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TOM TAT

Bai b4o nghién ciru cong huong tham sé cua hé phi tuyén cip ba c6 chira ma sat Coulomb, ma sat dong
va can nhét cap phan sé sir dung phuong phép tiém can. Nghiém xap xi giai tich dwoc xac dinh va duong
cong bién d6 tan sé duoc thiét 1ap. Sau d6, khao sat diéu kién on dinh cua nghiém cong huong bang ly
thuyét Lyapunov. Anh huéng cua cac tham sé trong dao ham cap phan s dbi véi bién do dao dong dimng,
dudng cong bién do tan sb ciing dugc xem xét.

Tir khéa: dao ham cap phan sb; dao dong tham sb; phuong phép tiém can; cong huéng; dudng cong bién
do tan sé.

1. Mé dau

Phép tinh cdp phan s6 gom nhiing toan tir dao ham va tich phan cip phéan sé duoc téng quat hoéa tir
phép tinh cip nguyén [Miller va Ross, 1993; Oldham va Spanier, 1974; Podlubny, 1999; Ross, 1975].
Dinh nghia thuong dwoc sir dung nhiéu nhat 1a toén tir dao ham cip phéan sé cua Riemann — Liouville.
Trong bai bao nay, ta str dung dinh nghia Riemann — Liouville. C4c tng dung cua phép tinh cip phan sé
trong ki thuat va vat ly thu hat duoc rat nhiéu sy chi y cua cac nha khoa hoc [Bagley va Torvik, 1983;
Fukunaga, Shimizu va Nasuno, 2009; Gaul va Chen, 1993; Nguyen Van Khang, Bui Thi Thuy va Truong
Quoc Chien, 2016; Nguyen Van Khang va Truong Quoc Chien, 2016].

Dua vao céc két qua cua cac tai liéu [Mitropolskii va Nguyen Van Dao, 1997; Nguyen Van Dao, 1979;
Nguyen Van Dao, 1998], dao dong tham s6 cua h¢ phi tuyén cap ba c6 chira ma sat Coulomb, ma sét
dong va can nhot Cap phan sb dugc nghién ciiu bang phuong phap tiém can. Bai bdo gom 5 phan Phan 2
trinh bay nghlem Xap xi cho cong huong diéu hoa cua h¢ phi tuyén cap ba. Dua trén ly thuyet Lyapunov,
diéu kién ton tai cia cong huong diéu hoa va diéu kién 6n dinh cua nghiém dung dugc dé cap trong phan
3. Anh huéng cua cac tham s6 cdp phan sb déi véi dudng cong bién do tan sé dugc phan tich trong phan
4. Phan 5 bao gém céc két luan chinh cua bai bao.

2. Thiét 1ap biéu thirc nghiém bing phwong phap tiém can

Xét dao dong tham sb cua hé dugc md ta bai phuong trinh vi phan cip ba

X + o+ 0 X+ 2o’ X+ & kX +hi® +hy sign X+h, X’ sign X+35,DPx—cxcosQt | =0 )
Trong d6 o, w,k,h,&,,¢,Q 1a nhitng hing s6, hy,h, 1a hing s6 duong. DPx 1a dao ham cép phan s6
cua X(t).
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Khi 6 phuong trinh (1) ¢6 thé dugc viét lai nhu sau
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Trong d6 f (x,X %, DPX) = oX+aox+kx® +hx’ +h, sign x+h,%* sign X+ &,Dx 4)

Nghiém riéng hai tham s6 ciia phwong trinh (3) dwgc tim dudi dang
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X = acos(%t +1//J+ &u, (a,y/,%tj+52u2 (a,yx,%tj+ .. (5)

Trong do6 U, (a,7,0) 1a nhitng ham chu ky 27z ddi voi y va @; a va y duge xac dinh tir nhing
phuong trinh sau
da
—=cA(ay)+eA (ay)+...
& (6)
d—V:=gBl(a,z//)+ngz(a,y/)+...
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Pé xac dinh cac ham u_, A, B, ta tinh cac dao ham Z—:%% va thé vao phuong trinh (3)
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Trong d6 Q= Et +y (8)

So sanh céac hé sb cua ¢ ta dugc
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Khai trién Fourier ham f, ta c6
fo = (1, (a)cosmep+s, (a)sinmep) (11)
m=0
Véi () 1atoan ta trung binh
L=(f), r,=2(f,cosmp), s =2(f sinmy), (12)
Ham u, thoa man phuong trinh (7) ciing dwoc tim dudi dang chudi
u, =Y [G,(ay)cosng+H, (ay)sinng | (13)

Vi didu kién u, khéng chia cac sé hang cong huong. Diéu kién ndy s& twong duong vai didu kién 1a
ham u, khdng chira cose,sing .
Thay thé phuong trinh (11) va (13) vao phwong trinh (9) ta c6

o’ n : n Q?
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2
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—i(rm cosme+s, sinmg),

m=0

So sénh cac ham diéu hod cose,sing va cac ham diéu hoa khac ta co
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Trong d6 (N =1) va 53n={1 (n=3) (17)
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Vi signx=4-1 (x<0) (20)
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(21)
T phuong trinh (10) tinh toan cac gia tri trung binh < f, cos (o> ,< f,sin ¢J> thay vao phuong trinh (19)
va sau khi tinh toan ta tim dwoc cac phuong trinh cta xap xi thir nht

da __ ¢ F(k—aa)zh)ae‘ —%accoszw—%asin 2u + Rl}

dt o’+0|8 22
dy £ 1 3 ac . ac
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Trong 46 R, = (R,0050) + 2= (Rsing); R, = 2o (R, os ) (R,sin) (23)

Tur phuong trinh (23) tinh toan cAc gi4 tri trung binh cua (R, cos¢) va (R,sing) va thé vao phuong
trinh (22)
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Do d6 trong xap xi thir nhat nghiém riéng cta phuong trinh (1) ¢6 dang
x:acos(%tﬂ//j (26)
Véi a, 1a nghiém cua cac phuong trinh (24), (25).
3. Dao ddng cong hwéng tham sé cia hé
3.1. Pwong cong bién dp tan so
Nghiém dung cta hé (24), (25) duoc xac dinh tir nhimg phuong trinh sau
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Triét tiéu pha v, ¢ (27), ta dwgc phuong trinh cua bién d6 a,
W(a,,Q)=0 (28)
Trong d6
2 : : 2
3 2w 2a 3 1 c
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Thay R,,R, tir phuong trinh (23) vao phuong trinh (29) va (28)
2
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3.2. Khdo sat én dinh ciia dao dgng dirng

Xét tinh 6n dinh caa nghiém dung a, # 0 cia hé phuong trinh (27). Thay a=a, +J5a,y =y, + oy
vao hé phuong trinh (24), (25) véi a,,y, la nghi¢ém cua hé phuong trinh (27), ta c6 cac phuong trinh bién
phéan sau
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Phuong trinh dac trung cua hé
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Trong d6
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Vi W co dang phuong trinh (29).
Do d9, diéu kién 6n dinh ciia nghiém dirng la

3(k—aw’h)a; +2(a,R,) <0, (35)
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Tir phuong trinh (23) va (35), (36) ta c6 diéu kién 6n dinh cua hé
3(k—aw’h)a + 2a05pa)p1(wcosﬂ—asin MJ—Lm—ho—8—0(h2a)rs\§ <0 (37)
2 2 W T
3ka, (aa+%ka§ +6,0° cos%)
(38)

+20° o—+§a)zha§+5pa)p’lsinm+ 4 h, §a)zhao—izhoJrg—wh2 >0
4 2  rwa, 2 Twa, 3r

4. Po thi dwong cong bién dd tan so

Chon bo thamsé w=1a=1e=1, 6,=0.01 p=0.5k=-0.1h=0.05h, =0.0025,¢=0.057 = 22
0]

Phuong trinh vi phan dao dong cua hé ¢6 dang
X+ X+ X+ x+1[—0.1x3 +0.05%° +0.0025sign )'(+0.01D1/2X—0.05XCOSQ'[:| =0 (39)
_Dua trén phuong trinh duong cong bién do tan s6 (30), ta co cac dudng cong bién do t’?in §6 dugc biéu
dicn trén cac hinh 1-2. Ta nghién ctu anh huong cua cac tham s6 dao ham cap phan s6 doi voi duong
cong bién d tan so6. Néu cap phan so p=0.5 va cho hé s6 &, thay doi, cdc duong cong bién do tan so
duoc biéu dién trén hinh 1. Néu h¢ sé 5, =0.01 va cap phan s p thay déi, ta dugc cdc dudng cong bién
do tan s6 trén hinh 2. Tir cac do thi trén, ta nhan thdy rang khi cap phan s6 p tang thi bién d6 dao dong
giam; hé so o, tang thi bién do dao dong khong tang nhung pha dao dong thay doi.

Puwong cong bién dd tan sé (p = 0.5) Pwong cong bién do tan sé khi p thay doi
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Hinh 1. Puong cong bién dé tan s Hinh 2. Puong cong bién dé tan so
khi &, thay doi khi p thay doi

5. Két luan

Nhiéu hé dong lec duogc mé ta boi cac phuong trinh vi phan phi tuyén yéu. Trong béo céo nay ap dung
phwong phap tiém can tinh toan dao dong cong hudng cua hé phi tuyén cap ba c6 chira ma sat Coulomb,
ma sat dong va can nhat cip phan s6. Uu diém cuaa phuong phép 1a tinh don gian, dic biét trong viéc tinh
toan cac dao dong cong huang.

St dung cac phuong trinh bién d6 tan sd, cac duong cong bién do tan sé duoc v& bang phin mém
Matlab.Anh huéng cua cac hé sé va cip caa dao ham cap phan sé déi véi nghiém ciing duoc minh hoa
thong qua cac duong cong bién do tan s6. Do d6, hé 6 thé duoc t6i wu hoa thong qua viéc chon cac tham
s6 cap phan s6 pha hop.
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ABSTRACT

Parametric oscillation of third-order nonlinear system with dynamic
friction, Coulomb friction and fractional damping

Bui Thi Thuy
Hanoi University of Mining and Geology

In this paper, the parametric resonance of third-order parametric nonlinear system with dynamic
friction, Coulomb friction and fractional damping is investigated using the asymptotic method. The
approximately analytical solution for the system is first determined, and the amplitude—frequency
equation of the oscillator is established. The stability condition of the resonance solution is then obtained
by means of Lyapunov theory. Additionally, the effect of the fractional derivative on the system dynamics
is analyzed. The effects of the two parameters of the fractional-order derivative, i.e., the fractional
coefficient and the fractional order, on the amplitude—frequency curves are investigated.

Keywords: fractional-order derivative; parametric resonance; asymptotic method; amplitude-frequency
curves.



