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β
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Δ

Δ

Δ





1















β β











yi xi



≈ 20% ≈ 50% ≈ 80%

±20%



ng/mL cps2 cps2





y = b1x + b0 y = b2x
2 + b1x + b0



1/x 1/x2



b0 > 0



x

x x = |b0/b1|



mg% g/100 mL



> 50%

< 150%

20%

σ 50% 150%







2



F

1/x 1/x2

F

1/x

1/x
1/x2



x2



ng/mL

ng/mL

mL

μL mM

μL

100 × 2.1 mm μm mM



1/x

b0 b1 b2

9 × 10−3 5 × 10−1 b0 3 × 10−3 8 × 10−1 b1 −7 × 10−5 −7 × 10−8

b2 ŷi

1/x 1/x2



F F

P

wi

V i
w

Vw

S =
∑
i

√
wi

V i
w =

V ar {yi1, yi2, . . . , yij} × wi

S2

Vw = V ar
{
V 1
w , V

2
w , . . . , V

i
w

}
S wi ith

1/x ng/mL w5
1/5 = 0.2 V i

w

ith w

i V ar

yij ith jth

Vw w

Vw

wi = 1 1/xi
1/x2

i



F

F yL = b1x+b0

yQ = b2x
2 + b1x+ b0

SSreg,Q =
i∑

n=1

wi × nj × (ŷi − ȳ)2 =
i∑

n=1

wi × nj ×
({

b2xi
2 + b1xi + b0

}− ȳ
)2

SSreg,L =
i∑

n=1

wi × nj × (ŷi − ȳ)2 =
i∑

n=1

wi × nj × ({b1xi + b0} − ȳ)2

SSreg,Q SSreg,L

wi ith nj

ŷi

ith x

ȳ

×

SSres,Q

SSres,Q =

i×j∑
n=1

wi × (yij − ŷi)
2

yij jth ith

F

Fcalc =
SSreg,Q − SSreg,L(

SSres,Q

n−3

)
n i× j

P F



j = 5

F

1/x 1/x2 P



j = 1 j = 2 j = 3 j = 4 j = 5

j = 1 j = 2 j = 3 j = 4 j = 5



y = 7× 10−6x2 + 0.0224x + 0.0174 y x
ng/mL

y = 0.0091x + 0.0059 y x ng/mL



1/x
1/x

1/x2 1/x2



P

P

F P 7×10−9 7×10−8

P

1/x 1/x2

1/x
1/x2



1/x 1/x 1/x2 1/x2

F

F

1/x 1/x 1/x2 1/x2

F

F

1/x 1/x 1/x2 1/x2

F

F



x 1/x

1/x2

F

Vw1 = 1.7 × 10−6

Vw1/x
= 2.0×10−9 Vw1/x2 = 6.2×10−12 Vw1 = 3.8×10−7 Vw1/x

= 5.0×10−10

Vw1/x2 = 2.6× 10−12 1/x2

F

1/x



F

F

F

F

SSreg,Q −SSreg,L

SSres,Q/n− 3

P F 1×10−13

P

P



1/x2

1/x2 n = 7

F

P

P

P

P < 0.05



F

1/x2

F 1/x2

F

n = 7





F

F

F



1/x 1/x2

F



F

1/x
1/x2 F

ng/mL



F

1/x
1/x2



yL = b1x+b0

yQ = b2x
2+b1x+b0

n = 45 MSPE

MSPE =
SSPE

PE

=

∑
i

∑
j wi × (yij − yi)

2

nij − k

SSPE PE

SSPE wi ith

1/x ng/mL 1/5 = 0.2 yij jth

ith yi

ith nij

k

i

MSLoF

MSLoF =
SSLoF

LoF

=

∑
i

∑
j wi × (yi − ŷi)

2

k − z

SSLoF LoF

SSLoF ŷi ith

z

z = 3

F

Fmodel =
MSLoF

MSPE

P F

Pquad P Plinear



P

F F

seij =
(yij − ŷi)

se ×
√
1− hij

seij jth ith

ŷi ith se

hij ij

se

se =

√∑i×j
1 (yij − ŷi)

2

n− z

z z = 2

hij

hij =
1

n
− (xij − x)2∑i×j

1 (xij − x)2

xij yij n

x

ŷi
yij − ŷi i yij − ŷi

y = 0 yij − ŷi



i

y = 0

P

P

P

= 0

y = 50





P

yij

b0 b1 b2



F



F

1/x 1/x2 F

F P





F

F

F

F

4σ

P 2.2 × 10−10 2.2 × 10−4



x x2

1/x 1/x2

1/x2



F

nth

P

P

P

±t× s/√n

b2

F

F

> 10



F

F

P



F

F

P





P

P < 0.05
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β γ



μg/mL



γ

β

μg/mL

μg/mL

μg/mL

<



μg/mL μg/mL

μL μL μg/mL

μL

×g μL

μL ≥

μL ≥
μL

×g μL

m mm i.d. μm

280 ◦C

mL/min 70 ◦C 110 ◦C

280 ◦C

psi

230 ◦C

150 ◦C 280 ◦C eV



μg/mL μg/mL

mL

μL μL μg/mL

μL

μL

×g μL

μL

μL

mm μm 50 ◦C

mM

μL/min

−18V −7V

−30V

−10V



−4500 V

700 ◦C

y = b1x+ b0

xe x

xe =

∣∣∣∣b0b1
∣∣∣∣

y



y = b2x
2 + b1x+ b0

xe =

∣∣∣∣∣−b1 +
√
b1

2 − 4b2b0
2b2

∣∣∣∣∣
xc

xe

xs

xc = xs + xe

xc xs

xs

xc

b1
2 −4b2b0

b2



xs xe

xc

sxc = sxs + sxe √
s2a + s2b

sxs sxe

sxe =
serr
b1

√
1

n
+

y2

b1
2 ∑ (xi − x)2

sxs =
serr
b1

√
1

m
+

1

n
+

(ys − y)2

b1
2 ∑ (xi − x)2



serr =

√∑
(yi − ŷi)

2

n− 2

sxe

sxs

serr

Sr

b1

n

m

y

ys

yi xi

ŷi xi

xi

xi i

x

sxs sxe

sxe =
serr
b1

√
1∑
wi

+
y2w

b1
2 (

∑
wixi

2 −∑
wix

2
w)

sxs =
serr
b1

√
1

wsm
+

1∑
wi

+
(ys − yw)

2 ∑wi

b21
(∑

wi

∑
wix2

i − (
∑

wixi)
2)

serr =

√∑
wi (yi − ŷi)

2

n− 2

yw =

∑
wiyi∑
wi



xw =

∑
wixi∑
wi

wi i

ws s

xw

yw

sxe sxs se b1 n m y ys yi ŷi xi

y b0

y b0

b0

b0



y b0 ≈ 0
y b0 > 0



b1

b0 μg/mL

xc

xs

xe

1/x2

b0 b1 b2

1/x2 1/x2

μg/mL

1/x 1/x2



μg/mL μg/mL

μg/mL μg/mL

μg/mL

xe

xe±sxe 11.32±0.14 11.87±0.18 11.64±0.17

11.76 ± 0.16 11.89 ± 0.18 μg/mL

μg/mL

μg/mL



n = 10 n = 8 n = 10 n = 7 n = 8 n = 7
n = 6 n = 11 n = 17 n = 12



sxe

sxs

sxc

sxe

sxe μg/mL

μg/mL μg/mL

sxs sxe

μg/mL μg/mL μg/mL

sxs

sxc > sxs

sxc/xc < sxs/xs

b0 b1

xe b0 b1 ŷi

yi



×

>

xe



sxs/xs

sxc/xc

y



sxe

sxc/xc

sxs/xs
1/x2

1/x2



μg/mL

μg/mL

<





4



s

−3s +3s



≥ 50

≤ 150

≤ 20 (x̄50% + 2s50%) < x̄DP < (x̄150% − 2s150%)

±





μL

mL

μL

μL

μL

× g μL

mL

μL



μL

× mm μm mM

s −4s −3s −2s −1s +1s +2s +3s +4s

−3s

+3s

±30



FNR =
FN

FN + TP
× 100

FPR =
FP

FP + TN
× 100

RLR =
TP + TN

n
× 100 = 100− FPR− FNR

SLR =
TN

TN + FP
× 100

SNR =
TP

TP + FN
× 100

TN

TP

FN

FP



n

FNR ≤ 7% FPR = 0% RLR ≥ 93% SLR = 100% SNR ≥ 93%

0.032 < P < 0.922

y = b1x b1



3σ

> 99.7%

+3σ



ng/mL





ng/mL

> 3σ ng/mL

3σ
ng/mL





n = 30

±50%



−3s +3s

−3s

+3s

−4s −3s −2s −1s +1s +2s

+3s +4s

ng/mL ng/mL



s
n
g
/
m
L

n
g
/
m
L

n
g
/
m
L

n
g
/
m
L

α α

β

α



−3s +3s



±50%

±3s

±50%



FNR ≤ 7% FPR = 0% RLR ≥ 93% SLR = 100% SNR ≥ 93%

> 95%



25 ng/mL 50 ng/mL 50 ng/mL



α



ng/mL ng/mL

ng/mL





(%) = × 100

> 80%

mL mL

mL

× mm



mL ± 10%

mL

4 ◦C

mL

≥ 99.9%

4 ◦C μL

mL

μL

× g

μL

mL

μL

μL

μL

μL

× mm μm 50 ◦C

μL/min



μL

mm μL/min

Δ



= × 100

±30%

≥ 90%

4 ◦C

(%) =
t=X − t=0

t=0

× 100

t = 0

t = X

> −20%



FNR ≤ 7% FPR = 0%

RLR ≥ 93% SLR = 100% SNR ≥ 93%

ARCO

ARUNK < ARCO

ARCO ≤ ARUNK ≤ AR150%

ARUNK > AR150%



Δ

Δ



pg/mL

4 ◦C







α

−20%

< 80%



ARUNK < ARCO

ARCO ≤ ARUNK ≤ AR150% ARUNK > AR150%

> 150%
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n = 11







g

≈ 3 mm3

mL

μL

mL

4 ◦C

μL

μL M



μL M

mL

× g 4 ◦C

× g 4 ◦C

pmol/μL



nmol/mL

mM



pmol/mL pmol/mL

μL mM μL

μL M M

μL

45 ◦C

μL M M μL μL

μL mM

mL

45 ◦C

mL μL μL M M

μL μL μL mM

45 ◦C

μL mM M



μL mM

μL

mM

μg

mM

37 ◦C

μL

× g

mL

mL mM

μL

mM μL

mL

mL mM

μL

30 ◦C μL

mm μL



μL

× mm × μm

> 3 : 1 ±30%

≈ 10 g

≈ 1 g mL

−20 ◦C

−20 ◦C

−20 ◦C −80 ◦C











> 25



mg/mL
pmol/μL pmol/μL pmol/μL



mg/mL
pmol/μL pmol/μL pmol/μL



β β

mM × ×
×

mM

> 300%





4 ◦C

μL μL μL
μL μL μL

μL



37 ◦C

4 ◦C

pmol

pmol

±15%

±30%



pmol

< 3

×
pmol

×

pmol/mL



×



> 1



pmol







mg/mL 1 × 105



mg/mL





MC =
E∑

e=1

γe × αe × ρe × [e]×m

MC

e

γe

αe = 1

ρe

[e]

m

γe

αe



αe

αe

ρe

[e]×m

≈ 1500 g

2590 g

γe

> 10 μg/ml

ng/mL







αe

[e]

[e] = 0 [e] = 200

[e] = 20

ρe > 99% > 60%

< 15%

MC =
∑E

e=1 αe × ρe × [e] = (1× 1× 100) = 100

MC =
∑E

e=1 αe × ρe × [e] = (0× 0.6× 0) + (1× 0.15× 100) = 15
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F

F



1/x2

eij = yij − f(xi) f()



P
1/x

1/x2

1/y 1/y2

1/x
1/x2



x

γ

β













1000 × g

±30%

±20%





> 1













4 ◦C

4 ◦C −20 ◦C

−80 ◦C

























γ



Δ









β

β

















A

g mol−1

P



α

g mol−1

P

g mol−1

P

β

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P



γ

g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P

≈



g mol−1

P

≈

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

≈

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

n g mol−1

P

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

Δ

g mol−1

P



g mol−1

P

g mol−1

P

g mol−1

P

g mol−1

P

≈



g mol−1

P

g mol−1

P



B



1/x2



C



ng/mL y = 0



D







E



α

α

β



α

mM

2.1× 100 mm μm

μL/min

μL

sec

4 ◦C

50 ◦C



sec



V

700.0 ◦C



α

α



α

α



β

β

α

α



− −

−
−

−
−

−



−

−

−
−

−

P

α



P

α

β

α

β

P < 0.05



β

P < 0.05

P

α ×10−4 ×10−3 ×10−2 ×10−4

×10−3 ×10−2 ×10−2 ×10−3

×10−3 ×10−4 ×10−3 ×10−5

×10−6 ×10−5 ×10−5 ×10−6

×10−4 ×10−4 ×10−3 ×10−4

×10−4 ×10−4 ×10−3 ×10−5

×10−4 ×10−3 ×10−3 ×10−4

×10−3 ×10−3 ×10−2 ×10−4

×10−4 ×10−4 ×10−5 ×10−5



P

×10−4 ×10−4 ×10−3 ×10−5

×10−4 ×10−4 ×10−3 ×10−5

×10−3 ×10−2 ×10−2 ×10−4

×10−5 ×10−4 ×10−4 ×10−5

×10−4 ×10−4 ×10−3 ×10−4

×10−5 ×10−5 ×10−4 ×10−5

×10−5 ×10−4 ×10−4 ×10−6

×10−4 ×10−3 ×10−5

×10−5 ×10−4 ×10−4 ×10−5

×10−5 ×10−4 ×10−4 ×10−5

×10−5 ×10−4 ×10−4 ×10−6

×10−6 ×10−6 ×10−5 ×10−6

×10−5 ×10−4 ×10−4 ×10−5

×10−4 ×10−4 ×10−3 ×10−4

×10−4 ×10−4 ×10−3 ×10−4

×10−3 ×10−3 ×10−2 ×10−4

α ×10−4 ×10−3 ×10−2 ×10−4

×10−4 ×10−4 ×10−3 ×10−5

×10−4 ×10−4 ×10−4 ×10−5

×10−3 ×10−3 ×10−3 ×10−4

×10−4 ×10−4 ×10−3 ×10−5

×10−4 ×10−3 ×10−3 ×10−5

×10−2 ×10−2 ×10−2 ×10−3

×10−5 ×10−5 ×10−4 ×10−5

×10−4 ×10−3 ×10−5

×10−3 ×10−3 ×10−2 ×10−4

×10−4 ×10−4 ×10−3 ×10−4

×10−4 ×10−3 ×10−2 ×10−4

×10−4 ×10−4 ×10−3 ×10−4

α ×10−4 ×10−3 ×10−3 ×10−4

×10−5 ×10−5 ×10−4 ×10−6



F



α



α



α



mM

2.1× 100 mm μm

μL/min

μL

sec

4 ◦C

50 ◦C



sec

sec

msec

V



700.0 ◦C

α

α







α

α





α

α





mM

2.1× 50 mm μm

μL/min

μL

sec

4 ◦C

50 ◦C



sec

sec

msec

V



700.0 ◦C



G

μL/min



μL

sec

4 ◦C

60 ◦C





sec

V

500.0 ◦C













M

M M

20 ◦C 95 ◦C

μL

mL

μL μL

μL

mM



◦C
M
M M

M
M M

M
M M

M
M M

M
M M

M M

M
M M

M
M M

M
M M

M
M M

M
M M

μL mM μL M



μL M

μL M

μg μL mM

37 ◦C

μL

=

∑
j i

j

=
Aij

Aj

A i j























R2

Q2



M M

M M 20 ◦C

M M



mM

μL

mL

μL M M μL

μL mM



μL mM

μL mM

μL

μg μL mM

37 ◦C

μL



mM

=

∑
j i

j

=
Aij

Aj

A i j























R2

Q2






