(OCHOBBI aBTOMAaTHU3alluU
ITPON3BOACTBEHHBIX MMPOLIECCOB




OCHOBbBI TEOPUU ABTOMATHUYECKOI0 YIIPABJICHUSA

Teopust aBTOMaTHYECKOr0 YIIPABJIEHUS - HAYKA, KOTOpas
MU3yYaeT MPOLECCHI YIIPABICHUSA, METObI UX UCCIICIOBAHUS U
OCHOBBI IPOCKTUPOBAHUS ABTOMAaTUYECKUX CUCTEM.

JI71 OCyIIECTBIICHUS aBTOMAaTHYECKOIO YIIPaBJICHUS
TEXHUYECKUM IIPOLIECCOM CO3HAETCS CUCTEMA, COCTOALIAS U3
yIIPaBISIEMOTr0 OOBEKTA U CBA3aHHOTO C HUM YIPABJISIONIETO
ycTpoiictBa. Kak u 11000€ TEXHUYECKOE COOPYKEHUE, CUCTEMA
DOJKHA 00J1a1aTh KOHCTPYKTUBHOM KECTKOCTBIO M IMHAMHUYECKOM
IPOYHOCTHIO. ITO 03HAYAET, YTO CUCTEMA JIOJKHA OBIThH
CIIOCOOHOM BBIMIOIHATH CBOM (PYHKIIUM C TpeOyeMOil TOUHOCTBIO,
HECMOTPSI Ha MHEPLIMOHHBIE CBOMCTBA U HEN30E)KHBIE TOMEXH.



Kiaaccupuxkanusa CAY (CAP)

Bce cucTemMbl aBTOMaTHYECKOTO YIIPABICHUS U
PETYJIMPOBAHUSA ACIISATCS HA CICAYIOIINE OCHOBHBIE KJIACCHI:
1 .ITo OCHOBHBIM BHJIAM YPAaBHCHHM JUHAMHUKHU POIECCOB
YIIPABJICHUS:

- JINHEUHBIC CHUCTEMBI;

- HEJIMHEUHBIC CUCTEMBL.
2.Kaxnp1ii U3 3TUX OCHOBHBIX KJIACCOB JICJIUTCS HA:

- CUCTEMBI C ITIOCTOSIHHBIMU ITIapaMETPAMU;

- CUCTEMBI C IIEPEMEHHBIMU ITAPAMETPAMU;

- CUCTEMBI C pacIpeICIICHHBIMU ITApaMETPaAMU;

- CUCTEMBI C 3ala3bIBAHUEM U T.[I.



OcHoBHBIC MOHATHA TAY

IlapaMeTpbl TEXHOJOTHYECKOIO NMPoIecca - 3T0 (Pu3nyeckue
BEJIMYMHBI, ONIPEAECISIONINE X0 TEXHOJIOTHYECKOT0 mpolecca
(HampspKEHHE, CUJIa TOKa, IaBJIeHUe, TeMIIepaTypa, 4acToTa
BpallICHUS U T.1.).

Peryianpyemasi BeJJU4MHa (mapaMeTp) — 3TO BEIMUHUHA
(mapaMeTp) TEXHOJOTMYECKOro Mpolecca, KOTOPhIA HEOOX0IMMO
NOAACPKUBATh NOCTOSHHBIM MM U3MEHSTH 10 3aJaHHOMY
3aKOHY.

O0beKT ynpapjenus (00beKT peryiarpoBanus, OY) —
YCTPOMCTBO, TPEOYEMBIN PEKUM paObOTHI KOTOPOI0 JOJLKEH
MOAJACPKUBATHCS U3BHE CIICIIMAIBHO OPraHU30BaHHBIMHU
YIPaBISIOIINMU BO3ICHCTBUSIMH.

Yupaienne — GOpMUPOBAHUE YIIPABIISIONINX BO3ACHCTBU,
00CCHCHNBAIOHHITX TPCOYEMBIT PEKAM PAOOTH OY.




OcHoBHBIC TOHATHA TAY

MrHoBeHHOE 3HAYEHHUE — 3TO 3HAYCHUE PETYIUPYEMOU
BEJIMYMHBI B paCCMaTpUBAEMbIii MOMEHT BPEMEHH.

HN3mepeHHOe 3HAYEHUE — OTO 3HAYCHUE PErYIUPyEeMOn
BEJIMYMHBI, TTOTYYEHHOE B pacCMaTpHUBaEeMbIii MOMEHT BPEMEHH C
IIOMOILIBI0O HEKOTOPOI'O0 U3MEPUTEIBLHOTO MpHOOpa.

OO0beKT ynpapjenus (00beKT peryiarpoBanus, OY) —
YCTPOMCTBO, TPEOYEMBIN PEKUM paObOThI KOTOPOI0 JOJLKEH
MOAJACPKUBATHCS U3BHE CIICIIMAJIBHO OPraHU30BaHHBIMHU
YIPaBISIOIINMU BO3ICHCTBUSIMH.

Yupasjenne — GOpMUPOBAHUE YIIPABIISAIONINX BO3ACHCTBU,
o0ecreunBarommuX TpeOyeMbI pexum padoTer OY.




OcHoBHBIC TOHATHA TAY

PeryJupoBaHue — 3TO YaCTHBIW BU/JI YIIPABJICHUSA, KOTIa
3aJauen ABJIAETCI 00ECIeUeHUE TOCTOSHCTBA KAKOU-JTN00
BBIXOJTHOM BeaUYUHBI OY.

ABTOMATHYECKOE YIIPABJEHHE — 3TO yIIpaBJICHUE,
OCYIIECTBIISIEMOE 0€3 HEMOCPEICTBEHHOIO YYaCTHS YEIIOBEKA.

BxonHoe Bo3aeicTBHE (X) — 3TO BO3JCHCTBHUE, ITI0JJaBAEMOE Ha
BXOJl CUCTEMbI WJIM YCTPOMCTBA.

Bbixo1Ho€e Bo31eicTBHE (Y ) — 3TO BO3ACHCTBHUE, BBIJABAEMOC
Ha BBIXOJE CUCTEMBI UJIU YCTPOUCTBA.

BHemnee Bo3neunctTBue (F)— 310 BO3AEHCTBHUE BHEIITHEH CPEbI
Ha CUCTEMY.




OcHoBHBIC MTOHATHA TAY

lF
— P — OV

TunoBas CTpyKkTypHas cxema OJJHOKOHTypHOU CAY.

PeryJupoBaHue — 5TO YaCTHHIN BU/JI YIIPABICHUS, KOTJa
3a1auei ABIIIETCI 00eCIIeUeHUE ITOCTOSHCTBA KAaKOH-TN00
BBIXOIHOM BeTUUUHBI OY.




OcHoBHBIC TOHATHA TAY

G — 3ajaloniee Bo3ieiicTBME (BXOIHOE BO3ICHCTBUE X) —
BO3JCKHCTBUE HA CUCTEMY, ONPEACIISIIONICE 3aJaHHBIA 3aKOH
M3MEHEHUS PETYJIUPYEMON BEJIMYHHBI).

U — YIpaBJAAIOLIee BO3AEHCTBUE — BO3JICHUCTBUE YIIPABJIAIOUIETO
yCTPOMCTBA HA OOBEKT YIPABIICHHUS.

YV — ynpasJjsoniee yCTporucTBO — YCTPOUCTBO,
OCYIIECTBIISIOIICE BO3/ICHCTBUE HA OOBEKT YIIPABICHUS C LIEIBIO
obecneyeHus TpeOyeMoro pexxuma padoTHhl.

F — Bo3amy1iamwinee Bo3AelCTBUE — BO3JICUCTBUE, CTPEMSIILIEECS
HapyILIUTh TPpeOyeMY10 (DYHKIIMOHAIBbHYIO CBSI3b MEKAY 3a4al0IINM
BO3JICUCTBUEM U PETYIUPYEMOM BEJITUUUHOU.

€ — omMOKa ynpaBJeHHs (€ = X — V), pa3HOCTb MEXYy 3aJJaHHBIM
(X) U AEUCTBUTEIBHBIM (y) 3HAUEHUSIMU PETYIUPYEMON BEIUYMHBI.




OcHoBHBIC MOHATHA TAY

P — peryasitop, 3T0 KOMIUIEKC YCTPOUCTB, IPUCOECIUHIEMBIX K
pETYIIMPyEMOMY OOBEKTY U 00€CTIEYMBAIOIINX aBTOMATHY€CKOE
MOJJIEPKAHUE 3aJAHHOTO 3HAYEHUSI €70 PETYIIMPYEMOU BETMYHNHBI
WJIM aBTOMATHYECKOE U3MEHEHUE €€ 110 3aJJaHHOMY 3aKOHY.

CAP — cucrema aBTOMAaTH4€CKOI0 PEryJUpPOBaAHUA, 3TO
CUCTEMA C 3aMKHYTOM LETIbIO BO3JICHCTBUS, B KOTOPOM
yIIPABJICHUE U BBIPA0ATHIBACTCS B PE3YyJIbTaTE CPAaBHECHUS
MCTHUHHOTO 3HAYCHUS ) C 3aJJaHHBIM 3HAYEHUEM X.

JlonomHuTENbHAS CBA3b B CTPYKTypHOU cxeme CAP ,
HApaBJICHHAs OT BBIXOJA K BXOAY PACCMATPHUBAEMOTO yYacTKa
ey BO3ACUCTBUM, Ha3bIiBaeTCsa 00paTHoi cBsa3bio (OC).
OOparHast CBsI3b MOXKET ObITH OTPHLATEILHOM WU
MOJIOKUTEJIBLHOM.



Kaaccubuxkauusa CAP

1. ITo Ha3HAYeHMIO (110 XapaKTepy U3MEHEHU S 3aIaHUs):

- cradnausupyoias CAP, 5To cucrema, aroputM
(PYyHKIIMOHUPOBAHUS KOTOPOU COJACPIKUT 3aJJaHUE MOJJIEPKUBATh
pEryJIUPYEMYIO BETMYMHY Ha NTOCTOSHHOM 3HAYEHUH (X = const);

- nporpammuas CAP, 510 cucrema, aaroputm
(PYyHKIIMOHUPOBAHUS KOTOPOU COACPKUT 3aJJaHUEC U3MECHSTh
pPETYIUPYEMYIO BEJIMUYUHY B COOTBETCTBUU C 3apPAHEE 3aIAHHOM
(GyHKIHEH (X HW3MEHSIETCS IPOrPaMMHO);

- caeasmaa CAP, 5To cucremMa, alirOpuTM
(PYHKIIMOHUPOBAHUS KOTOPOU COACPKUT 3aJJaHUEC U3MECHSTh
PETYIUPYEMYIO BEJIMUNHY B 3aBUCHUMOCTH OT 3apaHee
HEU3BECTHOM BennuuHbI Ha BXoje CAP (x = var).




Kiaaccupuxkanusa CAP

2. I1o Ko/IM4YeCTBY KOHTYPOB:

- OTHOKOHTYPHBIE - COIECPKAINIUE OJUH KOHTYD,

- MHOTOKOHTYPHBIE - COAEPKAIIME HECKOIBKO KOHTYPOB.
3. 1o yKMcay peryjiupyemMbIX BeJIUYHH:

- O/ITHOMEPHBIE - CUCTEMBI C | peryJmpyemMon BEIUYNHOM,

- MHOIT'OMEPHBIE - CUCTEMbBI C HECKOJIBKUMM PETYIUPYEMBIMU
BEJIMYNHAMMU.
Muoromepnsie CAP B CBOIO 0uepenib MOAPAZACIISIIOTCS HA CUCTEMBI:
a) HECBSI3aHHOI'O PETYJIMPOBAHUS, B KOTOPBIX PETYISTOPHI
HETIOCPEICTBEHHO HE CBA3aHbI U MOT'YT B3aUMOIECUCTBOBATDH TOJIBKO
yepe3 o0IIMA ISl HUX OOBEKT YIIPaBJICHUS;
0) CBSI3aHHOTO PETYJIUPOBAHUS, B KOTOPBIX PETYISATOPHI PA3IUYHBIX
IIapaMETPOB OAHOTO U TOTO KE TEXHOJOTHYECKOTO ITPOIECCA CBI3AHbI
MEXIy COO0M BHE 00BEKTA PEryJIMPOBAHUS.
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Kaacceudpuxkanusa CAP

4. 1o pyHKIMOHAJILHOMY HA3HAYCHUIO:

- TEMIIEPATYPBI;

- IaBJICHUS;

- pacxona;

- YPOBHS;

- HAIIPSIKEHUS U T. /1.
S. 1o xapakTepy HCIOJIb3YyeMbIX JAJI YIIPABJICHUS CUTHAJIOB:

- HenpepbIBHbIE,

- AMCKPeTHbIE (pelICHHbBIC, UMITYJIbCHBIC, IU(POBHIE).
6. I1o xapakTepy MaTeMaTH4eCKUX COOTHOILICHMIA:

- JUHENHBbIE, /TSI KOTOPBIX CIPABEIIUB ITPUHIIUII
CYIEPIO3ULINN,

- HeJIMHEHWHBbIE.
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Kiaaccupuxkanus CAP

Ipunuun cynepno3unmu (HajgoxeHus): Eciam Ha BXoa 0OBbEKTa
OAAETCS HECKOJIBKO BXOAHBIX BO3JICHCTBUI, TO peaKklus OObEKTa Ha
CYMMY BXOJIHBIX BO3JICHCTBMH paBHA CyMM€ peaKlHUil OObEKTa Ha
KaXX10€ BO3JICUCTBUE B OTIACIbHOCTH.

7. I1o BUAY MCIIOJIB3YEMOU JIJISI PErYJITUPOBAHUS JHCPIHUM:
- THEBMATUYECKHE,
- TUJIPABJINYECKUE,
- AIIEKTPUYECKHE,
- MEXAHUYECKHUE U JIP.
8. I1o npyMHIHUIY peryJIMpoOBaHUSA:
- TI0 OTKJIOHEHHUIO;
- TI0 BO3MYIIECHHUIO;
- KOMOMHHUPOBAaHHbBIE — OOBEAUHSIOT B c€0€ 0COOCHHOCTH
npenpiaymmux CAP.
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Kaaccupukanus 3jiementos CAP

1. ITo pyHKIHOHAJIBHOMY HA3HAYEHHUIO:
- U3MEPUTEIIbHBIE,
- YCUJIUTEIBHO-TIPE0OPA30BATEIbHEIE,
- UCTIOJTHUTEJIbHBIE,
- KOPPEKTUPYIOIIIHE.

2. I1o BUAY 3HEPruU, HCNMOJIb3YeMOM 1Jisl pa0OThI:
- DJIEKTPUUYECKHE,
- TUAPABIINYECKUE,
- THEBMATHUYECKHE,
- MEXaHUYECKHE,
- KOMOWMHHPOBAHHEIE.
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Kiaaccupuxkanus siemenro CAP

3. I1o HAIMYMIO WJIM OTCYTCTBHIO BCIIOMOIaTeJILHOIO
HCTOYHHMKA JHEPIrUH:
- AKTUBHBIE (C UICTOYHHUKOM SHEPIHH),
acCHUBHbIC (0€3 HCTOYHUKA).
4. I1o xapaKkTepy MaTeMATH4€CKHAX COOTHOIIECHUM:
- TUHEUHBIE
- HEJIMHEWHBIE.
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Kaaccudpukauus 3jiemenros CAP

S. 1o moBeACHUIO B CTATHYECKOM PeKUME:

- CTATHYECKH e, 3TO CUCTEMBI B KOTOPBIX UMEETCS
OJIHO3HAYHAS 3aBUCUMOCTDb MEXTY BXOAHBIM U BBIXOJIHBIM
BO3JICUCTBUAMM.

- aCTaTHYeCKHe , 3TO CUCTEMBI B KOTOPBIX 3TA 3aBUCUMOCTh
OTCYTCTBYET. IIprmep: 3aBUCUMOCTH yIyIa IIOBOPOTA POTOPA
SIEKTPOABUTATENA OT NMPUIIOKEHHOIO HanpsikeHusd. [Ipu nmogaye
HanpsHKEHUS YroJl HOBOPOTa OyJeT MOCTOSSHHO PACTH, MIOITOMY
OJIHO3HAYHOU 3aBUCHMOCTH Yy HETO HET.
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XapaKTepl/ICTI/IKI/I A MOICJIHN IJIEMECHTOB U CUCTEM

CrarM4ecKoM XapaKTEePUCTUKOM 3JIEMEHTA HA3bIBACTCS
3aBUCUMOCTb YCTAHOBUBIIUXCS 3HAYEHUU BBIXOIHOU BEJIMUYUHBI
OT 3HA4YCHUS BECIMYUHBI HA BXOAE CUCTCMBI.

CrarM4ecKMM HA3bIBACTCA DJIEMEHT, Y KOTOPOTO MpH
IMOCTOSSHHOM BXOJHOM BO3JICUCTBUM C TECUCHUEM BPEMEHU
YCTAHABJIUBACTCA MOCTOSSHHAS BBIXOJIHASA BEJIUUYMHA. Hanpumep,
[IPpY [IOJIa4€ HA BXOJl HArPEBATES PA3JIUYHBIX 3HAYECHUU
HaOpsDKEHUS OH OyJIET HarpeBaThCs 4O COOTBETCTBYIOIIUX ATUM
HAIPSKCHUAM 3HAYEHUM TEMIIEPATYPHI.

16



XapaKkTepUCTUKU U MOJEJH 3JIEMEHTOB M CHCTEM

ACTaTH4YeCKHUM HA3bIBACTCS DJIEMEHT, Y KOTOPOIO MPH
ITOCTOSTHHOM BXOJHOM BO3JICMCTBUY CUTHAJ HA BBIXOJIE
HEIIPEPBIBHO PACTET C MOCTOSIHHOU CKOPOCTBHIO, YCKOPEHUEM U T.
1.

JIMHEHMHBIM CTATUYECKHUM 3JIEMEHTOM HA3bIBACTCS
O€3UHEPLIMOHHBIN AJIEMEHT, 00J1aJar0IIUN JIMHEHHON CTaTUYeCKON
XapaKTEPUCTUKOM.
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XapaKTepl/ICTI/IKI/I A MOICJIN IJIEMECHTOB U CUCTEM

CAP Ha3bIBacTCs CTAaTUYECKOM, €CIIN TTPU MOCTOSHHOM BXOJTHOM
BO3ACUCTBUHU OIIMOKA YIIPABIICHUS € CTPEMUTCA K HOCTOSIHHOMY
3HAYCHUIO, 3aBUCSIIIEMY OT BEJIMYMHBI BO3/ICUCTBUS.

CAP Ha3bpIBacTCS aCTATUYE€CKOM, €CIIUA IIPU ITOCTOSHHOM
BXOJIHOM BO3JICHCTBUY OIINOKA YIIPABICHUS € CTPEMUTCS K HYJITFO
BHE 3aBUCUMOCTH OT BEJIMUYUHBI BO3/ICCTBHUS.
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JInHaMHuYecKHue XapaKTePUCTUKH

Ilepexoanou xapakrepucTukoM h(t) Ha3pIBaeTCA peakius
00BbEKTa HAa €AMHUYHOE CTYIICHUYATOE BO3ACUCTBUE IIPU HYJIEBBIX
Ha4daIbHBIX YCI0BUAX, T.€. npH X(0) =0 u y(0) = 0.

NMnyabCHON XapaKTepUuCTUKON M(t) HA3bIBACTCS PEAKIIUS
00BbEKTa Ha O-(QYHKIIMIO IIPU HYJIEBBIX HAYaJIbHBIX YCIOBUSIX.

YacrorHou xapakrepuctukou (UX, AOUX u ap.) Ha3bIBaeTCs
3aBUCHUMOCTD aMILUIUTYAbI U (Pa3bl BBIXOJHOIO CUTHAJIAa CUCTEMBI B
YCTAHOBHUBIIEMCS PEKUME IIPU IIPUITOKEHUN HA BXOE
rapMOHHUYECKOTO BO3ICUCTBHA.
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JAuddepeHuuaabHbIe YPABHCHUSA

JIroOBI€ mporecchl nepeaadn, oOMeHa, IpeoOpa3oBaHUs
SHEPIUM U BEIIECTBA MATEMATUYECKU MOKHO OIMCATh B BUJIE
nuddepenunanbabix ypaBaeHui (V). JIrookie npoueccol B CAP
TaK)Ke IMIPUHATO ONUCKHIBATh AU PepeHIMaTIbHBIMU YPAaBHECHUSIMU,
KOTOPBIE ONPEEIAIOT CYIIIHOCTh MPOXUCXOISIINX B CUCTEME
IIPOLIECCOB HE3ABUCHUMO OT €€ KOHCTPYKIMHU U T.11. Pemus /1Y,
MOXXHO HAaWTH XapaKTEeP U3MEHEHUS PETYIUPYEMOU TIEPEMEHHOM B
MEPEXOAHBIX M YCTAHOBUBIINXCS PEKUMAX MPH PA3TUIHBIX
BO3JICCTBUAX HA CUCTEMY.
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JAuddepeHuuaabHbIe YPABHCHUSA

A

PeanpHEIN
00BEKT

_—

O |
M MOACJIb

OF OF Ax=x-x0
Fooy) =0 5 AXTEAY=00 vy
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IIpeoOpasoBanus Jlaminaca

[Ipssmoe mpeoOpaszoBanue Jlannaca

X(s) = ojox(t)e_Stdt Y(s)= Ty(t)e_Stdt
0 0

OOparHoe npeoOpazoBanue Jlamnaca

f(t)=— IF(J(D)ede(D
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Ilepexarounblie QYHKINHA

Ilepexarounou (pyHKIMEH HA3BIBACTCA OTHOILICHUE
M300paKeHUs BBIXOJHOTO BO3CHCTBUS Y (S) K M300paKESHUIO
BXOJHOI'0 X(S) IPH HYJIEBBIX HaYaJIbHBIX YCIOBUSIX.

Y (s)

W(s) = X(s)

Ilepenarounas (pyHKIHS SIBIISICTCS APOOHO-PAIlMOHAIBHOM
(PyHKIIMEN KOMILIEKCHOW TTEPEMEHHOM:

B(s) b,+bs+b,s"+..+b s"
A(s) a,+as+a,s’+..+as"

W(s) =
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Tunosbie 3BeHbLSI CAP

- YCHJIMTEJIbHOE — K-y

Brixoanasg BesimuunHa

IIepenarounas pyHKIMS W(S) =K

- H1eaJIbHO HHTEeTrpupylolee

Breixonnasg BesmmuunHa y — K J- X (t)dt
0

[lepenarounas QpyHKIHs W(S) :5

\)
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TunosBbie 3BeHbLS CAP

- peajibHOE HHTErpHUPYIOIIee

K

ITepenaTounas QyHKLHs W(S) =
s(Ts +1)

- uaeaJbHO TuddepeHUpyonlee

dx (1)
dt

[Tepenaroynast GyHKIHS W(s) =K -5

BreixomgHas BeTudnHa V= K
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Tunosbie 3BeHbLSI CAP

- peajbHOe Tu(depeHIUpYyIOLICE

HepeﬂaTqua;I q)yHKHI/IH W (S) . K - S
T-s+1
- allepuoaAnYecKoe
Jlnde dy
PEHITMAIBHOE n y = Kx
YpaBHEHUE dt
K
Ilepenarounas pyHKLIHSA W( S) _
(Ts +1)
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Tunosbie 3BeHbLSI CAP

- KoJiedarejibHOe
JnddepeHmansHoe d? d
ypaBHEHHE 22 J &y +y = Kx
dt’ ' dt
K

Ilepenarounas QpyHKIMS W(S) — T2 7 T 1
S + 15T
9) 1

- 3ala3biIBarouiee

Brixomnag sBenuunaa Y(t) — X(t - T)

[lepenarouHas QyHKIHS W(S) =e
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CoeanHeHud 3B€HbEB

[locnenoBareabHOE COSTUHEHUE

| WI(S) 3 W) —> =+« —» Wn(s) ——»

W(s)=WI1(s) - W2s): - -Wn(s)



CoennHenud 3B€HbEB

[TapannearHoe coennHeHue
P Wl(s)

X b 4

+ Wa(s) —»

—» W3(s)

W(s)=WI1(s)+W2s)+W3(s)




CoeanHeHud 3B€HbEB

OOparHas CBS3b

X ¥

Wi(s) —p—»

Ws)
W1(s)
1EW1(s)-W2(s)

Wi(s)=

«+H» cooTBETCTBYET OTpULareabHon OC @
«-» - TIOJIOKUTEIILHOM.
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Ilepenarounsie pynkuun CAP

1) JIns HaxoxaeHus nepeaarounor @yHkiuu CAP B pa3oMKHyTOM
COCTOSIHUM HEOOXOAUMO PAa30MKHYTh CUCTEMY ITyTEM OTOPACHIBAHUS
BXOJIHOTO cymMmaropa. Bo3myiaroniee Bo3aenucTeue F npupaBHuBaercs
HyJt0. CucTeMa 3BEHBEB MEXK/Ty TOUKAaMH pa3pbiBa 00pa3yeT
PAa30MKHYTYIO CUCTEMY.

2) Ilepemarounast QyHKIMS 3aMKHYTOM CHCTEMBI 10 3aaI01IEMY
BO3I€MCTBUIO HAXOAUTCS KaK OTHOIIIEHUE N300paKCHUI BBIXOJHOTO
CHUTHaJIa K M300paKEHUIO BXOJIHOTO (3aJa0IIEro), ¢ MPUMEHEHUEM
NPUHIIAIIA CYTICPIIO3UIINH, T.€. IPUHAMAETCS, YTO BO3MYIIIAFOIINI
(daktop orcyTcTByeT F(t)=0.

3) Ilepenarounas (yHKIMS 3aAMKHYTOM CUCTEMBI I10
BO3MYIIAKOIIEMY (PAKTOPY 3aMMCHIBACTCA C IPUMEHCHUEM MMPUHIIUTIA
CYyIIepHO3UIINH, T.€. IPUHUMAEM, YTO BXOJIHOE BO3JICHCTBUE
OTCYTCTBYET .
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Ommoka cucreMbl

e(t) x(t)

g(t) Wi -,

&,(t) = x,(t) — g(t),

— o/ ag@) A 0220 o dg()
e0=gd O+, dt +C21! 9, a +%! " dt"
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o]

KoypbunueHThl OLIMOOK
I _E®)
1+W(s) G(s)

__G(s)
Els)= 1+ W (s)

W,o(5) =

CO+C1-S+i-C2-SZ+l-C3-S3 +---+L.Cm 5"
2! 3! m!

} -G (s).
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Koy dpuuueHTsl OIMOOK

Co = [ng (S)} 0

[ A2
o'W,

C. =
? oS

(s)

S=0

Cl

C

m

| oW, (5)
- Os 0

"W, (s)

Os"

Kosddunument C, mpuHATO Ha3bIBATh KOIDPHUITHEHTOM
CTAaTHYCCKOM UITH MO3UIUOHHON OIIHOKH; K03 uireHt C -

KO3 PUIMEHTOM CKOpOCTHOM O1uOKH; C, - KO3 huneHTOM
OIIMOKH OT YCKOPEHHUSI.

S§=0
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KoygpduuueHThl OIMOOK

E(s

W, (s)= W) (9)= =2 —w) (s
F (),

e (O=ft (G+ l,dj;(tr)%zl!. 2 d;;(r)+ +é d’;nft)
— Wg S C — fg(S)
[ f()]szo 1 T |
C :_52ng(s)_ C :_ﬁmng(S)_
? i 6S2 Jeco m I aSm 1o,
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Kpurepuu ycronunsocru MuxaijioBa

XapakTepHCTHIECKHIT TOMHHOM
D(s)=a,-S"+a,-S""+[] +a
S=Jw
D(s)=a, - (jo)" +a,-(jo) " ++a, =
=U(w)+ jV(0)=D(w)e’*

n

Uw)=a,-a , o°+a,, o —[]

Viw)=w-(a,,-a,;-0°+a, ;0" —[])
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Kpurepuu ycronunsocru MuxaijioBa

[Ipu n3MEeHEHUN 4acTOThI ® BEKTOP D(jw), NU3MEHSACH MO
BEJIMYMHE U HAIIPaBJICHUIO, OYy/IET ONMMCHIBAaTh CBOMM KOHIIOM B
KOMILJICKCHOM MJIOCKOCTH HEKOTOPYIO KPUBYIO, HA3bIBAEMY IO
Kpueoiu (cooozpaghom) Muxaiinosa. Eciin ke 3HaUCHUE
4aCTOThI ® MEHSTh HEIIPEPHIBHO OT HYJIS /10 OECKOHEYHOCTH,
TO BEKTOP OyIET U3MEHATHCA MO BEIMYHMHE U I10
HampaBJICHUIO, OIIUCHIBAsl CBOUM KOHIIOM HEKOTOPYHO KPHUBYIO
(rogorpad), KoTopasi Ha3bIBacTCsl KpUBO MuxauJoBa.
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Kpurepuu ycronunsocru MuxaijioBa

MrgDjo)| . = 2 (n—2m)

”%—AAFQD(J'(H)EZ:’
2

M=

AMrgDjo)| " ==
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Kpurepuu ycronunsocru MuxaijioBa

ﬂ]lﬂ moeo umoOwbl cucmema a8momamuyecKo2o ynpaejieHuA OvLIa

ycmouuusa , Heobxooumo u 0oCmamo4Ho , Y4moowvl 6eKmMop Kpueou
Muxaunosa D(jw) npu uzmenenuu w om (0 00 © nogepHyncs ,
HU20e He 00pauwasco 8 HOMb , BOKPY2 HAYALA KOOPOUHAM NPOMUB
YacoBoU CMpEnKU Ha y2oi Tn/2, 20e n-nopsook
XaApaKmepucmu4ecko2o YPaeHeHUsl.

s mo umoowvl cucmema aBMoMamuyecko20 ynpaesieHus ovlia
ycmouuusa, HeobxXoo0umo u 00CmamouHo, Ymoobwvl Kpusads
(co0oepaqgh) Muxatinoea npu uzmeneruu wacmomst @ om () 00 o,
HauyuHnasaco npu @ =0 Ha seuwecmeeHHOU NOJIOHCUMENbHOU
noyocu, 00xo0una moibko NPOmue Yaco8ol CMpeiKu
noCcn1e008amelbHO K8AOPAHM OB KOOPOUHAMHOU NIIOCKOCMU, 20¢€ -
NOPAOOK XAPAKMEPUCMUYecKo20 YPUABHEHUSL.
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Kpurepuu ycronunsocru MuxaijioBa

0)

n=2 JV(w) JV e
o~ 3
/\ - Lﬁ’} < D(ja)
u ) o a, Ul
n=4 , ;

V8

Kpusbie Muxanosa
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Kpurepuun ycronunsocru HavkBucra

Kpumepuu noseonsiem no amnaumyorno-gazosou yacmomHuou
xapaxkmepucmuke pazomkuymou cucmemol W(j w) cyoums 0o
YCMOUYUBOCMU 3AMKHYMOU CUCTEMDL.

s mozo umobwl 3amknymas CAY bwina ycmotivusa,
HeoOX00UMO U 0OCMAMOUHO, YMOObL NPU USMEHEHUU YACTOMbL ()
om () 00 © gekmop, Hauaio KOMopo20 Haxooumcs 6 mouke (-1, j0),
a KOHeY HA aMNIumyoHo-ga3o80u YacmomHoU XapaKxmepucmuxe
pazomkHymou cucmemvl W(j w),noeeprnyncs 6vl 8 noioxicumenbHom
HanpasieHuu (Npomue uacoeou cmpenxku) Ha yeon nk, 2oe k- uucno
NpassblX KOPHeU XapaKkmepucmuyecko20 YpPaeHeHUs PA30OMKHYMOU
cucmemvl, m.e. umobwl xapakmepucmurxa W(j w) oxeamuna mouxy
(-1, j0) 6 nonooscumenvrom Hanpasienuu k/2 pas.

41



Kpurepuun ycronunsocru HavkBucra

Ecnu k = 0 yacmomnas xapaxmepucmuka He oxeamuléaem
mouky (-1,j0) , mo cucmema ycmouuuea u oopmynuposxa
Kpumepus ycmouuusocmu Hatikeucma ynpouaemcsi.

Ecnu pazomknymas cucmema ycmouuusa, mo 0jis mo2o 4moobwl
samkuymas CAY ovina ycmouuusa, HeoodxXoo0umo u 00CmamouHo,
YmooOblL AMNIUMYOHO-(PA308aA51 YACTMOMHASA XAPAKMEPUCUKA
pazomkHymou cucmemvl W(j w) npu usmenenuu  om ) 00 © He
oxeamwleana mouxy (-1, j0).
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Kpurepuun ycronunsocru HavkBucra

W(jw)

AMIUTATYIHO-(Pa30Bast XapaKTEPHUCTUKA PA3OMKHYTOW CUCTEMBI
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Kpurepuun ycronunsocru HavkBucra

V@)

N 0)

AMIUIMTYIHO-(ha30BbI€ XapaKTEPUCTUKHU PA30OMKHYTOM CHCTEMBI
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Kpurepuun ycronunsocru HavkBucra

Jlorapudpmuyeckre XxapaKTepUCTHUKN PA30MKHYTOM CHCTEMBI
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Kpurepuu ycronunsoctu ['ypBuna

an - an—2 an—4 : : :
0 an—1 - c’an—3 : : :
O -a a., [0 0 O
A= -
0 0 -a, 0 0O L
0 [ 0 0O 0O O
0O O O 0 0O L

JI1 yCTOMYMBOM CUCTEMBI HEOOXOAMMO U JIOCTATOYHO, YTOOBI
OIIPEICIUTEND U BCE TNIABHBIEC JUArOHAJIBbHBIE MUHOPBI MATPHUIIbI
ObLIX OOJIbILIE HYIIS.

Ecnn X0Ts Ob1 OAMH OnpeeIuTellb OyeT paBeH HYJII0, TO CUCTEMA
OyIeT HaXOAUTCA HA TPAaHUIE YCTOMINBOCTH.
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3amachbl YCTOUYUBOCTH CUCTEMBI

Vi)

Tomorpad W w)
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IToxa3areqn KauecTBa

1) npsimMbie - onpeaeIsiEMbIE HETTOCPEICTBEHHO 10 KPUBOM
MIEPEXOIHOTO TPOoIECCa,

2) KOPHEBBIE - OIPEJICIISIEMBIE TI0 KOPHIM
XapaKTEPUCTUUECKOIO TTOJITMHOMA,

3) 4aCTOTHBIE - 10 YACTOTHBIM XapaKTEPUCTUKAM,

4) UHTETPAIBHBIC - TTOJYYaEMbIE ITyTEM UHTETPUPOBAHUS
(OYHKITUH.
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OneHKH Ka4ecTBA MePEXOTHOM XapaKTePUCTUKH

dopmyiia XeBucauaa

KO 5 _Kis)
h(t + ) ket
H)= D) & s.D (s,)

IlepeperynupoBanue

Hemax— X
X max

0 = -100%
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OleHKH Ka4eCcTBA NePexXoHOM XapaKTepUCTUKH

dopmyiia XeBucauaa

K(Q) & Kis)
h(t k! _erxt
\t)= D(0) ;skD (s.)

IlepeperynupoBanue

Hemax— X
X max

0 = -100%
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OleHKH Ka4eCcTBA NePexXoHOM XapaKTepUCTUKH

XycT

5% oT XycT

Tn q

IlepexogHas xapakTepuCTUKa

51



OleHKH Ka4eCcTBA NePexXoHOM XapaKTepUCTUKH

A

Crenenb 3aryxanua P =]1-——3

Crarndyeckas ominoKa g =X-X

Bpewmsi peryinpoBanusi (BpeMsl mepexoqHoro npomecca) T
ompeaesiercsa ciaeayrmmuM oopazom: Haxoaures gomyctumoe
oTkjoHeHue A = 5% X ¢ A CTPOATCS ACUMIITOTBI + A Bpewms
TII cooTBETCTBYET MOCIEAHEN TOUKE nIepecedueHus x(t) ¢
HaHHOM rpaHulel. To ecTh Bpems, Korjaa KojaeOaHus
PETYIUPYEMOU BEJIMUYMHBI IIEPECTAIOT MTPEBBIIATD S % OT
YCTAHOBUBIIIETOCS 3HAYECHUS.
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KopHeBbIe moka3arejn Ka4ecrsa

CreneHb ycTOMYHBOCTH 1] = min‘Re(Sl.)‘

CreneHb K0J1e0aTeJBHOCTH 11 = MInN

Re(s;)

Im((s,)
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Tunsl peryasaroposn

1) II-perymstop (mporopiroHalIbHbIN peryiaarop) W(s) =K

K

2) U-perynarop (MHTErpUPYIOIIUI PETYISITOP) W(s)= ?

3) J-perynsarop (nuddepeHurpyonmm peryisaTop) W(s) =Ks.

4) II1-perynarop (IpONOPIHOHAIIBHO-UHTETPAIIBHBINA PETYISTOP)

I1
| l K
S » U S Y . W(s)=XK, +—=
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Tunsl peryasaropoB

5) I1[d-perynsarop (mporopiuoHaibHO-Iu(pGepeHIInaTbHbINA
DPErVIISITOD)

—» 1l

W(s)=K, +K,s
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Tunsl peryasatopon

6) [T/ I-perynsatop (MponopruruoHAILHO-UHTETPO-
nuddepeHnaIbHbINA PETYIsITOp)

——»{ I

.S Y Y .
—
W(s)=K, -I-KZS-I-%
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