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VE MOT MO HINH DU BAO TRONG KE HOACH HOA
VIEC HUY PONG VA HOAN VON PAU TU

NGUYEN QUY HY, LE XUAN LAM

Abstract. In this work, we construct a recurrent equation for the number of capital
invested in a process of production, of which product can be used to reimburse capital of
investment. The values of this reimbursement by cash and by product are evaluated in
the work as a function of solution of the recurrent equation.

L =

1. DPAT VAN BE -

Xét qud trinh sdn xuit trong N thoi ky n = 1,..., N cda 1 hé théng S. Khi
quy md cda qué trinh ndy da x4c dinh, ta c6 thé du bdo dwoc (xem [7]) gid tri
trung binh (TB) cda chi phi sdn xuit Co(n), m&c thu nhdp (1i) L(r) va cda mitc
tich liy d€ t4i sdn xudt (v8n tw c6) Do(n). Trén co s& nay cé thé xéc dinh dwoc
yéu ciu d3u tw v8n cho hé théng S vao mbi thoi ky n 1a D(n) := Co(n) — Do(n).

Khi xem ring, Co(n) > Do(n) (Vn = 1,..., N) (nghia 13 hé théng sdn xuit
S luén ¢6 yéu cau dau tu v8n trong céc thdi k¥ duoc xét), ta cin tién hanh qud
trinh vay - thanh todn ng (xem [1],[6]) véi lwong vay méi v, va lwong trd no truc
tiép (bdng tién mit) T'(n), sao cho :

v, =D(n)+T(n) 1<n<N). (1.1)

Clng véi lrgng trd no truc tiép néi trén gid st ¢6 m loai$adn pham cda hé S
c6é thé ding vio viéc thanh todn no véi gid tri trung binh cda loai 5 (1 < j < m)
vao thoi ky n 1a T'(n,s), sao cho:
m
T(n)=T(n)+ ) _ T(n,j) A1 <n<N), (1.2)
=1

(*)Céng trinh dugc sy tro gidp cda chuong trinh NCCB Nha nuéec.
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trong dé: f(n) la lwong trd no (truc ti€p va bdng sdn pham) cda hé S vao thoi
ky n (dé hoan v8n va trd 1ai cho nhirng mén nog truéc dé).

Bing qué trinh vay - thanh to4n nog néi trén, hé S méc phai nhirng mén no
nhung lai chiém dung dwgc nhirng khodn v&n véi gid tri trung binh lan lwot 1a:
V(n), w(n) vio mdi théi ky n = 1,..., N. Nhitng khodn vén chiém dung nay, da
tao ra hiéu qud chiém dung vén (trong vay ng) véi gid tri trung binh viao mbi
thoi ky n la: .

h(n) = L(n)
Co(n)

w(n). (1.3)

Tuy nhién, cung véi hiéu qua dat duoc, hé S lai phai gdnh chiu viéc trd lai
cho céc khodn ng véi gié tri trung binh vio mdi thoi ky n 1a I(n).

Khi lap ké hoach huy ddng va hoan vén dau tu véi hé sdn xuit S, ta can du
bdo dugc céc dai lwong vy, T(n), T(n, 5) (1 < j‘S;m). Khi qudn ly cac ké hoach
néi trén, ta khong chi xc dinh céc dai lwgng h(n), {(rn), V(n), w(n) ma con phai
chi tiét héa cac dai luong T'(n), T(n, j), V(n), w(n) ddi véi tirng khodn ng.

Véi muc dich trén, ta sé mé& rong nhirng k€t qua trong cdc cong trinh [1], [6]
dé xiy dung trong cong trinh ndy (xem phin 3) mét md hinh du béo trong Iy
thuyét d8i méi [2,3,5] vé cdc dai lugng néi trén (goi 1a“cdc chi tiéu quén ly”).
Co s& d€ du béo céc chi tiéu nay la céc s liéu thdng ké ban diu vé lvong no cda
cic khodn chua két todn vao thoi ky ban dau (n = 0) cing lwgng vay méi, ty 1é
von chiém dung twong &ng véi cdc khodn vay ndy. Ngoai ra, “cdc tham sd duoc
qudn ly” trong chinh sich vay - thanh todn ng (xem phan 2) cing 1 nhirng co sé
dé du béo cac chi titu quan 1y néi trén.

Trong truong hop ddc biét, khi T'(n,5) = 0 (V5 = 1,..., m) bai todn dit ra
trong céng trinh nay tuy da budc dau dugc xét dén trong (1], [6], nhung do viéc
chi quan tdm dén cdc “mén ng dugc quin Iy” (xem phan 2) nén ta cdi tién duoc
mé hinh tinh todn véi nhirng s6 liéu nhip gon nhe hon so véi cae cong trinh da
cong bé.

2. VAN DE QUAN LY CAC MON NO

Ta xem ring chu ky thoi gian trong méi thoi ky 1a bdng nhau va dwoc lua
chon sao cho vao méi thi ky cé khdng qué 1 chd diu tu (cho vay méi).

Xét 1 thei ky n € Z (tap hop céc s6 nguyén moéi mén no t ky n bdt dau tir
lwong vay méi v, vio thoi ky nay (khi né 0 tudi), vao thoi ky n+k (k =1, 2,...)
né tré thanh mén ng k tudi va toén tai cho dén thoi ky n + t(n) — 1 va duoc két
todn vao thoi k¥ n + t(n) (khi né & tudi t(n)). S& tu nhién ¢(n) 1a thoi han clda
mén ng nay, né bi€u thi sé thoi ky ton tai cda mén ng.
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Khi quan Iy qud trinh vay - thanh todn no trong thoi gian cia N thoi ky
1 + N, ngoai cac lrong vay méi (cdc “mén ng” O tudi), ta cin xét chu yéu la
nhirng mén no (tir 1 tudi) ton tai hoyc két todn trong thoi gian ké trén (goi la
cidc mon ng dugc qudn lj). Cac mén ng ndy dugce két todn sau thoi ky ban dau
(n = 0) va bdt dau truéc thdi ky N - nghia 13 tdp hop cic thoi ky bit diu cda
ching (goi 1a cic thot ky dwoc qudn lyj) c6 dang:

N(T®:={n€Z:-T°<n< N, n+t(n) > 1}, (2.1)

trong dé: T° 1a tudi cao nhét vao thdi ky ban diu clda cdc mén no dwge quan 1y
(trong “qua kha”)

D&i véi méi mén no tir ky n € N(T°) (dwgce qudn 1y), ta cling chi cin chd ¥
dén né tai nhirng dé tudi k (goi 1a tuéy dwge qudn ly), khi mén ng niy con ton
tai hodc két todn & 1 thoi ky n+ k € {1, 2,..., N}, nghia la:

1<k<tn); 1<n+k<N (neNT°, kez(1)), (2.2

trong dé: Z(1) := {1, 2, 3,...}.
Dé xéc dinh tat cd cdc dé tudi dwgc quin ly d8i véi mbdi mén no tir ky
n € N(T?), ta xét cac két qud sau:

B& dé 2.1. D6t véi méi n € N(T°), ta ddt:

t(n) := max{1,1 —n} (2.3)

=y | tn), khi n +t(n) < N

Hn) = { N-n, khinttn)>N. (2.4)
Khi d6 ta c6: "

1 < t(n) <t(n) <t(n) (Vnec N(T°). (2.5)

Chitng minh. Vi n < N (xem (2.1)) va t(n) 12 1 s8 ty nhién, nén dva vao (2.4)
ta cé:

t(n) > 1 (n € N(T?). 7
Trong trudmg hop n > 1 tir (2.3) ta thu dugc: t(n) =1, nghia 13 (xem (2.6)):

(2.6)

t(n) > t(n) (n € N(T°), n>1). (2.7)

Trong trudmg hop n < 1, tir (2.3) tasuy ra: t(n) =1—n. Khidédot(n) >1—-n
(xem (2.1)), ta cé thé dya vao (2.4) d€ suy ra:

t(n) >1—-n=t(n) (n € N(T°), n<1). (2.8)
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Ngoai ra, tir (2.3), (2.4) ta dé dang nhén thiy ring:
t(n) > 1, t(n) > t(n) (Vn € N(T?)).
Khi két hop céc két qua ndy véi (2.6), (2.7), (2.8) ta thu dwoc (2.5). O
Bé dé 2.2. Di}?uékién (2.2) tuong duong véi diéu kién sau:
| t(n) <k <t(n) (vn € N(T°), k € Z(1) (2.9)

Chitng minh. Truéc hét ta gid thiét ring diéu kién (2.9) dugc thda man trong
dang twong duong la:

t(n) +n < k+n<i(n)+n (Vn e N(T°, k€ Z(1) (2.9%)

Khi 46 tir (2.4) d& dang suy ra:
k+n<tn)+n<N (2.10)
‘M3t khéc, tir (2.3) ta cé t(n) +n > (1 —n) + n = 1. Do d6 tir (2.9%), (2.10) ta

thu duoc:
1<n+k<N (neN(T?, kcZ(1)). (2.11)

Tir (2.5), (2.9) ta con thu dugc: 1 < k <t(n). Khi dé cung véi (2.11) ta c6 (2.2).
Ngugc lai, néu cé gid thiét (2.2) ta suy ra:

1—-n <k <min{N —n, t(n)} (Yn e N(T?), k € Z(1)). (2.12)

Tir bat ddng thirc sau cia (2.12) va tir (2.4) ta cé
k <t(n) (Vn € N(T°), k € Z(1)). (2.13)
Ngoai ra, do k > 1 nén tir bat ddng thirc dau cda (2.12) va tir (2.3) ta thu duoc:

k > max{1,1—n} =t(n).
Khi dé tir (2.13) ta ¢ (2.9). O

Tir b6 dé vira chirng minh ta nhin thiy ring: d8i véi mdi mén no tir ky
n € N(T°) thi ¢(n) (va t(n)) lan lugt 13 tué’ dwoc qudn I thdp (v cao) nhdt.

Goi:
' M = {(n, k) € N(T°) x Z(1) : t(n) < k < ¥(n)} (2.14)
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la tap hop céc thoi ky va tudi twong tmg duogc quin ly. Khi dua vao (2.3) va
(2.4) ta c6 thé x4c dinh tap hop nay tir tap hop:

T := {t(n) :n e N(T°)} (2.15)

(c4c thoi han cda tat cd cdc mén ng dwge quén ly).
Lién quan dén cidc mén no dugc qudn Iy, ngodi*tap hop cdc tham s6 T ta con
xét nhirng tap hop cdc tham s6 dvoc qudn ly dudi day:

A = {a; : (n, k) € M}; B(5) = {b5(s) : (n, k) _6_1\7} (1<j<m) (2.16)

U={uk:(n,k)eM, k<t(n)}; R={rk:(n, k) € M} (2.17)

trong dé: ak+1 vk uk [an luot 13 131 xudt, ty 16 hodn vén, ty 1é trd 1ai vao tudi

k cia mén no tir ky n, con b%(5) 1a ty 1é trd bing sdn phdm loai j trong tong
tri gid hoan vén va trd 1ai (goi 1 trd ng ) vao tudi k cda mén ng tir ky ». Hién WHién
nhién 13 di véi mdi n € N(T°) cc tham s8 ndy thda man céc ditu kién sau:

0<uk <1 (t(n) <k <t(n), k <t(n)) = (2.18)
t(r)
k=1 k>0 <k<t(n); rf™M>r>0 (2.19)
k=1
D bn() <1 65(5) 20 (t(n) <k < P(n), 1< < m) (2.20)
j__..
0 < agifoy < o < Tnikt (t(n) <k < E(n)) (2.21)

trong dé: a,, (va @,) 1a mirc thap nhit (va cao nhit) c6 thé cé vé lai sudt vao ky
n; con r 1a ty 16 hoan vdn t8i thi€u khi két toan no.

Khi lién hé dén cac tham s& b%(3), ta goi:
b :=1-) bk(5), (0<bE <1, t(n) <k <i(n)) (2.20%)

13 ty 1& trd no truc tié€p (bing tién mit) vio tudi k cda mén no tir ky n.

Ngoai ra, khi lién hé véi cic tham s8 "ﬁ ta con goi:

k+1 4 ... pt(n) < .
kL { retl ooty (0 <k <t(n)) (2.22)

0 (k = t(n))
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laty 1é con chiém dung vén vao tudi k cda lwong vay méi v, (tir ki n).

Tt (2.19), (2.22) dé dang nhan thay réng:
n=ra —rn (1<k<tn); 7y =1 7 =0 (2.22%)

Tap hop cac tham s6 duge qudn Iy {T, A} dic trung cho qué trinh vay ng

trong céc thoi ky 1+ N va duoc goi 1a chink sdch vay no trong cac thoi ky nay.
m

Con tap hop {R, U, B} (v6i B = |J B(j)) d4c trung cho qué trinh trd no twong
i=1

img va duoc goi 1a chinh sdch thanh todn ng trong céc thoiky 1 = N.
Lién quan dén kich thuéc cia cdc tap hop tham s8 dwoc quin ly trong cic
chinh sdch néi trén, ta xét pham v lén nhdt cia cdc thoi ky duge qudn Iy va vay

‘md1 trong thoi gian cda cdc thoi ky 1+ N:

Z1-T,N):={n€Z:-T <n< N} (2.23)

trong d6:
T := max{t(n) : n € N(T°)} (2.24)

1 thot han t67 da cia cidc mén ng dugc quin ly. Dong thoi ta xét pham vi ldn
nhdt cda cde d6 tuds dwoc qudn ly:

Z(1,T) :={keZ:1<k<T}®

" " Céc kh4i niém vé “pham vi 1é6n nhat” trén day duoc chirng té trong hai két
Tuin d3u tién cda bd dé duéi day.

B3 dé 2.3. Dét:

M(n):={k€Z(1,T):(n -k, k) € M}, (2.25)
Mn):={keM(n):k<tn-k)} 1<n<N). (2.25%)
Khi d6 ta co:

N(T° c Zz(1 - T, N), (2.26)
1<t(n) <k<i(n)<t(n)<T (V(n, k) €M), (2.27)
M(n)={k€Z(1,T-1):(n—k) € N(T%, k < t(n — k)}, (2.28)

M(n)\M(n)={k € Z(1,T): (n—k) e N(T°), k =t(n —k)} (1 <n < N)
' (2.28%)

(*) Ta ky hiéu: Z(a, b)) ={k€Z:a <k <b}
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Chirng minh. Khi d&t T, := min{n : n € N(T?)}, tir (2.1) va (2.24) ta suy ra:
T>t(T.)>1-T.; T, <n < N (¥Yn € N(T°))

Trén co s& ndy ta cé: —T < n < N (Vn € N(T?)). Béi vy, tir (2.23)ta thu duoc
(2.26).

Céc bat ding thirc (2.27) dugc chirng minh trén co s& céc cong thirc (2.24),
(2.14) va c4c bs dé (2.1), (2.2).
D& chirng minh (2.28), trwéc hét tir (2.3) ta nhan thdy ring:

1+k—n, khin<k
1, khin >k

(Vn=1+ N, (n—k) € N(T))
Khi d6, do n, £k > 1 ta suy ra:
k>tn—k) (Vn, k>1, (n—k) € N(T?))
Trén co s& nay, tir (2.25) (2.14) ta thu duogc:
M(n)={k€Z(1,T): (n—k) e N(T®), k<t(n—k)} (2.29)

Mit khéc, xem (2.4) ta cé:

Hn ) {t(n—k), khit(n —k) < N—-n+k
n — o
N—-n+k, khit(ln—k)>N-n+k

Khi d6, do N > n nén: *
k<tn—k) khit(n—k) >N —n+k
Dva vao cdc két qud nay, tir (2.29), (2.25%) ta suy ra:
M(n) ={k€Z(1, T): (n— k) € N(T°), k < t(W—k)} (2.29%)

Ta bi€t rdng (xem (2.27)) t(n — k) < T. Béi vay, tir (2.29*) ta thu duoc (2.28).
DE€ chirng minh (2.28*) truéc hét ta gid st rdng: k € M(n) \ M(n). Khi d6,
tir (2.29), (2.28) va (2.5) ta dé dang suy ra: k = t(n — k).
Nguoc lai, khi gid thiét ring (n — k) € N(T°) va k = t(n — k), ta ¢é (n —
k) +t(n — k) =n < N. Khi d6 (xem (2.4)): k =t(n — k) = t(n — k), nghia la:
ke M(n)\ M(n) va (2.28*) dugc chirng minh. O
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Chii y (2.1): véi mbi thoi ky n = 1 = N khi st dung (2.2) (véi n thay béi
(n — k)), sao cho (n — k) € N(T°), 1 < k < t(n — k) ta nhan thiy ring: k 1
tudi dwoc quan 1y vao thoi k¥ n (cda mén ng tir thoi ky (n — k)), nghia 13 mén
no k tudi nay dang ton tai hodc két todn vao thoi ky n. Bdi viy (xem (2.25) va
(2.14): M(n) 1a tip hop tit cd cdc dd tudi cda nhirng mén ng cin trd vio thoi
ky n. Twong tu, tir (2.25*) ta nhin thdy ring M(n) 13 tip hop tat cd cic dd tudi
cla nhirng mén ng dang ton tai (chua két todn) vao thoi ky n. Day ciing 13 tudi
cda nhirng mén von chiém dung dwoc trong cdc mén no twong ng.

Chii ¥ (2.2): Trén co s& (2.25) ta nhén thdy rang: d8i véi mdi mén no dang
ton tai hodc két todn & tudi k € M(n) vao thoi ky n = 1 + N, ta luén xac dinh
dwgc céc ty 16 trd san pham 6%, (j) € B(J) 1 <j < m);tylehoanvdnrk_, € R
va l3i sudt a*_, € A cda th&i ky truée. Twong tw, déi véi méi mén ng (chwa
két toan) & tudi k € M(n) vao thoi ky n = 1+ N, ta luén xéc dinh duogc ty 18 trd
lai ulﬁ_k € U tuong Gng.

Tém lai, véi m&i n = 1+ N moi d6 tudi k € M(n) (hodc M(n)) déu xac dinh
dwoc cdc tham s8 dwgc qudn ly tuwong Gng.

Chi y (2.3): Tir (2.22%) ta suy ra:

P= oL rk, (Vk € M(n)) (2.30)

Do d6 néu biét fﬁ_k véik =t(n—k), ta c6 the st dung céng thic truy hoi (2.30)
(véi diéu kién diu da cho néi trén) d€ thu duogc #%_, (Vk € M(n), n =1+ N)
~ tir cdc tham s8 dugce qudn ly trong R. Ngoai ra (xem (2.22), (2.19)), ta con cé:

PRl okt 00R) S 0 (Wk € M(n)) (2.31)

3. Ki HOACH HOA QUA TRINH VAY - THANH TOAN NO

Khi dwa vdo chi ¥ (2.1) ta nhan thdy réng: viéc 14p k& hoach va quédn 1y qué
trinh vay - thanh todn no (gdn véi cung tiéu cida 1 hé sdn xuit S) néu trong phan
1, dua vé viéc x4c dinh cde ch? tiéu qudn ly dudi day _

VF 1 lwong no tir mén no k tudi (0 < k < T) vao thdi ky n (0 < n < N).

w* 13 lwong vén con chiém dung duoc tir mén no k tudi (0 < k < T) vao
thoiky n (0 <n < N).

T* 13 lwong trd truc ti€p cho mén no k tudi (1 < k < T) vao thoi ky n
(0 <n < N).
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'k 13 lwgng trd (truc tiép va bing sdn phim) cho mén no k tudi vao thoi ky

Tk(7) 12 lwong thanh todn bing sdn pham loai 5 (1 < j < m) trong téng tri
gia T* trd cho mén no k tudi ndo thdi ky n.

V (n) 12 tdng lwong ng vao thai ky n.

w(n) 1a tong lwgng vén chiém dung dugc bing cach vay ng vao thoi ky n.

T(n) 13 tong luwgng trd no tryc ti€p (bing tién mit) vao thoi ky n.

T(n) 12 t8ng lwong trd no vio thoi ky n.

T(n;J) 1a tong gid tri cda sdn pham loai j, dwgc tiéu thu qua viéc thanh toan
ng vao thoi ky n.

I(n) 13 tong luong trd 13i vao thoi ky n.

h(n) 13 tdng hit¢u qué cda vén chiém dung dwoc bing vay no vao thoi ky n.
D& x4c dinh céc chi tiéu quan Ij néi trén truée hét tir chd ¥ (2.1) ta suy ra rang:

VE=wk=0(VkeZ(1,T-1)\ M(n), n=1+N) (3.1)
TF=Tr( ) =TF=0 (ke Z(1, T)\M(n), n=1+ N) (3.2)

Ngoai ra, tir dinh nghia cda tip hop N(T°) (cic thoi ky duoc quén 1) ta con cé:

yo o { vn, khin e N(°)U{N} (3.3)

“% T 0, khin€Z(1-T,N—-1)\N(T9

Cudi clng tir cht ¥ (2.1) va ¥ nghia cda cac tham s6 dugc quan 1y, ta dé dang
thu duoc cdc cong thiresau:

Vi = (14 af_ Vi =T ((n— k) €N(T°), 1<k < t(n - k) (3-4)

wk = fﬁ_kvn;k, (n—k) €N(T®), 1<k <t(n—k)) (3.5)
Pk _ rk vk +uk ek VEL (n—k) e N(EY), 1<k <t(n—k)
" (1 +ak_)VF1 (n—k) e N(T?), k=t(n—k)
(3.6)
Tr(7) = b k()Tk (1<j<m, (n—k) EN(T®), 1<k <t(n—k) (3.7)
Ty = bi_iTx ((n — k) €N(T°), 1 <k < t(n — k) (3.7%)
Vin)= ) VFE+V2(1<n<N) (3.8)

Vo :kel\ffn)
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w(n) = Z w* + w2 (1<n<N) (3.9)
kEM (n)

T(n)= Y Tk (3.10)

kEM (n)
T(n;5)= Y. TE() (3.11)

kEM(n)
()= > (f,’erﬁ_kvn_k) (3.12)

keEM(n)
. _ L)

, h(n) - Co(n) ( ) (3'13)

Tir céc cong thic (3.1)-(3.13) ta dé dang nhan thiy rdng: cac chi tiéu quan
Iy, con lai dugc hoan toan xac dinh bdi céc chi tiéu qudn ly duéi diy (gei la ede
ch? tiéu trang thd: cda qud trinh vay thanh todn mé trong cac thoi ky n =1+ N):

Vi={V,:0<n<N}, W:={w,:0<n<N} (3.14)

trong dé:
Ve=W2,.., VI w, = (w?,.., wl™ " (3.15)

ta cdc vecto trang thdr vao thoi ky n =0+ N.

Qua “diéu tra hién trang” vao th&i ky ban dau (n = 0), gid s da théng ké
duoc cdc s6 liéu ban ddu sau diy

Vo = {‘70" ik € Mo}, Wo:={0_k:k € My} (3.186)

Ro:={f*, : ke My} (3.16%)

trong do:

Vo, 12 tip hop céc luong no vao thoi ky ban dau cda nhirng mén no chura két
todn (ké cd lwong vay méi, néu cé)

Wy la tip hop cdc vay méi &ng v&i cdc mén ng nd trén.
M, 13 tap hop céc d6 tudi cda cdc mén ng chua két toadn vao thoi ky ban
dau: ’

My := {k: (k) € N(T°), 0 < k < t(—k)} (3.17)
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Chii y (3.1): Khidya vao (3.1), (3.3), (3.5), (3.17) ta c6 thé xac dinh cdc thanh
phian cda cde vecto trang thdi ban ddu: Vo = (VQ, ..., VOT_I), wo = (w), ..., wg_l)

(theo cdc s6 liéu ban diu) bidng céc cdng thirc sau:

v { VE, (ke M) (3.18)

V1o, (ke€{0,..,T—1}\Mo) '

_ f’ikﬁ_k, (k S MO) *
wo = { 0, (k € {0,..., T =1} \ Mo) (615

Dé xéc dinh cic vecto trang théi (V,,, wy) (n = 1 + N) theo cic vecto trang
thai ban dau (Vo, wy), ta dit:

CFu() ) 00
Paln) 0 () 0 3
R, = (3.19)
Foa(n) 00 Famie (1)
L 7, (1) 0 0 0 - TXT =
[ T.(n)  F.(n) O 07
~ 7, (n) 0 Faaln) - 0
R, = (3.20)
F?;—l.l (n) 0 0 fT—l,T (n)
= r,“(n) 0 0 0 - TXT
T q,,(n)  q.(m) O 0 -
q,,(n) 0 gu(n) --- 0
Q, = I (3.21)
61‘-1 x(n) 0 0  Groar (n)
L g,,(n) O 0 0 Jrxr
Trong d6
7_k Gk
_ 5=, k€ M(n)
Tr1(n) = Tk -
0, ke Z(1, T)\ M(n)
k
5k, ke M(n
Tkk+1(n) = Pz g (3.19%)
0, ke Z(1,T)\ M(n)
2k
Inzk ke M(n
Prk+1(n) = ek ) (3.20%)

0, keZ(1,T)\Mx)
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“ﬁ—kaﬁ—k?’ﬁ—k’ k€ M(n)

Gia(n) =4 (1+ aﬁ_k)i’ﬁ_k (k€ M(n) \ M(n))

- o, ke Z(1, T)\ M(n)
1+ af_(1—uk_,), ke M(n) %
k1 (n) = { 0, ‘ ke Z(1, T)\ M(n) (3:21%)

Cht ¥ (3.2): Tir (2.31) ta suy ra ring 7571 > 0 (Vk € M(n)), do dé céc
phin t¥ cda cic ma tran (3.19) va (3.20) luén xéc dinh (tir cdc cong thire (3.19%),
(3.20*)) va chi lién hé dén céc tham s6 dugc qudn Iy thude T, R, B (xem (2.20%)
va chi ¥ (2.2)). Ngoai ra, tir (3.21%) ta con nhin thdy rdng cic phin t& cda ma
tran (3.21) dugce x4c dinh chi tir cdc tham s6 dugc quan Iy cia U, A, B. Béi vay, -
ta ¢6 th thiét 1ap céc ma tran R, Bn, Qn khi biét cic chinh sich vay {T, A} -
thanh todn ng {R, U, B}.

Trong trudng hgp von ciu huy déng D(n) vio méi thoi ky n = 1 + N ciing
duoc cho, ta cé thé xdc dinh cic vecto trang théi (V,, w,) (Vrn =1+ N) tir céc
s6 liéu ban dau {V,, Wy} (thdng qua céc vecto trang thai ban dau (Vo, we) xéc
dinh theo chd ¥ (3.1)) va tir “hé phuong trinh d8i méi” trong dinh Iy duwéi day:

Dinh 1y 3.1. V&1 cde vecto trang thdi ban diu (Vo, wo) d@ cho, thi cde vecto
trang thdi (Vp, wy) ld nghiém duy nhdt cda hé phuong trinh d67 mai (zem [4])
sau:

Vo =Vp1Qn +wp_ 1R, + D(n)(1, 0,..., 0)1x7 (*) (3.22)

v wy = wa_ 1 Rp + (D(n) + Var19(n))(1, 0, ..., 0)1xr (1< n < N) (3.23)
Trong do:

7(n) = (411(n)s -, 311 (n))" (+%) (3.24)

Chitng minh: Dé chi ra sy thda man phuong trinh (3.22) cda (V,., w,), truwéc hét
tir (3.5) ta suy ra

wk Tl =k (VE: (n—k) EN(T®), 1<k —1<t(n—k)) (3.25)

Khi dé, tir (2.25), (2.25%) va (2.14), (2.27) ta thu duoc:

k
r —
T AZ:': wk=1 (Vk € M(n) D M(n) (3.25%)
n—k

Ngoai ra, tir (3.4) va (3.6) ta con cé:

(¥) Méi véc to T-chidu (z1,..., ) con duoc ky hiéu la: (z1,..., ZT)1xT-

(¥*) Ky hiéu (z1,..., 7)* 1 chuyén vi cda vecto hang (zi,..., T7).
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VE=[1+ak_ k(1 —uk_)VEL — ik vk (VK € M(n))
Béi vay, tir (3.25%), (3.19%), (3.21*) va (3.1) ta suy ra:

V = qk, k+1(n)V 1 + Tk k+1(n)‘wn 1 (1 <k< T) (326)
Mit khéc, tr (3.7%), (3.2), (3.6), (2.25) va (2.25%) ta cé:

[u’n kan— Vk 1 + rn kvn*klbn k? k € M(n)
TF=1{ (1+ak_)VE2bE_,, k € M(n)\ M(n)
0, ke Z(1,T)\ M(n)

Khi d4, tir (3.25%), (3.1’9*); (3.21*) ta thu dwoc:
TF = G (VI 4+ Fa(n)wi= 1 <k <T) (3.27)

Tir (1.2), (3.3), (3.2) va (3.10), (3.27), ta cé:

Vo=uwl = D(n + Z T* = D(n) + Z T (VL + Z F(n)wkZl  (3.28)
Bay gi¢ ta ky hiéu:
e -~ =z 2Tk =2k (1<K <T)

Khi d6 tir (3.19), (3.21) (3.15) va (3.28) ta suy ra:

[Vn-—lQn + Wwp_1 Ry + Dy, (11 o,..., 0)]1 = [Vn—lQn]l + [wn—an]I + D(n)

¥

=V = [Vai (3.29)

Ngoai ra, véi k = 2 + T, tir (3.26) ta con cé:
[Vn—lQn + wp—1R, + D(n) (1) o,.., 0)]k = [Vn—lQn]k + [wn—an]k

= qe—1,k(M)VTF + reoak(n)wpZl = VT = [Vale 2<k<T)
Khi két hop két qua nay véi (3.29), ta thu dwgc phwong trinh (3.22).
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DE chtrng minh su thda man phuong trinh (3.23) cda (V,, w,), truée hét tir
(3.5), (3.25) ta suy ra:

~k
wk = i',::'lc wEl (Vk:(n—k) e N(T®), 1< k< t(n — k))
Tn—k

Khi @6, tir (3.1), (2.28) va (3.20*) ta thu duogc
wy = Frpp1(n)wil] (1<k<T)
Mit khéc, tir (3.15), (3.20), (3.24) va (3.28) ta cé:

[wn1Bn + (D(n) + Va_13(n)) (1, 0, .., 0)]; = [wa—1 Rals + D(n) + Vi_13(n)

= Z wp217k1(n) + D(n) + Z T (n) =W, = W), (3.31)

Ngoaira, véi k = 2 + T, tir (3.30) ta con cé:
[Wn—1 R + D(n) + Va_13(n) (1, 0, .., O)]k = [wn1 Rola

:‘L:f —1,k(n) = w = (wp|k (2<k<T)

Khi két hop két qud ndy véi (3.31), ta thu dwgc phuong trinh (3.23). Véi dieu
-klen dau (Vo, wo) da cho, tinh duy nh&t nghiém cda hé phlro’ng trinh truy hoi
(cap 1): (3.22), {3.23) 13 hién nhién. O

Bay gio ta 14p cac vecto cot T-chiéu:

=w

p(n) = (r11(n), ..., r71(n))* (3.32)
() = (q11(n), -, ar1(n))" (3.33)
B(n, 7) = (B1(n, 1)s s Br(n, 5))* (1 <5 < m) (3.34)
B(n) = (Bi(n), ., Br(n))* (3.35)
trong d6:
"’ﬁ—kaﬁ—-k’ k € M(n) e
duln) = { 1+aE,, keMm)\ M), ra(w =4 A © MO
0, k ¢ M(n) 0 k& M(n)
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~ b ., ke M(n) , b5 (§), k€ M(n)
ﬁk(n) — n—k _( ) , k(n, ]) — k o
1, k¢ M(n) 0, k¢M(n)
Pong thoi ta ky hiéu:

(3.35%)

I, 0 0
D(z) =Diagle):= | ° = 7 % |, Ve=(e1,zr) € R
0 60 - zT

Khi d6 ta c6 thé xic dinh céc chi tiéu quan Iy con lai (qua nghiém (V,, w,) cda
hé phuong trinh déi méi, bing cic hé qué sau day.

Hé qud 3.1. Véin=1,..., N, néu ddit:

T, = (T,....TY), T.() = (T}(),... TT(Jj1)) 1<j<m (3.36)

va got (Vy, wy) (1 < n < N) ld nghiém cida hé phwong trinh (3.22), (3.23) ¥ng
vdt Vo, wo) @@ cho thi:

Tw = [Va—1D(g(n)) +wa-1D(p(n))|D(B(r)) (3.37)
Tw(5) = [Va-1D(q(n)) + wn—1D(p(n))|D(B(n, 7)) (3.38)
T(n) = [Va—1D(q(n)) + wa—1D(p(rn))]B(n) (3.39)
T(n, 5) = [Va—1D(4(n)) + wa_1D(p(n))}B(n, j) (3.40)

Chitng minh. Tir (3.6), (2.28), (2.28%) va (3.25%) ta cé:

ak —
Tn—k

k
k~ Tn— k—
Tk _ { uﬁ—kaﬁ—kVn—ll + F=F wn_i, k€ M(n))
k=

(1+ak )VE L 40wkl ke M(n)\ M(n)

¥

Do d4, tir (3.2) va (3.33%) ta suy ra:

A

TF = g (n)VEL + ri(n)w*2 1 < k< T) (3.41)

Vi Tk = Bi(n)TF (xem (3.2), (3.7*), (3.35%)), nén tir (3.41), (3.36), (3.15) va
(3.32), (3.33), (3.35) ta dé dang thu duwoc (3.37).

Ngoai ra, do TX¥(5) = Bk (n, J)f,’f (1 <j<m) (xem (3.2), (3.7), (3.35%)), nén
tir (3.34) ta con thu dugc (3.38).
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~ 7 . N .
bé chirng minh phin coén lai, ta dit:
1:=(1,..,1)* € RT

Khi d6 tir (3.2), (3.10), (3.11) va (3.36) ta suy ra

4

T
T(n) ZT" T.1, T(n,j) = Z =T,

hay 13 (xem (3.37), (3.38)):

T(n) = [Va-1D(g(n)) + wn—1D(p(n))|D(B(n))1

T(n, j) = [Va—1D(q(n)) + wa—1 D(p(n))| D(B(n, 7)1

Vi D(z)1 = z (Vz € RT), nén tir cic cong thitc thu dwoc trén diy ta suy ra (3.39)
va (3.40) OJ.

Khi dit:
a(n) = (ai(n),..., ap(n))* (3.42)
- ~ 8(n) = (61(n), .., 62(n))", b(n) = (b1(n),..., br(n))* (3.43)
trong dé:
, ak_ ., keM(n
aum={;+"* k;g&; (3.424
_f1, keM(n) . . (1, keM(n)\M(n) .
=1 k¢ M(n)’ “)‘{o,k¢Auw\Mm) (3437
ta cé:

Hé qua 3.2. Vé1 (Vo, wo) da cho va (V,, wn) (1 < n < N) la nghiém cia hé
phu'orng trinh d6% mdi (3.22), (3.28), ta c6 thé bidu dién cdc cong thitc (3.8),
(3.9), (8.12), (3.13) duéi dang:
V(n) = Val = Va_s[a(n) + (D(B(r)) — E)q(n)]
| +wn_1[D(B(n)) — Elp(n) + D(n) (3.44)
w(n) = wal = wn_1[6(n) + (D(B(n)) — E)p(n)]
+Vn-1D(B(n))q(r) + D(n) (3.45)
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I(n) = Vao1q(n) = wa_16(n) (3.46)

L{n) ~,_ L(n)
Co(n) ™ Co(n)

x {wn_1[6(n) + (D(B(r)) — E)p(n)] + Vaor D(B(n))a(n) + D(n)}

h(n) =

(3.47)
Trong d6: E € RT*T la ma trén don vi cdp (T x T).
Chitng minh. Tir (3.19%), (3.20%), (2.20*) va (2.22%) ta cé:
k m
_ . 1- =t 3 b k(i), ke M(n)
Tr1(n) + Frp+1(n) = Tnok j=1
0, k¢ M(n)
Khi 6 tir (3.33*), (3.35*), (3.43*) ta suy ra: '
Fei(n) + ks (n) = 6k(n) — ria(n) Y Br(n, 5) (1 <k <T)
i=1
Nhung (xem (2.20*) (3.35%):
Be(n) =1—> Br(n, ) A <k <T) (3.48)
=1
nén: 5
Fr1(n) + Fret1(n) = 6k(n) + rei(n)(Be(n) —1) 1 <k < T) (3.49)
Tuong tu, tir (3.19%) (2.20) (3.35%) va (3.48%) ta cé:
Fer(n) + st (n) = rea(n) (Be(n) = 1) (1 <k < T) (3.50)
Ngoai ra, tir (3.21%), (3.20*), (3.42%), (3.35%) ta con cé:
T (n) + G (n) = ak(n) + g (n)(Be(n) ~1) (1 <k <T) (3.51)

Mt khac, vi T ¢ M(n) (xem (2.27), (2:28)) nén tir (3.43%), (3.33%), (3.19*), ta
suy ra: '

7r1(n) = 6r(n) + rra(n)(Br(n) — 1) (3.49%)
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Fr1(n) = rri(n)(Br(n) — 1) (3.50%)

Gr1(n) = ar(n) + ¢r1(n) (Br () - 1) (3.51%)
Ta biét ring, (xem (3.1), (3.8), (3.9) va (3.15))

T-1 T-1
V) =) VE=Va, wr)=) wk=w,
k=0 k=0

Tir (3.22), (3.19), (3.21), ta c6:

V1l = V,,'_lin + wn—1 Rpl + D(n)
= Va-1(q11(n) + q12(n), ..., 9r-1,1(n) + gr-1,7(n), 31 (n))*
+ Wn—1(F11(n) + r12(n), ..., Fr_1,1(n) + rr—1,r(n), 7r1(n))* + D(n)

Do d6, tir (3.51), (3.51*) va (3.50), (3.50*) suy ra

Val = Vi _y (s () + g1 () (B (n) = 1),..., ar(n) + g71(n) (Br(n) — 1))*
+ Wa—1(r11(n) (Bi(n) — 1), .., r71(n)(Br(n) — 1))*

Trén co sé& nay, tir (3.52), (3.42), (3.32), (3.33) va (3.35) ta thu duoc (3.44).
~ Mot cich twong ty, tir (3.23), (3.20), (3.14) ta cé:

Wnl = w1 (F11(n) + f12(n), ..., Fr_1(n) + rr_y 7(n), Fr1(n))*
+Va1(@11(n), ., r1(n))* + D(n)

Do dé, tir (3.49), (3.49%), (3.33*),(3.35%), (3.21*) suy ra:

Wl = wy_1(61(n) + r11(n) (B1(n) — 1), ..., 67(n) + rr1(n) (Br(n) — 1))*
+ Vao1(g11(r)B1 (), -... gr1(n)Br(n))* + D(n)

Trén co s& nay, tir (3.52), (3.43), (3.32), (3.33) va (3.35) ta thu dwoc (3.45).
Dé€ chirng minh (3.46), ta dit: '

p(n) = (F12(n), T23(n), ..., F1,741(n))"

trong dé:

. { —255 k€ M(n)
Tekt1(n) = ¢ "o _ » (1<k<T) (3.53%)
0 k ¢ M(n)
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Khi dé, tir (.3.25%), (3.15) ta cé:

T
S ek == Pt (0wl = —w,_i5(n)
keM(n) k=1 *

Bd4i vay, tir (3.12), (3.41), (3.33), (3.32) ta suy ra:

)= 3 T* 4 warb(n) = Vara(n) + waos(p(n) +5(n)  (3.59)
keM(n)

M3t khac, do vk _, = 757} véi k = t(n—k) (xem (2.22)), nén tir (3.53*%) va (2.28%)
ta suy ra:

Tkk+1(n) = —1 (khi k € M(n) \ M(n))
khi dé, tir (3.19%), (3.43*) dé dang nhin thiy ring:

rex(n) + Feprs (n) = —be(n) (1< k < T) " (3.55)
Nhung (xem (3.32), (3.35)):

p(n) +p(n) = (r11(n) + T12(n), ..., r1(n) +F1,741(n))”
khi déi tir (3.55) va (3.43) ta cé:

p(n) +7(n) = ~(n)
Trén co s& ndy, tir (3.54) ta thu dwgc (3.46).
Cudi cung, (3.47) dugc ching minh dya trén (3.13) va (3.45). O

Gid str da du bdo dugc mirc huy déng vén D(n) trong méi théikyn=1,..., N
va du thdng ké dugc céc sd liéu ban dau (3.16), (3.16*). Khi d6 dva vao chd y
(3.1) ta 6 thé xdc dinh dugc cicdigu kién ddu (Vo, wo) cho hé phuong trinh truy
. hdi (3.22), (3.23). Bing céch gidi hé phrong trinh ndy va dua vao cdc hé qud (3.1),
(3.2) ta c6 thé dy bao duwgc céc chi tiéu quédn Iy trong cic thoi ky n=1,..., N.

Khi lién hé dén céng trinh [2], ta c6 thé xem tip hop nhirng don vi tién vén
chiém dung dugc (bdng cach vay no) nhir 13 1 quin thé khang thuin nhét trong
mé hinh r&i rac véi luong d8i méi v, va xéc sudt bi loai & tudi k sau lic d8i méi
(6 ky n) 1a r&. Khi d6 phrong trinh dv bdo (3.23) c6 dang 1 phuong trinh d6i
méi (xem [3, 4, 5|) trong trudng hop r&i rac, nghia 1a mé hinh dy béo thu duge
trong cong trinh niy thubc loai mé hinh dy bdo bdng lyj thuyét déi mdi ve két qui
tdc déng cda cdc chinh sich vay {T, A} thanh todn ng{R, U, B}.

Bing phwong phép trén diy, ta ciing cé thé str dung nhirng két qud trong
[2, 3, 4] A€ mé& réng nhirng két qua trong cdng trinh ndy vao trudng hop cda mé
hinh lién tuc khi xét viéc huy déng va hoan vén dau tu.
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