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PHUONG TRINH VI PHAN VGI VAN BPE DU POAN VA KIEM SOAT DAN SO

Pham Hdng Trudmg’, Nguyén Thi Thu Hing, Bui Thi Héng Hanh
Truing Bas hoc Kinki 16 va Qudn tri Kink doank - DH Thai Nguyén

TOM TAT

Bai bao nay sir dyng phuong trinh vi phan 4p dung vao viéc phan tich, du doan va kiém soat vin

d& dan sb.

Tir khéa: Ddn sd, phuong trinh vi phdn, mé hink todn hoc.

M3 DAU

Vién ¢& dan 56 hién dang 13 mot trong cac vén
@& duge tit ca cdc nwéc trén thé gisi quan
tam. C6 thé n6i ddy 12 mot bai todn chua cb
1oi glal chi tlet va cung chura c6 dép an cu thé.
o} nhleu quée gla vidc didu chinh céc chinh
sich vé& dan sb khong hq'p ly khéng chi dan
den viée dan sé ting qui nhanh ma co chu
tubi cfing khéng hgp 1y 1am cho vén d& kiém
soat déin s6 tr 1én kh khan.

Véi thye trang tang truéng dan s§ qua nhanh,
viéc xdy dung mot mé hmh toan hoc dé mo ta
qua trinh phat trién dan s6 nhim nghién ci,
phén tich, dy bao va kiém sodt toc do ting
trirdmg dén 4 13 rét quan trong.

Bai bao nay s dung phwong trinh vi phén
nhim xdy dung mé hinh toan hoc ap dung
vao viéc phan tich, dy dodn va kiém soat vén
dé dan sb.

PHUONG TRINH VI PHAN BIEU THI SU
PHAT TRIEN DAN SO

Nguyén nhan ciia viéc thay dbi két cAu dan s§
va s6 lugng dén so lado ty 1€ sinh, ty 1€ tir vong
va dan di cur. De don gian ta chi xem xét dén
vén @& sinh va vin d& tir vong tur nhién, khong
bao gdm cac anh hudmg cia nhén t6 di cu.

Tai thoi didm ¢, ki higu F (r, £) 12 s6 ngudi ¢6
tudi nhd hon 7, trong d6 ¢ va 7 1 cdc bién
lién tuc. Gia sir F(7,£) 1a ham lién tyc, kha
vi. Ta goi F 12 ham phan b dan sb. Ki hiéu
N(t) 1a tong s& ngudi tai thyi diém tvar, &
ngucu ¢6 tudi cao nhit (gia sir trén thuc té
N'hu vy, ham F(r, t) 1a him s6 khong 4m,
khéng giam va
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{F(O, =0

Frm ) = N() |

Ta dinh nghia ham mat 5 tudi nhur sau
p(r.t) = —0<r<r 2)

Bidu thirc p(r, t)dr bidu thi sb ngudi c6 d
tudi trong khoang [7;7 + d7) tai thoi diém t.
Ham p (r, £) khong dm va

p(1,t) = 0 3)
Ki hiéu (7, t) 1a ti 18 tir vong ctia ngudi & 4o
twdi r tai thei didm t. Khi d6
2(r, typ(r, t)dr bidu thi s6 ngudi 6 do tudi
trong khoang [r;7 + dr’) tir vong trong mot
dom vi thiri gian tai thoi diém t.
D& dat dwoc phuong trinh vi phén théa man
p(r,t), ta xem xét trudng hop nhitng ngudi
c6 d6 tudi trong khoang [r;r + dr) tir thai
diém t dén théi diém t + di. Tudi cia mdt
bd phan nhitng ngudi d6 bien dong trong
khoang [r+dm;r +dr +dn), trong d6
dr; = dt. Mt khéc, trong khoéng thdi gian
dt, s6 ngudi tir vong 1a pu(r, p(r, )drdt.
Do vay
p(r, t)dr —p(r + dry,t +dt)dr
= u(r,)p(r, t)drdt
hay
ol <dn b3 dt)-pint-atl]+

=K pC fdrdt

vi dr; = dtnén
24T =~ o @
Day la mét dang phwong trinh vi phén cia
ham mit 45 tudi p(r,t), rong d6 6 1& tir
vong I ham sé u(r, £) da biét.
Phwrong trinh (4) cé:
- Ham mit d ban dau: p(7,0) = py (7);

M

[t +dt) - plrdrdi] =
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- 86 tré em duge sinh ra trong mét don vi thoi
gian 1a: p(0,£) = f(£) (goi 1a 6 18 ré em
sinh ra). po(7) tinh toan duge tir céc 56 lidu
didu tra dan sb vala ham 6 da biét.

Tiép theo, ta tién hanh phan tich vai trd ciia
f(t) trong viée dy doan va kiém soét dan sb.
Tacé:

—u(r,p(r,),t200£r Ly,
p(r,0) = po(r)

p(0,8) = f(1)

21, t) =0

%)
Hg phuong trinh nay da dién t3 qud trinh bién
ddi dan s6. Tir hé phuong trinh nay, sau khi
xac dmh durge ham mét dq p(‘r, t), ta tinh
duoc sb Tugng ngudi & mdi d6 tudi, tic 14 x4c
dinh  duge ham phin bS dén 6

F(r,t) = [, p(s,t)ds 6)
Hé phuong trinh (5) gidi twong d6i phite tap.
Trong bai bdo nay ching t6i chi dwa ra két
qua cla mdt truong hop dac biét. Trong
truong hop xa hoi én dinh va trong mét
khoang thoi gian khong qua dai, ty 1€ tir vong
v& co ban khéng phu thude vao thoi gian, do
6 ta ¢6 thé gia st ring p(r,£) = p(r). Khi
do, 1 giai cia (5) 1a

Pq(‘r — e bty oy o (7)

—a)e R A o,

Két qua nay duac giai thich rd rang hon trong
b thi sau.

plr.t) =

3

|/t = e iare

Palr)

o f®

Hinh 1: Hémnp(r, 1) mrén hé truc oa d6 Otr

Véi phin mat phing ¢ < 1, p(7, t) hoan toan
do mat 43 tudi ban ddu py, (r —t) ciia nhimg
ngudi ¢é tubi ¢ — v ti 18 tir vong p(s) (véi
7 —t < s < t) quyét dinh; v6i phin mat
phing t > r, p(7,t) s& do tinh hinh sinh dé

172

tuong lai £(t — ) va ti 1§ tir vong #(s) (v6i
0 < 5 < r) quyét dinh.
Ti LE SINH VA MO HINH SINH
Trong phuong trinh (5) hofic (7), tir s ligu
théng ké dén sb ta c6 duoc P (r) va i(r).
Mit khic, u(r,t) cling cd thé tinh duoe tir
p(r,0). Nhu vay, & dy dodn va klem sodt
dugc tinh hinh phat trién cuia din sd, ta chd
yeu quan tdm va ding phwong phap tic dong
dén 1i 1 sinh £ ().
Ki hiéu k(r, t) la ham so sanh gi6i tinh ni,
khi d6 sé gi6i tinh nit c6 tudi trong khodng
[mr+dry tai thoi didm t 1
k(r, Oplr, t)dr. Ki higu b(r,t) 12 sb ut
em sinh binh quin cia méi phy nff trén trong
mét don vi thdi gian. Gia sir khoang d6 tudi
sinh dé 1a [ry: 7], khi d6

£&) =7 b(r. k(. p(r)dr @3
Lai 6, b(7, t) lai dugc dinh nghia la

b(r,t) = B(Dh(r,1) ©®
trong d6, h(r, £) thoa mén
I h(r.t)dr=1 (10)
do d6:
B = [7* b(r.tar an
£ =B [[* h(r,Ok(rDp(r.t)dr
(12)

Tir cong thirc (11), ¢6 thé thiy ring, B(£) c6
y nghta 12 binh quan s luong phu nit sinh dé
trong mot don vi thoi gian tai thoi didm t.
Néu tht ca phy nir trong o tudi sinh dé déu
duy tri sé hrong sinh trong khoang thi gian
nay thi B(t) ciing 1a téng sé s6 luong sinh
ctia binh quin mi phu ni trong cude doi. Do
vay, ta gol PR tong sb s lugng sinh (goi
tat 1a thng ti 1 sinh).

Tir cong thirc (9), (10) va y nghfa cia b(r,t),
¢6 thé thiy réng h(r, t) 12 ybu té sinh san cia
phu nit tai tudi r va dugc g0 12 md hinh sinh.
Trong mdt hoan canh song én dinh, ¢6 thé
théy ring ¢ khong anh hudng dén h(r, ), tic
1a A(r.t) = h(r). Nhu d3 giai thich & trén,
h(r) biéu thj trong nhitng a5 tudi ndo ti 1§
sinh cao, trong nhimg d§ tudi nao ti 16 sinh
thap Hinh 2 cho thay ¥ nghia hinh hoc clia

\ =

"8

+
ot

K

g

o,
g
\I hn



- T ——

i

Pham Héng Trutmg va Dig

Tap chi KHOA HOC & CONG NGHE

147(02): 171 - 174

h{r). RS rang, ti 1& sinh la cao nhit trong
nhitng lan cén r =7,
A(r. )=h(r)

o [y [N Pt

Hinh 2. ¥ nghta dé thi cia mé hink sinh k(r).
Tir 56 lidu théng ké dén s6, ta c6 thé biét duge
R(r, t) thye té trude d6. Khi tién hanh nghién
ciru, ngudi ta thudng biéu dién khic cia k()
théng qua mqt hinh thitc biéu dién khac trong
xéc suft théng ké 12 phan b4 T

{r-ra2

-t
W) =i )

Khi 8 =2,cx=n/2 thi ,=n+n—2
14

C6 thé thdy ring, néu ting 73 c6 nghia la
ngudi phu nit két hon mugn va néu ting 7 thi
6 nghta 14 ngudi phy nit sinh dé mudn. )
Nhw vdy, phrong trinh phat trién dén s6 (5)
vi sb lwgng tré so sinh £(t) sinh ra trong don
vi thoi gian bidu thi theo céng thire (12) lap
thanh mS hinh dan s6 theo ham lién tyc.
Trong md hinh d6, bam sb ti 18 tr vong
ulr,t), ham so sanh giGi tinh k(r, £} va ham
mit dd ban diu po(r) co thé true tiép co
duge tir s6 lidu théng ké din 6 hojic tir nhimng
uéc tinh co s& ban diu cua sd ligu théng ké
din s8; B(t) co vai trd kiém sost mirc dd
sinh; h(r,t) ¢6 vai trd khéng ché thoi diém
va mat d sinh.

r>n

Tir quan diém ve van d& klem soat sy phat
trién cua dan 6, c6 thé thiy ring, trong hé
théng dén sb ciia m6 hinh (5), p(r,£) c6 thé
coi I4 bién trang thai, (0, £) = f(£) biu thi
12 bién kiém soat va la ham kiém sodt bién
clia hé théng tham sé phan bé.

Trong cong thic (7), f(t — r) biéu thj rang
néu nhr chinh sach dén s sai 1dm, s& 1am cho
»(r,t) ting trudng rat nhanh trong mét
khoang thoi gian, lai muén thdng qua phuong
phip diéu chinh B (&) va h(z,t} lam giam

tinh hinh tang truéng din sb xuéng thap, d6 1a
mét viée khé khin va cin rét nhidu thei gian
(c6 thé cin phai trai qua mot vai thé hé),

CHi SO DAN $O

Trong mé hinh trén, ham mat 4 p(r, £) hoic
ham phén bd F(r, £) 1a mo ta hoan chinh nhit
ciia phuong trinh phat trién dan sb, nhung khi
str dung, cdng thirc ndy lai khong thudn tién.
Trong viéc théng ké dén sé, thudng ding mét
vii chi sé don gian sau day d& mo ta dic
trung dan s6 ciia mot vai khu vue hodic mét
vai quéc gia.

(i). Téng dan sé N(2):

N(t) = [ p(r.)dr s
(ii). D6 tudi binh quan R():
R(t) = ﬁsf:"" rp(r, t)dr (16)

(iii). Tudi tho binh quan S(£): bidu thi ngusi
sinh ra vio thoi didm £ du 12 séng dén khi
ndo, ti 1 tir vong déu dwa vao u(r,t) cia
thoi didm ¢ dé tinh toan, thoi gian séng cia
nhimg ngudi ndy _

S() = [T ek wrdergy an
Trén thye té, S(£) 13 du tinh tudi-tho. Thong
thudng noi, binh quén tudi tho dat bao nhiéu
tudi thi dé chinh 1a tudi the udc tinh cia cac
tré em sinh ra trong thai diém do, tl.rc 1a 5(0).
Dua vao tir liéu thong ké, ta c6 thé tinh duge
ti 18 tir vong u(, 0), tir d6 ta tinh dwge S(0).

(iv). Chi s6 tudi 1o hoa w (t):

vy 222

DE thiy w(t) ti 1§ thudn véi R(t). Déi véi
céc khu e hojc cée quoc gia c6 R(t) twong
dong, neu binh quan twdi tho cang 1ém, nghia
13 dan s vung d6 ¢6 sirc khoe tot, thoi gian
¢6 thé tham gla lao ddng trong cude doi cang
nhiéu thi chi 50 ldo héa cing w(t) ahd.

(v). Chi 56 nwong tua (chi s6 sbng phu
thuge) p(t):

N2y
p(t) = ) , 19
= J‘lll [1-krtilolr,t)dr - j‘; K, olr, dr

(20)
trong d6, [1y; 1] va [23;15] 1An luot 14 tudi
cia nam va nit trong d6 tudi c6 kha ning lao
dong; L(t) 1 sb lwong dén sb c6 kha ning
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lao dong. Do vay, chi s6 mrong tua p(t) biéu
thi binh quan s6 ngudi ma mbi ngudi lao
d6ng cn nudi dutmg,
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This paper uses the differential equations applying for analyzing, estimating and controlling the

population problem.
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