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G140 TRINH ON DINH CONG TRINH PGS. TS. Lé Viét Gidng
CHUONG 1. MG PAU
§1. Y NGHIA CUA ON PINH CONG TRINH

1. Khi thiét k& cong trinh, néu chi kim tra diéu kién bén va diéu kién ciing thi chua du
d€ phan dodn khi ning l1am viéc cla cong trinh.

Trong nhiéu trudng hdp, d4c biét vdi cdc cong trinh chiu nén, hofc nén cung udn, tuy tai
trong chua dat t6i gid trj phd hoai, va ¢6 khi con nhd hon gié tri cho phép vé diu kién bén va
didu kién cting, nhung két c4u vin c6 thé mét khé niing bio todn dang can bing ban dau ¢ trang
thi bién dang cda nd, ma chuyén sang dang cin bing khdc. Dang cin bing mdi ndy s& gy ra
trong hé nhiing 1ing sudt phy 1dm cho céng trinh bi phd hoai. Ta goi hién tugng ndy la hién
tugng cong trinh bi mét on dinh. ’

Cubi thé ky IXX diu thé ky XX da xdy ra mdt sd tai nan ma nguyén nhén 1a do cong
trinh khéng ddm bio didu kién 8n dinh.

Hién nay, yéu ciu phét trién kinh t& doi héi phdi xay dung nhiing cong trinh 16n, trong
da s6 cdc cong trinh d6, ngudi ta thudng ding nhiing thanh chiu nén 6 chiéu dai 16n. Do d6,
viéc nghién citu sy én dinh ciia cong trinh 14 cin thiét va c6 ¥ nghia thyc té.

2. Trong gido trinh SBVL, dd nghién ctu bai todn 8n dinh cla thanh thing chiu nén
diing tAm. Trong pham vi gido trinh 6n dinh c6ng trinh, s& nghién ciu céc phudng phép tinh on
dinh cta hé thanh 1am viéc trong gidi han dan hdi tii trong téc dung tinh.

§2. KHAI NIEM VE SUON DINH VA MAT ON PINH CUA CONG TRINH

Trong gido trinh cd hoc, hién nay cd hai quan diém v& 8n dinh: On dinh vé chuyéfn déng
clia Liapunov va quan niém &n dinh tinh cia Euler. Trong pham vi gido trinh 6n dinh céng
trinh ndy, chi trinh bay dinh nghia &n dinh theo quan diém clia Euler
1. Dinh nghia:

On dinh 1a tinh chét ciia cong trinh gilt nguyén dugc:

- Vi tri ban d4u cia né;
- Dang c4n bing ban diu trong trang thdi bién dang tuong ung vdi céc tdi trong
tac dung.

Tinh chit clia 6n dinh céng trinh thudng cé gidi han khi ting lyc tdc dung 1én cong trinh.

Khi tinh chit ndi trén mét di, cong trinh khong cé di kha niing chiu dyng tii trong. Liic

ndy, céng trinh dude goi la khéng 8n dinh.

Nhu vay:
- Vi tri ctia cong trinh ¢6 kha n¥ng 6n dinh hojc khéng 6n dinh .
- Dang cén biing ciia c6ng trinh § trang thdi bién dang cling cé khd niing
6n dinh hoc khéng 6n dinh.
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a. On dinh:

Vi tri clia cong trinh hay dang cin bing cda céng trinh & trang thdi bién dang
dudc goi 14 8n dinh, néu nhu sau khi gy cho cong trinh mot d6 1&ch rat nhé khéi vj tri
ban diu hojc khdi dang cén bing ban diu bing mdt nguyén nhén nao dd, rdi bé nguyén
nhan d6 di, thi cong trinh ¢ khuynh hudng quay tré v& trang thai ban dau.

b. Khéng 6n dinh:

Vi tri cda cong trinh hay dang cin bing clia cong trinh § trang thai bién dang
dudc goi 14 khong 8n dinh néu nhu sau khi gy cho céng trinh mot d6 1&ch rat nhd khéi
vi trf ban d4u hodc khdi dang cin bing ban diu bing mdt nguyén nhan nio do; rdi bd
nguyén nhan dé di, thi céng trinh khéng quay tré vé trang thii ban dau.

Liic ndy, d6 léch ctia cong trinh khéng c¢d khuynh hudng gidm din ma cd thé phdt
trién tiép tuc cho dén khi cong trinh & vi tri mdi hojc c6 dang can bing mdi.

Budc qué do ctia cong trinh tit trang thai 6n dinh sang trang thii khéng n dinh
dude goi 14 méit dn dinh.

Gidi han diu cta budc qua dé dé dudc goi 1a trang thdi tdi han cla cong trinh. Tai
trong tuong ung vdi trang thdi tdi han goi 1a tdi trong tdi han.
Tt khéi niém v& su 8n dinh, ta cin phén biét hai trudng hop mét 8n dinh sau:
< M4t 6n dinh v& vi tri;
< M4t 6n dinh v& dang cin bing § trang thai bién dang.

°on 7 o A

a. j tri: xdy ra khi toan b céng trinh dudc xem 1 tuyét déi
cling, khéng giit nguyén dudc vi tri ban ddu ma b4t budc phai chuyén sang vi tri khac. D6 1a
trudng hop mit 6n dinh 14t ho¥c truot cla cdc cong trinh tudng chin, tru cAu, mé ciu, thic
nudc...

Trong trudng hdp ndy, céc ngoai lyc tac dyng Ién cong trinh khéng thé cin bing & vj tri
ban d4u ctia cong trinh ma ¢ thé can bing & vi tri mdi.

Trong cd hoc, vi tri ctia vat thé tuyét déi ciing c6 thé 13 8n dinh, khéng 8n dinh hojc
phiém dinh.

Vi dy: Hién tugng 6n dinh va mit 8n dinh v& vi tri 13 trudng hdp vién bi dit trong mit
cAu 16m (Hinh 1-a), dt trén mt cdu 18i (Hinh 1-b) va djt trén mijt phing (Hinh 1-¢)
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Sau khi cho vién bi ra khéi vi tri cin bing ban d&u vdi mot gid tri v6 cling bé, rdi
thd ra, ta nhan thiy:
(1) Trudng hdp thd nhit (Hinh 1-a): Hon bi dao déng quanh vi tri ban dau, rdi
cudi cling tré v& vi tri cfi. Nhu vay, vi tri nay 13 vi tri cAn bing 8n dinh.
Khi hon bi 1éch khéi vi tri cAn bdng 6n dinh, thé ning cia nd ting 1én; do dé, vi
tri hon bi § ddy 16m ciu tuong vng thé ning cuc tidu.
(2) Trudng hop tht hai (Hinh 1-b): Hon bi khéng quay tré v& vi tri ban diu ma
tiép tuc 14n xuéng phia dudi. Vi tri ndy 13 vi trf c4n bing khéng 6n dinh.
Khi hon bi léch khéi vi tri ndy, thé ning cia hon bi gidm xubng. Do dé, vi tri can
bing kh6ng 6n dinh clia hon bi tuong ting vdi thé ning cia hon bi 12 cyc dai.
(3) Trudng hop thit ba (Hinh 1-¢): Hon bi khong quay tré vé& vi tri ban du, nhung
cling khong chuyén dong tiép tuc. Vi tri ndy 1a vi tri cin bing phiém dinh.
Trong trudng hop nay, thé ning clia hon bi 1a khéng d6i.
Nhv' viy:
- G vi trf c4n biing 8n dinh, thé ning clia vat thé nghién ciu 13 cuc tiéu.
-0 vi tri can bing khéng 8n dinh, thé niing ciia vat thé nghién citu 13 cyc dai.
- G vi tri can bing phiém dinh, thé ning cta vat thé nghién citu 14 khong déi.

.7 0A
7

chuyén sang dang bién dang mdi khdc trudc vé tinh chit.

Trong trudng hop mét 6n dinh v& dang can bing, nguyén nhan 1a: su cin bing
giifa cdc ngoai luc va ndi luc khong thé thuc hién dudc tuong ting vdi dang cin bing ban
d4u ctia cong trinh, ma chi c6 thé thuc hién dude tuong ting vdi dang bién dang can bling
mdi khdc trudc vé tinh chét.

Vidy:

H

A

Dang bién dang ban Dang bién dang
dau 12 nén diing tAm mdi 13 uén doc
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c. Tom lai

(1) Hién tugng mét 8n dinh v& vj tri xdy ra khi:
- D61 tugng nghién ciu la vdt thé tuyét doi ciing, vi du: tru cdu, thdp midc;
- Nguyén nhdn gdy ra mdt 6n dinh la do cdc ngoai lic tdc dung lén cong
trinh khong thé cdn bdng & vi tri ban ddu.
(2) Hién tuong mét 8n dinh v& dang cin bing & trang thai bién dang xay ra khi:
- D6i tugng nghién citu la vdt thé bién dang;
- Nguyén nhdn gdy ra mdt 6n dinh la gifia ngi lc va ngoai lic mdt can
bdng & dang cdn bdng ban ddu.
Ngudi ta chia hién tuong mit 6n dinh v& dang cin bing & trang thdi bién
dang thanh hai trudng hdp: mét 6n dinh loai I va mit 8n dinh loai II.
A. Mit dn dinh logi I:
Cdc ddc trung ciia hién tigng mdt on dinh logi I hay mdt 6n dinh Euler:
v Dang cin bing c6 khd ning phin nhénh; (tdc 1a dang can bing phiém dinh ¢é khd
ning phin nhénh thanh 2 dang: dang c4n bing ban diu va dang cén bing 14n c4n).
v’ Phét sinh dang c4n bing mdi khdc dang can bing ban dau v& tinh chit;
Vi du: Dang can bing ban diu 13 nén diing tdm, dang cin bing mdi 13 uén doc.
v' Trudc trang théi téi han, dang cin biing ban dAu 1a duy nhét va 8n dinh. Sau trang
thai tdi han, dang c4n bing ban d4u 13 khéng 6n dinh.
Vi du: Xét thanh thing chiu nén diing tim (Hinh 2 - a)
P 'Pm P> Py

/ 4, ®)
/ -/ :
, i S

a) b) o
Hinh 2

a, Lyc nén Pnhdg:

Thanh vAn thing, trang thi chiu nén clia thanh 13 trang thdi can bing ban diu va
duy nhit. Néu dua thanh ra khdi dang cin bing ban ddu, thanh s& dao déng va cuéi cung
tr vé dang ban diu. Do d6, dang can bing nay 13 8n dinh. Trang théi cin bing 8n dinh
tuong vng véi doan OA trén db thi lién hé gifta chuyén vi A va ti trong P(Hinh 2c).

b, Khi ting P dgt mjt gid tri nao do goi la Iifc tdi han(P,):
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Trong thanh xuét hién trang th4i tdi han. Lic ndy, ngoai dang can béng chiu nén,
ddng thoi con cd kha niing xudt hién trang thdi can biing uén doc, nghia 14 thanh § trang
thai can bing phiém dmh

Nhu vy, ] i i i 3 : i
bﬁng_chm_nmua_dang_can_héngﬂon_dm:) Trang thal cin béng phlém dmh tudng ung
v6i diém phan nhanh A trén d6 thi P-A (Hinh 2-c).

¢, Khi P >P,:

Trang thdi cin bing chiu nén vin cé khd ning tiép tuc ton tai, song dang can
bing nay 1a khéng 6n dinh. Vi néu dua thanh ra khéi dang cin bing nay thi thanh khéng
c6 kha n¥ng trd lai dang thing ban déu.

Dang cin bing khong 6n dinh nay tuong ting vdi doan AB trén d6 thi (Hinh 2-c).
Liic ndy, thanh budc phdi cé dang cin bdng 6n dinh uén doc khi bién dang ctia thanh 13
hitu han (Hinh 2-b). Dang can biing ndy tuong ting vdi nhdnh AC va AD (Hinh 2- ¢)

P P
Vi vi du vé hién twigng mét 6n dinh loai I lp... e L'-7i e
1. Mdt dn dinh dang nén ding tdm: — |,
Trong trudng hop khung chiu tai (Hinh 3), / /
e Khi P<P,: khung cé dang can bing chiu nén; / /
e Khi P > P,: dang c4n béng chiu nén khéng 6n dinh [
va khung cé dang can bdng mdi (chiu udn theo dudng nét dut). ), o
2. Mdt 6n dinh dang u6n phdng: Hinh 3
Dim chit I chju uén phing do tii trong P tic dung
trong mijt phing déi xing (Hinh 4): P
e Khi P<P,: ddm cd dang cin bing 6n dinh " -
1a dang uén phing (dusngnétlién) | T =<2 A
e KhiP>P,: danguén phdng khéng ndinh | H5———eer ~:',
va dim cé dang cin bing mdi 13 dang
udn cing vdi xodn (dudng nét diit).
B.nlili’ io l l .II
Céc dic trung clia hién tudng mét 8n dinh loai II nhu sau:
- Dang can bing khéng phan nhénh.
- Bién dang va dang cin bing ciia hé khong thay déi v& tinh chit.
Két I a“n.
e Trong pham vi gido trinh 6n dinh céng trinh nay, chiing ta chi nghién citu bai
todn 8n dinh loai I v& dang cén bing trong trang théi bién dang ciia céc thanh
va hé thanh 1am viéc trong gidi han dan héi.
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e Nhiém vu ctia mén hoc 13 nghién citu cédc phuong phdp xdc dinh tdi trong tdi
han cia cdng trinh, qua d6 danh gid khd niing chiu Iyc cda céng trinh.

§3. KHAI NIEM VE BAC T’ DO fr—‘f

1. Djnh nghia: /
Bic tu do ciia hé 14 sé thong s6 hinh hoc doc 14p d€ x4c dinh vi tri /I @

clia tt c4 cdc diém cta hé khi hé mét 6n dinh. /
Vidy: Xét he thanh cing nhu hinh v&. *,;.y_l,Jr\/ﬁ
Hé gbm 2 thanh tuyét d6i cing lién két vdi nhau (Hinh 5) ¢ mét bdc

tit do. Vi & trang thai mét &n dinh (dudng nét dut), ta xéc dinh duge vi tricda @

A
\

toan hé theo mét théng sé (chuyén vi y, clia khdp ho¥ic géc xoay @, cla mot \
thanh nao dd).

Hinh 5

2. Lyjc tdi han:

Néu thanh cd n béc tu do, thi ta xdc dinh dude n gid tri khdc nhau luc tdi han. Luyc tdi
han tuong Ung gid tri nhd nhat 13 Iyc t6i han thid nhit. Luc téi han thi nhit xdy ra tudng Ung vdi
hé tit dang c4n bing 6n dinh chuyén sang dang cin bing mdi khdc dang can bing ban d4u. Cic
Ic tdi han tiép theo déu x4y ra \ing vdi cac dang can bing khéng 6n dinh.

Vi dy: M6t thanh thing mit cit khéng d6i, hai ddu lién két khdp, chiu nén ding tim
(Hinh 6). Theo SBVL, Iyc t6i han xac dinh theo c6ng thiic:

wr

Pt,,=—l7—EJ m=1,2, 3..)

n

P Pt Pt
I
S N
~ ~ + N
S o
Q
_L_gr X Y
a) b ©
Hinh 6
Lan Iugt cho n =1, 2, 3...ta s& dudc vo sb gia tri cda luc téi han:
7z2 4ﬂ2 97r2
By =7-EJ, By, ='7‘EJJ’3th =—15—EJ
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Luc t6i han tht nhét tuong Ung vdi dang bién dang hinh 6-a (tuong ting khi hé
chuyén tit trang thai cin bing 8n dinh sang dang can bing khong 6n dinh) .
Luc téi han thi 2, 3, ...tuong ung vdi cic bién dang nhu trén hinh 6-b, 6-c...
Nhiing dang c4n bing trén hinh 6-b, 6-c... déu khéng n dinh.
Béi vay, chi ¢6 Iuc téi han thi nhét 13 uc t6i han c¢é ¥ nghia thuc té.

§4. CAC BIEU HIEN VE SUCAN BANG ON PINH
I Bo;? ] A |~ l l .

Trong tinh hoc, biéu hién sy can biing dudc biéu difn dudi dang cac phudng trinh cin
bing tinh hoc. Song, dang cin bing tinh hoc nay chua néi 1én duge dang cin bing dé 6n dinh
hay khéng 6n dinh. D€ gidi quyét van dé nay, ta cAn khdo sat hé & trang thdi 1éch khdi dang can
biing dang xét. Gia st & trang théi léch nay, hé can bing ¢ thé xdy ra vé nguyén tic, thi ta cdn
tinh gid tri cda luc (P*) tit didu kién can bing tinh hoc cia hé & trang thai 16ch dé d6i chiéu vdi
tai trong (P) da cho & trang thai ban dau.

1. Néu P"> P, thi tii trong di cho (P) khong thé giit hé § trang thdi can bing léch va
hé trd lai trang thai cin bing ban diu, nghta 14 cin bing n dinh.
2. Néu P*< P, thi tdi trong da cho khong nhiing c6 khd ning gitf hé & trang théi l&ch,
ma con 1am ting d6 léch, do dé, su cin bing 13 khéng 6n dinh.
3. Néu P*=P, thi sy c4n bing 13 phiém dinh.
ViDy:
Cho 1 thanh tuyét d6i cing (EJ = ), khéng trong ludng, mét dau tf do, mot déu lién két
ngam dan hdi (Hinh 7). D6 ciing clia ngadm lién két dan héi 13 k (k 13 gid tri cda momen xuit
hién trong lién két khi m3t cit § lién két xoay mét géc biing 1 don vi)

>,

EJ=o

Mau=k.6
T TTTTIITTITTT

a) b)
Hinh 7

;
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GIAO TRINH ON DINH CONG TRINH PGS. TS. Lé Viét Gidng
Xét hé § trang thai 1éch so vdi trang thdi cAn bing ban dau va duge gif véi luc P*

(Hinh 7b). Liic ndy thanh bi nghiéng mdt géc 6, trong lién két dan hdi xuét hién phan lyc
momen M, = k6.

- Didu kién can bing & trang thdi 1&ch:

IMy=0P.6-My=0
Trong d6: M, =k6;
& = Isin@ ~16, (vi 0 it nhd, nén sind ~ 0)

Viy: P'lO-k 6=0

Suy ra: P = %
P*: 13 luc cAn thiét d€ giif hé & trang thdi 1&ch.
Viy:ed

Khi P< P* =§, thi hé & trang thdi can biing dn dinh.
Khi P> P* ——Ilc—,thi hé & trang thai cAn bing khong 6n dinh.
Khi P=P* ——%,thi hé & trang thdi can bing phiém dinh.

I1. Bién hién di'di dang niing hwgng:

Ap dung nguyén ly Lejeune - Dirichlet:

- Néu hé & trang thdi 6n dinh, thi thé niing toan phén dat gid tri cuc tiéu so vdi tit
¢4 cdc vi tri cda hé & 14n can vdi vi tri ban ddu véi nhiing chuyén vi v6 cling bé.

- Néu hé & trang thai khong 6n dinh, thi thé ning toan phén dat gid tri cyc dai.

- Néu hé § trang thdi phiém dinh thi thé ning toan phin khong déi.
Thé ning cla hé § trang thdi bién dang bao gdm thé ning ctia cic néi Iyc (thé niing bién
dang) va thé ning ciia ngoai Iyc. Biét ring, thé ning ctia ngoai lyc trdi ddu vdi cong ciia
ngoai Iue.

Vi dy: Dua vat cé trong lugng P tit "0" 1én "1". & vj tri "1" thé niing cla P ting
(+), nhung coéng cta P 4m (-), (vi chiéu ctia P hudng xubng, chidu cia chuyén vi hudng
1én) .

Goi 8U la d6 bién thién ctia thé ning toan phin cla hé khi hé chuyén tit trang thdi
dang xét sang trang thai 1an cén, thi:

dU =8V + (-8T) =8V -8T
Trong d6:  &V: sd gia ctia thé ning bién dang,
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GLA0 TRINH ON PINH CONG TRINH PGS. TS. L& Viét Gidng
8T: sb gia clia cong ngoai lyc.
! a0 19 Lei - Dirichl

- Néu 8V > 8T, thi trang thai cn bing n dinh ;

- Néu 8V < 8T, thi trang théi can bing khong 6n dinh ;

- Néu 8V = 8T, thi trang thai cin bdng phiém dinh.

Gidi thich : Néu § trang thai léch, thé niing bién dang dan hdi cda hé tich liiy duge
16n hon c6ng ngoai Iyc, thi phin ning lugng tich iy thém dé cd khd ning vugt qua su
cén tré ctia ngoai luc d€ dua hé v8 trang thdi ban dau.

Vi dy: Xét lai vi du (Hinh 7) theo bi€u hién dudi dang ning lugng.
S6 gia ctia cong ngoai Iyc :

02

8T = PA =PI (I- cosf) = 2Plsin2—§—z 2Pl(§) Pl?

Sé gia clia thé ning bién dang dan hdi tich Iy trong lién két dan héi:

oV = %Mdhﬁ v6i My, = kO : momen trong lién két 2.
S
ngam dan héi.Vay : 6V = lk492 Mok 6
1.6 k 0’
Khi dé: §V-6T = —(k Pl)= ——(——P) = —(P - P)
Hinh 7
Ta thdy :
- Khi 8V > 8T, tiic P < == P*, thi trang thai c4n bing 6n dinh :
Khi 8V = 8T, tic P = —= P*, thi trang thdi cAn bing phiém dinh

~lm o~ o~

- Khi 8V < 8T, tiic P > = =P*, thi trang th4i cin bing khéng 6n dinh

II1. Biéu hi¢n dwdi dang dong life hoc:

Biéu di&n cia sy can bing 6n dinh dudi dang déng Iyc hoc 14 bi€u dién téng quét hon ca.
Biéu dién nay dudc xdc dinh trén co s§ nghién citu tinh cht chuyén déng ctia hé & lan can trang
thdi cAn bing, gdy ra bdi mot nhidu loan (kich thich) ndo d6. Sau khi nhiu loan dé mét di:

+ Néu chuyén dong 1a tdt ddn hodc diéu hod (khéng ké luc cdn), thi can bing dé la 6n dinh.

+ Néu chuyén dpng g khong tudn hoan, mang cdc ddc tring ddn dén sy tang ddn ciia bién do,
thi can bdng dé Ig khong 6n dinh.
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G140 TRINH ON DINH CONG TRINH PGS. TS. Lé Viét Gidng

Vidy: Khdo sét lai vi du (Hinh 7) theo biéu hién déng lychoe. 4| P
a, Theo biéu hién déng hyc hoc, ta cin lap I
phuong trinh vi phan mé t chuyén dong ciia he & 1an can | T
trang thai can bing:
Jb' = Pé- My,
Trong dé: J - 1a mémen quan tinh khéi lugng ciia thanh
14y déi vdi diém O.
o=1sinf~10 : Ma=k 0
My = k6
k 12 d6 ciing ctia lién két dan hdi. Hinh 7

k=Pl,_. @

Vay: J@'=Plo-k6 < 6"+

b, Tim nghiém ctia phuong trinh (a)
Phuong trinh dic trung cta (a):

I 2l ®)

- Khi i-:,—Pl <0=>P> %: phuong trinh d¥c trung (b) ¢é nghiém thyc: r, =+ Pl;k

Nén nghiém cda phuong trinh chuyén déng (a) 1a: 8 =C,e"* +C,e™ .

Him 6 mang d4c trung ting bién d6. Do d6, cAn bing ctia hé 12 khéng 6n dinh.
k=Pl

- Khi k—j]fl>0:>P<§:phudngtrinhdéctrm1g(b) c6 nghiém do: r, =i

Nén nghiém phuong trinh chuyéri dong (a) la:

9=C3cos(t‘/k}Pl)+C4sin(t k;Pl)

Ham 0 mang dic trung chuyén dong tudn hoan. Do dd, can bing 14 8n dinh.
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GIAO TRINH 6N DINH CONG TRINH PGS. TS. 14 Viét Gidng
CHUONG II. CAC PHUONG PHAP NGHIEN CcUU

§1. KHAI NIEM VE CAC PHUOGNG PHAP TINH
Khi gidi bai toan on dinh, c6 thé ding nhidu phudng phdp khdc nhau. Nguyén 1y ciia cdc
phuong phap ndy déu dua trén co sé cac biéu hién v& sy can bing 6n dinh. (§4- Chuong I)

* Nhiing phuong phép st dung su biéu hién cin bing 6n dinh dudi dang tinh hoc -
goi la phuong phap tinh hoc.
* Nhiing phuong phép sit dung su bi€u hién can bing 6n dinh dudi dang n¥ng lugng
- goi l1a phuong phédp ning hugng.
* Nhiing phuong phap sit dung su biéu hién can bing 6n dinh dudi dang d6ng - goi
1a phuong phap dong luc hoc.

, 3 ;.
L.Nbid 29 cdc phutdne phip nav:

- Tao cho hé dang xét mét dang can bing léch khéi dang can bing ban dau.

- X4c dinh cdc gid tri luc tdi han c6 khd niing gitf hé & trang thdi can bing léch. Luc tdi
han dudc x4c dinh tit phudng trinh 8n dinh - phuong trinh 6n dinh bi€u thi diéu kién t4n tai
dang can bing l&ch.
> Cic o hén finh | A .

- Phuong phép tryc tiép thiét 1ap va gidi phudng trinh vi phan

- Phuong phdp thiét 1ap va gidi hé phuong trinh dai s6

- Phuong phap sai phin

- Phuong phap Bupnov- Galerkin

- Phuong phap gin diing

1.N§i dung ciia cdc phiiong phdp nay:

- Ta cho trude dudng bién dang ca hé & trang thai 1&ch phu hop véi didu kién bién.

- C¥n c1f vao dudng bién dang gia thiét nay, 14p céc bidu thiic thé ning bién dang (5V)
va biéu thiic clia c6ng ngoai luc (8T). Sau d6 viét didu kién tdi han ciia hé theo didu kién dudi
dang ning lugng. (xem §4- Chuong 1) 1a 6V = &7

Chd y:* Néu bién dang chon trudc 13 diing thi két qué gidi ding, trong thuc hanh, néi
chung khéng biét chinh xdc dang bién dang clia hé nén két qui tim theo phuong phdp ning
luong 13 gin ding.

2. Cdc phiiong phap niing ligng gom:

- Phuong phép truc tiép 4p dung nguyén ly Lejeune - Dirichlet.
- Phuong phap ap dung nguyén ly Rayleigh - Ritz.
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(140 TRINH ON DINH CONG TRINH PGS, TS. L4 Vit Cidng

C. CAC PHUONG PHAP PONG LUC HQC
I.NM ] L] I'e ] E ] e X

- Thiét 1ap phuong trinh dao dong riéng ctia hé chiu lyc nén
- X4c dinh t4i trong tdi han bing cach bién luan tinh chit chuyén déng tim dugc

§2. PHUGNG PHAP THIET LAP VA GIAI PHUOGNG TRINH VI PHAN

Trong phudng phép ndy, ta tién hanh theo thi tu:

1. Lap phuong trinh vi phan ctia dudng bién dang ctia hé § trang thdi bién dang léch

khdi trang théi ban dau.

2. Tim nghiém cta phuong trinh vi phan _

3. Dua vio cdc didu kién bién dé xdc dinh cdc hing sé tich phan va cdc phén lyc

chua biét.

Do tinh chét ctia dang cin bing phiém dinh phan nhdnh thanh 2 dang (tic ngoai
dang can bing 8n dinh ban du, déng thdi tén tai dang cin bing 1éch 1an can so véi dang
cin bing ban du), cho nén phuong trinh dudc l4p 13 hé phuong trinh dai s6 thuin
nhit.

+ Mot trong cdc nghiém cia hé phudng trinh nay 13 cc 4n déu bing khéng; dd 13
nghiém tim thudng, vi ching tidng ting vdi trang thai can bing 6n dinh ctia hé.

+ Muén cho hé chuyén ti trang thdi 8n dinh sang trang thai khéng dn dinh, tic 14
trang thdi 1éch d6 phéi tn tai, ndi cdch khdc, cac 4n s6 (cac hing s6 tich phan va cic dai
lugng chua biét) phai tdn tai, thi dinh thic cfa cdc hé s6 cta hé phuong trinh dai sb
thuin nhit phai bing khéng:

D(a) =0 @-1

o - cac hé s6 phu thude cdc dic trung hinh hoc va tii trong. Phuong trinh (2-1) 13
phuong trinh d¥c tring hay phuong trinh 8n dinh theo phuong phép tinh. Phuong trinh
dn dinh bi€u thi didu kién tén tai dang can biing léch ciia hé

4. Giai phuong trinh (2-1) d€ tim cac luc t6i han
Céch gidi ndy thudng 4p dung cho hé ¢6 v sb béc tu do. Do dé, c6 thé tim dudgc v6 sb
Iyc téi han. Song, chi ¢6 luc téi han nhdé nhét mdi 1a luc tdi han ¢ y nghia thyc té.

Phuong phap nay la phuong phdp chinh xac, ap dung thich hgp cho nhiing thanh
don gidn. Trong cac chudng dudi ddy, khi nghién ciiu cac két ciu cu thé, ta s€ dp dung
phudng phap nay 13 chi yéu.

Vi dy 2 -1: Xac dinh lyc téi han nhé nhét clia mdt thanh mét ddu tf do, mét déu

ngam. EJ = const. (Hinh 2-1)
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B TIPSR z
1. D& xdc dinh luc P,, trudc tién cin thiét lap phuong trinh vi phén cta s
dudng dan héi P
- Cho thanh 1éch khéi dang can bing thing va tim mémen udn tai mjt
cit cé hoanh d6 z: y
M(z) =-P (5-y) N\
- Theo SBVL, phuong trinh vi phin gn diing cia dudng din hdi: ~
EJy"=-M(z) n o\
Do d6, phudng trinh vi phén cla dudng bién dang § trang théi bién
dang léch la: y
EJy"=-M(z)=P(6 - ) -
hay y"+a’y=a’s (a) Hink 2-1
P
trong do o=, — b
g ,/ FoT; (b) _
z
2. Nghiém cia phudng trinh vi phan (a): (w) M>0
W(z)=Acosaz+Bsinaz+9o (©) Yy
Trongdé: A, B - céc hing s6 tich phan z
5 - dai ludng chua biét <a> Yreo
3. C4c diéu kién bién : yi
. . y=0 So dd quy wée dfu cia
Khi z=0 thi {yv___o mémen
Khiz = lthiy=26 @
Khi thay (d) vao (c), ta nhan dudc hé phuong trinh dai s6 thuan nhit
A+6=0 1 0 1|4
Ba=0 =| 0 a 0|B|=0

Acosal +Bsinal +6§=6 |cosal sinal 06
Diéu kién ton tai trang thdi cin bing léch la cdc 4n 4, B, & phdi khic khéng, do dé ta cd
phuong trinh 8n dinh:
1 0 1
D(a)=| 0 a Ol=-acosal=0 (e)
cosal sinal 0
4. Giai phuong trinh () d€ tim Iyc t6i han:
Tit cosed =0 suy ra: of = (2k -1)%, véik=1,2,3..

Luc t6i han nhé nhét tuong ting véi khi k = 1. Vay:
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ad=2% =1 /__1_)_
2 EJ

°EJ
42

Viy, suy ra: P, =

§3. PHUONG PHAP THIET LAP VA GIAI PHUONG TRINH PAI SO

Khi 4p dung phuong phdp niy, ta tién hanh theo thi tu sau:
1. Tao cho hé mét trang thdi bién dang léch so véi dang ban déu. Trang thdi 1&ch nay
dude x4c dinh theo (y;) chuyén vi tai mét sé diém.
2. Dua vao diéu kién cin bing, diéu kién bién dang cta hé J trang thai léch, ta lap hé
phuong trinh dai s6 lién hé giifa cdc chuyén vi tai nhiing diém khdo sat.
Hé phuong trinh dai s6 thuin nhit ndy théa man 2 trudng hdp:
- T4t ca cdc nghiém y, (chuyén vi) déu bing khong. Liic nay hé dang xét khong
c6 dang can bing 6n dinh mdi (trang thdi bién dang 1&ch) nghia la hé chita mét 8n dinh.
- C4c nghiém y, ton tai. Liic nay hé dang xét c6 dang can bing mdi khac dang ban
dau , tic hé & trang thdi tdi han - trang thai bién dang l&ch.
Diéu kién cho hé phuong trinh dai s6 thuan nhét cé nghiém khdc khong, 13 dinh thic cda

né bing khoéng.
D=0 2-2)

Phuong trinh (2 - 2) 14 phuong trinh d¥c trung hay phudng trinh 6n dinh theo phuong
phap nay.

3. Gidi phuong trinh 8n dinh (2 - 2) ta s& xdc dinh dudc gid tri luc téi han.

Vidy2-2:

Xac dinh gid tri Iyc tdi han va dang mét 6n dinh tuong ting ctia hé. (Hinh 2 - 2).

Cho biét: - D4 ciing ctia cic thanh bing vé cling.

- D§ ciing ctia c4 hai lién két dan héi bing k.
Bai Gidi:

1. Hé c6 hai bic tif do, ta dimg cdc chuyén vi y,, y, tai cdc gdi dan hédi d€ lam
thong s tinh toan. (Hinh 2 - 2b)
Liic ndy, phin Iyc tai cac lién két dan hdi la:

R, =ky;; R, = ky,. (@
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P P P P2in

Hinh 2 -2
2. Lap phuong trinh dai s6 va phuong trinh 6n dinh:
a. Phan lyc ¥V, ¥ dude x4c dinh tit cic phuong trinh tinh hoc cia toan hé:

l 21
ZMA =O:>VBI_IW1§_ky2?_=O

ZMB =O:>V,41_k.)’12?l_ky2§_=o
VA =k2yl+y2

Rut ra: 32 (b)
VB — kyl + y2

b. Dya céc phuong trinh can bing mémen ddi vdi khdp I va d6i vdi khdp II, ta cé:
> M, =0= Py, —VAé-=O

ZMII =O:>Py§_1/1i§=0
v, = 3Py,
/
3Py
V,= 5 2
Thay (c) vao (b) va sau khi bién ddi, ta dudc hé phuong trinh dai s6 thudn nhét
lién hé gitfa y, va y,.
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2kl kl
(—-P)y+—»,=0
kl9 2kl ’ @
—9—3’1 +(—§——P)J’z =0

Didu kién d€ cho hé tén tai trang thdi bién dang léch (tdc y,, y, khdc khong) thi
dinh thic ctia hé (d) phdi bing khéng.
Vay phuong trinh 6n dinh la:

2kl ki
Py
D= =0 (e)
| R oM,
9 9

3. Gidi phuong trinh 6n dinh:
a. Sau khi trién khai dinh thiic (e), ta dugc:

9P — 4kIP + %kzlz =0 )
Hai nghiém ctia phuong trinh bac 2 ndy, cho ta 2 gi4 tri cda lyc tdi han:
ki ki
Pl,th = 3';[)2,111 = _3— (g)

b. Xéc dinh dang mét 6n dinh:
Tt (d), ta cé méi lién hé gitta y, va y,:

3(%’3’ ~3P)

y2= kl

N

Néu cho y, = I va tuong ving véi P, =—]g thiy, =-1

Néu cho y, = 1 va tudng ting véi i =g thiy,=1

Céc dang mit 6n dinh tudng Ung véi cac Iyc téi han vé trén hinh 2 - 2¢, d.

Vidy2-3: gz
Xéc dinh lyc téi han clia thanh cé mét dau ) 2—\
ngam, mét ddu tf do, chiu Iyc nén P (Hinh 2-3a). ! TP
Bai Gi 2 . y
Heé ¢ vd s6 bac i do, nén 4p dung phuong phdp QIWWHWWM .
b)

nay thu két qua gin diing.

;gwmmm::il

Hinh 2-3
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GIAO TRINH ON DINH CONG TRINH PGS. TS. L& Vit Ging
1. Tao trang thai bién dang 1&ch theo mét théng s6 § (Hinh 2-3a)
2. Lap phuong trinh 8n dinh:
Néu xem gin diing bi€u dd mémen udn do P gy ra cé dang hinh tam gidc
(Hinh 2-3b) , thi ¢ thé tim & bing phuong phdp nhan biéu dd V& ré sa ghin vdi bidu dd
 mbmen don vi M do P: =1 dit § ddu tu do gy ra.(Hinh 2-3c). -

EJS§=M,M, = -’32—5%1

2
Hay O(EJ - %’—) — 0 - phuong trinh dai sé.
Diéu kién tdn tai trang thdi bién dang léch, tifc 6= 0, ta dugc phuong trinh 6n
dinh.
2
-Gl _g
3
3. Giai phuong trinh 8n dinh:
b 3B
b/ 12

Két qui chinh x4c da tim § vidu 2-1 13 P, =2,47 f—;] Nhut vdy, sai s6 1a 20%.
§4. PHUONG PHAP SAI PHAN
N6i dung clia phuong phép sai phan 13 thay thé viéc gidi bai todn vi phan bing viéc gidi
hé phuong trinh dai sé thiét 1ap dudi dang sai phan.
Trong phudng phép ndy, ta tién hanh theo thi tu:

1. Thay phuong trinh vi phan clia dudng bién dang (dudng dan hédi) & trang thai
bién dang léch bing céc phuong trinh sai phéan.

2. Gia thiét chuyén vi tai mét s6 di€m cda hé § trang thai bién dang l&ch. Sau dd,
ding cac phudng trinh sai phan va cdc diéu kién bién d€ thiét 14p hé phuong trinh dai sé
v6i cde 4n 13 cdc chuyén vi.

Do tinh chit ciia dang cin bing phiém dinh phan nhénh thanh 2 dang (dang cin
bing 6n dinh va dang cin bing l&ch 14n cdn so vdi dang can bing 6n dinh),.nén hé
phuong trinh dai s6 13 thun nhit.

3. Lap phuong trinh 6n dinh bing céch cho dinh thic cla hé phudng trinh dai s6
thuin nhéit bing khéng.

4. Gidi phuong trinh 8n dinh d€ tim luc tdi han.

a. D8i véi cdc thanh, khi thay dudng chuyén vi 13 dudng cong bing dudng
gy khic véi n khodng chia Az déu nhau doc theo chiéu dai truc thanh, ta cd sai

phan (Hinh 2-4):
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| 4 | A '
T
Ay =y-y, o) rj-] ; ’|i+1 ,
:>g.=tgai =yi—yi—l N s i
ga,, = Yia — 1 ’ T~ _
Az y iy T
Ay Yu=Y. Yi=Ye1 Hinh 24
= A(Xz—) =A(ga,)=1ga,, —1ga, == lAz 1 _ i - 1 Hin
Nén A2y: A(éy_)___yﬂl_yl_yl_yl—l =y1+1—2y1+y1_1
2 P 2 5
Az Az Az Az Az Az

b. Néu dudng vi phan duong bién dang cda hé ¢6 dang (trudng hdp thanh cd lién két
khdp & hai dau)
d’y

2-3
7 (2-3)

fP
Trong do: =, [— 2-4
ng do a o7 (2-4)

2 2
Thi tai m8i diém i, sau khi thay ZJ; bing sai phan iz); va thay y bing y, ta dudc hé
Z

+ a’y=0

phuong trinh sai phan:
Yin1 —z:; +Via + a2yi =0

Véi o= il
EJ,

Hay Ya + (ﬂiz-z)yi+yi+1 =0

(2-5)
[i=1,2 3. n-1)]
Trong d6: B =alAz’ = %Az2 (2-6)

Néu chia hé thanh ra 1am n khodng, thi s 4n y, néi chung bing n+1 (¥, ¥1, Vs ...
y,), con sd phuong trinh sai phan chi ¢é (n-1). Do d6, d€ giai bai todn nay, ta cAn bd sung
thém hai didu kién bién. Day 13 phuong phép gin diing, 4p dung hiéu qud cho hé cd tiét
dién thay d6i theo quy luat phic tap.

Vi dy 2-4: Ding phuong phép sai phin d€ x4c dinh tai trong t6i han cho thanh chiju
nén c6 tiét dién thay déi. (Hinh 2-4%)
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4

Jo

2Jo

Jo

1. Chia thanh 13m 4 doan, véi Az = %(Hinh 2-4%b)

1 b Hinh 2-4*

v4 | V4 | 14 | 14
>
I
S

Xdc dinh mémen qudn tinh tai cdc diém 0, 1, 2, ta cé:

3
Taivo: g, = g
12
3
Taiv1": g =25
12
3
Tai "2": J2=2bh =2J,
12
P I
Dit S =
' Ao EJ, 16
2 2
Suy ra: ,Bf=—lf—-.—l——=z P Iy
EJ,'16 3°EJ,’16
PP 1. PP
L VE
EJ,'16 2°EJ,'16

2. Céc phuong trinh sai phan véi cdc diéu kién y, =0, y, = y,, c6 dang:

2
G B =2y +
-

1
2y, +(§ﬁ§ -2)y,=0 2

2
yz_O (5:30 2)

1
N
GA-2"

Da Ning 2007

Trang 20



GIAO TRINH ON DINH CONG TRINH PCS. TS. 4 Viét Gidng
3.Phuong trinh 6n dinh. Tt diéu kién y,# 0, ,#0, ta dugc:

2

(E,Boz—Z) 1 B =1
D= q =0©(ﬂ§)2—7(,302)+6=0<=>[ﬂ2=6

2 (5,302—2) °

Nghiém nhd nhét 42 =1; do dé:

, P P

=— —=1
ho EJ, 16
:>P,,,=16El“2]°

Két qui chinh x4c bing 16,48%; sai s6 13 2,91%

§5. PHUONG PHAP BUPNOV - GALERKIN

Phuong phap Bupnov - Galerkin 1a phuong phdp gan ding trén co sé tim nghiém
gin diing ctia phuong trinh vi phan thong qua hé phuong trinh dai sé tuyén tinh.
1. Phuong trinh vi phén cin bing ctia hé § trang théi 1éch ¢ dang t6ng quat:

Ly, v, y",..) =0 @-7)
2. Gi4 st nghiém ctia phuong trinh vi phan nay cé th€ viét dudi dang chudi:
P
y= Zf;¢, (Z) (2—8)
i=1
Trong dé: p - s6 nguyén bat ky
fi - céc hé sb chua biét

@,(z) - céc ham s8 dgc 14p tuyén tinh va thda man:
+ Céc difu kién bién vé& hinh hoc, néu phuong
trinh (2-7) 12 phuong trinh bac 2
+ Cdc diéu kién bién vé hinh hoc 13n tinh hoc néu
phuong trinh (2-7) 1a phuong trinh bic 4.
3. Theo Galoockin, cac hé sb f, dugc xdc dinh tit p phudng trinh dai s6 sau:

J L{z,ﬁf:co,.(z),ﬁm @ f0" (Z),--}v),- (=0 (@9

Véij=1,2,3..p)
D4u tich phéan trong cdc phuong trinh trén dp dung cho toan hé. Két qua ta
dude p phudng trinh dai s8 thun nhét véi p an s8 £;, £, f3, ... f;
4, D& cho cdc 4n s6 f; ton tai khdc khéng (tic tdn tai cin bing 6n dinh mdi- trang
thai 1éch) thi dinh thic clia hé phuong trinh ndy phéi bing khéng.
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Diéu kién dinh thic bing khéng 1a phuong trinh cin bing clia hé.
Phuong phép ndy 4p dung c6 hiéu qua d6i véi hé cé bac tu do 13 vé cing
va cho két qua cang chinh x4c néu chon nhidu ham déc lap ¢,(z).
Vi dy 2-5: Tim lyc tdi han cho thanh c6 tiét dién thay d6i d& xét § vi du 2-4
. Bai eidi: |
1. Phuong trinh vi phin can bang cia hé § trang thdi 1éch:
L=y"+a’y=0 (a)

Vdéi o? -
EJ
2. Chon nghiém gin diing ciia phuong trinh (a) 1a:
.z
y=1 s (b)

0)=0
Him ,(z) = sin” thod mn diéu kign {‘”‘( ) LN

o,(1)=0 Y B
, T rz by N'
¢’1(Z)=—COST L Q

(z)=———is1n—”i 2b

/
Mdmen qudn tinh thay déi theo quy lujt bac 1 c¢6 dang:

3
J@=20" 4 hoy=sa+%
12 /
3
J(z)=J0(1+2—Z) véi  J, =%
1 12
3. Thiét 1ap phudng trinh (2-9):
172 1/2
2j' Lo(z)dz= 2J. [——fsm l —Tfszn ]sinzlidz=
EJy(1+— )
4. Tu didu kién f;#0, suy ra:
1/2 2z . ,7zZ
7EJ, f (1+—7—)s1n Td EJ,
Fy = JE 172 =16, 741_

I sin’ ?dz

So véi két qué chinh xéc P, =16,48 b;'] sai 6 1,5%.
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§6. PHUONG PHAP NANG LUQNG
AP DUNG TRUC TIEP NGUYEN LEJEUNE - DIRICHLET
Theo biéu hién trong §4- Chuong mé diu, trang thdi can bing phiém dinh x4y ra
khi:
8V = 8T (2-10)
Trongdé: 8T - s6 gia clia cong ngoai luc;
8V - 56 gia ctia thé ning bién dang dan héi.
Diéu kién (2-10) 1a phuong trinh x4c dinh Iuc t6i han theo phuong phap ning ludgng.
1. S6 gia ctia thé niing bién dang dan hoi §V:
Trong trudng hdp tong quat, su bién thién niing ludng bién dang dan hdi xdc
dinh theo cong thiic sau:
1 Mds 1 ¢ Nds 1. O%ds
V= 2o Rl e @1
Trong do: -
+M, N, Q - néi luc trong hé xuét hién khi hé § trang thai can bing
1éch so vdi trang théi ban diu.
+ 1 - hé s8 didu chinh k€ dén sy phan b néi luc khong déu ciia ing
sudt tiép.
+ Y - ap dung cho tét c4 cac cdu kién ciia he
a, Trudng hdp c6 thé bé qua bién dang trudt va bién dang doc, ta c6:
1 ¢M?’ds
o "ZEI EJ "’

Dua vao phuong trinh dudng vi phan gin diing cia dudng dan hdi:

Ely"=-M
Tacé: oV = %Z [EIGds @-12)
b, Trudng hop khi trong hé chi tdn tai Iuc doc N (trudng hdp dan khdp), ta
co:
2
sv=LyNl (2-13)
2~ EF

2. S6 gia 8T clia cong céc ngoai luc phuy thudc dang tdi trong, do d6, cin xdc dinh
riéng biét cho tiing bai toan.
Trudng hop hé chi chiu tdc dung ctia céc luc tip trung P, dit tai cdc mit hoic tai
cac ddu thanh, c6 thé xac dinh 8T nhu sau:

8T =) P,5p, (2-14)
k=1
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Trong do:
+ 8p,- chuyén vi theo phudng Iuc P, ctia diém dit luc P,.
+m - s6 tai trong d4t & cdc mit hojc cdc d4u thanh.
Gia tri dp, dudc xac dinh nhu sau:

lk
op, = IA5pk
0

Trong dé:  ASp, - d6 bién thién chidu dai ctia phan t8 ds
ctia thanh chiu Iyc P, khi phén t6 ds xoay mét géc ¢ (Hinh 2-5). ‘ —
I, - chidu dai cia thanh chiju luc nén P,. Hinh 2 - 5

ASp,= ds - ds.cosp = ds(1- cosp) = 2ds. sin .~ 2ds. (L) = étgzgods =§(y?2ds

I/
, S
Do dé: 5pk=_[—2-(y)2d9

0

N

A0p,

ds
ds.cos@

m

h
Suy ra: 5T=%Zﬂj(y)2ds (2-15)
k=1 0

D& xéc dinh luc tdi han, ta tién hanh theo trinh ty sau:

- T cho trudc dudng bién dang y ciia hé & trang thai 1éch phu hgp vdi céc diéu

kién bién.

- Xac dinh sé gia ctia thé ning bién dang dan hdi theo céc cong thic (2-12) - (2-

13).

- X4c dinh sb gia cia cong cac ngoai luc (2-15).

- Thiét 13p phuong trinh 6n dinh theo (2-10). Tt d6 suy ra lyc tdi han cdn tim.

Nhuge diém: nhiing két qud tim dugc theo phiiong phdp nay thudng Ion hon+ét qud

chinh xdc. Khuyét diém cila phuong phdp 1a phdi ty cho tride duong bién dang. Néu
duiong bién dang chon tridc diing thi két qud chinh xdc, néu duong bién dang cho tridc
gdn vdi thic té thi két qud cang chinh xdc. Ngodi ra, sau khi xdc dinh dvgc Wic tdi han
gdn diing, ta khéng phdn dodn dvgc miic dé chinh xdc.

Da Ning 2007 Trang 24




GLA0 TRINH ON DINH CONG TRINH PGS. TS. Lé Viét Gidng

Vi dy 2-6: Xdc dinh Iyc téi han Py, cla thanh ¢6 mét ddu ngam, mét diu ty do bing
phuong phdp ning ludng. EJ = const \
b Pe Z
1. Cho trude phuong trinh dudng bién dang cia thanh: 5
Tz
= (1 - cos— P
y =4 7 -
Phuong trinh ndy théa min diéu kién bién:
Khiz=0,y=0 yW—
Khiz=[y=6
2. S6 gia sv clia thé néng bien dang dan hdi, theo (2-12) ta c6: -
EJ & )
oV ==\|EJ dz =— dz =
I (v7 -[ 2 4] ) 64 P
3. S6 gia cda cong ngoa1 luc theo (2-15) ta co: J 7 ,9
Sr? Hinh 2 -6
5T——P d——P—i—d =P
f (v I ( ) =

4. Phuong trinh 6n dinh, theo (2-10), ta cé:
2 2 2_2 2
P57[ =EJ5§r :Pth___frl;lf
16/ 64 | 4]
Két qud fim duigc la chinh xdc, vi dwong bién dang chinh xdc ciia thanh cd dang
nhu dang da cho.
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CHUGONG IIL ON PINH CUA CAC THANH THANG

§1. CAC PHUONG TRINH TONG QUAT CUA PUGNG PAN HOI
TRONG THANH CHIU UON DOQC

0 z
Lty ©roy Py
M(0) Nbb\\ Mtt,
Qo | Q*(z) Q*2)+dQ (@)
z i dz R
™ ~)
y
a) b)

Hinh 3-1
Pé tim cdc phuong trinh tng quét cda dudng dan héi trong thanh chiu uén doc khi
mét 6n dinh, ta nghién cttu thanh chju luc nén P § trang thai cin bing bién dang vdi cdc
chuyén vi nh.
Gid st, & trang thdi bién dang, § du trai thanh (Hinh 3-1a):
y(0) - chuyén vi thing theo phuong truc y;
y'(0) - chuyén vij géc;
M(0) - mdmen udn;
Q*(0) - thanh phan luc vudng géc vdi vi tri ban ddu clia thanh. -
Moémen udn tai mit cit bat ky ctia thanh § trang thdi bién dang:
M(z) = M(0) + 9*(0)z + Ply - y(0)]
Tt phuong trinh vi phan cia dudng dan hoi

o M
T
* —
Tacs:  yro MO+0*©z+Ply-y(O)]
EJ
* -
EJ
P
Trong d6: a® =—, ta cé: 3-2
gdo: a”=— (3-2)
Nghiém cida phuong trinh vi phan c¢d dang:
M(0)+Q*(0)z-Py(0 i
¥(z) = Asinaz + Bcosaz - [ (0)+Q7(0)z-Fy( )] (3-3)

a’EJ
Trong d6 A, B - céc hing s tich phan, dudc xdc dinh theo diéu kién bién 4
diu trdi, khi z=0:
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0*(0)

2 3-4
a’EJ 34

Diéu kién bién & dau trdi, khi z= 0, ta cé nhu sau:

y'(z) = aAcosaz - aBsinaz -

) =50 =5 MO PYO) (5 MO
=0 a’EJ] a’EJ - a’EJ
y'z=0=y'(0)=aA—Q:(0) A=)’(O)+Q*(O)

a a’EJ

Thay A, B vao (3-3), ta dudc phudng trinh dudng dan héi:
y'(0) . M(0) 0*(0) :
=y(0 )+ —=sinaz— ——=(l-cosaz)-=——= —-sinaz) (3-5)-
¥(z)=y(0) ” a2EJ( az) CE] (az ) (3-5)
Trong phuong trinh (3-5), céc dai Iugng y(0), ¥'(0), M(0), Q*(0) goi 13 céc théng sb

ban du.
Tit (3-5), ta tim dugc phudng trinh géc xoay va phuong trinh mémen udn trong
thanh.

y'(z)=y'(O)cosaz—A—i%%)—sinaz—%%)—(l—cosaz) (3-6)

M(z)=—-EJy"(z)=aEJy'(0)sinaz+M(0)cosaz +—Q—$Sinaz 3-7

Vi Q*(2) 1a thanh phin ndi luc vudng géc vdi truc ban diu cia thanh (theo so 46

thanh khong bién dang), nén diéu kién can bing trén (hinh 3-1b) 13 :
Q*(z)dz+Pdy+M —-(M +dM)=0

Ta x4c dinh dugc:

MLy _
Q*(Z)_?_PE (3-8)

Céc phuong trinh (3-5) — (3-8) dudc thiét 1ap trong trudng hdp chuyén vi, néi luc
trong thanh 13 lién tuc. Néu doc theo chiéu dai cda thanh, chuyén vi, néi Iuc cé budc nhdy
(gian doan), ta cin thiét 14p cdc phuong trinh chuyén vi, ndi hyc cho tiing doan thanh,
trong d6 cac dai ludng nay la lién tyc.
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§2. ON PINH CUA CAC THANH THANG CO LIEN KET CUNG 6 2 PAU

Xét thanh ¢S khdp & hai dau (Hinh 3-2)
D48i vdi trudng hdp nay, cdc théng s6 ban diu cd gid tri nhu sau:
y(0)=0 -
y'(0)=?
M(0)=0
Q*(0)=0
Do d4, tif phuong trinh t6ng quét (3-5):

‘(0
wz)=22

a
Theo diéu kién bién, khi z =17thi y(1) =0, tacé : ,
y(0) 7
y(l)=Ts1nal=0 1o

sinaz ~

Diéu kién ndy théa méan véi hai khi ning:

[J’ (0)=0 Hinh 3-2

sinal =0

a) Néu y'(0) = 0 thi y(z) =0, tiic thanh vin thing chua mét &n dinh.
b) Mudn P dat téi gid tri t6i han ting véi trang thdi mét 8n dinh, thi trong hé phéi
tdn tai mot trang thai can biing khdc vdi trang thi can bing ban diu, tiic y'(0) = 0.
Vi vay, diu kién d€ dat dudc trang thai can bing 1&ch la:

sinadl=0=>ad=kr (k=1,2,..)

2
T4i trong tdi han nhé nhit ing véik =1 = P, = %—EJ

Coéng thiic nay 14 cong thic Euler di quen biét trong SBVL
4 Ap dung phuong phdp trén, ta cé th€ tim P,, cdc trudng hdp khdc. Lyc téi han
trong céc trudng hop khac cé thé bidu thi dudi dang chung:
2
_n'EJ
"y
Trong d6: u - hé sé phu thude vao dang lién két hai dau thanh, cé gid tri cho
trong bang 3-1.

39
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Bang 3-1
:
~Q
kol
k*]
N
i . 777 /J?r
5 1 2 0,5 0,7

§3. ON DINH CUA CAC THANH THANG CO LIEN KET PAN HOI

Gia sd, xét thanh cé mét diu ty do va mot ddu lién két ngdm dan hdi (Hinh 3-3a)
L Bi

Pl T,

vy rd
y 2
)

Py(0)

a) b)
Hinh 3-3 i

1. Céc théng s6 ban ddu (Hinh 3-3a):
y(©0)=?

y'(©0)=?
M(0)=0
Q*(0)=0

2. Céc phuong trinh (3-5), (3-6) c6 dang:

Khi z =0:
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‘(0
wz)=y(0)+ 2
y'(z)=y'(0)cosaz
3. Cac diéu kién bién:

Khiz=1I {

sinaz

y()=0
yi)=¢

Goi ¢ - hé sé dan hdi cda lién két (tic 13 gdc xoay clia ngdm dan héi do mémen
bing don vi giy ra), thi trong trudng hdp nay, vi mémen tai ngdm dan héi bing ~Py(0),
cho nén: |

@ =~Py(0)p (chiu mémen ngude chiéu chuyén vi)

Dua véo diéu kién bién, ta 14p dudc hé phuong trinh dai s8 tuyén tinh thuin nhit

d€ x4c dinh y(0) va y'(0):
o {y(l) =0 _| w0+ T2y0)=0
y(i)=p

Po.y(0)+(cosal )y'(0)=0
4. Tit diéu kién tdn tai trang thdi cin bing 1éch so vdi trang thdi can biing ban dau, tiic
y(0) £ 0, y'(0) # 0, ta dudc phudng trinh 6n dinh:
sinal
D)= a |=0
Pa cos al

D(a)=c0sal-—sinalp—(p=0
a

Vi o’ =-§]=> P=a’EJ = D(a)=cosal —(sinal ).aEJ =0

l
h altgal =——= 3-10
ay g Ea (3-10)

5. Giai phuong trinh 8n dinh:
Ditv=al; ——l—_—_ -1 thi phuong trinh 6n dinh trén cé dang:
EJp g0

cotgv =vigo
Dé gidi phudng trinh siéu viét nay, ta ding phuong phép dd thi, 14n lugt vé cdc
dudng biéu dién cac ham sé. .

B = cotgv

{/3 =vigh
chiing. Hoanh d ciia nhiing giao diém nay xac dinh céc nghiém cin tim. Nghiém
c¢6 y nghia thuc té 1a nghiém cho luc ti han cé gid trj nhé nht.

theo bién sé v nhu trén (Hinh 3-3b) d€ tim giao di€m cla
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. V Ny ’ r e .'
Sau khi tim dudc vy, suy ra ,, = T"’, ti do ta tinh dugc Iyc tdi han tuong ung.

T (Hinh 3-3b), cho thiy:

2
/ min T EJ
Vthmm 2 dO do Vihmin = &, rhmml ! 2:] < 2 = Rhmin <7F—

Tuc lyc tdi han (nhd nhét) ciia thanh mét dau ty do, mét dAu ngdm dan hdi nhd
hon so véi luc tdi han (nhd nhit) ctia thanh cé lién két mét dau tu do, mdt ddu ngam
cung.

Vi dy 3-1: Xac dinh Iyc t6i han cho thanh v& trén hinh 3-4a. Biét cdc thanh c6 d6
ciing EJ=const.

()
P =] I
— 1 C v a .
Z
= d Il TS
R A EJ B v _
o
| 2 R
™ A
a) b)

Hinh 3-4

Bai giai : Ta xem thanh AC nhu thanh c6 lién két mét ddu tu do, mét ddu ngam
dan héi. So dé tinh hé nhu trén (Hinh 3-4b).
Goi © 12 hé s6 din hdi clia ngam dan héi A, ¢ 1a géc xoay clia mijt cit A
clia ddm AB do mdémen don vi M =1 dit tai A gy ra (Hinh 3-5)
Xdc dinh ¢ theo phuong phdp nhan biéu db Vé - ré - sa- ghin:

o= _I_MM =_LQMk=_ (_)___ZL

EJ EJ EJ 3" 3EJ
Mk = 1

D : EJ B

A " 3

™ __2 1

— - @

| éZI | 321 J

Hinh 3-5
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Theo c6ng thic (3-10), taco :
l ! 3EJ ~15

altgal = ——==—. =1,
EJo EJ 2
%
Ha =1,5= cotgy =—=
Y cotgv g 1,5
Gidi theo dd thi hay phudng phap thi din, ta dugc:
% P v EJ
v, =101 o> q, == | L P =LF]=102—
. o T TN T T g

§4. ON DINH CUA THANH TH};NG CHIU LUC PAT BAT KY
DQC THEO CHIEU DAI THANH

A. Phvong phdp chinh x4c:

D¥ tinh 6n dinh cda thanh thing chiu luc dijt bt ky doc theo chiéu dai thanh,
ta chia thanh ra thinh ting doan, trong d6 chuyén vi va néi Iyc 1a lién tuc d€ 14n luct

thiét 1ap phuong trinh (3-5)

Sau dd, dua vao cdc didu kién bién & cdc ddu thanh va cdc diéu kién ndi tiép
gitfa cdc doan thanh, ta thiét 14p phuong trinh 6n dinh, tic 13 thiét 14p diéu kién ton

tai dang can biing & trang thai bién dang léch clia thanh khi mét 8n dinh.

Gig s, xét thanh cé mot ddu tu do, mét ddu ngam, chiu tdc dung clia mét s6

lyc tap trung. (Hinh 3-6)

Xét thanh chiu téc dung cda hai Iye: luc P, &t & dinh, Iyc P, d4t & vi tri bét ky
trong nhip (Hinh 3-6). Cdc luc P;, P, luén luén mét quan hé ty 18 nhit dinh. Trong

trudng hop nay, ta chia thanh lam 2 doan:

(9 P P
0
- _ B Y B
y B
P zl =
|
C —_ C
C
P2 ' P2 P2
A A A
77777 77777 T7777
a) b) c)
Hinh 3-6
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a. Doan thi nhit (BC):  Ldy gbc toa dd tai B (0 <z <7))

Céc thong sb ban déu tai gbc B:

¥(0)#0

y'(0)#0

M@0)=0

0*(0)=0
Céc phuong trinh chuyén vi va néi Iyc (3 - 5) + (3 - 8):
(yl( 2)=(0)+ X sinayz

l

{¥4(z)=y'(0)cosa,z trongdd  af = ELi‘]
M/(z)=0EJy'(0)sina,z

LQ;(Z)=M'Z(Z)—Py’1(z)=0

b. Doan tht hai (CA): D& viét phuong trinh cho doan thit 2 d& déang, ta chon lai gbc toa
d6 va 14y diém dit luc P,13m géc. Liic ndy, z bién thién trong khodng 0 <z <,

hai nhu sau:

(z)= [ (0)+

pit o2 =115
Theo didu kién lién tuc gitta hai doan, ta x4c dinh c4c théng s6 ban diu cla doan thi
( (0) .
200) =n(t) =y0)+Lsinay,

1

¥5(0) =y'y(l,) =y'(0)cosa},
My(0) =My(1,) =RE sina,
o

1

P

(0;(0) =0Q/(1,) =0

Theo (3-5) va (3-6), ta viét cdc phuong trinh chuyén vi cho doan thi hai:

¥'(0) j Sinayz R ¥'(0)

sina;l :]+y'(0)cosal ~ PiP @
2 2 1

B »y'0)
A+Ph o

1
Y'y(z)=y'(0)cos(al; Jeos o,z — oty ——

Theo diéu kién bién 6 ngdm A:

sina,l,(1-cosa,z)

——=sin(ayl, )sina,z
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{y2(12)=0
: =
y',()=0
( !
(O)+y( )sznal +'(0)cos e, s1na212_ 4 -y(O)Sinalll(l_cosa2l2)=0
o, 2 A+F o

A y(0)
B+P, ¢«

Y'(0)cos(el, )ecosa,l, —a, ——=sin(al, )sina,l, =0

D€ thiét 1ap didu kién tn tai y(0), y'(0), ta cho dinh thic cac hé sé bing khong - d6 1a

phuong trinh 8n dinh. Sau khi trién khai dinh thiic ta dugc phuong trinh 6n dinh.

cos(ayl Jcosa,l, [1 __4 ﬁtg( al, )tgazlz] =0 (3-11)
171 0
Phuong trinh 6n dinh (3-11) théa man vdi mét trong 3 trudng hdp sau:
1. tg(e g, =Tt % (3-12a)
R a, &
Liic nay hé s& mit 6n dinh theo dang v& trén hinh 3-6a.
(R+R) _ = n’EJ
2. cosal,=0=> a,l, —-:2—: T 212 —=>(R+h), =4—122 (3-12b)

Diéu d6 ching t3, khi mat 6n dinh, thanh AC c¢6 dudng bién dang giéng

( Hinh 3-6b)

n T ,P z =*EJ
3.coa], =0 al =—= a=—=,|22 =>p, =—Hn (3-
11 11 2 1 E 14 4112

2/, J 21

Liic nay, hé mit 6n dinh theo dang hinh 3-6¢c, doan thanh CB c¢6 dudng bién dang

giéng nhu thanh ¢ mét ddu ngam, mot dau tu do, tiép tuyén tai C s& thing ding.

nhu thanh

c6 mot ddu ngam, mot ddu tu do, tai di€m C ¢6 di€m udn, do dd, luc P, sé di qua diém C

0
Vidy 3-2: y 1
Xéc dinh lyc téi han cho thanh ve trén hinh 3-7, P zl o
Cho biét: |, = =.;_
s B=P; P,=3P | N
Bai giai:
o = i:a; o, = \/P+P 2\/P 2 P2 S
EJ EJ EJ ~
1. Theo phuong trinh (3-12a)
tg(al, iga,l, = % 77777
l Hinh 3-7
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1% P P
Ha tg—toy=2 véiv=al=1 |- =]|—
y 858 V= =N TNE

Sau khi giai phuong trinh nay, ta dude v =1,23, do dé:
3? %J- -1513%L

l2
2. Theo phudng trinh (3-12b):

2
cosa212=0:3a212=£:>2a-{-=-7-[-:>l f_li=£:>13th=@
2 2 2 EJ 2 4l;

F,=12

3. Theo phuong trinh (3-12¢):
2
COSO!ll1 =0> a'lll =£:a—l—=£_—_>_l_ i)_. =Z[_.=>Pth =g
2 2 2 2 VEJ 2 / :
Ta thdy Iyc téi han xdc dinh theo (3-12b) va (3-12c) c6 gid tri 16n hon lyc téi
han xac dinh theo (3-12a).
A EJ
Vay Pth = 1,5131—2
Déi vdi trudng hop thanh chiu nhiéu luc tic dung, nguyén tic tinh ciing tuong
tu, song bai toan phuic tap nhidu. Trong thuc t&, ta nén ding phudng phap gin
ding d& tinh.

B C , ] , l R i ’ .

Gido sut A. N. Korob6p dé ra phuong phép tinh gin diing d& xdc dinh luc tdi han cho
thanh ¢6 mét ddu ngam, mét ddu tr do, chju tic dung cta nhidu luc nén doc theo truc
thanh.

Xét hai truéng hgp thanh chiu luc (Hinh 3-8a, b)

Pt

2>

P1

Zy

777 777
a) b)
Hinh 3-8 Hinh 3-9

V4L 4L

Da Ning 2007 Trang 35




GIAO TRINH ON DINH CONG TRINH PGS. TS. Lé Viét Gidng

Theo céng thiic Euler, luc tdi han trong trudng hdp thi nhét (Hinh 3-8a) 1a:

2
z°EJ
Bo=—p
Trong trudng hgp thi hai (Hinh 3-8b) la:
2
n°EJ
Py = N
Tt d6 suy ra quan hé gitta Py, va P,
2 2
n°EJ z
Py = e Py ii(2)

2

Trong dd: u(z) = —;—2—

Viy, néu xem hai trudng hdp trén tuong duong vdi nhau, thi cé thé néi ring: P, dit
dAu thanh nhd hon P,,, d4t & khodng z 1a p(z)14n. Do d6, néu Iyc @4t & d6 cao z thi ta ¢
thé chuyén Iyc d6 1én ddu thanh, ddng thoi gidm tri sé luc d6 xudng p(z) 1in. Luc chuyén
1én d4u thanh goi 13 lyc quy udc.

Gid st ¢6 n luc P; djt cdch ngam & d6 cao z; (Hinh 3-9), theo quy tic chuyén luc néi
trén, ta cé luc quy udc bing:

P = Pu(2) + Ppi(2,) + Pou(2) + ..+ Ppa(z) + .. P pa(z,) = D Pau(z)

i=1

Néu tAt cd c4c Iyc P, biéu thi theo mot thong sb téi han \, thi ta c6 thé viét

2 ©’EJ
By =P, = [Zpiﬂ(zi)] A=
i=1
Suy ra, cdng thifc xdc djnh thong s tdi han \,, cda hé lyc P, 1a:
2
T°EJ
Ay = ,, 7 (3-13)
47 I:Z Pilu(zi)} 0
i=1 |
y
P1 zZ Q
Vidy 3-3: |
Xdc dinh Iyc téi han cho thanh chiu nén 43 xét é vi du
3-2. Hinh (3-10), theo phuong phép gin ding. B
Cho biét: /, =1, =é P: N
P,=P; P,=3P =
B e 3 ‘7.: .
1
z)=1 u(z)=—
H(z) =1 w(z,) 2 Hinh 3.10
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Thong sd t6i han \,, clia hé Iyc, theo (3-13), ta cé:

1= n’EJ  _n'EJ
th — - 2
412[1’1 +3B, -1-} R
4
' 2
Vay P, =PA, =22l o1 mEL
71 /
EJ
Py = By, =3R4, =4, 231—2 ’

K&t qua chinh x4c, theo vi du 3-2, P, =1,5 13%

Vay saisé: 223 7L M 5000 6 89
1,513
§5. ON PINH CUA THANH THANG CHIU TAI TRONG PHAN BO
THEO TRUC THANH

\. Csich tinh chinh xdc:
Céch tinh chinh xdc dya trén cd sé phuong phdp tinh hoc:
- Thiét 1ap phudng trinh vi phin & trang théi bién dang;
- Giai phuong trinh vi phan;
- T diéu kién tdn tai trang thdi cin bing bién dang khédc dang ban dau, suy
ra luc t6i han cén tim. )
Dudi déy, ta s& tim hiéu ndi dung cach tinh qua vi du.
Gid s, xét thanh cé mét ddu ngam, mot ddu tut do, chiu tic dung ciia tai trong ban
than biu thj dudi dang ti trong phan bd déu vdi cudng dé 1a q (Hinh 3-11a)

<A

N q
) P
|, Q(2)
a) b)
Hinh 3-11
1. Phuong trinh vi phin clia dudng dan hdi cé dang:
EJy" =-0(2)

Trong d6: Q(z) - luc cit tai mit cit bt ky cdch gdc 13 z, theo hinh 3-11b, ta cé:
Q(z)=qzsinp~qzy, (sinp~p=y)
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Do d6: EJy"'+qzy'=0 (3-14)
3
Dit ﬂ=u; i=z‘; a’ =il——
Codz l EJ

z=lt=>dz=ldt
=3d’y du du d’y d du, du
R G )=
dz dz ldt dz7 dz dz” Idt
Thi phuong trinh (3-14) c6 dang:

2

E;_t;imzm:o (3-15)

2. Nghiém cta (3-15) ¢6 thé biéu dién dudi dang chudi v6 han, ta cé:
u=Cy+Ct+Cy? +Cyf’ +..+Ct' +..= Y Ct'
= (3-16)

O

2 ©
% = Ziciti_l , %Z‘Tuzzl(l - I)Citi_z

i=0 i=0

Thay (3-16) vao (3-15), ta dugc:
Dii-)Ct T +a*d.Ct =0

i=0 i=0
Bién doi:
A=Y i -DCH? =2C,+) i -)Ct"?
i=0 i=3
i=k+2
bit: k=i-2={i-1=k+1
i=3=>k=1
= A=2C,+) (k+2)(k+1)C,,,t*

k=1
Sau khi bién d6i chi s6 chay, ta c6:

2C 4+ (k+2)(k+1)C,,t* +a* Y C, it =0
k=1

k=1

Hay 2C,+) [(k+2)(k+1)C,,,+a’C,, |t* =0
k=1

Phudng trinh niy cin thda man vdi gid tri bit ky clia z, tifc 1a vdi gid trj bt ky
clia t, nén cac hé sd ciia da thic nay budc phii ddng nhit bing khéng, tic la:

2C, =0
(k+2)(k+1)C,,, +a’C,,=0
a’C,_,

Hay: 2C2 =O;Ck+2 =m

(3-17)
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Tu(3-17) véichiy C, =0, ta cd:
a, C,=0, C;=0, Cy=0... ticla: C,,,, =0, véik=0,1,2,3,..
b, Cac hé s6 con lai quan hé véi nhau nhu sau:
2
a -
C,.,=————C
2 k+2)(k+1)
Ciing c6 thé bién déi theo C,, C,.

2

a
C3=—§Co;
2
a
C,=——C;;
to437
a a*
C,=- = Co;
© 65 ° 2356 °
2 4
C,=—2C,=—2—C;;
7.6 3.4.6.7
Ta dugc:
2 4 6
u=Cy(l-—F+—2 -2 Py )+ ;
23 2356 235689 (3-18)
a’ at a® 0
+Cp(l——1 + 1° - £+..)
3.4 3.4.6.7 3.4.6.7.9.10

3. Céc diéu kién bién:
a)Khiz=0,ttct=0; M =—EJy"=0, suy ra: %=O

b)Khiz=l,tiicz=1; y'=0,suyra:u=0
Liy dao ham (3-18) theo t:

4 6

2
£=Co(—9—t2+ A P — P
dt 2 235 2.3.5.6.8
2 a4 6 a6 o

+C(1-Sp+2 s - £+..)
3 34.6 3.4.6.79 .

T diéu kiéna) t =0, %=O, rutra: C,= 0.

Tu didu kiénb) =1, u = 0, it ra:
2 4 6
u)=1-++-2_____ 2 4 -0 (3-19)
23 2356 235689
Sau khi gidi phuong trinh (3-19), ta tim dudc nghiém nhd nhit ctia a la:
a=2,799

Theo cbéng thiic (3-14), suy ra:
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EJ EJ
(ql)th = a2 7‘ = 7,84‘1—2

B. Cach tinh gin diing: (tham khdo sdch)

(3-20)

§6. ON PINH CUA THANH THANG CO TIET DIEN THAY POI

1. Thanh cé d4 cifng thay ddi theo hinh bic thang:
Xét thanh gdm 2 doan c6 d6 ciing thay ddi (Hinh 3-12a)
Goi EJ, - d6 cuing doan trén,
Goi EJ, - d6 cing doan dudi;
a) Phuong trinh vi phan clia dudng dan hdi EJy"=—M viét cho céc doan:
Doan 1: M,=-P(5-y,)
EJ,y"+Py =PS P
Doan 2: M,=-P(6~-y,) —
EJ,y",+Py,=P6
b) Nghiém cia hai phuong trinh vi phan c6 dang:
Y, = A, sina,z + Bcoso,z + J;

J1

¥, = A, sina,z + B,cosa,z + J;
Trong d6: o’ =—P—; ot =Lt
' EJ * EJ, 42
¢) Cac diéu kién bién:
{Khl z= O’ y'z =0 777IIIIVITT 777777

I

Khi z=1, y,=6 a) b)
Piéu kién lién tuc:
Khi z=1, y\=Y,
{Khi z=1,, y,=y
Khi z=0,y', =0=> 4, =
Khi z=1,y,=6=4 sinoyl 4 Bcosoyl =0

Hinh 3-12

Khi z=1,, y',=y', = Ao,cosul, — B, sinal, + B,o,coso,l, =0

Khi z=1,, y,=y, = A sinl,+ Bcosoyl, — B,cosa,l, =0

¢) Diéu kién tén tai trang thai can biing léch (tic tn tai cdc hing s tich phan), ta dudc

phudng trinh 6n dinh:

sina,]  cosal 0

D(a)=|cosa] —sing,l, % gin a,l,|=0
o,

singl, cosal, —cosa,l,
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G140 TRINH ON BINH CONG TRINH
Sau khi trién khai va bién ddi, ta dugc
tgal, 1gal, = 21 (3-21)
a,
l2

Phuong trinh (3-21) chi ¢ thé gidi quyét dudc khi da biét cdc ty s6 E—lea £,
2 1

2. I] ] z i)\ t |] Iﬂ?o ll ] AI ]~ I] \t :
Gia st, xét thanh chju nén cé mét ddu ngam, mét dau t do (Hinh 3-13a).

Gid st moémen quén tinh J(z) clia mit cit thay ddi ty 18 vdi khodng cdch tinh t
diém O ndo d6 (Hinh 3-13a) theo quy luat Ly thita.
(3-22)

J@@) = Y
a
Trong d6: J, - mdémen quén tinh § diu trén cda thanh.
n - sé mi, phu thudc vao hinh dang cu thé ctia thanh.
* Trudng hop thanh cé mit cit diic (Hinh 3-13b), néu khi mét 8n dinh, mt cit

quay xung quanh tryc y.
y 1 y
S I\p p . S .
+= Ji X *—-————«$—E— A T i -y
X
= &+ l_')'(—l -
. . = v
z b(Z) i | ‘+I_b-z-)—r J i . ’y
- i I.ﬂ_l
Zy Zy
a) b) c) F: dién tich thép L
Hinh 3-13
b(z)H’ . z
1) =2 ma b=
12 a
) b  z z
J(2) ="~ =J, (=)
=2

Viy, trong trudng hdp nay, n = 1.
* Trudng hop thanh cé mijt cit réng (Hinh 3-13c).

J(z)=4F[fgi)]2, nhung h(z) = hZ, nén:
a

Trang 41
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J@)=4F P =0,y (3-23)

Viy, trong trudng hdp nay, n = 2.
DE gidi bai toan ndy ta chon hé tryc toa d6 nhu trén hinh 3-14.
Phuong trinh vi phén ctia dudng dan héi c6 dang:
B, Gyt =
a dz*
Phuong trinh vi phan nay cé hé s6 thay d6i.
1) Trudng hgp n =2, ta c6 thé tim nghiém cia (3-24) dudi dang ham so cip;
Dit z=ae’, dz=ae’dt:>—d—t=—1—t=l y 0
z ae' z |
Taco: S T —

—Py (3-24)

dz z dz dt dz zadt
dy 1d’y 1dy

@ A -
Sau khi thay cac s6 liéu ndy vao (3-24)
va cho n = 2, ta s€ dudc phuong trinh vi phén thudng.

Hinh 3-14

~1>0: d¥c trung tudn hoan cla hé)

Trongdd: y = —= (3-26)

A4 r ’ Z Z
Véichiy: z=ae' = ===t=In(—)
a a

Vay nghiém ctia phudng trinh (3 - 25):
y= \/?[Asinyt+Bcosyt]

Hay y=\E[Asin(yln-z—)+3cos(ylni)] (3-27)
a a a
2) biéu kién bién:
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Khiz = a, y(a) =
Khiz = a+l, Q=
* Thay z =a,y(a)=0 vao (3-27), ta dugc :

ya)= \/%[Asjn(yln%)+360s(yln%):| =

Vilnl=0 nén B=0= y(z)= iAsin(ylni)
a

yi(z)= ASln(;’ln-—) e — —-+A\/: cos(ylni) l 1
a a z
E a

2a,|—
a

y'(a+l)= ——[szn(yln————) +2ycos(yln—):|
’a +1
3) Phuong trinh 8n dinh : |
Tt diu kién tdn tai trang thdi can biing bién dang l1&ch, tic 12 A # 0, ta nhan
dudc phuong trinh 8n dinh sau :

we(yin®) 12y =0 (3-28)
a
Tit hinh (3-13), ting v6i cdc gid triwn va 1, ¢6 thé gidi ra phuong trinh (3-28) dé
tinh vy . Sau dd, tim Iyc téi han theo cong thitc(3-26)
Luc tdi han P,, bi€u dién dudi dang chung :

EJ,
Rh k 12

Trong dé: k,: hé s6 phu thude ty s6 phu thude ty sé d6 ciing cia hai mit cit 2
ddu thanh. Céc gid tri k, cho trong bang 3-2, tuong ung trudng hop n = 2.

(3 -29)

Béng 3-2 JA
J,/3, 0,0 0,1 0,2 0,3 0,4 0,5 ' / y
k, | 0250 1,350 1,593 | 1,763 | 1,904 | 2,023
i | o6 | 07 | 08 | 09 | 1 ~
k, 2,128 | 2,223 | 2,311 | 2,392 | 2,467

Chui thich: J, - mémen quan tinh cia mijt ct d4u trén
J, - m6émen quan tinh clia mit cit dau dudi
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Trén day mdi xét thanh cé mot diu ngam, mét dau ty do. Déi vdi thanh ¢é

khdp tua hai diu cch tinh ciing tuong tu nhu vay.

Trong trudng hop thanh ¢6 khdp tiya hai ddu va cé mit cit thay ddi ddi xuing
v6i mit cit gitta (Hinh 3-15a) ta vin dp dung cong thic (3-29) néu thay 1 =1/2.

--------------------------------- ****************.lll..'.'ll..'..llll..lllllllll.lll
P
- J1
P
Déi véi nhiing thanh cé mijt cit thay ddi T . Q
déi xing nns trén hinh 3-15b, ta c6 thé xdc dinh ”%
Iyc t6i han theo cong thitc. = i |
EJ . S
By =k =% (3-30) T ” e
N
Trong d6, ks- hé s6 phu thude cdc ty s6 S = '
J,/I, va a/l va quy luat bién thién ctia mijt cit tit
Iy thita 1 dén iy thita 4. (Bang 3-3) - Jt - .
P
a) b)
Bine 3-3 Hinh 3-15
1,/1, n a/l
0 0,2 0,4 0,6 0,8 1
1 6,48 7,58 8,63 9,46 9,82
0.1 2 5,40 6,67 8,08 9,25 9,79 2
’ 3 5,01 6,32 7,84 9,14 9,77
4 4,81 6,11 7,68 9,08 9,77
1 7,01 7,99 8,91 9,63 9,82
02 2 6,37 7,49 8,61 9,44 9,81 !
’ 3 6,14 7,31 8,49 9,39 9,81
4 6,02 7,20 8,42 9,38 9,80
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Vi dy 3-4: Xdc dinh ti trong ti han cho mét thanh chju nén ciia cin tryc (Hinh 3-16).
Thanh dudc c4u tao bdi 4 thép géc 75x75x6. Mt ct gifta va mit cit hai ddu b tri nhut hinh v&.
Cho E=2,1.10" N/em?; n=2.

J1
N
J
o
/},s
2 o200y
% 6'04mx : : T
Y e |
o i 1: g I
nof M1 £l L :I |:
T4 L
| o] i
HOISE©
|_l62mm | | 360mm |
Hinh 3-16
B\. .'Pc:
a) Tra bang thép dinh hinh L75x75x6, ¢6 F = 8,78cm?; J,, = 46,6cm*;
Z,=2,06 cm.

b) Tinh d¥c trung hinh hoc cia miit cit ghép:
Khi mit 8n dinh, thanh quay xung quanh truc x-x (Hinh 3-16b,c). Do
dd, mémen quén tinh cda mit cit giffa va mit ct hai dau ddi véi truc x-x 1a:
J, =J,, = 4(46,6 +15,94°.8,78) =9110,2 cm* |
J,=J_, =4(46,6+6,042.8,78) =1468 cm*
¢) Tinh P,,: Theo c6ng thiic (3-30), ta co:

EJ
B, =k, 1_22
DE tim ks, ta cin tim ty s6 J,/J, va a/l
J, 1468 a_ 3,5

= =0,161; —= =0,2van=2
J, 9110,2 I 17,5

Theo bang 3-3, va 4p dung ndi suy, ta xc dinh dudc ks ~ 7. Do do:
4
EJ 2,1.10°.9110,2 — 4373 KN

P =k, —%=17.
th 5 12 (1750)2
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CHUONG IV. ON PINH CUA CAC KHUNG PHANG

§1. CAC GIA THIET
Khi nghién cttu 6n dinh cla cdc khung phing, ngudi ta ding céc gid thiét d€ don
- gidn hda viéc x4c dinh tdi trong tdi han.
1. Vat liéu ciia khung 1dm viéc trong gidi han dan hdi.
2. Céc mit cia khung xem nhu tuyét ddi cing. Do dd, chuyén vi cia cdc ddu
thanh quy tu vao mit déu nhu nhau.
3. B4 qua bién dang doc truc va bién dang trudt so véi bién dang uén.

_ M kM N kN 0 9.0,
Vidy: A, ZI ZI I o dzj
b6 qua

Chiéu dai ciia cdc thanh theo phudng ban diu khéng d6i trong qud trinh bién dang.

4. Khi xdc dinh chuyén vi tai cdc mit trong khung chi k€ dén 4nh hudng ctia bién
dang uén do luc doc va do cac Iuc lién két X,, X,,...., X, xuit hién khi bién dang. -

5. Tai trong téc dung 1én khung chi d4t & c4dc mit, nhiing tdi trong ndy chi giy ra
hién tugng kéo ho¥c nén va udén doc ma khéng giy ra hién tudng uén ngang trong cac
thanh khi hé chua mét 8n dinh.

Phén A.

§2. CACH XAC PINH PHAN LUC VA NOI LUC TRONG NHUNG THANH CHIU
NEN KHI CAC LIEN KET CHUYﬁN VI CUGNG BUC

P/\ Z

Y
Qul_z ;—ﬁ\ b\ p
) Q% Mo
Y | 4 {
Hinh 4-1

Xét thanh ab c6 lién két bat ky & 2 dAu, chiu luc nén P (Hinh 4-1)
Gia thiét, & cdc ddu thanh c6 chuyén vi cudng bic nhu sau:

®,,0, - g6c xoay tai ddu a va ddu b vdi quy udc chibu dudng 13 chidu quay thun
” ] A ? ] . iA ] A.
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A - chuyén vi thing tuong déi giita 2 ddu ab theo phuong vudng géc vdi tryc ban

1 R ? ] ]
Dui tic dung ctia Iyc nén P va cdc chuyén vi ¢,,¢,,A thanh bi bién dang nhu
hinh 4-1.

T diéu kién cén bing:
2Y=020,-0;=0
DM, =0 Q) +M,+M,+PA=0
M, +M, +PA

Ritra @ =Q, =— ;

(4-1)

Moémen udn tai mit cit z:
M(z)=Q.z+M, +Py

T phuong trinh vi phin ctia dudng dan hdi:

w_ M@ _ P Qz+M,
YRR TR E
Dit o’= £
EJ
Q;z +M,
EJ
Nghiém ctia phuong trinh (b) 1a:

(a)
(b)

yn+ aZy —__
Q;z +M,
EaT__"a (¢
a’EJ ©)
X4c dinh A, B theo céc diéu kién bién:
Khi z=0, y(0) =0, y'(0) = ¢,

Ma
a’EJ

Y(z)=Asinaz+ Bcosaz—

¥0)=0= B =

o O @
V)=, > A="0+—F2
y'(0) =g, o R

Thay (d) vao (c), ta dugc:

*

o
a’EJ

y(z)=—@—sinaz—%—(l—éosaz)— (az—sinaz) (4-2a)
o a’EJ

Thay Q. cda (4-1) vao (4-2a), ta dudc:

M +M A

~%a a ;
¥(z)= . sznaz—azEJ (1-cosaz)- 5 (axz—-sinaz) (4-2b)
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y(z)=@ycos0z— Aé}sinaz+(M+%)(1—cosaz) (4-3)
(44

la*EJ
M(z)=-EJly"(z)=aEJ@, sinaz+M, cosaz —(—A:I“——;/IL’-+ aEJ%) sinaz (4-4)

Tit cdc phuong trinh (4-2b), (4-3), (4-4), M,, M, 1a cdc 4n s dugc x4c dinh theo cic diéu
kién bién § dau b.
Dudi day, xét mot s& trudng hop cu thé:

] I] l 14 A| IR 5 Al iR ]] ’E .

JDA \ ] , ]é‘ ii . (II\ ] 1_23
Ma
Pr@ I b P Z_
\
Q*a th
l |
.
’ 0
3E g (v) W
Hinh 4-2

Trong trudng hdp nay, ta co:
@, =1 A=0; M,=0

Theo (4-4)

. M, .
M(z)=aEJsinaz+M cosaz——=sinaz
o

M, =M(l)= al%{sinal +M cosal M, sinal =0

al
Ky hiéu: i=ﬂ cv=al=1 L
/ \IEJ

Riit ra M, =3ip(v)
. vigy
Véi V)= —=— 4-5
e #-)
Tu(@41): Q. =0 = —31—(/)’—(32; dau (-) cé nghia chiéu thyc cla Q;

l

ngudc véi chiéu gia thiét clia nd.
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|
322 o0 L T D ®

Hinh 4-3
Trong trudng hgp nay, ta co:
@,=0; A=1I; M, =0
Theo (4-4):
)sinaz
+-‘-;—l— )siny =0
. EJ i
Ruit ra M, =—3l—2¢1(V)=—37¢1(V)

DAu (-) tifc 14 chidu clia M, trén hinh 4-3 ngude véi chidu thuc cia né.
¢ g / P E vigy
Trong do, ky hié v=al=I|—;i=—; _—
g do, ky higu EJ’ w(v)= 3(tgv—v)
Tit (4-1), ta c6:

. « 3EJ
Qa=Qb 13 771(‘/) 312771(V)
2 V3

Trong do: = y__v 4-6

gdo: m(v)=m(v)-3 v —v) (4-6)
c] ’ |] ’ ] R

2 2

T&(4—1):>Q;=_Ma“fb+m=_f‘fa IEJ 3E;’[ 1(v)——J
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2:[] l r] -iR ]. ~ .

a) Dau ngam xoay mét gdc bing don vi (H4-4)

Ms
pf af bl P Z
N = SR
*al Q*b Mb

Q

. 1 .
/" A 2224
Ll g ”’W (™) ,

Hinh 4-4

Trong trudng hop nay: ¢, =1, ¢, =0; A=0

Theo (4-2b)
1 . M (M, +M,) .
=—sinaz ——-=4—(l-cosaz)+—+—22(qz —sin
nz)=g L2Ey |\ Teosaz) e (az - sinaz)
Theo (4-3)
M . (M, +M,)
(z)=cosaz——2sinaz+—2—L2(1—cosaz
y(z) wEr st gy ( /

1 . M (M_+M,) :
A=0= y(1)=—siny ——-2—(1-cosv )+ —2—=L=(v—siny ) =0
n(t) a tad azEJ( v) la*EJ (v=sinv)
M, . (M_+M,)
=0=> vyl )= —_a 4——a_ b =0
@, y'(l)=cosv aEJsznv T, (1-cosv)
Véi v=al=l‘,—P—; i=ﬂ
EJ l
w s 7 EJ ‘
Tu 49, giai ra: M, =4T(o2(v)= 4ip,(v)
5 v(igv —v
véi @y (v)= (g ” )v 4-7)
8rgv(tg ———
gv(ig5=7)
EJ ey
Mb = 27—¢3(V) = 21¢3(V)
. EJ i
Q=0 =~ 6—12—773("):_ 67’73(")
Ve gy(v)=Y(y=sinv) (4-8)

vV v
4sinv(tg ———
V(g2 2)
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XORTACORIXG (49)

b) Hai d4u chuyén vi thing tuong déi theo phudng vudng gdc vdi truc thanh mét
gia tri bing don vi A =1(Hinh 4-5) '

Ma
P{ a’
\ ¢

Q%

A
! I M
y ay

6EJ
o, @
Hinh 4-5
Trong trudng hop nay: ¢, =¢, =0; A=l

EJ i
M, =M,= “677(/?4(") = —67404(")

Diu (-): tifc chidu thuc cida M,, M, ngudc chidu vdi chidu gid thiét (chiéu thuc cia
M,, M, 14 quay ngudc chiéu véi kim ddng hd)

. . EJ i
0.=0, = "‘12‘13—772(‘/) = +1272'772(V)

Trongds:  9,(1)=@() (4-10)
N ]
772(‘/)—771(2) o,(v) 12 ‘ 4-11)

3 Il ] r Al iR h Al jk hud l [ﬂ:
a) Dau ngam xoay mét géc bing don vi ¢, =1 (Hinh 4-6)

Hinh 4-6
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Trong trudng hdp nay
2.=L 9,=0; 0;=0,=0
Theo phudng trinh (4-3)

(z)=cosaz— M, sinaz
4 aEJ

Tu diéu kien bien ¢, = y'(1)=0

M, .
= CcosV— sinyv =0

o
Vay Ma=EJ vo_;Y
I 1gv tgv

Theo (4-4):
M(z)=aEJp,sinaz+M cosaz

khiz=1,  M(l)=ivsinv+i—-cosv=-M,
igv

vay M, =__EJ v __ .V
| I siny siny
*Chii thich: Diéu kién cin bing mit:
M(1)+M, =0

M(l)

. ) = M(1)=-M,
< M Trong do M(1): ndi lye

b M,: ngoai lyc

A P Y A R 3

a) Pau ngam trugdt xoay mét géc bing don vi (hinh 4-7)

Ma
Pl £+a Pa=1 Z_
N

Q*al b_p

| ! |as,

Yy 1
ey Wﬂﬂmﬂﬂﬂmmm
’ (M)

Hinh 4-7

Trong trudng hop ndy p,=1; Q0.=0,=0; M,=0
Theo phuong trinh (4-4)
M(z)=aEJp,sinaz+M, cosaz
M,=M(l)=ivsinv+M cosv =0
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Rutra M, =—-ivigy
. EJ

Véi v=al; 1——T

Déu (-): nghia 12 chiéu thuc cdia M, ngudc vdi chiéu gia thiét cda nd.

SI] l AliR < Alik|tl.
a) Pau ngam xoay mét géc bing don vi (hinh 4-8)

M.
f fa_ @a=1 z
\ 1 ~
Q*a \L

! |as,

y J

%vtg v

O
Hinh 4-8

Trong trudng hdp nay

0= Q.=0.=0; M,=0

Theo phudng trinh (4-4)

M(z)=aEJp,sinaz+M, cosaz

Theo diéu kién
M,=M(l)=ivsinv+M, cosv =0
Ruit ra M, =—ivigv
Déu (-) nghia 14 chiéu thuc cia M, ngudc véi chiéu gid thiét cda nd trén
hinh (4-8) ,,
E I] l I ] . 1R ] ] ’ HI‘ l |_9] .
M, =M, =0
Ql+PA=0 P_. 2 < ‘.
|
. Pl b WP
= Q= Q*a‘
P | l |Q*b
a*=—— > P=g’EJ . Yy ‘
EJ B (el BT Hinh 4-9
.« o
- = — =
O / 1l
. . Vi
Q=0 ="F

Trong bang 4-1 ghi tém tit cdc két qui vita tim dude v& cdc mémen M,, M,
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Gid tri cda cdc ham @, (v ), @,(v ), @;(V), @(v), 1,(v ), 1,(V), —V—-, Y theo déi sé

vcho biét trong bang phu luc.

Chu thich:

siny

1gv

Trong trudng hgp thanh khéng chiu lyc nén (P =0) thi v =/, ,Eii] =0, do do cac

ham va déu cé gi4 tri biing mét, tiic 1a khi v =0 thi
o) = o,(V)=p,(v)= ¢,()= n,(V)=n,(v)=10

Bing 4-1
Thu Dléu ? YRy A N * — (Vok
ar | kien Dang chuyén vi va bi€u 46 mémen M, M, Q*, =Q%,
Ma
of 2 T b, P Z_ ,
@, =1| "\ ' Sigi(v) -3i
1 |4=0 Q% 1 @y @,(v) theo 0 —l—(ﬁl(V)
Ma
P/.f a Z 3i
2 | 4= L . TA 0 ) theo
My=0| I (4-6)
Ma
_ R bl P\ 2 . 6i
(j: ) \ 1'\%__/| £/ 4ip,(v) 2ig,(v) —Tns(V)
= Q% Q'b b
S P ) S E— e | g | ) theo
y -7 eo (4-
I @ )
I
Ma
P C ag . Y4
I 6i 12i
” Q‘al \?%_Q —-1—(04(1/) 6i ?-7.72(1/)
4 = 3 I M - |4
A =t) /] = p)theo | "7 %) | 1.0) theo
" LT, &1 @i
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’ .2
Thi D.l fu Dang chuyén vi va biéu 6 mémen M, M, Q*, = Q*,
tu kién
Ma
O = 1 a yd
»=0 \ T < b
5 |ot=0| 9 , "M, i— | - 0
*a F gv siny
0% =0 vy Q'
Ma
Oy = 1 P(Ha Z
6 (I:I: __OO Q"‘I - E. P LA B % 0
Q*a | 1 bJE; M, 1gv sinv
0% =0 Y ! b
Ma
0, =1 #a o=l Z
M=0| S X
b Q*a' b P .
7 | g% =0 | 1 —B | gy | 0 0
| Ax
0% =0 Y § ‘Q b
(T e
Ma
_ PF@ y@a=1 Zz
@O = \ 1
= * b
8 Mb O Q* P —iV[gV 0 0
Q*a = 0 ! lQ*b
0*, =0 y
P _a 4
A=1 , b %_P_ -
9 Q*a =0 Q*"I ] 0 0 l—2V
0% =0 y i 0|Q &

i= %, v=al=l, /_E% , gi4 tri cia céc ham ¢, 7 tim trong cdc bang phu lyc.

Ghi chii: Trudng hgp thanh khéng chiu lyc nén (P =0)thi v=0, do 40 cac ham ¢,
déu bing 1.
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§3. CACH TINH ON PINH CUA CAC KHUNG PHKNG
THEO PHUONG PHAP CHUYEN VI

1. H¢ co ban:
Khi 14p hé cd ban theo phuong phdp chuyén vi, ngudi ta d4t vao hé céc lién két phu

ngin cén tat ci chuyén vi clia cdc mit clia hé.

Céc lién két phu d3t thém vao hé gbém:

a) Lién két mémen: né c6 tic dung lam cho cac mit khong thé xoay dude nhung cé
thé di chuyén dudc. Trong lién két ndy, chi phét sinh ra phdn Iyc mémen vi né chi
ngin can chuyén vi xoay clia mit.

b) Lién két Iye: né ¢4 tic dung 1am cho cdc mit clia hé khong chuyén vi thing dugc.
Trong lién két nay phat sinh phan luc hudng truc.

+ =

Lién két mémen Lién két luc
Mudn 13p hé cd ban theo phuong phap chuyén vi, ta dit thém céc lién két mémen va
lién két Iuc vao cac mit cia hé thuc d€ sao cho nhiing lién két nay vdi s6 liéu téi thiéu,
c6 kha ning ngin can tit ca céc chuyén vi xoay va chuyén vi thing cia cac mit.

Z P,|Z;
P, 2

i,
=2

Z V4 VA

P1 P1 3 4 5
A—

A 77777 77777 77777 77777

a) Hinh 4-10 b)

Vidy: Hé trén hinh 4-10b 13 hé cd ban clia hé vé trén hinh 4-10a. Trong dd, ta @4t thém
céc lién két momen va lién két lyc d& ngin can tit cd cac chuyén vi ciia cdc miit ctia hé.
2 Pl inh chinh te: .
a, V¢ phuong dién chuyén vi: mudn bdo ddm hé co ban tuong duong vdi hé thuc thi

sau khi thém céc lién két ta phai giy ra nhiing chuyén vi cudng bic Z,, Z,,...

b, V& phwieng digén hyc: tai cic mit ciia hé thyc khéng c6 phén Iuc vi khéng ¢d lién
két. Mudn bdo ddm cho hé cd ban tuong duong vdi hé thuc vé phuong dién lyc, ta phdi
viét diéu kién phan Iyc tai c4c lién két mdi thém vao hé phai bing khéng.

Néu goi R, 12 phan Iyc tai lién két &t thém thii k nao dd, ta phéi cd:
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R,=0 (4-12)

Tic 1a Re=Ru(Z,, Z,, Z;,....Z,, P) 1a phan Iyc tai lién két tht k 14n lugt do céc
chuyén vi cudng bic Z,, Z,, Zs,...,Z, tai céc lién két tiuong ting gy ra va do tai trong gay
ra trong hé co ban phdi bing khéng.

Theo nguyén ly cdng tac dung ta co:

R(Z,Z, Z2,,...,Z,P) = sz, +sz2 +"'+sz, +R,

Trong d6: Ry, Ry, ..., Rim 140 ludt 13 phan Iuc tai lién két thi k trong hé co
ban do chuyén vi cudng bic Z,, Z,, Z; .., Z, tai cdc lien két thi 1, 2, .., n gy ra. -

Ry, - 12 phén lyc lién két thif k trong hé co ban do tdi trong gdy ra.

Chu v, theo gid thiét 5, trong trudng hdp tdi trong chi d4t & mit, nén khi chua mat
6n dinh, thi trong cdc thanh chi xuit hién céc Iuc nén hojc kéo tu cin bdng ma khéng
xudt hién mémen udn ngang. Do dd, cdc sd hang tu do Ry, déu bing khéng, tic 1a:

R;,=Rsp=...=Ryp=...=R,,= 0 _

Néu ky hiéu r,., - 12 phén luc tai lién két thit k do chuyén vi Z. =1 tai lién két thu

m va do luc nén P giy ra trong hé cd bdn, ta cé:

R, =t,Z,
Viy, ta ¢ thé viét didu kién (4-12) nhu sau:
hZ thoZ,+..+th Z, =0 (k=1,2,.,n)

Néu viét didu kién phan luc bing khong cho tt ca cdc lién két d4t thém vao he ta
s& dudc hé phuong trinh chinh tic theo phudng phap chuyén vi:
(hZ + R Zy + ¥ 0,2, =0

< i, tr,Z,+..+n,Z =0 @13)

LrZ+rZ+ +r. Z =0

nn—n

3.Crl ’,.] rl,\,{km ]f ‘]]’li’i'
}ZA . ] ~ ,: ] ’

Hé s6 r, 14 phan Iuc don vi tai lién két thii k do chuyén vi cudng bic Zn. =1 tai

lién két thit m va do luc nén P gay ra trén he cd ban.

b. Cach xdc dinh 7,
1. V& biéu dd mémen uén M, do chuyén vi cudng biic don vi Zm= 1_tai lién
két thif m va do Iuc nén P giy ra trén hé co ban.
2. Stt dung phuong phép tach mit va xét didu kién can bing mit, nit ra 7, (xem
cac vi du sau)
Chii y: Dinh 1y vé su tuong hd giita cdc phan lyc don vi 7,,,= 7, vAn nghiém

ding trong trudng hdp nay.
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e
Heé phuong trinh thudn nhét (4-13) dude thod méan vdi hai kha ning:

1. T4t cd 4n 7, déu bing khong. DS 1 nghiém tim thudng vi trong trudng hop nay
cic mit khéng chuyén vi, nén hé vin chua bi méit dang can bing ban diu, tic 1a chua
mét 8n dinh.
2. T4t cd hojc mot sb 4n 7, khdc khong. Liic ndy cde nit ¢é chuyén vi, do d6 hé ¢d
dang can biing mdi khdc vdi dang ban diu, tifc 12 hé mit 6n dinh. Mudn dude nghiém
ndy, thi dinh thifc cdc hé s6 ciia hé (4-13) phai bing khéng.

rll "12 """ rIn
. Foyeuuon F.
21 22 2
D= =0 (4-14)
rnl 7'”2 ..... rm,

Bdi vi cdc hé sb r,,, phu thudce gid trj Iuc nén, nén ta cé thé chon gid trj cda luc
nén dé€ sao cho didu kién (4-14) dudc thod man. Nhut vy, ta c6 thé xdc dinh luc tdi
han hay thong sé tdi han tif diéu kién (4-14) va goi diéu kién nay 1a phuong trinh 8n
dinh theo phuong phdp chuyén vi.

Mudn tim dudng bién dang clia hé khi mét 6n dinh, ta c6 thé cho mdt 4n ndo dé,
ching han Z,=1, rdi xdc dinh c4c 4n con lai theo hé phuong trinh chinh tic (4-13)

Vi dy 4-1: X4c dinh lyc téi han clia hé vé trén hinh (4-11a) theo phuong phép
chuyén vi. Cho EJ=const.
P P
. Y sy ol
T J R A‘LJ——'E =4i V)
~ J J
o C7ﬂ77‘ rr% % (V)
k ! . '
a) b ) HE co bin o
Hinh 4-11
B S 9 "

1. Hé da cho c6 mét.4n sé: Z,(H4-11a)
Heé co ban (hinh 4-11b)

Dy cingdonvi: i= -%-]-

2. Xac dinh théng s6 v cho thanh chiu nén:
voi| X
EJ
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3. Phuong trinh chinh tic:
r1Z,;=0
4. Phuong trinh 8n dinh:
D=r;=0
5. Xac dinh ry,.
a) Vé biéu dd mémen uén don vi M, do chuyén vi don vj Zi=1va Iuc
nén P gay ra trén hé co ban.
Chui thich: Trong hé co ban (hinh 4-11b), thanh AB khéng chiu
nén, P=0, v =0, nén cic him ¢,(v) = ¢,(v) =1 . Do d9, dang bi€u dd
A £ ? i : !B]‘i[‘! ”5 .
b) Tach mit A va xét su can bing mit A, ta dudc:
K, —4i—4ip,(v)=0— r,=4i+4ip,(v)
Tt phuong trinh 6n dinh 7,,=0, nit ra @,(v) = -1

Chon v,=5,3
v o,(v) Luc tdi han P
5,3 -0,9423 p 2B sk
th th l2 ’ l2
5,4 -1,1563 £
Pth = 28, 091—2
Vidy4-2: Tim hyc tdi han cho hé v& trén hinh (4-12a) theo phuong phdp chuyén vi.
P P
Z;
A BY c
Apr  3EJ 3EJ ”;:T A b iz X
| | ,
| EJ | ‘? ia
I | =
| |
L—“—‘_—mﬂ‘_'_—_"‘-]_—JL 2777'
L bdim y iedm
a) ' b
H¢ co bin
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P Yu

1EDoov)

~ o) N 5h= 1 _/

Hinh 4-12

1. Hé da cho (H4-12a) c6 mot 4n:
Hé co bén (hinh 4-12b)
D6 ciing don vi clia cdc thanh trong hé co ban

< Thanh AB: i = 33%1 =0,9677E]

>

% Thanh BC: i, = %J— =0,75E]

% ThanhBD: i = %{ =0,25E]

2. Xéc dinh théng sé vcho thanh chiju nén:

v=4 £l
EJ
3. Phuong trinh chinh tic: ruZ;=0
4. Phuong trinh 6n dinh: r; =0

5. Xac dinh r,,:
a) V& bifu d6 mémen uén don vi M1do chuyén vi don vi Z; =1 va luc nén gy
ra trén hé cd ban.
Chiy: -DOocingdonvi(i, n=1,2,3)cda cic thanh trong hé c ban khéc nhau.
- Dang biéu 45 mémen udn ciia cdc thanh khéng chiu nén 1a dudng théng,
vi du thanh AB, BC.
b) Tach mit B va xét su can bing mit B (H4-124), ta cé:
#, — 35, = 3i, —4i,0,(v) =0
= 1, = 3i, +3i, +4i,0,(v)
Tu phudng trinh &n dinh r,,=0, rit ra:
3i+3i, _  3(0,9677+0,75)E]
4i, 4.0,25E]

P, (v)=— =-5,1531
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Tra bang phu luc, chon v, =6

?,(v) Vay, Iyc téi han: P, =62 —5‘-2’- =2,25E]
6 -5,1531
Vi dy 4-3: X4c dinh Iyc tdi han cho hé vé trén hinh 4-13a
P,=2P P=P P=2P 7, P=P [Z,
A J A 2) B Al io A'z 2i B'z/
2J J|~ 2%, o
77777 77777 77777 77777
L ! L ! N
I~ ™ A
a) b)
H¢ cobin
El), 5 P P P P
3(57)=3ip "2 1/2(@):”0 2 7 ~1
gﬂmﬂmﬁ B
rhdr |
1L pov)
= 8ip (V)

©

Fu ¥
| A | B B
G OGN

8io@( V) 4ip@o'V)
Hinh 4-13
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B e aDe

1. Hé dd cho c6 2 4n
Hé cd ban (hinh 4-13b)
EJ

D6 ciing don vi clia ting thanh: i) = -

2. Xac dinh thong sd v clia c4c thanh chiu nén

Thanh diing bén phai:
v, =l‘/—§— =l‘/i=v
EJ EJ
Thanh ding bén trai:

v, =1 5 =] £=v
\2EJ \leJ

3. Phuong trinh &n dinh:
hh h

=Ryt — oty =0
K I

4. Xac dinh v, 71,= 1y, ¥z
a) Xac dinh r,,, 7,
- V& biéu dé mémen uén don vi M do chuyén vi don vi Z =1va Tuc nén
gay ra trén hé c¢o ban (Hinh 4-13c)
- Tach mit A va xét sy cin bing miit A, ta cé
Hy =81y — 3l —8iyp,(v) =0
= r, =11i;, +8i,p,(v)
- Xét su can bing clia nit B trén biéu dd M, ta c6:
ry = 4i,
b) Xdc dinh rp,
- V& biéu 46 mémen uén don vi M2 do chuyén vi don vi Z =1 va lyc nén
gy ra trén hé cd ban. (hinh 4-13d)
- Tdch mit B va xét can bing cia mit B, ta cé
1y, = 8i, +4iyp,(v)
Thay két qud vao phuong trinh 6n dinh
D i0[11+8(o2(v)] 4i,
4i, i,[8+40,(v)]
D=8¢%,(v)+27¢p,(v)+18=0

~27++27°-4.8.18 _ [—2,460

2.8 -0,914

P(v)=
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Nghiém nhd nhit ciia phuong trinh ndy 13 ¢@,(v) = -0,914
Tra bang phu luc; 14y gin ding thi v, = 5,3

v o, (V) Do d0 Iyc tdi han P,
EJ EJ
53 | -09423 | P =12 =1
Vidy4-4: Xdc dinh Iuc téi han cho hé vé trén hinh 4-14a.
P P Z]
I 2 A 2 B'z “Eéf
J 0,5J| ~ i 0,5i
- C
A y.. v 3,
L ! .
[ 1
a) b)
H¢ co bdn
p
[o
A
i
A
Hinh 4-14
B ) 4 o:
1)Hé c62 4nsb Z, Z,:
Hé co ban (hinh 4-14b)
EJ

Do ciing don vi cia tiing thanh: i) = -

2) Théong sb cia thanh ch1u nén:

v=I i=o:l
VEJ

3) Phuong trinh 6n dinh:
D= h h

"y

— 2 _
"’ilrzz_’iz—o
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4) Xac dinh Fip, Yia = ¥y, Fope
a) Xac dinh Fip, ¥
- V& biéu db mémen udn don vi M; do chuyén vi don vi Z,=1va

luc nén gay ra trén hé cd ban. (Hinh 4-14c)

Chui thich: Trong hé cd ban, 2 thanh AB va BC ¢4 lién két mét diu
ngim va mdt ddu khdp, khéng chiu nén nén ham ¢,(v) = 1. Do d6 dang
bi€u dé M, 13 dudng thing (Hinh 4-14c).

b) T4ch mit B va xét sy cAn biing mit B, ta cé:

ot -
ot

1

Li

1,5i !
Niit tich tit M Niit tich tit M
Ky —6i—15i=0=r, =7,5i
n, +1,5§=0: r =t =—1,5§
b) Xéc dinh r,,
- V& biéu ¢4 mémen udn don vi M, do chuyén vi don vi Z =1 va luc nén
gy ra trén hé co ban. (Hinh 4-14d)
- T4ch mit tit M, va xét can bing ciia nd, ta cé:

B ¥a2
I I

1y = -1-12—(1,5 -v?)
Thay cac két qua nay vao phuong trinh 6n dinh:

7,5i . -1,5§ R
p=| _ =;—2[7,5(1,5—v2)-1,52]=o
-1,5§ 1L2(1,5 ~v?)

Hay 7,5/-9=0;suyrav.=1,2

Luc tdi han:

2 EJ=1’2_EE_

Rh =V, 12

th
l2
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§4. CACH SU DUNG TINH CHAT pOI1 XUNG
KHI TINH ON PINH CUA CAC KHUNG PHANG

Khi tinh 6n dinh, ta chi c6 thé sit dung tinh chit d6i xiing trong trudng hop hé d01 xung
chiu tdi trong ddi xuing.

Trong muc nay, ta s& ching minh tinh chét sau:

Heé déi xiing chiu tii trong d6i xiing c6 thé bj mét 6n dinh theo mét trong 2 dang: dang
bién dang d6i xiing va dang bién dang phan ddi xiing.

D€ ching minh tinh chét nay, ta chi cin chiing minh 13 dinh tiic D biéu thi diéu kién 6n
dinh ctia hé bing tich ctia hai dinh thifc: mét dinh thiic chi chifa cic hé s6 thuéc nhém 4n sé d6i
xting, con mét dinh thiic chi chia cac hé s thudc nhém cdc 4n s6 phdn xiing.

C6 thé chiing minh tinh chét nay theo phuong phdp chuyén vi ho¥c phuong phép Iyc.

P1 P2 P3 Z3 /‘\ Z5 /'\23
S N\Zt N 21N\
- - 27
i iy T
i j i
1 ° 1 2 Z6 z4
2 /IN 2
- - . - Z8
iy I5 i
77777 777 777 77777 77777
a) b
Hinh 4-15

Dudi day, ta ding phuong phdp chuyén vi. Gid st cé hé sé n 4n s6 (n c6 th€ chin ho¥c
18) trong d6 c6 m 4n s6 1a chuyén vi xoay tai cdc mit nim trén truc déi xiing (cdc 4n Zs, Z4 trén
hinh 4-15b) hodc cac chuyén vi thing (cdc 4n Z,, Z); cac 4n nay la cac 4n phan d6i xiing (khi
hé bién dang phdn di xing céc 4n sb ndy tn tai, con khi he bién dang ddi xing, c4c 4n s6 niy
déu bing khong)

Trong hé con lai n - m 4n s6 ¢6 vi tri d6i xiing vdi nhau tiing d6i mét.

Dem phan tich n - m 4n s6 ndy thanh 2 nhém gdm:

1. 227 cxp 4n sé déi xing, vi du cac cip &n s6 Z,, Z, trén hinh 4-15b

n._.

2. e cip 4n s6 phan d6i xiing, vi du céc c¥p 4n s Z,, Z, trén hinh 4-17b

(Trén hinh 4-15b, ding céc miii tén d€ bi&u thi chidu ctia chuyén vi)

. A ., _h—m ., h—m . g
Nhu vay trong hé gdm cé k = cip 4n sd d6i xiing va +m=n-k céc in sb

phan déi xiing.
Céc 4n sb d6i xung danh tirsé 1, 2, ...dén k;
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Céc 4n sb phan ddi xing dénh s6 tit k+1, k+2...dén n.
Phuong trinh 6n dinh c6 dang:

h Kha v Iy Kk hn
3 P o Py By k1) o
D=|r, By o By hsy - ha |50 (4-15)
Foerp Yoz - e Taensny o+ Tasnn
rnl rn2 rnk rn(k+1) rnn

Nhung nhut da biét ( xem chii thich * trang 67)
a. Cidc phén luc d6i xing do céc chuyén vi phan ddi xiing gay ra bing khéng.
b. Céc phdn luc phdn ddi xing do cdc chuyén vi ddi xiing gy ra bing khéng
( xem chu thich * trang 67)
Do dd6, cac phan tf trong dinh thic (4-15) ¢ gid tri nhu sau:
oy =tp, =0 khi p<k q>k
Ty =t, 20 khi p<k q<kvakhi p>k q>k
Do dd, dinh thiic (4-15) c¢6 dang:

By Hy . Iy 0 .. 0
r21 r22 rzk 0 O
D=, hy, .. Iy 0 w 0 [=0
0 0O .. 0 r(k+1)(k+1) e r(k+l)n
0O 0 .. O Faesy o+ T
Dy,
Hay D= =Dy.D,s =0
0 i

Trong do: )
- Dy, dinh thife chi chfa cac phdn Iuc déi xing do chuyén vi ddi xing gay ra.
- D,s,: Dinh thic chi chifa cdc phén lyc phdn déi xing do chuyén vi phdn déi

xung giy ra
Nhut vy, hé s& mit 6n dinh khi mét trong 2 diéu kién dudi day xdy ra
Dy, = 0 (4-16)
Hofc D=0 4-17)

Didu kién:  D,,= 0 xdy ra tuong ting véi dang mét 6n dinh d6i xing.
D,¢ = 0 xdy ra tuong Uing véi dang mit 6n dinh phin d6i xing.

Da Ning 2007 Trang 66




GI4O TRINH ON DINH CONG TRINH PGS. TS. L4 Viét Gidng
D6 1a diéu cin chiing minh.
sk ok sk ok ok ok ok ok sfe sk sk ok ok ok ok ok ok ok sk ok sk ok ok sk 2ke ke sk sk e sfe ok 3k

Dua vio tinh chit trén, khi tinh 6n dinh clia khung déi xiing chju tii trong d6i xing, ta
dugc phép khdo sét hé véi hai trudng hop riéng biét: hé mit 6n dinh theo dang ddi xiing va hé
mat 6n dinh theo dang phan d6i xing.

T4t nhién luc t6i han ctia hé di cho 13 luc nhd nhét trong hai Iyc tdi han tim dugc tuong
ting vdi hai dang bién dang néu trén.

Chui thich (*):

SHp

P EJ > EJ P

A S

L % 1 2=y |
- -1
31(01( V)\ r21 3’¢’( l/)
P =1 EJ P
4y  EJ
N 3ig(v) 3ig(v)
~y
ltg\,‘"‘ﬁ“ | 87}

Ay EJ . EJ 3,

Pt T, ( )
Ho(v) Slp(v) To( 7ol
Z,:  chuyén vi phan déi xing
Z,:  chuyén vj déi xing
r,; = 0: phan Iyc d6i xing do chuyén vi phdn ddi xiing gy ra bing khong.
712=0: phén lyc phdn ddi xiing do chuyén vi ddi xiing gdy ra bing khéng.
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Vi dy 4-3: Xac dinh lyc téi han cho khung vé trén hinh 4-16

P

1,5P
1,5J

3J A

1,5P
1,5J

P

Im

0,75J

o

y

2J

2i

6m

2J

0,75J

77

Bai sidi:
Heé da cho 1a hé d6i xing, chiu tai trong d6i xing.
Trudc tién, ta xac dinh cdc thong sd cida cédc thanh chiju nén:
a. Hai thanh diing ngoai bién

J
A |
|
|
|
|
|
|

v1=6\/

om |
>|

Hinh 4-16

P

0,75EJ

b. Hai thanh ding giiia

_g \/1,51)
2EJ

_ \/48P _
EJ

\/48P

D9 ciing don vi cua cdc thanh tinh theo 1 (H4-18) vdi i = %

P 1,5P P 1,5P
J/ZI Z/Zz'A ﬁs 4 A .
aT i i 4 T i i 4 a)
in | 3]
<[ | o - S| S -
£ | £ I
- — = :' T T
L S I
| _ i | e
| 4m | 6m | 3m | | 4m | 6m | 3m |
I T i 1 [ id T T !
Trang 68

[ 34

I 4
A

A

Ie
Ae R

4
A

Xét migt cit A trén truc d6i xiing (Hinh 4-18), ta thiy:
Khi hé bj mit 6n dinh theo dang ddi xing, mijt cit A khong thé xoay dudc va ciing
khéng dich chuyén ngang dudc, nhung chuyén vi thing ding vin tén tai vi chuyén
vi nay khéng phé v3 tinh d6i xiing va khéng c¢é yéu t6 ndo ngin cén né.
Do nhin xét d6, ta thay mijt cit A bing ngam trudt, va do d6 hé co ban
trén hinh 4-17a
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=1 A
-

@ Ve 77777
%2@3( v) %2@3( v)
777

Hinh 4-17 Hinh 4-18
Céc biéu d6 mémen uén don vi M1, M »cin thiét vé trén céc hinh 4-17b,c. Ding
phuong phdp tach mit va xét su can biing mit, ta xdc dinh dudc r,,, r,,, r,, nhu sau:
rn

GO ORE

2ipo(v) 4i@ov)
Niit 1 cta M Nuit 2 clia M2 Nt 1 cda Mo

hy=3i+4i+2ip,(v) = i[7 + 2(02(1/)]

Ko =TIy =2i

1y, =4i+4i+4ip,(v)=i [8 +4¢, (V)]
Phuong trinh 8n dinh

D=7+2¢2(v) ' 2 i

2 4[2 +, (V)]

Hay 2¢*,(v) +11p,(v) +13=0
Nghiém nhd nhét ctia phuong trinh: ¢,(v)=- 1,72
Tra bang 2 phén phu luc, ta xac dinh dudc v=15,59

2
Do d: P, =‘—’%=o,651EJ
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7
3.4 'Y 4 A Ry R . 2 A

Xét mit cit A ndm trén truc d6i xing, (Hinh 4-16). Khi hé mit 6n dinh theo dang
phin d6i xing, ta thdy: mit cit A c6 thé tu do xoay va cé thé chuyén vi ngang, nhung
khong thé chuyén vi thing ding, vi néu cé thi hé s& mét tinh chét bién dang phan d6i
xung.

Do d6, ta c6 th€ thay mijt cit A bing géi tua di dong va cit d6i hé ra d€ tinh. Trong
trudng hop nay, hé c¢o ban nhu trén hinh 4-18a.

Céc bi€u d6 mémen uén don vi M3, M4 cin thiét v& trén cdc hinh 4-18b,c. Ding
phuong phdp tach mit va xét su cin bing miit, ta xdc dinh dudc 33, 73, 7., nhit sau:

g%)‘ g@)" S

2 v) 4 v)
1y =3i+4i+2ip,(v) =i [7 + 2(02(1/)]
By =Ty =2i
1y = 4i+12i + 4ip,(v) = i[16 + 4¢,(v)]
Phuong trinh 8n dinh:
7+2¢,(v) 2
2 4[4+ ,()]
Hay 2¢°%(v)+14¢,(v)+27=0
Nghiém cia phuong trinh:
~15+157 -4.227
4
- l:(oz (v)=-3,0
@,(v)=-4,5
Nghiém nhé nht clia phuong trinh: @,(v)=- 3,0
Tra bang 2 phan phu luc, ta xac dinh dude v = 5,83
v’EJ

@, (v)=

Do d6: P =

=0,708EJ

So sénh hai két qua tim dudc, ta thdy: P, < P, . Nhu vy, hé trén hinh 4-18 s&
mét 6n dinh theo dang d6i xting vdi gid tri Iuc tdi han:
P, =0,651E]
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Phén B. TINH ON DINH CUA CAC KHUNG PHANG
THEQ PHUONG PHAP LIC

§5. CACH XAC PINH CHUYEN VI TRONG NHUNG THANH
CHIU UON CUNG VOI NEN HOAC KEO.

% Xét thanh chju udn ciing chiju nén (Hinh 4-19a):
Goi M,,: 14 mémen udn do tii trong ngang va luc nén P giy ra.

D& xdc dinh chuyén vi A,__ tai diém K, ta tao ra trang thai "k" bing c4ch dit tai K
Iyc P, = 1 theo phuong cin x4c dinh chuyén vi (Hinh 4-19b) . O trang théi ndy
(trang thai "k") khong c6 Iuc nén.

% Thiét lap bidu thifc v& su can bing ‘ l I
gila cong kha df ctia noi lyc v ngoai luc ——¢ \\IT‘ ——/7737 "m"
& trang thai "k" trén chuyén vi va bién dang Akm
G trang thdi "m", ta cd: IP"=1
Y A 7 B upo
1Ay = [Mi=2ds (4-18) A~ A
EJ Hinh 4-19

D6 13 cong thiic tinh chuyén vj clia thanh
chju uén cung chju nén, kéo. Trong d6 theo gia
thiét 3, bé qua anh hudng bién dang doc truc va bién dang truct.

1 Ti i ,] i d 2 1 1 o .
Xét thanh &t ty do trén cdc gbi tua, chju Iuc nén P va céc tai trong d4t ¢ ddu thanh

(Hinh 4-20a). Ma=c Me=d
Tim biéu thic M, (z): P C 5) )
.............. ot > 4
KY hidu M, = ¢, M, = d, phén Iuc tai A Ia: ﬂfrr > A 2
0, =4=¢ w1 ar
/ I
Biéu d6 momen udn M, (z) cé dang 2 | | b
dudng cong nhut hinh (4-20b). @ ° M{MM Mt g e
Bay gid tim phuong trinh M, (z) nhu sau: | I
- - . l
EJy"=-M,(2) =~(M, +Q,z+Py) MMMM P
M, +Q'z B
"y 2, _1"4 A
yHa'y=-——"me (a)
P Hinh 4-20
Trong d6: o’ =— (b)
EJ

Nghiém ciia phuong trinh (a) cd dang:
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M, +Qz
a’EJ
Xdc dinh cdc hing s6 tich phan A va B nhu sau:
% Céc thong s ban déu:

V(z)=Acosaz+Bsinaz—

(V... =¥(0)=0
PN =2'(©@ =7

M(0)

0°(0)
Ta cé: _=y(0)=0c A- M©) —0 A-‘MZ(O)

Vo a’EJ a’EJ
Ta cé: y|_, =y'(0)=Ba- ng‘)} — B= ng)J) yiO)
Wz )——(—icosau[Qf 0) ¥t 0)},~na2_M(0)jQ (0)z
Bl o« o’EJ

Do M, (z)=-y"(z)EJ, ta dugc:

M (z)=aEJy'(0)sinaz+M(0)cosaz +Qﬂsina2
o

M _(z)=aEJy'(0)sinaz+c.cosaz+ d- sinaz

al

< Didu kién bién: z =1, y(/)=0
Theo (3-5)

¥(z) ——,—(——)—smaz—%(l—cosaz)—%—(E(?]—)(az—sinaz)

Tt diéu kién y(l)—O rut ra:
, d 1 1
y(0)=—S( Lo ) (———=)

aEJ v tgv’ «aEJ sinv v

P
Trong do: =al=1|— 4-19
g 14 T, 4-19)

Thay y'(0) vao phuong trinh M (z), ta dudc:

M (z)=c.cosaz+ [L - —c—il sinaz (4-20)
sinv  tgv :

Dé xdc dinh chuyén vi cdc du thanh, ta tao trang thdi "k" va tim phuong trinh
M (z). Trong trudng hdp tdng quat, biéu 46 mémen M «(z) c6 dang nhut hinh 4-20c.

Phuong trinh M «(z)cé dang: —2, (4-21)

Thay (4-20) va (4-21) vao (4-18), ta co:
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) ! !
EJA,, =IMkadz=cf(a+b az)cosazdz+( d ——c—)j'(a+b az)sinazdz

5 5 sinv  1gv’y /
Sau khi 14y tich phan va bién ddi, ta cé:

ETAy = (2L 22 v )+ (P 2 ) 4-22)
3 3 6 6
Trongdé:  a(v)=—(1-2); gv)=2 -1 (4-23)
14 1gv v® sinvy

a(v) va B(v) 1a cac ham diéu chinh, k€ dén anh hudng ctia Iyc nén P.
Gid tri cta chiing tra theo bang phu luc.
Luuy ring trong bdng:  khi P =0 thi a(v)= B(v) =1

khi v=0:>l,/i=o —~P=0
EJ

c C c 2 acl
AC=—.—a=—
<d 53953
gp=2 2, _bd
A 23 3

a
» 23 6
: ’ . pc=41p-2d
23 6

Xét thanh cé mét ddu ngam, mét dau tu do, chiu Iuc nén P va céc tdi trong ngang
d4t & dau thanh (Hinh 4-21a)

Hay x4c dinh chuyén vi  ddu tu do cia thanh.
a) Biéu d6 momen uén M ,,(2) do tai trong ngang va luc nén P gy ra cd dang

dudng cong nhu hinh (4-21b). Ma=om
Mo6men udn tai diu ngam B: A p Q \/:P\-—_t By a)
My=c+el+Py,=d+Py, y” | N
Trong d6:  d - mémen udn Q*a=e '—z‘_’! ! Q*al
tai ddu ngam do riéng tai trong ngang gy ra. y ; 1|
Tt d6 ta co: '

¢ Mn(2) g D
d- M
e= < @ PyA

] | |

a\Mb c)

0*(0) _ Hinh 4-21
W(I—COS az)

Theo (3-6):
M(0)

(z)=y'(0)cos ¢z ———=sinaz —
y'(z)=y'(0) T
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Theo diu kién bién é ngam: Y., =y'()=0, rit ra: .
M(0 ) Q (0), 1 .
0)=——+= -1),véiv=al
y'(0)= J a’EJ (cosv )»vaiv
c d-c 1
Hay: y'(0)= 1gv+ -1 a
y: Y'(0) aEJ S vazEJ(cosv / ®)
Theo phuong trinh (3-7), ta co:
"O)si Q*(0) .
M, _(z) = aEJy'(0)sinaz+M(0) cosaz+=——=sinaz (b)
a
Thay (a) vao (b) ta co:
M, (z) =ccosaz +[C(V siny =1)+ d}sinaz (4-24)
vcosvy

b) D& xé4c dinh chuyén vi ddu tu do, ta cin tao trang thdi "k" va tim M (z)
Trong trudng hop tdng quét, biéu dé mémen M (2)c6 dang nhut hinh 4-21c.
Phuong trinh M ; (z)co dang:

(4-21)

Sau khi thay (4-21) va (4-24) vao (4-18), 14y tich phan va bién ddi, ta dudc cong thiic
xac dinh chuyén vi cho thanh ¢é mét déu ngam, mét ddu ty do nhu sau:
bdl acl adl bcl
EJA,, ——9( )+ ——-9( )+ (— ——)9( ) (4-25)
Trong d6 cic ham ,(v), 8,(v),6,(v) : 1a cdc ham s6 hidu chinh k& dén anh hudng ciia
Iyc nén P. Trong dé:

(el(v)— (’g" ~1)

<¢9,_(v)=—2(1+vtgv— 2 v, (4-26)
cosvy 1 % .

b(v)=—(——-"8)

| v cosv v

Gid tri cda cdc ham s6 tra theo bang phu luc.
Khi lyc nén P =0 thi ,(v) =6,(v)=6,(v) =1
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§6. CACH TINH ON DPINH KHUNG THEO PHUGNG PHAP LUC

L. Csich chon hé cd ban:

D& don gidn khi tinh 8n dinh, ta nén chon hé cd ban bing céch loai bé céc lién két
thita d€ sao cho nhiing thanh chiu nén trd thanh thanh c6 hai diu 1a khdp tia, ho¥c thanh
c6 mot diu ngam, mdt ddu tut do.

Vdi céch chon nhu viy, ta s& d& dang xdc dinh chuyén vi trong hé co ban theo
cong thic (4-22) va (4-25) 6 §5.

Néu chon hé cd ban khic quy céch trén, thi bai toan s& phufc tap vi chua cé sé liéu
mAu,

Vidy:

4
P X1 X2‘ X1 P X1 X1

P2 =T P
/X2 X3 Xa /x2
TN NS N

1 5 1 5 1 5| _x
77777 77777 77777~ 77777 77777 P2+X4
a b) o
Hinh 4-22

D4&i véi hé siéu tinh trén hinh 4-22a, v& nguyén tdc ¢ th€ chon hé cd ban theo
hinh 4-22b, 4-22¢. Hé co ban theo hinh 4-22b hdp quy céch gidi thiéu trén.

Sau khi chon hé co ban va djt céc 4n sb thita X}, X;, X,...X,...tai céc lién két bi
loai bd, ta 13p dugc hé phuong trinh chinh tic theo phudng phép luc.

Theo gié thiét 5, tai trong P, (tdi trong # X;) chi gdy ra hién tugng nén ho¥c kéo
trong céc thanh cda hé co bdn ma khéng gdy ra uén ngang. Nhu vay biéu dd M do tdi
trong P; gdy ra trong hé co bdn khéng ton tai (ttic M3 =0). Do d4 céc s6 hang ty do A

ctia phtong trinh chinh tic déu bing khéng (nic 13 A, = ELJA_J M3 =0).

Liic nay, hé phuong trinh chinh tc trd thanh hé phuong trinh thuin nhét.

(6, X, + 6,X, + .. + 8,X, = 0
< X, + 60X, + .. + 6,X, = 0 4-27)
o, X, + 0,X, + .. + 6,X, = 0
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D€ x4c dinh 8, , ta cn tao ra:
- Trang thai "k" do Iyc X, = 1 gay ra trong hé cd ban.
- Trang thai "m" do luc X,, = 1 va céc lyc nén P gy ra trong hé co ban.
Sau d6 4p dung cong thiic (4-18) hoic 4p dung céng thiic nhan biéu 46
Vé - ré - sa - ghin.
a) Dai vdi nhiing thanh khéng cé Iyc nén P, ap dung coéng thic (4-18)
ho¥c cdch nhan bi€u db Vé - ré - sa - ghin nhu thudng 18.
b) Péi vdi nhilng thanh cé Iic nén P, ta cAn dp dung cong thifc (4-22) va
(4-25) da thiét 13p & muc §5.
Ngoai ra, chi ¥ dinh ly chuyén vi don vi tuong hé &,, = 6,, vin 4p dung

dugc trong trudng hgp nay.
Khi tinh chuyén vi trong cdc thanh chiu nén, ta cin quan niém: Iuc nén va
tdi trong dit tai céc nuit.
t. Hé phutong trinh &n dinh:
Hé phuong trinh thuén nhét (4-27) duge thda man vdi hai kha ning:
1. T4t ¢4 cac 4n X; déu bing khong. Liic nay trong hé chi c6 bién dang kéo
ho¥c nén, chua c6 bién dang uén. Do d6 hé vin & trang thdi 6n dinh ban diu.
Vay hé 8n dinh, tii trong chua dat téi gid trj tdi han.
2. T4t cd hojc mdt s 4n X; khac khong. Liic nay trong hé xuit hién bién
dang udn va hé bi mit 6n dinh.

Diéu kién X; # 0 1a:
511 512 51'1
5, 6, .. O
D — 21 22 2n = 0 (4_28)
5n1 5712 5rm -

Vi gid trj §,_ phu thudc vio gid tri cda Iuc P, nén cd th€ chon cdc gid tri
clia Iyc P sao cho diéu kién (4-28) dudc thod man. Nhu vy, ta c6 thé xac dinh ti
trong tdi han tt diéu kién (4-28) va goi diéu kién (4-28) la phuong trinh 6n dinh
theo phuong phdp Iyc.
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Vidy 4-1: Xdc dinh tdi trong téi han cho hé vé trén hinh 4-23a.
P P ‘xz
T 49
B
X Xz' X
~ EJ = const
A
A T7777 77777 77777 77777
I ! o
| )nd 1
a) b
i " inmmﬂmﬂ
praey v ==,
X=1 X=1 x2=1'
A ‘
777 777 77777 77777
L
o d) )
Hinh 4-23
Chii thich: Thanh AB.
P
. E " m " E " k "
‘ X1=1 ' Pk=1
. ! 2 < ! N
I > | >
c=0 Wﬂﬂw I a0 WMLLULUJJJMM :[H
1Py
Go 'Po.

1. Chon hé co ban:

Chon hé co ban (Hinh 4-23b).

2. Phuong trinh &n dinh:
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S Op
521 522

3. Xéc dinh céc hé s6 clia hé phuong trinh chinh tic 015 O =8, 6,
a, D& x4c dinh &, ta cin vé:

D= 0

v’ Biéu 6 mémen uén do X; =1 va lyc nén P glly ra trén hé cd ban (Hinh 4-23c).

v Biéu d6 mémen uén do riéng X; = 1 giy ra trén hé cd ban (Hinh 4-23c, nét diit).

Déi vdi thanh chiu nén AB, ta ap dung céng thiic (4-25), trong d6 thay:
c=0,d=1la=0,b=1

bdl acl bcl
EJA,, =—6,(v)+ —9( )+( —)9( )—_91(")
Con ddi vdi cac thanh khéc 4p dung cdch nhan biéu d6 nhu thudng lé:
3 3
EJS, _53-+l o)=L (1+0(v))

b, D€ x4c dinh 8,,, 8,,, ta vé biéu dd M2 ( Hinh 4-234d):

3
EJS,, MzMz—-l-—Z—l P = 4

23 3
YN
EJé6,, = =M\M; =1’ 5=5

Thay két qué vao phuong trinh &n dinh :
13
—3—[1 + 61 (V)]

Ef & 4P
2 3

511 512
521 522

= 2[1+60)]-5 =0 6,0) =-0,4375

St dung bang 1 phin phuy lyc, ta tim duge: v = 2,79
Ta cé: P, _vz—fzi—7 781;12]
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CHUGNG V. ON PINH CUA DAM LIEN TUC VA CUA DAN

Trong chudng ndy, chiing ta nghién ctiu phuong phdp x4c dinh Iuc téi han cho céc ddm
lién tuc va c4c thanh trong dan phing.

Bai todn 6n dinh ctia dim lién tuc di nghién ciu tudng d6i hoan chinh. Trong chudng
nay, ta chi van dung phuong phap chuyén vi va phuong phdp Iyc 13 2 phuong phép cd ban dé
tinh 8n dinh clia dim lién tuc chiu luc nén doc truc.

Bii todn 8n dinh téng thé clia dan vAn con 13 mdt vn d& can tiép tuc nghién ctu. O day,
chi xét bai toan 8n dinh cuc bd clia cac thanh trong dan. Céc bai toan nay, thudng dua vé bai
todn 6n dinh cta thanh don gidn, thanh lién tuc trén g6i dan hdi hojc thanh lam viéc trong méi
trudng dan hi. |

§1. CACH TINH ON PINH CUA DAM LIEN TUC
THEO PHUONG PHAP CHUYEN VI

N6i dung clia phudng phap chuyén vi da trinh bay ¢ muc §3 trong chuong IV.
Lap hé co ban biing cdch &4t thém cdc lién két momen vao cdc mijt cit & trén cdc
gbi trung gian (Hinh 5-1a,b). Ddng thoi dit thém céc 4n 1a céc gée xoay Z,, Z,.... Z,

b) A5 e Ar A S A S
3 1 A A A A A k
| /; | | I I Lerg I | sy I
Hinh 5-1

> p) b chinh tie:
Phuong trinh chinh tic biéu thi diéu kién phan lyc mémen tai lién két d4t them
vao thd k bing khéng va cé dang:
TknZwa T TaZi * hayZin =0 (k=1,2,..,n) (5-1)
Trong dd: '

2) Kery> Tiaer Teeny 18 C4C phan Iyc mémen don vi tai lién két mémen thit k
14n lugt do céc chuyén vi cudng buc don vi Zia=1, Zi =1, Zra=1 va do lyc
nén doc truc giy ra trong hé c¢d ban.

b) Zyy» Zy, Zy,,, 1n lugt 13 géc xoay & lién két momen thi
k-1 k, k+1.
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Phuong trinh (5-1) goi 14 phuong trinh 3 géc xoay, vi né chiia 3 4n 1a 3 géc xoay.
3LXZi‘:—dinlL7'1c(k-1)’ Vo> Vighany ~
DE xdc dinh 7, %y, higen, t2 VE cdc bifu dd mémen uén don vi
M, My, M., (Hinh 5-2a, b, ¢).

L lk le lk+1 )
) Ede | Ed |
2EJ Vigsy
/ 7;"(03( Vi
@ k-1l Z,. =1 /ﬂ’ﬂﬁ%k ’grkﬂ < k

21;:‘]"”‘%( Vied

k+1

Hinh 5-2

Chui thich:

Biéu dd M1 14 bifu d5 mémen udn don vi do chuyén vi cudng bic don vi
Zi-1 =1 tai lién két k -1 va do luc nén gy ra trén hé co ban.

Bay gid st dung phuong phép tach mit k va xét sy can bing it k trén biéu db

M, ta cé:
EJ
Feti-ny — ZTL(”s(Vk) =0
k
, EJ
Rut ra: Fete-ny = 27@'(03 V) (5-2)
k
Tuong ty, ta xac dinh dugc:
EJ EJ
e =4—Lo,(v,)+4—L0,(v,,) (5-3)
lk k+1
EJ,,
Teesy = 21_“'(03 (Vi) (5-4)-

k+1

Chuy:
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e Cong thiic (5-3) chi nghiém diing véi trudng hgp k >1 va k <n (Xem
hinh 5-1)
e Khik=1 vak=n, biéu thic r,, phu thude vao diéu kién lién két & 2
dau thanh.
o Néu cédc gbi bién 1a ngam, nhu hinh 5-1a, thi hé s6r,, var,,
dudc xac dinh theo cong thiic (5-3). .
o Néu cic gbi tua bién 13 khdp, nhu hinh 5-1b, thi hé sér,, var,,
duge xac dinh theo cong thiic sau:

EJ, EJ,

K =3—to(n)+4—20,(v,) (5-5)
ll 12

EJ EJ
" rnn = 4 l . ¢2 (Vn) + 3 nel ¢2 (Vn+l) (5—6)
n n+l
Fu
f’ 2 pAv)
/(\THT% <. -> b
Eigv)
1

Tt phuong trinh thudn nhét (5-1), ta thiét 1ap phuong trinh 6n dinh cda ddm theo
phuong phdp chuyén vi bing cich cho dinh thiic cdc hé sé phudng trinh d6 bing khéng.
D=0 (5-7
Gidi phuong trinh (5-7) ta dudc luc téi han cho dim lién tyc.
Chui v:
v Luc tdi han tim dugc theo diéu kién (5-7) xdy ra tudng tng vdi trudng hgp
dim bij mét 6n dinh khi d chuyén vi géc xoay Z, #0.
v Thyc té c6 thé x4y ra trudng hop ddm bi mét 8n dinh vdi géc xoay Z, =0.

Vidy 5-1:
Xéc dinh Iyc t6i han cho ddm lién tuc (Hinh 5-3a).
P O J 1 J 2 P
o p 7.\
I [ N ! I
[ -1 =
ru
3,04y - g ’: j{oz( v)
35,0, v4 35,044

Hinh 5-3
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B e «® s,
Phuong trinh chinh tc:

EJ
M, = 2°3l_¢1(V)Zl =0

1
Phuong trinh ¢ thé thda man véi Z, = 0 tuong ung vdi dang mét 8n dinh déi
xiing. Va c6 thé théa man véi Z, # 0 tudng Ung vdi dang mét 8n dinh phén d6i xiing.
1. Truong hdp Z, #0, ta cé:

2
vIgy
V)s——mmmm=
(V) 3(igv —v)
2
Suy ra: tgv=0:>v=ﬂ':P,h=£—12£{

2. Trudng hgp Z, =0, ta cé: .
Khi mit 6n dinh, m&i nhip ciia ddm cé dudng bién dang nhu dudng bién
dang cia thanh cé mdt ddu ngam (tai 1) va mét dau khdp (tai 0, 2). Do dé:

_ m’EJ
th (O’ 71)2
Ta thdy Iyc t6i han nhé nhat x4y ra tudng ting véi trudng hop Z, # 0. Vay:
2
7 EJ
P= T

!Zl' d]l 5_::.
Xac dinh Iyc téi han cho dim lién tuc (Hinh 5-4a), theo phudng phép chuyén vi.

2P 0 o= 1P, J=15J 2 3P

a) A 2 AN
L l=11=6m _l 12=9m

|
N

Hinh 5-4

1. Hé da cho ¢6 m6t 4n Z,. Hé cd ban (Hinh 5-4b)
Hé s6 v ctia cac thanh chiu nén:
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Thanh 0-1: v, =/ |— 2P ,IZP—V
EJ
Thanh1-2: v, =1, =1,5v
EJ2

2. Phuong trinh chinh tic: #,Z, =0
3. Phuong trinh 6n dinh:
Trong trudng hgp hé khéng déi xing, hé mit 8n dinh véi Z, #0. Viy

phuong trinh 6n dinh:
h =0

4. Xac dinh 7, :

Dé xé4c dinh ki, ta ve biéu dé mémen udn don vi M, do chuyén vj cudng

bidc don vi Z1 =1 va luc nén gay ra trén hé co bén. Bi€u dd M trén hinh 5-4c.
Sau dd, st dung phuong phép tich niit va xét su can bing niit, ta c6:
EJ EJ,
h— l —p(n)-3—* ] —2¢,(v,)=0

1 2

. EJ EJ,
Rutra: 4, = l —p(n)+3—2 ] —2¢(v,)
1 2
Phuong trinh 8n dinh:

EJ, EJ,
41_0:331 1(V1)+31 ¢ (v,)=0

1 2

Hay 3-E6—J(pl(v) +3 LoE]

o (L5v)=0

Nhu vay, phuong trinh 8n dinh trd thanh:
o)+ (L5v)=0 (a)
Giai phuong trinh (a) theo phuong phdp thif ddn nhu sau:
* Khi v=2,34: L5v =3,51
o (v)=¢,(2,34)=0,5589
@ (1,5v)=¢,(3,51) =-0,5075
Thay vao phuong trinh (a):
0,5589—0,5075=0,0514 > 0 (b)
« Khi v=2,36: L,Sv =3,54
o,(v) =¢,(2,36) =0,5486
@ (L,5v) = ¢,(3,54) =—0,5638
Thay vao phuong trinh (a):
0,5496-0,5638 =-0,0142<0 (c)
Nhu vdy, gié tri cia v 6 trong khodng:
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2,34<v <2,36
Vi két qua (c) gin bing khéng hon két qua (b), nén ta lay:
v, = 2,355
Gia trj lyc tdi han:
vi EJ _(2,355) EJ
By =—r—= 2
26 2 6
P, =0,077EJ

=0,077EJ

§2. ON PINH CUA CAC THANH CHIU NEN TRONG DAN

Dudi tic dung ctia tdi trong, cac thanh chiu nén clia dan cé thé bj mit 6n dinh 1am
cho toan dan bj pha hoai. Nhiing thanh nén trong dan c6 thé 1a:
1. Céc thanh diing, thanh bién ho¥c thanh xién khong ct qua cdc thanh khéc:
Vi dy: Thanh diing AB, thanh xién CD, thanh bién AC trén hinh 5-5.

Hinh 5-5

Dé kiém tra 6n dinh, ta coi thanh 13 thanh don gian, ¢ lién két khdp hai ddu va
tuy theo thanh d6 1a thanh don hay thanh ghép, ta ¢6 th€ dp dung céc coéng thic di
nghién ciju & chuong II1.

Gid thiét thanh cd hai d4u khdp chi 13 gin diing, thuc ra lién két khdp & hai ddu
thanh 13 lién két dan hdi, song xét dén yéu t6 dé thi bai todn rit phnic tap.

2. Nhiing thanh diing ho#c thanh xién cft qua mét , hai hojc nhiéu thanh diing

XX %

Hinh 5-6

Da Néng 2007 Trang 84




_ R

(140 TRINH GN DINH CONG TRINH PGS. TS. L4 Viét Gidng

Vidy:

Céc thanh chiu nén ACB (Hinh 5-6a) 1 thanh xién cft qua mét thanh xién
khdc & gitfa nhip. Cac thanh ACDB (Hinh 5-6b) 13 thanh xién cit qua hai thanh
ding ho¥c hai thanh xién khac.

Khi mét 8n dinh, nhiing thanh nay 1am viéc nhu nhiing thanh &t trén hai
khdp tua ciing & hai ddu va cé mét, hai hojc nhiéu géi tya dan hdi & trong nhip

(Hinh 5-7).
P_A J C J B_ P
a) %E 12 % 12 ”j’
P_A J C J D J B_ P
b) j]i’ % v:;: % %' % :?'
Hinh 5-7

Trong thuc t&, da c6 mot s6 cong trinh cdu bj phd hoai do mit 8n dinh cia
cic thanh chiu nén. C4u dan Co Béch § Canada bj ph4 hoai nim 1907 do mét
thanh bién chiu nén mét &n dinh.

§3. ON PINH CUA THANH LIEN TUC €O GOI TUA PAN HOI

On djnh ciia thanh lién tyc hai nhip ¢o gdi ng gian 1a gdi dan hdi
|
P e p
Py e
L 11-—1/2 I]=I/2 J
< 1
Hinh 5-8

Goi C 1a d6 ciing ctia lién két dan héi. D6 ciing C chinh 13 phan Iuc cin téc
dung tai lién két dan hdi d€ sao cho lién két bién dang vdi gia tri bing don vi.

D& gidi bai todn nay theo phuong phdp chuyén vi, ta 14p hé cd ban bing
cach trén gbi dan hdi trung gian, dit thém vao mdt lién két m6émen va mét lién
két luc (Hinh 5-9a).
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P EJ Z, _ EJ=const P -

TR - N
L

=12 =2 Fi
I 1
Z-]] %(C ' 337@()
1

-
5 P /MHTWTW{’%‘WTITIMP K

@ A E i) %@(V)EJ A7 ")
V2
i V)~ N sig(v)

o P MIIINZ~! € P Cl -D

@ Ay EJ ST

3ign(v) 3ipn(v)
Hinh 5-9 .
Vi hé dang xét c6 tinh chit d6i xiing, nén ta cé thé phén tich bai todn ra hai

trudng hap.
- Thanh bi mét 8n dinh theo trudng hop d6i xiing (dudng I trén hinh 5-8)
- Thanh bj mit 8n dinh theo trudng hop phdn déi xing (dudng II trén
hinh 5-8)

4 I
Ay R * r

Trong trudng hop nay, tacé: Z, #0, Z, =0
Phuong trinh chinh tic cé dang:
Kz, =0
Phuong trinh 8n dinh:
h =0
Xéc dinh 7,
Dua vao sd dd s6 2 trong bang 4-1 (Trang 54) va tit biéu d6 mémen
don vi M, trén hinh 5-9b, ta xac dinh dugc:

3i
iy =25 m@)+C

.. EJ P I[P
Véii==Lvav=l,|— =+ |
I EJ  2\EJ

cr
48EJ
Nhut vy, néu biét d6 cting C ciia lién két dan hdi, thi ta ¢6 thé s dung
bang trong phin phu luc d€ xdc dinh théng s6 v va tif d6 suy ra Iuc tdi han.

Tu 1, =0, ritra: n,(v) =— (5-8)
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Ay R o .4 r

Trong trudng hop nay, tacé: Z, =0, Z, #0
Phuong trinh chinh tic cé dang:

r,Z,=0
Phuong trinh 8n dinh:

r,=0
X4c dinh ry,:

Dua vao so d6 s 1 trong bang 4-1 (Trang 54) va tif biéu d6 mémen
don vi M trén hinh 5-9c, ta c6:

1y, =2.3ig, (V)
Theo phuong trinh 6n dinh, suy ra:

@ (v)=0 (5-9)
vigy
V)=————=01gv=0v=rx
(Pl( ) 3(tgv—v) gV
2 2
Dods: P, = ”lfJ - 4”12EJ (5-10)
1

T4t nhién, sau khi xdc dinh luc téi han tuong ting vdi hai trudng hop
bién dang ndi trén, ta chon gié tri nhé hon 1am gid tri t6i han.

3 2{' 1. ] i;\ t C L] Ko l‘ ] Re,
D€ nghién ciu 6n dinh cia thanh chiu nén ACB trong dan (Hinh 5-6a), ta
c6 thé ap dung 16i gidi vifa tim trén.
Goi  EJ - d6 ciing ctia thanh ACB dang khdo sét.
EJ, - 46 ciing ctia thanh bj cit ECF (Hinh 5-6a).
Muén 4p dung két qua trén, trudc hét ta cAn x4c dinh d6 ciing C ciia lién
két dan héi nhu sau:
Pinh nghia: D6 ciing C 1 luc cin thiét d€ giy ra mét don vi chuyén vi.
Xac dinh C theo phuong phap nhan biéu d4 Vé - ré - sa - ghin.

_3_[121_2_1} . |° i
EJ24234] g 3
48EJ,
Rut ra:
48EJ
C= L (5-11 -
P (-1 /4
Thay (5-11) vao (5-8), ta dude phudng trinh 8n dinh tuong 1ing vdi
dang mét 6n dinh dé6i xing:
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m(v)= —-’5—‘ (5-12)

Néu biét ty sé i]j‘—

4. Vidy 5-4:

, ta tim dudc thong s6 v, tit d6 suy ra luc tdi han.

Tim lyc téi han tuong Ung vdi hai dang mét 6n dinh (dang ddi xing va
dang phin déi xiing) clia dim lién tuc nhu trén hinh (5-10a, b) theo phuong phép

chuyén vi.
P P P
')E—‘A/‘x% -rA,NE T—A Xf 1
| /
S |
3 o | S
‘ % \ u u
EJ= EJ=
+—-p— w\DT' + + Pt
| \ |- \
Q N
3 \ Sy | ] S S
_u__B.”L” C 4 JLBMZ' cl | .JL_.B”»”_
a) b) c)
Hinh 5-10
B e . ‘?0.
1. So d4 tinh todn clia ddm AB dudc biéu dién trén hinh 5-10c.
+ Xd4c dinh 6 ciing C ctlia gbi dan hdi: D ciing C 1a luc cin thiét
d€ gy ra mét don vi chuyén vi tai lién két dan héi. C
a2 o |
E7| 2 3] 3EJ 2
Cho § =1, rit ra d6 cuing C: P )
C= 3EJ _24EJ cl, - I
I P | —
t | Pe=1
2. Hé co ban, (Hinh 5-11a): 1 ,
Zzi - A |

12 T L=

P A EJ ) EJ B. P 1//,\/I\
i C b -
- -

Hinh 5-11a
3. Trudng hgp ddm mét 8n dinh theo dang déi xiing:
Trong truong hdp nay, tacé: Z, 20, Z, =0
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sz I m "
a1 P
e (CaD)
@ o E «v) \%(v) AT dpiN 1 gt
L l, 1/2 | 1,=l2 R
) N ) ()
Hinh 5-11b
a. Phuong trinh chinh tic ¢ dang:
nZ, =0
b. Phuong trinh 6n dinh:
K =0

c. Xéac dinh 7,:
D& xéc dinh 7, ta v& biu db moémen don vi M, do Z1 =1
va Iyc nén gy ra (Hinh 5-11Db).
Piéu kién can bing mit 1a:
3i
-C- 2.1—2771(1/) =0
1

Suy ra:
3i
r=C+ 2.72—771(1/) =0

1

Cl?
= =——L 1
m(v)= 6i Y]
Trong dd: v =/, £
EJ
EJ 3EJ "o .

Thay i=l— va(C=

1 1
n,(v)=-0,5
Tra béng 2 trong phin phy lyc, véi 7,(v) =-0,5, ta dugc
v, =1,92, rit ra:

2 2
p, Vel (2.1,93) B 1474
I ] B
P =14 74?-"

4. Trudng hdp ddm mét 8n dinh theo dang phén déi xing (Hinh 5-11c):
Trong trudng hop nay, tacéd: Z, =0, Z, %0
a. Phuong trinh chinh téc:
r,Z,=0
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b. Phuong trinh 6n dinh:
r,=0

c. Xac dinh r,,:
D€ xdc dinh r,,, ta v& bi€u d6 mémen don vi M, do Z2=1
va lyc nén P giy ra (Hinh 5-11c).
Va2

3ipiv)~ v /\\3i(01(V)
PTG Z=1 € e % D
@ X EJ [[[[HHI58 (
3ip(v) 3ip(v)
Hinh 5-11c

r, =2.3ip,(v)
Theo phuong trinh 8n dinh, suy ra:

p(v)=0
2
¢l(v)=_l_tg_v__=0:>[gv=02>v=7z'
3(tgv—v)
2 2
Do dé: = fJ _ 47 2EJ
th ll l
Dap s6 P, =14, 74%
ci|| ig hanh lié . i

Xét hé trén hinh 5-12
Gid st d6 ciing C ctia hai gdi dan hdi nhut nhau. Hé dang xét cé tinh chat
d6i xiing, nén ta c6 thé phan tich bai todn ra hai trudng hgp: bién dang ddi xing
(dudng I), bién dang phan d6i xing (dudng II).

P e re—— P
5 — %
ly Iy Iy .
) l -1
Hinh 5-12

Liic nay, sd d6 tinh toén ¢ dang nhu hinh 5-13a.
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a) P

So dé tinh

B T

Z,j[
T E/ ;:i Hé co ban

%@(V)\ ‘6“:[71:1 ru'

@ ,,;,m”ﬂ g Ezi %’W(V)CC —>r”

Hém( v)
3igp(v) rzz

e T g 2=
@ »57 i_,L 3 C _) vy
1gv; ip(v)

i th
Sln V;

Hinh 5-13

Vi

- Hé co ban: (Hinh 5-13b)
- Hé phuong trinh chinh tic:
W, + nZ, =0
rZ, + rZ, = 0
- Phuong trinh 6n dinh:

h h

D= =0

i
-Xacdinh £, K, =8, 1,

V& bidu d6 mémen don vi M1 do Z; =1 vé lyc nén P gy ra
trén hé cd ban. V& biu db mémen don vi M, do Z» =1 va luc nén
P gy ra trén hé co ban (Hinh 5-13c, d).

Dung phuong phdp tdch mit va xét su can bing niit, ta dude:
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Céc phan Iyc don vi:

EJ
h= 3_1'3—771(‘/) +C

0

EJ
hy =M = 3'1'3—(01(")
0

| 4

EJ 2E]
7'22 =3T(01(V)+ ] L
0 0

1%
1o —
g2

1 4

r, =3—l§i qol(v)+—§-.—%—/- .
0 g —
2
b. - Xéc dinh d6 ciing C ctia gbi dan hdi:
Goi  EJ - d6 ciing clia thanh ACDB dang khdo sét.
EJ, - 46 cing cta thanh bj ¢4t EFCH (Hinh 5-6b).
Y nehia vt I¥ ciia C:

Db ciing C 14 Iuc cin tic dung vudng géc véi mit phing cia
dan tai vi tri giao nhau gilta thanh bi cit EFCH vdi thanh bi nén
ACDB (Hinh 5-6b) d€ sao cho d6 vong & tai diém d6 blng don vi.

Xdc dinh C bing phuong phép nhan biéu db Vé - ré - sa -
ghin (Hinh 5-14).

C C
A EJ1 F EJ1 C EJ1 B Trang thél nmu
oy —— A" A
) )
| 1/3 | 1/3 1 1/3 |
I > >7e g
(@] (97 Qs

, ' , ry

| i [

e | T

: Pe=1 | :

|
1 | Trang thai "k"
1 ' 1 o
> | I | o
I I
| ! | @
= — M3
M1 2 M2
9
Hinh 5-14
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EJ5=Q1A—41+Q .7\—4[—2+Q.31_\—4—3
icLy _CE
233 18
_cL _CE

33 9

Trongdd: Q,=Q,=

2 =

5 s
162 EJ
Cho & =1, nit ra d6 ciing C ciia gbi dan héi:

c-125, 13

c. - Gidi phuong trinh én dinh d€ x4c dinh P,
Bién ddi 7,
EJ
_3 l3 771( )+C 3 13 |:771(V)+ f]

0
Trong do:
s5ci; 5 cCP

!
28 Wil == 5-14
= 1w W h=3) (519

P 1 [P
=l‘/—=——,/—— 5-15
YENE T3VES (5-15)

Sau khi thay cdc phan Iyc don vi #,, #,=r,, 1, vao

phuong trinh 6n dinh:
3EJ 3EJ
Haorls] oo
0
b=l ) 3EJ 3EJ— ) & [06710
F. F.
N O E IO
0 0 tg_
! 2

Trién khai phuong trinh 8n dinh (5-16), ta dugc:

1

AR ¢1(V)+§LV

t —_

f=§ I £
2

1 v
¢1(V)+§ y
1g—
2

(5-17)
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Theo (5-13) va (5-14):

_scr_Jr

AT YT JP

Néu biét kich thudc cida thanh bi nén (I va J) va dd ciing C

clia lién két dan hdi, tic 13 biét dai luong £ Sau dd gidi (5 17), ta

xéc dinh dudc thong s6 v .

Tt d6 suy ra Iuc tdi han, theo (5-15), ta co:

(5-18)

2
B, =91 (5-19)
3. Innmgjuxp_hg_hLmat_(mﬂmh_thm_dangphanﬁanﬁ‘ng.
a) ’% ,,I, = —80 dd tinh
Iy e reEl2
z[ ¥
b) P s E/ZZ = —Hé coban
12ET ¥
7= I “gs —lor@( ) 'ru
c) P ,m'rlTﬂT”ﬂﬂmm m C -> 12EJ
®* ot A
771( v)
24ET
WAL l
Eip(s) Y™
g _P Z:- ,
@ e . %@( %)
Gy AP
V222003
Hinh 5-15
Sd d6 tinh todn ctia thanh ¢é dang nhu trén hinh 5-15b.
Phuong trinh 6n dinh:
D= o hef_ 0
o
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Tt c4c biéu dd mémen don vi M1va M trén hinh 5-12¢, d, ta x4c
dinh céc phén luc don vi:

EJ EJ v
h= 3‘1—3—771(") +C +24—13—771("2‘)
0 0

EJ ve 2
h = 3—13“[771(") + 8771(5) +'5“f]

hh=m= 3£J‘|:¢1(V) - 4(P1(%):|

A

3 v
e =35 [<o1<v)+2¢1(2)}

0 -
Trong do, f va v dudc xac dinh theo cong thic (5-14), (5-15).
Cling tuong tu trén, néu biét £ tic 1a biét dude kich thudc ciia thanh
va d6 ciing clia gbi dan hdi, tit phuong trinh 8n dinh, ta s€ xdc dinh dugc
théng sd v va theo (5-15) suy ra luc tdi han.

§4. CACH TINH ON PINH CUA DAM LIEN TUC THEO PHUONG PHAP LUC
PHUONG TRINH 3 MOMEN
Gid sit ddm c6 mit cit khong d6i trong tiing nhip va chiu Iuc doc truc @4t & cac gdi tua
(Hinh 5-13).

kiP kP k1P kP ki+1P
a) A A A A A A A
[L l; 'IL Ly 4
kiP k=P ki1P kiP kinP
) NC YC ONC NC NC
& A A A T TS AN R
M M: Mi-1 M Mi+
Hinh 5-16
Nhiing luc nay c6 thé bidu thj theo mét théng s6 P. D6 1a dai ludng cin xac dinh.

» Heé co ban:

Lap hé co ban bing céch dit khdp vao cdc mit cit & trén cdc gbi trung gian va
&4t thém vao d6 cdc 4n sé thita 13 nhiing mémen M,, M,,... M, ...(Hinh 5-16b)
> Phuong trinh 3 m6émen:

Didu kién d€ cho hé cd ban (Hinh 5-16b) bién dang giéng hé thuc (Hinh 5-
16a) 13 gdc xoay tudng déi gifta 2 mt cit & hai bén gbi tua thii i phdi bing khéng.
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RS
O
Viét diéu kién d6 cho gbi thii i dudi dang phuong trinh chinh tic clia phuong
phap lyc, ta duge:
0, =0;M; . +6M,;+6,,,M,,, =0 (5-20)
D6 1a phuong trinh 3 mémen (chi ¢ 3 s6 hang).
Trong d6: &, J,, Oy, 14 gbc xoay tuong déi cla hai mit cit hai bén gbi

tya thi i 1an lugt do cdc mémen don vi M, =1, M, =1, M,,, =1 va Iyc doc truc gy
ra trén hé c¢d ban (Hinh 5-17).

Mi Mi Mis
P Y. N N.(Crp
/,,%,\ ) /,,?,\ I /,,§,\
Mi-1(=’] s
i(i-1)¢
p————
I S
Mi:;‘]\ (Mi=1
Diy \Pi+1
”% =S— __W%N_l__., "la’
i i+l
Mi+1=1
Qe ="
e~ 8,
| bty =||
Hinh 5-17
Dé xéc dinh 5, ,, J,, iy ta dya vao cong thiic (4-5), tuic:
acl bdl adl bcl
EJA,, =(—+—)a()+(—+—)B(V) (4-5)
3 3 6 6
a. Khi tinh §,,_,, thi:
a=d=0
b=c=1
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M. 1('1 5
EJi iG-Dy
P
L J ]
d=0
o= [T )
Mi=‘1\
Ay 73

a=0 \W“MM - @

Thay cac gié tri a, b, ¢, d vao (4-5), ta dudc:
O, 5-21
1(1-1) 6EJ ﬂ( ) ( )

b. Tinh &, = ¢, + @,

=1 Mi=1

EJi \/ ‘\ (— \ EJi+1 u> "
”g,,. e S — Y — e ”37_ m

| l M’ [ itl] l+1 l

= ™ I |

c=0 d=0
f e d=1 =1 g HH @
Mii‘\ i=1
llk"
5 25, & 3

a=0

Khitinh(o thia=0,b=1,c=0,d=1, nén theo (4-5) thi:

@-gEJ— a(v,)

Khi tinh ¢,, thia=c =1, b=d =0, nén theo (4-5) thi:

l,
¢i+l 31_—;; a( x+l)

8y =@+ Py = 5;57 a(v,)+ Jl (V1) (5-22)

c. Tinh §,,,,,:
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Mi+1=1
P
| li+1 l
I~ il
=0
: T TR o= ()
Mi=1
ES 3

- [ g

a=d=1, b—c—O theo cong thiic (4-5), ta co:

o, i 5-23
1(1+l) 6EJ ﬁ( t+l) ( )
Trong d9, cac ham a(v,), B(v,) dude xac dinh theo cong thiic (4-6).
aWv,) = i(l——"—] (5-24)
v’ 1gv
Bv,) = —( Y —1J (5-25)
sinv,
Véi v, =1 |52 (5-26)
EJ,
Khi thay (5-21), (5-22) va (5-23) vao (5-20), ta dugc:
l,
—1 44—+l i+l M izl 1+1 M
6EJ ﬂ( ) |:3EJ 6X(V) 3EJ a(V+1)] 6EJ ﬂ(vnl)
| (5-27)
Pit A =1, §°- (5-28)

1
Goi A 1a chiu dai quy udc.
Trong 46, J, 1a mot dai luong bat ky, thudng 14y bing mémen quan tinh

clia mdt nhip ndo d6. Lic ndy, phuong trinh 3 mémen cé dang:

ABVIM,, +2[4a(1,) + A0V M, + A B, )IM,, =0 (5-29)

Phuong trinh (5-29) 13 phuong trinh 3 mémen khi tinh 6n dinh clia ddm
lién tuc chiu tidc dung cia luc doc truc.

Nhu vay, khi tinh 6n dinh cta ddm lién tuc theo phuong phdp luc, ta cin
thuc hién cdc budc sau:

1. Xdc dinh chiéu dai quy ude 4, theo (5-28)
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2. Xaéc dinh dai lugng v, theo (5-26)
3. Thiét 13p phuong trinh 3 mémen theo (5-29). Ddm ¢ n géi trung gian,
ta s& 13p n phuong trinh. Hé phuong trinh nay 13 thudn nht.
4. Thiét 1ap phuong trinh 6n dinh bing céch cho dinh thiic cdc hé sb cia
phuong trinh 3 mémen bing khéng.
Gidi phuong trinh 6n dinh, ta s& tim dudc nghiém v tit d6 suy ra luc

tSi han.
Vidy: Nghién cifu 6n dinh ciia ddm lién tuc 2 nhip chiu Iuc nén (Hinh 5-15).
P 0 1 Ja 2
A Ji Br T Ay
S P —
Hinh 5-18
B e * 9 ':

Trong trudng hdp tong quat, ta cé:
- Chiéu dai quy udc 4, theo (5-28):

J J
=1 =], 4 =1L
ﬂ‘l l‘]l 1 A? 2J2

- C4c théng sé v, theo (5-26):

’P ’P l ’J
=/ —_, =] |— = -2 ZL a
Vi=h EJ, Vo=h EJ, v I\, (@)

- Theo (5-29), phuong trinh 3 mémen trong trudng hdp nay co
dang:
Jy
2(La(v)) +lz-j—a(v2) M, =0

2

- Phuong trinh 8n dinh:
lZJl
=-21 b
a(v)) 1, a(v,) (b)

Néu biét kich thudc cu thé clia ddm, ta c6 thé gidi phuong trinh (b), tiép d6
suy ra luc téi han theo. cong thiic (2)
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CHUONG VI. ON PINH CUA DAM UON PHANG

Khi thiét k& didm chiu uén trong mit phing Oyz, (Hinh 6-1), dé ting dd ciing clia dim,
ngudi ta thudng ting mémen quan tinh J, d6i vdi truc x cia mijt cit. Do d6, d§ cing EJ, trong
mit phing uén Oyz thudng 16n hon db ciing EJ, trong mit phing uén Oxz.

Khi EJ, va EJ, chénh léch nhau nhiéu, dim c6 th€ bj mat 6n dinh léch khéi mit phing
uén Oyz do 4nh hudng Ung suit nén trong khu vic chju nén clia ddm. Liic ndy, truc dim bi
cong ra ngoai mit phing uén Oyz, déng thdi cdc mit cit ngang bi xoay trong mit phing Oxy.

Nhu véy, khi mit 6n dinh, ddm bi uén trong 2 mijt phing Oxz va Oyz, déng thdi con bj
xo#n trong mit phing Oxy.

Dudi day sé nghién ciiu su 8n dinh trong mijt phing uén ctia dim vdi gid thiét:

- Vatliéu lam viéc trong gidi han dan hdi.
- Khi mét &n dinh, cdc mijt cit ngang vAn khéng thay déi hinh dang (ndi céch
khdc, khi mét 8n dinh, ban bung clia ddm khéng bj vénh)

§1. ON PINH CUA DAM CO MAT CAT CHI’ NHAT HEP CHIU UON THUAN TUY

Khéo sat ddm c6 mit cit hinh chit nhat hep, chiu udn thuin tuy trong mjt phing
Oyz bdi 2 mémen M dit  hai diu dim.

Gi4 thiét thanh &t tu do trén hai gdi tua, hai mt ct trén hai gdi tua cd lién két
cén tré khong cho mit cit xoay trong mit phing Oxy.

Khi mémen uén M nhd hon gia tri t6i han M,,, d4m chif chiu uén trong mijt phing
Oyz. Khi M = M,,, d4m bj m4t 6n dinh, tic 1 truc d4m bj cong khéi miit phing uén ban
diu Oyz. Lic nay, dim bj uén trong hai mjt phing Oxz va Oyz, déng thdi bi xofn

quanh tryc thanh.
u
mj l
M M /
a) ( ! -H\ z C) _x,_dl _____ _
¥ / O~ >
' g M“I:
o nl ! 77 u-.
| A7 el
" ~ / e
y | y /
: 2 8 /.Vr
0 W -\/7
/
X | /
N [ o 2 /
o] 3 @]
< IMz1 P

Hinh 6-1
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] I A l tt l N ] . ] ry A l ‘5 N
Goi x,y,z - hé truc ¢ dinh, cé chiéu nhu trén hinh 6-1.
X1, Y1 Z1 - hé truc g#n lién vdi mit cit bt ky m - n sau khi bién dang.

Trong d9, X,, y, 1a cdc tryc tring vdi cdc truc quan tinh chinh trung tim
clia mit cit m - n, con tryc z, 13 truc hudng theo phuong ciia tiép tuyén tai
mijt ct m - n véi truc d4m sau khi bién dang (Hinh 6-1b, c).
Goi u,v - chuyén vi theo phuong x va phuong y ctia trong tAm miit cit m - n.
0 - géc xoay clia mijt cit m - n trong miit phing Oxy (Hinh 6-1c)
o - goc nghiéng cia truc dim tai mit cit m - n trong mijt phing Oxz.
Quy udc:  Chiéu duong clia mémen uén va mémen xofn nhu hinh 6 - 1d.
(M, > 0 : 1am cing thd vé phia duong ctia truc y).
Céc phuong trinh vi phan khi uén va khi xo4n c6 dang:

dv M,
Z A 6-1
dz’ EJ, &1
2 M
El_% = (6-2)
dz EJ,
a0 M, (6-3)"
dz  GJ,
Trongdé:  EJ,, EJ, - dé ciing khi u6n déi véi truc x va tryc y.
GJ, - 44 ciing chéng xo#n cia dam.
Trudng hgp mit ct chit nhat hep, cong thic J, da thiét 1ap theo 1y thuyét dan
hdi:
hb® b
J, =2(1-0,63= 6-4
= 5-(1-0,63) (64)

b - bé rong, h - chiéu cao clia mt cit.
Dé xéc dinh cdc mémen M, M,,;, M, ta bi€u dién mémen M bing vécto M 1di
chiéu M xuéng cac truc x,, y,, z,. Tt hinh 6-16 b, ta c6:
M, =Mcos@=M

Myl =M sin@~M8@

M, =M sina zMﬂ

dz
Thay thé céc dai lugng nay vao (6-1), (6-2), (6-3), ta dudc:
dv__ M (6-5)
dz’>  EJ,
d*u Me
hadilo AP 6-6
dz* EJ (66)

y
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6 _ M du
dz GJ, dz
ﬂl“
Ta chi cin ding hai phuong trinh (6-6) va (6-7) 13 hai phuong trinh bién dang chi
xuit hién khi mit 8n dinh. Ly dao ham cda (6-7), ta kini u tit (6-6) va (6-7), ta dudc
phuong trinh vi phan theo phuong phép chuyén vi 6 nhu sau:

(6-7)

d’e

~—+Ek0=0 6-8

dz? €%
Trong do: k= —-—-—M (6-9)

- JEI Gy,
Nghiém cia phuong trinh (6-8) ¢6 dang:
0 = Asinkz + Bcos kz
Céc hing s6 tich phan A, B dude x4c dinh tit cdc diéu kién bién: -
Khiz=0,tacd: =0 @)

Khi z c6: 0=0 (b)
Tt (a), rut ra: B=0
T (b), rt ra: Asinkl =0

Néu 4 = 0 thi §=0, ltic ndy dim khéng bi mit 6n dinh. Mudn ddm bi mét én
dinh thi 8#0.Do doé 4 #0, titdd suy ra:
sinkl =0 (6-10)
Suy ra:
Kl=nr, n=1 2, 3,...
Nghiém nhd nhét tuong Ung: K = z. Thay gid tri ndy vao (6-9), ta dugc cong
thic xac dinh m6émen tdi han:

M, = % [ET G, (6-11)

Céng thic (6-11) chiing t M,, khong phu thude EJ, trong mit phing uén
ban diu.
% Trong trudng hdp ddm cé mijt cit hinh chif nhit hep bi ngdm & hai diu,
chiu udn thuén tuy (Hinh 6-2)
72

le |

[ i N

e —————— R -
1

Hinh 6-2
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{ ? .~ . . { A . e l b [N
Ta nhin thdy, khodng giifa hai di€ém uén véi chiéu dai > dam lam viéc

nhu trudng hop trén. Do d6, ¢ thé ding coéng thic (6-11) d€ x4c dinh
moémen tdi han nhu ddm bi ngdm hai dau:

M, = 27” JEJ, GJ, (6-12)

§2. ON PINH CUA DAM CO MAT CAT CHU NHAT HEP CHIU NEN LECH TAM

Xét thanh ¢S mijt cit chif nhat hep, chiu nén l&ch tim bdi hai Iyc P (Hinh 6-3).

Khi P dat gid tri t6i han, thanh bi mit 6n dinh. Liic niy, ngoai hién tudng uén
déng thoi chju nén trong mit phing Oyz, con xuét hién hién tugng udn trong mijt phing
Oxz va hién tugng xo4n quanh truc thanh (tifc m¥t cit xoay trong mijt phing Oxy).

P m| P
i * X i 0
a) ® e S 4 Sy oz c)
! | Y
7% n'I ] 77777 e
i 1
M=Pe T B =Pe
by (P |4 :|§,Z>
|
7’ n l 77777
| A
y |
|
d) PO | Q. p =z
6] u e
< IMz1 p>
/
/
/
all
_/M=Pe ‘
Hinh 6-3
Phén tich lyc:
Khi doi P v& trong tAm mijt ct trén gbi tua, ta dudc:
N,=P - nén dung tam.

M=Pe - ubn phé”lng, hinh 6-3b.
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Cling st dung cdc ky hiéu va quy udc vé ddu tudng tu §1, trong trudng hop nay,

ta co:
M, =Mcos@+Pv~M (bdquav, cosf@=1)
M, =M6+Pu
le =Mili
dz
\ ) d’u
T (6-2), suy ra: EJ, e ~My, =-M@ - Pu (6-13)
Tt (6-3), suy ra: GJ, a9 =Mz, =M au (6-14)
dz dz
Tich phian phuong trinh (6-14), ta dudc:
GJ,0=Mu+C

Xac dinh hing s6 tich phan C theo diéu kién bién:
Khiz=0,taco: 8=0vau=0
Tudosuyra:C=0
Vay:
M
GJ,

Thay (6-15) vao (6-13), ta dudc phuong trinh cdp 2 theo u:
du M?

— = —Pu
Ydt GJ, y
d’u +M2 +PGJ,
d*  EJ,GJ,
2
4—2’+k2u =0 (6-16)

dz

6=—"u (6-15)

Trong do:
i = M?+PGJ, 617
EJ,GJ,
Nghiém cia (6-16) c6 dang:
u = Asinkz+ Bcos kz (6-18)
Tt céc diéu kién bién:
Khiz=0,tacéd:u =0,suyra: B=0
Khi z =1 taco:u =0, suy ra: Asinkl =0
Diéu kién d€ hé mit 6n dinh 1a 4 # 0, suy ra:
sinkl =0
Nghiém nhd nhit &/ = 7, thay két qua nay vao (6-17), ta dudc:
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2

z
M} +P,GJ, =—l-2—EJy.GJz (6-19)
Nhin xét:
1.Néue =0, tacé M, =0, cong thic (6-19) cé dang:
. _ n’EJ y
th = T

Day 1a c6ng thiic x4c dinh Iyc téi han cia thanh chju nén ding tAm.
2.Néu P, =0, c6ng thic (6-19) c6 dang:

D6 1a trudng hdp ddm chiu uén thuin tuy
3.Néu e 20, thi M, = P,e cong thic (6-19) ¢ dang:

2

P2e* +P,GJ, = ’l’—ZEJy GJ, (6-20)

Gidi phuong trinh bic 2 niy, ta x4c dinh dudc P,,.

§3. ON PINH CUA DAM CO MAT CAT CHU NHAT HEP
CHIU UGN NGANG PHANG
L D3 IﬁllA].A.IE.
Xét dAm djt trén hai gbi tua, chiu lyc tp trung dit tai trong tim mit cit & guffa

nhip (Hinh 6-4a).
l |
z |

u
m _ '-——'l /
a) l _' z_ l(,__"_@ ..... —
1 I J o v v
I .
Vv dd n| 77777 416 .Mx=§Z
N PP N / 7R
o 2 | 1 % y / ’
| i o /’ by
y I 7
b) Q | l o Z /'/
0O o o /
. a ;
X Il Mx Sinazde\U
/ dz
!
o
|
Mx
Hinh 6-4
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Khi P = P, ddm bi léch ra khdi mit phing uén Oyz (Hinh 6-4b). Gi4 s, khi bién
dang, cac lién két & ddu dAm tu do quay xung quanh cdc truc quan tinh x, y, ma khong
cho phép xoay quanh truc z. Lic ndy, P giy ra tai lién két nhiing phdn Iyc: Phdn huc

dung g, phén Iyc mémen xo#n -25 .
Céc thanh phin ndi luc trén mijt cit m - n & trang thai bién dang:
Mx1=ch0s0zMx=-121z ‘

M, =M,sin0~M.0 =£z¢9

M, M%+ Prs- u)—£z%+l)(5 u)

T (6-2) suy ra:

2
EJ d————M ——520 (6-21)
Y dz? 2
T (6-3) suy ra:
de P du
GJ,—=M,=—z—+—(5- 6-22
dz 2Zdz 2( ) ( ?)

Ly dao ham (6-22) theo z, ta dudc:
d’0 P du Pdu Pdu P du
GJ,—S=—z2—F+——-——="z—
d* 2 di* 2dz 2dz 2 dz
Thay (6-21) vao phudng trinh trén, ta dudc phuong trinh vi phan theo 6:

d’e P P?

G190 _F, Py =— ’0
w2777 y) aE7,”
2

Hay 90 K 20=0 (6-23)

dz?

2
Véi P =—Pl (6-24)
AGJ,.EJ,

Néu ding chudi v6 han, ta cé th€ viét nghiém cia (6-23) dudi dang:

6= Zc z (6-25)

Thay (6-25) vao (6-23), ta dudc:
D -DCz2 +k*2*Y C2' =0

=0 i=0

Hay 2C, +6C3Z+Zl(l ~)Cz? +k ZC "=

x=0
— v
N

sé ha_mg 1 S8 hang 2

Chu thich: *
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© ) i=0 i=l i=2 i=3 ® ,
a)  Yi(i-1)Cz?=0+0+2C,+6C;z+ ) i(i—-1C,z"
i=0 i=4

b)  Thay d6i chi s6 chay dbi vdi s6 hang 1: D i(i—1)C,z">

=4
Ditm=i-2=i=m+2vai-1 = m+1
Khii=4 thi m=2

O 0

Do d6: Y i(i—D)C 2% = (m+1)(m+2)C,,,,z"

i=4 m=2
c) S8 hang thit 2:
Dit m=i+2=i=m-2 vakhii = 0=>m= 2

Dodé:» Cz** =) C, 2"
=0 m=2
Sau khi thay d6i chi s6 chay, ta cé:
2C, +6C,Z + Y [ (m+1)(m+2)C,,,, +kC,_, |f" =0
m=2

Da thifc trén phdi nghiém diing vdi bat ky gid tri ndo ciia z. Diéu d6 chi dude thod
man khi cdc hé s6 da thifc ddng nhit bing khong. T d6, ta suy ra:
_12
C,=0, C,=0, C,., = —F Co2 (6-26)
(m+1)(m+2)
Céc dilu kién (6-26) cho phép ta xdc dinh céc hé sé C,.

Ta thiy:

5
¢
&
o
<
QO
&:
~,
il
o
Nl
N

Céc hé s6 con lai dude xac dinh theo biéu tic thit 3 clia (6-26) va biéu thi qua C,,
C, nhu sau:
k* k? £
C,=——C,; Cqg=——C, =——C;...
3477 787 3478 °°
2 2 4
c,=-*c.e=-tc -k _
4.5 8.9 4589

Do d6, nghiém cta (6-25) c6 thé dua vé dang:
k2 k! k®
0=C,(1-—:z*+ zt - 2% +.)+
3.4 3478 3.47.8.11.12 (6-27)
k? K k®
zt+ PARS 22 +.)
4.5 4589 4.5.8.9.12.13

1o

+ Cz(1-
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Cic diéu kién bién:
1)Khi z=0; 8 = 0 =C,=0

l du , dob
2)Khi z=—; u = § va — =0, cho nén theo (6-22) tacé: — ~0
) z 5 u va % cho nén theo (6-22) = ?

Ly dao ham (6-27):
2 4 6
-d—0-=Cl(1—k o k A k 712
dz 457 4589 4589.12.13

+...)

Cho z=é,tadu<_5c:

k1 k1 k° !
Cll-—H*+—(D-————()* +...{=0

1[ 52 145892 258912132 ]
Khi dim bj mét 8n dinh C,# 0, do d6 ta c6:

(-a+Z -2 4+ )=0 (6-28)

Véi a= (6-29)

Béng phudng phép gin diing, ta tim duge nghiém nhd nhét cia (6-28) la
a=1,126. Tu (6-29) suy ra gia tri Iuc téi han:

P, = %9-7-, [EJ GJ, (6-30)

Chii thich:

1) Trudng hop Iuc P khéng d4t gilta nhip, va d4t cach gdi tua mot khodng
¢, sau khi thuc hién cdc budc nghién ciu tuong tu trén, ta xac dinh luc tdi han
theo c6ng thifc:

k
B, = F,/EJyGJz (6-31)
Ha s6 k trong (6-31) phu thuée vi trf cia Iyc P, tife phu thudc ty sb % xem

bang 6-1.
Bang 6-1

';: 0,5 | 0,45 0,40 | 0,35 0,30 | 0,25 0,20 | 0,15 0,10 | 0,05

k |1696| 17,15| 17,82| 19,04 | 21,01 | 24,10| 29,11 | 37,88 | 56,01 | 116

2) Trudng hop dim dit tif do trén hai gi tua va chiu tii trong phan b4 déu
vdi cudng dd q trén toan chiéu dai nhip, cng thic xdc dinh lyc tdi han c6 dang:
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(D), = 3 2.3 [EIGT. (6-32)

II DR ’ A| iR b A| 1R |t]°
Xét dAm c6 mét diu ngdm, mét dau t do, chiu Iuc tip trung P dit tai trong tAm

mijt cit & dau ty do.
Khi ddm bi m4t 8n dinh, ddm bj 1&ch khdi mit phing uén Oyz nhut trén hinh 6-5.
! .
z ]
m A
g e Ny i
!
P nl N *7 &
y
[ /J’r
y

.
i

Hinh 6-5

a) Ndi luc trén mijt ct m - n.

Ciing sif dung cdc ky hiéu va quy udc ddu nhu § muc §1, trong trudng hgp
ndy, mémen uén va mémen xo4n trén mit cit m - n nhu sau:

M, =M cos@~M_ =-Pz

M, =M,sm0~M 0=-Pz0

M, =M, Q—P(é u)=—Pzd——-P(5 )

* dz dz

b) Céc phudng trinh vi phan khi uén va xo#n:

T (6-2) suy ra:

d’u
EJy ? = —My1 = Pz0 (6‘33)
T (6-3) suy ra:
GJZ-(-I—Q—M =—Pz -d—u—P(é’ u) (6-34)
dz dz
Sau khi 14y dao ham (6-34):
2 2 2
61,20 _pdi_p i, pii__p '
dz dz dz? dz dz
Phéi hdp véi (6-33) d€ khni u, ta dude phuong trinh vi phan theo 6.
2
a6 +k*2°0=0 (6-35)
da )
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Véi  k’= (6-36)

¢) Tim nghiém cia (6-35): __
Phuong trinh (6-36) c¢6 dang nhu phuong trinh (6-23), nghiém cua (6-35)

cling c6 dang tuong tu nhu nghiém cia (6-27).

k? k k®
6=C,(1-—z*+ PAR 2% +.)+
3.4 34.78 3.4.7.8.11.12
2 4 6
+Cz(1- k '+ k PA k 2% +.)
4.5 4589 4.5.8.9.12.13
d) Céc diéu kién bién:
1) Khi z =0; u= J; theo (6-34) ta cé: %—0
Diéu kién nay cho C, =0
2)Khi z=1; 6 =0, do do ta co:
2 4 6
C(—k —r_p_ k ”+.)=0
3. 4 3478 3.478.11.12
e) Phuong trinh 8n dinh:

Diéu kién d€ cho hé mét 8n dinh 14 C, # 0, nén biéu thiic trong ngo¥c phdi
bing khong.

(l—a+%a2 —-I%aﬂ +.)=0 (6-37)
274 274
véi a=Kl Bl (6-38)
12 12GJ EJ,

f) Xac dinh Py:
Nghiém nhé nhat clia (6-37) laa = 1,342.
Tt (6-38) suy ra hyc tdi han:

4,013
By == == [EI GJ, (6-39)
Chii thich:

1) Trudng hop dim chiu tii trong phan bd trén toan chiéu dai, sau khi thuc
hién cdc budc nghién ciiu tuong tu trén, ta cd:
a) Khi tdi trong phan b déu vdi téi trong q

(g, = 12 85 == JEJ GJ, (6-40)

b) Khi tai trong phan bé theo quy luat tam gidc g =g, %
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52,80 ==
Qo = 13 EJ GJ (6—41)

2) Trudng hop dim cé hai ddu bj ngdm, chiu Iyc tap trung &4t & trong tim
mijt cit gitfa nhip:

26,6
Pth = —12—1 ’EJ},GJZ (6'42)

§4. ON BINH CUA DAM CO MAT CAT CHU' I

| Ciic khai niém:
a) Xo#n ty do: DAm chit I khong c6 lién két, chju mémen xo#n nhu trén

hinh 6-6a, 1a mét trudng hop vé& xo#n tu do.

Khi xodn tu do miit cit ngang cia thanh c6 thé vénh tif do. Do d9, trén mijt cit

ngang chi cé ting suit tiép ma khéng cé ing suit phap.

b) Xo#n kim ché: Dam chii I ¢6 lién két ngam, chiu mémen xo#n nhu trén hinh 6-
6b, 1a mét vi du v& xo4n kim ché.

Khi xo#n kim ché, cdc mit cit ngang khong dudc phép vénh tu do, vi ¢ cic lién
két ngam cén trd. Do d6, cdc ban dé ciing bj uén.

Vay khl xoén k1m ché b1én dang xo#n c6 giy ra blen dang uén phu kém theo.

Trong truong hdp dim chﬁ I b1 xo#n k1m che mdémen xoén ngoai lu'.c cin bing
vdi hai mémen:

M, =M, +M, (6-43)
l |
z |
4 m
b 4-——— T | 2 M
4 nl
|
y Q )
’ /
=
X

Hinh 6-6
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a) Mémen M, do cdc ting sudt tiép phat sinh khi cé bién dang xo#n:

M,=67,% (6-44)
dz

Trong do:

6  -1a gbc xo#in cia mijt cit.

J,  -1a mdémen quén tinh khi xo%n ctia mit cit.

C6 thé x4c dinh gi4 trj cda J, theo cong thiic tim dudc trong ly thuyét
thanh thanh mdng.

2,3,1,;
Jo=2be 4 h (645)
Trong do:

bt -bérong va bé day cia ban dé.
h, t, - chidu cao va b day cla ban bung
b) Mémen M, do Iuc cit trong cdc ban dé. |
Luc cit nay phat sinh ra khi ban dé bj uén.

Aere—

g /tht
1
? 4y

7 Z|

Goi u; - 12 chuyén vi theo phuong x clia ban dé phia trén (Hinh 6-6b) tai
mijt ct bit ky m - n.Theo hinh 6-6d, ta c6:
h

w =6 (6-46)
Mt khéc, néu J; 12 mémen quén tinh déi véi tryc y clia mdt ban dé:
J = ﬁ ~ i
Y1202

O day, J , - momen quén tinh cda toan bd miit cit chit I déi véi tryc y.
Dua vio sy lién hé vi phan giita mjt cit va chuyén vi, ta cé th€ xdc dinh
dudc Iyc cit trong ban dé phia trén tai mijt cit bat ky m - n nhu sau:
od 3u +hd 30
ey
Déi véi ban dé phia dudi, ta cling tim dudc Iyc ¢ gia tri nhut trén nhung
ngudc dau. Hai Iyc ct ndy tao ngiu luc M, (nhu trén hinh 6-6d) v& ngiu luc M,
theo chidu duong da quy udc.
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2 33
M,=Qh=-EJ, h?i;z—f (6-47)
Thay (6-44) va (6-47) vao (6-43), ta dudc phuong trinh vi phan lién hé
gitla mémen xodn ngoai luc vdi géc xo#n, ap dung cho trudng hdp xoén kim ché
(Phuong tinh ndy do S.P Ti mé xen kb thiét 1ap)
2 313
M, =GJ, %-E ;h?-‘;z—? (6-48)
Phuong trinh nay thay thé cho phudng trinh (6-3)
Bay gid, ta 14n Iudt x4c dinh t4i trong ti han cho ddm chi I c6 lién két
khdc nhau va chiu céc dang tdi trong khdc nhau.

L_DAm chit I chju udn thudn tuy:

M m_ M - | /
a)( H Tr}’ c)[qx Yo _4
' y J g /i
T‘!L ) . / 4447 ~.,
I y / !
Y ! o
b) w * r\7
o \___/ /
y
X | /
O ! o z /
o =] i{ o
XTN IMZ1 a
I
I
/
2T
_IM
Hinh 6-1
Ciing tuong tg nhu muc §1.
Goi Xx,V,z - hé truc cb dinh, c¢é chiéu nhu trén hinh 6-1.
X3, V1o Z1 - hé truc gin 1ién vdi mijt cdt bat ky m - n sau khi bién dang.

Trong do, x,, y; 12 cdc tryc trung vdi cdc tryc quan tinh chinh trung tim
clia mijt cit m - n, con tryc z, 13 truc hudng theo phuong cia tiép tuyén tai
mijt cit m - n véi truc ddm sau khi bién dang.
Goi u,v -chuyén vi theo phuong x va phudng y ctia trong tim mijt cit m - n.
0 - géc xoay clia mijt cit m - n trong mijt phing Oxy.
o - gbc nghiéng ctia truc ddm tai mijt cit m - n trong mijt phing Oxz.
Cac mdmen uén va mémen xo#n ngoai luc trong ddm chju udn thudn tuy,
theo hinh 6-1c, ta c6: :
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M, =McosG@~M
M, =M sin6~M0

du
M =Mtiga~M—
z1 g dz

2
Tu(6-2), suyra: My, =M6=—EJ, % (6-49)
2 13
Tu(6-3),suyra:  GJ gﬁ—EJ hd0 =M du (6-50)

* dz Y 2 d7 dz
Liy dao ham (6-50) theo z rdi kit u trong hai phuong trinh trén, ta dudc
phudng trinh vi phén cip 4.

————— 6=0 (6-51)

a’=—-=% : (6-52)

el i S (6-53)

Nghiém tdng quat cta (6-51) 1a:
0 =C,sinmz+C,cosmz+C,e” +C,e™ (6-54)
Trong do:

1 ’ 1 1
m= \/—-—2a2 + ———-4a4 +'tT (6'55)
1 1 1
"= \/ 2@ \ia" 1 (©29)

Néu gia thiét, cac ddu ddm dudc tu do xoay xung quanh céc truc quén tinh
chinh x, y nhung khong xoay quanh dudc quanh truc z nhu trén hinh 6-1, thi ta c¢6
thé 1ap dudc 4 didu kién bién d€ xac dinh 4 hing s6 tich phan C,, C,, C;, C,.

D Ning 2007 Trang 114




GIA TRINH ON DINH CONG TRINH PGS. TS. L4 Viét Cidng

1.Khiz=0,tacd: 0=0
2. Khi z = 0, m6émen udn trong ban dé béng khong, nén u '=0. Do

do theo cong thiic (6-46), ta co:

2

h do
=—0"=0.8S : =
5 uy ra =

3.Khi z=1,0=0
. d’o
4. Khi z=l,gz-2—=0
T diéu kién 1:
C,+C,+C,=0=>C,+C, =-C,
a9 _ mC, cos mz —mC, sinmz +nC,e™ —nC,e™™

2
-‘—I—;g =—m’C, sinmz — m’C, cos mz + n’C,e”™ +n’C,e”™
dz |
Tt diéu kién 2:
-m’C, +n’C, +n’C, =0
Nhu vy, tit hai diéu kién dau, ta x4c dinh dudc:
C,=0,C, =—C,
Do 46, nghiém cia (6-54) c6 thé viét dudi dang:

6=C, sinmz+2C3(e—_2€—)
0 =C, sinmz+2C,shnz
Tt hai diéu kién cudi, ta 14p duge hé phuong trinh dai sé thudn nhét:
C,sinml +2C,shnl =0
~C,m* sinml +2C,n*shnl =0
Tit diéu kién ton tai trang thdi cin bling l&ch, tic C,#0, C,#0, ta dudc
phuong trinh 8n dinh nhu sau:
sinml 2shnl

—m®sinml  2n’shnl|
Hay D =sinml(n’+m?)shnl=0
Diéu kién nay dugc thod mén khi:
sinml =0
Nghiém nhé nhat: ml =7
Tt (6-55), ta dugc:
z’ 1 1 1

I? 24> V44t
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Bién ddi:
ﬂ'2 1 1
T Tt
ozl 1
s P
Thay (6 52) va (6-53) vao két qua trén:
z* _x* 2GJ, N M, -7 22GJ,EJ , +2M;1*
I* P ELW*  EJEJ R 12EJy.EJyh2

4
/4 *
7B, EJ 1 +7°2GJ EJ, = 2M 1

2 EI'W
7*GJET,(1+ 2=y = M2P
TP G

z

Ruit ra cong thiic xdc dinh mémen udn téi han:
2
/1 a '
"= EJ,GJ,.\[1+x* ya (6-57)

Déi chiéu két qua (6-57) vdi két qua (6-11) tim dudc trong trudng hop ddm
c6 mit cit chit nhat hep. Ta thdy, hai cong thic nay chi khac nhau § thita s6 cudi.
Thita s nay k€ dén anh hudng cda hién tugng uén phy trong cic ban dé va luén
luén 16n hon don vi. Qua thita sé nay, ta nhan thdy, anh hudng ctia sy udn trong
cac ban dé cang l6n khi ty s6 %céng 16n, tic 1a khi chidu dai 1 cda ddm cing
ng#n va ngudc lai.

Coéng thic (6-57) c6 thé viét dudi dang:

M, =§,/EJyGJ, (6-58)

2
Trongdé: k=, /1+7z2‘l’—2 (6-59)

Gid tri ctia k phu thude vio ty s& é va tim dudgc theo bang 6-2.
Bing 6-2
5—2- 0,1 1,0 2,0 4,0 6,0 80 | 100 | 120
k 31,40 10,36 7,66 5,58 5,11 4,70 4,43 4,24
72
P 16 20 24 28 32 36 40 100
k 4,00 3,83 3,73 3,66 3,59 3,55 3,51 3,29
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2
Ta nhan thdy, khi ty sé —1-2— cang ting thi tri s6 clia k cang gidm va tiém cin dan
a

tri s6 7 1a tri s6 tim dudc theo (6-11) tuong Ung vdi trudng hdp ddm cé mit cit hinh chit nhat
hep.

II DR ]ill. A ]i’ .

- Tuong tu nhu & §3 (Hinh 6-4), trong trudng hdp ndy, cic mémen udn va mémen
xodn tai m¥t cit bat ky m - n cé gid tri:

Mxl=chos9zMx=—12iz
. P
M, =M,sin0~M 0=—z0
2
du P P du P
M, =M —+—(6-u)=—z—+—(6-u
=M.ty (=g gty o
Thay céc biéu thiic ndy vao (6-2) va (6-48), ta dugc hai phudng trinh vi phan:
du P
EJy?=——2—26
2 13
GJZQ_EJ‘_}LE_E:sz.FE(g_u)

dz Y2d7 2 dz 2
Sau khi khii » khéi 2 phudng trinh trén, ta s& dudc mét phuong trinh vi phén cép
4. Ciing tuong ty nhu & muc §3, viét nghiém cia phuong trinh vi phan dudi dang chudi
v6 han va st dung cac diéu kién bién, ta s€ tim dudc cong thiic x4c dinh luc tdi han nhu

sau:
k
P, = 7 EJ GJ, (6-60)
Tri s6 ctia k phu thudc vao ty sb ! va dugc xdc dinh theo bing 6-3. Gid tri
a
ctia g xdc dinh theo cong thic (6-52).
Béng 6-3
12
P 4,0 8,0 16,0 24,0 32,0 48,0
Didm dit Trong tdm mdt cit 31,91 25,6 21,8 20,3 19,6 18,5
k e d Ban dé trén 202 169| 154 150| 149 14,8
' Ban dé dudi 50,0 383| 304| 273| 25,5 23,5

Khi di€m d3t ciia Iyc P thay d6i theo chidu cao ctia dim, gid tri luc téi han
ciing thay d6i. Trong bang 6 - 3, cling cho sin nhiing gid trj cda hé s & tuong Ung
v6i hai vi tri @it Iuc: Iuc dit & ban dé trén va luc d4t § ban dé dudi.

Da Nang 2007 Trang 117




G140 TRINH ON DINH CONG TRINH PGS. TS. L4 Viét Gidng

o Ke
)

Ciing 4p dung phuong phdp nghién ciiu tuong tif nhu & trén cho trudng hop nay, ta
dudc két qua:

k ——+
(ql)th =l_2 EJyGJz (6_61)

Gid trj ctia hé s6 k phu thude ty s6 ! va diém &4t Iuc. Gid trj ctia @ x4c dinh theo

a
c6ng thiic (6-52). Gia tri cua k cho & bang 6-4.
Béing 6-4
2
22- 0,4 4,0 8,0 | 16,0 | 24,0 | 32,0 | 48,0
g o, | Trong tammitcdt [143,0] 53,01 42,6] 363] 338] 326] 315
k|, N8 . | Ban dé trén 92,2 36,3| 304 27,5| 26,6 | 26,1 26,0
tic dung tai = - |
Ban dé dudi 222,5| 77,4 59,6 | 48,1 | 43,6 | 40,5 37,9
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G140 TRINH ON DINH CONG TRINH

PGS. TS. L& Viét Gidng

PHU LUC

Bdng I: Bang gid tri cdc ham sb:
3 v 6 v 3 1gv
a(v)=—(1-—); ,B(V)='7(.——1);91(V)=—7(g -1);
v 1gv v? siny v

| 4

6(v)=—(14vigr———+ L) g(v)=2(——-18Y) Y. V.,
v cosv th vV cosvy 1 % tg vV siny
v av) | Bv) | 6™ | 8, | 8,(v) | — Y| vigy
tgv sinv
0.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000, . 0.0000
0.10 1.0007 1.0012 1.0040 1.0015 1.0045 0.9967 1.0017 0.0100
0.20 1.0027 1.0047 1.0163 1.0061 1.0183 0.9866 1.0067, 0.0405
0.30 1.0061 1.0106 1.0374 1.0140 1.0421 0.9698 1.0152 0.0928
0.40 1.0108 1.0190 1.0684 1.0255 1.0771 0.9461 1.0272 0.1691
0.50 1.0171 1.0300 1.1113 1.0412 1.1253 0.9152 1.0429 0.2732
0.60 1.0249 1.0437 1.1686 1.0621 1.1900 0.8770 1.0626 0.4105
0.70 1.0343 1.0603 1.2445 1.0895 1.2758 0.8311 1.0866 0.5896
0.80 1.0454 1.0801 1.3455 1.1255 1.3901 0.7770 1.1152 0.8237
0.90 1.0585 1.1033 1.4821 1.1736 1.5448 0.7142 1.1489 1.1341
1.00 1.0737 1.1304 1.6722 1.2396 1.7604 0.6421 1.1884 1.5574
1.10 1.0912 1.1617 1.9491 1.3343 2.0750 0.5599 1.2343 2.1612
1.20 1.1114 1.1979 2.3822 1.4805 2.5677 0.4665 1.2875 3.0866
1.30 1.1345 1.2396 3.1435 1.7342 3.4349 0.3609 1.3492 4.6827
1.40 1.1610 1.2878] 4.8082 2.2828 5.3331 0.2415 1.4207 ) 8.1170
1.50 1.1915 1.3434] 11.2013 4,3725 12.6290 0.1064 1.5038 21.1521
/2 1.2159 1.3880 0 0 @ 0.0000 1.5708 00
1.60 1.2266 1.4078] -26.2445 -7.8201] -30.1214 -0.0467 1.6007] -54.7721
1.70 1.2673 1.4830, -5.7378 -1.1305 -6.7139 -0.2209| 1.7143] -13.0842
1.80 1.3148 1.5710, -3.1308 -0.2720 -3.7409 -0.4199 1.8483 -7.7153
1.90 1.3704 1.6750 -2.1113 i 0.0701 -2.5805 -0.6491 2.0078 -5.5615
2.00 1.4365 1.7993| -1.569%4 0.2575 -1.9657, -0.9153 2.1995 -4.3701
2.02 1.4512 1.82701 -1.4902 0.2856 -1.8762 -0.9738 2.2425 -4,1902,
2.04 1.4664 1.8558 -1.4179 0.3115 -1.7944 -1.0342 2.2872 -4.0240
2.06 1.4822 1.8858 -1.3516 0.3355 -1.7195 -1.0967, 2.3337 -3.8695
2.08 1.4987 1.9169] -1.2905 0.3579 -1.6507 -1.1613 2.3822 -3.7255
2.10 1.5158 1.9494| -1.2342 0.3787 -1.5872 -1.2282 2.4328 -3.5907
2.12 1.5335 1.9832] -1.1820 0.3982 -1.5285 -1.2975 2.4855 *-3.4640
2.14 1.5521 2.0184] -1.1335 0.4166 -1.4741 -1.3693 2.5406 -3.3446
2.16 1.5713 2.0551] -1.0884 0.4339 -1.4235 -1.4438 2.5981 -3.2316
2.18 1.5914 2.0935 -1.0463 0.4503 -1.3763 -1.5211 2.6582 -3.1244
2.20 1.6124 2.1336] -1.0069 0.4659 -1.3324 -1.6014 2.7211 -3.0224
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GIAQ TRINH GN DINH CONG TRINH

PGS. TS. L4 Viét Gidug

Béng 1 (tidp theo)

v av) | BV | 6 | 8, | 8,(v) | — Y vigy
A tgv smvy
2.22 1.6343 2.1755 -0.9700 0.4807 -1.2912 -1.6849 2.7870 -2.9251
.2.24 1.6572 22194 -0.9354 0.4948 -1.2526 -1.7717 2.8560 -2.8320 )
2.26 1.6812 2:2653 -0.9028 0.5083 -1.2165 -1.8622 2.9284 --2.7427
. 2.28 1.7062 2.3135 -0.8721 0.5212 -1.1824 -1.9566 3.0044 -2.6569
2.30 1.7325 2.3641| -0.8431 0.5336 -1.1504 -2.0550 3.0843 -2.5742
2.32 1.7601 2.4172] -0.8157 0.5456 -1.1202 -2.1579 3.1684 -2.4943
2.34 1.7891 2.4731 -0.7897 0.5571 -1.0917 -2.2654 3.2569 -2.4170
2.36 1.8195 2.5319] -0.7651 0.5683 -1.0647 2.3780 3.3503 -2.3421
2.38 1.8516 2.5940 -0.7418 0.5791 -1.0392 -2.4961 3.4489 -2.2693
2.40 1.8854 2.6595| -0.7196 0.5897 -1.0151 -2.6200 3.5531 -2.1984
242 1.9212 2.7287: -0.6985 0.5999 -0.9921 2.7503 3.6634 -2.1293
| 2.44 1.9589 2.8021f -0.6784 0.6099 -0.9704 -2.8875 3.7804 -2.0618
2.46 1.9989 2.8798 -0.6592 0.6196 -0.9497 -3.0322 3.9046 -1.9958
248 2.0413 2.9624) -0.6409 0.6291 -0.9301 -3.1850 4.0366 -1.9311
2.50 2.0864 3.0502] -0.6234 0.6384 -0.9114 -3.3466 4.1773 -1.8676
2.52 2.1344 3.1438 -0.6067 0.6476 -0.8936 -3.5180 43274 -1.8051
. 2.54 2.1855 3.2438 -0.5907 0.6566 -0.8767, -3.7000, 4.4880 -1.7437
2.56 2.2402, 3.3508, -0.5753 0.6654 -0.8605 -3.8938 4.6600 -1.6831
2.58 2.2988 3.4656] -0.5606 0.6741 -0.8451 -4.1006 4.8448 -1.6233
2.60 2.3618 3.5890, -0.5465 0.6828 -0.8304 -4.3218 5.0436 -1.5642
2.62 2.4295 3.72211 -0.5329 0.6913 -0.8164 -4.5591 5.2583 -1.5057
2.64 2.5027 3.8659, -0.5199 0.6997 -0.8030), -4.8142 5.4906 -1.4477
2.66 2.5819 4.0218 -0.5073 0.7081 -0.7902 -5.0896 5.7428 -1.3902
2.68 2.6680 4.1914] -0.4952 0.7164 -0.7780 -5.3877 6.0174 -1.3331
2.70 2.7619 4.3766| -0.4836 0.7246 -0.7663 -5.7115 6.3176 -1.2764
2.72 2.8648 4,5795 -0.4724 0.7328 -0.7551 -6.0649 6.6469 -1.2199
2.74 2.9778 4.8029] -0.4615 0.7410 -0.7444 -6.4520 7.0097 -1.1636
2.76 3.1027 5.0499 -0.4511 0.7491 -0.7342 -6.8783 74114 -1.1075
2.78 3.2414 5.3245| -0.4410 0.7572 -0.7244 -7.3502 7.8583 -1.0515
. 2.80 3.3963 5.6315| -0.4312 0.7654 -0.7151 -7.8756 8.3585 -0.99585
2.82 3.5704 5.9769 -0.4218 0.7735 -0.7061 -8.4645 8.9218 -0.9395
2.84 3.7676 6.3685] -0.4127 0.7817 -0.6976 -9.1294 9.5610 -0.8835
2.86 3.9928 6.8160, -0.4039 0.7898 -0.6894 -9,8866 10.2920 -0.8273
2.88 4,2525 7.3322| -0.3953 0.7980 -0.6816 -10.7572 11.1361 -0.7711
2.90 4.5550 7.9343| -0.3870 0.8063 -0.6742 -11.7692 12.1212 -0.7146
2.92 49121 8.6455 -0.3790 0.8146 -0.6670, -12.9609 13.2858 -0.6579
2.94 5.3401 94982 -0.3712 0.8229 -0.6603 -14.3858 14.6831 -0.6008
2.96 5.8622 10.5393] -0.3636 0.8313 -0.6538 -16.1207 16.3902 -0.5435
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PGS. TS. Lé Viét Gidng

Bang 1 (tiép theo)

v av) | BV | 8(v) | 8,(v) | 8,(v) | — Y| gy
tgv sinv

2.98 6.5134 11.8386] -0.3563 0.8398 -0.6476 -18.2806| 18.5219 -0.4858
3.00 7.3486 13.5057] -0.3492 0.8484 -0.6417, 21.0458 21.2585 -0.4276
3.02 8.4583 15.7219] -0.3422 0.8570 -0.6361 -24.7145 24.8983 -0.3690
3.04 10.0049 18.8117] -0.3355 0.8657 -0.6308| -29.8204 29.9750 -0.3099
3.06 12.3094] 234173 -0.3290 0.8746 -0.6258 -37.4201 37.5450 -0.2502
3.08 16.1102] 31.0155| -0.3226 0.8835 -0.6210 -49,9427 50.0376 -0.1899
3.10 23.5659 45.9233] -0.3164 0.8926 -0.6165 -74.4894 74.5539 -0.1290
3.12 44.8321 88.4522| -0.3103 0.9018 -0.6122 -144.4711 144.5048 -0.0674
3.14 600.1919] 1199.1683; -0.3044 0.9111 -0.6082f -1971.5507| 1971.5532 -0.0050

T 0 00 -0.3040 0.9119 -0.6079 00 o 0.0000
3.16 -51.2692f -103.7576] -0.2987 0.9206 -0.6045 171.6512f -171.6803 ] 0.0582
3.18 -24.25421 -49.7312] -0.2931 0.9303 -0.6009 82.7559 -82.8170 ' 0.1222
3.20 -15.7398] -32.7063| -0.2876 0.9401 -0.5976 54.7253 -54.8188 0.1871
3.22 -11.5688| -24.3681f -0.2823 0.9501 -0.5946 40.9834 -41.1097 0.2530
3.24 -9.09290 -19.4202| -0.2771 0.9602 -0.5918 32.8180 -32.9776 0.3199
3.26 -7.4532] -16.1447 -0.2720 0.9706 -0.5892 27.4033 27.5965 0.3878
3.28 -6.2872] -13.8166] -0.2670 0.9812 -0.5868 23.5466 -23.7740 0.4569
3.30 -5.4154| -12.0770, -0.2621 0.9920 -0.5846 20.6578 -20.9197 0.5272
3.32 -4.7389 -10.7281] -0.2574 1.0030 -0.5827 18.4112 -18.7082 0.5987
3.34 -4.1986 -9.6517, -0.2527 1.0143 -0.5810 16.6126 -16.9450 0.6715
3.36 -3.7571 -8.77291 -0.2482 1.0258 -0.5795 15.1387 -15.5071 0.7457
3.38 -3.3895 -8.0421] -0.2437 1.0377 -0.5782 13.9078 -14.3126 0.8214
3.40 -3.0787 -7.4248 -0.2393 1.0498 -0.5772 12.8633 -13.3051 0.8987
3.42 -2.8124 -6.8966| -0.2351 1.0622 -0.5764 11.9651 -12.4443 0.9775
3.44 -2.5817, -6.43971 -0.2308 1.0749 -0.5758 11.1836 -11.7007] - 1.0581
3.46 -2.3798 -6.0405; -0.2267, 1.0880 -0.5755 10.4968 -11.0524 1.1405
3.48 -2.2017 -5.6889 -0.2227 1.1014 -0.5753 9.8879 -10.4824 1.2248
3.50 -2.0433 -5.3768 -0.2187 1.1152 -0.5755 9.3437, -9.9777 1.3110
3.52 -1.9016 -5.0081] -0.2148 1.1294 -0.5758 8.8538 -9.5279 1.3994
3.54 -1.7740 -4.8477 -0.2109 1.1440 -0.5764 8.4102 -9.1249 1.4900
3.56 -1.6584 -4.6215] -0.2071 1.1591 -0.5773 8.0061 -8.7619 1.5830
3.58 -1.5533 -4.4163 -0.2034 1.1747 -0.5784 7.6359 -8.4335 1.6784
3.60 -1.4573 -4,2293} -0.1998 1.1907 -0.5797, 7.2953 -8.1352 1.7765
3.62 -1.3691 -4.0582) -0.1961 1.2073 -0.5814 6.9805 -7.8633 1.8773
3.64 -1.2879 -3.9011] -0.1926 1.2244 -0.5833 6.6883 -7.6146 1.9810
3.66 -1.2129 -3.7564] -0.1890 1.2421 -0.5855 6.4160 -7.3865 2.0878
3.68 -1.1434 -3.6227| -0.1856 1.2604 -0.5880 6.1614 -7.1767 2.1979
3.70 -1.0787 -3.4989 -0.1821 1.2795 -0.5908 5.9225 -6.9833| .2.3115
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PGS. TS. 14 Viét Gidng

Biéng 1 (fiép theo)

v av) | BV | 6™ | 8,m | 8,(v) | — | vigy
tgv sin v
3.72 -1.0184 -3.3839] -0.1787 1.2992 -0.5939 5.6977 -6.8046 2.4288|
, 3.74 -0.9620 -3.2768] -0.1754 1.3196 -0.5974 5.4855 -6.6391 2.5499
3.76 -0.9092 -3.1769] -0.1720 1.3409 -0.6012 5.2846 -6.4857 2.6753
3.78 -0.8595 -3.0835] -0.1687 1.3630 -0.6053 5.0939 -6.3432 2.8050
3.80 -0.8128 2.9961] -0.1655 1.3861 -0.6099 49124 -6.2106 2.9395
3.82 -0.7687 2.9140, -0.1622 1.4101 -0.6149 4.7393 -6.0871 3.0790
3.84 -0.7271 -2.8369, -0.1590 1.4351 -0.6203 4.5738 -5.97201 . 3.2239
3.86 -0.6876 2.7643| -0.1557 1.4613 -0.6261 4.4152 -5.8646 3.3746
3.88 -0.6502 -2.6959] -0.1525 1.4887 -0.6324 4.2629 -5.7643 3.5315
3.90 -0.6147 -2.6314] -0.1493 1.5173 -0.6392 4.1164 -5.6705 3.6950
3.92 -0.5809 -2.5704f -0.1461 1.5474 -0.6466 3.9752 -5.5829 3.8656
3.94 -0.5486 -2.5127] -0.1429 1.5789 -0.6545 3.8388| -5.5009 4.0439
3.96 -0.5178 -2.4580, -0.1397 1.6121 -0.6631 3.7068 -5.4242 4.2305
3.98 -0.4884 -2.4062| -0.1365 1.6470 -0.6723 3.5789 -5.3525 4.4260
4.00 -0.4603 -2.3570, -0.1332 1.6838 -0.6823 3.4548 -5.2854 4.6313
4,02 -0.4333 2.3103] -0.1300 1.7227 -0.6930, 3.3340 -5.2227 4.8471
4.04 -0.4074 22660, -0.1267 1.7639 -0.7045 3.2164 -5.1640 5.0744
4.06 -0.3825 22238 -0.1233 1.8074 -0.7169 3.1018 -5.1093 5.3143
4,08 -0.3586 2.1836, -0.1199 1.8537 -0.7304 2.9897 -5.0582 5.5678
4.10 -0.3355 -2.1453} -0.1165 1.9030 -0.7449 2.8802 -5.0105 i} 5.8365
4.12 -0.3133 -2.1089] -0.1130 1.9555 -0.7606 2.7728 -4,9662 A 6.1216
4.14 -0.2919 -2.0741] -0.1094 2.0116 -0.7775 2.6676 -4,9250 6.4251
4.16 -0.2712 -2.0410 -0.1057 2.0717 -0.7960 2.5642 -4.8868 6.7489
4.18 -0.2511 -2,.0094{ -0.1020 2.1362 -0.8160 2.4626 -4.8515 7.0952
4.20 -0.2317 -1.9792| -0.0981 2.2057 -0.8378 2.3625 -4.8189 7.4667,
4.22 -0.2129 -1.9504] -0.0940 2.2807 -0.8615 2.2639 -4.7889 7.8664
4.24 -0.1947 -1.9229 -0.0899 2.3621 -0.8875 2.1665 -4.7615 8.2979
4.26 -0.1769 -1.8966] -0.0855 2.4505 -0.9161 2.0704 -4.7365 8.7653
4.28 -0.1597 -1.8715; -0.0809 2.5471 -0.9475 1.9753 -4,7138 9.2738
4.30 -0.1430 -1.8475] -0.0760 2.6529 -0.9821 1.8811 -4.6935 9.8291
4.32 -0.1266 -1.8246] -0.0708 2.7694 -1.0206 1.7878 -4.6753 10.4386
4.34 -0.1107 -1.8028 -0.0653 2.8984 -1.0634 1.6953 -4.6593 11.1107
4.36 -0.0952 -1.7819] -0.0594 3.0418 -1.1114 1.6033 -4.6455 11.8563
4.38 -0.0801 -1.7619 -0.0530 3.2025 -1.1653 1.5120 -4.6336| 12.6884
4.40 -0.0652 -1.7429] -0.0459 3.3835 -1.2265 1.4210 -4.6238 13.6238
4.42 -0.0508 -1.7248 -0.0381 3.5893 -1.2963 1.3305 -4,6159 14.6836
4,44 -0.0366 -1.7074] -0.0295 3.8251 -1.3767, 1.2402 -4,6100 15.8951
4.46 -0.0226| -1.6909] -0.0197 4.0981 -1.4702 1.1502 -4.6059 17.2943
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G140 TRINH GN DINH CONG TRINH

PGS. TS. L4 Viét Gidng

Béng 1 (fiép theo)

v | am | Bm | 8M | 6, | V) | — Y vigy
tgv sinv

448 -0.0090, -1.6752| -0.0085| 4.4180] -1.5800 1.0603 -4.6038  18.929
4.50 0.0044] -1.6603] 0.0045] 4.7980] -1.7109 0.9704 -4.6034] 20.8680,
4,52 0.0175| - -1.6461] 0.0199] 52568 -1.8695 0.8805 -4.6050] 23.2035
4.54 0.0305| -1.6326] 0.0386]  5.8218] -2.0653 0.7905 -4.6083] 26.0744
4.56 0.0432] -1.6198 0.0617]  6.5349] -2.3129 0.7003 -4.6135| 29.6914
4.58 0.0558] -1.6076] 0.0915|  7.4632] -2.6359 0.6099 -4.6204]  34.3927
4.60 0.0682] -1.5962| 0.1313] 8.7215| -3.0744 0.5192 -4.6292|  40.7568
4.62 0.0804] -1.5854 0.1878] 10.5243] -3.7036 0.4281 -4.6398  49.8636
4.64 0.0925| -1.5752| 0.2748] 13.3227| -4.6815 0.3365 -4.6522]  63.9862
4.66 0.1044] -1.5656] 0.4272] 182571 -6.4071 0.2444 -4.6664]  88.8686]
4.68 0.1162] -1.5567| 0.7663| 29.2842| -10.2660 0.1516 -4.6825 144.4431
4.70 0.1279] -1.5483] 2.1964| 75.9114] -26.5890 0.0582 -4.7004| 379.3500
3n/2 0.1351] -1.5434] < © 0 0.0000, -4.7124 0

4.72 0.1395| -1.5405 -3.8830| -122.5075| 42.8825 -0.0359 -4.7201| -620.1415
4.74 0.15100 -1.5334] -1.1535| -33.4762] 11.7131 -0.1309 -4.7418| -171.6270
4.76 0.1624] -1.5267| -0.7162| -19.2430| 6.7317 -0.2268 -4.7654| -99.9013
4.78 0.1738) -1.5207| -0.5370| -13.4299] 4.6983 -0.3237 -4.7909 -70.5908
4.80 0.1851] -1.5152| -0.4390| -10.2704]  3.5939 -0.4216 -4.8185 -54.6474
4.82 0.1964) -1.5103] -0.3771] -8.2850,  2.9006 -0.5207 -4.8480| -44.6179
4.84 0.2076] -1.5060] -0.3343] -6.9216] 2.4250 -0.6210 -4.8797 -37.7217
4.86 02188  -1.5022| -0.3028 -5.9273| 2.0787 -0.7226 -4.9134] -32.6849
4.88 023000 -1.4989 -0.2785| -5.1702] 1.8154 -0.8257 -4.9494| -28.8419
4.90 0.2412| -1.4963] -0.2593] -4.5742] 1.6085 -0.9302 -4.9875| -25.8107
4.92 0.2524] -1.4941] -0.2435| -4.0929] 1.4417 -1.0364 -5.0280] -23.3567
4.94 0.2636] -1.4926] -0.2304] -3.6959]  1.3045 -1.1442 -5.0708 -21.3276]
4.96 02748 -1.4916] -0.2192| -3.3630|  1.1896 -1.2539 -5.1160] -19.6204
4.98 02861 -1.4912| -0.2096] -3.0796|  1.0921 -1.3655 -5.1638 -18.1627
5.00 0.2975| -1.4914/ -0.2011] -2.8355|  1.0083 -1.4791 -5.2142]  -16.9026]
5.02 0.3089 -1.4922| -0.1937] -2.6230  0.9356 -1.5948 -5.2672| -15.8013
5.04 0.3204] -1.4936] -0.1871] -2.4363] 0.8720 -1.7129 -5.3231]  -14.8297
5.06 0.33200 -1.4955| -0.1811] -2.2710  0.8157 -1.8334 -5.3819] -13.9654
5.08 0.3437| -1.4982] -0.1757] -2.1235 0.7658 -1.9564 -5.4437 -13.1908
5.10 0.3555| -1.5014 -0.1707] -1.9912] 0.7211 -2.0822 -5.5087| -12.4919
5.12 0.3674] -1.5053] -0.1662] -1.8717|  0.6809 -2.2108 -5.5769] -11.8575
5.14 0.3795| -1.5099 -0.1620] -1.7633]  0.6446 -2.3425 -5.6486] -11.2785
5.16 0.3918 -1.5152] -0.1582] -1.6644] 0.6116 -2.4774 -5.7239 -10.7475
5.18 0.4043| -1.5212| -0.1545| -1.5739] 0.5816 2.6157 -5.8030| -10.2582
5.20 0.4169] -1.5280 -0.1512] -1.4908  0.5541 2.7577 -5.8860]  -9.8053
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G140 TRINH 0N DINH CONG TRINH

PGS. TS. 14 Viét Gidng

Béng 1 (tidp theo)

v av) | BV | 6™ | 8,(v) | 8,(v) | — Y| gy
tgv sm v
522 0.4298 -1.5355] -0.1480 -1.4141 0.5288 -2.9035 -5.9732 -9.3847
524 0.4429 -1.5438] -0.1450 -1.3431 0.5056 -3.0534 -6.0647 -8.9924
5.26 0.4562 -1.5529{ -0.1422 -1.2772 0.4841 -3.2077 -6.1609 -8.6255
528 0.4699 -1.5629, -0.1396 -1.2158 0.4643 -3.3665 -6.2620 -8.2810
5.30 0.4838 -1.5738 -0.1371 -1.1585 0.4458 -3.5303 -6.3681 -7.9567
5.32 0.4981 -1.5857] -0.1347 -1.1049 0.4286, -3.6994 -6.4798 -7.6506
5.34 0.5128 -1.5985| -0.1324 -1.0547 0.4126 -3.8740 -6.5972 -7.3608
5.36 0.5278 -1.6124] -0.1302 -1.0074 0.3977, -4,0545 -6.7208 -7.0858
5.38 0.5433 -1.6274] -0.1281 -0.9629 0.3837 -4.2414 -6.8509 -6.8242
5.40 0.5592 -1.6436] -0.1261 -0.9209 0.3706 -4.4352 -6.9879 -6.5747
542 0.5756 -1.6610, -0.1242 -0.8812 0.3583 -4.6362 -7.1324 -6.3363
5.44 0.5925 -1.6797] -0.1223 -0.8436 0.3467, -4.8450 -7.2848  -6.1081
5.46 0.6101 -1.6998 -0.1205 -0.8079 0.3358 -5.0622 -7.4456 -5.8891
5.48 0.6282 -1.7214] -0.1188 -0.7740 0.3255 -5.2884 -7.6156 -5.6785
5.50 0.6470 -1.7446, -0.1171 -0.7417 0.3158 -5.5244 -7.7954 -5.4757
5.52 0.6666 -1.7694f -0.1155 -0.7110 0.3066 -5.7708 -7.9858 -5.2801
5.54 0.6870 -1.7961] -0.1140 -0.6816 0.2979 -6.0286 -8.1876 -5.0910
5.56 0.7083 -1.8248 -0.1125 -0.6535 0.2897 -6.2987 -8.4016 -4,9079
5.58 0.7305 -1.8555| -0.1110 -0.6267 0.2819 -6.5821 -8.6291 -4.7304
5.60 0.7538 -1.8886] -0.1096 -0.6010 0.2745 -6.8801 -8.8711 -4.5581
5.62 0.7783 -1.9242] -0.1082 -0.5763 0.2675 -7.1939 -9.1289 -4.3905
5.64 0.8040, -1.9624| -0.1068 -0.5526 0.2608 -7.5249 -9.4040 -4.2272
5.66 0.8311 -2.0036| -0.1055 -0.5298 0.2544 -7.8750 -9.6980 -4.0680
5.68 0.8598 -2.0481] -0.1043 -0.5079 0.2484 -8.2459 -10.0129 -3.9125
5.70 0.8901 -2.0962{ -0.1030 -0.4868 0.2426 -8.6399 -10.3507 -3.7605
5.72 0.9224 -2.1481] -0.1018 -0.4665 0.2371 -9.0593 -10.7140, -3.6116
5.74 0.9567 -2.2045| -0.1006 -0.4468 0.2319 -9.5070 -11.1054 -3.4656
5.76 0.9934 2.2657 -0.0995 -0.4278 0.2269 -9.9861 -11.5283 -3.3224
5.78 1.0327 -2.3323] -0.0983 -0.4095 0.2221 -10.5006 -11.9863 -3.1816
5.80 1.0750 -2.4050, -0.0972 -0.3917 0.2176 -11.0546 -12.4838 -3.0431
5.82 1.1207 24845 -0.0962 -0.3745 02132 -11.6535 -13.0260 -2.9066
5.84 1.1702 -2.5718, -0.0951 -0.3578 0.2090 -12.3031 -13.6188 -2.7721
5.86 1.2240 -2.6680, -0.0941 -0.3416 0.2051 -13.0107 -14.2695 -2.6393
5.88 1.2829 -2.7743| -0.0931 -0.3258 0.2013 -13.7849 -14.9866 -2.5081
5.90 1.3476 -2.8924| -0.0921 -0.3105 0.1976 -14.6362 -15.7806 -2.3784
5.92 1.4190 -3.0241| -0.0911 -0.2956 0.1941 -15.5772 -16.6642 -2.2499
5.94 1.4984 -3.1719] -0.0901 -0.2811 0.1908 -16.6235 -17.6529 2.1225
5.96 1.5873 -3.3388] -0.0892 -0.2670 0.1876 -17.7949 -18.7664 -1.9962,
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G140 TRINH GN DINH CONG TRINH

PGS. TS. 14 Viét Gidng

Bang 1 (fiép theo)

v a) | Bv) | 6™ | 8,(v) | 8,(v) | — Y| vigy
tgv smv

5.98 1.6876 -3.5284f -0.0883 -0.2532 0.1846 -19.1158 -20.0294 -1.8707
6.00 1.8015 -3.7456| -0.0874 -0.2398 0.1817 -20.6181 21.4734 -1.7460
6.02 1.9323 -3.9966, -0.0865 -0.2267 0.1789 -22.3430 -23.1398 -1.6220
6.04 2.0842 -4.2899 -0.0856 -0.2138 0.1762 -24.3455 -25.0835 -1.4985
6.06 2.2628 -4.6366| -0.0848 -0.2013 0.1737 -26.7000 -27.3791 -1.3754
6.08 2.4761 -5.0527] -0.0839 -0.1890 0.1712 29,5105 -30.1303 -1.2527,
6.10 2.7353 -5.5609, -0.0831 -0.1769 0.1689 -32.9263 -33.4866 -1.1301
6.12 3.0573 -6.1948 -0.0823 -0.1651 0.1667 -37.1699 -37.6703 -1.0077
6.14 3.4686 -7.0072| -0.0814 -0.1535 0.1645 -42.5880 -43.0284 ?-0.8852
6.16 4.0125 -8.0852| -0.0806 -0.1422 0.1625 -49.7528 -50.1327 -0.7627
6.18 4.,7664 -9,5828 -0.0799 -0.1310 0.1606 -59.6795 -59.9987 -0.6400
6.20 5.8814| -11.8031] -0.0791 -0.1200 0.1587 -74.3604 -74.6184 -0.5169
6.22 7.7007] -15.4319 -0.0783 -0.1092 0.1570, -98.3096 -98.5061 -0.3935
6.24 11.2028 -22.4264] -0.0776 -0.0985 0.1553 -144.4038 -144.5385 -0.2696
6.26 20.7425| -41.4962| -0.0768 -0.0880 0.1537 -269.95021 -270.0228 -0.1452
6.28 150.0476| -300.0967| -0.0761 -0.0776 0.1522} -1971.5457| -1971.5557 -0.0200

27 o0 0 -0.0760 -0.0760 0.1520 00 Y 0.0000
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(IAO TRINH ON DINH CONG TRINH PGS. TS. Lé Viét Gidng

Bdng 2: Bang gia trj cdc ham sé:

(V)= vigy C ev)= v(tgv—v) Cov)= v(v—sinv) ’
3(1gv—v) ' 8tgv(tgy~—z) 4sinv(tg-‘i—z)
2 2 2 2
3

PI=TN=AG):  nM)=3 ) =16

\% D (v) 0, v) ?; (v) 0, v)=n,(v) N, (v) n,(v)
0.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
0.10 0.9993 0.9997 1.0002 0.9998 0.9960 0.9990,
0.20 0.9973 0.9987 1.0007 0.9993 0.9840 0.9960,
0.30 0.9940 0.9970 1.0015 0.9985 0.9640 0.9910
0.40 0.9893 0.9947 1.0027 0.9973 0.9360 0.9840
0.50 0.9832 0.9916 1.0042 0.9958 0.8999 0.9750,
0.60 0.9757 0.9879 1.0061 0.9940 0.8557 0.9640
0.70 0.9669 0.9836 1.0083 0.9918 0.8035 0.9510,
0.80 0.9565 0.9785 1.0109 0.9893 0.7432 0.9360,
0.90 0.9447 0.9727 1.0138 0.9864 0.6747 0.9189
1.00 0.9313 0.9662 1.0172 0.9832 0.5980 0.8999
1.10 0.9164 0.9590 1.0209 0.9797 0.5131 0.8788
1.20 0.8998 0.9511 1.0251 0.9757 0.4198 " 0.8557
1.30 0.8814 0.9424 1.0297 0.9715 0.3181 0.8307
1.40 0.8613 0.9329 1.0348 0.9669 0.2080 0.8035
1.50 0.8393 0.9227 1.0403 0.9619 0.0893 0.7744
/2 0.8225 0.9149 1.0445 0.9581 0.0000 0.7525
1.60 0.8152 0.9116 1.0463 0.9565 -0.0381 0.7432
1.70 0.7891 0.8998 1.0529 0.9508 -0.1743 0.7100
1.80 0.7606 0.8871 1.0600 0.9447 -0.3194 0.6747
1.90 0.7297 0.8735 1.0676 0.9382 -0.4736 0.6374
2.00 0.6961 0.8590 1.0760 0.9313 -0.6372 0.5980
2.02 0.6891 0.8560 1.0777 0.9299 -0.6710 0.5899
2.04 0.6819 0.8530 1.0795 0.9285 -0.7053 0.5817
2.06 0.6747 0.8499 1.0813 0.9270 -0.7399 0.5734
2.08 0.6673 0.8468 1.0831 0.9256, -0.7749 - 0.5650)
2.10 0.6597 0.8436 1.0849 0.9241 -0.8103 0.5566
2.12 0.6521 0.8404 1.0868 0.9226 -0.8461 0.5480
2.14 0.6443 0.8372 1.0887 0.9210 -0.8822 0.5394
2.16 0.6364 0.8339 1.0907 0.9195 -0.9188 0.5307,
2.18 0.6284 0.8306 1.0926 0.9180 -0.9558 0.5219
2.20 0.6202 0.8273 1.0946 0.9164 -0.9931 0.5131
2.22 0.6119 0.8239 1.0967 0.9148 -1.0309 0.5041
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G140 TRINH ON DINH CONG TRINH

PCS. TS. L4 Vit Gidng

Béng 2 (tiép theo)
\Y @, (v) 0,(V) @;(v) O, (v)= N, (v) n,(v) n, (v)
2.24 0.6034 0.8204 1.0987, 0.9132 -1.0691 0.4951
2.26 0.5948 0.8170 1.1008 0.9116 -1.1077 " 0.4859
2.28 0.5861 0.8134 1.1030 0.9099 -1.1467 0.4767
2.30 0.5772 0.8099 1.1051 0.9083 -1.1861 0.4675
2.32 0.5681 0.8063 1.1073 0.9066 -1.2260 0.4581
2.34 0.5589 0.8026 1.1095 0.9049 -1.2663 0.4486
2.36 0.5496 0.7990 1.1118 0.9032 -1.3069 0.4391
2.38 0.5401 0.7952 1.1141 0.9015 -1.3481 0.4295
2.40 0.5304 0.7915 1.1164 0.8998 -1.3896 0.4198
242 0.5205 0.7877 1.1188 0.8980 -1.4316 0.4100
2.44 0.5105 0.7838 1.1212 0.8963 -1.4740 0.4001
2.46 0.5003 0.7799 1.1236! 0.8945 -1.5169 0.3902
248 0.4899 0.7760 1.1261 0.8927, -1.5603 0.3801
2.50 0.4793 0.7720 1.1286, 0.8908, -1.6040) 0.3700
2.52 0.4685 0.7679 1.1311 0.8890 -1.6483 - 0.3598
2.54 0.4576 0.7638 1.1337, 0.8871 -1.6930 0.3495
2.56 0.4464 0.7597 1.1363 0.8853 -1.7381 0.3391
2.58 0.4350 0.7555 1.1390 0.8834 -1.7838 0.3287
2.60 0.4234 0.7513 1.1417 0.8814 -1.8299 0.3181
2.62 04116 0.7470 1.1445 0.8795 -1.8765 0.3075
2.64 0.3996, 0.7427, 1.1473 0.8776) -1.9236 0.2968
2.66 0.3873 0.7383 1.1501 0.8756! -1.9712 0.2860
2.68 0.3748 0.7339 1.1530 0.8736, -2.0193 0.2751
2.70 0.3621 0.7295 1.1559 0.8716 -2.0679 0.2641
2.72 0.3491 0.7249 1.1589 0.8696, -2.1171 0.2531
2.74 0.3358 0.7204 1.1619 0.8675 -2.1667 0.2419
2.76 0.3223 0.7158 1.1650! 0.8655 -2.2169 0.2307
2.78 0.3085 0.7111 1.1681 0.8634 -2.2676 0.2194
2.80 0.2944 0.7064 1.1712 0.8613 -2.3189 0.2080
2.82 0.2801 0.7016 1.1744 0.8592 -2.3707, 0.1965
2.84 0.2654 0.6967 1.1777 0.8571 -2.4231 0.1849
2.86 0.2504 0.6918 1.1810! 0.8549 -2.4761 0.1733
2.88 0.2352 0.6869 1.1844 0.8527, -2.5296 0.1615
2.90 0.2195 0.6819 1.1878 0.8505 -2.5838 0.1497
2.92 0.2036 0.6769, 1.1913 0.8483 -2.6386 0.1378
2.94 0.1873 0.6717 1.1948 0.8461 -2.6939 0.1258
2.96 0.1706 0.6666 1.1984 0.8438 -2.7499 0.1137
2.98 0.1535 0.6613 1.2020 0.8416) -2.8066 0.1015
3.00 0.1361 0.6560 1.2057 0.8393 -2.8639 0.0893
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GLAO TRINH ON DINH CONG TRINH PGS. TS. L& Viét Gidng

Bing 2 (fiép theo)

v ¢,(v) 0,(v) o,(v) | 9,(v)=n,(v) n(v) n,(v)
3.02 0.1182 0.6507 1.2095 0.8370 -2.9219 0.0769
3.04 0.1000 0.6453 1.2133 0.8346 -2.9806 0.0645
3.06 0.0812 0.6398 1.2172 0.8323 -3.0400 0.0520
3.08 0.0621 0.6343 1.2211 0.8299 -3.1001 0.0394
3.10 0.0424 0.6287 1.2251 0.8275 -3.1609 0.0267
3.12 0.0223 0.6230 1.2292 0.8251 -3.2225 0.0139
3.14 0.0017 0.6173 1.2334 0.8227 -3.2849 0.0010

/1 0.0000 0.6169 1.2337 0.8225 -3.2899 0.0000
3.16 -0.0195 0.6115 1.2376 0.8202 -3.3480 -0.0119
3.18 -0.0412 0.6057 1.2419 0.8177 -3.4120 -0.0250
3.20 -0.0635 0.5997 1.2462 0.8152 -3.4769 -0.0381
3.22 -0.0864 0.5937 1.2506 0.8127 -3.5426 -0.0513
3.24 -0.1100 0.5877 1.2551 0.8102 -3.6092 -0.0646
3.26 -0.1342 0.5816 1.2597 0.8076 -3.6767 -0.0780
3.28 -0.1591 0.5753 1.2644 0.8050 -3.7452 -0.0915
3.30 -0.1847 0.5691 1.2691 0.8024 -3.8147 -0.1051
3.32 -0.2110 0.5627 1.2739 0.7998 -3.8852 -0.1187
3.34 -0.2382 0.5563 1.2788 0.7971 -3.9567, -0.1325
3.36 -0.2662 0.5498 1.2838 0.7945 -4.0294 -0.1463
3.38 -0.2950 0.5432 1.2889 0.7918 -4.1032 -0.1603
3.40 -0.3248 0.5366 1.2940 0.7891 -4,1781 -0.1743
342 -0.3556 0.5298 1.2993 0.7863 -4,2544 -0.1884
3.44 -0.3873 0.5230 1.3046 0.7835 -4.3319 -0.2026
3.46 -0.4202 0.5161 1.3100 0.7808 -4.4107, -0.2169
3.48 -0.4542 0.5091 1.3156 0.7779 -4.4910 -0.2313
3.50 -0.4894 0.5021 1.3212 0.7751 -4.5727 -0.2457
3.52 -0.5259 0.4949 1.3269 0.7723 -4.6560 -0.2603
3.54 -0.5637 0.4877 1.3327 0.7694 -4.7409 -0.2749
3.56 -0.6030 0.4804 1.3387 0.7665 -4.8275 -0.2897
3.58 -0.6438 0.4730 1.3447 0.7635 -4,9159 -0.3045
3.60 -0.6862 0.4655 1.3509 0.7606 -5.0062 -0.3194
3.62 -0.7304 04579 1.3571 0.7576 -5.0985 -0.3344
3.64 -0.7764 0.4502 1.3635 0.7546 -5.1930 -0.3495
3.66 -0.8244 0.4424 1.3700 0.7516 -5.2896 -0.3647
3.68 -0.8746 0.4345 1.3766 0.7485 -5.3887 -0.3800
3.70 -0.9270 0.4265 1.3834 0.7455 -5.4904 -0.3954
3.72 -0.9819 0.4184 1.3902 0.7424 -5.5947 -0.4108
3.74 -1.0395 0.4102 1.3973 0.7392 -5.7020 -0.4264,
3.76 -1.0999 0.4019 1.4044 0.7361 -5.8124 -0.4421
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GIAQ TRINH ON DINH CONG TRINH

PGS. TS. L4 Viét Gidng

Béng 2 (tiép theo)
v 9,(v) 0,(v) o,(v) | 9o,(v)=n,(v) n,(v) n,(v)
3.78 -1.1634 0.3935 14117 0.7329 -5.9262 -0.4578
3.80 -1.2303 0.3850 1.4191 0.7297 -6.0436 -0.4736
3.82 -1.3008 0.3764 1.4266 0.7265 -6.1650 -0.4896
3.84 -1.3754 0.3676 1.4344 0.7232 -6.2906 -0.5056
3.86 -1.4542 0.3588 1.4422 0.7199 -6.4208 -0.5217
3.88 -1.5379 0.3498 1.4502 0.7166 -6.5561 -0.5379
3.90 -1.6269 0.3407 1.4584 0.7133 -6.6969 -0.5542
3.92 -1.7216 0.3315 1.4668 0.7099 -6.8437 ~0.5706
3.94 -1.8228 0.3221 1.4753 0.7065 -6.9973 -0.5871
3.96 -1.9311 0.3126 1.4840 0.7031 -7.1583 -0.6037
3.98 -2.0474 0.3030 1.4928 0.6996 -7.3275 -0.6204
4.00 -2.1726 0.2933 1.5019 0.6961 -7.5060 -0.6372
4.02 -2.3079 0.2834 1.5111 0.6926 -7.6947 -0.6541
4.04 -2.4546 0.2734 1.5205 0.6891 -7.8952 -0.6710),
4.06 -2.6143 0.2632 1.5302 0.6855 -8.1088 -0.6881
4.08 -2.7887 0.2529 1.5400 0.681d -8.3375 -0.7053
4.10 - -2.9802 0.2424 1.5501 0.6783 -8.5836 -0.7225
4,12 -3.1916 0.2318 1.5603 0.6747 -8.8497 -0.7399
4.14 -3.4260 0.2211 1.5708 0.6710 -9.1392 -0.7573
4.16 -3.6878 0.2101 1.5815 0.6673 -9.4564 -0.7749
4.18 -3.9821 0.1990 1.5925 0.6635 -9.8063 -0.7925
4.20 -4.3156 0.1878 1.6037, 0.659 -10.1956 -0.8103
422 -4.6968 0.1763 1.6151 0.6559 -10.6329 -0.8281
4.24 -5.1370 0.1647 1.6269 0.6521 ~11.1296 -0.8461
4.26 -5.6514 0.1529 1.6388 0.6482 -11.7006 -0.8641
4.28 -6.2609 0.1409 1.6511 0.6443 -12.3670 -0.8822
4.30 -6.9947 0.1287 1.6636 0.6404 -13.1581 -0.9005
4.32 -7.8961 0.1164 1.6765 0.6364 -14.1169 -0.9188|
4.34 -9.0304 0.1038 1.6896 0.6324 -15.3089 -0.9372
4.36 -10.5025 0.0910 1.7031 0.6284 ~16.8390 -0.9558
4.38 -12.4908 0.0780 1.7168 0.6243 -18.8856, -0.9744
4.40 -15.3271 0.0648 1.7310 0.6202 -21.7805 -0.9931
4.42 -19.7043 0.0514 1.7454 0.6160 -26.2165 -1.0120
4.44 -27.3534 0.0377 1.7602 0.6119 -33.9246 -1.0309]
4.46 -44,1501 0.0238 1.7754 0.6077 -50.7807, -1.0500
448 -111.0248 0.0096 1.7910 0.6034 -117.7150 -1.0691
4.50 227.9292 -0.0048 1.8070 0.5991 221.1792 -1.0884
4,52 -0.0194 1.8234 0.5948 -1.1077,
4,54 -0.0344 1.8402 0.5905 - -1.1272
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G140 TRINH ON DINH CONG TRINH

PGS. TS. L¢ Viét Gidng

Béng 2 (tiép theo) _
v ¢, (V) 0,(v) o, (v) | 9, (v)=n,(v) N, (v) n,(v)
4.56 -0.0496 1.8574 0.5861 -1.1467
4.58 -0.0651 1.8751 0.5817 -1.1664
4.60 -0.0809 1.8933 0.5772 -1.1861
4.62 -0.0969 1.9120 0.5727 -1.2060
4.64 -0.1134 1.9312 0.5681 "-1.2260
4.66 -0.1301 1.9509 0.5636 -1.2461
4.68 -0.1471 1.9711 0.5589 -1.2663
4.70 -0.1645 1.9920 0.5543 -1.2865
3n/2 -0.1755 2.0052 0.5514 -1.2992
4.72 -0.1823 2.0134 0.5496 -1.3069
4.74 -0.2005 2.0355 0.5449 -1.3274
' 4.76 -0.2190 2.0582 0.5401 -1.3481
4.78 -0.2379 2.0815 0.5352 -1.3688
4.80 -0.2572 2.1056 0.5304 -1.3896|
4.82 -0.2770 2.1304 0.5255 -1.4106
4.84 02972]  2.1560 0.5205 -1.4316
4.86 -0.3179|  2.1823 0.5155 -1.4528
4.88 -0.3390|  2.2095 0.5105 ~1.4740
4.90 -0.3607 2.2375 0.5054 -1.4954
4.92 -0.3828 2.2665 0.5003 -1.5169
4.94 -0.4056 2.2964 0.4951 -1.5385
4.96 -0.4288 2.3273 0.4899 -1.5603
4,98 -0.4527 2.3592 0.4846 -1.5821
5.00 -0.4772 2.3923 0.4793 -1.6040
5.02 -0.5023 2.4264 0.4739 -1.6261
5.04 -0.5281 2.4618 0.4685 -1.6483
5.06 -0.5546|  2.4984 0.4631 -1.6706
5.08 -0.5818]  2.5364 0.4576 -1.6930)
5.10 -0.6099 2.5757 0.4520 -1.7155
5.12 -0.6387 2.6165 0.4464 -1.7381
5.14 -0.6683 2.6588 0.4407 -1.7609
5.16 -0.6989|  2.7028 0.4350 -1.7838
5.18 -0.7304] 27485 0.4292 -1.8068
520 -0.7629 2.7960 0.4234 -1.8299
522 -0.7964 2.8455 04175 -1.8532
5.24 -0.8311 2.8969 04116 -1.8765
5.26 -0.8669|  2.9506 0.4056 -1.9000
5.28 -0.9039 3.0065 0.3996 -1.9236
5.30 -0.9422 3.0648 0.3935 -1.9474
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GIAO TRINH GN BINH CONG TRINH

PGS. TS. Lé Viét Gidng

Béng 2 (tip theo)
v ¢,(v) 9,(v) o,(v) | 9,(v)=n,(v) (V) n,(v)
5.32 -0.9819 3.1257 0.3873 -1.9712
5.34 -1.0231 3.1894 0.3811 -1.9952
536 -1.0658 3.2560) 0.3748 -2.0193
5.38 -1.1102 3.3258 0.3685 -2.0436
5.40 -1.1563 3.3989 0.3621 -2.0679
5.42 -1.2044 3.4755 0.3556 2.0924
5.44 -1.2544 3.5560 0.3491 -2.1171
5.46 -1.3066 3.6407, 0.3425 2.1418
5.48 -1.3611 3.7297 0.3358 -2.1667
5.50 -1.4182 3.8236 0.3291 -2.1917
5.52 -1.4779 3.9226, 0.3223 2.2169
5.54 -1.5404 4.0272 0.3154 -2.2422
5.56 -1.6062 4.1379 0.3085 -2.2676,
5.58 -1.6753 4.2551 0.3015 -2.2932
5.60 -1.7481 4.3794 0.2944 *-2.3189
5.62 -1,8249 4.5116 0.2873 -2.3447
5.64 -1.9061 4.6523 0.2801 -2.3707,
5.66 -1.9920 4.8024 0.2728 -2.3968
5.68 -2.0833 4.9628 0.2654 -2.4231
5.70 -2.1803 5.1346, 0.2580 -2.4495
5.72 -2.2838 5.3190 0.2504 -2.4761
5.74 -2.3944 5.5174 0.2428 -2.5028
5.76 -2.5129 5.7313 0.2352, 2.5296,
5.78 -2.6403 5.9628 0.2274 -2.5566
5.80 -2.7777 6.2139 0.2195 -2.5838
5.82 -2.9262 6.4873 0.2116 2.6111
5.84 -3.0876 6.7858 0.2036 -2.6386
5.86 -3.2634 7.1132 0.1955 26662
5.88 -3.4560 7.4738 0.1873 -2.6939
5.90 -3.6679 7.8727 0.1790 2.7219
5.92 -3.9022 8.3162 0.1706 -2.7499
5.94 -4.1630 8.8123 0.1621 -2.7782
5.96 -4.4550 9.3706, 0.1535 -2.8066!
5.98 -4,7845|  10.0036 0.1449 -2.8352
6.00 -5.1594|  10.7270 0.1361 -2.8639
6.02 -5.5900  11.5615 0.1272 -2.8928
6.04 -6.0900|  12.5346 0.1182 -2.9219
6.06 -6.6780]  13.6835 0.1091 -2.9512
6.08 -7.3801]  15.0601 0.1000 -2.9806
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G140 TRINH GN DINH CONG TRINH

PGS. TS. L6 Viét Gidng

Béng 2 (tidp theo)
v ¢, (V) @,(v) 12 v) o,(v)=mn, (v) n v) N, (v)
6.10 -8.2336 16.7392 0.0907 -3.0102
6.12 -9.2941 18.8319 0.0812 -3.0400
- 6.14 -10.6483 21.5117 0.0717 -3.0699
6.16 -12.4391 25.0645 0.0621 -3.1001
6.18 -14.9205 29.9980 0.0523 -3.1304
6.20 -18.5905 37.3084 0.0424 --3.1609
6.22 -24.5776 49.2526 0.0324 -3.1916
6.24 -36.1011 72.2690 0.0223 -3.2225
6.26 -67.4876( 135.0113 0.0121 -3.2536
6.28 -492.8864| 985.7779 0.0017 -3.2849
27 -00 +00 0.0000 -3.2899
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GIA0 TRINH ON DINH CONG TRINH PGS. TS. Lé Viét Gidng
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On dinh va Dong luc hoc cong trinh
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2) Léu Tho Trinh- DS Vuong Binh;
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Nha xuét ban Khoa hoc va K§ thuat, Ha noi 2005
3) Léu Tho Trinh- P Vuong Binh;
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