Tpekan MeHs NONHOCTbIO. Kak
NOCTPOWUTb YOOOHbLIN NHCTPYMEHT
018 N3MepeHns
aHepronoTpe6neHns.

Bnaoncnas KoXyLUKO







® C 2013 nHTepecytocb pa3paboTkon




® C 2013 nHTepecytocb pa3paboTkon

® C 2016 nHTepecytocb akkyMyndTopamMm




® C 2013 nHTepecytocb pa3paboTkon
® C 2016 nHTepecytocb akkyMyndTopamMm

® Hecy pagocTtb B MuUp ¥
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[1na Kkoro

» HW-nH>xeHepbl
» SW-UnHXeHepbl
» QA-NHXEeHepbI

» [loBbllUEeHMEe KaYyecTBa
CepBUCOB
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CerogHs y3Haem

- Kak oueHMBaTb UCTOYHUK MUTAHUS
N Harpysky

» Kak MepsTb TOK, HanpsaxeHue,
sHepronoTpebneHne

- Kak aBTOMaTM3NpPOBaTb M3MEPEHUS
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® MK Arduino (ATmega328P)



® MK Arduino (ATmega328P)

analog pin a17l 6 S ® quHag C60|OKa MOLYJIA

108

Sh

ref and Ov to
Arduino Gnd




® MK Arduino (ATmega328P)
"ansiogpn (w17 d s ® PyyHasg cbopka Moy

108

® [[poBOAHOE NMOAKOYEHME

Sh

ref and Ov to
Arduino Gnd




® MK Arduino (ATmega328P)

out to Arduino

analog pin a17l 6 S ® quHag C60|OKa MOLYJIA

108

® [[poBOAHOE NMOAKOYEHME

5 ® 1 TenedoH - 1 Habop (MK +
ref and Ov to 0aTymK)

Arduino Gnd
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OCHOBbI

BbiOOp KOMMOHEHTOB

10



OCHOBbI
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PaspaboTtka 1 MHTerpaumd
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OCHOBbI

BbiOOp KOMMOHEHTOB
PaspaboTka n nHTerpaumns
okcnnyatayuns
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Kak nsmepsatb cuny Toka?
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Cnoco6bl n3MepeHns CUsbl TOKa
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Cnoco6bl N3MepeHna cusbl TOKa

Jduay
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Cnoco6bl N3MepeHna cusbl TOKa

® DbdekT Xonna
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Cnoco6bl N3MepeHna cusbl TOKa

® DbdekT Xonna

® TOKOBbIV LUYHT
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® [ anlbBaHM4YecKasa pasBa3ka
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® AC/DC
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® [ anlbBaHM4YecKasa pasBa3ka

® AC/DC

BropuuHas obMoOTKA
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® [ anlbBaHM4YecKasa pasBa3ka

® AC/DC

MepsuyHbIi NPOBOAHMK

AMnepmeTp

o

BropuuHas obMoOTKA

® [lomexun
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I = Ushunt . UHarp

ICTOYHUK: google.com

Rshunt RHarp
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Ushunt

— UHarP

Rshunt

Rearp
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Ushunt

I =
Rshunt

Q=1Ixt

— UHarP

Rearp
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Ushunt . UHarp

I = =
Rshunt RHaIp
Q=1Ixt
t
0= [ I@)dt [Ki

18



Ushunt . UHarp

I = =
Rshunt RHarp
Q=1xt
t
0= [ I@)dt [Ki
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Ushunt . UHarp

1= Rutunt ~ Ry
Q=1Ixt
o= [ 1yat [
to
Q= Zn: I; - At
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Kakune KynoHbl? Kakmne nHTerpanbi?
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IcToOYHMK: google.com
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IcToOYHMK: google.com

OcHoBHble xapakTepucTuku Pixel 9

XapakrepucTuka

Owucnnen

[Mpoueccop

OnepaTuBHas namMsATb

BHyTpeHHss1 namMATb

OcHoBHas Kamepa

®dpoHTanbHas kKamepa

Barapes

ocC

Pasmepbl 1 Bec

3awmTa

3HayeHue

OLED, 6,3 atonima, 1080 x 2424, 120 'y, o 2700 HuT
Google Tensor G4 (4 HM)

12 I'b LPDDR5X

128 /256 I'b UFS 3.1

50 Mn OIS + ynbTpawmpokoyronbHas 48 Mn

10,5 Mn

4700 MA-y, 3apsigka 27 BT, 6ecnpoBogHas 15 BT
Android 14, nogaepxka o6HoBneHni ao Android 21
152,8x72x8,5MMm, 198 1

Gorilla Glass Victus 2, Bogo3sawuTa IP68
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OcHoBHble xapakTepucTuku Pixel 9

XapakrepucTuka 3HaueHue

Owucnnen OLED, 6,3 atonima, 1080 x 2424, 120 'y, o 2700 HuT
Mpoueccop Google Tensor G4 (4 HM)

OnepaTuBHas namMsATb 12 I'b LPDDR5X

BHyTpeHHsIs namMsATb 128 /256 'b UFS 3.1

OcHoBHasi kamepa 50 Mn OIS + ynbTpawmpokoyronbHas 48 Mn
®poHTanbHas kamepa 10,5 Mn

ocC Android 14, nogaepxka o6HoBneHni ao Android 21
Pasmepbl 1 Bec 152,8 x 72 x 8,5MM, 198 1

3awuTa Gorilla Glass Victus 2, Bogo3sawuTa IP68

IcToOYHMK: google.com 20
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® Tabnn4Hble 3Ha4YEHUSA HaNPSI>XKEHNS
® [logcyeT NponaeHHOro Toka

® Battery management system (BMS)

cTo4HMK: google.com
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Q =~ ZI - At

1000
3600

QmAh

[AeC]

1) dt

[mAh]
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Q ~ ZIAt [AecC]

1000
3600

QmAh (t) dt [mAh]

NCTOYHUK: meme-arsenal.com
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3HaunT MAh



3HaunT, mAh

FUNGLISH

NcToYyHUK: YouTube.com
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3HaunT, mAh

FUNGLISH

NcToYyHUK: YouTube.com
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3S 1P 3S 2P ® S n P napameTpsl

® S - nocnegoBaTesibHO
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3S 1P 3S 2P ® S n P napameTpsl

® S - nocnegoBaTesibHO

® P - napannensHo
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P=Umprp X1

o= [ 10)at [

to
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SHeprua n Wh

P=Ugp x I

o= [ 10)at [

to

t1

E= | Usp(t) I(t)dt [Ix]

to
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SHeprua n Wh

P=Ugp x I
o= [ 1ya i
B [ Vi) I dt [0

to

1000 [
.Em — H “ I h
Wh 3600[0 Usarp(t) - I(t) dt [mWHh]
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SHeprua n Wh

P=Ugp x I
o= [ 1ya i
B [ Vi) I dt [0

to

1000 [
.Em = —— H ’I h
Wh = 3o /to Usary(t) - I(t) dt  [mWh]

PAS)



P=Ugp x I

t1 @ ot
Q= [ I®)dt [Kn
to
C3T1-1-1-|.U-C2'ﬂ .
t1 kW il
E= [ Uup(t) - I(t)dt [Ix | v h
to 20V SMA Qg focTPRZY --ooofnzw
1000 [*
Emih=—— | Usrp(t)-I(t)dt [mWh
"= 3500 ), Uren(®) 10 [mWh
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® [1anas3oH HanpaXxXeHUn (HoMUHanbHoe
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® EnmkocTb (MAh, Wh)

® [emMmnepaTypa 3apg4a 1 akcnayaTaunm

80 100 120 140
EMKoCTh, %

31



® Li-ion, Li-Po, Li-Hv, Ni-Mh, Li-Fe, Li-Ti...

® [1anas3oH HanpaXxXeHUn (HoMUHanbHoe
HanpsaXeHne)

® EnmkocTb (MAh, Wh)
® TemMnepaTypa 3apsgia v aKcnayaTaumm

® BHYyTpeHHee conpoTMBEeHNE

80 100 120 140
EMKoCTh, %
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Hanps)XeHune

® |i-ion
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HanpsaxeHne

® Li-ion

® HomMuHanbHoe 3,6 B
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® Li-ion
® HomMuHanbHoe 3,6 B

® [lnana3oH [4,2..3,0] B
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® Li-ion
® HomMuHanbHoe 3,6 B
® [lnana3oH [4,2..3,0] B

® Henb34 BbIXOOWUTb 3a rPaHuLbl
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Battery management system (BMS)
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Battery management system (BMS)

® OTKJ/IOYaEeT Harpysky
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Battery management system (BMS)

® OTKJIIOYaET HaArpysky

® OTK/tOYaEeT 3apaaKy
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Battery management system (BMS)

® OTKJIIOYaET HaArpysky
® OTK/tOYaEeT 3apaaKy

® CneguT 3a TemMnepaTtypout *
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® OTKJ/IOYaeT Harpysky
® OTK/tOYaEeT 3apaaKy
® CneguT 3a TemMnepaTtypout *

® banaHcupyer guyenkm *
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OCHOBbI - UTOM

® [lapaMeTpbl aKKyMYyNaTOPOB
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® [lapaMeTpbl aKKyMYyNaTOPOB

® Crnocobbl N3IMEPEHUNA TOKA N HAlTPAXEHUNA
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® [lapaMeTpbl aKKyMYyNaTOPOB
® Cnocobbl U3MePEHMNa TOKa U HaNPSXeHNs

® Q [mAh], E [Wh]
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® [lapaMeTpbl aKKyMYIATOPOB
® Crnocobbl U3MEPEHUS TOKa U HAaNPSAXEHNS
® Q [mAh], E [Wh]

® % - He 3HAYUT HMYero
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® [lapaMeTpbl akKyMynaToOpOB

® Crocobbl UBMEPEHNS TOKA W HaMPSAXeHUS
® Q [mAh], E [Wh]

® 7 - HE 3HAYNT HNYEro

® BMS - Halle BCé!
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Bbl60p KOMMNOHEHTOB

DC Source
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Bbi60p KOMMOHEHTOB

DC Load DC Source

NcTouHuk: Youtube - @arduinolLab
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Bbi60p KOMMOHEHTOB

® INA219, INA226, INA231
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® INA219, INA226, INA231

® SSD1306
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® INA219, INA226, INA231
® SSD1306

® ESP8266
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ESP8266 0.96 Inch OLED NOTES
DEVELOPMENT BOARD P

PINOUT

® INA219, INA226, INA231

| cuxe_zs CH_PD

® SSD1306

0.96" OLED

SPI_CLX
SPI_MISO
SPI_CS0
SPI_MOSI U1RXD
SPIHD HSPIHD
SPIWP HSPIWP

® ESP8266

04
04
£5PE200000 [T

VENDOR  AuTHNGER

— W EZSERVED

HHHHHHHY
ARRARRAR

WXeL

w— WL ERTED

2] _ADC | TOUT |

0O D1 O O D4 SVICNOD DS 06 OF D8 R X GNDIVE
OF ASY ASY 105 J05 L0S000 005 X1DOND £AS N3 ASIOND VW

B POWER I sP. FUNCTION(S)

Bl /o COMM. INTERFACE
I Aoc B PIN NUMBER c €
CONTROL -\ P DAC231030001EC

[nse
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Bbl60p KOMMNOHEHTOB
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XapakTepucTuka

OcHoOBHOe
Ha3HavYeHue

PaspeweHune AL

Ounana3oH
HanpsHXeHui
(Common Mode)

[Ounana3soH
U3MepeHUs LLUYHTa
(xVsense)

UHTepdeiic cBa3un

Makc. Tok
notpeébneHus

TokK B peXxume CHa

INA219

MoHuTop TOKa/
MOLLHOCTH

12-6uT

+40/+80/+160/
+320 MB
(nporpammupyetcs)

I12C / SMBus

1 MA

100 MKA

INA226

MoHuTop
TOoKa/
MOLLHOCTH

16-6UT

+81.92 MB

I12C /| SMBus

330 MKA

2.5 MKA

INA228

MoHuTOp TOKa/
MoLlHocTH/
aHeprum

20-6ut

-0.3...+85B

+163.84 MB |
+40.96 MB

12C /| SMBus
(High Speed)

640 MKA

5 MKA

INA231

MoHuTop TOKa/
MOLLHOCTH

16-6UT

+81.92 MB

I12C /| SMBus
(1.8V
COBMECTUMbIN)

330 MKA (Tmn.)

100 MKA
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+81.92 MB
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330 MKA

2.5 MKA

INA228

MoHuTOp TOKa/
MoLlHocTH/
aHeprum

20-6ut

-0.3...+85B

+163.84 MB |
+40.96 MB

12C /| SMBus
(High Speed)

640 MKA

5 MKA

INA231

MoHuTop TOKa/
MOLLHOCTH

16-6UT

+81.92 MB

I12C /| SMBus
(1.8V
COBMECTUMbIN)

330 MKA (Tmn.)

100 MKA
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INA231 ‘
GND VDD

)1 (-A1

SCL SOA
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® 16 out ALl

INA231

GND VDD
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® 16 out ALl

® MyH alert L’jfvig" '

)1 (-A1

SCL SOA
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® 16 out ALl

® MyH alert L’jfvig" '

)1 (-A1

® 1.8V [2C sasm
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® 16 out ALl

® MyH alert L’jfvig" '

)1 (-A1

® 1.8V I12C sasm
® (0..28B
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® 16 out ALl
® [uH alert

® 1.8V I12C

® 0..28 B

® 0,5% norpeLwHocTb
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® 16 out ALl

® [1uH alert

® 1.8V I12C

® (0..28B

® 0,5% norpeLwHocTb

® [lepeMbluku
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® AL 20-6ut

-

INA228
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® AL 20-6ut
®-03...+858B

ol Bl
‘. "

INA228
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® AL 20-6ut
®-03...+858B

® /laTumkK TemMmnepartypsbl

¢ ¢ ‘*:

INA228
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® AL 20-6ut
®-03...+858B
® /laTumkK TemMmnepartypsbl

® Continuous mode

¢ ¢ ‘*:

INA228
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® AL 20-6ut

‘.

®-03...+858B

lINA231

Gno voo ‘ ‘

(-A1

l ooy l
SCLSDA

0(—A0 ij O]

GNDVDD

| - oz,
: ALE SDA SCL Gnd Vdd Gnd Bus
e oo
INA228

® /laTumkK TemMmnepartypsbl

® Continuous mode

40



Pa3paboTka



Pa3paboTka

42



Pa3paboTka
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® \/S Code + platformio




Pa3paboTka

® \/S Code + platformio
® C++ 1 Gyver libs
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Pa3paboTka

® \/S Code + platformio
® C++ 1 Gyver libs

® AnnapaTHasg 4YacTb
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Pa3paboTka

f }7»"’19';{“?; e y ® \/S Code + platformio
| =l ® C++ 1 Gyver libs
%415 %425 %4635 x48 | l.l-'
=2 5 ® AnnapaTHas 4YacTb
E:_J ‘(‘{ ® 31-ne4vaTb
"A“,;"’— ~ss? |
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CVE

R N N N N N N N RN
- I - = = |

DO D1 D2 D3 D4 3v3 GNDDS D6 D7 D8 RX TX GND3V3

.uuuuu% Zn

2 0.96" OLED

RARARARA Q

OV ASY ASY £0S Z0S LGSAWD 00S X1DAND EAE N3 ISYOND UA
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CVE

YV VOV VY VY VY Y VY VY Y VY
= =

- = = = = = = - =
DO D1 D2 D3 D4 3V3 GNDDS D6 D7 D8 RX TX GND3V3

.UUUUUUU% gn

\![‘

0.96" OLED

a

45



CVE

DO D1 D2 D3 D4 3V3 GNDDS D6 D7 D8 RX TX GND3V3

gHHHHHHY gu
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® Cunatoka ¥

Harpysaka

DO D1 D2 D3 D4 3V3 GNDDS D6 D7 D8 RX TX GND3V3
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https://emojipedia.org/check-mark-button
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® Cunatoka ¥

Harpysaka
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® Cunatoka ¥

Harpysaka
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Cxema

® Cunatoka ¥

® HanpsaxeHune ¥

Harpysaka

DO D1 D2 D3 D4 3V3 GNDDS D6 D7 D8 RX TX GND3V3
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® HanpsaxeHune ¥
Harpysaka

- = - =
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® HanpsaxeHune ¥
Harpysaka
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® Cunatoka ™

® HanpsaxeHune ¥
® [laTunk @

Harpysaka
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® Cunatoka ¥

® HanpsxeHne ¥
® [laTunk @

Harpysaka

(Wi D
ESPA266MOD X

vevoon ammeen = 0.96" OLED

ISM 2 4GHz
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