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Tém tat: Bai bao trinh bay cac két qua tinh toan két cdu dam cé dé cing va khéi
Irong phan bé ngdu nhién theo phuong phap déng luc hoc ngdu nhién. Dam duoc
xem xét c6 vét nut véi vij tri, chiéu sdu da biét. Str dung chuong trinh duoc 14p trén
nén Maple, bai bao trinh bay cac két qud xac dinh gia tri ky vong va phuong sai
ctia chuyén vj trong ddm c6 vét nit véi cac diéu kién bién va luc kich thich thay
déi. Ngoai ra con giéi thiéu viéc tinh toan tan sé dao déng riéng dé xac dinh vung
céng hudng cua luc kich thich. Phuong phép trinh bay trong bai béo c6 thé duoc
st dung trong thuc té khi phan tich hodc xay dung co sé& dif liéu cho bai toan nhan
dang két cu co vét nit.

Summary: This paper presents the calculation results of beams with determined
locations and depths of cracks using the statistical method. By applying the TK.mw
program, we can show expectation and variance of the node displacements in
cracked beams following some illustrative examples with changes in boundary
conditions and frequencies of input loads. In addition, we introduce the calculation
results of resonant frequency of loads. The method presented in this paper can
also be applied in reality to problems as to check building structures and get data
for identification of structures with cracks.

1. M& dau

Dam la két cdu co ban, 1a déi twong hay gép trong ly thuyét va trong thuwe té tinh toan.
Khi c6 vét nit, cac tinh chat co ly va dd cirng cia dam khong con tinh lién tuc ma cé nhirng
gian doan nhét dinh. Vét nirt dwoc md hinh hoa thanh nhirng lién két 16 xo. D& don gian va phu
hop chung véi so dd tinh cla két cAu, ta cé thé xem nhirng lién két nay la dan héi tuyén tinh:
chuyén vi ty 1& bac nhat véi lwc tac dong. Déi véi dam chiu udn, vét nit dwgc mé phéng bang 1o
xo ¢ dd clrng dan héi twong dwong theo cong thire [2]:
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trong d6: u = 2h— v&i a la chieu sau vét nit; bo va ho la chiéu rong va chiéu cao tiet dién
0
dam hinh ch nhat tai vi tri vét niet; E¢ la mddun dan hdi.
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Mét khac, cac tham sé trong két cdu nhu kich thuwéc hinh hoc, dac trung vat ly thudng
duoc xac dinh théng qua viéc do dac va ta thuong lay gia tri trung binh cia mét sé mau thir dé
dem ra tinh toan. Cac dai lwong dd clrng va phan bé khéi lwong sé dwoc tinh toan hodc do dac
thong qua viéc x ly théng ké sé liéu. Dwdi day 1a mot md hinh tinh toan dé cirng va phan bb
khéi lwong la cac bién ngau nhién cé tham sb bé hay dwoc cac tac gia st dung [5], [6], [8], [9]:

{El (x) =El, [(1+ glgl(x)]

2)
m(x) =m, [(1+ £,0, (X)]

trong do: Elo va mo biéu thj gia tri ky vong cla cac dai lwgng EI(X) va m(x); & (i = 1,2) la
hang s6 0<&<<1, dwoc goi la cac tham sb bé; gi(x) 1a ham ngau nhién c6 gia tri ky vong béng
khéng va do léch chuén don vi véi ham twong quan 1a Ri(&) (i,1,j =1,2) da biét.

V&i mo hinh dam c6 tham sé ngdu nhién vé do cieng EI(X) va phan bd khéi lwong m(x),
viéc tinh toan doi hoi phai tinh theo mé hinh ngau nhién, nghia la, ta phai xac dinh cac dac
trwng xac suét (1a gia tri ky vong va phwong sai cGia né) clia cac dir liéu dau ra nhw chuyén vi,
&ng lwe sau khi biét d&c trung xac suéat ctia div liéu dau vao.

Viéc xem xét ddm ddng thoi co vét nivt va ké dén sw phan bé ngau nhién cta do cirng va
phan bé khéi lwong 1a mot van d& mai. Bé phan tich sw 1am viéc déng thoi do, bai bao nay sé
tinh toan gié tri ky vong va phuong sai cGa chuyén vi trong mét sé mé hinh két cdu dam nhw
dam cé lién két tai g0| twa khac nhau, ddm chiu tai trong dong,... Ngoai ra, bai b&o con gidi

thiéu viéc tinh toan tan sb dao déng riéng dé th4y dwoc ving cong hwéng cda luc kich thich khi
dam dao déng.

Céc vi du tinh toan dwéi day dwoc thwe hién nhd chwong trinh TK.mw [3], [4]. Chwong
trinh TK.mw &p dung cho hé thanh phdng, dwdi dang Symbolic, dwoc viét trén nén Maple 12
[1], [10]. Két qua nhan dwoc gia tri ky vong va phwong sai cla chuyén vi va noi luc.

Khi xem xét &nh huéng cla vét nit trong dam, ta gia thiét vét nit c6 vi tri va do sau da
duoc biét trwde, nghia 13, ta thuwc hién bai toan kiém tra dam cé vét nit.
2. M6 hinh tinh toan dam cé vét nit va c6 tham sé ngau nhién El(x), m(x)

2.1. Tinh toan két cau thanh chju uén ngang phang c6 vét nat
Xét phan to thanh chiu ubn ther “i” c6 vét nrt & hai qéu nhuw & hinh 1. Ta goi phép t loai
1 (PTL1) la doan nam gilra hai mat cat 1-2 (hinh 1a) va phan t& loai 2 (PTL2) la doan nam gilra
hai mat cat 1-2' (hinh 1b). Uy;,U,; 1a goc xoay tai mat cit 1" va 2' clia phan t loai 2; uS,uS 1a
géc xoay cla 16 xo twong dwong tai vét nit; Uy, U, la goc xoay tai diém 1 va 2 cta phan t& loai
1; P, Pai, Pai, Psi la cac lwe nat twong dwong tai hai dau phan te.

T& mé hinh thanh chiu udn & hinh 1, géc xoay tai mat cat 1,2 sé dwoc biéu dién qua goc
xoay tai mat cat 1’, 2’ theo cdng thirc sau:

u; = ui' + uiC 3)

u; la géc xoay cua 16 xo twong dwong tai vét nirt, dwoc xac dinh theo cdng thirc:

u = L (4)
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Hinh 1. M6 hinh thanh chju uén cé vét nit

O day, C¢i la d6 cing twong dwong cla vét nit, dwoc tinh toan theo cong thire (1); Pi
lay gia tri bAng P2i hodc Pa;i (1& c&c gia tri mémen) trén hinh 1.

Sau dé, sé xac dinh dwoc ma tran dd cing va lwc nat twong dwong cla phan t& loai 1
theo phan tr loai 2 theo cdng thire [3]:

(D% (@) ]=([1 ]+[B])' [D2(@)|([1]+[B])+[K, ] 5)
{Lwc nat PTL1} = ([I]+[B])™{lwc nat PTL2} (6)

trong do: [D®(w)] - 1a ma tran dd cirng dong lwc cia PTL2; | — 1a ma tran don vi cap
4x4. B va K, -1ama trén cé chira cac do cing tvong duong cla vét nit tai hai dau phan tir.

Nhan thay réng vi do cing EI(x) va phan bb khéi lwong m(x) la cac dai lwgng ngau nhién theo
cong thire (1) nén ma tran do cieng [D®(w)] 1a ma tran ngau nhién cé cac “tich phan trong s&”
da biét [8]. Vi vay, ma tran d cirng [DY(@)] ciing 1& ma tran ngau nhién.

Sau khi c6 ma tran dé cirng va lwc nat twong dwong cta phan ti loai 1 va cha cé hé két
cau, bang phuong phap khai trién Neumann sé xac dinh dwoc biéu thirc ky vong va phuwong
sai cGia chuyén vi nat va cla (ng lwc, dwoc trinh bay sau day.

2.2. Biéu thirc ky vong va phwong sai cta chuyén vjnat

Sau khi nhan dwgc ma tran dd cirng déng lwc clia cac phan ti, roi chuyén vé hé toa do
chung, ta tién hanh ghép ndi cAc ma tran d6 cirng nay vao ma tran do cirng dong lwc va véc to
tai trong nit tdng thé cha ca hé. Sir dung cac diéu kién bién (thudng 1a sé xoéa di hang va cot
twong ng v&i cac diéu kién bién bang khoéng) ta nhan dwoc ma tran do clrng dong lyc va véc
to lwe nat rat gon cla ca két ciu. Cubi cung phwong trinh can bang cta ca hé c6 dang:

[K(@)]{Z(@)} ={F} @

trong d6: Z(w) a véc to bién do phirc ctia chuyén vi nat can phai xac dinh va o 1a tan sb
dao dong; K(w) 1a ma tran dé cing tbng thé, ma tran nay co thé viét tach thanh hai phan xac
dinh va ngau nhién nhw sau:

[K(@)]=[K*(@) ]+ [AK ()] 8)

Dé gidi phuong trinh (7), théng thwdng ta phai tién hanh nghich ddo ma tran dd cing
dong luc K(w). Vi ma tran d6 cirng dong lwc & day co chiva tham s ngau nhién nén ta khéng
thé nghich ddo theo cach théng thuong duwoc. O day, ta s dung phwong phap khai trién
Neumann ma sé trinh bay tom tat dwdi day.
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S& dung phuwong trinh (8), ta viét phwong trinh can bang (7) dwéi dang:
| K* (@) +AK (o) |{Z(e)} = {F} 9)
Ky hiéu Zo(w) 1a nghiém khi khéng c6 ng&u nhién, nghia la:

{z°}=[K° T {F} (10)

S dung khai trién Neumann [3], ta dwoc:
-1

K*=[K’ +AKT =[K°(|n + KO*AK)} =K —KYAKK® + K® AKK® AKK® +... (11)
Do do: Z=K'F=2°-TZ°+T22°+... (12)

V&i T=K® AK Ia ma tran ngau nhién.

Sau khi c6 gia tri Z theo (12), tiy mrc d6 phirc tap hodc yéu cau dét ra, ta co thé lay xap
Xi bac nhat hay bac cao cuta khai trién Neumann. Néu lay xap xi bac nhét ta tinh dwoc biéu thirc
ky vong va phwong sai clia Z nhu sau:

Biéu thirc ky vong: E[z] = {Zo} (13)

Phwong sai, ddng phwong sai:

CovZT,Z]1=E[(Z -Z°)(Z - Z°)] = E[K® AKZ®(Z°)T AKTK®"]=

: 1 (14)
= K° E[AKZ°(Z°)" AK]K®

2.3. Xdc dinh tan sé dao déng riéng

Viéc tinh toan tan sé dao dong riéng ctia dam c6 tham sé ngau nhién kha phurc tap, trong
pham vi bai b4o ta sé khong xac dinh tan sé dao dong riéng cta hé c6 tham sé ngau nhién, ma
dé xac dinh anh hwéng cla tan sé kich thich, sé tién hanh xac dinh gia trj tan sé dao déng riéng
ctia dam khi bé qua anh huéng cta tham s ngau nhién. Viéc tinh tan sé dao dong riéng dwoc
thwe hién bang cach cho dinh thiérc clia ma tran d6 cing (thanh phan tién dinh) cta hé bang
khong. Thiét lap ma tran dd cing cla ca hé, xuét phat tr ma tran do cing ctia phan t& loai 2 1a
[D®(w)], sé c6 dang:

[D(Z)]:_wz[lij]+[‘]ij] (15)

trong do:
¢ d2N, (x,0) d°N;(x,0)
EESCRRRICTP
5 dx dx

I; (@) =IjmoNi(x,a))Nj (X, @)dx; J;(@)= X (16)

| 14 chiéu dai cta phan ti; Ni(X,®), Nj(X,®) 1& ham dang phu thudc tan sé (ij=1,....4)
duwoc xac dinh qua viéc théa man phwong trinh vi phan:

6_2{E|08Y2(x,t)}+m0 Y2 (xt) _

0 17
ox? ox? ot a7
Xét dao dong la didu hoa, ham chuyén vi c6 dang Y (X,t) = y(X)e'" khi d6 (17) tré

thanh:
4

dy

W_b4y:0 (18)
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voi b* =myw® | El,, khi d6 ham dang Ni(x,®), Nj(x,@) dwoc xac dinh theo cong thirc:

{N(x, @)} =[T(@)]{s(x, w)} (19)
trong doé
[ 1cS+Cs 114s8-cC  1cS+Cs  1sS+cC-1]
2 cC-1 2 ¢C-1 2 cC-1 2 c¢C-1
ESS+CC—1 lcS—Cs _11+sS—cC _l ¢S -Cs
ol 2 PEC-T) 2b(eC-1) 2 b(eC-1)  2b(ec-y) (20)
(@)= 1s+S 1C-c 15+ 1C-c
2c¢C-1 2cC-1 2c¢cC-1 2c¢cC-1
1 C-c _l S-s _1 C-c _E S-s
| 2b(cC-1)  2b(cC-1)  2b(cC-1)  2b(cC-1)]
VoI {s(x, w)} =[sinbx, coshx,sinh bx, cosh bx]T (21)
C =coshbl,c =cosbl,S =sinhbl,s =sinbl (22)

3. Vidutinh toan

Sau day sé 4p dung mé hinh phan t& nhw trén dé tinh cho ddm mot vét nit theo chwong
trinh TK.mw [4]. Khi tinh toan so sanh két qué v&i TK.mw, két qua giai bang giai tich trong [2]
chi nhan dwoc gia tri ky vong ca chuyén vij trong dam khi chju tai trong tinh (©=0).

Xét dAm c6 mot vét niet tai gitba nhip, vét nit dwoc quy ddi vé 16 xo cé do cirng twong
dwong ¢y nhw hinh 2a.

P(x.t)
q D - ‘s T
Q) W L L b).g‘?’ %33‘6 %”9
G 5 %

Hinh 2. D&m cé mét vét nit va tham sé EI(x), m(x) ngu nhién

Trong vi du nay sé tinh gia tri ky vong va phwong sai cGa chuyén vi thdng va chuyén vi
xoay - vi tri chuyén vi s6 4 va sé 5 nhu trén hinh 2b. Bai toan nay c6 nhirng sb liéu dau vao nhw
sau:

- PO cwng la ham ngdu nhién luat:

theo quy El(x)=¢” [(1+ glgl(X)] ;

m(x) =&’ [1+£,0,(X)]; trong d6 By la cac sb thuc dwoc biét trudc; & la tham sé bé

0<&<<1; gi(x) la ham ngAu nhién, cé gia tri trung binh bang 0, cé dd léch chuan don vi va c6
ham twong quan la Rj(&) da biét (1,j = 1,2).

- Gia thiét ham twong quan Rjj(&) cda bién ngdu nhién gi(x) bién thién theo luat:
— (2a—0ax)? 1A 5 2 A4 —
R;(&)=c’e (i, j=12), & day chon ¢ = 1, d—w theo [7].
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- Khi tinh toan 14y cac gia tri: L1 = 2,5m, L2 = 2,5m, tiét dién hinh chir nhat c6
boho=(0,22x0,35)m. Mddun dan hdi Eo = 24821128 kN/m?; & = 0,03; &= 0; &= 0; khdi
lwong riéng m=23,5631kN/m?;

- Gia tri cac tham sb p va y dwoc tinh toan theo cong thirc:
B = In(Eoboho®/12) = In(24821128*0,22*0,35°/12) = 9,878705028;
7= In(boho*m,)- B = In(0,22*0,35*23,5631)- 9,878705028 = -9,282972;
- Tai trong q(X,t) =5e kN/m; P(x,t) =10e'*kN; M (x,t) = 20e** kNm.
- V&i dd sau vét nit a = 5,37cm ta tinh dwoc c4=123456 kNm; Vé&i do sau vét not
a=2,5cm ta tinh dwoc cy= 662910 kNm;

Ta sé tinh toan hai bai toan: bai toan th(r nhét 1a dam c6 mét vét niet co tham sé EI(X)
ngau nhién va bai toan th( hai 1a dam cé mét vét nirt va c6 m(x) ngau nhién.

3.1. DAm c6 mét vét ni¢t va tham sé El(x) ngdu nhién
Vi bai toan nay thi sé lieu dau vao nhw trén cho & = 0 dé khong k& dén thanh phan

ngau nhién ctia m(x); Ta sé xac dinh gia tri ky vong va phwong sai ctia chuyén vi nat &ng véi
céac trwdng hop lién két tai hai dau ctia dam khac nhau.

Trurong hop 1: DAm conson

Bdng 1. Gia trj ky vong va phwong sai ctia chuyén vj cho triong hop 1

Tinh theo TK.mw (Gia tri chuyén vi khi thay d6i tin s cta luc kich

thich w) Tinh theo gidi
Dai luong tich trong [2]
=0 (rad/s) ©=10 @=14.47 ©=20 ®=50 ©=100 ®=200 khi ®=0
*= (rad/s) (rad/s) (rad/s) (rad/s) (rad/s) (rad/s) w=
Chuyén vi s 4 (m) | -0.0065570 [ -0.0119390 | 2.0187724 | 0.0057888 | -0.0004239 | 0.0024295 | 0.0001508 -0.0065570

Phuong sai CV4 (m2) | 3.8695E-08 | 4.4262E-07 | 4.188E+02 | 4.9760E-08 | 1.3741E-09| 6.2914E-08| 1.3390E-11| Khong co két qua

Chuyén vi sb 5 (rad) |-0.0036752 | -0.0074758 | 1.4294581 | 0.0050924 | 0.0009378 | 0.0000725 | 0.0006727 -0.0036752

Phuong sai CV5 (rad2)| 1.2505E-08 [ 1.9305E-07 | 2.097E+02 | 1.8815E-08 | 2.0410E-10 | 3.7785E-09 | 1.7362E-09| Khéng c6 két qua

Xét trwéng hop dam conson tai nat 1 1& ngam, nat 3 la dau tw do. Chia dam thanh hai
phan t& va 3 nat nhw trén hinh 1b. Cac chuyén vi 1,2 va 3 bang khong theo diéu kién bién cta
bai toan. Theo méd hinh phan t& da thiét 1ap & [3], thi phan t& 1 tai nat 1 14 lién két cirng, tai nat
2 1 lién két nira cirng voi do cirng 16 xo theo ba phuong c6 do cing ¢, =c, =0 Vvacy. Phan
tl thir hai c& hai dau la lien két cing. Tan sb dao dong riéng cia dam cé gia tri bang
o =14.47212310rad/s; Khi dd cing 10 X0 Cy = oo thi gia tri tan sé dao déng riéng bang
w = 14.57820275rad/s.

Két qua tinh gia tri ky vong va phuong sai cia chuyén vi nat sé 4 va 5 tng véi tan sé cia
Iwc kich thich o khac nhau cho trong bang 1.

Trwong hop 2: D&m hai dau khép cé dinh

Dam c¢6 hai d4u khép thi cac chuyén vi 1,3,7,9 bang khéng theo diéu kién bién. Tan sb
dao déng riéng dau tién trong trwong hop nay 1a @=39.70rad/s; Khi khéng c6 vét nit, tan sb
dao dong riéng dau tién bang en= 40.93rad/s; Két qua tinh toan cho & bang 2.
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Bang 2. Gia trj ky vong va phuong sai ctia chuyén vj cho truong hop 2

Tinh theo TK.mw (Gia tri chuyén vi khi thay di tan sb cua luc kich
‘ thich o) T,mh theo giai
bai luong tich trong [2]
©=0 (rad/s) »=10 ®»=20 ®=39.7 ®»=100 ®=200 =300 khi ©=0
B (rad/s) (rad/s) (rad/s) (rad/s) (rad/s) (rad/s) .
Chuyén visd 4 (m) |-0.0038063 | -0.0040620 | -0.0050899 | -42.215899 | 0.0006724 | 0.0001138 | -0.0000099 -0.0038063
Phuong sai CV4 (m2) | 1.0400E-08 | 1.3578E-08 | 3.4177E-08 | 1.77E+08 [ 3.4061E-11(5.4570E-12| 1.1904E-10| Khong co két qua
Chuyén vi s65 (rad) | 0.0005815 | 0.0005899 [ 0.0006227 | 1.2230393 | 0.0006083 | -0.0003104 | 0.0001302 0.0005815
Phuong sai CV5 (rad2)| 1.5778E-10| 1.6474E-10| 2.0069E-10| 1.49E+05 | 6.469E-10 | 1.4721E-09| 1.07E-10 | Khongcod két qua

Trwong hop 3: DAm mot ddu ngam mot dau géi twa di déng

Dam moét ddu ngam mot dau gdi twa di dong thi chuyén vi 1,2,3,7 bang khong theo diéu
kién bién. Tan sb dao dong riéng dau tién co gia tri: an= 62.64rad/s, an= 206.44rad/s, ws=
421.72rad/s; Khi khéng c6 vét nit, ba tan sé dao dong riéng dau tién bang = 63.95rad/s;
wp= 207.25rad/s, as= 432.41rad/s. Két qua tinh cho & bang 3.

Bdng 3. Gia trj ky vong va phuong sai ctia chuyén vj cho truromg hop 3

Tinh theo TK.mw (Gia tri chuyén vi khi thay déi tin sb cua _
) luc kich thich m) T,mh theo giai
Pai lugng tich trong [2]
=0 (rad/s) ®=62.64 ®=100 ®©=206.44 =300 ®=421.72 khi @=0
o= (rad/s) (rad/s) (rad/s) (rad/s) (rad/s) ®=
Chuyén visb 4 (m) |-0.0013686 | -22.53898 | 0.0007251 | 9.7174318 | 0.0001188 | 0.9554292 -0.0013686
Phuong sai CV4 (m2) | 1.3147E-09 | 1.296E+08 | 4.5988E-10| 1.51E+09 |3.6525E-11| 1.1825E+07 | Khong co Két qua
Chuyén vi sb5 (rad) | 0.0002179 | -3.8633848| 0.0006550 | -31.88647 | 0.0000142 | 0.4913397 0.0002179
Phuong sai CV5 (rad2)| 1.4800E-11| 3.81E+06 | 1.9979E-10| 1.62E+10 |1.7993E-10| 3.1242E+06 | Khong co Két qua

Trwong hop 4: D4m hai d4du ngam

DPéi véi dam hai dau ngam, cac chuyén vi 1,2,3,7,8,9 bang khéng theo diéu kién bién. Ta
c6 két qua tan sb dao déng riéng dau tién co gia tri: en= 90.76rad/s; Khi khéng c6 vét niet, tAn
s6 dao déng riéng bang = 92.8rad/s. Két qua tinh toan gia tri ky vong va phuong sai cla
chuyén vi nit sé 4 va 5 cho & bang 4.

Bdng 4. Gia trj ky vong va phuong sai ciia chuyén vi cho triromg hop 4

Tinh theo TK.mw (Gia tri chuyén vi khi thay di tin s6 cia

‘ Iyc kich thich o) Tinh theo gidi
Dai lugng tich trong [2]

w0 (raglg)| @0 | @=%076 | =100 | ©=200 ©=300 Khi ©=0

- (rad/s) (rad/s) (rad/s) (rad/s) (rad/s) B

Chuyén vi s6 4 (m) | -0.0008561 | -0.0012196 | -6.7485098 | 0.0038780 | 0.0001919 | 0.0000550 -0.0008561
Phuong sai CV4 (m2) | 4.9795E-10| 2.1794E-09| 2.46E+06 | 2.881E-07 | 1.3398E-11| 2.273E-11 | Khéng c6 két qua

Chuyén vi s6 5 (rad) | 0.0004046 | 0.0004298 | 0.3334070 | 0.0002037 | 0.0006335 | -0.000274 0.0004046
Phuong sai CV5 (rad2)| 8.9168E-11 | 1.1207E-10| 5.99E+03 | 1.88E-09 |15412E-09| 2.3402E-09 | Khong c6 két qua
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T cac trwong hop 1, 2, 3, 4 c6 moét sb nhan xét:

- So sanh gia tri ky vong cta chuyén vj tinh theo TK.mw va theo giai tich trong [2] ta thay
hai két qua trung nhau.

- Tri sb ky vong va phwong sai cGia chuyén vi nit Ién nhat & trwdng hop 1 (ddm conson)
va nhé nhat & dam hai dau ngam.

- Gié trj tan so dao dong riéng cho bén truo’ng ho’p dam co lién két khac nhau, két qua
tinh cho thay tri sb tan so dao dong neng cua dam c6 vét nit ludn nhé hon so véi dam khong
c6 vét nirt. 'ng véi tan sé gan gia tri tan sé dao dong riéng xay ra cOng hwdéng, khi dé ky vong
ctia chuyén vi nat sé 4 va 5 va phwong sai ctia né co gia tri rat Ion.

- Sy thay déi gia tri tan so lwe kich thich dén ky vong va phu’omg sai ctia chuyén vj la Ion
nén trong cac bai toan thyc té can phai khao sat anh hwéng clia cac yéu té nay.

3.2. So sanh bai toan dam c6 mét vét nit khi c6 El(x) ngdu nhién véi bai toan dam
c6 mét vét nat khi c6 m(x) ngdu nhién

O bai toan the nhat ddm cé mot vét niet va cé EI(X) ngau nhién ta cho & = 0, con & bai
toan dam c6 mot vét niet c6 m(x) ngau nhién ta cho & = 0, khi d6 gia tri ky vong clGa chuyén vi
sé khong thay dbi, chi cé thanh phan phwong sai cta chuyén vj thay déi. Do do6, dé so sanh
dam c6 mot vét niet khi cé EI(X) ngdu nhién hodc m(x) ngau nhién ta sé so sanh gia tri phuwong
sai ctia chuyén vi.
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Hinh 3. Phuong sai cta chuyén vj sé 4 thay déi theo & va & khi @ = 10rad/s

Hinh 3 1a d6 thi cia phwong sai cGa chuyén vi sb 4 (rng véi tan sé w=10rad/s. Truc
hoanh 1a sw bién thién clia gia tri ¢ t&v 0 dén 1. Tryc tung la gid tri phuong sai clia chuyén vi sé
4 tinh cho trwvdng hgp 1 (dam conson). DO thi c6 nét cham cham la phwong sai rng véi s thay
ddi tham sb &1; D6 thi c6 nét gach gach 1a phwong sai ng su thay déi tham sé &. Nhin vao do
thi ta thay khi c6 tham gia cta & (&ng véi EI(X)) phwong sai cé gia tri I6n hon khi cé sy tham
gia cla g (rng v&i m(x)).

Twong tw nhw trén hinh 3, & hinh 4 1a d6 thj ciia phwong sai (ng v&i tAn sé w=20rad/s.
Nhin vao d6 thi, ta thay khi c6 tham gia cta & (ng v&i EI(X)) phwong sai ¢6 gia tri nhd hon khi
c6 sy tham gia clia & (&ng voi m(X)).
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Hinh 4. Phuong sai cta chuyén vj sé 4 thay déi theo &1 va & khi «=20rad/s
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O hinh 5 1a d4 thj cia phwong sai (rng v&i tan sé m=100rad/s. Nhin vao db thi, ta thay khi
c6 tham gia cuda &1 ((ng voi EI(X)) phwong sai co gia tri nhé hon khi co sy tham gia cla 2 (&ng
voi m(x)).
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Hinh 5. Phuong sai cta chuyén vj sé 4 thay déi theo &1 va & khi «=100rad/s
Nhan xét két qua tinh toan:

- Gia tri phwong sai cia chuyén vij thay déi theo tham sb bé ctia ham ngau nhién dd cirng
EI(X) (&ng v&i £1) hodc ham ngau nhién phan bd khéi lwgng m(x) ((ng véi &2).

- Sw bién thién cda gia tri phwong sai theo tri sb tham sb bé &1 hodc &2 phu thudc vao tan
s6 w. O tan sb thap (w<=10rad/s) thi anh hwéng cta EI(X) I6n hon anh huéng cia m(x). Khi &
tan sb cao w>=20rad/s &nh hwéng cda El(X) bé hon anh hwéng cta m(X).

4. Két luan

Trén day ta thwc hién cac bai toan khi cho tAn sé dao déng cua luc kich thich thay dbi,
diéu kién bién thay déi d& nhan dwoc gia tri ky vong va phwong sai ctia chuyén vi théng qua
chwong trinh TK.mw. Ngoai ra, tinh toan cho thay tan sé dao déng riéng ctia dam c6 vét nit
ludn nhd hon so v&i ddm khong cé vét nit. O mét tin sb xac dinh sw anh hwéng cda thanh
phan ngau nhién do dd cirng EI(X) dén gia tri phwong sai cla chuyén vi nit sé khac véi sy anh
hwéng cla thanh phan ngau nhién do khéi lwgng m(x). Viéc tinh toan theo mé hinh ngdu nhién
sé cho ta gia tri ky vong va phwong sai ctia chuyén vi hay &ng lwc dé danh gia do tin cay cia
két cdu. CAc két qua clia bai toan trén day c6 thé phuc vu cho tinh toan kiém tra va lam co s&
di¥ liéu cho bai toan nhan dang két cu c6 vét nit.
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