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Abstract

To break the single research of green technology innovation, the green technology innovation al-
liance with multi-participation has become a new trend to realize the strategic goal of green econo-
my in China. Based on this, with the help of fuzzy theory and game theory, this paper constructs a
multi-party fuzzy game model of green technology innovation under the guidance of the govern-
ment and the joint promotion of enterprises, universities and scientific research institutes, gives
the judgment theorem of the equilibrium solution of triangular fuzzy game problem, discusses the
behavior decision-making strategies of each game subject considering reputation benefits and the
main factors to maintain the stability of the alliance under fuzzy environment, and analyzes and
demonstrates the effectiveness of the model by numerical simulation. The results show that: rep-
utation gains are positively correlated with alliance stability; Reasonable government incentive
strategy is conducive to the stability of all parties’ alliances; The improvement of reputation in-
come and product greenness can promote the game players to the optimal strategy to some ex-
tent.
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1. 5|15

ZROBOREIHTRE S WSRO R RS — 30 ), RHER ARSI B RS ) m. SR LRI AT
WETEHLAR Y, MW RN OEREII R R o Jutk, BUFMTITENR 7 K8 FE LM, W
TR TBUTROZ B G207 IR, RS TR REDIRE, WEDBUGNG1S, ik, SRR (B
NRIAR “EEWET T ) N AL FHERE M 2k R BUFTIRER[ L] AR, BRE A S SERET P A AR 2 4
K—HEIREEENIRE, X EG 7 RERLEIH B A KT SI-THERE . W 4h & SePrpl
FHEARE 52 25 70 M AN D DB B AT b FEME ) 1) A5 28R B2, L, s 2k BT HOR, &5
BT LIRS T SRR TC RO R A R R TTRE T — 2R A2

EZRR AT I A R TR [ ) S BTk 2 —, ORSZ B N 41235 (¥ 12 B2 5 SE A ATt 7t B
Mo TTBURFE N EE R 2 —, WIZHRE FATIMAR] 7 RZHER b, — 4R, ShE%% Henry
Etzkowitz 1 Loet Leydesdorff RBURF /N —J7 R ARSI A BIAC SRR, S2HH TBUR . k. =
BRI EEN R REIR[2], HLARRE T 2R =05 2 Gr I A BERE o () — R B O R —— “ =g e ”
[3]. Fan %5 AWLEEE] T BUR 1B AN BT Al S 8 A P QR R AR B, UESE T BUR I SCREA 342
BT KGR A I E BUR I SERE[4] [5] [6]. FEJa, [ A 228 MRS A AR 2% (1N 1Y) 5 R RIE 1 Y
IRF AN BCRA AT AL R 7] [8] FKARBIANGK & 7 3 T AL M SRR Ay, B T 7 220k BT K B A
SENES ML ST RE TR AR TGS I R VI R[0]. #E—2bh, BRESEN[10]RBUME
NTZEEAEIMAB R OEOR GBS b, NSO R, A T REA ST BN 2 5 T4k
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VE RIS B E AR QU TE B SR ST Z SR M . (HAE IR, AR E B8 R P A 2 v A 20 AR
X R AR QT I P 2 AR SRR IR BRI RO o AR AT — A5 A d i R BE AL 43 T R B
WA T ARSI B B LA TR, S S RUE DT L, 0T T REALEREE S S 1R AR AR A A b A
1T RS R e [ 11] [12]

R TR o 3 TR B IR BURF Al RN 22 P 5 Bk B el A B i 6 B A v e ) — 5K
BVERZR, W, BURFBEHE . AR P aR S, DU T ARG S 5 5 1 2% S5 AR I SR ms ik
PEID R, TR L8 o] L AR b2 R e M 5, TR 2 7 U R W ol R A ) Bt L e 1
FEL S ZE R T, 1825078 7 T R IUAS [F) S g B i as, 49 2R Skms . SR, H - A IA %0
AR 15 RIS AE . RGNS VERIBE LI ) 55 P R s [13], (43 AT Je Toignt HAE
AR AT, PRI, BRORBR 2 1 538 G v T A S T 0L T IR T, S T —Sepi. A
Gy SCHRIBIE 25 G R RO A0, 4 JERIAL 7RO RGO AT R, JRas I ST iR [14] [15] [16].
S B[ L7 1R SLAE A N (1810 FH 444 S B0 0 B A0 RO 2% 1) AT T A /e, 45t 7 AR AE 31
R DCE B, A4k T BORIEZRAE BRI SR . BB 55 N JB I 45 & = ABOM U S 2RI 52 T 2 Hix
BRI ZEAAL, A ihie 7 A FE TR T & 182577 IO HR SR SRIK [19] [20] [21]. BEJS, iEESE AL =M
BIELS R, 2l T BUFRIA RS S5 T IS =77 B PRI d v R A, o0 #T T#
FE R SR B 1 B R R [22] [23]

BT, ASCRABIEZERTE, 4 =T BRI AR R R, ST 2 T IEC A R R 1 2R A
T IS PRI ) A A AU A E5 SR, PR AN [F) A B S a0 B A 2 H R B R i e, DA AN A1
sCORNBUR ARk, FRETT SRR IE R, B 4 tHAHRLIK 45 AN VE R AL L. PRI = BE AN i 1
MBRSEES 5 R, IREHIFE S C B AR G Ik B e Ak 1 i o 7 225 A 3 %o 5 1R 2 7 R SR 1) R i LA S R SR Tk B
B TFEREE, ZRELI AR, REmaai RO, (Raasl KEaE A S5HrE
S, R, MRS 2 7 SRR BT B R e T A B T RS ER SE R, A T AR AR AL
R FERRE S AN E

2. ZREMBRIE XA

SES L IS B BRI RS B iR IR VE I R & o B A JUBERISE,
A={ (02 (%)) %1 0 (30 ) ) (%o st (%))} o 0 (%) RETE 3 X BRI A USRI, S0 X i 4>
JEE x MU E] X RN [0,1] P K S

SEI 2 KT AR p=(1,m,r), WREKRERE u, (x):R—>[01], H

|
w1 mor *eiml
uy (x)= rfm_r—xm’xe[m’r] 1)
0 He

Her, xeR, l<sm<r, | A r 2508 FRMESR Hx=mif, g (m)=1. Fil, Hi=m=ri, p
BAEASE m, 2 m=(mmm) . JUFR p=(1,m,r) I=FBRIE = ABOHIEO N S5 e B e B 1
P (LK 1).
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Figure 1. Triangular fuzzy numbers and their correspond-
ing membership functions

1. Z AR R H S R R B E R

B 3 AERWA = ABRIEL B, = (1, my,n) AP, =(1,m,,r,) , H=AERIBOSEAN IR [24]:

ks p@®p, =(l +1,m +m,r+r,)

WiE: p,op, =(l,—r.m-m,r-1,)

Feix: p,® P, =(L*l,,m*m,r*r,)

He: e®p =(e*l*e*m,e*r), e>0,6eR

ik Ehz[hnﬂl;i}lwm“n>ai:L2

P, Lom |

R, @,0,@ 7l BBk ik msLis .

SEX 4 AR ZMABRIE P, = (1, my,0) 1P, =(1,,m,, 1), ARHE = MR LB [25],
P, > P, FIATHERE A :

0 rn<l,
Ny -1, |
V( 12 pz)— (mz ml)+(r1_|2)’ m1<m2Er1> 2 (2)
1 m, =m,
SESL 5 WAL kK A= MABHIEL By, B, B » MRS = ABDRIELT LRI [25], W B, = By, B, -+, B 110
AIREEE N
V(B> Bu By B) =mindV (B2 B,)V (B2 By)ooV (B> B ), =12,k ©)

SESL 6 TR HEAE ) B p 4 SR AR 23] . G :{N,Si, pij}?ﬂzﬁ%’fﬁ*ﬁ%ﬁﬁi, Hrp N 28I gES,
SRS | 0AMAE S, p, REIEIT | RIUIENS | IR R, 98 () WA RERE Y, IR
AR AR, R AR LE Ry, = E%rg]lsr: Yi :LTJ'Q. max y; =V, , HFH
Vo =V(Pep 2 pyi=L2m|@V (p, . 2 P J=12:00) >0,

R T I A, =(8) o BB =(8) 0 & =5[\ 0000 WA, B A, i

SHERE[18]
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3. ZERFEWmABF MR BRI IEE

AT, BEAR= 2 e ORI O A 2 UGN T mEAE R T s . A0k
T, BURFTTAT ARk R, HAT OB VA BURA H AL T Beks R BR 5 2 Ml A i it
SEFHRINE R EZ BRI EIAEI6], B PIRE I A RIS, P BEK AT, BRTEK
B o MRPER 25 AH G HLIR[26], AR RS 5E RN BUF. k. = . Bk, SBEAE
——F:

R 1 RS 55 BUF. N2 = J5 # e PR .
RBE 2 AV S (A, TR ) Ak B AR B A IS 7 3 C AN S, dE iRy H
A NC,MS,, Hd, C>C,>0.

B 3 05 1 S s R RRARRIE %2, o T ) o AT 5 S R AT 2 (14 Ak R A AL 25 49 390 9 C, A1 S,
PR B AR A C S, Hi, C,>C,>0.

R 4 BURFIRSEIE (IR, AU BUREEIE 1 AR 28 20 Bl C A S, B AM A (1
BRI A C S, Hi, S, >S,>0, C,>C,>0.

% 5 FEBUFIME T, HBF IR B — 7 B K s i —J7. Billn, KR %%
R AR, AN — TR B2 B 7 s B R B B B AR BRI AR S S e R I kg
@B, FT IR B @ T B R SRAR 0077 i 0 2 1l BRI AE

ik 6 5% ik FEak S 1 RS BRI E R Ax « BRI R fi b
Ha, WMERTEENLI-a, ae(01): Ml EaalFMEmLEZo, WEHT L h1-0,
6e(01): & NEMEER M e,

RBE 7 R AT R R, BURPE X AN s e R L — 58 (R it . BURF XS Al Rl 9 P
SRS (KT P, o

ik 8 AT RIRBUMRIRE A, & AR e, A TEMRIRE . 0T &/ MEZE LA
AW FEERIES, WF, SRR AR I, REMFERRRE S BN R BUR, s 20T ik
R & B S et SRAF A ZRI S 0 BN R, BUR, s SBUM B E B BRI I, R I 2k
HWANRELR,, HF, R>0i=1234,56.

Rk 9 Mk FEAEMMAEN p(0< p<l), EHEPEERMOMENL-p: AT EFEBAT A H)
MEHE N q(0< <), EFETEHROMENL-G: BUFEFEREMEN f(0< f<1), TRFEA B R
FNL-f

R ERSHUR W, W T B FOHE S S AR (LR 1),

4. FEABRMYRNBTFMERB IR RE B
41 FZABRMBNBT KB IEF AR A IR

B 1 (L3 1) B as 56 R, AT R BUT 779K AR 0] R ) 20 SR B «
1) AR = AR TC T, = AR DU B 2R SR AP R -
W1 B PR B = AT R AR R, A 1 (LR D) A SR RTBUR IR = A
BIEREM, . Nyo Lo
W E N=fgitoo, Bl
1+x, —1<x<0
E(x)=41-x, 0<x<1 (4)
0, HoAt
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U REA o ) 7525 T B ph_E A = M TR MR R, TR M = a4 1E
B2 RN T, RS EOREEM, . N, L.
B 3 M2 G RE IR0 2 30, A5k BRAR 4 1 2 1 28 B
G =(5°,5%, 8% My, Ny, L} AT SR SRATZ I MRA020 FERE A F 9
B 4 BT 3 A AN B RR A . B R HOROR 25 «

Table 1. Payment matrix for each party

® 1 BABIXTER

BURF
I P . -
WE(f) AEA-1)
S,+0iA7+R +P,-C, S,+0zaA7+R —C,
{u) ~ ~ ~ ~ ~ ~ ~ ~ ~
22?? S,+&(1-6)(1-a)a7+R, +B,-C, S,+4(1-0)(1-a)Az+R,-C,
ﬁﬁf ; §5+§5_§L_|52_C~5 S~6—F~QG—C~
(p) SO S
Vi S,+R +P-C, +K S,+R -
il S,-R, -G, K S,-R,-C
%ﬁ(l—q) ~4 ~4 ~4 ) ~4 ~4 ~
1> S;+R;—F -G, S;—R;-C
N4 S SO
S,-R,-C,-K $,-R,-C
FURHIT s S .
%(4) SzirszerirKrCZ S~2+R~’2—C
*ﬁ% =2 S;+R,—P -C, S, —R, -
¥ Ul
(1-p) s hig s ?3_?3_(53 ?3_~3_
%ﬁ(l—(i) S~4_|?4_(E4 SMA_?A_ﬂ
c+R —C, S.-R.-C

(FE: DLESEIATET 0, HIA=MEMEL. )
2) FET T HE S I Al NG g AT Y A A -
R 5 ST -
V(a,>4,i=1234)=min{V (4, >4,),
(

V(b >b,,j=123,4)=min{v
v(

612 26]2, ] :1,2,3,4)2 min{v

®)
(6)
U]
®)

©)
(10)
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V(Ep 26 k=12), V(628 k=12), V(G >Ey k=12)
V(6 26k =1,2), V(& >y k=12), V (&, =8y, k=12)
M ik SCnT 15
Vi =V (&;28,,1=1,2,34)*V (b, 2 by, j=12,3,4)*V (6, 2 ¢, k=12), (11)
Vi, =V (8, 28,1=1,23,4)*V (b, 2b,,, j =12,3,4)*V (&, 2, k=12), (12)

ﬁ@m‘?%: V21’ sz’ V317 V327 V417 V420
M L5, 2V, >0,i=1,234;j=1,234 1, AI{3HZEIRMRILE SN .

4.2. EZAEMBNBT PR EERR A RN BRI

MR 1 (e 1) AR AR, A 2 Al AN A5 2200 5 R SRS ELIBURT 38 58 5 I A BSRT 34519
SRR C=(1,2,3), BIE iz h: SRy —Co+ L, #Wislail: S,-R,-C,+L, BEEIHR
AR SE S AR o ARIE AT ST (AP AEE B 3 1 [27], W TAT A PRI B DA/ — g3, W%
RYGL B DAFAE— R B RN BT

YU L P34 3 R W 2 A

) i (13)
+((1-6)C-Ka) f-R,+8,-C,
Xf_EIR B R BOR Y, 153 Al SRS S A 0 — B 2 A«
o, (p.a.7) I
T:((—l+q)L+K+Pl)f+A7rga0q+R1+R3+Sl—83—Cl+C3:0 (14)
JIESE
-K-P+L)f-R-R,-§,+S,+C,-C
q*=< 1t ) ~R1~~~3~~1+ 3t~ (15)
Azead + fL
Al ERGHRMERT, RPN 2 LG BRGNS, Ll1-§ KRR EEA 1 R
22T 5 P 3 B ER R 2 -
Ez(ﬁ,q,f)z(Aﬁé(—l+a)( 1+g)p+(K+I5 +Lp- ﬁ)f+§z+§4+§z—§4—éz+é4)~
S . . (16)
+((—K—L)f)+L)f—R4+S4—C4
XF EIR B BRBORT Y, 153207 SRS S LA K — B 2% AF -
ok (paf) e o
ol 0(-1+@)(-1+&)p+(K+P+(p-L)f +R,+R, +S an
§,-G,+GC,

JUESE

DOI: 10.12677/0rf.2023.135458 4567 1B 512


https://doi.org/10.12677/orf.2023.135458

Wty &

-, —AR0(-1+a)(-1+&)p-R,-R,-S,+S,+C, -C, 18)
- 4B L
TR P 350 B B A 2 A«
Ea(ﬁaqvf):(_ﬁé_q; _és"'ée"'F\;s"'ﬁs"'~5_S~6)f~ + ée_ée _F\~)6 (19)
X IR RO B BCR 5y, #59 BBUR SRS S LA 1 — B 264 -
aE3(|a,q,f) [
T:_p 1~ 0P+ R+ Ry + S, -5 - C, +Cy (20)
S
f)*=—q~2+lis+lis+~5~5—~6—C~35+C~:6 1)

B SRA5 5ms (B°,67, 7)) -

USSR — A BS 2R AU, Hom B A E M A — R R RSB A8 53 (R SR e . A
B = AR S, SRS B A TR, T M AN E AR T P AR X B AT A S5
fiﬁﬁﬂ[']o Rk, 15 HBUR . AN 7 A1 1 st S o

5. BEHRMHE

T GRS AR PR A UGS 5 R 2R B T B AR iR R IR, AR i =
FBIEG DTS UEAR RSB0 8 T AR SRS R ARE N, DL R Ve 75 Ml 5 77 it €00 L RV )
Z IR FR o MBS REUE I (A E 75 o0): € =(5,810), C,=(358), C,=(456), C,=(134),
C;=(4,56), C,=(123), S,=(1520,25), S,=(18,23,27), S,=(17,22,26) , S,=(20,25,30),
Ss=(12,1518) , S;=(1518,22), Ar=(81012), «=(0.30.50.7), K=(7,89), 6=(0.305,0.8),
£=(0.4,07,09), R =(81013), P,=(810,13), #%LhriFLL, BUFLLBGEE AR, FHITTIRL,
v hEEL G, R =(7,1012), R,=(91214), R,=(357), R,=(57,9), Ry=(1215,20),
Ry =(9,10,12) o T FRMRULAIE L, ARHE = FBORIEIRIZ SN, AT LATHSH Alk . A4 7 RIBORF 1
RRERAE, W3 2 P 2).

Table 2. Income matrix of all parties

® 2. BRI BN

B
Hem e P rg 7
HE(F) AREQ-1)
(25.288,33.750,46.048), (17.288,23.750,33.048),
B4 ) (33.008,40.750,46.288), (25.008,30.750,33.288),
PTTIN i
afEtp) (4.5,6) (5,6,7)
&
Ak HIRTH(1-G)  (32.40,49),(7,7.8),(12,15,19) (17,22,27),(14,15,17),(5,6,7)
e L L) (3.4,4),(39,48,55),(12,15,19) (10,12,13),(24,30,33),(5,6,7)

=0 T gmaoq) (10,12,13),(14,15,17),(20,25,32)  (10,12,13),(14,15,17),(5,6,7)
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5.1. SRR OISR 4T
1) AR = RS I TE 7T L= A0 O UL 2R R SR AR Bt e
SR 1 OB BRI 0 702 th = A AR T, T 2 (L2 2)f il ST B0 i = fo ke
WAEEN, . N, O, id
(25.288,33.750,46.048) (17.228,23.750,33.048)

. (32,40,49) (17,22,27)
M, =

(34.4) (10,12,13)

(10,12,13) (10,12,13)
(33.008,40.750,46,288) (25.008,30,750,33.288) (456) (56,7)
- (7,7.8) (14,15,17) - | (121519) (56,7)
N, = L= :
(39,48,55) (24,30,33) (12,15,19) (5,6,7)
(14,15,17) (14,15,17) (20,25,32) (5,6,7)

wE N=fditon, B
1+x, —1<x<0
E(x)=41-x, 0<x<1
0, Hfth
OO RS 8 10 76 3 T LR 13 = A B M TR P AR B, BT 2R M =a+rE o M, =, (E),, ~
Nl = Oy (E)4X2 N I:1 = hlij (E)4><2 » H flij ~ Oy 5 hlij EIS N ibeiE: PN g f1ij (E)4><2 ~ Oy (E)4><2 5
hlij(E)4><2 °
fm(E)=33.750+aﬂE, fllz(E):23.750+ale, f121(E)=40+a21E, fm(E)=22+a22E,
flsl(E)=4+a31E, fm(E)=12+a32E, fm(E)=12+a41E, fl42(E)=12+a42E.

x<0,a, =8.462,a, =6.462,a, =8,a,, =54a, =la, =2,a4,, =2,a,, =2

At {x >0,a,, =12.298,a,, =9.298,a,, =9,a,, =5,a,, =0,a,, =1 a,, =1,a,, =1~

EEHEIES g1ij(E)5 hliJ-(E)o
B2 RS ANBSEHEREM, . N. LA

31249 67997 113957 28569 14 17
1000 3000 3000 1000 3 3
449 61 85 59 169 17
12 4 6 4 12 3
45 45 59 59 47 17
4 4 4 4 2 3

IR 3 ARAE S HOOUE R R 058 S, W PR BORIAE B T AR A0 O 4 B B T 2R
é:{sisB,sS,Ml,Nl,E} BEATRAR . ZHSEMS ANt (P g s R, e R, WE).

PB4 RESIR 3 MRG0 205 RIBUR RS IS 25 43 51 (10,12,13) .« (14,15,17). (20,25,32).

2) BRI = A ORI R B T R T P R FE R R AR I AR s 12— A ASOR 0 R 1 2005 A2 0 S e 2 1 359 1l
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RAPAERI TP AL BSK M vy = maxminyy = minmax y; =v, .

1<i<m 1< j<n I<j<n I<i<m
2 JRBE T 1T R R (1 4 S ms S AR A ) vl 3
V(a,>4,,i=1234)=min{V(&,>4,)V (4, >4,)V (4, >4,)V (4, >4,)
=min{1,0.69208789043,1,1} = 0.69208789043,
V(&,>4d,,i=1234)=min{V (4 V(a,>8,)V (4,>4,)V (8, 24,)
_mln{llll}
V(éZIZéil’i:1’2'3'4) ( >4, -=1,2,3,4)=0, V(§412§i1,i=1,2,3,4):0,
V (&, >4,,i=1234)=0.84732158437, V (&, >4,,i=1,2,3,4)=0, V(d,24,,i=1234)=0;
bll = bll bll 2 bZl) (611 = 531)’V (611 = 641)}

v (b, 26, j=12.34)= mm{
min {1,1,0.5013069198,1} = 0.5013069198,
{

V (B >, ).V (B 26, )V (B, 2By, )V (B, 2B )|
111 =1

v(62126j1,j=1,2,3,4) L V(b b11,1_1234) 1, V(by2b;,j=1234)=0,

v (b, ]2,1_1234

V (b, 2By, 1=1,2,3,4)=0, v(bszzb]2 j=12,3,4)=091341491572, V (b, >b,,j=12,3,4)=0

V(628 k=12)=min{V (&, 26,),V (&, 26, )} =min{10.5} =05,

V(€ 2 Gk =1,2) =min{V (&, 26, ).V (€ 26, )} =min{1,1} =1,

V(6,26 k=12)=1, V (€, 2E,,k=12)=1, V(,>5, k=12)=1,
12)=

V(€ 26y, k=12)=0, V(E,28,,k=1,2)=0, V(E,2C, k= 0:

W E 15
Vi =V (&;28,,1=1,2,3,4)*V (b, 2 by, j=12,3,4)*V (6, 26, k=12)
= 0.69208789043*0.5013069198* 0.5 = 0.17347422429,
Vi, =V (8, 28,i=1,234)*V (b, 2b,,, j =1,2,3,4)*V (&, >, k=1,2)
—1*1*1=1,
[EEEEIESS
V, =0, V,, =0, V5, =0, V;,=0, V,, =0, V,,=0.

WRPEE X 5, 1V, >0,i=12,3,4,]=1,2,34 I, WM EFEMRIAR NENE, PRI, 1
V(s R, PiEER WE).

3) PIM T IEh AR AT S B AR A (P E R, PR E R, IR, IR —Ifal R
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X 45 R 0 T2 R R BURT SR K P B TE A S BUR 45 T H Al R0 I SRR, (B i T U EE
BAER ARG, XA AR R I SR . X T AR BET T S, AR TR R B e A e
A RELE — B RESE L AT AGRAMZ SRS R B Bk, (H LA B VR R, A IR e a1 g . (Ho2 2
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