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MO HINH TOAN HOC XAC DINH CHI PHI
VONG D01 CUR CAC PHUONG TIEN VAN TAI

TA VIET DUNG
B6 Khoa hoc va Cong nghé

LE KY NAM

Hoc vien K§ thuat Quéan sy

Bai bao trinh by md hinh toan hoc c6 thé sit dung dé xac dinh so b chi phi vong doi
(Life cycle costs - LCC) ctia cac phuang tién van tai (tau hoa, o td...). K&t qua nghién
cliu c6 y nghia thyc tién, dac biét khi LCC dong vai trd0 quan trong trong viéc Iya chon
cac nha cung cap thiét bi khi tién hanh ning cap, hién dai hda cac phuong tién vén tai.
Trong nhiéu trudng hop, cac quyét dinh mua sdm cac hé thong ki thuat, dac biét véi cac
hé théng dat tién, dugc thuc hién khong phai dva trén gia mua sam ban dau ma dua trén

LCC ciia chiing.

Tir khéa: mé hinh todn hoc, phuong tién van tai.

MATHEMATICAL MODEIL
FOR THE PREDICTION OF
LIFE CYCLE CO&TS OF

TRANSPORTATION MEANS

Summary

The given mathematical model
may be used for preliminary
determination of life cycle costs
of transportation means (train,
automobile...). The result is

applicable, especially for the
selection of a supplier for
upgrading and modernization of
transportation means. In many
cases, the acquisition decisions
of many engineering systems,
particularly expensive ones,
are not made based on initial
procurement costs but rather on
their life cycle costs.

Keywords: mathematical model,
transportation means.
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Dat van dé
g

Gia ca thiét bi, may mdc, cac hé thdng ky thuat... 1a chi tiéu rat quan
trong khi lya chon cac phuang an, lya chon nha cung cép thiét bi trong
cac dy an dau tu cong nghé. Thuc tién phat trién cong nghiép clia hau
hét cac nudc G7 da chi ra rang, chi phi s hiiu thiét bi (bao gém chi
phi mua sam, chi phi van hanh, chi phi bao tri thiét bi) thuéng I6n gap
nhiéu lan gia mua sdm ban dau (Initial procurement cost) [1, 2]. Do
vay, cac quyét dinh lién quan dén mua sadm trang bi trong cac du an
cai tién, hién dai hda, stia chiia I6n hodc san xuat méi khong nén duya
trén gia mua sdm ban dau ma phai dya trén LCC. LCC bao gém toan
b6 céac chi phi tu khi hinh thanh y tudng, qua céc giai doan R&D, san
xudat, van hanh - bao tri cho dén khi thanh ly thiét bi. K& ti khi dugc ap
dung lan dau tién tai Bd Quéc phong My nam 1965, dén nay LCC da
dugc ap dung & hdu hét cac nudc cong nghiép phat trién (My, NATO,
Uc, Nhat Ban, Han Quéc...). G cac nudc nay, st dung LCC mang tinh
bét budc trong cac thd tuc mua s&m thiét bi bing ngan sach nha nuéc
ca trong quan sy va dan su [3, 4]. Thuc tién hoat déng dau tu cong
nghé clha Viét Nam ciing da cé nhiéu bai hoc dét gia lién quan dén
lya chon cac nha cung cép thiét bi. Viéc lya chon thiét bi dua trén gia
mua sam ban dau da té ra khéng hop ly, do khéng du tinh dudc cac
chi phi qué I&n trong qua trinh van hanh (tiéu thu nang lugng, nguyén
liéu, nhan cong...) va bao tri (bdo dudng, slia chiia...) thiét bi. C6 rat
nhi€éu mé hinh tinh toan LCC cho céc s&n pham cla cac nganh cong
nghiép khac nhau: cd khi, dong luc, dién tli, cdng nghé thong tin, tau
thdy, may bay, cac phuong tién van tai... Trong bai bédo nay, chiing
t6i trinh bay mé hinh xac dinh LCC dung phé bién trong nganh van tai
(tau hda, 6 16...) [1, 2].
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Mo hinh tinh toan LGG

LCC cho phép lugng héa moi chi phi trong suot
vong doi clia s&n pham: chi phi R&D, chi phi san
xudt, chi phi van hanh va bao tri (bdo dudng, stia
chiia) thiét bi.. LCC la cong cu danh gia hiéu qua
cho moi hoat ddng lién quan dén san pham, phuc
vu d&c lyc céng viéc quan ly clia cac nha san xuat,
cung cdap thiét bi, cac nha sl dung thiét bi va cac co
quan quan ly nha nuéc vé dau tu, nhap khau cong
nghé, thiét bi.. VSi cac nudc dang trong qua trinh
cong nghiép hoa, nhu cau thiét yéu la phai lya chon
dung céac trang thiét bi tién tién dé dam bdo hiéu
qud khai thdc thiét bi t6t nhat, phuc vu déi méi cong
nghé, tao nang lyc canh tranh cho nén san xuét
quéc gia. Md hinh LCC phai gilp ddnh gia dugc cac
chi phi trong quad trinh khai thac thiét bi k& tir sau khi
mua sdm. LCC trong trudng hgp nay dugc goi la: chi
phi sé hdu thiét bi (Total Cost of Ownership - TCO),
bao gém céac thanh phan sau (hinh 1):

Chi phi s& hifu thiét bi
(Total Cost of Ownershin)

Chi phi trong qué trinh khai thac thiét b
(In-Service Cost)

!—‘—\

Chi phi van hanh thiét bi Chi phi bao dam
(Operatina Cost) (Support Cost)

|
[ 1

Chi phi bao tri
(Maintenance Cost)

Chi phi mua méi ban déu
(Initial Cost)

Chi phi cung cép
(Loaistics Cost)

Hinh 1: cdc thanh phan cta chi phi s& hiu thiét bi

Khi tinh toan LCC, yéu t6 thdi gian (tudi tho) tuy
theo dic trung khai thac cia thiét bi cé thé |a cac
dai lugng khac nhau: s& km hanh trinh st dung, s6
gid may né (v4i 6 t, tau hda..), s& 1an cat, ha canh,
s8 gid bay (v6i may bay), s6 phat ban (véi sung,
ph&o..). Khi tinh toan LCC nhu chi tiéu dé so sanh
lia chon nha cung cép thiét bi trong cac du an dau
tu, thai gian dugc tinh theo nadm duang lich (nam tai
chinh). Ngoai ra, cac chi phi theo cac nam khai thac
dudc quy déi theo gia tri tai thdi diém xem xét c6
tinh dén thay déi clia dong tién (1ai suat trung binh
theo nam).

Xac dinh chi phi van hanh cua thiét bi
Chi phi van hanh cla thiét bi bao géom cac chi

NGHIEN CJU - TRAO PO

phi lién quan tryc ti€p dén van hanh nhu: chi phi
nguyén liéu, nang lugng, cac vat liéu st dung (xang,
dau, dau béi tran, dau phanh, chéat 16ng cong tac,
binh dién...), chi phi nhan céng, phi giao théng, phi
kiém tra, chiing nhan dang kiém... Cac chi phi nay
thudng dugc tinh quy vé mot don vi thgi gian van
hanh clia san pham. Chi phi van hanh phu thuéc
vao hiéu suét khai thac thiét bi, dac trung bang tinh
sé&n sang va dudc tinh theo céng thdc:

MTBM

e (1)
MTBM + DT

(¢

Trong do: A, latinh san sang cla thiét bi; MTBM
la thgi gian van hanh trung binh gilia cac lan bao tri;
DT la thdi gian can thiét dé bao tri thiét bi.

Theo cong thiic (1), néu thiét bi luén & trong trang
thai s8n sang hoat déng, tuc la théi gian dung van
hanh dé bao tri bang 0, tinh sdn sang sé 1a 1, hiéu
suét khai thac |a t6i da.

MTBM la mot trong nhiing chi tiéu quan trong
nhat danh gia do tin cay cda thiét bi, dugdc thé hién
trong qua trinh van hanh thiét bi, song dugc quyét
dinh chl yéu tu giai doan thiét k& va ché tao san
pham (tinh toan bén, lya chon vat liéu, lya chon so
do két cau, lya chon céng nghé ché tao, xac dinh
ché& dé van hanh, bao tri...). D& danh gia MTBM
clia cac thiét bi cong nghiép, ngudi ta st dung cac
phuang phap cla Ly thuyét do tin cay dua trén x{ ly
s0 lugng rat I6n cac sé liéu thong ké thu thap dugc
trong qua trinh khai thac céac thiét bi trong nhiéu
thap ky cua rat nhiéu nha san xuat cong nghiép.
Hién nay, cac phuang phap thr nghiém gia toc tién
tién dugc ap dung rong rai dé khao sat do tin cay
clia cac thiét bi co thai gian khai thac 16n (hang vai
chuc nam) trong thdi gian dudc rat ngén nhiéu lan.
Trong tinh toan TCO, cé thé xac dinh MTBM theo
cbng thuc:

MTBM = T = )
M(T)+—
Tom

Trong d6: M(T) la sé lan hu hong yéu cau ding
thiét bj dé slia chiia; T 14 thdi gian khai thac thiét
bi trong mo6t nam; T__ la thoi gian gilia cac lan bao
dudng dinh ky (chu ky b&o dudng).
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S6 lan hu hong M(T) yéu cau cac sta chita ngoai
k& hoach (unscheduled maintenance) cua thiét bi la
dai lugng ngau nhién, dugc xac dinh thédng qua cac
dac trung thong ké danh gia do tin cay cla thiét bi
nhu: ham hu hdng (Failure function), cudng dé héng
(Hazard function). Tuong ty nhu MTBM, cac dac
trung théng ké ctia ham hu hdng, cudng dd hong
cla hdu hét cac san phdm cong nghiép c6 thé tra
cliu qua cac cd sG di liéu cong nghiép. Quy trinh
I&y mau khao sat, phuong phap udc lugng cac tham
s0 clla cac ham phan bd, ham mat dé xac suat hu
hoéng... da dugc chuén héa, quy dinh trong céc tiéu
chudn vé danh gia do tin cay cla céc thiét bi, hé
théng k¥ thuat [4, 5.

Thoi gian can thiét dé bao tri thiét bi (Down Time
-DT) co thé dugc xac dinh theo cbng thuc:

M(T)x MCMT + l x MPMT
T,
DT = T (3)
MT)+—

sm

Trong d6: MCMT la thdi gian trung binh dé slia
chiia thiét bi; MPMT la thai gian trung binh dé bao
dudng dinh ky thiét bi.

NE&u nhu da biét cac chi phi nhién liéu, nguyén
liéu, nhan lyc, phi giao théng... quy vé mot don vi
thaGi gian C_, chi phi van hanh thiét bj tinh theo mét
nam sé la:

C,=A4,xTxC,, (4)

NE&u lai suét trung binh cla tién gui hang nam 1a
r, gia tri hién tai cGa chi phi van hanh thiét bi tai nam
thd n Co,n dudgc xac dinh nhu sau:

A, xTxC,,
(Ixr)”

O,n

Xac dinh chi phi bdo tri thiét bi

Chi phi bao tri thiét bi (Maintenance Cost) dugc
xac dinh theo cbng thuc:
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T k
CM :M(T)xccm +T_XCpm+Z;5i,n ><CjOH,i (6)

sm

Trong do: C__ la chi phi trung binh dé khac phuc
hu hdng ngéau nhién cla thiét bi; C__ 1a chi phi trung
binh cho bao dudng dinh ky; C,, . 1a chi phi cho slia
chiia cap i (slfa chiia vua, stia chiia I6n...); §, = 1,
néu trong khoang thdi gian xem xét c6 tién hanh
stia chita c&p i, trudng hgp ngudc lai, 5, = 0.

Gia tri hién tai cla chi phi bdo tri nam thd n cla
thiét bj C,, . dugc tinh theo cong thuc:

k
M(T) X Ccm + l X Cpm u Zé‘n,iCOH,i (7)

s i=

Xac dinh chi phi cung cép

Chi phi cung cép (Logistics Cost) bao gom chi phi
lien quan dén cac phu tung s dung khi bao tri thiét
bi (maintaining spare parts), cac dung cu, phuadng
tién bao tri va thi thiét bi sau bao tri va cac chi phi
khéc lién quan dén viéc cung ting (chi phi van tai...).
Cac phu tung dong gép phan Ién trong thanh phan
téng chi phi cung cdp. S& lugng phu tung san cé
trong kho déng vai trd quan trong dam bao tinh sén
sang cula thiét bi. Théng thudng, ngudi ta xac dinh
s6 lugng t8i thiéu phu tung can mua trii trong kho
dya theo ty 1& dap ting yéu cau (The Target Fill Rate
- Xac suét dap (ing nhu cau cung cdp cac phu tung
dac chiing kho vat tu). Ty 1é dap ung yéu cau thdng
thudng dat 85% [2]. Néu N_ la s6 lugng phu ting toi
thiéu thda man ty & dap Uing yéu cau «, c6 thé xac
dinh N_ theo cong thuc sau [2]:

(8)

& exp(—AT) x (AT)*
2= &

Trong dé: A la ty 1& hu hong (Failure Rate) cla
thiét bi, la gia tri cla cudng doé hong (Harzard
Function) trong truGng hgp dac biét khi cudng do
hdng c6 gia tri khong ddi. VGi céc thiét bi c6 ham
mat do hu hdng phan bé theo quy luat ham mi, A =
Const. Gia tri hién tai clia chi phi cung cép thiét bi
trong nam thu n, CL,n dugc tinh theo céng thuc:



Ln:#NSXCs (9)
T+

Trong do: C_ la gia ca cltia phu tung.
Xac dinh chi phi sé hiu thiét bi

TCO dudc xac dinh ti cac thanh phan chi phi tu
cac cong thuc (5), (7), (9) theo subt thdi gian vong
ddi cla thiét bi:

TCOD = CP + zD:[CO’n + CM,n + CL,n]

n=1

(10)

Trong dé: C_la chi phi mua s&m ban dau; D 1&
tudi tho theo thiét k& cla thiét bi, tinh theo nam.

y y 4 ) r 2, -~ ® a7 0
Vi du tinh toan chi phi sg hifu thiét bi

PéE minh hoa cho md hinh toan hoc xac dinh
TCO, ta xem xét vi du cu thé vé tinh toan chi phi
s& hiiu thiét bi trong nganh dudng sat ctia An Do
[2]. Can x&ac dinh TCO khi d4u tu mua sdm toa xe
vGi cac sé liéu vé thiét bi nhu sau: chi phi mua sém
ban dau C_ = 40.000 USD; thai gian gitta cac lan
bdo dudng dinh ky la 15 ngay, tuong duong vdi
hanh trinh T_ = 6.000 km; thdi gian dé thuc hién
b&o dudng dinh ky la 2 ngay, tudng duong véi hanh
trinh  MPMT = 800 km; khi xay ra hu hdong ngau
nhién, thai gian cdn khac phuc hu hdng l1a 4 ngay,
tuong dudng vdéi hanh trinh MCMT = 1.600 km;
hanh trinh s dung trung binh moi ngay la 400 km,
méi thang 1a 12.000 km, m&i ndm la 144.000 km;
quy luat hu hdng cla toa xe tuan theo ham mi véi
ty 1&é hu héng A = Const, thdi gian van hanh trung
binh gilta cac lan hu hong MTBF 1a 16.000 km. Chi
phi van hanh quy vé mét dan vi thgi gian C,=1
USD/km; chi phi trung binh cho bao dudng dinh
ky C,, = 1.500 USD; chi phi trung binh dé khac
phuc hu héng clia thiét bi C_ =800 USD; stia chiia
vUa toa xe (Routing Overhaul - ROH) dudgc thuc
hién sau 24 thang, chi phi cho slia chiia viia C,, =
8.000 USD; stia chiia I16n toa xe (Periodic Overhaul
- POH) dudc thuc hién sau 48 thang, thuc hién lan
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dau sau 6 nam; chi phi cho slia chita I6n C_,,, =

15.000 USD. Lai suét tién gUi trung binh r = 6%/
nam; chi phi cung cdp N_x C_= 3.000 USD.

Ppé tinh toan TCO, can luu y déi vdéi thiét bi co
ham hu hong theo phan bé mi, ta c6 quan hé sau
[1, 2]:

M(T) = AxT. (11)
Khi cho trudc gia tri thGi gian van hanh trung binh

gitia cac 1an hu hong (Mean Time Between Failure -
MTBF), ta cling c6 quan hé sau [1, 2]:

1

=— (12)
MTBF

Tinh todn TCO cho dén hét dot slia chiia I6n 1an
dau (6 nam), cac dan vi thai gian déu quy vé hanh
trinh km, v&i hanh trinh trong mét nam T = 144.000
km. TU day cé thé tién hanh cac buéc tinh toan
TCO nhu sau:

T _144000km _

M(T)= =
MTBF  16000km
A N .. BRI
MT)+— 9+
T 6000

sm

M(T )xMCMT+(TT )MPMT

9x1600+24x800 |

DTwagon = }m = 018 km
M(T)+— 9+24
T
_ MTBMwagon _ 4363 _
" MTBM.  +DT 4363+1018

wagon wagon

Nhu vay, tinh s&n sang cla toa xe dat 81,08%.

Ap dung cong thic (5) c6 thé xac dinh chi phi
van hanh toa xe trong tiing nam, quy vé thdi diém
sl dung ban dau. Cac gia tri quy vé hién tai cda chi
phi van hanh ti ndm dau tién dén nam thi 6 thé
hién trong bang 1.
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Gia tri hién tai
Nam clia chi phi van
1 9178,868 | phivan hanh
2 8659,309 tu na”m, dau
tién dén nam
3 8169,160 | g
4 7706,755
5 7270,523
6 6858,984
Téng 47843,599

Ap dung cong thic (7) c6 thé xac dinh chi phi
b&o tri toa xe trong tling nam, quy vé thdi diém su
dung ban dau. Do s(ia chiia viuia va sla chiia I6n toa
xe dudc ti€n hanh trong khoang thdi gian xem xét (6
nam) nén §, = 1. Cac gia tri quy vé hién tai clia chi
phi bao tri ti nam dau tién dén nam thi 6 thé hién
trong bang 2.

Gia tri hién tai
cla chi phi bao tri
(USD)
30849,06
36222,86
27455,55
37782,87
24435,34
28691,89

185437,57

P
RO
3

Béng 2: chi phi
bao tri tir nam
dau tién dén
nam thud 6

OO~ W(IN|I=

-
o,
3

©Q

Ap dung céng thic (9) cé thé xac dinh chi phi
cung cap trong tiing ndm, quy vé thdi diém s dung
ban dau. Cac gia tri quy vé hién tai cGa chi phi cung
cép ti n&m dau tién dén nam thd 6 thé hién trong
bang 3.

Gia tri hién tai
Nam clia chi phi cung cép
(USD)
1 2830,189 Béng 3: chi
phi cung cép
2 2669,989 t0 nam déu
3 2518,858 tién dén nam
4 2376,281 thir 6
5 2241,775
6 2114,882
Téng 14751,974
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thiét bi TCO dudc xac dinh theo

Chi phi sé hiiu
(7), (9) va (10) v6i D = 6 nam:

cbng thuc (5),

D
1C0,=C,+Y.[C,, +C,, +C,,

n=1

=40000+47843,599 +185437,57 +14751,974
=288033,143 USD

So sanh chi phi s& hiiu thiét bi (chi phi vong dai)
TCO vai chi phi mua sé&n ban dau C,ta the‘iy,chi phi
vong ddi I6n hon 7 1an so véi chi phi mua sdm ban
dau trong trudng hgp chi tinh toan dén Ian slia chiia
I6n dau tién. N&u tinh cho hét thdi gian khai thac
toa xe (khoang 35 nam), su chénh léch con I6n gap
nhiéu lan.

Két luan
g

Bai bao da trinh bay tom t&t mé hinh tinh toan chi
phi vong dg&i theo mo hinh xac dinh chi phi s& hiiu
thiét bi, c6 vi du minh hoa cho thiét bi van tai toa
xe. Nho xac dinh dudc TCO, cé thé khéng dinh viéc
lya chon thiét bi chi dya trén chi phi mua sdm ban
dau rat khong hgp ly do chi phi van hanh va bao tri
I6n gép nhiéu lan chi phi ban dau. Viéc dinh lugng
dugc chi phi van hanh va béo tri ciing tao co s& dé
xac dinh ché do bao tri hgp ly, ddm bao dé tin cay
s dung thiét bi cao nhat véi gia ca phu hgp... Do
cac tinh toan chi phi vong dgi dya vao cac so liéu
thdng ké cla cac nha san xuat khi ti€n hanh dau
ti mua sdm thiét bi, cé thé truy cap theo cac co
s& di liéu cong nghiép nén hoan toan cé thé tham
kh&o ap dung tai Viét Nam, tao cong cu hiu ich cho
cac chu dau tu, doanh nghiép va cd quan quan ly
nha nudc... thuc hién thanh céng déi méi céng nghé
trong qua trinh céng nghiép hda nudc nha &
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