Chuong 8
CAC HE CO CAC THONG SO BIEN POI

8.1. XAY DUNG CAC QUA TRINH CHUYEN TIEP

319. Hay xdc dinh ham khéi luong clia hé ma chuyén dong clia né dugc mé ta bing
phuong trinh vi phan:

d
aod—)[(+(a10+bt}(=f(t) (1)

odaya,=1s, a(l)z 0,5vab=02s", khi t6i ddu vao clha ham & duy nhat f(t) = 8(t - 9) &
thoi di€ém batky t = 9. Diéukiénbanddux=0d1=0.
Bai gidi. O biéu thitc (1) ta thay thé f(t) = 5(t — 9) va chia t4t ci cdc s6 hang cho a,
dx | al +b(t) _ 8(t-9)

(2)
dt ay ag
hay:
9§+P(I)X=Q(t) (3)
dt
Tiép theo ta tim dugc:
t C 0
s = [P(dt= [ ML
3 s Qo
a! b
= -9+ —(12 -9 =a(t-H+pu? -9
ap a
Ham khdi luong:
t
oft - 8,9) =0 (=D astig,
g 2o
- e—a(t—S)—B(tz-Sz) ]weﬂx(l—SHB(lz—Sz)dl 4)

g 4o

Khi tinh todn khoang cudi ciing cdn sir dung cdc tich da bi€t ctia ham &:
+©

ja(t - $)f()dt = £(9)

Khi dé tir cong thuic (4) ta co:

222



1_g2
o(t -9, 9)=-l—e‘“(“9)‘5“ -9%) 5
ay

Thé cac gia tri s6 cho:

—0.5(1-8)0.1(t2 -92
oL — 8, §) = ¢ O:5(-9)-0.1(7-9%) ©

320. boi v6i ham khai luong cua bai trude hay xay dung cdc dé thi:
1) Ham khéi luong tiéu chudn & § = 2 s & dang o(t — 8, &) va & dang w(t, 9), & day
T=t- 9.
2) Ham khéi luong lién hop 6 t = 5 s, & dang o(t - 8, 3), ¢6 nghia phu thudc vao do
dich chuyén § va & dang @(0,t - 0), dday 0 =t - 9 - dich chuyén dao chiéu.
Pdp so:
1) Ham khéi luong tiéu chudn:
o(t -9, 9) = e‘“‘s“_z"“‘mzq“ 6t29=2s
D4§ thi duoc biéu dién trén hinh 188a. Su chuyén t6i thoi gian t =1t - 9 cho:
©(1,9) = e 0ST0IUT29) e 0901 o

D4§ thi duoc biéu dién trén hinh 188b.

a) foft-39 b fend)
1,0 feacammmne 10
\ 9=2s
0.8 0,8
06 E 06
04t ! 04
02F ! 0,2
i ; i L L 1 4
o 1 2 3 4 5 0 5 s
d)
1,0
08
06
04
02
3 .9
S 0 5 S

Hinh 188. Cdc do thi cho bai 320.
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(D(t 9,8) 0,5(5-8)-0,1(25-87) 0,5(8-5)+0,1(9° -25)

09<t=5s
D6 thi duge biéu dién trén hinh 188c.
Chuyén t6i dao chiéu dich chuyén®=t- 9 =5~ 9 cho:
2
@0, t - 0) = ¢ 130010 30>0

D6 thi dugc biéu dién trén hinh 188d.

321. Bing phuong phdp gdn diing tuin tu ta xay dung qud trinh chuyén tié€p & hé duge

- mo ta bang phuong trinh vi phan:
2

X dx
a——+a,(t)—+a,x=g(t 1)
o~z TG Farx =80 (

Khi t6i ddu vao & thoi di€m t = 8 = 1 s cla ham tdng g(t) = g41(t — 9). Cdc gid tri cua
cic hé s6: ag = 1 s2, a;(t) = (0,9 +0,1.t) s, a, = 0,16 va g, = 1,6. Céc diéu kién ban dau
bing 0.

Bai gidi.

Ta xdc dinh hé s6 thay déi cha phuong trinh vi phan (1) & thdi diémt= 9 = 1 5. O két

quitacéa(8)=a) +0,1=1s.

Phuong trinh (1) dugc viét 6 dang:
d?x dx dx
ag——+a(8)—+ax=g(t)-0,lt— 2
0 1()dT 2X = g(1) i (2)
Gén ding diu dugc xdc dinh tir phuong trinh vi phén:
d2X1

dr?

dx
ap +a,(9)—ari+azx, =gol(1) (3)

T=t-9
Né&u st dung bién déi Laplace, ta tim duge biéu thic cta dai luong cdn tim:
G(p) 1,6
Xip) = — (p =——
agp” +2,(S8)p+a, p(p”+p+0,16)
~ 1,6 _ 10 133 . 3.3
p(p+0,8)p+02) p p+02 p+08

Chuyén vé dang goc (xem phu luc 1) cho:
x, (1) = 10(1 - 1,33¢"%" + 0,33 ¢
Hiéu chinh x,(t) dugc xdc dinh & két qua gidi phuong trinh:
dzx?_ dx,

dx
5 +a,(8)—az—+a2x2 =—0,11E— 4)

081
)

ag
dt
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Thé cdc gia tri s6 cta cdc hé s6 vao biéu thire (4) ciling nhu tim theo gdn diing bac nhat
ta co:

2
d 1
%2+ 22 L 016x, = 00270 - 031, (5)
dt dt
Biéu dién hiéu chinh tim duogc:
0,027 l 1
X(p) = — T 5
p°+p+0,16| (p+0,8)° (p+0,2)
0,027 0,027

_ ? _ 1 (6)
(p+08)°(p+0.2) (p+0.2)"(p+0.8)
Chuyén vé gbc c6 thé thyc hién duge, néu sir dung tich phan mot cuon. Vi vay ta viét
cic gdc cha cac biéu thic sau:

1 — 0,87
p+0,8
L oo
p+02
1 _ T 08t
(p+08)° 2
1 _ f_ o020
(p+ 0,2) 2

Tich phan | cuon:

T, 2
T - ~0 21—
%,5(1) = 0,027 He 081 @021,
[§ g

1. 2
T ~ - -
- 0,027 [-Le ¥ Ty,

Tt 2
- - T ),61)-0,8
Lo 0bu=0214e 0,027 J'-;—e(’ R
0 i

Tinh todn cic tich phén cho:
x,(1) = 0,075[e 2 (1 - 0,37%) — e ¥*(1 + 0,31%)]
Do d6, gdn diing thit hai cho:
x(1) = x,(T) + xo(1) = 10(1 - 1,337 + 0,33¢ %) +
+0,075[e %% (1 - 0,31%) — e (1 + 0,31%)]

So sdnh X,(1) va X,(%) chi ra ring tinh todn hiéu chinh sau x;(t) khong la cdn thiét.

322. Ham truyén thong sd clia hé di¢u chinh kin c6 dang:
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a

D(p, t) = 5
p+a+bt+ct”

Hay xac dinh ham truyén ctia hé khi thuc hién tic dung ddu vao g(t) = gl(1).

Bai gidi. Biéu dién gia tri ddu vio theo Laplace.

Gip) = £
p

Biéu dién dai lugng ddu ra bang:

Y(p. 1) = @(p, 1). G(p) = B @)
p(p+a+bt+ct?)

Néu & biéu thitc (2) xdc dinh thoi gian t = const, trén co s& phu luc 1 ta tim duge goc,

a —(a ot
}’([) = g() : [l —e ( +bt+ct )l]
a+bt+ct

323. Bing phuong phédp d6 thi hdy x4y dung qué trinh chuyén tié€p trong hé duoc biéu
dién bing phuong trinh vi phan:

dx
ty—+a,x=f,(t [
ao()dt | (1) (1)

D4 thi thay déi tdc dung ddu vao f,(t) dugc biéu dién trén hinh 189a. D9 thi thay déi
hé s6 a,(t) cho & hinh 189b.

Hés6a=2.Gidtribanddux=x=1,506t=0.

g 10 b) y )

f

[N N T

0.5
s o 1 2 3 Ls
Hinh 189. Cdc do thi cho bai 323.
Bai gidi.
T4t ca dai luong cia phuong trinh (1) chia cho a;,
T(t)g’5+x =1{(t) (2)
dt
3 day:
f,(t
Ty =200 o g MU
ay a
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Khi giai phuong trinh (2) bing phuong phép dé thi that gian “’khong déi” T(t) coi 1a khong

e N N N A[ ’ 9 s Iy S
doi trén doan t, t + At va bang T(t + —2—J Cong thire dé giai trong trudng hop nay cé dang:

f(t + éE] - x()
AX 2
AL [ Al A (3
T(H“ LA
2 2

Qud uinh xay dung duoce dua vé dang sau. Trén hinh 190 ta dat f(t) va T(t). Budc thoi

gian duogc chon At = 0,5 s.

7(t)y xit) 71e)
S

J A 5*\[\_

7 / 7 3 i ls
Hinh 190. Xdy dung qud trinh chuyén tiép cho bdi 323,

Tir diém E ctia dudng cong f(t), 14y & giffa doan thi nhat At, theo phuong nam ngang

ta dat doan EM = T(—Az—l), ma gid tri cla né dugc 14y bang toa do diém H cia dudng cong

T(1), c6 nghia ciing ¢ giita doan thit nhdt At. Diém M thu dugc néi béang dudng thang voi
diém diu da cho cla qui trinh A. O két qua ta thu dugc di€ém B mdi bang dudng cong cn
tim x(t). Tuong tr ta 14y duge toa do diém I, dugc 14y & dang doan FN va vach dudng thang
NB, cho diém C méi clia nghiém x(t)...

8.2. DANH GIA PO ON PINH VA CHAT LUGNG PIEU CHINH

324. He diéu chinh dugc mo ta bang phuong trinh vi phan:
dly,, 4

d
0 +a1———+a2(t)—d—)[,+a3y:b(,g(t) (1

4
: dt?

227



Céc gid tri cia cdc hé s6: a; = 0,1 s, a; =42 s2, a,(t) = (72 — 0,1t) s, a3 = 400 va
by = 400. Danh gid gdn diing do 6n dinh clta hé, néu thoi gian 1am viéc ctané T = 100 s.

Bai gidi. Ta nghién cdu hé ¢6 cac hé s6 him §t=0va &t =T = 100 s. Trong céc
truong hop nay phuong trinh dac trung tuong tng véi phuong trinh vi phan géc (1) s€ 1a:

0,1p* + 4,2p> + 72p + 400 = 0 (2)
0,1p* +4,2p* + 62p + 400 = 0 (3)

DGi v6i phuong trinh (2) ta tim céc nghiém: p = 10 s, py3 = (=16 + j12) s°'. Do 8n
dinh n=1p, | = 10s™". Thoi gian cia qué trinh chuyén tiép t~ 3n' = 0,3 s.

P61 véi phuong trinh (3) cdac nghiém bang p = -25 st prs=(-88%j8,7) s Do on
dinh m = 8,8 s™. Thoi gian qua trinh chuyén tiépt, < 307! = 0,34 s.

Sau thdi gian qué trinh chuyén ti€p hé s6 a,(t) dugc thay d6i téi gid tri Aa, ~ 0,1.0,34
= 0,034, diéu d6 gin bing 0,05%. Do d6 hé cé thé xem nhu gia 6n dinh. Pédnh gi4 su 6n dinh
c¢6 thé theo hé s6 ham cla phuong trinh dac trung. Néu sit dung tiéu chudn Gurvin, ta cé:

aja(1) > aya,

Thé& cdc gid tri s6 cho

4,2 (72 - 0,1t) > 40

Biéu thitc cudi cung dugc thuc hién & thoi gian bat k§ nam trong cdc khodng 0 <t <
100 s. Do d6, hé 6n dinh.

325. Cho ham kh6i lugng clia hé gia tinh:

ot - 9,8) = e—&(so-s)(t—s) ’
dday 8, =20s; a =5 s t - thoi gian troi tinh tir thoi di€m méc vao he; 9 - thoi diém xay
ra b6 sung ddu vao.

Hay x4c dinh d6 6n dinh clia he.

Ddp 56

Ham kh6i lugng tiéu chudn dao dong tit ddn va hé 1a 6n dinh trong cic gidi han thoi
gian 0 <t < 84 = 20 s. Khi t > § nhiéu y€u bat ky & ddu vao ¢ thé gdy ra su tang vo gidi
han cua dai lugng ddu ra.

326. Ham truyén tham s& cta hé kin c6 dang:

a

op )= ————— (1
p+a+bt+ct2

Odaya=10s",b=0,152vac=001s". Hiy xic dinh cdc he s6 sai s6 co(t), ¢ (t)
va cy(t).
Bai gidi. Ta tim dugc ham truyén ctia h¢ kin d6i véi sai so:

p+b[+ct2

O (p,)=1-D(p, ) = )

p+a+bt+c[2
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Néu phan tich biéu thirc cuéi cling thanh chudi theo mitc d6 todn tir p, ta ¢o:

bt + ¢t N ap ap
a+bt+ct’ (a+bt+ct2)2 (a+bt+ct2)3

d,(p. 1) = F...

Tir d6 c6 thé xdc dinh cdc hé s6 sal sg:

bt + ct? 0,1t +0,01t>
C()([): 3 - 5
a+bt+ct 10+0,1t+0,01t"
a 10
¢ (y) = 22 2.2
(a+bt+ct?) (10+0,1t +0,01t°)
cy(t) a 10

2 (a+bt+ct?)?  (10+0,0t+0,01t%)°

327. Déi twong diéu chinh cling véi co ¢du thira hanh duge mo ta bang phuong trinh vi
phan:
dzy
— =(bg +b;Ox(1) (1
dt
& day y - dai luong diéu chinh, x =g -y -
sai 6, g - tac dung déu vao, by = 100 s
va b, = 0,1 s”. Néu cho réng hé gia 6n \
dinh, hdy x4c dinh c4c thiét bi hiéu chinh
cn thiét, dé trong cdc gidi han thoi gian
1am viéc cta hé 0 <t < 1000 s hé kin ¢é
chi s6 dao dong khong vuot qud gid tri M
= 1,5.
Bai todn giai bidng phuong phap

ham cédc hé s6.
Bai gidi. Ham truyén cla hé hd
ban ddu cé hé s6 him béng:

Hinh 191. D .B.L cho bai 327.

(2)

by+bit K
Wo(p) = —2 3 1 =—
P p

b.B.L 1a dudng thing cé géc nghiéng —40 dB/dam(hinh 191). T4n s6 co s& cia D.B.L
W, = ‘\/E .

Néu st dung P.B.L loai 2 - 1 - 2 (xem phu luc 19), ta thu dugc ham truyén cla hé hé:
K+ T,;p)

W,.(p) =
’ p2(1+T3p)

Céc hing s6 thoi gian bang:
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T2= ._l- _.,M_
wg YM-1

7. M- 1 YMM-D
s = -

M+l  ©, M+l

Ham truyén cta khau hiéu chinh dugc biéu dién & dang:
Wye(P) 1+ Typ

th(p) =

Thé cdc gid tri gbc cho cdc quy luat yéu céu cua sy thay d6i cdc hidng s6 thdi gian:

L= |3 _

100 + 0,1t
ol 3
' 5VI100+0,1t

O t =0 céc gid tri clia cdc hing s6 thoi gian T, = 0,173 s va Ty = 0,0346 5. G t = 1000 s,
T, =0,123 s va T; = 0,0246 s.

328. Hay xdc dinh ham truyén cta d6i tuong ciing v6i co ciu thira hanh theo s6 liéu
clia bai todn trude bang phuong phédp phan ung ham.

Bai gidi.

1) Su hdm ham khéi luong.

O phuong trinh (1) cha bai todn trude cdn thiét dat x(t) = 8(t - 9).

Khi dé¢:

[
(ji—}t/=J.(bo+b1t)6(t—9)dt=b<)+b13 W
9

t
y=ot-9,9) = J'(b() +b,9)dt
$

=(bg+b3)(t-8)=(by+b;3)1 (2)

Néu & biéu thic cudi cling xdc dinh 8 = §;, = const, ta tim dugc wy(t) = (by + b, 9y)1.
Chuyén t6i ham truyén clia d6i twong cho:

by +b8, _ K

p’ p

Ham truyén nay tring véi biéu thic (2) thu dugc trong bai 327. Vi vay sir dung ham
kh6i luong hdm trong trudng hgp di cho khong cho mdi meé gi so vdi phuong phdp cdc hé s6

Wo(p) = L[(bo + b19(,)r] = (3)

ham.
2. Sy him cla ham chuyén tiép.
3 bi€u thitc (1) chia bai 327 ta dat x(1) = (t - 9). Khi d6, néu ditt - 8 = 1, ta cé:
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dy | b, 12

P J[bn +b (3 + 1] l(x)dr=byt + b bt + 4)
0
! bt |
y=hyt-8, 8) = ‘{bn’(+b191+—'—~- !d‘t
Q 2 )
2 2 3
- b()T +b19T +b|T (5)

2 2 6
Néu ldy do dich chuyén 8 = 9, = const, ta ¢c6 ham chuyén ti€p him hy(t) =
2 2 3
b()T N sz()T + bl'l'
2 2

. Néu tich phan né theo 1, ta thu duge ham khdi lugng hidm

b1’ o
w(T) = (by + by 90 )T+ —12—1— Ham truyén cua doi tuong:

2

b, t*
W(p) = L[(bo +b; 9t + 12 :l

_ botb8y by _byd+Typ) 6)
2 3 3
p P p
_i:_v%lzr_‘}_(,* , ¢6 trong cic gidi han tir 1000 s & 8, = 0161 2000 s & 9, = 1000 s.
!

6 dﬁy T() =

231



Chuong 9
CAC HE CO TRE VA VOI CAC THONG SO PHAN BO

9.1. CAC HE CO PO TRE TUC THOI
329. So do c4u tric clia hé tu dong cé
dang dugc chi ra trén hinh 192. Hay xdc dinh _9 ks P y
1 P . N k) - o . - 7 ¥ T - 2 T
0 g1d tri nao cua hé s6 khuéch dai chung cua P
hé ho' K = k;k, he kin 6n dinh & bat k¥ gié tri
nao cha hang s& thoi gian T va thoi gian ré 7.
Pdps6: K< 1.

Hinh 192. So do cdu tric

) X cho cdc bai 329 va 330.
330. bai véi heé dieu khién ty dong, ma

so d6 cdu tric clia né dugce chi ra trén hinh 192, hay xdc dinh thoi gian tré t&i han 1. Hé s6
khuéch dai chung cia hé hd K = kk,. Hang s6 thoi gian T=0,5s.

Bai gidi. Him truyén theo tin s6 cla hé ho biang

0 dﬁy K= k]kz.

Tan s6 cit @, ma & d6 D.B.P clia hé hd cét vong tron ¢b bén kinh I don vi, duge xéc
dinh tir diéu kién:

[W(jo,)|=1 (1)
Tu phuong trinh (1) ta co:
_VKE -1
¢ T

Thoi gian tré t6i han 1, duoc xdc dinh tir diéu kién dang thic dac tinh tdn s¢ pha

(D.B.P) chia hé hd & tdn s6 = o bang gid tri —m.

y(o,) =-arctg 0.T - w1, =-%

Tir phuong trinh cudi cling ta tim dugc:

n—arctgo T 7—arctgy K2 -1
O VK2 -1

331. Ham truyén cla hé diéu khién ty dong c6 dang:

Wo(p) =

T =0,18s

Tk =
C

p(1+Tp)
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& day K =20s' - hé s6 khuéch dai chung cia hé hd, T=0,1 s - hiang s6 thoi gian. Sau dé téi
kénh diéu khién cé mac khau tré thudn tuy cé ham s6 truyén e F, & day t - thdi gian tré. Yeéu
cdu tim thdi gian tré t6i han 1,, ma & d6 hé kin cta diéu khién tr dong ndm & bién do 6n
dinh, va tdn s6 dao dong khong tat din o,.

Pdp s6: 0, = 12,55, 1, =0,11 s,

332. Giai bai trude, néu hang s6 thdi gian T = 0.

Ddp 567 0, =20s",1,=0,78s

333. Ham truyén cta hé ho ¢6 dang:

Ke™™
p(1+Typ)(1+T,p)

Nhd cac dac tinh tdn s6 logarit (D.T.L) hdy xdc dinh thoi gian tré t6i han 1, néu hé 56

khuéch dai ctia he hd K = 30 s}, cdc hing s& thai gian T, = 0,025 s va T,=0,25s.

Bai gidi. D.B.L tiém cén cla hé dugc thé hién trén hinh 193. T4n s6 cat cha hé ha
w. = 12,6 s’\. Dac tinh tdn s& pha (D.T.P) & t4n s6 @ = w, va thdi gian tré t6i han 1, cdn cit

W(p) =

dudng y = -x.
L 1
1 —_
B T,
ol o
1 L 100
~20 A '
60
Hinh 193. D.B.L tiém cdn cho bai 333.
Vi vay:
n
y(w,) =~ > arctgo T, ~ arctgo T, - 0 1, = -7

T dé ta tim dugc:

T arctgw, T| —arctgo T, )
T, =2 =48.107s
©

[
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334. Hay xac dinh thoi gian tré
toi han Ty, cia hé, ma so do cdu tao g ! _ﬁ_ > ke " __k3__ 4
. P . 1+Tp 1+T,p
cua nd dugc thé hién trén hinh 194.
Hé s6 khuéch dai chung clia hé
hb K - k[kzk'; - 5 CéC héng 56 th(\),l Hinh 194. SO' (10 Cd.ll [(l() cho bd[» 334
gian cua cdc khau khéng chuky T, =5svaT,=04s.
Ddp s6: 1, = 1 4s.
335. Ham truyén cla hé hd c6 dang: g1
K JOL 7 7{.
Wolp) = ————~ Loy A
p(1+T"p™) :
-7 1
ddayK=2s",T=0,1s D& dat dugc %—/H\E J}N/
!
d 6 i ¥ & 151 ié & Y i, IR 1 i '
6 6n c?;nh cua he tc.n k’énfl diéu k?uenxta o 5 7 w,c
dua tudn tu khau tré ¢6 ham truyén e ", g
Hay xdc dinh & cdc gid tri nao cua thoi 07
gian tré T hé kin hoan toan én dinh. g0 dB.L
Bai gidai. Him truyén hop thanh
cta hé ho:
Ke™ ™ Hinh 195. D.B.L va D.T L cho bai 335.

W(p) = Wy(p)e ™ = —————-
p o\p p(1+T2p2)

D.B.L tiém can cla hé dugc thé hién trén hinh 195, He kin s& 6n dinh, né€u D.B.L cal
|

dudng v = -7, & dai cdc tdn s6 K + T
Cac gia tri thoi gian tré 161 han 1, dugce tim tir cdc phuong trinh sau:

o1

Tc — —_—
—_z"-KTmax =-T, ‘E”?TKmin =-T

Suy ra:

Tkmax = -2% =0,79 s Tmin = gT =0,16s

He kin 6n dinh, néu thuc hién b4t ddng thic sau: 0,16s < t < 0,79s.

336. Ham truyén cta hé ho ¢6 dang:
Ke™™
T22p2 +Tp+1

W(p) =

ddayK =0,5T,=15% T, =025s.
Hay xdc dinh do 6n dinh cla hé kin & cdc gid tri thdi gian tré t sau: a) t=0; b) 1=

03s;:¢)t1=2s;d)T=15s.
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DPdp so':

a) He 6n dinh; b) Hé 6n dinh; ¢) He khong 6n dinh; d) He 6n dinh.

337. So d6 cfu tao cia hé tu dong dugc thé hién trén hinh 196. Cac hé s6 truyén cua
céc khau tuong tng bing k, = 1 s™',

k, = 0,125, k; = 1. Hang s6 thoi gian g k _»@_) k, y
T=2s.Thoi giantré 1 =02 5. e T+ip
Hiy xdc dinh d6 én dinh cla hé «
theo tiéu chuén Naicvista. Su ngét ke T len
mach clia hé thuc hién & diém X (xem
hinh 196).

Pdp 56 He 6n dinh. Hinh 196. So do cdu truc cho bai 337.

338. Ham truyén ctia hé ha véi do weé cé dang:
K{1+T,p) P
p*(1+T,p)
0day T, =0,5s; T, =0,2s5;t1=035.
Hay xdc dinh cdc gid tri cta hé sé khué&ch dai chung cla hé hd K, ma & chding hé kin

W(p) =

Sn dinh.
Bai gidi. Dac tinh tdn s6 pha (D.T.P) clia he dugce xédc dinh theo biéu thic sau:
0 180"
y(w) =-180" + arctgwT, - arctgoT, - 0T —— (1)
He
va thé hién trén hinh 197. Mach kin 6n dinh, néu D.B.L cdt dudong L = 0 bén trdi diém giao
nhau y(w) dudng v = -180% & trudng hop t6i han

D.B.L giao dudng L = 0 ¢ tdn s6 w_;. Ta dung ;;
dudng P.B.L tiém can sao cho né cét dusmg L=0
& t4n s6 ®_. Diém giao nhau tiém c4n tdn s6 thip ™
ctia D.B.L véi truc tdn s6 bang K, =3.5 st 284

Tir d6 ta tim duge K, = 3,5° = 122 5% -4 “/b S w.s”
D.B.L. Tiém can & diém giy lech véi D.B.L thyc I
khoang 3 dB. Vi vAy cudi cing ta ¢6 K = -@° DAL
J2 122 =17s2 He kin 6ndinh 80 <K < 1757 -

339. Ham truyén cua hé hd c¢é dang:

Wipy= R Hinh 197. D.B.L tiém cdn va D.P.L

p(l+Tp) cho bai 338.
ddayK=10s", T=0,05s, 1 - thdi gian tré.
Hay xdc dinh gid tri thdi gian tré cho phép Tp, ma & né chi s6 dao dong cua hé khong

vugt qua M = 1,1.
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Bai gidi. Chi s6 dao dong clia hé khong vuot qué gid tri dd cho M, néu thuc hién diéu
kién sau:
M? + MVYM2 -1
2
T bt dang thiic ta thu dugc biéu thic d6i véi thoi gian tré cho phép:
_ M? +MyM? -1 -2KT
2K

K(T+ 1)<

o =0,036s

340. Hay x4c dinh d6 du trit 6n dinh theo pha va tdn s& cat clta hé hd & cdc diéu kién
bai todn trudc. Cic gid tri cha cdc hé s6: he s6 khuéch dai chung K = 10 s, T = 0,05 s,
1=0,0365s.

Ddp s¢:
D6 du trit 6n dinh theo pha p = 42,5°. T4n s6 cét w, =10 s
p

!
48
96
44
u A

7 } { { + —),§
g2k 0N 20 A bt 7 ¢
~04 b @ q 4os (o6 i '
~JfF=~~—===
Hinh 198. Pdc tinh tdn s6 thuc cho bai 341.  Hinh 199. Ham chuyén tiép cho bai 341.

341. Hay x4y dung ham chuyén ti€p cha hé, ma ham truyén cla né c6 dang:
Ke™™
P+Ke™™
ddayK=40s", 1=12,5.107s.
Bai gidi. Dic tinh bién do pha (D.B.P) cla hé bang:

d(p) =

D(joo) = Ke 1o _ K(coswt- jsinwt)
jo+ Ke " jo+K(coswt - jsinot)

Dac tinh tdn s6 thuc tuong ng bing

K? -Kwsinot

P(0) = Re®d(jw) = (1)

K? + 0’ —2Kwsinot

Diac tinh tdn s6 thuc duoc xay dung theo biéu thic (1) doi véi K = 40 s ova
1=12,5.10" s, dugc thé hién trén hinh 198.
Theo dac tinh tdn s6 thuc bing phuong phdp hinh thang ta xdy dung ham chuy3n tiép

(hinh 199).
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9.2. CAC HE CO CAC THONG SO PHAN BO

342. So d6 c4u tao clia hé diéu khién tuabin thuy luc c6 dang dugc biéu dién trén hinh
200. v, vp va u - tuong tng la cdc dai lugng momen phu tai tuabin, mémen phdt dong bgi
tuabin, van t6c goc quay clia tuabin va su dich chuyén clia b diéu chinh. Ham truyén dudng
6ng dan thu dugc co ké dén cic hién tugng song bing:

1-2ytht
Wr(p) = Ll i
l+ythtp
Ham truyén cta tuabin Wy(p) = v, @ [ v
k . . T Wilp) W(p) Wi(p)
0
—————, ham truyén cltia bo diéu
1+ Typ
, . . 1 C .
chinh khong quan tinh Wy(p) = 5 Hinh 200. So do cdu triic

§ =005 T, =65, k; = 1,y =005 cua hé diéu khién tuabin thuy lc.
- Y y 0 - D I ) - It .

Hiy xdc dinh thoi gian tré téi han 1, tuong ting véi bien d6 6n dinh cia he.
Bai gidi. Ham truyén cla hé hd bang:
W(p): ko l—Zy[h‘Cp: }"2‘}/[th
S(L+Typ) l+vythtp O(1+Typ){l+ythzp)

Phuong trinh dac trung cta hé kin dugc viét 6 dang:
(1 +Typ) (I + Ythtp)+ 1 -2ythtp=0

W TP

Sau khi thay thé th tp cho va cdc bién doi don gidn phuong trinh dac tinh

CTP + eTp

cia hé don biéu dién & dang sau:
1 -2y +(1+¥8+ (1 +y)8Typ +
F1+2y+(1 =18+ (1 -y) §Typl e*™P=0
Ham truyén tuong duong cha hé hd (de tvong duong duge hiéu trong nghia déng nhat
cdc phuong trinh dac trung ctia hé kin) bang:
W.(p) = [+2y +(-7)8+U-18Typ -2y
[-2y+ (1 +9)0+ (1 +v)0Typ

1+0,22p o2

= 1,46
1+0,38p

Ham truyén tdn s¢ twong duong clia hé ho c6 dang:
1+0,22(jw) o201
1+0,38(jw)

W.(jw) = 1,46 (1)

T4n s6 cét tuvong tng v&i modun (1), bang 1 dV cé gid tri:
_ 1,46% ~1

. =535
: \/0,382 —(0,22.1,46)2
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& 1 =1, sudich chuyén pha & tin s6 ® = w, c4n bang —n. Vi vay:
arctg (0,22 . 5,3) —arctg (0,38 .53)-2 . 53 t, =-=
Tir phuong trinh cuéi cling ta ¢é:
7~ arctg(0,22.5,3) + arctg(0,38.5,3)
2.5,3

Ty = =0,27s

343. Hay tim gid tri d8i v&i thoi gian tré cua hé duge nghién citu & bai todn trudce, néu:

W()(p)z —I_,T(): i0 5,6 :0,0S,Y: 2
Top

Ddp so:

8T, arctg E\Zgl

T, = 27" 1 _o10s.

22

344. Hay xac dinh tdn s6 cit clia hé ho va do du trit 6n dinh theo pha déi véi hé duoc

nghién citu & bai 342. Ham truyén cla ddi tuong Wy(p) = 1 ko , ham truyén cua dudng
+1op
_ - . . , k, (1+T,p) ,
6ng dan Wy = LM ham truyén cla bo diéu chinh w,(p) = -—E————'p—. Céc gid tri
l+ythtp p(1+T;p)

cla cdc he so truyén cha tuabin k; = 20; hang s6 thoi gian cla tuabin T, = 31,3 s; thoi gian
tré 1= 0,95 s; y = 0,03; hé s6 truyén ciia bd diéu chinh k,=0,77 sl cde hang s6 thoi gian
cia bd dieu chinh T; = 12,55, T, = 0,48 s.
Ddp s6: y
Tén s6 cit cia hé hd 0, = 0,6 57,

do du trit 6n dinh theo pha p = 66" :Z i
345. Nho cdc dac tinh tdn s6 thuc 0’8 i
hay x4y dung qué trinh chuyén tiép & hé '
dugc nghién cifu trong bai todn trudc, 06
khi tao ra tdc dong nhiéu dudi dang ham 04 |-
bac duy nhdt téi ddu vao cha he. 02 |-
Padp so: I | | |
P . o 5 10 15 20 ts
D6 thi cua qud trinh chuyén tiép
dugc bicu di€n trén hinh 201. Hinh 201. Qué trinh chuyén tiép cho bai 345.
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Chuong 10
CAC HE XUNG

10.1. CAC HAM PHAN TAN VA CAC PHUONG TRINH CUA HE XUNG
346. Hay tinh bién d6i z d6i véi ham thoi gian:
f(t) =ay + a;t + a2t2
duge xdc dinh déi véit = 0. Chu ky phan tdn T, = 0,1 s. Céc gid tri ciia cdc hé s6: a, = !,
a,=2s'vaia, =4 s?,

Bai gidi. Tuong ting véi phu luc 2 ta ¢6:

_ 202 alT(,z2 N azToz(z;rl)
z=1 (z-1) (z-1y
Thé cdc gid tri s6 cho:

z 0,2z +O,Oélz(z-rl)

F(z) = +
z-1 z-1* (-1’

347. Hay tinh bién déi x d6i véi ham thdi gian, ma biéu dién Laplace cla noé:

K
L{f)} = ——r—
p(l+Tip)
Bai gidi. Ta phan tich ra cac phan s6 don gian:
K K KT

pl+Typ) p t+Tp

Tuong Ung véi phu luc 2 1a ¢é:

F(z) = Kz B Kz _ K(l-d)z
z-1 z-d (z-1)(z-d)

To
odayd= e'T_‘ ,con Ty, - chu ky phén tdn.
348. Hay tinh bién déi z d6i véi ham thoi gian, ma bién doi Laplace:
K
p*(1+T,p)
Céc s6 lieu ban ddu: K =257, T, =0,1s,chukyphantdin T, = 0,5 s.

L{f(} =

Ddp sé:

KT,z KTz KTz z 0,2 0,2
F(Z) = 2 - + = el +
z-1)* z-1 z-d (z-1H* z-1 z-0,0067
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T
ddayd=e " =e” =0,0067.
349. Hay tinh bién déi z clia ham thai gian:
f(t) = Asinot = 10 sinot

& ba trudng hop:

1 T f‘!//?/}}
0w=-—;
4T, dr - Ka=g
/.5" I
n PR *i
2) = *2-*’1_‘—-, /'{J F I’ \\ /’ \‘
0 /; L ’l] \\\ / \\
\
o= o AP
To @y ja=r AT
ip 56 PR ¥
bap so: it I LN
7 gibi/ N
DF@) = 5 ——— 07 el
z°—-14z+1 ) /
1 1 L —t
1
2) F2) = 22 A A
z°+1
3) F(z) = 0. Hinh 202. Cdc ham phdn tdn thoi gian.
350. Cho bién ddi z clia ham thoi gian phan tén:
F(z) = aT022
(z-1

§ day T - chu ky phan tdn. Hay xdc dinh ham thoi gian ban ddu & cdc di€m t = nT,
(n=0,1,2,...).
Bai giai. Chia tr s& cho mau s8 cho chudi vo han {chudi Loran):

F(z)=aT(,[l+%+§+“.+i+‘..)
Z 7 2 7"

Tir d6 ¢6 thé thu duoce:
f(nTy) = anT, = at|

1=nT,

351. Cho bi€n d6i z clia ham thoi gian phan tén:
az
B (z-1+a)z-1)
Béang phén tich ra chudi Loran ta xay dung ham thoi gian ban ddu & cic diém t = nT,
(n=0,1,2,...) d6i vdi ba truong hop:
Da=1, 2)a=18 wva 3)a=0,35.
Pdp sé: Xay dung bang d6 thi trén hinh 202.

F(z)
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352. Cho bié¢n déi z clia ham thoi gian phan tén:

.z

z* -152+0.5

Hay tim ham théi gian ludi ban ddu bang cdch phéan tdch ra cdc phan s6 don gian.

F(z) = (D

Bai gidi. Ta tim cdc nghiém cla phuong trinh:
22 -1,52+05=0
Gid tri cia cidc nghiém z) = | va z; = 0,5. Tiép theo ta biéu dién F(z) & dang cac phan
s6 don gian:

Y
yA z vA
F(z) = =2 - 2
(@) (z-1)z-0,5) (z—l z—O,SJ (2)

S6 hang thit nhat & bién phai (2) tuong dng véi géc 1(nT), con thif hai —e %o

ngoairad = e T = z, (xem phu luc 2). Vi vay ¢6 thé viét cho goc:
f(nTy) = 2|I(nT,) - e"a”T"} =2(z] -23)=2(1-0,5")
353. Hdy tim bién d6i z cho ham thoi gian:
f(t) = ap +at+ &2t2

duoc xdc dinh &t > 0 & cdc thoi diém phan tdn t = (n + €)T,,. Cdc s6 liéu ban ddu a, = I,
a; =2 s, a,=3 52, Ty=1s,e=0,5.

Ddp s6:
: 2
F(z) = a0Z a,’l},zz +315T()Z+232Tof+
z-1 (z-1) z-1  (z-1y
2 22
. a2(1+28)7T(,z+a28 T(,z: 2,75z . 8z . 6z :
(z-1)° (z-1) -1 @-1" @-1

354. Hiy tim bién d6i o cha ham thoi gian:
f(t) = ag + a,t + a,t°
duoc xdc dinh dét > 0. Chu ky phantén Ty=1s,ay=1,a,=1s ' vaa, =152
Bai giagi. Tuong \ing vdi phu luc 2 ta tim dugc bién déi z clta ham ban ddu d6i vdi cac
thoi diém phan tdin nT, (n=0, 1, 2, ...):
802 a,Tyz N aOng(zH)

F(z) =
= z-)t @-1

f s ’ l+w
Né&u sir dung thé z = ——, ta thu dugc:

l-w
2 2 2
F'(w) = ao(l+w)+ aTy(l-o )+32T(,(lj(o )
20 40° 40°
_ 1+oa_{_1—co2 +1—032_1+o)+m2+w3
20 4o’ 4o’ 40
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355. Cho bién d6i  chia ham thoi gian phan tén:

ddaiya=5s2 conTy=1s.
Hay xdc dinh ham thoi gian ban ddu phan tdn.

\ s . 2 o L) " Z— 1 N . T 2 N . .
Bai gidi. Néu st dung thé€ © = —— | ta tim bi€n d6i z clia ham thdi gian:

z+1
2
a2
Z+ aT z(z +1
F(z) = ; =220 ( 1)
4(2—1} (z-1y
z+1
Tuong tng voi phu luc 2 ta cé:
f(nTy) = at?
(nTp) =a =0T,

356. Trén hinh 203 ta biéu dién bo loc xung. Phdn tir xung PX phat cdc xung hinh chi
nhat cla khoang thoi gian twong déi YT, & day y = 0,05, con chu ky lap Ty = 1 s. Ham
truyén ctia phdn khong lién tuc:

K
Wy= ——— 1
0 (l+ Tlp) ( ) Pxo, K
TO 1+ T1p

0dayK=10,conT; =0,5s.

Hay xdc dinh ham truyén cﬁa‘ bo loc Hinh 203. Bé loc xung cho bai 356.
déng thoi véi phin tr xung, néu cho rang tudn
tu cdc xung & ddu ra ctia phdn I xung ¢6 thé thay the bang trinh tu ciia ham 3.

Bdi gidi. Ham truyén bang:

W(Z) = 'YT() ZOJ()(kT() )Z_k = YT()Z{O)()(kT())} (2)
k=0 :

& day wo(kT) - ham kh6i luogng cia phén tir lién tuc wy(t) khi thay thé t = kT, z = ePT0 con
Z {wy(kT,)} biéu dién bién ddi z cha ham khéi lugng.

Dé6i vé6i phén lién tuc dang xét ham khéi lugng:

{

oy =L 2 K (3)
1+Typ) T,

Tuong dng véi phu luc 2 ta c6:
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T
ddivd=e Tt ket qua ta thu dugc ham truyén cén tim:

yKT, =z i
W(z)= —.—— 5
T, z-d )
Sau khi thé cdc gid tri s6 ta c6:
0,05.10.1 yA z
W(z) = . (6)

05 7-e2 z-0135

357. Hay xay dung dac tinh tan s6 bién do pha daéi véi bo loc xung duge dua ra o bai
todn trudc.

Bai gidi.  biéu thic (6) clha bai todn trude cén thiét the z = €10 = cosaT, +
jsinaTy. O két qua ta thu duoc ham truyén tdn s6 cha b6 loc.
el®To cosaT, +jsinwT,
T eloTo _ 0.135 " coswT, - 0,135 + jsineT,

JoT,

w(e

Modun cua biéu thirc nay:

'W(eij() )‘: 1
J1+0,1352 -027cos T,
va pha:
y =T, - arctg ﬂm—TO—“
D.B.P 1a vdng tron (hinh 204). G = 0,
ciing nhu & wT, = 2n7, § day n - s6 nguyén, bang:
1 1
A() = = =1,
1-d 1-0,135
va:
Yp=0
0 0Ty =(2n - 1)n médun va pha
l
A= L =0,88 Hinh 204. D.B.P cho bai 357.
l+d 140,135
va: w =+ 180"
Tam vong tron dich vé bén phai tir g6c toa do tdi gid tri C = i‘——z- = 0,136,
R = 1 T = 1,01
1-d

356. Hay tim ham truyén tdn s6 cla bd loc xung cia bai 356 (xem hinh 203) phu

thudc vac gia tdn so tuyét doi.
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Bai gidi. O ham truyén (6) clia bai 356 dan t6i bién déi © bang cdch dat z = 1ro :

I-w
3 két qua ta c6:
W(o) = YI;TD'I dl+}cod :TyKTUd . 1+o)T 1)
p I=delrde Tid-d) o opJ0
T,
Ta chuyén t6i gia tdn s6 tuyét d6i A = —2—tgg)z(l bang cich thé w = Iﬂ)\ :
T, 2 2
. Ty
1+j—=A
. KT

T T -d) 1+]T.A

O day ta dua vao hing s6 thdi gian tuong duong:
TE = I(—)- cth "'Tl

3
2 2T, )

Thé cdc gid tri s6 cho Tg = 0,5 cth I = 0,66 s. Ham truyén bing:
0,05.10.1  1+j0,5% _ LI5(1+jO,5A)

W(A) = — ==
0,5(1-0,135) 1+j0,66 1+ jO,662

359. Hay giai bai 356 véi diéu kién khoang thoi gian tuong doi clia xung y = 0,5,
Bai gidi. O trudng hop nghién cttu biéu dién Laplace xung cho phén tir xung phit ra
khi c4p tin hiéu duy nhét t6i ddu vio cua né s€ bing:

1Ty P U |
Fup = | lePdi=t28 -2
0 p z'p
adayz' = eP T
Ham truyén cdn tim cia phén lién tuc:
K z' -1
w = W,(p)F,(p) = .
n(P) o(P)FL(p o+ Tp) 27

Ham truyén phan tan:

Y _ 2%
we=tdz B L2 l.z{ﬁr ) }
2Y p(1+T;p) Al p 1+Tp

Tuong Ung véi phu luc 2 ta c6:
V-1 Kd-d)z
¥ (z-D(z-d)

W(z) = 2

_To
gdayd=e 1 =0,135.
Thé cdc gid tri s6 cho:
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"% 1 9,865z

W(z) = -
@) 2% (z-1(z-0,135)

(5)

Néu sit dung bién z, = ™10 = 2" thi céng thic (5) c6 thé biéu dién & dang:
-1 2
W(z) = 20 TS 9’862520
Zy  (zg—1)zg —-0,135)

(6)

360. D61 véi bo loc xung duoc biéu dién trén hinh 205. Hay xay dung cdc dic tinh
bién d6 va pha logarit. Him truyén cla phén lién tuc:

K
Wo(p) = ————
o) = T X

Cic s¢ liéu ban ddu: K = 100 s Ty = 0,05 s, o> Wofp) —

Ty
T, =02svay=0,1
Cho réang trinh tu cdc xung & ddu ra cla phéin tir Hinh 205. Bo loc xung
xung PX c6 thé thay thé bai trinh tr ham 8. cho bat 360.
Bai gidi. Ham truyén phan tdn clia bo loc xung bang:
K
W(z) =yTZ{Wy(p)| = yTyZ *_‘——} (h
p+T,p)
Tuong ng véi phu luc 2 ta tim duge:
KT
2K | 2{5 _ KT,
p(1+T,p) p +Tp
=K( z J: K(1-d)z 2)
z-1 z-d (z-1)z~-d)
T
ddayd=e T =e % 20,78 Néu thé (2) vao (1), ta c6:
W(z) = ¥ToKd ~-d)z (3)
(z-1)(z—-4d)
Ta sir dung th€ z = l—4:—“—):
I-w
T,K(1 - w?
Wew) = LS @
20| 1 -octh—2-
2T,
- 2 PR & o XA < & : rl-‘()
“a chuyén vé gia tin s6 tuyét doi bang cdch thé v = j—z—}\t
2
yK(l +A2 -Zi]
W(A) = (5)

JM1+ JATE)
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GdayTg= Leth 0 - To_ 03
2 2T, Ty 20,115
T

=0,217s

2th

Hirh 206. D.B.L va D.P.L cho bai 360.

Thé cdc gid tri s6 cho:

o 10(1+0,025%2
W(jh) = SE D02 L) (6)
JA(1+j0,2174A)
Ciac dac tinh bién do va pha légarit cdn x4y dung theo biéu thic:
10[1 +(0,025)* 78]

L(}) = 20Ig|W(jA)|=201g

Af1+0217222
w(A) = argW(jA) = 90" — arctg0,217A
D.B.L tiém can va B.P.L duoc xay dung trén hinh 206.
361. Hay x4y dung cdc dac tinh pha va bién d¢ logarit d6i véi bo loc xung dugc biéu
dién trén hinh 205, n€u ham truyén cia phan lién tuc:

K
W, =
olp) p(1+Typ)(1+T,p)

Céc s6 lieu ban ddu: K = 10s™, Ty = 0,15, T, =0,25s, T, = 0,01 s vay = 0,01. Cho
rang trinh tu cdc xung & d4u ra clia phdn tr xung c6 thé thay th€ bang trinh tu ham 3.
Bai gidi. Ta phan chia biéu thitc (1) thanh cdc phan s6 don gian:
K _k_ KT} N KT? 2)
pd+Tip)1+Tp) p (T;-T;)1+Tp) (T;~Ty)d+T,p)

Tuong tng v6i phu luc 2 ta tim duge ham truyén phan tin:

W(z) = T K| 222, _ 2 (3)
Z“'l Tl(z_dl Tz(z—dz)

(n
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o day:

2 2 2
T N 2 h
Tl - T2 IT 1 - T 2 T
T T

T2

1» D=

d]:eTl va dz:e
Cong thitc (3) ¢6 thé biéu dién & dang:

(I-dy)z +T_2 z
(z-1)@z-d)) T, (z-d,)

W(z) = YT()K[

Ta sir dung thé z = 1+CO,
l-w
r A
2
W(w) = yT,K l-o +T Tzd . 1+(1)T
20 l+mcth—TL 1d=d2) 1) et 0
] 2T, ZTZJ

Ta chuyén t6i gia tan sé tuyét déi bang thay thé =J—2(~)l . O két qua ta cd:

LT
T l—ﬂv—zg
W(jA) = yTK (1+ jk—z"—J —*
AT, 1+ j?LIO—cth--JL
] 2 2T,
|
i - T, T
T, =dy| 1+ jA -Pcth -4
22|
B&i vi Ty < 2T, va T > 2T, thi Do cnlto cnlto o v d,~0
2 2T, 2T,
96 1L(2)
30t
a0
0
. A
_/50,0 1 T ':;
4/ 57!
-0°

Hinh 207. P.B.Lva D.P.L cho bai 361.

(4)
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Khi tinh todn cdc phu luc nay ta cé:
Ty

[ - jA
W(jA) = yToK (1+ jxi) : 2, T
2 )| AT (1 + jAT)) T,[l i 1;))

. T . T?
yl{l + Jx-TAT(, +( ]X)Z(TzT(, —%H

1

JML+jAT))
Thé cac gia tri s6 cho:
[1 +j0,004A —0,015(jr)* ]
JA(1+jO,251)

W(jr) =

~

14001507 (1+j0,122A)(1 - j0,122)
ML+ j0,.252) ML+ j0.254)

Cic D.B.L va D.P.L tiém can dugc biéu dién trén hinh 207.

362. He diéu chinh xung (hinh 208) twong ng v&i ham truyén clia hé hd (xem bai
360).
yToK(-d) 01l
(z-Dz-d) (z-1)z-0,78)

gdayK =100s", Ty =0,05s, T, =025,
_To

=0,lvad=¢ T =¥ =0,78. g X K Y
! & o KT+ T)
Hay xac dinh ham truyén cia hé kin y T

W(z) =

(h

va ham truyén d6i voi sai s6.
. Hinh 208. Hé diéu khién xung.
Dap sé:
Ham truyén cla hé kin
D(2) = W(z) _ ¥ToK(1-d)

1+W(z) (z-D(z-d)+yTK(-d)
_ 0,11

(z-1)z-0,78)+ 0,11

(2)

Ham truyén theo sai s6:

1 _ (z-1)(z—-d)
1+W(z) (-I)(z-d)+yTK(-d)
- (z-1)(z-0,78)

(z-D@E-d)+0,11

D (z) =

(3)
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363. Ham truyén cua hé xung kin (xem hinh 208):

B(2) = 0,11
(z-1D(z-0,78)+0,1 1

3 ddu vao ciia hé ¢6 ham ting g(t) = gy1(1). Hay tim bién déi z cha dai lugng dau ra
Y(z) va sai s6 X(z).
Bai gidi. Biéu dién dai lugng ddu vao tuong ng v6i phu luc 2 s& bang:
G(z) = £o?
z-1
Biéu dién dai luong ddu ra:
0.11g,z
~1)(z-0,78)+0,11fz-1)

Y(z) = (Dx(z) G(z) = [(Z

Biéu dién sai s&:
g0(z~-0,78)z
(z-1¥z-0,78)+0,11

X(2) = Dx(2) G(z) = [1 - P(2)] G(z) =

364. Hay tim phuong trinh hiéu s6 lién quan cdc dai lugng ddu vao va ra cia hé diéu
chinh xung (xem hinh 208).
Ham truyén cta hé kin:
B(2) 0,11

T 2-1)(z-0.78)+ 0.1

Bai gidi. Cic biéu dién dai lugng ddu vao va ra dugce lién hé bGi ham truyén:

0,11G(z)
=@ G =
Y@ =0 6@ = o e ol
011G6(z)  0J1z27°G()

2> ~1,782+0,89 1-1782"' +0,89z

Ta vi€t lai cong thic ndy & dang khéc:
(1-1,782" +0,892%) Y(2) = 0,11 2% G(z)

Tir d6 c6 thé thu dugc phuong trinh hiéu s6:
y[n]-1,78y[n-1]+0,89y [n-2]=0,11g [n - 2]

10.2. PO ON PINH VA CHAT LUONG CAC HE XUNG

365. Ham truyén cua hé diéu chinh xung kin:
0,11

d(z) = >
z°-17,8+0,89

Hay xac dinh do 6n dinh cla he.
Bai gidi. Phuong trinh dac trung cha hé:
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22~ 1,782+ 0,89 = 0
Ta tim dugc cdc nghiém:

z,,=0,89 + /0,897 —0,89=0,89 + j 0,346
Moédun ciia cidc nghiém:

[2,.2] = 0,897 +0,3462 =0,96 <1

Hé 6n dinh.

366. Hay xdc dinh gid tri 16n nhit cla hé s6 khuéch dai chung d6i v6i hé diéu chinh

xung duoc nghién ciu trong bai 362, tuong fing véi gidi han d6 6n dinh.

Bai gidi. Phuong trinh dac trung clia hé c6 thé thu duoce tir cong thic (2) cla bai 362:

z-D@E-d)+yTy)K(1-d)=

=22 -l +d)z+yTK (1 -d)+d=0

Ta chuyén t6i bién ddi o bang thé z = %ﬂ O két qua ta thu duoc phuong trinh dac
-

tring ¢ dang khac:
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[2-d+yTK (1 - d)]w? +2[1 —yTK (1 - d)]o +
+yTK (1 -d)=0
Céc diéu kién 6n dinh:
2-d+yTeK(1-d)>0
YTK (1 -d) < 1
YToK (1 -d)>0

Gi4 tri téi han clia hé s& khuéch dai c6 thé xdc dinh tir cong thic (2):

1 1

Kip = = =910s"
¥yTo(1-d)  0,1.0,05.0,22

367. Phuong trinh dac trung ctia hé diéu chinh xung:
524222432+ 1=0
Hiy x4c dinh do 6n dinh cta he.
Bai gidi. Ta sit dung th€ z = —iig Khi dé ta cé:
-
51+’ +2(1 +0) (1 -0)+
+31+0)(1-0)?+(1-0)’=0
Quy d6i céc s6 hang tuong tu cho:
50+ 130 + 1lo+ 11 =0
Ta sit dung tiéu chudn Gurbinxa:

13.11=-5.11=88>0

(1
(2)
(3)



He 6n dinh.

368. Hay xadc dinh d6 6n dinh clia hé, ma phuong trinh dac rung clia né:
2+t +z+41=0
Ddp s¢: He khong én dinh.
369. Ham truyén cha hé kin:
Dd(z) = _2_0_,1___
z°-15z2+0,6
Hay xdc dinh cdc h¢ s6 ddu clasais6 cyvac, 0 Tp=0,1s.
Bai gidi. Ta tim dugc ham truyén déi véi sai s&:
D()=1-D(7) = zj_-—lSz_+O§
z--152+06
Néu & biéu thiic cubi ciing thay z = 1, diéu d6 tuong ing p = 0, ta c6:
cg= P (1)=0
Dé tim he s6 sai s§ ¢; ta vi phan ham truyén @ (ef™):
dd, (€P0)  (2T,z-1,5T;)0,1
dp (22 -152+06)

Khi thé vao biéu thifc cudi cing z = 1 ta cé:
c, = (2T() - I,ST() )O,l
(1-1,5+06)

= ST() =055

370. 3 heé diéu chinh xung céc hé s6 sai s6 bing ¢, = 0, ¢; = 0,01 s va ¢, = 0,05 s2.
Hay xdc dinh sai s6 & cdc thoi diém phan tan t = nTy (n =0, 1, 2...) khi & ddu vao hé cé tin
hieu g(t) = agt + a,1%, 5day a, =55 va a; =2 s,

Ddp sd: Gid uj sai s6 & cac thoi diém phan tdn bing;

. Cy .,
x(nTy) = c; §(nTy) + -2-2g (nTy)

= ¢i(ag + 2a;nTy) + %.Zal
= 0,01 (5 + 4nTy) +0,05.2 = 0,15 + 0,04nT,

371. Hidy xdc dinh d¢ du trit 6n dinh theo mo6dun v theo pha, ciing nhu chi s6 dao
dong ctia h¢ diéu chinh xung, ma ham truyén clia né ¢ trang thai hd c6 trong bai 362:

-d
Wiz = YToK(-d)
(z-1)(z~-d)
To
dday ¥=01,Ty=005s,K=100s",d=e™ =¥ =078, T,=0,25.
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Bai gidi. Ta chuyén sang ham truyén tin s6 bang thé z = +o

. T
, cOn sau dO(D:J\—z()—

(xem bai 360):
B 10[1+0,0252x2]
ML+ j0,217A)

W(QA) (1)

Ta xdc dinh tdn s6 cat d6i v6i ham truyén (1) tir ding thitc:
10[1 + o,ozszxip]

(2)
/ 2,2
Aepy1+021770,

Nghiém gén ding (2) cho:

10 ¥
Aeg® |—— =6,85
°p 0,217

D¢ du trit theo pha d6i véi (1) bang:
p= 180" + Yy = 90" - arctg 0,217
Do du tr 6n dinh theo pha & A = A, bing:
i, = 90" — arctg 0,217 . 6,8 = 34°
Su dich chuyén ciia pha dat t6i gia tri y = 180" khi A — 0. Vi vay do du trir 6n dinh
theo modun:
_ 10217
W) 100,022

Pé xdc dinh chi s6 dao dong ta tim ham truyén tdn s6 cla he kin:
WA 10(1+0,025%2%)

D(A) = = "
L+ WA -0,2170° +jA+10

Modun clia biéu thic cuéi cing bing:
101 +0,0252%)
J(10-02172%)? +22

A = (3)

Nghién cttu vé cuc dai ciia biéu thirc (3) cho gié tri clia chi s6 dao dong A, = M = 1,56.

372. O ddu vao he xung véi ham truyén & trang théi kin:
(D(Z) = _Zi___
z°-13z+0,4
¢6 hdm tdng duy nhat g(t) = 1(t). Hay xay dung qud trinh chuyén ti€p d6i v6i dai lugng ddu
ra y(nT) va hiy xdc dinh qud trinh chuyén ti€p chu ky phan tdin T, = I s.
Bai gidi. Biéu dién dai lugng d4u vao bing:
z

G(z) = — (1)
z—-1
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Biéu dién dai luong ddu ra cé dang:
0,1z
Y(2) = P(2)G(z) = 2 (2)
(z-z° -13z2+0,4)

Ta tim cdc nghiém cta phuong trinh dac trung:
7 -13z2+04=0

Két qua choz, =0,8 va z, =0,5.

Ta biéu dién biéu thitc (2) & dang:

Y(z):[A + B + C
z-1 z-08 z-0)5

Tim céc hé s6 phan tich ra cdc phan s don gidn cho A =1,B=-1,67vaC=0,67.0
két qua ta cé:
0,67z
z-0,5

z 1,67z
- +

Y(z)=
@ z—0,8

3
71 (3)

Dé dua (3) vé dang bang s6 (xem phu luc 2) ta dat d, = e ™™ =z =08 va
dy= e 10 =7, =05, Tir d6 ta tim duoc:

a, = Lol o1 k0223202236

T, 08
1 1 1
Oy = —In— =1x0,693=0,693s
0 5
Bdng 1
n -1,67.0.8" | 0,67.0,5" y(nT,) n -1,67.0,8" | 0,67.0,5" y(nTy)
0 -1,67 0,68 0 9 -0,22 0 0,78
| -1,33 0,33 0 10 -0,18 0 0,82
2 -1,06 0,16 0,1 11 -0,14 0 0.86
3 -0,85 0,08 0,23 12 -0,11 0 0,89
4 -0,68 0,04 0,36 13 -0,09 0 0,91
5 -0,54 0,02 0,48 14 -0,07 0 0,93
6 -0,43 0,01 0,58 15 -0,06 0 0,94
7 -0,35 0 0,65 16 -0,05 0 0,95
8 -0,28 0 0,72
Tuong (ng vét phu luc 2 ta ¢ ham thoi gian phan tén cdn tim:
y(nTy) = | — 1,670 1 0 67¢ %20
=1-067z] +0,67z5 =1-1,67.0,8" + 0,67 x 0,5" 4)

Pé xay dung qud trinh chuyén tiép sir dung thudn tién bang 1.
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Tinh y(nT,) thuc hién & bang t6i khi sai s6 khong bang 5%. Thoi gian cha qué trinh
chuyén ti€p khi d6 bang t, = 16T, = 16 s.

373. Giai bai todn trudc bing cach phan tich biéu thitc ra chudi Loran.

Badi gidi. Biéu thitc cdn tim cla dai lugng ddu ra (2) dugc phan tich thanh chudi Loran
bing cédch chia tr s6 cho miu s§

0.1z | 2’ =232 +1,72-04
0,12-0,23+0,172" -0,04z"* 0,1z +0,2327 + 03627 + ...

023-0,172"" +0,04272
023-053z"" +0,39272 - 0,092z
0,362 =0,35272 +0,09227°

Céc hé s6 & 2" truong hop riéng 12 gid tri clia cdc dai lugng dédu ra y(nT). Do
dé dn=0van=1tacé y0) = y(Ty) = 0. Tiép theo ta c6 y(2T,) = 0,1, y(3T,) = 0,23,
y(4T,) = 0,36. Néu ti€n hanh chia ti€p theo ta thu dugc cdc s6 trung véi cdc gid tri trong
bang 1.
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PHAN II
CAC HE KHONG TUYEN TiNH CUA
HE PIEU CHINH TU DONG

Chuong 11
LAP CAC PHUONG TRINH CUA
CAC HE KHONG TUYEN TINH

11.1. CAC PHUONG TRINH CUA CAC HE THEO DOI KHONG TUYEN TINH

374. Hay 1ap cdc phuong trinh vi phan va so d6 cdu tric clia hé theo doi dién co, ma
s0 d6 cta né duge bi€u dién trén hinh 209. Trén so d6 ta ky hiéu: 8,. 9, - cdc géc quay cha
cdc truc chi huy va thira hanh, 8 = §, - 8, - khong an khép (sai s6), PC - phén tr nhay cam
(ddu do géc khong an khép), Y - bo khuéch dai tuyén tinh, PY - bé khuéch dai role,
D - dong co, P - bo truyén dong, TG - may phdt do t6c do, PM - co c4u lam viéc (d6i tuong).

Y N S
== R PR 7 B o E

s

Hinh 209. Hé theo ddi dién co.

Cac 56 lieu ban dau hd din dac tinh cla phédn & nhay cim k, = 1 V/do = 57,3 V/do,
hé s6 khuéch dai clia bo khuéch dai tuyén tinh k, = 2,5, hang s8 thoi gian cia bo khuéch dai
tuyén tinh T, = 0,05 s, dién dp cuc dai & ddu ra cha b khuéch dai role Us,, = c = 110 V,
d¢ ho dan dac tinh tinh cha mdy phdt do t6c do k, = 10 2 ——;— ty sO truyén cua bo dan dong

ra
i = 1000, t6c d¢ khong tai cua dong co ny = 6000 V/ph, thoi diém khdi dong cha dong co
M, = 100 G.cm, mémen qudn tinh clia t4t ca cdc tdn sd quay tdi truc cta dong co; J = 0,008
G.cm.s”. Bd qua anh hudng momen tinh ctia phu tai v cla cdc qud trinh chuyén tiép trong
mach phdn tng cta dong co. Dic tinh tinh cla bo khuéch dai role duge biéu dién trén hinh
210. Vung khéng nhay camb =025 V.
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Bai gidi. Theo so d6 nguyén ly da cho ta 1ap cdc phuong trinh cdc khau vi phan cla
hé.
I. Plutong trinh phdn t d6 nhay:
u =k38, §=9,-9, (1)
& day u; - dién 4p & ddu ra cla phén tr nhay cam.
2. Plulng trinh khuéch dai role:

(Typ + Duy, =ku, u=u; + upg (2)
& day u, - dién dp & ddu ra cha b khuéch dai, uyg - dién dp clia mdy phdt do t6c do, p = -d(i :
t
3. Phuong trinh bo khuéch dai role duoc viét o dang sau:
03 = F(u) (3) "
& day u, - dién ap & ddu ra cua bo khuéch dai,
F(u,) - ham khoéng tuyén tinh cho bdi dac tinh tinh A
(xem hinh 210). o
4. Phuong trinh dgng co thiwa hanh: R | &
; &

Theo s6 lieu ban ddu cé thé bd qua anh U
hudng mémen phu tai tinh va cdc qud trinh chuyén ~ 2M0L
ti€p trong mach phdn cam cla dong co. Vi vay
phuong trinh vi phin clia dong co (xem chuong 1)

c6 thé viét ¢ dang:
(Twp + 1) p9p = k3u; (4)
& day 9p - géc quay clia truc dong co, Ty - hing
s6 dién co cla thoi gian, ks - hé s6 truyén cla dong co.

Hinh 210. Ddc tinh tinh cua
bo khuéch dai role.

;{Uz)
7 J i L) A 1%l r]%] 4 24PN
/ B I T TV T
& 1
- A

Hinh 211. So dé cdu tao cua hé theo,doi.

Hing s6 thai gian dién co cua dong co dién (xem chuong 1):
o ;™o _ o,oogw ~ 0.05s

Ty =
MTIM, T 30M, 30.100

He s6 truyén cla dong co:
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Q,  mny,  314.6000

ky= = ~ 573 d0/s
Uspae  30U;.. 30110
5. Phuong trinh déng co do 16c dé:
utg = kep9p (3)
6. Phuong trinh bg ddn déng:
82 = kSSD (6)
) i 1 y c . <
0ddy ks = —=—— =0,001 - hé 56 truyén clia bo din dong.
1 1000

Theo cdc phuong trinh (1) - (6) ta 1ap so d6 cau tao cha hé (hinh 211). Theo so d6 nay
phuong trinh vi phan phén tuyén tinh cta he viét cho dai lugng khau khong tuyén tinh ddu
Vao u,, ¢6 dang:

(Typ+ 1) (Typ+ 1) pu,y =
=Kk (Typ + 1) p9) = koks (ks + kyp) uy (7
Sau khi th€ cdc gid tri s6 cta cdc théng s6 ta cé:
(0,0025p3 + O,lp2 + puy = v
= (7.14p% + 143p) 8, - (0,143p + 0,82) u, (8)

Phuong trinh phan tuyén tinh cla hé duoc b8 sung bang phuong trinh khau khong

tuyén tinh (3):
uz = F(uy)

375. Hay 1ap cdc phuong trinh vi phan cta h¢ theo doi dién co cé cac khdp néi dién tir
va thi€t bi 16gic. Trén so d6 cha hé (hinh 212) ta ky hiéu: 8, 9, - cdc géc quay cia céc truc
chi huy va thira hanh, 8 = 8, - 8, - sai s6 clia h¢, PC - phdn tir nhay cam, LY - thiét bi
l6gic. EM - cdc khdp néi dien tir, D - dong co ddn dong, TG - mdy phét do t6¢ do, PM - co

c4u lam viéc.

2
Y g 2 ; ]
SEASSEA=S VA S22 i
Y Ure Mi v ]U”"; Jg
. Ly L

Hinh 212. Hé theo déi cé cdc khdp noi ma sat dién .

Trong hé nay dong co didn dong quay & mot hudng véi téc do khong ddi. Pao chiéu
truc thira hanh duoc thuc hién bdi chuyén mach khép néi theo chi huy clia thiét b 16gic. Dé
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xay dung quy luat diéu khién 16gic (hinh 213) si dung dién 4p u, ty 1& v&i sai s6 ctia hé 9 va
dién dp upg ty 1€ t6c do quay clia truc thira hanh 3,.
Cac s6 liéu ban ddu: mémen quay cla dong co din dong t6i truc thira hanh M, = 10

G.cm, mémen quén tinh cha tdt ca cidc phin quay té&i A
chinh truc nay J = 100 G.cm.s?, cdc théng s6 clia thiét
R T , B e P ¢ o=
bi l6gic (dugc tinh todn theo gdéc khéng an khép va g
- Py 0 z 4 k]
van t6c géc) b; = 0,27, b, = 0,1 do/s. C6 thé bo qua rmmmg—-id; é
moémen phu tai tinh vd anh hudng cha cdc qud trinh "/),;?L 4 ¥ 7
chuyén ti€p & cdc khép néi dién tur. 5 2
d..éz.__éf/.z/am/zz/‘
Bai gidi. Ta viét dinh luit cin bang cic momen S 4 oy
t4i cdc truc thita hanh (ta bo qua mémen phu tai tinh): % -
d?s,
J—==M (1)
dt Hinh 213. Ddc tinh tinh
¢ day, M - moémen quay. cua thiét bi légic.

Phuong trinh thiét bi diéu khién c6 phdn tir nhay
cam, may phat do t6c do, thiét bi 16gic va cdc khép néi dién tir ma sat c6 dang:
M = My®(3, 8) (2)
O day (9, $,) - quy luat logic khong tuyén tinh dugce thuc hién trong thiét bj diéu
khién va biéu dién bang d6 thi trén hinh 213. Tix cdc phuong trinh (1) va (2) va hinh 213 suy ra:

M, & 9<-b,, 8,<b,

J = _MO 6 8>bl, 92>“b2 (3)
0 & cdc truong hop con lai

O phuong trinh (3) ta thé cdc gi tri s6 cdc thong s6 chia hé. Ta thu dugc céc phuong
trinh vi phan chuyén dong ctia he:

. 01 & 8<-02° §,<01d6/s
-d—;?-= -01 6 $>02°, §,>-01do/s (4)
0 trong céc trudng hop con lai

376. Hay 1ap cdc phuong trinh vi phan va so d6 cdu tao cia hé theo dbi c¢6 cudn cam
thay déi (hinh 214). Trén so d6 ky hiéu: 3, 8, - cdc géc quay cua céc truc (chi huy va thira
hanh), 9 = 9, - 9, - g6c khong an khdp (sai s6), PC - phan t&r cdm ting (d4u do goéc khong
an khdp), PM - co cdu 1am viéc, Y, Y, - cdc bo khuéch dai, TG, TG, - cdc mdy phit do t6c
do, D - dong co, P - bo din dong.
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M6i lien hé ngugc cuc bo & hé nay duoc tao bdi cic mdy phét do t6c do TG, va TG,
duge mac n6i ti€p va nguoc nhau. Do léch cdc dien dp clia cac may phét do t6c d6 u, - us
dugc cong v6i dién dp u, dugc an khép 16n 8 dien dp uy > us, bdi vi dong dién trong cuén
day kich cia mdy phdt do t6c do TG, ty lé véi géc 8. Vi vay tin hiéu t8ng & ddu vao ciia bo
khuéch dai Y; u, > u), diéu dé dam bio t6c do tang 16n cha qué trinh. O goc léch pha nho
uy < us va dién dp & ddu vao bo khuéch dai Y, u, < uy. Vi vay he lam viéc véi t6c do giam,
diéu d6 loai bo diéu chinh lai. Khi 1ap cdc phuong trinh ciia hé c6 thé bo qua momen phu tai
tinh va anh hudng cla cic qué trinh chuyén ti€p trong mach cam ing cta ddng co va trong
cudn day kich clia mdy phdt do t6c d6 TG,. Céc bo khuéch dai Y, va Y, coi la khong quédn
tinh.

Y /

Uy =
7
4“\ e

3
fj
{j

Hinh 214. Hé théng theo déi ¢6 cudn cdm thay doi.

Bai gidi. Ta 1ap phuong trinh vi phan céc khau clia he.
1. Phuong trinh phan tie nhay cam:
u =k, 9=9,-9, (h
& day k; - do hd dén déc tinh tinh clia phdn tir nhay cam.
2. Phueong trinh khuéch dai Y, :
U3 = Koy, Up = up + uy — us (2)
& day u, - dién dp & ddu ra cia bo khuéch dai, k, - hé s6 khuéch dai.
3. Phuong trinh dong co:
(Tmp + Dp9p = kjus (3)
& day S - géc quay cua truc dong co, Ty, va k; - hang s6 thoi gian dién co va hé s6 truyén
ctia dong co.
4. Phwong trinh mach c6 méi lién hé ngugce khéng tuyén tinh bao gom mdy phat do t6c
do TG, va b khuéch dai Y, :
ug = kgpu; Sp (4)
0 day k, - hé s6 ty le.
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5. Phuong trinh mdy phdt do toc do TG, :
us = kspSp (3)
0 day ks - do hé dan dac tinh tinh ctta mdy phét do téc do.
6. Phuong trinh bé ddn déng:
\92 = kGSD (6)
0 day kg - hé s6 truyén cia bo dan dong.
Theo cdc phuong trinh (1) - (6) ta 1ap so d6 cu tao cua hé (hinh 215). 0 so dé nay
dfu ® ta ky hiéu thiét bi nhan thuc hién chic nang nhan cua hai bié€n theo phuong trinh (4).

A

2 A

Hinh 215. So dé cdu tao cia hé theo déi c6 cuén cdm thay doi.

Tuong tng véi so d6 c4u tric phuong trinh vi phan khong tuyén tinh cla toan hé cé
dang
[Tmp” + (1 + Koksks)p + kikokake)] 8 2 — Kikokskap (8 = 8209 =k kokske8; ()

11.2. CAC PHUONG TRINH CUA HE ON PINH KHONG TUYEN TiNH

377. Hay lap céac phuong trinh vi phan va so d6 cdu tric cha hé di€u chinh nhiét do t
dong, ma so d6 cha né dugc biéu dién trén hinh 216.

Trén so dé ta ky hiéu: OP -
d6i tugng diéu chinh, PC - phén
tr nhay cam (cdu cé tr& nhiét),
PIT - Role phan cuc (bd khuéch
dai), D - dong co, OB - cdc cudn
kich cha doéng co, P - bo dan
dong, PO - bo diéu chinh (van
truot), POC - thé dién k& c6 moi
lién hé ngugc.

Cic s6 liéu ban ddu: d6i
twong 1a khau khéng chu ky béac
nhat ¢6 hang s6 thoi gian Ty = 10,
hé s truyén cla doi tugng va bo Hinh 216. So dé diéu clinh nhiét do tudong.
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diéu chinh k, = 10 do/rad, hé s6 truyén phan tr nhay cam k, = 0,25 A-V/do, hé s6 truyén
clia dong co k, =2 rad/Vs, ty s6 truyén cua bo dan dong i = 1000, hé s6 truyén clia mach cé
lien heé nguge k. = 2,5 A-V/rad. Dac tinh tinh cda role cuc hod dugc biéu dién trén hinh
217. Céc vong day ampe cla role aw,, = 0,5 A-V, dién dp cyc dai & ddu ra cia bo khuéch
dai role U, = 110 V. C6 thé bo qua anh hudng momen phu tai tinh cla cdc qud trinh
chuyén ti€p & cdc cuon role cuc hod va cdc hing s6 thai gian ciia dong co Ty va Ty
Bai gidi. Theo so d6 nguyén 1y d3 cho ta lap cdc phuong trinh vi phan cdc khau cta hé.
1. Phuong trinh cda déi twong diéu chinh:
(Top + 1) 92 = koo (b
G ddy 9, - gié tri thyc cha nhiét d6 d6i tugng, ¢ - gbe quay ctia thiét bi diéu chinh.
2. Phuong trinh cia phan tit nhay cam:
aw; =k, 8, $=9,-9, (2)
& day 9, - gid tri da cho cua nhiét do doi tugng, 3 - sai s6 cua hé.
3. Phuong trinh ciia bé khuéch dai role:
u = F(aw), aw = aw| — a0y, (3)

& day F(aw) - ham khong tuyén tinh cho dac tinh tinh (xem hinh 217).

4. Phuong trinh dong co cé dong dién khéng doi: u
po = kau ' (4)
& day o - géc quay cua truc dong co. U
5. Phuong trinh cia bo truyén dong: ~8Wep
A 0] awy, aw
¢ =k O U
0 day k; = i - hé s6 truyén cha bo din dong. \
i
6. Phuong trinh mach cé moi lién hé nguoc: Hinh 217. Ddc tinh tin
aW,. = Ko (6) cua role cuc hod.
& day ao,, . - cdc vong ampe ciia cuén day cé méi lién hé nguogc.
So dd cdu tric cha hé duge biéu dién trén hinh 218.
5 p Flaw) o ;
7 e ew| fl el kix kg, >
__._cig}_, £, i Sab e R nul
awWoe
Koc [

Hinh 218. So dé cdu tao cia hé diéu chinh tir dong nhiét dé.

261



Twong tng véi so d6 céu tao phuong trinh vi phan phdn tuyén tinh clia hé c6 thé viét &

dang sau:
(Top + 1) paw = k;p3) — kokslko o (Top + 1) + kok;]u (7
Ta thé cdc gid tri s6 cha cdc thong s6 vao phuong trinh (7). Ta c6
(10p? + p)aw = 0,25p3, - (0,05p + 0,015)u (8)

Phuong trinh phdn tuyén tinh (7) dugc b8 sung bing phuong trinh khau khéng tuyén
tinh (3):
u = F(aw)

378. Hay lap cdc phuong trinh vi phan cla hé diéu chinh t6c d6 quay clia mdy phat
tuabin (hinh 219). Trén so do ta ky hiéu: @ - do léch t6c do géc quay truc mdy phét tuabin
véi gid tri dinh myc, n - toa d6 vi tri khép ndi clia co cdu ly tam, o - su dich chuyén thanh
n6i ngan kéo, & - su dich chuyén xy lanh ctia dong thuy luc va van truot lién hé véi né.

Céc s6 lieu ban ddu: d6i wong (mdy phét tuabin) cé thé xem nhu khau khong chu ky
bac ddu c6 hé s6 truyén k, va hang s6 thai gian T. Phdn tir nhay cam la khau khéng chu k¥

bac hai c6 hé s truyén k, va cdc hang s6 thoi gian T; va T,, ky = —i% kq = %CB—‘ dac tinh
tinh cta dong co thuy luc cho bang d6 thi (hinh 220).
Q
7 ®
AL ;
&l v gt 7 pé
| S A
Ll -~ w E c
'0,2 0, N &
c i
Y
Hinh 219. Hé diéu chinh téc do Hinh 220. Ddc tinh tinh
quay cua mdy phdt tuabin. cua dong co thuy luc.
Bai gidi. Ta viét cdc phuong trinh vi phan cdc khau clia hé:
1. Phuong trinh diéu chinh doi twong (mdy phdt tuabin):
(Top + Do =Kko& (1)
2. Phuong trinh phdn tu nhay cam (co cdu ly tdm):
(T]p + 1) (sz + l)n = kl(D (2)
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3. Phuong trinh ngan kéo:
Dé 1ap phwong trinh ngan kéo ta cho hudng tinh todn cha t4t ca cdc toa do nhu chi ra
trén hinh 219. O dich chuyén bat k¥ clia cdc diém A, B va Cta cé:

o =-kyn ~ K3 (3)
4. Phuong trinh dong co thuy luc dugce viét 6 dang sau:
p¢ = F(o) (4)

0 diy F(o) - ham khong tuyén tinh cho bai dac tinh tinh (hinh 220).
Theo cdc phuong trinh (1) - (4) ta xdc dinh phuong trinh vi phan phdn tuyén tinh cta

hé:
(T()p+ B (T[p'f' 1) (sz +1)0'="(k0k]k2 +k3)§ (5)
Phuong trinh nay dugc bd sung bang phuong trinh clia khau khéng tuyén tinh (4):
ps =F(o) (6)

379. Hiy lap céc phuong trinh vi phan ciia hé diéu chinh dp suét ty dong (hinh 221).

o o

|

/09 — A
]
!

% 5/_ , b 5
— I ﬁ é/ &Z

y mn::p 113
'MR?\\:—“«— d
(e X Tir bom
Xa
Hinh 221. Hé théng diéu chinh Hinh 222. Ddc tinh tinh cua bo
ti dong cua dp sudt. khuéch dai tia va déng co thuy luc.

Trén so d6 ta ky hiéu: 1- d6i tugng; 2- b6 do 4p suat kiéu mang (phdn tr nhay
cam); 3- bo khuéch dai tia; 4- dong co thuy lyc; 5- van truot (van di€u chinh).

C4c s6 liéu ban d4u.
1. Phuong trinh déi tuong diéu chinh:
(Top + 1) Py = ko
& day py - 4o léch dp sudt, ¢ - géc quay cla van trugt.
2. Phuong trinh cua phdn tw do nhay:
(T(fp2 +Typ+1)o = -k py
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3. Pdc tinh tinh cita bé khuéch dai tia va déng co thuy luc dugce bidu dién rrén hinh
222.

Pdp sé: Phuong trinh vi phan phan tuyén tinh clia heé:
(Top + 1) (TZp? + Typ +1)o = Kok, 0
Phuong trinh chia khau khong tuyén tinh:
po = F(a)

380. Hay lap cdc phuong trinh vi phan cta din dong tich phan (hinh 223) khi tinh todn
do6 khong tuyén tinh bdo hoa trong b6 khuéch dai (hinh 224).

&%
% u - 7 = L Yy
7 — /
/ F Sl 7 _—_< G — 1 é.?mcm
= - Y] Ty v
' &

' Grmoz| !
B

Hinh 223. Ddn déng tich phan. Hinh 224. Ddc tinh tTnh ciia b6 khuéch dai.

Trén so d6 ta ky hiéu: Y- b6 khuéch dai; D- dong co; TG- mdy phét do t6¢ do.

Céc s6 lieu ban ddu: he s6 truyén ciia dong co k, = 4 rad/V s, hing 56 thoi gian dién
co cla dong co Ty = 0,1 s, 4o hd dén dac tinh tinh clic mdy phét do tdc do krg = 107
V.s/rad, dién 4p cuc dai & ddu ra bo khuéch dai Uy, = 120 V, bé rong ving tuyén tinh cla
dac tinh tinh cia b6 khuéch daib=0,1 V.
Ddp 56 Phuong trinh vi phan phén tuyén tinh cla hé:
(0,1p + Hu = (0,1p + L)u, - 0,04y,
Phuong trinh ctia khau khong tuyén tinh:
u, = F(u).
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Chuong 12

CAC PHUGNG PHAP NGHIEN CUU CHINH XAC
PO ON PINH VA TU DAO PONG

12.1. PHUONG PHAP CAC QUY PAO PHA

381. Hay nghién citu cdc qud trinh trong hé theo ddi dién co c¢é khép néi ma sat dién
tir va thiét bi logic khong tuyén tinh (xem hinh 212) & ch€ d6 6n dinh. Cic s6 liéu ban ddu 12
sO liéu cua bai 375.

Bai gidi. O ché do 6n dinh géc quay cla truc chi huy $, =0, 8, = —9. Khi d6 phuong
trinh cia toan hé cé thé viét & dang sau (xem bai 375):

0,1 & 9<-0,2", § <0,1do/s (1)
2
a8 _ 0,1 & 8<-02" § <-0,1 doJs (2)
di?
0 & cdc truong hop con lai (3)

Hay tim phuong trinh qu§y dao pha déi véi ving 1 (hinh 225). Vi vay ta dua vao cac

bifnmdix=3vay= %9— va phuong trinh (1) dugc viét & dang:
t

dy =0,1 (4)

ST ) c dx .
D¢ loai thoi gian t ta chia phuong trinh ndy cho . =y Tacd:
C

dy 01 (5)
dx vy
hay
y dy = 0,1dx (6)
Né&u tich phan phuong trinh (6) ta thu dugc phuong trinh quy dao céc pha:
y2=0,05x + C, (7)
3 diy C, - hing s6 tuy ¥.
Phueng trinh cdc quy dao pha d6i véi cdc ving II va III thu dugc bing cdch tuong tu:
y? = -0,05x + G, (8)
va
y=G (9)
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Cac phuong trinh (7) va (8) 1a cac phuong trinh parabol d6i xitng véi truc x, ma thdng
6 cla chiing p = 0,025.

y=§g’ di/s

s lertti //anmr /7,: i -
— Z/:n f + i/,7 /?T —+ g i
-06\05 —44\—@35?(522 |,

o ——

Hinh 225. Cdc quy dao pha cua hé theo doi cho bai 381

Phuong trinh (9) 12 phuong trinh cdc dudng thing song song vdi truc x. Dang cdc quy
dao pha dugc bi€u dién trén hinh 225.

Ta cho cac diéu kién ban ddu ctta qud trinh. Gia st dét=0,x=9=0,y = 9§ =02
do/s. Theo dang quy dao pha d&i véi cdc do léch ban ddu di cho c6 thé xic dinh qué trinh
chuyén ti€p két thic sém hon sau mot chu ky, vi vay trong hé ta xdc dinh dugc ty dao dong.
Bién d6 cic dao dong géc ag = 0,25" va bien do dao dong cia t6c d0 ag = 0,1 d¢/s xdc dinh

dé dang theo chu ky gi6i han. F(9)

382. Hay nghién citu cdc qud trinh trong hé theo déi 1
dién co c6 cdc khdp ma sét dién tir dugc nghién citu & bai 375, ¢
& diéu kién thay thé thiét bi 16gic khong tuyén tinh trong hé —b ;
bang b6 khuéch dai role. Dac tinh tinh F(9) cha bo khuéch dai | 0 b 9
nay dugc biéu dién trén hinh 226. Cdc gid tri cac thong s6 cla
bo khuéch dai role: b=0,2°, ¢ = 1.

Pdp s6: Céc quy dao pha clia heé 1a cdc parabol, ma cédc

Hinh 226. Ddc tinh tinh
cia khdu khong tuyén tinh
cho bai 382.

phuong trinh ciia ching:
y? = 0,05x + C,
y> =-0,05x + G,
Céc duong thang din dong giao nhau la cdc dudng AB va CD (hinh 227). O céc didu
kien ban ddu bat k¥ diém biéu dién cdch xa g6c toa d6. Do d6, hé khong 6n dinh.
383. Hiy nghién ciu céc qud trinh trong hé diéu chinh nhiét d6 (xem hinh 216) & moi
lien hé cuc bo nguge bi ngt ra.
Cic s6 liéu ban ddu 1a cdc s6 liéu cha bai 377.
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Hinh 227. Cdc quy dao pha cua hé theo déi cho bai 382.

Bai gidi. O ch€ do 6n dinh céc nhiét do c6 thé 14y 8, = 0, 9, = -8. Khi d6 cac phuong

trinh cdc khau cfia hé cé thé viét & dang sau (xem bai 377):
1. Phuong trinh doi twong diéu chinh:
(Top + 1) 8 = -kyo
2. Phuong trinh phdn ti nhay cam:
aw; =k; 9
3. Phuong trinh bo khuéch dai (¢ k,,. = 0):
u = F(aw,)
4. Phuong trinh dong co c6 dong dién khong déi:
pa = kyu
5. Phicong trinh cua bo ddn dong:
o =kja
Néu cho réng ddng dién trong cuén day cta role phan
cyc ty 1& v6i do léch nhiét do 9, con téc do lech cha thiét bi
diéu chinh %([E ty 1& véi dién dp u, dai luong ddu vao cua
khau khong tuyén tinh (role phan cuc) c6 thé ldy 9, con ddu
ra la %(tg (hinh 228).

au)cp __Qi_ 0
k, 025

Trén hinh v€ ndy b =

g = (d—“i) = k,k;U,,, = 0,22 rad/s.
d[ max

(hH

(2)

(3)

(4)

()

Wy

Hinh 228. Ddc tinh tinh
khdu khéng tuyén tinh
cho bai 383,
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Tuong dng véi phuong trinh d6i tuong diéu chinh (1) va dac tinh tinh cua khau thong
tuyén tinh (xem hinh 228), phuong trinh cita ton hé cé thé viét & dang sau:

(Top + DS = —kyo (6)
+0; ¢ 9>+b
pp=4 0 & [§<b (7)

Néu giai cdc phuong trinh (6) va (7) dong thdi, ta thu dugc:

(T()p + l) pS‘ = —k()(l)() 6 8 > +b (8)
(Top + l) pS = k()(.l.)() 0 3<-b (9)
(Top+ DpS =0 o I181<b (10)
Ta nghién cttu phuong trinh (8):
d’s ds
Ty—+— = -k 0 11
27 Tl 0@ (11)

) d et
Ta dua vao cdc ky hiéu x = 3, d—’: =y va phuong trinh (11) dugc viét lai nhu <au:
d
To+y = ~kyo (12)

Pé loai thoi gian tir phuong trinh (12) ta chia né cho %% =y. Tacé:

dy _ 1 koo

dx Ty Toy
hay sau khi chia cdc bién:
Tyk
dx = ~T,dy - —22220 ¢ (13)
)
y + ko

Néu tich phan phuong trinh (13), ta thu dugc phuong trinh cdc quy dao pha:

x = =Tyy + Tokowoln (y + kowy) + C; 0 x> +b (14)
Sau khi bién ddi twong tu véi cdc phuong trinh (9) va (10), d6i v6i ching ta co:

x = =Tyy — Tokgwoln(y — kewg) +C; G x<-b (15)

x=-Togy+C;81xI<b (16)
Sau khi thé vio cdc phuong trinh (14) - (16) cdc gid tri cha cdc thong s6, ta co:

x=-10y+22In(22 +y)+C; dx>+b (17)

x=-10y-221n(2,2 -y) + G, dgx<-b (18)

x=-10y+Cy01Ixl<b (19)

Theo céc phuong trinh (17) - (19) trén hinh 229 ta xay dung hinh énh pha cul toan he.
Chinh & day ta téch ra qu§ dao pha tuong img véi cdc di€u kién ban dau.
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Hinh 229. Cdc quy dao pha cia hé diéu chinh nhiét d6 cho bai 383.

Gt=0,9=57" § =0. Theo dang quy dao pha c6 thé
xdc dinh qud trinh trong hé két thic Ién hon mot chiit sau mot ¢
chu ky dao dong. Qua trinh chuyén ti€p trong hé cé thé két thiic
& diém bat ky doan AB.

384. Hay nghién cttu cdc qud trinh trong hé diéu chinh ! 0{ |b g
nhiét do dugc nghién ctu trong bai 383, ¢ diéu kién role phan
cuc c6 dac tinh tinh dugc biéu dién trén hinh 230.

Cic gié tri s6 clia cdc thong s6: b =2°, w, = 0,22 rad/s. Hinh 230, Ddc tinh tink
Ddp s6: Cic phuong trinh quj dao pha trong ving I va & ciia khdu khong tuyén
viing II (hinh 231) nhu sau: tinh cho bai 384
x=-10y +221In(2,2 + y) + C,
x==10y-22In(2,2-y)+C,
Chuyén mach din dong xay ra trén cdc doan thing AB va CD. Trong hé & cdc diéu
kién ban d4u bat ky xdc dinh cdc dao dong tu phét. Bien do dao dong nhiét do ag = 5", bien
do dao dong toc do6 thay déi nhiét d6 ag = 1,2 do/s.

385. Nghién cttu d6 bén viing ctia mdc 6n dinh veé tinh nhan tao trdi d&t (VND) ma so
d6 ciia nd duoc biéu dién trén hinh 232a, b.

Trén so dé ta ky hiéu: PO - d6i tuong diéu chinh (VTD), PC, va PC, - cdc phén tir
nhay cdm (cdc ddu do géc khong an khép 9 va t6c do géc 9), YO - thiét bi diéu khién (ciing
v6i cd cdu thira hanh), M - mémen 6n dinh tir phia co cdu thira hanh, u; va u, - cc dién 4p &

ddu ra cdc phan t do nhay.
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Cdc s6 liéu ban ddu: momen quén tinh VTD J = 5000 G.cm.s®, gid tri cuc dai cha mo
men 6n dinh My = 500 G.cm, hé s truyén cla ddu do géc khong an khop k, = | V/do, hé s6
truyén cia ddu do t6c do k, = 1 V.s/do, bé rong khong nhay cam cia thiét b diéu khién
b=0,2 V, bé rong ving khong 6n dinh PC, (hinh 233) d = 0,1 d6/s, do tré & thiét bj diéu
khién t = 0,3 5. C6 thé bd qua trd luc moi trudng quay cia VTD.

Hinh 231. Cdc quy dao pha cia hé diéu chinh nhiét dé cho bai 384.

} b ()

Ry PC1 Mo
PO YO ’ o
. U
M 9 PC, : Mo

L

Hinh 232. Hé 1y dao déng VND va ddc tinh tinh cia thiét bi tu diéu khién cho bai 385.

‘Bai gidi. Diéu khién d6i tuong dugc viét & dang:

2
J g =-M (1)
dt
Phuong trinh thié€t bj diéu khién:
M = F(u) (2)

& day F(u) - ham phi tuyén cho bdi dic tinh tinh (xem hinh 232b).
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Tin hiéu tong & ddu ra cha cdc phan tir nhay cam PC, va PC,y:
u=u; +u;=k; 9 +F($) (3)
§ day F(8) - ham phi tuyén, ma dac tinh (inh cha né duge biéu dién trén hinh 233. Tuong
ting v&i hinh 233 biéu thic (3) ¢6 thé viét & dang sau:

k,9 al81<d
u= <k, 9+k,(5-d) a382>d (4)
k;S+k,(8+d) d9<—d

Chuyén mach thiét b thira hanh khi khong c6 do tré (x = 0) theo hinh 232b xay ra ¢
u = +b va u = —b, hay c6 tinh dén (4):

b
Szi—
lb 39 <d (5) Uy
9=_2
k|
~d o
. 09
g0 _k(@-d 0 d
k k ' )
: ! a18/2d (6 k= tger
b k,;(8-d)
g=__2 %27 d
k1 k1
b k,(8+d) Hinh 233. Dac tinh tinh
9= E - k, ’ i phan ne nhav cdm
- ol8/<-d (D cho bai 385.
3 b k,(8+d)
kl kl J

N&u cho ring trong khoang thdi gian t chuyén déng VND thuc hién véi van téc khong
d8i vaky hitu x = 9,y = 9, cdc diéu kien chuyén mach cia thiét bj thita hanh c6 thé viét:

x=k£+ty:0,2+0,3y, ]

‘b rélylsdzo,l (8)
X=-—+1y=02-03y
k, J
x=k£——k—2—(z;d)+ty =0,3-0,7y
! ! dy>d=0.1 (9)
#i_k_ﬂlﬂﬂy:_o,l_o;]y
k, k )
x=—b——M+ty=O,1—O,7y
Kook §y<-d=-0,1 (10)
=_E_ﬂw+ry=_0,3_o,7y
kl kl
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Hinh 234. Cdc quy dao pha cta hé 6n dinh cho bai 385.

Theo cdc cong thitc (8) - (10) trén hinh 234 ta x4y dung cdc dudng chuyén mach (cic
dudng gdp khiic ABCD va A'B'C'D') phan chia mat phing pha thanh ba viing. Theo (1), (2)
va hinh 232b cdc phuong trinh cia toan hé s& bang:

—%3 =-0,1 doi véi ving I

“_f_:{ 0 d6i v6i vng 11 (1)

N MJ_ =0,1 d6ivéi vang III

Sau khith€x= 9, y= gd—% ta chia cdc phuong trinh (11) cho %)[i =y.Tacd
t

y dy = -0,1 dx dé&i v6i ving [
dy=0 déi voi vang 11
y dy = +0,1 dx d6i v6i vung 11
Sau kht tich phan tir d6 ta tim dugc cdc phuong trinh quy dao pha:
y2+02x=C, d6i véi ving I
y =C, doi véi vung 11 (12)
y2 - 0,2x =C;  d6i v6i ving III
Céc phuong trinh thit nhat va thir (3) clia (12) ]a cac phuong trinh parabol, ma cac truc
ctia ching triing véi truc x. Phurong trinh thit hai (12) 14 phuong trinh dudng thing. Hinh anh
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pha ctia hé duoc biéu dién trén hinh 234. Qué trinh trong h¢ 14 phan tdn & cdc diéu kién
ban ddu nho va 1a tat ddn & cdc diéu kién ban ddu 16n. Cic qui’ dao pha dugc hoi tu theo
chu k¥ giéi han minh ching cho su tén tai trong hé tu dao dong. Bién d6 cdc dao dong géc
ag = 0,3", bien do cdc dao dong t6c do ag =~ 0,14 do/s.

386. Dai vai hé, ma so do cau

tao clia né duoc biéu dién trén hinh a) 4) £y
235a va b, hdy xdy dung hinh anh c
ha bang phuong phip duong dan L2 Ll & L2
pha bang phuong phip duong dang _Jf'_ﬁ/_”w g z
nghiéng. Jaid
¢

Cac s6 liéu ban dau:
T2=0,5s"Ty=1s.k=1¢=2.

Bai gidi. Theo so d6 cau tao Hinh 235. S0 dé cau tao va ddc tinh tinh
clia phuong trinh cia hé phi tuyén cia hé phi tuyén cho bai 386.

kin cé thé dugc viét & dang sau:

(T2p? + Top+ D)X, =—ke & X, >0 0
(lep2 +T,p+1)x; =+kc & x5 <0
dx  dXy e
Ta dua vao cdc ky hiéu x = X5, y = d—z—d_ va dong thoi thé cdc gid tri cla cédc
t
thong s6. Ta cé:
3
gl:-Zy—Zx—4 & x>0,
di o)
(2)
dy ,
—==-2y-2x+4 0 x <0.
dt
Pé loai thoi gian ta chia cac phuong trinh (2) cho %— =y. () k€t qua ta co:
t
;i_y=_2y+2x+4 & x>0,)
) - (3
dx y
: s . . dy e e . dy s o e s
O phuong trinh ddu cta (3) ta dat d—= m, con ¢ thit hai d—: n, va ta tim cac phuong
X X
trinh duong dang nghiéng:
_ _2x+4 &x>0,
m+2 (4)
2x-4 ,
y=- o x<0,
n+2

(3]
~1
| OS]



Theo cdc phuong trinh (4) d6i v48i cdc gid tri m va n khdc nhau ta xay dung dudng
déng nghiéng (hinh 236). D6 nghiéng clia quy dao pha véi truc hoanh d6i véi méi dudng
ding nghiéng trén hinh 236 duoc thé hién bing cdc doan thang duoc vach tuong ttng dudi
cdc gbc arctg m va arctg n. Cac doan nay la cic tiép tuyé€n vé1 quy dao pha.

Nhu thdy rd tir hinh 236, & cdc diéu kién ban ddu khdc nhau diém biéu dién hudng t6i
truc toa do. Do dé hé nghién cttu duoc 6n dinh.

n=-/ /)=:,/:{5/ m=-3

n=4 v 5 /\/,7:-{4
r:7 = // //,7:-(5
al §‘ me-l]
Ay
' ll‘ " = I~

| / s T
si= 5 / 4 A -4 =
n=-4 /{I/ 6 m=0

/J:_j /])::-Z ”7:“/
Hinh 236. Cdc duong ddng nghiéng va cdc quy dao pha cho bai 386.

387. Nho phuong phdp dudng déng nghiéng ta xay dung cdc quy dao pha va nghién
ctu d6 6n dinh ciia he phi tuyén, ma chuyén dong tu do cla né duge bi€u dién bang phuong
phdp vi phén:

; dx
Cic diéu kién ban d4u cla qué trinh: &t=0,x =0, _dT——_ 2,5.

Ddp so. Hé khong 6n dinh. Phuong trinh dudng déng nghieng:
X

y=- m~0,5x

Céc quy dao pha duge biéu dién trén hinh 237.
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Hinh 237. Cdc duong dang nghiéng va cdc quy dao pha cho bai 387.

12.2. PHUONG PHAP A. M. LIAPUNOV - A. L. LURIE

388. Hay nghién citu d6 6n dinh clia hé b — Flu) s
tr dong phi tuyén, ma so do cdu tric cha né = 7/%—,,{, . ;/IV— » [—«—/7’) -
duoc biéu dién trén hinh 238. ; u,

Bai gidi. Theo so d6 cdu triic hé dugc g Ao
mo ta boi cdc phuong trinh vi phan sau:

Tty +uy =-k9, Hinh 238. So dé cdu tao cia hé
T8 +8; =F(w (b cho bai 388.
u=u; —k,9,

Ta dua cdc phuong trinh (1) vé dang tiéu chudn. Do d6 ta dua vao cdc ky hiéu:

N =u, M= st MNy=9,, o=u, Fu)=1f(c)

Ta c6:
1 k
n——T—l—T—]m
. 1 1
nz='igﬂz+$;ﬂ0% (2)
N3 =12
g=n; kKM J
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Hé cac phuong trinh (2) tring véi dang loai hai (xem muc 6 clia phu luc 23) 6 n =3 va

1 1 1
ayy=— —,ap=0,a3=- —,a;,;=0,8,,=— — ,a,3=0,23, =0,23,=1,233,=0, b, =0,
11 Tl 12 13 T2 21 22 Tz 23 31 32 33 1
l
b2:_"'sb_q:O,Clz1,C2=O,C3:—knc.
2

Ta viét cac phuong trinh (2) & dang ki€éu mau (xem phu luc 23). Vi vay tir cdc hé s¢
cta phuong trinh ta 1ap dinh thiec:

_by 0 _k

T] Tl

DM=| 0 -——_-a o
TZ

0 1 2

1 1
= -MA+— | A+—
( +T1J[ +T2J <

va ta xac dinh cdc nghiém cua phuong trinh dac trung D(A) = O:
1
M=, A=
T, T,
Do d6 & phuong trinh dic trung ¢6 mot nghiém khong, cdc phuong trinh chudn tac
duoc viét & dang sau:
XZ =A.2x2 +f(0') (4)
6 =B,x; +PByx, —1f(c)
Ta xac dinh cdc hang s6 r, 3, va B
r=- (Clb] + C2b2 + C3b3) =0
bé’l Vi b] =0,C2=O,b3=0.
Cic hang s6 B, va 3, dugc xdc dinh theo cac cong thic (muc 10) cla phu luc 23.
Bd&i vi trong trudng hop cla ching ta ¢, = 0, nén theo cong thic (muc 11) cna phu

luc 23 yéu cdu chi xdc dinh N{(A) va N3(A) theo cong thiic (muc 12) phu luc 23:

k
10 —— K
N](?\')=b2D21(X)=— —_— T] = — (5)
T x| Th
LI 1
N3j(A) = bDy3(M) = = —| T, = “*(m*] (6)

Ta xdc dinh D’(X):
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D= S poy=men L] L -
dA T, T,) T|T,

Theo cong thitc (muc 11) ctha phu luc 23 ta cé:
_“clNl(K1)+C3N3(K[):_ le

| =

D'(}\]) T2—T1’
) _ Ny +esNa(h,) KTy +k, (T, - T))
2 D.(Kz) TZ—TI
va xac dinh
k
=\ =
B =2 T, T,
1 KT, +k (T, =T))
= ___t. 2 oc\ 12 1

P61 véi 16p cdc hé phi tuyén, ma doi v6i né c6 hé dang nghién ciu, cdc diéu kién du
cta 6n dinh c6 dang (xem phu luc 24):

G*>0 (8)
va:

G? > -49 (9)
o day:

G*= —@L+ By =k+k,,

xl }\'2 Qc
9= (BI —‘32)(}‘] _‘}‘2) _______2le +k0c(T2 —B_)
40 A, 4T,

Piéu kién (9) din t6i diéu kién 6n dinh di cla hé dang nghién ctu nhu sau:
koch > kT2 (10)
389. Hiy nghién citu do én dinh cta he tv dong phi tuyén, ma so d6 cdu tao cla né
duoc biéu dién trén hinh 239.

Flu)
IR REIN 4 [ Yz
Tpi| 1 L p 3, Lot -
K
| 2

Hinh 239. So d6 cdu tao cita hé cho bai 389.

Pdp s6: Cdc phuong trinh vi phan cta hé & dang chinh tac ¢6 dang sau:
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Xl :Xlxl +f(0)

X2 =A.2X2 +f(c)

G =Byx; +Baxy
1

dday A, =-— T Ay = —Ti. con cdc hé s6 B, va B, bang:
1 3

B, = ki(k,T, -T)) B _ki(hhk -Ty)
= , P R L Rk B4
T\'T, (T, -Ty) T, T3(T:-Ty)
Diéu kién én dinh cia he G? > — 49 (phu luc 24) c6 thé viét & dang sau:
,> T\Ty
T, (T, +T3)

390. Hiy nghién ciu do 6n dinh cha hé, ma so d6 cdu tao clia n6 duoc biéu dié trén
hinh 240.
Bai gidi. Theo so d6 cau tao cdc phuong trinh vi phan cta hé cé dang sau:
Tl +1, ==k,
& =F(u), (1)
u=k,u; +kzu; —k,.8
Ta bién ddi hé cdc phuong trinh (1) vé dang chinh tic. Do d6 ta ky hiéu:
n=u;, £=9, c=u, f(o)=F()

va ta viét cdc phuong trinh (1) & dang:

~

ﬁ +_I_n = _£L

Ty T
G=k2n+k3ﬁ_kocé> (2)
£ =1(0)

Céc phuong trinh (2) thu dugce c6 dang (muc 12) cua phu luc 24:
1 k
n=3, aj= —, d=-L, co=ky, ¢ =k;, r=k
1 T, T, 0 =Ky, € FKj3 0

va khi tdt ca cdc hé s& con lai bang 0.

-J TR R Uy o U j A 4
/,1/7"/) LA % Tz

1

Hinh 240. So dé cdu tao cita hé cho bai 390.
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Ta xdc dinh cdc nghiém cla da thiic:

DAY =A% +ah =A%+ Ly
T,

Céac nghiém nay bang A, = - :J“L A, =0.
!
Cdc he s6 3, va B, duoc xac dinh theo cdc cong thitc (muc 17) cha phu luc 24. Do dé
ta xdc dinh b6 sung:
A()\.) =Cp t+ C]?\. = k2 + k37\,,

1
D/(A)=A+a, =A+ —
() ! T,

D’ (A =1
Cé tinh dén c4c biéu thitc nay:
-
Ak TT K
- -, =2k, T, -k
g MDAy T, 1 T,( 2 =ka)
T,
k
B, =~d—2 __k kK =k,k,
adn T _1
T,
Cac phuong trinh cia hé & dang chinh tic c6 dang:
Xl =?\.,x] +f(0')
X2 =f(0')

G=PBX; +Byx; -1
Céc diéu kién 6n dinh dt (1) va (2) cta phu luc 24 & trudng hop da cho c6 dang sau:
G? = El—+ r>0
Ay

hay:
G? = -k, (k,T, - k) +k,. >0

Cu6i clng t biéu thirc nay ta thu dugc diéu kién 6n dinh dii & dang:
koc > kl(kZTl — k3) i} szi > k}.

12.3. PHUONG PHAP TAN SO B. M. POPOV

391. So dé cau tric cua hé tu dong phi tuyén duge biéu dién trén hinh 241. He s6
truyén phdn tuyén tinh ctia hé va khau phi tuyén k = k; ky quy udc 1dy cho khau phi tuyén.

Hiy x4c dinh & cdc gid tri k ndo hé s& o6n dinh tuyét d6i, n€u dac tinh ciia khau phi
tuyén duge phan bé & vung (0, k) (hinh 242).
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N
= /[1'.5') Vi \\\\
N
/
T TR ITp 7T [y N
NN

Hinh 241. S0 dé cdu tao cua hé Hinh 242. Ddc tinh tinh phi tuyen
cho bai 391. cho bai 391.

_
3

Céc s6 liéu ban ddu: cdc hang s6 thoi gian phdn tuyén tinh cha he T; =0,5s, T, =025,
T3 = 0,1 S.
Bai gidi. Ham s6 truyén tdn s& phdn tuyén tinh cuia hé ¢6 dang:
I

W(io) = |
09) = (T eT)d+joT,)1+ joTy) (1

Phén thuc va phdn 4o ctia né tuong ing bing:
1- 032 (T1T2 +T1T3 + T2T3)

U(w) = Re W(jw) = 2)
Q 1+ TH(1+ 0’ T2+ 0>T?)
. —o(T, + T, +T3)+ 0’ T, T, T
V(o) = Im W(jo) = (2‘2 : 3)2 22 (3)
1+ 0*TH(1 + 0*T;)(1 + 0°T3)
Ta dua vao m6t vai ham s6 U"(jo) va V(jw) ¢ dang sau:
U'(w) = Re W(jo) = Y (w)
2
R e MYV Rt € Rt X VU 7% ,
1+ " T)A+ 0 T )1+ 0*Ty) wee @l V)
V(@) =0 Im W(jo) = 10 07 & & 08
2 4 '
= - (T] +T2 +T3);‘0) T1T2T3 (5) "‘[Z/{
(1+ 0’ TH(A + 0’ T )1+’ T3) "
T

Theo cdc biéu thiac (4) va (5) ta x4y dung

; . , (S8
dac tinh V (@) = f[U (w)] (hinh 243) va qua diém

140
112

(—%,j OJ ta dua vao dudng thang Popov sao cho

dic tinh dugc x4y dung ndm hoan toan vé phén w7

bén phai tr dudng thang nay. Hinh 243. Déc tinh V() =f1U*(a))]

Theo hinh 243, %{— ~ 0,08. Vi vay hé 6n cho bai 391

280



dinh tuyét d6i d6i véi tat ca dac tinh phi tuyén nam & viing:
O<k< 12,5 (6)
va trong trudng hop riéng, d6i vdi dac tinh loai role dugce biéu dién trén hinh 242.
Do d6, diéu kién 6n dinh tuyét d6i dd clia hé phi tuyén kin dugc dua vao trong trudng
hop da cho thuc hién diéu kién c4n va du 6n dinh cla hé tuyén tinh kin & trang théi hé c6 he
s& truyén bang k.

392. So d6 cdu tric cua hé tu dong phi .

. .2 . . N “ L
tuyén duoc biéu dién trén hinh 244. Hay - j-}L

kiém tra thuc hién diéu kién di én dinh

tuyét ddi cua hé & cdc gid tri thong s6 cua hé
nhusau: T, =55, T, =1,255,§,=0,5; &, = A4 ]
(/+_,_;'¢‘[ 7,p +/‘,£p2} (/—f‘?é“,,fé[, + TZZp‘./\

0,05, hé s6 truyén phan tuyén tinh cta hé
k. = 4, hé s6 khuéch dai cua khau phi tuyén

ky = % = 0,5 (hinh 245).

Hinh 244. So do cdu tric cua hé cho bai 392.

Ftu)

‘&\Q l/;(‘cu)

7
4t

Tesd?

o A

N ;
N\
W

Hinh 245. Ddc tinh phi tuyén Hinh 246. Déc tinh V' (w) = flU (v)]
cho bai 392. cho bai 392.

il

Bai gidi. Hé s6 truyén cia hé ho:
k=kky=4.05=2
14y cho khau phi tuyén. Khi dé ham truyén tdn s6 cia hé ho cho:
1
(1-Tio? +2jE,T,0)1-Tr0* +2j8,T,0)

W (o) = (D
Ta xac dinh cdc ham:
U"(0) =Re Wi (jo)

_ (1-Tro?)(1-Tiw?) - 48,8, T, T,0° )

(1-Tiw®)? + 4§fT,2m2] [(1—T§m2)2 + 42T w?
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V(©) = © Im W (jo)
_ —20)2[(1—T,2(02)§2T2 +(1—T22032)§1Tl]
) [(1 -Tiw?)? + 4§,2T12m2] [(1 ~Tj0*)? + 4€%T22‘92] v
Theo cdc biéu thic (2) va (3) ta xay dung dac tinh V'(w) = f[U"(©)] (hinh 246). Tren

- 2 1 . 2 .
truc thuc ta dat diém c6 cac toa do (~§,J O] . Qua diém nay c6 thé vach dudng thang Popov

sao cho toan b¢ dac tinh dugc xay dung s€ phan b8 bén phai tir né. Do dé, hé da cho sé 6n
dinh tuyét doi 6 k = 2 da cho, n€u dac tinh tinh cha khau phi tuyén dugc phan bé hoan toan
¢ ving (0, k). Viing nay dugc gach trén hinh 245.

393. D6i v6i he phi tuyén dugce nghién ciu trong bai 392, hay xdc dinh gia tri bién clia
hé sOk = kLkH'
Pdp so: Gi4 tri bién clia hé s6 truyén:

k=Lz3,34
0,3

k]

394. Ham truyén phén tuyén tinh cta hé:

k
W(p) = L
® (Tip+D(Tp+1)

Hiy xdc dinh c4dc diéu kién én dinh tuyét d6i.
Dadp so:
Pic tinh V'(w) = f{U*(w)] phan b6 hoan toin & nira mat phing dudi. Qua diém

(—%,j O) & 0 < k < 0 bat ky c6 thé vach dudng thing Popov sao cho toan bo dac tinh duoc

phan bé bén phai né. Vi vay hé 6n dinh tuyét d6i & tt cd k = k; ky va d6i v6i tat ca cdc khau
phi tuyén, ma céc dac tinh tinh cla ching thudc viing (0, ), cé nghia nam & géc phédn tu
thd I va thi III.

12.4. PHUGONG PHAP RAP LAI

395. Hiy nghién cttu qué trinh chuyén ti€p trong hé, ma cdu tric cla né duge biéu
dién trén hinh 247a, b.
Cic s6 lieu ban ddu: k=25, b=0,5, c= 5.
Bai gidi. Theo so d6 c4u tao phuong trinh vi phan ca hé phi tuyén kin ¢6 dang sau:
X, +KkF(x,) =0 (1)
0 day F(x,) - ham phi tuyén cho dac tinh tinh (xem hinh 247b), ngoai ra:
d x,>+b

F(xp) = +¢ { ) (2)
g

-b<x, <+b, khi x, <0
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Xy < —b

g
F(x,) = —¢ { (3)

& -b<x,<+b, khi %, >0

Phuong trinh phi tuyén (1) bén trong cdc doan (2) va (3) dugc thay thé bing hai
phuong trinh tuyén tinh:

Xy +ke=0 (4) a)
X, —kc=0 (5) =X, _-_B-_ x| k x;,'
hay, c6 tinh dén cdc gi4 tri cla cic thong so: ?_4 P
X, + 10 =0 (6)
X, —10=0 (7) b) X4
Cédc nghiém cua cdc phuong trinh (6) va (7) ¢6
dang: ) ¢
X, = 10t + C, (8) - )
0 b Xy
X, = 10t + G, (9) o
& day C, va C, - cdc hing s6 tich phan.
Pé xdc dinh hing s6 C, trén doan ddu cla
qué trinh ta cho cdc diéu kién ban ddu: 6t = 0,
X,(t) = X,(0). Tir phuong trinh (8) ta cé: Hinh 247. So dé cdu triic cua
C, = C), = x,(0) hé va ddc tinh tinh cua khdu

va nghiém (8) d6i véi doan ddu cudi cung cé dang: phi tuyén cho bai 382

X921 =—1Ot+X2(O) (10)
Hing s6 tich phan C, dugc tim tir cdc diéu kién déng thic gid tri ban ddu clia qua trinh
& doan thy hai va gid tri cudi cing cua qué trinh trén doan thit nhat. Khi d6 ta cho rang
t6c 46 trén doan thi nhdt X,, = —10 < 0 va theo (2) chuyén sang doan th{ hai. Xy ra

khi x5, = —b ~ 0,5 & thoi diém t = 1, ngoai ra tir (10):

X,(0)+0,5 ‘
= s 11
1 10 (In
Vi vay tir diéu kién rdp lai & diém t = t; ¢6 thé viét
le(tl) =-0,5= X22(t1) (12)

Tir phuong trinh (9) ¢6 ké dén (12) ta tim hing s6 C, d6i véi doan thit hai clia qué trinh:
C, =Gy, =-0,5- 101,
va biéu thifc cubi cling cho nghiém trén doan thit hai:
X3 =10(t=1) = 0,5, t>¢ (13)
Trén doan nay téc do Xy, = 10 > 0. Vi vay theo (3) & x99 = +b & thoi diém t = 1, thuc
hién chuyén téi doan thit ba, ma d6i véi né qud trinh dugc mo ta bang phuong trinh (8),
nhung & gid tri mdi cha hang s6 C, = C3. Tl cdc phuong trinh (13):
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10t; +1  x,(0)+1,5
tZ = =

10 10
Diéu kién rdp lai & diém t = t, c6 dang:
X22(th) = 0,5 = Xy5(1p) (14)

¢ day x,5 c6 nghia 1a nghiém cla (8) d6i véi doan thit ba clia qué trinh.
Tir phuong trinh (8) c6 ké dén (14) ta tim dugc hing s6 C, cho doan thu ba:
Ci3=0,5 + 10t
va biéu thitc cudi ciing dé giai trén doan nay cha qué trinh:
X3 =—10(t =t,) + 0,5t 2 ¢, (15)

Xay dung tiép theo dudng cong chuyén
ti€p dugc thuc hién tuong tu.

Qu4 trinh chuyén ti€p d6i v6i hai gid tri
clia cdc diéu kién ban ddu x,(0) = 0,75 va
X,(0) = -0,25 duoc x4y dung trén hinh 248.

Nhu thiy rd tir hinh nay, trong hé ta xac

dinh tr dao dong c6 bién d6 A = b = 0,5 va tAn
2n

Hinh 248. Duong cong cua ud
6 Q0 =""=x314 gL trinh chuyén tiép cho bai 3¢5.
T

396. D61 v6i bai todn trude hdy xac dinh bién d6 va tdn s6 tu dao dong, néu:

Dk=1s", b=0,5, c=5
2)k=1s", b =0,25, c=5
3)k=1s", b=0,25, ¢ = 10.
Ddp s6:

1)A=0,5, Q=157s"

2) A =0,25, Q=~31,45"

1) A =0,.25, Q=~6285s"

397. D6i véi hé duge nghién ciu & bai 395, hdy tim cdc diéu kién ton tai sr ty dao
dong va cic biéu thic gidi tich d6i véi tdn s6 va bién do clia no.

Bai gidi. Phuong trinh vi phan ctia hé phi tuyén tinh kin (xem hinh 247):

X, +kF(x;) =0 (hH
& Xx,>+b

F(x;) =+c {. o (2)
0 -b<x,<+b, khi x5<0
6 X2<"'b

F(xy)=-c 1, . (3)
& —-b<x,<+b, khi x,>0

bén trong cdc doan (2) va (3) ta thay hai phuong trinh vi phén tuyén tinh:
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X2+kC:O (4)

Xy—ke=0 (5)
Ta tim cdc nghiém cla cdc phuong trinh (4) va (5):

X,; = —kct + C, (0)

X9 = ket + Cy (7)

Thoi gian t & doan ddu yéu cau tinh tir diém, ma & né x,, = +b. Khi dé diéu kién ban
ddu d6i v4i doan ddu bang:
Xy =+b & t=0
Néu sir dung nd, ta tim dugc hang s6 tich phan C; = +b. T d6 trén doan thi nhat:
X9 = —kct + b (8)
D6i véi doan thit hai clia qué trinh thdi gian t s& duge tinh difm, ma & né x,; = -b.
Piéu kién ban ddu d6i vdi doan thit hai sé la:
X7 = —b o t=0 (9)
Pé trong hé c6 nghiém tudn hoan 6n dinh (tr dao dong) c6 chu ky T, cdn yéu cdu thuc
hién diéu kién duy nh4t (bdi vi ta nghién ciu hé bac nhat, con dic tinh F(x,) d6i xing d6i
v3i gc toa do):

T
X2 (—) = X32(0) (10)
2
Ta thé vao (10) cdc gid tri cdc bién tir (8) va (9). Ta cé:
—ﬂ+b=—b (n
2
T (11) ta co6:
ke T 2b

Bién d6 dao dong A dugc xdc dinh nhu gid tri cuc dai cia dai luong x5, thu dugc tir
phuong trinh (8) trong ntra chu ky dao dong. Tur (8) r6 rang rang:

kcT |

-——+bl=b
2

A = 'le‘md‘( =
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Chuong 13

CAC PHUONG PHAP GAN PUNG
NGHIEN CUU PO ON PINH VA SU TU DAO PONG

13.1. CAC PHUGNG PHAP PAI SO XAC PINH PO ON PINH VA SU TU
DAO PONG

398. Hiy nghién cttu tich d6 én dinh trang thai can bang cda hé theo ddi dién co, ma
sd dé nguyén ly va cdu tao clia né dugc biéu dién trén hinh 209 va 211, & cdc gid tri thong
s6 cua hé nhu sau: k; =1 V/do = 57.3 V/rad; k, = 2,5, ky = 5,73 rad/V.s; k, = 0 (khong c6
lién hé nguogc téc d9); ks = 0,001; T, = 0,05 s; Ty = 0,05 s. Pac tinh tinh ctta khau pht tuyén
duoc biéu dién trén hinh 210. Bé rong clia ving nhay camb=0,25V, U; .., =c =110 V.

Bai gidi. Theo so d6 cfu tao (xem hinh 211) ta xdc dinh phuong trinh vi phan phén
tuyén tinh cta hé (xem bai 374) & §,(t) = O:

[T, Typ” + (T, + Ty)p + 11puy = -k koksksuy (1)
D6i v6i khau phi tuyén ta viét biéu thifc tuyén tinh diéu hoa:
‘(a
U3 = {q(a)ﬁ-mp}uz (2)
)
& day theo phu luc 28 d6i véi tinh phi tuyén (xem hinh 210):
4 b?
q(a)=—(i 1——3—, azb (3)
ma a
q(a)=0

Thé gid tri uy tit phuong trinh (2) vao phuong trinh (1) ta th€ dugc phuong trinh tuyén
tinh cta hé phi tuyén:
[TyTyp’ + (T; + Typ” + p + kq(a)] up = 0 (4)
& day k = k koksks = 0,82 5™ - h¢ s6 truyén phdn tuy€n tinh ciia he.
Phuong trinh vi phan nay tuong tng phuong trinh dac trung:

T, Typ’ + (T, + Tap® + p +kq(a) =0 (5)
Cic diéu kién ton tai & phuong trinh (4) cia nghiém chu ky:
u, = A sin Qt (6)

Ta s& tim dugc nhd tiéu chudn Mikhailov.
Vi vay & da thic didc trung:
L(p) = T;Typ’ + (T, + Typ” + p + kq (a) (7
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ta dat p = jo chia phdn thyc va ao, sau dé cho chiing bang 0:

X(w,a)=kqg(a)— (T, + Ty, )& = O,} 8)
Y(w) = o(1 =Ty Tyy»?)

Tl phuong trinh thit hai cta (8) ta tim duoc tdn 6 cdn tim cla nghiém chu k¥:
0=0= —— L _20y4 9)

JTi Ty ) ,/0,05.0,05

Thé gid tri nay vao phuong trinh thit nhat (8) va tim duoc biéu thic lien hé bien do
nghiém chu k¥ a = A véi cdc thong s6 clia hé:
4c - i T+ Ty

qA) = —

= 10)
A Az le TM (

hodc, sau khi thé cdc gid tri s6:

4110 |, 0257
A A?

=488

Nghiém ciia phuong trinh nay cho hai gid tri clia bién d6 A; =0,257Vva A, =286 V.
Dé nghién citu do 6n dinh cia nghiém chu ky thu dugc ta st dung diéu kién giai tich
gin diing, ma theo né nghiém chu ky 6n dinh, néu thyc hién bat ding thic:

22 -(2(E)
Oa 0w 0a ow
Tur cdc biéu thitc (8) ta tim dugc:

X _ kag(a) _ 4ke 2b% -a?

da  da om0 a2 _pe

,az2b

5—X =-2(T) +Tyo
o

oY
P
oY

T =1-3T, Tyo?
ow

Thé cdc biéu thic d6i véi cdc dao ham riéng vao (11) va déng thdi thay thE @ = Q =

1
VTiTy

0

. Ta thu dugc diéu kién 6n dinh cla nghiém chu ky & dang:

2,2
4kc_ 2b° -a (1-3)>0
1Y a3 az_bz
hay:
a>b2 (12)
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Do do, tir hai gid tri thu dugc cdc bién d¢ cha nghiém c6 chu ky A; =0,257 V va A, =
2,86 V bién d6 A, tuong ng nghiém 6n dinh c6 chu k¥, ¢é nghia la bién do tw dao dong.

. Ta hdy xdc dinh bién d¢ va tdn s6 truc thira hanh ctia h¢. Tédn s6 tu dao dong giéng
nhau d6i véi he bi€n ddi bat ky, trong s6 nay tham tri d6i véi géc 9,. va bing Q =20 57"
Bién do dao dong Ag theo so d6 cdu tao (xem hinh 211) bang:

Ag = Ay _ 286

= = = 1,14
kik, 125

Ta xdc dinh su phu thudc bién do va tdn s6 ty dao dong vao cac thong s ciia hé. Tir
bi€u thitc (9) va (10) suy ra ring tdn s6 tv dao dong Q chi phu thudc vao cdc hing so thdi
gian T| va Ty, con bién d¢ tu dao dong, ngoai ra vao hé s6 truyén phdn tuyén tinh cia hé k
va bé rong ving khong nhay cdm cda phén tlr phi tuyén b, ngoai ra tir (10):

T+ Tv
- T, Tuq(a)

Tir cong thire (13) ¢6 tinh dén (12) ta thu duge gid tri tdi han cta hé s6 truyén phén

(13)

tuyén tinh caa hé:

b (T, + Ty)
kyp = ———— (14)
2¢T\ Ty
D61 véi cdc gid tri dd cho ctia cdc thong s6:
Kyp = 7.0,25(0,05 + (3,05) ~0,0057s"!
2.110.0,05°

399. Hay nghién ciu hé theo d6i dugc nghién ciu trong bai 398, khi tén tai mdi lién
hé ngugc. Heé s6 lién hé ngugc ky = 107 V.s/dd (xem hinh 211). Cdc thong s6 con lai cta hé
khong thay déi.

Pap 56 Trang thdi can bing cta hé 6n dinh khong ¢6 su tr dao dong.

400. Hay nghién citu d6 én dinh trang thdi can bing cla hé, ma so dé cau tao clia nd
dugc biéu dién trén hinh 249. Néu & hé ¢6 su tr dao ddng, thi xdc dinh bién do va tdn s6 clia
ching déi véi bién x;.

Céic s6 lieu ban ddu: T, =15, T, =0,01 s, X2
k, = 10, k, = 5 57, dac tinh tinh clia khau phi :
tuyén dugc biéu dién trén hinh 250. c=10
0
Xy
k1 Xy x;) kz X3
| . s
""? | Tt H p(Tp+1)
Hinh 249. So do cdu tao Hinh 250. Ddic tinh tinh cita khdu
cua hé cho bai 400. phi tuyén cho bai 400.
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Pdp 56 Trong he c6 nhimg su tu dao dong v&i bién do A ~ 6,3 vatdns6 Q=105
X; =6,3sinl0t
401. Hay tim vung trang thdi 6n dinh c4n bing va ving tv dao dong va xdc dinh bién
do va tdn s6 ty dao dong d6i vai hé theo dbi, ma so d6 clia né duoc biéu diér trén hinh 209,
khi tinh todn d¢ khéng tuyén tinh kiéu bdo hoa
trong bd khuéch dai role va mai lién hé nguoc
theo dién 4p cila mdy phdt do t6¢ do.

)

Cdc s6 liéu ban ddu: hiang s¢ thoi gian cua
bo khuéch dai T| = 0,1 s, hang s6 thdi gian dién -
co cia dong co T, = 1 s, hé s6 truyén chung phin
tuy€n tinh clia he k; = 20 s', he s truyén cia a = arctgk,
phdn tu d6 nhay k, = 50 V/rad, dac tinh tinh cta
bo khuéch dai duoc bi€u dién tren hinh 251. Hinh 251 Ddc tinh tinh b khuéch
Nghién cttu thuc hién d6i véi k, = 1 va k, = 2. dai ciia hé theo déi cho bai 401,

I

|
L
= 18

-b 0
| b
|
|

kT,
% 8 INIRERIEE: 9%

— k > K >
‘T’* T e 5

Hinh 252. So d6 cdu tao cia hé theo doi cho bai toan 401.

Bai gidi. Ta lap so d6 cdu tao clta hé (hinh 252). Theo so d6 nay phuong trinh vi phan
phén tuyén tinh clia hé & 8,(t) = 0 dugc viét & dang:
(Typ + Dpuy = -k u, (b
& day k = k kqks.
Phuong trinh vi phan ctia khau phi tuyén cé dang:
(Typ + Duy =kyu, (2)
He s6 khuéch dai chia bo khuéch dai k, 14 ham phi tuyén tinh cho bang d6 thi hinh 251).
Vi vay theo phuong phép tuyén tinh hod dao dong diéu hoa d6i vdi né ta viét biéu thic
tuy€n tinh hod diéu hoa:
ky =q(a) + 9—@13 (3)
©
& day cdc hé sg tuyén tinh hod diéu hoa ddi v6i dic tinh c6 bdo hod cé cdc gid tri (xem phu
luc 28):

q(a) =k, ga<b,
2 2
q(a) = gk—[arcsinEJrR 1—92-} 3a>b (4)
(s a a a
q'(a) = 0.



Tu céac phuong trinh (1) + (3) ta thu dugc phuong trinh tuyén tinh hod caa hé phi
tuyén kin:

[(Typ + I)(Typ + Dp + k q(a)Ju; =0 (5)
ma né tvong Ung v&i phuong trinh dac trung:
T,sz3 +(T; + Tz)p2 +p+kqa=0 (6)
Pé tim cac diéu kién tén tai clia nghiém diéu hoa:
u; = A sinQt N

Tir da thitc dic trung sau khi thé p = jo ta chia cdc phan thuc va do cho né bing O:
X(®) = k. q(a) + (T, + Tyw?=0
Y(0) = o (1 - T,T,0?) (8)
Tén s@ cha nghiém chu ky duoc tim tir phuong trinh thit hai (8):

1 1
JI,T, 4101

Tir phuong trinh thé nhét clia (8) c6 ké dén (9) ta thu dugc céng thiic lién quan bién
d6 nghiém chu ky véi cic thong s6 clia hé

2
2k k) arcsin£+3 1._3._ :ML (10)
bid A A A2 Tsz

Pé nghién cttu do 6n dinh cla nghiém c¢é chu ky ta tim cdc dao ham riéng theo céc
biéu thirc (8):

== ~3,16s' (9)

b

an g, W)

\ Oa O0A
/ *
a_x) =2Q(T; +T,) = -2 Tith -0,695
% VI > (an
QY_) -0,
\ Oa
( *
a_y} =1-3TT,Q*=1-3=-2
\ O )

D6 v6i do 6n dinh chia nghiém c6 chu k¥ (7) yéu cdu thyc hién bat ding thic:

=(2] (2)(2
da ow Oa 0w
hay c6 tinh dén cdc biéu thic (11):

a(éf:‘) >0 (13)
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c6 nghia dao ham riéng cdn 1a am.

aa(A)
0A
Dé xdc dinh ddu cla dao ham nay theo
bi€u thirc (4) d6i véi q(A) ta xay dung dé thi
(hinh 253), ma theo né:

WA 5 Asb (14
oA

Do d6 bién do nghiém tudn hoan (7) sé 12
bién d¢ ty dao dong chi khi thuc hién diéu kién
A >b & A <btr dao dong trong hé khong cé
diéu dé dugc hiéu nhu vay, bdi vi khi dé theo
hinh 251 hé phi tuyén tinh bién thanh tuyén tinh
(dé thdy) 1a én dinh.

Ta xac dinh bién d6 tv dao dong phuong
trinh (10) lién hé né véi cdc thong sd cia hé 1a
phuong trinh siéu viét. Vi vay ta gidi phuong
trinh (10) d6i véi k = ki ky:

(T, +T,) (15)

2
2T\ T, arcsin—bA+B ]—_b~_
- A A A2

Va xay dung d6 thi k = k (Ag), hinh 254 &

k=

day Ag = ki\— - bién do cdc dac dong truc thuc
1

hanh cia hé (xem hinh 252). Dudng nay Li€p xiic
V61 tan s6 tu dao dong Q thi n6 khong thay déi
d6i vé6i he thay déi bat ky va theo biéu thic (9)
khong phu thudc vao heé s6 k.

He¢ s6 truyén bién clia hé k duoc xdc dinh

tir biéu thic (15) & A = b va bing:
k:T'+T2=1+O’l=ll (16)
T, T, 0.1

Tu dao dong trong hé chi xuat hién khi k > k.

Dé th&y réng hé s6 bién (16) trung véi hé
s6 truyén tim duoc tir diéu kién bién 6n dinh clia
hé tuyén tinh. Nhung khdc vé1 hé tuyén tinh, ma
& d6 sau viing do 6n dinh c6 vang khéng 6n dinh,
ma & he ¢é tinh phi tuyén loai bdo hoa sau ving

ey

e o e e

A

Hinh 253. Su phu thuéc hé s6

15 20 25 a0

ruvén tinh hod ddi déng diéu hoa
vao hién do dao déng cho bai 401.

Ay, 45
26
ar
408
a4

0

4, &
g4
/81
492

T

T

1

Hinh 254. Phu thuéc sit thay déi
bién dé va tan s6 'ty dao déng vao

cdc thong s6 cia hé cho bai 401
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o6n dinh cé ving tu dao dong, ¢6 nghia cic dao dong chu ky bén viing véi bién do va tdn s6
hoan toan xac dinh.

Trén hinh 254, cling dugc biéu hién cdc d6 thi lién hé cdc bien do va tdn s¢ tu dao
dong c6 bé rong viing tuyén tinh dic tinh tinh cla khau phi tuyén b § k, = I.

A():dé‘ 2,57
|
12r 160
|
U - -5
| 4] 19 : 4, 50
[ a1 1 140
!
d g6t ! 130
-4 | ! 2
T of 2
!
1 ! AJ
ll‘ 4 I n " /",.S-’
g 49; g3 46 08 10 12"

Hinh 255. Ddc tinh tinh cia ~ Hinh 256. Cdc sy phu thudc ciia thay déi bién do va tdn
khdu phi tuyén cho bai 402. 56 tu dao ddng vao cdc thong s6 cua hé cho bai 402.

D6i véi cdc gid tri thong s6 da cho cua hé theo dé thi (hinh 254a) ta xdc dinh tdn s6 va
bién do ty dao dong:
Q=3,16s", Ag=~0,022rad &k, =1;
0=316s", Ag~0,0244rad Ok, =2;

402. Hiy tim ving trang thdi 6n dinh can bang va vung tu dao dong d6i véi hé theo
ddi dugc nghién cdu & bai 398, n€u dac tinh tinh gdn ding cé dang nhu chi ra trén hinh 255
6b=0,25V,c=110V.

Pdp s6: Vung 6n dinh cha trang thii cin bang, viing tu dao dong phu thudc bién do va
tdn s6 tr dao dong vao hé s& truyén phin tuyén tinh ca hé duge chi ra trén trinh 256.

13.2. PHUONG PHAP TAN SO XAC PINH TU DAO PONG

403. Nghién ctu do 6n dinh trang thdi cin bang clia hé phi tuyén, ma so do cau tric
ctia né duge biéu dién trén hinh 257, néu cho cdc théng s6 phan tuyén tinh cia hé k = 0,82,
s, T, = T, = 0,05 s va dic tinh tinh ctia khau phi tuyén (hinh 258) ma déi v6i n6 b = 0,25,
c=110.
Bai gidi. Hay xay dung dac tinh tdn s6 bién do - pha phdn phi tuyén cha hé W, va
dudng miit tia clia khau phi tuyé&n duge tuyén tinh hao dao dong diéu hoa:
1

~7(a) = —
(a) W (a)
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y 4 A
Aol ¢
50 Y
J b =L
C
J I Z y
Hinh 257. So dé cdu triic Hinh 258, Ddc tinh tinh
cua hé phi tuyén. cua khdu phi tuyén.
Theo so d6 c4u tric ham truyén tdn s6 phén tuyén tinh cla hé:
k
WLUco) = ; :
Jjo(1 + T, joX! + T, jo)
Moédun cua né:
k
W, .. =
Wil jo(1+ T, jo) (1 + Ty jo)
va pha:

Y (0) = -90° — arctg » T, — arctg oT,

Sau khi thé& cdc gid tri cla cdc thong s6:
0,82
WLy = 3 ‘ (1)
o (1+0,002507),
v (@) = -90° - 2 arctg 0,050 )

Ta cho cdc gid tr1 © tir O t&1 oo va theo cdc cong thic (1) va (2) ta xay dung dac tinh
bién do - pha phan tuyén tinh clia h¢ W, hinh 259.
2
Wy @a) = ac. l-Ei—, azb
a a
Suy ra:

1 7ta2 1

-Z(a)=~ =- ‘
Wy (a) 4c /az —p?
Sau khi thé cdc gid tri cdc thong s6 cta khau phi tuyén ta cé:

na’ 1

: 3)
440 42 _ 00625

Ta cho cdc gid tri a tir a = b = 0,25 tic oo va x4y dung dudng miit tia clia khau phi
tuyén —Z() hinh 259 & truong hop da cho duong miit tia triing véi nita truc thuc am va cé
hai nhdnh gi4 tri t6i thiéu médun clia ham s6 ~Z(a).

-Z (a)=-
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Z@)| . =5-= 510 00036 jlm
' =275~ 1901
Pat duoc &a = b+/2 ~0,352. A=(257
Céc dudng mut tia Wy e va ~Z(a) giao A7) -00/ » Ra
nhau & hai diém. Diéu d6 c6 nghia phuon S
| ghia p g8 . V T (@
trinh. R=20¢s" 1
1 y/ A=285
Wi = — =-Z(a W, (jw 1o
LGw) Wy (a) (a) A C/ ) 40/
C6 hai nhiém c6 chu ky:
X =A;sin Hinh 259. Cdc ddc tinh tdn sé
X=A,sin (4) phan tuyén tinh cua hé va
3 day tuong g v6i hinh 259, Q =20 s'l, khdu phi tuyén cho bai 403.

A, =0,257, A, = 2,86.

Dé 6n dinh nghiém chu ky yéu cdu dic tinh bién d6 - pha phin phi tuyén clia heé
Wy (jw) bao phdn miit tia.

Tuong tng céc bién d6 nho nhét. Vi vay nghiém ddu trong cdc nghiém (4) la khong 6n
dinh, con thi hai 12 6n dinh. Do d6 trong hé c6 tu dao dong v6i bién do A = 2,86 va tdn s6
0=20s".

X = 2,86 sin 20t

404. Hay giai bai todn trudc, néu:

HDk=2s" T, =0,05T,=002sb=025c=110

2D k=4s", T, =004s5 T,=0,08s,b=025c=110

3)k=0,5s",T,=0,15,Ty=0,015b=0,5c=110

#Hk=2s",T,=0055T,=0055,b=0,1,c=40

55k=2s"',T,=0,055,T,=002s,b=0725c=11.

Ddp sé: PiTp+T;

DA~x4,Q~31,65"; |

NA~5 Q=353

3) He s6 én dinh khéng c6 tu dao dong; 7-}_& ‘

4)A =255 Q~20s"; Hinh 260. Sodé céu
tao cua hé chobai 405.

5) He 6n dinh khong c6 su tr dao dong.

405. Hay nghién citu do tu 6n dinh trang thdi can bang cla hé¢ ma so d6 cau tio clia né
duoc biéu dién trén hinh 260, n€u cho cic thong s6 phdn tuyén tinh cla hé khau phi k = 10 s,
T, = 0,1 s va déc tinh tinh cta khau phi tuyén (hinh 261, ma d6i v6i né b; = 0,1,b, = 0,3,
k=tga=>5.
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Ddp s6: Cic dudng mit tia W, (jo) va —Z(a) khong giao nhau do d6 trang thédi can
bang cla né duge biéu dién trén hinh 211, néu cho céc thong s6 cia cdc khau tuyén tinh:
k, =573 V/ad, k, = 2,5, ky = 5,73 rad/Vs, k, = 102 V.s/rad, ks = 0,001, T, =0,05s, Ty, =
0,05 s va dac tinh tinh cta khau phi tuyé€n (xem hinh 210 ma d6i v6iné b = 0,25 V.

Usmax =¢ =110V

Bai gidi: Theo so d6 cdu tric da cho ta xdc dinh ham truyén phan tuyén tinh cla hé

W, (p) va ham truyén dugc tuyén tinh hod dao dong.

HJ
| Y Y _T{I &
|
- ! &
VIAWAY z . A"?’ o 4 /N 4 &4 kf
Fligpr ™) 5 L Al
1

‘\
&
o>

k

_{3\

>

N

o)

Hinh 261. Ddc tinh cua Hinh 262. So dé cdu tric
khdu phi tuyén. bién doi cho bai 406.

Diéu hoa cha khau phi tuyén Wy (a). Do dé ta biéu dién so d6 cdu tao cha hé phi
tuyén & dang ndi ti€p khau phi tuyén va phan tuyén tinh cta hé (hinh 262):
kokatkap+kike) k(tp+1)
W, (p) = —22 AP+ K1Xs5) p

(D
p(Tip+ D(Typ+1) pTp+1XTyp+H)

Ka hang s6 thoi

§ day k = k;kyk;ks - hé s6 truyén phdn tuy&n tinh ca hé t =
™5

gian.
H am truyén duoc tuyén tinh hod dao dong diéu hoa clia khau phi tuén c6 dac tinh don
vi c6 thé viét & dang:

W, (@) =q(a) 2)
2
3 day q (a) = 4c l—b—2 (xem phu luc 28).
Ra C

Theo ham truyén (1) ta x4dc dinh ham truyén tdn s6:
k(l+jorT) _0,82(1+0,174 j©)

, = (3)
jod+joT)A+joTy)  jod+0,05jw)’

W (o) =

Maodun ciia né:

0,82/1+0,03005
®(1+0,05]j w)?

(4)

W (o=
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Vi pha y(w) = -90° + arctg0,174w - 2 arctg0,05w (5)

Theo cdc cong thic (4) va (5) ta xay dung dac tinh bién do6 - pha phén tuyén tinh cla
hé (hinh 263) va duong miit tia clia khau phi tuyén:

-Z (a) = - bim
Wy (a)
__ na’ . 1 w/A/4 —?-—*ﬂ,]ﬂ/ 9:4%)p Re
e Va?-p? Zia) T 1 @=
a2 1 w480 1
= : (6)
440 /a2 -0,0625 / o 40/
w.!
O cdc gid tri bien do b <*a < 0. B & trudng hop da @ #, (jew) 1
cho dudng mut tia triing véi ntra truc thyc phdn 4m va Y-om
¢6 hai nhdnh gi4 tri t6i thiéu clia m6dun ham s6 -Z (a): '
FZ@), = nb_7.0.25 ~0,0036 Hinh 263. Ddc tinh bién
2¢ 2110 d¢ pha cho bai 406.

dat duoc da=b+y2 ~0,352 v.
Nhu thdy 16 tir hinh 263, dudng mut tia Wy (jo) vd —Z(a) khong cé cic giao diém
chung do d6 trang thdi can bing heé dang nghién citu 6n dinh.
407. Hay nghién citu do 6n dinh trang thdi can bing hé phi tuy&én ma so dé cfu tao cla
n6 dugce biéu dién trén hinh 264. C4c thong s6 phén tuyén tinh ciia he:
T, =10s,T,=09s5,T3=1,15,k;=0,5,k,=5.

7 e I 2 2R

P

Lot | e NTp

Hinh 264. So do cdu tao cia hé cho bai 401 .

Dic tinh tinh clia khau phi tuyén dugc biéu dién trén hinh 265, 3 day b = 1, ky = 4.
Pdp sd: trong hé c6 cdc tir dao dong.
X; = Asin Qt,
O day A = 1,8, Q~ 1,7 s, Dic tinh bién do - pha phan tuyén tinh cila he W-(jo) va
dudng miit tia ctia khau phi tuyé&n —Z(a) dugc chi ra trén hinh 266.

408. Hay nghién citu d6 6n dinh cia trang thai can bing cla hé phi tuyén ma so dé ciu
triic ciia n6é dugc biéu dién trén hinh 267. Cic thong s6 phdn phi tuyén clia hé k, = 2;: k, = 10
st T=0,02s, &=0,15. Dac tinh tinh cda khau phi tuyén dugc biéu dién trén hinh 258.
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Hinh 265. Ddc tinh tinh cua Hinh 266. Cdc ddc tinh tdn 56 phdn tuyén
khdu phi tuyén cho bar 407. tinh cua hé va khdu phi tuyén cho bai 407.

Pdp so: Trong hé cé cdc su tu dao dong:
X = A sin,
3 day A ~8,5, Q ~ 50 s, Dac tinh bién do - pha phdn tuyén tinh clia he Wy (jo) va
dudng mut tia cha khau phi tuyén -Z (a) dugc biéu dién trén hinh 269.

/ _.F' B2 2]

Hinh 267. So do cdu tao cua hé cho bai 408.

50

20

Hinh 268. Pdc tinh tinh cia Hinh 269. Cdc ddc tinh tan sé phan tuyén
khau phi tuyén cho bai 408. tinh ciia hé va khdau phi tuyén cho bai 408.

409. Hay nghién ctu do 6n dinh trang thdi can bing cla hé theo déi dién - co dugc
nghién citu trong bai 406, néu dac tinh tinh ciia khau phi tuyén cé nhanh tir (hinh 270).

Bai gidi. Theo so d6 cau tric (xem hinh 262) ham truyén phén tuyén tinh ctia he & cédc
s6 lieu ban ddu bai 406 bing:
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k(tp+1) _ 0,82(0,174p+1)
p(Typ+1)(Typ+1)  p(0,05p+1)2

Ham truyén tdn s6 cua khau phi tuyén c¢6 dac tinh tinh khong don vi ¢é thé duaoc biéu
dién ¢ dang:

Wup) =

(bH

Wy, (@) = q(a) + jp’(a), (2)
¢ day doéi véi dac tinh so le ¢6 nhdnh hé tir (hinh 270) tuong itng véi phu luc 28.

(3)

1 b2 b
-7 -_——_ = ]—— —
() W@ [ 2t a), (4)

Puoc biéu dién trén hinh 271. Trén chinh hinh v& ndy ta x4y dung dic tinh bién d¢ - pha
phén tuyén tinh cla hé W, (jo), né hoan toan triing véi dac tinh duge xay dung trén hinh 263:
u, = Asin{t, (5)
G day A = 0,73 V, Q ~100 s, Theo hinh 271 nghiém chu k¥ tim duoc 13 én dinh ¢6
nghia va la bién d0 va tdn s6 tu dao dong.

im
/3
=402 -qd/ J Re
=10y T AL 2
4] 7 1w -Z(q) 245
8=025V
- =04/
@ .
/”fx (/@)
Hinh 270. Bdc tinh tinh cua Hinh 271. Cdc ddc tinh tan sé phan tuyén
khdu phi tuyén cho bai 409. tinh cia hé va khdu phi tuyén cho bai 409.

410. Hay nghién citu do 6n dinh trang thdi can bang ciia hé ma so d6 cdu tao cua né
dugc biéu dién trén hinh 272, néu cho hé s truyén phdn tuyén tinh cta hé k = 10 s va dac
tinh tinh cta khau phi tuyé€n (hinh 273) ma d6i v61n6 b= 0,5, ¢ = 10.

Pdp s6: Trong hé c6 tu dao dong véi bien do A =b = 0,5 va tdn s6 Q = 255 s

Pac tinh bién d6 - pha cla phén tuyén tinh clia hé W (jo) va tuong miit tia cla khau
phi tuyén -Z(a) duge biéu dién trén hinh 274.
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Hinh 272. So doé cdu tao
cua hé cho bai 409.

Hinh 273. Ddc tinh tinh cua
khdu phi tuyén cho bai 410.

411. Hay giai chinh bai nay, néu:

Iy k=2s",

2) k=1s",

3) k=1s",
Dap so:

) A=0,5,

2)  A=025,

3) A=05,"

b=0,5, c=3;
b= 0,25, c=5;
b=0,5, c=5
Q=255s"
Q=255 s";
0=637s".

| Im

¥/ Re
T
4.2 4-g02
Lo {4
~-00%

-Z e -
) w*ﬂ; M ()

Hinh 274. Cdc ddc tinh tan
s6 phdn tuyén tinh cua hé va
khdu phi tuyén cho bai 410.
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Chuong 14
DANH GIA CHAT LUQNG CAC HE PHI TUYEN

14.1. NGHIEN CUU CAC QUA TRINH DAO PONG CHUYEN TIEP BANG
CAC PHUONG PHAP GIAI TiCH

412. D6i voi he theo do6i dién co ma so d6 cdu tric clta né duoc biéu dién trén hinh
211, hay xay dung d6 thi chuyén tiép theo hé s6 truyén clia hé hd k = k;k,k:ks & méi lien he
ngugc t6c do cuc bd duge cit (ks = 0).

Céc s6 liéu ban ddu: T, = 0,05 s, Ty = 0,1 s, bé rong ving khéng nhay cdm cla bo
khuéch dai so le (xem hinh 210) b = 1 V, diém 4p cuc dai & ddu ra ctia bo khuéch dai so le
Uspag =¢ = 100 V.

Bai gidi. Theo so d8 c4u tric hinh 211 ham s6 truyén clGa hé hd dugc tuyén tinh hoa
dao dong diéu hoa bang:

kq(a
W(p, a) = a(@q) , (1)
p(Tip+1)(Typ+ 1)
4c [ b? - " .
o] day q(a) = — 1——2— - hé s6 tuyén tinh di€u hoa d6i véi dac tinh so le cé viing
Ta a

khong nhay cam (xem phu luc 28). Theo ham s6 truyén (1) ta xdc dinh da thirc dac trung cua
hé phi tuyén kin:
D(p,a)=T, Typ® + (Tl + Ty) p* + p + kq () (2)
D€ xay dung dé thi chat lugng & da thifc (2) ta thé p = & + jo (§ - chi s6 dao dong tat din).
Thé nay thyc hién dé dang bang cdch phan tich da thic D (g, a) thanh dudi theo [u¥ thira jo:
2
D(§)+([%] ijrill_[z—?] (J'w)-"‘)r_’jm +... (3)
g P /e
O day chi s6 £ c6 nghia & biéu thitc d6i v6i cic dao ham cin thiét thé vao p.
Tir (2) ta tim duoc.
D(E) = TyTyt’ + (T) + TyE? + £ + kq(a),

9DV 3T, 42T, + Ty )E 4,
dp ¢

211 dp?

3
L8] -,
dp £ J

2
i(ﬂ) =3T, Ty &+ (T, +Ty), ? 4)
:
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Ta thé cic biéu thic (4) vio chudi (3). Sau dé ta tich phan thifc va phin dé va cho
chiing bang 0 ta cé:
X (0,8, E) =T, Ty & +(T; +Tyy) &% + & + kq (a) -
~ [3T, Ty + (T, + Tp] 0% =0, (5)
Y (0, E) = [3T; Ty 2+ 2 (T; + Ty) & + 1 - T, Tyo?] = 0.
Tir cidc phuong trinh (5) ta loai tdn s dao dong . Do d6 tir phuong trinh thit hai cua
(5) ta tim duoc:
(1)2: . [3T| TM (0§2+2(T1+TM)E_'+ 1] (6)
1M
Ta thé gid tri ®* vao phuong trinh ddu (5). Ta cé:
TyTmE + (T + Tw) &7 + § + kp () =
\
= [3T Ty £+ 2 (T) + Ty) & + 11 3T\ Ty + (T, + Tyy)] (7)
T\ Ty
Phuong trinh (7) ta giai d6i véi k. C6 két qua ta tim dugc:
[ 1 2
k= — BT, T& +2(T, + Tw) & + 1] x
q(a) {TITM
x [3T, Ty & + (Ty + Tap)] = Ty T8 = (Ty + Ty) £2 = & } (8)
O biéu thic (8) ta thé céc gid tri clia cdc thong s6 ta cé:

K = 1\'.&2
400va2 -1

Ta cho cdc gid tri khdc nhau cua bién d¢ dao dong va & cdc gid tri khong dér duoc
chon clia hé s6 dao dong tit dédn & ta xay dung cic duong cong a = a(k) (hinh 275).

(0,048 + 1,267 + 11 + 30). (9)

4.6

Hinh 275. D6 thi chdt liuong qud trinh chuyén tiép cho bai 412.
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Theo d6 thi (6) tdn s6 cac dao dong @ khong phu thudc vao k va a. Vi vay cic dudrg cong
1 -1
~ 1425,

JT\ Ty

Tuong Ung cdc dao dong trong hé va la su phu thudc bién d6 ty dao dong a = Avao he

® = const s€ tring vdi cdc dudng cong & = const. Pudng cong & =0, o =

sO truyén cta hé ho cdc dudng cong & > O twong ing véi cdc dao dong phan ki’ on céc
dudng cong & < 0 - cdc dao dong tat ddn. Vung ndm bén phai cla duong thing di qua diém
k=~0,55"", 1a ving t6n tai clia ty dao dong. Viing nim bén trdi cia dudng thing nay a ving
trang thdi can bang 6n dinh clia hé.

413. D6i v6i hé dugc nghién cifu & bai 412 nghién citu d¢ 8n dinh trang thdi cin bing
va x4c dinh bién do A va tdn s6 Q tu dao dong néu.

Nk=045s"
Dk=25s"
Nk=4st

Ddp so: Theo dé thi chat luong (xem hinh 275) ta cé:
1) Trang thdi cAn bing clia hé 12 6n dinh;

2) A=83%,Q0=1425",

3) A=x17°,Q=1425".

414. Dé6i véi hé duge nghién ctu & bai 412 & k = 2 5™ hay xdc dinh thoi gian tat dan
clia qud trinh chuyén ti€p t; s6 cdc dao dong m & qud trinh chuyén tiép sau thdi gian t; dai
lugng diéu chinh lai a, néu gi tri ban ddu ctia bien do dao dong a, = 15°.

Bai gidi. Tir d6 thi chét luong ca cdc qua trinh chuyén ti€p (xem hinh 275) rd rang
ring hé s6 dao dong tit ddn & va tdn s6 dao dong © trong thdi gian clia qué trinh chuvén tiép
khong 12 khong déi. Biéu thitc d6i véi bién do cdc dao dong ctia hé ¢6 dang:

t
az%eﬁm ()

O day a, - gié tri bién do6 dao dong xdc dinh bdi cdc diéu kién ban ddu. Theo hinh 275
dk=2s" trong hé c6 tu dao dong véi bién do A = 8,3 d6 (1) ta xdc dinh thdi gian tat dan

cia qua trinh chuyén ti€p t; vao bién do a, t6i bién do A:

A
[ = J' da 2)
a

ak(a)’

O day &(a) - phu thudc giai tich clia he s& tit ddn & vao bién do dao dong & k di cho
phu thuéc E(a) cé dang phiic tap (xem bai 412) va vi vy tinh chinh x4c tich phan (2) 1a khé.

Thdi gian tit ddn cha qud trinh ti€p c6 thé danh gid gdn ding nhu sau: Ddnh gid so bo
thoi gian t; thuc hién theo cong thic:
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1 A
In— (3)
écp aq
O day €., - gid tri trung binh hé s6 dao dong tit ddn & trén khong thay déi bién do dao
dong tlr a = a, (diém M, trén hinh 275) t6i a = A (diém M, trén hinh 275).

Néu cho rang & diém My, & ~ 1,5 con & diém M,, & = 0 thi:

4L =

-1,5+0
écp:—2—2—0,75
Vi vay:
8,3
| L InT ¢ 15 ~ 0,79 s.
—O 75

Dé xdc dinh chinh xdc hon dao dong tit ddn cha qud trinh chuyén tiép ta phan doan
MyM, (hinh 275) thanh 3 doan, MyM,, MyM;, M3M, va 1a xdc dinh gi4 tri £ bén trong mdi
doan: &, =&y =-1,5, &, = -1,0. &, = 0,5 khi dé:

T n P2 L2, LA (5)
& ag & a; &y a,
& day a, va a, - cdc gid tri bién do dao dong & cdc diém M, va M;.
Ta the€ vao (5) cdc gid tri cha cac thong s6. Ta cé:
1 14 1 10 l

8
§ ORI - P Y AL LSS S L LS P I
-5 15 -10 14 -05 10

Sai s6 so bo cla diéu chinh lai dugce thuc hién theo cong thirc:
- gcp ’

(]

ar| _
ay

(Eep <0) 6)

cp
o) day &, va 0., - cac gid tri trung binh cdc dai lugng & va o trén doan MM, , a,, - gid

tri ban ddu cla bién do dao dong.

. 4, .
Theo cOng thic (6) ta tim duoc (néu dat Wep = 19%1——2# =12,4s l

a = 15e SLUTENN 12,4°
4

Sai s6 so bo ciia s6 dao dong m, sau thdi gian clia qua trinh chuyén ti€p duoc tinh theo
cong thic:

®
ms —2> lni (7
271"‘\;cp ag
Suy ra:
8,3
12,4 In ~ 1,5

T 2mx075 15

415. Doi v6i hé duge nghién ctru trong bai 412 hdy ddnh gia so bo thoi gian dao dong
tat ddn clia qud trinh chuyén 1i€p va s6 dao dong sau thoi gian qué trinh chuyén tiép , néu:
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Dk=2s", a, = 2"
2)k=3s", a, = 15";
33k=3s", a'=16.

416. D6i véi he theo ddi dién co ma so d6 cfu tric cla né duge bi€u dién trén hinh
211, hay xay dung d6 thi chdt lugng clia qua trinh chuyén ti€p theo hé s6 truyén ciia hé ho
k = k,kyksks & mdi lién hé nguoc t6c do cna bo bi ngit (k, = 0) . Néu ta thay thé bo khuéch
dai so le bang b6 khuéch dai c6 bio hoa. Dic tinh tinh clha bo khuéch dai dugc biéu dién
trén hinh 276.

Cdc s6 liéu ban ddu T, = 0,05 s, Tyy = 0,1 s, bé rong Uz
viing truyén tinh ctia dac trung tinh cha hé khué&ch dai phi
tuyén b = 1 v, hé s6 khuéch dai trén doan tuyén tinh k, =
tga = 100.

Pdp s6: D6 thi chat lugng cua qud trinh chuyén tiép
duoc biéu dién trén hinh 277. Cdc dudng cong & = const va

V4 @ Uy

!
)
Ag=lyx

s

© = const trung nhau. Bién viing trang thdi én dinh can

bang va ty dao dong la dudng dit nét dugc vach qua diém Hinh 276. Dac tinh 1inh
k~03s" cua bo khuéch dat.

Hinh 277. D6 thi chdt lugng ciia qud trinh chuyén tiép cho bai 416.

417. D6i v6i hé, ma so d6 cfu tao chia né dugc biéu dién trén hinh 278. Hay :4w dung
dé thi chat luong clia qua trinh chuyén ti€p theo hé s6 truyén k.
Cédc s6 lieu banddu: k. =5, T, =T, =0,1s, c=1.
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Bai gidi. Theo so d8 cfu tao ham truyén cua hé hd khang tuyén tinh dugce tuyén tinh
hoa béng:
kq(a)

Wi(p, a) = I
P (Typ+ DUTp+ 1D + k. q(a)) M

0 day g(a) = X hé s6 tuyén tinh hod dao dong diéu hoa dobi v6i dac tinh so le 1y
na

tuéng (xem phu luc 28).

a) b) x4 \
—X; k X4 X3 = | Xa 1 X, ¢
Tipt1 — p(Tp+1) 0] 4 %
xOC ‘
k|« c

Hinh 278. S0 dé cdu tao ctia hé va ddc tinh tTnh cia khdu phi tuyén cho bai 417,

Theo ham truyén (1) ta xdc dinh da thiic dac trung cha hé phi tuyén kin:

D(q, a) = T, T,p" + (T, + Tp” + (1 + k,.q(a)T))p + q(a)k + k,.) (2)
Da thitc (2) ta viét & dang:
D(q,a) =P’ + A|p’ + Agp + As 3)
0 day:
A, = T, +T, i 0,1 +0,1 - 20,
T, T, 0,01
1+k. T 1+0,1k .q(a) 3
Ay = R ST TR SUq(a)
T,T, 0,01
k+k,,
= Krke)a@ _ (k+909@) _ g1 4 500) ga).
T\T, T\T,

D3i v6i hée bac ba, da thic dic trung cia né duoc dua vé dang (3) cdc cong thitc doi
v6i hé s6 dao dong tit ddn & va tin s6 dao dong o ¢6 thé viét & dang [39):
£ = AAg - A,
2AA, + (A, +28)]
o’ = |§|. (5)
Dé £ va o thu dugc theo cdc cOng thitc nay chi yéu ta xdc dinh qua trinh chuyén ti€p,
thi cdn tauc hién diéu kién:
Ap>> [E (6)
Bét dang thitc (6) xdc dinh cdc gidi han trén va dudi déi véi cdc gid tri £ chung cén
duoc thé vao céc cong thic (4) va (5).

(4)
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Hinh 279. D6 thi chdt lugng ciia qud trinh chuyén tiép cho bai 417.

Ta the vao (4) va (5) cdc gid trj clia cac hé s6 A, A,, A3, q(a) va cdc phuong trinh thu
duoc cho phép d6i véi k va ®?. Ta cé.

k=5+0,157a (10 + 5& + 0,88% + 0,04£3), (N
12,7 50k +250
o’ = : — g’ (8)
a 10+ ¢

Ta cho cdc gid tri khong d6i khdc nhau cla hé s6 dao dong tit ddn & va theo cong thirc
(7) ta xay dung cdc dudng cong a = a(k) ( hinh 279). Theo cong thitc (8) ta xay dung cic
dudng cong w = const (cdc dudng diit nét trén hinh 279). Véi d6 chinh xdc nhd hon, nhung
nhanh hon nhiéu céc dudng cong nay c6 thé xay dung theo cong thitc:

olx 22 (9)

N6 thu dugc tir (5) khi thuc hién diéu kién (6). Tir hinh
279 suy ra rang trén d6 thi chdt lugng cdc qud trinh chuyén
ti€p ¢6 thé chia ra thanh hai ving: ving trang thdi can bang b >
6n dinh khi k < 5, & day bién do cdc dao dong tit déan 16i O, ¢
va viing cdc dao dong khi k > 5. Cdc s6 liéu nay hoan toan
tring vdi s§ lieu thu duge khi nghién citu chinh hé nay béng
phuong phap chinh xdc (Liapunov — Lurie) (xem bai 388). Hinh 280. Dac tinh tinh ctia
khdu phi tuyén cho bai 418.

418. Ddi v6i hé duge nghién ciru & bai 417, hay xay
dung chét lugng ca qud trinh chuyén ti€p néu khau phi tuyén
(xem hinh 278a) c¢é dac tinh so le ¢6 viing khoang nhay cdm (hinh 280).
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Céc s0 liéu ban ddu ciing nhu trong bai 417. Bé rong cfia viing khong nhay cam b=1,0.

Ddp s6> DO thi chat lugng cia qué trinh chuyén tiép duoe biéu dién trén hinh 281, Tir
do thi nay r6 rang rdng su 6n tai lai viing khong nhay cam & dac tinh role din t6i gian nd
nao d6 vang trang thai can bang dn dinh tuong tng (k < 8,25).

A

/) S V) /5 V74 2 M 5
Hinh 281. Do thi chdt lugng cia qud trinh chuyén tiép cho bai 418

14.2. NGHIEN CUU CAC QUA TRINH DAO PONG CHUYEN PONG BANG
CAC PHUONG PHAP TAN SO

419. Déi voi h¢, ma so dé cau tao cha nd duge biu dién trén hinh 282, hiy x4c dinh
chét lugng qud trinh chuyén ti€p.

b) 4 X2

Xy X4 X5 k X, A
———— > X
S ] p(T,p+1) Yy

Y

|
o
[l

¥

Hinh 282. S0 d6 cdu tao cua hé va ddc tinh tinh cua khdu phi tuyén cho bai 419.

Céc s6 liéu ban ddu: k =0,5, T, =0,1 s, b= 1, c = 20 cdc dao dong ® cua qud trinh
chuyén tiép & he phi tuyén s& tim bang cdch giai phuong trinh phi tuyén diéu hoa.
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WLE +j0). Wy(a) = -1 (1)
Hay:

WLE + jo) =~ -Z(o) (2)

Wy (o)

0 day Wy (§ + jo) thu dugc tir ham truyén phén tuyén tinh cha hée W (p) bing thé p =& + &
+ jo, con ham truyén tuyén tinh hod dao dong diéu hoa Wy(a) - bing thé€ p =& + & ~ jo vao
biéu thifc:

Wy(€, o) = q(a) + p—;g q’(a) (3)
Ma & két qua cta né ta cé:
Wy (.0) = q(a) +jq° (o) = Wy (@) (4)
Phuong trinh (1) s& gidi bang dé thi. Vi vy trong ham truyén phén tuyén tinh clia he:
k
Wi(p) = ——— (5)
. p(Tip+1)
Tath€p=¢& + jo. Tacd:
: k
WL (& +jo) = , . (6)
E+ jo)1 + T\ + joT,)
Moédun clia ham nay:
. k
A G o) =W (¢ +jo)| = (7
\/(gz + o’ )[(1 +TE) + wBTf]
Va pha:
0] T,
, W) = — arctg — — arct 8
v (&, ) g : 8 TE (8)

Ta thé vao cic biéu thiic (7) va (8) cdc gi4 tri clia cdc thong s6 theo s6 liéu ban ddu va
cho cdc gid tri cdc hdng s6 khdc nhau cia chi s6 dao dong tit ddn § ta xay dung loat cac
dudng cong W (& + jo) nhu cdc ham s& theo tin s6 dao dong @ ¢ & = const (hinh 283). Trén
i 1
Wy ()

chinh dé thi nay ta dua ra dac tinh bién d¢ - pha ngugc clia khau phi tuyén Z(a) = &

céc thong s6 di cho cta khau b va ¢. Theo phu luc 28 déi véi dic tinh phi tuyén loai role véi
nhénh tré tir ta cé:

. 4c b2 . 4cb
W@ =q (@) +jqg(@)= — Jl-—-j— (9)
na a na
Suy ra:
1 na b2 . mb
-Z(o) = - =-— fl-—=-j— 10
() wy()  4c a’ Yac 1o

Phén a0 cla biéu thitc (10) khong phu thudc vao bién do a. Vay dudng miit tia -Z(a)
12 duong thang song song truc thue.
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Cic diém giao nhau cla cdc duong mut tia W (& + jo) va - Z(a) Xdc dinh céc nghiém
clia phuong trinh (1) & cdc gid tri khac nhau &. D61 v6i méi he s5 khong déi cha dao dong tét
dén & theo dudng muit tia ~Z(a) ta xdc dinh gid tri tuong tng bien do dao dong o con theo
dudng mit Wi (€ + jo) - gid tri tdn s6 dao dong . Bién d6 va tdm s6 nghiém chu ky a = A
va o = Q dugce tim & di€m giao nhau cdc dudng mut tia Wi (£ + jo ) va -Z(c)é = 0.

Theo hinh 283 & k > 0 bét ky trong hé c6 cdc nghiém chu ky tuong tng nudc tu dao
dong 6 k = 0,5 ta cé:

A= 151 Q=8s"

T hinh 283 rd rang rang nghiém chu ky véi cdc thong s6 ndy thuc t€ tuong dng
nhiing tr dao dong bdi vi tang bat k¥ bién d6 dao dong din t6i £ < 0 con su gidm bat ki cla
né — cho & > 0.

| [m
T 404
+ 402
012 =0/ ~008 Q06404 007 | 0 42 Q3 406 408 4r 4f  Re
T ) ' ’ ) Q):o‘o ’ N ) N Q)=0
7 A -002
4.0 a=/ ./
@+ -q03 w*
w7\ ] Wy (3yw) g
W
Cu=f 4 _aﬂé &)‘c?
N /4 W (2:je)
() &7
=4 "'0,/7 w=Z

Hinh 283. Cdc ddc tinh tdn s6 phan tuyén tinh cia hé va khdu phi tuyén cho bai 419.

Ta ddnh gid so bo cdc chi s6 chat lugng co ban cla qud trinh chuyén ti€p. Gia st gid
tri bar ddu clia bién do dao dong o = ay, = 2. Thoi gian clia qui trinh chuyén ti€p ma sudt
qud trinh cla né bién d6 dao dong giam tir gid tri oy = 2 t6i gid tri A = 1,51 ddnh gid gin
ding theo cong thiic

t, ~ Lt (11)
écp aq
3 trudmg hgp da choa = 1,51; o = 2, &, = ~1. Ta thé céc gid tri nay vao (11). Ta c6:
ty=—1In 131 =0,28s

D4nh gid gi4 tri diéu chinh lai thuc hién theo cong thifc:
&Cp

s
W
ay =age P
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& day a., - dai lugng diéu chinh lai, o, - gid tri trung binh cla tdn s6 dao dong ma theo hinh
283 bing:

7+8=7,55‘l

Ocp ®
Ta thé vao (12) cac gia tri cia cdc thong s6 ta co:
1
a

ay=2¢ 7 =2.0,65=1,3
PDé danh gid so bo s6 cic dao dong sau thoi gian chuyén tiép ta sit dung cong thic:
©p A 75 151

m= In—~—"In>>—=0,34
27T§Cp o -2 2

420. b6i véi he duge nghién ctru & bai 419 hay xay dung d6 thi chat lugng qua trinh
chuyén ti€p va xdc dinh cdc chi s6 chat lugng co ban cla qud trinh néu k = 0,2, con céc
thong s6 con lai cling nhu & bai 419. Gia tri ban ddu cla bién d6 dao dong oy = 2.

Im
+ 404
+ 402
=0l G QI8 Q0 QKA 0| 4% J0% 06 G408 ¢/ Re
w=0]  Gflw=ee  \w=l

W2je)  wS F a0 SL - (2+jw)
EZ N\ 4= g=2.7" S5 =/

o, 016 /A48 w=/
w=/ QJ:Z
—Z{a} P

w=
AR, AN B

W=/ 1 19z
M@) Yrap

1

Hinh 284. D6 thi chdt lugng qud trinh chuyén tiép.

Pap sé: D6 thi chat lugng cha qud trinh chuyén ti€p duge biéu dién trén hinh 284.
Bién d6 va tdn s6 nhitng su ty dao dong tuong ng bing:
A=x154 Q=45
Thoi gian dao dong tit ddn cha qud trinh chuyén tiép tirag = 2 t6i A = 1,54, 1, = 0,28 5.
Gid trj diéu chinh lai a, = 0,88. S6 cic dao dong sau thdi gian cla qud trinh chuyén tiép
m=0,17.
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Chuong 15
CAC DAO PONG CUONG BUC TRONG CAC HE PHI TUYEN

15.1. XAC PINH CAC DAO PONG CUONG BUC PON TAN BANG PHUGNG
PHAP PO THI
421. Hay xdc dinh cdc dao dong cudng bifc ciia hé ma so dé cdu tao cha né duogc biéu

dién trén hinh 285 & tic dung bén ngoai hinh sin:

f(t) = B sinwpgt (D)
Cic s6 lieu ban dduk = 10s™ , T, =0,1s,c= 10, B=20, wg = 10 5™

b) A X1

f(t) X ’—— X4 k X

— ] > 0 X
— p(T.p+1) . Y
[

Y

h J

Hinh 285. So doé cdu tao cua hé va ddc tinh tinh cua khdu phi tuyén cho bai 421.

Bai gidi. Ta lap phuong trinh vi phin ca hé phi tuyén kin theo so dé cfu tao phuong

trinh vi phan phén tuyén tinh cia hé c6 dang:

(Tip+ D px, =kx, (2)
Khau phi tuyén c6 thé viét bing phuong trinh:
X = F(x) (3)

O day ham phi tuyén F(x) dugc cho bdi dic tinh tinh (hinh 285b).
Ta thé (3) vao (2) va déng thdi cho ring:

x =f(t) - x
Ta cé:

(Tip + Dpx + kF(x) = (Typ + 1) pf (1) (4)
Nghiém d6i v6i cac dao dong cudng bidc dugc thiét 1ap trong hé sé tim & cong thiic:

X = agsin (0gt + @) (5)
0] day o va @ - cdc bién d6 va pha cin tim ctia cic dao dong cudng biic.
Phuong trinh ctia hé phi tuyén (4) duoc vi€t dudi dang:

Q(p)x + R(p) F(x) = S(p) f(1) (6)
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3 day Q(p) = S(p) = (T,p + 1) p, R(p) = k. Trong phuong trinh (6) bién f(t) duoc biéu
dién qua bién x. Vi vay ta viét:
f(t) = Bsinwgt = Bsin [(ogt + ¢) — 0]

= Beososin(wgt + ¢) — Bsinpcos(wgt + o) (7)
T (5) ta tim dao ham:
pX = agwg cos (wgt + @) (8)
Va néu thé (5) va (8) vao biéu thic (7) cubi clng ta c6:
B .
f(t) = —[cosq)———sm(pp]x (9)
ap Wp
Ta the gid tri cha ham f(t) (9) vao phuong trinh (6). Ta ¢6
B sin
{Q(P) - 3(p) _[COS ¢- _cpﬂ x+R(p)F(x)=0 (10)
apg Wp

Thuc hién tuyén tinh hod dao dong diéu hoa cta su phi tuyén
F(x) = q(a)x (1)
3 day q (a) = de hé s6 tuyén tinh hod dao dong diéu hod d6i véi dic tinh role 1y
ma
tudng (xem phu luc 28).

O biéu thitc (11) ta thé bién do a bing bien d6 cin tim ciia cdc dao dong cudng bic
ag. Ta c6:

F(x) = q (ag)x = il X (12)
Tap
T (10) va (12) ta thu dugc phuong trinh dac trung d6i véi gan ding ddu.
B .
QP ~ S(p) w(cosw—mp)-**R(p)q(aB) =0 (13)
ag Wp
Dé tim nghiém hinh sin (5) ta thé€ vao (13) p = jog. Ta cé:
ag = Q(jwg) + 3(}'% )a(@B) _ p.-io (14)
S(jop)

O két qua (14) ta cho ring cos — j sing = ¢
Ta th€ vio (14) bifu thitc d6i véi Q(jog), R(jog) va S(jwg) thu dugc tir (6) vi gid tri he
s6 q(ag) (12):
ek

: L —Be (15)
jog(1+Tjog)

ag +

Sau khi thé vao gid tri cac thong s6 ta thu duogc:
ag~ 6,67 —6,67j =20 e (16)
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O mat phing phic (hinh 286) ta xay dung dudng miit tia:

Z(ag) = ag - 6,67 — 6,67]

(17)

Tuong ng phan bén trdi clia phuong trinh (16) va vong trom ¢6 bdn kinh B = 20 tuong

ing v6i phdn bén phai cla chinh phuong trinh. Diém giao nhau cia dudng mit tia Z (ag) cdc

muc cla bién do & dudng mut Z(ap) ta tim duoc
bién do cdc dao dong cudng bitc & hé oy = Ag =
25,2. Do dich chuyén pha ¢ = 20° duoc xdc dinh
theo cung vdng tron cn nhén thdy ring tinh todn
cdc gid tri duong cia cdc géc ¢ trong trudng hop
da cho dugc thyc hién tr nlra truc thuc duong
theo chiéu kim déng hd, bdi vi & phdn bén ngoai
(15) ¢ o vé1 ddu am. -

Trén hinh 286, r6 rang rang trong hé xuit
hién cdc dao dong don tdn véi tdn s6 wg = 10 5™
khéng & cdc gid tri bdt ky cua bién do tic dung
ddu vao (1) ma chi khi B > B0, D¢ xdc dinh
gid tri ngudng bién do tdc ddu vao B, ta
vach vdng tron ti€p xtic dudng mut tia Z(ag).
Bin kinh ta vach vong tron nay va xdc dinh
Boyuang = 6,67.

-

-

Hinh 286. Xdy dung dé thi dé xdc dinh
cdc dao déng cudng birc cho bai 421.

422. DGi v6i heé ma so dé cdu tao cha né duge biéu dién trén hinh 287 hiy xdc dinh
bién d6 Ag va pha ¢ cua cdc dao dong cudng bic cua bién dé tic dung ddu vao.

Céc s6 liéu ban ddu:

k=10s",b=1,c =10, bien dé va t4n s6 tac dung ddu vao B=8, wg=20s".

Ddp 56 Phuong trinh dé tim bién do va pha cla cdc dao dong cudng birc cé dang;

o 6,36 [I-— =8¢
ap

Xay dung béang dé thi dugc chi ra trén hinh 288. Theo hinh v& nay Ag = 5, ¢ = 50",

Bngm‘mg = L.
3)
f(t) X X4 k X2
—-—-—>®—-—> _I i‘r- > —b_ I

X4

b) P

Hinh 287. So do cdu tao cua hé va ddc tinh tinh cia khdu phi tuyén tinh cho bai 422.
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423. Hay xdc dinh bién d¢ va pha cla cdc dao dong cudng bitc & hé, ma so dé cAutric
clia nd duge biéu dién trén hinh 285 khi t8n tai thoi gian tré 1.

Cic s6 liéu ban ddu: k = 10 s'l, T,=0,01s,1=0,01s,c =10, tdn s6 va bien d) tac
dung bén ngoai wg = 10 s, B =20,

Bai gidi. Phén tuyén tinh clia hé dugc mo td bing phuong trinh vi phén:

(Typ+ 1) px; =kx (1)
Vi tinh dén thoi gian tré phuong trinh khdu tuyén tinh dugc viét dudi dang;:
X = Fry(x) = ¢ "PE(x) (2)

& day F(x) - ham phi tuyé&n cho bing dic tinh tinh (hinh 285b).

“m “lm

-./5
r/‘—:F* T~

/BN
-5%¢ ‘\‘
AV IR A

S Ic'
.--5 \\>/\l ;0
"’lﬂ'tt/ /Z('av)

~

.W av=20
A

’

Hinh 288. Xay dung dé thi dé xdc dinh Hinh 289. Xdy diwng dé thi dé xdc dinh
cdc dao dong cudng birc cho bai 422. cdc dao dong cudng birc cho bai 423,

Tir (1) va (2) ta xdc dinh phuong trinh vi phan ctia he phi tuyén kin:
(T,p + 1)px + kF (x) = (Typ + D)pf(t) 3)

Céc dao dong cudng bic dai lugng ddu vao clia khau phi tuyén x s€ tim & dang:

X = Agsin (wgt + @) 4)
Dé tim nghiém hinh sin (4) ta viét biéu thic:
oy QU0B) + RG0B)G@pI 2 o 5)

S(jwg)
O day ag va ¢ - cic bién do va pha cdn tim cla cdc dao dong cudng biic q(ag) = 4c/n
- hé s6 tuyén tinh dao dong diéu hoa ddi véi dac tinh role 1y tuong (xem phu luc 28) ¢
a = ag con Q(jog), R(jwg) va S(jwg) dugc xdc dinh tir phuong trinh (3).
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Q(wp) = S(jog) = jog (1 + T;jog)

RG(DB) =k
Ta thé€ (6) va gid tri hé s6 q(ag) vao (5). Ta cé:
~Jtop .
g + —kee = Be o 7

jog (1 +Tjog)
Sau khi thé cdc gid tri ctia cdc thong s& va phan tlr 6 va miu s6 cla s6 hang thit hai
phén bén trdi clia phuong trinh (7) véi biéu thitc lién hop ta cé:
og—2,5-j.12,3 = 20e? (8)
Trén mat phing phitc hinh 289 ta xay dung dudng mdit tia:
Z(ag) =og—2,5-3.12,3
va vong tron ¢ ban kinh 20. O diém giao nhau theo duong mut tia Z(ag) ta xdc dinh bién
do cdc dao dong cudng birc ag — Ag = 18,2 con theo cung tron — pha ¢ ~ 38°. Gi4 tri ngudng
bién do tdc dung ddu vao By gn, = 12,3.
424. D4i v6i he phi tuyén, so d6 cdu tao cha né duge biéu dién trén hinh 290, hay xic
dinh bién do Ag va pha @ cta cdc dao dodng cudng biic.
S6 lieu ban ddu: k= 105, T, =0,01s,T,=002s,b=4,c =10, bien do tdc dung
hinh sin bén ngoai B = 20 tdn s& tdc dung bén ngodi wg = 105",
Pdp s6: Ag =21, @ = 35°

b) b X1

i x X4 P X, A | X
g fFT_ pTos )Tt | | b

Hinh 290. So d6 cdu tao cua hé va ddc tinh tinh cua khdu phi tuyén cho bai 424.

15.2. TIM CAC DAO PONG CUGNG BUC DON TAN POI XUNG BANG
PHUGNG PHAP TAN SO

425. D6i v41 he phi tuyén ma so d6 cdu tric cia n6 duge biéu dién trén hinh 285, hay
xdc dinh su phu thudc cdc bién do cdc dao dong cudng bic vao bién do va tdn s6 tdc dung
hinh sin bén ngoai.

Céc s6 lieu ban ddu: k = 10 s, T, = 0,1 s, ¢ = 10 x4c dinh ham truyén cla he phi
tuyén kin dugc tuyén tinh hod dao dong diéu hoa.

D6i véi hé nghién cuiu ta cé:
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k
W, (p) = ———— 2
L(pP p(Top+ D (2)
Wy(a) = q(a) (3

g day q(a) = ac heé s tuy€n tinh hod dao dong diéu hoa d6i vdi dac tinh role 1y udng
na
(xem phu luc 28).

Ham truyén (1) dugc viét & dang:
M. (p)

D(p, o) = 4
ML)+ Wy(a)
& day M (p) = - ham truyén ngugce phin tuyén tinh cta he.
WL (p)
Ta tim ham truyén tdn s6 ngugc phdn tuyén tinh clia hé:
. joll + Ty jo)  joll + 0,1jo
ML(J(U)=J ( 1J ):J ( .]) (5)
k 10
va ham truyén cla kh4u phi tuyén dugc tuyén tinh hod dao dong diéu hoa
4c 12,7
Wy(a)= —=—— (6)
Ta  a
Con trén mat phang phitc hinh [m

291 theo cong thitc (5) ta xay dung
dac tinh bién d¢ - pha ngugc, phén
tuyén tinh cia h¢ con theo cong thic
(6) - dudng mit tia cha khau phi
tuyén - Wy(a).

Theo cdc mitc bién 40 & dudng o)
miit tia - Wy(co) ta xac dinh bien do =0, /04 af  o-HelladligdINg  Re
cdc dao dong cudng birc ag (di€m D [ =60 -3 7z g jw=l
trén hinh 291) con theo cdc mic tdn W, (a)
s6 trén duong miit tia My (jo) - tdn
s6 c4c dao dong cudng bitc bing tdn
s6 tic dung hinh sin bén ngoai (diém
E trén hinh 291). Tu (4) ta tim duoc:

Hinh 291. Ddc tinh bién dé pha phdn
tuyén tinh cita hé va duong mitt tia cua
khdu phi tuyén cho bai 425,

My (jog)| OE

=— (7
IM_ (jog) + Wy(ag) DE

%B— =I(I>(j0)3,a3)l =

& day B - bién d6 tdc dung hinh sin bén ngoai.
Biéu thitc (7) xdc dinh sy lién hé giita bién do tdc dung bén ngoai B va bién d6 cdc dao
dong cudng bitc ag d6i véi gid tri xac dinh bat ky cia tdn s6 wg:
B=— « 8)
OE (
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Dich chuyén diém D trén hinh 291 & vi tri xdc dinh cig @&iém E ta tim duoc su phu
thudc ag(B) khi wg = const (hinh 292) con dich chuyén diém ¥ & vi tri xdc dinh diém D, ta
tim su phu thudc ag(wy) B = const (cdc duong cong ditt nét trén hinh 292).

V% @y =Const
a0t 7
Bt /4
iy H
iy B=gonst
Z2r
VRS
S w
5 -
4 -
2r ]

¢ WK F ws

J1 2 4 6 &8 10 R 4 6 8 8

Hinh 292. Cdc phu thudc bién do dao dong cuing biic
vao bién do va tan so tac dung bén ngoai cho bai 425.

426. D61 vai hé phi tuyén duge nghién citu & bai 425 hay xdc dinh su phu thuéc bién
do cdc dao dong cudng biic oy vio bien do B va tin s6 wg cia tdc dung hinh sin bén ngoai,
néu ham truyén cla phdn tuyén tinh cla he:

Wi(p) = X p
p(Tip+ 1)(Typ +1)
Gdayk=10s",T, =T, =015 2l g3 g a-jw=Mj’)ﬂ‘,ZT:;j gj Re
Pdp s6: Dic tinh bien do -pha /-4 -3 A7 -1 o=e=|w/
phdn tuyén tinh clia he M, (jw) va dudng ~Hyia) 45
miit tia ~Wy(a) duge biéu dién trén hinh 7
293 cdc dudng cong wg = const va B = 15
const dugc chi ra trén hinh 294. Tdn s6 w15 17

wg = 10 s ma & d6 gid tri ngudng cha

; NN Hinh 293. Pdc tinh bién dé - pl (0
bien do tdc dung hinh sin ddu vao Byyem, gc linn Dien ag - pia nguoc

phan tuyén tinh ciia hé va duong miit tia

bang 0, bang tin s¢ ty dao dong trong he. ciia khau phi tuyén cho bai 426,
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@=0anst,

2NN/ S Y 2
AN A

Hinh 294. Cdc phu thuéc bién d¢ dao déng cudng bic
vao bién d¢6 va tan sé'tdc dung bén ngoadi cho bai 426.

427. Hay xdc dinh bién do va pha ciac dao dong cuong biic, t6¢c do quay cua dong co
dién trong hé 6n dinh phi tuyén, ma sg dé cia né dugc biéu dién trén hinh 295. Tren so do,
ky hiéu D - dong co ¢6 dong dién khong déi vai kich cam doc 1ap, T - mdy phat do toc do,

a) A) “aﬂ
2
" i { : - pmazx
4 u| Py | Yo} 7 H }‘ 76 g 4 1 _mz
H } Ty 1 5
27 Ymax
!

Hinh 295. So do 6n dinh 16c do quay cia dong co dién cho bai 427.

PY - bo khuéch dai role ma dac tinh tinh cla né dugc bi€u dién trén hinh 295b. Céc s6 liéu
géc: bé rong viing khong nhay cam cha dic tinh role b = 1V, t6c d¢ xdc 1ap cha dong co &
dién 4p cuc dai & d4u ra cha bé khuéch dai role up = ug,, (hinh 295b), Q4 = 625 s, thei
diém khdi dong clia dong co My = 100 Gem, momen quén tinh tdc dung 1én truc dong co
J = 0,008 Gem.s?, moémen phu tai 1én truc dong co My = 0, hé s6 truyén ctia may phat do t6c do
k,, = G = 0,01 V.s/rad. O d4u vao cita hé c6 tin hiéu ddu vao hinh sin:
u;(t) = Bsinogt
ma bién d6 clia né B = 8Y, con tdn s6 wg = 1057,
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Bai gidi. Thuong khi nghién citu co c4u thira hanh role bao gém dong co ¢6 dong dién
khong déi ¢6 kich tir doc 1ap va role diéu khién dong dién cha phin ing dugc biéu dién & dang
hai khau doc 1ap. Mot trong s6 cdc khau nay (dong co) la tuyén tinh, con khau khic (bo
khuéch dai role) - 1a phi tuyé€n. Khi d6 déng co dugc mé ta bang chinh phuoag trinh vi phan
nay doc 1ap véi vi tri cc tiép xic role. Thuc t€ & chinh céc tiép diém hé clia role (-b <u <b)
mach phin L’mg clia dong co hd va nd bi€n thanh banh ldi thuong. N&u khong tinh momen
phu tdi va cac dac tinh co khi cia dong co coi [a tuyén tinh thi & cdc cong tdc kin cla role
(u > |b]) su chuyén dong clia dong co dién duge m6 td bang phuong trinh vi phan:

daQ 1

J— +—Q= M() (1)
dt By
g day Q - téc do gbéc quay cua dong co, By = —I\-i—o— - hé s nghiéng cta dac tinh co khi. O cac
0
cong tic hd cha role phuong trinh vi phan chuyén dong c6 dang
dt

Vi vay khi nghién cttu cdc hé phi tuyén cé cdc co cdu thira hanh role thi dong co va bo
khuéch dai role cdn nghién cttu nhu la mét khau phi tuyén duy nhadt.

Ta dua gid tri dinh mic cta ham truyén ctia khau co cdu thira hanh role tuyén tinh dao
dong diéu hoa W, (d,jz)

0 Q0 Q.
W (d,jz) =—bﬂw(, (d, jz) = —biqo d, z) +j T"q 0 (d, 2) (3)

Trong biéu thic nay d - bién do tuong d6i:

u
d=—, 4
5 (4)

Z - tin s tuong doi
z=w0Ty (3)

Ty - hidng s6 thoi gian cua dong co, qo(d, z) va q°y(d, z) - cdc hé s6 tuyén tinh hod cic
khau dao dong diéu hoa.

Cac biéu thifc giai tich d6i véi cdc he s6 qq(d, z) va q’y(d, z) thu dugc cyc ky phirc fap.
Vi vay dé thudn tién cdc tinh todn & phu luc 29 ta dua vao cdc ham truyén tdn s6 dinh mirc
clia co c4u thira hanh role.

Dé x4c dinh cdc thong s6 dao dong cudng bic cla hé ta 14p so d6 ciu tao (hinh 296)
va viét phuong trinh vi phin cia hé phi tuyén tinh.

u + kprF(u, pu) = u(t) (6) U, iy I?) Utg
< —— 1 »! Kk —
O day: ®_JT Fu, pu) ) 16
1 d s
F(u, pu) = q(d, z)u + pdz) pu 7
® Hinh 296. So dé cdu tao
Ta 13p dang thic: cua hé cho bai 427.
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2. Qi®s)+ R(j0g)la(dg 2p)]
B ;
S(jog)

& day apg va ¢ - bién do va pha cdn tim cta cai dao dong cudng bic zg = 0wgTy.

= Be 1@ (8)

MB@éi lién hé giita bién d ag va bién do twong déi clia cdc dao dong cudng bitc duoc
x4c dinh bdi cong thic (4).

a u
dg= - =2 (9)
O truong hop rieng da cho theo phuong trinh (6) ta ¢6:
QQwg) = Swp) =1, R(jwg) = kgt (10)
Ta thé (10) vao (8) ta c6:
Ap + krrag [q (dp, Zg) + jq’ (dp, 25)] = Be™. (1)

Céc hé s6 d(dg, zg) va q’ (dg, zp) ta _ . ‘
xdc dinh theo cdc d6 thi dugc dva ra & phu
luc 29. Vi vay so b6 ta tim duogc:

Q.

0

g = (DBTM = g

= 10. 0,008 92'—5- =0,5
100

Sau d6 ta cho cdc gia tri khdac nhau
cua bién d6 ag, d6i véi ching theo cong
thitc (9) ta xdc dinh cdc gid tri cia bién do
tuong d6i dg, theo cac dac tinh bién d¢ -
pha (phu luc 29) & z, = 0,5 d6i véi cic gid

tri dg khc nhau ta xdc dinh q; (dg, zp) va Hinh 297. Xiy dung dé thi dé xac dinh
qQ'y (dg, zg) va theo biéu thic (3) ta tim cdc dao dong cudng bire cho bai 427.
dugc:

O
q(dg,zg) z“b_OCIo(dB’ZB) =625q,(dg,zp),
(13)

1 Q 1] 1
q (dB’ZB)"_'TOq 0(dp,2p) =625q' (dg,2p)

Céc gid tri cdc he s6 (13) dugc the vao (11) va xay dung dudng cong:
Z(ag) = ag + krgaglq(dg, zg) + jq'(dg, zp)] (14)
Tuong @ng phdn bén trdi cla ding thic (11) (hinh 297). Ta vach vong trdn ¢6 bin
kinh B = 8 va & diém giao nhau clia né véi dudng cong Z(ag) ta tim dugc ag ~ 1,5 V. ¢ ~ 58",
Bién do cic dao dong cudng bifc cla van t6¢ géc quay cua dong co bang:
LS

Qp= =B =2 505"
krg 0,01

320



Chuong 16

DIEN BIEN CUA CAC QUA TRINH NGKU NHIEN
QUA CAC HE PHI TUYEN

16.1. XAC PINH CAC HAM VA CAC MOMEN PHAN BO QUA TRINH NGAU
NHIEN G PAU RA HE PHI TUYEN

428. O diu vao bo khuéch dai khong quéan tinh ¢6 dac tinh tinh tuyén tinh c6 gidi han
(hinh 298a) t6n tai tin hiéu ngdu nhién & dang dién dp u;. Mat d6 phan b8 cua tin hiéu nay
dugc mo ta bing ham:
_(Ul-ai)z

o) = ———e 2 (1)

o] day up - gid tri trung binh cla dién 4p vao u;, 6, - do léch binh phuong trung binh

ctia dién dp u,; vao gid tri trung binh u. o viing tuyén tinh dac tinh tinh hé s& khuéch dai
k=100 viing bido hoa dién 4p ddu ra ciia bd khuéch dai vy, = 100 V. Hay tim v biéu
dién & dang dé thi quy luat phan b8 w(u,) & ddu ra bd khuéch dai & cdc sd lieu ban ddu nhu
sau: gid tri trung binh m =0V, gia tri binh phuong trung binh o, = 0,5. 107 V.

Bai gidi. Boi vi bo khuéch dai khéng qudn tinh, thi & viing tuyén tinh u, = ku,.
Boi vi ko, = 10°.0,5.107 = 50 V, thi & viing n2y o, = ko,. Vi vay cho ring u =008
cdc gidi han tuyén tinh cha dac tinh tinh, quy luat phan b6 dién dp ddu ra u, c6 dang:

1
«/Z—TEI(G]

Theo cic diéu kién tiéu chudn cdc ham phén bs:

)
o(u,) = acku,) = ot f201) (2)

fotu)du; = folu,)du, =1 (3)

Néu thé vao biéu thitc cudi cing ham s§ (2) ta tim dugc:

u} . u3
o > -—*
1 J‘ 207 duy 1 je 203 duy

it N —2 =]

\./—2;_00 O w/2_1t-w o)

Do d6, trong ving tuyén tinh cdc mat d6 phan b6 tiéu chuén d6i véi cac bién tuong

déiz, = B Z,= Y2 & ddu vao va ddu ra nhu nhau (hinh 298b, c).

Oy o]
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b6 chodn viing tuyén tinh dac tinh tinh

clia bo khuéch dai theo truc u; (hinh 298a) cé %)
» P7R N
thé xdc dinh tir biéu thic: 4 ol S “
100 A u
k 10°
Do d6, dai lugng tuong d6i cua nod Z
3 Lc’(U,)
6,  0,5.107
U",
X4c suft P (u, > 100 V) xudt hién tin ! ,
hieu u, > 100 V & ddu ra bo khuéch dai bing ibesy e, ) N ()
be s 1 o Y.y {7
0 bdi vi 16n hon 100V bo khuéch dai khong ,/ﬁ ﬂj/ﬂd nigr g 4 V]
¢6 thé thyc hien dugc theo dac tinh tinh. 4)
Chinh xdc sudt P (u, = 100 V) xudt hién wlt,)
tin hiéu u, = 100 V, rd rang bang xdc sust P -4oiol)
(u; 2 uy =107 V). Vi vay c6 thé viét: &
P(u, = 100 V) = P(uy 2 u;,) = gg-
It
Ly 4 N J054
=P(z;22;)=05- —= | e 2dz -y -0 ot mo 20
\/ch J c) 1

3 z,, = 2 theo phu luc 31 tich phén ta
viét bing 0,477. Vi vay P(u, = 100 V) =
0,5-0,477 =0,023.

Do dé, trong cac gidi han tuyén tinh
cla bo khuéch dai him ® (u,) ¢6 phin b6 tieu chudn nhu o (u;). O cdc ddu khodng tuyén
tinh ® (uy = 100 V) ¢6 dang Delta - ham s6 c6 dién tich bang 0,023 (hinh 298b va ¢).

Hinh 298. Bién doi ham phdn bo
tin hiéu ngdu nhién bdi khdu tuyén
tinh ¢é dé bao hod o u= 0.

429. D6i véi bo khuéch dai cia bai todn trude ta tim ham s6 o (u,) phan b6 dién 4p
ddu ra, néu & ddu vao clia né c¢6 dién dp uy, cé gid tri tuyén tinh dugc phén bd theo quy luat
tiéu chuén:

o (u)) = L . 2 (1)
J2no,
ur =0,75.10% V, 6, = 0,5.10° V.

Bai gidi. Ciing nhu & trudng hop truée, & ving tuyén tinh cla dac tinh tinh dugc gidi
han boi ving —u; < u; < u;, c4c quy luat phan b8 dinh mic w(z;) va w(z;) nhu nhau. Khi
d6 céc gié tri twong d6i z; va z, thuan tién biéu dién & dang:

Zl: ul—Ul (2)
O
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2y = U, U2 Uy -uy (3) a0 (t) () . Ji0bd()

Cdc xac sudt xudt hién cdc tin hiéu
lu,l > 100 V bang 0. Cic xdc sudt cla chinh

cdc tin hiéu u, = £ 100 V ¢6 thé xac dinh '
theo cic cong thic: ’ ‘_} o Y
P (uy = 100V) = P (u; > uyp) /A A R A N /] ‘
=P >7 3 . R
(2>2 IL). 5 Hinh 299. Ham phdn bé' tin hiéu o dau
z —_—
=05 - L ZT e 2dz 4 @ khau tuyéh 1inh ¢é bdo hoa o u 0.
‘\/271: o}
. ;0 2
n "
1L

Neéu thé vao (2) cdc gid tri uy, u; va — u;, ta tim dugc:

_uyp-u 1107075107

Zy = 0,5
' a, 0,5.107
. —uy-up (-1-0,75).107
0 0,5.10™

Né&u sir dung phu luc 31 déi véi cdc moédun ‘Z;Ll va ,zIL’ , ta thu dugc cdc gid tri xdc
sult sau:
P (u; =100V)=0,5-0,192=0,308 a) U
P (v, =-100 V) =0,5- 0,494 = 0,006 I

Do dé, & cdc ddu doan tuyén tinh cia ham ‘ -
) . A : 0 up=19.10"V
w(u,) c6 dang ham delta c6 cac dién tich turong '

- T

2m Uy

[ES—
ung bing 0,308 va 0,006 (hinh 299).
430. Hiy tim ham phan b8 @ (uy) cha b 4 ©alt)
dién 4p ddu ra u, ctia bo khuéch dai—khéng quén o= 0) /fa)(uz )du, =
tinh ¢6 dac tinh tinh duoc biéu dién trén hinh / 2 = p(s, ) |uy =100
300a néu & ddu vao clia né c6 dién dp uy, ma céc
dai lugng ngdu nhién clia né dugc phan bo ciing

nhu & bai 429. Hay gidi bai nay d6i véi hai 300 55 0 50 100 2
trudng hop:

- 3 Hinh 300. Ham s6 phdn b6 (b)
1) U1=OV,O'1:2.10 V.

- ; A cia tin hiéu ddu ra phan tir ¢6
2) u;=18107V, 0, =2.10"V. ddc tinh role 1y tuong (a).
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Hoat dong ctia bo khuéch dai role x4y ra & dién dp u,, = 1,9.107 V. Dien dp diu ra
Uy, = 100 V.

Ddp s6: O trudng hop nay va khic ham s6 @ (u,) 1a ham s6 delta & cdc gid tri u- = 0
va u, = + 100 V (hinh 300b). C4c dién tich ctia cdc ham s6 delta bing cdc xdc suflt xudt hién
tin hiéu ddu ra tuong Ung u, c¢6 cac dai lugng cic gid tri sau:

0,658 & u,=0
1) p(uy) = 40,171 & u, =x100V
10 & cdc u, khic
0,5019 & uy;=0
0,498 0 u, =+100V
2) puy) = \
0,0001 4 u, =-100V
0 & cac u, khic

431. Hay tim ky vong todn hoc m,(t) vd ham d6i xa R, (t;, t;) cla dai lugng ddu ra
y(t) chia he phi tuyén ma so dé cdu tric cla n6 duge biéu dién trén hinh 301.
Cac phuong trinh moé ta dong luc hoat dong ctia hé cé dang;:

' (Tp+D)y = F(x)} 0
X=g-y
& day phu thuoc phi tuyén F(x) duge biéu dién bdi ham:
F(x) =k;x + k2x3 2)

Tin hiéu ddu ra g(t) 1a qud trinh tinh ngdu nhién c6 k¥ vong todn hoc khong (m, = 0)
va ham s6 déi dnh:
Ry(ty, ty) = o2e (27 (3)
Khéng c6 cic thoi diém cé bac cao hon & ddu vao. Céc hang s6 trong phuong trinh (1)
- (3) c6 céc gid tri san: T=0,1255,k, =8,k = 0,40, =6, a=10s"".
Bai gidi. B&i vi phu thuoc phi tuyén (2) lién tuc va vi phan, nén dé xac dinh céc thoi
diém cua cdc dai lvong ddu ra y(t) c6 thé su

dung phan tich ctia né theo cdc thi di€ém cia  gft) x(t) 1
. C . : . — Flx) — — y(t)
dai lugng ddu vao g(t). Vi vay nghiém déi voi Tp+1
y(t) s& tim & dang chuéi ham luy thira:
y©) = D0, (0g" (1) (4)  Hinh 301. So do cdu tao cia hé pai tuyén.

n=1

Néu thé biéu thic (4) vao (1) va (2) va cho cdc s6 hang c¢6 cung lu§ thira bang nhau g,

ta thu dugc céc phuong trinh vi phan tuyén tinh d€ tim tudn ty cdc ham s6 cln thi€l ¢y,
(I=0,1,2,...)

(Tp + Doyy = iy (1=0,1,2,..) ()
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Céc gid tri cdc s6 hang c,;, | ¢6 trong cdc phuong trinh nay d6i véil=0val=1c¢cé

dang: ¢, = k|,
c3=ky(1l + 30, - 307 —¢]) (6)

3 dang phi tuyén da cho F(g, y) va cdc thoi diém phéan bd tin hiéu ngdu nhién diu vio
g(t) tdt cd cdac ham @y, (/ =1, 2, ...) ¢4 cdc s6 chédn bang 0.

Néu ¢ két qua ta xdc dinh cdc nghiém cta hé phuong trinh (5) clia ham @, (1), thi cé
thé tim dugc cdc thdi diém phan b6 clia tin hiéu ddu ra y(t) qua céc thoi diém ciia tin hiéu
dau vao g(t). Vi vay cdn thi€t sir dung phan y(t) thanh chuédi (4) theo cdc s6 mi g(t).

J trudng hop, cdc thoi diém bac thi nhdt va thit hai duoc xdc dinh theo cdc biéu thic:

my = Zcp?lﬂ (Omg,,, (O (7
1-0
Ry(ti, 1) = D @opy (1) (1 ML (1)), 877 (15)] (8)
n,{=0

G day M[g?*' (1)), g™ (t,)] - thoi diém phan b6 dai luong ddu vao hén hop tuong ting.
Boi vi theo diéu kién bai todn ta chi cho ham déi dnh tin hiéu ddu vao (thoi diém bac
thit hai):
Rg(ty, 1) = M[g(1y), g(t2)]
nén dé gidi bai todn chi di xdc dinh ham s6 ¢,(t). Vi vay theo (5) va (6) cédn thiét giai
phuong trinh:
(Tp+ Do, =k,
Nghiém cta né cho:

t

Q=K [1-¢ T

C6 tinh dén tin hiéu ddu vao ta co:
my = @(t) my(t)
Ry(ty, ty) = 9,(t)) 9,(tz) R, (1, ty)

L |93

=ki|l-e T |l-e T jgie 2™
Aok )
=kioll-e T-eT+e T |gx27)

Ta k¥ hiéu t =t, — t,. Khi dé:

b _mt
R,(t;, 1) =Ry(t;, 1) = kicZfl-e T |1-e T1 e
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Né€u thé€ cac gid tri cla tdt ca cdc dai lugng ddu vao, cubi cling ta cé:
y =0,
R,(t;, 7) = 2304 (1 — e ™1)(1 — e *(H1))e 10"

m

Do d8, ham d6i dnh cia tin hiéu ddu ra y(t) phu thudc khong chi vao khodng thoi gian
17, ma ca géc tinh t; theo truc thdi gian.

16.2. TINH TOAN CAC HE PHI TUYEN NHO TUYEN TINH HOA TINH

432. Bang phuong phép tuyén tinh hod tinh hay tim k¥ vong todn hoc, tin xa va ham
ddi dnh & ddu ra clia bo khuéch dai phi tuyén khong qudn tinh, néu & ddu vao ctia né cé tin
hiéu ngdu nhién u,(t), cé cdc dai lugng tinh tinh:
my ()=m,,
Ry, (t;,tp) =0} ™
(t=ty —1y)
Pac tinh tinh clia b6 khuéch dai dugc biéu dién trén hinh 302. Cdc dai luong cén
thi€t cho tinh todn c6 cdc gid tri s6 sau: m, = 1,6.107 v, Oy = 2.107 v, [UmI = 1.107 v,
Uy =100V, 0 = 257,
Bai gidi. Theo phuong phdp tuyén tinh hod tinh d6i véi khau phi tuyén khong quidn
tinh céc dic tinh tinh cda dién 4p ddu ra duge xdc dinh nhd cic cong thitc sau:
m,, =ko(m, ,c, )m,

Gy, =k;(m, .0y )0y,

R,, (t;t;) =k (m, ,0, )R, (t;t;) )
Ry, (tpt) =k (my 0, )csfll

& day kg, k',,k'l' - cdc hé s6 cua tuyén tinh hod tinh:
Kk, = —;-(k', +K}) 2)

Vi vay sit dung cdc hé s6 tuyén tinh hod tinh duoc dua ra & phu luc 30, ta ky hi¢u:
U =b Upy = C

Tuong tng v4i cdc gid tri 6 da cho:

c

n]ul uj

=2

= 1,6 C; =
UL UL

c __ 100 _ o6 gf c _ 100
3 o, 2107

m, 1,610

m; =

=5.10*

Néu thé cdc gid tri nay vao cdc cong thitc (P.33) + (P.35) cha phu luc 30, ta cé:
ko ~ 6,25.10. 0,6 = 3,65.10°
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k, =3,7.10" A u,
k; =5.10°.0,72 =36.10* —7
k, =5.10*.0,76 =3,8.10* | Uy

C6 tinh dén cdc gid tri nay
m,, =584V
Oy, =74V

_ -21ys2
Ruz (t,ty) =5328e™"V Hinh 302. Ddc tinh tinh cua

Ry o, (thta) = 0,152V? khdau tuyén tinh ¢é bdo hoa.

433. § ddu vao role dién tir khong quan tinh véi ba vi tri ¢6 dién ap:
Uy =Ujp + Uy
& day uy = 4.107 V - thanh phdn khong déi, Uj,, - thanh phdn ngdu nhién tinh véi mat do phd

20D,
O
D, =05 =25.10°V? o=2s"

bién dp lam viéc va tha cta role dign tir uy, = +2.107 V. Dién 4p déu ra cua role up =
+10 V.

Néu sir dung phuong phdp tuyén tinh héa tinh hay tim thanh phan khong déi cla dién
4p Uy, ham s6 tu twong quan R, (t,,t,), ham déi 4nh twong hé R, . (t,t;) va ham s6 ty

tuong quan tuong hé R, . (1;,t;).
Ddp so: -
Uy =3,4V
Ry, (t,1;)=47,7e7" V2

-2 ;2
Ry, u, (11.15)=2,87.107 V

434. Hay tim k¥ vong todn hoc mgq va phuong sai 0%) tdc do quay truc déng co cua hé

bao gém bo khuéch dai tuyén tinh khong

quan tinh, dong co v mdy phdt do t6c docé u; _Ui-Ur K, Uy Kov 2
dac tinh tuyén tinh gidi han. So do cdu tric Tp+1
clia hé dugc biéu dién trén hinh 303. O ddu
vao heé cé dién dp u,(t) 12 tdng dién dp khong J Urg
). PN . . - JEN TG !
do6i uy, va qud trinh ngdu nhién tinh véi ky - —/I N
vong toin hoc khong (m,, = 0) vd ham sd
déi dnh: Hinh 303. So d6 cdu tao ciia hé theo
— 2 oot a=12,5s" doi ¢é lién hé nguoc phi tuyén.
R, (D=0, e ( ) ¢ ngugc phti tuy
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Heé s6 khuéch dai ciia bd khuéch dai theo dién 4p k, = 600.

(O dien dp u; = 30 V, truc dong co quay véi t6c d6 n = 3000 vg/ph, con may phit do
toc d6 tao ra dién dp urg = 0,1 V. Héang s6 thoi gian co dién cha dong co T = 0,04 s. Dac
tinh tinh ca boé may phdt do t6¢ do cé dang dugc biéu dién trén hinh 302. Ving tuyér tinh
cla dac trung gidi han t6¢c do quay cua truc déng co 3000 vg/ph.

Bai todn giai d6i voi ba gid tri phuong sai clia dién 4p ddu vao: cﬁl =6,25.10"° V?,

25.10%V?,100.10* V2 g u;p = 5.1072 V.
Bai gidi. Ham truyén phédn tuyén tinh cha heé:
kykpp _k k

Wi(p) = = -
®) Tp+l Tp+1 C(p)

(D

ddayC(p)=Tp+ 1.

Heé s6 truyén cilla dong co twong ing véi cdc diéu kién da cho cia bai todn c6 gid tri
Nm-2% _ 3000.6,28
Uy, 60 30.60

Do d6, k = 6.10%.10,5 = 6,3.10° (V.5)"".
Khi do t6c do quay Q clia truc dong co theo rad/s ving tuyén tinh clha dac tinh tinh
clia mdy phat do toc do bang:

kq. = =10,5 (V.s)™

DL.2T[

b=Q = =3145s"

Khi dé may phét do t6c d6 tao ra dién 4p urg, =0,1 V.

C6 thé gia thi€t ring & dang da cho cia ham truyén va do phi tuy€n cla ty dao dong
trong he khéng c6. Vi vay dé giai bai todn dua ra c6 thé sit dung phwong phép tinh todn cic
hé tinh khong dao dong c6 mot su phi tuyén v6i su sir dung tuyén tinh hod tinh.

Theo phu luc 30 d6i v&i do phi tuyén tinh da cho cdc hé s6 tuyén tinh hod tinh dugc
tinh nhd cdc cong thic sau: '

ko = mm_{(1+m,)d)(“mlj—(l—ml)®[l—mlj+

mq G G

_z[lmf _L(Lgm_nf
g 2
+—Lie L@ —-e 1 (2)

(3)
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. _ 1
K,:uTGmc, (D[l+m,J+(D(I mlj 4)
G G O
dday m, = mbTQ o —(—jl—)(l

D€ tinh todn ta l4y:
1/ .
ki(mg, oq) = 5(1(1 +k1)
Dé tinh todn cdc hé s6 truyén tinh nay cdn biét mq va o & ddu ra clia déng co, chiing
khong dugc biét. Vi vay con cdn sir dung cdc cong thirc d€ tinh todn céc dai lugng nay.

C6 thé sir dung cho so d6 dang nghién ctu:
k(m, +uy)

mq = (5)
? 7 C(0) + Kk (mg,0q)
w© 2
2 1 k |
o5H =— - S, (@)do (6)
875 ! C(Jco)+kkl(mQ,cQ)l :
g day:
C(](D) = C(p)p=j(l)
Néu the céc gid ri m, ,u,,,, C(p) ta tim dugc:
ku
mq = S, o)
].+kk0(mQ.UQ)
2 ol a
j k ~ — —do (8)
o0t + [1+kk,(mg, O'Q)J o+

Khi xdc dinh GQ & day cdn cho rdng ham s6 d6i dnh di cho cua tin hiéu ddu vao
R, (1) tuong tng mat do phé:

2
200,

2 2

Sy, (@) =
a +o

Né&u sir dung phu luc 17, ta tim gid tri tich phan (8):
2 2
ko

oh = : (9)
[l +kk1(mQ,cQ)] [1+kk,(mQ,oQ)+ocT]

Do d6, dé tim cdc gid tri 6q VA mq, cin thi€t gidi hé cdc phuong trinh (7), (8), ciing sk
dung cic phuong trinh (2) + (4).
Ta thé vao cdc phuong trinh (7) va (9) cdc gid tri s6 cta cdc dai luong da cho:
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315

mq = = (10)
1+63.10 k,(mg,04)
) 40.10°05
[1+6,3.103k,(m9,09)] [1+6,3.103k,(mQ,GQ)+0,5]

Giai bai toan d6i véi tdt ca o, di cho sé sir dung bing phuwong phap gin diing tudn tu:

1) o, =25.107V

Gan ding thd nhit 14 cdc gid tri cdc hé s6 k, va k, bang hé s§ truyén clia mdy phat do
téc do & vung tuyén tinh:

1 | u 0,1
ké):ki): TGm _ Y1
b 314

Néu thé cdc gid tri nay, cling nhu Oy, vao (10) va (11) ta thu duoc gin diing diu:

=32.10"Vs

mg) =105s"! 08) =489 s
Bay gio ta tinh cdc gid tri m, va o, d6i véi cdc gin ding sau:
m, = Ba _ 105 _ 45
b 315
=% _BI_45
b 315

Néu str dung cdc cong thic (2) - (4), ta tim gin ding thi hai:
k(B =32.10"Vs
k®=3210%Vs

Do d6, gin diing thit hai triing véi gdn ding thit nhét. Do dé, khi:
o, =25107V va u;p=5107V

ma=105s" oq=48,95s"
hay:
m,, = 1000 V/ph G, = 566 V/ph
2) oy, =510V, ujy =510V

Géan diing thi nhat la cdc gid tri trudc:
kP =k =32.10"Vs

O két qua tinh todn theo cdc cong thic (10) va (11) ta cé:
m((lz) =105s"! Gg) =978 57!

Diéu dé tuong Ung:
m{" = 0,333, o\’ =0312
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hai.

Tinh todn theo cdc cong thic (2) - (4) cho:
k(P =3,15.107 Vs, k(¥ =094.10" Vs

K =314107 Vs k(' =2,04.107 Vs

Ti€p theo & k€t qua tinh todn ta cé:
2 - -
m{) = 1065 ol =1254 57!

Tinh todn theo phuong phdp tuong tur cho cdc gid tri gdn ding tha ba:

kD =312.10% Vs ki@ =117.10 Vs
k™ =30510"Vs kY =2,11.107Vs
m= 106 5! of) =1248s"

K€t qua nay c6 thé coi 1a cudi cling, boi vi né léch it véi gdn diing thit hai.

3) G, =01V Uy = 5.107V
Gan ding thit nhit:
kD =k =32.10"vs, m@ =105s" oW =195
mj"’ = 0333, of? =0,62
Gan ding thit hai:
k(P =256.107Vs K® _ 196,107V
mg).123 5!

oD =23457",  m¥ =039, ol =0,744

Gan ding thit ba:
k?)’%) = 2,54.10_4 V.S kg’;) - 1797‘10]4 V.s

mg) =123,45"! 08) =233,9s"
Cic gln ding ndy c6 thé coi 14 cubi cung, boi vi n6 thuc € khong léch véi gid tri thi

435. Hay tim phuong sai 0(2) clia géc quay khung 1 xung quanh truc y cua tryc ké con

quay don gian nhat c¢6 hiéu chinh con lc (hinh 304), néu con lic 2 quay xung quanh chinh

truc nay mot goc:

0, = mg, + S

¢ day mg = const - k¥ vong todn hoc, 8,, - thanh phdn trung tdm ngdu nhién c6é ham déi dnh:

2 ~o(1)
]2 T)=0 €
B)f ( ) 9),
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Bo hiéu chinh con lac véi bo khuéch dai 3 va ddu do momen 4 c¢6 dac tinh thh phi
tuyén duge biéu dién trén hinh 305. Mémen cuc dai cha hiéu chinh M, = 17.5 G.cm.
Moémen dong hoc cia 4m nghiém k&€ H = 20000 G.cm.s.

Hay gidi bai todn d6i v&i cédc gid tri sau cua phuong sai G, = 10,20, 30 va 4) géc.

phut, mg, = 0,a=08s".

P ‘ > 6,8

& — —

— @y J
Hinh 304. Truc ké con quay Hinh 305. Ddc tinh tinh cua
c6 hiéu chinh con lan. bo hiéu chinh con lac.

Chi ddn. Bdi vi so d6 cfu tric ciia hé c6 dang dugc biéu dién trén hinh 306, ddu tién
cén tim ky vong todn hoc va phuong sai sai s6 9 & ddu vao phdn phi tuyén. Vi vay ta st
dung cic cong thic:

C(0)[my, ]
Mg = (h
C(0)+ kk()(mg,cg)
2
1% C(j
0% = I‘ () ' Sey (w)dw (2)

7 §|C(jo) + Kk (mg, )|

g day C (0) = C (p)p=o - da thitc miu s6 ham truyén phdn tuyén tinh (trong trudng hop
nghién ctu C (p) = p), C (jo) = C (P)p=jos Sey (®) - mat d6 phé twong Gng ham s& d6i 4nh da

cho Roy (1), kg va k; - cdc he

s§ tuyén tinh hod tinh cua d¢ o, g M, p o
phi tuyén (xem hinh 305), M:($) 5 —>
ching dugc xdc dinh béng @i

phuong phdp gin ding tuin tu
khi giai cdc phuong trinh (1) va

(2) triing v6i cdc cong thic cua
phu Iyc 30.

Hinh 306. So d6 cdu tao truc ké con quay
véi hiéu chinh con ldc phi tuyén.
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Sau khi tim dugc kg, va k|, ky vong todn hoc mg va phuong sai cg duogce xdc dinh theo

cac cong thic:

kkomg
1 =
C(O) + kk()
- 2
of = ! ———klﬂ— Se. (w)dw
n o Cw)y +kik| 7
Pdp 56
cgy (géc.ph)? 100 400 900 1600
o2 (g6c.ph)’ 94 304 567 849
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PHAN III

CAC HE TOI UU, SO, TUHIEU CHINH
YA MO HINH HOA

Chuong 17
TONG HOP CAC HE PIEU CHINH TOI UU

17.1. TONG HOP CAC HE TOI UU VOI SU SUDUNG NGUYEN LY CUC DAl

436. Hay thyc hién téng hop cdc bo diéu chinh ddm bao diéu khién 16i uu chuyén
dong vé tinh xung quanh tdm khoi theo (tdc dung nhanh) mot trong s6 céac truc. So dé ham
cua hé diéu khién duoc thé hién trén hinh 307.

t .
Y e Bé diéu chinh Ku Cac dong co M Vé tinh o,
phan dong

Hinh 307. So d6 ham ciia hé diéu khién vi tri géc ciia vé tinh.

Momen quédn tinh ca vé tinh J = 200 kG.m.s>. Cic co c4u thira hanh cia hé diéu
khién 12 cdc dong co phan luc khi ¢6 sic kéo duge diéu chinh tao ra mémen cuc dai M,, = 4
kG.m. Khi diéu chinh t6i vu hiy tim thdi gian cdn thiét dé dua vé tinh vé trang thai khong
xéc dinh néu & thdi diém ban ddu do lech cia nd 1a 1°46', con van toc goc 28,65 do/s.
Khong ¢6 nhiéu. Hay giai bai todn, néu st dung nguyén 1y cuc dai L. C. Pontriazin.

Bai gidi. Cic phuong trinh chuyén dong cia veé tinh khi t6n tai nhiéu c6 dang

<
dt? (1)
M=M(9)

Theo diéu kién bai todn mémen M cin biéu dién sao cho vé tinh chuyén tir vi tri {éch
ndy t6i vi tri ¢6 xu huéng tiéu chuén sau thoi gian t6i thiéu.

Boi vi sitc kéo cita cdc dong co phéan huc thira hanh cé gi6i han, thi momen diéu khién
M duoc gidi han:

M<M,..=M_,
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Dé giai bai todn ta 1ap phuong trinh (1). Vi vay, ta ky hiéu x; = 8, x, = c:j_S = 9,
t

M : e
k= —J—"‘— . Khi d6 phuong trinh (1) dugc viét & dang:

& ax; _ 2)
dt 2 dt
4 day p - ham diéu khién tieu chudn, ma médun cla né || < 1. Ta biéu dién ham:

2

H = ZWifi(xthap) (3)
i=1

D6i véi he (2)
H=yx; +yku (4)

Cuc tri clia ham nay c6 ké dén gii han (2) cho tin hiéu diéu khién it va dam bao tinh
t6i uu cua hé theo tic dung nhanh. R rang ring & cdc gi6i di dua ra tén tai cuc dai H néu
tin hiéu diéu khién p theo quy luat duoc biéu dién:

K = singy, (5

Do d6, diéu khién t6i vu theo tdc dung nhanh s 16n tai trong trudng hop, néu bo diéu
chinh chuyén mach, thiét bj thira hanh theo quy luat role tuong ting véi d4u clia ham b8 sung
W, D tim 5, ta viét:

dy, _ OH
dt 0x, )
dvp _H__,
dt X, '

Néu tich phan cdc phuong trinh nay, ta ¢é:
Yi=Cp, Vo =0+l
& day, ¢y, ¢, - cdc hang s6 tich phan.
Dé thdy ro chuyén mach nhu th€ nao ta biéu dién qud trinh chuyén dong trén mat
phéng pha.
Tir phuong trinh (2) ta loai dt. Khi d6 d6i véi p =+ | ta c6:
X,dx, = +kdx,

2 (N
%: tkx; +c

Céac phuong trinh (7) tuong Ung cdc parabol d&i xitng d6i véi truc x, (hinh 308a). Vé
tinh chuyén dong va s€ dirng lai & vi tri ban ddu, néu diém biéu dién trén mat phéng pha roi

vao gbc cdc toa do {xl =98=0,x, =%{9i = J Vi vay & d6 léch ban dau bat ky 9(,,90 diém

biéu dién ban ddu cdn chuyén t6i diém D (hinh 308b), sau d6 da theo dudng chuyén mach
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AO - t6i diém ddu. Dich chuyén t6i quj dao AO dat dugc bang su thay déi dau cha ham diéu
khién ptir "=1" t6i "+1".
J J

i p

I
-

3
7

4

Hinh 308. Cdc dé thi pha chuyén dong géc ciia
vé sinh ¢ u + 1 (a) va & diéu khién 167 wu (b).
Do dé, tin hiéu diéu khién p cdn thay d6i ddu & ddu ra clia diém biéu dién t6i dudng
chuyén mach. Tuong &ng véi hinh 308b.

, d9 d$) ., dS ds
+]1 0 —<|—va0 —=|—| <0
dt \dt dt \dt/,

) = (8)
, d8 (d8) ., dS (dS
-10 —>—vag —=|—| >0
dt ~dt dt \dt ),
Phuong trinh dudng chuyén mach dugc tim tir biéu thifc (7) va hinh 308b:
8, =(£§) =-+/2k9 singn9 9
dt ),
Né&u thé céc gid tri s0, ta cé:
$ = (%‘?J =-0,2+/9 singn$ (10)
n

Do dé, & b6 diéu khién cdn c6 thiét bi vi phan sai s6 9 theo thdi gian va tinh t6c do

[3—9) trén dudng chuyén mach theo cong thic (10) ciing nhur thiét bi logic thuc hién chuyén
t

mach cdc dong co phan luc t6i toan bo sic kéo quy luat dugc bi€u dién bang cdc cong thic
(8). So d6 ham clia b6 diéu chinh dugc biéu dién trén hinh 309.

3 39
B tinh toan >

3 Thiét by K=
g g logic
Thigt b vi phan ——

A

Y

Hinh 309. So dé ham cia bo diéu khién 167 wu.
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Thoi gian t6i wu chuyén vé tinh tir vi tri da cho vé khong c6 thé duge xdc dinh nhu
sau. Tir phuong trinh (2) 6 thé viét:

&y 48

—=k
dt dt H

Vivayd$= kpdt . O két qua tich phan ta c6:

82— 91 =kp(ty —t)) (11)

Bdi vi chuyén dich duoc thuc hién theo hai giai doan va cdc gid tri § & ban ddu (9 =
§, = 28,65 dofs) va & ddu cudi (9, = 0) di cho, thi d€ tinh todn thdi gian & mbi giai doan
theo biéu thitc (11) cdn thiét tim § = §, & diém D. Diém nay nam trén giao diém céc dudng
cong dugc mo ta bang cdc phuong trinh

§=-———+c, va 9=E.— (12)
Vi vay

8= £4cok (13)

¢, duoc xdc dinh tir cdc diéu kién ban ddu. Vi vay so bo ta bién d6i 9 va 8, vé do theo
radial 9, = 1°46' = 0,02 rad, §, = 28,65 do/s = 0,55
Khi dé d6i véi cdc diéu kién ban ddu ta cé
(03)°

¢y = (0,02 + —73— =0,129 rad

Thé ¢ va k vao (13) cho
8,= 40,129 =0,3455"

Dé tinh todn cn 14y ddu (=) boi vi su chuyén mach xay ra 6 ving cic gid tri &m $.

Néu thé 9, vao (11), ta tim thdi gian chuyén dong & doan thi nhat (Aty =1, - t,) va doan
thit hat (Atz =1 - tl):

My =ty = 2232 08B 5,
k 0,02
A[zz tz - tl 82_ 9 = 0’345 = 17,3 S
k 0,02

Thdi gian téng At = At; + Aty = 59,6 s.

437. Ve tinh dugc nghién citu & bai 436 dugc treo trén gid treo xodn ¢ budng thir
nghiém chan khong. Do cing xoin bing 2 kG.m/rad. Cic lyc cdn ty l¢ t6c do quay 9.
Khong c6 vé tinh dugc can bang va vi vdy cdc mémen ty lyc cing nho ¢6 thé bd qua. Hay
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tim quy luét diéu khién t6i uun theo tdc dung nhanh, phuong trinh c4c quy dao pha cia dudng
chuyén mach va phuong trinh dé tinh todn thoi gian chuyén dong trén ciac doan giita cdc
chuyén mach.
Pdp sé: Phuong trinh quy luat chuyén mach:
M = singwy, = sign [c;sin(0,1t + ¢;)]
¢, va ¢, dugc xdc dinh theo cdc diéu kién ban d4u.
Cic quy dao pha 1a céc elip duge m6 ta bang cac phuong trinh:
10082 +(5+2)? =¢

¢ duoc xdc dinh theo cdc diéu kién ban ddu.

v, o

y/j
Hinh 310. Dé thi pha chuyén déng t6i wu cua

g ¢ |

vé tinh khi tén tai mémen ty lé voi géc léch.

Dudng chuyén mach bao gém cdc bén elip n6i t6i truc 9 (hinh 310). Phuong trinh
dudng chuyén mach déi véi ban elip thit n:

Orn = —y(9—4n)? +4(3—4n)signd (n=0,1,...)
Phuong trinh dé tinh todn thdi gian chuyén dong clia diém biéu dién tir thoi diém t, t6i
thoi diém chuyén mach gdn nhat t; bang:
9,- 9, =0,lc,[cos(0,1t, + ;) — cos(0,1t; +¢,)] £ 0,02(t; —t,)
c'l vz‘aclz - cdc hang s6 d6i vdi quy dao di cho dugc tinh theo cdc gid tri dd biét 3 va § & céc
thoi diém t;.
Thiét bi 16gic cdn thyc hién cdc tin hiéu diéu khién tuong Ung véi cc cong thic (8)
ctia bai 436.

—_—

438. Hay tim quy lu4t diéu khién din dong
dién v6i dong co dién c6 kich doc lap (hinh 311)
t6i wu theo tic dung nhanh, céc phuong trinh quy &,
dao pha va phuong trinh dudng chuyén mach.
Momen quin tinh t6ng t6i truc dong co J = 50 *#
G.cm.s®. Thdi diém khdi dong do dong co phat Hinh 311. Dén déng dién vdi
dong & u, = Uy, = 30 V, My = 0,785 kG.m. O dién dong co dién c6 kich déc ldp.
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4p nay t6c do chay khong tai Q, , = 3000 ¥/ph. Dai luong ddu ra I géc 6 quay truc & ddu ra
cla bd dan dong c6 heé s¢ din dong K, = 10*. Bo qua d¢ cam dng clia mach phdn @ng. Tinh
do gi¢1 hanuy < vy, =30V,

Pdp 56 Quy luat diéu khién:
L
1 =sign y, =sign|c, +¢,| 1-eT

Phuong trinh cdc quy dao pha:
0 =0, +0,2(8,—6)— 62810 uin L 329
H"‘ 32 80

Phuong trinh dudng chuyén mach:

0, = —[0,2 101+ 6.28.107 In(1+32)16 I)}signé

B, va 0, - Cic gid tri ban ddu cla goc va cédc toc do thay doi cla né trén doan nghién

cltu cla qué trinh t61 wu.

17.2. TONG HOP CAC HE TOI UU BANG PHUONG PHAP LAP TRINH
PONG LUC HOC VA TINH TOAN THAY POI CO PIEN

439, Din dong dién véi dong co cé dong dién
khong déi cé kich doc lap (hinh 312) chiu tai bai
moémen ma sat nhét My = k,Q ¢6 gid tri 16n va lam viéc
& ch€ do, ma & dé su sut dién dp u; = i(rp + 1) trén tro
dién r = rp + 1o 16n hon nhiéu sic dién doéng nguge
e = c. Q. Hay xdc dinh quy luat diéu khién dong co
dien, ma & dé nang lugng tdn that tong tiéu hao cho
khic phuc moémen ma sdt nhét va cho lam néng s€ t6i
thiéu. Bo qua su anh huéng d6 cidm ing trong mach

phdn Ung moémen quén tinh phan ing véi do6i tuong Hinh 312. Ddn dong dién
J = 0,2 G.em.s?, céc hé s6 ty 1 clia dong co theo siic voi déng co dién c6 dong
dién dong ¢, = 0,096 V.s va theo momen cy = 30 khéng doi cé kich tir doc ldp.

G.cm/a, k; =10 gems, rp+1, =5 Q.
Bai gidi. Phuong trinh cdc mémen cua dong co ¢6 dang:
dQ :
J—+k;Q=cpyl (1
at 1 M
Theo cic diéu kién bai todn do cam tng ctia mach phdn ing nhé. Vi vay, tuong ing

v6i dinh luat Ki€ckhop
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ir+cQ=u

tr do suy ra:

u
J'(E=—’)/‘CM(C6CM +kl)Q
dt r r
Boi vi —e<M - 0,096.30 _ 0,52 << k; = 10, ta bd qua s§ hang ddu trong ngoic. Vi

r
vay phuong trinh ddng luc hoc gin diing c6 dang:
1 ks
dt r
Néu thé cdc gid tri s6 va don gian, ta cé:
dQ
— =bQ2+mu 3
m y (3)
ddayb=-50s", m=30V's?
Chiing ta cn x4c dinh u, nhu ham Q.
Theo cdc diéu kién bai todn dong co l1am viéc & ch& do, ma & né ¢, Q << ir. Do d6, gin,
ding:
u
1= 3 (4)
r

Cong sudt cic t6n that dien duge tinh theo cong thic:

u2

PE = in = XL (5)
r
Cong sudt tén th4t cho ma sdt nhét, néu mémen My dugc tinh bang G.cm, bang gid tri:
Py = 9,81.10° My. © =9,81.10k,Q?
Do d6, phi€m ham t6i thiéu hod biéu dién nang lugng t6n thét t6ng cé dang:
I= 0](9,81.10"%,9"‘ +%u§}1t
0

C6 tinh dé€n cdc gia tri s6 ta cd:
I= [(@,Q*+agul)di (6)
0

o day:

a; =0,981.10% )5 a.o=0,2.—s—g/—2
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Bai todn tim diéu khién 161 vu ddm béo cuc tiéu clia tich phan (6) s€ gidi bing phuong

phdp lap trinh dong luc hoc. Kht dé d6i vdi hé phuong trinh 13p trinh dong luc hoc dugce viét:
alﬂ2 +a0u§ +(bQ+muy)-a—£=O,

oQ (7

& day v - cdc ham s6 bd sung dugc xdc dinh bang phuong trinh:

dv_ y
dt

V - ham duéi d4u tich phan clia phi€m ham dugc t6i thiéu hod.
Néu theo phuong trinh thit hai caa hé (7), ta ¢6:

oy 2ag
2 = 200y 8
oQ m (8)
Thé gié tri nay % vao phuong trinh tht nht (7) cho
may ug +220bQu, ~a;mQ? =0 U
3 két qua giai ta c6:
u, = -kQ | 9 2
O day:
2
k=2, (_b_) L2
m m dg

o L . Hinh 313. Ham diéu khién t6i wu.
Neéu sir dung céc gia tri s6, ta co:

i e oA L I ST et T e

2 o -3
k=-0, 07 09BLI0 589107y
30 Y30 02

Do d6, quy luat diéu khién tim t6i uu theo nghia cyc tiéu cdc tén thét 1a tuyén tinh
(hinh 313).
Cén thdy ring do gia thiét truéc day c.Q << ir thu dugc quy luat ding trong vung cac
N ;
gid tri nho Q << Ny
CC
440. Hay giai bai 439 d6i vé6i hai trudong hop sau: a) k; = 0.} G.cm.s; b) rq +rp = 100
Q, & cdc s6 lidu ban ddu con lai khong doi.
Ddp so:
a) k=0,088 V.s;
b) k = 0,442.10 Vs,
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O day:

441. Hay giai bai 439 né€u sir dung cdc phuong phdp thay déi c6 dién .

Bai giai. Phuong trinh dong luc hoc cta hé ¢ dang:

E}——b§2+mu

dt

Cin thi€t tim quy luat thay déi u, = u,(Q), tich phan cic ton thét t6i thiéu:

= J‘(ale + a()ui)d[
0

DéE giai bai todn dat ra cdn thié€t thanh 1ap ham s6:

n
H = V + Z)\.i.li
1=1

n
V = Zakxﬁ +a()u3,
k=1

- ham s6 dudi tich phan ctia phi€ém ham dugc tuyén tinh hoa:
dx;
Z; = E——(blx,+ Abyx, +mjuy)=0

- ham biéu dién phuong trinh bac ddu theo bi€n thi i; A; - s6 nhan bat ky.

Néu vi phdn ham H, ta cé:

dH dH
—— = A i — =2a;x; - Zk,bﬂ,

s i
dxi i

dH dH T
=0, —=2ayu, — > m;A;
di du 07y Z ¥

Tu dé cdc phuong trinh cla bai todn thay déi c6 dang:

dr; @ S
—zi_t—:-—ZbJ‘iA.j'f'zaiXi; 0:2a0uy—zmjlj
= =1

o trudng hogp duge nghién cfu
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z= E—(bQ+mu )=0
©odt

V= (al§22 + aouf,)

Trén co s (2) va (3), ta ¢é:

o, +20,0
dt

0=2agu, —~mA,

(1)

(2)

(3)

(4)

(5)

(6)



Néu giai hé nay cung véi phuong trinh (6) d6i vai dc bién A, va €2, sau khi loai ham
thdi gian tir cdc nghiém thu dugc va cdc bién déi dai s6, ta co:

Sau khi thé cdc gid tri s6 ta c6:

k=0,87.10"V.s
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Chuong 18
CAC HE CO MAY TINH SO (MTS)

18.1. CAC HAM TRUYEN CUA HE VOI (MTS) KHI TINH TOAN LUONG TU
THEO THOI GIAN

442. He diéu chinh c6 & trong mach ciia minh mdy tinh s6 (MTS). So dé cau tao cla
hé duoc chi ra trén hinh 314. Hay tim z - cdc ham truyén cha hé had & gia thiét rang do tré
trong MTS khong c¢6 va c6 thé bd qua anh hudng lugng tir thu mirc, ¢ nghia c¢6 thé nghién
citu bai todn tuyén tinh.

It s =l i) 4 ‘Z"” Wip) bLe
g
a) 4)

Hinh 314. a) so dé khoi cia hé MTS, b) so dé cdu tric tuong duong.

Ham truyén phin lién tuc:
K
W(p) = ————— (1)
p(1+Tp)

Céc gid tri s6 clia cdc hé s6: He s6 khuéch dai téng K = 10 s, hdng s& thoi gian
T, =0,05 s va chu ky phan tdin MTS T, = 0,1 s.
Bai gidi. Ham truyén W(z) clia hé ho ¢6 thé tim dugce theo:

Wiz = 222 ShaTye™ =2 Fe) )
Z =0 z
& day h(nT,) - ham chuyén ti€p phan lién tuc tai cdc thoi diém phan tdn (n =0, 1, 2,...), con
F(z) 12 bién déi z clia ham s6 nay.
Ham chuyén tiép d6i v6i (1) c6 dang:

1

h() =K|t-Ty|1-¢ D (3)

Theo bang bién déi z ta cé:
T -
()Z -T (1 d)Z

(4)
z-12 '(z-D(z-d)

F(z) =K

Ty

ddayd=e T =e™? =0,135
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Tiép theo tir (2) ta tim duoc ham truyén clia hé ho:

Kﬂ{z«d~ElU—dXZ«D}
Ty |

(z-1)z~-d

(@) =K{ T, gT,u—d)]:

5
z-1 z—-d (3)

Boi vi ham truyén h(t) 1 bién déi Laplace tir ham truyén phdn lién tuc W(p) chia cho
p, c6 nghia:

h(t) =L {_Vﬂp_)} (6)
P
Khi d6 ham truyén phén tdn cé thé xdc dinh theo trinh tu sau:
W) = Z‘lz{ L N G LI - (7
Z p(1+Tp)

z p pt .1
PTT

Bién d6i z cia mbi s6 hang & phdn bén phai (7) dé dang xdc dinh, né€u si dung bang
bién doi z (phu luc 2):

W(Z):KZ—I _T]Z+ TOZ + ZT] = Kl:‘—T}+ T() +Tl(z—l) _
z [z-1 (z-1)* z-d 21 z-d

T
Kﬂ{z—dmi}ﬂ—dXz—D}

0
(z-1)(z-d)

(8)

Biéu thic cudi ciing (8), tat nhién, tring vdi (5).
Thé cédc gi4 tri s6 cho:
297
W(z) = 0,568z + 0,29
(z-1)(z-d)

Ham truyén cua hé kin:
Q(z) = W(z) - 0,568z + 0,297
1+W(z) 2z2-0,5672+0,432

443. Hay giai bai todn trudc, néu ham truyén phdn lién tuc:

_ K
W(p) =
p(1+Typ)(1+T,p)
Ddp s6:
T T2 z-1 S
W(z) =K| L +— . y—2 (T, +Ty)
To _To

dday:d,=e " vady=e 2.
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444. D6i v6i hé c6 MTS (xem hinh 314) hdy xdc dinh cdc ham truyén phan tdn, néu sir
dung bién déi z.

Ham truyén cla phan lién tuc:

W(p) = =
P

Bai gidi.

W(z, o) = Z;IZG{W;p)}ZZ‘Z-lZG{p_IE} (1)

& day ky hiéu Zs c6é nghia bién déi z, o - thoi gian tuong d6i (khong thit nguyén) 0 <o < 1,
¢6 nghia ring, diéu d6 dugc nghién citu ham mang bi€n déi d6i v6i cac thoi diém t = nT,, + T,

Néu sir dung bang bién déi z, ta cé:

W(z, o) = KTO.?Z_H___G (2)
W(z,0)

od = ) 3

(2. 9) 1+ W(z) )

& day W(z) - ham truyén phan tdn clia hé hg cia he 36 = 0.
Cudi cung ta c6:
_ KTy(oz+1-0)

D(z, o
( ) Z—I"r’KTO

445, Hay giai bai todn trudc, n€u ham truyén cla phén lién tuc:

W(p) =
(P) 1+Tp
Ddp 5o
_ 40 o T
Wiz, 0)=kU479024d77d G gy gz T
Z_
Kl(1-d°)z+d° -d
d(z,0) = [ ]

z—-d+K-Kd
446. D6i véi hé ¢6 MTS (xem hinh 314) hdy x4c dinh cdc ham truyén phan tdn cla hé
hd, néu st dung bién déi z va bién déi .
Ham truyén cta phan lién tuc:

K
W)=z ——
(p) o110

-1 K z-1_1XK KT?
WD) = “— 20— TRy A e ey
rA p~(1+Tfp*) z p 1+Typ

Bai gidi:
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z® - 2zcos TQ+ ]
|

Dé chuyén tir bién ddi w ta thé z = 1o

, Suy ra:
l-w
. (1—2%‘%?}
K-2(-o) 1+t L ?
2 (o2 Iy
g —_—
2T,
W(w) = = =
W 1+ ———0?
2 40
t —_
o,

447. D61 v6i hé diéu chinh khi tinh todn do tré thoi gian 1 ¢6 6 MTS (hinh 315), hay

xdc dinh cdc ham truyén phan tdn cia hé ho va hé kin:

S

z A
7 )

Wip) 1

+

Hinh 315. So dé cdu tao cia hé c6 MTS khi tinh do tré thoi gian.

Ham truyén ctia phén lién tuc:

W(p) = ~e
p

g day 1t = €T, - do tré thoi gian, 0 <e < 1, D(z) = .
Bai gidi. Him truyén phéan tdn cia hé hd khi t6n tai do tré don thudn dugc xdc dinh

nhu:
W(z) = Z"‘zo{w(p)e'm} (h
z P

hay:

W(@2)=2'W (2, 0)lyo=1.c (2)
Do dé, néu tinh todn két qua gidi bai todn 445, ta c6:

Wi(z) =2 KT, oztl-o

z-1 o=l-¢

347



hay:
KT, [(1 -€)Z+ a]

W(z) =
@) zZ(z-1) )
D(2) = W(z) = KT, . (I-g)z+¢ ()
1+ W(z) 2° +[KTy(1-¢)-1]z+ KTye

448. D61 voi he diéu khién tr dong (hinh 316) mid & d6 MTS thuc hién hiéu chinh
phén tdn, hay xdc dinh cdc ham truyén clia cic hé ho va hé kin:

P/
Dt2) {2 el i)}

Hinh 316. So do cdu tao cua hé 56 hod cé hiéu chinh phdn tdin.

Ham truyén phén lién tuc:
K
W(p) = —PF (1)

Quy luat diéu khién do MTS thuc hién dugc mo6 ta bing phuong trinh hiéu cé dang
(xem phu luc 23):

u(nTy = agx(nTy) — a;x[(n — 1)Ty] (2)
Bai gidi. Ham truyén phan tin cia hé hiéu chinh hd:
W, (2) = D(z) W(z) (3)

o day:

z p z p’ 2z-1)°
- ham truyén phén tdn tuong ing phén lién tuc quy déi cda he;
D(z) - ham truyén ctia MTS thuc hién vai tro thiét bi hiéu chinh phan tén.

Pé x4c dinh D(z) ta biéu dién bién déi z clia ca hai phdn ciia dang thic (2):

W(z) = z—-1 Z{W(p)}= z—lZ{W(p)}: KT&(ZH)

U = (2 - a,2") X(2) (4)
Suy ra:
U _, . -1 _38pZ-2a
D(z) X2 ag —a,z — (5)

Do dg, cubi cung ta ¢6:
KT2a,(z+ 1)[3‘—’z— 1}
a
22(z-1)>

ch(Z) =
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KT&al(z +1 ;[ A0, l]

W (z) 4,

1+ W, (2) -

(Dck(z) =

22(z-1)? + KTOZaI (z+ l)(i“—z» 1)
aj

18.2. PO ON DINH VA PANH GIA CHAT LUONG
449. Ham truyén cla hé diéu chinh hd ¢c6 MTS ¢6 dang:
W(Z) = E:Il)_

z-1

Hay tim diéu kién 6n dinh cla hé hd va hdy xay dung qué trinh chuyén tiép khi cip
cho dau vao cua hé ham s6 duy nhat mot tdng g(t) = 1(t) d6i véi KTy = I, KT, = 0,5 va
KT() = 1,5

Bai gidi. Ham truyén cua hé kin:
KT,

o(z) = —m—
() Z—l+KTO

Dé xdc dinh diéu kién 6n dinh ta sir dung tiéu chudn dai s6 6n dinh. Ta nghién ciu
phuong trinh dac trung cta hé kin:

zZ— l + KT(, = 0
Diéu kién 6n dinh:
KTy <2 (1)

Ta x4y dung lai cdc qua trinh chuyén ti€p bang cdch phan tich biéu thic dai lugng ddu
vao thanh chuédi Loran.
Ta nghién ciu trudng hop KT, = 1. Khi d6 ham truyén ctia h¢ kin s& bing:

KT,
o(z)= ——0 =1 (2)
z-1+KT, z
Biéu dién dai luong ddu vao (xem phu luc 13)
Z{10} =Gz = = (3)

z-1
Biéu dién dai lugng ddu ra:

Y(z) = ®(z) G(z) = 1z _ 1 4)
zz-1 z-1
Ta phén tich biéu thic cudi cing thanh chudi Loran bang céch chia tir s6 cho mau sé:

1 1 1 1 1
—_— =t —F+—+—+.. (35)
z-1 z 2 22 ¢

Diéu dé cho cdc gi4 tri sau clia ham s6 y & ddu ra & cdc thoi diém phan tdn: & 1t =0,
y=0;0t=T,y=10t=2T;,,y=1;0t=3T, y=1vatiéptheoy = 1 & tdt ca cac gid tri
t = nT,. D6 thi ham s6 nay dugc biéu dién trén hinh 317 (dudng 1).
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S

Y

S =TT T
(SR
(Sl

Y
Q-

¢ s

Hinh 317. Cdc qua trinh chuyén tiép cho bai 449.

Giita cdc gid tri phan tdn cla ham thdi gian ¢ d4u ra ta vach cdc dudong thang, boi vi
ham truyén (1) trong ttng khau tich phan 1y tudng ma ham truyén cta né 1a dudng thang.
Bing phuong phdp twong tu ta thu duge chudi Loran déi véi KT, = 0,5:
2 z
D4 thi ham chuyén ti€p dugc biéu dién trén hinh 317 (dudng cong 2).
Déi véi truong hop KT, = 1,5 ta ¢é:

Y@ =15L+ o,75—%+ 11254 + 08375—+...
Z Z N

Z Z

Y(2) = 0,55+ 0,75+ 0,875 + 09375~ + ..
4 A

D4 thi ham chuyén ti€p d6i vdi trudng hop nay dugc biéu dién trén hinh 317 (dudng
cong 3).

450. Hay x4c dinh hé diéu chinh, ma so dé c4u tric clta né tuong dng hinh 314 cé én
dinh hay khong?

Ham truyén clia phdn lién tuc:

K
W(p) =
p(1+T;p)(1+T,p)
g dayK = 257!, T, =0,1s, T, = 0,05s. Chu ky phan tdn T, = 0,2s.
Padp so: He 6n dinh.

451. Ham truyén phdn lién tuc ctia hé cé MTS ¢6 dang:
K
W(p) = — (D
p
0 day K = 50 s - he s6 khuéch dai téng. Hay xdc dinh gid tri cho phép clia chu ky phan tin
T, d6i v6i MTS, ma & né chi s dao dong clia he kin s& khong vugt M = 1,5. Do tré & MTS
bing 0 va c6 thé bo qua dnh hudng lugng tir theo mifc.
Bai gidi. Ham truyén ctia hé hd c6 MTS c6 thé duge tim theo:
- -1 KT,
w(z) = 2olzg MR _z-1 Bl 2)
z p z (z-1)
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KT,

W(z) = (3)

Ta xay dung dac trung bién doé pha ciia hé hd theo biéu thizc (3). Ta thuc hién thé:
z= T = cosaT, + jsinoT,

O két qua ta thu duge ham truyén tdn so:

W(ej(l)T() ) — KT() - KT() s KT() ctg (,OT()
cosoT, =1+ jsinoT, 2 2 2
Dé thdy ring dac tinh bién do - pha 1a dudng thing song song véi truc 4o va céch né
mot khoang K1y (hinh 318).
Im
Dé chi s6 dao dong khong vuot qui gid tri S R
di cho, dac tinh bién d¢ - pha khong cén chuyén M=coy,., %MH
thanh vong tron 13 viing cdm. N6 dugc biéu dién B \\i\ : 17
trén hinh 318 bing dudng dit nét. yd \\: Q,:.TE
. A LA a ! ¢ 7
T d6 ta thu duge diéu kién: A, \ / P /2
KT() M —t— —+ o t—
—s (4) . 1
2 M+l pe— A /’
Chu k¥ cho phép ctuia do phén tén: J
s bo
K M+1 Z
o e w={
bai véi cac gid tri s6 di cho:
Ty< = 0 00245 Hink 318. D.B.P cho bai 451.
50 15+1

452. D6i v6i he diéu chinh duoc nghién ciu & bai 447, hiy xdc dinh cdc diéu kién én
dinh va xay dung ving én dinh trong mat phang hai thong s6, KT, va £ = 1/T,,.
Bai gidi. Ta st dung két qua (4) thu dugc & bai 447. Khi dé phuong trinh déc trung
ctia hé kin c6 thé viét & dang:
22+ KTyl -6)~ 1] z+KTye =0
hay:
2+ Az+B=0 (1)
o day:
A=KTy(l-¢)-1
B = KTy (2)
Cic diéu kién 6n dinh d6i véi cdc phuong trinh bac hai c6 dang:
I1+A+B>0
1-A+B>0 (3)
B<l
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Néu sir dung (2) ta thu dugc céc diéu kién 6n dinh sau:
KT, >0
KT,y(l-28) <2 (4)
KT,e <1
Diéu kién ddu (4) thuc hién déng thdi. Nghién ciru déng thdi hai bit ding thic cudi
cing (4) cho kha nang viét diéu kién én dinh clia hé & dang cuéi cing nhu sau:

2 néu 0<e< 1

1-2¢ 4

KT() = (5)

é néu %{SSSI
Vung 6n dinh trong mat phing cé cdc thong s6 KTs, € duge x4y dung theo phuong

trinh (5), chi ra trén hinh 319.
KT

4t 6y \S i \
N |
17 N |
3} 4 N
ok a8t N E
o4 y L
0 =073 % @ 0T G 8 W ETR
4 /
4e & % 45 1 T dm JIm In
Hinh 319. Ving 6n dinh cho bat 452. Hinh 320. Ving on dinh cho bai 453.

453. D6i vai he diéu chinh dugc nghién ciiu & bai 446, hdy x4y dung ving 6n dinh
trong mat phang cic thong s6 KT, —?’-
1

Pdp s6: Ving 6n dinh trong mat phing cdc thong s6 chi ra trén hinh 320.

18.3. TONG HOP CAC HE VOI MTS

454. Ham truyén phan lién tuc cta hé diu chinh c6 MTS ¢6 dang:
K(1+ tp)
p?

O day K = 100 s - he s6 khuéch dai téng cia mach diéu chinh h&, con hing s6 thoi
gian thiét bi hiéu chinh. Hay xdc dinh gid tri cho phép clia chu ky phén tich T, cia MTS va
gid tri yéu cdu clia hing s6 thdi gian cla thiét bi hiéu chinh d€ chi s6 dao dong khong gian
qua cdc gid tri M = 1, 3, n€u d6 hd & MTS béng 0 ma ¢6 thé bo qua anh hudng luong tir theo

W (p) = (D

mic.
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Bai gidi. Ta xdc dinh ham truyén cla hé hd ciing véi MTS;

Wi = 22 z{w(p)} -2 z{-’i+5l} )

z p z p*  p?

Tuong ng véi phu luc 13:
7 E}_{__I%t_ - KT&Z(ZJ;I) . KTorz2 (3)
P p 2Az~-1)y (z-1)
Tié€p theo tir (2) ta tim duogc:
KTgZ(Z +1) . KTtz
2Az-1* (z-D
Ta thuc hién bi€n d6i v.o néu thé:

(4)

W(z) =

1
;o lro 5)
-
O ket qua ta co:
T
(1+2—)1-w)
KT? T,
W((l)) = 0 . ()2 (6)
o
Bay gid ta thu dugc ham truyén tdn s6 bang cdch thé:
. To
=] —A 7
U (7

O day A 1a gia tdn s6 tuyét doi. Néu sir dung thé (7) tir (6) ta c6:
Ka+ﬂﬂu-ﬂ%h

(JA)
Modun ham s6 truyén tdn 88 hé hd biang:
KJHw%?L+%§ﬁ

7\’2

W(A) = (8)

, 9)

| W(jr)=

Con pha: y(A) = -180" + arctg T\ - arcig T—gz& (10)

Theo biéu thirc (9) trén hinh 321 ta xay dung D.B.L. Theo dang dic tinh pha (10)
trudng hop nay dan téi D.B.L loai 2 - 1 — 2 (xem phu luc 24). 3 két qua ta thu duoc céc
cong thifc sau dé tinh todn gia t4n s6 co s& ctia D.B.L bang:

Ao =\/K =10s",
Gid tri yéu cdu cla hang s6 thoi gian cua thiét bi hiéu chinh:

AVYM-1  10y13-1

D6 chodn yéu cdu ciia doan D.B.L c6 géc nghiéng 20 dB/dam:
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h = M+1 l,3+l_77

LI

M-1  13-1
Gia tri cho phép cta chu ky phan tén:
T,
Do 2 021y
2 h 7,7
Suy ra T, £0,054 s.
UA), B
50

40
I
a0
10

=10

Hinh 321. Ddc tinh bién d¢ légarit cho bai 454.

455. Hay tinh todn hé theo ddi cé tinh v6 huéng bac mét trong mach cia minh cé
M.T.S céc s6 lieu ban ddu. T6c do ddu vao cuc dai Q,,,, = 20 do/s, gia t6c ddu vao cuc dai
€max = 10 do/s?, sai s6 cho phép cuc dai S max = 4’; phdn lién tuc chita cdc hidng s6 thoi gian
T, =0,01 s, T, = 0,002 s va T3 = 0,001 s, chi s6 dao dong cho phép M = 1,5; do hd trong
MTS bing 0. Yéu cdu x4c dinh cdc thong s6 clia khau hiéu chinh tudn tu dugc méac vao phdn
lién tuc, chu ky lap cho phép T, d6i véi MTS va xay dung qud trinh chuyén ti€p & tac dung
d4u vao loai ham tdng duy nhét cé thé bd qua anh hudng lugng tit cho phép.

Bai gidi. Bén trdi tdn s6 cit D.B.L cla he ¢6 MTS tring v6i D.B.L phén lién tuc, con
gia tdn s6 tuyét d6i A = 20/jT, (xem bai 454), tring véi tdn s6 thuc. Vi vay biéu dién D.B.L
bén trai tdn s6 cét c6 thé thyuc hién bdi cdc giai phdp binh thudng.

Ta x4y dung viing c&m déi véi D.B.L tir cdc diéu kién d¢ chinh xdc (hinh 322). Tdn s¢
kiém tra:
€max 10

== =05s".
Q 20

Mo6dun ham truyén ciia hé hd khi & = A¢ béng:
Qux__20%.60
3 10.4
Theo céc s6 liéu nay trén hinh (322) ta x4y dung diém kiém tra Ag va ving cdm duoc
dinh dang tir cdc dudng thing c6 do nghiéng 20 dB/dam v 40 dB/dam (cdc do nghiéng 1 va 2).

;»K=

max

W (jA)|= = 600 = 55,6 dB

max max
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4L192)

Hinh 322. D.B.L cho bai 455.

D B.L mong muén & vang tdn s thip dugc dinh dang sao cho né dugc vach trén diém Ay
t6i 3 dB diéu d6 tuong ung véi su tang cda hé sd khuéch dai téi \2 l4n. N6 bao gom céc doan
thang c6 cdc do nghiéng -2 — 1. O ving t4n s6 thap ham truyén tdn s¢ clia hé hé s& c6 dang:

. Kl + jAt,)
W) = — 2
JA(L + jAT)

Ta xac dinh cdc thong s6 D.B.L mong mu6n ham truyén ciia hé hd & phdn tdn s6 thip,

tdn s6 géc D.B.L bang:

No (V2 Sk oy 100 g5
Smax 4

Hing s& thoi gian clia khau hiéu chinh tao ra diém gap ddu cia D.B.L bang:

T =~—=-—=28
e 05
Pé thu duoc chi s6 dao dong da cho cén thuc hién bat déng thic:
1oLy, L
LP) T M

T 46 ta thu dugc gid tri 161 thiéu hing s6 thoi gian thi hai cia khau hiéu chinh:

Ty = 1 = 1 =0,112's
A /—-MI\;H—I- 14,5 /_.1{;‘%
T ,

Ham truyén ctia khau hiéu chinh tudn ty bang:

I+
Wga2(p) = 2P
l+1p

(1> 1)
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Vi tuong tng khau thu dong loai tich phan.
Ti€p theo ta xdc dinh gid tri cdn thi€t clia hé s6 khuéch dai:

Q.
K=v2 —mex 4120200 _ 4ot
Smax 4
Va tdn s@ cat ciia B.B.L: -
}LC = KTZ - 420x0’112 - 23’5 S-l 1 T P

T

Tuong \ing v6i cdc yéu cdu cho D.B.L 6 ving tdn 05
s cao ta co:

E—+T1+T2+T3g L. M 0 01 02 03 04 s
2 ToA, M+ ) )
Hinh 323, Qud trinh
Tu d6 ta thu dugc gid tri cho phép chu ki phan chuyén tiép cho bai 455,
tin cia MTS:

I M

— —=T-T, -T; |=

[kc M+l 2 3}

Ty <2

oL 1S 501-0,002-0001]=0,012
235 L,5+1

Qud trinh chuyén ti€p & tic dung ting duy nhat dugc biéu dién trén hinh 323,

456. Hay tinh todn hé c6 MTS theo cdc sd lieu ban ddu dugc dua ra & bai todn trudc
sau khi loai T} = 0,05 s, T, = 0,003 s, Ty = 0,001 s. Ngoai ra, khic v6i bai todn trude cho
chu ky phén tdn T\, = 0,02 s.

Yeéu ciu xdc dinh dang va cdc thong s6 thi€t bi hiéu chinh tudn tu, né cin duva vao
phén lién tuc clia h¢, cling nhu gid tri cdn thiét cha heé s§ khuéch dai t6ng K.

Pdp sd: He s6 khuéch dai t6ng K = 420 st o phén lién tuc cta hé cdn c6 khau tich
phan - vi phan thu dong ¢6é ham truyén.

1+T (1+ Ty p)
Wis(p) = 2k P) 3kP)
(1+Txp)d+ Tyxp)

Oday Tyx =25, Tog = 0,125, Tax = 0,05 s, Ty = 0,01 s.

457. Ham truyén phén lién tuc clia hé ¢6 MTS:
W(p) = —I—<2—
p
Hé s6 khuéch dai téng ctia mach diéu chinh ho K = 1 s, chu k¥ phan tdn T, = 1s.
Hiy xdc dinh quy luat diéu khién duge thuc hién nhd MTS (xem hinh 316), né dam bao diéu
chinh t6i wu theo nghia cuc tiéu thoi gian xay ra cdc qud trinh khi thuc hién cdc tdc dung
tdng, c6 nghia dam béo thdi gian cudi cho hé diéu chinh.
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Bai gidi. Ham truyén phan tdn phdn lién tuc cia he:
el 2
W(z) =05 x— 1 cosxttE

2" -2z+1 =277 4272
Ham truyén mong muén cla hé kin & dang:
d(z) =0,52" +0,5272
Khi d6 cdc qud trinh chuyén ti€p trong hé sé két thic sau hai chu ky phén tén:
z 052 +05z

_ 3 _ 52

2

Y(z)=®(2) =057 '+2%+72 4+ ..
z

Ham truyén phan tdn cia MTS béng:
2 R
D(z) = ®(z) _ I - 22 2z +1 _ -z +z :
1-®(z) Wz 2°-05z-05 1-05z7"'-052"
Tir d6 quy luat diéu khién do MTS thuc hién cuéi cing cé thé viét & dang biéu thitc
tinh todn:

2

U (nTy) = x(nTy) — 2x[n - 1)To] + x[(n - 2)T] +
+ O,SU[(H - ])T()] + O,SU[(H - Q)T()}

458. Hay tinh todn hé ¢c6 MTS ma phan lién tuc ctia nd c6 s6 liéu nhu & bai todn trudc.
Hiy tinh thiét bi hiéu chinh tudn tu phan tan D (z) va chu ky phan tdn T, do d6 dé dam bac
do du trit 6n dinh duoc ddnh gi4 bing chi s6 dao dong khong nho hon M < 1,5.

Bai gidi. Ta tinh todn bing phuong phdp dac tinh tdn s6 16garit,

Ham s6 truyén tdn s6 phan tdn clia hé khong hiéu chinh ban ddu béng:

K(1-jA 2—0
W(A) = T (b
(JA)
Ham truyén phan tdn mong muén 4y & dang:

K(1+j?»r)(l—j?wg(l)

W (V)= ; (2)

(M) (ij—g(l)

—1- —M— =1,73s
AVYM-1

)“O'—'.\/R =ls-l

T()S _.1_ M =OY55_
Ao M+1

6] day: T2

357



Ham truyén cha thiét bj hiéu chinh cé dang:
Wek (GA) _ 1+ A

WA 1+ j?\T—O

D(jA) =

(3)

Céc dac tinh t4n s6 16garit tuong ing dugc xay dung trén hinh 324.

L ¢

a8} @&

Hinh 324. Cac ddc tinh tdn s6'légarit cho bai 458.

27 21
I+ —|z+]-—
Ty T,

L=by+by 27, (4)

Ta thuc hién bi€n déi Z, néu thé:

Yo _p, ()=
X(2) 2z

O day:

21 2t

1+i‘— 1—?
by=—-2=396, b =—-1=-296
2 2

Suy ra quy luat diéu khién duoc thuc hién nhd MTS ¢6 dang:

U (nTy) = byx (nTy) + byx [(n 1) Tyl (5)
C6 nghia ta str dung diéu khién theo do nghiéng va hiéu ban ddu (xem phu luc 23).
459, Hay tinh todn thi€t bi hiéu chinh tudn tu phan tdn D(z) va chu ky phan tan T, tir

diéu kién thu duoc do du trit 6n dinh cén thi€t cha hé. He v6i MTS ¢6 ham truyén phén lién
tuc ¢ dang:

K
W(P)=—2—2——
Tp” -1

3 day K = 90; T? = 10 s*. Chi s6 dao dong yéu cdu M < 1,5.
Ddpso: D(z)=by+bz";6dayby=4,b, =-3,T,=0,166s.
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Chuong 19

’

CAC HE CUC PAI VA TU HIEU CHINH

19.1. LAP CAC SO PO CAU TRUC CUA CAC HE CUC PAI VA TU HIEU
CHINH VA NGHIEN CUU bO ON PINH CUA CHUNG

460. Hay tim ham truyén va lap so dd cfu tao cua hé hiéu chinh tu dong tdn s6 dugc
biéu dién trén hinh 325. Hé cdn hiéu chinh mach dao dong bao gém do cam iing L va dién
dung tdng ¢ = ¢; + ¢y, cOng hudng véi tin hiu ddu vao uy(t) = u,,sin2nfyt. Hiéu chinh
mach t&i cong hudng thuc hién bdi sy thay d6i gid tri dién dung thay déi c,, ¢ nhd déng co
¢6 bao dam tdch tin hiéu ddu vao déng bo nhd bo tich déng bo CD va tu dién thay déi ¢, ¢6
dién dung nhé ma gid tri cia né dugc thay déi theo quy luét ¢, = ¢y + ¢y,,5ino,t bing quay
cdc thanh cta né bdi dong ca D, véi t6c do géc khong déi w, cho bo téch déng bo duoc cip
tr mdy phat $OH cho dong co D, din dong quay D,.

Tt mach cong hudng tin hiéu duoc cdp cho bd khuéch dai khéng qudn tinh cé hé s6
khuéch dai k,, ma & ddu ra cia né c6 bo nin dong va bo loc @, diéu chinh theo tdn sd tin
hiéu w|, ¢ v6i hé s6 khuéch dai kg, va dai di qua Af; = 1000 Hz, sau b6 tich déng bo
CD ciing ¢6 bo loc @, ¢6 hé s6 khuéch dai kg va dai di qua Af, = 20 Hz c4c bg loc @, va
&, 1a cdc khau khong bac thit nhat.

Su tim cuc dai duogc thuc hién nhu sau khi
diéu chinh mach cong hudng & ddu ra cla bo tdch

Uom
d(l)o

déng bo xudt hién tin hiéu ty l¢ v6i dao ham

sau su l1am bang bdi bo loc @, né di t6i dong co do

u -
2m <&
dog

dé dién dung c, thay déi t6i khi dao ham

khong bing 0. Vi tri nay sé& tuong ting v&i cong hudng.

Céc s6 lieu ban ddu dé tinh todn cdc ham
truyén: R = 10° Q, ¢,y = 400 nF, L = 0,5 H, f, = 10*
Hz, ¢, = 100 + 50sinw,t nF, cdc bd loc kay = 0,8,

Uom _

gia trj hiéu ding clia dién 4p ddu vao U, = —jz— =100

V, dong co D, tao ra 3000 vg/ph & dién 4p 30 V. Bo o Vo o
din dong cé hé sd truyén k,, = 10™. Dién dung cla Y/ ¢ o,
tu ¢, thay d6i t6i nF khi quay thanh cha né t6i 1 rad.

Trd dien ddu vdo cia b khuéch dai coi bang vo Hinh 325. So dé cdu tao ciia
cing. hé hiéu chinh ty déng tdn so.
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Bai gidi. So d6 cdu tao va ham truyén cGa hé di cho c6 thé dugc biéu dién & hai
phuong 4n phu thudc vao chon cdc dai lugng diéu chinh. Cic dai luong nay c6 thé latdn s6
tin hiéu ddu vao f,; hay dién dung mach céng hudng c = c¢| + c5;. Ta nghién ctu ca hai
phuong 4n. Né&u dai lugng diéu chinh 14 tdn s6 o, = 27nf; thi so d6 cdu tao cia hé sé& c5 dang
biéu dién trén hinh 326. Cdc ham truyén clia cdc phén tlr vao hé dugc xdc dinh nhu sac.

rf’d d(/’ (/2 . Uy y C/c- y u 7 PP 8
@t () | () F= W (0) P Ml () g 0)
@yt ‘.'1(?, 7 x / y
oo (p) = e 1 9) (= 1. (0)

Hinh 326. So dé cdu tao ciia hé diéu chinh tdn s6'tu dong vdi gid tri diéu chinh .

AU, (p)
AQ(p)

d4u ra mach cong hudng u, khi thay déi tdn s6 tin hiéu fy. Ta s& tim né & gia thi& chinh

1. Wi,(p) = - ham truyén dac trung thay d6i dién 4p hiéu dung nhu th! nao &

mach la khau khong qudn tinh bdi vi hoat dong xay ra gin tén s6 cong hudng. Pha :la tén

s6 mang f, khong d6ng vai trd 16n do t6n tai bd nin dong, cé tinh d&n cdc gia thiét niy tir so

dé mac mach (xem hinh 325), suy ra:
Uy [z ()

_ , i
IR +2z (0)] (h

2

3 L . » 2
d day zg (0) = —20)—0-— - trd dién clia mach cong hudng.
mOCL—l

Néu k€ dén né thi ta c6:
®g
2=U, [52 /.2 2,272
R (CO()LC""I) +(00L
oU,  UR’L(1-0gC’L?)
dog R (03CL-1)* +0lL21*?

U (2)

Suy ra:

Khi cong hudng ©3CL = 1 dao ham nay bing 0 & cdc d0 léch tdn s6 véi cOng hudng

su phu thudc %(DU—Z vao @ O trudng hop chung 1a phi tuyén. Vi vay ham truyén Wy, (p) o

0
trudng hop téng qudt c6 thé biéu dién & dang:

Wii(p) = kg (o) 4
N&u tdn s6 tin hidu ddu vao lech t&i + 10% tir fy = 10™* Hz, th:
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5,7.10" V.s khi f = f, + 0,11,
Ky (@) =1 0 khi f,,
7,5.107 V.s khi f = f, - 0,1,
2. W, (p) =k, - ham truyén clia bo khuéch dai.

3. W (p) = —2 D ham truyén ctia bo loc thit nhit. Hing s6 thoi gian.
1Pt
_ b l
TAf, 3,14 x 1000

T, =32.10%s

k .
4. Wy, (p) = 02 [ ham truyén cha bo loc thit hai & day.

T,p +
1 l ~ 2 a2 b
T, = = - ham truyén ca dong co & day.
nAf, 3,14 x20
3] n, .7
L L =3000.3,14 ~ 105" s
U,, 60U, 60.30
Ty, = 0,04 s.
6. W(p) = k,, - ham truyén cfia bo déin dong k,, = 107,
AC . .
7. W.(p) = —A;((I;)- - ham truyén dac trung su thay déi dién dung C, khi quay truc ciia
op

né. Tuong tng vdi bai, dic tinh nay 1a tuyén tinh. Do hd din cha dic trung:
ke = 80 nFfrad = 8.10""' F.

Awg (p)
8 W )= ———=
k2(p AC,(p)

d6i dién dung C,. Dé xdc dinh nd & gia thiét trong muc “1” ta vi phan biéu thic (2) theo C &

- ham truyén dic trung su thay déi tdn s6 cong hudng khi thay

k&t qua ta cé:

U, U R2L%20}(1-w3CL) B 5)
oC, ' RTA-0ILCZ 0l 2P ¢
Né&u chua (5) cho (3) ta tim duoge:
3
6(0(,: L“)zo £l (9)
) 1+wlLC

Do dé, n€u coi mach khéng quén tinh, ta cé:
Wia(p) = kgy(w).
Néu tdn s6 da cho f, = 10° Hz, thi:

+ 1,15
sz((D) = (6,3 ~1l

Do dé, ham truyén clia hé¢ & trang thai hé c6 dang:
kg (kKo korkyckkekga (@)
p(Tip+ D) (Top+ 1) (Tyep+1D)

).10'13 s

(7)

We(p) =
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Ne€u the cic gid tri s6 d6i vdi cdc tdn s6 f;, f; + 0,1 f,va f, -~ 0,1 £, , ta co:

f =1, Wu(p) =0, - (8)
228.10%k,
f=f,+0,1f, Wy,(p= 3 , (9)
p(3,2.107" p+1)(0,016p +1)(0,04p+1)
228107k,

f=f(,-0,l f() W(D:- (10)

p(3.2.107% p+1)(0,016p+1)(0,04p+1)
Bay gi¢ ta tim ham truyén néu dai lugng diéu chinh 1a dién dung C,.
So d6 cdu tao cuia hé nay c6 dang dugc biéu dién trén hinh 327. C4c ham truyén cé &
he nay W(p), Wao(p), Wyclp), W (p) va Wc(p) cling chinh xdc nhu & trudng hop trudc.

i _4dc u, Uy Ugs

Dol o) 5 Wy (o) 2L (00 )

W (0)

(¥

A &
L Wetp) A ) 1= s (p)

Hinh 327. So dé cdu tao hé diéu chinh ty dong tdan sé cé dai lugng diéu chinh C,.

AU, (p)
AC(p)
hudng khi thay déi dién dung C. 3 céc két luan néi trén vé dic tinh chinh luu tin hiéu & ddu
ra ctia bo khuéch dai c6 thé cho ring:
| Wy (p) = kg (©) (11)
e day kg (w) - hé s6 duoc tinh theo cong thic (5).
Trong trudng hop diéu chinh mach téi cong hudng kg (0) =0

Ham truyén Wy (p) = , ddc trung sy tang cua dién dp U, & ddu ra mach cong

Khi f =f, + 0,1 f kg (@) = ~4,2.107 V/F
Khif=f,+0,1f, kg (0) = +3,6 .107 V/F.
Do d6, ham truyén ctia hé hd duoc bao bang lién hé ngugc ¢6 cdc gid tri sau:
Khif=f, We(p) =0, (12)
-2.28.10"k,
Khif=fgy+0,1f, We(p) = y (13)
(3,2.10 " p+ 1)(0,016p + 1)(0,04p + 1)
-2,28k,
Khif = f, + 0,11, We(p) = (14)

(3,2.10 ™ p +1)(0,016p + 1)(0,04p + 1)

Nhu thay 1o tir cdc biéu thire (9), (10), (13) va (14) cdc ham truyén khong phu thuéc
vao chon dai lugng diéu chinh. Didu nay vé mat hinh thic suy ra tir:
oU, owg ou,

= —== = =—2=V
KKI((JJ).sz((D) 6(00 BC] kK ((0) aC] /F
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Truéc mach kin cia hé cdn méc phdn tlr dac trung su thay 46i gid tri dién dung khi
cong hudng tir tan s6 f; cla tin hiéu ddu vao. N6 cé thé dugc biéu dién bdi khau khéng quan
tinh c6 hé sé truyén:

oC 1+w’LC

ki, (0)y=— F.s
(@) o Lo’

O f, va fy + 10% dai luong:
1,34. 10" F.s  khif=1f,+0.,1f,
ky'(w)=< 1,6210Fs  khif=f,,
19210 Fs  khif=1,~0,1f,.

461. Hay lap so d6 cdu tao va xdc dinh ham truyén hé tir hiéu chinh.

Xay dung vecto theo hai thanh phdn (hinh 328). Céc thanh phdn vecto cho & dang cic
dién 4p thay d6i U, va U, cho cic cuon day stato.

3
(J[
J
it
Ul_; U!) l-— > R @Ia; Cfi/;w/; (/i > -
| ] 1y dong
M.B.S.C
“Hr o
G
Dan - / "

Hinh 328. Hé tv diéu chinh tu dong xdy dung vecio theo hai thanh phdn.

M4y bi&n 4p sin - cosin (M.B.S.C) médun vecto xay dung dugc biéu dién bing cdc

dién ap:
(0]
U, = ﬁ,/ui +U2 =k, U2+ U2
|

O day ky, = —=- he s§ bién 4p (M.B.S.C) géc quay cha roto xdc dinh vi tri trj vecto
y
!

U, trong hé cdc toa do X, Y. Su quay ctla réto t6i géc duge thuc hién bdi hé theo ddi bao
gém bo khuéch dai cé diéu chinh khuéch dai tu dong, déng co va bo truyén dong.

Su tu hiéu chinh 1a & ché duy tri diém 4p khong d6i U, & ddu vao bo khuéch dai &
ciing do khong an khép Aa. B & khuéch dai 12 khau khong tuéin hoan, dong co duoc biéu dién
& dang tich cdc khau tich phan va khong tuin hoan.
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St nhay cim
ku, cosde Y3. phdrtd nhay ci

il AP.\{ Aéu dﬁ;%
‘é"f( d‘?‘nj
&p=0rely 7t pe b GSinde ) |« 1
‘ " T T | plhgp )
CZ,y ? U/ v Mr-; dé‘ng 6
Ko

Hinh 329. So do cdu tao cua hé xdy dung vecto
ty hiéu chinh tu déng theo hai thanh phan.

Pdp 56 So dé cdu tao dugc biéu dién trén hinh 329 khong c6 diéu chinh khuéch dai tu
dong ham truyén clia hé ¢6 dang: :

kU
W(p) = !

p(Typ+ D (Typ+1)
O day k = ky, kyyk, kg 4p U, cho bo diéu chinh khuéch dai ty dong thi he s6 truyén

s L 5 kpy N <
cua né kpy bang ——, thita cé:
U,

k
W (p) =
p(Typ+ 1) (Typ+ 1)
O day k = ky, kpy ky k. k, duge nghién ciru & bai 460, hdy xdc dinh he s6 khuéch dai k,

cia b khuéch dai dam bao do 6n dinh diéu khién trong cdc gi6i han d6 léch tdn sé f;, t6i +20%.
Pap s6: K, < 1,71.10".

463. O he dugc nghién ciru & bai 461 hdy tim gid tri he s6 k’py dam bao do hoat dong
én dinh clia hé & cdc s6 lieu ban ddu sau:
ke =05k, = 10% kg = 12V's7 k= 1,3.107, T, = 0,025 5, Ty, = 0,045 5.
Ddp 56: k;,, <0,8.

464. Hay tim ham truyén ®(p) ctia he ty hiéu chinh kin ¢6 bo loc géc P\ (p) ma so do
cdu tao cha né duge biéu dién trén hinh 330. Hay xdc dinh hé s6 6n dinh hay khong & cdc
gid tri s6 ¢6 trong ham truyén nhu sau: kg = ky = k; = 1, ky = 100 s, Te = 0,04 s, T, =
0,001 s, T, =0,2s.

Ddp s6:

B k. ky(Top) +kopksko (Typ+1)
" (Tg + DIP(Tip + D+ k3ky(Typ + DK Ky ]

®(p)

Né&u cho ring k; 16n hon nhiéu céc s6 hang khéc, thi ¢6 thé viét:
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k
d(p)r —2— =
P Tep +1 olP)

O cic gi4 tri dai luong dd cho he én dinh.

Ko
lap ™/

G‘)‘- X ""@

gt ”-*@M’}‘ i i ()
’ Letl 2(hp+1) 7

Hinh 330. So do cdu triic cua hé ty diéu chinh cé bo loc goc.

465. Hé duge nghién citu & bai todn trude duge dung dé dam bao chat luong diéu
chinh khi thay déi ham truyén cta phdn tir ddu khi thay déi ham truyén cha phin t& ddu ra
W(p) = __1(_2___ va cdc gid tr1 dai lugng di t6i n6. Hiy xdc dinh & gid tri gidi han nao k,

p(Typ+1) -
hé s& dn dinh. D€ so sdnh hdy cung tim hé s& gidi han k,, trong trudng hop khéng ¢é mach
ty diéu chinh (k3 = kg = 0).
Pdp s6: K, < 21405 k, < 1005 57,

19.2. CHAT LUQGNG CAC HE PIEU CHINH CUC PAl

466. Trong hé diéu chinh tu dong tdn s6, ma so d6 cdu tric cua né duge biéu dién trén
hinh 327. Hiy tim qud trinh chuyén ti€p néu bd qua cdc hing s6 thdi gian cha cac bo loc T,
va T,. Khi tinh todn 14y cdc gi4 tri sau cla dai luong ddu vao T, = 0,04 s, kg. = 10,5 V' 57",
kep = 0,8, k, = 107, k, = 107, k. = 8.10'' F. He 56 ky(w) dugc tinh theo cong thic:
au R2L*0y(1 -olCL
KK((D) — 2 _ UI - ;D()( g ,)I z - V/F
oC [R (l—oo()CL)2 +oyL° J'/
O dayR=100Q, U, =100 V, C= 500 nF, L = 0,5 H,, 0, = 2rf, = 6,28.10° s\,
Do lech ban ddu vao tdn s6 cong hudng béng 0,20 & tdn s6 w, bing tdn s6 cong
huong cdc nhiéu bén ngodi khong ¢4 t6c do ban ddu cua sy thay ddi tdn s6 béng 0.

Bai gidi. So d6 cdu tric ciia hé & cdc gia thiét trude cé dang dugc biéu dién trén hinh 331,
J day:

k = ko kook kekgcky = 5,35.10° F/V.
Phuong trinh vi phan cla hé c¢6 dang:

p(Tycp + DC, = kU,

U, = kg(0) (Cp - C,).
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Néu giai hé nay, ta cé:

T ae, Y. = kkg (@) (Cp-C
 ——+—= = ® - 1
4 i K p-C) (D

Bai vi & cdc gid tri s6 da cho gdn cong hudng s6 hang ddu tién cua tr s6 theo dao ham
8U,
5C

Wy A @
K, (w) = Ko (@ -
X/ »0(75-‘5 ﬂ"'/) V.04 ( )

Hinh 331. So dé cdu tao cia hé diéu chinh tdn sé tu dong don gidn.

Nho hon nhiéu s& hang thit hai, thi ¢6 thé viét:

U,R?

Ky(o) = (1 - 0fCL) (2)

O cong thirc (1) 1a dién dung téng C =G+ G Dé nghién ciru chinh d6 6n dinh cdn

biét d¢ 1éch clha nd vdi gid tri cong hudng Cy = —-i—L Vi vay c6 thé viét:
Wo

U,R?
L
Né&u thé né vao phuong trinh (1) ta cé:
d?c, .95,
di2  dt

kg (@)= [1-w3(C,+C,)L]1=U,R?0}C,

o +kU,R203C:Cp

Do léch nho cua C, véi cong hudng cho phép tuyén tinh hod phuong trinh nay theo Cy:
d*c,
&2
Néu thé cdc gid tri s6, ta c6:
0,04 ﬁgi+£3-
dt?  dt
Cac nghiém cta phuong trinh dic trung:
Pra=12,5%]j 282 =-12,5£j5,3.
Do d6 nghiém téng quat:
C, = D,e('”'S +53 (125 - js3n

T

dC
+—az-+kU1co(2,C0C2=kUlew%C()CD

+2,13C, =2,13Cp

Dé xac dinh cdc hing s6 tich phan ta tim dién dung C thay déi thé nao khi thay doi tdn
56 o t61 20% ®g.

366



Vi vay ta st dung bi¢u thitc (2) néu cho ring su thay déi tdn s& @ cdn bl su thay déi
dién dung. Tuong ting véi didu dé c6 thé viét,
U,R?

U,R*
[ 1- (0 + A®)’ CL 1= —— [ 1 - 0?3 (C,+AC)L]

Tur dé suy ra:
Aw = 0,20, thi AC = 0,4C, = 200 nF

Néu thay cho diéu kién ban ddu Cy, = 200 nF., C,, = 0 vao (3) ta ¢d:
C, =200 [1 — ¢ '3 (cos5,3t + 2,36 sin5,31)].

« 467. Hay tim qud trinh chuyén ti€p trong hé cuc tri én dinh vi tri géc cla vé tinh ma
so d6 khéi ctia né dugc biéu dién trén hinh 332.

© Cocéu K, @

con quay
tée do
Y
Uy BG khuéch Banh 14i
| Vétinh . > daidiéu > diéu khién
o | 7/ l e[ b chinh | Y2 dongco | M

Hinh 332. So do khéi ciia hé cuwc tri on dinh cua vé tinh.

Cac phuong trinh mo ta dong luc hop déng cua hé nhu sau:
1. Phuong trinh vé tinh:
dt*
2. Phuong trinh dong co 6n dinh c6 banh l4i:
M = kyU,
3. Phuong trinh khéu logic:

dé
U, =k,U, sign —
2 2V SIE ar

4. Phuong trinh dac tinh cuc tri:
U, = -k, 6%
Cic 6 liéu ban ddu dé tinh todn: J = 100 kG. m.s%, k, = 60 V/rad?, k, = 100, ky, = 0,1
kG. m.V"', cdc do lech ban dau 8, = 10", 8, = 15 do/s.
Chi ddn: Phuong trinh téng tuyén tinh & diém 6 = 15"
Ddp 56 6 = 29 sin (0,5t + 26"30")
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468. Hay tim qua trinh chuyén ti€p va xay dung hinh anh pha ciia né trong hé duyc
nghién cttu & bai 467, néu phuong trinh khau logic ¢6 dang:
U, = k,U, sign 0 = k46,
K;=43.10" vs.
Céc s6 liéu ban ddu con lai va cdc gia thiét dugc 14y nhu & bai 467.
Ddp 56 6 = 29° % 5in (0,558t + 20°30°)
Hinh anh pha dugc biéu di&n trén hinh 333.

X

Bt

L
T LA\ 5 5 ___f;y/f a6
-0}

51

Hinh 333. Bic tranh pha ciia qud trinh chuyén tiép on dink vi ¢ '{ géc ciia vé tinh.

469. Hiy xdc dinh cdc t6n thdt do sy tim trong hé diéu chinh tdn s6 ty dong duoc
nghién ctru & bai 460. Co s nghién ctu 1 so d6 cdu tao dugce biéu dién trén hinh 326, céc s6
liéu ban d4u cho tinh todn la:

ky = 10" koy = ko = 0,8, k, = 107, Ke = 810119, kg, = 10,5 v, 57, Ty = 0,04 5,
Ty = 0,016 s, T = 3,2.10% s, R = 1000 Q, C, = 400 pF, C, = Cyy, + Cysine,t = 100 +
50sin40t gF, L =0,5H , 0, = 6,28.10%s7'.

Bai gidi. C4c t6n thdt cho tim Kiém Ia sai s6 trung binh X(t), Xxudt hién trong hé cuc
dai & ché€ do dugc thiét 1ap & két qua chuyén dong tim ki€m. Néu F (y) la phu thuoc ham dac
trung céc tinh chat cuc dai clia phdn tir nao d6 khi thay déi dai lugdg diéu chinh y, thi cic
t6n thét cho tim kiém:

1 d°F
F-Fg == —x, (1),
E 2 dy2 2( )
O day Fg - gi4 tri cuc dai.
Khi tim hinh sin c¢6 bién d6 A :
— A2
x2 :_P_\l_‘
2
Chiing ta nghién citu cdc tén that cho tim ki€m, n€u dai lugng diéu chinh 1a dién dung
Cp = Cy + C,. Vi vay cdc tdn thét cho tim ki€m:

368



CD—CD:SI\ g_-~(AC‘)2 (1)

O day k = k, ko) ko kg k K¢ = 5,35. 10° - he¢ s6 truyén tong khong ¢6 mach cong

hudng véi ham s6 truyén Wy, (p) = §-U— = kks (o).

8C
5°U SU
Dao ham thu hai HS_C_ ta tim duoc vi phan biéu thic —, duoc dua ra trong bai 460:
5°U
5C?

_U R’ (-[R*(1-0*CL) + 0*L21*? +3R? (1-0?CL)* [R?(1-0? L)+ 0?L2}'/?)
- [R? (1 -w2CL)2 +0iL2)

_U.RL20° -[R*(1-0’CL)? +0’L2]+3R? (1-w°CL)?}

) (R? (1-0°CL)2 + 0212}

Tinh todn theo céng thitc nay cho:
o*U

— = 4.10° V/F. (2)
oC
Bién do sai s6 AC c6 thé tim theo cong thic:
. l
AC = (D (jo) ,o0 -C —_ .C 3
Im ’ .\(J Xm_m] 2m = 1+ W(J(L)) ol 2m (3
o] day:
: kk g, ()
W(jw) = ks &y op=jo.
(TLBP+1)(TQ)XP+ 1)(T®2p+l)
Do dé:
b,(jo) =

’cozcol =0, [(T? 0? +1)(TE 0} +1) (T3, 02 +1)1/% x

X {Iksz((U())+ Ty Toy Too@h — (Ty, + Topy +T®2)®12]2 +
+ 02 107 (Tye Ty + Toe T + Toy Ton) 2}
Néu thé cdc gid tri s6 voi su tuyén tinh hod s6 hang ki, () & diém tuong {ing véi do
lech dién dung C tdi 25 pF véi cong hudng (bing nira bién do C,,,), ta co:
@ (J0)| 2oy =0,98
Né&u thé€ biéu thitc nay vao (3) ta ¢6.
AC; = 0,98C,, = 0,98.50 =49 pF=4,9. 10" F

Do dé6 céc t6n that cho tim ki€m theo dién dung bang:
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2 2
A

= %5,35. 10°.4.10°. 4,9 .10 =128. 10 F.

470. G ddu vao he theo dai dugc biéu dién trén hinh 334 ¢6 tin hiéu diéu khién u, (1)
va nhiéu ngdu nhién up (1) 1a <<tiéng 6én trang>> vdi mat do phd Sp(w) = N = const. Hé mé
té diéu chinh tdc dung t3i cdc hé s6 khuéch dai ciia bo khuéch dai trong mach phin ing kyy
va & mach kich (k,,) ctia dong co D dam bao cuc ti€u sai s6 binh phuong tong & ddu ra. Cin
thi€t xdc dinh cdc phu thudc ham s6 clia cdc hé s6 khuéch dai k,; va ky, vao t6¢ do thay déi
tin hiéu ddu vdo & ch&€ d6 1am viéc xdc 1ap va biéu dién so d6 c4u tao véi tu diéu chinh. Heé
s cudn can cla hé & cdn bang 0,5.

F=— === 7 &y
| B diéu chinh | 1 V]

A e A4
____[__ "

Y 1 X v ﬂ
wulnlll ] > [l i ==V Ve s
— 6 & -

Hinh 334. Hé theo déi tu hiéu chinh cho cuc tiéu cia sai s binh phuong.

He céc phuong trinh mo ta dong luc hoc lam viéc cua hé khéng tu diéu chinh c6 dang.
U =kyy (u, —uy), Ly g% +1aI = Uy — ce%?—
d+26
di?
a=k,0,u =k gra,c =ugky
Céc gid tri s6 dé tinh todn: J = 0,2 G.cm.s?, Cy = 70 G.cm/A, r = 2Q, Ug = 30 V,
k,= 10, k_=0,5V/do, N =001 V.

J

= Mye » Myc= cpmia

W(p) = —F—, (1)
(Tp+1)p
0 day:
Jr 0.4 4
T= —— =—5:— 5,
Coipk,, | 210Ky
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L N R )
kyoug ky2

Ham truyén ctia hé ho d6i vé6i sai s§ bang:

p(Tp+1)

d,(p) = ——F—— 2
(P p(Tp+1)+k (2)
1
(D(P)=7[.—2——l— 3)
—pl+—p+l
K2 TEPT

B&i vi hé s6 cudn can da cho, thi

1 ’T
_:2 a—
k : k ®

Tin hiéu diéu khién u
2
g
phuong sai & ddu ra tir nhiéu.

Nho céc hé s6 sai s6 & cdc ché do dién hinh ta tim duoc:

¢ = ut va nhiéu up (1) khong tuong quan. Vi vay sai s6 binh

phuong €2 =¢2 +e}4 & day €3 - D binh phuong sai s6 theo tin hieu diéu khién u, (1) va €%

2
g2=2_
g k2
Phuong sai tlt nhiéu:
27 o Lo + L oy +
k k
Do dé:
, u? Nk u’k}, Nk,;.9.6.107°
Cu= T el T 0 :
k* 2 (96.107) k;, 2Ky,

Vi phan biéu thiic nay theo ky1 va Ky, ta c6 diéu kién cyc ti€y cia sai s6 binh phuong
2wk, N96.107
(9.6.107°)%k;y, 5k

J(kyl_kyz)»*o (5)

Phuong trinh thit hai d€ xdc dinh ky; va ky, thu duoc tir (4) & két qua theé gid tri k va
thuc hién binh phuong:

96 . 10.5 kyl - 1 - CMuBkyZ .
kyoy 48T 4&)r
Sau khi th& cic gia tri s6 ta cé:
.5 kyl
9,6. 107 —— = 5250k, (6)
y2
J k&t qua giai déng thoi cdc phuong trinh (5) va (6) ta tim cdc phu theo ham da cho

cdc gid tri t6i uu cha cdc hé s6 ki) kp vao:
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ki =14.10"u? s (7)
k{ =107u*/ (8)

Do d6, d€ diéu chinh t6i uu véi cuc ti€u cia sai s6 binh phuong &2 & mat do phd da
cho N nhiéu & dang <<tiéng 6n trang>> va t6c d6 thay déi u cla tin hiéu ddu vao hé cuc dai
cdn duy tri thiét bi do u va cdc bo diéu khién khuéch dai tr dong & cdc hé khuéch dai y, va
y, thuc hién cac phu thuoc (7) va (8). So d6 c4u tao clia hé nay dugc biéu dién trén hinh
335a. Néu ta do ca mat d6 phé N clia céc ti€ng 6n, thi cdc he s6 t6i wu k§; va k; cén diéu

chinh trong ing vdi cc biéu thic:

)
k{j =3,02.107 -:/—
N

a2
K =232 03
y2 N

So dé c4u tao cla hé dugc biéu dién trén hinh 335 b.

T
K, =14 17 K020V
; - sl }7/,7
s Y /{yl =270 ¥
]
-® A #
[/ gpe— U’ ) - ‘ ‘ .
7 #(0p+) Y 2 T’ 1(72%7) j Yy
7) 4)

Hinh 335. Cdc so dé cdu tao cia hé ty diéu chinh:
a) Thiét bi do tin hiéu vao, b) vdi thiét bi do t6¢c dé

tin hiéu vao va mdt do pho cua cdc dé on.
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Chuong 20

THANH LAP CAC SO PO PE MO HINH HOA
CAC HE PIEU KHIEN G CAC MAY TINH LIEN TUC

20.1. THANH LAP CAC SO PO PE MO HINH HOA CAC PHAN TU CUA HE
TU PONG O CAC MAY TINH DIEN TU

471. Hay 1ap so dé m6 hinh dong co c6 dong dién khong déi c6 kich tir déc lap, néu
cdc thong s6 cia phdn cam do cam tng L, = 0,1 H, tr& dién R, = 10 Q, t6c d6 khong tai &
ugx = 24 V, n,, = 3600 vg/ph momen khdi dongM g = 2 kG.cm, mémen quan tinh
J = 1,06.10 kG.cm.s? va dién ap tin hiéu ddu vao ug, < 24V. B dai luong ddu ra clia dong co
la toc do goc Q. BO qua luc ma sat kho, khong tinh d6 cam ung va trd dién trong cla ting
mut ctia bo khuéch dai cdp dién cho dong co.

Bai giai. Ta s dung phuong trinh dong co:

(TaTyp2 +Typ + DQ=kpupgy (), (1

Thu duge ¢ bai 15. Ta tim céc hing s6 thoi gian T,, Ty va hé s6 truyén kp, T, =L,
R',=01.10"=001s.

Q. =m,, 307 =314.3600.30"" =377s7";
Ty =JQ, , M1 =106.107.377.271 =0,2;
k=" @b '=377.247"=157v ! 57!
Néu thé céc thong s6 tim duge vio (1) ta thu duge phuong trinh chuyén déng cia déng co:
(0,002p* + 0,2p + 1) Q(1) = 15,7up,(1). (2)

Phuong trinh vi phan (2) cho khau khong chu ky bac hai ma so d6 mau cla né duge
dua vao phu luc 33.

Dé chuyén thanh bi€n clia mo hinh ta sir dung cdc phwong trinh bién ddi céc bién:

Q(t) = mqu,,
ugy (t) = myuy, (3)
t=m, by,

O day mq - ty 1& biéu dién van t6c géc clha déng co & mo hinh dudi dang dién 4p u,,
m, - hé s6 ty 1& biéu dién dai lugng ddu vao clia dong co ugy ¢ dang dai luong ddu vao mo
hinh u;, m, - ty lé thoi gian, ty; - bién déc 14p cia mo hinh hay théi gian mdy va t - thoi gian
thuc.

T a ldy ty lé thoi gian thuc, ¢6 nghia m = 1. D6i vé1 dai bd phan cdc bo khuéch dai
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thao tdc clia mdy tinh lién tuc dai thay déi cdc dién dp, tuy€n tinh bang 100 V. Vi vay khi
gidi bai todn cdc dién 4p ddu ra cia bo khuéch dai thao tic khong cdn vugt qua 100 V. Tuy
nhién sai s6 nhd cla két qua dugc dam bao, khi d6 st mo hinh ho4 thuc hién & mic dién ap
cho phép 16n nhat, diéu dé ciing cdn thiét tinh todn khi chon cdc hé s6 ty 1& cia mo6 hinh.
Néu tir d6 ta chon cdc hé s8 ty 1é cia moé hinh, néu tir d6 ta chon:

Q
Q= XX = ELL. 3,77V rads™,
100 100
m, = UB x max - 24 =0,24.
100 100

Dé chuyén t6i bién cha mdy ta th€ (3) vao (1) ma & két qua clha né ta thu duge
phuong trinh miu & dang téng quat:

(TATwp? + T + 1) ug(0) = kp —2-u, (5)
m€2
Hay: (0,002p% + 0,2p + 1) uy(t) = uy (1). (6)

Dé x4c dinh cic gi4 tri s6 cla céc trd dién vao cdc dién duong, cdc dién tro va tu dién
clla mau ta st dung cdc coéng thic ctia phu luc 33, tir d6 suy ra:

k:_RLB_Z“_Zl
R(Rg
12 -RaRIRICCy _ o0
R¢
T, =RaRaRsCy 0
RsRg

Khi chon Ry = Ry =100kQ, R, =20kQ, Ry =R =1kQ, Rs =10kQva C, =C, =
| uF, so dé cia mo hinh (muc 5 phu luc 33) s& tuong ng v6i dong co c6 dong dién khong
déi c6 kich déc lap vdi cdc thong s6 cho & diéu kién bai todn.

472. Hay lap so d6 m6 hinh dong co c6 dong dién khong déi ¢6 kich tir doc 1ap va céc
thong s6 cho & diéu kién bai todn trudc, nhung dai lugng ddu ra kKhong 1a t6¢ do  con géc
quay ciia truc déng co a. Bé qua dnh hudng ma sit kho.

Pdp s6: Xem hinh 336. O day mg = k', mQ = 3,77 V''.rad - heé s6 ty 1é cda he s6
theo géc a. Gday k=1 s'1 - hé s6 truyén cia bo tich phan.

473. Hay lap so dé mo hinh dong co c6 kich tir doc 1ap theo cdc diéu kién ba: 471,
nhung ¢6 tinh dén anh hudng clia mémen phu tai vao lyc ma sat kho My = MY, signQ (hinh
337b) ngoai ra MY =0,4 kG.cm.

Bdi gidi: Ta lap phuong trinh c4n béng dién 4p mach cam (ng:

d
ugx = Raip +La ——-C;IA+CCQ (1)
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I I
100y = Ly ~ 10 "'"‘>~‘
S I g S d
7 10
e p L -t 4,
—C— -
V7 ) )
< O — q,:my’inzcm“’a:
-l
Hinh 336. So d6 mdu cia déng co.
Va phuong trinh can bang cdc moémen téi truc cua dong co:
] ‘z—g =M - My = cyis — My'singQ 2)
t

Néu giai ching déng thdi ddi véi van toc goc €, ta thu duge phuong trinh chuyén
dong clia dong co ¢6 tinh dén mémen phu tai My:
(ToTyp? + Typ+ 1) Q=kpug, kyy MY signQ, (3)

. Q) Ry O o
O day kp = LS ky=—D2—=-2X=f . cic he s6 truyén clia dong co theo
CC

0 oM™
U cetm My

dien dp (k) va theo momen phu tai (ky). Cdc hé s6 cy, ca, B, T4, Ty duge xdc dinh & bai 15.
M6 hinh hod dac tinh tinh clia ma sdt kho (hinh 337b) duoc thuc hién theo so d6 muc
2 ctia phu luc 34. Khi d6 dai lugng dién dp U; = Uy = Uy,
Puoc chon sao cho cédc didt tin cay duge déng ta chon Uy =20 V. Khi dé heé s6 ty [é:

My = —=="=0,02 kG.cm.V"' (4)
a) Rs

3

0)

ANY
x
~

0
> * /‘///
o | v 4 e

}, < 1(;‘}_<ﬁ — -4

L

Hinh 337. So dé mdu cho bai 473.
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D€ chuyén téi bién clia mdy ta sir dung cdc he s6 ty lé thu duge & bai 471, mQ, m,
(m; = 1) va hé s6 my, (4). Sau khi thay cdc bién phuong trinh (3) ¢6 dang:

(TATMpZ+TMp+1)u2(t):kul(t)—ijHsign u,, (5)
Gday k= kp M = 5,7 224,002
mgq 3,77 3,77

Néu thé cdc gid tri s6 vao (5) ta thu duge phuong trinh moé hinh:
(0,002p% + 0,2p + 1) uy(t) — 20 sign u, (6)

Phuong trinh (6) khdc biét vai phuong trinh (6) clia bai 471 bdi s6 hang phi tuyén bd
sung 20sign u, thuc hién nho so d6 duge biéu dién & muc 1, 2 cha phu luc 34 § R, = . Khi
dé tir cdc phuong trinh (3) va (6) r0 rang ring su tdc dung clia momen tir Ivc ma sat kho can
bing tic dung cta méi lién he nguoc phi tuyén. Vi vay so d6 mo hinh biéu dién phuong
trinh vi phan chuyén dong cia dong co c6 kich wr doc lap véi tinh dén moémen tir luc ma sat
kho ¢6 dang duogc biéu dién trén hinh 337a.

Phuong trinh mé hinh duge biéu dién nhd cdc thong s6 cha so dé hinh 337a c6 dang:

R,R;R, » R,R;R,
23 dc.Cpt+—23 4 Ccp+liu () =
( R 1-2P RR 1P o ()

6 skg
= u,(t)- Uy signu,(t), (7
R,R, (D) R.R, H S1gnu,(t) )

O day Ry = 100 kQ, con gia tri clia trd dién va dién dung cac dién trd R, - R4 va céc
tu dién C,, C, ta thu dugc & bai 471. Tré dién cta céc dién trd R, (hinh 337a), khong ¢6
trong phuong trinh (7) ¢6 thé ¢6 vai bac gia tri cu6i cing vugt qua cic trd luc truc ti€p clia
cac diot va cac trg dién k€ dugc dua vao (xem muc 2 phu luc 34) ¢6 & mdi lién hé nguogc
cta hé khuéch dai chifc nang.

474. O dang t8ng ta 1ap so d8 mé hinh dong co ¢ kich tir doc 1ap v6i tinh dén momen
phu tai tir luc ma sdt kho My = MHosignQ con ddu vao 1a dién dp ug, cdp cho cugn day phén
cam. T4t ca cdc bién va cdc thong s6 cua dong co cd kich tir doc 14p duge xdc dinh § cdc bai
todn trudc.

Bai gidi. Phuong trinh chuyén déng clia dong co & cac bién cia mdy (xem bai todn
trugc) 8 T4 = 0 c6 dang:

mu
(TMp +1 )U2(t)kD

u(t) —ky —niM—UH Sign u,(t).
Mmgq Mg
So dé mé6 hinh déng co theo phuong trinh thu duge dua ra trén hinh 338. Cac thong s6
mé hinh (cdc trd dién cla cdc dién tré R, - Rg va dién dung cua tu dién C) dugce xdc dinh
trén co.sd cdc cong thic sau:
RsR¢ m, RsRg

CR=T =k ; =k .
6 M R]R3 DmQ R1R3 M Mma

m

T4t ca cdc he sd ty lé duge xdc dinh khi gidi cdc bai todn trude.
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Rs
20 —{
g R A
£, £ R, Ry

> T>f_—}>gz
..Lp—-Ci.'}—_l_ ———

Hinh 338. So dé mdu ciia déng co cho bai 474.

475. Hay tim phuong trinh mé hinh ma so dd ciia né duoc biéu dién trén hinh 339, &
day 4p lién hé ngugc u; la phan dién 4p ddu ra u, va dugc xic dinh nhd dién thé k& (khoi bo
chia dién dp) Rs; z, (p), z; (p) - tr6 dién chic nang.

Bai gidi. Ty s6 trd dién bi€n déi R, ma tr d6 xdc dinh dién 4p uy, cho dién trd R;,

R ‘ .
—% = o 12 cdc hé cha bo chia dién dp khi dé:

R; Zoh)
Uz = au,. (1) ..7///0)
Phuong trinh mo hinh: >
1 1 “ 4
U= -7y (p) up + (2) , 7, L r g
21(p) ~ Rauy - |4,
Sau khi the (1) vio (2) va bién d6i ta thu dugc us) Ay

phuong trinh cén tim: )
Hinh 339. So d6 mau

- R R
[___,2_.__+ 1}\12 (1) =— —2 u) (1) cho bai 475.
az;(p)

476. Hiy lap so d6 mo hinh thiét bj thuc hanh thuy Iuc (hinh 2a) ma phuong trinh vi
phan va ham truyén cla né thu dugc & bai 2, thong s6 cia thiét bi thuc hanh thuy lyc nhu sau:
k,=50s" a=14cm, b=7cm,c =0,5kGcm" s, ¢c;=0,5kG.cm”, ¢y =2kG.cm' s

Bai gidi. Ta tim cdc hing s thoi gian va cdc hé s6 truyén (xem bai 2):

k= -2 =1 _o667
a+b 14+7
k3:P—=l=O,5
T oa 14
k4=2’.-=—2——45
Cy 0,5
kik,  50.0,667

= - =0,33s |
1+k,ksk, 1+50.0,5.4
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— T()‘C — 011
I+kkik, 1+50x0,5x4

~ 0,001 s

Bi€u dién ham truyén cta thiét bi thira hanh thuy luc:
Y k(T,cp+1
W(p) = P _ p+1)
Xp) pT, +1)

O day Y(p) bi€u dién dai luong ddu ra - su dich chuyén ciia vin truot y, X(p) - biéu
dién dai luong d4u vio - su dich chuyén cta ngan kéo x.

(1)

Ta biéu dién ham truyén (1) & dang tich:

W(p) = W (p)W,(p) (2)
Y k(T,.p+1 Y |
X(p) T, +1 pPY(P) p
Trén co s ham truyén W ,(p) ta viét phuong trinh vi phan:
(Tp+ 1) y(t) =k(Typ + 1) x(1) 4)
dy

O day y(t) = py = T Ta nhan ca hai phdn ctia phuong trinh (4) v6i T, va phdn bén

trdi them Ty — Ty.
Ty - Ty + (TTOC + Toc)y =k (Tocp +1) Tucx
(Toc - T) y+ (T()cp + I)Ty =k (Tocp + I)Tucx
T,

T il |
y= k =9 x — T y
T T,.p+1
Nhung k2 =k Ky, 2 ] =k Kk k,. Khi dé:
T T
y = kikox — Kikaks (5)
Toep +1
Dé chuyén t6i cdc bién clia may (u,, u,) ta sir dung cdc heé s6 ty 1é (xem bai 471).
y=mylp , X =meuy, t=mty, m=1 (6)
Neéu thé (6) vao (5) ta ¢6:
k,k;k
m, T,p+1

Trén co s phuong trinh vi phan (7) ta lap so d6 mo hinh (hinh 340), ma phuong trinh
cia né cé dang:
R
= N R4R; u
R2R3(CR5p+ 1)

2 (8)
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Tu so sanh cac phuong trinh (7) va (8) ta ¢6:

my

m

J

R4 X
—4 = k,k, = 50 x 0,667,
R, my m,
RaRs ok kaky =50%x05x4=100 |
R,R, 1K3Ky ,
CRs =T, =01s
Ne€u chon cdc h¢ s6 ty Ié my = 66,7 cmV s ,m, = 10 cm\V''. ta c6:
R
=4 =T 500,667 =
Rl my

= £50x0,667 =5 (10)
66,7

¥

Trén co s& cac biéu thic (9) va

(10) ta chon R; =20 kQ), Ry =Ry =

10kQ2, R4 =R5=100kQ, C=1pF.

Néu n6i véi diu ra cla so dd

mo hinh dugc biéu dién trén hinh

340, bo tich phan (muc 8, phu luc

33) v6i hé s6 truyén ks = 1 s7' ta thu

dugc so d6 cdn tim ciia mo hinh thiét
bi thira hanh thuy luc.

%

Hinh 340. So do mé hinh cho bai 476.

477. Hay lap phuong trinh vi phan cfia mo hinh ma so dé ciia né duge biéu dién trén
hinh 341, & day R - cdc cdi chié€t 4p la cdc kh6i mot loai clia cdc bé chia dién dp c6 cdc hé s6
a, @, (xem bai 475). Dai lugng ddu ra la dién dp uy, con ddu vio 12 u,.

/?A‘
___..::}__..
(
e
A, A,
3 >
, — 17,
/?9
)
~ #y
S s
-

Hinh 341. So dé mo hinh cho bai 477.
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Bai gidi. Ta ky hiéu cdc dién dp ddu ra ciia méi bo khuéch dai chirc nang (u, - us) ta
lap hé cac phuong trinh:

u o u a,u
u, =-R __l,+_l_."}_.+__2._..5_. 1
2 (Rl R, R, (1)
1 u, U4
Ug=— o | %y 2 (2)
C)P[Rz Raj
1 Uq
Uy =— - —_ (3)
* Cap Ry
u
4

Néu ta loai cdc bién u,, us, us. Vi vay ta biéu dién qua u, tr phuong trinh (3) va thé
vao cic phuong trinh (2) va (4) & két qua ta c6:

Uy = CCoR;Rp%y, + G Rafs |
8
U3z = ng_ﬁi Puy.
R,
Néu thé cic biéu thic thu duge d6i véi u, va ug vao phuong trinh (1) va bién ddi ta thu
dugc phuong trinh vi phdn cdn tim cia mo hinh:
(agp” + ;P + 23) Uy(t) = ~bou, (1),

é day Ay = C1C2R2R3; o) = C2 ( R2R3 + a2R3R7R9 )’ Q) = alR‘/ : b() = R‘]

478. Hay tim gi4 tri thi€t lap cta dai lugng ddu ra u, (1) cia mo hinh ma so d6 clia né
duge biéu dién trén hinh 341 con phuong trinh vi phan thu dugc & bai todn trude, néu dai
lugng ddu vao u (t) = 10,1 (1), R, = 1 MQ, Rg = [0 kQ, o = 0,425.

Ddp so: Uy(o) =-236 V.

479. Hay lap so d6 mo hinh cua khau tich phan 1y tudng cé ham truyén W(p) = k/p,
k=145".
Bdi gidi: Khau nay chon theo so d6 hinh
342 dugce lap (xem loi giai bai 477): R >
o
Uy = ———1u,, «
2 RCp 1 ! L

a

Suyra: K=-—
Y RC

Gia st C=1 pF va R = 0,02 MQ, khi d6 Hinh 342. So dé mo hinh ciia
a=kRC=14x0,02 x1=0,28. khadu tich phén Iy tuong.

¢
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480. Hay lap so dé mo hinh ct@a khau khong chu ky bac thit nhat cé ham truyén

W(p) = k=29, T=0245.
P Tp+1
Bai gidi. So d6 mo hinh dugc bi€u dién trén hinh 343. Phuong trinh mé hinh duoc lap
(xem 101 giai bai 477 c6 dang:

[ch 1]u2 _RyR4ay .

al R]R}Gl
Suy ra:
C
T= 2= k= M_ ()
o, R{R;a,

Cédc biéu thic (1) cho phép chon cdc thong s6 clia so do trén hinh 343: R, = R, = 0.1
MQ, Ry = 0,02 MQ, R, = | MQ, C = | uF, a, = 0,417, a, = 0,242,
4 A

Il
"

=HER NS
"'1 f? _Lﬁ" T —I’z

Hinh 343. So dé mo hinh cita khdu khéng chu ky bdac thir nhdr.

481. Hay lap so d6 mo hinh khau khong chu ky bac thu nhat ¢6 ham truyén W(p) =
k
Tp+1
Ddp sd: So d6 mo hinh duoc bi€u dién trén hinh 343, Ry =Ry =Ry = IMQ, Ry = 0,1 MQ,
C=1pF, a,=0,111, a, =0,92 (xem ba1 480).

,k=083,T=9s.

482. Hay lap so dé mo hinh khau bao toan c¢6 ham s& truyén W(p) = 2—12—— =17,
Tp” +1

T=0,34s.
Bai gidi. So d6 m6 hinh duoc biéu dién trén hinh 344. Phuong trinh clia mé hinh duoc

lap (xem loi giai bai 477).

C6 dang:
RyR3R, GGy R,a
: +1{u, () =- u, (1), (1)
( Rsa, g’ 2 R,
T:JR2R3R4C1C2'1(:_ R, 2
Rsa, R,

Céc biéu thitc (2) cho phép chon cic thong s6 cua so d6 trén hinh 344, R; = R; = 0,1 puQ,
R2 = Rz = RS =1 ]J,Q, C2 = C] =1 HF, o) = 0,700, 0y = 0,863
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f
i“z.

Hinh 344. So do mé hinh khdu bdo toan.

483. Hay lap so d6 m6 hinh khau bao toan c6 ham truyén W(p) =7—l§—. k=1,

pTo+1
T =0,007 s.

Bai gidi. So d6 m6 hinh dugc biéu dién trén hinh 344 (xem bai 482). Bai vi tan sd goc
cua cic dao dong tu do p = 1I/T = 1/0,007 = 143 s 16n hon, thi mic do giai bai todn cédn
chiam c6 nghia chon ty 1é thoi gian m, < 1. D€ chuyén tir thoi gian thuc téi thoi gian mdy ty,
va nguoc lai 12 biéu thic:

T = mty.
Khi d6 & phuong trinh mau (1) cta bai todn trude thay thdi gian thuc t s€ la thoi gian

may ty cdn thay biéu tugng dao ham p = % - 12 biéu twong dao ham:
t

_d
M™
Khi d6, n€u th& vao phuong trinh mé hinh (1) cta bai todn trudc:

d
Py =m; — - mp,

dt

Ta co:

R,R4,R,C,C R,y

( 208318~ 2m12p2+1]u2(tM)=__ 2 IU]([M),

Rsay 1

Suy ra:

szl\/RzRaR4C1C2 k=- Rya, (1)

Rsa; R

Bdi vik = 1 thitachon R, =R, = 1 MQ, o, = I, ¢6 nghia s& so d6 hinh 344 ¢ thé bo
bo do dién dp o,. D€ chon ty 1¢ thai gian tir biéu thic th nhit (1) ta c6:
R,R;R,C,C
azzﬂ 2R3Ratitg 2)
T R
B&i vi hé s6 o, cdn nho hon | don vi, thi khi Ry =R, =1 MQva C; =C, = | pF biéu
thitc (2) cho phép chon:
m, = 0,1, Ry = 0,1 MQ, Ry = 0,02 MQ, a, = 0,408 hay chinh m; = 0,01, T; = 0,1 MQ,
R, =1MQ, a, =0,204.
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484. Hay 1ap so d6 mo hinh khéu dao 46ng ¢4 ham truyén W(p) = - .
T p” +25Tp+1

k=8 T=0,167s, £ =0,56.

Bai gidi. So d6 m6 hinh duge bi¢u dién trén hinh 345,

s 7
: 6
}
Ry -
> T > '
e
@,

Hinh 345. So d6 mdu ciia khéu dao dong hay khdau khong chu ky bdc hai.
Phuong trinh mo hinh dugce 13p (xem (01 giai bai 477) c6 dang:

R,R3R;5C,C R,R3R;C
a3 Rsbihy o 3R R3Rs Lo+ ] ugz—aleul,
o, Re o, R4Rg

T d6 ta tim dugc:

T= . k= (1)

R2R3R5C1C2 _ G3T aOLle
0o,R¢ 2R,C,’ R,

Cac biéu thitc (1) cho phép chon cdc thong sd cla so d6 trén hinh 345, R; =Ry =R, =
Rs=0,1 MQ,Ry; =R =1MQ, C, =C, = | MQ, 0, =0,371, a3 = 0,670.

485. Hay lap so d6 mo6 hinh khau khong chu bac thi hai ¢6 ham truyén:

W(p) =

2% + 28T L E=2,14k=43T=12s.

v+ 20 Tp ]
Ddp s6: So d6 mo6 hinh dugce biéu dién trén hinh 345, R, = R, = 0,1 MQ, R, =R; =

Rs=Rg=MQ,C, =C, =1 pF, o, =0,214, o, = 0,695, a3 = 0,357 (xem bai trude).

20.2. LAP SO PO DE MO HINH HOA CAC PHUONG TRINH VI PHAN VA
CAC HE TU DONG TREN CAC MAY TINH DIEN TU
486. Hay 1ap so d6 mo hinh dé giai phuong trinh vi phan tuy€n-tinh:
(opp” + cypt + cyp? + cap® + 0 + t5) ¥(D) = byg(t).
O ty l¢ thuc cha thdi gian va d cdc diéu kién khong ban déu.
Bai gidi. Ta biéu dién cac bi€n y(1) va g(t) cla phuong trinh ban ddu thanh cédc bién
tuong tng nhd cong thic:
y =myUs
gU- (1
Néu thé (1) vao phuong trinh ddu, ta cé:

g=m
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5 4 3 2 My
(agp” + 0P + 0P + 03P + Cyp + Og) Us(t) = —= byg(l) (2)
m
y
Ta giai phuong trinh (2) d6i v6i dao ham cii:

5 &y a o2 3 O3 2 Oy
Pus (t) = —p'us— —=pus— ——p°us— —pus =
b5 Qaq Qg Qg
o m, b
Gy my

y
Theo phuong trinh (3) ta 14p so d6 mo hinh (hinh 346). So d6 mo6 hinh dugc lap trén
CO s& sau:

Theo phuong trinh (3) dao ham cao (nam) clia bién us bang téng cac s6 hang ty lé dao
ham thdp va chinh bién ug 1y cdc ddu nguoc va dai luong ddu vao u. Ta gia thiét rang &
diém B hay & diém téng t4t ca cdc bién cé dao ham cao (p’us). Khi d6, néu méc tudn tu cic
bo tich phan 1 - 5 & cdc ddu ra cla ching s& thu dugce cdc dién dp ty 1& v6i dao ham thdp
tuong ung va chinh bién. N&u cho ring cic bé khuéch dai chitc nang thay déi dau tin hiéu
d4u vao thi cdn thi€t mac vao bo téng 6 d6i véi su thay déi ddu cic dién dp ty Ié véi cac dao
ham duong p’us va pus, 14y tir cdc bo tich phan chdn (2 va 4) bo tich phan 1 déng thdi thuc
hién ¢4 chitc ning ham t8ng.

Dé xdc dinh cdc thong s6 ctia mo hinh (cdc trd dién cta cdc dién r&d R, - Ry, va céc
dién dung tu dién C; - Cs) ta tim phuong trinh mé hinh. Do d6 ta 14p hé cac phuong trinh:

1 ( u Us U.3 Ug Ul J
Uy =-— —+ + e
Cip(R; Ry Ry Ry Ry
_ I u
2T T T T T
Cop Ry
I u
Ip ’ ? (4)
u
AL
Csp Ry
u5 ::—._1__ui,
Csp R
Uy Uy
u6 = R12 (—+—“j
R(, R7 }
Néu giai hé phuong trinh (4) d6i vdi bi€n cdn tim us ta thu duge phuong trinh mo hinh
0 dang C1C2C3C4C5R8R2R3R4R5p5 + C2C3C4C5R2R3R4R5p4 +
R R
+ E§— . —'—!2“C3C4C5R3R4R5p5 + 8 C4C5R4R5p2 +
Ry 6 Ryo
R R
+Ei-5£c5R5p+ gty =—- =2u () (5)
Ry Ry Ry, R,
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D4u trir & phan bén phai phuong trinh (5) xudt hién do khi m6 hinh hoa ta s dung s6
liéu cdc bd khuéch dai chiic ndng (ndm) duoc méc vdo mach truc ti€p. pé phuong trinh (5)
hoan toan tuong \ing phuong trinh ban ddu dai lugng ddu vao !a dién dp u - cdn téi ddu vao
ctia mo hinh qua thiét bi dao mach, ma so dé clia né c¢6 & phu juc 33.

[/ [2 5\} (.!; [
Ay A Al A s
A A L A IS A I U A IS
4 4 |— -— —¢
v ey i ——a | _l_j :i:
— A
R R
i H
2 = £,
3 =17
r’:)“ ) — 3}

Hinh 346. So d6 mé hinh cho bai 486.
N&u so sdnh céc hé s6 & cdc bién va cdc dao ham cua phuong trinh (5) véi cdc hé s6
twong Ung cua phuong trinh (2) ta ¢6:
CiCC3C4CsR4RyR3R4R s = . \
C2C3C4C5R2R3R4R5 =y,
R; R
el C3C4C5R3R4R5 = Uy,

Ry R

Ry

Rl() C4C5R41{5 = 3, > (6)
Ry R

_Ii: T{—U‘CSRQ = Oy,

R

—B. _

R, =%

R, _m,,

Sau khi chon cdc hé s6 ty l¢, cac phuong trinh (6) cho phép tuy ¥ chon cdc thong s6
clia mo hinh & céc gid tri cdc hé s6 da biét cua phuong trinh ban dau.

487. Cic thong s6 clia mo hinh trén hinh 346, thay déi thé ndo, néu phuong trinh vi
phan tir diéu kién bai todn truéc gidi & muc d¢ chdm hay nhanh?

Bai gidi. D& chuyén tir thyi gian thuc t t6i thoi gian mdy ty va 1dy ngugc lai phuong

trinh:
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0 day m, - ty 1é thoi gian khi m, > 1 mitc do giai cita bai todn nhanh con khi m, < | -
cham hon.

Khi chon m, # 1 muc d¢ xay ra cdc qud trinh dugc biéu dién bai phuong trinh vi phan
ban ddu, c6 nghia & phuong trinh moé hinh (5) clia bai todn truéc thay thoi gian thuc t s& la

. - . . . . d . s
thoi gian mdy ty, cdn thay biéu tuong dao ham p = dr - bang biéu trong dao ham py, = a%“ .
M
Khi dé, néu thé vao phuong trinh (5) clia bai toin trudc:
d
PM = m, dt =mp,
Ta cé:
(C,CyC3C4Cs + RgR3RRsm”, p° + CyC3C4CsR,R3R R m* p* +

Ry R R
+ ﬁ: ﬁf CyC4CsR3RRs m? p? + ﬁ C,CsRRs m?p? +

R; R R R
+ ﬁj T{L‘]z C5R5m( P +‘§-IBI-) USTM = - ﬁ? U([M).

Tirso sdnh cdc hé s6 & cdc bién va cdc dao ham cla ching cla phuong trinh thu dugce
véi cdc hé s6 tuong ting cla phuong trinh (2) cta bai todn trude ¢6 dang:
-5
C]Cz + C3C4C5R1R2R3R4R5 = Qgim 7, \

C,C;C4CsRyR3R R = oym, ™,

%: %L: C3C,CsR3R4Rs = am,?,

Rﬁfg C,CsR4Rs = azm, 2, >

%: %vaCS Rs = oym,, (2)
R = b y

Tir cdc biéu thic thu dugc rd rang ring khi gidi bai todn & mic d6 chdm (m, < 1) céc
gid tri cdc tu dién C; - C5 clla mé&u trén hinh 346 cén thiét tang, con & miic do targ t6¢
(m, > 1) thi C, - C5 giam.

488. O dang tng quét hiy 1ap so d6 mo hinh clia hé theo di, ma so dé nguyen Iy va
so dé cdu tao cia né duge biéu dién trén hinh 22, cdn cdc théng s6 va cdc phuong trinh clia
cdc khau rieng biét cho & diéu kién bai 38.

Ta bién déi so dd c4u tao clia hé theo ddi (hinh 22b). Ta chuyén bo téng | 16i déu vio
clia khau trudce va ta bién déi hai khau cu6i ciing clia mach truc tiép & két qua ta thu duoc so
do6 cdu tao dua ra trén hinh 347a.
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pa [k, I

R, Ry
b) h —/ kT Cs
- Re T.p+1 __"_Cw_ Tp+1 ___"'22_' -:;—1 __"___
R1 Rz R3 R4
— - &
T D irne=aa rina=xs Pgiracms >4 0y
LL4 1 L L 4 4 l _1_
o
u, Ve L} -
R5 kﬁ R3
s > " 1,0
- "_D_Ll—(:)J
1.0

Hinh 347. So dé cdu tao (a) va so dé mé hinh (b) cia hé theo déi.

O heé theo dai nay ta chia ra ba dai lugng vat ly: géc quay, momen tai va dién ap. Cic
ty 1é d6i v6i thoi gian m, va d6i v6i dién 4p my, ta cho bang 1 dom vj cdc ty lé theo géc va
moémen s& chon tir cdc biéu thite:

My =mpyuy
3 =mgu

(1)

Pé chuyén tir so d6 c4u triic chia he theo ddi (hinh 347a) t6i so d6 mo hinh ta st dung
cdc mo hinh cdc phdn tlr cdc so d6 cau tao clia cdc hé ty dong (phu luc 33). O két qua thay
cdc phén tir cha so d6 cau tric (hinh 347a) bang cdc phdn tlr tuong tng cia mo hinh (phu luc
33) ta thu dugc so d6 mo hinh hé theo déi (hinh 347b). Trén co s cac ty 1é ldy trén so do ta
ky hiéu cdc m6 hinh tuong &ng so do c4u tao cua hé theo déi cha cé.c gid tri dién ap:

“ l " l * 1
ul=———9[; u2:-—~—-92; U =U; — Uy, UH=_—MH;
My My My
U3 =1Uu, Uy =Ug; Uy =Uy; Uy=Uj; Us= ——Ppa (2)
Mg

Theo cdc cong thitc ctia phu luc 33 ta x4c dinh:

’ R R
2 3
(3)
R ]
CoRy =Ty, ——=ky —2-TM X
C3R4 i R5 mS }‘(1
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O céc gié tri s6 cdc thong s6 da bist clia he theo doi va khi chon cdc hé s6 ty 1€ cha
cong thitc (3) cho phép chon cdc théng s6 mo hinh (cac trd dién cia cdc dién trd R - Ry va
cac dién dung tu dién C; - Cy), khi d6 bing cach thay déi gid tri cdc hé s6 ty 1& & cac gidi
han cho phép ta lam dé bai todn chon cic thong s6 mo hinh.

489. Hay lap phuong trinh m6 hinh dugc biéu dién trén hinh 347b déi véi gia tri ddu
ra u, theo céc dai lugng ddu vao u’ va uy ¢6 tinh dén cac hé s6 ty 1é dugc 14y khi giai bai
todn trudc.

Ddp s6:
R.R,;R
C,R-p+1NC,Rep+1)p+ 62778 lu,(t)=
{( 1% 7P )( 2kgDb )P R,R2R3C3RJ 2()
R«R+R . my R¢R
= T8 uj(t)- M9 (C,Rop+ Luy(t)
R,R,R;3C4R, mgRsR;3C3R,

490. G dang téng quat hiy 1ap so d6 theo dbi role léch v6i hé theo dbi, ma so dé cia
né dugc biéu dién trén hinh 22 thay b6 khuéch dai tuyén tinh bang bé khuéch dai role cé
dac tinh va cdc phuong trinh cua tdt ca cac khau tuyén tinh con lai & diéu kién bai todn 38.

Hinh 348. Pdc tinh tinh (a) va so dé mé hinh (b) cho bai 490.

Pdp s6: So d6 mo hinh clia hé theo ddi role duge biéu dién trén hinh 348b. So d6 mo
hinh ctia bo khuéch dai role 14y tir phy luc 34. Khi d6 ta 14y U; = Uy = UY;, Us = Ug = UY,.
Chon céc hé s6 ty 1é va cdc thong s6 ctia cdc phin tir tuyén tinh cta mo hinh duge dua ra

trong 1ot giai bai todn trudc.
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491. O dang tong quit hdy lap so d6 mo hinh cha hé th=o ddi phi tuyén khic vdi he
theo ddi ma so d6 cua nd dugc biu dién trén hinh 22 bing <4«ch thay thé€ bd khuéch dai
tuyén tinh bang bo khuéch dai role ¢6 dac tinh tinh dugce bi€u ¢idn trén hinh 348a. Ngoai ra,
cén thi€t tinh moémen phy tai My tir luc ma sdt kho My = M[’H si;gn€2 (xem hinh 337b). Cic
thong s6 va cdc phuong trinh cdc khau tuyén tinh cho & diéu kién bai 38.

Ddp s6: So 46 mé hinh ctua hé theo doi phi tuyén c6 bo khwéch dai role va c6 tinh dén
anh hudng clla mémen tai tir luc ma sat kho dugc biéu dién trén hinh 349, xem bai 474 va
490.

‘;
R, <
1d
1d

HA

Hinh 349. So dé mé hinh cho bai 491.
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PHU LUC

1. Biéu dién cac ham thoi gian theo Laplace va Carson - Hevisaid

Bdng P.1
TT Nguyén géc Biéu dién Laplace Bicu dler? K‘arsonl-
Hevisaid
l J—
1(t) D 1
n! n!
2 " n —
p +1 p
3 e ™ L .
p+o p+a
_1_ ot 1 ].
4 a(lue ) ——p(p+a) h+a
e ¥ — P 1 p
’ s G+DG+B | (rae +p)
§ G-a)e™ - (-pe™ p+d P(p+d)
B-a (p+a)(p+P) (p+a)(p+P)
1 . Be ™ — e P! 1 1
! of ap(B-a) p(p+a)(p +B) (p+a)(p +P)
) d-a —at
—+ e 4
af oo ~P) p+3d p+3d
8 N 85— o plp+a)(p+PB) p+a)(p+P
B(B-a)
1 . 1 p
9 —ism At ol A Y
8T +A% .
—————sin(At + @) 5 .5
10 7y p’+ A2 p’+ A2
@ = arctg 3
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Bdng P.1I (ti€p theo)

Biéu dién Karson-

TT Nguyen géc 18i#u dién Laplace o
Hevisaid
I o S S P
11 A€ sin At (P+7) + 1 P+ + A
1
Y (6 - y)z + 22 &7 sin(Mt + 0)
12 —P*+5 —p
0 = arctg A (p+y)2+ A% (p+7)+A
3-y
L ., ! e~ sin(ht - @)
YR Ay a2 1 1
3 ) pl(p+7)" + 4] (p+7)+ A
¢ = arctg —
) N 1 .
(AR S W NPT
/ - p+d __p+8
14 X {0 — ,Y)2 + }\«2 e“Y‘ sm(h + (P) p [(p + .Y)Z + ;k2} (p + ,Y)Z + 12

= arct L—arctg—l—‘
¢ 8 5.1 ¥
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&n déi Z cia ham thoi gian

o ; Bién déi Laplace e e e LA (f
N= Nguyén goc (F1. (p) Bién d6i Z F (2) Bién déi Z 1am bién tinh F(z,
L+
1 Z Z
1 1) p z-1 z-1
1 Toz Téz  oTpz
2 t ) ) 5 A
p (z-1) (z-1)* z-1
X 1o 1 T2z(z+1) Tz +(1+20)T§z+(c"r0:
2 P 2(z-1)? z-1)° 2@-bHF  2@-
_' 1 Z aTo Z- d°
at L d=
4 € p + QL Z -d’ d ¢ Z - d
5 et 1 _Q-dz 4 _ 0T z z-d°
- € p(p+a) (z-1)(z-d)’ z-1 " z-d
. _ B z sin BT, 22 sin aPpT, + 2sin 08Ty o _
sinft P+ B 22 -2zcos BT+ 1 Z-2zcos PTo+1
p 7} -z cos BT 7* cos oPpT, + z sin 6Ty
7 cospt (@ +B) 72 -2z cos BT + 1 72 -2z cos BT+ 1
Ao x d sin BT, o | % sin o T, + d sin 8
8 e'sinf (p+a)+p 72 -2zd cos BTy + d? z 7% - 2zd cos BTy + ¢
at +a 2! - z2d cos BTy & (z sin 6f3T, - d cos &f
9 e cospt (n+a + R 7t -27d cos BT, + d? z 72 - 2zd cos BT, +




3. Dac tinh tan s6 pha Iogarit tiéu chuin ciza khaw khong chu ky bac thi nhat
(hinh 350)

(T}, dj
? -9~

é

{
-50 ; : /
] L/ |
a0 iy ’
A ‘

-44 :
_ il
3 v

R
|

vl

-7 [ ¥
L‘ [
7 T

T
! ! it | 7
QA0 QR0 07 G | 2 46 0 20 Wit

|t

Hinh 350

4. Céac dac tinh bién do - pha logarit tiéu chudn cia khau dao dong (hinh 351a va hinh
351b).
Lew])
@ ]
20 —

10

I

N
-— \
a0 N

N

40
q7 gz 47 g4 46 08 10 : 3 4 6 81T

Hinh 351a
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(,0(&17}. &75

" ! t .
-180 ' | O
-140 |
=150 | | -
I || l B
) .* o0 |
-5‘7 / 1 /;'],U\ L4 T
& 04 H,QIZ\(?‘:\ /j_/f‘/”  £=005
> — 1
40 > }ﬁﬁfﬁ o1 L
2 légéééﬁ I~ MR
0 e (dp 3l 025 1 BEEEl
a1 4; 03 84 86 4510 S A
Hinh 351b

5. D6 léch D.B.P tiém can cita khau dao dong véi diém (hinh 352)

AL{(uT},df
/4 :
, : T
19 . /] f 405
6 QL
14 .5 | !
0 ERRY /A m
) //0’ K 4
6 '/, %ﬁ%\\\
4 /,/,_/0' J \\
2 /f/C ﬁ\\
I D ol B cot ¥ P - o
g ) 1“\"‘\$F N |
NNV /
:; | N/ %-10
g/ gz 4 G4 g8 48 10 Z J 4 &5 4 /;_7
7
Hinh 352

6. Tiéu chuan 6n dinh Gurvixa

Heé diéu khién tu dong tuyén tinh HDT dic trung da thic bang:

D(p) = aop” + a;p" '+ ayp
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Va o > 0 én dinh néu ngoai cac dinn thaie chiinht ma tran duiong:

Ay =[a,|>0,
oy oy |
Ay = e
a() (12
|
o) Oy s
Ay= 3550
0 oy ay |

An :an'An-I >0

Biéu thuc cu6i ciing din téi bat dang thuc o, > 0 bdi vi dinh thic trude A, > 0.

Cic truong hop riéng cha tieu chudn on dinh Gurvixa,
DD (p) = agp + a
Céc diéu kién 6n dinh o, > 0, o) > 0.
3)D(p) = a0p3 + o p2 + 0y, + O3
a; >0, o, >0, a;>0,a3>0, a0 - apdx> 0.
4)D(p) = agp’ + op + 0P’ + asp + iy
Ci4c diéu kién 6n dinh:
ay>0,0,>009>0,03>0, 0,>0,
o3 (0 0y — Qy03) — a4at2 > 0.
5)D (p) = atpp” + 0 p’ + 0P’ + 05p” + 4D + s,
Céc diéu kién 6n dinh:
0p>0,0,>0,0,>0,03>0,0;>0,05 >0,
o0, — agas > 0,
(0, 0ty — OlgLa) (O3l — Olplts) = {0ty 0t = yts)” > 0.
6) D (p) = agp® + o,p° + aup” + ayp’ + ayp’ + aAsp+ o
Céc diéu kién 6n dinh:
o;>0,0,>0,0,>0,03>0,0y>0,05>0,0>0,
o (00 — o) — ay (o oy — agas) > 0,
(a0t — Cg0i3) [0t ( Otgltyy = Cptts) + @ (20 a5 — 037)] +

3.2
+ (a;a[; -~ a0a5) [(1](13(16 ~ Qg (0(1(14 = Uity )] -0y Qg > 0.
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7. Do thi Vusnhegratki véi cac duong dao dong tit dan bang nhau theo phan tram sawm
1 chu ky

0 7 z J A
’ [ HEEEN Ving qué trinh |}
I / jL lf Ving qué trinh y, khong chu ky
don diéu -~
' | P
| / 2
2
P L1 y
a8 IR\ \\
\\\‘“\ t B e s Vung qué trinh
tudn hoan hoi tu
20 A / C LA g=952
' ANANY e IS Y
NS = e
\\\‘ N \\&\'\ :.""‘ _/:7,"‘ ﬁﬂ:/o
7-0 \% = — [ y”‘ 507%
] B L—+—1 7= 40%
R 1 ' n=30%
——
7=10%
. N = J%
0 10 20 0 4w 7 707
Hinh 353

. 5 a ‘s 2 N e
8. Do thi Vusnhegratki c6 cac duong bac on dinh tiéu chuan bang nhawn h, :hv-‘)—
Qs

V.4
7 £
i =01
l[ gt h’ UM’——ﬁ
7 f
/ Vi
I 1/
g /
| / —
i 4 1
=04 It F
sHi [ B ] Zd
R
4 \\‘ »fgfﬁkj;/g Ef-{ﬂl z //
g A o7 *
l /.,,;a :f///'%ts t“’// /h-"a /
1’-; [:/ 7 /r
W& s
\ =
N T
i i O
1/ Z 4 g ad 7 7 A
Hinh 354
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9. Cac diéu kién ban dau tuong duong ¢ hé dié¢u chinh sau tac dung ham bac duy nhat
t6i no. Phuong trinh vi phan cua hé:
(agp” + o p" ' o) Y1) = (bgp™ - BypT L+ L+ by) g(1).
O day y(1) - dai luong ddu ra, g(t) tédc dung ddu vao y.,, V.o Yy D cac didu kien

ban dau c¢é vi tri tryc ti€p trude phu luc ham tdng duy nhit; v, ¥ 10s--- yf{,‘”- cic diéu

kién ban ddu c6 vi tri truc ti€p sau phu luc ham tdng [ don vi:

.o o ( ot 1)
Yeo=Yos Yi0=Y-0- Y,::) T = y Iz) e
b
{n-m} - (n- m) 0 .
Y0 Yoo —. 1
a(,
oL -2 ]
JAn-m+l) (n-m+l) __l 1 |, (n- ,n m)
)+0 =Yoo 1= Yio =Y
ap aq
(n-m+1i) - n-1) bm 1 A [ {n—m) (n-m) | _ [ (n-2) (n-2)
Y10 Y oo+ . 1= Yo  —Ylo Yo —Y.o
0 0

19. Cac nghiém cda cac phuong trinh vi phan cung loai bac nhat thir hai va thia ba

Bdng P3
Bic cac Céac nghiém thuc Cac nghiém géc
phuong
trinh
| X = Xge — 0t -
2 |x= A +AeT X = (B cos At + Csin At) e™
A, =_22X0 .4 _oXg+uy  (B=X
'm0 o, Axg +
oy =0y oy =0y C= Mot Yy

A
3 x=Ae M+ A,e @ £ Ase™™ |x= Ae”' +(Bcosht + CsinAt)e™

2 42
Al = Ua03Xg +(°‘1 + 03 )Uo + € A= (Y + X }‘o +2y0 + &g
y = =

(0 —ay)(o; —ay) (*/—a,)2+k2
A = o x3Xg +(°‘1 +0‘3)U() t &y B al(cxl —27))((, +2yVy —¢€
2 - =
(o —otg oy —ay) (y—a;)2+7»2

A :a|a2x()+(al +05 g +£q a,(lz—yz~ya;)x(,+(0L,2—y2+7&2)u(,
! (e —as)(ey —03) C=
A~[(Y"°‘1)2+)~2]
‘ (o - v ke ,
- +12]
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Chii thich: O day «a, ay, 03 - cdc gid tri tuyét d6i clha cdc nghiém thyc khong chia
chdn y va A - cdc gid tri tuyét d6i clia phén thuc va phdn 4o clha cdc nghiém phiic; x, - gid tri
ban ddu cia ham nghién cttu; vy = x’(0) va g, x’’(0) - cdc gid tri ban ddu cia tdc do va gia

t6¢c ham nghién ctu.

11. D6 thi dé xay dung dic tinh tan s6 thuc clia hé kin theo dac tinh bién do pha cua hé
ho (46 thi tron thuc)

N Jhe),

1100

Hinh 355

12. Cac dudng cong dé xac dinh thoi gian chia qua trinh chuyén ti€p va diéu chinh lai
theo hé sé goc cua dic tinh tan so thuc hinh thang (hinh 356)

CUCJI? d-% (u;!,,
2t
20y =
gy 5t
Vs
4r 0
4r Fd

0 gz g« g5 48 10

Hinh 356
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13. C4c duong cong dé xac dinh thoi gian qua trinh chuyén tiép va diéu chinh lai doi
v6i dac tinh tan s6 thuc co gia tri cuc dai

6 4l

59t S

P
(ni g

mer

7 14 14
Hinh 357

14. Phu thuéc d6 du trit yéu cau theo pha vao mdédun bang dexiben ¢ cac chi so dao

dong khac nhau

Dy trir cho pha

g0° —_
|t
dﬁo ’D /’_ e
° v = 1y,
60° - =L
i o // / /:\\\/gl:\ \\_
40° /// _\“\\\\’3_ \'/CQ
W7 NI N N\
Jo Y o =5 \u-
| / / N Y \
N/ /4 NNV A
lil! RANRIEL
-5 -4 -2 0 2 4 6 6 1 1 1K K 1 0 i
Médun theo dexibel
Hinh 358
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15. D6 thi d€ xay dung dac tinh tan sé thuy theo cac chi s6 chat luong da cho

x =07

1 1 1 1 L L

——*————-5—-—--40..

dge°
7q ¥
60
50+

Jgor |
wl |
70t

1 i { [l

AR% 60 50 40 30 20

Fres

1
0 aq
70

a5 qs g 12 14 Fintan

l
ey
92144
%

20
a0
4

Q6 48 10 12 14 Fpqrw)

v v v T L]

T T
T N, 5
U <
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16. Tim danh gia tich phan binh phuong

o
[= J'xzdt
0
& day x =y, - do 1éch dai lugng diéu chinh vio g:d 1 xdc 18P Y.
Biéu dién dai lugng diéu chinh theo Laplace duoc b:éu dién & dang:

by+bp+...+b_p™
() 1P mP _1_ (n>m)

Y(p) = -
a(,+alp+...+anp P

Khi dé dénh gid tich phan c6 thé tinh tir biéu thie:

[ = 17 (ByAy + B|A, +..+B_A_ -2b,bA)
2a,A
Dinh thic A dugc tinh nhu sau:
ag, —a5 ay —Ag 0
0 a -a3 as..0
Az 0 -2y A, 4.0
0 0 -a, Agerinn 0
0 0 0 O A
Thit A, (v =0,1... m) - dinh thic thu dugc tir A cot thay thé (v + 1) bang cét.
a;,ay...0
Cachés6 B...... B, dugc tinh nhu sau

Bn = me
17. Cac cong thirc d€ tinh mat 4o phé
Tich phan c4n tim dugc biéu dién ¢ dang:

Glim
b= 5 Aom)—(JAz-md“’

& day A(jm) = ag(jo)" + a,(jo)" ! +....+ a,
G(jo) = by(j) ™2 + b,jo)™* + .+ b,
Pa thirc G(jw) chi ¢6 s6 mi chdn jo. Da thiic A(jo) cdn ¢6 nghiém & nua mat phang
bén trén, diéu d6 tuong ting véi hé on dinh. D&i véin=1:
I, = _1_+JCf bodo  _ Dby
27 _wla(,(jco)z +a,] 2a0a

P61 vain = 2:
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~b
T [b(,(jm)zwLb,}qu _ 0 a,

12 =
2a)a,

-
T lag o +ajo+as]
D6i véin = 3:
e LT b (i2)* +b, () + b, o
: 2n

~fao o) +a (o) +tajoa
bsivsin=4
17 o) +by(o) +by (0l +bipo

2n ., !ao(jw)4 + al(jco)3 +a2(ja))2 +a3jw+a4,

4=

agby
b()(‘ala4 +3233)—3033b1 +aga, b, + “z‘“(a()az “3132)
4

2a (a0a§ + a,za4 - a,a2a3)
18. Céc ham truyén tiéu chuin ciia hé ho

Céc ham truyén déi véi cdc s6 mil n khdc nhau cua phuong trinh vi phan duoc dua ra ¢
bang P4.

Bdng P4
Miic do
vO hudng n S, % K W(p)
2 5 | So %
1,4 p? + Ldwyp
3 g | Gl
2 3 o) 2 ) 2
P’ +204p° +2w;p
4
4 10 S - 3 " 2.2 3
2,6 p? +2,6w0p” +3,405p% +2,60)p
2,504D + 02
2 10 o ———“i L
p
] 0 2(2)_ 6,303p + o3
1 P3 + 5»10)()132
4 10 w3 Rolp+of
16 p* +72w0,p" + 16w3p?
5 10 w3 18wip + o}
38 p® +9w,p* +2903p? + 380 p?
; 0 N, 25w3p + 0
73 p6 +11m0p5 +4303p° + 83(0?,p3 +730yp?
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U ching ¢6 thong s§ o, xdc dinh tde cung nhanh <G ¢ cdc dac tinh chuyén ti€p
(rong tng vér ham truyén nay duoc dua o trér hinl 360 B didu chinh lai 0% duoc dua ra

¢ dang bang.
hit)
12}
14
4é
46
a4 t

de

<
SN
T
A
<y

G
%

Hinh 360. Cdc ddc tinh chuyén tiép neong ting véi céc ham truyén tiéu chudn.

14
jz‘ iy £)

/% ‘/&J, -
- o
e W = o e g

ORI, SIS

~

g

|
!
I
il
17
/
y

a / l J wy ! #

Hinh 361. Cdc ham chuyén tiép doi véi P.B.L ciia dang déi ximng.
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L dién hinh tuong tng dé du trir 6n dinh da cho dac tinh bién do loga doi xing dién hinh

B

Céc hang s6 thoi gian 6 v

Ham truyén Dang Loai D.BLL Tan s6 |[T4n s6 trung tam v cao tdn
ctiia hé ho b.B.L - casd | cat M6i lien he vai | MGi liés
tdn s6 cd sO tin st
g /
K(L+ Tap) ‘N) T K| KT,
1 c Nl  10-1-2-1-2- e
(1+T0PX1+T1P)H(I+TiP) y ]1 f]:)t, f 13 ‘,40.) 0-1-2-1-2-3... T,T, | ToT,
i=3 v 7 e
‘ A !
J
1
T, = A M Ty, 2 —
Wy M-1 o,
p(1+Typ)[ [(1 + Tip) 1-2-1-2-3... T, | T
i=3
— 1 m-—
. -1-2- T, <« YNNI <
PZH(1+TiP) 2-1-2-3... \[IZ KT z ' 0w, M+l Z e
1=3

M - chi s6 dao dong. Déi véi D.B.L déi xing dién hinh, n6 bang M =

m+ 1

n
m__l 6déym=T2/ZTl

1=3



b.B.L. khong

Cac hang s6 thoi gian

~ Ham truyén cta hé ho Dang D.B.L Dang BD.L , T R
| & trung tan va cao tan
7
/
" —?\\
n i ¥ N~
(+Top)[ 10+ T.p) 7 0-1-2-3...
A/
2 2
R I Vi ¥ Y
P Wy 2
K
PI10+7,p) 123
=1

1ic dua ra & day déi vai ZTi la gan diing , né cho ca do chinh xdc & M < 1,3. Ham nay 1a chinh xdc 6 M = 1 vi

n=1vaM batky.



20. Cac dudng cong tiéu chuan cua cic qua trinh chuyén tiép déi véi D.B.L dién hinh.

A. Céc dudng cong cla cdc qua trinh chuyén 1i€p & tic dung ddu vdo ¢ dang ham ting
g(t) = go - KO.

1. Trudong hop D.B.L d61 xing (phu luc 19 bang P5) hinh 361.

Cac dudng cong duge tinh d6i véi D.B.L loai 2 — 1 — 2 nhung vét dé chinh xéc cao
biéu dién cdc qud trinh chuyén tié€p & trudng hop tat ca cac dang D.B.L dugc dua ra &
bang PS.

2. Truong hop D.B.L khong do6i xing (phu luc 19, bang P.6) hinh 36.

Y Xz

AR

- é%w;ﬁ

45 %

4

———

Cay

9 /72 J 4 5 6 7 8 34
Kl

Hinh 362. Cdc qud trinh chuyén tiép doi véi
D.B.L dién hinh cita dang khéng xiing.

Ciac dudng cong dugce tinh d6i véi D.B.L loai 1 - 2 nhung thyc t€ phl hgp ca doi voi
P.B.L cdc loai con lai duge duva ra & bang P6.

B. Cic duding cong sai s tao lai tdc dong tuyén tinh da cho g(t) = at. 1(1).

1. Trudng hop D.B.L d6i xiing (phu luc 19, bang P.5).

Céc dudng cong dugc tinh todn cho D.B.L loai 2 — | - 2, nhung thuc t€ cho ca b.B.L.
loai con lai dugc dua vao bang PS.

2. Trudng hop D.B.L khong d6i xing (phu luc 19, bang P.5).

Cic dudng cong duge tinh cho D.B.L loai 1 - 2, nhung thyc t€ cho ca D.B.L loai con

lai duge dua vao bang P6.
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au hiéu chinh cic dong dién khong doi

y d6 khau Ham truyén clia bBl
. . L . T, T, Gy o
éu chinh khau hiéu chinh tiém c
1+T,p I !
| _
0 R,C Ry Ry
1+T,p 11 1+ 1+ -0
? R, R,
4 L
a7 17,
G 1+Tp Ry + R, Ry ﬁ__l_j;_
0 1+T->p RyG R, +R, +R; R, +R, +R; D5, ] g
T
l
’?/ |
&
1+T,p R
¢ 1+— T,
% ’ 1+Tp ( +R2j i} R2Ca l




6 khau hiéu Ham truyén clia T T o b.BL
chinh khau hiéu chinh : 2 0 tiém can
-D-:L———f { } z /
’?fc_ (RoR; + RyRy+ £ VAN
2 1+T,p R,R, + RyR, + R 7 ! '
ola]) “ o R RRE “ —
1+T)p R|R,) C;x Ry +R; +R; / M_
. 1
., (Ri+Ro+Ry)" 009Gy !
A
L
Jil__, o VA
7 (1+T,p)1+Tap) 2 A if; _‘K
A R, > I {
e “ 1+{T,(1+R—:J+T2Jp+T,T2p- R,C, R,C, 1 ’ i N :
i
z
_“’._.‘ G, (1+T,p)1 + Typ) Ry
— v (1+Ap+ sz) RiG R2Gy Ry +R, +R, |5 ro2 L
A -lf |7; l?l 'E
T ol 4
(Ri+R0XR1C1+R2C2) R\C,R,C, (R, +R,) . 1 |
] 4z A= + B= 2 + f \_W
e Lo R, +R; +R; R, +R, +R, ﬁ%r&? —
2 1%
+ (Ran +R,C) +R|C2)C2 + RyR,R,C,C,

R, +R, +R,;




yau hiéu chinh c6 dong dién bién déi (khau dang T kép)

Céc ham truyén cua khau

M@i lien hé giira cdc hang thoi
gian thong s6 va hang s6 thoi

Céc diéu kién ton tai kb

So do
gian theo dudng bao
 dang T kép L2 | -
Thong 56 Ty Ipwy TOy
yi: A(p) T, =Gy oy TpX +2X + opTh <x <
W i U, ) 204 (1=G) IS I
EEJ—-—-C:EI—ﬂ 5 day T <2 . | oy Tpoy TOH
P G 277 P [z
26}1': IR Ap) = T, TyTap + T5(S+ TP’ how XOn 210y —(DHTD(I*r -0
2 X —
_ &z +(T1*fﬂ51)P+1 , Sy = ——— + —— =T, 4 4t T
2., &:ﬁzcz E:}?J% B(p) _ TlT:T’_\pJ + T'_ (S: + T_’:,)p_ Wy lD Wy - ,I‘D = TlpOn
SRy S27F2¢5 + To(T, + S, + TP+ o2 2 b g r
(T, +S, +Tp+ 1 OfT wht, OuX 2ty — oyl D(] -1
- ~ , < " )
}‘heo dudng bao Gy = T 4 dr _ TTD(O%;
U, (9) L+ TpiQ2 | Tp Tp
TN TN T
U, 2 1+ 102
(59) j ret L Gps——.¢
Dy Tpoy
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Hinh 363. Sai s¢'tdi tao lai quy ludt tuyén tinh
doi vai B.B.L c6 dang doi ximg.

20
7

15 /\\ M=l5

™
M/ a NN _
' A=1F /’/":./“%Q/ /

Z

45

AL
g /72 3 ¢ S5 &7 & 9 4N

Hinh 364. Sai sé'tdi tao lai quy ludt tuyén tinh
déi véi B.B.L ciia dang khéng doi xing.

Bdng P.9. Chon cic thong s6 clia khau

2,5 5,0 7.5 10 15 20 30 40 50 60 oo
Bé
r(f)ng +-f—H— it{- +f—H +ﬁ'*_ +fi +_f_"_*_ +f_H +f_H +f_H +f_H CC)ng
diitdn | "25 | S50 | 75|10 | 15| 20| 30| 40 | “50 | 60 | hudng
s, Hz
o 0,758 0,553 0,486 |0,453 {0,420 {0,403 |0,386 {0,378 |0,374 {0,370 |0,353
Gy 0,226 0,110 0,077 |0,052 {0,034 {0,025 {0,016 {0,012 {0,009 [0,008 |0
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Khi lap bang nay, cho rang C; = C, = Cy = C. "¢ s¢7 truveén & tan s6 mang G, cdc dién

tro dugc tinh theo cac cong thiic:

o
Ry = 0,C"
|
Ry = 20,aC

‘ !
Ra= OJHC\/E

Tan $6 mang oy = 2nfy.

23. Chuyén cac phuong trinh vi phan dang biéu mau.

A. D61 v6i cdc phuong trinh cta hé phi tuyén bac n duoe cho & cong thite tiéu chuén:

_ c A
N =0 Np+0Ma + oo+ 0y, Mg + B S,

Ny = 0N +0aMa + o0 + Ga g Ty + 026

N = % 1Tﬂ]l'*'o‘n—?.' Mot oo+ 0n ey My bn' IQ,
C=C M+ Mot ... +Cy o Nauy - 1S,

& = f(o), )

Cong thirc biéu miu c6 dang sau:
X = lel + f(U),

Xa = ?\.27‘(3 + f(O").

Xn-l = }"n-lxn + f(O),

6 =Pixy + Baxa + ot Proxey — 1 l0), (%, =), J

O day X;, X5.....%,.1, G = X, — cac biéu kiéu mau.
Dé chuyén 16i cdc phuong trinh ki€u mau (P.2) cdn thiét.
a) Tinh dinh thuy

a]]“}\,, alz, “iey ﬂ],n“1

a,|, ay;y —A ..., ap;,n-1
D)=

An-11, Apop2, oo Ay n-1 -

b) Tinh cdc nghiém cta phuong trinh dac trung D (A) =0, A, Ay, ..., Apys
¢) Hay tinh cdc hé cdc hé s6 f3; theo cdc cong thic:

N A) t N )+ ey (X,)
bi = D'(A)+ |

Céc biéu thire Ny (&) thu duoc tir dinh thie D(X) (P3) bang thay cét thit k cho cot:

(P.1)

(P.1)

(P.3)

(P4)
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b,
b, (P5)
b1
Biéu thitc D’(A) 12 dao ham tir D(A) theo A.
d) Ddi véi cdc phuong trinh hé phi tuyén bac thit n cho & dang tinh chuan:
Ny = 0NNy + o+ Oy Ny + 01f(0), )

Ny = 0 N +0M + ... + Gy, oy Ny + baf(0),

......................................................... > (P6)
Np = O 1N +00y M + oo+ Oy + by p(0)
C=CMy + CyNgt ... +Cy M, )
Cac phuong trinh kiéu miu d6i voicdc bién X, X5,...,X, ¢6 dang:
X, =7MXx; + (o)
X9 = MyXy + f(0) (P7)

Xy = A X, + f(0)
O day A, Ay...., A, — cdc nghiém ciia da thic dac trung D (A):

o=y, Cin

Oy, Oy —A 0y

D®)= !
(s N g9, ...,0p, —A

Néu & phuong trinh D(A) = 0 ¢6 nghiém khong, vi du A, = 0, thi cdc phuong trinh kiéu
mau déi voi hé cdc phuong duoge biéu dién & dang tring véi (P2):
Xl = KIXI + f(C)

Xy = 7\.2)(2 + f((j)

Xpg = ;"n 1Xp1 t f(O') (P7)
o =BX| + BoXy + ...+ Bx, - r.f(0), (0 = x,)
Nhung & day
= - (Clbl + C2b2+ et Cnbn) (P8)
. L N (A
A day By =-A¥xB=-2, D c {( ) (k=1,2,........ .0 (P9)
o1 Dy
O cong thic (P9):
n
Ny (M) = D b;D (V). (P10)

i=1
O day D, (M) ky hiéu b8 sung dai s6 dong thit i va cot k clia dinh thitc D(A).

e) D61 véi cac phuong trinh cua hé phi tuyén bac n cho & dang:
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NV e o™y 4a, 0= dE )
C=cn+em+em+ ..t -1k, ! (P11)
£ = f(o), )
Céac phuong trinh kiéu miu duge viét & dang
X; = A1x; + f(o) )
Xy = MXy + f(0)
...................... b (P12)
Xn.1 = Ay 1 Xqy + f(0)
o= BX; + Byxg + ..+ B, X, — (0, )
O day Ay, Ay,.... A, — cdc nghiém cha da thic:
DOV = 2" + o A"+ o™ . (P13)
B,(:—d% (k=1,2,... n-1) (P14)
3 cong thic (P14)
AR) = co+ Cyh + A2 + 4 e A"
D’(A) =dd—7k D). (PL5)
Néu & da thice (P.14) ¢6 mot nghiem khong, vi du, A, = 0, thi & biéu thitc (P.13):
B =—d—2) o1 no),
ADy(Ay)
(P16)
Ba-1 =—div
A2
a day
DA =A"2a '+ 4a, (P17)

24. Cac diéu kién 6n dinh dG cdc hé phi tuyén cé bac hai, ba va bon

Cho rang he phi tuyén cé mot khau phi tuyén, ma dac tinh tirzh clia né cé dang bat ky,
nhung né nhét thiét don tri, 1é va déi xting d6i véi truc toa do.

Dao ham theo ham Liapuno ¢é dau xdc dinh déi vdi cdc h2 bac ba ma cdc phuong
trinh cua né dua vé dang chuén tac (P2), (P8) hay (P12).

b6i véi cac hé bac bon, ma cdc hé phuong trinh cta ching duge dua vé chinh cong
thirc (P2) hay (P12) nhung khi ton tai mot nghiém khong & phuong trinh D(X) = 0;

Dai véi hé bac bon ¢é cdc phuong trinh loai (P2), (P8) hay (P12) khong ¢6 nghiém
khong, nhung & diéu kién mot trong s6 cdc nghiém thuc cta phuong trinh D(A) = 0 tuong
ttng hang s6 am {;

Khi thuc hién cdc diéu kién:
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G>00 9>—i- (P18)

G>?2 ,—9"-\/:_;69('—% (I)l())

& day G? = %+%~+r (F20)
i 2

9o rA =20 + By —Ba)(Ay —RAa) (P21)

4A A5

Dai véi hé bac hai, cdc phuong trinh cta chiing duge dua vé dang (P7) thoa min cac didu
kién (P18) va (P19) & r = 0, néu trong cdc cong thitc (P20) va (P21) thay B, va 35 cho vy, vay,.

25. Chuyén tir P.B.L dang 20ig|1 + W(j )| téi D.B.L dang 201g|W(j®)| (hinh 365, 366, 367)

LB 204\i% e
£.d8 |20ig\ I +Wesen|
8
pA IR L pucsmupania
Z .., 08 ol 5 +2& a8 "
L a i dap Tl
2 s ¥y vl /s
11117 el
L8 Zolg \Wan| o a8
L7
1,8 [Zigi-ija) T 1 %7
Tl LA ;
2 3B /7 d
Y/ @ om r,’” M f-Z[/dd:—Blp;v ”'l
? P T e
7 U wp | L | 15
-5 o /s r-f '2{""0 B Ql)a ___3(00, /e ' 1
17 I/é“ I .
L,dB \ 20l i ok L D8\ 0Ly it jewn P N
., dB 4° ) 8 '
" pA 5 A ) e % M SO RN |
s r ] T -
A It < . ;
i d & . @ 1
i Yy /s nl el w s i
-5 l-.fr— 7.-(4/0 g ] H
4 T 1 i
- ]
! i
208 20l or]) 1111
£ dB |Z0Lg\ e l ;l
I
g 77dB | _ ;i:’/iﬂ_ﬁu__-_LL___
ag! | (]
s ZH@V 1 7% J /w ‘- wp{#@i w
v by o\ s 2l dB w, || /s
-5 Wy I 3 5 42{7&7@7 ‘
/7 1 -1/57 7 11
Hinh 365
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26. P.B.L dién hinh cia cac hé c6 MTS

Bdng P.10
MUC fj@ b.B.L dién hinh Ham truyén tin s¢3 phan tédn cta hé ho
vo hudng
(B 5 L L L
. 5‘; zrz % Tyl
N 7f,: ! : A
27N | ! N .
270, N2 ' Kl + jAt, l_j}~1Q 1+ jA IQ_TE ~l
! ' ! 1 2 2 —|
0 '/&’/’: P owyg 0 — - ‘
D :T A (1+ AT, )(1+jim2(1+jk_.2())
+-90°
"
I ) [ Ty
KoU+jhyy I=jh-— | 1+ jA — =T,
\ 2 2
I M M . T()
ML+ AT 1+_|?\.7
Lo Ty A Ty
2 nnnnnn
(szfl +J‘xi]
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Bdng P.10 (tiép theo)

P.B.L phén lién Ham truyén phén Cic bidu thic tf )
tuc ctta hé lién tuc cha he 4c bi€u thtc tinh todn
,Jf] / 111
SOES I :
0.7 ¢ Rt Te= )T =T3+T, +..+ T,
T.-Zm‘?: [} : : :: i=3
LN / K(1+71,p) R
W LN, | e T+ T - R v
Y (I+T,p)1 +Tzp)...(1 + T;p)... Ag YM =1
o \! 1 M
-$0 : h >
{w) ay T, 2
¢ A, M-I

.7_771

f [4

A Ty, $p o 1 M)

b 2 5 A

; l:/ Ka(l+1,p) i=3 ¢ M+l

Y| p(+Tp)1+Typ)...(1 + Tp)...

o @ hay—o_+iT <L M
| - IN 5 A, M+l
-90

K.(1+t
5 "\( iP) A = 2 oT,
p (1+ Tp)(1+Typ)...1 + T;p)... = _ﬁ[ ER

thoi gian véi do chinh xdc hay tdc dung nhanh cua hé cé6 MTS.
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Chon A; hay A thuc hién tuong tng véi cdc yéu cdu ddp tng va tinh lugng tr theo



_khau hiéu chinh phén tan tuan tu dién hinh

Ba,
o Ham truyén cia khau | Ham truyén phan tén . e C s 2
Tén cha khau tuong ty lien tuc W(p) D(2) Ham truyén tan so Pac tinh chuyén
Vi phan 1+Tp Z—a 1+ jtA
z 0T,
1+)—A
O<asl 2
1+a T()
Gy=(1-a), 1= ——~
0= ) l-a 2
L+ j5,A
07 .
Tuong tu vi phan 1+Typ z—-a L+ jtoh
thu dong 1+ T,p z—-b G = j—a
T, 0<a<l 7 1-b
Go—f O<b<l,a<b . 1+a Ty
V=TT
T,>T, I-a 2
1+b I()
T, = ——.—
- ~-b 2
Tich phan k_ 1 a_ 1- jIQx
p Tp z-1 a 2
Ty JA




Bdng P.11

. Ham truyén cta khau | Ham truyén phéan tdn . N -
Tén cua khéau tong 1 lién tuc W(p) D(2) Ham 'truyen tan so Dac tinh chu
Quan bang 1_th:1+TE L+ 2 a l+jth
T»  Tp z-1 T,
1 1
t=|~—=|T
(a 2) °
Tuong tu tich 1+Typ 1 .. (1+a)z+1-a 1+ jT,h Ty +21, /1» _______
phan thu dong 1+Tp Tp ~(1+b)z+1-b 1+jTA T, + 21, i ?__‘r—‘
b ]
a<b 2 2 i2
Tich phan 1+ L. az z-1 . a ), om0
—— TP + a+jaTod+| 1+— [Ty (GA)
vi phan Tp z-1 z 0 4)”’ A
a<1 jTO}{Hj%kj 2T
g }
Trong bang ta chon gia tan s6 A = —z-t ol _ jgg)———j—z— -Z—"—l
0 2 T() T() z+1

Céc dac tinh chuyén tiép dugc xay dung d6i véi bo loc phan tén c6 nhd theo chu ky lap.




28. Cac hé so tuyén tinh hod dao dong dic¢u hoa cia céc dac tinth phi tuyén tinh

Bdng P.12
Cédc dac tinh tinh cua -
TT i . (s ’
céc khau phi tuyén 1) q()
Ro le 1y tudng
Zz
c 4¢
1 — 0
a Z el
Role ¢6 viing khong nhay cam
.Z'a f—
4c l b
2 ‘ na J Al 0
a| b Zy .
cazb
Role ¢6 nhanh tré
Z
4c | b? _4cb
3 e na | al n’a
o I khia 2 b Khia>b
&
Role dang téng quat
z 2 T2
r 2_(:_ }__E_.J( /1—@1.?— ——zc—lz)(l—m)
4 na a’ V a’ na
Hwy &z, Khia>b khia>b
-lsm</
Cé bao hoa ——
5 % b b \/ b2
i —| arcsin—+ =/l - —
5 %\ b A a a 0
/] Zy .
khia2b
K=lgc
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Bdng P.12 (1iép theo)

TT Céc dac tinh tinh cua ) ,
cdc khau phi tuyén qta (@)
o \fung khong nhay 2k arc:sinb—z—arcsini +
cam va bao hoa T a a
Z
2 2
° Ao N I L Ny LI °
a1 6 & & a a a a
Helga khiazb,
C6 vung khong nhay
cam va khong bao hoa
2
= k- —%—k—[arcsing+E 1—P—J
7 n a a a’ 0
[~ 4
/ ay b z khia>b
Az=tga
Loai ¢6 16 hay khe ho k[ 2b
S, — -—+arcsin(1—— +
Z |2 a 4k (1 b\
. B I
8 > ( ZbJ b( bJ na aJ
+21-=| [~ 1-=
{ d[/ < a JVa a khia2b
] Aelga khia>b
C6 bio hoa va nhdnh tré k . C+kb . c—kb
—| arcsin + arcsin +
T ka ka
% , C+kb | (c+kb)’ _ be
9 ,/ ”A’IL\“’ - ka K2a2 na
. khia>
g Ly 2
/ j L c=kb | (c-kb) okt
k=lga ka k?a’ K
Khiaz S
Ma sat kho
I
’ 4F
10 ;F 4V 0
g PIy L - bién do t6¢ do
—_—
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29. Cac dac tinh tan s6 bién do — pha tiéu chuan eta cac ¢o cau tthira hanh role

Co cdu thira hanh role bao gém role va dong co 26 dong die:n khong doi véi kich tir
doc lap (hinh 368a) dugce nghién cttu nhu mét khau phitayan cua he tu déng.

a) hrle. : 4 7
T LY Eﬁi | Uy
T=05im | ; F'%_ \.?(. ) 5 Lz
= ‘)

i
|
(N

Hinh 368. Co cdu thita hanh role.

bac tinh tinh clla role duge biéu dién trén hinh 368b. Ham truyén dinh mic duge
tuyén tinh hod dao dong diéu hoa clia co c4u thira hanh role:
W(d, jz) = qo(d, 2) + jq’o(d, 2)

a . .. o .. . . , .
Gdayd = 5 - bién d6 tuong d6i; z = ©T,, - tdn sO tuong do:; Ty - hang sé dién co cua thol

gian dong co.
Céc dac tinh bién d¢ - pha tiéu chufn dugc xay dung trén hinh 369 va 370 d6i véi cdc
gi4 tri khdc nhau cia hé s§ y tinh dén anh hudng momen phu tai tinhi My;:

& day, M, - thoi di€ém khaoi dong clia dong co.

Trén hinh 370 bing dudng dut nét ta chi ra cdc dac tinh bien do pha thu dugc & ket
quéa phép nhan lién ti€p ham truyén tuyén tinh hod dao dong diéw hoa dinh mic cia role
(xem phu luc 28):

4 1
Wyd, jz) = — |1 ——
H(d, J2) = — 32
va dac tinh bién do6 pha tieu chudn cia dong co c6 dong dién khong ddi v6i kich tir doc l1ap:
. 1
Wp(z) = —
1+)z

So sinh céc dac tinh nay chi ra ring & céc gid tri nho bién do tuong déi (o < 10)
nghién ctu riéng biét role va dong co la khong cho phép.
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d

Hinh 369. D.T.B déi véi truong hop My = 0.



Hinh 370. B.T.B dinh mirc doi véi truong hop My = 0.
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30. C4c hé s6 tuyén tinh ho4 tinh clia mét vai dac tinh phi tuyén tinh dién hinh
Né&u & ddu vao khau phi tuyén c6 dac tinh tinh y = F(x) c¢6 tin hiéu 1a qud trinh nglu
nhién:
X(t) =m,(t) + x”([)
3 day m,(t) - k¥ vong todn hoc cha né, x’(t) - thanh phin hudng tam ngiu nhién. thi
qué trinh & d4u ra khau phi tuyé&n c6 thé dugc biéu dién gin diing & dang:
y(®) & kom, (1) + kox“(t)
(3 mat do mot chiéu da cho ciia xdc xuft o(x) cac hé s6 cla cdc do tuyén tinh tinh K,
va kg dugc tinh todn theo cép coéng thirc:

m
.[F(mx + xo)w(x)dx +F(m,)
m)’ —o0
ko = =

m +e
* jxco(x)dx
I
. 1=
sz(mx + xoz)(u(x)dx —-m§
Gy 00
kj=—2=
G, +00 ,
Jx w(x)dx
J'F(mx +x")xo(x)dx
" Ry(O)
5=
R, (0)

' +]'oxzm(x)dx

—a0
1
ko= "'(kl + kZ)
2
Du6i day ta dua ra cdc gid tri clia cdc hé s6 nay va cdc d6 thi clia n6 d6i véi mot vai

do phi tuyén tinh khi tdc dung tin hieu ddu vao phan b6 theo tiéu chudn c6 mat do xdc sudt
tieu chuén:

o(z) = —i—-e
V2
va tich phan xic sudt:
d(u) = L _[e 2dz
27 0
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1) Ddc tinh role Iy tuong (hinh 371a;:

ko = —mc—zcb(:*J (P22)
X X
1/2
k, = —C—[1—4¢2(ﬂiﬂ (P23)
GX GX
_I[TLJZ
k= S 2 . e (P24)

sd dua ra trén hinh 371b, c.

=
(g3

Céc dé thi céc

0z
a) g
0 / 2 ;%
b)
Gk
T
/
AN
/
AN
05 N
2
0 \\\\\
- 7z
7 / 7 J 9z
c)

Hinh 371. Cdc dé thi cho ddc tinh role ly nicng.
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2) Ddc tinh role don tri ¢6 vang khong nhay cdm (hinh 372a):

K, = c {®[l+ml]_®(l—m1” (P25)
my Oy O
kim2 (1 [ e
k, = -°—{1— 0 (D( *mll-q{ "m'J} (P26)
GX C 01 Gl
I(Hm,)’ l[l-m;f
c 1 2 o 2l e
k,= —. e 7 te ! (P27)
"o, Van
o
m, = “;" Lo = (P28)
Cac d6 thi cdc heé s6 dugc dua ra trén hinh 372b, ¢, d.
Mrky
c
/ 92 —
SR 7 ' —
$Z 48 /g //l:L//
! Z
ﬁl ¢ /A/// el
(7 I ”.5 / ‘3 —
¢ A ¥
g 44 TN 7
a) ”2%
Vi ' / Z J /77:
5 5
Gt )
' e G
/ E z 07 o
“?\.., / Q w]
a8 J!
75—+ ~— SN N
\ M— 05‘\ Ny Z
a4 \\ \ N
47 NUCAINN & \\\\Q
4 2 T~ 03
\ \!__ M —
J 7 Z 3_/}; J / / J my
¢l 7) .

Hinh 372. Cdc do thi d6i véi ddc ti:h role don tri ¢6 ving khéng nhay cdm.



3) Pdc tinh role ¢6 tré (hinh 373)

Cac hé s0 kg va ky dugc xdc dinh tuong tng béi cac cong thie (P25) va (P27):

221
kl — C 1 k()Tx !
Gx ol _J
\ Yy
Yy
(o} ' c
) ~b, —by |
—nl * h x +by +b, X
- 3
-C
¥
Hinh 373 Hinh 374

4) Pdc tinh role khong don tri ¢ vang khong nhay cdm (hinh 374):
c 1+m, 1-m, v+m, /v—ml
k()= (D _CD +(D —(D' ——
2m, o, o, (o o
22
ko= S pokamx Lig lm g 1om ),
Oy c? 2 ¥ G|

5) Ddc tinh tuyén tinh c6 bdo hoa (hinh 375a):

ky= L{(1+ml)®(l+m’ )—(1—m|)®(l_m' j+
my Gy O

2 2
Y 1l
G] 2 o3 2 =]
+ ——=|¢ -e =

Jan

P29)

(P30)

(P31)

(P32)

(P33)
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22
k]:_c._ 1‘1(()—Tx—+(mf'+0f—1 (D[Hml + D I-m,
Ox Y Gy O,

Y 1em, Y i 1em

k, = _5_0}[@(1+m1)+®(1~mlﬂ (P35)
o, o o

Cédc d6 thi cdc hé s6 duoc biéu dién trén hinh 375b, c, d.

ks
&
/ i

- ¢ a8
DY IV A 06 / /i}ﬁ;’/ -
V/EE -

0.4 4 i 4 e
Z 02 / if - ::j =
] ~
4)
Gzh»
arky A
ok x
Oy === / i
/ 0= oo
06 — 7 48 ——
: ﬂw\\\\\ 25 N e O J
J6 ~ '
—] P — \ 7
44 /A §\‘ 7 ) % = \l N
1A MV V4 /’ "\‘%\
/ \Jﬂ}‘\_._ i
Y 7 F; 3 i / % J
c) 7)

Hinh 375. Cdc do thi déi vai ddc tinh tuyén tinh cé bdo hoa.
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6) Pdc tinh tuyén tinh c6 ving khong cdm irng (hinh 376)

/
‘L B
ko =1 {1 —L[(l +m, )| ——T!-J—u -1n,>d>[L—m~L]]+
m, L o 0y

V2 4 2
l[]-ﬂnl ].{ l-my W 1
o1 2\ a9, ZL O /‘

+ ———|¢ - (P36)
m; 2%
kj =1 1+m}22+1‘k(2)1:;ni - lJHm‘T q{‘*‘*ml]_
0] 1 k G] (Gl
5 . ul[/H—ml ]2

B l+l—ml dl(l_mlj—l+mlez~°' 3

G L O o,V2n

1/2

_1_[?‘_“1_1)2

_lmmy 2l (P37)

621
I

k2=1[1—®(”m‘]~¢(1”mlﬂ (P38)

Gy

[ =1g0

/
A

Hinh 376
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31. Tich phan dinh mirc mat dé xac suat cia quy luat phan bé tiéu chuan

22

o 1 % -7
(s 2 ham ®(u) = — fe 2
Céc gia tri cia ham ®(u) on (‘)[e dz
Bdng P.13

u D(u) u D(u) u O(u) u ®(u)
0,00 0,000 0,66 0,245 1,32 0,407 1,98 0,476
0,02 0,008 0,68 0,252 1,34 0,410 2,00 0,477
0,04 0,016 0,70 0,258 1,36 0,413 2,04. | 0,479
0,06 0,024 0,72 0,264 1,38 0,416 2,08 0,481
0,08 0,032 0,74 0,270 1,40 0,419 2,12 0,483
0,10 0,040 0,76 0,276 1,42 0,422 2,16 0,485
0,12 0,048 0,78 0,282 1,44 0,425 2,20 0,486
0,14 0,056 0,80 0,288 1,46 0,428 2,24 0,488
0,16 0,064 0,82 0,294 1,48 0,431 2,28 0,489
0,18 0,071 0,84 0,300 1,50 0,433 2,32 0,490
0,20 0,079 0,86 0,305 1,52 0,436 2,36 0,491
0,22 0,087 0,88 0,311 1,54 0,438 2,40 0,492
0,24 0,095 0,90 0,316 1,56 0,441 2,44 0,493
0,26 0,103 0,92 0,321 1,58 0,443 2,48 0,493
0,28 0,110 0,94 0,326 1,60 0,445 2,52 0,494
0,30 0,118 0,96 0,332 1,62 0,447 2,56 0,495
0,32 0,126 0,98 0,337 1,64 0,450 2,60 0,495
0,34 0,133 1,00 0,341 1,66 0,452 2,64 0,496
0,36 0,141 1,02 0,346 1,68 0,454 2,68 0,496
0,38 0,148 1,04 0,351 1,70 0,455 2,72 0,497
0,40 0,155 1,06 0,355 1,72 0,457 2,76 0,497
0,42 0,163 1,08 0,360 1,74 0,459 2,80 0,497
0,44 0,170 1,10 0,364 1,76 0,461 2,84 0,498
0,46 0,177 1,12 0,369 1,78 0,463 2,88 0,498
0,48 0,184 1,14 0,373 1,80 0,464 2,92 0,498
0,50 0,192 1,16 0,377 1,82 0,466 2,96 0,499
0,52 0,199 1,18 0,381 1,84 0,467 3,00 0,499
0,54 0,205 1,20 0,385 1,86 0,469 3,20 0,4993
0,56 0,212 1,22 0,389 1,88 0,470 3,40 0,4997
0,58 0,219 1,24 0,393 1,90 0,471 3,60 0,49984
0,60 0,226 1,26 0,396 1,92 0.473 3.80 0,49993
0,62 0,232 1,28 0,400 1,94 0,474 4,00 0,49997
0,64 0,239 1,30 0,403 1,96 0,475 4,50 0,499997

5,00 0,49999997
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32. Mat do tiéu chudn cha xac suat c6 quy luat phan b4 theo tietu chudn

Cic gia tri clia ham o(z) =

1
e

2
Z

9
“

V2
Bdng P.14
0 | 2 3 4 5 6 7 8 9
0,0 0,396 | 399 399 399 399 398 398 398 398 397
0,2 391 390 389 389 388 387 286 385 384 383
0,4 368 | 367 365 364 362 360 359 357 356 354
0.6 333 | 331 329 327 325 323 221 319 317 314
0,8 290 | 287 285 283 280 278 276 273 271 269
1,0 | 0,242 | 240 237 235 232 230 228 225 223 | 220
1,2 194 192 189 187 185 183 180 178 176 174
1,4 150 148 146 144 142 139 137 135 133 132
1,6 111 109 107 106 104 102 101 099 097 096
1,8 079 1 078 076 075 073 072 071 069 068 067
2,0 0,054 | 053 052 051 050 049 048 047 046 045
2,2 036 | 035 034 033 033 032 031 030 030 029
2,4 022 | 022 021 021 020 020 019 019 018 | 018
2,6 014 | 013 013 013 012 012 012 011 011 011
2.8 008 | 008 008 007 007 007 007 007 006 | 006
3,0 004 | 004 004 004 004 004 004 004 004 003
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33. Mo hinh hoa cic phan tir cac so do ciu tric cta cac hé tieu chuin & cac ho khuéch

dai chic nang

Bdng P.15
) . . ) ) H\ l 2 ’a h
TT | Ten phéan ta Méu phén tir am r\uyen \h.a p, Hang
trinh phan tu
l Bo ton Ko n
& ——C:)—l—q Upy = 'ROZ—Lui
#, i=] N
y s H > z.,
Up o~}
L
2 | Bo dao - Ry
; 4 Uy = - R—' U, =-u,
I
A, _
3 | Khau khéng 1 A A u, = -ku, k= =2
quén tinh !
4 | Khau khéng ".__ k= Ry
chu ky bac Ay R,
nhét £,
A% =
- ~ - (p) Tp+ 1
-L r ..L T = RUC
5 Khau \khéng . s, W(p) - —
chu k¥ bac hai c p ; Typ™ +Typ+1
A R4R
K= —43
'?/ ’4‘? RlRﬁ
g ~
1 L . L | ilT,- \/E4R2R3C1C2
5
Rg
i) R4R;,R:C
| < T] — 423 ,
L R5R6
T, > 2T,

434




Bdng P.15 (1iép theo)

T ;
X . . Jam truyén va ph
TT | Tén phén tr Mau phén ar ' dmtrr‘ll:l};‘egh\;}:&lrdng
6 | Khau dao So d6 tring véi s¢ do chon khau khong Wi(p) =
dong chu k¥ bac thir hai (vi tri 5). Cing xem sz2 +28Tp+1
hinh 344, 345. L= RaR
RRg
T \/R4R2Raclcz
R
.- L [RRRG
2V RiReG
<l
7 | Khau bao W(p) = k
quan Tp? +1
RR¢
R
Rs = (ngat), =0
8 | Khautich C
phan ly tuong " W(p) = .}_‘_ k=— _1_
(bo tich phan) % > Z, P RC
ki = 1
9 | Bo tich phén . Wip) = k-
quén tinh ‘ ; p(Tp+1)
. o _ k(1+Tp)
%, 2 p
—HEHSE |,
L k= L T=RsC
< C/RR; v
10 | Khau quan k£ W(p) = 5+ k|
bang i P
ﬁ
R l
— >il;, L
s _L_ by Rl R]C
1 L
T = RzC
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Bdng P.15 (ti€p theo)

TT | Tén phdn tr Miu phén tir Ham l{uyen va pl}UUng
trinh phéan tu
1l | Khau vi phan #, k = R,C
quan tinh . p T= (R +R)C
A ‘ l
«, ! > Uy
il - 1L
K= R,R,:C
R,
£ ﬁ’ W(p) =
it £ @ | RR.C
/ > - > » | Tp+l iRaR,
&, ~ — u; R5R6
< %
-

Chi thich: Khau khéng chu k¥ bac hai c6 thé thu dugc nhd hai mé hinh ndi ti€p khau
khéng chu k¥ bac nhat.
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hinh hoa cac dac tinh tinh phi tuyén ¢ cac bo khuéch dai chirc nang

B

DPac tinh tinh

So d6 md hinh hoa
dac tinh tinh

Phuong trinh hay biéu dién
bang gidi tich dac tinh tinh

Tuyé€n tinh c6 gidi
han hay bao hoa

U
—ku],OS—3
k

4]
~U;khi u, 2—2
Uy = 9 k

U
kul,—"f-SUISO,

U

R .
k= — khir = o,
R DOBP

TDnp I3 VA Ty << R,

=U; khi u, 30
U = )
U4khl U]<O

Ry = 0, rpopp = ®; IDnp-
I3 var, << R,




Bdng P.16 |

Pac tinh tinh

Sg d6é m6 hinh hoa
dac tinh tinh

Phuong trinh hay biéu dién
bang giai tich dac tinh tinh

Tuyén tinh c6 vung
khéng nhay cam

7

AN L U, v,
ZANAN

+ f A’a
7
& Ay ~
e
A 4
L
> L
-£

—k(ul—U4)khi U]2U4,
u2: k(u1+U3)khi ul g—'U:;,
O,'—U3 <ul <U4

k= ‘ISQ‘ khl THOBP — 0,
1

Tpnps I3 VA Tq << R,

Role c6 vung khong
nhay cam

—Uskhi U]2U4
Uy = Uﬁ khi UlS“U3,

IpoBp = 0} I'pnp ¥ 0,
I3, T4, I5 VA Tg << Ry




Dac tinh tinh

5 Role ¢6 nhanh tré

>

&%

[
o 1%y,

6 C6 16 hay khe hg

So do mo hinh hog
dac tinh tinh

Bdng

,
Phuong trinh hay bigu
bang giai tich déc tint

(

—UBkhl U] ‘U:; <O,
U 4khi u -U; >0,

Uy = .
U,khi u, +U,; >0,),
0
~U5khi u +U, <0,
—_—

du I

k -Ugkh —L oy
(u, 4 ) khi iy >

i
uy= Tk(u, + U )khi %”t—'«)

b

: u
const khj -U4s~2—u1 :
k

cyR,

—1
e



s ham so h(tg)
B

) | 0,053 0,10 | 0,15 0,20 | 0,25 | 0,30 | 0,35 | 0,40 | 0,45 | 0,50 | 0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0.85 | 0,90 | O,

)0 | 0,000 ; 0,000 {0,000 0,000 | 0,000} 0,000 | 0,000 { 0,000 | 0,000 | 0,000 (0,000 ] 0,000 | 0,000 | 0,000 | 0,000 | 0,000 { 0,000 ; 0,000 {0,0
38 10,165 | 0,176 10,184 0,192 | 0,199 0,207 { 0,215 0,223 | 0,231 | 0,240 | 0,248 { 0,255 | 0,259 | 0,267 | 0,275 | 0,282 | 0,290 | 0,297 [ 0,3
100,326 0,340 {0,356 0,371 10,386 0,401 | 0,417 | 0,432 | 0,447 | 0,461 | 0,476 | 0,490 | 0,505 | 0,519 } 0,534 | 0,547 } 0,562 | 0,575 { 0,5
191 0,469 | 0,494 10,516 0,538 | 0,560 | 0,580 { 0,603 | 0,617 | 0,646 | 0,665 | 0,685 | 0,706 | 0,722 | 0,740 [ 0,758 | 0,776 | 0,794 | 0,813 { 0,8
720,597 | 0,628 (0,655 0,683 10,709 { 0,733 | 0,761 | 0,786 | 0,810 | 0,833 | 0,856 | 0,878 | 0,899 | 0,919 | 0,938 | 0,956 | 0,974 | 0,986 { 1,0
74 10,705 0,739 {0,771 0,802 {0,833 10,861 | 0,891 | 0,916 | 0,943 | 0,967 | 0,985 | 1,010 | 1,031 | 1,042 | 1,060 | 1,078 | 1,098 | 1,113 {1,1
55 (0,790 | 0,828 (0,863 0,896 | 0,928 } 0,958 | 0,987 | 1,013 | 1,038 | 1,061 | 1,082 | 1,100 | 1,117 | 1,130 | 1,142 | 1,154 | 1.164 } 1,172 | 1.1
1410,853 | 0,892 10,928/ 0,963 [ 0,994 [ 1,024 | 1,050 | 1,074 | 1,095 | 1,115 | 1,132 | 1,145 [ 1,158 | 1.161 | 1.166 | 1,171 | 1,174 | 1,175 | 1,1
57 | 0,896 | 0,938 10,974 1,008 | 1,039 1,060 | 1,090 | 1,107 | 1,124 | 1,142 | 1,152 | 1,158 | 1,159 | 1,160 | 1,161 | 1,156 | 1,149 ( 1,141 | 1,1
330,923 0,960 [0,997) 1,029 1,057 1,080 | 1,100 1 1,115 | 1,129 | 1,138 {1,134 | 1,134 | 1,138 | 1,132 | 1,127 | 1,111 | 1,099 | 1,085 | 1.0
76 10,9361 0,978 11,012 1,042 | 1,067 1,087 { 1,103 (1,112 1,117 | 1,118 | 1,115 (1,107 | 1,098 { 1,084 | 1,069 1 1,053 | 1,037 | 1,019 | 1,0
)0 10,9401 0,986 1,019 1,046 {1,067] 1,083 | 1,093 | 1,095 | 1,097 | 1,092 | 1,083 | 1,070 | 1,050 | 1,032 | 1,016 | 0,994 | 0,979 | 0,962 | 0,9
04 10,943 | 0,982 | 1,013 1,037 | 1,054} 1,065 | 1,070 | 1,068 | 1,062 | 1,051 | 1,037 | 1,021 | 1,003 | 0,984 | 0,966 | 0,949 | 0,934 | 0,922 {0,9
410,942 | 0,980 (1,009 1,030 [ 1,043 ] 1,050 | 1,049 | 1,043 | 1,033 | 1,018 | 1,001 | 0,982 | 0,965 | 0,948 | 0,936 | 0,920 | 0,910 | 0,903 ;0,9
)4 10,944 | 0,979 | 1,006| 1,024 | 1,035] 1,037 | 1,033 | 1,023 | 1,009 | 0,993 {0,975 | 0,957 | 0,941 | 0,927 {0,917 [ 0,911 | 0,908 | 0,909 | 0,9
0710,9451 0,980 | 1,006] 1,019 {1,025 1,025 | 1,017 | 1,005 | 0,989 | 0,974 | 0,958 | 0,944 | 0,926 | 0,922 [ 0,911 | 0,920 | 0,927 | 0,934 | 0,9
10 (0,951 | 0,985 | 1,008 1,020 | 1,024 | 1,021 | 1,012 [ 0,995 | 0,981 { 0,966 | 0,951 | 0,941 | 0,935 | 0,932 | 0,936 { 0,944 | 0,955 | 0,970 | 0,9
18 10,9561 0,989 | 1,010{ 1,021 | 1,022 | 1,018 | 1,007 [ 0,992 | 0,977 | 0,966 | 0,949 [ 0,944 | 0.948 | 0,951 [ 0,958 | 0,974 | 0,990 | 1,006 | 1,0
24 10,9651 0,997 {1,016 1,025 (1,025 | 1,018 [ 1.006 | 0.992 | 0,978 | 0,970 | 0,960 | 0,961 1 0,966 | 0,976 | 0.990 | 1,006 | 1.023 | 1.039 | 1,0
32 10,9721 1.004 (1,022} 1,029 { 1,027 ] 1,619 | 1.006 | 0.993 | 0,982 | 0,975 | 0,972 | 0,980 | 0,987 | 1,000 | 1,015 | 1,033 | 1,048 | 1,059 | 1,0
390,978 1 1,009 11,025 1.031 | 1,027 | 1,019 | 1.006 { 0.993 } 0,987 | 0.982 | 0.985 | 0,993 { 1,006 | 1,020 | 1,036 {1,049 | 1.059 | 1,063 | 1.0
16 10,985 | 1,013 {1,028 1,033 | 1,028 [ 1,017 | 1.005 | 0.993 | 0,991 | 0,987 [ 0,996 | 1,007 | 1,017 | 1.033 | 1,046 { 1,054 | 1.058 { 1,055 | 1,0
710988 | 1015 |1.029| 1,031 {1,025 | 1,014 | 1.002 [ 0.993 | 0.991 | 0,993 | 1.002 | 1,014 | 1,027 | 1.039 | 1.047 | 1.048 | 1.044 | 1,034 | 1.0;
13 10,988 | 1.016 | 1.027 1.628 | 1,021 ] 1,010 | 0.999 ( 0.991 | 0.989 | 0.997 | 1.006 { 1,017 | 1,029 | 1.037 | 1.043 | 1,034 | 1,024 | 1.010 {0.9
50 10,988 | 1.015 | 1.025} 1,024 | 1.015 | 1,004 ] 0.994 | 0.988 | 0,987 | 0.997 [ 1.006 | 1,019 | 1.026 | 1,027 | 1.025 | 1.015| 1.000 { 0.984 0.9
50 10,989 1.013 |1.022]1.019 ] 1.010[0,999 [ 0.990 | 0.986 | 0.986 | 0.997 [ 1.006 | 1,018 | 1.0I9 | 1017 | 1,010 | 0.995] 0.979 | 0.965 | 0.9




Bdng P.17

0,0

0,05

0,10

0,15

0,20

0,25

0,30

0,35

0,40

0,45

0,50

0,55

0,60

0,65

0,70

0,75

0,80

0,85

0,90

950
950
952
954
956
.959
.961
964
,965
966
967
,967
,967
967
967
,968
,968
,969
971
973
974
,975
,975
.975
,975
.975
.975

0,989
0,990
0,989
0,990
0,993
0,995
0,997
0,599
1,001
1,002
1,002
1,001
1,000
1,000
1,000
1,002
1,002
1,002
1,002
1,002
1,005
1,005
1,005
1,005
1,005
1,005
1,005

1,012
1,011
1,001
1,012
1,012
1,014
1,015
1,016
1,016
1,015
1,015
1,015
1,015
1,014
1,013
1,012
1,011
1.011
1.011
1,011
1,011
1,010
1,010
1,009
1,008
1,008
1.007

1,019
1,017
1,016
1,015
1,014
1,014
1,014
1,014
1,013
1,012
1,011
1,009
1,008
1,006
1,005
1,004
1.003
1.003
1.002
1.002
1,002
1.002
1,001
1,000
1,000
0,999
0,999

1,015
1,01
1,000
1,008
1,007
1,006
1,006
1,005
1,005
1,003
1,002
1,001
0,998
0,996
0.995
0,994
0,994
0.995
0,995
0,996
0,996
0,996
0,996
0,996
0,995
0,995
0,995

1,005
1,000
0,997
0,996
0,995
0,995
0,995
0,995
0,995
0,995
0,995
0,994
0,992
0,991
0,991
0,991
0,992
0,992
0.993
0,995
0,997
0,998
0,999
0.999
0,999
0,999
0.999

0.994
0,990
0,988
0,987
0,988
0,989
0,991
0.993
0,994
0.994
0,995
0,995
0.995
0,995
0.995
0,996
0.997
0.999
1.000
1,002
1.004
1,004
1.005
1.005
1.005
1.004
1,004

0,986
0,983
0,983
0,985
0,987
0,988
0,992
0,995
0,997
0,998
1,001
1,001
1,001
1,001
0.001
1,002
1,003
1.004
1,005
1,006
1,007
1,008
1,007
1,006
1,004
1,003
1,002

0,985
0,984
0,985
0,988
0,991
0,996
0,998
1.002
1,005
1,006
1,008
1,007
1,006
1,005
1,005
1.004
1,004
1,004
1,004
1,004
1,003
1,003
1,002
1,001
1,000
0,998
0,997

0,987
0,988
0,991
0,996
1,000
1,004
1,007
1,009
1,010
1,010
1,010
1,009
1,006
1,004
1,002
1,001
1.001
1,001
1,000
0,999
0,999
0,998
0,997
0,997
0,996
0,996
0,996

0.997
0,998
1,000
1,002
1,005
1,007
1,011
1,011
1,012
1,009
1,008
1,006
1,001
0,998
0,996
0,995
0,995
0.996
0,996
0.997
0,998
0.999
1,000
1.000
1.000
1,000
1.000

1,006
1,006
1,006
1,006
1,007
1,007
1,008
1,008
1,007
1,005
1,002
0,999
0,995
0,992
0,991
0,991
0,993
0,995
0.996
1,000
1,001
1,002
1,002
1,002
1,002
1,002
1,002

1,014
1,010
1,008
1,005
1,002
1,001
1,001
1,001
0.999
0,997
0,997
0,995
0,993
0,992
0,992
0,994
0,997
1,000
1,000
[,004
1,006
1,007
1,008
1,006
1,004
1,002
1.000

1,012
1,005
0,999
0,994
0,993
0,993
0,994
0,996
0,997
0,998
0,998
0,998
0,997
0,996
0,995
0,996
0,996
0,995
0,994
1,000
1,001
1,002
1,003
1,003
1,003
1,002
1,001

£.005
0.995
0.987
0,983
0.983
0,985
0,990
0.995
0,999
1,002
1.004
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