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WE: AT Le@RBAHKKESRS, AETERFHRMKRFRGLER, HHHBFEFRY
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AT AR A GE 5 | 2 6 B A 15 B
XTI, X TR, KRZEATEN A& B
BRI e,

BT, E NG LB K B 5 kA LR
TR . PREREIEN  BIZE A TEM A, SR FIF
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Iy 7K R SEPRA], HEA TR E MR A 5, LA
AW AR Tk, K B IR A 4R A A LR
.

1 IEERIGE

WF 28 BRI R T 148 A S R B T i 1Y) 3
FOKOKIE A SRS INEE. R E R (KRR
HEPRUE NGB 3838—2002)# %, FEAHI/K I +5
oA 24 Hi. BT bR 2 BAATEREM &5 RS
% BN TR BR, DR e Xt bR R O gk A
Jb P,

Pk z&zEh 7 AbkIk, RS 10 S
TUREAR, TR, B 7K SRS . K AR B4 A
AN 2 (P SO R AR B /KGR . pH
B WA SRR | BBE . B IS, Xt
IR R 1 R 6 B, SFRIARTERK
JEkhy, Ho, 6 B RK AR EAR bR, RS

VK, R H KRBT TR b ERLUE Y TR R,

H eI A R AR LA AR B AH DL R AT S Ay
ERFRECIN R . KRS, BT ARARHMES
KRS 2 (B A R B K T RRAE B S ) LA
GOR W 1

R 1 KEEHESKEEREX S

FRAE AR FREL X PAE
pH 14 -0.047 0.70
peayiiia —0.247 0.04"

it 0.644 <0.01"
HHAT AR 0.746 <0.01"

HAA 0.710 <0.01"

Rk 0.538 <0.01"

BA 0.857 <0.01°

HARER A 0.352 0.01°
B —0.048 0.74

i -0.017 0.91
e 0.273 0.06
R 0.083 0.57

(1) P<0.05 TEGLT# L B E A 1E B A5G, P<0.01 U
WL, (2) FRG KRR B EAN SRR
S A AT 7 0 AR SRR, 4
TE 57K i S5 90 2 R AEAE AR M, A& RRE 2 [a] L [7]
FEAEAE R BEAR O, tban “BmE” 5 “HHAfk

AR Dk CJR 5 CRRERT . N
FRAEZ [RIFH DG ML o, S8 2 B AH DG STk, 454
TR K BEIR AR ) 725 7K BRI AE SR B 7K Bk
M, FZSEBUARA(DO) | R FRER TR R (COD,) «
SVBE(TP) M A & E(NH3-N) 4 T EE 7 b 4
SOKEPEN 8RR, IH L (b RK PR bR )
(GB 3838—2002)1E MEEMr Ik HE (3 2).

Fx2 HFRKFBRERAE mgL!
KRG Rt

DO CODy, TP NH,;-N

I 75 2 0.01 0.15

i 6 4 0.025 0.5

11 5 6 0.05 1.0

v 3 10 0.1 L5

\% 2 15 0.2 2.0

2 VMEE

T e KT A AR P A I, AR
(HBFRAK IR EE bR ) (GB 3838—2002)3% 4 I,
R FH L AT A S SRR 5, P aE S R
BRI B0 e T T3 AR bR (AR, SR FH T4 b 57
7RG — AR e, 5 AU B
RRORY 2% B B 0 B v 115 2 PR K S S AR S
R SR MEPEAN A B A5 SF R BE R, S A B =T
F/NFERIE K G, AT H K P 4518,
2.1 RN AFRIERGRESL

MBI E L BRI X = {x,x,,,x,},
N X ARG AR 42 (Hesitant Fuzzy Set, HFS)iE X
FM ={(x,h, (x)) | xe X}, Hh, (x) BRBBH
B, 20,11 — S E RS, FRER X PIE
—IGE x WA MIRIEE. Feali, WREELE
BB BACH — SR8, IR B4
R AL 3 30 A AR .

KPR R A X = (A, S
MRERFERL, EBE, ZA), JFKE 5 DARSER, B
SHRMESNG= L, B, —i, B2, 2. &
1 3 Z/KIREEEN T TR KA BUK SO /N, &
HEZR 2 BUE MR K AR FRE, XA . Rk
TEECFTEM AR THT 43, AEAE 0~1, HAMEM
AR RS . B XA /NG G Ak
3691, TRUK B PR ER . TR LR
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REAAFR LA s Alr, SEOMEN RE
FAEZESE, (BN LRNEINRTHEIE, K
SR PP b R B o B SRR E AR A Ak
ISR FAT A RS (3R 3).

R3 KEITMMIRAEER

K5 R DO CODy,
Q) {0.7,0.8,0.9} {0.8,0.9}
RL(ID) {0.6,0.7, 0.8} {0.7, 0.8}

— (11T {0.4,0.5} {0.5,0.6}

BFEAV) {0.2,0.3} {0.3,0.4, 0.5}
#(V) {0.1} {0.1,0.2}

IK B TP NH;-N
(D) {0.8,0.9} {0.8, 0.9}
KL(ID) {0.6,0.7, 0.8} {0.7, 0.8}

— () {0.4, 0.6} {0.5,0.6, 0.7}

IE(IV) {0.2,0.3} {0.3,0.4}
#(V) {0.1} {0.2}

e RPEIERERIT A EA RN ES, ZEA TR R ME,

WATRERZ N ARIEENES.
22 FAFRERE

TERS BT (3 B R A 4T, A
S TG . AR SO I SRR A e AT
WS SR 7 SR AR, B T S
SN E .

58 V2R B

By (5,) = 50 () G (), by ™ ()}
et 1 by (x) PSR EERG L, T BRI
hy, (x,) O B s SO

E(hM (xi)) = lx’ (\/15 _1) Z_‘l(h;(j)(xi)el_hﬁ/)(x‘.) +

J

(1A G 1), (1)

AR E SO R BAI TS B0, 2 F A5 B
fe/ MU U330 s AN

1-E,
w, = . 2

i n >
n-2E
i=l

. 1 m
K B =—> E(h,)i=12,n.
m -y

23 BEHEMNEE
MFEEES X ={x,x,, - x,} LRREGER

£ M FIN, BEESINEE d(M, N) T 52 DL

PEfE—: 0<d(M,N)<1;

YRR d(M,N)=0, 4HACYM =N ;

e =: d(M,N)=d(N,M).

R B B iy U 280, anseiniE R iE
B | WERARE B | 22 R Rt Aok
JEIEN R, SRR RIS PEFT 4 v g2 B
—EZESE, WY B PR R AR AR A R A
Bl e FEURL B PE 25 R I B B . (A
PEAS ORGSR F 2% FQHE B (700 B 4B, PRI TG
AN, I HR SRR H Ay SOk i B =2 ] 1 R
B, W TR R RENR, BEAA RIGRE o TR ) Uk
TR 5 SR B 5.

TE AT IR B 0 B N, 28 B )
PEA A 55 K SRR AN AR v R PR AR A5 6 b T SR g
ANERPEO, FEOCE BT, et
A H A2 R F T4 sl R 2 1 20K A B R B
g —, B ASERTZHERITAEE,
IR ik B R SR T EAb 575 48, W M S 1)
MEBEWIECRN ST 23 K PRI L. #h 555
)77 A 2R, WX AR A SRR STk, AT
e AT B0 e K ) SR @ B A T AR ST i ] TR
e JRUBSE (A AR AN S5, WPk A B 8k rh dpe /N A S
J& JE HEAT AR SRS AR S BAR RN 5 O AT LAAR
R FORE B ZANT TSN, HETCIE R
D 553530 2 AR LR S5 V5 30 AR R - b AL o A
BRZIEMEN, TR AT
FESC A M, DR Lk AR O ) 2 BE A B R 4 1.

JIT DAAS SCHE 56 4 M A7 1 1) AR WL Ah 55 1%,
BREARLF M T BT R Z M. BAR
BT B — AU BRI By, (x,) = (150 (x,),
g2 (x), o hy ) ()} FTFHAERON d, Herhl, <d
AR UERN 577 3 ) AL, A Ay, (x) e B
NS E BE A0 L hg ", HoRS™ < h7™ ) FEH
TE P 2 0] 4 B — e VEA (Bl AL d -1, A
SRIEEE, B RENSTHIRER.

FERBTIEAN 1 S Bris A, 42 2 AN )
SRR A RIS TS O Biln—4> 6
A RA RPN /N | 2K A=K s R
FRAFFR AT 53, BRI & 5N B K 1
WIMEDL R 4 BRFIEIE 0.8, Jioh 2 L FIF
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JrH 0.6, FILEBI%L(0.6,0.8) FRIFME; BK
INHRS COKPEVFO3 TR 3 S8 P32 0.8, 7
Hh 3 ZRFTI 0.6, IIILBEMIE0.6, 0.8}3%
AVEIME. BIRH . SRR EE R 52 A,
HRIRAFFESLPRAPE DL, Dk, T 5 AL
BB, XL A SRR
FRHEAT AL PR, HAE /MR B e i B4 SR
JEE R SRR L. (EIA B AL A B o e K
R RARH PRI . 754 ZA0CE A5 5L
T, MBI, LK e ey, e, XTI
B RCEE [ 5w, = (W, wy,ee,w,)", o, w, >0,
HY 7w =1.
P AU IR -

B (%) € hy (%),

h}l’;q (x,)= {(hﬁm (x), Wj)

w; = Z wk,i:1,2,---,n},
keN (i ()
s NS (x)) 2R 2 SR B (x,) 1Y
LREL
B RZEEDOL T, LRI ZRAN, It
N I B0 o GRALE AR AR, 255 AL IR A5 M)
B, A4 BRSO 2= IR B 22X
RRAERE X, e X FIRE R w,, Hi=12,n,
IR w €001, 0w =1, MUK AR 22
PRl g
dwh] (M,N)=

n 1 lx,'

hey (x,)— heo (x,)
ZWi —Z M : i N A i | .
1S RS (%) + hSY(x;,)

i=1 5 =l

3)

H 1z IR TSR] 22 B B 0 R 7 k3
LA R I S AR PN R R A B, AR
RS S Z N U RINDRE NS a2 S 47708

3 XLEEA

il b3 i X VT A8 3R 40 K B AR AR R A 5 K
JEPEAY, FHEXTPEN S5 R T SRR, e S
HAPEAN 7 i X H A6
3.1 F#l

H PR AR TR S R, BUHHTTAE N S
&SR AL B, C. D, EVKIEPE 4% H /KR

e S ST R R e T | g |4 S S
8 LRI IR A, FHUE 5 ALKk
AR OL o BIHEATAT 20 PROT, B BRAG 3 A KR B A

BRI AR, ARSI DLk 4.
x4 RBEMTNER

KGR DO CODy,
A {0.30,0.45,0.40}  {0.80, 0.85, 0.75}
B {0.90, 0.80, 0.75} {0.70, 0.75}
C {0.80,0.65,0.70}  {0.85,0.75, 0.80}
D {0.90, 0.95, 0.85} {0.85, 0.90}
E {0.65, 0.55, 0.50} {0.65, 0.70}
KA TP NH;-N
A {0.20, 0.25, 0.30} {0.95, 0.90}
B {0.60, 0.45,0.50}  {0.75,0.85, 0.80}
C {0.30,0.45,0.50}  {0.60, 0.75, 0.80}
D {0.95, 0.90} {0.95}
E {0.25, 0.30} {0.80, 0.70, 0.75}

WA 4 BOPLBEBIEANAERE, A1)
S A KRR I LB k. o, DUK A

A F il
1

E(hy po) = 3o D)
0.55¢"* +0.45¢"” —1+0.6e"* +
0.4¢"° —1)=10.9329 .
TERFEKIA A 78 DO F8b5 LIS BRI TR 4L
T J5, TR B AT A A KA S48 B 35 A0k
BRI, HOM GBI DL 5.
x5 MBIEMIEEUEERE

(0.7¢* +0.3¢"" -1+

KIEGHE DO CODy, TP NH;-N
A 09329 0.6438 0.7520 0.2841
B 05935 0.8026 09841 0.6438
C 0.8037 0.6438 0.9456 0.7905
D 03633 04464 02841 0.1973
E 09681 0.8801 0.8026 0.7520

Fedm T — 2 A R KR TE B FE bR L
FSE ORI, FELLZR 5 o DO R R Hil:
E, =(0.9329+0.5935+0.8037 +
0.3633+0.9681)/5=0.732,
Hrp, E FIRE 1 M58 DO WEA 850, (R
AIFRHAY 3 TFR bR EF-IHR BUE 4> B8 E, = 0.683
(CODy), E, =0.754 (TP), E, =0.534 (NH;-N).
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xR 6 FUERRIKBRIEMIREER

KR DO CODy, TP NH;-N
() {0.70, 0.73, 0.75, {0.80, 0.82, 0.84, {0.80, 0.82, 0.84, {0.80, 0.82, 0.84,
0.78, 0.80, 0.90} 0.86, 0.88, 0.90} 0.86, 0.88, 0.90} 0.86, 0.88, 0.90}
RL(ID) {0.60, 0.63, 0.65, {0.70, 0.72, 0.74, {0.60, 0.63, 0.65, {0.70, 0.72, 0.74,
0.68, 0.70, 0.80} 0.76, 0.78, 0.80} 0.68, 0.70, 0.80} 0.76, 0.78, 0.80}
— (1) {0.40, 0.42, 0.44, {0.50, 0.52, 0.54, {0.40, 0.44, 0.48, {0.50, 0.53, 0.55,
0.46, 0.48, 0.50} 0.56, 0.58, 0.60} 0.52, 0.56, 0.60} 0.58, 0.60, 0.70}
EIV) {0.20, 0.22, 0.24, {0.30, 0.33, 0.35, {0.20,0.22, 0.24, {0.30, 0.32, 0.34,
0.26, 0.28, 0.30} 0.38, 0.40, 0.50} 0.26, 0.28, 0.30} 0.36, 0.38, 0.40}
(V) {0.10, 0.10, 0.10, {0.10, 0.12, 0.14, {0.10, 0.10, 0.10, {0.20, 0.20, 0.20,
0.10, 0.10, 0.10} 0.16, 0.18, 0.20} 0.10, 0.10, 0.10} 0.20, 0.20, 0.20}

x7 FEBRIRBERITNIER

KRG 5 DO CODyy TP NH;-N
A {0.30, 0.33, 0.35, {0.75, 0.76, 0.78, {0.20, 0.21, 0.23, {0.90, 0.91, 0.92,
0.38, 0.40, 0.45} 0.79, 0.80, 0.85} 0.24, 0.25, 0.30} 0.93,0.94,0.95}
B {0.75, 0.76, 0.78, {0.70, 0.71, 0.72, {0.45, 0.46, 0.48, {0.75,0.76, 0.78,
0.79, 0.80, 0.90} 0.73,0.74, 0.75} 0.49, 0.50, 0.60} 0.79, 0.80, 0.85}
C {0.65, 0.66, 0.68, {0.75, 0.76, 0.78, {0.30, 0.34, 0.38, {0.60, 0.64, 0.68,
0.69, 0.70, 0.80} 0.79, 0.80, 0.85} 0.41, 0.45, 0.50} 0.71, 0.75, 0.80}
D {0.85, 0.86, 0.88, {0.85, 0.86, 0.88, {0.90, 0.91, 0.92, {0.95,0.95, 0.95,
0.89, 0.90, 0.95} 0.89, 0.90, 0.95} 0.93,0.94, 0.95} 0.95, 0.95,0.95}
E {0.50, 0.51, 0.53, {0.65, 0.66, 0.67, {0.25,0.26, 0.27, {0.70,0.71, 0.73,

0.54,0.55, 0.65}

0.68, 0.69, 0.70}

0.28,0.29, 0.30}

0.74,0.75, 0.8}

i B R AR BRI R A SR Yy i L, AT
R BN TEbR ) FARRERE. [FFE, LA DO f84%
Jf, AR5

W o I-E _1-0732 _ .,

=" = 0.
4oy 42703
i=1

[FBEA 1S, w, =0.24 (CODyy,), w, =0.19(TP),
w, =0.36 (NH;-N).

BT 5 AR B EA TN R B 5 7K BT
WA EAE FETE AT A5 T IR JE RS K, RO
D EAEH IR EE AR, DR RE B4 x4 3 il
4 TR RE. RIS BAE R 23 3 L3R 6
7.

e Ja M ) T A KR 5 & PN SR 2 (]
POEE I, HE5R WL 8. M /MEZ N, 4
SO BE fe /N SR A iz KR S O,
LSRR BN IR 9. R 9 ATLLE

£ 8 HBKEEZTNERZEHIREENE

Mg A B C D E

) 02680 0.1060 0.1496 0.0454° 0.2315
RAD) 02396 0.0735° 0.0936° 0.1243 0.1594
— (D) 0.2230° 0.1469 0.1519 02784 0.1581"
BFE(IV) 02447 03896 03429 0.5052
V)

0.258 9

0.5662 0.6750 0.6430 0.7454 0.5878

e R A KA S/ N B
R9 BKEHIKBIFEMNER

KRG 7 LRI A

A BIEAV) — (1)
K0 K.(IT)
=141)) R.(ID)
PEM) L

—J?])’E(III) —ﬁ]&(III)

m O O w
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R 10 BAKEEL 3 dBIKETFMER

N %1% %% 3%
RS B K B o e A3
A BEE(IV) — ) BEE(IV) — ) BEE(IV) — i)
B BL(ID) BL(II) BL(ID) BL(II) BL(II) BL(ID)
c BL(I) BL(1I) BL(I) BL(1I) — ) — i)
D e e e ) e e
E — i) — ) — i) — ) BL(1I) BL(I)
BIAPMES R S E A SRR 2, X A K EETENM NS E PR AR, A EE—

RIPEM SRS Ty M 2E 5, [HXTF A Kk
Ui, WK 8ATLIE N, B “RAD” FRMIEEN
0.2396, HHES “—MR(IID)” 4% FUEE RSy 0.223 0,
HAHZEAL 0.0166, FILAIE MG Ltk if 2 Ak
HERAVER U, A SO AR E A B AT S,

3.2 AR M

NRAEA SO T RS E 1, B Bk 5 4
IR G AMREAR 3 d B WSt 6T I A B R 4
BARR AT Eab TR P, 5 245 B A ST M
g, AL 10.

MR 10 FTUABLRE H, AKAFEAHSR ] 50
KA, I HA PN SRS B
W SF I AR —FL, B RETE A R G5 79 & 1Y) v
B3tk XFEFEBLI A SO R k.
33 HRMESH

SR FH/K BT PP U ) BP 4128 X 28 FIASO]
LA VRN I R A SO I A Bk, Hi 4
X HCEE R LR 11.

F 11 REAFEKEEMNLGER
PINEN A BP#& BWZS O BH
i L) e FH FH
A —fgam  EHEav) RO BEAV)
B B (1) BA) D R
C Ray —&an B R 1)
D Q)] Q) Q) Q)
E —fID)  —fEA)  BRAD)  —&JI

MAEF 11 AXFHLE R Al LA tH, BP #iZeM 4
TEAR A H I 45 21 5 E D7 Z IR AE — RE 22 5%,
I FLAf 22 W 25 B U 2t ZEOR AT AR B R0, R
2k BT AR R B HLE, TS, Dl
RBGEA Y, B R A SR I 2E.

2

PR RIPEYY, BRI, Ad s FEOR
B B, AT B R 5 FE R k. 25 B
B, A5 BAT —E oA

&it

JKAR PRI W 2 o A R A R, R OGFfE
SR R AL T R AR SR, Bl 2T YK
Jo R A 2 R A SR AN SE i O A R
AR BN FEAR, B KBTI AR, HRH
2 AR (L B0 SR UL AR 5 5 5 M 22 ER B B 3k,
o —FP XS KR BT PPN B 5, Sl B B
XF R B B e 1 AR A A, DU
KB R —E 2%

4
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CAO Lei"?, DAI Junjie’, MAO Xiaoyan®, JIANG Ji’, LIU Fengqin®
( 1.Faculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo 315211, China;
2.College of Information Engineering, College of Science and Technology of Ningbo University, Ningbo 315300, China;
3.Cixi Municipal Bureau of Water Resources, Ningbo 315399, China )

Abstract: In order to assess the overall state of water bodies, based on the results of single factor evaluation of
water quality grades, the correlation coefficient between the indicators and grades is calculated, and strong
correlation indicators are selected. An initial matrix of hesitation fuzzy water quality assessment is constructed
using expert scoring, and a weighted hesitation fuzzy Lancet distance measure multiple attribute evaluation
method is established based on hesitation fuzzy exponential entropy and linear interpolation pessimistic
dimensionality. Finally, an example analysis is conducted based on the water quality data of some reservoirs in
Zhejiang Province. The results show that the proposed method for overall assessment of water quality is more
reasonable and efficient.

Key words: water quality evaluation; hesitant fuzzy set; distance measure; dimension increase
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