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Abstract : This paper proposes an optimal control model for rumor propagation with punishment mechanism
and time delay in a multi-lingual environment. Firstly, the basic reproduction number R of the model is derived
by analyzing the mean field equation. Secondly, based on Routh-Hurwitz judgment, Lyapunov method and LaSalle
invariant principle, the existence and stability of rumor-free/rumor-prevailing equilibrium are studied. At the same
time, in order to control costs and effectively control the spread of rumors, optimal control with the punishment
mechanism is proposed. Finally, the validity of the theoretical results are verified by numerical simulations.
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BRI LbSi(0) L TERSI(0), b (S - 5 (1)

140,57 * 14087 1405 )= (14+0,57)2(1+b,5:(t))
_ Bi{k)I5 S5  14byS5(t) -l 1+b252(t))_ b5y (k) I3, (S5 —Sz(t))2
[ 46,58\ 1+5,53 150,55 ) (146255)2(1 15255 (1))
_ ﬁ2<k>[25; 1+b252(t) 1en 1+5252(t))_ b1ﬁ1<k>l}i1(5f —51(t))? .
140,55 ° 140,53 140,53 (140,57)2(14b,5:(2))

Zi EPR, 5 (8,(k) 11 S5)/(1+0285) > 0, (B2 (k)1 3.S5)/(1+0285) > 0, (Ba(k)I.57)/(1+0287) > 0 B, 4 HAX
M In(t) =15, I(t) =15, Si(t)=S;, So(t) =S5, WATATLIMER] dV,(¢t)/dt <0 Fll dVa(t)/dt =0. FIL, 4 Ry > 1 B,
BRL (9) i & BATRY PR A By A Rinin s g m.

4 mMMLIES
AT, 2S00 7 R EALRRE T, BUN 5 ZER BT A 7 (R Tt e il 1 5 PR 4% . X —3k o, AT 4 —Fh
TETIHLTR R 1 5 AR AT LI S0 01 5 145, 10 vT LA K PR B M R s il A (R, R4
A A FETIHLE] Y e AL i RGN T
dlg(t) Bi(k) e ()51 () Bulk)Lu(t)S:(t)
@ N T T e ) dxbsyn i) —dlu(t)

dI,(t) B (k) S2(t) 1L (t)
d;lt =A, ;Il"‘gT(t) —(ap Iy (t) +ypIL(t)) —diL(t)
) BRI Gt ()5:(0) - 4510 a7)
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%l(ft) = (¢1 + fy (t))Sl (t) + (¢2 +M2(t))52(t) —l—aHIH(t) +aLIL(t) ""YLIL(t) _ dR(t)

FAr ek e Lk

J(pa (t), p2(t)) = /0 [r1S1(t) + 128 (t) +vipa (8) + vopia(t)*] dt (18)

A g () I o (t) FERiES SEREAESIALHIXHE 5 R BRI, v M v (6= 1,2) FRETMERRH S, () f
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e <R g <15 gy (4) M g (8) B _EBR. o R g SRR, A5G T (w7, p15) = min{ T (1 (), 12(1)) (a (1), 1o (1))
eU}. N T db— AR el M, #45% Lagrangian pRL:
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Az, As G TR I 25
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—(arlp )+l () —dlL ()] +As(B)]
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