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LOI CAM DOAN

T6i xin cam doan ddy 1a cong trinh nghién cGu cia riéng toi. Cac sb
liéu, két qua trong luan van 13 trung thuc va chua timg duogc ai cong bé trong
bat ky cong trinh nao khéc.

Tac gia luan van

Nguyén Pinh Huing



LOI CAM ON

Tac gia luan van xin tran trong bay t6 1ong biét on sau sac nhat déi voi
TS. Pham Van Dat da tan tinh giap d6 va cho nhiéu chi dan khoa hoc c6 gia
tri cling nhu thuong xuyén dong vién, tad moi diéu kién thuan loi, giap 4o tac

gia trong suét qua trinh hoc tap, nghién ciru hoan thanh luan van.

To1 xin chan thanh cdm on cac nha khoa hoc, cac chuyén gia trong va
ngoai trudng Pai hoc Dan 14p Hai phong da tao diéu kién gitp dd, quan tim
gop v cho ban luan van dugc hoan thién hon. Toi xin tran trong cam on cac
can b0, gido vién cua Khoa xay dung, Phong dao tao Pai hoc va Sau dai hoc -
truong Pai hoc Dan 1ap Hai phong, va cac déng nghiép da tao diéu kién thuan

loi, gitip d& tac gia trong qua trinh nghién ctru va hoan thanh luan van.

Cudi cung t6i xin chin thanh cam on doéng nghiép, don vi cong tac da
gitp do toi1 trong qua trinh hoc tap va thyc hién Luan van.”

Xin tran trong cam on!
Hai Phong, ngay  thang nam 2018

Tac gia

Nguyén Pinh Hiing
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MO PAU
Ly do lwa chon dé tai

Két cau dan 1a két ciu co rat nhiéu vu diém nhu: tiét kiém vat liéu, cho vuot
khau d¢ 16n, nhe, kinh té va dac biét vé phuong dién Kién tric c6 thé tao duoc nhiéu
hinh dang khac nhau nhu: vom cau, vom try, vom yén ngya v.v...ma hién nay c6 rat
nhiéu cong trinh trén thé gidi sir dung cac loai hinh dang nay. Vi vdy, ngay nay két
cAu dan duoc st dung rSng rdi trong cac cong trinh cau, cac cot truyén tai dién, cot
truyén thong, dan khoan va lam mai che cho cac cong trinh san van dong, nha thi
dau, cung thé thao, trung tim thuong mai, xuéng stra chita bao dudng may bay
V.V...

Truéc kia, khi tinh toan phan tich ndi lyc cho két cau dan thudng duoc thyuc
hién tinh toan bang thu cong véi cac phuong phap don gian nhu: Phuong phép tach
mat, Phuong phap mit cat don gian, Phuong phap mit cat phdi hop, Phuong phap
hoa d6 - Gian d6 Maxwell-Cremona v.v... Hién nay do su phat trién caa cong nghé
tin hoc dién tr nén viéc tinh toan don gian va thuan tién hon rat nhiéu nho cac phan
mém phén tich tinh toan ng dung dugc viét dua theo phurong phap phan tir hiru han
nhu phan mém Sap, Etabs v.v..., dic biét cac phan mém nay c6 thé phan tich tinh
toan véi cac két ciu siéu tinh bac cao. Tuy nhién dé lam phong phu thém phuong
phap phan tich két ciu dan, tac gia lra chon dé tai : “Nghién ctu ndi lwe va

chuyén vi ciia hé dan theo phwong phép nguyén Iy cuc tri Gauss”.
Muc dich nghién cwu
Dung phuong phap nguyén 1y cuc tri Gauss dé nghién ciru noi luc va chuyén
vi cua hé dan
Poi twong va pham vi nghién ciu

Dé tai tap trung nghién ctru phuwong phéap phan tich tuyén tinh két cau dan (dan
phang; dan khong gian) chiu tai trong tinh



Phwong phap nghién ctiru

Duva trén phuong phap nguyén ly cuc tri Gauss cia GS TSKH Ha Huy Cuong
va két hop phan mém Matlabs.
Y nghia khoa hoc va thuc tién cia dé tai

Vén dé cic phuong phap phan tich két ciu dan da dwoc rat nhiéu sach co hoc
khac nhau trong nuéc cling nhu nude ngoai gidi thiéu. Y nghia khoa hoc va thuc
tién ciia dé tai nghién ciu 14 giGi thieu mot cach tiép can khac dé 1am phong phu

thém cac phuong phap giai trong bai toan két cau dan.



Chuong 1
TONG QUAN VE PHAN TiCH KET CAU DAN

1.1. Mét s6 phwong phap tinh toan két cAu dan hién nay thwong sir dung
1.1.1 Phwong phap tach nut

Phuong phap tach nat 1a truong hop dic biét cia phuong phap mat cit. Trong
d6 hé lyc can khao sat can bang 1a hé lyc dong quy.

Noi dung phwong phap: Phuong phap tach nut 14 su khao sat sy can bang cua ting
nut duoc tach ra khoi dan.
Thu tu ap dung:

- Lan luot tach timg nit ra khoi dan bang nhitng mat cat bao quanh nut.

- Thay thé tac dung cua cac thanh bj cat bang luc doc trong thanh dé, sau khi
thay thé tai mdi nut ta c6 mét hé luc dong quy.

- Khao sat sy can bang coa timg nut chung ta s& xdy dung nén dugc mot hé
phuong trinh cAn bang cac nat ma 4n 6 cia cac hé nay 1a lyc doc trong cac thanh dan.

- Cudi cung ta chi viéc giai hé sé& xac dinh duoc luc doc trong cac thanh dan.
Pham vi ap dung phwong phap: Phuong phap tach ntt chi sir dung tinh toan cac
dan tinh dinh con dan siéu tinh khong 4p dung duoc.
1.1.2 Phwong phap mit cit
Noi dung phwong phap: Phuong phap mit cit don gian duoc thyc hién bang mat
Cit qua cac thanh tim noi lyc (s6 luc chua biét khong 16n hon s6 phwong trinh can
bang duoc lap) va viét phuong trinh cin bang cho tirng phan caa dan.
Tht tu ap dung:

- Thuc hién mit cat qua thanh can tim ndi hrc va mit cét chia dan ra lam hai

phan doc lap.



- Thay thé tac dung cua cac thanh bi cat bang cac luc doc twong tng. Khi chua

biét lyc doc ta gia thiét hrc doc dwong nghia 1a hudng ra ngoai mit cit dang xét.

- Lap phuong trinh can bang cho mot phan dan bi cit (phan bén phai hodc
phan bén trai). Ttr cac phwong trinh can bang s& suy ra noi luc can tim. Néu két qua
mang du duong thi chiéu noi luc hudng theo chiéu gia dinh, tic 13 kéo. Nguoc lai
néu két qua mang dau am thi chiéu noi luc hudng nguoc chiéu gia dinh, tic 1 nén.
Pham vi 4p dung phwong phap: Phuong phap mit cat don gian chi dung tinh todn
cho dan tinh.

1.1.3 Phwong phap mit cit phéi hop
Noi dung phwong phap:

Phuong phap mit cat phbi hop dugc ap dung dé tinh dan khi khong dung duoc
mat cat don gian, nghia 1a khi tai mot mat cat, s luc chua biét 16n hon ba. Muc dich
chinh cta phuong phap nay 1a tim cach thiét 1ap mot s phuong trinh can bang chi
chira mét s6 lyc chua biét bang s phuong trinh d6. Khi thiét 1ap mot phwong trinh
can bang trong mdi mat ¢t n6i chung ta chi c6 thé loai trir dugc hai lre chua biét.

Bai vay, khi chi co thé thuc hién mat cit qua bén thanh chua biét noi luc méi
du diéu kién 1a cat qua thanh can tim noi luc va chia dan thanh hai phan doc lap thi
ta phai dung hai mit cat phéi hop. Véi hai mit cat thi ta ¢6 thé tim dugc ngay hai
noi hre theo hai phuong trinh. Mudn vay:

- Hai mit cat cung phai di qua hai thanh can tim ndi lyc va m&i mit cit chi co
thé di qua hai thanh khac chwa can tim ndi luc.

- Trong mdi mat cat, thiét 1ap mot phuong trinh can bang sao cho cac luc chua
can tim khong tham gia.

Pham vi ap dung phwong phap: Phuong phap mat cat phdi hop chi ding tinh toan
cho dan tinh.

1.1.4 Phwong phép hoa dd

No@i dung phuwong phap:



Phuong phap hoa dd hay (con goi phuong phap Gian ¢6 Maxwell — Cremona)
1a phuwong phap v& dé giai bai toan. C6 thé dung phuong phap nay dé giai nhiéu bai
toan khac nhau cia co hoc va dé xac dinh phan lyc, noi luc cho hé dan tinh dinh.
Cach giai bai toan dugc trinh bay toan bo trén hinh v& goi 1a gian 46 Maxwell —
Remona.

Dua vao diéu kién can va da dé hé luc déng quy dugc can b::ing la da giac luc cua
hé déng quy nay phai khép kin. Lan luot ap dung diéu kién nay cho timg nit ciia dan bi
tach ra theo thtr ty sao cho tai mdi nit ctia dan chi ¢6 hai ndi hee chua biét tri s6 nhung

da biét phuong thi ta xac dinh duoc noi luc cia tat ca cac thanh dan.

Pham vi 4p dung phwong phap: Phuong phap hoa dd chi ding tinh toan cho dan tinh.
1.1.5 Phwong phap luc

Noi dung phwong phap:

Phuong phép luc dugc ap dung trong viéc tinh toan hé dan siéu tinh. D¢ tinh
toan hé dan siéu tinh, ta khong tinh truc tiép trén hé d6 ma tinh trén mot hé thay thé
khac cho phép dé& dang xac dinh noi lrc. Hé thay thé nay suy ra tir hé siéu tinh da
cho bang cach loai bdt cac lién két thira goi 1a hé co ban. Hé co ban cia phuong
phap luc phai 1a hé bat bién hinh suy ra tir hé siéu tinh di cho bang cach loai bo tat
ca hay mot s lién két thira. Néu loai bo tat ca cac lién két thira thi hé co ban 14 tinh
dinh con néu chi loai bo mot sé lién két thira thi hé co ban 13 siéu tinh c6 bac thap
hon. Diéu quan trong 1 hé co ban phai 1a bat bién hinh va cho phép ta xac dinh noi
lrc cua cac thanh d& dang. Vi vy, trong dai da s truong hop ta thuong chon hé co
ban 1a tinh dinh.

DPé dam bao cho hé co ban lam viéc giéng hé siéu tinh di cho can bé sung
thém céac didu kién. Trong hé co ban dit cac luc Xi, Xa,..., Xn twong ¢ng Vai Vi tri
va phuong cta cac lién két bi loai bo. Nhitng luc nay lién két giit vai tro 1a an. Thiét
lap diéu kién chuyén vi trong hé co ban twong wng véi vi tri va phuong cia cac lién

két bi loai bo bang khong.



Pham vi ap dung phwong phap: Phuong phap luc thuong p dung dé giai cac bai
toan dan si€u tinh.

1.1.6 Phwong phép chuyén vi

NoOi dung phwong phap:

Phuong phap chuyén vi ciing 14 phuong phap dung dé xac dinh néi lec trong
hé dan siéu dong (Hé siéu dong 1a nhitng hé khi chiu chuyén vi cudng buc, néu chi
dung cac diéu kién dong hoc khong thoi thi chua du dé xac dinh tat ca cac chuyén vi
tai cac nat hé). Khac véi phuong phap luc, trong phuwong phap chuyén vi ta dung
tap hop cac bién dang & hai dau thanh lam dai lugng can tim. Nhirng dai lvong nay
s& tim duoc néu biét chuyén vi tai cac nat cua hé. Nhu vy theo phuong phap nay ta
chon 4n 1a chuyén vi ctia cac nat cia hé. Chinh vi 18 d6 ma phuong phéap duoc goi 1a
phuong phap chuyén vi (con goi 1a phuong phap bién dang). Sau khi xac dinh
chuyén vi tai cac nat, tirc 1a chuyén vi tai dau thanh ta s& xac dinh duoc noi luc.

Theo phuong phap chuyén vi, dé tinh hé siéu dong ta khong tinh trén hé d6 ma
thuc hién tinh toan trén hé co ban dong thoi bd sung cac diéu kién dam bao cho hé
co ban lam viéc gidng hé thuc.

Hé co ban cua phuong phap chuyén vi la hé suy ra tir hé siéu dong da cho
bang cach dit thém vao hé nhimg lién két phu nham ngin can chuyén vi xoay va
chuyén vi thiang cia cac nat trong hé (nhimg lién két phu gom hai loai: lién két
momen va lién két luc). Hé co ban co thé 1a hé xac dinh dong hoic hé siéu dong.
Néu s6 lién két dugc dat thém vao hé bang sé bac siéu dong thi hé co ban 13 hé xac
dinh dong. Néu s lién két dat thém vao hé it hon sd bac siéu dong ta duoc hé co
ban 14 hé siéu dong vai bac thap hon.

Néu hé co siéu dong co n lién két dat thém, 1an luot ky hiéu cac chuyén vi Zs,
Zo.. Zk... Zn VOi Zk 1a chuyén vi cudng buc tai lién két the k dat vao hé. Cac

chuyén vi nay giit vai tro 1a 4n s6 cua phuong phap chuyén vi.

Pham vi 4p dung phwong phap: Phuong phap chuyén vi thuong ap dung dé giai

cac bai toan dan si€u dong.



1.1.7 Phwong phap phan tir hitu han

Phuong phép phan tir hitu han 1a phuong phép rdi rac hoa két cau cong trinh
thanh mot s6 hitu han cac phan tir. Cac phan tir nay dwoc ndi vai nhau tai cac diém
dinh trude thuong tai dinh phan tir (tham tri tai cac diém trén bién phan tir) goi 1a
nut. Nhu vay Viée tinh toan két cau cong trinh duoc dwa vé tinh toan trén cac phan
tir caa két cau sau d6 két néi cac phan tir nay lai voi nhau ta duoc 101 giai cua mot
két ciu cong trinh hoan chinh. Dudi day tac gia gidi thiéu cach xay dung cach giai
bai toan dan theo phwong phéap phan tir hitu han [16].

Xiy dung phwong trinh cin bang cho phan tir

Hinh 1.8 Phan tir ij trong hé truc toa do riéng

Phuong trinh cin bang cia phan ti chiu kéo nén dung tdm (hinh 1.8):

F, _EF|1 -1 d,
ol

hay: [F]=[k]|[§] (1.1b)

ij

— 1 -1 X
trong d6: [k | = E{ . } : 1a d6 cang cua phan tir trong hé truc toa do riéng.

Bay gid trong truong hop tong quat hé truc toa d6 chung khong tring véi hé

truc toa do riéng. Xét phan tir thanh ij (hinh 1.9) co toa d6 cac nht 1a

i(Xi’yi’Zi)’j(Xj!yjlzj)'




Hinh 1.9 Phan tir ij trong hé truc tea d§ chung

Chiéu dai cua phan tir 1a:

| :\/(Xj —Xi)2+(yj_yi)2 +(Zj _Zi)z

Céc cosin chi phwong cia phan tir:

TR R,
o Y-V,

S =) (v, -v.) +(z,-2)
T e a)

Gia st F;, F; c6 phuong doc thanh thi:

;
[Fij(X) Ej(y) Fij(Z) Fji(X) Fji(y) Fji(z)]T:{l mn 00 0}{

0 0 0Ol mn

hay: {7, =[TH{F

Trong d6: [T]1a ma tran chuyén tryc.
|l m n 0 0 0]
[T]=
0O 00Ol mn

{8}, =[TN{3} hay {3} =[T] {3},

Thay (1.7) vao (1.1b) duoc:

Tuong tu ta cling co:

{l_:} - [E][T]T {S}ij
Thay (1.8) vio (1.5) dugc:

{F}ij - [T][E][T]T {S}ij hay {F}ij - [k]ij{g}ij

Trong do:

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

(1.7)

(1.8)

(1.9)



Im m? dx

ORI s

(1.10a)
L, | -1 -ml -nl

-Im -m* -nm Im m?

-In -mn  -n* In mn n’

Ma tran [k] 14 ma tran bac 6x6 c6 thé phan thanh gdm 4 ma tran 3x3 nhu sau:

(k] [K],
[k]= {[] [],,] (1.10b)

|2 dx
trong do: [k]. = [k]jj = —[k]ij = —[k]ji =/ lm m’ (1.10c)
In mn n?

Nhu vay (1.9) c6 thé duoc viét lai nhu sau:
o bl

F. ¢ : véc to tai trong tdc dung lén nut i theo phuong ij va F,F, F
iR (R =R R R

trong do:

ijroir iy

{Fji} : véc to tal trong tac dung 1én nat j theo phuong ij va {FJ.} FF FZ]

jirhgir i
{8,}: véc to chuyén vinut i theo phuong ij va { [U. VLW, ]
{61} : véc to chuyén vinut i theo phuong ij va {61} = [u. V. WJ
XAy dung phwong trinh cAn bang cho toan b két cau dan
Phan trén d xay dung phuong trinh can bang cho mét phan tu, trong muc nay

s& xay dung phwong trinh cin bing cho toan bo két ciu dan. Néu xét tai nit icua

dan ¢6 céc thanh quy tu 1a ij,ik,il,im,...,in (hinh 1.10).



Hinh 1.10 Cén bang nut i
Nhu vay diéu Kién lién tuc 13 chuyén vi tai nat i cua tat ca cac thanh quy tu tai
nut i phai bang nhau:
(3} ={81}={a1} ={o"} =...={o"} ={5,} (1.12)
trong do:
{8/}:{81 {81} {81 }::{8]} : lan luot 1a cac véc to chuyén vi tai nit i clia céc
thanh ij,ik,il,im,...,in;
{8, }: véc to chuyén vi tainut i.
Ngoai ra tai nut i con can phai dam bao diéu kién can bang lyc:
(1= (R Ry R R (R @13
trong do:
(P, } < 1avée to tai trong tac dung tai nut i {P,} =[P, P, P,];
P..P,.P, : 1a céc thanh phan tai trong theo phuong x, y, x.
Theo (1.11) ta c6 phwong trinh can bang cho tat ca cac thanh tai nat i:
Thanh ij: {F}=[k! [{8}+|k [{3}
Thanh ik: {F,}=[ ki ]{8 }+[ ke |{& }
Thanh in: {F,} =[k/ {8 }+[k, |, }
thay céc luc trén vao cong thirc (1.13) duoc:

(P} =k {85} +[Ki {8} + [Ka]{8u} + [Kin [{Bim )+ [Kin ] {8} (1.14)
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trong do: k, =k! +kf + k! + K +...+Kk]
Biéu thirc (1.14) 1a diéu kién viét cho can bang tai nut i. Néu dan c6 n nat thi

ta c6 dugc 3n phuong trinh va c6 thé viét nhu sau:

Kl [] o [ - [k JT6)] iR
ko] v L] o [k |18} [P

=| (1.15a)

k] - k]| 183 || R
CRI SRS

dx

hay:
[K]{6} = {P) (1.15b)
trong do:

[K] : 1a ma tran d6 cing cua toan bd két cAu dan;

(8) =[{8,}{8,} - {8,}---{8,) ] = [uNv,w,u,v,w,..uvwiuvw, ] 1a vée to
chuyén vi tai cac nut dan.

Xir Iy diéu kién bién

Bién co dinh: Tai nhitng bién cb dinh thi s& c6 cac bac ty do biang khong.
Trong phuong trinh can bang tai nhiing bac tu do nao bang khong thi trong ma tran
[K], {8} va {P} bo di nhitng hang va ¢t trong wrng vaéi bac tu do do.

Bién chuyén vi cwéng bic: Gia sir tai nat bién bac tu do m cé chuyén vi
cudng buc §_ =a thi trong ma tran d6 cung tong thé [K] va vecto tai trong nit
tong thé {P} ta gan mot s6 A co d6 I6n bang vo cing 1an Iuot vao cac vi tri K.
thay bang (K., +A), P, thay biang (k,,, +A)a.

Néu st dung phuong phap phan tir hitu han dé tinh toan cho két ciu dan tuyén
tinh thi theo phuong trinh (1.15) céc K; 1a cac hing s6 do d6 dé dang xéc dinh
duoc cac thanh phan chuyén vi trong cac nut.

Pham vi 4p dung phwong phap: Phuong phap phan tir hitu han ap dung dé giai

cac bai toan dan tinh dinh cling nhu dan si€u tinh.

11



1.2 Muc tiéu nghién ciru cia dé tai

Qua cac phan tich & cc phan trén clia dé tai, nham lam phong phii cho cic
cach phan tich két cau dan cling nhu c6 mot cach tiép can khac cho viée phén tich
tuyén tinh bai toan két cAu dan chiu tai trong tinh tai cac nut dan muc ti€u nghién

cuu cua dé tai nhu sau:

1) Duya trén phuong phap nguyén 1y cuc tri Gauss xay dung dugc phuong phap
phan tich tuyén tinh cho bai toan két cAu dan chiu tai trong tinh tai cac nat dan theo
hai cach tiép can: chon cac thanh phan chuyén vi tai cac nat dan lam an sé; chon céc

thanh phan noi lrc trong cac thanh dan 1am an sb.

2) Ap dung phuong phap nguyén 1y cuc tri Gauss dé phan tich tuyén tinh mot
s6 vi du két cdu dan chiu tai trong tinh tai cac nat dan. Cac két qua phan tich nay
duoc so sanh vai cac cach giai khac dé thiy duoc do tin ciy caa phuong phap.

3) Ung dung phan mém Matlab dé tu dong hoa phan tich tuyén tinh két cau

dan chiu tai trong tinh dya trén phuong phap nguyén ly cuc tri Gauss.
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Chuong 2

LY THUYET PHAN TiCH KET CAU DAN DUA TREN PHUONG PHAP
NGUYEN LY CUC TRI GAUSS

Trong chuwong nay cila dé tai, tac gia & trinh bay Nguyén 1y cuc tri Gauss va
viéc ap dung Nguyén 1y cuc tri Gauss trong viéc giai cac bai toan co hoc bién dang.
Cudi chuong tac gia trinh bay chi tiét cach 4p dung Nguyén 1y cuc tri Gauss trong
viéc phan tich noi luc, chuyén vi cac bai toan tuyén tinh két cdu dan chiu tai trong
tinh tai cac nit dan theo hai cach tiép can bai toan: Chon an sé chinh 1 cic thanh
phan chuyén vi tai cac nut dan; Chon an sé chinh 1a cac thanh phan noi luc trong

cac thanh dan.
2.1 Nguyén ly cuc tri Gauss

2.1.1. Nguyén Iy cuc tiéu Gauss va bat dang thiec Gauss

Trudce khi trinh bay nguyén ly cua minh, nha toan hoc nguoi buc K.F.Gauss
(1777 — 1855) da dua ra cac nhan xét sau:

+ Tai sa0 ngay tir dau lai khong xét lién két khong giir. Cho nén nguyén 1y cuc
tri Gauss nham thoa man diéu kién nay, lién két khong giit va xem lién két giir 1a
trrong hop riéng.

+ Gauss Viét tiép: “Nguyén Iy D’Alembert dwa bai todn déng luc hoc vé bai
todn tinh hoc, con nguyén Iy vdn t6c ao bién van dé tinh hoc thanh vdan dé todn hoc
thuan tiy va moi nguyén ly cia co hoc hoac nhiéu hodc it déu cé thé truc tiép rit ra
tee hai nguyen ly trén”.

Nguyén 1y cuc tiéu Gauss dugc xay dung dbi v6i co hé c6 lién két khong giir
(13 co hé co lién két mot chiéu, diéu kién lién két thudng dugc biéu thi dudi dang
bat ding thirc) va lién két giir 1a lién két hai chiéu (khi phan luc lién két theo chiéu
nay thi cling c6 phan luc lién két theo chiéu nguoc lai, diéu kién lién két thuong

duoc biéu thi dudi dang dang thuc).
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Doi véi lién két khong giir thi tong cong cac luc tac dung thyuc hién trén cac
chuyén vi ao 1a dai luong khong dwong. Vi vay diéu kién can va du dé hé ¢ trang
thai can bang trong trudng hop lién két khong gitr 1a:

D (Xdu; +Y;dv, + Z;3w,; ) <0 (2.1)
trong do: X, Y;, Z, 1a cac luc trong h¢ toa d¢ vuong goc tac dung lén chat diém i
va u;, V,, W, la cac chuyén vi tuong Gng.

Biéu thirc (2.1) do Fourier (1798), Gauss va Ostrogradsky (1834) doc lap dua
ra va tac gia [1] goi 1a bat dang thirc Fourier.

Tt nguyén 1y coéng a0 c6 thé nhan duoc bat dang thic Fourier bang cach xét

phan lyc lién két:

Z[(X@ui + Y3, +Z,3w, )+ (X, 3u; + Y, 8V, + Z, 5w, )] -0 (2.2)
trong d6: X, Y, Z, 1a céc phan luc lién két.
Ttr biéu thuc (2.2) ta co:
>(Xidu; + Y3V, + Zdw, ) == X,8u; + Y, v, + Z,dw; ) (2.3)

Truong hop lién két gitr thi cong 40 caa phan luc lién két bang khong (dinh 1y
Lanczos [13, tr.87]), nén ta co:
D (Xdu; +Y;dv, + Z;dw,; ) =0 (2.4)
Trong trudng hop lién két khong giit, biéu thae lién két (hitu han hoac vi phén)
1a cac bat dang thuc, cong 40 cua cac phan luc lién két 1a cac dai lvong duong cho
nén ta co:
D (X8U; + Y8V, + Z,;0w, ) > 0 (2.5)
Cho nén dé hé can bang, cong 40 cua cac lyc tac dung phai la dai luong khong
duong, ta co bat dang thic Fourier - Gauss — Ostrogradsky (2.1) hay con goi 1a bat
dang thirc Gauss.
Nhu trinh bay trén cho thiy ring dé co lién két khong giit thi phai ding bat
dang thuc Gauss (2.1), lién két giir 1a truong hop riéng khi bat dang thuc tré thanh
dang thuc.
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Bat dang thirc Gauss, trong trudng hop ding lién két khong gitr dwoc goi 1a
nguyén 1y chuyén vi ao, khong nén nham Ian véi nguyén 1y cong o, nguyén 1y cong
kha di hay nguyén 1y chuyén vi kha di,

2.1.2. Phat biéu nguyén Iy cuc tiéu Gauss (1829) doi véi co hoc chat diém

Nha toan hoc ngudi Pirc K.F.Gauss nam 1829 da dua ra nguyén 1y sau day di
V6i cac co hé chat diém: “Chuyén déng cua hé chat diém cé lién két iy y chiu tac
dong bat ky ¢ mai thoi diém sé xdy ra phit hop nhat mét cach cé thé véi chuyén
aong cua hé do khi hoan toan tw do, nghia la chuyén dong xdy ra véi lwong rang
budc téi thieu néu nhw sé do lwong rang bugc lay bang téng cdc tich khéi hrong
chdt diém véi binh phirong d6 1éch Vi tri chdt diém so V6i Vi tri khi chiing hoan todn
tw do.”

Goi m, 1a khdi lugng chat diém, A, 1 vi tri ciia no, B, 1a vi tri sau thoi doan
vo cing bé do tac dong luc ngoai va van toc ¢ dau thoi diém gay ra, Ci 1a vi tri co

thé (rang budc boi lién két) thi lwrong rang budc duoc viét nhu sau:
Z=>m, (ﬁ)z — min (2.6)

Do hé can tinh va hé hoan toan tu do déu chiu lyc giéng nhau, nén trong biéu
thire lugng cudng bic khong xuat hién luc tac dung. Luong rang budc c¢6 dang binh
phuong tdi thiéu 1 phuong phép toan do Gauss dwa ra.

2.1.3. Biéu thire thwong dung ciia nguyén Iy cuc tiéu Gauss

Trong tai liéu co hoc [13, tr.107] dung 1ap luan sau dé dwa ra biéu thic giai
tich cia nguyén 1y cuc tiéu Gauss.

Xét chat diém m, c6 lién két tuy y chiu tic dung cua luc F . O thoi diém t chat

diém c6 vi tri 1., van toc T va gia tc ¥.. Sau thai gian dt chat diém co vi tri:
. 1. .-
r+rdt+ Eridt (2.7)

(dua trén khai trién trién theo chudi Taylor)
Gia sir tai thoi diém t, ta giai phong lién két nhung van giir luc tac dung thi vi

tri chat diém khi hoan toan tu do sau thoi gian dt 1a:
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I+ rdt-l—lidtz (2.8)
1 1 2 m

Hiéu (2.7) va (2.8) cho ta do léch vi tri caa chat diém so véi vi tri ctia né hoan

toan tu do.
i'r'idt2 1h gLy i — _Fo g (2.9)
2 2 m, 2 m.
C6 thé xem dt 14 hang thi lugng rang budc Z theo (2.9) duoc viét dudi dang
hec nhu sau:
z :1m£ Ry j dt* (2.10)
4 m,
Luong rang budc cho toan bd hé chat diém:
1 FoLY
——Zm{—‘”—'r’ij dt* — min (2.11)
45 I'ni
Vi dt* 1a s6 bat ky nén (2.11) twong duong vai:
F 2
Z:Zm{m—“—'ﬁ} — min (2.123)
2 1 2
hay: Z= Z ( -myt,) :ZH(FOi_Fi) — min (2.12b)
Trong biéu thic (2.12) (F, —F ) 1a luc lién két hogc lyc can chuyén dong so

v4i chuyén dong caa hé ty do.

Nguyén 1y Gauss (2.6) hoic (2.12) ¢6 dang ciia phuong phap binh phuong tdi
thiéu 1a phuong phap ciing do Gauss dua ra va dugc dung rong rii trong toan hoc
hién dai, trong giai tich ciing nhu 10i giai s6. Co 18 vi viy nguyén 1y Gauss thu hat
su chu y cta nhiéu nha khoa hoc, vi du, Hertz (nim 1894) dua trén y tudng lugng
rang budc dua ra nguyén ly duong thang nhat (duong c6 d6 cong nho nhat) hodc
Prigogine (ndm 1954) va Gyarmati (nam 1965) da xay dung dugc luong rang budc

cta cac qua trinh khong hdi phuc trong nhiét dong lec hoc.

16



2.2 Ap dung nguyén 1y cuc tri Gauss trong viéc giai cac bai toan co hoc

Nguyén 1y cuc tri Gauss duoc GS. TSKH. Ha Huy Cuong phat trién nham
muc dich xdy dung cac phuong trinh can bang va cac phuong trinh chuyén dong
cta co hé c6 lién két tong quat 1a lién két khong gitr xem lién két giir 1a trudng hop
riéng.

Phuong phap nguyén 1y cuc tri Gauss la phuong phap so sanh vdi nghia 1a tim
min cua luong cudng buc, gitra chuyén dong caa hé can tinh véi chinh hé do khi
hoan toan tu do (giai phong lién két) trén co so bat dang thuc Gauss (con goi 1a bat
dang thirc Fourier).

2.2.1 Phwong phap nguyén Iy cuc tri Gauss véi co hé chit diém

Muc dich trinh bay sau day nham chi ra rang, phuwong phap nguyén 1y cuc tri
Gauss khong chi dung bién phén 1a gia tbc va con dung chuyén vi va van toc 1a dai
lwong bién phan.

Xét hé chat diém co lién két tuy ¥ & mot thoi diém bat ky nao d6 c6 nghia 1a
phai dua lyc quan tinh . caa hé tai thoi diém nao d6 tac dung 1én hé. Poi véi hé
hoén toan ty do lyc quan tinh f,, cia né bang vai ngoai luc (chi s6 0’ & chan ky tu
chi rang ky tu d6 & hé so sanh, trudng hop nay hoan toan tu do c6 cung khéi lugng
va cung chiu tac dung luc ngoai gibng nhu hé c6 lién két). Nhu vy, cac luc tac
dung Ién hé c6 lién két gém cac luc f, =m..i va cac luc f, =m..i, (thay cho ngoai
lrc). Theo nguyén 1y chuyén vi ao ddi voi lién két gitr (lién két dudi dang dang thic)
va khong giir (lién két dudi dang bat dang thic) diéu kién can va du dé hé & trang
thai can bang la:

52="3(f, —f, Jor, <0 (2.13)

Pé nhan dugc biéu thirc (2.13) can xem cac chuyén vi r. doc lap dbi vai luc

tac dung. Cho nén biéu thuc (2.13) c6 thé viét:
Z=> (f,—f, ), > min (2.14)
Néu nhu chuyén vi a0 r. thoa mén cac diéu kién lién két da cho ctia hé can tinh

thi ta c6 thé dung van téc ao I 1lam dai lwong bién phan, nghia la:
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8Z=(f, ~f, ot <0 (2.15)
hay: Z= Z( f,i ), > min (2.16)

Trong biéu thic (2.15), (2.16) van toc cua chat diém 1a dai lwong bién phan.
Cudi cung khi chuyén vi a0 r. thoa man céc diéu kién lién két da cho cua hé
can tinh thi ta c6 thé dung gia toc 40 ¥, 1am dai lwgng bién phan, ta cé:
5Z=3(f —f, )t <0 (2.17)
hay: Z=>(f,—f, ), > min (2.18)
Ta bién d6i thuan tiy vé mit toan hoc biéu thirc (2.18):

Z=Z(fi—f0i)'r'i — min
Z= Z( foi)(f —T,) > min

2-3(f —fOi)(;—‘i—%jemin

Z= Z (i f,)” — min (2.19)

Z= Zm (——r j — min (2.20)

Hai biéu thuc (2.19), (2.20) 14 hai biéu thirc thuong dung cia nguyén 1y cuc
tiéu Gauss voi dai lugng bién phan 1a gia téc.
Cac biéu thuc (2.14), (2.16), (2.18) va (2.20) 1a twong duong va duoc goi 1a

lwong rang budc chuyén dong cua co hé can tinh.
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2.2.2 Phuong phap nguyén 1y cuc tri Gauss doi véi co hoc cong trinh

Nhu d3 trinh bay ¢ trén cho thy phwong phap nguyén 1y cuc tri Gauss do GS.
TSKH. Ha Huy Cuong dua ra 1a phuong phap st dung truc tiép nguyén 1y cuc tiéu
Gauss vao co hé bang cach:

- So sanh chuyén d6ng cua co hé dang xét voi chuyén dong cua nd khi hoan
toan ty do. So sanh dugc hiéu theo nghia 1a tim cuc tri cia luong rang budc.

- Phuong phap nguyén 1y chuyén vi a0 véi bat dang thic Gauss ddi véi lién
két khong giit, xem lién két giir 13 treong hop riéng.

Nhiing noi dung trén 1a ndi dung tong quat cua phuong phap nguyén 1y cuc tri
Gauss.

Mon co hoc cong trinh nghién ciru trang thai tng suét va trang thai bién dang
cua két cAu thanh, tim va vé v.v...1a cac két cAu c6 mot hodc hai kich thudc nho
hon nhiéu lan kich thudc con lai. Sau day ta xét hai bai toan sau:

- Bai toan trén mat ¢t ngang caa két cau chi c6é momen M va lyc cit Q.

- Bai toan khi két cdu chiu lrc trén mat cit ngang cua két cau co luc doc,
moémen M va lyc cit Q.
2.2.2.1 Bai toan két cau khi chiu luc tac dung thang goc voi mit trung binh

Trong truong hop nay dé don gian nhiing két qua tinh toan van dam bao do
chinh xac du dung trong thuc té (kiém tra bang thuc nghiém) dwa trén gia thuyét cua
Kronecker sau day:

+ Mt trung binh ctia tim khong bi bién dang do d6 @ng suit tai cac diém nam
trén mit trung binh bing khéng va mat phang vudng goc véi mit trung binh van
phing va vudng goc v6i mat trung binh:

€, =0 (2.21)

+ Mat phang trung binh chi c6 chuyén vi theo phuong vudéng goc véi nd, con

cac chuyén vi theo cac phuwong khac 14 rat nho nén co thé bo qua:

u,=0
v, =0 (2.22)
w =0
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+ Ung suat phap o, theo phuong vudng géc véi mit trung binh 1a rat nhé so
Vi cac ing suat khac nén co thé bo qua trong tinh toan.
Cac phuong trinh can bang

Tai diém K nam trong mat phang vudng goc véi truc X cia tim c6 cac ung
SUAL: G,,;0,,;0,, .

Noi luc cua tAm trén mot don vi chiéu dai cia mit cat vudng goc vai ox:

h/2 h/2 h/2
N, = [ oudx, ; My= [ ouxdx, 5 My, = [ o,xdx, (2.23a)
-h/2 -h/2 -h/2
h/2 h/2
Qu= [ oudxs; S, = [ o,dx, (2.23b)
-h/2 -h/2

Noi lyc ctua tim trén mot don vi chiéu dai ciia mat cit vudng goc vai oxe:

h/2 h/2 h/2

N, = [ outx, ; My = [ ouxdx, ; My, = [ o,x,0x, (2.24a)
—_h/2 -h/2 -h/2
h/2 h/2

Su= | oudXs; Q= [ oydx, (2.24D)
-h/2 -h/2

Trong truong hop tdm cing, chiu udn do tai trong ngang, ta chi xét cac luc
uon xoan: M,;;M,,;Q,;:Q,,;M,; M, .
O12
K ; ou
B -~y 4013

ﬁ X3 X X1

=
hl «
/ //j/X;/ /
X3
Hinh 2.1 Cac tng suit trong tim Hinh 2.2 Cac ndi luc trong tam

Xét can bang phan to dién tich dx,dx,trén mat trung binh. Canh trai di qua

diém M(x;X,) co cac tng luc: Q ;M ;M,, . Canh phai di qua diém
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aQ

. oM
2dx, ; M =M _+ 3 Ldx, ;

N(x,+dx,;X,) c6 cac ung luc: Q:l =Q_+
X
1 1

. oM
M =M +—=dx,.
12 12 a

1

Canh sau M(x,;X,) co cac tng luc Q,,;M,,;M,, canh truéc di qua diém

2 . 0
P(x;X,+dx,) c6 cac thanh phan ung luc: Q”:Q22+0322 dx,

2

* * aM
M =M +—=2dx,; M =M +—=2dx,.
22 22 a 5 21 21 axz

Phuong trinh can bang hinh chiéu Ién cac phuong:

0 0
Z Fx — Qu + sz + p — 0
Poo0X,  OX,
oM oM
M, =—2+—2= 2.25
Z Xy 6X1 8X2 11 ( )
oM oM
— 12 _I_ 22
2M, ox,  OX, Qz

Cac quan hé vé vat Iy

Khi vat liéu 1am viéc trong giGi han dan hoi thi mbi quan hé gitra Gtng suat va
bién dang tai mot diém bat ky trong két ciu hoan toan tuan theo dinh luat Hooke, do
do ta co:

- Méi lién hé giira tng suat va bién dang:

E E E
Ou = m(gn + uazz) 1 O = m(azz + Mgn); Op = mglz (2.26)

Thay (2.26) vao (2.23) va (2.25) s& xac dinh dugc ndi luc trong tAm c6 dang:
My, = D.()s; + 1) ; M,, = D.(%z + Mty )5
M, =(1-p)Dy,,;  Q, =GChy,; Q,, =Ghy,, .
Xét bai toan bién dang 13 bé (bai toan tuyén tinh)

Cac quan hé vé hinh hoc
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Xét diém A(X,,X,,X,) nam trong tim c6 chuyén vi 1a (u,v,w). Theo gia

thuyét trén nén:

€, _ow_ 0 nén w(Xx,,X,).

X3

u =xss|noc=x3tgoc=x3a—x1

V = X,C0SP3 = X,tgf = X, N
2

A
Y =

Hinh 2.3 So @6 chuyén vi tai mot diém trong tim

Theo phuong trinh Cauchy ta co:

ou o*w
&y = 6_)(1 =X a—xf = XXt
oV W
€y = a_XZ =X 8X§ = X3X22 (2-27)
o JLfou ov) o dw
?o2lox, ox, ° OX,0X, Az

trong d0: ¥,,: % s, 12 @0 cong, d6 x0an ctia mit trung binh sau bién dang; W la do

vong cua tam.
- Noi lyc trong mat cit ngang cua két cau:
M _h/2 E.Xj 82W+ PR, dx - El 82W+ o2W ~ 52W+ o*wW
n= ) wilae el T T e ae e x: ok
(8.28a)

M, = D-(Xll + I"LXZZ) ;
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" EX® (o'w . d'w El (0w &w ow W
M,, = > > +H— |dX; = 5 > +u— |=D -t U——

e l—po\ 0X; OX; 12(1—p%) | oX; OX; oX; OX;
M,, = D.(%z +101); (2.28b)

"2 EX: gPw El  &w &*w

R Xy = =(1-p)
hp 1+ OX,0X, 12(1+ p) 0X,0X, OX,0X,

12

M,, = (1— ) Doy, (2.28¢)
3
trong cong thirc (2.28¢): D 1a do ciing chdng udn, doi voi dam D =El = va doi
3
véitim D= = Eh —~ D(1—p) 1a do cang chdng xodn.
(1-w7) 12(1-w)
Thay (2.82), (2.8b) va (2.8¢) vao (2.5) duoc:
Q. =D-2(viw)=D| Lz, Pz |, (2.280)
oX, oX, ©OX,
Q, = Di(vzw) _p| Pa ;. ez |, (2.28¢)
oX, oX, OX,

Tir cong thirc (2.28b) c6 thé thay do cing chiu cat cua tiét dién 1a Gh, do d6

“bién dang” y,, va v,, do luc cit gy ra s& nhan dugc nhu sau:

Q, =Ghy,; Q,, =Ghy,,
2.2.2.2 Bai toan két cau khi chiu luc vuong goc voi mat trung binh va co6 tac dung
cua luc doc Ién mat trung binh

Ddi véi cac luc doc tac dung 1én mit trung binh cua tiét dién thi trén mat cat
ngang cua tiét dién co luc doc 1a N, nhu vay tai mot diém trén mat cit cac bién
dang &, (i=1, 2). Po cang cua tiét dién kéo, nén sé 1a Eh.

Trong cong thic vira néu 1ay i=1, j=1 d6i v4i bai toan mot chiéu (thanh, dam),
chiéu rong dam bang 1 don vi.

Sau khi di biét cac bién dang twong tng véi cac ndi lhec cua tiét dién (mémen

uén, hre cat, lyc doc truc v.v...) va d6 ctiing caa ching thi d& dang xdy dung cac bai
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toan co hoc két cu theo phuong phap phiém ham luong rang budc (2.18) hoic
(2.19).
Nhu vay, c6 thé viét tong quat luong rang budc Z cia bai toan co hoc két cAu

dudi dang twong tur (2.18) (bai toan tinh):
Z= H:(Mii h MOij)Xij +(Qii _Qon )Yii +(Ni - NOi )&]dv — min (2.30&)
\Y%

hodc dudi dang binh phwong t6i thiéu (2.19):

z=| 1
v Docung

(noi hec hé can tinh — noi re hé so sanh)?dv — min  (2.30b)

trong d6: i =1,2; j=12; V la chiéu dai thanh hogc dién tich tam. Trong (8.30) can
xem cac d¢ cong y;la cac dai lwong doc 1ap ddi v&i nodi luc mémen udn M, cac
bién dang truot v,, va v,, 1a cac dai lugng doc lap ddi véi luc cat Q,, va Q,,, cac
bién dang trong mit trung binh ¢, 1a cac dai lugng doc lap ddi véi N, va déu 1a dai
lwong bién phan cua bai toan.

Cong thire (2.30) c6 thé ap dung dé giai cho ca bai toan phi tuyén hinh hoc va
bai toan tuyén tinh vi cong thirc nay dugc xay dung dua trén mdi quan hé ung suat
va bién dang tuan theo dinh luat Hooke.

Trong bai toan co hoc két ciu hé thanh chiu tai trong tinh dira vao méi quan hé
vat Iy (&ng suat va bién dang) ta s& xay dung duoc mdi quan hé giita noi lyc va bién
dang:

M, =El.x.; M, =Ely,; M,=Gl8;

GA GA (2.31)
Q. =—v Q,=—v,; N =EAg,
(00 (0.4

Nhu vay theo (2.19) luvgng rang budc cia bai toan c6 thé duoc viét dudi dang

binh phuong t6i thiéu nhu sau:

Z:KJO‘)(MX_MOX)Zdz_|_l(ji)(My_M0y)2dz_l_l(j.')(MZ_Moz)de-l-

o FL ’ v ’ P (2.32a)
+'})“(QX_Q°X)2 dz+'(j0)—“(Qy_Q°y)z dz+l(f—(N N dz — min

! GA ! GA ' EA
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trong d6: o 1a hé s tap trung wng suét tiép do luc cat gay ra tai truc dam [3].

Khi hé két cau bao gom n thanh va chiéu dai cua thanh tht i truge khi bién
dang 1a 1 thi lwong rang budc clia bai todn c6 thé dugc viét dudi dang binh
phuong t6i thiéu nhu sau:

n l.‘°)(|\/|(‘) |\/|[()‘))2 n If°)(|\/|(i)_|v|éi))2 o l'(O)(M(i)—M(i))Z
X y y

le E10 u! eI u! N (2.32b)
n 10 0 _ Am)? e 0 _ A0 DN NV
+ I—Q(QX o) dz+2j—a(Qy Oy) dz + j—(N' NO') dz — min
i=1 ¢ GiAi i=l o GiAi i=1 ¢ EiAi

Cong thirc (2.32) ¢6 thé ap dung dé giai cho bai toan phi tuyén hinh hoc ciing
nhu bai toan tuyén tinh (vi céng thitrc ndy duoc xay dung dya trén méi quan hé tng
suat va bién dang tuan theo dinh luat Hooke). Khi ap dung (2.32) dé giai bai toan
phi tuyén hinh hoc thi phai xay dung dugc mdi lién hé giira bién dang va chuyén vi
(mdi quan hé hinh hoc) ciia bai toan phi tuyén d6. Khi ap dung (2.32) dé giai bai
toan tuyén tinh thi méi lién hé giira bién dang va chuyén vi (méi quan hé hinh hoc)
cta bai toan dugc xay dung dua trén gia thuyét bién dang bé.

2.3 Phén tich bai toan tuyén tinh két cAu dan dwa theo nguyén Iy cuc tri Gauss

Trong noi dung dé tai nay, Tac gia trinh bay phuong phap giai bai toan dan
dua trén nguyén 1y cuc tri Gauss. Phuong phap nguyén 1y cuc tri Gauss 1a phuong
phap tinh toan ndi luc, chuyén vi trén hé so sanh (hé so sanh 13 hé chiu hre tac dung
gidng va&i hé can tinh nhung viée xac dinh noi lyc trén hé so sanh don gian hon hé
can tinh) sau d6 mudn xac dinh noi lyc, chuyén vi trong hé can tinh bang cach cho
luong rang budc cua bai toan dat cuc tri. Phuong phap nay do GS.TSKH. Ha Huy
Cuong dé xuét dé giai cac bai toan co hoc méi truong lién tuc va co hoc két cau.

Luong rang budc Z cua bai toan co hoc két cdu ddi véi bai toan tinh duoc viét:

L= J'[(Mij - MOij)Xij +(Qij _QOij)Yij +(Ni - NOi)Si]dV — min (2_33)

trong do: M;,Q;, N; la noi luc trong hé¢ can tinh; My;;» Qoij» No; 12 ndi lyc trong hé
so sanh.

hoic viét dudi dang binh phuong tbi thiéu:
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(M =My, )" (M =My ) (M, =My, )
Z:jx—mdz+jy—wdz+jz—wdz+
B TR GJ

| o - (2.34)
+J.0c(QX—Q0X) dZ+J.a(Qy_QOY) dz+jwd2—>mi”
| GF | GF ! EF

& day V 1a chidu dai thanh hoic dién tich tim; o 1a hé sb xét dén su khong ddng
déu g suat tiép do lyc cit gay ra.

Trong (2.33) can xem cac do cong %1 cac dai luong doc lap ddi véi nai luc

moémen udn M., cac bién dang truot Y, Va v,, 1a cac dai lugng doc lap ddi véi luc

ij>
cat Q, va Q,, cac bién dang trong mat trung binh ¢ 1a cac dai lugng doc lap ddi véi
N, va déu 1a dai lwgng bién phan ciia bai toan.

Trong két cdu dan, cac thanh chi chiu kéo hodc chiu nén. Nhu vay, tir cong
thirc (2.34) suy ra luong rang budc cua két ciu dan:

Z | (N =No),  min (2.35)
=1 (1) i

trong d6: N, 1a cac thanh phan noi luc trong cac thanh ciia dan dang xét (phai thoa
mén diéu Kién bién); N, la cac thanh phan noi lyc trong cac thanh cua két ciu dan
so sanh; n 13 tong s6 thanh trong két cau dan.

Khi hé so sanh khong lién két va két cau dan c6 r nat dan chiu tai trong tap
trung thi phai dua Iyc tap trung vao (2.35) va lac d6 lwong rang budc duoc viét nhu
Sau:

(AI) ZZr“ij — min (2.36)

—ZZPJ.VJ. = Z

ini =1 i= |

Trong d6: P,;- luc tap trung tai ntt thi j;
v, -chuyén vi tai nat thi j theo phuong tai trong EJ ;

Phuong phap nguyén 1y cuc tri Gauss c6 thé giai cho bai toan tuyén tinh két
ciu dan ciing nhu bai toan phi tuyén hinh hoc két cau dan. Khi giai bai toan két cau
dan theo (1.17b), c6 thé giai theo hai cach la:
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- Cach thir nhat: 13 c6 thé chon cac an s6 chinh 1a cac thanh phan chuyén vi
tai cac nut dan.

- Cach thir hai: 13 ¢6 thé chon cac an s6 chinh 13 ndi lyc trong cac thanh dan.

Chu ¥ khi giai theo cach thir nhat thi diéu kién lién tuc vé mat chuyén vi tai
cac nut dan tu dong thoa mén, nhung néu giai theo cach thir hai thi can phai dua
thém diéu kién lién tuc vé chuyén vi tai cac nat dan. Trong ndi dung chuyén dé nay
s& trinh bay chi tiét timg cach dé giai bai toan két ciu dan chiu tai trong tap trung tai
cac nut, dua trén nguyén 1y cuc tri Gauss va cach dam bao diéu kién lién tuc vé
chuyén vi tai cac nut dan.
2.3.1 Phan tich tuyén tinh két cdu dan véi cach chon An sb chinh Ia cAc thanh phan
chuyén vi tai cac niit dan
2.3.1.1 Két cdu dan phang

Xét thanh ij trong dan phang.
Goi toa d0 ban dau cua cac nat 1an
lugt1a i(x;,y;).j(x;y,)- Sau khi dan
chiu lgc, nat i c6 chuyén vi:

u uu uu R
li'=u, +Vv, ; nat j c6 chuyen vi:

U w  u
Ji'=u;+v; (hinh2.4)

it Hinh 2.4 So' dd chuyén vi ciia nut
at. )
thanh trong hé tea d9 phang

XJ-—Xi

yjz_ Y —; |=cosa = ; ;
\/(xj—xi) +(y;-i) \/(Xi_xi) +(y;-vi)
Chiéu dai cta thanh dan trude khi bién dang 1a:
10 == +(v ) 23

Bién dang dai tuyét d6i cuia thanh dan 1a:

m=sina = (2.37)

AIij = (Luj + mv;) = (Lu; + m.v;) (2.39)
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Nhu vay néu hé dan bao gdm n thanh va c6 r1 niit chiu tai trong tac dung theo

phuong ox va co r2 nut chiu tai trong tac dung theo phuong oy thi phiém ham lugng

rang budc (2.36) cua bai toan dugc viét nhu sau

( ) Zzp(kl) uk riZP}Ekz)_VkZ —> min

- Z |(0)
ko1 kp=1

k=1

(2.40)

hay
0 EF ((eu;+mev) = (l.u; +m,.

TE e

Xét tai ntit i c6 m thanh quy tu tai nat; PY; P;i) la cac thanh phan tai trong tac

) iZP(kl)u iZPy(kz).vkz—)min (2.41)
k=1

dung tai ntt i theo phuong truc x va phuong truc y

biéu kién cuc trj cua bai toan 1a:

oz 0;E =0 (2.42a)
6u oV,

Suy ra:
m, 26 ((5.u; -+ myv;) = (u, +myv) ) (=) _opl g

Z 2 2
\/(Xi _Xj) +(yi _yj) (2.42b)
2EF; (13- + M) = (.U + myv,) ) (-my) _opi _g

2 Yo =) (v,

=1

Noi luc cua cac thanh dan duoc tinh bang cong thirc sau

Al EF,
N; O

(2.43)

ij

Cac phuong trinh (2.42b) chinh la cac phuong trinh can bang tai cac nut dan

c¢6 chuyén vi va co thé viét dudi dang rat gon lai nhu sau

Z Nl + PP =

; (2.42¢)
M _

_Z;Nij.mij +P" =0

J=
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Néu bai toan c6 C lién két ndi dat va S_ niit thi theo diéu kién (2.42) thiét lap
dugc hé phuong trinh bao gom (25n — C) phuong trinh tuyén tinh co (28n - C) an

s6 1a cac thanh phan chuyén vi u, v. Giai hé phuong trinh (2.42) s& xac dinh dugc
cac an s6 u, v 1a cac thanh phan chuyén vi tai cac nat dan.

Sau khi tim dugc céc thanh phan chuyén vi tai cac nat dan, thay cac thanh
phan chuyén vi nay vao phuong trinh (2.39), (2.43) s& tim duogc bién dang dai tuyét
ddi va ndi lyc cta cac thanh dan.
2.3.1.2 Két ciu dan khong gian

Xét thanh 1j trong dan khong
gian. Goi toa d6 ban dau cua cac nat
lan lugt 13 i(x,,y,,2,) j(x,y,z,)- Sau
khi dan chiu lyc, ndt i c6 chuyén vi:

Uu w w uu )
iI'=u, +Vv, +w, ; nit j cd chuyén

U w uw uu
vi: jj'=u;+Vv, +w, (hinh2.5) z

Hinh 2.5 So d6 chuyén vi cia nut

thanh trong h¢ toa d khong gian

dat: | = 2T _; (2.442)
\/(xj—xi) Hy, i) +(2,-2)
m = iV _; (2.44b)
Yo=Y + (v, v) +(2,-2)
Z.—Z.
n— i , (2.44c)

Jx =% (v~ ) +(z,-2)

(I,m,n) goi la c6sin chi phuwong cua thanh ij

Chiéu dai ctia thanh dan truéc khi bién dang 1a:

© :\/(xj—xi)er(yj—yi )2+(zj—zi)2 (2.45)

Bién dang dai tuyét d6i cua thanh dan la:
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Al = (Luj+mv; +nwj) = (Lu; + my; +n.w;) (2.46)

Nhu vay néu hé dan bao gébm n thanh va S, nut trong d6 c6 11 nat chiu tai
trong tac dung theo phuong ox, r> nat chiu tai trong tac dung theo phuong oy, rz nut
chiu tai trong tac dung theo phuong oz thi phiém ham hrong rang budc (1.17b) cua

bai toan dugc viét nhu sau:

2
n E.FE (Al n f, .
Z= é%_ézwkol% —~ ézpy(ka.vkz _ kzz‘izpz(kg)_wka emin (2.47a)
hay
y Eka )
Z= k 1\/( )2 ( )2 ( )2 (et +mev;+n,w) = (Lou +mev, +now)) +
— Xi=X;) +\Yi~Yy;) +\Z -z

n P} 3

_ (ky) _ (kz) _ (ks) 1
kzlsz Uy k212Py A k§12PZ W, —> min (2.47b
1= 2= 3=

Xét tai nut i c6 m 1a sb thanh quy tu; PO P;”;Pz(i) 14 thanh phan tai trong tac
dung tai nut i theo phuong truc x, phuong truc y va phuong truc z;
(Iij ,m, nij),(j =1-+m) la cosin chi phuong cua truc thanh dan ij.

Diéu kién cuc trj cua bai toan la:

0Z 0.9 _g. %% _y, (2.48a)

Suy ra:
m 2B R (1) (-t + myv +ngwg) = (Lu, +myy, +ngw,) ) P —g
Z 2 2 2 x
Jx=x) +(vi-y,) +(z-2)
m, 2B R (-my) (- + Mgy +npw)) = (L, +myv; +n,w,)) _op g (2.49b)
y
=) \/(xi—xj)2+(yi—yj)2+(zi—Zj)z
iZEqu(—nij)((lij.uj +mij2.vj Jrn”..wj)z—(lij.ui +m2ij.vi +n,w,)) _2p0 =0
=N \/(xi—xj) +(yi-y;) +(z-z)

Céac phuong trinh (2.49b) chinh 1 cac phuong trinh can bang tai cac nit c6

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

ZNU I, +P0 =

=
m . 2.49¢c
ZNij'mij +P>EI) =0 ( )
=1

ZN” n;+P =

=

Néu bai todn c6 C lién két ndi dat va S nut dan thi theo diéu kién (2.49) ta sé
c6 dugc hé phwong trinh bao gém (38n —C) phuong trinh tuyén tinh va co
(35, —C) 4n s6 la céc thanh phan chuyén vi u, v, w. Giai hé phuong trinh (2.49)

nay sé& tim duogc cac an s6 u, v, w 1a cac thanh phan chuyén vi tai cac nit ctia dan.
Sau khi tim dugc cac thanh phan chuyén vi cia cac nut dan thay vao phuong
trinh (2.46) va (2.43) s& tinh duoc bién dang dai tuyét d6i va noi luc caa cac thanh
dan.
2.3.2 Phan tich tuyén tinh két ciu dan véi cach chon 4n s6 chinh 1a cac thanh phan
noi lwc trong cac thanh dan
Xét dan gém n thanh, goi N, 1a noi lyc trong thanh dan thw i . Luong rang

budc caa dan (2.36b) duoc viét nhu sau:

y 2r Pv. > min 2.50
EF %:“ (2.50)

Néu chi théa man (2.50) thi dan chwa dam bao diéu kién lién tuc vé mit
chuyén vi tai cac ntit dan. Vi vay can phai bo sung diéu kién lién tuc 13 cac thanh
dong quy tai nut thi chuyén vi tai nat d6 cta cac thanh phai bang nhau. Cac phuong

trinh bo sung dé dan thoa mén diéu kién lién tuc vé chuyén vi duoc viét nhu sau:
g =—-"-Al=0 (2.51)

Trong (2.51) Al. 1a bién dang dai tuyét ddi ciia thanh dan dugc xac dinh theo
(2.39) hoac (2.46).
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Nhu vay bai toan phan tich, tinh toan dan tr¢ thanh bai toan tim cuc tri cua
phiém ham (2.50) voi cac rang budc (2.51). Bai toan nay cé thé giai bang phuong

phap thira s6 largrange véi phiém ham mo rong F nhu sau:

F:Z+Zn:7»igi — min (2.52)

i=1
Trong do A, la thua s6 largrange va ciing 1a an s cua bai toan.
Diéu kién cyc trj caa (2.52) la:

F 0. F g F g (2.53)
ON.~ av. o

J

Giai hé phuong trinh tuyén tinh (2.53) s& tim duoc cac thanh phan chuyén vi
tai nut dan va noi luc trong cac thanh.
2.3.3 Phwong phap xac dinh cac thanh phan chuyén vi tai nit dan va ndi luc
trong cac thanh dan ddi véi bai toan dan tuyén tinh

Theo phuong phap phan tich, tinh toan tuyén tinh két cdu dan dua trén nguyén
1y cuc tri Gauss 1a cudi cung dua vé giai hé phuwong trinh (2.53) hoidc (2.49) céac
phuong trinh trong cac hé nay 1a cac phuong trinh tuyén tinh. D¢ giai hé phuong
trinh tuyén tinh rat nhiéu phuong phép, trong dé tai nghién ctru nay tac gia sir dung
ham fsolve trong Optimization Toolbox ctia phan mém Matlab 7.0 dé giai hé cac
phuong trinh tuyén tinh nay véi cac budc thuc hién nhu sau:
Buéc 1: Panh s thi tu cac nit, sb thir tu cac thanh cho két cau dan.
Bwéc 2: Xac dinh lwong rang budc cho két cdu ap dung phuwong phap nguyén 1y cuc
tri Gauss véi cac cong thuc (2.47), (2.52).
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(
Khai b,oc_c
hong v biGn

Thi@ |Ep c«ng thac
thhl; Al

Thi@ 1Ep phiGn hpm
Z(u,v)

ThiQ |Ep hum Myfun
chuyOnh c,cbiGhu, v
sang bi(h x

Gifi hOph--ng tr>nh
tuyGh tyah b»ng hpm
[x,fval exitflag]=f sol ve(@myfun,xo ,0ptions)

Thay @ maxfunevas 4 f 0
ag:

Hinh 2.6 So' dd khdi chwong trinh.
Bwéc 3: Tir diéu kién cuc tri cua phiém ham rang budc ta nhan dwgc hé phuong
trinh dao ham riéng theo cong thurc (2.49), (2.53).
Bwéc 4: Giai hé phuong trinh tuyén tinh (2.49), (2.53) bang cach sir dung ham
fsolve trong Optimization toolbox cua phan mém Matlab s& xac dinh duoc nghiém
cta hé 1a cac thanh phan chuyén vi tai cac nat cua két cau dan d6i véi bai toan giai
theo cach chon 4n s chinh 1a chuyén vi, hodc noi luc trong cac thanh dan va céc

thanh phan chuyén vi ciia cdc nat dan theo cach chon an sb chinh 1 ndi luc.
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Buwéc 5: Sau khi x4c dinh dugc cac thanh phan chuyén vi tai nut dan ta sé& tinh duoc
bién dang dai tuyét ddi va noi luc cac thanh theo cong thirc (2.39) hodc (2.43) va
(2.46).

Nhu vay, cach giai chon an sé chinh 1a chuyén vi thi phai tiép tuc lam thém
budc 5. Con cach giai chon an sé chinh 13 noi luc thi dén budce 4 1a dd xac dinh
duogc ca ndi luc trong cac thanh dan va cac thanh ph?ln chuyén vi tai cac nat dan.

So do giai thuat dé giai bai toan tuyén tinh két ciu dan chiu tai trong tinh dya
theo phuong phap nguyén 1y cuc tri Gauss bang cach sir dung ngén ngir lap trinh
Matlab 7.0 duoc thé hién nhu hinh 2.6.
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Chuong 3
MOT SO Vi DU PHAN TiCH KET CAU DAN

3.1 Bai toan dan vom phing tinh dinh trong, siéu tinh ngoai

Vi du 1: Xét dan vom phang tinh dinh trong, siéu tinh ngoai chiu lyc nhu (hinh 3.1)
biét cac thanh dan c6 mo dun dan hoi E=2.10%(kN/cm?). Tiét dién thanh cénh trén
va thanh canh dudi la $180x6(mm), cac thanh bung dan la $121x3,5(mm) . Nhip
dan 1=48(m), do thoai ciia dan k=f/I=1/8 va chiéu cao dan h=0,8 (m). Tai trong
P=100(kN) tac dung tai cac nit dan theo phurong thang dung. Tinh toan cac thanh

phan chuyén vi tai nut dan va ndi luc trong cac thanh dan.

Hinh 3.1 Vom dan phang tinh dinh trong, siéu tinh ngoai
Loi giai
Thiét Iap phiém ham lweng rang bugc cia két cau dan vom
Dan vom gdm 26 nut va 49 thanh dugc danh sé thir tu nhu hinh 3.1. Phiém
ham Iugng rang budc cua dan vom (2.40) dugc Viét nhu sau:

49 E A 26 .
Z=> Ik(k‘”k x(Al )= 2P.v, — min (3.1)

k=1 r=14

Thiét 1ap hé phwong trinh tir diéu kién cuc tri cia phiém ham rang buéc

Diéu kién bién cua bai toan 14 tai nat 1 va nat 13 khong c6 chuyén vi theo
phuong x va phuong y:U, =v, =u, =V, =0

Piéu kién cyc tri cia phiém ham rang budc Z (3.1) theo cac chuyén vi chua

biét 1a:
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1=2+12 j=2+12
oz _, {I Lz, {J (3.2)

ou,  li=14:26" av,  |j=14:26
Theo diéu kién cuc tri trén s& viét duoc hé phuong trinh gdm 48 phuong trinh
chtra 48 an s6 13 cac thanh phan chuyén vi tai cac nut.
Xic dinh cac thanh phan chuyén vj tai cac niat dan
Giai hé phuong trinh (3.2) s& tim duoc cac thanh phan chuyén vi tai cac nat va

két qua cac thanh phan chuyén vi tai cac nut dan duoc 1ap trong (bang 3.1).

Bang 3.1 Két qua chuyén vi theo hai phwong tai cic nit dan

Nt 1 2 3 4 5
Chuyén [Phuong X 0 -1,24 -0,586 -0,426 0,1212
vi (cm) [Phuong Y 0 1,5302 -1,384 -2,845 -6,735
Nt 6 7 8 9 10
Chuyén [Phuong X | 0,0624 0 -0,062 -0,121 0,4259
vi(cm) [PhuongY | -7,424 -9,367 7,424 -6,735 -2,845
Nt 11 12 13 14 15
Chuyén [Phuong X | 0,5862 1,24 0 0,4844 1,2197
vi (cm) [PhuongY | -1,384 1,5302 0 -0,006 1,5194
Nt 16 17 18 19 20
Chuyén [Phuong X | 0,2733 0,0103 -0,487 -0,272 0
vi (cm) [PhuongY | -1,393 -2,851 -6,74 -7,427 -9,371
Nut 21 22 23 24 25
Chuyén [Phuong X | 0,2725 0,4873 -0,01 -0,273 -1,22
vi(cm) [PhuongyY | -7,427 -6,74 -2,851 -1,393 1,5194
Nt 26
Chuyén |Phuong X | -0,484
vi(cm) [PhuongY | -0,006

Xac dinh ngi luc trong cac thanh dan
Theo cong thurc (2.39), (2.43) s€ xac dinh duoc noi luc trong cac thanh dan.
Két qua phan tich noi lyc trong cic thanh dan duoc lap thanh bang 3.2.
Bang 3.2 Két qua noi lwe trong cac thanh dan

Thanh| Noiluc (kN) | Thanh| Noiluc (kN) | Thanh| Noi luc (KN)
1 -1013,68710 18 -787,36635 35 -68,94796
2 -978,47928 19 -787,36635 36 -88,60023
3 -577,87592 20 -665,60215 37 -50,00000
4 -566,19143 21 -674,62449 38 -192 47767
5 -319,31596 22 -355,27056 39 -196,19877
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Thanh| Noilgc (kN) | Thanh| Noilgc (kN) | Thanh | NGi lyc (kN)
6 -317,18785 | 23 -365,24225 40 -98,23520
7 -317,18785 | 24 0,00000 41 32,81420
8 -319,31596 | 25 -50,00000 42 143,86796
9 -566,19143 | 26 -88,60023 43 185,73302
10 -577,87592 | 27 -68,94796 44 185,73302
11 -978,47928 | 28 -48,13627 45 143,86796
12 -1013,68710 | 29 -44,55626 46 32,81420
13 0,00000 | 30 -26,06795 47 -98,23520
14 -365,24225 | 31 -35,72188 48 -196,19877
15 -355,27056 | 32 -26,06795 49 -192,47767
16 -674,62449 | 33 -44,55626
17 -665,60215 | 34 -48,13627

Kiém tra cin bang niit dan
Két qua kiém tra can bang tai cac ntt dan duoc tap hop va lap thanh bang 3.3.

Bang 3.3 Két qua kiém tra cin bang tai cac nit dan

Nut >'F, D F, Nat| S'F D F,
1 0 0 14 -0.1681e-12 -0,1146e-13
2 0,6221e-12 0,8434e-12 15 0,2394e-12 0,4582e-12
3 0,1442e-11 0,1346e-11 16 0,3760e-12 -0,2792e-11
4 0,2953e-12 -0,3823e-11 17 0,6497e-13 0,2343e-12
5 0,3456e-12 0,2240e-10 18 0,5318e-12 0,2075e-12
6 | -0,2297e-12 -0,5126e-11 19 | -0,8903e-13 0,4903e-11
7 | 0,3542e-12 0,3153e-11 20 0,9323e-13 -0,9678e-11
8 | -0,4021e-12 0,3678e-11 21 | -0,1303e-12 0,1367e-10
9 | -0,1154e-11 0,1264e-10 22 | -0,2255e-12 -0,1648e-10
10 | -0,4256e-12 0,2427e-11 23 | -0,4334e-12 0,6535e-12
11 | -0,8721e-12 -0,4234e-12 24 | -0,1716e-12 -0,1165e-11
12 | -0,6198e-12 -0,5602e-12 25 | -0,5551e-12 -0,1453e-11
13 0 0 26 0,1681e-12 0,5799e-13

Vi s6 liu kiém tra can bang tai cac nat (bang 3.3) cho thay tit ca cac nat déu

thoa man diéu kién can bang.

Hinh dang dan truée va sau khi bién dang: Két qua hinh dang dan trude va sau

khi bién dang duoc thé hién nhu hinh 3.2.

(cm)
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Hinh 3.2 Hinh dang dan truéc va sau khi bién dang

3.2 Bai toan dan vom phing siéu tinh trong, tinh dinh ngoai

Hinh 3.3 Vom dan phang siéu tinh trong, tinh dinh ngoai

Vi du 2: Xét dan vom phang siéu tinh trong, tinh dinh ngoai nhu (hinh 3.3) biét cac
thanh dan c6 mé dun dan hoi E=2.10*(kN/cm?). Tiét dién thanh canh trén va thanh
canh dudila $219x7(mm) c6 A=46,621 cm?, cac thanh bung dan 1a $121x3,5(mm)
c6 A=12,92 cm?. Nhip dan 1=48 (m), d6 thoai ctia dan k=1/3 va chiéu cao cta dan
h=0,8 (m). Tai trong P =20(kN) tac dung. Tinh toan cac thanh phan chuyén vi tai
nat dan va ndi luc trong cac thanh dan
Loi giai
Thiét Iap phiém ham lwong rang bugc cia két cau dan vom

Dan vom gdm 61 thanh, 26 nut duoc danh sé thir tu nhu hinh 3.3. Phiém ham
lwong rang budc cua dan (2.40) dugc viét nhu sau:

6 E A 26 -
zZ=3 IZU)kX(AIk)Z—ZZPr.Vr—)mm (3.3)

r=14

Thiét 1ap hé phwong trinh tir diéu kién cuec tri cia phiém ham rang bugc
Diéu kién bién ciia bai todn:u, =v, =v,, =0 (3.4)
Diéu kién cuc tri cia phiém ham rang budc Z (3.16) theo cac chuyén vi chua

biét sé 1a:
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j=2+12
oz _ oz { : (3.5)

ou, 0 1TEER S0 (is1aes
Theo diéu kién cuc tri (3.5) lap dugc hé phuong trinh gébm 49 phuong trinh,
chtra 49 4an s6 13 cac thanh phan chuyén vi tai cac nut.
Xic dinh cac thanh phan chuyén vj tai cac niat dan
Giai hé phuong trinh (3.5) s& tim duoc cac thanh phan chuyén vi tai cac nat va

két qua cac thanh phan chuyén vi tai cac nat duoc 1ap thanh bang 3.4.

Bang 3.4 Két qua chuyén vi theo hai phwong tai cac mit dan

Nut 1 2 3 4 5
Chuyén [Phuong X 0 55,7694 | 96,8863 | 123,588 | 138,168
vi(cm) Phuong Y 0 -29,799 | -63,138 -94,839 -120,66

Nut 6 7 8 9 10

Chuyén [Phuong X | 144,084 145,497 146,91 152,826 | 167,406

vi(cm) PhuongY | -137,45 | -14327 | -137,45 | -120,66 | -94,839

Nut 11 12 13 14 15
Chuyén [Phuong X | 194,108 235,225 | 290,994 | 282,012 | 227,198
vi(cm) [PhuongyY | -63,138 -29,799 0 -0,0255 -29,745

Nut 16 17 18 19 20

Chuyén [Phuong X | 187,492 162,378 | 149,454 145,22 145,497

vi(cm) [PhuongY | -63,063 -94,754 -120,57 -137,36 -143,18
Nut 21 22 23 24 25

Chuyén [Phuong X | 145,774 14154 | 128,616 | 103,502 | 63,7967

vi(cm) |PhuongY | -137,36 -120,57 -94,754 -63,063 -29,745
Nut 26

Chuyén Phuong X | 8,98204

vi(cm) [PhuongY | -0,0255

Xac dinh n§i lwe trong cac thanh dan
Theo cong thirc (2.39), (2.43) s€ xac dinh dugc noi luc trong cac thanh dan.
Két qua phan tich noi lyc trong cac thanh dan duoc lap thanh bang 3.5.

Bang 3.5 Két qiia ndi lwe trong cac thanh dan

Thanh| NGoilgc (KN) | Thanh| NG&ilgc (KN) | Thanh| Noi luc (KN)
1 239,71503 22 -1175,86050 43 326,13511
2 724,27523 23 -889,52121 44 326,13511
3 1065,11180 24 -459,86701 45 179,04459
4 1304,6230 25 -82,30799 46 38,35495
5 1458,93290 26 174,05131 47 -84,43775
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Thanh| Noilgc (kN) | Thanh| Noilgc (kN) | Thanh | NGi lyc (kN)
6 1534,80770 27 243,41420 48 -184,99745
7 1534,80770 28 272,67135 49 -273,50418
8 1458,93290 29 286,87469 50 397,63670
9 1304,62300 30 293,70816 51 252,55715
10 1065,11180 31 295,77248 52 107,11666
11 724,27523 32 293,70816 53 -25,81471
12 239,71503 33 286,87469 54 -137,28583
13 -459,86701 34 272,67135 55 -229,18558
14 -889,52121 35 243,41420 56 -229,18558
15 -1175,86050 36 174,05131 57 -137,28583
16 -1369,06820 37 -82,30799 58 -25,81471
17 -1489,85940 38 -273,50418 59 107,11666
18 -1548,15220 39 -184,99745 60 252,55715
19 -1548,15220 40 -84,43775 61 397,63670
20 -1489,85940 41 38,35495
21 -1369,06820 42 179,04459

Kiém tra cin bang nut
Két qua kiém tra can bang nit tai cac nat ctia dan vom siéu tinh trong, tinh
dinh ngoai dugc tap hop va lap thanh bang 3.6.

Bang 3.6 Két qua kiém tra cin bang tai cac nut dan

Nut >'F, D F Nut >'F, D F
1 0 0 14 0,8662e-11 0,3858e-10
2 -0,1106e-10 0,7164e-10 15 0,7615e-10 -0,5360e-10
3 -0,5599¢-10 -0,3741e-10 16 0,1089e-9 0,1030e-10
4 -0,3523e-10 0,1369e-10 17 0,2744e-10 0,8383e-10
5 0,2679e-10 -0,4621e-11 18 0,1485e-9 -0,2295e-9
6 -0,1084e-9 0,8450e-10 19 -0,3120e-10 0,5090e-10
7 0,5219¢e-10 0,5048e-10 20 -0,4485e-10 0,6549e-11
8 | -0,9911e-10 0,6431e-10 21 0,5032e-10 0,44950e-10
9 0,8806e-11 0,6444e-10 22 0,9970e-11 0,1219e-9
10 0,5104e-10 0,2144e-9 23 -0,4244e-10 -0,1360e-9
11 | 0,5995e-10 -0,1821e-9 24 0,2673e-10 -0,24331e-10
12 | -0,3340e-10 0,6206e-10 25 -0,1672e-10 -0,51322e-10
13 | -0,1004e-11 0 26 0,5261e-11 0,5252e-11

déu thoa man diéu kién can bang.

Véi sb liéu kiém tra can bang tai cac nat bang 3.6, ta nhan thay tat ca cac nut

Hinh dang dan truée va sau khi bién dang: Két qua thé hién nhu hinh 3 .4.
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Hinh 3.4 Hinh dang dan trwéc va sau khi bién dang

3.3 Bai toan vom phing siéu tinh trong, siéu tinh ngoai

Hinh 3.4 Vom dan siéu tinh trong va siéu tinh ngoai

Vi du 3: Xét dan vom phéng siéu tinh trong, siéu tinh ngoai nhu (hinh 3.11) biét cac
thanh dan c6 mé dun dan hoi E=2.10*(kN/cm?). Tiét dién thanh canh trén va thanh
canh dudila $219x7(mm) c6 A=46,621 cm?, cac thanh bung dan 1a $121x3,5(mm)
c6 A=12,92 cm? Nhip dan 1=48 (m), d6 thoai ctia dan k=1/3 va chiéu cao cua dan
h=0,8 (m). Tai trong P =100(kN) tac dung. Tinh toan cac thanh phan chuyén vi tai
nat dan va ndi luc trong cac thanh dan
Thiét 1ap phiém ham lwong rang budc cia két cdu dan vom

Dan vom gdm 61 thanh va 26 nat duoc danh sé thar ty nhu hinh 3.4. Phiém
ham Iugng rang budc cua dan vom (2.40) dugc Viét nhu sau:

61 E A 26 i
z=Y Ik(ko)kx(mk)z—22pr.w,—>mm (3.6)

k=1 r=14
Thiét 1ap hé phwong trinh tir diéu kién cuc tri cia phiém ham rang bugc
Diéu kién bién cua bai toan:

U =V, =Uz=V;; = 0 (3-7)
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Piéu kién cyc tri ca phiém ham rang budc Z (3.6) theo cac chuyén vi chua
biét s& 1a:
i=2+12 j=2+12
aa_uzizo {i:14+26; %ijo {j1:14+26 38)
Tir diéu kién cuc tri (3.8) s& lap duoc hé phuong trinh gdm 48 phuong trinh,
chtra 48 4n s6 13 cac thanh phan chuyén vi tai cac nat dan.
Xac dinh cac thanh phan chuyén vj tai cac nat dan
Giai hé phuong trinh (3.5) s& tim dugc cac thanh phan chuyén vi tai cac nat va

két qua cac thanh phan chuyén vi tai cac nat dan duoc 1ap thanh bang 3.7.

Bang 3.7 Két qua chuyén vi theo hai phuong tai cac nut dan

7 Nut 1 2 3 4 5
Chuyén |Phuong X 0 -14,964 -13,525 -7,6849 -2,8233
vi(cm) [Phuong Y 0 7,48294 | 5,64011 -1,9557 -11,178

Nut 6 7 8 9 10
Chuyén |Phuong X | -0,5032 0 0,5032 2,82327 | 7,68486
vi(cm) [PhuongY | -18,367 -21,052 -18,367 -11,178 -1,9557

Nut 11 12 13 14 15
Chuyén [Phuong X | 13,5251 14,9638 0 2,14426 15,2762
vi(cm) [PhuongY | 5,64011 7,48294 0 0,0096 7,38019

Nut 16 17 18 19 20
Chuyén [Phuong X | 12,6906 6,43975 | 1,71351 -0,1319 0
vi(cm) [PhuongY | 5,57835 -1,9784 -11,173 -18,346 -21,026

Nut 21 22 23 24 25
Chuyén [Phuong X | 0,13193 -1,7135 -6,4398 -12,691 -15,276
vi(cm) [PhuongY | -18,346 -11,173 -1,9784 557835 | 7,38019

Nut 26
Chuyén [Phuong X | -2,1443
vi(cm) [PhuongyY | 0,0096

Xac dinh ni luc trong cac thanh dan
Theo cong thuc (2.39), (2.43) sé xac dinh dugc noi luc trong cac thanh dan.
Két qua phan tich ndi lyc trong cac thanh dan duoc lap thanh bang 3.8.
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Bang 3.8 Két qua ndi lwe trong cac thanh dan

Thanh | Noi lyc (KN) | Thanh | N&i luc (kN) | Thanh | Noi luc (KN)
1 -891,72249 22 91,55840 43 28,07603
2 -931,45293 23 462,49942 44 28,07603
3 -535,99495 24 515,10710 45 178,32813
4 -93,05812 25 30,99376 46 15,03556
5 251,72811 26 -331,86969 47 -171,06425
6 436,22602 27 -199,50639 48 -224,62901
7 436,22602 28 -73,41352 49 169,92336
8 251,72811 29 15,33466 50 -445,40157
9 -93,05812 30 66,77608 51 175,66608
10 | -535,99495 31 83,57244 52 111,47138
11 | -931,45293 32 66,77608 53 -85,46455
12 | -891,72249 33 15,33466 54 -224,64300
13 515,10710 34 -73,41352 55 -130,21812
14 462,49942 35 -199,50639 56 -130,21812
15 91,55840 36 -331,86969 57 -224,64300
16 | -288,22274 37 30,99376 58 -85,46455
17 | -572,31450 38 169,92336 59 111,47138
18 | -721,21913 39 -224,62901 60 175,66608
19 | -721,21913 40 -171,06425 61 -445,40157
20 | -572,31450 41 15,03556
21 | -288,22274 42 178,32813

Kiém tra can bang nit dan

Két qua Kiém tra can bang tai cac nat cia dan vom si€u tinh trong, siéu tinh

ngoai duoc tap hop va 1ap thanh bang 3.9. .
Bang 3.18 Ket qua kiem tra can bang tai cac nut dan

Nut >'F, D F, Nat| S'F D F,
1 0 0 14 -0,5142e-9 0,6302e-9
2 -0,2861e-9 -0,1147e-8 15 0,3555e-9 -0,1107e-8
3 -0,1166e-9 -0,2067e-8 16 -0,2302e-9 0,1159e-8
4 0,5830e-8 -0,1279e-7 17 -0,2509e-8 0,1056e-7
5 -0,6299¢e-8 -0,3267e-8 18 0,3690e-9 0,5950e-9
6 0,3950e-9 -0,2275e-9 19 -0,3754e-10 0,6516e-10
7 -0,3762e-9 0,5711e-11 20 -0,8283e-10 -0,1006e-10
8 0,6894e-10 -0,1554e-9 21 0,4331e-10 0,3327e-9
9 0,3624e-8 -0,4190e-9 22 -0,7767e-9 -0,2361e-9
10 | -0,3653e-8 -0,9284e-8 23 -0,1569e-9 0,1544e-7
11 0,3688e-8 -0,1883e-8 24 0,7078e-9 0,1427e-8
12 0,1970e-9 -0,2295e-9 25 -0,3900e-9 -0,2535e-9
13 0 0 26 0,2457e-9 0,5200e-10
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Vi s6 lieu kiém tra can bang tai cac nat (bang 3.9) nhan thay tit ca cac nat
déu thoa mén diéu kién can bang.
Hinh dang dan truée va sau khi bién dang: Két qua hinh dang dan trudc va sau

khi bién dang duoc thé hién nhu hinh 3.5.

1500|-(CmM)
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Hinh 3.5 Hinh dang dan trwéc va sau khi bién dang
3.4Bai toan dan ciu khong gian

Xét dan cau khong gian mot 16p Kiewitt 8 nhu hinh 3.13: | 13 nhip dan, f1a do
vong cua dan va dat k=F /1 goi 1a do thoai ciia dan. Dan cau khong gian mot 16p

thuong c6 nhip dan |1 <60(m)va d¢ thoai ciadan k=1/8+1/3.

+E (3.9

Bén kinh cong cua dan : r= r
2 8f

Phuong trinh mat cau c¢6 dang: X2 +y?+2z°=r? (3.10)
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Hinh 3.6 Dan ciu khong gian K8
Vi du 4: Xét dan Kiewitt 8 v&i nhip dan 1=40m, d¢ thoai cua dan k=1/8 va cac
thanh dan c6 cung mo dun dan hoi E = 2.10*(kKN/cm?). Tiét dién cac thanh suon
(c6 truc thanh thuoc mit phing di qua tim) va cc thanh vanh 1a $121x3,5(mm);

tiét dién cac thanh xién 1a ¢114x3(mm). Chiu hrc 4P /3 tac dung thang ding tai
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nat dinh dan va chiu lyc P tai cac nat con lai, vdi gia tri luc P=40(kN). Xac dinh noi

hrc trong cac thanh dan va cac thanh phan chuyén vi tai cac nit dan theo PTPTHH.

12
10

SN
A

1 3 S 7 9 11
Hinh 3.7 S6 hiéu nit ciia dan K8  Hinh 3.8 S6 hiéu thanh cho dan K8

Léi giai

Dan cau K8 ddi xiing vé hinh hoc va chiu tai trong d6i ximg nén dé giam sé an
cua bai toan nhung khong 1am anh huéng két qua tinh toan, dé tai phén tich tinh
toan cho 1/8 dan cau gdm 57 thanh va c6 21 nut. Céc thanh, cac nut ctia dan cau K8
dugc danh sb nhu hinh 3.14, hinh 3.15 va ¢6 thém céc diéu kién nhu sau:

-Cacthanh 1,2,3,4,5,6,7,8,9,10, 11, 12 ¢6 6 cing giam di mot nira so vaoi
d6 cung trong dan ban dau. Con cac thanh con lai c6 d6 cung Van giir nguyén do
ctrng So V&i dan ban dau.

Thiét lap phiém ham lwong rang bugc cho két cau
Phiém ham luong rang budc cua dan (2.47) c6 thé duoc viét nhu sau:

ZZiElk(ﬁk X(Alk)z—iZPr.wr — min (3.11)

a =
trong cong thuc (3.11) khi thi cac bién dang dai tuyét ddi cua cac thanh dan duoc
tinh theo (2.46).
Thiét Iap hé phwong trinh phi tuyén tir diéu kién cuc tri cia phiém ham

- Diéu Kién bién: u1=Vi= V2= V4= V7= V11= Vi6= V22= U22= V23= Up3= 0;

V24= U24= V25= U2s= V26= U26=0; V27= U27= V28= U28=0; U3= V3; Us= Vs,

U10= V10; U15= Vi5; U21= V1. (3.12)
Diéu kién cuc tri caa phiém ham luong rang budc Z (3.11) theo cac thanh

phan chuyén vi chua biét:
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(3.13)

Theo diéu kién (3.13) thiét lap dugc hé phuong trinh gém 51 phuong trinh

tuyén tinh, chira 51 an s6 1a cac thanh phan chuyén vi tai cac nat dan.

Xic dinh cac thanh phan chuyén vj tai cac niat dan

Giai hé phuong trinh (3.13) bang ham fsolve trong Optimization Toolbox, s&

tim dugc 51 4n 13 cac thanh phan chuyén vi tai cac nat dan. Két qua cac thanh phan

chuyén vi dugc thé hién nhu bang 3.10

Bang 3.10 Két qua chuyén vi tai cic nut dan

Nt Chuyén vi (cm) Nt Chuyén vi (cm)

Phuong x | Phuong y | Phuong x Phuong x | Phuong y | Phuong x
1 0 0 [7,284781 12 12,1182 |-2,30119 |-38,7154
2 |-3,31132 0 [-20,0455 13 -9,06954 |-3,75673 |-34,0736
3 |-2,34146 |-2,34146 |-20,0455 14 | -10,196 |-6,94165 |-38,7154
4 |-7,01566 0 [-27,7212 15 11,1502 |-11,1502 |-39,0461
5 -6,22373 |-2,57795 |-38,5136 16 |-22,9248 0 50,3954
6 -4,96082 |-4,96082 |-27,7212 17 13,7509 |-1,81073 |-34,5109
7 F11,1265 0 [-33,4439 18 |-8,38087 |-2,51391 | -24,481
8 [-9,27224 |-2,50175 |-39,8431 19 |-7,70377 |-4,14857 | -24,481
9 |-8,32547 |-4,78746 |-39,8431 20 -11,0038 |-8,44299 |-34,5109
10 |-7,86763 |-7,86763 |-33,4439 21 16,2103 |-16,2103 |-50,3954
11 |-15,7687 0 [-39,0461

Noi lue trong cac thanh dan

Theo cong thirc (2.46) va (2.43), s€ xac dinh dugc noi lyc trong cac thanh dan.

Két qua noi luc trong cac thanh dan duoc thé hién nhu bang 3.11.

Bang 3.11 Két qua ndi lue trong cac thanh dan

Thanh | Noi luc (kN) | Thanh | Noi luc (KN) | Thanh | Noi luc (KN)
1 -81,6625 20 -220,179 39 -48,8989
2 -81,6625 21 -220,179 40 -51,9182
3 -101,985 22 -255,954 41 -115,899
4 -101,985 23 -246,397 42 -151,615
5 -106,699 24 -189,06 43 -182,501
6 -106,699 25 -172,663 44 -182,501
7 -107,038 26 -189,06 45 -151,615
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Thanh | N6i lyc (kN) | Thanh | Noi lyc (KN) | Thanh | Noi lyc (kKN)
8 -107,038 27 -246,397 46 -115,899
9 -96,8603 28 -101,573 47 -51,9182
10 -96,8603 29 -101,573 48 -97,8367
11 -45,7795 30 63,2773 49 -147,85
12 -45,7795 31 -159,803 50 -156,628
13 -246,82 32 -159,803 51 -157,129
14 -257,123 33 63,2773 52 -148,47
15 -257,123 34 -48,8989 53 -148,47
16 -261,426 35 -122,448 54 -157,129
17 -237,578 36 -182,399 55 -156,628
18 -261,426 37 -182,399 56 -147,85
19 -255,954 38 -122,448 57 -97,8367

Kiém tra cin bang tai cac niit dan
Sau khi xac dinh dugc cac thanh phan chuyén vi tai cac nat dan va noi luc
trong cac thanh dan, tac gia kiém tra can bang tat ca cac nat dan. X¢ét tai nat bat ky

¢ n thanh quy tu qua nét va ¢ tai trong P tac dung, cong thirc Kiém tra can bang

nut dan:

[ZFX;ZFy;ZFZ]:LZ::NiX +PX;§Niy+PX;iZl:NiZ +PX]

Két qua kiém tra can bang tai cac nit dan duoc lap thanh bang 3.21.

Bang 3.12 Két qua kiém tra cAn bing tai cac nit dan

Tén nat Z F z F, Z F
1 0 0 6,66E-16
2 -3E-15 0 -3,8E-15
4 0 0 0
5 -4,1E-14 0 -6,9E-15
7 -3,2E-14 -2,6E-13 -2E-14
8 0 0 0
9 -6,3E-14 0 -4,1E-14
11 4 57E-13 4,49E-14 -3,2E-14
12 3,83E-13 -1E-13 -7,5E-14
13 0 0 0
14 4,74E-13 0 -4,8E-14
16 -1,6E-13 4,88E-14 -9,5E-14
17 -6,3E-13 1,6E-13 2,88E-14
18 5,2E-13 3,02E-13 3,55E-13
19 0 0 0

20 1,26E-13 0 -5,4E-14
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Vi s6 liéu kiém tra can bang tai cac nut dan (bang 3.12) cho thay tat ca céac
nut dan déu can bang. Nhu vay két qua tinh toan 1a tin cay.
Hinh dang dan trudc va sau khi bién dang: Két qua hinh dang dan trude va sau
khi bién dang duoc thé hién nhu hinh 3.16.

1000(cm)

0
21000 Tr-icbifh gt
2000 -2000 gault()i g}%lﬂgng

Hinh 3.9 Hinh dang két cAu dan trudc va sau bién dang

3.5 Bai toan dan vom khong gian mét lop

X

| I | Lty

Hinh 3.10 Két cAu dan vom khéng gian mét 16p

Két cau dan vom khong gian mot 16p (hinh 3.10) 13 hé két cau nhe, c6 d6 cung
t6t va thuong duoc str dung 1am két cau mai trong cac cong trinh ¢o kich khau do
nho (thuong B<25m;1<30m va B/l<1) nhu: cac xudng san xuat, gara sira chira
co khi, cac cong trinh phuc vy cho nong nghiép v.v... Két cau dan vom khong gian
thuong duoc lién két véi hé két cdu bén dudi thong qua hé théng dam bién nam trén
dinh céc cot. Tuy theo cong trinh cu thé ma két cdu dan vom khong gian mot 16p co
thé lién két trén hai bién hodc lién két trén bén bién voi két cau bén dudi. Do vong

k =f /B cua két cu dan vom thuong (1/5+1/3) [16].
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Phuong trinh ctia mat vom khong gian:
{xz +7° =R?

3.15
0<y<lI (3.15)

B(1+ 4k2)
8k

Két cdu dan vom khong gian mét 16p c6 rat nhiéu cach phan loai, tiy theo cac

trong do: R = (3.16)

tai liéu khac nhau. Nhung néu dya vao hinh dang 6 ludi cua két cau dan vom co thé

chia dan vom khong gian mot 16p ra lam bén loai [16]:

¢) Dan vom khong gian mot 16p loai 3 d) Dan vom khong gian mot 16p loai 4
Hinh 3.11 Mt s6 dang két cAu dan vom khéng gian mdt 16p
- Két cdu dan vom khong gian mot I6p loai 1: 14 két cau dan vom mot I6p co
cac 6 mat ludi theo 3 phuong dugc tao béi cac thanh doc va thanh xién (hinh 3.11a).
- Két cAu dan vom khong gian mot 16p loai 2: 14 két cau dan vom mot I6p co
cac 6 mit luGi theo 3 phuong dugc tao bdi cac thanh doc, thanh ngang va thanh
xién (hinh 3.11Db).
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- Két cdu dan vom khong gian mot 16p loai 3: 14 két cau dan vom mot I6p co
cac 6 mat ludi theo 4 phuwong dugc tao boi cac thanh doc, thanh ngang va thanh
xién (hinh 3.11c).

- Két cAu dan vom khong gian mot 16p loai 4: 14 két cau dan vom mot I6p co
cac 6 mat ludi theo 2 phuong duoc tao bai cac thanh xién (hinh 3.11d).

Sau ddy dé tai trinh bay phan tich tuyén tinh két ciu dan vom khong gian mot
I6p loai 1.

Vi du 5: Xét dan vom khéng gian mét 16p loai 1 véi bé rong dan B=15m, d6 vong
cua dan k=1/3, chiéu dai dan 1=27m va cac thanh c6 cing mé dun dan hoi
E=2.10*(kN/cm?). Tiét dién cac thanh xién 1a $133x4mm , cic thanh doc 13
$»89x4mm voi didu kién két cau dan vom lién két vai hé két cdu bén dudi trén bon

bién chiu tdc dung cua tai trong thang dung tai cac nat dan P =20(kN) theo

phuong thang dung.
Loi giai
6 7 8 9
[ 0 il 3 38 39 40 41
g 1 1 1 X 12 1
et 43 47 4S5 45
5 0 5 1 4 2 S 2 & 2 7 2
i) 7 %8 %S 50 St
A v o4 8:,, S O: 1__ _E
o T 53 T J0 o))
a- Sb hiéu cac nit dan b- Sé hiéu cac thanh dan

Hinh 3.12 Két cdu dan vom khong gian mét 16p
Do dan d6i xang vé hinh hoc chiu tai trong dbi xtmg dé giam an sb khi tinh
todn nhung khong lam anh hudng dén két qua cua bai toan, tic gia phan tich tinh
toan cho 1/4 dan. Trudc khi viét luong rang budc cho két cau, cac nit dan va thanh
dan duoc danh s6 hiéu nhu hinh 3.12.
Thiét 1ap lwong rang budc caa két cau
Luong rang budc cua két cdu dan vom khéng gian mot 16p loai 1 (2.47) duoc

tinh nhu sau:
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Z=§E“Ak x(Al )’ +22P W, +22P W, +22P W, +ZP W, 4P (W, + W,y ) = min (3.17)

|(0)
K i=13 i=19 i=25

Trong (3.29) bién dang dai tuyét ddi cua cac thanh dugce tinh theo (2.46).
Do tinh d6i ximg nén: U, —u, =0; W, —W,, =0; W,, —wW,, =0  (3.18)
Theo phuong phap thira s6 Largrange phiém ham rang budc mé rong L cho
két cau co thé viét nhu sau:
L=Z+2 (U —Uy, )+, (W =Wy, )+ Ay (W, —W,g ) — min (3.19)
Thiét 1ap hé phwong trinh phi tuyén tir didu kién cuc tri cia phiém ham mé
rong

Diéu kién bién cua bai toan:
= V29 = O (3.20)

Diéu kién cuc tri cua phiém ham rang budc ma rong F (3.19) theo cac thanh

phan chuyén vi chua biét 1a:

io7. j=7+10 k=711
i=7+11 _ o
S_Lzo i=13-17; 0L o) 1=18=16, oL _ ) k=13+17, SomUi=1y (2D
U | joags & |i=19+22 ow, |k=19+23
j=25+28 k =25+29

T diéu kién cuc tri cua phiém ham mo rong L (3.21) thiét lap dugc hé
phuong trinh gém 54 phuong trinh phi tuyén chta 54 an s6 1a cac thanh phan
chuyén vi ctia cac nit dan va cac thira s6 lagrange.

Xic dinh cac thanh phan chuyén vj tai cac niat dan

Giai hé phuong trinh (3.21) tim duoc cac thanh phan chuyén vi tai cac niit dan.

Két qua cac thanh phan chuyén vi tai cac nat dan duoc thé hién nhu bang 3.13.

Bang 3.13 Két qua chuyén vi tai cic nat dan

Nt Chuyén vi (cm) Nit Chuyén vi (cm)
Phuong x | Phuong y |Phuong x Phuong x | Phuong y | Phuong x
1 0 0 0 14 |-0,41372 0,100671 | -1,7161
2 0 0 0 15 |-0,66536 | 0,07766 |-2,51209
3 0 0 0 16 |-0,80932 | 0,028763 | -2,95235
4 0 0 0 17 | -0,80932 0 -2,95235
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Nt Chuyén vi (cm) Nt Chuyeén vi (cm)
Phuong x | Phuong y |Phuong x Phuong x | Phuong y | Phuong x

5 0 0 0 18 0 0 0

6 0 0 0 19 |-0,15915 | 0,066171 | -0,72582
7 | 038812 | -0,07467 |0,197373| 20 |-0,15915 | 0,119108 | -1,10102
8 11,691934 | -0,10278 [0,982097 | 21 |-0,15915 | 0,112491 | -1,38817
9 |2,894046 | -0,08302 |1,70561 | 22 |-0,15915 | 0,066171 | -1,56812
10 | 3,70987 | -0,04469 |2,196627 | 23 |-0,15915 0 -1,62938
11 | 3,99648 0 2,369129 | 24 0 0 0

12 0 0 0 25 0 0,096793 | -0,23501
13 | -0,13783 | 0,080537 |-0,75646 | 26 0 0,120991 | -0,43806

Xac dinh noi lwe trong cac thanh dan

Sau khi xac dinh dugc cac thanh phan chuyén vi tai cac nat dan, theo (2.43),
(2.46) s& xac dinh dugc noi luc trong cac thanh dan. Két qua phan tich ndi luc trong
cac thanh dan dugc lap thanh bang 3.14.

Bang 3.14 Két qua ndi lue trong cac thanh dan

Thanh| N6i luc (kN) | Thanh| No6i luc (KN) | Thanh| Noi luc (KN)
1 -76,1356 22 -60,5312 43 14,33687
2 -93,409 23 -40,3496 44 -16,385
3 -81,2689 24 40,37656 45 -34,8181
4 57,7177 25 20,19501 46 -40,9625
5 -30,2588 26 1,35E-02 47 94,23675
6 15,61788 27 -20,1681 48 37,6947
7 32,89135 28 -9,18585 49 -4,71184
8 20,75119 29 -16,1111 50 -32,9829
9 -2,79996 30 -23,0364 51 -47,1184
10 105,7896 31 -29,9617 52 68,92308
11 74,0837 32 -36,887 53 17,23077
12 4237779 33 -64,5881 54 -19,6923
13 10,67189 34 -57,6628 55 -41,8462
14 -21,034 35 -50,7375 56 -49,2308
15 -147,858 36 -43,8123
16 -116,152 37 -106,334
17 -84,4458 38 -20,0185
18 -52,7399 39 14,0694
19 -121,076 40 27,29375
20 -100,894 41 31,82247
21 -80,7127 42 57,34747
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Kiém tra can bang tai cac nat dan
Pé kiém tra do tin cay cua két qua phan tich. Tac gia kiém tra can bang tat ca cac
nut ctia dan va két qua Kiém tra can bang tai cac nat dan duoc 1ap thanh bang 3.15.

Bang 3.15 Két qua kiém tra can bing tai cac nit dan

Tén nuat Z F Z F, Z F

1 0 0 0

2 0 0 0

4 0 0 0

5 0 0 0

7 0 0 0

8 0 0 0

9 -5.41E-14 5.26E-15 9.53E-14
11 -2.14E-13 1.21E-13 9.87E-14
12 8.72E-13 3.31E-14 -1.16E-12
13 -9.12E-13 2.04E-13 4.48E-13
14 -6.19E-13 0 8.98E-14
16 0 0 0

17 -1.18E-13 8.83E-14 4.85E-15
18 -5.74E-13 -2.76E-13 1.24E-13
19 -8.22E-13 7.19E-13 3.95E-13
20 2.37E-14 -1.68E-13 -1.58E-13
21 0 0 0
22 0 0 0
23 -4.13E-14 2.92E-14 -1.57E-14
24 8.50E-14 3.91E-14 -9.44E-14
25 -3.26E-13 -1.50E-14 -2.71E-13
26 -1.17E-13 -8.21E-14 -1.97E-13
27 -2.27E-13 0 -6.45E-14
28 0 0 0
29 0 -25.8462 -8.04E-15
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Theo két qua kiém tra can bang tai cac nit dan (bang 3.15) cho thdy cac nut
dan déu cin bang. Nhu vay két qua tinh toan 14 tin cay.

Hinh dang dan trudc va sau khi bién dang: dugc thé hién nhu hinh 3.22.

2500 (cm)

2000 A
0 500 B0 e biGnh d*ng
0 — SaubiGhding

Hinh 3.13 Hinh dang két cdu dan truéc va sau bién dang
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KET LUAN VA KIEN NGHI
Két luan: Qua cac nodi dung da trinh bay ¢ cac chuong trong dé tai nghién ctu, cd
thé rat ra cac két luan sau day:

1) Khi viét phuong trinh can bang cho cac nat dan thi khéng can viét phuong
trinh can bang cho cac diém bién, ma thay vao dé 1a viét diéu kién bién vé mit
chuyén vi.

2) Khi ap dung phuong phap nguyén 1y cuc tri Gauss dé phan tich két cau dan
thi khéng phai phan bai toan can phén tich 13 bai toan tinh dinh va siéu tinh nhu mot
s6 phuong phap khac. Nén khi giai bai toan dan theo phuong phéap nay c6 cach nhin
don gian hon.

3) Dua trén phuong phap nguyén 1y cuc tri Gauss dé tai da xay dung duoc
phuong phap giai cho bai toan phan tich tuyén tinh két cdu dan chiu tai trong tinh
tai nut dan theo hai cach tiép can bai toan: Chon an sé 1a cac thanh phan chuyén vi
tai cac nat dan; Chon an s 1a cac thanh phan noi luc trong cac thanh dan.

4) Qua két qua phan tich cac bai toan khac nhau trong dé tai cho thay ap dung
phuong phéap nguyén 1y cuc tri Gauss cho bai toan phan tich tuyén tinh két cau dan

1a tin cay.

Kién nghi: C6 thé st dung phuong phap nguyén 1y cuc tri Gauss nhu mot phuong

phap méi trong giang day, hoc tap va nghién ctru khi phan tich két cdu dan.
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PHU LUC

1. Code vidu 1

% File: prcal.m

clear all

clc

global g p

x=[0;400;800;1200;1600;2000;2400;2400;2000;1600;1200;800;400;0];

y=[0;0;0;0;0;0;0;300;300;300;300;300;300;300];

EA=100000;p=40;ul1=0;v1=0;v7=0;

syms u2 u3 u4 u5 u6 u8 u7 u9 ul0 ull ul2 ul3 ul4 v2 v3 v4 v5 v6 v8 v9...
v10v11lvi2vi3vl4
u=[ul;u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;ul3;uldy;
v=[v1l;v2;v3;v4;v5;v6;v7;v8;v9;v10;vli1;vi2;v13;v14];

syms cdl1 cd2 cd3 cd4 cd5 cd6 cd7 cd8 cd9 c¢d10 cd1l cd12 cd13 cd14 cdi5...
cd16 cd17 cd18 cd19 cd20 cd21 cd22 cd23 cd24 cd25 cd26 cd27 cd28...
cd29 cd30 cd31

cd=[cd1;cd2;cd3;cd4;cd5;cd6;cd7;cd8;cd9;cd10;cd11;cd12;cd13;cd14;cdl5;
cd16;cd17;cd18;cd19;cd20;cd21;cd22;cd23;cd24;cd25;cd26;cd27;cd28;cd29;
cd30;cd31];

syms bd1 bd2 bd3 bd4 bd5 bd6 bd7 bd8 bd9 bd10 bd11 bd12 bd13 bd14 bd15...
bd16 bd17 bd18 bd19 bd20 bd21 bd22 bd23 bd24 bd25 bd26 bd27 bd28...
bd29 bd30 bd31

bd=[bd1;bd2;bd3;bd4;bd5;bd6;bd7;bd8;bd9;bd10;bd11;bd12;bd13;bd14;bd15;
d16:;bd17:;bd18;bd19;bd20;bd21:bd22:bd23;bd24:bd25;bd26;bd27;bd28;bd29;
bd30;bd31];

symsal a2 a3 a4 a5 a6 a7 a8adallallal?2al3aldal5al6al7 al8 al9...
a20 a21 a22 a23 a24 a25 a26 a27 a28 a29 a30 a31 a32

a=[al;a2;a3;a4;ab;a6;a7;a8;a9;a10;all;al2;al3;al4;al5;al6;al7;al8;al19;a20;
a21;a22;a23;a24;a25;a26;a27;a28;a29;a30;a31;a32];

a(1)=0;

for i=1:13
cd(i)=sqrt((x(i+1)-x(i))"2+(y(i+1)-y(i))"2);
bd(i)=((x(i+1)-x(1))*(u(i+1)-u(i))+(y(i+1)-y(i))*(v(i+1)-v(i)))/cd(i);
a(i+1)=a(i)+EA*((bd(i))*2)/cd(i);

end

for i=1:6
cd(13+i)=sqrt((x(15-1)-x(i))"2+(y(15-i)-y())"2);
bd(13+1)=((x(15-1)-x(1))*(u(25-1)-u(i))+(y(15-1)-y (1)) * (v(15-1)-...

v(i)))/cd(i+13);

a(i+14)=a(13+i)+EA*((bd(13+1))"2)/cd(13+i);

end

for i=1:6
cd(29+i)=sqrt((x(15-1)-x(i+1))"2+(y(15-i)-y(i+1))*2);
bd(19+1)=((x(15-1)-x(i+1))*(u(15-i)-u(i+21))+(y(15-1)-y(i+1))*(v(15-i)...
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-v(i+1)))/cd(i+19);
a(i+20)=a(19+1)+EA*((bd(19+1))"2)/cd(19+1);
end
for i=1:6
cd(25+i)=sqrt((x(14-i)-x(i)) 2+ (y(14-1)-y())"2);
bd(25+1)=((x(14-1)-x(1))*(u(214-1)-u(i))+(y(14-1)-y(i))*(v(14-i)-...
v(i)))/cd(i+25);
a(i+26)=a(25+i)+EA*((bd(25+1))"2)/cd(25+i);
end
b=a(32)+2*p*(v(8)+v(9)+v(10)+v(11)+v(12)+v(13)+v(14));
t=[u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;ul3;uld;v2;v3;v4;v5;v6;v8;v9;v10;
vl1l;v12;vi3;v14];
syms h1 h2 h3 h4 h5 h6 h7 h8 h9 h10 hl1l h12 h13 h14 h15h16 h17 h18 h19...
h20 h21 h22 h23 h24 h25
h=[h1;h2;h3;h4;h5;h6;h7;h8;h9;h10;h11;h12;h13;h14;h15;h16;h17;h18;h19;h20;
h21;h22;h23;h24;h25];
for i=1:25
h(i)=diff(b,t(i));
end
g=simplify(h);
% File myfun.m
function f=myfun(x)
global g
for i=1:13
magic_str=['u’,int2str(i+1),=x(i)7]; eval(magic_str);
end
for i=1:5
magic_str=['v',int2str(i+1),'=x(13+1)"]; eval(magic_str);
end
for i=1:7
magic_str=['v',int2str(i+7),'=x(18+i)"]; eval(magic_str);
end
f=eval(g);
return
% File: cal.m
x0=zeros(25,1);
options=optimset(‘'display','iter’,'maxfunevals’,1000);
[x,fval,exitflag]=fsolve(@myfun,x0,options)
global p
u=zeros(14,1);v=zeros(14,1),
for i=1:13
u(i+1)=x(i);
end
for i=1:5
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V(i+1)=x(13+i);
end
for i=1:7
V(i+7)=x(18+1i);
end
x=[0;400;800;1200;1600;2000;2400;2400;2000;1600;1200;800;400;0];
y=[0;0;0;0;0;0;0;300;300;300;300;300;300;300];EA=800000;
syms n1 n2 n3nd4d n5n6n7n8 N9 nl0nllnl2 nl3 nl4 n15n16nl7 nl8nl9...
n20 n21 n22 n23 n24 n25 n26 n27 n28 n29 n30 n31
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];
for i=1:13
cd(i)=sqrt((x(i+1)-x(1))"2+(y(i+1)-y(1))"2);
gd(i)=((><(i+1)-><(i))*(u(i+1)-u(i))+(y(i+1)-y(i))*(V(i+1)-V(i)))/cd(i);
en
for i=1:6
cd(13+i)=sqrt((x(15-1)-x(1))"2+(y(15-1)-y(i))"2);
bd(13+i)=((x(15-1)-x(i))*(u(15-1)-u(i))+(y(15-)-y(i))* (v(15-i)-v(i)))/cd(i+13);
end
for i=1:6
cd(19+i)=sqrt((x(15-i)-x(i+1)) 2+(y(15-1)-y(i+1))"2);
bd(19+i)=((x(15-1)-x(i+1))*(u(15-i)-u(i+21))+(y(15-1)-y(i+1))*(v(15-i)...
-v(i+1)))/cd(i+19);
end
for 1=1:6
cd(25+1)=sqrt((x(14-i)-x(i)) 2+ (y(14-1)-y(i))*2);
bd(25+1)=((x(14-1)-x(i))*(u(14-i)-u(i))+(y(14-1)-y(i))*(v(14-1)-v(i)))/cd(i+25);
end
for i1=1:31
n(i)=(bd(i)*EA)/cd(i);
end
vpa(n,8)
2.Code vidu 2
% File: prcal.m
clear all
clc
global g p
p=200;ea=10"3; x=[0,500,700,400];y=[0,0,0,300];
syms ul u2 n1n2n3 1112 13 bdll bdi2 bdI3 Id1 1d2 1d3
u=[ul;u2]; n=[n1;n2;n3]; I=[11;12;13]; bdl=[bdI1;bdI2;bdI3]; n=[ld1;1d2;Id3];
for i1=1:3
ID=((x)-X(A)2+(Y(0)-y ()2 (L/12); |
bd1(i)=((x())-x(4))* (-u(1))+(y(i)-y(#)* (-u(2)))/(i);

end
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f=n172*1(1)/(2*ea)+n22*1(2)/(ea)+n3"2*I(3)/(ea)+...
[d1*(n1*I(1)/(2*ea)-bdl(1))+1d2*(n2*I(2)/(ea)-bdI(2))+...
1d3*(n3*I(3)/(ea)-bdl(3))-2*p*u(1)+4*p*u(2);
syms al a2 a3 a4 a5 a6 a7 a8
a=[al;a2;a3;a4;ab;a6;a7;a8]; b=[n1;n2;n3;ld1;1d2;1d3;ul;u2];
for i=1:8
a(i)=diff(f,b(i));
end
g=simplify(a);
% File myfun.m
function f=myfun(x)
global g
for i=1:3
magic_str=['n",int2str(i),'=x(i)"]; eval(magic_str);
end
for i=1:3
magic_str=['ld",int2str(i),'=x(i+3)"]; eval(magic_str);
end
for i=1:2
magic_str=['u',int2str(i),'=x(6+i)]; eval(magic_str);
end
f=eval(g);
return
% File: cal.m
x0=zeros(8,1);
options=optimset(‘'display','iter’,'maxfunevals’,10000);
[x,fval,exitflag]=fsolve(@myfun,x0,options)
3. Code vi du 3 (Code phén tich dan vom phing tinh dinh)
% File danvom1.m
clear all
clc
global p k span r kn nx dpha g eal ea2 ea3 h
p=10;
eal=46.621*2*10"4; ea2=12.92*2*10"M; ea3=12.92*2*10"; k=1/3;
span=48; h=0.8; 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;
syms u2 u3 u4 u5u6 u7 u8 u9 ul0 ull ul2 ul3 ul4 ul5 ul6 ul7 ul8 ulo...
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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;ul4;ul5;ul6;ul7;ul8;ul;
u20;u21;u22;u23;u24;u25;u26];
v=[v1l;v2;v3;v4;v5;v6;v7;v8;v9;v10;v1l;v12;vi3;v14;v15;vi6;v17;v1i8;v19;
v20;v21;,v22;v23;v24;v25;v26];
syms f1 f2 £3 f4 5 6 f7 8 f9 10 f11 12 f13 14 f15 f16 f17 f18 f19...
f20 21 22 123 f24 25 126 27 128 29 30 31 f32 £33 34 35 f36...
f37 £38 139 40 f41 f42 f43 f44 t45 f46 47 148 f49 50
f=[f1;f2;f3;f4;15;f6;f7;f8;f9;f10;f11;f12;f13;f14;f15;f16;f17;f18;f19;
f20:f21:;f22:f23:f24:f25:f26:f27:f28:f29:f30:f31:f32;f33:f34:f35:f36;
137;138;139;f40;f41;f42;143;T44,145;146,;47;48;f49;f50];
syms 111213141516 17 1819 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
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];
syms bdl1 bdl2 bdI3 bdl4 bdl5 bdl6 bdl7 bdl8 bdl9 bdl10 bdl11 bdl12...
bdl13 bdl14 bdl15 bdl16 bdi17 bdl18 bdl19 bdl20 bdl21 bdl22 bdi23...
bdl24 bdl25 bdl26 bd127 bdi28 bdI29 bdI30 bdI31 bdl32 bdI33 bdl34...
bdI35 bdI36 bdI37 bdl38 bdl39 bdl40 bdl41 bdl42 bdl43 bdl44 bdl45...
bdl46 bdl47 bdl48 bdl49
bdl=[bdI1;bdI2;bdI3;bdl4;bdlI5;bdl6;bdI7;bdI8;bdI9;bdl10;bdl11;bdl12;bdI13;
bdl14:;bdl15;bd116;bd117;bdI18;bd119:;bdI20;bdI21;bd122;bdI23;bdl24;
bdI25;bdI26;bd127;bd128;bdI29;bdI30;bdI31;bdI32;bdI33;bdI34;bd135;
bdI36;bdI37;bd138;bd139;bdl40;bdl41;bdl42;bdl43;bdl44;bdl45;bd146;
bdl47;bdl48;bdI49];
£(1)=0;
for i=1:12
1(1)=((x(1)-x(i+1))"2+(y(i)-y(i+1))"2)"(1/2);
bdl(i)=((x(1)-x(i+1))* (u(i)-u(i+1))+(y(i)-y(i+1))*(v(i)-v(i+1)))/I(i);
f(i+1)=f(i)+eal*((bdl(i))*2)/1(i);
end
for i=1:12
I(12+)=((x(i+13)-X(i+14))"2+(y(i+13)-y(i+14))"2)7(1/2):
bdl(12+1)=((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(13+i)=f(12+i)+eal*((bdl(12+1))"2)/1(12+1);
end
for i=1:13
[(24+1)=sqrt((x(i)-x(27-1))"2+(y(i)-y(27-1))"2);
bdl(24+1)=((x(1)-x(27-1))*(u()-u(27-1)+(y(1)-y(27-1))*(v(i)-v(27-1)))/1(24+i);
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f(25+1)=f(24+i)+ea2*((bdl(24+1))"2)/1(24+1);
end
for i=1:6
I(37+0)=sqrt((x(2*i-1)-x(27-2*1))"2+(y(2*i-1)-y(27-2*1))"2);
bdI(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+1);
f(38+1)=F(37+i)+ea3*((bdl(37+1)) 2)/1(37+1);
end
for i=1:6
1(43+1)=sqrt((x(2*i+1)-x(27-2*1))"2+(y(2*i+1)-y(27-2*0))"2);
bdl(43+i)=((x(2*i+1)-x(27-2*0))*(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(43+i);
f(44+1)=f(43+i)+ea3*((bdl(43+1))"2)/1(43+1);
end
q=2*p*(v(14)/2+v(15)+v(16)+Vv(17)+v(18)+Vv(19)+v(20)+Vv(21)+Vv(22)+Vv(23)...
+v(24)+v(25)+Vv(26)/2);
g=f(50)+q;
symsal a2 a3 a4 a5 a6 a7 a8a9allallal?2al3aldal5al6al7al8all...
a20 a21 a22 a23 a24 a25 a26 a27 a28 a29 a30 a31 a32 a33 a34 a35 a36...
a37 a38 a39 a40 a4l a42 ad3 ad4 a45 a46 ad7 a48 a49
a=[al;a2;a3;a4;ab;a6;a7;a8;a9;al0;all;al2;al3;al4;al5;al6;al7;al8;al9;
a20;a21;a22;a23;a24;a25;a26;a27;a28;a29;a30;a31;a32;a33;a34;a35;a36;
a37;a38;a39;a40;a41;a42;a43;a44;a45;a46;a47;a48;a49];
b=[u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;ul3;uls;ul5;ul6;ul7;ul8;ul9;u20;
u2l;u22;u23;u24:u25:u26;v2;v3;v4;v5;v6;v7;v8:v9;v10;v11;v12;v14;v15;v16;
v17;v18;v19;v20;v21;v22;v23;v24,v25;v26];
for i=1:49
a(i)=diff(g,b(i));
end
g=simplify(a);
% file myfun.m
function f=myfun(x)
global g
for i=1:25
magic_str=['u',int2str(i+1),'=x(i)7]; eval(magic_str);
end
fori=1:11
magic_str=['v',int2str(i+1),'=x(25+i)]; eval(magic_str);
end
for i=1:13
magic_str=['v',int2str(i+13),'=x(36+1)"]; eval(magic_str);
end
f=eval(g);
return
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% file cal.m
x0=2*0.005*0nes(49,1); options=optimset('display’,'iter', maxfunevals',1500);
[x,fval,exitflag]=fsolve(@myfun,x0,options)
global p k span r kn nx dpha g eal ea2 ea3 h
u=zeros(26,1); v=zeros(26,1);
for i=1:25
u(i+1)=x(i);
end
for i=1:11
V(i+1)=x(25+i);
end
for i=1:13
V(i+13)=x(36+i);
end
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
syms n1 n2 n3n4 n5n6n7 n8 N9 nl0nllnl2 nl3 nl4 n15n16nl7 n18nl9...
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
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];
for i=1:12
1()=((x(i)-x(i+1))"2+(y(i)-y(i+1))"2)(1/2);
léldl(i)=((><(i)-><(i+1))*(u(i)-u(i+1))+(y(i)-y(i+1))*(V(i)-V(i+1)))/ 1i);
en
for i=1:12
I(12+)=((x(i+13)-X(i+14))"2+(y(i+13)-y(i+14))"2)7(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);
end
for i=1:13
[(24+1)=sqrt((x(i)-x(27-1))"2+(y(i)-y(27-1))"2);
bdl(24+i)=((x(i)-x(27-))*(u(i)-u(27-i))+(y(i)-y(27-1))*(v(i)-v(27-1)))/1(24+i);
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(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*1-1)-v(27-2*1)))/I(37+i);
end
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for i=1:6
1(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*1+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(43+i);
end
for i=1:24
n(i)=(bdl(i)*eal)/I(i);
end
for i=25:1:37
n(i)=(bdl(i)*ea2)/I(i);
end
for i=38:1:49
n(i)=(bdl(i)*ea3)/I(i);
end
vpa(n,8)
4. Code vi du 4 (Code phén tich dan vom phing tinh dinh trong, siéu tinh ngoai)
%File danvom2.m
clear all
clc
global p k span r kn nx dpha g eal ea2 ea3 h
p=100; eal=46.621*2*10"4; ea2=32.798*2*10"4; ea3=32.798*2*10"4; k=1/3;
span=48; h=0.8; 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 ul5 ul6 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;u9d;ull;ull;ul2;ul3;ul4;ul5;ul6;ul7;ul8;ulo;
u20;u21;u22;u23;u24;u25;u26];
v=[v1;v2;v3;v4;v5;v6;v7;v8;v9;v10;v1l;v12;vi3;v14;v15;v16;v17;v1i8;v19;
v20;v21;,v22;v23;v24;v25;v26];
syms f1 2 £3 f4 5 f6 f7 8 f9 f10 11 f12 f13 f14 f15 f16 17 f18 f109...
20 f21 £22 123 24 125 26 27 28 29 130 131 32 £33 f34 35 £36...
f37 £38 139 140 41 42 43 fA4 45 146 47 48 49 50
f=[f1;f2;13;f4;15;16,f7;f8;f9;f10;f11;f12;f13;f14,;f15;f16;f17;f18;f19;
f20:121:f22:123:124:25:f26:f27:f28:f29:f30:f31:f32:f33:f34:f35:f36;
137;138;139;f40;f41;f42;43;T44,145;146,;T47;t48;149;150];
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syms 11213141516 17 1819 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
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];
syms bdl1 bdl2 bdI3 bdi4 bdlI5 bdl6 bdl7 bdI8 bdI9 bdI10 bdl11 bdl12...
bdI13 bdl14 bdI15 bdl16 bdl17 bdi18 bdl19 bdi20 bdl21 bdl22 bdI23...
bdl24 bdI25 bdI26 bdI27 bdl28 bdI29 bdI30 bdI31 bdI32 bdI33 bdl34...
bdI35 bdI36 bdI37 bdI38 bdI39 bdi40 bdl41 bdl42 bdl43 bdl44 bdl45...
bdl46 bdl47 bdi48 bdl49
bdi=[bdI1;bdI2;bdI3;bdl4;bdI5;bdI6;bdl7;bdI8;bdI9;bdl10;bdI11;bdl12;bdI13;
bdl14;bdl15;bdl16;bdl117;bdI18;bd119;bdI20;bdI21;bdI122;bdI23;bdI24;
bdI25;bdI26;bd127;bd128;bdI29;bd130;bdI131;bdI32;bd133;bdI34;bdI35;
bdI36;bdI37;bdI38;bd139;bdl40;bdl41;bdl42;bdl43;bdl44;bd145;bd146;
bdl47;bdl48;bdl49];
f(1)=0;
for i=1:12
1(D)=((x(i)-x(i+1))"2+(y(1)-y(i+1))"2)(1/2);
b I(1)=((x(1)-x(i+1))*(u(i)-u(i+1))+(y(i)-y(i+1))*(v(i)-v(i+1)))/1(i);
f(i+1)=f(i)+eal™((bdl(i))*2)/1(i);
end
for i=1:12
1(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))*...
(v(i+13)-v(i+14)))/1(12+i);
f(13+i)=f(12+i)+eal*((bdl(12+i))"2)/1(12+i);
end
for i=1:13
[(24+1)=sqrt((x(1)-x(27-1))"2+(y(i)-y(27-1))"2);
bdl(24+i)=((x(i)-x(27-))*(u(i)-u(27-i))+(y(i)-y(27-1))* (v(i)-v(27-1)))/1(24+i);
f(25+1)=f(24+i)+ea2*((bdl(24+1))"2)/1(24+1);
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(37+i)=((x(2*i-1)-x(27-2*1))*(u(2*i-1)-u(27-2*0))+(y(2*i-1)-...
y(27-2*1))*(v(2*i-1)-v(27-2*1)))/1(37+i);
f(38+1)=F(37+i)+ea3*((bdl(37+1))2)/1(37+1);
end
for i=1:6
1(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*1+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(43+i);
f(44+1)=f(43+i)+ea3*((bdl(43+1))"2)/1(43+1);
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end
g=2*p*(v(14)/2+v(15)+v(16)+v(17)+v(18)+Vv(19)+Vv(20)+v(21)+v(22)+Vv(23)...
+Vv(24)+v(25)+v(26)/2);
g=f(50)+q;
symsal a2 a3 ad a5 a6 a7 a8 a9 al0all al2 al3 ald4 al5al6al7 al8 alo...
a20 a2l a22 a23 a24 a25 a26 a27 a28 a29 a30 a31 a32 a33 a34 a35 a36...
a37 a38 a39 a40 a4l a42 a43 ad44 a45 a46 a47 ad8
a=[al;a2;a3;a4;ab;a6;a7;a8;a9;al0;all;al2;al3;al4;al5;al6;al7;a18;al9;
a20;a21;a22;a23;a24;a25;a26;a27;a28;a29;a30;a31;a32;a33;a34;a35;a36;
a37;a38;a39;a40;a41;a42;a43;a44;a45;a46;a47;a48];
b=[u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;ul4;uls;ul6;ul7;uld;ul9;u20;u2l;
u22;u23;u24;u25;u26;v2;v3;v4;v5;v6;v7;v8;vo;v10;v11;v12;v14;vi5;v16;vl7;
v18;v19;v20;v21;v22;v23;v24;v25;v26];
for i=1:48
a(i)=diff(g,b(i));
end
g=simplify(a);
% file myfun.m
function f=myfun(x)
global g
for i=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
for i=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+)"]; eval(magic_str);
end
f=eval(g);
return
% file cal.m
x0=2*0.005*0nes(48,1); options=optimset(‘display’,'iter’,'maxfunevals’,1500);
[x,fval,exitflag]=fsolve(@myfun,x0,options)
global p k span r kn nx dpha g eal ea2 ea3 h
u=zeros(26,1);v=zeros(26,1);
for i=1:11
u(i+1)=x(i);
end
for i=1:13
u(i+13)=x(i+11);
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end
for i=1:11
V(i+1)=x(24+1);
end
for i=1:13
V(i+13)=x(35+i);
end
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
syms nl1 n2 n3n4 n5n6n7n8 n9nl0nllnl2nl3 nl4nl5nl6nl7 nl8nlo...
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
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];
for i=1:12
ID=((XHDY 24O+ 22y
t:jdl(l)=((X(I)-X(I+1))*(u(I)-u(I+1))+(y(l)-y(l+1))*(V(l)-V(I+1)))/l(l):
en
for i=1:12
1(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))*...
(v(i+13)-v(i+14)))/1(12+i);
end
for 1=1:13
[(24+1)=sqrt((x(1)-x(27-1))"2+(y(i)-y(27-1))"2);
bdl(24+i)=((x(i)-x(27-1))*(u(i)-u(27-1))+(y(i)-y(27-1))*(v(i)-v(27-1)))/1(24+i);
end
for i=1:6
I(37+1)=sqrt((x(2*i-1)-x(27-2*1))"2+(y(2*1-1)-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+i);
end
for i=1:6
1(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*1+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(43+i);
end
for i=1:24
n(i)=(bdl(i)*eal)/I(i);
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end
for 1=25:1:37
n(i)=(bdl(i)*ea2)/I(i);
end
for i=38:1:49
n(i)=(bdl(i)*ea3)/I(i);
end
vpa(n,8)
5. Code vi du 5 (Code phan tich dan vom phang siéu tinh trong, tinh dinh ngoai)
%File danvom3.m
clear all
clc
global p k span r kn nx dpha g eal ea2 ea3 h
p=20; eal=46.621*2*10"4; ea2=12.92*2*10M; ea3=12.92*2*10"4;
k=1/8; span=48; h=0.8; 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;
syms u2 u3 u4 u5 u6 u7 u8 u9 ul0 ull ul2 ul3 ul4 ul5 ul6 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 vi8 v19...
v20 v21 v22 v23 v24 v25 v26
u=[ul;u2;u3;ud;u5;u6;u7;u8;ud;ull;ull;ul2;ull3;uld;uls;ul6;ul7;uls8;ul9;
u20;u21;u22;u23;u24;u25;u26];
v=[v1l;v2;v3;v4;v5;v6;v7;v8;vI;v10;v1l;v12;v13;v14;v15;vi6;v17;vi8;v19;
v20;v21;,v22;v23;v24;v25;v26];
syms f1 f2 £3 f4 £5 16 £7 £8 O f10 f11 12 f13 14 15 £16 f17 f18 f19...
f20 121 122 123 124 125 126 27 28 29 f30 f31 f32 f33 f34 35 36...
f37 138 139 140 41 42 43 f44 t45 f46 47 148 f49 50
f=[f1,f2;f3;f4,15;16,f7;f8;f9;f10;f11;f12;f13;f14,;f15,;f16;f17;f18,;f19;
f20:121:f22:123:124:25:f26:f27:f28:f29:f30:f31:f32:f33:f34:f35:f36;
137;138;139;f40;f41,f42;43;T44,;145;146,47 ;48;f49;150];
syms111213 141516 17 1819 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
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];
syms bdl1 bdl2 bdI3 bdl4 bdl5 bdl6 bdl7 bdl8 bdl9 bdI10 bdl11 bdl12...
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bdl13 bdl14 bdl15 bdl16 bdl17 bdl18 bdl19 bdl20 bdi21 bdi22 bdI23...
bdl24 bdI25 bdI26 bdI27 bdI28 bdl29 bdI30 bdI31 bdi32 bdI33 bdi34...
bdI35 bdI36 bdI37 bdI38 bdl39 bdl40 bdl41 bdl42 bdl43 bdi44 bdi45...
bdl46 bdl47 bdi48 bdl49
bdl=[bdI1;bdI2;bdI3;bdl4;bdl5;bd16;bdl7;bdI8;bdI9;bdI10;bdI11;bdl12;bdI13;
bdI14;bdI15;bdl16;bdI17;bdI18;bd119;bdI20;bdI21;bdI22;bdI23;bd124;
bdI25;bd126;bdI27;bdI28;bdI29;bd130;bdI31;bdI32;bdI33;bd134;bd135;
bdI36;bdI37;bd138;bdI39;bdl40;bdI41;bd142;bdl43;bdl44;bdI45;bd146;
bdl47;bdI48;bd149];
f(1)=0;
for i=1:12
D=(XOXEHDM2H Y+,
bl (i)=((x(i)-x(i+1))*(u(i)-u(i+1))+(y(i)-y(i+1))*(v())-v(i+1)))/I(i);
f(i+1)=f(i)+eal™((bdl(i))"2)/1(i);
end
for i=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))*...
(v(i+13)-v(i+14)))/1(12+i);
f(13+1)=f(12+i)+eal™*((bdl(12+i))"2)/1(12+i);
end
for i=1:13
(24-+1)=sqrt((x(1)-x(27-1))"2+(y(1)-y(27-1))"2);
bdl(24+i)=((x(1)-x(27-i))*(u(i)-u(27-i))+(y(i)-y(27-1))* (v(i)-v(27-1)))/1(24+i);
f(25+1)=f(24+i)+ea2*((bdl(24+1))"2)/1(24+1);
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*0))"2);
bdI(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*D)))/1(37+i);
f(38+i)=f(37+i)+ea3*((bdl(37+1))"2)/1(37+i);
end
for i=1:6
[(43+1)=sqrt((x(2*i+1)-x(27-2*1))"2+(y(2*i+1)-y(27-2*0))"2);
bdl(43+1)=((x(2*1+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(43+i);
f(44+1)=f(43+i)+ea3*((bdl(43+1))"2)/1(43+1);
end
for i=1:6
1(49+1)=sqrt((x(2*1)-x(28-2*0))"2+(y(2*1)-y(28-2*1))"2);
bdI(49+i)=((x(2*1)-x(28-2*1))* (u(2*i)-u(28-2*0))+(y(2*1)-y(28-2*i))*...
(V(2*0)-v(28-2*1)))/1(49+i);
f(50+1)=f(49+i)+ea3*((bdl(49+1))"2)/1(49+1);
end
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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+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(56+i)=f(55+i)+ea3*((bdl(55+1))"2)/1(55+i);
end
g=2*p*(v(14)/2+v(15)+v(16)+v(17)+v(18)+Vv(19)+Vv(20)+Vv(21)+Vv(22)+Vv(23)...
+Vv(24)+v(25)+v(26)/2);
g=f(62)+q;
symsal a2 a3 ad aSa6 a7 a8 a9 allallal2al3aldal5al6al7al8alg...
a20 a21 a22 a23 a24 a25 a26 a27 a28 a29 a30 a3l a32 a33 a34 a35 a36...
a37 a38 a39 a40 a4l a42 a43 ad4 a45 a46 a47 a48 a49
a=[al;a2;a3;a4;ab;a6;a7;a8;a9;al0;all;al2;al3;al4;al5;al6;al7;a18;al9;
a20;a21;a22;a23;a24;a25;a26;a27;a28;a29;a30;a31;a32;a33;a34;a35;a36;
a37;a38;a39;a40;a41;a42;a43;a44;a45;a46;a47;a48;a49];
b=[u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;ul3;uls4;uls;ul6;ul7;ul8;ul9;u20;
u2l;u22;u23;u24;u25;u26;v2;v3;v4;v5;v6;v7;v8;v9;v10;v11;v12;v14;v15;v16;
v17;,v18;v19;v20;v21;v22;v23;v24;v25;v26];
for i=1:49
a(i)=diff(g,b(i));
end
g=simplify(a);
% file myfun.m
function f=myfun(x)
global g
for i=1:25
magic_str=['u',int2str(i+1),'=x(i)]; eval(magic_str);
end
for i=1:11
magic_str=['v',int2str(i+1),'=x(25+i)']; eval(magic_str);
end
for i=1:13
magic_str=['v',int2str(i+13),'=x(36+1)"]; eval(magic_str);
end
f=eval(g);
return
% File cal.m
x0=zeros(49,1); options=optimset('display’,'iter','maxfunevals’,1000);
[x,fval,exitflag]=fsolve(@myfun,x0,options)
global p k span r kn nx dpha g eal ea2 ea3 h
u=zeros(26,1); v=zeros(26,1);
for i=1:25
u(i+1)=x(i);
end
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fori=1:11
V(i+1)=x(25+1);

end
for i=1:13
V(i+13)=x(36+i);
end
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
syms nl n2 n3n4 n5n6 n7 n8 n9nl0 nll nl2 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 n51 n52 n53...
n54 n55 n56 n57 n58 n59 n60 n61
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];
for i=1:12
1()=((x(i)-x(i+1))"2+(y(i)-y(i+1))"2)\(1/2);
%dl(i)=((X(i)-X(i+1))*(u(i)-u(i+1))+(y(i)-y(i+1))*(V(i)-V(i+1)))/ I(i);
en
for i1=1:12
I(12+)=((x(i+13)-X(i+14))"2+(y(i+13)-y(i+14))"2)7(1/2):
bdl(12+1)=((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);
end
for i=1:13
[(24+1)=sqrt((x(i)-x(27-1))"2+(y(i)-y(27-1))"2);
bdl(24+i)=((x(i)-x(27-1))*(u(i)-u(27-1))+(y(i)-y(27-1))*(v(i)-v(27-1)))/1(24+i);
end
for 1=1:6
I(37+1)=sqrt((x(2*i-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*i-1)-v(27-2*1)))/1(37+i);
end
for i=1:6
1(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*1+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(43+i);
end
for i=1:6
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1(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*1)-y(28-2*1))*...
(v(2*1)-v(28-2*1)))/1(49+1);
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+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);
end
for i=1:24
n(i)=(bdl(i)*eal)/I(i);
end
for 1=25:1:37
n(i)=(bdl(i)*ea2)/I(i);
end
for i=38:1:61
n(i)=(bdl(i)*ea3)/I(i);
end
vpa(n,8)
6. Code vi du 6 (Code phén tich dan vom phang siéu tinh trong, siéu tinh ngoai)
%File danvom4.m
clear all
clc
global p k span r kn nx dpha g eal ea2 ea3 h
p=100; eal=46.621*2*10"; ea2=12.92*2*10"4; ea3=12.92*2*10"4,
k=1/8; span=48; h=0.8; r=(span*(1+4*k*Kk)/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 ul5 ul6 ul7 ul8 ulo...
u20 u21 u22 u23 u24 u25 u26
syms v2 v3 v4 v5 v6 v7 v8 v v10 v11 v12 v14 v15 v16 v17 v18 v19...
v20 v21 v22 v23 v24 v25 v26
u=[ul;u2;u3;ud;us;u6;u7;u8;ud;ull;ull;ul2;ul3;ul4;ul5;ul6;ul7;ul8;ul9;
u20;u21;u22;u23;u24;u25;u26];
v=[v1l;v2;v3;v4;v5;v6;v7;v8;v9;v10;v1l;v12;vi3;v14;v15;vi6;v17;vi8;v19;
v20;v21;,v22;v23;v24;v25;v26];
syms f1 f2 £3 f4 £5 16 £7 £8 O f10 f11 12 f13 14 15 16 f17 18 f19...
f20 21 22 123 f24 25 26 27 128 29 30 31 f32 £33 34 35 36...
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f37 £38 139 40 41 f42 43 f44 t45 f46 47 48 f49 50
f=[f1;f2;f3;f4,15;16;f7;f8;f9;f10;f11;f12;f13;f14,f15;f16;f17;f18;f19;
f20:121:;f22:123;124:125:f26;f27:f28:f29:f30:f31;f32;f33:f34:f35:f36;
137,138;139;f40;f41;f42;43;f44,f45;146,f47;f48;f49;f50];
symsI111213 141516 17 1819 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
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];
syms bdl1 bdI2 bdI3 bdl4 bdlI5 bdl6 bdl7 bdI8 bdI9 bdl10 bdl11 bdl12...
bdl13 bdl14 bdl15 bdl16 bdi17 bdl18 bdl19 bdl20 bdl21 bdi22 bdl23...
bdl24 bdl25 bdl26 bdl27 bdl28 bdl29 bdI30 bdI31 bdl32 bdI33 bdl34...
bdI35 bdI36 bdI37 bdI38 bdI39 bdl40 bdl41 bdl42 bdl43 bdl44 bdl45...
bdl46 bdl47 bdl48 bdl49
bdl=[bdI1;bdI2;bdI3;bdl4;bdI5;bdl6;bdl7;bdI8;bdI9;bdI10;bdl11;bdI12;bdI13;
bdl14;bdI15;bd116;bd117;bdl18;bd119;bdI20;bdI21;bdI22;bdI23;bd124;
bdI25;bdI26;bd127;bd128;bdI29;bd130;bdI31;bdI32;bdI33;bdI34;bdI35;
bdI36;bdI37;bd138;bd139;bdl40;bdl41;bdl42;bdl43;bdl44;bdl45;bd146;
bdl47;bdl48;bd149];
f(1)=0;
for i=1:12
1(1)=((x(1)-x(i+1))"2+(y(i)-y(i+1))"2)"(1/2);
bd1(i)=((x(1)-x(i+1))*(u(i)-u(i+1))+(y(i)-y(i+1))*(v(i)-v(i+1)))/1(i);
f(i+1)=f(i)+eal*((bdl(i))*2)/1(i);
end
for i=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(13+i)=f(12+i)+eal*((bdI(12+1))"2)/1(12+1);
end
for i=1:13
(24-+1)=sqrt((x(1)-x(27-1))"2+(y(1)-y(27-1))"2);
bdl(24+i)=((x(1)-x(27-i))*(u(i)-u(27-i))+(y(i)-y(27-1))* (v(i)-v(27-1)))/1(24+i);
f(25+1)=f(24+i)+ea2*((bdl(24+1))"2)/1(24+1);
end
for i=1:6
[(37+i)=sqrt((x(2*i-1)-x(27-2*1))"2+(y(2*i-1)-y(27-2*0))"2);
bdI(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(38+i)=f(37+i)+ea3*((bdl(37+i))"2)/1(37+i);
end
for i=1:6
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1(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*1))+(y(2*i+1)-y(27-...
2*D)*(v(2*i1+1)-v(27-2*1)))/1(43+i);
f(44+1)=f(43+i)+ea3*((bdl(43+i))"2)/1(43+i);
end
for i=1:6
1(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*1)-y(28-2*1))*...
(v(2*1)-v(28-2*1)))/1(49+1);
f(50+1)=f(49+i)+eal3*((bdl(49+i))"2)/1(49+1);
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+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(56+1)=f(55+i)+ea3*((bdl(55+i))"2)/1(55+i);
end
q=2*p*(v(14)/2+v(15)+v(16)+Vv(17)+v(18)+Vv(19)+v(20)+Vv(21)+Vv(22)+Vv(23)...
+v(24)+v(25)+Vv(26)/2);
g=f(62)+q;
symsal a2 a3 ad a5 a6 a7 a8 a9 al0 all al2 al3 al4 al5al6 al7 al8 al9...
a20 a2l a22 a23 a24 a25 a26 a27 a28 a29 a30 a3l a32 a33 a34 a35 a36...
a37 a38 a39 a40 a4l a42 a43 ad4 a45 a46 a47 a48 a49
a=[al;a2;a3;a4;a5;a6;a7;a8;a9;a10;all;al2;al3;al4;al5;al6;al7;al8;al9;
a20;a21;a22;a23;a24;a25;a26;a27;a28;a29;a30;a31;a32;a33;a34;a35;a36;
a37;a38;a39;a40;a41;a42;a43;a44;a45;a46;a47;a48];
b=[u2;u3;u4;u5;u6;u7;u8;u9;ull;ull;ul2;uld;ul5;ul6;ul7;ul8;ul9;u20;u2l;
u22;u23;u24;u25;u26;v2;v3;v4;v5;v6;v7;v8;vo;v10;v11;vi2;v14;v15;v16;v17;
v18;v19;v20;v21;v22;v23;v24;v25;v26];
for i=1:48
a(i)=diff(g,b(i));
end
g=simplify(a);
% file myfun.m
function f=myfun(x)
global g
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);
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end

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

end

f=eval(Q);

return

% file cal.m

x0=zeros(48,1); options=optimset('display’,'iter’,)maxfunevals’,1000);

[x,fval,exitflag]=fsolve(@myfun,x0,options)

global p k span r kn nx dpha g eal ea2 ea3 h

u=zeros(26,1); v=zeros(26,1);

for i=1:11
u(i+1)=x(i);

end

for i=1:13
u(i+13)=x(i+11);

end

for i=1:11
V(i+1)=x(24+1);

end

for i=1:13
v(i+13)=x(35+i);

end

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

syms n1 n2 n3n4 n5n6 n7 n8 n9 n10 nl1l 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 n51 n52 n53...
n54 n55 n56 n57 n58 n59 n60 n61

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];

for i1=1:12
1(1)=((x(1)-x(i+1))"2+(y(i)-y(i+1))*2)"(1/2);
bd1(i)=((x()-x(i+1))*(u(i)-u(i+1))+(y(i)-y(i+1))*(v(i)-v(i+1)))/1(i);

end

for i=1:12
I(12+)=((x(i+13)-x(i+14))"2+(y(i+13)-y(i+14))"2)7(1/2):
bdl(12+1)=((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+i);
end
for i=1:13
I(24+i)=sqrt((x(i)-x(27-))"2+(y(i)-y(27-1))"2);
bdl(24+1)=((x(i)-x(27-1))*(u(i)-u(27-1))+(y(i)-y(27-1))*(v(i)-v(27-1)))/1(24+i);
end
for i=1:6
[(37+i)=sqrt((X(2*i-1)-x(27-2*0))"2+(y(2*i-1)-y(27-2*0))"2);
bdI(37+i)=((x(2*1-1)-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+i);
end
for i=1:6
1(43+1)=sqrt((x(2*i+1)-x(27-2*1))"2+(y(2*i+1)-y(27-2*1))"2);
bdl(43+i)=((x(2*1+1)-x(27-2*1))*(u(2*i+1)-u(27-2*0))+(y(2*i+1)-y(27-...
2*1))*(v(2*1+1)-v(27-2*1)))/1(43+i);
end
for i=1:6
[(49+1)=sqrt((x(2*1)-x(28-2*1))"2+(y(2*1)-y(28-2*1))"2);
bdI(49+i)=((x(2*1)-x(28-2*1))* (u(2*i)-u(28-2*0))+(y(2*1)-y(28-2*i))*...
(v(2*1)-v(28-2*1)))/1(49+i);
end
for i=1:6
I(55+i)=sqrt((x(2*1)-x(26-2*1))"2+(y(2*1)-y(26-2*1))"2);
bdI(55+i)=((x(2*1)-x(26-2*1))* (u(2*1)-u(26-2*0))+(y(2*1)-y(26-2*i))*...
(v(2*0)-v(26-2*1)))/1(55+i);
end
for i=1:24
n(i)=(bdl(i)*eal)/I(i);
end
for i=25:1:37
n(i)=(bdl(i)*ea2)/I(i);
end
for i=38:1:61
n(i)=(bdl(i)*eal3)/I(i);
end
vpa(n,8)
7. Code vi du 7 (Dan ciu khong gian mét 16p)
%File dancau.m
clear all
clc
global p k span r kn nx dpha g ea eal ea2
p=40;ea=12.92*2*10"; eal=ea/2; ea2=10.642*2*10"4; k=1/4; span=40;
r=(span*(1+4*k*k)/8)/k; kn=8; nx=6;
dpha=atan((span/2)/((r*r-span*span/4)"(1/2)))/nx;
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x=zeros(169,1); y=zeros(169,1); z=zeros(169,1);
X(1)=x(1)+0; y(1)=y(1)+0; z(1)=z(1)+r;
for m=1:8
x(m+1)=x(m+1)+r*sin(1*dpha)*cos((((m-1)/1)*2*pi)/kn);
y(m+1)=y(m+21)+r*sin(1*dpha)*sin((((m-1)/1)*2*pi)/kn);
z(m+1)=z(m+1)+r*cos(1*dpha);
end
for m=1:16
X(9+m)=x(9+m)+r*sin(2*dpha)*cos((((m-1)/2)*2*pi)/kn);
y(m+9)=y(m+9)+r*sin(2*dpha)*sin((((m-1)/2)*2*pi)/kn);
z(m+9)=z(m+9)+r*cos(2*dpha);
end
for m=1:24
X(25+m)=x(25+m)+r*sin(3*dpha)*cos((((m-1)/3)*2*pi)/kn);
y(m+25)=y(m+25)+r*sin(3*dpha)*sin((((m-1)/3)*2*pi)/kn);
z(m+25)=z(m+25)+r*cos(3*dpha);
end
for m=1:32
X(49+m)=x(49+m)+r*sin(4*dpha)*cos((((m-1)/4)*2*pi)/kn);
y(m+49)=y(m+49)+r*sin(4*dpha)*sin((((m-1)/4)*2*pi)/kn);
z(m+49)=z(m+49)+r*cos(4*dpha);
end
for m=1:40
X(81+m)=x(81+m)+r*sin(5*dpha)*cos((((m-1)/5)*2*pi)/kn);
y(m+81)=y(m+81)+r*sin(5*dpha)*sin((((m-1)/5)*2*pi)/kn);
z(m+81)=z(m+81)+r*cos(5*dpha);
end
for m=1:48
X(121+m)=x(121+m)+r*sin(6*dpha)*cos((((m-1)/6)*2*pi)/kn);
y(m+121)=y(m+121)+r*sin(6*dpha)*sin((((m-1)/6)*2*pi)/kn);
z(m+121)=z(m+121)+r*cos(6*dpha);
end ul=0:;v1=0;v2=0;v10=0:;v26=0;v50=0;v82=0;u122=0:v122=0;u123=0;
v123=0;u124=0;v124=0;u125=0;v125=0;u126=0;v126=0;ul27=0;
v127=0;u128=0;v128=0;w122=0;w123=0;w124=0;w125=0;w126=0;
w127=0;w128=0;
syms u2 u3 u4 u5u6 u7 u8 u9 ul0 ull ul2 ul3 ul4 ul5ul6 ul7 ul8 ulog...
u20 u21 u22 u23 u24 u25 u26 u27 u28 u29 u30 u3l u32 u33 u34 u35 u3eb...
u37 u38 u39 u40 u4dl u42 ud3 u44 ud5 ude u47 ud8 ud9 us0 us1 us2 usb3...
u54 u55 u56 u57 us8 us9 u60 u6l ub2 ub3 ub4 ubs u66 u67 ue8 ue9 u7o...
u71lu72u73 u74 u75 u76 u77 u78 u79 u80 u81 u82 u83 u84 u85 u86 u87...
u88 u89 u90 u91 u92 u93 u9%4 u95 u96 u97 u98 u99 ul00 ul01 ulo2...
ul03 ul04 ul05 ul06 ul07 ul08 ul09 ul10ulil ul12uli3 ull4...
ull5 ull6 ull7 ul18 ul19 ul20 ul21
syms v3 v4 v5 v6 v7 v8 v v11 v13 v14 v15 v16 v17 vi8 v19...
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v20 v21 v22 v23 v24 v25 v27 v28 v30 v31 v32 v33 v34 v35 v36...
v37 v38 v39 v40 v41 v42 v43 v44 v45 va6 vaT v48 v49 v51 v52 vh3...
v55 vb6 v57 v58 v59 ve0 ve1 v62 v63 v64 v65 v66 vb67 v68 ve9 v70...
V71 v72vi3vi4vi5vie vi7 vi8 v79 v80 v81 v83 v84 v85 v86...
v&88 v89 v90 vI91 v92 v93 v94 vI95 v96 v97 vI98 v99 v100 v101...
v102 v103 v104 v105 v106 v107 v108 v109 v110 v111 v112...
v113v114 v115v116 v117 v118 v119 v120 v121
syms wl w2 w3 w4 ws w6 w7 w8 w9 wl0 wll wil2 wi3 wi4 wls...
wl6 w17 wl8 w19 w20 w21 w22 w23 w24 w25 w26 w27 w28 w29...
w30 w31 w32 w33 w34 w35 w36 w37 w38 w39 w40 w41 w42 w43...
w44 wa5 wa6 w47 w48 w49 w50 w51 w52 w53 w54 w55 w56 ws7...
w58 wh9 w60 wbl wb2 we3 we4 we5 web we7 we8 we9 w70...
w71 w72 w73 w74 w75 w76 w77 w78 w79 w80 w81 w82 wg&3...
w84 w85 w86 w87 w88 w89 w90 w91 w92 w93 w94 w95 w96...
w97 w98 w99 w100 w101 w102 w103 w103 w104 w105 w106...
w107 w108 w109 w110 w11l w112 w113 w114 w115 w116 w117 wll8...
w119 w120 wl21
u=[ul;u2;u3;ud;u5;u6;u7;u8;u9d;ull;ull;ul2;ul3;ul4;ul5;ul6;ul7;ul8;ulo;
u20;u21;u22;u23;u24;u25;u26;u27;u28;u29;u30;u31;u32;u33;u34;u35;u3o;
u37;u38;u39;u40;udl;ud?2;u43;ud4;ud5;u46;ud7;ud8;ud9;us0;usb1;us2;us3;
u54;u55;us56;us7;us8;us9;u60;u61;u62;u63;u64;ub5;u66;u67;ue8;u69;u’7o;
u7l;u72;u73;u74;,u75,u76;u77;u78;u79;u80;u81;u82;u83;u84;u85;u86;u87;
u88;u89;u90;u91;u92;u93;u94;u95;u96;u97;u98;u99;u100;ul01;ul02;ulls;
ul04;ul05;u106;ul07;ul08;u109;u110;ul11;ul12;ul13;ulld;ull15;ulle;
ull7;ul18;ull9;ul20;ul21;ul22;ul23;ul24;ul25;ul26;ul27;ul2s];
v=[v1;v2;u3;v4;v5;v6;v7;v8;v9;v10;v1l;ul2;vi3;v14;vi5;vi6;v17;v1i8;v19;
v20;v21;v22:v23;v24:v25:v26;v27;v28;u29;v30;v31;v32;v33;v34:v35;v36;
v37:v38;v39:v40;v41;v42:v43;v44:vA5,v46.;vAT :v48;v49;:v50;v51;v52;v53;
u54;v55;v56;v57;v58;v59;v60;v61;v62;v63;v64;v65;v66;v67;v68;v69;v70;
VIL VT2 VT3:vT4.NvT5vT6:vTT;v78;v79;v80;v81;v82;v83;v84;v85;v86;
u87;v88;v89;v90;v91;v92;vI3;v94;v95;v96;v97;vI8;v99;v100;v101;v102;
v103;v104;v105;v106;v107;v108;v109;v110;v111;v112;v113;v114;v115;
v116;v117;v118;v119;v120;v121;v122;v123;v124;v125;v126;v127;v128];
w=[wl;w2;w3;w4;w5;w6;w7;w8;w9;wl0;wll;wl2;wl3;wl4;wli5;wl6;
w17:wl18;wl9:w20;w21;w22;w23;w24;w25;w26;w27;w28;w29;w30;w31;
w32:w33;w34:w35;w36;w37;w38;w39;w40;w41;wi2;wa3:wid:wia5:wa6;
wWA47:w48;:w49:w50;wbh1;wh2;w53;w54:w55;w56;w57;w58;w59;w60;w61;
w62:w63;w64:w65;wWw66;wWw67;w68;we9:w70;w7l;w72;w73;w74;:Ww75w76;
W77:w78;:w79:w80;w81;w82;w83;w84:w85;w86;w87;w88;w89;w90;w91l;
w92:w93;w94:w95:w96;w97;w98;w99;w100;w101;w102;w103;w104;w105;
w106;w107;w108;w109;w110;w111;wl12;wl113;wl14;wl115;wll16;wll7;
wl118;w119;wi120;w121;wl22;w123;w124;w125;w126;w127;w128];
syms f1 f2 £3 f4 5 6 f7 8 f9 10 f11 12 f13 14 f15 f16 f17 f18 f19...
f20 21 22 123 24 25 26 f27 28 29 30 31 f32 £33 34 35 f36...
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f37 £38 139 140 f41 f42 43 44 f45 fA6 fA7 A8 A9 50 51 52 53...
f54 55 56 57 58
f=[f1;f2;f3;f4,15;16;f7;f8;f9;f10;f11;f12;f13;f14,f15;f16;f17;f18;f19;
f20;f21;f22;123;f24:f25;f26;f27;f28;f29;f30;f31;f32;133;f34,;f35;f36;
f37;f38;f39:f40;f41:f42:f43;f44,f45:f46;f47:f48;f49;150;f51;f52;f53;
54;155;156;f57;f58];
symsI11213 14151617 1819 110 111112 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
I=[12;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];
syms bdl1 bdl2 bdI3 bdl4 bdI5 bdl6 bdl7 bdI8 bdl9 bdl10 bdl11 bdl12 bdl13...
bdl14 bdl15 bdl16 bdl17 bdi18 bdI19 bdl20 bdl21 bdl22 bdi23 bdl24...
bdI25 bdl26 bdl27 bdl28 bdi29 bdI30 bdI31 bdl32 bdI33 bdl34 bdl35...
bdI36 bdI37 bdI38 bdI39 bdl40 bdl41 bdl42 bdl43 bdl44 bdl45 bdl46...
bdl47 bdl48 bdl49 bdI50 bdi51 bdI52 bdI53 bdl54 bdI55 bdI56 bdl57
bdl=[bdl1;bdI2;bdI3;bdl4;bdI5;bdI6;bdl7;bdI8;bd19;bdI10;bdl11;bdl12;bdI13;
bdl14;bdI15;bdl116;bdl117;bdl18;bdl19;bdI20;bdI21;bdI22;bdI23;bd124;
bdl25;bdI26;bd127;bd128;bdI29;bdI30;bdI31;bdI32;bdI33;bdI34;bd135;
bdI36;bdI37;bd138;bd139;bdl40;bdl41;bdl42;bdl43;bdl44;bdl45;bd146;
bdl47;bdl48;bdl49;bd150;bdI51;bdI52;bd153;bdI54;bdI55;bd156;bdI57];
f(1)=0;
for i1=1:2
1(1)=((x(1)-x(i+1))"2+(y(1)-y(i+1))"2+(z(1)-z(i+1))"2)"(1/2);
bd1(i)=((x(1)-x(i+1))*(u(1)-u(i+1))+(y(1)-y(i+1))*(v(1)-v(i+1))...
+(z(1)-z(i+1))*(w(1)-w(i+1)))/1(i);
f(i+1)=f(i)+eal*((bdl(i))*2)/1(i);
end
for i1=1:2
[(2+1)=((x(i+1)-x(2*i+8))"2+(y(i+1)-y(2*i+8))"2+(z(i+1)-...
z(2*i+8))"2)N(1/2);
bdl(2+1)=((x(i+1)-x(i*2+8))*(u(i+1)-u(i*2+8))+(y(i+1)-y(i*2+8))*...
(v(i+1)-v(i*2+8))+(z(i+1)-z(i*2+8))* (w(i+1)-w(i*2+8)))/1(2+i);
f(3+i)=f(2+i)+eal*((bdl(2+i))"2)/1(2+i);
end
for i1=1:2
[(4+i)=sqrt((x(2*i+8)-x(3*i+23))"2+(y(2*i+8)-y(3*i+23))"2+...
(z(2*1+8)-z(3*i+23))"2);
bdl(4+1)=((x(2*1+8)-x(3*i+23))*(u(2*i+8)-u(3*i+23))+(y(2*i+8)...
-y(3*i+23))* (v(2*i+8)-v(3*i+23))+(z(2*i+8)-z(3*i+23))*...
(W(2*i+8)-w(3*i+23)))/1(4+i);
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f(5+i)=f(4+i)+eal™((bdl(4+1))"2)/1(4+1);
end
for i=1:2
[(6+1)=sqrt((x(3*1+23)-x(4*1+46))"2+(y(3*i+23)-y(4*i+46))"2+...
(z(3*i+23)-z(4*i+46))"2);
bdl(6+1)=((x(3*1+23)-x(4*1+46))* (u(3*i+23)-u(4*i+46))+(y(3*i+23)...
-y(4*i1+46))* (v(3*i+23)-v(4*i+46))+(z(3*1+23)-z(4*i+46))*...
(W(3*i+23)-w(4*i+46)))/1(6+i);
f(7+1)=f(6+i)+eal™((bdl(6+1))2)/1(6+1);
end
for i=1:2
[(8+i)=sqrt((x(4*i+46)-x(5*1+77)) 2+(y(4*i+46)-y(5*i+77))"\2+...
(z(4*1+46)-z(5*i1+77))"2);
bdI(8+1)=((x(4*i+46)-x(5*1+77))*(u(4*i+46)-u(5*i+77))+(y(4*i+46)...
-y(5*1+77))*(v(4*1+46)-v(5*1+77))+(z(4*1+46)-z(5*I+77))*...
(W(4*i+46)-w(5*i+77)))/1(8+i);
f(9+i)=f(8+i)+eal™((bdl(8+1))"2)/1(8+i);
end
for i=1:2
[(LO+i)=sqrt((x(5*i+77)-x(6*i+116))"2+(y(5*i+77)-y(6*1+116)) 2+...
(z(5*i+77)-z(6*i1+116))"2);
bdl(10+i)=((X(5*i+77)-x(6*i+116))*(u(5*i+77)-u(6*i+116))+...
(y(5*i+77)-y(6*i+116))*(V(5*i+77)-v(6*i+116))+(z(5*I+77)-...
2(6*i+116))*(W(5*i+77)-w(6*i+116)))/1(10+i);
f(11+i)=f(10+i)+eal*((bdl(10+i))"2)/1(10+i);
end
1(13)=sqrt((x(3)-x(2))*2+(y(3)-y(2))"2+(z(3)-z(2))"2);
bd1(13)=((x(3)-x(2))*(u(3)-u(2))*+(y(3)-y(2))*(v(3)-v(2))*+(z(3)-...
2(2))*(W(3)-w(2)))/1(13);
f(14)=f(13)+ea*((bdl(13))"2)/1(13);
for i=1:2
[(13+i)=sqrt((x(i+9)-x(i+10))*2+(y(i+9)-y(i+10))"2+(z(i+9)-z(i+10))"2);
bdl(13+i)=((x(i+9)-x(i+10))*(u(i+9)-u(i+10))+(y(i+9)-y(i+10))*...
(v(i+9)-v(i+10))+(z(i+9)-z(i+10))* (w(i+9)-w(i+10)))/1(13+i);
f(14+1)=f(13+i)+ea*((bdl(13+1))2)/1(13+i);
end
for i=1:3
[(15+i)=sqrt((x(i+25)-x(i+26))"2+(y(i+25)-y(i+26)) 2+(z(i+25)-z(i+26))"2);
bdl(15+1)=((x(i+25)-x(i+26))* (u(i+25)-u(i+26))+(y(i+25)-y(i+26))...
*(v(i+25)-v(i+26))+(z(i+25)-z(i+26))* (w(i+25)-w(i+26)))/I(15+i);
f(16+1)=f(15+i)+ea*((bdl(15+i))"2)/1(15+i);
end
for i=1:4
1(18+i)=sqrt((x(i+49)-x(i+50))"2+(y(i+49)-y(i+50))"2+(z(i+49)-z(i+50))"2);
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bdl(18+1)=((x(i+49)-x(i+50))* (u(i+49)-u(i+50))+(y(i+49)-y(i+50))...
*(v(1+49)-v(i+50))+(z(1+49)-z(i+50))* (w(i+49)-w(i+50)))/1(18+1);
f(19+1)=f(18+i)+ea*((bdl(18+i))"2)/I(18+i);
end
for i=1:5
1(22+1)=sqrt((x(i+81)-x(i+82))"2+(y(i+81)-y(i+82))"2+(z(i+81)-z(i+82))"2);
bdl(22+1)=((x(i+81)-x(i+82))* (u(i+81)-u(i+82))+(y(i+81)-y(i+82))...
*(v(i+81)-v(i+82))+(z(i+81)-z(i+82))* (w(i+81)-w(i+82)))/1(22+1);
f(23+1)=f(22+i)+ea*((bdl(22+1))"2)/1(22+i);
end
1(28)=sqrt((x(2)-x(11))"2+(y(2)-y(11))"2+(z(2)-z(11))"2);
bd1(28)=((x(2)-x(11))*(u(2)-u(11))+(y(2)-y(11))*(v(2)-v(11))+...
(2(2)-z(11))*(w(2)-w(11)))/1(28);
f(29)=f(28)+ea2*((bdl(28))"2)/1(28);
1(29)=sqrt((x(3)-x(11))*2+(y(3)-y(11))*2+(z(3)-z(11))*2);
bd1(29)=((x(3)-x(11))*(u(3)-u(11))+(y(3)-y(11))*(v(3)-v(11))+...
(2(3)-z(11))*(w(3)-w(11)))/1(29);
f(30)=f(29)+ea2*((bdl(29))"2)/1(29);
for i=1:2
1(29+1)=sqrt((x(i+9)-x(i+26))2+(y(i+9)-y(i+26))"2+(z(i+9)-z(i+26))"2);
bdl(29+1)=((x(i+9)-x(i+26))*(u(i+9)-u(i+26))+(y(i+9)-y(i+26))*...
(v(i+9)-v(i+26))+(z(i+9)-z(i+26))* (W(i+9)-w(i+26)))/1(29+i);
f(30+i)=f(29+i)+ea2*((bdl(29+i))"2)/1(29+i);
end
for i=1:2
[(31+i)=sqrt((x(i+10)-x(i+26))"2+(y(i+10)-y(i+26))*2+(z(i+10)-z(i+26))"2);
bdl(31+1)=((x(i+10)-x(i+26))*(u(i+10)-u(i+26))+(y(i+10)-y(i+26))*...
(v(i+10)-v(i+26))+(z(i+10)-z(i+26))* (w(i+10)-w(i+26)))/1(31+i);
f(32+i)=f(31+i)+ea2*((bdl(31+i))"2)/1(31+i);
end
for i=1:3
1(33+i)=sqrt((x(i+25)-x(i+50))"2+(y(i+25)-y(i+50))*2+(z(i+25)-z(i+50))"2);
bdl(33+i)=((x(i+25)-x(i+50))*(u(i+25)-u(i+50))+(y(i+25)-y(i+50))*...
(v(i+25)-v(i+50))+(z(i+25)-z(i+50))* (w(i+25)-w(i+50)))/1(33+i);
f(34+1)=f(33+i)+ea2*((bdl(33+1))"2)/1(33+i);
end
for i=1:3
1(36+1)=sqrt((x(i+26)-x(i+50))"2+(y(i+26)-y(i+50))*2+(z(i+26)-z(i+50))"2);
bdl(36+1)=((x(i+26)-x(i+50))*(u(i+26)-u(i+50))+(y(i+26)-y(i+50))*...
(V(i+26)-v(i+50))+(z(i+26)-z(i+50))* (w(i+26)-w(i+50)))/1(36+i);
f(37+i)=f(36+i)+ea2*((bdl(36+i))"2)/1(36+i);
end
for i=1:4
1(39+i)=sqrt((x(i+49)-x(i+82))"2+(y(i+49)-y(i+82))"2+(z(i+49)-z(i+82))"2);
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bdI(39+i1)=((x(i+49)-x(i+82))* (u(i+49)-u(i+82))+(y(i+49)-y(i+82))*...
(v(i+49)-v(i+82))+(z(i1+49)-z(i+82))* (w(i+49)-w(i+82)))/1(39+i);
f(40+1)=f(39+i)+ea2*((bdl(39+i))"2)/1(39+i);
end
for i=1:4
1(43+i)=sqrt((x(i+50)-x(i+82))"2+(y(i+50)-y(i+82)) 2+ (z(i+50)-z(i+82))"2);
bdl(43+i)=((x(i+50)-x(i+82))* (u(i+50)-u(i+82))+(y(i+50)-y(i+82))*...
(v(i+50)-v(i+82))+(z(i+50)-z(i+82))* (w(i+50)-w(i+82)))/1(43+i);
f(44+1)=f(43+i)+ea2*((bdl(43+i))"2)/1(43+i);
end
for i=1:5
[(47+i)=sqrt((x(i+81)-x(i+122))"2+(y(i+81)-y(i+122))*2+(z(i+81)-...
2(i+122))"2);
bdl(47+1)=((x(i+81)-x(i+122))*(u(i+81)-u(i+122))+(y(i+81)-...
y(i+122))*(v(i+81)-v(i+122))+(z(i+81)-z(i+122))* (w(i+81)-w(i+122)))/I(47+i);
f(48+i)=f(47+i)+ea2*((bdl(47+i))"2)/1(47+i);
end
for i=1:5
[(52+i)=sqrt((x(i+82)-x(i+122))"2+(y(i+82)-y(i+122))"2+(z(i+82)-...
2(i+122))"2);
bdl(52+i)=((x(i+82)-x(i+122))*(u(i+82)-u(i+122))+(y(i+82)-y(i+...
122))*(v(i+82)-v(i+122))+(z(i+82)-z(i+122))* (w(i+82)-w(i+122)))/1(52+i);
f(53+1)=f(52+i)+ea2*((bdl(52+1))"2)/1(52+1);
end
q=2*p*((w(1)/8)*4/3+((w(2)+w(10)+w(26)+w(50)+w(82)+w(3)+w(12)+...
w(29)+w(54)+w(87))/2)+tw(11)+w(27)+w(51)+w(83)+w(28)+w(52)+...
w(53)+w/(84)+w(85)+w(86));
g=f(58)+q;
symsal a2 a3 a4 a5 a6 a7 a8 a9 al0 all al?2 al3 ald4 al5al6al7 al8 alo...
a20 a21 a22 a23 a24 a25 a26 a27 a28 a29 a30 a31 a32 a33 a34 a35 a36...
a37 a38 a39 a40 a4l a42 a43 a44 a45 a46 a47 a48 a49 a50 a51
a=[al;a2;a3;a4;ab;a6;a7;a8;a9;al0;all;al2;al3;al4;al5;al6;al7;a18;al9;
a20;a21;a22;a23;a24;a25;a26;a27;a28;a29;a30;a31;a32;a33;a34,;a35;a36;
a37;a38;a39;a40;a41;a42;a43;a44;a45;a46;a47,a48;a49;a50;a51];
b=[u2;u3;ul0;ull;ul2;u26;u27;u28;u29;us50;us51;u52;us53;u54;u82;u83;u84;
u85;u86;u87;v11;v27;v28;v51;v52;v53;v83;v84,v85;v86;wl;w2;w3;w10;
wll;wl2:w26:w27:w28;:w29;w50;w51;w52;w53;w54;w82;:w83;w84;w85;
w86;w87];
for i=1:51
a(i)=diff(g,b(1));
end
g=simplify(a);
% File myfun.m
function f=myfun(x)
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global g

for i=1:2

magic_str=['u’,int2str(i+1),'=x(i)]; eval(magic_str);
end

for i=1:3

magic_str=['u",int2str(i+9),'=x(2+i)]; eval(magic_str);
end

fori=1:4

magic_str=['u',int2str(i+25),'=x(5+i)']; eval(magic_str);
end

for i=1:5

magic_str=['u’,int2str(i+49),'=x(9+i)"]; eval(magic_str);
end

for i=1:6

magic_str=['u",int2str(i+81),'=x(14+i)]; eval(magic_str);
end

fori=1:1

magic_str=['v',int2str(10+i),'=x(20+i)"]; eval(magic_str);
end

for i=1:2

magic_str=['v',int2str(i+26),'=x(21+i)]; eval(magic_str);
end

for i=1:3

magic_str=['v',int2str(i+50),'=x(23+i)"]; eval(magic_str);
end

fori=1:4

magic_str=['v',int2str(i+82),'=x(26+i)"]; eval(magic_str);
end

for i=1:3

magic_str=['w',int2str(i),'=x(30+i)']; eval(magic_str);
end

for i=1:3

magic_str=['w',int2str(i+9),'=x(33+1)"]; eval(magic_str);
end

for i=1:4

magic_str=['w',int2str(i+25),'=x(36+i)]; eval(magic_str);
end

for i=1:5

magic_str=['w',int2str(i+49),=x(40+i)]; eval(magic_str);
end

for i=1:6

magic_str=['w',int2str(i+81),'=x(45+i)"]; eval(magic_str);
end

f=eval(g);
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return

%File cal.m

x0=zeros(51,1); options=optimset('display','iter’,maxfunevals’,1000);

[x,fval,exitflag]=fsolve(@myfun,x0,options)

%chuyen vi

global p k span r kn nx dpha g ea eal ea2

u=zeros(169,1);v=zeros(169,1);w=zeros(169,1);

for i=1:2
u(i+1)=x(i);

end

for i=1:3
u(i+9)=x(2+1);

end

fori=1:4
u(i+25)=x(5+i);

end

for i=1:5
u(i+49)=x(9+i);

end

for i=1:6
u(i+81)=x(14+i);

end

v(11)=x(21);

for i=1:2
V(i+26)=x(21+i);

end

for i=1:3
v(i+50)=x(23+i);

end

for i=1:4
V(i+82)=x(26+i);

end

for i=1:3
w(i)=x(30+1i);

end

for i=1:3
w(i+9)=x(33+i);

end

fori=1:4
w(i+25)=x(36+i);

end

for i=1:5
w(i+49)=x(40+i);

end
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for i=1:6

w(i+81)=x(45+i);

end

V(3)=x(2);v(12)=x(5);v(29)=x(9);v(54)=x(14);v(87)=x(20);

for i=1:3

uu(=u(i); wv(i)=v(i); ww(i)=w(i);

end

for i=1:3

uu(i+3)=u(i+9); wv(i+3)=v(i+9); ww(i+3)=w(i+9);

end

fori=1:4

uu(i+6)=u(i+25); wv(i+6)=v(i+25); ww(i+6)=w(i+25);

end

for i=1:5

uu(i+10)=u(i+49); wvv(i+10)=v(i+49); ww(i+10)=w(i+49);

end

for i=1:6

uu(i+15)=u(i+81); wv(i+15)=v(i+81); ww(i+15)=w(i+81),

end

x=zer0s(169,1);y=zeros(169,1);z=zeros(169,1);x(1)=x(1)+0;y(1)=y(1)+0;

z(1)=z(1)+r;

for m=1:8
X(m+1)=x(m+1)+r*sin(1*dpha)*cos((((m-1)/1)*2*pi)/kn);
y(m+1)=y(m+1)+r*sin(1*dpha)*sin((((m-1)/1)*2*pi)/kn);
z(m+1)=z(m+1)+r*cos(1*dpha);

end

for m=1:16
X(9+m)=x(9+m)+r*sin(2*dpha)*cos((((m-1)/2)*2*pi)/kn);
y(m+9)=y(m+9)+r*sin(2*dpha)*sin((((m-1)/2)*2*pi)/kn);
z(m+9)=z(m+9)+r*cos(2*dpha);

end

for m=1:24
X(25+m)=x(25+m)+r*sin(3*dpha)*cos((((m-1)/3)*2*pi)/kn);
y(m+25)=y(m+25)+r*sin(3*dpha)*sin((((m-1)/3)*2*pi)/kn);
z(m+25)=z(m+25)+r*cos(3*dpha);

end

for m=1:32
X(49+m)=x(49+m)+r*sin(4*dpha)*cos((((m-1)/4)*2*pi)/kn);
y(m+49)=y(m+49)+r*sin(4*dpha)*sin((((m-1)/4)*2*pi)/kn);
z(m+49)=z(m+49)+r*cos(4*dpha);

end

for m=1:40
X(81+m)=x(81+m)+r*sin(5*dpha)*cos((((m-1)/5)*2*pi)/kn);
y(m+81)=y(m+81)+r*sin(5*dpha)*sin((((m-1)/5)*2*pi)/kn);
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z(m+81)=z(m+81)+r*cos(5*dpha);
end
for m=1:48
X(121+m)=x(121+m)+r*sin(6*dpha)*cos((((m-1)/6)*2*pi)/kn);
y(m+121)=y(m+121)+r*sin(6*dpha)*sin((((m-1)/6)*2*pi)/kn);
z(m+121)=z(m+121)+r*cos(6*dpha);
end
symsnl n2n3n4 n5n6 n7 n8 N9 n10 nl11 n12 nl3 nl4nl5nl6nl17nl8...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
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];
for i=1:2
1(1)=((x(1)-x(i+1))"2+(y(1)-y(i+1))"2+(z(1)-z(i+1))"2)"(1/2);
bl(i)=((x(1)-x(i+1))*(u(1)-u(i+1))+(y(1)-y(i+1))*(v(1)-v(i+1))...
+(2(1)-z(i+1))*(w(2)-w(i+1)))/I(i);
end
for i=1:2
[(2+1)=((x(i+1)-x(2*i+8))"2+(y(i+1)-y(2*i+8))"2+(z(i+1)-...
z(2*i+8))"2)N(1/2);
bdl(2+1)=((x(i+1)-x(i*2+8))*(u(i+1)-u(i*2+8))+(y(i+1)-y(i*2+8))*...
(v(i+1)-v(i*2+8))+(z(i+1)-z(i*2+8))* (W(i+1)-w(i*2+8)))/1(2+i);
end
for i=1:2
[(4+i)=sqrt((x(2*i+8)-x(3*i+23))"2+(y(2*i+8)-y(3*i+23))"2+...
(z(2*1+8)-z(3*i+23))"2);
bdl(4+1)=((x(2*i+8)-x(3*i+23))*(u(2*i+8)-u(3*i+23))+(y(2*i+8)...
-y(3*i+23))*(v(2*i+8)-v(3*i+23))+(z(2*i+8)-z(3*i+23))*...
(W(2*i+8)-w(3*i+23)))/I(4+i);
end
for i=1:2
[(6+i)=sqrt((x(3*i+23)-x(4*i+46))"2+(y(3*i+23)-y(4*i+46))"2+...
(z(3*1+23)-z(4*i+46))"2);
bdl(6+1)=((x(3*1+23)-x(4*i+46))* (u(3*i+23)-u(4*i+46))+(y(3*i+23)...
-y(4*1+46))* (v(3*1+23)-v(4*1+46))+(z(3*1+23)-z(4*i1+46))*...
(W(3*i+23)-w(4*i+46)))/1(6+i);
end
for i=1:2
[(8+1)=sqrt((x(4*i+46)-x(5*1+77)) 2+(y(4*i+46)-y(5*I+77))"2+...
(z(4*1+46)-z(5*i+77))"2);
bdI(8+1)=((x(4*i+46)-x(5*i+77))*(u(4*i+46)-u(5*i+77))+(y(4*i+46)...
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-y(5*i+77))*(v(4*i+46)-v(5*i+77))+(z(4*1+46)-z(5*I+77))*...
(W(4*i+46)-w(5*i+77)))/1(8+i);
end
for i=1:2
[(L0+i)=sqrt((x(5*i+77)-x(6*i+116))"2+(y(5*i+77)-y(6*i+116))"2+...
(z(5*1+77)-2(6*1+116))"2);
bdI(L0+i)=((X(5*i1+77)-x(6*i1+116))*(u(5*i+77)-u(6*i+116))+...
(y(5*i+77)-y(6*i+116))*(v(5*i+77)-v(6*i1+116))+(z(5*1+77)-...
z(6*1+116))*(w(5*i+77)-w(6*i+116)))/1(10+i);
end
(13)=sart((x(3)-x(2))"2+(y(3)-y(2))"2+(z(3)-z(2))"2);
bdl(13)=((x(3)-x(2))*(u(3)-u(2))+(y(3)-y(2))*(v(3)-v(2))+(z(3)-...
2(2))*(W(3)-w(2)))/1(13);
for i=1:2
[(13+i)=sqrt((x(i+9)-x(i+10)) 2+ (y(i+9)-y(i+10))"2+(z(i+9)-z(i+10))"2);
bdl(13+i)=((x(i+9)-x(i+10))*(u(i+9)-u(i+10))+(y(i+9)-y(i+10))*...
(v(i+9)-v(i+10))+(z(i+9)-z(i+10))* (w(i+9)-w(i+10)))/1(13+i);
end
for i=1:3
[(15+i)=sqrt((x(i+25)-x(i+26))"2+(y(i+25)-y(i+26))"2+(z(i+25)-z(i+26))"2);
bdl(15+i)=((x(i+25)-x(i+26))*(u(i+25)-u(i+26))+(y(i+25)-y(i+26))...
*(v(i+25)-v(i+26))+(z(i+25)-z(i+26))* (w(i+25)-w(i+26)))/1(15+i);
end
for i=1:4
[(18+i)=sqrt((x(i+49)-x(i+50))"2+(y(i+49)-y(i+50))"2+(z(i+49)-z(i+50))"2);
bdl(18+i)=((x(i+49)-x(i+50))*(u(i+49)-u(i+50))+(y(i+49)-y(i+50))...
*(v(i+49)-v(i+50))+(z(i+49)-z(i+50))* (w(i+49)-w(i+50)))/1(18+i);
end
for i=1:5
[(22+i)=sqrt((x(i+81)-x(i+82))"2+(y(i+81)-y(i+82))"2+(z(i+81)-z(i+82))"2);
bdl(22+i)=((x(i+81)-x(i+82))* (u(i+81)-u(i+82))+(y(i+81)-y(i+82))...
*(v(i+81)-v(i+82))+(z(i+81)-z(i+82))* (w(i+81)-w(i+82)))/1(22+i);
end
1(28)=sqrt((x(2)-x(11))"2+(y(2)-y(11))"2+(z(2)-z(11))"2);
bdl(28)=((x(2)-x(11))*(u(2)-u(11))+(y(2)-y(11))*(v(2)-v(11))+...
(2(2)-2(11))*(w(2)-w(11)))/1(28);
1(29)=sqrt((x(3)-x(11))"2+(y(3)-y(11))"2+(z(3)-z(11))"2);
bdl(29)=((x(3)-x(11))*(u(3)-u(11))+(y(3)-y(11))*(v(3)-v(11))+...
(z(3)-z(11))*(w(3)-w(11)))/1(29);
for i=1:2
1(29+i)=sqrt((x(i+9)-x(i+26))"2+(y(i+9)-y(i+26))"2+(z(i+9)-z(i+26))"2);
bdI(29+i)=((x(i+9)-x(i+26))*(u(i+9)-u(i+26))+(y(i+9)-y(i+26))*...
(v(i+9)-v(i+26))+(z(i+9)-z(i+26))* (w(i+9)-w(i+26)))/1(29+i);
end
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for i=1:2
[(31+i)=sqrt((x(i+10)-x(i+26))"2+(y(i+10)-y(i+26))"2+(z(i+10)-z(i+26))"2);
bdl(31+i)=((x(i+10)-x(i+26))*(u(i+10)-u(i+26))+(y(i+10)-y(i+26))*...

(v(i+10)-v(i+26))+(z(i+10)-z(i+26))*(w(i+10)-w(i+26)))/I(31+i);

end

for i=1:3
1(33+1)=sqrt((x(i+25)-x(i+50))"2+(y(i+25)-y(i+50))"2+(z(i+25)-z(i+50))"2);
bdI(33+i)=((x(i+25)-x(i+50))* (u(i+25)-u(i+50))+(y(i+25)-y(i+50))*...

(v(i+25)-v(i+50))+(z(i+25)-z(i+50))* (w(i+25)-w(i+50)))/1(33+i);

end

for i=1:3
1(36+1)=sqrt((x(i+26)-x(i+50))"2+(y(i+26)-y(i+50))"2+(z(i+26)-z(i+50))"2);
bdI(36+i)=((x(i+26)-x(i+50))*(u(i+26)-u(i+50))+(y(i+26)-y(i+50))*...
(v(i+26)-v(i+50))+(z(i+26)-z(i+50))* (w(i+26)-w(i+50)))/1(36+1);

end

for i=1:4
1(39+i)=sqrt((x(i+49)-x(i+82))"2+(y(i+49)-y(i+82))"2+(z(i+49)-z(i+82))"2);
bdI(39+1)=((x(i+49)-x(i+82))*(u(i+49)-u(i+82))+(y(i+49)-y(i+82))*...
(V(i+49)-v(i+82))+(z(i+49)-z(i+82))* (w(i+49)-w(i+82)))/1(39+1);

end

for i=1:4
1(43+i)=sqrt((x(i+50)-x(i+82))"2+(y(i+50)-y(i+82))"2+(z(i+50)-z(i+82))"2);
bdl(43+i)=((x(i+50)-x(i+82))*(u(i+50)-u(i+82))+(y(i+50)-y(i+82))*...
(v(i+50)-v(i+82))+(z(i+50)-z(i+82))* (w(i+50)-w(i+82)))/1(43+1);

end

for i=1:5
[(47+i)=sqrt((x(i+81)-x(i+122))"2+(y(i+81)-y(i+122))*2+(z(i+81)-...

z(i+122))"2);

bdl(47+1)=((x(i+81)-x(i+122))*(u(i+81)-u(i+122))+(y(i+81)-...

y(i+122))*(v(i+81)-v(i+122))+(z(i+81)-z(i+122))*(w(i+81)-w(i+122)))/1(47+1);
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end
for i=1:5
[(52+i)=sqrt((x(i+82)-x(i+122))"2+(y(i+82)-y(i+122))"2+(z(i+82)-...
2(i+122))"2);
bdl(52+1)=((x(i+82)-x(i+122))*(u(i+82)-u(i+122))+(y(i+82)-y(i+...
122))*(v(i+82)-v(i+122))+(z(i+82)-z(i+122))* (w(i+82)-w(i+122)))/1(52+i);
end
for i=1:12
n(i)=(bdl(i)*eal)/I(i);
end
for i=13:1:27
n(i)=(bdl(i)*ea)/I(i);
end
for i=28:1:57
n(i)=(bdl(i)*ea2)/I(i);
end

vpa(n,8)
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