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LOI NOI DAU

Vi surphat trién cia lf thu yét quy hoach toan hoc, phuong phap 67 vu da duoe i tmg dung
trong nhiéu linh vuc khoa hoc va ki thudt nhim mang lai hiu qua kinh té cao nhit,

Cyén sich niy xin gidi thiéu mét s6 bai todn 16 wi co ban d‘a duge nghién citu va img
dung trong Ii thuyét quy hoach toin hoc va trong tinh toan két ciu x4 y dung.

Tac gia di ¢6 ging trinh bay ndi dung thanh mét hé théng I ludn theo quan diém thue
dung va hy vong phan 4nh duoc phan nao nhimg thinh tuu méi cta phurong phap 5 w.
Noi dung sach gom cé:
Chuomg mét : Trinh bay cac phuong phap co ban trong Ii thuyét quy hoach toan hoc.
Chuong hai : Bai toan t6i wu tinh két ciu theo phuong phép luc.
Chuong ba : Bai toan téi wu tinh két ciu theo phuong phap chuyén vi.
Chirong bon : Bai toan t8i wu tinh két cAu trong giai doan chdy déo.
Sach da dugc lam tai ligu gidng day cao hoc taiTruong Pai hoc Xay dung tir ndm 1989

dén nay; lam tai li¢u tham khao cho sinh vién dai hoc, sinh vién cao hoc, can bé g;ang day,

nghién ctu sinh, cic ky sur cong tic trong nganh xdy dung. Vé cic chirong trinh mau thudc
bai todn t3i w, ban doc c6 thé tham khdo cic tai ligu (2), (3).

Do nhitng han ché khach quan va chij quan, ndi dung sdch khong thé trinh khéi cac thiéu
s6t, mong ban doc phé binh va gép ¥.

Tic gia chan thanh cdm on Ban bién tap Nha Xuit ban X3&y dung da tham gia bién tip va
cho xuit ban cubn sich nay.

Tac gia

Lad



Chuong Mot

MOT SO PHUGNG PHAP CJ BAN TRONG Li THUYET
QUY HOACH TOAN HOC

Trong vong nira thé ki nay, mot nganh toan hoc méi - Ii thuyét quy hoach toan hoc- da
hinh thanh va phét trién manh mé do nhiimg ddi hdi cAp bach v& kinh t d€ thuc hién cac chi
tiéu t6i tu: nhidu nhit, it nhit, nhanh nhit, r& nhét, tét nhit...

Véi 11 thuyét quy hoach, ngudi ki su dugce trang bi thém mét cong cu toan hoc rat ¢ higu
lyc d€ giAi cac bai toan t8i vu ma trude day cac phuong phap ¢8 dién chua thé giai duoc.

Chuong ndy gi6i thiéu mot sd phuong phép co ban vé i thuyét quy hoach toan hoc.
Trong pham vi mét cudn sich nhd, chi cé thé trinh bay mét s6 van d& co ban theo quan diém
thuc dung. Vi vy, doi hoi doc gifl thira nhan mdt s6 dinh Ii, ciing nhwr cac két qua nghién ciru
da duoe tmg dung trong thyc t&. Muén tim hiéu sau hon ki thuyét quy hoach toan hoc, doc gia
¢6 the tham khao thém céc tai ligu [2], [51, [6]. [7].

§1. KHAI NIEM VE BAI TOAN TOI UU
Bii toan tdi vu dit ra nhu sau; Tim Xy Xy oo X sa0 cho ham sé
Z=1(x,%,,...x,) (1.1)
dat max (hay min) dE‘mg thoi thoa mén cac didu kién:
0,(x,.X,,...,X,) < b,
D, (x,,X,,...,X, ) =d,

(1.2)
Wi(x,Xp,00X,) 2 h,
Trong do: x , X,...., x lache bién; b, sd, h la cac h?mg sd.
Mot cach tdng quat, bai toan trén cb thé dua vé dang rit gon:
Cuyc tidu hoa (hodc cue dai hod) ham
Z=1(X,,%;,..0,X,) (1.1")
véi didu kign:
(X, X, X, ) {S = 2} b,
) (1.3)
1=12 ....m



Ta goi ham Z 13 ham muc tiéu, didu kién (1.2) hoiic (1.3) 1a didu kién rang bujc.

Tap hop cac gia trj X, X,,..., x_ thod mian diéu kign ring budc la mot phuong an. Phuong
an lam cho ham muyc tiéu dat gia tri cuc dai (hay cyc tigu) goi la nghigmhay phuong an téi wu.
Mién thod mian cic diéu kién rang budc goi 1a mién nghi¢m.

Bii toan t1 wu chia lam hai loai:

1) Bai toan quy hoach tuyén tinh;

2) Bai toan quy hoach phi tuyén.

Bai toin quy hoach tuyén tinh ¢6 dang:

Cuc tiéu héa (hodc cuc dai hoa) ham

Z=1(X,, Xy k) = D CX, (1.4)

=1

vol diéu kién

(X, X0 X, )= D A {< = 2}b,
it

{1.5)
i=12,...,m

Trong d6: ¢, a,, b, 1a cac hing sd. :
D& tién cho viéc tinh toan bing phuong phap don hinh (s& duoc trinh bay sau), thuong
yéu cau toan ba cic bién khong am, do dé bai toan quy hoach tuyén tinh thudng c¢é dang:

Cuc tiéu hda (hodc cue dai hda) ham:
Z=7 cx (1.4)
=1

viri diéu kién

1=12,..,m (1.6)

Trong mét sd trudmg hop dic biét, mét bd phén céac bién hodc toan bd cac bién phai la
nhitng s6 nguyén. Khi toan b cac bién déu 1a s6 nguyén, ta goi bai toan téi wu La bai toan guy
hoach tuyén tinh nguyén. Khi mot bd phan cac bién 1a s6 nguyen, ta goi la bai toan quy hoach
tuyén tinh hén hop.

Trong bai toan quy hoach phi tuyén, it nhit trong mot s& hang cia ham muc tiéu hoic it
nhét trong mot sb hang cia didu kién rang budce, xuit hién tich ctia bién hoiic nghich d4o caa
bién hodic s6 mii ciia bién 1ém hon 1.

Ching han, bai toan sau day 12 bai toan quy hoach phi tuyén:



Cuc tiéu héa (hodc cyc dai hoa) ham

2
+5x;

Z=3x+
X,.X

1°7%2
véi diéu kién:
20
XX,
4x, +x, <25

10x, +16x, <169

<10

Trong tinh toin két ciu, ham muc tigu thuémg bi€u thi cic dai luong nhur:
- Trong long, thé tich két ciu, gia ca vat liéu 1a nhimg dai luomg can duoc cuc tidu hoa.

- Hé s6 tai trong 1a dai lrong can duge cye tiéu héa hodic cyc dai hoa tuy theo phuong
phip tinh toan trong giai doan chay déo.

Cic digu kién rang budc dindi dang dang thirc thudng 12 cac didu kién can bang, cac
phwong trinh céng kha di, cac diéu kién bién dang lién tuc v.v.,

Cac diéu kién rang bude dudi dang bit ding thirc thu'orng 1 céc dicu kién v& d6 bén, 46
cling, cac diéu kién chay déo v.v..

Tlong thue tc bal toan quy hoach ph1 tuyen thucmg gap nhlcu hon bai toan quy hoach

.....

phi tuyen
§2. PHUONG PHAP DO THI
Phuong phap db thi 4p dung cho bai toan quy hoach khi bién s8 khong 16n hon 2.
Gia sir c6 bai toan téi vu:
Cuc dai hoéa ham muc tiéu
Z =3x, +2x, (L7
vét diéu kign:
2x, +x, <10 (a)
3x,+3x, <24 (b)

2x, <8 (c) (1.8)
>0 x,20 (d)

D& gidi theo phuong phap dd thi, trudc hét, ta dua hé didu kién (1.8) vé dang ding thirc:

2x, +x, =10 (a)
3x,+3x, =24 (b)

(1.9)
2x, =8 ()



Chon truc x, lam tryc
hoanh va truc x, lam truc tung
(hinh I.1). Dudng thing AB
bigu thi phuong trinh (1.9a),
dudmg thing EA biéu thi phuong
trinh (1.9b), dudng thing DB
bicu thi phuong trinh (1.9¢).

Cin clr vio hé dieu kién
(1.8). mién nghiém la mién gach
chéo ODBAEOQ. Diy 1a mét
mién 16i, Ta ¢6 v6 s6 phuong
an trong mien nghiém nhung- 3
diéu ta quan tim dén 1a tim  ,f
phuong an t5i wu. Can chi  riing

B\{?

[RELRARNAY

img véicac gidtrikhicnhaucla 1 \.\\.\
. : 2 D
Z, per\orng trlgnh(l.?)cho ta moF 0 ; 5 % A 5 T & X,
ho dudmg thing song song goi
NPT . . . Hinh 1.1
la cac duong mirc. Pudng mirc

cang xa goc toa do, gia tri cta Z tikc gia tri clia bm muc tidu cing 16n. Néu ta tinh tién dudmg
mic dén diém A (diém giao nhau gifra hai dudng bién EA vi AB) thi x, =2, x, =6 VA Z = 18,
Néu tinh tién duémg miic xa hon nita thi phuong 4n s& nim ngoai mién nghiém do dé phurong
an toi wu La:
maxZ =18 img voix, =2 vax,=6

Li thuyét quy hoach tuyén tinh da chimg minh duoc riing khi mién nghigm 13 mdt mién
161, bao gior ciing ton tal mdt phuong an ti vu it nhat tai mét diém trén duong bién cla nd.
Dinh 1y nay chi ra mét huéng mod mam trong qua trinh tinh toén.
§3. PHUONG PHAP PON HINH

Phuong phéap don hinh do G. B. Dantzig dé ra vao nim 1947. Tird6 dén nay, nd da duoc
str dung réng rai va duoe xem nhur mdt phuong phip c6 hidu lyc d€ giai cic bai toan quy
hoach tuyén tinh.

Thuc chét ctia phuong phap don hinh 13 qua viée thanh 1ap cac bang, timg bude cai tién
dan cée phuong an sao cho cudi cling ta duge mét phurong 4n tdi vu.

Céch tinh cy thé sé duge trinh bay trong mét s trdng hop khéc nhau.

§3.1. Truomg hop didu kién ring bugc mang diu bit ding thire <
Gia sir ¢6 didu kién:

(*) Theo dinh nghfa, mién X 13 mdt mién 15i néu dng véi hai di€m bit ki x,.x,€X >

x=A%, +{l-A)x, e X, 04«1



Zau =

(a)
bj >0

Ta co thé vidt:
zaq ]+Yi =bi (b)

Tir didu kign (a), y, > 0. Ta goi y, 12 bién dém.
Viy khi c6 diéu kién rémg budc mang diu bit ding thic < ta dua mot bién dém khdng
am vao vé trai cQa nd. Ching han, h¢ didu kién (1.8) ¢6 thé dua vé dang:
2x,+x,+y, =10 (a)
3X,+3x,+y,=24 (b)
2X, +y, =8 (¢) (1.10)
Yiu¥a¥s 20
Trong do: y,, Y Vs [4 nhimg bién dém vira dua vao. V& thuc chét, ching 1a nhimg dai
luomg khéng ding dén.
Viy bai toan quy hoach tuyén tinh ¢é dang:

Cuc dai hod ham Z=Y Cgx, (L11)
voi didu kién:
Za., X;+y, =b, (1.12)

i=12,..,m;b >0
X, 2 0,y,20,j=12,...,n

Ta tién hanh phuong phéap don hinh theo trinh tir sau:
Butc 1. Dua phuong trinh (1.11) vé dang

> Cx,-Z=0 (1.11a)
j=I

Burge 2. Thanh tap bang tinh don hinh (1.1) gdm nhiéu hang va cot n 6t diu tién lan lugt
(mg véi cac bién X, X,,....X . Trén cdt thi? i, ta lan luot ghi theo thir ty tiy trén xubng dudi céc
hé s& ciia bién x. .trong hé phucmg tr1nh (1.12) va phlrorng trinh (1.11a). Trong ¢t thir (n+1), ta

lan ot ghi theo thir tu tir trén xuong dudi cac s6 hang ty do cla hé phuong trinh (1.12) va
phuong trinh (1.11a).



Cot n+

xl xl
a,, s b, Yy
bZ yl
[
A \R: Yy
By | Buare | o | i | e | b, Y.,
Col G | o | €] e C, 0 -Z | Hang m+1

Chu thich bang 1.1: Cac mii tén chi sy hoén vi sau khi chuyén sang bang don hinh méi.
Trong cdt cudi cling, ta lan luot ghi ther tu tr trén xuéng dudi, cac bién dém img v&i hé
phuong trinh 1.12 v ham muc tiéu d3i ddu. Cac 4n nim trén hing dhu titn goi 1 4n ty do (thi
du X, X,, ..., X ), clc an nim trén c6t cudi cung goi la an co ban (thiduy,y,.)

Bude 3. Chon phin tif chét thda min 3 didu kién sau day:

1) Phan tir chét phai nim trén cot chia bang dom hinh v&i didu kién phin tir cudi cling trén
cbt d6 phai 13 mot sb duong va Ién nhit so véi cac sé trong hang (m+1) (trir s cudi cung). Cét
chira phan tir chét goi 1a cdt chat.

2) Néu phan tir chét khong phai 1a mot sé duong, s& khong tn tai phrong &n méi.

3) Gia sir cot chét 1a ¢t thit j, cac phin tir trén oot chdt 1a a (i=12,..m). Cac phin t
wén cot thir (n+1) ab (i = 1,2,...,m)

Phan tr chét a:j (nim trén hang thit i va cét thi j) phai thda min diéu kién:

—bf - min 2 (1.13)
a.. a.

ij ij
i=1,2..m

Trong d6, b, 1a phan i n3m trong ¢t thir (n+1) (xem bang 1.1) va nim trén hang chira
phan tlr chét a;. Ta goi hang nay 1a hing chdr.

Bude 3. Tinh nghich dao ciia phén ti chét —1— =b . Thay phin tir chdt a; bing s& b trong
i
bang don hinh mai.
Burde 4. Nhan cac phan tkr trong hang chét clia bang don hinh cii véi s6 b, ta duge cac
phan tir trong {mg trong bang don hinh méi. Ta goi cac phan tir nay 1a e k=12, .., n+l).
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Bude 5. Nhan cic phan tir trong cot chét ciia bang dom hinh cii véi s6 (-b), ta duge cac
phiin tir tuong (mg trong bang don hinh mdi.

Budc 6. Tinh cac phan tir con lai trong bang don hinh méi tir cot nay sang cot Khic nhu
sau.Go1 d, la phin t& ndm trén hang thir i va cét thirk clta bang don hinh méi; D, - phan t{r
niim trén hang thiri va ¢4t thirk cia bang don hinh cii; f,- - phan tir n¥m trén hang thu 1vacdt
chdt thir p clia bang don hinh cii; €, - phan t& niim trén cot thirk da duge tinh tir bude 4.

Phiin tir d,, tinh theo cong thic:
d; =D, "‘ckfsp ' (1.14)

Cin clr vao 6 budc trén day, ta xuit phat tr bang don hinh cii d& thanh 1ap bang don hmh
méi. Chi y la khi chuyén tLr bang dom hinh cii sang bang don hinh méi, can phai hoan vi an tu
do (ndm trén cot chét) va an co ban (nam trén hang chét). Chang han phan tira khoanh tron
trén bang (1.1) la phan t&r chot. Khi chuyén sang bang don hinh méi, ¢in phai hoan vi 2 4n X,

(an tr do) va yk (an co ban). Qua trinh tinh toan s& két thuc khi nao toan bd cac phan tit nim
trong hang cudi ciia bang don hinh cudi ciing déu 1 s6 am.

Thidy 1.1.
Hay giai lai bai toan néu trong §2.

Trong phan trudc, ta da dua hé ding thirc (1.8) vé dang hé dﬁng thire (1.10). Tiép tuc tinh
toan theo cac budc sau:

Buce 1. Pira phuong trinh (1.7) v& dang:
3x, +2x,-2=0 (1.7a)

Butc 2. Can cir vao cac ding thir (1.10) va phuong trinh (1.7a), ta 1ap bang dom hinh dau
tién (1.2a).

Buce 3. Chon phén tir chét. C6 thé chon cét chot trong hai ¢t dau tign clia bang (1.2a) vi
cac phin tf cudi cung trong cic c6t d6 déu 1 sb duong. Nhumg vi 3 > 2 (bang 1.2a, hang

cudi), ta chon c6t diu tign lam cdt chdt. Ta goi cot chdt 13 ¢ot thir p (& ddy p=1). Cac phin tir
trong cotnaya =a,i=1,2,3.

Lin luot tinh cae ti 6 b/a
b/a, =1072=5:b,/a, =24/3=8;b/a, =82 =4;

Vib/a, =8/2 =4 =min (b/a ) nén ta chon a} =2 1am phin t& chét (khoanh tron trén
bang (1.2a)).

Buoc 3. Xac dinh nghich d4o ciia phan t chét:
b=1/ay=1/2=0,5
Trong bang don hinh méi (1.2b), ta thay phin tir chét bing sé b = 0.5.
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Bue 4. Nhan cac phin tir trong hang cht clia bang don hinh cii (1.2a) (hang thir 3) véi
50 b = 0,5 (trlr phan tir chot), ta duge cic phin tir twong (mg trong bang don hinh méi (1.2b);
e,=0x05=0; ¢,=8x05=4
Bude 5. Nhan cic phan tir trong cot chdt (trir phan tir chét) ctia bang dom hinh cii (1.2a)
vdi s6 (-b) = - 0,5, ta duge cac phin tr tuong ing trong bang don hinh méi (1.2b):
2.(-0,5)=-1;3.(-05)=-1,5;3.(-0,5 =-15.

Bude 6. Ap dung cong thixc (1.14) d€ tinh cic phin tir con lai trong bang dom hinh méi
(1.2b).

Béang 1.2,
Cét 1: da tinh xong.
A o f A X %
Cot2: chiyp=1,¢,=0nén
d,=D,-e.f, =1-0x2=1 2 ! 10 Yy
d,=D,-¢,f,=3-0x3=3 @4 3 3 24 Yy
d,=D,-¢,f,=2-0x3=2 @ 0 8 ¥,
Cot 3: 3 2 0 Z
d,=D,-e.f, =10-4x2=2 v, X,
d,=D,-e.f, =24-4x3=12 1 0 > v
- - ° - |
dy=Dyy-3,,=0-4x3=-12 ) 15 3 - ;.
Nhu vdy ta da hoan thanh bang 05 0 4 X
don hinh m&i (1.2b). Chii § khi chuyén : :
tirbang (1.2a) sang bang (1.2b), ta phai -1,5 2 -12 -Z
hoan vi hai an X, (ndm trén cot chdt) ¥, Y,
vay, (ndm trén hang chdt). y 1 5 «
- 2
Tién hanh cac budce tuong ty nhu
trén, ta s& dugc cic bang don hinh méi ©4 @ -3 6 Y
(1.2¢),(1.2d). Cac phan tirkhoanh tron 0,5 0 4 X,
[a cac phan tir chdt di chon. Ta nhin 0.5 2 16 7
thiy trong bing don hinh cudi ciing )
(1.2d), toan bd cac phan tir trong hang Y o
cudi cling déu 1a s& am nén dén day 0,67 -1 6 X,
‘, . P - Fe - , d
qua trml} t111E toan\ ket‘th‘l‘.ac T:al Ercyc (d)ﬁ 0.67 2 4 y,
phuong an 181 vu wr hai ¢dt cudi cung
cia bang (1.2d) la: -0.33 ! 2 X
X, =2;%X,=6, max Z =18 (xem 2 \ -0,33 -1 -18 -Z
cOt cuéi)

$3.2. Truong hep diéu kién rang budc mang diu ding thic
Gid st c6 diéu kién:
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=1

(a)

O diy ta khong dtra vao bién dém nhur trong §3.1 ma dua vao mot bién gid tao & vé trai

ctia phuong trinh (a):

Sax,+y, =

i<l

Trong dé y, goi 1a bién gi tao.
Viéc thanh Iap cac bang don hinh
tién hanh tuong ty nhu da trinh bay
trong §3.1. Tuy nhi&n, phai im cach
khirdan cac bién gia tao. D& khircac
bién gia tao, ta lam nhur sau.

Chang han, trén bang don hinh
(1.3), ta mudn khir bién gid tao y,.
Ta chon mdt phan t& chét nim cling
hang v&i y,. Phan ti chét nay phai
la mdt s6 duong, khdng nhat thiét
phai thda man diéu kién 1 clia bude
3 nhur 43 trinh bay trong §3.1. Sau
khi chuyén sang bang don hinh méi,
hoan vj an tu do va 4n co ban (xem
bang 1.3) ddng thai x6a bd cot img
v6i an co ban vira chiém vi trl cta
an ty do. Ching han, phin t& a,
khoanh tron Ia phén tlr chdt (bang

b, (b)

'

a, @~ 2 | WY,

a e | A | i, | a b Y,

Coo| v | Clo [C O] Z

Chi thich bang 1.3:

1. Cac miii tén biéu thj sy hoan vi gilra x, v3 y, sau khi chuyén
sang bang don hinh méi.

2. Sau khi chuy@n sang bang don hinh méi, xda chty,.

1.3). Sau khi chuyén sang bang don hinh méi, ta hoan vi X, va vay, dong thoi xda bo ot Y,

{ttrc 1a oot cli tmg vi x ).
Thidy 1.2

Cuc dai hda ham

Z=2%-%,-2X, +Xx, (1.15)

vdi digu kién:

X, +X;+X, =150  (a)
4x, +Xx;+2x, =200 (b)

2%, +x, +4x, <

100 (c¢) (1.16)

X;,X3,X4,X, 20

Sau khi dua hai bién gia tao ¥,» ¥, vao phuong trinh (1.16a), (1.16b) va dua bién démy,

va phuong trinh (1.16¢), ta ¢6:
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X +X;+X,+y, =150
4X, + X3 +2x,+y, =200

(1.17)
2X, + X, +4x;+y, =100

Dura ham muc tidu vé dang
2%, -%,-2X,+Xx,-Z=0 (1.15a)

Cin cir vao he déng thire (1.7) va phuong trinh (1.15a), ta thanh lap bang (1.4a).

DE khir bién gia tao ¥, tachon phan tir chét khoanh tron a5, =2 (phan tir nim cling hang
véi bién gia tao trén bang (1.4a)). P& thanh lap bang don hinh méi (1.4b), ta thyc hién cac
budc nhu di trinh bay trong §3.1. Chd ¥ 13 sau khi hoén vi 2 &n X, vay,, trong bang don hinh
m&i (1.4b) cin xoa bd cot img v&i 4n X, chura hoén vi. Sau khi khirxong 2 Ibién giataoy vay,,
viéc thanh lap cac bang don hinh tiép theo hoan toan giéng nhu da trinh bay trong §3.1. Bang
dom hinh cudi cting (1.4d) cho phuong an t5i v

Max Z =200 img v&i x, = 50, x, =0, x, =0, x, = 100 (x, = 0 vi trong bang (1.4d) n6 da
tré thanh an ty do).

Bang 1.4
X, X, X, X,
1 0 1 1 150 v,
@<} 0 4 1 @—| 200 Y,
2 [ 4 0 100 Y,
2 1 2 1 0 Z
}‘(l xZ XS
Sau khi hoan vi x, véiy,, O~ 2 0,5 20 Y\
xda ngay cdt chira x, (b)<| 0 2 0,5 100 X,
2 1 4 100 Y,
L 2 -3 -2,5 -100 -Z
X, X,
Sau khi hoin vi 5. v 2 0,5 50 X,
tiu 1 0?[‘1 vl’xl voly,, (CH % 0.5 100 X,
x0a ngay cOt china x|
@"' 3 0 Ys
1 -3,5 -200 -Z
x3
1,7 50 X,
(d)ﬁ -0,7 100 X,
0,6 0 X,
-4,1 -200 -Z
\J
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§3.3. Trudmg hep diéu ki¢gn ring bugc mang déu bit ding thic >
Gia sir cé diéu kién

n
Zaij.xj 2 b,
i=1

(a)
b, >0
Bit ding thirc (a) c6 thé viét:
Z:aij'xj —X =b b)
J=

Trong dé x__, > 0 dugc goi 1a bién dur. Vay khi didu kién rang budc mang diu bét dﬁng
thire > 0, ta dua vio vé trai cia nd mot bién du khong dm dé tao thanh mot deamg thirc. Khic
vi bién dém, bién du xem nhu bién chinh thirc ctia bai toan quy hoach tuyén tinh. N6 durgc
dua vao ham muc tiéu bing cich diit h sé tuong (mg bang khéng. Vi vay, trong trudong hop
dwa vao bién dur, viéc tinh todn hoan toan giéng nhu da trinh bay trong §3.1. Sau diy ta xét
mét thi du hdn hop, vira ¢6 bién

B i - Bing 1.5
dém, vira cO bién gia tao, vira c6 p
bién du. X X, Xy X,
1 1 -1 8
Thi du 1.3 ) W :
’ (a) 0 1 1 0 10 Y,
Cuc dai hda ha
ve dat am 1 1 2 0 30 Y,
Z=4x]+2x2-x3 (1.18) | 4 2 -1 0 0 Z
PR ‘a xl x2 . x4
vol diéu kién i ] 1 3 X,
X, +X,+X, 28 (a) (b) <| -1 0 2 v,
X, +x; =10 (b) 1o 0 1 1 22 Y3
X, +%X, +2x, <30 (c) (1.19) 2 -3 2 -16 -Z
X,,X5,X; 20 X, X
0 1 10 X,
Bit ding thic (1.19a) mang  (c) {| -1 0 2 X,
dau 2 nén ta dua vao bién du X, 1 20 y,
Nhung sau khi tr& thanh déng thire, 4 3 220 -7
can phai dua vio bién gidtao y vi Y, X,
x, xem nhu bién chinh thirc. Trong 0 1 10 X,
df'.t?ng thirc (1\.19b), ta fua :'ao bnj,n (d)< 1 1 73 X,
gl tao y, va trong bat dang thirc I I 0 <
1.19¢ (mang d4u <) dwa vao bién 2 7 160 Zl
dem y,. Do dé, digu kign (1.19) tré . - _ -

thanh
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X, +X, +X;-Xx,+y, =8
X, + X+ , =10
A Y2 (1.20)
X +X,+2x,+ y,=30

X, X,3,X3,X, 20y, 20
Trong dé: x, la bién du ; y , y, la cac biénﬂgi%t tao; y, 1a bién dém. Vi bién du xem nhu
bién chinh thirc nén ham muyc tiu (1.18) ¢ thé viét:
Z=4x, +2x,-1x, + 0.x, (1.21)
Pua phuong trinh (1.21) vé dang;
4%, +2x, = 1x,+0x,-Z=0 (1.21a)

Cin cir vao he phuong trinh (1.20) va phuong trinh (1.21a) thanh lap bang don hinh
(1.5a). Tiép theo khix cac bién gia tao y, va 'y, nhu d3 lam trong §3.2. Phan con lai tién hanh
nhu trong §3.1. Bang dom hinh cudi cling (1.5d) cho phuong an téi wu:

maxZ:IOOCrngvéixl=20,x2=IO,x3=0,x4=22

§3.4. Triimg hop cure tidn héa ham muc tiéu

Trong phan trude, cac bai toan tdi wu da duge gidi theo phuong phap don hinh vé&i diéu
kién cye dai héa ham muc tidu.

Khi cin cuc ti€u hda him muc tidy, ta nhin hai v& cda ham muc tigu v&i (-1). Nhur vay
cuc tidu héa haim muc tigu Z ¢ nghia 1a cye dai hoa ham muyc tigu 2’ = -Z

Thidu 1.4

Cuc tiéu héa ham
Z=2x +4x,+Xx, (1.22)
véi digu kidn
X, ~2X,-2x; -1 (a)
2X, =X, +2x,=2 (b) (1.23)
X, +2X, X, =5 (¢)

X;» Xy X, 20

Trude hét, ta nhén hai vé cha phuong trinh (1.22) véi (-1) 48 ¢6 him muyc tidu Z’=-Z. Vi
& vé phii ciia bt ding thite (1.23a) xuit hién s am (- 1) nén phai nhan 2 vé cla nd véi (-1) dé
vé phai b, tr& thanh mét s6 duong. Sau khi 1am nhur vy, bai toan tdi uu trd thanh:

Cuyc dai héa ham  Z' = -Z = -2x, - 4x, X, (1.24)
16



vai diéu kign

=X, +2x,+2x, 21 (a)
2x, =X, +2x, =2 (b)
X, +2X,-x; <5 (¢)

X, Xy,Xy 20

(1.25)

He diéu kién trén ¢6 3 dang khac nhau nén ta tién hanh tinh toan nhu di trinh bay trong
§3.3. Cudi cling bai toan i wu c6 dang:

Cuc dai hda ham muc tién
L' =-2x - 4x,-x, +0x, (1.26)

vai diéu kién:

—X, +2X,+2x, -x,+y,=1 (a)
2X, =X, +2x, + ¥,=2 (b)
X, +2X,-X; + ¥y, =5 (c)

Xy, X,,X, 20 y; 20

(1.27)

Trong dé: x, 1a bién du; ¥, ¥, la cée bién gia tao; y, 12 bién dem.
Ta thanh 13p cac bang don hinh nhu d4 trinh bay trong §3.3.

Bang dom hinh cudi ciing cho phuong 4n t6i vu: max Z' = -1 hayminZ = | img voix, =0,
X, =L x, =1,y =6

§3.5. Bai toan quy hoach tuyén tinh nguyén

Trong thyc t€, ¢d nhimg bai toan quy hoach tuyén tinh doi héi toan b6 cac bién Ix nhitg
sd nguyén. Ta goi bai toan d6 1a bai toan quy hoach tuyén tinh nguyén. N6 c6 dang sau day:
Cuc titu hoa (hodc cye dai hda) ham

Z=Z:ijj

J=t

voi diéu kign

X, >0, X, 1a sb nguyén,j=1,2, .. n

Trong dé: a;. b, ¢, 1a cac hing s6.

Bai toan quy hoach tuyén tinh nguyén cd thé giai gdn dung bing cac phuong phap da
trinh bay trong phan trude. Sau do, lam tron sé d& phuong an tdi wu trd thanh tap hop cac s
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nguyén. Tuy nhién, cich tinh gan ding nay chi ¢6 thé thye hign duoc khi phuong an téi wu
bao gdm cic gia tri 40 16n. Néu phuong phap t6i wu bao gdm mét sé gia trj bé (ching han <1),
cach tinh gin ding nay s& dan dén nhimg sai sé dang k&.

R. E. Gomory li tac gi4 dé ra thuat toan tim phuong an téi v cha bai toan quy hoach
tuyén tinh nguyén. Thuat toan dé nhy sau:

Buoc |

Tim phuong 4n téi wu theo phwong phéap don hinh trinh bay trong phan triroc. Tir bing
don hinh cudi cling, ditng cac bién tr do d@ bidu thij cac bién co ban:

Xe =dig "Zdijxj (1.28)
Trong do:
X,,- bién co bin trong bang don hinh cudi ciing;
d.- s& hang tu do cling hang véi gy
d,- he s6 tmg véi bién tr do, cac hé sb nay cung hang vét x;
X.- bién tir do.
Déu tong T ap dung cho céc bién ty do trong bang don hinh cudi cing.
Buoc 2
Gid st gié tri ciha bién co ban x ; 1a mét s khong nguyén (tirc Fa d khong nguyén).Ta bd
sung thém diéu kién
DX 2, (1.29)
Trong do:
t,- phan phan s6 cta s& d, trong phuong trinh (1.28);
t,- phan phan s6 cha d., trong phuong trinh (1.28).
Theo dinh nghia cia Gomory
t(a) = a - FN(a) t(a)=0 (1.30)
Trong d6:
t(a)- phan phan sé cla a;
FN(a)- phin nguyén cia sb a.
FN(a) phai 12 s6 nguyén I6n nhét théa man di¢u kién FN(a) < a.

Thi du:
EN(5) = 5, FN(0,3) = 0; FN(3/2) = |;
FN(-5) = -§; FN(-0,3) = -1; FN(-4/3) = -2
Buoce 3,

B6& sung didu kién rang budc (1.29) vio bang don hinh cudi ciing di duroc thanh lap trong
bude 1. Xem bang d6 1a bang don hinh dau tién d€ thanh 1ap cac bang don hinh tiép theo. Néu
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1in nay phuong an t8i wu lai bao gdm gia tri khong nguyén, ta tiép tuc thuc hién cac budc |,
2, 3 cho deén khi ndo phuong an téi uu tré thanh tap hop cac sb nguyén.
Thidu 1.5
Cuc dai hdéa ham
Z=3x +2x,(a)
v&i didu kién
2%, +x, <8 (b)
X, +2%x,<6 (c) (1.3D)

X, X, 20, x, X, $0 nguyén

Trude hét, ta gidi theo phuong phap dd thi dé déi chidu k&t qua tinh toan véi thudt toan
Gomory. Trén hinh (1.2), mién OBDE bigu thj mién nghiém. Phuong an t&i vu xut hién tai
diém D:

X, = 31; X, = ll; max7Z = 12E
3 3. 3

Trong mién nghiém trén hinh 1. 2, cac diém (mg v&i phuong an 6i wu nguyén duge
khoanh tron. C6 tit ¢ 13 diém nhu vay. Ta chii § dén diém F (lan can véi diém D) tai d6 x, = 3,
x,=1,Z=11. K& qua ndy tring véi két qua khi 14y tron s§ phuong an t&i wu (img véi diém
D_). Ta lai ché ¥ thém diém E: X, =4,x,=0,Z=12. Két qui ndy tring véi két qua tinh theo
thuit toan Gomory.

Thuit toin Gomory tién hanh nhu sau:

Bude 1.

Thanh 13p cac bang don hinh
{1.6) cho bai toan t6i wu (1.31). Bang 81
dom hinh cudi cting (1.6¢) cho phuong
an 161 ru: max Z = 38/ 3 fmg véix, =
10/3 vi x, =4/3. Ta ding cac bién ty  °]
doy, vay, d€ bigu thi bién Xg; =X, 5
(img voi hang thir 3 trong bang 1.6¢):

x,=4/3 - 113y, + 213y, '
Trong d6: d, = 4/3: d,, = -1/3; °F
d,,=2/3 2
Buoc 2. )
Ap dung cong thire (1.29), b5 I\ >
sung digu kién rang budc sau diy vao 0 1 2 3 a 5 6
bang don hinh (1/6¢): Hinh 1.2



LY+l Y, 28, (1.32) Béang 1.6

Trong do: (i N
3 - A - _ . [ 2
t,- phim phim sc; Clja sc3 d, =-1/3; @ @ ] y
t,,- phan phén sb cia s6 d,, = 2/3; < " 5 ;
t,,~ phan phin s6 cta s6 hang tr do 3 2 7
d,, =473,
. R . yl x2
Ap dung céng thirx (1.30):
(b) 1/2 1/2 4 XI
t, =td, )= t(-1/3) =-1/3(-1) = 2/3 — .
L, = Ud,) = 1(2/3) = 2/3 - 0= 2/3 Y2
” . =372 172 -12 -Z
L, =tld,) = t(4/3) =4/3 - 1= 1/3 |
Thay cac gia tri trén vao didu Y ki
kien (1.32): 2/3 -1/3 10/3 X,
s ‘3 ' s 13 , O\ s 2/3 4/3 X,
23y + 2 1.3 -
ST A (1320 473 173 383 | Z
Dua bat diang thic (1.32a) vé ‘
dang ding thirc bing caich dua vio Bang 1.7
bitn gia tao y, va bién du X,:
213y, + 213y, -x, +y, = 1/3 (1.32b) Y, Y %
» \ 2/3 -1/3 0 10/3 ,
Sau khi b sung thém didu kign (a) &
(1.32b) viio bang don hinh (1.6¢), ta =113 2/3 0 4/3 X,
duoc bing don hinh (1.7a). Bang cudi 23 | @3 -1 173 Y,
cling cho phuong an ti vu: max Z = -4/3 173 0 _38/3 7
25/2 tmg v&i x| = 7/2 (chua dat yéu
ciu) vi x,= 1. Y Y3 X,
Ta lai tiép tuc cac budc trén day: ! -1/2 7 X
Buoe I (b¥ ! ! : %
. ) 1 -3/2 112
Ap dung cdng thirc (1.28) cho _ 3 Y2
in co ban X, trong bang (1.7b): \ -1 ~1/2 2512\ -Z
X, =72- 1.y, - (-112x)
Buoce 2:

Tuong tur nhu trén, sau khi ap dung cdng thic (1.29), digu kién rang budc bd sung co
dang:

Oy, + 1/2x, 2 172

Piéu ki¢n nay duoc bé sung vao bang don hinh (1.8a). Tiép tuc lap bang don hinh (1.8b)
nhu thuong 1&. Cubi cliing, duge phuong an t8i wu: max Z = 12 ong véix, =4,x,=0,x, = 1.
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Thidu L.6. Bang 1.8

Cuc dai hda ham

p
Z=5x =4x +x, (a) Y % %
véi didu kién 1 2) O 2 X,
-1 1 0 1 X
2x, +3x, £ 10 (a)< :
4%, +x, <11 (b) L 32 0 172 Y
3%, + 3%, +x, <13 0 172 0 172 Y,
. -1 -172 0 =252 -Z
X, X, X, £0; X, X, X, 80
nguyén. Y3 Y4 X,
D¢ giai bai ton wrén, ta chia 1 -1 4 X,
lam 2 giEfi doan: (b) -1 2 0 x2
Giai doan | ﬁ 2 3 9 y
Buoc | 2
.. ) 0 -2 1 X,
Sau khi ap dung phuong phap
don hinh, ta duge bang don hinh cubi L -1 -1 -12 -Z
ciing (1.9). Phuong an t6i wu 1:
L Bang 1.9
max Z = 19,4 img voi X, =2,3;
XZ = 1’8; x} = 0’? Y, Y Y,
(Khong dat yéu cau). -0,1 0,3 0 2,3 X,
Ap dung cong thire (1.28) cho 3n 0,4 -0,2 0 1,8 X,
co ban x, tll*ogg (l]aa:g d:n; l;ml; (:].9;): 09 03 l 07 «
x-, =Lo-U y ATV, y MY g
’ ! v 02 | 04 -1 1941 Z
Buoc 2

Ap dung cong thirc (1.29) d€ duoe didu kién b3 sung:
0,4y, +0_8y,+0.y,>0,8
Sau khi bé sung diéu kién trén vio bang (1.9), ta dugc bang (1.10a). Tiép tuc lap bang

don hinh (1.10b). Phuong 4n t5i vu: max Z = 19 img v6i x, = 2,5 (khong dat yéu cau). Ta
chuyén sang giai doan 2.

Giai doan 2

Buoc |

Ap dung céng thire (1.28) cho 4n co ban X, trong bang (1.10b):
X, =2,5-0,y,- Oy, - (-0,25)x,

Budce 2

Ap dung cong thirc (1.29) d€ duge didu kidn rang bude b sung
0,5y, + 0.y,+0,75x, 20,5
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Tatiép tuc 1ap cac bang don hinh Bang 1.10
tiép theo. Két qua cudi cing cho

phuong an tdi ) s Ys Xy
max Z = 19 (mg v&éi x, =2, x,=2, @|[ -0, 0,3 0 0 2,3 X,
X, = | 04 | -02 0 0| 18] «x,
§3.6. Bai toan d6i ngau < 09 0,3 1 0 0,7 X,
Ta hay xét hai bai toan quy 4 0 | 08
hoach tuyén tinh sau day: 0, 0.8 - 2 Yy
Bii toan 1 02 | 04| -1 0| -194| -Z
Cuyc dai hoa ham Y, Y, Y, X,
. p ®) 0,5 01025 | 25| x
Z=)CX +)> C X, 1.33
20X+ 2 ConX (133) ) G o ] .
véi didu kién 1,5 1225 25| «x,
n 1 2 0 '2,5 2 YI
Zaiixj + Zai.n+kxn+k <b
= k=1 (1.34) 0 1 -2.4 -19 -Z
i=12,..m
n P
Zanuh.jxj + Zam-l-h.mkxmk = bm+h (135)
1=l k=1 B
h=1,2,..q

i Trong do: x,, x%,... x lan I:)ién khong am, X, X__.... xmpllh p bién tu do (Pién am). Bit
dang thic (1.34) biéu thi m diéu kién rang budc dudi dang bat dang thic. Biéu thic (1.35)
biéu thi q diéu kién rang budc dudi dang ding thirc. Tt‘it\cfn cac sb a, b, ¢ ddu 1a hiing s’é. I:(hi
bai todn trén ddy khong bao gém cac bién tyr do va cic di€u kién rang bude dudi dang bat dang
thirc, ta goi n6 1a bai toan quy hoach tuyén tinh c6 dang chinh tic.

Bai toan 2
Cure tidu hda ham

Z' =3 by, 3 by Y (1.36)
véi didu kign - "

m
z aini + i aj.rr1+hym+h 2 Cj
i=1

= (1.37)
j=12,..,n

Zamk‘iYi + i ar1+|n(.m+hYm+h = C1'|+k

= hei (1.38)
k=12,...p



Trong dd:y, y,...y_la bién khéng am; Yie> Yowezrrr Yoy 12 4 bién tir do.

Hé bét ding thire (1. 37) biéu thj n diéu kién rang budc dum dang bt dang thic. He ding
thic (1.38) biéu thi p diéu kién rang budc dudi dang diing thirc.

Hai bai toan trén day c6 mdi quan hé twong (ng mat thiét véi nhau. Ching han n bién
khéng am trong bai toan | twomg tmg v&i n didu kién rang budc dudi dang bt ding thic
(1.37) trong bai toan2; p bién tr do trong bai toan 1 twong img véi p didu kién rang budc dudi
dang ding thirc (1.38) trong bai toan 2; m didu kién dusi dang bat ding thirc (1.34) trong bai
toan | tuong Gng véi m bién khdng am trong bai toan 2; q didu ki¢n dudi dang dang thir
(1.35) trong bai toan 1 twong {mg v&i q bién tw do trong bai toan 2.

Ta goi bai toan 1 11 bai todn gde, bai toan 2 1a bai todn dbi ngiu.

Cin cir vao dinh [i d6i ngau, ta ¢ cic tinh chit quan trong sau diy:

Tinh chit I

Bai toan 1 va bai toan 2 14 2 bai toan déi ngiu nhau, Nghia 13: néu lay bai toan 1 lam bai
toan géc thi bai todn 2 1 bai toan déi ngiu; nguoce lai, néu liy bai toan 2 1am bai toan gbc thi
bai todn 1 1a bai toAn ddi ngiu.

Tinh chit 2

Néu bai toan géc c6 phuong an t6i vu thi bai toan déi ngiu ciing cd phuong 4n t5i wu.
Tinh chit 3

Gia tri cuc dai clia ham muc tigu trong bai toan goc bang gi tri cue tiéu ctia ham muyc

tiéu trong bai toan ddi ngiu. Nguoc lai, gi4 tri cuc tidu ciia ham muc tiéu trong bai toan gic
bing gia trj cuc dai cda ham muc tidu trong bai toan ddi ngiu.

Néu goi Z la ham muyc tiéu trong bai toan gbc, Z* 13 ham muc tidu trong bai toan déi
ngau, ta cd hé thic:
max Z = min Z*
min Z = max Z* (1,39)

Trong thuc t€, ¢6 trudmg hop bai toan gdc khé giai hon bai toan di ngau. Khi d6, giai bai
toan déi ngau s& thuan loi hon.

Thidu 1.7.
Cuc dai héa ham Z=7x, +5x, (1.40)
v6i dieu kign: ‘
2x,+3x, <19
2x, + x, €13
Ox,+3x, <15}
3%, +0x, < 18 (L41)
X, 20, x,20]
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Ta thanh Iap bai toan d5i ngiu nhur sau. Trong bai toan géc, ¢6 hai bién khong am, khong
¢6 bién tr do. C6 4 dicu kién rang budc mang diu bat ding thic <, khoéng ¢6 digu kién rang
budc mang diu ding thirc. Pong thdi, ham muc tiéu duoc cuc dai hod.

Viy bai toan d6i ngau bao gdm 4 bién khong am va 2 diéu kién mang dfu 2. Ddng thei
ham Z* duoc cuc dai hoa. Do dé bai toan débi ngiu cd dang:

Cuc tiéu hoa ham

Z' =19y, +13y, +15y, +18y, (1.42)
véi didu kign

2y, +2y,+0y,+3y,27 (a) }

3y, +1y,+3y;+0y, 25 (b) (1.43)

Yi:¥2 ¥ Y, 20

Chc hé sb trong (1.42) 1an luot 1a cac s hang trong v& phai cla (1.41). Cac he sb trong
(1.43a) 14n fuot 12 cac hé sb cha X, trong (1.41); cac hé sé trong (1.43b) lan luot 12 cac hé sb
clia x, trong (1.41).

Cin cir vio nhan xét trinh by trong phan trude, ta cuc dai héa ham Z'*= (-Z*)

Sau khi dua vao cac bien du Y5 ¥, va bién gidtao u , u,, bai todn abi ngau trén c6 dang

Cuc dai hoéa ham

Z2’*=-19y -13y,- 15y, - 18y, + 0.y, + 0.y, (1.42a)
véi dieu kign
2y, +2y, +3y,—ys +u, =7} (1.43a)
3y, +ly, +3y, -y, +u, =5

Sau khi gidi theo phwong phap don hinh (xem bang (1.11)) ta dugc phuong an i tu:

max Z*¥’ =50 img véiy =3/4,y,=11/4,y,=y,=0

{(xem bang (1.11e))

Vay min Z* = 50 hay max Z = 50

Mot didu 11 thil 12 néu toan bd céc bién trong ca hai bai toan déu khong am thi cic bang
don hinh trong bii toan géc cé thé suy ra tir cAc bang don hinh trong img trong bai toan ddi
ngiu. Ta s& vin dung mdt s tinh chit sau day:

1) Bang don hinh cta bai toan gde ¢b thé suy ra tir bang don hinh tuong {mg cia bai toan
d6i ngiu biing cach hoan vi hiing va c6t. Sau khi hoan vi hing va c6t, cin phai d8i diu toan bd
cac phin tir trong émg trong cdt va hang.

2) Giita cic bién trong 2 bai toan, ¢6 mdi quan hé tuong img sau day.

Liy thi du bai toan d cho. Pua hg diéu kién (1.41) cGa bai toan gbc vé dang dang thirc:



Bang 1.11

Y, Y, Ys Y, Ys Ys
a2 0 ©) -1 0 7 u,
3 1 3 0 0 -1 5 u,
-19 -13 -15 -18 0 0 0 AN
Y, Y, ¥s u, Ys Ye
bl 23 2/3 0 -1/3 0 /3 y,
ﬁ 3 1 @ 0 -1 5 u,
NI ! -15 -6 0 2 | z¢
(| Y, u, Ys s
c |t 2 23 -1/3 0 713 y,
) (D 1/3 0 -1/3 5/3 ¥,
8 4 -6 -5 67 AN
Y5 Y Y Ye
di| -3 13 29 | 119 Y,
4 1 1/3 0 -1/3 5/3 Y,
-8 413 6 73| 16173 -Z*
(1, Y, Ys Ye
ell -3 9/4 -3/4 1/2 11/4 y,
W an -3/4 1/4 -172 3/4 v,
-6 -3 -5 -3 -50 AN
z, =19-2x, ~3x,
z, =13-2x,-1x,
z,=15-0x,-3x, (1.44a)
z, =18-3x,-0x,
Trong do:

2, 2,, 2,, 2, la cic bien d&m dong vai tro an co ban,

X,, X, d6ng vai trd an ty do. O day, khong dua vio cac bién gia tao vi ddng nao ciing phai
khir ching.
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Biing cach tuong ty, didu kién (1.43a) cha bii toan ddi ngau cb thé dua vé dang:

ys = —7+2y, +2y, +0y, +3y4}

1.44b
yo =~5+3y, + Ly, +3y, + Oy, (1.440)

Trong d6, céc bién du ¥ ¥, dong vai trd 4n co ban va céc bién Y1 ¥y Yo ¥, dOng vai tro
an ty do. Mi quan hé tuong img giira cac bién trong 2 bai toan bi€u thi theo so dd sau day:

bién tr do bién co ban
”~ - Y /_A_\
Bai toan ddi ngiu: y, v, Y, v, ¥s Y,
. .z ’ 1.45)
Bai toan goc : z, zZ, Z z, X, X, (
Y —_ | .
bién co ban bién tr do

Sau khi hoan vi hang va cot, ta hoan vi cac bién theo so dd (1.45). Cudi cung, ta duoc cac
bang don hinh (1.12c), (1.12d), (1.12¢) cla bai toan gde. Ching lan luot twong (mg véi cc
bang don hinh (1.11c¢), (1.11d), (1.11e) cida
bai toan déi ngiu. Béng 1.12.

Bang don hinh cudi cing (1.12e) cho

. -4 2 - - - Z z-‘l 23
phuong an toi wtu cua bai todn goc:
e 273 | -8 z
max Z = 50 (mg véi x, = 5, x,=3. !
! 23 | s | 4 z,
. 5 i a
§4. PHUONG PHAP GRADIEN 13 0 5 X,
Phuong phap don hinh 1a mét ¢dng cu 0 13 5 x
tinh toan co ban d€ giAi cic bai toan quy hoach :
tuyén tinh khi cac bién 1a lién tuc hoiic s 73 -5/3 67 <
)
nguyén. Song con cé nhimg phuong phap Z, Z,
khéc c6 khi ning gidi duge bai toan tdi wu 2/3 -1 8 z

tuyén tinh hoiic phi tuyén tinh ma khéng ding

AR ; iy YIE K| 49 | 13 42 |z
dén ki thudt don hinh. Mt trong nhing

phuong phip d6 1 phuong phap Gradién. m ] o 6 X,
Ta di biét ring mét phuong an 13 mot 219 | 173 173 X,
tap hop céc bién x, x,,..., x_théa min cic 119] .53 1653 Z
didu kign rang budc. N6 tuong img véi mot Z 2
di¢m trong mién nghiém thudc khong gian n 2 :
chi¢u. Thyc chit clia phuong phap Gradién 32 -2 6 Z,
12 xuét phat tir mot diém nay di dén mot di€ém (c){ 9/4 | 3/4 3 z,
khac trong mién nghiém trén n’hfrng \huong 3/4 -1/4 5 X,
¢6 lgi nhat sao cho phuong an xap xi dan dan 15 5 3 "
va nhanh nhét v&i phirong an t6i vu. Ta hay z
minh hoa vAn d& nly trén hinh 1.3, \_-ll4] -3/4 -50 Z
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(b}

Hinh 1.3

Trén hinh (1.3a), cac dudng mic Gng véi cic gia tri khac nhau ciia ham muc tiéu Z (dang

tuyén tinh). Cac duong bién ec, cd, df biu thij cac didu kién rang bude téi han* c6 dang tuyén
tinh.

Gia st dau tién ta xudt phat tir di€m a nim trong mién nghiém. Ta s& di chuyén theo
hudng ¢6 loi nhit 1a huéng vécto gradién vudng gbc vai dudng mirc Z vitrén hucmg do, gia
tri ciia ham muc tiéu ting nhanh nhit. Theo hudémg dé, ta di chuyén dén difm b nim trén
duomg bién cda mién nghigm. Néu o difm b, ta lai tiép tuc di chuyén theo hudng vécto
glddlen thi gia tri cia ham muyc tiéu s& ting nhanh nhét, nhung diém méi lai vurot ra ngoai
mién nghiém. Do do, ta phai d8i hudmg di chuyen Trén hinh (1.3a) ta di chuy&n men theo cac

dudmg bién 1 15t nhit: tir b di chuyén dén c, rdi tirc di chuyén dén d. Day la diém cudi cung
img v&i phuong an i wu.

Khi ham muyc tiéu c6 dang phi tuyén va cac didu kién rémg budc ¢d dang tuyén tinh, ta
cing lam tu-cmg ty nhu trén. Chang han, trén hinh (1.3b), ta xuét phit tirdiém a, di chuyén dén
dieém b nim teén duong bién theo huorng vécto gradién clia ham muc tigu. Tir diém b, men
theo dudng bién di chuyén dén difm c rdi tir diém ¢ di chuyén dén diém d.

Khi cic digu kién rang budc cd dang phi tuyén (hinh 1.3¢), ta cling xuét phat tir mot diém
bit ky a nim trong mién nghiém, men theo huéng vécto gradién clia ham muc tigu dé di
chuyén dén diém b nim trén dudng bign. Vi cic didu kign rang budc & day ¢6 dang phi tuyén,
tlr di€m b ta chon mét huéng di chuycn thich hop ching han hudng bb’ trén hinh (1.3¢) sao

cho di¢m méi vin nim trong mién nghiém. Bai toan nay phirc tap hon, ta sé d& cép dén trong
phin sau.

Cén chii § riing d8i véi bai toan quy hoach tuyén tinh, gidi theo phuong phap gradién bao
gitr cling ton tai mot phuong an t6i wu. Tuy nhién, khi bai toan quy hoach phi tuyén khéng
théa man tinh 15i, phuong phap gradién chi cho phuong 4n ti wu cuc b.

Sau day ta s& nghién ctu phuong phap gradién trong 2 trufmg hop.

* Khi mét diéu ki¢n dudi dang bat diing thire tré thanh diing thic 12 goi n6 1a didy kién (67 han,
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84.1. Truomg hop ham muc tiu ¢6 dang tuyén tinh hoiic phi tuyén, cic didu kién rang budc
cé dang tuyén tinh,

Gia sir ¢6 bai toan tdi wu:
Cyc dai hda ham Z = f(x, X,,.... X)) (1.46)

v digu kién

i=12,..m (1.47)
x,20; j=L2,..n

Khi ham Z ¢6 dang tuyén tinh, phuomg trinh (1.46) c6 dang:
Z=2.Cx; (1.462)
=

Didu kién (1.47) vira mang ddu déng thirc, vira mang diu bat déng thirc. Khi digu kién
rang budc mang déu bit ding thirc >, ta nhan 2 vé ciia nd voi s6 (-1) & duge mdt bat dang
thirc mang diu <. Vi véy, sau day ta chi xét trudmg hgp bét dang thirc mang diu <,

Gia sir véeto cft {x_} = {X, ;u X, oo X, o} biéu thi mdt phuong an nio d6 nim trong mién
nghiém (mg v&i gia tri Z_ cia ham muyc tiéu. Vécto cot {x,} = {x ., X, ... X |} bi€u thi mot
phiremg an méi tot hon (mg voi gid tri Z, cta ham myc tiéu nghia 1a Z, > Z_Gié sir ham muc
tidu cO dao ham riéng bac nhét lién tuc tai moi diém trong mién nghiém.

D& gia tri ctia ham muyc tiéu ting nhanh nhat tir diém x, ta men theo hudng vécto grdién
ctia ham muc tidu. Phuong 4n méi t6t hon s& la:

X, =X, +Ad, (1.48)

Trong d6:

A - mot hing sb duong goi 1a d6 dai cla budc;
{d }- vécto chuyén vi clia vécto gradién img véi him myc tigu tai diém X_.

© Vécto gradién cua him muc tiéu co dang

of of of
Vix)=}-— — ... —
& [ax, ox, 8xni\ 1.49)
Theo dinh nghia trén day, vécio ct
of of of
{dn}=V'f(x)={— a . _}
Oy 0%y O gy (150
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Phuong trinh (1.48) tOn tai véi gia thiét Vi(x,)# 0. Khi ham muc tieu cé dang tuyén
tinth, tir phuong trinh (1.46a) ta co:
Vi(x) =[ec,..c,] (1.49a)
do do
{d,} ={c,cp.c} (1.50a)

Ta nhan thiy khi gia tri A cang Ién, gia tri ham muyc tidu ting cang nhanh. Vin dé dat ra
Ia khéng ché gia tri A nhur thé nao d€ c6 lgi nhét. Né phu thude vio 2 nhian td sau day:

1) Khi tdng A, mot s bién ¢6 kha ning triét tiéu. DE dam bio bién méi X, , (tai diém x )
khéng am, diéu kién sau diy phai dugc thoa min:

L=X; ,+4d, =0

ja =

tr d6 suy ra

X}-.D .
As ~7 rnéud <0
j.o

o
Do do, gia tri A phai thda man didu kién:
r<h =" x,0d,, ]
! (1.51)
Xjo>0;d,, <0

2) Khi tiing A, di€ém méi ¢ thé vuot ra khoi midn nghigm.

D€ dim bao diem méi khdng vurgt ra khdi midn nghiém, ta phai ¢é:

[aj:l.{x,} =[ai].({xo}+ﬁ{do})5bi
Trong do: [a'] la hang thir i ca ma trin céc hé sb a, (img véi X)) trong he thirc (1.47).

Néu

[a'].{d }>0—>/1< [a]
do d6 A phai thda mén didu kién
A<A, = m' (v, ~[a b [ JHe}]
[2']{d,}>0 (152)
Trong dé, chi sd i img véi didu kién ring budc thi i,

Vi nhimg i do trén day, gia tri A phai 14y bing gi tri bé nhét trong 2 gia trj A, va i, vira
tinh ¢ trén.
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Khi mot diém méi ¢d kha ning vuot ra ngoai mién nghiém, ta khong thé tiép tyc di
chuyén theo hudng vecto gradién clia ham myc tigu, ma phai di chuyén theo mot hudng vecto
khac. ching han vecto don vi {r}. Gia st x, la mét di®m nim trén dudmg bién (mg véi dieu
kién rang budc téi han thir i. Ta ki higu di€m d6 13 x . Néu tir diém x , ta di chuyén theo hudng
vecto {r}, s8 gia clia ham muc tiéu s& 1 VE(x ).{r}. Tai dim x_c6 kha ning mot sb bién triét
tiéu, chiing han bién x, = 0. D& bién x, khong am, phii thba min diéu ki¢n:

=X +Airz20
] J.v 1
nhung vi
xj‘v=0vh?\,>0nén erO (a)
Miit khac, dé bao dam diém méi khong vuot ra khdi mién nghiém, ta phai cé:
Ung véi didu kién rang budc t&i han:
[a]. {x}=[a]. ({x,} +{r}) < b,

nhung vi didm X, nim trén duomg bién nén [a] . { x,}=b

do d6 Ala]. {r} <0

vi A > 0 nén (2].{r} <0 (b)

Ung v6i didu kign rang bude mang dau ding thie:

[2]. {x) = [4]. ((x} + & {r])) =D,
nhung
[a]. {x } = bj (x, ndm trén duong bién) nén A [&] .{r} =0

Vi: A>0nén{a].{r}=0 (¢

Hurdmg di chuy@n c6 loi nhit 12 hudng vira bao dam gié tri ham muc tiéu ting nhanh nhit,
vira thda min didu kién bién khong am (didu kién a), vira thda man didu kién diém méi khong
vuot ra khdi mién nghiém (diéu kidn b va c). Vay @€ chon hudmg vecto don vi {r}, ta giai bai
toan quy hoach phi tuyén:

Cuc dai hda ham

Z =VIi(x). {r} W (a)
Véi didukien [ [2]. {r} <0 déi véi didu kién
rang budc ton han
[@]. {r} =0 =i dbi véi dieu kién rang }
budc mang dau dang thirc
rJZOnéu xj‘v=0
(] {r} =1 )

D tranh su phirc tap khi giai bai toan phi tuyén trén day, ta chon vecto {r} sao cho thda
man 0 <r < 1 khi X, = Ova-1< RS 1 khi xj_v;tO.

(1.53)

.

Viy bai toan trén day cd dang:



Cuc dai hda ham:
Z_ = Vi(x). {r} 2 )
véi diéu kién:

[a].{r}< O d6i v&i didu kign rang budc téi han. )

[a].{r} = 0 j=1idbi véi didu kién rang bude > (1.54)
mang dau déng thirc }

Oérjslnéuxjvzo

-ISerInéuxjv>0

L.

(by J

Huéng vecto xac dinh tlr bai toan trén la hudng ¢d 1oi song chua phai 12 tdt nhat. Vi vay,
sau khi xac dinh vecto {r}, ta lai tiép tuc chon d6 dai bude A theo cac hé thirc (1.51). (1.52).
Bing cach trén ddy, ta cai tien din cac phuong an. Qué trinh tinh toan s& két thic khi nao gia
trj V f(x }.{r} bién thanh am.

Khi cac diéu kién rang budc ¢6 dang tuyén tinh, ta chon vecto {r} sao cho hudng di
chuyén 1a huéng men theo cac dudng bién clia mién nghiém.

Thi dy 1.8.

Cuc dai hoa ham

Z=2x+x, (a) )

v{i diéu kién:

5%, +x, <30
3x,+x, <20
1L3x, +x, 514

X, X5 20

¥

(1.55)
(b)

/
Trén hinh (1.4), cac dudng ec, cd, df bidu thi cac dudmg bién (mg véi cac didu kién téi
han (1.55b). Gia str xuét phat tir diém a (1,2). Phuong 4n diu tién 1a {x}={1 2}
Cin cir vao phuong trinh (1.55a) va cong thic (1.49):
0z/0x, =2, 0z/0x, =1
do do vecto gradién VI(x) =[2 1].
T cong thie (1.50a):
{d,}={d, d,}=1{2 1}

Pudng ab trén hinh (1.4) biéu thi vecto {d_}, 46 déc twong tmg bing 1/2. T phuong
trinh (1.48), ta ¢6 diém méi X,

)
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Vi cac phin tiY cia vecto d_1a nhimg s6 duong %

nén khong cin xét dén didu kién (1.51). He diéu kién o
(1.55b) ¢6 thé vidt dudi dang ma tran: 9 ‘\\‘
5 1 30 8r
X
301 ( )s 20 7t
X,
L5 1 14 el
hay: Ax<b 51
Ung v&i hang diu cha ma tran A (i =1): Al \
[a'1=[5 1]1:b,=30 \ — - z=16
<] R | B e
b, - [a'] {x,}) =30-(5 1].{1 2} =23 _t \
[2']{d ) =[5 1].{2 1}=11>0 2k &K,
Thay céc gia tri nay vho didu kién (1.52)tadue  1F \
Ay, =23/11. N ¢
. T2 3 4

p 0
Ung v&i hang 2 cia ma trdn A (i = 2):

[a’]=(3 1};b,=20
bz-[az] Ax }=20-[3 1].{1 2} =15
(@] {d,}=[3 1].{2 1}=7>0

dodo A,,=15/7

Ung v&i hang thir 3 cda ma trdn A (i=3):
[(’]=[1,5 1];b,=14
b,-[al{x }=14-[L5 1].{1 2}=11,5
(a']{d }=[L5 1]1.{2 1}=4>0

dodd h,, = 11,54

Cin cir vao diéu kién (1.52), ta chon

Hinh 1.4

23711
A=Ak, =23/11=min| 1577
11,5/4

Thay gia tri A vho phuong trinh (1.56); ta ¢6 diém méi

N A RA G o

Piém {x |} img vai dim b trén hinh (1.4). Nhu vy la sau khi xac dinh d¢ dai budce A, ta
di chuyén tir di€ém a dén diém b. Piem m&i nay nam trén dudng bién (mg véi dicu kién ring
budc &1 han thi nhit. Dén day, ta tiép tuc di chuyén theo hudng vecto {r}. Ta co:
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Vix). {r} = Vi(x,) . {r}=[2 1]. {r, r,} =2r 41, (a)

Ta xéc dinh cic thanh phin ciia vecto {r} theo céc hé thirc (1.54b). [j'ng véi didu kien téi
han thir nhat (i=1):

[a'l{r} =[5 1]. {z ,} =51 +r1, ' (b)
Thay cac biéu thitc (a) va (b) vao bai toan (1.54) ta c6 bai toan téi wu:
Cyc dai hoa ham Z,=2r+1, (@)
véi diéu kién:
5t +1, <0 ’ (1.57)
-l<r, <1} (b)
-1<r, <1

Phuong an t6i wu clia bai toan trén day la:
{r, r,} = {-1/5 1}
Vay tir diém X . tadi chuyen theo hudng vecto {d } = {-1/5 1}. Trén hinh (1.4) ta nhan
thiay doan eb cé do doc bing -5/1 do dd vecto d_ trung vé&i dudng bign (mg véi didu kién téi

han thi nhiit. Sau khi xac dinh vecto {r}, ta thay {x,} vao {x,}, {x,} vao {x_}, {d } vao {d )}
va ap dung cdng thic (1.48):

X, ) (57/11) (=175
Se=| +4
e [xz_J (45,*11] (1 ] (1.58)

Vix, , =57/11>0va d, =-1/5<0
nén phai xét dén diéu kién (1.51):
A, =(-57/11): (-1/5) = 285/11

Ung v&i didu kién ti han thir nhét, khong can tinh A, vivecto {d } tring véi dudng bién
(mg vé&i didu kién téi han do.

Ung véi didu kign t6i han thir 2 xem hé bit ding thirc (1.55b):
b,-[@]. {x,} =20-[3 1]. {57/11 45/11} =4/11
[ . {d}=[3 1].{-1/5 1}=2/5>0
do do:
4711

, = ——=10/11
Ao 2/5

Biing cich twong tw, img v6i didu kién (& han thi 3, &, = 67, 173/11. Can o vao didu
kién (1.52) ta chon 4, = A,,=10/11.

Chon gi tri ) biing gia tri nhd nhét trong 2 gia tri A, va A, vira tinh & trén: A = 10/11.
Thay gid tri & vao phuong trinh (1.58):
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X 57111 -1/5) (5
(x}=] " |= +10/11. =
X,,) \45/11 1 5
Diém X, triung véi di€ém C trén hinh (1.4). Day 13 di€m giao nhau giira duong bien img
véi digu kién t6i han thir nhit va dudmg bién img v&i didu kién téi han thir 2.
Dén day, ta tiép tuc di chuyén men theo dudmg bién img véi didu kién t&i han thir 2. Vi d6

dée cta nd 1a -3/1 nén ta chon vecto {r} = {r, r,} = {-1/3 1}. Biing phuong phap tuong tu
trinh bay & trén, ta dugc diém méi.

Di€m nay trung v&i diém d trén hinh (1.4) va cho phuong 4n t8i .

Bay gi0 ta hay thu xac dinh vecto {r} b%'mg cach giai bai toan phi tuyén (1.53). Loi dung
két qué cia bai toan (1.57), ta c6 bai toan i vu:

Cuc dai héa ham

Z, =2r +1,
Véi digu kien:
5r,+1,<0 (a)
[r]{r} =1 +1 =1 (b)} (1.59)

Két qua giai theo phuong phap d thj ghi trén hinh (1.5).

Dudmg ac tmg véi digu kign t6i han (1.59a). Pudng trdn bigu thi didu kién phi tuyén
(1.59b). Mién nghiém gi6i han bdi doan thfmg ac va cung tron abe. Gia tri cuc dai clia ham
myc tiéu img voi diém a {(giao diém gira duomg th':"mg 5r, + r, = 0 va dudng tron). Tai 4o,
r, =—1/26, 1, = 5426 . D ddc ciia doan ac +,
b:é‘lng -5 do d0, phuong clia vecto {d } trong
bai toan trude triing véi phuong cua dudmg ac. RT3 Y “_“::‘: _____ =

Két qua giai bai ton (1.57) ciing ghi trén E / \,\-x ™
(hinh 1.5). Liic nay, midn nghiém xéc dinh {1+ =T ‘i‘{ N
bdi dudmg thing ac va cac canh hinh vudng O \ }
vé phia bén trai dudng ac. Diém a’ img voi 1 ] 0 \ |
gia tri cuc dai cia ham muyc tiéu. N6 1a giao I \ /
digm clia dudng thing S5r,+ 1, =0 va dudng
r,=1.Taidé, 1, =-1/5,r,= 1. Didu n2y chimg

+,

td phuong ctia vecto {r} trong bai toan tuyén
tinh (1.57) hoan toan tring véi phuong cia 2
vecto {r} trong bai toan phi tuyén (1.59). Hinh 1.5
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§4.2. Trudmng hop ham muc tiéu c6 dang phi tuyén, cic didu kién rang buéc mang diu < cé
dang phi tuyén, cic didu kién rang budc mang diu ding thix cb dang tuyén tinh
Gia sur c6 bai toan

Cuc dai héa ham

Z=1(x,%X,,..%,) @ )

Véi diéu kién:
gi(xl'XZ"“xn)Sbi (b) ( (1.60)
O, (X Xp,.%, ) =d, (c) )

Trong d6: ham Z c6 dang phi tuyén; diéu kign (1.60b) c6 dang phi tuyén; didu kign
(1.60c) c6 dang tuyén tinh. Ta goi (1.60b) 1a didu kién ring budc loai 1 va (1.60c) 1a didu kién
rang budc loai 2.

DE giai bai toin trén day, ta cling xuit phat tir mot diém X, trong mién nghiém va di
chuy&n theo hudng vecto gradlen cla ham muyc tigu. Diém méi xac dinh tr phuong trinh

(1.48) trong @6 gia trj A 14y bling gia trj nhd nhét trong 2 giatri A, va A,. A, xac dinh theo diéu
kién (1.51). D€ xéc djnh A, ta gidi phuong trinh:

g (x))=b, (1.61)

Trong db, chi 56 i img véi diéu kign rang budc t6i han loai 1 thir i, x, 12 mét diém méi.
Zoutendijk d& ra mot phuong phap x4c dinh vecto {r}, vira bio dam difm méi nim trong
mién nghlcm vira bao dim téng nhanh gié tri ham myc tiéu. Theo phuong phap nay, ta xuét phat
trmét diem x, nim trén duomg bién. Ta s& xac dinh vecto {r} bing cach giai bai toan quy hoach:
Cue dai hdéa ham

Z=c
voi diéu kién
Vg(x,).{r}+o<0 (a)]
[ai].{r} <0 (b)
[#]4r}=0 (¢)
Vi(x,).{r}+o<0 (d)
{r}.{r}=1 (e)d

Trong d6, chi s6 i img v&i dieu kién t6i han loai 1, chi sb j img v&i didu kién rang budc
loai 2. An ciia bai toan trén day 12 & va cic phiin tir cla vecto {r}.

"

(1.62)

Sau khi xac dinh vecto {r}, ta xac dinh gié tri A va tiép tuc cic bude nhu trong phén trude
d4 trinh bay.
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Thi du 1.9.

Cuc dai hdéa ham

v dieu kién

Trube hét, ta tinh cic vecto gradign theo cdng thirc (1.49):

do dé:

Z=16x,—x} +2x, (a)

g(x)=x-6x,+x,<0 (b)
g,(X)=x]+x-50<0 (¢
3<x, 56 (d)

3<x,<6 (e)

Vi) =[(16-2x,) 2]

{d}={{16-2x,) 2}
Ve ) =[(2x,-6) 1]
ng(x)=[2}(i 2x2]

)

/

Gia sir diém xuiit phat 1a {x,}=1{x, Xx,,}=1{3 3}. Tacé:

do dé:

vi(x,)=[(16-23) 2]=[10 2]

{d,}={d, dy}={10 2}

Ap dung cong thic (1.48):

= ()

(1.63)

(1.64)

Vid, =10>0,d, =2 >0 nén khong can xét didu kién (1.51). DZ x4c dinh A, ta giai
phuong trinh (1.61):

gi{x)=g(x +Ad)=b i=1,2

Cén cir vao cac hé thire (1.63b), (1.63c), (1.64)

(3+104) -6(3+100)+(3+20)=0 (a)

2

(3+10R)" +(3+24)" =50

Tt phuong trinh (a) ta duge A, |, = 0,235
Tir phuong trinh (b) ta duge A,,=032

(b)

Ta chon gié trj A bing gi tri nhd nhét trong hai gi4 tri vira tinh & trén. Vay A = 0,235.
Dicu nay chimg t6 di€ém mé&i khong vuot ra khdi dudng bign img véi didu kign t6i han (1.63b).
Thay gia tri A vao phuong trinh (1.64)



Xy, 3 10 5,35
(x )= " 1= |+0,235]  |=
X,, 3 2 3,47
Diém méi {x,} ={x} nim trén duong bién (mg véi diéu kién téi han (1.63b)
Tiép tuc tinh cic vecto gradién:
Vix,) =[(16-2535 2] = [5.3 2]

Ve (x,)=[(2.5,35-6) 1] = [4,7 1]
Vex,) =[(2535) 23,47 = [10,7 6,94]

Thay céc két qua trén ddy vao bai toan (1.62), ta c6 bai toan phi tuyén:
Cuc dai hbahamZ =0 (a)

Vi diéu kién:

4,7h+r, +0 <0 (b)
10,71, +6,94r, +o <0 (¢)
(=3,3r, -2n,)+0 <0 (d)

r+5 =1 (e)

(1.65)

Bai toan trén day gdm 3 3n o, r,. 1,. Ta xc dinh c4c an nay biing cich tim gia tri 16m nhét

clia o tir hai hé phuong trinh sau:

4,7 +,+0 =0
=53 -2r,+0 =0

2 2
I+ =1

10,71, +6,94r, +a5 =0
(5,3, -2n)+0o =0

it =1

Nghiém cuta phuong trinh (a) Ia:

o= 0,383
r, =-0,287
r,= 0957

Heé phuong trinh (b) khong ¢6 nghiém.

(a)

(b)

Két qua gidi theo phuong phap db thi ghi trén hinh (hinh 1.6). Thay ¢ = 0,383 vao hé

phuong trinh (a)
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4,71, +r, =-0,383
* 7 =
5‘31,1+,r21 0,383 (a)
L+ =1
Nghiémr,, r, ctia hé phuong trinh
(a’) img véi difm giao nhau gita hai
dirong thzzmg va vong tron rl2 + r,f =1.

) ) . 5] ~5.3r,+2r=0,383
Sau khi xac dinh vecto

{d.}={d, d,,}={-0287 0957}

ta ap dung cdng thic (1.48) d& dugc
diém méi

|_-4.7r,+7,=-0,383

&
) ={x}+2{d} NO
Thay cac két qua vira tinh & trén
vao phuong trinh:
X 5,35 -0,287
x}=1 "= + Hinh 1.6
x,, | |3.47] T|0,957

(1.66)
Vid, =d  =-0,287 <Ovax, =x_=535>0nén phii xét dén didu kién (1.51)

Ao X 7335

=19
d, -0,287

Vid, =0.957 > 0 nén khong can xét dén didu kién (1.51). Do d6 ta chon A, =19,
D¢ xac dinh A, ta giai phuong trinh (1.61):
g (x)=b i=1,2
Thay hé thire (1.66) vio cac digu kign (1.63b), (1.63¢):
(5,35 - 0,287A) - 6(5,35 - 0,287)) + (0,47 +0,9572) =0 a)
(5,35-0,2870) + (3,47 + 0,957A)2- 50 =0 (b)
Phuong trinh (b) cho gia tri min &, = 1,75
Sau khi so sanh 2 gia tri A, va A, tachon A = 1,75. Thay gia tri A vao phurong trinh (1.66):

X, ) (5,35 -0,287) (4,85
K=l = +1,75 =
Xy, ) \3,47 0,957 5,14
Cin ¢fr vio sy phn tich trén dy, diém méi {x,} nim trén dudng bién img véi dieu kién

t&1 han thir hat ciia bai toan.
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D¢ duge cic diém tiép theo, ta lip lai cic bude
nhu da trinh bay & trén.

Trén hinh (1.7), diém xuét phét {x } = {3 3} img
véi digm B. T diém B, ta di chuyén dén diém méi
{x,} theo hudng vecto gradién [10 2] v&i d6 dai bude
A =0,235. Diém {x,} nam trén dudng bién (mg vdi
diéu kién t&i han thir nhét v tring véi diém C.

Tir diém {x, }, ta di chuyén dén di€m {x,) (diém
D trén hinh [.7) theo hudng vecto
{d.f={r}={r, r}={-0.287 0,957} voi do dai
bude A = 1,75.

Tir diém {x .} ta di chuyén dén diém {x,} nim
ngay dudi diém A trén hinh (1.7). Piém cudi nay img
voi gia tri max Z = 65.

Hinh 1.7

§5. PHUONG PHAP TUYEN TiNH HOA BAI TOAN QUY HOACH PHI TUYEN

Trong tinh toén két ciu, bai toan quy hoach ph1 tuyén thudng gip nhidu hon bai toan quy
hoach tuyen tinh. Giat bai toan quy hoach phi tuyén thudmg kha phirc tap, nén ngudi ta di tim
cach tuyén tinh héa bai toan dé dé ¢o didu ki¢n sir dung phuwong phap don hinh hoiic phirong

phap gradién.

C6 2 hutmg tuyén tinh héa bii toén quy hoach phi tuyén:

1. Huéng tuyén tinh hoa bing chudi Taylor.

2. Hudng tuyén tinh hoa timg miu.

§5.1. Phwong phép tuyén tinh héa bing chudi Taylor

Gia st ¢6 bai toan quy hoach phi tuyén:

Cuc dai hoa ham

Z =f(X,, X, X ) (@) )
Véi didu kién
g.(X,,%3,.,%,) <0 (b) » (1.67)
i=12,..m
X;sXs, X, 20

A

Trong d0,hamZ va g, déu c6 dang phi tuyén. DE giai bai toan trén, ta tuyén tinh héa cac
ham phi tuyén biing cach giir lai hai 6 hang dau tién ciia chudi Taylor.

Gia sir cho trude gia tri (p(x ) cla ham @(x) tai diem {x,}. Theo dinh Ii Taylor, gia tri cha

ham ¢(x) tai diém {x,}cd thé vidt gan dong:

P(x)) = 0(x, )+ Volx,).({x,} - {x,}) (1.68)
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Trong do, V(x,) la vecto hang [d¢/dx, d¢/dx, ... fo/dx,] tai di€m (x} = (x_}.

Ap dung cong thic (1.68) cho bai toan trén, ta ¢b bii toan quy hoach tuyén tinh:

Cuc dai hda ham

N

Z = f(x,)+ V(). ({x,} - {x,}) (a)
Véi didu kién: > (1.69)
gi(xi):gi(xo)-'-vgi(xo)'({x]}_{xﬂ}) (b)
X, 1o Xy pees xn‘lz(] i=1,2,...,m )

Ta dung phuong phap don hinh hoic phuorng phap gradién dé tim phucmg an t6i v {xl} :
Sau d6, thay {x,} vao {x }, {x,} vao {x, } d€ tim phuong an t8i wu { } Ci nhu thé ta tiép
tyc qua trinh tinh Lip cho dén khi phirong an 16i wu trong 2 vong tinh cudi cling xap Xi nhau.

Thi dy 1.10.
Cue dai hoa ham

Z=2X,+x, (a)
Véi dieu kién

X —6x,+x, <0
X +x;-80 <0 (b)

23,x,20

)

(1.70)

/

D& déi chiéu cac két qua tinh toan, trude hét ta giai bai toAn trén theo phuong phap db thi

{(hinh 1.8).

Phuong an t5i uu xuét hién tai di€m A: x, = 4, x, = 8, max Z = 16.

Day 13 diém giao nhau giira 2 dudmg bién img véi
hé dieu kién rang budc t&i han (1.70b).

Bay gid ta thir giai bai toan trén bing cach gii 2 sb
hang dau ctia chudi Taylor. Trude hét, ta tinh cic vecto
gradién.
vix)y={of/ox, of/iex,] =[2 1] (1.71)
Ve (x)=[0g,/ax, ag,/ox,] =[(2x,-6) 1] (1.72)
Ve,(x)=[8g,/0x, dg,/ox,)=[2x,  2x,] (1.73)

Gia st xuéit phat tir mdt diém bét ki ching han
diém B(x,=5,x,=8) nam ngoai mién nghiém (hinh

1.8). Thay gid tri {x} = {x,} ={x,, X,0}={5 8} vao
cac hg thic (1.70a), (1.70b):
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f(x,)=25+8=18
g2(Xg)=5.5~65+8=3
2,(x,)=55+88-80=9

Thay gia tri {x,} vao cac vecto gradién (1.71), (1.72), (1.73):

Vi(x) = [2 1]; Vg (x) = [4 1]; Vg, (x ) =[10 6]
Ap dung céc két qua trén vao bai toan (1.69), ta c6 bai toan quy hoach tuyén tinh:
Cuc dai héa ham:

(x1_‘5)
Z=18+(2 1).[()(2 _8)} (a)
Véi digu kién:
(Xl _5)
3+[4 1].{(x2_8))50 (b)
(x| _5)
9+(10 16)‘[(){2—-8)]50 (©)

Sau khi chinh i két qua tinh toan, ta ¢ bai toan:
Cuc dai hoa ham
Z=2x +x,
véi diéu kién:
4x, +x,-25<0
10x, + 16x, - 169 <0
X, 23, x,20
Ap dung phirong phap don hinh, ta dwoc phuong an téi wu: max Z = 16, 44 ung voi

X, =4,278, x, = 7,888. Phuong an t3i uu xuit hién tai diém C (hinh 1.8) B di€m giao nhau
gilra cac dudng 4x, + x, - 25 = 0 va dudng 10x, + 16x, - 169 = 0.

Budc sang vong tinh thir hai, ta thay diém {XI} = {Xu x2,1} ={4,278 7,888} vao di€m

{x } vii thay diém {xz} = {xl_2 xll} vio diém {x,} trong bai toan (1.70). Sau khi chinh i két
qua tinh toan, ta ¢6 bai toan:

Cuc dai héa hiim
Z=2x +x,

v4i didu kién:
2,556x, + x, - 18,267 <0
8,556x, + 15,776x, - 166,278 <0

X, Z3, X, 20
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GiAi bai toan trén, ta duye phuong an tdi uu: max Z = 16,03 img véi x,=4,03,x,=797.

Két qua nay xép xi véi phwong an tdi vu xéc dinh theo phuong phap dé thi. Néu tiép tuc
vong tinh tha 3, két qua ciing s& nhu trén.

Gia st xudt phat tir diém F(x, =3, x, = 8) (xem hinh 1.8). Vong tinh diu tién cho phuong
an ti uu x, =51, x,=0. Vong tinh th{ hai: x, = 14,45, x, = 0. Cac vong tinh sau cho phuong
an tét ru: x, =6, x,=0. Két qua nay & rang 12 khdng chinh xéc.

Gia sir thay diéu kién phi tuyén x? +x2 —80 <0 trong bai toan (1.70) bing diéu kién
tuyén tinh X,-90.

Ta ¢6 bai toan:

Cuc dai h6a ham
Z=2x, +x, (a)
véi didu kién: >
X ~6x,+x,< 0 (b) (1.74)

(cy

Phuong an t3i tru clia bai toan nay van xuét hién tai diém A (hinh 1.8): x,=4,x,=8.Tuy
nhién, néu ta ciing xuit phat tir diém B (hinh 1.8) rdi thuc hién cic budc tuyén tinh hba nhu da
trinh bay & trén thi phuong an t8i wu & 1a: max Z = 15 Gmg véi x, = 3, x, = 9. Két qua ndy
khong chinh xac.

Tir cic két qua trong 2 thi du trén, ta c6 miy nhan xét sau:

1) Phuong an tuyén tinh héa bing chudi Taylor khong phai liic nao cling cho két qua
chinh x4c. Ching han xuét phat tir di€m F s& din dén nhimg sai sd rét 1én. Tuy nhién, néu ta
biét chon diem xuét phat hgp Ii (chfmg han diém D, diém B) thi khuyét diém trén day ¢o thé
khic phuc dugc.

2) Phuong an tuyén tinh héa bing chudi Taylor chi ¢6 higu lye khi phuong an t6i v xuit
hién tai di€m giao nhau giita cic dudng bién trong bai toan géc phi tuyén. Ching han két qua
tinh toan trong thi dy thi 2 1a khong chinh x4c vi phuong an t8i wu trong bai toan géc phi
tuyén xuit hidn tai diém A, chir khong phai tai diém G (di#m giao nhau giira hai dudng bién
img v&i cic digu kién t&i han (1.74b) va (1.74c).

$5.2. Phuong phip tuyén tinh héa timg miu

Phuong phap tuyén tinh ha timg mau 4p dung cho bai toan quy hoach phi tuyén:

Cuc dat hdéa ham:
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Z=2 fix) )
j=1
Véi didu kign:

ig-.,-(x,—){z = <o, [ 7

=1,2,.
Xx; 20 j=1,2,...n )

Trong dd, cac bién X, xuét hidn riéng biét trong cic ham f va g; nen ta goi nd 1a bai toan
¢4 bién tach roi.

Vian dé ditra la phuong an t8i vu ciia bai toan gan ding gidi theo phuong phép tuyén tinh
hoa timg mau ¢6 tinh chit cuc bd hay toan bd? Dicu nay phu thude vio tinh chét 141 hoic 16m
cla ham muc tidu va cac diéu kién rang budc.

Néu f(x) 1a mdt ham I6m trong mién 1i kin X thi gid tri cyre dai cuc b clia f(x) trong X
cing la gié tri cuc dai toan by cia f(x) trong X.

Néu f(x) 12 mot ham [6i trong mién 16i kin X thi gid tri cuc tidu cuc b cha f(x) trong X
cung la gia tri cue tiéu toin bé cua f(x) trong X.

Noi chung, khi ap dung bai to4n gin ding tuyén tinh héa timg mau, ta chi ¢ thé xac dinh
gid tri cyc dai (hofic cue tifu) cuc b cha ham muc tiéu. Chi khi ndo cic ham f, 8, théa min
cac tinh chit 16i (hoac 16m) thich hop sao cho gia tri cure tidu (cuc dal) cuc bo dong thoi ciing
la gia tri cuc tidu (cyue dai) toan b, ta méi ¢6 thé tim duoc gia trf cure tidu (cuc dai) toan bécho
bai toan gan diing. Tir d6, suy ra gia tri cuc tiéu (cuc dai) toan b cho bai toan phi tuyén (1.75).

Sau day 1a mot s khai niém v& ham 161, hiim 16m.
§5.2.1. Khdi niém vé ham 16i, ham 16m
Ham 16i: ham f(x) goi la ham 16i trong mign I3i X € E" néu tmg véi hai diém bit ki
X, X, € X (x, #X,) va img v&i moi gia trj A sao cho 0 < A <1, né théa man bét déng thic:
AF(x) + (1= Df(x,) 2 £ Ax, +(1-)x, ] (1.76)
Ham 16m: Ham f(x) goi la ham I6m trong mién 16i x € E" néu {mg vé&i hai diém bat ki X,
X, € X{x,#x,)vaimg voigid tri Asaocho 0 <A < ], nd thda min bét ding thir:
M)+ (1-A) f(x) < fIAx, + (1 - M)x|] (1.77)
Chﬁng han f(x) = 1/x 1a mot ham 161 v&i moi gia tri x > 0 vi nd thoa man diéu kién:

L B 1

—+ >
X, X Ax, +(1-RA)x, @)
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Thue vy, néu bat ding thirc trén dugc thod man thi sau khi nhan hai vé cda né véi
Ax, +(1-A)X,, didu kién sau day ciing duge thdéa man:
(I=2)A(x, —%x,)* I x,.x, 20 (b)

V& trai cha (b) ludn ludn duwong theo gia thiét clia bai toan nén nguoc lai didu kién (a) it
phai duge théa man. D6 1a digu phii chimg minh. Ta goi ham trén 1 him /8i ngat.

Ham 16i ¢6 nhimg tinh chét co ban sau day:

1) Néu ham f(x) 1a mot ham 13i thi ham -f(x) 1a mdt ham I5m.

2) Ham tuyén tinh f(x) = c.x (¢ 12 hiing s) 12 mot ham vira 16i vira 16m.
Tinh chét nay suy ra tir tinh chét 1.

3) Tong ciia cac ham 181 (16m) Ia mdt ham 16i (16m).

$5.2.2. Noi dung phuong phdp tinh tuyén tinh héa timg miu.

Thue chét clia phuong phap tuyén tinh hoa timg mAu 12 thay dd thi ciia ham ¢6 bién tach
roi bing mot dudmg gly khiic.,

Gia sit cho ham y = f(x) biéu thi nhu hinh (1.9).

¥
Yo B ¢
/_' o
? 1~ 1 T
: T 4 1 -
a Lot T\
Y 1 M Hid 1
| | b ‘ |
I 1 1 1
I 1 I 1
I 4 3 ]
b r I 1
1 1 ] 1
Yo : : : :
1 1 1 1
1 1 1 1 1
1 ] 1 1 1
L 1 1 1 L)
¥i ; | i i |
' ] I 1 1 I
] ] | 1 | |
] ' | 1 I ]
1 1 | L | ]
] 1 ] ] ] ]
1 1 ] ] t ]
1 1 ] ] ] 1
1 1 1 ] ] 1
I 1 1 ' ] 1
I 1 1 1 1 1
I 1 i 1 1 1
I 1 1 1 1 1
] L) 1 1 1 |
i i i i | |
0 : ! @ b: ¢ .
Xy X X; X x LRI X=u
Hinh 1.9

Tir difm x = X, dén diém X, = u, ta chia tryc hoanh thanh t doan nhd giéi han bdi (t+1)
diém. D2 tuyén tinh hda ham y, ta thay cung trong mdi doan chia bing doan thing tuong ing.
Chang han cung a’Bc’ (mg véi doan (X, X,,,) trén hinh (1.9) thay thé bang doan thing a’b’c”.
Vi vay, gifra hai di€m 14n cdn bt ki x, va X, , ham y img véi di€m x dugc thay bing ham
y = f(x) trong d6 y = bb’ (xem hinh 1.9).

.. suy ra cac hg thirc sau day:
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ab
bdt & =— " Tur cic quan hé hinh hoc trén hinh (1.9) ta cé:

ac
X=X, +Bi X (1.78)
Y =BeYi +Brarin (1.79)
trong dé:
B, =1-a
B, = } (1.80)
X=X,
a:;k:—l-_—xk O0<axl (1.81)

Gia trj bat ki ciia bién x va gid tri ham § tmg v&i bién x c6 th biéu thi bling cic h¢ thirc
sau day:
1
X =BX, +Bx, +...+Bx, B X et BX, = Zkak (1.82)

k=0

y=f(x)= BJ#B.Y. ot By H By Y o+ By = DBy, (1.83)

k=0
Hg 56  phi théa man cac didu kién sau day:

B, 20 k=0,1,2...
iﬂ - (1.84)
k=0 )

Cén cir vao cac hg thie (1.78), (1.79), ta ¢6 thé suy ra cAc tinh chét sau day:

1) S6 he s6 B cb gia tri duong khéng 1ém hon 2.

2) Néu ¢6 2 hé s6 duong B, >0, Bs>0thichiséschicéthélés:r-l hodics=r+ 1.

3) Néu he s6 B, = O thi 4t phaico p_ = 1 hofic B,

Ta s& minh hoa cac véan dé trén day bang mot thi du don gian. Cho hadm y=f(x) =2x2,0 <
x<2.bé tuyén tinh hda ham y, tirdiém X,=0 dn diém X, = 2, tachia truc hoanh thanh 8 doan

bang nhau gidi han béi cac diém X,=0,x, =025 x,= 0 50..., x; = 2 (ndi chung khéng nhit

thiét phai chia déu). Ta lin luot tmh gid tri cia ham y = 2x2 Tai cac diém chia. Két qua ghi trén
bang (1.13)

Bang 1.13
biém X, X, X, X, X, X, X, X, X,
X 0 0,25 | 0,50 0,75 1,060 1,25 1,50 1,75 2,00
y = 2x° 0 0.125 | 0,500 1,125 [ 2,000 | 3,125 | 4,500 | 6,125 8,00
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Gia st can x4c dinh gia tri cia ham ¥ = f(x) tai di€m x = 1,1 (nim giita diém X, =1 vax,
= 1,25). Ap dung cac cOng thirc (1.80), (1.81).

B, == x-x, 11-1 _E
’ Xs—X, 1,25-1 5

—1-B. =2
Ba‘*l Bs“s

Ap dung didu kién (1.84)
B, +B, +DB, +B, +3/5+2/5+P, +B, +B, =1
= BB +B B +P+B, +B =0
nhimg vi§, 20 k=0, 1,2,....8 '
nén B, =P, =B, =B, =P =B, =B, = 0. Ap dung cic cong thic (1.78), (1.79):
x=Bx, +Bx, =(3/5).1+(2/5).1,25=1,1
§ =By, +B.y, = (3/5).2+(2/5).3,125 = 2.45

Gia tri chinh xac cla y = 2(1,1)* = 2,42. Ta nhin thdy ham y = 2x? 1a mét ham 1i trong
khoang tir difm x . dén X, Vi n6 thda man didu kién (1.76):
y = f(1,1) = 2,42 <y =f(1,1) = 2,45
By gidr ta hay trd vé bai toén tuyén tinh hda timg mu. Gi st m&i bién % du cd can trén
lau.
)]

Ta chia khofing cach tir géc toa d6 dén diém u, thanh ¢, doan giGi han béi t, +1 diém sao cho:

Xoi 0 X S SXySX ;2. S X =,

Ap dung hg thitc (1.83) cho cac ham f(x) vi g,(x):

filx;) = 2 Byfi(xy) (1.85)
k=0
gij(xj) = Zﬁkjgij(xkj) (1.86)

Ap dung céac hé thirc (1.82) va (1.84):

J]
X;= szjxkj
k=0

zi‘.ﬁkj =LBy20 [ (1.87)

k=0

voimoikvaj
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Thay cac he thic (1.85) va (1.86) vao bai toén (1.75), ta cb bii toan quy hoach tuyén
tinh:

Cure dai héa ham:

n lj

Z =33 Byfi(xy) (a)

=l k=0

vdi diéu kién:
Y

2.2 BogxgHs = 2, (b)

=L k=0

i=1,2,...m
Z'Bkj =1 (c)
k=0

B,;20 véimoikvaj, j=1,2,...n

Trong bai toan trén, f (%) va g; (x ) la nhimg gia tri da biét, con B 13 cac bién; Vén d& dat

ra la tim gia tri cla cac blen B sao cho chiing vira thda man cac d1cu kién (1.88b), (1.88¢),
vira cyc dai hda ham Z.

Thi du 1.11.

Cuc dai h6a ham

Z=16x,—x} +2x, (a) )
véi diéu kign
X! —6x,+x, <0 (b) \ (1.89)
xI+x2-50<0 (<)
62x, 23, 62x,23 (d)

/

Trudce hét, ta nhan théy rﬁng ham muc tiéu Z 1a mét ham 16m trong mién xic dinh bdi
diéu kién (1.89d) vi né théa man didu kién (1.77). Ddng thoi, mign nghiém xac dinh bdi cic
dieu kién (1.89b), (1.89c), (1.89d) 1a mot midn 13 kin (xem hinh 1.10). Do d6 phuong an tbi

uu cuc b cia bai toan (1.89) ciing s& 12 phurong an tdi vy toin b chia nd.

Cén cir vao bai toan (1.89), ta théyf(xl)=l6x, x5 f(x,)=2x%,; g(x)=x} ~6x,;
812(X,) = X35 g5,(X) = X)5 8,(x,)=x1;b, =0; b, = 50. Dbi véi bién x, cling nhu bién X, tr
diém X =3 dén diém X; = 6, ta chia tryc hoanh thanh 3 doan bang nhau gidi han béi cac di€m
Xo= 3, X = 4, X, = 5, Xy = 6.

K&t qua tinh gi tri cic him f; va g, img véi cic diém chia ghi trén bang (1.14)
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Bang 1.14

X, g, g, f X, 2. 8 f,
3 9 9 39 3 3 9 6
4 -8 16 48 4 4 16 8
5 -5 25 55 5 5 25 10
6 0 36 60 6 6 36 12

Trong bai toan trén, chi s6 k bién thién tir3 d&n 6. C6 thé thay x = X - 3 trong d6 X la bién
m&i d€ cho k bién thién tir 0 trd di song ciing khéng cin thiét lam nhu viy. Thay cac két qua
tinh toan trén day vao phuong trinh (1.88a), hé thic (1.88b) va chi § r?mg k bién thién wr 3
dén 6, ta ¢ bai toan quy hoach tuyén tinh:
Cuc dai héa ham:
Z=39B,, +48B,, +55B;, + 60By, + 6By, + 8B, +10B, +12B, (@) )
véi didu kién:
_9B3| a 8B4| - SBSI + OBBI * 3ﬁ31 + 4B42 + 5652 + 6B62 <0 )
9B,, + 160, +25B,, + 36, + 9P, +16B,, + 250, +363, <50 () | | (190)
By + By + B +Bs =1 (véi bién x1) [
By + By + By + B = 1 (v6ibiénx)

B, 20 k=3,4,56 j=1,2 ;)

Ta giai bai toan trén diy bang phuong phép don hinh. Sau khi dua cac bién dém Y, ¥, va
cac bién gid tao ¥, ¥, vao hé diéu kién (1.90b), ta thanh 14p bang don hinh (1.15a).

Trong hai bang don hinh (1.15b), (1.15c), ta khit hai bién gia tao y,vay,.Caca an tu do Bs,
Vil B, tré thanh an co ban {(xem bang (1.15¢)). Nhng vi trong phuong an t6i wy, chi duoe
phép xudt hién nhidu nhit 12 2 bién dwong véi 2 chi s6 k 1an can, nen trong bang don hinh tlcp

theo, ta phai tim cach hoan vi an t do vi in co bin sao cho céc an ty do sau day trdy thanh an
co ban:

1) B,, hodc B, d6i v&i bién X,
2) B,, hoiic B, ddi v&i bién x,

Trong bang (1.15¢), ta c6 thé hoan vi 2 4n y, va B,, hodic y, va B, nhumg vi phén ¥ (img
v&i cot P, 1a s6 -9 < 0 nén ta hoan vi 2 4n y, va B, (phén tirchdt 1a s6 11 > 0).

Trong bang (1.15d), ta ¢6 thé hoan vi 2 4n y, va B, hoic y va B, nhung vi phén tir (g
Vi cot By, 2 s6 -4 < 0 nén ta hoan vi y, va B, (phn ti chét 1a s8 3,1 > 0).

Bang don hinh cudi cling (1.15¢) cho phuong 4n td1 wu: max Z = 65 dng véi B, =1,
Bm =0, Bsu =0va Bsz =

Ap dung cong thirc (1.82) va sir dung két qua trong bang (1.14):
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Bang 1.15

'd
_b."ﬂl B-II BSl Bﬁl B32 '342 BSZ Bﬁl
9 8 -5 0 3 4 5 6 y,
9 16 25 36 9 16 25 36 | 50 | vy,
@) 1 D ol o o o | 1 |y,
0 0 0 0 1 1 1 v,
\ 39 48 55 60 6 8 10 12 0 7
fon 180 | vi | Ba | Bo| By [P, | B
4 -3 5 3 4 5 6 Y,
-16 9 11 9 16 25 36 | 25
(b)¢ Y
1 1 0 0 0 0 1 B,
0 0 0 1 1 0) 1 1 Y,
-19 -7 5 6 8 10 12 | -55 | Z
']
b?-i B-ﬂ BGI Biz B-u y4 Bﬁz b
-4 -3 5 2 -1 1 0 y,
(C)< -16 9 @ | ‘16| 9 1L {o |y,
I i 0 0 0 1 B,
0 0 0 1 ] 1 B.,
\ -19 -7 5 4 -2 2 |65 | -Z
l bn Bu Y, Baz B42 B62 b
325 | 11 045 | 525| G,) 4 10 |y,
(d)é -1,45 | -0,82 0,091 | -145| -082 1 0 Be,
245 | 1,82 0,091 145| 082 -1 1 B.,
0 0 0 1 1 1 1 B,
11,55 -6,59 0,454 | 3251 22 3|65 | -7
;
b, B,, Y, B | ¥, B, | b
1,05 10355 0,145 1,691 0,323 -129] 0 B,,
0,264 0
(e)% 6 le
-0,264 1 Bs,
0,323 1 B,
| 13,86 | -7,37 -0,14 | -047| -0,71 0,16 | 6,5 | -Z

Chi thich : Céc phan tir khoanh tron trong bang li cic phan tir chét.
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X, =PBsp X5, + B X, = Lox, +0.x, =1.5=5 %
X, =Py Xyt Py X, =0.x, + Lx,=1.5=5

% -6X,+%,=0 "\-— Zra=B5=16X,-1+2X,

Vay phuong an i uu clia bai toan nay Ia:
max Z = 65 img véi x, =5, x, = 5. 7

Hinh (1.10) ghi lai két qua tinh theo phuong 8 [ X+%=50
phép db thi. Mién gach chéo biéu thi min nghiém. s5p—-—- —

Dudng bién x] +x] =50va dudng bién a4}
X; —6X, +X, = 0 giao nhau tai diém A. Diém nay 4
dng voi phuong an t81 vu: max Z = 65, X,=5va

x, = 5. Vay két qua tinh theo phuong phap gin
dl’mg hoan toan phit hgp véi két qua tinh theo [
phuong phép do thi. Tuy nhién, cin phai thiy ring —
néu di¢m chia khong tring v6i diém 5 thi s& ¢6
sai 56 (xem bang 1.14). Hinh 1.10

Do d6, cang cé nhiéu diém chia, két qui cang chinh xéc. Miit khac, phuong phap tuyén
tinh héa timg mau ¢d thé cho phuong an tdi tu cuc bd. Khi ¢6 nhiéu phuong an téi uu cuc bo,
ta s& chon phuong an téi wu ¢6 loi nhét.

Cudi cling, can chil ¥ ring phuong phap tuyén tinh hoa timg miu chi ap dung cho bai
toan phi tuyén cé bién tach roi. Néu cac bién khong tach rdi nhau, chang han khi tich hoiic
thuong cta bién xudt hién, ta phii tim cach tach i trudc khi st dung phuong phap tuyén tinh
hoa timg mau.

§5.3. Phuong phép tich roi bién
Giastrcotich cha 2 bidn X, X, D& tach i 2 bién X va X, ta dwa vao 2 bién méi ®,, ), $20 cho:

o, = X; +§

(a)

OJj=Xj+€j

Trong do, €, g, 1a nhimg s6 duong tuy ¥. Liic nay, o, ®. thda man cac diéu kién:
] 1 ]

o zg 20
} (b)

m}.ZSjZO

Ttr hé thirc (a) ta suy ra:

XX =(0; - §).(0; - €)= 0,0, -0, —£0, + €&, (c)
bity=00; (d = hy=ho, +ho, (e
Thay hé thic (d) vao hé thic (¢):

X;-X; =¥ — §0; — £,0, +EE; | (1.91)
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Vay khi tich ctia 2 bién XX xuét hién trong bai toan phi tuyén, ta thay nd bing hé thiic
(1.91) trong 46 w,, W, y la cac blcn mé&i. Sau khi két hop cac he thae (a), (b) va (e), tacd cac
diéu kién rang buoc bo sung:

© =X, +§
O, =X; + & (1.92)
€,,€; - 0 duong tuy y
Iny =lne; +Inw,
Phuong phap nity c6 the mé rdng cho trudmg hop tich chia nhidu bién.
$6. PHUONG PHAP QUY HOACH HINH HOC
Phuong phap quy hoach hinh hoc [7] ap dung cho bi toan phi tuyén c6 dang dic bigt
trong d6 ham muc tidu va céc dieu kién rang budc 12 nhimg da thirc, m&i s6 hang cla da thic
1 tich ctia cac bién mang sé mi. Gii trixe tiép bai toan niy kha phirc tap nén nguoi ta da tim
cich dua n6 vé bii toan trong duong trén co s& gidi mot hé phuong trinh dai sé tuyén tinh,
Trudce hét ta hdy xét hai bai ton sau;
Bai toan |
Cuc tiéu hda him g (x) \

voi dieu kién:

x,>0 X, >0 x_>0 (a) > (1.93)
g(x)<l g,(x)< L. g, x)£1 (b) )
Trong d6:
g, (x)= Z CxJ".x57 . x1m (1.94)
k=0,1,2,...p
m =l,m=n+1,m=n+l,..,m o =1, +ln=n (1.9

Cic sé mii a, la nhtmg s thuc bat ki, cic hé sb C duorng S5 thir ty ciia cac 56 hang trong
mdi da thirc g (x) xcp tir ddu dén cudi nhu sau:

Da thirc g (x): I 2 k DNUSRUNIST |
Da thic g, (x): no+l 0 +2 i Ny
Pa thirc g (x): n+1 042 n,
Pa thirc gp(x): n, +1 N,+2. i = n,

Ham mwyc tiéu g (x) va toan bd cac diéu kién rang budc hop thanh p + 1 da thic véi tong
54 hang bi“mg n.
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Ta g01 g,(x) 1a ham goc va cic bién Xps Xp onr X laclc bién gbc. Cac didu kién (1.93a) goi
[a cac diéu kién rang budc tir nhién. Cac dleu klcn (1.93b) g01 1a cac didu kien rang bude
cudng bire. Toan b cac didu kién rang budc néi trén goi 1a diéu kién rang budc goc

Bai toan 2

Cuc dai hoa ham tich:

v(8) = {H {%‘J } Ii[ M (8) (1.96)

i=1

Trong do:
A, (8) = Z 5., k=1,2,...p (1.97)
Céc hg s6 C, duong. Vecto bién § = (8, §,... 8,)thda mén cac dieu kién:
3,20, 8,20..,8 20 (1.98)
5 =1 (1.99)
=l

ad =0, j=1,2,..m

i (1.100)
i=1

Cic he s6 a, 12 nhimg s thuc bAt ki. Ta goi bi toan 2 la bii todn déi ngdu, ham v(8) la
ham déi ngéu, cac bién 8,8,..,8 lacic bién déi ngau, dicu kién (1.98) 12 diéu kién duong,
didu kign (1.99) 1a didu kién chusn héa, didu kign (1.100) la didu kién truc giao. Ta goi chung
cic diéu kién trén 13 didu kién rang budc doi nglu.

Quan hé tuong (mg giita bai toan gde va bai toan déi ngau nhu sau.
Cac 56 C. ; trong ham ddi ngiu v(8) 1a cic he s§ trong cac da thirc gk(x) k=0,1,2,...pcua
bai toan gdc. Téng cac s6 hang trong bai toan gdc bang tong cic bién déi ngiu B

S6 thira sb kk (5) M (8) trong ham d&i ngiu v(5) bz“mg s6 digu kién réng budc cudmg birc
trong bai toan gdc. Tong sd cac sb hang cta ham goc g.(x) bang tdng sb cac sb hang trong
diéu kién rang budc chuin hda cla bai toan déi ngau S6 phuong trinh trong diéu kién tryc
giao cdia bai toan dbi ngiu bing tong s& cac bién gbe.

Sau day la mét s6 dinh 1i co ban vé& quan hé tuong {mg giira bii toin géc va bai toan déi
ngdu. '

Pinh If 1. Néu ham gbe g,(x) dat gia tri cyc tiéu tai mot diém thda min cic didn kién
rang bude goe thi:

1) Ham d6i ngéu v(8) cling dat gia tri cye dai tai mot diém thda min cac didu kién rang
bude déi ngiu.
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2) Gia tri cuc dai cia ham d6i ngiu bing gia tri cyc tidu cia ham gée.
Dinh If 2. Néu ham déi nglu v(8) dat gia tri cye dai tai mot di€m 8* véi cac thinh phién

duong thda man cac diéu kién rang bude ddi ngu thi ham gbc g,(x) cling dat gia tri cuc tiéu
tai mdt diém x* thoa mén cac didu kién rang budce géc.

Hai dinh li trén day cho phép ta dua bai toan gbc vé dang bai toan déi ngiu trong d6 cac
bién ddi ngau 8,, 9, ..., 8 thda min cac phuong trinh (1.99), (1.100):

8, +98, +..+8 =1)
ad +a,d +..+a 8§ =0
a.d + a,8, +..+ anzé‘.n =0
S
ad+a d +..+a 8 =0 (1.101)

a & +a 8+ +a 8 =0

Lm—-17"1 2,m=1 nm-1 n

a, 8+a 6 +..+a 9 =

nmon

H¢ phucmg trinh trén bao gom (m+1) phucmg trinh van an, m 13 tong s6 cac bién goc n
12 tdng s6 cac 56 hang trong ham goc va cac didu kién rang budc gbc. n, la tong sé cac sb hang
trong ham gée. Theo 1i thuyet dai s6 tuyen tinh, néun=m+ 1, h¢ phuorng trinh {1.101) ¢6
nghiém duy nhét. Néu s6 bién nhidu hon sé phuong trinh chang hann-(m+1)=r>0,tasé
dung rbién tu do d& bidu thi (m + 1) bién co ban. Liic nay, khong ¢6 nghiém duy nhit, giai bai
toan trén s gip khé khin. Ta goi r 1a bdc kho6 khan cla hé phuong trinh (1.101).

Gia str nghiém cda h¢ phuong trinh (1.101) 12 5;,8},....5. . Pinh Ii 1 cho phép thiét lap
hé thirc:

*

ming, (x) = g,(X;,x,,...,X,) = max v(8) =

5, 5, b,
C C : [C ] ' :;'I -j'; -}'E‘
=L |2 =] AT (1.102)
( 6I J [ 62 J 8“ 1 i ’

*

Trong d6 (x;,x;,....x,,) 12 phuong &n t5i tu cha bai toan gée. Céc thira sb ?»:,l;,'..,lp
tinh theo ¢dng thire (1.97):

A =8, + 50,

A, = 6m2 + 8 F o+ S,

+..+ 8

R Y (1.103)

......................................

33



MBSt van d¢ i thi 1a phuong an t6i uu ctia bai toan gée c6 thé suy ra tir phuong an téi wu
clia bai toan d6i ngau bing cic hé thic sau day:
*d * 0

: * B K2 ken
ming,(x).8, = C, x*x, " .x,

k=12 .n (1.104)
v 2.0

* # _ *15 *a;, LA I
8, /6, =C.x, "%, ..x

m

k=12, .p (1.105)
Gng voi A0%)>0i=m,m + 1, m +2..n.
Léy 16garit 2 vé chha cic phuong trinh (1.104), (1.105) v gidi hé phuong trinh, ta s& dugce
phuong 4n t5i it clia bai toan gée.
Thidu 1.12
Cuc tiéu hda ham:
g,(x) = 40x x, + 20x, x, (a)
véi didu kign: \

(1.106)

1 L
gl(x)=§x,"'.x22 +§x;'.x;2"3 <1 (b)

J
Bai toan gém 3 bién géc Xp X, X, (m=3)va4d sb hang (n = 4).
Trong phuong trinh (1.106a) (k = 0, m =1, n = 2) ta cé:
Ung voi sb hang thir nhat:
C,=40,a,=1,a,=1,a,=0
Ung v6i s6 hang thir 2:
C,=20,a, =0,a,=1, a,,=1
Trong bét dang thic (1.106b) k=1, m, =3, n, = 4)
Ung voi s hang thir 3:
C,=1/5,a,=-1,a,=-1/2,a,=0
Ung v&i s6 hang thi 4;
C,=3/5,a,=0,a,=-1,a,=-2/3
Ap dung hé thac (1.102):

5 3, 5 Y
. 40 20y {1/5Y) ({3/5 o
min g {x) = max v(8) = [—:} (—J (—*-) [ v J A (1.107)
5 ) \8 8, 3, ‘

Trong d6 (5;,8;,...5. )12 phuong an t&i uu ciia bai toan déi nglu. N6 1a nghiém clia he
phuong trinh (1.101).
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(‘5|+£“:2 =1
16, +08,-18 +03, =0

1
18, +18,-28,-18,=0

2
05, +18,+08, -8, =0

Vin=4,m=3=n=m+ ! nén hé phuong trinh trén ¢ nghiém duy nhét:
N B M
6[:——; 82:—; 81=—; 84=§
2 2 2 4
Cin cir vao hé thie (1.103):

3 5
+Z=~ (m, =3,n, =4)

A =8 +8, = ;

1
2
Thay gia tri nay vao hé thirc (1.107):

‘ 40 12 20 172 1/5 12 3/5 3/4 55/
mlugn(x)=maxv(6)=[~175] (1/—2] [T/—E] (m] (Z] = 40

Cin cir vao hg thirc (1.104), (1.105), ta suy ra phuong an tdi uu cha bai toan géc:

Min g (x).8, =40.1/2=20=40x!x}  (a)

Min g (x).8] = 40.1/2 =20 =20x.x}  (b)

%Z;/_2=g=lxl_l-xiw (©)

, /4 5 5

8, _3/4_3_3 . .p

=t —=-==x]'x

A, 5/4 5 5273 (@
Liy 16garit 2 vé cia cac phuong trinh (a), (b), (c), (d):

logx, + logx, =-log2

logx, + logx, =0

- logx, - 1/2logx, = log2
- logx, - 2/3logx, =0

Nghiém cta h¢ phuong trinh trén la: logx = - logx,, logx, = 0, logx, = 0 do d6 phuong an
161 tu cla bai todn gée la: (x),x3,x} )= (1/2,1,1),
Thidu 1.13.

Cue tiéu hda ham:
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g.(x) =3000x, + 1732x, (a)

v digu kién:

w[z;@]g

69 | X, X%, (o)
Giai :
Bii to4n trén ddy c6 thé viét dudi dang:
Cuc ti€u héa ham:
2,(x) = 3000.x].xJ +1732x] x} (a)
véi didu kién: (1.108)
g,(x)=29.x]" x5 +16,73.x0.x;' <11 (b)

Bai toan nay gdm 2 bién gbc X, X, (m=2)vad s6 hang (n = 4).
Trong phuong trinh (1.108a) {m_= 1, n = 2) ta ¢d:

- Ung véi s hang thir nhat:

C,=3000, a, =1, a,=0
- Ung véi s hang thir 2:
C,=1732,a, =0, a,,=1

Trong bit ding thic (1.108b) (m, =3, n, = 4):
- Ung véi 56 hang thir 3;

C,=29,a,=-1, 2,=0
- Ung véi s6 hang thir 4;

C,=16,73, a, =0, a,=-1
Tir hé thire (1.102) ta co:

& 8 5 8
3000 1732 29 16.73 o
win g, (x) = max v(d) = [ : ] { . J [ - ] ( - } A (1.109)
8, 8, 5, 8, :

Phuong 4n ti wu (5;,5,,5),5, ) xac dinh tir hé phuong trinh tuyén tinh (1.101):

3, +3, =1 (m,=1n, =2)
1.6, +05,-16,+05, =0 hay
0.8, +15,+038,-13,=0

& +9, =1
6, -8, =0 (1.110)
8, ~5, =0

Trong hé phuong trinh trén, n=4, m=2=>r=n-(m+ 1} =4 - 3 =1. Béc kh6 khin bﬁng



1 nén nghiém khéng phai la duy nhét. Ta diing mét bién tyr do, chéng han bién 8, d& bidu thi
cic bién cdn lai:

8 =1-38,
8y =8 =1-38, (1.110a)
5, =9,
Céan ctr vao hé phuong trinh (1.97) va (1.110a):
A =8, +8, =1 (1L.111)

Thay cac gia tri trén diy vao phuong trinh (1.96):

3000 Y™ (1732Y° ( 20 ) (1673 )"
v(d) = v(8,) = . = : - A —=
1-5, 5, -3 5

Phuong trinh trén day chira mot dn. D€ ¢d max v(8,), ta triét titu dao ham ctia ham v déi

véi bién 8,, tir d6 suy ra phwong an t&i wu &, = 0,372. Thay gia tri nay vao hé phuong trinh
(1.110a) va phuong trinh (1.111), ta duogc: X,
3, =0,628;8, = 0,628,5, = 0,372;A = 1; . Thay cac gia
tri vira tinh duoc vao phuong trinh (1.109), ta duoe:

min g(x) = max v(3) = 217800

47,5

Phuong an i vu cha bai toan gdc suy ra tir he thie 470
(1.104):

min gﬂ(x).ﬁ = 0,628.217800 = 3000.x
46,5

3 #* =

min g (x).8) = 0,372.217800 = 1732.x
Sau kht giai phuong trinh trén, ta duogc: 460
X =45,6, x| = 46,7

Hinh (1.11) ghi cac két qua gi2i theo phuong phép dd

45,5
thi. Phuong an ti vu xuat hign tai diém ti€p xac giita dudmg
§+16,?3=l 450 .
X, X, 450 455 460 x,
va dudng Hinh 1.11

max g.(x) = 216400 = 3000x, + 1732x,; X, = 45,55; x, = 46,02, max g (x) = 216400.
Két qua nay kha xip xi voi két qua tlnh theo phuong phap quy hoach hinh hoc.

Quathidu(l.13)ta thay rang giai bai toan déi ngau kha phirc tap ngay khi biac khé khin
r = 1. Trong thye &, s6 didu kién rang budc thudng 1ém hon 1 nén c6 khi ning bac khé khin
r=n-(m+ 1}> 1 do do gidi bai toan ddi ngiu phixc tap hon nhidu. Day 13 nhuge difm co ban
cua phuong phap quy hoach hinh hoc.
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§7. PHUONG PHAP QUY HOACH DONG

Phuong phap quy hoach ddng do Richard Bellman {6] d& ra vao khoang nim 1950. N6

da dugce img dun g trong nhiéu linh vuc khac nhau nhu sin xudt, kinh €, phuong trinh dao ham
riéng, tinh két ciu v.v..

Phuorng phap quy hoach d6ng dira trén nguycn tic chia qua trinh gidi bai toan t8i wu
thanh nhiéu giai doan va tlen hanh tim phuong an téi u qua cac giai doan khac nhau. Phuong
an 161 uu toan bo & 1a tong hop clia cac phuong an téi tu cuc bo.

Mét thi du don glan ma ta co thé hinh dung duoc 12 qua trinh thiét k& t5i vu mot nha cao
ting. Vi tai trong truyen dan tr tang trén xudng tAng dudi, nén diu tidn ta chon kich thude téi wu
cho chc két ciu trong thng tren cung. Céin cir vao cac klch thude nay, ta tlcp tuc chon kich thude
t8i uu cho chc két ciu trong tAng thir 2 va cir nhu vy tiép tuc 1am cho dén tang dudi cung.

Sau ddy 13 mot thi du cu thé minh hoa phuong phap quy hoach dong Gia sir trén hinh
(1.12), cac tram vin chuyén bleu thi bing cic 6 vuong a,b,c...Cac ducmg ndi llcn cac tram la
cac dudng giao thong Céc sd ghi trén dudmg ndi lién cac tram bidu thi gia tién van chuyén.
Gia sir cAc tram xudt phat laa, b, ¢, cac tram dich 14 k, n, p. Héi phi van chuyén theo con
dudmg ndo d€ tdng gia tién van chuyen ré nhit? Ta s& giai bai toan nay qua cac giai doan sau
day.

Trong giai doan dau tién, gia sir xuit phat tir cac tram g, h, j d€ di dén cic tram k, n, p.
Két qua tinh toan ghi trén bang (1.16)

S6 nim trén cot s va hang r bigu thi gié tién van chuyén tirtram s dén tram r. So sanh cac
s trong ¢t g (bang 1.16a), ta thiy néu xuét phat tir tram g thi dlr(‘mg di gn 1 ré nhit. Mot
cich tuong t, cic dudng di sau day 13 kinh t& nhét: dudng hk (nfu xuit phat tir tram h), dudng
ip (néu xuét phat tir tram j). Trong hai hang cudi cung cha bang (1.16a), cic ki higu bing chit
biéu thi dudmg di kinh té nhét, cac sé bidu thi gia tién van chuyén tuong img.

Sang giai doan 2, gia s&r xuft phat tir cac tram d, e, f d€ di dén cic tram g, b, j. Bang
(1.16b) ghi cac gia tién van chuyén tuong img f,(x).
Nhin vao bang (1.16¢), ta thiy cic dudng di kinh té
nhét 1a: dhk (néu xuét phat tir tram e), duomng fhk (néu
xuAt phat tlr tram f). Céc gia tién van chuyén tuong (mg
®,(x) tinh theo cong thirc:

D,(x) = @ (x)+f(x).

Ching han mudn tinh gia tidn van chuyén trén
dudmg di dgn, ta cong gia tién van chuyén trén duong di
dg la f,(x) = 8 véi gia tien van chuyén trén dudmg di
kinh té nhat gnla @ (x)=2.Do do, O ,(x)=8+2=10.
S6 nity ghi trén hang cubi cung cua bang (1.16c).

Sang giai doan 3, gi4 st xudt phat tr cac tram a,
b, ¢ d& di dén céc tram d, e, f. Bang (1.16d) ghi cac gia .
tién van chuyén f,(x) tuong tmg. Nhin vio bang (1.16e), Hinh 1.12
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ta thiy cic du-orng di kinh té nhét 1a aegn (néu xuit phét tir tram a), bfhk (néu xuit phat tir
tram b), cthk (néu xuét phat tir tram ¢). Gia ré nhét tinh theo cong thirc ®,(x) = f.(x) +
D (x). Két qua ghi trén hang cudi cung cla bang (1.16). So sanh cac sb trén hang nay, ta

thiy dudng di acgn [a kinh t& nhét. Qua thi du niy, ta thiy phuong an téi vu toan b 1 téng
hop ctia cac phuong an ti wu cuc bo.

Bang 1.16
Tir g h j dén
3 3 - k
2 6 7 n (a)
- 6 3 p
gn hk ip
Gia ré nhat d (x) 2 3 5 két thiic giai doan 1|
[ Tur d e f dén
8 5 - g
Gia f,(x) 7 5 3 h (b)
- 4 2 j
| Tir d e f dén
10 7 - gn
F.(x) +@ (%) 10 8 6 hk {c)
- $ 7 p
dgn dhk egn fhk
Gia ré nhat @ (x) 10 7 6 | ——=KZi thiic giai doan 2
[Ttr a b c dén
2 5 - d
Gia f(x) 3 6 9 e (d)
- 6 7 f
| Tir a b ¢ dén
12 15 - dgn
dhk
F.(x)+ D(x) 10 i3 16 egn (e)
- 12 13 thk
aegn bfhk cthk
Gia ré nhat @ (x) 10 12 13 Két thiic giai doan 3
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Chuong hai

BAI TOAN TOI UU TiNH KET CAU
THEO PHUONG PHAP LUC

Trong chuong mét, cac bai toan tSi vu da duoc trinh bay dudi dang téng quat trong do
ham muc tiéu va cac bién la nhimg dai lugng bat ki.

Trong tinh toan két ciu, ham muc tigu thudng biéu thi cac dai lugng cén duge cuc tidu
héa nhu trong lugng, thé tich két cau, gia ca vét lidu v.v... Cac didu kién rang bude dundi dang
dang thirc thudng 1 cic dieu kién can bang, cac diéu kién bién dang lién tuc. Cac didu kién
rang budc dudi dang bat dﬁng thire thuong la cac didu kién vé do bén, dd cimg, cac diéu kién
chay déo v.v...

Dang ham muc tiéu va dang diéu kién rang bude thay ddi ty theo loai két cdu va phuong
phép tinh. Do d6, bai toan t5i vu va phuong phap gidi c6 nhimg dic digm khac nhau khi 4p
dung cac phuong phap tinh khac nhau.

Chuong nay gi¢i thigu cac bai toan t6i ru tinh hé tinh dinh va hé sidu tinh theo phuong
phap luc. Noi dung s& dugc trinh by dudi dang ma tran.

Trude hét, ta hay lam quen v&i dang ma trén ciia phuong phap lyc.

§1. DANG MA TRAN CUA PHUONG PHAP LUC

$1.1. Mét sb nguyén tic chung

Dang ma trin ctia phuong phap lye xuit phat tir nhimg gia thiét v nguyén tic sau diy:

1. TAi trong la céc lyc tip trung.

2. Chia két cau thinh cac phéan t rigng bigt gioi han béi cac diém chia goi la nit. Nt 1a
diém dit luc chang han cac diém b, h, f (hinh 2. 1); diém tai db truc thay déi huéng chfmg han

cac diéma, b, ¢, d, g; diém gdi tva chiang han cic diém c, i; diém 6 lién két thira trong hé siéu
tinh chiing han didm e.

3. D4i v6i he siéu tinh, thanh 1ap hé co ban bling cach virt bd cac lién két thira va thay vio
d6 bang cac lyc chua biét R, R,,... R_(hinh 2.1b),

Sau diy, ta s& thinh lap mét s& cong thirc co ban ap dung cho hé siéu tinh. Hé tinh dinh
c6 the xem la trudmg hop riéng ctia hé siéu tinh.

60



Hinh 2.1
§1.2. Cong thiie tinh ndi lyc va bién dang
Nhu trén di trinh bay, dé tinh hé sidu finh, ta thanh 14p hé co ban tuong img. Gia sirhé ¢
n lién két thira va chiu tac dung clia m tai trong tap trung.

Ta cé:

Vecto tai trong

P={P,P, .. P} 2.1
Vecto lye lign két thira
R={R.R,, .., R } (2.2)

Gou:
S, - vecto ndi lyc do tai trong gay ra trong hé co ban;
S - vecto ndi lue do cac lign két thira gay ra trong hé co ban.
Taco:
S,=BP 2.3)
S.=BR (2.4)
Trong d6
B_. B,- ma trdn anh hudng ndi luc trong hé co ban (mg v&i P va R.
Véay vecto ndi luc trong hé siéu tinh:
S=BP+BR (2.5)
Vecto bicn dang trong hé siéu tinh
U=fS=fBP+BR) (2.6)
f- ma tran 46 mém.

Trong bai toan téi vu, R trong cong thire (2.4) va (2.6) 1a nhimg dai luong cin tim sao

cho vira théa man cac digu kién vé d6 bén, do clmg, vira théa méin céc diéu kién bién dang
lien tyc.
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§1.3. Céng thiic tinh chuy€n vi tai cdc nit - Diéu kién bién dang lién tuc

Goi chuyén vi trén phuong cac ngoai lyc P 13 X, vh chuyén vi trén phuong cac lyc lién
két thira 1a X,..

D& tim chuyén vi X, ta tao ra mot trang thai gia tao trén hé co ban bing cach vitt bd toan
b cic luc P, R vi dit viio cic diém dat luc P nhimg tai trong gia tao P 6 gia tri bét ki.
Goi trang thai thuc 1a trang thai cda hé siéu tinh d4 cho, §p la ndi lyc trong hé co ban do
céc tai trong gid tao P gy ra. Theo cdng thirc (2.3) ta ¢cé:
S, =B,P
Ap dung nguyén li cdng kha di, ta co:
PX, =8.U
Trong d6, vé trai biéu thi cong kha di clia cac ngoai lye & trang thai gia tao trén nhimg

chuyén d&i kha di & trang thai thuc; vé phai bi€u thi cong kha di clia cac ndi luc & trang thai
gid tao trén nhimg chuyén dot kha di & trang thai thyc.

Ntung §,=B,P=P'X =P".B,.U
Vi P ¢6 gia tri bét ki nén

X, =B,.U Q.7
Thay U biing hé thic (2.6)

X, = B (f.B,P+f.B.R) hay

X, =B,{.B,.P+B,fB, R (2.8)
PE tim X, ta tao ra trang thai gia tao trén hé co ban bing cach virt bé toan bo cac luc P,

R va dit vio diém dit cha cac luc R nhimg luc gia tao R ¢6 gia tri bt ki. Goi S: 12 ndi luc

trong hé co ban do R gdy ra. Tircong thic (2.4) ta cé S =B,.R
Ap dung nguyen li cong kha di tvong ty nhw trén:
R'.X, =8§,.U nhung §_=B,.R nén
R'.X, =R'.B,.U hay X, = B|.U. Thay U béng h thirc (2.6):
X, = B|.(fB_P + fB R) hay
X, =B.f.B,P+B .f.B,.R (2.9)
Vi trong hé thue X = 0 nén
B,.f.B,.P+B .f.BR=0 (2.10)

Phuong trinh (2.10) goi la phuong trinh co ban cia phuong phap luc hodc con goi 1a
diéu kién bién dang lién tuc.
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D6i v6i hé tinh dinh, vi R = 0 nén ta suy ra

S=B_P (2.11)
U=fS=£BP (2.12)
X =F.P (2.13)
Trong do: F=B,.[B, (2.14)

F goi la ma trin d6 mém tdng thé cha hé tinh dinh.
§2. HAM MUC TIEU

Nhu d3 trinh bay, hiim muc tidu thudong bidu
thi cac dai luvgng nhu thé tich, trong luong két
ciu, gid ca vt lidu v.v...

Trong thuc &, dé tién cho vige ché tao va
giam gid thanh san phim, thudmg két ciu duoc
chia thanh nhiu nhém ciu kién. Cac céu kién
trong mdi nhém cé dién tich tiét dien nhu nhau.
Ching han k&t ciu trén hinh (2.2a) chia thanh 3
nhom: nhém 1 bao gém cac xa 9, 10, 11, 12,
dign tich tiét dign A ; nhém 2 bao gdm cac ot 1, o
2.3,4,5.6.7. 8, dién tich tiét dién A_: nhom 3 afegan bitekhung
bao gdm céc thanh chéo 13, 14, 15, 16, 17, 18, Hinh 2.2
19. 20, dign tich tiét dién A,. Két chu trén hinh (2.2b) chia thinh 2 nhém: nhém cac x 5, 6 va
nhém cic ¢t 1, 2, 3, 4. Dign tich tiét dién cot chon nhur nhau vi tai trong gi6 c6 the doi hudng
(trai sang phai hofic phai sang trai).

Bai toén toi wu tinh két céu sé duge xay dyng trén nguyén tic chia nhom trén day.

Gia str mdt két ciu chia thanh G nhém, mét nhom bat ki ki higu 12 nhém g. Trong mbi
nhém, ciu klen dau tién 6 sb thirte 1 1, chu kién cudi cling ¢6 s6 thirte 1a I'. Goi tong chidu
d&i clia cac cu kién trong nhom g la L , dién tich trong nhém g la A Viy thé tich két cu:

v =ZLgAg (2.15)
=1
Trong luong két ciu:
G
T=>7v,L.A, (2.16)

gl

¥,- 1 trong vt liéu trong nhém g.

Gia vat lidu két ciu

gty 2.17)
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C.- gia vat Jiéu trén don vi trong lugng

Ham C trong phirong trinh (2.17) goi 13 ham muc tiéu hodc ham gla ca.

Khi gia vt ligu khong thay d6i tir nhém nay sang nhdm khéc, ta chon ham T (ham trong
luong) trong phuong trinh (2.16) lam ham muyc tigu.

Khi két ciu ché tao bﬁng m&t loai vat liéu nhu nhau (ti trong, gia ca nhir nhau) ta chon
ham V (ham thé tich) trong phuong trinh (2.15) lam ham mue tidu.

Chéng han trén hinh (2.2a), cAc ham muc tide bidu thi nhu sau:

Co 3 nhoém nén G = 3: nhém 1 gom chc ¢ot ¢d s6 thir ty tu 1 &én 8; nhém 2 gdm céc

xi ¢6 s6 thix t tir 9 dén 12; nhém 3 gdm cac thanh chéo ¢6 sé thir tu tr 13 dén 20. Vay
ham thé tich:

V= ZLA -ZLA +ZLA +ZLA hay

=13

V=8LA +4L,A, +8L A,

Ham gia ca
G 8 12 20
C= Z CngLgAg = Z Cr.LLA; + zCiYiLaAi + Z CrLA;
e = i=9 i=13
hay C=8CyLA +4Cy LA + 8C,y, LA,

Déi v6i két ciu trén hinh (2.2b), ta suy ra mot cach tuong tw:

2
C=) C,y,L,A, =4Cy LA, +2C,y,L,A,
g=1

Trong cac ham muc tiéu trén day, bién 13 dién tich tiét dién A, Nhu sau nay ta s& thiy,
trong cac diéu kién ring budc vé d6 ben va dd cung, con ¢d nhung bién khac nher mé men
quan tinh tiét dién I, m6 men chdng uén W Néu bai toan t6i uu gdm nhiu bién, ta nén tim
cach dua vé it bién de viéc tinh toan dugc don gian. Ching han, khi chi diing mét bién A ,ta
s& quy doi cac bién L va W_thanh bién A Néu chi diing mot bién I taquy d0i cac bién A va

W thanh bién I

Nhin vao céc bang dic trung hinh hoc cia tiét dién, ta khdng thé phéat hign quy ludt vé mbi
quan hé gilra chiing. Song, néu lay 16garit chc dai luong db, ta sé phat hién mét quy luét tuyén
tinh. Templeman (9) da am nhu vay déi v&i cic dim phd dung va da suy ra cac hé thi:

A =0,78W*}
(2.18)

A =0,5591""2

D6i voi hé khung, ap dung cac h¢ thirc trén day vao cac phuong trinh (2.15), (2.16),
(2.17), ta cod:
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. \
V=059 LL" ()
g=1

G
j— ]{r')
T= 0,559;yngIg (b) ¢ (2.19)

G
C =0, 5592 C.v,LI* (c)

Néu chon I_1am bién, 5 rang 1a cac ham muc tiéu trén day trd thanh phi tuyén. Néu chon
A lam bién, cac ham muec tiéu c6 dang tuycn tinh (xem cac phuong trinh (2.15), (2.16), (2.17)
nhimg cac didu kién rang budc lai trd thanh phi tuyén vi:

I=32A% }

(2.18a)
W =1451A*?

He thirc (2.18a) suy ra tir hé thirc (2.18). Néu chon I 1am bién, ham muc tigéu ¢o dang phi
tuyén (xem cac phirong trinh (2.19) va cac diéu kién rang budc ciing ¢6 dang phi tuyén vi

A =0,5591'"2
(2.18b)

W =0,60711"*

Trong phan sau, ta s& gi thiét ring cac bién A, I, W I nhimg dai lugng lién tyc. Thyc ra,
chiing ¢6 tinh chét 18i rac, gian doan nhu ta s& thiy trong phin cudi cia chuong sau.
§3. BAI TOAN TOI UU TINH GIAN TiNH PINH
Gia sir c6 mét gian tinh dinh nhu trén hinh (2.3a). C6 m tii trong van ph?m tir.
Vecto tai trong
P=|{PP,.P}
Vecto ndi luc
S={N, N,..N}
. s P P, P,
Trong do, N,, N,... la lyc doc trong cac thanh a) ] ]

gian. Ta quy wdc lye kéo 1a duong, luc nén 13 am.
Ap dung h¢ thirc (2.11) S = B P hay

N| | _Bu B12 Blm_ '-Pl |
Nz le B:z B2m Pz
Ni B Bn Bi2 Bim . P; (220
N, BI1i an B,. P
CHIE —— F =
S B P
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Trong phuong trmh ma trén trén, B 12 cAc phin tiycia ma trin anh hudmg ndi luc tmg véi
tai trong P. P& don gldn ta thay B bang B.

Cin clr vdo y&u ciu vé do ben, img suét trong mai thanh gian phai thda man didu kién:
N i i 2.21)

Trong d6: A, o la dién tich tiét dién v img suét cho phép trong thanh thit i,
Diéu kién (2.21) ¢b thé viét dudi dang ma tran:

a.S=za.B.P<c’ (2.22)
Trong d0, a 1a ma tridn chéo
/A, i
1/A, 0O
VA,
(2.23)
1/A,
O
i /A, |
o’ 12 tmg suét cho phép.
D41 v6i thanh bit ki thir i, didu kién bén 1a:
< D, <qg
g &E— =0
LT A i (2.24)

D, la két qua clia phép nhan hang i cia ma trin B véi vecto tai trong P.
Goi X Ia vecto chuyén vi tai cac diém diit tai trong. Ap dung cac cong thic (2.13) va
(2.14):
Xp =F.P (2.25)
F=B.fB (2.26)
Trong do: fla ma tran d6 mém; F 12 ma trin d6 mém t(‘;ng thé cha gian.
Vi ndi lye trong gidn la cac lyc doc nén ma trin &6 mém f 1a mot ma trén chéo
I,/AE, ")
1,/A,E,
(2.27)
0 1L/AE,

Trong d6: L, E, 1an luot 1a chidu dai v md duyn din héi cda thanh thii.

Pé bao dam yéu ciu vé do cimg, chuyén vi tai cac diém dit tai trong khong duge vuot
qua chuyén vi cho phép:
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X =F.P=B.fB.P<A (2.28)
Trong do, A [& vecto chuyén vi cho phép.

Trong thue té, thudmg chi ddi h01 chuyén vj tai mét diém nao dé khéng duge vuot qua
chuyén vi cho phép. Ching han, mudn kiém tra chuycn viy, tai didm dat Iyc P, sau khi nhan
hing thir j cia ma trdn F trong vé trai cha bt ding thirc (2. 28) vai vecto P, ta cb:

y, = Zaii /A <A (2.29)

Tlong do A la chuyen vi cho phép tai diém dat luc P. Ap dung nguyén li cdng kha di, ta
cling ¢é thé suy ra diéu kién twong ti v&i bat dang thirc (2 29):

Y, _ZNNUEA <A

- {2.30)

Trong do:

I- chigu dai thanh thit i;

E.- m6 duyn dan hoi;

N;- luc doc trong thanh thir i do tai trong giy ra;

N. - lye doc trong thanh thir i do tai trong gia tao K = 1 diit tai difm diit luc P gay ra.

Khi khéng can thda man yéu cau vé do cfmg, bai toan t5i wu rit don glan Can clr vao gla
tri nd1 lue va ng suat cho phép, c6 thé xac dinh duoc dé dang tiét dién téi wu. Song khi cin
bao dim y&u ciu vé 46 cimg (thong thiromg d6 cimg quyel dinh kich thuéc clia glan) bai toan
toi ru trd nén phitc tap. Lidc dd, ta xac dinh dign tich tiét dién A theo yéu ciu vé d6 bén va
chon ra cac ¢dn dudi cia A.. Cién cir vao phwong trinh (2.17), dleu kién (2.29) va cha ¥ dén
tinh chéit phan nhém, bai toan téi wu tinh gian tinh dinh c6 dang nhu sau:

Cuc tiéu héa ham

G
C= Z Cov LA,

£=1
Véi diéu kién

Zl/A Za <A

i=1
A, >b,
b,.- can dudi cua dién tich A_(img v&i nhom g).

(2.31)

Bai toan quy hoach phi tuyén trén day c6 thé giai theo phuong phap quy hoach hinh hoc
(xem §6 chuong mét) hodic phuong phap tuyén tinh héa timg mau (xem §5.2 chuong mét).
Thidu 2.1.

Cho mét gian tinh dinh nhur trén hinh (2.4). Céc thanh 1, 2 thudc nhém dién tich A, cac thanh
3, 4 thude nhom dign tich A, Gian lam bing mét loai vit lidu, md duyn dan h6i E = 20’?1(1\Lr’mm2

Ung suit kéo cho phép O'k =0,15kN/mm?, émg suit nén cho phép o, =0,1kN/mm?. Chuyén

67



vi tai diém dit luc P, khong duge vugt qua 1000V2mm (/)
1.6mm,
Giai

Trudc hét, ta hay tim ma tran 4nh hudng
B. Lan luot diit céc t3i trong P, = 1 vaP, = 1 lén
gidn va tién hanh tinh ndi lyc trong gian theo
phwong phap tach nat hofc phwong phap miit
Cat.

Khi P =1 (hinh 2.5a)
Nl=1;N2=J§;N3=-\/§ ; N,=-2 Hinh 2.4
Khi P, = | (hinh 2.5b)

N =0:N,=2 : N,=0; N, =-1

Ap dung nguyén K cdng tic dyung, ta co:

P,=2kN

N, =1P + OP,
N, =v2P, +2P,
N, =—V2.P, + 0P, (a)

N,=-2P, - LP,

Biéu thi (a) dui dang ma trin

z Z Z Z

Ma trin anh hudng ndi lye B ¢6 dang:

10
NGIND)
B=
~2 0
~2 -1
Ma trdn d6 mém f (xem hé thirc 2.27) ¢6 dang: Hinh 2.5
] /EA, 0 1414/EA, 0
fo L /EA, _ 1000/ EA,
L/EA, 1000/ EA,
0 I/EA, 0 707/EA,
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Thuc hién cac phép nhin ma trin

14 o 0 1414
EA, A,
I o
o Jooo o 0 1414 1414
EA, V2 2 A, A,
fB= 1000 ‘ =UE[
o o 10 45 |2 0 A A
EA, -2 -l A,
0 o o 07 -1414 707
I EA, | A, A,

1414 0
AI
1414 1414
1 2 2 =2 A A
F=B'fB=
0 2 0 —-1]1-1414 0
AZ
1414 =707
A?_ Al

E

[[3414/A +4828/A, 2000/A, +1414/A,
2000/ A, +1414 /A, 2000/ A, +707/A,

Ap dung cong thirc (2.28):

X, =[y' } =F.P
¥a

[yl] | [3.414/AI +4828/A, 2000/A +l414/A3}{2J

Y.) E(2000/A, +1414/A, 2000/A, +707/A, ||2

Nhin hang thi nhét cia ma tran F véi vecto P:

23414 4828 212000 1414 215414 6242
Y=o —t— [+ = | —— | =2
El A A, ElL A A E| A A

| | 2 1 2

Theo yéu cu cua bai toan, ta c6 dicu kién rang budc vé do cimg:
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-2 02 o)
Can cir vao diéu kién dé bén, ta co:
N, =12=2kN= A =N, /o, =2/0,15 = 13,33mm? (kéo)
N, =v22+V22=4V2 2 A, =N, /o, =42 /0,15 = 37,75mm* (kéo)
N,=—V22= A, =N, /o, =22/0,1=2828mm’ (nén)
N,=-22-12=6= A, =N, /c, =6/0,1=60mm’ (nén)
Vicéc thanh 1., 2 thuéc nhdém dign tich A nén ta chon ¢an dudi clia A 1a37,75mm’. Cac
thanh 3, 4 thudc nhom dién tich A, nén ta chen cin dudi cla A, la 60mm?. Chon dién tich nhur

trén khong nhimg bao dam d6 bén ma con thién vé an toan, Thay cic gia tri trén vao vé (rai
diéu kién (2.32), ta cé:

y, = 3,29mm > 1,6mm (khdng cho phép).

Viy dé bao dAm yéu cau vé d6 bén va d6 cimg, dieu kién (2.32) phéi duoc thda man véi
digukién A 2 37,75; A, > 60.

Vi gidn 1am bing m6t loai vt lidu, ta chon ham thé tich (phuong trinh (2.15)) lam ham
muc tiéun. Theo dau d&, ta ¢6 2 nhdém ciu kign (G = 2) nén
2 2 4 ’
V=2 LA =AY L +A YL =V=(100042+1000)A +(1000 +500v2} A,
a=] i=1 =1
hay
V =2414A, + 1707A,

PatV=27 A =x,A,=x, Cin cirvao didu kign (2.32) vi cic két qui trén ddy, ta c6 bai
tohn téi -

Cue tiéu hoa ham N
| Z=2414% + 170, (a)
véi digu kign \ (2.33)
2/E(5414/x, + 6242/x,) < 1,6 (b)
x, 237,75 ; x, 2 60 (©) |

Bai toan trén ¢6 dang phi tuyén trong d6 ham muyc tiéu vi cic didu kién rang budc 1
nhimg da thirc, mdi 6 hang ciia da thirc 14 tich ciia cac bién mang s6 mii. C6 thé giai biing
phuong phap quy hoach hinh hoc nhur da trinh bay trong muc §6 chuong mdt. Song vi bai toan
¢6 2 bién, ¢6 thé giai theo phuomg phap dd thi.

Trén hinh (2.6) ta thiy dudmg mitc Z . =287435mm’ tiép xlic v6i dudng bién Gng véi
dieu Kign t6i han (2.33b) tai diém T. Tai dé, ta c6 phuong an t8i wu: x = A, = 62,5mm?,
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= A, = 80mm’, thé tich két cu
Z =V  =287435mm’

min n

Thidu 2.2
300

Cho mét gian tinh dinh nhur trén
hinh (2.7). Céc thanh 1, 2, 3 thude
nhom dién tich A, thanh 4 thude
nhém dién tich A,. Chieu dai cc
thanh biéu thi trén hinh v&. Chuyén
vi cho phép tai nit, bing 3mm. Ung
suat kéo cho phép

o,=01 6kN/mm’ , img suit nén cho

[

250
200
150

100

phép o, =0,10kN/mm’. Mé duyn
dan hdi E = 207kN/mm?>.
Giii.

{mm")

- %= 37.75mm’

2
’/2Tﬂ

( 5414 6242
[— +
X

" ):1'6

7., = 287435 = 2414x,+1707x,

X, =60 !
T(62.5 80) / 2 = BOMM
= x‘
1 1 L Il _-:"l 1 1 L
3540 50 60 70 80 90 100 110 (mm?

DZ tim ma tran anh hudng ndi hxe B, ta lan
juot datlye P, =1 va P, = 1 lén gian tuong tu nhu

di lam trong thi du (2.1). Theo két qua tinh toan:

N, 2 1]
N, 0 -1|[P
N T2 oflp
L 1732 mm L
LN*— L_ﬁ 0_ T 1
Viy ma trin dnh hudng ndi lyc Hinh 2.7
2 1]
0 -1
B=| ,
-3 0
Ma tran d6 mém
1000 o 1
AI
1000
£=n A
E 1000
A,
o 17232
L A, |

71



Sau khi thye hién cac phép nhan ma trin, ta duge ma tran d6 mém tng thé:

F:B'_f.B_@Q{

8/A, +3V3/A, 2/AI}
E

2/ A, 2/ A,

Ap dung cong thire (2.28):

<« M3 8/A, +3V3/A, 2/A | TP,
"%, E 2/A, 2/A, || P,
Trong d6y . v, la chuyén vi trén phuong thiing dimg tai cac nit 1 va 2 (hinh 2.7). Thay

P = 2kN, P, = 1kN, E = 207kN/mm? viio phuong trinh ma trin trén va thue hign phép nhan
ma trin, ta duge:

Y 69

_2000[1 V3

+ <3mm
A, A, ] (2.34)

Can ¢l vao yéu cau d6 bén, sau khi tinh toan twong ty nhu ¢ trinh bay trong thidu (2.1),
ta duge cin dudi trong (mg cua céc thanh: A =31,25mm? A, =10,00mm? A,=2500mm?
A, =34,65mm’.

Vicac thanh 1, 2, 3 thudc nhoém dién tich A, thanh 4 thugc nhém dién tich A, nén ta lay

A >31.25mm?, A, > 34,65mm?

Vi gian lam bang mét loai vat ligu, ham muc tidu 13 ham thé tich (xem phuong trinh

(2.15%):

VziLgAg =A1iLi +A,L,
g=1 i=1

V = 30004, + 1732A,
batV=27A,=x,A,=x,. Céncirvaocic két qua trén va didu kién (2.34), ta ¢ bai toan
161 tu:
Cuc tiéu hda ham \
Z =3000x + 1732x,
véi diéu kign

—

&[Lﬁ]g

69 | x, x,

X, 2 31,25, X,234,65

Bai toan nay da dugc giai theo phuong phap quy hoach hinh hoc trong thi du (1.13)
chuong mét. Két qué tinh toén cho phuong 4n t6i wu: X, = A =456mm’, x, = A, =46,7mm’,
min Z = min V = 217800mm?®,
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Thi dy 2.3

Péu dé gidng thi du (2.1) nhung bd sung thém didu kién Y, - ¥, < 0,6mm

Gial

Sau khi bd sung didu kién trén vao bai toan 5i wu trong thi du (2.1), ta ¢6 bai toan mdi:
Cuc ti€u hda ham \

x{mm’)
Z = 2414x, + 1707x, .
owk : 150!
vori didu kién !
]
g o254 ey o :
El x, X, > :
1001
2(1 412 ;
)ﬁ“yz:E[ 4I4+ IJSO,G E .\
x X, . = 3
| 2 : <-~\—~ Z,..=325661 mm
60 "1 1 i ) ] . I
X, 23175 x,260 ) 3540 50 60 70 80 90 100 x(mm)
Két qua gidi theo phuong phép Hinh 2.8

do thi ghi trén hinh (2.8). Pudmg mic Z,_ = 325661 mm? tiép xiic voi dudmg bién cha midn
nghiém i diém T. Tai d6 x, = 55mm?, x, = 118mm?. Vay phuong an ti wu Ia: A, =55mm’<
A, = 118mm’, min V = 32566 1mm®.

§4. PHUONG PHAP TUYEN TINH HOA TUNG MAU AP DUNG CHO BAI TOAN TOI UU
TINH GIAN TINH DINH

Bai toén quy hoach phi tuyén ¢6 dang tdng quét (2.31) trinh bay trong phan trude 1a bai
10an c6 bién tach roi nén cé thé giai theo phuong phap tuyén tinh hda timg mau.

Tuy nhién, cin lue § mot didu 13 khi glai theo phuong phap gan ding tuyén tinh héa tung
miu, phuong 4n t8i v gin diing cuc bd cling s& L phuong 4n t5i wu toin bd cda bai toan gbe
phi tuyén chi khi nao ham muc tiéu va cac didu kién rang bude déu 1a nhimg ham 13i. Nhing
khai niém nay da dugc trinh bay trong §5 chuong mot. Trong bai toan téi uu (2.31), ta nhin
thfly hiim muyc tiéu C 13 mdt ham 18i vi nd ¢ dang tuyén tinh. Didu kién rang budc 1a ham 16
néu a,> 0. 14 ham 16m néu a, <0.

Peé dugc phuong an t6i vu toan bd, dua vao bién mdi:

!
Xe=2 (2.35)
2

Thay hé thic trén vao bai toan (2.31), ta ¢d bai toan téi wu:
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\ G )
Cuyc tigw héa ham C=) C,y,L, /X, (a)
g=1

Vi digu kién: .
.

2.36

ngzaij 4 (v (2:39)

0<X,<U ©))

Trong bai toan trén, ham muyc tiéu 13 mét ham 15i vi C, > 0, ¥, >0, L,>0,X >0theoy

nghia vt li, diéu nay da duge chimg minh trong muc §5 chm:mg mot. Dleu k1en rang bugc
(2.36b) by gid tr& thinh ham 15i vi né tuyén tinh.

Canchayla trong didu kién (2.36c¢) bién X c6 the trigt tidu, 1ac nay ham muc tidu C treér
thanh vé cing 16n. D& 42 phong kha ning nay, ta dat:

X =y,+1 (237

Trong do: y 12 mét bién méi khong am, I 1a mot hiing s&. Khi y, =0, X, =minX =1.
Can cir vao hé thire (2.35), ta co:

Ig =min X = 1/max A, (2.38)
max A_xem nhur cén trén cua As.
Dong thai, tir hé thire (2.37), ta cd:

max Xg =maxy, + Ig (2.39)
Can cir vao cac hé thixe (2.35), (2.38), (2.39), ta co: _

max y, = 1/min Ag - 1/max Ag (2.40)
Trong d6, min A, xem nhur cén dudi cla A, xac dinh tir yéu can vé dg beén.

Cudi cung, thay X tir hé thic (2.37) vao bal toan (2.36) va ciin ¢ vao hé thic (2.40), ta
¢4 bai toan tdi

Cuc tiéu héa ham C = Zngg AN} @ )
Vi dieu kién:
G 1' G I
Zyg_zlaij Sﬁj_lgzlzlaij (b) ? (2.41)
1= = 1=
0< S 1/min Ag - 1/max Ag {c)
I = l/max A (d) )

Bai toan trén ddy cd dang phi tuyén va gdm céc bién tach rdi nén ¢ thé gidi bing phurong
phap tuyén tinh hda timg méu.

Thidu 2.4:

Diu d& giong thi dy (2.2). Yéu chu giai theo phuong phap tuyén tinh héa timg méu.
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Giai
Trong thi dy (2.2) ta da thanh [ap bai ton téi wu:

Cye tigu hdaham  C=3000 A + 1732 A, (a) )

Véi dieu kién:

6000J_+2000J§ ]
69 A, 69 A,

A 231,25 A, 23456

—<3
A S (b)

©

(2.42)

Thay /A =y, +1, /A, =y, + I, vao phuong trinh (2.42a) va diéu kién (2.42b):

3000 1732
C= +
yi+h oy, +1

6000y, , 2000v3y, _, 60001, 20003}
69 6 69 69

Chon ¢in trén cha Ag la:
max A, = max A, = 100 mm?
Thay hé thac trén vao hé thirc (2.41d):
I =1=1/100=001
Cin c(r viio didu kién (2.42¢) va (2.41¢) ta ¢d:
y, < 0,014
y,<0,0186
Thay cac két qua trén vio bai toan (2.42), ta c6 bai toan téi wu:
Cuec tiéu hda ham

3000 1732
Z= +
y, +0,01 y,+0,0l

Véi didu kign:
86,9y, + 50,2y, < 1,63
0<y, <0014
0<y, <0,0186

{a)

(b)
(c)
(d)

N

> (2.43)

/

D? gidi theo phuong phap tuyén tinh hoa timg mAu, déi véi bién y, ciing nhu bién Y, @

chia truc hoanh thanh 3 doan trong khodng bién thién cla y, vay,. Trong phwong trinh (2.43a)
vi1 (2.43b), ta nhin Lhéy (xem muyc §5 chuong mét):
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3000

f =—
=061

f(y,) =

1732
y, +0,01°

g,(y)) =869y, ;g,(y,) =502y, do dé:

fi(y) = iﬁk.f. (vu)i £(v.)= Zﬂf (veo);

(2.44)
R 3 N 3
gll(yl)zgﬂk]gll(ykl); gll(yl)zgﬁldgl? (ykl))

Giatrichay, vay, tai cac diém Bang 2.1
chia ghi trén bang (2.1)

Sau khi tinh gia tri clachcham | ¥ Yo In Yo Yu
f(y). &,(y,) trong he thic (2.44) 0.00925 | 001100 | 0,01210 | 0,0140
thco cac sd liéu trong bang (2.1), ta

- .. - A y} y(}Z yl? y32 y32
¢d bai toan t8i v
S e 1 0,0090 0,01150 0,0136 0,0186
Cuc tiéut héa ham:
Z :f(y) = 3000 Bm Bu le + Ba: + \
0,01925 00,0210 0,0221 0,0240
+ 1?32 BOZ B]Z BZZ + BSZ (a)
0,0190  0,0215 0,0236 0,0286
Vi dieu kién:
gly)= 86,9(0,00925.[50I +0,011B,, +0,01218, + 0,0140[33]) +
(2.45)

+50,2(0,00908,, + 0,0115B,, +0,01368,, + 0,0186B,,) < L 63 (b)

B + Bu + an + B3l =1
Bes +B, +B, +B, =1

Dat B, =x,, By, =%, By, = %,

ol 1 = Xy Bo: = Xs

(c)
(d)

J

(2 = X By = X5 By, = X, Dua bién dém

v, vio diéu kién (2.45b) va dura cic bién gidtaov,, v, vao cac diéu kién (2.45¢), (2.45d). Sau

khi chinh 1i két qua tinh toan, ta ¢4 bai toan tdi wu:

Cuc dai hoa ham:

Z2'=-7=-1 56(}00)(I - 143(')00)(2 - 136000x3 - 1250’00)(4 - 912(]!0)(5 - 80600)(6 - 73400x, - 60600){8

Vi diéu kién:

0,804x, +0,956x, + 1,05x, + 1,22x, + 0,452x, + 0,577x, +0,682x, +0,933x + v, = 1.63

X, + X +x, +x,+v,=1
x5+x6+x1+xs+v3=1

Xpo Xy X0 Xy Xy X, X, X, 20

6! ?9
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Ta giai bai toéin theo phuong phép don hinh. Cac bang don hinh trinh bay trén bang (2.2)

Bang 2.2

' X, X, X, X, X, X, X, Xq
0804 | 0956 | 1,05 122 | 0452 | 0577 | 0,682 | 0933 1,63 | v,
L 1 1 1 0 0 0 0 | 1,00 | v,
0 0 0 0 1 ORI 1| 1,00 | v,
-156000 | -143000 | -136000 | -125000|-912000-80600 |-73400 | -60600| 0 |-Z

Xl XZ X4 KS Xj, XS
0804 | 0956 | 1,05 122 | -0,125 0,105 | 0,356 | 1,05 | v,
1 1 D 1 0 0 0 | 100 | v,
0 0 0 0 1 1 1 | 1,00 | x,
-156000 | -143000 | -136000 | -125000 | -10600 7200 | 20000| 80600 | -2’

_'XI X2 X4 Xs X.J, XB
0,246 | -0,004 0,17) | -0,125 0,105 | -0356| 0 | v,
1 1 1 0 0 0 | 100 | x
L0 0 0 1 1 1| 1,00 | x,
20000 | -7000 11000 | -10600 72000 | 20000|216600| -Z’

X, B XZ VI X,S X,I Xs
145 | 0533 588 | 0,735 ©618)] 209 | 0 |x,
2,45 1,553 -588 | 0,735 -0,618 | -2,09 | 1,00 | x,
0 0 0 1 1 1 | 1,00 | x,
-4050 917 -64700 | -2515 402 | -2990 |216600| -2’

XI X2 VI XS X4 XB
233 | -0,896 9,50 | -1,19 162 | 338 | 0 |x
1 1,00 X,
-1,619 1,00 | x,
3114 -557 60480 | -2037 650 | -1632 (216600 - 2’

Can cir vao bang don hinh cudi ciing, ta cé:
Xo =P, =1,00;x, =B, =0,00; x, = B, =1.00;x,=8, =0
Cin clr vao céc sé lidu trong bang (2.1) va cdng thirc (1.83) (xem muc §5 chuong mjt),
ta suy ra:
¥, =Y, =001210;y, =y, =0,0115
Ap dung céc he thic (2.35) va (2,37), ta cb:
X,= VA =y +1 =001210+0,01 =0,02210
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do dé: A, = 1/0,02210 = 45,2mm?
Bing cich tuong tu, ta ¢6:
= 1/0,0215 = 46,5mm?
Vay phuong an tdi wu Ja:
A, =452mm’, A, = 46,5mm? Z = min V = 216600mm*

Cac két qua trén day sai léch khong dang k& bao nhidu so véi két qua tinh theo phuong
phap quy hoach hinh hoc trong thi du (2.2).
§5. BAI TOAN TOI UU TiNH GIAN SIEU TINH

Khi tinh gian siéu tinh, ta dua nd v& hé co ban bing cach bé céc lién két thira va thay vio
do cac lyc chua biét R, R, ... R . Ching han két ciu trén hinh (2.9a) dwa v& hé co ban nhu
hinh (2.9b), trong d6 cic lién két thira 1 va 2 thay thé biing cac luc R, va R .

b)
— P, Q R, O P,
P, ¢ R, Y — P,
| 0
Hinh 2.9
Ap dung cong thic (2.5) ta ¢d vecto ndi luc: _
S=B.P+B.R (2.46)

Trong d6: B , B, la cic ma tran anh hwéng ndi luc trong hé co ban (mg v&i P va R.

D¢ tim ma tran B, ta bd toan bd cac luc R, 1An lugt dat cac ngoailwc P =1,P, =1,.
P _=11&n h¢ co ban va tién hanh tinh ndi luc. D& tim ma trin Bv ta bo toan bo ngoai luc P
lan luot ddt cac lye R = 1, R, =1,..,R_=11&n hé co ban va tién hanh tinh ndi luc. Ching
han ddi véi gian trén hmh (2 9), ta tim cac ma trin B_vaB, nhusau.

Tim ma trin B
KhiP,=1:N,=0,N,=0,N,=0,N,=-1,N,=2,N,=-,N,=0,N,= v2 N, = -2 ,N_=0,
KhiP,=1:N,=0,N,=0,N,=0,N,=0,N,=0,N,=-1,N,=0,N,=0,N,=0,N, = 2.
Tim ma tran B :
KhiR = 1:N,=1,N,=0,N,=I,N,=1,N,=-1,N, =-1,N, = -2 ,N, = +2 N, = 2,
N,=2.

KhiR,=1:N,=0,N,=1,N,=0,N,=0,N,= |,N,=1,N,=0,N,=0,N,=- /3 N, =-./3 .
78



Cin clr vao két qua trén ta ¢c6:

0 0 1 0
0 0 0 1
0 0 1 0
-1 0 1 0
2 0 -1 1
B, = -1 11 Bis 4 1
0 o 2 0
V2 0 2 0
~2 o NI
Lo V2] |2 2]
D& dam bio d6 bén, cin thda man didu kién:
aS<og* (a)

Trong d6: a la ma tran chéo

_ 0
AI
1
AZ
a= 0
A, (2.47)
0 N
L L
o * |2 vecto (mg suét cho phép. Thay hé thirc (2.46) vao bét dfmg thic (a) ta ¢6:
' a.B.P+a.B.R<c* (2.48)

Déy 14 diéu kién rang bugc v& do bén. DSi véi thanh thiri, didu kién rang budc vé& d6 bén
¢6 dang:

D, n ‘
RL + ; eik_Rk /Ai <0 (2.49)

Trong d6: R, 1a luc lign két thira thir k; 56 hang thir nht & v& trai clia (2.49) 13 két quacua
phép nhin hang thiri cGa ma tran a véi ma trin [B_PI; s hang thir 2 & vé i clia (2.49) la két
qua cta phép nhén hang thiri cGa ma trin a véi ma tran [B,R].

Pé dam bio d6 cimg, ta ap dyng cbéng thire (2.8):
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X, =B,.F.B,.P+B,.F.B,.R<A (2.50)

Trong dé: A 1a vecto chuyén vi cho phép. Didu kién trén goi 1a didu kién rang bude vé 46
cimg.

Gia sir can han ché chuyén vi tai diém dat lye P.. Tir bit déng thirc (2.50), ta suy ra diéu
kién rang budc

n N n P "
A TR A (2.51)

Trong do: Aj la chuyén vi cho phép tai diém dit luc Pj; b hang thir nhét trong vé trii la
két qua ctia phép nhén hang j cla ma trin {B'o.f.Bo] v&i vecto P; tng Th, /A, trong s6 hang
thir 2 & vé trai 1a phan tir nam trén hang thi j, cot thit k cda ma tran I:B‘o.f-B, ]

Dé dam bao diéu kién bién dang lién tyc, ta ap dung phuong trinh (2.10):

B.fB,P+B.fB.R=0 (2.52)

Ta goi digu kién trén 3 diéu kién bién dang lién tuc.

Hé thirc ma trin (2.52) bidu thi mét hé phuong trinh trong d6 ¢4 n luc lién két thira,
Phuong trinh thir s ¢6 dang:

P g n P
LIS

i=l Y k=1 =l

U’H‘

i

(2.53)

>

Trong d6: s6 hang thir nhit & vé trai 13 két qua clia phép nhan hing thir s clia ma trin
[B'u f .Bo:l véi vecto P; tong Zf /A trong s6 hang thir 2 & vé trai 12 phan ti ndm trén hang thir
s cOt thirk cda ma trin [Bl LB, :| .

Tém lai, trong bai toan ti uu tinh giain siéu tinh, ¢6 3 loai diéu kién rang budc:

1) Diéu kién rang budc vé& do bén.

2) biéu kién rang budc ve do clmg.

3) Biéu kién rang budc vé bién dang lién tuc.

Déng thoi, ¢6 2 loai bién: dién tich tiét dign A, va cac luc lign két thim R..

Day la bai toan quy hoach phi tuyén.

Cin cir vho phuong trinh (2.17) va cac dicu kién (2.49), (2.51), (2.53) ddng thdi cha §
dén tinh chét phén nhom, ta ¢6 bai toan 16i
Cuc ti#u hda ham
G
C= Z} C,v, LA,
g=
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Vai dieu kién:

D. n *
~L 4 ZCik.Rk/ A <o
Ai k=l

2 a2 = 4 (2.54)
= g 1=l
G 1 i, n ZG: 1 L,
a gsl + R S f\l = 0
; Ag i=1, k=1 ’ g=1 Ag i=l= .
s=1,2,..n

nhomg. D,e ,a

Trong d6: L, I, - s thir ti cia phan t dAu tién va sé thit tw chia phan tir cudi cling thude
i b}.kj, g, 1,.0,, A}.la cac hang so.

Thi dy 2.5,
Cho mét gian sigu tinh nhu hinh (2.10a). Tai trong P, = 10kN. Cac thanh 1, 2, 34, 5

thuée nhém dién tich A, thanh 6 thude nhém dién tich A, fJ'ng suiit kéo cho phép c*k =0,15

kN/mm?, img sudt nén cho phép o, =0, KN/mm?2 M6 duyn din hdi E = 207 KN/mm?. Chuyén
vi cho phép tai di€ém D bing 4,8mm. L = 1000mm

l P,=10kN

<)

e

Hinh 2.10
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Giai

T chon hé co bin bing cach virt bd thanh 1 va thay vao d6 luc R, (hinh 2.10b).

Sau khi tién hinh tinh ndi luc trén cac hé co ban (2.10c), (2.10d), ta suy ra:

N, [o
N, | |0
N, | |1
Y= AR
N, | |1
N, | {0
N, | [-v3/2

Ma trin dd mém

1/ A

1/ A,
1/A

L

Sau khi thue hign cac phép nhan ma trin

-1

1/ A

V3/A,

, ta duoe két qui;

B,.f=L/E[0 0 I/A, VA, O -1,5/A,]
B,.fB, =L (8A, +3J/3A JMEA A,

B,.f = L/E [I/A, -l/A,
Bf.B, =L(5A, +3\3A

“I/A, -UA, -1/A, 3/A,]

M EA A,

B, .£.B, = (B,.f.B,) = - L(4A, + 3v3A )12EA A,

Cin c(r vao dieu kign (2.49) va cac ket qua trén, ta suy ra diéu kign rang budc vé do bén:

(0P +R )/ A,
(0.p, - R,}/ A,

(1.p - R)/A

(LP -1R)/ A
(OP—IR)/A
(—V3P/2+3R,)/ A

£0C

(2.55)



Ciin ctr vio didu kién (2.51), ta suy ra diéu kién rang budc vé do cimg:

P L (8A,+3 J3 A 4EA A, -R LH4A, +3 J3 A)2EA A, <438 (2.56)
Can cir vao diéu kign (2.53), tasuyra didu kién rang buéc vé bién dang lién tuc:
-P L(4A, +3 3 A)2EA A, +R L(5A,+3 J3 AJEAA,=0 (2.57)

Vi gian lam bﬁ“mg mot loai vét ligu, nén ham muc tiéu ¢6 dang (xem phuong trinh 2.15):
2 5
V=>LA =AY L +A.L =V=5000A +17324,
u=i i=1

Thay thé cac két qua vira tinh trén vio bi toan (2.54), ta 6 bai toan téi wu:
Cuyc ti¢u héa ham V=5000A +1732 A,

thoa man cac digu kién (2.55),(2.56), (2.57).

Trén day, ta di thay ham gia ca C biing ham thé tich V.

Bai toan bao gém 8 digu kién rang budc phi tuyén va 3 bién A, A, R . Ham myc tiéu c6

dang tuyén tinh. DE gidi theo phuong php dd thi, ta tim cach khir bién R . Tir diéu kién
(2.57), ta suy ra:

khdéng dang k& so véi céc

R =P (4A,+3.3A)/ (10A,+6./3A)

R, fa lye cang, ludn ludn A
2

. (mm?)
duong. Thay biéu thic R, vao
7 didu kién rang budc con lai, 120t
bai toan chi con 2 bién A va
Két qua giai h oor s
A, e\( qua giai theo phuong o S
phap db thi ghi rén hinh (2.11).  so+ T
Cic dquong o, o, G, o, bidu \.\
Cor 601
thi cac dudmg bién img véi cac ‘\
dizu kign bén t&i han thir 1,2, 4ot N\
l' Ll
5.6 (xem he thic 2.55). Cac 5 P AN
. L N N 30+ Z ] \‘/1 .
dudmg bién tmg v&i didu kién L ! ‘ N P=10kN
bén t6i han thit 3, 4 khong bidu | LR AN \ !
A mm?
thi trén hinh (2.11) vi ching 02 30 40 s e AMM)
Hinh 2.11

dutmg bién khic. Ta nhan thiy img sudt trong cac thanh 2 va 5 1a dang k€. Pudng y, biu thi
dudmg bién img véi didu kign t&i han vé d§ cing (2.56). Hinh (2.11) cho thiy phuong an téi
wi la: A = 50mny’, A, =0, min V = 250000mm?’. Diéu nay chimg t6 ¢ thé vitt bo thanh sé 6
vit gian con lai la mot gian tinh dinh.
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Thi du 2.6 A, f(mm?)
Dau dé gidng thi du (2.5) nhungthay 60
d6i didu kign rang bude v& do cimg: sl
chuyén vi cho phép tai di€ém D bing

40
t.3mm.

Cac dudng bién img v&i cac didu 30
kién ti han khong cé gi thay d6i (hinh
2.12): Riéng duong bién img véi didu
Kién &1 han vé d6 cimg y, dich sang phii )
va gap dutmg bién o,, o, tai di,ém T.Ket OG——p 45 a5 47 43 @0 A (mm?)
gua g’hi trén h_inh (2.12)cho thﬁymphucmg Hink 2.12
an t6i wu van khéng thay doi: A,
50mm?, A, =0. Chuyén vi tai diém D bing 1,21mm. Didu nay chimg t3 didu kién rang bude
vé do clmg van chira téi han.

Thidu 2.7

20

10

Dé nghlen clru anh hudng clia viéc phan nhém dén phuong 4n t6i tru cla bai toén, ta s&
x&t mét s phuong an phan nhém sau:

1. Gia sircéc thanh 2, 3, 4, 5, 6 thudc nhdm dién tich A, thanh 1 thudc nhém dién tich A,
( hinh 2.10). Phuong 4n t8i vu {mg vo&i phuong an nay 1a A,=0ch nghla I3 6 thé vt bd thanh
s6 1. Lic nay, ndi luc trong cac thanh 2 va 5 triét tiéu, dang két céu thay déi nhu trén hinh
(2.10e}. N, =N, = 10kN, N,=-5 f kN. Vi ca 3 thanh nay thudc nhém dién tich A, ndi huc
trong thanh s6 6 cho ta cdn dum cua dién tich A 1a 86,6mm’, The tich nhé nhit cia két ciu
bing 3232mm*. Ro rang la két ciu méi (chi ¢6 3 thanh) niing hon két cu cii. Thuc ra, néu
thanh s 6 ¢c& dién tich khac v&i 2 thanh con lai thi thé tich s& 13 283333 mm?’,

2. Gia sir cac thanh 2, 5 thudc nhém cé dién tich A, céc thanh 1, 3, 4 thudc nhém dién
tich A, thanh 6 thudc nhdom dién tich A,. Phvong an t6i tru img v&i phuong an nay 1a: A =

50mm?, A, =33,3mm’ A, =0, the tich min V = 200000mm®. Véi phuong an nay, thé tich ket
chu nhd hon két chu cii.

3. Gia str trong két cau hinh (2.10e), ta vitt bd thanh ngang va thay gbi tyra di dong B biing
mét khop. Hai thanh con lai thude nhém dién tich A,. Phuong an tbi wu img v&i phuong an
nay la: A =667 mm?, thé tich min V = 133400 mm?.

Nhimg vi du don gian trén day cho thiy khi cic didu kién tai trong, d6 ben, do cimg nhu
nhau, vigc phian nhém khac nhau s& din dén nhimg phuong an t8i 1u khéc nhau dong thoi
hinh dang két cAu c6 kha nang thay doi. Ta cling nhén thiy trong mét s& phuong an phan
nhéni nao d6, didu kign rang budc vé dd cimg chua phii 1a didu kién khong ché phuong an téi
wru. Tuy nhién, digu nay khdng phai la pho bién trong thyc 8. Nhu sau ndy ta s& thiy, trong

nhiéu trurmg hop, diéu kign rang budc vé do cimg dong vai trd quan trong hon diéu kién rang
budc ve do bén.

84



§6. BAT TOAN TOI UU TiNH KHUNG
$6.1. M6t s6 dic diém cia khung
Khung khac v&i gidn & mot sb dic di€m nhy sau:
1) Trong khung, ngoai luc doc ra, con cé mémen va luc cit.

Lién h¢ gifra mémen va gbe xoay clia mdt phin & ij bt ki ¢6 thé viét:

4(“) 1) +2(E} o

L/ Ly
(a)

,-2(5) 0 +of ) o

L/ L/’

Trong d6: chi sb lJ img véi phan tir ij; M, (M) moémen tai dau i (daUJ) cta thanh ij. Ta
quy wdc momen tai dAu thanh la duong khi nd quay nguoc chigu kim ddng hd; 6,(8) -goec

xoay tai dau i (d4u j) cQa thanh i ij. Ta cling quy udc gdc xoay quay nguoc chidu klm dong hd
la duong.

Giai phuong trinh trén day theo M, M, ta duoc:

o =l(£) M _l[lr_] M
' T3\EL;T Y 6\EL), T

(b)
2] =*l(£) M _l[i] M.
' 6\ELJ; ' 3\EI); !

Duét dang ma trin, ta ¢b:

U, =f,.S, (2.58)
0, M
Uij = 0 Sij = M 2.59)
) bl
1(iN[2 - 3 E :
f =1 = N 1
Trong dé: U - vecto bién dang; S,- vecto ndi lye, LB Eal,
f.- ma trin d6 mém clia ph?m tr ij.
D6i voi khung trong d6 ¢6 nhidu phin t, ta két hop
cac heé thire (2.58), (2.59), (2.60). cp%mg han khung trgn | g ] 80
hinh (2.13) duoc chia thanh cic phéan tir 1-2, 3- 4, 5- 6. 4 3
Lién hg gilra vecto bién dang va ndi luc nhur sau: Hinh 2.13
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8, ] [f, 1M, |
92 M2
93 — f’M M?
94 Md
9, M, 2.61)
10:] L fo || M, |
Thay hé thic (2.60) vao hé thirc (2.61):
'6,] [ h/3EL, -~h/6E] 0 0 0 o M ]
8, | |-n/6E]L, h/3E] 0 0 0 0 M,
9, 0 0 L/3E,l, L/6E, 0 0 M,
= (2.61a)
0, 0 0 -L/6E,, L/3E, 0 0 M,
0, 0 0 0 0 h/3E,l, -h/6E,L || M,
9,1 L 0 0 0 0 -h/6E,I, h/3E]J, [|M, ]

2) Khi tinh khung theo phuong phéap luc dudi dang ma trén, ta chia nd thanh cac phén ur
theo nguyén tic da trinh bay trong §1.1. Song ngoai cic tai trong tap trung dit tai cic nit, con
¢6 tii trong phan bd dit trixe tiép 1&n cac phin tir. Trong trudng hop nay, ta xir 1i nhu sau. Xem
trang thai thye ctia khung 13 t6 hop cia 2 trang théi: trang thii ngam va trang thai ty do. O
trang thai ngam, cac nit bi chét, khéng cd chuyén vi (hinh 2.14b) nén phan lyc phat sinh tai
cac nit d6 (hinh 2.14¢, 2.144). G trang thai tur do, cac nit hoan toan duge giai phong (hinh
2.14e), tai trong tac dung bay gio la cac lyc tap trung dit tai cac nit trude kia bi chét. Cac luc
niy nguoe chigu véi cac phan lue tuong (mg & trang thai ngam va ¢6 gi tri tuyét dbi bing gia
tri tuyét déi cta cac phan lyc d6.

Theo sy phan tich trén, ndi Iuc trong khung bing téng ciia ndi lye & trang thai ngam va
noi lye & trang thai ty do (hinh 2.14e va 2.14c¢).

$6.2. Bai todn téi wu

Trude hét, ta xét trudng hop khung siéu tinh, khung tinh dinh xem nhuv trudng hop dic
biét cua khung siéu tinh.

Gia sirkhung c6 n lién két thira va chiu tac dung ca m thi trong tip trung. Vecto tai trong

P={P,P,..,P}

Vecto lyc lién két thira
R={R,R,,..R }
Vecto ndi lyc trong khung (xem hé thirc 2.5)
S=BP+BR (2.62)
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Trong d6: S ={M\M,, ..M }. B, va B, la
ciic ma tran anh hudng ndi lye trén hé co ban img
voi P va R. Ching han, khung trén hinh (2.15a)
duoe chia thanh cic phin tr 1-2, 3-4, 5-6, 7- 8.
Vecto P = (P, P,}. Vecto lyc lign két thira R =
{R, R, R} (hinh 2.15b). Vecto ndi lyc § = {M,
M, M, M, M, M, M, M,}. Béing cich lam twong
tu nhu da trinh bay trong myc §5, ta suy ra vecto
ndi lye cda chang:

M1 T 1] (21 1 0]
M, | |-1 -] =21 -1 1
M 1 0 2t 1 -1

3 RI
M, 0 0|[P -1 -1 1

= . + +| R,

M, 0 0[P I | R
M, | [0 © 0 -1 1 '
M, 0 0 0 1 -1

M| LO O] [0 -1 0]
h‘—-ﬂr“-‘_—' ey ey ee——e— —_—

S B P B R

Gidng nhur bai toan t8i wru tinh gian siéu finh,
ta c6 3 loai diéu kién rang budc:

1) bBiéu kién rang budc vé do bén.

Ung sut tai mot mit cat i trong khung phai

thoa man diéu kién:

M'I *
G, =— %0,
W,-
Trong @6:
M- mOmen tai mit cit i;

W .- mémen chong udn tai mit cat i;

o, - img sudt cho phép.

1KN/m
8 @ @ [©)
=
© 1.67kN/m
o
E
(o]
b) Q) ©)
¢) 5kN.m @ _~2kNm
kN,m
d)
@ @ 5kN
iR P T i
® @ )
2kN
L5k I
SkN —— o
&) ,~5kN,m ® KM
e, l/f ke
Hinh 2.14

Duéi dang ma tran, bit ding thirc trén c6 thé viét:

WS=W(@®B_P+B.R <o

hay W.B.P+W.B .R<c’

{2.63)

Trong dé: o* la vecto img suit cho phép. W 12 mét ma tran chéo ¢ dang:
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1w, ]
/W, 0O
/W,
W /W
h W, (2.64)
0 1w
i /W, |
@ AP ) SIS
ST R
L
11 18 — R
—r fegoal L L 77 b ool
| | le
1 1 g H‘l/ﬂz

Hinh 2.15

Trong hé thic trén, cac dai luong cling chi b W, dugc 1dp lai timg d6i mot trén dudng
chéo ctia ma tran vi ddi véi phE’m trij, W, = Wj.

Tai miit cit t trong phan tlr i (mat cit t ¢ thé trimg v&i mit cit bén trai hoiic bén phai caa
phan tir i), didu kién rang budc vé (g suit ¢ dang:

[Dﬁ /W, + chik-Rk]/Wi <o (2.65)
k=1

Sé hang dau tién trong diu ngoiic 1a két qua chia phép nhan hang thir t cla ma tran W véi
ma trdn [B_PJ; s& hang thir 2 trong déu ngoic 1a két qui ciia phép nhan hang thirt cia ma trin
W véi ma tréin {B .R].

D01 véi nhing phan tir chiu tac dung dong thoi cia momen va lyc doc, diéu kién ring
budc vé img suit ¢ dang:

N, /A, + [D“ /W, + ie“k .Rk]/W., <o, (2.66)
k=]

Trong d6: N.- lyc doc trong phan tir i; A.- dién tich tiét dign cla phan tér i.
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2) biéu kién rang budc vé do cimg.
Gia str A 1a vecto chuy@n vi cho phép tai cic diém dit luc. Ap dung cong thirc (2.8), ta cd
diéu kién rang budc vé do cung:

X,=1{y,y, - Yn} =B, LB, P+B fB.R<A (2.67)

Dé kiém tra chuyén vi tai di€m dt luc P, ta thyc hign phép nhén hing thirj ciia ma trdn
B,.f.B, vi vecto P va phép nhén hang thirj cha ma tran B,.£.B, v&i vecto R. Cin ctr vio két

qué ctia phép nhin, ta cé didu kién rang budc vé do cimg:
ra & b
24y R Y E <A (2.68)
b. ., .
140'56 hang thr 2 trong

Trong do: A 1a chuyén vi cho phép tai diém diit lyc P, Tdng )

i=Il
vé tréi la phin tir nam trén hang thi j, cot thirk cita ma tran B,.£.B, .

3) Diéu kién rang bude v& bién dang lién tuc:
B, .[.B,.P+B.f.B, . R=0 (2.69)

Tir phuomg trinh trén, ta suy ra didu kién rang budc vé bién dang lién tuc tai diém dit luc
lién két thia R (s = 1, 2,... n):

\ gsi > \ fs i
2R E=0 (2.70)
=1 Ii k=l =i Ii
Trong d6: s6 hang thir nhit & vé tréi 12 két qué cha phép nhan hang thir s clia ma trin
[B', .f.B._] vdi vecto P.

a - fski - - Y “
Tong ZI_ & 50 hang thir 2 trong ve tri 12 phan tir ndm trén hing thi s, cot thirk cla

i-i 4
ma tran [B, 1.B, :I :

Trong cac didu kign rang bude (2.66), (2.68), (2.70), bién 1a cac dai luong A, W, 1vaR.
Néu ham gid ca C (phwong trinh 2.17) dugce chon lam ham muc tiéu, ap dung hé thirc (2.18a)

dé bién d6i cac bién T va W thanh bidn A. N&u him gi4 ¢4 (phuong trinh 2.19¢) duoc chon lam
ham muc tiéu, ap dug cic hé thice (2.18b) dé bién ddi cic bién A vd W thanh bién L.

Toém lai, ddi véi khung siéu tinh, bai toan tdi v cé dang nhur sau:
Cue tidu hda ham:
G
C = Z CEYBLSAS
g=l
hodc ham
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G
C=0,559) C,y,L,1."
eg=1

Véi diéu kién:

; i kel .

—+ =0,

A W, '

1=1,2,..p

G o1 & n G o1&

le—zaji’sz;Rkle—me <4, > (2.71)
g=l lg i=u, = et g sy -

G 1 ug n, G ] U

z_ 8s t+ RKZH fSkl =0

g=l Ig =, k=1 g=1 Ig 1=u

Trong d6: N, D, e, a;, b, 8, T, o], A, 1a nhimg hing s6; u,, u, - 56 thir tir ctia phan

tlr dau tién v sd thir ter ctia phan tir cudi cling thude nhém g.
Thi du 2.8:

Cho khung sigu tinh trén hinh (2.16): h = 3000mm; L. = 2000mm, E = 207kN/mm?, P =
2,07kN. Chuyén vi trén phuong Iyc P khdng duge vuot qua 8mm. Ung sudt cho phép o* =
0,1kN/mm’. Céc ¢4t thuc nhém dign tich A, dam thudc nhém dién tich A,

aep 3 A Y Yp
2L L TS5
LA A,
I‘ II

£ 1 4 R,
- ”%, L ”%,6 -1 »g”_..
il

!

Hinh 2.16
Giai
He co ban nhur trén hinh (2.16b). Vecto tai trong P =[P, ]. Vecto luc lién kétthim R = [R,].

Lén luot dit luc P, =1,lucR =1lénhé coban va tién hanh tinh néi luc, ta duge hé thirc
ma tran;
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(M, ] [ 0] [ 0]
M, h h
M, | |-h ~h
M, |~ [Bf+] L [R 2.72)
M, ~h
M, 0 0
S B, B,

Goil, 1, 1an hrot 1 mémen quan tinh ctia tit dién cot va tiét dién dam. Ap dung cac hé
thirc (2.60) va (2.61), ta ¢6 ma trin d6 mém:

[ h/3EI, —h/6E], 0 0 ]

0 0
~h/6El, h/3EI 0 0 0 0
(|0 0 L/3EL, -L/6El, O 0
0 0  -L/6EI, L/3E 0 0
0 0 0 0 h/3EI, —h/6El,
0 0 0 0 -h/6El, h/3EL |

Ttr phuong trinh (2.72), ta c6:
B,=[0h-h0O0O;B=[0h-hh-ho]
Thue hién phép nhin ma trin:
B,.f= {-h*/6E1 h2f3EII -Lh3EI, Lh/6EL, 0 0}
B,.L.B =h*h.I +LI)3ELL
B, . f={-h*/6El, h¥El -hL/6EI, hL/6EI -h*/3EI, h¥6EI }
B, . f. B, =h’(2hl, + 3L1 /3E] I,
B,.f.B,=[B .f.B]= h*(2hl, + 3L1)/6El L,

Cin ctr vao bit ding thirc (2.67), ta c6 dicu kién ring bude v& do clmg tai diém 2 (xem
hinh 2.16)

h’P, Lh'P, h'R, LRh'R,
+ + + < 8mm (2.73)
3EI, 2ElL, 3EI, 2EI, :
Ap dung cong thirc (2.69), ta ¢ diéu kién rang budc vé bién dang lién tuc:

h'P,  Lh’P, 2h'R, Lh’R,
+ + + =0 2.74)
3El, 2EI, 3El, El
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Luc doc trong cft bén trai 1a lyc kéo cb gia trj bing P .h/L; luc doc trong ¢6t bén phai 1a
lye nén cd gia tri bing -P_.h/L. Ung suit phap trong cdt bén trai va cot bén phai lan luot 12
P .h/L.A va-P .hWLA (chc cOt thude nhém dién tich A ).
Cin cir vio cac bit ding thirc (2.63), (2.66) va phuong trinh (2.72), ta suy ra cac didu
kién rang budc ve dd bén tai 6 mit ¢it cla khung nhur sau (xem hinh 2.16):
Mt ciit 1: FPih < g,
! > Phinti i
Ph _(hP +hR) _ .
LA, W, '

Mait cﬁtB:M <a,

Mt cit 2:

o

?

hR, _ .
- 2

> Phant?2 > (2.75)
Miit cit 4:

AN

Mat05t5:ﬂ+&553 .
LA, W, S Phintir3 )

M ol 6 hp _

(_ltht .LAI— 3}

Trong d6: ,, o), o,- (ng suat phap cho phép tmg véi cac phin i 1, 2, 3. Trong cac
diéu kién trén, ta bd qua anh hwéng cha luc doc déi véi dim (phan tix 2).

Céc didu kién (2.73), (2.74), (2.75) 6 dang phi tuyén. Ching chia cac tisé 1/, 1/L, R /1,
R/L. VAL R /W R/W,

Ap dung cong thirc (2.15) ta c¢d ham muyc tiéu:
V=LA =2hA +LA,
g=I

V = 6000A, + 2000A, (2.76)

Pé giai bai toan trén day theo phuong phap dd thi, trude hét ta khir bién R,. Tur phuong
trinh (2.74) ta suy ra: R, =-P/2. Thay cac gid tri R , P.h L vao dién kién rdng budc ve do
cing (2.73), ta dugc:

6/1, + 1/1, < 16.107/3

Vi bién trong ham muyc tiéu la A nén ta ap dung hé thitc (2.18a) d€ bién d6i bién I thanh
bién A. Sau khi rit gon, bat déng thirc trén ¢é dang;

1,875A,% + 0,031A;% < 5,333.10” 2.77)
Thay gia tri R, =-P /2 vao cac diéu kign (2.75), ta thAy img sudt phap c6 gia trj tuyét dbi
16m nhat xudt hién tai mit cit 5. Thay cac gia tri P, h, L, o, vao digu kién thir 5 trong hg bat
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déing thitc (2.75) vi Ap dung he thic (2.18a) d8 bién d&i bién W thanh bién A. Sau khi chinh
i két qua tinh toan, ta duge diéu kién rang budc vé& do bén:

0,001A;" + 0,689A "% <1/31050 (2.78)
Két hop phuong trinh (2.76) véi cac didu kién (2.77), (2.78) ta c¢6 bai toan téi wnu:
Cuc tiéu hda ham

Z = 6000A, + 2000A,
Véi diéu kién:

1,875A7 +0,031A7 <5,33.107

0,001A;" +0,689A7" <1/31500

Két qué gidi theo phuong phap dd thi ~ ={mm)

ghi trén hinh (2.17). Pudng bién x, ng véi 3000
dicu kign rang budc t&i han vé do cimg tai
diém 2. Puong bién o, img véi didu kién
rang budc té&i han v& d6 bén tai mit cit 5.

|
|
I
|
¥
]
2000 |
I
DPudng mirc Zmin = 2458.10*mm? tiép xic E/
]
!
|
]
1
1
]

vGi dudmg bién x, tai didm T. Tai d6, A, = Z,.,=24580000 mm’

1000+
3160mm*, A, = 2810mm?. Vay phuong an
t6i vu la: A, = 3160mm?, A, = 2810mny?, \ R
[hé’ tich két Céu I'lh6 nhét bi\ing 0 1.0100 30l00 50I00 70I00 (?;’TIZ)
2458.10'mm’. Hinh 2.17
Thidu 2.9:

Cho mdt khung 6 mai déc nhir trén hinh (2.18a). Cac xa nghiéng chiu tac dung cia tai
trong phan bd déu véi hop lue bing P, L =20000mm, h = 10000mm, P, = 6kN, E = 207kN/
mm?, Chuyen vi cho phép trén phrong nim ngang tai di€ém D bang 30mm Cac cft thude
nhom dac trung hinh hoc I, A, W . Cac xa thudc nhém dic tnumg hinh hoc LA, W, Ung_
suit phap cho phép bing 0, lkN;r‘mm2

Giai
Truée hét, ta nhin thiy khung ¢6 mot lién két thiva va céc phin tir BC, CD chiu tac dung

trye tiép cha tai trong phan bé. Vay phéi x(r i nhu da trinh bay trong §6.1. Cac hinh (2.18b),

(2.18c¢) bidu thi trang thai ngam ciia khung. Phan luc tai cac lien két phu gia biéu thi trén hinh
(2.18d). Trang thai tu do biéu thj trén hinh (2.18e).

Theo sy phin tich trén, ndi lyc trong khung thyc (hinh 2.18a) bing tdng cha ndi luc img
vOi hinh (2.18¢) va ndi lye {mg véi hinh (2.18e).

Ciin ¢tr vao biéu db noi lyc trén hinh (2.18c) va bidu dd ndi lire trén hinh (2.18¢) (trén
hinh nay chi biéu thi cac lyc tac dung) ta suy ra hé thixc ma trin sau;
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Cin c(r vao hé thirc (2.60) ta c6 ma tran mém:

[ h/3El,  —h/6Fl, 0 0

0 0 0 0
-h/6El,  h/3EI, 0 0 0 0 0 0
0 0 a/3El, -a/6EI, 0 0 0 0
;- 0 0 -a/6El, a/3El, 0 0 0 0
0 0 0 0 a/3El, -a/6El, 0 0
0 0 0 0 —a/6El, a/3El 0 0

0 0 0 0 0 0 h/3EI, -h/6E],

. 0 0 0 0 0 0 —-h/6El, h/3El |

Trong d6: a 1a do dai ciia phan t& BC hodc phén t&r CD, a = 11548 mm.

Ciin ¢ vio bat ddng thire (2.67) va cac két qué trén, ta cé diéu kign rang bude vé& 4o cimg
tai diém D:

PLa(8+V3h+5L) py ) Pa|2n® (3+V3)+33Lh + ]

+ +
32EI, 3EI, I8EI,
aR, {36h? + 94/3hL + 212 3
o ( ) + bR, < 30mm (2.79)
36E], 3E,

Ap dung cong thirc (2.69), ta ¢6 didu kién rang budc vé bién dang 1ién tuc:

al {16+3h + SL)P, a(36h” + 9v3Lh + 21% )P,

+ +
96+3EL, 36El,
A 3 a{36h% + 6+/3hL + 12 )R
+hP2+2th+ ( ) ' o (2.80)
3EI, 3El 18EI,

Didu kign rang budc vé 46 bén & day dong vai tro rat thir yéu nén khong xét dén.
Céc dieu kign trén c6 dang phi tuyén. Chiing chira céc ti 6 1/I,, 1/L, R /I, R /L.
Sau khi ap dung h¢ thire (2.18) d€ bién ddi bién A thanh bién L, ta c6 him muc tidu:
V =20.000A, + 230964,
= V =111801" +12910,661}*
Dt V= 11180 Z, ta cé:
Z=1""+1,1541) (2.81)
Vay, bai toan tdi tu Ia: cuc tidu hda him muc tiéu (2.81) thda min cac didu kién rang

bude (2.79), (2.80).
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D€ 6 thé giai theo phuong phap dd I, (mm?)
thi, ta khirbién R . Tirphuong trinh (2.80) 0
ta biu thi bién R, 12 him cia 2 bién L, va
1,. Sau 46, thay biéu thic R, vio diéu kién
(2.79). Lac nay, diéu kién rang budc vé
dd cimg chi chita 2 bién I va L.

6x10°

Két qua giai theo phuong phap db thi 4x10°

ghi trén hinh (2.19). Dudmg cong x, {mg

v6i dieu kién rang buge t&i han (2.79). 5,400 £ "
Pudng mirc Zmin tiép xic véi dimg cong x10° 2x10° 3x10 (mm)
nay tai diém T. Diém nay img véi phuong Hinh 2.19
an téi wu:

I, =08.10°mm®

I,=3,5.10°mm"

Zmin = 9,65.10* mm?, do d6 thé tich két ciu cuc tifu Vmin = 1,07887m’.

§7. MOT SO PIEU CAN CHU ¥ XHI GIAI BAI TOAN TOI UU THEO PHUONG PHAP LUC

Qua cic bai toan téi uu trén day, ta thiy ring bién xuit hién dudi dang cac i sé nhw /A,
lf’I R »"A R ;"I

Tachiy rang céc bién A1 ludn ludn khong am theo ¥ nghifa vét Ii, nhumg bién R, (luc lién
két thira) ¢6 thé am hoic du'cmg Gla st bién A hofdc 1 nao do triét tiu thi nghich ddo cia né s&
tr& thanh v6 ciing 16m. Vay dé bai toan cb phmmg an t01 wru, ta x(r 1i nhur sau:

Trixdc hét, phai thﬁy ring bai toan (2.31) ap dug cho hé gian tinh dinh ludn udn co
phuo*ng an t&i wu vi bién A, thda man dicu kién A 2 min A, cin duGi nay o thé xac dinh
cac diéu kién bén (xem cac thi du (2.1), (2.2)).

Ddi véi bt toan (2.54) ap dung cho hé dan siéu tinh, ta xur 1 nhur sau:
1) Pua bién méi khéng 4m y,_sao cho
Ag =y + minAg (2.82)
y 20
Khi y,=0=A = minAg, minAg la cin dudi cia A . Chntrén cha y, xac dinh tir h¢ thic
(2.82%
max y, = max Ag - min :‘-\g (2.83)
Trong dd, max A_lacén trén cia As.

2) béi v6i bién xuit hién dudi dang R, !A ta thay A bing hé thirc (2.82) vi dura viio 2
bién méi X, var, sao cho:

t_
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(2.84)

Trong do, B, vad, lanhimg hiing s6. Khi bién =0,R =1 +d =d_.Vay d, la cén dudi
cua R, Mit khac R =max R khir, =maxr,. Vay, can trén cliar, bang

max r, = max R_- min R (2.85)

Cén trén va cin dudi clia (x +B, ) xac dinh nhwr sau: Tir hé thirc (2.84), ta thiy rang X,

+B, dat dén cuc dai khi Y+ mm A dat dén cuc tigu va khi r, +d dat dén cuc dai. Didu nay
xayrakhly =0var =maxr,.

Viy:
max (xk + Bk )=(maxr, +d J/min A (2.86)

Mit khac, (x +B, ) dat dén cuc tidu khi r+ d dat dén cuc tiéu va Yt min A dat dén
cuc dai. Didu nay xay a kh1 r,=0va y, dat dén max Y, =max A -min A (he thirc 2. 83) Vay

min (xk‘g + Bkg) =d / max Ag (2.87)
Néu chon min Xip = 0=
min (xk + Bk } = min B = d,/max A 2.88)

Déi voi bai toan (2.71) 2 ap dung cho hé khung siu tinh, ta ciing lam trong tyr nhu trén
nhumg thay bién A bing bién L.
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Chuong ba

BAI TOAN TOI UU TiNH KET CAU
THEO PHUONG PHAP CHUYEN VI

Nhu 3 trinh bay trong chuong hai, gidi bai toan t5i wu theo phirong phap lyc doi hoi phai
thanh lap hé co ban, thinh 13p cic ma trin anh hudng ndi lyc va tién hanh nhigu phép tinh ma
tran. Déng théri, bién xuét hiép dum cac dang lng, lr‘Ig, kaAs, Rkﬂg 1am cho bai toan trd nén
phic tap do phai dua vao nhiéu bién mdi.

Nhu ta s& thay trong phan sau, giai bai toan t&i wu theo phurong phap chuyén vi don gin
hon so voi phuong phép lue. Viée thanh 1ap ma tran bién d6i chuyén vi va ma tran do cing
tong thé c6 thé tién hanh trén co s§ cac cong thire da duoc thiét 14p sin.

Chuong nay sé gii thigu cach gidi bai toan t5i wu theo phuong phap chuyén vi.

§1. BAI TOAN TOI UU AP DUNG CHO HE GIAN

§ 1.1. Phuong phap chuyén vi dinéi dang ma trén

1. Ma trén bién déi chuyén vi

Gi4 st mot phin ti thir i bt ki cta gian bi€u thi nhwr trén hinh (3.1). Pau 1 ciia nd quy tu
vao nit R va dau 2 quy tu vao not S. 5

Hé 10a d6 cuc bo 1a P va Q, hé toa d6
chung I3 X v Y. Truc P trung véi truc clia
phan tiri va ¢6 chigu duong hudng tir dhu |

dén dan 2. /gau 2tainit 8
X b (%, ¥2)
Tirhinh (3.1a), ta c6 d6 dai cha phan tiri:

x1 Y)
fz\j(X: _Xl)2 -i-(Y2 —-—Yl )2 (31) Pau 1 tai nit R

Gia sir do mot nguyén nhan bén ngoai
nao do, cac n(t R va S cha gian c6 cac chuyén
vi tuong ing 1a x_, y, va X, y¢ (hinh 3.1b)

Do céc niit R, S chuyén vi, cac dau 1 va

2 clia phin tir i di chuyén doc tryc nhimg
doan twong img lau vau, Hinh 3.1
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Bién dang doc cfia phin tir i 13
w=u -u, (3.2)
Tir hinh (3.1b), ta cé:;

U, = Xgcosa + y,.sina

U, = XgCOSU + yg.sina (3.3)
Trong do:
Xz _Xl
cosot =—2—1L
. Y, ~Y, (3.4)
singg = —2-—1
L

Thay u,, u, ur h¢ thirc (3.3) vao hé thixc (3.2), ta cé:
U; = Xg.COSQL+ Yo .S — X, COSOL — Yp.Sinct
Dudi dang ma tran, hé thirc trén ¢6 thé viét:

u; =[~cosa, -—sinay ... cosey siney}.{X, yg .. Xg Vs

[ "

oW "

tai niot R tai nit S
Vecto hang [-cosa;, —sina; ... cosa, sina,]
g0i 12 ma tran bién dGi chuyén vi mg véi phin tiri.
D1 vai toan bd gian, hé thitc ma trén gifta vecto bién dang cla céc phin ti U va vecto
chuyén vi ctia cac nat X ¢6 dang nhu sau:
U=A.X (3.6)
Trong do6:
A- ma trin bién déi chuyén vi (mg v&i toan bd gian.
Phuong trinh (3.5), (3.6) c6 thé m& réng cho hé gian khong gian. Lic nay, bién dang cla
phén tir i ¢6 dang nhu sau:
U, =[-cosa, —cosP, —cosy,.. cosy, cosp, cos,] . {x, ¥, z...x, v, 2.}BD
Trong d6:
o, B, v 1an lugt bigu thi cac gbe tao thanh giita tryc duong clia phin t& i vA cic truc
X, Y, Z cia hé toa d6 chung;
Xg» Yp» Zg- chuy€n vi cda nat gian R theo phuong cic truc X, Y, Z clia hé toa d6
chung;
X, ¥, Z,- chuy€n vi ciia ndt gian S theo phuong cac truc X, Y, Z.
Tuong tu nhu trén, ta cd:

L=J(X,-X) +(Y,-Y,) +(z,-2) (3.8)
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X -X Y, -Y Z -7
2 11 cosB = —2 L cosy = 2 ] (3.9)
b L Y L

Thi du:
~ Cho mét gian nhur trén hinh (3.2). S thir ty cac nit gian danh diu bing cic khoanh tron.
Sf)\thl]‘ tw cuia cac p\hén tfr' dér{h dau b:'“mg\céc s6 bén canh cac miii tén. Truc duong cta mdi
phan tr huong tir ddo 1 dén dau 2 cha phén tir 46.
Phan ur I ar’®(-5,3) @ (0,3

Ap dung cdéng thic (3.1), tacd 5

L, =(0-4) +(3-0) =5

(4.0}

, o ac®(-5.0)
Ap dung cOng thic (3.5)

cosat, = (0 - 4)/5 =-0,8
sina, =(3-0)/5=0,6

Dic trung hinh hoc ciia cac phin tit ghi trong

bang 3.1. Phén tir L cosa. sina
Piau | cla phan tir 1 quy tu vao nitR = 5, dau ) 5 08 0.6
2quytgvaonit S =4
. . a s ' . 2 4 -1 0
Do d6, ap dung hé thue (3.5), ta co;
U=[ 08 -06..-08 0,61.{x, y, .. X, ¥,} 3 5 1 0
Phin ur 2: 4 3 0 1
Diu | clia phin tir2 quy ty vio nlit R = 5, ddu 5 5 -1 0

2 quy tu vao nt 8 = 1. Cén cir vao hé thixe (3.5) va
cac sO liéu trong bang (3.1), ta cd:
U, =[-(-1) 0 -1]. {x, y,..x,}
Trong phuong trinh ma tran trén day, chuyén vi thing y, trén phuong thing dimg tai nit
1 bang khéng nén khoéng dua vao.
Phan tir 3:
Tuong tir nhu trén, ta ¢o:
U, =[11. {x,} (chi ¥ miit 2 khdng c6 chuyén vi)
Phan tir 4:
U,=10 0 1]. {x, %, y,}
Phan tr 5:
U;=[-(-1) 0]. {x, y,}
Két hop cac hé thie trén, he thirc ma trin gilta vecto bién dang U va vecto chuyén vi X
clia cic nit gidn c6 the viét:

100



‘U, 1 [0 08 06 08 -0,6][x,]
U, -1 0 0 | 0 X,
Uyl=l1 0 o 0 o0 |ly,
U, 0 0o 1 0 0 Xs
Ul to 1 0 0o oy,

M
Tainat 1 Tai nit4 Tai nGt 5

—r

Y e

A

Trong 46, ma tran bién d6i chuyén vi A tmg v&i toan bd gian ¢6 dang:

[0 -08 06 08 -0,6]
-1 0 0 1 ¢
A=| 1 0 0 0 0
0 0 1 0 0
| O 1 0 0 0 |
2) Ma trin d§ cimg
= LA 4 EA
Luc doc trong phén uri cé the viet: N, ==L U, (3.10)

Trong d6: E, A, L, U, lan lugt 1a md duyn dan hdi, dién tich tiét dién, chidu dai, bién
dang doc clia phan tir i.

DGi véi toan bd gian, hé thitc ma tran gitta vecto ndi luc S vi vecto bién dang U ¢6 thé vidt:

S=k.U (3.11)
hay:
[N, ] [EAL, o) Mo, 7
NZ E2A2L2 U2
N, |= EAL, U,
N | L O E,A,L, | U, |
—7 —~— -
S k U

Trong d6, ma tran d¢ cimg k ¢6 dang ma tran chéo:

[EAL, 0 ]
E,A,L,

k= E.A,L,
(3.12)
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Thay U tir phuong trinh (3.6) vao phuong trinh (3.11), ta ¢6:
S=k.A. X (3.13)
3) Ma trin d9 cimg tong thé
Goi P la vecto tdi trong va X la vecto chuyén vi. Trong tridmg hop téng quat, ta c6:
P={P P P...P PP ..P P P.J

X={xy,2,..xy,2...xy z}

Trong do:

P, P,. P, - céc thanh phén tai trong tai nidt i trén cac phuong X, Y, Z cia hé toa do
chung;

X,¥.2Z  -céc thinh phin chuyén vj tuong img tai ndt i cia gian. Ap dung nguyén li

can bang giita cong ctia ngoai luc va thé ning bién dang dan hoi, ta co:
12P.X=1/28.U

Thay U tir phuong trinh (3.6) va S tir phuong trinh (3.13) vao phuong trinh trén, ta cé:
PX=X A KAX>P =(A"k.A.X)

bit K=A" k. A (3.14)

ta co; P=K. X (3.15)

Ta goi K la ma trin ciing tong thé cha gian.

C6 thé 1ap ma tran K bang 2 cach sau:

a) Thuc hi€n cac phép nhin ma trén theo trinh ty néu trong céng thirc (3.14).

b) Xem mai phan ti cia gian ¢6 phan déng gdp ridng vao ma trin K.

Nhur trong phén truée di trinh bay, phian déng gop ctia phin tir i vao ma trin bién ddi
chuyén vi A ¢ dang nhu sau:

(3.16)
A, =[-cosa; —cosP, —cosy, .. cosa, cosP; cosy,]
~ ~ Y
tai nit R tai nat §

Sau khi nhan bén phai ma trén k & cong thirc (3.12) v&i ma trin A, ta thiy phan déng gop
cua phi"m ttr i vao ma tran [kA] cé dang nhu sau:

(KA). = L—ai coso, —a cosf, —a cosy, ..a cosqa, a cos B, a cosyi] (3.17)

tai niit R tai nat S
, E A,
Trong do: a, :‘T (3.18)

Sau khi nhdn ma trdn A’ v&i ma triin [kA] ta thiy phan déng gép cha phin t&ri vio ma
tréin d6 cimg tong thé K ¢6 dang nhir sau:
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Trong dé:

K =

m

rs

ig

K =

55

a, cos’ o,
a; cosal, cosP,

a, cosd, Cosy,

—a, cos’ a,
—a,; cosq, cos B,

—a, cos, Cos y,

~a, cos’

—a, cosa,; cosf,

—a, coS O, COS ¥,

a, cos’
a, cosa, cosp,

a, cosaL,; CosY,

K, {Taindt R

K., |Tainat$
Tai niit S

a; cosq; cosP,
2
a, cos” B,

a, cos P, cosy,

—a, cost, cos
2
—a, cos” f3,

—a, cosf, cosy,

—a; cos o, cosf;
2
—-a, cos” P,

—a, cos P, cosy,

a; cosay, cosf,
2
a, cos’ f3,

a, cosf, cosy,

a; CoS O, COSY,
a, cos, cosy,

2
a, cos” y, ]

—a; COS O, COS ¥,
—a, cosf3, cosy,
2

—a, cos” v,

—a, cos o, COS Y,
~a, cosf}, cosy,
2
—a,Ccos" ¥, |

a; CoS L, COSY,

a, cosP, cosy,

2
a, Ccos” y,

(3.19)

(3.20a)

(3.20b)

{3.20c)

(3.20d)

Do6i véi gian phang, vi cosp, =sina, vakhéng cé sd hang cos y, nén phan déng gop cla
phin tir i vao ma triin d cimg tdng thé K ¢b dang nhur sau;

tai -

nat| @i €os” o,

R |a, cosa, sing,

a; cosq, sinay

a, sin’ a,

-4, cos O, sinaQ,

2
a, cos” o,

,
a, cos”

—4, Cos @, sing,
=2
a, sin” q

K, =
tai ) _
nat| ~& €08 & ~a, cosq, sinq,

H -3
S | —a, cosa, sina, —a, sin” q
.
T
tai nut R

$1.2. Bai toan t6i uu tinh hé gian

a, cosq, sing,
. -2
a, cos o, sina, a, sin” q;
—~
tai nat §

(3.21)

Khi gii theo phuong phép chuyén vi, bai toan t&i uu tinh gian bao gdm 3 loai didu kign

rang budc:

1) Dicu kién rang budc vé 46 bén.

2) Diéu kién rang budc vé do cimg.

3) biéu kién rang budc vé can bang.
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1) Bréu kién rang budc vé do bén
Be dam bao yé&u cau vé do bén, moi phén tir i cda gian phai thda man didu kién:
N U

=F —L<g

G, = L i (3.22)

Y
Trong d6: o, N, A, cr: lan luot Ia (ng sudt phap, lyc doc, dién tich tidt dién, img suét cho
phép img v&i phan tir i.

Dbi v6i toan bo gian, digu kién (3.22) ¢6 thé viét dudi dang ma tran:

T.U=[T.Al. X<0o" 3.23)
Trong dé: ¢* 12 vecto émg sudt cho phép; T 1 ma tran chéo ¢b dang sau day:
-EIL]. |
"E,L, o)
T= o
O EL. (3.24)

EoL,

Talap matran [T.A] nhu sau. Nhan bén phai ma trin T & hé thic (3.24) véi ma trin bién
d6i chuyén vi A, ta thiy phin déng gdp cha phan tir i vao ma tran [TA] ¢6 dang nhur sau:
[TA] = [-tecosa, -tcosp, -teosy, ... teosa, tcosP, tcosy] (3.25)
Trong d6: t=E/L (3.26)
Bdi véi gian phing, vi cosf, = sina, va khong cd cosy, nén hé thirc (3.25) ¢b dang:
[TA], = [-tcosa, - tsina, ... Leosa, tsino ] 3.27
2) Diéu kién rang bujc vé do cimg
Dé dam bao yéu ciu vé 4o cimg, chuyén vi tai mdt sé aat gian nao d6 khéng dugc vuot
qua chuyén vi cho phép. Dudi dang ma tran, didu kién rang budc niy c6 thé viét:
X<A (3.28)
Trong dé: A 1a vecto chuyén vi cho phép.
3) Piéu kién rang budc vé can bing
Ap dung phuong trinh (3.15), ta ¢6 didu kién rang budc vé can bing:
P=K. X 3.29)
Ddi voi ham muc tidu, cd thé ap dung cong thirc (2.17) trong chuong hai.
§1.3. Xi¥ li treomg hop bién am
Bai toan quy hoach toan hoc thuomg khong cho phép xuat hign bién am. Vi vay, dbi véi
bién dm, can co bién phap xir 1i.
Trong mot s6 truomg hop don gin, ¢6 thé phan doan dugc diu clia bién nhung trong

nhimg trudng hop phirc tap, khéng thé lam duge didu dé.
104



Trong bai toan téi wu tinh giin theo phuong phap chuyén vi, c6 kha néng x4y ra mot sd
truomg hop sau day:

1) Dau coa chuyén vi tai mét diém nao d6 chua rd (cb thé duong hodc am).
2) Déu cha (img sudt trong mot phin tir nio d6 chura 16 (cb thé duong hodc 4m).
Gia sir x, 12 chuyén vi tai niit R ca gian. Khi chua 13 ddu cha X, ta dat:
X =Yg €g (3.30)
Trong d6: e, bi€u thij gia tri chuyén vi cho phép tai nit R. D& thda man yéu cu vé d
cimg, phai théa man diéu kién:
1xR| <eg hay-e < X, €,

Thay x, bing hé thirc (3.30), bit ding thic trén day c6 thé viét:

0< y,<2e, (3.31)
Néu déu cla x, khing dinh la am, cin théa man diu kién:
€, $X, =0
Thay x,, bing hé thirc (3.30), ta c6: :
0< vy, <e, (3.32)

D41 v6i img suit, ta xir 1i nhw sau: Goi o, 0;, 1a (mg suét kéo cho phép va {mg suit nén
cho phép clia m6t phan i i ndo d6 trong gian. DE dam bio yéu chu vé o bén, ta phii cé:

|[TA]j .X| <g, hoico;,

Trong d6, [TA], la hang thiri cda ma tréin [TA]. Bit dzzmg thitc trén c6 thé viét:
~o;, <[TA], X <o, hay

[TA] X <o}, (a)
-|TA] X<o;, (b) (3-33)
§1.4. Thi du tinh tosn
Thidu 3.1
Cho mét gian v&i tai trong, Kich thude, dic trung hinh hoc bigu thi nhur trén hinh (3.3a).
Chuyen vi cho phép tai ndt 1 vanit 2 bang 5mm,
Gial
Trudc hét, ta nhan thiy giém c6 tinh chét d6i ximg nén so db tinh bidu thi nhu trén hink

(3.3b). Mat khac, cac thanh phan chuyén vi thing trén phuorng nim ngang tai cac nit | va 2

bing khong V1 hop lue tai trong hudmg 1&n trén nén c6 thé khang dinh riing cac thanh phén
chuyén vi trén phuong thing dimg tai cac nit 1 va 2 déu mang diu duong.

Ta thanh 1ap bai toan t6i wu nhy sau:

1} Ham muc tiéu.
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V, = 100kN

1000mm

Tt hinh (3.3a), ta cd:

L, = 1500.2/+/3 = 1732mm
L, = 2.500 = 1000mm
L, = 1000mm.

Ap dung cdng thirc (2.15) (xem chuong hai), ta ¢6 ham muc tiéu (tinh cho nira gian):

V= Z. LA, =1732A, +1500A,
e

(3.34)
2) Diéu kién rang budc vé o climg.
Ap dung bét ding thirc (3.28):
X<A=>y, <5mm; y, £5mm (3.35)
3) Diéu kign rang budc vé cin bing
Trude hét, ta thanh 1ap cac ma trin k, A va K. Ma tran d§ cimg k ¢ dang;
EA, /1732
k= EA, /1000 (3.36)
EA, /2000 )
Thanh lap ma tran A:
Bic trimg hinh hoc cda cac phi‘m tr1,2,3
ghi trong bang (3.2) Bang 3.2
Phan or I Phin tt| L{mm){ cosx sinal
Phan tr 1 quy tu vionit R=3 vanatS= 1. | 1732 0.5 0.866
Chi ¥ rang chuyén vi tai ndt 3 bing khong va tai
nit 1 chi cd thanh phan chuyén vi y . 2 1000 0,866 0.5
Ap dung cong thire (3.5), ta cd: 3 1000 0 L




= [sinat,]. {y,} = 0,866.y,
Phén n2

Phan tix 2 quy ty vao ndt R=3 vanit S =2, Nt 3 khong c6 chuyén vi va tai nit 2 chi
c6 thanh phéin chuyén vi y2 Ap dung cong thitc (3.5), ta cé:

=[sina )] . {y,} =05y,
Phin ti 3:
Phin tir 3 quy tu vAo nit R =2 vanit S = 1, Ap dung ¢Ong thirc (3.5):
U, =[-sina; sina,] . {y, y,}
Uy=[1 1. {y, v}

K&t hop cac phuong trinh trén day, ta duge hé thirc ma tran:

U] [0.866 07y,

U, =] 0 0,51
U, 3 ~1ily,
U A X

Viy ma trin bién déi chuyf‘;n vi A ¢ dang:

0,866 0
A=| 0 05
1 -1

Nhan bén phii ma trin k & hé thirc (3.36) v&i ma trin A, ta duoce:

EA,/2000 0
kA=|0 EA, /2000
EA,/2000 ~EA, /2000

Ma tran chuyén vi cia ma tran A:

(o866 © 1
o 05 -1

Nhan bén phai ma tran A’ v&i ma tran [kA], ta duroc ma tran d¢ cimg toan bé:

K o ATKA (V3A,+2A,)E/4000 —EA, /2000
| -EA, /2000 3BA, /4000

Ap dung phuong trinh (3.29), ta ¢6 didu kién rang budc vé can bang:
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v,/2

o[ [ e e |

—EA, /2000 3EA, /4000 | | y,

Thay V| = 100kN, V, = 50kN va E = 207kN/mm’ vao phuong trinh trén, ta duge:
\/EAIYI +2A,Y, —2A,y, =966 337
—2A.,y, +3A,y, =483 (3.37)
Can cir vao phuong trinh (3.34)va cac diéu kién rang budc (3.35), (3.37) df)‘ng thoi dat
A =X,y =X,A =X,Yy,=X,V=2Z,tacé bai toan tdi wu:

Cuc dai hda ham:

L =-Z=-1732x - 1500x, (a)
Véi digu kién:

V3x,.%, + 2%,X, - 2K,X, =966 (b)

-2x X, + 3x,x, = 483 (c)

X, <5 x,<5 (d)

X, Xy Xy, X, 20 (e)

DE giai bai toan phi tuyén trén diy bing phuong phap don hinh, ta tuyén tinh héa cac
ham (3.38b), (3.38c) bﬁng chudi Taylor (xem §5.1 chuong 1).

Ham (3.38b):
g,(x) = V3x,x, +2%,X, - 2X,X, - 966 =
Vg, (x)= I:ﬁxz (\Exl +2x3) (2)(2 —2x4) —2){3]
Ham (3.38c):
g,(x)=-2x,%, +3x,x, —483 =
Vg,(x)= [0 —-2x, (—2)(2 + 3x4) 3x3:|
Gia st xudt phat tur di€m {x_} véix = 100mm? x,, = 6mm, x,, = 100mm’, x,, = 6mm.
Ta c6: '
{x,} ={100 6 100 6}.Thay gi tri {x } vao cic phuong trinh trén, ta duoc:
g,(x)=73.2; g,(x) =117
Vg (x)=110,392 373,2 0 -200]
Ve, (x)=[0 -200 6 300]
Ap dung cong thirc (1.68)
Ham g (x):
g(x) =g (x)+ Vg x).({x} -{x
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X, —6
2.(x,)=732+[10,392 373,2 0 -200}. =0
X, — 100
X, —6
Khai trién phuong trinh trén, ta du'qc.:
10,392x, + 373,2x, - 0.x, - 200x, = 2005,2 (3.39)
Ham g,(x):
x, ~100
x)=117+[0 200 6 300 |-0
X = - . =
g:(x, v 100
x,—6
Khai trién phuong trinh trén, ta dugce:
0.x, - 200x, + 6x, + 300x, = 1083 (3.40)

Thay céc phuong trinh da dugc tuyén tinh héa (3.39), (3.40) vao bai toan phi tuyén
(3.38) dbng thoi dwa vao cac bién gia tao ¥,» ¥, V2 cac bién dém ¥, ¥, Bai toan (3.38) cd
dang sau day:

Cuc dai hdéa ham
Z == -1732x, - 1500x,

Vi diéu kién:

10,392x, +373,2x, - O, - 200x, +y, = 20052

0.x, - 200x, + 6x, +300x, +y, = 1083
X, +y3 =5
Xy t+y, =35
X0 X2s X3 X Y15 Y2 Y30 ¥a 20

Cac bang don hinh trinh bay trong bang (3.3).
Bang don hinh cudi cing cho phuong an ti wu diu tién:
{x,}=1{x, x,, x,, x,,}={1139 5 97,17 5}

Tiép tuc thay {x,} vao {x }, {x,} vao {x } va tién hanh tinh toan nhw da trinh bay trong
ph;fm trén.

Sau khi chinh i két qua tinh toan, ta c6 bai toin quy hoach tuyén tinh thir hai:
Cuc dai hda ham

Z' =-1732x, - 1500x,
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Bang 3.3

X] X X" x4
10,392 373,2 0 -200 2005,2 Y,
0 -200 6 300 1083 Y,
0 i 0 0 5 Y,
0 0 0 1 5 Y,
1732 ] -1500 0 0 A
X X, X,
35,90 0 -19,24 197,2 X,
-200 6 300 1083 Y,
1 0 0 5 Y,
0 0 i 5 Y,
62200 -1500 -33150 342000 -z
X X,
35,90 -19.24 197.2 X,
-33.334 50 180,5 X,
1 0 3 Y,
0 1 5 Y,
12200 41850 618500 -
Y3 Xy
-35,90 -19,24 17.7 X,
33,334 50 347.17 X,
1 0 5 X,
0 1 5 Y.
-12200 41850 557500 A
Y, Y,
-50 97.17 X,
0 5 X,
1 5 X,
-41850 348250 -z
Véi diéu kién:
8,66x, +391,64x, +0.x, - 194,34x, +y, =19535
0.x, - 194,34x, + 5x, +291,51x, +y, =968,9
X, +y, =5
XgtYs =
X o X X3, X0, Y ¥20 Y3 ¥y 20
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Cac bang don hinh tuong (mg trinh bay trong bang (3.4). Bang don hinh cudi cung cho
phuong an t3i uu thir hai:
{(x,} ={x, x,, x,, x,} ={11225 5 96,63 5}

Néu tiép tuc lp lai cic bude trén, ta s& cb phuong an t6i wu {x,} = {x,}. Vay phuong 4n
tdi u cha bai toan gée phi tuyén (3.38) la:

x, = A =112,25mm?% X,=y,=5mm;x, = A, =96,63mm?; X, =Y, = Smm.

Bang 3.4
X, X, X, X,
8,66 391,64 0 -194,34 19535 y,
0 -194,34 5 291,51 968.9 ¥,
0 1 0 0 5 Y,
0 0 0 1 5 Y,
-1732 0 -1500 0 0 A
yI xZ x'} xd
45,2 0 22,45 225,63 X,
-194,.34 5 291,51 968,9 Y,
1 0 0 5 Y,
0 0 1 5 Y,
78400 -1500 -38950 391500 -Z
X, Y, X,
45,2 -22,45 225,63 \
-38,87 58,3 193,78 ;s
i 0 5 Yy
0 1 5 Y,
200,95 48500 682170 -Z
y3 xd
-45.2 -22,45 0 X,
38,87 58,3 388,13 X,
1 0 5 X,
0 1 5 Y,
-200,95 48500 581695 A
y3 Y4
22,45 112,25 X,
-58,3 96,63 X,
0 5 X,
1 5 X,
-200,95 -48500 339195 A
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Thidu 3.2;

Dau dé gidng thi du (3.1) nhung bd sung thém digu kién img sut trong m&i phin tir clia
gian khéng duge vuot qua 0,1 6kN/mm?.
Giji
Ngoai cac dieu kién rang bude (3.35), (3.37) da néu trong thi du (3.1), cin bd sung them
diéu kién rang budc vé& dd bén. Ap dung hé thirc (3.24) ta cb:

E ]

1732

1000
_E
1000 |

Nhin bén phai ma trdn T v&i ma trdn A (xem thi du 3.1) ta duoc:

. )
2000

TA=| 0 ——

2000

E E

1000 1000

Ap dung bt déng thirc (3.23), ta ¢é:

B 5] 0,16
2000
TAX=| 0 -2 {7 i<lots
2000 |y,
E __E
[1000 1000 | | 0.16 |

Sau khi khai trién bat phuong trinh trén day, ta diroc 3 diéu kign rang bude vé d6 bén:
y, s 1,545y, < 1,545y, -y, < 0,773

BS sung cac didu kién trén vao bai toan (3.38), ta ¢b bai toan téi wu:

Cuc dai hda ham
7' =-7Z=-17324A, - 1500A, (a)

Véi digu kién:
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J3Ay +2Ay,-2Ay, = 966 (b)

-2;4";2)/l +3A)y, =483 (c)
Y, £5 y,<5 (d)
y, < 1,545 y, < 1,545 y,-¥,<0,773 (e)

- PatA =x,y,=x,A,=x,y,=x,vachiy diél’l kien cudi cing (e) c6 tinh chit khing
ch€ so vGi diéu kién (d), ta c6 bai toan quy hoach tuyén tinh:

Cuc dai hdéa ham

Z' = -Z=-1732x, - 1500x, (@)
V& diéu kién:
V3xx, + 2%, - 2xx, =966 (b)
2% X, + 3X,X, = 483 (©) (3.41)
x, < 1,545 (d)
x, < 1,545 (e)
x,-x,< 0,773 ®
Xy X X5, X, 20

D€ gidi biing phuong phap don hinh, ta tién hanh tuyén tinh hoa bing chudi Taylor cac
ham (3.41b), (3.41¢).

Xuit phat tir diém:
{x,} =1{x,, X5 Xy X} =1{300 2 250 3}.
Tinh tvong tr nhur trong thi du (3.1), ta cé:

g(x) =3.300.2+22.250-2.250.3 - 966 = -426
g,(x) =-2.2.250+3.250.3 -483 =767
Vg (x) =[3464 10196 -2 -500]

Veg,(x) ={0 -500 5 750]
Ap dung cong thire (1.68) (chuong 1):

Ham g (x)
X, —300
X, —2
—426+[3,464 1019,6 -2 -500]. =0
X, —250
x,—3
Khai trién phuong trinh trén, ta dugc:
3,464x, + 1019,6x, -2x, - 500x, = 1078,5 (3.42)
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Ham g,(x)
x, =300
X, =2
767+[0 -500 5 750]. =0
X, —250
X, -3
Khai trién phuong trinh trén, ta dwoc:
-500x, + 5x, + 750%, = 1753 (3.43)
Sau khi thay cic phuong trinh d4 duoc tuyén tinh héa (3.42), (3.43) vao céac phuong
wrinh phi tuyén (3.41b), (3.41¢) va dua vao cic bién gidtaoy .y, cac bién dém Y Yo Yoo taco
bai toan quy hoach tuyén tinh:
Cuc dai hda ham
L =-7Z=-1732x - 1500x,
Véi diéu kién:
3,464x + 1019,6x, -2x, - 500x, +y, = 1078.4

0.x, - 500x,+ 5%, + 750x, +y,  =1733
X, +Y, = 1,545
X, +y, = 1,545
x,-x,+y, =0773
xl-r xzs x3! x4, yl! y'z! ij Y4’ YS 2 0
Cac bang don hinh tuong img trinh bay trong bang (3.5).
Bang 3.5
X, X, X, X,
3.464 1019,6 -2 -500 10784 Y,
0 -500 5 750 1733 Y,
0 1 0 0 1,545 Y,
0 0 0 1 1,545 Y,
0 1 0 8| 0,773 y,
-1732 0 -1500 0 0 A
Y X Xy X,
2945 -0,577 -144.5 3115 X,
-500 5 750 1733 Y,
i 0 0 1,545 Y,
0 0 i 1,545 Y,
1 0 1 0,773 Y,
510000 -2500 -2500 539000 A
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Bing 3.5 tiép theo

X, ¥, X,

236.8 -3,8 3115 X,
-100 150 346,5 X,

1 0 1,545 Y,
0 1 1,545 Y,
1 -1 0,773 Ys
260000 125000 1405250 A
¥Ys X

-236,8 178,8 328,5 X,
100 30 4238 X,
-1 1 0,772 Y,
0 | 1,545 Y,
1 -1 0,773 X,
-260000 385000 1204250 -z
Yf. y]

-58 -178.8 190,5 X,
150 -50 385,2 X,
-1 1 0,772 X,
1 -1 0,773 Y,
0 1 1,545 X,
-123000 -385000 906750 A
y4 yi

58 2352 X,
-150 2692 X,
1 1,545 X,
1 0,773 ¥,
0 1,545 X,
-125000 -26000 810250 A

Bang don hinh cudi cling cho phuong 4n 8i wu thi nhét:
{x,}={x, %, %, x,}={2352 1,545 2692 1,545}
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Tiép tuc thay {x,} vao (x,}, {x,} vao {x } va tién hanh tinh toén nhur da trinh bay trong

phén trude. Sau khi chinh 1i két qua tinh toan, ta c6 bai toan quy hoach tuyén tinh thir 2:

Cuc dat hda ham
Z =-1732x, - 1500x,

Véi didu kién:

2,66x, +9454x +0x, - 5384x, + y, = 1596
0.X, - 538.4x, + 1,545x, +807,6x, +y, =896
x,+y, =1545
x,+y, =1545
X,-X,+y, =0,773
X Xy X3 X Y1 Yo Y3 Yoo Vs 20
Cac bang don hinh twong {mg trinh bay trong bang (3.6)
Bang 3.6
X, X, X, X,
2,66 9454 0 -538,4 1596 Y,
0 -538,4 1,545 807.6 896 Y,
0 I 0 0 1,545 Y,
0 0 0 1 1,543 Y,
0 ! 0 1 0,773 Y,
-1732 0 -1500 0 0 A
¥, X, X, X,
355.5 0 -202.5 600 X,
-3384 1,545 807,6 896 Y,
1 0 0 1,545 Y,
0 0 1 1,545 Y,
1 0 1 0,773 Y,
616000 -1300 -356000 1039200 -L
X, y, X,
355.5 2202,5 600 X,
-348 522 580 X,
| 0 1,545 v,
0 1 1,545 Y,
1 -1 0,773 ¥,
94500 426000 1909200 -z
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Béng 3.6 tiép theo

Y X,

-3535,5 153 325 X,
348 174 849 X,
i I 0,772 y,
0 I 1,545 Y,
1 1 0.773 X,
-94500 520500 1836200 A
s Y3

-202,5 -153 206,8 X,
522 -174 714,6 X,
-] . 1 0772 X,
I 1 0,773 Y,
0 1 1,545 x,
426000 -520500 1433700 A
Y, Y;

202,5 _ 363.1 X,
-522 311,1 X,
] 1,545 x,
1 0,073 y,
0 1,545 x,
-426000 | 1103700 -z

Bang don hinh cudi cing cho phuong an t8i wu thir 2
X, = A =363,lmm% x, =y, = 1,545mm;
x,=A,=311,lmm? x, =y, = 1,545
Néu tiép tyc thay {x,} vio {x,}, {x,} vao {x,}.tavancd
{x,} = {x,). Diéu nly chimg t3 phuong an tdi wu thir 2 1
phuong an t5i wu cia bai toan gc phi tuyén (3.41).
Thidu 3.3

Pau dé giéng nhu thi du (3.1). Chi khéc 1a ti trong Vv,
~ hudng xubng dudi (hinh 3.4),

Trong truémg hop nay, ta chua rd huémg cda thanh phan
chuyén vj trén phuong thfmg dimg tai nat 1 va nit 2, Hinh 3.4
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N&i cach khac, ta chua 16 du cia chuyén viy, vay,. Tas& xtrli truomg hop nay nhu di
trinh bay trong §1.3.
Ap dung hé thirc (3.30) v chi ¥ ¥ ring e, = A, tacd:
Y =%, Az_Yz -5
Yy =X =Y, - A =7,5
Ap dung bit déng thic (3.31), ta cé:
0<vy,<2A,=10
0<y,<24,=10
Trong do vy, va v, la cic bién méi khéng am. Sau khi thay X, X, bing cac hé thirc trén day
vao cac phuong trinh (3.38b), (3.38c) va chii ¥ d6i ddu vé trdi cla phuong trinh (3.38¢) (vi tai
trong V, hudng xudng dudi), ta dwa bai todn phi tuyén (3.38) vé dang sau ddy (xem thi dy 3.1).
Cuc dai héa ham
2’ =-1732x, - 1500x,
Véi didu kién:
5V3x, + 3Ry, + 27,%, 2xy, = 966
2y,x, +5x, -3x,y, = 483 (3.44)
Y,£10 v, <10
X Yy X3 ¥, 20
Dt nghi doc gia tr giai 14y bai toan trén.
Thidu 3.4:

Diau de gidng thi du (3.1). Chi khac 13 tal trong V, hutmg xudng dubi (hinh 3.4), tmg
suat nén cho phép bing 0,144kN/mm?, img suét kéo cho phép bing 0,16kN/mm®.

Trong truomg hop nay, ta chua 18 dau ca cac thanh phin chuyen viy,y,va diu cla
img suft trong cac phan tlr cOa gian.

G10ng nhur trong thidu (3.3), tathay y, vay, bing cac hé thic:

Y, =X, =Y, -3
Y,=%,=7%,-5

Trong d6 0<y,<10 (a) (3.45)
0<y,<10 (b)

Sau khi ap dung he thirc (3.33), loi dung céc két qua tinh toan trong thi du (3.2) va thay
Yo ¥, bing cic hé thirc trén, ta cb:

B T r 1
_E_ 0 0.16
2000
-5
o -E 1" i 016
2000 [{y,-5
E _E
1000 1000 0,16 |
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By 0,14
2000
-5
0 _E_ 1 <{0.14
2000 [|v,-5
_E __E_
1000 1000 (0,14

Tir 2 bét déng thicc ma trdn trén, ta suy ra:

Y, £6,545 ¥, = 3,608 (a)
¥, <6,545 Y, = 3,608 (b) (3.46)
Y, Y. <0773 v, -v,£0,69] {c)

So sanh 2 hé bat ding thic (3.45), (3.46) ta thiy hé bit ding thirc (3.46) c6 tinh chét
khépg ché. Loi dung cac két qua tinh toan trong bai toan (3.44), ta cb bai toan quy hoach phi
tuyén:

Cuc dai hdéa ham

7’ =-1732x - 1500x,

Véi didu kign:

SY3x + 3y, + 2y, - 2y, =966

2y,x, + 5x, - 3xy, =483
Y, < 6,545 Y, 2 3,608

¥, £6,545 ¥, 2 3,608
Y,-Y,£0,773 ¥, - Y, £0,691

Xps Voo X3s ¥,y 2 0
Dé nghi doe gia tr giai 14y bai toan trén.
$2. BAI TOAN TOI UU AP DUNG CHO HE KHUNG
Khung khac véi gian ¢ mét s& di#m nhu da trinh bay trong §6.1 chuong hai,
Phén sau s& gidi thi¢u dang ma trin khi tinh khung theo phuong phap chuyén vi.
§2.1. Ma trdn d¢ cimg
Trong co hoc két cau, ta da lam quen véi cac hé thirc sau:

N, = EA, u,
Li
M, =SBk, J4BL g (2EL g
% L L
M, =25l (2Bl g (4EL o
P2 L L
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2EL,  6E] 6E,I
Q1= 'i L2 9 - ]_} 9

i
Trong dé:
N - lyc doc trong phan ti i;
Q.- lyc cat trong phan tiT i;
M, - momen tai dau 1 cGa phén tir i;
M, - moémen tai diu 2 cha ph?m tiri;
u- bién dang doc truc cla phin ti i;
v - chuyén vi théng\tuong doi giﬁa 2 dau chia phén tiri (vudng goc vdi truc clia phan ti);
0 - gbc xoay tai dau 1 cla phan tr i;
8,- gbc xoay tai dau 2 clia phin tir .

Ta quy udc diu cta ndi luc nhur sau. Luc doc kéo 1a dwong, nén 1a dm. Mo men udn Ia
duong khi quay NEwoC chiéu kim déng hd. Luc cit 1 dvong khi lam cho phan tlr quay nguoc
chiéu kim dong hd. Géc xoay 12 duong khi quay nguoce chidu kim dong hd. Trong truomg hop
nguoce lai, cac dai lugng néi trén quy wdce 12 4m.

Cac hé thitc trén ¢d thé bidu thi dudi dang ma trin:

S,=k.U (3.47)
NI
Q.
S, =|
=l (3.48)
MQi
ui
u - (3.49)
8Ii
ezi
a, 0 0 0
k|0 B 4 d (3.50)
1o 4 e f
0 d f e

a=EA/L; b=12El/L; d =-6EI/L}; ¢ =4EI/L; f = 2E]1/ L. (3.5])
Ta goi:
S.- vecto ndi lyc cia phz\“m tri,
U.- vecto chuyén vi clia phin t i;
k.- ma trdn do cfmg cla ph?m tri.

Gia st khung ¢6 n phan tir. BSi véi toan bd khung, hé thirc ma tran gitta vecto ndi luc §
vi vecto chuyén vi U nhu sau:
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Sl
3,
S — 2
_STI
_kl
kZ
k=

(3.52)
U,
(3.53) ; u-| % (3.59)
Ul'l
K; (3.55)
kn_

§2.2. Ma tran bién ddi chuyén vi

Gia sir mot phan t bt ki i ciia khung c6 diu 1 quy tu vio nit R va diu 2 quy tu vio nit

S (hinh 3.5a). Hé toa dd riéng
cla nd 1a P va Q. Truc P tring
v&i truc clia phin tiri va cé chidu
dwong hudng tir dau 1 dén diu
2. Truc Q vubng gbc véi truc P
va ¢6 chiéu duong bidu thi nhu
trén hinh (3.5¢). Toan bd khung
cd hé tryc toa do chung X, Y nher
trén hinh (3.5¢).

Gia sir do mét nguyén nhan
bén ngoai nao dd, cac nit R va S
c6 ¢ac chuyén vi twong tmg 1a {x,
Yr Og} vat {Xg ¥4 6.} (hinh 3.5b).
Dau 1 ctia phan tiri di dong dén
diém 1', dau 2 di dong dén diém
2' (hinh 3.5b). Cac thanh phin
chuyén vi tuong img véi dhu 1
vadau 2 3 {u,v,0,}vafu,v,
0,.}. Tir cac quan hé hinh hoc, ta
suy ra cac hé thirc sau diy:

u,= XRC08Q, + yRs_moci

U, = X,CO8Q, + y sing,

L,

a) T_ —+ DAu 2tai n(it S

£au 1 tai nit R

b) A

¥

Hinh 3.5

121



Vay bién dang doc truc cda phan tiri la:

U, =1, - U, = -X COSW, - ¥ Sinct+ X CosQ, + ysina,
Chuyén vi vudng gdc vai phan b ja:

V|, = ¥,COS0, - X Sinal,

Vv, = Y LOST, - X SinQ,
Chuyeén vi thang tuong d6i cioa phan tir i la:

Vv, =V, - v, = X sino, - y cosa, -Xsina, + ycosa,
Cac goc xoay cua phan tri la:

0, =6,:0, =06

Ciin cir vao cac hé thic trén, ta ¢é hé thirc ma trin:

T
) Ve {¢ Taint R
u, -cosa, -—smna, O cosa, sino; 0 0
v, | _| sina; —cosa; O .. -sine; cosoy O «
.1 | 0 0 1 0 o o}
8,, 0 0 o0 0 0o 1| ‘
—— - ) N -~ | ¥s | pTainat R
U o tai nit R o tai nit S 18 ]
Ai
Hé thirc ma trdn trén cd thé viét dudi dang rit gon:
U =A.{X,.X} (3.56)
Trong dé:

X, - vecto chuyén vi tai nGt R;
X, - vecto chuyén vi tai nit S.

A - ma tran bién d8i chuyén vi cia phE‘m tiri. Ma tran A, c6 dang:

—cosa; -—sina; 0 cosa, sina, 0
A = sina;, —cosa; O .. -sina, cosa, O
A 0 1 0 0 0 (3.57
0 0 0 0 0 1
tai nit R tai nat S

Néu khung ¢6 n phan tir va m niit, hé thitc ma tran giim vecto chuyén vi ciia céc phan &
U vi vecto chuyén vi nit X sé 1a:

U=A.X (3.58)
Trong do:
U={U,U,..U ..U}
X={XX,..X ..X]
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A- ma tran bién doi chuyén
vi cda toan bd khung. A la ma
tran két hop cac ma tran con dang
(3.5,

Thi du: Lap ma tran bién déi
chuyén vi cho két cu trén hinh (3.6)

Khung ¢6 2 phan tir va 3 nit.
Ta xem mdi phan tir clia khung ¢d
phiin déng gop riéng vao ma tran
A nhu sau.

Phan tir I:

Phan tir 1 ¢6 du 1 quy tu vio
nit R=1 (khéng cé chuyén vi) va
dau 2 quy t vao nat S=2 (cac
thinh phin chuy@n vi 1 { X, ¥, 0,1

(0.0} @g

b)

Ap dung cac hé thic (3. 56) (3.5, ta co:

Tainit S =2

1
1

u
v
U, =
9,
g

21

cosq,

-sing,

Thay cosa, = I, sin o, = 0,1aco:

0
1
0
0

Phan ur 2:

_— o DO

Hinh 3.6

sinee, 0
K2

cosa, O
0 1 ';2
0 1 :

Phan tir 2 c6 diu 1 quy iy vaoniatR =2 (cac thanh phén chuyén vi [ { X, y, 6.} va dan
2 quy tu vao nit § = 3 (khdng cb chuyen vi). Ap dung céc hé thirc (3.56), (3.57), ta cd:

tai nt R =2

—Cos L,

sina,

—sina,
—CosdL,
0
0

0x,
0

1-Y2
o] |e,
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Thay cosct, = 0,6; sino, = -0,8, ta c6:
—0,6
-0,8

0

0

U, =

0.8
-0,6
0
0

0 x

0 2
11 ¥
0 %

Vay hé thirc ma trin giira vecto chuyén vi clia cic phan tir U va vecto chuyén vj nit X dbi

v&i toan bd khung c6 dang:

u _‘ -
v, 0
9,, 0

Ue 9,, _ 0
u, -0,6
v, -0,8
ell 0
|.922_‘ \_ 0

oo O -

0,6
-0,8
0

| o

§2.3. Ma tran dé cimg tong thé

0
0
0
||
ol Y:
0 %
1
0_
O‘I
0
0
1
0
0
1
0_

Ap dung cong thire (3.52) va (3.58), ta ¢6 hé thirc ma trén:
S=k.U=[k.ALX

3.59)

Ta lap ma trin [k.A] bing cach xem nd 13 ma tran két hop cac phan déng gdp cia céc
phin tir. Nhan bén phai ma trin k, (hé thirc 3.50) v&i ma tran A, (hé thirc 3.57), ta duge phan
déng gbp ctia phin tir i vao ma tran [k. A] nhur sau:

-a,cosa;, —a;sing; O
1A b,sine; —b,cosa; d;
[ ]" | d.sine,  —d;cosa; e
d,sina; —d,cosa; f
A - "

tai nat R

124

(3.60)

a,coso;, a;stno; 0
-b;sina; b,cosa; d,
-d,sina;, d;cosa; f,
—d;sina; d;cosa; ¢
\, 4
W
tai nut S



[k.A] 12 ma tran két hop cac ma trdn con ¢é dang (3.60).
Ap dung nguyén li can béing gifta cong clia ngoai luc va thé ning bién dang dan héi, ta cé;
12P’. X=1/28°.U
Thay U tur hé thic (3.58) va S tir hé thirc (3.52) vao phuong trinh trén, ta ¢o:
P.X=KkAX]"AX=2P=X"A.kK.A>P=[A"k ALX

bit K=Ak. A (3.61)
= P=K. X (3.62)
Ta goi K 12 ma tran cimg tong thé

Ta ¢6 thé 14p ma tran K bang 2 cach:

1) Thyc hi€n cac phép nhan ma trin theo trinh ty néu trong cdng thic (3.61).

2) Xem K 1a ma tran két hop cac phan dong gop cla céc phén tr. Sau khi nhan bén phai

ma trdn A’ v&i ma tran [kA), ta thiy phin dong gop clia phan tir i vio ma trin K nhu sau:

A B -C .. -A -B -C]
tainitR4 B, F -T .. -B, -FE -T
¢, -T & .. C T f
K=l . . . (3.63)
|-A, -B, C, A, B, C
tainitS<(-B, -FE T, .. B, F T,
¢ -t f . ¢ T e
tai nit R tai n(t S

Trong d6:
A, =a, cos’a, +b,sin’a,

B, =(a, —b,)cosa, sina,

C, =—d, sing,
F =a, sin’ o, +b, cos? o, ' (3.64)
T, =d, cosq,

a,,b;,d;, e, f tinh theo cdng thic (3.51)
Ma trén (3.63) ¢6 thé viét dudi dang rit gon:
KRR KRS

K = (3.63a)
KSR KSS

Thi du:
Lap phuong trinh P = K. X cho két c4u trén hinh (3.6a).
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Trude hét, ta 1ap ma tran d6 cing tc‘;ng thé K theo cach thir2 da duoc trinh bay trong phﬁn trén.
Phan i I

Phan tir 1 ¢6 dau 1 quy ty vao nitR = 1 (khong co chuyén vi) va ddu 2 quy tu vao nit S =
2 (cac thanh phan chuycn vilax,, y,,0,). VinitR=11a gdi tra ngam nén cac ma tran con K
KRS, K o KhOng tdn tai. Chi con lai ma trin con Kss K Tir hé thixc (3.63) va (3.63a), ta ¢o:

A, B] G
K{z‘z} = BI FJ. TI
C, T, €,

Phan i 2:
Phin tir 2 c6 dau 1 quy tu vio niit R = 2 (cic thanh phan chuyen vilax,y, 0,)va dau 2

quy tu vaonuat S =3 (chuyen vi bing khong). VinitS =3 Ia gdi tua ngam nén cac matran con
K, Ko K khong ton tai. Chi cOn ma tran con Kk = K,,. Tirhg thirc (3.63) va (3.63a), ta cd:

Az Bz _Cz
K{z? = B, F, -T,
-C, -T, ¢

Ma trén d6 cimg t8ng thé K 12 ma tran két hop cic phin déng gbp clia cac phan tir 1 via 2.
Do dé:

A+A, B +B, C -C,
K=K}, +K{=|B,+B, E+F, T-T,
C~-C, T,-T, e +e,
T hinh (3.6a), ta ¢6 vecto tai trong P va vecto chuyén vi nat X nhu sau:
P={P,.P Pl={5 3 0hX={x, y, 6}
Ap dung cong thirc (3.62), ta cd phuong trinh ma trén:
51 [A,+A, B,+B, C,-C,][x,
3|=|B,+B, F+E T-T, ||y,
ol [C,-C, T,-T, e+e,||0,
§2.4. Bai todn t6i uu tinh khung theo phuong phip chuyén vi
Ta s& thanh 13p ham muyc tigu va cac diéu kién rang budc nhu sau:
1) Ham muc tiéu.
Ham muc tiéu c6 the bi€u thi bang cac phuong trinh (2.17) holic (2.19¢) (xem chuong hai).
2) Pieu kién rang budc vé do bén.

Khi khong xét dén Anh hudng ciia lyc doc, img sudt phéap trong phin tir i phai théa mén
chc didu kién sau:
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—icg’ M <g (3.65)
W W '
Trong do:

M, ., M, - mémen tai ddu 1 vA mémen tai diu 2 cla phan tir i;

W - momen chdng ubn ciia phin tir i;
o, - img suét cho phép cia phan ti i.
Can clr vao cac hé thirc (3.47), (3.48), (3.49), (3.50), hé bat ding thirc (3.65) ¢6 thé viét:

Taidu L: (d,. v, +e,. 6, +£.0,YW, <qg

) : {3.66)
Taidau 2: (d;. v, +£. 8, +¢,.0,)/W, <o
Khi xét dén anh hudng ciia lyc doc, cac didu kién trén day c6 thé viét:
, : N N. M, .
—t4y—l<gl — gy 2e 3.67
AL W Ai+Wi_G] G.67)
hoic
Tai dav 1: v, E/L, +(d,. v, +¢.0, +£.0, YW, <c' 3.68)
Tai ddu 2: 0, E/L, +(d,. v, +£.0, +¢,.0,¥W, <o '
Trong d6:
d,, f, e tinh theo cong thic (3.51).
3) Diéu kién rang budc vé dd cimg:
De dam bio yéu cu vé do cimg, bt déng thirc sau day phii duoc thoa min:
XA (3.69)

Trong do:
X- vecto chuyén vi niit;
A- vecto chuyén vi cho phép.
4) bidu kién rang budc vé cén b?ing:
Ap dung cong thirc (3.62), ta ¢6 digu kién rang budc v& cin bang:
P=K.X

Tom lai, bai toén t6i wu tinh khung theo phuong phap chuyén vi ¢6 dang tdng quét sau
day:
Cuc tiéu hda haim

G
C=3Cy,L,A, hodc ham:

p=l

Ees

&)
C=0,559) C,y,L 1\
2=l
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Véi diéu kién:
u.E/L, +(d,.v, +e.0, +f.0,YW < o,
u.E/L +(d,.v, +f.0, +e,.0,)/W < o,
1i=12,...s
X<D
P=K. X
§2.5. Xi¥ li truomg hop bién am
Khi tinh khung, ¢6 kha nang xudt hién cac trudmg hop sau:
1} Chura & du chia chuyén vi.
2) Chua rd dau cla img suat.
Trong trudmg hop chuyén vi thing, ¢6 thé xir Ii nhur d2 trinh bay trong §1.3.
Déi véi chuyén vi xoay 6, ta dira vao bién mdi khong 4m A sao cho:
O=A-¢ (3.70)
Trong dé:
e - bidu thi gia trj gbc xoay cho phép. D& dam bdo yéu ciu v& d6 cimg, can thda min
diéu kién:
|9|Se hay -e<0<e

Thay 6 bing hé thic (3.70), ta cé:

0sA<2e 3.71)
Néu diu ctia 0 khiing dinh 13 4m, phai thda man diéu kién;

€ <8<0
Thay 0 bing hé thitc (3.70), ta cb:

0<h<e (3.72)

C6 thé chon e = 0,08 radian. Gia tri géc xoay cho phép nay bao dam cho khung lam viéc
an toan trong giai doan dan hdi.

Khi chia 15 ddu (mg suft phap, ta x{ 1i nhu sau:
Ta biét ring diu ctia (mg suit phap phu thudc vio du cha lye doc vh diu ciia momen.
Hon nira, (mg suit phap & 2 thd bién ciia tiét dién do mdmen gly ra lai nguoc dau nhau.
Vi viy, d6i véi tiét dién cé 2 truc déi‘xfmg, ta t3 hop (mg suit phap do tyc doc gay ra va
{mg suat phap do mdémen gay ra theo 4 di€u kién dde 1ap nhu sau:
N/A+M/W <o,
N/A-M/W<a,
~N/A+M/W<o,
-N/A-M/W<o,

(3.73)
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Trong do6: kN @ 5 @

' - img sudt kéo cho phép. B AL cl T
o, - img suat nén cho phép. A, A
13 143
§2.6. Thi du tinh toin I, 1, '“
Thi du 3.5 Al p|(@
Cho mot khung véi ti trong, diic trung hinh hoc bidu ”; L :Er N
thi nhu trén hinh 3.7. Ung suét phap cho phép biing 0,15kN/ .
Hunh 3.7

mm? (b0 qua anh hu&ng ctia lye doc). Chuyén vi thing cho
phép trén phir~ng nim ngang tai nit 2 bang 4mm. Cac cdt thudc nhém dién tich A, xa thude
nhom dién tich A,. L = 1000mm; E = 207kN/mm?2,

Giai
Trude hét, ta nhan thay khung c6 tinh chit déi ximg, tai trong ¢o tinh chét phan d6i ximg
nén cic thanh phin chuyen vi tat cc nlt 2 va 3 bang nhau:
X, =X Y,=Y,;0,=6,

DE thanh 1ap cic didu kién rang budc vé db bén va can bing, trude hét ta hay thanh lap
ma tran (k. A} va ma trin d6 cimg t3ng thé K.

1) Thanh 14p ma tran (k. A].

Lan luot Ap dung cdng thirc (3.60) cho céc phan tir nhur sau:

Phan tir | (hinh 3.7):

Phan tir 1 ¢ du 1 quy tu vao nit R =2 (céc thanh phan chuyén vi 13 X,, 0,) va du 2 quy ty
vao niat S =1 (gbi tra ngam). Do dé, phin déng gép clia phén tir 1 vao ma tran [k.A] nhu sau:

[-a,cosa;, 0
b;sina, d,
[l-:.A]1 =| d;sina, g,
d, sina, f,
(x,) (8]
taiﬁu’u 2

Phan tir 2: Phin vy 2 ¢6 dau 1 quy tu vao n(it R = 2 (céc thanh phin chuyén vi la X, 0,) va
dau 2 quy tu vio nit S = 3 (cac thanh phin chuyén vi la X, = X,, 0,=0,). Do dd:

—-a,cosa, 0 .. a,cosa, O
b,sina, d, .. -b,sina, d,
[kA] =| d,sina, e, .. -d,sina, f
d,sina, f, .. -d,sina, e,
(x5) 6, ..  (x) (8]
tai nit 2 - tai nat 3
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Ma trin trén c6 thé viét:

1

(—a, cos, +a,cosa,) ... 0+0

0 0
(b,sinat, —b,sina,) .. d,+d, 0 2d,
[k.A], =|(d,sina, —d,sina, e+ f, = [k.A]2 = 0 e, +f,
_ (d,sinat, —d, sine,} ... f,+e, 0 f,+e,
L (x,) v (8) L(x2)  (8;)

Phan 1+ 3:

Phin tich twong tyr nhir trén, ta cé:

a, cosd, 0
KAl = ~b, sinat, d,
[TL'mmm3 f,
~d, sina, €,

Cin ¢(r vao cong thirc (3.59) va cac két qua vira tinh trén, ta cd hé thic ma trén:

M, [ d,sinet, e, i

M,, d, sina, f,

M,, 0 e, +f, | | X;
M,| | 0 e+ '[ej
M,, —~d, sinal, f,

(M, | [—djsina; e ]

Thay sina, = -1, sina, = 1, ta duge:
M, =-dx,+e8,
M, =-dx,+f8,
M,=M,=(e,+1,). 8,
M,=(e,+f)0,
M, =-d.x,+f.0
M, =-dx, +¢0,
Tir cOng thirxc (3.51) ta cd:
d, =d,=-6El/L*% f =f =2El/L;e =e,=4El/L;e,=4EL/L; f,=2EL/L
dodd M, =M, M, =M .

Mt khic, do tinh chit bién dang ciia khung (hinh 3.7) ta thiy x, > 0, 6, < 0. Ddng thoi
e,>f,>0doddoM, >M,.

130



2) Thanh 1ap ma tran d6 cimg t6ng thé K.

Trudce hét, ta thanh 14p ma tran bién d6i chuyén vi A va lin lugt 4p dung cong thirc (3.57)
cho cac phan tur nhu sau:

Phan tr I:

Phan tir 1 ¢6 dau 1 quy tu vho ndt R = 2 (thanh phan chuyén vi la X,, 0, ) va diu 2 quy tu
vao niit S = 1 (gdi twa ngam). Do d6, phin déng gép chia phin ti 1 vio ma tran A nhu sau:

—cosa, 0 ¢ o (u)
| sina; 0] |-1 0O (vy)
Lo 1o 1) 6

0 0 0 0] (8,)
(x,) (8,)

Phan tr 2:

Phan tir 2 ¢6 diu 1 quy tu vao nit R =2 (cc thanh phan chuyén vi [a X,, 0,) va du 2 quy
tu vao nat S = 3 (thanh ph?ln chuyén vilax,=x,0,=0,).

Do do:
-cosa, O cosa, O
A, - sina, 0 -sing, O
0 1. 0 0
0 0 . 0 1
(xz) (81) (xz) (93)
tai nit 2 tai nit 3
hay
(-cosa, +cosa,) 0+0| [0 Of(u,)
A = (sina, —sinat,) 0+0) [0 O(v,)
P 0+0 1+0| |0 1(®,)
0+0 0+1 0 1](8,)
(x2) (©,)
Phin t 3:

Phan tich tuong tuy nhu trén, ta ¢d:

cosa, O 0 0],
—sina, 0 -1 0((v,)

A,‘: . =
: 0 0 0 0(©,)
0 l 0 1[(8,)
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Trong cac ma trén trén, ta thay cosa, = cosa, =0, sino, = -sinaj =-1; cosa, = 1, sina, = 0.

Két hop cac ma tran trén va bd qua inh hudng ciia bién dang doc u,, ta cd ma tran bién déi
chuyén vi:

10

0 1

0 0

o 0 [-100000 -100
A=l 0 1} _[010011001]
0 1

0

o o

-.0 l..

Ap dung cic hé thirc ma tran (3.50), (3.55) va bé qua anh hudng ciia luc doc, ta cb ma
trdn do cimg:

bl dl dl
dl el f|
dl 1 e| bZ d2 d'Z
d2 2 f?_
k= d, f, e
b, d, d,
dy, e f
d, f, e
L J

Sau khi thue higén cac phép nhan ma trén, ta dugc:

b 2
K=A'.k.A=1:2' d, ]

-2d, 2(e, +e,+1,)

3) Didu kién rang budc vé d6 bén.

Nhu da phan tich trong phan trén, gia tri mémen trong phin tir 1 hoin toan gidng gia tri
mémien trong phan t& 3. Vay ta chi xét di¢u kién bén cho phén t&r 1 va 2.

Phén tit I

Cin cir vao céc két qua trong muc 1 (thanh 13p ma tran [k. A]), ta c6 diéu kién rang budc
vé do bén:

M,/ W, =(-dx,+£8,/ W < o
6EL.x/ 12.W +2E1.0/L.W < g (3.74)
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Phan tr 2:

Vi6, <0néntacod:

-MJW,=-M,/W,=-(e,+f)08/W <o

-6EL.0,/L, W, < 5 (3.75)
Trong do6:

o,;0, 13 (mg suat cho phép cia cac phan tiy 1 va 2.
4) Picu kién rang budc vé dé cimg;
Theo y&u cau cla bai toan, ta cé didu kién rang bude vé do cimg:
X, £ 4mm (3.76)
S) Piéu kién rang budc v& can béng.

Ap dung cong thire (3.62) va céc két qua trong myc 2 (thanh 13p ma trin d6 cimg tong thé
K), ta ¢6 didu kign rang budc vé cin b?mg:

11 | 2b, —2d, X,
0] |[-2d, 2e +e,+1f,)| 6,
2b,.x,-2d,.6,= 1

-2d,.x, + 2(e, + ¢, + 1) 9,=0

Thay b, d, e . ¢, f, tr h¢ thie (3.51) vao cac phuong trinh trén, ta doc:

12Ell(ﬁ+e ]=1
L 2

LZ
3’Iﬁﬂzll +31,)8, =0 G170
6) Ham muc tiéu
Ap dung cdng thic (2.15) (chuong hai), ta ¢6 hdim muyc tiéu:
Z-——ZzngAg =2000A, +1000A, (3.78)

g=1

Can cir vao hé thirc (3.74), (3.75), (3.76) va cac phuong trinh (3.77), (3.78) ta ¢6 bai toan
quy hoach phi tuyén:
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Cuc tidu hda ham:
V =2000 A, + 1000 A, (a)
v diéu kién:

6EIL x,/L2. W, +2EL.0/L. W, <0,15 (b)

-6EL.0 /L. W, < 0,15 (© (3.79)
x, < 4 G)
(12EL/ L)(2x/L +6)) = 1 @)
3x/ L+l +30).0,=0 6

D& giai bai toan trén diy bing phuong phap do thi, ta thuc hign cic bude sau:

- Gidi x,, 8, tir cac phuong trinh (3.79¢), (3.791). x,, 8, bay gio la nhimg ham clal val,.
- Thay x,, 0, bi’mg che bifu thire vira tim duge vao cc didu kién (3.79b), (3.79¢), (3.79d).
- Ap dung hé thirc (2.18a) d& bigu thi I, W thong qua bién A.

Sau khi chinh li két qua tinh toan, ta c6 bai toan quy hoach phi tuyén:

Cuc ti€u hoa ham:

Z=2000 A + 1000 A, (a) )
Véi didu kién:
345A7 +1035A;
<0,15 b
Al 1 6AVI AL ®) :
1,033.10° AY? ’ (3.80)
T (©)
Al +06A;

1,258.10°(2A] +3A3).10° »

AL T6AZA = @
AZ0 A20 )

Két qua giai theo phirong phap d6 thi ghi trén hinh (3.8). Puong mang ki higu X, biéu thi
diéu kién rang budc tdi han (3.80d). Pudng mang ki hi¢u o, biéu thi diéu kién rang budc téi
han (3.80b). Puong mic Z_ tiép xdc véi dudng x, tai diém T. Vay the tich cyc tiéu cla
khung bing 446300mm’.

Thi du 3.6

Cho mot khung vi tai trong va dic trumg hinh hoc biéu thi trén hinh (3.9), L = 1000mmn.
Chuyén vi cho phép trén phuong thing dimg tai di€m C biing 4,8m. Chuyén vi cho phép trén
phuong nim ngang tai diém B va D bing 2,78mm. Ung suat cho phép trong cac phan tir bing
0,15kN/mm? (b qua anh huong cua luc doc).
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150 ¢

125 1

100 +

75

150

Hinh 3.8 Hinh 3.9

Gial
Vi khung ¢6 tinh chét ddi ximg nén so db tinh toan biéu thi nhu trén hinh (3.9b). Mit khac,
do tinh chit cau tao clha khung, ta cd cac thanh phén chuyén vj va quan hé hinh hoc nhu sau:

Tadnuél:x, GI.
Tai nit 2: y,

X, =y, g, (3.81)
Ta lan luot thanh 1ap ham muc tiéu va cac diéu kién rang budc nhur sau;
1) Ham muc tiéu
Ap dung cong thirc (2.19a), ta ¢ ham thé tich:

V= 0,5592 L,L,* =0,559(1" +1,7)

Py

Viy ham muyc tigu ¢6 dang:
Z= I:” + I|2;2 (3.82)
2) Ma triin bién déi chuyén vj A.

Lin luot 4p dung céc hé thic (3.56), (3.57) cho cac phin tf clia khung,
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Phan tir I:

Phan tir 1 ¢6 dau 1 quy ty vao niit R = 3 (gdi tya ngam) va dau 2 quy ty vao ndt S = 1 (cac
thiinh phan chuyén vi 1a x,,0,). Vibo qua anh hudng ctia luc doc nén phan déng gbp cha phan
ttr 1 vao ma trdn A co dang nhu sau:

v, —sina, 0 -1 0

X, X,
0, = 0 0] =0 Of

0, 0,
9, 0 1 0 1

Thay x, bing hé thic (3.81):

v, ~tga, O

0, 0 0 .[ﬂ

0,, o 1j-"
A

Phan tir 2-

Phan tir 2 ¢ dau 1 quy tu vao niit R = | (cac thanh phan chuyén vi Ia x,,0)) va dau 2 quy
tu vao nit S = 2 (thanh phan chuyén vi 1 Y,)-

Phin dong gdp cta phin t&r 2 vho ma trin A c6 dang nhu sau:

v, sina, 0 cosa,i|X,
6, (=i O 1 0 |19,
0, 0 0 0 Y2

Thay x, bing hé thirc (3.81) va rit gon két qua tinh toan:
v, secd, 0
o, = o 1 .[H
0,, 0 0 :
Az
Két hop cac h§ thirc ma trdn trén, ta duge ma tran bién ddi chuyén vi:

0 -tga, |
0 0
Ao 1 0
0 seca,
1 0
o0 0 |
6) (¥v3)
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Vay:
0 0 1 0 I 0O
A'=
~tga, 0 O seca, O O

Ap dung he thirc (3.50), ta ¢6 ma trgn d6 c{mg:

b, d, d,
d e f
d f e
k=
b2 d2 dZ
d, e, f,
L d, f, €, |
Nhian bén phai ma trin k v&i ma trin A;
_d, —b,tga, | Q)
f, —d,tga, |(M,,)
KA <| & —d,tga, |(My)
d, b, seca, (Q,)
€, d,seca, [(M,,)
| 1, d, seca, |(M,,)

Ap dung cong thize (3.59) ta dwoe vecto ndi luc:

M, f —dtga, || 6,

M,, _| & —d;tga,

M, €, d,seca, | iy, (3.83)
M,, f, d, seco,

3) Ma tran d6 cimg tong thé K

Thue hién phép nhan ma trin, ta duoc;

K= A KA = e +e, —ditzgot2 +d, se:c;on2
—dtga, +d,seca, btga, +b,sec’ a,
Ap dung cong thite (3.62);
P 0 _ e +e, —-d;tga, +d,seca, || 6,
-1 -d,tgo, +d,seca, btg’a, +b,sec’ o, Y,
4y Piéu kién rang budc vé dé bén;
Sau khi giai 9, y, tir phwong trinh trén, thay 6, y, bang céc bigu thirc vira tim dugc vao
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phuong trinh (3.83) va 4p dung c4c he thire (2.18b), (3.65), ta duge cac diéu kién rang budc vé
d6 bén:

Tai mat cit C (hinh 3.9):

28861, (51, +21,)

<0,15

2 3.84
I +321, 1, + 41 (3.84)
Tai mat cit B:

288617 (I, +41,) <015

E+320,0+42 (3.85)
Tai miit cat A:

2886157 (1, +41,) <015

4320 1, +48 (3.86)

S) bigu kién rang budc vé do cimg
Theo yéu cau bai toan, cac didu kign sau ddy phai dugc thda man;
X, £2,78mm, y, <4,8mm.

Nhumg vi x, = y,tgo, = yzr‘\/g nény, < 2,78 /3 =4,8mm. Viy chi cin théa man dicu
kién ring budc vé do cimg tai diém C la dd. Bing cich bién d8i tuong ty nhu trén, ta ¢6 diéu
kién rang budc vé do cimg tai didm C:

~4832000(1, + 1,) <

27 (12 +321, 1, + 412) =438

(3.87)

Tém lai, ta c6 bai toan t6i wu:
cuc tiéu hoa ham muc tiéu (3.82) thda
man cac diéu kieén rang budc (3.84)
- (387). Bai toan quy hoach phi tuyén
nay gom 2 bién I val. K&t qua giai
theo phuong phap dd thi ghi trén hinh
(3.10). Dudmg bién mang ki higu y,
biéu thi didu kién rang budc t&i han
(3.87). Duong bién mang ki hiéu
Gcbiéu thi diéu kién rang budc t&i han
(3.84). Tur hinh (3.10), ta doc dugc
phuong an 16i wu: Z = 457,5mm?
g voi I = 0,06.10°mm* va I, =

L.10% (mm*)

0,10

00751 Ze

0,05

0,045.10°mm/"

0,04 . L.107

0.045.10°mm?*.
bé don gian héa tinh toan, doi
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khi nguéi ta thay haim muye tigu phi tuyén bing ham muc tiéu tuyén tinh, ching han thay ham
(3.82) bang ham

Z,=1,+1, (3.88)

Trén hinh (3.10) duc‘mg thang mang ki hidu Z (mg véi ham muc tiéu (3. 88) Véi cach
thay nay, phucmg an t6i wu khéng ¢6 gi thay d6i (xem hinh 3.10). Tuy nhién, cin liu § y mot
dieu i néu phuong an 6i w khéng xuft hign tai mot nit trén dlrorng bién (diém giao nhau

gilta 2 dudng bién img véi 2 didu kign rang budc ti han) thi viéc tuyén tinh héa ham muc tiéu
s& dan dén nhimg sai sé dang k.

§3. PHUONG PHAP TUYEN TINH HOA TUNG MAU AP DUNG CHO BAI TOAN TSI UU
GIAI THEO PHUONG PHAP CHUYEN VI

Nhur trong phan trude di trinh bay, trong bii toan ti wu gidi theo phuong phap chuyén
vi, bién xuét hien dudi dang tich cba cac dic trung hinh hoc va cac thanh phan chuycn vi
Lhang han nhu Ig. X, Ig.y, L 9 hodc cA X;, C. Agyj, C. A 8 Trong do: A I la dién tich va
moémen quan tinh thude nhom g: X, y;, 6,; 1a cac thanh phan chuyén vi tai nit j; ¢ I hiing s6.
DE ¢ ditu kien thyc hién phuong phap tuyen tinh héa timg mau, trude hét ta hiy tach
roi céce bien theo nhimg nguyén tac da dugc trinh bay trong §5.3 chuong mot.
$3.1. Tach réi bién

Gia str toan bo cac bién bidu thi b?mg dién tich Ag. Trude hét, ta tuyén tinh héa cac digu
kién rang budc.

Pt 0y = Al 3.89)
Trong do;
u- thanh phan chuyén vi nao d6 tai niit j. Liy l6garit 2 vé ciia hé thix trén:
logp, =2logA, +logy,
Trong phuorng trinh logarit trén, cac dai leong A, 1, 04 khong thé tridt titu do do phai
dua vao mét s6 bién méi nhu sau.
D6i véi bién A, dua vao bién méi khéng am Y, sao cho:
A=y, +min A
min A, la cin du6i ciia A . Ta cd A =max A khiy =maxy,
Vay:
max y, = max A_- min Ag (3.90)
Két hop cac he thirc trén, ta c6:
A, =Y, + min A, (3.91)
0< ygSmaxAg-minAg

Khiy =0 thi logA = log minA_
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D6i voi bién u, dua vio bién méi khéng am ¥, 520 cho (xem §1.3 va §2.5):
u=7- 4
2Aj 2y,20

Trong dé:

A,- thanh phan cho phép chuyén vi tai nit j.

bt
A=F-D = (3.92)
U=y, + Dj - Fj
A+F-Dzy,20 (3.93)

Cé thé chon gié tri D, mét cach tiy ¥ va ciin clr vao hé thirc (3.92) d& xéc dinh gia tri FJ..
Thay A, u, tir cac hé thire (3.91), (3.93) vao h¢ thirc (3.89):

Alu, =(Yg +minAg)2 '(YJ+D1"F:'):

£ )

= (y, +minA, )" (,+D)~F(y, +minA, (3.94)

Tich & s6 hang thirnhat trong vé phai can dwgc tach rdi. Ta dua vao bién méi (p'gi sao cho:

. 2
@y +By =(y, +minA, ) (v, +D)) (3.95)
Tir (3.94) va (3.95) suy ra:
. . 2

Ai.uj =((ij +B&i)—Fj(yg + min Ag) (3.94a)

Trong dé:
B, - hiing s& duong. Liy Idgarit 2 vé cla déng thirc (3.95):
log{@, + By ) = 2log(y, +min A, }+log(y; +D;) (3.96)

Cén trén va cin dudi cia (q);j +ng) xac dinh nhu sau: Cin cir vao hé thirc (3.90) va
(3.95), (@, +B, ) dat t6i gia tri cye dai khi (y,+min A ) > max (y, + min A ) =max A_va
v;—> maxy;= A +F, - D,- (xem hé thirc (3.93)). Vay

max(cp'gj +Bgi)= {max Ag)2 (A +F) (3.97)

Mit khac, ((pn} +ng) dat dén gia tri cuc tiéu khi ¥, = Ova Y, = 0. Vay:

min(p, +B, }=(minA, )’ D, (3.98)
Chn chi § ring B, 1a mot hing s6 duong va (p'gj [2 mot bién khéng am nén ddng thoi
. 2
min{¢, +B, ) =B, =(minA,) D, (3.99)
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§3.2. Phuong phép tuyén tinh héa timg mau

Nhu trén da trinh bay, cac bién méi cla bai toan t6i wu nay lay,, Yy qo'gi

fi(y)=(y, +minA, )’ (3.100)
f,(9y) = (9, +B,) (3.101)
fi(y.)=log(y, + minA ) (3.102)
fi(@q) =1og(¢, +B,) (3.103)

Trong pham vi bién thién cda ¥, tachia trucy, lam t doan gidi han bdi (t + 1) diém. Ap
dung h¢ thirc (1.85) (xem hinh §5.22 chuong mét), ta cé:

f(y) =D By fily,) (3.104)

Trong do: f,(y,) 1a gia tri cia ham f (y ) tai di€m chia t (t =0, 1, 2...). Twong ty nhur trén,
ta co:
f;(yg)=§:[5gl-Yg. (3.105)
Y, = log(y, +min A ) (3.106)
Y, la gid tri ciia ham log(y, + min A) tai di€m chia t.
Trong pham vi bién thién cia ((pg, +B, ) , ta chia truc ((p'gj +ng) tam s doan gidi han bdi

(s + 1) didm. Tuong ty nhir trén, ta ¢6:
WCIEDIN I A (3.107)
n=0

£,(®y,)- gid tri cba ham (@, +B,) tai diém chian (n=0, 1, 2... s)

£ (@g) =2 Byn- Wy (3.108)
n=0
W, = log(@y, +B,, ) | (3.109)

W, la gia tri clia ham log( gy +By ) tai diém chian (n=0, 1, 2...)

Cén chi ¥ riing khi g bién thién tir nhém nay sang nhom khéc, tir phuong trinh 16garit
{3.96), ta suy ra hé thix: '

141



log(@,; + By ) - 2log(y, + min A,) = log (@), +B,; ) —2log(y, +minA,) =

= log((p;j + sz)~~2,log(y2 +minA,) =

: . (3.110)
= log ((pGj +Bg; ) —2log(yg +minAg) =

= log(Yj + D,‘)

Trén day, ta gia thiét ¢6 G nhém chu kign nén G = 1, 2,... G. Ciin cif vao céc hé thirc
(3.102), (3.103), (3.105), (3.108), (3.110), ta suy ra cac diéu kién rang budc 1garit:

ZBljnwljn _2ZB11Y|: _Zngnwgin + 22 Bgtht =0 (3.111)
n=0 t=0 n=0 =0
£=2,3,.,G |
Vi him muc tidu (2.17) (xem chuong 2) chira bién A, nén cin tuyén tinh hda ham
£(y,) =y, + min A (3.12)
= £(y,) =D B.fi(v,) (3.113)

t=0

Trong do: £(y,) la gia trj cha ham (y, + min A ) tai diém chia t.
Vay sau khi duoe tuyén tinh hda, ham muc tiéu (2.17) ¢6 dang:

t

ey

7= > ZCiYiLiZﬁg[.fj(ygl) (3.114)

L=l t=0

Thi du 3.7.

Pau dé gidng nhu thi dy (3.5). Ding phuong phap tuyén tinh héa timg miu d& gidi bai
toan tdi .

(Gia sir can dudi va cén trén cua A, la:
min Ag = 120mm?, max Ag = 160mm?
Giai
Thay E = 207kN/mm?, L = 1000mm vao phuong trinh (3.77) va ap dung hé thirc (2.18),
ta cO didu kién rang budc vé can bing:
a) 0,002A2.x +2A2.0=125,8 }

- 3.115
b) 0,003A2x+2A} 8+3A6=0 ( )

Trong céc hé thirc sau, ta s& diing chi s6 x d€ bi€u thi cac dai lugng ¢4 lign quan dén
thanh phi‘m chuyén vi thzing dimg va ding chi sb 6 d€ biéu thi cac dai luomg cé lién quan dén
thanh phin chuyén vi xoay.

-, . - -~ ~ ~ , " ! ~
Ta xAc dinh cén trén va can dudi cua ((px + B!) va ((p'[, +Ba) nhwr sau:
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Theo yéu ciu ciia bai toan, thinh phan chuy&n vi cho phép x bing A = 4mm. Thay D,
2 vao hg thixc (3.92) ta duoce F =6. Ap dung hé thirc (3.97) ta dugc:

max (¢, +B, )= 153600
Ap dung hé thirc (3.98)
min((p; + Bx)z 28800

Cac cén trén va cin dudi cha ((p"B +Be) xé&c dinh nhv sau. Khi A = A, = min A =

120mm?, hé phuong trinh (3.115) cho 8 = -0,0038 radian. Khi A = A, =max A = 160mm?,

h¢ phuong trinh (3.115) cho 8 = -0,0021 radian. Thay D,=0, 0012 vao he thire (3. 92) ta durge
F,=0,005. Ap dung hg thixc (3.97):

max(q)'a "‘Be): 43,52
Ap dung hé thic (3.98):
min(@, +B,) = 17,28

Cin cir vao cac can trén, ta thanh ldp bang (3.7) d& ghi gia tri cua cac ham f (), £.(y),
[‘z({p ) f ((P ) f(y) img v&i cac diém chiat vis.

Bing (3.7) dugc thanh 14p theo nguyén tic sau. Ciin ol vao bit dang thirc (3.91) bién ¥,
bién thién trong khoang tir O dén max A_-min A, =160 - 120 = 40mm’. Ta chia khoang blen
thién d6 tam 7 doan bing nhau gi&i han bou 8 dlem chia (hang thir 1 bang 3.7). Ciin cit vao cac

két qua tinh toan trong phin trén, bién ((p! +Bx) bicn thién trong khoang tir 28800 dén

153600; bién (@, +B, ) bién thién trong khoding tix 17,28 dén 43,52.

Bang 3.7

y 0 10 15 20 25 30 35 40
(y +120)° 14400 | 16900 | 18225 | 19600 | 21025 | 22500 | 24025 | 25600
log(y + 120) 2,0792 [2,1139 |2,1303 [2,1464 {2,1614 | 2,1761 | 2,1903 {2.2041
o +B, 28800 | 46420 | 64450 | 82280 100110 | 117940 { 135770 | 153600
log ((p; +B, ) 4,4594 14,6676 |4,8092 |4,9153 {50005 | 5,0715 | 5,1389 |5.1864
@, +B, 17,28 | 21,03 | 24,78 | 28,53 | 32,28 | 36,03 39,78 | 43,52
fog ((pH +B, ) 1,2375 11,3228 11,3941 | 1,4553 | 1,5090 | 1,5567 | 1,5997 | 1,6387

Cin c vao cac sb ligu trong bang (3.7), ta tién hanh tuyén tinh héa cac ham
A x, AJ0, A0 trong phuong trinh (3.115). Ching han ap dung (3.94a), ta cé:
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Aj0=17.28B , + 21,038, + 24,788 . + 28,53B . + 32,288, + 36,03B ., + 39,78, +
+43,528,, - 0,005 (144008 , + 16900, , + 182253 , + 196008 , + 210258, , +22500p,
+24025p,, + 256008B,.).

Trong bién _, chi s6 i bi€u thi phn t thude nhém i, chi s6 j bidu thi diém chia thit j,
chi 6 8 img vin gbc xoay. B‘Zing cach tuong tir nhur trén, diéu kién rang budc (3.115a) duge
tuyén tinh héa nhur sau:

0,002. (28800B, _ + 464208, + 644508, , + 82280B , + 1001108, , + 117940B, . +
1357008, . + 153600B, ) + 17,28B ,, + 21,03B,,, + 24,78B ,, + 28,538, + 32,28p,, +

36,03B,, + 39,78B 4, + 43,52, - 0,017.(14400p , + 169008, , + 18225p,, + 19600p, +
21025p,, + 22500B, , + 240258, + 256008, ) = 125.8,

Diéu kién rang bude (3.115b) c6 dang:

0,003(28800B,  + 464208  + 644508  + 82280B, , + 100110B, , + 1179408, +
1357008, + 153600, ) - 0,028 (144008, + 16900B, + 182258, + 196008 +21025p
+ 225008 + 24025B  + 25600B,) + 2.(17,28B  + 21,03, + 24,788 ., + 28,53B +
32,28B ,, + 36,03, + 39,788, + 43,52 ) + 3. (17,28, + 21,031B,, + 24,78p,, +
28,53, + 32,288, + 36,03, + 39,788, +43,52B_, ) - 0,015. (14400p,, + 16900B +
18225B,, + 196008, + 210250, + 22500B, + 24025p,, + 25600B,) = 0

Ap dung hé thirc (1.87) (xem §5.2 chuong mét).

leo + BIXI + lel + BIXS + l')’IJ(‘I- + BIXS + [3!16 + le'? = 1

BIBO + Blﬂl + B]BZ + I3133 + BIM + BIBS + Bleﬁ+ BIBT = 1

Page + Bag + Bogy + Pagy + Bagy + Bogs + Pogs + By =1

BID+BII+Bl2+BIS+Bl4+B15+B16+BIT =1

BQO + BZl + BIZ + B'Z'S + B24 + B25 + B26 + BZ’? = 1

Cin i vao didu kién rang budc 1ogarit (3.111) ta ¢b cic phuong trinh:

4450B +4,66768  +4,80928  +4,9153B  +50005B ,+5.0715B  +5,13898 _+
5,1864p, - 2.(2,0792p,, + 2,1139p  +2,13038,, + 2,1461B , + 2,1614B,, + 2,176, +
2,1903B , +2,2041p ) +2.(2,0792B, +2,1139p, +2,1303p,, + 2,14618,, + 2,1614p, +
2,176B . +2,1903B,, +2,2041,) =0
1,2375B , + 1,3228B,,, + 1,3941P . + 1,4553B,,, + 1,5090B ,, + 1,5567P,. + 1,5997B,,,
+ 1,6387B,, - 2.(2,0792B,, + 2,11398, + 2,1303p , +2,146103 , + 2,16148,, + 2,176, +
2,19038  +2,20418,)- (1,2375p,,, + 1,3228B,,, + 1,3941P,, + 1,4553B,, + 1,50908,, +
15567, + 1,5997B,, + 163878, ) + 2.(2,0792B,, +2,1139B,, +2,1303B,, + 2,1461P,,
+2,1614p,, +2,176B,, +2,1903B,, + 2,20413,)=0

Cin ctr vao phuong trinh (3.78) (xem thi du 3.5) va céc hé thirc (3.112), (3.114), ham
muc léu duge tuyén tinh hda nhu sau:

7 = 2000. (120B,, + 130B,, + 135, + 140B , + 145 , + 150, + 155, + 160B ) +
1000. (120B,, + 130B,, + 135p,, + 140B,, + 145p,, + 1508, + 155B,, + 160B,,).
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Bai toén quy hoach tuyén tinh nay gdm 40 bién. Chi ¢ thé giAi nd bing phuong phap

don hinh trén may tinh dién to. Bang 3.8

i4. BAI TOAN QUY HOACH NGUYEN ) p

3 Q " S6 liéu mit cat A I W,
Trong cac bai toan t6i wu trinh bay & trong chirI (ecm?) | cm¥) | cm?)

ph%n tfuérc, cﬂéc dac trllmg, hinh hf_JC cua tiét dién N 14 7.4 572 817

(dién tich, mémen quan tinh...) d3 dugc xem nhu

nhimg dai lugng 6 gia tri lign tuc. Trong thue 8, | N° 14 20,2 | 8731109

d€ tién cho viéc thiét k&, ché tao va thi cong, tét | o 18 234 | 1290 | 143

dign két chu thuémg duge dinh hinh héa, Do dé,
ngudi KT sirt* mg ciin ¢l vao két qua tinh toan va sé tay thiét k& d€ chon tiét dién hop li. Diéu
nay cho ta thiy cac dic trumg hinh hoc ca tiét dién 1a nhimg dai lirgng co tinh chit rii rac,

khong lién tuc. Ching han, d6i vdi tiét dién hinh chir I, ta doc dugc tir s6 tay thiét ké cac sé
ligu sau diy (bang 3.8)

Vi vy, khi giai bai toan t6i w, ta lay tron sé cac két qua tinh toan va tir s6 tay thiét ké
chon céc gi trj diic trumg hinh hoc xdp xi v&i két qua tinh toan. DE thiét ké duge an toan, cac
gia tri ddc trung hinh hoc duge chon thudng 16n hon so véi két qua t8i uu. Do dé, bai toan trd
thanh khong hoan toan t5i wu theo § mudn ciia ngudi thidt k&.

Pé khic phuc tinh trang trén, ta c6 thé chonratirsd tay thiét ké mot sd tiét dién dinh hinh
va lap bai toan quy hoach nguyén nhur sau.

Ta da biét ring trong bai toén téi wru gii theo phuong phép chuyén vi, cac dic trung hinh
hoc xuét hién trong ham muc tiéu va cic didu kién rang budc la: dién tich A, mémen quan tinh
I, khodng céch tir thé trung hda dén thé bign y. Cac dai luong nay xuét hién ddng thdi véi cac
thiinh phan chuy&n vi trong cac tir thirc dudi dang I UL Y . Trong dé I » ¥, thude cac phin tir
ctta nhém g, u, 13 mét thanh phén chuyén vi nio do ta1 nat j. Gia sirta chon ra t tiét dién dinh
hinh img v&i cac gia tri dac trung hinh hoc: A Agz, A LA L L, Igl’ Yo ygz, - Y, Goi

g’
A, Ig, yo la cac gia trj dic tnmg hinh hoc mi ta s& chon theo phuorng phap t6i uu cho chc

phan t&r clia nhém g. Ta viét:

A’ =Ag18 tALD, ++ AL, (3.116)
[ =18, +1,8, +..+1.3, (3.117)
Ve =Yelu + A8, +.+y, 8, (3.118)

g=1,2,... G (gid srkét cAu c6 G nhom). Cac bién 8,8 ..., §_ phii théa man didu kign:
6g| + 652 + ..+ Bgt =1 3.119)
8,=0hoic] g=1,2,..G

Trong dlcu kién rang budc (3.119), chi cho phép mdt bién v chi mét ma thoi bang don
vi nghia 12 néu 6 =1 thi moi 8 =0 v6i i # k. Lic nay ta c¢6 phuong an t6i wu:
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H gk
Lo =Ly (3.120)
Yg = ng

D& lap bai toan quy hoach nguyén, ta thyc hién cic bude sau:
- Thay,céc diic trung hinh hoc Ag: L, v, trong ham muyc tiéu va cac diéu kién rang bude

bang cac bigu thirc ¢ vé phai cia cac dang thirc (3.116), (3.117), (3.118).

- BG sung digu kién rang budce (3.119).

- Tién hanh tuyén tinh hba cac didu kién rang budc.

E?éc bién 8, trong bai toan quy hoach nguyén vira duoc thanh 1ap la nhimg s& nguyén.
C6 thé gidi bai todn niy bing phuong phap don hinh,

Thi du 3.8.

Diu dé gidng thi dy (3.5).

D¢ ap bai toan quy hoach nguyén, trude hét tir s6 tay thiét k&, ta chon ra 4 tiét dién dinh
hinh chir L, img v&i cac gia tri diic trumg hinh hoc ghi trong bang (3.9).

Béng 3.9
S4 hiéu tiét dign hinh chix L A (mm?) I (mm*) y (mm)
2 113 4000 14
2,5 143 8100 17,7
2,8 162 11600 20
3.2 186 17700 231

Can cir vio céc sb lidu trong bang (3.9) ta ¢c6:
A =113mm?: A.=143mm? A =162mm? A 6 = 186mm?
g! 82 g3 gt
lgi = 4000mm*, Igg = 8100mm?*; I‘g3 = 11600mm*; I, =17700mm*
y,, = l4mm; Y = 17,7mm; Y = 20mm; Y = 23,1

Ciin e vio cac sb lidu trén, ta thay cac dic trung hinh hoc A, 1, y b?:'mg cic biéu thic
wong (ng & vé phai cia (3.116), (3.117), (3.118).

1) Ham muc tiéu (3.79a) (xemthidu 3.5 g=1,2,t=4 >

Z=2000 (1135 +1438,,+ 1625, + 1863 ) + 1000(1133,, + 1433, + 1625,, + 1868, ,)
2) Céc digu kién rang budc vé dg bén (3.79b), (3.79¢):

Thay W =1/y, W,=1l/y,—

25(3"2

- +92].(14a” +17,78,, +208,, +23,18,,)< 0,15
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—6EQ, = (143, +17,75,, +203,, +23,18,,) < 0,15
3) Digu kién rang budc vé do cimg (3.79d):
X, < 4mm
4) Cac dieu kién rang budc v& can bing (3.79), (3.79f):

= [ 222 +92]‘(40005u +81005,, +116009,, + 17?00814) =1

3

L-

3x

T

|

+30,(40008,, + 81008, + 116008, +177008,,) =0

> +28,.(40008,, +81008,, + 116008, +177008,,) +

Ngoai ra, cin b3 sung thém didu kién rang budc (3.119):
O +8,+8,+5,=1
By +8,+8,,+8, =1
Dbi v6i bai toan quy hoach nguyén trén, ta cb méiy nhan xét nhu sau:

1) V&i gia thiét cac dac trung hinh hoc 13 nhimg bién lién tuc, bai toan tdi wu chi c6 4 4n

(xem thi du 3.5). Trong bai toan quy hoach nguyén, ta c¢6 10 4n trong d6 8 4n la nhimg sb
nguyén, 2 in con lai x,vab,co the la nhimg s6 khéng nguyén. Day la bai toan quy hoach hdn
hop. $6 in tang [én 15 rét ddc bidt khi s6 nhdm cang nhicu,

2)Trong bai toan quy hoach nguyén, cic déc trung hinh hoc khéng phu thude 13n nhau

nhur trong cac bii toan t8i wu da dugc trinh bay trong phan trudrc.

3) DE giai bai toan quy hoach nguyén biing phuong phap don hinh, cin tién hanh tach

rodi bién vh tuyén tinh tinh hda cac didu kign rang budc (xem §3).

Vi nhimg Ii do trén, khdi lugng tinh toan ting lén dang k&,
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Chuong bén

BAI TOAN TOI UU TiNH KET CAU
TRONG GIAI POAN CHAY DEO

$1. KHAI NIEM

Trong céc chuong hai va ba, ta da thanh lap cac bai toan tinh k&t ciu trong giai doan
dan hoi.

Chuong nay s& giéi thigu mét s& bai toan téi vu tinh két ciu trong giai doan chay déo.
Ta da biét rang, khi vat lidu chdy déo, cac khop déo hinh thnh tai mt sb tiét dign trong

két ciu. th:rp déo gidng véi khép thue & ch co thé xoay dugc nhumg lai khac véi khép thie

[2 mOmen xuit hién tai khop déo va cd gia tri khong ddi. Ta g01 mémen nay la mémen déo
M,. Momen déo ¢ thé viét:

M,=0, W, 4.1)
Trong d6:
o _ - gidi han chay cia vt liu;
ch ;
W - mémen chdng udn déo cla tiét dién.

Trong li thuyét déo, W la ddc trung hinh hoc duy nhit clia tiét dién. Bidt duoc W tacod

thé xac dinh duge mémen deo Nguor lai, biét duoc M, tacd th€ xac dinh duoc W, tic la kich
thudre ctia tiét dién.

Surxuét hién cla cac khép déo véi sé lugmg thich hop tai nhimg vi tri thich horp trong két
cu c6 thé lam cho két cAu trd thanh bién hinh va din dén su ph# hoai clia né. So d6 phé hoai

cuc bd hoic toan bd ctia két ciu sau khi cac khép déo hinh thanh goi 1 co céu pha hoai. Ta sé
nghién ciru vin dé nay trong phin sau.

C4 2 loai bai t6i t&i wu tinh két ciu trong giai doan chay déo.

1) Bai toan tdi tru xac dinh hé sé tai trong (kich thude hinh hoc ciia két cau da biét tirc 13
gia tri mémen déo M, da biét).

2) Bii toan t6i uu xc dinh trong lugng nhd nhét chia két ciu (M, 1a dai luong cin phai tim).

Khi tinh két ciu trong giai doan chay déo, ngum ta duyra trén 2 gia thuyét co ban sau day:

1. Gia thuyét cimg déo.

148



2. Gia thuyét dan héi - déo. a) & b)

g
So db i twdng hoa theo gia thuyét
cimg - déo biéu thi trén hinh (4.1a). Theo Gy o
gia thuyét nay, ngudi ta bo qua cic bién
dang dan hdi va chi nghién ciru sy phat
trién cna bién dang déo. 0 € 0 ] l v danggdu

So dd 1 twdng héa theo gia thuyét
dan hdi - déo biéu thi trén hinh (4.1b),
Theo gia thuyét ndy, ngudi ta xét ddng thdi bién dang dan hdi va bién dang déo.

Gia thiv/ét dan hdi - déo phd hop véi didu kien 1am viée thyc t so véi gia thuyét cimg-
deo. Nhung phuong phap tinh toan dua trén gia thuyét ciing- déo lai don gian hon nhiéu so
voi phuong phap dua trén gia thuyét dan hdi- déo.

Hinh 4.1

Vi I€ d6, dai bd phan cac bai ton t&i wu sau ndy s& duge xay dung trén gia thuyét
clrng- déo.

§.2. BAI TOAN TOI UU DUA TREN GIA THUYET CONG- DEO

Nhur trong phén trén di trinh bay, khi vt llcu chay déo, dudi tac dung cla tai trong ting
dan, céc khép déo s& lan Lot hinh thanh tai mét sé tiét dién trong két cau. BSi véi két céu sidu
tinh véi béc siéu tinh bang n, sirhinh thanh clia (n+1) khép déo ciing di tao thanh mét co cu
pha hoai toan bd. Khi pha hoai cuc bg, s6 khép dio cd thé it hon.

DE giai bai toan t&i vu xac dinh he sb tai trong ciing nhu xac dinh trong luong bé nhit cia
két cdu trén co s& clia gia thuyét cimg- do, cin phai tién hanh cac budc sau day:

1. Durkién moi tiét dién trén két ciu tai d6 c6 kha néing hinh thanh cac khép déo. Ta goi
tiét dién d6 la tiét dién t6i han.

2. Dy kién moi co cAu pha hoai c6 thé xiy ra.

3. Lap bai toan quy hoach tuyén tinh.

§2.1. Mét sb gia thiét co ban,

Bai toan t&i wu dya trén gid thuyét cimg déo xudt phat tir cac gia thiét co ban sau day:
1. B4 qua cic bién dang dan hi.

2. Céc tai trong tac dung 1&n két cAu cing ting theo mét (3 1& nhw nhau. Ta bigu thi t1 1&
nay qua hé 84 tai trong A.

3. Bic tnumg hinh hoc duy nhit W , (mdmen chéng udn déo) dugc xem la mét dai luong
c6 tinh chat lign tuc.

4. Trong lugng trén médt don vi dai ciia phan tF vh mdmen déo M, lién hé bdi hé thic
sau day:

q=aM; (4.2)
Trong d6:a=2,86; b=0,6
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Hé thic (4.2) lam cho bai toén tré nén phi tuyén. Do d6, d€ don gian héa tinh toan, ngudi
ta thay hé thirc trén bang he thirc tuyén tinh:

g=c+d.M, (4.3)

Trong d6: c, d la nhimg hing s6. S thay thé nhy mang lai sai s khong dang ké.

§2.2. Tiét dién téi han vi co cdu pha hoai

Trude khi 1ap bai toan 15i wu, can du kién moi tiét dién t&i han va moi co ciu phé hoai.
Cac tiét dién 161 han c6 thé xuat hién tai nhimg vi tri sau day:

1. Khi két ciu chiu tac dung cla cac lyc tap trung (luc hodc mémen) cac khép déo cd kha
ning xuit hién tai cc vi tri: gdi twa, nit, di€m dat lye tap trung, diém tiét dién thay déi.

2. Khi khung chiu tac dung ddng th&i clia tii trong phén b, khép déo cb kha ning xudt
hién tai mit cit M__holic mit c&t M_ .

Chéng han, ddi véi khung trén hinh (4.2a), cac khép déo c6 kha ning xuit hizn tai cac
tiet dién 1, 2, 3,45, 6, 7.

Co ciu pha hoai clia khung bao gbm cac dang sau day:

- Co cau pha hoat dam.

- Co ciu pha hoai dao.

- Co clu pha hoai nit.

- Co cau pha hoai hdn hop.

Trong co ciu pha hoai dam, hoic 3 khép d2o hinh thanh trong pham vi dm (hinh 4.2b)
ho#ic mdt khép déo hinh thanh giita dim vi hai khép déo khac hinh thanh & cac diu ¢6t (hinh
4.2d). Trong co ciu pha hoai dam, chi c6 dam la bi pha hoai, ¢4t khéng bi pha hoai nén co ciu
phé hoai nay ¢6 tinh chiit cuc bo.

Trong co ciu pha hoai d4o, hojic mét 56 khép déo hinh thanh & cac diu cdt (hinh 4.2¢)
hodc mot sé khép d2o hinh thanh & cac chan cot, mot sé khdp déo hinh thanh & cac diu dim
(hinh 4.2f). Co ciu phé hoai d4o ¢6 kha niing lam cho khung bi dao dudi tac dung clia tai
trong ngang.

Trong co cAu phé hoai nit, cic khép déo hinh thanh tai cac diu thanh quy tu tai cac nat
(hinh 4.2¢). Co ciu phé hoai nit ¢é kha niing 1am cho nit bi pha hoai cuc bé.

Trong co ciu pha hoai dAm va co cu pha hoai ddo, khép déo hinh thanh & diu dim hay
dau cot 1a thy thude vao ti s6 giita mémen déo trong dam vi mémen déo trong cdt. Néu M 5
(dam) > M, (cdt), khdp déo s hinh thanh tai dau cot (hinh 4.2d, 4.2¢). Nguoe lai, néu M,
(dam) < M, {c0t), khép déo s& hinh thanh tai dau dam (hinh 4.2b, 4.20).

Co céu pha hoai dim, co chu pha hoai d4o, co ciu pha hoai nit 12 3 loai co cu pha hoai
ddc 1ap tuyén tinh. T8 hop cla cic co ciu pha hoai nay tao thanh co ciu pha hoai hén hop.
Ching han trong cac co cdu pha hoai (4.2b) v (4.2f), ta nhéan thdy cic goc xoay & 1an cin nit
B ngugc chidu nhau nhung ¢6 gia tri tuyét ddi bing nhau, cac g6c xoay & lan c¢én niit D clng
chidu va cb gié tri tuyt déi bing nhau.
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Vi viy, sur to hop clia hai co cdu pha hoai nay tao thanh co ciu phi hoai hén hop (hinh
4.2g). Phéin tich mét cach tuong ty, sirtd hop clia 2 co chu phé hoai (hinh 4.2d) va (hinh (4.2¢)
tao thinh co cau pha hoai hdn hop (4.2h).

Cin ch( ¥ ring khi M, (dim) = M, (cdr), khép déo s& hinh thanh ngay tai nit. Do 46, co
ciu pha hoai (4.2b) trung v&i co cdu phé hoai (4.2d), co cau pha hoai (4.2e) tring véi co cu
pha hoai (4.21), co chu pha hoai (4.2g) trung vi co cu pha hoai (4.2h).

Nhu trén da trinh bay, theo gia thuyét cimg déo, ta bd qua cac bién dang dan hdi do dé
khi mot cor cdu pha hoai hinh thanh, khung duge xem nhu cdu tao bdi cic doan thang. Didu
nay cho phép thiét 1ap dé dang quan hé giira cac goc xoay.

$2.3, Bai toan t6i wu xdc dinh hé sb tai trong

Goi {P P,.. P } 12 vecto tai trong vh A 12 hé s& tai trong. Tap hop céc tai trong cling ting
theo mot ti 1& nhur nhau duoc biu thi béi vecto L. {P, P,..P_}.

Muc dich ciia bai toan t6i uu 1a tim gia trj bé nhét ciia A sao cho tmg véi gia tri A d6, mot
co chu pha hoai hinh thanh.
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Co hai cach giai bai toan t5i wu:

1. Cach giai thir nhat":

Trong cich giai nay, ta tién hanh cac bude sau:

- Du kién moi co céu pha hoai ciia khung (xem §2.2),

- Lap phuong trinh cong kha di cho mi co ciu pha hoai.

- Vi da cho trude dic trumg hinh hoc clia cac phén ¢ (tie 1 di cho trude gia tri cac
mdmen déo), tircac phuong trinh cong kha di (mg véi cac co clu pha hoai khic nhau, ta ¢6 thé
xac dinh dugc cac gia tri » khac nhau.

- So sanh cac gid tri A va chon ra gia tri bé nhét.

Céch gii trén 6 thé ap dung cho nhimg khung don gian. Déi véi nhimg khung phic tap,
nén dung cach giai thit hai.

2. Cach giai thir hai.

- Ttr hé siéu tinh d3 cho, chon hé co ban theo phuong phap luc va thay thé céc lien két
thira biing cac lyc chura biét R,R,..,R,

- Dukién moi tiét dién téi han (xem §2.2).

- Lap vecto ndi luc tai cac tiét dién t6i han. Gia sir khung ¢ bac siéu tinh bing n v p tidt
dién t&1 han. Vecto ndi luc tai cac tiét dién téi han c6 thé bicu thi bing hé thic ma tran:

S=B.Q (4.4)
Trong dd:
S={MM,. M. M} (4.5)
M, 12 momen tai tiét dién t&i han thi i
_bll b12 bl,ﬂ+l—
bZl b21 b2.n+l
B-=
bl] bi2 bi‘ml (46)
_bpl bpz bp,n+l_

Ma trin B 1a ma trin anh hudng ndi he.
Q={A Rl R2 Rn} : 4.7)
Trong d6: A 1a hé sb tai trong; R, R,, ... R lacac lyc lién két thira.

- Thanh 1ap céc diéu kién rang budc v& chay déo.

* C6 the chimg minh dugc rang céch gidi thir nhét va cach giai thit hai thudc hai loai bai toan ddi ngiu nhau,
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Gia tri moémen tai mdj tiét dién 61 han bat ki i khéng duge vuot qua gia tri mdmen déo
tuong tmg M?. Vi mémen cé thé mang déu duong hodic 4m nén didu kién rang bude vé chiy
déo biéu thi nhur sau:

“MPEM, £ M° (4.8)
Bit déng thirc trén day c thé viét thanh 2 bét diing thirc riéng biét:
-M <M,
M, <M (4.8a)

Can cir vao h¢ thitc ma trin (4.4) v hé bét ding thirc (4.8a), ta ¢6 didu kién rang bude v&
chay déo

B*. Q < M* (4.9)
Trong do:
—"bu _bu _bl.m} ]
' l:}Il blZ l-Jl,n+]
B* — -b, by . =B,
b:l biZ bi.n+l
_ (4.10)
_*bpl _bp2 _bp,n+l
| bpI pr b|3.n+| _

Ma trin B* gdm 2p hang vi tng v&i mdi tiét dién t&i han thiri (i=1,2,...p), tacd hai didu
kién rang budc (4.8a).

M* la vecto mOmen déo:
M*={M} M} M§ M .. M0 M? .. M M;} (4.11)
Vecto mdmen M* gom 2p hing vi li do nhur trén.
- Thanh 1ap ham muc tiéu.
Vi myc dich ciia bai toan t6i wu 12 tim gié tri bé nhit* cfia hé s6 tai trong A nén ham muc
titu cd dang:
Z=%+0R, +0R,+...+0R (4.12)
Noi tém lai, bai toan t6i ru xac dinh hé sd tai trong A c6 dang nhur sau;
Cuc tiéu héa ham:
Z=1+0R +0R,+..+0R
Véi diéu kign:
B*. Q < M* (4.13)
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A>0; R,R,.R - bién tr do.

B?i toan (4.13) 1a bai toan quy hoach tuyén tinh. Nhung vi R, R, .. R lachc bién tudo
(co the éin} hoéic duong) nén khéng the gidi truc tiép bai toan d6 bing phuong phap don hinh.
Binh 11 d61 ngau trinh bay trong §3.6 (chuong mdt) s& gilp ta giai bai toan dé.

Thi du 4.

Cho mét khung véi tai trong va kich thurde bigu thi nhu trén hinh (4.3). Dién tich tiét dign
cla cc phén t nhu nhau. Xac dinh hé s6 i trong A.

b) lysx
a) 61
2 B c_.2 Ak 4
| 1
2L
41 45
- A:wrr o D mb e
L ! L
g

Hinh 4.3
Giai
Theo dAu dé ciia bai toan, vecto tai trong 1a A {P, P,} =i {1l 6}. Tasé dung cich giai thir
hai d& giai bai toan tdi wu.
Heé d cho c6 bic siéu tinh n = 3 nén hé co ban biéu thi nhurtrén hinh (4.3b). Cac luc lign
kétthira la R , R, R,

Muyc dich cua bai toan la tim gia trj be nhét cGa hé s tai trong A sao cho (mg v&i gia tri
dd, mot co chu pha hoai hinh thanh. D€ giai bai toan nay, ta s& 1an luot thanh 1ap bai toan gdc
va bai toan ddi ngan (xem §3.6 chuong mot).

{. Bhi toan gbc.
Trén hinh (4.3b) cac tiét dién 1, 2, 3, 4, 5 6 kha nang 13 nhimg tiét dién t5i han.

Ciin ¢l vio cic phuong trinh can bing thanh 1ap cho hé co ban trén hinh (4.3b), ta suy ra
hé thirc ma tran:

M, ] [-8L 2L 1 1]]x]

M,| [-6L 0 1 1|lR,

M,i=| 0 0O 0 1[|R,

M, 0 0 -L I||R, (4.14)
M;| | 0 2L -L 1]| |
o~ — S~

S B Q
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Can c(rvao he thirc (4.9) va he thirc ma tran (4.14), ta c6 diéu kién rang budc vé& chay déo:

c [ [ [

=

N ’JU.WP“’
[Fa
FEEEEEFEEE

=%

=4

L

{.

8L 2L
8L 2L
6L 0
6L 0
0 0
0 0
0 0
0 0 -L
0 2L
| 0 2L -L
~ ~
B¥

©
<

(4.15)

Trong d6: M, la mémen déo mg voi dim ciing nhur ot C6 5 tidt dién t6i han, img véi
mdi tiét dién téi han c6 2 didu kién rang bude dang (4.8a) nén cé tht ci 10 didu kién rang budc

vé chay déo.

Thye ra, trong 2 diéu kién rang bude (mg véi méi tiét dién t5i han, chi c6 mot didu kign
la ¢6 hiéu lue, N6i mét cach khac, diéu kién rang budc thir nhit cé hiéu luc khi momen M.
mang ddv am; didu kién rang budc thir hai ¢6 hiéu luc khi mémen M, mang dAu duong.

Ciin cir vao phuong trinh (4.12), ta c6 hAm muyc tidu:
Z=12+0R +0R,+0R,

(4.16)

Két hop phuong trinh (4.16) vii bat ding thirc ma tran (4.15) vathay L= 1, A = x, R, =x,

R,=x,R, =x,M, =b, tacd bai toan t6i wu:

Cuc tidu héa: Z=1x+ 0.x, + O.x3 +0.x,

Véi didu kién
8x] - 2){2 - lxs - 1x

4

~8xl + 2}(2 + lx3 + Ix,

lel +0x2- lx3 - 1x,

-6x1 - Ox2 + lx3 + 1x,

OxI + Ox2 + Ox3 - Ix,

OXI + Ox2 + Ox3 + 1x,

Ox, + 0x, + 1x, - 1x4
Ox, +0x, - 1x, + 1x,
Ox, - 2x, + 1x, - Ix
Ox, +2x, - Ix, + 1x,

4

A A A IA IA TA A A
o o o o o o g T 5 o
—

1A

IA

(4.17)
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Ta chd § ring trong bai toi’m trén ¢ 3 bién ty do X,, X,, X, nghia la cac bién nay c6 thé am
hoiic duong. Do d6, khong thé giai trge tiép bai toan nay bing phuong phap don hinh. Viéc
thanh lap bai toan d6i ngau s& tao ra nhimg diéu kién thuan loi d€ giai bai toan do.

2. Bai toan d6i ngau.

Cin cir vao ndi dung trinh bay trong §3.6 chuong mdt va bai toan gdc (4.17), ta thinh 1ap
bai toan déi ngau nhur sau.

Vi bai toan géc c6 10 bét phuong trinh mang déu bét déng thirc < nén bai toan déi ngiu
bao gobm 10 bien khdng am. Ta ki higu cac biennay lay, y,....y . S bién trong bai toan gbc
12 4 nén s6 ding thirc trong bai toan ddi nglu ciing 12 4.

Viy bai toan dbi ngiu co dang:

Cuc dai hdéa ham \

Z* =by, +by, + by, +by, + by, +by,+ by, + by, +by, +by , (2)

Véi diéu kign:

8y, —8y, +6y; — 6y, +0y, + 0y, +0y, + Oy, +0y, +0y,, =1
~2y,+2y, + 0y, + 0y, + 0y, + 0y, + 0y, +0y, -2y, +2y,, =0
—ly, +ly, ~ly; +1y, + 0y + 0y + 1y, —lyg + 1y, -1y, =0
—ly, +1ly, = ly;+1ly, - lys + 1y, -1y, +1y, -1y, +1y,, =0

Yis Yor -2 ¥ 1o 2 0 /

Bii toan trén c6 thé giai true tiép biing phuong phap don hinh. Pua viio vé trdi cta cac
diCu kién rang budc (4.18) 4 bién gia tao u , u,, u,, u,, ta c6 bai toan tdi vu:

Cuc dai hda ham \

Z* =by, + by, + by, + by, + by, + by, + by, + by, + by, +by ()

& (4.18)
(b}

vai diéun kién

8y, -8y, +6y, -6y, + 0y, +0y, +0y, + Oy, + Oy, + Oypt+u, =1 $ 4.19)
=2y, +2y, +0y, +0y, + 0y, + 0y, + 0y, + 0y, -2y, +2y,, +u, =1 '

(b)
-y, +1y, =1y, + 1y, + Oy, + 0y, +1y, —ly, +1y, -~ ly +u, =0
—ly, +1y, 1y, +1ly, —ly; +1ly, -1y, +ly; - ly, + 1y, +u, =0
Yo Yoo e Yo 20 /

Céng viéc dau tién trong qué trinh thanh 13p cac bang don hinh 1a khir cac bién gi tao u,
u,, u,, u, (xem §3.2 chwong mot). D€ lam c¢dng vi€c nay mét cach nhanh chéng, ta 1ap mét
ham phu F va tién hanh cuc tiéu hda ham d6. Ham F ¢6 dang:
F=u +u,+u,+u,
Tir h¢ phwong trinh (4.19b), ta suy ra:
F=1-4y +4y,-4y,+4y,+ 1y, - 1y, + 0y, + 2y, - 2y (4.20)
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HE phuong trinh (4.18b) dugce thda min véi digu kién cac bién gidtaou, u, u,, u, ddng
thoi triét tiéu, nghia 12 ham phy F phai triét tiéu.

Vi vily, trong qua trinh thanh 1ap cac bang don hinh, phai tién hanh 2 nhigm vu song
song:

a. Cyc tigu héa ham F’ = -F (him 4.20)
b. Cuc dai héa ham Z* = -Z (ham 4.19a).

Nhiém vy thir nhat xem nhu hoan thanh khi cac sé 0 ddng thoi xuét hién trong hang cida
bang don hinh émg voi ham F. Lic nay, tac6 F= 0.

Ta tién hanh thanh Iap céc bang don hinh nhir sau (bang 4.1):

Bang 4.1

Y, Yol Vs Ve b Ys L Y | Vs | Vel Y | Vi
8 8| 66! 0ol o| of o] o 1| u,
2 2 0o |0 o] o] of = 0| u
-1 Lo 0| o S S T U 0| u
-1 I N e -1 0| u,
4 4| 4 a4 | 0| 0| 2 1| -F
b h b | b| b| b | b b 0 | -z*

Y, o | Y | Y | ¥ | Y | v [ 9 [y, | v
a3 | a3 | us | -1 Ol 0 0| 0} 0} 0 |Us]| vy,
-1 1 ol 0] 0| 0] 0} - 0| u,
13 | -153 o | 0| o b1 |16
3 | -3 0 | -1 | 1] - 1| -l 1 |6 | u,
173 113 o | 1| 1 0 | 0| -1 1 |13 | P
b/3 | -7b3 26 [ b | b | b | b | b | b b |z

Y, Y, Ys ¥s u, ¥, Ye Yo Y10
43 | -4 -1 0 0| 0o o olus| y,
-1 1 o | o 0| -1 1L o q
3 | -3 0| o Lot | 1| 1 |ue|
U3 | -13 o | -1 | 1] - 1] -1 1 | U6 | vy,
23 | 23 0| o 1 (-1 0| o 6| -F
2b/3 | -8b/3 2b | -2b 2b | 0|26 | O |3 |-z
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Yo Y, ¥, Ys u, ¥s Yo Yio
4/3 -4/3 -1 0 0 0 0 | 1/6 Y,
-1 1 0 0 0 -1 1 0 u,
1/3 -1/3 0 0 1 -1 1 -1 1/6 Y,
2/3 -1 0 -1 0 0 0 (113 Y
-1 1 0 0 0 -1 1 0| -F
4b/3  1-10b/3 -2b -2b -2b 0 -2b Rb/3 | -Z*

¥, Y, Y, Ys ¥s Yo U,
4/3 -4/3 -1 0 0 0 1/6 ¥,
-1 l 0 0 0 -1 i 0 Yio
-2/3 2/3 0 0 -1 0 1/6 Y,
2/3 -1 0 -1 ‘ 0 0 173 Y,
0 0 0 0 0 0 0| -F
-2b/3 -4b/3 -2b -2b -2b | -2b Ph/3 | -Z*

Ta nhin thiy trong bang don hinh cudi ciing, toan bd cac s 0 ddng thdi kuft hign trén
hang ing V?’I -F’ c0 nghia la ham’phu F = 0, toan bd cac bién gia tao ul,,uz, u‘l,\u5 dong th({l
trigt tiu. Dong thoi, trén hang cudi cling dmg vGi ham -Z*, toan bd cac s6 am ddng thoi xuit

hign (trir $6 hang 1 do), chimg t6 ham Z* dat gia tri cyc dai:
max Z* = -2b/3
Can cir vao dinh i d6i ngau, ta suy ra gia tri cue tiéu cGa ham
muc tiéu trong bai toan goc 1a:
min Z = min X, = min A = -(-2b/3} = 2b/3
Thay x =X, b=M,, taco gia tri cyc tiéu cla hé sb tai trong
min % = 2M/ 3

Phuong 4n t8i tu clia bai toan ddi ngiu 1a:

aL

y,=0,y,=0,y,=1/6,y,=0,y,=0,y,= 1/3,y,=1/6,y,=0,y,=0,y, =0

A2 lsl ]
; 4
Lo
5|+
20
1
B_GL
+1 45
v zr
| 2L
Hinh 4.4
4.2

'Cé thé chimg minh dugc ring cac bién Y Yoo Yor ¥, trONg bai todn d6i ngau 1a nhimg dai
frong bidu thi gbc xoay cha cac khdp déo hinh thanh trong co cau pha hoai cla khung trén
hinh (4.3a). Cap (y,, v,) (mg v&i tiét dién t&i han thirnhit, cip (y,, y,) tmg véi tict dién t6i han
thr 2, cdp (y.. y,} img v&i tiét didn t61 han thi 3, cdp (y,, y,) Ung vGi tiét dién t61 han thit 4, cip
(¥, ¥ o) tmg v&i tiét dién t6i han thit 5. Trong mdi ciip goc xoay Vopotr Yamen)» 1=0,1,2,3, 4,
chi ¢6 mot gbe xoay 12 ¢é ¥ nghia vi mbi khép déo trong co ciu pha hoai chi ¢ mét géc xoay

ma théi (gdc xoay nay cd thé am hoic duong).

Ciin cit vio phuong an tSi vu (4.21) clia bai toan déi ngiu, ta suy ra co ciu pha hoai cia
khung (hinh 4.4). Dﬁy 1a co cu pha hoai dam, mét co ciu pha hoai ¢6 tinh chét cuc bo.
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DE kiém tra gia tri A vira tinh & trén, ta thanh tp phuong trinh cong kha di cho co cAu pha
hoai trén hinh (4.4):

6.LO=M.0+M,26+M, 0=4M,. 6.

Vay
L _AM, M,
6L 3L
. M
Thay L=1= mink=—-

K&t qua nay cé thé xem nhur duge suy ra tir cach giai thi nhét. N6 hoan toan phi ho véi
két qua tinh dugc tir cach giai thit hai.

§3. BAI TOAN TOI UU XAC DINH TRONG LUONG BE NHAT CUA KET CAU
Muc dich cda bai toan 13 xac dinh cac tiét dién ti uu cta két ciu sao cho nd co trong
[wong bé nhit.

Nhu trong phén trude di trinh bay, gilta mémen déo M, va mdmen chdng uén W 4 €0 méi
lign he theo cong thic (4.1). Néu chon M, 1am bién, khi gia tri M, duoc xac dinh, ta c6 thé dé
dang suy ra gia tri W tir 46 suy ra kich thude t6i wu cia tiét dign.

Trude khi thanh 1ap bai toan téi wu, ta hiy nghién ctu méi lién hé gitra M, va trong
lugng ket cau. Nhu trong §2.1 d3 trinh bay, giira trong lugng trén don vi dai g, va momen
deo M, cia phan ti i, ¢6 mdi lién hé theo cong thirc (4.3). Do dé, ham trong lugng cia két
cau cd thé viét:

T= Z:qiLi = Z(c +dM, ).Li hay

T=c) L +d> ML,

Vic, d, 2L 1a nhimg hing s nén ta cb trong lwong két cdu bé nhit khi dai lrong 2 M, L,
bé nhat. Néi mat cich khac, ham muc tiéu mi ta cn cue tidu héa la

Z=iMdi.Li

i=1

(4.22)

Trong d6: s 1a sé phén tir trong két ciu.

Cb 2 cach gidi bai toan t&i wu xac dinh trong luong bé nhit cia két cdu nhu sau:

§3.1. Céch giai thir nhét

Cich giai thir nhét tién hanh theo cac budc sau day:

1) D kién moi co céu pha hoai cda khung (xem §2.2).

2) Lap phuong trinh cong kha di cho mdi co ciu pha hoai. Tap hop cac phuong trinh
cong kha di va xem chiing 1a nhiing didu kign rang budc cha bai toan tdi wu.
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3) Lap ham muc tiéu (4.22) va tién hanh cyc tidv hda ham dé.

4) Giéi bai toan quy hoach tuyén tinh trén theo phuong phap don hinh d€ tim gia tri t6i i
cua mémen deo M.

Cach giai nity 6 thé ap dung cho loai khung don gin.

Thi du 4.2

Cho mdt khung véi tii trong, kich thude bidu thi nhur trén hinh (4.5a). Cac ¢6t nhom
thude tiét dién Gng véi mémen déo M,,, xa thudc nhém tiét dién img v6i mOémen déo M.
Tim gia tri t6i uu ctia M, sao chio khung ¢é trong lugng bé nhit.

w "
VW b) w9 : 3 ) et 6
/ 6+ 4 ) _.'é':‘&()‘_
Md,
L |ma, Md,
J 17 R_ 1 B
- b v 77 o
7 L2 | w2y R\}-R,
i)
]

9 2 e f

=T ’ A

3] o )
mm T
) 20 h)
{} 5 8 28 26
¢, d: Co cdu pha hoai dam:;
e,f. Cd cdu pha hoai dao;
0 0 ) 9 g.h: Co ¢éu pha hoai hén hgp.
Hinh 4.5

Gial

1) Cac co cau pha hoai bi€u thi trén cac hinh (4.5¢), (4.5d), (4.5¢), (4.5), (4.5g), (4.5h).
2) Lap phuong trinh céng kha di cho mdi co cAu pha hoai:
Co clu pha hoai (4.5¢):

w%.e =4M,, 0
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) L

Co ciu pha hoai (4.5d): WEB =2M, 0+2M,_, 0
Co cdu pha hogi (4.5¢): W.L.6=4M,, 0

Co chu pha hoai (4.5 W.L.6 =2M,, .0 +2M,, .0

, L
Co chu pha hoai (4.5g): WEB +W.LOB=2M,.6+4M,, 6

, L
Co clu phd hoai (4.5h): W0+ W.L6 =4M,, 0+4M,, 0

D& dam bao cho khung Iam viée an toan, cac gia tri mOémen déo M a» M, phéi thoad mén
cac diéu kién rang budc:

My, | 2M,, 3
WL WL 2

3) Lap ham muc tiéu theo ¢Ong thirc (4.22)
2
Z=) LM, =2LM, +LM,,
i=1 .

Chia 2 vé clia phuong trinh trén cho WL? va diit Z* = 2/ WL2, ta c6:
Md] + Md2
WL WL

4) Két hop ham muyc ti€u voi cac dieu kién rang budc trén vh dit M,/WL=x,M /WL=x,
ta ¢6 bai toan toi wu:

2'=2

- A"‘ rl ~
Cuc tiéu hoa ham;
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A =2xl +X,

Vi diéu kién:

X, > 1/8
X, +X, = 1/4
X >1/4

X, + X, =1/2
2x, +4x, 2372
4x, +2x, 2372
X, X, =0
Bai toAn quy hoach tuyén tinh trén gdm
2 bién nén c6 thé gidi biing phuong phap do
thi.
Trén hinh (4.6), mién gach chéo biéu
thi mién nghiém. Pudng mic min Z’ = 3/4
di qua nat B cia duong bién. Tai day, ta dugc
phuong an tdi v
x, = 1/4, x, = 1/4 img v&i min Z’ = 3/4.
Thay x,=M, /WL, x, = M_/WL va
7’= Z/WL?, ta ¢ phuong an téi vu:
M, =WL/A
M,, = WL/4 img v&i min Z = (3/4)WL>,
§3.2. Cach giai thir hai

Céch gi4i ndy 6 thé ap dung cho loai khung phitc tap. Tién hanh tinh toan theo cac budc

sau day:

1} Chon h# co ban cho hé siéu tinh theo phuong phap lue va thay cac lién két thira bing

cacluc R, R,,... R .

2) Du kién moi tiét dién téi han (xem §2.2).

(a)

(b)
(c)
(d)
(e)
(H)
(8)

2%+ x,=3/4=minZ'

Hinh 4.6

3) Lap vecto ndi lue tai cac tiét dign t&i han theo cong thirc (4.4).

4) Lap céc didu kién rang budc vé chay déo theo hé thirc (4.9).
5) Lap ham muyc tiéu theo cdng thire (4.22).
6) Giai bai toan tdi um theo phuong phap don hinh.

Thidu 4.3
Diau dé gidng thi dy (4.2).

Giai

1) Chon hé co ban nhur trén (hinh 4.5b). Cac lue lién két thira 1a R, R, R,
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2) Vi gia tri mdmen déo chura biét nén 7 tiét dién t&i han bi€u thi nhur trén hinh (4.5b).

3) Can cfr viio cac phuong trinh can bing, 1ap vecto ndi luc tai cac tiét dién téi han:

M, 0 1 0 0
M —

) 0 1 -L 0 |,
M, 0 1 -L 0o
M,|=! 0 1| -L L/2|. R'
M, L/2 1 -L L RZ
M| |L/i2 1 -L L :
M| |3L/2 1 0 L |

A Ty H—t
S B Q

4} Lap cac diéu kién rang budc v& chay déo. Cac ¢dt thude nhém momen déo M o vaxa
thudc nhom momen déo M,, nén mémen déo (mg v&i céc tiet dign tdi han 1,2,6,71a M,
momen déo img v&i cic tiét dién téi han 3,4, 5 12 M,,

Ap dung hé thitc ma tran (4.9), ta c6 diéu kién rang budc vé& chiy déo:

0 -1 0 0 ] (M, |

0 1 0 0O M,
0 -1 +L 0 M,,
0 1 -L o M,,
0 -1 4L 0 M,,
0 1 -L 0 W M,,
0 -1 +L -L/2| |R| _|My
0 I -L +L/2| (R, M,,
-L/2 -1 +L -L R, M,,
L/2 1 -L +L M,,
-L/2 -1 +L -L M,
L/2 1 -L +L M,
-3L/2 -1 0 -L M,,
[ 3L/2 1 0 +L | | M,, |
S ——— et N
B* Q M

Khai trién bat déng thirc ma tran trén va dit M, =x,,M,,=x,, R, =x,,R,=x,R,=x,,
ta cb céc diéu kign rang bude vé chay déo:
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X, +0.x, -1.x; + 0.x, +0.x,
X, +0.x,+ Lx, +0.x, + 0.x,
X, +0.x, -1x, + L.x, + 0.x,
X, +0.x, + L.x, - L.x, +0.x,
- O0x, - bx, - Lx, + L.x, +0.x,
O.x, - 1.x,+ 1x, - L.x, + Ox

A IA A IA A TA

1A

0x, - 1x, - Ix, + L.x, - S-Xs

1A
<
—~

L
Ox - Lx+1.x,-Lx, + X

5 (4.24)
Ox,-1lx,- Ix;+Lx,-Lx, < WL/2
0.x, -1.x,+ 1.x, - Lx, + Lx, = -WL2
-1.x, +0.x, - Ix, + Lx, - L.x, € WL2
-1.x, +0.x,+ 1.x,-Lx, + Lx, £ -WL/2
-1x, +0.x,- 1x, + 0.x, - Lx, < 3WL/2
X, +0.x, + 1x, + 0x, + Lx, < -3WL2
X, X, 20, X, X, X, tirdo. y,
5) Lap ham muc tidu theo cong thirc (4.22):
Z=2Lx +Lx, {4.25)

6) Gii bai toan t5i wu: cye tiéu héa ham muc tigu (4.25) théa min cac didu kign (4.24).
Ta nhén thiy bai toan trén gém 3 bién trdo Xy, X, X N€n khong thé giai truc tiép biing phuong
phap don hinh. D& ¢4 thé gii bing phuong phép dom hinh, cn dua vio cac bién méi nhir sau:

Lan luot thay cac bién tr do Xy X X, bang cac hé thirc:

Xy = X3 X,
X, =X, — X,
Xs = X5 —Xs

Xy, X35 Xgy Xy Xy, Xg 20
Thay x,, X,, X, tir cc he thirc trén vao cac dicu kién rang budc (4.24), ta cé bai toan quy
hoach tuyén tinh:
Cuye tiéu hda ham
Z =2Lx, +Lx,
Véi dicu kién
—X, X, +X, <0
~X,+X;— X, <0
—X, —X;+X; +L.x, -Lx, <0

—X, +X,—X;—-Lx, +Lx, <0
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~X, =X, +X, +L.x, ~Lx, €0
—X,+X;—X,~Lx, +1x, <0

—X, =X, + X, +Lx, ~LX, ~L/2x, _L/2xX, <0
—X, +%; =X, —Lx, +Lx, +L/2.x,-L/2x, <0
—X, — X3 +X; +Lx, —Lx, —Lx, +Lx; <WL/2
X, —X; + X, + Lx, —Lx, ~Lx, + L.x; 2 WL /2
—X, = X; +X; +Lx, —~Lx; ~Lx, +Lx; <WL/2
X, —X; +X; +Lx, —Lx, —Lx, + Lx, > WL/2
—X, —X;3 +X, —Lx; +L.x; <3WL/2

X, — X, + X, —Lx +L.x, 2 3WL/2

Xi» Xyy Xgy Xyq, Xy, X,y Xy, X520

Bai toan quy hoach tuyén tinh trén gém 8 bién chinh thirc trong dé ¢6 2 bién cho cac
mémen déo va 6 bién cho cac lyc lién két thira. Ngoai ra, khi gidi bing phuong phap don hinh,
phai dua vao 11 bién dém cho cic didu kién raing budc mang déu bét ding thirc <, 3 bién duva
3 bién gia tao cho cac diéu kién rang budc mang diu >.

Dé nghi dc gia ty giai 14y bai toan trén theo phuong phap don hinh vh so sanh véi két
qua trong thi du (4.2).

Tur 2 thi du trén, ta nhén thiy cach giai thi 2 phirc tap hon cach gidi thir nhit. Tuy nhién,
phai thiy ring di v&i nhimg khung phirc tap, viéc théng k& céc co ciu pha hoai qua that 1a
mot vide lam dﬁy kho khin va phitc tap. Vi vay, trong didu kién str dung may tinh dién t,
cach giai thir 2 1o rang 13 wu viét hon cach gidi thir nhit.

§4. PHUONG PHAP QUY HOACH PONG AP DUNG CHO BAI TOAN TOI UU TINH DAM
LIEN TUC

§4.1. Khai niém

Dam lign tuc 13 loai két cdu duoe ciu tao bdi mot hé théng dam néi tiép nhau, do d6 ¢
thé ap dung phuong phap quy hoach déng d€ giai bai toan t5i vu (xem §7 chuong mét).

Ciing nhu trong phén trde, muc dich ciia bai toan 12 xc dinh kich thude tiét dién téi wu
cha cac bd phan dAm sao cho toin bd dim lién tuc ¢ trong lugng bé nhét.

Ta s& viin dung cac nguyén li trinh bay trong muc §7 (chuong mét) dé giai bai toan tdi ru
tinh dam lién tuc.
» Trude hét, tir dam lién tyc, ta tach ra cac dam don gidn x&p theo thir ty tir tréi sang phéi
hodc tir phai sang trai. Khac v&i dam c6 gi twa tir do, ddm don gian & diy chiu tac dung cia
mot moémen (d6i voi dAm bién) hodc 2 momen (ddi véi dam trung gian). Chéing han dam lién
tuc trén hinh (4.7a) dugc chia thanh 4 dam don gian. Néu x&p thir tur tir trai sang phii, ta ¢b cac
dam don gian AB (hinh 4.7b), ddm don gian BC (hinh 4.7¢), dim don gian CD, DE. Dam don
gian AB chiu tic dung cia mdmen M. Dam don gizn BC chiu tac dung clia 2 mémen M, va
M_.. Cac dam CD va DE ciing duge phan tich mét cach tuong ty.
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Ung v&i mdi dam don gian, ta s& chon mot gia tri mémen d&o t1 wu (tic 13 kich thude tiét
dién t&i 1) sao cho toan bg dim lién tue ¢6 trong lugng bé nhét.

: L, L, L, L, |
A r I
b) IP " oW M,
A : (T3 71T 171)
FaY 3 6 c
2 ) b L,
|' I L‘ i T
WE[MB M, M
Pdb M. QMM
I 8 2

Hinh 4.7

Do su phan tich trén day, mbi ddm don gian c6 2 hoéic 3 gi tri mémen chua biét. P61 véi
dam don gin & bign, cac mémen chwa biétla mémen & g6i tira trung gian va mo men @ gilra
nhip. Déi véi dim don gian trung glan cac momen chura biét 1a 2 momen & 2 gbi tira trung
gian va mGét momen & gitta nhip. D& dam bao cho dim 1am viéc an toan, gia tri tuyét dbi cia
mdmen déo phai chon sao cho khéng duge bé hon gia tri tuyét 461 16m nhit trong cac gia tri
tuy&t d6i ctia cAc momen ndi trén. Chfmg han déi véi dim don gian AB (hinh 4.7b), mémen
déo phai thoa man diéu kién :

Pa. b M, .a
L L (4.26)
Déi v6i dam BC (hinh 4.7¢), mémen déo phai théa min didu kién:

Mdzzmax{|MB1 qu M, ;M ||MC|}

M,, = max {IM |

(4.27)

Tir cac bt di‘ing thirc trén, ta nhan théy gia tri mémen déo phy thude vao gia tri mémen
& 1 dau (d6i véi dam bién) holic phu thude vao gia tri m6men & 2 diu (d6i véi dim trung
gian). Do d6, néu cho trudc mot gia tri mémen & cac gbi tia, b thé xéc dinh duge gia tri
momen déo theo cic hé thire (4.26), (4.27).

DE gidi bai toan t&i uu tinh dim lién tyc theo phuong phap quy hoach déng, ta chon ra
trude mdt s6 tiét dien dinh hinh. O day, ta gia thiét kich thude tiét dign dim 1a nhimg dai
lugng c6 tinh chit 11 rac, khéng lign tue. Ung voi méi tidt dién dinh hinh, ta ¢6 cic s licu:
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1) Gia tri mdémen déo.

2) Gia tri trong lugng dim trén mot don vi dai.

Ta s& 1an lugt cho cac mémen & cac g6i tura bidn thién theo cac gia tri mémen déo, cac gia
tri nay img v&i cac tiét dién dinh hinh da dugce chon trude. Ta bdt dAu tir dim ngoal cung (&

bén phai hogic bén trai) rdi phat trién din dén dim thir 2, thir 3... cho dén dim cudi cung cla
dam lién tuc.

Trong mdi giai doan tinh toan, ta thdng ké céc gia tri momen déo da duge chon va gia tri
trong luong dam urcmg {mg. Biing cich 1am nhu vay, cudi mdi giai doan tinh toan, ta dugc
mdt phuong an tdi tu cue bd. Phuong an tdi tu cuc bd & giai doan nay s& anh hudng dén
phuong an t6i wu cuc b & giai doan sau. Dén giai doan cudi cing, ta s duge phuong 4n i tu
toan bd. Phuong an tdi tru ndy 13 két qua tich 1ily cac phuong an t8i wu cuc b trong cac giai
doan trudc.

Trong qué trinh tinh ton, ta lan lugt thanh 1ap cac bang twong tw nhu bang (1.16) trinh
bay trong §7.1 chuong mét.

§4.2. Thi du tinh toin
Thi du 4.4.

Cho mét dim lién tyc véi tai trong va kich thude bidu thi nhu trén hinh (4.8). Chon tiét
dién t3i uu ctia dim sao cho trong luong cla toan bo dim lién tuc bé nhit.

100 kN 150kN 200kN
Dy ¢ B A
A e Y
4m 4m L 2m 2m L 2,5m 2,5m [
1 A 1 1
Hinh 4.8

(Fidi

Ta chia dim lién tyc thanh 3 dim don gian va bét diu tinh tir dim bién bén phai. Theo
nguyén li cha phuong phap quy hoach dong, ta s& lan luot chon tiét dién t6i wu cho dim AB,
dam ABC (dam AB vi BC ghép lai) va cudi ciing Iz toan bo dim lign tye ABCD (dam ABC
va dam CD ghep lai). Trudc hét, ta chon mot sb tiét dién véi cac sé li€u twong tmg ghi trong
bang (4.2). Ta tién hanh tinh toan theo cac giai doan sau.

Bang 4.2
Tiét dién sé 1 2 3 4 5 6
Trong lugng (kg/m) 32 36 40 42 45 55
M, (kN.m) 100 130 155 175 190 257
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(riai doan 1

s s s 3) I2OOKN
Ta bat dau tinh tr dam AB. Biéu d6 mdémen M./ g A
cla dim AB biéu thi trén hinh (4.9d) trong d6 gia ,95.}; ,;.,
tri momen M, chua biét. Ta s& cin cir viio gia tri k 2.5m J 25m k

momen M, va gia tri mémen & giira nhip (250 - b) M N
M,/ 2) d& chon gia tri mémen déo cda dim AB. ’

Theo (4.26) ta c6: . °

M,, > max {{M,|,[250-M, /2}  (4.28)

Ta lan lugt cho M, bién thién theo cc gia tri Mo Trs,

trong hang cudi cling ctia bang (4.2). Pau tién, W UJJ_I_U.I.U—LU'LU’

gia st gbi tya B tw do. Thay M, =0 vao bat ding \250 "
thixc (4.28), ta c6: 5
M, 2 max {0,250} =250 Hinh 4.9

Cin cir vao cic gia tri trong hiing cudi cling clia bang (4.2), tachon M o =257 (tiét dién
sd 0).
Thay M, = 100 vao bét ding thic (4.28), ta co:
M, =2 max {100, 200} = 200
Cin cir vaio cac gia tri trong hang cudi cling cda bang (4.2), ta chon M 3 = 257 (tiét dién
53 6).
D6i véi cac trudmg hop M, = 130, M = 155,... M, = 257, ta ciing lam tuong ty nhur trén.
Cén chi y ring, khi M, < 155, gia tri tuyét d5i 16m nhit cda cac mémen xuit hién & gifra
nhip va khi M > 155, gia tri tuy&t d6i Ién nhat cla cac mémen xut hién & gdi tua.
Véi mbi gia tri mémen déo M 4, 4@ dugc chon, ta suy ra tir bang (4.2) tiét dién turong Ung

va trong lugng dam twong img. Ching han, khi chon M, =257, tiét dién twong tmg 1 tiét dién
sd 6 con trong lwrong dim tinh nhur sau:

¢, =55.5=275kN

D6 véi cac trudmg hop khic, ta ciing 1am twong ty nhu trén.

Bang 4.3
M_ (kNm) max | M, | (kNm) M,, duge chon (kN) | Trong lugng ¢, (KN)
0 250 257 275
100 200 257 275
130 185 190 225
155 - 172,5 175 (210)
175 175 175 (210)
190 190 190 225
257 257 257 275
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Céc s6 liéu tinh toan ghi trong bang (4.3). Cac gi4 tri nim trong d4u ngoic img v&i gia tri
trong lwong bé nhét ctia ddm AB. Chﬁng han khi M = 155kNm hojic khi M, = 175]Nm,
trong luong twong (mg clia dAm bing 210kN va day 1& trong lugng bé nhit so véi cac truong
hop khic.

Giatri M, = 155kNm hodc gia trj M, = I75kNm duoc xem nhur phuong an t5i u cuc bd
trong giai doan 1. Dén day, ta két thiic giai doan 1 va chuyén sang giai doan 2.

Giai doan 2

Trong giai doan 2, ta két hop 2 dim AB va BC (hinh 4.10a). Bidu d5 mémen ciia dim
ABC biéu thi trén hinh (4.10b). Theo (4.27) vi hinh (4.10b), gi4 tri mémen déo clia dim BC
phai thda min diéu kién:

My, 2 max {[M, |,[150— (M, + M) /2], M} (4.29)

Ta s& Ian luot cho M, va M_ bién thién theo cac gi trj trong hang cudi cing cla bang
(4.2). Déu tién, gi sir gbi tya C tw do, ¢d dinh gia tri M = 0 va cho M, bién thién theo cic gia
tri ndi trén, Chazmg han, khi M, = 0, theo (4.29) ta co:

M,, 2max {0, 150, 0} =150

Cin cir vao cac s6 ligu trong hang
cudi cling cda bang (4.2), tachon M, 2

= 155. Tiét dién tuong tmg 12 tiét dién Mc( c 1150 8 1200 A
s6 3, trong lugng tuong img cla dam z;” . ”;F ’é
BC la: : | 2m | 2m | 25m | 25m |
f =40.4= 160 kN by 1 ‘ 1 o

Nhung khi M, = 0, trong lugng Mcm M
twong (mg clia dam AB 14 275kN (xem WUJJJJMJWW
béng 4.3). Vay khi M, =0, M_=0, t6ng -
trong luong cia hai dam AB va BC li: 150 - ME—E—ML

¢, +f,= 160 + 275 = 435 kN Hin 4.10

D3i véi cac trudng hop M, = 100,
M, = 130,... M = 257, ta ciing lam
tuong tu nhur trén. Cac s0 liéu tinh toan img véi trudmg hop M_. = 0 ghi trong bang (4.4).
Gia tri nam trong d4u ngodic bi€u thi trong long bé nhit ctia ddm ABC. Cin cif vio cic
s6 lidu trong bang (4.2), (4.3), (4.4), ta nhan théy néu dam lién tuc chi c6 2 nhip véi géi twa C
twdo (M =0) thi phuong an 161 wu sé 1 M,, =190kNm (suy ra tirbang 4.3) img v&i tiét dién
$0 5, M,, = 130 kNm (suy ra tirbang 4.4) img véi tiét dién s6 2 (suy ra tir bang 4.2); tdng trong
fugng bé nhit clia dim bing 369 kNm (bang 4.4).
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Bang 4.4 (M_=0)

Trong luwgng Trong lugng Trong lugng
M, max | M M, dim AB diam BC dim AB+BC
duoc chon ¢, f b, +1,
0 150 155 275 160 435
100 100 100 275 128 403
130 130 130 225 144 (369)
155 155 155 210 160 370
175 175 175 210 168 398
190 190 190 225 180 405

Bay gid cb dinh M, = 100 kNm va cho M, bién thién theo cac gia tr trong hang cudi
ciing ciia bang (4.2). Sau khi lJam trong tu nhu trén, ta dugc cac sb lidu ghi trong bang (4.5)

Bang 4.5 (M, = 100)

M,, Trong lwong | Trong luong Trong lugng
M, max | le duge chon dim AB dam BC dim AB + BC
¢, f, o, + 1,

0 100 100 275 128 403

100 100 100 275 128 403

130 130 130 225 144 (369)

155 155 155 210 160 370

175 175 175 210 168 398

190 190 190 225 180 405

Gia tri nim trong dau ngodc bidu thi tc“;ng trong luong bé nhét cla dim.

Ctr nhu vy, ta tiép tuc thanh Iap cac bang tiép theo cho cac truomg hop M, = 130,
M. = 155,...
C 1

Ciin cir vao céc s8 liu trong cdt cudi ciing clia cac bang trén, ta 1ap bang thdng ke tdng
trong luong clia dam AB va BC {mg véi cac gia trj khac nhau cia M, va M_ (bang 4.6).

Hang cudi cing trong bang (4.6) ghi cac gia tri trong lugng bé nhét cita dam g vdi cc
gia tri khac nhau cia M. Cac sd ligu nay s& phuc vy cho viéc tinh toan trong giai doan 3.
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Bang 4.6

M, =0 M.=0 | M.=100 | M_=130 | M_ =155 | M_=175 | M, =190

0 435 403 419 435 443 455

100 403 403 419 435 443 455

130 (369) (369) (369) 385 393 405

155 370 370 370 (370) | (378) | (390)

175 398 398 398 378 (378) | (390)

190 405 405 405 405 405 405

Min ($, + €)= ¢, | 369 369 369 370 378 390

Giai doan 3

Trong giai doan 3, ta ghép thém dim CD dé,‘tao thanh toan bd dam lién tuc (hinh 4.11a).
Bidu dd mémen cia dim lién tuc biéu thj trén hinh (4.11b).

100kW

1 50kW

l 200kW

A

"%’m Lzm”%'zsmLzsm"%'

Hinh 4.11

185

Can ¢ vao bét ding thirc (4.27) va hinh (4.1), ta ¢é diéu kizn:

Md3 Zmax{lMcl ’ |200“(MC+MD)!2| ’ IMDH

(4.30)

Lan lugt cho M. vaM, bién thién theo cac gia tri trong hing cudi cling cia bang (4.2).

Dau tién, gia s gdi D ty do, cb dinh gi tri M, =0 vacho M, bién thién theo cic gia tri ndi
trén. Chéng han khi M, = 0, tir bét déng thitc (4.30), ta ¢6:

= {0,200,0}=200

d3_
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Ciin ctr vao cac s6 ligu trong hang cudi cung cla bang (4.2), ta chon M, =257 vasuyra
trong lugmg ciia dam CD:

f,=55.8=440kN

Nhung khi M. = 0, ta suy ra tir hang cudi cung clia bang (4.6) trong lugng bé nhét cda
dam ABC la b, = 369kN VaykhiM_ =0,M_ =0, tong trong lwong clia dam lién tuc 1a:

¢,=¢,+ f, = 440 + 369 = 809 kN

Cin clr vao cac s6 ligu trén, ta thanh 1ap bang théng ké t(‘gng trong luong ctia dam lién tuc

Ung v&i che gia tri khac nhau cia M_va M, (bang 4.7).

Bang 4.7

M. =0 M,=0 | M, =100 | M, =130 M, =155 =175 | M, =190
0 809 689 689 (689) (705) (729)
100 (689) (625) (657) (689) (705) (729)
130 (689) 657 (657) (689) (705) (729)
155 690 690 690 690 706 730
175 714 714 714 714 714 738
190 750 750 750 750 750 750

Min (¢, + f)=0, 689 625 657 689 705 729

Hang cudi cling trong bang (4.7) ghi cac gia tri trong lurong bé nhit ctia dam lign tuc img
voi cac gia tri khac nhau cla M.

Twr cac s6 lidu trong bang (4.7), ta nhén thiy:

1) Néu géi tra D tu do, trong luong bé nhit clia dam lién tyc 12 689 kN. Ta suy ra phuong
an i wu nhu sau.

Khi trong lugng cfia dam lién tue bang 689 kN, tir bang (4.7) ta suy ra M_ = 100 kNm

hodic M = 130 kNm,
Thay M, = 100 KNm va M, = 0 vao bt diing thirc (4.30), ta 6
M,, = max {100, 150, 0} = 150
Tir bng (4.2), ta chon M, = 155 kNm (tiét dién s& 3):
Tirbang (4.5), ta suy ra M, = 130 va M, = 130 (tiét dién sé 2).
Tir bang (4.3) ta lai suy ra M, = 190 (tiét dién 8 5).

Viy, khi g01 tura D oy do phu'orng an t6i wu toin bd la; tiét dién s6 5 (dam AB); tidt dién
$62 (dam BC); tiét dign s 3 (dam CD).

2) Néu gbi tua D bi ngam nhu trong truong hgp cda thi dy, trong long bé nht ciia dém

lién tuc 12 625 kN (xem hang cudi cung va cot 3 ctia bang 4.7). Tir bang (4.7), ta suy raM,
100 kKNm va M = 100 kNm.
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Thay céc gia tri nay vio bit ding thic (4.30), ta c6:
M,, = max {100, 100, 100} = 100 kNm
Tir bang (4.2}, ta chon M, = 100 kNm (tiét dién s6 1).
Khi M, = 100 kNm, ta chon M, = 130 (tiét dién s6 2) vaM, = 190 (tiét di¢n sé 5) (xem
cac két qua & phan trén).
Viy khi g6i twa D bj ngam, phuong 4n t5i wu toan b 1a: tiét dién s8 5 (dim AB); tiét dién
s6 2 (ddm BC); tiét dién sb 1 (dAm CD).

Biéu do mdmen img v&i phuong an t6i wu toan bo cia dim lign tuc biéu thi trén hinh
(4.11c). Cac phuong an t5i wu cha dim lién tuc {mg véi 2 trudmg hop néu trén bidu thi trén
hinh (4.12).

a) Tiétdiéns63 Tiétdignsd2  Titdiénsé 5
D

¢’ 8~ .
Fa 5 A

b) Tiét didn s6 1 Tiét dién s& 2 Tidt dién <8 5

| I X 2

Hinh 4,12
a) Phuong an té-i wru khi g(‘éi tya D tr do. Trong lwemg dim bﬁng 689 kN
b) Phuong an t6i wu khi g6i tira D bj ngam. Trong lwong dam biing 625 kN

So sanh 2 phuong an ndy, ta thay phuong an dim lién tyc véi gdi tira D bi ngam kinh t
hon.

Can cit vao bi€u dd mdmen trén hinh (4.11c), ta suy ra co ciu pha hoai ciia dim nhur trén
hinh (4.13),

150 kN 200 kN
100kN l l
l c . B A
0 M ,,3, »;7
Hinh 4.13

Trén co s6 cic bang (4.3)— (4.7), ta thanh 1ap bang tdng hop (4.8). Bang nay tuong ty
bang (1.16) trinh bay trong §7 chwong mét. Qua bang (4.8), ta thiy rd trinh ty tinh toan cling
nhu sir chuyén tiép tir phuong an t6i wu cuc b3 dén phuong an ti wu toan bd trong qué trinh
gidi bai todn t6i wu tinh dim lién tuc theo phuong phap quy hoach dong.
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¢ . Trong luong
dam AB

{,: Trong lugng
diam BC

¢, + f;: Trong
luong dam ABC

¢,: Trong lugng
bé nhat cla
dam ABC

{,: Trong lugng
dam CD

f,+9,

¢,: Trong lwong
bé nhat cua
dam ABCD

Bing 4.8

M, =0 | M, =100 |M, =130 M, = 155| M_ = 175 | M, = 190
6, | 275 275 225 210 210 225
M, |M.=0|M_=100{M_=130|M_= 155 M_=175|M_= 190
0 | 160 128 144 160 168 180
100 | 128 128 144 160 168 180
130 | 144 144 144 160 168 180
155 | 160 160 160 160 168 180
175 | 168 168 168 168 168 180
190 | 180 180 180 180 180 180
0 | 435 403 419 435 443 455
100 | 403 403 419 435 443 455
130 | (369) | (369) | (369) 385 393 405
155 | 370 370 370 370) | (378) | (390)
175 | 398 398 398 398 (378) | (390)
190 | 405 405 405 405 405 405
60, | 369 369 369 370 378 390
M, [M,=0 [M,=100[M, =130{M, =155|M_=175|M_ =190
0 | 440 320 320 320 336 366
100 | 320 356 288 320 336 360
130 | 320 288 288 320 336 360
155 | 320 320 320 320 336 360
175 | 336 336 336 336 336 360
190 | 360 360 360 360 360 360
0 | 809 689 689 689) | (705) | (729)
100 | (689) | (625) | (657) | (689) | (705) | (729)
130 | (689) | 657 657 | (689 | (705) | (729)
155 | 690 690 690 690 706 730
175 | 714 714 714 714 714 738
190 | 750 750 750 750 750 750
o, | 689 625 657 689 705 729

Chij thich bang 4.8:Cac s6 ligu trong ddu ngoiic tmg v&i trong luong bé nhit.
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BAI TAP

Bai 1: Cye ti€u hbéa ham
Z=4x +2x,-Xx,v0icac didu kién rang budc:
X +X,+x,28
X, +x,=10
X, +x,+2x, <30
Xps X5 X, 20
Giai theo phuong phap don hinh.
Dap an: x, =0,x,=0,%x,=10,x,=2, min Z=-10
Bai 2: Giai bing phuong phap don hinh:
Cuc dai hoa ham:
Z = 2x, + X, vi cac diéu kign rang budc:
5%, + X, <30
3x, +x,<20
1,5x, +x, < 14
X, X, 20
Bai 3: Cuc dai hoa ham:
Z = 0,4x, +0,2x, + 0,5x, + 0,8%, v&i cac didu kién rang bugc:
3x, + 5x, + 4x, + 8x, < 24.000
3x, +5x,+x,<£12.000
6x, + 3x, + X, <26.500
X Ky X35 X, 20
Dap an: x, = 4000; X, = 0; x, = 2500; Z max = 3.600
Bai 4: Cuc dai héa ham _
Z = 500x, + 300x, + 200x, + 250x, v&i cac diéu kign rang budc:
10x, + 5x, + 4x, + 2x, 2000
8x, +5x, + 1,2x, + 5,6x, < 1800
5%, + 8x, +2,5x, + 10x, <2000
DPap an: x, =135, x,=0;x, = 110; x, = 105; Z max = 11575
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Bai 5: Gidi bing phuong phép gradién:
Cuc dai héa ham:
Z=4x +2x, - x, vOi cac didu kién rang budc:
X, +X,+X,28
X, +x,= 10
X, + X, +2x,<30
Diap an:x = 0;x,=0;x,=10;x,=2; max Z = 10
Bai 6: Giai bing 2 phuong phap: '
t) Phuong phap tuyén tinh hba timg mau.
2) Phuong phap gradién.
Cuc dai héa ham
Z=x, +2x,- x? v&i chc dicu kién rang budc:
3x; +2x3 <0

X, X, 20

Dip an: x, = 1,258; x, =0,7906; max Z = 2, 213
Bai 7: Gidi bing phuong phap quy hoach hinh hoc:
Cuc tiéu hda ham:
Z=2xx, + 3\/; véi chc diéu kién ring budc:
Xix,29
XX, =0
Pap an: min Z = 6,04
Bai 8: Cho mot két ciu nhur trén hinh duéi day (hinh 1).
Tinh trong lugng bé nhat theo phuong phép chuyén

vi. Chuyén vi ngang va chuyén vi dimg tai D <4mm.
Ung suét trong mot thanh bat ki < 1.10° kN/m?. Céc

< " T A B
t}ﬁmh 1 va 3 ¢b cung tiét dlgn A,. Thanh 2 c6 tiét Hinh 1
dién A,
Dép 4n: Thé tich bé nht V = 241600mm?. (=100kN

Bai 9: Cho mét két cAu nhu trén hinh 2. Tinh trong luong bé
nhét theo phwong phap chuyén vi. Thanh 1 v& 5 c6 tiét dién
A,. Chc thanh 2, 3, 4 ¢ tiét dién A, va chidu dii /= Im.
a) Chuyén vi dimg tai cac niit 1 va 2 < 5mm.
b) U’ng suit o < 0,16 kN/mm?.
Dap an: a) V = 339100 mm?
b) V = 110300 mm?
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Bai 10: Cho mét khung nhur trén hinh 3. Tinh the tich bé nhir.  H=1kN Aq ]
Chuyén vi ngang cho phép bing 4mm. Ung sufit uén cho phép 2
o = 0,15 kN/mm?. Cac ¢dt c6 dign tich A, Dam cé dién tich A,
Dip 4n: A, = 155 mm? A, = 136,3 mm?. Al 3| A
Bai 11: Tinh trong luong bé nhét cha khung trén hinh 4. Ung
suit cho phép bing 0,15 kN/mm?. Chuyén vi dimg tai nit C <
4.8 mm. Céc ot ¢ mémen quén tinh I, cac xa c6 mémen quan
tinh L.

Dap am Z=1\> =457,5
I, = 0,045. 10° mm?* [, =0,06. 10° mm*,
Bai 12: Cho mét két cAu nhur trén hinh 5. Tinh trong lugng bé
nhat. Chuyén vi ngang cho phép tai B bing 10mm. f)‘ng sufit udn
cho phép s = 0,15 kN/mm?.
Dap an: 7Z.=0,067. 10° mm>.
Bai 13: Cho két chu khong gian nhu trén hinh 6. Tinh trong

luong bé nhét. Tiét dign ciia cic thanh bigu thj nhur trén hinh va. Hinh 4
Ung sudt kéo cho phép bing 0,16 kN/mm?. Ung sut nén cho Tt
phép biing 0,1 kN/mm?. Lyc H nim trén phuong X. Chuyén vi 2000mm| ~jM=3KN.m
tai dinh trén phwong X < 5mm. E = 207 kN/mm?. 1o
sae e . . £ 4% . H=10kN
Giai bai toan phi t}lyen bing 2 cach: 2000mml - A
1) Phrong phap d6 thi. 1

2) Phuong phip chudi Taylor d2 tuyén tinh héa bai toan
t5i wu. Hinh 5
Dap an: A = 1,208 mm?
A, = 315 mm? Thé tich bé
nhét V = 1258940 mm’.

(-400,0,300)
(-400,0,-300)

s

z X

{400,0,-300)

Hinh 6 (400,0,300)
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