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PE®EPAT

PoGoty BuknageHo Ha 53 cTopiHKax, BoHa MictuTth 4 po3auu, 18
UTIoCTpanii, 2 Tadauii ta 29 mxepen B meperiKy MoCuilaHb.

O0’ekTOM  JOCHIJDKEHHS ~ CTaja  JITIH-IOHI ~ aKyMmyJsiTopHa  OaTapes
enexkTpoMoOitst Renault Zoe, motyxHicTio 26 kBT*ros.

Metoro gaHoi pobOTH € — po3poOKa aBTOHOMHOTO MPUCTPOIO, IO MIT OH
3UUTYBaTH JIaHHI 3 OJIOKY TATOBOI aKyMYJISITOPHOI OaTapei eleKTpomMoOisis, Ta
BUBOJIUTH 11l JaHHI HAa TUCILICH. .

[Tepmuii iHpoOpMaIiitHO-aHATITHYHUN PO3aLT PpoOOTH JO3BOJMB BHU3HAYUTHU
rajry3i 3aCTOCyBaHHS MPUCTPOIO. TaKoK TYT KOPOTKO HaJaHO 1H(OpMaIliI0 PO TUIIH
aKyMyJIITOpHUX OaTapeil, Ta OI[iHKa iX BapTOCTI 3 IUIMHOM Yacy.

VY npyromy po3iiii NpOBOAUTHCS aHATI3 TOTOBUX PIIIEHb MOCTPOIB, 0 MOXKHA
Hapasi npuadaTu.

Y TpeTbOMy pO3UII BUKJIAJIECHO MPHUHIMIIOBY CXEMY MPUCTPOIO, Ta €Tanu ii
PO3pOOKHU.

VY yeTBepTOMY PO3/ILJII BUKJIAACHO €Taly BUTOTOBJICHHS IPOTOTHUITY TPUCTPOIO.
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I[TEPEJIIK YMOBHHUX IIO3HAYEHDL, CUMBOJIIB, OANHHALIb,
CKOPOYEHD I TEPMIHIB

AVR — ciMeiicTBO MIKPOKOHTPOJIEPIB

BMS — battery management system (cucrema OGajlaHCyBaHHSI Ta M)

CAN — Controller Area Network (eremenT moctiitHoi ¢asu) CPU — central
processing unit (eHTpansuuit mpouecop) DOD — depth of discharge (koB3He
1A {IHHS )

EV - electric vehicle (exexkrpomMo6ib)

EVC — electric vehicle control (6:10k koHTpOIO enexTpoMobinst) EV-1 —
NEPIINA B ICTOPII CEpIMHUNA €EKTPOMOOLIb, AKU BUpoOuia kommnanii General
Motors

GM — General Motors (komrmaHisi aBTOBUPOOHHK)

LBC — lithium battery control (6;10k KOHTPOJIIO JIITIEBOT TATOBOT
aKyMyJISTOpHOI OaTapei)

LIB — Li-ion battery (mitiii-ionna 6arapest) Li-lon — lithium-ion battery (siTiii-
ion) NiCd — Nickel-cadmium (Hikenb-kaamiii)

NiMH — Nickel-metal hydride (aikenb-metanrigpun) OLED — organic light-
emitting diode (TexHoJIOTis TUCILICTB)

PHEV — plug-in hybrid electric vehicle (aBTomMo61i1b 3 riOpuHOO CHIIOBOIO
YCTaHOBKOIO 3 MOKJIUBICTIO MA3aPSIKH aKyMYyJIITOPa)

PWM — pulse-width modulation (rmpoTHO-iMITyJIbCHA MOTYJISILIIsS)

SPI — Serial Peripheral Interface (mociimoBuuii nepudepiiinuii intepdeiic)
SOC — State of charge (piBeHs 3apsiny)

SOH - State of health (piBens 3anmmIKoBOi eMHOCTI Bijx oyaTKoBOi) SOS —

State of Safety (piBeHb Oe3mekn)



BCTYII

OcTaHHIM YacoM aBTOMOOUIbHA MPOMHUCIOBICTH IOYaia BUPOOJSATH TyKe
O0arato aBTOMOOUTIB, HI0 TMPHUBOIATHCA B PyX, 32 PaxXyHOK €JEKTPOABUTYHA, Ta
KUBISATHCS B aKymyJaTopiB. BoHu MaroTh 0araTto mepeBar mnepes KJIaCUHYHHUMHU
aBTOMOOUIAMU 3 JABUTYHOM BHYTpPIIIHBOTO 3ropanHs. OpHa 3 Takux mepeBar
BIJICYTHICTh IIKIJUIMBUX BHKUIIB B atMmocdepy. Illo pobuts emexTpoMobimi
17IealbHUM 3aco00M TIepecyBaHHS IS MICT. TakoXX eJeKTpoMOOiIi IO3UTUBHO
BIUTMBAIOTh Ha OalaHC eJIeKTPOCHUCTeM MICT. EnexTpocTaHIii BHOYI BUPOOISIOTH
OJIHAKOBY KUIBKICTh €JIEKTPOCHEPrii, SIK 1 B JIeHb. BUIBIIICTh MAIlIMH 3apsIKaIOThCs
BHOYI, @ K BIJJOMO BHOYl HaBAaHTaXXCHHsS Ha EJIEKTPOCHUCTEMY HE BEJIMKE, TOMY
€JIEKTPOMOO1T1 MO3UTUBHO BILUIMBAIOTH HA OAJIAHC €JIEKTPOCUCTEMH.

OnHuM 31 OCHOBHHX BY3IIIB €JIEKTPOMOOUIS € aKyMyJsiTOpHa OaTapes, BOHA
Ma€e MEBHUU PECYpC, IO XapaAKTEPHU3YEThCS KIIBKICTIO LUKIIB PO3PSAY Ta 3apsny.
Came 1eil By30J yacTillleé BCbOro TpeOa MepeBIpsATH Ha HECHpaBHICTh. B cepenuHi
akymyJssitopa € 010k kepyBaHHs (BMS), mo Mipsie Hanmpyry Ha BCiX eJeMeHTax
Oarapei, Ta HE M03BOJSE MAIIMHI TITMOOKO PO3psKATH i, Ta nepe3apsamxatu. Llen
0510k O0OMiHIOETBCS 1HGOpPMAIlEI0 3 IHIIMMH CHCTEMaMHu eJIEKTPOMOOLIs 3a
nonomororo iHTepdericy nepenaul ganux CAN-Bus. Came et inTepdeiic noBuHeH
OyTH B IPUCTPOI AJI 1IarHOCTYBAHHSI TSTOBO1 OaTapei eIeKTpoMoOiis.

HoBu3Ha naHOro MHPUCTPOIO B TOMY, LIO BIH MOE MpAIIOBATH OApasy 3
aKyMyJISITOpHOIO OaTtapero, 0e3 ydacTi aBTOMOOUIS, Tak SK NPUCTPId MOXKHA
nia'eHaTH opasy A0 TAToBOi OaTtapei enextpomoOins. [IpoGnema miarHoCTyBaHHS
HECIPaBHOCTI Oarapei mossirac B TOMy, IO IS 1i MEepeBIpKu 0e3 eNIeKTpOMOO1Is,
Oarapero MOTPIOHO PO3MAKOBYBATH 3 1i TEPMETUYHOIO KOPITYCY, 110 Hece 3a co000
psia meBHUX npobsieM. JlaHuit mpucTpiit J03BOJISIE YHUKHYTH ITUX MPOOIIEM.

Y cknag mpUCTpPOIO  NIIaTHOCTYBaHHS — MapaMeTpiB  TAroBoi — Oartapei
€JIEKTPOMOO1IISI TOBUHEH BXOJUTH MIKPOKOHTpoJiep, anantep 1is inrepdeiicy CAN-
Bus, tpancuBep CAN-Bus, mpuctpiii BuBeaeHHS — BBeleHHs 1HOpMAIIii,
aKyMYJISITOD JJ1s1 )KUBJICHHS IPUIIaTy, CTa01113aTOp HAMPYTH.

OCHOBHE 3aCTOCYBaHHsS MpWIALy [JIs BUMIPIOBAHHS MapaMeTpiB TIrOBOI

aKyMyJISITOpHOi ~ OaTapei  eJIeKTpoMOOiJis, BHM3HAYEHHS 3aJUIIKOBOI €MHOCTI
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akymyJsitopa, Big modatkoBoi (SOH). Takox 3a JOIMOMOIOK JAaHOTO MPHUCTPOIO
MO>KHA JII3HATUCS 6araTo 1HIIMX MapamMeTpiB, TAKUX SK:

- emuictb motoyHa (SOC);

- €MHICTb 3aJIUIIKOBa BiJ HOMiHAIBHOI (SOH);

- BHYTpILIHIH Omip eJeMeHTiB 6araper,

- Hampyry eJIeMeHTIiB O6arapef;

- TeMIIepaTypy B cepeiiHi Oarapei;

- CHly CTpyMy,

- 3araJibHUM MpoOir erekTpoMoO1Jid Ha TIEBHIM OaTapei.

Tak six OUTBIIICTH €NEKTPOMOOLUTIB B HAIIii KpaiHi, OyBIIl y BUKOPUCTAHHS, 1
JTy’K€ TOIYJISIpHI HA BTOPUHHOMY PUHKY, TO 3aJIMILIKOBA €EMHICTh OaTapei MeHIa Hixk
nmoyatkoBa. A 1€l mapaMeTp CHJIBHO BIUIMBA€ Ha BapTICTh eyekTpoMoOuts. Tomy,
TakKa JIIarHOCTHKA, A€ Ba)KJIMBa IIPH MOKYIILI M1ITPUMAHOTO €JIEKTPOMOO1IIA.

Jleski enekTpoMoOLIl MOTPAIUISIIOTh B KpaiHy 0€3 TArOBOi aKyMyJSITOPHOL
Oarapei, ToMy i HUX NOTPIOHO miAOupatu iHHIY Oatapero. OTxke, BUHUKAE
npoOJjieMa, B TOMY, 110 Oarapero MpU KYyMiBJI TaKOX IMOTPIOHO 1arHOCTYBaTH Ha
nedextni enemeHTH. OcCOONMBICTH Takoi JIarHOCTHUKHU TIOJIATa€ B TOMY, IO
HEMOKJIUBO BIJKPUTH Kopiyc Oarapei. Ane B cepeAauHi Oatapei € OJ0K KepyBaHHS
mitieBoro Oatapeto (LBC), nmo skoro MoxHa mija'€IHATUCS, 3a JIOMOMOIOKO
1HTEepdercHOTO Po3’eMa.

B ymoBax BicyTHOCTI OQILIANBHUX CTAHILIN TEXHIYHOrO OOCIyrOBYBAaHHS
€JIEKTPOMOO1LITIB, 6araThbOM BIACHUKAM JOBOJUTHCS 00CITyTrOBYBaTH CBOI aBTOMOO1I,
Ha HEOQIMIMHUX CTaHIISIX TEXHIYHOTO OOCITYyroBYyBaHHS, aje MpH BiJICYyTHOCTI
JIOCTYITHOTO J1IarHOCTUYHOTO 0O0JIaJlHaHHs, 0araTo BHJIIB NMPUYMH HECHpPaBHOCTEH
BaKKO J1arHOCTYyBaTH, TOMY aBTOHOMHHU MPHUCTPIN NIl BUMIPIOBAHHS MapamMeTpiB
TATOBOi Oarapei €JIeKTPOMOOUIS TaKOX Ma€ IIUPOKUM CIEKTP 3aCTOCYBaHHS st

HEO(IUIHHUX CTAHIIH TEXHIYHOTO 00CITyrOBYBaHHS aBTOMOOLITIB.



1. TATOBI AKYMYJIAITOPHI BATAPEI EJIEKTPOMOBLIIB

AKyMyJIsITOp eleKTpudHOro TpaHcmopTHoro 3acody (EVB) abo TaroBwmii
aKyMyJISITOp € OaTapeero, 110 BHUKOPUCTOBYETHCS JUIS OSKUBJICHHS JBUTYHA
aKyMyJSITOPHUX EJEKTPUYHUX TpaHcmopTHuX 3aco0iB (BEV). Axymynstopu
aBTOMOOLIIS 3a3BUYail € BTOPUHHOIO (aKyMyJISITOpHOI) Oatapeero. Tsroi Oarapei
BUKOPUCTOBYIOTbCS Y BWJIOYHUX HaBaHTaXyBauax, EJIEKTPUUYHUX ToJb(-KoyIax,
eKiMa)xkaX, eJCKTPUYHUX MOTOLMKIAX, EJIEKTPUYHUX aBTOMOOLISAX, BaHTAXHUX
aBTOMOOUISAX, PyproHax Ta IHIIMX EIEKTPUYHUX TPAHCIIOPTHUX 3aco0ax.

barapei enekTpuyHUX TPaHCIOPTHUX 3aCO0IB BIJIPI3HSIOTHCA Bl CTAPTEPHUX
Oarapeil, OCKUIbKM BOHHM MpPHU3HAYEHI [Js 3a0€3MEYEHHS MOTY>KHOCTI MPOTITOM
TpuBajoro mepioxy uyacy. Jimg 1mx 3actrocyBaHb 3amicTh Oartapeit  SLI
BUKOPUCTOBYIOTHCA aKyMYJIITOPH IIIMOOKOro IUKIY. TsroBi Oatapei MoBUHHI OyTH
CIPOEKTOBaHI 3 BHCOKOIO MOTYXKHICTIO ammep-roguHu. batapei mis enexTpuyHuX
TPAHCIOPTHUX 3ac00IB XapaKTEPU3YIOThCS BIJHOCHO BHUCOKHUM CITiBBIHOIICHHSM
MOTY>KHOCTI /10 Baru, MUTOMOIO €HEPri€l0 Ta NIUIBHICTIO €HEeprii; MEHII1, OUTbLI JIETKI
Oarapei 3MEHINYIOTh Bary aBTOMOOLIS Ta MOKPAINIyIOTh HOro Jit0. Y TOPIBHSHHI 3
PIAKKMM NAJIMBOM, OUIBIIICTh CyHaCHUX TEXHOJIOT1A OaTapei MaioTh HabaraTo MEHUIY
MUTOMY €HEPrilo, 1 1€ YacTO BIUIMBAE HA MAaKCUMAaJIbHUM 3arajibHUN €JEeKTPUYHUMA
Jana3oH TPaHCIOPTHHUX 3ac0o0iB. TUM HE MEHII, MeTalo-TIOBITPsiHI OaTapei MaroTh
BHCOKY MHUTOMY EHEPril0, OCKUIbKHM KaToj 3a0e3MedyeThCsl HABKOJMIIHIM KHUCHEM
NOBITPS. AKyMyJsiTOpHI Oarapei, 10 BHUKOPUCTOBYIOTHCS B  EIIEKTPUUYHUX
TPAaHCIOPTHUX 3aco0ax, BKIOYalOTh CBUHIEBO-KUCIOTHI (Lead Acid), Hikemns-
kaamieBi (N1Cd), nikenp-metanoriapuani (NiMH), mitiii-ionni (Li-ion), diTii-10HHI
nomimepu (LiPo). HaliGinpm momumpeHnuM TUmmoM Oatapeid B Cy4acHUX €JIEKTPUIHUX
aBTOMOOUISAX € JITIM-10HHI 1 JiTii-mojiMepHi Oarapei, OCKIIbKMA iXHS BHCOKA
€HepreTMyHa IIUIbHICTh B MOPIBHSAHHI 3 iX Baror. KUIBKICTh eNeKTpuku (ToOTO
SJICKTPUYHUN 3apsi), 10 30epiracThesi B OaTtapesx, BUMIPIOETHCS B aMIlep-TOAMHAX
abo0 B KyJIOHaX, MPUIOMY 3arajbHa €Hepris 4acTo BUMIPIOEThCS B BaTT-ronnnax.

bartapest cTaHOBIATH ICTOTHY BapTicTh enekTpomoOLtiB. CtanoM Ha 2018 pik,

JIeK1IbKa eJIEKTPUYHUX aBTOMOOUTIB 3 OUIbII Hixk 500 KM Jiana3oHy Xoay, TaKUX SK



Tesla Model S, TBepa0 3HaXOAATHCS B PO3KIMIHOMY cerMeHTi. [lounHaroun 3 KiHIIs
1990-x pokiB, MOCATHEHHS B OO0JACTI TEXHOJIOTiI aKyMyJISITOpIB OyJd CHpPUYMHEHI
BUMOTaMHU JI0 TIOPTATUBHOI EJCKTPOHIKH, TAKUX SIK MOPTATUBHI KOMI'IOTEPH Ta
MOOUTBHI TesieoHU. PUHOK €JIeKTpOoMOOLTIB MOKHUHAE MIEPEeBAru IUX JOCIATHEHb SK B
OPOAYKTHBHOCTI, Tak 1 B ULIUIBHOCTI eHeprii. bartapei MoxkHa po3pspkaTé 1
nepe3apsipkaTi MOaHSA. 3T1IHO 3 A0moBial npesuaenTta Mitsubishi Ocamu Macyko,
BapTicTh OaTtapei nnst Mitsubishi i-MiEV Oyna ckopodena y nonouni Mix 2009 ta
2011. BapTicTh akyMyJIATOpIB €IEKTPOMOOLIIB CKOpoTmiaca Ounbin HX Ha 35% 3
2008 o 2014 poku (Tadmuis 2.1)

[lepenOaueHuii pPUHOK aBTOMOOUIBHMX TATOBUX aKyMYJSITOPIB CTaHOBUTH
noHay 37 MutbsipaiB goJsiapi y 2020 poti.

3 TOYKM 30py eKCIUIyaTallliHUX BUTpAT, IlIHA EJEKTPOCHeprii s
KOPUCTYBaHHSI €JIEKTpOMOOLJIEM - 1€ HEBEJMKAa 4YacTMHA BapTOCTI MajvBa JUIs
€KBIBaJIECHTHUX JIBUTYHIB BHYTPIIIHBOTO 3TOPsIHHSA, IO BigoOpaxkae OUIbII BHCOKY
eHeproeeKTUBHICTb. BapTicTh 3aMiHu Oatapei JOMIHY€ HaJ eKCIUTyaTalliliHUMU

BUTpaTaMHU.

1.1 CBHMHIIEBO-KHCJIOTHI AKYMYJIATOPH

CBUHIIEBO-KUCIIOTHI aKyMYJIATOPH € HAWJCIICBIIMMH 1 B MUHYJIOMY HaHOUIbIII
MONIMPEHUMHU TATOBUMU OatapesMu. € Ba OCHOBHUX THITM CBHHIIEBO- KHUCIOTHHX
aKyMyJISITOpiB: OaTapei cTaprepa aBTOMOOLTRHUX JBUTYHIB 1 OaTapei rimOOKOro
UKITy. ABTOMOOLIBHI TEHEPATOPH MPU3HAYCHI /I 3a0€3MeYeHHS] BUCOKUX TapuQiB
JUISL CTapTEepHUX Oatapeil M MBUAKUX 3apsiiB, TOJI K OaTapei IMOOKOro IUKITY,
[0 BUKOPUCTOBYIOTHCA JUISI CIEKTPUYHUX TPAHCTIOPTHUX 3aco0iB, TaKUX SK
HaBaHTaXyBaul a00 BO3U HJisi rojibPy, a TaKOX JONOMIKHI Oarapei OyJuHKY B
RV, BumarawTe pi3HOi OaraTocTtymiHdacToi 3apsjaku. JKoJHa CBUHIIEBO-KHUCIIOTHA
Oatapess He NOBHMHHA po3psmkaTucs Hkde 50% CBO€I €éMHOCTI, OCKIJIbKH BOHA
CKOPOUYY€ TEPMIH CIIY»KOHU aKymyJisTopa. 3auTi 6aTapei BUMaratoTh NepeBIPKU PiBHSA
SJIEKTPOJITY Ta TMEPIOJUYHOI 3aMiHU BOJM, KA BIAXOJWTH IMiJl 9aC HOPMAIBHOTO

LUKITY 3apSIKU.
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Tpaaguiiiino, OUIBIIICTh  EJIEKTPUYHUX aBTOMOOLIIB  BHUKOPHUCTOBYBAJIU
CBUHIICBO-KUCIIOTHI aKyMYJISITOPU 3aBISKH IiXHIA 3pUNM  TEXHOJOTii, BHUCOKIM
JOCTYMHOCTI Ta HU3bKii BapTOCTI (BUHSITOK: JI€AK1 paHHI €JIEKTPOMOOLIi, HAPUKIIAJ,
Detroit Electric, BUKOpPHCTOBYBalu HIKEIb-3QJII3HUM aKyMyJISITOp). BIUIMB Ha
HABKOJIMILIHE CEPEOBHINE 4Yepe3 iX OYyIIBHUIITBO, BUKOPHUCTAHHS, yTHII3aIlil0 abo
nepepoOky. Ha BepminHi, craBku aBToMoOuIs Oatapei mepepoOku BeprmHa 95% vy
Cnonyuenux IllTatax. barapei cBuHIeBuX OaTapeil riambOKOro HUKIY € JOPOTUMHU 1
MalOTh OUIBII KOPOTKUH TEpMiH CIy:KOM, HDK caM aBTOMOOUIb, SIK IPaBHIIO,
MOTPEOYIOTh 3aMiHU KOXKHI 3 POKH.

CBUHIIEBO-KMCIIOTHI Oatapei B MpHiIajiax 3 €JIEKTPONPUBOIAOM 3aKIHUYIOThCS
3Ha4HUM (25-50%) YacTHOIO KiHIIEBOI Macu aBTOMOOUISA. Sk 1 Bci OaTtapei, BOHU
MaloTh 3HAYHO MEHIIIY MUTOMY €HEpriio, HDK HadTOBI MalKBa - y IbOMY BUIAAKY
30-40 Bt / xr. EV, HaBiTh Kpari Oatapei MaroTh TCHACHIIIO BECTH JO BHUIIHUX Mac
KOJIM 3aCTOCOBYIOTHCA JI0 CYJIEH 3 HOpMajbHUM Jiana3oHoM. EdextuBHicTh (70—
75%) 1 TOTYXHICTh 30epiraHHs IOTOYHOI'O TIOKOJIHHSA 3BHYAHHUX CBUHIICBO-
KHCIIOTHUX aKyMYJSTOPHUX Oaraped TIJIMOOKOTr0 IUKIY 3HUXKYETbCS IMPU OLIbII
HU3BKUX TeMIepaTypax, a BIAXWISAOYa MOTYXHICTh JUIsi poOOTH HarpiBajabHOI
KOTYIIKH 3HWXKYE edeKTUBHICTh 1 nocsarae a0 40%. JlocsirHeHHS B €(EKTHUBHOCTI
OaTapei, MOTyKHOCTi, MaTepiaiiB, O€3MeKH, TOKCUYHOCTI Ta JOBMOBIYHOCTI, IIBU/IIIIE
3a BCE, JI03BOJIATH IIUM UYJOBUM XapaKTEPUCTHUKAM 3aCTOCOBYBATHUCS B aBTOMOOLIISNX
po3mipom EV.

3apsnka Ta eKcIuTyarailis 6atapei 3a3Buyail MPU3BOAMUTH O BUKHUAY BOJHIO,
KHCHIO Ta CIpKH, SKI € TPUPOJHMMH 1 3a3BHYail HEMIKIIJIUBHMH, SKIIO BOHH
MPaBUWJIBHO BEHTUJILOBaHI. PaHile BIaCHUKU €JIeKTPOMOO1Iel BUSBUIIH, 110, SIKIIO HE
MPOBITPIOETHCS HATIC)KHUM YMHOM, HETIPUEMHI 3aMaXy CIPKH MPOCOUYIOTHCS B KaOIHY

BiJIpa3y MICIs 3apsaKu.

1.2 Hukeab-MeTanariapuaHi 6arapei

Hikenp-metanrigpuani  Oatapei Temep BBaXKAIOTHCA BIAHOCHO — 3PLIOKO

TexHoJIoTi€r0. Xoua BoHM MeHII edekTuBH1 (60-70%) mpu 3apsaui Ta po3psl, HIXK



HaBITh CBHMHIIEBO-KHCJIOTHI, BOHM MawTh nutomy eHeprito 30-80 Bt / xr, mo
HabaraTto BWINE, HIX CBUHIEBO-KUCIOTHUX. [IpW TpaBWIbHOMY BHKOPHCTaHHI,
HiKeJb-MeTaJIeBl TiapuaHi 0aTapei MOXYTh MAaTU BUKJIIOYHO JIOBI€ JKUTTSA, AK OyJ0
IIPOJACMOHCTPOBAHO B iX BUKOPHCTaHHI B T1OpHAHUX aBTOMOOUIIX 1 Bk NiMH
RAV4 EV, sxi Bce me npaioroth goope micist 100 000 mums (160 000 kM) 1 Oibiie
JIECSITH POKIB cy>k0u. Hemoniku BKIIIOYAIOTh MOTaHy €(peKTUBHICTh, BUCOKUI PIBEHb
CaMOPO3PSZIKHA, TyKe TEePEKOHIMBI IMKIA 3apsjay 1 HHU3bKY MTPOAYKTHBHICTH B

XOJIO/IHY TIOTOAY.

GM Ovonic BupoOasie NiIMH 06artapero, 110 BUKOPUCTOBYETHCS B JIPYTrOMY
nokoJninHi EV-1, 1 Cobasys poouts Maitxke 11ieHTHuHy Oarapero (aecsats 1,2 V 85 Ah
NiMH xuitvHM B cepii Ha BIAMIHY BiJl OJIMHAIIATH KITUH 1151 6aTapei Ovonic). Lle
nyxe noope mpamtoBano B EV-1. [larenTHe 0OTSDKEHHST OOMEXKWIIO BUKOPUCTAHHS

ux OaTapeil B OCTaHHI POKH.

1.3 AKYMYJISITOP HATPIiIO

AkymyssiTop  Hatpiro abo  "3eOpa"  BUKOPHUCTOBYE  PO3ILIABIICHUIA
xynopamominat Hatpito (NaAlCl4) B saxocti enektpomity. Ll Ximis Takox 1HOAI
Ha3WBalOTh 'rapsuoro cuumo". BigHocHO 3pinma TexHosoris, OaTtapes Zebra wmae
nutomy eneprito 120Wh / kg 1 po3ymuuii psgauii omip. OCKIIBKH aKyMyJISATOP
MOBUHEH OyTH MiAITPITUN JIJIT BUKOPUCTAHHS, XOJIOJHA MOTO/a HE BIJIUBAE CHUIBHO
Ha #oro poOOTy, 3a BUHATKOM 30UIbIIEHHS BUTpAaT Ha omnajeHHsA. Bonu Oymnu
BUKOPHUCTaHI B JICKIIBKOX €JIEKTpOMOOUIAX. 3e0pu MOXKYTh TPUBATH KiJIbKa THUCSY
UKTIB 3apsaay 1 € HetokcuuHuMu. Hemosiku Oatapei Zebra BKIIOYAOTh MOTaHy
noTyxkHIicTh (<300 BT / k) 1 HEOOXI1IHICTh HArPiBaHHS €JEKTPOJITY 0 TEMIIEpaTypu
omuspko 270 °© C (520 ° F), sika BUTpayae NesSKYy KUIBKICTb €HEprii 1 CTBOPIOE
TPYJIHOII Yy JOBrOTpUBAjIOMY TepMiH 30epiranfs 3apsgay. Takox Oartapei Zebra,
MalTh MaJly KUIBKICTh IMKJIIB OXOJIOJDKEHHS Ta HArpiBaHHs, OJU3bKO JBAJLSTH
IIUKJIIB, MICIISE YOTO OaTapesi BTpayae €MHICTb.

barapei Zebra Oynu BUKOpPHUCTaHI B JCKIIBKOX KOMEPIIMHMX TPaHCHOPTHUX
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3aco0ax Modec, Ta BBiiIUM y BUpoOHUIITBO B 2006 poii.

1.4 JliTiit-ionHi 6aTapei

JliTiti-ioHi (Tta momiOHI miTid-TIoNiMepHi) Oarapei, MUPOKO BIimOMi IS
BUKODHCTaHHA B TMOPTAaTUBHUX KOMITIOTEpax Ta TMOOYTOBIM  €JIEKTPOHIlli,
MepeBaKaroTh y HaWCydacHINM Tpymi eJIeKTPOCTaHII B Ipoleci Po3pOoOKH.
Tpamuiiitna miTiif-ioHHa XiMisl BKJIIOYA€ KaTOJA OKCHAY JITiI0 KOOANbTy 1 rpadiToBHid
anon. lle mae xmiTuHU 3 Bpakarouoro crnenudiynor eHepriero 200+ Wh / kg 1
BHCOKOIO TTUTOMOIO MOTYXHICTIO 3 epeKTUBHICTIO 3apsny / po3psay Bix 80 1o 90%.
HenonikoM TpaauiiiHuUX JITiM-IOHHUX OaTapedl € KOPOTKUW IUKJI KUTTS (COTHI J0
KUIBKOX THCSY LMKIIB 3apsiy) 1 3HAYHE MOTIPIIEHHA 3 BiKOM. Marepian kartona
TAaKOXK JEI0 TOKCHUYHMHA. TpaauiiiiHi JITIA-10HHI OaTapei CTBOPIOIOTh PHU3HK
MOKEKHOI O€3MeKU P MPOKOJl ad0 HempaBWIbHOMY 3apsil. L{i paHH1 KIITUHU HE
OpUMMaOTh 1 HE MOJAIOTh 3apsij MpPU HAA3BUYANHO XOJIOAHOMY, 1 TOMY B JESIKUX
KJIIMAaTUYHUX YMOBAax JUisl OOIrpIBY MOXYTh 3HAaJOOMTHUCS HarpiBaul. 3puUlCTh L€l
TexHoJorii € momipHow. Tesla Roadster (2008) BukopucToBY€E Tpynu TpaaMIiHUX
TTIA-IO0HHUX aKyMyJSITOpiB B Koprmyci 18650, mo mupoKo BUKOPUCTOBYIOTHCS B
aKyMyJIsITOpax Jjisi HOyTOYKiB, SIKi MOXKYTb OyTH 3aMiHEH1 1HIUBIIyalbHO, KOJHU L€

HEOOX11HO.
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Pucynok 2.1. Jlitiii-ionauii akymyJsisitop Panasonic NCR18650B emnicTio 3,4

A*rog

OcTaHH1 €J1eKTPOCTaHIlli BUKOPUCTOBYIOTh HOB1 BapiaHTH JITIA-10HHOI XiMii,
K1 KEPTBYIOTh CHEIM(BIYHOIO EHEPTIEI0 Ta MUTOMOIO MOTY>KHICTIO /17151 3a0€3MeUCHHS
BOTHECTIMKOCTI, €KOJIOTIYHOCTI, MBUJKOI 3apsiiKU (TaK camMo IIBUJKO, SIK 3a KIJIbKa
XBUJMH) 1 JOBIIMX TepMiHIB ciyxOu. Ilokazano, mo 11 Bapiantu (docdatw,
TUTAHATH, IIMIHE TOII0) MarTh HabaraTto OUIbII TpPHUBAIUN TEPMIH CIYyKOH,
npudyoMy TN Al23 BUKOPHUCTOBYIOTH (pocdar 3amiza JiTir0 TPUBATICTIO HE MEHILE
10+ pokiB 1 7000+ mukimiB 3apsgy / po3psaay, 1 LG Chem ixui nmitiii-mapraHiiesi
HIMiHeNbH1 0arapei TpuBaTUMYTh 10 40 POKIB.

Benuka po6oTa mpoBOAUTHCS HA JITIM-IOHHUX OaTapesix B Jabopatopii. Oxcun
BaHAJII0 JITII0 Bke MpoOuBcs B mporotun G4e Subaru, mio 3017bIIy€ MUIBHICTD
eHeprii [muTyBaHHs]. KpeMHi€BI HaHONPOBOJHUKHM, HAHOYACTUHKH KpPEMHIIO, 1
HAHOYACTUHKHU 0JIOBa OOIISIOTH B aHOJI B KUIbKA pasiB OUIBINY MIUIBHICTH €HEPrii,
TOAl SIK KOMIIO3UT 1 HaJArpaTka KaToAy TaKoXX OOIIfI0Th 3HA4YHI MOJIMIICHHS

MIJIBHOCTI.

1.5 BapTicTh TAr0OBHX aKyMYJIATOPHHUX 0aTapei eJIeKTPoMoOiiei

[IpoToTunu miTiii-ioHHO-TIOIMepHO1 Oatapei Ha 50 Bt / roa. Hogi nitiii- i0HHI
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€JIEMEHTH MOXYTh 3abesneuyBaTd a0 265 BT / Kr 1 TpUBaTUMyTh Yepe3 TUCSUI
IUKITIB 3aps/IKH.

Y 2010 poui Bueni 3 TexuiyHoro yniBepcurery Jauii 3ammatunu 10 000
noJiapiB 3a ceptudikoBanuii akymymstop EV 3 noryxHnictio 25 kBt-roa (to6To 400
J0JIapiB 3a KIJOBAT-TOAWHY), O€3 KOMHWUX 3HIKOK abo HambaBok. [[Ba 3 15
BUPOOHUKIB aKyMYJSATOPIB MOXYTh HaJaTH HEOOXIAHY TEXHIYHY JOKYMEHTAIlll0
1010 SIKOCTI Ta MOXKekHOoi Oe3neku. Y 2010 porri Oyio mijipaxoBaHo, 110 MAKCUMYM
10 pokiB mpoiiae 10 Toro, sk IiHa 6arapei 3HU3UTHCS 10 1/3.

3rinno 3 pocmikenHsMm 2010 poky, HarioHanbHOIO MOCIHITHULIBKOIO Pajiolo,
BapTICTh JITIH-I0HHOTO akyMmyJisiTopa ckiana 6mau3bpko 1700 nonapis CIIA / kBt- roa
KOpPUCHOI eHeprii, 1 BpaxoBytouu, mo PHEV-10 Bumarae Omuspko 2,0 kBt-rox 1
PHEV-40 6iu3bko 8 xBT-rog , BapTicTh BUpOOHMKA aKyMyJISITOPHOI Oarapei s
PHEV-10 cranoButh Oym3bko $ 3000, i Bona nmocsrae 14 000 monapiB CIHIA ms
PHEV-40. MIT Technology Review oOwmiHMB BapTiCTh  aBTOMOOUIbHUX
aKyMyJISITOpHUX Oartapeil y posmipi Big 225 mo 500 nmomapis CIIIA 3a kinosar-
roguny 1o 2020 poky. [ocmimkeHHs, npoBeaeHe AMEpPUKaHCBKOIO Pajoi 3
eHeproedekTUBHOI ekoHOMikH 3a 2013 pik, MNOBIAOMUIIO, IO BHUTPATH Ha
akymysstopu 3um3wincsa 3 1 300 gonapi CIIA 3a kBrt-rox y 2007 poui go 500
nonapie CIHA 3a kBr-rog y 2012 pomi. MinicrepctBo eHepretuku CIIA
BCTAHOBHWJIO IUTKOBI TOKa3HUKHU it gociimkenb CIIIA 300 gomapiB 3a kBt / rox y
2015 poui ta 125 nonapis CIIA 3a kBt-rog no 2022 poky. CKOpodyeHHsI BUTpAT 3a
paxyHOK JOCATHEHb B TEXHOJOTIi aKyMyJATOpiB 1 OILIbII BHCOKHX OOCSTIB
BUPOOHMIITBA TO3BOJUTH CIEKTPUYHUM aBTOMOOUISAM, IO MIAKIIOYAIOTHCS, OyTH
OUIbII KOHKYPEHTOCHIPOMOXHUMHU 31 3BHYAHUMM TPAHCIOPTHUMH 3acobamu 3
JBUTYHAMH BHYTPIITHKOTO 3ropsiHHSA. Y 2016 portii B ¢BITI Oy710 BUPOOHUIITBO JIITii -
10HHOT oTy>kHOCTI 41,57 I'B1-roa.

dakTU4HI BUTPATU HA KIITHHU MIAJAIOTHCS BEJIUKUM OOTOBOPEHHSIM 1
CHEKYJIAIISAM, OCKITBKA OLTBIIICT, BUPOOHUKIB EV BiIMOBISIOTHCS OOrOBOPIOBATH
o Temy B aeransx. OaHak y »koBTHI 2015 poky BupoOHuK aBToMOOLIiB GM Ha
CBOI# 10p1uHiN r106anpHIN 6i3Hec-KOH(pEepeHIlii TOB1IOMUB, IO OYIKY€THCS 1iHA Ha

145 nomapiB 3a KiJIOBAaT-TOAWHY JJIS JITIH-IOHHUX €JIEMEHTIB, 1110 BXOaaTh 70 2016
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POKY, IIO € 3HAYHO HIKYMM, HDK OIIIHKM 1HIIMX aHamTHKIB. GM Takox OdYiKye
BapTicth $ 100 3a kBT 10 kinms 2021 poky.

3riIHO 3 MOCHTIKEHHSM, OIyOJiKoBaHUM y JoToMy 2016 poky KOMMaHi€o
Bloomberg New Energy Finance (BNEF), uinu Ha akymynsaropu 3au3uiucsa Ha 65%
3 2010 poky Ta Ha 35% mumme y 2015 pomi, mocsarmm 350 momapiB 3a kBT-Tog.
JlochimkeHHss poOUTh BUCHOBOK, III0 BUTPATH HAa aKyMYJISITOpHI OaTapei 3HaXOAsIThCs
Ha TpaekTopii, MO0 3pOOWTH eIEeKTPUYHI TPAHCHOPTHI 3acobu 0Oe3 JeprKaBHUX
cyOcuaiii JOCTYyMHHUMH SIK aBTOMOOUII JBUTYHIB BHYTPIIIHBOTO 3TOPaHHS B
outbmocTi kpain 10 2022 poky. gonapis. BNEF ouikye, 1110 BapTIiCTh aKyMyJsiTopa
eJIeKTpUUHOro aBToMoOuIs 0 2030 poky Oyne 3HayHO HIDKUOIO 3a 120 momapiB 3a

kBt / rox.

Tab6amnus 2.1. 3miHa BapTOCTI aKyMyJISTOPOBI 3 POKaMH.

Tun akymyasitopa Pik Bapricts ($/KB1*ron)
Li-lon 2016 130-145

Li-lon 2014 200-300

Li-lon 2012 500-600

Li-lon 2012 400

Li-lon 2012 520-650

Li-lon 2012 752

Li-lon 2012 689
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Li-lon

Li-lon

Nickel Metal Hydride

Nickel Metal Hydride

Nickel Metal Hydride

Lead acid

17
2013 800-1000

2010 750

2004 750

2013 500-550

350

256.68

Ta6auus 2.2. JlocaimkeHHs pecypcy 6atapei B 3aJI€KHOCTI BiJ] THUIT

AKyMyJpiTOpa Ta YAOCKOHAJICHHA TCXHOJIOT 113 POKaMHu.

Tun Pik

AKYMYJIATOPA  MOCJIiIsKeHHS

Li-lon 2016
Li-lon

Li-lon

Li-lon 2002
Li-lon 1997
Nickel Metal

Hydride 2001

MakcumasbHU
npooir
Hukiau eJeKkTpoMoOiyisa B PokiB
MUIJISIX
>4000 1,000,000 >10
100,000 5
60,000 3)
2-4
>1,000
100,000 4
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Nickel Metal
Hydride 1999 >90,000
Nickel Metal
Hydride 200,000
Nickel Metal
Hydride 1999 1000 93,205.7
Nickel Metal
Hydride 1995 <2,000
Nickel Metal
Hydride 2002 2000
Nickel Metal
Hydride 1997 >1,000
Nickel Metal
Hydride 1997 >1,000
300—
Lead acid 1997 500

OTxe, MOKHA 3pOOUTH BUCHOBKH, IO TEXHOJIOT1SI CTBOPEHHS aKyMYJIATOPIB 3
pokamu MokpaiyeTbes. Lle mo3UTHUBHO BIUIMBAE HA pecypc akyMyJIATOpiB, Ta Ha
MO>KJIMBOCTI iX BUKOPUCTAHHS B PI3HUX 00JaCTAX. 3a AOMOMOTOI0 Cy4acHHUX
TEXHOJIOT1H, LlIHa aKyMYJISITOPIB 3HAYHO 3HU3MJIACH 32 OCTaHHI POKH, L]0 TAPHO
MO>KHA MPOCIIIKYBaTH 3a Tabiuuero 2.1.

Uepes BeNMKUN NOMUT Ha CUPOBUHY, 1i pUHKOBA BapTICTh BUPOCIIA, ajie 1€ He

CHJIBHO BIUIMHYJIO, HA KIHIIEBY I[IHY aKyMYJIITOPHUX OaTapeu.



2.  TEXHOJOTI'TYHHUI MPOIIEC JIATHOCTYBAHHSI
AKYMYJSATOPHUX BATAPEM EJTEKTPOMOBLIIB

LleHTpanpHOIO JIAHKOIO €IEKTPOMOOILIIS € aKyMyJIITOpHA OaTapes, sSika He JUIIe
3a0e3reyye €HEproKMBJIEHHsS TANOBOIO JBUIYHA, a I BU3HAYae 3arajlbHUN 3armac
X0y, AMHAMIUHI XapaKTePUCTUKH, OE3MEUHICTh Ta HAAIMHICTh aBTOMOO1IS.

VY 3B’A3Ky 3 IIUM J1arHOCTHKA aKyMYyJSITOPHHX Oarapeil crae mpiOpUTETHUM
HampssMOM Y cdepl TEXHIYHOTO OOCIYrOBYBaHHS e€JICKTpOTpaHCIopTy. SkicHe
J1arHOCTYBaHHSI JI03BOJISIE HA PaHHIX CTAISIX BUSBUTU HECIPABHOCTI, OLIIHUTH CTaH
€JIEMEHTIB, BU3HAUUTU 3AJMIIKOBHI pecypc Oarapei Ta 3miMCHUTH MpoQiIaKTUIHE
TEXHIYHE BTPYYaHHS, III0 3HAYHO 3HIKY€E PU3UKU PANTOBUX 300i1B.

Meroro 1poro pedepary € PpO3KPUTTS 3MICTY TEXHOJOIIYHOTO MpPOLECy
JIarHOCTYBAaHHS aKyMYJIATOpPHOI OaTapei eIeKTpoMoOuIs 3 ypaxXyBaHHSAM CyYaCHUX
M1IX0/1B, IHCTPYMEHTAPII0, CUCTEM O€3MEKHU Ta CTaHIapTiB.

AkymynsitopHa Oartapess — 1€ CKJIaJHA €JIEKTpOXiMiYyHa CHUCTEMa, IO
CKJIQJAETHCS 3 BEJIMKOI KUIBKOCTI OCEPENKiB (€JIEMEHTIB JKUBIIEHHS), 00’ €IHAHUX Y
MoAyJi, skl (OpPMYIOTh TOBHUW €HepreTHYHHil Oyiok. baTtapess BiamoBimae 3a
3a0e3MeYEeHHs] €JIEKTPOCHEPTIEI0 TATOBOTIO EJIEKTPOJBHUIYHA, a TAKOXK JOJATKOBHUX
CUCTEM (KIIMaT-KOHTPOJIb, OCBITIIEHHS, MyJIbTUME/1a TOLIO).

OCHOBHI TUIM CyYaCHUX OaTapen:

. Jliriii-ionni (Li-ion) — HalnommpeHiii, MarOTh BUCOKY CHEPTETHUHY
IIJTHHICTB;

. Jlitiii-3a7i30-gochartni (LiFePO4) — Binpi3HsII0TECS CTAOUTBHICTIO Ta
JIOBrOBIYHICTIO;

. TBepaorinbHi 6aTapel — NepCHEKTUBHI, 1€ HE MACOBO BIPOBAKEHI.

Jlo OCHOBHUX XapaKTEpUCTUK OaTapei HalleKaTh:

. €mHuictb (kBT ron);
. Hanpyra (HoMiHanpHa Ta MAaKCUMAaJIbHA);
. TemneparypHuii pe:kKuM eKCIIyaTalii;

. KinbkicTh HMKIIIB 3apsaay-po3psay;
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. Bara Ta radapurnu,

. Tun cucremu kepyBanus 0arapeerw (BMS).

AxkymynsTopHa OaTapesi Ma€ CHEMialbHI IaTYUKA TEMIIEpaTypu, HaIpyTH,
CTPYMY Ta CHUCTEMH OXOJIO/HKCHHS, K1 3a0e3MeuyroTh ii cTadiibHy podoty. Tomy ii
OOCTEe)XEHHSI BUMarae Crieliajgi3oBaHiuX 3HaHb 1 3aC001B.

MeTta 1iarHoCcTyBaHHs

OCHOBHOIO METOIO JIIarHOCTYBAaHHsI aKyMYJIITOPHUX OaTapeil eneKTpoMooiss €
CBOEYACHE BUSBIICHHS HECIPABHOCTEH, OIlIHKA CTaHy OCEPENKiB, BU3HAYCHHS
3aJIMIIKOBOTO pecypcy Ta 3abe3leyeHHs HaAiHOCTI (yHKIIOHYyBaHHA OaTapei B
yMOBaX €KCIUTyaTalii.

Lle no3Bosie:

. 3ano0IrTH aBapiiiHUM CUTYaIlisIM;

. MOKPAIIUTH €HEProe(PEeKTUBHICTD;

. 3HM3UTH €KCIUTyaTallliiHl BUTpaTH;

. 3a0€3MeYUTH BiAMOBIAHICTE HOPMATHUBAM O€3MEKHU.

3aBIaHHA TIArHOCTHKH

J10 OCHOBHHX 3aBJaHb JI1arHOCTUKHU HAJICKATh:

. Kontpons mnapamerpiB ocepenkiB: Hampyra, BHYTpPIIIHIA omip,
TEeMIepaTypa;

. Ouinka aerpaaauii: 3HUKEHHS €EMHOCTI, BTpaTa ¢()eKTUBHOCTI 3apsy;

. BusiBjieHHSI MOIIKOIKEeHb: MEXaHIYHHX, CICKTPUYHUX YA TCPMIYHUX;

. IIporHo3yBaHHs pecypcy: Ha OCHOBI CTAaTUCTUKH 3apsiI-pO3Pi;

. ITinroroBKka pexkoMeHaalliii mM0710 TeXO0O0CTYTOByBaHHS YH 3aMIHHU.

Buau giarHocTuku

1. OraspoBa (Bi3yajbHa) — mependayae OIIHKY 30BHIIIHBOTO CTaHy
Oatapei.
2. @dyHKIioOHAIbHA (eJIeKTPUYHA) — BKIIOYAE TMEPEBIPKY HAMpyrH,

Oropy, CTpyMy.
3. HuxnaoBa (aMHaAMiYHA) — CHMYJIIOE€ peajbHI YMOBU €KCIUTyartailii
(3apsa/po3psn).

4, TenuioBiziiina — BUsBIIsi€ TIeperpiB ado “rapsyi TOYKU .



5. AmnaJi3 jgorie BMS — 103BoJisi€ BUSIBUTH 1CTOPiI0 poOOTH OaTapei.

6. JucraniniiiHa (TeJieMeTPpHYHA) — 3UUTYBAHHS JaHUX yepe3 Oe3apOTOBi
CHUCTEMHU.

TEXHOJIOTTYHUM MMPOLEC JIATHOCTYBAHHSA

AKYMVJISITOPHOI BATAPEI

Texnomoriunuii  mpoiuec  AIarHOCTYBaHHS  aKyMyJsSTOpHOi  Oatapei
CJIEKTPOMOOUIS € 0araTOCTYNEHEBUM 1 OXOIUIIOE SIK TEPBUHHHUIN 30BHINIHIA OTJIS,
TakK 1 ITMOOKE EIEKTPUYHE TECTyBaHHS 3 BUKOPUCTAHHSIM CYYacHOTO J1arHOCTHYHOTO
obnanHaHHs. Ko)KeH eTanm mae BllacHE 3HA4YEHHsI 1 METY, 1110 J03BOJIsE€ 3a0€3MeUnTH
MOBHE YSIBJICHHS PO TEXHIYHUM CTaH OaTapei.

IlepBuHHa Bi3ya/ibHa NepeBipKa

Lle maitmpocTimui, ane BaxJIMBUHN eTamn. BiH mpoBoauThCA niepen OyIb-sIKUMU

IHIIMMH BTPYYaHHSIMU B cucteMy. OCHOBHUMU 3aBJIaHHSIMH Bi3yaJbHOTO KOHTPOJIIO

€:

. OIJISIT TEPMETUYHOCTI KopIycy Oaraper;

. BUSIBJICHHSI CIHIIB TeperpiBy (HarpiBaHHs, OOBYIJICHHSI, IJIaBJICHHS
13071511111);

. nepeBipka HAsBHOCTI BUTOKY €JEKTPOJITY (3amax, IUIAMH, CIIiJId
KOpo3ii);

. OTJISAT CNCKTPUYHUX 3’ €qHAHb: KJIEM, KOHTAKTiB, IIJICH(IB Ha HAIBHICTD

OKHUCJIEHHS 800 PO3XUTYBaHHS;

. nepeBipka KpimieHb Oarapei Ta BIJICYTHICTh CTOPOHHIX TPEIMETIB Y
BIJICIKY.

Takox Bi3yaJbHO OIIHIOETHCS CTaH EJIEMEHTIB OXOJIOJKYBaJIbHOI CHUCTEMH,
SKILO OaTapest Mae piluHHE a0 MOBITPsiHE 0X0J0KeHH. [lopyiieHHs TennooOMiHy
MO>Ke MPU3BECTH 10 HEPIBHOMIPHOI Jerpajalii eJIeMEeHTIB 1 BTPATH €MHOCTI.

Komm’rorepHna giarnocruka 3a gonomororw OBD-II ado CAN-inTepdeiicy

Ile#i eram BKJIIOYAE MITKIIOUYEHHS 10 CUCTEMHU YIPABIIHHS EIEKTPOMOOiIeM
yepe3 naiarHoctuuHuid mopT (OBD-II a6o CAN). 3untyeThcsi TeXHIYHA 1HPOpMALIis
po:

. 3arajibHUM IpoOIr 1 KUIBKICTh OBHUX ITUKIIIB 3apsiJl/pO3PsI;
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. TeMIepaTypa KOXKHOTO OJIOKY;

. piBEHb HAIIPYTH HA KOXXHOMY OCEPEIIKY;

. HasBHICTh ToMUJIOK (fault codes) y 610kax ynpaBiiHHS;
. noroyHa JoctymnHa eMHicTh (SoC — State of Charge);

. 3aUIIKOBHA pecypc 6atapei (SoH — State of Health).

3a pmomomororo Takumx mporpam sk LeafSpy, Tesla Toolbox a6o
CHellali30BaHUX JUJIEPCHKUX pIllIEHh MOXXHa T1o0yayBath rpadiku 3MiHH
napaMeTpiB y peaibHOMY Yaci.

EnexTpuune TecTyBaHHS

Ile kar04OBHI eTam 1arHOCTUKHU, SKHM J103BOJISIE TOYHO OLIHUTH (PaKTUUHUNA
TEeXHIYHUM cTaH Oarapei.

Tecmyeanns nanpyzu

BumiproeTscsi Hampyra Ha KOXHOMY ocepenky Oartapei. BinxuieHHs Ouibiie
0,05 B mix ocepenkaMu BKa3zye Ha JErpajiaililo MEBHUX €JIEMEHTIB a00 MOPYILICHHS
OaslaHCyBaHHS.

Bumiprosannua enympiuinbo20 onopy

3a OMOMOTOI0 CHEIlialbHOTO O0JIaJiHaHHS (IMIIETaHC-METPIB) BUMIPIOETHCS
BHYTPIIIHIN OMip KOXXHOTO eaeMeHTa. 31 30UTbLIEHHSM ONOPY 3HUKYEThCS 3/1aTHICTD
OaTtapei BUIABaTH CTPyM IIiJi HaBaHTaXEHHsM. lle Takok BKa3ye Ha Jerpajaliro
MatepianiB abo CTapiHHS XIMIYHOTO CKIIATy.

Tecm nio naganmasxceHHAM

CumymtoeTbes poOoTa Oatapei B yMOBaX HaBAaHTAXEHHS — HAIMPUKIAM, MPU
pyci aBTomMOOUIs Bropy abo mig dvac mnpuckopeHHs. OIIHIOEThCS TPOCiIaHHS
HaIpYTH, IMBUAKICTh HArPIBaHHS €JIE€MEHTIB, Yac BIJHOBJICHHS MICJIsi HABAaHTAXKCHHS.

Tecm noenozo uyuxkny (Charge-Discharge Test)

[IpoBouThCS MOBHUM LUK po3psAay OaTapei 10 MEBHOTO PiBHA (HAMPUKIA,
1o 10%) 1 momanwioro 3apsny. BumiproeTbest 00’e€M eHeprii, 0 BIAJAEThCS Ta
MPUIMAETHCS, HA OCHOBI YOTO OOYHUCITIOETHCS (haKTHUHA EMHICTb.

Ile nmo3BoJisE TOPIBHATH 3aJUIIKOBY €MHICTh 13 HOMIHaIbHOIO (SoH).
Hanpuknan, 6atapest na 60 kBT1-roa, sika npu Tecti nokaszana 48 kBt-ron, mae piBeHb

nerpanaarii npuoiuzHo 20%.
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CYYACHE OBJAJHAHHA TA ITPOI'PAMHE 3ABE3INEYEHHS

Jliist 3a0e3nedeHHst IKICHOrO Ta Oe3MEeYHOro 1arHOCTYBaHHS aKyMYJISITOPHUX
Oatapeil eNeKTpOMOOUTIB BHUKOPHUCTOBYETbCA IIUPOKHM CIEKTP 1HCTPYMEHTIB,
NPWIAIIB 1 MPOrPaMHOTO 3a0e3MeueHHsA. YCl BOHM YMOBHO MOAUIAIOTHCS HA TpU
TpyIH: amapaTHi 3aco0u, MPOrpaMHi 3acO0H Ta AOMOMIDKHE 00J1aHAHHS.

AmnapartHi 3aco0u

Mynemumempu ma mecmepu

CyyacHi 1udpoBI MyJIbTUMETPU O3BOJSIOTH 3 BHCOKOK TOYHICTIO
BUMIPIOBATH HAIPYTy, CTPyM, OIip Ta Temreparypy. Hanpuknan, moaeni tuny Fluke
87V abo UNI-T UT61E uvacto 3acToCcOBYIOThCS y podeciiiHiii 11arHOCTHUIII.

Imneoanc-mempu

Ile cnemiamizoBaHi NpWIagud JJIs BUMIPIOBAHHS BHYTPIIIHBOTO OIOPY
eJIeMEHTIB. 30KpeMa, 3acTocoBYIOThCs npuctpoi tuny Hioki BT3554, axi MoXyTh
MpaIlOBATH HABITH 13 MIAKIIOUEHOIO 10 CUCTEMU OaTapeero.

Jlabopamopni cmenou

HapanTaxxyBasibHi CTEHIIU JJIS 3apsii/pO3psiAi-TECTIB JA03BOJSIOTH MPOBOIUTH
[MUKIIYHY  JIarHOCTUKY 3  rpadiyHuM  KOHTpoJieM  mporeciB.  Yacto
BUKOPUCTOBYI0ThCA cTeH I (ipM Arbin, Chroma abo ykpaincbki ananoru ans CTO.

Tennosizopu ma memnepamypHi uiynu

TeroBiziliHe OOCTEKEHHS  JO3BOJSE BUSBUTH  JIOKAJIbHI  TEpPErpiBH,
MOPYUIEHHS B OXOJIO/KEHH1 00 BHYTPIIIHI J1e()EeKTH.

IIporpamui 3aco0m TiarHOCTHUKH

LeafSpy (ona Nissan Leaf)

MoO1IbHHMIT 3aCTOCYHOK, IO J03BOJII€E 3YUTYBATH BCl NapameTpu Oarapei,
BKJIFOYAIOYM HAIPYTy Ha Oocepeqkax, temmneparypy moayiiB, SoH 1 SoC, kiipkicTh
IIBUIKHAX Ta TOBUIBHHUX 3aps/KaHb.

Tesla Toolbox (0nsa Tesla Model S/3/X/Y)

[Ipodeciiinuii mporpamMHul TakeT, JOCTYIIHUW JIUIIE aBTOPU30BAHUM
MaiicteprsMm. Jlo3Bossie anHanmizyBatu Jor-paitinm, OyayBaTu rpadiku aerpamarii

Oarapei, mporpamyBatu OaJaHCYyBaHHS €JIEMEHTIB.
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DiagProg 4 / Autel MaxiSys

VYHiBepcanbHl J1IarHOCTHYHI MPUCTPOi, 110 MIATPUMYIOTH Oarato OpeHIB,
JTO3BOJISIOTH TIpaIfioBaTH 3 enexkrpomMooisimu VW, Renault, Hyundai ta is.

JlonomixkHe 00J1aTHAHHS

. 3acodu inamBinyanbHoro 3axmcry (313): mienekTpuuHi pyKaBHUKH,
B3YTTS, KIUIUMKH.

. [30/110104i iIHCTPYMEHTH: KITFOU1 3 TYMOBUM TOKPUTTSIM.

. Tpancdopmaropu 6e3neuHoi HANPYIW: IS KUBJICHHS OOJIaTHAHHS Y
BHUCOKOBOJIbTHOMY CEpPEOBHILII.

. byoku 0anaHcyBaHHSI: 3aCTOCOBYIOTHCS JIJIi BUPIBHIOBAHHSI HANPYTH
MDK OCepeKaMu TIPH 3aps/ILii.

INPOBJIEMMU TA IEPCIHHEKTUBU JIATHOCTUKHU

IIpobaemu:

. Bucoxka BapTicTh A1arHOCTUYHOTO OOJIaJHAHHS;

. Cx1aiHICTh JOCTYITY 10 OaTapei B IEIKUX MOJEISIX;

. Oo6mexenHs goctyny 1o 13 BupoOHuUKa;

. Pusukun mnpu  poboTi 3 TOMKOMKEHUMH ab0  JerpagoBaHUMH
eJIEeMEHTaMHU.

IHepcnexkTusu:

. 3acTocyBaHHS IMITYYHOTO 1HTEIEKTY JJIsl JIaTHOCTUKH Ta MPOTHO31B;

. [ToBHa iHTerpauiss BMS 3 xMapHUMU cucteMamu;

. CranpapTu3ailis iHTep(deiciB Ta MPOTOKOJIIB TOCTYILY;

. P03BUTOK HENECTPYKTUBHUX METO/IIB TOCIIIKCHHSI.
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3. AHAJII3 I'OTOBUX PILIEHb

3apa3 Ha PUHKY € JeKUTbKa TOTOBHX PINICHb MPWIAMIB JIS iarHOCTHKU
enekTpoMoOumiB. Ilepen TUM sk mepedTH 10 MPOEKTYBaHHS JaHOTO MpUIIafdy,
MOTPiOHO MpoaHaTi3yBaTH, TOTOBI PIICHHS, IO 3apa3 € y BUTbHOMY mpoaaxy Oxpasy
MOKHa CKa3aTH, IO TaK S K CEpBIC €JeKTpOMOOiTiB B VYKpaiHi HE JOCHUTh
NOMYJIIPHUM, TO 1 IPUCTPOIB JUIs X JIarHOCTUKHU He Oarato.

OCHOBHI MapKu €JIeKTPOMOO1IIIB IO € B YKpaiHi:

- Nissan;

- Renault;

- Hyundai;

- Tesla;

- Kia.

Otxe, posriasiHemo, o(imiiHI creniaii30BaHi JIarHOCTUYHI TMPUCTPOI, IO
MOXYTh €001 mpuadatv TiIIbKM OQIliabHI JAWIEPChKI CTaHIli TEXHIYHOTO

00CITyroByBaHHs €JIEKTPOMOOLTIB, Ta HE O(MILIiTHI AJI1 LIUPOKOTO KOJIa KOPUCTYBaUiB.

3.1 Orasia giarnocruunoro mpuctporo Nissan Consult-3 Plus

[lepmmii posrnsanyTuii miarnoctuuHuil npuiaa Nissan Consult-3 Plus, moxe
npaitoBatu 3 enekrpomoOuaMu ¢ipmu Nissan, a came Nissan Leaf ta Nissan e-
NV200. Odimitino npuadaTy 1Meil mpucTpii MOKe TUTBKM aBTOPU30BaHa CTaHIS
TEXHIYHOTO 00cIyroByBaHHs Nissan, MpoTe € aHAJIOT IOT0 MPUCTPOIO BUPOOICHOTO

B Kurai, 1110 MO’KHa KyIUTH B MI>)KHAPOJIHUX 1HTEPHET Mara3uHax.
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Pucycnok 3.1. [liarnoctnunnii mpuctpiit Nissan Consult-3 Plus.

Jns poOOTH 3 IIUM MPUCTPOEM TOTPIOEH KOMI'IOTEpP 31 CHELIATbHUM
nporpaMHux 3abesnedyeHHsM, Ta mopt miakmodeHHss USB 2.0, abo Bume. B
MpPOrpaMHOro 3a0e3MeUeHHs] IS poOOTH 3 MPUCTPOEM MOXKHA O0paTu OJHY 3
OJVHAIIATHA MOB, aje YKpalHChbKOI HEMA€E. 3a JOMOMOIOI0 IIbOTO MPUCTPOID MOKHA
MPOYUTATH, PO3MUQPPYBATU Ta 3pOOUTH CKUJAHHS TOMHUJIOK. A Tak 3poOUTH
HaJAIITyBaHHS PI3HUX OJIOKIB CUCTEMHU aBTOMOOUIA, cepell SIKUX € OJIOK KepyBaHHS
TATOBOIO OaTapeero eaeKTPoMoOLIs. 3 IBOro OJI0Ka MOYKHA 3YUTATH JaHHI:

- emHicth notouna (SOC);

- €MHICTb 3aJIMIIKOBa Big HOMiHaAILHOT (SOH);

- BHYTpIIIHIN Omip eJeMeHTIB O6araper,

- 3arajibHy Harpyry oarapei ;

- Hampyry IEBHOTO eJIeMeHTa barapei;

- TeMmImeparypy Ha KO)KHOMY 3 TPhOX JaTYHKIB TEMIIepaTypu Oarapei;

- CHIy CTpyMYy,

- CTaH KIHIIEBHMX BUMHUKAYiB CHCTEMH OC3MECKH;

- KUIBKICTh MOBUIBLHUX 3aps/iB OaTapet;

- KUIBKICTh IIBUAKUX 3apsiiB Oarapei.

Lle#t mpucTpiii Mae Taki HEJOMIKU:

- Bucoxka punkoBa 11iHa;



- HEMOXJIUBICTh pOOOTH 6€3 KOMIT I0Tepa;

- oOMexeHa NOPTaTUBHICTb;

- BaXKICTh MPUAOAHHS;

OTxe, MOXHa 3pOOMTH BHCHOBOK, IO JiarHOCTUYHUN mpuctpiii Nissan
Consult-3 Plus, moe rapawmii Habip QyHKIIIH, aje TAKOXK Ma€ TIOCHTh Baromi HEJIONIKH,

10 TOTPIOHO BpaxyBaTH, P PO3POOILIl MPOTOTHITY.

3.2 Orasia giarnocTuaHoro npuctpor Renault Clip

Hiarnoctuunuii mpunag Renault Clip, mparroe nume 3 aTomo0imsmMu Renault.

VY kommanii Renault, na Bigminy Big Nissan OiLabIImi MOICTBHUHA P
CJIEKTPOMOO1ITIB, a came:

- Renault Zoe;

- Renault Kangoo

- Renault Twizy;

- Renault Fluence;

- Renault Master.

Renault Clip mpartitoe 3 ycima enektpomoOisiMu Renault, ane Tak sk npuctpii
MPU3HAYEHO BUKOPUCTOBYBATU Ha O(DIIIHUX CTAaHLIi TEXHIYHOTO 00CITyTOBYBAHHS
enekTpoMoOuTiB Renault, y BimbHOMY npoaaxky Renault Clip nemae. Ane € He
odimiaibHI Bepcli npuiiaay, 1Mo MOXKHa KYIIUTH B CIEI1aJII30BaHUX Mara3suHax,

oOJlafHaHHS IS CTAHIINA TEXHIYHOTO 00CIIyrOByBaHHS aBTOMOO1IB.
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RENAULT

Pucynok 3.2. Jliarnoctununwmii npuctpiii Renault Clip.

Jl1st poOOTH 3 MM JIIarHOCTUYHUM MPUIIAIOM TOTPIOHO MaTH KOMI FOTED, 3a
CHeIiaTi30BaHUM MIPOTPaMHUM 3a0€3MEUECHHSIM, 1[0 MUCTIISI HA KOMITAKT IUCKY, 110
H1e B KOMIUIEKTI 710 TPUCTPOr0. [IpucTpiil miaAKII0YaeTHCS 10 €IEKTPOMOOLIS, uepe3
niarHoctuyHui po3'eM OBD-2, a no komm’torepa uepe3 USB mopT.

3a nonomororo Renault Clip, MokHa BUMIpSITH Taki mapamMeTpH TSATOBOT
aKyMyJISITOPHOI OaTapei e1eKTpOMOOLIIA:

- emHicth notouna (SOC);

- €MHICTb 3aJIMIIKOBA BiJ HOMiHanbHOT (SOH);

- 3arajibHy Harpyry oarapei ;

- Hampyry IEeBHOTO eJeMeHTa OaTapei;

- PI3HUIIO MK MAaKCUMAJIBHOIO 1 MIHIMAJIbHOIO HAITPYTOIO €JIEMEHTIB
Oarapei;

- 3arajJbHy TemIepaTypy Oaraperi;

- CHIy CTpyMy,

- CTaH KIHIIEBUX BUMHKA4iB CUCTEMH OE€3MEKH;

- omomeTp Oartapei.



[Tpu piaraocTuii 6atapei Big Renault Zoe, 10 boro CucKy Iie 10al0ThCs
TaKi mapaMmeTpu, siK:

- TeMIeparypa KO>KHOTO 3 IBAHAISITH TEPMOJAATUHKIB;

- MakCcHMallbHa CuJjia CTpyMy 3apsay OaTaper;

- CWiIa CTpyMy Ha KOKHIH 3 TphOX (ha3 mij yac 3apsaKu Oatapei;

- Hampyra Ha KOXKHii 3 TpbOX (a3 IiJ yac 3apsaku OaTapei;

- OIp 3a3eMJICHHS;

- CTaH KJIIMaTUYHOI yCTaHOBKU OaTapei.

[Tpu giarnocTui 6aTtapei Big Renault Fluence, 1o uporo crimcky ime
JOJIAl0ThCS TaKl MapaMeTpH, sK:

- KUIBKICTb IUBUJKHX 3aMiH OaTapei;

- CTaH KIHIIEBUX BUMHKauiB ikcaTopiB O6arapei.

Jnst pobotu 3 Renault Zoe motpiOHo MaTH migKIFOUEHHs 10 cepBepa Renault,
110 JOCTYIIHE TIJIbKA B YMOBax O(II[IHHOI TUIEPCHKO1 CTAHI{lT TEXHIYHOTO
obciyroByBanHs. ToMy, iarHoCTyBaTH Oatapero eaekTpomooins Renault Zoe
HEMO>KJIMBO 33 MEKaMH O(ILIIHOI JUIEPChKOi CTaHIIll TEXHIYHOTO 00CITYyTrOBYBAaHHS.

OTxe, MOKHA 3pOOMTH BHCHOBOK, IO JO JlarHOCTUYHOTO mpuiaja Renault
Clip. ITpunaa mae taki cami Henouiky, sk 1 Nissan Consult-3 Plus, ane g0 uporo, e
MOKHa J10AaTH, HEMOXJIMBICTb BHUKOPHUCTAHHS 3a MeXaMu OQIUIAHOI AUIEPCHKOI

CTaHIll1 TEXHIYHOTO 00CIyTOBYBaHHS JIJIsl poOOTH 3 enekTpoMobiisimMu Renault Zoe.

3.3 Orusa giarnocTuunoro nmpucrporo Launch x431

[lepia BigMiHHICTB, HA Ky 3BepTacll yBary mpu orsiai Launch x431, na
BIJIMiHY BiJ] TIOTIEPEHIX JIBOX MPUCTPOIB, 1€ TE, 1110 BiH JOCUTH KOMIakTHU. [{eit
NPUCTPIN oApa3y MiJl ‘€AHAETHCA 10 A1arHOCTUYHOTO po3'ema OBD-2, a nami s
po0oTH 3 HUM NOTPiOeH cMapThOH ad0 IUIAHILET 3 ONEPALIITHOI0 CUCTEMOLO, 3
MoayJieM. J[iarHOCTUYHHM MPUCTPiH CKIaAaeThes 3 TuiaHIeTa mpaioe Ha OC
Android 7.1, 1iarHOCTUYHOTO afanTepa 1 MPorpaMHOro 3ade3neyeHHs. Y NOpIBHIHHI
3 MOMEPEAHBOIO BEPCIET0, Y TUTAHIIETa 30UTBIIIIIACS TOTYKHICTh Mpoliecopa 1 00'em

onepaTtuBHOI nam'siTi. [Ipuctpiit migkmroyaetses 10 OBD-2 pos'emy aBTOMOO11s
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Oe3nocepeIHb0 a00 Uepe3 MePEeXiTHUKHU 110 BXOASITh B KOMIUIEKT J0 MPUCTPOIO.
[lepenaua naHux 3 aganrtepa Ha IJIAHIIET 31MCHIOETHCS TI0 0€3POTOBOMY
npotokoiry BlueTooth. Taxk stk 1ieid mpucTpiid MOXKe MpamoBaTy 3 6ararbMa MapKaMu
aBTOMOO1JIIB, TO 1 MOXKJIMBICTb JIIArHOCTUKHU BEJIUKOI KIJIBKOCTI €JIEKTPOMOO1ITIB

IIPUCYTHSL.

Pucynok 3.3. [liarnoctrunwuii npuctpiii Launch x431.

3.4 Orasa giarHocTHYHOT0 mpucTporw ELM327

LM327 - ue 3Buuaiinuii mikpokontposep PIC 3 mpommBkoro, po3pobdaeHoi Elm
Electronics. Konu nepmia Bepcis ELM327 napiiinuia B mpoiax, BUSBHIOCS, III0
BUPOOHMK 3a0yB aKTUBYBATH B CBOIX MPUCTPOSX 3aXUCT B KomitoBaHHs. Lle
JTIO3BOJIUJIO BCIM OXOYHMM 3POOUTH KOIIIO MIPOIIUBKHU 3a JOTIOMOTOIO MpOoTrpaMaTopa.
[ITo, B cBOIO Yepry, MPU3BENIO A0 CTBOPEHHS JICIICBUX KJIOHIB HA CITPOIIEHIN
enemeHTHIN 6a3i. Bce ELM327, mo HaaxoasaTe 3 Kurtaro, € KJI0HaMU OpUT1HAIBHOTO
MPOIYKTY 1 MAOTh PI3HUN CTYMIHB IPOTPAMHOI 1 arfapaTHOI CYMICHOCTI 3
opuriHanbHUM ELM327. Tak sk TiIbKY TIepIa Bepcisi MPOIIMBKYA BUSBUIIACS
JOCTYIIHA JUIsl KOMIIOBAHHS, KJIOHU 3 OB HOBUMH MPOIIMBKAMHU € a1l Talll€l0

CTapoi MPOIIUBKH 1 CIPOOOIO BIATBOPUTH (PYHKIIIOHATBHICTh HOBIIIIMX OPUTTHATIBHUX
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MPOIIMBOK. SIK HACIIIOK, KIJIBKICTh TOMUJIOK 1 TTpo0JieM (Ipo0JIeMH MOXYTh
BUHUKHYTH SIK 3 TIPOIIMBKOIO TIPUCTPOIO, TaK i 3 CAMUM MPUCTPOEM) B TAKUX KIOHAX

BUIIIE, @ PIBEHb CYMICHOCTI 3 OPHUT1HAJIOM - HIXKYE.

Pucynok 3.4. Jliarnoctuunnii npuctpiit ELM327.

ELM327 pedepye nNpoTOKOJI HHU3BKOTO PIBHA 1 MPEACTaBIsiE TPOCTUN
1HTEepdeiic, skuil MoxkHa BUkiMkaTu yepe3 UART, 3a3Buyail 3a 101OMOro py4Horo
JI1arHOCTUYHOTO 3ac00y 200 KOMIT'FOTEpHOI ImporpamMu, makiaodeHoi uepe3 USB, RS-
232, Bluetooth a6o Wi-Fi. IcHye Benmka KUIBKICTh JOCTYIHUX MpoOrpaM, sKi
miaKirogaroTees 1o ELM327.

3a nmomomoror mporpamHoro 3abesnedeHHss CanZE nns mpuctpoiB 3
onepauiiHoro cuctemoro Android a6o 10S, MoXkHa OTpUMAaTH NapaMmeTpu TITOBOI
akyMyJsiTopHOi Oartapei enekTpomoOuniB Renault. Ha pucynky 2.2 300paxkeHo
iHTepdetic nporpamu CanZE, a came Mara Hampyryd Ha KO)KHOMY €JIEMEHTI TSTOBOT

Oatapei.
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Battery Voltage heatmap

4111 4109 4111 4109 4,109 4,109 4,109 4,107
4106 4,108 4,107 4,107 4,106 4,108 4,106 4,108
4109 4,108 4,107 . 4107 4,108 4109 4,109
4109 4,107 4,107 4,106 4,108 4,109 4,106 4,107
4,109 4,108 4,109 4,108 4,109 4,108 4,109 4,108
4,106 4,107 4,106 4,106 4,107 4,108 4,107 4,107
4111 4108 4,107 4109 4,107 4,109 4,107 4,108
4,108 4111 4109 4,109 4,108 4,109 4,109 4,111
4,106 4105 4,105 4106 4,106 4,105 4,105 4,106
4,107 4112 4,106 4,107 4,108 4,109 4,109 4,109
4111 4109 4111 4111 4112 4,109 4111 4111

4112 4111 4111 4111 4111 4111 4111 4111

Debug 7bb.6142.544:4.111

Pucynok 3.5. 300pakeHHs Maly HanpyT eJIEMEHTIB TAroBo1 6arapei Renault

Zoe B MoO1TbHOMY f01aTKy CanZE.

Jliis Bukopuctanus ELM327 3 enekrpomo6issMu Nissan, HeoOxigHe

nporpamue 3abe3neuenns Leaf Spy.
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Pucynok 3.6. 300paskeHHs MaIi HaIIpyT eJIeMEeHTIB TaroBoi Oatapei Nissan B

MoO1IEHOMY H01aTKy Leaf Spy.

[{s mporpama BuITyCKaeTbcs B IBOX Bepcisix — Lite Ta Pro. [lepmia, HagaeTscs
KOpHCTyBauy O€3KOIITOBHO, Ta Ma€ oOMexkeHuH Ha0lp ¢yHKIii. J[pyry Bepcito
HEOOX1JTHO KYIyBaTH, ajie KOPUCTyBauy Ha/laeThcs OlbIa KUIbKICTh PyHKIIH. B Pro

BepcCli MOKJIMBO BUMIPIOBATH NapaMETPH €IEKTPOMOOLIIS:

emHicTh motouHa (SOC);

- €MHICTb 3aJIMIIKOBa Big HOMiHaILHOT (SOH);

- KOJH MOMWIOK;

- 3arajbHy Hampyry OaTapei ;

- Hampyry IEBHOTO eJIeMeHTa Oarapei;

- PI3HUIIO MK MAaKCUMAJILHOIO 1 MIHIMAJIbHOIO HAITPYTOXO €JIEMEHTIB
Oarapei;

- 3arajibHy TeMmIieparypy oarapef,

- CHIy CTpyMYy;

- MaKCHMAaJIbHUH CTPYM III0 MOKE HAJaTH 3apsaHa CTaHIIis;

- Hampyry HU3bKOBOJIbTHOI OOPTOBOI MEPEXKI.

Oxkpim 11poro, ELM327 Moke oTpuMyBaTH KOJM MOMHJIOK CUCTEMH, Ta
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CTUpaTH HE aKTUBHI MOMMJIKY. /{7151 poOOTH 3 €JIEKTPOMOOUISIMH THIITUX BUPOOHUKIB,
NMOTpiOHE 1HIIIE MporpamMHe 3a0e3IeUeHHsl, ajlie, He I BC1X MapOK BOHO €.

[TpoananizyBaBIIM YOTHPHU MPUCTPOTL AT JIAaTHOCTUKHU TATOBOI aKyMYJISITOPHO1
OaTtapei eleKTpoMOOUIs, MOKHA MIABECTH MIACYMKH, Ta BUKOPHUCTATH OCHOBHI
nepeBaru KOXKHOTO 3 OTJITHYTHX MPUCTPOIB, MPU MPOEKTYBAaHHI JAHOTO MPHUCTPOIO,
TaKUM €:

- HEBEJMKHUHU pOo3MIp;

- aBTOHOMHICTE;

- BIJICYTHICTb JIOJJaTKOBOT'O OOJIaHAHHS JIJIs1 pOOOTH 3 IIPUCTPOEM;

- MOXJIMBICTb pOo0OOTH 3 OaTapeero, 3a BIZICYTHOCTI €IEKTPOMOOLIS.

- 3pyuHuUH 1HTEpPeiic KOpUCTyBaya.



4. BUBIP TA OBI'PYHTYBAHHSA PO3POBKH

4.1 Po3po0xa npuHIIMIIOBOI cCXeMH NPUCTPOIO

VY xoai po3poOku mpucTporo 0ysno odpaHo MikKpokoHTpoJsiep Atmega328. Ile
OCHOBHHI BY30J1, 110 00po0ssie indopmartito Big moayiss CAN-Bus ta BimoOpaxkae
mo iHpopMmamiro Ha OLED mucmnei. OcoOauBICTH JaHOTO MIKPOKOHTpOJEpa
3pYy4HICTh IPOrpaMyBaHHS, TaK K € MOXKJIMBICTh BCTAaHOBJICHHs OyTioaepa Arduino,
110 J03BOJIsIC MPOrpamMyBaT MIKpOKOHTpoJiep y nmporpami Arduino IDE.

Arduino - ToproBa Mapka amapaTHO-TIPOTPaMHHX 3aco0iB i1 MOOYI0BH
IPOCTUX CUCTEMHUX aBTOMATUK 1 pOOOTOTEXHUKHU, OPIEHTOBaHA HA HEMPOPECCOPHUX
KOPHUCTYBayiB.

[IporpaMHa 4YacTWHA CKJIala€ThCs 3 OE3KOIITOBHOI MPOTPAMHOI OOOJIOHKHU
(IDE) nns HanucaHHd mporpaM, iX KOMIUIAIII Ta MpPOrpaMyBaHHS armaparyp.
AnmapaTHa yacTuHa sBisie co0or Halip (OKyCIB aisi OPYKY, SIKI MPOJAIOTHCS SIK
odimiiHuNA BUPOOHHK, TaK 1 CTOPOHHI BUpOOHUKU. HalO1bI BIIKpUTA apXiTEKTypHA
CUCTEMa JI03BOJISIE BUIBHO KOMiIOBaTH a00 JOMOBHIOBATH JIIHIMHY MPOAYKIIIO
Arduino.

Arduino MoOXe BHUKOPHUCTOBYBATH fK Uil CTBOPEHHS aBTOHOMHHUX OO'€KTIB
aBTOMATUKH, TaK 1 MIAKIIOYUTH 0 NPOrpaMHOro 3a0e3nedyeHHs Ha KOMI'HoTepax
yepe3 CTaHJIapTHI MPOBOJHI 1 Oe3MpoBiAHI iHTepdeiicu. AmapaTHa 0O0YHCIIOBaIbHA
wiatopma Il aMaTOpChbKOTO KOHCTPYIOBAHHS, OCHOBHUMH KOMIIOHEHTaMH SIKOT €
mjaTa MIKpOKOHTpoJIepa 3 eJIEMEHTaMH BBOJY/BHBOJY Ta CEPEIOBHIINEC PO3POOKH
Processing/Wiring Ha MOBI mNporpamMyBaHHS, IO € CIPOIICHOIO MiMHOXHHOIO
MOBH TporpamyBaHHsi C++. Arduino Moke BUKOPHCTOBYBATHCS SK JIJIsl CTBOPEHHS
ABTOHOMHHMX 1HTEPAKTHBHUX OO0'€KTIB, TaK 1 MIAKIIOYATUCS JO TPOrPAMHOTO
3a0e3MeUeHHsl, sIKe BUKOHYEThCS Ha KoMm'toTepi (Hampukian: Processing, Adobe
Flash, Max/MSP, Pure Data, SuperCollider). Inpopmanis npo twiaty  (pUCYyHOK
IpykoBaHOi  Tutath,  cruerudikamii  eIeMeHTIB, MporpaMHe 3a0e3MeueHHs)
3HAXOAATHCS Y BIAKPUTOMY JOCTYI 1 MOXKYTh OyTH BHUKOPHUCTaHI TUMH, XTO BOJII€E
CTBOPIOBATHU IUIATU BIACHOPYY

[Tnara Arduino ckmamaeTbcsi 3 MikpokoHTpojepa Atmel AVR, a Ttakox
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https://uk.wikipedia.org/wiki/Atmel
https://uk.wikipedia.org/wiki/AVR

€JIEMEHTIB OOB’S3KM JUIsl MPOrpaMyBaHHS Ta 1HTErpallii 3 IHIIUMH NpucTposiMu. Ha
OarathbOX TIIIATaX HASBHMM JHIMHUN cTabumizaTop Hampyru +5B a6o +3,3B.
TakTyBaHHS 3MIHCHIOETHCS HA 9acToTi 16 abo 8§ MI'1y kBapIoBuM pe3oHaTopoM. Y
MIKPOKOHTpOJIEp 3anucaHui  3aBaHTaxyBau (bootloader), ToMy 30BHIIIHII
porpaMaTop He MoTpiOeH.

[Tnatu Arduino A03BOJSIOTE BUKOPHCTOBYBAaTH 3HAYHY KIJIBKICTH BHBOJIIB
MIKPOKOHTpOJIepa sIK BX1AHI/BUX1HI KOHTAaKTH y 30BHIIIHIX cxeMax. Hampukian, y
wiati Decimila goctymno 14 1udpoBux BXOMIB/BHXOMAIB, 6 13 SIKUX MOXYTb
renepyBatu IIIIM curnan, i 6 aHamoroBux BxomiB. Lli curHamm mocTymHI Ha TUIaTi
yepe3 KOHTaKTHI IUIOMAAKKA a00 IMTHPOBI po3'eMu. Takoxk iCHye Oarato pi3HHX
30BHIIIHIX TIUIAT PO3MIMPEHHS, SAKI Ha3uBaroThes «shields» («muTm»), skl
MPUENHYIOTHCS J10 Tu1aTh Arduino dyepes MTUPOBI PO3'€EMHU.

CepenoBuiiie po3podku Arduino ne OaratoriaTtdhopMoBUN 10AaTOK Ha Java,
10 BKJIIOYA€E B ce0€ peJakTop KOy, KOMIIUIATOP 1 MOAYJb Mepenayl NpOIIUBKHA B
wiaty. CepenoBuilie po3poOKH 3aCHOBaHE Ha MOB1 mporpamyBaHHs Processing Ta
CIPOEKTOBaHE /I MPOTpaMyBaHHS HOBAaYKaMU, HE 3HAHOMHUMH OIM3BKO 3
PO3pOOKOI0 MpOorpamMHOTo 3abe3neueHHs. MoBa MporpamMyBaHHS aHaJIOTIdYHAa MOBI
Wiring. 3araniom, ue C++, pomoBHeHuil geskumu Oi0miotexkamu. IIporpamu
OOpOOJISIIOTECST 32 JIONIOMOIOK  TIpemnpoiiecopa, a TMOTIM KOMIIUIIOIOTHCS 34
nonomororo AVR-GCC.,

[IpucTpiii MOBUHEH MaTH MOKJIMBICTh UBJIEHHS SIK BiJ €J1EKTPOMOOLIS, TaK 1
BiJl BJIACHOTO akymyJjsitopa. Tak s K MIKPOKOHTpOJIEp >KUBUThCA Big +5B, TO
HEOOX1THUHN MOHWKYBAJIBHHN cTabimi3aTop Hanpyru. st 110ro 06pano MiKpocxemy
LM7805. Bona wmae piama3oH BxigHux Hampyr 7/ — 18B. bopTtoBa Mepexa
eJIEKTPOMOO1ISI, Mae fianazon Hanpyr 10,5 — 14,2B.

OTtxe, maHuil JTIHIHHUN cTa0UT13aTOP MIAXOAUTH JIS IIbOTO MPUCTPOIO.
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Pucynok 4.1. IlpunuunoBa cxema npusiamy.

4.2 CAN-Bus inTepdeiic

Controller Area Network, (CAN) (slokaipHa Mepeka KOHTpPOJIEPIB, BiH XKe
CAN-Bus 1 Intepdeiic CAN) — cranmapT, OpuU3HAUYECHUW U1 OpraHizarii
BUCOKOHAJIMHUX Ta HEJOPOTMX KaHATIB 3B'SI3KY y PO3MOJIICHUX CHCTEMax
KepyBaHHSI.

CAN crtBopenuii kommaniero Robert Bosch GmbH B cepenuni 1980-x i
3HAWIIIOB IIMPOKE 3aCTOCYBaHHSA Yy TMPOMHCIOBIA aBTOMaTH3allli, TEXHOJIOTIsIX
PO3YMHOT0 OYJIMHKY, aBTOMOOUIbHIN MMPOMUCIOBOCTI Ta 1HIIUX Tany3sx. HaltuacTime
CAN-iaTep(deiic BUKOPUCTOBYETHCS K 3B'A3HA JIAHKA MK TOJIOBHOIO MAariCTPaiIio
Ta OararbMa JONOMDKHHMMH JATUMKAMH, MeXaHi3MaMH 1 T. [I., HIJKIIOYEHHS IKUX 10
LHEHTPaAJIbHOI MaricTpalii He 3aBXIU JOIIbHE.

CAN € mocnmiJIoBHOIO MIMHOI, IO MIATPUMYE OJHOYACHY poOOTy Oararbox
Beyunx npuctpoiB. Lle o3nauae, mo Bci By3nu CAN-mepexi MaroTh MOKIIMBICTb

nepeaaBaTy 1aHi 1 AeKUIbKa By3/IiB OJHOYACHO MOXYTh JIaBaTH 3alUT HA LINHY.



Ha punky CAN npucyTtHii y ABox Bepcisix: Bepcis 2.0A 3amae 11-6iToBy
imeHTrdikaiiro moBiioMieHb (ToOTO B cuctemi Moke OyTu 2048 y4acHUKIB), BepcCis
2.0B — 29-6itoBy (536 muiH yyacHukiB). Cuig Bim3Hauntd, 1o Bepcis 2.0B, saxy
yacto HasuBaroTh FUIICAN, moctymoBo BuricHse Bepcito 2.0A, sIKy Ha3HUBaIOTh,
takox, BasicCAN.

Muna nanux CAN BUKOPHUCTOBYE BUTY Napy IMPOBIIHUKIB 1 TPaLIOe 3
MaKCHMAJIbHOIO MIBUAKICTIO TpaHcisamii 1 MOit/c na noBxkuni jgo 40 M. I3
30UTBIIICHHSIM BIiJICTaHI 3MEHIIYETHCS MaKCHUMallbHA IIBHUIKICTh TPaHCIAIII (HAMp.
250 k6i1/c mo 250 m).

Poz'emu st mepexi CAN He ctanaaptusoBadi. KoxkeH mpoTOKOJI BHCOKOTO
piBHS 3a3BHYail BU3Ha4ae cBid Tuil po3'eMiB 1jisi CAN-Mepexi.

VY Oynp-skiii peamizamii mepexxa CAN — @di3uuHe cepenoBuile mepenadi
JAHUX IHTEPHPETYEThCA SIK €dlp, B AKOMY KOHTPOJEpPH, MPALIOIOTH SIK IPHIOMO-
nepenaBavi. [lpum 1poMy, po3MouaBIIM TMepenady, KOHTpPOJEpP HE TIepepuBac
MPOCIyXOBYBaHHA e(dipy, 30KpeMa BiH BIACTEXKY€ 1 KOHTPOIIIOE MpoIleC Iepeaadi
noTouyHuX AaHux. lle o3Hawae, mo yci BY3IW MeEpexi OJHOYACHO MPHIMAIOTh
CUTHAJIY, IO MepeAaroThCs Mo MuHI. HeMOoXIuBO mocnaTt MoBIJOMIICHHS SIKOMYCh
KOoHKpeTHOMY BYy31y. IIpore, CAN-KOHTpoJIepM HA/lalOTh amapaTHy MOXKJIUBICTh
¢inpTpariii CAN-10B11OMJIEHB.

CAN wmepexa mpu3HadyeHa NIl KOMYHIKallii Tak 3BaHuX By37iB. KoxeH By301
ckiagaeTbesi 3 NBoX ckimanoBux. Lle BmacHe CAN-KoHTpoisep, SKuM 3a0e3neuye
B3a€EMOJIII0 3 MEPEXKEIO 1 pealnizye MpoToko, 1 mikporporecop (CPU).

CAN-koHTpoJsIepH 3'€THYIOTHCS 3a JOTIOMOTOIO IITMHU, SIKa Ma€ SIK MIHIMYM J1Ba
apotu CAN_H 1 CAN_L, mo skux mepenarThCs CUTHAIXW 3a JOMOMOTOIO
CHeIiaTi30BaHuX MPHUHOMO-TIEpeIaBadiB, KOTPI Ie peai3yloTh JOJATKOBI CEpPBICHI
byHKIIi:

- peryJIIoBaHHS IBUJIKOCTI HAPOCTaHHS BXiJHOTO CHTHAIY MUIIXOM
3MIHOIO CTPYMY Ha BXO/;

- BOyJI0OBaHa cxeMa OOMEXKEHHSI CTPyMy 3axHIIA€ BUXOJU IepeaBadiB
BiJ YIIKO/KeHHs mpu MoxuBux 3amukaHHax JiHiK CAN H 1 CAN_L 3 konamu

KHUBJICHHS, a TAKOX BiI[ KOPOTKOYaCHOI'O HiI[BI/IHleHHH HAIIPpyTW Ha OUX HiHiSIX;
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- BHYTPIIIHIA TETJTOBUM 3aXHUCT.
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Pexxum 3HMIKEHOTO CHCPI'OCIIOKUBAHHA, B SAKOMY HprIMa‘{i IMpOAOBIKYIOTH

MOBIJOMJIATH KOHTPOJIEP MPO CTaH MIWHU IS TOTO, MO0 Tpu BUSIBJICHHI HA IIWHI

iH(OpMaIITHUX CUTHAIIB BiH MIT BUBECTH IIpUiiMayl B HOPMaJIbHUK PEKUM POOOTH.

Tab6uaunus 4.1. Ctpykrypa xaapy B CAN mepexi.

JloBxuHa
Ioue 0iTax)
[TouaTok kaapy (SOF) 1
[nentudikartop 11
3anut Ha  nepepauy 1
(RTR)
bit po3mmpeHHs 1
inentudikaropa (IDE)

3apesepBoBanuii 0iT (r0) |1
JloexxuHa nanux (DLC) 4

[Tone manux 0-8 Oaiir

KontponsHa cyma (CRC) 15

Po3mexyBau KoHTpoJibHOT |1
CyMU
[Tpomixoxk miaTBepKeHHs (1

(ACK)

Po3mexyBau 1

1 ITBEPIPKCHHS

Onuc

CurHamizye mo4yaTok rnepeaavy Kajapy

VYHikanbHUM 11eHTU]IKATOP

[loBrHEH OyTH JOMIHAHTHUM

[loBuHEH OyTH JOMIHAHTHUM

(Busnauae noBxxuHy ineHTU(dIKATOPA)
Peszepn
Jlos:xuHa mosist nanux B Oaiitax (0-8)

[lepenani  nmaHi (mOBXWMHA B TIOJE
DLC)

KonTposnbsHa cyma BChOro Kajpa

[ToBruHEH OYTH peLIeCUBHUM

[lepengaTuuk BiANpaBIsie pELECUBHUM,

pUiiMad BCTABIISIE IOMIHAHTY

[ToBruHEH OYTH peLIeCUBHUM
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Kinenp kaapa (EOF) 7 [ToBrHEH OyTH pPEIIECUBHIM

Buau xampis:

- Kanp nanux (data frame) - mepenae nasi;

- Kagp Bigmanenoro 3amuty (remote frame) - ciuykuThb 1UIs 3amuTy
Ha Tepenady KaJapy JaHHX 3 TUM JKe iIeHTH(IKaTopoMm;

- Kanmp nepeBanraxenns (overload frame) - 3abe3nedye mpomikok
MDK KaJpaMu JaHuX abo 3aIuTy;

- Kagp nomunku (error frame) - nepenaeTbcst By3J0M, SIKAI BUSIBUB B
MepexXi MOMUJIKY.

Kaapu paHux 1 3amuTy BIJOKPEMIIIOIOTBCS  BIJ TONEPEAHIX  KajpiB
MIKKAQIPOBUX MPOMIKKOM.

Hns pobotu MikpokoHTposepa AtMega328 B CAN wmepexi, HeoOXigHa
cnemiainizoBana MikpocxeMa MCP2515. Ile xontponep CAN wmepexi 3 SPI
1HTEeppeiicoM MIIKIIOYEeHHS 10 MIKpoKoHTposiepa. Mikpocxema TJA1050T
HeoOX1Ha, s paBuiIbHOI poboTu mpuctporo B mepexi. [le CAN-Bus tpancusep,
32 JIONMOMOTOK) HBOTO MIKPOKOHTPOJIEp MOXKE NpPUHMATH TAKeTH JaHWX, Ta

BIJINIPABIISITH X B MEPEKY.
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PucyHnoxk 4.2. biiok mpuHIIMIIOBOI CXE€MHU MPHUCTPOIO, 1o mpaioe 3 CAN-

Bus wmepexero.

5.3 baok BBeieHHs Ta BUBeIeHH iHpopManil

Jlns BuBeneHHs iH(poOpMaIliii 3 mpuiaay, 0yso Bupimeno sukopuctata OLED
nuctuien (Puc.1) SSD1306 3 giaronamio 0.96 mroiima.

Oprauniunuii cBitinonion (anmi. Organic light-emitting diode, ckop. OLED) -
HaIIBNPOBIIHUKOBUM MpPHUIIAJ,, BUTOTOBJIEHUH 3 OPraHiYHHUX CIOJYK, €(PEKTUBHO
BUINIPOMIHIOIOYHX CBITJIO MPHU MPOXOKEHHI Yepe3 HUX €JEKTPUYHOTO CTPyMY.

OcnoBue 3actocyBanHs OLED-TexHomOriss 3HaXOIuWTh TPU CTBOPEHHI
MPUCTPOIB BiIOOpAKEHHS 1H(POpPMAIIii.

[le#i mucrneit myxe TapHy SCKpaBiCTh, TOMY iH(OpPMAII0 HA HHOMY TapHO
BUJIHO, 1 B JICHb, 1 B HOYl. A TaKOX JaHUM aucruie mae intepdeiic miakmouenus 12C
0  MIKpOKOHTpoOJepa, WI0 JI03BOJIsi€ HOro WiJ’€IHATH BCbOTO YOTUPMaA

IIPOBITHUKAMH.
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Yellow Blue Color

0.96" OLED TEST

ASCII:) CODE: 42

Pucynoxk 4.1. 306paxxenns OLED nucmiero SSD1306.

s BBeneHHs 1HQoOpMaIlli BUKOPUCTOBYIOTHCS JIBI TaKTOBI KHOIKH. 3a
JOTIOMOT'OF0 HHMX, MOKHA TIEPEMIIIaTUCS 10 MyHKTAaX MEHIO NMPHJIATy, Ta B PYYHOMY
peXUMI BIANPABISITH KOMaHIW 3 TMpUIaAy 10 OJOKa KEpyBaHHS aKyMyJISTOPHOT
Oarapei. Uepe3 Te, 110 KHOMKW HE 1/€alibHI, B HUX MPHUCYTHIA OpS3KIT KOHTAKTIB
BCEPE/IMHI, Yepe3, 110 BOHU MIAKIIOUEHI O MOPTIB MIKPOKOHTpOJEpa 3a CXEMOIO

(Puc 4.2).

vCC

ToMicrocontroller)

i
= - e
n Y
=
- 0.1uF
=
n
N7
GND GND

Pucynok 4.2. Cxema miAKII0UEHHS TAKTOBOI KHOIKHY JI0 MIKPOKOHTpOJIEpA.
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Pesucrop R1 BHKOHyE pOIb CTPYMOOOMEXKYBaJbHY, M 3aXHWIIace TOPT
MIKpOKOHTpOJIEpa BiJl HAAMIPHOTO CIOKHMBAaHHS CTPYMY, IO MOXE IMPHU3BECTH IO
roro Buxoay 3 naxy. Pesuctop Rpl — me miararyrounit pesuctop. 11100, Ha mopTi
MIKPOKOHTpOJIepa NpH HE HaXaTid KHOII, OyB HU3BKUH pPiBEHb CUTHATY, TOOTO

noriuauii Hynb. Konnencatop Cl, 3axuiiae cxemy BiJ Ops3KITY KOHTaKTiB.

4.4 Po3poOka ApyKoBaHOI IJIATH

[1naTa nmpuctporo po3pobiieHa B cepenoBuill Sprin-Layout 6.0, B Hili € 6arato
010110TE€K 3 €JIeMEHTaMH, IO J103BOJISIE JOCUThH LIBUJKO pO3TAllyBaTH JAETajl Ha
pobouomy momi. Ilicist 1bOro, KOHTAaKTH JeTajned 3’€AHYIOThCS MDK CO00I0
3B’SI3KaMHM, 3a NPHUHLUIIOBOIO cxemoro. Komu Bci eneMeHTH 3’€1HaHI 3B’ s3KaMu,
MO’KHA MOYaTH MPOKIJIAJaTH JOPOTH, 3B’ 13K JOMOMAraloTh Kpalie Opi€HTYBAaTUCS HA
miarti mijg 4ac po3poOku. Takok MOKHAa BUKOPHUCTATH (YHKLIK0 aBTOMAaTUYHOIO
pPO3BEICHHS IJIaTH, aje Micis LbOro BCE OJHO HEOOXIHO peAaryBaTH JesKi

3’ € JHAHHSI.

il
0.96" 0|_|ﬁli:-||
O
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Pucynok 4.3. [lepentsi ctTopoHa IpyKOBaHOI IJIaTH IPUCTPOIO
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Pucynok 4.4 3anHsi cTOpOHa IPYKOBAHOI IJIaTH MPUCTPOIO.

5.5 Po3po0ka kopnycy npuiaay

J71st 3pydHOCTI KOPUCTYBaHHS MPUIIAAY, a TAKOXK JJIs 3aXHUCTY IUIATy MOTPIOHO
po3po0UTH KOpIyC B sKOMYy Oyae 3HaxoauTuch mnpuctpiii. CepenoBuiie yis
TpUBUMIpHOTO MozentoBaHHa oopano Kommnac 3 /1. [lepmmii Kpok, CTBOpEHHSI HOBOTO
MIPOEKTY, HEOOX1THO 00paTH TpUBUMIpHA NeTaib. Jlam Ha po6ouoMy Mol 0oupaeMo,
Nepily MIOMMHY Ta KPECIUMO MEPUMETP KOPITyCY, OTPUMAHUN €CKI3 BHIABIIIOEMO
Ha TOBILMHY CTIHKH KopItycy, a came 1,25 MM.. HacTynmHuM KpokoMm, Ha OTpUMaHOMY
T1JI1, KPECIUMO JBa MPSIMOKYTHUKH, OJIUH TI0 KOHTYpY Tijla, a APYTUi 3 BIACTYIIOM
1,25 MM, B cepeauny tuia. OTpuMaHoOMy ecKidy HajgaeMo ToBHMHY 20 mm. [ami,

HEOOX1THO 3pOOMMO OTBOPH B CTIHKAX, JJISl AUCIUICIO, KHOTIOK, PO3'€M IiIKJIFOUYCHHSI
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€JeKTPOMOOUIsT 1 po3'eM 3apsgHOr0 MpUCTPoro. OTpUMYyeMO (PPOHTATBLHY MOJENb
KOPIyCy NPOTOTHITY IPUIIaIy

3amHs CTIHKA MpUiIaxy, MOJETIOETHCS AHAJOTIYHO, ajie Ha JPYroMy Kpoii,
HE0OX1THO MOOyAyBaTH MEPUMETP, 3 BIACTYNOM 1,25 MM BijJ Kparo Tiia, Ta HalaTu
bOMY €cKi3y TOBIIMHY 3 MM. OTpuMyeMO, 3aJHIO CTIHKY KOPITyCY NPOTOTHILY

pUIaLy.

Pucynok 4.5. OcHOBHa yacTHHA KOPITYCY MPUCTPOIO, BUTJISA]] CIIEPETY.

Pucynok 4.6. OcHOBHa YacTHHA KOPITYCYy MTPUCTPOIO, BUTIISIT 3331y



Pucynok 4.7. 3agHs yacTUHA KOPITyCY IPUCTPOIO, BUTIIS CIIEPEY.

Pucynok 4.8. 3agHs 9acTHHA KOPIYCY MPUCTPOIO, BUTIIS 33ay.
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S. BUT'OTOBJIEHHSA ITPOTOTHUITLY ITPUCTPOIO

5.1 BuroroBjieHHs1 APYKOBaHOI IUIATH

VY mpucTpoi BUKOPUCTaHI JETall sIK 3 TOBEPXHEBUM TaK 1 BUBITHUM MOHTaXEM,
TOMYy OYyJI0 BHUKOPHUCTAHO CyMICHHW MOHTax. JlaTuwk Temmeparypu MigbeaHaH 0
maTa po3’emMoM 3 (ikcariero, a arta 3 Apayino Ha mtupoBoMy 3’enHani PLS, 1o
JO3BOJISIE Y BUMNAAKYy BUXOJMy 13 CTPOIO €JIEMEHTIB, IIBHJIKO iX 3aMiHIOBaTH, 0€3
BUKOPHCTAHHSA TMasylbHOrO oOnaaHaHHA. Takok po3’€eMu BCTAaHOBJIGHH1 IS
YKUBJICHHS TIJIaTH, Ta HA HABAHTAXKEHHS, 110 JIa€ 3MOTY IIJIICHOT 3aMIHU MPUIIaY.

[1nata BuroroBnena texunojoriero JIIIT (JlazepHa — mpackoBa TEXHOJOTIsA) .
CrouaTky BHUPI3a€ThCSI JUCT OJHOCTOPOHHBOTO (HONBrOBAHOTO CKIOTEKCTONITY
po3mipom 47x60 mm. Jlani #oro HeoOX1JHO HATEPTH 10 OJIUCKY T'YMKOIO.

@doTomabaoH HEOOXIAHO PO3APYKYBaTH Ha JIa3epHOMY TMPUHTEPL, 3
MaKCUMAaJIbHOIO KIJIBKICTIO TOHEpa. Y HaJalllTyBaHHSIX MpUHTEpa Tpebda BUOpath —
Halikpama skictb ¢oro. Cmig mam’sTaTH, 10 300pa)KeHHs IICJIsI HaHECCHHS Ha
CKJIOTEKCTOJIIT CTa€ A3EpPKATbHUM, TOMY II€ Tpeba BPaxoBYBaTH MPHU HATAIITYBaHHIX
npyky. [Ipu HEoOX1IHOCTI B cepelii po3poOKH € YHKITIS J3epKaIbHOTO IPYKY.

Ha miaroroBieHy MOBEPXHIO CKIOTEKCTOJITY MNPUKIaAEThCA (PoToIIadoH,
300pakeHHsIM 10 Hu3y. Ilicis 4oro oo MOBEpXHI MPUKIANEThCS Mpacka, Ha 1,5
XBUIUHU. ToHEp BIAOMBAIOTHCS BiJl MOBEPXHI (POTOIMIAOIOHY, Ta NPUIUIAE [0
MOBEPXHI CKJIOTEeKCTONITYy. He Binkieroroun (oTomadaoH, CKIOTEKCTOMIT Tpeda
3QJIMIITUTH Ha 5 XBUJIMH 0XOJ0 KyBaTucs. [licist yoro #oro HEOOXiTHO MOMICTHTH Y
€EMHICTh 3 BOJIOIO, 1100 TAarip MOoYaB PO3MOUYBATHUCS, JOCTaTHHO 5 xBuiuH. Jlam
MOXHa O0EpeXHO 3HIMAaTh Ta npuOupaTd 3anuiikud  ¢otomadiony. Ha
CKJIOTEKCTOJIITI 3aJUINAEThCA 300pa)KCHHs, SIKe CIIIJ MPOMHUTH IIiJI MPOTOYHOIO
BOJIOI0, TaK SIK B OTBOpax IO OYIyTh CBEPIJIUTUCS MOXKYTh 3QJUIITUTUCS YACTUHKH
nanepy, 1o Mpu3Be/e 10 MOTaHo TPaBIIHHS.

HactynHuii eram, TpaBiiHHS IUIaTH y PO3YMH XJOpHOro 3amiza. [lmaty
HEO0OX1THO MOMICTUTH Y €MHICTh 3 PO3YMHOM, TaK 11100 BOHA IUIaBaja Ha MOBEPXHI,
Tonl Migp OyAe ocumatucs 10 HU3Yy, [0 NPUIIBUALIUTH MPOIEC, Ta MOKPAIIUThH

aKicTh atu. Lei mporec 3aiimae 15-30 xBunuH. [IBUAKICTE peakxiiii 3a1€KUTh BiJl
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SAKOCTI PO34YMHY, Ta Horo Ttemmeparypu. Komau Bcs 3aiiBa Midb BITIPBETHCS BiJl
CKJIOTEKCTONIITY, TIJIaTy MOKHA BUIMATH 3 po3uuHy. Ii HEOOXiZHO IPOMUTHU BOJIOIO.
[Ticns 9oro, HEOOXIAHO 3HATH TOHEP 3 TUIATH, II€ MOXKHA 3POOUTH MEXaHIYHO, a0o
XIMIYHUM CIIOCOOOM.

Jami cmig mpocBepaauTy oTBOpH y 1wiati. OcHOBHI oTBOpH miameTpom 0.9mwm.
Tenep maTa ToTOBa I MOHTAXY €JIEMEHTIB. TakoX 3a JOTIOMOTOO IIbOTO METO.Y,
MOYKHA HAHECTH 300pak€HHsI 3 1HIIIO1 CTOPOHU TUIATH, 1€ JOIIBHO, SKIIO HEOOX1THO
MaTH J0JAaTKOBY 1H(OpMaIliio Ha caMiii riari. Hanpuknaa, po3TtamnryBaHHs AeTaneit 3
iX HOMIHaJIaMH, KJIFO41 MIKPOCXEM, Ta 1HITY BOKIUBY 1H(HOPMAIIIIO.

[Naiiky netaneli 6axkaHO BUKOHYBaTU Ipu TeMriiepaTypi nasuibHuka 300°C Ta 3
BUKOPUCTAHHSIM (IIIOCY.

OcHoOBHa TiepeBara, IaHOoro MeToy, Horo AelieBru3Ha. TakoxX CIiBBIAHOIICHHS
IIHK JI0 SKOCTI HAWBWIIE B yMOBaxX BUTOTOBJICHHS IUIAT HE BEJIUKUX PO3MIpIB.
MiunimanbHa mupuHa aopixok 0.4-0.5 mm. Hemomiku Takoro Meroay, HE BHCOKa
IIBUJIKICTh BUTOTOBJICHHS, Ta CKJIQJHICTh BUTOTOBJICHHS IIJIAT BEJIMKUX PO3MIpIB.
Takox, He MOXJIMBICTh BUTOTOBJICHHSI 3aXHCHOTO Iapy JOPLKOK. Ajie 1eil MeTon

HalKpaiui B mOOyTOBUX YMOBaXx.

5.2 HaHeceHHsl 3aXMCHOI'0 IAPY HA APYKOBAHY IJIATY

[Ilo6 npykoBana mata Oyja 3axuileHa BiJg (PI3UYHOTO TMOIIKOKECHHS, Ta
MOXJIMBUX Je(PEeKTIB MpH MOHTaX1 pajio Jerajieil, HeoOXiJHO HAHECTH 3aXHUCHE
TIOKPUTTS — MacKy. Ii MO>kHA 3pOOUTH 3a JOIOMOT0i0 (POTOpE3HCTY. AGO creliaabHO

MacTH, 110 3a CBOI MPUHITUIIOM CX0Ka Ha (POTOPE3UCT.

5.3 MoHTax 1erajei Ha APYKOBaHY IIATy

[Ticnst BUTOTOBNIEHHS APYKOBAHOI TUTATH, MOYKHA MOYMHATH MOHTAX JIeTaleh
Ha 1aTy. MoHTax JeTaliei 31HCHIOI0THCS 3a IONMOMOTO0 MasIbHOI cTaHIlii. B
HAJIAIITYBAHHAX CTaHIIIi, CJ1iJl BCTAHOBUTH TeMIIEpaTypy Ha KiHIl nasuibHuka 300°C,

JIJIs1 TOTO 1100 HE MEeperpiT IJIaTy, Ta He MOMIKOAUTH Pajiio AeTal.
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Crnepiiry, noTpiOHO TOKPUTH MICIIS TAWKK BUBO/IIB PaJIio AeTaneu, gurocom, a
MOTIM TOHKHUM IIAPOM MPHUIIOK0, JUIsl TOTO 1100 MOJIETIIUTH MPUTIal0BAHHS
KOMITOHEHTIB JI0 TIJIaTH, TaK SIK TOTPiOHO MEHIIIE Yacy TPIiTH MiCIe KOHTAKTY Paaio
neTall 10 IUIaTH.

Jlpyrum etamom, € caM MOHTaX JieTajei Ha IpyKoBaHy aty. [lounHaTH ciif
3 aliKi MIKPOKOHTPOJIEPA, TaK SIK 1151 IeTadb Mae OLTbIIe BChOro BUBO/IIB, Ta
CKJIJHIIIIE BChOTO BCTAHOBIIOIOTHCS HA IUIaTy. [lani HeoOXiAHO BCTAHOBUTH
cTabimizaTop Hanpyru. B ocTanHIO Yepry masroThCS TACUBHI €JIEMEHTH,

KOHACHCATOPHU Ta pC3UCTOPH.

5.4 BurorosiieHHs KOpIycy Npujiagy

Jl1st mpoToTUIly IpUiiagy, po3po0JIEHO TPhOX BUMIPHY MOJENb KOPITYCY, AKY
MO>KHA pO3JpYKYBaTH Ha NMpUHTEPI. 15 ApyKy BUKOPUCTOBYIOTh TaKi MJIACTUKHU:

- ABS;

- ABSplus;

- PLA;

- PVA;

- PET;

- COPET;

- FLEX;

- PGC;

- HIPS;

- PP

Tun mnacTuky Kopmyc mportoturty oopano ABS, Tak sk BiH Mae HalHHKIY
PUHKOBY I[IHY B IOPIBHSIHHI 3 IHIIUMU MJIACTUKAMHU.

[Ticnst MozenoBaHHS KOpIyCy, MOJiesib OTpiOHO 30epertu B (opmati .STL,
e gopmMar MIMPOKO BUKOPUCTOBYETHCA MJisi 30€piraHHs TPUBHMIPHHUX MOJEICH
00'€KTIB Il BUKOPHUCTAHHS B QAUTHUBHUX TEXHOJOTIAX. [Hdopmanis mpo o0'exT
30epiraeThCsi AK CIUCOK TPUKYTHHUX TIpaHEd, AKI OMUCYIOTh HOTO0 MOBEPXHIO, 1 iX

Hopmaseit. STL-daitn moxe 6yt TekctoBuM (ASCII) abo aBiMiKOBUM.



Mopens B STL-daitni HeoOxiaHO BinkpuTH B mporpami Repetier-Host, B sikiii
HAJAIITOBYIOTHCS MapaMETPHU JIPYKY, a TAKOK PO3MIILEHHS JIeTall Ha poOodYoMy TOJIi
npuntepa. Ilicas HamamTyBaHb, MOTPIOHO 3alMlyCTUTH TPOIEC TMEPEBEACHHS
TpuBUMIpHOI Moneii B ¢opmar G-code. G- code - e MoBa, Ha SKIH JIIOJIH KaXyTh
KOMIT'FOTEpHU30BaHUM BepCcTaTaM, MOCiIOBHICTh 1iid. Came B TakoMy (opmarti ¢aii,
nepesaeTbest Ha 311 MPUHTED, TSI TOAAIBIIOTO APYTY.

Hns npyky ABS mnactukom, pobOoua MOBEpXHsI NpHUHTEpAa MOBUHHA OYyTH
posirpita go temmneparypu 70°C, a excrpynep mo 230°C. Yac apyky ¢ppoHTaIbHOI
YaCTUHU KOPITyCY MPOTOTHUITY Npuiiaay 3aiimae 2 ronuau 16 XBWINMH, 3aHSI YaCTUHA
KOpIyCy ApyKyeTbcs 48 xBWiMH. s Toro, mo0 3HATH MOJENb 3 poO04oi 30HU
NpUHTEpPa, Tpeda JOYEKATHCh il OXOJIOJKEHHS, IMICIIA YOr0 MOJIENb cama BTPAaTHUTh

3’€I[H21HH51 3 IIOBCPXHCIO ITPUHTCPA.
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BUCHOBKHA

1. [IpoanamnizoBaHo THUITH aKyMYJISITOPHUX OaTapei, 110
BUKOPDUCTOBYIOTBCS ~Ha  eleKTpoMoOuIax. BusHaueHo 3MiHy  BapTOCTi
aKyMyJIITOpHUX Oarapei 31 3MIHOKO TEXHOJIOTiM 3 pokamu. J[OCIIIPKEHO pecypce
Oatapei B 3aJ€KHOCTI B THUI aKyMyJsiTOpa Ta YJAOCKOHAJIEHHS TEXHOJIOTii 3
poKamu.

2. [IpoananizoBaHo BiJIOMI TPWIAAX ISl JIarHOCTUKH aKyMYJISTOPHUX
Oatapeii emekTpomoOimiB. Ilokazano, 1O yci BOHM MarOTh CXOXI HEIOJIKH,

T'OJIOBHHUM 3 SIKU€ HEMOKJIUBICTh BUKOPUCTAaHHS 0€3 aBTOMOO1IS.

3. Po3po0inieHo MpuHIMIIOBY cXeMy Mpuiaay Ta MiaiopaHo yci HeoOXiJIH1
KOMITOHCHTH.
4. Po3pobneno apykoBaHy IUIaTy JJIi MOHTaXy KOMIIOHEHTIB TpPHIIATY

3r1JTHO NPUHILIKAIIOBOI CXEMH Ta pO3pO0JIEHO KOPITYC NpUIIafdy.
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