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CucreMu HaKOMUYEHHsI €JIEKTPOCHEPrii abo X — aKyMyJIIOBaHHS, MOBUHHI BUPIIIYBAaTH IH-
TaHHsI CTAOUIBHOTO €HEepro3ade3NeueHHs BiJl MaJIMX JJOMOTOCIIOAAPCTB 10 PiBHA MIOT AepkaBu. Ha
3aKOHOJIaBUOMY PiBHi, IIEH BEKTOP PO3BUTKY, Oyj10 MpuUiHATO B pamkax crparerii «kEC-35». [Hauni,
rutata: «[lonoxxenns Eneprerrunoi crparerii Ykpainu Ha nepion g0 2035 poky «be3neka, eHepro-
e(eKTUBHICTh, KOHKYPEHTOCHPOMOXHICTb», 3rimHO posnopsykeHass KMY  Ne 497-p  Bin
06.06.2018 p. «IIpo 3aTBepkeHHA MIaHy 3aXOAiB 3 peanizalii etany «PedopMyBaHHS eHepreTHY-
HOTo cekTopy (10 2020 poKy)» MOBHHHA 3a0€3MEYUTH JOCATHEHHS OCHOBHOI METH — IiJIBHILEHHS
€(hEeKTUBHOCTI OCBOEHHS CHEPTii BIIHOBIIOBAHHUX JDKEPEIT Ta MiABUIIECHHS CTaOUTBLHOCTI €HEPrOCHC-
TeMH YKpaiHH 332 paxyHOK BIIPOBADKEHHS CHCTEM aKyMyJIroBaHHS [1].

AKyMyJISIIIist €eKTPOCHEPrii, B TaHOMY BHIIAAKY, HOTpiOHA 327151 TOTO a0 HiBEIIOBAaTH HEPi-
BHOMIPHICTh BUPOOJICHHS Ta CIIO’KMBAHHS €JICKTPOCHEPTii B CE30HHUX Ta JIOOOBUX MPUPOTHUX/HE-
MPUPOJHUX YMOBAX [2], a TAKOXK 3 ypaxyBaHHSIM PO3TalllyBaHHS IT'€HEPYIOUNX MOTYyKHOCcTei. Ha cho-
TOJIHI TIPOIEC aKyMYJIAIT TaKOK BXKJIMBUH 3 TOUKH 30py €Taly AeleHTpainizaiii B Ykpaini. Takox
TTiCJIs 3aBEepIICHHS BiiHU B YKpaiHi, CIIiJ1 O4IKyBaTH HOBHIA BUTOK L[IKaBOCTI /IO BiTHOBJIIOBAHUX JIXKeE-
pen eneprii. Came, 3 MipKyBaHb [lepepaxOBaHUX paHillle, BAHUKAE HEOOX1THICTh PO3TISHYTH MepcC-
MEKTUBY BUKOPHCTAaHHS MEBHOTO CIIMCKY OCHOBHUX PI3HOBHIIB CHCTEM HAKOIIMUEHHS EIEKTPOCHEp-
rii: eJIeKTPOMAarHiTHI Ta eIEeKTPOCTATUYHI HAKOMUYYBayi; MEXaHIYHI HAKOMMMYYyBayi; eJIeKTPOXIMiuHi
HaKONU4yBayi.

v' EnexmpomacHimui_ma_enekmpocmamuyni Haxonuuyeayi. I1i1BU HAKOMHUYyBaviB, TaKUN
KJIac K €JIEKTPOMArHiTHI a00 €JIEKTPOCTATUYH1 HAaKOMMUYyBadi, BKJIIOYA€E B ce0€ MOXKIIUBICTh JOBTO-
TpUBAJIOro Hakomu4eHHs, Tak 3BaHi “SIES” [3]. Jlo uporo Tumy akyMmyJsiTOpiB MOXKHA BiJTHECTH:

— KOHJIeHcaTop (eNeKTpUYHHUIA),

— cynepkoHaeHcaTtop (10HICTOP), [B ASSIKUX BHUIIAJKAaX BBAXKAETHCA 1 €NEKTPOXIMIYHUM JIKe-
pesioM HaKOTUYEHHs |,

— MAarHITHUI aKyMyJIsSITOP.

v’ Mexaniuni nakonuuysaui. JIo MexaHiYHUX HAKOIMYYyBauyiB OKPIM BCIM BiZOMHUX TiJpOaKy-
MYJIIOIOUYHX €JIEKTPOCTAHIIH BIIHOCATHCS 111 TaKi:

— cynepMaxoBuKH [4];

— MHEeBMOakyMyJsitopH [5];

— T1IpOaKyMyJIIOr0Ul eJIeKTPOCTAHIII].

[IpuHuMn pobOTH cynepMaxoBUKa Mailke HE BIAPIZHSAETHCS BlJ MaxOBHKa 3BMYAHOTO, B
SKOMY MOMEHT 00epTaHHS ePeAA€THCS 110 KOHCTPYKIIIT 10 MEPBUHHOTO JUCKa, KOTPUH B3aEMOJIE 3
NPYKHHHUM €JIEMEHTOM BCEPEIHHI. 3a €JMHOIO BIAMIHHICTIO, CylIepMaxoBHK [5] Mae 31aTHICTH Ha-
KOIIMYUTH O1IbIIIE €HEePrii 3a paXyHOK KOHCTPYKTUBHOT'O BUKOHAHHS MAarHiTHUX IiJIIUITHUKIB Ta PO-
3TalllyBaHHIO YaCTHUHHU, 110 00E€PTAE€ThCA Yy BaKyyMi.

[Ilo crocyeThesi MHEBMOAKyMYIISTOPIB [5] — 116 Hakomu4ayBadi CTHCIOTO MOBITPs (200 1HIIOTO
po0oUOoro razy) KoTpi miji IEBHUM TUCKOM MOKYTbh IIPUBECTH B pyX, HAPUKJIIA/] — THEBMOIIPHUBIJL.

I"aEC € TpaguuitHuM JpKepesoM HakonuueHHs enekrpoeneprii. [Tpunmun po6otu ['aEC nogi-
ouuii 10 pob6otu 'EC 1 0OymoBIIeHUH BUKOPUCTaHHSIM Tepenaay piBHIB BoJAu. €IMHA Pi3HULA
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TMOJIATAE B TOMY, 110 BepxHilt 6’ed 1e Oaceiin, a rijpoarperatu MaloTh J1Ba peXUMHU pOOOTH: eeHep)-
6aHHs — y SKOCTI TYpOiHH, 0 00epTAEThCS BOAOKO 3 OaceiHa; HakonuuerHs — y SIKOCTI Hacoca, 110
3anoBHIO Oaceiin Bogor. [lpuknanom ['aEC moxua Ha3zBatH, AHicTpoBehKy ['aEC, 1m0 3HaxoauThes
B YKpaiHi 1 po3ramoBana Ha p. [{nictep. B mianax, micis 3aBeplIeHHs] OCTaHHLOT Yepru Oy 1iBHUII-
TBA, 1151 CTAHIs Oy/1e HAMMOTY X HIIIO B €BpOMi Ta OJHIEI0 3 HAWOLIbIIHX Yy cBiTi. ChOTOIHI 3K MO-
YKHA TOBOPHUTH IPO MOTYKHICTh B 972 MBT B reHeparopHomy pexxumi ta 1265 MBT B HacocHOMY
(Tpu ocHOBHI arperaTH), a B ceprHi 2021 poky, Oyio 3amymieHo 4-it arperar, SKUi Ja€ MOXKJIUBICTh
y TeHepatopHoMy pexumi otpumatu 1ie 324 MBt [6]. byaiBaunrso JIHictpoBcbkoi 'AEC € He-
BiI’€MHOIO CKJI1a0Bor0 EHepreTnynoi crpaterii nepxkasu 10 2035 poky [7].

v’ Enexmpoximiuni naxkonuyyeaui. OCHOBOIO €JIEKTPOXIMIYHHX €IEMEHTIB € PEUOBHHH, 30aTHI
3MIHIOBATH CBili arperaTHuii ctaH. Lle Ki1rouoBa 0co0NMMBICTD, SIKA TO3BOJISIE BUKOPUCTOBYBATH TaKi
PEUOBMHH, K, HAPUKIAJ CyJIb(daT HATPikO, Ul aKyMyJIALil Teru1oBoi eHeprii. buibi geransHoO mpo-
[IECU B €JICKTPOXIMIYHUX aKyMYJISITOpax po3rJisiHyTi B [2].

3arajibHI MPUHIAIKA POOOTH Ta OCHOBHI PI3HOBHJIM €JIEKTPOXIMIYHMX HAKOIMMYYBayiB (aKyMy-
JISITOPIB) € TAKUMH:

— CYIEpKOHJCHCATOPH;

— TaJMBHI KOMipKH [5];

— pemokc-akymyssitopu [5];

— axkyMmyJsITopHi Oarapei [2, 5];

— CHCTEMHI HaKOIM4yBadi eJeKTpoeHeprii [2, 5].

Kosken 31 3rajanux BUiB HAKOTTMYECHHS €IEKTPOCHEPTii € YHIKaIbHUM B IIOPIBHSHHI 3 IHIIUMH.
Koxen mae cBoi 0cOOIMBOCTI.

Ha migcrasi BiZKpUTHX JaHuMX [2, 5] HaKomU4yyBaul eIeKTPOEHEPrii pO3rIssHEMO MO3UBHI Ta
HETaTHBHI CTOPOHM BUKOPUCTAHHS HAKONUYYyBauiB enekrpoeHeprii. [lepeBarn:

— MOYKJIMBICTB IIBUJIKOTO BCTAHOBJICHHS 1 BBEICHHS B €KCIUTyaTallilo;

— Maibke BIICYTHICTh Yacy Mepexoly MiXK peKUMaMH po3psii/3aps (B OCHOBHOMY 3aJICKUTh Bijl
IIBUIKOCTI KOMYTAIlii IHIIMX IPUCTPOiB), MOKe csiraTv HaBiTh 0,1 c.;

— HOBITHI TEXHOJIOT1 JO3BOJISIFOTh BXKE 3apa3 BUKOPHCTOBYBAaTH HAKOMHMYYBadi, IO MPaKTH-
YHO HE MIKOJSTh HAaBKOJIMIIIHBOMY CEpPEIOBHILLY;

— TMepeBaru B MOAYJIBHOCTI KOHCTPYKIIiI, sIKi JO3BOJIAIOTH HIBHJIKO J0/aBaTH HOBI €JIEMEHTH,
TPaHCIOPTYBATH 3apsKEH1 MO, Ta 1H.;

— BIJICYTHICTb PyXOMHX YaCTHUH;

— aBTOMAaTH30BaHICTh POOOUUX PEXKUMIB, 1110 3MEHIIIYE BIUIUB (PAKTOPY JHOAUHH.

Jlo HeraTUBHI CTOPOHHU:

— (haKTUYHO BIJICYTHI IPOMMCIIOBI MOXKIIMBOCTI yTHii3alii. CaM 1o co0i mporec yTuiizanii e
Jy’e TpuBaje MUTaHHS, OCOOIMBOCTI SIKOTO B OCHOBHOMY BIIMPAIOTHCS B IIKOJLy HABKOJIMIIHBOMY
CEPEeNIOBHUIIY Ta €KOJIOT1uHI HeOe3melli;

— YacTHHA aKyMYJISITOPIB, 3 IEBHUMH XIMIYHUMHU CTPYKTypaMu Ta (PaKTOpPOM BUKOPUCTAHHS €
TOKCUYHUMM HeE JIMIIE JJIs1 HABKOJHMIIHBOIO CEpelOoBUINA, a W Ul JIOJMHM B3araii, 10 MOripIIye
YMOBH €KCIUTyaTallil Ta pU3HKH BUKOPHUCTaHHS;

— oOMexeHa KUIbKICTh IUKIIIB 3apsiay/po3psy.

OnHUM 13 HAWrOJOBHIMIMX YMHHMKIB OYyJIb-SIKOTO JPKEpeiaa HAKOMMUYEHHs eJNEeKTPOeHeprii €
CHIBBIJTHOILIEHHSI TPUBAJIOCTI PO3PsAY 10 MOTYXHOCTI, L0 JKEPeso 3AaTHE BUAATH/HAKOMUYHUTH.
Crenianicta GipMu «Siemens» IpOBEIU NOBHUIN aHalli3 BCIX 3 BUIIE NepepaxoBaHMX JKeped, 1, Ha
OCHOBI iX JaHUX MO>KHA OOyAyBaTH JAiarpamy, HaBeJleHy Ha pUCYHKY 1.

BisyanbHo, MOkHa 3po3yMiTH, 110 ['aEC MatoTh HaiOLIbII MOTYXKHI MOKAa3HUKH 1 caMe TOMY,
caMme T1APOeIeKTPOCTaHIII (aKyMyJISITOPHI) BIAITPAIOTh HAHOUIBII BAXKJIMBY POJIb B CHCTEMI IPOMUC-
JIOBOI aKyMyJIAL1 enekTpoeHeprii. Ta mopy4 3 HUMH, SIK HE JUBHO, PO3TAIIyBaIUCh BOJAHEBI aKyMyJIsi-
topu. 1100 GubI feTanbHO MOOAYNTH HACKUIBKA BOHH JIIHCHO 3HAXOSTHCS MOPYY, IPOMOHYETHCS J10
po3risiy rpadik (puc. 2).




MoTyXHicTb

CeKyHau XBUAUHN foanHKn [Hi

TpuBanictb po3pagy

W TAEC B CTraHuii cTucHyTOro NoBiTpA

M BogaeHb (B 1.4 ra3osi TypbiHK) Pepokc-akymynatopum

B J1iTi-MOHHI Ta cynbdaTHI akymynaTopm B MaxoBuKu

B CynepKoHaeHcaTopu B HaanposigHi MarHiTHIi akymynaTopum

Puc. 1. CriBBiAHOIIEHHS TPUBAJIOCTI PO3PALY 0 MOTYKHOCTI

A
OHi
Pepnokc-akymynatopu
foanHn
NiTiNn-NoHHI Ta cynbd. akymynatopu
XBUAMHNK
MaxoBuKmu
CynepKoHAeHcaTopu
HaanposigHWKM
CeKkyHaM

v

1 kBT 10 kBt 100 kBT 1MBT 10 MBt 100MBT 1rBr
Puc. 2. I'padik cniBBiAHOMIEHHS TPUBAJIOCTI PO3PALY A0 MOTY>KHOCTI

OTxe, OUeBUIHO, 1110 KOKEH 3 MPEICTABICHUX BH/IIB HAKOMTMIYBaUiB BOJIOJIIE SIK CBOIMU Tepe-
Baramw, Tak i Hejomikamu. [IpoTe, BUKOPUCTaHHS TEXHOJIOT1i 30epiraHHs elIeKTpOoeHeprii, 0CO0JIMBO
KOMOiHy0uH iX 3 BUKOopucTaHHsAM BJIE, Moxxe mogapyBaTu Taky OMpisiHY HE3aJIeKHICTh JIOJCTBY
B1J1 BUKOIMHOTO nayimBa. B 2016 porti ¢axiBiii 3 MiXKHAPOJHOTO areHTCTBA 3 MUTaHb BiTHOBIIOBAHOT
eHepreTuku «lrenay mpoBenu HochipkeHHs [8] y chiBpoOITHUNTBI 3 JlepaBHUM JAemapTaMeHTOM
enepretuku CIIIA cTOCOBHO BUKOPUCTAHHS MOIIOHUX TEXHOJIOT1H 30epiraHHs eleKTpOeHeprii Ha Pi-
3HHX €Tarax BUPOOJIEHHS, TPAHCTIOPTYBAHHS Ta aBapiHUX MUTAHHAX B 00JIACTI €IEKTPOCHEPrii.

3a 1omoMororo aHaizy moaioHoi iHdopmarlii MoskHa 3p0OUTH BUCHOBOK ITPO MOKITUBICTH 1 TTe-
PCIEKTUBY BUKOPUCTAHHS THX YH 1HIIMX HAKOMMYyBa4aXx B YMOBAaX Cy4aCHOTO CTaHOBUIIIA €HEPTO-
cucteM (Tabur. 1). 3BHuaiiHo, MicIs 3aKiHYEHHS TOBHOMACIIITA0HOI BIHHN Y KpaiHH MPOTH POCIHCHKUX
3arapOHUKIB, Halla Jep:kaBa IMOBHHHA CTAaTU AyXe IHBECTHUIIIMHO NpPUBAOIMBOI, BKIIOYHO 3
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SHEepreTHYHUM KoMIiekcoM. Tomy, citif Bke 3apa3 po3yMiTH SIKi MEPCIIEKTUBU y BCTAHOBJICHHI Ha-
KOIMYYBaYiB €JIEKTPOCHEPTIi.

Taomuus 1
MOoIJIMBOCTI BUKOPUCTaHHS TEXHOJIOT1H 30epiraHHs e1eKTpoeHeprii
B PI3HUX CETMEHTaX €HEProCUCTEMU
TexHomorist BIE o BJIE, .
A . Tpanuiiina A . ITepenaua Poznoain
HAaKOIIK- (mpomucnoBuit [IpuBaruuit
eHepr CTUKA eJ'IeKTpOGHepI‘ll CJ'IGKTpOCHCpFll
YeHHS CEKTOP) CEKTOP
lragEC PosBuBaerscs | BopoBamxeno | Hemoxnuso MoxnuBo Po3BuBaerbcs
ITAEC PosBuBaerscs | BrpoBamkeno | Hemoxinuso MoxuBO Po3BuBaerscs
Enexrpo-
. L Po3BuBaerncst | Po3BuBaeTbess | Po3BuBaeThcsa MoO3KIIHUBO Mozxnuso
XIMIYHI1
Exextpo-
'po- Pos3BuBaeThCa HemoxxnuBo Po3BuBaeTbCa MoKIIHBO Moxnuso
MargiTHi
XimiuHi PosBuBaernscs | PosBuBaerhbesd | Po3BuBaeTbea | Po3BuBaerhcs Hemoxiuso
Temnnosi Po3BuBaerscst | BrpoBamxkeno | Po3BuBaerbest | Po3BuBaetrhcsi | Po3BuBaeThes
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ABTOHOMHI MIKPOMEPEXI B € IMHIN EHEPTETUYHIN
CUCTEMI YKPAIHHA
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[nTerparisi eHepreTHYHOi CUCTEMHU YKpaiHU B €BPONEWCHKY €HEPrOCHUCTEMY, MICISBOEHHE
BiJTHOBJICHHS Ta MOJIEpHi3allis, 1Ii ()aKTOpH MOTPeOyIOTh HOBHX PIllIeHb B OpraHi3alii ynpaBiiHHS Ta
KOHTPOJIIO Ha BCIX PIBHSAX HAIIOHAIBHOI CHEPTETUYHOI CUCTEMH. XA0TUYHE BIPOBA/KEHHS Ta JIOKa-
Ji3allisi aBBTOHOMHHUX CHCTEM €Hepro3alde3rneyeHHs BXKe HeraTUBHO BIUIMBAE HA 3arajibHy €Heprocuc-
TeMy Ta He Hajae eeKTy JAereHTpati3allii ;kepen eneprii. Kpim Toro, ycraTkyBaHHS YIpaBJliHHS Ta
KOHTPOJIIO 32 aBBTOHOMHUMHU JDKEPEIaMU €HEeprii, € pO3pi3HEHUMHU, MAIOTh Pi3H1 MPOTOKOIH Ta (op-
MaTu o0MiHy iH(popMallieto, TOTpeOyIOTh alanTallii 10 BUMOT Ta CTaHIapTiB Hamloi aepxasu. [loga-
JBIIMA PO3BUTOK ACIIEHTPAII30BAHUX MEPEX OYIyTh CYNpPOBOKYBATUCS 3POCTAHHSAM 1HTENEKTya-
JBHUX €HEPreTUYHUX MPUCTPOIB, 3aMIHOI0 200 MEePEePO3NOAIIOM JHKEPEN BiTHOBIIOBAIBHOI €Heprii
Ta JpKepell HaKomuuyBaHHS. MaiiOyTHi cucteMu moTpeOyIoTh Cy4yaCHHX METOJIB Ta TEXHOJIOTIMH, 3
PO3MOIIJICHUMH €JIEMEHTaMH KepyBaHHsI, SIK1 MPALIOI0Th Pa30M 3 MAKCUMAIIbHOIO e(DEeKTUBHICTIO JUIs
y3rO/KEHHS IBOHAPABICHOTO MOCTa4YaHHs Ta CIIOKUBAHHS eHeprii. 3ajaya J0CHiKeHb TOJISTae B
PO3pOOIIl HOBUX METOIMK OI[IHKA €HEPreTUYHOI CUCTEMH 3 ypaxXyBaHHSM MOXIJIMBOCTEH BIpPOBa-
JDKEHHS Ta PO3BUTKY JEIICHTPATI30BAHUX CUCTEM €HEprozade3neueHHs.
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Synchronous motor (SM) is the most complex object in terms of mathematical modelling. The
complexity is stipulated not by the order of differential equation of a model or complex nonlinear
relations (the mentioned can be solved in one or another way) but by the fact that the model means
the availability of numerous parameters: active and inductive resistances, transient and subtransient
resistances, mutual inductance of windings, time constants; moreover, it is impossible to know all
those parameters for sure.

Nowadays there is great amount of different methods and methodologies for calculating the
parameters of SM models but they require certain initial parameters of the equivalent circuit, e.g. at
least inductive resistances along the longitudinal and transversal axes, inductive dispersion resistance
of stator winding and field winding. Among other things, the reference literature gives mostly the
general data — motor rating in terms of its operating mode. That is the reason why calculatation of the
SM models involves not only quantitative but also qualitative deviations in main parameters of their
dynamic modes. The indicated features are to be known and understood along with the understanding
of their nature of occurrence and methods/means of their consideration.

Nowadays, there are great deal of SM models of different structures and operating conditions
as well as the ones taking into account saturation, magnetization etc. However, despite numerous
scientific papers dealing with modelling, among which [1-4] are the most well-known ones, there is
no universal model for engineering calculations of SM operation in static and dynamic modes. That
is explained not by the complexity of the model equation solution (modern mathematical methods
make it possible to do that easily) but by the uncertainty of the model parameters. There is a well-
known mathematical description of the SM model in three-phase coordinate system [5]. However, no
general model is known to be implemented in terms of any software environment, including
MATLAB, due to the complexity of determining the winding parameters: proper and mutual induc-
tivities between stator and rotor windings.

Transfer to the system of Park-Gorev equations can simplify in a way the problem of SM
model solving [5, 6], e.g. for equations with equal rputual inductivities [7]:

LLJr = RE+ Lﬂ+o3rLZE )
dt

WhereS:[Ud U, Uy O 0:|T;i:|:id A P ieq:|;
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R, 7 [ 0 Mg My 0] [0 -, 0 0 -M,]
R 0 L, 0 0 M, L, 0 My M, 0

R = R, ;L=fMg 0 Ly My 0 i =lo 0o o o o0 [;
R, Mg 0 M, Lg O 0 0 o0 0

Reg 0 M, 0 0 L o o 0o 0o o0 |

o, is angular velocity of rotor spinning; R, R,.R;, Ry, R, are active resistances of stator windings
along axes d, q, of field and damper windings along axes d, q; Ly, Ly, Ly, Ly, L, are proper inductivities
of stator windings along axes d,q, of field and damper windings along axes d,q; M,, M, are the
mutual ones between the windings along axes d, q; Uy, U, is voltage of stator windings along axes
d,q;and iy, i, i, iy, i, are currents of stator windings along axes d, q , of field and damper windings

along axes d, q.
Electromagnetic moment is equal to:

M, =Ugiy +Uqiq — Ry (if +i)

Equation of rotor motion is:
ds .
T = Me—Mc;
o, =04 (1-3),
where T,is time constant; m_is moment of resistance; s is slip; and o, is angular velocity of field

rotation.

To simplify practical modelling, it is possible to use the SM equations represented in relative
units, operating not with inductivities and mutual inductivities but with inductive resistances. Cur-
rently, basic values for the equation of stator windings are generally accepted; in case of rotor wind-
ings, different authors have their own values. While reducing the rotor values to relative units, so-
called “system of units x,, ” or system of equal mutual inductivities is the most widely used one.

Neverthless, a problem of defining the values of unductive resistances has not been completely solved
yet. Practically no reference books or catalogues with motor rating from the manufacturers can help
do that.
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OLIHKA E®OEKTUBHOCTI BUKOPUCTAHHSA
COHSIYHO-BITPOBUX CUCTEM I'EHEPAIIIL TA
AKYMYJIIOBAHHS EHEPI'II 1YKE MAJIOI IOTYKHOCTI

Makcum Cageka, L OcerssHebkuii cryaentu rp. EIT-19-1

JAmutpo Co/10BHOB. BUKJIAAA4 €JIeKTPOTEXHIYHUX TUCHMUILIIH

LK «Enexmpomexuixa ma enrekmpomexnonoziin, @axosuii Koieodc paKkemHno-KOCMIiYHO20 MAauiu-
HOOYOy8auHs J[HINpoB8cbKo20 HayioHanbHo2o yHieepcumemy imeni O. I'onuapa, /[ninpo, Ykpaina

Jiist 3a0€31eYeHHsT TAMYACOBOT POOOTH MaJIOMOTYKHOTO EIEKTPOTEXHIYHOTO 00JIaIHAHHS Ta
JUTs1 3a0€31eYeHHsT MiHIMaJIbHO MOTPIOHMX YMOB KOM(OPTHOTO MPOKUBAHHS B IPUBATHUX OyAMHKAX
JOLITFHO MPOBECTH OLIHKY €(EeKTUBHOCTI BUKOPUCTAHHS COHSYHO-BITPOBUX CHUCTEM reHepallii Ta
aKyMYJIFOBaHHSI CHEPTii Iy’Ke Mayol MOTYXHOCTI. J[o TaKMX CHCTEM BiTHOCSATH CUCTEMH SIKi 3JIaTHI
TCHEPYBaTH Ta HAKOIIMYYBAaTH HEBEJIMKI 00’ €MHU €IICKTPOCHEPTIi IJIsl TOIAIBIIOTO 11 BAKOPHCTAHHS B
YMOBax TUMYacoBOro Ae(iluTy ado BIIKIIOYCHHS] OCHOBHOI MEPEkK1 )KUBJICHHS.

Cnuparounch Ha JaHi MOTEHIIaTy COHSYHOI Ta BITPOBOI eHeprii Ha TepuTopii YKpaiHu Mo-
’KHA 3pOOUTH BICHOBOK IIIO0 TAaKWi TIOTEHIAM SK AJIsi COHSYHOI TaK i JAJIsl BITPOBOI eHeprii € pi3Hui
Ta 3aJIKUTH BiJl IOPH POKY 1 pEerioHy KpaiHH, a TOMy BUKOPHUCTAHHS KOMOIHOBAaHUX CHUCTEM € JIOIIi-
JHHHUM TaK sIK poOoTa cucremMu Oy/ie 3a0e3rnedeHa HaBiTh MPU HAsIBHOCTI OHOTO 3 BUJIB €HEPTii, 110
JI03BOJISIE B CBOIO YEPTy PO3IIUPUTH Jiana30H reHeparllii eJIeKTpoeHeprii Ta 3a0e3neunTy OiIbIry aB-
TOHOMHICTb CHCTEMH Ha OinblI TpuBaji TepMiHA. (OO’€KTOM TOCITIIKEHHS € eJIeKTPOCTAHIIIA SKa
po3ramioBaHa B 1eHTpi JHimponeTpoBchKoi obsacti B M. J{Hinpo.

®  -I3o0ma— 1350kBTu/(M?piK) ®  -Izoma—7wm/c
- I 30Ha — 1250kBT-u/(M?pik) - ll3oma—5,5m/c
- 11l 30ma — 1150kBT9/(M>pik)  a) - Il 30na — 4,5 m/c 0)
- 1V 30m2a — 1000kBT-9/(M% piK) -1V 30ma — 3 M/c

Puc. 1. Ilorenuian consyHoi (a), BITpoBoi (0) eHeprii Ha TepuTopii YKpaiHu

3a OCHOBY JJIs1 OIIIHKH €(DEeKTUBHOCTI BI3bMEMO MIHIMAILHO MOXJIMBY KOMITJIEKTAIIIFO COHSI-
YHO-BITPOBOI €JIEKTPOCTaHIIi{, a caMe eNeKTPOCTaHIIII0 fKa Oy/ie CKiIanaThcs 3 OJIHIET COHSYHOI Ma-
Hem JAM60S03-320/PR motyxHicTio 320 BT 3 MakcHManbHUM CTPYMOM reHepariii 9,6 A npu ma-
KcuMauibHii Hanpysi 33,34 B, Bitporeneparopa WindKraft HominaneHo notyxHictio 300 Bt mpu
CTapTOBIN LIBUIKOCTI BITPY 2 M/C, CBHHIIEBUX aKyMYJISITOPiB, KOHTpoOJepa 3apsly Ta 1HBEpTOpa.
Cxema Takoi eJeKTpOCTaHI[i1 HaBeZieHa Ha pUCYHKY 3. BpaxoByroun Bci HasiBHI MapaMeTpH CTa€ Ove-
BUIHUM II0 MaKCHMallbHa TOTYXHICTh 33 PIK POOOTH SIKy MOXKE 3TeHEepyBaTH COHSYHA MaHEIh
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JAMG60S03-320/PR, sika BcTaHOBIJICHA B TaKiii CTaHIIi1, BIMOBIIHO 0 CBOIX XapaKTEPUCTHK B ij1ea-
JBHHUX YMOBax Oyze piBHa 11 [ 30HM moTeHITiany COHsIUHOT eHeprii B JIHImponeTpoBCehKiit 00acTi
Ta CBOIX BOJIbT-aMIepHUX Xapakrepuctuk (BAX) 945 kBT, Tak sk 1uiomia Takoi maHeli CTaHOBHUTH
1,6 M2, KIIJ 19%. MakcumanbHa HOTYXHICTh Ky 32 PIK MOXE€ 3reHepyBaTH BITPOTE€HEpaTop
WindKcraft 3a BigmoBigHoro BirpoBoro notenuiany 11l 3onu B sikiit 3Haxoautsess M. ninpo 430 kBT.

o 1000W/m =
= — 30
8 — 25°C
e 10°C
& =
(_) > (_) 2
o 0
0 0 20 30 ac - 10 >
Hamnpyra (B) Harmpyra (B)

Puc. 2. I'padiku BoasT-ammnepHoi xapakrepuctuku st JAM60S03-320/PR npu
3MiHi COHSTYHOTO BHIIPOMIHIOBAHHS T4 TEMIIEPATYPH HAaBKOJMIIHBOTO CEPEIOBHINA

ToOTo MakcuMalbHa CepeHs CyMapHa MOTYKHICTh SIKY MOKE TeHEepyBaTH Taka CTaHIis Oyie
npubau3Ho 3,75 kBT Ha nens abo 0,156 kBT Ha ronuHy, aine He0OXiJHO HATOJIOCUTH IO 1€ € Cepeli-
HIM MTOKa3HUKOM, a peabHi IIOKa3HUKU Oy IyTh BU3HAYATUCS ACSIKIM /1alla30HOM SIKHIA B CBOIO YEepry
Oyze 3aexary Bij MOTEHIIATy COHSIYHOI Ta BITPOBOi €HEPrii B KOHKPETHUI MEPioJ Yacy Ta MOXKe
KOJIMBATHUCS Bijl Maii’ke HYJIbOBHX MOKA3HUKIB 0 MAaKCUMAIbHO MOXKJIMBHX ISl JaHO1 cTaHmii. s
3TIIaJPKyBaHHS TaKUX KOJIHMBAaHb HEOOXITHO BUKOPHUCTOBYBATH aKyMYJISITOPU HMPAaBUIIBHICTD 3apsIy
SKUX TIOBHHHI 3a0e31euyBaT KOHTPOJIEPH, EMHICTh aKyMYJIATOpiB Mae OyTu migiopaHa 10 motped
CTIOKMBAHHS €JICKTPOCHEPrii, ajie He Moke OyTH OUIbIIa Bijl 3araibHOT MOTYKHOCTI SIKY MOXE 3Te-
HEpyBaTH CTAHIIS 32 TIEBHUI NIEpioJT Jacy.

Hapanraxennn

7
v Comms Monyni Bﬂ
N\ Eat
(i
i
‘g /| T
ﬂb‘ TiBpunmsi :?
!'4 KOHTPOTEP

AKVMYIATOpH

Puc. 3. Cxema COHIYHO-BITPOBOI €IEKTPOCTAHIIIT MAJIOT TOTYKHOCTI

[TpoananizyBaBIIM PO3paXyHKH MOXKIIMBO CTBEP/KYBATH 1110 BUKOPUCTAHHS TAaKOl CHCTEMU
MO>KJIMBE JIMILE JUIsl 3a0€3MeUeHHs] )KUBIJICHHS MTPUJIAJIB HEBEIMKOT MOTYKHOCTI TaKUX K KIMHAaTHE
LED ocBiTiieHHs, CydacHUX TEJIEBI130piB Ta 3apsIHUX MPHUCTPOIB JI0 ENEKTPOHHUX Ta/pkeTiB. Tomy,
3aCTOCYBaHHS TaKHUX CUCTEM € MPUUHATHUM JIMIIE JJI1 BAKOPUCTAHHS iX B yMOBax JAe(ilUTy €IeKT-
poeHeprii JUIsi THMYACOBOI'0 JKUBJICHHSI MAaJIONOTY>KHUX MPHUJIAIIB 3 HEBEJIMKUMH ITyCKOBHUMHU CTPY-
MaMH Ha KOPOTKI MPOMDKKH 4acy.
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The development of agriculture leads to an increase in demand for autonomous power supplies
(APS). This is primarily due to insufficient reliability of centralized power supply and quality of
electricity, which, in turn, disrupts technological processes and causes losses caused by shortages and
losses of agricultural products.

Induction generators (IG) are widely used as APS [1-4]. The advantages of IG are manufac-
turability, simplicity of design, autonomy, lack of contacts, reliability, ease of use. AGs allow them
to be used in a wide variety of areas of the national economy. Such generators are used to power
handheld power tools with a built-in high-frequency electric drive, when taking power from the main
power plant in the electric power systems of transport facilities. The main power collectors in agri-
culture are electric drives, which make up 66...74 %. The peculiarities of the power supply of various
technological processes in the agricultural sector is the remoteness or lack of centralized power supply
(work in the field, power supply of agricultural electrotechnical installations, power tools, etc.). The
operating modes of autonomous power supplies are characterized by sharply changing loads and re-
quire the use of specialized equipment. This is especially true of cases when a direct start of induction
squirrel-cage motors of comparable power is carried out from an autonomous source. Significant
inrush currents affect a decrease in the voltage on the buses of an autonomous source. Without taking
special measures, stable operation of consumers connected in parallel with induction motors (IM) of
comparable power becomes impossible, and the electric motors that turn on accelerate very slowly or
do not start at all. In this regard, the issue of using the 1G as a source for powering the network, which
includes the IM, is relevant. However, despite numerous works [5-8] devoted to theoretical and prac-
tical studies of hypertension in feeding IM, some issues have not been fully studied. In particular,
there are no relevant studies of transient processes that would consider the effect of asymmetry in the
windings of induction machines on their characteristics and operating modes. During the IM opera-
tion, its parameters may deviate from the passport ones due to various damages [9-11]. The main
causes of such malfunctions are motor vibration, overheating and mechanical stress. These factors
lead to the appearance of electrical and magnetic asymmetry of the motor [12-14]. The violation of
the IM symmetry can be caused by various damages of the windings and the core of the stator and
the rotor, the occurrence of eccentricity of the rotor. Unbalance in the stator windings can appear as
a result of damage such as breaks in parallel branches and elementary conductors of phase windings.
Most often, such damage is the result of insulation breakdowns and the occurrence of turn circuits.
As a result, harmonics of various orders appear in the field curve, which cause distortion of the shape
of the torque curves and, with a significant proportion of the removed sections, can make it impossible
to IM start.

In [15], the results of studies of the operation of an induction generator on a network with a
motor load are given and the conditions for starting and the maximum power of the motor being
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switched on are indicated. It is shown that in the IG network, with an increase in the capacitor capac-
ity, it is possible to start IM with a power of no more than 40 % of the generator power. But there
were still unresolved issues related to the determination of the thermal state of IM when powered by
hypertension. In [16], studies of the temperature characteristics of the IG were carried out in accord-
ance with the distribution of losses in the stator. However, there are no studies of the thermal state of
the connected load, in particular, the IM. In scientific works on this topic, the issues of the thermal
state of the IM when powered from the IG in asymmetric modes of operation are practically not
considered. Most of the works are devoted to the development of methods for calculating and ana-
lyzing the thermal state of an IM, considering the temperature characteristics of motors under various
asymmetric operating modes associated with malfunctions of electric motors. So, in [17], the results
of theoretical studies of asymmetry, dips and voltage surges at the IM are presented using the tradi-
tional method based on the theory of symmetric components. For this study, a mathematical model
has been developed to calculate currents, torque, power losses, temperature rise and derating factor.
Similarly, [18] discusses in detail the thermal analysis of IM when operating under these two condi-
tions: unbalanced supply voltage and the presence of turn-to-turn short circuit. In this work, the finite
element method was applied to generate fault scenarios, and software was used to simulate the elec-
tromagnetic and thermal behavior of the machine for varying degrees of severity of the aforemen-
tioned faults. In [19], a method is presented to compensate for the influence of the asymmetry of the
stator windings of an induction motor on the characteristics of electric drive systems with vector
control. Analysis of the orthogonal components of the electromagnetic torque in an analytical form
showed that the effect of breaks causing the asymmetry of the stator circuits of an induction motor
on the operating mode of the electric drive can be compensated by reducing the asymmetric flux
linkage of the phases. In [20], an assessment of the adequacy of the thermal model of an induction
motor operating under conditions of low-quality electricity was carried out, based on the results of an
industrial experiment. In [21], an analysis of the mechanical, electromechanical and thermal charac-
teristics of an induction motor in asymmetric modes of operation is carried out. A qualitative assess-
ment of the possibility of further operation of the motor in case of supply voltage unbalance with
different unbalance coefficients has been carried out. In all the cases mentioned, the mathematical
description was obtained when the IM was supplied from the mains. However, the study of electro-
magnetic processes and the determination of the thermal state of the IM when powered by the IG
under various asymmetric modes of operation were not considered in any of the above works. Also,
there are no universal models that comprehensively reflect the processes of converting energy into
IM with multifactorial variations in operating and design parameters. Therefore, specialized mathe-
matical models that correspond to individual processes are usually considered [12, 22, 23]. Thus, the
issues of determining the thermal state of the IM when changing the parameters of the windings and
the system of capacitor excitation of the IG remain insufficiently studied.
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IO ONMUCYETHCS BE3MNEPEPBHOIO JU®EPEHIIIHOBAHOIO
O YHKHOICIO JIA CITPOINEHHS EHEPI'ETUYHUX PO3PAXYHKIB

Cepriii Iu0pin, acucteHT Kadeapu eleKTpoeHePreTUKU
Hayionanonuii mexuiunuii ynisepcumem «/{ninposcvka nonrimexuixkay, /[Hinpo, Yrkpaina

OnuH 31 NUIAXIB MABUILEHHS €(pEKTUBHOCTI POOOTH €IEKTPOTPAHCIOPTY — 3aCTOCYBAHHS Ha-
KOIMYYyBayiB €HEPTii 3 METOI0 3HMKEHHSI MAaKCUMyMY CHOXKHBAHOT MOTYHOCTI.

Bubip egekTHBHOT BEIMYMHHA €HEPreTHYHOI €EMHOCTI HAKOMHMYyBaya MOB'SI3aHUN 3 aHAIII30M
HasIBHUX PEKMMIB €HEPrOCIOKUBAHHS €JIEKTPOTPAHCIIOPTY. BUXiTHOIO BETUYNHOIO /ISl TAKOTO aHa-
713y MOKe OyTH eKCIepUMEHTAIbHO OTPUMAaHa 3aJIe)KHICTh CTPYMY JBUTYHIB BiJ 4acy.

Crio’xuBaHHs CTPYMy JBMT'YHAaMH IIaXTHOTO OE3KOHTAKTHOI'O €JIE€KTPOBO3a MiAMNOPSIKOBY-
€TbCS HOPMaJIbHOMY 3aKOHY po3noainy [1]. Taka BunaakoBa 3aexHiCTh IIEBHOK MIPOIO YCKJIaIHIOE
aHaJi3 1 y3araJlbHEHHs] OTPUMAaHMX Pe3yJIbTaTiB y 3aBAaHHI BU3HAUEHHS €(PEeKTUBHOI BEJIMYMHU EHE-
preTuuHoOi €MHOCTI HakonuyyBadya. COpOCTUTH PO3B'sI3aHHS OCTaBJIEHOTO 3aBJJaHHS MOXeE JOIOMO-
I'TH BU3HAYEHHS TaKOi aHATITHYHOI Oe3repepBHOI Mu(epeHIiiioBaHol 3aJIe)KHOCTI, 10 IMEBHOKO Mi-
poto Oyie eKBIBAJIEHTHOIO BUX1/IHIN BUIIaIKOBIH.

Hexaii F(I) — iMOBIpHICTb TOTO, IO CTPYM, CIIOKMBAHHI JIBUTYHOM €JICKTPOBO3a HA MPOMi-
KKy uacy [0; T], ue mepeBuriye I, Toai F(I) — GyHKIlis po3M0aiTy CTpyMy JBUTYHIB.

Hexaii I(t) — rpadik 3MiHH CTpyMY, CIIO)KHBAHOTO JIBUTYHAMH €JIEKTpoBO3a, e t € [0; T] .

Po3i6'emo intepBan [0; T] 1inor0 KimbKicTiO Bifpi3kiB At Ta BU3HAYMMO CEPEIHE 3HAUCHHS
CTpyMy I; UTsl KOSKHOTO Bifpi3Ka.

3anaiiMocst TOBUIBHUM 3HAUYEHHSAM CTpyMy [ 1 BU3HAYUMO HMOBIPHICTh TOTO, L0 OYy/b-sIKE 3
I; 6yae MeHIINM, HiXK [

B(l; < 1) = "0=D - nl=n At )

o T o
ne n(l; < I) —uuncno Bimpi3kiB yacy At, va sikux [; < I; N = ~; — 3arallbHe YHCIIO BiIPi3KiB.

3a BusnaueHusM B(I; < I) e QpyHKIIi€0 pO3MOIiTy CTpyMy ABUTYHIB €IEKTPOBO3a, TOOTO:

F(1) == ()
Hexait G — dynkis, ooepHeHa GyHKIIIT pO3MOALTY, TOIL:
_ _ n(;<Y _ n(I;<I)
1=G(FU))=6G (T) =6 (=2 a¢) 3)

VropsaKkyeMo AUCKpeTu3oBanuii rpadik 3anexuocti 1°(t) 3a spocranssm I*Y-(t) (auB. puc.
1). Inst uporo rpadika crpaBeIUBi BCi CTATUCTHYHI 3aJI€KHOCTI, SIK 1 Is1 HEBIOPSAKOBAHOTO. J[JIst
1°7:(t) mobytox n(l; < I) - At — Biapi3ok Ha oci yacy, mounHaroun 3 t = 0. TaKUM YHHOM, SKIIO

cupsimyBaTtu At — 0, To ans [ oy "(t) Bupas (3) MOKHA MTOJATH SIK 3AJICIKHICTB:
t

P@it) =6 (—) 4)

T
[HaKIIe KaKy4d, BOOPSAKOBaHU rpadik crpymy [V(t), CHOXHUBAHOIO JIBUTYHAMH €JIEKTPO-

B03a, 3 IEBHOIO TOYHICTIO MOKHA ONMUCATU (PYHKIII€I0, 3BOPOTHOIO 10 (QYHKIIIT PO3NOALITY CTPYMY.
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Puc. 1. liarpamu cTpymy:
1 — muckpern3oBaHmiA rpadik 3aJEKHOCTI CTPYMY JIBHUTYHIB BiJ 4acy;
2 — yHnopsAKOBAaHUM NUCKPETU30BaHU rpadik 3aJeKHOCTI CTPYMY JABUTYHIB BiJ Uacy;
3 — BimmacmTaboBana GyHKIis, o0epHeHa QyHKIIT pO3MOALTYy CTpyMYy JABHTYHIB
(HOpMaNTbHUHN 3aKOH PO3MOLTY)

Ilepeaik mocujaanp
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Huobpin C. B., TonctoB O.B., Bypsk A.O. BuOip Turmmy akyMyIItor04oro eieMeHTa HaKolmn4dyBada
eHeprii st 3a0e3medeHHs 30iblIeHHsT yncia enektpoBosiB // depxkaBuuit BH3 «HI'Y», [Npauua
€JIEKTPOMEXaHiKa Ta aBTOMaTHKa: HayK.-TeXH. 30. — 2017. — Bum. 99.
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CUJIOBI AKTUBHI ®LJIbTPHU SAK 3ACIb HOKPAIIEHHS TIOKA3HUKIB
SAKOCTI EJJEKTPOEHEPTII

Amnapiii K00, K.T.H., 101IeHT, T0LEHT KadeapH eJTeKTPOTEXHIKI
Hayionanonuii mexuiunuii ynisepcumem «/{ninposcoka nonimexuixkay, /[ninpo, Yrkpaina

3pocTaHHs BCTAHOBJICHOT TOTYXKHOCT1 HEJIIHIMHUX Ta HECUMETPUYHHUX CIOKMBAYIB (THpHUC-
TOPHI €JIEKTPONPUBOJIN MPOKATHUX CTaHIB, €ICKTPOYTrOBI CTAJICIIABUIIBHI TIeYi Ta iH.) 3HAYHO I10-
TIPIIYIOTHh TPAAMIIIIHI TOKA3HUKH SKOCTI eJIeKTpoeHeprii. Hai0imb1 HeCIpusTIMBUMHE JIJIs1 O1JIBIIO-
CTi CIIO’KMBAUIB €: KOJMBAHHS Ta TPUBAJl BIAXWIEHHS AIHCHOIO 3HAYEHHS HANpYI'H; CIIOTBOPEHHS
(dbopMH KpUBOi; KOPOTKOYACHI IPOBAJIN Ta TOBHE 3HUKHEHHS HAIIPYTIU.

[Tpu BiAXWIIEHHSX MMOKA3HUKIB SKOCTI €JIEKTPOEHEPrii, 1110 NepEeBUIILYIOTh HOPMOBAH1 CTaHAa-
pTamu 3HAYECHHS, HOpMajbHa poboTa enekTpoobiagHanHs abo B3araji HEMOXKIUBa, a00 Moxke OyTH
3a0e3neueHa I[IHO 3HAYHOTO 3HMKEHHS HaBaHTa)XKEHHs. BiIXuieHHs Hampyru BiJ HOPMH Ta CIO-
TBOpPEHHs Horo (opMu NpU3BOJATH 10 BTPAT, 30UIbIIEHHS CHOXHMBAHHS PEAKTUBHOI MOTY>KHOCTI,
CKOpPOUYEHHS TepMiHY CIy*OHU enekTpoycTaTkyBaHHs. [Ipu 1boMy nopyiiyerbcss HopManbHe (QyHK-
IIFOBaHHS TEXHOJIOTIYHOTO mporiecy. HasgBHICTh BUITUX TapMOHIK Y CHCTEMaX aCHHXPOHHOTO eJIeK-
TPONPUBO/IY BUKIIMKAE TOJATKOBE HArpiBaHHA ABUTYHA, BiOpallii, IlyMH Ta MOPYIIy€ eIeKTPOMAarHi-
THY CYMICHICTh HapaJie]bHO MPAIIOI0YNX CHOXHUBAYIB. SIKICTh €IeKTpOeHepTii BIUTUBAE TAaKOX Ha
HA/IIHHICTH, JOBrOBIYHICTH €JIEKTPOOOIaAHAHHS Ta e()EKTUBHICTD NIepeaadl Ta CIIOKUBAHHS €JICKT-
poeHeprii.

Bupimenns npobiemu eHepro30epeskeHHs, YIpaBIiHHI SKICTIO €JIEKTPOCHEPTil y pO3IOIiib-
YUX MEpekax MPOMHUCIOBHX MIAMPUEMCTB Ta OJHOYACHE ITiIBUIICHHS EHEPreTUYHOT e()eKTUBHOCTI
EJIEKTPOMEXAHIYHUX CUCTEM JIOCITAETHCS 3aCTOCYBAHHSM TPYIIOBOTO )KUBJICHHS PETYJIHOBAHUX €JIe-
KTPONPUBO/IIB BiJ 3arajJbHUX LIMH IMOCTIHOIO CTPyMY 3 €EMHICHUM HAaKONUYyBayeM €JIEKTPOEHeprii
(puc.1).

Hanana cxema mictuth kepoBanuil Bunpsmwissd (KB) ns nmonepennporo 3apsity €MHICHOTO
HakonuuyBaya enekrpoeneprii (HE) Ta sxuBnenns AIH peryiaboBaHUX €€KTPONPHUBOMAIB 3 aCHHX-
ponHumH nBuryHamu (A/l) ta mammuamu nocriiioro crpymy (MIIC). 3amicts KB moxxHa Bukopu-
CTOBYBAaTH HEKEPOBAHMI{ 3 BiMOBITHUM TEXHIYHUM PILIEHHSAM JUI MONEPEHBOrO 3apsly €MHOCTI.
Enepris pekynepaTMBHOTO rajibMyBaHHS €JIEKTPOIPUBOIIB aKyMYJIIOETHCS €EMHICHUM HAaKOMHMYYBa-
4yeM 1 BUKOPHCTOBYETHCS ISl YIIPABIiHHS AKICTIO €JIeKTpoeHeprii 3a gonomMororo ineepropa (I) Ha
IGBT xuirouax, BKJIIOUEHOTO MapajielbHO KEPOBAaHOMY BUIIPSAMIIAYY. [HBEpTOp CHUIBHO 3 €MHICHUM
HaKoNmu4yyBadeM, apoceneM, GpiibTpoM Ta cuctemoro kepyBaHHs (CK) yTBOpIOIOTH 3aMKHYTY CHC-
teMy aBTroMaTuuHoro kepyBanus (CAK) sxocti enektpoeneprii (S1E).

Bucoka mBuakonis IGBT inBepTOpiB 3 peneiiHO-BEKTOPHUM YIIPABIiHHAM Ha OCHOBI pe3yJib-
TYIOUHX IPOCTOPOBHUX BEKTOPIB CTPYMY Ta HAmNpyTH, 110 Ja0Th iHPOPMALiIO PO MUTTEBY MOTYX-
HICTb, JI03BOJISIE THYYKO K€PYBATH MMOTOKAMH €JIEKTPOEHEPTrii 1 THM CAaMHUM 3 BUCOKOIO TOUHICTIO KO-
pUTYBaTH TPAAMIIIMHI MOKA3HUKH SKOCTI €JIEKTPOEHEePrii: KoedillieHTH MOTY>KHOCT1; HECUHYCOI-
HICTh HAllPyTU Ta CTPYMY; HECHUMETPHUUHICTh Ta CTaOUIbHICTh HANpPYTrH (KOJMBAaHHSA, BIAXUJICHHS,
MIPOBAJIN).
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High performance variable-speed machines incorporate a model for the system in either the
controller or state estimation stages. The accuracy and general robustness of the machine is dependent
on this model. Therefore, it must represent accurately both the electrical and electromagnetic interac-
tions within the machine and associated mechanical systems. Accurate and reliable parameter esti-
mation techniques for an induction machine are critical for the design and development of high-per-
formance drive systems in which the parameter estimates are used in the field of orientation, motion
control, self-sensing, and other advanced algorithms. There are two basic approaches to this problem,
viz.: e online-identification methods — utilize state observer theory (e.g. Kalman filter) and Least
Square based techniques; e offline techniques — rely on statistical curve fitting to the measured data
under specific conditions.

To be able to identify the unknown parameters of an induction motor, two main tests will be
done on the induction motor according to IEEE test procedure [1].

The standard technique of using the short — circuit, no-load, and blocked-rotor tests seems to
be inaccurate and, consequently, not suitable for the synthesis of high dynamic performance systems.

Reference [2] suggested using an extended Kalman filter for parameter estimation. The ma-
chine’s response to load perturbations was measured, and the resulting changes in current, voltage,
speed, and torque were used to estimate the values of currents, mechanical damping, and magnetizing
reactance.

Reference [3] dealt with creating a solution to identify the parameter of an induction motor by
using q, d, 0 axis for the induction motor modeling. Genetic algorithm was applied to identify the
parameters.

Reference [4] demonstrated the use of genetic algorithm to identify an induction motor by
adding 4 different levels of noise. Kron’s voltage equation was the applied mathematical model. In
reference [5], a parameter identification method was applied to identify all the electric parameters
simultaneously. The method assumes that the motor can be described by a time-varying linear model.

Reference [6] presented a new approach to identify the nonlinear model of an induction ma-
chine. For simulation purposes, the measured stator voltages and rotor angular speed were treated as
input, and the stator currents were simulated as output.

In reference [7], an approach to identify the induction motor parameters in parallel to the
normal field-oriented controlled drive operation was represented. Besides an overview of the suitable
system identification methods, the parameter estimation approach combined with a FIR-filter to de-
termine the derivatives of measured signals was analyzed in detail as well as the use of the extended
Kalman filter or the unscented Kalman filter for combined state and parameter estimation.

Reference [8] discussed an effect of the parameters variation on a variation in the performance
characteristics of the motor. In order to identify parameters which have the most impact on motor
performance, sensitivity analysis calculations were performed for a particular machine size.
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Reference [9] proposed an adaptation mechanism (supervisor) for the Pl-gain, allowing im-
provement of the classical controller, by introducing a certain degree of intelligence in the control
strategy of the controller. Estimation of induction motor parameters based on fuzzy rules was repre-
sented.

Reference [10] proposed a new method, which derives induction motor (IM) parameters based
on the equivalent network of the machine. The approach combined skin effect and saturation of the
stator and rotor leakage paths, modelling rotor parameters as a function of the slip. In reference [11],
procedure of the identification was based on the model reference adaptive control (MRAC) system
theory. An appropriate choice of the reference model allowed building a Lyapunov function by means
of which the updating law of the rotor time constant can be found.

In reference [12], a new method of identification of the induction motor equivalent circuit
parameters was introduced and discussed. The proposed method uses single-phase test results as a
base test for calculating the equivalent circuit parameters of the induction motor.

Reference [13] described three methods for estimating the lumped model parameters of an
induction motor using startup transient data, which was based on Levenberg — Marquardt method.

Reference [14] proposed an off-line parameter identification method that is suitable for self-
commissioning of an electric drive in cases when machine and converter comes from different pro-
ducers. The method was carried out entirely by means of a standard power inverter only by the im-
pressed stator voltages.

Reference [15] proposed an identification method for induction motor parameters at standstill
using integral calculations. The rotor time constant and magnetizing inductance were identified.

References [16-18] dealt with different identification methods for the induction motor param-
eters at standstill too. Reference [19] proposed a novel stator resistance estimation approach for stator
winding temperature monitoring based on the wavelet network and parameter identification by the
use of wavelet network that accurately localizes the characteristics of a signal in the time frequency
domains. Reference [20] also involved wavelet-transformations to identify the parameters of an in-
duction motor. The approach is based on obtaining a 2D time-frequency plot representing the time-
frequency evolution of the main components in an electrical machine transient current. The work
used frequency B-spline (FBS) wavelets.

Reference [21] developed and substantiated experimentally new algorithms to identify un-
known parameters of induction motors during self-commissioning procedure. To guarantee asymp-
totic identification, we design adaptive stator current controller based on stator flux observer. Refer-
ence [22] was devoted to the parameter identification of large induction machines from the no-load
acceleration-deceleration tests.

References [23, 24] considered solution of the problem of the IM parameters identification on
the basis of the analysis of characteristics of external electromagnetic fields generated by an induction
motor during the operation. References [25-27] were mostly the reviews dealing with the analysis of
standard procedures of diagnostics and determination of the induction motor parameters, description
of the prospects of different methods for IM parameters identification, and comparative analysis of
the accuracy of different identifycation methods and error introduced by the computational methods.

Use of T-network equivalent model for induction machine to analyze the steady mode or for
differential IM equations in the system of coordinates d, ¢, O are the general features specific to the
known papers. The methods proposed in the well-known scientific and technical literature are not
suitable for the online-identification of the induction motor parameters being necessary for the devel-
opment of a system of continuous monitoring of their technical condition. For the first time, the paper
proposed to use the known equations, obtained on the basis of the theory of generalized electrome-
chanical converter, as the theoretical basis of the induction motor description [28].

Advantage of the method is in the much higher accuracy of a theoretical model of an induction
motor compared with the known approaches; that makes it possible to obtain principally new equa-
tions to identify the induction motor parameters.
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YK 629.113.066

EKOHOMIYHI TA EKOJIOI'TYHI ACIIEKTHU PO3BUTKY
ABTOMOBLIBHOI'O TPAHCIIOPTY HA EJIEKTPUYHIN TS31

IOpiii [1anaika, 1.7.H., 3aBigyBau kadeapu ejleKTpoeHepreTHKH

IOpiii CtenaHeHKoO K.T.H., A0LEHT KadepH e1eKTPOeHePreTHKH

Ougekcanapa JIuceHko, K.T.H., JOHEHT Kadeapu eJJeKTPONPHBOAA

Hayionanonuu mexniunuu ynieepcumem «/{ninpoecvka nonimexuika», m. [uninpo, Yxpaina

TpaHcopt Ha eNeKTpUUHil T131 HaOyBa€ y HaIll Yyac Bce OUTBIIOTO PO3MOBCIOKEHHS Y Pi3-
HUX cdepax KHUTTA. 30KpeMa 301IbIIYEThCS KUTbKICTh aBTOMOOITFHUX TPAHCIIOPTHHUX 3aCO0IB (SIK
JIETKOBHX, TaK 1 BAHTAKHUX).

Haxxanp OLIBIIICTD 3 HUX € TUMH, IO BXXE OYyJIH y BXXUTKY, OCKUIBKH BapTiCTh HOBHX JIOCHTh
3HAaYHA. 3 ypaxyBaHHSM BiJHOIICHHS «I[iHA-CIIOKMBYI SKOCTI» €KOHOMIYHI CKJIAJOBI BUXO/ISTH Ha
MIEPIINH PALIOK.

J1o Toro X 301IBIICHHS MAPKY TAKUX TPAHCIIOPTHUX 3ac001B MOTPeOy€E CYyTTEBOTO 301TBIICHHS
BUPOOHMIITBA €IEKTPUYHOI eHeprii. HaBpsa un HasBHICTH (Ta i MEpCIEKTUBHE 3POCTAHHS) aJIbTEP-
HATUBHUX JDKEpel 3a0e3neunTh MOKpUTTs Takux norped [1]. Lle # cobiBapTicTh BUPOOICHOT HUMH
CJIEKTPOCHEPT] IOCTATHHO BEIIKA.

BinbIIicTh eNeKTpUYHOI eHepril BUPOOISETHCS BCE K TaKH CTAHIISIMU 3 TPATUIIHHUMH TeX-
HOJIOTISIMM, 5IKI HEMOXJIMBO HA3BaTH €KOJOIIYHO YUCTUMH. Bynb sika, yu aTOMHa, YU TEIUIOBA, YU
riIpoeNIeKTpUYHA CTaHIisl MAIOTh CBOI Ba/IM 3 TOUKH 30pY 3a0pyIHEHHS JOBKULIS.

Tomy 30iblIICHHST BUPOOHUIITBA SICKTPOCHEPTii HABPST YU MpU3Bee a0 “Zero-emission”,
SK PEeKJIaMyIOTh TaKi TPAaHCIOPTHI 3aco0Hu.

3 iH1oro OOKy, caMi TEXHOJIOTIT 3apsAPKaHHs aKyMYJISATOPHUX OaTtapeil aBTOMOOLIIB HE € J10-
CKOHaJIMMHU. Bci icHyroul Ha JaHuii yac moTpeOyroTh abo Oarato uyacy, abo BEIHMKOrO 3HaueHHS
CTpYMYy.

Jlo Toro *, COpYKEHHsI MEpexXi 3apsiIHUX CTAaHLIN MOTpedye PeTesIbHOTO PO3pPAXyHKY Ta
00epeXHOCTI MPH BUOOP1 MiCLs X PO3TallyBaHHs, OCKUIBKU 1€ OyJie CYTTEBO BIUIMBATH Ha rpadiku
(100OBi, MiCSAYHI...) €IEKTPUYHUX HaBaHTaXKeHb. Hanpukian, BAeHb MaKCUMYM OyJie y CepeMICTI,
a BBeuepi — y nepeamicTi, abo pailoHax BEIMKHX KUTJIOBUX MAacHBIB.

e Tako HE 10/1a€ MO3UTHUBY EKOHOMIYHOCT] PO3BUTKY O3HAUEHUX TPAHCIIOPTHUX 3aCO0IB.

[lle ogauM akTOpOM, IKUM CTABUTH 1]l CYMHIB €KOHOMIYHICTh Ta €KOJIOTTYHICTh aBTOMOOI1-
JIB 3 €JIEKTPUYHOIO TATOIO € MpodiemMa yTHIII3allll aKyMyJISITOpHUX OaTapei, skl BiANpaltoBaiu CBii
TepMiH. 3 ypaxyBaHHSIM TOTO, 1[0 3HaYHA KUIbKICTh TPAHCIOPTY HAJAXOJIUTh 3 BTOPUHHOIO PUHKY,
el GakTop cTae ISl HaIOi KpaiHU BCE 3arajibHIIINM.

BuxopucrtanHs akyMyJIsITOpiB, 110 OyJIM y BXKUTKY, B SIKOCTI HAKOITMYYBayiB €HEprii JIs efe-
KTPOCTaHL1{ 3 TOHOBIIIOBAHUMHU JIXKEpeIaMH (COHSYHI, BITPOBI. ..) HE BUPIIIY€E IpoOsIeMy yTUITi3allii,
a JIuIIe BiJICyBae ii Ha JesaKkuil yac. ToMy nepcrneKkThBa OTpUMaTH Ha TEPUTOPIi KpaiHy 3BasIMILA Bij-
MpaIbOBaHUX aBTOMOOUTEHHUX OaTapei 30BCiM HE MPUBAOITIOE.

AHani3yl04H BHUILECKa3aHEe MOKHA 3pOOUTH JI€K1 BUCHOBKH.

[Toku B CBITI HE CTBOPWJIM JTOCKOHAJII TEXHOJIOT1i HAKOIMMYEHHS Ta 30epiranHs eleKTPUIHOL
€Heprii, TEXHOJIOT1YHOI CUCTeMH yTHIII3aLlii 6aTtapell Ta METOJUKH ONTHUMAIBHOTO 3 TOUKH 30py I'pa-
¢bikiB HABaHTa)XKEHHS PO3TAIlyBaHHA 3apsAIHUX CTAHIIN, €KOJOTI4HI Ta €KOHOMIUHI aCIIEKTH PO3BU-
TKY aBTOMOOUIBHOTO TPAHCHIOPTY 3 €NEKTPUYHOIO TATOI0 JOCUTh CYMHIBHI.
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AJe, SIKIIIO BpaxyBaTu CyYacHUH CTaH rajiy3i TaKMX TPAHCIIOPTHHUX 3ac00iB, TO MOKHA BUJII-
JUTH OJIVH 3 HAMPSMKIB, [0 MA€ HAWOLIBIIN MEPCIIEKTHBY SIKHAUIIBUAIOTO BIIPOBAKECHHSI.

Moga #iie Ipo TPAHCIIOPT ISl MICHKHX MEPEBE3€Hb, 1€ IITKOM MOKIJIMBA TOSIBA TaK 3BAHUX
«eneKTpoOyCiB», sIKi 6 MaIM aKyMyIATOpHY 0aTapero JOCHTh HEBENMKOI eMHOCTI. Ii Bara Takox He-
3Ha4Ha, BIIIOBITHO 1 Bara BChbOT0 TPAHCIIOPTHOT'O 3aCO00Y 3MEHIIUTHCS, 11O MiBUIIYE EKOHOMIYHICTh
TAKOTO pillIeHHS.

[lepBuHHE 3apsiKaHHA BUKOHYETHCS y JETI0, a TIOTIM i 4aC KOXKHOT 3yMTUHKH 3/[IHCHIOETHCS
mig3apsaka 6atapei. Toro HeBeIMKOTo yacy Oy/ie MIIKOM JOCTATHBO JUIS 3aracy X0y 10 HaCTYITHOI
3YNUHKH. SIK HAKOTUYYyBay €JIEKTPHYHOI EHEPril TAKOXK MOXKYTh OyTH 3aCTOCOBaHI CyIIepKOH ICHCA-
TOpH.

B sikocTi TeXHOMOTIT ma3apsaKu TOMUIBHO 3aCTOCYBATH TEXHOJIOTIIO 1IHIYKTHBHOTO TIepe/ia-
BaHHS €HEprii, sika paHimie OyJa BiampaiboBaHa Ha MIaXTHOMY O€3KOHTAaKTHOMY TpaHCHOpPTi [2].

TakuM YMHOM MO>KHA ITOCTYTIOBO BXOJIUTH y TTy3b aBTOMOOLTLHOTO TPAHCIIOPTY 3 TIOBHICTHO
€JIEKTPUYHOIO TATOI0 0€3 CYTTEBUX BTPAT €KOJIOTTYHOCTI Ta €KOHOMIYHOCTI.

IlepeJik mocujianb

1. Vkpaina: exekrpoeHepreTrka https://vue.gov.ua/Ykpaina: eaekTpoeHepreTuka
2. TpaHCTIOpT ¢ MHAYKTHBHOM nepeaueit sueprun 1uist yroabubix maxt / [.I. [Tusnsik, W.I1. Pemuzos,
C.A. Capatuksain u ap. [mon pen. I'.I'. ITunaska].- M.: Hexpa, 1990.-245c.
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YK 622.5:621.3.07

EHEPIOE®EKTUBHUI CIIOCIE ®YHKIIIOHYBAHHSA I'BY
BYI'VIbHUX IIAXT

Haranis PyxsioBa, K.T.H., I0lIeHT Kadeapu ejieKTPOeHePreTUKH,

€greniii KomesieHko, K.T.H., 10IEHT KadeapH ejIeKTPOeHEPTreTUKH,

Mapuna Kupuyenko, crapmumid BUKJIaga4y Kadeapu eJ1eKTPOeHepPreTHKH
Hayionanvnuu mexniunuu ynieepcumem «/[Hinposcoka noaimexwikay, /{ninpo, Ykpaina

Po3BUTOK enekTpoeHepreTHUHOI Tany3i B YKpaiHi ocTaHHI pOKH OyB CIIPSMOBAaHUI Ha KOpe-
KII1I0 TeHePYIOYHX MOTYy>KHOCTeH. OCHOBHI €TaIlu JIep>KaBHOTO «IOTJISIY» Ha L0 CUTYaIllo B1oOpa-
KEHO y ocTaHHIM penakimii «EHepreTmuHoi crpaterii Ykpainm Ha mepiong g0 2035 poxy» Big
18.08.2017 p. [1]. Bona nepen6auae 1o 2035 poxy BUBEIeHHS, 0€3 MOKIIUBOCTI [TOOBKEHHS CTPOKY
eKCIUTyaTalli, MOTY>KHOCTEH eJIeKTPUYHUX CTaHI[iil Ha 0a3i BUKOITHOTO MAajuBa, 110 3a0e3MeuyoTh
~80 % notounoro BupobuunTBa (~20-25 I'BT). IM Ha 3aminy nepenbaueHo nmpoekTyBaHHs i Oy IiB-
HUIITBA HOBHUX MOTYXKHOCTEH, Y TOMY UMCII1 MaHEBPOBUX — Ui OallaHCyBaHHS €HEPreTHYHOI CHC-
TeMu. Taki BUMyIIEHI KpOKU OyAyTh CyMpOBOIKYBATHCS 3aX0JaMH IIOJI0 peaii3allii cTpaTeriyHux
[JIeH y BYTUIBHOMY CEKTOpi, a camMe peopraHizailisi Byriaeno0yBHHUX Ta 1HIINX JEPKaBHHUX MiAIPH-
€MCTB BYTUTBHOI rairy3i, peCTpyKTYpH3aIlisi CEKTOPY, MiATOTOBKA MEPCIEKTUBHUX JEP/KaBHUX MIaXT
710 TIpUBAaTH3AIli1, a TAKOX JIIKBiJaIlis/KOHCEpBaIlis 30MTKOBUX JEPKABHHUX IIaXT.

3rigHo i3 [1] cTabinpHI TeMu OyNiBHUIITBA Cy9aCHUX €JIEKTPOCTAHIlIN Ha 0a31 BiTHOBIIIOBA-
JTHHUX JPKEPETI eHeprii B OCTaHHI POKU B YKpaiHi, JO3BOIMIIH O Y IEPCIIEKTUBI CBOTO PO3BUTKY HPHUHi-
MaTH aKTUBHY POJib Y (hOpMyBaHHI PEKHMIB pOOOTH €HEPrOCUCTEMH, TOOTO 3aMIHHTH MaHEBpEHI
MOTY>KHOCTI, IO TIPU3HAYEH] MOKPUBATH IiKOBI HaBaHTa)keHHs. Hapa3i 3HauHy poJib, B SIKOCTI MaHe-
BPOBHUX TOTY>KHOCTEH, Biirpae Bukopuctanus temioBux enekrpocraniiii (TEC), ocHoBHUM nanm-
BOM ISl IKMX CIIYTY€ BYTLLIA 1 TOMY iX €KCIUlyaTallisl € eKoJoridyHo Hebe3neuHoro. Kpim Toro, Bci
icaytoul TEC matotb cTpok cimysk0u 6ibie 20 pokiB 1, BIAMOBIAHO, 3acTapiie obyiagHaHHs, eheKTH-
BHICTh pOOOTH SIKOTO, IOCTaTHbO HU3bKA. SIK HACTIAOK 1 BUHUKAE MUTAHHS JAOIUIHHOCTI MOAATBIIOT
excrutyartanii TEC, a pa3om 3 UM 1 HEOOXITHOCTI YTPUMaHHS BYT1IIbHUX IIAXT JUI1 BUIOOYTKY BY-
TS,

Ines, sixa Oyna 3aknaneHa y Enepreruuny ctpaterito [1] 3po3yminia i 00rpyHTOBaHa, 1 HaBITh
YaCcTKOBO BXKe IMoyYalia peaaizoByBaTHCs (JesKi 30UTKOBI IIaXTH BxkKe OyJU JIIKBIJOBaHi, a BITHOBIIO-
BaJIbHA €HepreTHKa CTablIbHO 301IblIyBata CBOi MOTYXKHOCT1). OHak Ha moyatky 2022 p. B YkpaiHi
royanacs BiifHa, B X0/JIi SIKOi Ha TeNepimHii yac momkomkeHo 6in1a 30% reHepoBaHUX MOTYKHOCTEH
Ta pO3MOJUIBUMX Mepex. B pe3ynbraTi oTpuMyeMo katacTpodiuHuil 1eiluT reHepoBaHUX MOTYX-
HOCTEH, a po3noyary MOJEpHi3alliio eJeKTPOCHEPreTHYHOI rajly3l - TAMYacOBO HEPeali3yeMol0.

OpnHak, He3aJeKHO BiJ] CUTYallii, sIKa CKJanacs, MaeMo NoTpedy y eHeproeeKTuBHOMY BH-
KOPHUCTaHHI MiIMPHUEMCTB MaJTUBHO-CHEPTe€TUYHOTO KOMITJIEKCY: BYT1IbHUX MIaXT, K1 QYHKI[IOHYIOTh
Hapasi, a TaKOX IIaXTH, sIK1 Oy 3aKOHCEPBOBaH1 «CYyXHM» CIIOCOOOM.

Cyxa xoHcepBarlis rnepeadavae, o 00JIafHaHHs IS BiIKaYyBaHHS MIAXTHUX BOJ (TOJIOBHUHN
BOJIOBIJTMB) 3HaXOIUTHCSI BCEPEAMHI MIAXTH 1 TOBUHHO BUKOHYBATH CBOIO (DYHKIIIIO 3a IS 3a1o0i-
TaHHS TIOBHOTO 3aTOTUICHHS, HE 3BaYKAIOUN HA 3aKPUTTS 1€l maxTu. Lle B cBOO uepry i mpu3BOAUTH
710 BUMYIIEHOTO 30MTKOBOT'O YTPUMAaHHS TaKUX 00’ €KTiB. AJle piBeHb IPOIIOBUX BUTPAT HA pOOOTY
[IIAXTHOTO BOJIOBINTUBY MOKIIMBO MaKCUMAaJIbHO 3MEHIITUTH 32 PAXYHOK PETYIIOBaHHS PEKUMIB eJIe-
KTPOCTIOKMBAHHSI BOJJOBIIJIUBHOT YCTaHOBKH [2].
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B po6orti [2] HaBereHO OCHOBHI MIIXOM 1 AITOPUTMH Y BU3HAYCHHI HalOUIbII eHeproedek-
TUBHOTO PEKUMY EJICKTPOCTIONKUBAHHS MIPH 3aCTOCYBaHHI AU(PEPEHIIIHOBAHOTO 32 30HAMU J00H Ta-
pudy Ha eIEKTPOSHEPTi0, IUIIXOM 3MIHH PEKUMY POOOTH €IEKTPOYCTaHOBKH 32 PAXYHOK IepeHe-
CEHHSI MaKCHUMAJIbHOTO €JIEKTPOCIIOKUBAHHS 00’€KTOM Ha TMEPioay MiHIMAJIbHUX HABAaHTAXKEHb B
eHeprocucremi. TUM caMHM Taki 3aX0JM MalOTh OLIBII TI00aNBHY 1/1€10, OCKIJIBKH CIIPSIMOBaHI Ha
BUPIBHIOBaHHS Tpadiky HaBaHTaXeHHs eHeprocucteMu. L1{o crocyeThest 6e3mocepeiHbO COKHUBA-
4iB, TO TaKWH MiAXiA JO3BOJIUTH HE TUIBKH OTPHUMATH T'POIIOBY €KOHOMIiIO, HAIPUKJIAI B OIUIATi 3a
YTPUMAaHHSA JKBIJOBAHUX IIAXT, ajie il BA3HAYNTH HAWOLIbII €HEPTeTHUHO e(DEeKTUBHUIN PEKUM PO-
O0TH eNIEKTPOYCTAaHOBKH, a caMe PEXXHUM 3 MiHIMAJIbHOIO TUTOMOIO BUTPATOIO €JIEKTPOCHEPT].

Haxans, B Ykpaini 3 01 ciuas 2019 poky BrpaTmina unHHICTh moctanoBa HKPEKII npo Bu-
KopucTaHHs TapudiB, nudepeHiioBaHux 3a nepiogamMu yacy (11 HemoOyTOBUX CIIOXKUBAYiB) 1 T10-
CTa4aHHS CJICKTPUYHOI EHEPTii CIIOKMBaYaM 3I1MCHIOETHCS BIATENEP 32 BUIBHUMU I[iHAMU.

OnHak, SKII0 IPOaHaIi3yBaTH Cy4acHUH PUHOK MIPOJIAXy €JIEKTPOCHEPTIi, TO pIBEHb IIiH Bij-
MIOBiJIa€ TIEBHUM 30HaM J00H 1 3MIHIOEThCS 10 HUX. T0OTO y mepiojy, 110 BiIMOBIIal0Th IBHO BUpa-
KEHOMY MaKCHUMaJlbHOMY HaBaHTaKEHHIO B EHEPrOCHUCTEMI IIHH HA €NIEKTPOCHEPTii0 HalOLIbIII, a B
Mepio i MiHIMAJIBHOTO HAaBAaHTAKEHHS (SK MPaBUJIO B HOYI) 1 IiHW HaimeHIni. KpiMm Toro, nmepioau
MaKCHUMAJILHUX 1 MiHIMAJIbHUX HAaBaHTAXE€Hb BU3HAYEH] BiAnoBigauMmu noctanosamu HKPEKII 1 Bi-
JTOBIAIOTH TUIBKH JIBOM Iepiogam J100U.

BucHOBKH. YTpuMaHHS OUTBIIIOCTI JTIKBIIOBAaHUX IAXT 3a0€3MEUY€ETHCS MOCTIHHUM iX MiIT-
pUMaHHS y CyXOMY 3aKOHCEPBOBAHOMY CTaHI IIISXOM BiJIKa4yBaHHS ITi[3EMHUX BOJ IIAXTHUM BO-
noBimumBoM. Llel mporec BiKkadyBaHHS MAXTHUX BOJ| TAKOXK CYNPOBOKYE (DyHKITIOHYBaHHS BCIiX
icHyrOUHX pobounx maxT. OHaK 3aCTOCYBAaHHS PETYITIOBAHHS PEKUMIB €JICKTPOCIIOKUBAHHS T'OJI0-
BHOIO BOJIOBIIJTUBHOIO YCTAHOBKOIO JIO3BOJIUTH 3MCHIIUTH BUTPATH 3a CIOXKHUTY €IEKTPOCHEPTIIO.
3MEHIICHHS 3arajlbHIX BUTPAT Ha BUJOOYTOK BYTULIS (BiTHOCHUTHCS 10 (PYHKIIOHYIOUHX IIAXT) HA-
npsiMy BioOpasuTbes Ha cobiBapTocTi BUpoOsieHHs 1 kBT-Tox enekrpoeneprii.

Ilepeaik mocujaanp

1. Enepreruuna crparerist Ykpainu Ha nepion 10 2035 poky «besneka, eHeproeeKTuBHICTb, KOHKY-
peHTocrpoMoxHicTh» Bix 18 cepmas 2017 p. Ne 605-p.

2. Razumnyi, Yu.T.; Rukhlova, N.Yu.; Rukhlov, A\V. Energy efficient work of a coal mine
dewatering plant, Dnipro: Naukovyi Visnyk Natsionalnoho Hirnychoho Universytetu, 2015, — Ne 2 (146). —
74-79 p.
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YK 621.313

CYYACHHUM CTAH MPOBJIEMH NIJIBUIIEHHA E@EKTUBHOCTI
EHEPTOCUCTEM

IIaBaroc Crenan,

Vkpaincoxuii oeparcasnuii ximiko-mexnonociunui ynisepcumem, [Hinpo

Biraaiit Kysneunon, /Imutrpo I'anmymko, Oasra Mopo3, Anarodiii I'epamenko, Bosoaumup
Jlockou

Vrpaincokuii deporcasruil yHisepcumem Hayku i mexuonoeiu, uinpo, Yxpaina

Ha cranii excrutyarartii 1110401 €HEpreTHYHOT CUCTEMU BaXXJIMBE 3HAUCHHSI MalOTh 3aX0/U 110
1 ABUILEHHIO 11 eKOHOMIYHOT €(PEeKTUBHOCTI 32 paXyHOK ITOKPAICHHS TOKA3HUKIB SIKOCTI €Heprii, sKi
B Hamii kpaini pernamenTyroTbess [OCTom 13109-97. Bigomo, 110 epeKTHBHICTh €IEKTPUIHOI CH-
CTEMH CIOXXHBAHHSA 3aJISKUTH BiJ 0ararb0X IOKAa3HUKIB, TAKUX SIK KOS(]Ii€HT MOTYXHOCTI, Koedi-
LIEHT KOPUCHOT Aii, Koe(illieHT CIOTBOPEHHS CUHYCOinaibHOI popMH Hanpyru (CTpyMy), HECUMET-
pist HaripyTH, KoedinieHT (opMu KpUBUX Ta iH. J[i1s iX mokparmieHHs (paxoBi MiANMPHEMCTBA BHITYCKa-
I0Th KOMIIEHCYBaJIbHI IPUCTPOi PEaKTUBHOI eHeprii. Aje, B psijil BUNAJKIB IMICIs iX BCTAHOBJICHHS
SHEepPreTHUYHI TOKA3HUKH SKOCTI HE JJOCATAIOTh OYiKyBaHHMX 3HAYCHb, IO MOB’SI3aHO 13 3pOCTAHHSIM
reHeparlii peakTUBHOI eHeprii, LliHa 3a Ky CYTTE€BO MEPEBUIILYE BapTICTh PeaKTUBHOI eHeprii. B 0i-
JBIIOCTI KPaiH CBITY MPH MPOEKTYBaHHI CHCTEM KOMIEHcAIlii 1ei ()akT He BPaXOBYETHCH.

B n1poMy acrniekTi akTyaJabHOO CTa€ HEOOXiIHICTh JOCIIIKEHHS 3aJIeKHOCTI MapaMeTpiB KO-
CTi EHEPreTUYHHUX CUCTEM BiJl IHIMBITyalbHUX XapaKTEPUCTHK CaMOi CUCTEMHU HaBaHTAKCHHSI.

Icaytoui po3poOKu 3 MiHIMi3aIlil BTpAT MOTYKHOCTI 3€01IbIIOT0 PO3TIISIAI0Th MUTAHHS 3Me-
HIIICHHS BEJIMYMHU PEAKTUBHOI €HEPTii y CKJIajl MOBHOI eHeprii 3a paxXyHOK BUKOPUCTAHHS KOMIIE-
HcaliiHuX npuctpoiB [1, 2]. OnHak BoHH €PEKTUBHO MPALIOIOTH JIMIIE B JIHIHHUX CHCTEMax CIIO-
KUBaHHS MIPH CHMETPUYHOMY HAaBAaHTAXKEHHI. B yCiX 1HIIMX BHUIMaAKax iX BUKOPUCTAHHS HE jaae Oa-
KAHOTO pe3yJIbTaTy.

VY nepeBakHOi OUTBIIOCTI CMIOKUBAYl HA MIAMPUEMCTBAX MAlOTh HECUMETPUUHUN XapakKTep,
KpiM TOro, y 0araThb0X BUIAJIKax BOHU HENiHINHHI (HalIpHUKIIa, YaCTOTHI MEPETBOPIOBAYl 1 TOMY IO-
ni6He). Po3BUTOK cy4acHOT HaIliBIPOBIAHUKOBOI TEXHIKK PUBOIUTSH J10 301IbIIEHHS pEaKTUBHOI 10-
TY’KHOCTI $IKa MOTIpIIy€e CUHYCOiJHY (opMy KpuBOi cTpyMy. PeabHuil cTpyM TakuX CHOXHBauiB
npeicTaBisie co00I0 PsiJi CHHYCOIIHUX CKJIAJOBUX CTPYMY 3 YMcClia BUIIKMX rapMoHik 3,5,7,11 nopsa-
KiB. Taki criojkuBayi sIBJIAIOTHCS HETIHIMHUMH Ta HECUMETPUUHUMU. J[7151 HECUMETpUYHUX HelNiHiN-
HUX CIIOKHMBayiB TPAAUIIIIHI CHCTEMHU KOMIICHCYBAaHHS PEAKTUBHOI €HEpTii He € ePEeKTUBHUMU 3 Ta-
KHX NPUYUH:

- 3HAYHO 30UIBIIYETHCS MIBUIKICTh POCTY reHepallii peakTUBHOI €Heprii.

- MepeXki 3MIHHOTO CTPyMY 3axapallyroThCsl BUIIUMH FapMOHIKaMH, K1 B CBOIO Yepry Hera-
TUBHO BIUIMBAIOTh HA TEPMIH CITy>KOU KOHJIEHCATOPIB, 30UIBIIYETHCS PU3UK MEPEIIACHOTO CIIPAIHO-
BYBaHH 3aXMCHOI KOMYTAIlII{HOT anapaTypy CUCTEM €JIeKTPOIIOCTaYaHHs, epeAYacCHUN BUXI1/ 3 Tady
CTIOXKMBAYiB, HETATUBHUH BIUIMB Ha CUCTEMY CIIO’)KMBAaHHS B TOMY YHCIIi 32 PaXyHOK MOXIIUBUX pe-
30HaHCHHUX siBHIL [ 1, 3].

KomMmnieHncyBanbH1 MPUCTPOT 3 HE3AJIEKHUM PETYJIIOBaHHAM 3a OKpeMuMH (a3amu [3] ede-
KTUBHO MPALIOIOTH JIMIIE B JTIHINHUX HECUMETPUYHHUX CUCTEMAX.

PeakTuBHa MOTY)XHICTh NIPY HENIHINHUX HABAaHTAXKEHHAX (YHKIIIOHAJIBHO 3aJIC)KUThH BiJ
BEJIMYMHM CIIOTBOPEHHS KPUBUX CTPyMiB 1 Hanpyr. Lle siBuiie BUMarae BUpilIEHHS MPOOIEMH KOM-
MeHcallil peakTUBHOI MOTYXKHOCTI 3 ypaXyBaHHSAM OCOOJIMBOCTEH HECHHYCOINHUX pexxumiB. Kpim
I[bOTO, PIBEHb PEAKTUBHOI MOTY>KHOCTI BIUIMBAE HAa BEIMYUHY Hanpyru. BiACyTHICTh €JUHOTO Mif-
XOJy 1O BU3HAUEHHS PEaKTUBHOI MTOTYKHOCTI POOUTH aKTyaJlbHOIO PO3POOKY TEOpii peaKTUBHOI MO-
TY>KHOCTI NIPH HECUHYCOIAHUX pexumax. OcTaHHs 6a3yeThCsl HA CYTHOCTI (Pi3MYHUX MPOILECIB, 110
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MPOTIKAIOTh B €JIEKTPUYHUX KOJax 3 HENiHIMHUMU eleMeHTaMu. ABTOpaMu [4] neTaabHO BUBYEHI
(bi3uyHi sIBUIIIA, O MPOTIKAOTh B OJHO- 1 Oararoda3znux cucremax 3 R,L,C koHTypamu Ta KOMMyTa-
TopaMu. BuBeneH1 TeOpeTUYHI CIIBBIIHOIICHHS U1 PE30HAHCHOTO PEXHUMY, 0€3 PEaKTUBHOTO pe-
KUMY Ta PeKUMY HAKOIMYEHHS €HEpPrii B peaKTUBHUX €JIeMEHTaXx.

Jlyis oTprMaHHS 33JaHUX TTOKA3HUKIB SKOCTI €IeKTpOeHeprii He0OXiAHO MPOBOIUTH J10C-
JIPKEHHS KOHKPETHOTO CIIO’KKMBaya 3 METOI0 BUBYEHHSI HOTO CEPEeTHO-CTATUCTUYHHUX TapaMeTpiB,
110 JIa€ MOKJIMBICTH C(hOPMYIIIOBATH BUMOTH 710 PO3POOKH €(heKTUBHOTO KOMIIEHCYIOUOTO IPUCTPOIO
3 ypaxyBaHHSIM XapaKTepy HaBaHTAXEHHS caMme JaHOTro CIIOKKMBayva.

[TinBuneHHst e)EKTUBHOCTI CHEPTOCUCTEM € BAXKIMBUM 3aBJIaHHSIM JIJIsi 3a0€3MeUeHHs CTa-
JIOTO PO3BUTKY Ta OOpoThOM 31 3MiHOIO KiimMaTy. CydacHHM CTaH IPOOJIEMH TOJISITa€ B TOMY, IO
6arato KpaiH IpOJOBXKYIOTh 3aJIeKaTH BiJl ByTUIbHUX Ta Ta30BUX €JEKTPOCTAHIIIH, K1 € JHKeperTaMu
3a0pyAHEHHS TIOBITPS Ta BUKUAIB Byryiekucioro rasy. [Ipote, nenani O6iibine KpaiH CTaBIsATh EpPe
cO00I0 METY JOCSTTH HyJIbOBUX BUKH/IIB TAPHUKOBHX T'a3iB Ta CHEPTOHE3AIEKHOCTI HIITXOM 30111b-
IIEHHS 00CSTY BiTHOBJIIOBAHOI €HEprii Ta eHeproeeKTUBHOCTI.

OpHi€ero 3 TOJIOBHUX MTPOOJIEM MiABUIICHHS €()eKTUBHOCTI €HEPTOCUCTEM € HecTada (DiHaHCY-
BaHHS JIJIs1 PO3BUTKY BiJHOBIIOBAHOT €HEPIreTUKHU Ta CTBOPEHHS IHPPACTPYKTYpH AJs il BAPOOHUIITBA
Ta TPaHCHOPTYBaHHs. TakoX, HEOOXiTHO PO3pOOIATH Ta BIIPOBAKYBATH HOBI TEXHOJIOTIT Asst 30e-
PEeXKEHHS eHeprii Ta 11 po3moainy, 100 3HU3UTH BTPATH IiJ] YaC TPAHCHIOPTYBAHHS Ta 30epiraHHsl.

[HII010 MIPOOIIEMOI0 € HU3bKa CBIJOMICTh HACEJICHHS MPO CHeProe()eKTHBHICTh Ta BUKOPHC-
TaHHS BIAHOBIIOBaHOI eHeprii. Lle mpu3BoauTh 10 BIACYTHOCTI MOMUTY HA HOBI TEXHOJOTII Ta 3HU-
YKCHHSI 3aI[IKaBJICHOCTI IHBECTOPIB y IIEH CEKTOP.

Takosx, BaxJIMBO 3a0€3MeYUTH MpaBUIbHE (PYHKIIIOHYBaHHS €HEPTOCUCTEMU B YMOBAX 3pOC-
TAI0YO0i JI0JIi BiTHOBIIOBaHOI eHeprii. Hanpukian, B Mepexi moTpiOHI HOBI TEXHOJOTIT AJIsl MiATPH-
MKH OajaHcy MiK BUPOOHHUIITBOM Ta CIIOKHBAHHIM €JIEKTPOCHEPTii B yMOBaxX, KOJIH BiAHOBIIOBaHA
eHeprisi He Moke OyTH BHPOOJIEHA B JOCTATHIN KUTBKOCTI, @ TAKOXK JIJIS 3a0€3MEYCHHS CTa0lIbHOCTI
€JIEKTPOTIOCTAYaHHS B YMOBAX KOJIMBAHb CIIOKUBAHHS €HEPTIi.

[Ile oxHi€l0 BaXKIMBOIO MPOOIEMOIO € HECTAOUIBHICTh 3aKOHO/IaBCTBA TA HEJIOCTATHE PEry-
JIOBaHHS PUHKY BITHOBIIIOBAHOI eHeprii. Hampukiaa, HEeBU3HAYEHICTH 111010 CTABOK OTIATH E€JIEKT-
POCHEpTii, o BUPOOIISIETHCS 32 TOMIOMOTOI0 BiIHOBIIFOBAaHHUX JKEPEN, MOXKE 3HU3UTH IHTEpEC iHBe-
CTOPIB y LIel CEKTOP Ta 3MEHLIUTH PO3BUTOK B1THOBIIIOBAHOI €HEPI€TUKHU.

Hapemuri, edpekTrBHE BUKOPHUCTAaHHS €HEPrii TAKOXK 3aJI€KUTh B/l OCBITH Ta KBai(ikanii npa-
L[IBHUKIB B €HepreTUyHii ramysi. Heo6xiaHo 3a0e3neunTy Hajle)KHe HaBYaHHS Ta MiArOTOBKY (axiB-
11B JUIsl BUPILIECHHS TPO0JIeM eHeproe)eKTUBHOCTI Ta BITHOBIIIOBAHOI €HEPreTHKU.

V3arani, niABUILEHHS €(PEeKTUBHOCTI €HEPrOoCHUCTEM € Ba)KIMBOIO CKJIQJ0BOIO 3a0€3MeueHHs
CTaJIOTO PO3BUTKY Ta O0OpOTHOM 31 3MiHOMWO Kiimary. IIpoTe, s 1OoCATHEHHS 1i€i MeTH HEOOXiaHO
BUPIIIYBaTH BEIHMKY KUIbKICTh MPOOJIEM, MOB'A3aHUX 3 (DIHAHCYBAHHSAM, TEXHOJIOTIIMHU, PETYJIIOBaH-
HSIM Ta OCBITOIO.

Kpim toro, 11 migBuIieHHs €(peKTUBHOCTI €HEProcUCcTeM HEOOX1IHO PO3IIIAAATH Pi3Hi Mijl-
XO/I1, BKJIFOYAI0UU eHeproe(eKTUBHICTb B Oy 1IBHUIITBI, IPOMHUCIOBOCTI Ta TPAHCIIOPTI, 3MEHIIIEHHS
BTPAT €HEPrii B €JIEKTPUUYHUX MEPEXkKax, BUKOPUCTAHHS €HEPTii 31 COHSTYHUX MaHeNeH, BITpIHUX Typ-
01H, T'IPOENEKTPOCTAHII} Ta IHIIMX BIJHOBIIOBAHUX JKEPE, @ TAKOK BIIPOBAKEHHSI €HEepro3oepi-
raloyuX TEXHOJIOTIH Ta CUCTEM YIPaBIiHHA CIIOXKHUBAHHSAM €JIEKTPOSHEPTIi.

V 3B'3KYy 31 3pOCTaHHSM KIJIbKOCT1 BUPOOHUIITBA Ta CIIOKUBAHHS €JIEKTPOEHEPrii, eheKTUBHE
BUKOPUCTAHHS €HEprii cTae Bce OUIbII BaXIMBUM. [Ipy 1boMy BaXJIMBO 3a0e3MeYuTH CTa0lIbHICTh
Ta 6€e3MeKy EHEPrOCUCTEM, a TAKOK 3a0€3MEeYUTH JIOCTYIHICTh Ta €(PEeKTUBHICTb €IEKTPOCHEPTI s
BCIX CEKTOPIB €eKOHOMIKH Ta TPOMA/ISH.

B uinomy, miaBuiieHHs e(heKTUBHOCTI €HEPTOCUCTEM - 1€ BAXJIMBUHN €Tal B PO3BUTKY Cydac-
HOTO CBITY, 10 BiJIoOpakae MparHeHHs JI0 CTAJIOr0 PO3BUTKY Ta 3MEHIICHHS BIUIUBY Ha JOBKIJUISA.
J171 TocsITHEeHHS 111€1 MeTH HeoOX1HO BUPILTYBaTH 6arato mpobiieM, ikl oB's13aH1 3 (iHAaHCYBaHHSIM,
TEXHOJIOT1IMH, PETYJIIOBAaHHAM Ta OocBiTOI0. OHAK, peari3alis MX 3aX0JliB J03BOJIUTh 3MEHIIUTH
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BUTPATH Ha €HEprio, 30UTBIINTH HAAIWHICTh Ta O€3MeKy EHEeprocHUCTEM, a TAaKOK 3MEHIIUTH BILTUB
Ha JOBKULJISA, 301UIBIIMBIINM €KOHOMIYHHUH Ta €KOJOTTYHUMA e(PEeKT.

TakoX BaXKJIMBO 3a3HAYUTH, L0 3aJyYCHHS TPOMAJICHKOCTI JI0 MiJBUIICHHS €()EeKTUBHOCTI
€HEeprocUcTeM € ayxe BakIuBuM. [HhopMmaliiiina kamnaHis, 10 CIPsIMOBaHA Ha IMiBULICHHS OCBITH
Ta CBIJJOMOCTI TPOMaJICHKOCTI 11010 €)EKTUBHOTO BUKOPUCTAHHS €HEPTii, MOKE 3HAYHO ITiIBULITUTH
1HTEpeC 10 PO3YMHOT'0 BUKOPUCTAHHSI €HEPrii, 10 PUBE/IE 10 3MEHILIECHHS BUKOPUCTAHHSI AJTMBHUX
pecypciB Ta 301IbIIEHHS] BAKOPUCTAHHS BiTHOBIIOBAHUX JKEPEN €HEeprii.

Kpim Toro, Ba)IuBO BpaxOBYyBaTH MIKXHAPOJIHUN acHeKT MpoOJeMHy MiABUIICHHS e(hEeKTUB-
HOCTI eHeprocucreM. Benuki kpaiHu Ta Kopriopaiii HOBUHHI NPUIHATH JiIEPCHKY POJIb B PO3BUTKY
TEXHOJIOT1H eHeproe(eKTUBHOCTI Ta BITHOBIIOBAHOI CHEPIETUKH Ta 3MIMCHUTH NEPEXiJl 10 HU3BKO-
BYTJICLIEBOTO EHEPreTUYHOro cekTopy. Ilpu 1ipoMy, MiXkHapoHa CIIiBIIpaLs, OOMIH TOCBiIOM Ta Te-
XHOJIOT1SIMH MK Pi3HUMH KpaiHaMU € BKJIMBHM €TalloM IS JOCATHEHHS IIUIeH y Taiy3i mijaBu-
IIeHHS €(PEKTUBHOCTI EHEPTOCHUCTEM.

OTxe, MOXHA CTBEPIKYBATH, 1110 TpoOIeMa MiIBUILIEHHS €(eKTUBHOCTI eHEPTOCUCTEM 3aJIH-
IIA€THCS aKTyaJIbHOIO B Haml yac. [Iis 11 BUpileHHs: noTpiOHI KOMITJIEKCHI MiXO0/IH, IO BKIOYAI0Th
y ce0e pi3Hi acmeKTH, Bia (piHaHCYBaHHS Ta TEXHOJOTIN 0 perytoBaHHs Ta OCBITH. Peamnizamist mux
3ax0J[iB HE TUIbKU MiABUIINTH €EKTHBHICTH CHEPTOCUCTEM, aJie i 3MEHIIUTH BIUIUB HA JOBKIJUI,
30UIBIINTh CKOHOMIYHHMM Ta €KOJIOTTYHHH e(eKT, 3a0e3NeUnTh CTaauil PO3BUTOK Ta MOJIMIIIHUTH SK-
ICTh KUTTS Jitoned. I MOCSTHEHHS WX IUIeH HeOOXiTHO 3aIy4eHHS PI3HMX I'PYI CYCIUIBCTBA,
BKJIIOYAIOYH YPSIIOBl 1 PO3BUTOK Ta MONIMIIUTH AKICTh XKUTTS JroAei. [ JocsrHeHHs UX 1inei
HEOOX1THO 3aIy9YCHHSI PI3HUX TPYI CYCHUIBCTBA, BKIIOYAIOYH yPSIOBI Ta HEJEp KaBHI OpraHizailii,
HAYKOBIIIB, IH)KEHEPIB, MiAMPUEMIIIB, TPOMAICHKICTh, IHBECTOPIB Ta CIIOKUBAYIB EIEKTPOCHEPTii.

Ha cporopninHii 1eHp BXKe iCHY€ BeIHKa KUIbKICTh YCHIIIHUX MPHUKIIAIIB MiIBUIICHHS ede-
KTUBHOCTI €HEProCUCTEM B PI3HHMX KpaiHax cBiTy. Lle cBiqUuTh mpo Te, Mo Il il MOKIUBO JIOCST-
HYTH, SIKIIO iCHY€ JOCTaTHIi piBeHb MIATPUMKH Ta CIIBIpAIll MK Pi3SHUMH CTOPOHAMH. Y CHIIIHI
MIPUKJIAM BKIIOYAIOTh B ce0e BIPOBAKEHHS eHeproeeKTUBHUX TEXHOJIOr y OYyIiBHUIITBI, PO-
MUCIIOBOCTI Ta TPAHCTIOPTi, CTBOPEHHSI iHPPACTPYKTYPH JIJIs1 BUPOOHUIITBA Ta TPAHCTIOPTYBAHHS BijI-
HOBJIIOBAHO1 €Heprii, po3po0Ky CUCTEM YIPaBIIHHS €IEKTPOCHEPTi€l0, 30UIbIIECHHS 00CATY BiHOB-
JIIOBAHOI €Heprii Ta peaizaiito mporpaM 3MEHIICHHS BUKUIIB BYTJIEKUCIIOTO Tas3y.

OTxe, MigBUILEHHS €()EKTUBHOCTI EHEPIOCUCTEM € OJTHIEIO 3 KIFOYOBUX MTPOOIEM CyUyacHOTO
cBiTy. Jlus 11 BUpileHHs He0OX1HO pO3BUBATH BITHOBIIIOBaHI JKepea eHeprii Ta eHeproeeKTUBHI
TEXHOJIOT11, 3a0e3meuyBaTH CTa0lIbHICTh Ta 0€3MeKy eHeprocUCcTeM, BpaXOBYBAaTH MIXXHAPOIHUI ac-
MEeKT MPOOJIEeMH Ta 3ay4aTd TPOMAJICHKICTh 10 BUPIIIEHHS 1i€l mpobyiemu. Peamizaliist 1iux 3axo/1iB
JI03BOJIUTH 3MEHIITUTH BUTPATH Ha €HEPrito, 30UIBIINTH HAAIMHICTD Ta O€3MeKy eHEpProcucTeM, 3Me-
HIIWTU HETAaTHBHUH BIUIMB Ha JOBKUUIA Ta 3a0€3M€UUTH CTAIUNH PO3BUTOK EHEPreTUYHOIO CEKTOPY.

Jlns nigBuiieHHs e(eKTUBHOCTI €eHEProcucTeM HEO0OX1THO MPOBOIUTH HAYKOBI TOCII1KEHHSI
Ta po3poOKH, 10 COPSIMOBaHI Ha PO3BUTOK HOBHUX €HEProe(eKTUBHUX TEXHOJIOTIH Ta BiJHOBIIOBA-
HUX JDKEpPeJ €HEePrii, a TAK0XX Ha BJOCKOHAJICHHS] CUCTEM YIPABIIHHS €JIeKTpoeHeprieto. Takox Ba-
KIJIMBO 3a0€3MeYNTH HaJe)KHe (iHAHCYBaHHSA JOCHIKEHb Ta BIPOBAPKEHHS HOBUX TEXHOJIOTIH, 30-
KpeMa, 3a paxyHOK PO3BUTKY I'PUH/IBECTUHTY Ta IHIIUX (POPM 3aJTydeHHs 1HBECTHIIIH.
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V]IK 621.313

SHUWKEHHSA EHEPT'OCITIOKUBAHHS ITPU BITPOBA /I’KEHHI
IHHEPETBOPIOBAYIB YACTOTH 1O MAT'ICTPAJIBHUX INTAXTHHUX
KOHBEE€PIB

Boaoaumup Ilpokynaa, K.T.H., ACHCTEHT KaeapH eJTeKTPOeHePreTUKH
Hayionanonuu mexniunuu ynieepcumem «/[Hinposcoka nonimexwikay, /[ninpo, Yxpaina

BukopucTaHHs nepeTBOprOBaviB YaCTOTH IS 3MIHU IIBUKOCTI PyXy IMIAXTHUX MaricTpaib-
HUX KOHBEEPIB J103BOJISIE TOCATTH 3HWKCHHS BUTPAT eJeKTpoeHeprii. [IpoananizyemMo 1e 3HIKEHHS,
Ta MOKJIUBUI €KOHOMIYHHI €(EeKT 3a MeBHUX (HI3UYHHUX IMapaMeTpiB.

BukopucroByemo piBHSIHHSA, HaBeeH] y JiTepaTypi [1-3] Ta 3anexHOCTI nepepo3noaiTy mo-
TOKY MICJIsI KOHBEEPA 3 PEryJIbOBaHUM MPUBOJIOM [3], BU3HAUMMO MaTEMaTUYHE CIIO/iBaHHS Cepe/l-
HBOTOJIMHHOT MOTYXHOCTi. Ha puc. 1 HaBejeHa aiarpama eJIeKTPOCIIOKMBAHHS KOHBEEPHOT JIiHIT 3
PEryJIbOBAHOO IBUAKICTIO PyXy CTPIUKH 3aJI€KHO Bijl KiIbKOCTI KOHBeepiB y Hiit mpu M(Q)=3400
Kr/xB, Kx=0,25.
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Puc. 1. [liarpama 3MiHM BETMUUHU PIYHOTO €JIEKTPOCIOKUBAHHS TUISIHKY KOHBEEPHOTO
TPAHCHOPTY 3 BUKOPUCTAHHSAM IEPETBOPIOBAYIB YACTOTH 3aJI€KHO BiJl KITbKOCTI KOHBEEPIB
y JiHii JOBXUHOIO 1 KM

VY 1abn. 1 HaBeieH1 TEPMIHM OKYITHOCTI TPOEKTIB MPHU BAPTOCTI O/IHIET MpUBiIHOT cTaHwii 166
tuc. I'pH. Ta ogHOro neperBoproBava yactotu 600 THC I'PH., a TAKOK YHUCII MOCI1OBHO BCTAaHOBJIE-
HUX KOHBEEPIB HE O1JIbIIIe YOTUPHOX, OCKLUIBKH MOJAJIbIIA TEHIEHIIISl OYeBU/IHA.

3 aHanizy Tabiu. | BUMIMBAE, 10 MPH J10aTKOBUX BUTpATaxX Ha MPHBIJIHI CTaHIIi 1 epeTBO-
pIOBayi YaCTOTH TEPMiH OKYIHOCTI IPOEKTY MPHU IITYYHOMY IO/1iJIi KOHBEEPHOI JIiHIT Ha KiJIbKa yac-
TUH € HeNPUUHATHUM. BcTanoBieHHs 3ac00iB peryioBaHHs IIBUIKOCTI pyXy KOHBEEPHOI CTPIUKU
NPUHHATHO a00 710 BXKe ICHYIOUMX KOHBEEPHHX JIiHiH, a00 10 MPOEKTOBAHUX.

AHaNi3y104 OTpUMaH1 pe3yabTaTH TEPMIHY OKYITHOCTI IPOEKTY, MOXHa 3p0OUTH BUCHOBOK,
110 BiH ICTOTHO 3HMKYETHCS 3a HASBHOCTI 301ipHOTO OpemMcOEeproBOoro KOHBEEpa 3 KyTOM YCTaHOB-
JeHHs OUThIIMM —6°. 3alPONOHOBAHUH aJIFOPUTM Y CYKYITHOCTI 3 HETIPSIMUM METOJOM BHU3HAUEHHS
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Tabmuns 1
Tepmin OKyIHOCTI IPOEKTIB MPH PO3OUTTI KOHBEEPHOI JTiHIT JOBXKUHOIO 1 KM
3 PEeryJIbOBaHOIO IIBUJKICTIO PyXy CTPIUKH Ha KUIbKa

KisabkicTh KOHBeepiB 3MmiHHI yMOBH
MaremaTHuHe CIIOIiBaHHS BAHTa)XOMOTOKY M((]), KI/XB 3400 5300 | 3400
['muOuHa perynroBaHHS MBUAKOCTI PyXY CTPIUKH Kex 0,1 0,1 0,25

TepmiH OKyITHOCTI, POKIB
4,19 6,45 5,39
8,22 12,13 | 10,22
12,21 17,66 | 14,83
16,18 23,11 | 19,33

AIWIN|F

XapaKTePUCTHK IMOTOKIB BYTILIS, IO HAJXOIUTh 3 OYMCHUX BHOOIB, 03BOJISIE B pealIbHOMY 4aci Olli-
HIOBaTH €HEepProe(eKTUBHICTh POOOTH KOHBEEPIB 1 KEPYBATH MPOIECaMU TPAHCIIOPTYBaHHS BYTULIA,
B TOMY YMCJIi 32 MIHIMyMOM BUTpPATH €JIEKTPOCHEPrii, HAlPUKIal, 3ac00aMu Peryjib0BaHOTO MPH-
Boay. Po3pobneni anroputmu ta ix peamnizauis B cepenouini MATLAB SIMULINK no3BomisitoTh
MOJIETIIOBATH CUCTEMY KOHBEEPHOTO TPAHCIIOPTY BYTUIBHOT MIaXTH OyIb-AKOi CKJIaIHOCTI, BKIIIOYa-
I0YU KOHBEEPHU 3 PETYIIOBAHHSM IIBHJIKOCTI PYXY CTPIUKH JJI BU3HAUYEHHS €HEeProeeKTUBHUX pe-
KHUMIB pOOOTH TPAHCHOPTHOI cucTeMHU. EKOHOMIUHMI e(eKT BiJl yImpOBaKEHHS MEePETBOPIOBAYIB
YacTOTH JI0 MPUBOJIB KOHBEEPIB 30UIBIIYETHCS MPU BUKOPUCTAHHI PEryIIOBaHHS MIBUAKOCTI PyXy
CTPIYKH HA JIHIT MOCTIIOBHO BCTAHOBJICHMX KOHBEEPIB, a TAKOXK 3a HAIBHOCTI 30ipHOTO OpeMcoep-
roBoro kouBeepa. [Ipu peryntoBaHH1 HIBUAKOCTI PyXy CTPIUKHU Ha MOCTITIOBHO BCTAHOBJICHUX KOHBE-
€pax TePMiH OKYITHOCTI MPOEKTY 30LIbIIYEThCS HA 5 % y MOPIBHSHHI 3 KOHBEEPAMH 3 PETYJIbOBAHOIO
MIBHJIKICTIO PyXy CTPiUKH, 1[0 MPUAMAIOTh BYTULIA 3 PI3HUX OYMCHUX BHOOIB.

3a HasBHOCTI OpeMcOEeproBOro KOHBEEpa 3 KyTOM YCTAHOBICHHHS OUTBIIUM —6°, TICIS KOH-
BEEPIB 3 PEryJIbOBAHOIO MIBUKICTIO PYXY CTPIYKH €KOHOMIYHUH e(DeKT BiJ BIPOBAKEHHS IEPETBO-
pIOBaYiB YaCTOTH 30UIBIIYETHCS 32 PAXYHOK 3HMIKEHHS BUTPAT €JIEKTPOCHEPrii Ha OpemcOeproBoMy
KoHBeepi. [Ipy 1bOMy TepMiH OKYITHOCTI IPOEKTY 3MeHIIyeThes 10 40 % 3a51eXHO BiJl yMOB poOOTH
KOHBe€PIB. 30UIBIIEHHS KIJIBKOCTI ITOCI1JOBHO BCTAHOBJIEHUX KOHBEEPIB 3 PETYJIbOBAHUM MPHUBOJOM
B JIIHIT IEBHOI JJOBJKWHU, B MOPIBHSAHHI 3 OTHUM KOHBEEPOM 3 PEryJIbOBaHOO IIBUIKICTIO PYXY CTpi-
YKHU Ti€1 caMOi JOBXXHHH, JI03BOJISIE JOJATKOBO 3HU3UTH BUTPATy elleKTpoeHeprii 10 12 %.

Ilepeaik mocujaanp

1. Pazymuuii }O.T. EHeproedeKTHBHICTh MaricTpaabHOTO KOHBEEPHOTO TPAHCIIOPTY HUISXOM BH3HA-
YEHHS BEJIMYMH XBUJIMHHUX 3HaueHb ByrinbHOro notoky / FO.T. Pazymunii, B.T. 3aika, B.M. Ilpokyza // T'ip-
HHUYa eJIeKTpoMexaHika Ta apTomaruka: Hayk.-texn. 30. — 2014. —Bumn. 93. — C. 139 — 143

2. 3aika B.T. BrumB perynb0BaHOrO NMPUBOAY HA BAHTAXKOIMOTOKH Ta €HEProe()eKTUBHICTH CUCTEMHU
LIaXTHOT0 KOHBeepHOTo TpaHcnopty / B.T. 3auka, FO.T. Pazymusiii, B.M. Ilpokyna // HaykoBuii Bicnuk Ha-
IIOHANBHOTO TipHUYOTo yHiBepcutety. — 2015. — Ne3. — C. 82-88.

3. [Ipokyna, B. M. CunTe3 iMOBIpHICHIX MOJIeJiell KOHTPOIIO eHeproe(eKTUBHOCTI MaricTpaabHOTO
KOHBEEPHOTO TpaHCNopTy ByriibHuX miaxt / B. M. IIpokyna / EnekTpoTexHiuHI Ta KOMIT IOTEPHI CUCTEMH. —
2014. — Ne 16. —C. 40 — 47.

33
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PE3YJbTATHU JIAA OITUMAJIBHUX ITAPAMETPIB PEXKUMY
EJEKTPOMEXAHIYHUX CUCTEM
«EJIEKTPUYHA MEPEXA - ITIPUBI/J - KOMIIPECOP —
IMHEBMOMEPEXA» PI3HOI TIPOJIYKTUBHOCTI

Ounekciii BoOpoB, 101EHT, KaH/. TEXH. HAYK
Daxosuil KOLeOHC paKemHO-KOCMIYHO20 MAWUHO0YOY8anHs [[HINpo68CbK0O20 HAYIOHALHOO YHiGep-
cumemy imeni Oneca I'onuapa, /[{ninpo, Yxpaina

Cucrema IBOXIO3HMIIHHOTO PETyJIFOBAHHS TUCKY ITUPOKO 3aCTOCOBYETHCS B MOPIITHEBUX KOM-
MIPECOPHHX yCTaHOBKaX. HopmabHa poO0Ta CIIOKMBAYiB CTHCIIOTO OBITPS 32a0€31eUy€eThCs 3aBIAsSKN
MIATPUMII B CUCTEMI TUCKY B 3ajaHOMYy iHTepBaii (Pmin + Pmax).

[TinBuiIeHHS €eHeproeeKTUBHOCTI CUCTEMH "eJIEKTpUUHA Mepeka - KOMIIPECOop - THEBMOMeE-
pexa" B LIJIOMYy MOKHA JOCATTH, BUKOHABIIM "TUIaBarouuM" BepXHil piBeHb THUCKY. B poborti [1]
BBEJICHO KPUTEPili €eKOHOMIYHOCTI AJI1 CUCTEMU YIPaBIiHHS 1 BA3HAYCHHS 3HAYEHHS BEPXHBOTO Pi-
BHS TUCKY Ha OJIHOMY LIMKJI HakayyBaHHs ciycKy TUCKY - KK/I. O6rpyHTyBaHHS LIbOTO €HepreTny-
HOTO TMOKa3HUKa 0a3yeThCs Ha 3'ACyBaHHI 3aI€KHOCTEH MIXK PI3HUMH IMOKa3HUKAMU €JIEMEHTIB BCi€l
CUCTEeMH, BU3HAUCHH1 HAHO1IbIII BArOMUX, 3 TOUKHU 30py BTPAT €HEPrii, EJIEeMEHTIB eJIeKTpOMeXaHiu-
HOI CUCTEMH, a TAKOXK B3a€EMO3B'A3KY MIXK HUMHU.

Jns BupimenHs panimie [2] chopMynboBaHoi 3a1aui onTuMizallii po3pobieHa nudposa ma-
TeMaTU4Ha Mojielb. [Ipu cTBOpeHHI Mojeni Oyiau MpUMHATI AOMYIIEHHS, onKcaHi B [3], mo Bpaxo-
BYIOTh METY MO/JICJIIOBAaHHS - OTPUMaHHSI ONTUMAIILHOTO 3HAYEHHSI MAKCHMAaJIbHOTO BEPXHBOTO PiBHS
TUCKY B THEBMOCHCTEMI, BiIOBiIHOTO MakcuMmyMy 1inboBoi ¢yskii (KK) npu pisaux dikcosa-
HUX BUTpaTax CTUCIIOrO MOBITPs MHEBMONpUiiMayiB. OTpuMaHi 3Ha4€HHS MOKYTh OyTH peasli3oBaH1
B CUCTEMI PEryJIIOBaHHS BUPOOHMIITBA CTUCIIOTO MOBITPS 3 MEBHOO TOUHICTIO (10 10% Bix po3paxy-
HKOBHUX 3Ha4yeHb). [IopiBHSUIBHUI aHaI3 OTPUMAHUX PE3y/bTaTiB MOJCIIOBAHHS JJIsl €JIeKTpoMexa-
HIYHUX CHUCTEM 3 HOMIHAJIBHUM PSJIOM MPOJAYKTUBHOCTEN MOBITPSIHUX MOPIIHEBUX KOMIIPECOPIB 3
ACUHXPOHHHUM JIBUTYHOM 3 KOPOTKO3aMKHEHUM pPOTOpoM - 2.5; 5; 10; 11; 12; 20; 24; 27, M°/XB BHKO-
HaHuil B po6oTi [5]. [IpoBeneMo O1iHKY pe3ybTaTiB MapaMeTPUUHOT ONTUMI3allli, IKa 3BOAUTHCS 10
aHaTI3y OTPUMaHUX B PE3YJIbTATI PIICHHS 33/1a41 ONTUMAJIBFHUX 3HaUYE€Hb BEPXHBOT'0 MAKCUMAIILHOTO
PIBHS THUCKY B THEBMOCHUCTEMI Pyuaxonr IPU PI3HUX 3a/laHUX 3HAYEHHSX BUTPATHU CTHCIIOTO MOBITPS,
CIHOKMBAHOTO MHEBMOIpUiiMauaMu Qnorp 3 TOUKHU 30y iX MPAKTUYHOI MOKIMBOCTI OyTH peasnizoBa-
HUMH. BaxiuBuii 3B'130K ONTHMAIbHUX MapaMeTPiB PEXUMY POOOTH €IeKTPOMEXaHIYHOT CUCTEMHU
31 3MIHHMMH, 1110 XapaKTepU3YyIOTh YMOBH €KCIUTyaTallii eleKkTpomexaHiuHoi cuctemu. [Ipu Buko-
HaHHI aHaJIi3y Ba)XJIMBO OLIHUTHU X BIIMB Ha MOKa3HUKH enekTpocnoxuBanns (I'EH) 1 Bu3Hauntu
e(eKTHBHICTh 3aIIPONIOHOBAHOTO PIILICHHS.

[Tpu mopiBHSAHHI 3HaY€Hb KUIBKOCTI €HEprii, CII0)KUBAHOI €JIEKTPOMEXaHIYHOI CHCTEMOIO 3a
OJIHY TOJIMHY 3 KJIACHYHUM JIBOXIIO3UIIIMHUM YIPABIiHHAM 1 IBOXITO3UIIIMHAM YIPaBIiHHIM 3 ONTH-
MaJIbHUM BEPXHIM PiBHEM THCKY BCTAHOBJIEHO, II0 €KOHOMIs eJleKTpoeHeprii craHoBUTh BiJ 0,76%
10 13,50% muist pi3HOT BUTPATH CTHCIIOTO TOBITPSL.

[Tpu nopiBHAHHI 3HAYEHB KUIBKOCTI €HEeprii, CIOKHUTOT MPH KIACUYHOMY JBOTIO3UIIIHUIM yII-
paBJIiHHI 1 ABOMO3MLIMHUI 3 ONTUMAILHUM BEPXHIM PIBHEM THUCKY 1 OOMEXEHHSIMHU 3a KUIBKICTIO
MYCKiB, BCTAHOBJICHO, IO IIPU MAJIMX BUTpATax CTUC JOrO0  MOBITPS B  CHIY  BCTYIa€e
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OOMEKEHHsI, a MPH BEIUKHUX - 30UIBIIYETHCS €KOHOMISL eNeKTpoeHeprii. [1osSCHIoeTbCS 11e THM, 110
qac MUKy "301IbIIEHHS - 3HIDKEHHS" TUCKY 3MIHHUH. UM BHIIlEe BUTpaTa CTHCIIOTO MOBITPS, TUM
OlIbIIIe Yac MUKITY 1 MEHIIE KITBKICTh ITyCKiB IMPUBOJHOIO JABUTYHA B TOMHY. BiAmoBigHO cripaBe-
JUBO 1 3BOpOTHE TBepKeHHA. CIIij 3a3HaYUTH, 10 CUCTEMa YIPABIiHHS MPU BUKOPUCTAHHI ONTH-
MaJILHOTO BEPXHBOT'O PiBHS TUCKY BUXOAUTH 32 MEKi BCTAHOBIICHUX 0OMeXeHb. BoHa BU3Havae Take
3HA4YEeHHSI BEPXHBOI MEXi TUCKY, P SKOMY HAHOIIbII TOBHO BUKOPHCTOBYETHCS JIOIMYCTHMA KiJlb-
KIiCTh IYCKiB MTOPIIHEBOI KOMIIPECOPHOI YCTAaHOBKH 32 TOMHY.

3aBaHHs ONTUMI3AIi] TapaMeTPiB peKUMY POOOTH KOMIUIEKCY Y BUKIAICHIN peaaKiii Moxe
BHPIITYBATUCS K HA CTaJii TPOCKTYBaHHS CUCTEMHU BUPOOJICHHS 1 pO3IOIiTY CTUCIIOTO MOBITPS, TaK
1 B miporieci ii ekcruryatartii. [{udppoBa Maremarndna Mojie/lb BUMarae BUKOPUCTAaHHS MEBHOT 1HDOP-
Marii. L iHpopmartis Mmoxke OyTH oTpuMaHa B pe3yJIbTaTi eKCIUTyaTallii CHCTeMH BUPOOJICHHS 1 po-
3MOJIITY CTHCIIOTO MOBIiTPs. OCHOBHI MapaMeTpu €JICKTPOMEXaHIYHOI CHUCTEMH, TaKi SK JTOBXKWHA 1
MMATOMUH OITIp JIiHI1, IKa )KUBUTH €JIICKTPOIIPHUBO KOMIIPECOpa, HOr0 HOMiHAJIbHA MTOTYKHICTh, HOMI-
HaJIbHA MPOYKTUBHICTb MOBITPSIHOI'O MOPLIHEBOIO KOMIIpECOpPa, 0OCST pecuBepa 1 THEBMOCUCTEMHU
3aJUIIAI0THCS He3MIHHUMU. BOHU MOXYTh 3MiHIOBATHCS TUTHKHU B IIPOIECI pEKOHCTPYKIIT a00 Mojie-
pHi3allii e1eKTpoMexaHiyHoi cucteMu. O1HaK B MOJIENl BUKOPUCTOBYIOThCS ITApaMETPH, sIKI MOXYTb
3MIHIOBATHUCS 3 YacOM - peajbHa NPOAYKTHBHICTh MOBITPSHOTO MOPIIHEBOIO KOMIIpECOpa 1 BTpAaTH
CTHUCJIOrO NOBITPs B MHeBMocucTeMi. [1oB's13aHO 11e 3 NOTipIIEHHAM apaMeTpiB MOBITPSIHOI'O KOMII-
pecopa mpoTATOM CTPOKY HOT0 eKCIUTyaTarlil Ta KOPO3i€r MHEBMOMPOBOIiB. TakokK Ma€e MicIle BIUTHB
3MiHH [TapaMeTPiB MOBITPs, MOB'sI3aHE 3 YEPTYBAHHSM ITip POKY. TOMY ISl HIBEIIOBaHHS WX BIUIMBIB
HEOOXiTHO TPOBOJUTH BUIPOOYBAHHS JJISi YTOYHEHHS PO3PAaXyHKOBUX PErpeciiHUX KOeQilli€HTIB,
HE pijIIe HiX JIBa pa3H Ha piK (YepBEHb, TPYACHB), TOOTO MPH 3MiHi CE30HY POKY.

[Tpu MonenmoBaHHI MTapaMeTPiB PEKUMIB EIIEKTPOMEXaHIYHUX CUCTEM 3 MOBITPSHUMH MOPIII-
HEBUMH KOMIIPECOPAMU Pi3HOT HOMiHAIBHOT TPOIyKTHBHOCTI BUSIBJICHO, 1110 i1 9ac BiJICYTHOCTI 00-
MEXKCHHSI 32 KIJIbKICTIO 3aITyCKiB Ha rouHy (Horo 30umbmenHHi 10 30 ... 40 mIT.) IpUBOJHOTO aCHHX-
POHHOTO JIBUTYHA €KOHOMIisl CTIO)KMBAHOI €JIEKTPUYHOI €HEeprii JOCATAETHCS 1 IPU MiHIMAJIIBHUX BH-
Tparax CTHCIIOTO MOBITPS, CIIOKMBAHOTO THEBMONpUiMauaMu. Y pasi 00MeXeHHS KUTbKOCTI ITyCKiB
(1110 BCTAaHOBJIIOETHCS MACTIOPTHUMHU JAHUMHM JIBUTYHA) €KOHOMIS €JIEKTpOeHeprii Moxe OyTH J10CsT-
HYTa JIMIIE TPH BETMKAX BUTPATAX CTUCIOTO MOBITPs. OCTaHHE MiATBEPKYETHCS Pe3yIbTaTaMHt MO-
nemoBaHHs. L{eil pakT nominbHO BpaxoByBaTH Ha CTail MPOEKTYBAHHS CUCTEMH JUIS MiABUILICHHS i1
eHepreTnyHoro nokasuuka - KKJI.

[Tpu BupimeHHI ONTUMI3aIifHOT 3aa4i 3a1aBaIUCS TUCKPETHI 3HAYSHHSI BUTPATH CTUCIIOTO
HOBITPS, CIOKUBAHOTO MHEBMoNpuitMadaMu Quorp, 1 PO3PAX0OBYBANOCS CIIOKUBAHHS E€JIEKTPUYHOI
eHeprii KOMIUIEKCOM 3a 0JIHYy roiuHy. OOyMOBJIEHO 1i€ TUM, 1110 3a3HaYeHUH TapaMeTp € He3aJISKHUM
1 HE KOHTPOJIIOEThCS CUCTEMOIO YIPABIIiHHS MOPIIHEBOI KOMIPECOPHOi YCTaHOBKH. ICHYIOTH KOM-
IUIEKCH, SIK1 MPAIfoI0Th HA OAMH ITHEBMONpUiiMay, MPOTe B 3arajlbHOMY BHIIaJKy CUCTEMHU BUPOO-
JIEHHS 1 PO3MOJILTY CTHCIIOTO MOBITPS MPAIOI0Th Ha KijbKa MHEBMONpPUIiMaUiB, 110, B CBOIO Yepry,
nepeadavae 3MiHy BUTPaTH CTUCIIOTO MOBITPS B IPOJOBK poOoTH 3MiHHM. ToMy cucTema ynpaBiliHHS
MOBITPSHUM MOPIIHEBUM KOMIIPECOPOM MOBHMHHA BIJICIIKOBYBAaTH 3MiHY BUTpPATH CTUCIIOTO MOBI-
Tpsi, CIIO’)KUBAHOTO ITHEBMOIIpHMaYaMu. BUX0s191 3 0COOIMBOCTEH MaTeMaTHYHOT MOIETI MOYKIINBI
7IBa BapiaHTH BUpimeHHs. [lepinii BapiaHT nojsrae y BiACTeKEHH1 BUTPATH CTUCIIOTO MOBITPS, CIIO-
KUBAHOTO THEBMOIIpUItMauyaMu, Ha JISHI{ 3HUKEHHS TUCKY, 1 BIATIOBITHO /10 LIbOTO 3HAUYEHHS BCTa-
HOBJICHHSI BEPXHBOT'O MAKCHMAaIBHOTO OIITUMAIBHOTO PiBHSI TUCKY /ISl HACTYITHOTO IIUKITy «HAaKady-
BaHHS - CITYCKY» THCKY, BUXOJISTYH 3 3a3/IAJIET1/Ib pO3PaxXOBaHUX TAOJMYHUX MACHBIB TAaHHX.

To6To micns mpoBeeHHs BUTIPOOYBaHb, ONMMCAHUX B [4], MOXIIMBO pO3paxyBaTH JTBOBUMIp-
HUH MacuB, B IKOMY II€BHI/ BUTPATI CTUCIIOTO MOBITPsI Oy/1€ BIAMOBIIaTH 3HAYEHHSI MAaKCUMAJIbLHOTO
ONITUMAJILHOTO PIBHS TUCKY 3a UKJI. OCHOBHOIO II€PEBAroi0 TAKOI'0 BapiaHTy PIILIEHHS € MOXKIIUBICTh
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3aCTOCYBaHHS KEPYIOUO0i CHCTEMH Ha 0a3i MIKPOIPOIIECOPHOT TEXHIKM HIU3bKOT 00YHCITIOBAIBHOT 1O-
Ty>kHOCTi. /[0 HEOJIKIB BiTHOCUTBCS HEMOXIIMBICTh KOPUTYBAaHHS PIBHSI MaKCHUMAaJIbHOTO ONTHMA-
JHHOTO BEPXHBOTO PiBHS THUCKY Ha JIUISHIII HaKauyBaHHS, TOMY IIO B TAKOMY BHITaJKy HEOOXiTHO
BIJICT€KYBAaTH BUTPATY CTUCJIOrO MOBITPS, CHIOKMBAHOTO THEBMOIIpUMadaMHu, 1 Ha il TUIAHII, a 11e
3a)Ka/la€ JOJaTKOBOT OOYMCITIOBATIBHOI MOTYKHOCTI. J{pyruii BapiaHT BUpIIICHHS M030aBlIeHUI He-
JOJIKY TOMIEPEHBOTO 1 MOJIsTae B O€3MepepBHOMY BiJICTEKEHHI BUTPATH CTUCIOTO MOBITPS, CLIOKH-
BaHOTO MTHEBMONpPUIIMayaMH, Ha IUISHIII HAKauyBaHHS TUCKY NPU poOOTi eIEKTPOMEXaHIuYHOI CHC-
TeM 3a UK. [Ipu 11boMy OTPiOGHO IPOBOIUTH JOCUTH PECYPCHOMICTKI OOUMCIICHHS B PEXUMI pea-
apHOTO 4acy. Ha cyyacHOMy piBHI PO3BUTKY OOYMCIIIOBAIRHOI TEXHIKH 3 TOYKH 30pYy YIPaBIIiHHSI
CHEePreTHYHUMH IPOLIECAMH B MOAIOHUX €IEKTPOMEXaHIYHUX CHCTeMaX IMHUTaHHS PO 0OYHMCIIOBA-
JBHY TOTYKHICTh MiKPOKOHTPOJIEPIB NPAaKTHYHO BHpimeHe. Ha naHuii MOMEHT MIMPOKOTO MOMIN-
peHHs HaOyJIM MporpaMOBaHi JIOT14HI KOHTPOJIEPH 1 MpOrpaMoBaHi €JIEKTPOHHI pejie yIpaBIiHHS.
Bonu BonmoifoTh BENMKOIO 00YHCITIOBATIBHOIO MOTYKHICTIO, MAJIMMU Ta0apuTaMH, BUITYCKAIOThCS B
IIPOMHCIIOBOMY BHKOHAHHI 1 MOJKYTh €KCILUTyaTyBaTHCS IIEPCOHATIOM CEPEJHBOTO TEXHIYHOTO PiBHSL.
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AHAJII3 CITOCOBIB KEPYBAHHA ITIOTYKHICTIO
BITPOEHEPI'ETUYHHUX YCTAHOBOK

Tersina JIabarosa, acnipantka kadeapu eJIeKTPOTeXHIKH
Ouekciii IBaHoB, K.T.H., mpodecop, npodecop kKadeapu eJeKTPOTEXHIKH
Hayionanvnuii mexuiunuii ynisepcumem «/{ninposcoka nonimexuikay, /[Hinpo, Ykpaina

Enepris BiTpy BHKOpHCTOBYBanacs 3 HaigaBHIIIMX 4daciB. B 21 cTomiTTi BiTpoeHepreTuka
CTaja MOBHOLIHHOK 00JACTIO eIEKTPOSCHEPreTUKU. 3 KO)KHUM POKOM BCTAaHOBJICHI MOTY>KHOCTI BiT-
POEHEPreTUYHNUX YCTAaHOBOK HEBIMHHO 3pocTaroTh. B 2021 cymapHa MoTyXHIiCTh BITpOCHEPreTHY-
HUX YCTAHOBOK Y CBITi cknana 823 484 MBrT [1].

V 3B'13Ky 3 THUM, 1110 Ha CHOTOJHIIIHIN ACHB ICHY€ 0€31i4 pi3HUX KOHCTPYKIIii BiTpoeHepre-
THYHUX ycTaHoBOK (BEY), BUHMKae HU3Ka MUTaHb, 110 BUMAarae BUPIMICHHS, TAKUX SIK, HACKIIBKH
epexkTUBHUMU € KOHCTpYKU1i BEY, HacKibKu OBHO BUKOPHCTOBYETHCS MOTEHLIAN LIUX KOHCTPYK-
il Ta 9Y¥ € MOXJIUBICTD 3017BIIUTH €(PEKTUBHICTh TaKOI yCTAHOBKU, HE BHOCSYM CYTTEBUX 3MIH Y
KOHCTPYKIIIIO.

HeoOxiaHicTh perynoBaHHS MOTY>KHOCTI y BITPOCHEPTeTUYHINH YCTAHOBKHU MOSCHIOETHCS
0COOJIMBICTIO aepOJMHAMIYHOT XapaKTEPUCTUKH BiTpokoseca. [[ist Ko)KHOT MIBUIKOCTI BITPY iCHY€E
BIJIMOBIHA YacTOTa OOEpTaHHs, 1110 BIAMOBIIa€ MAKCUMAIIbHINA MOTYKHOCTI [2].

BEY, mo mpaiooTs Ha NOCTIiHHINA 4acToTi oO0epTanHs. Taki yCTaHOBKM € HaMMepIIUMU B
icTopii BiTpoeHepreTukr. BoHW mpocTi, HaliiHI Ta CKIAJAIOThCS 3 HEJIOPOTUX CICKTPOTEXHIYHUX
KOMIIOHEHTIB. B HUX 3aCTOCOBYIOTHCSI aCHHXPOHHI I'€HEPATOPH, L0 MiIKIF0YAIOTHCS 0€3110CepeHbO
710 Mepexi, 103BOJISAI0YM 3a0e3MedyBaTH MPAaKTUYHO MOCTIHHY 4acTOTy 00epTaHHs poTopa, 1110 Bij-
MOBIJa€ YacTOTI Mepeki HE3aJIeKHO BiJ MIBUAKOCTI BITpY [3].

BEY, sxi npauoroTh Ha 3MIHHIM 4yacToTi o6epTanHs. Takuil BU1 ycTaHOBOK HAaO1IbIII BUKO-
PHUCTOBYETHCS B JaHUH yac. BoHu mMaroTh 6e3:1iu nepeBar y MopiBHSHHI 3 MONEPEIHIM BHIOM yCTa-
HOBOK. [lepiia 1 HaliBa)kIMBIIIa ITepeBara MoJjsrae B po3B's31i 4acTOT Mk F€HEpaTOPOM 1 MEPEXKEIO,
110 poOUTH X OLIBLI THYYKMMU B IUIaHI YIPABIIHHA Ta ONTUMaJIbHOT podoTu. Brcoka kepoBaHiCTh
pu poOOTI Ha 3MIHHIA YacTOTI OOEpTaHHs - 1€ 3HaYHa IepeBara, ska J03BOJII€ OCBOIOBATH OLIbII
BHUCOKI 3HaU€HHS HIBUAKOCTI MIOTOKY BITpY, 110 Hallirae. Pobora Ha 3MiHHIN YacTOTI 0OepTaHHS J0-
3Bosisie BEY Ge3nepepBHO aganTyBaTUCS M1 IIBUIKICTH BITPY TakK, II0 YCTAHOBKA MOCTIMHO MPAIIOE
3 MaKCHUMaJIbHOIO €()eKTUBHICTIO BUKOPUCTAHHS MOTYKHOCTL. Y Tol "ac sk BEY, 1o npaitorors Ha
MIOCTI1HHIM 4acTOT1 00epTaHHs, JOCATAIOTh MAKCUMAJIbHOT 1 €(pEeKTUBHOCTI TUILKU MPU OAHOMY BU3HA-
YeHOMY 3HA4€HHI MBUIKOCTI BITpy, BEY Ha 3MiHHII yacToTI 00epTaHHS AOCATAIOTh MaKCUMAJbHOI
e(eKTHUBHOCTI 3a MIMPOKOTO0 Jiana3oHy HIBUAKOCTEN BiTpy. KpiMm Toro, octaHHii THI KepyBaHHS J10-
3BOJIsIE BUKOPUCTOBYBATH MEPEOBI METOIU YIPABIIHHS 3 PI3HOI METOIO: 3HI)KEHHS MEXaHIUHUX
HaBaHTaXEHb, 3HWKEHHS aKyCTUUHOTO LIyMY, 30UIBIIEHHS 3aXOIUIEHHS MEX MOTY>KHOCTI TOLIO.

VYnpasninag BEY 3a nonomororo nmacuBHOro 3puBy motoky. Haitbinbi npoctum crnocooom
YIpPaBIIiHHS TOTYXHICTIO € 3HWKEHHS aepOAMHaMIYHOI €(PEeKTHBHOCTI, BUKOPHCTOBYIOUH e(eKT
3pUBY MIOTOKY Ha BUCOKHUX IBHJKOCTSX BITpY 0€3 Oyab-sKuX 3MiH reometpii jonati [4]. Ak Tinbku
IIBUJIKICTh BITPY 30UIBIIYETHCS, BiA0OYBA€THCS IITATHA aKTUBALIIS A€POJUHAMIYHOTO PEXUMY 3PHBY
MOTOKY 3 poropa. KimouoBuM (hakropom y 1iboMy crocodi yrnpaBiiHHS € 0coONMBa KOHQIryparis
npodino jomnarti, 1o 3ade3neuye epeKT 3puBy NPU HABKOJOHOMIHAIBHUX MOTYXKHOCTSX, CB1IOMO
BUKJIIOYAIOUU HeOakaH1 aepoJuHaMivuHi npouecH. Jlo HeoiKiB TaKOro METO/y YIPaBIiHHS MOKHA
BiJTHECTH: BUCOKI MEXaHI4HI HaBaHTaXEHHs, 00YMOBJIEH] piI3KMMU IOPUBAMH BITpY.
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VYnpasniaag notyxHictio BEY 3a mormomororo 3MiHE KyTa HOBOPOTY JIOTATI Ta aKTUBHUM
3pUBOM MOTOKY. [HIIMM METOJOM YHpaBJIiHHS MOTY>KHICTIO € METOJ] 3MiHM KyTa IIOBOPOTY JIONATI,
110 3MiHIOE TeoMeTpito Jomnati. Takuil croci0 ynpaBiIiHHS IUPOKO BUKOPUCTOBYETHCS HA CHOTO/IHI-
IIHIN AeHb, Ml UM CIIOCOOOM MA€ThCs HA YBa3i 3MIHHM KyTa aTaKH JIOMATi, 3MIHIOIOYH TTOJI0KEHHS
Jie3a mIoJ10 TIOTOKY BITPY, 110 Habirae, MIIIXoM MOBOPOTY JIONATi Ha3ycTpid BiTpy ab0 HaBMmakH [5].
['onoBHMMH TIepeBaramMu crocoOy YHpaBiIiHHA [0 KyTy aTakd € J00pe BiANpalloBaHHA 3 BiIOOPY
MOTY’KHOCTI, 110 3a0e3Meuye JISTKUI CTapT Ta MOXKJIMBICTh aBapifHOTO TaJbMyBaHHS 3a JOITOMOTOIO
3MEHIIIEHHS MOTYKHOCTI. 3 1HIIOTO O0KY, 11ei MeToA 301IbInye iHAHCOBI BUTPATH, & TAKOXK 3pOCTAE
CKJIAJIHICTh KOHCTPYKIIii 32 paXyHOK HassBHOCTI TIOBOPOTHOTO MEXaHi3MYy BiJI CHCTEMH KEpyBaHHSI.

B ymMoBax mocTiiiHOT MIBUJIKOCTI BITPY 1 HE3MIHHUX T€OMETPUYHUX PO3MIpax aepoJMHAMIY-
HUX MOBEPXOHB BITPOKOJIECa HaO1IbIIa €(heKTUBHICTD BITPOKOJIECA JOCITAETHCS IIPH 3MiHI YaCTOTH
o0OepTaHHs pOTOpa BITPOKOJIECa 3TiAHO MEBHOI 3aKOHOMIPHOCTI. 3a3BUYail Taka 3aKOHOMIPHICTh BH-
3HAYAETHCS MIBUIKOXIIHICTIO — BIAHOIIEHHIM JIIHIHHOI IIBUIKOCTI KIHIII JIOHATI 10 NIBUIKOCTI Bi-
Tpy. Ji1st KOXKHOT KOHCTPYKIIii BiTpOKOJIeca 31 CBOIMU T€OMETPHYHUMHE PO3MipaMH iCHY€E MEBHE 3Ha-
YeHHsI IIBHJIKOXIHOCTI, 3a SIKOTo 3a0e3neuyeTbes HalOuibma edekTuBHicTh. | A 3abe3neueHHs
edextuBHOI podot BEY noTpibHO MOCTIMHO MiATPUMYBATH 110 MIBUAKOX1IHICTh HA HEOOXITHOMY
piBHI, 3MIHIOIOYH YaCTOTy OOEpTaHHS POTOpPA BITPOKOJIECa CIIIOM 3a IIBHUJKICTIO BITPY, 110 3MiHIO-
€ThCS.

AHanizyo4n onmcaHi BUIIE clocoOu KepyBaHHs noTykHicTio BEY mMoxkHa 3poOuTH BHCHO-
BOK, III0 HAUNPOCTIIIMM 1 HAUTIOMMPEHIIINM CIIOCOOOM YIPABIiHHS € pOOOTa MPH MOCTIHHIN YacTOTI
oOepTaHHs BiTpoKosieca. BogHouac BiTpoeHEpreTH4HI yCTaHOBKH, IO MPALIOIOTH MPU TaKOMY YII-
paBIIiHHI HE MOXKYTb 3a0e3neunTy eheKTUBHE (HYHKIIIOHYBAaHHS B IIUPOKOMY Jiara3oHi HIBUIKOCTEH
BITPY 1 BUMAraroTh JI0IaTKOBUX MEXaHi3MiB JJIsl 3axXUCTy KOHCTPYyKIii BEY npu Hammmky BiTpoBOi
notyxHocti. HaliGinbm epekTuBHUM criocodom, 1o 3abesneuye podoty BEY B mmpokomy miama-
30H1 IMBHJKOCTEH BITPY, € poOOTa MPH 3MiHHII YaCTOTI 00EpTaHHS BITPOKOJIECa 32 3aJaHUM aJITOPH-
TMOM, KOJIH, TIPH 3MiHi HIBHJKOCTI BITPY 3MIHIOEThCS YacTOTa OOepTaHHS BITPOKoOJeca, 3a0e3medy-
109U poOOTY BITpOKOJIECa 13 HAOUTBIIOW e(heKTUBHICTIO.
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Excavators play an important role in open pit mining. The most powerful excavators are used
in open pit mining for both stripping activity, rock mass transfer and dump formation [1,15].

In the mining industry, the transition to a new generation of production equipment is charac-
terized by a functional and constructive combination of electromechanical converters with energy
and information components with a high level of organization of control processes. During continu-
ous development and complication of interconnected electrical, mechanical, electromechanical, and
control systems, modern excavation machinery is being transformed into a mechatronic complex [2].
For mechatronic complexes of mining machines, due to their significant installed capacity, the energy
efficiency of their operation is of particular importance.

Increasing the efficiency of using the electrical energy in industry and, consequently, in mech-
atronic systems of mining machines is a defining trend in the development of technical systems in the
near future [3]. An analysis of modern scientific and technical literature shows that currently there
are no developments of automatic control systems for the movement of the working bodies of mining
excavators. In fact, the functions of controlling the movement of the mining machines’ working bod-
ies are assigned to the man-machine complex in which defining actions are assigned to the operator.
Such a decision makes it impossible to analyze and synthesize control systems, which ensure the
rational use of electricity in mechatronic systems, and limits the maximum achievable energy char-
acteristics of mechatronic systems of mining machines.

In this regard, the development of automatic control systems for the movement of working
bodies for mining machines that minimize the influence of the operator, is becoming the main direc-
tion in the development of electromechanical systems for mining equipment in general, and mining
excavators in particular. At present, this task is of particular relevance in connection with the funda-
mental renewal of both the power equipment of excavator electric drives and technical controls.

The analysis of modern scientific and technical literature demonstrates the significant interest
of researchers in various problems of the operation of excavators. Work [4] is devoted to the kine-
matic analysis of the mechanical part of the excavator according to the “backhoe” scheme for closed-
loop position control systems. In [5], the features of the interconnected operation of the mechanical
part of the main mechanisms of the excavator according to the “front shovel” scheme are considered.

In [6], the problem of the influence of variable loads on the technical condition and reliability
of the elements of the crowd mechanism and the excavator as a whole is studied. Various aspects of
the problem of developing autonomous or remotely controlled excavator systems are consid-
ered.Works [7] consider the influence of the qualification of the operator on productivity and energy
consumption of excavator.

The work [8] is devoted to the problems of analyzing the wear of excavator equipment; in [9],
the wear of the elements of the bucket and the crowd mechanism that directly interact with the rock
mass is considered in more detail.

Energy calculation remains the most complex and critical stage in the design of mechatronic
systems. Currently, it is carried out using particular methods [10], which do not take into account the
settings of control devices and the features of power converters. For electric drive systems with
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semiconductor converters, operation of which causes distortions in the shape of currents and voltages,
both calculations and measurements of energy characteristics are difficult, since models and estimates
of the parameters of electric power processes for nonlinear systems do not have unambiguous and
generally accepted definitions [11].

In [12], the problems of synthesis of mechatronic control systems that are optimal in terms of
minimum energy consumption are considered, which is a complex task that depends on the size and
configuration of the mechatronic system.It should be noted that now there are no generally accepted
definitions of the energy efficiency of technical systems and criteria for its determination in the sci-
entific community.As shown in [13], a minimum of energy consumption is not identical to an increase
in the energy efficiency of technical systems.

In [14], a criterion for the energy efficiency of the process of starting powerful electric drives
is proposed, taking into account various types of resource costs, the cumulative result and the duration
of the starting process. In modern scientific and technical literature, there are no works devoted to the
synthesis of a closed-loop system for automatic control of the position of a “front shovel” excavator
bucket, which limits the perspectives for optimizing this type of equipment.
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The topic of energy storages for electric grids is well elaborated. Now it is not only the subject of
research, but already a commercially applied technology [1]. There are several companies on the
energy market that provide services related to energy storages., the relevant technology is mature,
yet in its early application stage. There are still gaps in fundamental questions that need to be
addressed.

In Europe, the ‘technical’ aspects of deployment and use of electric utilities are especially bound
to ‘non-technical’ issues like economic feasibility, regulations and policies. There are numerous
stakeholders on the market — generating facilities, transmission grids, utility companies, different
types of energy consumers. Taking into account the high share of renewables and hence,
intermittent power generation, there is an obvious need for tools — a set of approaches, methods and
software applications for automatic design of energy storage systems and management of power
flows. There is also a need for a decision support — an application that would conveniently check
the validity of the system configuration and assess its financial feasibility.

Energy storage as mathematical object

There are many physical principles and technologies for storing energy. Energy can be stored
in mechanical form, electromagnetic, electrical, electrochemical, thermal. Pumped hydro storages
posses the biggest scale, while galvanic batteries are gaining application. One of perspective
approaches implies using the batteries of electric vehicles for storing energy (so-called V2G
approach [2]).

Virtually any energy storage comes with electronic or electromechanical converter. The
converter matches the voltage of the storage with the grid voltage. It can perform e.g. reactive
power control functions. That is why, for description of the generalized power storage it is
sufficient to treat it as an integrator of incoming and outgoing power flows, like it is shown in the
figure below.

Energy loss

Energy
intake
(charging)

Energy
discharge

Figure 1. Energy flows in the generalized energy storage
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The main physical value around which the model of storage is composed, is state of energy
(SOE), measured in Joules. SOE is derived from the difference between the power intake (charging)
and energy expenditure, which is discharging and energy losses. Both power intake and discharge
involve energy losses, e.g. in the internal resistance of the battery.

The equation of ESS reflecting this notion is [3]:

' (Poharai Py :
chargin dischargin
SOE = f ( 979 979 —Pl,,ss> dt
t—h ncharging ndischarging

where Pcharging, Pdischarging — power rates during charging and discharging;
Nehargings Ndischarging — COrresponding efficiency values; Ploss — power losses (self discharge); h —
time interval.

The values in the equations are constrained:

SOEin < SOE < SOE, 04

max .
0 < Pcharging S charging’

Pmax

0 < Pdischarging = discharging;

Any type of energy storage will have the same description relative to SOE, but the non-linear
functions often can be reduced to constants.
Calculations of power flows in the Island Grids

We consider the simple case of a system shown in Fig. 2. The system comprises a consumer (the
load) attached to the primary energy source (either a grid or diesel generator), one or several
renewable energy sources and an energy storage. The figure also demonstrates the logic of power
distribution.

V, della
B1

Photovoltaic
Power

<

Zz3 734

B2 B3 B4
PaQ BV
L
T

Load Photovoltaic Storage

Figure 2. Topology of the island grid system and daily power flows.
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Load Power
Profile

PQorPV

An island grid in general is to have a primary energy source — either diesel generator or external
grid. There is at least one load, renewable source(s) and energy storage. The connection junctions
are nodes, or buses. There are line impedances Zun between them (M and N are nodes with Zmn
line between them).

Depending on the type of a component connected to each the bus, generator or consumer,
different parameters are set primary variables. For the load - the active and reactive powers P and Q
are set. For generators (including renewables), it is active power and voltage P,V. The storage can
act either as consumer of surplus energy or generator. The main power source operates in the mode
of stabilization of voltage and angle (phase shift between its voltage and current) — V, delta.
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To solve the problem, a set (system) of equations basing on Kirchhoff’s laws is composed. Since
the equations are non-linear, the solution is derived using one of numerical methods e.g. Gaus-
Seidel’s [3].

Scalable architecture of the system

The approach is self-sufficient, it already allows performing the local task of improved power
flow analysis and validation tests.

Adding new features to the system, enriching its functionality (scaling) can be done from the
following considerations:

e Models (classes) of network components can be used for calculation of transient processes.
That extends the list of validation tests of electric networks;

e The “Time Functions” can be amended with the daily profile of electricity costs; all time
functions may depend on annual profiles as well. The electricity cost, together with results
of power flow calculation, is used for estimation of daily expenditures and profits;

e Extrapolated annually, financial calculations are used for estimation of financial feasibility
and seeking optimal configuration of the system. To do that, the Calculation Routines is
amended with procedures for financial calculations and optimization procedures.

e Other features can be amended by adding up correspondent classes, e.g. representation of
electric vehicles as storage components with their specifics.
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JlocTiIKeHHS B TaTy31 €JIEKTPOMOOLTIB € BUSHAHUM CYYaCHUM TPEHIOM cepell aBTOBUPOOHUKIB 1
BYeHUX. L[pOMY cripHsie Hampy>KeHa CUTYyallisl B eHEPreTUYHOMY CEKTOpi Ta Ha PUHKY CUPOBUHH.
EnextpomoOiii MaroTh HEBiJI'€EMHY TIepeBary — 3/1aTHICTh PEKYIIEpyBaTH €HEPTII0 TaIbMYBaHHS Y
HakonuyyBad (6arapero), 1 3aBISKU [bOMY IIPUPOJHHO MAIOTh HU)KUE CIIOKUBAHHS €HEPrii 3a aBTO
Ha OCHOBI JIBUTYHIB BHYTPIIIHBOT'O 3TOPSHHS.

[IpoTe ro’OBHUMH TEXHIYHHUMH BaIaMHU, SIKi 3aBaKAIOTh €JIEKTPOMOOLISIM HAOpaTH BEMKO] 10-
IIUPEHOCTI €:

e HenocraTHs AucTaHLisg Ky €IEKTPOMOOLIL MOXKE MPOIXaTH BiJ OJHOIO 3apsay Oarapei;

o [loBinbHUII 3apsi akyMyISTOPHOT OaTapei;

e HenocraTHhO po3BMHYTA CHUCTEMA 3apsAHUX CTAHIIII Y MiCTaX, Ta M BEJTMKUMH MiCHKUMH
LEHTPAMHU.

He3Baxxarouu Ha IPUCYTHICTh CEPIMHUX €IEKTPOMOOLTIB HA PUHKY, aKTyaJIbHIUM 3aJIHIIAETHCS
MUTaHHS ONTUMAIBHOI KOHGIrypallii cuioBoi ycTaHOBKH. [ 0JIOBHUMHU MapaMeTpamMu eIeKTPHUYHOTO
TPAHCIOPTHOTO 3aC00Y SIKi TOJIOBHIUM YHHOM BIUTHBAIOTh HA HOTO TEXHIUHI XapaKTEPUCTUKH €: aKy-
MyJIATOpHA Oarapesi, eNeKTPUYHUN ABUTYH , IHBEPTOp Ta HOro cucreMa kepyBaHHs. Li Tpu 6ioku
3HAYHOIO MipOIO BILUTMBAIOTH HA T€, SIK JAAJIEKO EJIEKTPOMOOLIb MPOie BiJl OHOTO 3apsiay.

OnTtumansHuit miadip KoHPIrypaiii poOIsTh 32 TOMOMOTOI0 BIPTYalbHOTO MPOTOTUITYBaHHS,
a0o, mpocrime kaxyuu, moaenoBanas. MatLAB Simulink® mae nanepes po3po0biieHy MoIens i3
JeTabHUM OMUCOM yCiX koMmrmoHeHTiB (Puc. 1).
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Pucynok 1 — Enekrpuuna cxema cHi10BOi 4acTHHHU enekTpoMoOutst y cuctemi MATLAB/Simulink.
OCKUIbKY AUCTaHIS, IKY aBTOMOOUIB 3MOJKe 1mo1os1aTy Bix oaHoro 3apsay (Travel Range) 3ame-
KHTb BiJl BATM TPAHCIIOPTY, 11 T€X HEO0OX1THO BpPaXOBYBATH I1iJ] YaC MOJICIIOBaHHS Ta PO3PaXyHKIB.
AxymynaropHa 6arapes 3aiimae Big 25 10 30 % Baru ycroro TpaHCHOPTHOTO 3ac00y. AJie, BOHA 1 €
TOJIOBHUM JIKEPENIOM €JIEKTPOEHEPrii, TOMY, TEOPETUYHO, MOXKHA 301IbIITYBaTH ii 00’ €M THM ca-
MUM, 30UTBITYIOUH AUCTAHINIO. AJie, 1€ MPUITYIIeHHS XuOHe. 30UIbIIeHHS aKyMyJIsiTopa Oy ie Ta-
KO, BIUIMBAaTH HAa Macy TPaHCIIOPTY, a 1€, Y CBOIO Yepry, HEraTUBHO BIUIMHE HA CIIOKUBAHHS
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€Heprii Ta 3SMEHIIUTb JUCTAHIIIIO MPOi3ly BiJl OJHOTO 3apsAay. Takox e, eKOHOMIYHO HE BUT1JIHO,
TOMY IIIO, ITiHa 33 TaKKi aBTOMOO1Ib Oy/1e Habarato OUIBIIIOLO.
OnTumizaiiiiina 3agada Mae GpakTopu Ta KpUTEpii, 10 IpeacTaBieHi y Tadm. 1.

Tabmuus 1. [lapamerpu Ta 1111 onTUMI3aLi.

Bxinni mapametpu (pakTopn) Buxinni napamerpu (kpurepii)

JBUTYyH e TloBHi BUTpaTH eHEeprii

e JloTyXHiCTh e  Brpatu eHeprii B eneMeHTax MPUBOLY

e  Mana KK/ o /JlBuryH

e Bara o IleperBoproBau
BaTapeﬂ @) BaTape;I

e €MuicTh o TanpMiBHI KOJIOAKH

e MakcuManbHa IOTYKHICTh B pexnmi 3aps- | ®  1Ipobir 3 oxHoro sapsiay

JDKaHHS/PO3PsIKaHHS
e Bara

TpancnopTHuii 3acioé
e Bara 0e3 clI0BOT YCTaHOBKHU
e [loBHa Bara
I3n0Buii nuK
e [lIBunkicTh
e  Tewmn npucKkopeHHs
e  Temn ynmoBiIbHCHHS

Jist Toro 1mo0 3HANTH ONTUMAIBHI ITApaMeTpH CUCTEMH JIBUTYH - OaTtepest, HEOOXiTHO BUKOPHUC-
TOBYBATH IiJIX1]] {010 MOJICIIOBAHHS CUCTEMH 13 BKJIaJeHUMH 1uKiIaMu. [liicTaBuBIIM TapaMeTpu
CHCTEMH JI0 MOJIEJ eIEKTPOMOOINIsI, MOKHA PO3paxyBaTH BCl MapaMeTPH CUCTEMH (CTPyM, Ha-

npyra, MOTYXHICTh Ta 1H.) Ha BCIX JIIIsSHKaxX pyxy. Lle qormomoske BUBHAYUTH ONTHUMAaIbHI KOMIIOHE-
HTH.

Takum YMHOM BUKOPUCTOBYHOUH CHCTEMY MOJIEIb €IEKTPOMOOINIS Ta AITOPUTM IMOLIYKY Iapame-
TPiB, MO>KJIMBO JIOCTATHBO TOYHO BU3HAYMTHU TaKi IIApAMETPHU CHUIIOBOI YCTAHOBKH €JIEKTPOMOOLIS,
sIKi 3a0€3MeUyI0Th MAaKCUMAIIbHUI IPOOIT 3 01HOTO 3apsiay. Lle 103BOIUTh 3MEHILUTH BapTIiCTh €jIe-
KTPOMOOLTIB, IO Y CBOIO Yepry MpU3Bee 10 30UIbIICHHS MOMUTY Ha [IEH BUJ TPAHCIIOPTY.
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VIIK 652.3

TEHAEHIII NIJIBUIIEHHA EHEPTOE®EKTUBHOCTI B
CYYACHOMY KOMIVIEKCHOMY EJEKTPOIIPUBOII

Amnpiii Bananwk, acnipanT kadeapu eJieKTponpuBoaa
Cepriii Xynouaiii, K.T.H., mpogecop kadeapu eJIeKTPONPUBOIA
Hayionanvnuu mexniunuu ynieepcumem «/[Hinpoecvka nonimexuikay, Yxpaina

KommuiekcHUI e1eKTponpHuBO/] CKIIAAEThCs 3 €IEKTPOJIBUTYHA, PEAYKTOpa, 3 €AHYBaJIbHUX
MyQT, 10AaTKOBOrO 00JIaIHAHHS Ta eJICKTPOHHOI CUCTEeMHU KepyBaHHs [7]. Takox B cydyacHOMY CBITi
OKpEMO MOYKHA BUJUIUTH MEXaTPOHHI MPUBOIY — 1I€ IOEAHAHHS B OHOMY KOPITYCl PeIyKTOopa, elne-
KTPOJBUTYHA Ta €JICKTPOHIKH. [[esKi CBITOBI BUPOOHHUKY MPUJIIISIOTH BEJIMKY yBary po3BUTKY MeXa-
TPOHHHX CHCTEM, III0 € aKTYJIbHUMH B CHCTEMaX JCLUEHTPAII30BaHOTO KEPYBaHHS, JIOTICTUYHUX CH-
cremax i 0araTo iHIIMX 3acTOCYBaHHX [4]. BUKOpHCTaHHS TaKUX CUCTEM MAae OOMEKEHHS MOTYXK-
HOCTI 1 He MOke OyTH BUKOPUCTAHO JUIs BEJIMKUX Ta MOTYXHHUX €JIEKTPOABUIYHIB Ta PEIyKTOPIB.

CporoHi, B €BpONEHCHKIX Ta IHIINX KpaiHaX CBITY MiHIMAJIBHUH KJ1aC €HeProeeKTHBHOCTI
Mmae Oytu He HiokunM 3a [E3 [8]. 3 uepsust 2011 poky kiac eHeproe()eKTHBHOCTI IOBUHEH OyB OyTH
He HwkynM [E2. BukiroueHHs Oy i1t 6araTboxX KaTeropiii eIeKTpoABUTYHIB (TP BUKOPUCTAHHI
YaCTOTHOT'O TMEPETBOPIOBaya il KepyBaHHS €JIEKTPOIBUIYHOM, POJIbIaHTOBI €IEKTPOJBUTYHH, BU-
Oyxo3axuIeHi, 3 BOy/JOBaHUM TaIbMOM Ta iHIIe.). 3 ciuns 2015 poky — Oyiu BOpOBaKEHI BUMOTH
1010 KJIacy eHeproeeKTUBHOCTI /Ui eNeKTPOABUTYHIB Bia 7,5 kBT 10 375 kBT. Bin noBunen OyB
OyTu He HwkunM 3a [E3. Ili3nime, y ciuni 2017 poky, i BUMOTH OyJH MOMIUPEH] 1 Ha €JIeKTPOIBU-
TYHU MEHIIO1 MOTykHOCTI (mouynHarouu 3 0,75 kBt 1o 375 kBT1). A 3 nunas 2021 ui BuMoru cranu
1ie )kopcTkimmmu. Enexrpoasurynu mManoi notykaocTi Bin 0,12 kBt 10 0,75 kBt (2, 4, 6, 8 mostociB)
— He Hkue kinacy [E2; npurynu notyxHictio Big 0,75 kBT 10 1000 kBT — He Hukue knacy [E3. [Tpu
1IbOMy, KoMOiHaist enekrpoasuryna IE2 3 yacToTHUM mepeTBoproBadeM OiTbIIe HE T03BOJISETHCS.
Taxi >k BUMOTH 1 JI0 1 €JIeKTPOABUTYHIB 3 BOY/IOBAaHUX TaJIbMOM.

[likaBo Te, MmO B JIesKUX KpaiHax cBiTy cranfaptu [E2 ta IE3 Oynu BrpoBaJkeH1 3HaYHO
panime. Hanpuknan, kinac IE2 — Mekcuka 3 2004, Asctpainisa — 3 2006, bpazuinis - 3 2009; knac IE3
— CHIA 3 2010, Kanana 3 2011. B Toii camuii yac, B kpaiHax xonumHboro CHJI Takux »KopcTKux
BUMOT He iCHYE 1 J10ci. [103BOJIS€THCS BUKOPUCTOBYBATH €IEKTPOIBUTYHH 3 KJIaCOM €HeproedexTu-
BHOCTI [E1. Ane 15 enexkTpoMexaHiuHOro 00J1aiHaHHS, SIKE BUTOTOBJISIETHCS B Y KpaiHi 1 INIaHY€EThCS
JUIs eKcIuTyaTanii B KpaiHax €Bpony, BUMOTH IO MIHIMAJIBHOTO KJ1acy eHeproe(eKTUBHOCTI MaloTh
Oytu notpumani. [Hakiie — 11e 001aiHaHHS HE MOXKEe OYTU MPUHHATO B €KCILTyaTaIlio.

CToCOBHO HaIIOl KpaiHU — 3 YpaxyBaHHSAM 3HAYHOTO IMiJIBUIIIEHHS BapTOCTI €JIEKTPOCHEPrii,
OUIBLIICTH TPOMHUCIOBUX MIIPUEMCTB IMOYAJIU BIPOBAIKyBaTH BUMOTH J10 MIJBUILIEHOTO KJIacy ee-
KTPOJBUTYHIB 3a eHeproe(eKTUBHUMHU MoKa3HUKaMu, nounHatoun 3 2018. Lle cTtocyeTtses i obnan-
HaHHS, TapaMeTpH SKOTO MNaAal0Th i1 JI1F0 [IbOT0 CTaHAAapTy (10 MOTYKHOCTI, HAIPYy31 Ta IHIIUMU
napamerpamu). ['0JIOBHOIO BUMOT'OIO JI0 TOCTAYaJbHUKIB € 00J]aJHaHHA 3 KIacOM €Heproe(eKkTus-
HocTi He HibkuuM 3a [E3. 1ls Tenneniiis 3 Ko)XHUM poKoM Oy/ie Juiie 301IbITYBaTHCh 1 TOJIS €Hepre-
TUYHOTO OOJIaJIHAHHS 3 MiJBUIIEHUM KJIacOM €Heproe(eKTUBHOCTI, B Halliii KpaiHi, Oy/ae MocTiiHO
3pocTaty.

ToMy, OJTHUM 3 HAINPSIMKIB 3 MiABUILEHHS eHEeproe()eKTUBHOCTI KOMIJIEKCHOTO eNEKTPOpH-
BOJY € BUKOPHCTAHHS €JIEKTPOABUTYHIB 3 MIABUILIEHUM KJIACOM €Heproe(eKTUBHOCTI B HOBOMY 00-
JaJHAHHI YU 3aMiHa BXKE€ ICHYIOUMX €JIEKTPOABHUIYHIB. TakoX, BaXKJIMBO MaM'ATaTH, IO B yCbOMY
CBITI IOCTYNOBO OYyTh BIIPOBA)KYBAaTHUCh HOBI, I11€ )KOPCTKIIII1, BUMOTH JI0 KJIaCy €HeproepeKTus-
Hocti [E4 Ta IES. IE4 BripoBamxyeThes Bxke 3 unHsA 2023 poKy JUIst ABUTYHIB MOTYXHicTi0 75-200
KBT Ta KUIbKICTIO MONIOCIB 2, 4, 6. ToMy 6arato BUpoOHUKIB €1€KTPOABUTYHIB Ta MOTOP-PEIYKTOPIB
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BXKE MalOTh CBOI PO3pOOKH ISl €IEKTPOABHUIYHIB 3 kitacoM |E4 Ta Hasite |ES. Panime ui kimacu mo-
»KHa OyJIO OTPUMATH B ABUTYHAX 3 nocTiitauMu marditamu (PMSM) [2]. Hanpukinan, HiMenbka KOM-
nanis Bauer Gear Motor GmbH mouasia po3poOKy eleKTpoABUTYHIB 3 KJIacOM eHeproe()eKTUBHOCTI
IE3 — IE4 me y 2008 porti Ta 3amycTuna ix y cepiiine BupoOHuirBo 3 2011 poky. I 11e crocyBanocs
€JIEKTPOABHUTYHIB BITHOCHO HEBEIHMKOI MOTY>KHOCTI. PO3poOKM MBUTYHH OUIBIIOI MOTYKHOCTI — 11€
NEePCHEKTHBA LIbOTO POKY.

[TigBuieHHS KJIacy eHeproeeKTUBHOCTI T0CIATAEThCS BUKOPUCTAHHAM B KOHCTPYKIIIi eJeK-
TPOJBUTYHA HOBHX MarepiaiiB (3a3BUuail BAKOPHCTOBYIOTh MiJlb 3aMIiCTh aJIIOMIHIIO), 3SMCHIIICHHIM
MOBITPSTHOTO 3a30py MK POTOPOM Ta CTaTOPOM, 1HO/1 301IbIIIEHHS Ta0apHUTy €IEKTPOIBUTYHA (X0ua
BC1 BUPOOHHMKH HaMararThCsl HE 30UIbIITYBAaTH rabapyT ABUTYHA), BAKOPUCTAHHSIM IEPETBOPIOBaYa
YaCTOTH JJISl KEPyBaHHS JBUTYHOM Ta CyYaCHHMX ITiJIIMITHUKIB PI3HOMAHITHOT KOHCTPYKIIi1, a TAKOX
MOKPAIIEHHAM BEHTWISLIT JBUTYHA.

CTOCOBHO MEXaHIYHOT YaCTHHU KOMILUIEKCHOTO MIPUBO/IA — II€ PELYKTOP Ta 3'€AHYBAIbHI MYy-
¢Tu. CyuyacHi peaykropu Bike MaroTh gocuth Bucokuii KKJI [5]. Brpatu moTyxHOCTI B peaykTopi
BiZIOyBaIOThCS B HOT0 3y04acTuX nepenaydax, miAmnIHIKaX, yiliibHeHHsX [1]. ['onoBHIMYU Hanpsm-
KaMHU B MiIBUILEHHI eHeproeeKTUBHOCTI poOOTH peAyKTOpa € MOKpalleHHs 00pOoOKH MOBEPXHI 3y-
0iB (1wTiyBaHHs ), BUKOPUCTAHHS CUCTEM KOHTPOJIIO SKOCTI Ta OXOJIOKEHHs Maclia, 10JIaTKOB1 CH-
CTEeMH KOHTPOJIIO TapaMeTpiB peayKTopa (AaTYMKHU KOHTPOIIIO BiOpallii Ta TeMnepaTrypu B MiIINII-
HUKaX), BAKOPUCTAHHS CyYaCHHUX SIKICHMX MaCTHJI HEOOXiTHOT B’ I3KOCTi, BAKOPUCTAHHSI i AIIUITHH-
KiB 1HIIOI KOHCTPYKI1 . OAHUM 13 MPOBIAHUX BUPOOHUKIB 1HAYCTPiaJbHUX PEAYKTOPIB € KOMIaHIsA
GSM, Iranis. Y ckiaj naHoi KOMITaHi€ BXOAUTh OKPEME MIAIPUEMCTBO, SIKE 3aiiMa€ThCsl BUCOKOSIKI-
CHOIO (piHANBHOIO 00POOKOIO 3yOuacTuX nepenay (1utiyBaHHs) 3 TOYHICTIO 10 6-TO KBAIITETY.

Moo 3’emHyBanbHUX My (T, UIs Iepenadi BiIHOCHO HEBEIMKUX KPYTHHX MOMEHTIB 3a3BH-
Yail BUKOPUCTOBYIOTHCS €JIaCTUYHI My TH p13HOI KOHCTPYKIIii. J{71s mepeaayi OUIbIIMX KPYTHUX MO-
MEHTIB BUKOPUCTOBYIOThCS 3yOuacTi mydru. Hanpuknan, mydru komnanii JAURE, Icnianis. Bonn
BUITYCKAIOThCS 3 HOMiHATBHUM KpyTHUM MoMeHToM A0 10 750 000 Hwm i Baroro mo 31 000 kr. [ns
HUX € KiJbKa BapiaHTiB MiABUIICHHS epekTuBHOCTI My(dT. CTaHZApTHUM MaTepiaioM Uil HHUX €
ctanb C45 / C55. Ilpu BUKOpUCTaHHI JIErOBaHOi CTali TabapuTHI po3Mipu My()TH HE 3MIHIOIOTHCS,
ajile HOMIHAJIbHUI MOMEHT 301bIIyeThest Ha 65%. [Ipu BUKOpUCTaHHI CTaHAAPTHOTO MaTepiary Ta
J0JaTKOBOT'O 1HAYKIIHHOTO rapTyBaHHS — HOMIHAIBHUN KPyTHUH MOMEHT 301u1bi1yeThest Ha 80%.
[Ipu BUKOpHCTaHHI JIETOBAaHOI CTaJIl Ta I0AATKOBOT'0 1HIyKI1HHOTO TapTYBaHHS — HOMIHAJILHUH KpYy-
THUI MOMEHT 301bIyeThes Ha 114,5%. HaiiOinbie 3011bIIeHHs TapaMeTpiB CIOCTEPIraeThes Ipu
BUKOPHUCTAHHI JIETOBAHOI CTaJll Ta a30TyBaHHI — HOMIHAJIbHUN KPYTHUI MOMEHT 301JIbIIYETHCS Ha
122,5%. BaxnuBum € Te, 1o it 30epekeHHs a00 MiABUIICHHS MapamMeTpiB MydT HEOOXiTHO BHKO-
PUCTOBYBAaTH SKICHI Cy4acH1 3MalllyBajibHI MaTepiajli Ta peryyisipHe TeXHIYHE OOCIyroBYBaHHS
MyQT.

Takox Jy’ke BaKIMBa 4acTHHA KOMIUIEKCHOTO €JIEKTPOIIPUBOY — L€ CUCTEMa KepyBaHHS
(>xuBneHHs). 119 acHHXpOHHUX JIBUTYHIB, 3a3BUYaii, 11e 4yacToTHI neperBoproBadl (UII) Ta mpuctpoi
raBHoro mycky (ITIIIT). Ili enekTpoHH1 mpuiiagy BUKOPUCTOBYIOTHCS 11l 6araTb0oX BUJIIB IPOMHC-
JIOBOTO OOJIaiHAHHS, TaKl sIK KOHBEEPU, BAHTAXKOMIIHOMHE 00JIaJHAHHS, HACOCHU, KOMITPECOPH, BEH-
TUJIATOPH Ta tuMococH. [lepeTBoproBayi 4acTOTH, 3a paXyHOK (YHKIH IJIABHOTO ITyCKY Ta PEryJIto-
BaHHS 00€pTiB, 3a0€3MeUyI0Th HEOOX1/IHE CIIOKUBAHHS €TIEKTPOCHEPTIi B 3aJI€KHOCTI BiJl HEOOX1THOT
MPOAYKTUBHOCTI KOHKpETHOro MexaHizMy. Haii6unpury exonomiro (30-50%) oTpumyroTh Ipu eKc-
IUTyaTalii KOMIIPECOpPiB, HACOCIB, BEHTUIISITOPIB Ta TUMOCOCIB, JI€ 3aJIEXKHICTh CIIO’KUBAHHS €JIEKTPO-
eHeprii BiJ Ky0y 4acToTu 0OepTaHHs MIPUBITHOTO EIEKTPOABUTYHA (POOOUOro MEXaHI3MY).

[Ile oHa ramy3b IPOMUCIOBOCTI, /1€ MOYKHA OTPUMATH 3HAYHE IT1/IBUILIEHHS €eHeproe(eKTHUB-
HOCTI KOMILJIEKCHOTO TIPUBOAY — I1€ KPaHH Ta BaHTAXOMiAHoMHe o0naaHaHHs [6]. 3a paxyHOK BHKO-
PHCTaHHS YaCTOTHHUX MMEPETBOPIOBAYiB 3 PyHKIliEO pekynepariii enekrpoereprii [3]. Ilix gac omyc-
KaHHS BAHTAXXy €JIeKTPOJIBUTYH IPALIIO€ B TEHEPATOPHIM PEXUMI, Ta BiI0YBAETHCS IOBEPHEHHS €Jie-
KTpOeHeprii B enekTpomepexy. Ilpu nboMy ekoHoMisl enekTpoeHeprii o poOoTi eNeKTPOIBUTYHA
Moske ckiaaatu 10 50%.
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Buxonsuu 3 ycix noaii, mo BigOyBanucs Ta BiiOyBalOThCS, MOXKHA CKa3aTH, 10 BUMOTH 0
piBHS eHeproe(EKTUBHOCTI CHEPTEeTUYHOT0 00JIaAHAHHS TITLKK Oy Iy Th 3pocTaT. Ha choroiHi, mpo-
OmeMa eHeproeeKTUBHOCTI, AyXKe BaxiuBa. Sk 6a4nmo, 3 MiJBUIICHHIM KIIACy, MOXHA JJOCATAaTH
HE TIJIbKA €KOHOMIT IEPBUHHUX PECYPCiB, a i OLIBIT ePeKTUBHOMY BUPOOHHUOMY MpoIiecy. Takox,
1€ 3HaYHO BIUIMBAE Ha Oe3nepeOiifHicTh Ta HaliiHICTh poOOTH Bei€l cucteMu. TiabKH 3 BUKOHAHHAM
BHUMOT, MU MOXEMO JTOCSTTH €HEPrOHE3aIeKHOCTI!

IlepeJik mocujianb

1. Xu, H., Kahraman, A., Anderson, N. E. and Maddock, D. G.: Prediction of Mechanical
Efficiency of Parallel-Axis Gear Pairs. ASME, Journal of Mechanical Design, vol.129, Jan. 2007.

2. Hajnrych, S.J., Jakubowski, R., Szczypior, J.: Yokeless Axial Flux Surface-Mounted
Permanent Magnets Machine Rotor Parameters Influence on Torque and Back-Emf. Energies 2020,
13, 3418. doi: 10.3390/en13133418.

3. Pajchrowski, T., Krystkowiak, M.; Matecki, D.: Modulation Variants in DC Circuits of
Power Rectifier Systems with Improved Quality of Energy Conversion—Part . Energies 2021, 14,
1876. doi: 10.3390/en14071876.

4. Nalepa, R., Najdek, K., Strong, B. Hybrid: Tuning of a Boost Converter Pl Voltage
Compensator by Means of the Genetic Algorithm and the D-Decomposition. Energies 2021, 14, 173.
doi: 10.3390/en14010173.

5. Hohn B.-R.; Michaelis K., Hinterstoiler M.: Optimization of gearbox efficiency, Gear
Research Centre FZG, Technische Universitdt Miinchen, Germany, p.462, Article - January 2009.

6. Khatskevych, Yu. V.; Lutsenko, I. M.; Rukhlov, A. V. Perspectives of load management
in energy system with the help of electric vehicles. Scientific Bulletin of National Mining University
. 2017, Issue 5, p86-93. 8p.

7. M.I. Cokyp, B.C.bineupkuii. bapabanui mumnnau camonopionenus / Monorpagis. — K.:
®OIT Xanikos P. X. —2022. - 225 c.

8. Bauer Gear Motor GmbH, brochure, International Efficiency Regulations for Electric Mo-
tors, p-7190, p.3-10.

49



YK 621.313

BILIUB TOIOJIOI'TI MAPIIIPYTY HA BUTPATU MEXAHIYHOI
POBOTH EJEKTPOMOBIJIA

Ougekcanap Bemra, unen-kopecnonaent HAH Ykpainu n.1.H., npogecop, npogecop
kadeapu ejleKTponpuBoIa

Oaekcanap bemra, K.T.H., I0UeHT KadeIpu eJIeKTPONPHBOIA

Tapac XaJjiaiMoB, aCHCTEHT Ta acHiPpaHT KadeapHu eJTeKTPONPUBOIA

HTY «/[ninpoecvka nonimexunixay, /{ninpo, Ykpaina

J11s1 OIIHKY BIUTMBY TOTIOJNIOT1i MapIIpyTy Ha BUTPATH MEXaHIYHOI €HEPTii MepIir 3a Bce He0O-
X1JIHO BUKOHATH PO3pPaxXyHOK BUTPAT MEXaHIUYHOI CHEprii, sika BUTPAYAETHCS HA MOIOJAHHS CHII
OTopy PyXy. 3a3HAUYCHMUH MIIXia J03BOJISIE HE OpaTH 10 yBard HACTYITHI OCOOJUBOCTI aBTOMOOLIIS:
0COOJIMBOCTEH Mepeaadi KpyTHOIO MOMEHTY PYXy Ha KoJieca BiJl €JICKTPOIPHBO/Ia, HOTO THITY, KOH-
CTPYKIii, 0cOOIMBOCTEH akyMyJIAlLlii eIeKTpUUHOI eHeprii, cocobiB pekynepaiii Tomo. st kopek-
THOT OI[IHKY BUTPAT HEOOX1THO BUKOHATH PO3PAXyHOK IS PyXy aBTOMOOLIS BrOPY Ta BHH3 3 ypaxy-
BaHHAM BCIX CHJI, sIKi Ait0Th Ha Hhoro.(Puc. 1)

Pucynok 1 — HaBanTaxeHHs Ha €JIEKTPOMOO1LIH PU HOTO PyCi yropy

bepyuu 10 yBaru ocoOGiIMBOCTI €IEKTPONPUBOA, TAaKl SIK MOKJIMBICTh 3a0€3M€4UyBaTH PEKyIie-
palliro NeBHOT YaCTUHH €HEePrii MiJ] 4ac ralbMyBaHHs a00 MU pyci aBTOMOO1JIS BHU3, MOKHA 3pOOUTH
BHCHOBOK, IO TOITOJIOTiSl MapUIPYTy BiJirpae BEJIMKE 3HAYCHHS MPU PO3PAXyHKY CyMapHHX BUTpPAT
eHeprii.

Po3paxyHku MexaHI4HOI poOOTH €IeKTPOMOOLIS MPU IIbOMY HEOOX1AHO MPOBOJIUTH 3 ypaxy-
BaHHSM PEXUMY PYyXY, a caMe — 3 ypaxXyBaHHSAM IPUCKOPEHb 1 raJibMyBaHb, sIKI BHHUKAIOTh Ha HOro
UISXY .

BincyTHICTh BUTpAT eNEKTPUYHOI eHeprii (3a BUKIIOUEHHSM BUTPAT HA JOAATKOBI OMIIIT) Mif
4ac HEPYXOMOTO PEXHMY € KIFOYOBOI BIIMIHHICTIO BiJi aBTOMOOUIIB 3 IBUTYHOM BHYTPIIIHHOTO
3TOpsIHHS Ta T10pU/IiB.

®daxTopH, sIK1 BIUTUBAIOTh Ha PEXKHUM PYXY €IEKTPOMOOLIIS:

TPAHCIOPTHI PO3B’A3KH, MEPEXPECTsl, 3aTI3HUYHI Nepei3au, TOMOJIOTIs, 3aTOPH, a TaAKOX — MaHepa
BOAIHHS BOJlis. TOMy N7l OLIHKYM BUTpAT MEPBUHHOI €Heprii (IUIsl TpaJAuLIHHUX aBTOMOO1IIB) abo
eJIEKTPOEHEPTii AJIsl eIeKTPOMOO1ITIB BUKOPHCTOBYIOTH pi3Hi TecToBl IMKIU. TectoBuii uukia WLTC,
class 3 [2]e HaWOUTBII aKTyaJIbHUM Ha CHOTOJHINIHIA JACHB JIJIS HAIIMX IUIEH udepe3 Te, M0 Mae
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JIeKIbKa eTamiB MIBUAKICHOTO PEXUMY Ta PEKHUMIB MPUCKOPEHB 1 raibMyBaHb. BUKOpUCTOBYIOUN
CHOJy4YEHHS IIMX eTariB MOYKHA MPUOJIM3HO 3MOICTIOBATH TOW YH 1HIIUI PEXKUM PYyXYy.

MopenoBaHHS 32 3alpPOIIOHOBAHOI0 METOIUKOI0 YMOB 3a0e31edyeHHsT He00XiTHOI MeXaHIuyHOi
TArI0BO1 cuiu enekTpoMoOist Nissan Leaf 2014 AZEQ HaBiTh 3a iealIbHOT CyX01 IOroId ITOKa3alo,
mo BukoHaHHs neBHuX eraniB WLTP Class 3 cycle crae HeMOXIMBHM, TOYMHAIOUH 3 KyTa PYXy
yropy 10°, a KpuTHYHUM JIJIs YCiX eTamiB cTae KyT y 18°, KoM MakCUMallbHa MOKJIMBA CHJIA TATH
enekTpomoOiis Nissan Leaf AZEQ crae MeHIIO0 BiJ HEOOX1THOI JIs TIOJIOJIAHHS CHJT OTIOPY PYXY.
OueBuAHO, IO JUIS 1HIIUX THIIIB eIEKTPOMOO1IB, TIOPUAHNX BapiaHTIB aBTOMOO1TIB a00 KITACUYHHUX
TaKi mpo0JIeMH TEX ICHYIOTh 1 BUMaraloTh BIAMOBIIHUX PO3PAXyHKIB.

Taxosx OyJ10 BUSIBIICHO, III0 YMOBH 3a0€3MeUeHHS HEOOXiTHOT MEXaHIYHOT TSTII0BOI CHIIH TOTi-
PIIYIOTHCS MPONOPIIHHO 3MEHIIICHHIO KOS(IIIEHTY TEPTS Yepe3 Pi3Hi KJIIMaTUYHI YMOBU (HOPMaJIbH1
—0.95, momr — 0.75, cuir — 0.29, aig — 0.1).

[IBuAKICTH (GPOHTATLHOTO 3yCTPIYHOTO BITPY TAKOX BIUIMBAE HA BUTPATH MEXaHIYHOI EHEprii.
Po3paxyHKH MOKa3yroTh, II0 OIS MEXaHIYHOT €HEPTii, 10 BUTPAYA€THCS Ha MO0IaHHS MTOBITPSHOTO
OTIOpY IMPH 3MiHI MBUAKOCTI BiTpa Bia Hys 10 100 kM/roxa 3miHt€eThes Big 2...3% mo 11...12%. Ile
JIOCTaTHBO CYTT€BA CKJIAZOBA 1 11 TpeGa BpaxoBYBaTH MPHU PO3PaXyHKaX.

KinbkicTh MOTEHIIIHOT eHeprii, 110 MoXxe OyTH peKylepoBaHa, 3HAYHO MEPEBUIITYE MOXKIHBO-
CTi eJIEKTPUYHOTO MPHUBO/IA Ta CUCTEMHU aKyMYJIAIil enekTpoMoOist. Lls mpuunna BuMarae 3Ha4HOT
yBaru J10 BUPIIICHHS KOMIUIEKCHOI TPOOJIEMU CTBOPEHHS MPUCTPOIB aKyMYJISIi €IeKTPUYIHOI eHep-
rii 31 BUJKUM CIOCOOOM MPUITMAHHS PEKYTIEPOBAHOI eIEKTPUYHOI eHeprii. 30KpeMa, BOYEBU/Ib, CH-
CTeMH €JICKTPOIPHUBO/IA 3 CYIIEPKOHICHCATOPAMHU MalOTh 3HAYHY NIEpeBary y IibOMYy CEHCl, OJIHaK He
KOPUCTYIOTHCSI TIONUTOM 4Yepe3 BUCOKY IiHy. KopucTyBadi He BpaxOBYIOTh PI3HUIIO B €KCILTyaTa-
HIHHUX BUTpaTax, sika MOke OyTH KOMIIEHCOBaHA JOCUTH IIBUJIKO.

3anpornoHoBaHa METOAMKA PO3PAXyHKY MEXaHI4HOT poOOTH eNeKTpoMoOisIst H03BoIIsIE 3a0€3-
MEYUTH BUOIp HAIIEeKOHOMHIIIOTO 3 Pi3HUX BapiaHTiB HUIAXY A0 MICIS IPU3HAYCHHS 1, TAKUM YHHOM,
30UTBIIMTH TIPOOIT MK 3apA/HKaHHAM aKyMyJIITOPHUX Oarapei 1 3SMEHIIUTH KUTBKICTh IUKIIB iX 3a-
PSIKaHHS.

Jlireparypa
Ali Emadi. Advanced Electric Drive Vehicles/ 2015 by Taylor & Francis Group, LLC

UNECE Global technical regulation URL.: https://unece.org/transport/standards/transport/vehicle-
regulations-wp29/global-technical-regulations-gtrs
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CTAHIIA KATOAHOI'O 3AXHCTY IIA3EMHUX CTAJIEBUX
TPYBOIIPOBO/IB SAK ZKEPEJIO HOJII'APMOHIMHUX CUT'HAJIIB

OJgiekcanap A3I0OKOBCbKHIA, K.T.H., Ipogecop kadeapu eJJeKTPONpHBoOIa
CranicaaB llInxos, acnipanT kadeapu ejeKTpoNnpuBoaa

MuxkoJia baGenko, acnipant kadeapu eJIeKTPONIPUBOAA

HTY «/[ninpoecvka nonimexunixay, /{ninpo, Ykpaina

["azorpancnoptra cuctema (I'TC) Ykpainu € oHi€I0 3 HAWOIBII PO3TATYKEHUX CUCTEM CE-
pen kpain €Bponeticbkoro Coro3y 1 BUKOHYE /1B OCHOBHI (DYHKIIII: 3a0€3MeUeHHs IPUPOTHUM T'a30M
BHYTPIIIHIX CIIO’KHMBAYiB, a TAKOXK TPAH3UT IMIPUPOTHOTO T'a3y TEPUTOPIEr0 YKpaiHu 10 KpaiH 3axiqHol
ta lenrpansuoi €Bponu. Jlo ckinany I'TC BxoaaTs 6m3pk0 35700 KM MaricTpajlbHUX TPYOOTIPOBO-
niB ta 402000 kM posnoninbaux. Cepell SKUX MOBCIKYACHO BUKOPHUCTOBYIOTHCS MII3EMHI CTaJeBi
TpyOONpPOBO/IH, 3aBISKHU iX BUCOKIN MeXaHI4Hiil MIITHOCTI, CTIMKOCTI 10 BiOpalliiiHuX HaBaHTaKEHb,
HEBEIIMKOMY Koe(illi€eHTy PO3IMIMpPEHHS MPU HArpiBaHHI Ta BiIHOCHO HEBEJIMKOI BapTOCTI €KCILTya-
TalifHUX BUJATKIB, OCHOBHOIO YAaCTHHOIO SKHX € €JIeKTPOXIMIYHUI 3aXUCT. | 0JJOBHOIO NMPUUUHOIO
MOIITKO/KEHb TaKUX TPYyOOIPOBO/IIB CTa€ eleKTpoximMiuHa Kopo3is [1].

EnextpoxiMiuHa KOpo3is - IpoLec pyHHYBaHHS METaly B pe3yJbTaTi HOro B3aeMoJil 3 KOpo-
31{HUM CepeOBHUIIEM CYTPOBOKY€ETHCS XIMIYHIMH PEAKIIISIMH Ta IEPEHOCOM €IIEKTPUYHHX 3apsIIiB
MDK METaJIOM 1 HaBKOJIMIIHIM cepeqoBuieM. EnekTpoxiMiyHa KOPO3ist 3aBXKIU CYNPOBOIKY€ETHCS
MPOTIKAHHAM €JIEKTPUYHOTO CTpyMy [2].

I'pyHTH € cepeoBHUIIIEM, SIKE MOKIMBO BBAKATH NPOBIAHUKAMU JPYroro pojy - eIeKTpoi-
TamMH. TakuM YMHOM TIpo1iec KOpo3ii MiA3EMHOTO CTaJeBOro 00IaJHAHHS PO3TIISAAEMO K EIEKTPO-
XIMIYHUH.

Metoau 3axUCTy BiJ €IEKTPOXiMiuyHOI KOpOo3ii MOIUIAI0TH Ha macuBHi 1 aktusHi [1, 2]. o
METO/IIB TACUBHOT'O 3aXKCTY B1IHOCSITH HAHECEHHS 3aXMCHUX MOKPUTTIB, 00poOKa MOBEPXOHB 1 Je-
I'YBaHHS MeTaly, BUKOPUCTaHHS 1HIMOITOPIB, YHUKAHHS KOPO31HHO-HEOE3NeUYHUX IUISIHOK ITiJT 4ac
MPOKJIaJIaHHs TPyOOIPOBO/IiB, 0OMEXEHHS JKepes OIyKaloduX CTPYMiB TOLIO.

AKTHBHHM 3aXMCT BiJl €JIEKTPOXIMIUHOT KOPO3ii peai3y€eThesi IPUMYCOBOIO aHOJIHOKO UM Ka-
TOJIHOO Mojsipu3aieto. CyTh NPUMYCOBOT MOJSApU3aLlii MONIATae B HalaHHI METAJIOKOHCTPYKIIT Ta-
KOT'0 BIJ'€MHOIO MOTEHIIAly NP SIKOMY OKMCHEHHS METally TEPMOAMHAMIYHO YTPYAHEHO 1 MIBHUJI-
KiCTh KOpO3ii 3HEBaXIJIMBO Mana [2].

JInist 3aXUCTy MiA3eMHUX TPYOOITPOBO/IiB 3HAUHE MOIIUPEHHS OTpUMaia eJIeKTPOTEXHIYHA CH-
CTEMU KaTOJHOTO 3aXHUCTY JIJIsi CTBOPEHHS TPUMYCOBOI KaTOIHO1 MOJIIpU3aIlii 32 JOTTOMOT'OX0 30BHI-
IIHBOTO JpKepena cTpymy. Lleit Bua 3axucty Mae BUCOKY €(EKTHBHICTh B HACIIOK MOXIJIUBOCTI
3MIHM PEXUMIB pOOOTH €JIEKTPOTEXHIYHOI CUCTEMHU «HiA3eMHuil ctaneBuil Tpyodonposig — CK3 -
TPYHT».

EnexkTpoTexHI4H1 CUCTEMH KaTOJIHOTO 3aXUCTy MICTATH cTaHIii karoaHoro 3axucty (CK3)[1,
2, 3], ocHoBHUMHU eneMeHTamu skux € (Puc. 1): Bunpsmisy (mepetBoproBau) (1), kabenpHi miHil (5)
3’e€HaHHS 3 00'€EKTOM, L0 3aXUIIAETHCS (3) Ta aHOIHUMU 3a3eMirtoBadaMu (2). Takox € KOHTaKTHI
npuctpoi (4) g migkIodeHHs kabenbHoT TiHiT Ta BUMIpIOBaHb [2, 4].

OCKITBKH B SIKOCTI JIKepesa cTpyMy i KaTogHoro 3axucty y CK3 BUKOPUCTOBYETHCS BU-
psMIISY, Horo podoTa Mae Ge3nocepeIHii BIUMB Ha (yHKIIOHYBaHHS yciel cTanuii [2, 3], Ta AKicTb
KaTOJHOTr0 3aXHCcTy 00'ekTy. Ha choroHinIHii JeHb Bxke po3pobiieHa 3HaUHa KIIbKICTh OJHO(a3HIX
BUIIPSIMJISYIB, SCKPaBUM MPEACTAaBHUKOM SKHX € 0JJHO(a3HUI JBOHAIIBIEPIOAHUI MOCTOBUN BUIIPSI-
MiIsi9. CXeMOTEXHIYH1 PIllIEeHHS] TaKUX BUIIPSMIISIUIB 3yCTPIYAIOTHCS K B HEKEPOBAHOMY TaK 1 B Ke-
pOBaHOMY BHKOHaHHi [2].
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Pucynok 1 - 3aranbna crpykrypa CK3

BukoHaBIIM PO3MOIiT MOTYKHOCTI 32 YaCTOTOO JIJISl BUXITHUX CUTHAJIIB 000X THITIB BUTIPSI-
misgiB (Puc. 2 Ta 3) 3a qonomororo neperBopeHHs Dyp'e [3, 5], MOKHA 3BEpHYTH yBary, Ha Te, 110
y HEKEpOBAaHOMY BHIPSMIIAYI MOTYKHICTh BUCOKOYACTOTHUX CUTHAJIB CTPIMKO CHAJa€e 1 gocsrae
3Ha4eHb MeHIe 1 MBT Bxe npu gactoti B 1.6 KI'i. OgHak po3noin KepoBaHOTO BUIIPSAMIIAYA CYT-
TEBO BIJPI3HSIETHCH 1 CATA€ TPAaHUYHOI OTYKHOCTI MeHIIe 1 MBT numie Ha yacroti B 14.3 KI'm.
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HasiBHICTH 3HaYHOT KIJIBKOCT1 BIIHOCHO NOTY>KHHUX BUCOKOYACTOTHUX CKJIAJIOBUX POOUTH MO-
KIIMBUMH BHIIQJIKHM, KOJM YacTHHA MOTYKHOCTI BUTPAYa€ThCs HE Ha 3aXMCT 00'€KTy, a HaBIaKW,
CIpHUs€ PO3BUTKY KOpO3il Ha OKpEeMHUX JAUISHKAX TpyOonpoBoy (0cOOIMBO OJIM3bKO MEX €(PEKTUB-
HOTO BILUTMBY 3aXMCHHUX TUISTHOK ABOX cyMmikHUX CK3) [2]. [locunenns xopo3iiiHoi HeOe3neKu Bij-
OyBa€eThCs B HACIIIOK (JOPMYBaHHS MOJIIrapMOHIMHOT CKIaa0Boi curHany Ha Buxonai CK3 sk Haci-
JIOK - YTBOPEHHSI CTPYMiB BUPIBHSHHS PI3HHUII MOTEHIIATIB, [0 IPOTIKAIOTh MOBEPXHEIO TPYOOIpo-
BOJIy, TaK ¥ CTPYMIB CTIKaHHS 3 IMiJI3EMHOTO CTaJIEBOTO TPYOOIPOBOY 0 HABKOJIMIIIHHOTO CEPEIO-
BUIIIA.
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EKOJIOI'TYHI ACIHEKTHU EJIEKTPOMOBIJIBHOT'O TPAHCIIOPTY

Cepriii ®eopos, cT. BUKJIa1a4 Kadeapu eJJeKTPOTeXHIKH
Baunepiii bopoaaii, noueHT kadeapu eJleKTPONPUBOLY
Hayionanonuii mexniunuii ynisepcumem "/{ninposcoka nonrimexuixa”, /[ninpo, Yxpaina.

Beryn. Bigomo, 1o 1o 2030 poky B yChOMY CBITI 3aKiHYMTHCS TEPMIH CIIy)KOHM Onm3bko 13
MJIH TOH HIKEJIb-IOHHUX aKyMYJIITOPiB aBTOHOMHUX JUKEPEIl )KUBJICHHS eJeKTpoMoOiniB (3BiT [ pin-
mic) [1]. 3a Takux ymoB npobsieMa yTuiizaiis akymyastopaux oaraperi (AKB) moxke cTaTtu 3arpos-
nuBoto. [IpoBinHi KoMIaHii cBiTy, siKi 3aiiMarOTbCs BUPOOHUIITBOM €JIEKTPOMOO1IIIB, BXKE CHOTOHI
MIPKYIOTh IIPO HACIIIKH MOXKJIMBHUX €KOJOTIYHUX Ipobiem. Tak kommanis Nissan Motor roTyeTbes
noOyryBaTH HOBI 3aBOojM 3 yTuiizamii akymyssitopiB y CIIA i €Bpomi go kxinms 2025 poky. Kommna-
His Hydrovolt 3anmyckae Hait6u1b1mii B €Bponi 3aBoj1 3 HEPEepoOKH aKyMyJISATOPIB, TOTY>KHOCTI SIKOTO
JOCTaTHRO IS BChOro 00'emy TsaroBux AKD, mo cranu Henpunataumu y Hopserii. 3aBogom VW y
MicTi 3anburitrepi 3 2020 poky 3anoyaTKoBaHO MiTOTHUN MpoekT 3 peuukininry AKb, ne mnanyerscs
yruiizyBatu 6mu3bko 3000 Garapeii Ha pik.

CydacHa KOHCTpYKIisl €IeKTpOMOOLTIB MparHe 3a0e3neunTH MaKCUMalbHUN 3amac Xoay,
SIKUH 3a3BUYAN TOCATaIOTh 3a 301bIeHHs eMHOCTI AKD 1 BipoBaxkeHHS Pi3HOMAHITHUX TEXHOJIOT1iH
IIBUJIKOTO 3apsAy abM YHUKHYTH 4YaCOBMX OOMEXEHb BUKOPUCTAHHS TPAHCIIOPTHOTO 3ac00y. 3po3y-
M1JI0, IO 32 TAKUX YMOB Hakonu4eHHs BianpanboBanux AKB Oyne 3poctaTi 1OCHTh MIBUKO, a Bij-
MIOBIIHO MHUTaHHS 30€peXEeHHS HAaBKOJIMIIHBOIO CEPEJOBHUIA MOXE CTAaTH ille OUIbII TOCTPUM.
Crano o4eBHIHUM, IO CKCTCHCHBHHM ITiIX1 IO HAPOUTYBaHHS MOXJIMBOCTEH OO 3amacy XomIy
€JICKTPOMOO1LIIB BUUEPIIAHO.

Meta po6oTH — Ha/laTH OpUTIHATIBHI peKOMEHAAlii Ta OOTPYHTYBAaTH HOBI CIOCOOM OOMe-
KEeHHs BIUIUBY BianpanboBaHux AKDB enekTpoMo6iiiB Ha MPUPOIHE JOBKIILIS.

OcHoBHuii 3micT podotu. [Ipuitmaroun 10 yBaru 3ayBa’keHHs, sIKI HaBeJIeH1 BUIlle, y cdepi
3aXMCTy €KOJIOT1i BUPOOHMKH JIETKOBUX aBTOMOOLTIB Ta €KCIEPTH 3 JAaHOT'O MUTAHHS He 6ayaTh anb-
TEpHATUBH eNleKTpokapaM. ToMy aBTOBUPOOHUKM aKTHBHO PO3pOOJISIOTH HOB1 TEXHOJOTII, 1110 J10-
3BOJISITh 30UIBIIMTH €KOJIOTTYHICTh €IeKTPOTPaHCHOPTY. OCTaHHIM YacOM CIIOCTEPIraeThCs, 1110 PO3-
pOOHUKHM Bce YacTillle 3BepTatoTh yBara Ha 6aTtapei cynepkonaencaropis. Ha Bigminy Bin AKB kon-
JIeHCATOPHI HAKOMUYYBAyi € GiIbII HAAIHHUMHU, TPOCTUMH i TIPAKTHYHO HE CXMIBHUMM JI0 3HOCY. 1X
€KOJIOTIYHICTh TIpH mepepoOiil He TnepeadavaroTh CKIAJHUX XIMIYHUX MPOIIECIB, a YTHII3YIOThCS
BOHM HaBITh 3aBJISKHU JIUILIE i1 COHSYHUX MpoMeHiB. [Ipu iboMy KOHI€HCATOPHI HAKOMUYYBadi CIIpo-
MO>KHI BUTPUMATH COTHI TUCSY LIUKIIIB 3aps- PO3psly, a po3paxyHKOBUM TEPMiH Horo ciyx0u cTa-
HOBMTB NoHaA 15-20 pokiB, 110 3Ha4HO nepeBuiye Tepminu podotu AKB.

3ragyBaHe TEXHIYHHUX PIIICHb MIOA0 MIJBUIIEHHS 3armacy X0y eJeKTpoMoOis rnepeadaydae
30u1beHHs eMHOCcTi AKB. HacniakoMm Takoro pileHHs cTae 3pocTaHHs Horo rabapuTis, MacH, Bap-
TOCTI Ta KUJIbKOCTI BUKOPUCTAaHUX TOKCUYHUX MaTepiaiB. O4eBUIAHO, 10 Y I[bOMY BHUIIAJIKY €KOJIO-
riuHi npo0ieMu OyAyTh TINBKH yCYTyOIATHCS.

Ha noruisn aBTopiB 3MIHUTH €KOJOTIYHY CUTYAIlI0 MOKIIMBO 3aBAsSKHA BUKOPUCTAHHIO XiM14-
Horo mxepena AKB manoi eMHOCTI 3 KOMOIHYBaHHAM Yy Tapi i3 OaTapesiMu CylepKOHJIEHCATOPIB.
Taxa KOHCTPYKIIisl 3MEHIIIUTh HEraTuB, kUil mpuBHOCUTHCSI AKD, a HassBHICTh KOHJIEHCATOPHUX Oa-
Tapeil KOMIIEHCY€e HEJOCTaTHIO €MHICTh. AOM He NMEepPEeBHIIUTH MONepeIHi Maco-rabapuTHi Mokas-
HUKH PEKOMEH/IYEThCSI BAKOPUCTOBYBATH IpadeHOBI CynepKOHIeH CaTOpH [2-4].
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HaykoBa HOBU3Ha pPo0oTH TOJsrac B OOIPyHTYBaHHI Ta HaJaHHI OPUTIHAIBHUX PEKOMEHAALIN
11010 TIOJIIMIIICHHS €KOJIOT1YHOI CUTYaIlli TP BUKOPUCTaHHI y KoMIuiekci XiMmiuanx AKbB manoi no-
TY>KHOCTI Ta OaTapeii CynepKoHaeHcaTopiB [5].

BucHoOBKH. 3an1poOHOBaHUH CHOCIO aKyMyJIIOBaHHS €HEprii J03BOJIUTH 3HAYHO 3HU3UTH PO3MIpH
ta eMHicTh AKD enekTpomo0iiniB, a BiIMOBITHO BapTICTh iX yTHIII3aMii Ta €KOJOTIYHICTh €JIEKTPOMO-
O111B.
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OCHOBHI BUMOTI'M 111010 MOJEJII
®YHKIOIOHYBAHHS ACUHXPOHHOI'O IBUT'YHA
B YMOBAX HESIKICHOI EJIEKTPOEHEPI'II

Birauaiit Ky3nenos, Bosgogumup lockou, bornan Masan, Januno HnyuT, Bacuas Cnpuca,
IIaBno Pycnak
Vrpaincokuii deporcasruil yHisepcumem Hayku i mexuonoeiu, uinpo, Yxpaina

Ha croroaninHiii 1eHs aCHHXPOHHI ABUTYHU € OCHOBHUMHU IIEPETBOPIOBAYAMH €JICKTPUIHOT
€Heprii B MEXaHIuHYy Ta CKJIaJal0Th OCHOBY ITPUBOAY OUTBIIOCTI PI3HUX MeXaHi3MiB. Take cTaHOBHIIE
BOHH 3aBOIOBAJIM 3aBJSKH BIAJIOMY MOEJHAHHIO KOMIUIEKCY €KCIUTyaTalliiHUX Ta KOHCTPYKTUBHHUX
XapaKTePUCTHUK — 3[aTHICTh aBTOMATHYHO 3MIHIOBATH KPYTHUII MOMEHT BIAMOBIIHO 0 3MiHU MOMeE-
HTY OIIOpY Ha BaJly Ta BUCOKOMY KOe(]ilieHTy KOPHCHOT [Iii, a TAKOXK CBOED MPOCTOTI KOHCTPYKIIIi Ta
JOCUThH HU3BKO1 COOIBAPTOCTI BUTOTOBJICHHS y MTOEIHAHHI 3 IHITUMU €JIEKTPOMEXaHIYHUMU MePETBO-
proBayaMu.

CydJacHuii enexTpoIrpHuBO/I, 0 peali3ye MpoIecH eIeKTPOMEXaHIuHOTO MEPETBOPEHHSI €He-
prii, IKuit B OCHOBHOMY 0a3y€ThCsl HA BUKOPHCTaHHI SIK IPUBOAHUX aCHHXPOHHUX IPUCTPOIB, EIEK-
TPOJBUTYHIB 13 KOPOTKO3aMKHEHHM POTOPOM, KOHCTPYKTUBHO HE CKJIaaHMii. BogHouac excrutyara-
ITisI IBOTO KJIACy JBUTYHIB B IaHWH 4ac ToB's13aHa 3 Oararbma npobiemamu. OCHOBHA 3 HUX € JKUB-
JICHHS] aCHHXPOHHUX JIBUTYHIB HESKICHOIO EIEKTPOCHEPTIEIO.

J1oCTOBIpHO BiJIOMO, 1110 HaBiTh HE3HAYHI BIIXUJICHHS SKOCT1 HANPYTH )KUBJICHHS IPU3BOISAThH
710 HETaTMBHUX HACIHIJIKIB, MOB'A3aHUX 31 CTAPIHHIM 130JIALI{ Ta 3HIYKEHHSIM TaKUX €HEePreTUYHHUX
MOKAa3HHUKIB pOOOTH aCHHXPOHHUX JIBUTYHIB SIK KOe(illi€HT KOPUCHOI J1ii Ta KOe(]ilieHT MOTY>KHOCTI.

MogentoBaHHSl €EKTPOMEXaHIYHUX CHUCTEM JI03BOJISIE Ha IMEPEeANPOCKTHIN CTaail OLIHUTU
MIPOLIECH, 110 MPOTIKalOTh B HUX. Ha OCHOBI IIMX JaHUX MOXKYTh OyTH CKOPUTOBaH1 apamMeTpu CUJIO-
BUX YCTaHOBOK Ta CHCTEM KEpyBaHHS HUMH, IIPOBEAECHO MEPEBIPKY BIAMOBIAHOCTI 0OpaHOro 001a1-
HaHHS peKuMaM poOOTH.

MaremaTHyH1 aHAJIOTH ACUHXPOHHMX JBUTYHIB IIMPOKO BUKOPUCTOBYIOTHCS 3 METOIO OIli-
HKHM €()EeKTUBHOCTI 3aKOHIB YNPAaBIIHHS, JTOCTIPKEHHS €JIeKTPOMArHiTHUX TMPOIECIB Ta MPOTHO3Y-
BaHHS €HEPreTUYHUX MOKAa3HUKIB IXHBbOI poOoTH. OHAK, CUTYallisd YCKIIAIHIOETCS, KOJIH IIPU MOJIe-
JIIOBaHHI HEOOX1/IHO BPaXOBYBATH SIKICHI TOKa3HUKHU €JIEKTPOCHEPT1i, TaKi IK HECUMETPI1s Ta HECUHY-
COIJIHICTb €JIEKTPUYHUX BEIINYHH.

[Tpobnema momsirae B TOMy, IO B CHITy JIONYIIEHB, IO MPUIAMAIOTHCS B I[bOMY BHITJIKY,
cama MoJienib AJl cTae 4acTo Hea/lleKBaTHO. SIKINO K BUKOPUCTOBYIOTHCS CKJIQIHIII MOJIENi, OIHUC
MPOIIECIB HACTUIHKU YCKIQJIHIOETHCA, IO MOIIYK HEOOXITHUX 3aJIEKHOCTEH CTa€ HAJITO CKPYTHHM.
TuMm He MeHII, NPUITYIIEHHS PO CUMETPII0 Ta CUHYCOiJaJIbHICTh HAIIPYTH XKUBJICHHS € 3apa3, pax-
TUYHO, HEOOIPYHTOBAHUM, OCKUIBKH SIKICTh €JIEKTPOCHEPTii B LieXxaX MPOMHCIIOBUX MiIIPHUEMCTB
MPAKTUYHO 3aBX/IU HE BIJIOBI1a€ HEOOX1THUM BUMOTaM.

Bupimenns 11iei mpo6iieMu HEMOXKIMBO 0€3 HasTBHOCTI €JMHOT MaTEMaTUYHOT MOJIENI, STKa J0-
3BOJIsIa O aHai3yBaTH €HEPreTHYHy e(eKTUBHICTh ACHHXPOHHOT'O JIBUT'YHA 3 KOPOTKO3aMKHEHUM
POTOPOM B PEXKHUMAX, 1110 BCTAHOBUJIUCS, IPU PI3HUX 3HAYEHHSX BCIX NMOKAa3HUKIB SIKOCTI €JIeKTpHUY-
HOT eHeprii B Mepexi.

Ha neit yac cuHTE€30M MaTeMaTUYHHUX MOJIEeJIel aCHHXPOHHOTO JBUTYHA 3aiiMaiucs Taki Bi-
nowmi BueHi sk Poapkin 1. 1., Kommunos L. I1., Yopuuii O. I1., [Tetpos JI. I1., Boitnosa T., becnianos B.
4., KoBanwoB €. A. b. Ta i1, a Takox 3apyoixHi gociigauku Pedra J., R. Krishnan, J. L. Kirtley, S.
J. Chapman, M. R. Hachicha, M. H. Gmiden.
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Hanpuknan, nocnimkeHHs aBTopiB [1, 2] mpucBsYeHI MUTaHHAM aHaJi3y pOOOTH eNeKTPOMeE-
XaHIYHOTO MEPEeTBOPIOBaYa IMPH JOMYIICHHI PO HOro CUMETPil0, Ta CHHYCOiqaIbHOI HANPYTH Ha
Bxoaax A/Jl.

VY poborax [3, 4] npoBoaUTHCS ieHTU(DIKAITIS TApaAMETPIB SIICKTPUYHOT MAIIIMHU JIJIS1 OIIIHKH
il pecypcy. Hocnimkenns [5-7] mo's3ani 3 nocnipkeHHsIMHA MeToaiB kepyBanHs AJl. Ha migcrasi
MIPOBEJICHOTO aHAII3y MOXKHA TPUITYCTUTH, IO €JMHOI MOJIEII, 1110 JI03BOJISIE OLIHUTH CHEPreTHYHY
e(EeKTUBHICTD EIIEKTPUYHOI MAIIMHH, 1110 MPAIIOE B YMOBAaX HEAKICHOTO JKMBJICHHS, TOOTO BPaXOBYe
Bci moka3Huku sikocTi enekrpoeneprii (IIKE) onnovacHo, He icHye.

Chopmymoemo BUMOTH 710 BUAY, QYHKI[IOHAIBHOCTI, XapaKTEPUCTUK Ta CKJIaly BXiIHUX Be-
JIMYWH, SKHM Ma€ 33JJ0OBOJIbHATH MOJICIb aCHHXPOHHOTO JIBUTYHA!

1. Monens Al Mae OyTH mpane3IaTHOIO MPH TOBUTBHIN (opMi HANIPYTH Ha CTAaTOPi, BKIIOYA-
F0OYM HECUHYCOITHICTh Ta HeCUMETPito. LI BuMora € HeoOXiIHOIO AJIs OLIBIIIOCTI BUKOPHUCTOBY BAaHUX
B JJAaHWI YaC MaTeMaTUYHHUX aHAJIOTIB IIUX JIBUTYHIB.

2. Po3pobmoBana Mozielb Mae OyTH aJIeKBaTHOIO SIK B YCTAJICHHX, 1 Y TIEPEXiTHUX PEKHMAX,
110 31 3MIHOIO HAaBAaHTAXKEHHS, SIKOCTI €JIEKTPOSHEPTii, yIpaBiIsi0uoro BIUIUBY.

3. Cunre3oBanuii aHanor AJ[ moBUHEH MaTH MOXJIMBICTh MIAKIIOYEHHS MOIYJiB (DUIBTPIB 3
00Ky BXOJly €JICKTPOJIBUTYHA 1 IIPH OMY JI03BOJISITH BH3HAYUTH 3aJISKHICTh PE3yIbTYI040i (hopMHU
Hanpyr micis GiabTpiB Bif coxuBaHoro A/l ctpymy.

4. BuxigHUMH TTapamMeTpaMyd MOJEJ MaloTh OyTH: — MUTTEBI 3HAUEHHS CTPYMIB CTaTopa Ta
pPOTOpa aCHHXPOHHOTO E€JIEKTPOABUTYHA, 1X clieKTp; — akTuBHA (P), peaktuBHa (Q) Ta mosHa (S) mo-
TY>KHOCTI, BKJIFOYAlOUYH Ty iX YacCTKy, IO TIOB'S3aHa 3 CIIOTBOPEHHSMH HANpyrH 3 OOKy cTaTopa, 1o
BIJIMOBIIAIOTh PEAJIbHUM IMOKa3HUKAM SIKOCTI eleKTpoeHeprii; — koedimienT kopucHoi aii (KK, n
%) Ta Koe(IIiEHT TOTYKHOCTI (COS (0); — CKIIaJJOBI OKPEMUX BTpAT y JIBUTYHI: BTpaTH y Mijii cTaropa
(APwm1), poropa (APm2) ta crani (APC); — mBuIKICTh () Ta elekTpoMarHitHuii MomeHT (M) nBu-
ryHa 3aJIe)KHO BiJl HABAaHTXXCHHS Ha BaJTy, BKIIFOUAIOYH iX CIIEKTPaJIbHI XapaKTEPUCTHKH.

TakuM YUHOM, MOJIEIIb, 110 PO3POOJISIETHCS, IOBUHHA HAJaBaTH TIOBHUI 0OCST JaHUX, HE0O-
XUTHUX JUTSl JOCHIDKEHHS PEKUMIB POOOTH aCHHXPOHHOTO €JICKTPOJIBUTYHA, IO TPAIIOE B YMOBaxX
HESIKICHOI €JIEKTPOCHEPTii 3 METOIO OI[IHKU €JIEKTPOMArHiTHOI CKJIaJ0BOI €EKOHOMIYHOT'O 30UTKY, 10
YTBOPIOETHCS TP IIBOMY.
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