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1.  

 ─Ɫ▬Ⱪꜞ♇♪ ╛ ─ ─ ⌐╟╡⁸ ™ ⌐ ─

─ ⁸₈ ₉≤ ∆⁹ ─ ⅜ ╕╣╢⁹ ⁸ ⌐≈™≡

│⁸ │ ⁸──╙╢™≡╣↕☻כꜚꜞ≢ ≢№╡⁸ ◘ꜞ∏╣↕☻כꜚꜞ│

▬◒ꜟ≤⇔≡ ⁸ ╩ ∆╢↓≤⌐ ╕∫≡™╢⁹╕√⁸ │

⌐⅔™≡│⁸ ◄Ⱡꜟ◑כ ⁸₈ ◄Ⱡ₉≤ ∆⁹ ─ ⌐ ⇔≡ Ᵽꜝ

fi☻─ ┼─ ⌂ ╛⁸ ─ ⌂╢ ⌐ ↑√ ╖╩ ⇔≡™

╢⁹ 

 ≤⇔≡ ⅜ ⇔√ ≢№∫≡╙⁸ ─ ╩ ╖ ╦∑ ⌐ ∆╢↓

≤⌐╟╡⁸ ◄Ⱡ ─ ⌐ ℮ ┼─ ╛⁸ ┼─ ⌂≥⅜

≤⌂╢≤ ⌐⁸ ─ ⌂ ╙ ≢⅝╢⁹ 

 ≢│ ╢╟⌐☻כꜚꜞ─ ◦☻♥ⱶ┼─ ⁸ ╛

─√╘─ CO2 ⌐ ⇔√ ╩ ╦⌂™ ⇔™ꜞ◘▬◒ꜟ ─ ╩ ∂≡⁸

╩ ⌐ ℮ ≢ ⌐ ⅜ ↕╣∏⌐ ∆╢ ╣╩ ∆╢↓≤

≢⁸ ◄Ⱡ ╩ ≤∆╢ ╩ ⇔⁸ ┘ ─

╩ ≤∆╢⁹ 

 

2. ─  

2-1. ♬♇◔ꜟ ☻כꜚꜞ  

 ─ ⌐ ☻כꜚꜞ⁸╘√╢∆ ╩ ⇔√ ─

ה ╩ ℮ ⅜№╢⁹∕↓≢ ╩ ⇔√ ◦☻♥ⱶ─

╩Ɽ▬꜡♇♩ ≤⇔≡ ⇔⁸ ◦☻♥ⱶ╛ ╩ ╖ ╦∑≡ ╩

⇔√⁹ ⇔√ ≢ ∆╢ ⌂ ╩ S2.1.1⌐⁸◦☻♥ⱶ ╩ S2.1.1⌐

☻כꜚꜞ⁹∆ ─ ╩ꜟכꜙ☺⸗⁸6│ ⌐ ☺♇ꜞ♩כ◌√⇔ DC43V)╩

─ ≡⇔≥◓fiꜞ♩☻╩☺♇ꜞ♩כ◌⁸14≡⇔≥ ⇔⁸16☻♩ꜞfi◓╩

∆╢↓≤≢⁸50kW─ ◦☻♥ⱶ≤⇔≡ ⇔√⁹╕√⁸ │ ≢№╢ ⌐

⌐Ᵽꜝ♠◐⅜№╡⁸↓╣╠╩ ≤⇔≡ ⌐ ╖ ∑√ ≢╙ ⌐

≢⅝╢ ◦☻♥ⱶ╩ ⇔√⁹ ─☺♇ꜞ♩כ◌ ╩ ⇔⁸ ∆╢◌

☺♇ꜞ♩כ ╩ ∆╢↓≤≢⁸ ⌐Ᵽꜝ♠◐─№╢ ╩ ∆╢⁹ ⇔√↓

─ ╩ Sweep ≤ ┘⁸ ╩ ⇔√⁹ 

  



S2.1.1 ─  

  

Power Conditioning 

System (PCS) 
AC240V╩ DC400V⌐ ∆╢ ACDC◖fiⱣכ♃ 

PLC 

─≥Ᵽכ◘ ⌐╟╡ ╩  

ה ─╠⅛Ᵽכ◘ ╩ PMU⌐  

─╠⅛PMUה ╩ ⌐Ᵽכ◘  

ה ♃♇♅ⱤⱠꜟ  

Power Management Unit 

(PMU) 

PLC≤─ ⌐╟╡ ╩  

ה PLC⅛╠─ ╩ PCS ┘ GCU⌐  

GCUה ┘ PCS⅛╠─ ╩ PLC⌐  

Group Control Unit 

(GCU) 

◦☻♥ⱶ≤─ ⌐╟╡ ╩  

ⱪכꜟ◓ה ─ ╩ ◦☻♥ⱶ⌐  

ה ◦☻♥ⱶ⅛╠─ ╩ SCU⌐  

ה ♃כ♦ ⁸ ⁸SOC⌂≥  

String Control Unit 

(SCU) 

GCU≤─ ⌐╟╡ ╩  

╠⅛GCUה ╩ ↑√ ╩ ∆╢ ⌐ SU┼ / ╩  

☺♇ꜞ♩כ◌─╠⅛SUה ⌐ ∂≡ ∆ SU╩  

SCUה ─ SU─ ╩ ⇔≡ GCU⌐  

Sweep Unit 

(SU) 

SCU≤─ ⌐╟╡ ╩  

─╠⅛SCUה / ⌐ ─☺♇ꜞ♩כ◌⁸≡∂ / ╩ ℮ 

☺♇ꜞ♩כ◌ה ╩  

☺♇ꜞ♩כ◌ה ╩ SCU⌐  

 

  



 

S2.1.1 ◦☻♥ⱶ  

  

55kVA
200V 250V

ELB

Tr  1

166kW( ≢│ 50kW)
AC250V/ DC400V

ה
ה
ה
─⧵ה ( )

I / O

( RS- 485)

PMU MELSEC 1

SR1- 1- 1 SR1- 1- 14

GCU
LAN

ה
ה
ה
ה

I / O
ה /
ה /

1

I / O

( CC- Li nk I E Cont r ol )

1- 8

TEX
AC200V

( RS- 485)
ה
ה

☺♇ꜞ♩כ◌
DC43V

SU

SCU

AC/ DC
DC12V

600W)

☻♩ꜞfi◓ 1- 1

*1

Ᵽ♇♥ꜞכꜝ♇◒

☺♇ꜞ♩כ◌
DC43V

SU

♦Ᵽ♇◓ 1

Ᵽ♇♥ꜞכꜝ♇◒ ┼

PCS╟╡

♃♇♅
ⱤⱠꜟ

LAN

*1

CP1

MCCB1- 1
MCCB1- 8

14☺♇ꜞ♩כ◌

SR2- 1- 1 SR2- 1- 14

LAN

ה
ה
ה
ה

2- 8
☺♇ꜞ♩כ◌

DC43V

SU

SCU

AC/ DC
DC12V

600W)

☻♩ꜞfi◓ 2- 1

Ᵽ♇♥ꜞכꜝ♇◒

☺♇ꜞ♩כ◌
DC43V

SU

*1

CP1

MCCB2- 1
MCCB2- 8

14☺♇ꜞ♩כ◌

8

8



≢│⁸ ┼─ ⌐ ∆═ↄ⁸ ᴅkW ≤

kWh ─∕╣∙╣╩ ⇔√⁹╕√⁸Sweep ╩ ⇔√⁹ 

 

(1)  

 (a) ќ ⁸(b) ќ ⁸(c) ќ ⁸(d) ќ ⁸(e) ќ ⁸(f)

ќ ─ 6Ɽ♃כfi≢ ─ ╩ ⇔√ ⁸ ≡ 2 ≤™

℮ ≢─ ≢ ∆╢↓≤╩ ⇔√⁹ 

 

(2)  

 ─ ≢ ╩ ╡ ∆ ╩ ⇔√⁹ ╩ S2.1.2⁸

S2.1.2⌐ ∆⁹⌂⅔⁸ │ ≢ ⇔√ ⁸ ⌐╟╡ ⅜

⇔≡™ↄ√╘⁸ ⌐ ⇔≡ ╩ ↄ∆╢↓≤≢ ⅜ ≤⌂╢╟℮⌐

╩ ⇔√⁹ 

 

S2.1.2 ╡ ⇔ ה  

 [s] ☻♩ꜞfi◓  [kW]  [kW]  

(▪) 300 8 50 45 

(▬) 1,800 8 11.2 9 

 

 

S2.1.2 ╡ ⇔ ▬ⱷכ☺  

 

 ╩ S2.1.3⁸ S2.1.4⌐ ∆⁹ (▪)⁸(▬)≤╙⌐ ⇔√ ≢

╩ ╡ ⇔⁸ ⇔√ ≢ ∆╢↓≤╩ ⇔√⁹≤╙⌐ ≢ ≢⅝

╢↓≤╙ ⇔√⁹ 

 



 

S2.1.3 ╡ ⇔ 300s  

 

 

S2.1.4 ╡ ⇔ 1,800s  

 

(3)Sweep  

 Sweep №╡⌂⇔─ 2Ɽ♃כfi≢ ќ ┘ ќ ─ ╩ ™⁸

∕─ ⌐≈™≡ ⇔⁸ ⌐Ᵽꜝ♠◐─№╢ ─

╩ ⇔√⁹⌂⅔⁸1☻♩ꜞfi◓─ 12kW≢ 3◘▬◒ꜟ ⇔√⁹ ⇔√

─ ╩ S2.1.3⌐ ∆⁹ 

  



S2.1.3  

 
ꜝfi◒↔≤ [ ] 

☺♇ꜞ♩כ◌  
A B C D E F G 

(a) - 3 3 4 2 2 - 
ꜝfi◒─◌כ♩ꜞ♇☺⅜

⌐⌂╢╟℮⌂Ɽ♃כfi 

(b) - - 3 11 - - - 
ꜝfi◒─◌כ♩ꜞ♇☺╩ ╘

√Ɽ♃כfi 

(c) - 9 - - - - 5 
ꜝfi◒─Ᵽꜝ♠◐ ⅜ ─Ɽ

 fiכ♃

 

 ╩ S2.1.4⌐ ∆⁹ ┘ ⌐⅔™≡ Sweep №╡─ ⁸Sweep

⌂⇔─ ⌐ ═≡ ⅜ ↄ⌂╢ ⅜ ╠╣⁸ ⌐Ᵽꜝ♠◐─№╢ ╩

⌐ ≢⅝╢↓≤╩ ⇔√⁹ 

 ⌂⅔⁸Sweep ⌂⇔─ ⁸ꜝfi◒─ ⅜☺♇ꜞ♩כ◌™ ╕╣╢(a)≤(c)─

⅜ ↄ⌂∫≡™╢⁹Sweep ⅜⌂™≤⁸ꜝfi◒─ ⅜☺♇ꜞ♩כ◌™ ☺♇ꜞ♩כ◌─

╟╡ ⌐ ⌐ ⇔⁸ ⇔√≤ ⅎ╠╣╢⁹ 

 

S2.1.4 Sweep   

  

Sweep №╡ 

[sec] 

Sweep ⌂⇔ 

[sec] 

Ⱥ [sec] 

(Sweep №╡-⌂⇔) 

      

(a) 

1 193 143 134 95 59 48 

2 198 164 131 105 67 59 

3 223 183 137 112 86 71 

(b) 

1 199 150 150 118 49 32 

2 203 165 155 128 48 37 

3 220 180 169 141 51 39 

(c) 

1 231 164 124 93 107 71 

2 234 190 123 103 111 87 

3 262 215 133 111 129 104 

  



2-2. ♬♇◔ꜟ ꜞ◘▬◒ꜟ  

 ♬♇◔ꜟ ─ꜞ◘▬◒ꜟ│⁸ ⌐ ⇔√◄Ⱡꜟ◑כ╩ ⌐ ◖☻♩≢

∆╢√╘⁸ ╠ ⁸ ╩ ∆╢ ⅜ ↕╣≡™╢⁹ ™ ⁸

⅜ ⌐ ∆╢↓≤⅜ ╕╣╢√╘⁸ꜞ◘▬◒ꜟ ─ ⌂╢ ⅜ ≢

№╢≤ ⌐⁸CO2 ─ ⅛╠⁸ ╩ ╦⌂™ꜞ◘▬◒ꜟⱪ꜡☿☻─ ╩ ⇔

√⁹ ⌐│⁸ ⌐╟╢ √⌂ꜞ◘▬◒ꜟⱪ꜡☿☻ ⁸ ⁸ ⁸ ─

Ɽ▬꜡♇♩ ╩ ה ⇔⁸ ╩ ⇔√ ╩ ∆╢↓≤⌐╟╡⁸

─ ╛ ꜞ◘▬◒ꜟ ─ ╩ ⇔√⁹ ⇔√ ╩ S2.2.1 S2.2.4⌐

∆⁹ 

 

S2.2.1 ╩ ∫√ ╩ ∆╢◦☻♥ⱶ 

 

 

S2.2.2 ⱪ꜠☻ ⌐╟╢ ─   



 

S2.2.3 ⇔√ ≤  

 

 

S2.2.4 ⇔√  

 

 ⌐≡ ⇔√ⱪ꜡☿☻│ ⁸ ⁸ ⁸ ─ 4ⱪ꜡☿☻≢№╢⁹

─ ⁸ ⌐ ⇔≡ ⁸ ≤╙⌐ 100wt%╩ ≢⅝⁸CO2 ┘ ⌐

⇔√ꜞ◘▬◒ꜟⱪ꜡☿☻╩ ∆╢↓≤⅜≢⅝√⁹ ⌐⁸∕╣∙╣─ⱪ꜡☿☻≢─

┘ ─ ╩ ∆⁹ 

 

(1) ⱪ꜡☿☻ 

 ╩ ⇔≡ ∆╢ ╩ ⇔⁸ ≢ ∆╢◦☻♥ⱶ╩ ⇔√⁹╕√⁸

ⱪ꜡☿☻≢│⁸ ⌐ ⇔≡ ─ ⌂ↄ ∆╢↓≤╩ ≤⇔≡ ⇔√⁹

≤⇔≡⁸ ⅜ ↕╣╢ 6 V ≤∆╢⌐│ 4 ─ ⅜ ≢№

╡⁸∕╣╩ ⌐ ∆╢ⱪ꜡☿☻≤∆╢↓≤⅜≢⅝√⁹  



(2) ⱪ꜡☿☻ 

 ⱪ꜠☻ ⁸ ⁸ ─ 3 ─ ╩ ⇔√⁹ⱪ꜠☻ ─ ⁸ ─

│ ≢№╡⁸ ∆╢ ⌂ ╙ⱪ꜠☻ ≤꜡Ⱳ♇♩─ 1 ∞↑≤ ◖☻♩

≢⁸ ╙ ─ ⌐ ═≡ ™↓≤⅛╠⁸ ╩ ™╢↓≤⅜

≢№╢↓≤⅜ ⅛∫√⁹╕√⁸ ┼─ ≤⇔≡⁸ ⌐ ╩ ↕∑

╩ ∆╢ ≤⇔√⁹ ⁸ ─ ⁸ ─ │ ≢№╢⅜⁸ ─

⁸ ⌐╟╢ ┼─ ≤™℮ ⅝⌂ 2≈─ ⅜№╢↓≤⅜ ⅛

╡⁸ ⌐│ ⅛⌂™↓≤⅜ ⅛∫√⁹ ─ ⁸ ─ │ ≢№╢⅜⁸

ⱪ꜠☻ ⅜ 2 ⌐⌂╢∞↑≢⌂ↄ⁸ ∆╢√╘⌐│ ⅜♃כ◄ꜙ♅◒▪─

⌐⌂╡⁸ ◖☻♩⌐⌂╢≤™℮ ⅜№╢↓≤⅜ ⅛∫√⁹ 

 

(3) ⱪ꜡☿☻ 

 ─ ⱪ꜡☿☻⌐≡ ↕╣√ ⅜∕─╕╕ ⌐ ↕╣╢⁹↓─

⁸ ↕╣√ ─ │☻כ◔ ⅜ ™√╘⁸ ≥↓╢∑↕כ꜡ⱨכⱣכ○≢

⌐╟∫≡ ⅛╠ ↕╣╢ ╩☻כ◔ ∆╢⁹ ☻כ◔ ⁸ ↕╣√

╩ ┼ ⇔⁸ ≢ ∆╢≤ ⌐⁸ ⌐ ↕╣√ ≤☿Ɽ꜠כ♃כ

⌐ ⇔√ ╩ ⇔ ∆╢⁹╕√⁸☿Ɽ꜠כ♃כ│ ⌐╟∫≡ ⇔≡ↄ╢

─≢⁸∕╣╩ ≥☻כ◔ ≢כ꜡ⱨכⱣכ○⌐ ∆╢⁹⌂⅔⁸ ⌐ ↕╣√

│╤ ⌐╟∫≡╤ ∆╢↓≤≢ ╩ ⇔⁸╤ │ ⌐╟∫≡ ⇔√

⌐ ∆╢ⱪ꜡☿☻≤⇔√⁹ ─ ╟╡⁸ ╩ ≢⁸ ⁸☻כ◔ ⁸

⁸☿Ɽ꜠⁸כ♃כ ⌐ ≢⅝╢↓≤╩ ⇔√⁹ ≤☿Ɽ꜠כ♃כ─

┘ ≤ ─ ≤╙⌐⁸99% ╩ ≢⅝√⁹ 

 

(4) ⱪ꜡☿☻ 

 ⌐╟∫≡ ↕╣√ ⁸ ⁸ ┘ 5 ─☿Ɽ꜠כ♃כ ⁸

₈ ₉≤ ∆⁹ ⌐ ⇔√ ╩⁸ ⌐≡ ∆╢⁹ ⌐⁸ ─

─ ╩ →╢√╘⁸ ⅛╠ ↕╣√ ╩⁸ ◖fiⱬ▪⌐╟∫≡ ⌂╡╩

⇔⁸ ⌐ ⌐≈™≡╙ ∆╢⁹∕─ ⁸ ─ ™⌐╟╡ ≤ ≤╩∕╣

∙╣ ⇔⁸ ↕╣√ ─☿Ɽ꜠כ♃כ │ ⌐ ↕╣╢⁹ 

 

(5) ─  

 ╩ ⌐ →⌂⅜╠ ╩ ⇔√ ⁸ ™ ─ 2000 mg/m3

⌐⅔™≡ 5 ─ ╡ ⇔ ╩ ⇔⁸ │⌂™↓≤╩ ⇔√⁹╕√⁸

╩ ⅎ≡ ⇔√ ⁸100ϴ ≢ ∆╢ ⅜№╢↓≤⅜ ⅛∫√⁹  



2-3. ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ  

 ⁸ ↕╣√ ─ꜞ◘▬◒ꜟ│⁸ ⌐╟╢ ⅜ ≢№╢⅜⁸

─ꜞ◘▬◒ꜟ ╛ CO2 ─ ⅛╠⁸ √⌂ꜞ◘▬◒ꜟⱨ꜡כ─ ⅜ ╘╠

╣≡™╢⁹ ≢│ ⅜ ╕╣╢ꜞ♅►ⱶ▬○fi ╩ ≤⇔√ ─ꜞ◘

▬◒ꜟⱨ꜡כ─ ⌐ ↑⁸ ≢№╢ *⌐╟╢ ─ ╩

⇔⁸ ─ ⌂ ╩ √⁹ 

 

(1) ꜞ♅►ⱶ▬○fi ⅛╠─ ─  

 ⌐ ↕╣≡™╢ ⌐│ ≤ ╣╢↓≤≢ ●☻╩ ∂╢ⱨ♇

≢№╢ **⅜ ╕╣≡™╢↓≤⅛╠⁸ ─ ⌐ ∆╢ ⅜№╢⁹

⌐ ⌂ ╩ ™⁸ ⇔√ ⅛╠ ┘ ─ ╩ ╖√

⁸ ⌂ ⌐╟╡ 98% ╩ ⅛╠ ≢⅝√⁹ 

 

(2) ⌐╟╢ꜞ♅►ⱶ▬○fi ─ S2.3.1  

 ─ 200 L ╩ ™⁸ ╩ ⇔√ ─

╩ ∫√ ⁸ ⌐⅔™≡│ ▪ꜟⱵ♬►ⱶ ⅛╠⅔╟∕ ─ ♬

♇◔ꜟ⁸◖Ᵽꜟ♩╩ ╩ ⁸ ≢⅝√⁹ ⌐│ ╙ ─

Ⱳfiכ◌ ⅜ ⇔√⅜⁸ ⌐╟╡ ⌐ ≢⅝√⁹ ↕╣√ │

─ ⅜ ⌂™↓≤⅛╠⁸ ─ ⌐⅔↑╢ ╩ ≢⅝╢

⅜ ↕╣√⁹ ⁸ ─ ⌐│⁸ ⌐⅔™≡ ⇔⅝╣⌂⅛∫√

─ ⅜ ↕╣√↓≤⅛╠⁸ ─ ⌐│⁸╟╡ ⌂ ≤

─ ⅜ ≢№╢↓≤⅜ ↕╣√⁹ 

 │⁸CO2 ─№╢ ⌐ ⌂ ה ─ ╩ ⇔⁸ꜞ

♅►ⱶ▬○fi ╩ ≤⇔√ ⌂ꜞ◘▬◒ꜟⱪ꜡☿☻╩ ∆╢⁹ S2.3.2  

 

*  ╩ ≤⇔≡ ↕╣√ ╩ ⌐ ∆╢ ⁹♬♇◔ꜟ ≢

╩ ╖⁹ 

** ⱨ♇ ꜞfi ꜞ♅►ⱶ ≤ ⇔≡ⱨ♇ HF ╛ⱨ♇ ⱱ☻ⱱꜞꜟ

POF3 ╩ ∂╢⁹ 

  



 

S2.3.1  ╖ꜞ♅►ⱶ▬○fi ─  

 

 

S2.3.2 ⌐╟╢ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟⱨ꜡כ 

  



3. ꜝ▬ⱨ◘▬◒ꜟ▪☿☻ⱷfi♩ 

 ꜝ▬ⱨ◘▬◒ꜟ▪☿☻ⱷfi♩ ╩ ℮⌐№√╡⁸ 1 ─ ♬♇◔ꜟ

╩ ⌐ ─ ╡ ⇔√⁹ 

 

3-1. ♬♇◔ꜟ ☻כꜚꜞ  

 ⱬכ☻ꜝ▬fi≤⌂╢ ≤ ☻כꜚꜞ─ ≢№╢ ─ ⌂

╩ S3.1⌐ ∆⁹ 

 

 

S3.1 ┘ꜞꜚכ☻ ─  

 

 ⱬכ☻ꜝ▬fi⌐≈™≡│ ─ CO2 ╩ ⇔√ ⁸3,300t─ CO2

≤⌂╢⁹ ⁸ ≢─ CO2 ╩ ⇔√ ⁸50t─ CO2 ≤⌂╡⁸ 

ⱬכ☻ꜝ▬fi⌐ ∆╢ ╩ ⇔√⁹ 

 

3-2. ♬♇◔ꜟ ꜞ◘▬◒ꜟ  

 ⱬכ☻ꜝ▬fi≤⌂╢ ⌐╟╢ ─ ≤ ─ꜞ◘▬◒ꜟ ≢№╢ ⌐╟╠⌂

™ ─ ⌂ ╩ S3.2⌐ ∆⁹ 

 

 

S3.2 ♬♇◔ꜟ ꜞ◘▬◒ꜟ ─  

  



 ⱬכ☻ꜝ▬fi⌐≈™≡│ ⁸ ⁸ ─ ≢ ⌐╟╢ CO2─ ≤ ⌐

╟╢ CO2─ ⅜№╡⁸∕╣∙╣ ⇔ ∆╢≤ 38.82t─ CO2 ≤⌂╢⁹

⌐≈™≡│ ⁸ ⁸ ⁸ ─ ≢ ⌐╟╢ CO2─ ╩ ∆╢

≤ 29.74t≤⌂╡⁸ⱬכ☻ꜝ▬fi⌐ ∆╢ ╩ ⇔√⁹ 

 

3-3. ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ  

 ⱬכ☻ꜝ▬fi≤⌂╢ ⌐╟╢ ≤ ─ꜞ◘▬◒ꜟ ≢№╢ ⌐╟╠⌂™

─ ⌂ ╩ S3.3⌐ ∆⁹ꜞ♅►ⱶ▬○fi ─ꜞ◘▬◒ꜟ⌐≈™≡│⁸ ─╖

⌐≤≥╕∫√√╘⁸ ─♬♇◔ꜟ ─ ⌐ ╩ ⇔⁸CO2 ╩

⇔√⁹ 

 

 

S3.3 ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ ─  
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Summary 

 

1. Background 

The recent popularity of hybrid and electric vehicles is expected to produce a massive 

quantity of used batteries for use in EVs (hereafter referred to as the "batteries") in the near future. At 

the present, some batteries are reused on a small scale and in limited quantities. The majority are 

recycled without reusing. After incineration, residue is extracted for refinement. In addition, the 

company is involved in initiatives to make more effective use of the electric power system and take 

precise measures for adjusting to fluctuations in balance of supply and demand for introduction of 

renewable energy on a massive scale. 

Even if the performance of the battery itself diminishes, it is hoped that proper control in 

combination with other batteries will enable more efficient use of thermal power stations as well as 

enabling adjustment to frequency fluctuations or adjustments in line with supply and demand along 

with expansion of renewable energy introduction. 

The objectives of this verification project are to realize an electric power system that 

enables diffusion and expansion of renewable energy and at the same time realizing a low carbon 

and recycling-oriented society through effective utilization of electric power systems by reusing 

batteries and development of new recycling technologies that do not require incineration, taking into 

consideration CO2 reduction for economic efficiency and environmental impact reduction, by 

establishing a recirculation system instead of discarding batteries for electric businesses that deal 

with massive amounts of electric power. 

 

2. Implementation of verification project 

2-1. Nickel-hydrogen battery reuse business 

In order to solve issues concerning electric power systems such as supply and demand 

adjustment, equipment that utilizes reuse batteries must be reconfigured to handle larger volumes 

more efficiently. We therefore developed minimal scale pilot equipment of a large capacity storage 

battery system that could possibly be put to practical use and conducted test operation with a 

combination of various control systems and apparatus. The main devices of the equipment developed 

are given in Table S2.1.1 and the system configuration is shown in Fig. S2.1.1. The equipment for 

verification of reuse batteries employs system consisting of a string of 14 cartridges containing 6 

modules connected in series (43VDC) and 16 strings connected in parallel to form a 50-kW storage 

battery system. Because the batteries have been used, they are in various degrees of deterioration. 

We therefore developed a battery control system capable of efficiently recharging the batteries, even 

if combined in large quantities to form a large capacity battery. The system monitors the status of 

each cartridge and you can control the number of cartridges to be used, giving you control over 



batteries in various state of deterioration. The control function we developed is called the ñSweep 

function.ò The function was submitted to tests to verify its efficacy. 

 

Table S2.1.1 Function of each device in the system 

Name Function 

Power Conditioning 

System (PCS) 

Bidirectional AC-DC converter that converts 240VAC on the system side to 400 

VDC of battery voltage 

System Control PLC 

The following is implemented by interactive communication with the host server 

ǐ Transmission of commands from host server to PMU 

ǐ Notifies host server of data from PMU 

ǐ Touch panel for operation 

Power Management Unit 

(PMU) 

The following is implemented by interactive communication with the integrated 

control PLC 

ǐ Transmission of commands from integrated control PLC to PCS and GCU 

ǐ Notifies integrated control PLC of data from GCU and PCS 

Group Control Unit 

(GCU) 

The following is implemented by interactive communication with the host system 

ǐ Notifies host system of state of group 

ǐ Transmission of commands from host system to SCU 

ǐ Detailed Data Collection Function (Power, Temperature, SOC, etc.) 

String Control Unit 

(SCU) 

The following is implemented by interactive communication with GCU 

ǐ Transmission of connect/disconnect signals to SU to realize electric power when 

command is received from GCU 

ǐ Determines SU to be cut off according to cartridge information (battery status) 

from SU 

ǐ Integrates status of SUs under SCU and notifies GCU  

Sweep Unit 

(SU) 

The following is implemented by interactive communication with SCU 

ǐ Connects/disconnects cartridges according to connect/disconnect signals from 

SCU 

ǐ Monitors cartridge information (battery status) 

ǐ Notifies SCU of cartridge information (battery status) 

 



 

Fig. S2.1.1 Verification Facility System Configuration 
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Short time reaction characteristics (ᴅ kW) and long-time reaction characteristics (kWh) 

that should correspond to the electric power system were verified by testing. Sweep function was 

also verified by testing. 

 

(1) Short time reaction characteristics 

As a result of measuring time it takes for commands output to reach their destinations for 6 

patterns (a) stop Ÿ charge, (b) charge Ÿ stop, (c) stop Ÿ discharge, (d) discharge Ÿ stop, (e) 

charge Ÿ discharge, (f) discharge Ÿ charge, it was confirmed that all reactions occurred in a short 

time of 2 seconds or less. 

 

(2) Long time reaction characteristics 

Charge/discharge test whereby batteries are charged and discharged repeatedly for a 

certain amount of operation time was conducted. Test method is given in Table S2.1.2 and Fig. 

S2.1.2. Because charge level is lower due to discharge power loss when charged and discharged by 

same output, test conditions for charging were made uniform by raising charge output relative to 

discharge output. 

 

Table S2.1.2 Repeated charge/discharge test conditions (fixed output / fixed time) 

Conditions  Operating 

time [s]  

No. of connected 

strings  

Charge 

output [kW]  

Discharge 

output  [kW]  

(A) 300 8 50 45 

(B) 1,800 8 11.2 9 

 

 

Fig. S2.1.2 Repeated charge/discharge waveform diagram 

 



Test method is given in Figs. S2.1.3 and S2.1.4. Batteries were charged and discharged 

repeatedly in the commanded time for test conditions (A) and (B). The test confirmed operation by 

commanded charge/discharge output. The test also confirmed that a constant output could be 

sustained. 

 

 

Fig. S2.1.3 Repeated charge/discharge test (300s) 

 

 

Fig. S2.1.4 Repeated charge/discharge waveform test (1,800s) 



(3) Sweep function verification test 

Test of full discharge Ÿ full charge and full charge Ÿ full discharge was conducted for 2 

patterns: equipped and not equipped with Sweep function; the tests confirmed controllability of 

batteries in various states of deterioration compared with charge/discharge level (operating time). We 

also tested 3 cycles of maximum output 12 kW for 1 string. State of deterioration of batteries used is 

as given in Table S2.1.3. 

Table S2.1.3 Deterioration of batteries 

Conditions  

Quantity used for each rank 

[units]  

Average 

capacity  

[Ah]  

Cartridge array 

description  
A B C D E F G 

(a) - 3 3 4 2 2 - 4.6 

Pattern whereby 

cartridges of each rank 

are uniform  

(b) - - 3 11 - - - 4.6 

Pattern with collected 

cartridges from middle 

rank  

(c) - 9 - - - - 5 4.6 
Pattern with maximum 

disparity in ranks  

 

Test results are given in Table S2.1.4. In a comparison of cases where batteries were equipped and 

not equipped with a sweep function for charging and discharging, operating time tended to be longer 

for those equipped with the function. The test confirmed that batteries in various states of 

deterioration could be efficiently charged and discharged. 

In a comparison of various conditions, (a) and (b) had approximately the same operating time and 

(c) operated about 30 seconds longer in the case where batteries were equipped with sweep function. 

As long as capacity is the same, operating time should theoretically be the same. In the case (c) 

where operating time is longer, it is conjectured that there may have been some error in rank 

selection of cartridges resulting in differences in capacity. In the case where batteries were not 

equipped with sweep function, operating time was shorter for (a) and (c) which included cartridges 

of lower rank. If not equipped with sweep function, cartridges of lower rank could have reached 

upper/lower limit determination value before the other batteries, thereby causing them to stop 

operating. 

  



Table S2.1.4 Sweep function comparison / Test results 

Conditions Times 

Equipped with sweep 

function 

Operating time [sec] 

Not equipped with 

sweep function 

Operating time [sec] 

ȹ time [sec] 

(Equipped / not equipped 

with sweep function) 

Charge Discharge Charge Discharge Charge Discharge 

(a) 

1 193 143 134 95 59 48 

2 198 164 131 105 67 59 

3 223 183 137 112 86 71 

(b) 

1 199 150 150 118 49 32 

2 203 165 155 128 48 37 

3 220 180 169 141 51 39 

(c) 

1 231 164 124 93 107 71 

2 234 190 123 103 111 87 

3 262 215 133 111 129 104 

 

 

 

  



2-2. Nickel-hydrogen battery recycle business 

In order to facilitate detoxifying stored energy at low cost, recycling of nickel-hydrogen 

batteries primarily involves removing/refining marketable metals following incineration. Because 

batteries are expected to be produced in large quantities in the near future, from the standpoints of 

need for technologies to make recycling more efficient and reduce CO2, a recycling process that 

does not involve incineration was adopted and verified. In specific terms, pilot equipment for a new 

wet recycling process (discharge, cutting, disassembly, sorting) was developed and adopted. Test 

operation of the equipment was simulated and proved efficacy of the equipment and collection rate 

of recycled goods. The equipment developed is shown in Figs. S2.2.1 to S2.2.4. 

 

 

Fig. S2.2.1 System employing discharge equipment designed to save labor 

 

 

Fig. S2.2.2 Concept of cutter employing a press mold 



 

Fig. S2.2.3 Devised water jet disassembly unit and active material recovery unit 

 

 

Fig. S2.2.4 Devised sorting device 

 

The verification test consists of 4 processes: discharge, cutting, disassembly and sorting. 

The results of the test verified that 100wt% of introduced volume could be recovered for both 

positive and negative electrodes and a recycling process that offered CO2 reduction and safety was 

established. The verified results and safety evaluation of active material of the respective processes 

are as follows. 

  



(1) Discharge process 

A labor-saving system employing discharge through resistors was developed and adopted. 

It was also verified as a prerequisite that the process offered safety and was achieved without 

batteries emitting heat. As a result, it took about 4 hours to discharge batteries to be detoxified at 

voltage of approximate maximum of 6 V. The process was able to achieve this automatically. 

 

(2) Cutting process 

Three methods of cutting were verified: cutting by press mold, circular saw blade and flat-

blade knife. The tests showed that press molds were capable of cutting batteries and that it was the 

most effective method in terms of cost and speed; it offered low cost because the only equipment 

needed was a press and a single robot feeder and was faster than any of the other methods. The 

process also ensured safety; it was designed to prevent heat emission by submerging the electrodes, 

etc., in water when cutting. In the case of cutting by circular saw blade, testing showed that while it 

was capable of cutting batteries, it presented two significant challenges: blade loss (durability) and 

recovery of active material cuttings. This method was therefore determined to be impractical. In the 

case of flat-blade knife, testing showed that while it was capable of cutting batteries, it not only 

required 2 presses, but required multiple actuators to automate the process. This method was 

burdened by the disadvantage of high cost. 

 

(3) Disassembly process 

During the previously mentioned cutting processes, electrodes were submerged in water 

and introduced to the water jet disassembly process. The plastic cases on the electrodes are light and 

could be recovered by detaching them from the electrodes by water overflow. After recovering the 

plastic cases, the separated electrodes are moved to the next tank where they are decomposed by 

water jets, etc., while active material applied to the electrodes and adhering to the separator are 

removed by washing. The separator rises to the top due to difference in specific gravity and is 

recovered together with the plastic cases by overflowing. Active materials are recovered by passing 

the material removed by washing through a filter. The filtered water is reused after being neutralized 

by sulfuric acid. The results of the tests confirm that by exposing electrodes to water jets the plastic 

cases, positive electrodes, negative electrodes, separator and active materials can be separated from 

each other. Disassembly ratio of positive electrode and separator and that of negative electrode and 

active material are 99% or higher. 

  



(4) Sorting process 

The water adhering to the positive electrodes, negative electrodes and approximately 5% 

of separators (hereinafter referred to as ñelectrodesò) that were sorted by the water jet disassembly 

unit is removed by a dryer. To enhance precision of magnetic sorting in the next process, the 

electrodes discharged from the dryer are placed on a vibrating conveyor to break up overlapping and 

at the same time discharge volume is adjusted. Because of difference in their magnetic properties, 

the positive and negative electrodes are recovered separate of each other; the non-magnetic 

separators are recovered last. 

 

(5) Safety assessment of active material 

Potential for dust explosion was checked by raising dust concentration in stages and 

repeating the test 5 times at the maximum concentration of 2000 mg/m3. The test confirmed the 

material was not susceptible to dust explosion. Conducting the test while additionally assessing heat 

stability revealed the potential for spontaneous combustion at 100 degree C or higher.  



2-3. Lithium -ion battery recycle business 

Recycling of discarded batteries is primarily achieved by recovering marketable metals 

from incineration. However, from the standpoint of CO2 reduction and the recycle ratio of all 

recovered materials, establishing a better recycling process is required. In order to establish a new 

recycling process for lithium-ion batteries which are expected to increase in the future, we assessed 

the potential for sorting materials employing jets of water*, which is an underlying technology. The 

primary results of assessment are as follows. 

 

(1) Extraction and removal of electrolyte from lithium-ion batteries 

If the electrolyte in the batteries contains the electrolyte salts**, which is a fluorine 

compound that produces corrosive gases if it comes in contact with water, it therefore must be 

removed prior to sorting by water jets. As a result of attempting to remove electrolyte salts and 

electrolyte from cut-up batteries, we succeeded in removing at least 98% of the electrolyte and 

electrolyte salts by simple washing with organic solvent that is soluble in the electrolyte. 

 

(2) Sorting of lithium-ion components by water jets (Fig. S2.3.1) 

As a result of sorting battery materials from which electrolyte salts were removed by water 

jets using a commercial food washing machine (200 L of washing water), we were able to separate 

and recover that total amount of active material (nickel and cobalt) from the current collectors 

(aluminum foil) of the positive electrodes. A small amount of active material (carbon) remained on 

the negative electrode (copper), but it was easily removed by ultrasonic cleaning. Recovered 

materials contain few impurities, suggesting that pretreatment can be simplified on 

hydrometallurgical process at a later stage. Electrolyte salt elution that could not be completely 

removed by pretreatment was however found in water used for washing following sorting by water 

jets. It was therefore determined that more precise removal of electrolyte and electrolyte salts would 

be required to enhance efficiency of sorting by water jets. 

More cost-effective technologies for removing electrolyte and electrolyte salts that also 

reduce amount of CO2 produced will be subsequently assessed and a more cost-effective process 

will be established for recycling lithium-ion batteries. (Fig. S2.3.2) 

 

* Method of sorting and recovering each component of cut-up batteries separately using water for 

washing. Utility has already been confirmed for nickel hydrogen batteries. 

** Lithium hexafluorophosphate: Reacts with water to produce hydrogen fluoride (HF) and 

phosphoryl fluoride (POF3). 

 



 

Fig. S2.3.1 Sorting cut-up lithium-ion battery electrodes by water jets 

 

 

Fig. S2.3.2 Lithium-ion battery recycle process employing sorting by water jets 

 



3. Life cycle assessment 

When performing life cycle assessment, the following comparisons were obtained based 

on assuming the equivalent of new nickel hydrogen batteries of 10,000 EVs. 

 

3-1. Nickel-hydrogen battery reuse business 

The primary processes of new battery manufacturing as a baseline and those of reuse of 

recovered batteries in this project are shown in Fig. S3.1. 

 

 

Fig. S3.1 Processes of new battery manufacturing and reuse of recovered batteries 

 

The baseline would be 3300t of CO2 discharges as a result of calculating amount of CO2 

discharged when new batteries are manufactured. As a result of calculating amount of CO2 

discharged by this project, it would be 50t of CO2 discharged, thereby confirming it to be 

advantageous relative to the baseline. 

 

3-2. Nickel-hydrogen battery recycling 

The primary processes of the conventional method of incineration as a baseline and those 

of the new recycling method that does not involve incineration are shown in Fig. S3.2. 

 

 

Fig. S3.2. Processes of nickel-hydrogen battery recycling 



Concerning the baseline, the amount of CO2 discharged by incineration and electric power 

consumed for crushing, incinerating and separation would be a total of 38.82t of CO2 discharged in 

the respective calculations. The calculation of amount of CO2 discharged by electric power 

consumed for discharging, cutting, disassembling and sorting for the new method described herein 

would be 29.74t, thereby confirming it to be advantageous relative to the baseline. 

 

3-3. Lithium -ion battery recycle business 

The primary processes of the conventional method of incineration as a baseline and those 

of the new recycling method that does not involve incineration are shown in Fig. S3.3. Only a 

fundamental study of recycling of lithium-ion batteries was conducted, so pretreatment was added to 

the previously mentioned nickel-hydrogen battery process and the amount of CO2 discharged was 

trial calculated. 

 

 

Fig. S3.3. Processes of Lithium-ion battery recycling business 

 

Concerning the baseline, the amount of CO2 discharged would be 38.82t as previously 

mentioned. Because the amount of CO2 discharged by the pretreatment process would be minimal, 

assuming it to be the equivalent of 29.74t, it would probably be advantageous relative to the 

baseline. It is therefore necessary to consider the equipment configuration that would reduce CO2 as 

expected. 

  



4. Future commercialization 

Preparing reuse and recycling for commercial use on a large scale would simultaneously 

realize a low carbon and recycling-oriented society. It would also however require establishment of a 

scheme to recover a massive quantity of batteries. Establishment of a recovery scheme would require 

studies of commercialization that can utilize a massive quantity of reuse batteries as well as include 

automobile manufacturers who are the source of reuse batteries supply and would seek to solve these 

problems early on by continuing to cooperate with related businesses. 

The reuse business can determine the optimal equipment configuration and can solve the 

technical aspects of these issues by establishing technologies for controlling batteries in various 

states of deterioration. Commercialization would require further optimizing equipment design to 

reduce cost, etc. Utilization for adjusting to supply and demand along with expanding use of 

renewable energy and handling of frequency variation are possible, but it is necessary to establish a 

suitable price for these activities. Establishing the previously mentioned recovery scheme will 

further enlarge the scale, so more cost-efficient operation of thermal power stations can be expected. 

The technical aspects of the problems involving recycling of nickel-hydrogen batteries 

have been solved by establishment of a new recycling technology that does not involve incineration. 

Commercialization would require further optimizing equipment design to reduce cost, etc. It will 

also be necessary to enhance value of recovered materials obtained by this technique and we are 

hoping to prepare it for commercial use as soon as possible. 

A recycling process is expected to be established by solving the technical aspects of the 

two issues extracted by this project for the lithium-ion battery recycling business. Commercialization 

requires preparing a cost-efficient equipment configuration that reduces CO2 emission and 

continuing to conduct studies for contracting cost of processing by enhancing value of recovered 

materials. 
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1. │∂╘⌐ 

1.1. ≤  

 ─Ɫ▬Ⱪꜞ♇♪ ╛ ─ ─ ⌐╟╡⁸ ™ ⌐ ─

─ ⁸₈ ₉≤ ∆⁹ ─ ⅜ ╕╣╢⁹ ⁸ ⌐≈™≡

│⁸ │ ⁸──╙╢™≡╣↕☻כꜚꜞ≢ ≢№╡⁸ ◘ꜞ∏╣↕☻כꜚꜞ│

▬◒ꜟ≤⇔≡ ⁸ ╩ ∆╢↓≤⌐ ╕∫≡™╢⁹╕√⁸ │

⌐⅔™≡│⁸ ◄Ⱡꜟ◑כ ⁸₈ ◄Ⱡ₉≤ ∆⁹ ─ ⌐ ⇔≡ Ᵽꜝ

fi☻─ ┼─ ⌂ ╛⁸ ─ ⌂╢ ⌐ ↑√ ╖╩ ⇔≡™

╢⁹ 

 ≤⇔≡ ⅜ ⇔√ ≢№∫≡╙⁸ ─ ╩ ╖ ╦∑ ⌐ ∆╢↓

≤⌐╟╡⁸ ◄Ⱡ ─ ⌐ ℮ ┼─ ╛⁸ ┼─ ⌂≥⅜

≤⌂╢≤ ⌐⁸ ─ ⌂ ╙ ≢⅝╢⁹ 

 ≢│ ╢╟⌐☻כꜚꜞ─ ◦☻♥ⱶ┼─ ⁸ ╛

─√╘─ CO2 ⌐ ⇔√ ╩ ╦⌂™ ⇔™ꜞ◘▬◒ꜟ ─ ╩ ∂≡⁸

╩ ⌐ ℮ ≢ ⌐ ⅜ ↕╣∏⌐ ∆╢ ╣╩ ∆╢↓≤≢⁸

◄Ⱡ ╩ ≤∆╢ ╩ ⇔⁸ ┘ ─

╩ ≤∆╢⁹ 

  



2 

 

1.2.  

 ┘ ╩ 1.2.1⌐ ∆⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1.2.1 ┘   

A  B ♩ꜜ♃  

♩◒▼☺꜡ⱪ ה  

─ ה  

♩♇꜡▬Ɽ ה ─ ה  

─ ה  

─ⱶ♥☻◦ ה  

ⱶ♥☻◦ ה ⌐ ∆╢  

─ ה ─  

─⧵ ה ⌐ ╢  

C  

ꜞ ה ◘▬◒ꜟⱪ꜡☿☻ ─

 

ꜞ ה ◘▬◒ꜟⱪ꜡☿☻─  

ꜞ ה ◘▬◒ꜟⱪ꜡☿☻─

─≤╡╕≤╘ 

D ♥♇◒☻◄fi☺  

E  

 

 

ꜞ ה ☻כꜚ ─ ה

 

ꜞ ה ☻כꜚ ─  

☻כꜚꜞה ─ ─≤╡ 

╕≤╘ 

 

ꜞ ה ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ

─  

ꜞ ה ◘▬◒ꜟ ─  
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1.3. ≤─ ∑ 

 ≢№╢♩ꜜ♃ ≤ ⌐ 1 2 ⁸ 9 ─ ∑╩ ∫√⁹ ⌂

∑ ☻כꜚꜞ│ ⁸ ─ꜞ◘▬◒ꜟ ≤≤╙⌐⁸ ─ ╘ ┘

─ ⌐≈™≡≢№╢⁹ ⌐ ⌐≡ ∑╩ ∫√⅜⁸ ≢№╢ ♥♇

◒☻◄fi☺ ⅜ ☻כꜚꜞ√⇔ ─ ─ ╩ ╕ⅎ√ ╩ ℮√╘⁸

≢╙ ∑╩ ∫√⁹ 

 ╕√⁸ ∂ↄ ≢№╢ ≤ ⌐ 1 2 ⁸ 10 ─ ∑╩ ∫

√⁹ ∑ │ꜞ◘▬◒ꜟ ─ ─ ⅔╟┘ ⌐≈™≡≢№╡⁸

⌐ ⌐≡ ∑╩ ∫√⁹ 

 ╕√⁸ ≤─ ∑╙ ∫√⁹ 
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2. ─  

2.1. ♬♇◔ꜟ ☻כꜚꜞ  

2.1.1.  

 ⁸ ─ ⌂╢ ⅜ ╕╣≡⅔╡⁸ ⅛╠ ⇔√ ╩ ◦☻♥ⱶ

╩≥↓╢∆☻כꜚꜞ≡⇔≥ ⇔≡™╢⁹ ⅛╠ ⇔√ │⁸ ≤⇔≡ ⅜

⇔√ ≢№∫≡╙⁸ ─ ╩ ╖ ╦∑√ ◦☻♥ⱶ≤⇔≡ ∆╢↓≤⌐╟

╡⁸ ─ ⌐ ⅎ⁸ ─ ⌂ ╙ ≢⅝╢⁹ 

 ↓╣╠─ ≢─ ╩ ∆╢√╘⌐│ ⌂ ◦☻♥ⱶ⅜ ≢№╢⅜⁸

☻כꜚꜞ ╩ ⇔√ ◦☻♥ⱶ│ ╛◖☻♩─ ⅛╠ ⌂ ⌐

↕╣≡⅔╡⁸ꜞ ☻כꜚ ╩ ⇔√ ─ ה ╩ ℮ ⅜№╢⁹╕√⁸

│ ≢№╢ ⌐ ⌐Ᵽꜝ♠◐⅜№╡⁸↓╣╠╩ ⌐ ╖ ∑√ ─

⅜ ↕╣≡™⌂™↓≤⅜ ≢№╢⁹ 

│⁸ ─ ☻כꜚꜞ ◦☻♥ⱶ╩ ⇔⁸ ─ ∑⌐╟╢

╩ ™⁸◦☻♥ⱶ≤⇔≡─ ╩ ™ ⇔⁸ ─ ☻כꜚꜞ≥ ─

─ ╩ ≤∆╢⁹╕√⁸ ╩ ∆ ⁸ ╩ ∂≡◦☻♥ⱶ─◖☻♩♄►

fi⌐≈™≡╙ ╩ ℮⁹ 

 

 

2.1.1 ◦☻♥ⱶ⌐╟╢ ⌐⅔↑╢ ▬ⱷכ☺  

HPⱪ꜠☻ꜞꜞכ☻ 2018 1 31  

https://www.chuden.co.jp/corporate/publicity/pub_release/press/3266975_21432.html 
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2.1.2.  

2.1.2.1. ◦☻♥ⱶ  

 ⌐ ∆╢ ⌂ ─ ⌐≈™≡ 2.1.1⌐ ∆⁹╕√⁸◦☻♥ⱶ ╩

2.1.2⁸ ⇔√ ─ ╩ 2.1.3⌐ ∆⁹ 

 Power Conditioning System ⁸₈PCS₉≤ ∆⁹  String Control Unit ⁸₈SCU₉

≤ ∆⁹ ┘ Sweep Unit ⁸₈SU₉≤ ∆⁹ ☻כꜚꜞ  ─ ≤⌂∫≡™╢⁹

☻כꜚꜞ ─ ☺♇ꜞ♩כ◌│ DC43V ╩ 14 ⁸₈☻♩ꜞfi◓₉≤ ∆⁹

≤⇔⁸SCU ┘ SU⌐╟╡ ─☺♇ꜞ♩כ◌ ╩ ⇔⁸ ☺♇ꜞ♩כ◌╢∆ ╩

⇔⌂⅜╠ ╩ ℮⁹ ≢│⁸1 ─ PCS⌐ ⇔≡ 16☻♩ꜞfi◓ ─ ╩

⇔√⁹ 

 ◦☻♥ⱶ ─ ≤⇔≡│⁸ PLC⅛╠─ ╩ ↑√ Power Management Unit

⁸₈PMU₉≤ ∆⁹ ⅜ PCS ┘ Group Control Unit ⁸₈GCU₉≤ ∆⁹ ⌐

╩ ∆↓≤⌐╟╡⁸ꜞ ☻כꜚ ─ ╩ ℮⁹ ⌐≈™≡│⁸

AC ╩ PCS⌐╟╡ DC 400V┼≤ ☻כꜚꜞ⁸⇔ ┼ ╩ ∆╢⁹

⌐≈™≡│⁸ ─ ≢⁸ DC400V╩ PCS⌐╟╡ AC ┼≤ ⇔⁸

☻כꜚꜞ ⅛╠ ┼ ╩ ∆ ╩ ℮⁹ 

 ≢─ PCS─ DC │ 166kW≤⇔≡™╢⅜⁸ ⌐⅔™≡│

─ ⌐╟╡ DC │ 50kW≢ ╩ ℮↓≤≤⇔√⁹ 
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2.1.1 ─  

  

Power Conditioning 

System (PCS) 
AC240V╩ DC400V⌐ ∆╢ ACDC◖fiⱣכ♃ 

PLC 

─≥Ᵽכ◘ ⌐╟╡ ╩  

ה ─╠⅛Ᵽכ◘ ╩ PMU⌐  

─╠⅛PMUה ╩ ⌐Ᵽכ◘  

ה ♃♇♅ⱤⱠꜟ  

Power Management Unit 

(PMU) 

PLC≤─ ⌐╟╡ ╩  

ה PLC⅛╠─ ╩ PCS ┘ GCU⌐  

GCUה ┘ PCS⅛╠─ ╩ PLC⌐  

Group Control Unit 

(GCU) 

◦☻♥ⱶ≤─ ⌐╟╡ ╩  

ⱪכꜟ◓ה ─ ╩ ◦☻♥ⱶ⌐  

ה ◦☻♥ⱶ⅛╠─ ╩ SCU⌐  

ה ♃כ♦ ⁸ ⁸SOC⌂≥  

String Control Unit 

(SCU) 

GCU≤─ ⌐╟╡ ╩  

╠⅛GCUה ╩ ↑√ ╩ ∆╢ ⌐ SU┼ / ╩  

☺♇ꜞ♩כ◌─╠⅛SUה ⌐ ∂≡ ∆ SU╩  

SCUה ─ SU─ ╩ ⇔≡ GCU⌐  

Sweep Unit 

(SU) 

SCU≤─ ⌐╟╡ ╩  

─╠⅛SCUה / ⌐ ─☺♇ꜞ♩כ◌⁸≡∂ / ╩ ℮ 

☺♇ꜞ♩כ◌ה ╩  

☺♇ꜞ♩כ◌ה ╩ SCU⌐  
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2.1.2 ◦☻♥ⱶ  

 

 

 

2.1.3  

55kVA
200V 250V

ELB

Tr  1

166kW( ≢│ 50kW)
AC250V/ DC400V

ה
ה
ה
─⧵ה ( )

I / O

( RS- 485)

PMU MELSEC 1

SR1- 1- 1 SR1- 1- 14

GCU
LAN

ה
ה
ה
ה

I / O
ה /
ה /

1

I / O

( CC- Li nk I E Cont r ol )

1- 8

TEX
AC200V

( RS- 485)
ה
ה

☺♇ꜞ♩כ◌
DC43V

SU

SCU

AC/ DC
DC12V

600W)

☻♩ꜞfi◓ 1- 1

*1

Ᵽ♇♥ꜞכꜝ♇◒

☺♇ꜞ♩כ◌
DC43V

SU

♦Ᵽ♇◓ 1

Ᵽ♇♥ꜞכꜝ♇◒ ┼

PCS╟╡

♃♇♅
ⱤⱠꜟ

LAN

*1

CP1

MCCB1- 1
MCCB1- 8

14☺♇ꜞ♩כ◌

SR2- 1- 1 SR2- 1- 14

LAN

ה
ה
ה
ה

2- 8
☺♇ꜞ♩כ◌

DC43V

SU

SCU

AC/ DC
DC12V

600W)

☻♩ꜞfi◓ 2- 1

Ᵽ♇♥ꜞכꜝ♇◒

☺♇ꜞ♩כ◌
DC43V

SU

*1

CP1

MCCB2- 1
MCCB2- 8

14☺♇ꜞ♩כ◌

8

8

SCU  

SU  SU  

 ☺♇ꜞ♩כ◌

ꜝ♇◒ 

♃♇♅ⱤⱠꜟ 

PLC 

PMU 
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 ╕√⁸ ≢─☻♩ꜞfi◓↔≤─ ◒fiꜝ☺♇ꜞ♩כ◌ ╩ 2.1.2 ⌐ ∆⁹

⌐ ⌐ ⅜ ™ ╡⁸ 2.1.2─ ≢ ╩ ℮↓≤≤⇔√⁹√∞⇔⁸☻♩ꜞ

fi◓ ☺♇ꜞ♩כ◌─ ─√╘⌐⁸ ╩☺♇ꜞ♩כ◌⁸│≡™⅔⌐ ⅎ

≡ ╩ ∫√⁹ 

 

2.1.2 ☻♩ꜞfi◓─◌כ♩ꜞ♇☺ꜝfi◒  

☻♩ꜞfi◓ No 
ꜝfi◒↔≤ [ ] 

☺♇ꜞ♩כ◌  
A B C D E F G 

☻♩ꜞfi◓ 1 - 3 3 4 2 2 - 
ꜝfi◒─◌כ♩ꜞ♇☺⅜

⌐⌂╢╟℮⌂Ɽ♃כfi 

☻♩ꜞfi◓ 2 - 3 - - 7 5 - 
ꜝfi◒─ ⅜☺♇ꜞ♩כ◌™

≤⌂╢Ɽ♃כfi 

☻♩ꜞfi◓ 3 - - 14 - - - - 
ꜝfi◒ C─◌כ♩ꜞ♇☺≢

 

☻♩ꜞfi◓ 4 - 7 7 - - - - 
ꜝfi◒─ ╩☺♇ꜞ♩כ◌™

╘√Ɽ♃כfi 

☻♩ꜞfi◓ 5 - 5 9 - - - - 
ꜝfi◒─ ╩☺♇ꜞ♩כ◌™

╘√Ɽ♃כfi 

☻♩ꜞfi◓ 6 - - 7 7 - - - 
ꜝfi◒─◌כ♩ꜞ♇☺╩ ╘

√Ɽ♃כfi 

☻♩ꜞfi◓ 7 - 9 - - - - 5 
ꜝfi◒─Ᵽꜝ♠◐ ⅜ ─Ɽ

 fiכ♃

☻♩ꜞfi◓ 8 - - 14 - - - - 
ꜝfi◒ C─◌כ♩ꜞ♇☺≢

 

☻♩ꜞfi◓ 9 - 4 6 4 - - - 
ꜝfi◒─ ╩☺♇ꜞ♩כ◌™

╘√Ɽ♃כfi 

☻♩ꜞfi◓ 10 - 3 3 2 2 2 2 
ꜝfi◒─◌כ♩ꜞ♇☺⅜

⌐⌂╢╟℮⌂Ɽ♃כfi 

☻♩ꜞfi◓ 11 - - 14 - - - - 
ꜝfi◒ C─◌כ♩ꜞ♇☺≢

 

☻♩ꜞfi◓ 12 - 14 - - - - - 
ꜝfi◒ B ≢☺♇ꜞ♩כ◌─

 

☻♩ꜞfi◓ 13 - 7 7 - - - - 
ꜝfi◒─ ╩☺♇ꜞ♩כ◌™

╘√Ɽ♃כfi 

☻♩ꜞfi◓ 14 - 4 4 2 2 2 - 
ꜝfi◒─◌כ♩ꜞ♇☺⅜

⌐⌂╢╟℮⌂Ɽ♃כfi 

☻♩ꜞfi◓ 15 - - 14 - - - - 
ꜝfi◒ C─◌כ♩ꜞ♇☺≢

 

☻♩ꜞfi◓ 16 - 14 - - - - - 
ꜝfi◒ B ≢☺♇ꜞ♩כ◌─
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2.1.2.2. PCS  

 ≤⇔≡ ∆╢ ⌐│⁸ ─ ⌂ ⌐ ∆╢√╘─

⅜ ≢№╢↓≤⅛╠⁸PCS ⅜ ≤⌂∫≡ↄ╢⁹PMU⅛╠ ⅜

↕╣⁸PCS ⅜ ⌐ ∆╢╕≢─ ╩ ∆╢↓≤≢⁸ ─◦☻♥ⱶ≢─

PCS ╩ ∆╢⁹ 2.1.4⌐ ▬ⱷכ☺ ╩ ∆⁹ 

 

ᵑ ╡  

ᵒ ╡   

ᵓPCS   ᵑ  ᵒ 

 

 

2.1.4 PCS ▬ⱷכ☺ 

 

2.1.2.3. ╡ ⇔ ( ה )  

ה  ≢ ╩ ╡ ⇔ ☻כꜚꜞ⁸™ ─ ⁸ ─

╩ ∆╢⁹╕√⁸ ─ ╡ ⇔≢─ ─ ⌐╟╢⁸ ─ ╡ ⇔

─ ╩ ℮⁹ ⌐≈™≡│⁸ ≤⇔≡─ ╩ ⇔√ 300s≤

≤⇔≡─ ╩ ⇔√ 1,800s≤∆╢⁹ 2.1.5⌐ ▬ⱷכ☺ ╩ ∆⁹ 
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2.1.5 ╡ ⇔ ▬ⱷכ☺ 

 

2.1.2.4.  

 │₈PCS─ ₉─ ⌐╟╢ ≢ ╩ ╡ ⇔ ☻כꜚꜞ⁸™

─ ⁸ ─ ╩ ∆╢⁹╕√⁸ ─ ╡ ⇔≢─ ─

⌐╟╢⁸ ─ ╡ ⇔ ─ ╩ ℮⁹ 2.1.6⌐ ▬ⱷכ☺ ╩ ∆⁹ 

 

2.1.6 ▬ⱷכ☺ 

 

2.1.2.5. ∑  

 ╡ ⇔ ≤ ╩ ╖ ╦∑⁸ ─ ⁸ ─

╩ ∆╢⁹╕√⁸ ─ ╡ ⇔≢─ ─ ⌐╟╢⁸ ─ ╡ ⇔

─ ╩ ℮⁹ 2.1.7⌐ ▬ⱷכ☺ ╩ ∆⁹ 
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2.1.7 ∑ ▬ⱷכ☺ 

 

2.1.2.6.  

 ⅛╠ PLC⌐ ╩ ╡⁸ ⌐ ╩ ↕∑╢↓≤

≢⁸∕─ ⌐ ╦∑√ ╩ ℮↓≤╩ ∆╢⁹ ⅜ ⅝ↄ⌂╣┌⁸

╩ ↕ↄ∆╢ ⁸ ⅜ ↕ↄ⌂╣┌⁸ ╩ ⅝ↄ∆╢

─ ╩ ℮↓≤╩ ∆╢⁹ 

 

2.1.2.7. Sweep  

 Sweep №╡/⌂⇔≢ ╩ ™⁸Sweep ─ ⌐≈™≡ ╩ ℮⁹

Sweep ≤│⁸☻♩ꜞfi◓ ─ ─☺♇ꜞ♩כ◌ ⁸SOC⁸ ╩ ⌂⅜╠⁸

─☺♇ꜞ♩כ◌╢∆ / ╩ ℮ ─↓≤╩ ∆⁹ 

 Sweep №╡─ │⁸ ⅜☺♇ꜞ♩כ◌ ↕╣ ⅜ ≤ ↕╣╢╕≢

╩ ↑╢⅜⁸Sweep ⌂⇔─ ╙≢☺♇ꜞ♩כ◌─≈≥└⁸│ ⇔ ⌐ ⇔

√ ≢ ╩ ⇔≡⇔╕℮≤™℮ ⅜№╢⁹ 

 

2.1.3.  

2.1.3.1. PCS  

 2.1.8─ ≢ ╩ ∫√⁹ │(1) ќ ⁸(2) ќ ⁸(3) ќ

⁸(4) ќ ⁸(5) ќ ⁸(6) ќ ─ 6Ɽ♃כfi≤⇔√⁹ ╩ 2.1.3

⌐ ∆⁹ 

 ⅛╠⁸ ≡ 2 ≤™℮ ≢─ ≢ ∆╢↓≤╩ ⇔√⁹⌂

⅔⁸ŋ ╡ ─ ⌐≈™≡│⁸ ⅜ ⅝ↄ⌂∫≡™╢↓≤⅜╦⅛╢⁹↓╣│⁸

PMU-GCU ─ ─ ╩ ↑≡™╢≤ ⅎ╠╣╢⁹PMU-GCU │ 1s ≢
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─ ╩ ∫≡⅔╡⁸ ─♃▬Ⱶfi◓⌐╟∫≡ 1s─ ⅜ ∆╢≤ ⅎ╠╣

╢√╘⁸ ─ ⌐╟╡ ─ ⅜ ≤⌂╢⁹ 

 

200V/ 250V
♩ꜝfi☻

/ HIOKI

14

14

14

14

×

SCU

SCU

 

2.1.8 PCS  

 

2.1.3 PCS  ≢─  

 ᵑ ╡ ─ [s] ᵒ [s] ᵓ [s] 

(1) ќ  1.182  0.160  1.342  

(2) ќ  1.599  0.160  1.759  

(3) ќ  1.110  0.170  1.280  

(4) ќ  1.522  0.175  1.697  

(5) ќ  1.430  0.240  1.670  

(6) ќ  0.940  0.220  1.160  
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2.1.3.2. ╡ ⇔ ( ה )  

 2.1.9─ ≢ ╩ ∫√⁹ ≤⇔≡⁸300s─ ⌐⅔™≡│

≢─ ≤∆╢√╘⁸ 50kW⁸ 45kW≢ ↕∑√⁹1,800s─ ⌐⅔

™≡│⁸1,800s─ ⌂ 11.2kW ☻♩ꜞfi◓ 3.5A ⁸ 9kW≢

↕∑√⁹ ⌐≈™≡│⁸ ⅜ 1☻♩ꜞfi◓ √╡ 1.27kWh≤⌂∫≡⅔╡⁸8

☻♩ꜞfi◓≢ 1,800s─ ≢│ │ 20.4kW≤⌂╢⅜⁸ ⌐│ ⅜

╡⌂⅛∫√√╘⁸1,800s≢ ⌂ 11.2kW≢ ↕∑√⁹╕√⁸ ─

│ ─ ≢№╣┌⁸ ⌐╟╡ ≤⌂∫≡⇔╕℮√╘⁸ ≤

≢ ⌐ ╩≈↑≡ ╩ ∫√⁹ ⌐≈™≡│⁸ ⌐ ↕∑╢ ≢ⱨꜟ

/ⱨꜟ ╩ ™⁸∕╣∙╣─ ─ ⅛╠ ⇔√⁹ 

 2.1.10⌐ 300s─ ╡ ⇔ ─ ╩ ∆⁹ 2.1.10─ │⁸ ⌐

∆╢ ─ ≢№╡⁸↓─ ⅛╠ 300s ⁸ ≢ ─ ╡ ⇔⅜

⌂↓≤╩ ≢⅝√⁹ 

 ╕√⁸ 2.1.10─ │ ☻♩ꜞfi◓ ─ ☺♇ꜞ♩כ◌ - ⌐

╟╡ ─☺♇ꜞ♇♩כ◌√∫№─ ╩ ⇔≡⅔╡⁸∕─ ≢╙ ╙ ⅜

⅝⅛∫√─│☻♩ꜞfi◓ 2 ≤☻♩ꜞfi◓ 7 ♇ꜞ♩כ◌─╠╣↓⁹√∫№≢☺♇ꜞ♩כ◌─

☺─ │ 30 ≢ 8.2ϴ≢№╡⁸ ⅜ 45ϴ─√╘⁸25ϴ⅛╠ ⇔

√≤∆╢≤ 2 30 ─ ≢ ⇔≡⇔╕℮↓≤≤⌂╢⁹╕√⁸↓╣╠─

⅜ ╙ ─☺♇ꜞ♩כ◌√∫⅛⅝ ꜝfi◒│☻♩ꜞfi◓ 2 fiꜝ⅜☺♇ꜞ♩כ◌─

◒ F⁸☻♩ꜞfi◓ ◒fiꜝ⅜☺♇ꜞ♩כ◌─7 G≢№∫√⁹↓─↓≤⅛╠⁸ ꜝfi◒─ ™

─☺♇ꜞ♩כ◌ ⅜ ∆╢ ⌐№╢↓≤⅜ ≢⅝√⁹ 
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200V/ 250V
♩ꜝfi☻

/ HIOKI

14

14

8

14

14

×8

( 1) 300s
   50kW
   45kW

SCU

SCU

( 2) 1800s
   11. 2kW
   9kW

 

2.1.9 ╡ ⇔  

 

 

2.1.10 ╡ ⇔ (300s) ⁸  
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 2.1.11⌐ 1,800s─ ╡ ⇔ ─ ╩ ∆⁹ 2.1.11│⁸ ⌐ ∆╢

─ ≢№╡⁸↓─ ⅛╠ 1,800s ⁸ ≢ ─ ╡ ⇔⅜ ⌂

↓≤╩ ≢⅝√⁹⇔⅛⇔⁸ ─√╘⌐⁸ ≤ ≢ ╩≈↑√↓≤≢⁸

5 ─ ⌐ 1,800s ╩ ↑╢↓≤⅜≢⅝⌂ↄ⌂∫≡™√⁹↓╣│⁸

╩ ⌂⅜╠─ ⅜ ≢№╢⅜⁸ ─ ╩ ─ ≢ ⇔√√

╘≢№╢⁹ 

 ╕√⁸ 2.1.12│ ☻♩ꜞfi◓ ─ ☺♇ꜞ♩כ◌ - ⌐╟╡

─☺♇ꜞ♩כ◌√∫№─ ╩ ─☺♇ꜞ♩כ◌⁹∆ / ⌐ ™ ⅜

№╢™│ ∆╢ ⅜ ╘╠╣√⁹ 2.1.13 ⌐☻♩ꜞfi◓ 1 ─╖─ ꜞ♩כ◌⁸

♇☺ 12─ ┘ / ─♃▬Ⱶfi◓╩ ∆⁹↓─ ⅛╠⁸ ☺♇ꜞ♩כ◌│

─ / ⌐ ⇔≡ ╣≡ ─☺♇ꜞ♩כ◌⁸⅜╢™≡⇔ / ⌐╟╡ ⅜ №

╢™│ ∆╢ ⅜ ╠╣╢⁹ ─ ≤⇔≡│⁸ ╙ ⅜ ☺♇ꜞ♩כ◌™⅝

≢╙ 1 №√╡ 1ϴ≤⌂∫≡⅔╡⁸1,800s ≢ ╩ ⅎ√ │⁸ ─

╙ ⅎ╠╣≡™╢↓≤⅜╦⅛╢⁹ 

 ⅛╠⁸ ⌐⅔™≡│⁸ ─ ╩ ∆╢↓≤│ ≢№╢√╘⁸

─√╘⌐ ╩ ⌂⅜╠─ ─ ⅜ ≤⌂╢⁹╕√⁸ ─

╩ ⇔√ ≢─ ─ ⁸ ─ ⇔⌂≥ ╩ ∆╢

⅜№╢⁹ 

 

 

2.1.11 ╡ ⇔ (1,800s)  
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2.1.12 ╡ ⇔ 1,800s  2.1.13 ☻♩ꜞfi◓1 ⁸  

 

2.1.3.3.  

 2.1.14─ ≢ ╩ ∫√⁹ 50kW ≢─ ╩

∆╢√╘⌐ 1s⁸2s⁸3s ≢─ ╩ ∫√⁹ 2.1.15 2.1.17⌐ ╩

∆⁹ 

 ⅛╠⁸1s ─ ≢│ ⌐ ∆╢ ⌐ ─ ⌐ ╢ ⅜

₁ ╠╣√⁹↓╣│ 2.1.3.1─ PCS ─ ⅛╠╙╦⅛╢╟℮⌐⁸PCS─

⅜ 1s 2s ⌂─≢ 1s ─ ⌐ ⇔≡│ ≢⅝⌂™↓≤⅜ ≢⅝√⁹2s ─

≢│⁸♃▬Ⱶfi◓⌐╟∫≡│ ⌐ ⌐ ⅜☻כ◔™⌂™≡⅝≢ ╠╣√⁹3s

─ ≢│⁸ ⇔≡ ⅜ ≢⅝≡™╢↓≤⅜ ≢⅝√⁹ ─◦☻♥ⱶ≢│⁸

3s ─ ≢№╣┌⁸ ⇔√ ⅜ ≢№╢↓≤⅜ ≢⅝√⁹2.1.3.1─ PCS

─ ≤ ∆╢⅜⁸ ⌐ ∆╢√╘⌐│⁸ ⌂╢ ─

⅜ ≤⌂╢⁹ 

 

200V/ 250V
♩ꜝfi☻

1

14

14

8

14

14

×8

50kW
45kW

SCU

SCU
/

 

2.1.14  
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2.1.15 1s ≢─  

 

 

2.1.16 2s ≢─  

 

 

2.1.17 3s ≢─  
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2.1.3.4. ∑  

 2.1.18─ ≢ ╩ ∫√⁹2.1.3.2─ ╡ ⇔ ≤ 2.1.3.3─

╩ ∑√ ≢⁸ ─ │ 3sќ 3s≤⇔⁸ │

⌐ ⅜ ╢√╘⁸2.1.3.2 ╡ ⇔ 1,800s ─ ─

≢ 22.4kW≤⇔√⁹ ⌐≈™≡│⁸ ─ 18kW≢ ↕∑√ ⌐⁸ ⅜

╡∏⌐ ≤⌂∫√√╘⁸19kW≤⇔√⁹ 

 2.1.19⌐ ╩ ∆⁹ 2.1.19─ │ ⌐ ∆╢ ─ ≢⁸

≢ 1,800s ≢─ ┘ ─ ⅜ ⌂↓≤⅜ ≢⅝√⁹╕√⁸

2.1.19 ─ │ ☻♩ꜞfi◓ ─ ☺♇ꜞ♩כ◌ - ⌐╟╡

─☺♇ꜞ♩כ◌√∫№─ ╩ ∆⁹ ─ ≤⇔≡│⁸ ╙ ⅜ כ◌™⅝

♩ꜞ♇☺≢╙ 1 №√╡ 1ϴ≤⌂∫≡⅔╡⁸ │ ⅎ╠╣≡™╢↓≤⅜ ≢⅝

√⁹ 

 

200V/ 250V
♩ꜝfi☻

1

14

14

8

14

14

×8

22. 4kW
19kW

SCU

SCU
/

 

2.1.18 ∑  
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2.1.19 ∑  

 

2.1.3.5.  

 2.1.20 ─ ≢ ╩ ∫√⁹ │ ─ ⌐ ╦∑√

─ ≤⌂╢⅜⁸ ─ 2 ─ ⅛╠ PLC⌐ ╩ ╣⁸∕─ ⌐

╦∑√ ─ ╩ ∆╢↓≤≤⇔√⁹ 

 

ה ─ 50kW≢│⁸ ╩ ↕∑╢╒≥─ ⅜⌂™↓≤ 

ⱶ♥☻◦ה ⁸ ⌐ ≢⅝╢ ⅜⌂™↓≤ 

 

≤⇔≡│⁸ ⌐ ⇔√ ─ ╩ ⇔√ ─ Ɽ♃

fiכ 2.1.21 ╩ ⇔⁸∕─Ɽ♃כfi⌐ ∂√ ╩ ℮⁹ Ɽ♃כfi

│ 3s ≢ ╩ ⅎ╢╙─≤⇔⁸ (2.1.1)╩ ™≡ ╩ ≢ ∆╢↓≤≤∆

╢⁹ 

 

  P = ɖ × Ⱥf  ɗ                          (2.1.1) 

   P ⁸Ⱥf  ï  

      ɖ⁸ɗ Ɽꜝⱷכ♃ 

 

 



20 

 

≢│⁸0.1Hz─ ⌐ ⇔≡⁸10kW─ ╩ ℮╟℮⌐Ɽꜝⱷכ♃─

╩ ∫√⁹ 

 2.1.22⌐ ╩ ∆⁹ ⅛╠⁸ ╪∞ Ɽ♃כfi⌐ ∂≡

⌐ ╦∑≡ ⁸ ⅜ ⅜╣┌ ⁸ ⅜ ⅜╣┌ ╩ ℮↓≤⅜ ≢

⅝√⁹ 

 

200V/ 240V
♩ꜝfi☻

14

14

14

14

×

SCU

SCU

/ HIOKI

 

2.1.20  

 

 

2.1.21 Ɽ♃כfi 
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2.1.22  

 

2.1.3.6. Sweep  

 2.1.23─ ≢ ╩ ∫√⁹╕√⁸ 2.1.2─☻♩ꜞfi◓ ꜝ☺♇ꜞ♩כ◌─6

fi◒ ╩ ⇔√√╘ 2.1.4⌐ ∆⁹ ╩ 2.1.5⁸ 2.1.24⁸ 2.1.25⌐

∆⁹ ┘ ⌐⅔™≡ Sweep №╡─ ⁸Sweep ⌂⇔─ ⌐ ═≡

⅜ ↄ⌂╢ ⅜ ╠╣⁸ ⌐Ᵽꜝ♠◐─№╢ ╩ ⌐ ≢⅝╢↓≤

╩ ⇔√⁹ 

 ⌂⅔⁸Sweep ⌂⇔─ ⁸ꜝ fi◒─ ⅜☺♇ꜞ♩כ◌™ ╕╣╢≤ ⅜ ↄ⌂

∫≡™╢⁹Sweep ⅜⌂™≤⁸ꜝ fi◒─ ⅜☺♇ꜞ♩כ◌™ ╡╟☺♇ꜞ♩כ◌─ ⌐

⌐ ⇔⁸ ⇔√≤ ⅎ╠╣╢⁹ 
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200V/ 250V
♩ꜝfi☻

1

14

14

4

14

14

×4

48kW
48kW

SCU

SCU
/

 

2.1.23 Sweep  

 

◒fiꜝ☺♇ꜞ♩כ◌√⇔ 2.1.4  

☻♩ꜞfi◓ No 
ꜝfi◒↔≤ [ ] 

☺♇ꜞ♩כ◌  
A B C D E F G 

☻♩ꜞfi◓ 6 - - 3 11 - - - 
ꜝfi◒─◌כ♩ꜞ♇☺╩ ╘

√Ɽ♃כfi 
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2.1.5 Sweep   

☻♩ꜞfi◓ 

No 
 

Sweep №╡ 

[sec] 

Sweep ⌂⇔ 

[sec] 

Ⱥ [sec] 

(Sweep №╡-⌂⇔) 

      

☻♩ꜞfi◓

1 

1  193 143 134 95 59 48 

2  198 164 131 105 67 59 

3  223 183 137 112 86 71 

☻♩ꜞfi◓

2 

1  140 101 93 75 47 26 

2 142 115 98 82 44 33 

3  154 128 100 84 54 44 

☻♩ꜞfi◓

3 

1  299 212 221 165 78 47 

2  287 232 218 179 69 53 

3  321 265 220 185 101 80 

☻♩ꜞfi◓

4 

1  346 252 261 205 85 47 

2  357 291 269 223 88 68 

3  407 334 279 233 128 101 

☻♩ꜞfi◓

5 

1  394 299 266 208 128 91 

2  410 339 263 220 147 119 

3  478 389 286 241 192 148 

☻♩ꜞfi◓

6 

1  199 150 150 118 49 32 

2  203 165 155 128 48 37 

3  220 180 169 141 51 39 

☻♩ꜞfi◓

7 

1  231 164 124 93 107 71 

2  234 190 123 103 111 87 

3  262 215 133 111 129 104 

☻♩ꜞfi◓

8 

1  261 187 181 144 80 43 

2  267 216 194 160 73 56 

3  288 238 200 169 88 69 
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2.1.24 Sweep №╡≢─  

 

 

2.1.25 Sweep ⌂⇔≢─  

 

2.1.3.7. ─╕≤╘ 

 ─ ⅛╠ ⅎ√ ─ ⌐≈™≡ 2.1.6⌐ ∆⁹ 

 ╕∏⁸ ⌐⅔™≡⁸ ─ ☻כꜚꜞ ◦☻♥ⱶ╩ ⇔∕─ ⌐

≈™≡ ∆╢↓≤⅜≢⅝√⁹ 

 PCS─ ≤⇔≡⁸ ─◦☻♥ⱶ≢─ ─ │ ≢⅝√⅜⁸1s 2s≤

⌂∫≡⅔╡ ⌐ ∆╢√╘⌐│⁸ ⌂╢ ─ ⅜ ≤⌂╢⁹

≤⇔≡│⁸ │ PMU-GCU ─ ⅜ 1s≤⌂∫≡™╢√╘⁸PMU≤ GCU

╩ ∆╢↓≤≢↓─ ─ ╩ ∆╢⁹ 

 ╡ ⇔ ⁸ ⁸ ∑ ╩ ™ ⅜ ≢№╢↓≤⅜

≢⅝√⁹⇔⅛⇔⁸ ∆╢⌐№√∫≡⁸ ─ ⅜ ≢№∫√√╘⁸ ⌐

∆╢ ⁸ ⌐≈™≡│ ⌂╢ ⅜ ≤⌂╢⁹╕√⁸ ─

╩ ─ ≢ ∆╢↓≤│ ≢№╢√╘⁸ ─√╘⌐

│◦☻♥ⱶ ≢ ╩ ⌂⅜╠─ ─ ⅜ ≤⌂╢⁹ 
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 ╕√⁸ ꜝfi◒─ ─☺♇ꜞ♩כ◌™ ⅜ ∆╢ ⌐№╢↓≤⅜ ≢⅝√⁹ 

 ⌐≈™≡│⁸ ╪∞ Ɽ♃כfi⌐ ∂≡ ⌐ ╦∑≡ ⁸

⅜ ⅜╣┌ ⁸ ⅜ ⅜╣┌ ╩ ℮↓≤⅜ ≢⅝√⁹ 

 Sweep №╡─ ─ ⅜ Sweep ⌂⇔─ ⌐ ═≡ ⅜ ↄ⌂∫≡⅔╡⁸

☻♩ꜞfi◓ ☺♇ꜞ♩כ◌≢ ╩ ⌐ ≢⅝╢↓≤⅜ ≢⅝√⁹ 

 

2.1.6 ─ ⅛╠ ⅎ√ ─  

─  

─≡⇔≥ⱶ♥☻◦ה ─  

ה ─ ⁸ ⁸ ⌂≥  

ה / ─  

 

2.1.4. ⅔╟┘ ─  

 ╩ ∂≡⁸ ⌂ ─ ─√╘─ ╩ ⇔√ ⁸

☻כꜚꜞ√⇔ ⅜ ⌂ↄ ∆╢↓≤⅜ ≢⅝√≤≤╙⌐⁸ ◦☻♥ⱶ ⌐

↑√ ⌂ ╩ ╢↓≤⅜≢⅝⁸ ☻כꜚꜞ⌂ ≤∆╢↓≤⅜≢

⅝√⁹╕√⁸Sweep ─ ⅔╟┘ ⌐╟╡⁸ ⌐Ᵽꜝ♠◐─№╢ꜞꜚכ☻

─ ╩ ⇔√⁹ 

─ ╩ ╘╢√╘⁸ ⌐ ☻כꜚꜞ√↑ ⌐╟╢ ◦☻♥ⱶ─

⌂╢◖☻♩♄►fi─ ╡⅜ ≢№╢≤ ⅎ╠╣╢⁹◖☻♩♄►fi⌐ ↑≡│⁸◖☻♩─

╩ ╘╢↓≤⌐⌂╢ ─ ╩ ╠∆ ⅜ ╙ ⅜№╢≤ ⅎ╠╣╢√╘⁸

⅝ ⅝ ⇔≡™ↄ⁹ 
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2.2. ♬♇◔ꜟ ꜞ◘▬◒ꜟ  

2.2.1.  

 ─Ɫ▬Ⱪꜞ♇♪ ╛ ─ ─ ⌐╟╡⁸ ™ ⌐ ─

─ ─ ⅜ ╕╣╢⁹ ⁸↓╣╠─ ╩ꜞ◘▬◒ꜟ∆╢ ≤⇔≡│⁸

⌐ ⌐ ⇔√◄Ⱡꜟ◑כ╩ ∆╢√╘⁸ ╠ ⁸ ╩ ∆╢

⅜ ↕╣≡™╢⁹ ≢⁸ ™ ─ ─ ⌐ ⅎ⁸ꜞ ◘▬◒ꜟ ─ ⌂╢

⅜ ≢№╢≤ ⌐⁸CO2 ─ ⅛╠⁸ ╩ ╦⌂™ꜞ◘▬◒ꜟⱪ꜡☿

☻─ ⅜ ≢№╢⁹ 

 Ɫ▬Ⱪꜞ♇♪ ⌐ ↕╣≡™╢ ⌐│♬♇◔ꜟ ≤ꜞ♅►ⱶ▬○fi ⅜

№╢⅜⁸ ≢│ ╖♬♇◔ꜟ ⅜ ⌐ ∆╢↓≤⅜ ╕╣╢↓≤⅛╠⁸

─ꜞ◘▬◒ꜟ ≤⇔√⁹ ─ ╩ 2.2.1⁸ ╩ 2.2.1⌐ ∆⁹♬♇◔ꜟ

│ 6≈─ ☿ꜟ ≢ ↕╣≡⅔╡⁸∕─☿ꜟ ╩ ∆╢√╘─

⅜∕╣∙╣─ ⁸ ┘ ⌐№╢ ≤⌂∫≡™╢⁹ 

 

 

2.2.1 ─ꜞ◘▬◒ꜟ ≤⌂∫√ ♬♇◔ꜟ  

 

2.2.1 ─ꜞ◘▬◒ꜟ ♬♇◔ꜟ  

ꜟכꜙ☺⸗  NP2 

 7.2 V 

 6.5 Ah 

 1350 W 

◄Ⱡꜟ◑כ  46 Wh/kg 

 1040 g 

 19.6(W)×106(H)×285(L) mm 
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 ↓─ ╩ ∑∏⌐ꜞ◘▬◒ꜟ∆╢ⱪ꜡☿☻ⱨ꜡כ╩ ⇔√⁹∕─ ╩ 2.2.2⌐

∆⁹ ╩ ⌐╟╡ ⇔⁸ ∆╢↓≤≢ ╩ ∆╢⁹ ⌐⁸ ╩

⌐ ⇔ ─ ™ ╩☻כ◔ ∆╢≤≤╙⌐⁸ ╩ ≢ ∆╢↓

≤≢ ╩ ⅛╠ ∆╢⁹↕╠⌐ ╩ ∆╢↓≤≢⁸☿Ɽ꜠כ♃כ⌐

⇔√ ╩ ∆╢≤╙⌐⁸ ─ ⌐╟╡☿Ɽ꜠כ♃כ ⅜ ↄ⌂╢√╘⁸

╩ ⇔≡ ∆╢⁹ ⌐⁸ ♬♇◔ꜟ ⅔╟┘ │ ─ ™⌐╟╡

∆╢ ≢№╢⁹ 

 

 

2.2.2 ╩ ╦⌂™ ꜞ◘▬◒ꜟⱪ꜡☿☻ⱨ꜡כ 

 

 ⌐⅔↑╢ꜝⱲ♥☻♩≢│ ≢№╢↓≤│ ╖≢№╢⅜⁸ ⌐№√

∫≡─ ╩ ∆╢√╘⌐│⁸ ꜞ◘▬◒ꜟⱪ꜡☿☻ ⁸ ⁸ ⁸╤

⁸ ┘ ─ ⌐⅔↑╢ ╩ ⇔⁸ ╩ ∆╢ ⅜№╢⁹

╕√⁸ ⱪ꜡☿☻≢ ∆╢ ─ │⁸ ⌂ ≢№╢↓≤⅛╠⁸∕

─ ┘ ⌂ ╩ ∆╢ ⅜№╢⁹ 

  

2.2.2.  

 ╩ ╦⌂™ ─ꜞ◘▬◒ꜟⱪ꜡☿☻⌐≈™≡⁸ ─ ╩ ℮≤≤╙⌐⁸

╙ ∆╢⁹╕√⁸ ≢ ⇔√ ─ ╙ ∆╢⁹ 

 

2.2.3. ≤  

2.2.3.1. ─  

 ╩ ∆╢√╘─ ─ ╩ ∫√⁹ ╩ ∆╢ ≤⇔≡│⁸

⌐ ⌐╟╢ ⅜ ╠╣≡⅔╡⁸ ♩ꜝfi☺☻♃ Field effect transistor
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FET ⌂≥─ ╩ ∫≡ ╣╢ ╩ ∆╢ ≢№╢⁹

⅜ ≤™℮ⱷꜞ♇♩⅜№╢ ⁸ ╩ ↕∑╢√╘─ ⅜ ≤™

℮♦ⱷꜞ♇♩⅜№╢⁹ 

 ≢⁸ ≢ ⇔√ │⁸ ╩ ∑∏⌐ ∆╢ ≢№╡⁸ ╩

⇔≡ ∆╢ ≢№╢ 2.2.3 ⁹∕─ ⌐│⁸ ≢ ⁸ ⌐ ╣⁸

⌐╙ ╣√ⱷ♃ꜟ◒ꜝ♇♪ 1 A ≢ ╩ ⇔√⁹╕√⁸ ⅜ ─

╩ ∆╢√╘⁸ꜞ☿♇♃Ⱪꜟⱥꜙכ☼ 40ϴ 1 A ≢ ╩ ⇔√⁹↕╠⌐⁸

─ ⅜ ⌐ ∆╢↓≤╩ ≢ ∆╢√╘⁸ ♅▼♇◒ LED╙ ╖ ╪∞⁹ 

 

 

2.2.3 ⌂  

 

 ╩ ⇔√ ╩ ╕ⅎ⁸ ⅛≈ ⅜ ≤⌂╢ ◦☻♥ⱶ╩ ⇔

√⁹∕─ ╩ 2.2.4⌐ ∆⁹ ─ ≢ ⅜ ⌐ ╩☿♇♩⇔⁸∕╣

╩◖fiⱬ▪ ≢ ╩ ⌐ ╘╢≤≤╙⌐ ∞↑╩ ╡ ∆↓≤⅜≢⅝╢◖fi

ⱬ▪ ≥ⱶ◖fiⱬ▪₉כꜙ◐▪⁸₈ ∆⁹ ⌐כ꜠♩╢№⌐ כꜙ◐▪⁸≡⇔⧵⁹╢∑

ⱶ◖fiⱬ▪ ≢ ╩⇔⌂⅜╠꜡Ⱳ♇♩─╟╡ ↕╣≡™╢ ╕≢ ┌╣╢⁹

⁸꜡ Ⱳ♇♩⌐╟∫≡ ╩ ⇔⁸ ⅜ ⇔√ כ꜠♩─⧵⁸╖─ ⌐

№╢ ╩ ⇔√ ⁸ ─╖╩ ⇔≡ ┼ ∆╢◦☻♥ⱶ≢№╢⁹∕─ ⁸

╡ ⇔√ │╙℮ ┼כ꜠♩ ≢▪ⱶ◖fiⱬכꜙ◐▪⁸⇔ ─ ⌐ ∆

≤⇔√⁹╕√⁸ ⅜ ─ ⅜ ↕╣√ │⁸∕─╕╕ ≤ │♩꜠

⌐כ ⇔≡ ─ ╕≢ ∆ ≤⇔√⁹↓╣⌐╟∫≡⁸ │ ≢─ ╩

≤⇔√⁹ 
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2.2.4 ╩ ∫√ ╩ ∆╢◦☻♥ⱶ 

 

 ⌐⅔™≡⁸ ─כ꜠♩≥ ─▪ⱶ◖fiⱬכꜙ◐▪┘╟⅔⁸ ↕╩ ∆╢↓

≤≢Ᵽ♇♥ꜞכ─ ⅜ ≢№╢↓≤⅛╠⁸ ─ │꜡Ⱳ♇♩─

⅛╠ ╕≢─ ⌐ ∆╢⁹∕↓≢⁸ ─ ─ ╩ ∆╢

╩ ⇔√⁹꜡Ⱳ♇♩ ─ ☺▼Ⱡꜝꜟⱨ꜡כꜗ♅כ♩ ╩ 2.2.5⌐ ∆⁹ ╘

⌐⁸ ⅜ ↕╣√ ─ꜟכꜙ☺⸗10 ⌐כ꜠♩⅜ ↕╣√ ─ ╩ ⌐

∆╢⁹ ⌐⁸꜡ Ⱳ♇♩⅜ ─ ╩♅▼♇◒∆╢⁹ ⅜ ≢№╢ ⇔√

│ ─ ─ ╩♅▼♇◒∆╢ ┼ ∆╢⅜⁸ ≤ ⇔√ │⁸

⅛╠ ╩ ⇔⁸ ─ ⌐ ⅝∆╢⁹∕⇔≡⁸ ⅜ ╡ ↕╣√ ╩

─ ┼ ∆╢⁹∕─ ⁸ ⅝⇔√ ╩Ⱨ♇◒▪♇ⱪ⇔≡⁸ ⅜ ↄ⌂∫

─כ꜠♩√ ⅝☻Ɑכ☻⌐ ╩ ∆⁹↓─ ╩ ꜟכꜙ☺⸗10 כ꜠♩1

⅜ ╦╢╕≢ ╡ כ꜠♩⁸1⇔ ⅜ ∆╢⁹ 
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♩♇Ⱳ꜡─כ꜠♩1 2.2.5 ─☺▼Ⱡꜝꜟⱨ꜡כꜗ♅כ♩ 

 

2.2.3.2. ─  

 ⇔√ ◦☻♥ⱶ─ ╩ ∆╢⌐№√∫≡⁸ ◖ⱶכꜙ◐▪⁸כ꜠♩⁸

fiⱬ▪⁸ ┘꜡Ⱳ♇♩╩ ⇔√ 2.2.6 ⁹ ─ⱪꜝfi♩⌐│▪◐ꜙכⱶ◖fiⱬ▪│

⌐ ⌂ ─ ↕⅜ ⌐⌂╢⅜⁸ │ ≢№╢√╘⁸꜡ Ⱳ♇♩─ ⌐

∆╢ ↕ 2 m ≤⇔√⁹ 

 

10  

 

 ♩כ♃☻

♅▼♇◒ 

 

⇔ 

⇔ 

┼כ꜠♩╩ ∆ 

◄fi♪ 

 
10  

─ ┼  
 

כ꜠♩  
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2.2.6 ⇔√ ≤  

 

 ⇔≡ ⇔√ ⌐╟╢ ─ ╩ ⇔√⁹ ─

4.6 Ah ─ ╩ ↕∑√ ⌐⅔↑╢ ≤ ─ ╩ 2.2.7⌐

∆⁹√∞⇔⁸ ─ │ ─◄▪◖fi ⇔ №╡ ─ ╩ ⇔≡ 40ϴ

≤⇔√⁹╕√⁸ ⌐ ™ⱷ♃ꜟ◒ꜝ♇♪ ⅜ ∆╢↓≤⅛╠⁸ ⌐

⇔≡№╢ꜞ☿♇♃Ⱪꜟⱥꜙכ☼┼─ ⌐≈™≡╙ ∆╢√╘⁸ ─

╙ ⇔√⁹ 

 

 

2.2.7 ⇔√ ⌐╟╢ ─ ─  

 

0
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20

25

30

35

40

45

50

0

1

2

3

4

5

6

7

8

9

0 1 2 3 4 5 6

ϴ(V
)

(h)

Ᵽ♇♥ꜞכ (V)

Ɫ►☺fi◓ (ϴ)

(ϴ)

≤  

꜡Ⱳ♇♩ 

▪ⱶ◖fiⱬכꜙ◐▪
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2.2.8 ⇔√ ⌐╟╢ ─ ─  

 

 2.2.7⌐ ∆≤⅔╡⁸ 8 V№∫√ │ 1 ≢ 7 V ≤⌂╡⁸∕─

│╝╢╛⅛⌐ ⇔√⁹ 4 ⌐ 6 V ⅛╠ 5 V ⌐ ⌐ ⇔⁸∕─ 5

─ ≤ ╦∑≡ 6 ⅜ ⇔⁸∕─ │ 1 V ≢ ≤⌂∫√⁹∕─

─ Ɫ►☺fi◓─ │ 45.6ϴ≢№╡⁸ ⅛╠ 5ϴ ⇔√⁹ ⁸

│ 2.2.8⌐ ∆╟℮⌐⁸ │ 1 A ≢№∫√⅜⁸∕─ ─

⌐ ™ ╙ ╛⅛⌐ ⇔⁸ 5.5 ⌐ 6 ─ ╩ ⅎ⁸∕─

│ 0.05 A ─ ─ ≢ ⇔√⁹ 

 ─ ─ ⌐≈™≡⁸ ≤ ─ ⅛╠ ╩ ⇔√⁹

╩ 2.2.9⌐ ∆⁹ ⌐ ∆╢ │ ≢№╢↓≤⅜ ≢⅝√⁹↓╣│⁸

⅜ ─ ╩ ↑∏⌐⁸ ⌐ ─ ≢ ≢⅝≡™╢↓≤╩ ⇔≡

™╢⁹⇔√⅜∫≡⁸ ⌐╟╡⁸ │ 40ϴ ⌐⅔™≡╙ 4.6 Ah ─

╩ ≈ ╩ ⌂ↄ ≢⅝╢↓≤⅜ ≢⅝√⁹⌂⅔⁸ ⅜ ↕╣╢ │ 6 

V ≢№╢↓≤⅛╠⁸ ─ ╩ ⅎ┌ 4 ≢ ⅜ ∆╢↓≤⌐⌂

╢⁹ 

 

0
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0
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2.2.9 ⇔√ ⌐╟╢ ─  

 

 ⅜ ⇔√ ─ ⅔╟┘ ∆ ╩ ⇔⁸∕─ ╩ 2.2.2⌐ ∆⁹

⌂⅔⁸ ⅜ ∆╢≤ ╩ ⇔≡⇔╕℮√╘⁸ ⌐ ⇔

√ ─╖ ≤⇔√⁹ 

 

2.2.2 ≢ ┘ ╡ ⇔⌐ ∆╢  

  (s) 

─כ꜠♩ 1 ↑ ╡⅛╠ ╕≢ 11 

─ꜟכꜙ☺⸗10 2 ┘

╡ ⇔ ╕≢β 
300 

β10 ≡⅜ ⌐  

 

─כ꜠♩  ↑ ╡⅛╠ ╕≢⌐ 11 ⁸ ─ꜟכꜙ☺⸗10 ♅▼♇◒⁸

⇔≤ ⅝⁸ ─ ⇔⁸⅔╟┘ ┼ ∆╕≢─ │ 300 ≢№╡⁸

ꜟכꜙ☺⸗1 √╡─ │ 31 ≢№∫√⁹ 

 

2.2.3.3. ─  

 ─ ─ⱪ꜡☿☻≤⇔≡⁸ ─ ╩ ⇔√⁹ ─

≤⇔≡│⁸ ╩ ─ ⱪ꜡☿☻⌐⅛↑╢ ≤ ⌐⅛↑⌂™

2.2.10 ╩ ╡ ∆≤≤╙⌐⁸ ╩ ∆╢↓≤≢№╢⁹ 

 

0

0.2

0.4

0.6

0.8

1

1.2

0 2 4 6 8 10

(A
)

V
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2.2.10 ─ ─  

 

 ⌂ ≤⇔≡│⁸ ⅝ↄ ─ 3 ⌐ ↕╣╢⁹ 

 

ᵑ ─ ╩ ╢↓≤≢ ╡ ∆ כ♃♇◌כ♃כ◊►⁸  

ᵒ ─ ╩ ⅛⇔⌂⅜╠ ⅝ ┌∆↓≤≢ ╡ ∆ ♩♇◌כ◙כ꜠  

ᵓ ⌐ ╩ ≢ ⇔≡ ∆╢ ⁸ⱪ꜠☻  

 

ᵑ ─ⱪ꜡☿☻ ⌐ ∆╢↓≤ 

ᵒ ⅜ 108 ꜟכꜙ☺⸗/ ≢№╢↓≤ 

 

─ⱪ꜡☿☻ ┼─ ╩ ⇔≈≈⁸ ⁸ ⁸ ⌐ ≢⅝

╢ ≤⇔≡⁸ŋ ─ ⁸ɔ ─ ≤ⱪ꜠☻ ─ 3 ╩ ⇔⁸ ─ ⌐ ⇔≡

⌂ ╩∕╣∙╣ ⇔√⁹ 

 

2.2.3.3.1. ─  

 ≤│⁸ ⌐♅♇ⱪ♁כ⅜ ↕╣√╙─≢№╡⁸↓╣╩ ↕∑╢↓≤⌐

╟╡⁸ ─ ╩ ⇔⌂⅜╠ ∆╢↓≤⅜ ≢№╢⅜⁸ ⅜ ∆╢

≢№╢⁹ 

 ╩ ∆╢√╘─ ─ ╩ ⅝ↄ ∆╢ │ ⅝ↄ 3 ≈№╡⁸ᵑ

≤⌂╢ ─ ⁸ᵒ♅♇ⱪ♁כ─ ⁸ ┘ᵓ♅♇ⱪ♁כ─ ≢№╢⁹╕∏⁸ ─

│ ↕↑╣┌ ↕™╒≥ ─ ─Ⱪ꜠⅜ ⅎ╠╣╢√╘ ⇔√ ⅜ ≢№

╢⅜⁸ ⅜ ↕ↄ⌂╢√╘⌐♦▫☻◒ 1 √╡─ ⅜ ∫≡⇔╕℮∞↑≢⌂ↄ⁸1

─♅♇ⱪ♁כ⌐⅔↑╢ √╡─ ⅜ ⅎ≡⇔╕℮↓≤≢♅♇ⱪ♁כ⅜

⌐⌂∫≡⇔╕℮√╘⁸ ⅜ ↄ⌂╢≤™℮ ⅜№╢⁹∕↓≢⁸ ≢│⁸

⌐ ⇔≡™╢ ⅝↕≢№╢ɫ190 mm╩ ⇔√⁹ 

 ≢⁸♅♇ⱪ♁כ─ ⌐≈™≡│⁸ │♩ꜞⱪꜟ ╩ ⇔√ 2.2.11 ⁹♩ꜞⱪ

ꜟ ≤│⁸ ─ ─ ≢ ╩ ╡ ╘╢↓≤≢ ╣ ╩ ╡⁸ כ꜠♩☻⌐
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♩ ─ ≢ ╣ ╩ →╢↓≤≢⁸ ╩ ↄ∆╢ ╖≢№╢⁹↓─ │

⌐ ╣≡⅔╡⁸ ╛ ╖─№╢ ⌐ ↄ ↕╣≡™╢ ≢№╢↓≤

⅛╠⁸ ─ ⌐ ⇔√ ≢№╢≤ ⅎ√⁹♅♇ⱪ♁כ⌐ ℮ ─ ⌐≈™≡│⁸

⌐ ™ ⅜ ╩ ↄ≢⅝╢√╘⁸ ⌂ ≢╟ↄ ╦╣≡™╢ K-30 ꜡

♇◒►▼ꜟ ↕ HRC≢ 75 ╩ ⇔√⁹ 

 

 

2.2.11 ♩ꜞⱪꜟ ─▬ⱷכ☺ 

 

2.2.3.3.2. ─  

 │⁸ ─ ─ ╩ ─ ⌐ ⇔√ ⁸ ╣⇔ ⇔√ ≢№╡⁸

─ ╩ ⇔⌂⅜╠ ∆╢↓≤⅜ ≢№╡⁸ │ ⇔⌂™⁹ 

 ─ ≤⇔√ ─ │ ⅝ↄ 3 ≢№╡⁸ ⁸ ⁸ ♩כ꜠♩☻┘

≢№╢ 2.2.12 ⁹ │ ╠∑√ ≢ ╩ ⅝ ⇔⁸∕─ ∕─ ╩ ⇔ ╘╢

↓≤≢ ╩ ─ ≢ →⌂⅜╠ ⇔≡™ↄ↓≤⅜≢⅝╢⁹ │ ≤╒╓

≢№╢⅜⁸ ⌐ ⅝ ∆ ⅜ ™↓≤⅛╠⁸ ⅜ ╟╡ ╠⅛⌐⌂╢↓≤⅜

♩כ꜠♩☻⁹╢╣↕ │ ⅜ ≢№╢√╘⁸ ⌐ ⇔≡ ≢│⌂ↄ ≢ √╡⌂⅜

╠ ∆╢↓≤⌐⌂╢⅜⁸ ⌐ ⇔≡ ╩ ╘⌐ ≡⌂⅜╠ ∆╢↓≤⌐╟∫≡⁸

≤ ∂ ⌐ ╩ ─ ≢ →⌂⅜╠ ≢⅝╢⁹ 

 

 

2.2.12 ─▬ⱷכ☺ ⅛╠ ⁸ ♩כ꜠♩☻⁸  

 

♩כ꜠♩☻   

 

0
.2

 m
m 

0.6mm 

1 mm 
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 ≢⁸ ─ ⌐≈™≡│⁸ ─ ⁸ ≤ ─ ⁸ ─

╖ ╦∑≢ 4 ─ ⅜№╢⁹↓╣╠─ ╖ ╦∑≢ ─ │ 12 ╡─Ɽ♃כ

fi⅜№╡⁸ ─ ╖╛ ╩ ∆╢≤ ─Ɽ♃כfi⅜ ∆╢⅜⁸ │ ─ │

─ ⌐ ╦∑≡∕╣∙╣ ∞≤ ╦╣╢ 1 │ ⁸ │

⁸ ♩כ꜠♩☻─ ⌐ ∫≡ ⇔√ 2.2.13 ⁹ 

 

 

2.2.13 ⌐⇔√ ─  

 

2.2.3.3.3. ⱪ꜠☻ ─  

 ⱪ꜠☻ │⁸ⱪ꜠☻ ─ ╩ ⇔≡ ⅛╠ ╩ ∟ ↄ ≢№╡⁸

∕─ ╩ 2.2.14⌐ ∆⁹ ⌐│⁸Ɽfi♅ ╩ⱪ꜠☻ ─☻ꜝ▬♪ ⌐ ∆

╢ ⌐☿♇♩⇔⁸☻♩ꜞ♇Ɽכ≤♄▬ⱪ꜠כ♩╩ⱪ꜠☻ ─Ⱳꜟ☻♃כ ꜟⱩכ♥

⌐☿♇♩⇔≡⁸ⱪ꜠☻ ─ ╩ ⇔≡ ─ ─╖╩ ∟ ™≡ ⌐ ≤∆

≢№╢⁹↓╣│ ≤ ⌐ │ ⇔⌂™⁹ 

 

 

2.2.14 ⱪ꜠☻ ─▬ⱷכ☺  

 

 

 

 

  

 

♄▬ⱪ꜠כ♩ 

☻♩ꜞ♇Ɽכ 

Ɽfi♅ 
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2.2.3.4. ─  

2.2.3.4.1. ─  

 ╩ ≢ ⇔√ ╩ 2.2.15 ⌐ ∆⁹ ⌐ ⇔√ │ 5 ≢№∫√⁹

│⅝╣™≢№∫√⅜⁸ ⇔√ ⌐ ─Ᵽꜞ⅜ ⇔√≤≤╙⌐⁸ ╙

⌐ ⇔√⁹╕√⁸ ╩ ╡ ⇔ ⇔√ ◒כ꜡♩☻⁸800 ꜟכꜙ☺⸗53

─ ≢♅♇ⱪ♁כ⅜ 3 ⇔√⁹ ⌐ │⌂⅛∫√⅜⁸↓─Ɑכ☻≢ ─

⅜ ⇔√ ⁸ ╩ ⌐ ∆╢ ⅜№╢√╘⁸♅♇ⱪ♁כ─ ─

⇔ ⅜ ≢№╢⁹╕√⁸ ╩ ╠∆√╘⁸ ╩ ↄ∆╢ ╙ ≢№╢⅜⁸↓╣

│ ─Ⱪ꜠╩ ↕∑╢ ⌐≈⌂⅜╢⁹ 

 

 

2.2.15 ≢ ⇔√ ─ ─  

 

 ↓─ ╩ ™≡⁸ ╩ ⌐ ↕∑╢√╘─ ╩ ⇔√⁹ ╩

2.2.16⌐ ∆⁹ ─ ⌐│ ⅜№╢√╘⁸↓─ ╩ ↑╢√╘⌐⁸ ≤

╩ ∆╢ 2.2.16─ ⁹ ⌐⁸ ⌐ ∆╢√╘⌐⁸ ─ 2.2.16

─ ─ᵑ ╩ ∆╢ ≢№╢⁹⇔⅛⇔⁸↓─ ≢─ ≢│⁸ ⌐☻כ◔

⅜ ╕╡⁸ ≤⌂∫√ 2.2.17 ⁹∕↓≢⁸ ─ 2.2.16─

ᵒ ╙ ⇔≡ ╩ ⇔√ ⁸ ⅜ ⇔√╘⁸↓─ ⅜ ≢№╢

↓≤⅜ ⇔√⁹⌂⅔⁸ ⌐│ ─ ⅜ ⌐ ⌐ ⇔√√╘⁸ ≤

─ ⅜ ⌐⌂╢↓≤╙╦⅛∫√⁹ 
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2.2.16 ─ ⅜ ─ ⁸ ⅜ ─  

 

 

2.2.17 ─╖╩ ⇔√ ─ ─  

 

 ─ ⅛╠⁸ ⌐╟╢ ─ │ ≢│№╢⅜⁸ ─ ⁸ ⌐

╟╢ ┼─ ≤™℮ ⅝⌂ 2 ≈─ ⅜№╢↓≤⅜ ⅛╡⁸ ⌐│ ⅛⌂

™↓≤⅜╦⅛∫√⁹ 

 

2.2.3.4.2. ─  

 ╩ ⁸ ♩כ꜠♩☻⁸ ≢─ ╩ ╖√⁹ ╩ 2.2.18⌐ ∆⁹√∞⇔⁸

│ ≡ 41 mm/s≤⇔⁸ ⁸ ─ ⌐ ⇔≡ ╩ 10 mm ∆

♩כ꜠♩☻⁸√╕⁹√⇔≥ ⌐≈™≡│ ⌐ ⇔≡ 3 °─ ╩≈↑√ ≢

⇔√⁹ 

 ™∏╣─ ⌐≈™≡╙ │ ≢№∫√⅜⁸ ⌐╟╢ ⌐│ ╡≢ ∫√╟

℮⌂ ⅜№╡⁸ ⌐╟╢ ⌐│ ─╟℮⌂ ╕≢⌐│ ╠⌂™⅜⁸ ⅜ ╣

√⁹ ♩כ꜠♩☻⁸ ⌐≈™≡│ ⁸ ≤ ⌂╡⁸ ╙⌂™⅝╣™⌂ ≢№∫

ᵒ 

ᵒ 

ᵑ 
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√⁹ 

 ↓╣╠─ ╩ ⌐⅛↑√≤↓╤⁸ ≤ ─ ≢ ╩ ⇔√⅜⁸

╙ ≢⁸ ─ ↕ ≢ 3 ─ ⅜ ≢№∫√ 2.2.16 ⁹╕√⁸ ─

↕ ≢ 3 ⇔√ ⌐≈™≡ ╩ ⇔√ ⁸ ≤ ⌐≈™≡│

─ ⁸ ⁸ ⁸☿Ɽ꜠⁸כ♃כ ┘ ⌐☻כ◔ ↕╣╢↓≤

⅜ ⅛∫√⁹↓─ │ ⌐ ╣√ ╛ ⅜ ⌐ ╩ ╓⇔√√╘

≢№╢≤ ∆╢⁹ ♩כ꜠♩☻⁸ ≢ ⇔√ ╩ ⇔√ ⌐≈™≡│⁸

⌐ ⅜ ≢№∫√⁹↓╣╠─ ╩ 2.2.3⌐╕≤╘╢⁹ 

 

 

2.2.18 ⁸ ♩כ꜠♩☻⁸ ≢ ⇔√  

 

2.2.3 ⇔√ ─  

─   ─   

 3mm  │ ∞⅜⁸ ┼─ ⅜  

 3mm  │ ∞⅜⁸ ┼─ ⅜  

│ ° 2mm 3 ♩כ꜠♩☻ ≢⁸ ╙  
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 ↓╣╠─ ╩ ╕ⅎ⁸ ╩ ™√ ─◦☻♥ⱶ╩ ⇔√ 2.2.19 ⁹↓

─◦☻♥ⱶ│⁸ⱪ꜠☻ ⅜ 2 ≢№╢↓≤⁸ ╛ ─☿ꜟ╩ ∟ ⅎ╢

⌂ ⅜ ∆╢ ─♦ⱷꜞ♇♩⅜ →╠╣╢⁹ ─ ⅛╠⁸ ♩כ꜠♩☻

⌐╟╢ ─ │ ≢│№╢⅜⁸ⱪ꜠☻ ⅜ 2 ⌐⌂╢∞↑≢⌂ↄ⁸ ⌐№√

∫≡│ ⅜♃כ◄ꜙ♅◒▪─ ⌐⌂╡⁸ ◖☻♩⌐⌂╢≤™℮ ⅜№╢↓≤⅜╦⅛

∫√⁹ 

 

 

2.2.19 ⱪ꜠☻ ⌐╟╢ ─◦☻♥ⱶ  

 

2.2.3.4.3. ⱪ꜠☻ ─  

 ─ ╩ ↑⁸ ∞↑╩ ∟ ↄ√╘─ ╩ ⇔√⁹ⱪ꜠☻ ≢│

╩ ╡ ↄ↓≤⌐⌂╢√╘⁸ ─ ╛ⱪ꜠☻ ≤│ ⅜ ⌂╢⁹ ⌐│⁸

╛ⱪ꜠☻ ─ ⌐│ ⅜ ⌐☻כ◔ ╕╡ 2.2.18 ⁸ ↕ ⌐ 3

─ ⅜ ≢№∫√⅜⁸ⱪ꜠☻ ≢│ 2.2.20 ⌐ ∆╟℮⌐ ─╖─ ∟

⅝⅜ ⌂√╘⁸ ∟ ⅝ ─ ⅜ ⌐☻כ◔ ╕╢ │⌂™⁹ ─ ⁸

─ ╩ ╢√╘⌐⁸ ─ ╩ 1 ≢ ∟ ↄ ≤⇔√⁹ 

 

 

2.2.20 ─ ─  

 

 ─ ⌐ ≠™≡ ⇔√ ─ ╩ 2.2.21⁸ ∟ ⅝ ─ ─ ╩

2.2.22⁸ ∟ ⅝ ─ ─ ╩ 2.2.23⌐ ∆⁹√∞⇔⁸ ─ ╡ │ 50 mm/s

⌐ ⇔⁸ ∟ ⅝ ⁸ ⅜ ─ ⌐ ⇔≡ 4 5 mm ⅝ ╢

  
☿ꜟ  
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⌐⇔√⁹ 

 ⱪ꜠☻ ─ ⁸ ⌐ │ ∟ ⅝ ⌐ ∆╢√╘⁸ ╛ ─╟

℮⌐ ─ ╩ ∆╢↓≤│ ≢№∫√⅜⁸ ─ ⁸☿Ɽ꜠⁸כ♃כ

⁸ ┘ │ ─ ≥♩כ꜠♩☻─ ⌂ №∫√⁹╕√⁸ 2.2.23⌐ ∆╟℮

⌐⁸ ─ ╩ⱪ꜠☻≢ ⇔⌂⅜╠ ∟ ↄ√╘⁸ ╩ ∆╢ ─

≤ ⇔≡⁸ ⅜ ↄ ↕╣√⁹╕√⁸↓─ⱪ꜠☻ ≢ ∟ ™√ ╩

⇔√ ⁸ ⌐ ∆╢↓≤⅜≢⅝√⁹ 

 

 

2.2.21 ─ ╩ 6 ⅝∆╢√╘─  

 

 

2.2.22 ⱪ꜠☻ ≢ ∟ ™√  
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2.2.23 ⱪ꜠☻ ≢ ∟ ™√ ─ ╩ ╗ⱨ꜠כⱶ 

 

 ─ ╩ ╕ⅎ⁸ⱪ꜠☻ ╩ ™√ ─◦☻♥ⱶ╩ ⇔√ 2.2.24 ⁹

⌐╟∫≡ ↕╣√ ╩꜡Ⱳ♇♩⅜Ⱨ♇◒▪♇ⱪ⇔⁸ⱪ꜠☻ ≢ ∟ ⅝⁸

∟ ⅛╣√ ╩ ╗ⱨ꜠כⱶ╩ ⌐ ∆╢⁹ ⁸ ∟ ⅛╣√ │ ─

⌐ ⇔≡ ┼ ╡ ↕╣╢◦☻♥ⱶ≤⇔√⁹⌂⅔⁸ ─ ⅛╠⁸

⌐│ ≤ ⌐ ╩ ∆╢↓≤≤⇔⁸ ─ ⌐≈™≡╙

⌐ ↕∑╢◦☻♥ⱶ≤⇔√⁹ 

 ↓─◦☻♥ⱶ⌐⅔™≡ ╩ ≤ ⌐ ↑╢ │⁸ ╩☿♇♩∆╢

⁸ ─ ╩ⱪ꜠☻ ⅝∆╢ ⁸ ┘ ™√ ─ ╩ ╗ⱨ꜠כⱶ╩ ╡ ↄ

⌐ ∆╢⁹ ╟╡⁸ ╩꜡Ⱳ♇♩⅜ ╖ ⌐ ∆╢ ╩ 10 ⁸

ⱪ꜠☻ ⅝∆╢ ╩ 10 ⁸∕─ ─ ↑ ╩ ⅝ ╢ ╩ 10 ≤ ∆╢≤⁸1≈─

⅜ ⌐ ↕╣╢╕≢─ │ 30 ≤⌂╢↓≤⅜ ╘╢⁹ 
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2.2.24 ⱪ꜠☻ ⌐╟╢ ─◦☻♥ⱶ  

 

 ─ ⅛╠⁸ⱪ꜠☻ ╩ ∫√ ─ │ ≢№╡⁸ ∆╢ ⌂ ╙ⱪ

꜠☻ ≤꜡Ⱳ♇♩─ 1 ∞↑≤ ◖☻♩≢⁸ ╙ ─ ⌐ ═≡ ╙ ™

↓≤⅛╠⁸ ╩ ™╢↓≤⅜ ╙ ≢№╢↓≤⅜╦⅛∫√⁹ 

 

2.2.3.5. ≤ ─  

 ─ ─ ⅜ ⇔√ ⁸ ─ ⱪ꜡☿☻⌐ ∆╢⁹

─ ─ ≤⇔≡│⁸ᵑ ↕╣√ ╩ ⁸☻כ◔ ⁸ ⁸

⁸☿Ɽ꜠כ♃כ ⌐ ∆╢⁸o ⌐ ╩כ♃כ꜠Ɽ☿≥☻כ◔ ∆

╢⁸ᵓ ⌐╟∫≡ ↕╣√ ╩ ∆╢↓≤≢№╢⁹ 

 ╩ ∆╢ ⱪ꜡☿☻╩ ⇔√⁹ ⇔√ ╩ 2.2.25⌐ ∆⁹

ⱪ꜡☿☻⌐≡ ↕╣√ ⅜∕─╕╕ ⌐ ↕╣╢⁹↓─ ⁸

↕╣√ ─ │☻כ◔ ⅜ ™√╘⁸ ≡∫╟⌐≥↓╢∑↕כ꜡ⱨכⱣכ○≢

⅛╠ ↕╣╢ ╩☻כ◔ ∆╢⁹ ☻כ◔ ⁸ ↕╣√ ╩

┼ ⇔⁸ ≢ ∆╢≤ ⌐⁸ ⌐ ↕╣√ ≤☿Ɽ꜠כ♃כ⌐ ⇔

√ ╩ ⇔ ∆╢⁹╕√⁸☿Ɽ꜠כ♃כ│ ⌐╟∫≡ ⇔≡ↄ╢─≢⁸∕

╣╩ ≥☻כ◔ ≢כ꜡ⱨכⱣכ○⌐ ∆╢⁹⌂⅔⁸ ⌐ ↕╣√ │

╤ ⌐╟∫≡╤ ∆╢↓≤≢ ╩ ⇔⁸╤ │ ⌐╟∫≡ ⇔√ ⌐

∆╢ⱪ꜡☿☻≤⇔√⁹ 
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2.2.25 ⇔√ ≤  

 

2.2.3.6. ≤ ─  

─ ⌐⅔™≡⁸ᵑ─₈ ⌐⌂∫√ ╩ ⁸☻כ◔ ⁸ ⁸

⁸☿Ɽ꜠כ♃כ ⌐ ∆╢₉⌐≈™≡│ ╖≢№╢√╘⁸ᵒ ─

⌐ ⌐ ⇔≡™╢ ─ ⁸ᵓ○כⱣכⱨ꜡כ⌐╟╢ ꜠Ɽ☿≥☻כ◔

─כ♃כ ⁸ᵔ╤ ⌐╟╢ ─ ⌐≈™≡ ⇔√⁹ 

 ╕∏⁸o ─ ⌐ ⌐ ⇔≡™╢ ─ ⌐≈™≡ ⇔√⁹

─ ╩ 5 ∏≈ ⌐ ⇔⁸∕╣∙╣─ ─ ╩ ≢

⇔√⁹15 ⇔√ ╕≢│ ⅜ ⇔≡™╢ ⅜ ↕╣√⅜⁸20

⇔√ ⌐│ ⅜ ⇔√ │╒≤╪≥ √╠⌂⅛∫√⁹ 

 ∕↓≢⁸ 20 ─ ⌐ ⇔√ ─ ╩ ∆╢↓≤≢⁸ ⌐

╟╢ ─ ╩ ⇔√⁹√∞⇔⁸ ⌐ ⇔√ ⌐≈™≡│⁸ ─

ⱪ꜠☻ ⅝⇔√ ─ ╩ ⇔√ ≤⇔√⁹ ╩ 2.2.26⌐ ∆⁹ ⌐

⌐ ⇔≡™√ │ 3 ≢№∫√⁹↓╣ ─ ─ │ ⌐

∆╢ ⅜ ╘⌂™↓≤⅛╠⁸ ⌐⅔↑╢ │ 20 ≤⇔√⁹ 

 

H2SO4
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2.2.26 ─  

 

 ᵓ ─כ♃כ꜠Ɽ☿≥☻כ◔ ╩ ─ ⌐╟∫≡ ⇔√⁹ ╩ 2.2.27

⌐ ∆⁹ ─ 5 │≢כ꜡ⱨכⱣכ○─ 90 ─ ⅜☻כ◔ ↕╣╢⅜⁸☿Ɽ꜠

│כ♃כ 7 ⇔⅛ ↕╣⌂⅛∫√⁹∕─ 20 ─ ╩ ≡⁸25 ⅛╠ 5

כ꜡ⱨכⱣכ○ ↕∑√≤↓╤⁸ ─☻כ◔ │╒╓ 100 ⌐⌂╡⁸☿Ɽ꜠כ♃

│כ 56 ⌐ ⇔√⁹↓╣│ 20 ─ ⌐╟∫≡☿Ɽ꜠כ♃כ⌐ ⇔√ ⅜

↕╣√↓≤╩ ⇔≡™╢⁹↕╠⌐ 5 ⁸10 כ꜡ⱨכⱣכ○≥ ∆╢↓≤⌐╟

∫≡⁸ 95 ─☿Ɽ꜠כ♃כ╩ ⇔√⁹ 

 ─ ╡⁸ ─ ─ 5 ≢│ ─ ╩☻כ◔ ∆╢↓≤⅜≢⅝⁸☿

Ɽ꜠כ♃כ╙ ─ 5 ≤ ─ 15 ╩⅛↑╣┌ 95 ─ ⅜ ≢№╢↓≤

⅜ ╢╟⌐כ꜡ⱨכⱣכ○⁸≡∫⅜√⇔⁹√⅝≢ ─כ♃כ꜠Ɽ☿≥☻כ◔ ⌐│

20 ─ ╩ ∆╢↓≤⅜╦⅛∫√⁹ 

 

( ) 100% 3%

0%

20%

40%

60%

80%

100%

120%

─
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 כ♃כ꜠Ɽ☿╢╟⌐כ꜡ⱨכⱣכ○─ 2.2.27

 

 ⌐⁸ᴖ ╤ ⌐╟╢ ─ ╩ ⇔√⁹ ╩ ⇔√ ╩╤ ⇔

√ ⁸╤ ─ ─ ⅜╒╓ ⌐ ≢⅝╢╩ ⇔√ 2.2.28 ⁹⇔√

⅜∫≡⁸ ─ │╤ ⌐╟╡ ≢№╢↓≤⅜╦⅛∫√⁹ 

 

 

2.2.28 ╩ ╗ ≤╤  

 

 ─ ╩ ⇔√ ─╤ ⌐ ╕╣╢ │ 0.05 wt% ≢№╡⁸╤

⌐⅛↑╢ ≤⇔≡│ ≢№╢⁹╕√⁸ ─ │ ⅜ ™√╘⁸

╩ ∆╢↓≤≢ ∆╢↓≤⅜ ≢№╡⁸∕╣⌐╟∫≡ ╩ ≢⅝╢

╖⅜№╢⁹ 

0

20

40

60

80

100

0 5 10 15 20 25 30 35 40

(%
)

min

☿Ɽ꜠כ♃כ (%)

(%)



47 

 

 ╩ ╕ⅎ⁸ ⇔√ ≤ ─◦☻♥ⱶ╩ ⇔√

2.2.29 ⁹ ◦☻♥ⱶ≢│ ╩ ⌐╟∫≡ ⇔⁸ ╩ ≢ ∆╢⁹

╕√⁸ ─ ╖ ─╖╩╤ ⌐⅛↑╢↓≤≢⁸╤ ─ ╩ ╠∆↓≤⅜ ≢

№╢⁹ 

 

 

2.2.29 ⇔√ ≤ ─ ╖ ╦∑ 

 

 ─ ⌐≈™≡│ ≢№╢√╘ ⅛╠ ∆╢⅜⁸ ─

⅛╠⁸↓╣╠─ ─ ╩ ⇔√⁹ │⁸ ⌐ 5

⁸ ╛☿Ɽ꜠כ♃כ─ ╩ ™ ≤∆√╘─ ⌐ 20 ⁸ ┘☿Ɽ꜠כ

╩כ♃ ∆╢ ⌐ 15 ─ ╩ ∆╢⁹⇔⅛⇔⌂⅜╠⁸↓╣╠ 3≈─ │

⅜ ≢№╢√╘⁸ ╙ ─ ™ ─ 20 ⅜Ⱳ♩ꜟⱠ♇◒ ≤⌂

╢⁹ ⇔√ 1 ⌐│ ⅜ 5 ╢ ≤⇔≡™╢⅜⁸↓─

≤⇔√ ⁸ ⌐ 3 ⅜ ⌐⌂╢⁹ ⌐ ⅎ╢≤⁸ │ 1 ⁸☿

Ɽ꜠כ♃כ │ 2 ⅜ ⌐⌂╡⁸ 6 ⅜ ≢№╢↓≤⅜╦⅛∫√⁹ 

 6 ─ ▬ⱷכ☺╩ 2.2.30⌐ ∆⁹↓─ ─ ⅜ ⅛≈ ⌐∆╢√

╘⁸1 √╡─ ╩ ⇔√≤↓╤⁸1 │ 5 ⁸2⅛╠ 4 │ 6.7

⁸5 6 │ 7.5 ≢№∫√√╘⁸1 №√╡─ ╩ 7.5 ≤⇔√⁹↓─ ╩

2.2.4⌐╕≤╘╢⁹ 

 

H2SO4
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2.2.30 6 ─ ─▬ⱷכ☺ 

 

2.2.4 ─  

No. 1 2 3 4 5 6 

(min) 7.5 7.5 7.5 7.5 7.5 7.5 

(min) 7.5 22.5 15.0 

(min) 5.0 20.0 15.0 

 

 ↓─ ≢ ⇔√ ⁸ ꜟכꜙ☺⸗5 ╩ 7.5 ≢ ≢⅝╢↓≤⌐⌂╢⅜⁸

⌐│ ⌐ ⇔ ⅎ╢ ⅜ 0.5 ⌐⌂╢√╘⁸↓─ ─ │ 1.6 /⸗

ꜟכꜙ☺ ≤⌂╢↓≤⅜╦⅛∫√⁹ 

 

2.2.3.7. ─  

 ─ ⅜ ⁸ ─ ⅔╟┘ ─ ╩ ∆╢⁹↓─

─ │ ⅔╟┘ ─ ⁸⅔╟┘∕─ ≢№╢⁹ 

 ╩ ⇔√ ╩ 2.2.31⌐ ∆⁹ ⌐╟∫≡ ↕╣√ ⁸

⁸ ┘ 5 ─☿Ɽ꜠כ♃כ ⁸ ≤ ∆ │⁸╕∏ ⌐╟∫≡ ∆

╢⁹↓╣│⁸ ≢№╢ ─ │⁸ ─ ─ ≢∕╣∙╣ ≤

⌂∫≡⅔╡⁸ ⌐ ⅝ↄ ∆╢√╘≢№╢⁹ ↕╣√ │ ─

╩╝∫ↄ╡ ↕∑╢↓≤⌐╟∫≡⁸ ─ ⅛╠ ₁⌐ ∆╢ ╖≤⇔√⁹

≢⁸ ↕╣√ │ ⌂∫√ ≢ ↕╣╢ ⅜№╢√╘⁸ ◖fiⱬ▪⌐╟∫≡

∕─ ⌂╡╩№╢ ⇔≡ ╩ ∆╢⁹ 2 3 ─ ─

⌂╡⌐≈™≡│ ◖fiⱬ▪ ≢ ↕∑╢↓≤⌐╟╡⁸ ╩ ↕∑⌂⅜╠ ─

™╩ ⇔≡ ─╖╩ ⌐ ∆╢⁹∕─ ≢⁸ ⅜ ↕™ │⁸ ─

™ ╩ ↕∑╢↓≤⌐╟╡ ∆╢⁹ ⅔╟┘ ╩ ⁸ ⌐ ⇔⌂

™☿Ɽ꜠כ♃כ ╩◖fiⱬ▪─ ⌐≡ ∆╢◦☻♥ⱶ≢№╢⁹ 

 

1 2 3 4 5 6
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2.2.31 ⇔√  

 

2.2.3.8. ─  

⌐╟╡ ─ ╩ ⇔√⁹ ╩ 2.2.5⌐ ∆⁹ ⌐⁸5⸗

ꜟכꜙ☺ ─ 1210 g╩ ⇔⁸650 rpm─ ≢ 2 ⇔√⁹ ⌐⁸ ─

╩ 100 mm/s─ ≢ 0.5 ↕∑√ ⁸3 ∆╢ ╩ 5 ╡ ⇔⁸

∏≈ ─ ◖fiⱬ▪┼ ↕∑√⁹∕─ ⁸ ◖fiⱬ▪╩ 720 mm/s─ ≢

╩ ╡⌂⅜╠ ⇔ ╩ ↕∑≡ ╩ ⇔√⁹ ◖fiⱬ▪⌐╟∫≡

11 mm ≢ ╩ ↕∑⌂⅜╠ 260 mm/s ─ ≢ ⇔⁸∕─ ⌐ ⇔√

⌐╟∫≡ ⇔√≤↓╤⁸ ─ 233 g ∆╢↓≤⅜≢⅝√≤≤╙⌐⁸

─◖fiⱬ▪╩ 170 mm/s─ ≢ ∆╢↓≤≢ ─ 968 g ∆╢

↓≤⅜≢⅝√⁹√∞⇔⁸↓─ ⌐ ⌐ ╕∫√ ─☿Ɽ꜠⁸│כ♃כ ⌐╟

∫≡ ↕╣√⁹ 

 

2.2.5 ─  

  

g  

 

g  

 

g  

 

g  

 

%  

 968 0 968 0 100 

 233 233 0 0 100 

☿Ɽ꜠78 7 2 0 9 כ♃כ 

 1,210 233 970 7 - 

 

 ⁸ ⌐╟∫≡ ↕╣√ ꜟכꜙ☺⸗5 ─ 1210 g─ ⅛

╠ ╕≢⌐ ⇔√ │ 266 ≢№╡⁸↓╣╩ 1 ─╡√№ꜟכꜙ☺⸗ ⌐

∆╢ ⌐ ∆╢≤⁸53.2 ⅜≥↓╢№≢ꜟכꜙ☺⸗/ ≢⅝√≤≤╙

⌐⁸↓─ ─ ╖ ╦∑⌐╟╡⁸ ─ │ ∞≤ ⅎ╢⁹ 
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 ─ ─ꜞ◘▬◒ꜟ ⌐⅔↑╢ 1 ─ꜟכꜙ☺⸗ ─ⱴ♥ꜞ▪ꜟⱣ

ꜝfi☻╩ 2.2.32 ⌐ ∆⁹ ≢│ⱨ꜠כⱶ ⁸ ≢│ ⁸

☿Ɽ꜠⁸כ♃כ ┘╟⅔☻כ◔ ⁸ ≢│ ⅔╟┘☿Ɽ꜠כ♃ ⅜

∕╣∙╣ ↕╣⁸ ─ ≢⅝╢ ≢№╢↓≤╩ ⇔√⁹ ─

⌐≈™≡│⁸ 100wt%─ ⅜ ≢⅝√⁹╕√⁸ │ ╩ ╦⌂™ ≢№╢

√╘⁸ ─ │ ∑∏⁸ │ ≤ ─ ≢ ≢⅝╢≤

↕╣╢↓≤⅛╠⁸ ─ ≤ ⇔≡ ─ ⅔╟┘ ⅜ ↄ⁸ ≤⇔≡

─ ™ ⅜ ↕╣╢≤ ↕╣╢⁹ 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2.32 ⱪ꜡☿☻⌐⅔↑╢  

 

2.2.3.9. ─  

 ⌐ ╕╣╢ ⌂ ─ ─ ╩ ⇔√⁹ ⌐⁸ ─

│⁸ ─ ⁸ ─ ⁸ ─ ─ 3 ≢ ↕╣≡™╢⁹ 

 ─ ⌐≈™≡│⁸ ⌂ ≢№╢ BAM ╩ ⇔√⁹BAM

│⁸ᵑ☿ꜞ►ⱶ- ⁸ᵒ ⁸ᵓ ┘ᵔ ●☻ ─ 4 ─ ⌐

╟╡ ╩ ∆╢ ≢№╢⁹ 

 4 ─ ─℮∟⁸ ─ ⅝↕⅜ ╙ ↕™ᵑ≤ ╙ ⅝™ᵔ≢─ ⅔╟┘

╩ ⇔√⁹ ╩ 2.2.6⁸ 2.2.7⌐ ∆⁹ᵑ─ ≢│☿ꜞ►ⱶ- ╩ 50

⅝ ↑√ ╩⁸◘fiⱪꜟ╩ ⅎ≡ 5 ─ ╩ ⇔√⅜⁸ │ ↕╣⌂⅛∫√⁹

≢⁸ ●☻ ⌐╟╢ ≢│⁸5≈─◘fiⱪꜟ ≡⅜ 6 ⌐ ⇔√⁹⇔√⅜∫

≡⁸ ≢│ ⇔⌂™⅜⁸6 ─ ⅜ ∆╢≤ ∆╢ ≢№╢↓≤⅜╦⅛∫√⁹ 
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2.2.6 ─☿ꜞ►ⱶ- ⌐╟╢  

No. ⅝ ↑ [ ]  

1 ⇔⌂™ [50] 

2 ⇔⌂™ [50] 

3 ⇔⌂™ [50] 

4 ⇔⌂™ [50] 

5 ⇔⌂™ [50] 

 0/5 

 

2.2.7 ─ ●☻ ⌐╟╢  

No. [s]  

1 ∆╢ [6] 

2 ∆╢ [5] 

3 ∆╢ [4] 

4 ∆╢ [5] 

5 ∆╢ [6] 

 5/5 

 

 ⌐≈™≡⁸ ─ ≢ ⇔√⁹ ─

│⁸ ≢ ╩ ⌐╟╡ ↕∑⁸ ⌐╟∫≡◘fiⱪꜟ⅜ ∆

╢⅛ ⅛⌐≈™≡⁸ ╩ ⌐ ↕∑⌂⅜╠⁸ ─ ╩ ∆╢

≢№╢⁹ ─ ╩ 2.2.8⌐ ∆⁹ ╩ 100⅛╠ 2000 mg/m3╕≢ ⌐ →

≡ ╩ ⇔⁸ ╙ ≢№╢ 2000 mg/m3⌐⅔™≡ 5 ─ ╡ ⇔ ╩

⇔√⅜⁸ │ ╘╠╣⌂⅛∫√⁹⇔√⅜∫≡⁸ ─ │ ⌐ ™↓≤⅜

ⅎ╠╣╢⁹ 

 

2.2.8 ─  

(g/m3)  

100 ⇔⌂™ 1  

200 ⇔⌂™ 1  

500 ⇔⌂™ 1  

1000 ⇔⌂™ 1  

2000 ⇔⌂™ 5  
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 ─ ⌐≈™≡⁸Systag ─ RADEX ⌐╟╢

⌐╟∫≡ ⇔√⁹RADEX ⌐╟╢ │⁸RADEX ⌐◘fiⱪꜟ╩ ⇔⁸

─ ≢ ↕∑≡™ↄ ⌐⅔™≡⁸ ≤ ●☻ ─ 2

≢ ↕∑√ ─ ╩ ∆╢↓≤≢⁸ ─ ⌐⅔™≡ ─ ∂ ╢

╩ ∆╢ ≢№╢⁹ 

 ⌐≈™≡ ⇔√ ╩ 2.2.33⌐ ∆⁹ ⌐ ∆╟℮⌐⁸ ╟╡╙

─ ⅜ 100ϴ ≢╟╡ ⅜ ∆╢ ╩ ⇔√⁹⇔√⅜∫≡⁸100ϴ

⌐ ∆╢≤ ∆╢ ⅜№╢↓≤⅜╦⅛∫√⁹100ϴ ─ ⌐⅔™≡│

╩ ╦⌂™≤ ↕╣╢↓≤⅛╠⁸ ─ ™≢│ ─ ⅜ ⇔⌂

™≤ ⅎ╠╣╢⁹ 

 ≢⁸ ⌐ ╢╕≢─ⱪ꜡☿☻≤⇔≡│⁸ ⌐↕╠↕╣╢∞↑≢⌂ↄ⁸

╦∏⅛⌂ ⌐╟╢ ⅜ ─ ╩ ↕∑⁸∕─☻Ɽ▬ꜝꜟ⌐╟∫≡

⌐ ╢≤™℮ ⅜№╢⁹ ⱪꜝfi♩≢│ ╩ ⇔√ ⁸№╢ ─

∆╢ ⅜ ↕╣╢⁹ ⌐⁸ ⌐ ⅜ ™ ⌐ ∆╢ ⁸ │ 40ϴ

⌐⌂╢↓≤⅜ ↕╣╢⁹ 

 ∕↓≢⁸↓─☻Ɽ▬ꜝꜟ ⅜ 40ϴ ≢ ∂╢⅛ ⅛╩ ∆╢√╘⌐⁸SIT

Spontaneous Ignition Tester ╩ ⇔√⁹SIT │⁸◘fiⱪꜟ╩

⌐ 1 ⇔⁸ ╩ ⇔≡ ─ ╩ ∆╢ ≢№╢⁹

│ ╩⁸40ϴ─ ⌐ 7 ⇔√⁹⌂⅔⁸ ⌐№√∫≡│ 40ϴ

─ ⅜ ╦∏ 7 ⌐⌂╢↓≤│ ⅎ╠╣⌂™√╘⁸ │ ─ ≤

⇔≡ ⌂ ≢─ ≢№╢⁹ 

 ╩ 2.2.34⌐ ∆⁹ ⌐ ∆╟℮⌐⁸7 ⇔√ ⌐⅔™≡╙⁸ ─

≤─ │ ╘╠╣⌂⅛∫√⁹⇔√⅜∫≡⁸40ϴ ≢№╣┌⁸ ─ ≢─

⌐⅔↑╢ │ ⌐ ™≤™ⅎ╢⁹ ≢⁸♩ꜝ♇◒ ⌐╟∫≡ ∆╢ │

40ϴ╩ ⅎ╢↓≤╙ ⅎ╠╣╢√╘⁸ ⌐│ ⅜ ≢№╢⁹ 
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2.2.33 RADEX ⌐╟╢  

 

 

2.2.34 SIT ⌐╟╢  

 

2.2.4.  

 ╩ ∂≡⁸ ╩ ╦⌂™ ꜞ◘▬◒ꜟ ⅜ ≢№╢↓≤╩

∆╢↓≤⅜≢⅝√⁹╕√⁸ ⌐⅔↑╢ │⁸ ─ 96 ꜟכꜙ☺⸗/

⌐ ∆╢↓≤╙ ∆╢↓≤⅜≢⅝√ 2.2.35 ⁹ⱷfi♥♫fi☻ ─ ⌐╟╢

╩ ⇔⁸ 349 24 / ≤ ∆╢≤⁸ ꜟכꜙ☺⸗⌂ │⁸

⁸╡⌂≥ꜟכꜙ☺⸗314,100 ⌐ 28 ꜟכꜙ☺⸗ ♬♇◔ꜟ ╩ ∆╢

│⁸ 311 ≢№╢≤ ≢⅝╢⁹ 
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2.2.35 ⱪ꜡☿☻⌐⅔↑╢  

 

 ╩ ╘√ ╩ ∆╢↓≤│⌂™√╘⁸ ⌐ 100 ─ ⅜ ≢№

╢⁹ ⁸↓╣╠ ⇔√ ╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹ 

 ≢⁸ⱴ♥ꜞ▪ꜟⱣꜝfi☻ ⅛╠⁸ ┼─ ─☿Ɽ꜠כ♃כ ╛ ⁸

─ ⅜ ≢№╢↓≤ ⌐≈™≡│ ⅜ ╢⅜⁸ ⌐ ↑√

─ ≢ ⅜ ≢№╢≤ ╗⁹ 

 ⌐≈™≡│⁸ ⅔╟┘ │⌂™⅜⁸ ≢№╢√╘⁸

◄ꜞ▪╛ ◄ꜞ▪≢│ ≤∆╢ ⅜ ≢№╢⁹╕√⁸40ϴ ─ ≢

│ ⅜ ™↓≤╩ ≢⅝√⅜⁸ ─ ⌐♩ꜝ♇◒ ≢ ∆╢ │ 40ϴ╩

ⅎ╢ ⅜№╢⁹∕─√╘⁸40ϴ ⌐⌂╢╟℮⌂ ⅛⁸ ╕√│ ↕∑╢

⇔√ ╙ ∆╢ ⅜№╢⁹  
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2.3. ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ  

2.3.1. ≤  

 │⁸ ⌐╟╢ꜞ♅►ⱶ▬○fi ⅛╠─ ─ ╩

≤∆╢⁹↓╣╕≢ ⁸ ⅜ ╘╠╣≡⅝√ ↄ─ꜞ♅►ⱶ▬○fi ╩ ≤⇔√

ꜞ◘▬◒ꜟ │⁸ ╩ ℮↓≤⅜ ≢№∫√⁹↓─℮∟⁸ ─ │⁸

⅛╠ ⌐╟╡ ↕╣√ ╩ ↄ ╗ │⁸ / ╛

⌐╟╡ ↕╣╢ ⌐╟╡ ↕╣⁸ ⁸♬♇◔ꜟ⁸◖Ᵽꜟ♩≤⇔≡ ↕╣╢⁹

─ │⁸ │ ≤☻ꜝ◓⌐ ↕╣⁸ ╩ ↄ ╗☻ꜝ◓⅛╠│

⌐╟╡ ╩ ∆╢⁹↓╣╠─ ≢│⁸ ─ ⌐ ∂╢ ─ ⌐

╟╡⁸ ⌐ ⅜ ╕╣╢↓≤⌐⌂╡⁸ ⌐ ─ ─ ≤◖☻♩⅜ ∆╢

⅜№∫√⁹ 

 │⁸ ─ ─ ≢№╢♬♇◔ꜟ ╩ ≤⇔≡⁸ ⌐

╟╠⌂™ꜞ◘▬◒ꜟⱪ꜡☿☻─ ≤⇔≡ ↕╣≡™╢ ≢№╡⁸ ⌐╟╡

⁸ ⁸ ╩ ⌐ ∆╢↓≤⅜ ≢№╢⁹╕√⁸ ≢ ⇔√

│⁸ ╩ ⇔≡™√ ⅛╠ ⇔≡™⌂™↓≤⅛╠⁸ ─ ⌐⅔↑╢

─ ⅜ ≢⅝╢⁹ 

 ∕↓≢⁸ ≢│ꜞ♅►ⱶ▬○fi ╩ ≤⇔√ ─ ─ ╩

∆╢⁹♬♇◔ꜟ ≢─ ≤ ⁸ ≤⇔≡─ ╩ ∆╢≤ ↕╣╢⅜⁸

ꜞ♅►ⱶ▬○fi │ ─ ╛ ≤ ∆╢↓≤≢ ●☻╩ ∂╢

⅜ ↕╣≡™╢↓≤╩ ≤⇔≡⁸ ─ꜞ☻◒─ ⁸ ≤ ─ ⌂

⌐≈™≡╙ ╩ ∫√⁹ 

 

2.3.2. ꜞ♅►ⱶ▬○fi ─ ꜞ☻◒─  

 ꜞ♅►ⱶ▬○fi ╩ ⌐ ∆╢√╘⌐│⁸ ⌐ ∆╢↓≤≢ ⌐ ⇔√

◄Ⱡꜟ◑כ╩ ∂⁸ ─ ⌂≥─ꜞ☻◒╩ ↓≤⅜ ≢№╢⁹ ≢│

─ 25Ah⁸♩ꜜ♃ⱪꜞ►☻ PHV ╩ ≤∆╢⅜⁸ ╩ ⌐

⇔√ ⅜ ↕╣≡™⌂™⁹∕↓≢⁸ ↕╣√ ≢─ ╩ ∆╢↓≤≢⁸

─ ⌐ ⇔≡─ꜞ☻◒╩ ⇔√⁹ 

 

2.3.2.1. ≤  

 ꜞ♅►ⱶ▬○fi ─ ⌐│⁸ ╩ ⇔√ ⌐ ⇔√ ה

SERVO PULSER⁸ ╩ ™√ 2.3.1 ⁹ ⌐│⁸ ⌐

⇔√ ╩ 1.0 mm/s─ ≢ ╤⇔⁸ ☻כ◔╩ ⅛╠ ⇔⁸ ↕∑╢

↓≤≤⇔√⁹ ─ ⁸☿ꜟ │ ꜚ♬♇♩ NR-TH08⁸◐כ◄fi☻ ╩ ™⁸

∆╢ ●☻≤ │⁸∕╣∙╣ ●☻ XP-314⁸ ◖☻⸗☻

≤ ●☻ QRAEи⁸RAE Systems ╩ ™≡ ⌐ ╩ ∫√⁹ 
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2.3.1 ─  

 

 ─ꜞ♅►ⱶ▬○fi │ HJ1260SM1A⁸ ╩

™≡ ─ ⌐ ⇔√⁹ ≤⇔≡⁸ ╖─♩ꜜ♃ ⱪꜞ►☻ PHV

ꜞ♅►ⱶ▬○fi 25Ah, 3 ╩ ™√⁹SOC ─√╘─ │⁸ ⌐

╟╡ ∫√⁹ ⌐│⁸☿ꜟ ╩ ≡ 25Ah≤ ⇔⁸3.0V╕≢ 8A ─ ≢

⁸SOC 50%│ 12.5Ah⁸SOC 20%│ 5Ah╩ ⇔√⁹SOC 0%⌐≈™≡│ ─╖≢

│ ⇔⌂⅛∫√⁹ ⌐ ⇔√ꜞ♅►ⱶ▬○fi ─ ≤ ⌐⅔↑╢ SOC≤

╩ 2.3.1⌐ ⇔√⁹ SOC │⁸ⱷכ◌כ ─ SOC-OCV ╟╡ ⇔√⁹ 

 

2.3.1 ꜞ♅►ⱶ▬○fi ─  

 

  



57 

 

2.3.2.2.  

 ≡─ ⌐⅔™≡⁸ꜞ ♅►ⱶ▬○fi ─☿ꜟ ☻כ◔│ ⌐ 0V ≤⌂∫

√⁹ 2.3.2⌐ ⁸ ⌐⅔↑╢ ─ ╩ ∆⁹≥∟╠─ ⌐⅔

™≡╙⁸SOC 0%≢│ │ ╠╣⌂⅛∫√⅜⁸SOC 20% ⌐⅔™≡│ ⅜ ↕╣√⁹

╕√⁸SOC50 %≢│╟╡ ↄ─ ⅜ ↕╣√⁹ ≤ ─ ⅛╠⁸ ─╒

℮⅜ ─ ⅜ ↕╣╢↓≤⅜ ≢⅝√⁹ 

 2.3.2⌐ ─ ─ ⁸☿ꜟ ─ ⁸ ⁸CO ─ ╩

⇔√⁹ ∂≡⁸SOC⅜ ™╒≥☿ꜟ │ ↄ⌂∫√⁹╕√⁸ ╟╡╙ ─ ⅜

⅜ ™↓≤⅜ ≢⅝√⁹ ⌐≈™≡│⁸SOC 50% 3 ┘ 6 ⌐⅔™

≡ ↕╣⁸ ≢│ 1.5 vol% ⁸ ≢│ 8 vol%≢№∫√⁹CO ⌐≈

™≡│ ≤ ⌐ SOC⅜ ™╒≥ ™ ⅜ ↕╣⁸SOC 50% 3 ┘ 6

⌐⅔™≡ ꜠fi☺╩ ⅎ≡ 500 ppm ≤⌂∫√⁹ 

 

 

2.3.2 ─ꜞ♅►ⱶ▬○fi ─  
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2.3.3 ─  

 

2.3.2 ꜞ♅►ⱶ▬○fi ─ ─  
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2.3.2.3.  

 ⅜ SOC 20⁸10%≢ ⇔√ ⌐⅔™≡ ∂√ ≤●☻│⁸ ─ ⌐

╟╢☿Ɽ꜠כ♃כ╛ ─ ⌐╟╢≤ ↕╣√⁹ ⁸SOC 0%≢─ ⌐⅔

™≡⁸ ╛●☻ │⌂⅛∫√↓≤⅛╠⁸ꜞ ♅►ⱶ▬○fi ╩ ≤⇔√ ⌐⅔™≡

╙⁸ ⌐ ∆╢↓≤≢ ─ ╩ ≢⅝╢↓≤⅜ ↕╣√⁹ ⇔⁸ ─

SOC 0% ⌐⅔™≡╙ ─ ⅜№∫√↓≤╩ ╖⁸ ─ ⌐ ™╢

│⁸↕╠⌐ ™ ╩ ℮↓≤≤⇔√⁹ ⌐│⁸ꜞ ♅►ⱶ▬○fi ╩ ∆╢ ⌐│

0.7V╕≢ ╩ ℮↓≤≤⇔⁸ ╛⅛⌐ ╩ ℮╟℮ ⇔√⁹ 

 

2.3.3. ꜞ♅►ⱶ▬○fi ─ ≤ ─  

 ꜝⱵⱠכ♩ ╩ ↄ │ ╛ ⌐☻כ◔─ ↕╣≡⅔╡⁸↓╣╠╩ ⌐

╩ ∆╢ ⌐│⁸ ≤⇔≡ ╛ ⅜ ≤⌂╢⁹ ⌐⅔™≡╙⁸ꜞ ♅

►ⱶ▬○fi ╩ ⌂ ≢ ⇔⁸ ≢ ⅜ ⌐ ∆╢√╘─ ⅜ ≤

↕╣╢⁹ 

 ≢│⁸ ⌐⅔™≡ ≤∆╢ ☿ꜟ╩ ≤⇔≡⁸ ╩

∆╢≤≤╙⌐ ─ ≤⇔≡─ ─ ⌐ ⌂ ╩ √⁹ 

 

2.3.3.1. ≤  

 ─ ꜞ♅►ⱶ▬○fi 25Ah⁸ⱪꜞ►☻ PHV │⁸10MɎ ╩

™≡ ─☿ꜟ 0.7 V ╕≢ ∆╢↓≤≢⁸ ─ ╛∕╣⌐ ℮ ─ꜞ

☻◒╩ ⇔√ ≢ ⌐ ⇔√⁹▪ꜟⱵ♬►ⱶ ─ ─☻כ◔ ⌐│ K-210⁸

ⱱכ◙fi ╩ ™⁸ ─ ⁸ ─ │Ᵽfi♪♁כ K-100⁸ⱱכ◙

fi ≢ ∫√⁹ ⌐╟╡ ↕╣√ ─ │ ⌐╟╡ ⇔√⁹ ⌐

∆╢ ⌐ ╕╣╢ │⁸ ⅛╠ ⇔√ ╩ ⇔√ ⁸

╩ ⱪꜝ☼ⱴ Agilent 720-ES⁸Agilent Technologies, Inc╩ ™≡ ⇔√⁹

≡─ │ ≢ ∫√⁹ 

 

2.3.3.2. ꜞ♅►ⱶ▬○fi ─  

 ꜞ♅►ⱶ▬○fi │ 2.3.4⌐ ∆ ≢ ╩ ∫√⁹│∂╘⌐⁸ ─☻כ◔

─ ╩ ≢ ⇔√ 2.3.5 ᵑ ⁹ │ ╩ ⇔≡ ─ ⌐

╠⅛☻כ◔⁸╠⅛≥↓╢™≡╣↕ ⌐ ╡ ∆↓≤⅜≢⅝√ 2.3.5 ᵒ ⁹ │

─ ╩ ⇔≡⅔╡⁸ ⅜ ↕╣√ ▪ꜟⱵ♬►ⱶ ≤

⁸ ─☿Ɽ꜠כ♃כ≢ ↕╣≡™√⁹ ≤ │⁸Ᵽfi♪♁כ⌐

╟╡ ⌐ ⅜ ≢№∫√ 2.3.5 ᵓᵔ ⁹ 2.3.6⌐ ─ ⁸

─ ╩ ⇔√ ╩ ⇔√⁹ 
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2.3.4 ꜞ♅►ⱶ▬○fi ─  

 

 

2.3.5 ꜞ♅►ⱶ▬○fi ─  
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2.3.6 ─  

 

2.3.3.3. ꜞ♅►ⱶ▬○fi ─  

 2.3.3⌐ ─ ≤ ╩ ⇔√⁹ │ ╩ ⇔⁸ │

⌐ ⇔√ ≤⁸ ─ ≢ ⇔√ ╩ ⇔√ ╩

⇔√⁹ ╩ ↄ ╗ │⁸ ⌐╟╡ ⇔√ 2.3.4

╩ ⌐ ─ ╩ ⇔√⁹ 

 

2.3.3 ꜞ♅►ⱶ▬○fi ─ ─ ≤  

 

 

2.3.4 ─  
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2.3.3.4.  

 ─ ꜞ♅►ⱶ▬○fi ╩ ⇔⁸ ╩ ∆╢↓≤≢⁸ ╩

⌐ ∆╢ ─ ⅜ ↕╣√⁹ ⌐│⁸ ☻כ◔⌐⅛╛ ╩

⇔⁸ ≤ ╩ ∆╢ ≢ ╩ ∆╢⁹ │ ⁸

⁸☿Ɽ꜠כ♃כ≢ ↕╣╢ ╩ ∆╢↓≤⅛╠ ─ │ ≢

№╢≤ ⅎ╠╣√⁹ ⁸▪ꜟⱵ⁸ ⁸ ≢ ↕╣╢ ⁸☻כ◔ │⁸

─ ꜞ◘▬◒ꜟ ⌐╟╡ ⌐ ≢№╢≤ ⅎ╠╣√⁹ 

 

2.3.4. ꜞ♅►ⱶ▬○fi ╩ ≤⇔√ ─  

 ╩♬♇◔ꜟ ⌐ ⇔√ ⁸ ↕╣√ │ ≢─ ⌐

╟╡ ⁸ ⁸☿Ɽ꜠כ♃כ⌐ ↕╣╢⁹ꜞ ♅►ⱶ▬○fi ╩ ≤⇔√

⌐≈™≡╙⁸ ⌐ ▪ꜟⱵ♬►ⱶ ⁸ ⅛╠─ ─ ⅜ ↕╣╢⁹

≢│⁸ ≢─ ─ ⌐ ↑≡⁸ ≢─ꜞ♅►ⱶ▬○fi

─ ≤ ⌂ ⌐≈™≡ ⇔√⁹ 

 

2.3.4.1. ⅛╠─ ─  

 ꜞ♅►ⱶ▬○fi ─ ╩ ה ⌐ ⇔⁸ ⅛╠ 15 mm ─ ╩

⇔√⁹ ⇔√ 1g 3 4 │ 50mL ⌐ ⇔⁸ ≢ 5 ─

╩ ∫√ 2.3.7 ⁹ 

 ─ │⁸ ≢─ ⌐╟╡ ⅛╠ ⌐ ∆╢↓≤╩ ⇔√⁹

⇔√ ─℮∟⁸ │ⱨ꜠כ◒ ≤⇔≡ ∆╢√╘ │ ≢№∫√⁹

⁸ ⌐≈™≡│ ⌐ ⇔√√╘⁸ ⌐│ ⅜ ≢№∫√ 2.3.7 ⁹ 
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2.3.7 ≢─ ≤ ─ ─  

 

ה .2.3.4.2 ─ ┼─  

 ─ ⅛╠⁸ ⌐⅔™≡ ≤ ─ ⅜ ≢№╢↓≤⅜ ↕╣

√⁹∕↓≢⁸ ╩ ⇔⁸ ⌐ ⅎ≡⁸ ⁸ ⁸ ─ ⌐≈™≡

╙ ╩ ∫√⁹ 

 ≤⇔≡⁸ꜞ♅►ⱶ▬○fi ─ 1/4☿ꜟ ╩ 9 ⇔√ 110 

g ╩ ⇔⁸ 1.0 L≤ ⌐⁸ 2.0L ●ꜝ☻ⱦכ◌כ ⌐ ⇔√⁹ │⁸

25ϴ ⅛ 70ϴ ⌐ ⇔⁸ ꜘ◦ⱡⱵ ⁸◘ꜝꜘ ╩ ∆

╢ ─ │ 0.5 vol%≤⇔√⁹ ─ ≤ ─ ─ ╩ 2.3.8⌐

⇔√⁹ ⅛╠─ ─ ™│⁸ ⌐⅔↑╢ ─ ╩

⅛╠ ⇔≡ ⇔√⁹ 

 2.3.9⌐ ≢ ↕╣√ ─ ╩ ⇔√⁹☿Ɽ꜠כ♃כ│ ⌐ ≤⇔

≡ ─ ⅛╠ ↕╣√⁹ ≢№╢▪ꜟⱵ♬►ⱶ ≤ ⁸ │⁸

⌐ ─ ™≢ ⌐ ≢⅝√⁹ ⌐╟╡ ⇔√ ─ │⁸

≤ ≢ ⇔√ ≢ ↕╣╢≤ ↕╣√⁹ 
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 2.3.5⌐ 1 6 ⌐⅔↑╢⁸ ─ ╩ ⇔√⁹™∏╣

─ ⌐⅔™≡╙ ⌐⅔↑╢ ≤ ─ │ ≢№∫√ 97.2 ï 99.9%⁹

⁸ ⌐≈™≡│ ⁸ ⁸ ─ ⅜ ⌐ ⅎ╢ ─ ⅜ ≢⅝√⁹ 

 

 

2.3.8 ≢─ ─  
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2.3.9 ⌐⅔™≡ ↕╣√ 2  

 

2.3.5 ⌐⅔↑╢  

 

 

2.3.4.3.  

 ꜞ♅►ⱶ▬○fi ⅛╠ ⇔√ ╩ ≢ ∆╢↓≤≢⁸ ≤

⅜ ⌐ ≢⅝╢↓≤╩ ⇔√⁹ ≢ ⇔√ 2.3.4.2

⅛╠⁸ ╩ ↄ ╗ ─ ⌐│ ≢─ ─╖≢ ⌂ ⅜

╠╣╢↓≤╩ ⇔√⁹↓─ ⁸ ≢№╢ ╩Ⱳfiכ◌│⌐ ≤∆╢

⅜ ∆╢⅜⁸ ╩ ∆╣┌⁸ ⌂ │ ∏⇔╙ ≢│⌂™⁹ 
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2.3.5. ꜞ♅►ⱶ▬○fi ⌐ ╕╣╢ ה ─  

 ꜞ♅►ⱶ▬○fi ─ ⌐ ╕╣╢ ≢№╢₈ ⱨ♇ ꜞfi ꜞ♅►ⱶ

LiPF6 ₉│⁸ ≤ ⇔√ ⁸ ─ ≢ ∆ ⌐╟╡ ●☻ HF⁸

PFO3 ╩ ∂╢⁹ 

 

LiPF6 + H2O Ÿ LiFהHF + HFћ + POF3ћ                 2.3.1  

 

╩ ≤⇔≡ ™╢ ╩ꜞ♅►ⱶ▬○fi ⌐ ∆╢ ⁸ ⌐

LiPF6№╢™│⁸LiPF6⌐ ∆╢ⱨ♇ ╩ ⌐ ∆╢ ⅜№╢⁹ 

 ⱪ꜡☿☻⌐╟╢ꜞ♅►ⱶ▬○fi ⌐ ╕╣╢ ─ ⌐│⁸▪☿♩♬♩ꜞ

Ⱳfi⁸Ⱨ꜡ꜞ♪fiכ◌ꜟ♅◄☺⁸ꜟ ─ ╩ ∆╢ ⅜⁸ ╛ꜞ◘

▬◒ꜟ ⌐⅔™≡ ≢№╢⁹ ⅎ┌⁸LithoRec Process≢│ ⇔√ ╩▪☿♩♬

♩ꜞꜟ≢ ∆╢↓≤≢ ≤ ╩ ⇔⁸ ⌐ ─√╘─ ╩

℮⁹╕√⁸ ⌐╟╢ ꜞ◘▬◒ꜟ ≢│⁸ ☿ꜟ ⌐ ⇔™ ╩

∆╢ ≢⁸ ╩ ∆╢↓≤≢ ─ ─ ╩ ⇔≡™╢⁹ ─

≢ ⅛╠ ⌐ ⇔√ ╩ ∆╢ ≤⇔≡│⁸ ↕╣≡

™╢ ⅜ ≢№╢⁹ꜞ ♅►ⱶ▬○fi ─ꜞ◘▬◒ꜟ≢│⁸ ─

╩ ≤⇔≡⁸ │ ▬○fi ╩ ™╢↓≤≢ ─

PF6▬○fi─ ╩ ⇔≡™╢⁹╕√⁸ ⱴ♥ꜞ▪ꜟ☼│ ─ ⌐⅔™≡⁸

ⱨ♇ ꜞ♅►ⱶ≤⌂∫√ⱨ♇ ╩ ◌ꜟ◦►ⱶ ⌐╟╡ ≢№╢ CaF2≤⇔

≡ ∆╢ ╩ ⇔≡™╢⁹╕√⁸PF6│ ≢│ ⌐⅔™≡ ≢№╢ ⅛╠⁸

⌐╟╡ PF6▬○fi╛ ▬○fi≢№╢ Li ╩ ∆╢↓≤≢ ●☻─

╩ ≢⅝╢ ⅜№╢⅜⁸↓╣╕≢⌐ │⌂↕╣≡™⌂™⁹ 6.1⌐ ─ꜞ♅►ⱶ

▬○fi ꜞ◘▬◒ꜟ⌐⅔↑╢ ה ─ ≤⁸ ≤─ ─

╩ ⇔√⁹ 

 ≢│⁸ ≤─ ⅜ ™≤ ╦╣╢⁸ ⌐ ∆╢

≤⁸ ─ ⅛╠ PF6▬○fi╩ ∆╢▬○fi ⌐≈™≡ ╩ ∫√⁹ 
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2.3.6 ⌐ ╕╣╢ LiPF6 ┼─  

 

 

2.3.5.1.  

2.3.5.1.1. ⅛╠─ ─  

 ꜞ♅►ⱶ▬○fi ⅛╠ ⇔√ 2.3.10 5 g 1cm / ╩ 50 mL

⌐ ⁸ ™≡ ∆╢↓≤≢ ⌐ ╕╣╢ ─ ╩ ╖√⁹ │ 3

™⁸ ⌐ √⌂ ⌐ ⇔√⁹ ≤⇔≡◄♃ⱡ⁸2ꜟכ-ⱪ꜡Ɽⱡ⁸ꜟכ▪☿

♩fi⁸n-ⱷ♅ꜟ-2-Ⱨ꜡ꜞ♪fi 2.3.7⁸ ⱨ▫ꜟⱶ ╩ ™√⁹ ─

│⁸◄Ᵽⱳ꜠כ♃כ R-100⁸ ⌐╟╡ ⇔⁸ ∆╢ ─ ╩ ╖√⁹

⇔√ │ ≢ ⇔⁸ ╩ ⇔√⁹ 

 ™∏╣─ ╩ ™√ ≢╙⁸ ↕╣√ │ 0.92 ï 0.95 g

≢№∫√ 2.3.8 ⁹ ↕╣√ ⅛╠ ⇔√⁸ ─ │

18.5 wt%≢№∫√⁹ 

 

2.3.7 ⌐ ™√  
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2.3.10 ⌐╟╢ ⌐ ≤  

 

2.3.8 ↕╣√ ≤ ─  

 

 

2.3.5.1.2. ─ ─ ╡ 

 ⌐ ╕╣╢ꜞfi╩ ≤⇔≡ ⌐╟╢ ≤ ─ ╩ ╙∫

√⁹ 2.3.5.1.1 ≢ ⇔√ ╩ ≤ ↕∑⁸ ╩ ↕∑⁸ ─

≤ ╩ ∫√⁹ ⌐│⁸ ─ ╩ 20 mL─ ⌐ 2 ⇔⁸

⌐ ╕╣╢ ꜞfi ╩ ◐♇♩ Ɽ♇◒♥☻♩⁸ ≢ ⇔√⁹ 

 ─ ⁸ ⌐│ ─ ⌐╟╡ 794.3 mg/L─ꜞfi⅜ ⇔√⁹ ⁸

╩ ∫√ │⁸ ─ ꜞfi │ 5.9 ï 10.8 mg/L≢№∫√⁹ ∫≡⁸

⌐╟╢ ─ │ 98% ≤ ↕╣√ 2.3.9 ⁹ 
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2.3.9 ─ ⌐ ╕╣╢ ꜞfi ≤ ─  

 

 

2.3.5.2. ▬○fi ╩ ™√ ⅛╠─ PF6▬○fi  

 ─ ╩ ∑∏⌐ꜞ♅►ⱶ▬○fi ╩ ⇔√ ╩ ⇔⁸ ⇔

√ 5 g ╩ 50 mL─ ⌐ ⇔⁸5 ─ ⌐ ╠╣√ ╩

≤⇔√⁹PF6▬○fi─ ≤⇔≡⁸ ≢ ⅜ ↕╣≡™╢ ▬○fi

♄▬ꜘ▬○fiWA-20⁸ ╩ ™√⁹ ≤▬○fi │●ꜝ☻

ⱦכ◌כ ≢ ↕∑⁸ ⌐⅔™≡ 2 ↕∑√ 2.3.11⁸ ⌐ ╕╣

╢ ꜞfi ╩ ⇔√⁹ 

 2.3.10⌐ ─ ─ ꜞfi ╩ ⇔√⁹ ⌐ ╕╣╢ ╩

⇔⌂™ 1 ⁸▬○fi ⌐╟╢ ─ ─ ꜞfi │ 114 mg/L

╕≢ ↕╣√⁹ ⁸ ╩ ⇔√ 2⁸ 3 ⁸ ─ ─ ꜞfi

│⁸≥∟╠╙ 35 mg/L≢№∫√⁹ ⅛╠⁸ ▬○fi ╩ ≤∆╢

↓≤≢⁸ ≢ꜞ♅►ⱶ▬○fi ╩ ⇔√ ⌐ ∆╢⁸ ─ PF6▬○fi

╩ ≢⅝╢↓≤⅜ ↕╣√⁹ 

 

 

2.3.11 ─ ≤⇔√▬○fi  
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2.3.10 ▬○fi ⌐╟╢ ─  

 

 

2.3.5.3.  

 ⌐ ⌂ ⁸ ─ ⌐≈™≡ ╩ ⇔√ ⁸

─ ⌐╟╢ ≤⁸ ─ ─▬○fi ⅜ ↕╣

√⁹ ⅛╠⁸ ≢│ ⇔√ ⅛╠ 98% ─ ╩ ≢⅝╢↓≤

⅜ ↕╣⁸ ╛ ╩ ∆╢↓≤≢⁸╟╡ ™ ╩ ╢↓≤⅜

≢№╢≤ ⅎ╠╣√⁹╕√⁸ ─ ⌐╟∫≡│ ╩ ⌐ ≢№╢

↓≤╩ ⇔√⁹▬○fi ⌐╟╢ ≢│⁸ ⌐ ╕╣╢ PF6▬○fi╩

≢⅝√⅜⁸ ─ ╩ ⇔√ ≤ ⇔≡ │ ™ ≤⌂∫√⁹▬○fi

─ ⁸ ⌐ ╕╣╢ ╛ ⌐╟╢ ╛ ⌂≥╙ ↕╣

╢↓≤⅛╠⁸ⱪ꜡☿☻┼─ ⌐│ ↄ─ ╩ ∆╢≤ ↕╣√⁹ 

 ─ ╩ ╕ⅎ⁸ ─ ≤⇔≡ ╩ ℮↓≤⅜ ≢№╢≤

⇔√⁹ ∫≡⁸ ─ ╩ ™√ ⌐⅔™≡│⁸ ─ ≤⇔≡

╩ ™√ ╩ ™╢⁹ 

 

ה .2.3.6 ─  

 ↓╣╕≢─ ╩ ╕ⅎ⁸ ⌐╟╢ ה ─ ≤⁸ ⌐

╟╢ ╩ ⇔≡ ∫√⁹ ≢─ │ ─ ╩ ™⁸ ⱪꜝfi♩

╩ ⇔√ 1Ᵽ♇♅ 200 L─ ≢─ ╩ ℮⁹ ⌐│⁸1☿ꜟ ─

╩ 1 ─ ⌐ ∆╢↓≤≤⇔√⁹ ─ ⌐│⁸ ⌐⅔™≡ ⅜ ≢⅝√

⅛╠⁸ ⌐⅔™≡ ≤ ⅜ ≢№∫√ 2-ⱪ꜡Ɽⱡכꜟ╩ ™√⁹ 

 

2.3.6.1. ≤  

 ꜞ♅►ⱶ▬○fi ─ │ⱳכ♃Ⱪꜟ CENTARC⁸ 2L ╩ ™≡

⇔⁸ ╩ ⇔√⁹ ⌐│⁸1 kg─ ╖ ⌐ ⇔⁸ 2 L─

2-ⱪ꜡Ɽⱡכꜟ ╩ ™√⁹ │ 2 ™⁸∕╣∙╣─ │ 5 ≤⇔√

2.3.12⁹ │⁸ ╩ ™√⁹ ⌐│ ⌂╢ ╩╙≈

A 2.3.13⁸ 220 L ⁸ B 2.3.14⁸ 180 L ╩ ™√⁹ A ≢─ │☺
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▼♇♩ 200 L/min ─fiꜛ◦כ꜠▪◄≥ 0.5  0.6 m3/min ™∏╣⅛≢ ™⁸ B

≢─ │☺▼♇♩ 200 L/min ⌐╟╡ ∫√⁹ 2.3.11⌐ ─ ─

╩ ⇔√⁹ 

 

 

2.3.12 ─ ⌐╟╢ ─  

 

 

2.3.13 A ─ ≤  
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2.3.14 B ─ ≤  

 

2.3.11 ─  

 

 

2.3.6.2. ⅛╠─ ─  

 2.3.15⌐ A ≢ ⇔√ ─ 1 ─ ╩ ⇔√⁹ ⌐ ↕

╣√ ─℮∟⁸☿Ɽ꜠כ♃כ│ ⌐ ⇔⁸ ⅜ ⇔√ ⅛╠│ ₁⌐

⅜ ⇔√⁹ ⅛╠ ⇔√ ─℮∟⁸ ⅜ ↕™╙─│ ♃fi

◒ ⌐ ⇔⁸ ⌐כ♫כ꜠♩☻│─╙™⅝ ↕╣√⁹ ⅜ ⇔√ ▪ꜟ

Ⱶ♬►ⱶ ⁸ │ Ᵽ◔♇♩ ⌐ ↕╣√⁹ 
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2.3.15 ⌐╟╢ ─ 1 , 1kg  

 

ה 2.3.12 ⌐⅔↑╢ ─  

 

 

⌐⅔↑╢ ╩ 2.3.12⌐⁸ ≢ ↕╣√ ╩ 2.3.16⌐ ⇔√⁹

A ╩ ™√ ≢│⁸ ─ │ 92% ≢№╡⁸ ⌐☺▼♇♩ ╩ ™√

1⁸3 ┘ 5≢│ 98% 98.5 100% ⌐ ⇔√⁹ ⁸ B╩ ™√ 4≢│⁸

─ │ 7.5 %⌐ ╕∫√⁹ 
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2.3.16 ⇔√ ⅛╠ ╡ ⇔√ ה  

 

 ─ │⁸ ─ ⅜ ≢№∫√ 4╩ ⅝⁸ ≤ ⇔≡ ™ ≤⌂

∫√ 92.7 98.5%⁹ ⌐ ∆╢ ⌐≈™≡│⁸ ⌐ ⇔⁸ ∆

╢↓≤≢ ⅜ ≢№╢↓≤╩ ⇔√ 2.3.17⁹ 



75 

 

 

 

2.3.17 ⌐╟╢ ─  

 

2.3.6.3. ─  

 ─ ⅛╠ ⇔√ ─℮∟♬♇◔ꜟ╛◖Ᵽꜟ♩╩ ↄ ╗ ⌐≈

™≡⁸ ╩ ⇔√⁹ ⌐ ⇔√ ⌐ ╕╣╢ │⁸ 2.3.3

⌐ ⇔√ ─ⱴ☻Ᵽꜝfi☻⅛╠ 283.3 g/kg- ≤ ⇔√⁹ ⌐╟╡

↕╣√ ⌐כ♫כ꜠♩☻⁸∟℮─ ↕╣√ │ ⇔≡ ╩ ⇔

√⁹╕√⁸♃fi◒ ⌐ ∆╢╙─│ ≤ ─ ≢№╢√╘⁸

⌐ 100ⱷ♇◦ꜙ≢ ⇔⁸ ╩ ≤⇔≡ ╩ ⇔√⁹ 

 2.3.13⌐ ⌐⅔↑╢ ─ ╩ ∆⁹ ⌐⁸ ⅜ ≢№∫√ 1

┘ 5⌐⅔™≡ ╣√ ≢№∫√⁹ 

 

2.3.13 ⌐╟╢ ─  
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2.3.6.4. ─  

 ⌐ ╕╣╢ⱨ♇ ⅜ ≡ LiPF6⌐ ∆╢╙─≤ ⇔⁸ ─ⱨ♇ ╩

ꜞfi ⅛╠ ⇔√⁹ ꜞfi │ JIS ╩ ⇔√ ◐♇♩ ≢ ⇔⁸

pH│ ≢ ⇔√⁹ 

 ≢ ⇔√ ─ⱨ♇ ┘ pH╩ 2.3.14⌐ ⇔√⁹ ╩ 2kg

⇔√ 3╩ ⅝⁸ ─ⱨ♇ │ 8 mg/L ≢№∫√⁹pH│

─ 8.5⅛╠╦∏⅛⌐ ∆╢↓≤⅜ ↕╣√⁹╕√⁸ 2kg╩ ≤⇔≡

⇔√ 3≢│⁸ ⌐│ ⌂ ⅜╖╠╣⁸ ╩ ∫√⁹

≤─ ⅛╠⁸ │ ⌐ ∆╢ ⌐╟╢╙─≤ ↕╣√ 2.3.18⁹ 

 

2.3.14 ─ pH≤ꜞfi ┘ⱨ♇  

 

 

 

2.3.18 3 ─ ─  

 

 ⌐⁸ ≢ ∂√ ⌐ ╕╣╢ ꜞfi 2.3.14 ⅛╠⁸ ⌐ ⇔√

⅛╠─ ─ ╩ ╙∫√⁹ 
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 ─ ╩ ™√ ─ ꜞfi │⁸ ⌐ ⇔√ ─

2.3.8 ─ ⅛╠⁸39.0 mg/L≤ ⇔√ ⁸ ⌐⅔™≡ ─

≢ ⇔√ ⌐╟╢ ─ │⁸™∏╣─ ⌐⅔™≡╙ 94.9 

ï 95.8% ≢№∫√⁹ 

 

2.3.15 ⌐╟╢ ─  

 

 

2.3.6.5.  

 A ≤ B⌐╟╢ ⅛╠⁸ ⅜ ⅝™ ⅜ ⇔≡™╢ꜞ♅►ⱶ▬○

fi ─ ╩ ≤⇔≡ ╩ ℮ ⌐│⁸ ─ ─ ⅝™ ⅛╠─

─ ⅜ ≢№╢↓≤⅜ ↕╣√⁹╕√⁸ 1≤ 2─ ⅛╠⁸

╢╟⌐fiꜛ◦כ꜠▪◄⌂ ╟╡⁸☺▼♇♩⌐╟╢ ─ ⅜ ─ ⌐│ ≢

№∫√⁹ 

 2kg ╩ ™√ 3 ⌐⅔™≡ ⌂ ⅜ ↕╣√↓≤⅛╠⁸ ≢№╢

⅜ ─ ≤ ∆╢≤⁸ ⌐╟╡ ⅜ ∆╢↓≤⅜

↕╣√⁹↕╠⌐⁸ 3≢│⁸ ─ⱨ♇ │ ╩ ∆╢≤ ↕╣

√⁹↓╣╠ ≤⁸ⱨ♇ ─ ⅛╠⁸ ≢ ⇔√ ─ │

≢│ ≢─ ─ ╡ ⇔ ╛⁸ ─ ⌐╟╢ ─ │

≢№╢↓≤⅜ ↕╣√⁹ 

 ─ ⅛╠⁸ꜞ♅►ⱶ▬○fi ╩ ≤⇔√ ─ ⱪ꜡☿☻┼─ ⌐│⁸

⌐ ⇔√ ⅛╠─ ≤ ─ │ ≢№╡⁸ ─

⁸ ⌂ ≤ ⌐≈™≡⁸ ⌂╢ ⅜ ≢№╢≤ ⅎ╠╣√⁹ 
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2.3.7. ≤ ─  

 ≢│⁸ꜞ♅►ⱶ▬○fi ╩ ≤⇔√ ⌐╟╠⌂™ⱴ♥ꜞ▪ꜟꜞ◘▬◒

ꜟ─ ≤⇔≡⁸ ⌐╟╢ꜞ♅►ⱶ▬○fi ─ ╩ ⇔√⁹ ⌐│⁸

ꜞ♅►ⱶ▬○fi ╩ ™⁸ ╩ ℮√╘⌐ ≤⌂╢ ⁸ ה

─ ⌐≈™≡╙ ∑≡ ╩ ∫√⁹ ⌐⁸ ⌂ ╩ ∆⁹ 

 

ᵑ ꜞ♅►ⱶ▬○fi ╩ ⁸ ⇔√ ⌐ ∆╢↓≤≢⁸ ─ ≤

╩ ╠⅛⌐⇔√⁹ ≢ ╠╣√ ╩ ≢ ⇔√ ⁸ ╩ ↄ ╗ ☿ה

Ɽ꜠הכ♃כ ≢ ↕╣╢ ⌐≈™≡│ ─ ≤⌂╢↓≤╩

⇔√⁹ 

ᵒꜞ♅►ⱶ▬○fi ⌐ ╕╣╢ ≤ ─ ╩ ⇔⁸ ─ ꜞ◘

▬◒ꜟⱪ꜡☿☻⌐⅔™≡╙ ↕╣╢ ⅜ ≢№╢↓≤╩ ⅛╠ ⇔√⁹ 

ᵓ ─ ╩ ™≡⁸ ╩ ⇔√ ╩ ⇔√ ⁸ ⅜

▪ꜟⱵ♬►ⱶ ⁸ ⅛╠ ╟ↄ ∆╢↓≤╩ ⇔√⁹ 

 

 ─ ⅛╠⁸ ⅜ꜞ♅►ⱶ▬○fi ─ꜞ◘▬◒ꜟ⌐⅔↑╢ ≤⇔

≡ ≢№╢≤ ≢⅝╢⁹ ⁸ ─ ─ ─ ⅛╠⁸ ⱪ꜡

☿☻┼─ ⌐⅔™≡ ≤⌂╢ ─ ⁸ ─ ╩ ℮⌐│⁸

⌐╟╢ ─ │ ≢№╢↓≤⅜ ≢⅝√⁹ ∫≡⁸ │

─ ⌐ ↑√ ╛ ─ ╩ ╘╢↓≤⅜ ≤⌂╢⁹╕√⁸

╩ ≤⇔√ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ─ⱪ꜡☿☻ⱨ꜡כ 2.3.19 ⌐≈™

≡⁸ ≤⇔≡─ ╛ ⌐≈™≡ ╩ ╘╢ ⅜№╢⁹  



79 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3.19 ╩ ≤⇔√ꜞ◘▬◒ꜟⱪ꜡☿☻ⱨ꜡כ─  
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3. ꜝ▬ⱨ◘▬◒ꜟ▪☿☻ⱷfi♩ 

 ꜝ▬ⱨ◘▬◒ꜟ▪☿☻ⱷfi♩ ╩ ℮⌐№√╡⁸ 1 ─ ♬♇◔ꜟ

╩ ⌐ ─ ╡ ⇔√⁹ ╩♃כ♦√⇔ 3.1⌐ ∆⁹ 

 

♃כ♦ 3.1  

No    

1 
⌐ ↕╣≡™╢♬♇◔ꜟ

─ CO2  
0.6[t] β1 

2 
⌐ ↕╣≡™╢♬♇◔ꜟ

─  
1.84[kWh] β1 

3 ─ CO2  0.00258[t/l] β2 

4 ⱪ꜡Ɽfi●☻─  3.41[t/t]  β2⁸β3 

5 ─  0.000472[t/kWh]  β4 

 

β1 ⌐╟╢◄Ⱡꜟ◑כ ─ ™╩ ⇔√ ─ LCCO2 ─  

β2 ┘  

β3 LP●☻─ ─  

β4 ─ ●☻  

 

3.1. ♬♇◔ꜟ ☻כꜚꜞ  

 ⱬכ☻ꜝ▬fi≤⌂╢ ≤ ☻כꜚꜞ─ ≢№╢ ─ ⌂

╩ 3.1.1⌐ ∆⁹ 

 

 

☻כꜚꜞ┘ 3.1.1 ─  

 

 ⱬכ☻ꜝ▬fi⌐≈™≡│ ─ CO2 ╩ ⇔√ ⁸ (3.3.1)⁸ (3.3.2)

─ ╡⁸3,300t─ CO2 ≤⌂╢⁹ ⁸ ⌐≈™≡│ ה ה
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│ ≢⅝╢╒≥ ≢№╢√╘⁸ ─ CO2 ╩ ⇔√ ⁸ (3.3.3)⁸

(3.3.4)─ ╡⁸50t─ CO2 ≤⌂╡⁸ⱬכ☻ꜝ▬fi⌐ ∆╢ ╩ ⇔√⁹ 

☻כꜚꜞ⁸≡⇔≥  │ ≤ ⇔ ⇔≡™╢↓≤⅛╠ ╩ 40%≤

⇔⁸ ╩ 25,000 ≤∆╢↓≤≢⁸ 1 ─ ♬♇◔ꜟ ≤

⇔√⁹ ♩ꜝ♇◒│ 10♩fi ≢№╢ ⱪ꜡ⱨ▫▪≤⇔⁸ │◌♃꜡◓ ⌐ 0.8╩

∂≡ 3.12km/l≤⇔√⁹ ≤⇔≡ 350km╩ ⇔√⁹⌂⅔⁸ │

≤⇔≡ ⇔⁸ │ ⅜ ↄ ⅛╠ ┼─ ─ ≤⇔≡╙

⌂ ≤⇔≡ ⇔√⁹10♩fi 1 №√╡─ⱪꜞ►☻ ─ │ 144

≤⇔√⁹ 

 

ⱬכ☻ꜝ▬fi  

[t/kWh] ⌐ ↕╣≡™╢♬♇◔ꜟ ─ CO2 [t]  

[t/kWh] ÷ ⌐ ↕╣≡™╢♬♇◔ꜟ ─ [kWh]  

[t/kWh] 0.6[t]÷1.84[kWh]  

[t/kWh] 0.33[t/kWh]                        (3.3.1) 

 

─ CO2 [t] [kWh]× [t/kWh] 

⌐╟╢ CO2 [t] 10,000[kWh]×0.33[t/kWh] 

⌐╟╢ CO2 [t] 3,300[t]                   (3.3.2) 

 

 

[t/ ] ─ CO2 [t/l]÷ [km/l]× [km]÷ [ ] 

[t/ ] 0.00258[t/l]÷3.12[km/l]×350[km]÷144[ ]  

[t/ ] 0.002[t/ ]                         (3.3.3) 

 

⌐ ℮ CO2 [t] [ ]× [t/ ] 

⌐ ℮ CO2 [t] 25,000[ ]×0.002[t/ ] 

⌐ ℮ CO2 [t] 50[t]                       (3.3.4) 
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3.2. ♬♇◔ꜟ ꜞ◘▬◒ꜟ  

 ⱬכ☻ꜝ▬fi≤⌂╢ ⌐╟╢ ─ ≤ ─ꜞ◘▬◒ꜟ ≢№╢ ⌐╟╠⌂

™ ─ ⌂ ╩ 3.2.1⌐ ∆⁹ 

 

 

3.2.1 ♬♇◔ꜟ ꜞ◘▬◒ꜟ ─  

 

 ⱬכ☻ꜝ▬fi⌐≈™≡│ ⁸ ⁸ ─ ≢ ⌐╟╢ CO2─ ≤ ⌐

╟╢ CO2─ ⅜№╡⁸∕╣∙╣ ⇔ ∆╢≤ (3.3.5) (3.3.7)─ ╡ 38.82t─ CO2

≤⌂╢⁹ ⌐≈™≡│ ⁸ ⁸ ⁸ ─ ≢ ⌐╟╢ CO2

─ ╩ ∆╢≤ (3.3.8)─ ╡ 29.74t≤⌂╡⁸ⱬכ☻ꜝ▬fi⌐ ∆╢ ╩ ⇔

√⁹ 

 

ⱬכ☻ꜝ▬fi  

⌐╟╢ CO2 [t] ⱪ꜡Ɽfi●☻ [t]×ⱪ꜡Ɽfi●☻─ [t/t]  

⌐╟╢ CO2 [t] 10[t]×3.41[t/t] 

⌐╟╢ CO2 [t] 34.1[t]                      (3.3.5) 

 

⌐╟╢ CO2 [t] [kWh]× ─ [t/kWh] 

⌐╟╢ CO2 [t] 10,000[kWh]×0.000472[t/kWh] 

⌐╟╢ CO2 [t] 4.72[t]                     (3.3.6) 

 

⌐╟╢ CO2 [t] ⌐╟╢ CO2 [t] 34.1[t] 4.72[t]  

⌐╟╢ CO2 [t] ⌐╟╢ CO2 [t] 38.82[t]       (3.3.7) 

 

 

⌐╟╢ CO2 [t] [kWh]× [t/kWh] 

⌐╟╢ CO2 [t] 63,000[kWh]×0.000472[t/kWh] 

⌐╟╢ CO2 [t] 29.74[t]                    (3.3.8) 
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3.3. ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ  

 ⱬכ☻ꜝ▬fi≤⌂╢ ⌐╟╢ ≤ ─ꜞ◘▬◒ꜟ ≢№╢ ⌐╟╠⌂™

─ ⌂ ╩ 3.3.1⌐ ∆⁹ꜞ♅►ⱶ▬○fi ─ꜞ◘▬◒ꜟ⌐≈™≡│⁸ ─

╖⌐≤≥╕∫√√╘⁸ ─♬♇◔ꜟ ─ ⌐ ╩ ⇔⁸CO2

╩ ⇔√⁹ 

 

 

3.3.1 ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ ─  

 

 ⱬכ☻ꜝ▬fi⌐≈™≡│ ─ ╡ 38.82t─ CO2 ≤⌂╢⁹ ⌐≈™≡│

≢─ CO2 ⌐ ─√╘⌐ ™╢ ╟╡ │ ≤

ⅎ╠╣⁸ ─ 29.74t≤ ≤ ↕╣╢↓≤⅛╠⁸ⱬכ☻ꜝ▬fi⌐ ∆╢ ╩ ╘

╢⁹ ─ ╩ ╕ⅎ⁸ ⌐ ↑≡ ∫√ ╩ ∆╢≤≤╙⌐ ⌂

╩ ⇔≡™ↄ⌐№√╡⁸ ─ ⌐ ⇔⌂⅜╠⁸CO2 ╩ ≢⅝╢╟℮

╩ ╘≡™ↄ⁹ 

 

ᵑ ─  

 ─ ⌐ ™╠╣╢ │ ⇔≡ ∆╢↓≤╩ ≤∆╢√╘⁸

┼─ │ ◓fi♬כꜞ◒▬ꜝ♪⁸╠⅜⌂⇔⅛⇔⁹╢№≢ ─ ⌐⅔↑╢

─ ⅛╠⁸ ∆╢ ⌐≈™≡│ ─ ∞↑≢⌂ↄ⁸CO2

┘ ─ ⅛╠ ⌂ ╩ ∆╢↓≤⅜ ╕⇔™⁹ 

 

ᵒ  

 ─ ≢│⁸ ⌐⅔↑╢ CO2 ≤ ┼─ ⅜ ≤

⌂╢↓≤⅛╠⁸ ⌂ ⅜ ⌂ ◄Ⱡ ─ ⅜ ╕⇔™⁹  
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4. ≤ ─ ⇔ 

☻כꜚꜞ .4.1 ─  

 ♬♇◔ꜟ ⌐ ╢ꜞꜚΊ☻ ─ ⌐≈™≡⁸ ☻כꜚꜞ⁸│≡™≈⌐

◦☻♥ⱶ ⌐ ≤⌂╢ ה ⁸ꜞⱤ♇◔כ☺ ⁸

⁸ ╩ ⇔⁸ ⌐≈™≡│⁸ ⅜ ⇔≡™╢

─ ⅜ ╠╣╢≤ ⇔√ ─ ╩ ⇔√⁹ ☻כꜚꜞ⁸│≡⇔≥

◦☻♥ⱶ─ ╩ 45MW⁸ ─ ╩ 20 ≤⇔≡ ⇔√⁹ ⁸

⌐≈™≡│ 90 / ≢№╡⁸ ⌐≈™≡│ 380 / ≤⌂∫√⁹ 

 ╟╡⁸ ≤⇔≡│ 270 / ≤ ╕╣╢⁹ ≢⁸20 ≢─

─ │ ⌂ ⅜ ↄ⁸ ─√╘⌐│ ⌂╢ ─ ⅔╟┘

─◖☻♩♄►fi⌐ ╘╢↓≤⅜ ≢№╡⁸ ⅝ ⅝ ╩ ∆╢⁹⌂⅔⁸

│ ↕╣⁸ ─ ╙ ↕╣╢↓≤⅛╠⁸ ─ ╘⅜ ≢№╢≤

ⅎ╠╣╢⁹ 

 

4.2. ꜞ◘▬◒ꜟ ─  

 ♬♇◔ꜟ ⌐ ╢ꜞ◘▬◒ꜟ ─ ⌐≈™≡⁸ꜞ◘▬◒ꜟ ⌐ ≤⌂╢

⁸ ⁸ ⁸ ⁸ⱷfi♥♫fi☻ ⁸ ⁸

╩ ∆╢≤≤╙⌐⁸ ─ ⌐ ≠⅝ ╩ ⇔√⁹ ≤⇔≡│⁸

≢ ╩ ℮ ─ ╩ 1 ⁸ ─ ╩ 20 ≤⇔≡ ⇔√

⁸ ⌐≈™≡│ 50 / ≤⌂∫√⁹ ⌐≈™≡│⁸♬♇◔ꜟ ─

─℮∟⁸ ⅛≈ ⅜ ™♬♇◔ꜟ─ ╩ ≤⇔≡ ⇔

√⁹ 4.2.1⌐ ∆ ╡⁸♬♇◔ꜟ│ 10,000 20,000US$/t≢ ↕╣≡⅔╡⁸ ─

≢│ ꜞ☻◒╩ ⇔ 10,000 US$/t 1US$=110 ≢ ≤⇔√ ⁸ ⌐≈™

≡│ 30 / ≤⌂∫√⁹ 

 ╟╡⁸ ≤⇔≡│Ỏ20 / ≤ ≢─ │ ⌂

⇔≢№╢ ≤⌂∫√⁹ ≢⁸ ╩ ╟⌐♩♇ꜞⱷꜟכ◔☻⁸╡╟⌐≥↓∆╛

╢ ╛ ─ ⅜ ╕╣⁸⅔⅔╟∕ 3 ─ ≤∆╢↓≤⌐

╟╡ ⅜ⱪꜝ☻⌐ ∂╢≤™℮ ≤⌂∫√⁹ ≢⁸20 ≢─ ─

│ ≢№╢√╘⁸ ─√╘⌐│ ⌂╢ ─ ⅔╟┘ ─◖☻♩♄►

fi⌐ ╘╢↓≤⅜ ≢№╡⁸ ⅝ ⅝ ╩ ∆╢⁹ 

 ⌂⅔⁸ꜞ♅►ⱶ▬○fi⌐≈™≡│⁸ ⌐≡ⱪ꜡☿☻ⱨ꜡כ⅜ ⇔≡™⌂™↓

≤⅛╠⁸ ─ │ ≢№╢⅜⁸♬♇◔ꜟ ≤ ⇔≡ ─ ⅜ ⇔

™↓≤⅛╠⁸ ꜞ♅►ⱶ─ ⌐╟╢ ─ ⌐ ↑√ ╩ ⅝ ⅝

∆╢⁹ 
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4.2.1 ♬♇◔ꜟ─  

JOGMEC HP  URL: http://mric.jogmec.go.jp/reports/mr/20180628/87222/ 

 

4.3. ─  

☻כꜚꜞ  ⌐≈™≡│ ╩ ∂≡⁸ ⇔√ ─ ╩ ≢⅝

√≤≤╙⌐⁸ ─ ⌂╢ ─ ╩ ≢⅝√↓≤⅛╠⁸ ≢─ ╩

≢⅝√⁹ ⌐№√∫≡│⁸◖☻♩ ⌂╢ ─ ╩ ╢ ⅜№

╢⁹ ⌐│⁸ ⌐ ─ ⌐≈™≡ ∆╢⁹ 

 

ᵑ ─  

 ⌐Ᵽꜝ♠◐─№╢ꜞꜚכ☻ ╩ ≤⇔≡™╢√╘⁸ ╩ ⌐

⇔⁸ ╩ ☻כꜚꜞ⁸≢≥↓╢∆ ╩ ∆╢≤≤╙⌐ ⌂

╩ ╢⁹ 

 

ᵒ ─  

 ─ ⌐ ℮ ⌐╟╡⁸ ₁─ │ ⅜╢╙──⁸

⌐ ℮◖☻♩♄►fi ⅜ ⅝™≤ ⅎ╠╣╢⁹ ╩ ™∕─ ╩ ╘╢≤

≤╙⌐⁸ ⅜ ⇔⌂™↓≤╩ ∆╢⁹ 

 

 ♬♇◔ꜟ ꜞ◘▬◒ꜟ ⌐≈™≡│ ╩ ∂≡⁸ ╩ ╦⌂™ √

⌂ꜞ◘▬◒ꜟ ╩ ⇔⁸ ≢─ ╩ ≢⅝√⁹ ⌐№√∫≡│⁸ ─

≢ ╠╣╢ ─ ╩ ∆≤≤╙⌐⁸◖☻♩ ⌂╢ ─

╩ ╢ ⅜№╢⁹ ⌐│⁸ ⌐ ─ ⌐≈™≡ ∆╢⁹ 

 

http://mric.jogmec.go.jp/reports/mr/20180628/87222/
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ᵑ ─ ─♩♇ꜞⱷꜟכ◔☻╢╟⌐⇔  

 ⌐⅔↑╢ꜞ◘▬◒ꜟ │⁸ ╩ 1 №√╡ 1 ≤⇔

≡ ⇔≡™╢⅜⁸ ─ ⌐≡ ∆╢⁹ 

 

ᵒ▬♬◦ꜗꜟ◖☻♩ ┘ꜝfi♬fi◓◖☻♩─  

 ꜞ◘▬◒ꜟ ⌐⅔↑╢ ─ ╛ ⌐╟╡⁸ ⌂╢▬♬◦ꜗꜟ◖☻♩

─ ╩ ∆⁹╕√⁸ ─ ─ ⌐╟╢ ─ ⁸ꜝfi♬fi◓◖☻

♩⅜ ≤⌂╢ ╩ ╢⁹ 

 

 ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟ ⌐≈™≡⁸ ≢│ ≢ ↕╣√ 2 ≈

─ ╩ ∆╢↓≤≢⁸ꜞ ◘▬◒ꜟⱪ꜡☿☻╩ ≢⅝╢ ╖≢№╢⁹ ⌐│⁸

─ ⌐≈™≡ ╩ ℮ ⅜№╢⁹ 

 

ᵑ ⌂ ─  

ה ⅛≈ ⌐ ∆╢√╘─ / ─ ⁹ 

 ꜞ◘▬◒ꜟ ⌐⅔↑╢ ⌐ ∆╢ ┘ꜞ♅►ⱶ▬○fi ─

╩ ℮⁹ 

ה / ↕╣√ ⅛╠─ ─ ⁹ 

 ─√╘─ ⱪ꜡☿☻─ ┘ꜞ♅►ⱶ▬○fi

⅛╠─ ╩ ℮⁹ 

ה ⇔√ ─ ⌂ꜞ◘▬◒ꜟ ─ ⁹ 

 ─ ⱪ꜡☿☻≢─ ─ ╩ ℮⁹ 

ה ⱪ꜡☿☻─ ה ⁹ 

 ∆╢ꜞ♅►ⱶ▬○fi ꜞ◘▬◒ꜟⱪ꜡☿☻─ ┘ ⱪ꜡☿☻≤ ─

⌐╟╡ ╩ ∆╢⁹ 

 

ᵒꜞ◘▬◒ꜟ ─  

ה ⌐ ╕╣╢ꜞ♅►ⱶ─ ─ ⁹ 

 ꜞ♅►ⱶ ה ⌐╟╢ꜞ♅►ⱶ ─ ╩ ℮⁹ 

 

 ⌐№√∫≡│⁸CO2 ─№╢ ⌐ ⌂ ╩ ℮≤≤╙⌐⁸

─ ⌐╟╡ ─ ╩ ⇔⁸ ⅝ ⅝ ⇔≡™ↄ ⅜№╢⁹ 
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4.4. ─ ⇔ 

⌐╟╡⁸ ☻כꜚꜞ ◦☻♥ⱶ│ ╛ ⌐ ≢⅝╢

╩ ∆╢↓≤⅜ ≢⅝√√╘⁸ ☻כꜚꜞ ◦☻♥ⱶ╩ ⌐ ∆╢↓≤≢⁸

⁸ ◄Ⱡ ─ ⌐╟╡ ∂ ╢ ─ ⌐ ⇔≡ ≢№╢≤ ⅎ╠

╣╢⁹╕√⁸♬♇◔ꜟ ⅔╟┘ꜞ♅►ⱶ▬○fi ≢─ ╙ ≢№╢↓≤⅛╠⁸

☻כꜚꜞ⌂ ─ ╩ ∆╢≤≤╙⌐⁸ ╛ ⌐☼כ♬─ ╦∑√

≤∆╢↓≤╙ ≢№╡⁸ ─ ⅜ ╘╢≤ ⅎ╠╣╢⁹ 

╕√⁸ ─ ╦⌂™ ꜞ◘▬◒ꜟ ─ ⅔╟┘ ⌐╟╡⁸ ⱷ

╛כ◌כ ⱷכ◌כ │ ─ ⌐ ≤⌂╢ ◖Ᵽꜟ♩╛♬♇◔ꜟ ╩ ⅛

≈ ⌐ ∆╢↓≤⅜ ≤⌂╢⁹╕√⁸ ─ ≤ ⇔≡ CO2 ⅜ ≢

⅝╢↓≤⅛╠⁸ ◦ⱨ♩╩ ⇔≡™╢ ⌐ ∆╢ꜞ◘▬◒ꜟ

⌐ ≢⅝╢ ⅜№╡⁸ ─ ─ ⅔╟┘ ─ ⌐ ∆

╢↓≤⅜ ╘╢⁹ 

 

4.5. ─ ⇔ 

╩ꜟ◒▬◘ꜞה☻כꜚꜞ  ⌐ ∆╢↓≤≢ ┘ ╩

≢⅝╢≤ ⅎ╢⅜⁸ ≤⇔≡⁸ ─ ╩ ╩ⱶכ◐☻╢∆ ∆╢ ⅜№

╢⁹ ⁸ ⌐⅔™≡│⁸ ⱷכ◌כ ⌐╟╢ꜞ♅►ⱶ▬○fi ─

╩ ∟ →╢ ⁸ ⱶכ◐☻ ⌐ ↑√ ⅜ ⇔≡⅔╡⁸

⌐ ─ ⅜ ╕╢≤≤╙⌐ ─ ⅜ ╕╣╢⁹↓─╟℮⌂

─ ╩ ╕ⅎ⁸ ≢№╢ ⱷכ◌כ ≤ ≤⌂╡⁸ ─╟℮⌂

╢∆ꜟ◒▬◘ꜞ≡⇔☻כꜚꜞ⌐ ◦☻♥ⱶ─ ⌐ ↑√ ╩ ∆╢↓≤≢ ─

╩ ∆⁹ 


