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ImiTaniiina MoJIeb KOMOITHOBAHOT €JIEKTPOCHEPTETUUHOT
CUCTEMHU 3 BIJTHOBJIFOBAHUMM JIKEPEJIAMU EHEPTIi

B crarTi HaBeaeHi iMiTaIiiiHI MOJEI €TIEMEHTIB KOMOIHOBAHOI CICKTPOCHEPTETHYIHOI CHCTEMH, TAKOX il
3arajbHA iMiTamiiiHa Mozems B ceperosumi Simulink. 3ampormoHOBaHA MOJETH A€ MOXKIHBICTD JOCIIIKYBATH
peKuUMH poOOTH KOMOIHOBAHOI CHEPrOCHCTEMH MPOTATOM MEBHUX 1HTEPBAIIIB Yacy (100a, Micanp, pik). OTpumani
PC3YABTATH MOICTIIYFOTH BHOIP ONTHMAIFHOTO CKIIAXY O0JIAAHAHHS T JOLIIBHHX PCKUMIB POOOTH.
imiTaniiina Moesb, BiTHOB.IIOBaHI Kepesia eHeprii, KoOMOiHOBAHA €JIEKTPOCHEPTETHYHA CHCTEMA

Beryn. HocranoBka 3amadi. [lotpebu mroncTBa B e€Heprii 3a10BOJIBHSIOTBCS B HAII
9ac, TOJIOBHUM YHHOM, LUIIXOM BHUKOPUCTaHHS 3BHYAHHOrO nanuBa (B OCHOBHOMY
NPUPOAHOrO rasy, HahTH 1 KaM sTHOrO BYTULIS), SAEPHOTO TajuBa Ta MOTEHLIHHOI eHeprii
Boau.. BkasaHi jkepena eHeprii, OKpIM OCTaHHBOTO, € He BIAHOBIOBaHUMH. OOcsTH
BUKOPUCTAHHS 3BUYAHHOIO 1 SIAEPHOTO MaJMBa 3 KOXKHUM POKOM 3POCTaIOTh, OTXKE 1X 3armacu
CTPIMKO CKOPOYYIOTBCS.

CrnamoBaHHs 3BHYAaWHUX BHIIB MaJMBa MNPHU3BOIUTH A0 3a0pyOHEHHS MOBKLLIS.
ATOMHa eHepreTMka TeX TMOTEeHLIHHO Hebe3neuHna. [impoeHepriss pidok Xxoda 1 €
BITHOBJIFOBAHOIO, ayie 1i BUKOPUCTAHHS, OCOONMBO HAa PIBHUHHUX PIKaX, CYMPOBOIKYETHCS
BEJIMYE3HUMH O€3TIOBOPOTHUMH BTPATaMHU 3€MEIb CLIIBCHKOTOCIIONAPChKOTO NMPU3HAYEHHS (B
YkpaiHi — 1e nmpekpacHi YOPHO3EMH).

BuxonoMm 13 11pOro 3arpo3JMBOrO CTAHOBHIIA € MOCTYIIOBA BiAMOBA B TPaAHLIHHUX
HE BIIHOBJIIOBAHUX JDKEpEN €Heprii Ha KOPUCTh BIIHOBIIIOBAHUX JDKEpPeNl — eHeprii
COHAYHOTO BUIPOMIHIOBAHHS, BITPOBOI €Heprii, XIMIYHOI eHeprii BiOHOBIIOBAHUX
BYIJICBOAHEBHX MaTepiayiB, TAKUX SIK JEPEBUHA, ONAaJie JIUCTS, MPOMHCIOBI Ta MOOYTOBI
BIIXOOH, SIKI MICTSITh B OOl TOPIOYI CKJIAOBI, 1 SIKMMH MOYKHAa CKOPUCTATHUCS SIK CHPOBHHOIO
1Tt BUPOOHULITBA, HATIPUKIIAA, Oiorasy.

Tax «Eneprernmunoto crpateriero Ykpaiaum mo 2030 poky» [1] y nepcnexTusi
nependaueHo 3HaYHe 301IbIIEHHS YACTKU BITHOBIIIOBAHUX JIKEPEN €HEPril B eHEPreTUIHOMY
Oananci YkpaiHu.

[IpoTre, BUKOPUCTAHHS BIIHOBIIIOBAHUX JKEPENl €HEeprii Mae iCTOTHI OCOOIMBOCTI, SIK
TO: HEpiBHOMIpHUH reorpadpiuyHuii pO3MOALT, HEMOCTIHHICTh B 4aci, Majlla TNHTOMAa
KOHLIEHTpalisl eHepreTmuHux pecypcie [2-4]. Came TOMy 1 BUHUKaE HEOOXIAHICTH
BUKOPUCTAHHS KIJIBKOX PI3HOPITHHUX IKEPEN eNEKTPUYHOI €Heprii, CHCTeM aKyMYJIIOBaHHS Ta
PE3EpPBHOTO EJIEKTPOKUBIICHHS.

Biarak  akTyajgpHOK — 3a7auerd € CHHTe3 Tak 3BaHUX  KOMOIHOBaHHX
€NEKTPOCHEPreTUYHNX CHCTEM 1 aHaimi3 ixHbOi pobotu. BpaxoByrouum mHpOKy
PI3HOMaHITHICT OOJIaTHAHHS YCTAHOBOK BIJHOBJIOBAHOI €HEPTeTUKU (BITPOr€HEPATOPH,
doToenekTpuuHi Oatapei, aKyMyJSITOPH TOIIO), MOXKHA PO3poOUTH Oe3jid eHEepreTHIHUX
CHCTEM DPI3HOMAHITHUX 3a KOoMOiHauiero mkepen. OcoOnuBHil iHTEpeC BUKIMKAE AUHAMIKA
poOOTH TaKMX EHEProCUCTEM INPOTArOM pPOKy. BuHHKae psim muTaHb, Ha SKI CHIJ OaTH
BIAMOBIAb: CKUTBKM EJEKTPUYHOI eHeprii 3Moke 3a0e3MeUnTH MEeBHE JUKEPEeTIo eHepril, Ky
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€MHICTb MPHUCTPOI0 aKyMYJIFOBAHHS BapTO 0OpaTH, sSIKYy MOTY)KHICTh Ta €HEPTril0 HeOOXiTHO
pe3epByBaTH B TMeEPION BIACYTHOCTI TOTOKIB BiJHOBJIFOBAHOI €HEpTii, YM 37aTHA CHUCTEMA
3abe3neunTy OanaHC eNeKTPUYHOI eHeprii B KOMOIHOBaHIN €HepProcucTeMi KOXXHOI TOJWHU
NPOTATOM POKY TIPH 3aJaHUX [OKAa3HUKAX SIKOCTI EJEKTPOEHEeprii Ta HaAIHHOCTI
€HepToNoCTayaHHs?

Jlati BIAMOBiNb HAa BUIIEBUKJIAACHI MHUTAHHS TO3BOJISIE TPOBEACHHS MOJCIFOBAHHS
poboTr KOMOIHOBAHOI €HEPTrOCHCTEMH 33 JOMOMOTO0 IMITAIIHHOT MOJIENI.

Metow panoi po6orm € 1) po3pobka imiTamiiiHOi Moxmeni KOMOIHOBaHOI
€JIEKTPOEHEPTeTUYHOI CHUCTEMHU 3 BIAHOBJIIOBAHMMHU JDKEpPENaMU €Heprii, 2) MpOBEICHHs
MOJIEJIFOBaHHSI POOOTH €JIEMEHTIB Ta €HEProCUCTEMH B IIJIOMY; 3) aHai3 poOOTH €NeMEHTIB
€HEPTOCUCTEMH.
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Pucynok 1 — CrpykrypHa cXeMa KOMOIHOBAHOI CHEPTOCHCTCMH

B pamkax mocTtaBjeHOi METH BHIUISIFOTHCS HACTYIHI 3agadi podoru: 1) pospobka
MaTeMaTUYHUX Ta IMITAifHUX Mopnened ¢otoenekTpuyHoi Oartapei, BITPOENEKTPHUUHOI
YCTAHOBKH, aKyMyJSITOpHOI Oartapei, AM3eNb-TeHepaTopa 3 EJIeKTPUYHUM TE€HEPaTopOM,
3arajbHOl IMITAlifHOT Mozeni KOMOIHOBaHOI €HEProCHCTEMH, 2) MOJETIOBAHHA pPOOOTH
€HEePrOCUCTEMH MPOTATOM OJHIET 100H.

MartemaTuuHa mMoaeab ¢goroeseKTpu4HOi 6aTapei. [loTyxHICTE POTOENEKTPUIHOI
Oarapei (PEB) mpu craHmapTHHX yMoBax (TYCTHHA MOTOKY COHSYHOTO BHITPOMIHIOBAHHS
Iy =1xB1/M”, Temnepatypa mnoBepxHi ®EB 8. =25°C) Ha3suBacTbC HOMIHAIBLHOIN
nomyosicnicmio. BuximHa mnotyxHicte @®EB npm iHmWIA TycTHHI MOTOKY COHSYHOTO

BUITPOMIHIOBAHHS T (t) 6yne nponopuiiiHa ocTanHiH [5]:

P@EE(Z):P®EEHOM1B—(Z)J (1)
cy
ne Pz (f) — BuxigHa notyxkHicTh OEB;
P — HOMIHAJBHA MOTYKHICTE OEB npu cTaHmapTHUX yMOBax;
k,, — xoediuient 3umxkeHHs eexTuBHOCTI PEB;
T (f) — cepenHe 3HAUEHHs T'YCTUHH IOTOKY COHSYHOTO BHUIIPOMIHIOBAHHS, SIKE

notparisie Ha noBepxHio ®ED 3a ronuHHMIA iHTEpPBAT;



loy — TyCTHHA MOTOKY COHSYHOTO BUIPOMIHIOBAHHS, SIK€ TIOTPAILISIE HA TIOBEPXHIO

®ED npu CTaHAAPTHUX YMOBAX.

Brparu motyxHocti B enementax ®EB BpaxoBYHOTbCS KOE(DILIEHTOM 3HUKEHHS
edpexruBHocTi DED £, . . Takum unHOM ocTatoyHa marematudna moaens OEbB Gyne:

15(1)
k,. T (2)

cy

F. ®FB (Z ) =P, ®EBHOM

B wmopmeni (2) He BpaxoBaHO BIUIMB TEMIIEPATypPU OTOUYIOUOIO CEPEeNOBUINA HA
BUXITHY NOTYyKHICTh PEB.
Ha puc. 2 HaBeneno imitauiiiny moaens @Eb B cepenosumi Simulink 3rigHo (2).
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Pucynoxk 2 — Imitanitina mogens ®Eb

MaTteMaTHYHA MO/AEJb BiTPOEJIEeKTPHYHOT YCTAHOBKH. [I0TY>XHICTD, 110 BIIAA€THCS
BITpOEHEPTreTHUHOK ycTaHOBKOW (BEY) B Mepexy, 3aneXuTh Bil IIBUIKOCTI BITPY, BUCOTH
Ma4TH, Ha SIKIii BCTAHOBJIEHO T'€HEPATOp, Ta BUXIAHOI XapaKTepUCTHKHU reHeparopa [6]. Tax
SK IIBUIKICTb TMOBITPsI Ol MOBEPXHI 3€MJl 3aJE€KUTh BiA BUCOTH, & IMOTYXKHICTb, IIO
BIAZTAETHCS BITPOTEHEPATOPOM, 3AJIEKUTD BiJ KyOy IIBHAKOCTI PyXY MOBITPSHUX Mac, BHCOTA
MauTH CYTTE€BO BIUIMBAE€ HAa BUXIAHY NOTYXKHICTB. [Ipm po3paxyHKy BHUXIAHOI MOTY)KHOCTI
BEY nani BUMIpIOBaHHSI CEPEIHBOTOIMHHOI LIBHUAKOCTI MOBITPSI HEOOXIAHO NMPHUBECTH IO
BHUCOTH YCTaHOBKH BITPOTEHEPATOPA.

Haiivacrime my1st mepepaxyHKy IIBUAKOCTI MOBITPS 3 BUCOTH YCTAHOBKH aHEMOMETpa
Ha 3a/1aHy BUCOTY (BHUCOTY YCTAaHOBKH BITPOT€HEPATOPA) BUKOPHCTOBYIOTh HACTYITHI 3aKOHH:

a) norapupMivHUIL:

uh = uaHeM - > (3)

ne U, — IBUAKICTb TOBITPSI HA BUCOTI /1;
Uyyere — LIBUZIKICTD TIOBITPSI HA BUCOTI YCTAHOBKH aHEMOMETpA /..., ;

Z, — TlapaMeTp HepIBHOMIPHOCTI OBEpXHI 3emii (3a Tabi. 1),
0) MOTeHLIHHN:

Uy =Uypers| — | > (4)



Ie oL — TIOKa3HHWK CTeIeHs], KU 3aJeXUTh BiJl HEPIBHOMIPHOCTI MOBEPXHI 3€MJIi
(Tabmn. 2).
3a3Buuali  BUXigHa xapakrepuctuka nortyxkHocti BEY  3amaerbcs  mapamu

€KCIIEPUMEHTAIbHIX TOYOK {ui, PBEycyi}, SIK1 3HIMAIOTHCS TIPU CTAHAAPTHIN TemmepaTypi Ta

ticky (p, =101,325 kI1a, 7, =288,15K). Jlnsi 3HAXOMKEHHs 3HAYEHb MOTYXKHOCTI B

NPOMDKHUX TOYKaX BHKOPHUCTOBYIOTH PI3HOTO POy IHTEPNOJHALIID EKCIEePUMEHTAIbHUX
TOYOK (HANPUKJIIAJ, KyCKOBO-JIHIHHY, CIUIAfHOBY TOIIO).

Tabmuus 1 — ITapamerpu HEpIBHOMIPHOCTI OBEPXHI 3emiti [7]

Xapakrep IOBEPXHI Zy, M
BigkpuTa cniokiiitna BoAa; rIaakui g 10° —10™
CHIr; piBHHHA 32 BIACYTHOCTI POCITHHHOCTI 2.10* —5.10°
Bigkpura pisHuHA, TpaBa BUCOTOO 0,2 M; HEBEIIMKA KIJIbKICTh OKPEMHX TIEPEIIKO 0,01 — 0,03
Husski mocism; Tpaga Bucororo 0,25 — 1 M; OKpeMi BEIHKI IEPEIIKOIN 0,04 — 0,1
Bucoxi mocisu; posocepemkeni nepemkonu: 15 < x/h <20 0,25
IMapxroBa 30Ha, KyIi, BETHKA KiTBKICTh mepemmkoa; x//=10 0,5
OnxHopiaHi BeuKi nepemkoau: X/« 10 (JTic, mepeaMicTs 3 HU3bKUMU Oy TiBISIMHE) 0,03
[Tomst 3acistHi 3epPHOBHMY KYIBTYPaAMHU 0,5—5,0
LlenTp MicTa 3 BHCOKMMH Ta HU3bKUMH OYIiBISIMHI 1,0— 06,0

IIpumitka: A — BHCOTA TIEPETIIKO, X — BiJICTAHD Mi*K HIIMIL

Tabmuis 2 — 3HaueHHs KoedilieHTa o B 3aJIe)KHOCTI Bl HEPIBHOCTI MOBEpxXHi [8]

Xapakrep IOBEPXHI o
Mope, 03¢po, piBHHIA TPYHT 0,10
Hwuspka TpaBa Ha piBHil MOBEpXHI 3eMII 0,15
Brcoki 3epHOBI, >KUBOILIT, Kyl 0,20
Jlicucra cibChKa MICHIEBICTD 3 BEIMKOI0 KUTBKICTIO IEpEB 0,25
Hepenmike MicTO 3 MAJIOK0 KITBKICTIO IEPEBAMHM Ta KyIIAMHU 0,30
Micbka TEpHTOPISI 3 BUCOKUMH OYIiBISTMHI 0,40

Imitamiitna monens BEY, mpusenena Ha puc. 3. B skocTi iHTepmossiTOpa BHUXITHOI
XaPaKTEPUCTHKH BUKOPUCTAHO OJIOK KYCKOBO-JIHIHHOI IHTEPIIOJISALI.
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PucyHnok 3 — Imitaniitna mogems BEY

MartemaTuyHa  MoAeJb  AKYMYJSITOPHOI  Oarapei. PiBHSHHI  JUHAMIKH
akymysisaTopHoi Oarapei (Ab) B kiHueBux npupocrax [9]:



Eus (1 + A1) = g ()(1=OAL) [ Py (WM~ P (O | AT, )

ae g.; — 3apsan Ab,

6 — Koe(iIlieHT CaMOpO3pPsIay;

P, (@), B, (f) — NOTy:XHOCTI 3apsiy Ta po3psiay BiIMOBIIHO,

Nusps Moo — KKJI 3apsity Ta po3psilly BIANOBIAHO;

At — iHTEpBaJ Hacy.

[lpuiimemo  M,,, =M, =M, 1, BBiBIM nosHauenns B (&)=L (1)-PF, (1),
OTPUMAEMO:

st + A1) = g, () (1-0A1) + P (H),At . (6)
B (6) Benuuuna P, (f) Oyae momaTHORO B pasl 3apsiy Ta Bil EMHOIO B pasi po3psiay.

BuxonaBmm st (6) rpaHMYHUI mepexin Ta MPOBIBIIM IEPETBOPEHHS, OTPUMAEMO
piBHsIHHA quHaMiku Ab B nudepenuiitniii popmi:

© g0 =—gu o+ RO, ™)

3acrocysasmu 1o (7) neperBopenns Jlarmaca, otpumaeMo piBHsHHsA quHamiku Ab B
onepaTopHiil Gpopmi:

585 (8) = —gas (S)o + Fy(s)n;.

3BIAKY MOKHA BU3HAYUTH iepenaBaibHy GyHkio Ab:

W ()= 28) _ s ®)
gx(s) s+o

JInst mpeAcTaBlieHHsT OCTAHHBOTO PIBHSHHS Y BUTJISIAI CTPYKTYPHOI CXEMH TOIUTIHMO
YHCENIbHUK 1 3HAMEHHUK MPaBoi yacTHHH (8) Ha §:

n, n,
__ 85 _ S
W)= ig =ty ©)
S S

PiusiaHIO (9) Oyne BiAMOBINATH CTPYKTYpHA CXeMa, HaBeeHa Ha pUc. 4.
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PucyHnok 4 — ImitariitHa Moaemb 11€aTi30BaHOi aKyMyIATOPHOI Oarapei

Tak sk Ab Mae TeBHMIT TIOYATKOBUH 3apsiA g,, @ HA PEKUM POOOTH HAKJIATAKOTHCS
oOMe)KeHHs Ha piBeHb 3apsny (OOMEKEHHSIMHU Ha CTPYM PO3Psily HEXTYEMO):

gABmin Sg.AE(Z()Sg.AEmaxa (10)

e g.in — MIHIMAJIBHHUN piBEeHb 3apsiny Ab, SSkuil HOpMyeThCsl BUPOOHUKOM,;
Zinax — MAKCUMAIIbHUH piBEeHB 3apsiny Ab;

TO OCTAaTOYHO CTPYKTypHa cxema iMitauiiiHoi moznemi Ab Oyne BimmoBimaTv Takii, Mo
300pakeHa Ha pUC. 5, e IHTerpaTop 3aMIHEHO Ha IHTErpaTop 3 HACUYECHHSIM (BEPXHS MeXa
KPHUBOi HACHUYEHHSI BIATIOBIAAE PIBHIO g, , HIDKHSI — g, ) Ta BBEIEHO CTAJy IHTETPyBaHH,

IO BIATIOBIIA€ 3HAYCHHIO g, .

eta_s
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PucyHok 5 — Imitaniitna Moemb» akyMyJSITOpHOI OaTapei

MaremaTuuHa MoAeab Qu3ejib-reHeparopa. [Ipu MonenroBaHHI poOOTH reHepaTopa
€JIEKTPUYHOI eHeprii 3 aAu3enb-reneparopoM (JI) HalBaTUBIIIUMHU TApaMETPaMH MOJIENI €:

a) TOMHHA BUTpATa MaJKBa Mg yac podboTu m, 1/Tox;

6) KK]I nusenb-reneparopa My .

Sk mpaBWIO B TeXHIUHUX naHuX Ha [ 3 reHepaTopoM NMPUBOASTHCS:

a) HOMiHaIbHa NoTyXxHicTh A" kBT;

T'rHoMm » >

0) 06’em manusHoTO Oaky V;, I

;
B) romuHHa BuTpara maguBa npu 25%, 50% , 75 % Ta 100 % HaBaHTa)keHHI
BIATIOBITHO My, , Mo, , Mlyse, TA Mg, , J/TOM.
JUis MOXJIMBOCTI BHU3HAYEHHS BUTPATH MajlMBa NpPHU IHIIUX 3aBAHTAKEHHSAX 32
KOOpPAMHATAMHM YOTHPBOX TOUOK MOXKHA MIISXOM arpokcumarii mimiopatu mapabomivyHy
¢byHKLUIO, sSiKa Oy/1e MPOXOAUTH Yepe3 Ll TOUKH:



P
m(PHF):mOer1 L \+m,
Jl'Hom P Jl'Hom

, (11

1e m — TrOIWHHA BUTpATA MaJHBa, JI/TOT,

m,, m,, n, — KoepILIEHTH anPOKCUMAILi, JI/TOT;

Py — NOTO4HE eNeKTPUYHE HaBaHTaKEHHs reHepaTopa, KB,
Biruon — HOMIHAJIbHA MOTYKHICTh TeHepaTopa, KBT.

OCHOBHOI XapakTEPUCTHUKOIO NIH3eb-TeHepaTopa € Koe]imieHT KOpPHUCHOI mii, A
BU3HAYEHHS STKOT'O MOKHA CKOpUCTATHCS (PopMyIioro, mo 3anpornoHosana B [10]:

P
Nir :Q—f’[;-mO%, (12)

ne My — KoediLicHT KOPUCHOI Aii reneparopa, %o,
By — notyxnicts [T, kBT,

¢ — TemjoTa 3ropaHHs mnanuBa, KBTrOm/7 (I OM3ENPHOrO mManuBa —

10,08 kBt ron/n, mist 6enzuny — 9,43 kBt roa/n);

m — BUTpaTa MajuBa, JI/TO.

3 ypaxyBaHHAM BHUKJAQIEHOTO 3alpONOHOBAHA MOJENb IU3EIb-TeHepaTopa, sKa
HaBeZeHa Ha puc. 6. J{Js 3HaXOKeHHsI BUTPATH MajiuBa 3a Bech mepion podoru AI° B Mmoaeni
BUKOPUCTOBYETBCSI IHTETPATOP.

IIpn cknamanHi Mopeni Oyno BpaxoBano Te, mo /I, sAkwWil BCTaHOBJIEHO B
KOMOIHOBaHI CHCTeMI, BUKOHye (YHKIIO Jkepena Oe3mepebiifHOrO >KUBJICHHS, 1 WOro
NOTY>KHICTb OOUPAETHCS 3 YPaXyBaHHIM MAaKCUMAJIbHOI MOTYKHOCTI CIIOKHBAYA.
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Pucynox 6 — ImiTariiiaa MOACT TU3CTb-TCHEPATOPA

Crparerisn KepyBaHHSI 3apsiioM aKyMYJSITOPHOI 0arapel Ta po00oTOoH0 aH3eJb-
reneparopa. [IoTy)XHICTb, 1[0 MOCTYMA€E 10 aKyMyJIATOpPHOI OaTapei abo BimOMpaeThes 3 Hel,

BU3HAYAETBCS PI3HULECI0 TOTyKHOcTel mkepen eHeprii (PEb ta BEY) 1 motyxHicTIO
CTIOKUBAHHSI:

AP(Z):[P®EB(Z)+PBEV(Z)]_Pcnonc(t)a (13)



ne Py (?), Papy(f) — motouni notyxuaocti @EB Ta BEY BinnosigHo;

P . (t) — nMoToYHA NMOTYKHICTh CIIO’KUBAHHSL.

OueBunno, mo AP Oyne npuiiMaTH sIK AOAATHI 3HA4YeHHs (IOTYXKHICTH JKEpe
eHeprii OlfbIle 3a MOTY)XKHICTb CIOKUBAHHS, TOOTO € HAOAuULOK €Heprii) Tak 1 BiX €MHI
(IOTY)XHICTh CIIOKMBaHHs Olnblle 3a HAsBHY MOTYXHICTh DKEpeN eHeprii, ToOTO iCHye
Oeghiyum eneprii). B mepmomy BHMNaAKy HaJJIHIIOK €Heprii HEOOXIMHO aKyMYJIFOBaTH, B
apyromy — nedinut eHeprii HEOOXiTHO KOMIIEHCYBATH 32 PaXyHOK aKyMyJISITOPa, a SIKIIO BiH
pospsikennii — 3a paxyHok JII'. Tak sik Ha cTymiHb 3apsaay Ab HakmanaroTbes 0OMeKeHHs
(10), To motyxHicTh o npuiiMae (Bignae) Ab, Oyne BU3HAYATUCh HACTYITHUM YUHOM (KPOK
MojenoBaHHA Af =1):

AP(t), KO & apmin — &as (1) S AP(O)AT < g 5,00 — a5 (0);

1
PAB (Z) = E[gAEmax _gAB (Z)]J AKIO AP(Z)AZ > gAEmax _gAE (Z)a (14)

1
E[gABmin _gAE (Z)]J AKIIO AP(Z)AZ > gABmin _gAB (Z)

Hapmmmok motoky eHeprii, sikuii He Moxe Oyru HakommueHuM B Ab  (mpum
gAB(Z):gABmax):

Pexcess(l) = AP(Z()_PAE(Z() : (15)
Hediuut noTyKHOCTI, SIKMi He MOke KoMrieHCYBaTth Ab (pu €. () = Zapmin )
Punmel(t) = |AP(Z)_PAB(Z)| : (16)

Ilo cyti P,,,.. (1) Oyne sBIATHUCH MOTYKHICTIO, Ky 3a0e3neuye I .

BpaxoByrouu 3a3Hauene, iMiTaniiiHa MOJENb, IO peasi3ye alropuTM KepysaHHs (14),
(15), (16) naBenena Ha puc. 7.
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Pucynox 7 — ImiTtariiina MOACTH aTOPUTMY KCPYBAHHS AKyMYJISTOPHOKO
Oarapeero Ta poOOTO0 AM3EIB-TCHEPATOPa



ImiTamiiina Moaesb KOMOIHOBaHOI ejieKTpoeHepreTu4Hoi cucremu. Ha puc. 8
HAaBEIEHO IMITALllifHy MOJeNb KOMOIHOBAHOI €JIEKTPOCHEPreTHYHOI CHUCTEMH, CTPYKTYpHA
cxema sikoi 300pakeHa Ha puc. 1. Ilpm mobOymosi momeni B cepenmosuini Simulink Oynu
3HEXTYBaHI BTPATH B IHBEPTOPI/BUNpsSMILAYL. [l 3HAXOMKEHHSI KUTBKOCTI €JIeKTPOCHEPrii,
sIKa TeHEPyBaJlaCh Ta CIIOKUBAJIACH €JIEMEHTAMH €HEPrOCUCTEMH, BUKOPHCTOBYBAINCEH OJIOKH
inTerparopis. [lapamerpu imiTamiifHoi Moaeni 3anaHi B Ta0I. 3.
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Pucynok 8 — Imitaniitna Moaenb KOMOIHOBaHOI eHEprocucTeMu B cepeaosumi Simulink

Tabmuus 3 — IMapamerpu Mozeni eneMeHTiB y cepenoBuii Simulink

ITapametp \ 3HaYeHHS
Domoenexmpuuna bamapesi
k. 0,9

Prton 2000 Bt

oy 1000 Br/m”
Bimpoenepeemuuna ycmanoska
h 10 m

h.. 13 m

z, 0,5

Axymynsmopra bamapesi

n, 1

o 0,002 ¢’

[ 25000 Bt ron

2 20000 Bt ron

Loin 10000 Bt ron
Jluszenwv 2cenepamop

0] 9430 Bt ron/n
m(Py) | 0,25 107 Py +0,008-107




Jnsa wmopnemoBaHHsA Oynu 3amaHi 1000BI rpadikud cepemaHbol IMIBUAKOCTI BITPY,
IHTEHCHBHOCTI COHSIYHOTO BHIIPOMIHIOBaHHA (pHC. 9) Ta TMOTYKHOCTI HaBaHTAKEHHS
(puc. 10).

CepeaHsa WBUAKICTL BITPY, M/C |HTE HCUBHICTE COHAYHOIO BUMPOMIHIOBaHHS, B1/m2
12 450
|_| 400
10
I l—“_l_l— 350 .
8 ._“_I_'_ 300 —
o 250
6 ey
1 200
4 150
100
2 — o S
50
o] o]
0] 4 8 12 16 20 24 0] 4 8 12 16 20 24
Yac, roa. Yac, roa.

Pucynok 9 — J1000Bi rpadiku cepeHbOI MBUAKOCTI BITPY Ta IHTEHCHBHOCTI COHSMHOTO BHIIPOMIHIOBAHHS

MopnentoBaHHs MPOBOAMJIOCH JJIsi OfHI€I AOOM 3 YacOBUM IHTEpBajoM | TrojauHa.
PesynbraTin MopenroBaHHs NMpencTasiieHi Ha puc. 10.

[ToTyKHICTb BITPOEHEPreTMYHOT YCTaHOBKY, BT 3x 1 04 apsia AB, Brrog,
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5000 i 2000
0
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1 15000
0 |"I ‘-"I_ 10000
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Pucynox 10 — Pesymerat MOACTFOBAHHS J000BOI poOOTH KOMOIHOBAHOI CIICKTPOCHCPTCTHYHOI CHCTCMH

[InsxoM MopenmroBaHHS OyJO BCTAaHOBJEHO, IO HABAHTAKEHHSIM OYJIO CIIOXKHTO
119950 Bt'ron enexktpoeHeprii, mkepenamMu eHeprii Oyio BUPOOJIEHO HACTYNMHA KUIBKICTb
enekTpoeHeprii: (oroenekTpudHOo Oatapeero — 3468,28 BT roa, BITPOSHEPTETUYHOIO
ycraHOBKOKO — 58827,86 Brron, BigmaHo akymynsitopoM — 25593 BT-ron, 3amaceHo
akymysitopom — 15593 Brroa. 3a noby Hammumok eHeprii cknamae — 5018,69 Bt rop,
HepmocTada eHeprii — 52672,56 Bt ron, nobosa Butpara nanuea ckianae 13,17 .

PesynbraTn MoOnenmtoBaHHA TOKa3yiOTh, IO JOJII BIJHOBJIIOBAHOI €HEPrii B
EHEeProCrlOKUBaHHI MPU 33JaHUX TMapaMmerpax mogeni ckiamae 51,94 %, dacTka CHIOKHUTOL



eHeprii Bixg akymynstopa — 8,33 %, mons eHeprii, [0 NOKPUBAETHCS AU3EIb-TeHEPATOPOM —
43,91 %, HaAUIIIOK €HepTii, SIKUH He CTIOXKUTHH 1 He 3arnaceHuit B akymysatopi — 4,18 %.

Takum ynHOM B poOOTI Oyau po3podiieHi MOAeNl OKPEMHUX €JIEMEHTIB B CepeIOBHIII
Simulink Ta 3aranbHa imiTamiiHa MOnENb KOMOIHOBAHOI €IEKTPOCHEPTeTHYHOI CHUCTEMU 3
BITHOBIIFOBAaHMUMH JUKEPENaMU €HEeprii, SKka [03BOJIIE MOJETIOBATH pPEKUMH poOOTH
3aMpPONOHOBAHOI €HEPTOCUCTEMH MPOTSATOM POKY JIJIsl KOYKHOI TOAMHU 100U,

Byno nposeneHo MonemoBaHHs pOOOTH KOMOIHOBAHOI €JIEKTPOEHEPTETUYHOI CUCTEMH
s onniei mobu. OTpuMaHi pe3yibTaTH NAIOTh 3MOTY HAOYHO OLIHUTH PEXUMH POOOTH
OKPEMHUX CKJIAJOBHX CUCTEMH, a TAKOXX BH3HAYUTH 00’€MHU CIIOKMBAHHS HABAHTAXXCHHSIM Ta
reHepari JpKepenamu.
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M. Kybrun, B. Condamenxo
HvuranmmonHast  MoAeTh  KOMOMHHPOBAHHOIN — DJIEKTPO3HEPTETHYCCKONl  CHCTEMBI €
B0300HOBIACMBIMI HCTOTHUKAME YHCPTHH

B cratee pa3paboOTaHBl MOJCIH OTJACIBHBIX IJICMCHTOB KOMOWHHPOBAHHOM 3JCKTPOIHEPICTHUCCKOH
CHCTEMBI C BO30OHOBJIIEMBIME HCTOYHHKAMH SHCPTHUH W €¢ 00IIas MMHTALMOHHAS MOJEHb B cpeae Simulink.
[IpeanoxeHHas MOACTH JAECT BO3ZMOYKHOCTh HCCIIETOBATH PEKUMBI pabOTHI IPEIIOKEHHOW IHEPTOCHCTEMBI HA
MPOTSDKCHUH OTIPEACTICHHBIX MHTEPBATOB BPEMEHH (CYTKH, MeCs, o). [lomyueHHbIC pe3yabTaThl 00Ier4aroT
BBIOOP ONTHMATFHOTO COCTAaBa 00OPYIOBAHKA H ICICCOOOPA3HBIX PSKIMOB PAOOTHI 3HCPTOCHCTEMEBIL

M. Kubkin, V. Soldatenko
Imitation Model of the Hybrid Power System Based on Renewable Energies

The article provides the imitation model of the elements of hybrid power system as well as its general
imitation model in Simulink. The introduced model gives the opportunity to study the operating conditions of the
hybrid power system during certain periods of time (day, month and year). The obtained results make a choice of
the optimal equipment and expedient operating conditions much easier.

Oneprkano 15.09.12






