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B ydyeOHOM mocoOuM TpeacTaBieH HEOOXOAUMBINA TEOpETUUECKU
MaTepuan,  MO3BOJMIOMIMI  MO3HAKOMUTBCS €  AClEKTaMU  TEOPHUH
aBTOMATUYECKOro ympaBieHus. ONUCHIBACTCA IMIMPOKHHA CIEKTP METOJO0B
NpEeIMETHOM 00JacTH, W3Jaraercss CUCTEMHBIM B3rJs[ Ha  MpoOJeMbI
OpPraHMU3AIlMOHHOTO  YIPABJICHUSA, CHUCTEMHBIH  MOAXOM K  PEHICHHIO
pa3Hoo0Opa3HbIX 3a7a4 aBToMaTu3auuu. Onucanbl OCHOBHBIE TIOHSTHS B 00J1aCTH
aBTOMATH3allUM, OXapaKTEpPU30BAHO  COBPEMEHHOE  COCTOSSHUE  TEOPHH
aBTOMATUYECKOTO0 YIPABJICHUS, WUICOJOTUS IOCTPOEHUS aBTOMATHUECKUX
CUCTEeM ympaBiieHUs. M310kKeHbl pa3iuyHble acleKThl CTPYKTYphl W ammapara
dopManu3aM aBTOMATHYECKUX CHCTEM YIpPABJICHUs, ONMCAHbl Ha3HAUYEHUE,
COCTaB, MPUHLUI MOCTPOEHUS U (PYHKIIMOHUPOBAHUS aBTOMATUYECKUX CHUCTEM,
pacCMOTPEHbl METOJbl MOBBIMIEHUS 3(P(EKTUBHOCTH  TPAAUIMOHHBIX U
COBPEMEHHBIX TEXHUUYECKHUX CPEJCTB.
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BBEJIEHUME

Teopus ynpaBieHust — 3T0 HayKa, pa3padaThIBaIOIAs U U3Y4arolasi METObI
U CpEICTBA CHUCTEM YIPABICHUS M 3aKOHOMEPHOCTH IPOTEKAIOUNIMX B HUX
npoueccax. lIpeagmerom TeopuM yIpaBiICHUS SIBISIIOTCA HE TOJBKO IIPOLIECCHI
MaTepUalibHOTO TPOM3BOACTBA, HO M  cdepbl ACATEILHOCTH  4YeJIOBEeKa:
OpPraHU3alMOHHO-aIMUHUACTPAaTUBHOE  YIIPABIICHUE, IPOEKTUPOBAHHE U
KOHCTpYHpOBaHHE, HWHGPOPMALMOHHOE  OOCIYy>KMBaHHUE,  3ApPaBOOXPAaHEHHE,
Hay4HbIE UCCTIEIOBaHUs, 00pa30BaHKe, U MHOTHUE Jipyrue. Teopust ynpaBieHus Kak
Hay4YHOE HarpasJeHUE CIoXuiaach B XX Beke Ha 0a3e TEOpur aBTOMATHYECKOIO
peryaupoBaHusl, KOTOpasi Hayajla MHTEHCHBHO pa3BUBaThCs B 19 Beke B CBA3M C
NOTPEOHOCTBIO B PETYIATOPax, MOMICPKUBAIOIINX YCTOMYMBBIA PEXUM pabOTHI
BHE/IPSABIIMXCS ITAPOBBIX MAIIMH B IIPOMBIIIJICHHOCTH U HA TPAHCIIOPTE.

CoBpeMeHHas: Teopusl YNpaBJICHUS 3aHUMAET OJHO M3 BEIYIIUX MECT B
TEXHUYECKMX HayKaX M B TO )€ BpPEMs OTHOCHTCS K OJIHOW M3 OTpaciiei
NPUKJIQTHON MaTEMATUKHA, TECHO CBS3aHHOM C BBIYMCIUTEIBHOM TEXHHUKOM.
Teopust ympaeneHuss Ha 0a3e MaTEeMaTHYECKUX MOJENEH IO3BOJIIET H3Y4aTh
JUHAMWYECKHE IIPOLECCHl B aBTOMAaTHMYECKUX CUCTEMAaxX, YCTaHABIIMBATh
CTPYKTYpPY ¥ IIapaMeTpbl COCTaBHBIX YaCTEW CHUCTEMBI UL NPUIAHUS PEATbHOMY
NPOLECCY YIPABIEHHMS JKENaeMbIX CBOWCTB M 3a/IaHHOr0 KayectBa. OHa ABIIAETCS
(byHOIAMEHTOM U1 CHEUUAIBHBIX  JUCLHUIUIMH, PEIIAIoUMX  MPOOJIEMBI
aBTOMAaTH3allMd  YNPaBIEHUS U  KOHTPOJS TEXHOJOIMYECKMX IMPOIECCOB,
NPOEKTUPOBAHMS  CIEAIIMX CUCTEM UM PEryJsiTOpOB, aBTOMAaTHYECKOTO
MOHUTOpPUHIA TPOMU3BOJICTBA M OKpPY)KAIOIIEH Cpebl, CO3JaHHs aBTOMATOB H
POOOTOTEXHUUYECKUX CUCTEM.

OCHOBHBIMM 3aJla4yaM{ TEOPUM YIPABICHHs SBIIIOTCS 337a4d aHAIU3a
JTMHAMUYECKUX CBOMCTB aBTOMaTUYECKUX CUCTEM Ha MOJICIIbHOM M (PU3UUECKOM
YPOBHE, U 33a[jaud CUHTE3a aJITOPUTMa YIPaBJIeHUs, GYHKIMOHAIBHONW CTPYKTYpPbI
aBTOMAaTHUYECKOM CHCTEMBI, PEATM3YIOLIEH 3TOT AIrOpPUTM, €€ MapaMETPOB U
XapaKTEPHUCTHK, yOBJIETBOPSIONIMX TPEOOBAaHUSIM KaueCTBA U TOUHOCTH, a TAKKe
3a7jaud aBTOMATUYECKOIO IPOECKTUPOBAHUS CUCTEM YIIPABICHUS, CO3JaHMS M
VCIIBITaHHSI aBBTOMAaTUYECKUX CHCTEM.

[IpenMeTOM HACTOSIILIETO KPATKOrO Kypca SBJISIIOTCS OCHOBBI TEOPUU
VIPaBJICHUSI MaTE€pPUATIbHBIMU OOBEKTAMU U TEXHOJOTMUYECKUMH IPOLECCAMHU,
NPUHLMIBI OpraHu3ayy, GyHKIIUOHUPOBAHUS U TPOEKTUPOBAHUS TEXHUUECKUX U
WHGOPMAIIMOHHBIX CUCTEM YIIPaBJIEHUS B MAaTepUaIbHOM TMpOu3BOACTBE. B
COBPEMEHHBIX YCJIOBUSAX YIPABICHUE PA3IUYHOIO pPsia TEXHOJOTMUYECKUMHU U
TEXHUYECKHUMH TPOLIECCAMH OCYIIECTBISICTCS, KaK MPaBUJIO, C UCHOIb30BAHUEM
OBM, mnony4yMBIIMX HAa3BaHUE YIPABISIOIIMX BBIYMCIMTENBHBIX  MAllUH.
[IpoexkTupoBaHUe CUCTEM YIIPaBIIEHUS, UMEIOLIMX B CBOEM KOHType OBM, HOCUT
cCrieU(pUUECKU XapaKTep W HEBO3MOXHO Oe3 3HaHWS NPUHIMIIOB U METOJIOB
TEOPHUH YIPABJICHUS.

Mertonbl 1 cpesicTBa CUCTEM YIpaBieHUs B cepe NesSTeTbHOCTH YeloBeKa
NPUBOJIATCS TOJIBKO HAa YPOBHE MOHSATHH AJ1s1 0011e OPUEHTHUPOBKH.
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1. OBIUE CBEAEHUE U3 TEOPUU YIIPABJIEHUSA

B TexHuke ynpaBieHUMEM Ha3bIBAIOT LIEJICHANPABICHHOE BO3JIECHCTBHUE HA
Kakoe-1M00 ycTpoiicTBO, 00beKT. Eciu ynpaBieHne ocymecTBIsSeT YeI0BEK, TO
YOPaBJICHUE HA3bIBAIOT PYYHBIM, HEABTOMATUYECKUM. YTPABICHUE HA3BIBAKOT
aBTOMATHYECKUM, €CJIM OHO OCYIIECTBISIETCS 0€3 HEeMOCPEACTBEHHOTO y4acTus
YeJoBeKa.

VYerpoiicTBo (MailnHa, arperart, TeXHOJIOTUYECKUH MPOIECC), COCTOSTHUEM
KOTOPOT'0 MOKHO U HY>KHO YIPaBJISITh, Ha3bIBaeTCsl 00bekTOM yripaBieHus (OY)
WIN yIpaBisieMbIM 00beKkTOM. Llenbio yrmpaBieHUs ynpaBisieMbIM OOBEKTOM
ABJSIETCA NOJJIEPKAHHWE 3aJaHHOro pexuma. Iloxg 3agaHHBIM  pEKUMOM
MOHUMAIOT U3MEHEHHUE KaKOT0-1100 mapameTpa, XapakTEPU3YIOIIEro COCTOSIHHUE
0o0BEKTa yIpaBJieHHUs, MO ONpPENENCHHOMY 3aKOHYy. YKa3aHHbIH mapameTp,
KOTOPBIA MOYET ObIThb BEKTOPHON BEIMYMHOM, HA3bIBAETCS YNPABIAEMOW WM
BBIXOJTHOM MEepEeMEHHOM (BEJIMUMHOI) 00bEeKTa yIrpaBiieHus. B yacTHOM ciydae
3aJlaHHBIM PEXKUMOM MOKET OBITh MOJJCp’KaHUE BBIXOJHOM TMEpPEeMEHHOM
HEU3MEHHOU U PAaBHOW HEKOTOPOU 3aJaHHOM BEIUYUHE.

Yacte 00BbEKTa yIpaBlIeHHs, HA KOTOPYIO OKa3bIBalOT BO3JECHCTBUE NPHU
YIPABJICHUH, Ha3bIBAIOT YIPABISIOMIUM (PETYIUPYIOLIUM) OPTaHOM.

Y CTpoiicTBO, OCYIIECTBISIIONIEE YNPABICHUE YIPABISIEMBIM OOBEKTOM,
Ha3bIBACTCS YIIPABIAIONIUM yCTporcTBOM (YVY).

OOBEKT ympaBlieHHUS C B3aUMOJICUCTBYIOIIMM C HUM YHIPABISIONIUM
YCTPOMCTBOM HA3bIBAIOT CHCTEMOM ympasieHus. Ecnu cucrema ymnpaBieHUA
(GYyHKUIMOHUPYET €  y4acTHEM  4eloBE€Ka, TO  OHa  Ha3bIBaercs
aBTOMaTH3WpoBaHHOW cucteMod ympaBieHus (ACY). Ecmu cucrema
yHOpaBieHUs (PYHKIIMOHUPYET O€3 HEMOCPEICTBEHHOIO y4yacThs 4YeJIOBEeKa, TO
OHa HAa3bIBACTCS ABTOMATHUYECKOM CHCTEMOM YIPABICHUS WA CUCTEMOU
aBTomMaTuieckoro ynpasienus (CAY).

B nmpocredmmx ciyyasx CUCTEMY aBTOMATHUYECKOIO  YIPaBICHUS
Ha3bIBAIOT CUCTEMOU aBTOMatuueckoro peryiaupoBanus (CAP), ynpasistoiiee
YCTPOMCTBO — PETYNIATOPOM, & OOBEKT YIIPABICHUS — OOBEKTOM PEryJIUPOBAHUS
WIN PEeryaupyeMbIM O00BbEKTOM. Tak Kak HET KPUTEPHUEB, MO KOTOPHIM MOXKHO
ObLIO OBl CyIHThb, KAaKM€ CUCTEMBI YIPABJICHUS CUUTATh CJIOKHBIMHU, & KakKue
MpPOCTBIMU, MBI HE OyneM JejaTh NPUHIUIHAIBHBIX Pa3Iuuuid  MEXIY
TEPMHUHAMU  «CHCTEMA aBTOMATHYECKOTO  YHOPABJIEHUS» U  «CHCTEMA
aBTOMATHYECKOTO PETYIUPOBAHUS.

Kanan cBs3u, 1o koTopoMy HHPOpPMAIUSI O TEKYIIEM COCTOSIHUU 00bEKTa
ynpasnenust (OY) nmoctynaer B yrpasistoniee ycTpoirctBo (YY), Ha3bIBaeTCA
00paTHOM CBS3BIO.

BHeriHee BoO3IeHCTBHE, KOTOpOE oOmpeaessieT TpeOyemblil (3aaaHHbIN)
3aKOH W3MEHEHHUS  BBIXOJHOM IIEPEMEHHOM, HA3bIBACTCS  3aJAIOLIHAM
BO3JCMCTBHEM. 31E€Ch, KaK 3TO YacTO [EJIal0T, 3aJarollee BO3ACHCTBHE
BBIBEJICHO 32 IPEZENbl YIPABIAIOLIErO YCTPOMCTBA, B TO BPEMs Kak 3aJaroliee
BO3JICHCTBHE BBIPAOATHIBACTCS 3aIaTYUKOM, BXOJISIIIMM B COCTaB YVY.



Kax npaBuiio, Ha 00BEKT yNpaBieHUs JACHCTBYET BO3MYIIEHUE, KOTOPOE
IPUBOJUT K OTKJIOHEHUIO YNPABIIIEMON NEPEMEHHON OT TPeOyeMOro 3Ha4eHHUs.
Takoe  BO3JAECHUCTBUME  HA3BIBACTCA  BO3MYILICHHMEM H  BO3MYIIAOIIAM
BO3JIeMCTBMEM. Bo3MyllieHHE MOKET AEUCTBOBATh U HA YY. B yacTHOM ciydae
B 3aBUCHUMOCTHU OT NMPUHIIMIIA YIPaBIEeHUS oOpaTHas CBSA3b WM KaHall CBSI3H, MO
KOTOpOoMy HUH(poOpMaluss O BO3MYUIEHUM IIOCTYNMaeT Ha Y'Y, MOXET
OTCYTCTBOBATb.

BrixonHasa nepemenHas YV U, sSBISOWIAscsS BXOAHOW nepemeHHoil OV,
HA3bIBAETCSl YIPABJISIOIIUM BO3JICHCTBUEM HIIN YIIPABICHHUEM.

OObBeKThl yNpaBlEeHUS B 3aBUCUMOCTH OT pEaklMh Ha BXOJHBIC
BO3JICMCTBHUS IEJIATCS HA yCTOWYMBBIE, HEUTPAIBHBIE U HEYCTOUUYNBBIE.

OOBIYHO PEryNATOp IAEHCTBYET Ha OOBEKT YIpaBJiICHHs HE MPAMO, a Yepes
VCIIOJIHUTENIbHBIE MEXaHU3Mbl (IIPUBOJBI), KOTOPbIE MOIYT YCHUJIMBAaTh M
npeoOpa3oBbIBaTh CHUTHAJ YIPABJICHUS, HANpUMEp, 3JIEKTPUUYECKUN CHTHaI
MOXKET «IpeBpaliaThCs» B IMEPEMELIEHUE KIIallaHa, PEryJupyoIIero pacxon
TOIUIMBA, WJIA B IIOBOPOT PYJIsl HA HEKOTOPBIM YIoJl.

YToObl peryisiTop MOT «BHIETH», 4YTO (PAKTHUECKH NPOUCXOAMUT C
00BEKTOM, HYKHBI JaTYUKH. C MOMOIIBIO JATYUKOB YaIlle BCETO U3MEPSIOTCS T€
XapaKTEPUCTUKHN O0BEKTA, KOTOPHIMU HYKHO YIpaBisiTh. Kpome Toro, kauectBo
yIPaBICHUS MOXHO yJIyULIUTh, €CIH MOIY4aTh JOMOJIHUTEIbHYIO HHPOPMALIHIO
— U3MEPATh BHYTPEHHUE CBOICTBA O0OBEKTA.

B Tunuunyto cuctemy ynpaBieHUs BXOASAT OOBEKT, PEryJsITOp, IPUBOA U
natuukd. OpHako, HaboOp HJTHX DJJIEMEHTOB — eme He cucreMa. Jlus
NpEeBpallleHUs] B CHUCTEMY HY)XHBbI KaHalIbl CBSI3M, 4Ye€pe3 HUX HIeT OOMEH
uHpopMalmenn Mexay oaneMmeHtamu. [l nepenaun MHPOpMAUMM  MOTYT
UCIIOJIb30BAaThCS AJIEKTPUUYECKUM TOK, BO3AyX (MHEBMATHUYECKHE CHUCTEMBI),
XKUIKOCTH (TUIPABINYECKUE CUCTEMBI), KOMIIBIOTEPHBIE CETH.

B3anmocBs3aHHbIE JIEMEHTHI — 3TO YK€ cUCTeMa, KoTopas obsanaer (3a
CUeT cBs3ed) 0COOBIMU CBOWCTBAMH, KOTOPBIX HET Y OTAEJBHBIX 3JIEMEHTOB U
JIF000M UX KOMOWHAIINH.

Nudopmanusa B cucteMe ymnpaBi€HHS KakK Obl «XOJIUT MO KPYLy»:
pPEryJiATOp BBIJAET CUTHAJ YIPAaBICHHS Ha NPUBOJA, KOTOPBIM BO3IEHCTBYET
HEIMOCPEACTBEHHO Ha 00bEKT. 3aTeM uH(popmalus 00 00bEeKTe Yepe3 NaTUUKU
BO3BpallaeTcs 00paTHO K PETYJISITOPY U BCE HAUMHAETCS 3aHOBO. ['0BOPAT, YTO
B CHCTEME €CTh OOpaTHas CBs3b, TO €CTh PETYJIATOP UCIONb3YeT HH(OPMAIUIO
O COCTOSAHMM OOBEKTa Ml BhIpAaOOTKHM ympasieHud. Cuctembl ¢ 0OpaTHOM
CBA3bI0 HA3bIBAIOT 3aMKHYTBIMHM, TMOCKOJbKY HH(OpMamus mnepenaercs Mo
3aMKHYTOMY KOHTYpY.

Perynstop cpaBHUBaeT 3aMalOIIMii CUTHAA C CUTHaJIaMud OOpaTHOU
CBSI3M OT JATYMKOB W OMpEJeNsaeT paccorjacoBaHue (ONIMOKY yIpaBJICHHS) —
pasHUIy MEXAY 3aJaHHbIM M (DaKTUYECKUM cocTosiHMEM. Ecnu OoHO paBHO
HYJII0, HUKAKOTO yIpaBiieHus He TpeOyeTcs. Ecnu pasHuia ectb, peryisTop
BBIIACT YIIPABIIAIOLIUNA CUTHAJ, KOTOPBIA CTPEMUTCS CBECTU PACCOINIACOBAHUE K
Hym0. [Ins Toro 4YTOOBI peryisaTop Haval JeHCTBOBAaTb, HYXHO, YTOOBI
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ynpasisieMasl BeIMUMHA OTKJIOHUJIACh OT 3aJlaHHOro 3HadeHus. B mpocreiimem
cllyuae B HEM M3 33JaHHOTO 3HAYCHHS BBIUMTACTCS CUTHAJ OOpaTHOM CBA3M
(u3MepeHHoe 3HaueHue). BO3MOXHOCTM peryisTopa M NPUBOAOB (TO €CTh
MOIIHOCTh ~ CUTHAJla  YIpPaBJIEHHs)  BCErJa  OrPAHUYEHbl,  IOITOMY
OBICTPOJICCTBHE CUCTEMBI YIIPABICHHS (CKOPOCTh NEPEX0a Ha HOBBIA PEKUM)
TaK)Ke OrpaHUYCHA.

Bapuant, xorga oOpaTHas CBSI3b MCIOJNB3YETCA ISl TOrO, YTOOBI
YMEHBIIUTh PAa3HUIY MEXAY 3aJaHHBIM M (PaKTUUYECKUM COCTOSIHHEM OOBEKTa
yIpaBJICHUS HA3bIBAECTCSA OTPULIATEILHOM, IOTOMY YTO CUTHAJI OOpAaTHOM CBSI3U
BBIUMTAETCS U3 3ajaroluiero curhana. Ecam HaoOopoT, To oOpaTHas CBsI3b
HA3bIBACTCS TMOJIOKHUTENBHONW, OHAa YBEIHMYMBACT PACcCOIIaCOBaHHE, TO €CTb,
CTPEMHUTCSl «packauaTh» cucrteMy. Ha mpakTuke monoxutenpHas oOpaTHas
CBSI3b IPUMEHSIETCA, HamlpuMep, B TeHepaTopax s  MOJJAep KaHUs
HE3aTyXaloLUX MEKTPUIECKUX KOJIeOaHUH.

Eciu He ucmonb3oBaTh OOpAaTHYIO CBS3b, TO PETYJSATOP HE MOTydaeT
HUKaKoi MH(pOpMaluu O pealbHOM COCTOSSHUM oOBbekTa. Ilo3romy, HOKHO
OBITh TOYHO M3BECTHO, KaK 3TOT OOBEKT celsi BeneT. ToJabKO TOrga MOXHO
3apaHee pacCcuuTarh, KaK WM HYXHO YIOPaBIATH (IIOCTPOUTH HYXHYIO
nporpaMMmy ymopasiieHusi). OJHAKO TNpU 3TOM HENb3sl TapaHTUPOBATh, YTO
3ajaHue Oyner BBINOJAHEHO. Takue cucTeMbl HAa3bIBAIOT — CHCTEMaMU
IPOrPaMMHOTO YIPABICHUS WM Pa30MKHYTBIMH CHCTEMaMH, IIOCKOJBKY
uHbopMalusl MepeAaeTcs He MO 3aMKHYTOMY KOHTYpY, a TOJBKO B OJIHOM
HaIpPaBJICHUU.

ABTOMaTHYeCcKasi cuUCTeMa — 3TO cHCTeMma, paboTaromias 0e3 yyacTus
4yesoBeKa. ABTOMAaTHUYECKHE CUCTEMbI YIIPaBICHUS MPUMEHSIOTCS Ul PELICHUS
TpEX TUIIOB 3a]1a4:

— cra0unu3anusi, TO €CTh MOAJAEp)KaHWE 3aJaHHOTO pexuma pabdoThl,
KOTOPBI HE MEHSETCs JJIMTENbHOE BpeMs (3aJarolfii CUTHAI — MOCTOSHHA,
4acTo HYJIb);

— MpPOTpaMMHOE YINpaBIIEHUE — YIPABICHUE IO 3apaHee H3BECTHOM
nporpaMme (3aaoluii CUrHaa MEHseTCsl, HO 3apaHee U3BECTEH);

— CIIe)KEHUE 32 HEU3BECTHBIM 33/Ial0IIIUM CUTHAJIOM.

1o xomM4ecTBY BXOJOB U BbIXO/I0B OBIBAIOT:

— OJHOMEpHBIE CHUCTEMBbI, Y KOTOPbIX OJUH BXOJ U OJMH BBIXOJ (OHHU
paccMaTpHUBaIOTCS B TaK Ha3bIBAEMOM KJIACCUYECKON TEOPUU YIIpaBICHUS);

— MHOTOMEPHBIE CHCTEMBI, UMEIOIINE HECKOIHKO BXOIOB U/UJIA BHIXOJIOB
(TaBHBINA IPEIMET U3yYEHHUSI COBPEMEHHOM TEOPHUHU YIIPABICHHS).

1o xapakTepy CUTHAJIOB CUCTEMBI MOTYT OBITb:

— HEMPEPBHIBHBIMH, B KOTOPBIX BCE CHUTHAIBI — (DYHKIIMH HETPEPHIBHOTO
BpPEMEHH, OTIpeieJICHHbIC Ha HEKOTOPOM HMHTEpBale;

— JIUCKPETHBIMU, B KOTOPBIX HCHOJIB3YIOTCS JUCKPETHBIE CHUTHAJIbI
(mocneaoBaTeNbHOCTH YUCEIN), ONPEIETICHHBIE TOJIBKO B OTJAEIbHBIE MOMEHTHI
BpPEMEHU;



— HENpPEPHIBHO-AUCKPETHBIMU, B KOTOPBIX €CTh KaK HENpPEPhIBHbIC, TaK U
JIUCKPETHBIE CUTHAJIBI.

HenpepbiBHble (WM aHANIOTOBBIE) CHUCTEMBI OOBIYHO OINMCHIBAIOTCS
nuddepeHInanbHbIMU  YpaBHEHUSAMH. OJTO BCE CHUCTEMbI  YIPABJICHHUS
JIBUKEHUEM, B KOTOPBIX HET KOMIIBIOTEPOB U JIPYTUX 3JIEMEHTOB AUCKPETHOTO
JnerlcTBUs (MUKPOMIPOIECCOPOB, JIOTUYECKUX UHTETPATIbHBIX CXEM).

Mukponpoueccopbl U KOMIBIOTEPHl — 3TO JTUCKPETHBIE CHUCTEMBI,
MOCKOJIBKY B HUX BCsl MH(MOpMaIusi XpaHUuTcsi U o0pabaThiBaeTcsl B AUCKPETHOU
dopme. KommpioTep He MOXeT o0OpalOaThiBaTh HENPEPHIBHBIE CHUTHABI,
MOCKOJIbKY pa0OTaeT TOJBKO C TOCJIENOBATEIBHOCTAMHU 4Yuced. I[lpumepsr
JUCKPETHBIX CHUCTEM MOKHO HAMTH B SKOHOMHKE (TIEpHOJ] OTCUYETa — KBapTaj
Wi TOoA) U B OWosoruu (MOJENh «XUIIHUK-KEepTBay). g ux omnucaHus
MPUMEHSIIOT Pa3HOCTHBIC YPABHEHUS.

CymiecTByloT ~ TUOpPUAHBIE  HENPEPHIBHO-TUCKPETHBIE  CHUCTEMBI,
HarpuMep, KOMIBIOTEPHBIC CHUCTEMbl YIPaBICHUS JBIXYIIUMUCS OOBEKTaMU
(kopabisisimMu, camoJieTaMHu, aBTOMOOWISAMH W Jp.). B HUX YacTh HJIEMEHTOB
onuchiBaeTcs qudPepeHinanbHbIMU YPAaBHEHUSIMH, & 4acTh — Pa3HOCTHBIMU. C
TOYKM 3pEHHMS] MATEMAaTHKH 3TO CO3JaeT OOJIbIIHE CIOXHOCTH I UX
UCCJIEIOBAHMS, TO3TOMY BO MHOTMX CIydasX HENPEPbIBHO-IUCKPETHBIE
CUCTEMBI CBOJSAT K YIPOILEHHBIM YUCTO HEMPEPBIBHBIM WM YUCTO AUCKPETHBIM
MOJECIISAM.

JUist yopaBieHHsl BaKHO M3MEHSIOTCS JIM XapaKTEPUCTUKU OOBEKTa €O
BpeMeHeM. CHCTEMBbI, B KOTOPBIX BCE MapaMEeTphbl OCTAIOTCS IMOCTOSHHBIMH,
Ha3bIBAIOTCS CTALlMOHAPHBIMHU, YTO 3HAYUT «HE U3MEHSIOLIUECS BO BPEMEHWY.

CucreMbl, B KOTOPBIX MMapaMeTpbl 00BEKTA U PETYJSATOpPa U3MEHSIIOTCS
CO BPEMEHEM, HAa3bIBAIOTCSI HECTAIIMOHAPHBIMU. XOTS TEOPUSI HECTAIMOHAPHBIX
CUCTEM CYIIECTBYET ((hopMyJibl HAMMKMCAHbBI), MPUMEHUTDH €€ Ha MPAKTUKE HE TaK
poCTO.

B cnyuae, ecnu Bce mapameTpbl OOBEKTa W BHEIIHHE BO3JCUCTBUS
ornpesieNnieHbl (3a/laHbl) TOYHO, TO TOBOPAT O JETEPMUHUPOBAHHBIX CHUCTEMAaX,
KOTOPbIE pPACCMATPUBAIIMCH B KIIACCUUECKOW TEOPHUH YIPaBICHHUS.

CucteMbl, B KOTOPBIX JEWCTBYIOT CIIydallHbIE BO3MYIICHUS WIIU
napamMeTpbl O0OBEKTa MOTYT HU3MEHSTHCS CIIy4alHbIM 00pa3oM, Ha3bIBAIOTCS
CTOXaCTUYECKUMH  (BEPOSITHOCTHBIMHU). Teopusi CTOXAaCTUYECKUX CHUCTEM
MO3BOJISIET MOJy4aTh TOJIBKO BEPOSTHOCTHBIE PE3YJIbTATHI.

Yacto TpeOoBaHMS K CUCTEME MOXKHO C(HOPMYIUPOBATh B BUAC 3aJa4d
ONTUMM3AIMU. B ONTUMAIBHBIX CHUCTEMaX PETYJSITOp CTPOUTCS TakK, YTOOBI
o0ecrneunuTh MUHUMYM WJIM MAaKCUMyM KaKOTO-TO KpUTepHus kadecTBa. HyxHO
MOMHUTb, YTO BBIPAXKEHHUE «ONTUMAJIbHAsI CHCTEMa» HE O3HAYaeT, YTO OHa
NEeHUCTBUTENBHO HeanbHas. Bee onpenensiercss NpUHITHIM KPUTEPUEM — €CIIH OH
BBIOpAH y/IauHO, CUCTEMa MOJYYUTCS XOpOIlasi, €CJIM HET — TO HA00OPOT.

Ecnu mapameTpsl 00BEKTa WM BO3MYIICHHN W3BECTHBI HETOYHO WIU
MOT'YT U3MEHSTBhCSA CO BPEMEHEM (B HECTAI[MOHAPHBIX CHUCTEMax), MPUMEHSIOT
aZanTUBHBIE WM CAMOHACTPAMBAIOLIMECS PErYyJSATOPbl, B KOTOPBIX 3aKOH
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yIpaBICHUS MEHSAETCS IPU U3MEHEHUH YCJI0BHHA. B mpocTeiiiem ciaydae (korga
€CTh HECKOJBbKO 3apaHee M3BECTHBIX PEXKUMOB PAaOOThI) MPOUCXOAUT MPOCTOE
NEPEKITIOYEHNE MEXAY HECKOJbKMMHU 3aKOHamMHu yrpasieHusa. Yacto B
aJIalITUBHBIX CUCTEMAaX PETYJISATOpP OLICHUBAET MapaMeTpbl 0OBEKTa B PEAIbHOM
BPEMEHH U COOTBETCTBEHHO HW3MEHSET 3aKOH YIpPaBJICHUS IO 3aJaHHOMY
paBuIiLy.

CaMoHacTpauBarolasicsi CHCTEMa, KOTOpas IMbITAETCd  HACTPOUTH
PEryJSATOp TakK, YTOObI «HAWUTH» MAaKCUMyM WJIHM MUHUMYM KaKOrO-TO KpUTEPHS
Ka4yecTBa, HAa3bIBACTCS IKCTPEMAIBHOM (OT CIIOBA 3KCTPEMYM, 0003HAYAIOIIETO
MaKCUMYyM WJI1 MUHUMYM).

Bo wMHOrmx coBpeMeHHBIX OBITOBBIX YCTpPOMCTBax (Hampumep, B
CTUPAJIbHBIX MAalllMHAX) HCIOJIb3YIOTCS HEYETKHE PEryJsiTOpbl, MOCTPOEHHBIE
Ha NPUHIUIAX HEYETKOW JIOTMKH. DTOT MOAXO0J MO3BOJIAET (OpMaIn30BaTh
YeJIOBEUYECKHUM CIIOCOO MPUHATHUS PELICHMUS.

OnHO W3 TONYJSAPHBIX HANPABICHUNA B COBPEMEHHOW TEOPUM —
IIPUMEHEHUE JIOCTMIKEHUN MCKYCCTBEHHOTO WHTEIUIEKTAa I  YIPABJICHHUS
TEXHUYECKUMHU cucTteMaMu. Perynstop crpoutcs (WM TOJIBKO HACTPauWBaETCs)
Ha OCHOBE HEWPOHHOW CETH, KOTOPYIO MpEABAPUTENIBHO OOydaeT 4YeJIOBEK-
DKCIIEPT.

Ienp m000r0 ympaBjieHUST — HU3MEHHUTb COCTOSIHME OOBEKTa HY>KHBIM
o0pa3oM (B COOTBETCTBUHU C 3aaHueM). it 3Toro pa3paboTdyuKy HEOOXOAMMO
3HaTh, KaK CUCTEMa YIIpaBJIeHUs OyJeT pearupoBaTh Ha pa3Hble BO3JCHCTBUS, TO
€CTb HY)XHa MOJI€b CHUCTEMbI: OOBEKTa, MPUBOJA, JATYUKOB, KAHAJIOB CBA3H,
BO3MYILIEHUH, IITyMOB.

Mopaenb — 3T0 00BEKT, KOTOPBII MbI HCIIOJIb3YEM JJISi U3yUYEHUS IPYroro
oObekTa (opuruHana). Mojaenab U OpUTMHAN JOJDKHBI OBITH B YEM-TO MOXOXKH,
yTOOBI BBIBOABI, CHEIaHHbIE MNPHU H3YYEHHH MOJENIU, MOXKHO Obuio ObI (C
HEKOTOPOM BEPOSTHOCTHIO) MEPEHECTH HAa OPUTHHAIL. MaTeMaThuuecKue MOJAeNH
BbIpaxatoTcsi B Buae ¢opmyn. Kpome Toro, B Hayke HCIOIb3YIOTCS
omnucareyibHble (CIOBECHBIE), Tpaduyeckue, TaOJIUYHbIE U APYTHEe MOJEIH.
MaTteMaTnyeckoe ONMUCaHUE CUCTEMbl HAUMHAETCS ¢ pa30MEeHusl ee Ha 3BEHbS U
ONMCAHMS 3TUX 3BEHBbEB. 1[0 ypaBHEHMSAM WM XapaKTEPUCTHUKAM OTIEIbHBIX
3BEHBEB COCTABJISAIOTCA YPABHEHUS WJIM XapaKTEPUCTUKH CHCTEMbI B LIEJIOM, Ha
OCHOBAHHMH KOTOPBIX U UCCIEYETCS] CUCTEMA.

[Ipu pa3zbueHHH cUCTEMBI Ha BO3MOXHO 0oJiee MPOCTHIE («MEJIKHE))
3BEHbsI, HEOOXOJIWMO YYUTHIBaTh, YTOOBI OHMU OOJIAJaTu HAMPABICHHOCTHIO
JEeNUCTBUS. 3BEHOM HAIPaBJIECHHOTO JIEWCTBHSI Ha3bIBA€TCs 3BEHO, IMEpeaaroliee
BO3JICHICTBHE TOJIBKO B OJIHOM HANpaBJIEHHMH — C BXOJa HA BBIXOJ, TaK 4TO
U3MEHEHUE  COCTOSHHMSI TakOro 3BE€HA HE BIMSIET Ha  COCTOSIHHE
MPEAIIEeCTBYIOIEr0 3BEHa, paloTaroliero Ha ero BxoA. B pesynpraTe mnpu
pa30MeHnH CUCTeMbl Ha 3BEHbS HANpaBICHHOIO ACHCTBHS MaTeMaTHYeCKOe
OIKCaHUE KaXJI0r0 TAKOTO 3B€HA MOXKET ObITh COCTaBJIEHO 0€3 yueTra CBsA3eil ero
C ApyrumMu 3BeHbIMH. COOTBETCTBEHHO, MaTeMaTHYE€CKOE OINHMCAHHE BCel
CUCTEMBI B IIEJIOM MOKET OBITh IMOJIyY€HO KaK COBOKYITHOCTh COCTaBJICHHBIX
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HE3aBUCUMO JIpyr OT Jpyra YpaBHEHUM WM XapaKTEPUCTUK OTAENIbHBIX
3BEHBEB, OOPA3YIONINX CHUCTEMY, JOIMOJHEHHBIX YPAaBHEHUSMHU CBSI3H MEXKIY
3BCHBSIMU.

B pesynbrare pazouenuss CAY Ha 3BeHbs HANPaBICHHOTO NEUCTBUS U
MOJIYYCHUSI MAaTEMaTHYECKOTO OIMCAHUS 3BEHBEB COCTABIISCTCS CTPYKTypHAS
CXeMa CHCTEMbI, KOTOpas U SBJISETCA €€ MaTEeMaTH4YeCKON MOJEIbIO.
CTpyKkTypHas cxema CUCTEMBbI COCTOUT U3 MPSMOYTOJILHUKOB, M300paKaroIINX
3BEHBSI CXEMBI, U CTPEIIOK, COSAMHSIIONTNX BBIXOIBI U BXOJIBI 3BE€HHECB COTJIACHO
CBSI3SIM MEXKIYy 3BEHbIMH B cuctemMe. CTpenkaMy TMOKa3bIBAIOTCA TaKXKe
BHEIIIHWE BO3JCUCTBUS, MPWIOKEHHBIE K OTACIbHBIM 3BEHBSIM CHCTEMBI.
Kaxxmomy 3BeHy CTPYKTYpHOH CXEMBI MPUASTCS OMUCHIBAIOIIEE €T0 YPAaBHCHHE
WM XapakTepucTtuka. [Ipu 3ToOM ypaBHEHHE OOBIYHO 3alHMCHIBACTCS MPSMO Ha
CXeMe BHYTPHU M300pa’KaroIIero 3BE€HO MPSIMOYTOJIbHUKA B BUJIE MEPEAaTOYHOM
bynkuuu. [lomydeHue CTPYKTYpHOW CXEMBI SIBISICTCS KOHEYHOW IIEJIBIO
MaTEMaTHYECKOTO OTTMCAHUS CUCTEMBI.

PaccmoTpumM  cBsi3b  BXOJa W BBIXOJA IPU  MOJCIHMPOBAHUU
GbyHKUUOHUPOBaHUS cUCTeMbl. JI1000i OOBEKT B3aMMOJECHCTBYET C BHEIIHEH
CpeIloii ¢ TTOMOIIBIO BXOJIOB U BBIXO/I0B. BXO/IbI — 3TO BO3MOKHEIE BO3/ICHCTBHS
Ha OOBEKT, BBIXOJbI — 3TO T€ CUTHAJIBI, KOTOPhIE MOXKHO M3MepuTh. Hampumep,
JUTSL DJIEKTPOJIBUTATEIS BXOJJaMU MOTYT OBITh HaNpsDKEHUE MUTAHMS U HArpy3Ka,
a BBIXOJIaMH YacTOTAa BPAIlICHUS BaJia, TEMIIEpaTypa.

Bxoapl He3aBUCHMBI, OHU «IPUXOIAT» U3 BHEHHed cpeasl. Ilpu
M3MEHEHUH MHGOpPMAIIMKM Ha BXOJI€ MEHSAETCS BHYTPEHHEE COCTOSHUE 00BEKTa
(Tak Ha3BIBAIOT €T0 W3MEHSIONIUECS CBOWCTBA) M, KAaK CJCACTBUE, BBIXOIBI.
CymiecTByeT HEKOTOPOE TMPaBUIIO, IO KOTOPOMY dJIEMEHT MpeodpasyeT BXOJ B
BBIXOJl. JTO TMPaBWIO Ha3bIBaeTcs omepatopom. l[loctpouth Momenb — 3TO
3HAYUT HAWTHU OMEPATOP, CBA3BIBAIOIIMK BXOAbI U BBIXOJbL. C €ro mOMOIIbIO
MO>KHO MPEACKa3aTh PEaklMio OOBEKTA Ha 000 BXOJHOM CUTHA.

st mro6oro oOBEKTa YNpaBIEHUS MOXKHO TIOCTPOUTH MHOKECTBO
Pa3TUYHBIX MOJCIICH, KOTOpPhIe OYAyT YYWUTHIBATH (MJIM HE YYUTHIBAThH) TE WJIU
uHble (pakTopbl. OOBIYHO Ha TMEPBOM D3TAllE CTAPAIOTCS OMHUCATh OOBEKT Kak
MOXHO 0OoJiee MOAPOOHO, COCTaBUTH JACTANbHYI0 Mojelb. OIHAKO MPU ITOM
OyZeT TpyaHO TEOPETHUECKH PacCUNTATh 3aKOH YIIPaBJICHUS, KOTOPHI OTBEYaeT
3aIaHHBIM TpeOOBaHMAM K cucteme. J[ake eciu ero paccuuTaTb, OH MOXKET
OKa3aThCsl CIUIITKOM CIIOKHBIM JIJIS PEaTH3aIliy UIH OYEHB JOPOTHM.

MOXHO yOpOCTUTH MOJENh OOBEKTa, OTOPOCHB HEKOTOPHIE «IETaIn,
KOTOpBIE KaXKYTCS pa3paOdO0TYMKy MajoBaXKHBIMH. J[1 ympoIIeHHOW MOJeH
3aKOH YIPABJICHHS TAK)KE MOJYYaeTCs TPOIIE, U C €r0 MOMOIIBI0 YaCTO MOYKHO
TOOUTHCS JKemaeMoro pesynbrara. OJIHaKO B 3TOM Cliydae HET rapaHTHH, YTO OH
OyJIeT Tak K€ XOPOIIIO YIPaBJIsATh MOJTHON MOJIEINbIO (M peaibHBIM OOBEKTOM).

OOBIYHO UCITONBH3YETCSI KOMIIPOMUCCHBIN BapuaHT. HaunHarT ¢ mpocThix
MOJIeNIeH, CTapasCh CIPOCKTHPOBATH PETYNATOP TaK, YTOOBI OH «IIOJIXOIU» H
JUTSL CJIOKHOM MOJIeNIM. DTO CBOMCTBO HA3bIBAIOT pPOOACTHOCTHIO (TPyOOCTHIO)
perynsTopa (WJIM CHUCTEMBI), OHO O3HA4YaeT HEYYBCTBUTEIBHOCTh K OIIMOKaM
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MOJICJIMPOBAHUS. 3aTeM MPOBEPSIOT PabOTy MOCTPOCHHOIO 3aKOHA YNpPaBICHHUS
Ha TOJIHOM MOJENM WK Ha peaibHOM 00bekTe. Ecnu momydeH oTpuiaTeNbHbIHI
pe3yabTar (MPOCTON PErysarop «He padoTaeT»), YCIOXKHAIOT MOJIETb, BBOAS B
Hee JOTMOIHUTENbHbIE TT0IpoOHOCTH. M Bce HauMHaeTcs cHavana.

N3 kypca mMaTeMaTuku M3BECTHO, YTO MPOIIE BCErO pEIIaTh JIMHEWHBIE
ypaBHeHUs1. C HEMWHEHWHBIMU ypaBHCHUSIMHU (KBaIpaTHBIMH, KyOWYECKHUMH |
Ip.) paboTaTh HAMHOTO CIIOKHEE, MHOTHME THUIIBI YPaBHEHUU HEJNb3sl PEUIUTh
aHAJIUTUYECKH (TOYHO).

Cpenu ornepatopoB camble NPOCTbIE — TakKe JHMHEWHbIe. Mogenu,
KOTOPBIE OMUCHIBAIOTCS JINHEMHBIMU ONIEPATOPAMHU, HA3BIBAKOTCS JIMHEUHBIMU. C
HAMH MOXHO paboTaTh C MOMOIIBI0 METOJOB TEOPUU JUHEHHBIX CHUCTEM,
KoTopasi HauOoyiee pa3BUTAa U TMO3BOJISIET TOYHO peliaTh OOJIBITUHCTBO
M3BECTHBIX IPAKTUYECKUX 3a]1a4.

Bce monmenu peanbHbIX CHUCTEM — HEJNMHEWHBbIE. MeEeToabl MCCIeqOBaHUS
HEJIMHEWHBIX OINEpPaTOPOB OYEHb CJOXKHBI MaTEMaTUYeCKH, B TEOPUHU
HEJIMHEHWHBIX CHCTEM TOYHBIE PEIICHUSI W3BECTHBI TOJIBKO IS JIOCTATOYHO
y3KOro kpyra 3aaad. [loaTomy, cHauana npoBOJAT JIUHEAPU3ALUIO HETUHEHHON
Mozenu o0beKTa (IPUBOAA), TO €CTh CTPOSAT MNPUOIMKEHHYIO JIMHEWHYIO
MOJENb. 3aT€M Ha OCHOBE 3TOM MOJEIM MNPOEKTUPYIOT 3aKOH YIIPaBJICHUS,
MPUMEHSISI TOYHBIE METOJbI TEOPUU JMHEWHBIX cucTteM. HakoHel, mpoBepstoT
MOJYYEHHBIA PETYJISATOP C NMOMOIIBI0 KOMIIBIOTEPHOTO MOJEIMPOBAHUSA HA
MOJIHOM HeNuHeHoW Mojenu. Ecnu o0beKT WM TNpUBOA HMMEIOT Tak
Ha3bIBAEMYI0 «CYIIECTBEHHYIO» HEIMHEWHOCTh, ASTOT TMOAXOJ MOXET HE
cpaborarh. Torma NpUXOAUTCS HCIOIB30BaTh METOJbI HEJIMHEHHON Teopuw, a
TaKXe€ KOMIIbIOTEPHOE MOJEIUPOBAHUE.

MareMaTu4ecko MOJENbI TMHAMUYECKOW CHUCTEMBI NPUHATO HA3bIBATh
COBOKYITHOCTh AHAJIMTUYECKUX BBIPAKEHUNW W  aJTOPUTMOB, OJIHO3HAYHO
ONPENEIAIIMX pPAa3BUTHE IMPOLECCOB B CHUCTEME, T.€. €€ JBWKEHHE. B
3aBUCHUMOCTH OT THWIIA CUTHAJIOB PA3JIMYAIOTCS HEMPEPBIBHBIE U IUCKPETHBIC
MOJIENIA CUCTEM. B 3aBUCHUMOCTH OT MCMOJB3YEMBIX ONEPATOPOB — JIUHEUHBIE U
HEJIMHEWHbIC, BPEMEHHBIE M YaCTOTHbIE MOJeNu. K BpPEMEHHBIM OTHOCSTCS
MOJEIN, B KOTOPBIX apryMEHTOM SIBJISIETCS BpeMs (HEOpPEpPBIBHOE WIH
IucKkpeTHoe). D10 AudPepeHImanbHble U pa3HOCTHBIE YPaBHEHMUS, 3alIUCAHHBIC
B SBHOM BHJE WIM B omeparopHod Qopme. YacTtoTHble MOJEIH
NpEeAyCMaTPUBAIOT  HMCIOJIb30BAHUE  ONEPATOPOB, AapPryMEHTOM  KOTOPBIX
ABJISIETCSl YACTOTA COOTBETCTBYIOIIETO CUTHAIA.

AHanutnueckue wmojaenu Bxoa-Beixon (BB) — 3T10 ommcanue cBsizu
BXOJAHBIX W BBIXOJIHBIX CHUTHQJIOB JIMHAMUYECKOW CHUCTEMbI, KOTOPOE
MPUMEHSIETCS KaK JUIsl OTACIBHBIX OJIOKOB, TaK M BCEH CHUCTEMBI YIIPaBJICHUS B
nenoM. Jlns oO6o3HaueHUs] BXOAHBIX M BBIXOJIHBIX CHUTHAJIOB BOCHOJIb3yeMCS
0003HAYEHUSMH, XaPAKTEPHBIMH Jii OOBEKTA YMIPABJICHUS, TJ€ BXOJHBIM
CUTHAJIOM SIBJIIETCSl YNPABJISIONIEE BO3JICUCTBUE, @ BBIXOAHBIM PEryaupyemas
MepeMEHHasl.
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2. MPAKTUYECKHUE CBEJAEHUSA U3 TEOPUU YIIPABJIEHUSA
2.1. YpaBHeHus M nepeaaToOYHble (PYHKUMHU
Teopusi.
Cucrema WM 3BEHO C OJHUM BBIXOJIOM Y M IBYMSI BXOJaMH U M V B
OO0IIIeM cTy4yae OMUCHIBACTCS YPaBHCHUEM
(a,p" +a,p" " +...+a,)y=(b,p" +bp" " +...+b Ju+(c,p' +c,p' "t +...+¢)u

17001
Q(P)Y =R (pu+P,(pu, (1)
rae p o6osHauaer oneparop xudpepeHnupoBanms ( p“x =x%“),
Q(p)=a,p" +a,p" " +...+a,,
P.(p)=b,p" +b,p™ " +...+b,,

P,(p)=c,p' +¢,p"" +...+¢,.

Huddepennmanpupiii  onepatop Q(P) mpu  BBIXOAHOH TEPEMEHHOM
Ha3bIBACTCS COOCTBEHHBIM OIIepaToOpPOM, a nuddepeHnranbHble
oneparopsl P, (P)u P, (P) npu BXOAHBIX HEpPEMEHHBIX U M V — OIEpPaTOpaMu
Bo3eiicTBUs. OTHOLIEHHE OllepaTopa BO3AEUCTBUA K COOCTBEHHOMY OIEpaTopy
Ha3bIBAETCS MEPEATOYHON PyHKIMEN B ONIEpaTOpHOU (popme.

Crenenb MOJMHOMA 3HAMEHATENsl TNEpeAaTOUYHOW (PYHKIMHM Ha3bIBAIOT
MOPSAIKOM, a Pa3HOCTh MEXKIY €€ CTENEHSMU 3HaMEeHATeNls W YUCIUTENs —
OTHOCHTENFHBIM TIOPSAKOM WJIM OTHOCHUTEIBFHOW CTENEHBIO MepenaTOuHOM
(YHKUIHMU U COOTBETCTBYIOIIECH €11 CUCTEMBI.

Hynmsmu w  momocamu  mepenarounor  ¢ynkuuun  W(p) = P(p)/Q(p)
HA3bIBAIOT HYJIU €€ YHCIUTENs U 3HAMEHATeIsl COOTBETCTBEHHO, T.€. KOPHH
ypasuenust P(p) =0 u Q(p) = 0, rae p paccMaTpuBaeTCsl Kak MEPeMEHHas, a He
KaK oneparop.

Cucrema (1) ompenensercas AByMsl TEpeAaTOYHbIMH — (YHKIIHUSIMHU:
nepeaaToyHon (PyHKIMEH, OTHOCUTENBHO BX0/1a U M MIepelaTOYHON (HyHKIIMEH

W, (p) = P.(p) _byp" +blpmj +...+b, |
Q(p) a,p"+ap" +...+a,
OTHOCHUTEJIBHO BXOJa U ¥ IepenaTouHoN (PyHKIIHEH
W, (p) = P,(p) _ P +clp"_1 +...4C
Q(p) a,p"+ap"+...+a,
OTHOCUTEJILHO BXoza V. Ilopsok 3TUX mepeaarouHbix (QYHKIUA paBeH N, a
OTHOCHUTEINIbHO Topsinka — (N - m) it mepenparounor Gynkmuu W, (p) u (n - 1)

nus nepenarounoit gpyukiuu W, (p) .
C mnomomipio mepeaaTouyHol (YHKIUM ypaBHEHHWE paccMaTpUBaeMOi
CUCTEMBbI YIIPABJICHUS MOKHO 3allUCaTh B BUJIE
b,p™ +b,p ™ +...+b c,p' +¢,p Tt +...4¢C
0 1 LECIN) O 1 LRI I
y:Wu(p)u +Wv(p)V: n n-1 . u+ n n-1
a,p"+ap T +...+a, @, p +ap" +...+a,
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Nwmeroriee HaMMEHBIIMN TMOPSI0K OTHOIICHHM u300pakeHuit Jlamaca
BBIXOJTHOM M BXOJHOW MEPEMEHHBIX, BBIYMCICHHBIX NMPU HYJIEBBIX HaYaJbHBIX
YCIIOBUSIX, Ha3bIBaeTCs MepenaTouHor GyHkuuen B uzobpaxkenusx Jlarmmaca. B
COOTBETCTBUM C OIpEJeIeHHeM TiepenaroyHas (yHKUUS B H300paKeHUSIX
Jlartaca He MOXET MMETh paBHbIE MEXIY COOOW HYNIM W TOJIIOCca, TaK Kak B
ATOM CIIydae €€ MOPSA0K MOKET ObITh MOHMIKEH ITyTEM COKPAIICHUS YUCTUTEIIS
Y 3HAMEHATEJIS Ha OO MHOKHUTEITb.

[TepenaTounas GpyHKIUS CUCTEMBI yIIpaBjiIeHUS B n300paxeHusx Jlammaca
W(S) MoxeT OBITH OmpezelieHa Mo e¢ MepenaToyHol (GYHKIMH B ONEpaTOPHON
dopme W(p) ciexyrommm odpa3zom:

W(s) =W(p) [, -

Ecim mepemarounas ¢ynkmus W(P) comaepKUT OJWHAKOBBIC HYIH |
MOJTFOCA, TO DJEMEHTApHBIC MHOXHUTEIH, COOTBETCTBYIONIHE JTUM KOPHSM B
YUCIWTENIC W 3HAMEHATelle, TIIOCAEe TOJCTAHOBKH [P =S JOJDKHBI OBITh
COKpAIIICHBI.

[Tpumep 1.
1) OnpenenuTh nepenaToyHble PYHKIIMU 3BEHBCB, OMMCHIBACMBIX YPAaBHCHHUSIMHU:
a)y+y=u;

6)y—y=u—u.

Pemienue. B cuMBonnueckoit popMe ypaBHEHHUE 3alIMCHIBAETCS B BUJIE
a) p - onepatop AudhepeHIupOBaHUS
pix=x®

py=py=u
(p+Dy=u
Q(p)y = P(p)u.

[lepenarounas ¢pyHKIMS B ONepaTOPHOI opMe UMEET BU/I:

P(p)
W —_\F/
) =50m)
Q(p)=p+1
P(p)=1
1
W(p):p—+l'

[lepenarounas ¢pyHkuus B u300paxeHusix Jlammaca umeer BUI;
W(s) =W(p) |, -
Torna

RS S

p+1 lo-s= s+1
0) B CUMBOJIMYECKOM (hOpMe ypaBHEHUS 3alUCHIBAETCS B BUJIE:
(p* -1y =(p-Du
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[lepenaTrounast GyHKIMS B OrepaTopHOi hopme
-1 -1 1
W(p=b—=-—te o=
p°'=1 (p-D(p+1) p+l
[lepenarounas GyHkius B u3o0pakeHusx Jlammaca

WS =W(p)],..=

[Tpumep 2.

Onpenenuthy mepegaTodyHble (PyHKIMA B OMEPaTOpHON (opme cuctem
YIPABJICHHS, KOTOPBIC OMUCHIBAIOTCS YpaBHEHUSAMH (Y-BBIXO, X-BXOJ):
a)y+2y+4y+3y=70+50+4u
Penienue:

px=x"
P’y +2p*y+4py+3p°y=7p°u+5pu+4pu
(p*+2p>+4p+3)y=(7p°+5p+4)u

Q(p) P(p)
P(p)
W(p)=——+=
Q(p)
7p°5p+4
W = )
(P) P’ +2p*+4p+3
o)y +4y+3y=U+3u+2u
Pemenue:
(p*+4p°+3p)y=(p*+3p+2u
2
W (p) = :EJ +3[23+2 |
p°+4p°+3p
B)Y+4y+3y+y=U0+4u+3u
Pemenue:
(p*+4p°+3p+1)y=(p*+4p+3)u
p°+4p+3
W = .
(P) p*> +4p°+3p+1
[Tpumep 3.

OnpenenuTs nepeaaToyHbie GyHKIMU B W300pakeHusix Jlammaca cuctem
yOpaBJEHUS, KOTOpPbIE OINKCHIBAIOTCS yYPABHEHUSIMU, TPUBEACHHBIMU B
3alaHuA 2.

a) W(s) =W (p)|,-
7p*+5p+4 _ 7s*+5s+4
P’ +2p°+4p+3 "7 s*+25"+4s+3

W(s) =
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p?+3p+2 s+2  s?+3s+2  (s+2)(s+1)  s+2

6)W(S): 3 2 p=s - 2 - -
p’+4p-+3p s(s+3) s(s“+4s+3) s(s+3)(s+1) s(s+3)
S? +3s+2=(s+2)(s+1
s +3s+2=0 s’ +4s+3=0 , (5+2)s+1)
S°+4s+3=(s+3)(s+1)
IIo T.Bueta ITo T.Bueta
X1:—2 X1:_3
X, =-1 X, =-1
*+4p+3 s*+4s+3
B)W(s) = sp zp p=s— 3 2
p°+4p°+3p+1 S°+4s° +3s+1
[Tpumep 4.

3anucarhb III/I(i)(l)epeHI_[I/IaJIBHBIG YpPpaBHCHUA CUCTEM YPAaBHCHUSA C OJHHUM
BBIXOJIOM Y U IBYMA BXOoaaMH U U V, IICpEaaTOYHBIC (bYHKIII/II/I KOTOPBIX HMCIOT
BUA:

Sp+4
a) W = ,
) W.(p) p*+2p*+4p+3
p+2
W -
«(P) p’+2p°+4p+3
Pemenue:

VYpaBHEeHUE CUCTEM YpaBHEHUS C IOMOUIBIO EPEAATOYHON PYHKIUU
3aMKChIBACTCS B BUJE:

y =W, (p)u+W,(p)v
S5p+4 p+2 Gp+Au+(p+2)Vv
~ 3 2 U+—3 2 V=3 2
p’+2p°+4p+3 p°+2p°+4p+3 p°+2p°+4p+3

y

(PP+2p° +4p+3)y=Gp+4u+(p+2)V.
JY ¢ ogHAM BBIXOJIOM y M JBYMS BBIXOJAMHU U U V UMEET BUJL;
V+2Y+4y+3y=50+4u+V+2v,

Sp+2
o) W =
) W (p) 2p®+4p+3

p+3
W =
«(P) 2p®+4p+3
Pemenue:
5p+2 p+3 Gp+2u+(p+3)Vv
Y=773 Ut+o— V= 3
2p°+4p+3 2p°+4p+3 2p°+4p+3

2p*+4p+3)y=GBp+2u+(p+3)v
2y+4y+3y=50+2u+V+3v.
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4
p®+8p*+15p
p+4
W =
«(P) p’+8p® +15p
Pemenue:
_Adu+(p+4)V
p®+8p?+15p

B) W,(p)=

(p®+8p° +15p)y =4u +(p+4)v.
J1Y umeet Bu:
Y +8y+15y =4u+V+4v.

2.2. Bpemennbie pyHKIIUH
Teopus.

[lepexognoil (yHKIMEN cucTeMbl (3B€HA) Ha3bIBAIOT  (PYHKIUIO,
ONMCBHIBAIOIIYIO PEAKIIMIO CUCTEMBI HAa €IMHUYHOE CTYIEHYATOE BO3JIECWCTBUE
IpY HYJIEBBIX HadaJbHBIX ycioBusx. [lepexomanyro ¢pyHkuuto obo3Hauarot h(t).
I'paduk mepexomHod (GyHKIMH — KpuBYI 3aBUCHMMOCTh N(t) oT Bpemenu -
Ha3bIBAIOT MEPEXOTHON WM PA3TOHHOM XapaKTEPUCTUKOM.

NmnynbcHOM mepexonHod wiM BecoBod (yHKiue (pyHKiuend Beca)
Ha3bIBAIOT (DYHKIMIO, OTMMCHIBAIOIIYIO PEAKIIMIO CUCTEMBI (3B€HA) Ha €JUHUYHOE
UMITYJIbCUBHOE BO3JIEHCTBUE IIPU HYJIEBBIX HA4yaJbHBIX YCIOBHUAX. BecoByro
¢yuknuto obosnavaror W(t). I'paduk HMIyIbCHOH TEpEeXOAHON (QYHKIUN
HAa3bIBAIOT HMIIYJIbCHOW MEPEXOJHOM Xapakrtepuctukou. Ilepexognyro u
UMITYJIbCHYIO MEPEXOAHYI0 (PYHKIIMU HA3bIBAIOT BPEMEHHBIMU (DYHKLMSIMHU, a UX
rpaduKu- BpEMEHHBIMHU XapaKTEPUCTUKAMH.

[lepenatounas @yHkus B n3o0paxenusix Jlarmiaca ectb npeodpa3zoBaHue
Jlanaca oT BecoBOM (DyHKLIUH:

W (s) = L{w(t)} = Tw(t)es‘dt.

BecoBas ¢yHKIMs paBHA TPOU3BOJIHON OT MEPEXOTHON (PYHKIUU:
dh(t)
w(t) =——=.
O =4
Ecnu uzobpaxenne Bpemennoi ¢pynkmuu X(t) umeer Bug X(S)=B(S) / A(S),
rae B(S) u A(S) — monuHOMBI, M cTerneHb N mosimHoMa A(S) Oosbie cTerneHu M
nonrHoMma B(s), To

dAGs),
ds °°°

Ecnu nynu S, momuHoMa A(S)-ipocteie. Eciu kakoi-1n00 MoJroc S, iMeeT

_ C B(Si) sit 4 _
X(U—Z_;,W A(S) = (2)

KpPaTHOCTb N, , TO €My COOTBETCTBYET CJIaracMoe
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1 H dnkil nk st
T _l)|I|m o (X(s—s;,)™e™). (3)
K Tsos,

[Tpumep 5.
OmnpenenuTh NEPEXOTHYIO H BECOBYIO (YHKITUHU 3BEHA C MPUAATOYHON
byHKIHIEH

2) W(s)= 2(s+1)

(0.55+1)s
Pewenue:

[Mepenatounas ¢pynkuus W(S) sBisiercst m3oopaxeHneM Jlamiaca BecoBoit
bynxuu W (t).
W=,

Q(s)

(0,55s+1)s =0,
s, =0,
S, =—2 — moJjoca mepeaaToYHor (YHKIIMH SBISIOTCS MPOCTHIMHU, => BECOBAs
¢dynkuus W(t) onpenensiercs o hopmyie (2).

Hynu gucmutens P(S) = 0 Ha3pIBaIOTCS HYJISIMU MEepPelIaTOYHON (QyHKIIUH
W(s). Hymu 3Hamenatens Q(S)=0 HaspIBaloTCs IOJIOCAMH TIepeAaTOYHOMN
bynxun W(S).
B(s) =2(s+1), A(s) =(0,5s+1)-s
B(s,) =2(0+1) =2;
A'(s)=0,5-s+0,55+1=5+1
A(s)=0+1=1LA(s,)=-2+1=-1.

B cooTBercTBHH ¢ (2) monydyaem:
W(t) — B,(Sl) eslt + B,(Sz) eSzt

A(s) A'(s,)

W (t) = %e"'t + _—ie‘ﬁ =2(1+e™).

Tak kak L, (t)/s, To 155 n3o0pakeHust nepexoHoN GyHKIIUU UMEEM

B .1: 2(s+1)
H(s)=W(s) s s%(0,55+1)°

B 510 cinyuae nomoc S; =0 umeer kparHocts Ny=2, a momoc S, = -2 —
npoctoii. IToaromy ciraraemoe, COOTBETCTBYIOIIEE MOIIOCY S = 0, HAXOAUM 10

dopmyne (3), a ciaraeMoe, COOTBETCTBYIOLIEE IIONIOCY Sy =-2 — IIO

bopmyie (2).
Cornacuo dopmyse (3) umeem
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_d d 2(s+1)
lim— (H (s)s%e® _I|m ™) =
s—0 ds( (s)se") 0ds(O 55+1 )=
_lim 2(0.5s +1)—2(S:—1)'O,5.est N 2(s+1)
50 (0,5s+1) 0,55+1

T.x. B(s)=2(s+1), A'(s) =158 +2s, I cIaraeMoro, COOTBETCTBYIOLIETO

t-e")=1+2t.

HoJIoCy S, = —2, umeeM (cM.(2))

-2 a2t

To ecTh, nepexoHas GyHKIHUSI UMEET BHU]I
h(t)=1+2t—e ™.

o 2(s+]))
0) W(s)= (s+2)%(s+3)

Pemienue:

P(s

W (s) = P(s)

Q(s)
Q(s)=0<(s+2)°(s+3)=0
S, =—2,S, =—3 — noJroca nepelarTouHon QyHKIINH;
s, =—2 uMeeT kpaTHOCTh Ny = 2,=> Becosas dyHKIMS 110 Gopmyie (3);
S, =—3 — npocTOii MoJrC, = BecoBas GyHKIM 110 Gpopmyie (2).

ITo (bopMyJIe (3) umeem:

1 i d (2(s+1) j lim (2(s+3)—2(s+l'e5t L2s+) -t.esth

2-Dls>-2ds\ s+3 (s+3)° s+3
(

= lim ( 4 - " 2(s +1) j 4e™ —2te™,
s>-2| (s+3)° $+3
ITo popmyite (2) umeeM s S, = —3:
B(s) =2(s+1)
A(s) = (s+2)*(s+3)
A(S)=2(s+2)(s+3)+(s+2)° =(5+2)(2s+6+5+2) = (s+2)(35+8)
A'(-3) =(-3+2)(3-(-3)+8) =1
B(s,) =B(-3)=2(-3+1) -4
(t) — B(S ) Szt :__4e—3t — —49_3t.
A'(s 2) 1
BecoBas ¢pyHKIIMS UMeeT BU/L:
w(t) =4de? —2te* —4e* =2[ (2-t)e ™ —2¢ |.

s—>-2
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[Tepexonnast GyHKIUS UMEET BU/I;
W (s 2(s+1
WO 2D
S s(s+2)°(s+3)
s(s+2)°(s+3)=0<>s,=0,5, =-2,5, =3,
S, =0 — mpocrou noJroc,

S, = —2 — MOJIFOC KPAaTHOCTH N, = 2,
S; = —3 — POCTOIA TOJIOC.
Hns S; =0u S; =-3 nepexoanyro GyHKLIUIO HaXOUM 110 (2)
B(s)=2(s+1)
B(s) =2(0+1) =2,B(S,) =2(-3+1) =2(-2) =4
A(s) =s(s+2)*(s+3)
A'(s) =[s(s+2)2]' (s=5)=5(s+2)"-(s+3)' =[(s+2)° +5-2(s+2) |(s+3) +5(5+2)* =
=(s+2)((3s+2)(s+3) +5(s+2)) = (s+2)(4s* +13s +6)
A'(s))=A'(0)=2(2-3) =12
A'(s;) = A(-3) =(-1)-((-3)-(-1)) =-3

_—2e°t+_—4e‘3t:2 i+ge‘3t .
12 -3 12 3

Jlns s, = -2 nepexoanyro PyHKIHI0 HaxoauM 1o (3):

(2-Dls—>-2ds| s(s+2)°(s+3)
i 256+ 25+D (5+3+9) (a, 24D )
s> s?(s+3) s(s+3)
_lim 25(s+3)2—2(s+%)(28+3).est+2(S+1) et |-
S>-2 s°(s+3) s(s+3)
J— 2— —_—
=lim 2? 4826'85t+2(s+1)-t-95t =
s>2|  §%(s+3) s(s+3)
_ Seripenoge (—g—it)-
4 4 2

Ucxonnas nepexoanast GyHKIUSA UMEET BU/I;

2(12+ge3t}+2e2t [—E—ltjzz £i+ge3‘j+e2‘(—§—ltj :
1 3 4 2 12 3 4 2

[Tpumep 6.
1) OnpeaenuTh nepenaToyHbie PYHKIIMU 3BEHBEB, OMMCHIBACMbBIX YPAaBHCHHUSIMHU:
a) Y+4y+3y=50+uU.
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Pemenue:
(p*+4p+3)y=(5p+u

op+1
W = -F -
(p) p’+4p+3
55+1
W(s) =W =,

0) V+5y+4y+y=U+4u+3y.
Penienue:

(p*+5p° +4p+D)y=(p*+4p+3)u
+4p+3

W(p) = —— P

p’+5p° +4p+1

s?+4s+3
s®+55% +4s+1

W (s) =W (p)|,—=

[Tpumep 7.
3anucare Y cucrtem ynpaBieHUs C OJHHM BBIXOJAOM M JIByMs U U V,
nepeaaToyHbie (PYHKIIMU KOTOPBIX UMEIOT BUI:

3p+2 3
a) Wu(p)—ma Wv(p)—m-
Penienue:
_ (Bp+2u+3v
C pP+4p2+3p

(p®+4p*+3p)y=Bp+2)u+3v.
1Y umeet Bu;
V+4y+3y=30+2u-+3v.

p+3 2p+1
©) W”(p)_6p3+4p2+3p+1’ WV(IO)_6p3+4p2+3p+1
Pemenne:
_(p+3u+(2p+1v
C 6p°+4p2+3p+1

(6p°+4p° +3p+1)y=(p+3)u+(2p+1v.
Y nmeet Bu:
6y +4y+3y+y=U+3u+2v+V.
[Tpumep 8.
OnpenenuTh MepexoIHYI0 U BeCOBYIO (DYHKIIUHU 3BEHA C MepeaTOYHOM
byHKUMEH

W (s) = 6(s+2)

(s+4)*(s+1)
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Peuienue:
w(s)=8)
Q(s)
Q(s)=0< (s+4)*(s+1) =0,
s, =—4,5, =—1 — nonroca nepeaTOYHON PYHKIIUH

S, =—4 kpatHOCTH N, = 2,= BECOBYIO (YHKIHIO HaxoauM 110 popmyie (3):

w(t) :L lim d [M-(s+4)2eS‘J = lim E(M-es‘j =

2-1)ts>4ds| (s+4)%(s+1) soads\ s+1

_ lim 6-((s+1)+2(s+2) ot +6(s+2) et | = lim -6 et +6(s+2) et |-
s—>-4 (s+1) s+1 s>-4\ (s+1) s+1
_ 8w 12 6e4‘(—l+ztj
9 3 9 3

Jliis s, = —1BeCOBYIO (PYHKIIMIO OIIPEACIIATE 0 hopMmyiie (2):

w(s) = 26
A(s)

rie

B(s) =6(s+2)

B(s,) =+(-1+2)=6

A(S) = (s+4)°(s+1)

A(S)=2(s+4)(s+D)+(s+4)° =(s+4)(2s+2+5+4) = (s+4)(35+6)
A'(s,)=(-1+4)(3-(-1)+6)=3-3=09.

ITo (2) umeewm:

6
w(t) =—e
(t) ¢

OkoHYaTeNbHO, UMEEM BECOBYIO (DYHKIIHIO:

w(t) = 6e | — 2+ 2t ]+ S :6[e-4t(—1+3t)+1e*]
9 3) 9 9 379

Jiist u300paxeHust NepexoauT (PYHKITUU UMEEM:
W (s 6(s+2

H WO 66+

S s(s+4)°(s+1)

s(s+4)°(s+1) =0.
s, =0,s, =—4,s, =-1 — nomtoca

S, =0 u s, =—1 — mpocTeie MoMOCa, = MEPEXOHYI0 (YHKIHUIO HAXOIUM 10
bopmyte (2):
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B(s) = 6(s + 2)

B(s,) =12, B(s,) = 6(~1+2) =6

A(s) =s(s+4)*(s+1)

A'(s) = (s+1)-[(s+4)2 +s-2(s+4)]+s-(s+4)2 -
=(s+1)[(s+4)° +25(s+4) | +5(s+4)’ =
=(s+D)[(s+4)(s+4+2s)]+5s(s+4)* =
=(s+1)(s+4)(Bs+4)+s(s+4)° =
=(s+4)((s+1)(Bs+4)+5(s+4)) = (s+4)(4s* +11s + 4)
A(s,) =16

A(s,) = (-1+4)(4—11+4) =-9.

I[To (1.2) umeem:

h(t) =Ee°t +ie‘t =6 E—le‘t
16 -9 16 9

S, =—4 — moyiroc KpaTHOCTH N, = 2,=> MepeX0HyI0 (PYHKIIMIO HAXO0IUM 10
dopmyste (3):
h(®) = = lim [ 6:+2) (s+4)2est] _im i(_ﬁ(S”) est] _

(2-1)1s>-4ds| s(s+4)2(s+1) a4 ds | s(s+1)
:“m(6[(s+1)—(s+2)-(s+s+1)]_est+6(s+2)t_estj:
s—>-4 s*(s+1)? s(s+1)
_ im[6(—sz—4s—2)est+6(s+2)_testJ:
s>l s%(s+1)° s(s+1)

= .(_ije4t_6.ite4t:6e4t(_i_£tj_
8-9 2-3 72 6

OKoOHYAaTENIbHO, UMEEM NEPEXOIHYIO0 PYHKIIUIO:
h(t) = 6[3—1e‘)+ 6e‘“(—i—ltj =6- 2 —le*t +e‘“[—i—1tj .
16 9 72 6 16 9 72 6

2.3. YacTtoTHble QyHKIMHU U XaPAKTEPUCTHKH
Teopus:

Oyukiuio W(jw), xoTopas moaydaeTcs W3 MepelaTouHON (YHKIHHA B
n3o0pakenusx Jlammaca W(S) nmpu MoACTaHOBKE S = j@, Ha3bIBAIOT YaCTOTHOM
nepenaroyHoil (yukmueit. OHa sBIsSETCS KOMIIEKCHO3HAYHON (PYHKITMEH OT
JNEUCTBUTEILHON IIEPEMEHHOW (, Ha3bIBAEMOM 4YacTOTOU. YacToTHYIO

nepeIaTouHy0 GyHKIIUIO MOYKHO MPECTABUTh B BUJIE
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W(jw)=U(o)= |V (o) = Aw)e"™,

e
AW) =JU? (@) +V* (@) , (@) =argW (jo).
Ecrn |argW (jo)| < Z 10 p(w)=argW (jo) =arctg V(@)
2 U(w)
Ha xoMIutekCHOHM TUTOCKOCTH YacToTHas mepenarodnas pyukmus W(jw)

_)
ompenensier Bekrop CO, mmmHa Kotoporo paBHo A(w), a apryMeHT — YIIIy

@(®), 00pa3oBaHHOMY 3THM BEKTOPOM C IIOJIOKHTEIHLHON JEHCTBUTENBLHOM
noiyocbro. KpuByro, omuceiBaemyto koHioMm BekTopa W(jw) npu nM3MeHeHHH
4acTOThl OT () 10 o0 WJIM -co /IO oo, Ha3bIBAIOT AMIUIUTYAHO-()Aa30BOM 4aCTOTHOM
xapaktepucTukoil (ADUX).

ADUX, nomyyaeMyr NpU U3MEHEHWUH YACTOTBHI OT -00JI0 o0, HA3BIBAIOT
tTakke guarpammoi  Haiikeucra. Mogyms  A(w) =NV( ja))‘ HA3bIBAIOT
aMIUTUTYJTHOM 4acTOTHOW (yHKIMEH, ee Tpaduk — aMIUTUTYIHOW 4YacTOTHOM
byuknueii. Apryment @(w)=argW(jw) HaspBaroT (a30Boil 4YACTOTHOM
¢byHkuuei, a ero rpaguk (mpu u3MeHeHnn o ot 0 10 o) — (a30BOK YaCTOTHOM

XapaKTEPUCTUKOM.
YacrorHoit mepematounyro ¢yHknuo W(jw) Ha3bpBalOT  Takke
aMIUTUTYHO-(Ga30BoM  yacTtoTHOM  ¢yHkume. Ee  nmelicTBUTENbHYIO

U(w) =ReW(jow) 1 MHUMYIO V (®)=ImW (jw) Y4acTU HA3BIBAIOT COOTBETCTBEHHO
BEII[ECTBEHHOW M MHHUMOW 4YacTOTHOW (yHKIMEH, a uX rpapuku — KpPHUBBIC
3aBucuMocteil U =U(w)u V =V(w) — BEIIECTBEHHON M MHHUMOM YacTOTHOM
XapaKTEPUCTUKOW COOTBETCTBEHHO.

KpoMe  mepeuucieHHbIX  YaCTOTHBIX  XapaKTePUCTHUK  UMEIOTCSA
jgorapupMuyeckre 4YacToTHble xapaktepuctuku (JIUX): norapupmuueckue
aMIUTUTYJHbIEe 4acTOTHBbIe xapaktepucTuku (JIAUX) wu norapudmuyeckue
¢dazoBble yacToTHbIE XapakTepuctuku (JIOUX).

®Oynkuuio L(w) =201g A(w) =20 Ig[\N(ja))| HA3BIBAIOT JIOTApU(PMHUIECKOM

AMIUTUTYHON 4acTOTHOW (yHKIHEH, a rpaduk 3aBUcUMOCTH QyHKIMU L(w) ot
norapupma dactotel Ig@w — mnorapupmMuveckoil aMILUTUTYAHONH YacTOTHOM
xapakrepucturoit (JIAYX).

[Ipu moctpoenun JIAUX mo ocu aOCIUCC OTKJIAABIBAIOT 3HAYCHUE
4acTOThl B JiorapudmudeckoM wmacmrabe ©W TpU ITOM Ha OTMETKE,
COOTBETCTBYOIICH 3Ha4UeHUIO |J @, 3aNKCHIBAIOT 3HAUCHHUE ®; TI0 OCU OPJMHAT
OTKIIa[BIBAIOT U 3anuchiBaioT 3HaueHne L(w)=201g A(w).

Jlorapupmuueckoit (¢a3oBoil yacToTHOM XapakTtepuctukon (JIOYX)
Ha3bIBalOT rpaduk 3aBucuMoctd (yHKImMHU @(w) ot yorapudma vactotsl 1g w.
[Ipu ee moctpoenuu Ha ocu abcuucc, kak W npu nocrpoenun JIAUX, Ha
OTMETKE, COOTBETCTBYIOIICH 3HAYCHUIO |J , 3aHUCHIBAIOT 3HAYCHUE (.
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B JIXY eqununeit dynkiuu L(w) ssasercs aenuben, a exuuunei 1g w —
nekana. /lekamol Ha3BIBAaIOT MHTEPBAJ, HA KOTOPOM YacToTa m3MeHsercs B 10
pas. Ilpu m3meHeHnn 4actoThl B 10 pa3 TOBOPSAT, YTO YacTOTa U3MCHMIIACH Ha
OJIHY JICKay.

OnpeneneHHbIE  TPYAHOCTH  TPEJACTABISET  BBIYUCICHHE  (a30BOM
yacToTHON (pyHKImH. Ecium 3Ta QyHKINS 110 MOIYIIO HE TIPEBBIMIACT T/2, TO OHA
omnpenaensiercs o popmyiie p(w) = arctg(V(w) / U(w).

IIpaBuo BBIYHCIEHUSI MOAYJsi M aprymeHnrta. [IpW BBIYMCIICHUH
aMIUTATYIbI M (a30BOM 4YacCTOTHON (YHKIMI MOJE3HO CIEAYIOLIEe MPaBUIIO
BBIUMCJICHHSI MOJYJIS M apryMeHTa TPOBEACHHS W YaCTHOTO KOMIUICKCHBIX
yuceln ((pyHKIIHA)

1) Monyns mnpoussenenuss Z =12,Z,...Z, KOMIUIEKCHBIX YHCEI paBeH
MIPOU3BEJICHUIO MOYJIEH COMHOXKUTENEH :
2| =[z.]z.]-- |zl,
a aQpTyMEHT — CyMME apTyMEHTOB COMHOXHUTEIICH:
argZ =argz,+argz,+...+argz,.

2) Moaynp 4YacTHOTO KOMIUICKCHBIX uwucen (pyHkuuii) Z :% paBeH
2

OTHOILLIEHUIO MOZYJIEU
Z
2= |
24
a apryMEeHT — Pa3HOCTH apTyMEHTOB YHCIUTEIS U 3HAMEHATEIS:
argZ=argZ,—argZ,.
JjieMeHTapHble 3BEHbSI U HX XaAPaKTEePUCTHKHU. Tak Kak MpPOHU3BOJHHBIC
MOJIMHOM MOJKHO pa3joXUTh Ha TMPOCTHIE MHOXHTEIH, TO TMEPEeIaTOYHYIO
(GyHKUHIO CUCTEMBI (3BEHA)
m m-1

bs" +bs" +...+b,
a,;s"+as"t+...+a

Bcerna MOXHO TpencTaBUTh B BUAE TMPOM3BEIACHHUS  MPOCTHIX
MHOXUTENEH U Ipobeit Buaa

W (s)

1
T2 +2cTs+1

3nech K HaswpiBaeTcs mepenaTodHbIM Kod(hGuimeHToM, I — MOCTOSIHHOM
Bpemenu 1 ¢ (0<¢ <1) — koaddurrenToM AeMGUPOBaHUSL.

3BeHBs, TMepeaaToyHble (QYHKIMM KOTOPBIX HWMEIOT BHJI IPOCTHIX
MHOXUTENEH WU ApoOei, Ha3bIBalOT JJEMEHTApHBIMU 3BEHbsIMU. VX Takxke
HA3bIBAIOT THIIOBBIMH.

Cucrempl, 3BEHbS W WX TEepeAaTOYHbIC (QYHKIUU JCISITCS Ha
MUHUMAaJIbHO-(pa30Bble UM HEMUHUMaIbHO-(a3zoBbie [lepemarounas GyHKIMS
W(s) = P(s)/Q(S) Ha3bIBaeTCSI MUHUMAIIbHO-(A30BOM, €CIIM BCe €€ HYJIN (KOPHH

zc,s,l,Tsil,i,Tzs2 +2cTs+1,
S Ts+1l
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ypaBaenusi P(s)=0 u momtoca (kopuu ypaBaenus: Q(S)=0) pacrnonararorcs B
JIEBOM MOJYIIOCKOCTH, U HEMUHUMAJIbHO-(a30BOM, €CIM XOTsI Obl OJAWH HYJIb
WIH TIOJIIOC PACTOaraeTcsl B MPaBoil MOTYIIIOCKOCTH.

CucremMa W 3BEHO Ha3bIBACTCSI MHUHUMAJIBHO-(A30BBIMU, €CIH WX
nepenaToyHbie PyHKUIUU SBISIOTCS MUHUMATbHO-()a30BbIMH, U HEMUHUMAIbHO-
da30BbIMH, €cCli HX TMepeAaTouHble (YHKIUU SBISIOTCS HEMHUHHUMAIIBHO-
(ha30BBIMH.

[lepenaTtounsie (pyHKIHUK CHUCTEMBI, HE SIBISIONIMECS HH MHUHHUMAIbHO-
($a30BbIMU U HU HEMUHUMAaJIbHO-(a30BbIMHU, MHOT/A HA3bIBAIOT HEUTPAIbHBIMU
WIM MapruHalbHbIMU. MHadye roBops, nepenatodyHas (yHKIMS Ha3bIBaeTCs
MapruHaJIbHOM, €CJIM OHA UMEET HYJIb WU MOJII0C Ha MHUMOM OCH, HO HE UMEET
UX B [IPaBOH MOJIYTNIOCKOCTH.

Tun 3BeHa onpezensercs BUAOM ero nepenatouHoi pynkuuu. [Ipu srom
eclii TepeAaToyHble (PYHKIMHM 3BEHbEB OTJIMYAIOTCS TOJBKO Ha IMOCTOSHHBIN
MHOXHUTENb, TO HX OTHOCAT K OZHOMY U ToMmy e Tumy. [loatomy mnpu
OTIPE/ICTICHUH TUIIA SJIEMEHTAPHBIX 3BEHBEB Oy/IE€M UCXOAMUTH U3 MEepPeIaTOUHbBIX
(YHKIHH, TOJTydaeMbIX U3 YMHOKCHHUEM Ha KOHCTAHTY K (Kpome mepBoii).

3BeHo ¢ mepematouHod  ymkmumerr  W(s) =K Ha3bIBAETCS

POMOPIIMOHATFHBIM 3B€HOM, 3BEHO ¢ TiepenaTouHon ¢pynkiueit W (s) =ks—k/s
— HHTETPUPYIOIIUM 3BEHOM, 3B€HO ¢ nepenarounoit pyukiueid W(s) =k(Ts+1) —

dbopcupyronmM 3BeHOM (TIEPBOTO MOPSAKa), 3BEHO € MepenaToyHoil (yHKIuen
W(s) =k /(Ts+1) — annepuoguyecKiuM 3B€HOM, 3B€HO C MEPEeIaTOuHON (PyHKIIHEH-

W(s) =k(T?s*+2cTs+1) (0<¢g<1) — dopcupyromuM 3BEHOM BTOPOro MOpPSIKa,

3BEHO C IlepefaToyHoil  (yHKIueil W(S)=T (0<¢<1) -

?s? +2cTs+1
K0J1e0aTeIbHBIM 3BEHOM.

®da30Bble YAaCTOTHBIC (PYHKIIMM MUHUMAJIbHO-(PA30BbIX U HEUTPATHHBIX
3BEHBEB C MEPEAATOYHBIMH (DYHKIMSAMU, MPEACTABISIONUMU DJIEMEHTAPHBIM
MHOXUTEIb MEPBOTO TMOpsAAKa, IO MOAYJII HE NPEeBbIAOT 7/2 WU
ompenensoTcs 1o  dopmylie p(w)=arctg(V(w)/U(w)). B  ciyuae
dbopcupyroniero 3BeHa BTOPOro MOpsAKa U KojebaTeabHOro 3BeHa ¢aszoBast
bynkusa onpenensercs no dopmyne ¢(w)=arctg(V(w)/U(w)) npu gacrorax
0<1/T,anpu o =>21/T —1o popmyne ¢(w)=r+arctg(V(w)/U(w)).

DusnyecKuil CMBICJI YaCTOTHBIX XapaKTePUCTHUK. IIpu
rapMOHMYECKOM BXOJAHOM BO3JEHCTBUM B YCTOWYMBBIX CHCTEMax IIOCIHE
OKOHYaHUS MEPEXOHOr0 MpoIiecca BhIXOAHAS MEPEMEHHASI TaKKe M3MEHSIETCS
10 TADMOHUYECKOMY 3aKOHY C TOW K€ YaCTOTOW, HO C APYTMMU aMIUIUTYIOU U
¢dazoil; aMIuIMTyda paBHAa aMIUIMTYJIE BXOJHOTO CHUTHAalla, YMHOXEHHOW Ha
MOJyJIb YaCTOTHOU MepeaaTouyHod (PyHKIUMU, a cABUT (a3bl — €€ apryMEeHTy.
[TosToMy ecnu cuctema ¢ nepenatounoit ynkmueir W(S) ycroiiunBa, To mpu
BXOJTHOM BO3/1€HCTBUU
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u=u, cos(at + )
I10CJIE OKOHYAaHUs [IEPEXOIHOTO MPOLIECCa BBIXOAHON CUTHAII
y =W (jo)u, cos(at + o+ p(w)).

3nech U,— MOCTOSIHHAS aMIUIMTYJla BXOJHOTO CUTHAJIA, ¢ — HAYaJIbHBIN
cnBur (asel, W(jw) — vactoTrHas mepemaTodHas (yHKIHS paccMaTpUBACMOMN
cuctemsl, g(w) = argW(jw)

[Ipumep 9.

OnpenenuTs 4YacTOTHYIO NEPEAaTOUYHYIO (PYHKIHIO, BEIIECTBEHHYIO,
MHUMYIO, aMIUIUTYJIHYI0, (a30Byl0, JOTapU(PMHUECKYI0  aMIUTUTYIHYIO
4acTOTHbIE QYHKIIMU U IEPEXOAHYIO PYHKIMIO MPOTIOPIIMOHAIBHOIO 3BEHA.
Pemenue:

3BEHO C IIepelaTOYHOU byHKUIMEH W(s) =k, Ha3Ha4acTCs
IIPOIIOPLUMOHAIBHBIM 3BEHOM.

W (jw) = k — nepenatoyHasi yacToTHasi PyHKIHS,

U(w) =k ; V(w)=0— BellleCTBEHHAas: U MHUMasl YaCTOTHbIE ()YHKIIUH,

Alx) = \/U ?(w) +V *(w) =k — amnuTyaHas 4acTOTHAS (yHKITHSL.

(I cmm.)

CoS @ = E =1
0 @(w) =0 — da3zoBas yacToOTHAS PYHKITHSI.
sinp=—=0
k
U(o)
CoSQ =
A@)’
. Alw)
sing =
U (@)’
A@) =W (js)].
1 141 (w) = arct m=arct 0=0
(I cn.) Unu @ g U (@) g _
L(w) =20lg A(w) =20lgk — norapupmmyeckas ammmTygHas dYacTOTHAs
byHKIMS,
h(t)=L (WS)j L_l(gj =k- L_l(%j =k -1(t) — nepexonnas gpynkuus,

L — oOparHoe npeoOpa3oBanue Jlamaca (o Tadmuie).
[Tpumep 10.

OnpenenuTs 4YacTOTHYHO TNEepeAaTOuYHYyl0 (YHKIMIO, BEIIECTBEHHYIO,
MHUMYIO, aMIUIMTYJHYI0, (a30oByt0, JOrapudMHUUECKyr0 AaMIUIUTYAHYIO
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4acTOTHbIE (YHKIIMH, TEPEXOJIHYI0 U BECOBBbIC€ (YHKIIMU HHTETPUPYIOIIETO
3BEHA.
Penienue:

3BEHO €  mepeJaTouyHod  (QyHKIuen W(S)Zg Ha3HayaeTcs

HHTETPUPYIOIIUM 3BEHOM
. k  k-j k .
W(jo)=—=— . % ) — mepenaTouHas yacToTHas QYHKITUS
jo o @

W (je)=U(@)+ jV(w)=0—£j |

k
U(w)=0; V(w) =—— —BemiecTBeHHAs 1 MHUMas YaCTOTHbIC (DyHKIIHN
@

2
A(w) = U (0) +V (o) = 0+k—2=£—005(p=L=0
o° o klw ( )__Z
. kK k = P@)=T5
sinp=——1—=-1
W @

— (dazosas yactoTHas Qpynkius L(w)=20lgA(w) =20Ig LS =20Ilgk — 20lgw —
@

jorapudMUUecKasi aMIUIUTyAHas PYHKITUA,

4(W(s 4 K 41
h(t) =L 1(%) =L l(—zj =K-L 1(—2) =k-t _ nepexoaHast cpyHKuHﬂ,

S S
W(t) = % = (k-1)" =k — Becoas pyHKuwS.

[Tpumep 11.

OnpenenuTh YacTOTHYIO TEPENAaTOYHYIO  (DYHKIIMIO, BEIICCTBEHHYIO,
MHUMYIO, aMIUTMTYJHYI0, (a3oByro, JorapuMHUUECKyl0 aMIUTUTYIHYIO
YaCTOTHbIE (DYHKIIMH, TEPEXOJHYI0O U BECOBYIO (DYHKIIMH arnepuoarudecKoro
3BEHA.

Penienue:
k
3BeHO ¢ mepefaTodyHoH  (yHKIMEH W(S)=m Ha3HAYaeTCs
areprOINYECKUM 3BEHOM.
. k
W(jo)=—,
Tjo+1
. K(Tjow—1) KTjo—k  kTjo—k k. kTw
W(jo)=— - =T/ 2 2 4 T2.2.4 122 4 =22
Mo+)(Tjw-1) -Tw -1 T+l To+1 T o +1
kKT
U(@)=—— V(o) = -
@)=z VO =g
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k? k°T 0’ k Kk
Alw) = + = N1+T20? = ——
(@) \/(I'Za)2+l)2 (T?w®+1) T 0®+1 VT20% +1°

V(@)

kTo T’w®+1
p(w) =arctg —— =arctg| —
U (o)

T20?+1 K

J =arctg(-Tw) =-arctg(Tw) ,

L(w) =20Ig =20Igk —20Ig~/T

k
T2 +1

AWEY o k) e 1|
h(t) = L( . j L (S(T2+1)J_k L ol k-(l—eT)
T

t

T

_dh(t) T 1,, K
W)=, =k-d-e ) =k-(-e ( Th=7¢
[Tpumep 12.

OnpenenuTe YacTOTHYKO NEPENATOYHYIO  (DYHKIHMIO, BEIIECTBEHHYIO,
MHUMYIO, aMIUIMTYJHYIO, (a30oByr0, JOrapuMUUECKyr0 aMILTUTYIHYIO
YaCTOTHbIE (DYHKIIMH KOJIEOATENBHOTO 3BEHA.

Penienue:

i i W(s)=
3BeHO C mepeaaTouyHor (yHKIuen () T25% + 2T -5+1 (0<¢<1)

Ha3HA4YaeTCs KOJeOaTeILHBIM 3BEHOM.

) k k
W(Ja)): 2/ = 2 - = 2 2 - y
T(jo) +2Tjo+1 1-T 0"+ j2iTw

k-(1-T?0* - j25T) B
1-T’0* +2cTw)-1-T?0" — j2cT w)
k(1-T?w’ : 2ksTw
T T2,.2\2 B PR TPy 20
1-T‘w) +(2sTw) 1-T o) + (2T w)
kK(1-T*w?) V(o) = 2ksTw
1-T?0%)* +(2Tw)*’ C(1-T0%)* + (2T w)?
Aoy [OT?0) +(@keTw)? _ K?[@-T 0+ (2Ta) | _
[(1 T2 +(2gTa))2]2 (@-T20?) +(26Tw) |
B k
JA-T20?)? +(2cTw)?

W(jo) =

U(w)=
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V(o) 2ksTw _ 1-T’0®)’ +(2sTw)*

arctg——==arct
: U (w) : 1-T?0%)? + (2T w)° k(1-T?w?)
2¢Tw
=arct )
T
2sTw
_ 1-T w T
#(@) 2:Tw
IT+arcty ———
1-T?’w npu > ?

L(e) = 201gA(w) = 20Igk — 201/ (1— T 20?)? + (2cT ).
[Tpumep 13.

Ha Bxom cumcrembl momaercs curHan U =2 sin0,5t. Omnpexenuts B
YCTAHOBMBILIEMCSI PEXKUME PEAKIUIO0 CHCTEM IIPU CIEAYIONUX IepPeaIaTOYHBIX

GyHKIUAX:

2) W(s) = s+1

(s+2)(0,04s* +0,2s +1)

Pemienue:

YacroTHas nepeaaroyHas GyHKIHS UMEET BHL

W (jo)=— o jotl
(jo+2)(0,04(jw) +0,2jo+1) (jo+2)(-0,0400°+0,2 jwr+1)
1

®»=0,5, o<= = 1 5, MMO3TOMY
T 0.2

A(0,5) = J0,5% +17 B
7 0,52 +22.,/(1-0,4-0,5)% +(0,2+0,5)°
_ \/0,25+1 _ 0,545,
J0,25+4-,/0,99% +0,12

® = 0,5 noacrasnsieM B W(jw) 1 UCTIONb3yeM MpaBuiia MPOU3BEACHUS U
YaCTHOT'O MOJYJIS

0,5 0,5 0,1
0,5) =arctg— —arctg — —arctg —— ~0,118.
#(0,5) g 1 g 5 90199

HCHOHBSyeM IMpaBujia 4aCTHOT'O U ITPOU3BCACHHUA apIr'yMCHTA, IMOJIy4acM:
(0,545-2)sin(0,5t +0,118) =1,09sin(0,5t + 0,118).

- 2(s+2)
W) = 10,0957 1 035 1)’
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Penienue:

: 2(jow+2) 2jo+4
W (jow)=— N2 - — 2 i ’
(Jo+1)(0,09(jw) +0,3jo+1 (jo+1)(-0,090" +0,3jw+1)
a):0,5<£=iz3,
T 0
2 2
A(0,5) = VL +4 ~3,729,
J0,52+12 - /(1-0,09-0,5%) +0,15?
0,5 0,15
0,5) =arctgl/ 4 —arctg— —arct ’ ~—0,371.
¢(0,5) =arctg arctg 1 arcg1—0,09-0,52
Torma u=(3,729-2)sin(0,5t —0,371) = 7,458sin(0,5t — 0,371) .
1
5) W(s) = 0 +5) |
(s+4)(0,36s° +0,84s +1)
Penienue:
W(jo)=— o o
(jo+4)(0,36(jw) +0,84 jw+1)
B 10 jo +50
(jeo+4)(~0,360° + 0,84 joo +1)
a)=0,5<1=iz1,7.
T 0,6
2 2
Alo) = VS +50 ~12,437
0,57 + 4% -,[(1-0,36-0,25)% + (0,84 -0,5)"
0,5 0,84-0,5
0,5) = arctg 2/~ —arctg—— —arcty —— >~ ~ 0,457
#0.5) géo 97 91°0,36-0,25

Torna U=24,87-sin(0,5t — 0,457)

[Ipumep 14.
1) OmnpenenuTh YacTOTHYIO MEpPEAATOYHYI0 (PYHKIMIO, BEHICCTBESHHYIO,
MHUMYIO, aMIUTUTYJIHYI0, (a30Byl0, JOrapupMHUUECKyl0, aAMIUIUTYAHYIO
4acTOTHBIE QyHKIMHU AU DEpEeHITUPYIOIIETo 3BeHA.
Pemenue:

3BeHo0 ¢  mepematouHod  Qynkmuerr  W(S) =kS  HaszHmadaetcs
nudGepeHIUPYIOIITUM 3BEHOM.

W(jw) = Kjw — nepenaTouHast yactoTHast QyHKIIHS,

W(jw) = U(w) + V(o) = jko,

U(w) = 0; V(w) = kw — BeriecTBeHHAst U MHUMasl YaCTOTHBIC (DyHKIIHH,
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A(w) = \fU 2(w) +V2(w) =0+ vVk’w®* =k - aMIUTUTYHAs YacTOTHas
byHKIMS,

0] V/a
_ ko p(w) = 5 ¢dazoBas yactoTHast PyHKIINA,
SIn =
k=1
L(w) =20-1gA(w) =20lg(k - @) =20Igk + 20lgcw  — norapudmmueckas

aMIUTUTYIHAS YacTOTHAS (PYHKITHS.
2) OmnpeaenuTs 4YacTOTHYIO TE€peNaTOYHYIO (YHKIMIO, BEIIECTBEHHYIO,
MHUMYIO, AaMIUIUTYyJHYI0, ()a30ByI0, JOTapU(PMHUUECKYI0 aMIUTUTYIHYIO
4acTOTHbIE QYHKIIMU (HOPCUPYIOLIETO 3BEHA.
Pewienue:

3BeHa ¢ nepemarounoit  dynkmuerr  W(S)=(Ts+1) Ha3zHauaetcs
dbopcupyronum 3seHoM (1-T0 TopsaKa).

W(jw) = (fjw+l),

W(jw) = k+jkTw,

U(w) = k; V(o) = kTw,

A(a)) =VK* +KT?0* =k -1+ T?0”,

V(o) kTw
w) =arctg ——--——=arct [0,
¢ (o) 95 @ K 9(Tw)
L(w) = 201gA(®) = 20lg(K - V1+T?w®) = 20Igk + 20Ig/1+ T *w”.

3) OmnpenenuTh 4YacTOTHYHO TNEepeJaTOUYHYI0 (PYHKIHIO, BEIIECTBEHHYIO,
MHUMYIO, aMIUIUTYAHYIO  (a30Byl0, JIOTQpU(PMHUUYECKYI0  aMIUIUTYIHYIO
4acTOTHbIE (PYHKIIMH (DOPCUPYIOLIETO 3BEHA 2-TO MOPSAJIKA.

Pewienue:

3BeHo ¢ mepenatounoit gpynkumeit W (s)=k(T?S? +25Ts +1) HaszHagaeTcs
dbopcHupyroIUM 3BEHOM 2-TO TIOPSJIKA.

W(jo)=k(T*(jo)’ + 2T (jo) +1) =k(1-T?e" + j2cTw),

W(jo)=U (o) + V()

U (o) =k(L-T?0*);V (0) = 2ksTw

A(a)) :\ij(l_Tza)z)z +4k2g2T 2% =k .\/(1_1'2(02)2 +4§'2T20)2,
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Viw) 2ksTo @ 2Tw

arct = = ,
gU(a)) k1-T’0w?) 1-T’w’
arctg 25T o npua)si,
1-T’w’ T
¢(w) =
7+ arctg 25T n ua)>i
\ 1-Ti? 07T

L(@) = 20lgA(e) = 20lg (k - \/(1—1-2602)2 + 40T 0 =

= 20Igk + 2019 (1—T 0%)? + 47T 2e”.
[Ipumep 15.

Ha Bxom cucremsl momaercs curHain U =0,5-sin6t. Omnpenenuts B
YCTAaHOBHUBIIEMCSI PEKHUME PEAKIUI0 CHUCTEM IPU CICAYIOIIMX IIEPEIaTOYHBIX
GyHKIUAX:

3(s+1
) W(S) = Gh____
(s+3)(0,165° + 0,45 +1)
Pemienue:
: 3jo+3 3jw+3
W (jo) =— - AL
(jJo+3)(016j°w" +0,4jo+1 (jo+3)(1-0,160"+0,4jw
a):6<£:i29=2,5, MIO3TOMY
T 04 4

2 2
A6) = VB-6) +3 ~0,51
62 +37 - \/(1-0,16-62)% +(0,4-6)’
0,4-6

3 6
6) = arctg — — arctg — —arctg ———=0,145
#(6) g3 g3 g1—0,16-62
Torma y=0,5-0,51-sin(6t + 0,145) =0, 255sin(6t + 0,145) .
5(s+3
6) W(s)= ( > ) .
(s+1)(0,365° + 0,65 +1)
Pemmenue:
W ( jo)— 5]a?+125 _ __ 5]a)+152 -
(jo+1)(0,36(jw)" +0,6 jo+1 (jo+1)(1—0,36w" +0,6 jw)

o= 6<1 = i = 2,5, TIOATOMY
T 04
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30% +15°

A(6) = =0,441
V62 +17 - \|(1-0,36-6%)% + (0,6 - 6)’
30 6 0,6-6
6) = arctg — — arctg — — arctg ——— = -0, 006.
#(6) g15 g1 g1—0,36-62

Torma Y =0,5-0,441-sin(6t —0,006) = 0,221 sin(6t — 0,006).

2.4. IlocTpoeHue aCHMITOTHYECKUX JOTapuPMUIECKHX YACTOTHBIX

XapPaKTePUCTUK
Teopusi.
AcCHUMNOTOTHYECKHE  JIorapu(pMuYecKue  aMIUIMTYAHble  4YaCTOTHbIE
XapaKTepPUCTUKH. Jlorapudmuueckue AMILIUTYIHbIE YaCTOTHBIE

xapakrtepuctukn (JIAYX) nponopunoHanbHOro, aupdepeHIUpyomero u
WHTETPUPYIOLIETO 3BE€HBEB SABISIIOTCS NPSIMBIMA W HX JIETKO IOCTPOHUT.
[Toctpoenune JIAUX npyrux sJeMEHTapHBIX 3BEHBEB TPEOYeT TPYAOEMKUX
BbluncieHnid. [loaToMy Ha NpakTHKE YacTO OrPaHWYMBAIOTCA IMOCTPOEHUEM
NpUOJIMKEHHBIX acuMnroTuaeckux JIAUX.

IIpn moctpoennn acumnroTnueckux JIAUX amepmoandeckoro 3BeHa B

Beipakennn  L(w) = 20Igk — 20lgy(Mw)>+1 mpum w<1/T mOa KOpPHEM
npeHeOperaroT ciaraeMbiM (Tw)?, MEHBIIUM CIWHUIBI, a mpu w>1/T —
enqununen. [loatomy ypaBHenue acumnrornueckor JIAUX nmeer Bua
Lw) = {20 Igk mpuw >1/T,
20Ilgk —20IgTw npuw >1/T.
[Ipu moctpoenun acumnrotudeckort JIAUX konebarenbHOTO 3BEHA B
BBIPAKCHUU

L(w) = 201gk = 201g~/[L— (Tw)] + (2Tw)>
npu w<1/T moJ KOpHEM OCTaBJISIIOT TOJIBKO €OUHHUILY, a IPpU W>1/T — TOJIBKO
HaunOosbIIee ciaaraemoe (Tw)*. ITToatomy ypaBHeHue acumnroruueckor JIAUX
MMEET BU]I
_|20lgk mpuw >1/T,
L(W):{ZOng—4OIgTW mpuw >1/T.

AHQJIOTMYHO TOCTYMAKT MpU MOCTpoeHMn acumnroruyeckon JIAUX
dbopcupyronux 3BeHbeB. YacToThl, Ha KOTOPHIX acumnToTudeckue JIAUX
IIPETEPIIEBAOT U3JI0M, HAa3bIBAKOTCS CONPATAOIIMMHU YaCTOTAMMU.

Hns moctpoenust JIAUX u JIOUX 3BeHa ¢ MNPOU3BOJIBHOW JpOOHO-
palMoOHAIbHONW TiepeaaTouyHor ¢yHKIued W(s) HyXHO €€ YHCIUTEeNb U
3HAMEHATEJb PA3JI0KUTh HA 3JIEMEHTAPHBIC MHOXKUTEIN U MPEACTaBUTh W (S) B
BU/JIC IPOU3BE/ICHUS MEPEIATOUYHBIX (PYHKIIUM 2JIeMEHTapPHBIX 3BEHbEB
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W(s)=]W,(s) (4)

WJIU B BUJIC

k
S_v
rne W(s) mpencraBiuser coGoOl OTHOLICHHE IPOU3BEACHH 3IEMEHTAPHBIX

W(s)=—W°(s), ()

MHOXHUTENEW 1-ro m 2-ro0 mnopsaka C EIWHWUYHBIM — IE€peJaTOYHBIM
ko3 duienTom, T.e. MEHOXKuUTeENEH Bua Ts+1 u as’ +bs+1(b* —4a<0). U3
(4) nmeem:

L(w) = 20lgW (jw) =203 lg\W; (jw)|, (6)
p(w) =argW (jw) = > argW; (jw). (7)

N3 (6) cmenyer, uro mus moctpoeHus JIAUX mpou3BOJBHOTO 3BEHA
noctaTouHo moctpouTh JIAUX snemMeHTapHBIX 3BEHBEB, HA KOTOPHIE OHO
pasnaraercs, a 3aTeéM MX I'€OMETPUYECKH CHOKUThb. OJIHAKO NJIsl MOCTPOCHMS
acumntoruueckux JIAUX MOKHO HCIONB30BaTh HECKOJBKO HWHOE, OoJiee
npocroe npasuio. [IponsurocTpupyem 3T0 cHavyana Ha YaCTHOM IPUMEpE.
IpaBusio nocrpoenus acumnrorudeckux JIAYX.

1) [Monb3ysick npeactabienueM (5), Beraucauth 201gK u conpsraromime 4acToThl
w, =1/T,, KoTopble CciemyeT WPOHYMEPOBaTh B TOPSIKE BO3PACTAHUSL:

W <W, <....

2) Ha ocu abcuucc OTMETUTH COMPSTalollhe€ 4YacTOThl, a HAa KOOPJIWHATHOM
miockocTd — Touky (1,20-1gk). TTocTpouTs NEepByI0 aCHMNTOTY — MPSMYO O]
HakiioHOM —V20nb/nex, mnpoxondiryr0 dYepe3 OTMEYEHHYH TOYKY Ha
KOOpJIWHATHOM IUIOCKOCTU. llepBasg acuMnToTa 3aKaHYMBAETCS HA IEPBOM
COIIpATArOLIEH YacTore W .

3) Iloctpouth BTOpPYIO ACHUMNOTOTY, KOTOpas HA4YMHAETCS C KOHLA IMEepBOMU
ACUMIITOTBHI ¥ IIPOBOJUTCS IO BTOPOW COIPATarOIIed 4acToTeIW,. Ero HakioH
mMensercs Ha +20ab/nek wim +£40nb/aek B 3aBHCHMMOCTH OT TOTO,
00ycioBIMBAaETCA U W, JIEMEHTAPHBIM MHOXKHUTEJIEM IIEPBOTO MM BTOPOIO
MopsiIKa COOTBETCTBEHHO. IIpHHMMAETCs TIOJIOKUTEIBHBIH 3HAK, €CIH
YKa3aHHBIM MHOKUTEIIb HaXOJUTCS B YUCIIHMTENC, M OTPHUIIATCIIBHBIN 3HAK, €CIIH
3TOT MHOXKUTENIb HAXOJUTCS B 3HAMEHATETIE.

4) TlocTpouTh OCTANbHBIC ACUMMTOTHI, KOTOPHIE CTPOATCS aHAIOTHYHO BTOPOM
aCHMIITOTE: |- aCHMIITOTa HaYMHAeTCs ¢ KoHia mnpenbiaymed (1 —1)-i

aCUMIITOTBI ¥ IPOBOAMTCSA JO COIpsAraromer dactorslW;. EE HakioH
OIIPEIEISACTCS CONPATAIOIIEH YaCTOTON Wi_q .

[Tocnequsiss acuMnTOoTa MpPEACTABIsET COOOM MpsAMYI0, KOTopas
HAYMHAETCS B KOHLIE ACUMIITOThI, COOTBETCTBYIOILIEH TMOCIEAHEN COMPATAOLIEH
4acTOTE, U YXOAUT B OECKOHEUHOCTb.
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L(w)

60 60ab/aex

40 40a6/0ek

20 2046/0ek

-20 -200B6/0ek

-40 -40a6/0€eK

-6006/0ekK
-60

0’1 1 w

[Tpumep 17.

[Toctpouts acumnrormyeckue JIAUX 3BeHBEB CO
nepeIaToYHbIMU (PYHKITUSIMHU:
2) W (s) = 250s +1000

(s+1)- (015 + s +10)

Pemienue:
[Tpeobpazyem nepenaTouHyro GyHKIUIO K BUY:

1000 - (is +1)

W(s)=— 5 =S
s'-10-(s+1)-(0,01s“ +01s +1)

100- (Ls+1)
4 roe v=0, k=100.

<0 2
s”-(s+1)-(0,01s“ +0,1s+1)

Berancium 201gK u conpsiraromime 9acToTh:
20lgk =201g100=20-2=40,

w, =1, w, :i=4;w3 =i=10,

14 01

Wy < W, <Ws.

CJIeTYIOITUMU

[TpoBoguM yepe3 Touky ¢ koopauHatamu (1;40) nmepByro acCUMITOTY MO
HakioHoM —V - 20 nb/nek = Oxb/nek (T.e. mapaiienbHO ocH abCIUCce) A0 MePBOM

compsramoolei 4actorsl Wy =1.

T.k. nmepBas comnpsrawomas yacrora W, oOyClIOBI€Ha MHOXKUTEISIMU 1-T0

nopsaka (S+1), pacmoaoKeHHBIM B 3HAMEHATEJE, HAKIIOH BTOPOW aCHMIITOTHI
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u3mensiercss Ha — 20 ab/nek. [loaToMy BTOpYIO acUMIITOTY MPOBOAMM OT KOHIIA
IEPBOIl aCUMITOTHl JO CONpAraroIield 4acToTsl W, =4 T0J HaKIOHOM

— 20 1b/nexk.
Compsiraromasi yactota W, OOYCIIOBJICHa 3JE€MEHTAPHBIM MHOXXUTEJIEM
(/4s+1), pacnonoxeHHBIM B 4YHCIUTeNe. [l03TOMY HAKJIOH TpETheH

ACUMIITOTHI OTJIMYACTCS OT HakyioHa Bropoi Ha 20nb/nex u cocraBnser Onb/nex
(—20ab/nex + 20nb/nex =0nb/nex) . TpeTblo acUMITOTY HPOBOAWM OT KOHIIA

BTOPOM aCUMIITOTHI JIO compsiraroniei yactorsl Wy =10.
Comnpsraroniasi yactota W3 00yCJIOBJI€HA 3JIEMEHTAPHBIM MHOXXHUTEIEM 2-
ro mopsika (0,01s° +01S+1), pacHONOXeHHBIM B 3HaMeHaTene. 1lo3Tomy

HAKJIOH YETBEPTOM aCUMIITOTHI OTJIMYAETCSI OT HAKJIOHA TPEThEM aCUMMTOTHI HA
-40nb/nex. TlocneaHO0 aCUMITOTY MPOBOJUM OT KOHIIA TPEThEW aCHUMITOTHI
10 OECKOHEYHOCTH.

L(w)
40 | O'D'Em.eﬁ
| -20a6/nek
i 046/nek
i i -40a6/nek
0 ) 2 w(igw)
6) W (s) = : 2s+1 .
s-(01s“ +11s+1)-(s+12)
Pemenue:
W (s) = 223 +1 _
s-10-(0,01s° +011s+1)- (s +1)
3 107 - (2s +1)
s-(s+1)-(0,01s* +0,11s +1)°
k=10", v=1,

Wy =%;W2 =1w; :Oilzlo,

Wy < W, <Ws.

[IpoBonum uepe3 Touky (1;-20) mepByr0 acHUMNOTOTY IMOJ HAaKJIOHOM
—V - 20 n1b/nex =— 20 n1b/naex no nepBoii conpsiraroiiei 4acTOTHI .

[lepBast compsraromas yactotra Wy =1/2 00yciioBieHa MHOXHUTENEM 1-r0
nopsiaka (2S+1), pacrosioKeHHBIM B YHCIWTENE, TOIJa HAKIOH BTOPOM
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acuMnToThl u3MeHsiercs Ha +20nb/aex u 6yner pasen -20ab/nex + 20ab/aex =
Onb/nex.

Bropyro acuMnToTy mpoBomuM OT KoHma W, =1/2 no w, =1 mox
HaksioHoM Oxb/nexk.

Comnpsraromiasi yactota Wo=1 o0ycioBjiieHa 3J1eMEHTAPHBIM MHOXUTEIIEM
1-ro mopsanka (S+1), pacnojio)K€HHBIM B 3HAMEHATeNle, =>, HAKJIOH TPEThel
acuMINTOTHl uU3MeHsieTcss Ha -20nb/mex. Tperbs acumnToTa MPOBOAUTCA OT
KOHIIa BTOPOW aCUMITOTHI JI0 compsiraroniei 4yactoTel W3=10.

Comnpsrarormias yactota W3=10 00ycoBieHa 3J1eMEHTapHBIM MHOKHUTEIEM
2-ro mopsinka (0,015°+0,115+1), pacroIoKeHHbIM B 3HAMEHATENE, =>, HAKIOH
4eTBEPTON acuMNTOTHl HU3MeHsieTcss Ha -40xnb/mex. IlocnmemHioro acUMOTOTY

MIPOBOAUM OT KOHILIA TpeTeﬁ ACHUMIITOTHI JO ©0.
Lw)

20

BT+ AP

-20n6/nex

-60a6/nex

[Tpumep 18.

3amnucars NepeaaTOYHbIC byHKIIIH MUHHMAaJIbHO-()a30BbIX u
HEUTpalbHBIX 3BEHBEB, €CIU UX acuMnToTudeckue JIAUX uMeroT cieayronui
BUJI:

a)

L{w)

o wilzgw)

100 w

20p06/nex
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Pemenue:
N3 rpaduka:
COMPSATAIOINE YACTOTHI UMEIOT BU/I:
wi=1; w,=10; w3=100.
IlepBas acumnToTa MPOXOAWT uepe3 TOuky (1;-20) moa HaKIOHOM -
20nb/nex. CaemoBaTeabHO,
20lgk=-20; Igk=-1; k=10"=0,1
—V - 20 nb/nex=-201b/nekK;
v=1.
Bropas acumnroTa npoxoaut ot Wi=1 10 W,=10 nox nakmonom 0ab/aex.
CnengoBaTenbHO,
(-20ab/nex + xab/nex) = Oab/ ek,
xnb/nex = 20nb/nek,
T.€. MHOXUTENb 1-To mopsiaka (T1.k. 20nb/aex) u B uncnurene (1.k. +201b/nex).
=>, ICPBBII MHOXKUTEIb B YHCIUTEIIE UMECT BH (S+1).

Tpetbst acumnTora nmpoxoauT ot Wo=10 10 W3=100 nox nHakionom 2010/ 1ek.
=>, HakJoH u3MeHsercsa Ha Oab/nex + 20nb/nek, T.e. Ha 20n1b/nek, =>, BTOpOi
MHOHUTENb 1-TO TOpsAKa B YUCIUTENIC UMEET BU/I;

(0,1s+1).

[Tocnenusst acumnToTa mpoxoauT oT W3=100 mo oo mox HakimoHoM Onb/mek.
=>  wmmMmenwica (20ab/aex+xnb/nexk=0nb/nex), Tt.e. Ha -20ab/mex =>,
MHOXHUTEIIb B 3HAMEHaTe e 1-To mopsiika UMeeT BU/:

(0,01s+1).

Hcxonnas nmepenaTounas (pyHKITMN UMEET BU:

W (s) = 01l-(s+1)-(01s+1)
s-(0,01s +1)

6)

L{w)

20
/ -20nb/nex
} } } | 1
o017 1 - » wilgw)
-201 20nb/nex
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Pemenue:
w;=0,1; w,=1 w3=10,

(1;-20) => 20Igk=-20 <> Igk=-1 <> k=%=0,1.

1-g acumorota: -V- 20 n1b/nex = O0nb/nex => v=0.
2-1 acumnToTa: oT Wy =01 1o W, =1 nox HaknonoMm 20ab/nex => MHOXUTETD

1-ro mopsiaka B unciaureie umeet Bu: (10s+1).
3-1_acumnrora: or W, =1 no W3 =10 c¢ Haknonom Opb/aex => HakjOH

n3MeHwics Ha -20nb/aex => MHOXHTENb 1-ro TopsaKa B 3HAMEHATENIC MMEET
By (S+1).
4-1 acumnrora: oT W3 =10 1o oo nop HakioHoMm -20ab/mex => MHOXUTEIb

1-ro mopsinka B 3nameHatene umeet Bu: (0,15+1).
Ncxonnas nepexoaHas GyHKIUS UMEET BU/I;
W (s) = 01-(10s+1) |
(s+1)-(01s+1)

[Tpumep 19.
[Toctpoutrs acumnrornueckne JIAUX 3BEeHbEB € MEepeaaTOyYHOU
byHKUMEH

W(s) = 505+25 |
(s+0,5)-(0,04s“ +0,25 +1)
Pemennue:
W(s) = 5-(10s +1) _ 10-(1032+1) ’
~.(2s+1)-(0,04s% + 0,25 +1) (2s+1)-(0,04s° +0,2s +1)
2
v=0; k=10
W —i'w —l'w —i—S
171072 272 02

201gk=201g10=20-1=20.
IlepBasg acumnrora mnpoxoauT uepe3 Touky (1;20) ¢ HakiIoHOM

—V- 20 1b/nex=0anb/nex no W, = % =0,1.

Bropast acumnrora or Wy =0 m0 W, =1/2=05 ¢ HakmoHom 201b/nex
(T.x. Wy =0,1 — MmHOXwMTeNb (10S+1) B yncnurene 1-ro mopsaka)

Tperes acumnTora or W, =05 10 W;=5 ¢ HakJIOHOM
20nb/nex —20nb/nex =0nb/nex  (T.x. —W, =0,5 MHOXurenr (2s+1) B

3HaMeHarelne 1-ro nopsiaka).
[locnennsss  acumnTora  OT W3=5 110 ©© ¢ HakJIOHOM

005 | 0ex — 4005 | 0ex = —4005 | oex (T.K. W =5 —  MHOXUTETb
(0,045°+0,23s+1) B 3HAMEHATENIE 2-TO TIOPSIKA).
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Liw)

0ab/mex

401

20— - -40ab/aek

1
1
1
:
0 o1 o5 1 & \ > wllgw)

[Tpumep 20.
3anucath  MEpeAaTOYHYH  (PYHKIIMIO  MUHUMaJIbHO-(Pa30BBIX U

HEUTpabHBIX 3BE€HbEB, €Clii €€ acumnToTuueckas JIAUX umeer Bua:
L{w)

» w(low)

-200B/nex

Pemenue:
1-s1 acumnroTa: (1;40) => 201gk=40 < k=100,
—V - 20 1b/nex=0nb/nex => v=0.
2-1 acumnroTta: oT W, =01 10 W, =1 noz Hakionom -401b/nex => MHOXHUTEINb

2-T0 MOpsAJIKa B 3HAMEHATENIe UMEET BUJL:
(100s? +2-10&s +1).
3-1_acumnroTa: oT W, =1 10 W, =7 mnox HaknoHom Onb/mek => HakioH

n3MeHusicsa Ha 40ab/nex => MHOXUTEIb 2-T0 MOPSAIKa B YHCIUTEIIC UMEET BHI:
(s> +2Es +1).
4-1 acuMnToTa: oT W3 =7 110 oo 1noj HakioHoM —201b/nex => HakioH

u3menusica Ha 0 — 20 nb/nex =— 20 ab/nex => MHOXUTENb 1-T0 OpsIIKa B

1
3HaMCHATeJIe UMEET BH/I; (? s+1).
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Ucxonnas nepenaroynast QyHKIMS UMEET BU/I;
2
W (s) = 100-(s° + 265 +1)

(100s? + 20& +1) - (;s +1)

2.5. CTpyKTypHBI€E CXeMBblI

Teopus.

CTpyKTypHOH CXEMOW CHCTEMBbI YIPaBJICHHUS HA3bIBAIOT TIpapuuecKoe
MPEJICTABJICHHE €€ MAaTeMaTUYECKOM MOJEIM B BHUJIE COCAUHCHUN 3BEHBEB,
N300paKaeMbIX B BHUIE NPSIMOYTOJbHHUKOB WM Kpyra (I cymmaropa), C
yKa3aHUEM BXOJHBIX M  BBIXOAHBIX TepeMeHHBIX. OOBIYHO BHYTPH
NpSIMOYTOJIbHUKA ~ YKa3bIBa€TCsl  YCJIOBHOE  OOO3HA4Y€HUE  OmepaTropa
n300paxkaeMoro UM 3BEHa, a caM ONepaTop B BUJIE MEPENATOUYHON (DYHKIIUU WU
nuddepeHInanbHOr0 YpaBHEHUS 3a1a€TCSl BHE CTPYKTYPHOM CXEMBI.

IIpeoOpa3zoBanme CTPYKTYPHBIX CX€M.

[TocnenoBarenbHOEe coeauHEeHWE. Tak Ha3bIBA€TCS COEOUHEHUE, IIPU
KOTOPOM BBIXOJI TIPEABIIYIIETO 3BE€HA SABJISIETCS BXOJOM MOCJEAYIONMIETO (pHC.
1 a). [Ipu mocnenoBaTeIbHOM COCIMHEHUU MEepeaTOUHbIe YHKIIMU OTIACIbHBIX
3BEHBEB MEPEMHOXKAIOTCS U TIPU MPE0OPa30BAHUM CTPYKTYPHBIX CXEM IETIOYKY
13 MOCIEN0BATEIbHO COCIMHEHHBIX 3BEHBEB MOKHO 3AMEHUTH OJHUM 3BEHOM C
nepenatounoit pynkuueit W (s) =W, ()W, (s)... ... W_(s) (puc. 1 6).

XU’ X'i | Xﬂ X.'J I Xr.
|
—FWJ’—bw‘.}—biWn— » W
a

Puc. 1
[TapannensHoe coeauHenue. Tak Ha3bIBaeTCsl COEAMHEHUE, ITPU KOTOPOM
Ha BXOJ BCEX 3BEHBEB IOJACTCS OJTHO U TOXKE BO3JCHCTBHE, a MX BBIXOIHBIC
NepeMEeHHbIe CKIIaabpIBatoTCs (puc. 2 a). [Ipu mapannenbHOM

w;
X=3X, G X
G Xz v i=1
W, —m —= > W
X
a 6
Puc. 2

COCANMHCHHUHU 3BCHLBCB IICPCAATOYHEIC (1)YHKI_II/II/I CKIIaAbIBAIOTCA MW IIPH
HpeO6paSOBaHI/II/I X MOXHO 3aMCHUTh OJHHM 3BCHOM C Hepe,uaTquoﬁ

n
dyskumeit W(s)=> W;(s) (puc. 26). Ecan BbIXOg Kakoro-nmmbo 3BeHa
i=1
MOCTYIAeT Ha CYMMATOp C OTPHIIATEIBLHBIM 3HAKOM, TO IepeaaToqHast PyHKITUSI
9TOT'O 3BEHA CKJIABIBACTCS C OTPHUIIATEIIHHBIM 3HAKOM, T.€. BEIYUUTACTCS.
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Obpamnoe coeduHenue Ul 36eHO, 0X8aueHHOe 0OpamHou césa3vio. Tak
HA3bIBACTCSl COCMHEHWE NIBYX 3BEHBEB, IPH KOTOPOM BBIXOJ 3BEHA MPSMOM
Ieny T0JaeTCs Ha BXOJI 3BEHAa OOpaTHOW CBSI3M, BBIXOA KOTOPOTO
CKJIQIbIBACTCSI(MITM BBIYMTACTCS) C BBIXOJOM TiepBoro 3BeHa (puc. 3 a). Ecim
CUTHaJI oOpaTHOM

Puc.3
CBsI3U (BBIXOJI 3BE€HA OOpaTHOM CBSI3M) BBIUMTAETCS (T.€. CKJIAJBIBACTCA C
OTpHUIIATEIBHBIM 3BEHOM), TO oOpaTHasi CBSI3b HA3BIBACTCS OTPUIIATEIIBHOMU, B
MPOTUBHOM CJIy4ae - TOJOXHTENbHBIN. Korma mepemaTtounas ¢yHKIHs 3BEHA
obpatHoit cBa3u paBHa emumnune (W,.(S)=1), oOpaTHOoe coexuHEHHE

n3o0paxkaeTcs Tak, KaK MoKa3aHo Ha puc. 3 0.

[Ipu pa3MblkaHuK OOpaTHOM CBS3W IEped CyMMaTOpOM IOJydacM
MOCJIC/IOBATEIbHOE COCIUHCHHE, TepenaToyHas (QyHKIHS KOTOpPOro paBHa
W () =W, (S)W (S) - OTa mepenatounas pyHKUMs HA3BIBACTCS NEPEOAmMouHOL

@dyuKyuel pazomMKHYymou yenu.

[lepenatounyro  ynkmuo W, (S) =W, (S)W,y: (S)Ws(S), B KOTOpOIi
YUHUTBIBAETCS TepenaTovHast (PyHKIHsS CymMMaTopa IO BXOAY OOpaTHOW CBSI3H
Oynem Ha3bIBaTh nepeaaToOuHOM byHKIHEH KOHTYpa. 3aech
Ws (S) —nepenatounas GyHKIMS cymMMaTopa MO BXOJIy OOpaTHOW CBsI3H, OHa
paBHa —1 (MHHYC €QUHUIE) NpU OTpUILIATEILHOM oOpaTHOW cBs3u (Iepen
COOTBETCTBYIOIIIMM BXOJIOM CTOMT 3HAK MUHYC) M 1 (TUTIOC €IWHHUIIE) TNpHU
MOJIOKUTENBHOW 0OPAaTHOM CBSI3H.

[lepenatounass  QyHKouss 1pu  OOpaTHOM  COEAMHEHUM  paBHA
W(s)=W,(s)/(1-W,(s)) m mnpu mpeoOpa3oBannu 0OpaTHOE COCIMHEHHE
3aMEHSIETCS OJHUM 3BEHOM C YKa3aHHOM nepeaaTouHon GyHkiuei (puc. 3 6).

Ilepenoc cymmamopa. llpu nepeHoce cymMmaTopa IO XOIy CHUTrHaua
no0aBisieTcsl 3BEHO C TMepenaTouyHod (yHKIMEW, paBHOW MepeaaTO4YHON
(GYHKIIMH 3HaKa, Yepe3 KOTOPOe MEPEHOCUTCS B cymmaTop (puc. 4 a).

41



G X G X
> W, w, — W, w,
vF \ i
i i
Vv w, W, y
G X X G X
w, oW, w, W
a 6
Puc. 4

IIpun nepeHoce cymmaTopa MpPOTHB XOJa CUTHaJIa JOOABIISETCS 3BEHO C
nepeaaToyHo (yHKUMEW, paBHOW OOpaTHOW mNepenaToyHod (YyHKUHUU 3BEHA,
yepe3 KOTOPOe IMEPEHOCUTCs cymmaTop (puc.4 6).

IIppu mepeHoce cymMMaropa ydacTOK LENH, 4Yepe3 KOTOpbI OH
NEPEHOCUTCSI, CTAHOBUTCSI HEIKBUBAJICHTHBIM. [loaToMy mpu mpeoOpa3zoBaHUU
CTPYKTYPHBIX CXEM HEJIb3s1 IEPEHOCUTh CyMMATOp Yepe3 TOUKY CheMa CUTHAJIA.

Ilepenoc ysna. Ilpu nepeHoce y3ia 1o Xoly CUrHajia g00aBisieTcs 3BEHO C
nepeaaToyHon (yHKIMEH, paBHOM oOpaTHOUW mepenaroyHoil (yHKIUU 3BEHA,
gyepe3 KOTOpoe MEePeHOCUTCs y3el (puc. 5 a).

[Ipu mnepeHoce y3na MNPOTHB XOJa CHUrHaja J00aBJISETCS 3BEHO C
nepenaroyHo (yHKLIMEW, paBHOM mepeaaToyHoOM (YHKIIMM 3BEHa, uepes
KOTOPOE MEePEHOCHUTCS y3el (puc. 5 6).

G X X X
—»VVI L VVZ_ Ci»vvl z M/z_)(
) >
h &
G X G X
—> W, W, W, —» W, —
X X
1/VV2_1 VVl_l

Puc. 5

Ilepecmanoexka cymmamopos. CyMMaTOpbl MOXHO  IE€PECTABIIATH
MecTaMl U 00beauHATh. llepecTaHOBKa JByX CyMMaTOpPOB COOTBETCTBYET
NEPEHOCY OJJHOTO0 CyMMaropa 4epe3 APYroil U MOAYMHSAETCS MPABUITY IEpeHoca
CYMMAaTopa 4epeB 3BEHO.

CymmMmarop 1 (puc.6) mepeHocuTcs 4epe3 cyMMarop 2 Mo HampaBJICHHIO
pacrpoCTpaHEHUIO CHUTHaja, a CyMMarop 2 4epe3 cymmarop | mnpoTus
HaTpaBIICHUS PaCcIIPOCTPAHECHUSI CUTHAIA.
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Puc. 6

Ho tak kak mepenaTouHas (pyHKIMS cymMMaropa Mo KakJI0oMy BXOAy paBHa 1
wim —1, To W mnepegatrouHas (QYHKIUs 3BEHA, KOTOpoe H00aBIIeTCS MpH
MEPEHOCe CyMMaTOpa, HE3aBUCUMO OT HaIlpaBJICHHs MepeHoca paBHa | mmm —1.
[ToaToMy eciii cyMMaTOp MEPEHOCUTCS 4epe3 APYrod CyMMarop BIOJIb BXOZa
CO 3HAKOM ILTIOC, J00aBIe€TCS 3BEHO C TepeaaroyHor QyHkiued 1, T.e. B
JEUCTBUTENLHOCTH HUYEero He pnobapisgercs (puc. 6 a); ecidm cymMmarop
MEePEHOCUTCS BJOJb BXOJa CO 3HAKOM MHHYC, TO J0O0aBISIETCS 3BEHO C
nepenaTouHo (Qyskuuet —1, T.e. 3HaK TO BXOAYy KyAa JOJDKHO OBITh
n00aBJICHO 3BEHO, MEHSICTCS Ha oOpaTHbIi (puc.6 0).

llepecmanosxka y3106. Y3Ibl MOXKHO IIEPECTABIITh MECTAMU U
00bEeIUHATD.

Bobluncienuss mneperaroyHo (yHKIUHM OJAHOKOHTYPHOH CHCTEMBI.
3aMKHyTasi CHCTEMA HAa3bIBAECTCS OJHOKOHTYPHOM, €CJIM MpU €€ pa3MbIKAHUU B
KaKoW-mubO TOYKE 3aMKHYTOTO KOHTypa IIOJy4yaeTcs cucrema 0e3
napajuieNIbHbIX UM 00paTHBIX coeauHeHui (puc.7). Llenmb mo Xomy curhama ot
TOYKM TNPUIOXKEHUS BXOJAHOM NEPEMEHHOM JO TOYKM ChEMa BBIXOJAHOU
NepeMEHHON Ha3bIBaeTcsa npsamou yenvio. llepenatounas (QyHKIUS TPsSMOit
nenu W, paBHa NpOU3BEIEHUIO NEPEIATOUHBIX (DYHKIMI 3BEHBEB, BXOJAIINX B

9Ty LOCIIb BKIIIOYAasaA 1 CYMMATOPBHI.

=
v
=
=

=
A

Puc. 7
[lepenarounas  ¢yHkous koHtypa W,  paBHa  NPOU3BENCHMIO

nepeaToyHblii (PYyHKIMA BCEX 3BEHBbEB, BXOASIIMX B 3aMKHYTBI KOHTYD,
BKIJIIOYasi cymmartopsl. [lepenaTounas pyHKIus cymMMaTopa 1o BXoay cO 3HaKOM
IUIIOC paBHA IUTKOC €UHHUIIE, a I10 BXOAY CO 3HAKOM MUHYC — MUHYC €IVHULIE.
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IIpaBuj0 BbLIYMCJICHHUS TMepPeIaTOYHOM (QYHKUMM 3aMKHYTOM
OJHOKOHTYPHOI CHUCTeMBbI: TiepelaTouHasi PYHKIUSI OJTHOKOHTYPHON CHCTEMbI
OTHOCUTEJIBHO BHEIIHEro BO3ACHCTBUS (BXoAa) U MW BbIXOJA X paBHA
nepeaToyHo (QyHKIMM NpSAMOW I1Enu, JAEJIEHHOM Ha eIUWHUIy MHUHYC
nepenatouHas pyHkius kourypa: W, =W, /(1-W, ).

Bbluncienue mepegaToyHoil (pPyHKIUM MHOTOKOHTYPHOHW CHCTEMBI.
3aMKHYTasi CUCTEMa Ha3bIBAETCS MHOTOKOHTYPHOM, €CJIM IIPU €€ Pa3MbIKAaHHUH B
KaKoM-TM0O TOYKE 3aMKHYTOIO KOHTYpa MOJY4YaeTcsi CHCTEMa, CojepiKalias
napajuiebHOe U/Uii 00paTHOE COSTMHEHUE.

— _[WJ_—.{ b [ =i

G E 1 é Y
"\ ™

of VV: sz _J_'VVJ a

Q.
) 4
s
= ‘
f_i?< |
=
-

i W,
W, [——
Puc. 8

MHOTOKOHTYpHAsI CUCTEMA HE UMEET MEePEKPECTHBIX CBS3EH, €ClIU JIF0ObIC
JIBa KOHTYypa, 00pa30BaHHbIEC NapaJIEIbHBIMU UM OOPATHBIMU COEAUHEHUSIMU,
HE MMEIOT O0muX y4acTKOB (puc. 8 a) wiu, eciu Kakue-muOo JBa KOHTYpa
UMEIOT OOIIMIA yYacTOK, TO OJUH M3 HUX BJIOXKEH BHYTPh JIpyroro (puc. 8 6).

MHOTOKOHTYpHasl CHCTEMa HUMEET HnepeKpecmHvle C65A3U, €CIH OHa
COJIEP>KUT JBa KOHTYpa, KOTOPbIE UMEIOT OOIIMK YYacCTOK, U MPU 3TOM HH OJIUH
U3 HUX HE BJIOXKCH BHYTPh Ipyroro (puc. 8 6).

[Topsimok  BbIUMCIIEHUS TEpPENATOYHON (YHKIIMH MHOTOKOHTYPHOMH
CHUCTEMBI CIEAYIOLINM:

1) myrem mnepeHoca Y3JI0B U CyMMaTOpPOB HYXKHO OCBOOOJUTBHCS OT
MEPEKPECTHBIX CBSI3EH;

2) WCIOJIb3ysl TPaBUIO TNpeoOpa30BaHUs MapaICIbHBIX M OOpaTHBIX
COCIMHEHU, HYKHO TpeoO0pa3oBaTh MHOTOKOHTYPHYIO  CHCTEMY B
OJIHOKOHTYPHYIO;

3) mo mpaBWIy BBIYMCICHUS TEpeAaTOUYHONM (PYHKIMH OJHOKOHTYPHOMH
CUCTEMBI ONIPENEIUTh UCKOMYIO MEPEAATOUHYIO (PYHKIIHUIO.
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[Ipu npeoOGpazoBaHUM CTPYKTYPHOM CHCTEMBbI HY>KHO MO3a00TUTHCS O TOM,
yTOOBI HE MCYE3JIU TOYKH CheMa MEPEMEHHBIX, OTHOCUTEIIBHO KOTOPBIX UILYTCS
nepeaaroyHbie  GYHKIWHA, WIA 9YTOOBI OTH TOYKA HE OKa3aluCh Ha
HEIKBUBAJICHTHOM yYacTKe (T.e. HE CIIeyeT MEePEHOCUTh CYMMATOp 4Yepe3 ITH
TOYKH ).

[Tpumep 21.

Onpenennts  nepenarounsie  GyHkuuu —cucrembl  (puc. 7) Wy,

OTHOCHUTCIJIBHO BXOZa J U BbIXOJA Y U Wef OTHOCHUTCIIbHO BXOJa fu BbIXOJa €.

W .
Wyg :ﬁ, rne W; — nepemarounas ¢yHkuus npsmod unenum, W, -
— VW
nepeaaToyHas (yHKIUS KOHTYpa.
Pemenne:

[Ipsimag uenb cucteMbl (pUC.8) OTHOCHUTEIBHO BXOoAa § W BhIXOAA Y
IIPEICTABIIECT IIOCIEN0BATEILHOE COCAUHEHUE JABYX CyMMaTOpPOB M 3BEHBEB C
nepeaarounsiMu pyHkusvMu Wy W, u'W;. Bxoasl cymmaTropoB B 3TOH 1ienu
UMEIOT 3HaK IUIIOC M UX nepenarouyHble (yHkuuu pasHbl 1. IlosTomy
nepeaarouHas pynkuus npsmon nenu W, =W, W, Wi,

[Mpsimass tenb OTHOCUTENHHO BXoma f W BeIXOmA € mpencTaBiseT
IIOCJIEIOBATEIBHOE COEUHEHUE JBYX CYMMAaTOPOB U 3BEHBEB C NEPEAATOYHBIMU
¢ynxmusamu Wy, W; u W, . Bxox nepBoro cymmaTopa UMEET 3HaK «+», BXOJ
BTOPOTO CyMMaTropa — 3HaK «—» U UX NepeJaToyHble (pYHKIUM paBHbl 1 1 —1
COOTBETCTBEHHO. [loaTOMy B 3TOM ciydae (GyHKUMS OpSAMOMl LENu paBHA
W =-WyW;W,.

Hckomble epenatoynbie PyHKIIMU UMEIOT BU/L:

o= W, W, -W, W, = Wy -W5 -W, |
1+W, W, -W,5 -W, 1+W; W, -W,5 -W,

[Tpumep 22.
Omnpenenurs mepenarounsie  gyHkuumn  W;  CHCTEMBl  yIpaBieHUs,

IIPEACTABICHHON HA PUCYHKE 9:
1

=IW_5| F
%LTJ}/}T

— W,

Puc. 9
Peurenue:
Cnavasia 0cBOOOIUMCSI OT MEPEKPECTHBIX CBsizeH. [ aTOro mepeHeceM
cyMMaTop 3 ImpoTuB xoja currana yepes 3seHa W, u cymmarop 2 (puc. 10). To

e camoe TpojesaaeM ¢ cymmaropom 4 (puc. 11).
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[ W,
1
G "

Puc.11
Jlanee, 3aMEHHB MapauIeIbHOE COSIUHEHIE 3BEHOM
' 1 W, W, +W,
W =W, +Wg-—=-1-"2""5 "y obpaTHOe  COEIMHEHHE  3BCHOM
W, W,
. W,
= 2 ___ [OJNy4HM OJHOKOHTYpHYIO cucTeMy (puc. 12).
v
/W,
& A 4 y
= > w W W, —
Puc. 12

N3 nocnenHeil cxeMbl MO MPAaBUITY BBIYMCIICHUS MEepeaaTOuYHON QyHKUNU

OJIHOKPATHOM CHUCTEMbI HaXOJIUM:
pm W Wy W
1+W -W W, a+W W -W;)-W,

[Ipy BBIYMCIEHUM TEPENATOYHBIX (PYHKIUA MHOTOKPATHBIX CHUCTEM C
NEPEKPECTHBIMKU CBSI3MH BO MHOTMX CIIy4asX I€J1eco00pa3HO, a WMHOTIa H
HEOOXOIMMO CHauaja MpelBapUTENbHO YIPOCTUTh CXEMY, UCHOJIb3ys MpaBuia
npeoOpa3oBaHusl IBOMHBIX U OOpPATHBIX COCAMHEHUM, 3aT€M OCBOOOAMUTHCS OT
IIEPEKPECTHBIX CBA3EH.

[Tpumep 23.

JUtst cucteMbl Ha PUCYHKE 13 ompenenuTts Cleayrollue NepelaTovyHble

bynaknuu ([1D):




a) Wy, — I1® oTHOCHTENIBHO BXOJA J U BBIXOJA Y.

Pemienue.

CHauana ocBOOOIMMCSI OT MEPEKPECTHBIX CBsi3el. [[1s1 aTOro mepeHecem
CyMMaTop 3 MPOTUB XO/1a CUTHAJIA YEpPE3 CyMMAaTop 2.
[Tosyunm:

AT

3aMeHUM 00paTHOE COSAMHCHHUE 3BCHOM:

W (s) = WH—(S), rae Wy (s) — IId npsmotii tierm, W, (S) — T1d koHTypa.
1-W, ()
W' __ M (W, — II® mpsamoit nenu, 1+W,; -W, —I1® koHTypa; 3HaK
«+», T.K. OTpULIaTENbHAs 0OpaTHasI CBSI3b)
[Tomyuum:

IlepeneceM y3en npoTuB xoja curHaia uepes 3seHo W3 u y3en 1o 3seHa Ws.
[Tomyuum:

W, W F

3aMeHUM 00paTHOE COCTMHEHHUE 3BEHOM

B W
1-W, -W;-W
3HAK «—». T.K. IOJIOKUTEIbHAsE 00paTHas CBSI3b)

W' (W —TI® npsivoii reny, 1-W, -W,; ‘W — II® koHTYpa;

[Tpeobpazyem W ¥
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W W,

W" = T = =
1=W, W3 -W @+W, -W,) | 1-W, -W, M
_ Wl _ Wl
(1-|—W W ) 1+W1'W2 —Wl‘W4‘W3 1+W1'W2 —Wl‘W3'W4
12 1+W, -W,

3aMenuM napajuienbHoe coenunenue 3seHoMm W =W +Wg .

F
1
»93 i L T
G WII WIII ‘A/5 Y

Puc. 14
HOHy‘-IHJ'II/I 3aMKHYTYIO OJHOKOHTYPHYIO CUCTCMY, rnepcaarouyHas
(bYHKI_[I/IH Wyg OTHOCHUTCIIBHO BXOJ1ad g 1 BbIXOJa y BBIUUCJIICTCA 11O q)OpMYJICZ

Nmeewm:

— W\IIYV , tne W,; — T1® npsimoii nernn, W, — T1® koHTypa,

- WYk

Y9
Wy - (W5 +Ws) -Ws _

W, =-W -W -W; (““”, T.x. oTpuniatesnbHas oOpaTHast CBsI3b)

Wy, =W W Wy =W - (Wy +Wg)-Wg =

[Tomyuum:

W = Wl'(\Ns 'Ws)'Ws _

¥g
W, - W.)-W,
@+W,-W, -W, -W, -W,)-| 1+ L (W, + W) - W
1+W,-W, -W, -W, -W,

— W1 '(Wa +W6)'W5
1T+ W, -W, =W, -W, -W, +W, - (W, + W, )-W,

WIN
W (W5 + W)W
W Wy + W )W
0) Wxg — [I® otHOCUTENBHO BXOAA J M BBIXOAA X.

Pemienue:
[To ONHOKOHTYpPHOU cHCTEME HA PUCYHKE 14 nmeem:
_ Wy
91w
W, =-W W Wy =-W - (W, +W) - W,
W, =W .
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(T+W, W, —W, -W,W, | 1+ :
1T+W, -W, —W, -W, -W,

Wl
LW, W, —W W, W, W, - (W W)W

8) Weg — [I® oTHOCUTENBHO BXO/a J ¥ BBIXOJA €.

Pemenue:
110 PUCYHKY 6 UMeeM:
iy = Wi
1-W,
Wy, =-W - (W, + W )- W,
W;; =+1 (ot g mo f TobKO BXOJ Ha CyMMAaTOp CO 3HAKOM «+»).

Torma
1

Weo = oW o, v W W,
1
T1W, W, W, W, W, W, (W, W, )W,
1+W, W, —W, -W, -W,
~ 1+ W, -W, =W, -W, -W,
LW, W, =W W, W, AW, (W, W)W
2) Wyf — I1® otHOCUTENRHO BXOAa f 1 BeIxOa Y.

Penienue:
_ Wy
1w,
Wy =W,
Wy =W - (Ws +Ws)- W,

W

W = 2 =
LW (W, W)W
Ws '(1+W1 'Wz _Wl 'Ws 'W4)

T1HW, W, W, W, W, W (W, W)W,

0) Wy — I[1® otHOCHTENBHO BXOA f 1 BRIXO/A X.
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Penienue:

fo = WH y
1-W,
W, =-W;-W = —Ws Wy

T+W, W, =W, -Wy - W,

Wy = W ‘(Ws +W6)'W5’
W, W’

CTIEW (W, W)W,

_W5 .W1

W, - (W
1+W, -W

(L+W, -W, —W, -W, -W4)-(1+

B -W, -W,
T+W, -W, =W, -W, -W, + W, - (W, +W,)-W,
e) W — I1® otHOcuTenbHO BXxoaa f u Beixoza €.

Pemenue:
Weg = WH y
1-W,
W;; =-W; (o xoHTYpY OT f K €),
W =W - (W + W )- W,
Wef _ i _Ws _ V\/5
1+W - (W, + W, )-W,

W, '(Ws +We)'Ws
1+W, W, —W, -W, -W,
(1+W1 W, —W,-W, 'W4) Ws
DLW, W, —W, W, W, W, - (W W)W

1+

[Tpumep 24
Jlns cucteMbl ONIpeACIINTh ciieayromue nepeaaTounsie Gynkiuu (I1D):
W F
G L E 2 3 X4 14
W, w; W

a) W, — II® oTHOCHTENBHO BXOJa § M BBIXOAQ Y.
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Peuienue:
CHauana ocBoOOAMMCS OT MEpEeKpecTHhIX cBsi3ei. [lepenecem perynarop
3 mpoTuB Xoja curxana yepes 3seHo W, u cymmarop 2.

[Tomyuum:

/W, W,

F
X 4 Y

Y

3amMeHuM 00paTHOE COEAMHEHUE 3BEHOM
W = Wi = W :
1_Wk 1+W1 'W2
[Tomyuum:

o)
~
rn
w
>
N
~<

W' — W, W,

1/Wi—| W,

3aMeHuM 00paTHOE COCTMHEHHUE 3BEHOM

W' - W' -W, _ W, -W, _
1 ' y W, ‘W, -W
1-— W, W -W 4 "WV " VY3
w, W, w,) 1=
1+W, -W,
_ Wl'Ws
T+W, -W, —W, -W,
[TomyynM 3aMKHYTYI0 OJHOKOHTYPHYIO CUCTEMY:
F
G A~ E X 7 Y
4’9_’ WH M/S
ITepenarounas pyukmus W,,, = Wi
P Y 1w
" . W W
W, =W W, W, =W W, W, =— 2
" o T W

0) Weg — I1® oTHOCUTENBHO BXOJa (J U BBIXOAA X.
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Pemenue:
WXg = Wi = W,, .
1-W, 1+W -Wg

8) Weg — I1® oTHOCUTENBHO BXOAA (J U BBIXOJA €.
Pemenue:
Weg - WH - 1 '

1_Wk 1+W 'W5

2) W,y — I1® oTHOCHTENBHO BXOAA ( U BBIXOAA Y.

Pewenue:
W= Ws
S C R RRVVAR YA

0) W, —I1® orHOCcuTenbpHO BxoAa f u BBIXOHA X.
Penienue:

_ Wi _ -W- -Ws

C1-W o 14WWg

Wit

e) Wy — I1® otHOCHTENBHO BXOna f W BBIXOHA €.

Penienue:
_ WIY _ _W5
1-W,  14+W -Ws

ef

2.6. I'pa¢ cucrembl ypaBHeHUA

I'pad cucrembr ynpaBiaeHuss COCTOMT W3 Ayr u BepmuH. Jlyra
COOTBETCTBYET 3BEHY U Ha CXeMe M300paxaeTcsi OTPE3KOM JIMHUH CO CTPEJIKOM,
yKa3bIBalOUIEH HAaNpaBli€eHUE paclpOCTpaHEHUs CUrHaia. Jlyra HauuMHaeTcs u
KOHYAETCs B BEPILIMHE.

Bepmmna Ha cxeme n300paxkaeTcsi Kpy>KKOM U OIpeessieT IePEMEHHYIO.
Ecnu k BepvHe NOAXOIUT OJTHA Jyra TO OHA ONPEAEISET BEIXOAHYIO BEIUYHHY
nyru (puc. 15a) ecam ke B BEpPUIMHY BXOAST HECKOJIBKO Oyr, TO OHa
COOTBETCTBYET CYMME BBIXOJHBIX MIEPEMEHHBIX 3TUX AYT (puc. 15 0).

52



X W, O Y=WiXo
y=“1 XZ Wh 5
LAV O——=( )y 2= s () yamwie
g Wa e
X
: O Yn=WnXo
a) 0) B)

Puc. 15. I'pad cucremsr

HavanbHas BepiiMHa Ayry ONpeerseT €€ BXOAHYIO MEepEeMEHHYIO (puc.
15 B). Bepmmna rpada, umeromias ToiabKO BbIXOSIINE U3 HEE TyTH, ONpeeseT
BHEIIIHEE BO3/ICHCTBHE U HAa3bIBACTCSI BXOHOM BEpIIMHOM rpada.

[Mocnenosarensuocts ayr Wi, Ws, ... W, (me obs3arensno pasHbix), mis
KOTOPBIX KOHEYHAs BEpIIKHA X; ayru W, sBisercs HayaapHOW BEPIIMHON IyrH
W,.(i=12,..,n—1), HasbBaeTcs OPHEHTUPOBAHHBIM MApIIPYTOM WJIH
opMapuipyToM. OpmapuIpyT, B KOTOPOM BCE JIyTH Pa3HbIC, HA3bIBACTCS IIyTEM
OT HAaYyaJbHON BEPIIUHBI Xy K KOHEUYHOM BEPIIMHE X, €CIU OH HE 3aMKHYT, U
KOHTYPOM, €CJIH OH 3aMKHYT (X U X,, COBIIQJAIOT).

[IyTh ¥ KOHTYp Ha3bIBAIOT MPOCTBIMU, €CIIM BCE BEPIIMHBI Xg,Xp ... X,
paznuuHbl. [IpocToii myTh TakKe Ha3bIBAIOT MPSMBIM ITyTEM.

JIBa KOHTypa Ha3bIBAIOTCS HECONPUKACAIOIMIMMHUCS, €CIIN OHU HE UMEIOT
oOmmux  BepmmH. Tpu, 4eTblpe, © T.J  KOHTypa  Ha3bIBAIOTCA
HECOINPHUKACAIOLIUMHUCS, €clii Jrbas mapa W3 3THUX KOHTYPOB SIBJISIETCS
HECONPUKACAOIIECHCS.

I'pad cucrembr ympaBiaeHHs MOXKHO MOCTPOUTH MO CTPYKTYPHOH cxeMme.
J1J1s1 3TOTO HY)KHO MPOU3BECTH clienyroinee (puc. 16):

1) cymMMaTop ¢ BBIXOJHOM NMEPEMEHHON X 3aMEHUTh BEPIINHOM X;

2) 3BeHO ¢ mepenatouHor ¢yHknmedn W 3amenuts ayroit W; eciau BBIXOAHAsS

NIEpEMEHHAs NOIaeTC Ha CyMMAaTOop MO OTPULIATEILHOMY BXOAY, TO YKa3aHHOE

3BEHO 3aMeHUTh Ayroit —W;

3) KaxIoW TMepeMEeHHOH, B TOM YHUCIE TIEPEMEHHOH, COOTBETCTBYIOIICH
Y ©) Z

g -
1 Wi Y2
O (RO

21

Puc. 16 ctpykTypHast cxema CUCTEMBI YIIPABIICHUS

dopmyJia Meiicona
Omnpenenurenem rpada (moarpacda) Ha3pIBaeTCs nepenarodHas (QyHKIUsS
A, paBHast:

A=1-— Zj wﬂj + Zj,k Wﬂjwﬂk - Zj,k,[ Wﬂjwﬂk Woi s 1)
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31ech B mepBol cymme Wy ; — nepenatounas GpyHKIMs j-20 MPOCTOrO KOHTYPA,

paBHasi MPOU3BE/ICHUIO MEPEIaTOUHBIX (PYHKIMNA TyT, BXOISAIIMX B 3TOT KOHTYP,
U CYMMHPOBAHHE MPOU3BOJUTCS IO BCEM MPOCTHIM KOHTYpaMm; BO BTOPOM
cymme Wy Wy, — mpounssenenne nepenaroynsix Gpynkumii j-2o u k-2o0 mpoctsix

KOHTYpPOB M CYMMHPOBAHHE IPOU3BOAMUTCA IO BCEM HECONPHUKACAIOIIEMCS
mapam  KOHTypoB; B Tpetheil cymme Wy, Wy, Wy, -  mpousseneHue
nepeaTOYHbIX PyHKIUN j-e0, K-20, |-20 MPOCTBIX KOHTYPOB M CyMMHpOBAHHE
MIPOU3BOJUTCS 1O BCEM HECONMPHUKACAIOIIMMCS TPOUKAM KOHTYPOB H T.].

[Monrpadom i-co mpsMOro myTH Ha3bIBaeTCS NoArpad, KOTOPHI
MOJy9aeTcss M3 HMCXOJHOTO Tpada OoTOpacklBAHWEM BCEX YT M BEPIIUH 1-20
NyTH, a TaKXKe BCEX AYr, HAUYMHAIOIIUXCS WIM KOHYAIOIIMXCS Ha BEpIIMHAX
3TOTO MYTH.

[lepenaTounast (GpyHKIUS CUCTEMBI yNPABICHHUS OTHOCUTEIHHO BXOJa X U
BBIXO0/1a Z OIPEAEIISETCS CIEIYIOIIUM 00pa3oM:

W, =27, WA, ®)

rae A — onpenenurens rpada CHCTEMBI YIIPABIICHMS;
W,;— nepenarounast GyHKIUS i-20 MPSIMOTO IyTH OT HAYaILHON BEPIIHHEI
X ¥ KOHEYHOU BEPIINHBI Z;
M - o0111ee YMCII0 TaKUX MPSIMBIX;
A;-onpenenurens nmoarpada i-2o mpsAMOro myTu.

[Ipumep 25.
[Toctpouts rpad u mo Teopeme MelicoHa ONPENENHUTHh MEPEIATOUHYIO
Gynxumro W, cuctemsr:

Penienue:
I'pad cucremsl ynpaBiaeHus MPeICTaBICH HA PUCYHKE:

Ot BepmmHbI § A0 BepIINHBI Y UMEIOTCS 4 mpsiMbIx yTu. [lepemparounsie
(GYHKIMM 3TUX MTyTeH paBHBI:
Woy = Wo * W5 = Wg; Wi, = Wo W, * W;
Wos =Wy = W5 = Wg; W, = W = W, = WG,
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[Moarpad 1-ro myTu COCTOUT U3 BepIivH € u d; 2-ro MyTH - U3 BEPILHUH €,
d u z; moarpad 3-ro myTH ecth mycroi rpad; moarpad 4-ro mMyTH COCTOUT U3
BeplIMHBI Z. I Tak Kak OHUM HE MMEIOT KOHTYPOB, UX OMPEAEIUTEIN PaBHBI
CAMHHUIIC:

AN=1(1=1,23,4).

[Toarpad cucrembl ympaBieHuss HMeeT 4 TMPOCTHIX KOHTYypoB. Ux
nepeaaToyHbie (PYHKIIMU UMEIOT BUJT

Woy = =Wy = W Wh, = W, + W5;

Wos = —Wy = W5 = We; W, = —W, = W, = W

Heconpukacatomuxcss map koHtypoB HeT. I[loatomy mo dopmyne (1)

OTIpeNIeUTENb Tpada UMEET BU/I:
A=1— (Woy + Woy + Wz + Wp,).
Jlist uickomoii epeaatoyHoi pyHKmu noisydaem (o ¢popmysne (2)):
Wor + Wy + W + Wy

va =

A
_ Wo W W + W W, W, + W Wo W, + W W, W
14+ WW, - W, W, + W, W, W, + W W, W,

[Tpumep 26.
[TocTtpouTs Tpad CHUCTEMBI YIPaABICHUS W ONPEACITUTHL IO TEopeMe
Meiicona cnenyroniue nepenatounsie pynkuuu ([1D):

-}

a) W, — I1p otHOCHTENIBHO BXOAA § U BXOJA ).

0)W,.;— I1dp oTHOCHTENBHO BXOAA J M BBIXOJA X.
B) W, — II®D oTHOCUTENBHO BXO/1a M BBIXOJ1A €.
r) W,,¢ — II®D oTHOCHTENBHO BXO/A f u BBIXOMA Y.
) fo — I1® orHOCUTENBLHO BXoaa fu BEIXOma X.
e)ng — [1® orHOCuTENnsHO BXxoxa f 1 BeIxOza €.

Pemmenue:

a) W,, — I1¢p otHOCHTENIBHO BXOAA § U BXOJA ).
I'pad cucremsl ynpaBiieHUsI UMEET BUI:
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Ot BepmMHBI J 10 BEpLIMHBI y UMeeTcs 2 NpsMbIX IyTH. [lepenaTounsie
(YHKIUM 3TUX ITyTE€H paBHBI :

Way = Wy = Wa = W5, W, = Wy = Wy = WE.

Iloarpad 1-ro mytu - mycrtoi rpad; moarpad 2-ro myTH COCTOUT W3
BEpUIMHBI Z. Tak Kak OHM HE UMEIOT KOHTYPOB, UX OINPEACIUTENN PABHHI 1 , T.€
A=1(1=1,2).

I'pad cucrempr ynpaBnenuss umMeer 4 NOpPOCThIX KOHTypa. MHx
nepeaaToyHble GYHKIUU UMEIOT BUL:

Woy = =Wy = Wy, Wy, = Wa = W Woy = —W) = W = W5;

Woy = =Wy = W = .

Heconpukacaromuxcst nap KOHTypoB HeT. [ToatoMy onpenenurens rpaga
MMEET BUL:

A=1—(Woy + Wy + Wz + W) =1+ W, x W, — W, * W, + W, W *

W; + W, = W5 = W

J11st ickoMoi repeaaTouyHON (PYHKITUU TTOTYIHM:
_ War + W,

Mé’ﬂ A
W, =W, =« W; + W, =W, = W5

LW W, — Wy W+ Wy W - W+ W WG < W

0) W,.; — I1d oTHOCHTENBHO BXOAA § M BBIXOJA X.
Ot BepmMHBI § K BBIXOAY X MMeeTCs | MpsAMOW MyTh C NEPEAATOYHOU

byukun W, = W,. Tloarpad sroro mytu coctout u3 Bepuua I, 11, f,yu
HE UMEIOT IPOCTBIX KOHTYPOB TO ero onpenenutens A; = 1. Torma
W.. = Wha*ly _ Wy
X, A 1+Wy =W —Wo =W, + W, = W xWe + W, =W =Wy

B) W,, — [1D oTHOCHTENILHO BXOJa (J ¥ BBIXO/A €.

Pemenne. Or BepmmHBI § K BBIXOAY € uMeeTcsa | TpsiMOil MyTh C
nepeaaToyHon PyHKIuen

W, =1

[Toarpad sroro mytu cocrout u3 BepmmH |, 11, 111, Xy, fu nmeercs nBa
MPOCTHIX KOHTYPA C MepeaaTOUHBIMU (QYyHKITUSIMH
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Woe =—W,«W, u W, =W, *W,. Torna onpenenurens 5>toro
noarpada Oyner paBeH
A=1—-(W, +W, + W, + W) =1+W, =W, — W, = W,.
Torna uckomas nepegaToyHasi GyHKIIHS UMEET BUT :
W ~ Wayx Ay 1+W =W, —W; =W,
= A LW W, — W W+ W e Wk W W e WG < WG
r) W, — I1® otnocurensHo Bxoza f u Beixoza y.

Ot BepmHbl f kK BbIXOmy Y mMeercss | MpsIMOM MyTh C HEPEAaTOYHON

byHKIHEH

Woy = Ws.

[Toarpad atoro myTtu cocrout w3 BepmuH @, €, |, I, X u umeer nBa
IPOCTBIX KOHTYpA € epeNaTOYHbIMU (YHKIUIMU

Wor = —Wy = Woullyy, = Ws = W,

Onpenenutens noarpada 3Toro myTu

Ay=1—(Wy =W, + W = W) =1+W, W, — W, = W,.

Torga uckomas nepenaroyHast GyHKUMS UMEET BU]T :

Way x4y W= (1+W, =W, —W, =W,)
Wy =

A LW x W, — W« W, + W, =W, =W, + W, « W, =W,

) fo — [1® orHOCUTENBHO BXoaa fu BEIXOa X.
Ot Bepmuubl f k BeIXOQy X mMeeTcss 1 mpsiMOM MyTh C IEPEIaTOUHOM
byHKIHEH

W,; = —W; * W, .Tloarpad sroro myru cocrout u3 BepimH o,ll , u He
MMEET MMPOCTHIX KOHTYPOB, CIIEI0BATEILHO, onpeaenuTens Ay =1,
Torpna:
W =M‘;11*ﬂ1= —Ws + W,
" A THW Wy — Wy = Wy + W, = Wo o« W+ W, = Wy = W

¢) W, — I1®d otHocuTenbHO BXona f U BbIXO/Ma € MMEeT OAMH IPSAMON MyTh C
nepenatounoit ynkiuein W,; = —Ws. Tloarpad storo myru cocrour wus
BepvH g, |,X,1lu umeeT 2 mpocThIX KOHTYpa € epeaTOUYHbIMU (QYHKITASIMH

Wy, =W, =Wou Wy, =W, =W, Onpenenurens noarpada sroro
NYyTH paBEeH

Ay=1—(Wy =W, + W * W) =1+ W, =W, - W; = W,.
Torna

Way * Ay —Wox (L+ W, =W, — W, = W,)
W, =

A LW W, — W W, + W < W, = WL+ W, = W, =W,

[Tpumep 27.
[TocTtpouTh rpad cucTEMbl YHpaBIEHUS U ONPEACNIUTh IO TEopeMe
Meiicona ciemyroniue nepenaTounbie (yHKIINN:
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a) Wy, — I1® oTtHOCHTENBHO § U BBIXOAA Y.

0) W, — T1® otHOCHTENBHO BXO/A { U BBIXOAA X.
B) W,; — I1d oTHOCHTENIBHO BXOZIA § U BBIXOJA €.
r) W, — II®D oTHOCHTEBHO BXO/a § U BBIXOZA Y.
1) Ir’l{m — [1® orHOcuTensHO BXxoaa f u BeIxomax .
e) ng — I1® ornOcuTenbHO BXxoaa f u BeIxo/a €.

Pemenue:
a) Wy, — I1® oTHOCHTENBHO § U BBIXOAA Y.

['pad cucremsl ynpaBiieHUsI UMEET BUI:

Ot BepiIUHBI A0 BEPIIMHBI Y UMEETCs iBa MpsaMbIX nyTH. [lepegaTounas

(GyYHKIUS STUX TyTEH paBHBI:
Woy = Wy = W5 = W5, W, = W = W, = W5,

Ilogrpad 1 mytm - mycroii rpadp M HE HMMEET MPOCTHIX KOHTYPOB,
CJIeI0BATEIBHO

A =1.

IToarpad 2 mytu coctouT W3 BepmimH € U | U He HUMeeT MPOCTHIX
KOHTYPOB, CII¢IOBAaTEIbHO, €ro onpeaenutens A= 1.

I'pad cucrembl ympaBieHuss wuMeeT 3 TPOCThIX KoOHTypa. MUx
nepeaaTouHbie PYHKIIUU PABHBI:

Woy = =Wy = Wo; W, = W5 = W;
Wos = —Wp = W = W,

Hecomnpukacatomuxcst nap KoHTYpoB HeT. [loaTomy omnpenenurens rpada
uMeeT BU:

A=1—-(Wy =W, + W =W, — W, =W, ;) =

1+ Wy« Wy — W = W, + W, = W = W5

Jist uickomoii nepeaaToyHol PyHKIIUU UMEEM:

W =I“1‘;11*&1+Wn2*52= Wy = W5 = W5 + W « W, « W

A L+ Wy« Wy — Wy = W, + Wy = Wy = W%

6) W,.; — TI® otHOCHTENBHO BXO/a J U BBIXO/A X
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OT BepmIMHBI § K BEpIIMHE X KMEETCS 2 MPSMBIX IyTH C MePeIaTOYHBIMU
GYHKITUAMMU:

Way = Wy = W3 W, = Wo = W5,

IMoarpad 1 mytu cocrout m3 Bepmmd f, Ill, y 1 He mMeer mpsMBIX
koHTypoB. Iloarpad 2 nyru cocrout u3 Bepmun e, |, f, lll, y u He umeer
MIPOCTBHIX KOHTYPOB, CIIEA0BATEIbHO, OMPEICIUTENh 3TUX ToArpadoB paBHBHI 1,
T.C.

&1=1H&l2=1.
Torna
W _%1*ﬂ1+wnz*ﬂz_ Wy =W + W, « W,
= A T, W, Wy < W, W, Wy < W

B) W, — 1 oTHOCHTENBHO BXO/a § M BBIXO/IA €.
Ot BepmIMHBI ( K BEpIIMHE € UMeeTcs | mpsAMOM MyTh ¢ NEpeAaTOYHOU
byHKIMEH:
Woy = 1.
[Tonrpad sroro myrtu coctout u3 Bepmwme |, I, X, f, lll, y u umeer 2
MPOCTHIX KOHTYPA C NMepeaTOUHbIMU QYHKIIASIMH:
Wor = —Wy =Wy, mWo, = W5 = W,
Onpenenutens noarpada 3Toro myTH paBeH :
Ay=1—(W, =W, + W * W) =1+W, W, — W, = W,.
Tornpa
Woy = Ay 1+W, =W, —W; =W,
A LW, Wy — W = W+ W W W
r) W, — IID oTHOCHTEIBHO BXO/@ § M BBIXOAA Y.

Iﬂ1‘rg=

Ot BepumMHBI ( K BepIIMHE Y UMeeTCA | mpsAMOM MyTh ¢ NEPEAATOYHOU
bynkueir W, = W5, Tloarpad sroro nytu cocrout u BepmuH g, €, I, 1, X u
HMEET 2 MPOCTBIX KOHTYpa c nepeaTOYHbIMU GyHKIUAMEI
Woe = Wy =WouW,, = W5 = W,. Onpenenurens mnoarpaga srtoro myru
paBeH

Ay=1—(Wy =W, + W = W) =1+W, W, — W, = W,.

Torna:

W :%1**511: W= (1+W, =W, —W; =W,)

vt A T+W, =W, — Wy =W, + W, =W, =W,
) M{m — [1® orHOCUTENBHO BXoaa f u BeIXomax .

Ot BepmmHbl f K BepiivHe X ¥Meercs 1 mpsIMOM MyTh C MEPEIaTOUHOM
byHKIHMEH
Woy = —W5 =W =W,
[Toarpad 3TOro MyTH COCTOUT W3 BEPIIMHBI § U HE UMEET IMPOCTHIX
KOHTYPOB, II03TOMY OIIPEAEINTENL 3TOro noarpada pasen 1, r.e Ay= 1.
Torpa:

59



Why =4y —Ws = W, + W,
AT LW, AW, — W s W+ W W W
e)ng — [1® oTHOCUTENBLHO BX0oAa f u BeIXoa €.
Ot BepmmHbl f K BepivHe € uMeercs 1 mpsSMOW IMyTh C MEPeaaTOUHOM

byHKIHEH

W,r =

Idill = _WE'
IToarpad storo mytu coctout u3 BepmuH ¢, x, |, || u umeer 2 mpocThix

KOHTYpa ¢ NepeIaTOYHbIMU (PYHKIIUSIMU
Wor = —Wp =« Woully, =W W,
Omnpenenurens noarpada 3Toro MyTH PaBeH :
Ay=1—-(W, =W, + W = W) =1+ W, =W, - W, = W,.

Torpa:
wo o Wer*Ay WA+ W, =W, —W; = W,)
g &. 1+W1*%_%*M+W1*WE*WE
2.7. AnreOpanvecKkne KPUTEPUH YCTOMYMBOCTH
Teopus.

OCHOBHOE yCIIOBHE YCTOMYMBOCTH: JUIsl TOTO, YTOOBI HENpepbIBHAs
CUCTEMa yIpaBJieHHs Oblja YyCTOWYMBA, HEOOXOJAUMO U JOCTATOYHO, YTOOBI BCE
KOPDHM €€ XapaKTepUCTHUYECKOTO ypaBHEHUS HMEIW  OTPHUIATENIbHYIO
BEILECTBEHHYIO YaCTh.

Ha xoMmmiekcHOM IUIOCKOCTH KOPHH, WMEKLIME OTPULIATEIbHYIO
BEILECTBEHHYIO YaCTh, PAacCIIONararoTCs B JIEBOW MOJYIUIOCKOCTH WU IO3TOMY
Ha3bIBAOTCS JIEBBIMU, KOPHHM, HUMEIOIIME IOJIO)KHUTEJIBHYIO BEIECTBEHHYIO
4acTh, pacrojaratoTcs B MPaBOM MOJIYIJIOCKOCTA M HA3bIBAIOTCS MPaBbIMU, a
KOPHH, PACIOJIOKEHHBIE HA MHUMOW OCU — HeUTpaiabHbIMU. [103TOMY OCHOBHOE
YCJIOBUE YCTOWYMBOCTU MOXKHO C(HOPMYJIHpOBaTh €IIe Tak: JAJI TOrOo 4TOObI
cuctemMa OblJla yCTOMYMBA, HEOOXOAMMO M JOCTaTOYHO, YTOOBI BCE KOPHU
XapaKTEPUCTHUECKOTO YpaBHEHHUS ObLIN JIE€BBIMHU.

Heo6xonumoe ycinoBue yctoitumBocTd. st Toro 4to0bl cucteMa Oblia
yCTOWYMBA, HEOOXOAMMO, YTOOBI BCe KOA(DPUIIMEHTHI €€ XapaKTEPUCTHUECKOTO
ypaBHEHUS

ag* A" +a,* A"+ 4a, =0

OBLIN CTPOTO OJHOTO 3HAKA:

a; >0,a, > 0,....a, >0unna, < 0,a,<0...a, <0.
XapakTepucTHYeCcKOe YyPABHEHUE

Xapakrepuctuueckuid mosimHoM Q(4) (JieBast 4acTh XapaKTEPUCTUIECCKOTO
ypaBaenus Q(A)=0) moaywaercs u3 cobctBeHHoro omeparopa Q(p) mpoctoi
3aMEHOH orepaTopa P Ha KOMIUIEKCHYIO TiepeMeHHyto A. Ecnu maHo ypaBHeHHE
CUCTEMBI YINpaBICHUS B CHUMBOJMYECKOW ¢opme, TO auddepeHanbHbIi
OTepaTop MPU BBIXOJHOW MEPEeMEHHON W OyJeT COOCTBEHHBIM ONEPATOPOM.
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Ecnu mana nepeaarouHas GyHKIHs, TO COOCTBEHHBIH omepaTop (C TOYHOCTHIO
710 0003HaYEHHS IEPEMEHHOM) COBITAIAET C €¢ 3HAMEHATEIIEM.

I[pu uccaemoBaHNuK 3aMKHYTON crcTeMbl (prc. 17 a) HeT HEOOXOAUMOCTH
HAaXOJMTh €€ MepeaaTOYHyI0 (DYHKIIMIO, €CITH U3BECTHA MepeaaTouHas QyHKIHs
W(p)=R(p)/S(p) pazomkuyTO# cuctemsl (puc. 17 0)

.

g W _f % B =L

a) 0)

Puc. 17. 3aMKHYyTbBIE ¥ PAa30MKHYTbIE CHCTEMBbI

b

Ee cobcTBennblii omepatop Q(P) paBeH cyMMe ONEpaTOPOB YHCIUTEISA U
3HaMEHaTeJs nepesaTouyHoOu GyHKIMH Pa30MKHYTOMH CUCTEMBI:
Q(p) = R(p) + S(p).

[Ipu npoBeneHHs  UCCIENOBaHUS  yCTOMYMBOCTH C  IIOMOIIBIO
anreOpanvyeckux  KpUTEpUEB  CJENYeT, OpeXxae  BCEro,  3alucaB
XapaKTEPUCTUYECKOE YpaBHEHHE, IPOBEPUTH BBHIINOJHEHHE HEOOXOAMMOIO
YCIOBUSl YCTOMYMBOCTH, TaK KakK €ro IpoBepka HE TpeOdyeT HHUKAKUX
BBIUMCJIICHUM M B TO K€ BpEMs IpPHU €ro HEBBINOJIHEHWU HE HAJ0 MPOBOJUTH
AJIbHEUIIINX HUCCIICIOBAHUM.

Onpenenurenn ['ypuma. M3 ko3((HUIMEHTOB XapaKTEPUCTHUYECKOTO
MOJTMHOMA

Q)=ap* A" +a; * A" 1 + -+ a,.

CocTraBuM onpeaenuTenb N-20 MopsIKa CIeAYIOIUM 00pa3oM:

a, az; ds

a, a, a, .. 0
ﬁ'ﬂ: O ﬂ,l ﬂ-g i D

0 0 .. .. as

Ha rynaBHO# auaroHasu BBIMUCBIBAIOTCSI 3JEMEHTHI Ay, Q5 ... A,. 3aTeM,
JIBUTAsICh OT 3THUX AJIEMEHTOB BBEpX, MOMEIIAIOTCS KOA(P(PUIUEHTHI B OPSAKE
BO3pacTaHus WHAEKCOB, BHU3 — B IMopsaake yOwBanus. Hanpumep, mpu
HOCTPOCHUH 1-TO CTOJOIA, JBHUrasCh OT 3JEMEHTAa @; BBEPX, 3alHCHIBAIOTCS
k03P PHUIHUEHTH A;yq, Aiya, .., BHU3 — KOOPPHUIUEHTHI O;_1,d;_5, ... [Ipu 3TOM,
€ClIi MHJAEKC TMPEBBIIAeT N WIM NPUHUMAET OTPHUIATEIbHOE 3HAYEHHUE, TO
BMECTO COOTBETCTBYIOIIETO KO3(p(PHIIMEHTa 3aIUChIBACTCS HYJIb.

Omnpenenurens A, 1 ero riaBHbIC MUHODBI
a, Qa; das

agl A= la, a, a
a,|Bs=|%0 %2 Qs
0 a, a;
Ha3bIBaeTCs onpeaenureneM [ ypsuiia
Kputepun ['ypuna (Hurwitz, 1895). [lnsg Toro 4roObl cuctema OblLia
yCcTOHYHMBa, HEOOXOAMMO M JOCTAaTOYHO, YTOOBI BCe ompeaenutenu [ypsuia,
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COCTaBJICHHbIE U3 KOA((PUIIMEHTOB €€ XapaKTepUCTUYECKOr0 YpaBHEHHUS, MpU
@y = 0 Opuu Goubie 0.
a, = 0,A,>0,A,=0,..,A,,=0.

Kpurepun Jlsepua-lllunapa (Lienard, Chipard, 1914). [Ipu BeimoHEHUH
HeoOxoaumoro ycnous ag = 0,ay > 0,...a, > 0 mia ycToMuuBOCTH CHCTEMBI
ympaBiaeHUs] HE0OOX0IUMO U JOCTATOYHO, YTOOBI Bce ee onpenenutenu ['ypsuia
C YETHBIMM HHJIEKCAMHM WJIM BCE €€ ompeaenutenud ['ypBuiia ¢ HEYETHBIMU
uHIeKcaMu @y > 0 GBUTH MOI0KUTETBHBIMU

A= 0,A,> 0,A,> 0 ... (3a)
17001
A= 0,A;> 0,A,> 0 .. (306)

JUisi yMEHbBIIEHHsS] BBIYHMCICHUW 1eJeco00pa3H0 NpPU HEYETHOM N
UCIOJIB30BaTh ycioBue (3.1 a), a mpu HeueTHOM N-ycioue (3.1 0).

Breimumiem HeoOXoauMble W AOCTATOYHBIE YCIOBHUS YCTOWYHUBOCTH IS
n=1,2,3:

n=1: a, = 0;

n=2:a, = 0,a, =0,a, > 0;

n=3:a, > 0,a, > 0,a, > 0,a; = 0,A,=a,*a, —az*a; > 0.

[Ipumep 28.
[lepenarounas QpyHKIMSI pa30OMKHYTON UMEET BUJ]

) = o sprrapsr K502

HccenenoBarh yCTOMYMBOCTh PA30MKHYTOM M 3aMKHYTOW CHCTEMBI.

Pemenue:
XapaKTEPUCTUYECKUIN TTOJIMHOM Pa30MKHYTOW CHCTEMBI UMEET BU/L:
R(p)
W(p)=, oy = Q@) =p* +0,5p> +4p+ 1.

@+ 0,5¢% + @4 + 1.

Bce koaddutinenTs 00bIne HYIIS:

a,=1>0,a,=05>0,a,=4>0,a;,=1=0.
A=a,a,—a,a;=05*4—-1+«1=1=>0.

CrnemoBareiabHO, IO HEOOXOAMMOMY U  JIOCTATOYHOMY  YCJIOBHIO

ycrounBoctd mpu N=3 (mo kpureputo Jlbenapa-Illumapa) pa3zomkHyTas

. R(p) o
cucrema ycroiuua. Ecmm W(p) =2 [1® pa3oMKHYTOH CUCTEMBI, TO

Q(p)=R(p)+S(p) — mns 3aMKHYTOM CHCTEMBI. XapaKTEPUCTHUCCKUI MOJTUHOM
3aMKHYTOM CHCTEMBI:
Q@)=a® +0,5*a’ +4*a+1+k.
ITpu k=0,5 nmeem:
Q@)=a®+05+a*+4*a+1+05=a’>+05*a*+4+a++1,5;
a,=1>0,a,=05>0,a,=4>0,a;,=15>0
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A=a,a,—a,a;=05*4—-1+«15=2-15=05=>0,
clieioBaTeNbHO 1Mo Kpurepuio JIbepHa-IlIumapa 3aMKHyTasi cCUCTEMa TPH
k=0,5 ycroitunba.

[Tpu k=2 umeem:

Q)=a*+05b+a’*+4*a+1+2=a*+05*a’ +4+a+ 3
ap=1>0,a,=05>0,a,=4>0,a,=3>=>0;u
A=a.a,—aya;=05+4—-13=2-3=-1<0,

ciemoBarenbHo 10 kputeputo JlbepHa-lllunapa 3amkHyTas cucrema
HeycTOWYHBa Ipu K=2.

[Tpumep 29.

C momorpio kputepusi ['ypBHIla HCCIIEAOBaTh YCTOWYHUBOCTH CHCTEM
yYpaBHEHHUS, Y KOTOPBIX XapaKTEPUCTHYECKOC YpaBHEHHE HMMEET CIICAYIOIIUi
BUJI:
aa*+3*a*+h*a’+7*a+4=0.

Pemienue:
a,=1>0,a,=3>0,a,=5,a,=7>0,a,=4>>0.
HEOOXOMMOE YCIOBHE YCTOWYMBOCTH BBIITOJHSIETCS.
CocTaBHM OIPEICITUTEND 4-T0 MOPSIKA

a, az 0 03 7 0 0

Ao|® 2 a Ol_ln 5 4 0

10 a, a; Of|0 3 7 of

0 ay a, asl 10 1 5 4

I’ naBHBIC MHUHOPBLI HMCIOT BH.
A=a,=3>0
a2=|3; 32|=a1a2—a0a3=3*5—1*?=15—?=8}{],
a, a; 0 3 70
A= |ap a; as|=|1 5 4|=3*5*7+7*4*0+1*3*0-

0 a, a; 0 3 7

(5*0*0+3*4*3+1*7*7) = 3*35-3*4*4-1*7*7=105-36-49=20>0,
a; az; 0 0 3 7 0 0

* 10 a;, az O |0 3 7 0 {]3?_
0 a, a, a, 01 5 4

=4+=20=80=0.
Tx. ap; > 0uA;>0,A,> 0,A;>0,A,=> 0, 1o cucrema no kpurepuo ['ypsuia
YCTOMYHBA.
o)a*+4*a*+3*a*+bxa+4=0.
Pewenue:
a,=1>0,a,=4>0,a,=3>0,a;,=5>0,a,=4>0;
HE0OXO0MMOE yCIIOBUE YCTOMUYNBOCTHU BBITIOJTHAETCS.
CocrtaBuM onpeaenuTens 4-ro NopsaKa:
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a, az 0 0 4 5 0 0
5=a0aza4ﬂ=1340
10 a;, ay O 0 4 5 0f
0 0 a, a, 0 0 3 4
['71aBHBIE MHHOPBI UMEIOT BHI
&1=a51=1}{],
a; as 4
ﬂ2=|a0 a2|=|1 3|=4x3—1*5=?::0,
a, a; 0 4 5 0
A= |a, a, ag{=|1 3 4|=
0 a, a; 0 4 5§

=4*3*5+4*5+x0+1+4+0—-(0+*3*0+4+4x4+1+5%5)=
= 12*5-4*16-25=60-64-25=-4-25=-29<0,
CJIEI0BATENBHO, 0 KpUTEPHIO | ypBHIIAa CUCTEMA HEYCTOMYMBA

[Tpumep 30.
HccnenoBaTh yCTOMYHUBOCTH CUCTEM YIIPABJICHUS, KOTOPBIE OMMCHIBAIOTCS
CJIEIYIOIMMU ypaBHEHUSAMU (Y - BBIXOJ, U - BXOJ ):
d 4« Fud Fx 3ued 2« 3xdx d+u
a)dtf dt3y+ dtzy—l_ dty-|—2>+:y:¥-|—3>+:u
Pemienue:
p- onieparop nudPepeHInpoBaHus
(p*yv+3=py+3+p?y+3+p+2+y)=p*u+3=u,
(P*+3*p*+3*p? +3*p+2)y=(@+3)u
p+3
wip) = pA+3ep3+35p2 +34p+2°
XapakTepuCTUICCKUN TTOJITMHOM CHCTEMbI YPaBHCHHSI IMEET BUI:
at+3+a*+3*a*+3*a+2;
a,=1>0,a,=3>0,a,=3>0,a;=3>0,a,=2 >0,
T.e. Bce Kod(hduimeHTsl OoJibllie HyJIs (OAHOTO 3HAKa), CIEI0BATEIBHO,
HEO0XO0IMMOE yCIIOBUE YCTOMYUBOCTH BBITIOTHSACTCS
nN=4 — 4-oii cTeneHu MOJIMHOM
A=a,=a,=32>0,

a, az das 3 3 0
Ayj=1|0p @z Qul=|1 3 2|=3*3*3+3*2*0+1*3*0-
0 a a 0 3 3

-(0*0*3+1*3*3+3*2*3)=21-9-18=0,
=> 110 T. JIbepHa-Illunapa cucrema Heycrounsa
d*sy  4=d?sy  Txd®sxy  8xd

\ ¥ —
6)dt4+ 203 + 22 + o +4*y=3u

Pewenue:
HuddepeHnmanpHblii oniepaTop NpPH BBIXOJHOW TEPEMEHHOU SBISETCA
COOCTBEHHBIM ONIEPATOPOM, T.€
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Qp)=p*+4*p*+7*p*+8*p+4.
Xapakrepuctrndeckuit moauHoM Q(@) (JieBast 4acTh XapaKTEPUCTHICCKOTO
ypaBHeHus Q(a)=0) mosrydaercs m3 cobcTBeHHOro ormeparopa Q(p) 3amenHoi
orepaTopa p Ha KOMILICKCHYIO TIEpEMEHHYIO .
XapakTepUCTUICCKUI MTOJTMHOM CUCTEMBI YPaBHCHHUS HMEET BH/I:
at+4+xa*+7+a’?+8*a+4.
a,=1>0,a,=4>0,a,=7>0,a;,=8=>0,a,=4 >0,
CJIEIOBATEILHO, HEOOXOIUMOE YCIOBUE YCTOMUYNBOCTH BBITIOHSICTCSI.
N=4 — 4-51 cTeneHp XapaKTEPUCTUYECKOTO MOJTMHOMA.
a; dz ds 4 8 0
A;=10p Az Q4|=|1 7 4|=4+*7+=8+8=4=0+
0 a; asl [o 4 8
+1*4*0-(0*7*0+1*8*8+4*4*4)=28*8-64-64=224-128=96>0 =>
=> 110 T. JIbepHa-lllunapa cucrema yCToM4nBa.

[Tpumep 31.
HccnenoBath yCTOMYMBOCTD 3aMKHYTBIX CHCTEM TIPH  CIEAYIOIIHUX
nepeaaToyHbIX QYHKIUIX PA30MKHYTOM CUCTEMBI:

2+5%+3%5+1
) 5¥+4253 +52 422543
Pemienue:
2+524+3%5+1
Wi(s) = ] y
(s) 4 14253 152 D05t 3 I1® pa3soMKHYTON CHCTEMBI
R(s)
Wi(s) =
(s) = ©)
Torma Q(S) — COOCTBEHHBI ONEPATOP 3aMKHYTOM CHCTEMBI OINPENESIETCS
PaBEHCTBOM:

Q(s) = R(s) +5(s)
0(s)=2+s>+3*s+1+s*+4#s3+s?+2*s5s+3=
=s*+4%5®+3+52+5%5+4 — coOCTBEHHBII ONMEPaTOpP 3aMKHYTOIl
CUCTEMBI.
XapakTepUCTUUECKUN MTOJIMHOM 3aMKHYTON CHCTEMBI.
Qla) =a*+4*a>+3*a’+5+a+4
a,=1>0,a,=4>0,a,=3>0,a,=5=>0,a,=4 >0,
N=4 — 4-51 cTeneHb XapaKTEPUCTUUECKOTO MOJTUHOMA.
a; az; Qas 4 5 0
Ay=|Qp Q2 GQ4|=|1 3 4|=4*3*5+5*4*0+1*4*0-
0 a; a; 0 4 5
-(0*3*0+5*1*5+4*4*4)=60-25-64= -4-25= -29<0 =>
=> 110 TeopeMe JIbepHa-Illunapa cucrema HeycTon4ynBa.
6+5°+0%5+9
0) W(s) 54 +5%53+5%52+10+5+9
Pewenue:
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R(s)
wis) =52,
Q(s) = R(s) + 5(s),

Q(s) =6*5>+9*5+9+5*+5+5*+5%52+10*s+9=

=s*+5*5*+11*5?+19*s+ 18 — coOcTBeHHBII  omeparop
3aMKHYTOW CHCTEMBI.

XapaKkTepUCTUUECKHUI TTOJTMHOM 3aMKHYTOM CHCTEMBI:

a)=a*+5+a* +11*a? +19*a + 18,

a,=1>0,a,=5>0,a,=11>0,a;=19> 0,a, =18 = 0,

N=4 — 4-5 cTeneHp XapaKTEPUCTHYECKOTO MHOTOYJIEHA.

a, dz; as 5 19 0
A= |0y Q3 =|1 11 18|=5*11*19+0*18*18+1*5*0-
0 a a 0 5 19

- (0*11*0+5*5*18+1*19*19)= 1045-450-361= 234>0 =>
=> 110 Teopeme JIbepHa-Illunapa cucrema ycronuuba

[Tpumep 32.
C nomouipto KputepueB ['ypBulla UCCAEAOBATH YCTOMYMBOCTH CUCTEMBI
YpaBHEHHUS, Y KOTOPOI XapaKTEPUCTUUECKOE YPAaBHECHUE UMEET BU;
at+4+a*+5*xa’*+7+xa+3=0.
Pemenue:
ap,=1>0,a,=4>0,a,=5>0,a,=7 =>0,a, =3 > 0=>
=> HEe00X0IMMOE YCJIOBUE YCTOMUMBOCTH BBITIOJIHSIETCS.
CocTaBuM onpeaenurelb 4-ro mopsaKa:
a;, a; 0 0 4 7
ﬂq‘:aﬂ a, a, 0 _[1 5
0 a, a; 0O 0 4
0 a, a, a, 0 1
['maBHBIE MUHOPBI UMEIOT BUJL:

ﬂl—(Il:‘l':“—‘-‘D
| | —aya,=4+5—1+7 =13 > 0,

W o o

0
3
7
5

a, 4 ?' D
A= |ag a2 as|=11 5 3|=4*5+«7+0+«7+*3+1*4+0—
0 a, a, 0 4 7
-(0*5*0+1*7*7+4*4*3)=140-49-58=140-107=33>0,
L5 3o ,[t7 0
A= =3=|1 5 3|=3*33=99>0.
0 4 7 0 0 4 7
0 1 5 3

Tk ap=1>0uA;,A,,A; mAyBce > 0, To mo kpureputo I'ypsuiia
CHUCTEMA YCTOMYMBA.
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[Tpumep 33.
HccnenmoBaTh  yCTOMYMBOCTH  CHUCTEMBI  YPaBHEHHS, ONUCHIBAEMOMN

ypaBHeHHEM (Y- BBIXOJ, U- BXON):

d*ey  Sed¥sy  GxdZsy | 12sdy
n =+ —+——+10*y=7=*u,
dt* di? dt? dt

Pewenue:
HuddepeHurupyeMblii onepaTop MpH BBIXOJHOW MEPEMEHHON YSBISETCS
COOCTBEHHBIM ONEPATOPOM, T.€:
Qp)=p*+5*p*+6+p*+12+p+ 10.
XapakTepUCTUUECKHUI TOJTMHOM UMEET BUJL!
Qla) =a*+5+a*+6=a?+12=a+ 10.
a,=1>0,a,=5>0,a,=6>0,a,=12>0,a,=10= 0.
CJIEI0BATEIBHO, HEOOXOUMOE YCIOBHUE BBIMOIHAETCS.
N=4 — 4-51 cTeneHb XapaKTEPUCTUYECKOTO MOJTMHOMA.

a, a; as 5 12 0
Ay=10p Az Au|=|1 6 10|=5#6+12+0*12+10+
0 a; a 0 5 12

+1*5*0-(0*0*6+5*10*5+1*12*12)=360-250-144=360-394=-34<0, =>
=> 110 T. JIbepHa—1llunapa cucrema yrpapiieHUs] HEYCTONYMBA.

[Tpumep 34.
HccnenoBare yCTOMYMBOCTD 3aMKHYTOW CHCTEMBI IIPU  CIEAYIOIIEH
nepeaToOuHON PYHKIIMKU pa30MKHYTOM CHCTEMBI:
2+*s*+3+s5+5

W(Sj=s4+5*53+5*52+2*5+1
Pemienue:
__ R(s)
W(S) - 5(5}1

Q(s)=R(s)+5(s);

QB)=2+5*+3*s+b+5*+b*s3+b+5?+2*s+1=
=s*+5*5*+7*s”+5+*5+6 - coOOCTBEHHBI! OIEPATOP 3aMKHYTOM
CUCTEMBI.
XapakTepUCTUUECKUAN MOJIMHOM 3aMKHYTOM CUCTEMBI:
Qla)=a*+5+a*+7*a*’+5*=a+6
ap=1>0,a,=5>0,a,=7=>0,a,=5=>0,a,=6 > 0=>
=> He00X0IMMO€ YCJIIOBUE YCTONUYMBOCTH BBITTOJIHSAETCS.
N=4— 4-51 cTeneHb XapaKTEPUCTUYECKOTO MHOTOUICHA.

a, a; 0 5 50
&3: ag az aq,: 1 T 6:5*T*5+5*6*D+1*5*D_
0 iy dg 0 5 5§

- (0*7*0+5*6*5+1*5*5)=35*5-5%6*5-25=175-150-25=0 =>
=> 110 TeopeMe JIbepna—Illumnapa cucrema HeycronyuBa.
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2.8. HacTOTHbIE KPUTEPUH YCTOMYMBOCTH

Kpurepnii Haiikeucra (Nyqvist, 1932). Jlng Toro 49roObl 3aMKHyTas
cuctemMa(C OTPUIIATEILHON 0OpAaTHOM CBSI3bIO) ObLIA YCTOWYMBA, HEOOXOIUMO H
JIOCTaTOYHO, YTOOBI aMIUIUTYAHO-(pa3oBas yacToTHas xapakrepuctuka (ADUX)
Pa30MKHYTOW CHUCTEMBbI OxBaThiBaia |/2 pa3 B MOJOKHUTEIBHOM HalpaBJICHUU
Touky (-1, jo), Te | — 9rcio mpaBbIX KOPHEH XapaKTEPUCTHUECKOTO YPaBHCHHS
Pa30MKHYTOM CUCTEMBI.

Ecmu  pasomknytas cuctema ycroiumBa(l =0), mias yCTOWYHMBOCTH
3aMKHYTOM CHCTEMbI HEOOXOJUMO M JOCTaTOYHO, 4T0Obl ADUYX pazoMKHYTOMH
CHCTEMBI He OXBaThIBaja TOUKY (-1,]o).

Cinydyall Hamuuusg HyJEBBIX KOpHEW. Ecim  XapakTepuCcTHYECKOe
yYpaBHEHUE PA30MKHYTO CUCTEMbI UMEET HYJIEBbIE KOPHHU, T.€ €€ MepeJaTOuHas
(GyHKUIHSI MOXKET OBITh IIPE/ICTABIIEHA B BUJIE

W) =~ Wo(@) Wo () =1,v21,

o ADUYX nmpu ® — 0 yxomaut B OeckoHedHOCTh (puc.18). B atom ciydae
ADUX nomonHseTcs ayrod — v(m/2) okpykHOCTH OOJBIIOrO paaumyca (Ha
puc.3.3 - myHKTHpHas JuHUA). WM A5 yCTOWYMBOCTH 3aMKHYTOW CHUCTEMBbI
JIo/bKHA oxBaThiBaTh /2 pa3s wium npu |=0 He oxBateiBath TOUKY(-1,j0)
nonosiHeHHass ADUX

M(w)

U(w)

[Tpumep 35.
HccnenoBare yCTOMYMBOCTD 3aMKHYTOW CHUCTEMBI, €CIIA NEPEAATOYHAS
(GyHKUHS pa30MKHYTOM CUCTEMBI UMEET BUI:

a) W(p) = —.
Penienue:

YactoTtHble mepenatoyHas (GYHKIWS W BEHIECTBEHHAs HW MHUMAas
GyHKIIUA UMEET BU/L;

r—1

5  5(—jw+1)

W(w) = o1 Tt ol U(w) + iv(m]’
5
Ulw) =~ 1+w?
50
Vie)=- 1+ o?



Hns noctpoenuss ADPUX Hy»XHO ONPEAEIUTh KOOPJAWHATHI TOYEK €€
MIEPECEUEHUs] C OCSAMU KOOPJIWHAT M COEAUHUTH 3TH TOYKHU IJIABHOW KPHUBOM.

Heo0xomumpie pacueTHbIC JaHHBIE UMCIOT B/
0 0 0< w<oo 0
U(o) 5 <0 0
V(o) 0 <0 0
Ha ocnoBe 3tux nanueix noctpoum AOYX:
V(w)
-5 o Viw)

S

B

3aMKHyTasi cucteMa yctonumBa, T.K. |=1 u ADYX oxBarsiBaeT TOYKY (-
1,j0) 1/2 pa3 B MOJOKHUTEILHOM HAIIPaBJICHHH.

10

OWE) ="
Pewienue.
Pewienue.
10 10 1ﬂ(1—3m2—j(3m—m3])
ng]: . = . 2 ] =
(o+1)P —jo’-30"+3jo+l ((A-30?)*+@Bo—0?)?
10(1 - 30%)
V) = 3302+ Go—o3y’
100(3 — @?)
V(o) =—

(1-30?)*+ B30 —w?)?’
® ot 0 10 +oo
PacuerHble 1aHHBIE UMEIOT BU/I:

V3

o>V 3

® 0 0< 0<1/V3 W3 | 1N3<0<3 o0
Uw) | 10 >0 0 <0 1,25 <0 0
V(o) 0 <0 6,6 <0 0 >0 0

ADPYX nmeer BULI:




Vw)

-1,25 10, Viw)

_si

3aMKHyTass CHUCTeMa HCEYCTOWYMBA, T.K. pA30MKHyTas CHCTeMa
ycroiunBa(l=0), a A®YX oxparbiBaeT To4Ky(-1,j0).

W(s) s+1
g) =
B) s*+ 257 +s+ 1.
Penienue.
o+ 1 o+ 1
W(jo) =— ’mj. . = — e . =
(o) +2(jo)P +jo+1 —jo?-20°+jo+1
B jo+1 _ o+ 1)(1-2e’—j(o—-?))
T 1-204j(o—0%)  (1-209)%+ (0 — 0)?

_jo—2joxe?—j’o(0—0®)+1-20°—j(o — o)
a (1—20%)?+ (@ — @3)?
_jo—2jo’+e(o—0’)+1-20—j(o— o)
a (1—202) + (0 — @?)?
_o@—0)+1-20"+j(0 - 20° — (0 — %))
a (1—202)? + (0 — ©)?
o' —e*+1-2e"+j(0—20° -0 +ae?)
a (1—202)%+ (0 — ©3)?
o’ —o*+1+j(-0°)
(1 -202)2+ (0 — 03)?

Ul — 1 - o?— ot

@) = a2+ @092

3

o)
(1-20%)*+ (0 — 0?)?
(1-20%)°+ (0—w?)*=0,

Vi) =—

1—2w® =0, w— o =0,
202 =1, O(—o? +1) =0,
w? =2 1—w? =0uwmon=0,
2
®=+— o= +1,
V2
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PacueTHbIC aHHBIE UMEIOT BU;

® 0 0< 0<1V/2 N2 | IW2<o<t | L | 01 | @
U(w) 1 >0 2 <0 1 <0 0
V(o) 0 <0 24/2 <0 1 <0 0
1 1 2
-1
22
Pemienue.
. jo+5 jo+5 jw+5
W(jo) =

U(e)

(W)? +2(jo)? + jo  —jod— 20 +jo  —20%+ (o — o)
(jo+ 5)(—20 — j(o — ©?))
4o* + (0 — @3)?
—2jo*— 100 — j?o(o — 0?*)— 5j(o— 0?)
4o* + (0 — @3)?

—100* + ®* — 0* — 2jo® — 5j(o — 0?)

4o* + (0 — ©3)?
—100* + ®* — 0* — 2jo® — 5jo + 5j?

4o* + (0 — @3)?
—0* — 90’ +3jo’ —5jo  —0’(0’+9)+ (B’ - 5a)

4o* + (o0 — 03)? N 4o* + (0 — ©3)?

—o?(@* + 9) —o*(0* + 9) —0*—9
40 + (0 — 0°)  4o*+0’(1-02)? 402+ (1-02)?
30® - 5o 30 —5
V(o) =

40t + (0 —0%)? 40’ +o(l-0?)?
4o*+ (0 —0*)?* =0

4p* =0, (0—@*)2=0,
®=0 o—o®=0,
o(l—w?)=0,

w=0umuon=+1,

PacueTHbie JaHHBIC UMCIOT BH !

® 0 0< <l 1 o>1 00
U(w) -9 <0 -25 <0 0
V() 0 <0 -0.5 >0 0
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V(w)

XapakTepuCTUYECKUN MHOTOYJICH UMEET BUL:
QO =27 + 207+,
22 +207+4=0,
MOZ+ 20+ 1) =0,
h=0um)*+2L+1=0,
)y = —1 mpapwx KOpHeHHeT == e = (.
Nwmeercs HyneBoil kopeHb. [IpeacTaBuM nepenatouHyo QyHKIUIO B BUJE
W(s) =i W, (s),W,(0)=1,v=>1.

Torna
W s+5 s+5 _
(S]sa +2s24s si(s2+2s+1)
W(s)=s*+2s+1W,(0)=1,v=1
T.x e=0 u A®UYX otkionenus ayrout: v(n/2)= — (n/2) okpy>XHOCTH OOJBIIOTO
panuyca oxBaThiBaeT TOUKY (-1,j0),To cucTeMa HEYyCTOWYHBA.
[Tpumep
UccnenoBath yCTOMYMBOCTH 3aMKHYTOM CHUCTEMBI, €CJIM IE€peaaTOYHAas
GyHKIUS pAa3OMKHYTON CUCTEMBI UIMEET BHI:

W(s) 2s +1

g1 =

s34+ 352 +5+2

Penienue.

‘ 2jo+1 2jo+1

W(jo) =— _ , =— .
(jo)* +3(o)+jo+2 —jo*—-30’+jo+2
B 2jo+1 _(2jm+1)(2—3m2—j(m—m3])
T 2-30*+j(o—03) (2—-30%)2+ (0 — ®3)?

4jo+ 2 —6jo® — 30® — 2j%0(o0 — 0®) — j(o — 0?)
B (2—302)2 + (0 — ©?)?
4jo+2—6jo* — 30 + 20(0 — 0*) — j(o — 0?)
- (2—302)? + (0 — ©?)?
2—30°+20° - 20*+j(40o— 60° — 0+ 0?)
- (2 —30%)? + (0 — ©?)?
2—w?—20*+j(3o—5n?)
T (2-302) + (0 — @%)?
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2 — 0 - 20*
(2 —-30?)* + (0 — @?)?
3o — 5 |
(2 -30%)*+ (0 — @?)?
(2—-30*)* +(0—0)*=0,

U(w) =

V(e)=

2— 30 =0, w— =0
30t =2, o(l—w?)=0,
o2 = 2 w=0umwn=+1

=2
M= i\fE.

PacueTHbIe JaHHBIC UMCIOT BHU .

@ 0 0< (D<‘u“§ w..“rg w.,“rE <m=1 1 o>1 0
U(w) 0,5 >0 6 <0 1] <0 0
V(o) 0 >0 SR <0 2 | <0

iV(w)
-1 0.5 6 U(w)
N
o
2

XapaKTEpUCTUYECKUI MHOTOUYJIEH PA30MKHYTOM CUCTEMBI UMEET BU:

Q) =2 +30 7 +0+2

2 +307+3+2=0

[TpaBeIx kopHE# HeT, =>, |=0.

ADUX He oxBaThiBaeT Touky (-1,j0).

CrnemoBartesbHO, pa3oMkHyTas cucrtema yctonumBa(l=0) m T.x. ADUX
Pa30MKHYTOH CHCTEMbI He OxBaThiBaeT TOYKy (-1,J0), TO 3aMKHyTas cucTema

YCTOWYHBA.
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3AK/TIOYEHHUE

OCHOBBI TEOpUU YIIpPABIECHUS SBISIOTCA OJHOM W3 HamOoJiee BaKHBIX
OOIIETEXHUYECKUX JIUCUUIUIMH, W3y4eHHE KOTOpOMl omupaercs Ha psij
byHIaMEHTAIbHBIX 00111e00pa30BaTEIbHBIX U OOIIETEXHUUECKUX JUCITUTUTUH.

OcHoBHas 3a7aya JaHHOTO Y4YeOHOro METOJUYECKOro  IMOCOoOUs
3aKJII0YAEeTCsl B TOM, YTOOBI Ha KOHKPETHBIX MpUMEpax M 3a7avyax Hay4HTb
CTYJ€HTa MPAaKTUYECKOMY MCIOJIb30BAaHUIO IPHUEMOB U METOJOB, TPUMEHSIEMBIX
IIPU AHAJIN3€E U CUHTE3€ CUCTEM aBTOMATHUYECKOIO YIIPABICHUS, KOTOPBIE UMEIOT
TECHYIO CBSI3b C DJICKTPOHHMKOM, JJIEKTPOTEXHUKOW, MAaTeMATUKOW W JIPYTMMH
pasziesniaMu HayKy U TEXHUKHU.

PaccmatpuBaembie  BOMPOCHI  SBISIIOTCS  HamOoJjiee  OOMMMHU U
XapaKTepU3yIOT C E€OUHBIX IO3UIMN IMPOLECCHl, MPOUCXOMSIINE B CHCTEMAax
aBTOMATHUYECKOTO YIPABIICHUS U PETYIUPOBAHMSL.

HeoOxoaumocTh BHEApPEHUST M PA3BUTHE CUCTEM aBTOMATHYECKOIO
yIPaBJICHUS CIIOCOOCTBOBAIN CO3/IaHUIO OTHEIBHOIO HAyYHO-TEXHHUYECKOIO
HaIpaBJIEHUs, KOTOPOE BKJIIOYAET JIEMEHTHYIO 0a3y, TEOPETHUECKHUE BOIIPOCHI
aHallu3a W CHHTE3a, BOIPOCHl IPOEKTUPOBAHUSA U obOecreueHus TpedyemMoit
HA/IEKHOCTH.
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