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714 W A28 2 X, FoF €AY FFAMAZL W] A2x13 o
¥ 29 3119 [F] 4 & (B34 F=x). o 99 AE, T4

&
L

y=f (X, Xy Xy) & b3, T ALEE ZAEAN(HOlHE 7 ZoA AA=
Aol7 AY)E © A WAy W2 Ly 27 o Eoh

gk o] wheF ¥ H.29| dlolEl7t At Vol el n, =59 BEES, AF 1)
Wl n, =59 BZYL, AEAA 93 ool sl ny=59 BEZHL AU
Aol7 Aolghd W 2 RAGE I £ Wk g ntn, hE Ado] Er15E
oAb 13 e dde Ay Qe ARG 2R B 2k AR
E AR o] =) o] o]gd =M EA éwu}% Ae 22 g}

(H.10)
ol3, & H29| dolge] o] 4& H&3hd ¥ H3E ® H59 o] +4€rh.
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u(R)= 019 Q
u(R)/R= 0.15x10"

u (X)= 0201 Q
u (X)/X= 0.09%x10"

ul2)= 0204 Q
u2)|Z= 0.08x10"*

FHAT (v, v

r(.VL.Vg):f(R, X)= 0.056
I‘(,VL,VB):I‘(R, Z)= 0527
f(Yz,.Vg):I'(X, Z)= 0878

3213 717 (KOLAS)
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oA,

b(t) = y, + y(t—t,)
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s°(y,) , 2B FAZBAT rlypy) = s(ypy)/s(y)s(y,). A71NA s(y,y,)E

() — (5h8,)(29,)

Y= h = D (H.12a)
_ nXbh, — (3b,)(26,)
= By= (H.12b)
s* X0
s = — (H.12¢)
2 82
s(y,) = np (H.13d)
50,
o) = ——F— (H.12¢)
\/n2o;
b, — blt,)
2 _ k k
s° = p— (H.12f)
D = nX9; — (26,) (H.12¢)
AN BRE F& k=1%¥ n 7} 0]1,
— (x9,) _
O, =t,—1,, 0= - a8 t = (Xt,)/nolH,

A bt) =y +y,, (t—t) ZHE SHE B b(t,) Atole] ejojtt. EAb 2
= HEe AAAR] B2 HEolt o7 Mn—220A= nhe] ASHOE
FH A FAGR vy, g 2AFA dEd s AfEEv=n—28E
AHES WG SHTH(KS Q ISO/IEC Guide 98-3 F-44 G3.3 FX).

2Eo] AREE dHolHe i Heo FHA 9@ AWAl do) stk (=20TE
NNERER A 4 (H12)olA (H12g) 5 #H&atd v 22 AES dedt
y; = —0.1712C s(y,) = 0.0029C
y, = 0.00218 s(y,) = 0.000 67
r(ypy,) = —0.930 s = 0.0035 C

A A 7| (KOLAS)
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— . T

agus | esAg | AR d = 423
k tk (C) K Rk k bk_ b(tk)

(C) Kt )(C) .
(0)

1 21.521 -0.171 -0.1679 -0.0031
2 22.012 -0.169 -0.1668 -0.0022
3 22512 -0.166 -0.1657 -0.0003
4 23.003 -0.159 -0.1646 +0.0056
5 23.507 -0.164 -0.1635 -0.0005
6 23.999 -0.165 -0.1625 -0.0025
7 24513 -0.156 -0.1614 +0.0054
3 25.002 -0.157 -0.1603 +0.0033
9 25.503 -0.159 -0.1592 +0.0002
10 26.010 -0.161 -0.1581 -0.0029
11 26.511 -0.160 -0.1570 -0.0030

A7l A 25 W e AU 71&7)e] dal A&E A w2}
ggrol Fete Aoz dFH XFEIE Foltg (R 29 521 FE). o] 4
S od 25 ¢t Mo BEG b(t) [53] t=4W o) 15 A5 + WA

; ASHHE JAT o] dAldME dFA FAGU[FE Fuller, W. A. (1987),

Measurement error models, John Wiley (New York, N. Y.)].

H34 9339 E8x

HAY o Zgke] FAHREFEIE HAL HHE 29 3229 EIr Adjo] §F
1, W3k 29 2 31005 24 (HANO HE3td gdA FF 5 ATt b(t) = £y v,
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uz b(t)] = u’ (yl) + (¢t — t0)2u2 (yz) (H.14)

+2(t_t )U(yl)u(yz)r(% yQ)

FA A Uz[b(t)]lf tmjn:to_u(yl) (ylyQ)/uy2 | A HAolal oA7|gAM=

41‘ H14)E AH&3te AAZA oS Az BAL of| Algo] ¢=30 CollA
o] £xAle HAL e = g oPX}. o] L= A7 AAZ AFE 25
‘?H% Hojxt Aolth. 4 (H.13)o] t=30 CTE

0 C) —0.1494 C7} 22
@1 (H.14) = 3¢

o

S
/—\

u2[b(30 °C)] = (0.0029 C )*+ (10 C )*(0.00067)*
+2(10°C )(0.0029 °C )(0.000 67)(—0.930)
= 17.1x10°% ¢?

o],
u [b(30 C)]=0.0041 C

AA =} o]Z2A st 30 CAAS RAZE 01494 Colx FHEF B
u, = 00041 COIM w2 v=n-2=9° AFEE et

i

H35 7127]¢ AW Alo]o] AAFAA A A

FBATF rlyy,) & UERE A (H12e)7t 454—}:;% Nt —t,) =00 HE

k=1

% to—g- {\‘E]_':'E‘)‘]—ud r(y17y2) :OO] Q_]__ le/]' yQE‘ Ll%ﬁ] ]' B}\ Q]IL :LOﬂ T'q_

2} oZate B REREHE Ao pusjAtE Aotk 4 == Yt/
k=1

n

(719X T = 240085 TLW) Y0, =00] HER 1, =1 =24008 C & AH&3}

o AxAF DES O & 59 ABVAN Qe F 5ol FE 4o
Athex ¢ & & b)) 7t HAQ £xolth H34 #%). 218y oo 2

b(t) =y, +y,(t—1) (H.15a)
uz b(t)] = u? (yI' )4+ (t—1)%? (yQ) (H.15b)

#0971 F (KOLAS) Al 73039



Z77|EREY LA A|2024-000535 (2024.1.2)

KOLAS-G-001

(H.15¢)

(Y 1,Ys)

o 7] ol M
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Y —
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(H.16a)

b(t) = —0.1625(11)

+0.00218(67)(t —24.0085 C)

(H.16b)

(0.0011)?

[b(¢)]

+ (¢t —24.0085 C )?(0.000 67)*

ol
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i

30 °CE 2] (H.16a)Z} (H.16b)
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of thdst
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o 7] A

e: 7o AD FA FolM FReo] U AAPAFAE BE&olH YA Y
= F#stta 7g s
Ag: 71TAIZE t=00A EF A9 Wils T=

A 71N t=001M SHAIRS vA] WA T &

Z, A= (In2)/Ty =1.25894 x 10 *min~"
(7}, = 5505.8 min)

E H7-7AANRY WAl e 2HE AT Ag HolH
Cycle R TUA R ZANE
i L s fs Gy k G
(£) (%) (&) (A% (&) (A%
1 243.74 15 380 305.96 4054 367.37 41 432
2 984.53 14 978 1046.10 3922 1107.66 38 706
3 1723.87 14 394 1785.43 4200 1846.99 35 860
4 2463.17 13 254 2624713 3830 2586.28 32 238
5 3217.56 12 516 3279.12 3956 3340.68 29 640
6 3996.83 11 058 4018.38 3980 4079.94 26 356
A(H17a)eF (H17b)= T Add SHANE YAbse] Aedad a9 &
cycleo|l A ©F& cycle7t A1 9] 71A WAls ghe] <43 WEl ofEo £ H7AA F
A CeotC, 2428 671 FhEel U3 Bads A4 7+ v v o
g AR Bk V1A BAd S B Asd B Ases(AlTads S8
B Ty=60 Eo2 Ywh)E FFstof gtk o= @e 4 e de Fo
2A mAY WAt sE=E 8] flske] ofefel 2ol 4 (H17a)¢k (H17b)E =

Fohe A ANk Uk
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3 H8-WAMY B3t 1A= BAT Aeae] At

Cycle R, (min") Rs (min™) LTk R = RJ/Rs
k (min)
1 652.46 194.65 123.63 3.3520
2 666.48 208.58 123.13 3.1953
3 665.80 211.08 123.12 3.1543
4 655.68 214.17 123.11 3.0615
5 651.87 213.92 123.12 3.0473
6 623.31 194.13 123.11 3.2107
S(]?X) = 6.42 S(]?S) = 3.79 S(R_) = 0.046
> D _ -2 > D _ -2 _ _ '
S(Bx)/RX = O98><10 S(RS)/RS = 184><10 S(R)/R — 1.44><10*2
R_X/R_S = 3.167
u( R/ Ry = 0.045
U( R_X/R_s)/( R_x/]?s) = 1.42><1072
% A F
Ry Rs) = 0646
A, = f(Agmem,, Cs C,, Cpt gt \) (H. 18)

:AS

m, (CS_ CB) e)‘ts

ANM(C,— Cpe™ 9} (Cy— Cp)e™ & 2zt Z2N7F 600l tiate] 712 ¢t
= 0014 1A WAMS RS ZAA RS EFE A9 AFgSorh 9 Ae
thA] kg3t ol uhebd S gl

A,=f(Aemem, ,RoR,) (H.19)

mg I,
— A —

m, RS
A7 71A ARG ALY B E BRAS AFER, Ree e 2] F9

Atk
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R, =[(C.,—Cp/T))e" (H.20a)

At

Ry=[(Cs— Cp)/ T}e (H.20b)

H4.2 dolg &4

K

¥ HS8olE oA Folx F H79 ulo]Eet A = 1.25894x10 ' min 'S A}
&3t 2 (H.20a)$t (H20b)ZFE AEdE 714 Ay JAME 59E 23S

A& R, Rgg 85t YUt H7]14 vl&
R=R,/Rs = (C,—Cy)/(Cy— " o] Nozrg zivralA 74ts o4
T AT AERTA R, Ry RF 159 ANAREZAA s(R,), s(Ry), s(R)& L
A Wyow T & Qo [HE 29 4 (23)% 25). FBAF r(R.R)E B
H 29 4 (314)9 4 39ZHE AEHrh

R.Ry & A wislyl 7] wEe] o5 BF#e] HIR /RS RFEEET
u(R,/R)E 77 ¥ H89 vhAw GelA ehd uls} o] H@ul R} o]
ANEA FBEAA s(R)H A 22 e /M0 [H 249 A(H10) F=x] 34
EFRHE u(R,/R)E A3 AoIN, BBAF r(R,. Ry) ol <3 vebd 5

Ve R 9t Rgol ZaAdAe ERE 29 2 (3.10)2 AH&3te] ALks] Fofof sttt
[o] 212 2] (H21b)9] whA= 37031 R,/ RS AHFHEAS AF=3th]
RSRZAZYY NG EFEAA V6s(R) Vos(R)E AFHAEY Foks
(Poisson) F Al &gt W5 + 9]

stelob @tk FAE ASge] BZE B Wl T

2+ gtk

H43 HZFZ4d79 2=

e A m,S mgot o5 AFEIEE Yoot gth ol Fe o 2
o] Fojxlt}.
A¢=0.1368Bq/g

u(Ag) = 0.0018Ba/g;u(Ag)/Ag = 1.31 < 10
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me = 5.0192g

u(mg) = 0.005g; u(mg)/mg = 0.10 X 10 *
m, =5.0571g
u(mx) = 0.0010g; u(mx)/mx = 0.02x10 2
teo Folxl Egx 8219 v 7tsd JAAES FAE ¢ de A2y
Ebt T

- BYAIZEY] BFE B, U(ts.,/g)g’]'u(tx,k)
=

= 49} 69 1.015 6358H k=12 1.015 707}
= 1.2x10 %]tk
, SAAR)AL dstd HdF AF719

P 296l @ AFag AEA o

Gl A olm AFH mpe} ol 4 9t (4,)E 2 (H19)E A&3dte Fr7lx g
WHOoZHE AS = Atk A HA WHoZMNA = AEHAT R FRSE AHE
st AtEEY oS3 2o

A=A R$—04300 / H. 21
r Sm R - Y- Bq g ( . a)

S

gle] Aol A (510)e Agstd FHENR u(A)E T AT oby A

u(A)
AZ
_u(Ay  u’Cmy
A% m% H
u?(m,) u’ R) u’( Ry
e Ay
— u( R)u( Ry)
2r( R, R ) Y?XTQS
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21b)
4714, HA2A AFF vhsk ol, vhAT 3 FERRHR,/ R FNFA
2R,/ Ry) /(R,/R)E 2% &

%0
0
T
I\.)
=
2,
x
o,
zjl
o
jur]
=
0
i
o,

4
T
Qo
9

u.(4,)= 0.0083 Ba/g

(H.22b)
2 99 b9 s @A Ik

o)
=1.95x10"*

u.(A,) = 0.0084 Bq/g
U= 2ol yehd 4 Ao
A, = 0.4304 Bq/g

[‘lr

ety %423
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T : u. = 0.0084 Bq/g
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KOLAS-G-001

H5 #A4HE24(ANOVA : Analysis of Variance)
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H523 Fi
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KS Q ISO/IEC 98-3 9]dl| &3+214 7] 7 (KOLAS)ol A 7Ha3 thg-9] 5714 A}
45 A

1) K1 1kg AlAEFY AT 0 A

2) K2 DC AF=4

2) K3 "EHHUHS 20V H¥(range) 1LH

3) K4 AZA 2V €d¢ WE719 uF/m-AFHg HExto] wA
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K12 &4 =249

4 (K1DAA 259 Deo] feste $9S AgsE 53F M, 0w
2o
MTzf(MS/ D/ V]QO/VSQOIt/aS/aT/ Y/ Ag)
= [MS + P(Vﬂo_ V&o)"' p(t—20) <VTZO ar— Ve O‘S) +Y ]
1 ag
-1kg s oh (hy—hg) (K1.2)
K13 M9 E3= AE
4 (K12Z5H M) 224 2a0e e 2
¥ Kl-1kg AN gE% T 9 19 wAdl A48 1kg TFEF S 9 Fo7
=] &
‘E‘
% Nears T| HZ22%S Agel FEAY
= 4
mg= 999. 999 164 5 g
AN M, =14 ng, k=1 100. 003 3 mg
(1998. 5. 1)
2 9 Cylinder Knob Cylinder Ring
Al A 2l 27 Eay I EatAs 2dg =7}
1 (90 8049. 696 2 + 0.02 .
kgjn(lgo ) 7997.472 (el v=7) 8000 kg/m’ (Catalog)
0.000 045 = 0.000 005 0.000 045 + 0.000 005
A %i&-ﬁ].{l’:y K™ 0.000 050 41 (7}4) (7}4)
EEEE=R) 54 727 9%
heiti ] 2.75 3.82+ 0.1 (A4+gh) ° %lj]fé ©
¥4z, cm? 129.6 151.4 A1
of ARAREE= F ol ¥ AA AHM & g FHolv. g B AH
of Ab&H A&2 &Fo] 1kgola, A& Wil AAHo = 100mg L5 A<9
HERFOE AgIAT

A A 7| (KOLAS)
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u>(M;) = X C?u*(x;) (K.1.3)
= C]%ﬁ, UQ(MS) + C'p2 ug(p)
+ 012/520 UQ(Vsao) + 012/120 UQ( Vno)
+ Cf u () + Cga‘qug(as) + 02aru2(aT)

+ C’Zg UQ(Ag) + C?/ u2(Y)

47NN 7t BEASE G 2o,
Cys=0f [oMg=1
C,=af [op

=V = Vo) + (6 =20) (Vg 7= V)

Chon =0f [0V = - [pF+p(t—20)ag |
Cypn =0f 0V =p+p(t—20)ap
G, =of /ot =p(Viy az— Vg ag)
C,. =of Joag=p(t—20)(— V)
C, =of [oap= p(t—20)(Vpy)
Cp,=0f [0Ag =1
Cy =of /oY =1

K131 EF2%59Y E3% u(My)

ETFEETS AAAN g5t wAEH AZFgmgol FoAA U1, FFEFC]
AE o]FY AF{AIZH FHL AR Qg AFZTFEFA,, ©] A (K18)olA
it webA dAA AdETS 8E W FFETY FFS OoF 2ok
My=mg + A= 999. 99 5
= 999. 999 165 1g

O
—
[o)}
=

(K.1.4)

(K.1.5)

AN Fold BEPFY FHEFBFEE
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ulmg) =139 ng (v=>55)

2 Fo)A St

2w 288 BFETS MAHTA 167M€o] Awar A A
AEA 23 ULl HA ‘3%%4 A Agtos A7) 15
dol A9 miszsiva ZhAste] 7)o A EH= AIFSIHEA O ®29

#ote] Alxtekdtt,

A, = (0.356007ugx 2”716 ) x (M
71.7 cm?
(K.1.7)
A7IM x= RFEETS AHT olF AAZA AHg AlRtela ¢ F WA
L2353 RFEFH 97]9 1WA HEZA] ¢F 210] At 4 (K17)ZHEH &
TEETY AFSIHE Al = ALEAH.

A = Ay (2=480%) -4, (x=450%)
=17.608 ng -17.036 ng

=057 ug
(K.1.8)
JHy FAHeZ 2"y aF} TFEF g A3 HALS st A
BotHA S oF+ 5pug WHYE Hi Qo= B23go ZA=Z RS

Tk ool+ 5pug M ARFEUAALYY XY

Agatel A, o RERGES ToW e 2
u(Awls)—‘r’%fﬂ.wg,u—oo (K.1.9)

webA] 2 (K15)E—r51 TEFY BT E Aeld g3 2
\/u s + o’ Aads)
= V(13.9ug)® + (2.9ug)°

= 142 pg (K.1.10)

ug(MS)

4
u! (TTLS)'Van .

V(Ms) =
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(14.2pg)"
14 (13.9ug)" | 1*x(2.9ug)"
+
55 oo
59.90 (K.1.11)
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K132 #grA Y B % u(Am,)

1) 371EESHY E8%u(p)
FARESAY BIE ulp)E BTAAA} AAE BHEulp,), FAN 2T

W(p) = (p,) +u’(p,,,)+u’ (p; ) (K.1.12)
F718E9] A4E22 The Equation for Density of Moist Air (BIPM1981/91)7}
AFEEIQloH FE T (kg/m3)E 23 Tk
p= [3.48349 4 1.44458 (Xco, — 0.0004 )] (K.1.13)
3 P
X107 — (1 —0.
10— (1-0.3780X, )

X, = 75719 28§ olth o] FAAAE o] EFEE A Jlon 19
EFRIEE 83 2o
ulp,,)=p x10"=12x10 "g/em’ (v =co) (K.1.14)

7 #7240 AEE 8k guY EFEIEE

AT EH AT

2]
< X :5mK(Quartz Thermometer HP 2804A, &35 1 mK)
A
o

5% :1 % RH (Hygrodynamics Inc. 15-3080, &35 0.5 % RH)
=% : 04 (Dewpoint Meter, Yokogawa 2586, 3ll5 0.1)
7] §+:0.02 mbar (Digital Pressure Gage, DPI 140, i35 0.01 mbar)

XCO2 : 5% 10-6 (CO2 Measuring Device, Horiba PIR 2000, 2l 5 10-6)
Z FolA Utk o]ES BIPM F7IEE 32 4 ojv] AFgE Jd
= 340 gsha e 2ok
(Ap/p)p = +1x107°(C Pa~HaP
= +1x10"°(Pa )x2Pa=+2x10""
(8p/p) p = —4x1073 K~HAT

= —4x1073( K Hx0.005K =—2x10"°
(Ap/p)y = —3x1074( K Ha ,,

= —3x10 4K Hx0.4K=—1.2x10"1

#2204 7] (KOLAS) # o] A (103)/(139)



KOLAS-G-001 F7H1ERFD LA A2024-00053(2024.1.2)

(Ap/p) xe, = T0.4xAXco,

= +0.4%0.000005=+2x10 "5
(K.1.15)
49 025 AFFAFTE Ast] F/1UE FP5YY AURUEE 7

™

L

(Ap/p) = 1.23x10~*

(K.1.16)
oli, o]2RE FAAN Y IV|YEFHY RFEIEE
u(p,y) = u(Ap)
= (Ap/p) xp
= (1.23x10~%)(0.0012 g/cm?)
= 1.48x107" g/cm?® (v =)
(K.1.17)
o]},
TN EZEL 72t AaE Aol AlZkE wo x5S el S33te] Ha
S AgEtET o] BUIREY ZHHEF, p, £ +£0.0002kg - m-3 H ol E )
& SHEo] Zohal By AXNAFEEE o|Frhal 7HEAT
- 3
u(p;) = 0.000Z\/r%lg/cm =1.15x10"* mg/cm? (K.1.18)

o] A% E&wzto] ¢F 10% 7HA ¥ & vt AESTI) Aule; )/ulz,)

— 1 1 1 1
v(e) =5 CEAR ~2 012
u(x;)

N

wetd F7ILEZRe FFH EIdrE= 4 (K19)d o3t g3 7o)

u(p) =\ u*p,,) + u¥p,) + u*(p,)

= [(1.2x10" "g/cm?)? + (1.48x10  "g/cm?)?
(K.1.20)

1
+ (1.15%10 " g/cm?)?] 2

= 2.22x107" g/cm?

514717 (KOLAS) AeIA (104)/a39)



|

(K.1.21)

1< (1.48 <1071 1*x(115x10 7)?
+ 50

Z77|EREY LA A|2024-000535 (2024.1.2)

_|_

1*><(1.2x10"7)*

(2.22 % 10‘7)4/[
694.4

KOLAS-G-001

=1, v=T)0|B&

7} 0.00002 g/cm?® (k

M
o
Ty
N
2]

o}
H
Ul

o
a

TH
i

!
wA

(K.1.22)
(K.1.23)

7

45x10 K1 & &3l

7
A2 zkol £ 0.000005 C " H9 el de &

A=

ksl
pul

RS

[¢)
2 x10-8 m3, v

0.02 cm® =2 x10-8 m3, v

(999.999 165 2g)/(8.049 696 2 g/cm?)

0.02 cm?

u( V)

Vs

Vo = 125.0399 cm?® o)

T

| .

T

u(VHO)

531

=]

25

124.2282 cm?® 9]

FEEe Pl

5]

jm

1000 g &} #59 32 H¥0.02 cm’ o]
1

A

)

B ZATH a

1=
T

2

En

|

&

|

il

En

)

==
LN

22

A% 3]

=}

SRR

. webA

=

(K.1.24)
(K.1.25)

¥ o] A (105)/(139)

=29x10 °K™!
50

10 %7} A
)]2 2 0.12

1

V3
=
Au (xL

w(z,)

0.000005 K !

u(a)
A= Axk A ula) 9
v(a) =

1A 717 (KOLAS)

}

0]
“




KOLAS-G-001 F7H1ERFD LA A2024-00053(2024.1.2)

u(t) =5mK (=0 ) (K.1.26)

g ANANRE Aol FHRY] BHEu(Am,)E eI 2ol AN

= Clu*(p)+ Cp 2 u*(Vg)+ Cy * u*(Viyy)

+ C, 2 (et C, 7 u*(ay) + CHu(t)
= [V — Vg + (t—20) (Vg p— Vggerg )]

u?(p) + (= 1)[p+p(t —20)ay

u* (Vi) + lp+p(t—20)a ] u? (Vi)

+ [p(t—20)(= Vi )I* w*(ag)

+ [p(t=20) (Vi N v (ry)

+ [p(Vig ap— Vigg ) (¢
= (0.00018 mg)* +(0.00034 mg)* +(0.00034 mg)*
+(0.00022 mg)*+(0.00022 mg )*

+(0.00000 mg )
= (0.00060 mg) (K.1.27)
u(Amy, ) =0.6 1g (K.1.28)
Afres e 24
u,(y)
l/eff(Amb) = ()
1:2]1 Vi

(06 gy | ©1208) (034 18)

4 4 4
L (034 pg)" | (022 pg)” | (022 pg)
7 50 50

(0.00 pug)* ]

(ee)

+

#2204 7] (KOLAS) # o] A (106)/(139)



(K.1.29)
(K.1.30)

1o] Eolxtolsf o] A3

Z77|EREY LA A|2024-000535 (2024.1.2)

- AH =-0.0028 mg

= 33.1

KOLAS-G-001

gy Zw %6 8 g
bo o - Mo i o
g Mo M J of
0 ) f—— —_
El g ﬂ_l o} ﬂ_mu o<
- & A 63
ng, = Pouw z
R et —~
@ B % S o = ~,
3C m M o S W S S 3 o
_ —_ . < . Jd -
o b~ iﬁ _.i_; > _.E R ,
- 2SN o = 7 S > == .9
X W [ = = — ;29 . —| > X
= 22! Nea ) 2
o N - 1% OF E; k . "
~ o 5 = o NE - & [ _ -~
g »» X o | o < [ >
S & = R = . S TR
3 E & M . o o S S o M
Lo X oG N SIS S < ®w
E85%d Fw YL S % Som
o oy s No — H | N
>, M.o < %O - > op < Il e
ol = _ﬂ:. W N ﬂ.x T = CEEESK CH =
o _ N N
) S N . Ak T
foow % Py M BB o
g = M ~ BH - N ol -
o IR W e W 0
oy N M M N =
o o BTz =
W 7 Hr ,uraﬁmﬂmf ~ Ho
o o T D o % T ol

o] A (107)/(139)

1
(979.8320 cm/s? )?

g AH u(g)

Uy =C.:1 u(g)
1
g
(1000 g )

1A 717 (KOLAS)
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“




KOLAS-G-001 F7171EREY A A12024-00053 (2024.1.2)

1x10*3cm/s2 )=2.9x10"" mg (K.1.33)

+0.05cm 2 FolA gomz

(K.1.34)
A EE5o A4 EolAtole U RFEEISEE o 2o
1
=-1000 g L
(979.8320 cm/s*)
(26510052 2P M _ 6000 077 m (K.1.35)
: 73 : g 1.

1x10° /s .
u(Ay) = = 58x10 " /s K.1.36
(4,) 7 / ( )
o] #2110 % 7HA 2E g ATk B9,
1 1 11
v(a) =5 Au@), 200 =50 (K.1.37)
[ ]
u(z; )
oltt. Y 7|&7IE A AFSAHEIEE tSF 2o
1
uy = —1kg - 7 (A,) u(a,)
= 11000 L (Cio7em),
(979.8320 cm/s”)
(581077 /s*) =0.000 63 mg (K.1.38)
ol4e A2#AEH 4 (K1R)EFH FHIF 3 AFFAESEE 73t
w(4,) =C % (g) +Cp° v (Ay) +Chulg’)
=(2.9<10 " mg )* +(0.000077 mg )*
+(0.00063 mg )
=(0.00064 mg)? (K.1.39)
u(4,) =0.00064 mg (K.1.40)

olwj ¢ AFEE v Bt}

#2204 7] (KOLAS) # o] A (108)/(139)
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KOLAS-G-001

(0-64 pg)'

(K.1.41)

= 53

Az 28x u(Y)

=
=

K134 ALAA ¢J2 AFXAo]

To-

N

(K.1.43)

(V) = W3 (R) + uz(Asm) + uQ(Amm)

3 .

S
=]

o}

N

(K.1.44)

3.2210 3.2205 3.2195 3.2195 3.2190 3.2200

3.2205 3.2195 3.2210 3.2190 3.2205 3.2195

I;:

3.21995 mg

=(Z =
s( r;)=0.00072 mg ©|t}.

]

T.

e

oo

==
e

2=

Tu(R) 7} D

0.00072 mg

V12

Vn

(K.1.46)

0.00021 mg (v = 11)

) o] A (109)/(139)
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KOLAS-G-001 F7H1ERFD LA A2024-00053(2024.1.2)

o] dxy}l stgE 0] 80g/cm® 0 & Fojx Qth o] PEEZTS AU Ao
A2 wjuith Zo] ALSEH WA A AZFgI EEIR HAHE 71X

5o A& A, =100 mg + 0.0033 mg
= 0.00108mg (v =7) (K.1.47)

SETL)

= 0.0012 mg (K.1.48)
of A% BEEgel o 10 % AX WL & AuW AWBIEs}

Au(A ) u(A,,,) =010 AfEE o3t 2o

v =% Au(imn) ) =%0.112 =0 (K-149)
[ . ]
3) A& Agxtol 34 BIE u(Y)
ote] AFESRRE 2 (K143)9 AFAo|24 5 Vo RFER=w(Y)E T
stk & 714 G =10
u(Y) = il (R )+ (Agy) + 02 (L) (K.1.50)

= 1/(0.00021 mg)* + (0.00108 mg)? + (0.0012 mg )?

= 0.001 63 mg
u, (y)
Vs = T (K.1.51)
1‘:2]1 v;
B U (y)
14%0.00021° N 1* % 0.00108* N 1* > 0.0012*
11 7 50

= 299

#2204 7] (KOLAS) # o] A (110)/(139)
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K14 Mo $RAEFEEE v (M)
M) FAEFES= u (My)e F K29 2om I Axe gLy o

(My) = Ciy u* (M) + &, u*(Am,)

+ Cpu*(0g) + C4u®(Y)
= (0.0142 mg)? +(0.0006 mg)?

+(0.00064 mg)* +(0.0016 mg)
= (0.0143 mg) (K.1.52)

u, (M;) =143 ng (K.1.53)
K15 M;9 &Z88d= U

UC(MT)'OJ %}_?‘._X]—%E Veff(MT)% ——,‘L*S]_tl‘j E}'%‘T”} %H:}'
Ve (M)

4 M. 4 4

cApeut(am) | &a'(Y)

T Gamy) v (7)

= (1.3 pyty |20 | (0.6 ug)!

4 (060 p)! (163 pe)! |
53.3 29.9

= 61.6 (
t EEXEFYH AIHFE 9545 %ol X}%E 619 dgsle e How
tosa5 , = 61 =2.04 olH, 53} o]

i
Jot
k
i
ne
rr
u

=204 x 143 ng =292 g (K.1.55)
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KOLAS-G-001

M
= @ — | <t N D ©
mx_m = | 18 8 ||| |8 B |3 |m|lg| =8|
™
Xg| ¥ oy gl gl g g glg g o8 E g
(@)
AR N I I R R I R R EIEIES
Q — — N Clo|loc|loc| o] o S || (=) — 1/\c
=]
a| = m “| 9| &
Q
—
e M|
— © ©
%\ﬂ 2| ¥ 0w e Ml e w | B B ow
oy > o= ~| o o3 = Si
H%__(\ N % » — % — — — M © m % ~
es(E 88 1K) g |55 x(8 28|80
70
T |
g | 7R Ts| X | o
o | o [T RE ™ o G e AR L e |
oS N IR B e W < T S o e Vv o B < A B
T b | RNy B ® Eﬂ oMol 100 | Wopy| 7 Hﬂ_ TN
Bl o o o ool W | N | o 5 R 8P| ol B°| B° | %o | W | o
T R e e e ol R e o I e i
ar | oo | e W | o o dooss| N
_HE 0 NR TN NE | mR B T | =< Tk | No Htm o < Wﬂ
| B < " N oy | B
| X
I IR S - 8 S R~ A~ s 5] TR
Q(\Msms am\mVﬂn\U%TgYR @WmM
N—’
ﬂﬂ_% T e e e S8 5|5 8| 3535
|~ ‘UNO

#H o] A (112)/(139)
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Kl6 nAZd3 By

1kg A PEFY A7 Mr& w3 2= o534 2ok

= M =1000. 003 358 g £0.029 mg (K.1.56)

=6l10]a A FFF 9545 %L W] ESFQIA} k=2.040]1,
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KOLAS-G-001

Z7171ERFE YD 1A #2024-00055(2024.1.2)

A&7 7] (current shunt)$} AYAIS o] &st] HFHLAAM TFH= HEX
10 AY AFE A7) fste] 283 o] A48 dllees FE2%A
£ o] &3t A48

| |
Voltmeter
SVVVVVe DC
Load Current Shunt Source
K211 AFEF7Y aAZAZA FAE A}
O A7 HWEH:10 A
@ AFEF719 AFE:0.01 Q
© T wgd A mA" A
- A71AE R = 0.010088 Q (10 A, 23 Tl A)
-3 ETE

0.08 %, X3 Ak=2
- 15~30 Col Aol =A< :6x10-5 K-1
- A&gkel driftel]l ot

R FA7E
K.212 Ag¢A S 745 A
DO 2% 15~40C, AHEFE 80% olalolA &= uf, wAHE 139 uy =&
sesl Aedga e,
@ ARALEH 715 FABA
9% +(% of reading
= A < UH] + number of counts)
H g = a
3 9 o number of
counts
200 mV 199.99 mV 0.030 2

g Q1A 715 (KOLAS)

F o)A (114)/(139)



KOLAS-G-001 Tl XEY A A12024-00055(2024.1.2)
K213 ZAz
S22 -(23+5) C, 5 -(55+10) %
S35 SEAHAYE mV)
1 100.68
2 100.83
3 100.79
4 100.64
5 100.63
6 100.94
t 100.60
8 100.68
9 100.76
10 100.65
K22 539 83 =nd
V
IZf(X],Xﬂ:f(V,R):E
of Aol A e FANRA A AR, Ve FHHE A% RS EF7Y AF
S BA R=Ry(1+aAl)e] galr Fo4Rt A7A a v /77 S=AFoH

At= 20 ToFe] 2545 o m| gt

K23 E38x A& 4
JATE 7o) A@BAY glomZ A1) o s
2<1>—§ 2LV ()
'LLC — Z 3.’L’ u xi
u}}A]
2
w20 = j;) )+ (2L )
ola1, o] Ao  WX(V)=u(V)+d* (V)
W (R) :u2(31)+u2(}32)
2 9wt}
o714
w(V): 5378 aRZogne H2de AY BEEIE

A4 715 (KOLAS)
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KOLAS-G-001

s

—989.70 VQ 2

pi)

K241 At o

22

(V,—Vv)

n

10.75 x 10-2 mV

= 100.72 mV

LV

1

BA

Z

oo

2=

ﬁo

¥ o] A (116)/(139)

3.40 %102 mV
3.40 x 10-2 mV
2.90x10" % mV

s (V)

= (0.030 % x 100.72 mV + 0.02 mV)

a =(0.030 % of reading + 2 counts)
= 5.02 x 10-2 mV

HAlS] AR AlZ5H

(e}
H

q

Z

AR 717 (KOLAS)

}
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KOLAS-G-001 771 EFE Y LA A2024-000535.(2024.1.2)
ATy, = o
3) Htel Uik B3 %
w(V) = 2 (V) +u* (1)
= 1/(3.40 X 10°)2+(2.90 x 10~ °)?
—4.47x10°°V
Aol e FEARFEES 2(6.2)°] o) T+t
u' (V)
e Y1) u' (1)
u _|_ 1
4! Uy
_ (4.47 <10 %)
(3.40x10°)*  (2.90x10 %)
+
9 o0
= 26.89
K242 E7/F7]9 A U Ed= HU}
1) AFEFRY] ALY 2FETE u(R)
WA H A 2 HE

a= 8x10 *xX R = 8x10 *x0.010088

=807x10°% Q
k=22 FHFgHornw FFEIIT =
07x10° _
u(R) = 807#0 = 4.04%x10°°Q
A= Vg = 0

A4 715 (KOLAS)

o] A (117)/(139)



KOLAS-G-001 F7H1ERFD LA A2024-00053(2024.1.2)

a= 60x10 <X At xR
= 60x10 %x5x0.010088

=3.03x10% Q

FFEHE 4 (R) = —— = 1.75x10°° Q

V3

(R) = W2 (R) +u?(R,)

g

= /(4.04 %10 %)2 4 (1.75 x 10~ %)?

=4.40%x10"% Q
Ao 3 FEaAFES A6.2)°] o8] T
Y u'(R)
? U4(R1) U4(R2)
+
Vs Vy
B (4.40 < 10 9)*
(4.04 <10 %)* N (1.75x 10 %)*
(ee) (ee)
= 0O
K.2.5 Current A2+
VvV 10072x107%
1= R 0.010088 9984 A

K26 IHEFEI= u (y)

U, (1) = \/012u2(V)+c22u2(R)
= [(99.128% % (4.47 x 107°))2 + ((— 989.70)? x (4.40 < 10~ %))?] 2

=6.2x10 °A

#2204 7] (KOLAS) # o] A (118)/(139)



KOLAS-G-001 F7171EREY A A12024-00053 (2024.1.2)

K.2.7 8 A} = (Effective degree of freedom)

()

99.128% % (4.47 <10 %)% (—989.70)* x (4.40 < 10 %)*

26.89 * 00

=(6.2x10%)*/
~ 103

K28 FZAEI=

FAEARFE7L 1030] 22 student ¢,(v) F FEAFE 0Z FHFo] 7hs3dtt
FTEARE vy = oo, AHAFE 5% e EIJAE (-BEFA Zow
k = 1.96 ©]th

Wb U= ku(I) = 1.96X6.2X10° = 0.012 A

K29 28z Z%

BT 94 z = EZ BEE | AEAT | BERE [ A80R | ARE
HhE 2 A% 340x10° V 99.128 t 1 9
A B3 2.90x10° V 9.128 | AAZE | 1/V 3 00
w71 A & B 4.04x10° Q -989.7 At 1/2 00
exF 3} B 1.75x10-° © -9%9.7 | ALY | 1/V 3 0o
A% FHEE BIE | 62¢10°A - t - 103
AF &g B 0.012 A - t 1.9 103

K210 $3Z23% By
U UIZ7EA W 7R E @I
(1) 7=9984 A, &ZE3: U
k = 1.96, vy =103
(2) I = 9.984(12)A, k = 1.96, v =103
(3) 7 = 9.984(0.012)A, k = 1.96, v =103
(4) I =(9.984 + 0.012) A, k=196, v =103

K3 HE " EHE 20 V range 1A

#2204 7] (KOLAS) # o] A (119)/(139)



KOLAS-G-001 F7H1ERFD LA A2024-00053(2024.1.2)

K31 HEHHE 20 V range 13

HEHEH Y wgdtel mel, HEH|E Y 20V ranged] I EE FR1dt7] $18
OP3} o] th7]% calibratorE ©]8€3te] AF{F 10 VE ZHE| |

o
t}. t}7]% Calibrator 2 HEU|E S FAYAE o3 2o}

Calibrator
Multimeter 10.000000 V
100001V | © ©® e e
o O \L O Q
\ @ O @ @

K.3.1.1 t 75 Calibratord] 2 Al

Calibrator®] WAHF7]E 90¥olar, 23 +1) CollA wAwom olgfeo] F244
Al el wrgo] gels ek

DC Voltage Specifications

Uncertainty at 99 % level of confidence +5C
e Resolution from calibration temperature
24 hours \ 90 days \ 1 year
+(10° output + puV)
20 V 1 pVv 4 + 3) b5+ 4) (8 +5)

* +(4x10-6 x output + 3 pV)S 2 u| 3t}

K.3.1.2 BEJUE 9 FZHHA

DC Voltage Range

Range Full Scale Resolution 1 year uncertainty
£ Display +(% of reading + % of range)
20 V 19.9999 V 100 nv 0.0035 + 0.0025

#2204 7] (KOLAS) # o] A (120)/(139)
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Al A2024-00053(2024.1.2)

Service manual®l] 93}, BEIF|E 2] 20V rangeE &<U3st7] $43] DC 10 VE AF

Range Input Voltage Limits

20V 10 V +0.0007 V

e® 2322 Cold WEPIEI EASE Aol ZHAZ Fokol A WA
k7] WEA © el ke A W, ReET R AAPHA 9T o
Fe FA ks

10.000 000 V 10.0001 V

K32 5739 %3 2d

Vovu = f(V) = Vsrp + AV

o 7] A
Vo -HE|U)E 7} BASE A
Vsrp : Calibrator2 % 17}=E+= A

AV pym : BEPIE AAIGEY 2}

Calibrator® =
og Gl FA

Bom
(d
U
o
o |

#2204 7] (KOLAS) # o] A (121)/(139)



KOLAS-G-001 F7H1ERFD LA A2024-00053(2024.1.2)

et $HEERS

o 7] A
u (Vyrp) : calibratore] Q17FA ko] st 1 &3
u(Vigpy) : BEIVE S $AFERZ Q3 BFEFT
REASE ged 2o
B o Vo
“ - oVerp
o Vv
CQ = 1
OA Vi

K.3.4.1 Calibrator®] &% H7}

rr

Calibrator®] FAEAZEEH wHF7] 90| i
gen 2.
a; =5 ppm of output + 4V
=5x10-6 x10V + 4x10-6 V
54x10-6 V

TABAAA AEFFEe] 9 %2 FoIRMI, BFIEE

k=258 o] At} wehA 7Pt iFES == oS
a 54 %10 ¢
2

U(VSTD): .58 =

=209x107°V

Z]"PFE v, = &©

K342 HEluH9 &35 FPr}

ot
N

Reference standard®] A& =7} 9=A 7|7 Kt

N
)
2
A/
1
M
J {
ki
rr

A Fe 43, 2EEHY ¥

A4 715 (KOLAS)
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KOLAS-G-001 277 EEY TA A12024-00053 (2024.1.2)
Algkol A3 WstE A dAY = BEUEEHS EA7F 7HE +1 count 7F ZHEHA
d HolE® AY ZFESEc FAIY F Ut mEbA viEAd g B8 e=
HEP O #ilss o8&t BY REELEEZA HFIH
= TABWAZREH, 20V range®] &35 1 count (5 100 pV )olt}. A A|Fko]
W E A &7 W) Fol limits7} 3 counts}r A2 4 Qi)
ay = M =50x10 °V

A REZ S, QEnlEe] Rasel e BEEREe i @

a _ 50x% 107°
V3 V3

Z]"PFE Vg = ©O

w(A Vi) = =28.9x10 °V

u (V)= [Cl2u2(VSTD) + 022U2(AVDMM)]1/2

= /(20.9< 10 %)%+ (28.9 x 10~°)?

= 35.7x10 %V

K.3.6 B A% (effective degree of freedom)

ut (V)
[C1U( VSTD )]4 n [CQU (A VDMM )]4

41 Vy

Vegr =

(35.7x 10 %)*
(1x20.9x109)* N (1x28.9x10"9)*

(0] (0]

= OO

K37 ZEg=

FEARTE vy = 0, AT 95 %] et LFAAE t-FEFZAA Fod
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k=196 oltf. wahA g 2= ofe 2o

U= ku (V) = 1.96x35.7x10 6

C

=70 uV
K38 BE8% FZXR
! §]— E IL‘.%— . z]_e
P R |ganogy)| BEAT| oy | A89F | ARE
Calibrator B¥ 20.9 1 3t 1/2.58 00
2% B¥ 289 1 AA4d | 1/V3 00
. [ 5 A=
Multimeter t’% Bo 35.7 - t - oo
. s}#}F
Multimeter %gfg 70.0 - t 1.96 00
K39 S$34% i
+ U7 RS VA E 2.
@ V=10.0001V, 3FEIT U=70pnV, k=196 (RAZFF 95 %)
@ V = 10.0001(7) V, k = 1.96(AHF= 95 %)
@ V = 10.0001(0.00007) V, k = 1.96(X &+ 95 %)
@ V =10.0001V &+ 70 uV, k = 1.96(XHFF 95 %)
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HE o]

IEEE-488 Interface 7]
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o
EY
o

TEEE H9
K411 X343

34 1kHzol 4] 2 V-TVC (UUT)Z %2 TVCS HlmZ=4 3
1o

A5 (1) = +439x10°° A5 (2) = +2.73x10°°
A5 (3) = +1.94x10°° A5 (4) = +1.32x10°°
§(5) = +232x10°°% A5 (6) = +4.09x107°
§(7) = +586x10° A5 (8) = +2.35%x10°°
A5 (9) = +4.25%x10°% A§(10) = +1.75x10°°
A5 (11) = +3.93x10°° A§(12) = +1.55%x10°°

K42 B3 = H7}

K421 539 5874 24

w2} 2]

ONE e

olx o] AeA u*(s )= u*(5,)
uQ(A5)=u2(52)—|—u2(53)
A 714 ul(s,

)
u(6,) :

TH 2K AS)E T
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© 24 AC effect, nanovoltmeter2]
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o e, A

=N
[}

42=, no 24

1x10-62. 2 EA =17 uf & o
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= \/u2(52)—|—u2 4]

= /(0.4x10 %)%+ (0.58 x 10 %)?

=0.71x10° ¢
o} Zon fEAFEE e o)
0.71x 10~ %)4
- (76 4 ) —o — 109
(04x<10"%*  (0.58x10"°)
_|_
11 0o
K43 JAHAEFES
=" wAA FAEFEIT == ol e} gom,
u (8) = V(1x107%)2+(0.71x 107 6)?
= 1.22x10°
SEAGEE ey 2o
uc4(5t)
Vegt —
) *(5) L u'(49)
2 w
(1.22x 10 9)*
(1x10 %) N (0.71 <10 %)*
00 109
=950
K44 3R B3I
95 % AFFFAM vy =950 o e EFAAE
k=1.96 o2 gF8sc= 3 2o
U= ku,(§) = 1.96x1.22x10°
~ 24x10°°
K45 EB3% 4%

M

e
3]

ol A

i
o
=)
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=285 8¢ Type FEFE3ex10°] FERE | FHEAA| AFE
=7 A B 2 B 1 3t 1 0o
HHE =4 A 0.4 A5t 1 11
AHg a4 7] B 0.58 A A} 2+ 1 0o

FeEFESE 1.22 t - > 900

3 ESE 24 t 1.96 > 900

K

K46 SR 43 H

2 V-TVCE F34 1 kHzol A vla=A3 n ¥ 3= g3 2o}
0 = 0,+Ad= —296 ppm=* 240 ppm, k

K51 =9
A AZe v Al AN FHoE Ued £ o, 7 @ & K3 &
oFst Aot
1000 X myggp X Pypp
Covioy = K51
e Ve X Fypp ( :
C xup: KHPY 5% (mol/L)
m gyp : KHPS} A& (g)
F pyp: KHPY #A1% (g/mol)
Vi : KHP €99 23 (mL)
C xupxV
Coraon="""pr " (K.5.2)
N1

C neon :NaOH £99] 5% (mol/L)
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Va1 :3AE NaOH &9 £33 (mL) (3£ K39 &4 5)
V <up :KHP9] 23 323](mL)

C raoi* V
O (K5.3)

C yep: HC1Y) 5% (mol/L)

C naom: NaOH$E] &% (mol/L)

V 2 : 278 E NaOH®| F3)(mL)(:E K39 @A 8)
V ey HCL &40 {4 73] (mL)

% K3-A18 Ao 2 ZF dA A4

A A 3 ®7]
1 KHP®¢] A= IMKyp
2 KHP -&<}2] }-9 Vi
3 KHP 5% Cknp
4 NaOH &<} +4] -
5 KHP #7ge] AH-8% NaOH®| -3 |48
6 NaOH¢l| gt KHP®|] 27 = Viup
7 NaOH &9 9] 5k CnaoH
8 HCl A Aol A}-&¥ NaOHe| H-3 T2
9 NaOHel ot HCl9] &7 = Vel
10 HCl &9 5% Cual

K52 3% 849 Hr}
K521 EFE2 KHPY A&

0.1 mol/L KHP %58 250 mLE FH|3}l7] 95l AHFS HEsA =43}
ofoF ght},

204.2236 X 0.1 < 250

1000
o] &L o5 o] Aol=HH Tt (KHPe 8719 d7F:36.1284 g,
A :31.0234 g, wEbA] KHPS A7 :5.1050 g).
5743 é%@ OM H*%OMQ] tﬂEJ—’Jr A 29l ?%ﬂ JH% Bz 5 A7
] o

= 5.10559¢g
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= Ao U3 wHAHHMANA 95 % AFHFFozZ £0.1 mge] =3
NoBZ o] FE 19602 UFolEFo =z FFEIEE 01/1.96 =

Feg BHEY ABWHL AAgsel FANE 4P

S Zetam9] ARSI &9 Ry #AHEE F23 B Uy 2
t}.
O g3 7o gigk B3
@ =7 %57l wE ¥E
® 2% e F3 wsg)
AzGAd g&f Fojzl &% ZTataz9 FAL 250 +0.15 mLo|th o
R

o s
g Exdga 7pgste] oo i FF

g = 015/ v3 =0.087mLe|th. =5 ZF7]d ©E EFd=+ giido] He &
o

o

230 g wEAPer FAHZT. 250 mL Feks=o] 101 7S A
A#gS =AHso T3 TFUXE 0.012mLolth o] EFHX7F =57 W7o o

, B9 By A Ag¢es 21x104 K10 22,
2 Ryl BT 1Vx3x21x10-4 0|22,
1250 & 250%x3x2.1x10-4 = 0.158 mLo] t}.
g +0.08 mLE T 21 Al 7HAES FAdE
o FAEFESEE e Eoh
w(V;) = v0.082+0.012240.087> = 0.12mL
K523 KHP §99] 5%
KHP &9 5= Ak 2(K51)& o83t thadt 2t
1000 X myp X Pregp
KHP = Vinp X Frup

rr
&
3R
r>4

250 mL Z&}szo 23
o] e 19602 Yo BF
g Az BAW

L

e
=)
< e
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VKHP?mKHp“] E—l._l—u_ K.5.213 K5.2.29 A *?-o]—}\}\_]_ CKHP% A2 s 7] 95 o
Poyp, Fopd B8 =71 B Q351

KHP2] ¥A}#:KHP] #A}42 C8H504Ko|H, Exl#e] BIr+= FAHQA
A AAFY EFERE Aol i K4ast L AT dis EId==
[UPAC F#9 =2 Journal of Pure and Applied Chemistryol] 2idol SHHA &3f
Ha o

# K4-KHP 74849 4% E84 =
4 A AR F dxd 8= EFESE
C 12.011 +0.001 0.00058
H 1.00794 +0.00007 0.000040
O 15.9994 +0.0003 0.00017
K 39.0983 +0.0001 0.000058
7 949 RERHEE ALY BER JHHE, ® K49 F RES V3L
S AR A7be] AAFE 7t i RFEIEE F3ho & K5

Al Ak 4 3 = % =

Cs 8x12.011 96.088 0.0046

Hs 5x1.00794 5.0397 0.00020

Oy 4x15.9994 63.9976 0.00068

K 1x39.0983 39.0983 0.000058
KHPS] 43L& ths 2o

Fyyp = 96.088 +5.0397 + 63.9976 + 39.0983
= 204.2236 g/mol
A B8 uFKHP)E 23% Aupf=e] ge} 7 gte] Agdel AF

#2204 7] (KOLAS) # o] A (132)/(139)



+0.0016

Z77|EREY LA A|2024-000535 (2024.1.2)

8 < 0.00058>

v/0.0046 +0.00022 +0.000682 + 0.000058>

= 0.0047g/mol

U(FKHP)
I
U(Cg) -

[

3} o] 4

[e)

=

oo

KOLAS-G-001

22

[KOLAS 3]

™
ojo

N

W

=)

il

iy

]
]

KHPY == :KHPY +&& 99.9+01 %2 AFA] A A

(o]

Al

A

0.001/ V3 =

T—
T

u(PKHP)

g

2](K.5.1)

|,

K6-KHP %o #dd 23

YA

Vi X Fxpp
a1

CKHP

KHP® %% :KHPS ¥% Cgyp

0.00058 ©]t}.

M
ACRENERT:
M ool ol o
— — — —
ZT._ X X X X
| R RN
— | <] 3
=y
Nro
o~
Ml x| 8 o~
S| O <r
DD N o
S| =<2
| S| S| S| S
©
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71N de hES AgsE e 2ok
Cop = 1000 %< 5.105 %< 0.999
250 204.2236
KHP &%+ 0.0999 mol/Leo]xL
u(Cipp)

CKHP

= 0.0999 mol/L

=[(1.7x107°)?+ (5.8 10 *)? + (4.8 x 10~ *)?
1

+(23%x1079)2 = 7.5%x10*
up) = 0.0999x7.5x10-4 ~ 8x10-5 mol/L

u(C ¢
T+ 8x10-5 mol/L o]t}

b
=55

b

K5.24 NaOH &9 A%

0.1mol/L NaOHE A|x3ty st o] EdL #AFEo] 39.9971 g/molo] i,
KHP$} w7t A2 2] ESE e 3 oo mE 25 & a#stoiof g
ok Z2v NaOHY Fx+ AFAQ Al4ko]l of il KHPS &oo] osir 24
5 7] wjEol ExlFoly HI Ao #HEE= B8 % HH7F BashA] &t} 250
mL &9 FHI37] AA 7hs e 0.9989 gel 7%77}% e ez o o] o
M AHEE NaOHS %2 1.0 T A
Tt Ue SA9 d8d g3 #dA7 flers Liﬂ’c‘?}ﬂ gfolx Ht},

25mL NaOH &9& Jsloz FAckst=H, Edt2aY A9 A=
25 mL 93 AR&M Y B 37FA] 840 o) wAHT

@© 1= ‘:‘3491 53 s

@ T F=F5R27]9 A A

® & «lx}Hw}E—Prf%Bl E3x

gy o] B 3t B =e ARl 2] £0.03 mLZ %301/;'51“'4 o9 #
FEIr= FAAAE BEXE JMAEA 003/ /3 =0.017°]th =R ©WE F
TESE= HEAIPAA A EFAXE 0.0092 mLo]t. o w\% xFEE
T2 A AR 2 o)z QI3 B3 EE K52.104 AH AtEL &%
H3lE £3 KAIEE 95 %)= Hstal =9 FIAAZATE 215104 K12 A3}
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oo W& EFE+= £0.008 mLE Fojzith F3 VNI1dA 2t €19 Egx

(T—)

S8g W Z el UJrE R, i*}ﬁ}oqok et Az

H
™
ot
I+
EVERN O]
AR
it
ol
8
flo
2
Ir
=
o
o
Qo
+ 3
.
s
)
Q
N
X
<
~
T
'1
rr
N
=
o)
U‘l
F‘
s
S
L

K.52.7 NaOHY| &%

NaOH¢] &% CNaOH¥E 2)(K52)ZFE 3t}

~ Cgup X Vinp
Craonr = 7o
1

¥ K39 9 4~602XE F3F 4zt k1 Bslo= g K79 gon,

¥ K7- NaOH9 %o #dd 23%

2 g HEFE S
C xup 0.0999 0.00008 8x10-4
V xup 24.85 0.033 13x10°%
Vi 25.0 0.021 8 4x10-
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B3 s A7 YA E A(KS520M A Foz mAHE A, AUx
FEEE Agsd A s,
U(CNaOH)
CNaOH

= V(8x10 )2+ (1.3x10 ?)2+ (84 x 10 4)?
=0.0017
NaOH ¥%° EFEZE u(C you)E 7 2ok
u (Cy,on )= 0.0017x0.0993 = 0.00017 mol/L

K.5.28 NaOH €4 27]7]

o] A= 7IEe]l HE NaOHe| distel HCE HA3se 3 @Atk ole
K5259 4} np7kA 2, 25 mL 3 3& AFEsto] NaOH 898 Frldit. 1

HEZ L, 25mloli, EFEIL u(14,)E 021 mLo|th

K.5.2.9 NaOH¢| o g HCl 3 A

1S o VHCIY 3 2545 mLo|th K.52.69A1¢ AA 7
To] o] TS Aozt JHAYS W BTESR
K.5.2.10 HCl®] 5%

HCIY s% CHClE= 4(K53) 2% E T3}

7y gy o) e EgdxE #F K8y gow,

¥ K8-HCIY %o #HEE B3l
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ak E g = AHETESE

C NaoH 0.0993 0.00017 17x1073

V HC1 25.45 0.033 1‘3X1073
A(K53) 02 5EH HClY FEE
Chc = (0.0993%25.0)/25.45 = 0.0975 mol/L
olal, BIEE T4 HsiME A(K53)NAH HE Foz XAFHE 4o

AU EZRIEE A8 Aeiy
u(Ciey)
CHCI

= /(1.7x10 )2+ (84x 10 )2+ (1.3 10 3)?

=923x10°

u(C ya) =2.3%10-3x0.0975 = 0.00022 mol/L

K53 EZEZ =9 ALk

FHEIE UGy FAREZRFE
A},

e

Fax (k=2)5 FFgozm do
U(Ciey) = 0.00022x2 = 0.00044 mol/L
AnE A, HCEYS F=E

sE< 0.0975 mol/L7} HW, FFELE+ 0.00044
mol/L(k = 2)°]|t}.

K54 t-& HY¥

el wRH Ae g

A FEssE oldnt geba 7
2 Uehfe], BE 3% 229 g

1000 X mypp X Pryp X Viep X 13
Crol =

Vi X Fyyp X Vg X Vigal
(K.5.4)
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Stoll A 78 Zhzte] 24259 e =S E Kol AYsiiit
~ 1000 X 5.105 X 0.999 X 24.85 X 25.0

Chel = 950 % 2049236 < 25.0 < 2545 00975 mol/L
C
U = 1710772+ (58X 1074 + ...
CHCI
1
+(84x107 )%+ (1.3 <10 %)%
= 2.3x10-3
#* K9-7} A A 3%
A}
£ ° & S
m gpp KHPo # % 5.1050 L7x10°5
P xup KHP?| %= 0.999 = gx1074
V kup NaOH®| 4] 24.85 13x10°3
KHP# 7ol AH&#
Vi NaOH¢| 9] 250 84x10°"
Vs KHP ] -3 250 48x10°1
F xup KHP®] 7} % 204.2236 5 3x10°
HCL 24l AL&3

Vv NaOH?2| %3] 250 8.4x10™
V na HCl¢] 9] 25.45 L3x10°9

u(Cye)= 0.0975%2.3x10-3 = 0.00022 mol/L
i K9ZHE, 7 dAAe BAE & vud § Stk & 5o F
VHCI®} VKHPE % E3%o 717 1.3x10-3% 7]odith o] & HES 3
1.8x10-30.2 FHH 2359 80 %] 2ttt tx2 o Z mKHPS FKHPS]
2 % WS AA T o] o2 AR AL FaEAls Al

of dt whAT Ave] YL F F v BHEY BE AAL HEH e
btk o el AHEE AEE TFstel, BHEe) o] HE B2 obyo
Gastan Al te FRd BUE gk BRI A TAAC Bk
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