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Peorca:

AHOO3ann oyruHnNap:

- [NponopunoHan (Ky4anTupysumn) 6yfuH

- 1-gapaxanu anepunoguk (MHepumoH) 6yfuH

- TebpaHyB4n Ba 2-gapaxanm MHEPLUUOH OyfuH
- MHTerpannosyu 6yfuH

- AndbdepeHumannoByn OyFuH

- Cob keunkTnpysuun 6yruH

APT HWHI CTPYKTYypanu cxemanapu sa y3aTuil
doyHKUMANapwu



APT nuue anooszanu 6yuxiapu

Mabnym  6up  OMHaMUK  Xycycuatm  Oynuya
rypyxnaHraH  APT  asnemeHTnapura  aHgosanwu
byrmHnap gewvnagn. by aOnHamuk  xycycudatnap
OYFUHHMHI KUpULLUra rofoHanu curHan 6bepwunraHga
YMKMLWOArKM yTULW XXapaeHHUHI popmacura HucbaTaH
aHWKnaHaau.

YTuw  xapaéHu  dopmacura  HucbataH  APT
anemMeHTnapu acocaH Kynmogaru aHOoo3anu
OyFmMHNnapra OynuHaou: Ky4yauTupyBYM, anepuoauk,
TebpaHyBYKN, MHTErpannoByu, AmddepeHumnannoBym
Ba KEYUKTUPYBYN OyFuHNap.



[ Iponopyuonan (xywaumupyeuu) 6y2uH

[lporniopyuoHan (Kydaumupysdyu EKU UHepuuscu3s)
OyFyMHNap Kunpuwgarn CUrHasmHu KeydmktupmacaaH
eKn TesnawTumpmacgaH uukuwra ysartagu. by
OyFMHOa 4nKULL CUrHanIM Kupuwgarn curHanra
nponopuuaHan oynraHn y4yH nponopunoHarn
oyfuH peb xam atanagu. OyfuH  Kynugaru
TeHrnama ounan ndoganaHagw:

y(®) =k X(t)
Y(p)

OYFUHHUHI y3aTul PyHKUMACK: W 6(p) = X(p) Ky



IIponopyuonan (kywaumupyeuu) 6y2uH

YTuw xxapaénm - h(t)=k.

YacToTanu xapaktepucTukanapu:

-APYHX - W(w)=U(w)+V(w)= k, U(w)=k, V(w)=0;
-AYX —A(w)=k:

-OYX - ¢p(w)=0.



lIponopyuonan (kyuaumupyeuu) 0yeuH
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1-oapaoicanu anepuooux (unepuyuon)
Oyeun

Arnepuoouk (NHEPUMOH) OYFUHHMHI YUKW Ba

KnpuL CUrHannapuHu y3apo DoFnUKNurn
Kynmgarmda ndpoganaHagu:

dy,,,
! dt

+ Vo = KX

K

— . W —
OYFUHHUHT y3aTuL OYHKUNSACH: (p) TP1




1-oapaoicanu anepuooux (unepuyuon)
Oyeun

YTULL Xapaéhu - y(t) =h(t) = k(t—e_t/r)
YacToTanu xapaktepucTukanap:

AGUX - W)= irs 1 =Re(@)+ jlm(®)

__ k. ___ Ko
By epaa - R (@)= 75 =2 2
K
— AYX-  Ae)=——
\/T o t1

PYUX - ¢=-arctgTw



1-oapaoicanu anepuooux (unepuyuon)
Oy eUH

K 3

W(p)=--mmmmmmmm = e
Tp+1 0.003p +1
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Tebpanysuu ea 2-oapadsxcanu
UHEPUUOH OYUH

by OyfuMH OHeprusHM WUFNLL Ba KapLWUIIMK  opKanu
anMaluuMHULW  Xycycusitura 9ara OynraH anemMeHTnapaaH
TaLlKuI Tonagwu. TebpaHyB4iK byrnHnapaa

TeOpaHULNAaPHUHT CyHUW KoadpdmumeHTn (<1 6ynraHga
UUKALL Ba KUPWULWL CUTHaNMNapHWHI  y3apo  OOFNUKIINMK
NKKUHYX gapaxkanu 4nsuknu andodgepeHuman TeHrnamanap
ounaH ésnnagu:

d? d
T2 d{‘é”’{ + 2T HUK y"”K + Yyur = kx,mp

OYFUHHUMHT y3aTuwl dyHKumsacn: W(p)= i

T2P2 4+ 2(TP +1




Tebpanysuu ea 2-oapadsxcanu
UHEPUUOH OYUH

K
Yaatnw dpyHkumacu:  W(p)=
T2P2 +2(TP +1
ekn T,<2T, bynraHgpa W(P)= 5 K
TP +T,P+1

T
by epoa, T=T,; =2T12 ; 0<C<1 — cyHULW KO3 PpMUNEHTH

£<1 6bynraHga TebpaHuLL XXapaeHnapu CyHyB4M,
£>1 oynraHga aca TebpaHuW XapaeHnapu ycyB4u
bynaaw.



Tebpanysuu ea 2-oapadsxcanu
UHEPUUOH OYUH

2

Uyo: W (jw)= K
(Jo) —T2w2+2§Tja)+l
APYX -
V(@)= 50T V@)= s
L-T?0%)? + (2T w)? (L-T0%)? + (25T w)*
AUX - Alw)= 2 2K2 2
J@-T20?)? + 4(ET o)
( 25T w -
arctgl_Tza)2 ®<1/T éynraHaa,
OUX - <
“1- arctgl 2§T2a)2 ®>1/T bynraHga.
L = (0]




Tebpanysuu ea 2-oapadscanu
UHEPUUOH OYUH
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Tebpanysuu ea 2-oapadsxcanu
UHEPUUOH OYUH

T,22T, Ba (=1 OynraHga TebpaHyB4M OYFUH 2-
napaxanu anepuvoauk (2-0apaxxarnu UHEPUUOH EKU
cmamuk) byruH penvnagn. by OYFUHHUHI audd.
TEeHrramacu:

2
T2 Ve 1 Yo

dt2 1 dt KUup
Y3aTtuL. W(p)= K
dyHKUMACHK: T2P2+TP+1 T,>2T, bynraHga
= K T, |12
N W(P):(rBP +)T,p+1) OYepaa Ta=25\ 412



Tebpanysuu ea 2-oapadsxcanu
UHEPUUOH OYUH

K

Y. W(P):(TBja)+1)(T4ja)+l)

A4X - Alw

\/(Ta)+1 a)+1

— OYX- ¢(w) = —arctgT;o—arctgT o



Tebpanysuu ea 2-oapadscanu
UHEPUUOH OYUH
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Humezpannosuu 6y2uH

NHTerpannoBum 6yFI/IHJ'IapHI/IHF mMaTtemMaTtuk udoaacu
Kyrnogarmnda ()= k(j)xmpdt EKU

d t
y“é‘f() Kip = P (P) =K (P)

W (p) = Y uux(P) _

GYFUHHUHT y3aTULL OYHKLUACH: Xiup(P) P

—  WHTerpannoBun OVfnHNapaa YvMKALL  CUTHANWUHWHT

Te3nurn KNpuLL curHanura nponopuuoHan.
MHTerpannoBun 3eBeHonap 1l1-Oapaxasrnu acmamuk
b6yruHOnap ned xam roputTunagu.



HUnmeepannosuu

Oyeun

UYo: W(J'a))=-L=—K

o 1,
ADUX - U(0)=0:; V(oo):-g
AUX - Al)=

dUX - @(w)=-90°



Humeepannosuu 6y2uH
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Step Response

T
1
1
1
1
1
1
1
1
1
1
1
1
1
+

L

..... L
=

5

aprydury

1
1
1
1
1
1
1
1
1
1
"
TR
=f

ju}

| O

U

0.5
Time (sec)

G
1

i
aprydury

Time (sec)

MNyquist Diagram

S ) H e ——

= S
=

Sy A eUbe )

-—--}F---4

[ E

||||||||| [ I —

||||||||| [ E

||||||||| [ S —

||||| -—---F---1

Bode Diagram

I .

om o
e ¢

{ap) spryubeyy(Bap) aseyd

-0.5

0.5

10!

L=}

]
_

Real Axis

Frequency radfsech



Pean unmeepannosuu 0yeun

OYFUHHUHT YO: W (p) =

W(p) =

3

p(0.3p+1)
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Hupgepenyuannosuu 6y2uH

OudodepeHumannoBin OyFMHNap waoean Ba pean
anddpepeHymannosin byruHnapra oynuHagw.

Noean aunddepeHumnannosin 6yfnH  APT  HuHr
aHOoosanu  OyfMHM  xucobnaHagu  Ba  Kynugaru
MaTeMaTUK TeHrnama bunaH ngpoganaHagu

dxmp
Yure =7 dt

OYFUHHUHT y3aTnL PYHKLUSACK:

W(p)=§zzzgg§=rp

by epaa t- OYFUHHUHI BaKT JOMMUINCH



Jupppepenyuannosuu 6yun

Yyo: W(jo)=qw
ADYHX -  U(0)=0; V(n)=to»
AYX - A(m)=t®

dUX -  @(w)= 90°



Jupppepenyuannosuu 6yun

Noean anddepeHumansioBin OYFUHHUHI KupuLiura
nofoHann TabCcup OepurnraHga, YHUHr qukaimnaaru
CUrHan 4ekcus KaTTa MnofFoHanu curHan oynagwn.
Moean paudpdepeHUmMannoBin OYFUHHUHT  YUKULL
CUTHaNM KUpULW TabCUPUHUHI Yy3rapuwl Tesnurura
TYFpU NponopLuuoHasn Ba KMpUL TabCUpW y3rapraHaa
YTULW XapaeHW OHUW BakTnapaa keyagu. byHoaw
OyFuHMapra 4mkul Kapwumiurnm Homra Tedr 6ynrad
—— OQJIeKTp 3aHXuUpnapH1u MUCOS KNNULL MYMKUH.



Jupppepenyuannosuu 6yun

R T ﬁ)fhu} ? V(o)
lm-—m
;f L (=0 -
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I) 11)
M (o) po()
+9£}u
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a) n 6) Upean Ba pean gudpd. OYFUHHUHT YTULL KapaEHW,
B) ADYX; r) A4X; o) d4UX



Pean ougpghepernyuannosuu 6yeun

Kp 2p

W(p):—————————-- =
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Cog) keuuxmupysuu 0)2uH

Codd KeUYMKTUpYBUYM OYFUH KUPULL TabCUPUHU XEM
kaHOawW ysraptupMacgaH Mabnym  Oup  BakT
KeYnKTMpnO ysatagn. by OYFMHHUHI MaTemMaTuk
ngogacu Kynngurnya:

y(t) =KX(t—7)

Oy epaa Tt - YMKULWAOaru CUrHarTHUHE KEYMKULL BaKTH.
OYFUHHMHI y3aTuLLl PYHKLNSCH

W (p)=ke Pt



Cog) keuuxmupysuu 0)2uH

x(t) A

’ A(t)|

t

Yo
o
—
S

=

=

T A(t)

BYFUHHUHI YTULL XKapaEHu



APT nune cmpykmypanu cxemaniapu 8a
yaamuui pyuxyusiapu

APTHUHr  cTpyKTypanu cxemacuga
TUSUMHUHT  3fieMeHTnapuaaru XapaeHHUHr
ekn baxapunaetraH YHKUUAHUHT MaTeMaTuK
npoaacuHmM akc aTTupanagu.

Xap kaHpgan dusmknu  APT  HWHT
byFuHnapmn ysapo Kemma-Kem, raparinerl,
apanauwl, akc asokasnu ynaHuwm MyMKuH



APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

OYfMHNapn KeTMa-KkeT ynaHraH TU3UMHUHT
CTPYKTYpanu cxemacwu:

X X X, X n-1 Xn
e "ﬂr’ I E— 11#:1 . - | 1'&;" —N.
X,(P) X, (P) X, (P) X, (P)

W (D)=~ yiw (M= 2y ()’ W (P )_x HE) W, (D=0

0y aPLXP), ><(p> X _(p)
W= X m X (B X(p)

W, (p)*W,,(p)*...*W, (p)



APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

LlyHoan kunub, OyFuHnapn KkeTtMma-KeT ynaHraH
TUSUMHUHT y3aTuLL dyHKLMACK anoxupa
OYFUHNAPHUHT y3aTuL doyHKUMANaPUHUHT
Kynantmacura TeHr

W(P)ZIJE[lWi(p) 6y epaa i=1,n



APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

OyfuHNapu napannen ynaHraH TU3UMHUHT
CTPYKTYypanu cxemacm

Y;
— W, =
Y,
X = Wl =~ Y}
Y;
—— W, ==




APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

byFuHnapn napannen ynaHraH TU3UMHUHIP
y3atuwl oyHKUMACK anoxuaga OyFMHNapHWHE y3aTull
doyHKUMANapU NUFUHOUCUIA TEHT:

_Ya(p). _Ya(p). _Ya(p)
wW1(p) % (p) W2(p) % (p) Wn(p)= x (0)
Y(IO) )
W e (P)= Y1(P) Yz(p) Yn(p)_l =1 =2Wi(p)

x(p) x(p) x(p) X (p)

=1



APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

byrfuHnapn apnaw  ynaHraH  TUSUMHUHT
CTPYKTYypasrnun cxemacu
X, Y,
——— W, [
X xt Xl vz , Yum
= W, BN W — “'?2 - a1 Wi -
XI ‘f?n
S

—— W




APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

OyFMHNapu napannen ynaHraH KUCMHUHI
y3aTuLl PYHKLNACK:

W 3:(P) :WKHp (p)*W_(p)*..*W__ (p)

by epaa

Y
Yi(P) L Y2(R). . YnlP)_ .21 (P)

x 0 x® X m®m x® =P

1

N W, (P)=

N ™M=



APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

AKC anoka nuHusic bunaH ypanraH TU3UMHUHT
CTPYKTypanun cxemacm

X_H'I,l

25 W W.(p) LI ()

we (X




APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

AKC anoka ounaH ypamnraH TUSUMHUHI y3aTULL
OYHKLMNACK:

AX= Xq- X,,
roe X,= X, * W,(P).
X1=AX*W(P)=W (P)* (X — X * W2(P));
X1=W1(P)* Xy — X * WL(P) W (P);

— Xy + X*W,L(P) W (P)= W, (P)*X,;
X1 (+ W,(P) W (P))= W, (P)*X,;

X1: W, (p)
Xog 1+W,(p)*W,(p)




APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

TU3MMHUMHT y3aTULL PYHKLUACU —

X3 _WO* l(p)*Wg(p) _ quukfp)
Xewp  TIW,(p)"W,(p) —  TTWr(PYW,, ()

W(P)=

W, (P) - Oumk TMaUMHUHT y3aTuw doyHKLMSICH:

WAA(IO) - AKC anoka NIMHUACUHUHT y3aTuLl PyHKUNACH,

W,,(P)  -TuauMHWHr akc anoka 6unaH ypanraH
KUCMUHWHT y3aTuLL YyHKLMSICU.



APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

AKC anoka INUHUACUHUHI Yy3aTuwl QYyHKLUSCK
KoapdouumeHtTn 6upra TeHr OynraH TUSUMHUHT
CTPYKTypanu cxemacwu

f(t)
W(P) >

£(t)

i




APT nune cmpykmypaiu cxemanapu
8a yzamuui hyHKyusIapu

Y3atuw koaddpuumeHtn Oup OynraH akc
anokanu TUSUMHUHI —

_ W(P)
W6epK(P)_1iW(P)

eKu
(P) = Wouu®

eeos 1 *W ouux (P)



