Tap chi €O HOC 1980 s& 3 (irang 13 — 20)

 VE PHUGNG TRINH CHUYEN PONG ¢UA CAC HE €O HOC

bO SANH

HU ching ta da DbiBt, d& thanh l4p phwong trinh chuyén dong cha cac hé co hec
nguoi ta theomg st dung cdc nguyén 1y co hoc: cidc nguyén ly vi phan va tich

i 'plﬁn- Trong bai bio nay d& thanh 14p phwong lrinh chuyn d6ng cla cdc hé co hoc
chéng t6i xudt phat L& mét nguyén ly khéc : nguyén 1y twong thich [2]

Cin nhén manh ring nguyén 1y twong thich 1a mot cong cy rdt c6 hiéu lye cho
vige khio sat chuy®n ddng cla cic hé co hoc duge diéu khidn bing lién k&l. Tuy nhién
trong bai bao nay ching 16i chi gi¢i han trong pham vi sk dung nguyén 1y tuong thich

.. @& thanh lap phuong trinh chuyén dong clia cac hé co hoc véi lién k&t thude loai
“Appell — Przeborski — Chetayev , .

§ 1. PHUONG TRINH APPELL

I-I. Phuvong trinh Appell trong cac bién phu thudc.
Khao sal mol hé co hoc voi chc toa d6 mé rong - (i =_1—,—1)) va lién két dang:
n ) .
= buigi+be=0; &=1,8 Cd-1)
i=1
& d6 bei=bai (t, qj, g : b = b (t qi. q1) 14 cac him @& biét.
Ching ta gid st ring céac lién k&t (1-1) thadc loai Appell—Przeborski—Chetayev [3].
Nhw d& biét ham Gaoxo c6 the dwgc viét trong dang [4]:

n . n : n :
1 . e — e .
U= — 2 A:;qi 4+ = AG+A* - = Qg 1-2)
} i, J=1 i=1 i=1 .
2 . 1 e . * " -
o do Ajy = Ai'j (t, q1‘<...qk) DAL= A;‘ (t. qj» qi);

AY = AT, q qi) s ] A;;H la mot ma trin vudng, d6i xing va khong suy bién
Qi - lyc mo rong. ' SR Dok - :
GiA sl chuyén dong cha hé duge mé 12 nho cae phuong trinh:

Ui = Q" o (1-3)
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.o * V
G as Ui=0Ua2/0qi ; Qi — cac phin lyc lién k&t

biu tién d& dang nhan dugc dong nhit thire sau:

2 Aij (Uj + Q,— AS oo -(1-4)
J 1 X [ . "
& d6 1| Aijl| — ma tran nguge cdia ma tran || Afill va do d6 né ciing 1a ma tran vubng,

déi xttng va khong suy bién.
Theo nguyén 1y twong thich cac phin lic QF ciin thda min cae phuong trinh sau:

n . .
= CeiQf + Ge =0 ‘ (1-5)
i=1
& a6 Cai = 2 byiAji; Cq _Z Coi (@i = AD + be.
je=1

Vi cac lien két (1-1) duge gia thiét 1a ly luéng theo dinh nghia clia Appell — Prze-
borski - Chetayev ném chiing ia co [3). A

Zde,.—o v=1p=n-S8; (1-8)

i=1
106 bidu dién didu kién ly-tudng eda cac lién két (1-1), & d6 cac dai lrong dvi = dvilt, qi, qJ) '
duge x4c dinh nhé phuong phép sau:

Chung la dwa vao cac gia téc Jt,, ™ =1, P =n- S):
R ‘
Ty = = gvidi. : (1-1
i=1
& 46 'gyi = gyi (t, qj, qj) dwgc chon sao cho théa mian chi mét diéu kién:

gvi

baj |

det = 0, v&i moi t qi qi (1-8)

Trong didu kign (1-8) & (1-1) va (1-7) chtng ta nhén duwge:

_ P .
YT dei T+ d _ (1-9)
v=1

Nhu.vay cie dai luvong d,i 14 cac hé sc‘i'tréng cac bidu thirc cha gia téc Lagoring
dwge bidu dién—qua-cac gia tc gid- Ty,
No6i chung chung ta cé diéu kién

}

det =0

dei

Nhu- vay h¢ cac phuong trinh (1-5), (1-6) tao thanh hé phwong trinh diy dd va nho 46
chuug ta xac dinh dugc céc phin lyc lién két QF 'va ti€p theo, chuyén déng ciia co hé
dwoc mo6 td nhé cjc phwong trinh (1-3), tirc 1a: '
BS —_—
Q1+Q =1 n;: ~ (141
6 q,
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& d6 S la ham Appell duoc tinh trong diéu kién khong k& dén su c6 mat céc lien két
(1-1). Céc phuong trinh (1-10) chinh 13 cic phwong trinh Appell trong cace bién phy thuge.

Thi du: Thanh lap phuong trinh chuyén ddng cla xe Sapolu'gm, chuygn d¢ng theo
quém tinh (xem thi du cta [5])

1 -- ) - ' -
‘S=-2—(x+y +Z ' _ .

con phuong trinh lién két c6 thé dquc viét nhu sau:

: y = x tg¢.
P& viét cac phirong trinh (1-5), va (1-6) chung ta tinh:
Ibei|l=lltge —1. oll,

con cic ma .li‘;in u A’if]- | va I Aij“ Ia cac ma tran don vj cdp 3. Do dé:
Ncsil=ltge = =1 o
va Co = x (b (14 tngP)

o “ (1}

Chon cac toa 30 gid Ty, T3 sao cho Wi =x, A2 =z

ta c6:
| AN

dyi']| =
hawl= 0 "
Phuong trinh (1-5) (1-6) bay gio c6 dang:

Qfer —Q 3+ x¢ (1+tg\P)—0

- -~
Q1+ Qpte? =0 | _

| Q5 =0
Tir.cac phuong trinh nay chung ta tim du'orc cdc phan lyc lién két:

» QI =x (Ptgcp’ Qz = "'x‘cP , Q3 =0
Phuong trinh chuyén d¢ng chia hé s& la:
x =xPtgh y = - x@, z=0.

Chi y. Trong nhidu trudong hgp bidu thirc clia gia tdec ning duge bl%u dién
thuin tién qua cic 4 gia t6c. D& dang chi&ng minh ring trong trudng hop nay vin cé
thg st dung nguyén ly twong thich d% thanh lip phuwong trinh chuy2n déng cla co hé.

1-2. Phwong trinh chuyén déng Appell trong cac bién déc iap
Nh& cac bidu thic (1-9) ching ta c¢6 th® bidu dién ham Gacxo qua cac gia t6c
;,,d61a: . :
U* = U*(t, qis @i» Qi ()
Chung ta dua vao toan ta 'U: 'duéc xic diﬁh nhu sau:
Uy = Ut e,
- Phuong trinh chuyén d¢ng ctia hé c6 thé wiét irong ddng:

R ¥
Uy= Ty

& d6 Ty 1a phin lyclien k&t ng véi toa do gid T,

15



- Dé dang chung minh ring:

n
Uy = = Uida.

i=1
Do d6: ny= S Qfdi=0 . . (1-11)
Vi vy phuwong trinh chuyn ddng cla hé c6 dang:
. ¥
Uy = 0
as* : v
hodc : - = Z Qidyi ‘ o (1-12)
Bﬂ v 1—1
& do

S* =S (t, qi, di, Ty

Néu ching ta chon Gt., = q.,, G d6 qv 12 cac gia tdc doc lap va gid sk réing céc
phwong trink lién két c6 dang:

2 bryqy + br. ' (1-13)
. vEL ' N
thi phueong trinh chuy®n dong ctta hé s& 1a

as* I .
—=Q + = Qrbry- (1-1H
9qy r=p+1

GChi thich :

1. Tir (1-11) chGng ta nhan théy r?mg lién két dwoe goi 1a 1y tudng theo dinh.
nghia cta Appell- -Przeborski-Chetayev n&u phin lyc lién két ang voéi toa dd gia @,
bing khéng. .

. 2. N&u phuong trinh lién két e¢6 dang (1-13) thi didu luen clia tinh 1y twdng cda
-lién két (1-13) ¢6 dang

n
Qu+ = Q[br =0 (1-15)

r=p-+1 ' ‘ S
§2. PHUONG TRINH LAGORANG LOAI IT

2=1. Phueng trinhk Lagoréng loai Il trong cac bién phy ?huoc

Phuong trinh chuyén dong cd the viét trong darw

_CL-___J—:Qi+Q%f (2-1)
dt dq: aq; i

6 d6L =T — T la ham Lagordng, T la déng ning va 7 1 thé ning, gid sk chung co dang:

n .. n ] ‘ ’
. E a{} q;q; + z 3*;([1‘ +a¥: =Tt q), (2-2)
iy) =1 ]::1

3
S
l\?lo—\
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& do ai; (l, qK); a:' =al i (togisa a* —a* (1, qi); W="T(t, g
© 14 cac ham da biét, gid thlét 1a lién tuc va cé dao ham lién tyc trong m6t mi&n & no do.

Ngoai ra || a; ” du'orc gid thi&t 1a ma trin n x n, d6i xing va khong suy bién, Ql 1a luc

cho, c6n Q 1a dge lLén két

Theo nguyén 1y tucng thich cac phan e llen két Q cdn thda min chc phuong’

trinh sau:

Z BeiQ" + Ba =0 ' (2-3)
A i=1
& 46 Bai = Bai (t, qj, ), Ba = Ba (1, qi» q) 1a cic ham da bist [3,2]

Gia st cac lign két thudc loai cla Appell — Przeborski — Chetayev [3]. Do 46 cac
phén lue llén két pha1 théa min cac phuong trmh (1-6). Vi réng: :

d,,i )

nén che phan lye lien két QF sz dwoc xdc dinh nho cc phwong trinh diy di (2-3) va

det

(1-6). vd do d6 chuyén dong‘ clia hé duge md ta biing cac pbuwong trinh (2-1).

2-2. Phuong trinh Lagordng trohg\cg’u bién déc lap.
Khio sat mét hé co hoc chiu lién két dang :

fult, g qi) =0 (2-4)
Gia st : .
a .
det || -2 £ 0, a, B = o (25)
v qu

Do dleu klen (2-5) cdc-van téc phu thuée qr ¢6 the dugc bidu difn qua cic van
téc déc 1ap q,s tirc la:

gr=1ft, giqv); i=1Ln; V=1,p=n—s X )

Goi 0 13 ham thé dong c@a hé, n6 nhan dugc te him-Lagoring L sau ‘khi- khir céc
vin tdc phu thugc nhd cic bidu thie (2-6), tirc 14 :
0 =L« qi q, frt, i q,)
D& dang chitng minh cac @dng nhit thic sau:

2 T n ) e
b=lyt =2 Le—-+ 2. |7} =+
r=p+1 3q, r=p+1 = J aq,

*

n - D a2 T 2
dL L . o%f .
. 2 —_ 2 — qk 4+ T < qk +
r=p+L\ %/ | k=1 3q+3qx 3q,dqk
. i
3 A 0%, ar, L
2 ; fa + FyrYSita - ‘ (2-7)
a=p+1 3q,dq, qvot oq, ‘ -



& dé

o4 20 9 4 3L L
YT oat 34y Ogy © VT dt 2q, aqy
3 d — —
Lr=“L—.—L——“I;;V=1, r=1,8;
dt aqr Aqr

ddu ()* c6 nghia réing trong d6 cdc van t6c phu thude dwge thay bing (2-6).
Gia sk phwong trinh chuyén ddng cléia hé c6 dang

8, = R* ' (2-8)
. b )
& d6 R* 1a cac phan lyc lién két.
v :
Dé dang chi ra ring : )
*
20 of - aL P o2 -
R* = - . — = — = | —= qk +
' r=p+1 " dqy  r=p+1\ dqr) | k=1\ 2q,0q:
o, = % . O df 0% of
—_— )y = —— fo+ —— o& + — -a-' 2-9)
3q,dqk a=p+1\ dqdqs - dqa "I¥ dq,dt v '
Do d6 .phuong trinh chuy®n dong cfia hé c6 thd viét trong dahg:
o
d of 3 ) 20 af
dt * aqv - — BCIr .,
dqy r=p+1 dqv
n *p 2 2 |
dL 9°f . 34t .
2 — 2 . r.‘ qk + 3 - qk +
r=p+1 ) 3qr k=1 1\ 9q,9qk 3qv9qk
n 2 . 9 .
A°fr of of o*f of
= LU LE R - = (2-10)
a=p+1 8q,0q« dqe ‘ oqy dq,0t qv

Nhu mot thi du, ching ta viét phuohg trinh (2-10) cho trwong hop hé chiu lién
k&t khong holondém tuyén tinh, Giid st phuong .trinh lién két ¢c6 dang:

‘@ = = bryqy + br (2-11)
v=1
& @6 by =b,y(t, qi); b, =b,(t, qi) 12 cAe ham da biét.
Trong trudng-hopnay phiihop v6i (2-6) ching ta co:
| ) B .
f*r = 2‘ bl"V qv + bl"
2, |

Phuwong trinh (2-10) viét d6i voi hé chiuslién két (2-11) bay gio la:

. ,
d a0 n AL - n. . . o a8
————= .S (= S Ay dt Aulm S by (2.12)
dt dqv %y r=pyq\ 2q: k=1 r=p+1 =

|



 chiu lién k&t dang:

& do

n n
r 3b 3b, x b 3b
A = 2 by auv _ 2 ‘bay au + orv _ arv
vka=p+1 qr a=p+1 . qr dx » qv
n n
b db Obr, ab
LSS = —b, - = - 'buv:kgu;tv —'oq—: ) - -

Ca=pt1 %9a © a—p+1 s -
Phuong trinh (2-12) chinh 1a phuong trinh Voromev.
Thi du Appell (xem thi du [3]). Thanh lap phuong trinh chuydn déng ctia- h¢, ham
thé dong clia n6 co6 dang:

m(;zz + 3.72 +7%) + mgz,

Ve

-
il
. lolu-s

, 22 ~ nz(lé-z-l- yg) =0
Chon ;:, y lam van the doc lap chang ta c6:

) 2= + a(x® + }"9)1,2’
i} ddy ching ta chon: ‘ ,
. ‘z; +a(;c2 + };2)1,2

. . ) 1 - .
Vay thi: , 0= Y (@® + 1) (z2+y%) va

r=a G 4+ yIe

Phuong trinh chuy®n déng cta hé¢ bay gio 14y dang:

. . ga; ) 32 e e
%+ 1)x = — TR .E(Xy2.+x yy
& +yBHY x“+y
9 o . gay 32 LI a s e
(a* + Dy = - + - '2(x~y+xy x)

(2 + };2)1/2-‘ Xty
Mét lin nia chiéng ta nhan duge két qud d3 dwoc thiét lap trong (3).
D& dang chi ra ring khi l4iy ‘ . '
Z = —a(-;:2'-+- 572)112
ching ta ciing nhin duvoc két qui nhw trén.

. Bija chi: _ : Nhan ngay 17/10/1979
Bg.} hoc Bach khoa
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SUMMARY
THE MOTION EQUATIONS OF MECHANICAL SYSTEMS

In this paper the new point of view for construction of motion equations of a
mechanical system is discussed. With the help of the so-called principle of compahbltlty
the Appell and Lagrange equations are obtained.

Especially, the Voronev equations for a mechanical system with nonlinear constra-
ints are formulated. :

THONG BAO

XEMINA KHOA HOC
LOP BIEN BIEN — KHI QUYEN VA NHONG VAN BE UNG DUNG

Tw 15 dén 22 thang 8 ndm 1980 tai dai khi tuong thﬁy vin thanh ph& HO Chi
Minb di ti€n hanh xémina khoa hoc « L6p bién blen - khi quydn va nhirng vidn dé rng
dyng » cia d& tai TUONG TAC BIEN — KHI QUYEN -- trong chwong trinh nghién ecfiu
khoa hoc nhi nuwée— didu tra-1bug hop ving bidn Thuan hai — Minh hii,

Cic bao céo duge trinh bay trong xémina gém:

-- M6 hinh ta ap twong lac gitta cac lop bién bién. — khi quyén (Lé NGOL Ly,
Dai KTTV thanh phé Hd Chi Minh),

Anh hucng clia tmh ta ap den ciu frac lop l)len (Le Bmh Quan TE‘)’ng cu;: KTTV)

thanh phé H® Chi Mmh)

~ M6 hinh séng gi6 ven bo va cac bai toan’ ung dung (Phan Van Hoic; Dai VTTV
thanh phé H6 Chi Minh).

~ Tinh chuy&n déng thing déng clha khéng khi (L& DPinh Quang, Téng cuc K'I‘TV,.

— Tinh cdc y&u t6 khi ap trong bdo duwa trén hé théng duong ding 4p (Nrfuyen
Céng Thuy, B.H.T.H Ha Noi) v

Ngoai ra trong xémina nhiZu théng bio khoa hoe khic ciing 44 duwoc trinh bay.
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