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TOM TAT

Bai bdo trinh bay két qua nghién ciru mét chuyén dé khoa hoc thuée linh viee mdy xdy dung.
Ngi dung bai bdo gici thiéu cdc mé hinh 1y thuyét mé td qud trinh ldo héa va qud trinh phuc héi ciia
mady xdy dung trong ca thoi gian hoat dong cua may. Cdac mo hinh nay khong nhirng phan anh mot
tinh trang thye té xay ra doi véi mdy xdy dung, ma con ¢é y nghia gitip cho nguwoi sir dung mady cé
bién phdp can thiét @é nang cao khd nang lam viéc va kéo dai tudi tho ciia may; mdt khéc givip cho
cdc nha khoa hoc, cdc nha nghién citu ¢6 tai liéu tham khdo bé ich trong cong tdc hoc tdp nghién
cuu cua minh.

Tw khéa: Qud trinh ldo héa; Qud trinh phuc hoi; Kha nang lam viéc; Ham ngau nhién; Thé
nang kha nang lam viéc.

ABSTRACT

The article presents the research results of a scientific study in the field of construction
machinery. It introduces theoretical models describing the aging process and the recovery process
of construction machines throughout their operational lifespan. These models not only reflect the
actual conditions experienced by construction machinery but also provide practical guidance
for users to implement appropriate measures to improve performance and extend service life. In
addition, the study serves as a valuable reference for scientists and researchers in their academic
and advanced research activities.

Keywords: Aging process, Recovery process, Operational capability; Stochastic function;
Operational capability potential.
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1. PAT VAN PE

Trong sudt ca thoi gian hoat dong, may
xay dung chiu su tdc dung cua tai trong va moi
truong cho nén may bi 1ao hoa; bén canh do,
nho su tdc dong ctia con nguoi thong qua cong
tac bado dudng k¥ thuat va tdc dong stra chira,
may lai dugc phuc hdi. Nhu vay, khai niém “lao
hoa” va “phuc hoi” 1a nhimg thuat ngir dé chi
trang thai k¥ thudt cia may trong qua trinh hoat
dong. Trang thai k¥ thuat cia may xay dung la
két qua cua viéc xay ra dong thoi hai qua trinh
130 hoa va phuc hdi trong qué trinh khai thac st
dung may [1].

2.NOI DUNG

Ta mo ta trang thai hoat dong cua may
bang mot dai luong tong hop - mot ham ngiu
nhién theo thoi gian lam vi¢e F(t) va goi ham
do6 1a kha nang lam viéc ctia may.

Ham F(t) xac dinh trén truc thoi gian
[0 + ), trong d6 cum tur thoi gian khong phéi
1a thoi gian ngay, gid theo lich, ma 1a sb gio
1am viéc ctia may va duoc do bang don vi “gio-
may”. O day ciing can thong nhit mot khai
niém nira, do 1a: tdc dong sua chita may khong
phai 12 mot qué trinh ma chi 13 mot thoi diém.

* Ham s6 co ban cia ldo héa [2], [4]:

Lao hoda cua may xay dung 1a mdt qua
trinh ton tai khach quan. Ta xay dung ham lao
hoéa voi trinh tu nhu sau:

Gia str y 1a mot dai luong tong quat dic
trung cho cac hién tugng khach quan xay ra
trong qua trinh hoat dong ciia may nhu: céc chi
tiét may bi mon, hién tugng han ri, hién tugng
moi, sy thay d6i hinh dang chi tiét mdy, thay
dbi tinh chat co - 1y ctia vat liéu ché tao chi tiét
may, v.v.. Tat ca nhitng hién tuong nay di gan

cho dai lugng y mdt khai niém la “ham ngéu
nhién theo thoi gian”. Trén co s do, ta gan dai
lwong y cho ham F(t), tirc 1a y = F(t) va ham s
nay s€ mo ta trang thai cua may trong qua trinh
130 hoa (trong dé: t 1a thong sd biéu thi thoi
gian lam viéc cua may).

Dao ham cua dy/dt - 1a toc d 130 hoa
cua may. Ta c6 ham so sau day:

d

d—i= f(ty; x,(0), ., (8), (0 £ £ < +00) (1)
Trong do: t - Thoi gian 1am viéc cua

may. Céc s hang x (1) ... x_(t) 1a nhitng dai

luong biéu thi sy thay doi cia cac yéu to ké

trén.

Gia st rang, mot gid tri y > 0 dugc coi
la dac trung cho kha nang lam viéc cua may
dang trong qua trinh 1ao hoa, thi gia tri nay phai
1a mot ham s giam dan cua san luong. V& bén
phai cia ham (1) can théa man cac diéu kién
ton tai, don trj va lién tuc trén ban truc (0 <t <
+o0). Néu trong do: f(ty:x,(t) ... x_(t)) <0 d6i
v6i tit ca y # 0, thi 10i giai dwong ctia ham (1)
s& giam dan déu trén ban tryc [0, +oo).

Bay gid ta gia thiét rang, vé bén phai
ctia ham (1) tuyén tinh theo y, con sy tac dong
tong hop cua qua trinh 130 hoa duoc biéu thi
bang mot ham ¢(t) va ham nay duoc goi 1a ham
tat dan, lac d6 ham (1) c6 dang:

Y e@y=00st<tw) @)

Ham tit dan ¢(t) s& lién tuc trén ban
truc [0 + o) va thoa man di€u kién:

0® > 0,005t <+ [ p(0.dt = wo3)
o

Ta goi ham (2) cung véi cac dicu kién ©°
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(3) 1a cac ham s0 co ban cua qua trinh 130 hoéa.

Ham (2) s& xac dinh mot ho thong s6
cua ham:

y(t.c) = cexp {— f m(u]du} 4)

Trong d6: ¢ - Hang s6 ham mii dai dién
cho bién dd cuc dai cua ham y tai thoi diém bat
dau doi véi thong so t.

Cac gia tri duong cua ho (4) thoa man
cac tinh chat sau:

1 - y(t,c) > 0 trén ban truc [0, +o0); y(0,c)
=c>0;

2 - Ham s6 y(t,c) giam dan trén ban tryc
[0, +o0); '

3-fimy t9)=0,

4 - Tu diéu 1’<ién: ¢, >c¢, >0, suy ra:
y(t,c,) > y(t,c)) > 0 doi voi tat ca t > 0.

Do thi cta cac ham s y(t,c); ¢>0;0<
t <oo dugc goi la cac duong lao hoa.

Céc tinh chat riéng biét cia ham tit dan
o(t) s& xac dinh khd ning dién bién qua trinh
lao hoa cua ting doi tugng cu thé.

* Thé niing cia kha ning 1am viéc clia may
2], [4]:

Loi giai cia ham (2) thudc ho (4) co
dang:
T
F(t) =y(t. 1) = exp {—j m(u]du} (%)
o

Ta goi (5) 1a ham mo ta thé nang kha
nang lam viéc cua may xay dung.

Luc nay, tuong tng v4i cac tinh chat
cua (4) thi ham (5) s€ théa man di€u kién:

Néu may dang xem xét khong chiu su tac
dong sura chita thi qua trinh 130 hoa cua may s¢€
khong dugc khic phuc, lac d6 ham thé ning
kha nang lam viéc cua may c6 dang:

(9 = M,F(H,0 < t< (1)

Trong do: TI_ - Thé nang kha nang lam
viéc cila may mdi.

Qua trinh phuc hdi kha ning 1am viéc
cua may dugc mo hinh héa nhu 1a mét qua trinh
ngau nhién thudc mot day ké tiép cua tac dong
sua chira.

Trong mot khoang thoi gian (0,t), ta
xem xét day ke tiép cua cac thoi diém tac dong
stra chira:

Ny 8

{tchly tuty, v i By, ®)

Trong do: N, la sd lugng cac tac dong
stra chita may trong khodng thoi gian (0,t) va la
mot dai luong ngéu nhién.

Béy gid gia st ring, nhd ¢6 cac thiét bi
chan doan, ta xac dinh dugc trang thai ctia may
tai thoi diém (t), lic d6 phat sinh nhu cau tic
dong stra chira va sau khi thyc hién cong tac stra
chita thi tit ca cac khuyét tat duoc khic phuc,
lac nay trang thai ctia may da duoc phuc hoi va
trang thai phuc hdi c6 thé duoc méd phong nhu
la mgt qua trinh tai sinh.

Tuong tmg v6i nhitng diéu da trinh bay
& trén, bay gio ta coi dai lwong ngau nhién N,co
dang ham phan b6 Pauson, trc 1a:

(At)®

n!

P{N, =n} =™ ©)

Trong do: A - Cuong d§ dong tac dong

lim F(t) =0 (6) stra chira may.
T— oo
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Diéu kién ké tiép (8) cua cac thoi diém
tac dong stra chira may 1a diy ké tiép cua cac
dai lwong ngiu nhién doc lap dugc phan bd déu
trong khoang thoi gian (0,t), suy ra mat do phan
b6 sé la:

0,—co<u=<0

q(u) = (10)

1
—,0<u<t
t
0,t<u< +oo

Gia thiét ré‘mg, ctr mdi lan thuc hién qué
trinh néu trén, céc gié tri ngau nhién (t ) duoc
thuc hién theo thir tu sao cho viéc thuc hién do
tao thanh mot diy ké tiép ting dan déu. Luc
nay, trang thai cia may da chiu tac dong sua
chita duoc biéu thi bang mot ham ngiu nhién
[1(t) va nhu trén da néi, ham nay dugc goi la
thé ning kha nang lam viéc ciia may. Trén mbi
khoépg (t., t.,,) - tirc 1a khoang trung gian gitra
hai lan tac dong stra chita, ham TII(t) s€ trung
v6i mot trong sd cac ham y(t,c) thudc ho (4).
Két qua ctia tac dong sira chira tai thoi diém (t)
dugc mo ta bang budc nhay cua thé ning (IT):
I, = M(t,) — Mt — 0) = e F(t) — s Fti), o = 6y > 0(11)

Trong dang thire (11), dai luong TI(t, —
0) 1a gi6i han bén trai cua ham I(t) khi t — ¢ .
Tuong ung véi (11), cac gia tri cia ham TI(t)
lién tuc bén phai trén ban truc [0, +o0) (hinh 1).

— —_

te teq t
Hinh 1. P6 thi dwong cong ldo héa va dwong cong
phuc hoi cia méy xdy dung

Trén hinh 1, nhimg dudng nét lién mo
ta d0 thi dién bién ctia ham ngiu nhién II(t),
con cac dai luorng to tey - 1 cac thoi diém tac
dong stra chita ké tlep, cac duong nét dat doan
1a nhitng duong 3o hoa. o thi cia cac ham
thudc ho (4) 1a cac 101 gidi cua phuong trinh
(2) - phuong trinh co ban cua lao hoa [2], [4].

Tuong ung véi diy ké tiép (8), budc
nhéy thé niang kha niang lam viéc ciia may do
két qua tur tac dong stra chua {11} 1a mot day
ké tiép cua cac dai lugng ngau nhién phan b
déu doc 1ap nhan gia tri dwong cung véi ham
phan b6 F(u). Ky vong toan hoc va ham phan
tan cac budc nhay thé ning kha ning lam viéc
clia may s& duogc xac dinh bang cac dang thic:

i) = [ ud(@:Dlm] = | w? Fdu— (M2 (12)

Nhu trén da trinh bay, ham mo ta thé
nang kha nang lam viéc ctia may F(t) dugc coi
13 mot ham ngiu nhién I1(t), ma dé cho ham do6
duoc lién tuc thi can thoa mén diéu kién:

Ne
M(t) = M, F(t) + (1) = M, F(t) + Z ME(t),0 <t < +o(13)
k=1
Trong do:
0,khio<t<t,

F(tt) =4 F(O (14)

Jt, =t 4oo
F(t) ©

Biéu thirc (14) dugc goi 1a ham budc
nhay don cua thé nang I1(t) tai thoi diém tac
dong sura chira t,.

Doi voi bicu thie (13), moi mot gia tri
thé nang kha nang lam viéc cia may c6 cac tinh
chat sau:

l- H(t =0)=1II - tirc 14 tai thoi diém
dau tién, thé nang kha nang lam viéc bang thé
nang kha nang lam viéc cia may mdi;
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2 - S6 hang thtr nhét trong biéu thic
(13) mé ta qué trinh “ldo hoa don thuan”, sb
hang thir hai biéu thi qua trinh phuc hdi ngau
nhién kha nang lam viéc cia may;
3 - P6i voi mot thoi diém bat ky
‘t' € (0, =) twong tg véi (13) va (14), ta co:
Ni

m(t) = C,F(t) +
k=N +1

MF(tt, ).t < t< +oo (15)

Trong ham (15), hing s6 C, duogc xac

dinh nhu sau:
I,

(G Z o,
v T Trerv g =
Ft) £=F(t
4 - Tir ham (15), d6i véi 't € (0, =), ta

co:

n(t:] = ctrF[tjﬂ t}{t, =t< tNt,-+1

C6 nghia 1a: di v6i mdi 1an tai hién ché do
phuc héi gitra hai 1an ké tiép tac dong stra chira,
ham thé nang T1(t) s& tring v6i mot trong sd cac
ham thudc ho (4) (dd thi ctia ham nay tring voi
mot duong cong ldo hoa), conkhit=t + 1 thi
ham nay s& tuong tng véi ham (11).

Nhu vay 13 cir mdi mot 1an tai hién, thi
ham ngiu nhién I1(t) ma duoc xac dinh bang
biéu thire (13) déu biéu thi mot ham giam dan
déu lién tuc sang phai (xem hinh 1).

Khi phan tich ham thé nang kha ning
lam viéc cua may, ta lam rd thém cac dai lugng
dac trung sau day [3], [5]:

Ky vong todn hoc cua ham I1(t):

TI(t) = M[II(t)] = [_F(t) + A, J-t%du(la

Ham phan tan:

@)2 du

F(u) (7)

D[I()] = Am, Lt(

Tuong ing voi ham (12), ta co:

m, = M[m,] = f uF(u)du (18)

V]
bai lugng m, trong ham (17) dugc xdc
dinh nhu sau:

m, = f w2 dH(w) = D[] + (M[IL])? (19)

Trong do:

MIIL ], D[I1 ] - Tuong tng la ky vong
todn hoc va ham phan tan cua dai lugng ngau
nhién II, - 1a buéclnhéy thé nang kha ning lam
vi€c cua may do két qua cua tac dong sua chira;
A - Cuong do dong tac dong stra chita may (da
duogc gidi thi¢u trong ham (9)).

Trén co s& cua biéu thirc (16), ta xem
xét mo hinh ciia hai qua trinh xay ra dong thoi,
d6 1a qua trinh 130 hoa va qua trinh phuc hoi
ciia may xay dyng. Trong biéu thirc (16), ham
F(t) phan anh dac tinh lao hoa ciia may dang
xem xét, con dai lugng ATl biéu thi cuong do
tac dong sira chira di voi may (day 1a tich giira
cuong do tac dong stra chita véi gia tri trung
binh ctia budc nhay thé nang kha nang lam viéc
ciia may do két qua sau mot lan tac dong sira
chira).

3. KET LUAN

Bai b4o da trinh bay cdc mo hinh ly
thuyét mo ta qua trinh 130 hoa va qua trinh
phuc hdi ciia may xdy dung. Nhitng mé hinh
nay giup cho ban doc c6 dugc nhiing khéi niém
“lao hoa”, “phuc hdi”, “kha nang lam viéc”,
“thé niang kha nang lam viéc”, v.v ctia may xay
dung. Cac khai niém nay phéan anh tinh trang
thue té xay ra trén may xdy dung trong subt ca
qué trinh hoat dong ctia may. Nhitng ndi dung
da duoc gidi thidu trong bai bao c6 thé gitp cho
nhitng nguoi dang quan 1y va st dung may xay
dung cling nhu nhiing nguoi dang nghién ctru
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