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MO PAU
Ly do lwa chon dé tai

Két cau dan 1a mot trong nhiing dang két ciu xuat hién tir rit sém va ngay
cang duogc sur dung rong réi trong cac céng trinh xay dung Déan dung va Cong
nghiép, An ninh Québc phong. Ngay tir xa xua, khi nganh cong nghiép vt liéu
chwa phat trién thi cac vat liéu nhu gd, tre v.v... da duoc sir dung lam két cau
dan cho cac cay cau vuot dugc nhip 20-30m. Khi khoa hoc vat liéu phat trién thi
két cAu dan cang déng vai tro to 10n va thuong duoc cac Ky su thiét ké lwa chon
lam giai phép thiét ké trong cac cong trinh vuot duoc khau do 1on.

Két cau dan 12 két cau co rat nhiéu vu diém nhu: tiét kiém vat liéu, cho
vuot khau do 16n, nhe, kinh té va dic biét vé phuong dién kién tric co thé tao
dugc nhiéu hinh dang khac nhau nhu: vom cau, vom try, vOm yén ngua
v.v...ma hién nay c6 rat nhiéu céng trinh trén thé gisi sir dung céc loai hinh
dang nay. Vi vay, ngay nay két ciu dan duoc st dung rong réi trong céc cong
trinh cau, cac cot truyen 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, xudng stra chira bao dudng may bay v.v...

Truéc kia, khi tinh toan phan tich ndi luc cho két cau dan thuong duoc
thuc hién tinh todn bang tha céng véi cac phuong phap don gian nhu: Phuong
phap 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 phét
trién cua cong nghé tin hoc dién tir nén viéc tinh toan don gian va thuan tién
hon rat nhiéu nhd cac phan mém phan tich tinh toan ung dung duoc viét dua
theo phuong phap phan tir hitu han nhu phan mém Sap, Etabs v.v..., dic biét
cac phan mém nay c6 thé phan tich tinh toan véi cac két cau siéu tinh bac cao.
Tuy nhién dé lam phong phti thém phuong phap phan tich két cdu dan, tac gia
lya chon dé& tai : “M@t cach tiép can méi trong viéc phan tich (ndi luc,
chuyén vi) bai toan tuyén tinh két cau dan”.



Muc dich nghién ciru

Nham lam phong pht thém phuong phap giai bai toan két cau dan, khéac
Véi cac cach giai da duogc trinh bay trong cac tai liéu co hoc hién nay.

Poi twong va pham vi nghién ciu

Pé tai tap trung nghién ctru phuong phap phan tich tuyén tinh két cau
dan (dan phang; dan khdng gian) chiu tai trong tinh tai cc nit dan véi cac gia
thuyét sau:

Gid thiét 1: NGt cua dan phai nam tai giao diém cua céc truc thanh va la
khép 1y tudng (cac dau thanh quy tu & nat co thé xoay mot cach ty do khong
ma sat).

Gid thiét 2: Tai trong chi tac dung tai cac nat dan.

Gid thiét 3: Trong luong ban than cua cac thanh khong dang ké so V4i
tai trong tong thé tac dung 1en dan.

Gid thiét 4: Tai trong tac dung 18n két ciu dan dugc bao toan vé phuong,
chiéu va d6 16n trong qué trinh két cau bién dang.

Phwong phap nghién ciu

Dua trén phuong phap nguyén 1y cuc tri Gauss cua GS TSKH Ha Huy
Cuong va két hop phan mém Matlabs.

Y nghia khoa hoc va thuc tién cia dé tai

Vén dé cac phuong phéap phén tich két ciu dan da duoc rat nhiéu sach co
hoc khac nhau trong nuée ciing nhu nudc ngoai gidi thiéu. Y nghia khoa hoc
va thuc tién cta dé tai nghién ctu 1a gioi thiéu mot cach tiép can khac dé lam
phong phi thém cac phuong phép giai trong bai toan két cau dan.

B6 cuc caa dé tai
Ngoai phan mé dau, phan két luan, tai liéu tham khao va phu luc. Noi

dung chinh cta dé tai duoc bd cuc trong 3 chuong:



- Chuong 1 Téng quan vé két cAu dan: Trong chuong ndy trinh bay tng
dung va sy phat trién két ciu dan trong cac cong trinh xdy dung. Pdng thoi
trinh bay cac phwong phap phén tich két cAu dan hién nay thudng duoc trinh
bay trong cac sach co hoc. Cudi chuong 14 cac van dé duoc dat ra dé nghién
ctru trong dé tai

- Chuong 2 Ly thuyét phan tich két cdu dan dua trén phuong phap
nguyén ly cuc tri Gauss: Trong chuong nay s€ trinh bay phuong phap nguyén
Iy cuc tri Gauss va viéc tng dung phuong phap nguyén 1y cuc tri Gauss dé
phan tich két cau dan.

- Chuong 3 Mot s6 vi du phan tich két cau dan: Dua trén phuong phap
nguyén 1y cuc tri Gauss di trinh bay trong chuong 2 dé phan tich chuyén vi,

ndi luc mot sd két cau dan (dan phang; dan khong gian) chiu tai trong tinh.



Chuong 1
TONG QUAN VE PHAN TICH KET CAU DAN

1.1 Pic diém va ing dung két cau dan
Két cAu dan 1a két cAu duoc tao thanh tir cac thanh lién két vai nhau tai

cac nut dan, nat dan phai nam tai giao diém cua cac truc thanh (hinh 1.1).

Tlhanhxian Thanh ®pang \Biantran /M%
N\

Hinh 1.1 Két cAu dan

Khoang céch giira cac goi tua dugc goi 1a nhip dan. Giao diém gitra cac

thanh dan duoc goi 1a ndt dan (hoic mat dan). Nhiing thanh dan nam trén chu
vi cua dan tao thanh duong bién trén (thanh canh trén) va bién dudi (thanh
canh dudi). Cac thanh ndm bén trong cac duong bién tao thanh hé thanh bung.
Hé thanh bung gom cac thanh ding va thanh xién. Khoang céch giita cac nat
thudc duong bién goi 1a d6t dan.

Khi lyc chi dat tai nat thi cac thanh dan cha yéu 1am viéc chiu kéo hoac
nén, do d6 ta co thé coi cac nit dan 1a khép. Do két cau dan khi chiu luc, cac
thanh chi yéu chi chiu kéo hoic nén nén tan dung hét duoc kha niang lam viéc
cua vat liéu. Vi vay két ciu dan 1a két cau tiét kiém vat liéu va vé phuong dién
kién trc co thé tao dwoc nhiéu hinh dang khac nhau, nén két cdu dan dugc sir
dung nhiéu trong cac cong trinh cau, dan khoan, cot truyén tai dién va lam két
cau mai che cho cac cong trinh nha thi d4u, san van dong, nha hat, san bay v.v...

Két cau dan dau tién trén thé gisi dugc xay dung nam 1863 1a cong trinh
Schwedler Dome tai Berlin do k§ su Schwedler nguoi Puc thiét ké, c6 dang

két cau vom duoc tao bai cac ludi 6 tam giac va vuot dugc khau do 30m. Bén



nam 1889 tai Pari Phap xay dung thap Eiffel nam canh séng Seine c6 chiéu
cao 325 m tré thanh biéu tuong cua kinh d6 anh sang. Nam 1898 tai Viét
Nam, cac K§ su nguoi Phap da thiét ké va xay dung cay cau Long Bién, cay
cau dai 2.290m 1am bang dan thép [2].

Nam 1940 tai Berlin Max Mengeringhausen da nghién ctiu ra hé két cau
Mero (System of nodes and beams - MEngeringhausen ROhrbauweise), tur

day tro di két cau dan khong ngimg duoc nghién ctu va tng dung vao cac

cong trinh thyc thuc té [2].
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Hinh 1.4 Nha thi diu Nagoya Dome Hinh 1.5 Nha hat lon Bac kinh

Nam 1965 cbng trinh sén van dong Astrodome dugc xay dung tai bang

Texas nudc My ¢ stc chira 42.217 nguoi, chiéu dai nhip dan 1a 196m (hinh
1.2) [2].



Nam 1975 ciing tai My c4c nha ki su da thiét ké cong trinh Superdome
1a noi t6 chtic cac su kién thé thao va trién 13m c6 ste chua 73.208 ngudi, ¢6
chiéu dai nhip dan I1a: 207m (hinh 1.3) [2].

Nam 2000 tai Nhat Ban da thiét ké duoc dan khéng gian cho cdng trinh
Nagoya Dome c6 stc chtra 40.500 nguoi véi kich thuéc khau do trén 180m
(hinh 1.4) [2].

Nam 2007 Trung Quédc di xay dyng nha hét I6n tai Bac Kinh dang hinh
Elipsoid, véi kich thugc mot chiéu 144m va mot chiéu 212m. Chiéu cao cua

cong trinh 46m va cong trinh c6 suc chira 5.452 nguoi (hinh 1.5).

Ngoai tng dung lam két cau

cho cac cong trinh nhip 16n nhu da

ké trén, két cau dan con co tac dung

giam chan cho cac két ciu cong

trinh chiu dong dat. Khi c6 dong dat
xay ra thi trén két cdu dan STMFs Hinh 1.6 K&t ciu STMEs
(Special Truss moment frames) xuét

hién cac vi tri bién dang

déo (ving tiéu tan niang lwong) nhu hinh 1.6, 1am ting kha ning giam chan
cho céng trinh [2].

Ngoai ra, do cach tinh don gian ciia dan nén co thé dung so do dan ao dé
mo ta tinh toan trong két ciu dam va ban bé téng (trang thai co vét nat): Khi
tinh ton thiét ké cac ving lién tuc theo trang thai giéi han d6 bén va dé thiét
ké cAu tao chi tiét cho cac ving khdng lién tuc theo trang thai gisi han do bén,
kiém tra trang thai gigi han sir dung. M6 hinh dan ao bao gom cac thanh chéo
dai dién cho trudng vng suat nén, cac thanh giang dai dién cho cbt thép va cac

nat lién két c6 vi tri, hudng tring vai cét thép [2].



1.2 Céc gia thuyét khi tinh toan dan
Pé tinh dan duoc don gian, ta thira nhan cac gia thuyét sau:

Gia thuyét 1: NGt caa dan phai nam tai giao diém cua cac truc thanh va

la khép 1y tuong (cac dau thanh quy tu ¢ nat c6 thé xoay mot céch tu do
khong ma sat).

Gia thuyét 2: Tai trong chi tac dung tai cac nat dan.

Gia thuyét 3: Trong lwong ban than cia cac thanh khong dang ké so V4i

tai trong tong thé tac dung 1en dan.

Gia thuyét 4: Gdc cua cac truc thanh trudc va sau khi dan chiu luc 12

khong thay doi.

Tur cac gia thuyét 1, gia thuyét 2 va gia thuyét 3 ta di dén két luan quan
trong: Céac thanh trong dan chi chiu kéo hoac chiu nén, nghia Ia trong dan chi
tdn tai luc doc N ma khéng c6 mé men udn M va lyc cit Q.

Tur gia thuyét 2 va gia thuyét 3 thi khi phan tich, tinh toan két cau dan ta
phai tinh toan két ciu dan nhu két ciu khung véi cac tai trong dit ¢ nat khung
va ltc nay cac nat khung duoc coi 13 tuyét doi cimg. Khi dan tinh toan nhu
két cau khung dé cho don gian trong tinh toan thi bai toan ta phai thém mot
gia thuyét nira 1a: Bién dang doc truc thanh 12 rat nho.

Pic biét khi ta cd gia thuyét 1, gia thuyét 2 gia thuyét 3 va gia thuyét 4
viéc tinh toan két cau dan duoc don gian di rat nhiéu ma hién nay khi tinh
toan két cau dan vai rat cac phuong phap khac nhau déu phai st dung bon gia

thuyét nay.



1.3 Phan loai

NN NN

a) Dpn th @mh b) Dpn si2u tih ngoyi, twih @mh trong

DD XX

c) Dpn si2u tih trong, th @mh ngopi d) Dun si2u twh ngopi, si2u tih trong

Hinh 1.7 Phan loai két cau dan

Dwa vao muac do phuc tap khi giai caa bai toan dan cd thé phan két cau
dan thanh bén loai: Dan tinh dinh (hinh 1.7a); Dan siéu tinh trong, tinh dinh
ngoai (hinh 1.7b); Dan siéu tinh ngoai, tinh dinh trong (hinh 1.7c); Dan siéu
tinh trong va siéu tinh ngoai (hinh 1.7d). Ngoai ra con co rat nhiéu cach phan
loai khac nhau nhu néu cin ctr vao d6 vong cua dan c6 thé phan thanh dan
dam va dan vom, néu can ct vao toa d6 cac nit dan cé thé phan thanh dan
phang va dan khong gian v.v...
1.4. Mgt s6 phwong phap tinh toan két cau dan hién nay thwong sir dung
1.4.1 Phuong phap tach nut

Phuong phap tach nut 13 truong hop dic biét cua phuong phap mat cat.
Trong d6 hé luc can khao sat can bang 1a hé luc dong quy.
Noi dung phwong phap: Phuong phap tach nut 1a su khao séat su can bang
cua tirng nat dugc tach ra khoi dan.
Thur tu ap dung:

- Lan luot tach ting nut ra khoi dan bang nhiing mat cat bao quanh nat.

- Thay thé tac dung cua cac thanh bj cit bang luc doc trong thanh do, sau

khi thay thé tai mi nat ta c6 mot hé luc ddng quy.



- Khao sét sy can bang caa ting ndt ching ta s& xay dung nén duoc mot
hé phuong trinh can bang cac nit ma an sé cua cac hé nay 1a luc doc trong cac
thanh dan.

- Cudi cuing ta chi viéc giai hé s& xac dinh duoc luc doc trong cc thanh dan.
Pham vi 4p dung phwong phap: Phuong phap tach nut chi st dung tinh toan
cac dan tinh dinh con dan siéu tinh khong ap dung duoc.

1.4.2 Phwong phap mit cit

Noi dung phwong phap: Phuong phap mat cit don gian duogc thyc hién bang
mat cat qua cac thanh tim ndi luc (s6 luc chua biét khéng 16n hon sé phuong
trinh can bang duoc 1ap) va viét phuong trinh can bang cho tiing phan caa dan.
Thu ty ap dung:

- Thuc hién mit cat qua thanh can tim ndi luc va mat cat chia dan ra 1am
hai phan doc 14p.

- Thay thé tac dung ctia cac thanh bi cat bang cac luc doc twong tng. Khi
chua biét luc doc ta gia thiét luc doc duong nghia 1a huéng ra ngoai mit cat
dang xét.

- Lap phuong trinh can bang cho mét phan dan bi cit (phan bén phai
hoac phan bén tréi). Tur cac phuong trinh can bang s& suy ra noi luc can tim.
Néu két qua mang dau duong thi chiéu noi luc huéng theo chiéu gia dinh, tuc
1a kéo. Nguoc lai néu két qua mang dau am thi chiéu noi luc hudng nguoc
chiéu gia dinh, tac 1a nén.

Pham vi 4p dung phwong phap: Phuong phap mit cat don gian chi dung
tinh toan cho dan tinh.
1.4.3 Phwong phap mit cit phoi hop
Noi dung phwong phap:
Phuong phap mit cat phéi hop dugc &p dung dé tinh dan khi khdng dung

dugc mit cat don gian, nghia 1a khi tai mot mat cat, s6 luc chua biét 16n hon



ba. Muc dich chinh ctia phuong phap nay 13 tim cach thiét 1ap mot sé phuong
trinh can bang chi chira mot s6 luc chua biét bang s6 phuong trinh d6. Khi
thiét 1ap mot phuong trinh can bang trong mdi mat cat néi chung ta chi cd thé
loai trir duoc hai luc chua biét.

Bai vay, khi chi c6 thé thuc hién mat cit qua bén thanh chua biét noi
luc méi du diéu kién 1a cit qua thanh can tim noi luc va chia dan thanh hai
phan doc lap thi ta phai ding hai mat cat phéi hop. Voi hai mat cat thi ta c6
thé tim duoc ngay hai ndi luc theo hai phuong trinh. Mudn vay:

- Hai mat cat cung phai di qua hai thanh can tim noi luc va mdi mat cat
chi c6 thé di qua hai thanh khac chua can tim noi lyc.

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

Pham vi 4p dung phwong phap: Phuong phap mat cit phdi hop chi dung
tinh toan cho dan tinh.

1.4.4 Phuwong phap hoa do

Noi dung phwong phap:

Phuong phép hoa do hay (con goi phuong phap Gian d6 Maxwell —
Cremona) 1a phuong phap vé& dé giai bai toan. C6 thé dung phuong phap nay
dé giai nhiéu bai toan khac nhau cua co hoc va dé xac dinh phan luc, noi luc
cho hé dan tinh dinh. Cach giai bai toan dugc trinh bay toan bo trén hinh vé
goi la gian ¢6 Maxwell — Remona.

Dua vao diéu Kkién can va da dé hé luc dong quy duoc can bang 1a da
giac lyc cua hé dong quy nay phai khép kin. Lan luot 4p dung diéu kién nay
cho tirng nat cta dan bi tach ra theo tht tu sao cho tai mdi nit caa dan chi co
hai noi luc chua biét tri s6 nhung da biét phuong thi ta xac dinh dugc noi luc

cua tat ca cac thanh dan.
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Pham vi 4p dung phwong phap: Phuong phap hoa d chi dung tinh toan cho
dan tinh.

1.4.5 Phwong phap luc

Noi dung phwong phap:

Phuong phap luc dugc &p dung trong viéc tinh toan hé dan siéu tinh. Bé
tinh todn 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 luc. Hé thay thé nay suy ra tir
hé siéu tinh d3 cho bang céch loai bét cac lién két thira goi 12 hé co ban. Hé
co ban caa phuong phap luc phai 12 hé bat bién hinh suy ra tir hé siéu tinh da
cho bang cach loai bo tat ca hay mot s lién két thira. Néu loai bo tat ca cac
lien két thira thi hé co ban 1a tinh dinh con néu chi loai bo mot sé lién két thira
thi hé co ban 1a siéu tinh ¢6 bac thap hon. Biéu quan trong I1a hé co ban phai
la bat bién hinh va cho phép ta xac dinh néi luc caa cac thanh dé dang. Vi vay,
trong dai da sb truong hop ta thuong chon hé co ban 1a tinh dinh.

DPé dam bao cho hé co ban 1am viéc gidng hé siéu tinh di cho can b
sung thém cac diéu kién. Trong hé co ban dit cac luc Xy, Xa,..., X, tuong tng
Vi vi tri va phuong cua céc lién két bi loai bo. Nhing luc nay lién két giir vai
tro 1a an. Thiét lap diéu kién chuyén vi trong hé co ban twong Gng véi vi tri va
phuong cta c4c lién két bi loai b bang khéng.

Pham vi 4p dung phwong phap: Phuong phép luc thuong 4p dung dé giai
cac bai toan dan siéu tinh.

1.4.6 Phwong phap chuyén vi

NoOi dung phwong phap:

Phuong phap chuyén vi ciing 1a phuong phap dung dé xac dinh noi luc
trong hé dan siéu dong (Hé siéu dong la nhitng hé khi chiu chuyén vi cudng
birc, néu chi dung cac diéu kién dong hoc khong théi thi chua du dé xac dinh

tat ca cac chuyén vi tai cac nat hé). Khac véi phuong phap luc, trong phuong
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phap chuyén vi ta ding tap hop cac bién dang ¢ hai dau thanh l1am dai luong
can tim. Nhirng dai luong ndy s& tim dugc néu biét chuyén vi tai cac ndt cua
hé. Nhu vay theo phuong phap nay ta chon an 1a chuyén vi cua céc nit cua hé.
Chinh vi 1& d6 ma phuong phéap dugc goi 1a phuong phap chuyén vi (con goi
1a phuong phap bién dang). Sau khi xac dinh chuyén vi tai cac ndt, tac l1a
chuyén vi tai dau thanh ta s& xac dinh dwoc ndi luc.

Theo phuong phap chuyén vi, dé tinh hé siéu dong ta khéng tinh trén he
d6 ma thyc hién tinh toan trén hé co ban dong thoi bo sung cac diéu kién dam
bao cho hé co ban lam viéc giéng hé thuc.

Hé co ban cta phuong phap chuyén vi 12 hé suy ra tir hé siéu dong da
cho bang cach dat thém vao hé nhiing lién két phu nham ngan can chuyén vi
xoay va chuyén vi thang caa céac ndt trong hé (nhiing lién két phu gom hai
loai: lién két mémen va lién két luc). Hé co ban c6 thé 12 hé xac dinh dong
hoic hé siéu dong. Néu sb lién két duoc 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
s6 bac siéu dong ta duoc hé co ban 1a hé siéu dong véi bac thap hon.

Néu hé co siéu dong c6 n lién két dit thém, lan luot ky hiéu cac chuyén
Vi Zy, Zs..... Zi... Zn VGi Zy 1a chuyén vi cudng buc tai lién két tht k dat vao hé.
Cac chuyén vi nay gitr vai trd 1a an sé cua phuong phap chuyén vi.

Pham vi 4p dung phwong phap: Phuong phap chuyén vi thuong 4p dung dé
giai cac bai toan dan siéu dong.
1.4.7 Phwong phap phan tir hiru han

Phuong phap phan ti hiru han 1a phuong phép roi rac héa két cau cong
trinh thanh mot s6 hitu han cac phan ta. Céc phan tr nay duoc ndi véi nhau
tai cac diém dinh trudc thuong tai dinh phan tar (tham tri tai cac diém trén
bién phan ta) goi 1a nat. Nhu vay viéc tinh toan két cau cong trinh duoc dua

vé tinh toan trén cac phan tir ciia két cdu sau d6 két ndi cac phan tir nay lai voi
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nhau ta duoc 16i giai cia mot két cau cdng trinh hoan chinh. Duéi déy tac gia
gidi thiéu cach xay dung cach giai bai toan dan theo phuong phap phan ti
httu han [16].
Xay dung phwong trinh cin bang cho phan tir

il i

Sl ] ~
1 T -

l | )

Hinh 1.8 Phan tir ij trong hé truc toa do riéng

Phuong trinh c4n bang cua phan tir chiu kéo nén dung tam (hinh 1.8):

KM
hay: [F|=[k][5] (1.1b)

— l _1 1
trong do: [k]:${ . J : 1a do cang cua phan ti trong hé truc toa do
ij L

riéng.
Bay gio trong truong hop tdng quat hé truc toa do chung khong tring voi

hé truc toa do riéng. Xét phan tir thanh ij (hinh 1.9) c6 toa do cac nat Ia

i(xi’yi’zi)’j(leyj!zj)'

Hinh 1.9 Phan tir ij trong hé truc toa d chung
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Chiéu dai cua phan tir 1a:

Iy = \/(Xi _Xi)z +(y;-v )2 +(z _Zi)z

Cac cosin chi phwong cua phan tir:

Jx=x) + (v, -v) +(z-2.)

Giasu F;, F. c6 phuong doc thanh thi:

ij? ji

|l m n o0 0 0]
x) ) ) x) ) @1" _
[F® RY R R” R R ]{ H

n=

0O 00O I mn
hay: {FL =[TIF)

Trong d6: [T]la ma tran chuyén truc.
l mno0 0 Of
[T]=
0 00 I mn

{8}, =[T1{8} hay {5} =[TT {3},

Thay (1.7) vao (1.1b) duoc:

Tuong tu ta cling co:

{l_:} - [E][T]T {3},
Thay (1.8) vao (1.5) duoc:

{F}ij = [T][R][T]T {6}ij hay {F}ij - [k]ij{s}ij

Trong do:

(1.2)

(1.3)

(1.4)

(1.5)

(1.6)

(1.7)

(1.8)

(1.9)
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Im  m? dx
= EF| In mn n?
K=MK =1 2 o o (1.103)

ij
—-Im -m* -nm Im m’
—=In -mn -n* In mn n’

Ma tran [k] 1a ma tran bac 6x6 c6 thé phan thanh gom 4 ma tran 3x3

nhu sau:
[k]ii [k]ij
[k]= [[k]“ [k]”] (1.10b)
2 dx
trong do: [k]. = [k],—j = —[k]ij = —[k]ji =|Ilm m? (1.10c)
In mn n?

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

{F;} : véc to tai trong téc dung Ién niit i theo phuong ij va {F} =[

trong do:

FRLR

ijrriijrij

{Fji}: véc to tai trong tac dung Ién ndt j theo phuong ij va { } [FX F/ FZ]

i i i

{8,}: véc to chuyén vi niit i theo phuong ij va {5} =[u,,v,,w, |

{8,}: véc to chuyen vi nit i theo phuong ij va { } [uj v, w, |
Xay dung phwong trinh cin bang cho toan b két cau dan

Phan trén da xay dung phuong trinh can bang cho mét phan tir, trong
muc nay s& xay dung phuong trinh can bang cho toan bo két cau dan. Néu xét

tai N0t icua dan c6 cac thanh quy tu la ij,ik,il,im,...,in (hinh 1.10).
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Hinh 1.10 Can bang nut i
Nhu vay diéu kién lién tuc la chuyén vi tai nit icua tat ca cac thanh quy
tu tai N0t i phai bang nhau:
[ty {61}~ (3 o7}~ ) [0 112
trong do:
{8/}:{8¢}:{81 {80+ {8} - lan Tuot 1a cac véc to chuyén vi tai ndt icua
cac thanh ij,ik,il,im,...,in;
{8} véc to chuyen vi tai niit i.
Ngoai ra tai nat i con can phai ¢am bao diéu kién can bang luc:
)= () R+ R (R e R @
trong do:
{P.} :1a véc to tai trong tAc dung tai nit i {P, } =[P, P, PiZ]T;
P,..P,.P, : 12 cac thanh phan tai trong theo phuong x, y, x.

Theo (1.11) ta c6 phuong trinh c4n bang cho tat ca cac thanh tai nit i :
Thanh ij: {F}=[K} ]{5,} +[k;]{5}

Thanh ik: {F}=[k}]{8,} +[k, ]{5,}

Thanh in: {F,} =k ]{8,} +[ k,, |{8,}

thay cac luc trén vao céng thuc (1.13) duoc:
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{Pu }:[kii]{sij}_'_[kik]{sik}+[kil]{6il}+[kim]{6im}+"'+[kin]{8in} (1.14)
trong d6: k, =k! + k! +ki + K +...+ k]
Biéu thirc (1.14) 1a diéu kién viét cho can bang tai nat i. Néu dan cé n

nut thi ta ¢6 duoc 3n phuong trinh va ¢ thé viét nhu sau:

k] [ke] o [ki] o {km]]"{fh}_ (P}

[ka] - [ka] o [a]|[ {8} ) |{P)
] e [ (81| P (159
dx : : :
i [kl JL 8.} ] [{P.}
hay:
[K]{8}=1{P} (1.15b)
trong do:

[K] : 1a ma tran d6 cting cua toan b ket cau dan;

{8} :[{81}{82}...{8i}...{8n}]T = [uv,w,u,v, W, uvw,u v w, o 1a vée to
chuyén vi tai cac nut dan.
Xir ly diéu kién bién

Bién cé dinh: Tai nhitng bién ¢ dinh thi s& c6 cac bac tu do bang khong.
Trong phuong trinh cén bang tai nhitng bac tu do nao bang khéng thi trong
ma tran [K], {8}va {P} bo di nhiing hang va cot twong g véi bac tu do do.

Bién chuyén vi cuong birc: Gia sir tai ndt bién bac ty do m cé chuyén vi
cudng bic 5 =a thi trong ma tran do cang tong thé [K] va vecto tai trong
nat tong thé {P} ta gan mot s6 A ¢o do 16n bang vo cling lan lugt vao céc vi
tri k., thay bang (K., +A), P, thay bang (K, +A)a.
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Néu str dung phuong phap phan tir hitu han dé tinh toan cho két cdu dan
tuyén tinh thi theo phuong trinh (1.15) cac K, 1a cac hang sb do d6 dé& dang
xac dinh duoc cac thanh phan chuyén vi trong cac nat.

Pham vi 4p dung phwong phap: Phuong phap phan tir hitu han 4p dung dé
giai cac bai toan dan tinh dinh ciing nhu dan siéu tinh.
1.5 Muc tiéu nghién ciru cia deé tai

Qua cac phan tich ¢ cac phan trén caa dé tai, nham lam phong phi cho
cac cach phan tich két cau dan ciing nhu c6 mot céach tiép can khac cho viéc
phan tich tuyén tinh bai todn két cdu dan chiju tai trong tinh tai cac nat dan
muc tiéu nghién ctiu caa dé tai nhu sau:

1) Dua trén phuong phap nguyén ly cuc tri Gauss xay dung duoc
phuong phéap phan tich tuyén tinh cho bai toan két ciu dan chiu tai trong tinh
tai cac nut dan theo hai cach tiép can: chon céc thanh phan chuyén vi tai cac
nat dan 1am an sé; chon cac thanh phan noi luc trong cac thanh dan 1am an sé.

2) Ap dung phuong phap nguyén 1y cuc tri Gauss dé phan tich tuyén tinh
mot s6 vi du két cau dan chiu tai trong tinh tai cac nut dan. Céc két qua phan
tich ndy dugc so sanh véi cac cach giai khac dé thiy duoc do tin cay cua
phuong phap.

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

c4u dan chiu tai trong tinh dya trén phuong phap nguyén 1y 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 chuong ndy cua dé tai, tic gia s& trinh bay Nguyén ly cuc tri
Gauss va viéc ap dung Nguyén ly cuc tri Gauss trong viéc giai cac bai toan co
hoc bién dang. Cudi chuong tac gia trinh bay chi tiét cach ap dung Nguyén ly
cuc tri Gauss trong viéc phan tich noi luc, chuyén vi cac bai toan tuyén tinh
két cau dan chiu tai trong tinh tai cac n(t dan theo hai cach tiép can bai toan:
Chon an sb chinh Ia c&c thanh phan chuyén vi tai cac nGt dan; Chon an so
chinh 1a cac thanh phan néi luc trong céac thanh dan.

2.1 Nguyén ly cuc tri Gauss
2.1.1. Nguyén ly cuc tiéu Gauss va bat dang thirc Gauss

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

+ Tai sao ngay tir dau lai khéng xét lién két khéng giir. Cho nén nguyén
ly cuc tri Gauss nham thoa man diéu kién nay, lién két khong git va xem lién
két gitr 1a truong hop riéng.

+ Gauss Viét tiép: “Nguyén Iy D’Alembert dwa bai todn déng luc hoc vé
bai todn tinh hoc, cOn nguyén 1y vdn téc do bién vdn dé tinh hoc thanh véin dé
toan hoc thuan tdy va moi nguyén 1y cia co hoc hodc nhiéu hodc it déu c6 thé
tryec tiép rat ra tir hai nguyén Iy trén”.

Nguyeén ly cuc tiéu Gauss duoc xay dung doi véi co hé ¢ lién két khong
gitr (12 co hé co lién két mot chiéu, diéu kién lién két thuong duoc biéu thi
dudi dang bat dang thuc) va lién két giir 1a lién két hai chiéu (khi phan luc
lién két theo chiéu nay thi ciing 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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Déi véi lien két khong giir thi tong cong cac luc tac dung thuc hién trén
cac chuyén vi ao 1a dai luong khong duong. Vi vay diéu kién can va dua dé hé
& trang théi can bang trong truong hop lién két khdng giir 1a:

D (Xdu; +Ydv, + Z,3w; ) <0 (2.1)
trong do: X, Y,, Z. 1a cac lyc trong hé toa do vubng gdc tac dung Ién chat
diém i va u, v,, w, la cac chuyén vi tuong ung.

Biéu thirc (2.1) do Fourier (1798), Gauss va Ostrogradsky (1834) doc lap
dua ra va tac gia [1] goi 12 bit dang thuc Fourier.

T nguyén ly cong 4o c6 thé nhan dugc bat dang thac Fourier bang cach
xét phan luc lién két:

D[ (XU + Yidv, + Zdw, )+ (X jdu; + Vv, + Z,5w;) | =0 (2.2)

trong d6: X, Y,, Z, la cac phan lyc lién két.
T biéu thuc (2.2) ta co:
D (Xidu, + Yidv, + Zdw, ) == (X, Bu; + Y3V, + Z,Sw; ) (2.3)
Truong hop lién két gii thi cong ao caa phan luc lién két bing khéng
(dinh ly Lanczos [13, tr.87]), nén ta co:
D (Xdu; + Y;dv; + Z;3w,; ) =0 (2.4)
Trong truong hop lién két khdng giir, biéu thic lién két (hiru han hoac vi
phan) 1a c4c bat dang thirc, cong 4o cua cac phan luc lién két 1a cac dai luong
duong cho nén ta co6:
D (X8u; + Y8y, + Z,8w,) >0 (2.5)
Cho nén dé hé can biang, cdng ao caa cé4c luc tac dung phai 1a dai lugng
khong duong, ta c6 bat dang thirc Fourier - Gauss — Ostrogradsky (2.1) hay

con goi la bat dang thirc Gauss.

20



Nhu trinh bay trén cho thay rang dé co lién két khong giir thi phai ding
bat dang thuc Gauss (2.1), lién két giir 1a truong hop riéng khi bat dang thirc
tré thanh dang thuc.

Bat dang thirc Gauss, trong trudng hop dung lién két khong gitr duoc goi
la nguyén ly chuyén vi ao, khdng nén nham lan véi nguyén ly céng 4o,
nguyén ly cong kha di hay nguyén 1y chuyén vi kha di.

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

Nha toan hoc ngudi Puc K.F.Gauss nam 1829 da dua ra nguyén 1y sau
day d6i voi cac co hé chat diém: “Chuyén déng cua hé chdt diém co lién két
tly ¥ chiu tde déng bdt ky ¢ méi thoi diém sé xdy ra phil hop nhdt mét cach co
thé véi chuyén dong cua hé dé khi hoan toan tw do, nghia la chuyén déng xay
ra véi liwong rang bugc téi thiéu néu nhir s6 do lwong rang bugc lay bang
tong céc tich khéi lirong chdt diém véi binh phwong do léch vi tri chdt diém
so voi Vi tri khi chung hoan toan tu do.”

Goi m. 1a khéi luong chéat diém, A. 1 vi tri caa nd, B, 1a vi tri sau thoi
doan vo cung bé do tac dong luc ngoai va van téc & dau thoi diém gay ra, C;

1a vi tri c6 thé (rang budc bai lién két) thi lwong rang budc duoc viét nhu sau:
Z:Zmi(ﬁ)2 — min (2.6)

Do hé can tinh va hé hoan toan tu do déu chiu lyc giéng nhau, nén trong
biéu thirc lugng cudng birc khéng xuat hién luc tac dung. Lugng rang budc co
dang binh phuong tbi thiéu 1a phuwong phép toan do Gauss dua ra.

2.1.3. Biéu thire thwong ding caa nguyén ly cuc tiéu Gauss

Trong tai lidu co hoc [13, tr.107] ding 14p luan sau dé dua ra biéu thuc
giai tich cua nguyén Iy cuc tiéu Gauss.

Xét chat diém m. c6 lién két tly y chiu tac dung cua luc F. O thoi diém t

chat diém c6 vi tri ., van téc i va gia toc . Sau thoi gian dt chat diém co vi tri:
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4+ Edt+ S EdE 2.7)
1 1 2 1

(dwa trén khai trién trién theo chudi Taylor)
Gia str tai thoi diém t, ta giai phong lién két nhung van giit luc tac dung

thi vi tri chat diém khi hoan toan tu do sau thoi gian dt 1a:

ri+ridt+Ei
2m.

dt? (2.8)

Hiéu (2.7) va (2.8) cho ta do léch vi tri ctia chat diém so vai vi tri cua nd
hoan toan tu do.

l'|r‘idt2 LR L 4 B gee (2.9)
2 2m, 2 m.

C6 thé xem dt 1a hang thi lugng rang budc Z theo (2.9) duoc viét dudi
dang luc nhu sau:

2
z :%mi['r'i —;—OJ dt* (2.10)

Luong rang budc cho toan bo hé chat diém:
1 oY
Z=="Ym| 2%t | dt* > min 2.11
yEm ey o @11
Vi dt* 1a sé bat ky nén (2.11) twong duong voi:

Z=Zmi£%—'ﬁj —> min (2.12a)

2

hay: Z= Z%(Fm _mi.ri) = Z

1 2
~m,

(R, —F) —min (2.12Db)

Trong bieu thuc (2.12) (F, —F) la lyc lién két hoac lyc can chuyén dong
S0 Vi chuyén dong caa hé tu do.
Nguyén ly Gauss (2.6) hoac (2.12) c6 dang cta phuong phap binh

phuong t4i thiéu 1a phuong phép ciing do Gauss dwa ra va duoc dung rong rai
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trong toan hoc hién dai, trong giai tich ciing nhu 10i giai sb. C6 1& vi vay
nguyén 1y Gauss thu hit sy chd y cta nhiéu nha khoa hoc, vi du, Hertz (nim
1894) duya trén y tuong lugng rang budc dua ra nguyén 1y duong thang nhat
(dudng co6 do cong nho nhat) hoic Prigogine (ndm 1954) va Gyarmati (ndm
1965) di xay dung duoc luong rang budc cua cac qua trinh khéng hdi phuc
trong nhiét @éong luc hoc.

2.2 Ap dung nguyén ly cwc tri Gauss trong viéc giai cac bai toan co hoc

Nguyén Iy cuc tri Gauss duoc GS. TSKH. Ha Huy Cuong phat trién
nham muyc dich xay dung cic phuong trinh cin bang va cic phuong trinh
chuyén dong caa co hé co lién két tong quat 1a lién két khong giit xem lién két
gitr 1a truong hop riéng.

Phuong phap nguyén ly cuc tri Gauss la phuong phédp so sanh vé1 nghia
la tim min cua luong cudng bac, giira chuyén dong caa hé can tinh vai chinh
hé d6 khi hoan toan tu do (giai phong lién két) trén co so bat dang thirc Gauss
(con goi 1a bit dang thuc Fourier).

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

Muc dich trinh bay sau ddy nham chi ra rang, phwong phap nguyén ly
cuc tri Gauss khong chi dung bién phan 13 gia téc va con dung chuyén vi va
van toc 13 dai luogng bién phan.

Xét hé chat diém co lién két ty y & mot thoi diém bat ky nao dé co
nghia 14 phai dwa lyc quan tinh . caa hé tai thoi diém nao d6 tac dung Ién hé.
Déi voi hé hoan toan ty do lyc quén tinh f,, cua né bang véi ngoai luc (chi s6
‘0’ & chan ky tu chi rang ky tu d6 ¢ hé so sanh, truong hop nay hoan toan tu
do c6 cuing khéi lugng va ciing chiu tac dung luc ngoai gidng nhu hé co lién
két). Nhu vay, cac luc tac dung lén hé co lién két gom céc luc f =m. ¥ va cac

lyc f, =m. . (thay cho ngoai luc). Theo nguyén ly chuyén vi ao di vai lién
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két gitr (lién két dudi dang ding thuc) va khong gitr (lién két dudi dang bt
dang thure) diéu kién can va du dé hé o trang théai can bang Ia:
8Z=> (f —f, )pr, <0 (2.13)

Pé nhan dugc biéu thirc (2.13) can xem cac chuyén vi r. doc lap doi véi

luc tac dung. Cho nén biéu thic (2.13) c6 thé viét:
Z=>(f,—f, ) »> min (2.14)
Néu nhu chuyén vi a0 r. thoa man cac diéu kién lién két da cho cua hé

can tinh thi ta c6 thé ding van téc a0 i lam dai lugng bién phan, nghia la:

8Z="(f,~f, ot, <0 (2.15)
hay: Z=3 (f,—fy )i —> min
(2.16)

Trong biéu thic (2.15), (2.16) van téc cia chat diém 1a dai luong bién
phan.
Cubi cuing khi chuyén vi 40 r, théa man cac diéu kién lién két da cho cua

hé can tinh thi ta c6 thé dung gia toc a0 ¥ 1am dai lwong bién phan, ta co:

8Z=) (f —f, o, <0 (2.17)
hay: Z=3 (f,—fy )i —> min
(2.18)

Ta bién d6i thuan tly vé mat toan hoc biéu thuc (2.18):
Z=>(f,—f, ), > min

L= Zi:(fi _fOi)(.r:i _.r.Oi)_) min

f

Z:Z@—%{J_Eqamm

m, m,
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(f,—f,)" — min (2.19)

2
Z=Zmi£%—‘r‘09 — min (2.20)

Hai biéu thirc (2.19), (2.20) 14 hai biéu thire thuong ding caa nguyén ly
cuc tiéu Gauss voi dai luogng bién phan 1a gia téc.

Cac biéu thuc (2.14), (2.16), (2.18) va (2.20) 1a twong dwong va duoc goi
1a luong rang budc chuyén dong cua co hé can tinh.

2.2.2 Phwong phap nguyén 1y cuc tri Gauss di véi co hoc cong trinh

Nhu di trinh bay & trén cho thiy phuong phap nguyén 1y cuc tri Gauss
do GS. TSKH. Ha Huy Cuong dua ra 13 phwong phap st dung truc tiép
nguyén Iy cuc tiéu Gauss vao co hé bang céch:

- S0 sanh chuyén dong cua co hé dang xét véi chuyén dong cia né khi
hoan toan tu do. So sanh dugc hiéu theo nghia 1a tim cyc tri cta lugng rang
buoc.

- Phuong phap nguyén 1y chuyén vi ao véi bat dang thuc Gauss doi V6i
lien két khong gitr, xem lién két giir 1a trudong hop riéng.

Nhitng noi dung trén 1a noi dung téng quat cua phuong phap nguyén 1y
cuc tr1 Gauss.

Mon co hoc cdng trinh nghién ctu trang thai ang suat va trang thai bién
dang cua két cau thanh, tim va vo v.v...1a cac két cAu c6 mot hoic hai kich
thudc nho hon nhiéu lan kich thudc con lai. Sau day ta xét hai bai toan sau:

- Bai toan trén mit cat ngang cua két cau chi c6 mémen M va lyc cét Q.

- Bai toan khi két cau chiu luc trén mat cat ngang cua két cau co luc doc,

moémen M va lyc cit Q.
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2.2.2.1 Bai toan két cdu khi chiu luc tac dung thiang goc véi mat trung binh

Trong trudng hop nay dé don gian nhiing két qua tinh toan van dam bao
d6 chinh x4c du dung trong thuc té (kiém tra bang thuc nghiém) dua trén gia
thuyét caa Kronecker sau day:

+ Mat trung binh cua tim khdng bi bién dang do d6 @ng suat tai cac
diém nam trén mat trung binh bang khong va mat phang vudng goc véi mat
trung binh van phing va vudng gdc véi mit trung binh:

€3 =0 (2.21)

+ Mat phang trung binh chi c6 chuyén vi theo phuong vudng goc véi no,

con cac chuyén vi theo cac phuong khac 14 rat nho nén co thé bo qua:
u,=0
v, =0 (2.22)
w =0

+ Ung suat phép o,,theo phuwong vudng géc véi mat trung binh 1a rat
nhé so véi cac tng suat khac nén co thé bo qua trong tinh toan.
Cac phwong trinh cin bang

Tai diém K nam trong mat phang vudng goc véi truc x; cia tam co cac
{ing suat: o,,;0,,;0,,.

Noi lyc cua tam trén mot don vi chiéu dai caa mat cat vubng goc voi ox:

h/2 h/2 h/2
N, = j c,dx, ; M, = j o, X dx, ; M, = j c,,X,0X, (2.23a)

—-h/2 -h/2 -h/2

h/2 h/2
Qu= [ oudx,; S, = [ oydx, (2.23b)
—h/2 —h/2

Noi lyc cua tam trén mot don vi chiéu dai caa mat cat vubng goc voi ox:

h/2 h/2 h/2
N,= [ o,0% 5 Myu= [ o,%0%, 5 M, = [ o,xdx, (2.243)

—-h/2 -h/2 -h/2
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h/2 h/2
S,, = J 0,0X,; Q,, = I 0,,0X, (2.24b)

-h/2 -h/2
Trong trudng hop tdm cung, chiu udn do tai trong ngang, ta chi xét cac

luc udn x0an: M,;;M,,;Q,,;Q,,;M,,;;M,,.

O12
K/Lé O11 X
" Ao
ﬂ X3 ) X1
P
hl
/ //j/X;/ /
X3
Hinh 2.1 C4c #ng suat trong tam Hinh 2.2 Cac ndi luc trong tam

Xét can bang phan t6 dién tich dx,dx,trén mat trung binh. Canh trai di
qua diém M(x;x,) €6 cac Gng luc: Q,;M,;;M,,. Canh phai di qua diem

C i . 0 .
N(x, +dx,;x,) €6 cac ung luc: QM=QM+%0‘X1J M,

1 1
1 Xl

oM
=M +—=dx, ;
11 a

*

M

oM
=M_+ 5 2 dx, .

1

12

Canh sau M(x;;X,) c6 c&c ing luc Q,,;M,,;M,, canh trude di qua diém
5 ; > A . . 0
P(x;x,+dx,) c0 cac thanh phan wng Iluc: Q =Q + 6222 dx, :
2

. oM . oM
M =M +—=2dx,; M =M +—=dx,.
22 22 a 21 21 a

Phuong triznh can bang hinh Ch;(éu I&n cac phuong:
> F. =%+%+p=0
>M, = aaMXl“ + aal\:(lj =Q, (2.25)
oM oM
2.M,, = axlu " axj E
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Céc quan hé vé vat ly

Khi vat liéu 1am viéc trong gi¢i han dan hoi thi mdi quan hé giita tng
suat va bién dang tai mot diém bat ky trong két ciu hoan toan tuan theo dinh
luat Hooke, do do6 ta co:

- Méi lién hé gitta tng suat va bién dang:

E .. (22

Oy = —2(811 + Mgzz); Oy = 2 (822 + Hgll); O, = 1+p

1-p 1-p?
Thay (2.26) vao (2.23) va (2.25) sé& xac dinh dugc noi luc trong tam c6
dang:
My, = D.(tuy + M) M., = D. (% + 1)
M, = (1—u) Dy Q,, =Ghy,; Q,, =Ghy,,.
Xét bai toan bién dang la bé (bai toan tuyén tinh)
Céc quan hé vé hinh hoc
Xét diém A(x,,X,,X,) nam trong tam c6 chuyén vi 1a (u,v,w). Theo gia

thuyét trén nén:

€, =;ﬂ=0 nén w(x,,X,).
3

. oW
U=X,sina = X,tgo. = X, —
0X,

V = X,C0SP = X,tgB = X, g
2

A
/_ _XafA _/

Hinh 2.3 So' 6 chuyén vi tai mdt diém trong tam
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Theo phuong trinh Cauchy ta co6:

ou o*w
€1 = a_Xl =X a_xlz = XX
ov o°w
€y = 5_)(2 =X, axg = XX 2 (227)
o JLfou v _ o o*w _
?o2lox, ox, ® OX,0X, a2

trong d0: ,,; %%, 12 d0 cong, dd xo0an cua mat trung binh sau bién dang;
w 1a do vBng cua tam.

- Noi lyc trong mat cit ngang cua két cau:

2 EX (0w oPw El ow  o*w ow  o*w
MH:I 3( +u—y |dX, = +u =D +u

el ooxd 121-p*)\ ox2  ~ ox: ox: T ox:
Mll = D'(Xll + “Xzz) ; (828&)
" EXC (o'w . dw El (0w &w oW W
M22= j 2 2+M 2 dx3= 2 Z—i_!“l 2 =D Z—i_l"L 2
el=pox; OX; 12(1—p)\ 0%, OX; OX, OX,
M,, = D-(Xzz +“X11); (2.28b)
" EX] 9w El  &w 0w

12

= dx, = =(1-u)D
21+ OX,0X, 12(1+ p) 0x,0X, OX,0X,
M,, =(1-p) Dy, ; (2.28c)

3
trong cong thuc (2.28¢): D 1a d6 ctrng chong uon, doi véi dam D =El = Eh

El  ER
) 12x)

Thay (2.8a), (2.8b) va (2.8¢) vio (2.5) duoc:

va doi véi tim D = ; D(1-p) 1a do cting chong xoan.

0 Ny Oy |.
=D—(V’w)=D| £ 4 L2 |- 2.28d
Qu axl( w) ((;‘x1 ’ X, j ( )

0 Mo |, O |.
=D—(V°w)=D| =52 4 =422 |- 2.28¢e
Qu axz( w) (ax1 " X, j ( )
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Tir c6ng thirc (2.28b) cd thé thay d6 ciing chiu cat cua tiét dién 1a Gh, do

d6 “bién dang” y,, va v,, do luc cit gay ra s& nhan duoc nhu sau:

Qll = GhYll; sz = GhYzz

D aXfl.l ale . D 8X21 aXzZZ
DO ). _ DO Ok 2.29
1= Gh [ ox, ox, ) 2T ohlex,  ox, (2.29)

2.2.2.2 Bai toan két cau khi chiu lec vudng goc voi mat trung binh va cé tac
dung cua luc doc 1én mat trung binh

Déi véi céac luc doc tac dung 1én mat trung binh caa tiét dién thi trén mat
cat ngang cua tiét dién co luc doc 1a N. nhu vay tai mot diém trén mat cat cac
bién dang e (i=1, 2). Po ciing cua tiét dien kéo, nén sé la Eh.

Trong cdng thirc vira néu lay i=1, j=1 ddi véi bai toan mét chiéu (thanh,
dam), chiéu rong dam bang 1 don vi.

Sau khi d3 biét cic bién dang twong ¢ng véi cac ndi luc cua tiét dién
(mdmen udn, luc cat, luc doc truc v.v...) va do cing caa ching thi d& dang
xay dung cac bai toan co hoc két cau theo phuong phap phiém ham luong
rang buoc (2.18) hoac (2.19).

Nhu vy, c6 thé viét tong quat luong rang budc Z cua bai toan co hoc két

cau dudi dang twong tu (2.18) (bai toan tinh):
Z= J.[(Mij o MOij)Xij +(Qii _QOii)Yii +(Ni - NOi)gi:|dV — min (2.30&)
\Y

hoic duéi dang binh phuong ti thiéu (2.19):

1

z=| (noi luc hé can tinh — noi luc hé so sanh)?dv — min  (2.30b)
v Docung

trong d6: i=12; j=1,2; V la chiéu dai thanh hozc dién tich tim. Trong (8.30)
can xem cac do cong x;1a cac dai lugng doc lap ddi véi noi luc mémen udn

M.

ij?

c4c bién dang truot y, Va v,, 1a cac dai luong doc 1ap d6i vai luc cat Q,

30



va Q,,, cac bién dang trong mat trung binh ¢ 1a cac dai luong doc lap dbi voi
N. va déu la dai luong bién phan cua bai toan.

Cong thirc (2.30) co thé ap dung dé giai cho ca bai toan phi tuyén hinh
hoc va bai todn tuyén tinh vi cng thirc nay dugc xay dung dua trén méi quan
hé ing suat va bién dang tuan theo dinh luat Hooke.

Trong bai toan co hoc két ciu hé thanh chiu tai trong tinh dya vao mdi
quan hé vat ly (ang suat va bién dang) ta s& xay dung duoc méi quan hé giira
noi luc va bién dang:

M, =ElLx,; M,=ElLy,; M,=Gl.0;

GA GA (2.31)

Q=—0 Q,=—v,; N =EAg,
o o

Nhu vay theo (2.19) luong rang budc caa bai toan cé thé duoc viét dudi

dang binh phuong t4i thiéu nhu sau:

Z= I(_F( ) z+li|o')( ) +?Mdz+
’ g o G, (2.32a)
+I(IO)OL<QX_QOX) dz+l})—a(Qy_Qoy) dz+l(J?—(N _NO) dz — min
) GA . GA ' EA

trong d6: o 1a hé so tap trung Gng suat tiép do luc cat gay ra tai truc dam [3].
Khi hé két cau bao gém n thanh va chiéu dai cua thanh th i truge khi
bién dang la I thi lugng rang buoc cua bai toan cé thé dugc viét dudi dang

binh phuong ti thiéu nhu sau:

M M(Z n 1© |\/| M(l) e MS)_M(? 2
‘= ZJ( E|<'O)dZ+ZI( E, 17 )d”. I( G|<—i>0)d2+
o ceoT (2.32b)
o 10 (i) (i) . i) (i) o 3 2
. .Ia(Q - Q) )dzf II (Q Q ) Z+ZII(Ni N

Cong thirc (2.32) c6 thé &p dung dé giai cho bai toan phi tuyén hinh hoc

cling nhu bai toan tuyén tinh (vi cdng thic nay duoc xay dung dya trén moi
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quan hé &ng suit 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 méi lién hé giira
bién dang va chuyén vi (méi quan hé hinh hoc) cua bai toan phi tuyén do6. Khi
ap dung (2.32) dé giai bai toan tuyén tinh thi mdi lién hé giira bién dang va
chuyén vi (mdi quan hé hinh hoc) cua bai toan duoc xay dung dua trén gia
thuyét bién dang bé.
2.3 Phan tich bai toan tuyén tinh két cAu dan dwa theo nguyén ly cuc tri
Gauss

Trong ndi dung dé tai nay, T4c gia trinh bay phuong phap giai bai toan
dan dua trén nguyén ly cuc tri Gauss. Phuong phap nguyén 1y cuc tri Gauss la
phuong phap tinh toan noi luc, chuyén vi trén hé so sanh (hé so sanh 1a hé
chiu lyc tac dung gidng vai hé can tinh nhung viée xac dinh ndi luc trén hé so
sanh don gian hon hé can tinh) sau d6 mudn xac dinh ndi luc, chuyén vi trong
hé can tinh bang cach cho lugng rang budc cua bai toan dat cyc tri. Phuong
phap nay do GS.TSKH. Ha Huy Cuong dé xuét dé giai cac bai toan co hoc
moi truong lién tuc va co hoc két cau.

Luong rang budc Z cua bai toan co hoc két cau doi voi bai toan tinh

duoc viét;
Z= H:(Mij - MOij)Xij +(Qij _QOij)Yij +(Ni - NOi)Si]dV — min (2.33)

trong do: M;;,Q;,N; la néi luc trong hé can tinh; Mg Qqi» Ny 12 néi luc trong
hé so sanh.
hoic viét dudi dang binh phuong tdi thiéu:
2 2 2
(MX_MOX) (My_MOy) (MZ_MOZ)
Z:J'—dz+_|‘—dz+_|'—dz+
= . EJ, . GJ, (2.34)
N

+J.OL(QX—QOX) dz+'|‘a<Qy_QOY) dz+1ﬂdz—)min
' GF . GF - FF
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& day V 1a chiéu dai thanh hodc dién tich tim; o 1a hé sé xét dén su khong
ddng déu ung suat tiép do lyc cat gay ra.
Trong (2.33) can xem cac do cong x;1a cac dai luong doc lap dbi véi noi

lyc mémen ubn M, , cac bién dang truot y, Va v,, 1a cac dai luong doc lap

i
d6i véi luc cat Q, va Q,, cac bién dang trong mat trung binh € 13 cac dai
luong doc lap ddi voi N. va déu 1a dai lugng bién phan cua bai toan.
Trong két cau dan, cac thanh chi chiu kéo hoic chiu nén. Nhu vay, tur
cong thic (2.34) suy ra luong rang budc cua két cau dan:
z f Mdz — min (2.35)
i=1 (I;) it
trong d6: N, 1a cac thanh phan noi luc trong cac thanh cia dan dang xét (phai
théa man diéu kién bién); N, la cac thanh phan noi luc trong cac thanh cua
két cau dan so sanh; n 1a tong sé thanh trong két cau dan.
Khi hé so sanh khong lién két va két cau dan c6 r nit dan chiu tai trong
tap trung thi phai dua luc tap trung vao (2.35) va lac do lugng rang budc duoc

viét nhu sau:

r n 2 r
~23 Py, :ZEiEE—A'i)_zzlevj > min (2.36)
j=

L= =

Trong do: P;- luc tap trung tai nat thu j;

Vj-Chuyén vi tai nut thir j theo phuong tai trong EJ ;

Phuong phap nguyén 1y cuc tri Gauss c6 thé giai cho bai toan tuyén tinh
két cau dan ciing nhu bai toan phi tuyén hinh hoc két cdu dan. Khi giai bai
toan két cau dan theo (1.17b), c6 thé giai theo hai céch la:

- Céch thw nhat: 1a ¢ thé chon céc an s6 chinh 1a cac thanh phan
chuyén vi tai cac nut dan.

- Céch thir hai: 1a c6 thé chon céc an sb chinh 1a noi luc trong cac thanh dan.
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Cha y khi giai theo cach tht nhat thi diéu kién lién tuc vé mat chuyén vi
tai cac nat dan ty dong thoa man, nhung néu giai theo cach thir hai thi can
phai dua thém diéu kién lién tuc vé chuyén vi tai cac nit dan. Trong noi dung
chuyén dé nay s& trinh bay chi tiét ting cach dé giai bai toan két cdu dan chiu
tai trong tap trung tai cac nut, dua trén nguyén ly cuc tri Gauss va cach dam
bao diéu kién lién tuc vé chuyén vi tai cac nat dan.

2.3.1 Phan tich tuyén tinh két cau dan véi cach chen an sb chinh 1a cac
thanh phan chuyén vj tai cac nat dan
2.3.1.1 Két cau dan phang

Xeét thanh ij trong dan
phang. Goi toa d6 ban dau cua
cic nat lan  lwot 1A

i(X,,Y:)i(x,y,)- Sau khi dan chiu

lgc, nat i c6 chuyén vi
i lLJ“.l +\L;l: ; ndt j ¢6 chuyen vi: Hinh 2.4 So @6 chuyén vi cia nit
;J' _ l‘j'J‘ +\L,"; (hinh 2.4) thanh trong hé tea dd phiang
dat:

m=sino = Yi i ; | =cosa = 4% (2.37)

\/(Xi‘xi)2+(yj‘yi)2 \/(Xi‘xi)2+(yj‘yi)2

Chiéu dai cua thanh dan trudc khi bién dang 1a:

I :\/(Xi _Xi)2+(yi _yj)2 (2.38)

Bién dang dai tuyét di cua thanh dan 1a:

Al =(Lu;+m.v)) = (Lu; + mv;) (2.39)
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Nhu vay néu hé dan bao gdm n thanh va cé r; nit chiu tai trong tac dung
theo phuwong ox va co rz Nt chiu tai trong tac dung theo phwong oy thi phiém
ham luong rang budc (2.36) cua bai toan dugc viét nhu sau:

= kzll I((O) ) kzlzP(kl —I(i_:lZP)f"z).vk2 — min (2.40)
hay

3 EF ((ou;+mev) = (lu;+m,.v

) iZP‘kl)u iZPy(kZ’.vkzemin (2.41)

T X))
Xeét tai nt i c6 m thanh quy tu tai nit; P;PY 1a cac thanh phan tai trong
tac dung tai nut i theo phuong truc x va phuong truc y.
Diéu kién cuc tri cua bai toan Ia;
z_,

=0 2.42a
ou, oV, ( )
Suy ra:
U 2EijF ((IIJ i 'J J) (Iu i IJ |))( I'J)_2|:>(i)_0
Z 2 x
N e —y-)
(2.42b)
il 2EijF ((Iu j Ij ]) (Iu i IJ |))( mlj) —2P(i) _O
Z 2 y =
= \/(xi—xj) +(yi—yj)
Noi luc cua cac thanh dan dugc tinh bang céng thic sau:
Al EF,
N ! (2.43)

i~ O

Céc phuong trinh (2.42b) chinh 14 cic phuong trinh cén bang tai cac nat

dan c6 chuyén vi va c6 thé viét dudi dang rat gon lai nhu sau:
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ZN”I +P" =0

M _
Z N;.m; +P" =0

=1

(2.42c)

Néu bai toan c6 C lién két noi dat va S, nit thi theo diéu kién (2.42)
thiét lap dugc hé phuong trinh bao gém (ZSn —C) phuong trinh tuyén tinh c6
(28, -C) 4n s6 la cac thanh phan chuyén vi u, v. Giai hé phuong trinh (2.42)

s& x4c dinh duoc cc an sb u, v 1 cac thanh phan chuyén vi tai cac n(t dan.
Sau khi tim dugc cac thanh phan chuyén vi tai cac nit dan, thay cac

thanh phan chuyén vi nay vao phuong trinh (2.39), (2.43) sé& tim duogc bién

dang dai tuyét d6i va noi luc caa céc thanh dan.

2.3.1.2 Két cau dan khong gian
Xeét thanh ij trong dan khong

gian. Goi toa d6 ban dau cua cac

nit lan lwot I i(%.Y.2)

i(x,y,z,) - Sau khi dan chiu lyc,

o
Y x

nit i ¢ chuyén Vi
u u uw uu

ii'=u, +v, +w, ; NGt j c6 chuyén

z

Hinh 2.5 So @ chuyén vi cia nat

U w  w  uu

vii jj'=u;+v;+w; (hinh 2.5) thanh trong hé toa d¢ khong gian
dat; | = : X% : = ; (2.443)
\/(x —x ) +(y,- v ) +(z,-2)
M= Yi—Yi : (2.44D)
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n= Zi % . (2.44c)

Vo) 4 (v, -9 +(z-)

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

Chiéu dai cua thanh dan trude khi bién dang 1a:

|© =\/(xj—xi)2+(yj—yi )2+(zj—zi)2 (2.45)

]

Bién dang dai tuyét di cua thanh dan 1a:
Al =(Lu; +my;+nw)) = (Lu; + my; +n.w;) (2.46)
Nhu vay néu hé dan bao gom n thanh va S, nut trong d6 c6 1 ndt chiu
tai trong tac dung theo phuong ox, r, nut chiu tai trong tac dung theo phuong
oy, s n{t chiu tai trong tac dung theo phuong oz thi phiém ham lwong rang

buoc (1.17b) cta bai toan duoc viét nhu sau:

—Z Rl ) 22P<k1 —izpjkﬂ.vkz—rzangks).wkaamin (2.47a)

|(0)

k=1 k=1 ky=1 kg=1
hay
Z= B ((Ik.u.+mk.v.+nk.w.)—(lk.ui+mk.vi+nk.wi))2+
= 2 2 2 j i j
(=) +(vi-y) +(z-2)
n I I
2Py, =D 2Py, —> 2p*) w,  — min
Z “ Z vk Z “ (2.47b

Xét tai nat i c6 m la s6 thanh quy tu; PO;P{; P 1a thanh phan tai trong

tdc dung tai nat i theo phuong truc x, phuong truc y va phuong truc z;

(1;,my.n;),(j=1+m) la cdsin chi phuong cua truc thanh dan ij.

Piéu kién cuc tri cua bai toan Ia;

=0;— =0; =0; (2.48a)

Suy ra:
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i2E B (L (Qgu + myv +nw,) = (lug +myy, +nw,) ) 2P0 =0
Vo) (i) (2,
Z2E i (=) (g + myvy +ngw ) = (. +myy; +ngw,)) P00 (2.49b)

oo o e

m, 26 R (—ny) (g + My +npw) = (1 + my, +npw)) _ap g

= \/(xi—xj) +(yi—y,—) +(zi—zj)

Céc phuong trinh (2.49b) chinh 14 cic phuong trinh cén bang tai cac nit

c6 chuyén vi va cd thé viét dudi dang rt gon lai nhu sau:

m

ZN”I +P0 =

=

Zml“Nij.mij +PP =0 (2.49¢)

m

Z N, +PY =

Néu bai toan c6 C lién két ndi dat va S_ nut dan thi theo diéu kién (2.49)
ta s& c6 duoc hé phuong trinh bao gom (38n —C) phuong trinh tuyén tinh va
¢ (3S,-C) an sd la cac thanh phan chuyén vi u, v, w. Giai h¢ phuong trinh
(2.49) nay s& tim dugc cac an sb u, v, w 1a cac thanh phan chuyén vi tai cac
nut cua dan.

Sau khi tim duoc c4c thanh phan chuyén vi cua cac nit dan thay vao
phuong trinh (2.46) va (2.43) sé& tinh dwoc bién dang dai tuyét d6i va noi luc
cua céc thanh dan.

2.3.2 Phan tich tuyén tinh két cau dan véi cach chon an sé chinh l1a cac
thanh phan ndi lec trong céc thanh dan

Xét dan géom n thanh, goi N. la ndi luc trong thanh dan thiri. Luong

rang budc cua dan (2.36b) duoc viét nhu sau:
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n 2 r
z-% ';i h _23Pv. > min (2.50)
i=L =1

Néu chi thoa man (2.50) thi dan chua dam bao diéu kién lién tuc vé mat
chuyén vi tai cac nat dan. Vi vay can phai bo sung diéu kién lién tuc 1a cac
thanh ddng quy tai nGt thi chuyén vi tai nat d6 cua cac thanh phai bang nhau.
Céc phuong trinh b sung dé dan thoa man diéu kién lién tuc vé chuyén vi
duoc viét nhu sau:

g =Nili Al =0 (2.51)

Trong (2.51) Al. la bién dang dai tuyét d6i ctia thanh dan duoc xac dinh
theo (2.39) hoac (2.46).

Nhu vay bai toan phan tich, tinh toan dan tro thanh bai toan tim cuc tri
ctia phiém ham (2.50) véi cac rang budc (2.51). Bai toan nay c6 thé giai bing

phuong phap thira s largrange vai phiém ham mo rong F nhu sau:

F=Z+Zn:7»igi — min (2.52)
i=1

Trong d6 A, 12 thira s largrange va ciing 14 an s6 cua bai toan.
Diéu kién cyc tri cua (2.52) Ia:

F _0: F o, F g (2.53)

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

Theo phuong phap phan tich, tinh toan tuyén tinh két cau dan dua trén
nguyén Iy cuc tri Gauss l1a cudi cuing dua vé giai hé phuong trinh (2.53) hoac

(2.49) cac phuong trinh trong cac hé nay 1a cac phuong trinh tuyén tinh. Dé
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giai hé phuong trinh tuyén tinh rat nhiéu phuong phép, trong dé tai nghién
ctru ndy tac gia st dung ham fsolve trong Optimization Toolbox cua phan
mém Matlab 7.0 dé giai hé cac phuong trinh tuyén tinh nay véi cac budc thuc
hién nhu sau:

Budc 1: Danh sb thi tu cac ndt, s6 tha tu cac thanh cho két cAu dan.

Bwéc 2: Xac dinh lwong rang budc cho két cdu &p dung phuong phap nguyén
ly cuc tri Gauss véi cac cong thic (2.47), (2.52).

Khai b,oc_c
h»ng viLbih

Thi@ |Ep c«ng thac
tyh 1 ; Al

ThiQ IEp phiGn hpm
Z(u,v)

ThiQ |1Ep hum Myfun

chuyGh c, cbiGu, v
sang 3;01 X

Gifi hOph- -ng trnh

tuyGh tah b»ng hpm

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

Thay @ maxfunevals 4 f 0
ag =

Hinh 2.6 So @6 khdi chwong trinh.
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Bwéc 3: Tur diéu kién cuc tri cia phiém ham rang budc ta nhan dugc hé
phuong trinh dao ham riéng theo céng thuc (2.49), (2.53).

Bwéc 4: Giai hé phuong trinh tuyén tinh (2.49), (2.53) bang cach st dung
ham fsolve trong Optimization toolbox cua phan mém Matlab s& xac dinh
duoc nghiém cua hé 14 cac thanh phan chuyén vi tai cac nit caa két cdu dan
dbi vai bai toan giai theo cach chon an sb chinh 1a chuyén vi, hoic néi luc
trong cac thanh dan va cac thanh phan chuyén vi caa cac nat dan theo céach
chon 4n sé chinh 13 noi luc.

Buwéc 5: Sau khi x4c dinh duoc cac thanh phan chuyén vi tai ndt dan ta s& tinh
duoc bién dang dai tuyét dbi va noi luc cac thanh theo cong thuc (2.39) hoic
(2.43) va (2.46).

Nhu vay, cach giai chon an sb chinh la chuyén vi thi phai tiép tuc lam
thém budc 5. Con cach giai chon an sé chinh 12 noi luc thi dén bude 4 1a da
xéac dinh duoc ca ndi luc trong cac thanh dan va cac thanh phan chuyén vi tai
cac nut dan.

So d6 giai thuat dé giai bai todn tuyén tinh két cau dan chiu tai trong tinh
dua theo phuong phap nguyén 1y cuc tri Gauss bang cach sir dung ngdn ngir
lap trinh Matlab 7.0 dugc thé hién nhu hinh 2.6.
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Chuong 3
MOT SO Vi DU PHAN TiCH KET CAU DAN

3.1 Vi du tinh toan dan theo cach chon an sé chinh 1a cac thanh phan
chuyén vi tai cac nat dan

Vi du 1: Xac dinh noi luc trong cac thanh dan chiu lyc nhu (hinh 3.1) theo
cach chon an sb chinh 1a cac thanh phan chuyén vi tai cac nut dan. Biét do
cung kéo (nén) cua cac thanh dan EF =800000(kN /cm?®.cm?) va tai trong tac

dung nat P=40(kN).

Y P P P P P
14131121111101@918

Hinh 3.1 Danvidu 1

Bai toan két cau dan c6 31 thanh va 14 ndt duoc danh sé hiéu nhu trong
(hinh 3.1). Diéu kién bién cua bai toan la tai nat 1 khdng c6 chuyén vi theo
phuong x va phuong y, tai nut 7 khdng c6 chuyén vi theo phuong y
nén:u,=v,=v, =0.

Nhu vay, néu chon cac chuyén vi chua biét 13 an s6 thi bai toan s& ¢ 25 an
Sé u2;V2;u3;V3;u4;V4;uS;VS;UG;VG;u7;u8;v8;u9;vg;u10;vlo;ull;vll;ulZ;Vlz;VlS;ul4;Vl4'

Luong rang budc cua bai toan theo (2.40) duoc viét nhu sau:

ZziEl(kol):k ><(Alk)2—1248“2Pr.Wr — min (3.1)

trong cdng thuc (3.1) cac bién dang dai tuyét ddi cia cac thanh dan duoc tinh
toan theo (2.39).
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Diéu kién cuc tri caa phiém ham rang budc Z (3.1) theo cac chuyén vi

chua biét sg 1a:

9z _
ou,

0 (i=2+14) % ¢
ov

]

j=2+6
j=8=14

(3.2)

Tur diéu kién (3.2) lap duoc hé phuong trinh gdm 25 phuong trinh tuyén

tinh. Giai hé phuong trinh tuyén tinh (3.2) im duoc 25 4n sb 1a cac thanh

phan chuyén vi chua biét va két qua duoc 1ap thanh (bang 1.1)

Bang 3.1 Két qua cac thanh phan chuyén vi tai cac nat dan

NGt 2 3 4 5 6 7 8
u (cm) 0 0,0378 | 0,1258 | 0,2406 | 0,3554 | 0,4434| 0,4812
v (cm) 0 -0,6781 | -1,1471 | -1,3156 | -1,1471 | -0,6781 0

Nut 9 10 11 12 13 14
u(cm) | 0,0434| 0,1288 | 0,2406 | 0,3525 | 0,4378 | 0,4667
v (cm) |-0,6823| -1,1530 | -1,3214 | -1,1530 | -0,6823 | -0,0312

Bang 3.2 Két qua ndi luc trong cac thanh dan

Thanh 1 2 3 4 5 6 7
N (kN) | 75,672| 175,917| 229,652 | 229,652 | 175,917| 75,672| -83,246
Thanh 8 9 10 11 12 13 14
N (kN) |-57,662| -170,749-223,681 |-223,681| -170,749 -57,662| -83,246
Thanh 15 16 17 18 19 20 21
N (kN) |-11,308 | -15,823| -15,522| -15,823| -11,308| 72,077| 46,770
Thanh 22 23 24 25 26 27 28
N (kN) | 12,935| -20,398| -53,230| -94,590| -94,590| -53,230| -20,398
Thanh 29 30 31
N (kN) | 12,935| 46,770 | 72,077

Sau khi tim dwgc cac thanh phan chuyén vi tai cac ndt dan, thay cac
chuyén vi nay vao (2.39) va (2.43) s& xac dinh duoc noi luc trong céc thanh
dan. Két qua noi luc cia cac thanh dan dugc 1ap thanh (bang 3.2).

Pé kiém tra d6 chinh xéac két qua phan tich dan vi du 1 dua trén phuong

phap nguyén ly cuc tri Gauss. T4c gia tién hanh kiém tra diéu kién can bang
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tai tit ca cac nat dan. Sai sb tong hinh chiéu cac thanh phan néi luc cua cac
thanh quy ty tai n(t va tai trong tac dyng lén nit theo phuwong x 13 F,, theo
phuong y 1a>'F, . Két qua kiém tra can bang tai cdc nut dan dugc tap hop va

Iap thanh (bang 3.3).

Bang 3.3 Két qua kiém tra can bang tai cac nat cia dan

Nat 1 2 3 4 5

> F 0 -2,63e-13 | -3,74e-13 | 4,49e-13 | 6,09e-13
> F, 0 -8,01e-13 | 2,42e-13 | -7,35e-13 | -4,45e-12
Nut 6 7 8 9 10

> F |-2,70e-13 | -391e-14 | 9,63e-14 | 3,21e-13 | 2,17e-13
> F |-1,15e-12 0 4,93e-14 | -2,81e-13 | 2,03e-12
Nut 11 12 13 14
> F | 7,61e-13 | -3,11e-13 | -3,69e-13 | -6,01e-14

> F, | 3513-12 | 3,23e-12 | -9,55e-13 | -1,86e-14

Véi s6 lieu kiém tra can bang tai cac nat (bang 3.3) cho thay tat ca cac
nut déu thoa méan diéu kién can bang. Nhu vay két qua tinh toan Ia tin cay.
Két qua hinh dang dan gitra truéc va sau khi bién dang nhu hinh 3.2.

400 -

200

— — Tr-ichiGhding
—— Saubihding

_200 C r r r r L
0 500 1000 1500 2000 2500

Hinh 3.2 Hinh dang dan truwéc va sau khi bién dang
Trong vi du ndy, tac gia con so sanh két qua phan tich theo phwong phap
dua trén nguyén ly cuc tri Gauss véi véi két qua phan tich bang phan mém
Sap 2000. Két qua so sanh ndi luc trong cac thanh dan giita hai cach phan tich

duoc lap trong bang 3.4:
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Bang 3.4. Két qua so sanh ndi luc trong cac thanh dan

Thanh 1 2 3 4 5 6
N Gauss | 75,672| 175,917| 229,652| 229,652| 175,917 | 75,672
(kN) Sap2000 75,672| 175,917| 229,652| 229,652 175,917 | 75,672
Thanh 7 8 9 10 11 12
N Gauss | -83,246| -57,662 | -170,749-223,681 | -223,681 | -170,749
(kN) Sap2000 -83,246| -57,662 | -170,749-223,681 | -223,681 | -170,749
Thanh 13 14 15 16 17 18
N Gauss | -57,662| -83,246|-11,308 | -15,823| -15,522 | -15,823
Sap2000 -57,662| -83,246| -11,308| -15,823| -15,522 | -15,823
Thanh 19 20 21 22 23 24
N Gauss | -11,308[ 72,077 | 46,770 | 12,935 | -20,398 | -53,230
(kN) Sap2000 -11,308] 72,077 | 46,770 | 12,935 | -20,398 | -53,230
Thanh 25 26 27 28 29 30
N Gauss | -94,590 -94,590| -53,230| -20,398| 12,935 | 46,770
(kN) Sap2000 -94,590| -94,590| -53,230| -20,398| 12,935 | 46,770
Thanh 31
N Gauss | 72,077
(kN) | Sap2000 72,077
Theo két qua phan tich trong bang 3.4 cho thay, két qua giira hai cach

phan tich 1a nhu nhau.
3.2 Vi du tinh toan dan theo cach chen 4n sé chinh 1a ndi luc trong céc
thanh dan

Vi du 2: Xac dinh noi luc trong
cac thanh dan chiu luc nhu (hinh

3.3), theo cach chon cac an sb

3m

chinh 1a néi luc trong cac thanh

dan.  Biét  P=30(kN) X —

KN

cm?’

I 4m Hm) 2m |
Hinh 3.3 Dan vi du 2

EF =2.10%( cm?).
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Loi giai:

Cach thanh va niit dugc danh s6 hi¢u nhu (hinh 3.3). Goi N, (i=1,2,3) la
noi luc trong c4c thanh dan; u,v1a chuyén vi caa nat D.

Luong rang budc (2.52) cua bai toan dan dugc viét nhu sau:

21(0) 21(0) 21(0)
Z= I\;EIIl: + N|25||:2 + N|35|I:3 — 2Pu+4Pv — min (3.3)

Theo diéu kién lién tuc vé chuyén vi tai cac nut dan:

NlliO) (0) . N2|(20) (0) . Nalg()) (0)
SEF —(4u+3v)/1;" =0; ?—(—u+3v)/l2 =0, ?—(—3u+3v)ll3 =0

Nhu vay bai toan cyc tri caa phiém ham Z véi céc rang buoc vé diéu
kién lién tuc chuyén vi tai nat D duoc viét dudi dang bai toan cuc tri phiém
ham m¢ rong:

21(0) 21(0) 21(0) ©
F= N, + N, I, + N, s —2Pu+4Pv+A, N —(4u+3v) /17 |+
2EF  EF  FEF 2EF

(3.4)

NI (0) N, I3 (0) ;
+A, cF —(Cu+3v)/17 [+, cF —(-3u+3v)/Ly’ | > min

Piéu kién cyc tri ciia phiém ham mé rong (3.4):

F NI 10

=0;
oN, EF T2EF

oF _aNJO 10

= 2 =0,
oN,  EF *EF
(0) (0)
3
(0)
%:%—(4“3@”9:0;
1
(0)
STF: Né:i —(~u+3v) /19 =0;
2
(0)
%:NEIE —(-3u+3v) /I =0;
3
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oF :—Zp_ﬂ+£+%zo;

au 1© 1O o
%z _37»1_3),2_37%:
ov 1©©

Nhu vy, theo diéu kién cuc tri cia phiém ham ma rong theo cac an sé 1a
noi luc trong c4c thanh dan, cac thanh phan chuyén vi tai cac nut dan chua
biét va céc thira s largrange duoc hé 6 phwong trinh tuyén tinh, chira 6 an sb
(noi lyc trong céc thanh dan, cac thanh phan chuyén vi tai nat dan chwa biét
va céc thura s6 largrange).

Giai hé phuong trinh nay xac dinh dugc noi luc trong cac thanh dan:

N, =-1,9026(kN); N, =—19,5056(kN); N, =—14,6425(kN)

Chuyén vi caa n(t D: u=0,1713(cm); v =—0,2680(cm)

Gia tri cua cac thwa s6 Largrange: A, =3,8051 ; A,=39,0112 ;
A, =29,2851. Céc thira s Largrage c6 thir nguyén 1a [luc] va cac tri s6 cia A,
bang hai 1an gia tri ndi luc cua thanh thi i.

Pé kiém tra do tin cay cua két qua tinh toan. Tac gia kiém tra diéu kién
can bang tai nit D: Y F, =-0,0582.10°; >'F, =-0,2236.10° nhu vy két qua
phan tich, tich toan tin cay.

Trong vi du nay, tac gia ciing so sanh két qua phan tich theo phuong
phap dya trén nguyén ly cuc tri Gauss véi voi két qua phan tich bang phan
mém Sap 2000. Két qua phan tich noi luc trong céc thanh dan trong vi du giita
2 phuong phap duoc lap trong bang 3.5:

Bang 3.5 Noi luc trong cac thanh dan vi du 2

Thanh AD BD CD
Noi luc (KN) - Gauss -3,805 -39,011 -29,285
Noi luc (kN) - Sap 2000 -3,565 -39,543 -28,775
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3.3 Bai toan dan vom phang tinh dinh
Vi du 3: Xét dan vom phang tinh dinh chiu luc nhu hinh 3.4, biét cac thanh
dan c6 mo dun dan hoi E=2.10%(kN/cm?). Tiét dién thanh céanh trén va thanh
canh dudi dan la $180x6(mm), cac thanh bung dan la $121x3,5(mm). Nhip
dan 1=48(m), d¢ thoai cua dan k=f/I=1/8 va chiéu cao dan h=0,8(m). Tai trong
P=10(kN) tac dung tai cac nat dan theo phuong thang dtng. Tinh toan céc
thanh phan chuyén vi tai nt dan va néi luc trong cac thanh dan.
Xay dwng toa do cua cic nut dan

Dan vom c6 nhip dan 1, 6 thoai caa dan k=f/l va chiéu cao caa dan I h

(xem hinh 3.4 va hinh 3.5). Ban kinh cong cua dan tinh theo céng thuc:

_|><(1+4k2)
8k

r (3.5)

Hinh 3.4 Dan vom tinh dinh chiju tai trong thiang ding tai cac nat dan

Toa do cua cac nut thuoc canh dudi la:

{ x(i) = r.sin((i—7).a0)

y() = r(cos((i~ 7)) —cos(6a)) ) (3.6)

trong do:

/
a—iarctan; 3
n, NSy 2
1

2n,: 1a s6 thanh canh dudi

Toa d0 cua cac nut thuoc canh ’
‘IL I ’IL
Hinh 3.5 Vi tri c&c nat dan vom

trén la;
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{ X(i+13) =r.sin((8—i).a) (i=1+13)  (3.7)

y(i+13) =r(cos((8—i).a) —cos(6a) ) +h
Véi s6 lieu trong vi du: 1=48(m), k=1/8, h=0,8 (m) va n, =6 tinh dugc
toa d6 cac nut dan va duogc lap nhu bang 3.6.
Bang 3.6 Toa d cac nut cia dan vom trwéc khi chiu luc
Diém 1 2 3 4 5 6
X, (m) |-24,0000| -20,2494 | -16,3639 | -12,3693 | -8,2923 | -4,1600
y, (m) | 0,0000 | 1,8077 | 3,3034 | 4,4773 | 5,3213 | 5,8301
Diém 7 8 9 10 11 12
x, (m) | 0,0000 | 4,1600 | 8,2923 | 12,3693 | 16,3639 | 20,2494
y. (m) | 6,0000 | 5,8301 | 5,3213 | 4,4773 | 3,3034 | 1,8077
piém | 13 14 15 16 17 18
X, (m) | 24,0000| 24,0000 | 20,2494 | 16,3639 | 12,3693 | 8,2923
y, (m) | 0,0000 | 0,8000 | 2,6077 | 4,1034 | 5,2773 | 6,1213
bPiém | 19 20 21 22 23 24
x, (m) | 4,1600 | 0,0000 | -4,1600 | -8,2923 |-12,3693 |-16,3639
y, (m) | 6,6301 | 6,8000 | 6,6301 | 6,1213 | 5,2773 | 4,1034
piém | 25 26
X, (m) |-20,2494| -24,0000
y, (m) | 2,6077 | 0,8000
Pé tranh lap lai, phan sau cua dé tai s& khong trinh bay lai cach xac dinh

toa do cac nut dan vom ma chi dua ra cac thong so |, k, hva n_.
Loi giai
Thiét 1ap phiém ham lweng rang bugc ciaa két cau dan vom
Dan vom tinh dinh ¢ 49 thanh va 26 nat duoc danh sé thir ty nhu (hinh
3.4). Phiém ham luong rang budc cia dan theo (2.40) duoc viét nhu sau:

2= 5 B (o, - S 28y, > min (3.8)

k=1 r=14
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trong cdng thuc (3.8) thi cac bién dang dai tuyét ddi dugc xac dinh theo cong
thc (2.39).
Thiét 1ap hé phwong trinh tir diéu kién cuc tri cia phiém ham rang buéc
Diéu kién bién cua bai toan:
u=v,=v,=0 (3.9)
Diéu kién cuc tri cua phiém ham rang buoc Z (3.8) theo cac chuyén vi
chua biét 1a:

i=2+12
oz _ oz { j (3.10)

5070 (=228 SRm0 (T
Theo diéu kién cuc tri (3.10) thiét lap dugc hé phuong trinh gém 49
phuong trinh, chtra 49 an s6 1a cac thanh phan chuyén vi chua biét tai cac nat.
Xac dinh cac thanh phan chuyén vi tai cac nat dan
Giai hé phuong trinh (3.10) s& tim duoc cac thanh phan chuyén vi tai cac
n(t 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 phwong tai cac nat dan

Nt 1 2 3 4 5
Chuyén | Phuong
0 9,03248 | 15,3811 |19,9286 |22,4292
vi (cm) X
Phuong
v 0 -18,446 | -34,595 | -48,995 | -59,608
Nt 6 7 8 9 10
Chuyén | Phuong
23,6536 | 24,1287 | 24,6039 |25,8283 |28,3289
vi (cm) X
Phuong
v -66,402 | -68,661 |-66,402 |-59,608 | -48,995
Nut 11 12 13 14 15
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Chuyén | Phuong
32,8764 | 39,225 | 48,2575 45 36,1139
vi (cm) X
Phuong
v -34,595 | -18,446 0 -0,0016 | -18,438
ut 16 17 18 19 20
Chuyén | Phuong
30,1428 | 26,1443 | 24,3095 |23,8266 |24,1287
vi (cm) X
Phuong
v -34,584 | -48,978 |-59,591 | -66,38 | -68,642
ut 21 22 23 24 25
Chuyén | Phuong
24,4309 | 23,948 |22,1132 |18,1147 |12,1436
vi (cm) X
Phuong
v -66,38 -59,591 | -48,978 | -34,584 | -18,438
ut 26
Chuyén | Phuon
Y © 3,25745
vi (cm) X
Phuong
-0,0016
Y

Xac dinh noi lyc trong cac thanh dan
Sau khi xac dinh duoc cé4c thanh phan chuyén vi tai cac nat dan, do bién
dang dai tuyét ddi cua cac thanh dugc tinh theo cong thic:

AIij =(Lu; +myv;) = (Lu; + m.v;) (3.11)

Al EA,
|(0)

ij

Noi luc cua cac thanh la: N; = (3.12)

Két qua tinh toan noi luc trong cac thanh dan dugc 1ap thanh bang 3.8.
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Bang 3.8 Két qiia ndi luc trong cac thanh dan

Thanh| Noi luc (KN) |Thanh| N&i luc (kN) |Thanh| N&i luc (kN)
1 286,23927 18 -882,79884 35 33,40094
2 276,29747 19 -882,79884 36 25,01843
3 678,70822 20 -784,46020 37 -5,00000
4 664,98492 21 -795,09368 38 | -314,05197
5 862,52545 22 -496,55596 39 | -194,93404
6 856,77709 23 -510,49324 40 -81,27319
7 856,77709 24 0,00000 41 26,29658
8 862,52545 25 -5,00000 42 127,41435
9 664,98492 26 25,01843 43 222,03704
10 678,70822 27 33,40094 44 222,03704
11 276,29747 28 56,53546 45 127,41435
12 286,23927 29 55,34445 46 26,29658
13 0,00000 30 70,41388 47 -81,27319
14 -510,49324 31 62,06893 48 | -194,93404
15 -496,55596 32 70,41388 49 | -314,05197
16 -795,09368 33 55,34445
17 -784,46020 34 56,53546

Kiém tra can bang nat dan

Pé kiém tra o chinh xac két qua phan tich dan vom duya trén phuong
phap nguyén ly cuc tri Gauss. T4c gia tién hanh kiém tra diéu kién can bang
tat ca cac nGt dan vom. Sai sb tong hinh chiéu céac thanh phan néi luc cua céc
thanh quy ty tai n(t va tai trong tac dyng lén nit theo phuwong x 13> F,, theo

phuong y 12} F, . Két qua can bang nit duoc tap hop va lap thanh bang 3.9.
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Bang 3.9 Két qua kiém tra can bang tai cac nat dan

Nt > F > F, Nat | >'F > F,
1 0. 0. 14 | -0,5380e-11 -0,1842e-11
2 | -0,6387e-11 | -0,4135e-11 | 15 0,3978e-10 -0,1041e-10
3 | -0,9047e-11 | .0,2274e-10 | 16 | -0,1677e-10 -0,7066e-11
4 | 0,1021e-10 | -0,1868e-10 | 17 | -0,6004e-10 -0,1349¢e-10
51| 0,1770e-10 0,4640e-10 | 18 0,1353e-10 | -0,88341e-11
6 | 01731le-11 | 0,2011e-10 | 19 0,9056e-11 0,2300e-10
7 | 0,2121e-11 0,7476e-11 | 20 | -0,4848e-11 0,3355e-10
8 | -0,2621e-10 | 0,1429e-10 | 21 0,2733e-10 0,1304e-10
9 | -0,3962e-11 | 0,3546e-10 | 22 0,9933e-11 0,2046e-10
10 | -0,4459e-10 | 0,3242e-10 | 23 | -0,4479e-10 0,5234e-10
11| -0,1045e-10 | -0,1497e-11 | 24 | -0,53780e-11 | -0,1842e-11
12 | -0,6419e-11 | 0,1827e-10 | 25 0,3978e-10 -0,1041e-10
13| -0,1759%-11 0. 26 | -0,1677e-10 -0,7066e-11

Véi s6 lidu kiem tra can bang tai cac nat (bang 3.9) cho thay tat ca cac
nut déu thoa man diéu kién can bang. Nhu vay két qua tinh toén 1a tin cay.
Hinh dang dan trwéc va sau khi bién dang: Két qua hinh dang dan trude va

sau khi bién dang duogc thé hién nhu hinh 3.6.

O ] r r r r r
-2500 -2000 -1500 -1000 -500 0

560 1oroo 1550 2060 2550 (cm)
Hinh 3.6 Hinh dang dan trwéc va sau khi bién dang

3.4 Bai toan dan vom phang tinh dinh trong, siéu tinh ngoai

Vi du 4: Xét dan vom phang tinh dinh trong, siéu tinh ngoai chiu luc nhu

(hinh 3.7) biét cac thanh dan c6 mé dun dan hdi E=2.10*(kN/cm?). Tiét dién
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thanh canh trén va thanh canh dudi la $180x6(mm), cac thanh bung dan la
$121x3,5(mm). Nhip dan 1=48(m), do thoai cua dan k=f/1=1/8 va chiéu cao
dan h=0,8 (m). Tai trong P=100(kN) tac dung tai cac nat dan theo phuong
thang ding. Tinh todn cac thanh phan chuyén vi tai ndt dan va ndi luc trong

cac thanh dan.

Hinh 3.7 VOm dan phang tinh dinh trong, siéu tinh ngoai
Loi gidi
Thiét 1ap phiém ham lweng rang bugc cia két cau dan vom
Dan vom gom 26 ndt va 49 thanh dugce danh sd tha tu nhu hinh 3.7.
Phiém ham luong rang budc cua dan vom (2.40) dugc viét nhu sau:

Z=§E|k<§k X(Alk)z—iZPr.vr — min (3.13)

r=14

Thiét 1ap hé phwong trinh tir diéu kién cuc tri cia phiém ham rang buéc
Diéu kién bién cua bai toan 1a tai nit 1 va nat 13 khdng c6 chuyén vi
theo phuong x va phuong y:u, =v, =u,, =v,, =0 (3.10)
Diéu kién cyc tri caa phiém ham rang budc Z (3.13) theo cac chuyén vi
chua biét 1

1=2+12 j=2+12
% _o {' . 92 _g {’ (3.14)

ou, i=14+26" ov, j=14+26

J
Theo diéu kién cuyc trj trén sé& viét dugc hé phuong trinh gdm 48 phuong

trinh chaa 48 an s 1a cac thanh phan chuyén vi tai cac ndt.
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Xac dinh cac thanh phan chuyén vi tai cac nat dan
Giai hé phuong trinh (3.14) s& tim duoc cac thanh phan chuyén vi tai cac nit
va két qua céc thanh phan chuyén vi tai cac nit dan duoc 1ap trong (bang 3.10).

Bang 3.10 Két qua chuyén vi theo hai phwong tai cac nat 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) |PhwongY | -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) |PhwongY | -1,393 | -2,851 -6,74 7,427 | -9,371

Nt 21 22 23 24 25
Chuyén |Phuwong X |0,2725 | 0,4873 | -0,01 -0,273 -1,22
vi (cm) |PhuongY | -7,427 | -6,74 2,851 | -1,393 | 1,5194

Nt 26
Chuyén |Phuong X | -0,484
vi (cm) |PhuongY | -0,006

Xac dinh noi lyc trong cac thanh dan
Theo cbng thuc (2.39), (2.43) sé xac dinh dugc noi luc trong cac thanh
dan. Két qua phan tich noi luc trong cac thanh dan dwogc Iap thanh bang 3.11.
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Bang 3.11 Két qua ndi luc trong cac thanh dan

Thanh| Noi luc (KN) |Thanh| N&i luc (kN) |Thanh| N&i 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
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 can bang nat dan

Két qua kiém tra can bang tai cac nit dan duoc tap hop va lap thanh

bang 3.12.
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Bang 3.12 Két qua kiém tra can bang tai cac nit dan

Nt D F D F, Nat| > F D F,
1 0 0 14 | -0,1681e-12 -0,1146e-13
2 | 0,6221e-12 0,8434e-12 15 | 0,2394e-12 0,4582¢e-12
3 ]0,1442e-11 0,1346e-11 16 | 0,3760e-12 -0,2792e-11
4 10,2953e-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 0,5799¢-13

Véi so liéu kiém tra can bang tai cac nit (bang 3.12) cho thay tat ca cac
nut déu thoa man diéu kién can bang.
Hinh dang dan trwéc va sau khi bién dang: Két qua hinh dang dan trude va

sau khi bién dang duogc thé hién nhu hinh 3.8.

800

600 -(Cm)

400 B

200 — — Tr-ichiGvdtng

Sau biGh ding

-500 0

r

-2500 -2000 -1500 -1000 500 1000 1500 2000 2500 (Cm)

Hinh 3.8 Hinh dang dan trwéc va sau khi bién dang
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KET LUAN VA KIEN NGHI

Két luan: Qua cac ndi dung di trinh bay & cac chuong trong dé tai nghién
ctiu, 6 thé rut ra cac két luan sau day:

1) Dya trén phuong phap nguyén ly cuc tri Gauss dé tai da xay dung
dugc phuong phéap giai cho bai toan phan tich tuyén tinh két cau dan chiu tai
trong tinh tai nit dan theo hai cach tiép can bai toan: Chon an sé la cac thanh
phan chuyén vi tai cac ndt dan; Chon an sé la cac thanh phan noi luc trong
cac thanh dan.

2) Khi viét phuong trinh can bang cho cac ndt dan thi khéng can viét
phuong trinh can bang cho cac diém bién, ma thay vao d6 1a viét didu kién
bién vé mat chuyén vi.

3) Khi 4p dung phuong phap nguyén 1y cuc tri Gauss dé phan tich két
cau dan thi khong phai phan bai toan can phan tich 1a bai toan tinh dinh va
siéu tinh nhu mot s6 phuong phap khac. Nén khi giai bai toan dan theo
phuong phap nay c6 cach nhin don gian hon.

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

két cau dan Ia tin cay.
Kién nghi: Co thé sir dung phuong phap nguyén ly cuc tri Gauss nhu mot

phuong phap méi trong giang day, hoc tap va nghién ciu khi phan tich két

cAu dan.
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