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1. UcxoaHble AaHHbIe

1.1 UcxoagHasa 6noyvHas cTpykTtypHasa cxema (BCC)

A

W6

4————@: W5

#/D—V W2

Pucynox 1.1-Mcxonnas BCC.

1.2. ®akTuyeckas pacuernass bCC.
f(t

W3 —

A 4

W1

v

W4

\W?

?

»
>

Pucynok 1.2-Pacuernas BC

l

y(t
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1.3. [lepenarounnbie GpyHKUNH 3BEHbEB CHCTEMBI.

Tabnuua 1- XapakTepucTUKHU 3BEHbEB

Howmep XapaKTepuCTUKA 3BEHA
3BEHA
d?y,(t) dy, (t)

1 T di2 1T g + y1(8) = ky * x,(8)

2 (Top + 1) * y,(t) = kap * x5(t)

3 W5(s) = k3

A W, () =

TS+
ws (1)
4
ks /
5
Ts >

Tabmuma 2- YucineHHble 3HaYEHUS MapaMeTPOB

HanmenoBanue 3HaueHue HanmMmenoBanue 3HaueHue
napaMmeTpa napameTpa napameTpa napameTpa
k, 1 ke 0,2
Ty, 10 Xm 0,8
k, 0,4 W 6,5
T, 2 K 0,5
ks 0,8 Yo 2,0
k4 1.8 a 1,0
T, 2
/lucm
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1.3.1 3apaHHble nepeaaToyHble PYHKLUMU 3BEHbEB aBTOMAaTUKKN

1-e 3BEHO:
d*y,(t) dy, (t)
Tt d;z + 11#"‘)’1(0 = k1 * x1(8)

(T212 : pz +T, - p+D) -y, (1) =k, - X5(t)

T% - p2 Y () + Ty Py, () + Y, (1) =Kg - X5 (1)

p=d
dt

T212 'SZ ) yl(s) +T11 S~ yl(S) + yl(S):kl ) Xl(S)

S k 1
Wl(S)Zyl( ): - - 1 — .
X(S) T%2-S°+T,-S+1 100-S°+12-S+1
2-€ 3BEeHO :

(Top + 1) * y,(t) = kyp * x,(t)

y2(t) _ kop
x(t) (Tp+ 1)’
W, (S) = k,S

TS+ 1
3-e 3BeHoO:
W5(s) = ks
4-e 3BEHO:

_ ks .

w,(S) = Tostl ATl-1(peanbHblil yCUITUTEID)
5-e 3BeHO:

ws (1)

A

L
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ZELA
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Ws(t) = k5 (1 — e_%);

Ws(t) = We(S) = ks ks _ ks  Tsks _ TsSks+ks—TsSks _ ks
s5(1) = W5 = T = = = ;
S St S TS+l S(TsS+1) S(TsS+1)

5

1.4 BHenraue Bo3aedcTBUA

XmS 0.8+S

Banaromee Bosaciicteue:g(t) = X, * cos(wt)  g(§) = Tro? T Sran2E

y kK _ 05
Bosmymaromiee Bo3neiictue: f(t) = k * t f(s) = ==

Kypcosou npoexm

ZELA
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2. PacuyeT ckanfipHbIX nepenaTtoyHbIiX hyHKLUN

2.1 Pacuyet IN® Tononornyeckum cnocod6om (no chopmyne MeuncoHa)

9(®)

W1

A 4

W3

y(t)

\ 4

W2 W4

?

®opmyna Meiicona: W(s), = !

II.M'ﬁ

1Hi(S)-CDi (S)

D(S)

rae Hi (S) - II1® pa3oMKHYTOrO OJMHOYHOTI'O KOHTYPA;

I - YuCJI0 KaHAIOB,;

D, (S) - ompenenuTens rpada, BEIPOKIACHHBIN 10 OTHOIICHHUIO K I-My KaHAY;

1
D(S)=1- 3,

Hi ()

roe H i (S) - I1® i-ro xanana;

rl - YHMCJIO OJMHOYHBIX KOHTYPOB.

Kypcosou npoexm

ZELA

/lucm Ne dokym.

llodnuck

fama

/lucm




2.2.1 Ilo 3apaomemy Bo3aeiicTBuio g(t)

1.Tpu oauHOYHBIX KOHTYpa (J=1,r1=2);

2.18a kaHana (i=1,r=2);

3.0TCYTCTBYIOT Maphbl, TPOMKU U T 1.(I2=r3=...=0).
[1® 01MHOYHBIX KOHTYPOB:

Jj =1 Hy1(S) = —W,(S) * W5(S)
J =2 Hyi3(S) = =Wy (S) = Wr(S) * W5(S)

J =3 Hy3(S) = =Wy (S) * W, (5) * We(S)

P!
r,=0; 3Ha4wr, Z H, =0;

k=1

I3
rs =0; crnepoBaTeNbHO, Z H, =0.
I=1

O(8) =1~ Hy,(8) = Hyy(8) — Hi(S) =1+ W, (S5 (S) + W, (SIW, (S)W5 (S) + Wi (SW, (S)

KonnyecTBo KaHAJIOB =2, CII€NOBATEIBHO:

H,(S) =W, (S)W, (S)W,(S);

H,1(S) =W, (SW, (SIW, ().

@, (S)=2,(S)=1.

B utore nonydaem I1® cuctemsr:

W () WL (SW, (S) W, (S) + W, (S)] |
. 1+W, (S)W; (S) +W, (S)W, (S)W; (S) +W, (S)W, (S)
11D 6 suoe obwux oboznauenuii napamempos 34 CAY

k, K, K,
2 o2 ’ ) +Kq
W, (S) = T28°+T,S+1 T,S+1 |T,S+1 B
¥o B k,S ks k, K, K k, k, B

+ +
T,S+1T.,S?+S T?.S*+T,S+1T,S+1T,S*+S T?,S*+T,S+1T,S+1

k, -k, |k, +ks(T,S +1)
(T?2S? +T,,S+1)-(T,S +1) T,S+1

L KS'k N k. -K,S k. N K, -k,S
(T,S+1)(T,S*+S) (T%2S* +T,S+1)(T,S+1(T,S*+S) (T°2S°+T,,S+1)(T,S +1)
K, -k, - (K, + Ky (T,S +1))
3 (T?2S% +T,,S+1)-(T,S +1)(T,S +1) B
C(T22S% +T,S +1)(T,S +1)(TeS % +S) + K, S - kg (T 21252 +T,,S +1) + K, -k, S -k +K, -K,S(T;S2+S)
(T?12S? +T,,S +1)(T,S +1)(T;S* +S)
kl i I(4 '(kz +k3(|'28 +1))(T532 +S)
((T?,S2 +T,,S+D(T,S +1)(T.S? +S) +k,S - K. (T %2S* +T,,S +1) + k, -k,S -k, + Kk, -k,S(T.S? +S))-(T,S +1

/lucm
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11D 6 napamempuueckom ghopme:

W (S) = k, kK3 T, TsS? + (T; + Ts)k, k,k3S? +
9V T (TA T, TsT,)S6 + (T3 (T, + Ts) + Ty T, Ts) TuSS + T3 (Koky + Kok T, + Ts + T,Ts + Tyq (Ts + Tp) + ksTs + Tsk; T,)S% +
+k; kKo S+kq kgks

+(T2KK, + T2 (KK, + KK, T, +1) + T, + T, + Ky + KT, + KT )T, 8% + (Koo Ty, + KKy + KT, +14+K,)T,8” + Kok, T, s + koK,

11D 6 uucnosoii popme
144+ S% +936+S% +1.44 %S

Wos(S) = 160056 + 2192+ 55 + 1152+ 5% + 316 % 57 + 5224 » 5% + 444 %5 1 0.16

2.2.2 Tlo Bo3amymamiuemy Bo3aeiicteuio f(t)

f(t
> W3 —
y(t
> Wi =/>—> W2 » wa  —>
A
——| w5

D(s) :1—iH1j(s) +iH2k(s) —ngl (s)+ ...

1.Tpu ogMHOYHBIX KOHTYpa (j=1,r1=2);
2.onuH KaHan (iI=1,r=1);
3.0TCYTCTBYIOT Hapbl, TPOUKHU U T A.(r2=r3=...=0).

[I®D oaAMHOYHBIX KOHTYPOB:
J =1 Hy1(S) = —W,(S) * W5(S)

J =2 Hy3(8) = —Wi(S) * W,(S) = We(S)

j =3 H3(5) = =W (S) * W5(S) = We(S)

n
r,=0; 3Hauur, Z H, =0;

k=1

Kypcosou npoexm

Hsm. | /lucm Ne dokym. [Modnuce | Aama

/lucm
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3
rs =0; cinemoBaTenbHO, Z H, =0-

1=1

@(S) =1 —Hy1(S) = Hy5(S) = Hyz = 1+ W5 (S) * W5 (S) + Wy (S) * W5 (S) * Wy (S) + Wy (S) * W5(S) * We(S)

KommuecTBo kaHanoB =1, cienoBaTenbHO:

H,(S) =W,
B urore nonygaem I[1® cucremsr:
W, (S
Wyf (S) — 4( )

1+W, (S)W; (S) +W, (S)W, (S)We (S) +W, (S)Ws (S)

11D 6 sude obwux oboznauenuii napamempos 34 CAY

fi{kit;m} _ G(S)

W, (S) = H{k;it;ir,} = =
yf VR 4.
S f{ki;ti; 7.} D(S)
ka4
_ T,S+1
Wry(S) = . 3 S ks 2 &
T5S2 +T;S+1 ToS+1 TsS2+S ToS+1 7 TARS2+T;S+1 TsS2+S
2 o2 2 2 o2
() (12,5 + TS + 1)+ (TsS” + S) + (T3S + 1) + kg Sks(T2,8* + T11S + 1))  ky
We, (S) =
P (T2,S% + TS + 1) * (TsS2 + ) * (ToS + 1) * (T4 + 1)
_ T TsT,S® + (THTs + Th T, + THTsT)S* + (Tyy T + T, + Ty Ty + TsT, + Thkokyks)S®
Wry($) = (TAT,TsT,)Se + (TS (T, + Ts) + Ty ToTs) T,S5 + T (kKoks + Kok Ty + Ts + T, T + Tyq (Ts + T,) + ks Ts + TsksT,)S* *
+ (Tll+T5+T2+k2k4k5T11)Sz+k2k4k55
(T,2KoKs + T2 (Kek, + Kok, T, +T) + T, + Ty + Ky + KT, + KT, + (Koks T,y + Kok, + KT, +14+K,)T, 8% + kK, T,s + KoK,
11® 6 uucnosoii hopme
Wi (S) = 1440 % S®> 4+ 1252.8 % S* + 324 % S3+ 324 %S>+ 1.8 %S
y(S) = 1600 * S® + 2192 %S> + 1132.8 * S* + 303.68 * S3 + 50.72 * S2 + 4.36 * S+ 0.16
/lucm
Kypcosou npoexm 1
Hsm. | /lucm Ne dokym. [Modnuce | Aama




2.2 Pacyet lN® Ha KoMmnbloTEpe

2.2.1 lNo 3aparowemy Bo3gencteuio g(t)

+[+H][+
-

—-

L

+H[+[+
[y

!
I J+[+
.

HESES
[
+[+][+

[

+H[+[+

Pucynok 2.3(a)- Moaenar CAY B Classic

+[+[+
—-.-_J

&
E

{* Ham.

14 .4 =3 -
9.36 =2
1.44 =

W3]
0. 16 J

2.84 =
18.64 =2
279.2 =3

1120 =#

2192 =5

1600 =6 |+

/lucm
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[+ Haop.

2.2.2 Mo Bo3mywarwwemy sozaencteunio f(t)

+ 1]+

I+ +

Pucynok 2.3(6)- Moaenr CAY B Classic

B
E3 e
-+
> 4
i {
+ +
+ 3 Edma=
==+

]

S

4+

W[z

1440

=5

1252.8

=4

324

=3

32.4

=2

1.8

0.16

4.44

52.24

=2

316

=3

1152

=4

2192

=5

1600

=6

BbiBoa: NP, nonyyeHHble Npu pacyeTe Ha KOMMbOTEPE M TOMOSIOMMYECKUM

cnocobom, ABMAKTCA MAEHTUYHbIMW. BcrneactBue 4Yero MOXHO caenaTb

BbiBO4 O ToM, 4yTOo [1® ansa Hawen CAY HavmgeHbl NpaBUbHO, Kak Mo

3afaroLLemy, Tak 1 No BO3MyLLaoLLEMY BO3AENCTBUIO.

ZELA

/lucm

Ne dokym.

llodnuck

fama
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3. PacuyeT Hyneun n nontocos N®

3.1 Mo 3aparowemy Bozaenctemro g(t)

Im(s]

0z

01

01

02

FRels))

03

08 06 0.4 .2 i

0z

Howm.Cucrema :

Hynu:
z1 =0.000000
z2 =-0.250000
z3 =-0.400000
ITonrocsr:

pl =-0.084389 +0.044181j

p2 = -0.084389 -0.044181j

p3 = -0.464000

p4 =-0.118611 +0.182855j

p5 =-0.118611 -0.182855j

p6 = -0.500000
AbcomoTtHoe 3atyxanue: 0.084

OtHocurenbHOE 3atyxanue: 1.542

Kypcosou npoexm

ZELA

/lucm

Ne dokym. [Modnuce | Aama

/lucm
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01

0.2

Imlz]

3.2 ITo Bo3mymawiemy Bo3aeiicteuio f(t)

nz

01

0.3

0.8

.6 0.4 0.2

Hom.Cucrtema

Hynw:

Monto

z1 = 0.000000

z2 = -0.250000

z3 = -0.060000 +0.080000j
z4 = -0.060000 -0.080000j
z5 = -0.500000

Cbl.

pl = -0.084389 +0.044181]
p2 = -0.084389 -0.044181]
p3 = -0.464000

p4 =-0.118611 +0.182855;]
p5 = -0.118611 -0.182855]
p6 = -0.500000

AbcontoTHoe 3atyxaHue: 0.084

OTHocuTenbHoe 3atyxaHue: 1.542

nz

ZELA

/lucm

Ne dokym. [Modnuce | Aama
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4. YacTOoTHbLIM aHanNu3

4.1 Noporpac yactoTHoM nepepatovyHou hyHkumm (UrNeP) CAY

4.1.1 Mo 3aparowemy Bosgenctaeuto g(t)

I W]

0z

01

01

1.2

13

0.4

0.5

Re Wil

13

0.2

0.1

11 0z 0.3 04

05

0.6

0.5

4.1.2 MNo Bo3mywaowemy Bozgencteuto f(t)

I )

f—_ﬂ_—\-‘_—\—\—‘

0.5

e
N

R wiiw]

05

ZELA

/lucm
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4.2 da3zoBas yacTtoTHas xapakrepuctuka (PUX) CAY
4.2.1 Tlo 3apawiuemy Bo3aeicTBUIO g(t)

= YACTOTHEIE XAPaKTE QKMCTHEM 1

4.2.2110 Bo3mymarwimemy Bo3aeiicteuio f(t)
] YacTOTHLIE XApaKTERHUCTHEK D
2.5

150

-150

4.3JIorapugmuueckasi aMILINTYAHO-4acTOTHas xapakrepuctuka (JIAYX) CAY
4.3.1 Ilo 3apaomemy Bo3aeicTBHIO g(t)

| YacTOTHBIE ¥apakTEPHETHEM 1
20

-0

150

-36E0

/lucm
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4.3.11o Bo3mymaomemy Bo3aeiicreuio f(t)

(| YACTOTHRIE XapakKTERHMCTHEH
4.4  AMnaMTyaHo-4yacToTHasi xapakrepuctuka (AYX) CAY
5.4.1 Ilo 3apawiuemy Bo3aeiicTBuIO g(t)
06
i
|
|
II
04 H—
1
|
A(W) |
— |
\
02 !
'I!I
L~
0 1 2 3
4.4.2. Tlo Bo3myiaomemy Bozaeiicreuio f(t)
f
A
2 '|
n
[\
A(w)

ZELA

/lucm

Ne dokym.

[Modnuce | Aama

Kypcosou npoexm
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4.5 BemecrBeHHas YacTOTHas nepeaaroynas pynkuus (BUIID) CAY
4.5.1 Ilo 3apaomemy Bo3aeiicTBuio g(t)

06
04 [H

02
Re(w) |

3

Re(w)

4.6 Mmuumas yactotHasi nepeaarounasi pynkmuss (MUIIP) CAY
4.6.1 Ilo 3apaomemy Bo3aeicTBHIO g(t)

04

~ o 1 2 3
w

60

40 lllr\

Im(w) 20 Illl ||

=20
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4 Pacuet nepexoansnix npoueccosn (I1IT)

4.1 Pacuer III1 aHAJIUTHYECKHUM CIIOCOOOM

(n, =

k
®opmyna Xssucaiina: h(t)=Y

ﬁ-limS s, |6 —sk)nk -y(s)-eSt
rae K — HOMep mosroca;

Sk - k¢ momtockl pynkmuu h(s);

N — 00IIIee YUCIIO MOJIIOCOB;

Nk — KOJIMYECTBO OJIMHAKOBBIX TIOJIOCOB C HOMEPOM K;

( — YMCJIO Pa3HBIX MOJIFOCOB U300PaKCHHMSL.

4.1.111o 3axaromemy Bo3aeiicTuio g(t)

XS 0.8%S 0.8-s°
S)= = ) = ———
g( ) 9(s) s +42.25

S2+w? S2442.25

[lepenarouynast GyHKUIMS UMEET BU:
14.4 %« S3 +936%S%2+ 144 %S

1600 * S® + 2192 % S5 + 1152 % S* + 316 * S3 + 52.24 x S2 + 444 xS + 0.16

W06 (S) =

ITepexonnbrii mporecc:  Y(s) =W, (s)-g(s)
14.4%S3 +9.36 % S2 + 1.44 * S 0.8 % 52
Y(8) = 1600+ 56 1 2192+ S5 + 1152+ 57 + 316+ 57 15224 - 52 1 4445+ 016 " 52+ 4225
11.52 « S5 + 7.488 * S* + 1152 » §°

y(s) = 1600 * S8 4+ 2192 % S7 + 68752 * S¢ + 92928 x S5 + 48724 = §* 4+ 13355 = §3 + 2207.35% + 187.59S + 6.7

Kopnu XII nmeror Buz:

pl = -0.084389 +0.044181]
p2 =-0.084389 -0.044181]
p3 =-0.500000

p4 = -0.118611 +0.182855]
p5 =-0.118611 -0.182855j
p6 = -0.464000

p7 = 0.000000 +6.500000j
p8 = 0.000000 -6.500000j

[Toncrasnsem Bce mannbie B popmyny Xoasucaiina u vaxoaum 111 mo

5 4 3) st
y®:= lim (S + 0.084 0.044]) (11.525° + 7.488 &% + 1.1528%) ¢

S—> — 00840044 ] 1600(S + 0.084— 0.044)-(S + 0.084+ 0.044j)(S + 0.5 (S + 0.1186— 0.1828])(S + 0.1186+ 0.1828](S + 0.464(S — 6.5j)(S + 6.5])
( 5 4 3) st
lim (S + 0.084+ 0.044]) 11.52S™ + 7.488- S + 1.152S7)-e
4+ S -00840044] 1600(S + 0.084— 0.044))-(S + 0.084+ 0.044))(S + 0.5 (S + 0.1186- 0.1828j)(S + 0.1186+ 0.1828)(S + 0.469(S — 6.5)(S + 6.5])
+
im (5409 (11.5255 4 7.488 5%+ 11525
S.s 05 "71600(S + 0.084— 0.044j)-(S + 0.084+ 0.044))(S + 0.5(S + 0.1186- 0.1828j)(S + 0.1186+ 0.1828j(S + 0.469(S — 6.5])(S + 6.5))
/lucm
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lim

S—> —0.1186+0.1828

+

lim

S—> -01186-01828]

+

lim
5S— -0464

+

lim  (S-

S— 65]

lim
S—> -65]

(S+0.469

(11508 + 7.488 5%+ 115257 5

(S + 0.1186- 0.1828j)- . . - _ .
1600(S + 0.084— 0.044j)-(S + 0.084+ 0.044)(S + 0.5(S + 0.1186— 0.1828j)(S + 0.1186+ 0.1828)(S + 0.46(S — 6.5j)(S + 6.5])

(11528 + 7.488 6% + 1.1525%) 5
1600(S + 0.084— 0.044])-(S + 0.084+ 0.044)(S + 0.5(S + 0.1186- 0.1828])(S + 0.1186+ 0.1828)(S + 0.464(S — 6.5])(S + 6.5))

(S + 0.1186+ 0.1828j)-

(11.525° + 7.488 s* + 1.1528%) .51

1600 (S + 0.084— 0.044j)-(S + 0.084+ 0.044))(S + 0.5(S + 0.1186— 0.1828])(S + 0.1186+ 0.1828)(S + 0.463(S — 6.5))(S + 6.5])

(11.5255 +7.488 S+ 1.15283)‘e5't
1600(S + 0.084— 0.044])-(S + 0.084+ 0.044])(S + 0.5(S + 0.1186 0.1828])(S + 0.1186+ 0.1828)(S + 0.469(S — 6.5))(S + 6.5))

6.5))

(115255 + 7,488 5 + 1.15253‘).e5‘t
1600(S + 0.084— 0.044))-(S + 0.084+ 0.044])(S + 0.5(S + 0.1186- 0.1828])(S + 0.1186+ 0.1828(S + 0.463(S — 6.5))(S + 6.5))

(S+6.5))

= i85616599896147722&075'9(9[(43.400000000000000000(1072 + 444000000000000000000.072~li) -t +3.54557 125633965119641076'1i 'exp[(~&4000000000000000000.072 + 4,4000000000000()0()0()[1072 »li) R

SB5616599896147722&0-5-exp|:(£ 400000000000000000(10'2 - 4.40000000000000000()&0-2 -1i) -t — 3.54557125633965 11961110'6 i -exp[(%AOOOOOOOOOO0000000‘10-2 - 4.400000000000000000(10-2-1|) -t

+ 39793210 8989863021110-4 -exp(—.5000000000000000000@)
+ .15447 84724496180692‘1.0_9 -exp[(—.11860000000000000000- 1828.1i) -t] — 4.28299 239454241327341.0_13 -1i-exp[(—.11860000000000000000- 1828.-1i) -t]

+ 2.15447847 24496180692.0-9 + 4,28299239454241327341.0-13 -li) -exp[(—.11860000000000000000- 1828.-1i)-t] = 38340047 2008961009(10-4 -exp(—.4640000000000000000a) =

1.44738345784477183 1210’5 -exp(6.5000000000000000004Li -t) — 9.37211785813123614 66.0’6 -1i-exp(6.500000000000000000dLi -t)

.44738345784477183 12!.0-5 -exp(—6.5000000000000000004i-t) + 9.37211785813123614 6&0-6 -1i-exp(—6.5000000000000000004Li -t)

LI no kanany «g-y»:

1. 5=107 4 ,n.,
12107 Y
O 107
B 107 4

3107 4

il
S0

tl

Pucynok 4.1.1- TII1 no 3amaromemy Bosaenctuio g(t).
5.1.2 [o Bo3myuwawwemy Bosgencremio f(t)

dopmupyowmnn unbTp No Bo3mywlarowemy sodgenctanto f(t):

S

k
2

£(S) =

+

Kypcosou npoexm
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[lepenarounas GpyHKUNS UMEET BU:

1440 % S5 +1252.8 * S* + 324+ S> + 324+ S? + 1.8+ S
1600 = S + 2192 * S° + 1132.8 * S* + 303.68 x S3 + 50.72 « S2 + 4.36 * S + 0.16
ITepexonubii mpouecc:

y(8) =Wy, (8)- T(8)

ny (S) =

) 1440 * S5+ 1252.8 *S* + 324 % S3 +32.4 % S2 + 1.8 % S 0.5
= * —
yis 1600 * S® + 2192 % S5 + 1132.8 * S* + 303.68 * S3 + 50.72 % S? + 436 xS+ 0.16 S
) 720 % S5 4 626.4 % S* + 162 % S3 4+ 16.2 %S + 0.9 *S
ys) =

1600 * S7 + 2192 % S® + 1132.8 * S5 + 303.68 * S* + 50.72 * S® + 4.36 * S? + 0.16S

Kopuu XII umerot Buna:
pl = 0.000000
p2 = -0.084389 +0.044181]
p3 =-0.084389 -0.044181j
p4 = -0.464000
p5 =-0.118611 +0.182855j
p6 =-0.118611 -0.182855j
p7 =-0.500000

[ToncraBnsem Bce nanHble B (opmyny XoaBucaina u Haxogum [IIT mo
3a7ar0lIeMy KaHaly:

JO - lim (72055 4 626.45" 1 162.5% 4 16252 + 0.95)-¢%"
T ol o 1600(S)-(S)-(S + 0.084— 0.04464))-(S — 0.084+ 0.04464))-(S + 0.9-(S + 0.1186- 0.1828])-(S + 0.1186+ 0.1828))-(S + 0.9

+
5 4 3 2 s-t
- (5 + 0,084 0.04454) _ (72085 + 626,45 + 1628+ 16.25% + 0.95)e _ _
S 00841004464 ] 1600(S)-(S)-(S + 0.084— 0.04464))-(S — 0.084+ 0.04464))-(S + 0.5-(S + 0.1186- 0.1828})-(S + 0. 1186+ 0.1828))-(S + 0.5
+
5 4 3 2 st
" (5 0,084+ 0.04464). _ (72085 + 626,45 + 1025+ 162° + 0.95)e _ _
S 0084-004464] 1600(S)-(S)-(S + 0.084— 0.04464]) (S — 0.084+ 0.04464))-(S + 0.5-(S + 0.1186- 0.1828))-(S + 0.1186+ 0.1828j)(S + 0.9
+
i 5+ 0,460, (7208° + 626.45" + 1625 + 16,262 + 0.95) 5"
o oasa 7 1600(S)(S)-(S + 0.084— 0.04464])-(S — 0.084+ 0.04464])-(S + 0.9-(S + 0.1186- 0.1828])-(S + 0.1186+ 0.1828)) (S + 0.9
im (5409 (72055 +626.45" + 1628% + 16.25% + o.gs).es‘t
S -05 ' 1600(S)-(S)-(S + 0.084— 0.04464j)-(S — 0.084+ 0.04464j)-(S + 0.5-(S + 0.1186— 0.1828j)-(S + 0.1186+ 0.1828j)-(S + 0.5
+
5 4 3 2 st
i (5.4 01186 0.1528). _ (7208 + 626,45 + 125"+ 1625% + 0.95)¢ _ _
S—> — 0118601828 1600(S)-(S)-(S + 0.084— 0.04464])-(S — 0.084+ 0.04464))-(S + 0.5-(S + 0.1186- 0.1828))-(S + 0.1186+ 0.1828)(S + 0.5
+
5 4 3 2 st
i 5+ 0.1186+ 0.1828) _ (7208 + 626.05 + 1625+ 1625+ 095) _ _
So> - 0118601828 ] 1600(S)-(S)-(S + 0.084— 0.04464])-(S — 0.084+ 0.04464])-(S + 0.5-(S + 0.1186- 0.1828))-(S + 0.1186+ 0.1828])-(S + 0.5

(0)+( L2960033837045105773xp[(%.400000000000000000(10-2 + 4.400000000000000000(10-2 -1i) - .359609245210046711811i-exp[(ﬂS.AOOOOOOOOOO0000000(10‘2 + 4.40000000OOOODDDDODQO'2 -1i)~17

2 2

)+(7.12960033837045105772&)([[(%.400000000000000000007 - 4.400000000000000000{10721) !] +.35960924521004671181 -ex{(%.400000000000000000(107

—4.400000000000000000(107Z-i)-t] )+(
730894241 93618681 632X~ 46400000000000000000) )+(

3.52791392398774430880 8 -ex[ (—11860000000000000006- 1828.-i) -t] — 2.46146057 280306316 41511.074 -i-exd (—11860000000000000006- 1828.4) -] )+(

.52791392398 7744308&0_8 + 2.46 146057280306316441.0_4-1i) -exp[(—.11860000000000000000- 1828.-1i) -t] \+(O\

/lucm
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W, (S) =
oy () 1600 * S + 2192 * S5 4+ 1152 % S* + 316 % S3 + 52.24 x S + 4.44 xS + 0.16

Ay

]

147

1241

1.081

0921

0. 76T

0.1

ITIT o xanany «f-y»:

— 0.0

— 02"

Pucynox 4.1.2- TIIT o Bo3mytaroiiemy Bo3zaenctauio f(t)

CoBmecTuB nonyyeHHble rpaduku N1 no g(t) v f(t) nonyymm:

— 0061,

A0,

4.2 Pacuer IIII rpadpuueckum cnocodom (mo meroay Co/i010BHHKOBA)

144+ S% +936*S% +1.44 S

ZELA

/lucm

Ne dokym.
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fama
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1

08

0.6

N
04
02 /

Rel(w) 0 —
-0.2 \v//
-04
-0.6
-0.8
-1 0 0.1 0.2 03 04 05 06 07 08 09 1

Pucynox 4.2.1(6)-BUII® CAY mo 3anaromemMy Bo3zaencTeuio g(t).

w

st peanuzamnuu metoa CosnonoBHukoBa pazouBaem BUIID mno 3amaromemy BO3ACHCTBHIIO

Ha Tpamnenuu

Do

02T

Fe(w)

-0z

06—+

-1

Pucynok 4.2.1(6)-BUII® CAY mo 3amaromemy Bo3zaencTsuio g(t).

Wy
X =
),
JlaHHBIE MO Tpanenusam:
Ne w1 w2 X
1 0 0,2 0
2 0,08 0,18 0,44
3 0,18 0,24 0,75
4 0,24 0,55 0,43

ZELA

/lucm Ne dokym.

llodnuck

fama

Kypcosou npoexm
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T h(t) t pevicrel hi(t) |tazencre2| h2(t) |taeicts3| h3(t) h sum
02 05 0,55 0 0 0 0 0 0 0
0 0 0 0 9,615384615 | -0,10829 | 1,128668 | 0,18048 | 0,208333 | -0,04662 | 0,025568
g L Uz EE 19,23076923 | -0,20924 | 2,257336 | 0,346672 | 0,416667 | -0,08949 | 0,04794
L 0371 | 0461 0,476 28,84615385 | -0,30343 | 3,386005 | 0,50008 | 0,625 |-0,12878 | 0,067863
1,5 0,538 0,665 0,685
> 0 682 081 0,856 38,46153846 | -0,38465 | 4,514673 | 0,624912 | 0,833333 | -0,16093 | 0,079336
o 80 5% S 48,07692308 | -0,45233 | 5,643341 | 0,727184 | 1,041667 [ -0,18518 | 0,089676
S 0,895 1061 1,081 57,69230769 | -0,50478 | 6,772009 | 0,797872| 1,25 | -0,20323 | 0,089864
35 0,963 1115 1132 67,30769231 | -0,54313 | 7,900677 | 0,83848 | 1,458333 [ -0,21282 | 0,082532
4 1,008 1,141 1,151 76,92307692 | -0,56851 | 9,029345 | 0,858032 | 1,666667 | -0,21639 | 0,073132
45 1,029 1,138 1,141 86,53846154 | -0,58036 | 10,15801 [ 0,855776| 1,875 |[-0,21451 |0,060912
5 1,042 1,117 1,114 96,15384615 | -0,58769 | 11,28668 | 0,839984 | 2,083333 | -0,20943 | 0,042864
5,5 1,042 1,09 1,07 105,7692308 | -0,58769 | 12,41535 | 0,81968 | 2,291667 | -0,20116 | 0,030832
6 1,037 1,051 1,036 115,3846154 | -0,58487 | 13,54402 |0,790352| 2,5 |-0,19477 |0,010716
6,5 1029 | 1,018 1,001 125 | -0,58036 | 14,67269 | 0,765536 | 2,708333 [ -0,18819 | -0,00301
/ 1,021 0,992 0.975 134,6153846 | -0,57754 | 15,80135 | 0,745984 | 2,916667 | -0,1833 | -0,01485
7,5 1,021 0,974 0,956 J J J ' . d J
s 5 o i 144,2307692 | -0,57584 | 16,93002 | 0,732448 | 3,125 |-0,17973 | -0,02312
85 1021 0.964 0,954 153,8461538 | -0,57528 | 18,05869 | 0,726432 | 3,333333 | -0,17898 | -0,02782
9 1,025 0,968 0,962 163,4615385 | -0,57584 | 19,18736 | 0,724928 | 3,541667 | -0,17935 | -0,03027
9,5 1,028 0,975 0,972 173,0769231| -0,5781 | 20,31603 |0,727936| 3,75 |-0,18086 | -0,03102
10 1,03 0,982 0,984 182,6923077 | -0,57979 | 21,4447 | 0,7332 |3,958333 | -0,18274 | -0,02933
10,5 1,031 0,988 0,994 192,3076923 | -0,58092 | 22,57336 | 0,738464 | 4, 166667 [ -0,18499 | -0,02745
11 1,03 0,993 1,001 201,9230769 | -0,58148 | 23,70203 | 0,742976 | 4,375 |-0,18687 | -0,02538
L doze HEES diee 211,5384615 | -0,58092 | 24,8307 |0,746736 | 4,583333 | -0,18819 | -0,02237
1;25 1’33 g:g; 1’% 221,1538462 | -0,57979 | 25,95937 | 0,748992 | 4,791667 | -0,18913 | -0,01993
= 1: e 0: 57 1: o6 230,7692308 | -0,57754 | 27,08804 [0,749744| 5  |-0,18932 | -0,01711
T il o T 240,3846154 | -0,57472 | 28,2167 | 0,749744 | 5,208333 [ -0,18932 | -0,01429
m 1.008 0.99 1.005 250 -0,57246 | 29,34537 | 0,749744 | 5,416667 | -0,18913 | -0,01184
15 1,008 1,002 1,005 259,6153846 | -0,5702 | 30,47404 |0,750496| 5,625 [ -0,18894 | -0,00865
15 1,006 1,005 1,006 269,2307692 | -0,56851 | 31,60271 | 0,751248 | 5,833333 | -0,18894 | -0,0062
15,5 1,006 1,008 1,007 278,8461538 | -0,56851 | 32,73138 | 0,753504 | 6,041667 | -0,18894 | -0,00395
16 1,006 1,01 1,01 288,4615385 | -0,56738 | 33,86005 | 0,75576 | 6,25 | -0,18913 | -0,00075
16,5 1,005 1,011 1,008 298,0769231 | -0,56738 | 34,98871 | 0,758016 | 6,458333 | -0,18932 | 0,001316
17 1,005 1,012 1,007 307,6923077 | -0,56738 | 36,11738 | 0,75952 | 6,666667 | -0,18988 | 0,002256
2 Lo0 00 Lol 317,3076923 | -0,56682 | 37,24605 [0,760272| 6,875 | -0,1895 | 0,003948
18 1,002 1,008 1,001
e . 005 0,999 326,9230769 | -0,56682 | 38,37472 | 0,761024 | 7,083333 | -0,18932 | 0,004888
o e o o 336,5384615 | -0,56569 | 39,50339 | 0,758768 | 7,291667 | -0,18894 | 0,004136
19,5 0.9% 0.99 0.992 346,1538462 | -0,56513 | 40,63205 | 0,758016| 7,5 |[-0,18819| 0,0047
20 0,995 0,995 0,991 355,7692308 | -0,564 |41,76072 | 0,75576 | 7,708333 | -0,18781 | 0,003948
205 0,994 0,094 0,991 365,3846154 | -0,56287 | 42,88939 | 0,752752 | 7,916667 | -0,18706 | 0,00282
21 0,994 0,993 0,992 375 -0,56174 | 44,01806 | 0,74824 | 8,125 | -0,1865 0
21,5 0,994 0,994 0,995 384,6153846 | -0,56118 | 45,14673 | 0,74824 | 8,333333 | -0,18631 | 0,000752
22 0,994 0,995 0,997 394,2307692 | -0,56062 | 46,2754 | 0,747488 | 8,541667 | -0,18631 | 0,000564
22,5 0,995 0,996 1 403,8461538 | -0,56062 | 47,40406 [ 0,746736| 8,75 | -0,1865 |-0,00038
Z Uil e L0y 413,4615385 | -0,56062 | 48,53273 | 0,747488 | 8,958333 | -0,18706 | -0,00019
23,5 0.9% 0,998 1,003 423,0769231 | -0,56062 | 49,6614 | 0,74824 | 9,166667 | -0,18744 | 0,000188
24 0,995 0,999 1,003
245 0,955 . 1004 432,6923077 | -0,56118 | 50,79007 | 0,748992| 9,375 | -0,188 |-0,00019
o 0.995 1 1,004 442,3076923 | -0,56118 | 51,91874 | 0,749744 | 9,583333 | -0,18838 | 0,000188
255 0,994 1 1003 451,9230769 | -0,56118 | 53,0474 |0,750496 | 9,791667 | -0,18856 | 0,000752
26 0,994 1 1,001 461,5384615 | -0,56118 | 54,17607 | 0,751248 10 -0,18856 | 0,001504
471,1538462 | -0,56118 | 55,30474 | 0,752 |10,20833 | -0,18875 | 0,002068
480,7692308 | -0,56118 | 56,43341 | 0,752 | 10,41667 | -0,18875 | 0,002068
490,3846154 | -0,56062 | 57,56208 | 0,752 | 10,625 |-0,18856 | 0,00282
500 -0,56062 | 58,69074 | 0,752 | 10,83333 | -0,18819 | 0,003196
/lucm
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—h2(t)
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Pucynok 4.2.1(8)- I'padux 111 nomyuennsiit mo meroay Cosi010BHUKOBA.

TEPEX0AHEIE MPOUECEE! D

0

200

300 400 &0 E00 Fan 200

IMepexoaHese npouecce:, BxoaHoe BoaasdicTeve: cryneyaToe k=1.000

Pucynoxk 4.2.1(r) I'paduk equamaHO-cTynieruaTas pynkmus u3 Classic
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5.3 Pacuer IIII MmammuHHBIM CIIOCOOOM
5.3.1 ITo 3aparomemy Bo3aeiicTeuio g(t)

brnok 1 sBisiercst popMupyromum GuIbTpoM:

] W=
= =]
+ ] + Wi + 51 + iz + ) [] Y
1 1 = 3 Ex } 5 } 7
WE +
M
L
g $
Pucynok 4.2.1(a)- Monens CAY B Classic
ult]
2E-04
1.E-04 /\\
Nl — \_____,__/

-LE-04

-Z2E04

-3E-04

4 E-04

-AE-04

a0

a0

100

Kypcosou npoexm
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5.3.2 lNo Bo3mywaowemy Bosgencreuio f(t)

brnoxk 8 sBisieTcst popMupyromuM GUIbTpoOM:

+ [
¥+
] = 8
I+
+
I+ I+ I+ I+ [
- + + + + 5
= = = 3 Hia ~E 6
L=
|+
5 T
r H
Pucynok 4.2.1(a)- Monens CAY B Classic
)
15
;
05
D \\\—‘-\_‘_‘—\—\—:—'—’
0.5 Ls
1] 5 10 15 20 28 a0 35 40 45 50
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5.3.3 Mo o6oum BO3aENCTBUSAM OQHOBPEMEHHO

bnoxu 2 u 3 sBnstoTcs popMUpYIOIIUMEU QHIBTPAMU:

I+ ]
¥ } =
= 2 = 7
[+
+ =
H 1
It d d sl i d [
¥ T + } T + + T
= 3 = = 9 5 6 L ¢ = 10
ad
T8 |
1
-0.2]
0 100
/lucm
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6. Ouenka ycroitunBoctu CAY
T.x no 3amaromemy g(t) u mo Bo3mymaromemy Bosaericteuto f(t) XI1 sBisercs
OJIMHAKOBBIM, TO Ui pacueTa ycroiunBocTd CAY 10CTaTOYHO OJHOTO KaHajia.

6.1  Omuenka ycroituuBoctu CAY 1o KOpPHAM XapaKTepucTHYeCKOro nojaunoma Id
[1d CAY mno 3agaromiemy Bo3zaericteuio g(t):

14.4 %« S3 +936%S%2+ 144+ S
1600 * S® + 2192 % S5 + 1152 % S* + 316 * S3 + 52.24 x S2 + 444 xS + 0.16

W06 (S) =

XII cucTteMbl UMEET BH;
D(S) = 1600 % S® + 2192 % S° + 1152 * §* + 316 * §* 4+ 52.24 * §* + 4.44 + S + 0.16

KDDHEBaﬂ MAOCKOCTE D

Im(z]

0z v

01

01

0.2

FiElz]
0.6 0.4 0.2 i nz

Pucynox 6.1-Kopnuesas ninockocts CAY

IloaroCchl CUCTEMBI:

p, = —0.084 + 0.044j

p, = —0.084 — 0.044j

p; = —0.1186 — 0.1828; P.
—0.1186 + 0.1828;

ps = —0.46400

ps = —0.50000

Kopnu XII [1® CAY nassiBaroTcs nomtocamu 11dD.
BeiBoa: I'padux pacnpenenenus nostocoB 1P (kopHeBas IIIOCKOCTH) MOKAa3bIBAIOT, YTO
kopHH XII [1® pacnosioxkeHs! ciesa, cienosarenbHo qaHHas CAY ycroiuusa.

/lucm
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6.2 Ouenka ycroitunBoctu CAY no kpurepuro I'ypsuna
[1d CAY no 3agaromiemy Bo3zaericTeuio g(t):

14.4%S3 4+ 9.36%S%2 4+ 1.44 xS

Wys(S) =
s (5) 1600 % S® + 2192 % S5 + 1152 % S* + 316 * S3 + 52.24 %« S2 + 4.44 xS + 0.16

Onenka ycroitunBoctu CAY no kputeputo ['ypBuIia 0CyIECTBISIETCS € TOMOLIBIO
Martpulbl ['ypBuna, kotopas cocrasisercss Ha ocHoBe XII.

dys"+d,;s" " +...+d ,s+d.
D(S) = 1600 * S® 4+ 2192 * §° + 1152 * S* + 316 * > + 52.24 * S? + 4.44 + S + 0.16
dg:= 1600

dq :=2192
d, :=1152

dy:=52.2¢
d5 =4.44

dg:=0.16
d3 =316

dy d3 dg 0 0 0
dy dy dy dg O

o

0 dy d3 dg O

o O

0 dg dp dy dg |Hg| =5.856x 10°

0 0 dj dg ds

o

0 0 dg dy dy dg

3 dy d3 dg 0
dg dp dy dg
H,:= 10
d; dy . 471 0 dy dg dg |Hg| =1.218x 10
Ha=l |H| =2.02x 10
0 942 0 do dy dg
dy d3 dg
8
Hg:=| dg dp d4 |Hg| = 4.028x 10 Hg = [Hel 10
' Hg = 3.66x 1
0 4, d dg 5 =3.66x 10

BoiBoa: T.x. Bce koddpdurmentsr XII 1D sgBastoTcs MONIOKUTEIBHBIMH, a
TaKKe BCE OIpEASIUTSIN MaTpuibl [ypBUIla B pe3yinbTaTe pacyeToB ObUIH
MOJTyYEHBI TIOJIOKUTEIBHBIMHA, TO JaHHAs CHUCTEMa COTJIaCHO KPHTEPHUIO SIBIISICTCS
YCTOMYHUBOM.

/lucm
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6.3 Ouwnenka ycroitunBoctu CAY no merony Payca

Ouenka yctoitunBoct CAY no metony Payca ocymiectBisiercst ¢ momoiibio R —
TaOIUIIBI.

[1d CAY 1o 3agaromiemy Bo3zaericTeuio g(t):

14.4%S3 4+ 936524+ 1.44 xS

w =
s (5) 1600 * S® + 2192 * S5+ 1152 % S* + 316 * S3 + 52.24 x S2 + 4.44 xS+ 0.16

XII nepenaTounoit GyHKIINUU:
D(S) = 1600 * S® 4+ 2192 * §° + 1152 * S* + 316 * S> + 52.24 * S? + 444+ S + 0.16
[Ipumenenue sToro kpurepus TpeOyeT GOpMUPOBAHUSI CIICIIUATIBHON TaOIUIIBI —
tabnuiel Payca (R-tabmuiibn), cocrosmeit u3 (N+1) cTpok, rae N — mopsii0oK CUCTEMBI.
OnemenTbl mepBod cTpoku (i=1) R-tabmuipsr — koaddummentsr dj XII,
UMCIOIIUE YeTHbIC HMHICKCHI, T.e. Uo, d2, ds m T.A. DJjeMeHTamMu BTOpPOW CTPOKH
sBisitoTes Kod(hduimeHtsl dj ¢ HeueTHBIMH HHAeKcamu, T.e. 01, d3,... Hauunas c
tpetbeii cTpoku (I=3) R-TaOaMIBIL, €€ DIIEMEHThI OMPEACISIOTCS C MOMOIIBIO
BCIIOMOTATEIbHBIX KOA(P(OUIUCHTOB (I KaXI0H I-TOM CTPOKH UCIONIB3YeTCs] CBOU
K03 uimeHT) ai=rio1/ri-1,1, pACCYMTHIBAEMBIX KaK OTHOIICHHUE JBYX 3JIEMEHTOB 1-r0
ctosibora R-Tabnuiel. 3HaUeHUE MPOU3BOJIBHOTO 3JIeMEeHTa R-TaOIuUIbI, CTOAIIETO B I-
i1 ctpoke u K-M cTonbrie, paccynThiBacTCs 1Mo GhopMmyiie:
e = lioka — &l

CocraBuM Tabnuiy Payca (R-Tabnuiy) u cnenaem ananu3 ycroiunBocta CAY.

Ctpo | BcniomorarenbHbie CtoJ101156I
Kd | K03 (UIMEHTH, dj, 1 2 3 4
>3
1 - 1600 1152 52.24 0.16
2 - 2192 316 4.44 0
3 a3~0.08 1126.72 51.88 0.16 0
4 a4=~0.5 290.16 4.36 0 0
5 as~1.72 44.38 0.16
6 ag~1.51 0 0

/lucm

Kypcosou npoexm

ZELA

32

/lucm Ne dokym. [Modnuce | Aama




BeiBoa: Tak kak Ih+11=0, a Bce ocTajabHbIe 4WieHBI 1-oro cronbna R-Tabmuibl, a

Takke Bce Koddpduuuentsl XII mnomoxutenvHbl, TO nanHas CAY sBugercs

YCTOMYUBOM.
6.4 Ouenka ycroitunBoctu CAY nmo MuxaiijioBy
W (S = 14.4 %« S3 +936%S%2+ 144+ S
0s(5) = 1600 * S® + 2192 % S5 + 1152 % S* + 316 * S3 + 52.24 x S2 + 4.44 xS + 0.16

D(s) = 1600- s° + 2192 s° + 1152- s + 316- 5° + 52.24- > + 4.44- 5 + 0.16
D(j-®),, =1600-0° —2192- j-@° +1152- 0" —316- j- @’ —52.24 - 0" +4.44- j-»+0.16

Re(j- ), =1600-0°® —1152- " —52.24-»* +0.16
Im(j - w),, =-2192-j-@°-316- j-w+4.44- j-®

150 30
D(w) 180 A Z 0
¥
210" 330
240 300
270
w

Pucynox 6.4 - 'ogorpad MuxaiinoBa CAY B noJispHO# CUCTEME KOOPIUHAT

BoiBoa: CAY — ycToiiunBa, MOCKOJIBKY BCe KO (DHUIIMESHTHI ee
XapaKTePUCTUUYECKOTO YPaBHEHUS TOJIOKUTEIBHBI M BEKTOp rogorpad Muxaiinosa
MIPY U3MEHEHUHU YaCTOTHI OT HYJIA 10 OECKOHEUHOCTH, HAYMHAET CBOE JIBM)KCHHE
MIPOTHB YacOoBOM cTpenku u3 Touku(1;0]), HUTIe HE MPUHUMAET HYJICBOTO 3HAYCHHSI

/lucm
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6.4.1.0nenka ycroinuuoctu CAY no caeacrsuio Muxaiiaosa
ITocTpouM 3aBUCUMOCTH BEIICCTBEHHOW U MHUMOU 4YaCTOTHON XapaKTEPUCTHUK.

BemecTBeHHas 1 MEIMast cocTaBIistonue rogorpada Muxaitiosa CAY:

10r

=10
w
BbIBOA: aHAIN3 BEIIECTBEHHOW U MHUMOM YaCTOTHBIX
XapakTepuCcTUK rogorpada MuxaitnoBa gaet 3 ekT yepeaoBaHusl

KOpHEM, a UMEHHO Ha ® =0 TepBbIM HJIET KOPEHb MHUMOU COCTABJISIOIIEH.
CnenoBarenbHo, nanHag CAY - ycroluusa.

6.5.0nenka ycroitunBoctu CAY Metonom D-pazomenust
XII MP:

D(s) = 1600- s + 2102- s° + 1152 s* + 316+ 5° + 52.24- s> + 4.44- 5 + 0.16

D(S) = (T122-|-4T5-|-2)S6 + (Tlg (TZ +T5) +T11T2T5)T4S5 +T122(k2k5 + k5k3T2 +1+T5T2 +T11(TS +T2) + k5T5 + k3T5T2)S4 +

+ (T KoKy + T2 (KK, + Kk, T, + 1) + T, + T, + Ky + KT, + KT )T, 8% + (KoK, Ty, + KoKy + KT, +1+ k)T, 5% + KoK, T, + KoK,
B kauecTBe mapameTrpa M Gepem mapamertp T

(T122T4-|-5T2)S6 + (T122 (TZ +T5) +T11T2T5 )T455 +T122(k2k5 + k5k3T2 +1+T5T2 +T11(TS +T2) + k5T5 + k?)-I-STZ)S4 +

+ (T 2KeK, + T2 (KK, + KK, T, +1) + T, + T, +K, +K,T, +KsT)T,8% + (KK, Ty, + KoK, + KT, +14+K,)T, 8% + kK, T,s+ KKk, =0

=TTt + T8 — (T, + T, + K T,)S? + L+ Ky + Kk, + KoK + KoksT,)s + koks)
# TS + (T2 +T.T,)s (Tu 4T, +kT,)5° + (k + )S?
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et O

tos f 0

Wil )

WAL =) — 1k ll}i

— =10

— a0l

W) Wl

Pucynok 6.5-Kpusas D-pa30buenusi.
BbiBoa: MIIOCKOCTH pasjiesieHa Ha JABEe 00JacTH, U3 KOTOpBIX Haubojiee YCTOMYMBOM

sBysgeTcs obynacTe 1, Tak Kak HITPUXOBKA HampaBlieHa BHYTpPh 3Toil oOmactu. [nst Toro ytoOsbl

MIPOBEPUTH YCTOMYMBOCTH CHUCTEMBI, B KadecTBe MapameTpa D-pa3OueHuss Hamu ObLT B3ST

koddppuument T, =1.25, nmpu koTopom cucrema sBIsSETCS YCTOWYMBOM, T. 0. 00IacTh 1 sBsETCS

o6nacteio yeroitunBocTu. [Tapamerp Ts Mosker usmensthest B npegenax 1, = (0;+00)

6.6.0nenka ycroiituusoctu CAY no kpurepuio HaiikBucra

Ilo 3a0arowemy eo30eiicmeuro §(t):
YacrotHblli KpuTepuii HaiikBucTa maeT BO3MOXXHOCTH ONPENEIUTh YCTOMYMBOCTh 3aMKHYTOMU

cucteMbl aBToMaruueckoro perymupoBanus (CAP) mo ammumryaHo-¢Ga30BOW  YacTOTHOM
XapaKTepPUCTUKE €€ Pa3OMKHYTON 1enu. J[aHHBbI KpUTEpUN MPUMEHUM K CHCTEMaM, Y KOTOPBIX
CTETNeHb YHCIUTENS MepelaTouyHor (QYHKIMM pa30OMKHYTOM IeMM He BbIINIE CTENEHH ee
3HameHarens. [IpenBapurenbHo q0JbKHA OBITH OINpEeieHa YCTOMYUBOCTh UCCIEAYEMOM CHCTEMBI B

€€ PAa3OMKHYTOM COCTOSHHH.

4 H
[FF] T
3 5 = - 5

+

2

Pucynok 6.6(a) - Mozens 3CAY B Classic.
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H I+

|+ | U]
+
g
I+ 1 ] e I+ 1 sl [
1 Ho2 A + 6 F 7 A
ws |+
5 +
5
Pucynox 6.6(6) - Mogens PCAY no 3amatoniemy Bosaeiicteuio ¢(t) B Classic.
YacTOTHRIE XapaKTeERMCTHER d
T s (]
0 ]
-2
-4
R
8
-10
-1z
B g i)
0.3 -0.25 0.2 015 01 -0.05 u]
Pucynok 6.6(B) - 'onorpad PCAY(macmirad 1).
[ YacTOTHEIE XApaKTEPUCTHEK j
T s ]
0.08
0.06
0.04 ]
P
0.02
o
-0.02
-0.04
Fe Wwiljw]
-0.1 -0.08 -0.06 -0.04 ] 0.0z
Pucyvrok 6.6(1) - Tonorpad PCAV(maciiiTag 2)
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Hynu:

z1=0

z, = —0.25

z1 =—04
ITomroca:

p1 = —0.06 + 0.08 * j
p, = —0.06 — 0.08 * j
p; = —0.5

ps = —0.4669

ps = —1415 + 0.151 * §
Pe = —1415 — 0.151 *j

BeiBoa: PCAY nexuT Ha anepuoguyecKor rpaHuLe yCTOMUMBOCTH. Jis
yctoiunBocTd 3CAY HEo0X0IUMO U A0CTaTOUHO, 4T00bI rogorpad PCAP npu
U3MEHEHHH YaCTOThI OT HYJISI 10 OECKOHEYHOCTH, IOMOJIHEHHBIN Ha y4acTKax
pa3pbiBa 1yroii 6eCKOHEYHO OOJIBIIOrO paanyca, He OXBaThIBaJl TOUKY C
xoopauHatamu [-1, j0]. Cnenosatensno 3CAY ycroliunba.

6.6.1 Ouenka ycroiiuuBoctu CAY no caeacreuio HaiikBucra

YacTorHee KAPAKTEPHCTHEM D

Lfw)

-20

-40

-B0

-80

-100

120

0.01

i3

Fiw)

L 1

i

-30

180

-270

-360

|Llac:'ro‘er|e wapakTepucTirM, NAY 1P U

BoiBoa: /s ycroiiunBoctrt 3CAY HEOOX0AMMO U IOCTATOYHO, YTOOBI YUCIIO
nepexonoB ®UX uepes ypoBeHb -180° mpu nmonaoxuTeabHbIX 3HaUeHUAX JIAUX Ob110
YETHBIM (B YACTHOM CJIy4ae PaBHBIM HYIIIO).

ZELA
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7. Pacyer CAY MeTO010M NEpeMEeHHBIX COCTOSTHU I

7.Pacuer CAY no meroay

7.1 Pacuer CAY no MeToay nepeMeHHbIX COCTOSTHHS
X2

W3

v

g(t) X5 x3

y(t)=x1

—(—w »(O— wy —

A A

x4

Pucynok 8 (a) — - Ucxoanas BCC CAY.

W4

Mopens cuctrembl B MIIC cocTouT W3 ABYX BEKTOPHO-MATPUYHBIX YpaBHEHUU

(BMY):  amuddepeHnmansHOro  ypaBHEHHUSI  COCTOSHUS — 1-TO

anredpanvecKoro ypaBHeHHs BbIXO/a, T.€.

% (6)=A-x () + B-u; (1)

Y (0)=C-x;(O)+D-u; (1)

rme y=Y; u=g; D=0;

BbryrcauM 11C ypaBHenuit:

X k X
1) W, (s)=—2—; = =—2;
) W) U— X, T2p2+T,p+1 K -X,

X, =0-X —T,;7%, T, T, - X, +0-X, +0-X, —K, - X; +K, -U

X3
X, + Xs

X
ks = —; X3=k3-(X2+X5);
X, + X

2) W3 (S) =

X, =0-%X +K;-X, —0-%X;+0-x, =1- X, +0-Xs +0-u

Imopsaaka

51

X, '(T122p2 +T,p+1) =ku—KXg;

Kypcosou npoexm
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W kz'p — W
X2+X5, (rz'p"'l) X2+X5’
X, =0-X +0-X, +K, T, X =T, - X, +0- X +K, - T, - X, +0-u

3) W,(s)= X4'(Tz'p+1):k2'p'(xz+xs);

X k X
4) W.(s)=—25 - 5 =5 X (T p2+p)=k. - (X; +X,);
) Ws(s) o T ep) xoix, 5 (Ts ™+ P) =Kg - (X +%,)
X =0-X +0-X, +Kg T X, +Kg - To "X, +0- %, +0-X; +0-u

X k X
5 W,(s)=—2—; 4 =1 . X -(T.-p+D) =Kk, (X, +X,):
) 4() X3+X4 O-4p+1) X3+X4 1 (TS p ) 4 (3 4)
X =T, % +0-%, +K, T, X, +K, - T, "X, +0-%X, +0-%, +0-u

X
6) We(S)=—"—; X, =0-%X +X, +X,+0-X, +0-X +0-%X, +0-u

Xs +X,

3anuiem Bee [1C B cuctemy:

X =T, % +0-X, +K, - T, X, +K, - T, "X, +0-X, +0-X, +0-u
X, =0-%X +Ky- X, —=0-X,—0-X, + X, +0-X; +0-u
X, =0-% —T2 %X, =T, T, X, —0-%X, +0-X; +K, --X¢ +K, -U
X, =0-% +0-X, =K, - T, X, =T, - X, +0-X; +K, -T,* - X, +0-u
Xg =0-X, +X, +X;+0-X, +0-X,+0-X,+0-u

X =0-X, +0-X, +Kg T X +Ks - T X, +0-%, +0-%X, +0-u

X=A-x+B-g um y=C-x
3anosasiem matpuity A u B:

T4t 0 ketdt kwTdt o 0 0
0 k3 0 0 k3 0 0
N 0o -T12? TuTiz? o 0 k1T1Z 2
= . B::
FIVIA _ _ _ ! —~2
0 o ktz! gzt 0 ketz! k1T12
0 0 1 1 0 0 0
_ _ . 0
0o ksT5 ' 0 15t ksTs 0
rie  dimA=[6x6] dim x =[6x1]
dim B =[6x 2] dim x = [6x1]
dim C =[6x1] dim g = [1x1]

[Tpu momomn MathCAD paccuutsiBaem [1C CAYVY:
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3asiaromiee BO3AEUCTBHE:

/&gt) :=0.8- sin(6.5- t)

BosMyiaroiee BO31€MCTBHE:

f(t) :=0.5- t

a) TO 3aJal0IeMy BO3/ICHCTBUIO

3anuckiBaem cuctemy guddepeHumnanbHbIX ypaBHE

dxdt(t,x) =A-x+B- ( gét) ]

3apaém pelueHue:
X:=rkfixed(x, 0, 20, 2000, dxdt)
3apaém nameHeHue MHOekKca
j:=0..2000

t. .= X. =X
i §,C yJ |

ITo g(t):

N S I (R
i AR T R TER ER L S S AT\ | e
IFE) I TS P CE RS SRR S ARSI B PR N M g 5

X

. ..: oo :: Lo b :, : / “h Rl e \
X : . v

X

Pucynok 8 (6) — Pacuer I1C B Mathcad

BriBoa: BrixogHas xapakTepucTHKA IO 3aJarolieMy Bo3aencTsuio copnagaer ¢ 1111

0 33JIal0IIEMY BO3/ICHCTBUIO.

/lucm

Kypcosou npoexm

40

Hsm. | /lucm Ne dokym. [Modnuce | Aama




7.2 Pacuetr CAY mno metony ®podenunyca

e[(3) y(t)

——(O—{wm y(O— wy

\ 4

W4 —>

Mogens cuctembl B MIIC cocTOMT M3 JBYX BEKTOPHO-MATPUYHBIX YpaBHEHUM
(BMY):  auddepeHnmaisHOro  ypaBHEHUS  COCTOSIHUA  1-TO  mopsjaka W

aJIredpanvecKkoro ypaBHeHus BbIX0/1a, T.€.

%(6)=A-x, () + B-u; (1)

i@ =C-x;(O)+D-u;(t)

Hama I1® coctout u3z bJI4 u JIU

X1

u(t) y()
B4 |

B mapamerpudeckom dopme:

W, (S) L

(TS +T,8 +1)(T,S + (T, 5% +S) + k,S -k (T 4282 +T,,S +1) + K, -k,S kg +k, -k, S(TsS? +5))-(T,S +1)

kl ) k4 '(kz + k3(r18 +l))(TSSZ +3)
1

Wﬂl[ (S) =

B uucioBoMm BuIe:

WB,Z[‘-I $) =

1
1600 * S + 2192 * S5 + 1152 % S* + 316 % S3 + 52.24 x S2 + 444+« S+ 0.16

/lucm
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Wiq(S) = 144 % S3 + 936 % S2 + 144 §

1 X1

1600 + pb + 2192 % p° + 1152 # p* + 316 +p3 + 5224 +p2 + 444 +p + 016  u

(1600 = p® + 2192 x p° + 1152 x p* + 316 * p3 + 52.24 xp? + 444 xp + 0.16)x; = u

, 0.16 4.44 52.24 316 1152 2192 u
Xs = X, ———— X, — Xy — X, — Xg — X +——
1600 1600 1600 1600 1600 1600

5~ 1600

ChopmupyeM MaTpuily COCTOSTHUAS A ¥ MaTpHILy yIpaBiieHus: B ucxozs u3 cucteMbl

ypaBaennii(bI4):
0 1 0 0 0 0
0 0 1 0 0 0
0 0 0 1 0 0
A= 0 0 0 0 1 0
0 0 0 0 0 1
~0.16 —4.44 5224 -316 -1152 -2192

1600 1600 1600 1600 1600 1600

Haigem matpuny Berxona.

Wiy (p) = 14.4 *p* +9.36 +p2 + 144 xp = xl
2

(144 +p3 +936*p? + 144 xp)x, =y

y() =0%x; + 0% x, + 1.44 % x3+ 0% x4 +9.36 * x5 + 14.4 * x4

C:=(0 0 1.44 0 9.36 14.4)
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8.0uenka napameTpoB pe:kuMa aBTOKO0Je0aHnil B HeJinHeiHoil CAY

Criextp Heda3zupoBaHHBIX TAPMOHUK B BHJIE

Ao

2

psana @ypee UMeeT BUA:

J0 =2 S (Ags(og)t+ Besinfo) )

k=1

Ao — yIBOCHHOE 3HAUYEHHUE MOCTOSIHHOW COCTABIISAIONICH CHTHAJIA 32 TIEPUO/ T.€. CpeHee 3HAYCHHE
CHTHAJIA;
Ax, Bx — aMIUIUTYy1bI KOCHHYCOMIAJIBHBIX U CHHYCOUAAIBHBIX TAPMOHUK

B peanpapix HD ux crarmdeckass XapakTepUCTHKa TaKOBA, YTO MOCTOSHHAS COCTABJISIONIAS
paBHa HYJII0 W €CJIM CTaTHYecKas XapakTEepHCTHKa — OJHO3HauHas (0e3 rucrepesuca), TO B
IIEPEMEHHOM COCTABJISAIONIEN OCTAIOTCS TOJIBKO CUHYCOUIANbHBIE TAPMOHHKH, T.€. P(XM) :=C,

[To meTony rapMoHMYECKOW NMHeapu3aluud B cocTaBe curHaia y(t) comep>KuUTcs TOJIBKO
InepBasd CHHyCOUJaJIbHas rapMOHHUKaA:

Hcxonuble JaHHbBIE 715 OLIEHKH [TapaMeTpoB pexkrMa aBTokosie0anuil B HenuHeitHoi CAY:

) (X (%)
¥
£ X 4Y,, > > _4Yma
X, Tdm
a_ mpr X >3 TipH Xm>a
i " ]
—a | . I 1
_.-1— = "-_ u,
| =
1 Tl =
i I-. e —
i 1T
e i
il I
e
i i
a=1;
/lucm
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Ym=2;
W,y (jo) - 1,5(Xm) =-1 - ycnoBue, npu KOTOpoM B cucTeMe ycraHapinBarotes AK.

W, (jo) =—m — 1 (XM

115 (Xm) = g(Xm) + - b(Xm)

__ g(Xm)— j-b(Xm)
g(Xm)2 +b(Xm)?

Re(Xm); =— gz(Xm) 5
g(Xm)“ +b(Xm)

b(Xm)
g(Xm)2 +b(Xm)?2

Im(Xm); =

Sanumem KI'JI:

4-y 2 2
X )=—2m. /X *-a
9(Xy) 2ox, Ve

-8

b(Xm) :=
- Xm

[Toctpoum rpaduku KI'JI:

2.3 7
g(Xm) 21

1.571

=

Xm
Pucynok 8(a) - I'padux KI'JI mo g(Xm).
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—o4f /
I(Xm}- 0.21

_03-)
)

Xm

Pucynoxk 8(0) - I'padpuk KI'JI mo b(Xm).
ITocTpoum romorpad HD I;:,(Xm)n :

0 10

;

— 04

20

Xm

30 40 50

Pucynox 8(B) - I'padux KI'JI mo g(Xm) wHBEPCHBIIA.

_|}1 {
—oge | 10

-0

R(Xm}- 03

] 40

j0

4=
0419
s

L,

Xm

X,

Pucynok 8(r) - I'padpux KI'JI mo b(Xm) nrBepcHsIi.

Wzm. | flucm
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]
o
ek,
"
I

//—_\“\~\

|
[
(%}

0%

=07

%

=03

=04

R(Xm)

Prcynok 8(x) - Toxorpad HD 1., (Xm)p,

Ompenenenne pexxnma AK Haxomutcs rpaduyecku Ha OCHOBaHMH JBYX Tonorpados: romorpada

JIY W(j*w) 1 HHBEpCHOTO OTpHIIaTeIbHOTO Toforpada HY I;:,(Xm)n

04t

A e T
Wp(w) - — . : : RN
_p( ) -06 =04 -0Z 0 02 04 i 06

)
I(Xm) { oot /
""" %, '
— S I R <
=06
Wn(w),R(Xm)

Pucynok 8(e) - O6mwmii rpaduk nsyx rogorpados: rogorpada JIY W(jem) u uHBEpcHOTO
oTpunatensHoro rogorpada H4 I;:,(Xm)n (Macmra6 1).

/lucm
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Wp(w),R(Xm)
Pucynox 8(x) - O6muit rpaduk aByx rogorpados: rogorpada JI4 W(jem) u uaBepcHOro
oTpuIaTeNIbHOTO Toorpada HU IZQ(Xm)n (Macmrab 2).
BeIBoa: mpW TOCTPOCHWUHW JAaHHBIX JBYX TOH0rpadoB, KaK IO 33JalolieMy TaK U IO

BO3MYIIAIONIEMY BO3JICHCTBUIO B OJHOM IUIOCKOCTH W B OJMHAKOBOM MaciiTade Mbl HE WMEeM
TOYKY MepeceyeHus, Caea0BaTeIbHO aBToKoaeOanusi B CAY He BO3HUKAIOT.
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3aKJIroueHue

Jlnisi BBINOJMTHEHHS JaHHOW KypCOBOTO IMPOEKTa ObUIM HPUMEHEHBI BCE TEOPETHUYECKHE M
MPAKTUYECKUE HAaBBIKM, KOTOpble ObLIM TpuoOpeTeHbl mpu u3ydueHun kKypca TAY. B nannoi
KypCOBOM npoekTe Oblia paccuntana u uccienoana CAY 6onee crnoxHast, ueM CAY uzydaembie
Ha naboparopHoM mpakTukyme. 3amanHas CAY wuccienoBaiach C TMOMOIIBIO BPEMEHHOTO H
YacTOTHOIO aHajlM3a, a TakXKe cucTeMa Oblla paccyMTaHa Ha YCTOMYMBOCTh K BHELIHUM
BO3JICHCTBUSAM IO pa3HbIM KpuTepusiM U Merojaam (mo xkopHam XII, mo kpurepuro I'ypsuna, mno
merony Paycca, mo MuxaizioBy u Meronom D — pa3buennit). Pacuer CAY npoucxomun c
nomorbio pacyetrHoro nakera CLASSIC u matematudeckoro nakera MathCAD. [1pu BbinosHeHUH
KYpCOBOT'O MpOEKTa ObUIM YKPEIJIEHbl TEOPETHUECKUE 3HAHMS M MPAKTHUECKHUE HABBIKU 1O KypCy
TAY, koTopsble B anbHENUIIEM IOMOTYT IIPH HAMCAHUU JUILNIOMHON pabOTHI.
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