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MO PAU
Ly do lwa chon dé tai

Vian dé dat ra cho cac k¥ su thiét ké cho cac cong trinh, ngoai viéc phai
dam bao duoc yéu cau cia my thuat kién trac van dé quan trong nhat 1a cac
cong trinh nay phai dam bao duoc kha nang chiu luc cling nhu sy lam viéc
binh thudng cua cac hé théng Kk thuat va con nguoi lam viéc hoic sinh hoat
bén trong coéng trinh. Mot trong nhitng yéu cau d6 1a van dé 6n dinh cua céc
két cdu 1a mot trong nhitng van dé bat budc phai tinh toan va kiém tra trong
qua trinh thiét ké cong trinh.

Bai toan 6n dinh cua két cau cho dén nay da duoc rat nhiéu tac gia quan
tam dua ra rat nhiéu phuong phap khac nhau, cac phuong phap nay thuong
dua vao ba tiéu chi dé danh gia 6n dinh: tiéu chi dudi dang tinh hoc, ti€u chi
dudi dang nang lugng va ti€u chi dudi dang dong luc hoc.

Nhim c6 mét cach nhin don gian va luon xac dinh duogc luc ti han cho
bai toan tuyén tinh on dinh cuc bo két ciu dan dé tai s& trinh by mot cach

giai maéi dya theo phuong phap nguyén ly cuc tri Gauss.
Muc dich nghién cwu

Str dung phuong phap nguyén 1y cuc tri Gauss dbi voi bai toan 6n dinh
cuc bo két cau dan

Poi twong va pham vi nghién ciru

Pé tai tap trung nghién ctru phuong phap phén tich tuyén tinh két cau

dan chiu tai trong tinh tai cac nat dan.
Phuwong phap nghién ciru

Dua trén phuong phap giai bai toan quy hoach toan hoc va két hop

phuong phap nguyén 1y cuc tri Gauss cua GS TSKH Ha Huy Cuong.



Y nghia khoa hoc va thyc tién ciaa dé tai

Phan tich duoc bai toan 6n dinh cuc bo tuyén tinh két cau dan chiu tai
trong tinh tai cdc nat dan bang phuong phap quy hoach toan hoc 1a mot véan

dé rat c6 ¥ nghia thuc tién.



CHUONG 1
TONG QUAN VE PHAN TiCH ON PINH KET CAU CONG TRINH

Trong chuong nay ban vé 1y thuyét 6n dinh cong trinh va cic phuong
phap chung dé xay dung cac bai toan 6n dinh cong trinh, tiéu chuan vé 6n
dinh va cac phuong phap giai bai toan 6n dinh cong trinh.
1.1. Khai niém vé 6n dinh va 6n dinh cong trinh

Pé hiéu duoc 6n dinh thanh vira chiju nén vira chiu udn ta c6 thé nghién
ctru bai toan dam - cot theo 1y thuyét dam - cot (Beam - columns theory) caa
Timoshenko [31, trg.1].

Xét dam don gian chiéu dai 1 0
chiu tac dung ddng thoi cua tai 2 l y

e D \ S 1 B P
trong ngang Q va tai trong doc M X
truc P, nhu hinh 1.1. 03 eb

7 o

Ta c6 thé xac dinh dugc
momen udn & cac doan phia .
o L . Hinh 1.1. Dam - cot
trai va phia phai cua dam trén
hinh 1.1 1an lugt 1a:

M = QCx+PyM @(I—XHPy

& day y 1a dudng do vong ctia dam. Loi giai ctia Timoshenko cho ta hai ham

do vong tuong trng vi1 hai doan bén trai va bén phai Q.

_ Qsin(ke) . Qe ]
= msm(kx) ol X 0 <x<(l-c) (1.1)
_ Qsin(k(l —c)) Q(l - c)(l X)
Pksin(kl) sink(l — x)— ,(I-0)<x<l (1.2)
Trong do k = E_F\)J



Truong hop riéng, khi tai trong dit chinh gitta dam, truc vong sé doi
xtirng va ta chi can xét doan dam & phia trai tai trong. Lic nay muon tim do

vong 16n nhat, chi viéc thay x=c=1/2 vao phuong trinh (1.1).

= (s -5) (1.3)

Pé thay rd anh hudng cia luc doc P téi d6 vong ctia dam ta ding bién doi sau
Kl
2

_I P
=2 |5 (1.4)

Khi d6 cong thuc (1.3) tré thanh
5 QI 3(tg(u) —u) _ QI°
 48E] u3 ~48g] X

_3Qg(w) —u)
u3

u

(w, x)

(1.5)

3

r 14 I
Thira sé thir nhat —

18E] O v€ phai cua phuong trinh trén biéu thi 40 vong cua

3(tgu—uw) { .2
— biéu

dam khi chi c6 luc ngang Q tic dong. Thira sb thir hai y(u) =
thi &nh hudng cua luc doc P té1 d6 vong o.

- Khi P nho thi gia tri cia u theo phuong trinh (1.4) 1a nho va thira s6 x (w)
xap xi bang don vi.

- Khi u= /2 thi y(u)tién t6i v han, chuyén vi & cia dim ciing ting I1én vo

han, ta n6i dam bj mét 6n dinh. Trong truong hop naytir phuong trinh (1.4) ta

timra



P

2E]
= (1.6)

Day chinh 14 tri s6 luc nén 1am cho d6 vong cua dam tang 1én vo han.
Nhu vay, c6 thé két luan rang, khi lyc nén P tién dan t6i tri s6 toi han (1.6) thi
du lyc ngang c¢6 nho dén may ciing van giy nén chuyén vi rat 16n. Ta goi
trang thai nay la mét 6n dinh, tri s t&i han cua luc nén 1a tai trong td1 han voi
ky hi€u 1a Pi.

Phuong phap nghién ctru nay cé cach nhin rat thuc tién (xét dam chiu
tac dung dong thoi ciia luc ngang va luc doc) bai vi du khong biét vé 1y thuyét
6n dinh nhung nguoi k¥ su ciing biét khi dam chiu tac dung dong thoi cua luc
ngang va luc doc thi c6 kha ning mat 6n dinh (chuyén vi ctia dam ting rat
16m).

Timoshenkocling dung 1y
thuyét dam cot dé nghién ctru 6n
dinh cua cac thanh chiu nén co
cac diéu kién bién khac nhau.

Mot cach hinh dung tbt

nhét vé khéai niém 6n dinh 1a ta
x€t cac truong hop vién bi cung
trén cic mit cAu ctimg 16m va 16i, Hinh 1.2. Cac trudng hop mat én dinh
Hinh 1.2.

RS rang 14 trong truong hop (a), mit cdu 16m, su cin bang cia vién bi
1a 6n dinh boi vi kich no ra khoi vi tri can bang ban dau (day cau) roi tha ra
thi n6 s& tré vé vi tri day cau hoic 1an can véi vi tri d6 (néu cO ma sat). Trong
truong hop (b), mat cau 161, sy can béng 1a khong 6n dinh, boi vi kich vién bi
ra khoi vi tri can béng ban dau rdi tha bi ra thi vién bi sé khong tro lai vi tri

ban dau ntra. Trong truong hop (¢), hinh yén ngua, su can béng 1a 6n dinh khi



kich vién bi ra khoi vi tri cAn bang ban dau theo phuong s va 13 khong 6n dinh
theo phuong t.Trong trudng hop (d), kich vién bi ra khoi vi tri cin bang ban
dau thi no lan trén mit phang ngang dén khi ngimg chuyén dong, nd c¢é vi tri
can bang mai khac v6i trang thai can bang ban dau. Trong trudng hop nay ta
no6i rang trang thai can bang ban dau 1a phiém dinh (khong phéan biét).

O trén ta dd noi dén trang thai can bang ctia vién bi. Suy rong rata ciing
¢ thé nédi nhu vay déi vai cac trang thai can béng cua co h¢ phtc tap, vi du
nhu trang thai img suét va bién dang, trang thai ndi luc va chuyén vl hoac la
trang thai nang luong.

Tro lai hinh 1.2a. Khi 1éch ra khoi vi tri can béng, trong tdm cua vién bi
1én cao, thé nang cua no ting. Trang thai can bang 6n dinh 14 trang thai c6 thé
nang t6i thiéu. O hinh 1.2b, khi 1éch v&i tri s6 nho, trong tam cua vién bi giam,
thé nang ctia n6 giam. Trang thai can bang khong 6n dinh tmg voi thé ning
16n. Hinh 1.2d, khi 1éch ra khoi vi tri can bﬁng, trong tam cua vién bi khong
thay doi, trang thai can béng la phiém dinh hoac khdong phan biét.

Nhu hinh 1.2, dé biét duoc trang thai cAn bang cua co hé c6 6n dinh
hay khong thi ta phai kich n6 ra khoi vi tri cAn bang ban dau. Phuong phap
chung dé danh gia su mat 6n dinh cta co hé 1a: Pua hé ra khéi vi tri can béng
ban du ciia né va kiém tra xem no cé ton tai trang thai cin bang méi khong.
Néu nhu tim dugc trang thai can bang mdi khac véi trang thai cn bang ban
dau thi hé 12 mét 6n dinh va luc giit cho hé ¢ trang thai can bang mdi nay goi

1a lyc t61 han, truong hop nguoc lai h¢ la 6n dinh.

1.2. Cac phwong phap phan tich bai toan 6n dinh két cau hién nay
1.2.1 Phwong phap tinh hoc

Khi giai bai toan on dinh theo phwong phap tinh c6 thé thyuc hién qua cic
budc nhu sau [7, 15, 17, 18, 19]:



Bwéc 1: Tao cho hé nghién ctu mot dang can bang léch khoi dang can bang
ban dau.

Bwéc 2: Xac dinh tri s6 luc téi han (tri s6 luc can thiét giit cho hé & dang can
bang mai, léch khoi dang can bang dau). Lyc tdi han xac dinh tir phuong trinh
dic trung (hay con goi 1a phuong trinh 6n dinh).

Nguoi nghién ctru ¢6 thé van dung nodi dung ndi trén khi ap dung:
Phuong phap thiét lap va giai phuong trinh vi phan; Phuong phap thong so
ban dau; Phuong phap luc; Phuong phap chuyén vi; Phuong phap hdn hop;
Phuong phap sai phan hitu han; Phuong phéap day xich; Phuong phap nghi¢m
dung tai timg diém; Phuong phap Bubnov-Galerkin; Phuong phép giai dung
dan.

Trong thuc té, 4p dung cac phuong phap tinh hoc dé tim nghiém chinh
xac clia bai toan 6n dinh thuong gap nhiéu kho khan va d6i khi khong thé
thuc hién duoc [7].

1.2.2 Phwong phap dong lwc hoc

Khi giai bai toan 6n dinh theo phuong phap dong co thé thuc hién qua

cac bude nhu sau [7, 10, 15, 16, 19]:

Bwéc 1. Lap va giai phuong trinh dao dong riéng cua hé.

Bwéc 2: Xac dinh luc t6i han bang cach bién luan tinh chat nghiém cua
chuyén dong: néu dao dong cia hé co bién do ting khong nging theo thoi
gian thi dang can bang ban dau 1a khong 6n dinh; nguoc lai, néu hé ludn dao
dong bé quanh vi tri can bang ban dau hozc tat dan thi 12 dang d6 1a 6n dinh.
1.2.3 Phwong phap niang luwgng

Khi giai bai toan on dinh theo phuong phap ning lugng c6 thé thuc hién
qua cac budc nhu sau [7, 10, 15, 18, 19]:

Bwéc 1: Gia thiét trudc dang bién dang cta hé o trang thai léch khoi dang

can bang ban dau.



Bwéc 2: Xuat phat tir dang bién dang da gia thiét, 1ap biéu thirc thé ning bién
dang va cong cua ngoai luc dé viét diéu kién t6i han cua hé.
Budéc 3: Tir diéu kién t6i han, xac dinh gid tri cia lyc tdi han.

C6 thé van dung cac phuong phap ning luong bang cach ap dung: Truc
tiép nguyén 1y Lejeune-Dirichlet; Phuong phap Rayleigh-Ritz; Phuong phép
Timoshenko.

Do gia thiét trugc bién dang cua hé nén két qua luc toi han tim duogc
thuong 1a gan dung va cho két qua 16n hon gia tri cua luc toi han chinh xéc.
Nhu vay mirc d6 chinh xac cta két qua theo cac phuong phap niang lugng phu
thudc vao kha nang phan doan bién dang cua hé & trang thai Iéch: ham chuyén
vi dugc chon cang gan voi dudng dan hoi thuc cia thanh thi két qua cang
chinh xac. Theo cach lam nay thi ham chuyén vi chon trudc théa mén cang
nhiéu diéu kién bién hinh hoc va tinh hoc cang tot nhung it nhat phai thoa
mén diéu kién bién tinh hoc [7, 15, 17, 18, 19].

Puong 16i cua ba loai phuong phap (phuong phép tinh; phwong phap
dong; phuong phéap ning luong) tuy khac nhau nhung cho cung mot két qua
d6i vai hé bao toan. Pi vai hé khong bao toan, cac phuong phap tinh va cac
phuong phap ning luong dan dén két qua khong chinh xac, ngudi ta phai st
dung cac phuong phap dong luc hoc [7, 15, 17, 18, 19].

Hé bao toan tirc 1a nhirng hé chiu luc bao toan. Luc bao toan c6 tinh chét
sau day [7]:

- B¢ bién thién cong cua luc bang vi phan toan phan cua thé ning.

- Cong sinh ra bdi cac luc trén cac chuyén vi hitu han khong phu thudce
vao duong di chuyén cua luc ma chi phu thudc vao vi tri diém dat dau va
diém dat cudi cua luc.

- Tuan theo nguyén 1y bao toan nang lugng.

Sy xuat hién cua ma sat ndi do quan hé phi dan hoéi hay ma sat ngoai &

dan dén hé luc khong bao toan.



1.3. Muc tiéu nghién ctru ciia dé tai

Qua c4c phan tich ¢ cic phan trén ctia dé tai, nhim lam c6 mot cach
phan tich 6n dinh cuc bo két cau dan khi chiu tai trong tinh muc tiéu nghién
clru cuia dé tai nhu sau:

1) Dua trén phuong phap nguyén 1y cuc tri Gauss két hop véi toan quy
hoach xdy dung dugc phuong phap mai dé phan tich on dinh cuc bo cho két
cau dan chiu tai trong tinh.

2) Ung dung phuong phap trong dé tai két hop véi phan mém Matlab lap
duoc cac code chuong trinh dé tu dong hoa phan tich 6n dinh cuc bo cho mét
s bai toan két cau dan.

3) Khao sat phan tich 6n dinh cuc bo két cdu dan cho mot s6 két cdu dan
cu thé, dong thoi kiém d6 tin cay cua cac két qua phan tich trong cac vi du

phan tich nay.



CHUONG 2
LY THUYET QUY HOACH TOAN HQC VA PHUONG PHAP PHAN
TiCH TUYEN TiNH ON PINH CUC BQ KET CAU DAN

2.1 Khai niém bai toan quy hoach

Trong cac bai toan phan tich, tinh toan két cAu cong trinh ta thuong gap
cac dang bai toan sau:

- Bai toan tinh toan két cdu cong trinh: Bai toan tinh toan két ciu cong
trinh ta co thé viét dudi dang cac phuong trinh can bang hoic ciing ¢ thé dua
V& bai toan cuyc tri cia cac phiém ham vdi cac diéu kién rang budc. Trong tinh
toan két ciu cong trinh ta thuong gap mot sé phuwong phap: Phuong phéap
nang lugng Véi cac rang budc vé bién dang; Phuong phap thé ning bién dang
cuc tiéu véi cac rang budc vé can bang; Phuong phap nguyén 1y cuc tri Gauss
VGi cac rang budc vé bién dang. ..

- Bai toan phan tich tinh toan tdi wu két ciu cong trinh: 1a cac bai toan
phai tim cac dai luong dé thiét ké téi wu. Cac dai luong nay c6 thé l1a: kich
thude hinh hoc, tinh chit co hoc vat ly cua vat lieu két cAu hoic trong luong
cua vat lidu... V6i cac diéu kién rang budc cua bai toan co thé dudi dang bat
dang thire tuyén tinh hay phi tuyén hodc dang thic tuyén tinh hay phi tuyén,
vi du nhu: chuyén vi tai mot vi tri nao day cua cong trinh < [chuyén vi cho
phép]; o<[o] ...

- Bai toan phén tich tai trong gidi han tic dung lén két cdu (Limit
Analysys) hodc cac bai toan phén tich thich nghi cua két ciu (Shakedown
Analysis) thong thuong viét dudi dang toan hoc 1a cuc tri mot phiém ham
nao dé véi cac didu kién can bang vé luc va cac diéu kién rang budc vé ting

suat hozc chuyén vi cua mot diém nao d6 trén két cau.
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Trong céc bai toan nay, ta c6 thé sir dung cac phuong phap bién phan dé
giai truc tiép, nhung thuan tién hon ca 1a chung ta thuong dung cac phuong

phéap quy hoach toan hoc dé giai.
2.1.1 Quy hoach toan hoc

Cho tru6c mot ham f (x) trong d6 xe mién x4c dinh A. Tim mot phén
ttr x, thuoc A sao cho f(x,)< f(x) véi moi x thuoc A ("cuc tiéu hoéa") hoac

sao cho f(x,)> f(x) voi moi x thugc A (“"cuc dai hoa").

Mot phat biéu bai toan nhu vay duoc goi la mot quy hoach toan
hoc (Mathematical programming). Nhiéu bai toan thuc té va 1y thuyét c6 thé
dugc mé hinh theo cach tong quat trén.

Mién xac dinh A caa ham f duoc goi 1a khong gian tim kiém. Thong
thuong, A la moét tap con caa khong gian Euclid Rn thuong dugce xac dinh boi
mét tap cac rang budc 13 cac dang thic hodc bat dang thite ma cac phan tir
cua A phai thoa man. Ham f duoc goi la ham muc ti€u. Loi giai kha thi nao
cuc tiéu hoa (hoic cuc dai hoa, néu d6 1a muc tiéu) cia ham muc tiéu dugc
goi 1a 1o giai t6i wu.

Thong thuong, s€ c6 mot vai cuc tiéu dia phuong va cuc dai dia phuong,
trong d6 mot cuc tiéu dia phuong x* dugc dinh nghia la mot diém thoa man
diéu kién:

Vi gid tri § > 0 nao d6 va voi moi gia tri X sao cho Hx—x*Hs 5; vacong
thire sau luén dang: f(x7) < f(x)

Nghia 13, tai ving xung quanh x*, moi gia tri cia ham déu 16n hon hoic
béng gia tri tai diém d6. Cuc dai dia phuong dugc dinh nghia tuong tu. Thong
thuong, viéc tim cuc tiéu dja phuong 1a dé dang — can thém céc thong tin vé
bai toan (chang han, ham muc tiéu 1 ham 156i) dé dam bao rang 10 gian tim

dugc 1a cuc tiéu toan cuc.
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Nhu vy mot bai toan quy hoach c6 thé trinh bay dudi dang bai toan:
Xac dinh x dé: Ham muc tiéu (objective functions) f(X) dat gia tri cuc tri voi
cdc rang bugc (constraints) h(X)>0,i=12,..,m;g,(X)=0,j=12,..,p. Trong d6
X 1a khong gian vécto n chiéu X ={X, %, %, %} duoC goi 1a bién s
(variables).
2.1.2 Phan loai bai toan quy hoach toan

Tuy vao muc do phic tap caa bai toan quy hoach toan hoc co thé duoc
phan bai toan quy hoach toan hoc ra thanh cac loai bai toan sau:
Quy hoach khong co rang bugc
Quy hoach khong rang budc 12 bai toan tim X* dé:
Ham muc ti€u: min(max)z = F(X), X =(X,..., X, ) (2.1)
* Piéu kién can téi wu dia phuong:
- F(X) kha vi tai X".
- VE(X*) =0 X" 1a diém dung.
* Piéu kién du cua cyc tiéu dia phuong:
Ngoai hai diéu kién can néi trén, con thém diéu kién ma tran Hesse xac

dinh duong: H =V’F(X*)>0

COPF(X)  0°F(X) 2F(X) |

ox,’ oX0X,  OXOX,
O°F(X) &°F(X) O°F(X)
0°F (X
H :{W(XJ)} = 6x2:8x1 X, OX,0X,, (2.2)

OF(X) 8% (X) 52F (X)
| ox.0x,  OX. 0%,  OX.0X,

*Piéu kién du cua cuc dai dia phuong:
Ngoai hai diéu kién cin néi trén, con thém diéu kién ma tran Hesse xéc

dinh am: H=V*F(X*) <0 (2.3)
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Quy hogch tuyén tinh
Néu tat ca cac rang budc va ham muc ti€u déu 1a cac ham tuyén tinh theo
céc bién thi ta c6 duoc bai toan quy hoach tuyén tinh.
* Dang ma tran cua bai toan quy hoach tuyén tinh:
- Ham muc tiéu: z=F(X)=c"X = min(max) (2.43)

- Rang buoc:

ax =b; (2.4b)
X =>0.
Trong do: X={X, Xy, %} 5 D={b,b,,., 0,1 5 e={c,,Cp00n )
a; A n
= a'21 a,, a,,
a‘ml amZ a‘mm

Néu bai toan quy hoach tuyén tinh ma rang budc 13 cac bat dang thac:

- Ham muc tiéu: z=F(X)=c" X = min(max) (2.5a)
- Rang budc:
ax zb; (2.5b)
X >0.

thi ta c6 thé chuyén diéu Kién rang budc (2.5b) vé dang dang thic bang cach
thém céc bién bu s, ,i=1+m va cac rang budc (2.5b) dugc viét lai nhu sau:

aX +s=Db;
X >0; (2.5¢)
s>0.

trong do: s={s,,s,,....s, }T va nhu vay vécto nghiém méi 1a (n+m) chiéu

(X4, Xy Xy 181185 e S )

Quy hoach binh phwong
Bai toan quy hoach binh phuong 1a bai toan quy hoach ma ham muc tiéu

1a ham bac hai caa cac bién.
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* Dang ma tran cua bai toan quy hoach :
- Ham muyc tiéu: minF(x) =c' X +%XTDX (2.6a)

- Rang budc:

Trong d6: X ={x X, .. %} ; b={b b, .. b} c={c ¢, .. ¢}

d11 dlz o dln Q, a, - Q,
D= d‘21 dzz d2n : a= a.21 ay, a,,
dnl dn2 o dnn a‘ml am2 a‘mn

Trong phuong trinh (2.5) x"Dx dai dién cho phan binh phuong ctia ham
muc tiéu v&i ma tran D 1a ma trdn xac dinh-tich cyc ddi xtng (symmetric
positive-definite matrix). Néu D=0 bai toan quy hoach tro thanh bai toan quy
hoach tuyén tinh. Dé giai bai toan quy hoach binh phuong thuong ding
phuong phap nhan thira s6 Largrange véi viéc sir dung cac bién bu s2,i=1+m
va bién thing du t?, j=1+n. Nhu vay, bai todn quy hoach binh phuong duoc

viét lai nhu sau:
- Ham muc tiéu: min F(x) =c' X +% XTDX (2.7a)

- Rang budc:
ATX+s>=b  i=12..,m

' 2.7b
—-X;+t7=0 j=12.,n (2.70)

Ham Largrange c6 thé duoc viét nhu sau:

L(X,s,t,4,0) =c"X +% XTDX +ii (AT X+s —bi)+z":9j (x;+s3)  (2.8)
j=1

i
i=1

Quy hogch phi tuyén
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Bai toan quy hoach phi tuyén 14 bai toan quy hoach ma ham muc tiéu
hodc mot trong nhimg rang budc 1a phi tuyén. Trong truong hop tong quat ca
ham muc tiéu va cac rang budc 1a nhirg ham phi tuyén.

Quy hoach hinh hoc

Quy hoach hinh hoc 1a mdt trong nhitng phuong phap quy hoach toan
hoc dugc Duffin, Peterson va Zener phat trién dé giai bai toan tdi wu c6 dang
rang budc 13 cac da thirc, mdi s6 hang caa da thire 13 tich cac bién mang s6 mil,
céc hé sb cua da thuc 1a duong.

Quy hoach hinh hoc chia thanh hai loai: Quy hoach hinh hoc khong rang
budc va Quy hoach hinh hoc cé rang budc:

* Quy hoach hinh hoc khong rang budc: 1a bai toan quy hoach c6 dang

min(max)z = F(X) = zN:cjﬁxia“ :icjxf“ WX
j=1

=1 =l

(2.9)
c; > 0,x. >0.
* Quy hoach hinh hoc ¢6 rang budc: 1a bai toan quy hoach c6 dang

- Ham muc tiéu:

n

min(max)z = F(X) = chll[xf’“i :Zn:cjxla“ WX
-1

[ (2108.)
¢; >0,%>0.
- Rang buoc:
M n
)=>c. [[xa¥=Lk=1+m
gk( ) JZ_; kj];l[ i (Zlob)

¢; >0,¢c;>0,%>0.

Quy hoach réi rgc (Quy hoach sé nguyén)

Quy hoach roi rac 13 cac bai toan quy hoach trong d6 mot sé hoic toan
bd cac bién s6 cua bai toan quy hoach dugc mé ta nhu cac bién sé nguyén

hoac roi rac.

2.2 Piéu kién Kuhn — Tucker
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Diéu kién Kuhn-Tucker c6 nhiéu tai liéu goi la diéu kién Karush-Kuhn-
Tucker dé giai cac bai toan quy hoach cé céc rang budc 1a cac bat dang thic.

Xét bai toan quy hoach:

- Ham muc tiéu: minz=F(X), X ={X, %, X5, ..., X, } (2.11)

- Rang bugc: g,(X)<0;j=1+m. (2.12)

Ham Largrange d6i voi bai toan co thé viét dudi dang:

LG X) = F(X)+ Y. 4,8,(X) (2.13)

Pinh 1y: (Kuhn-Tucker) [8,Tr.31] Piém tdi wu cta bai toan quy hoach c6
ham muc tiéu minz=F(X) V&i cac rang budc g(X)<0 néu ton tai thura sé

e~ vi+1'vg =
Largrange 2>0 va théa man A _g 0
A40;,=0 i=1+m
Vi du:2.1 Bai toan quy hoach cuaa Luenberger [8, Tr33].
Ham muc tiéu: z=F(X)=2x*+2xy+Yy*>-10x—10y — min
H¢ rang budc:
X2 +y? <5
3X+Yy<6;

Loi giai:
Ham Largrange c6 dang:
L(A, X) =2x* +2xy + y2—10x—10y+ﬂi(x2+y2—5)+2,2(3x+ y—6)
Céac diéu kién Kuhn — Tucker:
Vi +1'vg=0; 49,=0; 1>0.
hay:
4Xx+2y—-10+2x4 +34, =0;
2Xx+2y-10+2yA4 + 4, =0;

ﬂl(x2+y2—5):0;
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A, (3x+y—6)=0;

A, >0;4,>0.

Loi giai duy nhat thoa man tit ca cac diéu kién Kuhn-Tucker va 1a
nghiém ti uu cua bai toan 1a x=1; y=2; 4 =1; 4, =0. do d6 F(X)=-10.
2.3 Bai toan ddi ngau

Bai toan ddi ngiu cua bai toan quy hoach 1a mét trong cac bai toan rat
quan trong trong caa bai toan quy hoach toan hoc, trong nhiéu truong hop bai
toan quy hoach géc rat kho tim duoc nghiém nhung bai todn ddi ngiu cua nod
thi ta c6 thé dé dang tim dugc nghiém cua nd hoac viéc tim nghiém sé don
gian hon nhiéu. Vi vay trong phan nay tac gia s& trinh bay cac xac dinh bai

toan d6i ngau cua bai toan quy hoach tuyén tinh gdc.

Xét mot quy hoach tuyén tinh:
minc' X,
AX =D, (2.14)
X=>0

Trong do6 vécto: X ={x,%,%;,...x,}, b={b,b,,b;,....0,}

&; . By,

a a .eoa
A= ?1 22 2n

&y QA . A,

Néu ta biét trudc mét nghiém chap nhan dugc X° thi ta duoc can trén
cia muc tiéu toi wu. Gia str ton tai nghiém toi wu X~ thi ¢™X <c™X°. Tuy
chua tim dugc X, nhung néu biét mot can dudi cia muc tiéu téi vu thi d tim
duoc mién cua gia trji muc tiéu toi vu. Nhu vay ta thir di tim mot can duéi.

Bai toan quy hoach tuyén tinh (2.14) c6 thé duoc viét dudi dang:

min I:CT X +y" (bAX)]
X >0

(2.15)
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Y ={Y1: V5. Va»- Yo} : dUrQC goi 12 thira s6 Largrange.
Dit g(y) 1a gia tri tdi wu cta bai toan (2.15) (phu thudce vao gia tri vécto
y) va g(y) 1a can duéi cho gia tri muc tiéu toi wu ¢ X~ boi vi:

g(y)=min[c" X +y (b-AX)]<c"X +y" (b-AX")=cTX"
x>0

Vay ta da c6 duogc mot can dudi cho gia tri muc tiéu toi wu cua (2.14) 1a
g(y). Nhu vay bai toan quy hoach (2.14) tr¢ thanh bai toan:
max @) (2.16)

yeR™
Bai toan (2.16) duoc goi 1a bai toan d6i ngau (dual problem) caa quy
hoach tuyén tinh (2.14). Bay gio ta bién d6i (2.16):
g(Y)=min[c' X +Y" (b-AX)|=Y"b+mjn[c" -Y A]X
x>0 x>0
mat khac:
0 (c'-YTAz0")

- T_yT _
n;'!on[c A]X —0 (c —YTA<0)

Nhu vay (2.16) tuong duong:
max (YTb)
YTA<c

(2.17)

Nhu vay bai toan quy hoach tuyén tinh (2.14) 13 bai toan quy hoach
tuyén tinh (2.17).
Trong truong hop bai toan quy hoach véi rang budc dudi dang bat ding
thuc:
minc' X,
AX >b, (2.18)
X=>0

Ta s& chuyén vé dang dang thac bing cac thém cac bién bu

$={s,,5,,S;,...5, ;| nhu vay ta co thé viét:
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AX+s=b

s>0

}:uszo
S

o [A |]{X

AX£b<:>{

Véi bién bu ham muc tiéu trd thanh: minc”X +0"s. Nhu vAy bai toan
d6i ngau cua quy hoach tuyén tinh (2.18) 1a:
max (Y ")
YT[A 1]<[c" 0]
tuc la:
max (Y b)
YTA<CT (2.19)
Y <0

Gia sir ma tran A c6 cdc hang la a' va cic cot 1a A,. Gia sur bai toan
gdc co cau tric nhu bén trai bang khi d6 bai toan ddi ngau duoc dinh nghia

VGi Cau tric twong ung ¢ bén phai:

min(c" X ) max(Y'b)
V61 rang budc V61 rang budc
a X =h,ieM, y, tudo ieM,
a' X<h,ieM, y. <0, ieM,
a X >b,ieM, y, >0, ieM,

X;20,jeN, YA <c¢', jeN,
X; <0, jeN, YA 2c¢',jeN,
x; twdo, jeN, YTA =¢,jeN,

Nhan xét:
- Mbi rang budc & bai toan gdc s& tng véi mot bién caa bai toan doi
ngau.
- M@i bién cua bai toan gbc tng véi mot rang budc ¢ bai toan déi ngau.
Pdng thoi chiéu bat dang thite ¢ quan hé truc tiép v6i nhau va cho

bang bang sau day:
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Bai toan goc min Bai toan d6i ngau max
=h, Tu do

Rang budc <b, Bién <0

> b, =0

Tu do =,

Bién <0 Rang budc <

- )

Vi du:2.2 Xét quy hoach tuyén tinh bén trai dudi day va sé& lap duogc bai toan

d6i ngau cua né nhu & bén phai:

min (X, + X, +3%,) max (5Y, +6Y, +4Y;)
—¥ +3%, =5 y, tudo
2X —X, +3%, =6 y, =0
X; <4 y, <0
X =0 -y, +2y,<1
X,>0 3y, -y, 21
x, tu do 3y, +Yy; =3

2.4 Bai toan quy hoach tuyén tinh va phwong phap giai

Bai toan quy hoach tuyén tinh (Linear programming) 1a mot phuong
phap t5i uu hoa ap dung cho dé giai cac bai toan tbi wu trong ¢6 ham muc tiéu
va cac rang budc 1a cic ham tuyén tinh cua cac bién quyét dinh (decision
variables). Cac phuong trinh rang budc (constraint equations) trong bai toan
quy hoach tuyén tinh c6 thé dudi dang diang thtc hoac bat dang thirc. Bai toan
quy hoach tuyén tinh lan dau tién duoc ghi nhan vao nam 1930 béi cac nha
kinh té trong khi phat trién phuong phap phan bo téi uu cac ngudn lyc. Nam

1947 Dantzig dua ra mo hinh toan hoc Quy hoach tuyén tinh trong khi nghién
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clru cac bai toan 1ap ké hoach cho khong quan My. Sau khi Dantzig dua ra

quy hoach tuyén tinh, ngudi ta thay nhiéu bai toan thuc té thudc linh virc khac

nhau c6 thé mo ta toan hoc quy hoach tuyén tinh.

2.4.1 Dang chuan caa quy hoach tuyén tinh

Quy hoach tuyén tinh téng quat co thé duoc bat dau tir mot trong cac

dang chuan sau:

* Dang dai so:

- Ham muc ti€u: min f (x,X,,..., X,) = €, X, +C,X, +...+C X,
- Ham rang budc:

X +a,X ot aX, =h
A, X +8,X ...+, X, =D,

2nn

amlxl +am2X1 +"'+amnxn = bm

X 20;X, 20;...;X, =20;

(2.20a)

(2.21a)

(2.22a)

Trong d6: c;,bva a;(i=12,..m; j=12,.,n) la cac h¢ s da biét, con x; la

cac bién.

* Dang ma tran:

- Ham muc tiéu: min f(X)=c"X
- Ham rang bugc: axX=b
X=>0
Trong do: X={%, Xpr e X, 3 b={b}, 0,00, 1
&; 8, &y,
- a'21 ay, a,,
aml amZ amm

- Bac diém cua bai toan quy hoach tuyén tinh trong dang chuan:
+ Ham muc ti€u cé dang la cuc tri.

+ T4t ca cic ham rang budc c6 dang phuong trinh.
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+ T4t ca cac bién 1a khong am va sb an khong nho hon sé phuong trinh
rang bugc.

Trong thyc té ¢ bai toan quy hoach cé thé viét dudi cac cach khac nhau
va ¢o thé chuyén dugc sang d6i sang dang chuan nhu sau:
(1) Cuc tiéu cia ham muc tiéu f(x,X,,...X,) VGi cac bién s6 khong am 1a bai
toan cuc dai ctia ham muc tiéu vai bién sd am.

min f (X, X,,..,X,) tuong duong véi bai toan:

max f =—f =—cX —C,X, —...—C X,

Do d6 ham muc tiéu c6 thé dugc viét dudi dang cuc tiéu trong quy hoach
tuyén tinh.
(2) Trong hau hét cac bai toan tdi uu trong k¥ thuat thi cac bién thuong dai
dién cho kich thudc cua két cau do d6 cac bién phai khong am. Tuy nhién c6
thé c6 bién khong han ché (co thé lay gia tri am, dwong hoic bang khong) va
bién nay c6 thé duoc viét dudi dang hai bién khong am. Vi vay gia st bién X
1a bién khong han ché co thé duoc viét nhu sau: X; =X;—x; trong do: x;>0
va x;>0. Nhu vay bién x; c6 thé lay gi4 tri am, duong hoic bang khong tiy
thudc vao gia tri cua bién x ; 1anho hon, 16n hon hodc béng gia tri cua x ;.
(3) Néu trong ham rang budc cd6 dang biat dang thic c6 dang:
a.X +a,% +...+a,x <b, thi ta co thé chuyén sang dang dang thirc bang cach
thém bién bu khong am x,,, nhu sau: a,x, +a,X +...+a,X, +X,., =b,

Tuong ty nhu vAy, voi rang budc bat dang thuc dang:
a.X +a,X +...+a,X >b, ta co thé chuyén sang dang dang thirc bang cach thém
bién bu khong am x

nhu sau: a X +a,X +...+a,X, — X, =Db,

n+1 kn“*n

2.4.2 Phwong phap hinh hoc giai bai toan quy hoach tuyén tinh
Déi vai bai toan quy hoach tuyén tinh chi c6 hai bién ta co thé giai bai

toan quy hoach dugc bang phuong phap hinh hoc (phwong phap d6 hoa).
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Thong qua vi du dudi day NCS trinh bay phuong phap hinh hoc trong viéc
giai bai toan quy hoac tuyén tinh hai bién. Dé thiy duogc vi tri cic nghiém cé
thé t6i wu ctia bai toan quy hoach.

Vi du 2.3: Xét quy hoach tuyén tinh

- Ham muc tiéu: max f =50x+100y (e)

- Ham rang bugc: 10x +5y < 2500 (e,)
4x+10y < 2000 (&) (2.23)
X+1,5y <450 (&)
x>0;y>0 (&)

Viéc xac dinh cac gia tri (x,y) khong 4m va thoa min céac diéu kién rang
bugc tir (e, ) dén (&) dé gia tri trong ham f (e,) dat gia tri 6N nhat. Ta co thé
vé dugc mién 16i trong mat phang (x,y) ma cac diém trong mién 16i nay thoa
man céc diéu kién rang bugc tir (e,)dén (e,) (hinh 2.1). Nhu vay, muc dich
cua ching ta phai tim diém nam trong mién 16i nay dé ham muc tiéu dat gia
tri lon nhat.

Puong muc (level curve, trong truong hop nhiéu bién hon thi goi 13 mat
muc — level surface) ciia ham muc tiéu 1a duong thang 50x+100y =k . Nhu vay,
khi gia tri k thay doi thi dudng mac di chuyén va song song v6i chinh né. Gia
tri toi vu 13 gia tri k 16n nhat ma dudng muc c6 it nhat mot diém nam trong
mién 15i (polyhedron). Va nhu viy ta c6 thé tim duoc diém ti wu cta bai toan
1a diém G (hinh 2.2) c6 toa @6 x* =187,5;y" =125,0va gia tri cua ham muc tiéu

tai vi tri nghiém téi wu 1a: f =21.875,00.
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G(187,5;125,0)

Hinh 2.1 Mién chap nhan caa cac  Hinh 2.2 Puong cia ham muyc tiéu

rang budc e; dén es

* Cac trueong hop dac biét

- Khi gia tri diém muc tiéu khong phai 13 duy nhat. Vi du nhu trong vi du trén

nhung ham muc ti€u la max f =40x+100y thi nghiém tdi wu ctia bai toan 1a tap

hop cac diém nam trén dudng thang CG cua mién 15i (hinh 2.3).

- Khi mién 156i khong déng, khi d6 gid tri ciia ham muc tiéu co6 thé ting lén vo

cung (hinh 2.4). Trong trudng hop nay bai toan quy hoach tuyén tinh 1a khong

bi chan trén.

- Khi khong c6 diém nao théa man diéu kién han ché thi luc nay s& khong c6

két qua t6i wu cua bai toan.

- Trudng hop cudi cung 1a chi c6 mot diém duy nhat thoa man céac diéu kién

rang budc. Diéu nay chi xay ra khi s6 diéu kién rang budc phai 16n hon hosc

bang sé bién.
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B ~~~~f=10000
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> X

1

Hinh 2.3 Nghiém toi wu khong duy ~ Hinh 2.4 Mién nghiém chap nhan
nhat khong dong
Qua vi du & trén cho thay: Bai toan quy hoach tuyén tinh néu mién chap
nhan 1a mién 10i da dién thi c6 nghiém ti wu chi c6 thé tai dinh caa mién 1oi
da dién.
2.4.3 Phwong phap giai hé phuwong trinh tuyén tinh

Trude khi nghién ctru phuong phap chung dé giai bai toan quy hoach
tuyén tinh ching ta tim hiéu phuong phap giai bai toan hé phuong trinh tuyén
tinh. Pé dua ra khai niém phép xoay toan hoc (pivotal operations) dugc ap
dung trong viéc giai bai toan quy hoach tuyén tinh theo phwong phap don
hinh va sé& ap dung ¢ phan sau.

Xét hé phuong trinh tuyén tinh gdm n phuong trinh va n an sé:

ayX FapX, +..+aX, =b  (e)
Ay % +ayuX, +..+ 3, X, =b, (&)

2n'n

(2.24)
au X +a, X, +..+a,Xx =b  (e)
Pé giai hé phuong trinh trén, mot cach don gian nhat 13 ta don gian triét

tiéu dan cac an s trong cac phuong trinh tuyén tinh cua hé phuong trinh bang
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cach: Vi du muén triét tiéu mot bién x trong phuong trinh trong phuong trinh
e;. Xét phuong trinh e nhan hai vé cua phuong trinh vé6i k (k 1a mot hé s
khong bang khong va sao cho sau khi phuong trinh e, nhan hé sé k cong voi
phuong trinh e; thi hé $6 a; =0 ) triét tieu dugc Mot bién x trong phuong

trinh e;. Nhu vay ta dugc mot hé phuong trinh méi twong dwong véi hé

phuong trinh da cho.
a'y X +a', X, +.+0x +...+a', x, =b" (e)
a'yx +a', X +..+0x +...+a',, x, =b’, (e,)

1 1 1 1 (e'—l)
A’ X Fa gy X Tt 0X + Al ), X = J
a'yx+a', X+ X +..+a, X, =b', (e)) (2.25)
' X A e Xo Tt OX A g X =D (&)
a'y X +a', X, +.+0x+..+a', x, =b', (e,)

Cac hing so6 méi a';va b, trong h¢ phuong trinh méi dugc suy ra tir hé
phuong trinh gbc. Qua trinh loai bo mét phan bién nay tir mot phuong trinh
duoc goi la phép xoay va nhu vay vécto X thoa man hé phuong trinh (2.24)
thi cling théa man hé (2.25) va nguoc lai.

Tiép theo, ta st dung phép xoay déi Véi hé (2.25) dé triét tiéu mot bién
tiép theo, ching han x, (s=i). Trong phuong trinh j thi tat ca cac hé sb

a";=0 con a", =1 vanhu vay hé (2.24) dugc viét lai nhu sau:

I, +0x, ...+ 0%, +...+0x, =b", (e,)
0x, +1X, +...+0x, +...+0x, =b", (e,) (2.26)
0x, +0X, +...+ 0% +...+1x, =b", (e,)
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Nhu vay sau mot s6 phép xoay ta da dua hé ban dau vé dang (2.26) va
tir hé (2.26) ta d& dang xac dinh duoc cac thanh phan véc to X.
X, =b" 1=@2..,n)

2.4.4 Phép xoay trong giai hé phwong trinh tdng quat

Nhu ta da biét s6 phwong trinh rang budc trong bai toan quy hoach tuyén
tinh luén nhoé hon hodc bang s bién. Trong muc nay sé trinh bay phép xoay
trong truong hop hé phuong trinh tong quat. Xét hé phuong trinh gom m
phuong trinh va ¢6 n an s6 (n>m) vai gia thiét hé voi phuong trinh nay cé it
nhat mot nghiém.

X 3%+t aX, =h
A, X +a,,X, +...+a, X =h,

2n"*n

(2.27)
Ay X A% .. +a,, X, =b,
Dé giai ra véc to nghiém X théa man cac phuong trinh (2.27) khong dé&
dang. Nhung néu ta xét m bién 1am an thi ta c6 thé dé dang tim dwoc m bién
nay bang phép xoay toan hoc véi m bién bat ky chang han: x,x,,...x, va két

qua cua cac phuong trinh dugc Vviét lai nhu sau:

Hé phuong trinh kinh dién nho phép xoay cac bién: x,,x,,... X,

Ix + O0x, + ... + Ox, + a", . .X.,. + ... + a’%, x = b"

0X1 + 1X2 + .. F OXm + anz,m+1 Xms1 + . F auz,n X, = b "2
(2.28)

ox, + Ox, + ... + Ix, + a" . X. + ... + a" x = b"

Bién xoay Bién doc lap khong xoay Hang
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Mot nghiém dic biét caa hé phuong trinh (2.28) c6 thé dugc viét nhu

Sau.

X =3

{b“. i=12,..,m (2.29)

0 i=m+1..,n

Nghiém nay duoc goi 1a nghiém co s (basic solution). Cac bién xoay
X, Xy, X, AUQC goi1 12 bién co s6 (basic variables), cac bién con lai dugc goi
1a bién khong co s (nonbasic variables). Néu tat ca cac b”,  i=12,..,m trong
nghiém cua (2.29) la khong am va thoa man cac phuong trinh (2.21) va (2.22)
thi nghiém nay duoc goi 1a mot nghiém chap nhan co so (basic feasible

solution).

2.4.5 Thuat toan don hinh

Diém xuit phat cta cua thuat toan don hinh ludn duogc xac dinh tir cac
phuong trinh ma cic phuong trinh nay bao gébm ham muc tiéu va cac rang
budc. Do d6, bai toan quy hoach tuyén tinh tré thanh bai toan tim véc to
X >0 dé ham f dat gia tri cuc tiéu va théa man cac phuong trinh.

IX +0X, +... 40X, +2" g Xy +ooF A%, X, =b" (e)

1,m+1 *m+ in n

0%, +1%, +..+0X, +a", .y Xy +..+ 2" X, =D, (&)

2,m+1 *m+1 2n *n

(2.30)

0X, +0%, +...+1X +a" . X+ +a" X, =b" (e4)

0x, +0x, +...+0x, — f +c" Ac" X, =—fF" (¢;)

m+1 Xm+1"

Trong d6: a",c",b" va f", la cac hang s6. Chi ¥ —f dugc coi 1a mot

bién co sé trong hé (3.30) va nhu vay giai hé phuong trinh nay ta c6 thé tim
duoc nghiém Ia:

b i=12,...,m

-f (2.31)

0 i=m+lm+2,..,n

X;
f
X;
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Néu nghiém co s& 1a dugc chap nhan véi cac gia tri cia nghiém
x(i=12,..,n) co gia tr1 khong am. Do do: b*, >0(i =1,2,...m).

Trong pha | cua phuong phap don hinh nghiém co s& tuong Gng Voi
dang dai sb, sau khi dua vao cac bién nhan tao (artificial variables) s& duogc
chap nhan bang bai toan b trg (auxiliary problem). Pha Il cua phuong phép
don hinh duoc bat dau bang nghiém co s chap nhan cua bai toan quy hoach
tuyén tinh. Biém bat dau cia phuong phap don hinh ¢ dang dai s6 ludn 1a
nghiém co s& chap nhan.
2.4.5.1 Xdc dinh nghiém téi wu

Pé xac dinh diém ti vu cua bai toan ta co dinh 1y sau [11,Tr.140]:

Pinh ly: Mot nghiém co s& chap nhan cua bai toan quy hoach tuyén tinh co
gia tri cuc tiéu cia ham muc tiéu 1a fr néu nhu tat ca cac gia tri hé sb
c"(i=m+1,m+2,..,n) trong (2.30) 1a khong am.

2.4.5.2 Cdch cdi thign nghiém téi wu

Trudce khi di vao trinh bay 1y thuyét cai thién nghiém téi vu cta bai toan

quy hoach tuyén tinh. T4c gia trinh bay vi du quy hoach tuyén tinh sau.
Vi du:2.4 Xét quy hoach tuyén tinh:
- Hdm muc ti€u: minz =-5x —4x, —3x, (2.32a)
- H¢ rang budc: 2x +3x,+ X, <5
4x, + X, +2X, <11 (2.32b)
3%, +4X, +2%, <8
X1 Xy, X3 20

Truéc hét dua bai toan vé dang chuan bang cach dwa vao bién bu

X, %, % Va viét hé & dudi dang:

- Ham muc tiéu: minz=-5x —4x, —3Xx, (2.333)
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- H¢ rang bugc:

X, ==2X —3X, =X, +5

Xs = —4X — X, — 2%, +11

Xe = —3X, —4X, —2X; +8
Xis Xgy Xgy Xgs Xs, Xg =0

(2.33b)

Dé bat dau ta can c6 mot nghiém chap nhan duoc. D& nhan thay nghiém
do la:x, =0,x, =0,x,=0,x, =5,x, =11,x, =8 gia tr1 cua ham muc ti€u twong ng
z=0.

Trong budc lap dau tién ta xem cai bién nghiém xuat phat thé nao dé
dugc nghiém chap nhan méi voi muc tiéu nho hon. Vi hé s6 cia x1 & ham
muc tiéu 1a 4m, néu ta ting gia tri X1 tir 0 1én gia tri duong cang 16n thi z cang
giam (néu ta giir x2=0, Xs=0) nhung khi d6 cac gia tri bién bu ciing thay doi.
Su thay doi nay khong anh huéng ham muc tiéu nhung x1 chi duoc thay doi
sao cho x,,x,x, >0 vi x2=0, X3=0 nén

H¢ rang budc:

X, =—2% +5 X <5/2
Xs =—4x +11 = X, <11/4
Xs =—3X +8 X, <8/3

Vay ta lay x =5/2 va khi d6 x,=0. Ta dugc nghiém chap nhan dugc

ma&i tot hon sau buoc mot 1a:
X, =5/2,X,=0,X,=0,x, =0,% =1,X, =1/2

Gia tri muc tiéu la z=-12,5

Nhan xét: Buéc lip dau tién dé thuc hién vi trong nghiém xuat phat c6
mot nhom bién bang 0 va cac bién khac biéu dién qua chung qua cic rang
budc. Do d6 dé vao budc 2 ta viét lai bai toan & dang tuong tu, tac la doi vai
trd cua x, va x, VAY X, %, % va z s& biéu dién qua x,,x,x,. Muén vay ¢ rang

budc dau ta giai x,ratheo x,,x;,x, .
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X, =5/2-3%,/12-X,12— X, 1 2 (2.34)

Tiép theo ta thay x, trong biéu thirc cua x,,x, va z bang biéu thic (2.34)
ctia n6. Cach tt nhat dé thuc hién viéc thay nay 1a 1am cai goi 1a phép toan
trén hang (row operation)

Déi v6i phuong trinh cho x.ta |y no trir di hai 1an phuong trinh cho x,
roi chuyén x, sang vé phai ta duoc.

X, =1+5Xx, + 2X, (2.35)
Lam tuong tu cho ham x, va hang z, ta viét lai duoc (2.33) & dang

z2=-12,5+3,5x, —0,5x%, + 2,5X%,
X, =2,5-1,5x%, —0,5%, - 0,5%,
X =1+5X, +2X,

Xs =0,5+0,5x, +1,5%, —0,5X,

(2.36)

Podng thoi tir cach viét nay ta dugc ngay nghiém ¢ buéc 1 bang cach cho
cac bién “doc lap” gia tri 0 va doc ngay duoc cic gia tri twong ng cua cac
bién “phu thudc” x,=2,5x, =1,x, =0,5

Bat dau budc lap tha 2 ta lai nhan xét nhu bude 1. Bay gid chi ¢o hé s6
cua x, cua ham muyc tiéu la am chi tang x, tr 0 thanh duong va git nguyén
x, va x, bang 0 1a giam z. (Néu ting x, chang han thi z ting, tirc 1a lam
nghiém c6 “x4u di”). Ciing nhu trudc, ta ting x, nhiéu nhat co thé dé x,,x, va
x, khong am. Tl phuong trinh x ta thay x, khong bi anh huang theo x,. Hai
phuong trinh con lai cho ta x, <5 va x, <1. Ta lay x, =1 va dugc nghiém chap
nhan duoc méi x=2x,=0x,=1,x, =0,x,=1,x, =0 va gia tri muc tiéu tuong ng
la z=-13

Pé vao budc lap 3 ta lai viét phuong trinh ¢ dang x,x,, x, va z biéu dién
qua x,,X,,Xs. Thuc hién phép toan trén hang d6i véi phuong trinh cho x, ta

dugc:  x; =1+X, +2x, —2X, (2.37)
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Lam tuong tu d6i voi cac ham khéc ta duoc

Z=-13+3X, + X, + X,

X, =2—2X, = 2X, + X; (2.38)

X =1+5X, +2X,
X; =14 X, +3X, —2X,

Bat dau budc 3, ta thay khong ¢ hé s6 nao & ham muc tiéu 13 Am nén ta
khong thé cho bién “ddc 1ap” nao tang tir 0 thanh sé dwong (va gitt nguyén gia
tri 0 cho bién doc lap khac) dé giam ham muc tiéu. Phuong phap don hinh
phai dimg. Nhung ta thay ngay nghiém chap nhan ¢ budc 2 1a tdi wu. That vay,
hé (2.38) 1a tuong dwong v6i quy hoach tuyén tinh ban dau (2.32). Nhan xét
(2.38) ta thiy vi cac bién phai khéng am nén z>-13 Vi moi nghiém chap
nhan dugc cua quy hoach tuyén tinh, ma nghiém da nhan duoc da cho z=-13
nén no 1a téi vu. Vay nghiém tdi vu 13 x=2,x,=0,x,=1 va gia tri muc tiéu ti vu
la z=-13.

Trir z ra, cac bién nam & vé trai cac phuong trinh (tic 13 bién “phu
thude”) & mdi budc 1ap goi 1a bién co s & budc d6 (basic variable). Nghiém
chap nhan dugc khi cho cac bién khong co sé gia tri 0 dugc goi 12 nghiém co
s& (basic solution). Vay mdi buéc lap xac dinh mot nghiém co sé tuong ung.
* Cadi thign nghiém cua thudt toan don hinh

Xét quy hoach tuyén tinh:

- Him muyc tiéu:  min ) c;x (2.393)
=1

Zn:aijxj <b,i=1..m;
- Ham rang budc: = (2.39b)

jzo,izl,...,n.

X -

Viéc dau tién la dua bién bu vao va dat tén ham muc tiéu la z:
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= (2.40)

Ta thay o thi du trén day khi tién hanh thuét toan don hinh, bién ban dau
va bién bu duoc xir Iy nhu nhau, khong phan biét. Do d6 ta ky hi¢u thanh mot
bo bién x:

(Xpseee Xy s Wy ey Wi ) = (X Xy Xt s oo X ) (2.41)

Khi d6 (2.39) tr¢ thanh:

z:zn:cjxj,
j=1

(2.42)

Pay la nghiém xuat phat. Noi dung cua thuat toan don hinh 1a chuyén tir
mot hé phuong trinh nay sang mot hé phuong trinh khac véi gia tri muc tiéu
t6t hon. Mdi hé phuong trinh ¢6 m bién co sé va n bién khong co sé. Hiy ky
hiéu B 1a tap cac chi sb twong (ng Voi cac bién co sd trong cac chi sb
{12,...,n+m}va N la tap chi s cua bién Khong co sd. O Hé phuong trinh xuét
phat thi N={1,2,..,n} va B={n+1..,n+m} nhung ching s¢ thay doi sau mdi

buéc. O mbi budc hé phuong trinh déu ¢ dang:

Z=7+Y CiX,,
<8 (2.43)
X; =bi —Zauxj,i e B.

jeN

O day sb gach trén dau ky tu dé chi rang dai luong nay thay ddi qua céc
budec.

O mdi budc lap, dung mét bién tir khong co sd trg thanh bién co so,

duoc goi 1a bién vao (entering variable), va ding mot bién co sé tré thanh

bién khong co s, goi 1a bién ra (leaving variable). Bién vao duoc chon trong
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cac bién c6 hé sd muc tiéu (tac hé sb trong ham muc tiéu) am dé lam giam
ham muc tiéu. Néu khong co hé sd muc tiéu am ta duoc phép lua chon. Bién
vao dugC chon mot cach tu nhién c6 hé sé (dm) nho nhat dé hi vong lam giam
ham muc tiéu nhiéu nhat.

Bién ra dugc chon dé dam bao tinh khong am cua cac bién gia st bién
vao dd chon 14 xk, tirc 13 gid tri cua né tro thanh duong. Khi d6 cac bién dang
1a co s& & bi thay ddi va bang

Xi=5i—5.ikxk,ieB (2.44)

Xk duoc phép 16n dén muc moi x >0,ie B tic 1a

1 _aw .
<% ie (2.45)

R& rang x, 16n nhat théa man moi bat dang thirc nay sé 1a

— -1
Aik
Xk :(n;]eaBXB_IJ (246)

O day ta quy udc %:0 va ta s& xem xét sau trudng hop cd sd bi =0 va

truong hop khong cé ti s6 % nao duong. Vay quy tac chon bién ra 1a chon

- L , . K . Al ék
bién c6 chi s6 1eB ma T maxB—'
k i

ieB

(2.47)

Sau khi chon bién vao va bién ra, viéc chuyén hé phuong trinh sang hé
phuong trinh méi 14 nho cac phép toan hang. Toan b viéc lam nay goi 1a
phép xoay (pivot). Vi thé c6 thé nhiéu bién vao va nhiéu bién ra co thé lay déu
dam bao giam muc tiéu va cac bién van khong am, ta sé thay co cac quy tac
cu thé dé tranh su khong xac dinh do6, goi 1a quy tic xoay (pivot rule).

Vi du:2.5 Tim nghiém cuia bai toan quy hoach tuyén tinh bang phuong phap
don hinh:
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-Z | -5X1 | -4X2 | -3X3 =0

2X1 +3X2 | +X3 +W1 =5
4x, +X2 +2X3 +W> =11
3X1 4Xo +2X3 +ws | =8

Véi quy wdc két qua caa moi bude déu viét dudi dang nhu vay chi can

ghi cac hé s6 1a du va duoc viét dudi cac bang sau:

X1 X2 X3 W1 W2 W3

Budc lap 1:

X1 X2 X3 W1 W2 W3

-5 -4 -3 0 0 0 0
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X1 X2 X3 W1 W2 W3

0 72 1-1/2 |52 |0 0 25/2

1 32 |12 |12 |0 0 5/2

0 -5 0 -2 1 0 1

0 -1/2 |12 | -3/2 |0 1 1/2

Va lam tuong ty nhu trén voi budc lap 2:

X1 X2 X3 W1 W2 W3

1 2 0 -1 0 1 2
0 -5 0 -2 1 0 1
0 -1 1 -3 0 2 1

Tai bu6c lap nay ta thay, tat ca cic hé s6 & hang muc tiéu 1a khong 4m
do d6 ta két thic thuat toan.
Tur két qua cot cudi cho ta két qua nghiém téi wu:
{ X =2 X=0 x =1
Z. =13

min

2.4.5.3 Phwong phdp don hinh véi thudt toan hai pha
Viéc tim céc gia tri khong 4m ciia cic bién x,x,,..., x, dé thoa mén cac bat
phuong trinh:

a11X1+a12X1+"'+a1an£bl
Ay X +apnX +...+ 3, X, b,

2n"*n

(2.48a)

X +a,X +..+a,,X, <b,

mn®'n
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Va dé ham muc tiéu dat gia tri nho nhat;

C X +CX +otC X = f (2.48b)

O muc trén ta chi xét truong hop vé phai cac rang budc déu khong am;
nhd vay hé phuong trinh xuét phét 1a chap nhan duoc. (Ta quy uédc nhu vay
néu nghiém tuong ung cua hé phuong trinh, khi cho cac bién khong co so
bang 0 va doc ngay ra dugc cac bién khac, 1a chap nhan duoc)

Néu quy hoach tuyén tinh chuin (2.48) c6 cic bi<O thi ta phai tim hé
phuong trinh twong dwong xuét phat chap nhan duoc bang mot bai toan bo tro.
Viéc tim bai toan bd trg (auxiliary problem) ciing 13 quy hoach tuyén tinh
nhung c6 hai tinh chat quan trong sau day.

- D& nhan thay ngay hé phuong trinh xuat phat chdp nhan duoc caa bai
toan bo trg nay.

-Hé phuong trinh ti wu cta ndé chon ngay mot hé phuong trinh chap
nhan duoc cia quy hoach tuyén tinh gbc dang can xét.

Bai todn bo trg d6 la:

min(X,),
JZ:aijxj—xosbi,izl,...,m, (2.49)
X; 2 0,j=01..,n

D¢ ¢6 mot nghiém chap nhan dugc chi viée dit x, =0, j=1..,n va lay
x, >0 di 16n. D& thiy quy hoach tuyén tinh cin xét c6 nghiém chap nhan
dugc khi va chi khi bai toan bd tro c6 nghiém chap nhan duoc voi x, =0.
Nhung day rd rang 1 nghiém tdi wu ctia bai toan bo trg. Vay quy hoach tuyén
tinh can xét co nghiém Chép nhan dugc khi va chi khi bai toan bo trg c6 muc
tiéu tbi wu bang 0.

Vi du:2.6 Xét bai toan quy hoach tuyén tinh
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min(2x, +X,),
X, +X, <=1,
X, 2X, <=2, (2.50)
X, <1,
X;, X, = 0.
Bai toan b tro la:
minx,,
X, +X,-X, <=1,
-X,-2X, X, < =2, (2.51)
X,-Xo £1,
X1 X1, X, 2 0.
Ta dua vao bién bu va viét hé phuong trinh xuat phat khong chap nhan
dugc caa bai toan bo tro (vi ¢6 vé phai rang budc khong am)
¢ =Xo,
Xy =-1+X,-X, +X,,
X, =-2+X,+2X,+X,,
X =1-X, +X,.

(2.52)

Vi hé phuong trinh ndy chua chip nhan dugc, ta chua thyc hién duoc
buéc lip dau bang phép xoay cua thuat toan don hinh, ma ctr 1y Xo 1 bién
vao va chon bién ra 1a bién x4 « khong chép nhan dugc nhat”

§=2-X,—2X,—X,,
X;=1-3X,+X,,

X, =-2+X,-2X,+X,,
Xs =3-X,-3X, +X,.

(2.53)

Pay di 1a hé phuong trinh chap nhan dugc nén ta bat dau thuat toan don

hinh, cu thé phai dua x, vao va xs ra khoi co s&, sau khi xoay ta duoc:
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4 2 1
§=§—X1+§X3+§X4

1
3% (2.54)

4 2 1
xO——-x1+§x3+—x4

X2:§'§X3+

X5 =2-X,+X,
& budc 1ap tiep theo ta dua x1 vao vao xo ra khéi co so:

¢=0+X,

=t 1y 41y,
33° 3
4 (2.55)

_ 2 1
X1—§‘Xo+§X3+§X4

2 11
X5—§+XO+§X3—§X4

Vi khong con hé s6 4m & ham muc tiéu, hé phuong trinh nay 1a ti uu.

Pé duoc hé phuong trinh chip nhan duoc tuong duong véi quy hoach tuyén

tinh can xét ban dau, ta bo Xo khoi hé phwong trinh nay (vi gia tri muc tiéu toi
uu ¢ =x,=0) va tinh gi4 tri twrong Gng cua muc tiéu z:

Z=2X X, =3+ X, + X, (2.56)

Vay hé phuong trinh chap nhan dugc caa quy hoach tuyén tinh can xét 1a

Z=3+ X%, + X,
PEESENEW
3 3 3
x1—4+gx +1x

3 3° 3"
@—E+l& 1&
3 3 3

Hé phuong trinh nay, bai toan di xac dinh dugc nghiém tdi vu boi vi cac
hé s6 muc tiéu déu duong. Nhung trong trudng hop tong quat ta chi dua duoc
vé dang hé xuat phat chap nhan duoc.

Thong thuong ngudi ta ghép ludn bai toan bo tro vao thuat toan don hinh

va goi 1a pha I (Phase I). Qua trinh truc tiép ap dung thuat toan don hinh tir hé
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phuong trinh xuat phat chap nhan duoc goi 1a pha II (Phase II). Toan bo thuat
toan goi la thuat toan hai pha (two — phase algorithm)
2.5 Ap dung ham fmincon trong Matlab dé giai bai toan quy hoach

Xeét bai toan quy hoach todn hoc, tim x dé:

- Ham muc ti€u: min(f (x)) (2.57a)
c(x) <0,
ceq(x) =0,

- Cac diéu kién rang budc: Ax<b, (2.57b)
Aeq.x = beq,
I, >Xx>u,.

trong d6: A, Aeq, beq, |, , U, 1a cac ma tran; f(x), c(X), ceq(x) 1a cac ham sé; x
la mdt vécto.

Dé giai bai toan quy hoach nay, phan mém matlab 7.0 cung cip mot ham
fmincon véi ca phap nhu sau:

x=fmincon(f(x),x,,A,b,Aeq,beq,l,) (2.58)
trong do X,co thé 1a mot s6, mot vécto hoic mot ma tran cho trude (thong
thuong lay bang 0).

Dé thuan tién cling nhu ty dong hoa dugc trong tinh toan cac vi du phan
tich vé& bai toan 6n dinh cuc bd két ciu dan sau nay, tac gia s& ap dung ham
fmincon trong Matlab dé giai cac bai toan quy hoach toan hoc.

2.6 Phuong phap phan tich tuyén tinh 6n dinh cuc bd két cau dan
2.6.1 Ap dung phuwong phap cuc tri Gauss phan tich néi luc, chuyén vi

két cAu dan

Khi hé két cdu dan so sanh khong lién két, tai trong tac dung 1én nut thir i caa
dan 1a PY PO PO PE dua vé hé so sanh c6 lién két ta co thé dat lo xo tai cac

x 1y 1z

O]

X !

nut dan, c6 d6 cting theo cac phuong x, phuong y va phuong z lan luot 13 k

ks) va k! 1én hé so sanh ma khong lam thay doi chuyén dong cta nit véi:
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| ) PO 0
KO = lim 2 kO = fim 2 kO = lim T2 (2.59)

ugi > U, Vo /. Woi >0 W,
trong d6: Uy,;V,;;W,; 1a cac thanh phan chuyén vi tai nat icia hé so sanh. Ta
thay: khi uy >, vy > va wy —>oothi k¢ -0, ki’ >0 va ki’ >0.
Nhu vdy, c6 thé dat lo xo vao hé so sanh khong lién két ma khong lam thay
ddi chuyén dong cua hé so sanh.

Bay gio lugng rang budc cho két cau dan bao gém n thanh va cé r nit

cua hé so sanh khong lién két theo (1.31) duoc viét nhu sau:

©

Z Z E 2\) I Zk(l) o Oi +Zk V V0| +Zk(l) W W ) _)min (260a)
n N 2|© _

hay: Z,=| Y ¥ +Z, |->min (2.60b)
i EA

trong do: Zk:ZkS).( = Uy, +Zk(') (V, = Vyi) +Zk(') (w, Wo.) (2.61)
i=1 i=1
Thay biéu thire (2.59) vao biéu thic (2.61), ta co:
(|) (') p(l)
U, —Uy;) +Z lim (v, - vOI

VOI—)OO i-1 Wy —0 W

(W —wy, )2 (2.62a)

Gidi han cua (2.62a) la:
Z, :—Zzpm Zzpm ZZP(')W +Z(P<'> Uy +POvg +POwg)  (2.62b)
Thay biéu thirc (2.62b) vao biéu thic (2.60b), ta duoc:

I(O) r
=y

- 2P0, Zr:2Py(”.vi - Zr:2PZ(".Wi - Zr:(PX(".uOi +P{ vy + PP wy) - min (2.63)
k=1 k K i=1 i=1 i=1 i=1

Trong biéu thic (2.63) Y (P .uy + PO vy +PP.wy, ) 1a mot s6 nén biéu

i=1

thire (2.63) tuong duong voi:

I(O) r
Z= Z

-3 2R - Y 2R S 2R min (2642
i=1 i=1 i=1
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hoac viét dudi dang:
E A (Al ) (|) r (i r " )
Z= kle |© ZZP iZlZZPy v, —iZl:ZPZ w, —>min  (2.64b)

trong d6: PV P® P® 13 cac thanh phan tai trong tac dung tai nat i theo

X 1y 1z
phuong truc x, phuong truc y va phuong truc z; u,,v,,w, la cac thanh phan
chuyeén vi tai nat i theo phuong truc x, phuong truc y va phuong truc z.
Xét thanh ij trong dan khong

gian. Goi toa do ban dau cua cac r
J

nit lan lwgt la i(x,y;z) i)

j(x;,y;,2;). Sau khi dan chiu lyc, .

, 0 X
nut 1 co chuyén Vi >
u . uw uud . Z
li'=u, +Vv;, + W, ; nit j co6 chuyén

U w w w Hinh 2.5 So d6 chuyén vi cia nat

vii jj'=u; +Vv; +w; (hinh 2.5)
thanh trong h¢ khong gian

pit; I = _ %A _ = (2.65a)
\/(x —x) 4y, -w) +H(z-2)
m, = _NiTh _; (2.65b)
=) 4y, v) +(2,-2)
Z. —7Z.
n. — [~ , (2.65c)

U \/(XJ‘Xi)ZJ’(yj‘yi)Z*(ZJ‘Zi)Z
(1;,m;,n;) goi 1a cosin chi phuong cua thanh ij

Chiéu dai cua thanh dan truéc khi bién dang:

10 = (6 =%) +(y,-¥.) +(2,-2.) (2.66)

Bién dang dai tuyét ddi cua thanh dan:
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AIij = (Iij.uj +my.v; + nij.wj) — (Iij.ui + MgV, + nij.wi) (2.67)

Nhu vay néu hé dan bao gom n thanh va r niit chiju tai trong tac dung thi

luong rang budc ciia bai toan theo (2.64b) duoc viét nhu sau:

E.A, r _ r ,
Z=§ |(£) ) ZZP(') iZ=1:2Py(').vi —iZlZZPZ(').Wi —>min  (2.68a)
hay
Z= n EkAk ((lIJ J+m V +0n; W) (|IJ '+mij'vi+nij-Wi))2+

x5 -y + (-2)

—Z::ZPX“) ZZP(') ZZP(') w, — min (2.68b)

Xét tai nhit i cua dan c6 m thanh quy tu, diéu kién cuc tri ctia bai toan tai
natdani: oz =0; o =0; oz =0; (2.69a)
ou. oV, oW,

z2E A1) (U +myv; +npw) = (1 ,+mij.vi+nij.wi))_zp(i):O
V=) s () (-2 *

hay: Z2E ArEm) (g + My, +nw) (U myy engw) (2.69b)
= \/(xi—xj)2+(yi—yj)2+(zi—zj)z '
Zm:2E Ay () (u +myv; +ngw;) = (1.u ,+mij.vi+nij.wi))_2PZ(i):0
S -l

Cac phuong trinh (2.69b) chinh 1a cac phuong trinh cén bang tai cac nat

c6 chuyén vi va co thé viét dudi dang rat gon lai nhu sau:

ZNUI +P0=0; D Nym; +PY =0; > Nyn; +PY =0  (2.69c)

=1 =1

Néu bai toan co6 C lién két néi dat va S_ nut dan thi theo (2.69) s& c6
duoc hé phuong trinh bao gom (SSn —C) phuong trinh tuyén tinh va co
(3S, —C) an s6 la cac thanh phan chuyén vi u, v, w. Giai hé phuong trinh

(2.25) s& tim duoc cac thanh phan chuyén vi u, v, W tai cac nat cta dan.
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Sau khi tim dugc cac thanh phan chuyén vi tai cac nut dan thay vao
phuong trinh (2.67) s& tinh dugc bién dang dai tuyét cua cac thanh dan.
Noi luc cua cac thanh dan dugc tinh theo cong thirc sau:

ALEA;  EAL((pu+myvi+npw) = u +mev, +nw))

ij ~ |

i l \/(xi—xj)2+(yi—yj)

Xét dan gém n thanh, r nat chiu tai trong tac dung va goi N, 1a néi luc

(2.70)

trong thanh dan ther i . Luong rang budc cua dan theo (2.64a) duogc viét nhu

Sau:
n 2|(0) r r ) r _ )
Z= Z > 2P0 = > 2P0y, = > 2PY.w; > min  (2.71)
k=1 E A i=1 i=1 i=1
Néu chi théa man (2.71) thi dan chua dam bao diéu kién lién tuc vé& mat
chuyén vi tai cac nit dan. Vi vay can phai bd sung diéu kién lién tuc 13 céc
thanh dong quy tai nat thi chuyén vi tai nt d6 ciia cac thanh phai bang nhau.
Cac phuong trinh b sung dé dan thoa man diéu kién lién tuc vé& chuyén vi

(0)
duoc viét nhu sau: g, :%—AI- =0 (i=1+n) (2.72)

trong do: Al la bién dang dai tuyét ddi cua thanh dan dugc xac dinh theo
(2.67).

Nhu vay bai todn phan tich, tinh toan dan tr¢ thanh bai toan tim cuc tri
cta phiém ham (2.71) véi cac rang budc (2.72). Bai toan nay co thé giai bang

phuong phép thira s6 Largrange véi phiém ham mo rong L nhu sau:
L=Z+Y g —min (2.73)
i=1

trong d6: A, 1a thira s6 Largrange va ciing 1a an s6 cua bai toan.
Diéu kién cuc tri cua (2.28) 1a:

oL oL oL oL _8L_O{ i=1+n
]j=1

—=0; =0; =0; =0; —
oN, ou, ov. ow, o, +(35,-C)

(2.74)
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Giai hé phuong trinh tuyén tinh (2.74) s& tim dugc céc thanh phan

Chuyén Vi tai cac ntit dan va noi luc trong cac thanh.

2.6.2 Ap dung phuong phap cuc tri Gauss két hgp phwong phap quy
hoach toan hoc dé xac dinh luc téi han trong bai toan on dinh cuc b két
cau dan

Xét két cau dan gém n thanh va m nut, goi lyc tac dung 1én nut r theo cac

P

o Py Trude khi mét on dinh thi néi luc trong cac thanh dan

phuong la P

xr?

phai thoa man diéu kién (2.73):

(0)

( ) |(0) N
—ZZP u —ZZP AY —ZZP W +Zk [ = F

k' k

F=

knl —Alk)—>min (2.75)

Két Céu dan 6n dinh cuc bo khi noi luc trong cac thanh dan khong vuot
qua tai trong t&i han thir nhat cia thanh dan d6 tinh theo Euler cho thanh hai
dau khép. Tir d6 tac gia dé xuat ra mot phuong phéap giai bai toan 6n dinh cuc
bo cua két cau dan phi tuyén hinh hoc 1a: Tai trong téi han tic dung 1én két
cAu dan 1a tai trong I6n nhat c6 thé tac dung Ién két cAu ma ndi luc trong cac
thanh théa mén hai diéu kién;

- Phiém ham lugng rang budc md rong F cua két cdu dan tinh theo cong
thirc (2.75) dat cuc tri.

- Noi lyc trong tat ca cac thanh trong dan khéng vuot qué tai trong toi
han thir nhat caa thanh dan d6 tinh theo Euler cho thanh hai dau khop.

Sau day tac gia xin dugc trinh bay chi tiét phuong phap xac dinh tai
trong t&i han 1én két ciu dan nhu sau:

Theo cong thic (2.75) co thé viét lai nhu sau:

%=a(iw—i2& ZZ Ve ZZF’ w+zx( I(O)—AIKB:O (j=1+m) (2.76a)

ou 6uJ k=1 Eka =1 kF

J k

m

[Z(Nk) I(O)—ZZP u —ZZP v, ZZP W +Zk [ I(O)—Alknzo (j=1+m) (2.76D)

E.F EF

k

oF_
ov,
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F_ 0 ( (N,) Iio>_isz,.u,—izpr.v,—izpz,.wr+ixk_(Nk.l‘ko>_AIkBZO otem (2760)

o (N 1® o m m n N,.I© .
) L =2 2P .U, =Y 2P,v,—> 2P, W + DA ——Al [|=0 (i=1+n) (2 76d)
Eka r=1 r=1 r=1 k=1 E F

k' k

ST
2
[
Y
2|
7 N\
-
T
—_

F o (NI ¢ e (NI | (2.76€)
—=— 2P .U —>2P v —> 2P W +> A .| ———Al [|[=0 (i=1+n
an, axi[; EF. 22U =2 2R N 2 2R W ER ° ( :

Trong d6: I'”, Al 1a chiéu dai trudc khi bién dang va d6 bién dang dai
tuyét doi cua thanh. Néu goi i,j 1a 2 nit tai hai dau thanh k, thi 1 va Al

dugc tinh bang cong thirc sau:
1 :\/(xj—xi)er(yj—yi)2+(zj—zi)2 (2.77)

Al :((xj = )(u;=u)+(y, =y ) (v, = v ) +(z,-2,)(w, —Wi))/ 1 (2.78)

Trong cong thirc (2.76), (2.77), (2.78): (X,,Y,,Z)), (X,,¥,,Z)) lan luot 12

toa do cua nut i, j trudc khi dan bién dang; (u.,v.,w,), (u,v,,w,): lan luot 13
cac thanh phan chuyén vi ciia nat i, j khi dan bién dang.

Diéu kién dé két cau dan thoa man diéu kién 6n dinh cuc b 1a noi luc
trong cac thanh khong dwoc vuot qua tai trong téi han dau tién cua ting thanh
va c6 thé duoc viét nhu sau:

N, >-9,8698E“I*. /(I) k=1+n (2.79a)
hay: —N,—9,8698E“l* /(I¥)?’<0 k=1+n (2.79b)

Tai trong tac dung téi han la tai trong tac dung Ién nhat 1én két cu dan
ma ndi luc trong cac thanh van dam bao diéu kién can bang (2.76) va diéu
kién 6n dinh cuc bo (2.79).

Nhu vay, tir bai tinh todn 6n dinh cua két cdu dan dwa V& bai toan quy
hoach toan hoc phi tuyén thuan tay nhu sau:

Ham muc tiéu: f =P — max nhung dé thuan tién cho viéc giai luan

van Viét ham muc tiéu duédi dang: f =—P — min (2.80)
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Picu kién rang budc: 1a cac dang thic tir diéu kién (2.76) va cac bat
dang thuc tir diéu kién (2.79):

ceq(i):aau(kz”;(Né)Fl‘km_i ZZP v ZZP » +Z7» [N I(O)—Alkj 0 (ietem) (2.81a)
Ceq(nm):ai{g(NE)Fl( EZP U ZZP V ZZP W +Z7\’ ( |(0)_A|k] 0 (|:1_m) (2.81b)
Ceq“m*“:afv.[g('\llzkk)lrklim_22&““"22%” ZZP W +Z7» (Ek::(:) Al, J:O (i=1+m) (2.81c)

8oy = ai,(;( )I(O)—izp u —ZZP v, ZZP W +Zk (N L |ij=0 (i=1+n) (2.81d)
ceq(ammﬂ):;ki[g('\'ék);w Z Zzp v ZZP w +Zk ( k|F<:> IkD:O (—t1en) (2.81e)
Co =—N, —9,8698E"l;, /(I")’<0 k=1+n (2.81)

Dé giai bai toan quy hoach toan hoc v&i ham muc tiéu (2.80) va cac rang
budc (2.81), trong dé tai nay tac gia str dung ham fmincon trong Optimization
toolbox ctia Matlab 7.0 dé giai va c6 thé tom tat phuong phéap giai qua cac
budc sau:

Buéc 1: Xdy dung file diéu kién rang budc unconfuneq.m 1a file chtra cac

phuong trinh can bang ceq, =0 i :1+(3m + 2n) va cac bat phuong trinh

dang ¢,, <0 k=1+n.

Budc 2: Xay dung file ham muc tiéu objfun.m la file chtra ham muc tiéu:
f=-P

Buwéc 3: Giai dé tim tai trong toi han tac dung 1én két cau dan. Gia tri noi luc
cta cc thanh va céc thanh phan chuyén vi cua cac nut dan tai thoi diém tai
trong tac dung dat dén tai trong toi han bang ham fmincon: [x,fval,exitflag] =
fmincon(@objfun,x0,[1.[1.0.[0.[1.[1. @confuneq,options). Ngoai ra, ta co thé
kiém tra diéu kién cac rang budc (dang thic, bat dang thic) khi gia tri tai

trong dat dén tai trong téi han nhu sau: [c,ceq] = confuneq(x). Cha y vi day 1a
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bai toan quy hoach ma cic rang budc 1a phi tuyén nén khi giai bang ham
fmincon thi ta phai tat thuat toan LargeScale va can chon nghiém x0 cang gan

két qua tinh thi 10i giai hoi tu cang nhanh.

48



CHUONG 3
MOT SO Vi DU PHAN TiCH TUYEN TINH ON PINH KET CAU DAN

3.1 Vi du phan tich 1

Vi du 3.1: X4c dinh tai trong ti han tac dung 1én két cau dan vom phang tinh
dinh trong, siéu tinh ngoai chiu tai trong nhu hinh 3.1, biét cac thanh co tiét
dién hinh vanh khuyén: D=20cm, d=18cm; E=2.10%(kN/cm?); 1=4800(cm),
h=80(cm) va k=f/1=1/3.

Hinh 3.1 Dan vom phang tinh dinh trong, siéu tinh ngoai
Loi giai
Bai todn c6 49 an s6 1a ndi luc trong cc thanh dan: N, (i=1+49)
biéu kién bién cua bai toan la chuyén vi tai nut 1 va nat 13 theo cac
phuong x va phuong y bang khong nén: u,=v,=u,, =v,, =0.
Nhu vay, bai toan ngoai 49 an s6 1a ndi luc con co 48 an sb 1a chuyén Vi
tai cua cac nut dan:

u,u,u,u;u;u ;u u;u. u. . u. ;u, u.,u. . u. u. U, u

271731747 751 e 7 T8 9 T10Y TT11Y TT12 TT147 U157 U167 17 TT187 Y197 TR 207 21’

[8]=| Uppi Ui Ui Ui Ui V5 Vi Vs Vs Vi Vs Vs Vi Vg Vs Voo Vi Vi Vi

2277772371 7247 U257 77267 T 27 T3 T 41 U571 N6 U771 N8 "9 107 T11? T127 T 147 T 157 T 167

Vo Voo Voo s Voo s Vo o Vo Vo Vo, Vo Vv

177 7187 7197 T 207 T 217 T 227 T 237 T 247 " 257 V26
Phiém ham lugng rang budc mao rong (2.59) caa cua bai toan cod thé duoc

Viét nhu sau:
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29 |(0) 2 N (1@
Lzé( Ekl\ -2 2Py, P, +v26)+Zk [ EfAk) AIkJ—>min (3.1)
Theo chuong 2, bai toan tinh toan 6n dinh két ciu dan vom phang tinh
dinh trong, si€u tinh ngoai duogc dua vé bai toan quy hoach toan hoc nhu sau:
- Him muc tiéu: min(f) = min(—P) (3.2)
- Cac diéu Kién rang budc bao gom:
+ 146 rang budc 1a cac dang thirc
ceq, _&_6{§(N J A iZP Y +Zx [N (17) —AIKD—O (i=1+49) (3.33)

oN, oN|= EA, & EA,

k

B = o = Li(N) L Z2P v, +Z>n [N <(17) AIkDO (i=1+48) (3.3b)

28, 05| = EA, A EA,
- 49(Nk)2.|(°) 2 (l(o)) 3 _— (33C)
ceq(Hw)a}H&[; EA §2P v+2k£ EA —Al | [=0 (i=1+49)
+ 49 rang budc 1a cac bat dang thac
N, > 2BOEL 49
)
hay: ¢,, =—N _9BEEL, (k=1+49) (3.4)

(O

bé giai bai toan quy hoach toan hoc véi ham muc tiéu (3.1) va cac ham
rang budc (3.3), (3.4) trén, tac gia str dung ham fmincon c6 sin trong phan
mém Matlab nhu d trinh bay ¢ chuong 2.

Két qua phan tich tai trong toi han tac dung 1én két cu dan vom phang
tinh dinh trong, siéu tinh ngoai khi phan tich tuyén tinh: P, =150,1545(kN).
Khi tai trong dat dén tai trong tgi han 1a thoi diém noi luc cac thanh 1 va
thanh 12 dat dén tai trong tai han cua cac thanh nay. Ngoai ra, khi tai trong
tac dung dat dén tai trong téi han thi cac phuong trinh cin bang (3.3) va cac
bat dang thic (3.4) déu thoa man.
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3.2 Vi du phan tich 2

Vi du 3.4: Xac dinh tai trong t&i han tac dung 18n két ciu dan vom phang siéu
tinh trong, tinh dinh ngoai chiu lyc tic dung nhu hinh 3.2, biét cac thanh co
tiét dién hinh vanh khuyén: D=20cm, d=18cm; E=2.10%(kN/cm?); 1=4800(cm),
h=80(cm) va k=f/1=1/3.

Hinh 3.2 Dan vom phang siéu tinh trong, tinh dinh ngoai
Loi giai
Bai toan ¢6 61 4an s 1a ndi luc trong céc thanh dan: N, (i =1+ 61)
Diéu kién bién ciia bai toan: u, =V, =V,, =0 . Nhu vay, bai toan ngoai 61

an so 1a ndi luc con ¢o6 49 an so 1a chuyén vi tai cia cac nat dan:

UpsUgs Uy Ugy Ui U iU Ugi Uy Uy Uy Uy Uy Uy Uy Uy Uigs Ung s Uy
[8] = Upy Uy s Uy Uy Upgs U s Vs Vs Vs Vs Vs Vo Vi Vs Vigs Vi Vi Vi Viss
Vigr V71 Vigi Vigr Vo s Vori Voo Vg Vg Viss Vg

Phiém ham luong rang budéc mé rong (2.59) cua bai toan co thé dugc

Viét nhu sau:

61 (N )2|(°) 25 61 k,(l(o))
L=> " 2PV, —P(V, +V,)+ D A | —— " —Al_ |- min (3.5)
kzﬂ: EA, Z; ' (Vi + V) kzﬂ: k EA, k

Theo chuong 2, bai toan tinh toan 6n dinh két cu dan vom phang siéu
tinh trong, tinh dinh ngoai dugc dua vé bai toan quy hoach toan hoc nhu sau:
- Ham muc tiéu: min(f) = min(—P) (3.6)

- Céc diéu Kién rang budc bao gom:
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+ 171 rang budc 1a cac dang thic

0N, oN|& EA. & ™ TEA

k" Tk

61 210 26 61 . (0)
ceq, = oL 0 Z(Nk) -Ik ZZPyr,Vr-FZ)\,k.[Nk (Ik ) AIkJ]_O (|=1—61) (373.)

—AIkU =0 (i=1+49) (3.70)

o o8& EA & =™ TEA,

61 2 1) 26 61 N . I(O)
Ceq(i+110) = aL a ZM_ zzpyr'vr +z7\’k[k(k)_AlkJ} = O (l :1+ 61) (3'7C)

+ 61 rang budc 1a cac bat dang thuc

N, > 2BOBEL ey
")
hay: c(k):—Nk—%SO (k=1+61) (3.8)

(1)

Pé giai bai toan quy hoach toan hoc v&i ham muc tiéu (3.6) va cac ham
rang budc (3.7), (3.8) trén, luan vin st dung ham fimincon c6 san trong phan
mém Matlab nhu d4 trinh bay & chuong 2.

Két qua phan tich tai trong toi han tac dung lén két cu dan vom phang
siéu tinh trong, tinh dinh ngoai: P, = 26,6481(kN). Khi tai trong dat dén tai
trong t&i han 1a thoi diém noi luc cac thanh 18 va thanh 19 dat dén tai trong
toi han cua cac thanh nay.

3.3. Vi du phan tich 3

Vi du 3.3: Xac dinh tai trong t6i han tac dung Ién két cAu dan vom siéu tinh
trong, si€u tinh ngoai chiu lyc tac dung nhu hinh 3.3, biét cac thanh co tiét
dién hinh vanh khuyén: D=20cm, d=18cm; E=2.10%(kN/cm?); 1=4800(cm),
h=80cmva k=f/1=1/3.
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Hinh 3.3 Dan vom phang siéu tinh trong va siéu tinh ngoai
Loi gial
Bai toan c6 61 an s6 1a ndi luc trong cac thanh dan: N, (i=1+61)
Piéu Kién bién ciia bai toan: U, =V, =u_, =V, =0. Nhu vay, bai toan
ngoai 61 an s6 13 ndi luc con co 48 an s6 1a chuyén vi tai cia cac nat dan:
u2; u37u4’u5’u6’ u77u8’ u9’ ulO; ull;ulZ; ul4;u15; ulﬁ;ul7;u18; u19;u20;u21;
[8]=| Uy, u,,;u
\%

25;uZG;VZ;V3;V4;VS;VG;V7;V8;V9;V10;V11;V12;Vl4;VlS;VlG;

Vv

241

\'

237

V..,V Vo, Vi Vo Ve Vg

177 7187 7197 T 207 V217 Y227 V237 Y247 V257

Phiém ham luong rang budc mé rong (2.59) cua bai toan co thé dugc
viét nhu sau:
|(0)

(N9 & & k-( ) : 3.9
L= -~—"—"-=>2Pv,—P(v, +V,)+ D> A.| —————Al_[>min (3.9)
2 EA & (Vg +Vao) = ‘| EA :

k k™ Tk

Theo chuong 2, bai toan tinh toan 6n dinh két ciu dan vom phang siéu
tinh trong, si€u tinh ngoai dugc dua vé bai toan quy hoach toan hoc nhu sau:
- HAm muc tiéu: min(f) = min(—P) (3.10)
- Cac diéu Kién rang budc bao gom:

+ 170 rang budc 1a cac dang thirc

2
aL a 61 Nk.(I(O)) 26 61 Nk.(I(O)) . (3 11a)
== <L NP . Aol ———Al, | [=0 =1+61) \°
o= N, oN,| & EA, % 4 Vf+§ “I EA ‘ ( )

k" “k

%, |5 EA, & EA,

k

61 . OB} 26 61 . |(0)
Ceq(61+i) = oL 0 ZNk(Ik)—ZZPyr.Vr +Z}“k'[Nk(k)AlkJ =0 (I =1+48) (311b)
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oL o[ aN(19)

26 61 N (1©
o | & EA _ZZPV"VF+;M'[ ) ‘A'kﬂ‘o (i-1+61) (3-110)

CeJ 109,y =

r=14 E A

k® Tk

+ 61 rang budc 1a cac bat dang thac
N, > _9,82398.)I25klk
|©
9,8698.E, I

Dé giai bai toan quy hoach toan hoc phi tuyén véi ham muc tiéu (3.10)

(k =1+61)

hay: c,, =-N

va cac ham rang budc (3.11), (3.12) trén, tac gia sit dung ham fmincon c6 san
trong phan mém Matlab nhu d4 trinh bay & chuong 2.

Két qua phan tich tai trong toi han tac dung lén két cAu dan vom phang
siéu tinh trong, siéu tinh ngoai khi phan tich tuyén tinh: P, = 238,9009(kN) .
Khi tai trong dat dén tai trong toi han 1a thoi diém néi luc cac thanh 2 va

thanh 11 dat dén tai trong toi han caa céc thanh nay.
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KET LUAN VA KIEN NGHI

Két luan: Qua cac ndi dung di trinh bay & cic chuong trong dé tai nghién
ctiu, c6 thé rat ra cac két luan sau day:

1) Qua cac vi du phan tich 6n dinh cuc bo két cAu dan vom cho théy, két
cu dan siéu tinh ngoai thuong 6n dinh hon két cau dan siéu tinh trong. Két
c4u dan siéu tinh trong 6n dinh hon két ciu dan tinh dinh.

2) Pé tai nghién ctru di dua ra mot phuong phap giai méi cho bai toan
phan tich tuyén tinh 6n dinh cuc bd cho két ciu dan chiju tai trong tinh tai cac
nut dan, bang cach dua bai toan nay vé bai toan quy hoach toan hoc giai thuan
tién hon nhiéu.

3) Do cac cong nghé thong tin phat trién, nén hién nay rat nhiéu phan
mém cho phép giai cac bai toan quy hoach voi cac rang budc la dang thic
hoic bat dang thuc véi sé luong rang budc Ién. Vi vay, viéc giai bai toan
tuyén tinh 6n dinh cuc bo két ciu dan theo bai toan quy hoach toan hoc tré 1én
don gian.

4) Luan van d kiém tra ndi luc cua cac thanh tai cac vi tri thanh mat 6n
dinh khi gia tri tai trong dat dén gié trj t6i han cho thay, noi luc cia cac thanh
nay dang bang gia tri lyc toi han Euler caa thanh. Nhu vay, két qua phan tich
phan tich tuyén tinh 6n dinh két cau dan theo phuong phéap cua dé tai 1a tin

cay.
Kién nghi: Co thé str dung phuong phap phan tich on dinh cuc b két cdu dan

trong dé tai nhu mot phuong phap méi dé giang day, hoc tip va nghién ciu

khi phan tich on dinh cuc b két cau dan.
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PHU LUC

Vidu 3.1
%File: prcal.m
clear all;
clc;
global r h
E=20000; D=20;d=18; A=(pi*D"2)/4-(pi*d"2)/4; 1=(pi*D"4)/64-
(pi*d™4)/64;
EA=E*A;EI=E*I; k=1/8; span=4800; h=80; r=(span*(1+4*k*k)/8)/k; nx=6;
dpha=atan((span/2)/((r*r-span*span/4)*(1/2)))/nx;
for m=1:13
x(m)=r*sin((m-7)*dpha); y(m)=r*cos((m-7)*dpha);
end
for m=1:13
X(m+13)=r*sin((7-m)*dpha); y(m+13)=h+r*cos((7-m)*dpha);
end
ul=0;v1=0;v13=0;ul3=0;
syms u2 u3 u4 us u6 u7 u8 u9 ul0 ull ul2 ul4 ul5ul6 ul7 ul8 ul9...
u20 u21 u22 u23 u24 u25 u26
syms v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v14 v15 v16 v17 v18 v19...
v20 v21 v22 v23 v24 v25 v26
u=[ul;u2;u3;ud;u5;u6;u7;u8;ud;ull;ull;ul2;ul3;uld;ul5;ul6;ul7;uld;ul9;
u20;u21;u22;u23;u24;u25;u26];
v=[v1;v2;v3;v4;v5;v6;v7;v8;v9;v10;v11;v12;v13;v14;v15;v16;v17;v1i8;v19;
v20;v21;v22;v23;v24;v25;v26];
syms f1 2 £3 f4 15 f6 f7 8 9 10 f11 f12 f13 f14 15 f16 17 f18 f19...
20 121 122 123 124 125 126 27 28 129 30 31 132 33 34 135 36...
f37 38 139 f40 f41 142 143 44 145 t46 f47 A8 49 150
f=[f1;12;13;14;15;16;f7,;18;19;f10;f11,f12;f13;f14,f15;f16;f17;f18;f19;
f20;121;122;123;124,125;126;127;128;129;130;131;f32;133;f34,135;136;
f37,138;139;140;f41;f42;143;144,145;f46,f47;f48;f49;f50];
syms 111213141516 17 18 19 110 111 112 113 114 115 116 117 118 119...
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136...
137 138 139 140 141 142 143 144 145 146 147 148 149
1=[11;12;13;14;15;16;17;18;19;110;111;112;113;114;115;116;117;118;119;
120;121;122;123;124;125;126;127;128;129;130;131;132;133;134;135;136;
137;138;139;140;141;142;143;144;145;146;147;148;149];
syms bdl1 bdl2 bdI3 bdi4 bdl5 bdl6 bdl7 bdI8 bdl9 bdl10 bdl11 bdl12...
bdl13 bdl14 bdl15 bdl16 bdl17 bdl18 bdl19 bdl20 bdl21 bdl22 bdi23...
bdl24 bdl25 bdl126 bdl27 bd128 bdl29 bdI30 bdI31 bdl32 bdl33 bdl34...
bdI35 bdl36 bdl37 bdI38 bdl39 bdl40 bdl41 bdl42 bdl43 bdl44 bdl45...
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bdl46 bdl47 bdl48 bdl49
bdl=[bdI1;bdI2;bdl3;bdl4;bdl5;bdl6;bdl7;bdI8;bd19;bdl10;bdl11;bdl12;bdI13;
bdl14;bdl15;bdl16;bdl17;bdl118;bd119;bdl20;bdI21;bd122;bdl23;bd124;
bdl25;bd126;bd127;bd128;bdI29;bdI30;bd131;bd132;bdI33;bdI34;bd135;
bdl36;bdI37;bd138;bdl39;bdl40;bdl141;bdl42;bdl43;bdl44;bd145;bd146;
bdl47;bdl48;bdl49];
syms n1 n2n3 n4 n5n6 n7 n8 n9 n10 n11 n12 n13 n14 n15n16 n17 n18 n19...
n20 n21 n22 n23 n24 n25 n26 n27 n28 n29 n30 n31 n32 n33 n34 n35 n36...
n37 n38 N39 n40 n41 n42 n43 n44 n45 n46 n47 n48 n49 n50
n=[n1;n2;n3;n4;n5;n6;n7;n8;n9;n10;n11;n12;n13;n14;n15;n16;n17;n18;n19;n
20;
n21;n22;n23;n24;n25;n26;n27;n28;n29;n30;n31;n32;n33;n34;n35;n36;n37;
n38;n39;n40;n41;n42;n43;n44;n45;n46;n47;n48;n49;n50];
syms lamdal lamda2 lamda3 lamda4 lamda5 lamda6 lamda7 lamda8 lamda9...
lamdal0 lamdall lamdal2 lamdal3 lamdal4 lamdal5 lamdal6 lamdal?7...
lamdal8 lamdal9 lamda20 lamda21 lamda22 lamda23 lamda24 lamda25...
lamda26 lamda27 lamda28 lamda29 lamda30 lamda31 lamda32 lamda33...
lamda34 lamda35 lamda36 lamda37 lamda38 lamda39 lamda40 lamda41...
lamda42 lamda43 lamda44 lamda45 lamda46 lamda47 lamda48 lamda49
lamda=[lamdal;lamda2;lamda3;lamda4;lamda5;lamda6;lamda7;lamda8;
lamda9;lamdal0;lamdall;lamdal2;lamdal3;lamdal4;lamdal5;lamdal6;
lamdal7;lamdal8;lamdal9;lamda20;lamda21;lamda22;lamda23;lamda24;
lamda25;lamda26;lamda27;lamda28;lamda29;lamda30;lamda31;lamda32;
lamda33;lamda34;lamda35;lamda36;lamda37;lamda38;lamda39;lamda40;
lamda41;lamda42;lamda43;lamdad4;lamda45;lamda46;lamda47;lamda48;
lamda49];
f(1)=0;
for i=1:12
1(1)=((x(i)-x(i+1))"2+(y(i)-y(i+1))"2)"(1/2);
bd1(1)=(x(1)-x(i+1))*(u(i)-u(i+1))/1(i)+(y(i)-y(i+1))*(v(i)-v(i+1))/1(i);
f(i+1)=f(i)+(n(i)"2)*I1(i)/EA,
end
for 1=1:12
[(12+1)=((x(i+13)-x(i+14))"2+(y(i+13)-y(i+14))"2)(1/2);
bdl(i+12)=(x(i+13)-x(i+14))*(u(i+13)-u(i+14))/1(i+12)+(y(i+13)-y(i+14))...
*(v(i+13)-v(i+14))/1(i+12);
f(i+13)=f(i+12)+(n(i+12)"2)*I(i+12)/EA;
end
for 1=1:13
1(24+1D)=sqrt((x(i)-x(27-1))"2+(y(i)-y(27-1))"2);
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bdl(i+24)=(x(1)-x(27-1))*(u(i)-u(27-))/1(i+24)+(y(1)-y(27-1))*(v(i)-v(27-
))/I1(i+24);
f(i+25)=f(i+24)+(n(i+24)"2)*I(i+24)/EA;
end
for i=1:6
I(37+1)=sqrt((x(2*i-1)-x(27-2*1))"2+(y(2*i-1)-y(27-2*1))"2);
bdl(i+37)=(x(2*i-1)-x(27-2*1))*(u(2*i-1)-u(27-2*))/1(i+37)+(y(2*i-1)-...
y(27-2*1))*(v(2*1-1)-v(27-2*1))/I(1+37);
f(i+38)=f(i+37)+(n(i+37)"2)*I(i+37)/EA;
end
for i=1:6
[(43+i)=sqrt((x(2*i+1)-x(27-2*1))"2+(y(2*1+1)-y(27-2*1))"2);
bdl(i+43)=(x(2*i+1)-x(27-2*1))*(u(2*i+1)-u(27-2*1))/1(i+43)+(y(2*i+1)-...
y(27-2*%1))*(v(2*i+1)-v(27-2%1))/1(i+43);
f(i+44)=f(i+43)+(n(i+43)"2)*I(i+43)/EA;
end
9=0;
for i=1:49
g=g+lamda(i)*(n(i)*1(i)/EA-bdI(i));
end
g=2*n(50)*(v(14)/2+v(15)+v(16)+Vv(17)+v(18)+Vv(19)+Vv(20)+Vv(21)+Vv(22)...
+v(23)+v(24)+Vv(25)+v(26)/2);
b=f(50)+q+g;
t=[u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;uld;uls5;ul6;ul7;ul8;ul9;u20;u2l;
u22;u23;u24;u25;u26;v2;v3;v4;v5;v6;v7;v8;v9;vi0;v11;v12;v14;,vi5;v16;vl7;
v18;v19;v20;v21;v22;v23;v24;v25;v26];
for i=1:48
ceq(i)=diff(b,t(i));
end
for i=1:49
ceq(i+49)=diff(b,lamda(i));
end
for i=1:49
ceq(i+98)=diff(b,n(i));
end
for e=1:49
c(e)=-9.8698*EI/l(e)"2-n(e);
end
¢(50)=-n(50)+20; r=simplify(ceq); h=simplify(c);
%File confuneg.m
function [c,ceq]=confuneq(x)

60



global r h
fori=1:11

magic_str=['u',int2str(i+1),'=x(i)"]; eval(magic_str);
end
for i=1:13

magic_str=['u',int2str(i+13),'=x(i+11)"]; eval(magic_str);
end
fori=1:11

magic_str=['V',int2str(i+1),'=x(24+1)]; eval(magic_str);
end
fori=1:13

magic_str=['v',int2str(i+13),'=x(35+1)"]; eval(magic_str);
end
for i=1:49

magic_str=['lamda’,int2str(i),'=x(48+i)"]; eval(magic_str);
end
for i=1:50

magic_str=['n",int2str(i),'=x(97+i)"]; eval(magic_str);
end
c=eval(h); ceg=eval(r);
return
% File objfun.m
function f=objfun(x)
f=-x(147);
%File cal.m
X0 =ones(147,1);
options = optimset('LargeScale’,'off','maxfunevals',100000000, maxiter', ...
200000, TolCon', 1e-10);
[x,fval,exitflag] = fmincon(@objfun,x0,[]1,[1,[1.[1.[].[], @confuneq,options)
[c,ceq] = confuneq(x)
luctoihan=-fval

Vidu 3.2
%File prcal.m
clear all;
clc;
global r h
E=20000; D=20;d=18; A=(pi*D"2)/4-(pi*d"2)/4; I1=(pi*D"4)/64-(pi*d"4)/64;
EA=E*A;EI=E*I; k=1/8; span=4800; h=80; r=(span*(1+4*k*k)/8)/k; nx=6;
dpha=atan((span/2)/((r*r-span*span/4)*(1/2)))/nx;
for m=1:13
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x(m)=r*sin((m-7)*dpha); y(m)=r*cos((m-7)*dpha);
end
for m=1:13
x(m+13)=r*sin((7-m)*dpha); y(m+13)=h+r*cos((7-m)*dpha);
end
ul=0;v1=0;v13=0;
syms u2 u3 u4 u5S u6 u7 u8 u9 ul0 ull ul2 ul3 ul4 ul5ul6 ul7 ul8 ulo...
u20 u21 u22 u23 u24 u25 u26
syms v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v14 v15 v16 v17 v18 v19...
v20 v21 v22 v23 v24 v25 v26
u=[ul;u2;u3;ud;u5;u6;u7;u8;u9;ull;ull;ul2;ul3;uld;ul5;ul6;ul7;uld;ul9;
u20;u21;u22;u23;u24;u25;u26];
v=[v1l;v2;v3;v4;Vv5;v6;v7;v8;v9;v10;v1l;vl12;v13;v14;v15;v16;v17;v18;v19;
v20;v21;v22;v23;v24;,v25;v26];
syms f1 f2 3 4 15 f6 f7 18 19 10 11 12 13 f14 15 f16 f17 f18 19...
120 21 122 123 124 25 26 27 28 129 30 31 132 33 34 135 36...
137 138 139 140 f41 142 143 44 145 T46 f47 148 49 150 51 152 £53...
54 155 156 57 158 59 60 f61 62
f=[f1,f2;13;14;15;16;f7;18,;19;f10;f11;f12;f13;f14,f15;f16;f17;f18;f19;f20;
121;122;123;124,125;126,;f27;128;f29;130;131;f32;133;f34,135;f36;f37;
138;139;140;141,142;143;f44;145;146;T47,;148;f49;150;151,;f52;153;154;
55;f56,157,f58;159;160;f61;f62];
symsi11213141516 1718 19 110 111 112 113 114 115116 117 118 119..,
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136...
137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153...
154 155 156 157 158 159 160 161
I=[11;12;13;14;15;16;17;18;19;110;111;112;113;114;115;116;117;118;119;120;
121:122:123:124:125:126:127:128:129:130;131;132;133;134:135:136;137;
138:139:140:;141:142:143:144:145:146:147:148;149:150:151;152:153;154;
155;156;157;158;159;160;161];
syms bdl1 bdl2 bdl3 bdl4 bdI5 bdl6 bdl7 bdI8 bdl9 bdl10 bdl11 bdl12 bdl13...
bdl14 bdl15 bdl16 bdl17 bdl18 bdl19 bdl20 bdl21 bdl22 bdl23 bdi24...
bdl25 bdl26 bd127 bdl28 bdl29 bdI30 bdl31 bdI32 bdl33 bdl34 bdI35...
bdl36 bdI37 bdl38 bdI39 bdl40 bdl41 bdl42 bdl43 bdl44 bdl45 bdl46...
bdl47 bdl48 bdl49 bdl50 bdl51 bdl52 bdl53 bdl54 bdl55 bdl56 bdI57...
bdI58 bdl59 bdl60 bdl61
bdl=[bdI1;bdI2;bdI3;bdl4;bdl5;bdl6;bdl7;bdl8;bdI9;bdl10;bdl11;bdl12;bdI13;
bdl14;bdI15;bdI16;bdl17;bdl18;bd119;bd120;bdI21;bdI22;bdI23;bd124;
bdl25;bdI26;bdI127;bd128;bdI29;bdI30;bdl131;bdI32;bdI33;bdI34;bdI35;
bdl36;bdI37;bdI38;bdI39;bdl40;bdl41;bdl42;bdl43;bdl44;bdI45;bd146;
bdl47;bdl48;bdl49;bdI50;bdl51;bd152;bd153;bdI54;bdI55;bdI56;bdI57;
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bd158;bdI159;bdI60;bdI61];
syms nl n2 n3 n4 n5n6 n7n8 n9 nl0nll nl2 nl13 n14 n15n16 nl7 n18 nl19...
n20 n21 n22 n23 n24 n25 n26 n27 n28 n29 n30 n31 n32 n33 n34 n35 n36...
n37 N38 n39 n40 n41 n42 n43 nd44 n45 n46 n47 n48 n49 n50 n51 n52 n53...
n54 n55 n56 n57 n58 n59 n60 n61 n62
% n62 la gia tri ngoai luc
n=[n1;n2;n3;n4;n5;n6;n7;n8;n9;n10;n11;n12;n13;n14;n15;n16;n17;n18;n19;
n20;n21;n22;n23;n24;n25;n26;n27;n28;n29;n30;n31;n32;n33;n34;n35;n36;
n37;n38;n39;n40;n41;n42;n43;n44;n45;n46;n47;n48;n49;n50;n51;n52;n53;
n54;n55;n56;n57;n58;n59;n60;n61;n62];
syms lamdal lamda2 lamda3 lamda4 lamda5 lamda6 lamda7 lamda8 lamdas9...
lamdal0 lamdall lamdal2 lamdal3 lamdal4 lamdal5 lamdal6 lamdal?...
lamdal8 lamdal9 lamda20 lamda21 lamda22 lamda23 lamda24 lamdaz25...
lamda26 lamda27 lamda28 lamda29 lamda30 lamda31 lamda32 lamda33...
lamda34 lamda35 lamda36 lamda37 lamda38 lamda39 lamda40 lamda41...
lamda42 lamda43 lamda44 lamda45 lamda46 lamda47 lamda48 lamda49...
lamda50 lamda51 lamda52 lamda53 lamda54 lamda55 lamda56 lamda57...
lamda58 lamda59 lamda60 lamda61
lamda=[lamdal;lamda2;lamda3;lamda4;lamda5;lamda6;lamda7;lamdas;
lamda9;lamdal0;lamdall;lamdal2;lamdal3;lamdal4;lamdal5;lamdal6;
lamdal7;lamdal8;lamdal9;lamda20;lamda21;lamda22;lamda23;lamda24;
lamda25;lamda26;lamda27;lamda28;lamda29;lamda30;lamda31;lamda32;
lamda33;lamda34;lamda35;lamda36;lamda37;lamda38;lamda39;lamda40;
lamda41;lamda42;lamda43;lamda44;lamda45;lamda46;lamda47;lamda48;
lamda49;lamda50;lamda51;lamda52;lamda53;lamda54;lamda55;lamda56;
lamda57;lamda58;lamda59;lamda60;lamda61];
f(1)=0;
for i=1:12
1(1)=((x(i)-x(i+1))"2+(y(i)-y(i+1))"2)"(1/2);
bd1(1)=((x(i)-x(i+1))*(u(i)-u(i+1))+(y(i)-y(i+1))*(v(i)-v(i+1)))/1(i);
f(i+1)=f())+(n(i)*2)*1(i)/EA;;
end
for 1=1:12
[(12+i)=((x(i+13)-x(i+14))"2+(y(i+13)-y(i+14))"2)"(1/2);
bdl(12+i)=((x(i+13)-x(i+14))*(u(i+13)-u(i+14))+(y(i+13)-y(i+14))*...
(V(i+13)-v(i+14)))/1(12+i);
f(i+13)=f(i+12)+(n(i+12)"2)*I(i+12)/EA;;
end
for 1=1:13
[(24+i)=sqrt((x(i)-x(27-i))2+(y(i)-y(27-1))"2);
bdl(24+i)=((x(i)-x(27-1))*(u(i)-u(27-)+(y(i)-y(27-1))*(v(i)-v(27-i)))/1(24+i);
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f(i+25)=f(i+24)+(n(i+24)"2)*I(i+24)/EA,;
end
for i=1:6
I(37+1)=sqrt((x(2*1-1)-x(27-2*1))"2+(y(2*i-1)-y(27-2*1))"2);
bdI(37+1)=((x(2*i-1)-x(27-2*1))*(u(2*i-1)-u(27-2*1))+(y(2*i-1)-y(27-...
2%1))*(v(2*1-1)-v(27-2*1)))/1(37+1);
f(i+38)=f(i+37)+(n(i+37)"2)*I(i+37)/EA;
end
for i=1:6
[(43+1)=sqrt((x(2*i+1)-x(27-2*1))"2+(y(2*i+1)-y(27-2*1))"2);
bdl(43+1)=((x(2*i+1)-x(27-2*1))*(u(2*i+1)-u(27-2*i))+(y(2*i+1)-y(27-...
2*1)*(v(2*i+1)-v(27-2*1)))/1(43+1);
f(i+44)=f(i+43)+(n(i+43)"2)*I(i+43)/EA;
end
for i=1:6
[(49+i)=sqrt((x(2*1)-x(28-2*1))"2+(y(2*1)-y(28-2*1))"2);
bdl(49+1)=((x(2*1)-x(28-2*1))*(u(2*1)-u(28-2*1))+(y(2*i)-y(28-2*1))*...
(V(2*1)-v(28-2*1)))/1(49+i);
f(i+50)=f(i+49)+(n(i+49)"2)*I(i+49)/EA,;
end
for i=1:6
[(55+i)=sqrt((x(2*1)-x(26-2*1))"2+(y(2*1)-y(26-2*1))"2);
bdI(55+1)=((x(2*1)-x(26-2*1))*(u(2*1)-u(26-2*1))+(y(2*1)-y(26-2*1))*...
(V(2*1)-v(26-2*1)))/1(55+i);
f(i+56)=f(i+55)+(n(i+55)"2)*I(i+55)/EA;
end
9=0;
for i=1:61
g=g+lamda(i)*(n(i)*I1(i)/EA-bdI(i));
end
gq=2*n(62)*(v(14)/2+v(15)+v(16)+v(17)+v(18)+Vv(19)+Vv(20)+v(21)+Vv(22)...
+v(23)+v(24)+Vv(25)+v(26)/2);
b=f(62)+q+g;
t=[u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;ul3;uld;uls5;ul6;ul7;ul8;ul9;u20;
u2l;u22;u23;u24;u25;u26;v2;v3;v4;v5;v6;v7;v8;v9;vi0;vl1;v12;v14;vl15;
v16;v17;v18;v19;v20;v21;v22;v23;v24;v25;v26];
for i=1:49
ceq(i)=diff(b,t(i));
end
for i=1:61
ceq(i+49)=diff(b,lamda(i));
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end
for i=1:61
ceq(i+110)=diff(b,n(i));
end
for e=1:61
c(e)=-9.8698*EI/l(e)*2-n(e);
end
r=simplify(ceq); h=simplify(c);
%File confuneq.m
function [c,ceq]=confuneq(x)
global r h
for i=1:25
magic_str=['u',int2str(i+1),'=x(i)’]; eval(magic_str);
end
fori=1:11
magic_str=['v',int2str(i+1),'=x(25+1)]; eval(magic_str);
end
for i=1:13
magic_str=['v',int2str(i+13),'=x(36+i)]; eval(magic_str);
end
for i=1:61
magic_str=['lamda’,int2str(i),'=x(49+i)"]; eval(magic_str);
end
for i=1:62
magic_str=['n'int2str(i),'=x(110+i)"]; eval(magic_str);
end
c=eval(h); ceg=eval(r);
return
%File objfun.m
function f=objfun(x)
f=-x(172);
%File cal.m
X0 = ones(172,1);
options = optimset('LargeScale’,'off','maxfunevals',200000000, ...
'maxiter’,200000);
[x,fval,exitflag] = fmincon(@objfun,x0,[],[1,[1.[1.[].[], @confuneq,options)
[c,ceq] = confuneq(x)
luctoihan=-fval

Vidu 3.3
% File prcal.m
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clear all;
clc;
global r h
E=20000;D=20;d=18; A=(pi*D"2)/4-(pi*d"2)/4; 1=(pi*D"4)/64-(pi*d"4)/64;
EA=E*A;EI=E*I;k=1/8;span=4800; h=80;r=(span*(1+4*k*k)/8)/k;nx=6;
dpha=atan((span/2)/((r*r-span*span/4)"(1/2)))/nx;
for m=1:13
x(m)=r*sin((m-7)*dpha); y(m)=r*cos((m-7)*dpha);
end
for m=1:13
x(m+13)=r*sin((7-m)*dpha); y(m+13)=h+r*cos((7-m)*dpha);
end
ul=0;v1=0;v13=0;ul3=0;
syms u2 u3 u4 u5 u6 u7 u8 u9 ul0 ull ul2 ul4 ul5ul6 ul7 ul8 ul9...
u20 u21 u22 u23 u24 u25 u26
syms v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v14 v15 v16 v17 v18 v19...
v20 v21 v22 v23 v24 v25 v26
u=[ul;u2;u3;ud;u5;u6;u7;u8;u9;ull;ull;ul2;ull3;uls;ul5;ul6;ul7;uls;ul9;
u20;u21;u22;u23;u24;u25;u26];
v=[v1;v2;v3;v4;v5;v6;v7;v8;vI;v10;vlil;vli2;v13;v14;v15;v16;v17;v18;Vv19;
v20;v21;v22;v23;v24;v25;v26];
syms f1 f2 3 f4 15 16 f7 8 f9 f10 f11 f12 f13 f14 f15 16 17 f18 f19...
120 21 122 123 124 125 26 27 28 29 30 f31 132 £33 134 135 136...
137 138 139 140 f41 142 143 44 145 t46 T47 148 149 150 51 52 £53...
54 55 56 157 58 59 60 61 162
f=[f1;f2;13;f4;15;16,f7,;f8;f9;f10;f11;f12;f13;f14,f15;f16;f17;f18;f19;f20;
121;122;123;124,125;126,;f27;128;129;130;131;f32;133;f34,135;136,;f37;
138:f39:140;f41;142;143;f44;145,;f46;f47:f48:f49;f50:f51;f52;f53;f54;
55;56;157;f58;159;160;f61;162];
symsI1121314 151617 18 19 110 111 112 113 114 115116 117 118 119...
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136...
137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153...
154 155 156 157 158 159 160 161
I=[11;12;13;14;15;16;17;18;19;110;111;112;113;114;115;116;117;118;119;120;
121:122:123:124:125:;126:127:128:129;130;131;132;133;134:135;136;137;
138;139;140;141;142;143;144;145;146;147;148;149;150;151;152;153;154;
155;156;157;158;159;160;161];
syms bdl1 bdl2 bdI3 bdi4 bdI5 bdl6 bdl7 bdl8 bdl9 bdi10 bdl11 bdi12 bdl13...
bdl14 bdi15 bdi16 bdl17 bdl18 bdl19 bdl20 bdl21 bdl22 bdl23 bdl24...
bdI25 bdi26 bdl27 bd128 bdl29 bdl30 bdl31 bdl32 bdl33 bdl34 bdl35...
bdl36 bdI37 bdl38 bdI39 bdl40 bdl41 bdl42 bdl43 bdl44 bdl45 bdl46...
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bdl47 bdl48 bdl49 bdI50 bdl51 bdI52 bdl53 bdl54 bdl55 bdl56 bdl57...
bdl58 bdI59 bdl60 bdl61l

bdi=[bdI1;bdI2;bdI3;bdl4;bdl5;bdI6;bdl7;bdI8;bdl9;bdl10;bdl11;bdl12;bdl13;
bdl14;bdl15;bdl16;bdl17;bdl18;bdl19;bd120;bd121;bdI22;bdI23;bdl24;
bdl25;bd126;bdl127;bd128;bdI29;bdI30;bd131;bd132;bdI133;bdI34;bd135;
bd136;bd137;bdl138;bdI39;bdl40;bdl41;bd142;bd143;bdl144;bdl45;bd146;
bdl47:;bdl148;bdl49;bdI50;bdI51;bdI52;bd153;bd154;bdI55;bdI56;bdI57;
bd158;bdI159;bdI60;bdl61];

syms nl n2 n3 n4 n5n6 n7 n8 n9 n10 n11 n12 n13 n14 n15 n16 n17 n18 n19...
n20 n21 n22 n23 n24 n25 n26 n27 n28 n29 n30 n31 n32 n33 n34 n35 n36...
n37 N38 n39 n40 n41 n42 n43 nd44 n45 n46 n47 n48 n49 n50 n51 n52 n53...
n54 n55 n56 n57 n58 n59 n60 n61 n62

n=[n1;n2;n3;n4;n5;n6;n7;n8;n9;n10;n11;n12;n13;n14;n15;n16;n17;n18;n19;

n20;n21;n22;n23;n24;n25;n26;n27;n28;n29;n30;n31;n32;n33;n34;n35;n36;

n37;n38;n39;n40;n41;n42;:n43;n44;n45;n46;n47;n48;n49;n50;n51;n52;n53;

n54;n55;n56;n57;n58;n59;n60;n61;n62];

syms lamdal lamda2 lamda3 lamda4 lamda5 lamda6 lamda7 lamda8 lamda®...
lamdal0 lamdall lamdal2 lamdal3 lamdal4 lamdal5 lamdal6 lamdal?7...
lamdal8 lamdal9 lamda20 lamda21 lamda22 lamda23 lamda24 lamda25...
lamda26 lamda27 lamda28 lamda29 lamda30 lamda31 lamda32 lamda33...
lamda34 lamda35 lamda36 lamda37 lamda38 lamda39 lamda40 lamda41...
lamda42 lamda43 lamda44 lamda45 lamda46 lamda47 lamda48 lamda49...
lamda50 lamda51 lamda52 lamda53 lamda54 lamda55 lamda56 lamda57...
lamda58 lamda59 lamda60 lamda61

lamda=[lamdal;lamda2;lamda3;lamda4;lamda5;lamda6;lamda7;lamdas;

lamda9;lamdal0;lamdall;lamdal2;lamdal3;lamdal4;lamdal5;lamdal6;

lamdal7;lamdal8;lamdal9;lamda20;lamda21;lamda22;lamda23;lamda24;

lamda25;lamda26;lamda27;lamda28;lamda29;lamda30;lamda31;lamda32;

lamda33;lamda34;lamda35;lamda36;lamda37;lamda38;lamda39;lamda40;

lamda41;lamda42;lamda43;lamda44;lamda45;lamda46;lamda47;lamda48;

lamda49;lamda50;lamda51;lamda52;lamda53;lamda54;lamda55;lamda56;

lamda57;lamda58;lamda59;lamda60;lamda61];

f(1)=0;

for 1=1:12
1(i)=((x(1)-x(1+1))"2+(y(i)-y(i+1))*2)"(1/2);
bd1(i)=((x(i)-x(i+1))*(u(i)-u(i+1))+(y(i)-y(i+1))*(v(i)-v(i+1)))/1(i);
f(i+1)=f())+(n(i)*2)*1(i)/EA;;

end

for i1=1:12
[(12+1)=((x(i+13)-x(i+14))"2+(y(i+13)-y(i+14))"2)(1/2);
bdl(12+i)=((x(i+13)-x(i+14))*(u(i+13)-u(i+14))+(y(i+13)-y(i+14))*...
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(V(i+13)-v(i+14)))/1(12+1);
f(i+13)=f(i+12)+(n(i+12)"2)*I(i+12)/EA;;
end
for i=1:13
[(24+i)=sqrt((x(i)-x(27-i))"2+(y(i)-y(27-1))"2);
bdl(24+i)=((x(i)-x(27-i))*(u(i)-u(27-1))+(y(i)-y(27-))*(v(i)-v(27-1)))/1(24+i);
f(i+25)=f(i+24)+(n(i+24)"2)*I(i+24)/EA,;
end
for i=1:6
[(37+i)=sqrt((x(2*i-1)-x(27-2*1))"2+(y(2*i-1)-y(27-2*i))"2);
bdl(37+i)=((x(2*i-1)-x(27-2*1))*(u(2*i-1)-u(27-2*1))+(y(2*i-1)-y(27-...
2*1)*(v(2*i-1)-v(27-2*1)))/1(37+i);
f(i+38)=f(i+37)+(n(i+37)"2)*1(i+37)/EA,;
end
for i=1:6
[(43+1)=sqrt((x(2*i+1)-x(27-2*1))"2+(y(2*i+1)-y(27-2*1))"2);
bdl(43+1)=((x(2*i+1)-x(27-2*1))*(u(2*1+1)-u(27-2*1))+(y(2*i+1)-y(27-...
2*1)*(v(2*i+1)-v(27-2*1)))/1(43+1);
f(i+44)=f(i+43)+(n(i+43)"2)*I(i+43)/EA;
end
for i=1:6
[(49+1)=sqrt((x(2*1)-x(28-2*1))"2+(y(2*1)-y(28-2*1))"2);
bdl(49+1)=((x(2*1)-x(28-2*1))*(u(2*1)-u(28-2*1))+(y(2*i)-y(28-2*1))*...
(V(2*1)-v(28-2*1)))/1(49+i);
f(i+50)=f(i+49)+(n(i+49)"2)*I(i+49)/EA;
end
for i=1:6
[(55+1)=sqrt((x(2*1)-x(26-2*1))"2+(y(2*1)-y(26-2*1))"2);
bdl(55+i)=((x(2*1)-x(26-2*1))*(u(2*1)-u(26-2*1))+(y(2*1)-y(26-2*1))*...
(V(2*1)-v(26-2*1)))/1(55+i);
f(i+56)=f(i+55)+(n(i+55)"2)*1(i+55)/EA,;
end
9=0;
for i=1:61
g=g+lamda(i))*(n(i)*I(i)/EA-bdI(i));
end
q=2*n(62)*(v(14)/2+v(15)+v(16)+Vv(17)+v(18)+v(19)+v(20)+v(21)+v(22)...
+Vv(23)+Vv(24)+v(25)+v(26)/2);
b=f(62)+q+g;
t=[u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;uld;uls5;ul6;ul7;ul8;ul9;u20;u2l;
u22;u23;u24;u25;u26;v2;v3;v4;v5;v6;v7;v8;v9;v10;vll;vi2;v14;v15;v16;v17,
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v18;v19;v20;v21;v22;v23;v24;v25;v26];
for i=1:48
ceq(i)=diff(b,t(i));
end
for i=1:61
ceq(i+48)=diff(b,lamda(i));
end
for i=1:61
ceq(i+109)=diff(b,n(i));
end
for e=1:61
c(e)=-9.8698*EI/l(e)"2-n(e);
end
r=simplify(ceq); h=simplify(c);
%File confuneg.m
function [c,ceq]=confuneq(x)
global rh
fori=1:11
magic_str=['u',int2str(i+1),'=x(i)"]; eval(magic_str);
end
for i=1:13
magic_str=['u’,int2str(i+13),'=x(i+11)"]; eval(magic_str);
end
fori=1:11
magic_str=['v',int2str(i+1),'=x(24+i)"]; eval(magic_str);
end
for i=1:13
magic_str=['v',int2str(i+13),'=x(35+i)]; eval(magic_str);
end
for i=1:61
magic_str=['lamda’,int2str(i),'=x(48+i)"]; eval(magic_str);
end
for i=1:62
magic_str=['n',int2str(i),'=x(109+1)"]; eval(magic_str);
end
c=eval(h); ceg=eval(r);
return
%File objfun.m
function f=objfun(x)
f=-x(171);
%File cal.m
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X0 = ones(171,1);

options = optimset('LargeScale’,'off','maxfunevals’,100000000,...
'maxiter',200000);

[x,fval,exitflag] = fmincon(@objfun,x0,[]1,[1,[1.[1.[].[], @confuneq,options)
[c,ceq] = confuneq(x)

luctoihan=-fval
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