHHS JaTuyuKa

4acTOTH OOepTaHHS.
3.3.7. baHk HaBaHTaKeHHSA

bank HaBaHTaxeHHS - 1€, MO CYTI, 3MIHHUW EJEKTPUUYHUA Omip.

CriBBigHOIIIEHHS MIXK Hanpyrow U, onopoM R; 1 cTpyMOM [; HACTyIHE:

L

I =
[ R,

(22)

3.4. Moael0BaHHS Ta eKCNIEPUMEHTAJIbHE J0CiIKeHHS

3.4.1. MopeaoBaHHSI MIIIHOCTI HAa KPOKY MOTYKHOCTI IOCTIHOIO

HAaBAaHTaAKCHHA

Imitamiitna MOJIEJTb HESGS noOy10BaHa B CepeoBUIII
MATLAB/SIMULINK (Bepcis 6.5, MathWorks Company, Natick, MA, USA).
JlocnmiKeHHsT MOJICTIOBAHHS TMPOBOMAATHCS U1l MIJTBEP/HKEHHS €(PEKTUBHOCTI
peryJIroBaHHS MOCTIMHOT MIBUAKOCTI Ta OI[IHKHU BIUTUBY MPOMOPIIIAHOTO M1 ICHIICHHS
Ta 1HTErpajJbHOTO MIJACWICHHS IHTerpasibHOTO posauieHoro IIIJ[-perynaropa Ha

HAJIHICTh 3aPOTIOHOBAHOI CXEMU KepPyBaHHS.

[Tpu MoenroBaHHI CTyMiHYACTA 3MiHA MTOTY>KHOCTI HaBaHTakeHHs (Bix 0 kBT
10 35 kBT) BUKOPUCTOBYETHCSI SIK 30BHIIIHE 30ypeHHS KPYyTHOTO MOMEHTY Jis
HESGS, sk noka3zano Ha pucyHky 3.4. Myrtauis NOTYXHOCTI HaBaHTa)KEHHS
BimOyBaeThcsi uepe3 15 c. [lami mokazaHi BIAMOBIAI HA KPOK TMOTY>KHOCTI

HABAHTAXKEHHS, 1110 JACTh €(PEKTUBHICTh YCYHEHHS 30ypeHb KPYTHOI'O MOMEHTY JIJIs



ITOCTIAHOTO KEPpyBaHHA IIIBI/I,Z[KiCTIO ABUI'YHA, KOJH HOTy}KHiCTB HaBaHTa>XCHHA

pamToBO 3pOCTac.

Ha pucynky 5 mokaszaHo, 110 4MM MEHIIIE IPOMOPIiiiHE MOCHIICHHS, THUM
NOBUIBHIIIE 3MIHIOEThCS 00’€M JBUryHa. 3 puUCyHKIB 3.5 1 3.6 mokasaHo, IIO
MaKCUMajbHE BIIXWJICHHS IIBUJIKOCTI JBUTYHAa OyJae 3MEHIIyBaTucs 31
30UTBIIICHHSM MTPOTOPIIHHOTO MOCHIICHHS. BiIXUIeHHS NIBUAKOCTI CTAHOBUTD 2,25
00/XB, KOJIH MpoNopIliiHe OCHIeHHs cTaHOBUTH 0,05. BiH HaWTOBLIBHIIIE 3MIHIOE
00'eM nBUTyHa. TUM 9acoM MIBUJIKICTh JABUTYHA MEPEBUIIYE KOMAHIY HIBUIAKOCTI
1500 06/xB uepe3 MOBUIbHE peTyiOBaHHS 00’eMmy aBuryHa. Komu mpormopiriiiHe
nocujieHHs nopiBHIOE 0,5, MIHIMaJIbHE BIIXWUJICHHS IIBUIKOCTI CTAHOBUTH Maixke
0,75 06/xB. OgHaK KOJMBAaHHS BUHUKAIOTH MIPU MepeMillieHH1 qeuryHa. [lIBuakicts

JABHUI'YHA KOJIMBA€THCA B pGBYJ'IBTaTi KOJINBaHb p060qOFO O6’€My ABHUI'YHA.

Load power (kW)

v T J T v T J T v 1
4.8 150 1 5.2 154 15.6 158 16.0
T fal

Pucynok 3.4. Kpok noty>xHocti HaBantaxeHHss HESGS.



Motor displacement factor

0.40 4
0.35 4
0.30 4
025-
().20-.
0.15 4

0.10 4

0.05
148

15.2

)

L) L L}
154 15.6 158 16.0

Time (s)

l
15.0

Pucynox 3.5. 3monenpoBaHa peakilis Ha 3MimeHHs nsuryHa HESGS 3 pizaumu

n)

Motor speed (r/m

1500.5 4

MIPOTIOPIIIHHUMH TTOCHIICHHSIMH.

P=05 P=025
1500,0 %}—
1499 5 -
1499.0 -
1498 5 4 P=0.075
1498 .0 4 P =005
1497 5 v T v T v T v T v T )
148 15.0 152 154 15.6 158 16.0
Time (s)

Pucynoxk 3.6. 3MoaenroBana mBUAKICTE peakinii gsuryna HESGS 3 pizaumu

MPONOPIIAHUMHU TOCUIICHHSAMH.



Peakitis THCKy B TipoakyMyJsSTOpi IOKa3zaHa Ha PUCYHKY 3.7, SIKUi
UTIOCTPYE, IO THCK B TIAPOAKyMYJSTOPI IIBUIKO 3HWKYETHCS BHACIIIOK
30UTBITICHHS TIOTYKHOCTI HaBaHTakeHHs. [lokazaHo, mo dhopmu pobodoro 06’ eMy
JIBUTYHA 1 THUCKY B aKyMyJIATOpPI OJHAKOBI, aje 3MIHIOIOTHCS B MPOTHIICKHOMY

HaIPSIMKY.
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Pucynok 3.7. 3monenboBaHa peakilist TUCKY B akymyussitopi HESGS 3 pisaumu

MPONOPIIITHUMHU TOCUJICHHSIMU.

Peaxkriii po6odoro 00’ emy ABUTYHA 3 PI3HUMH 1HTETpATLHUMU Koe]irlieHTaMu
NOCUJICHHS TOKa3aHI Ha MalioHKy 8. MoxHa moOauuTH, 1m0 pobouuit 00’em
JIBUTYHA 3MIHIOEThCSI OJIHOYACHO HE3AJIEKHO BIJI 1HTETpajbHOTO KoedilieHTa
MOCHJICHHS, IO MPHU3BOJAMTHL JO TOrO, IO MaKCHUMaIbHI BiJIXWUJICHHS IIBHUIKOCTI

MaiKe OJIHAKOBI, sIK TOKAa3aHO Ha PUCYHKY 3.9.
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Pucynox 3.8. 3monensoBana peakiriss HESGS nHa 3MitieHHst ABUTYHA 3 pI3HUMU

IHTErpaJIbHUMHU KOe(iIli€eHTaMU TTOCUIJICHHS.
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Pucynox 3.9. 3moaenboBaHa xapaktepuctuka msuakocti gsuryna HESGS 3

PI3HUMU IHTETPATLHUMHM MiJCUICHHSIMH.



[lepeBumieHHss 00’eMy JBUTyHa 30UIBIIYETHCS, KOJIM IHTETPAJbHUM
KOe(]iIlieHT TMOCWICHHS CTa€ OUIBIIMM. 3arajbHUNA 4Yac BIJIHOBJICHHS IIBHIKOCTI
JIBUTYHA HaWKOPOTIIMI dYepe3 HailOumpIne mepeBHINeHHS 00’emy aBuryHa. Ha
MamoHKy 10 ToOKaszaHo, IO TEHJACHIlS 3MiHM THCKY B aKyMyJIATOpi Maibke
1ZICHTUYHA TEHJCHIIIT 3MiHU poO0YOTro 00’€My IBHUTYHA; HAPSIMOK 3MIHH THUCKY B

aKyMYJISITOP1 € 3BOPOTHUM JI0 HAMIPSMKY pyXy poOouoro o0’ €My JIBUTyHa.
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Pucynox 3.10. CumynboBaHa xapakTepucTiuka Tucky B akymymsitopi HESGS 3

PI3HUMH THTETPATLHUMU T1JICUICHHIMHU.

3.4.2. ExcnepuMeHTHM MIIHOCTI Ha 3MIHHOMY KpOWi IOTYKHOCTI

HAaBaAHTaKCHHSA

[Tix yac po6oTH TiAPOBITpOreHEpaTOpa 3 TIAPOAKYMYIISITOPOM EHEPTIS BITPY,
yJIOBJEHA BITpoarperatoM IMpu TypOyJIEHTHOMY HAJXO/JKEHHI, TOBHICTIO
HakonnuyeTbcsi B rigpoakymynsatopi 'ECI'C. HESGS BupoOGiisie enexkTpuuny

CHEpril0 MUIAXOM TMEPETBOPEHHS TIAPaBIiYHOI €Heprii, 110 30epiraeTbcs B



rigpoakymynstopi. I[Ipoliec HakomM4eHHsT €HEpPTii BITPpy Ta MPOIEC BUPOOHUIITBA
enexktpoeHeprii HESGS e Hezanexuumm mnporecamu. BiamoBinHO, Ha mpoiiec
BupoOHuITBa enektpoeHeprii HESGS He BrumBae croxacTWyHHMI Xapakrtep
BITPOBOi TypOYJIEHTHOCTI, 1 Ha HbOT'O B OCHOBHOMY BILJIMBA€ 3MIHHICTh IOTY>KHOCTI
HABAaHTAKCHHS Yepe3 4YacTy 3MiHY CIIOKHBAaHHS €JIEKTpoeHeprii. ExcrepumenTn
MIPOBOJISATHCS HE TUIBKU TSI IEPEBIPKHU PE3yJIbTATIB MOJICITIOBAHHS, PO3TISHYTHX Y
posnua 3.4.1, ane ¥ Ay1s1 BUBYEHHS CTIMKOCTI MOCTIMHOTO KEpPYBaHHS IIBUIKICTIO

JIBUTYHA MPHU 3MIHHUX 30ypPEHHSX MOTY>KHOCTI HABaHTAKEHHSI.

Komansia mBUIKOCTI ABUTYHA B IIUX €KCIIEpUMEHTaX BcTaHoBiieHa Ha 1300
00/xB st 3a0e3nedyeHHs1 Oe3neku ekcrepuMmeHTty. lIpomopiiiiHe mocuieHHs Ta
IHTerpajbHEe MOCWJIEHHS MaioTh ojaHakoBe 3HaueHHs 0,1. IloTyxHicTh
HAaBAHTAKEHHA JIETKO 3MIHIOETHCS LUISIXOM 3MIHM KEpPYIOUOro CHTHaly OaHKy
HaBaHTa)KeHHA. Bapialii Kpoky MoTy>KHOCTI HaBaHTaxeHHs 8 kBT, 10 kBt 1 15 kBrT.
[ToTyXHICTb HaBaHTAXXEHHS 3pOCTAa€ B TMEpPIIIA MOJOBUHI EKCHEPUMEHTY 1
3MEHIIYEThCS B JApyrid. Pe3ynbTaT MOJENIOBaHHS Ta EKCHEPUMEHTY UI0JI0
BUXIJTHOT aKTUBHOI MOTY>KHOCTI CMHXPOHHOTO TeHepaTopa IMOKa3aHl Ha PUCYHKY

3.11.

Ha pucynky 3.12 moka3zaHo pe3yibTaTH MOJEIIOBAHHS Ta €KCIEPUMEHTY
1010 IIBUKOCTI IBUTYHA 332 HasSBHOCTI MEPEIIKO y MOTYXHOCTI HaBaHTa)KEHHSI.
Jlerko 3poOWTHM BHUCHOBOK, IO BIAXWJICHHS IIBUAKOCTI CTa€ OUIBIIMM 13
30UTBIIEHHSIM ~ 30ypeHHS  TIOTYXXKHOCTI  HaBaHTKEHHs. EkcriepuMeHTa bH1
pe3yJIbTaTH TaKOX IIOKa3ykoTh, 10 (akTUuHa cTablIbHA IIBUJKICTH JIBUTYHA
Onm3bpKa 10 OaKaHOI MIBUAKOCTI Ta Ma€ HEBENIMKY 3MiHYy O0sm3bko 1300 06/xB, 110
BIJINIOBIIa€ BUMOTaM 4acTOTH reHepyBaHHs. Ha pucynky 3.13 mokasano, 110 3MiHa
00’eMy JIBUTYHA 3pOCTa€ MPOIMOPIIIHHO 3MiHI TTOTYKHOCTI HaBaHTa)keHHs. Kpupa
TUCKY TIIPOAKyMyJsiTOpa MPU 3MIHHOMY CTYIE€HI TOTYKHOCTI HaBaHTaXCHHS
nokazaHa Ha pucyHky 3.14. BignoBigHa 3MiHa THCKY TipOakyMyJssiTopa
BUPOOJISIETBCA Yepe3 30ypeHHs MOTY>KHOCTI HaBaHTAXXEHHS. SIK BUIHO 3 PUCYHKIB

11-14, pe3ynpTaT MOJENIOBaHHS Mailke 1I€HTUYHI pe3yIbTaTaM €KCIIEPUMEHTY.



Jesika mynbcalisi pe3yJbTaTiB €KCIIEPUMEHTY MOKe OyTH pPe3yJIbTaTOM MEpPTBO1

30HU BOyoBaHoro po3aiienoro [11/]-perynsaropa.
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Pucynox 3.11. Bignosizai Ha aktuBHY noTyx)HicTh HESGS mig 3MiHHUM KpokoM

MOTY>KHOCT1 HABaHTAKCHHS.
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Pucynoxk 3.12. Peakmis mBuakocti Asuryna HESGS mijg 3MiHHUM KpokoM

MOTYKHOCTI HABaHTA)KEHHSI.
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Pucynox 3.13. Peakuist npuryHa Ha 3cyB HESGS min 3MiHHUM KpokoM

HOTy}KHOCTi HaBaHTA>XCHHA.
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Pucynok 3.14. Peaxuist Tucky B akymyssitopi HESGS nipu 3minHOMY

CTYIIE€H1 IOTY>KHOCTI HABAaHTA>KEHHSI.



BucHoBKH 3a TpeTiM po3aiiomMm

o6 yCyHyTH KONMMBaHHS Ta TIEPEPUBYACTICTh E€HEPrii  COHII,
T1IPOAKYMYJIATOP BHKOPHUCTOBYETHCS JJIsi HAKOMHMYEHHS €HEprii COHI, IO
BJIOBJTIIOETHCS (DOTOCTIEKTPUUYHUMH MOy siMU. [Ipu cimabkomy BiTpi abo 6e3 BITpy
eJIEKTPOCHEPT1sI BUPOOISIETbC CHHXpOHHUM reHeparopom uepe3 HESGS. HESGS
NpAaIoe HAa CHJILHOMY 30BHIITHHOMY 30YpPEHHI KPYTHOTO MOMEHTY JUIsl Pi3HUX
MOTY)KHOCTE HaBaHTaXXCHHsS, TOMY BaXKJIMBO BHBYHUTH CTIMKICTh CHCTEMHU

KEepyBaHHS MMOCTIHHOIO MIBUAKICTIO 10 30ypEHb MOTYKHOCTI HABAHTAKEHHS.

. [ 3a0e3meyeHHs] MOCTIMHOI MIBUIKOCTI ABUTYHA HE3AJIEAKHO BiJ 3MIHU
MOTY>KHOCTI HaBaHTa)XCHHS BUKOPUCTOBYETHCS TMOJBIHHA CXeMa KepyBaHHS
3aMKHYTUM KOHTYPOM. MOJEMIO€ThCA BIUIMB MPOMOPIIMHOTO TMiACUICHHS Ta
IHTErpaJIbHOTO MIJACWICHHS Ha HAJIIMHICTh CHUCTEMU KEpyBaHHS TMOCTIHHOIO
MIBUJKICTIO NMPU MOCTIMHOMY KPOKY IMOTY>KHOCTI HaBaHTakKeHHs. [[s1 mepeBipku
IMITalIHOI MOJEN Ta OOrOBOPEHHS HAIIMHOCTI 32 YMOBU 3MIHHOI HOTYXHOCTI
HABAHTAKECHHS, TOPIBHUIbHI JOCHI/DKEHHS MOJICIOBAHHS Ta EKCIEPUMEHTY
peani3yloThCs 3a OJIHAKOBHMX YMOB. 32 YMOBHM IOCTIHHOTO KpPOKY TMOTYKHOCTI
HaBaHTaXeHHS 35 KBT BIIXWICHHS MIBUAKOCTI 3MEHIyeThes 3 2,25 10 0,75 00/xB,
OCKIJTbKM Jlala30H MPOMOpIiitHOro mocuieHHs crtaHoButh Big 0,05 mo 0,5.
[ToniOHMM YMHOM, Yac BIJHOBJIECHHS IIBUIKOCTI JBUTyHA Oyjie 3MEHIIYBAaTHUCS 31
30UTPIIEHHSIM IHTETPAJIbHOTO MiJicuieHHs. [Ipu 1HTerpasbHOMY MOCHIJIEHHI, IO
JIOPIBHIOE OJMHUII, Yac BITHOBJICHHS jnocsrae MiHimymy 0,4 c. Pesynbratn
MOKa3yI0Th, IO 3aIIPOINIOHOBAHUH MIJIX1] KEPYBaHHSA MAa€ XOPOIY MPOTyKTUBHICTb
1 BUCOKY HAJIIWHICTB, 110 JO3BOJISIE IIIBUIKO MMOBEPTATHUCS 10 IIOYATKOBOT IIBUIKOCTI
Ta peayidye HyJIbOBY MOXMOKY B CTalllOHAPHOMY CTaHI JJsi KPOKY MOTYKHOCTI
HaBaHTaxeHHs. CliJl MIKPECIUTH, 0 KPOK MOTY>KHOCTI HAaBAaHTa)KEHHSI HE MOXKE
OyTH 3aHanTO BHUCOKHMM. ICHye€ BeJMKe KOJHMBAHHS IBUAKOCTI JBUTYHA dYepes
BEJIUKY PI3HOMAHITHICTh MOTYXKHOCTI HABAHTAXKEHHA, 110 MOXXE NPHU3BECTU [0

HECTaOUIBLHOCTI YaCTOTH FeHepaTopa.
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B po6oTi O6ys0 mpoBeeHO IPyHTOBHUM KPUTUUHUIN aHaJlI3 CydacHUX

TEXHOJIOT1 HAKOMMYEHHS CHEPrii rpaBITalliitHUMK aKyMYJISITOPAMH.

Po3po61eHo 3araiabHi MPUHIMIHN T00YI0BH KOMIUIEKCY I1JIOBOT

(bOTOCNEKTPUYHOT CTaHIIIT 3 PIAMHHUM IpaBITAliIiHUM HaKONIMYyBauyeM €HEeprii.

P03p06sieHO TEXHOMOTIYHY CXeMY KOMILIEKCY IUIbOBOI (POTOCNIEKTPUIHOT

CTaHIli 3 PIAMHHUM TpaBITAlllTHUM HAKOMUYyBa4yeM €HEprii.

JlocniKeHo mapaMeTpy KepyBaHHS NOCTIMHOO MIBUAKICTIO TAPaBIIYHOTO

HAKOIWYyBaya €Heprii.
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