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~ PHAN TiCH TiNH ON PINH
CUA MO HINH THI TRUONG LAO PONG
Nguyén Hitu Khénh '

ABSTRACT

This article studies about the stability of a model of labor market in a discrete dynamical
system. The model is characterized by an one-dimensional map with a unique fixed point.
We proved the existence of periodic solutions, aperiodic solutions and homoclinic orbits.
Sarkovskii's theorem, period doubling bifurcation and Markov chain are used to show the
existence of chaotic phenomenon in the model.
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Title: Stability analysis of a labor market model
TOM TAT

Bai bdo nay nghién cieu tinh 6n dinh ciia mét mé hinh thi truong lao dong trong hé dong
lyc roi rac. M6 hinh dwoc ddc trung boi mét dnh xa mot chzeu voi diém bat dong duy
nhat. Chiing t6i chitng minh suw ton tai cia cdc nghiém tuan hoan, khéng tuan hoan va
quy dao homoclinic. Cdc dinh li Sarkovskii, phdn nhdnh chu ky boi va chudi Markov
duwoc dung dé chi ra sy ton tai hién twong nhiéu loan trong mo hinh.

Tir khéa: diém bit dpng, tinh én dinh, hién twong nhiéu loan

1 GIOI THIEU

Trong xu thé toan cau hoa hién nay, dé nén kinh té ctia mot quéc gia dugc phat
trién mot cach bén ving thi can phai dwa ngudn nhan lyc hon 1a khai thac tai
nguyén thién nhién. Nha quan ly phai co ké hoach diéu tiét lao dong sao cho co
hiéu qua nhit cho nén kinh té. Do d0 bai toan vé thi truong lao dong dang dugc
nhiéu nudc quan tim nghién ciru. Nghién ctru thi truong lao dong ¢ Viét Nam vé
mit toan hoc dang ¢ giai doan dau va chwa cé nhidu két qua.
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Hinh 1: Ty 1¢ phin trim lao ddng ¢ thanh thi cé viéc 1am ciia Viét Nam

C6 rat nhiéu bai bao khao sat vé mé hinh thj truong lao dong. Diamond (1982) da
xdy dung va chiing minh su tdn tai cta chu trinh 6n dinh trong mo hinh canh tranh
lao dong. Ljungqvist va Sargent [6] nghién ciru su thich nghi ciia nén kinh t& d6i
v6i thi truong lao dong va tim nghiém cua bai toan dong lyc phang. Smith (2001)
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kham pha nguyén 1y t8i wu trong kinh té va phan tich trang thai 6n dinh theo
nguyén ly tdi wu.

Bai bao nay khao sat mo hinh cua thi truong lao dong phat trién tir mé hinh cua
Pissaride [9]. M6 hinh dwgc nghién ciru dwa vao ham khép giira sb ngudi tim viée
lam va s6 cong viéc duge dat hang boi cac cong ty. Pong luc ciia mo hinh duoc
dac trung bdi mot anh xa mot chiéu phu thudc bon tham s6 trong hé dong luc roi
rac. Chiing t6i khao sat tinh 6n dinh ciia m6 hinh théng qua viéc nghién ctru sy ton
tai va 6n dinh cua diém bat dong; cac nghiém tuan hoan, khong tudn hoan va quy
dao homoclinic. Bang cic phuong phap khac nhau nhu sir dung dinh li Sarkovskii,
phan nhanh chu ky boi va két hop hé dong luc hinh thirc véi chudi Markov ching
t6i chi ra sy ton tai cua cac hién tuong nhiu loan trong mé hinh. Khéo sat s6 cho
md hinh dugc thyc hién thong qua céc tinh toan va lap trinh trén phin mém toan
hoc Mathematica.

2 MO TA MO HINH

Gia str trong mdi khoang thoi gian c6 mot sd lygng cong nhan di vao va di ra dong

thué mudn: mot so lugng cac cong viéc v, dugc dat hang bdi cac cong ty va mot

d6 do u, s6 cac cong nhan tim viéc lam. Khi cong nhan va cong ty dat dén mot thoa

thuan thi c6 mot ket ndi thanh cong, ta goi 1a khép. S6 cac khdp thanh cong trong

mot khoang thoi gian cho béi ham khép M (u,,v,). Ham nay doi hoi phai tdng theo

c4 hai bién, 16i va thudn nhat cdp mot. Theo cac dic tinh trén, ham khép c6 dang:
M(U,, t)_ Aua 1- u,

trong d6 A >0 va ae (0, 1).

A e AN A A oo A V < oar S ,
Do do moi quan h¢ rang budc lao dong cho boi ty so 6, = —-. Khi d6 kha nang cua
ut
khoang tréng vé viéc lam duogc 1am day tai thoi diém ¢ duoc cho boi

gy =10

véi ¢(8) <1. Tuong tu, kha ning dé mot cong nhan nhan dugc viée tai thoi diém ¢
cho b6i Oq(0) = 40 <1.

Goi n, + ;12 tong s6 cong nhan dugc thué tai thoi diém 7 + 7 va s 1a xac suat mot
khép duoc thuc hién tai thoi diém ¢ Ta cod

o (1_S)nt +M(ut9vr) = (1—5)71[ +Q(0t)vt’

-«
A0,

Ta thiy (1 — s)n, 1a s6 céc khép khong duoc thyc hién tai 7 va kéo t6i 1 + 1, g(8)v,
1a s0 cac khdp méi dugce hinh thanh tai thoi diém ¢.
Ham d6i tugng trung tim dugc cho boi

U(n, v):(,bn +z(1—n,)—cv,,
trong d6 ¢, z va c la cac tham s6 1an lugt biéu dién nang suét cta m01 cong nhan,
gia tri mat di cua thoi gian r6i va gid ma cong ty ganh chiu trén mdi khoang trong

viéc lam trong thi truong lao dong. Do d6 nha lap ké hoach chon v, mic do thué
mudn ¢ chu ky ke tiép n, ;| bang cach giai bai toan toi vu dong luc sau:
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o0
maxZ/B’[aﬁnt +z(1—n,)—cv,]
V[,}’l[“ =0
v6i gia thiét

Vi

v,

n.,=A-s)n+q
1— t
trong d6 B 1a ty 1& thoi gian khau trir va n, 12 diéu kién ban dau cho trudc. Ham

Lagrange c6 dang

L:i{ﬂf[ynt +z(1—nt)—cv[]+ﬂ,{(l—s)nt +q[1 v, ]Vz _nM}}
=0

Y

Cac diém td1 han thoa cac diéu kién:

oL ‘ \

a—v:—ﬂch)\,[q (6,0, +4q(0,)]=0 (1)
aL t+1 ' 2
=-A+07(@p—2)+ A [A1-9)+4¢'0,)0,,]1=0 (2
8nt+l
Tir diéu kién (1) ta nhan duoc A= 'L Thay biéu thirc nay va A,
‘ q'0,)6,+4q(6,)
vao dieu kién (2) ta dugc

ab, —bo,, +d=0", ac(0,l) 3)

v6i cac tham sb sau duoc dinh nghia va han ché
a:ﬂ(l—s) 6(031)5 b:Aa/B 6(0’1)’ 7=(¢_Z)/C>Oa (4)
d=A(l—a)By>0,0> 4",

Phuong trinh (3) cho ta luat chuyén dong cua chi s6 cta thi truong lao dong rang
budc trong nén kinh t€. Véi diéu kién ban dau 6, phuong trinh (3) dic trung mot
cach day du duong dan ciia 0 va toan bo nén kinh té. Pong luc cia mo hinh c6 thé

dic trung boi 4anh xa mot chidu phu thudc bon tham sé g: [0, 6] — [0, 6], véi
1

g(0)= (a0 —b0 +d)", (5)
trong d6 cac tham s6 dugc cho bai (4), 6 duge xac dinh 4n nhu 13 nghiém duong
nhd nhat cua phuong trinh

ax® —bx+d=0.
Pao ham cua anh xa g cho boi

l—a

2'(0)=(ab* —b0+d) * [a@‘” - 3] , 60, d].
[0

11—«
4 \ 7 A : R , 4 : R . . [677)
Ta thay g la 4nh xa mdt kiéu c6 duy nhat diém cuc dai tai 0, = —] ,

Ngoaira g cod diém bat dong duy nhét & bén phai G, néu &(Onax) > Brax-

Dinh li dudi day cho ta han ché xét 4 véi dicu kien 0 < 4 < 1.
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® Pinh li 1. Khi q(0)<1va 0q(0)<1 thi 0<A<]1.

Chirng minh. Ta co
-la 1/(-a)
g =46 <1 & 0> (Aj Va 0g(0)=40"" <] & O< (Aj

1 -la 1 -1/(1-a) . .
Suyra e [A] ’(A) . bé khoang nay ton tai doi hoi

1 1 1 1
(lj “ <[1J“’ hay 1 < (1)”‘ “ Dodo0<A<l.
A A A

3 PIEM BAT PONG
® Dinh li 2. Anh xa g ¢6 duy nhdt diém bat dong 6« trong [0, 9 ].
Chirng minh.
Diém bat dong & ciia g duge xéac dinh an boi phuong trinh
ab, — b0, =0, —d.

Xét cac ham £i(0) = ab® —bb, va £5(0) = 6 —d . Ta thay £;(0) 1a ham don
di¢u giam dbi v6i Ot G, dén oo va £5(6) 12 ham don diéu tang doi v4i 0 tir 0 dén
+00. Do d6 f1(0) = £5(6) c6 nghiém duy nhat 6,voi 6, > Gy
® Pinh li 3. Piém bat dong 6, on dinh tiém cén doi voi dong lyc lui va khong on
dinh doi voi dong luc toi.

Chirng minh.
Ta cin chung minh -1< g'(@.)<1. Vi 6, =(ab? —b¢9+d)l/"’ nén
g'(6) = (abf —bOo+ d)liTa (aﬁ*‘“ _bj =g (ag*la _b ]
a a

= [a—Za}‘“j = B(1—-5)— APO-™ = -5 —q(6.)).

Vio<B<l,0<s<1lvaO<g(@)<lnéntasuyra —-1<g'(6)<l.

4 NGHIEM CUA MO HINH

4.1 Nghiém tuin hoan, tip hop bit bién ciia nghiém khéng tuin hoan

Trong phén nay, ta dung dinh li Yorke‘ dé chi ra su ton tai cua nghiém tudn hoan va
tap hap thu chira cac nghiém khong tuan hoan.

= Pinh li 4 (Yorke [5]) Cho khodng I = R va dnh xa lién tuc f:1 — 1. Néu ton
tai x e 1lsao cho

L) <[ <) (6)
thi
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i) Vi méi k € Z, fc6 diém tuan hoan chu ky k.
ii) Ton tai tdp hap thu khéng dém dwoc S < I chira cdc diém khéng tuan
hoan.

Dinh 1i sau ddy cung cap cac diéu kién du dé anh xa g cho boi (5) thoa diéu kién
cua dinh 1i 4.

® Pinh li 5. Gid su

d < 0%, (7)

aG-bG"* +d < 6%, (8)

(@® -1)0%, —a*bb,, —abG"* +d(1+a+a”) 9)
< b(a20 ~ by +(1+a)d 5" ),

trong d6 0, = (%)l/ VA G=ab", —bO,, +d.

Khi d6 anh xa g thoa cac diéu kién cua dinh li 4.
Chirng minh
Goi x" 1a s6 thoa g(x") =6, thi diéu kién (6) twong duong véi diéu kién
8 (Op) <x" <0, <8(0,) -
Trudc hét, ta chimg minh phuong trinh g(x") =6, c6 nghiém x">0.
Phuong trinh nay c6 thé viét lai dang
a(x)* —bx" = (%)a/(lfa) —d.
Ham /(x) = ax® —bx 1a ham 16i va c6 diém cyc dai 6, . Véi diéu kién (7) ta c6
h(6,,) > (22)"" ~d . Do d6 ton tai x" >0.

Ta dé thé.y X <gxH)=6, <g’(x).
Diéu kién (8) cho ta g>(0_ ) <0

max max *

Suyra g’(x')<g(x)=6,

Ta chimg minh g*(x") <x". Dt F(x) = ax® —bx —d —(22)*1"*  Ta thy F la

ham 16i, c6 diém cyc dai 6 va F(x')=0. Do d6 F tang nghiém ngit khi x <6,

X max *

Diéu kién (9) cho ta Fg*(x")]<0. Suyra g[g’(x)]<g(x). Vi g(x)<a,,
tang nghiém ngdt nén g’(x") <x".

L Vag
4.2 Quy dao homoclinic

I 1a quy dao homoclinic dbi véi diém bit dong 6, néu véimoi O e I'tacod

nlirgo g"(@)=6. va nlirgo g"(0)=6.. Dua vao dinh li Mitra du6i day, ta chiing minh sy
ton tai cta quy dao homoclinic trong mé hinh.

® Pinh li 6 (Mitra). Cho hé dong luc (X, g), anh xa g c6 diém bat dong 6,va diém
cuc dai 6, . Néu g (0,,)<06. thi ton tai quy dao homoclinic doi véi ..

e Ménh dé 1. V&i o = 0.3, 4 =0.45; $ =0.95; s =0.04 va y =1.56 thi diém bat déng
6. c6 quy dao homoclinic.
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Chirng minh
Vi cac gia tri cuia cac tham s6 a, B,y,Avasotrén,tacéo a=0.912,

3
h=0.128, d = 0.467. Khi d6 %mx=2.952, & Cus) =2701 va 6, = 2.7142.

ol N .
Ta thay g 0 < 6. nén theo dinh 1i 6 ton tai quy dao homoclinic doi véi 6..

theta

Hinh 2: Quy dao homoclinic dbi véi diém bat dong6.

5 PONG LU'C NHIEU LOAN CUA MO HINH

Trong phan nay ta chi ra sy ton tai qua trinh nhidu loan trong md hinh bang nhiéu
phuong phap khac nhau nhu ding dinh 1i Sarkovskii, phan nhanh chu ky boi va
chuoi Markov.

5.1 Dung dinh li Sarkovskii
= Pinh li 6 (Sarkovskii [3]). Cho f:R — R la dnh xa lién tuc. Néu f ¢6 diém tudin
hodn chu ky 3 thi f ¢6 diém tuan hodn véi chu ky bat ky va hién twong nhiéu loan
xdy ra.
e Ménh @& 2. Khi a = 0.15564, B = 6.5, 4 = 0936183, y = 0.089248,
s = 0.852021 thi ham g(0) = (af” — b0 +d)"" c6 diém tuan hoan chu ky 3.

Chirng minh.
Trudng hop nay ta c6 a = 0.961863, b = 0.947099, d = 0.458566, o = 0.155693.
Anh xa g ¢6 duy nhat diém bat dong 6, =0.4486 va g'(6.,)=-2.13<0. Ta thay
6. 1a diém bat dong khong 6n dinh d6i voi dong luc Iui va 6n dinh véi dong luc
t6i. Hai vong lip chu ky 3 tim dwoc bang cach giai phuong trinh phi tuyén
2’ (@)=0,d01a

{0.1122, 1.2591, 0.00018} va {0.00051, 0.1624, 1.2054}.

Theo djnhNIi Sarkovskii, cac vong 1ap theo cac chu ky khac ton tai va xay ra hién
tuong nhiéu loan trong mo hinh.
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theta theta
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Hinh 3: Db thi ciia 4nh xa g véi vong Lip chu ky 3 va biéu dién d 16m ciia 6 theo t
5.2 Phan nhanh chu ky bi
Hién tugng nhiéu loan trong md hinh con duge phét hién bdi qua trinh phan nhdnh
chu ky béi.
Khi a = 0.21, B = 0.955, 4 = 0.99725, v=1.31, s = 0.1518 tacdé a = 0.21,
b=0.2,d=0.9856. Khi d6 g 1a anh xa mot kiéu va chudi thoi gian nhiéu loan lién
két v6i diém bat 0« duge cho bai hinh dudi day.
g
1.5 8

6

|
10! |
41 ||r

L \“u 'Mll "'“\“” i w wu “\&
02 04 06 0g ‘et i

Hinh 4: D) thi ciia 4nh xa g va biéu dién dé 16m cita 6

theta

l
i ”’ \HH MH |||\|||M ‘H

0.5¢

Ta thay g’(6.) = —1.8554 nén diém bat dong 6, khong 6n dinh. Dong luc i cua
g thay d6i thong qua diy phan nhanh chu ky boi tir viéc mat tinh 6n dinh cta diém
can bang din dén qua trinh nhidu loan. Phan nhanh chu ky boi dau tién xay ra khi
o = 0.2768, khi d6 diém bat dong 6.= 3.6793 mét tinh 6n dinh. Thay ddi gia tri
tham s6 trong khoang [0.2, 0.3] ta nhan dugc phan nhanh chu ky bdi. D6 1a con
duong din dén hién tuong nhidu loan. Biéu dd phan nhanh (dugc tim bang phan
mém Mathematica) cho du6i ddy. Cho gi tri bat ky cta o sau 2 diém phan nhanh
ta thdy xut hién dong lyc nhidu loan.

10

8

6

theta

4

2

1]
02 021 022 023 024 025 025 027 028 029
alpha

Hinh 5: Biéu db phin nhanh khi o thay di
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5.2 Chudi Markov

Trong phan nay, ching t61 dung h¢ dong luc hinh thirc két hop véi chudi Markov
dé chi ra su ton tai qua trinh nhidu loan trong mé hinh. Pay 1a phuong phap st
dung trong truong hop khong thé dung dinh 1i Sarkovsii hodc phan nhanh chu ky
boi.
Xét anh xa mot kiéu g: [0, 8] — [0, 6] cho boi (5).
Mot duong dan bat ky 6 = 0...0,0,... cho anh xa g twong g véi day ki hiéu
5yS,8,... trong d6 s, € {L,C, R} phu thudc vao noi ma 6, roi vao, tirc 1a

L khi g'(0)<0,,,

5,(0)=1C khi g'()=0_, .
R khi g'(0)=0,,

Tét ca day ki hiéu dugc tao nén boi cac chit duoc s:flp béithuty L <C<R.

imac)

Hinh 6: Phin hoach ciia 4nh xa mét kiéu g
Ta dinh nghia
>, ={5s=15,55,...| s, = L,R}
la tap tat ca cac day ki hiéu v6 han cé thé cia cac chit L, R. Anh xa doi
o:>, —>, duoc xdc dinh bdi o(s) =o(s,s,5,...) = (5,5,5;...). Ta chu y rang
khong phai tat ca diy ki higu twong tng véi duong dan ciia mot diéu kién ban dau
0,. Han ché anh xa doi 1én mét tap con cua >, bao gom tat ca cac hanh trinh 1a
mot tdp con Y- cua >_,.
Mot 16p dic biét cac phép doi con ciia loai hitu han trong d6 su chuyén ddi cua diy
ki hiéu dugc dac biét hoa bdi mdt ma tran nhi phan cap (n x n) ciaso 0 va 1:
M=(M,) M, €{0,1}.

i,j=0,...n—12
M sinh ra mdt tap doi con
Ly =1{s€X,:M =LVieN}.

Tuong ng nay duoc goi la chudi Markov top6 lién két voi ma tran Markov. Ta néi
=1 néu co thé chuyen tir s; dén s,,,. Ma tran M cho ta su dién ta day du cua

SiSi+1

dong luc cia anh xa mot kiéu.
Tinh bat bién ctia hé duoc thé hién boi entropy topo cua h¢, xac dinh boi

tOp n—oc n
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trong d6 #W,(3,,) 1a s6 cta nhing chit c6 d6 dai » trong tap W,(3,,) céc chit co
d¢ dai n xay ra trong >_,, . Entropy top6 do tdc do phat trién cua sb cac quy dao co
do dai n.

Cho céc tham sb a = 0.75, b = 0.58, d = 0.62, a = 0.15, ta tim dugc mot quy dao

chuky 5 {1.8549, 0.0013, 0.4756, 1.1047, 0.1350} dugc cho bai hinh dudi day voi
4 khoang phan hoach Markov {/,}

i=1,.4 "

theta

0.5

0.0t

0.0 0.5 1.0 1.5

|,o:“‘\ r,“‘ [
crlo N
EL L
Clle | 1
ospl ||
i/
[y

Hinh 7: Phin hoach Markov cho quy dao chu ky 5 va biéu dién d9 l6m ciia 6 theo t

Diém t6i han 0 .. = 0.1452 sinh ra su phan hoach cho 4nh xa g. Quy dao tudn
hoan c6 ki hiéu (6,0,0,0,0,) = (RLRRC)™ . Déi véi ddy nay ta c6 ma tran Markov

0

RLRRC —

=
o — o o
S - o =
S O = =

M co cac gia tri riéng:
A =1.5128, A\, =0.3329 + 0.6707i, A\,= 0.3329 — 0.6707i, \,= —1.1787

Gi4 tri riéng 16n nhat 1a A, = 1.5128. Ta suy ra entropy topd A, = In( ) =~ 0.4139
> 0. D@éu nay cho thiy chuyén dong nhidu loan xay ra trong tap hop cic gia tri

tham sO.
6 KET LUAN

Céc két qua phan tich trong bai bao cho thiy mé hinh thi trudng lao dong duoc
nghién curu thé hién dong luc phirc tap bao gém céc trang thai tuan hoan, khong
tuan hoan va hién tugng nhiéu loan. Qua trinh nhi€u loan dugc phat hién thong qua
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viéc sit dung dinh ly Sarkovskii, phdn nhanh chu ky bdi va dong lyc ki hiéu Kkét
hop véi chudi Markov. M6 hinh trén c6 thé ap dung vao thyuc té dé nhan biét tinh
6on dinh lau dai cta thi trudng lao dong. Khi cac tham s6 thoa cac diéu kién cua cac
dinh 1y 5 va 6 thi thi truong on dinh; cac dau hiéu & cac muc 5.1, 5.2 va 5.3 cho ta
biét thi truong khong on dinh.

Do
thé

anh xa mot chiéu dic trung cho md hinh phu thudc vao bdn tham s6 nén chua
dua ra biéu do phan nhéanh toan cuc trong khong gian cac tham so. Pay la bai

toan mo ma tac gia can nghién ciru thém.
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