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1. Àπà«¬·≈– —≠≈—°…≥åµ“¡¡“µ√∞“π IEC (IEC 27-1 1992-12)

1

 —≠≈—°…≥å Àπà«¬ ·≈–µ“√“ßµà“ß Ê

§àŸ¡◊Õ«‘»
«

°
√
‰
ø
ø
Ñ “

Active power watt W 

Admittance siemens S

Angular acceleration radian per second squared rad/s2

Angular velocity radian per second rad/s

Capacitance farad F

Concentration (of amount of substance) mole per cubic meter mol/m3

Conductance siemens, mho S, mho

Current density ampere per square meter A/m2

Density, mass kilogram per cubic meter kg/m3

Electric charge density coulomb per cubic meter C/m3

Electric field strength volt per meter V/m

Electric flux density coulomb per square meter C/m2

Energy density joule per cubic meter J/m3

Entropy joule per kelvin J/K

Heat capacity joule per kelvin J/K

Heat flux density watt per square meter W/m2

Illuminance lux lx

Impedance ohm Ω

Inductance henry H

Luminance candela per square meter cd/m2

Luminous efficacy lumen per watt lm/W

Luminous energy lumen-hour, lumen-second lm⋅h, lm⋅s
Luminous exitance lumen per square meter lm/m2

Luminous flux lumen lm

ª√‘¡“≥ (Quantity) Àπà«¬ (Unit)  —≠≈—°…≥å (Symbol)
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2. Decimal Powers (parts and multiples of units)

µ—«Õ¬à“ß°“√„™âß“π

µF, µH,  kvar,  kW,  kWh,  MVA,  Mvar,  MW

10-18 Atto a as in anatomy

10-15 Femto f femû oh (fem as in feminine)

10-12 Pico p peekû oh

10-9 Nano n nanû oh (an as in ant)

10-6 Micro µ as in microphone

10-3 Milli m as in military

10-2 Centi c as in centipede

10-1 Deci d as in decimal

10 Deca da deckû a (a as in about)

102 Hecto h heckû toe

103 Kilo k killû oh

106 Mega M as in megaphone

109 Giga G jigû a (I as in jig, a as in about)

1012 Tera T as in terrace

1015 Peta P petû a (e as in pet, a as in about)

1018 Exa E exû a (a as in about)

Power Prefix Symbol Pronunciation

§«“¡‡√Á« meter per second m/s

πÈ”Àπ—°, ·√ß newton N

ª√–®ÿ‰øøÑ“ coulomb C

ª√‘¡“µ√ cubic meter m3

æ≈—ßß“π (energy) watthour Wh 

æ≈—ßß“π (energy) joule J

æ◊Èπ∑’Ë Square meter m2

¡«≈ kilogram kg

·√ß¥—π‰øøÑ“ volt V

‡«≈“ second, minute, hour s, min, h

Õÿ≥À¿Ÿ¡‘ degree celsius, kelvin ÌC, K

ª√‘¡“≥ (Quantity) Àπà«¬ (Unit)  —≠≈—°…≥å (Symbol)
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3. Greek Alphabet

A α Alpha

B β Beta

Γ γ Gamma

∆ δ Delta

E ε Epsilon

Z ζ Zeta

H η Eta

Θ θ Theta

I ι Lota

K κ Kappa

Λ λ Lambda

M µ Mu

N ν Nu

Ξ ξ Xi

O ο Omicron

Π π Pi

P Rho

Σ σ Sigma

T τ Tau

Y υ Upsilon

Φ ϕ Phi

X ℵ Chi

ψ ψ Psi

Ω ω Omega

Capital Lower case Greek name



∫∑∑’Ë 1   —≠≈—°…≥å Àπà«¬ ·≈–µ“√“ßµà“ß Ê 5

4. °“√·ª≈ßÀπà«¬√–À«à“ßπ‘È«°—∫¡‘≈≈‘‡¡µ√

°“√·ª≈ßÀπà«¬®“°π‘È«‡ªìπ¡‘≈≈‘‡¡µ√

°“√·ª≈ßÀπà«¬®“°¡‘≈≈‘‡¡µ√‡ªìππ‘È«

1/64 0.397 7/32 5.556 27/64 10.716 5/8 15.875 53/64 21.034

1/32 0.794 15/64 5.953 7/16 11.112 41/64 14.272 27/32 21.431

3/64 1.191 1/4 6.350 29/64 11.509 21/32 16.669 55/64 21.828

1/16 1.587 17/64 6.747 15/32 11.906 43/64 17.066 7/8 22.225

5/64 1.984 9/32 7.144 31/64 12.303 11/16 17.452 57/64 22.622

3/32 2.381 19/64 7.541 1/2 12.700 45/64 17.859 29/32 23.019

7/64 2.778 5/16 7.937 33/64 13.097 23/32 18.256 59/64 23.416

1/8 3.175 21/64 8.334 17/32 13.494 47/64 18.653 15/16 23.812

9/64 3.572 11/32 8.731 35/64 13.891 3/4 19.050 61/64 24.209

5/32 3.969 23/64 9.128 9/16 14.287 49/64 49.447 31/32 24.606

11/64 4.366 3/8 9.525 37/64 14.684 25/32 19.844 63/64 25.003

3/16 4.762 25/64 9.922 19/32 15.081 51/64 20.241 1 25.400

13/64 5.159 13/32 10.319 39/64 15.478 13/16 20.637 2 50.800

Inch mm Inch mm Inch mm Inch mm Inch mm

mm 0 1 2 3 4 5 6 7 8 9

0 0.03937 0.07874 0.11811 0.15748 0.19685 0.23622 0.27559 0.31496 0.35433

10 0.39370 0.43307 0.47244  0.51181 0.55118 0.59055 0.62992 0.66929 0.70866 0.74803

20 0.78740 0.82677 0.86614 0.90551 0.94488 0.98425 1.02362 1.06299 1.10236 1.14173

30 1.18110 1.22047 1.25984 1.29921 1.33858 1.37795 1.41732 1.45669 1.49606 1.53543

40 1.57480 1.61417 1.65354 1.69291 1.73228 1.77165 1.81102 1.85039 1.88976 1.92913

50 1.96850 2.00787 2.04724 2.08661 2.12598 2.16535 2.20472 2.24409 2.28346 2.32283
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5. °“√·ª≈ßÀπà«¬Õ—ß°ƒ… ‡¡µ√‘° ·≈–Õ‡¡√‘°“

Àπà«¬πÈ”Àπ—° ‡¡µ√‘° Õ—ß°ƒ… ·≈–Õ‡¡√‘°“

Àπà«¬æ◊Èπ∑’Ë ‡¡µ√‘° Õ—ß°ƒ… ·≈–Õ‡¡√‘°“

Àπà«¬§«“¡¬“« ‡¡µ√‘° Õ—ß°ƒ… ·≈–Õ‡¡√‘°“

1 1000 2204.6 35274 0.9842 1.1023

0.001 1 2.2046 35.274 0.00098 0.0011

0.454 ⋅ 10-3 0.454 1 16 0.000447 0.0005

0.283 ⋅ 10-4 0.0283 0.0625 1 0.279 ⋅ 10-4 0.312 ⋅ 10-4

1.016 1016 2240 35840 1 1.120

0.9072 907.19 2000 32000 0.8929 1

µ—π (‡¡µ√‘°) °‘‚≈°√—¡ (kg) ªÕπ¥å (ib) ÕÕπ´å (oz) µ—π (Õ—ß°ƒ…) µ—π (Õ‡¡√‘°“)

1 1 000 000 0.386 ⋅ 10-6 10.746 1550 197.3 ⋅ 107

10-6 1 0.386 ⋅ 10-12 1076 ⋅ 10-4 0.00155 1973

2589999 259 ⋅ 1010 1 27879 ⋅ 103 40145 ⋅ 105 5098 ⋅ 1012

9.290 ⋅ 10-2 92903.4 0.0358 ⋅ 10-6 1 144 183 ⋅ 106

6.452 ⋅ 10-4 645.162 0.2396 ⋅ 10-9 0.006940 1 1.27 ⋅ 106

506.7 ⋅ 10-12 506.7 ⋅ 106 0.196 ⋅ 10-15 0.00547 ⋅ 10-6 0.785 ⋅ 10-6 1

Square meter mm2 sq.mile sq.ft sq.in circular mils

1 1000 1 000 000 0.6213 1093.7 3281 39370

0.001 1 1000 0.6213 ⋅ 10-3 1.0937 3.281 39.370

0.000 001 0.001 1 0.6213 ⋅ 10-6 0.001094 0.003281 0.03937

1.60953 1609.53 1609528 1 1760 5280 63380

0.000914 0.9143 914.32 0.5682 ⋅ 10-3 1 3 36

305 ⋅ 10-3 0.30479 304.79 0.1894 ⋅ 10-3 0.3333 1 12

0.254 ⋅ 10-4 0.02539 25.3997 0.158 ⋅ 10-4 0.02777 0.0833 1

km m mm mile yd inchft
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6. Àπà«¬ SI ·≈–§«“¡ —¡æ—π∏å

Force Newton N

Force momentum Newton metre Nm

Pressure Bar bar 1 bar  =  105 Pa  =  105

Pascal Pa 1 Pa  =  10-5 bar

Energy, heat Joule  J 1 J  =  1 Ws  =  1 Nm

Power Watt W W  =  1     =  1

Tension 1         =  102

Angle (flat) Grad 1 360 Ì  =  1 pla  =  2π rad

Gon gon 400 gon  =  360 Ì

Radian rad

Full circle pla 1 pla  =  2π rad  =  360 Ì

Voltage Volt V 1 V  =  1 ⋅ 

Resistance Ohm Ω 1 Ω  =  1 ⋅      =  1 ⋅

Conductivity Siemens S 1 S  =  1 ⋅      =  1 ⋅

Electric charge Coulomb C    1 ⋅ A ⋅ s

Capacitance Farad F 1 F  =  1 ⋅      =  1 ⋅

Field force 1      =  1 ⋅

Flux Weber Wb 1 Wb  =  1 ⋅ V ⋅ s  =  1 ⋅

Flux density Tesla T

Inductance Henry H

ª√‘¡“≥ Àπà«¬æ◊Èπ∞“π™◊ËÕÀπà«¬  —≠≈—°…≥å §«“¡ —¡æ—π∏å

1 ⋅ kg ⋅ m
s2

1 ⋅ kg

m ⋅ s2

105 kg

m ⋅ s2

106 kg

m ⋅ s2

N

m2

1 ⋅ kg ⋅ m2

s2

1 ⋅ kg ⋅ m2

s2

1 ⋅ kg ⋅ m2

s3

1 ⋅ kg ⋅ m2

s3 ⋅ A

1 ⋅ kg ⋅ m2

s3 ⋅ A2

1 ⋅ kg ⋅ m
s3 ⋅ A

1 ⋅ kg

s2 ⋅ A

1 ⋅ s3 ⋅ A2

kg ⋅ m2

1 ⋅ s4 ⋅ A
kg ⋅ m2

1 ⋅ kg ⋅ m2

s2 ⋅ A

1 ⋅ kg ⋅ m2

s2 ⋅ A2

N

mm2
N

mm2
N

cm2

J

s

N ⋅ m
cm2

m

m

W

A

V

A

W

A2

A

V

A2

W

C

V

V

m

V

m

s ⋅ A2

W

W

A ⋅ m
W ⋅ s

A

1

1 T  =        =  1 ⋅         =  1 ⋅Wb

m2
V ⋅ s
m2

W ⋅ s
m2A

1 H  =        =  1 ⋅         =  1 ⋅Wb

A
V ⋅ s

A

W ⋅ s
A2
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7. §«“¡ —¡æ—π∏å√–À«à“ßÀπà«¬ SI °—∫Àπà«¬Õ◊Ëπ Ê

·√ß (Mechanical force)

§«“¡¥—π (Pressure)

 ß“π (Work)

1 N =  1 J/m =  1 kg m/s2 =  0.102 kp =  105 dyn

1 J/m =  1 N =  1 kg m/s2 =  0.102 kp =  105 dyn

1 kg m/s2 =  1 N =  1 J/m =  0.102 kp =  105 dyn

1 kp =  9.81 N =  9.81 J/m =  9.81  kg m/s2 =  0.981 ⋅ 106 dyn

1 dyn =  10-5 dyn =  10-5 J/m =  10-5  kg m/s2 =  1.02 ⋅ 10-5  kp

1 Pa =  1 N/m2 =  10-5 bar

1 Pa =  10-5 bar =  10.2 ⋅ 10-6 at =  9.87 ⋅ 10-6 at =  7.5 ⋅ 10-3 Torr

1 bar =  105 bar =  1.02 at =  0.987 at =  750 Torr

1 at =  98.1 ⋅ 103 Pa =  0.981 bar =  0.968 at =  736 Torr

1 atm =  101.3 ⋅ 103 Pa =  1.013 bar =  1.033 at =  760 Torr

1 Torr =  133.3 Pa =  1.333 ⋅ 10-3 bar =  1.359 ⋅ 10-3 at =  1.316 ⋅ 10-3 atm

1 Ws =  1 J =  1 Nm 107 erg

1 Ws =  278 ⋅ 10-9 kWh =  1 Nm =  1 J =  0.102 kpm =  0.239 cal

1 kWh =  3.6 ⋅ 106 Ws =  3.6 ⋅ 106 Nm =  3.6 ⋅ 106 J =  367 ⋅ 106 kpm =  860 kcal

1 Nm =  1 Ws =  278 ⋅ 10-9 kWh =  1 J =  0.102 kpm =  0.239 cal

1 J =  1 Ws =  278 ⋅ 10-9 kWh =  1 Nm =  0.102 kpm =  0.239 cal

1 kpm =  9.81 Ws =  272 ⋅ 10-6 kWh =  9.81 Nm =  9.81 J =  2.34 cal

1 kcal =  4.19 ⋅ 103 Ws =  1.16 ⋅ 10-3 kWh =  4.19 ⋅ 103 Nm =  4.19 ⋅ 103 J =  427 kpm
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8.   ¡°“√∑“ß‰øøÑ“·≈–Õ◊Ëπ Ê

Ohmûs Law

Resistance of a piece of wire

Resistance

Parallel connection of resistance

Electric power

U  =  I Ó R [V] I  =     [A] R  =     [Ω]U
R

m
Ωmm2

m
Ωmm2

m
Ωmm2

m
Ωmm2

U
I

R =          [Ω] Copper : χ  =  57

l = Length of conductor (m) Aluminium : χ  =  33

χ = Conductivity (m/Ωmm2) Iron : χ  =  8.3

A = Conductor cross-section (mm2) Zinc : χ  =  15.5 

ι
χ Ó A

Transformer XL = 2 Ó π Ó f Ó L (Ω)

Capacitors XC =                     (Ω)

Impedance Z =   R2 + (XL - XC)2 Z =                     [Ω]

L = Inductance (H) f = Frenquency (Hz)
C = Capacitance (F) ϕ = Phase angle
XL = Inductive resistance (Ω)
XC = Capacitive  resistance (Ω)

With 2 parallel With 3 parallel
resistances : resistances :

1 1 1 1
 =  +  +  + ...[1/Ω]
R R1 R2 R3

1 1 1 1
 =  +  +  + ...[1/Ω]
Z Z1 Z2 Z3

R1 Ó R2 R1 Ó R2 Ó R3Rg =  [Ω] Rg =  [Ω]
R1+ R2 R1 Ó R2 + R2 Ó R3 + R1 Ó R3

General calculation of resistance :

Power Current consumption

DC P  =  U Ó I [W] I  =      [A]

Single-phase AC P  =  U Ó I Ó cos ϕ[W] I  =                [A]

1 1 1 1
 =  +  +  + ...[1/Ω]
X X1 X2 X3

1
2 Ó π Ó f Ó C

R
cos ϕ

P
U

P
U Ó cos ϕ

Three-phase AC P  =    3 Ó U Ó I Ó cos ϕ[W] I  =                       [A]P
  3 Ó U Ó cos ϕ
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9. §à“§«“¡µâ“π∑“π∑“ß‰øøÑ“¢Õß«—µ∂ÿ

Conductor

Specific electric

resistance  

(mm2 Ω/m)

Electric conductivity

x = 1/l  

(m/mm2  Ω)

Temperature

coefficient  α
(K-1)

Density

(kg/dm3)

Aluminium, 99.5% Al, soft 0.0278 36 4 ⋅ 10-3 2.7
Al-Mg-Si 0.03...0.033 33...30 3.6 ⋅ 10-3 2.7
Al-Mg 0.06..0.07 17...14 2.0 ⋅ 10-3 2.7
Al bronze, 90% Cu, 10% Al 0.13 7.7 3.2 ⋅ 10-3 8.5
Bismuth 1.2 0.83 4.5 ⋅ 10-3 9.8
Brass 0.07 14.3 1.3...1.9 ⋅ 10-3 8.5
Bronze, 88% Cu, 12% Sn 0.18 5.56 0.5 ⋅ 10-3 8.6...9
Cast iron 0.60...1.60 1.67...0.625 1.9 ⋅ 10-3 7.86...7.2
Conductor copper, soft 0.01754 57 4.0 ⋅ 10-3 8.92
Conductor copper, hard 0.01786 56 3.92 ⋅ 10-3 8.92
Constantan 0.49....051 2.04...1.96 -0.05 ⋅ 10-3 8.8
CrAl 20 5 1.37 0.73 0.05 ⋅ 10-3 -
CrAl 30 5 1.44 0.69 0.01 ⋅ 10-3 -
Dynamo sheet 0.13 7.7 4.5 ⋅ 10-3 7.8
Dynamo alloy (1 to 5% Si) 0.27...0.67 3.7...1.5 - 7.8
Graphite and retort carbon 13...100 0.077...0.01 -0.8...-0.21 ⋅ 10-3 2.5...15
Lead 0.208 4.8 4.0 ⋅ 10-3 11.35
Magnesium 0.046 21.6 3.8 ⋅ 10-3 1.74
Manganin 0.43 2.33 0.01 ⋅ 10-3 8.4
Mercury 0.958 1.04 0.90 ⋅ 10-3 13.55
Molybdenum 0.054 18.5 4.3 ⋅ 10-3 10.2
Monel metal 0.42 2.8 0.19 ⋅ 10-3 -
Nickel silver 0.33 3.03 0.4 ⋅ 10-3 8.5
Ni Cr 30 20 1.04 0.96 0.24 ⋅ 10-3 8.3
Ni Cr 60 15 1.11 0.90 0.13 ⋅ 10-3 8.3
Ni Cr 80 20 1.09 0.92 0.04 ⋅ 10-3 8.3
Nickel 0.09 11.1 6.0 ⋅ 10-3 8.9
Nickeline 0.4 2.5 0.18...0.21 ⋅ 10-3 8.3
Platinum 0.1 10 3.8...3.9 ⋅ 10-3 21.45
Red brass 0.05 20  - 8.65
Silver 0.0165 60.5 41 ⋅ 10-3 10.5
Steel, 0.1% C, 0.5% Mn 0.13...0.15 7.7...6.7 4...5 ⋅ 10-3 7.86
Steel, 0.25%, C 0.3%, Si 0.18 5.5 4...5 ⋅ 10-3 7.86
Steel, spring, 0.8% C 0.20 5 4...5 ⋅ 10-3 7.86
Tantalum 0.16 6.25 3.5 ⋅ 10-3 16.6
Tin 0.12 8.33 4.4 ⋅ 10-3 7.14
Tungsten 0.055 18.2 4.6 ⋅ 10-3 19.3
Zinc 0.063 15.9 3.7 ⋅ 10-3 7.23

Resistance varies with temperature. For any temperature between - 50 ÌC and 200 ÌC

  
∂

=   20 Ó  1 + α (∂ - 20)

x
∂

= x20 Ó  1 + α (∂ - 20)

Specific electric resistance of conductors at 20 ÌC
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10.  Standard symbols (Õâ“ßÕ‘ß IEC 617  ANSI Y32.2(1995) ·≈– NEMA ICS-1 (1983))

03-02-01 Connection of conductors

03-02-02 Terminal

03-02-04 Junction of conductors
03-02-05

03-02-03 Terminal strip / block

03-01-01 Conductor

103-01-01 Conductor (for later expansion)

02-12-01 Line of application, general system

02-12-04 Line of application, optional, denoting
small interval

02-01-06 Separation between two fields

02-01-06 Line of separation between functional
unit

02-01-07 Screen

02-15-01 Earth, general symbol
Ground, general symbol

02-15-03 Protective earth
Protective ground

03-03-05 Connector with plug and socket

03-03-06 Connector with plug and socket

03-03-18 Isolating point, lug, closed

04-01-01 Resistor, general symbol
04-01-02

04-01-09 Resistor with fixed tappings

À¡“¬‡≈¢
µ“¡ IEC

 √“¬°“√ IEC ANSI

or or

1 2 3 4 1 2 3 4

GRD

PL

RECP

or RES

or RES
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1 master element is the initiating device, such as a control switch, voltage relay, float switch, etc.,
which serves either directly, or through such permissive devices as protective and time-delay
relays to place an equipment in or out of operation. 

2 time-delay starting, or closing, relay is a device which functions to give a desired amount of
time delay before or after any point or operation in a switching sequence or protective relay
system, except as specifically provided by device functions 62 and 79 described later.

3 checking or interlocking relay is a device which operates in response to the position of a
number of other devices, or to a number of predetermined conditions in an equipment to allow
an operating sequence to proceed, to stop, or to provide a check of the position of these devices
or of these conditions for any purpose.

4 master contactor is a device, generally controlled by device No. 1 or equivalent, and the
necessary permissive and protective devices, which serves to make and break the necessary
control circuits to place an equipment into operation under the desired conditions and to take it
out of operation under other or abnormal conditions.

5 stopping device functions to place and hold an equipment out of operation.

6 starting circuit breaker is a device whose principal function is to connect a machine to its
source of starting voltage.

7 anode circuit breaker is one used in the anode circuits of a power rectifier for the primary
purpose of interrupting the rectifier circuit if an arc back should occur.

8 control power disconnecting device is a disconnecting devicefisuch as a knife switch, circuit
breaker or pullout fuse blockfiused for the purpose of connecting and disconnecting,
respectively, the source of control power to and from the control bus or equipment.
Note : control power is considered to include auxiliary power which supplies such apparatus

as small motors and heaters.

9 reversing device is used for the purpose of reversing a machine field or for performing any other
reversing functions.

10 unit sequence switch is used to change the sequence in which units may be placed in and out
of service in multiple-unit equipments.

11 Reserved for future application.

12 over-speed device is usually a direct-connected speed switch which functions on machine
overspeed.

13 synchronous-speed device, such as a centrifugal speed switch, a slip-frequency relay, a voltage
relay, an undercurrent relay or any type of device, operates at approximately synchronous speed
of a machine.

14 under-speed device functions when the speed of a machine falls below a predetermined value.

Device
Number Definition and Function

11. Device Function Number for Electric Power System (ANSI C 37.2)
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Control circuit devices International/Europe IEC/EN 60 947-4-1

Enclosures International/Europe IEC/EN  60 439...

International/Europe IEC/EN  60 529

Canada CAS C 22.2-14
CAS C 22.2-9.4

USA NEMA ICS 6
NEMA 250
UL 50

Switches International/Europe IEC/EN  61 058

Industrial electronics Germany VDE 0160

Industrial machines International/Europe IEC/EN  60 204-1

Canada CSA C 22.2-73
CSA C 22.2-105

USA JIC EGP-1
JIC EMP-1
NFPA 79

Installations International IEC 364-...

Australia AS 3000

Belgium A.R.E.I./R.G.I.E.

Germany VDE 0100

France NF C 15-100

Great Britain BS 7671

Canada CSA C 22.1 (CEC)

Netherlands NEN 1010

Switzerland SEV HV 1000

USA NEC (=NFPA 70)

Switch disconnectors International/Europe IEC/EN 60 947-3

Circuit breakers International/Europe IEC/EN 60 947-2

Australia AS 3858

Japan JIS C 8370

Canada CSA C 22.2-5.1

USA UL 489

Japan JEM 1071
JIS C 8370

Devices Country Standard

12. International Specification
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ABS American Bureau of Shipping USA

AEEMA Australian Electrical and Electronic Manufacturersû Association Australia

AEI Associazione Elettrotecnica Italiana Italy

ALPHA Gesellschaft zur Prufung und Zertifizierung von Neiderspannungsgeraten Germany

ANSI American National Standards Institute USA

AS Australian Standard Australia

ASTM American Society for Testing and Materials USA

BBJ-SEP Biuro Badawcze d/s Jakosci Poland

BS British Standards Great Britain

BV Bureau Veritas France

CAMA Control and Automation Manufacturersû Association Great Britain

CAPIEL Comite de coordination des association de constructeurs dûappareillage Europe
industriel electrique du Marche Commun europeen

CEBEC Comite Electrotechnique Belge Belgium

CEC Canadian Electrical Code Canada

CECC CENELEC Electronic Components Committee Europe

CEE Commission of Rule for the Approval of Electrical Equipment Europe

CEI Comitato Elettrotecnico Italiano Italy

CEMA Canadian Electrical Manufacturersû Association Canada

CENELEC Comite Europeen de Normalisation Electrotechnique Europe

CISPR International Special Committee Radio Interference -

CNOMO Commission for standardization of tools and machine tools in the French France
Automotive industry

CSA Canadian Standards Association Canada

DEMKO Danmarks Elektriske Materiellkontrol Denmark

DIN Deutsches Institut fur Normung Germany

DNV Det Norske Veritas Norway

EEMAC Electrical and Electronic Manufacturers Association of Canada Canada

EI Elektriska Inspektoratet Finland

EIEMA Electrical Installation Equipment Manufacturersû Association Great Britain

EN Europaische Norm Europe

EZU Elektrotechnicky Zku|ebni Ustav Czech Republic

FIMKO Word formed as in DEMKO, NEMKO, SEMKO Finland

Abbreviation Full Title Country

13. Appoval Authorities
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14. Test and Approval Authorities

Belgium Comite Electrotechnique Belge Belgisch Elektrotechnisch Comite
(CEBEC)

Denmark Danmarks Elektriske Materielkontrol (DEMKO)

Germany Verband Deutscher Elektrotechniker

Finland FIMKO 

France Union Technique de lûelectricite (UTE)

Canada Canadian Standards Association (CSA)

Croatia Zavod za Ispitivanje Kvalitete Robe

Netherlands Naamloze Vennootschap tot Keuring van Electrotchnische Materialen
(KEMA)

Norway Norges Elektriske Materiel kontroll (NEMKO)

Poland Biuro Badawcze d/s Jakosci

Russia GOST R

Sweden Svenska Elektriska Materielkontrollanstalten (SEMKO)

Switzerland Schweizerischer Elektrotechnischer Verein (SEV)

Czechoslovakia Elektrotechnicky Zkuysebni Ustav

Hungary Magyar Elektrotechnnikai Ellenorzo Intezet

USA Underwriters Laboratories 

Country Test Authority Stamp
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15. √“¬™◊ËÕ¡“µ√∞“πÕÿª°√≥å‰øøÑ“ (¡“µ√∞“π∫—ß§—∫)

1. ¡Õ°. 23-2521  ∫—≈≈“ µå ”À√—∫À≈Õ¥ø≈ŸÕÕ‡√ ‡´πµå

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 1 ‡¡.¬. 2522

2. ¡Õ°. 293-2541   “¬‰øøÑ“Õ–≈Ÿ¡‘‡π’¬¡Àÿâ¡¥â«¬©π«π‚æ≈‘‰«π‘≈§≈Õ‰√¥å

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 27 ∏.§. 2542

3. ¡Õ°. 366-2528  ‡µ“√’¥‰øøÑ“

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 6 ¡‘.¬. 2529

4. ¡Õ°. 183-2528   µ“√åµ‡µÕ√å ”À√—∫ø≈ŸÕÕ‡√ ‡´πµå

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 29 °.¬. 2529

5. ¡Õ°. 4 ‡≈à¡ 1-2529  À≈Õ¥‰øøÑ“

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 1 æ.§. 2530

6. ¡Õ°. 10-2529  øî« å°â“¡ªŸ

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 21 æ.¬. 2530

7. ¡Õ°. 344-2530  ¢—È«√—∫À≈Õ¥ø≈ŸÕÕ‡√ ‡´πµå·≈–¢—È«√—∫ µ“√åµ‡µÕ√å

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 25 µ.§. 2531

8. ¡Õ°.11-2531  “¬‰øøÑ“∑Õß·¥ßÀÿâ¡Àÿâ¡¥â«¬‚æ≈‘‰«π‘≈§≈Õ‰√¥å

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 1 ∏.§. 2532

9. ¡Õ°. 956-2533  À≈Õ¥ø≈ŸÕÕ‡√ ‡´πµå ‡©æ“–¥â“π§«“¡ª≈Õ¥¿—¬

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 25 °.¬. 2534

10. ¡Õ°. 934-2533  æ—¥≈¡‰øøÑ“°√–·  ≈—∫ ‡©æ“–¥â“π§«“¡ª≈Õ¥¿—¬

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 25 ∏.§. 2534

11. ¡Õ°. 870-2532  ‡µ“‰øøÑ“™π‘¥µ—«∑”§«“¡√âÕπ·∫∫‡ª≈◊Õ¬ ‡©æ“–¥â“π§«“¡ª≈Õ¥¿—¬

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 21 °.¬. 2536

12. ¡Õ°. 1463-2540  ‡§√◊ËÕß´—°ºâ“ : ‡©æ“–¥â“π§«“¡ª≈Õ¥¿—¬

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 23 ∏.§. 2544

13. ¡Õ°. 1389-2539  ‡§√◊ËÕßÕ∫ºâ“ : ‡©æ“–¥â“π§«“¡ª≈Õ¥¿—¬

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 23 ¡’.§. 2545

14. ¡Õ°. 1195-2536  ‡§√◊ËÕß„™âÕ‘‡≈Á°∑√Õπ‘° å·≈–Õÿª°√≥å‡°’Ë¬«¢âÕß∑’Ë„™â°—∫·À≈àß®à“¬‰øøÑ“ª√–∏“π

 ”À√—∫„™â„π∑’ËÕ¬ŸàÕ“»—¬·≈–ß“π∑—Ë«‰ª∑’Ë¡’≈—°…≥–§≈â“¬°—π ‡©æ“–¥â“π§«“¡ª≈Õ¥¿—¬

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 31  .§. 2545

15. ¡Õ°. 1955-2542  ∫√‘¿—≥±å àÕß «à“ß·≈–∫√‘¿—≥±å∑’Ë§≈â“¬°—π : ¢’¥®”°—¥ —≠≠“≥√∫°«π«‘∑¬ÿ

«—π∑’Ë¡’º≈„™â∫—ß§—∫ 11  .§. 2545
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16. µ“√“ß‡ª√’¬∫‡∑’¬∫√–¥—∫°“√ªÑÕß°—π√–À«à“ß NEMA °—∫ IP

À¡“¬‡Àµÿ √–¥—∫°“√ªÑÕß°—πµ“¡√–∫∫¢Õß NEMA °—∫ IP „π·µà≈–√–¥—∫°“√ªÑÕß°—π‰¡àµ√ß°—πæÕ¥’ „πµ“√“ßπ’È‡ªìπ°“√‡ª≈’Ë¬π

√–¥—∫°“√ªÑÕß°—π¢Õß‡§√◊ËÕßÀàÕÀÿâ¡®“°√–∫∫¢Õß NEMA „Àâ Õ¥§≈âÕß°—∫√–∫∫ IP µ“¡°“√·∫àß°≈ÿà¡¢Õß IEC ‡∑à“π—Èπ

°√≥’‡ª≈’Ë¬π®“°√–∫∫¢Õß IP „Àâ Õ¥§≈âÕß°—∫√–∫∫ NEMA ∫“ß√“¬°“√Õ“®·µ°µà“ßÕÕ°‰ª

17. ¥—™π’· ¥ß§à“¡“µ√∞“π°“√ªÑÕß°—π

§à“ IP (Index of Protection) °”Àπ¥‚¥¬¡“µ√∞“π IEC 529 ·≈– ¡Õ°. 513 °”Àπ¥‡ªìπµ—«‡≈¢ 2

À√◊Õ 3 À≈—° À≈—ßµ—«Õ—°…√ IP ·µà‚¥¬∑—Ë«‰ªπ‘¬¡°”Àπ¥‡æ’¬ß 2 À≈—°‡∑à“π—Èπ §«“¡À¡“¬¢Õß·µà≈–À≈—°· ¥ß‰«â„π

µ“√“ß °“√· ¥ß§«“¡À¡“¬‡¢’¬π‰¥â¥—ßπ’È

1 IP10

2 IP11

3 IP54

3R IP14

3S IP54

4 and 4X IP56

5 IP52

6 and 6P IP67

12 and 12K IP52

13 IP54 

NEMA Enclosure Type Number IEC Enclosure Classification Designation

IP12
· ¥ß§«“¡ “¡“√∂„π°“√ªÑÕß°—π¢Õß‡À≈«

· ¥ß§«“¡ “¡“√∂„π°“√ªÑÕß°—π«—µ∂ÿ‡≈Á¥≈Õ¥‡¢â“¿“¬„π

Index of Protection



2.1 ¢âÕ°”Àπ¥°“√„™âß“π “¬‰øøÑ“·√ßµË”

 ”À√—∫ “¬‰øøÑ“∑’Ëº≈‘µµ“¡¡“µ√∞“πº≈‘µ¿—≥±åÕÿµ “À°√√¡∑’Ë ¡Õ°. 11-2531 (Õâ“ßÕ‘ß¡“µ√∞“π°“√

µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬)

 “¬µ“√“ß∑’Ë 1 ™◊ËÕ‡√’¬° IV, HIV ·√ß¥—π 300 ‚«≈µå  “¬‰øøÑ“Àÿâ¡©π«π·°π ● ‡¥‘π≈Õ¬µâÕß¬÷¥¥â«¬«— ¥ÿ©π«π

 ‡¥’¬« ● ‡¥‘π„π™àÕß‡¥‘π “¬„π ∂“π∑’Ë·Àâß

● Àâ“¡√âÕ¬∑àÕΩíß¥‘πÀ√◊ÕΩíß¥‘π

‚¥¬µ√ß

 “¬µ“√“ß∑’Ë 2 ™◊ËÕ‡√’¬° VAF, VAF-S ·√ß¥—π 300 ‚«≈µå  “¬‰øøÑ“Àÿâ¡©π«π¡’‡ª≈◊Õ°  “¬°≈¡

πÕ°·°π‡¥’¬« ● ‡¥‘π≈Õ¬

 “¬·∫π 2 ·°π ● ‡¥‘π‡°“–ºπ—ß

·≈– “¬·∫π 3 ·°π ● ‡¥‘π´àÕπ (conceal) „πºπ—ß

 ● ‡¥‘π„π™àÕß‡¥‘π “¬

 ● Àâ“¡Ωíß¥‘π‚¥¬µ√ß

 ● ‡¥‘π√âÕ¬∑àÕΩíß¥‘π‰¥â·µàµâÕß

ªÑÕß°—π‰¡à„ÀâπÈ”‡¢â“¿“¬„π∑àÕ·≈–

ªÑÕß°—π‰¡à„Àâ “¬¡’‚Õ°“ ·™àπÈ”

 “¬·∫π

● ‡¥‘π‡°“–ºπ—ß

● ‡¥‘π´àÕπ (conceal) „πºπ—ß

● Àâ“¡‡¥‘π„π™àÕß‡¥‘π “¬

¬°‡«âπ  √“ß‡¥‘π “¬

● Àâ“¡√âÕ¬∑àÕΩíß¥‘πÀ√◊ÕΩíß¥‘π

‚¥¬µ√ß

 “¬‰øøÑ“µ“¡ ¡Õ°. 11-2531 ™π‘¥¢Õß “¬ ¢âÕ°”Àπ¥°“√µ‘¥µ—Èß

µ—«π”∑Õß·¥ß ©π«πæ’«’´’

¡Õ°. 11-2531 µ“√“ß∑’Ë 1 ....70 ÌC

µ—«π”∑Õß·¥ß ‡ª≈◊Õ°æ’«’´’

¡Õ°. 11-2531 µ“√“ß∑’Ë 2 ....70 ÌC  300 V

©π«πæ’«’´’

2

 “¬‰øøÑ“ ·≈–µ—«π”‰øøÑ“

§àŸ¡◊Õ«‘»
«

°
√
‰
ø
ø
Ñ “
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2.2 Õ‘¡æ’·¥π´å¢Õß “¬‰øøÑ“‡¥‘π„π∑àÕÀ√◊Õ‡ªìπ “¬‡§‡∫‘≈
 ”À√—∫ “¬‰øøÑ“µ“¡ ¡Õ°. 11-2531

¢π“¥ “¬‰øøÑ“
(µ√.¡¡.)

§«“¡µâ“π∑“π
°√–· µ√ß∑’Ë 20 ÌC

(¡‘≈≈‘‚ÕÀå¡/¡.)

§«“¡µâ“π∑“π
°√–·  ≈—∫∑’Ë 40 ÌC

(¡‘≈≈‘‚ÕÀå¡/¡.)

§«“¡µâ“π∑“π
°√–·  ≈—∫∑’Ë 70 ÌC

(¡‘≈≈‘‚ÕÀå¡/¡.)

√’·Õ°·µπ´å
„π∑àÕÕ‚≈À–

(¡‘≈≈‘‚ÕÀå¡/¡.)

0.5

1.0

1.5

2.5

4.0

6.0

10

16

25

35

50

70

95

120

150

185

240

300

400

500

36.0000

18.1000

12.1000

7.4100

4.6100

3.0800

1.8300

1.1500

0.7270

0.5240

0.3870

0.2680

0.1930

0.1530

0.1240

0.0991

0.0754

0.0601

0.0470

0.0366

38.75798

19.48669

13.02702

7.97763

4.96320

3.31594

1.97017

1.23807

0.78279

0.56469

0.41739

0.28999

0.20988

0.16739

0.13682

0.11075

0.08633

0.07004

0.05829

0.04863

42.89760

21.56800

14.41840

8.82970

5.49330

3.67010

2.18060

1.37030

0.86640

0.62500

0.46197

0.32096

0.23230

0.18527

0.15143

0.12258

0.09555

0.07752

0.06452

0.05382

0.14230

0.12660

0.11950

0.11013

0.10686

0.10269

0.09988

0.09508

0.09464

0.08665

0.08722

0.08433

0.08345

0.08002

0.07969

0.07948

0.07788

0.07738

0.07658

0.07723

0.17788

0.15825

0.14938

0.13766

0.13358

0.12836

0.12485

0.11885

0.11830

0.10831

0.10903

0.10541

0.10431

0.10003

0.09961

0.09935

0.09735

0.09673

0.09573

0.09654

√’·Õ°·µπ´å
„π∑àÕ‚≈À–À√◊Õ

‡ªìπ‡§‡∫‘≈
(¡‘≈≈‘‚ÕÀå¡/¡.)
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2.3 ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß “¬‰øøÑ“

2.3.1 ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß√«¡©π«π (·≈–‡ª≈◊Õ°) ¢Õß “¬‰øøÑ“∑’Ëº≈‘µµ“¡

¡Õ°. 11-2531

¢π“¥ “¬
‰øøÑ“

(µ√.¡¡.)

0.5

1.0

1.5

2.5

4

6

10

16

25

35

50

70

95

120

150

185

240

300

400

500

3.0

3.3

3.6

4.0

4.8

5.8

7.2

8.4

10.5

11.5

13.5

15.5

18.0

19.5

21.5

24.0

27.0

30.0

33.5

38.0

-

8.8

9.2

9.8

10.5

11.0

12.0

13.0

14.5

16.0

17.0

19.0

21.5

23.0

26.0

28.0

31.5

35.0

38.5

43.0

-

12.5

13.0

14.0

15.5

17.0

19.5

22.5

27.0

29.5

33.5

38.0

42.5

46.5

52.0

57.0

64.0

70.7

-

-

-

13.0

13.5

15.0

16.5

18.0

20.5

24.5

28.5

31.5

36.0

40.5

46.0

50.5

56.0

61.5

69.0

76.0

-

-

-

14.0

14.5

16.0

17.5

19.0

23.0

26.5

31.0

35.0

39.5

44.5

51.5

56.0

62.0

68.0

76.5

85.0

-

-

-

-

-

-

-

19.0

23.0

26.5

31.0

35.0

39.5

44.5

51.5

56.0

62.0

68.0

76.5

84.0

-

-

5.4

6.2

6.6

7.4

8.6

9.4

12.0

13.5

16.0

17.5

21.0

23.0

26.5

-

-

-

-

-

-

-

8.8

9.6

11.0

12.5

14.5

16.0

20.0

23.0

27.5

31.0

-

-

-

-

-

-

-

-

-

-

9.2

10.5

11.5

13.0

15.5

17.5

21.5

25.0

30.0

33.5

-

-

-

-

-

-

-

-

-

-

10.5

12.0

12.5

15.0

17.0

19.5

24.0

28.0

33.0

37.0

-

-

-

-

-

-

-

-

-

-

 “¬µ“√“ß
∑’Ë 4

 “¬µ“√“ß
∑’Ë 6

 “¬µ“√“ß∑’Ë 7
 “¬µ“√“ß

∑’Ë 8

THW NYY 1-C NYY 2-C NYY 3-C NYY 4-C NYY-N VCT-1C VCT-2C VCT-3C VCT-4C

 “¬µ“√“ß∑’Ë 9

¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¢Õß “¬‰øøÑ“√«¡©π«π (·≈–‡ª≈◊Õ°) ‡ªìπ¡‘≈≈‘‡¡µ√
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2.4 æ◊Èπ∑’Ë¿“§µ—¥¢«“ß√«¡©π«π (·≈–‡ª≈◊Õ°) ¢Õß “¬‰øøÑ“
µ“¡ ¡Õ°. 11-2531

¢π“¥ “¬
(µ√.¡¡.)

THW
( “¬µ“√“ß∑’Ë 4)

0.5

1.0

1.5

2.5

4

6

10

16

25

35

50

70

95

120

150

185

240

300

400

500

7.1

8.1

10.2

12.6

18.1

26.4

40.7

55.4

86.6

104

143

189

254

299

363

452

573

707

881

1134

-

58.1

63.6

75.4

86.6

95

113

133

165

201

227

284

363

416

531

616

779

962

1164

1452

-

113

123

154

189

227

299

398

573

684

882

1134

1419

1698

2124

2552

3217

3904

-

-

-

123

133

177

214

255

330

471

638

779

1018

1288

1662

2003

2463

2970

3739

4536

-

-

-

143

154

201

241

284

415

552

755

962

1225

1555

2083

2463

3019

3632

4596

5675

-

-

-

-

-

-

-

284

415

552

755

962

1225

1555

2083

2463

3019

3632

4596

5675

-

-

NYY 1-C
( “¬µ“√“ß∑’Ë 6)

NYY 2-C
( “¬µ“√“ß∑’Ë 7)

NYY 3-C
( “¬µ“√“ß∑’Ë 7)

NYY 4-C
( “¬µ“√“ß∑’Ë 7)

NYY-N
( “¬µ“√“ß∑’Ë 8)

æ◊Èπ∑’Ë¿“§µ—¥¢«“ß√«¡©π«π·≈–‡ª≈◊Õ° (µ√.¡¡.)

™π‘¥¢Õß “¬‰øøÑ“
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2.5 µ“√“ßæ◊Èπ∑’ËÀπâ“µ—¥√«¡ Ÿß ÿ¥¢Õß “¬‰ø∑ÿ°‡ âπ§‘¥‡ªìπ√âÕ¬≈–
‡∑’¬∫°—∫æ◊Èπ∑’ËÀπâ“µ—¥¢Õß∑àÕ

(Õâ“ßÕ‘ß¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬ „™â ”À√—∫°“√‡¥‘π “¬√âÕ¬∑àÕ)

2.6 µ“√“ß· ¥ßæ◊Èπ∑’Ë¿“§µ—¥¢«“ß¿“¬„π¢Õß∑àÕ√âÕ¬ “¬‰øøÑ“
(¡Õ°. 770-2531)

®”π«π “¬„π∑àÕ√âÕ¬ “¬ 1 2 3 4 ¡“°°«à“ 4

53 31 40 40 40

55

 “¬‰ø∑ÿ°™π‘¥¬°‡«âπ “¬™π‘¥¡’ª≈Õ°µ–°—Ë«Àâÿ¡

 “¬‰ø™π‘¥¡’ª≈Õ°µ–°—Ë«Àâÿ¡ 30 40 38 35

æ◊Èπ∑’Ë¿“§µ—¥¢«“ß¿“¬„π (µ√.¡¡.)

™π‘¥¢Õß∑àÕ

∑àÕ‚≈À–Àπ“ª“π°≈“ß ∑àÕ‚≈À–Àπ“∑àÕ‚≈À–∫“ß

15

20

25

32

40

50

65

80

90

100

125

150

195

343

555

967

1313

2164

3776

5706

7447

9520

-

-

230

390

637

1091

1467

2382

3367

5175

6907

8871

-

-

201

355

572

986

1338

2196

3137

4837

6458

8309

13041

18786

¢π“¥∑àÕ (¡¡.)
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2.7 ®”π«π Ÿß ÿ¥¢Õß “¬‰øøÑ“„π∑àÕ√âÕ¬ “¬
(∑àÕ‚≈À– µ“¡ ¡Õ°. 770-2531)

(Õâ“ßÕ‘ß¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬)

2.7.1  “¬‰øøÑ“µ“¡ ¡Õ°. 11-2531  “¬µ“√“ß∑’Ë 4 (THW) ¢π“¥‡¥’¬«°—π

„π∑àÕ√âÕ¬ “¬

¢π“¥ “¬‰øøÑ“
 (µ√.¡¡.) ®”π«π Ÿß ÿ¥¢Õß “¬‰øøÑ“¢π“¥‡¥’¬«°—π„π∑àÕ√âÕ¬ “¬

1

1.5

2.5

4

6

10

16

25

35

50

70

95

120

150

185

240

300

400

500

7

6

4

3

2

1

1

1

-

-

-

-

-

-

-

-

-

-

-

15

1/2

13

11

8

5

4

3

1

1

1

-

-

-

-

-

-

-

-

-

-

20

3/4

20

17

13

9

7

4

3

1

1

1

1

1

-

-

-

-

-

-

-

25

1

33

28

22

15

12

7

5

3

3

1

1

1

1

1

-

-

-

-

-

32

1 1/4

-

44

34

23

19

12

9

5

4

3

2

1

1

1

1

1

-

-

-

40

1 1/2

-

-

-

36

29

19

14

9

7

5

4

3

2

1

1

1

1

1

-

50

2

-

-

-

-

-

32

23

15

12

9

7

5

4

3

2

1

1

1

1

65

2 1/2

-

-

-

-

-

-

36

23

19

14

10

7

6

5

4

3

2

1

1

80

3

-

-

-

-

-

-

-

29

24

17

13

10

8

7

5

4

3

2

1

90

3 1/2

-

-

-

-

-

-

-

-

30

21

16

12

10

8

6

5

4

3

2

100

4

-

-

-

-

-

-

-

-

-

34

26

19

16

13

10

8

6

5

4

125

5

-

-

-

-

-

-

-

-

-

-

37

27

23

19

15

12

10

8

6

150

6
¢π“¥∑àÕ

¡¡.

π‘È«
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2.8 ¢π“¥°√–· ¢Õß “¬‰øøÑ“

(Õâ“ßÕ‘ß¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬)

¢π“¥°√–· ¢Õß “¬‰øøÑ“∑Õß·¥ßÀÿâ¡©π«πæ’«’ ’́ ∑’Ëº≈‘µµ“¡¡“µ√∞“π¢Õß ”π—°ß“π¡“µ√∞“π

º≈‘µ¿—≥±åÕÿµ “À°√√¡∑’Ë ¡Õ°. 11-2531 „Àâ‡ªìπ‰ªµ“¡µ“√“ß∑’Ë 2.2 ·≈– 2.3

¢π“¥°√–· ¢Õß “¬‰øøÑ“∑Õß·¥ßÀÿâ¡©π«π§√Õ ≈‘ß§å‚æ≈’‡Õ∑∑’≈’π √–∫∫·√ß¥—π  600 ‚«≈µå „Àâ‡ªìπ

‰ªµ“¡µ“√“ß∑’Ë 2.4 ·≈– 2.5

¢π“¥°√–· ¢Õß “¬‰øøÑ“∑Õß·¥ßÀÿâ¡©π«π§√Õ ≈‘ß§å‚æ≈’‡Õ∑∑’≈’π √–∫∫·√ß¥—π 11 ∂÷ß 33 ‡§«’

„Àâ‡ªìπ‰ªµ“¡µ“√“ß∑’Ë 2.6 ·≈– 2.7

¢π“¥°√–· ¢Õß “¬‡§‡∫‘≈™π‘¥‡ÕÁ¡‰Õ µ—«π”·≈–‡ª≈◊Õ° (sheath) ∑”¥â«¬∑Õß·¥ß °√≥’¡’æ’«’ ’́Àÿâ¡

(covered) ·≈–‡ª≈◊Õ¬µàÕ°“√ —¡º— ∂÷ß‰¥â Õÿ≥À¿Ÿ¡‘¢Õß‡ª≈◊Õ°‚≈À– 70 ÌC „Àâ‡ªìπµ“¡µ“√“ß∑’Ë 2.8

¢π“¥°√–· ¢Õß “¬‡§‡∫‘≈™π‘¥‡ÕÁ¡‰Õ µ—«π”·≈–‡ª≈◊Õ° (sheath) ∑”¥â«¬∑Õß·¥ß °√≥’‰¡à¡’æ’«’´’Àÿâ¡

Õÿ≥À¿Ÿ¡‘¢Õß‡ª≈◊Õ°‚≈À– 105 ÌC „Àâ‡ªìπ‰ªµ“¡µ“√“ß∑’Ë 2.9

¢π“¥°√–· µ“¡∑’Ë°”Àπ¥„πµ“√“ß‰¡à‰¥â°”Àπ¥µ“¡§à“·√ß¥—πµ°

¢π“¥°√–· µ“¡∑’Ë°”Àπ¥„πµ“√“ß „™â ”À√—∫Õÿ≥À¿Ÿ¡‘‚¥¬√Õ∫ 30 ÌC ·≈– 40 ÌC ·≈â«·µà°√≥’

 ”À√—∫§à“Õÿ≥À¿Ÿ¡‘Õ◊Ëπ„Àâ„™âµ—«§Ÿ≥‡æ◊ËÕª√—∫§à“µ“¡∑’Ë°”Àπ¥‰«â„πÀ¡“¬‡ÀµÿµàÕ∑â“¬µ“√“ß

∂â“¡’ “¬„π™àÕß‡¥‘π “¬‰øøÑ“‡¥’¬«°—π¡“°°«à“ 3 ‡ âπ ( “¬‡§‡∫‘≈À≈“¬·°π„Àâ∂◊Õ«à“®”π«π·°π§◊Õ

®”π«π‡ âπ) ‚¥¬‰¡àπ—∫µ—«π” ”À√—∫µàÕ≈ß¥‘π„Àâ„™âµ—«§Ÿ≥‡æ◊ËÕ≈¥§à“¢π“¥°√–· µ“¡µ“√“ß∑’Ë 2.1

µ“√“ß∑’Ë 2.1  µ—«§Ÿ≥≈¥§à“°√–· ‡π◊ËÕß®“°®”π«π “¬À≈“¬‡ âπ„π™àÕß‡¥‘π “¬‰øøÑ“‡¥’¬«°—π

®”π«π “¬ µ—«§Ÿ≥

4 - 6

7 - 9

10 - 20

21 - 30

31 - 40

‡°‘π 40

0.82

0.72

0.56

0.48

0.44

0.38
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2.9 ¢π“¥°√–· ¢Õß∫— ∫“√å

(Õâ“ßÕ‘ß¡“µ√∞“π DIN 43 670 ·≈– 43 671)

¢π“¥°√–· ¢Õß∫— ∫“√å‡ªìπ‰ªµ“¡µ“√“ß∑’Ë 2.10 ∂÷ß 2.11  ”À√—∫§à“∑’ËÕà“π‰¥â®“°µ“√“ßµâÕß¡’°“√§Ÿ≥

ª√—∫§à“ ‡π◊ËÕß®“° ¿“æ°“√µ‘¥µ—Èß„™âß“πµà“ß‰ª®“°∑’Ë°”Àπ¥ ¥—ßπ’È

¢π“¥°√–·   =  §à“∑’ËÕà“π‰¥â Ó K1 Ó K2 Ó K3 Ó K4

µ—«ª√—∫§à“ K1 ‡ªìπµ—«ª√—∫§à“‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘¢Õß∫— ∫“√å·≈–/À√◊ÕÕÿ≥À¿Ÿ¡‘·«¥≈âÕ¡‡ª≈’Ë¬π‰ª®“°

§à“∑’Ë°”Àπ¥

√Ÿª∑’Ë 2.1  °√“øµ—«ª√—∫§à“ (K1) ‡π◊ËÕß®“°Õÿ≥À¿Ÿ¡‘‡ª≈’Ë¬π‰ª®“°∑’Ë°”Àπ¥

(Õÿ≥À¿Ÿ¡‘∑’Ë°”Àπ¥§◊Õ Õÿ≥À¿Ÿ¡‘·«¥≈âÕ¡ 35 ÌC ·≈–Õÿ≥À¿Ÿ¡‘µ—«π” 65 ÌC)

µ—«Õ¬à“ß°“√„™â°√“ø §◊Õ∂â“Õÿ≥À¿Ÿ¡‘·«¥≈âÕ¡‡ª≈’Ë¬π‡ªìπ 40 ÌC §à“∑’ËÕà“π‰¥â®“°µ“√“ßµâÕß§Ÿ≥¥â«¬ 0.9

·µà∂â“Õÿ≥À¿Ÿ¡‘·«¥≈âÕ¡‡ªìπ 40 ÌC ·≈–Õÿ≥À¿Ÿ¡‘∫— ∫“√å‡ªìπ 70 ÌC §à“∑’ËÕà“π‰¥â®“°µ“√“ßµâÕß§Ÿ≥¥â«¬ 1.0

2.2
2.1
2.0
1.9
1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3

50 60 70 80 90

Õÿ≥À¿Ÿ¡‘∫— ∫“√å ( ÌC)

Õÿ≥
À¿

Ÿ¡‘·
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≈âÕ
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2.10 ·√ß¥—πµ°

1. «ß®√ 3 ‡ø 

VD =   3 Ó I (R + jXL) Ó L ‚«≈µå

∂â“√–∫∫‰øøÑ“∑’Ë„™â¡’·√ß¥—π 380 ‚«≈µå ®–∑”‡ªìπ‡ªÕ√å‡´Áπµå‰¥â¥—ßπ’È

%VD = (VD / 380) Ó 100%

2. «ß®√ 1 ‡ø 

VD = 2 Ó I (R + jXL) Ó L ‚«≈µå

„π√–∫∫·√ß¥—π  220 ‚«≈µå ®–‰¥â

% VD = (VD / 220) Ó 100%

°”Àπ¥„Àâ

VD = ·√ß¥—πµ°  ‡ªìπ‚«≈µå

I = °√–· ∑’Ë‰À≈„π«ß®√  ‡ªìπ·Õ¡·ª√å

R = §«“¡µâ“π∑“π¢Õß “¬‰øøÑ“  ‡ªìπ‚ÕÀå¡/‡¡µ√

XL = √’·Õ°·µπ´å·≈– “¬‰øøÑ“  ‡ªìπ‚ÕÀå¡/‡¡µ√

L = §«“¡¬“«¢Õß “¬‰øøÑ“  ‡ªìπ‡¡µ√

2.10.1 °“√À“§à“·√ß¥—πµ°‚¥¬°“√„™âµ“√“ß

°“√À“§à“·√ß¥—πµ°‚¥¬°“√„™âµ“√“ß®–„™âµ“√“ß∑’Ë 2.12 ∑—Èß ”À√—∫«ß®√ 1-‡ø  ·≈–«ß®√ 3-‡ø 

„πµ“√“ß®–· ¥ß§à“·√ß¥—πµ°‡ªìπ§à“¡‘≈≈‘‚«≈µå À√◊Õ‡ªìπ‡ªÕ√å‡´Áπµå ·√ß¥—πµ°‡ªìπ‡ªÕ√å‡´Áπµå‡∑’¬∫°—∫

·√ß¥—π¢Õß√–∫∫ 380 ‚«≈µå  ”À√—∫«ß®√ 3 ‡ø  ·≈– 220 ‚«≈µå  ”À√—∫«ß®√ 1 ‡ø  ·µà∂â“·√ß¥—π‰øøÑ“‰¡à„™à

¥—ß∑’Ë°≈à“«¡“·≈â« °Á “¡“√∂À“§à“·√ß¥—πµ°‡ªìπ§à“¡‘≈≈‘‚«≈µå‰¥â ·≈–À“°µâÕß°“√§à“‡ªìπ‡ªÕ√å‡´Áπµå°ÁÀ“√¥â«¬

§à“·√ß¥—π∑’ËµâÕß°“√



3.1 √–¬–Àà“ß√–À«à“ß “¬‰øøÑ“°—∫ ‘Ëß°àÕ √â“ß ∂ππ ·≈–·À≈àßπÈ”

°“√µ‘¥µ—Èß “¬‰øøÑ“µâÕß¡’√–¬–Àà“ß®“°Õ“§“√  ‘Ëß°àÕ √â“ß ·≈–Õ◊Ëπ Ê ‰¡àπâÕ¬°«à“∑’Ë°”Àπ¥„πµ“√“ß

∑’Ë 3.1 ·≈– 3.2  (Õâ“ßÕ‘ß¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬)

À¡“¬‡Àµÿ ”À√—∫µ“√“ß∑’Ë 3.1 ·≈– 3.2

1. √–¬–Àà“ßµ“¡µ“√“ß„™â ”À√—∫Õ“§“√À√◊Õ ‘Ëß°àÕ √â“ß∑’Ë‰¡à¡’°“√‡¢â“‰ª∫”√ÿß√—°…“À√◊Õ∑”ß“π À“°¡’

§«“¡®”‡ªìπµâÕß‡¢â“‰ª∫”√ÿß√—°…“À√◊Õ∑”ß“π„π√–¬–Àà“ß¥—ß°≈à“« ºŸâ∑’Ë‡¢â“‰ª¥”‡π‘πß“π®–µâÕß¡’°“√ªÑÕß°—π∑’Ë

‡À¡“– ¡

2. ·√ß¥—π‰øøÑ“„π∑’Ëπ’È À¡“¬∂÷ß ·√ß¥—π‰øøÑ“√–À«à“ß “¬‡ âπ‰ø (‡ø -‡ø )

3. ™◊ËÕ¢Õß “¬‰øøÑ“ ™π‘¥µà“ß Ê „πµ“√“ß‡∑’¬∫°—∫ “¬‰øøÑ“¢Õß°“√‰øøÑ“œ ¥—ßπ’È

(1)  “¬Àÿâ¡©π«π·√ßµË”µ’‡°≈’¬«°—∫ “¬π‘«∑√—≈‡ª≈◊Õ¬  =  Service drop Conductor (SC)

(2)  “¬Àÿâ¡©π«π·√ßµË”  =  Weather proof Conductor (AWC)

(3)  “¬Àÿâ¡©π«π·√ß Ÿß‰¡à‡µÁ¡æ‘°—¥  =  Partially insulated Conductor (APC À√◊Õ PIC)

(4)  “¬Àÿâ¡©π«π·√ß Ÿß 2 ™—Èπ‰¡à‡µÁ¡æ‘°—¥  =  Spaced aerial Cable (ASC)

(5)  “¬Àÿâ¡©π«π·√ß Ÿß‡µÁ¡æ‘°—¥µ’‡°≈’¬«  =  Fully insulated Cable (AFC)

(6)  “¬‡ª≈◊Õ¬  =  Bare Conductor (BC)

4. ºπ—ß¥â“πªî¥¢ÕßÕ“§“√ §◊Õ ºπ—ßÕ“§“√∑’Ë∫ÿ§§≈‰¡à “¡“√∂¬◊Ëπ à«π¢Õß√à“ß°“¬À√◊Õ«—µ∂ÿ¡“ —¡º— 

 “¬‰øøÑ“‰¥â‚¥¬æ≈—Èß‡º≈Õ

5. ºπ—ß¥â“π‡ªî¥¢ÕßÕ“§“√ §◊Õ ºπ—ßÕ“§“√∑’Ë∫ÿ§§≈ “¡“√∂¬◊Ëπ à«π¢Õß√à“ß°“¬À√◊Õ«—µ∂ÿ¡“ —¡º— 

 “¬‰øøÑ“‰¥â‚¥¬æ≈—Èß‡º≈Õ
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3.2 √–¬–Àà“ß®“°°“√∑”ß“π„°≈â “¬‰øøÑ“

1. π—Ëß√â“π·≈– ‘Ëß°àÕ √â“ß °“√°àÕ √â“ßπ—Ëß√â“π‡æ◊ËÕ∑”ß“π √–¬–Àà“ß¢Õßπ—Ëß√â“π°—∫ “¬‰øøÑ“∑’Ë√–¥—∫

·√ß¥—π‰øøÑ“µà“ß Ê µâÕß‰¡àπâÕ¬°«à“∑’Ë°”Àπ¥µàÕ‰ªπ’È

2. ªíôπ®—Ëπ™π‘¥µ‘¥µ—Èß°—∫µ—«√∂ √–¬–Àà“ß®“° “¬‰øøÑ“ µâÕß‰¡àπâÕ¬°«à“∑’Ë°”Àπ¥µàÕ‰ªπ’È

3. ªíôπ®—Ëπ™π‘¥µ‘¥µ—Èß∫πæ◊Èπ √–¬–Àà“ß®“° “¬‰øøÑ“µâÕß‰¡àµË”°«à“∑’Ë°”Àπ¥µàÕ‰ªπ’È ‚¥¬¡’¢âÕ°”Àπ¥

‡æ‘Ë¡‡µ‘¡«à“ªíôπ®—Ëπ®–µâÕß‰¡à¡’°“√¢π àß«— ¥ÿ¢≥–∑’Ë∑”°“√‡§≈◊ËÕπ∑’Ë‡æ◊ËÕ¬â“¬µ”·Àπàß°“√µ‘¥µ—Èß

·√ßµË” 2.40

12 2.40

24 3.00

69 3.30

115 3.90

230 5.30

·√ß¥—π‰øøÑ“ (°‘‚≈‚«≈µå) √–¬–Àà“ß (‡¡µ√)

·√ßµË” 3.00

12 ·≈– 24 3.00

69 3.20

115 3.65

230 4.80

·√ß¥—π‰øøÑ“ (°‘‚≈‚«≈µå) √–¬–Àà“ß (‡¡µ√)

·√ßµË” 1.25

12 ·≈– 24 1.25

69 3.00

115 3.00

230 3.00

·√ß¥—π‰øøÑ“ (°‘‚≈‚«≈µå) √–¬–Àà“ß (‡¡µ√)



4.1 øî« å·√ßµË”

≈—°…≥– ¡∫—µ‘¢Õßøî« å∑’Ë§«√∑√“∫

æ‘°—¥·√ß¥—π (Voltage Rating) ‡ªìπ§à“·√ß¥—π‰øøÑ“„™âß“π¢Õßøî« å °”Àπ¥¡“∑’Ëµ—«øî« å·≈–Àâ“¡

π”øî« å‰ª„™âß“π°—∫·√ß¥—π‰øøÑ“∑’Ë Ÿß°«à“§à“∑’Ë°”Àπ¥¡“π’È §à“·√ß¥—π∑’Ë°”Àπ¥‡ªìπ§à“√“°‡©≈’Ë¬¬°°”≈—ß Õß¢Õß

·√ß¥—π‰øøÑ“°√–·  ≈—∫  (ACrms)  À√◊Õ§à“·√ß¥—π‰øøÑ“°√–· µ√ß  (DC)

æ‘°—¥°√–·  (Current Rating) §◊Õ§à“°√–· ‰øøÑ“µàÕ‡π◊ËÕß∑’Ë‰À≈ºà“πøî« å‚¥¬‰¡à∑”„Àâøî« å‡ ’¬

 ¿“æ°“√„™âß“πÀ√◊Õ‰¡à∑”„ÀâÕÿ≥À¿Ÿ¡‘ Ÿß‡°‘π°”Àπ¥ §à“∑’Ë°”Àπ¥π’È‡ªìπ§à“√“°‡©≈’Ë¬¬°°”≈—ß Õß°√–·  ≈—∫À√◊Õ

°√–· µ√ß

¡“µ√∞“π ANSI ·≈– UL °”Àπ¥„Àâøî« å·√ßµË”µâÕßπ”°√–· ‰¥â 110% ¢Õßæ‘°—¥°√–· ‡¡◊ËÕÕ¬Ÿà„π

∑’Ë‡ªî¥‚≈àß·≈–«“ßÕ¬Ÿà„π·π«πÕπ∑’ËÕÿ≥À¿Ÿ¡‘‚¥¬√Õ∫   18-32 ÌC

‚À≈¥‡°‘π (Overload) À¡“¬∂÷ß°“√„™âß“π∑’Ë‡°‘πæ‘°—¥¢Õß°√–· ¢Õßøî« å §à“π’Èµà“ß®“°§à“°√–· 

≈—¥«ß®√‡æ√“–¡’§à“‰¡à Ÿßπ—° §◊Õª√–¡“≥ 100% ∂÷ß 500% ¢Õßæ‘°—¥°√–· ¢Õßøî« å §à“‚À≈¥‡°‘ππ’È¡’‰«â ”À√—∫

°“√„™âß“π°—∫‡§√◊ËÕßÕÿª°√≥å∫“ß™π‘¥ À√◊Õ· ß «à“ß∫“ßª√–‡¿∑√«¡∑—Èß‡º◊ËÕ ”À√—∫°√–· ≈ÁÕ°‚√‡µÕ√å¢Õß¡Õ‡µÕ√å

¥â«¬ øî« å®–„™âß“π‚À≈¥‡°‘π‰¥â√–¬–‡«≈“Àπ÷Ëß

Àπà«ß‡«≈“ (Time Delay) À¡“¬∂÷ß√–¬–‡«≈“∑’Ëøî« å¢“¥™â“°«à“∑’Ë°”Àπ¥ øî« åµ“¡¡“µ√∞“πÕ‡¡√‘°—π

„Àâ∂◊Õµ“¡¡“µ√∞“π ANSI ·≈– UL ´÷Ëß°”Àπ¥§à“Àπà«ß‡«≈“ Ÿß ÿ¥‰«â∑’Ë 10 «‘π“∑’ ‡¡◊ËÕ°√–· ‚À≈¥‡°‘π¡’§à“ 5 ‡∑à“

¢Õßæ‘°—¥°√–· ¢Õßøî« å ‡æ◊ËÕ„™â ”À√—∫°√–· ‡√‘Ë¡‡¥‘π¡Õ‡µÕ√å ‡ªìπµâπ ∫“ßºŸâº≈‘µ®–°”Àπ¥§à“‡ªìπ Time - Lag

‡æ◊ËÕ√–∫ÿ«à“øî« å®–¢“¥™â“°«à“§à“°√–· ‚À≈¥‡°‘π∑’Ë°”Àπ¥ ”À√—∫øî« å∑—Ë« Ê ‰ª  ´÷Ëß§à“π’È®–‡ªìπ¡“µ√∞“π¢ÕßºŸâº≈‘µ

√–¬–‡«≈“°“√À≈Õ¡≈–≈“¬ (Melting Time) §◊Õ™à«ß√–¬–‡«≈“∑’Ëøî« å‡√‘Ë¡À≈Õ¡≈–≈“¬À≈—ß®“°∑’Ë¡’

°√–· ‰À≈ºà“πøî« å‡°‘π§à“æ‘°—¥°√–· ¢Õßøî« å  µàÕ®“°π’ÈÕ’°™—Ë«√–¬–‡«≈“Àπ÷Ëßøî« å®–¢“¥

√–¬–‡«≈“µ—¥°√–·  (Clearing Time) ‡ªìπ™à«ß‡«≈“∑’Ëπ—∫®“°∑’Ëøî« å‡√‘Ë¡¡’°√–· ‰À≈‡°‘π®π∂÷ß‡«≈“

∑’Ëøî« å¢“¥ ·≈–Õ“√å°∂Ÿ°¥—∫·≈â«

4
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Operating Class (VDE-0636)

L = Cable and Bus Bar (Line)

S = Switch Protection

R = Rectifier  Protection (Semiconductor Protection)

M = Mining Installation (Motor)

Operating Class (IEC 269-1)

G = General Application

M = Motor Circuit

D = Time Delay

N = Non-time Delay

Function of Fuse (IEC & VDE)

Class g = General Fuse (Full Range)

Class a = Accompanied Fuse (Partial Range)

µ—«Õ¬à“ß°“√°”Àπ¥√À— Õ—°…√

√À— Õ—°…√ gL À¡“¬∂÷ß   General Line Protection

gM À¡“¬∂÷ß   General Motor Protection

4.2 øî« å®”°—¥°√–·  (Current Limiting Fuse)

‡ªìπøî« å∑’Ë “¡“√∂≈¥°√–· ≈—¥«ß®√∑’Ë‡°‘¥„π«ß®√∑’ËµàÕÕπÿ°√¡µàÕ®“°®ÿ¥∑’Ëµ‘¥µ—Èßøî« å‰¥â ¡’¢âÕ¥’∑’Ë

 “¡“√∂≈¥æ‘°—¥µ—¥°√–· ≈—¥«ß®√¢Õß‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π„π«ß®√‰¥â √«¡∑—Èßæ‘°—¥∑π°√–· ≈—¥«ß®√¢Õß

Õÿª°√≥åÕ◊Ëπ Ê ‡™àπ “¬‰øøÑ“ ·≈–∫— ∫“√å ‡ªìπµâπ
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4.3 øî« å·√ß Ÿß

øî« å§—µ‡Õ“µå (Fuse Cutout) À√◊Õ‡√’¬°«à“ Drop Fuse Cutout ‡ªìπøî« å∑’Ëµ‘¥µ—Èß„™âß“πµ“¡°√–· 

‰øøÑ“∑—Ë«‰ª ª√–°Õ∫¥â«¬µ—«øî« å∑’Ë∑”¥â«¬°√–‡∫◊ÈÕß‡´√“¡‘° °√–∫Õ°øî« å·≈–‰ âøî« å

‰ âøî« å (Fuse Link) ‰ âøî« å∑’Ë„™â·∫àß‡ªìπ™π‘¥∑”ß“π‡√Á« (Fast Link) À√◊Õ‡√’¬°«à“ Type K ·≈–

∑”ß“π™â“ (Slow Link) À√◊Õ‡√’¬°«à“ Type T ª°µ‘∑’Ë¡’„™âß“π®–‡ªìπ™π‘¥ Type K ‡¡◊ËÕ°√–· ‡°‘πøî« å®–¢“¥®–

µâÕß‡ª≈’Ë¬π‰ âøî« å„À¡à ¢π“¥∑’Ë¡’„™âµ“¡¡“µ√∞“π EEI-NEMA §◊Õ ¢π“¥ 6, 8, 10, 12, 15, 20, 25, 30, 40,

50, 60, 80, 100, 140, 200 ·Õ¡·ª√å ·µà„π∑âÕßµ≈“¥Õ“®¡’¢“¬‰¡à∑ÿ°¢π“¥

ª°µ‘‰ âøî« åµ“¡¡“µ√∞“π EEI-NEMA ®–¢“¥∑’Ë°√–· ª√–¡“≥ 200% ·µà„π°“√„™âß“πµâÕß¡’µ—«§Ÿ≥

≈¥¢π“¥°√–· ‡π◊ËÕß®“°µ—«·ª√µà“ß Ê §◊Õ Preloading, Ambient Temperature ·≈– Predamage  ª°µ‘®–

„™âµ—«§Ÿ≥≈¥¢π“¥°√–· ª√–¡“≥ 0.75 ¥—ßπ—Èπøî« å®÷ßπ”°√–· µàÕ‡π◊ËÕß‰¥âª√–¡“≥‰¡à‡°‘π 150% ¢Õßæ‘°—¥∑’Ë√–∫ÿ

4.4 ‡´Õ√å°‘µ‡∫√°‡°Õ√åµ“¡¡“µ√∞“π IEC

IEC ·∫àß‡´Õ√å°‘µ‡∫√°‡°Õ√åµ“¡ ¿“æ°“√„™âß“πÕÕ°‡ªìπ 2 ™π‘¥ §◊Õ¡“µ√∞“π IEC 60898 ·≈– IEC

60947-2 ¢âÕ¡Ÿ≈À≈—° ”À√—∫‡´Õ√å°‘µ‡∫√°‡°Õ√åµ“¡“µ√∞“π IEC 60947-2 (Appendix K) ‡ªìπ¥—ßπ’È

Voltage data

Ue

Ui

Uimp

In

Ith

Ithe

Iu

Icm

Icu

Ics

Icw

Ir

1.05 Ó Ir

1.30 Ó Ir

Ii

Isd

Rated operational voltage

Rated insulation voltage

Rated impulse withstand voltage

Rated operational current

Conventional free air thermal current

Conventional enclosed thermal current

Rated uninterrupted current

Rated short-circuit making capacity

Rated ultimate short-circuit breaking capacity

Rated service breaking capacity

Rated short time withstand current

Adjustable overload setting current

Conventional non-tripping current

Conventional tripping current

Instantaneous tripping setting current

Short time tripping setting curent

Current data

Short-circuit data

Trip unit data



§Ÿà¡◊Õ«‘»«°√‰øøÑ“94

4.5 ‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘πµ“¡∑’Ë°”Àπ¥„π¡“µ√∞“π°“√µ‘¥µ—Èß
∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬

Õÿª°√≥åµ—¥µÕπ·≈–‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘πµâÕß¡’¡“µ√∞“π·≈–§ÿ≥ ¡∫—µ‘‰¡àπâÕ¬°«à“∑’Ë°”Àπ¥¥—ßπ’È

1. µ—«øî« å·≈–¢—È«√—∫øî« å ‡ªìπ‰ªµ“¡ ¡Õ°. 506-2527 ·≈– ¡Õ°. 507-2527

2.  «‘µ™å∑’Ë∑”ß“π¥â«¬¡◊Õ ‡ªìπ‰ªµ“¡ ¡Õ°. 824-2531

3.  «‘µ™å„∫¡’¥ ‡ªìπ‰ªµ“¡ ¡Õ°. 706-2530

4. Õÿª°√≥åµ—¥µÕπ·≈–‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π µâÕß¡’§ÿ≥ ¡∫—µ‘µ“¡¡“µ√∞“π∑’Ë°“√‰øøÑ“œ ¬Õ¡√—∫

‡™àπ UL, BS, DIN, JIS  ·≈– IEC

5. øî« å·≈–¢—È«√—∫øî« å (Fuse and Fuse Holder) æ‘°—¥°√–· ¢Õßøî« åµâÕß‰¡à Ÿß°«à“¢Õß¢—È«√—∫øî« å

∑”®“°«— ¥ÿ∑’Ë‡À¡“– ¡ ¡’°“√ªÑÕß°—πÀ√◊ÕÀ≈’°‡≈’Ë¬ß°“√ºÿ°√àÕπ (Corrosion) ‡π◊ËÕß®“°°“√„™â‚≈À–µà“ß™π‘¥°—π

√–À«à“ßøî« å°—∫¢—È«√—∫øî« å ·≈–µâÕß¡’‡§√◊ËÕßÀ¡“¬· ¥ßæ‘°—¥·√ß¥—π·≈–°√–· „Àâ‡ÀÁπ‰¥âÕ¬à“ß™—¥‡®π

6. ‡´Õ√å°‘µ‡∫√°‡°Õ√å (Circuit Breaker)

(1) µâÕß‡ªìπ·∫∫ª≈¥‰¥â‚¥¬Õ‘ √– (Trip Free) ·≈–µâÕßª≈¥ —∫‰¥â¥â«¬¡◊Õ ∂÷ß·¡â«à“ª°µ‘°“√

ª≈¥ —∫®–∑”‚¥¬«‘∏’Õ◊Ëπ°Áµ“¡

(2) µâÕß¡’‡§√◊ËÕßÀ¡“¬· ¥ßÕ¬à“ß™—¥‡®π«à“Õ¬Ÿà„πµ”·Àπàß —∫À√◊Õª≈¥

(3) ∂â“‡ªìπ·∫∫ª√—∫µ—Èß‰¥âµâÕß‡ªìπ·∫∫°“√ª√—∫µ—Èß§à“°√–· À√◊Õ‡«≈“ ‚¥¬„π¢≥–„™âß“π°√–

∑”‰¥â‡©æ“–ºŸâ∑’Ë¡’Àπâ“∑’Ë‡°’Ë¬«¢âÕß

(4) µâÕß¡’‡§√◊ËÕßÀ¡“¬· ¥ßæ‘°—¥¢Õß·√ß¥—π °√–·  ·≈–§«“¡ “¡“√∂„π°“√µ—¥°√–· ∑’Ë‡ÀÁπ

‰¥â™—¥‡®π·≈–∂“«√À≈—ß®“°µ‘¥µ—Èß·≈â« À√◊Õ‡ÀÁπ‰¥â‡¡◊ËÕ‡ªî¥·ºàπ°—ÈπÀ√◊ÕΩ“§√Õ∫

(5) ‡´Õ√å°‘µ‡∫√°‡°Õ√å ”À√—∫√–∫∫·√ßµË”„Àâ‡ªìπ‰ªµ“¡¡“µ√∞“π¥—ßπ’È

● ‡´Õ√å°‘µ‡∫√°‡°Õ√å∑’Ë„™â„π ∂“π∑’ËÕ¬ŸàÕ“»—¬À√◊Õ ∂“π∑’Ë§≈â“¬§≈÷ß°—π ¢π“¥‰¡à‡°‘π 125

·Õ¡·ª√å „Àâ‡ªìπ‰ªµ“¡ IEC 60898

● ‡´Õ√å°‘µ‡∫√°‡°Õ√å∑’Ë„™â„π ∂“π∑’ËÕ◊Ëπ Ê „Àâ‡ªìπ‰ªµ“¡ IEC 60947-2

7. ‡´øµ’È «‘µ™å (Safety Switch) µâÕßª≈¥À√◊Õ —∫«ß®√‰¥âæ√âÕ¡°—π∑ÿ° Ê µ—«π”‡ âπ‰ø ·≈–µâÕß

ª√–°Õ∫¥â«¬øî« å√«¡Õ¬Ÿà„π°≈àÕß‡¥’¬«°—π·≈–®–‡ªî¥Ω“‰¥âµàÕ‡¡◊ËÕ‰¥âª≈¥«ß®√·≈â« À√◊Õ°“√‡ªî¥Ω“π—Èπ‡ªìπº≈

„Àâ«ß®√∂Ÿ°ª≈¥¥â«¬ ·≈–µâÕß “¡“√∂ª≈¥·≈– —∫°√–· „™âß“π„π ¿“æª°µ‘‰¥â

8. ‡§√◊ËÕßµ—¥‰ø√—Ë« (Residual Current Device À√◊Õ RCD)

‡§√◊ËÕßµ—¥‰ø√—Ë«∑’Ë„™â≈¥Õ—πµ√“¬®“°°“√∂Ÿ°‰øøÑ“¥Ÿ¥  ”À√—∫·√ß¥—π‰¡à‡°‘π 440 ‚«≈µå  ”À√—∫

∫â“πÕ¬ŸàÕ“»—¬À√◊Õ ∂“π∑’Ë§≈â“¬§≈÷ß°—πµâÕß¡’§ÿ≥ ¡∫—µ‘µ“¡¡“µ√∞“π IEC 60755, IEC 61008, IEC 61009,

IEC 61543 ¡’√“¬≈–‡Õ’¬¥¥—ßπ’È
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(1) ‡§√◊ËÕßµ—¥‰ø√—Ë«§«√¡’§à“°√–· √—Ë«∑’Ë°”Àπ¥ (Rated Residual Operating Current, I∆n)

‰¡à‡°‘π 30 ¡‘≈≈‘·Õ¡·ª√å ·≈–¡’™à«ß√–¬–‡«≈“„π°“√µ—¥ (Break Time À√◊Õ Operating Time) ‰¡à‡°‘π 0.04

«‘π“∑’ ‡¡◊ËÕ°√–· √—Ë«¡’§à“ 5 I∆n (Õ“®„™â§à“ 0.25 ·Õ¡·ª√å·∑π§à“  5 I∆n °Á‰¥â) ·≈–‰¡à∑”ß“π‡¡◊ËÕ°√–· √—Ë«¡’§à“

0.5 I∆n

(2) ‡§√◊ËÕßµ—¥‰ø√—Ë«µâÕß‡ªìπ™π‘¥∑’Ëª≈¥ “¬‰ø‡ âπ∑’Ë¡’‰ø∑ÿ°‡ âπÕÕ°®“°«ß®√√«¡∑—Èß “¬π‘«∑√—≈

(Neutral) ¬°‡«âπ«à“ “¬π‘«∑√—≈π—Èπ®–·πà„®‰¥â«à“ª≈Õ¥¿—¬·≈–¡’·√ß¥—π‡∑à“°—∫¥‘π

(3) Àâ“¡µàÕ«ß®√≈—¥§√àÕ¡ºà“π (By Pass) Õÿª°√≥åµ—¥µÕπ·≈–‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π

4.6 «‘∏’°“√µ‘¥µ—Èß‡§√◊ËÕßªÑÕß°—π°√–· √—Ë«≈ß¥‘π (‡§√◊ËÕßµ—¥‰ø√—Ë«)

√Ÿª∑’Ë 4.4

LOAD
GFR

Ground return sensing method

A
B
C
N

LOAD

Zero sequence sensing method

A
B
C
N

GFR

LOAD
GFR

Residual sensing method

A
B
C
N

‡¡π «‘µ™å ‡¡π «‘µ™å

‡¡π «‘µ™å
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4.7 ¢âÕ·π–π”°“√µ‘¥µ—Èß‡§√◊ËÕßµ—¥‰ø√—Ë«‡æ◊ËÕªÑÕß°—π∫ÿ§§≈„π∑’ËÕ¬ŸàÕ“»—¬

¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬ °”Àπ¥„ÀâµâÕß¡’°“√ªÑÕß°—π«ß®√‰øøÑ“À√◊Õ‡µâ“√—∫

‚¥¬„™â‡§√◊ËÕßµ—¥‰ø√—Ë« ”À√—∫°“√„™â‰øøÑ“„π∫√‘‡«≥¥—ßπ’È ÀâÕßπÈ” ÀâÕß„µâ¥‘π ÀâÕß§√—« Õà“ß (∫√‘‡«≥æ◊Èπ∑’Ë‡§“πå‡µÕ√å

∑’Ë¡’°“√µ‘¥µ—Èß‡µâ“√—∫„π√–¬– 1.50 ‡¡µ√ Àà“ß®“°¢Õ∫¥â“ππÕ°¢ÕßÕà“ß) √«¡∑—Èß°“√„™â‰øøÑ“¥â“ππÕ°Õ“§“√

Õÿª°√≥å‡§√◊ËÕß„™â‰øøÑ“∑’ËµâÕßµ‘¥µ—Èß‡§√◊ËÕßµ—¥‰ø√—Ë«‰¥â·°à ‡§√◊ËÕß∑”πÈ”Õÿàπ ‡§√◊ËÕß∑”πÈ”√âÕπ ·≈–

Õà“ßπÈ”«π Õÿª°√≥åÕ◊Ëπ Ê Õ“®µ‘¥µ—Èß‡§√◊ËÕßµ—¥‰ø√—Ë«‰¥âµ“¡§«“¡®”‡ªìπ

√Ÿª∑’Ë 4.5  µ”·Àπàßµ‘¥µ—Èß‡§√◊ËÕßµ—¥‰ø√—Ë«‡æ◊ËÕªÑÕß°—π∫ÿ§§≈

4.8 Àπà«¬®à“¬‰ø«ß·À«π (Ring Main Unit)

‡ªìπÕÿª°√≥å„π√–∫∫‰øøÑ“„π√–∫∫·√ß Ÿß ∑’Ë∑”Àπâ“ªÑÕß°—π°√–· ‡°‘π·≈–‡ª≈’Ë¬π·À≈àß®à“¬‰ø‰¥â„π

µ—«‡¥’¬«°—π ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√®à“¬‰ø Ÿß¢÷Èπ ®÷ß‡À¡“–∑’Ë®–„™â°—∫√–∫∫‰øøÑ“∑’Ë¡’ “¬ªÑÕπ¡“°°«à“Àπ÷Ëß “¬

ªÑÕπ ª°µ‘®–‡ªìπ√–∫∫ “¬ªÑÕπ„µâ¥‘π·µà°Á “¡“√∂„™â„π√–∫∫ “¬ªÑÕπÕ“°“»‰¥â Àπà«¬®à“¬‰ø«ß·À«π®÷ß™à«¬

„Àâ°“√ÕÕ°·∫∫√–∫∫°“√®à“¬‰ø “¡“√∂®à“¬‡ªìπ·∫∫«ß·À«π (Ring) ·≈–≈Ÿª (Loop) ∑”‰¥âßà“¬¢÷Èπ

 à«πª√–°Õ∫ Àπà«¬®à“¬‰ø«ß·À«πª√–°Õ∫¥â«¬À≈“¬¬Ÿπ‘µÀ√◊ÕÀ≈“¬µŸâ¥â«¬°—πª√–°Õ∫°—π‡ªìπ™ÿ¥ „π

·µà≈–µŸâª√–°Õ∫¥â«¬‡§√◊ËÕßª≈¥«ß®√·≈–Õ“®¡’‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘πÀ√◊Õ‰¡à°Á‰¥âµ“¡§«“¡µâÕß°“√ ‡§√◊ËÕß

ªÑÕß°—π°√–· ‡°‘π¡’∑—Èß™π‘¥∑’Ë‡ªìπøî« å·≈–‡´Õ√å°‘µ‡∫√°‡°Õ√å∫√√®ÿ„π‡§√◊ËÕßÀàÕÀÿâ¡Õ¬à“ß¡‘¥™‘¥ ®÷ßª≈Õ¥¿—¬„π

°“√„™âß“π ·∫∫∑’Ë¡’„™âß“π∑—Ë«‰ª®–„™â°ä“´ SF6 ‡ªìπµ—«°≈“ß¥—∫Õ“√å° ¥—ßπ—Èπ¿“¬„πÀπà«¬®à“¬‰ø«ß·À«π®÷ß∫√√®ÿ

°ä“´ SF6 ∑’Ë¡’§«“¡¥—πª√–¡“≥ 3 ∫“√å ´÷Ëß®–¡’§à“§«“¡‡ªìπ©π«π Ÿß°«à“πÈ”¡—πÀ¡âÕ·ª≈ß„πµŸâ∑’Ë¡’‡§√◊ËÕßªÑÕß°—π

°√–· ‡°‘πÕ¬Ÿà¥â«¬ ®÷ß‡À¡◊Õπ°—∫µŸâ‰øøÑ“∑’Ë “¡“√∂∑”Àπâ“∑’Ë‡ªìπ «‘µ™å·√ß Ÿß‰¥âπ—Ëπ‡Õß

µ”·Àπàßµ‘¥µ—Èß∑’Ë∂Ÿ°

L

N

‡¡π «‘µ™å

‚À≈¥

‡§√◊ËÕßµ—¥‰ø√—Ë«

µ”·Àπàßµ‘¥µ—Èß∑’Ëº‘¥

L

N

‡¡π «‘µ™å

‚À≈¥

‡§√◊ËÕßµ—¥‰ø√—Ë«



°√–· ≈—¥«ß®√ “¡“√∂§”π«≥‰¥âÀ≈“¬«‘∏’ ·µà≈–«‘∏’®–‰¥â§”µÕ∫„°≈â‡§’¬ß°—π «‘∏’∑’Ë·π–π”π’È‡ªìπ«‘∏’

µ“¡¡“µ√∞“π VDE 0102 Part 2 ´÷Ëß‡ªìπ«‘∏’∑’Ëßà“¬·≈– –¥«°„π°“√„™âß“π ·¬°°“√§”π«≥‡ªìπ·∫∫ 1 ‡ø 

·≈– 3 ‡ø  §à“∑’Ë§”π«≥‰¥â‡ªìπ§à“√“°‡©≈’Ë¬¬°°”≈—ß Õß¢Õß°√–· „π™à«ß§ßµ—« (Steady State)

√Ÿª∑’Ë 5.1 §≈◊Ëπ¢Õß°√–· ≈—¥«ß®√‰¡à ¡¡“µ√ (Asymmetrical)

(‡¡◊ËÕ‡§√◊ËÕß°”‡π‘¥‰øøÑ“Õ¬ŸàÀà“ß‰ª®“°®ÿ¥∑’Ë‡°‘¥≈—¥«ß®√)

5.1 ‰¥Õ–·°√¡°“√®à“¬‰ø·≈–µ—«·ª√°“√§”π«≥§à“°√–· ≈—¥«ß®√

°√–· ≈—¥«ß®√§◊Õ°√–· ‰øøÑ“∑’Ë‰À≈„π«ß®√‡¡◊ËÕ¡’Õ‘¡æ’·¥π ǻ¢Õß«ß®√‡¢â“¡“‡°’Ë¬«¢âÕß ‚¥¬∑—Ë«‰ª

ª√–°Õ∫¥â«¬Õ‘¡æ’·¥π´å¢Õß√–∫∫‰øøÑ“ À¡âÕ·ª≈ß‰øøÑ“ ·≈– “¬‰øøÑ“À√◊Õµ—«π”Õ◊Ëπ Ê µ“¡≈”¥—∫‡√◊ËÕ¬‰ª®π∂÷ß

®ÿ¥∑’Ë‡°‘¥≈—¥«ß®√

5

°√–· ≈—¥«ß®√*

§àŸ¡◊Õ«‘»
«

°
√
‰
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·√ß¥—π °√–· ¬Õ¥§≈◊Ëπ

 à«πª√–°Õ∫‰øøÑ“°√–· µ√ß °√–· ≈—¥«ß®√∑’Ë§”π«≥‰¥â

‡ªìπ§à“√“°‡©≈’Ë¬¬°°”≈—ß Õß

‡«≈“

(* ∑’Ë¡“ : °“√ÕÕ°·∫∫·≈–µ‘¥µ—Èß√–∫∫‰øøÑ“µ“¡¡“µ√∞“π¢Õß°“√‰øøÑ“ ‚¥¬≈◊Õ™—¬ ∑Õßπ‘≈)
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√Ÿª∑’Ë 5.2  ‰¥Õ–·°√¡‰øøÑ“‡¡◊ËÕ‡°‘¥≈—¥«ß®√

5.2 Õ‘¡æ’·¥π´å„π·µà≈– à«π¢Õß«ß®√

1. √–∫∫®à“¬‰øøÑ“

ZN = C Ó V2 / (MVASC Ó 1000)    ¡‘≈≈‘‚ÕÀå¡

°”Àπ¥„Àâ

ZN = Õ‘¡æ’·¥π´å¢Õß√–∫∫‰øøÑ“  ‡ªìπ¡‘≈≈‘‚ÕÀå¡

C = §à“§ß∑’Ë  ¡’§à“  1.1   ”À√—∫√–∫∫®à“¬‰ø‡¢â“À¡âÕ·ª≈ß‡ªìπ·√ß Ÿß·≈–

1.0  ”À√—∫√–∫∫®à“¬‰ø‡¢â“À¡âÕ·ª≈ß‡ªìπ·√ßµË”

V = ·√ß¥—π‰øøÑ“¥â“π‰øÕÕ° (¥â“π·√ßµË”)  ‡ªìπ‚«≈µå

MVASC = §à“°√–· ≈—¥«ß®√ Ÿß ÿ¥¢Õß√–∫∫‰øøÑ“  ‡ªìπ‡ÕÁ¡«’‡Õ

(„™â§à“√–À«à“ß 350 ∂÷ß 500 ‡ÕÁ¡«’‡Õ)

ª°µ‘§à“§«“¡µâ“π∑“π·≈–§à“√’·Õ°·µπ´å¢Õß√–∫∫‰øøÑ“¡’§à“‰¡à·πàπÕπ „π°“√§”π«≥®–„™â§à“‚¥¬

ª√–¡“≥ ¥—ßπ’È

XN  = 0.995 Ó ZN

RN = 0.1 Ó XN

√–∫∫·√ß Ÿß

√–∫∫‰øøÑ“

À¡âÕ·ª≈ß‰øøÑ“

 “¬‰øøÑ“·√ßµË”

®ÿ¥∑’Ë‡°‘¥≈—¥«ß®√

‰¥Õ–·°√¡‡ âπ‡¥’Ë¬« Õ‘¡æ’·¥π´å‰¥Õ–·°√¡



∫∑∑’Ë 5  °√–· ≈—¥«ß®√ 103

5.3 °√–· ≈—¥«ß®√ 3 ‡ø 

ISC  =   V / (   3 Ó ZK)   °‘‚≈·Õ¡·ª√å

°”Àπ¥„Àâ

ISC = °√–· ≈—¥«ß®√§à“√“°‡©≈’Ë¬¬°°”≈—ß Õß ¡¡“µ√ 3-‡ø  ‡ªìπ°‘‚≈·Õ¡·ª√å

V = ·√ß¥—π¥â“π∑ÿµ‘¬¿Ÿ¡‘¢ÕßÀ¡âÕ·ª≈ß‡¡◊ËÕ‰¡à¡’‚À≈¥ ‡ªìπ‚«≈µå

ZK =    RK
2 + XK

2

RK  ·≈–  XK  §◊Õ§«“¡µâ“π∑“π√«¡·≈–Õ‘π¥—°∑’ø√’·Õ°·µπ∑å√«¡¢Õß«ß®√¢≥–‡¡◊ËÕ‡°‘¥≈—¥«ß®√

°“√„™âµ“√“ß§”π«≥°√–· ≈—¥«ß®√

„π°“√§”π«≥°√–· ≈—¥«ß®√·∫∫ 3 ‡ø  ®–„™â çµ“√“ß§”π«≥§à“°√–· ≈—¥«ß®√ 3-‡ø é °“√°√Õ°

§à“µà“ß Ê ≈ßµ“√“ß¡’√“¬≈–‡Õ’¬¥¥—ßπ’È

1. √–∫∫‰øøÑ“ VNT
2 ‡ªìπ§à“·√ß¥—π‰øøÑ“¥â“π∑ÿµ‘¬¿Ÿ¡‘(¥â“π‰øÕÕ°)¢ÕßÀ¡âÕ·ª≈ß‡¡◊ËÕ‰¡à¡’‚À≈¥

 ”À√—∫√–∫∫‰øøÑ“ 220/380 ‚«≈µå ∑—Ë«‰ª·√ß¥—π‡¡◊ËÕ‰¡à¡’‚À≈¥¢ÕßÀ¡âÕ·ª≈ß∑’Ë„™â„πæ◊Èπ∑’Ë¢Õß

°“√‰øøÑ“π§√À≈«ß‡∑à“°—∫ 416 ‚«≈µå °“√‰øøÑ“ à«π¿Ÿ¡‘¿“§‡∑à“°—∫ 400 ‚«≈µå À¡âÕ·ª≈ß∑’Ë¡’

·√ß¥—πµà“ß‰ª®“°π’È „Àâ„™â§à“µ“¡®√‘ß

2. À¡âÕ·ª≈ß‰øøÑ“ §à“Õ‘¡æ‘·¥π ǻ∑’Ë°”Àπ¥¡“„πµ“√“ß‡ªìπÕ‘¡æ’·¥π ǻ¢ÕßÀ¡âÕ·ª≈ß∑—Ë«‰ª∑’Ë¡’

·√ß¥—π¥â“π‰øÕÕ° 400 ‚«≈µå À√◊Õ 416 ‚«≈µå °√≥’∑’Ë„™âÀ¡âÕ·ª≈ß¢π“¥ À√◊Õ§à“Õ‘¡æ’·¥π´å

µà“ß‰ª®“°π’È „Àâ„™â§à“µ“¡®√‘ß

3.  “¬‰øøÑ“ „™â§à“ R = ρ Ó L / A ‡¡◊ËÕ A §◊Õæ◊Èπ∑’ËÀπâ“µ—¥¢Õß “¬‡ âπ‡ø π—∫√«¡∑ÿ°‡ âπ∑’Ë

Õ¬Ÿà„π‡ø ‡¥’¬«°—π ·≈–§à“ XL = 0.08 mΩ /‡¡µ√/‡ âπ  ”À√—∫ “¬∑’Ë‡¥‘π„π∑àÕ À√◊Õ‡ªìπ “¬

‡§‡∫‘≈ ·≈–‡∑à“°—∫ 0.33 mΩ/‡¡µ√/‡ âπ  ”À√—∫ “¬∑’Ë‡¥‘π„πÕ“°“» °√≥’∑’Ë¡’°“√‡¥‘π “¬‰øøÑ“

µàÕ°—πÀ≈“¬™à«ß·≈–¡’°“√‡ª≈’Ë¬π¢π“¥ “¬ ®–µâÕßÀ“Õ‘¡æ’·¥π´å¢Õß “¬„π·µà≈–™à«ß·≈â«π”

¡“√«¡‡¢â“¥â«¬°—π „πµ“√“ß¡’™àÕß ”À√—∫À“Õ‘¡æ’·¥π´å‰«â∑—ÈßÀ¡¥ 3 ™à«ß À“°µâÕß°“√À“µàÕÕ’°

°Á “¡“√∂‡æ‘Ë¡‰¥âµ“¡µâÕß°“√
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5.4 °√–· ≈—¥«ß®√ 1 ‡ø 

°“√§”π«≥°√–· ≈—¥«ß®√ 1 ‡ø  ‡ªìπ°“√À“§à“°√–· ≈—¥«ß®√√–À«à“ß “¬‡ âπ‡ø °—∫ “¬π‘«∑√—≈

(Line-to-neutral) ®÷ß¡’§à“Õ‘¡æ’·¥π´å¢Õß “¬π‘«∑√—≈‡¢â“¡“‡°’Ë¬«¢âÕß¥â«¬ ‡¢’¬π‡ªìπ ¡°“√‰¥â¥—ßπ’È

ISC-LN  =     3 Ó V / ZK   °‘‚≈·Õ¡·ª√å

°”Àπ¥„Àâ

ISC-LN = °√–· ≈—¥«ß®√§à“√“°‡©≈’Ë¬¬°°”≈—ß Õß 1-‡ø  (Line-to-neutral)

‡ªìπ°‘‚≈·Õ¡·ª√å

V = ·√ß¥—π¥â“π∑ÿµ‘¬¿Ÿ¡‘¢ÕßÀ¡âÕ·ª≈ß‡¡◊ËÕ‰¡à¡’‚À≈¥ ‡ªìπ‚«≈µå

ZK =    RK
2 + XK

2

·≈–

RK = 2RN + 2RT + 2RL + RTO + RLO

XK = 2XN + 2XT + 2XL + XTO + XLO

‡¡◊ËÕ

RN, XN = Õ‘¡æ’·¥π´å¢Õß√–∫∫‰øøÑ“

RT, XT, RTO, XTO = Õ‘¡æ’·¥π´å¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“

RL, XL, RLO, XLO = Õ‘¡æ’·¥π´å¢Õß “¬‰øøÑ“ (À√◊Õµ—«π”Õ◊Ëπ)

°“√°√Õ°§à“µà“ß Ê ≈ß„πµ“√“ß

°“√¥”‡π‘π°“√®–‡À¡◊Õπ°—∫°“√§”π«≥°√–· ≈—¥«ß®√ 3 ‡ø  ¡’√“¬≈–‡Õ’¬¥‡æ‘Ë¡‡µ‘¡§◊Õ

1. √–∫∫‰øøÑ“ Õ‘¡æ’·¥π´å„™â§à“ 2 ‡∑à“ ¢Õß°“√§”π«≥ 3 ‡ø 

2. À¡âÕ·ª≈ß‰øøÑ“ Õ‘¡æ’·¥π´å„™â§à“ 2 ‡∑à“ ¢Õß°“√§”π«≥ 3 ‡ø   ”À√—∫§à“ Zero Sequence

Impedance ∑’Ë‡æ‘Ë¡¢÷Èπ¡“®–‡ª≈’Ë¬π·ª≈ßµ“¡°≈ÿà¡‡«°‡µÕ√å¢ÕßÀ¡âÕ·ª≈ß µ“¡∑’Ë°”Àπ¥‰«â„πµ“√“ß

À¡âÕ·ª≈ß‰øøÑ“∑’Ë„™âß“π∑—Ë«‰ª¡’°≈ÿà¡‡«°‡µÕ√å‡ªìπ Dy

3.  “¬‰øøÑ“‡ âπ‡ø  °“√§”π«≥§à“Õ‘¡æ’·¥π´å∑”‡À¡◊Õπ°—∫·∫∫ 3 ‡ø  ·µàÕ‘¡æ’·¥π´å„™â§à“ 2 ‡∑à“

¢Õß°“√§”π«≥ 3 ‡ø 

4.  “¬‰øøÑ“‡ âππ‘«∑√—≈ (RLO, XLO) À“‰¥â®“° ¡°“√∑’Ë°”Àπ¥„πµ“√“ß  ”À√—∫§à“ RNEUTRAL

§◊Õ§«“¡µâ“π∑“π¢Õß “¬π‘«∑√—≈∑’ËÀ“µ“¡«‘∏’°“√‡¥’¬«°—∫¢Õß 3 ‡ø  ¢âÕ ”§—≠§◊ÕÕ‘¡æ’·¥π ǻ

¢Õß “¬π‘«∑√—≈°—∫ “¬‡ âπ‡ø ®–µâÕß‡ªìπ “¬‰øøÑ“™à«ß‡¥’¬«°—π



6.1 °“√ªÑÕß°—πÕ—πµ√“¬®“°‰øøÑ“¥Ÿ¥µ“¡¡“µ√∞“π IEC 364-4-41

°“√ªÑÕß°—π°“√ —¡º— ‚¥¬µ√ß (Protection against direct contact) §◊Õ°“√ªÑÕß°—π°“√ —¡º— 

 à«π´÷Ëßª°µ‘¡’‰øøÑ“

°“√ªÑÕß°—π°“√ —¡º— ‚¥¬ÕâÕ¡ (Protection against indirect contact) §◊Õ°“√ªÑÕß°—π®“°°“√

 —¡º—  à«π∑’Ëª°µ‘‰¡à¡’‰øøÑ“

‰¥Õ–·°√¡· ¥ß«‘∏’°“√ªÑÕß°—πÕ—πµ√“¬®“°‰øøÑ“¥Ÿ¥µ“¡¡“µ√∞“π IEC 364-4-41

6

°“√µàÕ≈ß¥‘π

§àŸ¡◊Õ«‘»
«

°
√
‰
ø
ø
Ñ “

Protection against
direct as well as
indirect contact

Protection against
direct contact

Protection against
indirect contact

Protection by extra low
voltage

Protection by insulation of
active parts

Protection by covering or
encapsulating

Protection by partitioning Protection by
nonconductive spaces

Protective isolation

Protection by distancing Protection by nonearthed
local equipotential bonding

Protective insulation 
(Total insulation)

Protection by automatic
disconnection of the power
supply

°“√ªÑÕß°—πÕ—πµ√“¬
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6.2 ·√ß¥—π —¡º—  (Touch Voltage) µ“¡¡“µ√∞“π IEC 364-4-41

®“°°“√∑¥≈Õßº≈¢Õß°√–· ‰øøÑ“∑’Ë‰À≈ºà“π√à“ß°“¬¡πÿ…¬å ¡“µ√∞“π IEC ®÷ß°”Àπ¥·√ß¥—π

 —¡º— ∑’Ë‡°‘¥°—∫ à«π∑’Ë‡ªìπµ—«π”‰øøÑ“‡π◊ËÕß®“° Fault  ‰«â ‚¥¬°”Àπ¥‡ªìπ§«“¡ —¡æ—π∏å√–À«à“ß·√ß¥—π‰øøÑ“·≈–

™à«ß‡«≈“∑’Ë —¡º—  ‡§√◊ËÕßªÑÕß°—π«ß®√‰øøÑ“µâÕßª≈¥«ß®√‚¥¬Õ—µ‚π¡—µ‘ ª°µ‘‡§√◊ËÕßª≈¥«ß®√µâÕßª≈¥«ß®√¿“¬„π

‡«≈“ 5 «‘π“∑’ ∑’Ë·√ß¥—π 50 ‚«≈µå  ”À√—∫‰øøÑ“°√–·  ≈—∫ ·≈– 120 ‚«≈µå  ”À√—∫‰øøÑ“°√–· µ√ß

Maximum disconnecting time for TN systems (IEC364-4-41)

Nominal voltage (volts) Disconnecting time (seconds)

120

230

277

400

Over 400

0.8

0.4

0.4

0.2

0.1

50
40
30

20

10
8
6
5
4
3
2

1
0.8
0.6

0.4

0.2

0.1

0.06

0.04

0.02

0.01
10 20 30 50 80100 200 300 500 1000

V AC (rms) / DC

t (s)

Anticipated touch voltage
Max. permissible

disconnection time

AC rms (V) DC (V) Second

µË”°«à“ 50 µË”°«à“ 120 ‰¡à®”°—¥

50

75

90

110

150

220

280

380

500

120

140

160

175

200

250

310

400

500

5.0

1.0

0.5

0.2

0.1

0.05

0.03

0.02

0.01

AC DC
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6.3 °“√µàÕ≈ß¥‘π·∫∫µà“ß Ê ¢Õß√–∫∫‰øøÑ“
(Type of System Earthing)

¡“µ√∞“π IEC 364-3 ‰¥â·∫àß°“√µàÕ≈ß¥‘π¢Õß√–∫∫®à“¬‰øøÑ“¥â«¬µ—«Õ—°…√ 2 µ—« ·≈–°√≥’∑’Ë®”‡ªìπ

Õ“®‡æ‘Ë¡Õ—°…√Õ’° 2 µ—« ‡æ◊ËÕ· ¥ß°“√®—¥‡√’¬ß¢Õßπ‘«∑√—≈°—∫µ—«π”ªÑÕß°—π (Protective Conductor)

Õ—°…√µ—«·√° · ¥ß§«“¡ —¡æ—π∏å¢Õß√–∫∫®à“¬‰øøÑ“°—∫°“√µàÕ≈ß¥‘π ¥—ßπ’È

T À¡“¬∂÷ß µàÕ≈ß¥‘π‚¥¬µ√ß

I À¡“¬∂÷ß  à«π∑’Ë¡’‰øøÑ“∑—ÈßÀ¡¥·¬°ÕÕ° (©π«π) ®“°¥‘πÀ√◊Õ¡’°“√µàÕ≈ß¥‘π®ÿ¥‡¥’¬«‚¥¬µàÕºà“π

Õ‘¡æ’·¥π´å

Õ—°…√µ—«∑’Ë Õß · ¥ß§«“¡ —¡æ—π∏å¢Õß°“√µ‘¥µ—Èß à«π∑’Ë‡ªìπµ—«π”‰øøÑ“‡ªî¥‚≈àß°—∫¥‘π

T À¡“¬∂÷ß µàÕ≈ß¥‘π‚¥¬µ√ß

N À¡“¬∂÷ß  à«π∑’Ë¡’‰øøÑ“‡ªî¥‚≈àßµàÕ‚¥¬µ√ß°—∫®ÿ¥∑’ËµàÕ≈ß¥‘π¢Õß√–∫∫®à“¬‰øøÑ“¥â«¬µ—«π”ªÑÕß°—π

( “¬¥‘π)

„π√–∫∫ TN-System ®–¡’µ—«Õ—°…√‡æ‘Ë¡‡µ‘¡Àπ÷ËßÀ√◊Õ Õßµ—«‡ªìπµ—«°”Àπ¥°“√®—¥‡√’¬ß¢Õß “¬

π‘«∑√—≈°—∫µ—«π”ªÑÕß°—π¥—ßπ’È

C À¡“¬∂÷ß  “¬π‘«∑√—≈·≈–µ—«π”ªÑÕß°—πµàÕ„™âß“π√à«¡°—π ( “¬‡¥’¬«°—π)

S À¡“¬∂÷ß  “¬π‘«∑√—≈·≈–µ—«π”ªÑÕß°—π∑”ß“π·¬°°—π

CS À¡“¬∂÷ß  “¬π‘«∑√—≈·≈–µ—«π”ªÑÕß°—πµàÕ„™âß“π√à«¡°—π‡©æ“– à«π∑’Ë‡ªìπ√–∫∫‰øøÑ“‡∑à“π—Èπ

√Ÿª∑’Ë 6.1  °“√µàÕ≈ß¥‘π√–∫∫ TT System

L1

L2

L3

N

µ—«π”‡ªî¥‚≈àß
µ—«π”ªÑÕß°—π (PE)

°“√µ‘¥µ—Èß¢ÕßºâŸ„™â‰øøÑ“
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√Ÿª∑’Ë 6.5  °“√µàÕ≈ß¥‘π√–∫∫ TN-CS System

6.4 °“√µàÕ≈ß¥‘πµ“¡¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬

6.4.1 °“√µàÕ≈ß¥‘π¢Õß√–∫∫‰øøÑ“

1. √–∫∫‰øøÑ“·√ß¥—πµ—Èß·µà 50 ‚«≈µå·µà‰¡à∂÷ß 1000 ‚«≈µå µàÕ‰ªπ’ÈµâÕßµàÕ≈ß¥‘π

(1) ‡ªìπ√–∫∫ 3 ‡ø  4  “¬ ´÷Ëß “¬π‘«∑√—≈ (Neutral) „™â‡ªìπ “¬‡ âπÀπ÷Ëß¢Õß«ß®√¥â«¬ °√≥’

π’È„Àâ„™â “¬π‘«∑√—≈‡ªìπ “¬µàÕ≈ß¥‘π

(2) ‡ªìπ√–∫∫ 3 ‡ø  4  “¬ ·≈–®ÿ¥°÷Ëß°≈“ß¢Õß‡ø „¥‡ø Àπ÷Ëß„™â‡ªìπ “¬«ß®√¥â«¬ „Àâ„™â‡ âπ

∑’ËµàÕ®“°®ÿ¥°÷Ëß°≈“ßπ—Èπ‡ªìπ‡ âπµàÕ≈ß¥‘π

(3) ‡ªìπ√–∫∫ 3 ‡ø  3  “¬ „™â “¬‡ø „¥°Á‰¥âµàÕ≈ß¥‘π

(4) ‡ªìπ√–∫∫ 1 ‡ø  2  “¬ À√◊Õ 3  “¬ „™â “¬π‘«∑√—≈‡ªìπ‡ âπµàÕ≈ß¥‘π

√Ÿª∑’Ë 6.6  °“√µàÕ≈ß¥‘π¢Õß√–∫∫ 3 ‡ø  4  “¬ (‡¥≈µ“-«“¬)

L1

L2

L3

N

PE

µ—«π”‡ªî¥‚≈àß

°“√µ‘¥µ—Èß¢ÕßºâŸ„™â‰øøÑ“

A
B

N

C

„™â “¬π‘«∑√—≈µàÕ≈ß¥‘π
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∂â“¡’°—∫¥—°øÑ“ºà“ (Lightning Arrester) À√◊Õ‡ √‘®Õ–‡√ ‡µÕ√å (Surge Arrester)  “¬µàÕ≈ß¥‘π¢Õß

Õ–‡√ ‡µÕ√åµâÕßµàÕ√à«¡°—∫™’≈¥å¢Õß “¬‡§‡∫‘≈·√ß Ÿß„π·ºß «‘µ™å ·≈–µâÕß·¬°ÕÕ°®“°∫— µàÕ≈ß¥‘π¢Õß·ºß

 «‘µ™å  “¬µàÕ≈ß¥‘π¢ÕßÕ–‡√ ‡µÕ√åµâÕß‡ªìπ “¬∑Õß·¥ßÀÿâ¡©π«π ∑’Ë∑π·√ß¥—π‰¡àπâÕ¬°«à“ 750 ‚«≈µå ¡’æ◊Èπ∑’Ë

Àπâ“µ—¥‰¡àπâÕ¬°«à“ 16 µ√.¡¡. µ‘¥µ—Èß∫π©π«π∑’Ë¡’√–¥—∫·√ß¥—π (Voltage Class) ‰¡àπâÕ¬°«à“ 1,000 ‚«≈µå

µŸâ¢Õß·ºß «‘µ™å·√ß ŸßµâÕßµàÕ≈ß¥‘π ‚¥¬„™â “¬µàÕΩ“°¥‘π∑’Ë°√“«¥å∫—  ∫“πª√–µŸµŸâ·ºß «‘µ™åµâÕß

µàÕΩ“°‡¢â“°—∫µŸâ·ºß «‘µ™å¥â«¬  “¬µàÕΩ“°µâÕß∑π°√–· ≈—¥«ß®√§à“¡“°∑’Ë ÿ¥∑’ËÕ“®‡°‘¥¢÷Èπ∑’Ë·ºß «‘µ™åπ—Èπ

À√◊Õ„™â “¬∑Õß·¥ß∑’Ë¡’¢π“¥æ◊Èπ∑’ËÀπâ“µ—¥‰¡àπâÕ¬°«à“ 10 µ√.¡¡. À√◊Õ¡’Àπ—ß ◊Õ√—∫√Õß®“°ºŸâº≈‘µ«à“‰¥âºà“π°“√

∑¥ Õ∫„π‡√◊ËÕßπ’È·≈â«  “¬¥‘π¢ÕßµŸâ·ºß «‘µ™å·√ß Ÿß°—∫·ºß «‘µ™å·√ßµË”µâÕß·¬°®“°°—π·≈–„™âÀ≈—°¥‘π·¬°

®“°°—π¥â«¬

°“√µàÕ≈ß¥‘π¢Õß√–∫∫ªÑÕß°—πøÑ“ºà“ (°—∫¥—°øÑ“ºà“)

°“√µàÕ≈ß¥‘π¢Õß°—∫¥—°øÑ“ºà“°√≥’µ‘¥µ—Èß∑’ËÀ¡âÕ·ª≈ß‰øøÑ“

°“√µàÕ≈ß¥‘π¢Õß°—∫¥—°øÑ“ºà“∑’Ëµ‘¥µ—Èß∑’ËÀ¡âÕ·ª≈ß‰øøÑ“´÷Ëßª°µ‘®–µ‘¥µ—Èß∑’Ë∑“ß¥â“π·√ß Ÿß¢ÕßÀ¡âÕ·ª≈ß

 “¬µàÕ≈ß¥‘π¢Õß°—∫¥—°øÑ“ºà“µâÕßµàÕ√à«¡°—∫ “¬µàÕ≈ß¥‘π¢Õßµ—«∂—ßÀ¡âÕ·ª≈ß ·≈–„Àâ —Èπ∑’Ë ÿ¥‡æ◊ËÕ≈¥·√ß¥—π

§√àÕ¡„π “¬‰øøÑ“  “¬µàÕ≈ß¥‘ππ’ÈµâÕß·¬°µà“ßÀ“°®“° “¬µàÕ≈ß¥‘π¢Õß√–∫∫‰øøÑ“¥â“π·√ßµË” ( “¬π‘«∑√—≈)

°“√µàÕ≈ß¥‘π¢Õß°—∫¥—°øÑ“ºà“°√≥’µ‘¥µ—Èß∑’Ë “¬‡§‡∫‘≈„µâ¥‘π

„π√–∫∫ “¬‡§‡∫‘≈„µâ¥‘π·√ß Ÿß®–¡’™‘≈¥å´÷ËßµâÕßµàÕ≈ß¥‘π °“√µàÕ≈ß¥‘π¢Õß°—∫¥—°øÑ“ºà“®–µàÕ√à«¡°—∫

 “¬™‘≈¥å¢Õß‡§‡∫‘≈„µâ¥‘π ‡æ◊ËÕ≈¥·√ß¥—π§√àÕ¡√–À«à“ß “¬™‘≈¥å°—∫µ—«π”¢Õß‡§‡∫‘≈„µâ¥‘π‡¡◊ËÕ¡’øÑ“ºà“‰¥â

6.5 §«“¡√Ÿâ‡√◊ËÕß§«“¡µâ“π∑“π°“√µàÕ≈ß¥‘π

6.5.1 §«“¡µâ“π∑“π¢Õß¥‘π

º‘«‚≈° à«π„À≠àª√–°Õ∫¥â«¬ ‘́≈‘°“ (Silica) ·≈–Õ–≈Ÿ¡‘π“ (Alumina) ÷́Ëß‡ªìπ©π«π‰øøÑ“∑’Ë¥’

πÕ°®“°π’È¬—ßª√–°Õ∫¥â«¬ “√≈–≈“¬‡°≈◊Õ·≈–§«“¡™◊Èπ ÷́Ëß‡ªìπµ—«π”∑’Ë¥’ §à“§«“¡µâ“π∑“π®”‡æ“–¢Õß¥‘π®÷ß

¡’§à“‡ª≈’Ë¬π·ª≈ß¡“° √–À«à“ß 2 ∂÷ß 30,000 ‚ÕÀå¡-‡¡µ√ Õÿ≥À¿Ÿ¡‘¢Õß¥‘π®–¡’º≈„Àâ§à“§«“¡µâ“π∑“π®”‡æ“–

¢Õß¥‘π‡ª≈’Ë¬π‰ª¥â«¬ §«“¡µâ“π∑“π¢Õß¥‘πÀ“‰¥â®“°§à“§«“¡µâ“π∑“π®”‡æ“–¢Õß¥‘π´÷Ëß¡’µ—«·ª√À≈“¬µ—«¥â«¬°—π

§à“§«“¡µâ“π∑“π®”‡æ“–¢Õß¥‘π°”Àπ¥‡ªìπ§à“‚ÕÀå¡-‡¡µ√ ‚ÕÀå¡-‡´πµ‘‡¡µ√ À√◊Õ‚ÕÀå¡-π‘È« ‡¢’¬π·∑π¥â«¬Õ—°…√

ρ (rho)



7.1 °“√§”π«≥‚À≈¥ ”À√—∫Õ“§“√∑—Ë«‰ª

7.1.1 «ß®√¬àÕ¬

°“√§”π«≥‚À≈¥¢Õß«ß®√¬àÕ¬ §◊Õ°“√π”‚À≈¥∑—ÈßÀ¡¥∑’ËµàÕ„π«ß®√¬àÕ¬¡“√«¡°—π ·≈–Àâ“¡„™â¥’¡“π¥å

·ø°‡µÕ√å  ¢π“¥‚À≈¥¥”‡π‘π°“√¥—ßπ’È

1. ‚À≈¥· ß «à“ß·≈–‚À≈¥‡§√◊ËÕß„™â‰øøÑ“Õ◊Ëπ∑’Ë∑√“∫‚À≈¥·πàπÕπ·≈â« §‘¥µ“¡∑’Ëµ‘¥µ—Èß®√‘ß

2. ‚À≈¥¢Õß‡µâ“√—∫„™âß“π∑—Ë«‰ª §‘¥‚À≈¥‡µâ“√—∫≈– 180 «’‡Õ ∑—Èß™π‘¥ Single, Duplex ·≈– Triplex

3. ‚À≈¥¢Õß‡µâ“√—∫Õ◊Ëπ∑’Ë¡‘‰¥â„™âß“π∑—Ë«‰ª „Àâ§‘¥‚À≈¥µ“¡¢π“¥¢Õß‡§√◊ËÕß„™â‰øøÑ“π—Èπ Ê

æ‘°—¥‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π ‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘πµâÕß “¡“√∂„™âß“π„π¿“«–ª°µ‘‰¥âÕ¬à“ß

µàÕ‡π◊ËÕß‚¥¬‰¡àª≈¥«ß®√ ·µà‡π◊ËÕß®“°‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘πÕ“®∑”ß“πµË”°«à“æ‘°—¥®“° “‡Àµÿµà“ß Ê „π∑“ß

ªØ‘∫—µ‘‡¡◊ËÕ§”π«≥‚À≈¥‰¥â °“√°”Àπ¥æ‘°—¥‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘πÕ“®µâÕß‡º◊ËÕ‰«â∫â“ß ª°µ‘®–‡º◊ËÕ‰«âª√–¡“≥

25% ®–‰¥â«à“

æ‘°—¥‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π   =   1.25 Ó ‚À≈¥„π«ß®√¬àÕ¬

 “¬‰øøÑ“  “¬‰øøÑ“¢Õß«ß®√¬àÕ¬µâÕß¡’¢π“¥°√–· ‰¡àµË”°«à“æ‘°—¥¢Õß‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π∑’Ë

„™âß“π ·≈–µâÕß‰¡à‡≈Á°°«à“  2.5 µ√.¡¡.

 “¬‰øøÑ“∑’ËµàÕ·¬°‡¢â“‡µâ“√—∫®ÿ¥‡¥’¬«µâÕß¡’¢π“¥‰¡à‡≈Á°°«à“ 1.5 µ√.¡¡. ·≈–¡’¢π“¥°√–· ‰¡àπâÕ¬°«à“

°√–· ¢Õß‚À≈¥∑’Ë„™â‡µâ“√—∫  ”À√—∫ “¬‰øøÑ“∑’ËµàÕ·¬°‡¢â“¥«ß‚§¡™ÿ¥‡¥’¬«µâÕß¡’¢π“¥‰¡à‡≈Á°°«à“ 0.5 µ√.¡¡.

·≈–¡’¢π“¥°√–· ‰¡àπâÕ¬°«à“°√–· ¢Õß¥«ß‚§¡π—Èπ

7

°“√§”π«≥‚À≈¥

§àŸ¡◊Õ«‘»
«
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Ñ “

(Õâ“ßÕ‘ß¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬)
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7.1.3  “¬‡¡π

°“√§”π«≥‚À≈¥ §◊Õ°“√π”‚À≈¥∑—ÈßÀ¡¥¢ÕßÕ“§“√¡“√«¡°—π‚¥¬„™â¥’¡“π·ø°‡µÕ√å‡À¡◊Õπ°—∫ “¬

ªÑÕπ ·≈–¥”‡π‘π°“√¥—ßπ’È

1. π”‚À≈¥∑’Ë§”π«≥‰¥â‰ª°”Àπ¥¢π“¥‡§√◊ËÕß«—¥Àπà«¬‰øøÑ“ µ“¡µ“√“ß∑’Ë 7.4  ”À√—∫°“√‰øøÑ“

π§√À≈«ß ·≈–µ“√“ß∑’Ë 7.5  ”À√—∫°“√‰øøÑ“ à«π¿Ÿ¡‘¿“§

2. ∂â“‚À≈¥∑’Ë§”π«≥‰¥â Ÿß°«à“‚À≈¥„πµ“√“ß µâÕßµ‘¥µ—ÈßÀ¡âÕ·ª≈ß‰øøÑ“‡Õß

æ‘°—¥‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π °”Àπ¥¢π“¥‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π µ“¡µ“√“ß∑’Ë 7.4  ”À√—∫°“√

‰øøÑ“π§√À≈«ß ·≈–µ“√“ß∑’Ë 7.5  ”À√—∫°“√‰øøÑ“ à«π¿Ÿ¡‘¿“§ °√≥’µ‘¥µ—ÈßÀ¡âÕ·ª≈ß‰øøÑ“ „Àâ°”Àπ¥µ“¡

¢π“¥À¡âÕ·ª≈ß„π‡√◊ËÕßÀ¡âÕ·ª≈ß‰øøÑ“

 “¬‡¡πÀ√◊Õ “¬ª√–∏“π µâÕß¡’¢π“¥°√–· ‰¡àµË”°«à“¢π“¥‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π (¢Õß°“√‰øøÑ“

 à«π¿Ÿ¡‘¿“§ ¥Ÿ®“°µ“√“ß∑’Ë 7.5) ·µàµâÕß‰¡à‡≈Á°°«à“ 4 µ√.¡¡.  ”À√—∫ “¬‡¥‘π„πÕ“°“» ·≈–‰¡à‡≈Á°°«à“ 10 µ√.¡¡.

 ”À√—∫ “¬‡¥‘πΩíß¥‘π ¢π“¥ “¬π‘«∑√—≈°”Àπ¥‡™àπ‡¥’¬«°—∫ “¬ªÑÕπ

7.2 °“√§”π«≥‚À≈¥ ”À√—∫Õ“§“√™ÿ¥

Õ“§“√™ÿ¥ À¡“¬∂÷ßÕ“§“√™ÿ¥∑ÿ°ª√–‡¿∑∑’Ë®¥∑–‡∫’¬πµ“¡æ√–√“™∫—≠≠—µ‘Õ“§“√™ÿ¥ æ.». 2522

Õ“§“√ Ÿß ·≈–Õ“§“√¢π“¥„À≠àæ‘‡»… À¡“¬∂÷ßÕ“§“√∑’Ë‡ªìπ‰ªµ“¡°Æ°√–∑√«ß©∫—∫∑’Ë 33 (æ.». 2535)

ÕÕ°µ“¡§«“¡„πæ√–√“™∫—≠≠—µ‘§«∫§ÿ¡Õ“§“√ æ.». 2522 ´÷Ëß„Àâ§”®”°—¥§«“¡¢ÕßÕ“§“√ Ÿß ·≈–Õ“§“√¢π“¥

„À≠àæ‘‡»…‰«â¥—ßπ’È

Õ“§“√ Ÿß À¡“¬∂÷ßÕ“§“√∑’Ë∫ÿ§§≈Õ“®‡¢â“Õ¬ŸàÀ√◊Õ‡¢â“„™â Õ¬‰¥â ‚¥¬¡’§«“¡ Ÿßµ—Èß·µà 23.0 ‡¡µ√ ¢÷Èπ‰ª

°“√«—¥§«“¡ Ÿß¢ÕßÕ“§“√„Àâ«—¥®“°√–¥—∫æ◊Èπ¥‘π∑’Ë°àÕ √â“ß∂÷ßæ◊Èπ¥“¥øÑ“  ”À√—∫Õ“§“√∑√ß®—Ë«À√◊ÕªíôπÀ¬“„Àâ«—¥

®“°√–¥—∫æ◊Èπ¥‘π∑’Ë°àÕ √â“ß∂÷ß¬Õ¥ºπ—ß¢Õß™—Èπ Ÿß ÿ¥

Õ“§“√¢π“¥„À≠àæ‘‡»… À¡“¬∂÷ßÕ“§“√∑’Ë°àÕ √â“ß¢÷Èπ‡æ◊ËÕ„™âÕ“§“√À√◊Õ à«πÀπ÷Ëß à«π„¥¢ÕßÕ“§“√

‡ªìπ∑’ËÕ¬ŸàÕ“»—¬À√◊Õª√–°Õ∫°‘®°“√ª√–‡¿∑‡¥’¬«°—πÀ√◊ÕÀ≈“¬ª√–‡¿∑ ‚¥¬¡’æ◊Èπ∑’Ë√«¡°—π∑ÿ°™—Èπ À√◊Õ™—ÈπÀπ÷Ëß

™—Èπ„¥„πÀ≈—ß‡¥’¬«°—πµ—Èß·µà 10,000 µ√.¡. ¢÷Èπ‰ª
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7.3 µ“√“ß¢âÕ¡Ÿ≈‡§√◊ËÕßª√—∫Õ“°“»¢π“¥‡≈Á°

µ“√“ß∑’Ë 7.16  ¢âÕ¡Ÿ≈‡§√◊ËÕßª√—∫Õ“°“»·∫∫·¬° à«π

(‡ªìπµ“√“ß·π–π”‡∑à“π—Èπ ‰¡à„™àµ“√“ßµ“¡∑’Ë°”Àπ¥„π¡“µ√∞“π)

12,500

13,000

17,000

20,000

25,000

30,000

35,000

40,000

1,100

1,150

1,600

1,900

2,400

2,700

3,400

4,000

5.1

5.4

7.2

8.75

11.65

14.5

16.5

19.5

·√ß¥—π‰øøÑ“ 220 ‚«≈µå 1 ‡ø  (‡§√◊ËÕßª√—∫Õ“°“» ‡∫Õ√å 5)

·√ß¥—π‰øøÑ“ 220 ‚«≈µå 1 ‡ø  (‡§√◊ËÕßª√—∫Õ“°“»∑—Ë«‰ª)

¢π“¥ (∫’∑’¬Ÿ/™—Ë«‚¡ß) °”≈—ß‰øøÑ“ («—µµå)°√–·  (·Õ¡·ª√å)

13,000

16,000

18,000

20,000

25,000

30,000

35,000

38,000

1,320

1,630

1,860

2,020

2,590

2,900

3,510

3,820

7.5

9.2

10.3

11.2

13.5

14

17

17.8

¢π“¥ (∫’∑’¬Ÿ/™—Ë«‚¡ß) °”≈—ß‰øøÑ“ («—µµå)°√–·  (·Õ¡·ª√å)

À¡“¬‡Àµÿ §à“°√–· ·≈–°”≈—ß‰øøÑ“µ“¡µ“√“ß∑’Ë 7.16 ‡ªìπ§à“‡©≈’Ë¬¢Õß‡§√◊ËÕßª√—∫Õ“°“»∑’Ë¡’¢“¬∑—Ë«‰ª„π

∑âÕßµ≈“¥



8.1 ¢âÕ°”Àπ¥∑—Ë«‰ª„π°“√‡¥‘π “¬

8.1.1 °“√µ‘¥µ—Èß„µâ¥‘π

§«“¡≈÷°„π°“√µ‘¥µ—ÈßµâÕß‰¡àπâÕ¬°«à“∑’Ë°”Àπ¥„πµ“√“ß∑’Ë 8.1 ·µà∂â“‡ªìπ∫√‘‡«≥∑’Ë¡’√∂¬πµå«‘Ëßºà“π

§«“¡≈÷°µâÕß‰¡àπâÕ¬°«à“ 0.60 ‡¡µ√ „π°“√µ‘¥µ—Èß∑’Ë¡’·ºàπ§Õπ°√’µªî¥Àÿâ¡µâÕß‡ªìπ·ºàπ§Õπ°√’µÀπ“‰¡àπâÕ¬°«à“

50 ¡¡.  ”À√—∫ “¬·√ß Ÿß§«“¡≈÷°µâÕß‰¡àµË”°«à“ 0.90 ‡¡µ√ ∑ÿ°°√≥’

µ“√“ß∑’Ë 8.1  §«“¡≈÷°„π°“√µ‘¥µ—Èß„µâ¥‘π  ”À√—∫√–∫∫·√ßµË”

8.1.2 °“√®—∫¬÷¥ “¬‰øøÑ“„π·π«¥‘Ëß

 “¬‰ø„π™àÕß‡¥‘π “¬·π«¥‘ËßµâÕß¡’°“√®—∫¬÷¥∑’Ëª≈“¬∫π¢Õß™àÕß‡¥‘π “¬·≈–µâÕß¡’°“√®—∫¬÷¥‡ªìπ

™à«ß Ê ‚¥¬¡’√–¬–Àà“ß‰¡à‡°‘πµ“¡∑’Ë°”Àπ¥„πµ“√“ß∑’Ë 8.2 ·µà∂â“√–¬–µ“¡·π«¥‘ËßπâÕ¬°«à“√âÕ¬≈– 25 ¢Õß√–¬–

∑’Ë°”Àπ¥„πµ“√“ß∑’Ë 8.2 °Á‰¡àµâÕß®—∫¬÷¥ °“√®—∫¬÷¥¡’®ÿ¥ª√– ß§å‡æ◊ËÕªÑÕß°—π‰¡à„ÀâπÈ”Àπ—°¢Õß “¬‰øøÑ“‰ª¥÷ß

Õÿª°√≥å∑’Ë “¬¬÷¥Õ¬Ÿà™”√ÿ¥‡™àπ ‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘π

8

«‘∏’‡¥‘π “¬

§àŸ¡◊Õ«‘»
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(Õâ“ßÕ‘ß¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬)

‡§‡∫‘≈Ωíß¥‘π‚¥¬µ√ß 0.60 0.45

∑àÕ‚≈À–Àπ“ ·≈–∑àÕ‚≈À–Àπ“ª“π°≈“ß 0.15 0.15

™àÕß‡¥‘π “¬Õ◊Ëπ Ê ´÷Ëß‰¥â√—∫§«“¡‡ÀÁπ™Õ∫®“°°“√‰øøÑ“œ 0.45 0.30

§«“¡≈÷°µË” ÿ¥ (¡.)

‰¡à¡’·ºàπ§Õπ°√’µ°—Èπ ¡’·ºàπ§Õπ°√’µ°—Èπ
«‘∏’°“√‡¥‘π “¬
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µ“√“ß∑’Ë 8.2  √–¬–Àà“ß ”À√—∫°“√®—∫¬÷¥ “¬‰ø„π·π«¥‘Ëß

8.1.3 °“√ªÑÕß°—π°√–· ‡Àπ’Ë¬«π”

°√≥’∑’Ë‡¥‘π “¬‰øøÑ“ºà“π∑–≈ÿ‚≈À–∑’Ë‡ªìπ “√·¡à‡À≈Á° À√◊Õ√âÕ¬∑àÕ‚≈À– µâÕß¡’°“√ªÑÕß°—π§«“¡√âÕπ

®“°°“√‡Àπ’Ë¬«π”‡™àπ √âÕ¬ “¬∑ÿ°‡ âπ√«¡∑—Èßπ‘«∑√—≈·≈– “¬¥‘π¢Õß«ß®√‡¥’¬«°—π„π™àÕß‡¥’¬«°—π À√◊Õ„π∑àÕ√âÕ¬

 “¬‡¥’¬«°—π

 “¬·°π‡¥’¬«∑ÿ°‡ âπ¢Õß«ß®√‡¥’¬«°—π√«¡∑—Èß “¬π‘«∑√—≈·≈– “¬¥‘π µâÕßµ‘¥µ—Èß„π∑àÕ√âÕ¬ “¬

‡¥’¬«°—π À√◊Õ∂â“«“ß„π√“ß‡¥‘π “¬À√◊Õ√“ß‡§‡∫‘≈ µâÕß«“ß‡ªìπ°≈ÿà¡‡¥’¬«°—π

8.1.4 °“√‡¥‘π “¬§«∫

°“√‡¥‘π “¬§«∫µâÕß„™â “¬‰øøÑ“™π‘¥‡¥’¬«°—π ¡’¢π“¥·≈–§«“¡¬“«‡∑à“°—π ·≈–„™â«‘∏’°“√µàÕ “¬

‡À¡◊Õπ°—π ‡æ◊ËÕ„Àâ¡’§«“¡µâ“π∑“π„°≈â‡§’¬ß°—π¡“°∑’Ë ÿ¥ °“√‡¥‘π “¬§«∫µâÕß„™â “¬¢π“¥‰¡à‡≈Á°°«à“ 50 µ√.¡¡.

8.2 «‘∏’‡¥‘π “¬

«‘∏’‡¥‘π “¬·∫àßÕÕ°‡ªìπÀ≈“¬«‘∏’ ºŸâÕÕ°·∫∫·≈–µ‘¥µ—ÈßÕ“®‡≈◊Õ°„™â«‘∏’„¥«‘∏’Àπ÷Ëß°Á‰¥âµ“¡§«“¡

‡À¡“– ¡°—∫ ¿“æ°“√„™âß“π·≈– ∂“π∑’Ë «‘∏’‡¥‘π “¬∑’Ëπ‘¬¡„™â°—π¡“°¡’¥—ßπ’È

8.2.1 °“√‡¥‘π “¬‡ªî¥∫π«— ¥ÿ©π«π ”À√—∫√–∫∫·√ßµË”

°“√‡¥‘π “¬‡ªî¥ ”À√—∫√–∫∫·√ßµË”¡’¢âÕ°”Àπ¥∑’Ë ”§—≠§◊Õ

1. °“√‡¥‘π “¬‡ªî¥∫π«— ¥ÿ©π«πµâÕß‡¥‘π¿“¬πÕ°Õ“§“√ °“√‡¥‘π¿“¬„πÕ“§“√∑”‰¥â‡©æ“–„π

‚√ßß“πÕÿµ “À°√√¡ ß“π‡°…µ√°√√¡ ·≈–· ¥ß ‘π§â“‡∑à“π—Èπ

2. µâÕß¡’°“√ªÑÕß°—π§«“¡‡ ’¬À“¬∑“ß°“¬¿“æ∑’Ë‡À¡“– ¡ ·≈– “¬∑’Ë‡°“–‰ªµ“¡ºπ—ßµâÕßÕ¬Ÿà Ÿß®“°

æ◊Èπ‰¡àπâÕ¬°«à“ 2.50 ‡¡µ√ ·≈–¡’√–¬–Àà“ßµ“¡∑’Ë°”Àπ¥„π‡√◊ËÕß√–¬–Àà“ß∑“ß‰øøÑ“

‰¡à‡°‘π 50

70 - 120

150 - 185

240

300

‡°‘π°«à“ 300

30

24

18

15

12

10

¢π“¥ “¬‰øøÑ“ (µ√.¡¡.) √–¬–®—∫¬÷¥µË” ÿ¥ (‡¡µ√)



9.1 ¡Õ‡µÕ√å‰øøÑ“

9.1.1 ¢π“¥ “¬‰øøÑ“

1. «ß®√¬àÕ¬¡Õ‡µÕ√å

«ß®√¬àÕ¬¡Õ‡µÕ√åÀ¡“¬∂÷ß«ß®√∑’Ë¡’‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘πµ—« ÿ¥∑â“¬°àÕπ∑’Ë®–µàÕ‡¢â“¡Õ‡µÕ√å ¡Õ‡µÕ√å

∑’ËµàÕ„™âß“π®“°‡§√◊ËÕßªÑÕß°—π°√–· ‡°‘ππ’ÈÕ“®¡’À≈“¬µ—«‰¥âµ“¡∑’ËÕπÿ≠“µ„π¡“µ√∞“π

¡Õ‡µÕ√å„™âß“π∑—Ë«‰ª

¢π“¥°√–· ¢Õß “¬‰øøÑ“   ≥   1.25 ‡∑à“¢Õß°√–· ‚À≈¥‡µÁ¡∑’Ë¢Õß¡Õ‡µÕ√å

∂â“¡Õ‡µÕ√å‡ªìπ™π‘¥§«“¡‡√Á«À≈“¬§à“®–‡≈◊Õ°„™â§à“∑’Ë¡’°√–·  Ÿß ÿ¥ ·≈– “¬‰øøÑ“µâÕß¡’¢π“¥‰¡à‡≈Á°

°«à“ 1.5 µ√.¡¡. æ‘°—¥°√–· ‚À≈¥‡µÁ¡∑’Ë¢Õß¡Õ‡µÕ√å¥Ÿ‰¥â®“°·ºàπªÑ“¬ª√–®”‡§√◊ËÕß¢Õß¡Õ‡µÕ√å

¡Õ‡µÕ√å™π‘¥‡«“¥å‚√‡µÕ√å (Wound Rotor Motor)

 “¬‰øøÑ“¥â“π Primary  “¬‰øøÑ“µâÕß¡’¢π“¥°√–· ‰¡àµË”°«à“ 125% ¢Õß°√–· ‚À≈¥‡µÁ¡∑’Ë¥â“π

Primary ¢Õß¡Õ‡µÕ√å

 “¬‰øøÑ“¥â“π Secondary §◊Õ “¬‰øøÑ“∑’ËµàÕ√–À«à“ß«ß®√¥â“π Secondary ¢Õß¡Õ‡µÕ√å°—∫‡§√◊ËÕß

§«∫§ÿ¡¥â“π Secondary µâÕß¡’§à“‰¡àµË”°«à“ 125% ¢Õß°√–· ‚À≈¥‡µÁ¡∑’Ë¥â“π Secondary ¢Õß¡Õ‡µÕ√å

¡Õ‡µÕ√å∑’Ë¡’µ—«µâ“π∑“π·¬°ÕÕ°µà“ßÀ“°®“°‡§√◊ËÕß§«∫§ÿ¡ ¢π“¥°√–· ¢Õß “¬∑’ËµàÕÕ¬Ÿà√–À«à“ß

‡§√◊ËÕß§«∫§ÿ¡·≈–µ—«µâ“π∑“π¢÷ÈπÕ¬Ÿà°—∫ª√–‡¿∑°“√„™âß“π¢Õßµ—«µâ“π∑“π´÷Ëßª°µ‘®–√–∫ÿ‰«â∑’Ëµ—«µâ“π∑“π ¢π“¥

°√–· °”Àπ¥‡ªìπ§à“√âÕ¬≈–¢Õß°√–· ¥â“π Secondary µ“¡µ“√“ß∑’Ë 9.1

9

¡Õ‡µÕ√å §“ª“´‘‡µÕ√å ·≈–À¡âÕ·ª≈ß‰øøÑ“

§àŸ¡◊Õ«‘»
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(Õâ“ßÕ‘ß¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬)
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µ“√“ß∑’Ë 9.7  ¢π“¥ “¬‰øøÑ“∑’Ë·π–π”„Àâ„™â  ”À√—∫Õ‘π¥—°™—Ëπ¡Õ‡µÕ√å√–∫∫ 3 ‡ø  380 ‚«≈µå

(‡ªìπµ“√“ß·π–π”‡∑à“π—Èπ‰¡à„™àµ“√“ß∑’Ë°”Àπ¥„π¡“µ√∞“π)

9.2 §“ª“ ‘́‡µÕ√å

9.2.1 °“√°”Àπ¥¢π“¥§“ª“ ‘́‡µÕ√å

§“ª“´‘‡µÕ√å„π√–∫∫‰øøÑ“°”≈—ß¡’Àπà«¬‡ªìπ°‘‚≈«“√å (kvar) ‡¢’¬π ¡°“√· ¥ß§«“¡ —¡æ—π∏å‰¥â¥—ßπ’È

kvar1-‡ø    =   2πfCV2 Ó 10-9

kvar3-‡ø    =   6πfCV2 Ó 10-9

1/2 1.2 1.5 1.5 1.5 1.5
3/4 1.7 1.5 1.5 1.5 1.5
1 2.2 1.5 1.5 1.5 1.5

1 1/2 3.1 1.5 1.5 1.5 1.5
2 4.1 1.5 1.5 1.5 1.5
3 5.8 1.5 1.5 1.5 1.5

5 9.2 1.5 1.5 1.5 1.5
7 1/2 13.0 2.5 2.5 1.5 2.5
10 17.0 4.0 4.0 2.5 4.0

15 25.0 10 10 4 6
20 33.0 10 0 6 10
25 41.0 16 16 10 16

30 49.0 25 25 16 16
40 63.0 35 35 25 25
50 79.0 50 50 25 35

60 93.0 50 70 35 50
75 116.0 70 95 50 70
100 150.0 120 120 70 95

125 189.0 150 150 95 150
150 218.0 185 240 120 185
200 291.0 300 300 185 300

·√ß¡â“
°√–· 

(·Õ¡·ª√å)

¢π“¥ “¬‰øøÑ“ (µ√.¡¡.)

«‘∏’‡¥‘π “¬ 1 (¥ŸÀ¡“¬‡Àµÿ) «‘∏’‡¥‘π “¬ 2 (¥ŸÀ¡“¬‡Àµÿ)

∑àÕ‚≈À– ∑àÕÕ‚≈À– ∑àÕ‚≈À– ∑àÕÕ‚≈À–

À¡“¬‡Àµÿ

«‘∏’‡¥‘π “¬ 1  “¬·°π‡¥’¬«Àÿâ¡©π«π‰¡à‡°‘π 3 ‡ âπ À√◊Õ “¬Àÿâ¡©π«π¡’‡ª≈◊Õ°‰¡à‡°‘π 3 ·°π ‡¥‘π„π∑àÕ„πÕ“°“» „π∑àÕΩíß„π

ºπ—ßªŸπ©“∫ À√◊Õ‡¥‘π„π∑àÕ„πΩÑ“‡æ¥“π

«‘∏’‡¥‘π “¬ 2  “¬·°π‡¥’¬«Àÿâ¡©π«π‰¡à‡°‘π 3 ‡ âπ À√◊Õ “¬Àÿâ¡©π«π¡’‡ª≈◊Õ°‰¡à‡°‘π 3 ·°π ‡¥‘π„π∑àÕΩíß¥‘π
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9.3 À¡âÕ·ª≈ß‰øøÑ“

9.3.1 ™π‘¥¢ÕßÀ¡âÕ·ª≈ß‰øøÑ“

1. À¡âÕ·ª≈ß™π‘¥·Àâß

2. À¡âÕ·ª≈ß™π‘¥©π«π¢Õß‡À≈«µ‘¥‰ø‰¥â

3. À¡âÕ·ª≈ß™π‘¥©π«π¢Õß‡À≈«µ‘¥‰ø¬“°

4. À¡âÕ·ª≈ß™π‘¥©π«π¢Õß‡À≈«‰¡àµ‘¥‰ø

9.3.2 °“√√–∫“¬§«“¡√âÕπ

°“√√–∫“¬§«“¡√âÕπ¢ÕßÀ¡âÕ·ª≈ß· ¥ß‡ªìπÕ—°…√¿“…“Õ—ß°ƒ… 4 µ—« ¥—ßπ’È

µ“√“ß∑’Ë 9.9   —≠≈—°…≥å· ¥ß°“√√–∫“¬§«“¡√âÕπ

µ“√“ß∑’Ë 9.10  ≈—°…≥–°“√√–∫“¬§«“¡√âÕπ

X X X X

«‘∏’À¡ÿπ‡«’¬π¢Õßµ—«√–∫“¬§«“¡√âÕπ (µ“√“ß∑’Ë 9.10)

µ—«°≈“ß√–∫“¬§«“¡√âÕπ Ÿà¿“¬πÕ° (µ“√“ß∑’Ë 9.9)

≈—°…≥–°“√√–∫“¬§«“¡√âÕπ (µ“√“ß∑’Ë 9.10) 

µ—«°≈“ß√–∫“¬§«“¡√âÕπÕÕ°®“°¢¥≈«¥ (µ“√“ß∑’Ë 9.9)

µ—«°≈“ß√–∫“¬§«“¡√âÕπ  —≠≈—°…≥å

πÈ”¡—π

°ä“´

πÈ”

Õ“°“»

O

G

W

A

«’∏’°“√À¡ÿπ‡«’¬π¢Õßµ—«√–∫“¬§«“¡√âÕπ  —≠≈—°…≥å

‚¥¬«‘∏’∏√√¡™“µ‘ (Natural)

‚¥¬«‘∏’Õ—¥À√◊Õ¢—∫ (Forced)

N

F



10.1 ∫√‘‡«≥Õ—πµ√“¬µ“¡°“√®”·π°‡ªìπª√–‡¿∑·≈–·∫∫

·ºπ¿Ÿ¡‘°“√®”·π°∫√‘‡«≥Õ—πµ√“¬‡ªìπª√–‡¿∑·≈–·∫∫

∫√‘‡«≥Õ—πµ√“¬ª√–‡¿∑∑’Ë 1 §◊Õ∫√‘‡«≥∑’Ë¡’°ä“´À√◊Õ‰Õ∑’Ëµ‘¥‰ø‰¥âº ¡Õ¬Ÿà„πÕ“°“»ª√‘¡“≥¡“°æÕ∑’Ë®–

∑”„Àâ‡°‘¥°“√√–‡∫‘¥‰¥â ¥—ßπ’È

1. ∫√‘‡«≥Õ—πµ√“¬ª√–‡¿∑∑’Ë 1 ·∫∫∑’Ë 1  §◊Õ∫√‘‡«≥∑’Ë„π¿“«–°“√∑”ß“πµ“¡ª°µ‘¡’°ä“´À√◊Õ

‰Õ∑’Ë¡’§«“¡‡¢â¡¢âπæÕ∑’Ë®–‡°‘¥°“√√–‡∫‘¥‰¥â À√◊Õ∫√‘‡«≥∑’ËÕ“®¡’°ä“´À√◊Õ‰Õ∑’Ë¡’§«“¡‡¢â¡¢âπæÕ∑’Ë®–‡°‘¥°“√

√–‡∫‘¥‰¥âÕ¬Ÿà∫àÕ¬ Ê ‡π◊ËÕß®“°°“√´àÕ¡·´¡ ∫”√ÿß√—°…“À√◊Õ√—Ë« À√◊Õ‡¡◊ËÕÕÿª°√≥å‡°‘¥§«“¡‡ ’¬À“¬À√◊Õ∑”ß“π

º‘¥æ≈“¥ ´÷Ëß°“√√–‡∫‘¥Õ“®∑”„ÀâÕÿª°√≥å‰øøÑ“¢—¥¢âÕß·≈–°≈“¬‡ªìπ·À≈àß°”‡π‘¥ª√–°“¬‰ø‰¥â

10

∫√‘‡«≥Õ—πµ√“¬

§àŸ¡◊Õ«‘»
«

°
√
‰
ø
ø
Ñ “

(Õâ“ßÕ‘ß¡“µ√∞“π°“√µ‘¥µ—Èß∑“ß‰øøÑ“ ”À√—∫ª√–‡∑»‰∑¬)

∫√‘‡«≥Õ—πµ√“¬
(Hazardous Location)

ª√–‡¿∑∑’Ë 2
(Class 2)

·∫∫∑’Ë 1 (Division 1)

·∫∫∑’Ë 2 (Division 2)

 ·∫∫∑’Ë 1 (Division 1)

·∫∫∑’Ë 2 (Division 2)

·∫∫∑’Ë 1 (Division 1)

·∫∫∑’Ë 2 (Division 2)

ª√–‡¿∑∑’Ë 1
(Class 1)

ª√–‡¿∑∑’Ë 3
(Class 3)
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10.2 ∫√‘‡«≥Õ—πµ√“¬µ“¡°“√®”·π°‡ªìπª√–‡¿∑·≈–‚´π

·ºπ¿Ÿ¡‘°“√®”·π°∫√‘‡«≥Õ—πµ√“¬‡ªìπª√–‡¿∑·≈–‚´π

∫√‘‡«≥Õ—πµ√“¬ª√–‡¿∑∑’Ë 1 ‚´π 0 §◊Õ∫√‘‡«≥¥—ßµàÕ‰ªπ’È

1. ∫√‘‡«≥∑’Ë¡’°ä“´À√◊Õ‰ÕÕ¬à“ßµàÕ‡π◊ËÕß·≈–¡’§«“¡‡¢â¡¢âπæÕ∑’Ë®–‡°‘¥°“√√–‡∫‘¥‰¥â

2. ∫√‘‡«≥∑’Ë¡’°ä“´À√◊Õ‰Õµ≈Õ¥‡«≈“·≈–¡’§«“¡‡¢â¡¢âπæÕ∑’Ë®–‡°‘¥°“√√–‡∫‘¥‰¥â

¡“µ√∞“π IEC °”Àπ¥√–¬–‡«≈“«à“‡ªìπ∫√‘‡«≥∑’Ë¡’ “√‰«‰øπ“π‡ªìπ‡«≈“µ—Èß·µàªï≈– 1,000 ™—Ë«‚¡ß¢÷Èπ‰ª

∫√‘‡«≥Õ—πµ√“¬ª√–‡¿∑∑’Ë 1 ‚´π 1 §◊Õ∫√‘‡«≥¥—ßµàÕ‰ªπ’È

1.  ∂“π∑’Ë´÷Ëß„π¿“«–°“√∑”ß“πª°µ‘ Õ“®¡’°ä“´À√◊Õ‰Õ∑’Ë¡’§«“¡‡¢â¡¢âπæÕ∑’Ë®–‡°‘¥°“√√–‡∫‘¥‰¥â

2.  ∂“π∑’Ë ÷́ËßÕ“®¡’°ä“´À√◊Õ‰Õ ∑’Ë¡’§«“¡‡¢â¡¢âπæÕ∑’Ë®–‡°‘¥°“√√–‡∫‘¥‰¥âÕ¬Ÿà∫àÕ¬ Ê ‡π◊ËÕß®“°°“√

´àÕ¡·´¡ ∫”√ÿß√—°…“ À√◊Õ√—Ë«

3.  ∂“π∑’Ë´÷Ëß‡¡◊ËÕÕÿª°√≥å‡°‘¥§«“¡‡ ’¬À“¬À√◊Õ∑”ß“πº‘¥æ≈“¥Õ“®∑”„Àâ‡°‘¥°ä“´À√◊Õ‰Õ∑’Ë¡’§«“¡

‡¢â¡¢âπæÕ∑’Ë®–‡°‘¥°“√√–‡∫‘¥‰¥â ·≈–„π¢≥–‡¥’¬«°—πÕ“®∑”„ÀâÕÿª°√≥å‰øøÑ“¢—¥¢âÕß´÷Ëß‡ªìπ “‡Àµÿ„ÀâÕÿª°√≥å‰øøÑ“

¥—ß°≈à“«‡ªìπ·À≈àß°”‡π‘¥¢Õß°“√√–‡∫‘¥‰¥â

4.  ∂“π∑’Ë´÷ËßÕ¬Ÿà„°≈â°—∫∫√‘‡«≥Õ—πµ√“¬ª√–‡¿∑∑’Ë 1 ‚´π 0  ·≈–Õ“®‰¥â√—∫°“√∂à“¬‡∑°ä“´À√◊Õ‰Õ∑’Ë¡’

§«“¡‡¢â¡¢âπæÕ∑’Ë®–®ÿ¥√–‡∫‘¥‰¥â ·µà∂â“¡’°“√ªÑÕß°—π‚¥¬°“√√–∫“¬Õ“°“»‚¥¬¥Ÿ¥Õ“°“» –Õ“¥‡¢â“¡“·≈–¡’√–∫∫

√—°…“§«“¡ª≈Õ¥¿—¬∑’Ë¡’ª√– ‘∑∏‘º≈À“°√–∫∫√–∫“¬Õ“°“»∑”ß“πº‘¥æ≈“¥°Á‰¡à®—¥‡ªìπ‚´π 0

¡“µ√∞“π IEC °”Àπ¥√–¬–‡«≈“«à“‡ªìπ∫√‘‡«≥∑’Ë¡’ “√‰«‰øπ“π‡ªìπ‡«≈“ªï≈–‰¡àπâÕ¬°«à“ 10 ™—Ë«‚¡ß ·µà

‰¡à∂÷ß 1,000 ™—Ë«‚¡ß

∫√‘‡«≥Õ—πµ√“¬

(Hazardous Location)

ª√–‡¿∑∑’Ë 1 (Class 1)

‚´π 1 ‚´π 2‚´π 0  
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10.3 √–∫∫∑’Ëª≈Õ¥¿—¬Õ¬à“ß·∑â®√‘ß (Intrinsically Safe System)

‡ªìπ√–∫∫∑’Ë∑—Èß«ß®√·≈–Õÿª°√≥å‰øøÑ“∑’Ë„™â„π∫√‘‡«≥Õ—πµ√“¬¡’§«“¡ª≈Õ¥¿—¬Õ¬à“ß‡æ’¬ßæÕ‰¡àµâÕß

¡’°“√ªÑÕß°—π‡æ‘Ë¡‡µ‘¡Õ’° °√≥’‡ªìπ«ß®√‰øøÑ“À¡“¬∂÷ß«ß®√∑’Ëº≈¢Õßª√–°“¬‰øÀ√◊Õ§«“¡√âÕπ∑’Ë‡°‘¥„π«ß®√®–

¡’æ≈—ßß“π‰¡à¡“°æÕ∑’Ë®–∑”„Àâ “√‰«‰ø‡°‘¥°“√®ÿ¥√–‡∫‘¥‰¥â∑—Èß„π ¿“«–∑”ß“πª°µ‘·≈–‡¡◊ËÕ∑”ß“π‰¡àª°µ‘

 ”À√—∫Õÿª°√≥å‰øøÑ“®–µâÕß¡’°“√∑¥ Õ∫·≈–√—∫√Õß°àÕπ®÷ß®– “¡“√∂π”¡“„™âß“π‰¥â Õÿª°√≥å∫“ßµ—«

Õ“®‡ªìπÕÿª°√≥å∑’Ë¡’æ≈—ßß“ππâÕ¬ ‡™àπ ‡∑Õ√å‚¡§—ª‡ªî≈∑’Ëº≈‘µ°√–· ‰øøÑ“‡ªìπ‰¡‚§√·Õ¡·ª√å ·µà„π°“√

„™âß“πÕ“®µâÕßµàÕ°—∫«ß®√¢¬“¬°”≈—ß∑’Ë¡’°”≈—ß Ÿß ®÷ß‰¡à∂◊Õ‡ªìπÕÿª°√≥å∑’Ëª≈Õ¥¿—¬‚¥¬·∑â®√‘ß °“√µ—¥ ‘π®÷ß

µâÕßæ‘®“√≥“Õß§åª√–°Õ∫„Àâ§√∫∂â«π¥â«¬ Õÿª°√≥å‰øøÑ“∑’Ë„™â„π√–∫∫®–·¬°ÕÕ°‡ªìπÕÿª°√≥å∑’Ëª≈Õ¥¿—¬Õ¬à“ß

·∑â®√‘ß ·≈–Õÿª°√≥åª√–°Õ∫

Õÿª°√≥å∑’Ëª≈Õ¥¿—¬Õ¬à“ß·∑â®√‘ß §◊ÕÕÿª°√≥å∑’Ë∑—Èß™‘Èπ à«π·≈–«ß®√¡’§«“¡ª≈Õ¥¿—¬Õ¬à“ß·∑â®√‘ß

Õÿª°√≥åª√–°Õ∫ À¡“¬∂÷ßÕÿª°√≥å∑’Ëµ—«¡—π‡Õß‰¡à„™àÕÿª°√≥å∑’Ëª≈Õ¥¿—¬Õ¬à“ß·∑â®√‘ß´÷ËßµàÕÕ¬Ÿà„π«ß®√

∑’Ëª≈Õ¥¿—¬Õ¬à“ß·∑â®√‘ß ·µàµ—«¡—π‡Õß¡’«ß®√∑’Ë¡’º≈„Àâ«ß®√∑’Ë¡—πÕ¬Ÿàπ—Èπ¬—ß§ß¡’§«“¡ª≈Õ¥¿—¬Õ¬à“ß·∑â®√‘ß Õÿª°√≥å

ª√–°Õ∫π’ÈÕ“®‡ªìπÕÿª°√≥å∑’Ë¡’‡∑§π‘§°“√ªÑÕß°—π‡À¡“– ¡°—∫∫√‘‡«≥Õ—πµ√“¬π—Èπ À√◊Õ‡ªìπÕÿª°√≥å∑—Ë«‰ª∑’Ë

ª°µ‘Àâ“¡„™â„π∫√‘‡«≥Õ—πµ√“¬°Á‰¥â Õÿª°√≥å‡À≈à“π’È®–√–∫ÿ¥â«¬‡§√◊ËÕßÀ¡“¬ [ia] À√◊Õ [ib]

°“√·∫àß≈”¥—∫™—Èπ¢ÕßÕÿª°√≥å

1. ≈”¥—∫™—Èπ çiaé Õÿª°√≥å‰øøÑ“∑’Ë· ¥ß —≠≈—°…≥å çiaé §◊ÕÕÿª°√≥å∑’Ë„π ¿“æ°“√∑”ß“πª°µ‘

À√◊Õ‡¡◊ËÕ‡°‘¥°√–· ≈—¥«ß®√‡æ’¬ß®ÿ¥‡¥’¬«À√◊Õ Õß®ÿ¥æ√âÕ¡°—π ®–µâÕß‰¡à‡ªìπ “‡Àµÿ„Àâ “√‰«‰ø‡°‘¥°“√®ÿ¥√–‡∫‘¥‰¥â

2. ≈”¥—∫™—Èπ çibé Õÿª°√≥å‰øøÑ“∑’Ë· ¥ß —≠≈—°…≥å çibé §◊ÕÕÿª°√≥å∑’Ë„π ¿“æ°“√∑”ß“πª°µ‘

À√◊Õ‡¡◊ËÕ‡°‘¥°√–· ≈—¥«ß®√‡æ’¬ß®ÿ¥‡¥’¬« ®–µâÕß‰¡à‡ªìπ “‡Àµÿ„Àâ “√‰«‰ø‡°‘¥°“√®ÿ¥√–‡∫‘¥‰¥â



11.1 §«“¡√Ÿâ∑—Ë«‰ª„π°“√ àÕß «à“ß

(∑’Ë¡“:  ¡“§¡· ß «à“ß·Ààßª–‡∑»‰∑¬)

§”®”°—¥§«“¡∑’Ë ”§—≠

§à“ø≈—Í°°“√ àÕß «à“ß (Luminous Flux) À¡“¬∂÷ß ª√‘¡“≥· ß «à“ß Àπà«¬‡ªìπ≈Ÿ‡¡π

§à“ª√– ‘∑∏‘º≈ (Efficacy) À¡“¬∂÷ß ª√‘¡“≥· ß∑’ËÕÕ°¡“µàÕ«—µµå∑’Ë„™â (≈Ÿ‡¡πµàÕ«—µµå) À≈Õ¥∑’Ë¡’§à“

ª√– ‘∑∏‘º≈ Ÿß§◊ÕÀ≈Õ¥∑’Ë„Àâª√‘¡“≥· ßÕÕ°¡“¡“°·µà„™â«—µµåµË”

§«“¡∂Ÿ°µâÕß¢Õß ’ (Color Rendering) À¡“¬∂÷ß · ß∑’Ë àÕß‰ª∂Ÿ°«—µ∂ÿ„Àâ§«“¡∂Ÿ°µâÕß¢Õß ’¡“°πâÕ¬

‡æ’¬ß„¥ ¡’Àπà«¬‡ªìπ‡ªÕ√å‡´Áπµå À≈Õ¥∑’Ë¡’§«“¡∂Ÿ°µâÕß 100% À¡“¬§«“¡«à“‡¡◊ËÕ„™âÀ≈Õ¥π’È àÕß «à“ß«—µ∂ÿ™‘ÈπÀπ÷Ëß

·≈â«  ’¢Õß«—µ∂ÿ∑’Ë‡ÀÁπ‰¡à¡’§«“¡‡æ’È¬π¢Õß ’

Õÿ≥À¿Ÿ¡‘ ’ (Color Temperature) À¡“¬∂÷ß  ’¢ÕßÀ≈Õ¥‡∑’¬∫‰¥â°—∫ ’∑’Ë‡°‘¥®“°°“√‡º“«—µ∂ÿ¥”

Õÿ¥¡§µ‘„Àâ√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘π—Èπ ‡™àπÀ≈Õ¥Õ‘π·§π‡¥ ‡´πµå¡’Õÿ≥À¿Ÿ¡‘ ’ª√–¡“≥ 3,000 Õß»“‡§≈«‘π  ’¢Õß· ß

®–‡À¡◊Õπ°—∫°“√‡º“«—µ∂ÿ¥”Õÿ¥¡§µ‘„Àâ√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 3,000 Õß»“‡§≈«‘π

¡ÿ¡Õß»“„π°“√„™âß“πÀ≈Õ¥ (Burning Position) À¡“¬∂÷ß ¡ÿ¡Õß»“„π°“√°“√µ‘¥µ—Èß„™âß“πÀ≈Õ¥

µ“¡§”·π–π”¢ÕßºŸâº≈‘µ

Õ“¬ÿ°“√„™âß“π (Life Time) À¡“¬∂÷ß Õ“¬ÿ°“√„™âß“π¢ÕßÀ≈Õ¥‚¥¬‡©≈’Ë¬ Àπà«¬‡ªìπ™—Ë«‚¡ß

æ◊Èπ∑’Ë√Õ∫¢â“ß (Immediate Surrounding) À¡“¬∂÷ß ¢Õ∫‡¢µæ◊Èπ∑’ËÕ¬à“ßµË” 0.5 ‡¡µ√‚¥¬√Õ∫æ◊Èπ∑’Ë

≥ ®ÿ¥°“√∑”ß“π À√◊Õ ªØ‘∫—µ‘°‘®°√√¡ (Task Area) ´÷ËßÕ¬Ÿà„π√—»¡’¢Õß “¬µ“

√–¥—∫§«“¡ àÕß «à“ß¢—ÈπµË”∑’Ë‡À¡“– ¡ (Em: Maintained Illuminance) À¡“¬∂÷ß √–¥—∫§«“¡ àÕß «à“ß

¢—ÈπµË” (‚¥¬‡©≈’Ë¬) ∑’Ë«—¥‰¥â ·≈–µâÕß§ß‰«â ≥ æ◊Èπ∑’ËÀ√◊Õ®ÿ¥∑”ß“π (Task Area) ¡’Àπà«¬‡ªìπ lx (≈—°´å)
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‡™àπ ‰ø∂ππ ‰ø∫√‘‡«≥ ´÷ËßµâÕß°“√§«“¡ àÕß «à“ßª√–¡“≥ 5-30 ≈—°´å ·≈–Õ“¬ÿ°“√„™âß“πª√–¡“≥ 24,000 ™¡.

¡’¢π“¥«—µµå 50, 70, 100, 150, 250, 400 ·≈– 1,000 «—µµå

À≈Õ¥ª√Õ∑§«“¡¥—π‰Õ Ÿß À√◊Õ∑’Ë™“«∫â“π‡√’¬°«à“À≈Õ¥· ß®—π∑√å ¡’ª√– ‘∑∏‘º≈ ŸßæÕ°—∫À≈Õ¥

ø≈ŸÕÕ‡√ ‡´πµå §◊Õ ¡’ª√– ‘∑∏‘º≈ª√–¡“≥ 50-80 ≈Ÿ‡¡πµàÕ«—µµå · ß∑’ËÕÕ°¡“¡’§«“¡∂Ÿ°µâÕß¢Õß ’ª√–¡“≥ 60%

 à«π„À≠à„™â·∑πÀ≈Õ¥ø≈ŸÕÕ‡√ ‡´πµå‡¡◊ËÕµâÕß°“√«—µµå Ÿß Ê „πæ◊Èπ∑’Ë∑’Ë¡’‡æ¥“π Ÿß Õÿ≥À¿Ÿ¡‘ ’ª√–¡“≥ 4,000-6,000

‡§≈«‘π ·≈â«·µà™π‘¥¢ÕßÀ≈Õ¥ ·≈–Õ“¬ÿ°“√„™âß“πª√–¡“≥ 8,000-24,000 ™¡. ¡’¢π“¥«—µµå 50, 80, 125, 250,

400, 700 ·≈– 1,000 «—µµå

À≈Õ¥‡¡∑—≈Œ“‰≈¥å À≈Õ¥‡¡∑—≈Œ“‰≈¥å°Á‡À¡◊Õπ°—∫À≈Õ¥ª≈àÕ¬ª√–®ÿÕ◊Ëπ Ê ·µà¡’¢âÕ¥’µ√ß∑’Ë¡’ ‡ª°µ√—¡

· ß∑ÿ° ’ ∑”„Àâ ’∑ÿ°™π‘¥‡¥àπ¿“¬„µâÀ≈Õ¥™π‘¥π’È πÕ°®“°§«“¡∂Ÿ°µâÕß¢Õß ’ Ÿß·≈â« · ß∑’ËÕÕ°¡“°ÁÕ“®¡’µ—Èß·µà

3,000-4,500 ‡§≈«‘π (¢÷ÈπÕ¬Ÿà°—∫¢π“¥¢Õß«—µµå)  à«π„À≠àπ‘¬¡„™â°—∫ π“¡°’Ã“∑’Ë¡’°“√∂à“¬∑Õ¥‚∑√∑—»πå ¡’Õ“¬ÿ

°“√„™âß“πª√–¡“≥ 6,000-9,000 ™¡. ·≈–¡’¢π“¥«—µµå 100, 125, 250, 300, 400, 700 ·≈– 1,000 «—µµå

11.2 §à“§«“¡ àÕß «à“ß∑’Ë·π–π”

11.2.1 √–¥—∫§«“¡ àÕß «à“ß ”À√—∫æ◊Èπ∑’Ë ≥ ®ÿ¥∑”ß“π À√◊ÕªØ‘∫—µ‘°‘®°√√¡

§à“√–¥—∫§«“¡ àÕß «à“ß∑’Ë√–∫ÿ‰«â„πµ“√“ß∑’Ë 11.2 ‡ªìπ§à“√–¥—∫§«“¡ àÕß «à“ß ”À√—∫æ◊Èπ∑’Ë ≥ ®ÿ¥∑”ß“π

À√◊ÕªØ‘∫—µ‘°‘®°√√¡∫πæ◊Èπ∑’Ëº‘«∑’ËÕâ“ß∂÷ß ´÷ËßÕ“®‡ªìπæ◊Èπº‘«„π·π«√–π“∫ ·π«µ—Èß À√◊Õ·π«‡Õ’¬ß §à“„πµ“√“ß„™â‰¥â

°—∫°“√„™â “¬µ“‚¥¬∑—Ë«‰ª ‚¥¬æ‘®“√≥“Õß§åª√–°Õ∫¥—ßµàÕ‰ªπ’È

1. §«“¡µâÕß°“√¢Õß°“√„™â “¬µ“  ”À√—∫°“√∑”ß“πÀ√◊ÕªØ‘∫—µ‘°‘®°√√¡

2. §«“¡ª≈Õ¥¿—¬

3. §«“¡ ∫“¬¢Õß “¬µ“

4. §«“¡‡À¡“– ¡∑“ß‡»√…∞»“ µ√å

5. ª√– ∫°“√≥å„π∑“ßªØ‘∫—µ‘

°“√µ‘¥µ—ÈßÕ“®ª√—∫µ—Èß„Àâ¡’§à“√–¥—∫§«“¡ àÕß «à“ß ŸßÀ√◊ÕµË”°«à“§à“∑’Ë·π–π”‰¥â µ“¡√–¥—∫¢—Èπ¡“µ√∞“π

√–¥—∫§«“¡ àÕß «à“ß (Scale of Illuminance) „π°√≥’∑’ËÕß§åª√–°Õ∫¢Õß°“√„™â “¬µ“·µ°µà“ß‰ª®“°¢âÕ ¡¡µ‘∞“π

ª°µ‘∑’Ë°≈à“«¡“·≈â«

11.2.2 √–¥—∫§«“¡ àÕß «à“ß¢Õßæ◊Èπ∑’Ë‚¥¬√Õ∫ (Immediate Surroundings)

√–¥—∫§«“¡ àÕß «à“ß¢Õßæ◊Èπ∑’Ë‚¥¬√Õ∫®–µâÕß —¡æ—π∏å°—∫√–¥—∫§«“¡ àÕß «à“ß¢Õßæ◊Èπ∑’Ë ≥ ®ÿ¥∑”ß“π

À√◊ÕªØ‘∫—µ‘°‘®°√√¡ ·≈–§«√®–∑”„Àâ‡°‘¥§«“¡ ¡¥ÿ≈¢Õß°“√°√–®“¬§«“¡ «à“ß (Illuminance Distribution)

„π¢Õ∫‡¢µ¢Õß·π« “¬µ“
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æ◊Èπ∑’Ëπ—Ëß√Õ 200 22 80

ÀâÕß‡°Á∫°√–‡ªÜ“‡¥‘π∑“ß 200 28 60

æ◊Èπ∑’Ë§«∫§ÿ¡¢Õß‡®â“Àπâ“∑’Ë√—°…“§«“¡ª≈Õ¥¿—¬ 300 19 80

ÀÕ§«∫§ÿ¡®√“®√∑“ßÕ“°“» 500 16 80 1. √–∫∫°“√ àÕß «à“ß§«√®– “¡“√∂ª√—∫À√’Ë
   · ß‰¥â
2. À≈’°‡≈’Ë¬ß· ß∫“¥µ“®“°· ß·¥¥

æ◊Èπ∑’Ë∑¥ Õ∫µ√«®´àÕ¡Õ“°“»¬“π 500 22 80

∑¥ Õ∫‡§√◊ËÕß¬πµå ‡§√◊ËÕß«—¥ ”À√—∫Õ“°“»¬“π 

æ◊Èπ∑’Ë™“π™“≈“ ∂“π’ ”À√—∫ºŸâ‚¥¬ “√

¢÷Èπ√∂‰ø („µâ¥‘π) 50 28 40

æ◊Èπ∑’Ë¢“¬µ—Î«‚¥¬ “√ 300 19 80

æ◊Èπ∑’Ëπ—Ëß√Õ 200 22 80

31.  «—¥ ‚∫ ∂å

æ◊Èπ∑’Ë‚¥¬√Õ∫ 100 25 80

∑’Ëπ—Ëß ·∑àπ∫Ÿ™“ ·∑àπ¬◊π π—Ëß‡∑»πå 300 22 80

°“√ àÕß‡πâπ (æ√–æÿ∑∏√Ÿª æ√–√Ÿª) 750 90 ª√–¡“≥ 3 ‡∑à“¢Õß· ß «à“ß√Õ∫¢â“ß

ª√–‡¿∑¢Õßæ◊Èπ∑’Ë·≈–°‘®°√√¡ À¡“¬‡ÀµÿUGRL Ra(min)Em lux

µ“√“ß∑’Ë 11.2  (µàÕ)

Service value
of illuminance

100 hrs
value

2,000 hrs
value

100 hrs
value

Minimum value
of illuminance

Clean 0.9 0.8

Average 0.8 0.7

Dirty 0.7 0.6

Clean 0.9 0.9

Average 0.8 0.8

Dirty 0.7 0.7

Clean 0.85 07

Average 0.75 0.6

Dirty 0.6 0.5

0.9

1.0

0.8

Recommended
illuminance

Lamp
luminous flux

Lamp lumen
maintenance factor

Room
category

Luminaire and
room surface

dirt maintenance
factor

Total
maintenance factor

11.3 Maintenance Factor

µ“√“ß∑’Ë 11.3  Maintenance Factor (‡ªìπ§à“·π–π” ”À√—∫°√≥’∑’Ë‰¡à¡’¢âÕ¡Ÿ≈®“°ºŸâº≈‘µ)
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11.4 Àπà«¬∑’Ë„™âß“π„π√–∫∫‰øøÑ“· ß «à“ß

Luminous Energy Q Q  =  ∫Φdt lumen-hour lm.h
(Quantity of Light) lumen-second lm.s
Luminous Flux  Φ Φ  =  dQ/dt lumen lm
Luminous Exitance M M  =  dΦ/dA lumen per square metre lm/m2

Illuminance E E  =  dΦ/dA lux lx
Luminous Intensity I I  =  dΦ/dΩ candela cd
(Candlepower) (Ω  =  Solid angle through which

flux from point source is radiated)
Luminance L L  =  dI/dA cos Θ candela per square cd/m2

(Θ  =  Angle between line of sight metre
and normal to surface considered)

Luminous Efficacy K K  =  Φv/Φe lumen per watt lm/W
Luminous Efficiency V V  =  K/Kmax (percentage) 

(Kmax  =  Maximum value of K (λ)
function)

Scalar Illuminance Esc Esc  =  ∫E/4πdW lux lx
Light Exposure H H  =  dQ/dA lux-second lx.s

Standard Units Symbols and Defining Equations for Photometric Quantities

Quantity Symbol Defining Equation Unit
Symbolic

Abbreviation

Radiant Energy Q joule J
kilowatt-hour kWh

Radiant Flux Φ Φ  =  dQ/dt watt W
joule persecond J/s

Radiant Exitance M M  =  dΦ/dA watt per square metre W/m2

Irradiance E E  =  dΦ/dA watt per square metre W/m2

Radiant Intensity I I  =  dΦ/dΩ watt per steradian W/sr
(Ω  =  Solid angle through which
flux from point source is radiated)

Radiance L L  =  dI/dA cos Θ watt per steradian and W/sr.m2

(Θ  =  Angle between line of sight square metre
and normal to surface considered)

Absorptance α α = dΦa/dΦo* (numerical ratio)
Reflectance   = dΦr/dΦo* (numerical ratio)
Transmittance τ τ = dΦt/dΦo* (numerical ratio)
Radiant Exposure H H = dQ/dA joule per square metre J/m2

watt-second per square Ws/m2

metre

Standard Units Symbols and Defining Equations for Radiometric Quantities

Quantity Symbol Defining Equation Unit
Symbolic

Abbreviation

* Φa = Absorbed flux,   Φr =  Reflected  flux,   Φt =  Transmitted flux,   Φo =  Incident flux
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11.5 °“√„Àâ§«“¡ àÕß «à“ß·∫∫µà“ß Ê

I. Indirect IV. Direct-indirect

II. Semi-indirect V. Semidirect

III. General Diffuse VI. Direct
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11.6 Utilization Factors

(·À≈àß∑’Ë¡“: Àπ—ß ◊Õ Interior lighting design, D.W. Durrant, F. Illum, E.S.)

Reflectance % 

Basic

DLOR

%

Ceiling

Walls 50 30 10 50 30 10 50 30 10

Room
Index

70 50 30Description of Luminaire,

and Typical Downward

Light Output Ratio %

Typical Outline

(M)
Reflectorized
colour-corrected
mercury lamp
MBFR

85 0.6 0.4 0.34 0.3 0.39 0.33 0.29 0.37 0.32 0.29
0.8 0.53 0.46 0.41 0.51 0.45 0.4 0.49 0.43 0.4
1 0.62 0.55 0.49 0.58 0.52 0.48 0.56 0.51 0.46
1.25 0.68 0.6 0.55 0.64 0.58 0.53 0.61 0.56 0.51
1.5 0.72 0.65 0.59 0.68 0.62 0.57 0.65 0.59 0.54
2 0.81 0.73 0.67 0.75 0.69 0.64 0.69 0.65 0.61
2.5 0.85 0.78 0.72 0.79 0.73 0.69 0.73 0.68 0.65
3 0.9 0.83 0.78 0.83 0.78 0.75 0.77 0.73 0.7
4 0.94 0.89 0.84 0.87 0.83 0.8 0.8 0.77 0.75
5 0.97 0.92 0.89 0.9 0.87 0.84 0.83 0.79 0.77

(F)
Open-end enamel
trough

(F)
Closed-end enamel
trough

(T)
Standard dispersive
industrial reflector

75 0.6 0.36 0.31 0.28 0.35 0.31 0.28 0.35 0.31 0.28
0.8 0.45 0.4 0.37 0.44 0.4 0.37 0.44 0.4 0.37
1 0.49 0.45 0.4 0.49 0.44 0.4 0.48 0.43 0.4
1.25 0.55 0.49 0.46 0.53 0.49 0.45 0.52 0.48 0.45
1.5 0.58 0.54 0.49 0.57 0.53 0.49 0.55 0.52 0.49
2 0.64 0.59 0.55 0.61 0.58 0.55 0.6 0.56 0.54
2.5 0.68 0.63 0.6 0.65 0.62 0.59 0.64 0.61 0.58
3 0.7 0.65 0.62 0.67 0.64 0.61 0.65 0.63 0.61
4 0.73 0.7 0.67 0.7 0.67 0.65 0.67 0.66 0.64
5 0.75 0.72 0.69 0.73 0.7 0.67 0.7 0.68 0.67
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11.7 ¢âÕ¡Ÿ≈À≈Õ¥‰øøÑ“™π‘¥µà“ß Ê

(·À≈àß∑’Ë¡“: Philips)

Lamp Type Life
Time

Average

Burning
Position

Beam
Spread

Luminous
Intensity

cd

Luminous
Flux
lm

Colour
Rendering

Ra

Colour
Tempera-

ture
ÌK

Lamp
Base

Lamp
Wattage

Supply
Voltage

● STANDARD GLS LAMPS

GLS Clear 25W 220V 25W B22, E27 2700 100 230 - - UNIV 1000 HRS

GLS Clear 40W 220V 40W B22, E27 2700 100 430 - - UNIV 1000 HRS

GLS Clear 60W 220V 60W B22, E27 2700 100 730 - - UNIV 1000 HRS

GLS Clear 100W 220V 100W B22, E27 2700 100 1380 - - UNIV 1000 HRS

GLS Frosted 25W 220V 25W E27 2700 100 230 - - UNIV 1000 HRS

GLS Frosted 40W 220V 40W E27 2700 100 430 - - UNIV 1000 HRS

GLS Frosted 60W 220V 60W E27 2700 100 730 - - UNIV 1000 HRS

GLS Frosted 100W 220V 100W E27 2700 100 1380 - - UNIV 1000 HRS

● ARGENTA SUPERLUX LAMPS

ASL 25W 220V 25W E27 2700 100 215 - - UNIV 1000 HRS

ASL 40W 220V 40W E27 2700 100 400 - - UNIV 1000 HRS

ASL 60W 220V 60W E27 2700 100 670 - - UNIV 1000 HRS

ASL 100W 220V 100W E27 2700 100 1280 - - UNIV 1000 HRS

● DAYLIGHT BLUE LAMPS

DLB 40W 220V 40W E27 2700 100 200 - - UNIV 1000 HRS

DLB 60W 220V 60W E27 2700 100 400 - - UNIV 1000 HRS

DLB 100W 220V 100W E27 2700 100 700 - - UNIV 1000 HRS

● CANDLE LAMPS

Candle Clear 220V 25W E14 2700 100 215 - - UNIV 1000 HRS

Candle Clear 220V 40W E14 2700 100 415 - - UNIV 1000 HRS

Candle Frosted 220V 25W E14 2700 100 215 - - UNIV 1000 HRS

Candle Frosted 220V 25W E27 2700 100 205 - - UNIV 1000 HRS

Candle Frosted 220V 40W E14 2700 100 415 - - UNIV 1000 HRS

Candle Frosted 220V 40W E27 2700 100 395 - - UNIV 1000 HRS

Candle Frosted 220V 40W B15 2700 100 415 - - UNIV 1000 HRS



12.1 °“√·∫àßæ◊Èπ∑’Ë ”À√—∫ÕÕ°·∫∫°“√ªÑÕß°—π

æ◊Èπ∑’Ë∑’ËÕÕ°·∫∫‡æ◊ËÕªÑÕß°—π™’«‘µ Õ“§“√∑’Ë¡’∫ÿ§§≈Õ“»—¬Õ¬Ÿà °“√ÕÕ°·∫∫µâÕß‡πâπ‡√◊ËÕß°“√ªÑÕß°—π™’«‘µ

‡ªìπÀ≈—° Õÿª°√≥åµ√«®®—∫µâÕß∑”ß“π‰¥â‡√Á«∑’Ëπ‘¬¡„™â§◊ÕÕÿª°√≥åµ√«®®—∫§«—π °“√°”Àπ¥æ◊Èπ∑’Ë∑’ËµâÕßÕÕ°·∫∫

‡æ◊ËÕªÑÕß°—π™’«‘µ¡’¥—ßπ’È

1. æ◊Èπ∑’Ë∑“ß‡¥‘π√à«¡Àπ’‰øÀ√◊Õ™àÕß∑“ß‡¥‘π∑’Ë‡¡◊ËÕ‡°‘¥§«—π‰ø®“°‡æ≈‘ß‰À¡â·≈â«‰ª¢«“ß∑“ßÀπ’‰ø

À√◊Õ∑“ßÕÕ°‡™àπ ∑“ß‡¥‘π·∫∫ªî¥ ‡ªìπµâπ

2. æ◊Èπ∑’Ë∑’ËÕ“®‡°‘¥‰øÀ√◊Õ§«—π‰ø≈ÿ°≈“¡‰¥âÕ¬à“ß√«¥‡√Á« ‡™àπÀâÕß‡°Á∫¢Õß¢π“¥‡°‘π 12 µ“√“ß‡¡µ√

ÀâÕß‡°Á∫ “√‰«‰ø ™àÕß‡ªî¥√–À«à“ß™—Èπ (™àÕß∑àÕ À√◊Õ Atrium) ÀâÕß‡§√◊ËÕß àß≈¡ ‡ªìπµâπ ™àÕß‡ªî¥√–À«à“ß™—Èπ·≈–

ÀâÕß‡§√◊ËÕß àß≈¡‡ªìπ à«π∑’Ë§«—π‰ø “¡“√∂°√–®“¬‰ª à«πµà“ß Ê ¢ÕßÕ“§“√‰¥â√«¥‡√Á«

3. æ◊Èπ∑’ËÀ√◊ÕÀâÕß∑’Ë¡’Õÿª°√≥å∑’ËµâÕß„™â„π¬“¡©ÿ°‡©‘π ‡™àπ ÀâÕß‡§√◊ËÕß Ÿ∫πÈ”¥—∫‡æ≈‘ß ÀâÕß‡§√◊ËÕß≈‘øµå

ÀâÕß‡§√◊ËÕßæ—¥≈¡Õ—¥Õ“°“» »Ÿπ¬å —Ëß°“√¥—∫‡æ≈‘ß ÀâÕß§«∫§ÿ¡‰øøÑ“ ÀâÕßÀ¡âÕ·ª≈ß‰øøÑ“ ÀâÕß‡§√◊ËÕß§«∫§ÿ¡§«—π‰ø

æ◊Èπ∑’ËÀ≈∫Õ—§§’¿—¬ ·≈–™àÕß∫—π‰¥Àπ’‰ø·∫∫ªî¥ ‡ªìπµâπ

4. æ◊Èπ∑’ËÕ“»—¬À≈—∫πÕπ ‡™àπ ÀâÕßæ—°„π‚√ß·√¡ ÀâÕßæ—°ºŸâªÉ«¬„π‚√ßæ¬“∫“≈ ÀâÕßπÕπ„πÕ“§“√™ÿ¥

‡ªìπµâπ

æ◊Èπ∑’Ë∑’ËÕÕ°·∫∫‡æ◊ËÕªÑÕß°—π∑√—æ¬å ‘π °“√ÕÕ°·∫∫√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â∑’Ë„™â‡æ◊ËÕªÑÕß°—π™’«‘µ

 “¡“√∂„™â‡æ◊ËÕªÑÕß°—π∑√—æ¬å ‘π‰¥â æ◊Èπ∑’ËπÕ°‡Àπ◊Õ®“°∑’Ë√–∫ÿ„Àâ‡ªìπæ◊Èπ∑’Ë∑’ËÕÕ°·∫∫‡æ◊ËÕªÑÕß°—π™’«‘µ ºŸâÕÕ°·∫∫

 “¡“√∂æ‘®“√≥“‰¥âµ“¡§«“¡‡À¡“– ¡

12

√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â

§àŸ¡◊Õ«‘»
«

°
√
‰
ø
ø
Ñ “

(Õâ“ßÕ‘ß¡“µ√∞“π√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â¢Õß «. .∑.)
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12.2 °“√·∫àßª√–‡¿∑¢ÕßÕ“§“√

1. Õ“§“√¢π“¥‡≈Á° À¡“¬∂÷ß Õ“§“√∑’Ë‰¡à‡¢â“¢à“¬∑’Ë®—¥‡ªìπÕ“§“√¢π“¥„À≠à Õ“§“√¢π“¥„À≠àæ‘‡»…

Õ“§“√ Ÿß À√◊ÕÕ“§“√∑’Ë‡ªìπ∫â“πæ—°Õ“»—¬∑’Ë¡’¢π“¥æ◊Èπ∑’Ë∑—ÈßÀ≈—ß‡°‘π 500 µ“√“ß‡¡µ√ ·µà‰¡à‡°‘π 2,000 µ“√“ß‡¡µ√

À√◊ÕÕ“§“√∑’Ë¡’§«“¡ Ÿßµ—Èß·µà 15.0 ‡¡µ√ ·µà‰¡à∂÷ß 23.0 ‡¡µ√

2. Õ“§“√ Ÿß À¡“¬∂÷ßÕ“§“√∑’Ë∫ÿ§§≈Õ“®‡¢â“Õ¬ŸàÀ√◊Õ‡¢â“„™â Õ¬‰¥â ‚¥¬¡’§«“¡ Ÿßµ—Èß·µà 23.0 ‡¡µ√

¢÷Èπ‰ª °“√«—¥§«“¡ Ÿß¢ÕßÕ“§“√„Àâ«—¥®“°√–¥—∫æ◊Èπ¥‘π∑’Ë°àÕ √â“ß∂÷ßæ◊Èπ¥“¥øÑ“  ”À√—∫Õ“§“√∑√ß®—Ë«À√◊ÕªíôπÀ¬“

„Àâ«—¥®“°√–¥—∫æ◊Èπ¥‘π∑’Ë°àÕ √â“ß∂÷ß¬Õ¥ºπ—ß¢Õß™—Èπ Ÿß ÿ¥

3. Õ“§“√¢π“¥„À≠à À¡“¬∂÷ßÕ“§“√∑’Ë°àÕ √â“ß¢÷Èπ‡æ◊ËÕ„™âÕ“§“√À√◊Õ à«πÀπ÷Ëß à«π„¥¢ÕßÕ“§“√‡ªìπ

∑’ËÕ¬ŸàÕ“»—¬À√◊Õª√–°Õ∫°‘®°“√ª√–‡¿∑‡¥’¬«À√◊ÕÀ≈“¬ª√–‡¿∑ ¡’æ◊Èπ∑’Ë√«¡°—π∑ÿ°™—ÈπÀ√◊Õ™—ÈπÀπ÷Ëß™—Èπ„¥„πÀ≈—ß

‡¥’¬«°—π‡°‘π 2,000 µ“√“ß‡¡µ√ À√◊Õ‡ªìπÕ“§“√∑’Ë¡’§«“¡ Ÿßµ—Èß·µà 15.0 ‡¡µ√¢÷Èπ‰ª·µà‰¡à∂÷ß 23.0 ‡¡µ√ ·≈–

¡’æ◊Èπ∑’ËÕ“§“√√«¡°—π∑ÿ°™—Èπ À√◊Õ™—ÈπÀπ÷Ëß™—Èπ„¥„πÀ≈—ß‡¥’¬«°—π‡°‘π 1,000 µ“√“ß‡¡µ√

4. Õ“§“√¢π“¥„À≠àæ‘‡»… À¡“¬∂÷ßÕ“§“√∑’Ë°àÕ √â“ß¢÷Èπ‡æ◊ËÕ„™âÕ“§“√À√◊Õ à«πÀπ÷Ëß à«π„¥¢ÕßÕ“§“√

‡ªìπ∑’ËÕ¬ŸàÕ“»—¬À√◊Õª√–°Õ∫°‘®°“√ª√–‡¿∑‡¥’¬«À√◊ÕÀ≈“¬ª√–‡¿∑ ‚¥¬¡’æ◊Èπ∑’Ë√«¡°—π∑ÿ°™—ÈπÀ√◊Õ™—ÈπÀπ÷Ëß™—Èπ„¥„π

À≈—ß‡¥’¬«°—πµ—Èß·µà 10,000 µ“√“ß‡¡µ√ ¢÷Èπ‰ª

5.  ∂“πª√–°Õ∫°“√æ‘‡»… À¡“¬∂÷ß ∂“π∑’Ë∑’Ë„™â‡ªìπÕ“§“√À√◊Õ à«πÀπ÷Ëß„πÕ“§“√‡æ◊ËÕª√–‚¬™πå

„π°“√™ÿ¡πÿ¡§π‰¥â‚¥¬∑—Ë«‰ª‡æ◊ËÕ°‘®°√√¡µà“ß Ê ‡™àπ ‚√ß¡À√ æ ÀÕª√–™ÿ¡ ‚√ß·√¡ ‚√ßæ¬“∫“≈  ∂“π»÷°…“

ÀÕ ¡ÿ¥ »Ÿπ¬å°’Ã“ Àâ“ß √√æ ‘π§â“ »Ÿπ¬å°“√§â“  ∂“π∫√‘°“√∫—π‡∑‘ß ∑à“Õ“°“»¬“π  ∂“π’¢π àß·≈–°‘®°√√¡Õ◊Ëπ Ê

∑’Ë¡’≈—°…≥–°“√„™âß“π·∫∫‡¥’¬«°—π

12.3 ·À≈àß®à“¬‰ø¢Õß√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â

æ‘°—¥¢Õß·À≈àß®à“¬‰ø

æ‘°—¥·À≈àß®à“¬‰ø   ≥ º≈√«¡‚À≈¥∑—ÈßÀ¡¥¢Õß·ºß§«∫§ÿ¡·≈–Õÿª°√≥å∑’Ë„™â‰ø®“°·ºß§«∫§ÿ¡

+ °√–·  Ÿß ÿ¥¢Õß‡§√◊ËÕßª√–®ÿ·∫µ‡µÕ√’Ë

‚À≈¥∑’Ë„™â‰ø®“°·ºß§«∫§ÿ¡·∫àß‡ªìπ‚À≈¥∑’Ë„™âß“π„π ¿“«–ª°µ‘ ·≈–„π ¿“«–·®âß‡Àµÿ „π°“√

§”π«≥®–À“‚À≈¥∑—Èß Õß ¿“«–·≈–‡≈◊Õ°„™â§à“∑’Ë¡“°°«à“
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æ‘°—¥¢Õß·À≈àß®à“¬‰ø ”√Õß °“√§”π«≥æ‘°—¥¢Õß·∫µ‡µÕ√’Ë ‡ªìπ¥—ßπ’È

AhREQ   ≥   [(IQ Ó TQ) + (IA Ó 0.25)] Ó 1.25

°”Àπ¥„Àâ

AhREQ = æ‘°—¥∑’ËµâÕß°“√¢Õß·∫µ‡µÕ√’Ë ‡ªìπ·Õ¡·ª√å-™—Ë«‚¡ß

IQ = º≈√«¡°√–· ‰øøÑ“¢Õß‚À≈¥„π ¿“«–„™âß“πª°µ‘ ‡ªìπ·Õ¡·ª√å

TQ = ®”π«π™—Ë«‚¡ß ”√Õß∑’ËµâÕß°“√ (‰¡àµË”°«à“ 24 ™—Ë«‚¡ß)

IA = º≈√«¡°√–· ‰øøÑ“¢Õß‚À≈¥„π ¿“«–·®âß‡Àµÿ ‡ªìπ·Õ¡·ª√å

0.25 = ®”π«π™—Ë«‚¡ß·®âß‡Àµÿ (§à“§ß∑’Ë ‡∑à“°—∫ 15 π“∑’)

12.4 Õÿª°√≥å‡√‘Ë¡ —≠≠“≥

Õÿª°√≥å·®âß‡Àµÿ¥â«¬¡◊Õ (Manual Station) ‡ªìπ «‘µ™å∑’Ë∑”ß“π®“°°“√°¥À√◊Õ¥÷ß¥â«¬∫ÿ§§≈  «‘µ™å

∑—Ë«‰ª®–º≈‘µ‡ªìπ™π‘¥∑’Ë‡¡◊ËÕ∑”°“√°¥À√◊Õ¥÷ß·≈â«®–‰¡à “¡“√∂ª√—∫µ—Èß„À¡à (Reset) ‰¥âßà“¬

Õÿª°√≥å‡√‘Ë¡ —≠≠“≥Õ—µ‚π¡—µ‘ (Automatic Detector) ‡ªìπÕÿª°√≥å∑’Ëµ√«® Õ∫°“√‡°‘¥‡æ≈‘ß‰À¡â

·≈–∑”°“√·®âß —≠≠“≥‰ª∑’Ë·ºß§«∫§ÿ¡‰¥â‚¥¬Õ—µ‚π¡—µ‘‡™àπ Õÿª°√≥åµ√«®®—∫§«—π Õÿª°√≥åµ√«®®—∫§«“¡√âÕπ

Õÿª°√≥åµ√«®®—∫‡ª≈«‡æ≈‘ß Õÿª°√≥åµ√«®®—∫°ä“´  «‘µ™åµ√«®°“√‰À≈ (Water Flow Switch) ·≈–∑àÕ√–∫∫¥—∫‡æ≈‘ß

‡ªìπµâπ

12.5 «ß®√‡√‘Ë¡ —≠≠“≥

«ß®√·∫∫ 2  “¬ Õÿª°√≥å‡√‘Ë¡ —≠≠“≥∑ÿ°µ—«®–µàÕ°—π‡ªìπ·∫∫¢π“π µ—«∑’ËÕ¬Ÿàª≈“¬ ÿ¥®–‡ªìπµ—«

µâ“π∑“π‡√’¬°«à“Õÿª°√≥åª≈“¬ “¬«ß®√ (End-of-line Device) ¡“µ√∞“π NFPA ‡√’¬°«à“‡ªìπ«ß®√·∫∫

Class B

«ß®√·∫∫ 4  “¬ «ß®√·∫∫π’È§«“¡µâ“π∑“πª≈“¬ “¬®–Õ¬Ÿà„π·ºß§«∫§ÿ¡®÷ßµâÕß‡¥‘π “¬¬âÕπ°≈—∫

¡“∑’Ë·ºß§«∫§ÿ¡¥â«¬ √–∫∫®÷ß¡’§«“¡‡™◊ËÕ∂◊Õ‰¥â Ÿß¢÷Èπ «ß®√®–¬—ß§ß “¡“√∂∑”ß“π‰¥â‡¡◊ËÕ‡°‘¥¢—¥¢âÕß‡æ’¬ß®ÿ¥‡¥’¬«

¡“µ√∞“π NFPA ‡√’¬°«à“‡ªìπ«ß®√·∫∫ Class A
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12.6 À≈—°‡°≥±å∑—Ë«‰ª„π°“√·∫àß‚´π

°“√·∫àß‚´πµâÕß§”π÷ß∂÷ß§«“¡ –¥«°„π°“√§âπÀ“®ÿ¥µâπ‡æ≈‘ß °“√§âπÀ“µâÕß∑”‰¥âÕ¬à“ß√«¥‡√Á« °“√

·∫àß‚´π®÷ß§«√„Àâ‚´π‡¥’¬«°—πÕ¬Ÿà„π™—Èπ‡¥’¬«°—π „πæ◊Èπ∑’Ë‡¥’¬«°—π ·≈–Õ¬Ÿà„π‡ âπ∑“ß∑’Ë‡¥‘π∂÷ß°—π‰¥â –¥«°

æ◊Èπ∑’Ë∑’ËµâÕß®—¥‡ªìπ‚´π‡¥’¬«°—π ∂â“æ◊Èπ∑’Ë¢Õß‚´π§√Õ∫§≈ÿ¡¡“°°«à“Àπ÷Ëß‡¢µæ◊Èπ∑’Ë ·π«‡¢µ¢Õß‚´π

µâÕß‡ªìπ·π«‡¢µºπ—ß∑π‰ø¢Õß à«πªî¥≈âÕ¡∑π‰ø À¡“¬§«“¡«à“Õπÿ≠“µ„ÀâÀπ÷Ëß‚´π§√Õ∫§≈ÿ¡æ◊Èπ∑’Ë∑—ÈßÀ¡¥

¢Õß à«πªî¥≈âÕ¡∑π‰ø À√◊Õ§√Õ∫§≈ÿ¡À≈“¬ à«πªî¥≈âÕ¡∑π‰ø À√◊Õæ◊Èπ∑’Ë∑—ÈßÀ¡¥¢Õß ÕßÀ√◊ÕÀ≈“¬‚´πÕ¬Ÿà„π

 à«πªî¥≈âÕ¡∑π‰ø‡¥’¬«°—π ·µà‰¡àÕπÿ≠“µ„Àâæ◊Èπ∑’Ë¢ÕßÀπ÷Ëß‚´π§√Õ∫§≈ÿ¡‡©æ“–∫“ß à«π¢Õß Õß à«πªî¥≈âÕ¡

∑π‰ø À√◊Õæ◊Èπ∑’Ë∫“ß à«π¢Õß Õß‚´π§√Õ∫§≈ÿ¡ à«πªî¥≈âÕ¡∑π‰ø‡¥’¬«°—π

 à«πªî¥≈âÕ¡∑π‰øÀ¡“¬∂÷ß ª√‘¡“µ√ À√◊Õæ◊Èπ∑’Ë À√◊Õ à«π„¥ Ê „πÕ“§“√∑’Ë∂Ÿ°ªî¥≈âÕ¡¥â«¬«— ¥ÿ∑π‰ø

´÷Ëßª√–°Õ∫°—π‡ªìπ à«πªî¥≈âÕ¡¥â«¬ºπ—ß ‡æ¥“π æ◊Èπ ‡ “ §“π ·≈–Õÿª°√≥åÀ√◊Õ«— ¥ÿ∑π‰øµ“¡∑’Ë¡“µ√∞“π

°“√ªÑÕß°—πÕ—§§’¿—¬¢Õß ¡“§¡«‘»«°√√¡ ∂“π·Ààßª√–‡∑»‰∑¬ „πæ√–∫√¡√“™Ÿª∂—¡¿å ©∫—∫≈à“ ÿ¥°”Àπ¥

°“√°”Àπ¥¢π“¥·≈–®”π«π‚´π

¢π“¥·≈–®”π«π‚´π„πÕ“§“√ µâÕß·∫àß„Àâ‡ªìπ‰ªµ“¡¢âÕ°”Àπ¥ ¥—ßπ’È

1. °“√·∫àß‚´πµâÕß‰¡à∑”„Àâ√–¬–§âπÀ“¡“°‡°‘π 30 ‡¡µ√

2. æ◊Èπ∑’Ë·µà≈–‚´π„π™—Èπ‡¥’¬«°—πµâÕß‰¡à‡°‘π 1,000 µ“√“ß‡¡µ√ „π¢≥–‡¥’¬«°—π √–¬–§âπÀ“®–µâÕß

‰¡à‡°‘π 30 ‡¡µ√¥â«¬

3. æ◊Èπ∑’ËÕ“§“√∑—ÈßÀ¡¥À“°¡’¢π“¥‰¡à‡°‘π 500 µ“√“ß‡¡µ√ Õπÿ≠“µ„Àâ®—¥‡ªìπÀπ÷Ëß‚´π‰¥â ∂÷ß·¡â«à“

Õ“§“√¡’À≈“¬™—Èπ

4. Õ“§“√∑’Ë¡’æ◊Èπ∑’Ë∑—ÈßÕ“§“√‡°‘π 500 µ“√“ß‡¡µ√ ·≈–‡°‘π 3 ™—Èπ æ◊Èπ∑’ËÕ“§“√·µà≈–™—Èπ®–µâÕß·∫àß

‡ªìπÕ¬à“ßπâÕ¬Àπ÷Ëß‚´π ·≈–·µà≈–‚´π°Á®–µâÕß§√Õ∫§≈ÿ¡æ◊Èπ∑’Ë‰¡à‡°‘π 1,000 µ“√“ß‡¡µ√¥â«¬

5.  ”À√—∫Õ“§“√ Ÿß §◊ÕÕ“§“√∑’Ë¡’§«“¡ Ÿßµ—Èß·µà 23.0 ‡¡µ√ ¢÷Èπ‰ª Õÿª°√≥åµ√«®®—∫∑’Ëµ‘¥µ—Èß„π™àÕß

∫—π‰¥™àÕß‡ªî¥µà“ß Ê „Àâ°”Àπ¥‡ªìπ‚´πÕ‘ √– ”À√—∫·µà≈–™àÕß∫—π‰¥À√◊Õ™àÕß‡ªî¥µà“ß Ê Àâ“¡π”æ◊Èπ∑’Ë„π à«π∑’Ë

‡ªìπ™àÕß∫—π‰¥‰ª√«¡‡ªìπ‚´π‡¥’¬«°—∫æ◊Èπ∑’ËÕ◊Ëπ∑—Ë«‰ª

6. æ◊Èπ∑’ËÀ√◊ÕÀâÕß∑’Ë¡’Õ—πµ√“¬‡ªìπæ‘‡»… ‡™àπ ÀâÕß‡§√◊ËÕß‰øøÑ“ ÀâÕß‡§√◊ËÕß®—°√°≈∑ÿ°ª√–‡¿∑ ÀâÕß

‡°Á∫ “√‰«‰øÀ√◊Õ‡™◊ÈÕ‡æ≈‘ß ‡ªìπµâπ µâÕß·¬°‡ªìπ‚´πÕ‘ √– ”À√—∫·µà≈–æ◊Èπ∑’ËÀ√◊ÕÀâÕß

7. ÀâÕßÀ√◊Õ‚∂ßª≈Õ¥§«—π‰øÀπâ“≈‘øµå¥—∫‡æ≈‘ß ‡ âπ∑“ßÀπ’‰ø æ◊Èπ∑’Ë∫πΩÑ“‡æ¥“π æ◊Èπ∑’Ë„µâæ◊Èπ¬°

√–¥—∫ ·≈–æ◊Èπ∑’Ë„µâÀ≈—ß§“ ´÷Ëß∂Ÿ°°”Àπ¥„Àâµ‘¥µ—ÈßÕÿª°√≥åµ√«®®—∫ µâÕß·¬°‡ªìπ‚´πÕ‘ √–·µà≈–æ◊Èπ∑’ËÀ√◊ÕÀâÕß
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√–¬–§âπÀ“ (Searching Distance)

√–¬–§âπÀ“À¡“¬∂÷ß √–¬–∑“ß¢Õß°“√‡¥‘π§âπÀ“®ÿ¥µâπ‡æ≈‘ß π—∫µ—Èß·µà®ÿ¥‡√‘Ë¡µâπ∑“ß‡¢â“¢Õß‚´πµ√«®

®—∫π—Èπ Ê ®π°√–∑—Ëß‡ÀÁπ®ÿ¥µâπ‡æ≈‘ß

12.7 Õÿª°√≥åµ√«®®—∫‡æ≈‘ß‰À¡â

12.7.1 Õÿª°√≥åµ√«®®—∫§«“¡√âÕπ

‡ªìπÕÿª°√≥å∑’Ë„™â ”À√—∫µ√«®®—∫§«“¡√âÕπ¢Õß«—µ∂ÿ∑’Ë∂Ÿ°‰ø‰À¡â §«“¡√âÕπ®“°°“√‡º“‰À¡â¢Õß«—µ∂ÿ

Õÿª°√≥åµ√«®®—∫§«“¡√âÕπ “¡“√∂µ√«®®—∫°“√‡°‘¥‡æ≈‘ß‰À¡â∑’Ë„Àâ§«“¡√âÕπ ŸßÕ¬à“ß√«¥‡√Á«·≈–¡’§«—ππâÕ¬‰¥â

‡√Á«°«à“Õÿª°√≥åµ√«®®—∫§«—π ·µàÕÿª°√≥åµ√«®®—∫§«“¡√âÕπ‰¡à∂◊Õ‡ªìπÕÿª°√≥åµ√«®®—∫‡æ◊ËÕªÑÕß°—π™’«‘µ „π°“√

ÕÕ°·∫∫µ‘¥µ—Èß®÷ß„™â‡æ◊ËÕªÑÕß°—π∑√—æ¬å ‘π‡∑à“π—Èπ À√◊Õ„™â‡æ◊ËÕªÑÕß°—π‡æ‘Ë¡‡µ‘¡®“°Õÿª°√≥åµ√«®®—∫§«—π°Á‰¥â

1. √–¬–Àà“ß·≈–µ”·Àπàßµ‘¥µ—ÈßÕÿª°√≥åµ√«®®—∫§«“¡√âÕπ Õÿª°√≥åµ√«®®—∫§«“¡√âÕπµâÕßµ‘¥µ—Èß

„πµ”·Àπàß∑’Ë¡’√–¥—∫§«“¡ Ÿß‰¡à‡°‘π 4.0 ‡¡µ√ ·≈–Àâ“¡µ‘¥µ—Èß„™âß“π„πæ◊Èπ∑’ËÀ√◊Õ∑“ß‡¥‘π√à«¡Àπ’‰ø

2. √–¬–Àà“ß√–À«à“ßÕÿª°√≥åµ√«®®—∫ ”À√—∫‡æ¥“πÀ√◊Õæ◊Èπº‘«·π«√“∫ Õÿª°√≥åµ√«®®—∫µâÕßµ‘¥µ—Èß

„Àâ “¡“√∂µ√«®®—∫°“√‡°‘¥‡æ≈‘ß‰À¡â‰¥â√«¥‡√Á« §√Õ∫§≈ÿ¡æ◊Èπ∑’Ë∑’ËµâÕß°“√ªÑÕß°—π Õÿª°√≥åµ√«®®—∫®–¡’√—»¡’°“√

µ√«®®—∫‰¡à‡°‘π 5.1 ‡¡µ√ ‡¡◊ËÕ‡¢’¬π«ß°≈¡„Àâ§√Õ∫§≈ÿ¡æ◊Èπ∑’Ë ’Ë‡À≈’Ë¬¡∑—ÈßÀ¡¥®–‰¥â√–¬–Àà“ß√–À«à“ßÕÿª°√≥å

µ√«®®—∫‰¡à‡°‘π 7.2 ‡¡µ√  ”À√—∫∫√‘‡«≥™àÕß∑“ß‡¥‘π∑’Ë¡’§«“¡°«â“ß‰¡à‡°‘π 3.6 ‡¡µ√ ®–‰¥â√–¬–Àà“ß√–À«à“ß

Õÿª°√≥åµ√«®®—∫‰¡à‡°‘π 9.5 ‡¡µ√  ”À√—∫æ◊Èπ∑’Ë∑’Ë¡’√Ÿª√à“ß‡ªìπ√Ÿª ’Ë‡À≈’Ë¬¡„¥ Ê ®– “¡“√∂°”Àπ¥µ”·Àπàß

µ‘¥µ—Èß‰¥â‚¥¬„™âÀ≈—°°“√‡¥’¬«°—∫¢â“ßµâπ

3. √–¬–Àà“ß√–À«à“ßÕÿª°√≥åµ√«®®—∫ ”À√—∫‡æ¥“πÀ√◊Õæ◊Èπº‘«‡Õ’¬ß ‡¡◊ËÕÕÿª°√≥åµ√«®®—∫§«“¡√âÕπ

µ‘¥µ—Èß°—∫‡æ¥“πÀ√◊Õæ◊Èπº‘«∑’Ë¡’≈—°…≥–≈“¥‡Õ’¬ß∑’Ë¡’√–¥—∫§«“¡≈“¥‡Õ’¬ßµ—Èß·µà 1 µàÕ 20 ¢÷Èπ‰ª √–¬–Àà“ß

√–À«à“ßÕÿª°√≥åµ√«®®—∫∑’Ë«—¥„π·π«πÕπ ‡ªìπ¥—ßπ’È

(1) √–¬–Àà“ßµ“¡·π«¬“«∑’Ë¢π“π‰ª°—∫®—Ë«À≈—ß§“ ·∂«∑’Ë∫√‘‡«≥®—Ë«À≈—ß§“ µâÕßÀà“ß°—π‰¡à‡°‘π 7.2 ‡¡µ√

(2) ·∂«¢ÕßÕÿª°√≥åµ√«®®—∫∑’ËÕ¬Ÿà≈à“ß ÿ¥ („°≈â™“¬§“) µâÕßÕ¬ŸàÀà“ß‰¡à‡°‘π 7.2 ‡¡µ√ ®“°ºπ—ßÀ√◊Õ

©“°°—Èπ·≈–®“°·∂«¢ÕßÕÿª°√≥åµ√«®®—∫∑’ËÕ¬Ÿà„°≈â°—π ·≈–µâÕß¡’√–¬–Àà“ß√–À«à“ßÕÿª°√≥åµ√«®®—∫„π·π«‡¥’¬«°—π

‰¡à‡°‘π 14.4 ‡¡µ√ °“√«—¥√–¬–Àà“ß„Àâ«—¥µ“¡·π«√–¥—∫ Àâ“¡«—¥µ“¡·π«‡Õ’¬ß¢Õß‡æ¥“πÀ√◊ÕÀ≈—ß§“

(3) ·∂«¢ÕßÕÿª°√≥åµ√«®®—∫∑’ËÕ¬Ÿà√–À«à“ß·∂«∫π ÿ¥°—∫·∂«∑’ËÕ¬Ÿà≈à“ß ÿ¥ µâÕß¡’√–¬–Àà“ß√–À«à“ß

Õÿª°√≥å‰¡à‡°‘π 14.4 ‡¡µ√ ·≈–¡’√–¬–Àà“ß√–À«à“ß·∂«‰¡à‡°‘π 7.2 ‡¡µ√
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12.8 Õÿª°√≥å·®âß‡Àµÿ

§«“¡¥—ß‡ ’¬ß∑’ËµâÕß°“√ Õÿª°√≥å·®âß‡Àµÿ¥â«¬‡ ’¬ß®–µâÕß¡’‡ ’¬ß¥—ß‡æ’¬ßæÕ∑’Ë®– àß —≠≠“≥‡µ◊Õπ

ºŸâÕ“»—¬„Àâ∑√“∫ °√≥’∑’Ë„™â‡ªìπ‡§√◊ËÕß°”‡π‘¥‡ ’¬ßÕ‘‡≈Á°∑√Õπ‘° å∑’Ë„Àâ —≠≠“≥‡ ’¬ßÕæ¬æ „π ∂“π∑’Ë„¥ Ê ∑’Ë¡’‡ ’¬ß

 —≠≠“≥ §«“¡¥—ß¢Õß‡ ’¬ß —≠≠“≥µâÕß¥—ß°«à“‡ ’¬ß√∫°«π‡©≈’Ë¬‰¡àπâÕ¬°«à“ 10 ‡¥´‘‡∫≈ (dBA) ‡ªìπ√–¬–‡«≈“

‰¡àπâÕ¬°«à“ 60 «‘π“∑’ ·≈–√–¥—∫§«“¡¥—ß¢Õß‡ ’¬ß∑’Ë®ÿ¥„¥ Ê µâÕß‰¡àπâÕ¬°«à“ 65 ‡¥´‘‡∫≈ ·≈–‰¡à‡°‘π 105 ‡¥´‘‡∫≈

°“√µ‘¥µ—Èß®÷ßµâÕß°√–®“¬„ÀâÕ¬Ÿà„πµ”·Àπàß∑’Ë‡À¡“– ¡∑—Ë«∑—Èßæ◊Èπ∑’Ë  ”À√—∫ —≠≠“≥‡ ’¬ß∑’ËµâÕß°“√ª≈ÿ°ºŸâÕ¬ŸàÕ“»—¬

∑’Ë°”≈—ßÀ≈—∫Õ¬Ÿà µâÕß¡’√–¥—∫§«“¡¥—ß¢Õß‡ ’¬ß‰¡àπâÕ¬°«à“ 70 ‡¥´‘‡∫≈ °“√«—¥§«“¡¥—ß‡ ’¬ß„Àâ«—¥„πµ”·Àπàß´÷Ëß

µâÕß°“√„Àâ‰¥â¬‘π‡ ’¬ß ∑’ËÕ¬ŸàÀà“ß®“°·À≈àß°”‡π‘¥‡ ’¬ß¡“°∑’Ë ÿ¥  ”À√—∫„π ∂“π∑’ËÀ≈—∫πÕπ„Àâ«—¥„πµ”·Àπàß∑’ËÀ≈—∫Õ¬Ÿà

 ”À√—∫ ∂“π∑’Ë´÷Ëß§à“‡©≈’Ë¬¢Õß√–¥—∫‡ ’¬ß√∫°«π¡“°°«à“ 95 ‡¥ ‘́‡∫≈ À√◊Õ„π ∂“π∑’Ë∑’Ë„™âÕÿª°√≥å·®âß

‡Àµÿ¥â«¬‡ ’¬ß·≈â«¡’ªí≠À“ ‡™àπÀâÕßºŸâªÉ«¬  ∂“π∑’Ë ”À√—∫ºŸâ¡’ªí≠À“°“√‰¥â¬‘π µâÕßµ‘¥µ—ÈßÕÿª°√≥å·®âß‡Àµÿ¥â«¬

· ß·∑π „π∫“ß ∂“π∑’ËÕ“®µ‘¥µ—Èß∑—Èß Õß·∫∫

°“√µ‘¥µ—Èß µâÕß®—¥„Àâ¡’°√–¥‘ËßÕ¬à“ßπâÕ¬Àπ÷Ëßµ—«∑’Ë¿“¬πÕ°Õ“§“√ ·≈–°√–¥‘Ëßπ’ÈµâÕß “¡“√∂‰¥â¬‘πÀ√◊Õ

·≈–‡ÀÁπ‰¥â∑’Ë∑“ß‡¢â“À≈—°¢ÕßÕ“§“√ ·≈–µâÕß„ÀâÕ¬Ÿà„°≈â°—∫∑“ß‡¢â“Õ“§“√∑’Ë‡®â“Àπâ“∑’Ë¥—∫‡æ≈‘ß®–‡¥‘πºà“π‡æ◊ËÕ‰ª¥Ÿ

·ºß§«∫§ÿ¡·®âß‡Àµÿ‡æ≈‘ß‰À¡â °“√µ‘¥µ—ÈßÕÿª°√≥å·®âß‡Àµÿ§«√ªØ‘∫—µ‘µ“¡§”·π–π”¢ÕßºŸâº≈‘µ ·≈–µ‘¥µ—Èß„π

µ”·Àπàß∑’Ë‡ÀÁπ‰¥â™—¥‡®π ¡’‡ ’¬ß¥—ß‰¥â∑—Ë«∑—Èßæ◊Èπ∑’Ë °“√µ‘¥µ—Èß≈”‚æß “¡“√∂µ‘¥µ—Èß‰¥â∑—Èß∑’Ë‡æ¥“π·≈–∑’Ëºπ—ß  ”À√—∫

°“√µ‘¥µ—Èß∑’Ëºπ—ß ∂â“‡æ¥“π ŸßæÕ§«√µ‘¥µ—Èß∑’Ë§«“¡ Ÿß‰¡àπâÕ¬°«à“ 2.30 ‡¡µ√ ·≈–Àà“ß®“°‡æ¥“π‰¡àπâÕ¬°«à“

150 ¡‘≈≈‘‡¡µ√ (NFPA 72)

°“√·®âß‡Àµÿ¥â«¬· ß §◊Õ°“√ àß —≠≠“≥‡µ◊Õπ¥â«¬· ß°√–æ√‘∫∑’Ë¡’§«“¡ «à“ß‡æ’¬ßæÕ∑’Ë®–°√–µÿâπ

‡µ◊Õπ„ÀâºŸâÕ“»—¬„πÕ“§“√∑√“∫°“√‡°‘¥‡Àµÿ  ∂“π∑’Ë∑’Ë¡’§«“¡®”‡ªìπµâÕß„™âÕÿª°√≥å·®âß‡Àµÿ¥â«¬· ß§◊Õ ∫√‘‡«≥

∑’Ë¡’‡ ’¬ß√∫°«π¥—ß¡“° °“√°√–µÿâπ‡µ◊Õπ¥â«¬‡ ’¬ßÕ“®‰¡à‡æ’¬ßæÕ ®÷ß„™â„πæ◊Èπ∑’Ë∑’Ë¡’‡ ’¬ß¥—ß‡°‘π 95 ‡¥´‘‡∫≈ ·≈–

∫√‘‡«≥∑’Ë°“√„™âÕÿª°√≥å·®âß‡Àµÿ¥â«¬‡ ’¬ßÕ“®¡’ªí≠À“‡™àπ ÀâÕßºŸâªÉ«¬  ∂“π∑’Ë ”À√—∫ºŸâ¡’ªí≠À“°“√‰¥â¬‘π µâÕß¡’

°“√·®âß‡Àµÿ¥â«¬Õÿª°√≥å·®âß‡Àµÿ¥â«¬· ß Õÿª°√≥å·®âß‡Àµÿ¥â«¬· ß®–„™â‡ªìπ· ß ’¢“«°√–æ√‘∫¥â«¬Õ—µ√“ 1-2

§√—ÈßµàÕ«‘π“∑’

√–¬–Àà“ß„π°“√µ‘¥µ—Èß Õÿª°√≥å·®âß‡Àµÿ¥â«¬· ßµâÕßµ‘¥µ—Èß„πµ”·Àπàß∑’Ë¡Õß‡ÀÁπ‰¥âßà“¬„π∑ÿ°æ◊Èπ∑’Ë ·≈–

§√Õ∫§≈ÿ¡∑—Ë«∑—Èßæ◊Èπ∑’Ë √–¬–Àà“ß√–À«à“ßÕÿª°√≥å·®âß‡Àµÿ¢÷ÈπÕ¬Ÿà°—∫§«“¡‡¢â¡· ß¢ÕßÕÿª°√≥å ·µàµâÕß‰¡à‡°‘π 30 ‡¡µ√

°“√µ‘¥µ—ÈßÕÿª°√≥å·®âß‡Àµÿ¥â«¬· ßµ“¡∑’Ë°”Àπ¥„π¡“µ√∞“π√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â °”Àπ¥„Àâ·∫àß

æ◊Èπ∑’Ë§√Õ∫§≈ÿ¡ÕÕ°‡ªìπ ’Ë‡À≈’Ë¬¡®—µÿ√—  Õÿª°√≥å∑’Ë¡’§«“¡‡¢â¡· ß Ÿß®–§√Õ∫§≈ÿ¡æ◊Èπ∑’Ë¢π“¥„À≠à°«à“∑’Ë¡’

§«“¡‡¢â¡· ßµË”

 ”À√—∫®”π«πÕÿª°√≥å·®âß‡Àµÿ¥â«¬· ß∑’Ë√–¥—∫§«“¡‡¢â¡· ßµà“ß Ê ´÷Ëßµ‘¥µ—Èß„πæ◊Èπ∑’Ë¢π“¥µà“ß Ê

‡ªìπ‰ªµ“¡∑’Ë°”Àπ¥„πµ“√“ß∑’Ë 12.1
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12.9 °“√µ√«® Õ∫ ∑¥ Õ∫ ·≈–∫”√ÿß√—°…“

µ“√“ß∑’Ë 12.3  §«“¡∂’Ë„π°“√µ√«® Õ∫Õÿª°√≥å√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â

1 Õÿª°√≥å·®âß‡Àµÿ

(°) ‡ ’¬ß ·≈–≈”‚æß X X

 (¢) · ß X X

2 ·∫µ‡µÕ√’Ë (‡ª≈’Ë¬π„À¡à‡¡◊ËÕ®”‡ªìπ)

(°) ™π‘¥πÈ”°√¥

- ∑¥ Õ∫‡§√◊ËÕßª√–®ÿ X X

      - ∑¥ Õ∫°“√§“¬ª√–®ÿ (30 π“∑’) X X

- ∑¥ Õ∫§à“·√ß¥—π¢≥–¡’‚À≈¥ X X

- ∑¥ Õ∫§«“¡∂à«ß®”‡æ“–πÈ”°√¥ X X

(¢) ™π‘¥π‘°‡°‘≈-·§¥‡¡’¬¡

- ∑¥ Õ∫‡§√◊ËÕßª√–®ÿ X X

      - ∑¥ Õ∫°“√§“¬ª√–®ÿ (30 π“∑’) X X

      - ∑¥ Õ∫§à“·√ß¥—π¢≥–¡’‚À≈¥ X X

(§) ·∫µ‡µÕ√’Ë·Àâßª∞¡¿Ÿ¡‘     

      - ∑¥ Õ∫§à“·√ß¥—π¢≥–¡’‚À≈¥ X X

 (ß) ™π‘¥πÈ”°√¥·∫∫ªî¥     

      - ∑¥ Õ∫‡§√◊ËÕßª√–®ÿ X X

      - ∑¥ Õ∫°“√§“¬ª√–®ÿ (30 π“∑’) X X

      - ∑¥ Õ∫§à“·√ß¥—π¢≥–¡’‚À≈¥ X X

3 µ—«π”/‚≈À– X

4 µ—«π”/Õ‚≈À– X

5 ∫√‘¿—≥±å§«∫§ÿ¡: √–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â ™π‘¥¡’

¡Õπ‘‡µÕ√å ”À√—∫ —≠≠“≥·®âß‡Àµÿ§«∫§ÿ¡·≈–

 —≠≠“≥¢—¥¢âÕß

 (°) °“√∑”ß“π X X

 (¢) øî« å X X

 (§) ∫√‘¿—≥±å‡™◊ËÕ¡‚¬ß X X

≈”¥—∫∑’Ë √“¬°“√ µ√«®´È”

¢—Èπµâπ

ª√–®”

‡¥◊Õπ

∑ÿ°

3 ‡¥◊Õπ
∑ÿ°§√÷Ëßªï ª√–®”ªï
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12.10  à«πª√–°Õ∫¢Õß√–∫∫ ”À√—∫Õ“§“√¢π“¥µà“ß Ê

¡“µ√∞“π√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â¡’¢âÕ°”Àπ¥„Àâ·µà≈–¢π“¥¢ÕßÕ“§“√µâÕß¡’Õÿª°√≥å√–∫∫·®âß‡Àµÿ

‡æ≈‘ß‰À¡âÕ¬à“ßπâÕ¬ ¥—ßπ’È

1. ∫â“πÕ¬ŸàÕ“»—¬À√◊ÕÕ“§“√ ∑’Ë¡’æ◊Èπ∑’ËÕ“§“√√«¡°—π∑—ÈßÀ≈—ß‰¡à‡°‘π 500 µ“√“ß‡¡µ√·≈–¡’§«“¡ Ÿß‰¡à‡°‘π

15.00 ‡¡µ√

Õπÿ≠“µ„Àâ„™âÕÿª°√≥å∑’Ë¡’∑—Èß à«πµ√«®®—∫·≈– à«π·®âß‡ÀµÿÕ¬Ÿà„πµ—«‡¥’¬«°—π ·≈–∑”ß“π¥â«¬·∫µ‡µÕ√’Ë

∑’Ë “¡“√∂„™âß“π‰¥âµàÕ‡π◊ËÕß‰¡àπâÕ¬°«à“ 1 ªï ·≈–µâÕß¡’ —≠≠“≥‡µ◊Õπ‡ªìπ√–¬–‡¡◊ËÕª√–®ÿ‰øøÑ“„π·∫µ‡µÕ√’Ë„°≈âÀ¡¥

2. Õ“§“√¢π“¥‡≈Á°

√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â µâÕßª√–°Õ∫¥â«¬Õÿª°√≥å ”§—≠‡ªìπÕ¬à“ßµË” ¥—ßµàÕ‰ªπ’È

(1) ·ºß§«∫§ÿ¡√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â

(2) Õÿª°√≥åµ√«®®—∫‡æ≈‘ß‰À¡âÕ—µ‚π¡—µ‘

(3) Õÿª°√≥å·®âß‡Àµÿ¥â«¬¡◊Õ

(4) Õÿª°√≥å·®âß‡Àµÿ‡µ◊Õπ¿—¬

¢âÕ¬°‡«âπ ‰¡àµâÕß¡’Õÿª°√≥åµ√«®®—∫‡æ≈‘ß‰À¡âÕ—µ‚π¡—µ‘ ”À√—∫Õ“§“√¢π“¥‡≈Á°∑’Ë‡ªìπÕ“§“√™—Èπ‡¥’¬«

·≈–‚ª√àß‚≈àß∑’Ë “¡“√∂¡Õß‡ÀÁπ‰¥â∑—Ë«∑ÿ°æ◊Èπ∑’Ë„πÕ“§“√

3. Õ“§“√ ŸßÀ√◊ÕÕ“§“√¢π“¥„À≠à À√◊ÕÕ“§“√¢π“¥„À≠àæ‘‡»…

√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡âµâÕßª√–°Õ∫¥â«¬Õÿª°√≥å ”§—≠‡ªìπÕ¬à“ßµË” ¥—ßµàÕ‰ªπ’È

(1) ·ºß§«∫§ÿ¡√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â

(2) Õÿª°√≥åµ√«®®—∫‡æ≈‘ß‰À¡âÕ—µ‚π¡—µ‘

(3) Õÿª°√≥å·®âß‡Àµÿ¥â«¬¡◊Õ

(4) Õÿª°√≥å·®âß‡Àµÿ‡µ◊Õπ¿—¬

(5) Õÿª°√≥å‚∑√»—æ∑å©ÿ°‡©‘π

(6) Õÿª°√≥åª√–°“»‡√’¬°©ÿ°‡©‘π

(7) ·ºß· ¥ßº≈‡æ≈‘ß‰À¡â∑’Ë»Ÿπ¬å —Ëß°“√¥—∫‡æ≈‘ß

4.  ∂“πª√–°Õ∫°“√æ‘‡»…

√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡âµâÕßª√–°Õ∫¥â«¬Õÿª°√≥å ”§—≠‡ªìπÕ¬à“ßµË” ¥—ßµàÕ‰ªπ’È

(1) ·ºß§«∫§ÿ¡√–∫∫·®âß‡Àµÿ‡æ≈‘ß‰À¡â

(2) Õÿª°√≥åµ√«®®—∫‡æ≈‘ß‰À¡âÕ—µ‚π¡—µ‘

(3) Õÿª°√≥å·®âß‡Àµÿ¥â«¬¡◊Õ

(4) Õÿª°√≥å·®âß‡Àµÿ‡µ◊Õπ¿—¬
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µ“√“ß∑’Ë 12.9  Õ—µ√“°“√∑π‰ø ”À√—∫ºπ—ß·≈–Ω“∑’Ë‰¡à„™â√—∫πÈ”Àπ—°

(Õâ“ßÕ‘ß¡“µ√∞“π°“√ªÑÕß°—πÕ—§§’¿—¬¢Õß «. .∑.)

12.11  “¬∑π‰ø

¡“µ√∞“π “¬∑π‰ø∑’Ëπ‘¬¡„™âÕâ“ßÕ‘ß§◊Õ¡“µ√∞“π IEC (International Electrotechnical Commis-

sion) ¡“µ√∞“π BS (British Standard) ·≈–¡“µ√∞“π AS (Australian Standard)

 “¬∑π‰øµ“¡¡“µ√∞“π IEC 331 ¡“µ√∞“π°”Àπ¥„Àâ “¬™π‘¥π’ÈµâÕß “¡“√∂∑”ß“π‰¥âÕ¬à“ßµàÕ‡π◊ËÕß

∑’ËÕÿ≥À¿Ÿ¡‘ 750 ÌC ‰¥âπ“π‰¡àπâÕ¬°«à“ 3 ™—Ë«‚¡ß ‚¥¬‰¡à¡’°“√°”Àπ¥§«“¡ “¡“√∂„π°“√∑ππÈ”·≈–∑π·√ß∑“ß°≈

‚§√ß √â“ß¢Õß “¬‰øøÑ“¡’À≈“¬·∫∫µ“¡ºŸâº≈‘µ·≈–§«“¡µâÕß°“√„™âß“π

Õ‘∞
 - ∑”¥â«¬¥‘π §Õπ°√’µ À√◊ÕªŸπ∑√“¬ ‡ªìπ·∑àßµ—π‰¡à©“∫ 200 200 200 100

- ∑”¥â«¬¥‘π §Õπ°√’µ À√◊ÕªŸπ∑√“¬ ©“∫¥â«¬æ≈“ ‡µÕ√å 12 ¡¡. 200 200 100
∑—Èß Õß¢â“ß

- ∑”¥â«¬¥‘π‡Àπ’¬«   150

Õ‘∞°≈«ß
- ‰¡à©“∫æ≈“ ‡µÕ√å 300 200 200
- ©“∫∑—Èß Õß¢â“ß 200 200 200

§Õπ°√’µ
- ‰¡à©“∫æ≈“ ‡µÕ√å ‡ √‘¡‡À≈Á° 0.2% µ–·°√ß„À≠à ÿ¥¢Õß¡«≈ 150 125 100 75

√«¡ 20 ¡¡.
- ©“∫∑—Èß Õß¢â“ß 150 125 75 75

°√–‡∫◊ÈÕß¥‘π‡º“°≈«ß
- ‰¡à©“∫æ≈“ ‡µÕ√å ™π‘¥‡µÁ¡·ºàπ 3 ™àÕß µ“¡§«“¡Àπ“¢Õßºπ—ß 300
- ™π‘¥‡µÁ¡·ºàπ 4 ™àÕß µ“¡§«“¡Àπ“¢Õßºπ—ß 200
- 3 ™àÕß µ“¡§«“¡Àπ“¢Õßºπ—ß 300 200
- ©“∫æ≈“ ‡µÕ√å

2 ™àÕß µ“¡§«“¡Àπ“¢Õßºπ—ß©“∫∑—Èß Õß¢â“ß 200 150
2 ™àÕß µ“¡§«“¡Àπ“¢Õßºπ—ß©“∫¢â“ß‡¥’¬« 200

ºπ—ßÀ‘π°àÕµ—π
- ©“∫À√◊Õ‰¡à©“∫æ≈“ ‡µÕ√å 300 200

‡™‘ßª√–°Õ∫¢Õßºπ—ßÀ√◊ÕΩ“
§«“¡Àπ“µË” (¡¡.)

4 ™—Ë«‚¡ß 3 ™—Ë«‚¡ß 2 ™—Ë«‚¡ß 1 ™—Ë«‚¡ß



13.1 √–¥—∫°“√ªÑÕß°—πøÑ“ºà“

√–¥—∫°“√ªÑÕß°—π‡ªìπµ—«°”Àπ¥ª√– ‘∑∏‘¿“æ¢Õß√–∫∫ªÑÕß°—πøÑ“ºà“ √–∫∫∑’Ë¡’√–¥—∫°“√ªÑÕß°—π∑’Ë¥’®–

¡’§à“„™â®à“¬„π°“√µ‘¥µ—Èß Ÿß¢÷Èπ „π°“√ÕÕ°·∫∫®÷ßµâÕß‡≈◊Õ°„Àâ‡À¡“– ¡°—∫ ¿“æ§«“¡‡ ’Ë¬ß¢ÕßÕ“§“√ ¢π“¥Õ“§“√

 ∂“π∑’Ëµ—ÈßÕ“§“√ √«¡∑—Èß§«“¡∂’Ë·≈–§«“¡√ÿπ·√ß¢Õß°“√‡°‘¥øÑ“ºà“„π·µà≈– ∂“π∑’Ë¥â«¬

¡“µ√∞“π°“√ªÑÕß°—πøÑ“ºà“ ”À√—∫ ‘Ëßª≈Ÿ° √â“ß ·∫àß√–¥—∫°“√ªÑÕß°—πÕÕ°‡ªìπ 4 √–¥—∫ µ“¡

ª√– ‘∑∏‘¿“æ°“√ªÑÕß°—π µ“¡µ“√“ß∑’Ë 13.1

µ“√“ß∑’Ë 13.1  √–¥—∫°“√ªÑÕß°—π·≈–ª√– ‘∑∏‘¿“æ°“√ªÑÕß°—π

13.2 µ—«π”≈àÕøÑ“

µ—«π”≈àÕøÑ“®–‡ªìπ‚≈À–∑’Ë¡’§à“§«“¡µâ“π∑“πµË” ∑π∑“πµàÕ°√–· øÑ“ºà“ µ—«π”øÑ“ºà“ “¡“√∂·∫àßµ“¡

°“√ÕÕ°·∫∫·≈–µ‘¥µ—Èß‰¥â‡ªìπ 3 ·∫∫ §◊Õ·∑àßµ—«π”  “¬µ—«π”¢÷ß µ—«π”·∫∫µ“¢à“¬ „π°“√µ‘¥µ—Èß„™âß“πÕ“®

µ‘¥µ—Èß·∫∫„¥·∫∫Àπ÷Ëß À√◊ÕÀ≈“¬·∫∫º ¡°—π°Á‰¥â ‡æ◊ËÕ„Àâ “¡“√∂ªÑÕß°—π‰¥âµ“¡∑’ËµâÕß°“√

13

√–∫∫ªÑÕß°—πøÑ“ºà“ ”À√—∫ ‘Ëßª≈Ÿ° √â“ß

§àŸ¡◊Õ«‘»
«

°
√
‰
ø
ø
Ñ “

(Õâ“ßÕ‘ß¡“µ√∞“π°“√ªÑÕß°—πøÑ“ºà“ ”À√—∫ ‘Ëßª≈Ÿ° √â“ß¢Õß «. .∑.)

√–¥—∫°“√ªÑÕß°—π ª√– ‘∑∏‘¿“æ¢Õß°“√ªÑÕß°—πøÑ“ºà“

1

2

3

4

0.98

0.95

0.90

0.80
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1. ·∑àßµ—«π” ‡√’¬°«à“À≈—°≈àÕøÑ“À√◊Õ‡ “≈àÕøÑ“ ¡’≈—°…≥–‡ªìπÀ≈—°À√◊Õ‡ “‚≈À–∑’Ëµ‘¥µ—Èß„Àâ¡’§«“¡

 Ÿß‡Àπ◊ÕÕ“§“√ À√◊Õµ‘¥µ—Èß∫π à«π∑’Ë Ÿß¢ÕßÕ“§“√‡æ◊ËÕ„Àâ¡’æ◊Èπ∑’Ë°“√ªÑÕß°—π°«â“ß ‡À¡“– ”À√—∫Õ“§“√∑’Ë¡’≈—°…≥–

‰¡à´—∫´âÕπ ∑’Ëª≈“¬‡ “≈àÕøÑ“¡—°∑”„Àâ¡’√Ÿª√à“ß·À≈¡§¡‡æ◊ËÕ‡æ‘Ë¡§«“¡‡¢â¡¢Õß π“¡‰øøÑ“ ™à«¬‡æ‘Ë¡ª√– ‘∑∏‘¿“æ

°“√≈àÕøÑ“„Àâ Ÿß¢÷Èπ

2.  “¬µ—«π”¢÷ß ª°µ‘®–„™â “¬‚≈À–∑’Ë¡’§«“¡·¢Áß·√ß Ÿß ‡™àπ  “¬‡À≈Á°™ÿ∫ —ß°– ’ªÑÕß°—π°“√‡°‘¥

 π‘¡ À√◊Õ‡ªìπ “¬∑Õß·¥ß  “¬µ—«π”π’È®–¢÷ßÕ¬Ÿà°—∫‡ “À√◊Õ ‘Ëßª≈Ÿ° √â“ß ·µà‚¥¬∑—Ë«‰ª®–¢÷ß°—∫‡ “≈àÕøÑ“ ®÷ß‡ªìπ

°“√ªÑÕß°—π·∫∫º ¡°—π√–À«à“ß‡ “≈àÕøÑ“°—∫ “¬µ—«π”¢÷ß ™à«¬„Àâ§«“¡ “¡“√∂„π°“√ªÑÕß°—π¥’¢÷Èπ ¡’æ◊Èπ∑’Ë°“√

ªÑÕß°—π¡“°¢÷Èπ°«à“°“√„™â‡ “≈àÕøÑ“‡æ’¬ßÕ¬à“ß‡¥’¬«

3. µ—«π”·∫∫µ“¢à“¬ ‡ªìπ°“√„™â “¬µ—«π”µ‘¥µ—Èß∫π à«π∑’Ë Ÿß¢ÕßÕ“§“√‡ªìπ√Ÿªµ“¢à“¬ ¢π“¥¢Õß

µ“¢à“¬°”Àπ¥µ“¡√–¥—∫°“√ªÑÕß°—π ‡¡◊ËÕµ‘¥µ—Èß‡ √Á®·≈â«®÷ß‡À¡◊Õπ°—∫¡’µ“¢à“¬§√Õ∫Õ¬Ÿà∫πÕ“§“√ °“√µ‘¥µ—Èß

µ—«π”π’ÈÕ“®«“ßµ‘¥°—∫µ—«Õ“§“√‡≈¬À√◊ÕÕ“®¡’µ—«√Õß√—∫‡æ◊ËÕ¬°„Àâ Ÿß‡Àπ◊Õæ◊ÈπÕ“§“√‡≈Á°πâÕ¬°Á‰¥â

«— ¥ÿ∑’Ë„™â‡ªìπµ—«π”≈àÕøÑ“Õ“®‡ªìπ‡À≈Á° Õ–≈Ÿ¡‘‡π’¬¡ À√◊Õ∑Õß·¥ß°Á‰¥â µâÕß¡’¢π“¥„À≠àæÕ∑’Ë®–

‰¡à™”√ÿ¥‡ ’¬À“¬‡π◊ËÕß®“°°√–· øÑ“ºà“ „π¡“µ√∞“π°”Àπ¥«à“∂â“‡ªìπ‡À≈Á°µâÕß¡’¢π“¥æ◊Èπ∑’ËÀπâ“µ—¥‰¡à‡≈Á°°«à“ 120

µ√.¡¡. ∂â“‡ªìπÕ–≈Ÿ¡‘‡π’¬¡µâÕß¡’¢π“¥‰¡à‡≈Á°°«à“ 70 µ√.¡¡. À√◊Õ∂â“‡ªìπ∑Õß·¥ßµâÕß¡’¢π“¥‰¡à‡≈Á°°«à“ 50

µ√.¡¡.

13.3 µ—«π”≈ß¥‘π

µ—«π”≈ß¥‘π®–∑’Ë∑”Àπâ“∑’Ëπ”°√–· øÑ“ºà“„πµ—«π”≈àÕøÑ“≈ßæ◊Èπ¥‘π °“√µ‘¥µ—Èßµ—«π”≈ß¥‘πµâÕßæ¬“¬“¡

®—¥„Àâ¡’‡ âπ∑“ß‰À≈¢Õß°√–· À≈“¬™ÿ¥ „Àâ¡’§«“¡¬“«¢Õß‡ âπ∑“ß∑’Ë°√–· ‰À≈ —Èπ∑’Ë ÿ¥·≈–µ√ß∑’Ë ÿ¥ ·≈–µàÕΩ“°

·µà≈–µ—«π”≈ß¥‘π‡¢â“¥â«¬°—π„Àâ¡“°∑’Ë ÿ¥ °“√µàÕΩ“°π’È§«√∑”∑’Ë∑ÿ° Ê √–¬–§«“¡ Ÿß‰¡à‡°‘π 20 ‡¡µ√ √–∫∫µ—«π”

≈ß¥‘π·∫àßµ“¡°“√µ‘¥µ—ÈßÕÕ°‡ªìπ 2 ·∫∫§◊Õ √–∫∫µ—«π”≈ß¥‘π·∫∫·¬°Õ‘ √–·≈–·∫∫‰¡à·¬°Õ‘ √–

√–∫∫µ—«π”≈ß¥‘π·∫∫·¬°Õ‘ √– À¡“¬∂÷ßµ—«π”≈ß¥‘π∑’Ë‡¥‘π≈ß¥‘π¡“µ“¡ºπ—ßÕ“§“√‚¥¬‡¥‘π∫π

«— ¥ÿ∑’Ë‡ªìπ©π«π‡™àπÕ‘∞ ‰¡â ‡ªìπµâπ ·≈–‰¡à¡’°“√µàÕ‡™◊ËÕ¡‡¢â“°—∫ à«π∑’Ë‡ªìπµ—«π”¢ÕßÕ“§“√ ·≈–‡¡◊ËÕ‡¥‘π∂÷ß¥‘π

®–¡’°“√µàÕ‡™◊ËÕ¡µ—«π”≈ß¥‘ππ’È‡¢â“¥â«¬°—π∑’Ë√–¥—∫¥‘πÀ√◊Õ„µâ¥‘π

√–∫∫µ—«π”≈ß¥‘π·∫∫‰¡à·¬°Õ‘ √– ª°µ‘®–Ωíß„πºπ—ßÀ√◊Õ°”·æß¢ÕßÕ“§“√‚¥¬‡©æ“–Õ“§“√∑’Ë¡’

‚§√ß √â“ß‡ªìπ‡À≈Á°À√◊Õ§Õπ°√’µ‡ √‘¡‡À≈Á° µ—«π”≈ß¥‘ππ’È®–µàÕ‡¢â“°—∫ ‘Ëßª≈Ÿ° √â“ß à«π∑’Ë‡ªìπµ—«π”À≈“¬ Ê ®ÿ¥

∑”„Àâ à«π∑’Ë‡ªìπµ—«π”¢ÕßÕ“§“√∑”Àπâ“∑’Ë‡ªìπµ—«π”≈ß¥‘π¥â«¬ ≈—°…≥–π’È®–‡ªìπ°“√ª√– “π»—°¬å„Àâ‡∑à“°—π·≈–

‡¡◊ËÕ‡°‘¥øÑ“ºà“®– “¡“√∂≈¥·√ß¥—π‰øøÑ“·≈–≈¥°“√‡Àπ’Ë¬«π”¢Õß§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“¿“¬„πÕ“§“√‰¥â

µ—«π”≈ß¥‘π§«√‡™◊ËÕ¡∂÷ß°—π‚¥¬„™âµ—«π”·π«√“∫µàÕ°—π„π≈—°…≥–‡ªìπ«ß·À«π∑’Ë√–¥—∫æ◊Èπ¥‘π·≈–∑ÿ° Ê

√–¬–‰¡à‡°‘π 20 ‡¡µ√ ‡æ◊ËÕ≈¥·√ß¥—π‡°‘π„πµ—«π”≈ß¥‘π®π‡ªìπÕ—πµ√“¬ ·≈–™à«¬ªÑÕß°—πøÑ“ºà“¥â“π¢â“ß‰¥â¥â«¬

√–¬–Àà“ß√–À«à“ßµ—«π”≈ß¥‘π‡ª≈’Ë¬πµ“¡√–¥—∫°“√ªÑÕß°—π´÷Ëß‰¡à§«√¡“°°«à“∑’Ë°”Àπ¥„πµ“√“ß∑’Ë 13.2
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13.4 √–∫∫À≈—°¥‘π

„π√–∫∫ªÑÕß°—πøÑ“ºà“ ”À√—∫Õ“§“√ ª°µ‘®–ª√–°Õ∫¥â«¬À≈—°¥‘π®”π«πÀ≈“¬·∑àßÀ√◊ÕÀ≈“¬™ÿ¥ ¡’

®ÿ¥ª√– ß§å„Àâ·√ß¥—πøÑ“ºà“‰À≈≈ß¥‘π‰¥â‚¥¬‰¡à‡°‘¥·√ß¥—π‡°‘π®π‡ªìπÕ—πµ√“¬ √–∫∫À≈—°¥‘πÕ“®¡’√Ÿª√à“ßÀ≈“¬

·∫∫µ“¡§«“¡‡À¡“– ¡§◊Õ ·∫∫«ß·À«π ·∫∫·π«¥‘Ëß ·∫∫·π«√—»¡’ ·≈–·∫∫∞“π√“° („™â∞“π√“°¢Õß

Õ“§“√‡ªìπÀ≈—°¥‘π) ¢âÕ ”§—≠§◊Õ√–∫∫À≈—°¥‘πµâÕß¡’§«“¡µâ“π∑“π°“√µàÕ≈ß¥‘πµË”∑’Ë ÿ¥

13.5 ·π«∑“ß°“√ÕÕ°·∫∫°“√ªÑÕß°—π

¡“µ√∞“πœ ·∫àß«‘∏’°“√ÕÕ°·∫∫ÕÕ°‡ªìπ 3 «‘∏’ „π°“√ÕÕ°·∫∫Õ“®„™â«‘∏’„¥«‘∏’Àπ÷ËßÀ√◊ÕÀ≈“¬«‘∏’º ¡

°—π°Á‰¥â ·µà≈–«‘∏’Õ“®‡À¡“–°—∫∫“ß√Ÿª·∫∫¢ÕßÕ“§“√

13.5.1 «‘∏’¡ÿ¡ªÑÕß°—π

‡ªìπ«‘∏’∑’Ë°”Àπ¥¡ÿ¡ ”À√—∫°“√ªÑÕß°—π‰«â·≈â« „π°“√ÕÕ°·∫∫®–∂◊Õ«à“Õ“§“√À√◊Õ à«π¢ÕßÕ“§“√

∑’ËÕ¬Ÿà¿“¬„π¡ÿ¡ªÑÕß°—π®–ª≈Õ¥¿—¬®“°øÑ“ºà“ °“√°”Àπ¥¡ÿ¡ªÑÕß°—π®–·ª√º—πµ“¡√–¥—∫°“√ªÑÕß°—π·≈–

§«“¡ Ÿß¢ÕßÀ≈—°≈àÕøÑ“ «‘∏’¡ÿ¡ªÑÕß°—ππ’È‡À¡“–∑’Ë®–„™â°—∫ ‘Ëßª≈Ÿ° √â“ßÕ¬à“ßßà“¬ À√◊Õ à«π‡≈Á° Ê ¢Õß ‘Ëßª≈Ÿ°

 √â“ß¢π“¥„À≠à ·≈–‰¡à‡À¡“– ”À√—∫ ‘Ëßª≈Ÿ° √â“ß∑’Ë¡’§«“¡ Ÿß°«à“√—»¡’¢Õß∑√ß°≈¡°≈‘Èß µ“¡«‘∏’∑√ß°≈¡°≈‘Èß„π

µ“√“ß∑’Ë 13.3 À√◊Õµ“¡√Ÿª∑’Ë 13.3 ∑’Ë —¡æ—π∏å°—∫√–¥—∫°“√ªÑÕß°—π¢Õß√–∫∫ªÑÕß°—πøÑ“ºà“ ·≈–«‘∏’¡ÿ¡ªÑÕß°—ππ’È®–

„™â‰¥â°—∫µ—«π”≈àÕøÑ“·∫∫·∑àßµ—«π”·≈–·∫∫µ—«π”¢÷ß‡∑à“π—Èπ ‰¡à “¡“√∂„™â°—∫µ—«π”·∫∫µ“¢à“¬‰¥â

√Ÿª∑’Ë 13.2  ¡ÿ¡ªÑÕß°—π¢ÕßÀ≈—°≈àÕøÑ“

¡ÿ¡ªÑÕß°—π®–‡ª≈’Ë¬πµ“¡§«“¡ Ÿß¢Õßµ—«π”≈àÕøÑ“‡Àπ◊Õæ◊Èπ∑’ËªÑÕß°—πµ“¡√–¥—∫°“√ªÑÕß°—π µ“¡∑’Ë

· ¥ß„π√Ÿª∑’Ë 13.3 °√≥’§«“¡ Ÿß∑’Ë‡≈¬‡ âπ°√“ø¢Õß·µà≈–√–¥—∫°“√ªÑÕß°—πÀ¡“¬§«“¡«à“‰¡à “¡“√∂„™â«‘∏’

¡ÿ¡ªÑÕß°—π„π°“√ÕÕ°·∫∫‰¥â µâÕß„™â«‘∏’Õ◊Ëπ·∑π

§«“¡ Ÿß (h)

¡ÿ¡ªÑÕß°—π (α)
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13.5.3 «‘∏’µ“¢à“¬

«‘∏’π’È‡ªìπ°“√„™âµ—«π”≈àÕøÑ“·π«√“∫¢÷ß∫π à«π¢ÕßÕ“§“√ à«π∑’Ë Ÿß∑’Ë ÿ¥ °“√µ‘¥µ—Èß∑’Ë„Àâ°“√ªÑÕß°—π∑’Ë¥’®–

µâÕßµ‘¥µ—Èßµ—«π”·π«√“∫‚¥¬√Õ∫Õ“§“√·≈–‡æ‘Ë¡‡µ‘¡µ—«π”√–À«à“ß°≈“ß„Àâ‡ªìπ√Ÿªµ“¢à“¬§≈ÿ¡∑—Èß à«π∫π·≈–

¥â“π¢â“ßÕ“§“√ §«“¡°«â“ß¢Õßµ“¢à“¬‰¡à‡°‘π∑’Ë°”Àπ¥„πµ“√“ß∑’Ë 13.4

µ“√“ß∑’Ë 13.4  ¢π“¥§«“¡°«â“ßµ“¢à“¬¢Õßµ—«π”≈àÕøÑ“µ“¡√–¥—∫°“√ªÑÕß°—π

‡¡◊ËÕÕÕ°·∫∫µ‘¥µ—Èß¥â«¬«‘∏’π’È·≈â«®–‰¡à “¡“√∂π”«‘∏’¡ÿ¡ªÑÕß°—πÀ√◊Õ«‘∏’∑√ß°≈¡°≈‘Èß¡“®—∫‰¥â ∂â“π”

∑√ß°≈¡¡“°≈‘Èß®–æ∫«à“¡’æ◊Èπ∑’Ë∑’Ë‰¡à “¡“√∂ªÑÕß°—π‰¥â¡“° ‡æ√“–«‘∏’µ“¢à“¬π’Èµ‘¥µ—Èßµ—«π”≈àÕøÑ“„π√–¥—∫‡¥’¬«°—∫

 à«π∫π¢ÕßÕ“§“√À√◊Õ Ÿß°«à“‡≈Á°πâÕ¬‡∑à“π—Èπ

√Ÿª∑’Ë 13.9  °“√ªÑÕß°—π¥â«¬«‘∏’µ“¢à“¬

13.6 √–¬–ª≈Õ¥¿—¬

√–∫∫ªÑÕß°—πøÑ“ºà“∑—Èß∑’Ë‡ªìπµ—«π”≈àÕøÑ“·≈–µ—«π”≈ß¥‘π∑’Ë‡¥‘π„°≈â‚§√ß √â“ß‚≈À– µâÕß¡’°“√ª√– “π

»—°¬å‚¥¬°“√µàÕª√– “π‡¢â“¥â«¬°—π °√≥’∑’Ë‰¡à “¡“√∂µàÕª√– “π‰¥â§«√®—¥„Àâ¡’√–¬–Àà“ß°—π¡“°°«à“√–¬–

ª≈Õ¥¿—¬ çdé  “¡“√∂À“‰¥â¥—ßπ’È (‡À¡“– ”À√—∫√–¬–Àà“ß√–À«à“ßµ—«π”≈ß¥‘π‰¡à‡°‘π 20 ‡¡µ√)

d  =  ki Ó kc Ó l / km

√–¥—∫°“√ªÑÕß°—π ¢π“¥µ“¢à“¬ (‡¡µ√)

1

2

3

4

5

10

15

20

¢π“¥µ“¢à“¬ µ—«π”≈àÕøÑ“·∫∫µ“¢à“¬

µ—«π”≈ß¥‘π



∫∑∑’Ë 13  √–∫∫ªÑÕß°—πøÑ“ºà“ ”À√—∫ ‘Ëßª≈Ÿ° √â“ß 259

°”Àπ¥„Àâ

ki = §à“ —¡ª√– ‘∑∏‘Ïµ“¡√–¥—∫°“√ªÑÕß°—πøÑ“ºà“ ¥—ßπ’È

ki = 0.1  ”À√—∫√–¥—∫°“√ªÑÕß°—π 1

ki = 0.075  ”À√—∫√–¥—∫°“√ªÑÕß°—π 2

ki = 0.05  ”À√—∫√–¥—∫°“√ªÑÕß°—π 3 ·≈– 4

kc = §à“ —¡ª√– ‘∑∏‘Ïµ“¡¡‘µ‘¢Õß√Ÿª·∫∫ ¥—ßπ’È

kc = 1.0  ”À√—∫√Ÿª·∫∫ 1 ¡‘µ‘

kc = 0.66  ”À√—∫√Ÿª·∫∫ 2 ¡‘µ‘

kc = 0.44  ”À√—∫√Ÿª·∫∫ 3 ¡‘µ‘

km = §à“§ß∑’Ëµ“¡«— ¥ÿ∑’Ë§—Ëπ (‡∑à“°—∫ 0.5 °√≥’‡ªìπ¢Õß·¢Áß ·≈–‡∑à“°—∫ 1

°√≥’‡ªìπÕ“°“»)

l = §«“¡¬“«µ“¡·π«µ—«π”≈ß¥‘π ®“°®ÿ¥∑’ËÕ¬Ÿà„°≈â ÿ¥®π∂÷ß®ÿ¥ª√– “π„Àâ»—°¬å

‡∑à“°—π

13.7 Õ—πµ√“¬‡π◊ËÕß®“°·√ß¥—π —¡º— 

∫√‘‡«≥∑’Ë„°≈â°—∫µ—«π”≈ß¥‘πÕ“®‡°‘¥·√ß¥—π —¡º—  Ÿß®π‡ªìπÕ—πµ√“¬‰¥â ∂÷ß·¡â®–µ‘¥µ—Èßµ“¡¡“µ√∞“π

°Áµ“¡ °“√µ‘¥µ—Èß∑’Ë∂◊Õ«à“æâπ®“°§«“¡‡ ’Ë¬ß∑’Ë®–‡°‘¥Õ—πµ√“¬§«√‡ªìπ‰ªµ“¡Õ¬à“ßπâÕ¬¢âÕ„¥¢âÕÀπ÷ËßµàÕ‰ªπ’È

1. ‡ªìπ∫√‘‡«≥∑’Ë‰¡à¡’À√◊Õ¡’‚Õ°“ πâÕ¬¡“°∑’Ë∫ÿ§§≈‡¢â“„°≈â “¬µ—«π”≈ß¥‘ππÕ° ‘Ëßª≈Ÿ° √â“ß

2. µ—«π”¡’Àÿâ¡¥â«¬©π«π‰øøÑ“∑’Ë∑π·√ß¥—π 1.2/50 ‰¡‚§√«‘π“∑’ 100 kV ‰¥â ‡™àπ©π«π XLPE

Àπ“‰¡àπâÕ¬°«à“ 3 ¡¡.

3. §«“¡µâ“π∑“π®”‡æ“–∑’Ëº‘«¢Õß™—Èπ¥‘π„π™à«ß√–¬– 2 ‡¡µ√ ®“°µ—«π” ¡’§à“‰¡àπâÕ¬°«à“ 5,000

‚ÕÀå¡-‡¡µ√

4. √–∫∫µ—«π”≈ß¥‘πª√–°Õ∫¥â«¬‡ “‚≈À–¢Õß ‘Ëßª≈Ÿ° √â“ßÀ≈“¬µâπ

°√≥’∑’Ëæ∫«à“¡’§«“¡‡ ’Ë¬ßµàÕ·√ß¥—π —¡º—  §«√¡’°“√ªÑÕß°—π‚¥¬°“√µ‘¥µ—Èß„Àâæâπ®“°°“√ —¡º— ¢Õß∫ÿ§§≈

À√◊Õ¡’°“√°—Èπ∑’Ë‡À¡“– ¡
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13.8 Õ—πµ√“¬‡π◊ËÕß®“°·√ß¥—π¬à“ß°â“«

∫√‘‡«≥∑’Ë„°≈â°—∫µ—«π”≈ß¥‘ππÕ° ‘Ëßª≈Ÿ° √â“ß Õ“®‡°‘¥·√ß¥—π¬à“ß°â“«∑’Ë‡ªìπÕ—πµ√“¬‰¥â ∂÷ß·¡â®–µ‘¥µ—Èß

µ“¡¡“µ√∞“π°Áµ“¡ ∫√‘‡«≥∑’Ëµ‘¥µ—ÈßÀ≈—°¥‘π§«√¡’§«“¡µâ“π∑“π®”‡æ“–∑’Ëº‘«¢Õß™—Èπ¥‘π„π™à«ß√–¬– 2 ‡¡µ√ ®“°

µ—«π”‰¡àπâÕ¬°«à“ 5,000 ‚ÕÀå¡-‡¡µ√ À√◊ÕªÑÕß°—π‚¥¬°“√°—Èπ∑’Ë‡À¡“– ¡‚¥¬„Àâ∫ÿ§§≈Õ¬Ÿà„π√–¬–Àà“ß®“°µ—«π”≈ß

¥‘π‰¡àπâÕ¬°«à“ 2 ‡¡µ√

13.9 °“√µ√«® Õ∫·≈–∫”√ÿß√—°…“

√–∫∫ªÑÕß°—πøÑ“ºà“µâÕß¡’°“√µ√«® Õ∫·≈–∫”√ÿß√—°…“µ“¡√–¬–‡«≈“∑’ËÀ¡“– ¡ °“√µ√«® Õ∫√–∫∫

ªÑÕß°—πøÑ“ºà“¡’«—µ∂ÿª√– ß§å 3 ª√–°“√§◊Õ

1. ‡æ◊ËÕ„Àâ¡—Ëπ„®«à“√–∫∫ªÑÕß°—πøÑ“ºà“‡ªìπ‰ªµ“¡∑’Ë‰¥âÕÕ°·∫∫‰«â

2. ‡æ◊ËÕ„Àâ¡—Ëπ„®«à“Õß§åª√–°Õ∫∑—ÈßÀ¡¥¢Õß√–∫∫Õ¬Ÿà„π ¿“æ∑’Ë¥’  “¡“√∂∑”Àπâ“∑’Ë‰¥âµ“¡∑’ËÕÕ°·∫∫

·≈–‰¡àºÿ°√àÕπ

3. √–∫∫¬—ß “¡“√∂„™âß“π‰¥â¥’°√≥’∑’Ë¡’°“√°àÕ √â“ßÀ√◊Õµ‘¥µ—Èß‡æ‘Ë¡‡µ‘¡√–∫∫ “∏“√≥Ÿª‚¿§

≈”¥—∫¢—Èπ°“√µ√«® Õ∫ ·∫àß‡ªìπ¥—ßπ’È

1. °“√µ√«® Õ∫√–À«à“ß°“√°àÕ √â“ß

2. °“√µ√«® Õ∫À≈—ß°“√µ‘¥µ—Èß

3. °“√µ√«® Õ∫µ“¡™à«ß‡«≈“∑’Ë°”Àπ¥ §«√¡’°“√µ√«® Õ∫∑ÿ°ªï À“°‡ªìπ∫√‘‡«≥∑’ËÕ“®‡°‘¥°“√

ºÿ°√àÕπ‰¥â¡“° §«√¡’°“√‡æ‘Ë¡°“√µ√«® Õ∫„Àâ∂’Ë¢÷Èπ

4. °“√µ√«® Õ∫‡¡◊ËÕ¡’°“√ª√—∫ª√ÿß ‡æ‘Ë¡‡µ‘¡ À√◊Õ¥—¥·ª≈ßÕ“§“√À√◊Õ√–∫∫ªÑÕß°—πøÑ“ºà“



°“√„Àâ· ß «à“ß©ÿ°‡©‘πÀ¡“¬∂÷ß°“√„Àâ· ß «à“ß‡¡◊ËÕ·À≈àß®à“¬‰øøÑ“ª°µ‘≈â¡‡À≈« √«¡∂÷ß°“√„Àâ

· ß «à“ß‡æ◊ËÕ°“√Àπ’¿—¬ ·≈–°“√„Àâ· ß «à“ß ”√Õß

14.1 §«“¡ àÕß «à“ß‡æ◊ËÕ°“√Àπ’‰ø

‰øøÑ“ àÕß «à“ß©ÿ°‡©‘πµâÕß„Àâ§«“¡ «à“ß‰¥â∑—Ë«∑—Èßæ◊Èπ∑’Ë∑’Ë‡ªìπ∑“ßÀπ’‰ø ‡æ◊ËÕ„Àâ “¡“√∂À“∑“ßÕÕ°

‰¥âÕ¬à“ßª≈Õ¥¿—¬ §«“¡ «à“ß‰¡à§«√µË”°«à“µàÕ‰ªπ’È

∑“ßÀπ’¿—¬ §«“¡ «à“ß∑’Ë√–¥—∫æ◊Èπµ√ß°÷Ëß°≈“ß‡ âπ∑“ßÀπ’¿—¬ µâÕß‰¡àπâÕ¬°«à“ 1 ≈—°´å ·≈–∑’Ë®ÿ¥Õ◊Ëπ Ê

µ√ß‡ âπ∑“ßÀπ’‰øµâÕß‰¡àµË”°«à“ 0.5 ≈—°´å

æ◊Èπ∑’Ë‚≈àß„À≠à ∫√‘‡«≥∑’Ë‡ªìπæ◊Èπ∑’Ë‚≈àß ∑’Ë‰¡à¡’‡ âπ∑“ßÀπ’‰ø∑’Ë™—¥‡®π µâÕß¡’§«“¡ «à“ß‰¡àπâÕ¬°«à“ 0.5

≈—°´å ∑—Ë«æ◊Èπ∑’Ë∑’Ë‰¡à¡’ ‘Ëß°’¥¢«“ß

æ◊Èπ∑’Ëß“πÕ—πµ√“¬ µâÕß¡’§«“¡ «à“ß‰¡àπâÕ¬°«à“ 15 ≈—°´å ·≈– «à“ßµàÕ‡π◊ËÕß‰¡à¢“¥™à«ß ·µà√–¬–

‡«≈“°“√ àÕß «à“ßÕ“®„™â„π™à«ß‡«≈“ —Èπ Ê

14.2 §«“¡ ¡Ë”‡ ¡Õ¢Õß°“√ àÕß «à“ß

Õ—µ√“ à«π√–À«à“ß§«“¡ àÕß «à“ß‡©≈’Ë¬°—∫§«“¡ àÕß «à“ßµË” ÿ¥ µâÕß‰¡à‡°‘π 10 : 1

Õ—µ√“ à«π√–À«à“ß§«“¡ àÕß «à“ß Ÿß ÿ¥°—∫§«“¡ àÕß «à“ßµË” ÿ¥µâÕß‰¡à‡°‘π 40 : 1

14
‰øøÑ“· ß «à“ß©ÿ°‡©‘π

·≈–ªÑ“¬∑“ßÕÕ°©ÿ°‡©‘π
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(Õâ“ßÕ‘ß¡“µ√∞“π√–∫∫‰øøÑ“· ß «à“ß©ÿ°‡©‘π·≈–ªÑ“¬∑“ßÕÕ°©ÿ°‡©‘π¢Õß «. .∑.)



§Ÿà¡◊Õ«‘»«°√‰øøÑ“262

14.3 ¢âÕ°”Àπ¥∑—Ë«‰ª¢Õß°“√ àÕß «à“ß©ÿ°‡©‘π

1. ‚§¡‰øøÑ“©ÿ°‡©‘π∑’Ë„™âÀ≈Õ¥ø≈ŸÕÕ‡√ ‡´πµå ”À√—∫„Àâ· ß «à“ß µâÕß‡ªìπ™π‘¥∑’Ë‰¡à„™â µ“√åµ‡µÕ√å

2. ‚§¡‰øøÑ“©ÿ°‡©‘πµâÕß„Àâª√‘¡“≥· ß‡µÁ¡æ‘°—¥µ“¡∑’ËºŸâº≈‘µ·®âß¿“¬„π‡«≈“ 60 «‘π“∑’ À≈—ß®“°

·À≈àß®à“¬‰øª°µ‘≈â¡‡À≈«

3. ‚§¡‰øøÑ“©ÿ°‡©‘π∑’Ë„™â ”À√—∫æ◊Èπ∑’Ëß“π§«“¡‡ ’Ë¬ß Ÿß µâÕß„Àâª√‘¡“≥· ß‰¥â‡µÁ¡æ‘°—¥¿“¬„π‡«≈“

0.25 «‘π“∑’ À≈—ß®“°·À≈àß®à“¬‰øª°µ‘≈â¡‡À≈«

4. ‚§¡‰øøÑ“©ÿ°‡©‘πµâÕß “¡“√∂∑”ß“π‰¥â„π¿“«–©ÿ°‡©‘π∑’ËÕÿ≥À¿Ÿ¡‘·«¥≈âÕ¡ 70 ÌC ‚¥¬™à«ß‡«≈“

°“√ àÕß «à“ß‰¡àπâÕ¬°«à“ 45 π“∑’

5. ‡§√◊ËÕßª√–®ÿ·∫µ‡µÕ√’ËµâÕß “¡“√∂ª√–®ÿ·∫µ‡µÕ√’Ë‰¥â‡µÁ¡„π‡«≈“ 24 ™—Ë«‚¡ß

6. ‚§¡‰øøÑ“©ÿ°‡©‘π µâÕß¡’Õÿª°√≥å∑¥ Õ∫√–∫∫ À√◊ÕµàÕ°—∫Õÿª°√≥å ”À√—∫°“√∑¥ Õ∫√–¬–‰°≈‰¥â

‡æ◊ËÕ®”≈Õß§«“¡≈â¡‡À≈«¢Õß√–∫∫®à“¬‰øª°µ‘ ‚§¡‰øøÑ“©ÿ°‡©‘πµâÕß àÕß «à“ßπ“π‰¡àµË”°«à“ 30 π“∑’ ·≈–°≈—∫

 Ÿà ¿“æª°µ‘‚¥¬Õ—µ‚π¡—µ‘

7. „π°√≥’∑’Ë·∫µ‡µÕ√’Ë‰¡à “¡“√∂®à“¬‰ø‰¥âπ“π 30 π“∑’ „π√–À«à“ß°“√∑¥ Õ∫√–∫∫®–µâÕß¡’

 —≠≠“≥§«“¡≈â¡‡À≈«¢Õß·∫µ‡µÕ√’Ë

14.4 µ”·Àπàßµ‘¥µ—Èß‚§¡‰øøÑ“©ÿ°‡©‘π

‚§¡‰øøÑ“©ÿ°‡©‘π µâÕßµ‘¥µ—Èß Ÿß®“°æ◊Èπ‰¡àπâÕ¬°«à“ 2.0 ‡¡µ√ °√≥’∑’Ë®”‡ªìπ “¡“√∂µ‘¥µ—ÈßµË”°«à“‰¥â·µà

µâÕß‰¡à°’¥¢«“ß‡ âπ∑“ßÀπ’‰ø ∫√‘‡«≥∑’ËµâÕßµ‘¥µ—Èß‚§¡‰øøÑ“©ÿ°‡©‘π§◊Õ‡ âπ∑“ßÀπ’‰ø ·≈–§«√µ‘¥µ—Èß‡æ‘Ë¡‡µ‘¡Õ’°§◊Õ

1. ∑’ËÀπâ“ªÑ“¬∑“ßÕÕ°™π‘¥ àÕß «à“ß®“°¿“¬πÕ°À√◊Õ∫√‘‡«≥∑“ßÕÕ°

2. ∫√‘‡«≥¿“¬πÕ° À≈—ß®“°∑’ËÕÕ°®“°Õ“§“√·≈â«§«√¡’§«“¡ àÕß «à“ß√–¥—∫‡¥’¬«°—∫§«“¡ àÕß «à“ß

°àÕπÕÕ°®“°Õ“§“√ ‡æ◊ËÕ„Àâ “¡“√∂‡§≈◊ËÕπ‰À«‰¥âÕ¬à“ßª≈Õ¥¿—¬

3. ∫√‘‡«≥∑“ß·¬° „Àâµ‘¥µ—Èß‚§¡‰øøÑ“Àà“ß®“°∑“ß·¬°‰¡à‡°‘π 2.0 ‡¡µ√

4. ∫√‘‡«≥∑“ß‡≈’È¬« „Àâµ‘¥µ—Èß‚§¡‰øøÑ“Àà“ß®“°®ÿ¥‡ª≈’Ë¬π∑‘»∑“ßÀ√◊Õ®“°∑“ß‡≈’È¬« ‰¡à‡°‘π 2.0 ‡¡µ√

5. æ◊Èπ‡ª≈’Ë¬π√–¥—∫ „Àâµ‘¥µ—Èß‚§¡‰øøÑ“Àà“ß®“°®ÿ¥‡ª≈’Ë¬π√–¥—∫‰¡à‡°‘π 2.0 ‡¡µ√

6. ∑’Ë®ÿ¥·®âß‡Àµÿ‡æ≈‘ß‰À¡â·≈–®ÿ¥µ‘¥µ—ÈßÕÿª°√≥å¥—∫‡æ≈‘ß

7. „πÀâÕß‡§√◊ËÕß ÀâÕß§«∫§ÿ¡ ÀâÕßµâπ°”≈—ß ÀâÕß «‘µ™å ·≈–∫√‘‡«≥„°≈â°—∫Õÿª°√≥å§«∫§ÿ¡°“√®à“¬

‰øøÑ“· ß «à“ßª°µ‘·≈–‰øøÑ“· ß «à“ß©ÿ°‡©‘π

8. ÀâÕßπÈ” „Àâµ‘¥µ—Èß„πÀâÕßπÈ”∑—Ë«‰ª∑’Ë¡’æ◊Èπ∑’Ë¡“°°«à“ 8 µ√.¡. ·≈–ÀâÕßπÈ” ”À√—∫§πæ‘°“√

9. ∑’Ë∫—π‰¥‡≈◊ËÕπ·≈–∑“ß‡≈◊ËÕπ „π°√≥’∑’Ë∂◊Õ«à“‡ªìπ à«πÀπ÷Ëß¢Õß∑“ßÀπ’‰ø
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14.5  “¬‰øøÑ“¢Õß√–∫∫‰øøÑ“· ß «à“ß©ÿ°‡©‘π

 “¬‰øøÑ“∑’Ë‡¥‘π®“°‚§¡‰øøÑ“· ß «à“ß©ÿ°‡©‘π™π‘¥µàÕæà«ß‰ª¬—ß·À≈àß®à“¬‰øøÑ“ à«π°≈“ß µâÕß‡ªìπ

™π‘¥∑π‰ø ·≈–¡’°“√ªÑÕß°—π§«“¡‡ ’¬À“¬∑“ß°“¬¿“æ ¬°‡«âπ„π∑’Ëªî¥≈âÕ¡∑π‰ø‰¡àπâÕ¬°«à“ 1 ™—Ë«‚¡ß À√◊Õ

„™â√–∫∫°“√‡¥‘π “¬Õ◊Ëπ∑’Ë¡’§«“¡ “¡“√∂„π°“√ªÑÕß°—π‡∑’¬∫‡∑à“

 “¬‰øøÑ“µâÕß¡’¢π“¥‰¡à‡≈Á°°«à“ 1.0 µ√.¡¡. ·≈–¡’·√ß¥—πµ°‰¡à‡°‘π 10%  “¬ ”À√—∫‚§¡‰øøÑ“

µàÕæà«ßµâÕß·¬°®“° “¬«ß®√Õ◊Ëπ

14.6 ªÑ“¬∑“ßÕÕ°©ÿ°‡©‘π

¢π“¥ªÑ“¬∑“ßÕÕ°©ÿ°‡©‘πµâÕß¡’§«“¡ Ÿß‰¡àπâÕ¬°«à“ 100 ¡¡. °√≥’∑’Ë„™âµ—«Õ—°…√ µ—«Õ—°…√µâÕß Ÿß‰¡à

πâÕ¬°«à“ 100 ¡¡.  —≠≈—°…≥å∑’Ë„™âµâÕß¡’¢Õ∫∫π·≈–¢Õ∫≈à“ß¢Õß —≠≈—°…≥åÀ√◊Õµ—«Õ—°…√Àà“ß®“°¢Õ∫ªÑ“¬‰¡àµË”

°«à“ 25 ¡¡.

¢π“¥µ—«Õ—°…√µâÕß¡’√–¬–Àà“ß√–À«à“ßµ—«Õ—°…√‰¡àπâÕ¬°«à“ 10 ¡¡. ·≈–§«“¡Àπ“µ—«Õ—°…√‰¡àπâÕ¬°«à“

12 ¡¡. §«“¡°«â“ßµ—«Õ—°…√∑—Ë«‰ª 50 ∂÷ß 60 ¡¡.

 ’¢ÕßªÑ“¬ „Àâ„™âµ—«Õ—°…√À√◊Õ —≠≈—°…≥å ’¢“«∫πæ◊Èπ‡¢’¬« æ◊Èπ∑’Ë ’‡¢’¬«µâÕß¡’Õ¬à“ßπâÕ¬ 50% ¢Õß

æ◊Èπ∑’ËªÑ“¬

√–¬–Àà“ß√–À«à“ßªÑ“¬ ªÑ“¬µâÕßµ‘¥µ—Èßµ“¡‡ âπ∑“ß∑’Ëπ”‰ª Ÿà∑“ßÕÕ°‚¥¬¡’√–¬–Àà“ß√–À«à“ßªÑ“¬‰¡à‡°‘π

24 ‡¡µ√  ”À√—∫ —≠≈—°…≥å∑’Ë¡’§«“¡ Ÿß 100 ¡¡. °√≥’∑’Ëµ‘¥µ—Èß„Àâ¡’√–¬–Àà“ß¡“°°«à“π’È “¡“√∂∑”‰¥â·µàµâÕß

‡æ‘Ë¡¢π“¥ªÑ“¬‚¥¬„Àâ —≠≈—°…≥å¡’§«“¡ Ÿß‰¡àπâÕ¬°«à“√–¬–∑“ß‡ªìπ‡´πµ‘‡¡µ√/240

µ“√“ß∑’Ë 14.1  √Ÿª·∫∫¢Õß ’ªÑ“¬∑’Ë‡°’Ë¬«°—∫‡√◊ËÕß§«“¡ª≈Õ¥¿—¬

√Ÿª√à“ß §«“¡À¡“¬

°“√Àâ“¡ À√◊ÕµâÕß∑”

‡µ◊Õπ

‡µ◊Õπ

°“√Àâ“¡ À√◊ÕµâÕß∑”

‡µ◊Õπ
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