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BAI TOAN 11'01 U'U H6A ~d'y ICAU SIEU 'il'iNH 

CH~U 1 A~ TRQNG DW ¥i.$QNG 

D6 SON 

Trong thl,tC te ky thu~t thm1ng g~p lo:;ti tac d9ng thay diSi 11\i.p di l~p l:;ti ho~c ve 
CU'Crng d<}, ho~c ve vt tri di~m d~t. Khi ket diu lam vi¢c ngoai gi6-i h:;tn dan hoi thi Sl,t 
ticb luy bien d::}.ng du do tac d<)ng tren c6 the se lam cho chung bi ph:'t hiiy sam han 
so v&i tmang hgp khi ta~ d<)ng d6 la co dinb. Vi v~y. vi¢c khtto. sat hai toan toi U'U 
h6a trong truang bgp tic d(mg nay dugc nhih1 nguai .quan Him. Chiras A. A. [ 1] da 
ph:lt bieu bai toan toi uu h6a ket cau trong tnrcmg h9·p tai trQng thay d&i l~p Ui l~p 
l~i ve cm]ng d¢ dtr&i d~ng quy bO::).Ch tuyen tinh. Cling dtr6i d~ng quy ho~ch toan hQC 
trong [3] (Hi phat bi~u bai toan trng vai trm'mg hgp tai trQng di d¢ng theo nghia ki~m 
tra Sl,t tac d<)ng khong dong thai t::,ti m<)t so di~m roi q.c tren ducmg d~t tlti. Trang [2] 
tien himb thiet ke darn trQng lngng eve tien chtu tai trqng di d¢ng tren ca sa phan tich 
hQ cac ca cau pha buy va cac phuang an 1\tC kha cU. 

Cling tU"O'ng tg [11, dva vao dtnh ly Melang, tac gia phat bien bai toan toi tru 
h6a ket cau sieu tlnh chin tai trQng eli d<)ng theo tr::,tng tMd thich l'rng. Tai trQng cham 
deo dngc kiem tra theo tieu chuh dim hoi ; gia thiet v~t li~uJ!J-dan- deo ly tn&ng. 
Phuong phap va thu~t toan dtrgc minh h9a chi tiet tren m¢t 11¢ dam lien t\1c. Ket qua 
thu duqc nho chuang trinh giai trtm m:ly tinh di?n tu IBM-360{50 cih trung tam tinh 
toan thu<)c Uy ban ke ho:;tch Nha nu6'c. 

Xet ket can thanh sicu tl11h c6 hinh cll1ng vb. lien k8t cho tru(J'C. Gia lhiet c6 m9t 
tai trQng vuong g6c va eli d<)ng theo phuung ci'w. tl'\J.C thanh. Khi tili trQng di cl¢ng tl).i 
moi di~m bat ky ella thanh se chtu m(lt anl~ lmong h,TC thay d)Ji tU: min Cl~n max. Neu 
cho P > Ps, (P.-t:h tr9ng lam cho thanh bat cli\u ~~u£i.t hi¢n bien d0.ng deo) t:lc cl\lng len 
m<)t vt tri nao d6 cila ket cau thi, sau khi tai t!·Qng chuyen qua vt tri khac, t~i dil;m 
tren se ton t~i bien d~ng du va, do do, lam xuat hii;n n(ii hyc du. Trong h¢ thanh neu 
kbong k~ den lt;rc clQC VU 1\l'C CU! ClU'Q'C bien di~ll qua IDO men UOU, tbJ DQi 1\tC du CO 

ban la momen u6n du. GQi Mij la momen u6n Clflll hoi t~i ctiClm i v6i cac gia trj C\fC d~i 

-- __ _] 

va qrc til;u tuGng img cua n6 la ::(~ V[\ M; khi cho j ch:;ty tir 1, 2 ....• den n; lllj la mo . 

men dLr t::}.i di~m i va M~ la mo men giai h~n tren phan ti'r k€H cau s ctong nhat ca ve 
v~t li¢u I§.n tiet di¢n, theo dinh ly Melaug c1iEu ki?n ben, hay cho phep, cua diem xet 
se la: 

I '·I ' + ' <~ ua " i::C ID.i I ""> .v~ s (2.1) 
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,. 
VHH gild bai toan HL nham xac li!nh rn¢t tCl hqp n¢i Iv:c M;= + m1 e6 tri s6 tuy¢t 

d:oi Um nhiit tho a man dien ki~n (2.1). Do cae m6 men la d~i 1 u:Q'ng t}r 1¢ thu~n v6i tai 
tn;mg tae d~;mg cho n(:m, tuy thu(le vao yeu dl.u d~t ra cua b~d toan, h¢ thl'rc (2.1) c6 thil 
m6 ta bai toan kiem tra hay bai toan thii~t ke. 

Cac gii\. tr! m6 men dan hOi Mij e6 the duge xac dinh theo cac phu:ong ph.ap cua 
co h9c kei diu va n6i chung c6 the duqc bieu di~n du&i d~ng 

(2.2) 

v6i Pj = const t~i diem j va 

(2.3) 
I 

trong d6 Ctik, Aij la cac gii\. tri DQi h;c h;d diem i cua h~ co biln do an llfC don vi va tai 
-1 . . 

tn;mg don vj di d¢ng tren diem j gay ra; 6KK - rna tr~n nghjch dao cua cac h~ so cua 

M phuong trinh chinh t:lc k b~e sieu tlnh ; ~K.i - ma tr~D ~~ s6 tv do eua M phuong 
trinh chinh tac ung v6i tai trQng don vi di d¢ng tren diem j. 

Cac gia tri Clfe d:;ti va Clfe tieu cua roOmeD dim hoi duqc xac djnh tir (2.2) nhu sau 

+ -1 m~x Mij, neu MiJ >o 
Mi- l 

0 • n~u Mij < 0 

(2.4) 

l min° 

D~U Mij ;>= 0 
Mj= 

Mij , neu Mi_i<O 
j 

Tai trQng Hun eho a eac th6 ngoai cua ket diu bti.t dliu xuat hi~n bien d~ng deo Ia 
-d 
Ms 

Ps=-
Wjj 

(2.5) 

trong d6 M; la gUt tri roo men gi&i b~n ph \I thu(lc vao ~inh . d~ng cua tiet di~n. Gia 

tri nhO nMt tinh duqc tU: (2.5) se Ia d~i lugng de daub gia s~;r ehuyen triJ.ng thai lam 
vi~c eth ket diu. 

Gia thii'H P > Ps • tire la ket c:lu da chuyen qua tr~ng thai deo. Do thay doi vi 
tri, tai trQng P se lam xu:lt hi~n mo men dtr m;. Theo djnh nghia rna men dir IDi nay 
phiii thoa man dieu ki¢n tinh kha di, tfrc Ia thoa man h~ phuong trinh can bang d~ng 

n 

2 ;ij m; = 0, 
j = 1 

i=1,2 .... ,n; (2.6) 

CGij 13. h~ so xuat hi¢n khi rai r:;te h6a phtrong trinh Vi phan can bang theo sai ph!in 
huu h~n. 

Vi$e xic dinh cic gia tri m6 men du mi c6 th(! dva vao nguyen ly clfc Heu L6c 
dq hao tin nang luqng bien d:;tng deo va roo hinh toan hQC cua n6 da dtrqc phat bieu 
tl'ong [1]. 1'rrr<Jng- hqp.-khi-cho -tm0·c-t-y ~~ gifta. cac d~i luqng d~e trung cho cuang d~ 
chju lvc ~ti eiing nhu ty 1¢ giU:a cac mo men quan tinh V;. tire Ia 

d d M
8 

-== f.ti. M , J; = Vi • J 

n . 
va L: lli 9i = 1. {)i - toe di) g6c xoay t~i diem i, roO hinb bai toan c6 d~ng 

i=l 
Hay tim min Md v6i Md> 0 

(a) thoa man di~u ki~n cho pbep (2.1) 

va dieu ki$n tinh khii di (2.6) 
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Do c:ic dieu ki$n (2. 7), (2.1) va (2.6) cua bai to an (a) c!eu la tuyen iinh nen (a) Ia 

ai toan quy hO:;J.Ch tuyen tinh. Giili b:U toan (a) se nh~n dugc cac mo men d!r mi va gia 
·! m6 men gi&i h~ n Md. Vi~c giai b:ii toan (a) c6 thi'l tien Mnh ml}t each d~ dang nho 

huang trinh miu tren may tinh di¢n tir. Tuy nhien, d~ sir d~J.ng dugc chuang trlnh miu, 
·ong b:\i toan (a) con can rang bu(>c them doi v6i bien llli , tire la phiii di;it 

veri 

Nha each d<:>i bien tren ket' hgp v6i vi~c tri~n khai dieu ki~n cho phep (2.1) .cua 
ai toan ta c6 th~ d:ua (a) ve d:;mg 

Tim min Md trong cac. d:ieu ki~n 

Md '+ "....... + > - m i mi ?"' Mi 0 

(b) 
Md + m~- m;' > - M;- > 0 
,.., 
a;j <mi-mi')= 0 

d......_ ,......._ ,,.....__ 
M ,:?" 0 ; mi ,:?" 0 ; mi ,:?" 0 

Giai bai toan (b) ta se thu d:u:gc gHt tri mo men gi&i h:;J.D Md va cac gia tri 

ni va mi'· Ket qua tinh toan c6 the ki~m tra nhb cong thirc (2.1). 

§3. TBU!T TOAN VA MINH HQA 

Xet m¢t dam sieu tinh don giiln, ml}t dau ngam va mOt dau g6i kh6p. Chia dam 

Mnh n do~n rai r~c. truong hgp don gian nMt cac do~n deu bang nhau va Mng 
~i:::: l/n. GQi i, j = 1, 2, ... , n + 1 Ia cac diem nut chia ciia dam. Bai toan di;it ra .c6 the 
ien hitnh giai theo cac bu6c sau day 

a) D\fa vao c6ng thirc (2.3) xac djnh rna tr~u anh hu·ong cua m6 men t~i cac di~m 
khi 1 \fC dan vj liin h:rgt di;it t~i cac diem j. Trong truang hgp dam sieu tinh don giiin 

tay c6ng thirc (2.3) c6 the dugc bien d&i thanh d~ng 

w;j=-+~i (+f (s- ~)+ r;i (3.0 

rong d6 ~; Ia cac thanh pban ciia rna tr~n c(>t 

~= -
1 !n+t, n, n-1, ... ,2,1jT 
n 

T;i - Ia cac thanh phlin cua rna tr~n vu6ng 

1=-l 
n 

1 2 3 ..........•. 

1 2 •........... 

1 

n n + 1 

n- 1 n 

n-2 n-1 

1 2 

1 
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Ehi. n ::::: 8 c6ng th{TC (3.1) cho c:ac ket qua sau day 

o.o 0.1025 0.1641 0.1904 0.1875 O.Hill 0~;17~. {LUli .5 c.c I 
I 

0.0 -0.0197 0.0498 0.0885 0.1016 0.0941 0.0'715 ('.0382 o.o 

I 
0.0 -0.0168 -0.0645 -0.0134 0.0156 0.0271 OJ!251 0.0149 o.o 
o.o -0.0140 -0.0537 -0.1154 -0.0703 -0.0399 -o.o::ws -0.0084 0.0 

I 
OO=l 0.0 -0.0112 -·0.0430 -0.0923 -0.1563 -0.1069 -·!}.06M -0.0.317 <J.o I 0.0 -0.0084 -0.0322 -0.0692 -0.1172 -0.1740 -0.1 ;23 -0.0551 0.!) 

I 0.0 -0.0056 -0.0215 -0.0461 -0.0781 ~0.1160 -0.1582 -o.n78-! o.o 

J 0.0 -0.0028 -0.0107 -0.0231 -0.0391 -0-0580 -0.0791 -0.1017 o.o 
o.o o.o 0.0 o.o 0.0 0.0 0.0 0.0 0.0 

b) D1,ra vao thu?.t phan tich (2.4) '.;6-i gia thiet Pj = 1 r;·Jij = Wij ta c6 th~ Iva chQn 
duac .vecta mn: Mij va vecta min Mij. a day cac .vecta nay c6 gia tri nhu ·au 
. . j j 

M+ = [o.t904 0.1016 o.o211 o.o o.o o.o o.o o.o o.oJT 
M- = I 0.0 -0.0197 -0.0545 -0.1154 -0.156:\ -0.1740 -0.1582 -0.1017 o.o JT 

c) Gl'ri cac ket qua thu duqc cling v&i cac so li~u khac cua bai toan (b) theo chi 
dftn cua chuang trinh toi U'U hc'la b~ng phtrang phap dan hinh lren may iinh di$n ttr 
IBM-360/50 cua trung tam tinh toan thu~c Uy ban ke ho:).ch Nha ntr6c, ta thu drrO'c vecta 
mi va mo men giai hl;l.n 1\'ld doi v&i dam sieu tinh. · 

Chuang trinh giai concho nhieu ket qua c6 y nghia thvc ti~n khac. Song, nham 
danh gia va so s:lnh ket qua a day chi dua vao gi:i. tr! mo men gi&i hl;l.n, tl"rt: Ii Ma=0.1784 
(dan ''i mo men). BEl so sanh, bai toan tren con du:gc giai theo tr~ng thai gi&i h~n, tire 
Ia khong theo tr~ng thai thich img nhu each d~t bai toan trong bai bao. Ket quii, mo 
men gi6i h?-n trong truang hqp.nay Md=0.1666 (dan vi roo men). 

Nhu v~y. khi P = 1, l = 1 va lay gia tri max M; lam chuiin ta c6 bang so sanh 
i 

hi~u qua sau day : Bang 1 

So thtr tv Tqmg thai lam vi~c I Gia tri momen Hi~u qua giam 0/ 
/0 

1 Ban hOi I 0,1904 I o.o I --· 
2 Thich ung 0,1784 6,300 

·----· -----------~------

3 Gi&i h:;m 0,1666 I 12,500 
. . I 

---~---~·='""""'-·--=·~~"''-='"""'~~--~~---·=-~~. -· 

Boi veri tnrang hQ'p t:ii tr9ng di d¢ng can phai cl~t va gild b~ci to3.n ~heo tq.ng 
thai thich 1rng, c6 ktl den anh huang ciia bien d~ng du· cua v~t li$n. Tr~ng thai thich 
(rng cho ket qua nil.m_giih ketcru! tinlJ. toan theo tr~ng thai dan hoi Va k&t qU<l ti.nh 
toan theo trl;l.ng thai gi6i h:J.ll· -

v~ m?.t nguyen tac phuang phap va thu~t toan neu trong b:'d bao c6 the m& r9ng 
cho tat cii cac h~ ket cau phttc t;J.p kh:lc. 

T:lc gia chan thanh c}tm an dong chi D6 H6a Binh va mOt so dong chi khic c{la 
Trung tfim tinh toan thu¢c Uy ban ke ho;J.ch Nha nu&c d:a giup da lam chuang trinh va 
trong m¢t thai gian ngan giai ducyc m¢t lo~t bid toan theo each d?.t a tren. 

(Xem Wp trang 32) 

B!a chi 
Vien Ca hQc - Vi~n KHVN NJ!f1n ngag 10-12-1979 
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