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AHoTtaris

Becena M.A. IlinBunienHs e(eKTUBHOCTI YIIPABIIHHS CUJIOBOIO YCTAaHOBKOIO
eJIEKTPOMOOLIS 3 OOPTOBOIO 3apsJIKOI0 B yMOBax ekcruryaTarii. — KBamidikariiiina
HAyKOBa Ipallsd Ha paBax PyKOIHCY.

Hucepraiiisi Ha 3100yTTS HAYKOBOTO CTYINEHS KaHAWAATa TEXHIYHUX HAYK
(moxtopa ¢imocodii) 3a crmemianpHicTIO 05.22.20 «EkcruryaTaris Ta peMOHT
3aco0iB TpaHcmopTy» (275 — TpaHCHOPTHI TeXHOJOTii (Ha aBTOMOOLTHPHOMY
TpaHCIopTi)). —  XapKiBChbKUM  HaIllOHAJbHUM  aBTOMOOLIBHO-TOPOKHIM
yHiBepcuteT MOH VYkpainu, Xapkis, 2019.

AKTyaJpHICT pOOOTHM TMOB’sA3aHAa EKOHOMIYHUMH 1  COILIAJIbHUMHU
npo0jeMaMu  Cy4acHOCTI Ta  OOyMOBJEHa  HEOOXIJIHICTIO  CTBOPEHHS
€JIEKTPOMOOLIIB, III0 MalOTh BUCOKY SIKICTh 1 IPUCTOCOBAHICTh A0 30BHILIHIX YMOB
eKCILTyaTalii.

VY nmucepramiiiHiii poOOTI BUKOHAHO Y3arajlbHEHHS 1 PO3BUTOK HAyKOBUX
OCHOB aKTyaJIbHOI 1 Ba)KJIMBOI HAYKOBO-TEXHIYHOI 3a7a4l 3 po3po0JIeHHs] HAyKOBO-
METOJUYHOI0 anapary BU3HAYEHHS XapaKTEPUCTUK CUCTEMHU YIPABIIHHS CHIOBOIO
YCTaHOBKOIO €JIEKTPOMOOLIIS.

BusHnaueHo akTyallbHICTh PO3POOKHM HOBHUX METOJIB YMPABIIHHS CHUJIOBOIO
YCTaHOBKOIO €JIEKTPOMOOUIS 3 MIA3apAIKOI0 aKyMyJIATOpHOI OaTapei BiJl OOpPTOBOI
€JIEKTPOCTaHLli Ha TMiACTaBl Teopli aBTOMATHYHOIO YIpPaBJIIHHSA, HEUpo-
MEPEXEBOTO 1 HEMPO-HEUITKOTO Al TUBHOTO YIIPABIIHHS.

Busnauena ¢opmanbHa NOCTaHOBKA ONTHMI3ZALIMHOI 3a7adl YIpaBIIIHHS
TATOBUM EJICKTPOIIPUBOJOM TPH BEKTOPHOMY (YHKIIIOHAJI SIKOCTI YIPaBIiHHS.
KoMrionenTaMu BEKTOpHOTO (DYHKITIOHATy € KPUTEpiii TOYHOCTI YIpaBJiHHS 3a
HIBUKICTIO, SIKOCTI BUKOPUCTAHHS €HEprii TAroBoi akymynsatopHoi 0arapei (TAD),
eKOHOMIYHOCTI ~ OOpTOBOI  3apsAAHOiI  CTaHWii 1 CTyHeHs  TOKCHUYHOCTI
BIJINIPAllbOBAHUX T'a3iB.

HaykoBa HOBH3HA poOOTH TOISTaE B PO3pOOIIl METO/Ia YIIPABIIIHHS CUIIOBOIO

YCTAaHOBKOIO €JIEKTPOMOOLIA 3 TiA3apsAaKO0, SKUW Ha BIAMIHY BIiJ BiIOMUX,



3

3a0e3reuye 3HIKEHHS BHUTpAaT €HEPrii Ha OCHOBI BHKOPUCTAHHS METOJIB
MaTEeMaTHYHOTO MPOTpaMyBaHHs Ta HEMPOHEUITKOTO YIPABIIIHHS 11032 3aJI€KHOCTI
BiJl cxeMU OyZ0BM Ta KOHCTPYKTHBHHX OCOOJIMBOCTEH; B YJAOCKOHAJIEHHI METO/a
CTPYKTYpHOI 1 mapaMeTpu4Hoi iaeHTH(IKalli MaTeMaTH4YHOI MOJEl CHJIOBO1
YCTaHOBKH €JIEKTPOMOOLNS, KUl Ha BiIMIHY BIIOMHUX, BIJI3EPKAIIOE ii TSATOBO-
HIBUIKICHI XapaKTEPUCTUKH, a TAKOXK MapaMeTpu TATOBOI aKyMyJISITOpHOI Oatapei
Ha M1ICTaBl BUKOPUCTAHHS anapara MTYYHUX HEHPOHHUX MEPEX; METOaX OIIHKU
KOHCTPYKTUBHUX PIlIEHb E€JIEKTPOMOOUTIB 3 MiA3apsSAKOI0, SIKI Ha BiAMIHY BiJ
BIJIOMHX, BpaxoOBYIOTh HayKoBE OOTpyHTYBaHHs 0a30BHUX MapameTpiB 1
XapaKTepUCTUK CUJIOBOI YCTAHOBKM Ha IIJICTaBl MPOBEICHUX OOYMCIIIOBAIIBHUX
€KCIIEPUMEHTIB [TPH BUKOPUCTAaH1 pO3pO0JIEHUX MATEMAaTUYHUX MOJIEIIEH.

OTprMaH1 JUHAMIYHA 1 CTATUCTHUYHA MOJIENI TSATOBOrO €JIEKTPONPUBOAY Ha
niacTaBl  BeHTWJIbHOro enekrpojsuryHa (BEJl). PosrmsaHyTi  0coOmmBOCTI
YIOPAaBIIHHSI BEKTOPOM CTPYMY CTAaTOpa, 3a0€3Meuyrodyd MiHIMI3allll0 3arajibHOTO
CTpyMy CIIOXMBAHHS Ha 3a/laHOMY TATOBO-IIBUAKICHOMY pPEXHMi, a TaKOX
3a0e3MeUeHHs] OOMEXKEHHST O00JacTi JIOMyCTUMHUX PEXUMIB Ha  BHCOKHX
HIBUJIKOCTSX POTOPA 3 BUKOPUCTAHHAM PEXUMY «OCTaOICHHS MOIS.

PosrnsHyTO CTpyKTypHa cXema i MaTeMaTHYHa MOJIETh CUCTEMHU yIPaBIiHHS
TATOBUM €JIEKTPOIIPUBOJIOM, 1110 OMHUCY€E quHaMiuH1 BiactuBocti BEJI, perynsitopa
CTpyMy 1 Tpu(a3zHOro iHBEpPTOpa 3 LIMPOTHO-IMIYJIbCHUM MoayisiTopoM (ILIIM).
HaBeneHo  mpWHOMIM ~ COPOIMIEHHS ~ MaTEMaTHYHOTO  OMHUCY  TSATOBOTO
SJIEKTPOIIPUBO/LY, BPaxoByOUoro cratuuHi BiactuBocti BEJ] npu ontumansHOMY
yIpaBJiiHHI B3JIOBXK MOMEPEYHOI CKJIAJIHOI CTPyMY CTaTopa.

TeopernyHi OCHOBM CTPYKTYpHOI Ta mMapaMeTpuyHOi ideHTUdiKaiii
MaTeMaTUYHUX MOJIEIEH CHIIOBOT YCTAaHOBKH €JIEKTPOMOOLISA 3 MiA3apsiIKOI0 Bif
OOpTOBOI €JeKTpOCTaHIli 0a3yI0ThCS Ha CUCTEMHOMY IMIJAXO/1 Ta palioHAIbHOMY
MOETHAHHI TEOPETHYHUX 1 EKCIEePUMEHTATBHUX JOCIHIKEHb, y3araJbHEHHI Ta
aHami3l BIJIOMUX HAayKOBHX peE3yJIbTaTiB, a TaKOXX BHUKOPUCTAHHI METOMIB
nudepeHiagbHoro oOYMCIIOBaHHS. [l aHamizy eKCIepUMEHTaTbHUX JTaHHUX

BUKOPHUCTOBYBAJIMCA MCTOAU MaTe€MaTHYHO1L CTaTUCTHUKMU, iHTeHeKTyaHBHOFO
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aHaii3y JdaHuX 1 HelpomepexkeBa anpokcumarlis. s opmMabHOrO ONMUCYyBaHHS
OKpPEeMHX aJTOPUTMIB YIMPABIIHHSI CHWIOBOIO YCTAaHOBKOIO  €JIEKTPOMOOIISA
BUKOPHUCTOBYBAJIUCS METOAM TEOpPii HEUITKUX MHOXKHUH, HEYITKOI JIOTIKHM 1 HeHpo-
HEYITKOTO PEryJIIOBaHHS.

B po6oTi BupilieHe akTyallbHe HAyKOBO-TIPUKIIAHE 3aBIaHHs, 1[0 CTBOPIOE
YMOBU I8 €(PEKTHUBHOTO BHMKOPHCTAaHHS €JIEKTPOMOOUIS 3 MiA3apsaKoI0 Bij
OOPTOBOT €NEKTPOCTAHIIIT 32 PaXyHOK YINPaBIiHHS CUJIOBOIO YCTAaHOBKOIO Ha eTari
eKCILTyaTarii.

Onep>kaHO KOHIICTIIIO YIIPABIiHHS CHUJIOBOIO YCTAHOBKOIO €JIEKTPOMOOLIIA 3
M13apsAKOI0 BiJ OOPTOBOI €JNEKTPOCTaHIlli, 1m0 3a0e3neuye e€quHUNA MiAXia s
JIOCITIJIKEHHST TIPOIECIB 1032 3aJIEKHOCTI BiJl CXeMHU OyJOBH Ta KOHCTPYKTUBHHX
0COOJIMBOCTEH.

YI0CKOHAJIEGHO METOJ CTPYKTYpHOI 1 MapaMETPUYHOi 1JeHTU]IKaIli
MaTEeMaTHUYHOI MOJIENIl CUJIOBOI YCTaHOBKH €JIEKTPOMOOUISA, L0 BiAA3EpKaIoe ii
TATOBO-IBHJIKICHI XapaKTepUCTUKU, a Takok mnapamerpu TAbB Ha mijacrasi
BUKOPHUCTAHHS anapara MTYYHUX HEHPOHHUX MEPEex.

Metou OLIHKY KOHCTPYKTUBHUX PIIIEHBb €JIEKTPOMOOITIB 3 MiA3apsS KO0
Bl OOPTOBOI €JEKTPOCTAaHIIi, [0 BPaXxOBYIOTh HAyKOBE OOIPYHTYBaHHS
0a30BUX MmapaMeTpiB 1 XapaKTepUCTUK CHUJIOBOI YCTAaHOBKM Ha IIiJCTaBi
MPOBEJICHUX OOYMCIIOBAIBHUX €KCIIEPUMEHTIB MPU BUKOPUCTAHHI pO3POOIEHHUX
MAaTEMATUYHHUX MOJEIEH.

[IpakTHuHe 3HA4YEHHS MOJIATAa€E B TOMY, 110 OTPUMAaHI HAyKOBl1 pe3yJIbTaTH
CTaHOBJISITh €JIMHUNA KOMIUIEKC JIOCHIKEHb (KOHLEMLIS, MPUHLHUIN, KpUTEpii,
METOJM Ta MaTeMaTHU4HI MOJEJi), 3alpPOIOHOBAaHA METOJMKA ajamnTallii cTparerii
YIPaBIiHHS CHJIOBOIO YCTAHOBKOIO €JIEKTPOMOOUIS 3 MiI3apsAIKOI0 B yMOBax
eKCIUTyaTalii 1 BU3HAY€Hl KOHCTPYKTHBHI 1 TMOTY>KHOCTHI MapaMeTpu CHIIOBOT
YCTaHOBKH €JIEKTPOMOOLIIS 3 MA3aPSIIKOIO.

Otpumani pe3ynbTatd OyiaM BUKOPUCTaHI MpPU pO3poOlll METOoJa OI[IHKH
CeHepreTUYHOro0 OaylaHCy CHJIOBOI YCTAHOBKHM 32 JIOMIOMOTOKO OOYHCIIIOBAIBHOTO

EKCIIEPUMEHTY 1 BHU3HAa4Y€HI HAyKOBO-OOIPYHTOBaHI PEKOMEHMAIlT JJIS aHaji3y
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KOHCTPYKTUBHUX PIIlIEHb CHJIOBOI YCTAaHOBKHU €JIEKTPOMOOLIS 3 MIA3apsIAKOI0 BiJl
OOPTOBOT €NIEKTPOCTAHII].

JJ1st TATOBO-IIBUKICHOTO PEXKUMY, 1110 BU3HAYAETHCS 3alaHUMU QYHKIISIMU
3MIHM IIBHJKOCTI aBTOMOOWUIA 1 30BHINIHIX YMOB €KCIUTyaTallii, yHpaBIiHHS
CHJIOBOIO ycTaHOBKOIO enektpomoOunst (CYE) oTpumaHo Ha miACTaBl METOAY
JUHAMIYHOTO TporpamyBaHHs. OgHaK JaHUW MIOX1J HE BKa3y€ KOHCTPYKTUBHOIO
NUIAXY JJIs MMOOYJOBH CHUCTEeMH aBToMmarmuHoro ympasiiHHsa (CAY) B cuiy
HEOOX1THOCTI anpiOpHUX BIJOMOCTEH Mpo 3a7ar04i 1 00ypIor0Ui BIUIUBU 1 BUCOKOIO
OOYHUCITIOBANILHOIO CKJIAAHICTIO anroputMmy. OTpUMaHe ONTHUMAalIbHE YIPABIIHHS
BUKOPHUCTOBYETHCS MPU PO3POOILII JIOTITUHUX MPABUI BUOOPY CTpaTerii yrnpaBiIiHHS,
a TakoXX MPU HAYKOBOMY OOIPYHTYBaHHI MapaMeTpiB 1 XapaKTEPUCTUK CHUCTEM 1
arperatiB CYE.

3acrocyBaHHa ajgantuBHoro ymopasiiHHS CYE 3 BHUKOpUCTaHHAM
HEHpPOMEPEKEBOT0 alaliTUBHOTO KPUTHKA JTO3BOJIAE MOJI0JIATH HEJOJIK alpiopHOi
1H(popMaIlli Tpo mapaMeTp i3I0BOTO LUKIY 1 30BHINIHIX YMOB €KCIUTyaTarii, a
TaK0>X HU3bKY TOUHICTh MaTEMaTUUHUX MOJIEIIEH.

Jlsiss mpuUCKOpEeHHs ajamnTallii CcTpaTerii ympaBiiHHS JONUIBHO «off-line»
HaBUaHHS HEHPOKOHTpoJiepa 1 HelpoMepekeBOi MOIENi 3 BAKOPUCTAHHAM €TaJIOHHOT
MOJIeJI YIPaBIiHHA. B SKOCTI €TalOHHOT MOJIeNi BUCTYTIA€ YIIPaBIIiHHS, 3AaCHOBAHE Ha
JIOTIYHUX TpaBUiIax BHOOpY cTpaterii abo oONTUMaibHAa CTpaTerisi, OTpUMaHa
METOJIOM AMHAMIYHOTO MPOTpaMyBaHHSI JJIs ISSIKOTO 33/IaHOTO 13/10BOTO IUKITY.

[Ipy HEMOXXIIMBOCTI MOMEPEIHHOTO HABUYAHHS HEHPOKOHTpOJIEpa alalTHBHOI
CAY CVYE 13 3acrocyBaHHSM €TaJOHHOI MOJAEIl OO4YMCIEHHs KoedilieHTa
BUKOPUCTaHHSI €JIEKTPOCTaHINi Moke OyTH peanizoBaHO Ha 0a3l HEHpO-HEUYITKOTO
KOHTpOJIepa, IO peanidye anroput™ Menzaens-Banra s HEWITKOro BHUBEICHHS
BHCHOBKIB.

Po3pobnennii enexkTpoMoOiTh 3 GOPTOBOIO 3aPSTHOIO CTAHIIIEID MAE€ BHCOKY
€(EeKTUBHICTh B MICBKOMY PEXKHMI pyXy MPHU BEJIHUKIN IIIIBHOCTI TPAHCHOPTHOTO

NOTOKY Ta pyXy B 3artopax. [lanmuBHa €KOHOMIYHICTH Ta €KoJoriyHa Oe3neka
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eIEKTpOMOOUIST 3 OOPTOBOIO 3apsHOI0 CTAHIIEI TMPUOIM3HO B TPH pasu
MEPEBHUIIY€E AaHATOTTYHI XapaKTEPUCTHKU 0230BOT0 aBTOMOO1JIA.

[HdopMaliifHO-BUMIPIOBATILHUM KOMILJIEKC JOCIIKEHb POOOYHMX MPOIIECiB
CWJIOBOI YCTAaHOBKH €JIEKTPOMOOLIA PO3pOOJIEHO NJisi BUBUEHHS OCOOIMBOCTEH
(GyHKIIIOHYBaHHSI 3apsAAHOi cTaHIli Ha 0a3l eKCIEePUMEHTAIBLHOTO TiOPHIHOTO
aBTOMOO1JIA Ta ii cucTeMu ynpasiiHHs. JlaHul KOMILIEKC 3a0e3neuye peecTparliio,
MEePBUHHY OOpOOKYy Ta 30C€peKEHHS B MaM’sTi KOMIT IOTepa iarHOCTHYHHX
napameTpiB, siki 00uncIoThes 3 CAY CHIIOBOI yCTaHOBKH.

JIns  mochipkeHHsS TapaMeTpiB  CHIJIOBOI  YCTAaHOBKH  €JIGKTPOMOOLIA 3
OOpPTOBOIO 3apsIIHOIO CTAHIIIEIO Ta 1i CUCTEMHU YIPABIIHHS, K1 BaXKKO MIAAAI0ThCS
npsMoMy a0 oOmocepeoBaHOMY BHUMIPIOBAHHIO, MOMKJIMBO BUKOPUCTAHHS
MOJICTIOBaHHS pPyXy Ha 0a3l TIOpUIHOrO aBTOMOOLIS 3 BHUKOPHUCTAHHSIM
MaTeMaTH4HOro 3abe3meueHHs. TOYHICTH MOJEIIOBAHHS 3HAYHOTO CTYIICHS
BU3HAYAETHCS SIKICTIO MMapaMETPUYHOI 1AeHTUdIKAIT MaTeMaTUYHUX Mojelen
aBromoOuTss Ta arperariB CYE, a TakoX TOYHICTIO NPEACTABICHHS 3aKOHY
yIpaBIiHHS.

OgauM 13 miAXOAIB  MiABUIICHHS €(PEKTUBHOCTI  (YHKIIOHYBaHHS
€JIEKTPOMOOUISI € po3poOKa 1 BIPOBA/KEHHS B paMKax MOJIEpHI3allli CHUIIOBOT
YCTAaHOBKU 1HTEICKTYaJIbHOI 1H(GOpPMAIIITHO-KEPYIOU0i CHUCTEeMH 1HBapiaHTHOI
pPI3HMM aBTOMOOUISIM, IO JO3BOJISIE ONEPATUBHO BUPOOJSITH KEPYIOUUU BILIUB,
SAKUU MIHIMI3y€ €Hepro- ab0 PecypCOCHOKMBAHHS B JAMHAMIYHUX pEXUMAaxX 1
MIHIMI3Y€ BTPATU AKOCTI 1 MPOAYKTHUBHOCTI B 33JJaHUX YMOBaxX €KCILUTyaTarlii.

3a pe3ynabTaTamMH JOCIIIKEHb 3allpOIIOHOBAHO ANTOPUTM Ta MPOLEIYPY
paIlioHAJIBHOTO TOETAITHOTO BUOOpPY BapiaHTy MNPUAOAHHS aBTOTPAHCIIOPTHHUX
3aco0iB Ha erami ekcruryaraiiii. Po3poOnenni metomuku BrpoBamkeni B TOB
«Yxpapronpoekry, TOB <«IHTEPCTUJI», cnemiamizoBane CTO «Awmrmepa
MoTopc», a TakoK BUKOPUCTOBYIOTHCSI B HaBUaimbrHOMY Tiporieci XHAJLY.

KitouoBi cnoBa: eleKTpoMOOUIb, CHJIOBA YCTAHOBKA, AaKyMyJsTOpHa

Oarapes, MaTeMaTUyHa MOJI€NIb, METO/IUKA, HEUPOKOHTPOJIEP, YMOBHU EKCILTyaTallii.
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The work urgency is related to the present day economic and social
problems and is conditioned by the necessity of creating electric vehicles with high
quality and adaptability to external operating conditions.

The generalization and development of scientific fundamentals of the actual
and important scientific and technical task of developing a scientific and
methodical apparatus for determining the characteristics of the power unit control
system of an electric vehicle was performed in the dissertation work.

The new methods development urgency of electric vehicle power unit
control with on-board power plant battery recharging is determined on the basis of
the automatic control theory, neuro-network and neuro-fuzzy adaptive control.

The formal formulation of the optimization problem of control of traction
electric drive under a vector control quality functional is determined. The
components of the vector functionality are the criterion for the accuracy of control
over the speed, quality of the use of traction battery (TAB) energy, the efficiency
of the onboard charging station and the toxicity degree of the exhaust gases.

The scientific novelty of the work is to develop a method for controlling the
power unit of an electric vehicle with recharging, which, unlike the known ones,
provides a reduction of energy consumption based on the use of methods of
mathematical programming and neuronecyte control, regardless of the scheme of
structure and design features, in improving the method of structural and parametric

identification of mathematical model of the power unit of an electric vehicle,
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which, unlike the known, reflects its traction-speed characteristics, which, in
contrast to the known ones, reflects its traction-velocity characteristics, as well as
the parameters of traction battery based on the use of the device of artificial neural
networks, methods for evaluating constructive solutions of electric vehicles with
recharging, which, in contrast to the known ones, take into account the scientific
substantiation of basic parameters and characteristics of a power plant based on
spent computational experiments using developed mathematical models.

Dynamic and statistical models of traction electric drive on the basis of a
valve electric motor (VEM) are obtained. The peculiarities of stator current vector
control are considered, ensuring minimization of the total consumption current at a
given traction-speed mode, and also providing the region restriction of admissible
modes at high rotor speeds using the "weakening of the field" mode.

The structural scheme and mathematical model of the traction electric drive
control system are described, describing the dynamic properties of the VEM, the
current regulator and the three-phase inverter with PWM. The principles of
simplification of the mathematical description of the traction electric drive are
given, taking into account the static properties of the VEM at optimal control along
the transverse complex stator current.

The theoretical bases of structural and parametric identification of
mathematical models of a power unit electric vehicle with recharging from on-
board power plant are based on the system approach and the rational combination
of theoretical and experimental research, synthesis and analysis of known scientific
results, as well as the use of differential computing methods. For the analysis of
experimental data, methods of mathematical statistics, data mining and neural
network approximation were used. For the formal description of the control
separate algorithms of the electric vehicle power plant, methods of the theory of
fuzzy sets, fuzzy logic and neuro-fuzzy regulation were used.

The actual scientific and applied task is solved in the work, which creates
conditions for efficient use of electric vehicle with recharge from on-board power

plant due to management of power plant during operation stage.
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The power unit control concept of an electric vehicle with onboard power
plant recharging is obtained, which provides a unified approach for the study of
processes, regardless of the structure scheme and design features.

The method of structural and parametric identification of the mathematical
model of an electric vehicle power unit, which reflects its traction-speed
characteristics, as well as the parameters of the battery based on the use of the
artificial neural networks device, is improved.

Estimation methods of electric vehicles constructive decisions with
recharging from on-board power plant are used, taking into account scientific
substantiation of power plant basic parameters and characteristics on the basis
of computational experiments with the use of developed mathematical models.

The practical significance is that the scientific results obtained constitute a
single set of research (concept, principles, criteria, methods and mathematical
models), the adaptation method of the control strategy of the electric vehicle power
unit installation with recharging to the conditions of operation is proposed and the
design and power parameters of the electric vehicle power unit from recharge for
performance properties.

The obtained results were used in the development of the method for
estimating the energy balance of a power plant by means of a computational
experiment and the scientifically substantiated recommendations for the analysis of
constructive solutions of an electric vehicle power unit with recharging from an
onboard power plant.

For the traction speed mode, determined by the specified functions of
changing the car speed and the external operating conditions, the optimal control
strategy and external operating conditions, the optimal control strategy of the
PWM is obtained on the basis of the dynamic programming method. However, this
approach does not indicate a constructive path for the construction of the ACS due
to the need for a priori information about which asking and outraged influences
and high computational complexity of the algorithm. The obtained optimal control

is used in the development of logical rules for the choice of management strategy,
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as well as in the scientific substantiation of parameters and characteristics of
systems and units PWM.

The adaptive control use of PWM with the use of neural network adaptive
criticism can overcome the lack of priori information about the parameters of the
drive cycle and external operating conditions, as well as low accuracy of
mathematical models.

To accelerate the adaptation of the management strategy appropriate "off-line"
training neuro-controller and neural network model using a reference model
management. As a reference model, management is based on the logical rules of the
choice of strategy or the optimal strategy obtained by the method of dynamic
programming for some given ride cycle.

With the impossibility of pre-studying the neuro-controller adaptive ACS
PWM with the use of a reference model for calculating the utilization rate of the
power plant can be implemented on the basis of a neuro-fuzzy controller that
implements the Mendel-Vanga algorithm for fuzzy conclusions.

The developed electric vehicle with an onboard charging station has a high
efficiency in urban traffic mode with high density of traffic flow and traffic in
traffic jams. Fuel efficiency and environmental safety The electric vehicle with an
onboard charging station is approximately three times the same as the
characteristics of the base car. nformation-measuring complex of researches of
working processes of a power unit of an electric vehicle was developed for
studying features of functioning of a charging station on the basis of an
experimental hybrid vehicle and its control system. This complex provides
registration, initial processing and storage in the computer memory of diagnostic
parameters, which are counted from the control unit of the power plant.

To study the parameters of a powerplant of an electric vehicle with an
onboard charging station and its control systems, which are difficult to directly or
indirectly measure, it is possible to use motion simulation based on a hybrid
vehicle using mathematical support. The accuracy of the simulation of a large

degree is determined by the quality of the parametric identification of the
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mathematical models of the car and the ACS units, as well as the accuracy of the
presentation of the law of management. One of the approaches to increasing the
efficiency of electric vehicles is the development and implementation of a
modernization of a power plant intelligent information management system
invariant system for different cars, which allows to quickly produce a controlling
influence that minimizes energy or resource consumption in dynamic regimes and
minimizes loss of quality and productivity under given conditions operation.

According to the results of the research, an algorithm and procedure for
rational phased selection of a vehicle purchase option at the exploitation stage is
proposed. The development of the methodology is implemented in LLC
“Ukravtoproekt”, LLC "INTERSTIL", specialized LLC "AMPERA MOTORS",
and also used in the educational process of the KHNADU.

Key words: electric car, power plant, battery, mathematical model, electric

motor, adaptive management, neural network model.
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BCTVII

OOrpyHTyBaHHsI BUOOpPY TeMHM JOCJil:KeHHs1. B yMoBax ekciutyarariii 0
aBTOMOOUTIB TIPEeA'sIBIIAIOTh >KOPCTKI BUMOTH B IUIaHI MAJIMBHOT €KOHOMIYHOCTI,
Oe3nmekn  pyxy, ©eKOJOTIYHOCTI, TMEpPIOAMYHOCTI Ta BapTOCTI TEXHIYHOTO
obcimyropyBanHs 1 peMoHTy. Ile 3yMoBIIO€E HEOOXiAHICTH BHUKOPHUCTAHHS
aBTOMOO1JIIB, IO MAIOTh BUCOKY AKICTh 1 MPUCTOCOBAHICTH 10 YMOB €KCIUTyaTallii B
Ykpaini.

3MiHa KJIIMaTy, TMOTIPIIEHHS €KoJorii Ta 3a0pyJIHEHHS 30BHIIIHBOTO
cepeloBUIIa — MPOOJEeMHU, SIKI MOTPEOYIOTh AKTUBHOIO pillIeHHS. BiamnoBigHO
[lapu3bpkoro pimieHHS MO KJIIMATy pO3TJISHYTO OOMEXEHHS TJI00aTbHOTO
MOTEIUIIHHS B Mexax 2 rpanyciB llenbcis (1o BIJHOIICHHIO J0 TMOKAa3HUKIB
JNOIHAYCTplanbHOI enoxu). TakuM YMHOM, BHKOPHCTAHHS €JIEKTPOMOOLIIB
JT03BOJISIE 3HAWTH pillleHHA B OOpOTHO1 31 3MIHOIO KJIIMaTy, a TAKOX MOKPAIIECHHIO
SKOCTI IOBITPS B MiCTaXx.

Enextpomobini B VYkpaiHi MaioTh Bce Oulblry momyJsipHicTe Ha
CHOTOAHIIIHIN JEHh TEPCIIEKTUBHUM HAIIPABJICHHIM JUIsI TABUIIICHHS €KOJOTTYHOT
YUCTOTH Ta €KOHOMIYHOCTI € BUKOPHUCTAHHSI €JIEKTPOMOOUTIIB 3 MiA3apsA/IKOI0 Ha
o6opty. Takuii aBTOMOOLTL BKITIOUAE B ce0€ €NEKTPOABUTYH, KOHTYP peKyrepartii 1
€JIEKTPOCTAHLIIO 3 ABUTYHOM BHYTPIIIHBOTO 3ropsiHHs ([IB3).

['os10BHOIO TIepeBaroro eNeKTpoMoOUIsT 3 MiA3apsAaKo Ha OOpTy € Horo
3IaTHICTh MIATPUMYBATH HANOUIBII EKOHOMIYHUN Ta EKOJIOT1YHO Oe3reyHuit
pexum pobotu enekTpoctanuii 3 JIB3 mpu 3apsal akyMmyssiTopHOi OaTtapei npu
pPI3HMX BaHTAXHO-IIBUJKICHMX peXKUMax. [HIIOK BaXKIMBOIO TEPEeBaroro
eJIEKTPOMOOUISL € 3JaTHICTh aKyMYJIIOBATH JIMIIKK €HEpTii MpU rajibMyBaHHI, 110
e(EeKTUBHO MPU MICBKOMY LIUKIII PYXY.

JIo HacTymHOTO 4Yacy psAl OCOOJIMBOCTEH Mpollecy YNpaBiIiHHS CHIIOBOIO
YCTAHOBKOIO  €JIGKTPOMOOWII 3  MIA3apsiAKOI0O Ha  OOpTy  3ajUIIalOThCs
HeoOcHiAyBaHUMHU. MeToau ajanTallii ympaBiiHHS CHJIOBOI YCTAaHOBKOKO JI0

3MIHM 3O0BHIIIHIX YMOB €KCIUlyaTalii € HeAOCTaTHbO edeKTUBHUMH. JlaHi
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OOCTaBMHM HE JI03BOJISIIOTH B MOBHOMY 00CSI31 PO3KPUTH  MOKJIMBOCTI
CJIEKTPOMOOLITIB.

Ile BU3HAYa€ aKTyaJbHICTh PO3POOKH HOBUX METO[IIB YIPABIIHHS CHIIOBOIO
YCTAHOBKOIO €JIEKTPOMOOLIS 3 MA3aPSAIKOI0 aKyMYJISITOpHOI Oarapei Ha OoOpTy Ha
mifcTaBl Teopii aBTOMATHMYHOTO YIPAaBIIHHS, HEWPO-MEPEKEBOro 1 Heipo-
HEYITKOTO aJanTOBAHOr0 YIPaBIiHHS.

3B’830K Ppo00OTM 3 HAYKOBHUMM INporpamMaMu, IUIaHAMH, TeMaMHM.
Hucepraimiiina poOoTa BHKOHaHAa Ha Kadeapi aBTOMOOLIBHOI EIEKTPOHIKU
XapKiBCHKOT'0 HAIIOHAIBHOTO aBTOMOO1IBHO-TOPOKHBOTO YHiBepcuTeTy. Pobora
BUKOHaHa BIANOBIIHO 10 «KoHIENIT PO3BUTKY TPaHCIOPTHO-IOPOKHBOTO
KOMILJIEKCY YKpaiHM Ha cepeaHbocTpokoBuii mepiog 10 2020 poky»,
3aTBEpKEHUN Haka3oM MiHiCTepCTBa TPAHCTIOPTY Ta 3B'SA3KY YKpaiHU Bija 8 ClUHS
2008 poky 1 € CKIJIaJ0BOIO YacCTHHOIO HAYKOBO-AOCIHIJHOI poOoTH Kadeapu
aBTOMOOUITIBHOT €JIeKTPOHIKH.

HaykoBi nosioxxeHHs1, po3po0KH, BUCHOBKH 1 peKOMeHAallli, copMyJIbOBaHi
B JMcepTalii, BUKOPHUCTAaHI JJiI BHUKOHAHHS TOCIOJAPCHKO-IOTOBIPHUX Ta
JEp>KOIOPKETHUX HAayKOBO-AOCHITHUX pPOOIT MiHICTEpcTBa OCBITH 1 HayKd
VYkpainu:

«MopepHizaris aBToMo0ias 3A3 y riopuanuii Bapiant» (2015-2016 pp.)
No neprxaBHoi peectpartii 0115U003266;

«MopentoBaHHsS pPEXUMIB pOOOTH TIOPHUIIHOT CHUJIOBOI YCTAHOBKH IS
TpaHcnopTHUX 3ac00iB» (2013), Ne nepxaBHoi peectparrii 0113U007635;

«P03p00JIeHHST TATOBOTO €IEKTPONPHUBOAA JJIS JIETKOBUX aBTOMOOLIIBY
(12.2013-11.2014), Ne nepxxaBnoi peectparii 0114U002659.

Merta i 3aaa4i gocaimkeHns. Metorw aucepraiiiHoi poOOTH € MiABUIIICHHS
€(EeKTUBHOCTI BHUKOPUCTAHHS €JIEKTPOMOOUTIB 3a paxyHOK METOJIB ajamnTarii
YIPaBIIHHS CUJIOBOIO YCTAHOBKOIO /0 YMOB €KCILTyaTaIli.

JInst TOCATHEHHS MOCTaBJICHOT METH HEOOXITHO BUPINIMTH TaKi OCHOBHI

3aBIaHHA:
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MPOBECTH JOCIIJIKEHHS TI0 yIOCKOHAJEHHIO METO/IB MOJIEIIOBAHHS Ta
ONTUMI3allli yPaBIiHHS CUIOBOIO YCTAHOBKOIO €JIEKTPOMOOLIS 3 MiA3apsIIKOI0 Ha
M1JICTaBl CHCTEMHOTO aHaJi3y IiIBUIIICHHS €KOHOMIYHOCT1 BUTpAT €HEPrii;

pO3pOOUTH TEOPETUYHI OCHOBU CTPYKTYpHOI Ta TapamMeTpUyHOI
imeHTrdIKamii MaTeMaTHYHUX MOJEICH CHJIOBOi YCTAHOBKH €JIEKTPOMOOLISI 3
M13aPSIIKOIO;

pPO3pOOUTH KOHIEMINI0 OaraToKpUTepialbHOT ONTHUMI3Alii YIpaBIIiHHA
CHJIOBOIO YCTAHOBKOIO €JIEKTPOMOOLIS 3 MiA3apsIKOI0 B YMOBax eKCIUTyaTallii Ha
OCHOBI BUKOPUCTaHHSI METOJIB MAaTeMaTHYHOIO MpOTrpaMyBaHHA Ta HEHpo-
HEYITKOTO yIpPaBIIIHHS;

MPOBECTH EKCIEPUMEHTAJIbHI JOCIIJKEHHS I OLIHKKA €(eKTHUBHOCTI
pO3pOOJICHOTO METOAYy MOJICIIIOBAHHS 1 ONTHUMI3allli YMIpaBIiHHSA CHJIOBOIO
YCTAHOBKOIO €JIEKTPOMOOLIIS 3 MiA3aPsIKOIO.

O0'exT a0CHiTKEeHHS — TIPOIEC YIPABIIHHS CHJIOBOIO YCTaHOBKOIO
EJIEKTPOMOOUISI 3 MIA3apSAAKOI0 IO PO3MOALTY MOTYKHOCTI 3apsiy TIrOBO1
akymynaropHoi 6arapei (TAB) ns 3anannx yMoB €KCIUTyaTartii.

IIpeaMer pocaixKeHHs — METOJIM YIPABIIHHS CHJIOBOIO YCTaHOBKOIO
EJICKTPOMOOLIIS 3 Mi3apsAKOI0 Ha eTall eKCIuTyaTaitii.

Metoau pochaigxenHsi. BupimieHHS TOCTaBIICHOI 3aaadi 3a0e3MeuyeThCs
BUKOPHCTAHHSAM CHUCTEMHOTO ITIXOIY Ta PaIliOHATIEHOTO MOEIHAHHS TEOPETUIHIX
1 EKCIEPUMEHTAIIbHUX JOCIIKEHb, y3aralbHEeHHs Ta aHali3y BIJIOMUX HAyKOBUX
pE3yNbTATIB, & TAKOK BUKOPUCTAHHS METOJIIB TU(DEPEHITIaTbHOTO O0YNCITIOBAHHS,
Cy4yacHO1 Teopii aBTOMAaTUYHOrO ympaBiiHHsA. J[Ji1 aHali3y €KCIepUMEHTaIbHUX
JTAHUX BUKOPUCTOBYBAJIKCS METOJIU MAaTEMATHUYHOI CTATUCTUKH, IHTEIEKTYaIbHOTO
aHaI3y JIaHUX 1 HeMpo-mMepekeBa anpokcumaiis. J{ns hopMalbHOTO OMUCYBaHHS
OKPEMHUX aJITOPUTMIB YIPABIIHHA CHJIOBOK YCTAaHOBKOIO  €JIEKTPOMOO1IS
BUKOPHCTOBYBAJIMCS METOAM TEOpli HEUITKUX MHOXKHMH, HEUITKOI JIOTIKUA 1 HEHpo-
HEYITKOTO PEeryJIIOBaHHS.

VY nuceptatiiiHii  poOOTI BHpIIIEHE aKTyaJlbHE HAayKOBO-TIPUKJIAJIHE

3aBJIaHHS, 1[0 CTBOPIOE YMOBH JIsl €)EKTUBHOTO BUKOPUCTAHHS €JIEKTPOMOOLIIS 3
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M133aPSAIKOI0 32 PAXyHOK YJIOCKOHAJEHHS YIPaBJIiHHS CUJIOBOIO YCTAaHOBKOIO Ha
eTarn eKCIUTyaTartii.

HaykoBa HOBH3HA BU3HAYAETHCA TAKMMHM MOJIOKEHHIMU

gnepuiLe 00epAHCAHO:.

METOJl  yNpaBIiHHS CHJIOBOIO  YCTAHOBKOIO  €JIEKTPOMOOUIs 3
Mi3apsIKOI0, SKWM Ha BIIMIHY BiJI BIIOMHUX, 3a0e3leuye 3HUKEHHS BHUTpAT
eHeprii Ha OCHOBI BHKOPUCTaHHS METOJIB MaTeMaTHYHOIO MPOrpaMyBaHHS Ta
HEHpPO-HEUITKOrO YMpaBIiHHSI 1032 3aJeXHOCTI BIJ CXeMd OyIoBH Ta
KOHCTPYKTHUBHUX OCOOJIMBOCTEH;

VOOCKOHAJIEHO:

METOJl CTPYKTYpHOI 1 mapaMeTpuyHoi 1JeHTHdIKaIlli MaTeMaTHIHOI
MOJICIIl CHJIOBOI YCTAaHOBKH €JICKTPOMOOUIS, SKa Ha BIAMIHY BIJOMHUX,
BIJII3EPKAIIIOE 11 TSATOBO-IIBUAKICHI XapaKTEPUCTUKH, a TakoK nmapametpu TAD Ha
M1JICTaBl BUKOPUCTAHHS arapaTa IMTYYHUX HEUPOHHUX MEPEeK;

HAOYIU NOOATLULO20 PO3BUMKY:

METOAM  OLIHKKM  KOHCTPYKTUBHUX  DIIIEHb  €JIEKTPOMOOUIIB 3
M13apsAIKO0, SIKI HAa BIAMIHY BIJJOMHX, BPaxOBYIOTb HAyKOBE OOTpYHTYBAaHHS
0a30BUX mMapamMeTpiB 1 XapaKTepUCTUK CHUJIOBOI YCTAHOBKM Ha IIIJICTaBl
MPOBEICHUX OOYMCITIOBAJILHUX EKCIEPUMEHTIB TIPH BHKOPUCTaHI PO3POOIICHHX
MAaTEMATUYHUX MOJEIIEH.

IlpakTHyHe 3HAYEHHS OJEP:KAHUX Pe3yJbTATiB TOJIATa€ B TOMY, IO
OTpUMaHi HAyKOBl pe3yJbTaTH CTAHOBISATH €IUHUA KOMIUIEKC JOCTIIKECHb
(KOHIICTIIIIS, TPHUHIMIIA, KPUTEpii, METOAM Ta MaTeMaTU4HI  MOJECII),
3aMpoONOHOBAaHA METOAMKA ajamnTallii CTpaTerii ympaBlliHHS CUJIOBOK YCTaHOBKOIO
eJIEKTPOMOOUIS 3 MiA3apAIKOI0 10 YMOB €KCIUTyaTalii 1 BU3HaY€H1 KOHCTPYKTHUBHI
1 TOTYKHOCTHI MapaMeTpy CUJIOBOi YCTAHOBKH €IEKTPOMOOLIS 3 MiA3apsIKOK0 Ha
eKCIUTyaTalliiiHI BIaCTUBOCTI.

Otpumani pe3ynbTaTd OyJaM BUKOPUCTaHI MPU PO3poOIl METoAa OLIHKU

€HEPreTUYHOr0 OaJlaHCy CUJIOBOI YCTAHOBKM 32 JIOIIOMOIOK0 OOYHMCIIIOBAJIBHOTO
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EKCTIIEPUMEHTY 1 BU3HAYEHI HAyKOBO-OOTPYHTOBaHI pEKOMEHAAIlli Ui aHali3zy
KOHCTPYKTUBHHUX PIIIIEHb CUJIOBOI YCTAHOBKU €IEKTPOMOOLIIS 3 MiA3apsIKOIO.

Pe3ynbTaTi HAyKOBHX JTOCHII>)KEHb BUKIIAJECHO Y METOJUYHUX 1 MPAKTUYHUX
peKOMEHJAIlIAX, IO 3aCTOCOBYIOThCS Y BUpOOHWYIH  missibHOCTI  TOB
«Ykpapronpoekt», TOB «IHTEPCTWUJI», cneniamizoBane CTO «Ammepa
MoTtopcy, a TakKoK BUKOPUCTOBYIOThCS y HaBUajbHOMY Tiporieci XHAJTY.

OcoOucTuii BHecok 3700yBaua. Bci HayKOBI MOJIOKEHHSI Ta pe3yNbTaTd
JIUcepTaniiHol poOOTH OTpHMaHI aBTOPOM CaMOCTIMHO Ta BHKJIAJEHO y poboTax
[1-15]. PoGoTa [12] omyOsikoBana 0e3 criBaBTOpPIiB. Y poOOTaX, OnyOIiKOBaHUX Y
CIIBaBTOPCTBI, aBTOPY HaJEKaTh: po3poOKa MapaMeTpiB BUOOPY aKyMyJSITOPHOI
Oarapei JUIs €IeKTPOCHIOBHX YCTAaHOBOK eJekTpomoOutiB [1-3]; Maremarnyna
MOJIeNIb CUCTEMH KEpYyBaHHSI TATOBOTO EJIEKTPOINPHUBOAY [4]; BUKOPHUCTOBYBaHHS
HEHPOMEPEIKOBOI anpoKCHMaIlii XapaKTepUCTUK OOPTOBOI elleKTpocTaHili [5,7];
OILlIHKA TEXHIYHUX PIIICHb EJCKTPOXIMIYHOI CHCTEMH ejekTpomodins [6,13];
3aJIEKHOCTI JUIsl  OLIIHIOBAaHHS [apaMeTpiB HAAIMHOCTI TEXHIYHOTO CTaHy
esekTpoMoOLTiB [8]; mocTaHOBKA 3a1a4i Ta 00poOKa pe3ynbTariB [9]; 3a1eKHOCTI
JUISL OIIHIOBAHHS TEXHIYHUX PIIICHb CUJIOBOT YCTAHOBKHU €JIEKTPOMOOLIIB BiJI YMOB
excruryaramii  [10,11]; migxomn i OIIHIOBAaHHS E€KOJOTIYHOCTI JIETKOBHX
aBTomo0OimB [14,15].

Anpobauia pe3yabraTiB aucepranii. OCHOBHI pe3yJbTaTH AucCEpTaIiiiHOL
poOOTH BHTOJOLIEHO M YXBajeHO Ha KOH(epeHuisx: MiKHapoJHa HayKOBO-
texHiuHa KoHpepeHmis «lllnsaxu 3abe3reueHHs SKOCTI IMIATOTOBKHM (HaxiBIliB
TpaHcnopTHOT raimy3» (M. XapkiB. 2015 p.); [-III MixHapoaHi HayKOBO-TEXHIYHI
koH(pepentii «be3neka KUTTENISUIBHOCTI Ha TPAHCIIOPTI 1 BUPOOHUIITBI — OCBITA,
Hayka, mpakTuka» (M. Xepcon. 2015-2017 pp.); IV MixuaponHa HayKOBO-
TEXHIYHA IHTEepHET-KOH(pepeHliss «ABTOMOOLIL 1 enekTpoHika. CydacHi
texHosoriin» (M. Xapki, 2015 p.); V MikHapoagHa HayKOBO-TEXHIUHA
KoH(pepeHuis ctynentiB ta Monoaux BueHux JIBH3 «HI'Y» «HaykoBa Becna»
(M. Huimpo. 2016 p.), IV KpakoBcbka moJibchbka KOH(MEpEHIlisET O HayKax

tpancnopty, (M. Kpakis, 2017 p.). HaykoBo-npaktuuna koudepeniis «Ciry:x00B0-
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OoifoBa nisutbHICTH HarioHansHOT rBapaii YKpaiHu: cydyacHHMM cTaH, mpoOjeMu Ta
nepcnekTuBm» (M. Xapkis, 2018 p.),

Ilyoaikanii. OCHOBHI MOJIOKEHHSI Ta HAYKOB1 PE3yJbTaTH AMCEPTAIiitHOI
poOOTH OTpHMMaH1 aBTOPOM CaMOCTIMHO 1 MOBHICTIO OIMyOJjIikoBaHI B 15 HayKoBUX
poborax. Cepen HuX, 7 crareil y HayKOBUX (DaxOBUX BUJAHHAX YKpaiHM Ta
THIITUX JepKaB (3 HUX 2 — Yy MDKHAPOJHHUX BHIAHHAX, | — B )KypHaJIi, [0 BXOJUTh
JI0 HAyKOBO-METPHYHOI 0a3u SCOPUS). 3a MaTepianaMu JOCTIKCHb OMyOJIiIKOBaHO
8 Te3 y 30ipHUKAX JTOMOB1IeH MIXKHAPOIHUX HAYKOBUX KOH(DEPEHITiil.

CTpykrypa Ta odcar aucepramii. /lucepramiitna poOoTa CKIagaeThes 3i
BCTYNy, YOTUPbOX PO3JAUIB, BHUCHOBKIB, CIIMUCKY BHUKOPUCTAaHUX JDKEpEN Ta
nonmatky. Jucepramis ckiamgae 185 cropiHok, y ToMy umciai 3 gojgaTka Ha 28
ctopiHkax. OOcsAr OCHOBHOIO TEKCTy nucepTaiii craHoBuTh 118 cropinok, 49
pucyHKiB, 2 Tabnuii. Criucok BUKOpUCTaHUX jpkepen ckianae 101 naliMeHyBaHHS

Ha 11 cTopiHkax.
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1 AKTYAIJIBHICTD ITPOBJIEMMU I BUBIP HAIIPAMKY JOCII/PKEHHA

1.1. EnexkTpoMoOisib, K BUJI €JIEKTPUUYHOTO TPAHCIIOPTY

B nmaHmii 4Wac cBiTOBa TPOMHCIIOBICTh AKTHBHO 3aiMA€ThCS MOIIYKOM
aIbTEPHATUBHUX BYTJIEBOJHEBOMY MAalMBY JiKepen eHeprii. Po3poOku B 1ux
HaIpsMKaxX BEIyThCS B 0ararbOX PO3BHMHEHUX KpaiHax cBiTy. EmexTpomoOiis, €
OTHUM 3 TIPUBAaTHUX BHUIIB EIEKTPUYHOTO TpaHCIOpTy. B manumii wac,
CJIEKTPOMOO1TI 3aCTOCOBYIOTHCS JIJISI TIEPEBE3CHHS BAHTAXIB 1 JIFOJEH Y BEJIMKUX
MiCTaX, MICBKUX TapKax, JICOBMX 30HaX 1 30HAaX BIAMOYMHKY, TOOTO B THUX
00J1acTsX, /e MUTaHHS €KOJOTIYHOI OE3MEKH CTOITh HAUTOCTpIIIIC.

Tak, 3a nanumu Ypsiny Ykpaiau, 10 60% ekojgoriyHoro 30UTKy MOB'I3aHE 3
MEPEBE3CHHIM MacaXupiB JErKOBUMHU aBToMoOUIsIMU. Ha mepeBe3eHHs BaHTaXIiB
npunaaae 61u3bko 27% 1 Ha aBTOOYCHI TiepeBe3eHHs 0113bko 13% eKoJIOTi4HOro
30UTKYy. Y TPOUEHTHOMY CHIBBIJHOIICHH] MIKIJUIMBUX BUKWUJIB, IIKOJIU
HAaBKOJIMITHAOMY  CEPENOBUILYy 1  3JI0POB’I0  HACENEHHS  BiJl  BUKHIIB
aBTOTPAHCIIOPTY B MICTaX BHM3HAYAIOTh OKCHIM a30Ty (44,5%), akponein (7,5%),
caxa (7,4%), okcup Byraeio (6%), niokcun cipku (3,4%), popmanbueria (2,8%),
oenzanupe (1,3%) 1 aneranpaerizg (1,1%).

OmHUM 3 OCHOBHUX IUISXIB 3HWKEHHS HETAaTUBHOTO BIUTUBY aBTOMOOIISA HA
€KOJIOTII0 MICTa € BUKOPUCTAHHS aJIbTEPHATUBHUX €KOJOTIYHO YHCTIIIUX JKEpe
eHeprii. [HTeHcUBHI poOOTH B I[bOMY HANPSIMKY BEAYThCA B 0araThb0X pO3BUHEHUX
KpaiHax cBity. [IpoBigHI aBTOMOOLIbHI KOHLIEPHHU 1HBECTYIOTh MUIBbSIPAU JI0JIAPIB Y
PO3BUTOK TPAHCIIOPTY Ta TEXHOJOTIM albTEPHATUBHUX BUIIB JDKEPEN EHEPrIi.
OpHuM 3 Takux aabTEPHATUBHUX PIMICHh € TPAHCIOPTHI 3aco0M Ha OCHOBI
TATOBOTO CJICKTPOIIPUBOY.

YBara KOHCTPYKTOPIB 110 T3 3 €NEKTPUUHOIO TATOIO MIATPUMYETHCS THM, 110
KpIM BIJICYTHOCTI TOKCHMYHHUX BHUKHJIB B HAaBKOJMILIHE cepenoBuile (T.3B.
TEXHOJIOT1] aBTOMOOLIIB 3 HYJbOBUM BUKUIOM — ZE€ro-emission vehicles), cydacHi

CJICKTPOABUTYHH MAIOTh MEXaHIYHI XapaKTePUCTUKU, 1J1€aJIbHO BIAMOBIIAIOThH
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BUMOIraM TSTOBOTO MpuBoay, a Takox Bucokui KKJ[. Takx, KKJ[ cyudacHoro
BEHTHJIBHOTO €JIEKTpoiBUTYHA focsrae 90—-95 %, B Toit yac sk KK]I 6eH3unoBOrO
JIBC cranoButh 6mu3pko 30%, musensHOTO — 40%, KpIOTEHHUX YCTAaHOBOK —
30—-35%, manmuBHUX eixemMeHTiB — 70 %. Pazom 3 ThM, HeOOXiAHO BiA3HAYMTH, IO
3aranbHuil KKJ enexTpomoOinis, SKIIO BBaXaTH HOro 3 MOMEHTY OTpUMAaHHS
CJIEKTPUYHO1 €HEPTii 10 PaKTy pyXy €JIEKTPOTPAHCIIOPTY, BUSBIISAETHCS MPUOTU3HO
BaBiui Bute, Hik KKJI cyqacHoro aBromo0iis, oonamgaanoro JIB3[16].

[Toganpiuii po3BUTOK €JIEKTPOMOOLIIB ICTOTHO CTPUMYIOTH Maja MHUTOMa
€EMHICTh Cy4aCHUX TATOBHX akymyistopHux Oatapeit (TAbB), TpuBanuii gac, mo
BUMAra€eTbCs JUIs 1X 3apsSjkd, a TaKoK HEOOXIAHICTh CTBOPEHHS CHEIlajJbHOI
1HQPaCTPYKTYypH - 3apsAOHUX CTaHIINA. 3acTOCyBaHHSA COHSYHUX Oarapedt He
JI03BOJISIE B TIOBHIN Mipi BUpIimUTH mpoosiemy mimg3apsaku TAB[16,17].

Opnak enekTpoMoOUIl — II€ HOBA TEXHOJOIIA, sKa MOTpeOye CTBOPEHHS
CIELIAJIbHOI CUCTEMM JJIsi TOBHOIIIHHOI ekcrutyaTtanii. Ilel mpouec oxoruttoe
BEJIUKY KIJTBKICTh BUPOOHMKIB. KpiM TpamuiliiHUX y4acCHUKIB (aBTOBHUPOOHUKH,
JUTepU, BUPOOHUKH 1 YCTAHOBHUKH 3apSIHUX CTAHI[IN) yYaCHUKAMHU €KOCUCTEMU
CJIEKTPOMOOUTIB € EHEepreTH4YHl KOMIMaHii, KOMIaHii 3 yTwimizaiii Oarapei Ta
KOMITaHii, $Ki Jal0Th «Apyre >KUTTsS» Oarapei. Bemwky ponas B miaTpumii
€KOCUCTEMH MAalOTh JIep>KaBHI Ta (PIHAHCOBI CTPYKTYpPH, SIKI HAJAKOTh JOJATKOBI
IUTBCH TS BIACHUKIB enekTpoTpancnopty (puc. 1.1)[19].

[Ile oagHMM BaxJIMBUM (PAKTOPOM Yy PO3BUTKY €JIEKTPOMOOLIIB € Mepexij
aBTOMOOUTbHUX MAapKiB JAEp’KaBHUX KOMIIAHIA Ta MNpPEICTaBHUKIB Ol3HeCcy Ha
eJIEKTpUUHUN TpaHcnopT. Hampukiaz, enekTpoMoOuibHIM napk nomty B Hopserii
cknagaetbes 3 240 Renault Kangoo Z.E., mapk nomiuii B Himeuunni chopmoBanmii
3 Renault ZOE. B [lanii € koMmnanis, 110 HaJa€e MocIyru 3 oOMiHy aBTOMOOUISIMU
(car-sharing) ta Bonomie mapkom 3 420 Renault ZOE, a mixkHapoaHa KOMITaHis 3

OpPEH]IU MPOIMOHYE TypUCTaM esiekTpomoOii Renault Twizy.
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Pucynok 1.1 — Ekocucrema enekrpomMoOLiB

3 oruisily Ha mepeBaru eaeKTpoOMOOLIIs ISl CYCIIILCTBA Ta €KOJIOT1i, CTPIMKO
3pOCTa€e KUIbKICTh BHPOOHMKIB Ha PUHKY enekTpomoOuniB B cBiTi. B 2011 p.
PO3BUTKOM HAMNpSAMKY €JIeKTpoMOOUTIB 3aiimanucs Tuibku 4 Opennma (Renault,
Nissan, Tesla, Mitsubishi), a ckoromHi B 1eii mporec Bxke 3anydeHo Oiabine 20
BUPOOHMKIB, BKJIIOUalOud HenpoduibHl KoMmmadii, Taki sk (Google, sdxa
npejcTaBuiIa CBOT po3pOoOKH y BUIIISAI O€3MIJIOTHOTO enekTpoMoois[19].

3a 5 pokiB B CBiTI OyJio peasi30BaHO IMOHAX 2 MIIH. E€JIEKTPOMOOLTIB
(Bxirouaroud TIOpuAM, MO MIAKIIOYAIOTECS 7O eJleKTpoMepexi). Y €Bpormi
JAEpOM 3 TIPOJIaXy eleKTpoMoOiTiB € Opena Renault, skuit 3aiimae 25,6% puHKy.
Ha apyromy 1 TperboMy Mmicui 3HaxoasThcsi Nissan 3 yactkoro 22,8% 1 Tesla 3
yacTkoro 14,2%.

[TonuT Ha naHui BUJ TPAHCIOPTY MOCTYIOBO 30UIbIIYETHCS 1 B YKpaiHi. B
2016 p. Ha yKpaiHCbKOMY PUHKY IapK €JIeKTPOMOOLTIB ckiaB Bxke Ouibiie 2000 o.

[Toxymiri 1erKOBUX aBTOMOO1LTIB OCTaHHIM 9acOM BIJ/IAfOTh MIepeBary HOBUM
€KOHOMIYHUM aBTOMOOLIsAM. Llelt dakT noB’s3aHuil 3 TOCTIMHUM 3POCTAHHSM LIiH
Ha OCH3WH, AU3ebHE MAIHUBO 1 Ta3. Y cepeHbOMY COOIBapTICTh HAPTOMPOMYKTIB B

VYkpaini Ha 20-30% mnepeBumye ix Bapticte y Pocii, a6o B CIIA, Tomy
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BUKOPHUCTAHHS €JIEeKTPOMOOLTiB B YKpaiHi HalO1abl BUrigHa. OCHOBHUM CEKTOP
PUHKY JIETKOBHX aBTOMOOLIIB — 1€ OIO/IPKETHI aBTOMOOLII1, BapTICTh SKUX CKJIATA€
1o 20 tuc. y.o. Came 11eif cerMeHT puHKY ckiianae 80% npoaaxy HOBUX JIETKOBUX
aBTOMOOLTIB. BTiM, 3a IABUINEHHSM HAJIUBHOI €KOHOMIYHOCTI Ta €KOJOTIYHOI
YUCTOTU MOKYIUSAM JTOBOAUTHCS TJIATUTH BUCOKY I[IHY MPH MOKYIII, HAPUKIIA],
Takux aBToMoO01iB 5K Nissan Liaf a6o Mitsubishi [-MiEV. OcunoBauii daxrop, 1o
CTPUMY€E MacOBE BUPOOHHUIITBO Ta CIIOKMBAHHS €JIEKTPOMOO1IIB — BUCOKA BapTICTh
TATOBUX aKyMYJSTOPHHX Oarapeill 1 BIJACYTHICTh PO3BUHEHOI MEpEXi 3apsIHuX
craniii. CydacHi TSATOBI aKyMyJATOpHI OaTapei MOCTymarOThCs O€H3UHY abo
IU3eIbHOMY TaJuBy 3a MHUTOMOIO EHEproeMHictio. be3  ymaockoHajIeHHS
EHEPreTUYHUX XapaKTEePUCTUK AKyMYJSTOPHHX Oarapei eleKTpoMoOun OyayTh
MaTh OOMEXKEHE BUKOpUCTaHHA. ToMy Ha CHOTOJHINIHIA Yac HaNOUIbII
NEPCHEKTUBHUM HAIpPSIMOM PO3BUTKY EKOJIOTIYHMX 1 EKOHOMIYHHMX JOPOXKHIX
TPAHCIOPTHUX 3aCO0IB € CTBOPEHHS CUJIOBUX YCTAHOBOK, SIKI BHKOPHUCTOBYIOTH
CUHEPreTUYHy KOMOIHAIII0 JBUTYHa BHYTPIIHBOTO 3ropanHs JIB3 1 TAroBux
CIIEKTPUYHUX MAIIHH, SIKI OTPUMYIOTh JKUBJICHHS BiJ] CJICKTPHYHAX HAKOITUIYBadiB
CHEepTii — JITIH-IOHHUX aKyMyJaTopHuX Oarapei.[21]

[agycTpiss aBTOOyAyBaHHS 3HAXOAWTHCS B O€3MEpPepBHOMY MIpOIIECi
PO3BUTKY 1 BJIOCKOHAJICHHS. Y CBOIO 4epry, OUIBIIICTh aBTOJIOOUTEIIB BXKE HE
NepInidi piK 3aJa€ThCS MUTAHHSIM IMPO aBTOMOOUIb MalOyTHBOrO. 3 OIJIsALy Ha
€BOJIIOIIT aBTOPUHKY, & TAKOX JCSTKUX €KOHOMIUYHHUX 1 €KOJIOTTYHUX (PaKkToOpiB, OYB
CTBOPEHHUI €JIeKTPOMOOLb, SKUH, K CTBEPKYIOTh €KCIEPTH aBTOPUHKY, CTaHE
JOMIHYIOYHMM TPAHCIIOPTHUM 3aCO00M B HEJANEKOMY Mail0yTHbOMY.

Takuii aBTOMOO1Ib BETbMU BUTIJIHUNA 3 TOUKH 30PY CIOKHBAHHS IaJIMBa.
AJxe 11iHa Ha HAQTOMPOAYKTH 3POCTAE 3 KOKHUM JIHEM, a €JIEKTPOCHEPTisl MOXKe
€KOHOMHO BHUKOPHCTOBYBATHCS CIIOKMBa4aMH 32 JIONIOMOTOIO CIEIIaIbHUX
npucTpoiB 30epiranus eHeprii. [Ipu 11bOMy, BUKOpPUCTAHHS €IEKTPOMOOLIIB HE
MIKOJAUTHUME TOBKIJUIIO.

SIKmo TOBOPUTHM TPO TPOJAXK EIEKTPOMOOUTIB Ha aBTOPHHKY, BapTO

ckazaTt, 1o Jigupyrounmu BupoOHukamu € CLIA, SAnonisa, ®panuis 1 Kuraii.
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BiTuu3HsHI BUpOOHUKH IIIe HE BIPOBAKYIOTh €JIEKTPOMOOLTI HAa PUHOK. SKIIO
PO3TISTHYTH €JIEKTPOMOOLNI, SIKI 3HAXOSITHCS B CEPIMHOMY BUPOOHUIITBI, MOXKHA
BUJIUITUTHU TPU OCHOBHI IPYIIH:

— IIOCEMHI eIeKTPOMOO1TI;

— MICBKIi eJIeKTpOMOO1Ii;

— CIIOPTUBHI €JIEKTPOMOOLIII.

HamBuamumMy € CHopTUBHI  €JIEeKTPOMOOLT, SKI MOXYTh PO3BHBATH
MIBUIKICTH OLTbII HIXK B 200 KM/TOI.

Jlauuii BHJ TpPaHCIOPTY TEPECYBAETHCA 3a JOMOMOTOI0 BUKOPHCTAHHSA
crHeliaibHuX Oarapeil — CoHsiuHuX abo akymynsatopHux. IIpore, akymynsTopHuit
TUIl OaTapeil BUKOPUCTOBYEThCS HAOarato yacTiile, HiXK COHSYHUU. [laHuil Tun
Oarapei MOXKHa 3aps/KaTd BiJ 30BHILIHIX JpKepen abo Bl reHepartopa. Sk
MpaBujIo, TOTYXHICT, Oarapei NOBMHHA OyTH EKBIBAJICHTHOIO MOTYXKHOCTI
neuryna. Ille onHuM O€3CyMHIBHUM IITIOCOM  €JIEKTPOMOOLIS € TpocTa
KOMIUIEKTAllisl JleTaneld. Y KOMIUIEKT AeTajeill eleKTpoMoOuIs BXOIATh: OaTapes
aKyMyJISITOPHOTO ab0 COHSYHOTO THUIY, €JIEKTPOJBUTYH, 3apsiiHUN IMPUCTPIH,
NIEPETBOPIOBAY CTPYMY 1 €JIEKTPOHHA CUCTeMa yrpaBiinusa[22,23].

[TopiBHIOIOYM  (QYHKIIIOHQJIbHI  XapaKTEPUCTUKUA  E€IEKTPOMOOUIS 1
aBTOMOO1JISI, MO’KHAa CMUJIMBO CKa3aTH, IO €JIEKTPOMOOUIb Habarato mepeBaxkae
HaJ MPOCTUM aBTOMOOUIeM 3 orany Ha HactynHi yumHHUKIB: KK/ nBuryna
enexkTpoMoOuTiB 3HauHo Buiie, HiK KKJI nBuryna 06a3oBux aBTOMOOINIB;
€JIEKTPOMOOUIb HE BHUMAara€ BHUKOPHCTAHHS TAaKUX MIKUIMBUX XIMIKQIIA, SIK
aHTU(GpPU3, MOTOpPHE MAaC]O, Y €JIEKTPOMOOUIIB TaKOX BIJIICYTHINH BUXJIOI;
HasIBHICTh €JIEKTPOJBUTYHA CHpPHSIE 3HAYHOMY CHPOLIEHHIO BCIET KOHCTPYKIIIT
CJICKTPOMOOUIS; 3apsiKaTH €JIEKTPOMOOLTh MOXKHA K BiJl 3BUYANHOI JOMAIIHLOT
MepexXi, TaK 1 Ha CHeIiali30BaHUX 3allpaBKax; TaJbMyBaHHS 3IIHCHIOETHCS 32
JIOTIOMOT'0}0 3BOPOTHOI €NIEKTPUYHOI MAIIMHHU, 1110 POOUTH HEMOTPIOHUM HAsIBHICTD
TpPaJAMIIITHOI TaJTbMIBHOI CUCTEMH; KpIM TepeBar eIeKTPOMOOLTs, mepepaxoBaHuX
BUIIIE, PO3BUTOK JAHOTO BUIY TPAHCIIOPTY MA€ II€ OJHUM MO3UTUBHUM €(PEKTOM,

KOHKPETHIIIE — B COIllaJbHO-€KOHOMIUHIM cdepi. Sk 1 Oyap-ska 1HIIA
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TEXHOJIOTIYHA HOBHUHKA, €JIEKTPOMOOLIL Hece B €001 KapAuHalIbHI 3MIHU B
CYCIIJIBCTBI B IIIOMY.

Cdepa BUPOOHMIITBA E€IEKTPOMOOUTIB € BUCOKOTEXHOJOTIYHY ISTIBHICTD,
sKa B CBOIO YEPTy JO3BOJIUTh BUKOPUCTOBYBATU CYYaCHUM MOTEHINIAN YHMCICHHUX
HAyKOBHX YCTaHOB 1 mpomucioBux cdep. Takox nana cdepa BHpoOHHUIITBA
JIOTIOMO’KE€ CTBOPUTH YMOBHU JJIs 3allUTaHHS 3HAHb, JOCBIY Ji04MX (PaxiBIiB 1
3aJyYUTH Y BUPOOHHUIITBO MOKOJIIHHS MOJIOUX (PaxiBIIiB.

Ha pucynky 1.2 mpuBeneHa rictorpaMa MOPIBHSHHS MUTOMHUX MOKa3HUKIB
JoKepen eneprii[24].

BunukaioTh  10AATKOBI  TpyAHOLII  OYyIIBHUIITBA  3alpaBOK IS
CJIEKTPOMOOLTIB, 1110 MPAIIOI0Th HA aKyMyJSITOpHIN OGatapei. TyT cToiTh muTaHHS
MIBUKOTO 1 0€3M1eYHOro MOMOBHEHHS MAJIMBOM TPAaHCHOPTHOIO 3aco0y. CTOCOBHO
JI0 aKyMYJISITOPHOI OaTapei, Ciij 3a3HauuTH, 10 MIBUAKICTH i1 3apsay Xod 1
3JICKUTH BiJl BJIACTUBOCTEN €JIEKTPOXIMIUYHOI CUCTEMH, aji€ y BCIX BHUMAJKAX 4dac
3apsiAy 3HAYHO TMEPEeBEpIIy€e Yac MOMOBHEHHS MAJIMBOM aBTOMOOLIS, IO MPAIIOE

Ha
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1200

Bt rog/xr

1 — GensuH; 2 - niTiH-10H1 aKYMYJIATOPH;
3 - TOIIIBHI €JIEMEHTH
Pucynox 1.2 — [Iutomi XapakTepUCTUKH JKEPEN eHepril

OCHOBI  BYIVICBOJIHOTO TajguBa ab0 €JIeKTpOMOOUISI 3 TMaJTuBHUMH
eJleMeHTaMu. 3 TOYKH 30py Oe3MneKku, HEoOX1THO 3a0e3MeUnuTH TapaHTOBAHUI
3aXMCT KOPUCTyBada 1 0OCIyTOBYIOUOTO MEPCOHATY BiJl YPaKCHHS €JIEKTPUYHUM

CTpyMOM a00 BHUTOKY BOJHIO 1 KHCHIO 3 pe€3€pByapiB 3alpaBHOi CTaHIIi 1
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CIEKTpOMOOUIST 3 TAaJMBHUMHU ejleMeHTaMu. Ha chorojHimHii JeHb He
CIIOCTEPITAEThCS  MPUHIIAIIOBOTO TMPOPHWBY B JIOCHI/DKCHHSX, TIIOB'SI3aHUX 3
pO3pOOKOI0 HOBHUX JDKEpea eHeprii, sKki JO3BOMMIM O OTpUMaTH IHUTOMI

XApaKTCPUCTHUKHU HOpiBHHHHi 3 XapaKTCPUCTUKAMH BYIJICBOJIHCBOI'O IIAJIMBA.

1.2 . Anami3 eneKTpOXiMIYHUX CHCTEM TSITOBOTO EICKTPOIIPUBOIY

VY npoMHCIOBOCTI 1 aBTOMOO17I€0Y/TyBaHH1 IIUPOKE 3aCTOCYBAHHS OTPUMAIH
Hikenb-kaamieBl (NiCd), nikenb-metanrinpuani (NiMh), cBunneBo-kuciotHi (Pb)
1 miTii-ionHi (Li-ion) akymynstopHi Oatapei. B ocraHHI pokd pPO3pOOHUKU
CJIEKTPOHHOI Ta CWJIOBHM amapaTrypu MpOSIBISIOTh OCOOJMBHUI 1HTEpPEC [0
€JIEKTPOXIMIYHUM HAKOMUYYBauiB €HEPIrii Ha OCHOBI JITIEBOTO eneKkTpoaa. Huxye
PO3MIISIIAIOTHCS. BIACTUBOCTI 1 OCOOJIMBOCTI €KCILTyaTallii BUINE MEpepaxoBaHUX
JIKEpEN EHEPrii.

Hikenb-kaami€eBl aKyMmyJsiTOpH BHUITYCKAIOThCS BXKE€ OUIbIIE IT'SITAECATH
POKIB, TOMY iX CTPYKTypa 1 BJIACTHUBOCTI HaMOLIbII MOBHO BHUBYeHI. CyuwacHi
HIKEJIb-KaJIMIEB aKyMYJISITOPU BHUIYCKAlOTHCA B T€PMETHUYHOMY LMJIIHIPUYHOMY
a00 mnpu3MaTUYHOMY Kopmycax. [lutomi enepretwuni xapakrepuctuku NiCd
aKyMYJISTOPIB aocsraroTs BeauuuH 60 Br-rom/kr 1 175 Br ron/am°. HominansHa
HaIpyra TepMETUYHUX aKyMYJSITOPIB JaHOI €IEKTPOXIMIYHOI CHCTEMU CTaHOBUTH
1,28 B.

Camopospsaa repmetnaanx NiCd akyMyssiTOpiB BHU3HAYA€THCS B TEPIITY
Yyepry TEpPMOAUMHAMIYHOK HECTIMKICTIO MO3UTUBHOIO OKCHJIHO HIKEJIEBOrO
enekTpoga. BrumB Ha camopaspan  MIKpOYTE€UEK MK — PI3HOMNOJSIPHUMHU
CJIEKTPOJaMU TOPIBHAHO MaJl0 HAa TOYaTKy eKCIUTyartarii, aje 3pocTae 3

HarpalrOBaHHSM.
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Pucynok 1.3 — Po3psinHa XxapakTepuCcTUKa HiKeJIb-KaIMUEBOTO

akymymstopa (NiCd)

[Ipouec camopaspsiga BeAe HE TUIBKM [0 BTpaTH €MHOCTI, ajne 1 J0
3araapHOTO 3HWKeHHs Hanpyru (Ha 30 — 50 mB). Lle noB's3ano Sk 3 TOCTYNOBUM
BUPIBHIOBAHHSM PIBHS 3apsA/DKEHOCTI TOBEPXHEBUX 1 TIMOMHHUX IIapiB
CJICKTPO/IIB, TaK 1 3 YACTKOBOIO IMACHBAIII€IO iX aKTUBHUX Mac[26,27].

Ha Tepmin cioyOu akymylnaTopiB CUJIBHUN BIUIMB HAJla€ PEXKUM
eKCILTyaTallii: pexXuM 1 TIIMOMHA PO3psiAy, PEXKHUM 3apsiay, TPUBAIICTh MAay3H MK
3apsiIoOM 1 pO3psiIoM TIpu Oe3MepepBHOMY ITUKIIYBaHHI, MEPIOU €KCIUTyaTallii Ta
30epiraHHs.

AHani3 JaHuX Opo BIAMOBU I€PMETHUHUX HIKEJb-KaJIMIEBUX aKyMYJISTOPIB
MoKa3zye, IO TNpH iX eKCIUTyarTaiii HaKOMUYYIOThCsl €QEeKTH, TOB'I3aHl 3
HAaCTyMHUMU (aKTOpaMu:

— BTPATOIO aKTUBHUX MAac 1 MePEpO3NOAIIOM IX Ha eNeKTPOoIaxX;

— 3HWKEHHSM Po00Y0i MOBEPXHI €IEKTPOIIB;

— MPOTIKAHHSIM TMPOIIECIB, TMOB'SI3aHUX 3 HEOOOPOTHUM  CIIOKUBAHHSIM
KHCHIO 1 BOJIM, a TAKOXX PO3MaJ0M HEOPTraHIYHUX PEYOBUH (P13HUX J0OABOK);

— 3MIHOK KUIBKOCTI 1 CKJIaQy eJeKTPOJITy 1 HOro mnepepo3noIuioM
BCEpEe/IMHI aKyMyJIsITOpa.

Ha 3akiHueHHs cii 3a3HAYUTH TaKOX JOCUTH Xopoiry cTidkicTe NiCd

aKyMyJIATOPIB 7O BUMAAKOBUX Mepepo3psiaAiB. B 1boMy BUNAIAKYy B aKyMyJSITOP1
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BUJIITISIETHCS BOJIEHb, PEKOMOIHAIlIS SIKOTO Jy>)K€ HHU3bKa, ajle MpU HE4YacTHX
nepepo3psax Moro KiIbKICTh HE MPHU3BOAMTH 0 pO3repMeTH3allii, a Hampyra
aKyMyJIATOpa NpHU 3HIATTI NOJSPU3allii BiTHOBIIOETHCS.

Hikens-Meranoriapuani (NiMh) akymynsTopu 3sSBUIIMCS B PE3yibTaTi
3aMiHM KaJMHEBOTO €JIEKTPOJla Ha €JIEKTPOJl CIUIaBIB HIKEIIO 3 MeTalaMu
PIIKO3EMENbHOI TPYIIH.

Po3BuTOK Tamy3i po3poOOK HIKEIb-METANTIAPUIHUX aKyMYJISTOPIB TOYAJICST
KUIbKAa  JEeCATWIITH TOMY. 3OBHINIHIA  BUTIJSA] — HIKEIb-METANTIIPUIHOTO
aKyMyJaTopa NpeCcTaBIeHUI Ha pUCYHKY 1.4.

Hampyra posimkHeHoro nasiora akymyisatopiB (HPJI) NiMh 3a3Buuait
3HaxoAuThcs B niamazoHi 1,32-1,35 B 1 mpaktuuno nopiBHioe HPIL[ Hikenb-
kaaMmieBoro akymyiaropa. Cmig  3a3HaumtH, mo NiMh  akymynstopu
BUITYCKAIOTBCA B Takux ke Kopmycax, mo 1 NiCd, mo poOuTh MOXKIHBOIO
B3a€EMO3aMIHHICTh IIUX E€JEKTPOXIMIYHUX CHUCTEM B PaJiOEIEKTPOHHIN amapaTypi.
[Ipote, NiMh akymynsTopu MarOTh psiji iepeBar 1 HEJIOMIKIB MO BIIHOLIEHHIO 10

HIKEJIb-KaMI1€BUX.

Pucynok 1.4 — 30BHIIIHIN BUTJISA HIKETb-METAIOT1APUTHOTO aKyMYJISITOpa

JIo OoAHOrO 3 OCHOBHUX JIOCTOIHCTB HEOOXIJHO BIJIHECTH 3aMiHY
HETaTHUBHOTO €JIEKTPOJa, IO J03BONMMWIO B 1,3—2 pa3su 30UIBIIMTH 3aKIAJKY
aKTUBHUX MAac TO3UTUBHOTO €JEKTPOAa, KWW BU3HAYA€ €MHICTh aKyMyJsTOpa.
TakuM 4MHOM, HIKEJIb-METAJIOTIIPUIHI aKyMYJISITOPU BOJIOJIIIOTH OLIbIII BUCOKUMU

CHEPreTUYHUMHU  XapaKTePUCTUKaMU B  TIOPIBHSHHI 3  HIKEJIbh-KaJIMIEBHX
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Hakonn4yBayamu. Tak, mutoMa BaroBa eHepris NiMh akyMymnsTopiB gocsrae
BennunHu 80 BT ron/kr, a muroma 06'emua eneprisg — 190 Bt ron/n. €MHICTSB, Ky
3MIaTHUN BIAJIATH aKyMYJISITOp, 3aJIEKUThH SK BiJ] BEIUYMHH HOro HaBaHTaKEHHS
pU pO3psil, TakK 1 BiJ TEMIEPATYPH HABKOJIUIIHHOTO CEPEOBUIIIA.

Hikenp-meTanorigpuani akKyMyJaTOpH 32 CBOEIO KOHCTPYKIIEID €
aHaJIoraMy HIKeNb-KaJAMIEBUX aKyMYJSTOPIB, a IO €JIEKTPOXIMIYHUM MpolecaM —
HIKETb-BOJHEBUX akymyisTopiB. [lutoma enepris NiMh akymynaropa 3HauHO
Buiie nutomoi eneprii NiCd 1 Ni-H2-akymynsaropis (tabmuna 1.1).

3 MmiIBUILEHHSIM HaBaHTAKECHHS (3MEHIIEHHS Yacy po3psy) 1 MpH 3HUKEHHI
temreparypu eMmHicTh NiMh akymynsTopa 3MeHIIyeTbes (pucyHok 1.5).
Oco0MMBO TOMITHO Jisi 3HMJKEHHS TEMIEpaTypd Ha €MHICTb MpPU BEJIHKHUX
HIBUIKOCTSAX po3psay 1 npu temneparypax Huxde 0 C.

[Ipu 30epiranHi BinOyBaeThcsi camopo3psag NiMh akymynaropa. Yepes
MICAIllb TPU KIMHATHIM TeMiiepaTypi BTparta eMmHoOcTi ckiangae 20-30%, a npu
noJanbIIoOMy 30epiraHHI BTpaTH 3MEHINYIOThCSA 10 3-7% B wmicsans. LlIBuakicts
CaMOpO3pPsITy IMiABUIIYETHCS TP 301IBIICHH] TeMIlepaTypH (pucyHok 1.6).

Tabmuus 1.1 — IMopiBasabs TrmiB Ni-Mh, Ni-Cd i Ni-H2-akymynsropis

Tunu akymynsTopiB

Hapaverp Ni-Cd Ni-H2 Ni-Mh
Howminanena Hanpyra, B 1,2 1,2 1,2
[Tutoma enepris: 20-40 40-55 50-80
e, 60-120 60-80 100-270
Bt -M/mm
[Tutoma notyxHicTh, BT/KT 50-400 50-100 50-1100
TepmiH cayx0u, pik 1-5 2-7 1-5
Tepmin cayxOu, UK 500-1000 2000-3000 500-2000
Camopospsn,% 20-30 (3a 20-30 (3a 1 20-40 (3a

’ 28 106.) 700.) 28 106.)

PoOoua Tremnepatypa, °C -50...+60 -20...+30 -40...+60
[IkianuBi peuOBUHU Cd Hi Hi
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1- crpym pospsany 0,2 C; 2- ctpym po3psany 1 C;
2- crpym po3psaay 3 C

Pucynox 1.5 — 3anexHicts po3psaanoi emHocti NiMh akymynsitopa Bij

TEeMIIepaTypH MPH PI3HUX TOKAX PO3PATY

KK]I NiMh akymynstopiB no Hanpysi #¢ ckiaagae 83—87 %. KKJI (Bignaua)
1o eMHOCTI #y 1 o eneprii 7y NIMh - akymynaTopiB 3anexuTh BiJ IIBUAKOCTEH
MPOTIKAHHS OCHOBHOI Ta MOOIYHOI (BUIJIEHHS KHUCHIO) peakilii Ha OKCHUJIHO-
HikeneBoMy eiekTpol. Ilpu 3apsnniit emuocti C3 no 0,8 C,,,, LIBUAKICTH TOOIYHOT
peakmii myxe Mana i nc =~ 100 %, nw =85 %. Ilpu C3=1,5 - Cyom, Nc =67 %. 1
Mw~=~55%-58%.
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1 — npu temmnepatypi 0°C; 2 — mpu remneparypi 20°C;
3 — pu Temmneparypi 40°C

Pucynok 1.6 - 3anexuicts po3psanoi emHocti NiMh akymynsitopa Bif yacy

30epiraHHs IpH PiI3HUX TEMIIepaTypax
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ITepeBaru ta Heponiku NiMh akymynaropiB. 3HauHe 30UTbIICHHS TUTOMUX
CeHepreTUYHUX MapaMeTpiB He eauHa nepeBara NiMh axymymnstopiB nepen NiCd
akymyJisTopamu. BiamoBa Bijg KaaMil0 oO3Haya€ TaKOX Iepexijy A0 OIbII
€KOJIOTIYHO YHCTUM BUPOOHMIITBaM. Jlerimie BHUpimIyeTbes 1 mpobiieMa yTuiIizamii
10 BUMNLIM 3 naxy akymymstopiB. Lli rigaocti NiMh akymynsTopiB BU3HAUMIU
O1BIN IMIBUIKE 3POCTaHHS OOCATIB iX BHUPOOHHUIITBA y BCIX IMPOBIJIHUX CBITOBUX
aKyMyJISITOpHUX KoMmaHi#i y nopiBHsHHI 3 NiCd akymynsiTopaMu.

Y NiMh akymynsaropiB Hemae «edekty mnamsTi», mo BiactuBe NiCd
aKyMyJIITOpaMm 4epe3 YTBOPEHHsI HiKeJlaTa B HEraTUBHOMY KaJM1€BOMY €JEKTPO/IL.
Opnak edexTd, MOB’s3aHI 3 TEpPe3apsioM OKCHUIHO-HIKEJIEBOTO €JIEKTPOJa,
30epIraroThCsl.

3MEHIIICHHS PO3PSAHOI HAMIPYTH, 10 CIIOCTEPIraeThCsl MPU YaCTUX 1 JJOBIHX
nepe3apsgax Tak camo, sk 1y NiCd akymynsaropiB, Moxxke OyTH yCYHYTO IpHU
NepioIMYHOMY 3JIACHEHHI KUIbKOX po3psaniB g0 1 B. Taki pospsanu mocuthb
IpOBOAUTH | pa3 Ha MICALIb.

OnHak  HIKEIb-METAJIOTIIPUAHI  aKyMYJSITOPH  TOCTYMAIOThCA — HIKENb-
KaJMI€BUX, SKI BOHHM IIOKJIMKaHI 3aMIHUTH, 3a JSSIKUMHU €KCIUTyaTallliHUMU
XapaKTePUCTUKAMHU:

— NiMh akymynsTopu eheKTHBHO MPAIIOIOTh B OUTBIIT By3bKOMY 1HTEpBa
poboUYMX CTpyMiB, IO TIOBS3aHO 3 OOMEXEHOI JecopOIli€l0  BOIHIO
METAJIOT1IPUIHOTO €NIEKTPO/Ia MPH AyKe BUCOKHX IIBHIKOCTSIX PO3PIILY;

— NiMh akymynaropu MaroTh OUTbII BY3bKHN TEMIIEpATypHHUI diama3oH
eKCIUTyaTallii: BeJuKa iX YacTHHA Hempale3aaTHa npu temmepatypi Huxde —10°C 1
Buie +40°C, xo4a B OKpEMHX CEpIIX aKyMyJATOPIB KOPUTYBaHHS PEUENTYyp
3a0e3neynia pO3IIMPEHHS TEMIIEPATYPHUX MEK;

— npotsirom 3apsay NiMh akymyiasiTopiB BUAUISETHCS OUIbILE TETUIOTH, HIXK
npu 3apsal NiCd akymynsTopiB, TOMY 3 METOIO TIOTIEpE/KEHHS TeperpiBy Oarapei
3 NiMh akymynsaTopiB B mporeci MIBHIAKOTO 3apsAay 1/abo 3HA4YHOTO

nepe3apsiPKeHHs] B HUX BCTAHOBIIIOIOTh TEPMO-3alO0DKHUKHN a00 TepMO-perie, sKi
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MarTh Y CBOEMY PO3IOPSKEHHI Ha CTIHIII OJHOTO 3 aKyMYJISTOPIB B IIEHTPAIbHIN
yacTHHI OaTapei;

— NiMh akymynsaTopu mMaroTh MiABUIIEHUN caMOpO3psii, 1110 BU3HAYAETHCS
HEMUHYYICTIO pEakKili BOJHIO, PO3YMHEHOTO0 B EJEKTPONITI, 3 MO3UTUBHUM
OKCHUHO-HIKEJICBUM €JICKTPOJOM (3aBISKH BUKOPHUCTAHHIO CHEIialbHUX CILJIaBiB
HETaTUBHOTO €JIEKTPOJIa, BAAJIOCS JOMOITUCS 3HMKEHHS IIBUIKOCTI CaMOPO3PSAY
JI0 BEJIMYUH, OJIM3bKUX A0 MoKa3HUKIB /71t N1Cd akyMynsITopiB);

— HeOe3MeKy meperpiBy mnpu 3apsiai ogHoro 3 NiMh akymynsatopiB 6aTapeti,
a TaKOoX IMEPeroiIOCOBaHIsl aKyMyJsTOpa 3 MEHILIOK €MHICTIO TpU PO3psiai
Oarapei, 3pocTae 3 HEY3TrOJKCHICTIO MMapaMeTpiB aKyMyJsTOpIB B PE3yJbTaTi
TPUBAJIOr0 LMKIUPOBAHUS, TOMY CTBOpEHHsA Oartapeil Oupmr HiK 3 10
aKyMYJISITOPIB HE PEKOMEHAYETHCS yCiMa BUPOOHUKAMU.

Sk  Bxke 3a3Hauvaiocs panime, jgerpagamis  NiMh — akymynsTopis
BU3HAYAETHCS, MEPII 32 BCE, 3HIDKEHHSIM MPH LUKIyBaHHI COpOYIOYOI0 3AaTHOCTI
HETaTUBHOTO €JIEKTpoJa. Y ILHKJIl 3apsay—po3psAny BiIOYBaeTbCs 3MiHA 00CATY
KPUCTAJIYHOI PEUITKH CIUIaBy, IO NPU3BOAUTH JO YTBOPEHHS TPIIIUH 1
MOMANBIIOT KOpo3ili mpu peakiii 3 enekTpositoM. OcBiTa MPOIYKTIB KOPO3ii
B1I0YBa€ThCS 3 TMOTJIMHAHHSM KHUCHIO 1 BOJIHIO, B PE3YyJIbTAaTl YOr0 3MEHIIYEThCS
3arajbHa KUTBKICTh €JIEKTPOJITY 1 MIJBUIYETHCS BHYTPIIIHINA OMIP aKyMyJIsTOpA.

Cnin 3ayBaxkutH, 10 Xapakrepuctuku NiMh akyMynsTopiB 1CTOTHO
3aJIeXkaTh BiJ CIUIaBYy HETaTMBHOIO €JIEKTPOAA 1 TEXHOJIOTii 0OpOoOKH MeTamy s
MIJBUIIEHHS CTA0UTBHOCTI WOTO CKIany 1 cTpykTypu. lle 3mymrye BUpOOHUKIB
aKyMyJIATOpPIB YBaXXHO CTaBUTUCA JO BHOOpPY TMOCTayalbHUKIB CIUIaBy, a
CIOKHMBAUIB aKyMYJIITOPIB — 10 BUOOPY KOMITaH1i-BUPOOHHUKA.

Haii0inpim 4acto B €JIEKTPOMOOUISX 3aCTOCOBYIOTH JiTii-ioHHI (Li-ion)
akymyistopu. lle moB’s3aHo 3 iX mepeBaraMd B TOpPIBHAHHI 3 HIMPOKO
BUKOPUCTOBYBAaHMMHU paHilie Hikeab-MeTanorigpuaaumu  (NiMh) 1 Hikenb-
kagmieBux (NiCd) akymynaropamu. Y Li-ion akyMmynisiTOpiB 3HAYHO Kparil
napametpu. OnHak ciig BpaxoByBaTd, o NiCd akymymsiTopp MarmTh OJHY

BOXJIMBY TIHICTh: 3JaTHICTh 3a0e3MedyBaTH BEJIMKI CTpyMH po3psaay. lLle
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BJIACTUBICTh HE€ € KPUTHUYHO BAXKIMBUM TIPU XapuyyBaHHI HOYTOYKIB abo
CTUIbHUKOBUX TenedoHiB (e yacTtka Li-ion goxoauts 1o 80% 1 ix yacTka crae Bce
OinpIe 1 OUIBIIE), ajie ICHYE JOCUTh 0arato MPUCTPOIB, SKI CIIOKUBAIOTh BEJIHKI
CTPYMH, HANPUKJIAJ BCUISAKI €IEKTPOIHCTPYMEHTH, €JIeKTPOOpUTBH 1 T.1I. Jlo cux
mip 1 mpucTpoi Oynu BoTunHOIO Maike BukitouyHO NiCd akymynstopiB. OnHak B
JTAaHUM 4yac, 0COOJIMBO B 3BSI3KY 3 OOMEKEHHSM 3aCTOCYBaHHS KaJMIIO BiJIITOBIIHO
no nupektuBd ROHS, pi3ko axTuBi3yBanucs MOCHIKEHHS IO CTBOPEHHIO
0e3Ka/IMieBUX aKyMYJISTOPIB 3 BEIUKUM PO3PSITHUX CTpyMoM[24].

JliTiki-ionHnit akymynsatop (Li-ion). BropunHi1 mkepena eHeprii Ha OCHOBI
JITIEBOTO €JIEKTPOJIa, 3 SIKMX OCOOJMBO BUAUISIIOTHCS JIITIM-10HHI CHUCTEMH, BCE
OlyIbllIe 3aBOMOBYIOTh PUHOK SIK CJIa0OTOYHOM, TaK 1 CHJIOBOI €JeKTpoanapaTypu.
[IpopuB HiTIN-IOHHKUX JKEpEN MOB’S3aHUM 3 O4IKyBAHUMH BUCOKUMH MHUTOMUMU
XapaKTepUCTHUKAMU 1 3HAYHUM PO3IMHUPEHHSIM poOOYOro TemIepaTypHOTro
nianazoHy. KOHCTpYKTMBHO  JITIH-10HHI  aKyMyJsiTOpU  BHITYCKAlOThCA B
NPU3MATUYHUX 1 HWJIIHIPUYHUX BaplaHTaXx.

B umuniHApUYHUX aKymyJsSaTOpax CKPYYEHHM y BUTIISIIL PYJIOHY IaKeT
CJIEKTPOJIIB 1 cemaparopa MOMIIIEHUN B aJIOMIHIEBHM KOPIYC, 3 SKUM 3'€THAHUM
HEraTUBHUMN €JeKTpoAd. [[O3UTHBHUI €IEeKTpPOJ aKymyJsiTopa BUBEACHUW dYepes
130JIITOp HAa  KPUIIKY. 3OBHINIHIA BUTJIAA  JITIH-IOHHOTO  aKyMyJsITOpa

enekTpoMoOins Nissan Leaf npencraBnenuit Ha pucyHky 1.7.

Pucynox 1.7 — JliTiii-10HHa akyMyniaTopHa O6arapes enekrpomoOuts Nissan

Leaf
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JIiTiH-10HHUM aKyMYJISITOp JUIsl €JIeKTpoMoOus 310panuit 3 192 ocepenkis.
Jlo ckiamy akyMyssTopa BKIIOYECHUH MaHTaHAT JIITIIO HAa MO3UTHBHUX TUTACTUHAX 1
rpadiT Ha HEraTUBHOMY elekTpoai. Maca akymynsaropa Onu3pko 270 kr i1
po3TaiioBaHa BIH IIiJl CHUIIHHAMHU eJekTpoMoOins (pucyHok 1.8). Ilpu emHocTi
Oarapei 24 kBT'Toa 1 MOXJIMBOCTI PEKYNEPaTUBHOTO TaJbMyBaHHS 3alac XOay
enekTpoMoOiIs ckiane Omm3bko 240 kM. JXKUTTEBHIA MUK aHOTO aKyMyJsiTopa
ckianae Oimpmie 5 pokiB. [loBHui nwmkin 3apany Li-ion akymymisTopiB Bin
noOyToBO1 enexkTpoMmepexi 3 Hampyroto 220 B 1 cumoro ctpymy 12 A TpuBae
omu3pko 9 ron, 80 % eMHOCTI Ha chemiadbHOMY 3apsiaHoMy mpuctpoi Nissan
3anoBHIOIOTBCS 3a 30 xB. EnexktpoMoOiuis oOsiagHaHWil JBOMa THI3JAMH ISt
3apsIHAX TPUCTPOIB B MEPE/HIN YaCTUHI MAlIMHU: OJIHE JUIsl CTAaHJIAPTHOI 1 1HIIIE

JUISL IPUCKOPEHOT mia3apsaku (pucyHok 1.9).

Pucynok 1.8 — Po3mimienHs miTiii-i0HHOI akyMyJsiTOpHOT OaTapei B

enexktpomoOini Nissan Leaf

Pucynox 1.9 — Po3’emu mist 3apsiny enekrpomoOins Nissan Leaf
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B ocHoBi pobotu enektpomiB Li-ion akymynsiTopa J€KUTh TPUHIUIL
BIIPOBA/KCHHS-BIIIYUEHHSI 10HIB JITIIO B MAaTpPHIIO MEBHOI CTpyKTypu. Taki
MaTpHUIli BUCTYIAIOTh B POJIi «TOCHOJAps», M0 MPEACTABIAIOTh BiIbHI MPOCTOPH
CBOE€I CTPYKTYPH «TOCTIO», IKUM € 10H JiTit0. [Ipyu mpomy TicTh, Npu 371HCHEHH]
3apsay a0o po3psaay aKymyJsTopa BIPOBAIKYETbCA B OAHY 3 MaTpHIlb 1
BIJIMOBITHO W€ 3 IHIIOTO. 3aBISKU LbOMY, TOMAIOHY CTPYKTYpYy Ha3UBaIOTh
«kpicno-kayankay. CepenoBuIleM, yepe3 sIKy BiIOyBaeTbCcs NEPEHECEHHS 10Ha
JITiI0, € EJIEeKTPONiT. 300pakeHHs CTpyKTypu Li-ion akymymnsTopa («Kpicio-

KadaJikay) mokazaHo Ha pucyHky 1.10.
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Pucynok 1.10 — CtpykTypHE 300paXkKeHHS JiTiH-10HHOTO aKyMyJIsiTopa

31 cXxeMHu BUAHO, II0 MPOLEC HE OOMEXYEThCSA TUIBKUA MEPEHECEHHSIM 10HA
miTiro. OAHOYACHO B TOMY K HaIPSIMKY B1JJOYBA€ThCS NMEPEHOC €JIEKTPOHA, TaK 0
craj IMO3WTUBHOTO 3apsily Ha aHOJl aKyMyJsTOpa KOMIIEHCYEThCS B1JIXOJOM
€JIEKTPOHA, a MPUOYTTS MO3UTUBHOTO 3aps/ly Ha KaTOJl KOMIIEHCYETHCS MPUXOJIOM
enexkTpoHa. [Ipu 3apsial 10H JITIIO 3aJIUINAE MATPHIIO TTO3UTUBHOTO €JICKTpoJa 1
BIIPOBAKYETHCS B BYTJIELEBY MaTpulllo (HeraTuBHuUU enektpon). Ilpu pospsiai
BiI0yBaeThcsi 3BOpoTHUN Tiporiec. CepenoBuilieM, dYepe3 5Ky BiIOYyBaeThCs
MIEPEHECEHHS 10HIB JITIIO BiJl €IEKTPOJIa 10 €IEKTPOaa, CIYX,aTh PiJiki ad0 TBEp/Ii
enexktpomiTi. IlepeHeceHHs  eNeKTPOHIB  3IMCHIOETBCS 32  30BHIIIHBOMY

NPOBIAHUKY, 10 3'€HYE 1Ba eaekTpoan[25].
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CyuyacHi JTiM-10HHI aKyMYJISITOPH JOCSTJIM BUCOKMX MUTOMMX IMOKA3HHKIB:
100—180 Br'ron/kr 1 250-400 Bt'ron/n. PobGoua Hampyra akyMymnsTopiB
3,5-3,7 B. CyuacHi akyMyJsTopu Tpaine3faTHi npu Tokax pospsaay o 20 C.
CraBlieHHS 3apsHOI €MHOCTI JITIH-IOHHUX aKyMyJsTOpiB 10 iX PO3PSIHOT
€MHOCTI OJIU3BKO 0 OMWHUIN. SIK MpaBUIIO, KUIBKICTh IUKIIB TMEpe3apsIKeHHs
akymyJsitopa He 6ibiie 1000.

Ha pucynky 1.11 nHaBemeHa po3psiiHa XapakTEpUCTUKA JIITIH-10HHOTO
aKyMyJIATOpa TIPH Pi3HUX TeMIlepaTypax HaBKOJUIIHKOTO cepemoBumia + 20° C 1

IIPU PI3HUX TOKAX PO3PALY.

\
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Pucynok 1.11 — Po3psiina xapakTepucTrKa JIiT1ii-lIOHHOTO aKyMyJIsSITOpa

Sk BugHO 3 rpadika, A1 AAHOTO aKyMyJssiTopa po3psa (Ipu Temmeparypi
+20°C) mpu Tokax HaBaHTaxeHHs 0,2C, 1C 1 2C He poOUTH ICTOTHOTO BIUIMBY Ha
HOT0 pO3psAIHI XapaKTEPUCTHKHU.

Li-ion akyMyJasiTOpH 3aps/pKaloThCsl B KOMOIHOBAHOMY DPEXKHMi: CIIOYATKy
npu noctiitHoMmy ctpymi (B mianazoni Bix 0,2C mo 1C) mo nanpyru 4,1-4,2 B (B
3aJIeKHOCT1 BIJ] peKOMEHAAIll BUpOOHMKA), ajll TIpH TMOCTikHIN Hanpy3i. [lepiia
CTajis 3apsiay Moxe TpuBatu Onu3bko 40 xB, Apyra crajis JoBiIe. buibli
HIBUIKUAN 3aps]i MOKe OyTH TOCATHYTHM MPU IMITYJIbCHOMY PEXHUMI.

VY nmodaTtkoBUH Tmepion, KOJMM TUIbKK 3'sBuiMcs Li-ion akyMyJsTOpHI
Oarapei, 110 BUKOPUCTOBYIOTh TpaiTOBY cUCTEMY, TOTPIOHO OOMEKEHHS HAPyTH
3apsany 3 po3paxyHky 4,1 B Ha ememeHnTt. Xoua BUKOPUCTaHHS OUIBII BHUCOKO1

HaMpyTH J03BOJISIE€ MIABUIIATA €HEPreTUYHY IIUIbHICTh, OKUCIIIOBAJIbHI peaKIlii,
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SK1 BiAOYBalOTBCS B €JIEMEHTaX TaKOro THUIMY MPU HAmpy3i, IO MEePEBUILYIOThH
nopir 4,1 B, mpuBoauiIn 10 CKOPOUYECHHS iX TEPMIHY CIY>KOH. 3r0/I0OM 1€l HeToMiK
JIKBIIyBaJIM 3a PaXyHOK 3aCTOCYBaHHsS XIMIYHHX J00aBOK, 1 B AaHH# vac Li-ion
CJIEMEHTH MOKHa 3apsamxatd a0 Hampyru 4,20 B. JlomycTume BIIXWICHHS
Hanpyru craHoBuTh Jume Onm3pko = 0,05 B Ha enmement. Li-ion akymyssitopHi
OaTtapei MPOMHUCIOBOTO 1 BIWCHKOBOTO IPU3HAYECHHS TMOBUHHI MaTU OUTBIIHI
TEPMiH CIy»KOH, HIX Oatapei sl KOMEPIIITHOrO BUKOPUCTAHHS. ToMmy Al HUX
rpaHUYHA HAmpyra KiHIOA 3apsay cTaHoBuTh 3,90 B Ha enement[26]. Xoua
eHepreTuvHa IIUTBHICTh (KBT/KT) y Takux OaTapeil HK4Ye, MiABUIIEHUNA TEpMiH
CIIY>KOW MpHU HEBEJIMKUX PO3Mipax, Mayiil Ba3i 1 OUIBII BUCOKAa B IMOPIBHSHHI 3
OartapesMH I1HIIUX THUIIB €HEPreTUyYHa IIUIbHICTh, CTAaBJIATH Li-ion Oatapei mosa
KoHKypeHiieto. [lpu 3apsai Li-ion akymynstopuux Oartapeit ctpymom 1 C yac
3apsAy CTaHOBHUTH 2-3 rof. Li-ion O6arapes gocsirae craHy MOBHOTO 3apsiy, KOJU
Harpyra Ha Hifl CTa€ piBHUM Hallpy3l BIJICIYEHHS, a CTPyM IPHU LLOMY 3HAYHO
3MEHIIYETbCA 1 CKiIagae npubam3Ho 3 % Bl MOYATKOBOTO  CTPYyMY

3apsiny (pucyHok 1.12).
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Pucynok 1.12 — 3anexHicTh HANPyTH 1 CTPyMY BiJl 4acy TpH 3apsiii JITIN-

ioaHOTO (Li-10n) akymyssitopa

Etan ctpymoBoi migzapsaku s Li-ion akyMynsiTOpiB HEIpUAaTHUHN depes
T€, 110 BOHM HE MOXYTh MOIVIMHATA EHEPril0 MNpu mepesapsal. bigsm Toro,
CTpyMOBa TIA3apsAaKa MOXE BUKIMKATH METANI3aIliio JITiI0, M0 POOUTH poOOTY

aKymyJaTopa HecTaOUIbHOI. HaBmaku, KopoTka miji3apsika NOCTIMHUM CTPYMOM
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3laTHA KOMIICHCYBAaTH HEBEJIMKUN camopo3psia Li-ion OGarapei 1 KOMIEHCYBaTH
BTpaTH €Heprii, BUKIWKaHI pOOOTOI0 ii MPUCTPOIO 3aXHCTY. 3aJIEKHO Bif THUILY
3apsAIHOTO IPHUCTPOIO 1 CTymeHs camopo3psay Li-ion OGartapei Taka mim3apsaka
MOX€ BHKOHYBaTtucs depe3 koxkHi 500 rox, a6o 20 nHiB. 3a3Buyail ii cCIif
3MIUCHIOBATA TPW 3HWKCHHI HAMpyrd xoyioctoro xomxy ao 4,05 B/enement i1
MIPUTIMHSTH, KOJIU BOHO JtocsarHe 4,20 B/eneMeHT.

Y  fmedkux TUNax 3apAgHUX TOPHUCTPOIB AN 3apsiay  JITIA-10HHOT
aKyMyJATopHOi Oarapei moTpiOHO He Outbmie 1 TOx Wacy. Y Takux 3apsaHuX
MPUCTPOSIX €Tan 2 BUKIIOUEHO, 1 0aTapesi MepexouTh B CTaH TOTOBHOCTI Bipa3y
micas 3akiHdueHHs eramy 1 (pucynok 1.13). ¥V miii Toumi Li-ion Gatapes Oyme

3apspkeHa nmpuom3Ho Ha 70%, 1 micis 1bOro MOXKJIMBA JI0AaTKOBA Mig3apsiKa.

Harpyra

e . e .

Hampyra i ctpym 3apsiy

— e e mm mr mr Sm T e S =

Makc. Harpyra 3apsny

ETAII 1 - Yepe3 akyMyasTOp NPOTIKAE MAKCUMAIBHO JOMYCTUMHM CTPYyM 3apsiay, TOKU
Halnpyra Ha HbOMY He JIOCSITHE TOPOTrOBOTO 3HAUYEHHS;
ETAII 2 - MakcumanbHa Hampyra Ha akyMyJIsITOpi JOCSTHYTO, CTPYM 3apsiay MOCTYIOBO
3HIKYETBCS JIO TUX MIp TOKH BiH MOBHICTIO HE 3apsiAUThCA. MOMEHT 3aBepILEHHS 3apsay
HACTae, KOJIM BEIMYUHA CTPYMY 3apsy 3HU3UTHCS 10 3Ha4eHHs 3 % BiJ] IOYAaTKOBOI'O;
ETAII 3 - [lepiogn4yHuii KOMIIEHCYIOUHI 3aps], SIKUN MPOBOIUTHCS IpU 30epiraHHs
aKyMYyJIITOpa, OpI€EHTOBHO yepe3 KoxkHi 500 rox 30epiranHs

Pucynox 1.13 - 3anexHicTh HAIPYTH 1 CTPYMY BiJ "acy mpu 3apsiai Li-ion

aKyMyJsiTopa

Otxe, Li-ion akyMynaTopu MarOTh HU3bKY CTIHKICTH A0 mepe3apsay. Ha
HEraTUBHOMY €JIEKTPOAl Ha TMOBEPXHI BYIVICLIEBOI MAaTpUIll NpU 3HAYHOMY

nepe3apsijii CTa€ MOXJIMBUM OCAJKEHHS METaJIEBOTO JITIIO, 110 BOJIOAIE BEIMKOIO
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pPEaKIiiHOK 3AaTHICTIO JO EJEKTPOJITy, a Ha KaTo/Al TOYMHAETHCS AaKTHUBHE
BUJIUUICHHA KUCHIO. BHHMKae 3arpo3a TErmiaoBOrO PO3TOHY, MiJBHUILNEHHS THUCKY 1
posrepmeru3aiiii. ToMmy 3apsin Li-ion akymynaaTopiB MOKHa BECTH TUIBKH J0
HaMpyTrH, PEKOMEHJ0BaHOi BUPOOHUKOM. I[lpu 30UIbIICHIN 3apsaHiil Hapysi
pecypc aKyMyJIATOPiB 3HIKYETHCS.

besneuniit po6oTi Li-ion akymynsaTopHMX OaTapei MOBHHHA HPUALISATHCS
cepitio3Ha yBara. B Li-ion Oarapei KOMEpIIHHOTO MPU3HAYCHHS € CHEIliaabHi
MIPUCTPOI 3aXHUCTY, 110 3aM00ITal0Th MEPEBUILICHHS HAMPYTH 3apsiTy BHIIE IIEBHOTO
MOPOroBOro 3Ha4eHHs. J0aTKOBUM €NEeMEHT 3aXHCTy 3ale3leuye 3aBepIICHHS
3apsimy, AKIO0 Temreparypa Oartapei nocarae 90° C. HailOunbln JOCKOHa 3a
KOHCTPYKIIi€I0 OaTtapei MaroTh 1€ OJUH €JIEMEHT 3aXUCTY - MEXaHIYHUNA BUMHUKAY,
SKUW CHpalboBY€ TpH 30UIBIIEHHI BHYTPIITHROKOPITYCHOTO THCKY OaTapei.
BOynoBaHa cuctema KOHTPOJIIO HAIIPYTH HaJalllTOBAHA HA JIB1 HAIPYTH BIJCIYEHHS
- BepxHe 1 HWKHE. € i BUHATKH — Li-ion akyMynsaTopHi 6atapei, B SKMX MPHCTPOT
3aXUCTy B3arajii BiACYTHI. lle akymynsTopHi Oarapei, 10 CKJIaay SKUX BXOIUTH
Mapraselib. 3aBsKH HOro HasSBHOCTI, IIPH Iepe3apsl peakilii Meraizalli aHoaa 1
BUJIIJICHHSI KUCHIO Ha KaTo/Al B1IOYyBalOThCS HACTUIBKU IOBUIBHO, IO CTajo
MO>KJIMBUM BIJIMOBHUTHCS BiJl 3aCTOCYBaHHSI IPHUCTPOIB 3axUCTy. 30epexeHHs Li-
10on akymynatopiB. Bce miTieBI akyMylIAaTOpH XapaKTEpHU3YIOThCSA JOCUTh TapHOIO
CXOpOHHICTIO. BTpara emMHOCTI 3a paxyHOK camopo3psiay 5-10% B pik[25].

HageseHi moka3HUKHU CIIiJT pO3TIISAIATH SIK I€sIKI HOMIHAIbHI OpleHTUpH. s
KOXXHOTO KOHKPETHOTO aKyMyJISITOpa, HAMPUKIIAJ, PO3psaHA HAMpyra 3alekKUTh
BIJI CTPYMY DPO3psiy, PIBHSI PO3PSIKEHOCTI, TEMIEPATYPH; PECYPC 3AIECKUTh BiJl
peXuMIB (CTPYMIB) pO3psAy 1 3apsay, TeMIepaTypu, TIIMOWHU PO3PSy; Jiara3oH
poOourx TeMIepaTyp 3aJeKUTh Bil PIBHA BHUPOOJEHHS pPECypcy, MOMYCTUMOI
po0oyYOi HanpyTH 1 T.A.

Jlo HemomikiB Li-ion akyMmynsaTopiB Ciig BIJHECTH YYTJIHUBICTH 10
nepe3apsity 1 mepepo3psiay, 4epe3 Iie BOHM MOBHHHI MaTH OOMEXyBaul 3apsay 1
po3psay. Lo crocyerbes ekcrutyaTanii Li-ion akyMynsTopiB B3araini, TO, 3 OISy

Ha BCl KOHCTPYKTHBHI 1 XIMI4HI CIIOCOOM 3aXUCTYy aKyMYJIATOPIB BiJl MEPErpiBy 1
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BXK€ CTajJe YSBJICHHS MPO HEOOXIAHICTh 30BHINIHBOI EJIEKTPOHHOTO 3aXHUCTY
aKyMYJIATOPIB BiJ mepe3apsiay 1 nmepepaspsaay, MOKHA BBAKATH POOIeMy Oe3meKn
ekcruryarainii Li-ion akyMyJaTOpiB BUPIIIEHOO. A HOBI KaTOJIHI MaTepiai 4acTo

3a0€3IeuyIoTh I11¢ OUIBITY TEPMIUHY CTaOUIBHICTD Li-ion akyMyJsSTopiB.

1.3. Bubip eneKkTpoXiMIYHOT CUCTEMH JIJIS TSITOBOTO €ICKTPOTIPUBOTY

aBTOMOO1JIS

B manmit  yac  ekcrulyartaimiiiHi  XapaKTEpUCTHKHA  €JIEeKTPOMOOLIsS
BHU3HAYAIOTHCA, MEPII 3a BCE, MapaMeTpaMy EJIEKTPOXIMIYHOIO JIKEpesa eHeprii
(akymynsitopHoro Oartapeero). [lOoTyXHICTH JKepena eHeprii BU3HAauyae Moro
JUHAMIYHI XapakTEPUCTHKU (Yac pO3rOHY, pyX Ha MiAOM), a pecypc poboTH i
HAJIMHICTh — pecypc eNeKTpoMoOuIst B HuioMy. fK mnpukian s BHOOPY
XIMIYHOTO JDKEpesia €HEeprii, HaBOASATHCA MapamMeTpu TATOBOI aKyMYJISITOPHOI
OaTapei eIeKTpOMOOLIs JJIsl IEPECYBAHHS B MEXaX HEBEJIMKOI TEPUTOPIi, 30KpemMa
JIJIOBOTO LIEHTPY MiCTa:

— eHeproemMHicts, E, Br-rox — 15000;

— MakcuMallbHa TOTYXHICTb, P,,,, BT, 1 wac t ii peamizamii — 22500, He
O1nbII 16 cex 1 TpuBaIo peanizoBaHa MOTyxkHicTs, P, BT — 5700;

— Maca aKkyMyJsaTopHoi 6atapei, kr, He outbin — 100+10%;

— raGaputHi po3mipu, He Gimbre, 1vM° — 96;

— TemmeparypHuii niamaszos, °C, —40 ... +50.

[IpoBemeMo TOpIBHSHHS OCHOBHHX TMapaMeTpiB CBUHIEBO-KUCIOTHOI,
HIKEJIb-KaJIMICBOI, HIKEIb-METAJIOTIAPUIHOT 1 JITIH-I0HHOI eJIEeKTPOXIMIYHUX
cucTeM. 3a pe3yibTaTaMu MOPIBHSHHS NapaMeTpiB, BUOUPAETHCS JIKEPENO eHepril
TACOBOTO  NPHUBOAY  €JeKTpomoOins. Jlisg  Oulblll  HAOYHOrO  YSBIJICHHS,
XapaKTEPUCTHUKH JHKEPE CTPyMy MpeCTaBiIeH] B TpadiuHOMY BUTIISII.

Ha pucynky 1.14 mnoxa3zani po3psiaHl XapaKTEpUCTUKH OJUHUYHUX
akymynaropiB Pb, NiCd, NiMh, Li-ion e1eKkTpoXiMiYHUX CUCTEM MPHU MOCTIHHOMY

cTpyMi po3psiay BennunHow 1 C 1 temneparypi +20°C.
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Pucynok 1.14 — Po3psiaHi KpUBi akyMyJIsITOpHUX OaTapeit

Kinnesi pospsaaui vanpyru s Pb, NiCd, NiMh, Li-ion eaexTpoxiMidHUX
cucrtem - 1,38, 1,08, 1,08, 3,08 BiamoigHo. Sk BuaHO 3 puc. 1.14, HailOLIbITY
KUIBKICTh CBO€1 €HEeprii akyMyJsITOp BlJJa€e Ha JIHIAHIA AUISHII PO3pPSIHOL
kpuBoi. CepelHsl €Hepris, BiAJaHa aKyMyJsaTOpamMHu IpU PO3psAl Ha JiHINHIN
JJISHII KPUBOi, PO3paxoBY€eThCs 32 POpMYIIor0

E,=U, 1L, -t, (1.1)
ne E., - cepenHs eHepris, BigaHa akyMyJIsTOPOM IIPH PO3PSIL;
U, - cepenns pospsaHa Hanpyra;
|, - po3psaauuii ctpym pisauii C;

t - yac.

PospaxoBana 3a ¢opmysioro (1.1) pospsana enepris, Br-roa: Pb - 1,171 C;
NiCd - 0,891 C; NiMh - 0,93-1 C; Li-ion - 2,74-1C, rne 1 C — po3psiiHuii cTpym
aKyMyJIsITOpa.

Pospsimauii cTpym 1t KOKHOT €IeKTpoxiMigHOT cucteMu ctaHoButh 1 C i
3AJIMIIAETHCS MTOCTIMHUM Ha BCHOMY IMPOMIDKKY PO3PSAIHOI KPUBOi, TO MaJTIOHOK

1.15 mae HaouHe SIKICHE YSBICHHS NPO CHEPTreTUYHI BIIACTUBOCTI PO3TISHYTHX

HAKOMMYyBayiB €Heprii.
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Pucynox 1.15 — SIkicHe npeAcTaBiICHHS KPUBUX €IEKTPOXIMIYHUX CUCTEM

Sk BUAHO 3 PO3paxyHKy 1 TICTOrpaM MpH OJHAKOBUX YMOBAaX PpO3PSIY,
eHepris Li-ion akymyinsTopa, OUTBII HiXK B 2,3 pa3u MEPEBUILYE PO3PSAHY CHEPTitO
Pb akymymaropa i mpubmmsHo B 3 pasm mepesumrye eHepriro NiCd i NiMh
CJIIEKTPOXIMIYHUX CUCTEM.

Po3paxyHkoBa eHeprisa akymyasTopHOi Oatapei enekTpoMooiss (mpoOir 150
KM) JUIsl pyXy B M@Xax JIJTIOBOTO IIEHTPY MicTa CTaHOBUTH He Oinbie 15 kBT rog.

BaxnuBoro XapaKTepuUCTUKOIO TIPU OLIHI Pecypcy eIeKTPOXIMIYHOI
CHUCTEMHU € YMCIIO poOOYMX LHMKIIB 3apsAay-po3psanay. Y AOBILAKOBINA JiTeparypi B
OCHOBHOMY TMPHUBEJECHO KUIBKICTh IUKIIB aKyMyJATOPiB, MPH SKOMY 3HIMaeMa
eMHICTh 3MeHInyeTbest 10 80%. Ha pucynky 1.23 moxazanuii pecypc Pb, NiCd,

NiMh, Li-ion eaeKkTpoxXiMiuHUX CUCTEM IpU 3HMKEHHI X eMHOCTI 10 80 %.

1600 1500

§ 1400
Z 1etb 1000
= 1000
o
;g; 800
2 600
E 400
< 200

0

NiCd Li-ion NiMh

Pucynok 1.16 — Pecypc akymymsTopiB npu 3HM>KEHH1 éMHOCTI 10 80 %
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Ax BugHO 3 pucyHky 1.16, nHaibunpmmii pecypc y NiCd enekTpoxiMidHOI
cuctemu (1500 pobounx mukiiB), HaitmeHnmuit y NiMh (700 pobounx mUKIIiB).
[Ipu BHOOPI pKepena CTPyMy CIiJl pO3MVISIAATH €KOHOMIYHY CKJIAJOBY, sIKa, SIK
MIPaBUJIO, BUPAXKAETHCS BapTICTIO OAMHUIN eHeprii (BT roa) eaexkTpoxiMiyHOro
JpKepena CTpyMy.

Ha pucynky 1.17 mpejacraBiieHa rictorpama eHepro€MHOCTI PI3HUX CHCTEM
HAKOMHMYyBayiB, BKJIIOYAIOYM LWJIIHAPUYHE 1 MPU3MATUYHE BUKOHAHHS JITIH-
10HHOTO aKyMyJaTopa. Sk BHAHO, HallHIK4Ya BapTICThb €HEPrii y CBUHIIEBO-
kucnotHoro akymyssitopa (0,12 $ / Bt rox). Li-ion akymyssTop B IpU3MaTHYHOMY
BUKOHAHHI € HAlOUIbII AOPOTUM 3 NPEICTABICHUX CUCTEM, BapTICTh OJMHHII
SHeprii SKOTO Ha ChOTOHINIHIN 1eHb cTaHOBHTH (1,0 $/BT-4). Li-ion akymynsropu
B mwiniHapuyaoMy BukoHaHHi (0,35 $/Bt rom) oOxomATbcs — IeIIeBINE
npusMatuyHux B — 2,86, B — 1,43 pa3u nemenme NiCd 1 NiMh, 1 B 2,92 pa3u

A0POKYC CBUHICBO-KHUCIIOTHHX. Ane He

NiCd N 0,5
NiMh [N 0,5
Po N 0,12
Li-ion () [N 0,35
Li-ion (mpu3m.) " 1

0 0,2 0,4 0,6 0,8 1 1,2
$/xBT 1

Pucynok 1.17 — BapTicTh OuHUII €HEPTIi aKyMYJISITOPHUX OaTapei

JTUBJISTYUCh Ha MepeBary UWIHApUYHUX Li-ion akymynaTropiB 3a BapTICTIO, iX
MUTOMI E€HEPreTHUYHI XapaKTEPUCTHKWA HMXK4Yl B TOPIBHSAHHI 3 aKyMyJsITOpaMu
MPU3MATUYHOT KOHCTPYKINi, O TOro 3 iX o0'eqHaHHS B Oarapero OCUTh

HE3py4HO. Y TMEepCHeKTHBl, 3 POCTOM BHUpOOHUITBa Li-ion mkepen crpymy,
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BapTICTh €HEPT1i 3HAYHO 3HU3UTHCS, 1 32 MPOrHo3aMu (axiBliiB, B HaHOImxK41 3-5
pOKiB, Oy/ie TOPIBHSIHHA 3 BAPTICTIO CBUHIIEBO-KUCIOTHUX aKyMYJISITOPIB.

Tak ax TpaHCTOpPTHUH 3aci0 EKCIUTyaTyeThCS TPH PI3HUX TeMIepaTrypax
HABKOJIMIIHBOTO CEPEAOBHUIA, HEOOXIAHO BPaxOBYBAaTH BIUIUB TeMIEpaTypu
aKyMyJsITopa Ha HOTO 3[aTHICTh BiIJaBaTH €HEPTiio (pUCyHOK 1.25).

SIx BuaHO 3 pucyHka 1.18, Haiikpami po3psiiHi XapaKTePUCTHKHU IS BCIX
63 BUHATKY CICKTPOXiMIYHHX CHCTEM JOCSTaloThes mpH Temmeparypi sue 0° C.
Ha minstaii HeratuBrux Temmepatyp Bia -40° 1o -20° C, po3psiaHi XapakTeprCcTHKA
CICKTPOXIMIYHUX CHCTEM IpPakTMYHO 30iraroThcsa. Ha 1HIIMX  IUIIHKAX
TEMIIepaTypHOI IIKaJIU, HalOUIbIIa eheKTUBHICTh po3psiay y Li-iHoi cuctemu, a
HallMEHIIa y HIKeJIb-KaJIMIEBOTO aKyMyJIsITOpa.

Sk mokazaHo Bumie, Li-ilon akyMynsITOpH MEpeBEpIIYIOTh PO3TJSHYTI

CJICKTPOXIMIYHI CHCTEMH IIPAKTUYHO 32 BCIMa IMOKa3HUKAMHM 33 BUHSATKOM BapTOCTI

120
100
80
60
40
20
0

0,
Cpasp’ %o

-40 -30 -20 -10 O 10 20 30 40 50

NiCd === NiMh -----« Ph =Li-iOn
Temneparypa, °C

Pucynox 1.18 — EdexTuBHICTD po3psiy IPH PI3HUX TEMIIepaTypax

eHeprii 1 B TOpIBHSHHI 3 pecypcHUMH xapaktepuctukamu NiCd
aKyMyJIATOPIB. AJie TYT CIiJ 3a3HAYUTH, 110 Li-ion akymyssiTopa Ha BIAMIHY B1J
HIKEJIb-KaJIMIEBOTO HE € TMpUTAMaHHUM «eeKT MaM'sTi» SKUH 3HAaYHO 3HUKYE
roro pecypc. Ins 3HMmKEHHST «edeKTy mam'sTi» a0o BiTHOBJEHHS BJIACTUBOCTEH
aKyMyJaTopa MOTpIOHE TOMAaTKOBE MOPO3pSIHE OOJaTHAHHS, SKE BIUIMBAE Ha

CKOHOMIYHY CKJIaJIOBY KOMIUIEKCY 00CITyroByBaHHs O0atapei[25].
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[licnss mpoBeNEeHOro MOPIBHSJIBHOTO aHAMI3Y XapaKTEPUCTHK BUIHO, WIO
OYEBHJIHI TIEpEBaru MPaKTUYHO 32 BCiMa OCHOBHUMH IapaMmeTpamu MaroTh Li-ion
aKyMYyJISITOPH, a HaKONMWYyBau eHeprii moOyaoBaHUN Ha 0a3l MX aKyMyJATOpPIB
BIJINOBIJIA€ BHMOTaM TEXHIYHOTO 3aBJaHHS Ha JDKEPENO EHEprii TAroBOTO
eJIEKTPOTIPUBO/LY.

Li-ion akymMyJsTOpH, 31 CBOIMH BHUCOKMMH TMHMTOMHMHU XapaKTCPUCTHKAMHU,
3aBOMOBYIOTh BCE€ OLIBII IIMPOKHUH PHHOK 1 MOCTYMOBO BIATICHSIOTH 1HIII
eJIEKTPOXIMIYHI CUCTEMH BHKOPUCTOBYIOTHCSA B JIaHUUM 4Yac B TATOBOMY MPHBOJI
enexkTpoMoOiTiB. Ha choroanimHii neHb, aapTepHatuBa Li-ion akymynsTopa € Li-
MOJIMEpPHE JIKEPETIO CTPYMY, SIKM MOXHA PO3TJIAaTh K OKpeMuil BUMajok Li-
ion emextpoximiuHoi cucTemu. Moro mHTOMi XapaKTEPUCTHKM MEPEBHILYIOTh
nmoka3Huku Li-ion cuctemu, onnHak, Li-momimep mae Habarato OLIbII BHCOKY
BapTICTh, IO B JaHWK Yac poOUTH HOro MPAaKTUYHO HE KOHKYPEHTOCTPOMOKHUM

Ha CBITOBOMY PHHKY.

BucHOBKY 710 IepIioro po3aiiay

VY pe3ynpTaTi MNPOBENECHOTO aHalli3y CTaHy MUTaHHA MOXXHAa 3pOOUTH
HACTYTHI1 BUCHOBKH.

1. HaiiGuabm NEPCIIEKTUBHUM HaIpsMKOM I1BULLEHHS
eHeproe()eKTUBHOCTI Ta €KOJIOTIYHOI O€3MeKM TpaHCHOPTHUX 3aco0iB, SKi
MepPeCcyBarOThCA 0€3 30BHINIHBOTO MiABOIY €HEPrii, € BUKOPUCTAHHS €JICKTPUIHHUX
cwioBux ycraHoBok (ECY), korpt MawThb KOMOIHAIiO pI3HUX (PI3UYHUX
MPUHITUIIB aKyMYJIIOBaHHS 1 MEPETBOPIOBAHHS €HEPrii B MeXaX EHEepPreTHYHOl
yctaHoBKkU. B Oinpmumx Bumnagkax mo ckiaaxy ECY 3 mimzapsnkoro Bxoasts JIB3 1
reHepaTop B SKOCTI 3apsAOHOI CTaHUli Ha OOpTy eJNEeKTpPOMOOiIs, TATOBUUI
CJICKTPOJIBUTYH-TEHEPATOP 1 CUCTeMa peKymepaitiii eHneprii Ha ocHoBi TADB.

2. AHami3 KOHCTpYKTMBHMX pimieHb ECY enekrpomoOunss BU3Haudae
0COOJIMBOCTI MaTEMaTUYHUX MOJENed 1 METOMIB CUHTE3y CUCTEMHU YIPABIIHHS.

Po3paxyHKOBUII €KCIIEpUMEHT TIOBHHEH OMNHUPATUCS Ha EKCIePUMEHTAbHI
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xapakTepuctuku ckianoBux ECY, a Takok Ha 4MCeNnbHI METOIU PO3PaxyHKY
eKCIUTyaTaI[lfHIX MOKa3HMUKIB B 3aJ€KHOCTI BiJ THIy aBTOMOOLIS, MPUHHSATOTO
i3710BOTO LIUKITY, CXEMH CUJIOBOI YCTAHOBKH.

3. ExcrutyaTartiifHi SIKOCT1 €JIeKTpOMOOIIB B 3HAYHIA MIipl BH3HAYaIOThHCS
XapaKTEPUCTHUKAMU CUCTeMH aBToMaTudHOTO ynpasiiHHs (CAY). € tpu migxonu
1o cuntesy ynpasiinag ECY: BUKopuCTaHHS JOTIYHUX TPaBuil BUOOPY CTpatertii,
BUKOPUCTaHHA METOMAIB TeOopli ONTHUMAIbHOTO YNPABIIHHSI Ta aJIrOpUTMIB
ajanTaiii 10 TOTOYHOTO 13/T0BOTO IIUKITY.

4, ITinBuiieHHs1 eHepro30epekeHHs Ta ekojoriunoi Oesneku ECY Ha
MiJICTaBl MiABUIIECHHSA €()EKTUBHOCTI METOJIB YMCEIBHOI ONTUMI3AIll 32 paxyHOK
HOBUX CIOCOOIB 3MEHIIEHHS PO3MIPY ONTHUMI3AIIMHUX 3a/lad Ta BHU3HAYCHHS
aJIcKBaTHOTO pIBHS  ifeamizaiii MaTeMaTHYHUX MOJEJle, BUKOPUCTAHHS
MO>KJIMBOCTEN HEHPOMEPEKEBOTO 1 HEHPOHEUITKOTO YIIPaBIIHHS.

5. [Ins pimieHHst 3a7a4i HAyKOBOTO OOTPYHTYBaHHs 0a30BHX IMapaMeTpiB 1
xapaktepucTuk ECY HeoOXiJIHI METOJMKH [0 MPOBEACHHIO PO3PaXyHKOBHX
EKCIIEPUMEHTIB 3 BIJMOBITHUMH MAaTEMaTUYHUMHU MOJIEISIMU Ta aHami3y PI3HHUX
ECY Ha i310BOMY IIUKJII TIPY ONITUMAJILHOMY YIIPABIIHHI.

6. Pesynbratu qociimkeHb HaBeAeHO B poboTax [1,7,15].
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PO3/I1JI 2
TEOPETWUYHE JIOCJIJDKEHHS METO/IB YIIPABJITHHS
CUJIOBOIO YCTAHOBKOIO EJIEKTPOMOBLIS

2.1 3aranbHi NIPUHIUIIK OYJIOBU CUCTEMHU YIIPABIIHHS CUIOBOIO YCTAaHOBKOIO

SIEKTPOMOO1IS

EnexTpoMoO1i1b ¢ 3apsSAHOI0 CTAHIIIEID HA OOPTY K KEpOBaHA CUCTEMA MOXKE

171ea1i3yBaTUCS HACTIIIBKH, IO B KOXKEH (DIKCOBAHUN MOMEHT 4acy CIIOCTEPEKECHHS
t=t" Ha imTepBam T :{t|tS <t Stf}, t'eT #oro BIACTUBOCTI MOXYTh OyTH
OIMKCAaHI1 IBOMA JIHCHUMU YUCIIAMH:

- (o(t') — MOTOYHA KyTOBa IMBUJIKICTH OOEpTaHHS MPOBIIHUX KOJIIC;

- Orpp (t') — CTaH HakoNmu4yBaua eHeprii (CTymiHb 3apsHKEHOCTI TATOBOI
aKyMyJISITOpHOT OaTapei).

PosrasgaTumemMo faHi BEJIMYMHM K KOMIIOHEHTH BEKTOPY CTaHy CHCTEMHU
x=X(t)=] o(t), Orag (t)}T Y MOMEHT 4acy t'.

MHoOX1Ha BCIX MOXJIMBUX CTaHIB B Pi3HI MOMEHTHU 4acy t €T yTBOPIOIOTH

JBOBUMIPHUI TIPOCTIp cTaHiB X

0<w<
® @m‘“}, 2.1)

XeXcRi, VteT, X=
0<0,5<1

1€ O, —MaKCUMaJlbHa KyTOBa LIBUAKICTh 00E€PTaHHS BELy4uX KOJIIC.

Ha MuOkmH1 X MOXHa BUAUIUTH MIIMHOKHHY €KCIUTyaTaIliiHAX CTaHIB

0<w<
X :{e D= Do max }cx. 2.2)

ex
ex.min < eTAB < Oex.matx
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Buxig crany cuctemu 3a Mexi X, HeOakaHMI, X04a 1 HE BeZie 0 aBapiiHO]
CUTYyaIIii.
PosrnsnarumemMo enekTpoMoOiibs 3 O0PTOBOIO CTAHINIEIO SIK OaraTOBUMIPHUN

HEeJIIHIMHUHN CTallloHapHUM 00'€KT BUAY

x=f(xu,§
y =h(x,u)

Jie U — BeKTOp ynpasiinas U=[Bp, By, Br, y]T ;

Bp — CUTHaN yIpaBiIiHHA OOpPTOBOI €JIEKTpOCTaHLi€w. By =—1 Biamosizae

BIJIKJTIOUEHOMY CTaHy reHepaTtop-/[B3;

By —CHTHal YIpPaBIIHHA CHJIOBOIO YCTaHOBKOIO (€JIEKTPOMAarHiTHUM

moMentoM BEJI);

Br — cUTHaJ ynpaBiIiHHSA CUCTEMOIO raJIbMyBaHHS;

Y — TepelaBaJIbHE YUCIIO TPAHCMICIT aBTOMOOLIIS;

& — Bekrop 30yprotounx BumsiB & =&(t) = [oc(t), 9, (t)] cR® VteT;

0. — KOe(IILIEHT OMOpPY TOPOTH;

9, — (hakTOop OOTIYHOCTI;

y — BekTop Buxoxy: Y =Y(t)= [V (t),Gr(t), Er (t)]T eYcR® ViteT;

V — HIBUIOKICTH aBTOMOOLJIS,;

G; — roauHHa BuTpara nansHoro JIB3 3apsaHoi cTaHmii;

Er = f1 (Cnox» Ccor Chic ) — CTYIIHB  TOKCHYHOCTI  BiANpAaIbOBaHMX TrasiB

B3, sxa € ¢hyHKITI€I0 TOAMHHOT €MICiT TOKCUYHUX KOMITOHEHTIB;

Cunox: Ccor Cpc —roawHHa eMicCis OKCHIIB a30Ty, OKCHUAY BYIJELIO 1

BYTJICBOJIHIB BiAMOBIIHO;
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f(¢) i h()-Bizomi GesmepepBHi aGo0 YacTKOBO-OE3MEPEPBHI BEKTOP-

(GYHKIIT BEKTOPHUX apTryMEHTIB, BU3HAUYCH] HA BIIMOBIHUX MHOKHHAX.

BBaxkxaemo, mo pmii, 1m0 ymopaBiAOTh, MalOThb OyTH OOMEXEHi, TOOTO

ueUcR* VteT

U= . (2.4)

Bekrop ympaBiiHHS Moke OyTH 3aJlaHUid SK TpOrpaMHe YIPaBIiHHSA:

u= u(t) = [BD (t), Bum (t), Br (t), y(t)]T ab0 'y  BUINISLAI  KOOPJAMHATHOTO

yHpasiiHHs: U=U(X)= [BD (%), Bu (%), Br (%), y(X)]T

KoMronenTr BekTOpa YNpaBiiHHA B 3HAYHIA Mipl BHU3HAYAIOTHCS THUIIOM
O0opTOBOi enekTpocTaHuli. Jlo ckilagy BEeKTOpa yHpaBiIiHHS BKIIOYEHO KEPYIOUH
BILIUB Ha re’epartop-ZB3.

OCHOBHOIO (PYHKIII€I0 CUCTEMHU YTMPABIIHHS €JIEKTPOMOO1IEM € BUKOHAHHS
3aBJAaHHS CTEXKEHHsl, TOOTO MIATPUMKA 3 MIHIMAJIBHOK TMOMIJIKOK 3aJlaHoi
MIBUAKOCTI aBToMOOLA V.4 (t) 32 HassBHOCTI 30ypeHb é(t), teT 1o0mexeHHsIX Ha
MOXKJIMB1 CTaHU cucteMu X e X 1 momyctumi ympasiinag Ue U, VteT . Kpim
I[bOTO, TIPOIIEC YIPABIIIHHS MTOBUHEH 33J0BUTHHATH PSIY H0JATKOBUX YMOB:

- MIHIMI3allii BUTPATH MaJIbHOTO OOPTOBOI €IEKTPOCTAHIII,

- PpIBHA TOKCHUYHOCTI BIAMPAllbOBAHUX Ta3iB, BIAXHWICHHS CTYyMNEHS

sapsypkeHocti TAD Big ontumanbHOI.

Ko’kHa 3 1IuX yMOB MOX€ BUPAKATUCA y BUTJISAII BIAMNOBIAHOTO KPUTEPIIO
ONTUMAJIBHOCTI — BUMOTH 3a0€3MEUeHHsI EKCTPEeMyMy JesKOoro (yHKIIOHAIa
Jy eRi, 3aeXHOro Bif Buay ¢GyHKuin V4 (t), X(t), u(t), y(t) 5 §(t), SIKI €

aprymeHTamMu jJaHoro ¢yHkKiioHana. Kputepii onTUMaabHOCTI MaioTh OyTH
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y3roJpkeHl MDK CcO0O0K 1 3 MNPUUHATAMH OOMEXKEHHSMM JJI1 BUKIHOYCHHS
TpHUBIAIbHUX a00 BUPO/KEHUX PIIICHb ONTHMI3aIliiiHOI 3a/1adi 1, B TOM e yac,
JOCTAaTHLO TOYHO OMKCYBAaTH MeTy onTumi3zarii[40].

Kpim niporo, kputepii MaroTh OyTH He3aJIekKHI 1 MOHOTOHHI MO mpedepeHIlii,
TOOTO TIOKpAIICHHIO SKOCTI YIpaBIiHHSI TOBMHHE BIAMOBIAATH 3MEHIICHHSA
3HA4YEeHHS BIAMOBIAHOTO Kputepito [50].

Hns  QopmanpHOi  MOCTAaHOBKM — 3ajadi  ONTHMI3alli  ympaBIiHHS
eJIEKTPOMOO1IeM Ha 130BOMY LMK, SKUI 3aa€ThCsI (PYHKITIEIO 3MIHU IIBUKOCTI

V,4(t), teT, Bu3Haunmo OaraTokpuTepiaabHUI (BEKTOPHUI) (DYyHKIIOHAT SKOCTI

J= J(X, y,T) :[JV Jos g JE]T , JeR?. OkpeMuMH KOMIIOHEHTAMH JAaHOTO

BEKTOPHOTO (DyHKIIIOHAJIa € KPUTEpli ONTUMAJIBHOCTI MO KOXHIA 3 YMOB, SIKUM
MOBUHEH 3a/I0BOJIBHATH IIPOLEC YIIPABIIHHS.

Baacnigok Toro, 1mo okpeMi KOMIOHEHTH BEKTOPHOTO (PyHKII0OHAJIa MalOTh
pi3HMI (I3UYHMI 3MICT 1 Jlanma3oH 3MIHHM, X HOPMYBAaHHS 1 MPUBEAEHHS 110

0e3p0o3MIpHUX BEIMYUH MOKE OyTH BUKOHAHE 3TiHO BUpasy [49]

Ji:m’ i=14, (2.5)
Joi—J

A min.i

~

ne J; — 3Ha4YeHHs | -ro KPUTEPiro 10 HOPMYBAHHS;

J

mini — MIHIMAJIbHO-MOYKJIMBE 3HAY€HHA B1INOBIJTHOIO KPUTEPIIO, OTPUMAHE

B pPE3yJbTaTl BUPIIICHHS OJHOKPUTEPIAIIbHOI 3a7a4dl ONTUMI3alli 0e3 ypaxyBaHHs
pEIITH KPUTEPIiB;

Jo; — CepelHe 3HAuUCHHS |-TO KPUTEPIil0 IPH YIPaBIiHHI OJIM3BKOMY 10
ONTUMAJIBHOTO Ha 33/IaHOMY 13JJ0BOMY LIMKJII.

Jlns Bumaaky, konu J =0 MOXXHa BBECTH HOPMYIOYl KOE(IIIEHTH

min.i

Kyi=Joi, i =14 mns koxHoro 3 kpurepii: Ky =[Kyy, Kyg, Ky, KNE]T.
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Busznaunmo kputepili ONTUMAIBLHOCTI YIPABIIHHS €JIEKTPOMOOUIA Ha
3aJIaHOMY 137JOBOMY ITMKJII TAKMM YHHOM 332 TAKUMH KPUTEPISIMU:

1. Kpurepiit TOUHOCTI yIpaBJIiHHS 3a IIBUJIKICTIO

ty

3,23, (V. T)=Kyy - j((vzd (t)-V (1)) +82 (Vv (t)))dt, (2.6)

i

e S, — ¢yHKuis mrpady 3a BUXIA 3 00JIACTI €KCIUTyaTalllHHUX PEXHUMIB

ex

0, mpu V(t)<V ,
\Y (t) _Vex.max’ npu \Y (t) >Vex.max9
Vex.max — MaKCHUMaAJIbHA GKCHHyaTaHiﬁHa IHBHI[KiCTI). Vex.max = (Dex.max . rkol ;

I, — PaAlyC KOUEHHS BEAY4HX KOJIIC;

2. Kpurepiit Bukopuctanus eneprii TAb

ty

J,=Jg (eTAB7T ) =Ko I((Gex.opt —Orap (t))z * Sez (eTAB (t)))dt ,(2.8)

ts

ne 0 — ONTUMAJIbHUM CTyNiHb 3apsiaxkeHocTi TAD.

ex.opt

Sy — pynkuis wTpady 3a BUXi 3 00J1aCTI eKCIUTyaTalliHUX pexuMiB X,

0, opu eex.min < 0TAB (t) < eex.max9

(2.9)
‘eex.min - eTAB (t)" npu eex.min > 9TAB (t) > eex.max;

S (OTAB (t)) :{

3. Kputepiit eKOHOMIYHOCTI TATOBOTO €JIEKTPOIPHUBOTY
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33736 (Gr, T) =Ky - [ G (t)dt; (2.10)

4. Kpurtepiii cTyneHsi TOKCUYHOCTI BifmpaipoBaHux raszis [IB3 OGoprosoi

CJICKTPOCTAHIIIT

3,73 (Er. T)=Kye - [ Er (t)dt, (2.12)

Jc

Er (t) = Kenox - Criox () + Keeo - Céo (1) + Kene - Cie (1) (2.12)

Kenox: Keco: Kgne — K0e(ILIEHTH TOKCHYHOCTI BIINOBIIHUX KOMIIOHEHTIB

BiJIIIpaIibOBaHuX ra3iB. JlaHi KoedilieHTH MOBMHHI BU3HAYATHCS 3 YpaxXyBaHHIM
BIJIMBY KOMITIOHEHTIB Ha 37I0POB’Sl JIIOJMHU 1 HABKOJIMIIIHE CEPEJOBHIIE, a TAKOK
iX THTOMOTO BMICTY Yy BiANpanbOBaHMX ra3ax. [Ipu mboMy MOBUHHE BUKOHYBATHCS

CHIBBIIHOIIIEHHS

Kenox + Keco + Kene =1 (2.12)

[Ipu oOurclieHH] KpUTEPIiB ONTUMAIBHOCTI THTErpallis 311MCHIOETHCS HE Ha
BCbOMY 1HTEpBaJll CIIOCTEPEKEHHS |, a B KOB3alOYOMy BikHI mmpuHOo0 AT Ha

inTepBanax [t, t+AT ] abo [t—AT, t].

2.2 ®opManbHa NOCTaHOBKA 3314l ONTHUMI3alli YIPaBIiHHS

Bpaxosytouwn, 10 y=h (X, u) Hazamnl MO>KHA BBa)KaTHu

J(%y, T)=3(xu,T).
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Pimennst 6ararokputepiayibHOI 3a7a4l ONTUMI3AI] YIIPaBIIHHSA TTPUBOIUTH
no ¢opmysanus MHoxuHM UP  HemokpamyBammx mo Ilapero (ITapero-

onTuManbHuX) yrpasiias UP e UP < U [52, 53]
uP :{u*p eU‘ﬁueU:Ji(x,u,T)SJi(x,u*p,T),i:1, ;u=u’P } (2.13)

ne J;, — | -ii KOMIIOHEHT BEKTOPHOTO (yHKIiOHAA.

VipasiidHs, 0 HajaexaTh MHOKMHI UP He MOXyTh OyTv mokpariyBaHi
OJIHOYACHO MO BCIX KpPUTEPIsiX, TOOTO BOHU € HE3PIBHSIHUMHU IO BEKTOPHOMY
(GyHKL10HATY, OCKUTBKM BUMOTH PI3HUX KPUTEPIiB cynepewinBl. BHacaigok uporo,
BUHUKA€ mpobiema BUOOpPY €AMHOTO YIpPaBIiHHA 3 MHOXHHHU [lapeTo Ha ocHOBI
JEAKOI CXEMH KOMIIPOMICY, MpHU JIOCATHEHHI KOMIIOHEHTaMH (DyHKIIIOHaa
yMOBHUX MiHiIMyMiB. lleli Meron mpaioe, KOJM TPIOPUTET TOKA3HUKIB
YCTaHOBUTHU JOCTATHBO BaXKKO a00 HEMOXIJIMBO, TOJl 3 MHOKUHU aJIbTEPHATHB
CJiJ IIyKaTH T1 3HAYEHHS, Kl Kpallle 1HIIUX aJlbTEpPHATHUB MO BCbOMY HaOOpy
MOKa3HUKIB.

IcHye nmoctaTHbO OaraTo MIAXOAIB 10 BUPILIEHHS JaHOI MpoOiemMu, SKi
CTPOTO BHM3HAYAIOTh BJIACTHUBOCTI ONTHMAJIBLHOTO PIIIEHHS 1 T€, B SIKOMY CEHCI
ONTHUMAJIbHE PIIIEHHS TIEPEBEPIIYE PEIITY BCIiX TOMyCTUMHUX pimeHs[50].

OnHuM 3 MiAXOAIB 10 3a0€3MEUECHHS! €IHOCTI PIlIEHHS 3a7adi BEKTOPHOI

onTuMi3allii € BUKOPUCTAHHS MPUHITUITY TapaHTOBAHOTO Pe3ysbTary (MiHIMaKca),

3riIHO SIKOMY 3a ONTHMAalbHE BBAKAECTHCA ympasiiHHa U° e U, ske mocraBise

SKHaWKpalle 3Ha4YeHHs SIK HAUT1pIIOMY KPUTEPIIO SIKOCTI

u*(t)=argmin max J;(x,u,T), VteT. (2.14)

ueU =14
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Ha pi3Hux nainsHKax i370BOTO ITUKIIY TPIOPUTETH OKPEMHUX KPHUTEPIiB,
CKJIQJIOBUX BEKTOPHOTO (DYHKITIOHATY, MOXYTh 3MiHIOBAaTHCS. J[7s ypaxyBaHHS

PI3HOTO CTYIEHS BaXJIMBOCTI KPUTEPIiB MOKE OYTH BBEJICHUIN BEKTOP

Kp :[KPV’ Kpo: Kpg: KPE]T ZKP.i =1, K;;>0, i=1l
|

Bubip xommnoneHtiB BekTtopa K, € HerpuBiasbHOIO 3ajadero. Jlma ii
BUPIIICHHS MOXXYTh OyTH BHKOPHCTaHI METOJl aHaji3y iepapxii abo MeTon
kiacudikalii anbTepHaTHB, BUkiaaeHi B [50].

BekTtopHa (QyHKIS ONTUMAIbHOTO YIPABIIHHA MpPU HEPIBHO3HAYHUX

KpUTEPIsX

u"(t)=argmin Jg, (x,u,T), VteT, (2.15)

ueU

ne Jg, — 3ropTKa BEKTOPHOTO (PyHKIIIOHAJIA SIKOCTI,

Jow (XU T)=max {Kp;-Ji(xuT)},  Jg (xuT)eR:. (2.16)

i=1, 4

VYrpaBiiHus, M0 € PIICHHSIM MIHIMAKCHOI 3a7a4i, B TIOPIBHSHHI 3 1HIIUMH
VOPaBIIHHIMU TapaHTye€ HaWOLIbIIe BIJJAJEHHS HAWTIPUIOTO 3 KOMIIOHEHTIB
BEKTOPHOTO (DYHKIIIOHAIA BiJ MEXI1 00J1acTi JOMyCTUMUX 3Ha4eHb[53].

OCHOBHUM HEIOJIIKOM JaHOTO IMIJIXOJIy € MOJXJIMBa BTpaTa TJIAIKOCTI

OTPUMYBaHOI IUIbOBOI (yHKIIT Jg, (X,u,T), npore y 0aratbox BHUIIAJIKax

3aCTOCYBaHHS MIHIMaKCHO1 3TOPTKH € JJOCTATHBO 3PYUYHUM.
[HmM# miaxigx 10 OTPUMAaHHS €IWHOTO PIIMIEHHS ONTHMI3aIiiHOI 3amadi
nependavyae 3BEJCHHsS OaraTOKpUTEplaibHOI ONTHUMI3allli 10 OJHOKPUTEPIATbHOI

HUISIXOM JIIHITHOTO 3rOpTaHHsl BEKTOPHOTO KPUTEPIIO B CYyNEPKpUTEPIN
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Joy (X UT)=>Kp -3 (xuT), Jg (xuT)eR]. (2.17)
i=1

[Ipoctora 1 HAOYHICTH JAHOTO TMIAXOAY BH3HA4Yae HOro HaWOiIbIIE
nomupeHHs. Pazom 3 THM, eeKTHBHE BUKOPUCTAHHS JIIHIHHOI 3rOPTKH KPUTEPIiB
MOJKJIMBO TUIBKH y pa3i, KOJIM MapeTo-ONTHUMAalIbHE PIIICHHS B MPOCTOP1 KPUTEPIiB

ONTUMAJIBHOCTI yTBOPIOIOTh BUITYKJy MHOXKHMHY. I[HaKme neski yHpaBiIiHHS

u* € UP He MoxyTh OyTH oTpuMaHi BiamosigauM Bubopom K, . Kpim Toro, y psii

BHUIMAAKIB MaJMM HpupocTaM BaroBux koegimieHtis K, ;, i=1,4 BignosimaioTs
BEJIMKI TIPUPOCTH (PyHKIIOHANA Jg,, 1 PIIIEHHS ONTUMI3ALINHOI 3a1adl MOXKe
BUSABUTHCS HecTiikum[58, 61].

3agady ONTHMI3allll YNPaBIIHHSA CHUJIOBOIO YCTAHOBKOIO €JIEKTPOMOOLIIs
c(hOpMYIIIOEMO TaKUM YHHOM.

JUis 1310BOTO LIMKITY, BU3BHAYYBAHOT'O 33/1aHOI0 (DYHKIIIE€I0 3MIHU IIBUJKOCTI
aBToMoO1Is1 V,4(t), teT, 3HaiiTH ympaBiaiHHA u*(t), AK€ JOCTaBJII€ MIHIMYM
(dyHKLioOHATY Jg, (X,u,T) 1 33JJ0BOJIbHSAE€ MPUIUHATUM OOMEKEHHSM Ha MOKJIMBI

CTaHH, IOMyCTUMI YIIPaBIiHHA 1 0OOMEXKEHHSIM Y BUTJISI1 HETOJIOHOMHUX 3B’ SI3K1B
Jow =gy (XU T) = mindg, (x,u,T), (2.18)
u
X"eX, UueU, fC(X*,x*,u*):O, VteT. (2.19)

HpI/I ObOMY 3HAYCHHIA ‘]ZV Ha3’suBaTUMEMO OIITHUMAaJbHUM 3HAUYCHHAM

dbyHKIIIOHATA, 2 BEKTOPHY (YHKIIIIO

u"(t)=argminJg, (X,u,T), (2.20)
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o JOCTaBisie (YHKIIIOHATY ONTUMAJbHE 3HAYCHHS — ONTHUMAJIbHUM
yYIpaBJIIHHSIM.

OOMexXeHHS y BUTJISAI HETOJIOHOMHUX 3B'SI3KIB fc()'(, X, u) =0 oOymoBieHi

JUHAMIYHUMH BJIACTUBOCTSIMHM €JICKTPOMOOUISI 1 BH3HAYAIOTHhCS KIHEMAaTHYHOIO

CXEMOIO CHJIOBOI YCTAaHOBKH €JIEKTPOMOO1IIS.

2.3 EHepreTuvHa OIIHKA TSITOBOTO EJICKTPONPUBOAY €ICKTPOMOOLIIS

TsAroBUl €NEKTPONPUBOJ, E€IECKTPOMOOLIS 3 MIA3apsiAKOI0 Bifg OOpTOBOI
CJIEKTPOCTaHIIII Ma€ MOKJIMBICTh BUKOpHUCTaHHs J[B3- reHepaTop Jj1s1 MOMOBHEHHS
emkocti TADB min yac pyxy. Cucrema [IB3-reHeparop BKIIOHAa€ThCSI B pOOOTY MPHU
yMoBax 3HWkeHHs Hanpyru TADB 10 BcTaHOBIIEHOTO 3HaUeHH (puc. 2.1).

B 3anexHocTi Bii yMOB pyXy NpHBIJ BEIyYHMX KOJIC BUKOHYETHCS 32
paxyHOK TATOBOTO €JIEKTPONpPUBOAY, OTpumyroun eHeprito Big TAb 1
reneparopHoi ycranoBku (St/G+/IB3).

B skocti Tarosoro enekrponprBoay (G/M) BHKOPHUCTOBYETHCS 3BOPOTHA
eIeKTpUYHAa MammHa. [Ipaioroun B T€HEpPaTOpPHOMY PEXHMMI NpU TaabMyBaHHI
CJIEKTPOMOOLISI, €IEKTpUYHA MalTMHA CTBOPIOE HEOOXIAHUI TaJbMIBHUN MOMEHT,
3a0e3Meuye 0JTHOYACHO PEKyIepalito 3aJuIIKiB eHeprii.

[licns Toro, sk 3meHuwiacs eMHIicTb TADB, BkiIo4aerbcs OOpTOBa
CJIEKTPOCTAHIIISI, SIKa BHPOOJIAE€ €NEeKTPOCHEPri0 1 Hajae i Ha EeJIeKTPOJBUTYH

TATOBOTO €JIEKTPOIIPUBOLY, a TAKOXK Ha 3apsaky TAD.



61

| [IepeTBoproBau Hanpyru
TAB ¥ KOMYTaTop
4 A A
J .
TAB
I oo © o [
A 4
M — Om
" Enexrponsurys G/M
«—— Myp

_ L [NpporanbemiBHa cucTeMa

e Pr

Pucynox 2.1 — Cxema TSIroBOro eJIeKTpornpuBOIy 3 3apsIKOI0 Bil OOPTOBOT

€JIEKTPOCTAHIIIT

KepyBaHHs pPO3IIISIHYTOTO TSITOBOTO €JIEKTPONPHUBOAY 3 3apSIKOI0 Bij
OOpPTOBOi €JEKTPOCTAHIII BUKOHYEThCS HA IIJICTaBl HACTYIMHUX KEPYIOUUX
BILJIUBIB:

— CHTHaJT KEpyBaHHS KPYTHUM MOMEHTOM a00 TajdbMIiBHUM MOMEHTOM
3BOPOTHOI entekTpuunoi Mamuau G/M TsaroBoro enekrporpuBony (Poy);

— TIOJIOKEHHS OpraHy KepyBaHHs 00pTOBOI enekTpocTaniiii (Bp);

— CHUTHAJ KepyBaHHS MOMEHTOM TeHepaTopa 00pToBOi enekTpocTaHilii (Bg);

— CHTHAJ KepyBaHHS CHCTEMOIO raibMyBaHHS (Pr).

JIBUTYH BHYTPINIHBOTO 3TOPSIHHA, OyJAy4d OCHOBHUM JBUTYHOM OOPTOBOIi
€JIEKTPOCTaHLli, OaraTo B 4YOMYy BH3HA4a€ 1i TOKAa3HUKM EKOHOMIYHOCTI 1
€KOJIOTTYHOI Oe3MEeKH.

JUist  BuUpilIeHHS 3aBJaHb aHalli3y, CHHTE3y 1 ONTUMI3alli CHCTEMH
yOpaBJiiHHS OOpPTOBOI EJIEKTPOCTaHIlli, KIIYOBOK € mpobsiema imeHTHdiIKarii
CTaTUYHHX 1 JUHAMIYHUX XapaKTEPUCTHK (MaTemMaTHuHii mozeni) JIB3.

ITin maTemaTuuHoro Moeuto [IB3 po3yMiTMeMo AesKOTo oneparopa

I:DVS : UDVS = YDVS ! (221)



BIJIMOBIAHO JI0 SIKOTO KOKHOMY BX1JHOMY BEKTOPY

Upys =

UDVS =

| By

Oy min S Oy S Oy max

a)KV.min < a)KV - a)KV.max

4
. Upys €Upys <R,

<
0<p, <1

.min < ﬁD < ﬂD.max

CTaBUTBLCS Y BIATIOBIIHICTh BUX1THUN BEKTOP

Yous =

YDvs =

To6To

T

My
5
Caox [+ Yous € Yous © R,

Cco

C
Che

M DVS.min S M DVS S M DVS.maX_
0<G, <G
0 S C:NOX S CNOx.max

0 < CCO < CCO.max
0<C,.<C

T.max

HC.max

Yovs = FDVS (uDVS )’

e

Yt

Vt;
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(2.22)

(2.24)

(2.25)
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Wy =0y, /dt; :BD =45/t Oy iy Ovmaxr Pevmins Pcv.max
MIHIMaJbHO 1 MAKCUMAJIBHO JOMYCTHMI IIBUIKOCTI 00epTaHHs 1 mpuckopeHHs KB
BIJIITIOBIAHO;

Bois Pome — MIHIMAIBHO i MAKCHMAIFHO MOJMKIIMBI IIBUIKOCTi CHTHAIY,
1o yrpanisie JIB3;

M M

ovs.min' Mopys mx — MIHIMAIbHE 1 MakCHMAaJIbHE 3HAY€HHS €(EKTHBHOIO

MomeHTy [IB3, siki € pynkiisimu mBuakocTi ooepranus KB;

G

T max — MAKCHUMaJIbHO MOJKJIMBA I'OJWHHA BUTPATA IIAJIBHOTO,

C Ceomax: C — MAaKCHMaJlbHa T'OJIMHHA €MICIS OKCHIB a30Ty,

NOXx.max ! HC.max

OKCHUJTy BYTJICIIO 1 BYTJICBOAHIB BIAMOBITHO.

Omnepatop mogem F,, Mae Oy B II€BHOMY 3HA4€HHI LIOHANKpalle

HaOMYDKEHUH 1O HeBigomoro omeparopa o0'exty Fp . BiusbkicTs omeparopis

OILIIHIOBATUMEMO BUKJIIOUHO MO OJM3BKOCTI iX peakiiiii Ha OJIHY 1 Ty * BXIJHY JifO.
[Ipouec inentTudikamii MaTeMaTUYHOI MOJIENI TOJSATa€E y BU3HAYEHHI CTPYKTYPHU

Qs omneparopa F,, 1 BeKTOpy HeBizoMux mapamerpis mogeni P, [62]

F Q

DVS’PDVS> : (2.26)

DVS :<

OtpuMana B pe3yibTari ieHTUdIKAIli MaTeMaTHYHa MOJENIb IMOBHHHA
3aJI0BOJIBHSITH PSTY BUMOT

— BHXI1JI MOJICNI MMOBHHEH MaKCHUMAaJbHO TOYHO, 3T1IHO BUOpaHid MaTpHIIi,
BIJIMOBIIaTH  XapakTtepuctukam [IB3, mo HamexaTe o07acTi JOMYCTUMHX
eKCIUTyaTalllHUX PEXKUMIB, IPYU OAHUX 1 THX )K€ BX1IHMX CUTHAJIaX;

— piBEHb CKJIQJHOCTI MOJenl Mae OyTH MNPUNUHATHUM 3 TODJBSIAY il
BUKOPHUCTAHHS MPU BUPIIICHH] ONTUMI3ALIHHOT 3a/1a4i;

— MaTeMaTU4HI MEePETBOPEHHSI, IKI BUKOPUCTOBYIOTh MPHU MOOYI0BI MOJIETI,
MOBUHHI JIONMyCKAaTH e(PEeKTUBHY peaiizalliio 3acodamMu CUCTEMU KOMIT'HOTEPHOT

marematuku MATLAB.
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[Iponiec imeHTHdikalii TOBHHEH CHOUPATUCAd HAa EKCIEPUMEHTAIbHO
OTpUMaHi MIBUJAKICHI 1 HaBaHTaXyBallbHI Xapakrtepuctuku JB3, 3abe3meuyBatu
MPOCTOTY HAJAIITYBAHHS MOJE]l Ha KOHKPETHUM THUIl JBUTYHA, MATH JOCTATHIO
MEePEIIKOI03aXUIIEHICTh, OyTH aBTOMaTUYHUM a00 aBTOMaTU30BaHUM.

BaxnuBum mnuTaHHSAM Y cdepl BHUKOPHUCTAHHS EHEPropecypciB  Ha
TPAHCIIOPTI € MUTaHHSA eHepro3oepexeHHs. B 1iboMy BiTHOIIICHHI aBTOMOOUIL HE
MoOke OyTH BUHSTKOM. BijbIl TOTO, /UIs aBTOMOO1IIB 1€ TUTaHHS Mae 0COOIUBE
3HA4YEHHs, OCKUTbKM aBTOMOOLIb B HAll Yac CTa€ YW HE HAWOUIBII MOIIUPEHUM
TEXHIYHUM 3aC000M, BUKOPHCTOBYBAHUM JIFOJIMHOIO B CBOIM MisLTBHOCTI.

3aranpbHO BU3HAHO BBaXKATH, IO BEJIMKOIO HAINIEI0 HAC POOWTH HE HAaIIe
O0ararcTBO, a TO, SK palllOHAJIbHO MH HOro BUKOpUCTOBYeMO. CTOCOBHO 10
aBTOMOOLIS MOKHA CKa3aTH TaK: «BAXKJIUBO HE TE, SIKUW 0OCAT MepeBi3HOT poOOTH
MU BUKOHYEMO aBTOMOO1JIEM, a TO, K PallOHAIBHO MU MOTO CTBOPIOEMO, SIKI MIPU
[bOMY BUTpaTH €HEpTii». Y 3B'S3Ky 3 LUM, 1HIIMM MOBHHEH OyTH 1 MIAXIJ 10
OIL[IHKM SKOCTI CHHEPreTUYHHX aBTOMOOUTIB. Po3poOKa HOCUTH TOYHUX MOJEIEH,
o BIJOOpaXarOTh EHEPreTHYHI BTPAaTH AaBTOMOOLIIB 'y pI3HUX YMOBax
eKCIUTyaTalii € HaWBaXKIMBIIIOI HAYKOBOIO 3a/Jaucto. EKcrnepuMeHTalbHI
JOCIIIJIKEHHSI 3MIHM €HEPreTUYHHMX BTpaT MpU CTAOUIBHMX yMOBaXxX eKcIulyaTarlii
CKPYTHiI, TOMY HEOOXITHO CTBOPIOBATH JOCKOHATI PO3PAaXyHKOBI aHaITUYHI
MeToau. BoHH MOXyTh OyTH HIMPOKO BUKOPUCTAHI MPHU MNPOEKTYBAaHHI TOPHUIHUX
aBTOMOOWIIB 1 CTBOPEHHI HOPMATHUBHOI 0a3U 151 aBTOTPAHCIIOPTHUX M1IPUEMCTB.

ABTOMOOUIP — II€ CHJIOBa MaliuHa. A, SK BigOMO, NPOAYKTHBHICTH
OyIb-KOi MalllMHM BU3HAYA€TbCA TMOTYKHICTIO, TOOTO KUIBKICTIO MEXaHIYHOT
po0OoTH, BUKOHAHOI B oAuHMINO Yacy. B mpomy Bumanky KKJI aBTomoOins ciin
BIJIHOCHTH JIO JTIOAATKOBHX MoKa3HUKIB. Amke came KKJI € ocHOBHUM KpuTepieM
JIOCKOHAJIOCTI aBTOMOOUIS 3 eHepreTuyHoi Touku 30py. [loTyxnicts 1 KK/ — me
HaWBAKJIUBIIII TOKa3HUKHU.

Ax mokazytorh pizHi gociimkeHHs [90,91] BuHuMKae roctpa HEOOXiTHICTH
OJIHOYACHO BUMIPIOBATU SIK (PAKTUYHUI 0OCSIT BUKOHAHOI aBTOMOOLIEM KOPUCHOT

poOOTH, TaK 1 KIUIBKICTh BUTPAUYCHOI €HEeprii, 1 3a JaHUMU JaBaTU OIIHKY
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TPAHCIOPTHOTO MPOIECY B LIJIOMY 3a JOMOMOIOI0 HAaWBAKIIMUBILIOTO KPHUTEPIIO,
skuM € KK/I.

VY 3B'S3Ky 3 [IUM JOPEYHO HAraJaT cJoBa BEJIUKOIO 1TaJidChKOr0 BUEHOIO
I'. Tamiymes: «BUMIPIOBAaTH BCE, IO BUMIPIOETHCA, 1 MparHyTH, 00 CTajo
BUMIPIOBAaHUM T€, IO iM I1ie HEe €». Poib 1 3HaUYe€HHS BUMIPIOBAHb SICHO OIIIHUB 1
BeNUKUN pociiicbkuii BueHuit JI.I. MenpaeneeB, ckaszaBIiy, 10 «B MPUPOJ1 Mipa 1
Bara - CyThb T'OJIOBHOTO 3HapsiAnsd — Mi3HaHHA. Hayka MOYMHAETHCS TOMAL, KOJIU
MOYMHAIOTH BUMIPIOBATHY.

HadroBi nanuBa sk mkepeno eHeprii MaroTh TyK€ BUCOKUMH MUTOMHMHU
XapaKkTepUCTUKaMH: 30Kpema, B 1 kr OeHsuny mictuthesi 11,6 kBT rog eneprii.
AkymysnsiTopd  OyAb-SIKUX  MOMJIMBHX  €JEKTPOXIMIYHMX CHCTEM  MaloTh
TEOPETUYHUHN 3amac eHeprii npubau3Ho B 6-10 pas3iB MeHmui. 3 1i€i TPUYUHH,
NUTaHHS pallOHAJIBHOTO BUKOPUCTaHHS HAsSBHOI HAa EJIIEKTPOMOOUIl €Heprii €
HaWBAKIIUBIIIMMU JUISI TITOBUX €JIEKTPUUHUX CUCTEM OYIIb-SKUX THUIIIB.

3ayBa)KMMO, 110 €JICKTPUYHI TATOBI CUCTEMHU MalOTh HabaraTo MEHIII BTpaTu
€Heprii, HK CUCTeMH 3 TEIJIOBUMH JIBUTYHAMHU, B TOMY YHUCII 1 3 JBUTYHAMH
BHYTPIIIHBOTO 3ropsiHHs. KoedilieHT KOpUCHOT /il ICHYIOUUX TEIJIOBUX JIBUTYHIB
ctaHoBUTh 25-30%, ToMy TiabKH OJM3bKO 3 KBT roa/Kr BUXiIHOT MUTOMOI €HEpTil
najgnuBa KOPUCHO BUKOPUCTOBYETHCS HA BUXO/II IBUTYHA.

CtyniHb KOPUCHOTO BUKOPUCTAHHS €HEPTii €JIEKTPOXIMIYHOTO aKyMYyJIsTOpa
(mpu cydacHOMY CTaH1 TEXHIKH) MOXke OyTH HabaraTo BHILE, a TOCATHYTUN PIBEHb
KKJ[ enexktpoaBuryHiB ckiamae 85-90%. Takum YHHOM, pPIBEHb KOPHUCHO
BUKOPHCTOBYBAHOT MUTOMOI €HEprii eJeKTPOXIMIYHMX JIKEPeNl MOXe IOCIITH
25-30% Big HaBeACHOI BHWINE BEIMYMHM HA BHXOJl TEIUIOBOro aBuryHa. llei
OpPIEHTOBHUW MiAPAXyHOK TIOKa3y€e, 10, ICTOTHO TMPOTPAlOYd B BUXIIHOI
TEOPETUYHOT €HEPrii EHeProHOCIs, €IEKTPUUHI TATOBI CUCTEMU MOXKYTh YAaCTKOBO
KOMIICHCYBATHU II€ MPHU peaiizailii HasBHUX MOXKIWBOCTEH OUThIN e(PEeKTUBHOTO il
BUKOpucTaHHA. L[ oOcraBMHa Mae BaKJIMBE 3HAYCHHS JUIS OIIHKUA TICPCIICKTHB

PO3BUTKY €KOJIOTTUHUX YMCTUX TPAHCIOPTHUX 3aCO0IB.
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MeTo1o 1aHOTO PO3ALTY € JOCHIIKEHHSI OCOOTUBOCTEN 3aBAaHHS KepyBaHHS
CHJIOBOIO YCTaHOBKOIO TpPH palliOHAJbHIM BUTpaTi €Heprii mpu TPaHCHOPTHOMY
MpoIieci, IO 3I1ACHIOETHCS aBTOMOOIIEM JOTPUMYIOUYHUCH BHCOKOTO PIBHS SK
O€3IEeKU PyXY, TaK 1 €KOJOT1YHOT OC3IMEKH.

Posrnsuytrii miaxim 1o GopMmyBaHHS CTPYKTYPH PYXOMOTO CKJIAIy
JI03BOJISIE 3HAYHO 3MEHIIUTH €HEPreTUYHI BUTPATU HA TPAHCHIOPTHY POOOTY.

ABTOMOOUTH BIAMOBIMHO 3a TPHHIMIIOM HOTO ii, 3MIMCHIOE MEXaHIuHYy
poOOTy 3a paxyHOK CWJIM TATH, SIKa JOMAETHCA IO BEIYyYHX KOJIC aBTOMOOLI, i
0a3ylouuch Ha PO3rOPHYTOMY PIBHSHHI TSATOBOTO OajaHCy aBTOMOOLIS,
IPUIHATOrO B TEOP1i aBTOMOOLIIS, JUIsl 3arajlbHOrO BUITAJIKY MPSAMOJIHIHHOTO pyXy

aBTOMOO1JIA 111 poOOTa MOBHHHA BU3HAYATHCS 32 (HOPMYIIOHO:

A=Fy-S=[m-g-y+ WsgVatvg)’tm-5 -aj -S, (2.27)

ne A — pobora, Ix (H - m);

Fk— cuna taru. H;

S—1nIax, M;

M=m, + M, — MOBHa Maca aBTOMOOLJIS, KT;

M,— BJIaCHAa Maca aBTOMOOLJIS, KT;

M,— Maca KOPUCHOTO BaHTaXYy, KT

w = f £ I- xoedilieHT onopy AOPOTH;

f — koediIieHT oMmopy KOYCHHIO;

| — IO3IOBKHIN YXHJI TOPOTH (3HAK «+» BIAMOBIIAE pyxXy Ha MigHOMIi, 3HAK
«-» - Ha CIIyCKY);

We— dakrop o6riunocti, H - ¢*/m?;

Va— HIBUAKICTh PyXy aBTOMOOLIIS, M/C;

Vg — MIBUAKICTH BITPY, M / € (3HAK «+» CTaBUTHUCS JO 3yCTPIYHOMY BITI,
3HAK «-» - JI0 TIOIMYTHOMY);

m & a— cwia i”epuii, H (3HaK «+» BiANOBIAa€ MPUCKOPEHHIO, 3HAK «-» -

YIOBUIbHEHHS);
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S — koe(dilieHT 001Ky 00epTOBUX Mac aBTOMOOLIISI aBTOMOOLIIS;

: 2
a = V,/dt— abcoroTHa BeTMYMHA IPUCKOPEHHS a00 yIOBIIBHEHHS, M/C”.

[Ipy nboMy, AJd BUNAAKY TEPEMIIICHHS aBTOMOOUIS B CTaJOMYy PEXHMI

(pyx mpu MOCTIHHINM MIBUAKOCTI) 1 IPU BICYTHOCTI BITPY Ma€eMO:

A=Fg-S=(m-g-y+Ws) -8, (2.28)

bepyun n0 yBaru Te, 1O aBTOMOOUIb € CHJIOBMUM MAaIIUHOK. A
IPOAYKTUBHICTh CHJIOBHX MAalIMH, SIK BIIOMO 3 Kypcy (I3HKH, OPHUHSITO
OILIIHIOBATH X MOTYKHICTIO, 1 0a3yIOYUCh HAa PO3TOPHYTOMY PIBHSHHI MOTY>KHOTO
OanaHcy, NPUWHATOMY B Teopii aBTOMOOLIS, CIHiJl B SKOCTI BHUMIiproBaya
IPOJYKTUBHOCTI aBTOMOOUISI NPUMHATH TMOTYXKHICTb HAa BEAYYUX Kojecax

aBTOMOOLIIS, sika B OyAb-sIKUi MOMEHT Yacy pyXy aBTOMOO1IS TOPIBHIOE:

IT = N = F¢ ‘Va‘IO_3 = [m gyt W; (Va:fIVB)2 tm- o - a] VoS, (229)

ne 11 — npolyKTUBHICTh aBTOMOO11s1, KBT;

Nk — MOTYXHICTb aBTOMOOLIS (MOTYXKHICTh Ha HWOTO MPOBIAHUX KOJIECAX,
kBT).

Sk BUIOHO, TPOIYKTHUBHICTH JOPIBHIOE JOOYTKY CHUJIM (CUJIM TSITHU) Ha
MIBUAKICTD. [Ipu 1IbOMY N1 BUNIAAKY PYXY aBTOMOOLIS MPU MOCTIMHIN MIBUIAKOCTI

1 BIICYTHOCTI BITPY MaTUMEMO

I=Ng=Fq Vo l0°P=(m-g-y+Wg V) Vs . (2.30)

B nmaHmii yac cepea OIIHOYHUX ITOKA3HHMKIB aBTOMOOLIS OCOOJIMBE MicCIie
NMOBUHHI 3alHATH TOKa3HUKM MaJIMBHOI €KOHOMIYHOCTI. I[Ipu 1boMy B SKOCTI
y3arajpHIOI0UOro  (IHTETpajbHOIO) TOKa3HWKA  MAJIMBHOI  €KOHOMIYHOCTI

aBTOMOOLIIS JOIUIBHO KOpHucTyBatucs KoedinienTom kopucHoi aii (KKI).
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Sk Bimomo, st Oyap-sikoi cucremu KK/ Bu3HauaeTbes 3a hopMynoro
n=~E;/E, (2.31)

ne E;; — eHeprisi, KOpUCHO BUKOPUCTaHA CUCTEMOIO;

E — eHepris oTpuMaHa CUCTEMOIO.

Cning Busnatu, mo KKJ[ aBromMoOins — Bkpail HEOOXiIHE MOHSTTS, IO
JI03BOJIIE HE TUIBKHM OILIHIOBAaTH TAJIMBHY EKOHOMIYHICTH aBTOMOOUIA, ane 1
HaWOLIBII TIOBHO 1 «HEYNEepeHKEHO» IIOPIBHIOBATH aBTOMOOUII 1 BUOUpaTH
MIpaBUJIbHI HAIIPSIMKH iX BIOCKOHAJICHHS.

[Tin repminom KKJI aBTOMOOLIS, po3yMi€eThCsl BiHOIIEHHS TOTYKHOCT1 N,
TOOTO TOTYXHICTh, SKa IiJIBEI€HA 1O BEAyYUX KOJIC (TOTYXKHICTh, sKa
PO3BUBAETHCS  aBTOMOOiIEM) g0 BuTpadeHoi moTyxkHOCTI N3=Q-G, T0OTO
MOTYXXHICTh MmijBeAeHa g0 aBToMoOuIsa. Tomy KKJI aBTOMOOiLIA, SK 1 CHIIOBOI

YCTAHOBKH, MIPEACTABISETHCS BITHOMIEHHSIM MOTY>KHOCT1 Ny 710 moTy’HOCTI N3

N _ Ny
T (2.32)

n:ncy:

ne # — KKJI aBToM001J1s SIK CUII0BOi YCTaHOBKU;

Na = Hcy— HU3bKA TEIJIOTA 3rOPSHHS.

Otxe, Te, MO TOTYXHICTh Ng, € KOPUCHOI, HE BUKIHKAE CYMHIBY, SIKIIIO
PO3IJIAIaTH aBTOMOOLTB JIMIIE K CUJIOBY YCTAHOBKY.

[Ipu posrasal pyxy aBTOMOOUIS BHU3HAHO JIOIIJIBHUM MaTH CIpaBy HE 3
KoeQillieHTOM TepTsd KOodeHHs f, a koedimieHToM omopy koueHHio f, mo

BU3HAYAETHCS 3a (POpMyIIor0

fo_ (2.33)
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ne F¢+— cuna onopy koueHHto, H;

P — nosna Bara aBromo0i1s1, H.

ITpu Takomy miaxo/i cuia Fr moBUHHA BU3HAYATHCS 32 (POPMYJIIOIO

Fr=fP=f-m-g. (2.34)

Ane B NIMCHOCTI PIBHOMIPHOMY pyXy IMEpEIIKOIKAaeE cuia. Y pearbHuX
JIOPOKHIX YMOBaX BUHUKAE CUJIA MIANOMY 1 CUJjIa OMOPY MOBITPSIHOTO CepeIOBUIIIA.
BignoBigHo Takoro miaxody 3arajibHa (opmysia, 10 XapakTEepU3Ye MPOoIecC

PIBHOMIPHOTO PyXy aBTOMOOLUISI, Ma€ TaKH BUTJISA

Fk=Fi+FatFa=m-g(fi) + W Va=m-g -y +Ws 1V’ (2.35)

ne Fx — cuiia, mpukiiajieHa 10 BeIy4ux Kojic aBroMo0is, H;

| — YXWJI IOPOTH;

w = f £ i— KoedilieHT OMOPY TOPOTH.

Sk BimOMO, pIBHSIHHS, IpeJcTaBlieHe (POPMYIIOI0, HOCUTh Ha3BY PIBHSHHS
TATOBOIO OajlaHCy.

SIx BHIIHO, TpaBa YacTHHA XapaKTepHU3y€e He BEIMYHHY BTpaT, a 30BHIIIHE,
110 BIJHONICHHIO JO aBTOMOOLIS, CHUJIOBE HABAaHTAXXCHHS, HA IIOJOJIAHHS SKOI
BUTpaAYaeThCs cuiia Fy, B pe3yabTaTi 4oro aBTOMOO1Ib IEPECYBAETHCSA 10 T0PO31.

SIKmo TiBy i paBy YacTHHY PiBHSHHS ITOMHOXHTH Ha Bexmamny V- 107, To

MO>KHA OTPUMATH PIBHSHHS, SIKE€ HOCUTh HA3BY PIBHSIHHS MOTYXKHOTO OallaHCy

Nk=(m-g-w+Wg V) v 10° (2.36)

Ha mincrari Buie BukiaaeHoro, KKJI aBTomo01sis sIK CHIIOBOT YCTaHOBKH

BU3HAYAETHCS 3a (PopMyIior
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N, N, (m-g-p+W;-V?)v-10°

_k
N, qG q-G

n=n,= (2.37)

Jlns oOrpyHTYBaHHSI IIPAaBOMIPHOCTI TaKoro miaxoay 10 po3paxyHky KKJ|
aBTOMOOUISL SIK CHJIOBOi YCTaHOBKHM, PO3TJISTHEMO 3MIHM BUTpaTH TMajvBa 1
CJIEKTPOCHEPTii TIOPUIHOTO aBTOMOOUISA B 3aJICXKHOCTI B CEPeAHBOI MIBUIKOCTI
pPyXy aBTOMOO1JIA.

EnexTpuyHi TATOBI CHCTEMHM MarOTh HabaraTo MEHIE BTpaT €HEeprii, HiX
cHUCTeMHU 3 JBUTYHamMH BHyTpimHboro 3ropstaHsa ([B3). KK icayroumx JIB3
riopuaaux cmioBux yctaHoBok (I'CY) cranoButs 32...36 %, TOMy TUIBKH OJIM3BKO
3 kBT - roa/kr BuXigHOI MUTOMOI €HEprii MajanuBa KOPUCHO BUKOPHCTOBYETHCS HA
Buxoi JIB3.

CryniHb BUKOPUCTAHHS €HEPril €JIEKTPOXIMIYHOIO aKyMyJsiTopa Habarato
Buuie, a KK/ enexrpoasuryHis ckinagae 85...90%. Takum 4MHOM, piBEHb KOPUCHO
BUKOPHCTOBYBAHOI IUTOMOI €HEPrii eIeKTPOXIMIYHUX JpKkepen aocsrae 25...30%
Bii HaBeaeHoi BenmunHM Ha Buxoai JIB3. Ileit po3paxyHOk mokasye, IO
€JIEKTPUYHI TATOBI CUCTEMHU MOXKYTh YaCTKOBO KOMIIEHCYBaTH 11 BTpatu. Lle npu
peamizailli HasBHUX MOXKJIUBOCTEH Oulbll edexkTuBHOrO ii BUKOpuCTaHHS. Lls
oOCTaBMHA Ma€ BaXJIMB1 3HAYEHHS ISl OLIHKU MEPCHEKTUB PO3BUTKY Ta OLIHKH
TEXHIYHOTO CTaHy EJIEKTPUYHUX TATOBUX CHUCTEM, a TaKOX [JIs TIOPUIHOTO
H1IX0Y 10 IX CTBOPEHHS.

B ocHOBY mdoCHIPKEHHSI EHEpreTMYHUX BUTPAT EJIEKTPUYHOI CHIIOBOT
YCTAHOBKH T10pHUJIHOTO aBTOMOOLIS MOKJIaJICHO MeTO | OajlaHCy eHeprii. 3 aHajizy
KOHCTpyKIiK 1 cxem ['CY cmig, mo Oyab-sfika eJeKTpUYHA CUJIOBAa YCTaHOBKA
CKJIQ/Ia€ThCSl 3 HACTYNMHUX EHEPreTHYHUX MOJIYJIB, SIKI 31HMCHIOIOTH IMOCIIJOBHI
NEPETBOPEHHS E€HEPrii; TATOBOI aKyMyJSTOpHOI OaTapei iHBepTOpa, KOHTpPOJepa,
TATOBOTO €JIEKTPOJIBUTYHA, TPAHCMICII.

3aranbHe pIBHSAHHSA OallaHCy €JNEKTPUYHOI EHEPreTUYHOi YCTaHOBKH

riOpUIHOr0 aBTOMOOUIS B PEXKUMI PyXy Ha €JIEKTPOTA31 CKIIajie
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E5+Ep :H5 +Hu +H3 +Hmp +Ha, (238)

ne E; — eHepris akyMmyJISITOpHOI OaTapei;

E,— eHepris pexyneparlii;

115, 11, 11, II,, — BTpaTH €Heprii B MOAYJSAX €HEPreTUYHOI YCTAaHOBKU —
aKyMyJIsITOpHOI OaTapei, iHBepTOpa, eIeKTPOABUTYHA, TPAHCMICIT;

11, — BTpaTH eHeprii npu pyci riOpuaHOro aBTOMOO1ISL.

Kpim Ganancy eneprii, IpUHITO B psi/ii BUMAKIB, PO3TIISAA€THCS PIBHAHHS
OayaHCy TOTY)XHOCTI, SIKE € MEePBHUHHUM IO BIJHOIICHHIO JI0 OaJlaHCy €eHeprii.
OpHak yMOBHM TME€pPEBIPKM E€HEPreTUYHOI YCTAaHOBKH TiOpUIHOTO aBTOMOOLIS
XapaKTEePU3YIOThCS CTAJIUM PYXOM TPAHCIIOPTHOTO 3aco0y MpH 3aJaHiil MIBUIKOCTI
pyxy. VY 3B'SI3Ky 3 IIUM MPaKTUYHO OUIBIIY IIHHICTH MPEACTaBIIg€ OajgaHC eHEeprii
riOpUAHOT CHIIOBOT YCTAHOBKH, IO CKJIATAETHCA JUISI KOHTPOJIBHOTO UKITY PYXY.

HaiiGinpm edekTuBHUM Uil TIOPUIHUX aBTOMOOLIIB € BHUIPOOYBAIbHUIMA
UK B pexkuMi mBuakoctert pyxy 30...60 km/roa. ToMy OIIHKY TEXHIYHOTO CTaHY
riOpuIHOT CHUIIOBOT YCTAHOBKHU JOIIIBHO MPOBOJUTU CaMe ISl IIbOTO IUKITY, KU
BU3HAYAE IO MIBUIKOCTI pyXy aBTOMOOLIS 3aKIHYEHHS] POOOTH €IEKTPOYCTaHOBKHU
1 moyaTok BKJIIOYeHHA podotu JIB3. [lns IUKIOBUX pPO3PAaXyHKIB PIBHSIHHS
Oamancy eHeprii nae 3HA4HO Oulblne 1H(OpMAIii, HDK pPIBHSIHHS OallaHCy
MOTYKHOCT1: KPIM TOTO JOCUTh BAXKJIMBUM TMOKAa3HUKOM JJI OI[IHKK TEXHIYHOTO
ctany ['CY € Butpara eneprii 3a 1muki. Huxde HaBeneHi rpadiku 3a1eKHOCTI

BUTPATH €HEPrii B 3aJCKHOCTI Bl CEpeIHbOI IBHIKOCTI pyXy (pHc.2. 2).
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P

0123456 7 8 ExBrox

0O 10 20 30 40 50 60 70 -

V,, KM/TOT

1 — mpu poGoTi Ha GeH3MHI1, 2 — B PEXKHUMI €IEKTPOMOO1IIS
Pucynok 2.2 — 3miHa eHeprii, OoTpuMaHO1 aBTOMOO1JIEM B 3aJI€KHOCTI BiJl

CEPEeIHbOI MIBUIKOCTI PYXY

3 PUCYHKY BHJIHO, 1[0 €HEPrOBUTPATU B PEXKUMI €JIEKTPOMOOLIS OyAyTh
ONTUMAaJIbHI MpU HU3BKIA cepeaHi mBuakocTi a0 40 km/ron. Ilpu cepenniit
MIBUAKOCTI ToHA 60 KM/ToJl €(peKTUBHO BUKOPHUCTOBYBATH aBTOMOOLIb B PEXUMI
poOOTH JABUTYHAa BHYTpPilIHbOrO 3ropsiHHA. lle Buxmmkano tum, mo KKJ|
€JIEKTPOJBUTYHA 3HMKYETHCS MPU HABAHTAXXEHH1 OJM3bKOIO O MAKCUMAJbHOI, a
KKJ]I GeH3uHOBOro JBUTYHA MiJIBUIYETHCS 1 Oy/l€ MaKCUMaJIbHUM MPU BHCOKHX
HaBaHTa)XCHHSX.

Po3pobka 10CUTh TOYHUX MOJENEH, 10 B1IOOPAKAIOTh EHEPreTUYHI BTPATH
aBTOMOOWIIB y PI3HMX YMOBax €KCIUTyaTallii € MOMJIMBICTIO HAYKOBUX 3aBJIaHb.
ExcriepuMeHTanbHl JOCTIKEHHS 3MIHM EHEPreTUYHUX BTPAT MPH CTaTUYHHUX
yMOBax €KCIUTyaTallii CKpPyTHI, TOMY HEOOXITHO CTBOPIOBATH JIOCKOHAII
po3paxyHKoOBI MeToau. BoHM MOXyTh OyTH WIMPOKO BHKOPUCTOBYBaHI TIPH
MPOEKTYBaHHI €JIEKTPOMOOUIIB 1 CTBOPEHHI HOPMATMBHOI 0a3u BUTPATU €HEPrii
JUISL aBTOTPAHCIIOPTHOTO MiITPUEMCTBA.

ABTOMOOUIb — 1I€ CHJIOBA MalllMHA. A, K BIJJOMO, MPOJYKTUBHICTH OY/Ib-

SKOI CHJIOBOi MAIllMHM BU3HAYAETHCSA MOTYXKHICTIO, TOOTO KUIBKICTH (00'€eMOM)
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MEXaHIYHOi poOOTH, BUKOHAHOI B OAMHUINO Yacy. He MOoXKHA MOTOAUTHCS 1 3 TUM,
mo KKJI aBTroMoOiIs ciniji BiZHOCHUTH A0 JOJATKOBHUX ITOKA3HHUKIB. AJDKE came
KKJI € oCHOBHUM KpUTEPIEM JOCKOHAJIOCTI aBTOMOOUIS 3 €HEPreTUYHOI TOYKHU
3opy. [lotyxHicts 1 KK]I - e nafiBaxnugiii nokasHuku. I{o cTocyerbest pobotu
— 1€ TOXITHUHN, TPUUOMY IHTETPATHHOTO (IiICYMKOBOI0) XapaKTepy, MOKa3HHUK.
AJle MOTYXHICTh 1 poOOTa 3HAXOAATHCA B MPAMIN 3aJEKHOCTI: YUM OLIbIIe
NOTY>KHICTh, TUM 32 MEHILIUN BIAPI30K 4acy aBTOMOOLIb MOXEe BUKOHATH 3a/laHUM
o0csT poOoTH.

Ha miacraBi anamizy eHepretuunux BTpat aBromo6uis 3 CYE cruig, uio mpu
HU3BKUX CEpelHIX IBHIKOCTAX pyxy 5..40 km/ron Jayxke eQpeKTUBHO
BUKOPHCTOBYBAaTH PEXKUM PYyXy Ha EJIEKTPOTs3i, a MPHU CEPEIHIX MIBHIKOCTSIX
Buuie 60 KM/rog — pyX 3 BUKOPUCTaHHSAM OOPTOBOI enekTpocTanii. O4eBUIHO, 110
€JIEKTPOMOOLII HaWOLIbII €PEKTUBHO BHUKOPUCTOBYIOTH €HEPril0 Ha BHKOHAHHS

TPaHCIIOPTHOT pOOOTH Ha BIJIMIHY BiJl IHIIUX BHU/IIB TPAHCIIOPTHUX MAIIIUH.

2.4 MaremaTuyHa MOACJIb TATOBOT'O CIICKTPOABUI'YHA

OCHOBHOIO BUMOTOIO JI0 TATOBOTO €JIEKTPOJIBUTYHA €JIEKTPOMOOLIIA, SIK 1 10
IHIIUX TSITOBUX E€JEKTPOIMPHUBOIIB, € MOro cTiiika 1 eekTHBHA poOOTa Yy BChOMY
Jllarma3oHi TATOBO-IIBUAKICHUX PEXUMIB, 10 3aJal0ThCS, 332 YMOBHU OOMEKEHHS
CIOKUBAHOI TMOTY>KHOCTI MOKJIMBOCTSIMU aKyMyJATOpHOI Oartapei 1 TAroBOi
Mepexi. OKpiM LBOTO JBUTYH Ma€ OyTH 3BOPOTHOIO €JIEKTPUYHOK MAIIWHONO 1
3a0e3mnedyBaTu peKymneparito eHeprii ralbMyBaHHS TPAHCIOPTHOTO 3aco0y Mpu
poOOTI B TECHEPATOPHOMY PEKUMI.

VYemixu B 001acTi CHIIOBOT €JIEKTPOHIKM 1 MIKPOIPOLIECOPHOI TEXHIKH
CTBOPWIM CHOPHUATIWBI yMOBH JUIsi PO3POOKH 1 BHPOOHHIITBA TATOBUX
€JICKTPONPUBOIB HOBOTO TMOKOJIIHHS Ha 0a3l BEHTWIbHUX ABUTYHIB. Came Taki
CIIEKTPOIIPUBOAM B JaHWM Yac HaW4YacTilIe 3aCTOCOBYIOTHCS B TITOBOMY

CICKTPOIPUBO/II €ICKTPOMOO1IS.
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Bentunphuit  enexktponuryn  (BEJ) € cucteMorw  perysiboBaHOTO
CJIEKTPOTIPUBO/Y, IO CKJIAJAEThCSl 3 ENEKTPOJABUTYHA 3MIHHOTO CTpyMY,
KOHCTPYKTUBHO  MOJIOHOTO /10  CHUHXPOHHOI  MAIllUHH,  BEHTHJIBHOIO
neperBoproBaya (BII) 1 mnpuctporo ynpapminaa (I1Y), mo 3abe3nedyroTh
KOMYTAITi10 KiJT 0OMOTOK CTaTopa 3ajJeXKHO BiJl KyTOBOTO TOJIOKEHHS POTOPA.

Sk TArOBUI eIeKTPOINPUBO/L 3acTOCOBYIOThCSI BE]J] Ha OCHOB1 CHHXpPOHHOTO
JIBUTYHA 13 30y/KEHHSM B pPO3TAlIOBAHMX Ha POTOPl TMOCTIMHUX MAarHiTiB
(CIIM)[68,69,71].

Buxopucranns BII 1 ITY, mo BUKOHYIOTH (DYHKIIIIO IIITKO-KOJEKTOPHOTO
By3na, Haauisie BEJ[ BmactuBocTsamu Oe3konexkropHoro JIIC 1  mgo3Bosise
BUKOPUCTOBYBATH MPOCTI CTPYKTYPU YIPABIIHHS €IEKTPONPUBOY MOCTIHHOTO
CTpyMy.

OCHOBHMMH KOHCTPYKTHBHUMH 1 TE€XHIKO-E€KCILTyaTal[liHUMHU MepeBaramMmu

BE/] €:

OE3KOHTaKTHICTb 1 BIACYTHICTh BY3JIIB, 1110 BUMararoTh 0OCIyTOBYBAHHS;

— BeJIMKa MepeBaHTaXyBalbHA 3JaTHICTh IO MOMEHTY;

— MaJIuii MOMEHT 1HepIlii poTopa, BUCOKA IIIBUIKO/IIS;

— BUCOKA CTaTUYHA TOYHICTH 1 BEJIMKUI MOXJIMBUH J1ana30H PeryItOBaHHS
HIBUIKOCTI;

— HaAWBUIII €EHEePreTUYHI MOKA3HUKH Yepe3 BiICYTHICTh BTPAT Ha 30yIKEHHS
(KK ]I 6inbire 90%);

— MOJXJIUBICTh BHKOPHUCTAHHS y BHUOYXOHEOE3MEYHOMY 1 arpeCUMBHOMY
CepeIOBUIII;

— TPOCTOTa CHUCTEMH OXOJIOJDKYBaHHS 4Yepe3 BIACYTHICTH Ha POTOPI
O0OMOTOK, 1110 HarpiBalOThCS CTPYMOM HaBAHTAXECHHS;

— BEJIMKUHN TEPMIH CITyKOU, HAT1MHICTD;

— B nopiBHsHHI 3 J{[1C kpamri maco rabapuTHi 1 BapTICHI TOKA3HUKHU.

OynkmionanbHa cxema BEJl Ha ocHoBi C/IIIM mnpuBenena Ha puc.2.3-a.

OOMOTKM CcTatopa OTPUMYIOTh KHMBJIEHHS Bl JpKepelsa MOCTIHHOro crpymy U .

yepe3 MOCTOBHMH KOMYTaTop BEHTHJIbHOrO meperBoproBada (BII) 3 mmictema
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KEpOBaHMMM HANIBIPOBIIHUKOBUMHU KmrouamMu K, —K,. JliomHuii wMict 13

3BOPOTHOIO, BITHOCHO HANPYTH JKUBJICHHS, MOJSPHICTIO BKIIOYEHHS OB, IO
BXOIUTh 70 ckiany BII, cTBoproe KOHTYpHW miis cmagy CTpyMy B OOMOTKax IpHU
BIIKJTIOUCHHI BIAMOBIAHUX KItO4iB. HymMepaiiisi Kiro4iB BIJIIOBiIa€ 4€ProBOCTI iX
komyTamii (muB. puc.2.4-6) 3 KyToBUM iHTepBaioM 60 eJeKTpHUYHHX TPaaycCiB
(em.rpan).

JlJis criporeHHsT pO3TIsiAy MPUHHATO, MO0 YHCJIO TMap MOJIOCIB JOPiBHIOE
OJIMHUII, 10 O03BOJIAE HE PO3PI3HATH (PI3UUHUN 1 enekTpuuHuid mpoctopu (1

ei.rpan = 1).

~
] |
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X

a — cxeMma BKJIFOUEHHs; O — 9acoBa JiarpamMa KoMyTallii KITF04iB

BEHTWJILHOTO MIEPETBOPIOBAYA; B — IPOCTOPOBA Jlarpama BEeKTOpa

Komyramiss ctpymiB B 0OMOTKax cTaTopa MPUBOJIUTH JO 3MiHU

—

IPOCTOPOBOrO TMOJIOKEHHS BEKTOPY pe3y/bTYIOUOi MarHitopyimiiHoi cumm F .

—

Bektop F Bu3HawaeThCcs K reoMeTpUYHA CymMa BEKTOPIB MArHITOPYIIIHHUX CHII
(MPC) pnBox a3, 1o OOTHKAIOThCS CTPYMOM B KOXXE€H MOMEHT uYacy, 3

ypaxyBaHHSM HaIlpsiMy CTPyMY BIIHOCHO MOYATKY 1 KiHI OOMOTKH (pHc.2.3-B).
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3 natumka nojoxkeHHs: potopa JIIP B mpuctpiit ynpasninusa 1Y noctynae
iHbOpMaIlis PO MOTOYHE KYyTOBE MOJOXKEHHS poTOopa 11010 00MOTOK cTatopa. Ha
niacrasl 1iei 1HopMmauii I1Y 3xilicHioe ynpasiinHg kimodamu K, — K, Takum
anrOM, 1m0 6 KyT Q Mik BekTopamu pesynsTyiodoi MPC F i MarmitHOro moToxy
potopa @ mepebyBaB B niamazoni Q =[%,2§} [Ipn upoMy cepemHiil KyT
posrokennst Q. , =7/2.

EnexTpoMarHiTHuii ~ MOMEHT, 1O  pO3BHBA€TbCA  ABUIYHOM M,

BHU3HAYAETHCS B3a€EMOJIEI0 JIBOX MOTOKIB: CTaTOpa, IO CTBOPIOETHCS CTPYMOM B

00MOTKaxX cTaropa, 1 poTopa, IO CTBOPIOETHCA MMOCTIMHUMH Mar"iTaMu

Mo :%\ﬁ“cﬁ\sinQ (2.39)

Ha puc.2.4-a npuBeneHa 3alekKHICTh €lIeKTpoMarHiTHoro momenty CIIM

Bim kyra Q[71]. Ilinx n1i€r0 eJEeKTpOMAarHiTHOr0 MOMEHTY pOTOp JBHUI'YHA
noBepTaeThbes, 1 KyT Q 3MeHuIyerbes. XapakTep 3aeKHOCTI €J1eKTPOMArHITHOTO

MOMEHTY BiJ] KyTa IOBOPOTYy poTopa Q. mokasaHuil Ha puc.2.4-0.

Obepranus

ApoTopa \

Ilepemukanus
(a3 aBuryHa

2= .5 o =z 2z _ 4 bz 2z
3 3

a) 0)

Tz
3 2

Pucynok 2.4 — 3anexxHiCTh €JIEKTPOMArHiTHOrO MOMEHTY BEHTUIIbHOTO
JIBUTYHA B1JI KyTa M’k BEKTOpaMH IMOTOKY cTaTopa 1 poTopa (a) 1 Bii KyTOBOTO

MOJIOXKEHHsI poTopa (0)
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ITpu Bu3HaveHH1 kyTa Q. 3a MOYATOK BIAJIKY y34TUl Hanpsm Bekropy MPC

dasu 4 npu MiAKIIOYEHHI MOoYaTKy OOMOTKH JIO MO3UTHBHOTO TMOJIOCa JHKepera

KUBJICHHS (IUB. puc.2.5).

Pucynok 2.5 — B3aemo3B's130k HepyxoMux cuctem koopauHat CAIIM 1

CHUCTCM KOOPJHUHAT IO O6CpTaIOTBCH

HasBHicThs mynbcailii MOMEHTY 1 TMOB'A3aHa 3 MM HEPIBHOMIPHICTb
oOepranHs poropa € oguuM 3 HenodikiB BEJ[. HepiBHoMmipHICTh 0OepTaHHs
poTOpa 3aJeKHUTh BiJI YKClIa Tap TMOJIIOCIB JBUTYHA 1 MPUBEICHOTO MOMEHTY
iHepuii npuBoxy. lleii Hegonik Moke OYTH YCYHEHUH MEpexXoioM [0
CUHYCOiIaIbHOI (popmMu cTpymMy B 0OOMOTKax craropa. Yactora LbOro CTpymy, Tak
caMo sIK 1 B pO3TJISIHYTIN cXeMi, TOBUHHA BU3HayaTucs curHaitamu J{ITP.

VYrpaBiiHHS €IEKTPOMArHiTHUM MOMEHTOM 1 4acTOTOI0 OO€pTaHHsS poTopa
BEJ] mpoBoauThCS METOJOM MIMPOTHO-IMITYJILCHOTO PETYJIOBAHHS. 3MIHIOIOUYU

IINapyBaTICTh IMITYJIbCIB yIpaBiaiHHs kmouamu K, —K, y nepionu ix BKIHOUYEHOTO
CTaHy, MOXHa PETYyJIIOBaTH CEPEAHIO0 BEIUYHHY HAMPyTd, M0 MiABOIUTHCA [0

0OMOTOK cTaTopa JIBUT'yHa, a, 0T)KEe, 1 BeIMUUHY pe3yibTaTyrouoi MPC ‘F ‘

Jnis 311 ICHeHHS peXXUMY TaJIbMyBaHHs anroputm ynpasiinHaa BII mae 6ytu
3MIHEHUH Tak, 100 pe3ynbTytounil Bektop MPC craTtopa BincTraBaB Biji BEKTOPY
MarHiTHOrO MOTOKY poTopa. [ 3abe3neueHHs MOXKIMBOCTI peKylepalli eHeprii
ranipMyBaHHs a0 ckiaay BII 3amicte [iomHOTO MocTa TOBHHEH BXOIUTH

KepoBaHuil Bunpsamistu[67, 68].
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Posrimsinemo cucremy koopamuar (d,q) mos'ssamy 3 poropom BEJL i

HEPYXOMY BIJIHOCHO HBOr0. BBakaTumemo, 1o Bich O cyMmilleHa 3 BICCIO

MarHiTHOTO IOTOKY poTtopa[70, 72].

B3aeM03B's130K cHCTEMH KOOpPJWHAT, IO OOEPTAETHCS (d,q) 1 HepyXoMoi

(X, y) CUCTEMHU KOOPJUHAT PO3MIISTHEMO Ha MPUKIIA/l MPOCTOPOBOTO BekTopy MPC

—

@ , sikuit BUIIEpeKae BEKTOP MArHITHOro MoToKy potopa @ Ha kyt Q (puc.2.5).

VY Hepyxowmiil cuctemi koopauHaTt Bektop MPC moxe OyTtu mpeacTaBieHHi

y anreOpaiuHii 1 moka3zoBii hopmi
IExy = I:x + J ) Fy = I:max ) (COS(Q + QC ) + J ’ Sin(Q + QC )) = Fmax . ej(Q+QC) (240)

AHaNOr14yHO, B CUCTEM1 KOOPJUHAT, 0 00EPTAETHCS (d,q) BBA)KAIOUH BICh

d pedyoBOIO BICCIO TUIOCKOCTI KOMIUIEKCHOTO 3MIHHOTO, TOHM K€ BEKTOp MOKHA

MIPEJACTABUTH Y BUTJISII

Fio=Fs+J-F, =Fp -(cos(Q)+ j-sin(Q)) = F,y, -&"° (2.41)
ne F,, F,, F,, F, — npoexuii Bextopy F Ha Bianosiami oci;
F... —ammiryna MPC.

[TopiBHIOIOYM TIPUBEACHI BUpa3W, MOXHaA OJEpXKyBaTH Gopmyny s

nepepaxyHKy BEJIUYUH 13 HEPYXOMOI CUCTEMU KOOPJMHAT B TY, III0 00EPTAETHCA

,fxy _ Iqu e 10 gi(@rQe) _ |qu el (2.42)

g

3acrocyBaBun faHy Qopmyiy a0 BektopiB U, I, 1 ¥, , OTPUMAEMoO

piBHSHHS Juisi ejekTpomarHiTHux mporeciB BEJl B cucremi koopauHat, 1m0

obepTaeTbcs
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. - - d, _ -
Ugq €% =R, +igy & +a(‘//dq 'eJQC) (2.43)

Vdq 'ejQC = Ll 'i_;jq 'ejQC +l//mag 'ejQC

d P iQc dlpdq iQc Yy iQc
E(qu'ej ):T‘ej L R IV
BpaxoOBYIO4H, 110 QC = pp * Wy 1.

Ilicns ckopoueHHs iBOi i TpaBoi YACTHMHM [AAHMX piBHSAHb Ha €%

OTPpHUMAEMO

—

l//dq

qu:Rl'i;Jq+ +j'pp'a)M‘l/7dq (244)

Vg = Ll ’ qu + W mag

[IpeacTaBuMO MpPOCTOPOBI BEKTOPH, 110 BXOJATH B JIaHI PIBHAHHS, YEPE3 iX
npoekIii Ha oci koopaunat[70, 72]
Ugg =Ug + jUy;

I:iqzld-i_.llq’ lﬁdq:Wd_i_JWq (245)
B HBOMY BI/IHaI[Ky MOKHa 3aIliucaTu

dy, .dy, .
dt"+1 dtq+1pp-wM-wd—pp-wM-«/fq

l//d + Jl//q :Lid 'id +jL1q'iq+l//mag.d + jl//mag.q

ud+juq=Rl-id+jR1-iq+

(2.46)
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ne L, 1 qu — TIOBHI 1HAYKTHBHOCTI OOMOTOK CTaTopa IO IOJOBXHINA 1

nonepeuHid ocsx. Skmo CJIIIM BukoHaHUWI i3 HE 3 SIBHOTIOJIOCHHM POTOPOM,
Ly =Ly =L;

Wiagd B WViagq — MPOEKINT BEKTOPY ITOTOKO3YEIUICHHSI CTaTtopa Bif

MAarHiTHOTO TIOTOKY pOTOpa Ha oci koopauHat. OcKinbkH Bick 0 cymileHa 3 BicCro

MarHiTHOTO MOTOKY POTOPA — W/ o 4 =Wys Winagq =0

PozninuBmm AiiicHi 1 ysIBHI YaCTUHU PIBHSIHB, OTPUMAEMO CKAJISIPHHUI OMUC

BE]]
. d
ud:Rf'd"'%_pp‘a’M"//q
t
l//d:Lid'id-l_Wmag (2 47)
i3V | |
uq_R1'|q+ q +pp'a)M Yy
t
We =Ly 1
abo
. di, )
ud:Rl'Id_'_le'E_pp'a)M'L1q°|q
(2.48)

) di )
uq :R1'|q+L1q'd_tq+pp'a)M 'le "l +pp'a)M "Winag

[ToTyxkHicTh, crnoxkuBany BEJl, MoXHa BH3HAQUUTH SIK CyMYy MMTTEBHUX

noTykHocTel (a3 craropa[70]

P

or =Up 1y +Ug g +Uc - Ig (2.49)

OCKIJTbKM MUTTEB1 3HAa4YeHHS (Da3HUX CTPYMIB 1 Hampyrd MOXYTb OyTH
3amucaHi B HEPYXOMil CUCTEM1 KOOpAUHAT
_ 2 1

.3 .
U, =a-[u, U UC]T:§ UA_E(UB+UC)+J7(UB_UC) =u,+ ju,;(2.50)
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i=afi, i iC]T:%(iA—%(iB+ic)+j?(iB—ic)J:ix+jiy, (2.51)

3BIIKHA

1 : 1. .
uC:—E(uX+ 3-uy), |C:—E(|X+ 3-|y),
M1JICTABUBILIN iX Y BUPA3 JIJIsl CIIOKUBAHOI MOTYXHOCTI, 3alTUIIIEMO
.1 . . 1 . . 3 . .
Py =U, -1, +Z(UX —x/§-uy)(|X —\/§~ly)+z(uX + 3-uy)(|X + 3-|y)=§(uX A+, -|y)(2-52)

Bemmunba P, m0pu 3amaHuX 3HAYCHHSAX MOJYJIB BEKTOPiB CTPyMy 1

HaIllpyrd BU3HAYAETHCSA TUIBKM B3a€EMHHUM pPO3TAllyBaHHSIM LHUX BEKTOPIB 1 HE

3QJICKUTH BiJl BUOOPY cUCTEeMU KoopAauHat. OTKe, MOXKHA 3alucaTu

ptr

P :g(ud g U, -iq) (2.53)

IlizcraBuBLin B laHy (popmysty BUpasu yist U, 1 U, OTPUMAEMO

. d . dy, . ) )
Pptr:—(Rl-(|§+|j)+ Vs j, +d—tq-lq+pp-a)M-(l//d-lq—l//q-ld)] (2.54)

VY 11p0My BHUpa3i MOKHA BHIUTUTH TPH CKIIAJIOBI

— MOTYKHICTh aKTUBHUX BTpaT B MiJii cratopa BE/[;

P, =§-R1-(ij+iqz) (2.55)
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— CKJIaJIoBa TOTYXHOCTi, IO XapaKTepU3ye€ MPUPICT EJIEKTPOMAarHiTHOI

eHeprii, 0 3armacaeTbCsi B 00MOTKaX CTaToPa;

3(dy, . dy, .
=— g + 4 2.56
ve 2( dt ¢ dt ¢ (:56)
— €JIEKTPOMAarHiTHA MOTYXHICTb.
3 : :
Pew ) Py - Oy '(Wd Yy "d) (2.57)

Mowment o6epranns BEJ[ MokHa BHpa3uTH dYepe3 eJIEeKTPOMAarHiTHY

MOTYXKHICTh 1 KyTOBY IIBUAKICTh 00epTaHHs potopa [73—75]
IVIVD =T =5 pp (l/jd 'iq —Yq 'id):_' pp '(l//mag +id (le o Liq))lq (258)

Axkmo CJIIIM  BuUKOHaHMI 3  HEABHOIOJIOCHUM  POTOPOM,  KOJH

L, = L, orprmaemo

3 .
Mo = Py Vg (2.59)

Posrisiemo pexum podotu BE/L, ipu sikomy ctpymu iy 1 1, 3a1MIIA0THCS
MocTiifHUMK 260 MiHAIOTBCA I0CTaTHBRO MOBinbHO (d iy /dt=0; di, /dt =0).

B nipomy BuMaaKy MOKHA 3alucaTi
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ud :Rl'id_pp'a)M 'L1q°iq
<uqul'iq_‘_pp°a)M'I‘ld'id_'_pp'a)M'l//mag (260)

Myp :g' pp'(‘//mag +1g '(le _qu))'iq

“

Hpu Ly=L, eneKTpOMarHiTHUi MOMEHT [BUI'YHA  OJHO3HAYHO
BU3HAYAETBCS CKIAI0BOK CTPyMy I . OTKe, HAHOUIBII EKOHOMIYHMM PEXUMOM
pobotu BEJI € Takuii, npu sikoMy 3a0e31edyeThCsl PIBHICTb HYJIIO CTPyMY |, IO

]

BIJINOBIJIa€ HAWMEHIIIOMY 3HAQUYEHHIO CTPyMy, CIIO)KMBAHOTO IIPH JAHOMY
HaBaHTaxeHHI[76].

SAxmo BEJ] Mae SIBHO BHpa)k€H1 MOJIOCH, IHAYKTUBHOCTI OOMOTKH CTaTopa
0 TOJIOBXKHIH 1 OMepeyHiil BICCIO Pi3HI.

B upomy Bumaaxky, MmomeHT obeptanus BEJ] 3anexuts Bijg 000X CKIIaI0BUX
CTPYMY, @ MOJyJb BEKTOpPY CTpyMy cTaTopa (MmoBHMI cTpyM crioxkuBanHs BE]])

BHU3HAYA€THCA BUPA30M

2

-2 -2 .2+ 2‘MVD . 1

(2.61)
3 Py (‘//mag+id'(L1d_|-1q))

2

3Ha4YEHHSI CKJIAJOBUX i; i iy mo 3a0e3meuyroTh MiHIMAJIBHUN CTPYM
cnoxkuBaHHs BE/] npu 3ananoMy HaBaHTaXeHH1, MOKYTh OyTH OTpUMaHI 3 YMOBH

i’ =arg min 0](IM (ig:Myp))

i €= max »

IE Y (i;‘,I\/IVD) , M,,=const (2.62)
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Oxkpim MiHIMI3aIil ToBHOTO cTpyMmy ctatopa BEJ] moxiuBi 1 iHII KpUTEpii
ONTUMAJIBHOCTI TIPH BU3HAYEHHI TIOJIOBKHBOIO 1 TIOTIEPEYHOIO CKIAOBUX CTPYMY.
Jesxi 3 Hux po3risHyTi B [73].

O6nacTe qonyctTuMux pexxkumiB poootr BE]] oOMmexeHa criiBBITHOIIIEHHIMHU

Jia +id <1 JUs +ul <UL (2.63)

ae |, — MakCUMaJbHO-IONYCTUMHUH cTpyM (a3u, o0O0yMoBiIeHUil
ocooymBocTaMu BII abo TerioBuMu 0OMEKEHHIMU;

— DC .
U, .. — MakCUMalbHO-I0IycTUMa Hamnpyra gasu U, = \/§ :

m

U, — [ocTiiiHa Harpyra TAroBoi 00pTOBOI MEPEXI.

Ha Bucokux mBuakocTsx obOeptanHs poropa BEJl s 3amoBoneHHs
OOMEKEHHAM 00JacTi AOMYCTUMHUX PEKHUMIB YacTO BHUSBISETHCA HEOOX1THUM
BUKOPHCTOBYBAaTH, TaK 3BaHUM, PEKHUM «OCHAOJCHHSA IMOJs». JlaHuUN pexuMm

IpUIyCKae 30UIbIIEHHS HEraTUBHOI CKIAJ0BOI BEKTOPY CTpPyMy I, 3 METOIO

kommeHcanii EPC obepranis E=wy,,, 32 Z0NOMOrow CKIagoBOi Hampyru
craropa @,L i, [70].

sk =k
TakuMm 4YMHOM, B 3araJlbHOMY BUIAJKY [Id Ay ] = f (MVD, Wy, )

2.5 MareMatrnyHa MOJIeJb TATOBOI aKyMYJISITOPHOI OaTapei

Y poni HakonmuWuyyBadya €HEPrii TATOBOTO EJICKTPONMPHUBOAY HaWYacCTIIIe
BUCTYNAIOTh EJEKTPOXIMIUHI JIKEpesna CTpyMy — TATOBI aKyMyJATOpHI Oarapei
(TAB). € Benuka KiJIbKICTh TUIIB aKyMYJIATOPIB, MPUAATHUX JJI1 BUKOPUCTAHHS B
TAB enexkrpomoOutiB. OHAK KOJEH 3 IUX THIIB B MOBHIM Mipi HE BIAMOBIIAE
BCIM BUMOTaM, 110 mped'sBisitoTbest 10 TADB, 1 He iCHye OJTHO3HAYHOI KPUTEPIIO

BUOOPY ONTHUMAJILHOTO aKyMYJISITOpA.
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AKymynsaTopHa Oartapes eJeKTpoMOOias TOBHHHA BOJIOAITH BHUCOKHUMU
NUTOMUMHU 3HAYEHHAMU €Heprii 1 moTykHOocCTi, BucokuM KKJI, Bennkum udnciom
IIUKITIB  «3apsSA-po3psil», HHU3BKOIO BapTICTIO, OE3MEeKO B  eKCIUTyarallii,
HAJIHHICTIO, HU3BKOI BaPTICTIO TEXHIYHOTO OOCIYrOBYBaHHS, MaJIUM YacoM
3apsay. XapakTepUCTHKH OCHOBHHX THMIB aKyMyJSATOPHHX Oarapeil, 1o

3aCTOCOBYIOTHCS B TATOBOMY €JIEKTPONPUBO/I1, HaBeieH1 B Tabymii 2.1.

Tabmur 2.1 — XapakTepuCTHKU OCHOBHUX THUIIIB aKyMYJISITOPHUX OaTapei,

10 3dCTOCOBYIOTBECA B TATOBOMY eJIeKTpOHpI/IBOI[i

Tun akymyssitopy
=
5 — "= g=
S 3 8 g z 5
[TapameTtp = 5 g = = e =
= = 2 ISt Q e T
) 1 [ = m 1 o
= o e = E3) v -
o 2 5 5 < s, 5 =
= 5 = =5 = = =
@) s} an) T s an) T =
ITutoma
HOTYXHICTh, | 35...300 70...130 100...200 | 140...200 | 90...120 150 100
Br/kr
[inpHICTH
eHeprii, 50...90 60...100 60...100 100...210 | 75...110 160 100
BT-roz[/L[M3
ITutoma
eHepris, 15...45 35...60 30...60 55...80 80...120 100 150
Bt ron/xr
Yucio
HUHICIB 300...600 | 400...1200 | 1000...1500 | 1000 | 250...500 | 500 500
«3apsi-
pO3PAI»
ina
70...400 | 400...500 500 150...800 300 >1000 | >1000
y.0./kBTTONI

B nanwmit yac OuiblIicTh BUPOOHUKIB €JIEKTPOMOOLTIB BIJIAIOTH TEpeBary
HIKEJIb-METAJOT1IPUAHUM akyMmyasiTopuuM O6atapesm (NiMH), siki MatroTh Xopoti
MUTOMI TIOKa3HUKH 1 TEPMIH CIY)KOHW, aje Ha CHOTOJHINIHIA JI€Hb JIOCUTh

KOIIITOBHI.
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HowminanpHa Hampyra akymyinsitopa y Oartapei AaHOTO TUIY CTaHOBUTH
Exx =1,2 B. 3anexnicte emHocti TAB Bin cTymeHst 3apskeHOCTI Moxe OyTH

AIlIpOKCMMOBAaHa BUPA30M

Erag = Npag - (—8,2816 - (1 — Bpa5)7 + 23,5749 - (1 — B145)° — 30,0
(1—O145)° - 23,7053 (1 — Bpap)* — 12,5877 - (1 — Bpyp)® + 4,1315 -
(1—0745)% —0,8658 - (1 — Bra5) + 1,37)

(2.64)

ne N, —KUIbKICTh ITUKJIIB 3apsiI-PO3Ps/l.

Buytpimniit onip NiMH TADB nocuTe HH3bKa 1, B HEPIIOMY HAOJIMKEHHI,

MOJKC 6YTI/I OTpUMAHO 3 BUPA3Y

0,06

Rrag = Nipag - (2.65)

CTagnom

Camopospsin NIMH TAB cranoButh 651m3bko 5% B aeHb. Yac MmoBHOTO
3apsiny — 1roa. MoOXIUMBUN peXUM MIBUAKOTO 3apsany a0 60% HoOMiIHAIbHOI
emMHoOCTI 3a 20 XB.

[lepcieKTUBHUMHU JJi1 BUKOPHUCTAHHS B TSITOBOMY  €JIEKTPOIPUBO/II
BBaXKAIOThCS aKyMYJIATOPH HA OCHOBI JIiTitO (JITIH-10HHI, JITIH-TOJIMEPHI 1 T.1.).
HominanbHa €MHICTh aKyMyJIsiITOpa JIITIH-I0HHUX OaTapeil cTaHoBUTH E s = 3,5 B
IpU y’)K€ HU3bKOMY BHYTpilIHbOMY omopl. Camopospsn takux TADB craHoBUTH
ommspko 10% Ha wmicanb. Yac moBHOTO 3apsiny craHoBuUTh 2-3 ron. Illupoxe
BIIPOBAKEHHS JITIH-10HHUX TAB B maHuii yac CTpuMye BUCOKA BapTICTh 1 Pl
HEBHUPIMIEHUX TEXHOJIOTTYHHUX MTPOOIIEM.

B nporieci ¢pyHKITIOHYBaHHS TATOBOTO €JIEKTPONPHUBOIY €ICKTPOHHUN OJIOK
yOpaBiiHHSA ~ 3a0e3nedyye  MiATpUMAaHHS — cTyneHs  3apsypkeHocti  TADB
(01a5 = C1as/CraBnoms A€ Crap — €MHicTh A-roa, sike Moxke Bigmatu TAB mpu

HOMIHAJILHOMY PEKUMI po3psay) B miama3oHi Orap = 0,4...0,8[55].
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IIpy ©bOMy NMOTOYHE 3HAYEHHS BEIWYMHHU Opp MOXKE OyTH BH3HAUYEHO 32
BenunHOI0 HAanpyTru Urap HA BUX1AHUX KOHTakTax TADB, 3HaueHHsAM cuiH CTpyMmy
po3psiay/3apsiny + Itap i TeMmepaTypu enextpoiity 6arapei t'ras.

IIpu  MopnemtoBaHHI  POOOTH  TATOBOIO  €JIEKTPOIPHUBOLY  CTYIIIHb

3apsmxeHocTi TAB MokHA OIIHUTH BiMIOBITHO /10 BUPa3y

1 t i
tS

Orag = Orago — I1ypdt (2.66)

3600-Cragnom

ne Ory50 - cTymiHb 3apsypkeHocti TAb B MoMeHT dacy.

Skmo ysABUTHM €KBIBAJIEHTHY cxemy 3amimeHHs TABb y Burisaal
TIOCITIZIOBHOTO 3'€HAHHS €KBiBaJeHTHOI enekTpo-pyiriiHoi cuin (EPC) (Erap) 1
€KBIBaJICHTHOTO BHYTPIIIHBbOTO onopy (Rrap), Hanpyra TAb MoxHa BU3HAUUTH 3

BUpA3y

UTAE = ETELE _ ‘ITAB ’ RTELE (267)

Ile#i Bupa3 He BpaxoBye auHaMiuHi BiactuBocTi TADB, skumu mpu
JOCITIKEHHI BJIACTHUBOCTEH TATOBOTO EJIEKTPONPHBOMY MOJXKHA 3HEXTyBaTH. Y
3aragbHOMY BUNAAKY Erap 1 Rrap € QyHkumismu crynens 3apsipkeHocti TAB,

TeMIeparypu enekTpouity (t9,5), Benuunnau i Hanpsmky ctpymy (Itap)

Etas = Etap (Oras, Iras  tag) » Rras = Rrag(Orag, f1as tiag) (2.68)

[ToTyXHICTh, IO BiAJIa€Thcsi a00 CHOXKMBAHA aKyMYJSTOPHOIO OaTapeeto,

BHU3HAYA€TLCS BUPA3OM

PTE&E = UTAE ) ‘rTP;E = (ETAE _ ‘TTAE ’ RTE&E ) ’ ‘TTAE (269)
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OTtxe,

1

Irag = ——
TAE
2'-R1ag

2
| (ETAE - VJETAE — 4 Rrgp - Prag ) (2.70)
HeraruBue 3HaueHHs MiIKOPIHHOTO BUpa3y B OCTaHHIN (GopMyJi BiAIOBIIA€E

BUTIAZIKY P1As>PTAE.max> 1€ PTAB.max — MAaKCHUMabHa MOTYXHICTB, TAB. OTxe,

Pma.r = ﬁ (271)

4-Rrag
SIkmo xuBneaas TAb

Pyp

Pryg = + Py,, , TpH

Rinw

PTAE = PL’D “Bine T Pd-::p

(2.72)

Ac PVD - HOTY)KHiCTB, CIIOKMBAaHa TAT'OBHUM CIICKTPOIIPHUBOJIOM. HKHIO B

SKOCTI TSITOBOTO €JIEKTPOIPUBOAY BUCTYIA€ BEHTUIIbHUMN ABUTYH
3 . .
Pp = . (ud g Uy Lq) (2.73)

Y pexumi nsuryna Pyp = Pp>0, B reHepatopHoMy pexumi Pyp=P<0;
Piop — TOTYKHICTb, CIIO)KMBaHa B1J OOPTOBOI Mepexkl JOJATKOBUM
€JIEKTPOYCTaTKyBaHHSM;

Ninv — KK Tpudasnoro iaBepropa 3 HIIM.



89

BucHOBKM 110 Ipyromy po3ziny:

1. Bukonana ¢opmaiibHa MOCTaHOBKA OINTHUMI3AIIMHOT 3a/1aul yIpaBIiHHS
TATOBUM €JICKTPONPUBOJIOM IPU BEKTOPHOMY (DYHKITIOHAJI SKOCTI YIpPaBIIIHHS.
KomnoneHnTamMu BEKTOPHOTO (DYHKIIOHAITYy €: KpUTEpiil TOYHOCTI yMpaBiiHHS 3a
MIBUJKICTIO, KPUTEpI SKOCTI BUKOPHUCTAHHS €HEPrii TArOBO-aKyMYJSITOPHOI
Oartapei, KpuTepiii eKOHOMIYHOCTI OOPTOBOi €JIEKTPOCTAHIIII 1 KpUTEPiil CTymeHs
TOKCHUYHOCTI BIANpPAIlbOBAHUX Ta3iB JBUTYHA BHYTPIIIHHOTO 3ropsHHSA. B oCHOBI
CUHTE3y MAaTeMaTU4YHOI MOJENl JIEKUTh alpoKCUMallisi HEHPOHHUMH CITAMHU
CTaTUCTUYHHUX EKCHEPUMEHTAIBHUX XapakTepucTuk JIB3, ski 3HIMAarOThCA B
polIeci CTEHIOBUX BUIIPOOYBaHb JBUTYHIB.

2. OTpUMaHO IMHAMIYHY Ta CTATUCTHUYHY MaTe€MaTH4HI MOJEJI TSATOBOTO
€JIEKTPOJBUTYHA Ha 0a31 BEHTUJIBHOTO E€JEKTPOABUTYHA. PO3IIIsIHYTI 0COOIMBOCTI
YIPaBIiHHSA BEKTOPOM CTPYyMY CTaTopa €JIeKTPOJBUIYHA, SKI 3a0e3MedyroTh
MIHIMI3alil0 3arajlbHOT0 CTPyMY >KUBJIEHHS Ha 3aJlaHOMY TSATOBO-ILBHJIKICHOMY
peXMMiI Ha BHUCOKIA IMIBUAKOCTI OOEPTaHHS pPOTOpAa 3 BUKOPUCTAHHSAM PEKUMY
«T1OCIIA0IEHHS TTOJISD».

3. PosrmsiHyTO CTPYKTYpHY CXeMy Ta MaTeMaTHYHY MOJENb CHCTEMHU
YIOPABIIHHS TATOBUM €JIEKTPOJIBUTYHOM, sIKa B1IOOpa)kae TUHAMIYHI BJIACTUBOCTI
BEHTWJIBHOTO EJIEKTPOABHUTYHA, PETYIATOpa CTpyMy 1 TpuasHOro iHBEpTOpa 3
MIMPOTHO-IMIYJBCHUM  MOAyJsiTopoM. Hajgani  mpuHIMOM  CHpOIIEHHS
MaTEeMaTUYHOTO OMHUCY TATOBOIO  EJEKTPONPUBOAY, BPaXOBYIOUM  TIIbKU
CTaTUCTUYHI BIJIACTUBOCTI €JEKTPOJABUTYHA TIPU ONTHUMAJIbHOMY YIpPaBIIHHI
MPOJOBXKHBOI TA MONEPEUHOI CKJIAI0BOI CTPYMY CTATOPA.

4. Tlpu MopenoBaHHI HAKOMWYyBa4ya EHEPrii CcHUCTeMa yIpaBIiHHS
enexkrpomoOiieM Ha mincraBi NiIMH akymynstopHoi Oarapei BUKOPHCTOBYETHCS
MaTeMaTU4YHa MOJIeTh TIOCIIIOBHOTO 3’ €HAHHS €KBIBAJICHTHOI €IEKTPO-PYIIIHHOT
CWJIHM TATOBO-aKyMYJISITOPHOI OaTapei Ta eKBIBaJIEHTHOIO BHYTPIIIHBOrO onopy. B

3arajJbHOMY BHIIAJIKy €JEKTPO-pYIIiiHA Cujia 1 BHYTPIMIHIN omip € (QyHKIisIMU
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cTyneHtio 3apsmxeHocti TADB, TemmepaTypu  €JIEKTpOJITY, BEIMYUHHU 1
HaIIPaBJIEHHIO CTPYMY.

5. Pe3ysbpTaT TEOPETUUHMX JOCHIIKCHb HaBeIeHl B poborax[2,4,6,10].
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PO3/IITT 3
PO3POBKA METOJIIB AJJATITAIUT YITPABJITHHS

3.1 ApnanTuBHE ynpaBJIiHHS CHJIOBOI YCTAHOBKHU €JIEKTPOMOO1TIB

Pimenns 3aBpmanHst onTumizamii ympaiaiHHis CYE HamtoBxye Ha psif
TPYIHOIIIB, TOB'sM3aHUX 3 1AeHTH(]IKamier0 MaremarnayHux wMozeneir CYE sk
00'€KTIB YIpaBIiHHA, a TAKOXK 3 HEJOIIKOM amnpiopHoi iH(opmallii mpo mapameTpu
i37J0BOTO ITUKIJTY 30BHIIITHIX YMOB €KCILTyaTallii.

OpHuM 13 cnocoOiB MOAOJAHHS 3a3HAYEHHUX TPYAHOILIIB € BUKOPUCTaHHS
KOHIIETIIi aJanTUBHOTO YIPABIIHHS, KOJIM HHU3bKA TOYHICTh MAaTEMATHUYHUX
Moziesield 1 HENONIK ampiopHoi 1H(oOpMaIlli 3aMmoBHIOIOTHCS 32 PaxXyHOK OUIBII
MOBHOT'O BUKOPUCTAHHS MMOTOYHOI 1H(popMalii. Y 1boMy BUNIAJKY XapaKTEPUCTUKU
CUCTEMU YTPABIIHHS JNOIIJIBHO MPEICTABUTH Y BUIIISII MapaMETPUYHUX JIAHHUX,
110 33Jal0ThCSl APOKCUMYIOUMMH (DYHKIISIMU, a HACTPOMKY BUPOOJATH HUISTXOM
iTepaTuBHO1 onTuMizaiii napametrpiB. [Ipu npomy CAY CVYE mnoBuHHa maTtu B
CBOEMY CKJaal OJOK ajanTaiii, mo 3a0e3nedye acUMITOTUYHE HaOIMKEHHS

Jsyv—J sy 1 Ipu t—00 NUISIXOM HaNalITyBaHHA MMapaMeTpiB perynstopa (puc. 3.1).

Urar

Bbnok apanTauii

1
1
1
1
1
v
Qrap Qras Qra

> > [CNOX.: Cco» CHC]
v PEI’WIFITOp. Mgsu,,
.o Z
Boaiii e LI.IBI/I,EI,KO.CTI
+ "‘ asTomobina

BoptoBa

AgantusHun
eneKkTpocTaHuin

perynatop BEC

Pucynok 3.1 — Cucrema aganTUBHOTO KEpYBaHHS CUIIOBOIO YCTaHOBKOIO

€JIEKTPOMOO1IIS
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Jlana CAY 3abe3mneuye OTpUMaHHS YNPaBIiHHSI ONTHMAJILHOTO abo
OJMU3BKOTO 10 ONTHUMAIIFHOTO 33 PAXYHOK 3aMHKAHHS CHUCTEMH IO 3MIHHUM CTaHy:
U =fgsu(X,V,q) 1 He BuMarae ampiopHoi iHpopMarii mpo 3amarordi i 06yprorUi
BIUIVBH.

OckinbKu u*:fGSU.rg (s*, Mgsuzd ,V), OCHOBHHM 3aBIaHHSIM aJallTUBHOIO
perynstopa CYE € BU3Ha4YCHHS Ha KO)KHOMY K—M KpOIIli yIIpaBIiHHSA OJU3bKOTO JI0
OITHMAJIBHOrO, KoediIlieHTa BHKOPHCTAHHS e1eKTpornpruBoy & (K) 3 ypaxyBaHHIM
OIIHOK MaiiGyTHIX 3HaueHb BekTOpa KpuTepiis sxocti 9(i), i = k, N , N—c.

[Tpu 3BaXkeHOMY TiZICYMOBYBaHHI KPUTEPiiB 3 BUKOPUCTAHHSIM JUCKOHTHOTO
dakTopy p, 0<u<l, mo MiHiMi3ye (YHKIIOHAT SIKOCTI YOPaBIIHHS ISl JIIHIAHOT

3TOPTKHU KPUTEPIiB ONTUMAIBHOCTI MOKHA MPEJCTABUTH Y BUTIISIL
Jovu (k) = Zop! - Zis Kp - 2(k + ) (3.1)

JINCKOHTHUI YMHHHUK BPAaXOBYE CTYMIHb JOCTOBIPHOCTI OLIHKM MaiOyTHIX
3HAYEHb SKOCTI.

OmuuM 3 HaWOUIBII TIEPCIIEKTUBHUX 1 HEAOCHIDKCHHX IIXO0MIB JI0
peamizauii amantuBHoro ymnpabiiHHI CYE € ynpaBiiHHS 3 BUKOPUCTaHHSIM
HelpoMepekeBoro amantuBHoro kputuka (Adaptive Critic), BimoMuii Takox sK
«Habnmwkene  auHamiyHe — mporpamyBanHs»  (Approximated — Dynamic
Programming). B oMy Bumanky B cTpykrypHiii cxemi CAY MicTuThCs OJIOK —
Kputuk, 1o omiHioe sKicTh poOOTH BCi€l cucTeMu ympaBimiHHsS. JlaHu¥ mimxin
nependavae aganTaiito crpaterii ynpasiainaga CYE Ha 0OCHOBI KOHIIEMIIiT HABYaHHS
3 migkpimutennsM (Reinforcement Learning).

PosrnsHemMo  CTpyKTypy  aJanTHBHOTO  PEryJsiTopa  €JIEeKTPOCHUIIOBOI
YCTAaHOBKH, SIKMWA peajizy€ KOHLEMIII HEeUpOMEPEeKEBOro yHPABIIHHS 3
HEHPOMEPEKEBUMU KPUTUKOM 1 MOJAEIUII0 OO'€KTa YMpaBiiHHSA, HABEACHY Ha

puc. 3.2
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o o
ApanTusHwii perynatop BEC ,—lﬁ wik + 1) l
Gr(k)
x(k) L OuiHKa
x(k) : BEC Er(lo) AKOCTI
Orap(k+1) npasAiHHA
Mgsu4( Perynatop u(k) - ynp
> Mpys(k)
000) ENIKTPOCTaHU
3k
AW, ABy
Heiipo- Anroputm apantauii mogeni
3>  KoHTponep .
> AW, AB .
x(k) e #0 Mpys(K) Jsw, ()
Mgy, (k) H ApanTMBHMIA
< ep;ngez;:(esa Brap(k +1) KPUTUK (k)
x(k) &
AW -AB 103 } ! AW”'M... PoapaxyHok
AnropvTM agantanii Anroputm agantauii nomuAKK
HelipOKOHTpONEpa KPUTHMKA TMM4ACOBOI
pisHUL

Pucynok 3.2 — AganTuBHU PETYISATOP €IEKTOPOCUIOBOI CHIIOBOT

YCTaHOBKH

B mnpomeci ¢ynkmionyBanus CAY I'CY Ha K-M Kpor, ympaBliHHS

oOuucieHHss  KoediiieHTa

HelpokoHTposepoM  €=Fgsunc(X,

BHUKOPHUCTAHHA

MGSU.Zd)1

€JIEKTPOTIPUBOAY

3IIACHIOETHCS

AKUM peali30BaHUil y BUIIIAII

TPUIIAPOBOT MITYyYHAa HEH NPSIMOTO TOMIMPEHHS 3 aKTUBAIIHHOI (PYHKIEIO

HEHPOHIB MPUXOBAaHUX MIAPIB y BUIJAAl (QYHKLII TinepOOIIYHOro TaHreHca 1

JHIAHOTO HEHPOHA BUXITHOTO IIapy.

w(k)
s (K)
Mesy.za (k)
w(k)
Oras(k) |- M
Mgsyza(k)| k=0N

Nalz

w(k)
Oras (k)
MGSU.Zd (k]

w(k)
: Eﬂi B1a5 (k)
k=0N | | Mgy 2q(K)

(32)

2 (1+ eXp (_Zﬁval - [®(k) Bras(k) Hssu.zd(k]]T‘FBal)))_ 1,

(3.3)
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Ngo = 21 (1+ exp(=2- Wy, - Nys - B3p)) ) — 1, (3.4)

E(F{]=I=1J’33-N32 'Baa,

e(k) =£&(k)- std {e(k)}+ M {e(k)}, (3.5)
k=0.N k=0.N

ne Ws;, Wi, Wa3 — maTpuill BaroBux Koe(illieHTIB HEMpPOHIB IMEPIIOro,
npyroro i Tpersoro mapis [IIHM neiipoxoHTposepa BiAMOBIAHO;

Bs1, B3, B3z — BekTOpH 3CyBiB HEMPOHIB BIAMOBITHUX TPOIIAPKIB;

CUMBOJI «:» HOPMYETHCS B BHUPAXCHHI, O3HAYA€ TMOCJIEMEHTHUN PO3MOILT
BEKTOPIB.

Hani perymsrop CYE BusHauae Bektop ynpabiiHHSI U=fgsy rg (€, Masu.d 5 X)
BIJIOBIJTHO JI0 BUpa)Ke€Hb, HaBeneHUX B 1.3.1. Kepyroui BIUIMBU TPaIuIIIOTHCSA Ha
BX1]] 00'€KTa yIIpaBIiHHS.

OnHOYacHO HeWpoMepekeBa MOIETD [Mpyys 614z ]T = Fesyap (&% Meoy.,q) HA
nifcTaBl motouyHoro crany CYE 1 3acTocoBYyBaHOrO YINpaBliHHS Ja€ OI[IHKY
napameTpiB CTaHy CUCTEMHU Ha HACTyNHOMY KpOLl YIpPaBJIiHHS, AKI KPUTHYHI 3
TOYKH 30y OLIHKH (DYHKIIOHANA Jgy,, .

HeiipomepexkeBa Mojenp peaiizoBaHa y BumsiAl aBomapoBoi [ITHM
MPSIMOTO TMOIIUPEHHS 3 aKTUBAIIIHOIO (PYHKITIE€I0 HEHPOHIB MPUXOBAHOTO IIApy Y

BUTJISIAL (PYHKITT TinepOOIIYHOTO TaHTeHCa 1 IIHIMHUX HeWPOHAaX BUXIJHOTO IIapy

g(k) (k) (k) e(k)
o) || ek |_ wk) || w (k)
T || s |7 B | s [T L] fraso |[
MGSU.zd U"] MGSU.zdI:‘E") GSU.zd G") MGS‘U.zd “")

(3.6)

Ny = 2 (1+ exp (_ZWM - [@(k) Brap(k) fﬁssu.zd(k)]r‘FEuj))_ 1,
(3.7)
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F?Mzd(k)]:[ﬁm.zm .+ erd {n’fnwsik)}+ " {ﬁjm(k)}
Brap(k +1) Oras(k+ 1) 55 UBras(k) o v U Brag (k)
(3.8)

ne Wy, Wy, — MaTpuili BaroBux Koegili€eHTiB HEHPOHIB MEPIIOro 1 pyroro
nporrapkiB [IIHM nelipokoHTposepa BiAMOBIIHO;

B41, B4, — BekTOpH 3CyBiB HEHPOHIB BiIMOBIAHUX MPOIIAPKIB;

CHUMBOJI «*» mpu neHopMmyBaHH1 BuxigHoro curHany LIITHM mno3nauaerscs
NOEJIEMEHTHE MHO>KEHHS BEKTOPIB.

AJanTUBHUIA KPHUTHUK 31MCHIOE OLIHKY (DYHKIIOHATY SIKOCTI YIpPaBIIIHHS
Jsvu(K) Ha maHOMy erami mpu oOpaHOMy ympaBiiHHI i motoyHoMy craHi CYE
CIOUpPAIOYNCh HAa OILIHKY MapaMeTpiB CHCTEMH, 3AIMCHEHOI HEUpOMEpPEHKEBOIO

MOJICJLTIO
1?51#;4 = Fosu.xr (fﬁﬂvs(kj-émE (k),w) . (3.9)

AnanTuBHMIA KpUTHK peamizoBaHuil y Burisiai HIHM 3 apxitekTypotro,

noaioHoi ITHM nelipomepexeBoi Moei

Mesy za (k) Mgsy.za (k) Mgsy.za(k) Mesy.za (k)
Orag(k+1)| = [Orask + D) [— M §|Brag(k +1)| - std §|Bpap(k+ 1)
(k) w(k) K=0N w(k) k=0N w(k)
(3.10)

Ng, = 2 (1+ EXP(_ZWH - [@(k) Bra5(k) HGSU.zd(kj]T+Eal)))_ 1,
(3.11)

Jsvu (k) = Ws, - N5, - Bs, (3.12)
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ae Ws;, Ws, — matpuiii BaroBux koe(imi€HTiB HEMPOHIB MEPILIOTO 1 APYTroro
nporrapkiB [IIHM HelpokoHTposepa BiAMOBIIHO;

Bs;, Bs, — BekTopu 3cyBiB HEHPOHIB BiIMOBIAHUX MPOIIAPKIB;

VY psizal BUMagkiB MOXKIIMBA 10J1aya Ha BXOJIM aJJallTUBHOIO KPUTHUKA AIMCHUX
sHayeHb mapametpiB  CYE Mpys(k) 1 Ors(k+1) 3amicte 11X  oIiHKH
HelipoMepexeBoro moaeto. B mpomy Bunaaky HIHM Fgsymp COyXUTh TUTBKH
JUIsl 3BOPOTHOTO TOIIMPEHHS MOMIIKK IMPU HaJAIITYBaHHI HEUPOKOHTpoJEpa B
nporeci agantarii CAY CVYE.

brnok amganTanii 3a0e3neuye mapameTpuyHy HacTpouiky (HaBuanHs) [TTHM
HEUPOKOHTpOJIEpA, MOJENI 1 aJalNTUBHOTO KPUTHKA IUISAXOM HaJallTyBaHHS
BIJINOBIJTHUX MAaTPHUIIb BaroBUX KOe(IILIEHTIB 1 BEKTOPIB 3CYBIB HEMPOHIB.

Meroto HaBuaHHS HEHpPOKOHTpoJiepa € (GOpPMYBaHHS TaKUX KEPYIOUUX
BiuinBiB CYE, ski O copusiii 3MEHIIEHHIO KBaJApaTUYHOTO 3HAYCHHS OLIHKHU

dbyHKIII0HAJa SIKOCT1 YIPaBIIIHHS
1 3 .
Eyc= g'fé?m — min . (3.13)

HaBuaHHS TIPOBOAMTHCS METOAOM 3BOPOTHOTO IMOIIMPEHHS MOMHJIKH Yepe3
HEHPOHHI MepeXi aJanTUBHOIO KPUTHUKA, MOJENI 1, BJacHE, HEHMPOKOHTpOJEpa.

Kopekuiss mapamerpis IIIHM HelpokoHTposiepa 3A1MCHIOETHCS BIAMOBIIHO 10

BUPaXECHb
Wy, (k + 1) = Wy, (k) + AW, (k+ 1) (3.14)
B,,(k+1) = B,,(k) + AB,, (k) i=1,3, (3.15)
I (S
AWs, (k) = vye - AWs,(k = 1) + Aye - (L= vye) - 312E

W3, = W, (k)
(3.16)
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9By

AB3; (k) = vye - AB3;(k— 1) + Ay - (1 — vye) - (3.17)

Ba:‘ = Ba:'(k]

2ne _ 28 _ {7 (W (W - WS e+ (1= MDY, (1= NED),

3B,, 8%
(3.18)
aE aE aE aE
Pne _ g7 2Bve (1 _ NZ,) e _ yyz 25 L (1 NZ,)3(3.19)
8Bz dBa3 8By dB3z

aE aE aE aE
NC — NE NETE ’ NE — NE NETI (3.20)

EIENC EIENC [E g ;{ —
— = . , , & 3.21
o8e 2 9% [ Mgsyaa, Orss () 321

Anc — KoedimienT mBuakocti HapuanHs [IIHM konTposepa;

VNc — KOeIIEHT 1HEPIIHHOCTI HaBYaHHS.

VY HaBeneHUX BHUpa3ax CHUMBOJN «*» TMO3HA4Ya€ TMOEJIEMEHTHE MHOKECHHSI
BEKTOpIB, 3amuC «{'}» — I-i eJeMEHT BEKTOpa, 3BCACHHS BEKTOpa B KBaJapar
nepeadayae NoeJIeMEeHTHE BUKOHAHHS IaHO1 onepaii.

MeTroto HaBYaHHS HEHPOMEpPEXKEBOI MOJIETl € YTOYHEHHS IPOTHO3IB

napameTpiB CTaHy CUCTEMH Ha HAaCTyITHOMY KPOIll yIIpaBIIiHHS

2

1 Ewsﬁfj fﬁnvs(k] -
Eil..fﬂ k)=-- = — 1= —* 3.22
o () E(Lmﬂk+n‘ ELﬂk+U) i (3.22)
e
HEDVS(k) _ ﬁdDVS(k) . ﬂJDVS(kj . ﬁdDVS(kj
[gr.aslfk +1)] ([HTAB (k+1) ki}"iﬁ{ O1ap (k) })kgw{ O1as (k) }

(3.23)
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— niiicai mapametpu ctany CYE micns HopMyBaHHS.
Hapuanns IIIHM mopeni mpoBOJUTHCS METOJIOM 3BOPOTHOTO TOIIMPEHHS
noMuiiku. [Ipu oMy kopekiris nmapamerpiB LIIHM 3aiiicHIOETBCS BIATIOBITHO 10

BHUPAXKXCHDb

B, (k+1)=B,,(k)+AB,,(k), i=T12, (3.25)

Jc

q a
AW, (k) = vyp - AW (k — 1) + Ayp - (1 — vip) - af:f?
W, = Wy, (k)
(3.26)
ABy (K) = Vi - ABay(k = 1) + Aup - (1= 13yp) - 2222 (3.27)
- Bcu' = 34!-(1?{]
dEmp _ [_fﬁws(k] ‘ [ Dvs(k] (3.28)
%z |, = By, (k) Oras(k+ 1)) [Fras(k +1)
ZZ—"’” = Wi ZE”” (1-N{D) (3.25)
E T
0Emp _ 9Emp a2 8Emp _ 8Emp W 3.26
aw,, 8B,, aW,,  9Bsn _ﬂms (3.26)
MGS‘U.zd

Amp 1 Vmp — Koe(ilieHTH MBHUAKOCTI 1 i1HepiiiHocTi HapuanHs [IIHM

KOHTpOJIEpA.
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HaBuaHHS ananTUBHOTO KpHWTHKA TMOJSTa€ B TOMY, IOO iTepaTHBHO
YTOUYHIOBATH OILIHKY (YHKIIOHATy $KOCTI yHOpaBIiHHSA  BIANOBIAHO  JO
MIJKPITUICHB, 10 HAIXOAATh.

Bupas qis dyHKIioHaMy SKOCTI YNpaBiiHHSA Ha K-My Kpori Moxe OyTu

3aMKMCaHo y BUTIISII

JFS'VIHG{) = ;'iﬂy'j Z;L:lKPij:(k_'_fj = ;‘L:lKP.!"j:'(kj_F#'jSVy (k+ 1)
(3.27)

Bynemo BBaxkatu, mo (GyHkmii V,4=Vy4(t) i a=a(t), t € T, saxi Bu3HAYAIOTH
TaroBo-mBuaKicHui pexuM ECY, € eproguunumu. B 1iboMy BUNAIKYy MOMUIIKY

AaJalITUBHOI'O KPHUTHKA MOXHaA IIPCACTABUTH Y BI/II‘J'ISII[i MOMMJIKM THMYacOBO1L

pizuuni[40].
8(k) = Joyu(k) = By Kpy - 2,(6) — - Joy(k + 1) =
Jsvulk = 1) = T, Koy - 2,0k = 1) — - [y, (R (3.28)
s 00UYMCIIEHHS TIOMIWIKHU TUMYaCOBO1 pI3HUIII [IOBUHHI

BHUKOPHUCTOBYBATHUCA OHiHKI/I JFS'V;J Ha JBOX HACTYIIHUX, OAWH 3a OAHHM KpPOKax

VOpaBIIHHSA TPU OJHHMX 1 THUX K€ 3HaueHHax mnapameTpiB [IITHM amantuBHOTO
KpUTHKA.
Kopexkuis mapametpis HIHM amanTuBHOrO KpUTHKA 31MCHIOETHCS 3 YMOBHU

MiHIMI3aIlli KBaJIpaTHIHOT TOMUJIKH
1 )
Exr =3 6% — min (3.29)

3rigHO BUpa3zaM

Ws; (k + 1) = W;, (k) + AW;, (k) (3.30)
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By (k+1)=B., (k) +AB,(k),i=1,2, (3.31)

Jc

i WE:’ = WS:’ U(]
(3.32)
ABs; (k) = Vigg - ABs; (k= 1) + Agg - (1= 1yp) - 222 (3.33)
B BS:’ = BSEG(J
o = 5(k); TR _ W - TER (1 - NZ,);(3.34)
52 Baz(k] 51
9Ekr _ 9Fkr . NT
W., 9Bss N (3.35)
i T
3, aE, _Mgsy.za
e H“j” = —aﬂ”:: NOras(k + 1) (3.36)
Wiy = W5y (k) Bs, = WBs, (k) w (k)

Akr 1 Vkr — Koe(iIieHTH MBHAKOCTI 1 iHepriiHocTi HaByanHs [IIHM
aJanTHBHOTO KPUTHUKA BiJIMOBIIHO.

TakuM YHMHOM, Ha KOXXHOMY KpOLl MOJINIIYEThCA 3aKOH YIPaBIiHHSA
NIUITXOM HaBYaHHS HEHUPOKOHTpPOJIEpa, a TAaKOXK IMiIBUIYETHCS 3aTHICTh CUCTEMU
OIIIHIOBATH TIOTOYHY CHUTYaIlif0 BHacHioK HaBdanHs [IIHM agantuBHOTO KpHUTHKA
1 MOJIENI.

Kopekiist mapameTpiB HEHpPOHHUX MEpEXK TPUBAE JIO THX Mip, TOKK HE Oyne
JOCSTHYTUM MIHIMYM (DYHKLIOHAIIy SIKOCTI yNpaBiiHHA Jsyv, a00 Oyae oTpumaHa

MPUIHSATHA CTPATETisl YIPABIIHHS JJIS1 33JJaHOTO 13/I0BOTO ITUKITY.
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[ITHM nelipokoHTpoJiepa, MOAEN 1 aJanTUBHOTO KPUTHUKA MOXYThb OyTH
1HIIIHOBaHI BUTIAJKOBUMH 3HAYCHHSIMHU BaroBUX KOE(DIIIEHTIB 1 3CYyBiB HEHPOHIB,
PIBHOMIPHO PO3IOALICHUMH B Jdiana3oHi [-1, 1].

B mnpomy Bumagky a0omycTHMI YIpPaBIiHHS MpPH JIOBUIBHUX 3aJal0duX 1
oOyprOIOYMX  BIUIMBAX TapaHTYIOTBCA  YpaxyBaHHSIM OOMEXEHb  00JacTi
MPUIYCTUMUX pekuMiB B perynstopi ECY u = f svrg(&EMgsyza, V).

OpHak s MPUCKOPEHHS ajamnTallli JOUIILHO MpoBeCTH morepeaHe «off-
line» HaBYaHHS HEWPOKOHTPOJEpa 1 HEHPOMEPEKEBOI MOEINI 3 BUKOPUCTAHHSIM

CTAJIOHHOI MoJIeIl yrpaBmHHs (puc. 3.3)

Gr

=
)
g

PerynaTtop

. GSU. g
WBMAKOCTI o ™ w
A f Ol £ o o 2
aBTomobina - =S} > S P
I s 4 v Q TAB
= E w E . Or4p g 5
] a E Mpys
Qf [
6115 5 w <
w -/
i A Orap i
x ' I
I ! 9 [ I
T o AR = v
¢ 5]
Orlis, & £ 3 2 $ Mpys i3
N =T 2 g w g 2 s =
$8 3 o o) fal
s g I
Y =
GSUkaL 2 é 5! 4 8_ = TAB g_ =
i B y o
= o o Mgsu,, S Mpys E
=
AW ABs i 2
_________ "
!

Pucynok 3.3 — Cxema HaBUaHHsI HEHPOKOHTpoOJIEpa 1 HeHPOMEPEKEeBOT
MOJIeJIi 3 BAKOPUCTAHHSIM €TaJIOHHOT MOJIEJI YIPaBIIiHHS
B sikocTi eTanmoHHOT MO/IeN MOXKe BUCTYIIATH YIPABIIHHS 3 BUKOPUCTAHHIM
JIOTIYHUX TMpaBui BHOOPY cTparerii abo ONTHMalibHAa CTpaTeris yHpaBiIiHHS,
OTpUMaHa JUIsl I€IKOro 3aJaHOro 13J0BOr0 LIUKIY.
B nporneci MmozentoBaHHs pyXy aBTOMOOUIS Ha IEIKOMY i3JJ0BOMY ITUKJI1 TTPH
BUKOpHCTaHHI Mojen ynpasiainasi CYE oTpuMyroTh MHOKHHY TOYOK {&;, ®j, 0;,
Mesyzab 1 {Masu.d, 31:;5-,;, &, ©, Braps, Mesuw }, [ = 1N, ne 3?.:15-.:’

3HaueHHA cTyneHs 3apsmxeHocTi TAB Ha mocnigyrodoMy Kpolli YIpaBiIiHHS.
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DyHKIIi HeB 13KM BUXOJIIB HEHPOKOHTPOJIEpA Ta HEHPOMEPEIKEBOT MOJIENI B j—Oi

TOUIll MOXKYTh OyTH BU3HAUEHI:

{ Wssu.zd(i' Wij, BS;‘) =(§—%)°
& = FGS‘U.zd(ma'-HTAB.i-MGS‘U.zd.a'-WSf-BSf) , J=1,3

3ajada HaBYaHHS HEMPOHHUX MepeX Fgsync U Fosump 3BOJUTHCS K MOLTYKY

MIHIMYyMY IIJTbOBHUX (DYHKITIOHAJIIB BUIY

1 T . . a— .
,'I.:;su,p.;c( Wg_j.Bg_j) = ; ?:1 WGSU.zd(L' ng. ng).j = 1.3 — Inin ,(3.38)

1 T . . ra— .
Jesuwe( 14‘2;.34;) = = " Zii=1 Ygsu.p (i, I"IHU'.B‘L;).J =1,2 > min .(3.39)

JIist BUpIIIEHHST JTaHO1 3a/a4l MOXKYTh OyTH BHUKOPHCTaHI BiJJOMI METO/IH
HAaBYaHHS HEUPOHHUX MepeK. BHCOKYy e(peKTHBHICTh NMPU HABYAHHI HEPOHHHX
mepexk Fgsunc B Fgsump mokasye anroputm SGG (Scaled Conjugate Gradient
Algorithm) [39].

3 meToro 3anoOiraHHs e(exkTy NepeHaBYaHHs, MHOXXMHA BHUXIJTHUX JaHUX
MOKe OyTH po3jijieHa Ha HaBuanbHy (training set) i kontposbny (validation set)
MNIIMHOXXHHY 3 BUKOPUCTaHHSM BIJANOBIIHUX KOE(ILIEHTIB PO3OUTTS MOIIOHO
TOMY, 5K 116 poOHIIOCH B TIpoiieci 1ieHTudikaiii HeiipomepekeBoi mozen JIB3.

[lonepeaHe HaBYaHHS aAANTUBHOIO KPUTHKA Fgsykr MOXKE OyTH BUKOHAHO
«0n-line» 3 BUKOPUCTAHHSM MOMUJIKH THMYAacOBOI Pi3HUII 0e3MOCepeIHbO Tepen
3aImyCKOM Tporiecy afganTaiii crparerii ynpasiiaas CYE.

Sxicts ynpaBninHg CYE Ta mBuakicTh apanraiii cTparterii ynpaBiiHHS
MOKHO TOKpAIllMTH, SIKIIO JOMOBHUTH BXIJHI BEKTOpa HEHWPOKOHTpojepa Ta
HEHpPOMEpEeKEBOI MOJIEIl AIANITHBHOTO PETYJsTOpa CUTHAIOM 17IeHTU(IKAIT THITY
i3goBoro mukiay. JlaHuii curHan Moxke OyTHM OTpUMaH B pe3yJbTaTl aHaII3y

xapaktepy 3MiH QyHKIiH @=a(t) Ta a=a(t) nmm Mgsy,g=Magsuzq(t) B aeskomy
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KOB3HOMY THMYacOBOMY BikHI B pobOoTax mokazaHa e(EeKTHBHICTb BHUPIIICHHS
3amayi igeHTUdIKail THITY i30BOTO IUKIY 3a JOMOMOTOI0 CaMOOPTraHi30BaHOTO
mapy Koxonena ta HIHM mnpsiMOro mnomMpeHHsS 3 €JIeMEHTaMH 3aTPUMKH

CUTHAIY.

3.2 3acTtocyBaHHS HEWPO-HEUITKOTO aJalTUBHOTO KOHTpoJepa MpHU

yIpaBIiHHI CUJIOBOIO YCTAHOBKOIO €JIEKTPOMOO1JIS

VY ToMmy BHMaAKy, KOJW 3MIMCHUTH TMONEPEIHE HABUAaHHS HEHPOKOHTpOJIEpa
agantuBHOi CAY CVYE 3 BUKOpHUCTaHHSM €TQJOHHOI MOJENl Ba)KoO, IS
pO3paxyHKy Koe(dilieHTy BUKOPUCTAHHS CJIEKTPOIIPUBOLY MOXKe
BUKOPHCTOBYBAaTUCh HEUITKa HEHpOHHA Mepexa. [Ipu npomy iHimiam3amnis Takoro
HEHpo-HeuiTKoro KoHTpojiepa €=Fgsykr(Xrc) 3 BekTOpoM BXOay Xrc=[®, Otag,
Mgsuza]' Tepenbadae BHKOPUCTAHHS AampiOpHHX EKCIEPTHHX 3HAHb SIKICHOTO
xapaktepy o mnporeci ynpasiainag CYE, dopmanizoBaHuX y BUIIISIAL TpPaBHII
HEYITKUX TPOTYKIIH.

[Tocminyroua anmanraiist ctparerii ynpasiinag CYE k notounomy i3noBomy
IIUKITY 3IHCHIOETHCS MUISIXOM HaBYaHHS HEHPO-HEUITKOTO KOHTpOJepa IMOIIOHO
TOMY, SIK 11€ 3/[1CHIOBAJIOCH PaHIlIIIe.

Hetipo-HeuiTkuit  koHTponep  Fgsukr  MOXe  Math  CTPYKTYpY,
3anponoHoBanyto Jl.Banrom u J[x.Mennenem. 3 (yHKIIOHAIBHOI TOYKU 30Dy,
Mepexa Banra-Meniens € yacCHUM BUITaJIKOM MOJIEI1 HEYITKOTO BUCHOBKY Takari-
Cyreno-Kanra, B skoMy BUCHOBOK IMIUTIKAI[Ill TPEICTABIICHI Y BUIJISA1 IOJIIHOMOB
HYJIbOBOTO TIOPSIKY, a B SKOCTI arperatopa BUKOPHUCTOBYETHCS OIIEPATOP
anredbpaivHOro JOOYTKY.

3 iHmoro 60Ky, mepexxy Banra-MeHiens MOXKHO pO3IJIsiAaTH 1 IK CUCTEMY
HEYITKOTO BHUCHOBKY MamaHi 3 CIHTATOHHUMH (YHKIISIMA TPUHAJIEKHOCTI

TEpMiB 3aKifoueHb 0a3W TMpaBW TPU BUKOPUCTaHHI Aedaszudikaiii BiTHOCHO
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CEpEeIHBbOI0 IIEHTPY Ta 3aCTOCYBaHHI aireOpaiuHoro JOOYTKY JJIS BHU3HAYCHHS
pe3yNbTaTiB HEUITKOI KOH TOKIII1 P arperipyBaHHi.

B pob6otax Oyno moBeaeHo, IO MpH BIAMOBIAHOMY MiAOOpI mapamMeTpis,
CHCTEMa HEYITKOT0 BUCHOBKY 3 JIAaHOIO CTPYKTYPOIO 3/1i0Ha anpOKCHMYBAaTH OY/Ib-
Ky HENIHIMHY QYHKI[iI0 0araTb0X 3MiHHHUX 3 JOBUIBHOIO TOYHICTIO.

BukopucTaHHS CHCTEMH BHUCHOBKY Iepef0adae BBEJCHHS JIIHTBICTHUHUX
sMiHHEX ©", 0"7aB, M Gsuzd , BIAMOBIAI0YNX BXiTHUM CHIHATIAM HEHPO-HEUITKOTO
KoHTposepa Fgsy Fc.

BXimHi TiHTBICTHYHI 3MiHHI 00pa3yiOTh BEKTOP.

Xt = [@, 0 1a M esuzal ={ Xrc.i } i=1,3 (3.40)

Jlani 3MiHHI 3a/1a10Thcs Ha 6a3oBux TepM-MHOokuHax {T;} , j = 1, Ny, 1e
Nti — KUIBKICTh TEpMIB B TEPM-MHOXHHAX, BIIMOBITAIOYMM |- JIIHTBICTHYIHIH
3MIHHIM.

Koxne 13 3HauyeHb (T€pMIB) KOXKHOI JIIHTBICTHYHOI 3MIHHOI TMPEJCTaBIIsE
co00I0 OKpEeMY HEUITKY 3MIHHY 3 (DYHKII€EN MPUHAIEKHOCTI Y BUIJISAl rayCOBOM

byHKIIT 3 IEHTpOM Cr 1 Bapialiei oy’

2
—(Xﬁc.z'—f-r-z-]

iy (Xecaompien, ) = exp| =S|, (341)

Ji

o€ Xgci — HOCIi BIAMOBIZHUX HEUITKUX MHOXHUH. Xpc; € [0, @],
Xecz € [01], Xpc s € [Mgsymin Mesu.max] -

st gopmamizaiii anpiopHUX EKCHEPTHUX 3HAHb O XapakTepi MpoIecy
ynpasiinHsi CYE cknanaiorh 0a3y mpaBuUil HEUITKHX HPOAYKIIHM, B SIKUX YMOBH
chopMysIbOBaHI B TEpPMIHAX HEUITKUX JIHTBICTUYHMX BHUCJIOBJIIOBaHb, a
3aKJIFOUCHHS IMPEJICTaBICHI y BUIJISAI JEIKUX 4iTKHX dmcen dy, 1e M — Homep

npasuna, m = 1, Np:
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2iXxE 2 =T, 5,10ome=d,, (3.42)

. L _
1 1Xpe, =T, Jm

L _
P, SKIIO Xpr o = T; Jm

Jm
ne: jm € {1,2,...Ny;} — HOMep Tepma I-i JTIHTBICTUYHOT 3MIHHOT, 3a/IiSTHOTO
B M-OM IPaBHIIL.

CtpykTypa HeuiTKoi HEHpOHHOi Mepexi Baura-Menpens, ska peanizye
BU3HAYCHHS KOE(DIlIEHTY BUKOPUCTAHHS EJIEKTPOIPHUBOAY HAa OCHOBI OTPUMAHOI
0a3u IpaBMII HEUITKOI MPOAYKIIIT IpecTaBieHa Ha puc. 3.5.

B naniii cTpykTypi nepmmii map BUKOHYE (azudikalliro BXiTHUX 3MIHHUX.
IepenbadaeThes, MO TEPM-MHOKHHHE JHHIBICTHYHOI 3MIiHHOI ®" MICTATH TpPH
TepMa, a 3MiHEMX 6%, u M{s, . — no mare Tepmis. Jpyruii map 3aGecrneuye
arperipyBaHHs IEpeAyMOB IMpaBWJ HEUITKMX npoaykuid. Tperid map -—
arperipyBaHHss ymMoB 0a3ud MpaBWJ 1 TEHEpaIil0 HOPMAJIU3ylOYOTO CHUTHAITY.
Buxigauii map, mo CKJIaJa€eTbCs 3 OJIHOIO HEHWPOHY 3M1MCHIOE HOpMaTi3alliio
BUXITHOTO CHUTHally, 1O QopMye 3Ha4YeHHS KOE(ILUIEHTY BUKOPUCTAHHS

€JIEKTPOIIPUBOAY &.

Hr11(Xpc.1)

Hr21(Xpc.1)

Mr31(Xpe.1)

Hri2(Xpc.2)

K122 ngC.Z)

o

Ur15A(Xpc 2)

Hr13(Xpc.s)

Hr23(Xpc3)

Hrsz(Xpc.3)

Pucynok 3.4 — CtpykTypa HeuITKOi HeipoHHOI Mepexi Banra-Menzens
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OOuncneHHst KoeQillieHTy BUKOPUCTaHHS €JIIEKTPONPHUBOAY Ha K—M Kpori
yIpaBIiHHA Ha OCHOBI alrOpUTMYy HEYITKOrO BHCHOBKY Banra-Mennens

OIINCYETHCSA BUPA30OM

1
Em(livr; (o)

e(k) = 5 Zmlm (L ttr, (s 0)) - (349

B crpykTypi HewiTkoi HelipoHHOI Mepexi Banra-Menaens TiTbKU MepIIndii
Ta JPYrUid Map € napaMeTpuYHHMH. B mepimoMy mapl miajisraroTb HacCTpOMII
napameTpu Oy 1 Crji (PYHKIIH NPUHAIEKHOCTI TEPMIB BXIJHUX JIHIBICTUYHHUX
3MIHHHUX, a B TPETbOMY IIapi — Barosi koedimieHTH dn, , IHTENPETOBaHI K IICHTPH
(GyHKLIA MPUHATIEKHOCTI 3aKII0YEHb TPABUII HEUITKUX MPOIYKIIIi.

MeTor0 HaBuaHHS HEWPO-HEUITKOro KOHTposiepa € (OpMyBaHHS TaKHX
kepytounx BIMBIB CYE, siki 6 copusuii 3MEHIICHHIO KBaJpPaTUYHOTO 3HAYEHHS

OLIIHKY (DYHKIIIOHAITY SIKOCTI YTIPaBJIIHHSA
1 5 .
Eqr = 5-]51,# — min (3.44)

B mpoueci HaBuaHHS KOpeKlis MmapaMeTpiB Mepexi Banra-Mengens

3IIMCHIOETHCS 3T1JTHO BUpa3am

Aok +1) = Ay (k) = .- 28 - 2 |dpy = Ay (K) (3.45)
" e= ek)
Cr, (k+1) = Cr, (k)= Apc - 28— [Cr,; = Cr (K), (3.46)

T e = gk)
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aEFc de

95rc o
2 ery| or, (), (3.47)
&= s(k)

D-T_,l'mi-(k + 1) = D-ijz'l:kj - AFE'.G.

IS

aaﬂ% - {M{E; | (H’E | {m'gl -Wa; '}51’# (- Nf‘zlj}l.z) (1= Nfl]}1(3'48)

z
=lx e I
gxp Ez lz F;:.z ijz}
ds T jmi
= 3.49
9dm ~(*peicr, -}2 ( )
Ym exp| i — Imi
Timi
Mipr. .
35 _ . 5 1 T_‘]mg
5a. = Lmdm " 5- (zm ﬂwrjmz-) (3.50)

. Mipr. .
D M ( “m) (3.51)

m
o . i L
T jmi Em n;:.“r),mE

Miur, . ~(xrci-cr, | T ~(*pci—cr;_, :
g ( P imi ): Zm exp Zz%m:i - exp Zz i ﬂl: l} W
8ory; \ImIlivT; ; “OT jmi “Timi
~(*pciCr, -}: ~(xrci—cr,; -}: ~(xpci-cr, -}: *pci—Cr.
. %&ml_.zmexp Eiﬂ—l:b‘ﬂl— _Emexp E:’ i ,.l: im!t . ,.l: Imt
=T i " im i " jm i “T i
(3.47)
3 Miur, . —(xpci—cr, -}z ) ~(*pci—cr. -}:
; (z Toor, )= T ewp | = | | exp [T, =t x
TTj \Em A ET " " i

(xpei—cr. ) N R I
(L) 5 e |5, ) |y |5, e i) | (o)
" i " jmi "l i “Timi

(3.52)
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SIKIIIO J-i T€PM JIHIBICTHYHOI 3MIHHOT BUKOPHUCTOBYETHCS B M-OM MPaBHUJIi;

exp | Ly ord Er“ EXE E! ] T a2
a Mipr; . T i ~in (3.53)
= - .
afrﬁ. Em nz‘#r}-mz- —li-"-"'f!_f!'-' -}
E EXp —
7 Bl 1 bl :__ |
dpm*
—(_I'Ff!—f]'j-m!} —|I-1'Ff-—f" m.} TFei-0T; g
exp| X; 22 [ Ep exn | X, Py a2
3 Miur; T i it (3.54)
dor \ ZmMiur. .| NN |
j imi ‘[H‘-’f!‘f"_l }
E'ﬂ exy 1 2-\'.""':-_
LJI‘."!!

- SIKIIO J-i TepM I-i JIHTBICTHYHOI 3MIHHOI HE BHKOPHUCTOBYETHCS B M-OM
paBuil,

Afcds AFcer MFc.o - KOE(QILIEHTH IIBUAKOCTI HABUYAHHS HEHPO-HEUITKOIO
KOHTPOJIEPY;

m' — HOMepa TpaBWJI HEUYITKUX MPOAYKIIH, B SKHX BHKOPUCTOBYETHCS |-i
TEPM I-i JTIHIBICTUYHOI 3MIHHOT;

«*» — MMO3HAYAETHCS TTOCIIEMEHTHE MHOKEHHSI BEKTOPIB.

Jiist 3a0e3nedeHHs JTiHIMHOI BIOPSIAKOBAHOCTI €J1€MEHTIB B TEPM-MHOKHUHAX
CUCTEMH HEYITKOIO0 BUCHOBKY, Ha IMapaMeTpH MOBHUHHI OYTH HAKJIAJIEHI BIAMOBIIHI
OOMEXEHHS, sIKI HE JO03BOJISIOTH alTOpPUTMY ajanTaiii 3poOuTH, HaIpUKIA,
HEYITKY MHOKUHY «HU3bKHUI1» OB HEUITKOI MHOKUHU «BUCOKUI».

[IpuBeneni Bupasu 3a0e3MeuylOTh MOXJIMBICTH 3A1MCHIOBATH aJallTaIllio
ctparerii ynpasiinag CYE k moTodHoMy i370BOMY ITMKITy Ha OCHOBI KOHIICTIIIT
HaBYaHHS HEUpO-HEWITKOro KoHTposiepy 3 migkpimienasm (Reinforcement

Learning).
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BucHoBKM 3a TpeTiM po3I1JIoM

1.  Jlng TArOBO-IUBUIKICHOTO PEXHMY, IO BU3HAYAETHCS 3aJaHUMU
GYHKIIISIMH  3MIHHM IIBUAKOCTI aBTOMOOUISI 1 30BHINIHIX YMOB eKCIUTyaTallii,
ontuMainbHa crpateria ympasmiHHa CYE wmoxe OyTu oTpuMaHa Ha MiacTaBl
METOAY JHUHAMIYHOTO mporpamyBaHHs. OjHak, AaHUN MIOX1A HE BKa3ye
KOHCTPYKTUBHOTO HUIAXY AJI TMOOYTOBU CHCTEMH aBTOMAaTUYHOTO YIPABIiHHA B
CHITy HEOOXITHUX ampiopHUX BIIOMOCTEH, 3a7alouuX 1 OOYypIOIOYMX BIUIMBAaX 1
BHUCOKOIO OOYMCIIIOBAIBHOIO CKIIAIHICTIO anroputMy. OTpuMaHe ONTHMalbHE
YIOPABIIHHS MO>X€ BUKOPUCTOBYBATHCS MPH PO3POOII JOTYHUX MPaBHI BHOOPY
CTpaterii yNpaBJiHHS, a TaKOX IPU HAyKOBOMY OOTpYHTYBaHHI MapaMeTpiB 1
XapakTepucTUK cucteM 1 arperaris CYE.

2. 3actocyBaHHd aaanTuBHOro ynpasimiHHI CYE 3 BUKOpUCTaHHSM
HEHpPOMEPEKEBOT0 aIallTUBHOTO KPUTHUKA J103BOJISIE MOA0NATH HEAOJIK alpiopHOi
iH(popMaIllli 0 mapaMmeTrpax i30BOr0 LHMKIY Ta 30BHINIHIX YMOB €KCILTyaTalii, a
TaKO)X HM3bKY TOYHICTH MaTeMaTWyHUX Moaeneil. [lanuil miaxig nependauae
amanrarito crpaterii ympaBiuinHa CVYE, saxa 3a0ecrieuye acUMOTOMAaTUYHE
Habmokenas Jyy—Jsy Ta U—U npu t—oo, Ha OCHOBI KOHIEMII HBYAHHS 3
M1IKPITUICHHSIM.

3. Jns  mpuckopeHHs ajanTtaunii  cTpaTerii  yOpaBiiHHS — JIOLIBHO
npoBectu nonepeane «Off-liney HaBuaHHS HEWPOKOHTpOJIEpa U HEUPOMEPEIKEBOI
MOJIeNII 3 BUKOPHUCTAHHSIM ETaJOHHOI MOJEJNI yMNpaBiiHHSA. B sSKOCTI eTajoHHOi
MOJIeJII MOK€ BUCTYMATH YNPABIIHHS, 3aCHOBAHE HA JIOTIYHUX MpPaBHIAX BHOOPY
cTparerii ab0 omnTUMallbHa CTpaTeris, sfKa OTpUMaHa METOJOM JMHAMIYHOTO
nporpaMyBaHHS JJIs I€IKOTO 3aJIaHOTO 137/0BOTO IIUKITY.

4, [Ipy HEMOXJIMBOCTI MOMEPEIHHOTO HABUAHHS HEUPOKOHTpOJIEpa
aJlaliTMBHOT CUCTEMHM aBTOMATHUYHOTO YIPaBIIHHS CHJIOBOIO YCTAaHOBKOIO
€JIEKTPOMOOUISI 3 BUKOPUCTAHHSIM ETAJIOHHOI MOJEI PO3pPaXyHOK KOe(illieHTy

BUKOPUCTAHHS €JIEKTPOCTAHIlli MOXke OyTH peasi3oBaHO Ha 0a31 HEHPO-HEUYITKOIrO
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KOHTPOJIEPY, peai3ylouoro aaroputM Mennens-Banra ajis HEYITKOro BHUCHOBKY
3aKJIFOYEHb.

5. Pesynbratu goCaiKEHHS IpUBeaeHi B podorax [3,4,13].
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PO3/I1I 4
EKCIIEPUMEHTAJILHI JOCJIJDKEHHS CUJI0OBOT YCTAHOBKU
EJIEKTPOMOBLIS

4.1 Meronuka i anaparypa eKCepuMEHTATBHUX TOCIIKEHb

JIns BU3HAYEHHS MOTOKIB €HEeprii B CHJIOBIM YCTaHOBII €JIEKTPOMOOLIS 3
OOPTOBOIO 3aPSAAHOIO CTAHINEID OYJIM MPOBEACHI €KCIIEPUMEHTANIBHI TOCTIIKCHHS
Ha riopuaHoMy aBToMo0611 Toyota Prius 3 MeTol0 BU3HAUUTH 3MIHM HAmpyru Ta
cTpyMy. Lle 103BOIMIO BUBHAYUTH B YMOBAX €KCIUTyaTallli MeI1 3MIHH 3apsTHOTO
ctpymy Ta Hanpyrd TADB 1 60pToBO1 3apsiTHOT CTaHIlIT B 3aJISKHOCTI BIJl PEKUMY
poOOTH EIEKTPOMOOLIIS.

JUist  gocnipKeHHs MOTOKIB €Heprii B TIOpHUIHIA CHIJIOBIM yCTaHOBII
aBTomMoOuIs Toyota Prius 6yB po3poOiieHuit 60pTOBUN BUMIPIOBAIBHUI KOMILIEKC.
OcHoBoW0 BuUMIproBaigbrHOrOo Komruiekcy (puc. 4.1) € ALII 3 intepdeiicom ISA
tunty PCL-711. B skocti mporpamHoro 3a0e3mnedeHHss OyB OOpaHHMil maker
Advantech GeniDAQ 4.1. Kpim Toro i1 BUMIprOBaHHs TaKUX MapaMeTpiB, SIK Yac
BIIPUCKYBAaHHS ITaJliBa, MacoBa BHUTpATa MOBITPs, 00EPTH CICKTPUYHUX MAIIWH
OyB BuKopuctanuii Mmotoprecrep MODIS.

Jlist BuMiproBanHs cTpyMiB reHeparopa MG1 Ta enexkrponsuryna MG2 6yB
3aCTOCOBAaHMM JaT4MK, HA OCHOBI JABOX JaTuMkiB Xona tunmy SS49E B
nudepeHIiaJIbHOMY BKIIFOUCHHI, BCTAHOBJICHHM y KOpITyCl iHBepTOpa (puc. 4.2) Ha

i1 reneparopa MGI1 (puc. 4.3). Toai BianoBiaHO 10 nepiioro 3akony Kipxrodga

IMGZ - IAKB_ IMGl (4.1)
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< bi1ok ranbBaHIYHOI PO3B'SI3KU
Jaruuk
crpymyl JudepeHniansHuii
JlaTunk HiICHITIOBAY
CTpymy2

Jatuuk [TeperBoproBau

Xouna 4acTOTa-HaIDVIa
GPS npuiimay BoproBuii komn’rotep
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bnox ALIIL

Motoptectep MODIS

T

Pucynoxk 4.1 — CTpykTypHa cxema BUMIPIOBAIbHOTO KOMILJIEKCY

JaT4auk ctpymy
reHepaTopa

JlaT4uk cTpyMy
_TAB

W W
MG1 MG2

U v U v
PameT | 1 T 1 |
n MG2 oo 'alal q
4 < e +—id :
P4 _;/——1 "—X_‘! - __1—0 i
— —1 l —1 ||
.« ¢ +—1«¢ <« |
L ~ 7 L 3 < L 2 b - o ] :
| Y i s |
r— i — % +— 4 — E
L! ¥ 0_&_‘[0—%.(_0 :
— — [ — |
l Cwnogoit '
$——Tpan3ncTop :
K T R lnpepTon |

Pucynok 4.2 — CxeMa IiAKTIOYE€HHS JaTYUKIB CTPYMY
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JIJist MOCUJIEHHSI CUTHALY 3 JJATYMKA CTPYMY I'eHepaTopa BUKOPUCTOBYETHCS
nudepeHLiHHUN TACUII0OBaY HAa OCHOBI JBOX OMEpaIliiHUX MiJICHITIOBAYIB THILY
ADB820 (puc. 4.4).

Hust BumiptoBanHs cTtpyMy TADB BukopuctoByerbest gatunk CSNAT111
0€3KOHTAaKTHOTO THITY Ha OCHOBI edekTy Xona (puc. 4.5, 4.6)

Jlist BumiproBanHa 000poTiB JIB3 BUKOPHUCTOBYETHCS MATYMK XOJIa TUITY
SS411, BcTaHoBIeHHWI Oe3mOcepeHbO Ha KOTYIIII 3anamtoBaHHs (puc. 4.7).

[IpyHIMIIOBa cXeMa TaxOMETpa HaBelIeHA Ha puc. 4.8.

JATYUKIB CTPYMY
re’eparopa

TOYOTA T

Panasonic OYOTA

450\7.2700 F Panasonic Iﬁl’ﬂlﬁ

e Sasg' 40V 2700 450V 2700
R -

Pucynok 4.3 — Miciie BCTaHOBJICHHS JaTYUKIB CTPYMY
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Pucynok 4.4 — IlincumoBad cCUrHaity JaTYUKIB CTPyMy FeHepaTtopa

15V +15V

CSNA

AQ

GND

2
—
R1 90

GND
GND

Pucynok 4.5 — Cxema niaxiatoueHHs gatauka ctpymy TAB
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Pucynox 4.6 — Jlaruuk crpymy TAB

Pucynok 4.7 — Jlatuuk Taxometpa /B3
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Pucynok 4.8 — [IpuniunoBa cxema TaxoMeTpa

BumiproBaHHs MIBUIKOCTI pyXy aBTOMOOLIS MPOBOJUTHCS 3a JOTMOMOTOIO
JaTyuKa MIBUIKOCTI Kojeca, 1o Bxoauth a0 ckiagy ABC. IlpunmumnoBa cxema

KaHaJly BUMIPIOBaHHS IIBUAKOCTI HaBeJieHa Ha puc. 4.9.

R13 R22 A3

ATmeqaB535-16P1

PBa_(xcx/Ta)
PEI_{T1)

= pa2_(AINB/INT2)
PE3_(ANI/OCR)

GNDDIGITAL

Ri8
'
GNDDIGITAL

GND

R1W

51 PB4 (55
£l Pas_(MosI)
N eps_(M50)
21 PB7_(SCK)

1) o PDA_(RXD) Fre_(scL) 2
J , R = PO1_(TxE) Pe1_(50a) [2
" PDZ_(WTa) pe2 2

FO3_(NT1) o3[
P04_(0C1E) T4
PDS_(OCIA}
PDE_(ICP)
Fo7_(ocz)

R17

K OATYMKY
CKOPOCTH KoA€cCa

PCE_
PCT_{

R%

REZET

2 ¥TAL2
XTALY

J2

GNDDIGITAL
Ri5

cz
GNDDIGITAL
R

d' 1
GNDDIGITAL |

GNDDIGITAL  R21

Pucynok 4.9 — IIpunuunoBa cxeMa KaHaJly BAMIPIOBaHHS IIBUAKOCTI
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TapyBanHs JartuvMka IMIBHUJAKOCTI BigOyBaeThcss 3a jgomnomoroto GPS
npuiiMaya BU-353.
Jlist BUMiproBaHHs Hampyru TIroBoi TAB BUKOpPHCTOBYEThHCS TajibBaHIUHE

pO3B'sI3aHUN MIJICUIIIOBAaY Ha OCHOBI BHCOKO-nMiHIMHOrO omnrtpona HCNR200

(puc. 4.10 — 4.13).

Veeor +15V Ve #1565V
[=}

0.1p c5

il 0.1p
.J_ R4 RS T 1
g 22K 270

R1 ci 3R, c2 R2
200 K 47p 33p 174K 50K
AKbBb A~ A=A g

L 1 A3
7 12 § 1% t_

%AZ 5 PD2

LT1097 00

Cc6
0.1p

r - L)
D1 ]
= Veg1-15V LED p 1N4150 Vee2 15V

Pucynok 4.10 — ['anpBaHiuHa po3B'sA3Ka KaHATy BUMIPIOBAHHS BUCOKOT

HaIpyru

Pucynok 4.11 — OcHOBHUI MOZTY/Th
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bnox reHepaTo ’
YKUBJICHHS

Pucynox 4.12 — CxemMa MmiIKJIFOYCHHS TaTIYUKIB

CurHaiim 3 JaTYMKIB HAAXOIATh B OCHOBHUU Moayib (puc. 4.13), ne
BIIOYBAEThCS 1X MEPETBOPEHHS A0 BHIY NPHUIATHOIO JUIsi BUMIPIOBaHHS 3a
nonomororo AIIIl. BumiproBanbHHI KOMIUIEKC Ha aBTOMOOLT Ta Horo iHTepdeic

HaBesieH1 Ha puc. 4.13.
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Pucynok 4.13 — BumipioBanpHu#l KOMIUIEKC HAa aBTOMOO1TI

Y Xxonl mNpoBeAEHHS EKCIepUMEHTY Ha aBToMoOum Prius HeoOxigHO
BU3HAYUTH HACTYITHE:

- Pexxum pyxXy Ha eNeKTpOTs31 MPU PIBHOMIPHOMY pyCi 1 3apsiKEHOMY
aKyMyJIATOpl: BU3HAUUTH IMIBHJKICTH PYXy aBTOMOOUIS HpH SIKIA BKIHOYAETHCS
JIB3, TNOTYXHICTh €NEeKTpPOJABUTYHA Tpu BKiIO4eHHI [J[B3, mNOTyXHICTH
peuMpKyIsiii  eHeprii depe3 renepatop. JlaHi mapameTpu HEOOXIAHI IS
3'scyBaHHS Ti€i Mexl MoTykHOcTi JIB3 sika HepallloHaJlbHa TIpU PIBHOMIPHOMY
pyci.

- Pexxum pyxy Ha enexTpoTss3i Ha kpyTui migiiom. HeoOximHO BuU3HAUWTH
MaKCUMaJlbHy TMOTY>KHICTh €JEKTPOJBUIYHa TMIpU sAKIM BriItovaerbess JIB3,
HE3aJIOKHO B MIBUAKOCTI pyxy. JlaHwili mapameTp TakoXX HEOOXITHUW s
BU3HAYCHHS MEX BUKOpHCTaHHA /[B3.

- CninbHa pobota enektpojasuryna 1 JIB3 mpu piBHOMIpHOMY pYCI.
Bu3HaueHHs CHHEPT€TUYHOIO BIUIMBY €JIEKTPOCHUIIOBUX arperaTiB B MPOLIEHTHOMY

CIIBBITHOIIIEHHI 3aJIEKHO BiJI IIBUAKOCTI PYXy 1 3amacy eHeprii B aKyMmyJsaTopi.
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BumiproroTbcsi MOTYKHICTh €JIEKTpOoJBUryHA, oOopotu J[B3, BuTpara mnanusa,
HIBUJKICTB PyXY, PELUPKYIISIIisS €Heprii reHeparopa.

- BusznavaeThcs sika BeTuynHA MOTYKHOCTI e Ha 3apsa TAD, BimBae Ha
MUTOMY BUTpATy MaJiuBa.

- CrinbHa pobota enextpoaBuryHa i JIB3 mpu npuckopeHHi BiANOBITHOMY
€BpOIICHCEKOMY MicbkoMy KTy (20 1 M/c?). BH3HAYCHHS HPOLECHTHOTO BILIHBY
JIB3 1 enekTpoABUTYHA Ha MOTYXHOCTHI MMOKAa3HUKH CUJIOBOI YCTaHOBKH.

- CoinpHa poborta enektpoaBuryHa 1 JIB3 mnpu  MakcumampHOMY
MIPUCKOPEHHI.

BumiproroTbcsi MOTY>KHOCTI €leKTpoMamind, oooporu B3 1 mpuckopeHHs
aBTOMOOLIIA.

Tunosi npukiagu 0OpoOICHUX BUMIPIOBaHb PO3MOJILIIB MOTOKIB €HEPrii npu

pi3HUX pexumax pyxy (4.14 — 4.17).

== PGB
- P GEN
- P EM
necessary power, kW
speed, km/h

----- RPM/100

L e T

-10

P GB — notyxnicte TAB, kBt; P GEN — notyxHicts renepatopa, KBt; P EM — notyxHicTb
eJIEKTPOABHUIyHa, KBT; Necessary power -moTy»xHicTh, He0OXiIHa A7 pyxy abo ska
MOBEPTAETHLCS MpH pekymnepariii, KBt; speed - mBuakicts, km/ros.; RPM/100 — o6opotu

TIB3/100

Pucynok 4.14 — Po3noain notokis edeprii 3 30 no 60 cekyHay pyxy
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-- PGB
— PGEN
— PEM

necessary power, kW
— speed, km/h

----- RPM/100

P GB — notyxnicte TAB, kBt; P GEN — notyxHicts renepatopa, KBt; P EM — notyxHicTh

eJIEKTPOABHUIYHA, KBT; necessary power -IoTyXHicTh, HEOOXiTHa 17151 pyXy abo sKa

MOBEPTAETHCS MPU peKymepaiiii, KBt; speed - mBuakicts, km/rof.; RPM/100 — o6opotu

JIB3/100

Pucynox 4.15 — Po3nozin notokis eneprii 3 60 o 90 cekyHay pyxy

—- PGB

/\ | — PGEN
40 : i — PEM l
V\\/ necessary power, KW
: — speed, kmh
----- RPM/100
30 :
20 e -
. ..‘.0 a ‘.. e ML
Y " : e
101 e I |
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/
(¥
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[
5

_ i
1’?20 125 130 135

i i
140 143 150

P GB — notyxuicte TAB, kBt; P GEN — notyxHicts renepatopa, KBt; P EM — noTyxHicTb

eJIEKTPO/IBUTyHa, KBT; necessary power -loTyKHICTb, HEOOX1/1Ha I pyXy abo sika

NOBEPTAETHCS MPU pekymepariii, KBt; speed - mBuakicts, km/roa; RPM/100 — o6opotu JIB3/100

Pucynok 4.16 — Po3nozain notokis eneprii 3 120 mo 150 cekyHay pyxy
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; -] == PGB
| \——\— P GEN
j > — PEM

: necessary power, kW
i....| — speed, kmh
----- RPM/100

31is 32io
P GB — notyxuicts TAB, kBT; P GEN — notyxHicts reneparopa, kBt; P EM — noTyxHicTh
eJIEKTPOABHUIYHA, KBT; necessary power -MmoTyKHICTh, HEOOXiIHA U pyXy a0o sKa
MOBEPTAETHCS MpH pekymepaii, KBt; speed - mBuakicts, km/rox; RPM/100 — obopotu
JAB3/100
Pucynok 4.17 — Po3noain notokiB eneprii 3 300 o 330 cexyHay pyxy.

JlocnmikeHHsl MpoBeAeHl Ha aBToMoOLm “Prius” mokaszaiu, mo ais pyxy B
MICBKOMY LUK 0 MBUAKOCTI 40 KM/TO. 3 aKyMYJIATOPHOI Oatapei BIIOUpaeThCs
MOTYXHICTh Y cepeauboMy 15 kBT mpu mpuckopenni go 1 m/cex®. Lli mami
CITIBIAIA0Th 3 HAIMMHU po3paxyHkamu [101].

Enextpuunuii ABUTYH OOUpaEeMoO BUXOISAYHM 3 YMOBHU 3a0e3medeHHs
JIOCTaTHBOI TOTYKHOCT1 JUISI PYXy B PEXUMI €BPOMEHUCHKOTO MICHKOTO ITHKITY
aBToMO0O1)11 Macoro 1100 kr (puc.4.18).

Jlns 3HAXOKEHHS HeO0OX1THOI MOTYKHOCTI €JIEKTPUYHOTO JBUTYHA 30epeMo
nijgcuctemy “necessary power” y nmaketi Math Lab — Simulink. (puc. 4.19), B sxiii 1
BU3HAYMMO HEOOXITHY MOTYKHICTh TATOBOTO €JIEKTPUYHOTO JBUTYHA JIJIS HAIIIOTO
aBTOMOOLIIA.

[IpoBenemo (opMyNIOBaHHS aIrOpuTMy poOOTH TiOPUIHOI  CHIIOBOI

YCTaHOBKM aBTOMOOWUISA. B KiHIEBi#l GopMi anroput™ MPEACTaBICHUA B SKOCTI
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nepesiky mpaBui poOOTH arperartiB TiOpUAHOI CHUJIOBOI YCTAHOBKH Ta MEPENiKy

0OMeKeHb, IKi 00YMOBJIEHI YMOBaMH €KCILTyaTallii.

%5 ! ! ! ‘ ! ! ! ! !
R e R B B
it .,f .
) S N . S S N S ———
2 A T S NS SO ST 8 SO \ SN, S
530_ ______________________________________________________________________________________________________________________________ _
=
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i i i i I I
40 100 120 140 160 180
time S
Pucynok 4.18 — I1IBuKicTh B MiCbKOMY IUKJTI
s
@" Hit Stop Simulation
Clock Crossing
L)
Eurof
Math
Funstion w
q - 'S
Seope I
2525
EvreyskivCicle F +
Canstant hath
Function ’—>+
b dusdt
. * -+ Scoped
E @I W, mizec Derivative1 Frodudt
- Froductt
Fowermeed > ot -
< hasz *
aa 0.0z Froduct?
|
Constant2
Constantt

Pucynok 4.19 — Cxema cTpyKkTypHa MO JUIsl BUBHAYEHHS MOTY>KHOCTI

€JICKTPUYHOTO JBUTYHA (TIiJCUCTEMa “‘necessary power’)
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[IpomoaenoeMo Ta orpuMaemo rpadik MiHIMAILHO HEOOX1THOT MOTYKHOCTI
TATOBOTO E€JIEKTPUYHOTO JBHUTYHA I PYXy aBTOMOOUIS MO TOPU30HTAIHHOI

MOBEPXHI 3 3aJJaHUM MPUCKOPEHHSM, KU Moka3zaHuil Ha puc. 4.20.

30

powwer KA

time =

Pucynok 4.20 — Mi"iManbHO HEOOX1/THA MOTYXKHICTh IS PyXY 3T1IHO 3

€BPONEHCHKUM MICBKUM ITUKJIOM

B pesynpraTi po3poOKM  adroputMy poOOTH  CHUJIOBOi  yCTaHOBKHU
€JIEKTPOMOOUISI 3 OOpPTOBOIO 3apAHOI0 CTaHLIEID NpPOBeneMO (HOPMYITIOBaHHS
paBuJI Ta 0OMEXEHb 11 poOOTH:

- IBUT'YH — TUII-CUHXPOHHUM, MMOTY>KHICTh 10 15 kBT, Hanpyra >KUBJIEHHS 10
100 B. B wmiit sskocT1 NiAX0a8Th CHHXPOHHI reHepaTopu 28B*140A st BaHTaKHUX
aBTromoOUTiB  bema3, Mepcenec, aBroOyciB Heomnan. IloryxHicTe 1ux
€JIEKTPUYHUX MAIIMH B SIKOCTI ABUTYHIB 3a0€3M€Uy€EThCS MIABUIICHHSAM 00€PTIB;

- TpaHCMICiI — OJHOCTYIEHEBa, IlemHa a0o 3y0yaTUM pEeMEHEM 3 Balia
CJIEKTPOJBUTYHA HA TOJOBXYBad BTOPUHHOTO Bajla KOPOOKM Tmiepeaau.
[lepenatoyHe 4MCIO 3alE€KUTh BIJL MOMEHTY Ha Bally JBUTYHa-T€HepaTopa Ta
NEpPEeIATOYHOTO YKCia IOJIOBHOI Iepeaay;

- HaKonmuuyBay eHeprii — JiTili-ioHHa Oatapesi Hampyror a0 100 B.
Exonomiuno BurigHo matu Oarapero 48B 90A*roa., OCKIIbKHA KOXEH €JIEMEHT

Oarapei moBMHEH OyTH OCHAIICHWI 3aXUCHUM MPUCTPOEM, To B Oatapei Ha 100 B
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ix Oyme necy 32, a B 48 B Oarapei Tuibku 16. Tomy J0IIJIBHO CTaBUTHU
HU3bKOBOJIBTHY OaTapero BEJIMKOI €MHOCTI Ta BIANOBIIHUN IEPETBOPIOBAY
HaIpyTu.

TsroBa akymyssiTopHa GaTapest 3apsKaeTbCsl HACTYITHUMU CIIOCOOaMM:

- Ha CTOSHIII BiJl CTallioHapHOI 3apsaHoi craHiii mepexi 220 B 1 ctpymom
16 A;

- i1 9aC peKyIepaTUBHOTO TaIbMyBaHHS BiJl JBUTYHA-TEHEPATOPA;

- BiA TreHepaTtopa OOpPTOBOI Mepeki aBTOMOOUIS uepe3 MiABUIIYIOUYHi
Tpancopmatop Ta cTablai3aToOp HAMPYTH.

[Topsimok poOOTH CUIIOBHX arperaTiB aBTOMOO1IIS:

- Mepej] MOoYaTKOM PYXy BOJII MOBUHEH MPOKOHTPOJIIOBATU MO MpUiiajgam
3apsAl  aKyMyJqaTopHoi  Oartapei, 1€ 3IIACHIOETbCS  MIAKIIOYEHHSIM
HAaBaHTAXKYBAJIHLHOTO PE3UCTOPA Ta BOJIBTMETPA;

- SAKIIO 3apsA] HEAOCTaTHIM, To Tpeba Mia3apsauTH Oarapero  Bil
eJIeKTpoMepexi abo moyaTu pyx 3 BUKOpUCTaHHAM JIB3;

- IOYATOK PYXY 3/IIMCHIOETHCS HA €NIEKTPOTs31, MOTIM Ha mBuaKocTi 30...40
KM/TOJ U1 TIOJJaJIBIIIOT0 PO3TOHY aBTOMOOUISI BO/IIM BUMHUKAE 3YETUICHHS 1 BMUKAE
JIpyry abo TpeTio mepeaady B 3aJ€kKHOCTI BiJl TOPOKHBOTO AOBKULISA. Jlami Bosiii
BMHKA€ 3YCIUICHHS 1 eNeKTpoABUTYH 3amyckae JIB3, npu domy mnenanb
aKceyieparopa 3HaxOJUThCSA B MiIHIMaJIbHOMY nojioxkeHH1. Sk Tuibku JIB3 3aBiBcs,
CIICKTPOJBUTYH  aBTOMAaTHYHO  BHMHKA€ThCA. [HaKkmie cymicHa  poOoTa
enektpoasuryna Tta JIB3 00ymMoBHTH 3HAaYHE TIPUCKOPEHHS aBTOMOOLIS
HeOe3neuHe g otouyrounx. 3amyck /IB3 Ha mepmniii mepenayl 3a00pOHEHUH,
OCKUJIbKH 1€ TPHBEIE JO0 3HAYHOTO IEPEHABAHTAXKECHHS TPAHCMICII Ta CHCTEMH
YKUBJICHHS €JICKTPOJIBUTYHA;

- TiJ yac pyxy BOiM MOBMHEH YacTillleé BUKOPUCTOBYBATH PEKyNEpaTHUBHE
TaJIbMyBaHHS, 1[0 BMHUKAEThCS JIETKUM HATUCKOM Ha TeJanb TajJibMa B 0OJacTi

BUIBHOTO XOJTy Meaali;
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- miA3apsaaKa aKkyMyJsiTopa TaKOX 3J1HCHIOETbCS Ha X0JocTuX obeprax JIB3
(mo 1000 06./xB.). Ilpu mnigBumenHi oOeptiB JIB3 BBaxkaerscsa, mo JIB3
BUKOPHCTOBYE CBOIO €HEPril0 Ha PyX 1 MiA3apsIKka MPUITUHSIETHCS.

Takuii miaxig glaMeTpalibHO MPOTUIICKHUNA TOMY, 110 BUKOPUCTOBYIOTH B
«Toyota Prius», a came B Hamiiii po3poOii [IB3 BHKOPUCTOBYIOTH JUISL 3apsIKH
aKyMyJaTopa LiuiecrpsiMoBaHo. be3yMOBHO B KiHIIl MOI3KH aKyMYJISITOP MOXeE
noTpeOyBaTu MiI3apsAIKU, alie SK MOKa3ald Halll PO3paxXyHKH Ta €KCIEPUMEHTH
akymymarop 48B*90A*rox. (4,3 xJIx) moxe 3abesmeuntu ctapt i3 100
nepexpecTb y MICBKOMY IIMKJi, II0 BHU3HAE€TbCA HAaMU JOCTAaTHIM. SIKIIO
aBTOMOOUTb €KCIUIyaTyBaTH y 3MIMIAHOMY LMK, TO CTallOHAPHOI MiA3apsiaKu
MOK€ He MOTpeOyBaTh. 3a3HAYCHUM BUIIE KOHCTPYKTUBHMM MIAXIJ MO HAIIUM
nigpaxyHkam, 103Bojsie ekoHoMHUTH 110 30% Oensuny st JAB3 1 Big 1.5 111 Oinibiie
IIPU pyXy B MICBKOMY LIHKIII.

Ha panuit vac mis npobiry 60...70 KM Ha €JNEKTPOTA31 €IEKTPOMOOLIIO
macoro o 1100 xr motpibeH miTii-ioHHMI akymyssitop BapticTio 5000$. A B
HAIIOMY BHMAJKy MOTPIOHO BJBIYl MEHIY OaTapero 3 ypaxyBaHHSM BUTpaT Ha
nepeTBoproBady Harpyru. Lle A03BOJUTH BUTOTOBISATH EJIEKTPOMOOLIL ISl CYTO
Mmicbkoro mepecyBaHHs BapTicTio MeHmie 200000 rpH. 1 MEHII 3alleXXHUMH BiJl
1HpacTpyKTypu OOCIYroBYyBaHHSI CTAI[IOHAPHUMU 3apATHAMU  CTaHIISIMU.
ABTOMOOUIB Oyzie BUTpauatu He Oinbiie 4 i1 nansHoro Ha 100 k.

Cxema CHJIOBOi YCTAHOBKH €JIEKTPOMOOLISI 3 OOPTOBOIO €JIEKTPOCTAHIIIETO,
0 pO3pOOJSETHCS, BIAMOBIIAE CBITOBOMY PIBHIO, OCKUIBKH, 30ibirytoun KKJ|

€HEProyCTaHOBKH, MU 3MEHILYEMO BUTPATH NaJIMBa 1 BUKHUIIB B aTMOC]epy.

4.2 EdexkTuBHICTE pOOOTH OOPTOBOI CUCTEMU €IEKTPONOCTAYaAHHS

BupiiieHHs nuTaHHS MiABUIIEHHS €()EeKTUBHOCTI eKCIuTyaTalli Oyb-IKoro

TPaHCHOPTHOTO 3aco0y, B TOMY YMCII 1 TPaHCHOPTHOTO 3aco0y 3 OOpTOBOIO

eJIEKTPOCTAHLII€}0, 0AaraTo B UOMY 3aJIEKUTh B1Jl PIBHA TEXHIYHOIO CTaHy OKPEMHUX
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BY3JIIB 1 arperariB IbOro 3aco0y, KWW Mae Miclle B MOTOYHUM MOMEHT dHacy.
Omnum 3 Takux By3miB € TADB, mo BxomuTe 10 ckjiaxy OOpTOBOi cHUCTEMHU
€JIEKTPOIIOCTAYaHHs TPAHCIIOPTHOTO 3ac00y.

Jlobpe Bimomo [99], mo 3apsa aBTOMOOUIBHOI aKyMyJsITOpHOI Oartapei
MiABUIICHUM CTPYMOM 3TyOHO TO3HAYaeThCs Ha 1 TEXHIYHOMY CTaHl 1, SK
HACJ1I0K, PU3BOJIUTH IO ICTOTHOTO CKOPOYEHHS TEPMIHY ii eKCIUTyaTallii.

[luranHss oOMexeHHS  BeJIMYMHM  3apsgHoro crtpymy TAB  Ha
MaKCUMaJbHOMY JOIYCTUMOMY pIBHI, BEJIMYMHA SIKOTO B A, SK HpPaBUIIO,
cranoBuTh 10 % Big emHOCTI OaTapei B A*roxa. [99], mpu crarioHapHUX yMOBax
3apsIIKA  BUPINIYETHCS JIOCUTh MPOCTO 3a JOMOMOIOI0 ICHYIOUMX TEXHIUHHMX
3aco0iB. [Ipu 3a1ficHEHH1 X 3apsa/Ku (3apsiKaHHsA) 6aTtapei Ha O0pPTy aBTOMOOUIS 3
IPALIOYUM JBUTYHOM JUJIsl OOMEKEHHS BEJIMUMHU 3apsiIHOTO CTpyMy HEoOX1/1Ha
HAsBHICTh  CHEIlalbHUX  TEXHIYHMX  3aco0iB, SKUMU TMOBUHHAa OyTH
YKOMILIEKTOBaHa IITaTHa OOPTOBAa CUCTEMAa EJIEKTPONOCTA4aHHS aBTOMOOUIA 1
SAKUX B JJAHUW 4ac HE ICHYE.

Benuuuna 3apsiHOTO CTpyMy aKyMyJATOpHOi Oarapei, BCTaHOBIIEHOI Ha
OopTy aBTOMOO1JIA, 3aJIe)KHUTh BiJ HacTynmHuX (akropis [100]:

- IIBUAKOCTI 00EpTaHHS POTOpa TeHepaTopa;

- e(peKTUBHOCTI pOOOTU CHCTEMH CTabuIi3aIlli HaMmpyru B OOPTOBIA Mepexi
aBTOMOOLIIS;

- CYMAapHOi CIOXHUBAaHOI TMOTYKHOCTI BCIX BKJIIOYEHHX OOPTOBHX
CIIO’KMBAYiB €HEPrii;

- cryniens 3apsany TAD.

BpaxoByroun TOi ¢akr, 1m0 BCi MepepaxoBaHi BUIE YUHHUKHA B IPOIIEC
eKCIUTyaTarlii aBTOMOO1ISI MIHSIOTbCA B IMMPOKUX MEXKax (3a BUHITKOM, MaOyTh,
Jllana3oHy 3MIHM Hampyrd B OOpTOBIA Mepexi, 1 TO JHILIE y BUNAAKY, SIKIIO HE
NEPEBUILIEHUN MaKCUMyM CIIOXKHBAHOI IMOTYXHOCTI BiJl T'eHepaTopa), TO CTae
3po3yMuInM, YoMy 3apsaHuii ctpyM TADB, BcraHoBiieHOi Ha GOpTy aBTOMOOLIS,
"rynsie" B IIMPOKUX MEXKax 1 MOXKE 4acoM JIOCATaTH 3HAYeHb B KUIbKa JECSTKIB

ammep. [lpudomy, HaBITH JKOPCTKI BHUMOTH JI0 CHUCTEMH cCTalimizamii OOpTOBOI
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HAlpyrd MPaKTUYHO HE BIUIMBAIOTH HA Jlanma3oH LbOro "TYJsiHHS" BEJIWYUMHU
3apsimHOoro ctpyMy TAD.

Bce ckazane Buile poOUTH BEIIbBMH aKTyaJIbHOIO PO3POOKY CHEIliadbHUX
TEXHIYHUX 3ac00IB OOMexeHHs1 3apsaHoro crpymy TAD, BKIIIOUEHHS SIKUX [0
CKJIay IITATHOI CUCTEMH EJEKTPONOCTAaYaHHS aBTOMOOLIS, T03BOIHIO O 1CTOTHO
npooBXKUTH KUTTSI TADB, 1o, B CBOIO dYepry, J03BOJWIO O IiJIBUILIUTH
e(eKTHBHICTh EKCILTyaTaIlii eJIeKTPOMOOLIS.

Ha puc. 4.21 npencraBneHuid MOXJIMBHI BapiaHT CTPYKTYpU OOpPTOBOTO

obmMmexxyBaya 3apsigHoro crpymy TAB (Hanani - oomexyBaya),
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Pucynox 4.21 — Ctpykrypa oomexyBaua 3apsaHoro ctpymy TAB 6oproBoi

CICKTPOCTAHIIIT

Lle#i BapiaHT CTpyKTypu OOpTOBOTO OOMEXKyBada, pO3pOOJICHHI HA OCHOBI
"buck" - meperBoproBaua [101], 1o ckiIamy sIKOT BXOASTH:

- Jokepeso onopHoi Hanpyru (JIOH);

- npuctpiit nopiBastHAS (T111);

- npaiiBep cuitoBoro kioda (JJCK);
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- cutoBuit ko4 (CK);

- natuuk ctpymy (UT);

- IHAYKTUBHUI HakonuuyBau eHeprii (L);

- 380poTHUH Aiox (VD).

[Mpunmun nii obmexxyBaua OaszyeTbcst Ha BuKopuctanHi LIIM-momymnsiii
BEJIUYMHU CTPyMy |l,,,, IO NPOTIKAE B 3apsIHOMY JIaHII031 npucrtporo. Ilpu
IbOMY CEpEHs BEJIMYMHA LbOr0 CTPpyMy |, BU3HAUYAEThCS SAK CEPEAHE
apu(MeTHyHe CyMU BEPXHBOTO |, 1 HIKHBOTO |, TIOPOTOBUX 3HAYEHb CTPyMY, a
BEJIMYMHA HOT0 MyJbCalliil — IIUPUHOIO /11aMa30Hy 3MIHU CTPYMY, BEJINYMHA SIKOTO
BHU3HAYAETHCSI A0COMIOTHUM 3HAYEHHSAM PI3HULI 3a3HAYECHUX MOPOTOBUX 3HAYEHb.
Jlnst 3a0e3nedenHHs mpare3jaTHOCTI oOMeKyBada, Ha 0a3l BKa3aHOTO MPUHIIUITY
nii, y npuctpoi nopiBHsHHs I1I1 ocTaHHROrO MPOBOAUTHCA MOPIBHSAHHS Halpyru
U,, fika (opmyeTbcss Ha BuUXOIl Aaryuka ctpymy /[T 1 BenmmuuHa sKOTO
IPOMOPIIiiiHA BEIMYUHI MPOTIKAHHA 3apsaHoro ctpymy l,,, TADB, 3 Bennuunamu
MOPOTrOBOi HANMPYTH BEPXHbOIO U,, 1 HIWKHBbOrO U, pIBHIB. Y CBOI Hepry,
3HAYCHHS I[l€] HampyrW, [0 BCTAHOBIIOIOTHCS Ha €Taml pPEeryJlOBaHHA,
IpOMNopLiiHa 3alaHUM MTOPOrOBUM 3HAUEHHSAM 3apsiIHOTO CTPYMY |, = lyy 1 1y,
BIJIIOBIIHO.

PesynbpraT nopiBHsHHS B npuctpoi nopiBHaHHS [II1 Benuuun Hanpyru U,
Ugy 1 Uy, BHU3Hayae pexum podboTu TpaHsuctopa cuiioBoro kimrouya CK, sxuit
MOK€ 3HAaXOJWUTHUCA B OAHOMY 3 JBOX PEXHUMIB: y pPEKHMMI HAacH4YeHHs abo B
PEXKUMI BIFCIUKH.

IIpu 3HaxomxeHHi Tpanzucropa CK B pexuMi HacuueHHsS (pexumi
MaKCUMaJIbHOI TPOBIAHOCTI ab0 pPEXHUMI MIHIMAJIBHOTO OMOPY) BiAOYyBa€THCA
3apsan TAD 3pocratouum ctpymoMm |, (3 0OMEXKEHHSIM BEJIMYMHU CTPYMY Ha PiBHI
| ;) IPY OJTHOYACHOMY HAaKOMMYEHH1 €Heprii B IHIyKTUBHOMY Hakonuyysaui L.

[Ipu 3HaxomxkenHi Tpanzucropa CK B pexumi BiACIUKK (pexuMi
BIJICYTHOCTI TPOBITHOCTI ab0 peXHMI MaKCUMaJIbHOTO OIOpPY) BiIOYyBaETHCS

BUTpauaHHs HAKOMHMYEHOI paHille eHeprii B 1HAYKTMBHOMY HAKONHMYyBaudl Ha
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3apsa TADB y Buriaml cnagardoro 3apsiiHOro crpymy |,,, (3 OOMEXEHHAM
BEJIMYMHHM 3apSTHOTO CTPYMY Ha piBHI |, ).

Ha puc. 4.22 npencrapieHa THM4YacoBa jJiarpama 3MiHU 3apsiIHOTO CTPYMY
TAB npu poOoTi oOMexyBaua, sKa CKJIATAETbCS 3 IMKIIB HAKOTMHYEHHS 1

BUTpauaHHsl E€JEKTPUYHOI eHeprii 3 TpHUBAIICTIO 7, 1 7 BIJIMIOBIIHO, SIKI

pac ?
YepryrThCs y Yacl.

PosrnsHemo mpu3HavyeHHsT Ta OCOOJMBOCTI TEXHIYHOI peati3ailii OKpeMHX
BY3J11B IPUCTPOIO.

Jlxepeno onopuoi Hanpyru (JJOH). Bin xapaktepucTuk 1poro 0JI0Ky, II0
BXOJUTh JI0 CKJIaAy CTPYKTYpH OOMEKyBaua, 3ajekaTh OCHOBHI METPOJIOTIYHI
XapaKTEPUCTUKM OCTAHHBOTO. 3OKpeMa, BlJ TEMIIEpaTypHOi CTaOUIbHOCTI
(GopMyBaHHS OMOPHOI HANpyru U, , 3aJEKUTh TEMIEpaTypHa CTaOUIbHICTh
HNIATPUMKN BCTAHOBJIEHHUX PIBHIB NOPOTOBOi Hanmpyru U, 1 U, , 10 MOAAIOTHCA
Ha BXOAM BIJIMOBIJHUX aHAJOTOBUX KOMIIAPATOPIB MPHUCTPOIO MOPIBHSIHHS, a

3HAYUTh, 1 CTAOUIbHICTh BIJMIOBITHUX MOPOTOBHUX 3HAYEHB 3apATHOTO CTPYyMY |y 1

L,

Iopp A a
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Ior

Inn

¥
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Pucynox 4.22 — Yacosa niarpama po6otu oOMexxyBaya
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3 orjisiay Ha Te, 10 J1arna3oH poOoYnx TeMIepatyp ooMexyBada BiAMOBIIaE
Jiana3oHy 3MIiHM TeMIepaTypd B MOTOPHOMY BIJCIKY aBTOMOOUIS, TO BUMOTHU JIO
TeMIiepaTypHoi ctabiibHoCcTI podotu JJOH BenbMu KOpCTKi.

Kpim Toro, Ha ctabiapHICTH (OpMYBaHHS ONOPHOI Hampyru U 3a
nornomororo JIOH icroTHO BmuBae HecTaOUIbHICTH Hampyrd U,, OopToBOi
CUCTEMHU KUBJICHHSI aBTOMOO1JIS, BHACIIIIOK YOTO TPH TEXHIYHIN peastizaliii JaHOTO
0JIOKy HEOOXIJIHO 3BEpHYTH yBary Ha MIHIMI3aIlil0 1 M€l CKJIaJ0BOi MOXHUOKH
dbopmyBaHHS U o .

[Ipuctpiii MOPIBHSIHHA CKJIAJAETHCS 3 JBOX AaHAJOTOBUX KOMIIApaToOpiB,

KOXKEH 3 SKHX 3J1MCHIOE TMOPIBHSAHHS BUXIAHOI Hampyru U, JaTyuka CTpyMy 3
BIJIMOBITHUMHU 3HAYEHHSMH IMOPOTOBUX HANPYTH BEPXHHOTO U, 1 HUXKHBOTO U,

piBHIB. Pe3ynbTar 1[b0T0 MOPIBHAHHS YIPABISIE MPOIIECOM YCTAHOBKM HAa BHUXOJI
[II1 manpyru, mo BiANnoBigae piBHIO JoriyHoi "1" abo joriynoro "0", 3rigHO 3
HaCTYITHUM QJITOPUTMOM:

1. Sxmo nmotounuit ctan Buxoay I - "oguHUyHUK", TO 1€ CBIAYUTH MPO
T€, [0 B JAHUH MOMEHT 4Yacy B OOMEXyBaul peasi3ye€TbCAd IUKI HAKOIMUYEHHS
€HEprii 3a paXyHOK 3pOCTaHHS 3apsIIHOTO CTPyMY, SIKU Oyjie TpUBaTH J0 TUX TIIp,
MOKHU HE CHOpAIIO€ KOMIapaTop BEpXHbOro piBHA. BiAmoBigHa peakilisi armapaTHUX
3aco0iB 0OMeKyBaua Ha 110 MO0 Oyje CKIagaTUCs y HACTYITHOMY: CTaH BUXOY
[1I1 3MiHUTBCS HA TPOTUIICKHUM, TOOTO CTaHe "HYJTHLOBUM", BIIOYIETHCS 3aKPUTTS
TPAH3UCTOPA CHJIOBOTO KJII0Ua 0OMEXyBaya, 10 CBIAYUTH MPO 3aKIHYCHHS IUKITY
HAKOIWYEHHS €HEePTii Ta MOYaTKy UKy BUTpAYaHHs €HEePTii B 0OMexKyBaui.

2. SIxmo notounu#t cran Buxoay CK - "HymnpoBHil", TO 11€ CBIAUYUTH TIPO TE,
110 B JJAHUW MOMEHT 4acy B OOMEXyBaul peani3yeThbCsl LUK BUTPAUYaHHS paHILIe
HAKOMMYEHOI EeHEeprii, 10 CYHNPOBOIKYETbCA CIAIOM 3apsSIHOTO CTPYMY, SKUH
Oyne TpuBaTU A0 THX MIip, NMOKM HE CIHPAIlO€ KOMIApAaTOp HUKHBOTO PIBHS.
BignoBigHa peakiiisi amapaTHux 3aco0iB oOMeXyBada Ha IO MOJi0 OyJe
CKJIa/aTucsl y HacTynmHoMmy: ctaH Buxony IIII 3MiHUTBCS Ha MPOTUIIEKHUHN, TOOTO

3HOBY CTaHe "OJMHUYHUM'", 3HOBY B1IOYAETHCS BIAKPUTTS TPAH3UCTOPA CUIIOBOTO
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KJIFo4a OOMeXyBaua, [0 CBIIYUTH MPO 3aKIHUCHHS ITUKIY BUTpayaHHS €HEprii 1
MOYaTKy IIMKJTY HAKOTIMYEHHS €Heprii B 0OMexyBayi.

Hpaiisep cunoBoro kitoua (JCK). [lanuii 610k oOMexyBadya npu3HaA4CHUMA
JUI 3MIMCHEHHS 1HTep(eiicHuX (GyHKIIH MDK BHUXIJTHUM CHTHAJIOM IPHUCTPOIO
nopiBHaHHA 111, 3 ogHOrO GOKY, 1 BXOJOM YIpPABIIIHHA TPAH3UCTOPOM CHIIOBOTO
kioua CK, 3 iHmoro. CxeMHa 0coOJIMBICTh JAHOTO ApaiiBepa MOJsrae B TOMY, 1110
fioro BXiJHAa Kepyloua Hampyra (QOpMYyeThCS HAa BUXOJI MPUCTPOIO MOPIBHSHHS
BIJTHOCHO MIHYCOBi# muHU ("'3eMJITHOTO" TIPOBOTY) OOPTOBOI MEPEKi aBTOMOOLIIS,
a BUXIJHAa Kepyloda Hampyra — BIJIHOCHO IUIIOCOBOI IIMHH OOPTOBOI MeEpexi
aBTOMOOLIIA.

3azHayeHa  0ocoOnuMBICTH  (OPMYBaHHS ~ BHUXIJHOI  HAlpyrd  IpuU
¢ynkuionyBanni JICK o0ymoBieHa HEOOXIJHICTIO YNPaBIiHHS —KIIOYOBUM
TPAH3UCTOPOM, SKHH, Yy CBOIO UEpry, YHpaBiIs€e CTPYMOM 3a3eMJIICHOTO
HABAHTAXKEHHS, KM B IIboMY BUNaAKy € TAB.

CunoBuii kmou (CK). Cunouii ko4 Moxe OyTu peanizoBaHui Ha 0asi p-
KaHAJIbHOTO  TOJIbOBOTO  TpaH3uUCTOpa abo  OIMOJSIPHOrO  TpaH3UCTOpa 3
MPOBIIHICTIO TUIY P-N-p 1 MPU3HAYECHUM JIsl YIIPaBIiHHS MpoiiecoM (hopMyBaHHS
3apsAIHOTO CTpyMy |,,, aKyMyJISITOpHOI OaTapei, MiHycOBa KjeMa sIKOi 3a3eMJICHA.
[Ipy 1bOMy mnapamMeTpu LBOTO TPAH3UCTOPA IOBHHHI BIAMNOBIAATH TaKUM
OCHOBHHM BUMOTaM:

- TPaH3UCTOP CHUJIOBOTO KIFOYa TMOBHHEH MAaTH 3/aTHICTh MPOIMYCKaHHS
MaKCHUMAJIBHOTO 3apsaHoro crpymy TAD;

- OIIp KJII0Ya Y BIJIKPUTOMY CTaH1 MOBUHEH OyTH MIHIMAJbHUM;

- IOTY>KHICTh, CITIOKUBAHA JIAHITIOTOM yIpaBaiHHs TpaH3ucTtopa CK moBrnHHA
OyTH MiHIMaJIbHA.

HaBenenum BuIlle BUMOTaM y MAaKCHUMaJbHOMY CTYIIE€HI BiANOBIIAIOThH
MOSFET- a6o IGBT-Tpan3ucropu.

Hataux ctpymy (AT). Jatuuk ctpymy mnpusHaueHud st (OpMyBaHHS

Hanpyru U, BeJIMYMHA SIKOI MPOMOPIiiHA CTPyMYy, SIKMU MPOTIKA€E yepe3 HbOTO,
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ToOTO mpomnopuiiiHa 3apsaHoMy cTpymy I, TAB. J[lana Hanpyra

BUKOPUCTOBYETHCSI B SIKOCTI CHUTHAJIy 3BOPOTHOTO 3B'SI3KY B  KOHTYpI1
aBTOMATHUYHOTO0 OOMEKEHHS BEJIMUMHU 3apsigHoro ctpymy TAD.

OcHOBHI BUMOTH /10 Oy/Ib-5IKOT'O TOKOBOT'O JaT4WKa — MiHIMaJIbHE 3HAUYCHHS
BXIJIHOTO OIOPY 1 JIHIHHICTh BUXITHOT HANPYrd B 3aJICKHOCTI BiJ MPOTIKAHHS
yepe3 HhOro CTpyMmy. Llum BUMOraM HaWOUIBIIIO MIpOIO BiAMOBIAAIOTH CydacHI
JATYHMKH, 1110 0a3yI0ThCA Ha BUKOPUCTAaHHI ePeKkTy XoJua.

[Ipu3HaueHHs 1HIYKTUBHOTO HAKONMWYyBada eJIEKTpUYHOi eHeprii L He
BUMarae aonatkoBux mosicHeHb. Lllo »k o 3BopotHbOrO mioma VD, To mms
Makcumizainii 3HaueHHss KKJ| o6mexxyBada HeoOXiJHO BUKOPUCTOBYBATH, B SIKOCTI
ocTaHHbOro, nioga HIoTku, /sl SIKOro XapakTepHl Majll JUHAMIYHI BTpaTd MpHU
poOOTI Ha BUCOKIM YacTOTI, a TAKOX 1CTOTHO MEHIIIE, B MOPIBHSIHHI 3 KPEMHIEBUM
JI10/I0M, 3HAYEHHS TMaJ{IHHS HAMPYTH MIPU 3HAXOJKEHHI J[10/1a B MPOBITHOMY CTaHI.

Po3poOrMO METOJIMKY 1HXXEHEPHOTO pO3paxyHKY MapaMeTpiB oOMexyBaua.
BuxignuMu qaHuMu U1l pO3paxyHKY €:

- BEpPXHE MOPOroBe (MaKCUMaJbHE) 3HaY€HHs 3apsaHoro crpymy |,, TAD,

- HIDKHE TTOpOTOBE (MIHIMAJIbHE) 3HAUCHHS 3apsiiHoro ctpymy |, TAB, A;
- cepeHe 3Ha4eHHs 3apsaHoro crpymy |, TAB, A;
- TPUBAJIICTh IUKJTYy BUTpadaHHs eHepril z,,., C.

Merta po3paxyHKy — BU3HAYEHHS BEJIMYMHU 1HIYKTUBHOCTI L HakonmuuyBaya
€HEprii Ta 3HAYE€HHS TPUBAJIOCTI LIMKIY HAKOIIMYEHHS €HEPTIl 7, .

JUisi MKy BUTpadaHHs €Heprii, mpu skoMy BinOyBaeThes 3apsn TADB 3a
paxyHOK €Heprii, HAaKOMMYEeHOI B 1HAYKTUBHOMY HakomudyBaui L mijg yac mukiy

HAKOIWYEHHS, XapaKTePHO HACTYITHE CITIBB1HOILICHHS

PAC :+:(UAKB+UVD)'ICP.TPAC’ (41)
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ne L — iHayKTUBHICTh HAKONIMYyBaya eHeprii, [ H;

| 5, — BepxHs Meska (mopir) 3HadeHHs 3apsagHoro crpymy TADB, A;
| ,,; — HIDKHSL Meka (Topir) 3HaueHHs 3apsiaHoro ctpymy TAB, A;
U, — Hampyra Ha kiiemax TAD, B;

U,, — DaaiHHs Hanpyru Ha aioai VD B mpoBigHOMy cTaHi, B;

|, — cepenHe 3HaueHHs 3apsagHoro ctpymy TAD, skxe wmoxe OyTu

0OYHCIICHO Ha TiACTaBi CiBBITHOMEHHS |, = (I + 1, )/2, A;

T, — TPUBAJIICTh LIUKIIy BUTPAYaHHS €HEPIli, C.

[licns nmepeTBOpeHHs criBBIAHOIIECHHS (4.1) 10 BUIY

L:2(UAKB +UVD)' lep " Tpac =2(UAKB +UVD)' lcp * Tpac (4 2)
(IBH_II-m)2 (IBn+|Hn)'(IBn_IHn) .

€ MO)KJII/IBiCTB, 3aJal0YUCh 3HAYCHHAM 4YaCy HIUKIIY BHTPAYAHHA eHepI‘ﬁ Tpscs

BU3HAYMTH BIAMOBIIHY BETUYMHY 1HIYKTUBHOCTI HaKomuuyBaya L.

[IpoTsiroM yacy LMKy HAKONUYEHHS €Heprii 7,,, BinOyBaeThcs 3apsa TAD

3 OJIHOYaCHUM HAKONMYEHHSIM €Heprii B IHAYKTHUBHOMY HakonmuuyBaui L 3a
paxyHOK BHUTpayaHHs €HEprii Jkeperaa OOPTOBOTO KHUBJIECHHS TPaHCIOPTHOIO

3aco0y, TOOTO JJI JTAHOTO ITUKITY XapaKTEepPHO CITiBBITHOIICHHS

Wsn :WVT +WHAK +WPAC’ (43)

3BIJIKY BHUILIABAE, 110
WHAK :Wsn _WVT _W3AP’ (44)

ne W,,=Ug, -l 7, — CHEpris, M0 BIIAAETHCS KEPEIOM OOpPTOBOrO

JKUBJICHHA B I_[I/IKJ'Ii HAKOIIMYCHHAA,
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W,; =R, - 1%, -7, — €HEprisd, 10 BUTPAYAEThCA HA HArpiB TpaH3uctopa VT
CWJIOBOTO KJIIOYa B LMKJII HAKOMMYEHHS, SIKMI 3HAXOIUTHCA MPHU LILOMY B PEXKUMI
HACHYCHHS;

W = L1y — IHH)2 / 2 — eHeprii, 10 HAKONUYYEThCA B 1HIYKTUBHOMY
HaKonuyyBayi L B UK HAKOMTUYECHHS;

W,,p =U s lep " T — CHEPIIS, SIKa BUTpadaeThesl Ha 3apsn TAB y mukm

HAKOITMYEHHS.
[Ticnst migcTaHOBKM HaBEACHMUX BHINE CIIBBIAHOIIEHb y Bupaz (4.3) 1

IIPOBEJICHHS BIAMOBITHUX MEPETBOPEHB, OTPUMAEMO:

Wiak = Ugn —Rr - Tep =Uas)  Lep T (45)

I wnHapewTi, BUKOpUCTOBYHOYM chiBBiaHOWeHHs (1) 1 (4), a Takox

BpaxoByloun TOW (akT, 1m0 BenuuMHa eHeprii W, SKa 3amaceHa Ha
IHIYKTUBHOMY HaKOIMW4yBadl L MpOTIroM LUKy HAKONMUYEHHS 7, , JOPIBHIOE
BEJIMYMHI eHeprii W,,., fika BUKOpUCTOBYeTbcs Ha 3apsan AKDB mpordrom wacy

UKy BUTPpAYaHHA 7,,., MOXHA 3aIlIUCATH:

(UAKB +UVD)' L 'TPAC:(UBH —Ry -l _UAKB)' lep * Trax (46)

[Ticnst mpoBeAeHHS IEPETBOPEHD Y CIIBBIAHOIIEHH (5) BIIHOCHO TTapameTpa

T » OTPUMAEMO:

_ (UAKB +UVD)'TPAC (4.7)

T .
HAK
UBH RVT'ICP_UAKB

Bupas (4.7) no3Bonsie OOYHCIWTH 3HAYEHHS TPUBAIOCTI  ITUKITY

HAKOIMWYEHHS 7,,, TPH 33JaHOMY 3HaY€HHI 1HIyKTUBHOCTI HaKonmuyyBaya L.
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4.3 MeTo10710T1s1 MPAKTUYHOTO BUKOPUCTAHHS PE3yJIbTATIB JOCITIIKEHHS

[ndopmariitHa cucrema sBJIsIE CO00I0 OCOOJIMBE CEPEIOBUIIE, IO BKIIOYAE
CYKYNHICTh BHUKOPHUCTOBYBAaHHUX KOMITIOTEPIB, JOKAJIbHUX 1 TJIOOQIBHHUX
KOMI'IOTEPHUX MEPEX 3B'A3KY, MPOTPAMHHUX NPOAYKTIB 1 I1HCTPYMEHTAJIbHHX
3aco0iB iX po3poOKku, 0a3 JTaHWX, KOPUCTYBAUiB, IHIIUX PI3HOMAHITHUX TEXHIYHUX
3ac00iB  miATpUMKM 1H(opMmamiifHuX TexHomorii 1 T.iH. [Hdopmariiino-
BuMmiproBaibHa cuctemMa (IBC) sBmsie co00r0 KOMIUIEKC BHUMIPIOBAILHOTO
oOJlaHaHHs, TPHUCTPOIB OOpPOOKKM Ta Tiepenayl JaHuX, IO 3a0e3MeuyroTh
aBTOMAaTUYHMM 301p 1H(]OpMaIlii, sika BUMIPIOETHCS KUIBKICHO, 0€3MOCEPEAHBO BiJT
JOCTIDKYBaHUX 00'€KTIB, SBHIN, TPOLECIB — 3a JIONMOMOTOI MPOIEIYP
BUMIPIOBAHHS Ta KOHTPOJIO, aHajizy 1 oOpoOku iHdopMallii, a TaKoxXK
B1JIOOpayKEHHS ii y BUIJISIAI YACIOBUX JAHHUX, BUCIOBIIOBAaHb, IpadikiB, TaOIULP,
Jiarpam Ta iH., 10 BiI0OpakatoTh CTaHy JOCTIHKYBaHUX 00'€KTIB.

ITin iHpopmaniiiHo kepyrouoro cucremoro (IKC) OynemMo po3yMiTh meBHY
CYKYIHICTh IIPOTPaMHO-allapaTHOIO0 KOMILIEKCY 3aco0iB, METOJIB, aJrOpUTMIiB
aBTomMaTHu3ailii 1HQOpMaIiiHUX MPOIIECIB MOHITOPUHTY Ta peajizailii Kepyrouux
BILJIMBIB P13HUMU 00'€KTaMHu.

BuninuMo HacTynmHi OCHOBHI KOMIOHEHTH  1H(OpMaIiHO-Kepyrdoi
CUCTEMHU: — JIOJChKUN (dakTop (QHATMITHKU, PO3POOHUKHU, MPOTPAMICTH,

KOPHUCTYyBaul, KOHCYJIbTAaHTH, 1H)KEHEPH, JJAOOPAHTH, TEXHIKH); — IHCTPYMEHTAJIbHI

3aco0U pO3pOOKKM MPOTPaMHOrO 3a0e3MEUYeHHs; — CUCTEeMHE 1 TPUKIIAIHE
nporpamMHe 3a0e3MedyeHHs; — MaTeMaTH4HE 1 METOJOJIOTiuHE 3a0e3MEeueHHS; —
anmapatHe 3a0esneueHHs; — 1HopMaliiHl TexHosorii. OCHOBHHM €Tarom

po3po6ku IKC € cTBopeHHs mporpaMHOTo 3a0€e3MeueHHS.

Sx mpaBuio, Npen'sBISAIOTH >KOPCTKI BHUMOTH JI0 pPO3pOOKH CHCTEM
YOPaBIIHHS, SKI BKIIOYAIOTh 3JAaTHICTh 3a0€3MEUUTH MIATPUMKY PO3MOIIICHUX
1H(pOopMaIIiHUX pecypciB 1 (PYHKIIOHYBaHHS B peaJbHOMY MacmTabl yacy B

PO3MOJIIEHOMY MEPEKEBOMY CEpPEIOBHIII, a TaKOXX MOXKIIMBICTh 3a0€3MeUeHHS
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Oararo3agayHuX 1 4aCTO BUKOPHUCTOBYBAEMHUX PEKUMIB, MPU HEBEJIUKINA BapTOCTI.
[Tpu mpoektyBanHi IKC octanHiM YacoM ICTOTHO 3pOCTalOTh TEMIHU poOOIT,
yHI(iKamis TEXHIYHUX 1 MPOTPaMHUX 3ac001B 301IBIITYETHCS, 3POCTAE KIIBKICTh
SCADA-nmakeTiB, MIJABUINYETHCS  pOJb  CTaHJAApPTH3aIlli  MPOCKTYBaHHS,
BiIOYBa€ThCS TOCTIHHA 3MiHA TOKOJIHH MPOTPAMHOTEXHIYHUX KOMIUIEKCIB,
3pOCTA€ YKCIIO BIPOBAKYBAHUX CUCTEM YIPABIIHHSA B aBTOMOOUISIX. 3ayBa)kKUMO,
II0 CHCTeMa VIPaBIiHHSA TNPOIECAMH B EHEPrOEMHHX Taly3sX Mae HHU3KY
XapaKTepHUX OCOOJMBOCTEH, 10 BHUMaralOTh OpraHizamii 1 TNpPOBEACHHSA
JOCIIJIKEHb 3 METOI 3a0e3MeYeHHs] MOXKJIMBOCTI 3aCTOCYBAaHHS TOTOBHX
nporpamuux npoaykTiB SCADA-cuctem i CALS TexHOIOTIH.

Binomi SCADA-cuctemMu 31aTHI BUpIIIYBaTH MHTaHHS aBTOMAaTH3aIlli
IPOLECY CTBOPEHHS IMPOTPAMHOI0 3a0e3MeueHHs IS PO3pOOJIIOBAHUX CHUCTEM
ynpasmiHHSA. OHaK, B TEXHIYHIN JOKYMEHTAIlll 10 HUX CUCTEM HEMA€E BIJOMOCTEN
Opo METOAM Ta aJrOPUTMH, IO JO3BOJIAIOTH B pPEaJbHOMY MacliTadl yacy
CUHTE3yBaTU €HEPro- 1 pecypco3depirarodl ynpaBliHHS.

CrtBoproBaHi  iHQoOpMaIliiHI  CUCTEMH  YHOPABIIHHSI  CHHEPTETUYHUM
aBTOMOOLJIEM fKpa3 TOBUHHI MaTHU 3JaTHICTh JIO YHPABIIHHSI 3a PI3HUMH
KpUTEPIsIMU, 110 3a0e3Medyye €Hepro- 1 pecypco30epexeHHs, a TaKOXK BHCOKY
MPOYKTUBHICTh TPAHCIIOPTHUX MAIlMH 0€3 3HIKEHHs iX siKocTi. IlepepaxoBani
BUMOTHY HAJAI0Th CyNEepewINBl BIUIMBY Ha 3aBlIaHHs yrpaBiiHHs. OnHouacHe iX
BUKOPHUCTAHHS 1CTOTHO YCKJIQJHIOE MaTeMaTUYHE 1 METOAOJOTiuHe 3a0e3meueHHs
MIPOEKTOBAHOI CUCTEMH YIIPABIIHHS, a TAKOX 11 TEXHIYHY peai3alliio.

PimienHst 3amay ympaBiiiHHS 1O KOMIUIEKCHOMY KPHUTEPIIO HEIO0CTATHbO
pO3rIIIHYTO B JiTeparypi, Tomy cTtBopeHHs IKC eneproemHumu o0'ekTamui 1O
KOMIUIEKCHUM KPUTEPISIM € CBOEYACHOIO 1 aKTyaJIbHOIO 334aU€lO.

ABTOMOOUTI MOXYTh CIOXHBATU Pi3HI BUIM eHeprii. Bin pexxumy pobotu
aBTOMOOLIIS, BiJlT BUIY €HEPTOHOCISA 3aJICKUTh BUJl MIHIMI3yEMOTO (PYHKITIOHAITY.
SKIIO BUKOPUCTOBYETHCS  €IEKTPOCHEPrisi, TO B  SKOCTI  (DYyHKIIOHATY

PO3IIISIIA€ThCA MIHIMYM BUTPAT €HEPTii
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.= [w? (Dat (4.8)

Km0 B SIKOCTI TEIUIOAreHTY BUKOPHUCTOBYETHCS BOJISIHA T1apa, CIHPT,
OCH3MH, JW3eJbHE MaJIMBO 1 T.J., TO B SKOCTI (PYHKIIIOHAIY OepeThcsl «BUTpaTa

ITaJINBa»
Jr= f;:lu.(ﬂldt (4.9)

ae U(t) — kepyroIuii BILIHB,;

O; , ki — mouaTkoBe 1 KiHIIEBE 3HAUYECHHS TUMYAaCOBOTO IHTEPBAIY.

[Ipu MopemtoBaHHI TMPOIIECIB, KOJIM TOYHUN aHANITUYHUN PO3B'SI30K
nudepeHIiaJbHOT0  PIBHSAHHA B TNPUBATHUX MOXIAHUX HEMOXJIMBO, a0o,
INpUHAMHI, Ba)XKO, BHKOPHUCTOBYIOTH TaK 3BaHl E€BPUCTUYHI METOAM — PI3HI
METOY NMOOYAOBU IITYYHUX HEMPOHHUX Mepex. [ 1THICTh Moziesel, mo0y oBaHUX
Ha HEMPOHHHUX MEpekKax, MOJIATae B MOKIMBOCTI OTPUMAHHS MPUXHATHOT TOYHOCTI
OMHUCY JIOCTIKYBAHOTO TMPOIECYy 1 3acTOCYBaHHA Yy BHUPIIICHHI 3aBJaHb
yIpaBIiHHS.

B 1974 p. Mampaani moka3aB MOXJIMBICTh 3aCTOCYBaHHS 1€l HEYITKOI
JIOTIKK i1 TMOOYJOBUM CHUCTEMH yHpaBiiHHS o00'ekToM. HewiTke ympaBiiHHS
BUKOPUCTOBYETHCSI MPU HEJOCTATHHOMY 3HAHHI 00'€KTa YIpaBIiHHA, aje MpHU
HAsBHOCTI [JIOCBIAY YIpPaBIIHHA HHUM, a TaKOXX B HENIHIMHUX CHCTEMAaX,
1meHTHdIKaIlis AKX 3aHAATO TPYJIOMICTKA 1 B BHUIAJKaX, KOJIU 32 YMOBaMH 3aj1adl
HEOOX1THO BUKOPUCTOBYBATH 3HAHHS €KCHEPTa.

[Ipu ynpaBiiHHI CKJIaJHUMH OO'€KTaMH 3a3BUYAll JIOBOJAMTHLCS ONEPYBATH
HEMOBHUMHM 3HAHHSIMH PO iX ICTUHHOCTI. Y 3B'A3KY 3 LIUM 3aCTOCOBYIOTH IOHSTTS
JIHTBICTUYHOI 3MIHHOI, $IKa 3aJa€ThC HAOOpOM CJIOBECHUX (BepOaIbHUX)
XapaKTEPUCTHK, SIKI € 3HAUCHHSAMH I11€1 3MIHHOI.

JInst CTBOpEHHsSI JAWMHAMIYHUX MOJEJeld eHeproeMHuX OO0'€KTIB YacTo

NPUIYCKAIOTh HOpMaJibHEe (DYHKIIIOHYBAaHHS CHUCTEMM IIPU BUPIIICHHI 3a/1a4
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inenTudikaii. B maHuii yac mmpoKo 3aCTOCOBYIOTHCSA B 3ajlauax aHai3y 1 CHHTE3Y
0araTOBUMIpHUX JWHAMIYHUX 00'€KTIB MaTeMaTHuUHI MOJEJI, II0 OMUCYIOThCA 3
ypaxyBaHHSM MHOXHWHHM cTaHiB (yHkiionyBanas (MC®). 1li mozem paroth
MOXJIMBICTh BpaxyBaTH SK PI3HI PEeKUMH pOOOTH 0O0'€KTa YIpaBIiHHSA, TakK 1
BIUIMBY 30BHIIIHBOTO CEPEOBUINA, a TAaKOX IHIIUX AII0YMX Ha 00'eKT (hakTOpiB
pi3HOi Tpupoau. Y 3B'SI3KY 3 LHMM MPONOHYETHCS OMKMCYBATH MPOILIECH, IO
BiIOYBaIOThCSI B CHHEPTETUYHOMY aBTOMOOLII, MOJEISIMH 3 ypaxyBaHHSIM Oe3miul
CTaHiB (PYHKIIIOHyBaHHS.

Mogaens M Ha MC® Oyayerbes sk posmmpeHHs moaeni M auHamigHOL
CUCTEMH, SIKa BU3HAYaeThes m'saTipkoro (Z, Y, ), ne Z o3Hadyae MHOKHHY 3Ha4YCHb
BEKTOpY (Pa30BUX KOOPAMHAT, IMiJl UM PO3YMIETHCS MHOKHHA 3HAYE€Hb BEKTOPA
BUXOJTy; MHOKHHA TpaekTopiit X(-) = (X (2), t € [ty, t]), BEKTOp BXOIy X IIPH 3MiHi
Ha yacoBoMy iHTepBaii [to, t]; omepatopu w, (— mepeximHa QyHKIlS 1 BUXIiTHA
BiIoOpaxkeHHs, TO0TO . TXTxZxX()—Z, {:T*xZ—Y; T — MHOXUHA MOMEHTIB
yacy t. Mozaens M He BpaxoBye 3MiHH OIepaTopiB v, ¢ B mpoiieci GyHKIIOHYBaHHS
CHUCTEMHU.

B TtpancnoptHOMy 3aco0i BHAUIAIOTH JABa poau mporeciB. [Ipormecu
NEepIIoro pojay, MOB'S3aHI 3 MOTOKaMU €Heprii, Mmpoaykuii, iHdopmalii; craH
CUCTEMHU IIOJI0 IIUX MPOIIECIB BUBHAYAETHCS BEKTOPOM Z.

IIpomiecn apyroro poay BimoOpakaloTh 3MIHM CTaHIB Ipale3aaTHOCTI
(BIIMOBHM, PEMOHTH), HABMHUCHUX 1 HEHaBMHUCHHUX i, 10 BIUIMBAIOTh Ha
CTPYKTYypy 00'ekTa 1 onepaTopu v, {. CTaH CUCTEMH III0JI0 MPOIIECIB APYTOTO POIY
BU3HAYA€THCS 3HA4YCHHSAM 3MiHHOI h . [Tpu 3miHi h B 3aranbHOMY BUIIAJKY MOXYTh
3MIHIOBATUCS PO3MIPHOCTI BEKTOPIB X, Y, Z 1 KJIaC CUCTEMU; HANIPUKJIIAJ, B OJIHUX
cranax h - cucrema nmiHiliHa qeTepMiHOBAHA, B 1HIIKX - HEJTIHIMHA CTOXACTHYHA.

B wmomemi M 101aTKOBO  BHKOPHUCTOBYEThCS 3MiHHA N  cTaHy
¢byHKIIOHYBaHHS Ta omeparopu I ,. 3HaueHHS N 3MIHIOETBCS, HANPHKIA, MPH
MOPYIICHHSX MPAIe3AaTHOCTI CKJIaJI0BUX YACTUH CUCTEMH, 10 BUKJIUKAIOTH 3MiHY
il CTpYKTypH, a OTKe, 1 onepaTopiB , (. MHOknMHA H MOXITMBUX 3Ha4Y€Hb 3MIHHOI

h € MC®. 3mina h BinOyBaeTbcs B BUIIAJKOBI MOMEHTH 4Yacy 1 3aJa€ThCs
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orepatopoM y: TxH—H. Koxnomy 3HauenHio h € H BimoOpaxeHHSIM 77 CTaBUTHCS
y BiAMOBiAHICTE mapa onepatopiB (wh,;¢n) wne@; ¢h € v, To0TO 7711 TXH—(D, v).
TakuMm grHOM, MOJienb Ha MC® BusHavaetbes (Z, X (), Y, H, y, , @, v). 3aiexHo
BiJlT MOXUIMBOCTI 3MiHHM 1 ieHTH(]IKAIT 3MIHHOT N Ha JaHOMY 9acOBOMY iHTEpBaIi
yopaBiiHHA [to, I]=T; BUALIAIOTE YOTUPHU OCHOBHI KJIACH CHUCTEM 1 iX MOJeNIe Ha
MC®. Skmo s KOXKHOTO iHTEpBaNy dYacy | 3HadeHHs 3MiHHOI h craHy
(GYyHKIIIOHYBaHHS BIJIOMO 1 HE3MIHHO, TO 00'€KT HAJIGXKUTH 0 mepioro kiuacy. Ha
iHTepBal T 00'€KT MEPIIOTo KJIacy 3aJa€ThCsl YIOPSAKOBAHUM IMapol0 ONepaTopiB
(yh ;¢n). st BCiX iHTEpBaIiB Yyacy MOJIEb aBTOMOOLIS TIEPIIOTo KIIACy 3aa€ThCs

MHOKHHOIO BIOPSIKOBAHUX Map {(ywn ,¢p), heH}. Omxe, Myely ipu

h(t) =h = cost, (4.10)

BinpIIicTs MpoCTUX CHCTEM, BY3JIH, IO CKIAAAI0Th CHJIOBY YCTaHOBKY, SIKa
CKCIUTYaTy€eThCS B PI3HUX YMOBaX POOOTH BITHOCSATHCS JIO MEPIIOTO Kiacy. 3MiHH
h B mux By3nmax BiIOYBarOTHCS 11032 THMYACOBOTO IHTEpBaTy yHpaBiiHHA [to;ty].
s 00'ekTiB Apyroro kiacy (», K i JUIs MEPIIOro, 3Ha4eHHs 3MiHHOI h cTaHy
GyHKIIOHYBaHHS HA IHTEpBaJl T TaKOXX HE3MIHHO, aJIe PU 1IbOMY BOHO HEBI1JOMO,
a Bigomi mume imosipHocTi P(h/T), h € H . Mogens npyroro kiacy mo3HauuMo
Mu. Bekrtop z(t), [to;ty] B momeni My Mae CBOIMH 3HAYCHHSIMH BHITQIKOBI

BEJTUYMHU 3 PO3MOIIJIOM

P(H/T) = {p(h/T), hH} . (4.11)

[Tpuknanom moxenet My € croxactuudi cucremu, moneni My cxoxi 3
nrdepeHIiaIbHIMH BKIIFOUCHHSIMH.

B cuctemax Tpetboro kiacy 3miHHa h craHy (yHKI[IOHYBaHHS 3MiHIOEThCS
Ha YacoBOMY 1HTepBaii fe€/t(;tk], nmpudoMy ii 3HaA4YECHHS B KOXEH MOMEHT t ¢ T
BiIOMO (1neHTUQIKyeThCsA). Moznens 00’€KTy TpeTboro kiacy My, OnMCyeThCs

KYCKOBO-TIOCTIHHOIO ~ TPA€EKTOPIEI0 3MIHM 3HA4Y€Hb  BIOPSAJKOBAHOI  Mapu
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onepatopiB (Yh, y); MPU 4OMY TIEpEMHUKaHHS B1I0YBAaIOTHCS Y BUMAJKOBI MOMEHTH
tie T, i=1,l , gncmo sxux mOpiBHIOE I; 1[I MOMEHTH BiIIOBINAIOTH 3MiHAM 3HAYCHb

3miHHOI h. TakuMm ynHOM,
Mp)€Ch: VT e TXT (4.12)

1z;"T‘E[ttn-tk]
h(s) = h(s)

[lpuknagamu Moxener M. € Mogenl, IO ONKMCYIOTCA PIBHAHHAMU
Kapareonopi, audepeHialbHUM PIBHSIHHIM 3 PO3PHUBHOIO IMPAaBOK YaCTUHOIO,
30KpeMa, 3 MporpaMoBaHMMHU MoMeHTaMu nepeMukanss tj € T, i=1,1. lo 00’exTiB
TPETHOTO KJIACy BITHOCSATHCA OaraTo O0’€KTIB, 10 SKUX 3aBJaHHA YIPaBJIiHHS
BUPILIYIOTHCS MPU BEIUKHUX PI3HULSAX MK KIHIIEBUMH 1 MIOYATKOBUMH 3HAYEHHSIMU

BEKTOPY (ha30BUX KOOPAMHAT a00 MPH TPUBAIMX TUMYACOBUX iHTepBaiax [to;tc].

ﬂ._Z!- = Za’(tkj - Za’(tﬂj ) (413)

i=1n

Jlns 00’ekTiB dYeTBepTOro Kiacy 3HadeHHs 3MmiHHOT h(t), 3amae cran
¢ynkuionyBanus mius Beix £ eT mesimomi. Ha intepBami T mpu mopentoBaHHi
00’€KTIiB 4eTBEPTOro KJIacy CJif po3risiiaTtu 0e3miy TpaekTopiit h,, ¢ moyaTkom B
toutli h(ty) = ho, BiAMOBIIHUX omepaTopy . 3HAYECHHS OTEPaToOpy Y MOXKYTh OyTH
npenctaBieni rpapom G 3MmiH cTaHiB (QyHKIioHyBaHHS. bynemo mo3nawatu
MozeNb 00’ekTa yeTBepToro kiacy depe3 Mg. BuxopucroByroun mozaens Mg,
OTPUMYIOTh BOPOHKY BCiX Tpaektopid z(?) =(z(t); t € T). B upomy Bumaaky
3HadyeHHs (asoBoro Bekropy Z(t), t>ty , sk 1 B Mojenai APyroro Kiacy, €
BUMAJAKOBUMH BelnunHamMu. BianosimgHo no knacudikaii cuctem MC® cunoBoro

arperaTty eJeKTpOMOOUIs B 3aJIeKHOCTI BiJ pO3B’A3yBaHOI 3ajadl yMNpPaBIIHHS
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HalyacTille CTaBJISThCS A0 TPEThoro abo yerBeproro kiacy. [lepmmm eranom IKC
CHJIOBOI YCTAHOBKH €JIEKTPOMOO1IIA € aHaJli3 MPeAMETHOI 00J1acTi, Ha AKOMY:

— JIOCHIIKYETHCS CKJIaJ] CUJIOBOT YCTAaHOBKH, 1110 BXOJIUTh B €JIEKTPOMOOLIT;

— BU3HAUYAIOTHCS PEKUMHU POOOTH CHUIIOBOI YCTAHOBKHM Ta OIUCYIOTHCS B
MOJIEI1 YIPABIIHHS CUIIOBOIO YCTAHOBKOIO Ha 0aratbox CTaHiB ()yHKI[IOHYBaHHS.

— Ha miacraBi orpumanoi iHdopmalii BH3HA4alOTbC (YHKIIOHATBHI
0COOJIMBOCTI, CTPYKTYpa Ta THM 1H(QOopMaIliifHOI Kepyrdoi cucTeMu 1 GOpMyIOThCS
MeTra 11 (QyHKIIOHYBaHHSI. @DOpMalli3ylOThCsl 3aBIaHHs, [0 BHU3HAYAIOTh
(GYyHKI[IOHAMBHI ~ MOXJIMBOCTI 1 0coONMMBOCTI  iHGOpMaIiifHOI  cUCTEeMHU
CIEKTPOMOOUISI 3 OOPTOBOIO 3apSTHOIO CTAHINED, 1 TMPH HASBHOCTI IIOTaHO
dbopmaii3oBaHUX 3aa4y MPUHAMAIOTHCS PILIEHHS MPO 3aCTOCYBaHHSA Ta BUOOpY

METO/I1B IITYYHOT'O 1HTEJIEKTY.

BuchHoBku 3a YCTBCPTUM pOSIIiHOM

1. Po3poOnieHuii enexkTpoMoOiib 3 OOPTOBOIO 3apSAHOI0 CTAHIIEID MAae
BUCOKY €(EKTHUBHICTb B MICBKOMY pPEXKHMI pyXy TMpU BEIUKIM IMUIBHOCTI
TPAHCIIOPTHOTO TMOTOKY Ta pyxXy B 3aropax. [lanmBHa €KOHOMIYHICTH Ta
€KOJIOT14YHa Oe3mneKa eJIeKTPOMOoOUIs 3 OOPTOBOIO 3apsiAHOI0 CTAHIIEH0 TPUOJIU3HO
B TPH pa3y MEPEBUIIYE AaHAIOTTYHI XapaKTEPUCTUKU 0a30BOTO aBTOMOO1JIS.

2. [npopmariitHo-BUMIPIOBATbHUN ~ KOMILJIEKC  JIOCHIKEHb  POOOUYMX
MPOIIECIB  CHJIOBOT YCTAHOBKH €JIEKTPOMOOLNIS pO3poOJIeHO [l BUBYCHHS
oco0nuBOCTEeM (DYHKIIIOHYBAaHHS 3apsA/IHOI CTaHIli Ha 0a31 €KCIEPUMEHTAJIBHOTO
riOpuIHOro aBTOMOOLIS Ta il CUCTEMU yrnpaBiiHHA. [laHuil KoMIuieke 3abe3neuye
peecTpailiro, TEepBUHHY OOpOOKy Ta 30epekeHHS B TaM’ sTI KOMIT IOTepa
JIarHOCTUYHUX MapaMeTpiB, K1 po3paxoByroThcs 3 CAY CUII0OBOi yCTaHOBKHU.

3. Ins nmocmipkeHHS TapaMeTpiB CUJIOBOI YCTAaHOBKU EIIEKTPOMOOLIA 3
OOPTOBOIO 3apPSTHOIO CTAHITIEIO Ta ii CUCTEMU YIPABIIHHS, SIKI BAXKKO IMiITAI0ThCS

npssMoMy ab0 OmocepeoBaHOMY BHUMIPIOBAHHIO, MOXJIMBO BUKOPUCTAHHS
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MOJICTIOBaHHS pyXy Ha 0a3l TiOpUAHOrO aBTOMOOLIS 3 BUKOPHUCTAHHSIM
MaTEeMaTUYHOTO 3a0e3reueHHs. TOYHICTh MOJCIIOBAHHS 3HAYHOTO CTYIEHS
BU3HAYAETHCS SKICTIO IapaMETPUYHOI 1MeHTUdIKAIli MaTeMaTUYHUX MoJieen
aBromoOusi Ta arperariB CYE, a TakoX TOYHICTIO NPEICTABJICHHS 3aKOHY
yIpaBIiHHS.

4, OgauM 13 MIOXOMIB  MIABUINEHHS e(PEKTUBHOCTI (YHKIIIOHYBaHHS
CJIEKTPOMOOUTSI € po3poOKa 1 BIOPOBADKEHHS B paMKaxX MOJEpHI3arii CHIIOBOI
YCTaHOBKH 1HTEJIEKTyaJIbHOI 1H(OpMAIIITHO-KepyI040i CHUCTEMHU 1HBAaplaHTHOI
PI3HUM aBTOMOOUISIM, IO JIO3BOJISIE OMEPATUBHO BUPOOJSTH KEPYIOUMM BILUIUB,
AKUU MIHIMI3yE €HEepro- ab0 PEeCcypCOCHOKMBAHHS B JAMHAMIYHMX pEXUMAax 1
MIHIMI3Y€ BTPATU AKOCTI 1 MPOAYKTUBHOCTI B 33JJaHUX YMOBax €KCILTyaTarlii.

5. Pe3ysabTaTi qociiikeHb HaBeAeHI B podoTax [5,14].
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BHUCHOBKU

Y gucepramiiiHiii  po0OTI  BHPINIEHO HAyKOBO-TIPAKTUYHY  3a/ady
MIJBUIICHHS €()EKTUBHOCTI MPOOIry eJIeKTpoMOoOUIsI 3 OOpPTOBOIO 3apsIHOIO
CTAHIII€10, IO J103BOJIsIE 30LIBIIMTH 3amac XOAy 1 3MEHIIUTH BHUTpPATH EHEPTii.
[IpoBeneHi B aucepTaliiHiii poOOTI AOCTIHKEHHS JO3BOJUIN 3pOOUTH HACTYITHI
BHCHOBKHU:

1. B nmuceprartiiinii poOOTi BUpilIeHa 3ajad4a ITiIBUIICHHS €KOHOMIYHOCTI
Ta €KOJIOTIYHOI OC3MEeKH TPaHCHOPTHHX 3acO0IB Ha TIJACTaBl HOBOI KOHIICHIi
MOJICJIFOBaHHS 1 ONTHUMI3alli yIpaBIiHHS CHUJIOBOIO YCTAHOBKOIO €JIEKTPOMOOLI,
3a0e3Meuyour €IMHAN MAX1J K JOCITIKEHHSIM MOTOYHUX MPOIECIB B 3aJI€KHOCTI
BIT cXeMU OyJIOBM 1 KOHCTPYKTUBHHUX OCOOJMBOCTEH CHJIOBOi YCTAaHOBKHU
enektpomoOunst (CYE), ska BHUKOPUCTOBYE HEHWPOMEPEKEBY aIpPOKCUMALIO
XapaKTEPUCTUK OOPTOBOI €JIEKTPOCTAHIIIi 1 OMUC JUHAMIKH 3apsay-po3psany TAb
OpyU pycl eNeKTpOMOOUIsT NpH BUKOPUCTaHI y3arajJlbHEHHX KOOpPJMHAT Ta
MIBUIKOCTEH.

2. EdbekTuBHICTD €JEKTPOMOOUIS 3HAYHO 3aJICKUTH BiJl 0OpaHOi cTparerii
ynpasiiHHs CYE — BianoBiHO ii pekxuMy poOOTH Ta YHpaBJIiHHSA pPO3MNOALIOM
MOTOKIB €Heprii Mi>k OOPTOBOIO EJICKTPOCTAHIIIEI0, aKyMYJISITOPHOI OaTapeero i
CVYE Ha TAroBOo-1IBUIKICHOMY pexkumi pyxy. meto yrnpasiiaas CYE, mo mmpoko
BUKOPUCTOBYETHCS B TEMEPILIHINA Yac HA MIACTaBl JOTTYHUX MIPaBUI HE JO3BOJISIE B
MOBHIN MIpi peasli3oByBaTH MepeBaru eaekTpomMoOiniB. Ile Bu3Hauae HEOOXiAHICTh
pO3pOOKH HOBUX METOJIB MOjENtoBaHHsA Ta ontumizauii ynpasiiHHa CYE Ha
M1JICTaBl CY9aCHUX JOCSITHEHb 1HPOPMAIIMHUX TEXHOJOTIH.

3. Busznauena ¢opmanbHa MOCTaHOBKA ONTHUMI3AIIAHOT 3a1a4l yIpaBIiHHSA
CYE 3 BektopHUM (DYyHKIIIOHAJIOM SIKOCTI YIpPaBIiHHS, BKIIOYHO KpUTEpIi
TOYHOCTI YIpaBJIIHHS 3a IIBUIKICTIO, SKOCTI BUKOpUcCTaHHs eHeprii TAD,
€KOHOMIYHOCTI ~ OOpTOBOi  E€NEKTPOCTAHIlI Ta  CTyHNeHS  TOKCHUYHOCTI

BIAMpalbOBaHUX Ta3iB. HamaHo BUKOpHUCTaHHS NPUHLMIY TapaHTOBAHOIO
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pe3yabTary (MiHIMakcy) Ta JIHIMHOTO 3TOpTaHHS BEKTOPHOIO KpUTEPIs B
CYNEepKpUTEPid I BU3HAYCHHS ONTUMaTbHOTO ympaBiinHd CYE Ha MHOXHHI
NapeTo-ONTUMANIBHUX YIPABIIHb MPU HEPIBHUX KPUTEPISX ONTUMATIBLHOCTI.

4. Po3po0ieHO TEOpEeTUYHI OCHOBH CTPYKTYpHOI Ta MapaMeTpuyHOL
imeHTudikaiii MaTeMaTUYHUX MOJIEJe TATOBOTO EJIEKTPOJBUTYHAa Ta OOpPTOBOI
enekTpocranuii. Orpumano  HeilipomepexkeBy  wmoxaenbs  JIB3  GoprtoBoi
eJIEKTPOCTaHIIli, fKa BHU3HAYAE 3aNEKHICTb €(PEKTUBHOTO KPYTHOTO MOMEHTY,
BUTpAaTHU MajMBa BiJ IIBUAKOCTI OOEpTaHHS KOJIHBAIYy Ta CUTHAIY YMNpPaBIiHHS
MOTYXKHICTIO, JWHAMIYHA Ta CTAaTUCTUYHA MojeNll OOPTOBOI €JIEKTPOCTaHINI Ha
ocHoBl BEJ] npu ontumanbHOMY YIpaBiIiHHI CTPYMOM CTaropa; MaTeéMaTh4yHa
MOJIeIb HAKOTIMYYyBaya €Heprii.

5. loxazaHo  e(eKTHBHICTH  pO3pOOJIEHUX  METOAIB  MaTeMaTUYHOIO
MOJICJIFOBAaHHS Ta ONTUMI3allli YIIPABIIHHS CUJIOBOIO YCTAHOBKOIO €JIEKTPOMOOLIIS 3
OOpPTOBOIO E€JEKTPOCTAHINIEID, TPHUHUHATUX CHOCOOIB imiamizaiii MaTeMaTHYHHUX
MOJIeJIe IIJITXOM TMPOBEACHHS EKCIEPUMEHTAIbHUX MOCTIKeHb. MaTemMaTHuHe
OUIKyBaHHSI  TOXMOKM  MOJEJIOBaHHS  MApaMeTpiB  CHJIOBOI  YCTaHOBKH
EJIEKTPOMOO1IISI 3 OOPTOBOIO 3aPSIHOIO CTAHIIIEIO CKIIaaae moHaa 4%.

6. ExciepuMeHTanbHO ~ MIATBEPDKEHO  €PEKTUBHICTh  BUKOPHUCTAHHS
MaTeMaTUYHUX MOjIeNIed KOHCTPYKTUBHHUX PIIICHb E€JIEKTPOMOOUTIB 3 OOPTOBOIO
3apAHOI0 CTAHIIED Ta HAYKOBO OOTPYHTOBAaHMX 0a30BHX MapaMmeTpiB Ta
XapaKTepUCTUK CHUJIOBOT YCTAaHOBKM 1 OOpPTOBOI1 3aps/IHOI CTaHINi Ha MiACTaBi
PO3paxyHKOBOI'O €KCIIEPUMEHTY.

7. OnTuMizallisi crparterii ynpaBiiHHS €JIeKTpoMoOuieM 3 OOpPTOBOIO
3apsAAHOI0 CTAHIIEI0 METOJOM JWHAMIYHOIO MpPOTpaMyBaHHS HE HABOJUTh Ha
KOHCTPYKTUBHUN Tiax mist OynoBu CAY. JlaHi MOKa3HUKU CIiJ PO3TISIATH SIK
TEOPETUYHUN MAKCUMYM €(QEKTHUBHOCTI €JIEKTPOMOOUISI 3 OOPTOBOIO 3apSAHOIO
CTaHLIEI0 MPHU 33JaHUX 30BHIMIHIX ymMoBax. OTpuMaHe ONTHUMAalIbHE YNpPaBIIHHSA
MO>KE€ BHUKOPHCTOBYBATHUCS MpPU PO3POOII JOTIYHUX MpaBuUi BUOOpY cTparerii
VOpPABIIHHSA, a TakoX TMpU JOCHIIKEHI BIUIMBY OCHOBHHMX IapaMeTpiB

EJIEKTPOMOOLIISI Ha TIOKA3HUKH BUTPATU €HEPT1i.
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8. EKOoHOMIYHICTh Ta €KOJIOTiYHa Oe3leKka TPaHCIOPTHUX 3aco0iB Ha
MiJCTaBl HOBOT KOHIEMIlI MOJICIIOBAHHS 1 ONTHMI3aIi YIPaBIiHHS CHIIOBOIO
YCTAHOBKOIO €JICKTPOMOOLIS, 3a0e3Medyrdd €IUHUNA MiAXiA K JOCHIIHKCHHSIM
MOTOYHMX TMPOIECIB B HE3aJCKHOCTI BIJI CXeMHU OYJAOBH 1 KOHCTPYKTHBHHX
0coOMMBOCTEN CUIIOBOI ycTaHOBKU enekTpomoOinss (CYE), sika BUKOPHUCTOBYE
HEHpPOMEPEIKEBY aMPOKCUMAIlII0 XapaKTEPUCTUK OOPTOBOI €IEKTPOCTAHIIT 1 OIMHUC
nuHaMmiku 3apsay-pospsay TAB mpu pyci enekTpoMoOisis Hpu BUKOPHCTaHI

y3araJIbHCHUX KOOPANHAT Ta IHBI/II[KOCTef/'I.
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AKT

BIIPOBAJUKEHHS pe3yJIbTaTiB aucepTalliiinoi pobotu Kyuepssoi Mapii Anaroniisau
«MeTo/M po3paxyHKy Ta ONTHMI3allii NapaMeTpiB TArOBOT CHCTEMMU
eNeKTPOMOOiIiBY», BUKOHAHOT B XapKiBChKOMY HALLIOHANLHOMY aBTOMOGLIBHO-

JIOPOKHBOMY YHIBEpPCUTETI

TOB  «lutepcrun» nepenani Ta iHXeHEPHO-TEXHIUHMMHU IpaLiBHUKAMH
BMKOPHCTOBYIOTHCSI HACTYITHI pe3yJIbTaTh AncepTauiiinoi pobotu Kyuepssoi M.A:
— METOJMKA BHM3HAYCHHS [MApPaMETPiB TATOBOTO EJIEKTPONPUBOLY JUIs

JIETKOBOI'O aBTOMO6iJ'l$l;
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YKPATHA
MIHICTEPCTBO OCBITH I HAYKH YKPAIHU

XAPKIBCbKHI HALIOHAJIbHU
ABTOMOBLIBHO-IOPOXKHI YHIBEPCUTET

61002, By:. SIpocniasa Mynporo, 25, m. Xapkis, Ten. (057) 700-38-66, taxc (057) 700-38-65, E-mail: admin@khadi kharkov.ua

P ,f. (048 N 35’/5(&({5,

Ha No

\ s ~$‘
'\*4/0"”« kml“ Xy

?
AKT 07 1\SF

PO BUKOHAHHs pe3yIbTaTiB JucepTaliifHol pobotu Becenoi Mapii AnatosiiBau
«[TinBuieHHs eeKTHBHOCTI YIPaBIIiHHS CHIOBOIO YCTAHOBKOIO €1eKTPOMOOLIS 3
00pTOBOIO MiA3aPsAAKOI0 B YMOBAX eKCILTyaTallii», BAKOHAHO! B XapKiBCbKOMY
HalllOHAJIbHOMY aBTOMOOIbHO-JOPOXKHEOMY YHIBEPCHTETI

JlaHiM aKTOM MiATBEPIKYETBCS, IO B HABYAILHOMY IPOLECI MPU MiArOTOBLI
OakanaBpiB i MaricTpiB 3a creuianbHicTio 141 «EjnektpoeHepreTuka, eneKTpoTeXHika,
€/IEKTPOMEXaHiKa»  BHKOPUCTOBYIOTBCS B  HABYAIBHOMY  IIPOLIECi  pe3yjbTaTH
nucepraiiHoi pobotu Becenoi M.A.

Marepianu auceprauiiinoi po6oTu 3HaiILH BigoOpaKeHHs B JeKUiiHOMY Kypci Ta
MPaKTHYHAX 3aHATTAX 3 JAUCHMIUIH «ENexkTpuuHi CHCTEMM €KOIOriYHO-YHCTHX
TPAaHCIOPTHHX 3ac00iB», « Teopis enekTpomMoOisy.

[Ipy BMKOHaHHI MaricTepchbKuX i IUIUIOMHHX POOIT BUKOPMCTOBYETHCS METOAMKA

YIIPaBIiHHS CHJIOBOIO YCTAHOBKOIO €JIEKTPOMOGILIIs 3 GOPTOBOKO MiA3apsaKOI0.

Jlexan aBTOMOGITBHOTO 9 ”

¢akynsrery, npod. Y Ol £ O.B. Capaes
I

3aB. ka¢. aBTOMOOLIEHOT -

eJeKTPOHIKH, TIPod. /% O.B. baxxuHoB
=
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CrenianizoBane CTO «Amnepa Motope»
61023, m. Xapkis, Byn. [lymkinceka, 106-B
e +38 (063) 589-35-33

e-mail: info@amperamotors.com

AMPERA MOTORS cait: http://amperamotors.com

AKT

BIIPOBA/KEHHS pe3yJIbTaTiB Aucepramniiinoi podoru Becemnoi Mapii
AHaToI{BHHU Ha 3100yTTSA BYCHOTO CTYIEHS KaH/IU1aTa HayK

[TonoskeHHs, po3poOKM Ta HAyKOBO-IPAKTHYHI PEKOMEH/IAIT KaHIMIAaTChKOT
JMcepTalii BUKOPUCTAHI IPH JIarHOCTYBaHHI Ta KOHTPOJIIO TEXHIYHOIO CTaHy
eJIeKTPOMOOLIIB, a TAKOXK XapaKTepUCTHK Oatapei JITIH-IOHHX aKyMYJISTOpIB
BEJIMKOT EMKOCTI.

Po3pobneni nmonoxeHHs qucepraniiinoi poGoTH BIIPOBA/UKEHI B BUPOOHHUIITBO
Ta BUKOPHCTOBYIOTBCS IS

- KOHTPOJIO NapaMeTpiB CUJIOBOI YCTAaHOBKM €JIEKTpPOMOOuLII Ta OOpTOBOI
eJIeKTPOCTAHILIT;

- KOHTPOJIIO TIapaMeTpiB JIITIH-10HOT aKyMyJISITOPHOT OaTapei.

Ocobucra y4acts aBropa poOOTH € B po3poOIll AIrOPUTMY KOHTPOIIIO
TEXHIYHOTO CTaHY CHJIOBOI YCTAaHOBKHM EJIEKTPOMOOLUIS B 3aJICKHOCTI BiJI YMOB
eKCILTyaTalil.

©.10. {1 //maaé'/ff

HavanpHuK Biyiiny
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VKPAIHA
TOBAPHCTBO 3 OBMEKEHOIO BIJIITOBUIAJIBHICTIO
“YKPABTOIMTPOEKT”
xoxn EIPIIOY 31643134
ren. 750-45-67

N 04/10-1 Bin 04 XoeTHa 2018 p.
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NPO BNPOBA/DKEHHS Pe3y/IbTATiB ucepTaniiiHoi poboTH Becernoi Mapii Anarosniisuu
«IlixBHIIEHHS €(DeKTHBHOCTI yIIPaBIIiHHS CHIIOBOIO YCTAHOBKOIO eJIeKTpOMOOisist 3 G0pTOBOIO
Mi13apsA/IKOIO B YMOBAX €KCITyaTalii», BAKOHAHOT B Xapmacmcomy HaIliOHAJIBHOMY aBTOMOGIILHO-
JIOPOXKHBOMY YHIBEPCHTETI

[Hkenepro-Texniunumu poGitHukamu mignpuemcrsa TOB «Peasy BUKOPHCTOBYIOTBCS
HACTYIHI pe3y/IbTaTH Jucepraniiinoi po6otn Becenoi M.A., BUKOHAHOT B XapkiBcbKOMy

HaI_lIOHaJIbHOMy aBTOMO6UII>HO -10POKHBEOMY YHlBepCHTCTl
METOJMKA BHU3HAYEHHS 0a30BUX napaMeTpns Ta XapakTepUCTUK CHIIOBOT YCTAaHOBKH

CJIeKTPOMOGLIIS 3 Mif3apsaKoI0 Ha GOpTY i BpaxoBye piBeHb HAyKOBO-TEXHIYHUX pillleHb

JUISL 3aJIaHUX YMOB €KCIITyaTallii;
METO/MKa OOIPyHTYBaHHS BHOOpY palliOHAILHOTO BApiaHTy eHepreTHHHOro Oanancy

CHJIOBOT YCTAHOBKH €JICKTPOMOGiIs.

/7).
[ %‘/ KoG3apes A.B.
&=

Hauanshux Biginy
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JIOJIATOK B

Pexxrmu poOOTH CHIIOBOT YCTAHOBKH €JEKTPOMOOLIIS
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JOIATOK B
Cnucoxk my6utikaiiiii 3100yBava 3a TEMOIO AMCEPTAIlii Ta BIIOMOCTI PO anpobailito

pe3yabTaTIiB AUcCepTali
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Cnucok my6Jtikarii 3700yBayda

Hayxkogi mpaiii, B SKux omyOJ1iKOBaHI OCHOBHI pe3yJbTaTH JUCEPTAIlii:

1. baxunopa T.A., KyuepsBas M.A BpiOop 3JI€KTPOXHMHUYECKOMN
CUCTEMBI JIJII TATOBOTO MPHUBOAA JJICKTPOMOOWIISA. ABTOMOOUTHPHUN TPAHCTIOPT.
2013. Bun. 33. C. 36-39.

2. Bazhinova T.0., Nechytailo J.A., Vesela M.A. The energy estimation of
transportation  vehicles. HaykoBuit BicHMK  «HarioHambHOTO — TIPHUYOTO
yHiBepcuTeTy». 2016. Ne6 (156). C. 84-88.

3. baxmuoB A.B., Becemas M.A. VYmpaBieHHe CHIOBOW YCTaHOBKOW
AIEKTPOMOOMIISI C UCTIOIB30BaHUEM AJAlITUBHOIO KpuTHKa. CydacHi TEXHOJIOTIT B
MaiuHoOyayBaHH1 Ta Tpancmopti. 2016. Nel (5). C. 22-25.

4. baxunoB O.B., Becena M.A. KepyBaHHS CHJIOBOIO YCTaHOBKOIO
enexktpomoOis. Bicauk XHAY. 2016. Ne75. C. 95-99.

5. baxwunos O.B., Becena M.A. InrenekryanbHl 1HQOpMaLIiiHI CUCTEMH
JUTSL eNIeKTpoMoOLIs. ABTOMOOWTB 1 enekTpoHika. CyuyacHi TexHosorii. 2016. Ne 9.
C. 54-57. URL.: http://www.khadi.kharkov.ua/fileadmin/P_SIS/AE16_1/3.1.pdf

6. Bazhynov A.V., Vesela M.A. Intellectual Drive With Electric Engines
On a Stock Car. Mechanics, Materials Science @ Engineering. 2016 — ISSN 2412-
5954, 8 pages.

7. Smirnov O.P., Bazhinova T.0., Veselaya M.A. Substantiation of
Rational Technical & Economic Parameters of Hybrid Car. Automation, Software
Development & Engineering. Vol. 1 URL: http://seodu.link /10.2415/
mmse.59.12.214. 2017.

HayxkoBi nparii, siki 3aCBII4yIOTh alpo0alito MarepiajiB JucepTalii:

1. baxunona T.A., Heuwraitno I0.A., Becenas M.A. K Bompocy OIeHKH
TEXHUYECKOTIO COCTOSIHUS TPAHCIIOPTHBIX CpesICTB. MaTepianyu MIXXHapOIHOI HAYKOBO-
TeXHIYHOI KoH(pepeHii «IIpobieMnu Ta nmepcrneKTUBU PO3BUTKY TEXHIYHUX 3acO0IB

TPaHCTIOPTY Ta cucTeM aBToMartuzariii» 1-3 sxoBtHsa 2014 p., m. Xapkis. C. 13-14.
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2. baxuno O.B., Kyuepsisa M.A. OOMmexyBaHHS 3apsiIHOTO CTPyMy
aKyMyJaTopHOi  Oarapei. MixHapogHa  HayKOBO-TIPAKTHYHA  KOH(EPEHITis
«be3neka >KUTTEMISIBHOCTI Ha TPAHCIOPTI Ta BUPOOHMIITBI — OCBITa, HayKa,
npaktuka». 2016 p., M. Xepcon. C. 213-217.

3. baxunoB O.B., Becenra M.A. CxemMoTexHIUHI pIIICHHS KepyBaHHS
BEHTWJILHOIO MAalIuHOIO enekTpoMoOiis. [1 MixHapoaHa HayKOBO-TIpaKTHYHA
KoH(epeHis «be3neka KUTTEMISIILHOCTI HA TPAHCIIOPTI Ta BUPOOHUIITBI — OCBITA,
Hayka, nmpaktuka». 2015 p., M. Xepcon. C. 252-254.

4, Becenma M.A., Kancekuit J[.B. IIpobnema  6e3omacHoCTH
anekTpoMoOmiien. |V MiDKHapolHa HayKOBO-TEXHIYHA IHTEPHET-KOH(pEpEeHIis
«ABTOMOOLITH 1 entekTpoHika. CydacHi TexHosorii». 2015 p., m. Xapkis. C.38-39.

5. baxunoB O.B., Becena M.A. 3a0e3neueHHs Oe3meKku €ICKTPOMOOLTIB.
I MixxHapoHa HayKOBO-TIpakTU4YHA KOH(pepeHuisa «be3neka )KUTTeAIsIbHOCTI Ha
TPaHCIOPTI Ta BUPOOHHUIITBI — OCBITa, Hayka, mpaktuka». 2017 p., M. XepcoH.
C.46-49.

6. Becena M.A. MaremaTuuHa MoOJielb TSITOBOI aKyMyJISITOpHOI Oarapei
eJeKTpoMOOUIs. V' HayKOBO-TE€XHIYHA KOH(EpEHIliss CTYJEHTIB, acHipaHTIB Ta
monoaux BueHux JIBH3 «HI'Y». Haykosa Becna 2016 p. (EnekTpoHHU# 301pHUK
URL:http://rmv.nmu.org.ua/ua/arkhiv-zbirok-konferentsiy / HaykxoBa%Z20BecHa%
202016.pdf).

7. Smilyk Liliia, Taran Igor, Vesela Marija. On-board battery charging
current limiter of electric vehicles. 1V Krakowska ogolnopolska konferencja
naukowa transport. 2017 r., Krakow, kwiecien. C. 190-197.

8. baxunos O.B., Becemna M.A. [MopunHMit aBTOMOO1JIb
OaratoyHKIIOHATFHOTO  TMpU3HAUYeHHsS. HaykoBo-mpakThyHa  KOH(EPEHIIis
«Cnyx060Bo-00iioBa IisnbHICTh HalioHanbHOI rBapfii YKpaiHu: CydyacHHUH CTaH,

nmpoOsemMu Ta nmepcrekTuBmy, 29 6epesns 2018 p., m. Xapkis. C. 6-8.

OCHOBHI pe3yNbTaTH AUCEPTALIHHOT pOOOTH OyJIO BUTOJIOIIEHO 1 YXBAJIEHO

Ha KOH(MEpEeHIIAX 1 HapaIax:


http://rmv.nmu.org.ua/ua/arkhiv-zbirok-konferentsiy%20/%20Наукова%25
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1. MuibkHapogHa  HayKoBO-TexHIYHa  KoHpepeHiis  «I[Ipobremu  Ta
NEPCIIEKTUBH PO3BUTKY TEXHIUHUX 3aCO0IB TPAHCHIOPTY Ta CUCTEM aBTOMATH3ALII»
1-3 sxoBtHs 2014 p., M. XapkiB. C. 13—14. dopma yyacTi — 3a04Ha.

2. MixHapoaHa HayKOBO-TPaKTUYHA KOH(EepeHIIIs «be3neka
KUTTETISIBHOCTI HA TPAHCIOPTI Ta BUPOOHUIITBI — OCBITAa, HayKa, MPAaKTHKa»
3 — 5 BepecHa 2016 p., m. Xepcon. C. 213-217. dopma y4acTi — O4Ha.

3. Il Mixnaponna  HaykoBo-lpakThUyHa  KoH(epenimis  «besneka
KUTTETISIBHOCTI HA TPAHCIOPTI Ta BUPOOHUIITBI — OCBITAa, HayKa, MPAaKTHKa»
17 — 18 Bepechsa 2015 p., m. Xepcon. C. 252-254. ®opma ydacTti — 3a04Ha.

4. 1V MI>)KHapO/IHA HayKOBO-TEXHIYHA IHTEpPHET-KOH(PEPEHIIIs
«ABTOMOOLTH 1 enekTpoHika. CywacHi TexHomorii» 17 — 19 nucronama 2015 p.,
M. XapkiB. C.38-39. dopma yyacTi — 3a04Ha.

5. Il MuixHaponHa  HaykoBo-TipakTWyHa  KoH(epeHuis  «be3neka
KUTTEASUTBHOCTI HA TPAHCIOPTI Ta BUPOOHHUIITBI — OCBITA, HAyKa, MPaKTHUKa»
14 — 16 Bepecus 2017 p., m. Xepcon. C.46-49. ®opma ydacTi — 3a09Ha.

6. V HaykoBo-TexHIYHA KOH(MEpEHIlI CTYACHTIB, acHipaHTIB Ta MOJIOJHMX
BueHux JIBH3 «HI'Y». HaykoBa Becna, 6 — 7 kBitHg 2016 p. ®opma ydacti —
OYHa.

7. 1V  Krakowska ogolnopolska konferencja naukowa transport.
20 —21.04. 2017 r., Krakow, kwiecien. C. 190-197. ®opma yyacTi — ouHa.

8. HaykoBo-mpaktnuna koHpepeHmis «Cimyx)00B0o-00iioBa MisUTBHICTH
HarmionansHoi TBapaii YkpaiHu: cydacHHMM CTaH, MpOOJIEeMH Ta TEPCIEKTUBWY,

29 Gepesns 2018 p., M. Xapkis. C. 6-8. @opma y4yacTi — O4Ha.



