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BBEJAEHHUE

JUist  CTYylIeHTOB 3a04HOM (POPMBI CaMOCTOsITENbHAs padoTa SIBISIETCS
HEOTHEMJIEMOM YacThl0 Y4YEOHOTro IMpollecca MU 3aKI04YaeTcss B TOM, 4YTOOBI B
MeHCCeCcCUOHHbIU  TIEPUOJ, U3YUWUTh MaTepHal IJUCHHUIUIMHBI MO Yy4eOHUKaM,
y4eOHO-METOJIMYECKUM  IOCOOMSIM, C  HCIOJB30BAHMEM  BJIEKTPOHHBIX
o0pa3oBaTenbHBIX pecypcoB. Ha ocHOBe M3y4eHHOr0 MaTepuana CTYJIEHT JOJIKEeH
BBITIOJIHATH NTUCbMEHHBIC 3a/IaHUS: KOHTPOJIBHBIE PAOOTHI 1 KypCOBYIO paboTy.

B xonme usyueHus nucuuiuidHbl Teopusi aBTOMATHYECKOTO YIPaBICHUS
MIPEAINOJaraeTcs BBIMOJTHCHUE CTYJAECHTAMU 3a09HOW (DPOPMBI IMSITH MHCHMEHHBIX
KOHTPOJIbHBIX PadoT.

KoHTposbHbIe paO0Thl 0XBaTHIBAIOT OCHOBHBIE Pa3/Ieibl JUCIUTUIUHBI.

Koumponvnasa paboma Nel. Bpemennvie u yacmommsie XapaKmepucmuku
anemenmos aunetinvix CAY.

Koumponwvnas pavoma Ne2. Ycmoriuueocmo nunetinvix CAY.

Konmponvnaa padoma Ne3. [locmpoenue obracmu ycmouuueocmu u
oyenka kauecmea aunetinvix CAY na ocnose pemennvix xapaxmepucmux.

Koumponwvnan paooma Ned. [[uckpemuvie CAY.

Konumponwvnas paooma Ne5. Henuneiinvie CAY.

ITo pe3ynbTaTaM BBINOJHEHUS! KOHTPOJBHBIX Pa0OT CTYJEHTY HEOOXOAUMO
MPEACTAaBUTh OTUET B PYKOIMMCHOM WJIM paclieyaTaHHOM BUJIE.

OTY€T MOKEH BKIIIOYATh: TUTYJBHBIA JIUCT, YCIOBHUE 3a/laud, MOJPOOHOE
OMMCAHUE PEIICHUS 3a7a4M, TAaOIUILy pacueToB U rpaduku (mpu HE0OOXOIUMOCTH),
OTBET 3aJ1aui. Bo BpeMs 3aluThl KOHTPOJIBHBIX PaOOT CTYACHT JOHKEH 3HATh XOJ
pelIeHus 3aa4l, YMETh OTBEYaTh HA TEOPETUUYECKUE BOIPOCHI, HEIOCPEACTBEHHO
CBSI3aHHBIC C TEMATUKON 3amauu. Ha TUTynbHOM nucTe OTYETA O BBIIOJIHEHUU
KOHTPOJIbHBIX pa0OT HEOOXOIUMO yKa3aTh (paMUJIMIO, UM U OTYECTBO CTYJCHTA,
HOMEP yueOHOM IpymIibl, HOMEP KOHTPOJILHOUM paboThl, HOMep BapuanTa. [Ipumep
opopMJICHUSI TUTYJIBHOTO JIUCTa KOHTPOJBHOM pabOThl MpEJCTaBIEH B
[Ipunoxenuu A.

Kaxxnasa koHTpoJsibHas padbota conepxuT 3aaauu u3 10 Bapuantos. Homep
BApPHMAHTa COOTBETCTBYET IOCJeAHeH uHu(ppe HOMepa 3a4YeTHON KHUKKH
CTY/IeHTA.

Hacrosimuii npakTUKyMm coliepaT TEOPETHUYECKUE CBEACHUS, MPUMEPHI
3a/1a4 v 3aJaHus )T BBITOJTHCHHS KOHTPOIBHBIX paboT Nel-3.



1 BPEMEHHBIE 1 YACTOTHBIE XAPAKTEPUCTUKH 3JIEMEHTOB
JUHEUHBIX CUCTEM ABTOMATHYECKOT'O YIIPABJIEHUS

OCHOBHBIMU 33aJa4aMM TEOpUM aBTOMaTHueckoro ympasieHus (TAY)
ABJIAIOTCS. HMCCIIEJOBAaHUS CTATHYECKUX M JUHAMUYECKHX CBOWCTB CHCTEM
aBTomatnyeckoro ympasieHus (CAY) u pa3paboTka cUCTEM, YIOBIECTBOPSIOUINX
3aJaHHBIM TEXHUYECKHUM TpeOoBaHusM. lccrnemoBanue mporecca pabOTHI
HekoTopoit CAY, 3agaHHON CBOEW CTPYKTYpOH M 3JIEMEHTAMHM, MPU Pa3TUUHBIX
napameTpax 3TUX 3JIEMEHTOB M Pa3JIMYHBIX BO3JCHCTBUSX, COCTaBIACT 3adady
aHanms3a.

OCHOBHBIMH XapaKTEPUCTUKAMU OTAEIBbHBIX JIEMEHTOB U CUCTEM B LIEJIOM
SBIISFOTCSL:

v auddepeHunasbHOe ypaBHEHHe, KOTOpOE SBISETCS Haubosee
o0mieil 1 no’aHON (OopMOM ONMCAHUS CBOMCTB IEMEHTOB M CUCTEMBI YIIPABJICHHUS
B LIEJIOM, XOTsI HE JA€T HATJIAJHOTO NPEICTABICHUS O TMHAMHUYECKUX CBOMCTBAX;

v mnepenatounas ¢ynkuus  W(p), Kkortopas sBIsSeTCS  camMou
KOMMNAaKTHOW (OPMOM omMcaHUs JUHAMHYECKUX CBOMCTB JJIEMEHTOB U CUCTEM;
NEPEeIATOYHYI0 (PYHKUHUIO TMOJIY4YaloT W3 JIU(PPEepeHIHaIbHOIO YpaBHEHUS C
UCITOJIB30BAaHUEM METO/1A ONIEPALMOHHOIO UCYUCIICHMUS;

V  BpeMeHHBbIe XapaKTePUCTHKH, KOTOPBIE ONPEIECIAIOT IOBEACHUE
JIEMEHTOB WJIM CUCTEMBI BO BPEMEHH IPU HAHECEHUU BHEIIHETO BO3JCHUCTBHS U
SBJIIOTCA HauOoJIee HarJIJHBIM ONMCAHUEM UX TMHAMUYECKUX CBOMCTB;

V  4YacTOTHbIEe XapaKTePUCTHKH, KOTOPbIE OMNPENEISIOT IOBEACHHE
AJIIEMEHTa WJIM CHUCTEMBI NMPU TaPMOHMYECKOM BO3JEHUCTBHM PA3TUYHBIX YaCTOT,
OHM HaxomaT mnpumeHeHue B TAY, Tak Kak peanbHble BO3MYIICHUS, a,
CIIeIOBAaTEIbHO, M peakuuu Ha HuX »d7geMeHTa wim CAY MoryT ObITh
IIPEICTABIICHBI KAK CYMMa FrapMOHMYECKUX CUTHAJIOB.

Bce 3Tn XapakTEpUCTHKU TECHO CBSI3aHbI IPYT C APYTOM.

1.1 BPEMEHHBIE XAPAKTEPUCTUKH

Kak Obuto oTMEueHO, BPEMEHHbBIE XapaKTEPUCTUKHU SIBJISIIOTCS HauboJsiee
HarJISIAHBIM ONMKMCAaHUEM JUHAMHYECKUX CBOMCTB OTIEIbHBIX 3JeMeHTOB U CAY.
Kpome Toro, Haubosiiee NpOCTHIM TPU OIIEHKE KadyecTBa pabOThl CHUCTEMBbI
yOpaBJeHUsl SIBJSETCS aHAJIM3 TMEPEXOJIHBIX MPOIECCOB, BbI3BAaHHBIX BHEITHUMU
Bo3jaeicTBUsIMU. [109TOMY M3yUueHHEe BPEMEHHBIX XapaKTEPUCTHK SIBIISIETCS BEChMa
BaKHBIM.

K TumoBbIM BpEMEHHBIM XapaKTEPUCTHKAM OTHOCIT HEPEeX0OHyi0 W
eecogyro dyukmuu snementa (CAY), a npu HaneceHuu Ha snemeHT (CAY)
HETUIIOBOTO  BO3JICUCTBUS TOBOPSAT O BPEMEHHOW XapaKTepUCTUKE WIIU
nepexoonom npoyecce riementa (CAY).

Tak Kak MOAXOA K TOJYYEHHUIO M  HCCIEIOBAHUI0 BPEMEHHBIX
XapaKTepUCTUK MJI1 OTJEIbHBIX 3JIEMEHTOB M CHUCTEM B II€JIOM OJMHAKOB, TO B
JagbHelIeM 0y/1IeM TOBOPUTH TOJBKO 00 dJIEMEHTaX, MoJipasyMeBas, B TOM YHUCIIE,
U CUCTEMY B IIEJIOM.



Bo3soeiicmeuem B TAY npuHATO Ha3pIBaTh B3aumojencTeue Mexay CAY
(a Takke MEXIy €€ 4acTAMH) W BHEIIHEH cpenoil. BozaeicTBus mepenaroTcs
MOCPEJICTBOM (PU3NYECKUX BEIMYUH (HANPSDKEHUS, CUIIbI TOKA, JTABJICHUS BO3/yXa,
CTCIICHU OTKPBITHS KianaHa u jap.). Cucnan oroOpaxkaeT MHOOpMAIUIO, KOTOpas
CONlEpKUTCST B BO3AeMCTBUU. OOBIMHO CHUTHAJ  BBIPAXKAETCS  HEKOTOPOM
MartemaTudecko  ¢yHkiuen, Hampumep, g(t), u(t), y(t), o0maHO3HAYHO
oToOpaxarolier H3MEHEHHS BO3JICHCTBUS BO BpeMeHHU. B nanbpHeimiem, mnpu
U3JI0KCHUH MaTepuaia, OyaeM UCIoJIb30BaTh 00a TEPMHHA.

PaccmoTpuM BpeMEHHBIE XapaKTEPUCTUKH JJIEMEHTOB M CIIOCOOBI WX
MOJTy4YECHUS.

Ilepexoonasn pynkuusn snemenma h(t) npeacrapiser coOoi mepexoaHbIN
MPOIIECC U3MEHEHUSI BO BPEMEHU BBIXOJHOM BEJIMYMHBI, BI3BAHHOTO MOAA4Yeil Ha
€ro BXOJ SAMHHYHOTO CTYIEeHYATOro Bo3nehcTBus 1[t] mpu HynaeBBIX HaYaIbHBIX
yCIOBUSX (PUCYHOK 1).

X(H)=1[1] |  OJeMeHT —>y(t)=h(t)

Pucynok 1 - [IpeobpazoBaHne eTMHUYHOTO CTYIIEHYATOTrO BO3/ICUCTBUSA B
NePEXOAHYI0 PYHKIHIO

Taxoe Bo3zaelicTBHE pacCMaTpUBAETCsl KaK TUIIOBOE B CBSI3U C TEM, YTO OHO
MOJKET OBITh JIETKO peain30BaHo B peajbHbIXx CAY.

Eounuunas cmynenuaman ¢hynkyus (byHxuus XeBucaiia) MrHOBEHHO
BO3pacTaeT OT HyJs A0 €AWHULBI U Jajiee OCTAeTCs HEU3MEHHOW, €€ BHJ
MPEACTABIICH HA PUCYHKE 2.

MareMatrnyeckoe onucaHue eIMHUYHON cTyneHYaTo PyHKIuu

- 10,t <0
xO=11=¢"_,.

X(t) A

v

0

Pucynok 2 - I'paduk equHUYHON cTyneH4aTol pyHKINN

Ces3p Mexay h(t) wm W(p) ycranaBmuBaeTcss uepe3 0OpaTHOE
npeodpazoBanue Jlammaca



h(t)=L" W (p)-X(p) 3 Ll{wl(op)} (1)

3ameuanue: npeobpazosanue Jlannaca uzyyaemcs cmyoeHmamu 6 pasoee
gvicuteil mamemamuru. OCHO8HbIE NON0JHCEHUS U3N0dHCeHbl 8 IIpunodcenuu b.

Hapsiny ¢ nepexogHoil NpHUMEHSIETCS 6ecoeas (UmnynbvcHas) (PyHKuus

w(t), mpeacrasistoias co00il peakinio 3JIEMEHTa Ha JeJIbTa- PYHKINIO (PUCYHOK
3).

x(t)=4(2) y(t)=w(t)

DJIeMEHT

Pucynox 3 - [IpeobpazoBanne neiabTa- GyHKIIMH B BECOBYIO (DYHKITHIO

Jenoma-gpynkyua  (pyuxuusa [Jupaka) — 3T0  MaTeMaTHYecKas
yaeanu3alnus NpeieiabHO KOPOTKOTO M TMPEeAEIbHO OOJBIIOr0 MO aMIUIMTYIE
UMITYyJTECHOTO CHTHANA C IUIOMIA IO, PABHOW €AMHUIIE, KOTOPBIA YCIOBHO MOKa3aH
B BUJIC YTOJIIIICHHS HA OCH OpJIMHAT Ha PUCYHKE 4.

MatemaTtnueckoe onucaHue JeiabTa-(pyHKIUN UMEET BUJL

=00~ "%

X(t) A

v

0

Pucynox 4 - I'padux genpra- pyHkimm

Ces3p Mexay W(t) m W(p) Tarxke ycTaHaBIMBaeTCs uepe3 0OOpaTHOE
npeobpazoBanue Jlammaca

w(t) =L Y (p)-X(p) FL"W(p) . 2)

N3 Boipakenuit (1) u (2) BUgHO, YTO M TepexojHasi U BecoBas (QyHKIIHMH
CBSI3aHBbI C MepeAaToOyHON (QyHKIMEH MPOCThIMU COOTHOLIEHUIMU. ClielyeT Takxke
OTMETHUTb, YTO OHU CBSA3AHBI U MEXKIY COOOM:

dh(t) _

il OF



Kpome crymneHuaToit u nenbTa- QyHKIMM, UIS aHAIM3a 3JIEMEHTOB TaKKe
npumensitotes Bosaeiictsus uga X(t) =k -t-1], x(t) = & -t? 1[ Y UX COYCTAHHSL.

JluHeiinblit curnan ommceiBaercs (ynkumeil Buga X() =k-t-1], ero
rpaduk n300paskeH Ha pUCYHKE 5.

X(t) A

~+

v

0 1
PucyHOK 5 - JIuHelHbIN cUrHAN

Cnenyer oTMETUTh, UTO Au(depeHIIuaIbHbIe YPaBHEHUS, OMKUCHIBAIOIINE
XapakTep MPOTEKAIIUX B 3JIEMEHTAaX IPOLECCOB, PEHIAIOTCS NPU HYJIEBBIX
HAYaJIbHBIX YCIIOBUAX, IMMOXTOMY W CHUTHAJbl PAacCMATPUBAIOTCS MPHU HYJIEBBIX
HaYaJIbHBIX yCJIOBUsIX. [Ipu omucaHuu JUHEHHOTO BO3JEHUCTBUSI MPH HYJIEBBIX
HavaJIbHBIX YCIOBUAX UCIOIB3YETCs JOMHOXKeHUe Ha 1[t]:

xO =k =10t
- |k-t,t>0

Koadpdumment Kk mpencraBiser coOol TaHreHC yria MEXAy HpSIMOH U
MIOJIOKUTEIBPHBIM HampaBlieHueM ocu abcuuce (g @) W paBeH OTHOIICHHUIO
MIPOTUBOJICKAIIETO ATOMY YTy KaTeTa K MPUIIeKAIIEMY.

AHANIOTHYHO TP HYJIEBBIX HAYANBHBIX YCJIOBHUSX  OIMCBHIBACTCA
KBajJipaTuyHas (yHKLHMs, €€ rpa@uK NPUBEIAEH Ha PUCYHKE 6:

0,t<0

xt)=¢-t*-1] =
® E g-t°,t>0"

x(t) |

=]
—

v

0 1
Pucynox 6 - I'paduk kBaapatnyHOit PyHKITUU

Crnenyer Takke OTMETHUTb, YTO CHUTHAJIbI MOTYT MMETh TaK Ha3bIBaeMOE
3amas3bplBaHUe, T.€. MOTYT OBbITh «CABUHYTBI» MO ocu abcuucc. Hampumep,
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CAVMHWYHAS CTyneH4aras (yHKIUsS ¢ 3ama3fgsiBaHueM T OyaeT WMeTh BUI,
M300paKEHHBIN Ha PUCYHKE 7.

[Ipu ommcaHmu 3Toro curHana wucnonbsyercs sammchk: X(I) =1I—T_.
AHanmornyHo, YTOOBI OMUCATh JIOOOW CHUTHANI C 3ama3JblBaHHEM, CJICAyeT B

OCHOBHOM (opmylle K mapaMerpy t m00aBUTh «-T», [I€ T — BEIUYUHA
3al1a3bIBAHMI.
X(t) A
1
0 T t

Pucynok 7 - Crynenyatast (yHKLHS C 3an1a3/{bIBAaHUEM

B peanpHbIX ciydasx BxogHble BozaeucTBus CAY mpeactaBisitoT coOoit
CJIOXHBIE M YaCTO CIy4yallHble (PYHKUHUHA BPEMEHHU. JTO, HAPUMEP, TPEYTOJIbHbBIN
(pucyHok 8), TpamernewmaabHbI (PUCYHOK 9), mpsMoyroibHbIH (prucyHOK 10)
CUTHaJbI, MpsIMOYyroyibHas BoJiHA (pucyHOK 11) u T.n. PeanbHble BO3EHCTBUS
MO>KHO aIllIPOKCUMHUPOBATh TUIIOBBIMHA CHTHAJIaMU WJIM UX COBOKYITHOCTBIO.

X(t)4

P S

v

0 T/2 T t

Pucynok 8 - I'paduk TpeyronpHOro curHana

X(t) a

v

0 bt T4 T t
Pucynok 9 - I'paduk TpanenenaagibHOro CUrHa€a
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X(t) a

v

0 T t

Pucynok 10 - I'paduk npsiMOyrobHOTO CUTHaja

X(t) a

v

0 T o1 t

Pucynok 11 - I'paduk npsMOyToIbHOM BOJTHBI

JIns onmmcaHWs CIOKHBIX CUTHAJIOB CJHEAYET NPEACTABUTh UX B BHJE
CYMMBI (WJIM pa3HOCTH) IPOCTEUIIINX TUIIOBBIX CUTHAJIOB.

PaccMoTpum mopsiiok pelieHus 3aAadyd MOJIyYEHHS BBIXOJHOTO CUTHala
AJIEMEHTA, TIPH MOJIa4€ HA €r0 BXOJI CJIOKHOTO BO3ACHCTBUA.

CornacHo mpunyuny cynepno3uyuu, sl JUMHEHHOTO 3JEMEHTA peaKius
Ha JIMHEHHYI0 KOMOMHAIIMIO BO3JICUCTBHUI paBHA TOM ke JUHEHHOW KOMOMHAITUU
pEaKUHi PJIEMEHTA Ha KaXJ10€ BO3JIECUCTBHE B OTAEIBHOCTU. MHBIMU clioBaMu
TpeOyeTcss TMPEeACTaBUTh CIOXHYI0 (GYHKIHIO KaKk CyMMYy TIPOCTBIX, HaWTH
PEAKLHIO 3JIEMEHTA Ha KXy MPOCTYK COCTABIIOIIYIO, TOTJa CyMMa PEaKUi
u Oynet Y(t). [IpuHIMO Cyneprno3uiuy MPOUUTIOCTPUPOBAH Ha pUCYHKe 12,

ANTOPUTM pellieHrs 3a/1a4u OyIeT BKIIIOYATh CIEAYIOIINE dTallbI:

1) mpeacTaBUTh CIIOXKHOE BXOJHOE BO3JCHCTBHE KaK CyMMY IPOCTBIX
TUMOBBIX CUTHAJIOB;

2) HailTH wW300pakeHuss 1o Jlarutacy A KakIOW  MOJTYYCHHOMN

COCTaBIISFOLICH X;(p)=L R (1) .

3) HaWTH peakIMio dJIeMeHTa (MaTeMaTH4ecKas MOJICNIb KOTOPOTo 3a/aHa
nepenatounoi ¢ynkuuedn W(P)) Ha Kaxayl0 IPOCTYIO COCTABJISIOIIYIO IIO

dbopmyie _
Y,(t) =L %(p) 3L W(p)-X,(p) ; (3)

4) mnoctpouts rpadmk dynkmun Y(t) kak cymmy coctasnsrommx Y; ().



X | %) ya(t) y(t)

Pucynox 12 - MnmrocTpaiiys IpUHIKIIA CYTIEPIIO3UIIIH

1.2 YHACTOTHBIE XAPAKTEPUCTUKHA

YacToTHBIE XapaKTEPUCTUKH OIIMCHIBAIOT CBOMCTBA 3JIeMEHTOB U CAY
MEHATh FAPMOHUYECKUE CUTHANIBI HA pa3HbIX yacToTaXx. OHU HAXOASAT NPUMEHEHHUE
B TAY, Tak Kak peanbHbIC BO3JICHUCTBUS, a CIEAOBATEIBbHO M PEAKIMU HA HUX
aneMeHTta win CAY Moryt ObITh NIpPEICTaBICHbI KaK CyMMa TIapMOHHUYECKHX
CUTHAJIOB.

[TycTh Ha BXOHA MUHEHHOTO AeMeHTa (pucyHok 13) B MoMmeHT Bpemeru t=0

TIIOIJAaHO TAPMOHMYECKOE BO3ekcTBrE ¢ vacTtoToi @ X(I) = X, -Sinat .

X(t) = X_sin wt
® m ST @ DJIEMEHT

y(©) = Yy Sin(at +¢)

Pucynok 13 - [IpeobpazoBaHre rapMOHUYECKOTO BO3ICHCTBUS

[lo 3aBepmieHMM  MEPEXOAHOrO  MPOIECCAa  YCTAHOBUTCS  PEKHUM
BBIHYKJICHHBIX KOJIcOaHui, ¥ BeIxoqHas BennuuHa Y(t) OyaeT u3MEHATHCS 10 TOMY
e 3aKOHY, 4T0o U BXxoHas X(t), HO B 001IeM citydae ¢ Ipyroil aMIiuTya0i Yy U C
($ha30BBIM CIIBUTOM ¢ TIO OCH BPEMEHU OTHOCUTEJIBHO BXOJIHOTO CUTHaja (PUCYHOK
14) y(t) =y, -sin(at + ).

[IpoBenst aHamOTUYHBIN OMBIT, HO IIPU APYrOM YaCTOTE (), MOXKHO YBUJETH,
YTO aMIUTUTyJda Ym U (a3oBbld CABUT ¢ H3MEHWINWCh, T. €. OHHU 3aBUCIT OT
4acTOThl. MOXHO YyOEIUThCS TaKXKe, YTO IS JIPYroro 3JeMEeHTa 3aBUCUMOCTHU
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nmapamMeTpoB Ym U @ OT 4aCTOTHI @ HUHBIC. HOBTOMy TaKHUC 3aBUCHMMOCTH MOT'YT
CIIYKUTD XapaKTCPUCTUKAMHU JTUHAMHUYCCKUX CBOMCTB 3JIEMEHTOB.

A x(®)

Xm [ _ _
ym L=~ y(t)
/
// t
|l
T=27T -

Pucynok 14 - Buapl curHajgoB Ha BXOJE M BBIXO/IE DJIEMEHTa

Kpome mnepenatounoii d¢ynkuuu mo Jlammacy B TAY  akTuBHO
ucnoas3yercss mnepenarouHas ¢yHkuusa 1o Dypse, Ha3bIBaIOMIAsICS TaKKe
YacmomHoul nepeoamouHoll PyuKyue.

OHa mno3BOJsIET MONYy4YduTh HHMOpManKMio 000 BCeX IOKa3aTelsax
CUHYCOUJAJIBHOTO BBIXOJHOTO CHUTHaja 3JIEMEHTAa, €CJIM M3BECTHBI aMIUIUTyAa U
4acTOTa €ro BXOAHOTO CHHYCOUAAIBHOIO BO3/ICUCTBHSI.

YacTtoTHble TIepeaToyHble (PYHKIMU TOJYy4YaloT C HUCIOJIb30BAaHUEM
npeoOpazoBanusa Oypbe, KOTOPOE OMPEIEIAETCS BEIPAKEHUEM

x(jo) = '[x(t)-e“"”tdt,
0

rae X(t), t>0 — mobast (GyHKIMS BpPEeMEHH, YIOBICTBOPSIONIAS YCIOBHIO
npuMeHeHus mpeodpazoBanus Dypee.
Kpome Toro, yacToTHyI0 nepenaTounyo (PyHKIIUIO HE TPYIHO MOTYUUTh U3

nepenaTo4Hoi GyHKmu, ucronb3ys 3amery W ( p)‘ mjo=W(jo).

I[Ipu 5TOM YacTOTHAS MepeaaTouHas PyHKIUS MOKET ObITh PEICTABICHA
> B npsamoyromnshoit popme W (jo) =U (@) + jV (o) ; (4)
> B nokasareinsHoit popme W (o) = A(w) .17 ; (5)
> B Tpuronomerpudeckoii popme W (jo) = A(w) - (cosp(w) + jsin (o)) .

B TAY ucnons3yroT clieIyoKe YaCTOTHbIE XapaKTEePUCTHKU:
® AMIUIMTYJIHASI YaCTOTHAs XapakTepuctuka (AUX);
e (bazoBas yactoTHasa xapakrepucTtrka (OUX);
e aMIIUTYyIHO-(ha30Bas yacToTHas xapakrepuctuka (ADUX).

Amnaumyonaa uacmomuasn xapakmepucmuka (A4X) — 3asucumocmo
OMHOWEHUS AMNIUMYO BLIXOOHO20 U BXOOHO20 CUSHATIO8 O YACTOMUL.

11



AUYX 1oka3bpIBaeT, Kak JIEMEHT MTPOIYCKAET CUTHAJIBI PA3JINYHOM YaCTOTHI.
[Tpumep AUX npuBeqeH Ha pucyHke 15.

Pucynok 15 - Bug AUX

AYX MoxkeT ObITh TOJIy4€HA MO H3BECTHOM YaCTOTHOHM IepeaaTOyHOM
byHKITUN

A(@) =W (jo)| = JU? (@) +V (). (6)

@Dazoean uwacmomnana xapaxmepucmuxa (PUX) — 3asucumocms
Ghazo6020 cosuea mexncoy 6X00HbIM U BbIXOOHBIM CUSHALAMU OM YACHOMbL.

OUX mnoka3pIBaeT, KaKo€ OTCTAaBAHHE WM OIEPEKEHUE BBIXOIHOTO
curHajia mo (asze co3maeT 3JIeMEHT NpH pa3iduuHbIX 4YacTtoTax. [Ipumep dUX
MIPUBEJICH HAa pUCYHKE 16.

p(w

().

Pucynok 16 - Bug ®UX

OUX Takke MOXKET ObITh IMOJy4YeHa II0 YaCTOTHOM TMepeaaToyHOM
byHKIIUN

: V(o)
o) =argW (Jw) = arctg —=
p(w) =argW (jo) gu(w). (7)
AMIUIMTYJIHY!IO 4 (a30BylH0 YaCTOTHBIC XapaKTEPUCTUKH  MOMKHO
OOBEIUHUTL B OJHY OOIIYIO — aMHAUMYOHO-A306YI0  UACHOMHYIO

xapaxmepucmuky (ADUYX) - W(jw).
12



[Ipy wW3MEHEHWHM dYacTOThl OT HyJsA J0 OeckoHeduHocTH BekTop W(jw)
MOBOPAYMBAETCS BOKPYT Hayajia KOOPJIMHAT, TPU 3TOM OJTHOBPEMEHHO U3MEHSIETCS
JIMHA BekTopa. KpuBas, KOTOpPYIHO HpH 3TOM ONMIIET KOHEI[ BEKTOpa, U €CTh
ADPYX (pucynox 17). Kaxmoii TOUKe XapaKTEPHUCTUKH COOTBETCTBYET
OINPEJEICHHOE 3HAYE€HNUE YaCTOTHI.

V(w) ya
(=00 ® =10
0 O\ Jo@ Ule)
Wiw)y! !
A(i) w;

Pucynok 17 - Bug AOUYX

[Mpoekuu Bektopa W(j®) Ha NEHCTBUTEIBHYIO 1 MHUMYIO OCH Ha3bIBAIOT
COOTBETCTBEHHO oelicmeumenbHoil U MHUMOU YacmomHbviMu
xapakmepucmukamu v o6o3navarot U(w), V(o).

[Ipun nmpakTuuecknx HHKEHEpHbIX pacuerax CAY ynoOHO MCHOJB30BaTh
YaCTOTHBIE XapPaKTEPUCTUKH, TIOCTPOCHHBIE B JIOrapU(PMUYECKOH CHUCTEME
KoopauHat. Takue XapakTepUCTUKUA HA3bIBAIOT J102apudmuueckumu. OHU UMEIOT
MEHBIIYI0 KPUBU3HY U TIO3TOMY MOTYT OBITh MPUOJIMKEHHO 3aMEHEHBI JIOMAaHBIMU
JIMHUSAMH, COCTABJICHHBIMHA W3 HECKOJIBKUX IPSMOJIMHENHBIX OTpe3KOB. lIpuuem,
3T OTpPE3KHM B OOJBIIMHCTBE CIIy4aeB YJAeTCsl IMOCTPOUTh 0€3 TPOMO3JIKHX
BBIYMCIICHWA MpU IIOMOIIM HEKOTOPBIX MpOCTBIX npaBwil. Kpome Ttoro, B
Jgorapu(pMHUECKON CHCTEME KOOPAMHAT JIETKO HaXOAUTh XapaKTEepPUCTUKU
pa3IMyYHBIX COCAMHEHUN 3JIEMEHTOB, TaK KaK YMHOXEHHIO U JIEJICHUIO OOBIYHBIX
XapaKTEPUCTUK  COOTBETCTBYET  CJIOKEHWE M BBIUMTAHUE  OpPJMHAT
Jorapu(pMHUECKUX XapaKTEPUCTUK.

1.3 IPUMEPBI BBIIIOJIHEHMS 3AJTAY
N3 KOHTPOJIBHOU PABOTBI Nel

PaccMoTpum mpuMepsl pemieHus 3a1ad, KOTOpbIe MpeqaralTcs CTyASeHTaM
JUISL CAMOCTOSITEJIBHOTO BBITIOJTHEHHS.

IIpumep 1. Monens 35ieMeHTa 3a/1aHa B BUJIE MepeaaTOuHON HyHKITUN

2
W(P):m-

TpeOyeTcst MOMy4nuTh BBIpAXKEHHE U TOCTPOUTH TpaduK BECOBOU (DYHKIIMU
W(t) TaHHOTO 3JIEMEHTA.

13



Pemenue.
BecoBas ¢pyHKIIMA 37€MEHTa €CTh €r0 peakius Ha JesbTa-(pyHKIIHIO.
CornacHo BeipakeHuio (2), w(t) = L VY (p) } L‘l{i}.
3-p+1
UtoOBl BBITIOIHATH OOpaTHOE mpeoOpa3oBaHue Jlammaca, BOCIOIB3YETCS
tabnume mpeodOpasoBanuid  (cMm. [lpunoxkenune b). B  Ttabmume wumeercs

BBIp@XEHHE, KOTOPOE COBIAJACT IO CTPYKTYypE C BBIPAXEHHEM B (PUTypHBIX
1

p+a
[IpuBeneM BbIpakeHHWE B (UTYPHBIX CKOOKax K TaOIMYHOMY BHY, IS

3TOr0 BOCIIOJIB3YEMCSl CBOMCTBOM IpeoOpa3oBaHus Jlamiaca, B COOTBETCTBUU C

KOTOPBIM KOHCTAHTa BBIHOCUTCS 3a 3HAK n300paxkeHus (cM. [Ipunoxenue b)

L‘l{%}:ZL‘l{ﬁ}:Z-L‘l ;1 =2.L" % 11

CKOOKax:

[Tomyymnu  BelpaxkeHue B (QUTYPHBIX  CKOOKax, B  TOYHOCTH
COOTBETCTBYIOIIIEE TAOIMYHOMY, TAe a=1/3.
Torna

2 1 2
wit)==-LN—1="".¢
(t) 3 1(~3

p+§

3anaBasch 3HaueHUs MU t OT 0 10 ©©, MOXHO HOJYYUTh rpapuK BECOBOU
¢ynkun. OIHAKO Jake MPU UCHOJIb30BAaHUM BBIUMCIMTEIbHOW TEXHUKH TaKOM
IIPOLIECC SBJIICTCA YTOMUTEIBHBIM M 3a4acTyH0 TaK M HE IPUBOAUT K HYKHOMY
pe3ynbTaTy. JlJis MpOBEpKH MNPaBUIBHOCTU PEIICHUs YAOOHO BOCHOJIB30BaThHCS
npenenbHbiMu TeopeMamu Jlamnaca (ITpunoxenue b) u paccunTaTh HayalbHOE U
KOHEYHOe 3HaueHus QpyHkuuu. Kpome TOro, 3Has KOHEYHOE 3HaY€HUE (PYHKIUHU,
MO>KHO MPUOJIM3UTENBHO ONPEIETUTh MOMEHT OKOHYAHUS pacyera.

Haiinem HayanbpHOE 3HaueHue BecoBoi (yHkIiuu coryacHo (I13):
i 2
— | =1lim —p
3p+1| po=3p+1
Pazpmenum  kaxkmoe —criaraeMoe  YMCIUTENS W 3HAMEHATeNs  Ha
MaKCUMAaJIbHYIO CTEIICHb MEPEMEHHON P M BOCIIOIb3YEMCSI CBONCTBAMHU TIPEICIIOB:

lim w(t) = lim p- K (p)-W(p) =lim p-

14



npeacia 4YaCcTHOTO paBCH YaCTHOMY HIpPEACIOB, IPCAC]I CYMMblI pPaBCH CyMMC

.1
npeneioB u lim = =0,
X—>0 X

im —2_ _ 2
p— 1_3

3+ —

HCXOI[SI 3 3TOro, UMCCM, 4TO

AHAJIOTHYHO IOJIYYMM KOHEYHOE 3HAUYCHHE BECOBOW (DYHKI[UH, COIJIACHO
(I14):

. i - . 2 2p
lim w(t) =lim p- ‘W —limp-| —=— | =lim _
lim wi(t) = lim p- K (p)-W(p)_=lim p-| = | =lim =7

2
[Tony4yeHHble 3HAYECHUS w(0)=§ U W(w)=0 MOMOTYT HaMm IpHU pacyere

OCTaJbHBIX 3HAUYEHUH BECOBOW (YHKIMHU, MO KOHEYHOMY 3HAUEHUIO MOKHO
OINPENEIUTh MOMEHT OKOHYAHHUSI pacueTa (B HallleM NpUMepe, Koraa KpuBas OyaeT
CTPEMHTHCS K OCH adCLHUCC).

CocraBuMm Tabnuy u mnoctpouMm rpaduk ¢GyHKuMd. JlaHHBIM pacyer
yIoOHO BBITIOJHHUTH B TaOMUYHOM penakrtope EXcel, sxkpannas ¢opma mpuBeneHa
Ha pucyHke 18.

2
Otser: W(t) = 3 € ° | rpadwmK IpeacTaBIeH Ha pUCYHKe 18,

Microsoft Excel - Knwnral = = ==
] ®aiin Mpaeka Bug Bcraska ®dopmar Cepsuc  [anHeie Okro  Crpaska B € BONpoc - X
| p p p p

o .

Times New Roman U - X KUSEEEE T % m B S

DEHESE SRY sBR-F v Q-4 i @ -0,
B3 - Fe ={23)EXP(-1/3)"A3)
A B C D E F G H | J K L M N 0] P Q R S5—

w(t)
0,6666667
0,4776875 'padimk BecoBo thyHKLUMK
0,3422781
0,245253
0,1757314 08 \

0,1259171 ' \
0,0902235 0.5
0.064648 \
: 0.4
0,0463223 \
00331914 03 N

0,0237827 \
02

0,017041
0,0122104 o \
0,0087492 ' —
0,006269 0
0,004492 0 2 4 6 8 10 12 14 16 18 20
0.,0032186 Bpemat, c

0,0023063
0,0016525

07

i (t)

wleo ||| & |w k= |o |~

i
—
=

=
—
—

o
—
¥

=
—
Ll

S|
—_
=

@
—
th

=
—
=)

N
=
—
-

r
—
=]

24

W« v ] amerd {2 [ uara / [« | g

loTos0

Pucynox 18 - Dxpannas popma pacuera BecoBor QyHKIIHMH
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IIpumep 2. Monens 35ieMeHTa 3a/1aHa B BUE MEPEIaTOYHON QyHKITUN

W (p) :;—s. TpeOyeTcsi mOMy4YUTh BBIpRXKEHHE U MOCTPOUTH TpaduK NEpexoaHON

¢ynkuuun h(t) manaOTO 21M€MEHTA.

Pemenue.
[TepexomHast QyHKIMS DJIEMEHTa, COTJIACHO BhIpakeHuIo (1),
h(t):Lfl W(p) :Lfl_ 2 :L—l -2

2
p-3-p 3p
BemmonauM  obpatHoe mpeoOpasoBanme Jlamiaca B COOTBETCTBHH €
PEKOMEHTAlIUSIMU, U3JI0KEHHBIMH B TIpuMepe 1.

a) =2 2 41 2
ht)=L'{—=t=—=-L'\=Sr=—-=t,
3-p 3 p 3
Paccuntaem HauanbHOE M KOHEUHOE 3HAYCHHs (DYHKIUU IO MpeneIbHbIM
teopeMam Jlartaca:

Itirrg h(t) =0, !im h(t) = —0 .

MoMEHTOM OKOHYaHHUSI pacueTa MOXXET OBITh JI00OM MOMEHT BpEMEHH,
KOTI'/Ia CTAHOBUTCS MOHSATEH XapaKTep u3MeHeHus1 (yHKIUU, Harpumep, t=16c.

[To manHBIM pacuera nmocTpouM rpaduk nepexonHoi GyHKuuu, GparMeHT
pacuera U BUJ KOTOPOM MPUBEJICHBI HA pUCYHKE 19.

2
Otser: h(t) = _§t , TpaduK MpeAcTaBieH Ha pucyHke 19.
Microsoft Excel - Knural ===
Daiin  [paeka Bua Bcraska OQopmar  Cepeuc  Janrbie  Okdo  Cnpaska BaeguTe ponpoc v - ﬂ
TimesNewRoman <14 - ¥ K 4 [EE[ZEB|F % %4 FE B 3mmome
DERag SRV F2A-F v @ z-4 4 o -3
B3 - A =[-213yA3
A B G D E F G H I J K L M N 0 P Q R 5 —
1 =
2t h(t)
3 0 0
4 1 -0.6667 Mpachnk nepexoaHol hyHKUUK
5 2 [-1,3333 g
0
6, 3 2 1 A A S
T 4| -2.6667 P S
8 5 [-3,3333
9 6 -4 4
0 7 |-4,6667
1 8 -5,3333 6 \\
12 9 -6
5 10 | -6.6667 8
14 11 -7,3333 10 T
w12 -8 ™~
6 13 | -8,6667 1
17 14 -0,3333
18 15 -10 -14
19 16 -10,667 Bpemat, c
20 17 -11,333
2 18 -12
2
23 |
24
W4 v nl fmerd f iuar2 / iua3 / 4] | [© ’L
Oeicrens = [z Aeropuypei= . [ O & 4l &2 B S-Z-A-S=CBA

loTos0

Pucynok 19 - Dkpannas gopma pacuera nepexogHo PyHKIUU
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Ilpestcoe, uem npucmynams K peuwieHu0 3a0auu HAXO0HCOCHUA PeaKyuu
INNEMEHMA HA COHCHOE 6030€liCmeue, paccCMoOmpum npumep AHAIUMUYECKO20
ONUCAHUA CTIONCHO20 CUZHATA.

Hpumep 3. Ilycts 3aman rpaduk ¢yHkuuu X(t), u300pakeHHBIH Ha
pucysnke 20, TpeOyeTcs MOJIyIUTh aHATUTUYECKOE BRIPAKEHUE.

»

X(t)4
] T

v

Pucynok 20 - I'paduk BXOJHOTO CUTHAJA

Pemienue.
[lepBolii y4acTOK CJIOXKHOrO Bo3AeicTBHsS X(1) COOTBETCTBYET THIIOBOMY
JMHEWHOMY CUTHAJTy U ONKChIBAaeTCA PyHKIIUEH BUIa

X (0 =2 4t =3t 4.

Eciu Obl ¢ 3TUM CHUTH&JIOM HHUYEro HE IPOUCXOJIWIO, TO OH TaK U
npoAopkan Obl Bo3pactath. OpHako, B MOMEHT BpeMeHU t=2 oOH Hayai
U3MEHATBCA W W3 JIMHEWHOTO BO3PACTAIONIEr0 TPEBpPATHIICA B CHUTHAT C
MOCTOSTHHBIM 3Hau€HWEM aMIUUTYAbl. OUYeBHIHO, YTO O5TO MPOU3ONIIO MPHU
CIIOKCHHH X, (t) ¢ yObIBaroImel (yHKIMCH ¢ TeM ke yriioM HakioHa (o = arctg k),
HO MMEIOIIEH 3ama3IpbIBaHue Ha T=2C.

Torma BTOpas COCTaBIAIONIAs HaAmIEro CcjiaoxHoro BosacicTBus X(t)
OIMCHIBACTCS BRIPAXKEHUEM BUIA

X,(t)=-3-(t—2) -1t —-2].

N300pa3um yHkImm x,(t) u X, (t) Ha rpaduke (pucyHok 21).

JIefiCTBUTEIBHO, €CIIM Mbl TE€TIEPh FTE€OMETPUUYECKH CIIOKUM HalIU (DYHKIUU
(T.e. CIIO)XKMM KOOPIWHATHI TpaUKOB IJIsI KaXJOTO 3HAYEHHUS BPEMEHH), TO MBI
noayunm yskiuo X(t) (pucyHok 22).

OkoHYaTeNHbHO UCXOAHBIN TpadUK CI0KHON PYHKIIUU OyIET ONMUCHIBATHCS
dbopmyroit

X(t) = 3-t-qt] -3 (t—2) -t - 2].

17
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Pucynok 21 - PaznoxxeHue coKHOTO BO3/ACUCTBUS HA TPOCTHIE
COCTAaBJISIOIINE

X(t)

v

Pucynox 22- CocraBnsitomue U pe3yJIbTUPYIONIas CJI0KHOTO CUTHAJIA

Oter: X(t) =3-t-1t]-3-(t-2) -1t - 2].
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Ilpumep 4. Monaens dieMeHTa 3ajaHa B BHUAC TMepeaaTOyHON (PyHKITUH

4 o
W(p)=——. BXOIHOE€ BO3JCUCTBUE HMEET BUJ NPSAMOYIrOJbHOIO CHUTHAJIA,
5p+1

n300paxkeHHOro Ha pucyHke 23. Tpebyercs mnocTpouTh TpaduK BBIXOJHOTO
CUTHaJIa JJIs TAaHHOT'O 3JIEMEHTA.

»

X(1) |

»
»

0 6 t

Pucynok 23 - Bun BXOHOTO BO3ACHCTBUS JIJ1s TpuMepa 4

Pentenue.

Bocrnone3yemcs anropuTMOM, HW3J0KEHHBIM BBIIIE TPU PACCMOTPEHUU
PEAKIIUM DJIEMEHTA Ha CII0KHOE BO3JCHUCTBHUE.

1. Pa3noxxuMm BXOJIHOM CHUTHAJd Ha MPOCTHIE COCTABJISAIONIME W OIMIIEM
KKIYI0 U3 HUX KaK (DYHKIIUIO BPEMEHH.

O‘-ICBI/II[HO, YTO HAallla CJIOXKHasl (byHKHI/IH MOXCET 6BITB HpeIICTaBJ'IeHa B
BUJIC CYMMBI JIBYX CTYIEHYATHIX (DYHKIUN C aMILTUTyAaMu 2 U -2 (pUCYyHOK 24).
Torma X, () =2-1t], a x,(t) =-2-1t - 6].

X(t) &
X1(t)
2
0 6 t=
o X, (1)

Pucynok 24 - Paznoxenue curnana X(t) Ha mpocThbie COCTaBIIAIONINE

2. Haiinem wu300paxenus mno Jlarmacy oT KaxIodl COCTaBISIONICH
byukun X(t).

X, (p)=L R FL AT F

oSN



X,(p)=L R t) FL 42-1t-6] }__pz.e—ﬁp.

3ameuanue: npu HAxoHcOeHuu uzoopadxceHuss om QYHKYuu ¢ 3anazobl8aHuem
npumensiem meopemy cmeujenus (Ilpunoxcenue b).

3. Haiigem, cornmacHo (3), peakiuio 3JIeMEHTa Ha KaXKIyl0 COCTaBJISIIOIIYIO
BXOJTHOT'O BO3JIEUCTBUAI.

Vi) =L ¥(p) 3L W(p)-Xi(p) F Ll{ 4 2}=

5p+1 p
:S.Ll{m}:m—l 5-p-(1p+é) e p-(pyi%) B
_s.a-e*)
yz(t)=L‘l\%(p)}L‘1W(p)-x2(p)}L—1{5p4+1.—_;.e—6p}:
_ g.-es"?)

4. Bocnomsdyemcss TabmuuHbIM  pemaktopoM  Microsoft Excel w
paccuntacM 3HadeHus GyHkui Yi(t) m y,(t), a 3arem HaimeM 3HAYCHHSA
BIXO1HOTO curHaina Y(t) u moctpoum ero rpaduk.

Ha oskpanHO#l (opme, TpencTaBiICeHHON Ha pHCYHKe 25, BHIHO, YTO
3HAYCHUS COCTABIISIONICH V(1) paccUnThIBalOTCS TOJILKO C MOMEHTa BpeMeHH t=6,
T.K. CHTHQJI UMEET 3ara3/blBaHie Ha 6 C, a BCE MPEIbIIyIIUe 3HAYCHUS JTOJDKHBI
OBITh paBHBIMH HYJIIO (ITPHYEM OIEPAIMIO OOHYJICHUS 3HAYCHHUN HAJIO BBITIOJHUTH
BPYYHYIO, TOCTaBUB HYJIM B COOTBETCTBYIOIIHUEC SIUCHKH).

OkpanHass (opma, TpeACTaBICHHAsT Ha pUCYHKE 26, COOTBETCTBYET
OKOHYATEJIbHOMY 3Taly pacyera BbixogHoro curHaia Y(t), xkoTopelid moiaydaem
MyTEM CJIOKCHHSI 3HAUCHUH €T0 COCTABJISIFOIIMX B KaXKIBIi MOMEHT BPEMCHH.

CrpouM TpaduK BBIXOJHOTO CHUTHAJIA W TIPOBEPSICM MPaBUIBHOCTH
pacyeToB, HCIOJIL3YS MpeeabHbIe TeopeMbl Jlamnaca.

HauanpHoe 3HaueHueE:

. . - 8 . 8

lim t)=Ilim p- =limp:-|—— |=Ilim =0
im y,(t) = im p- }.(p) - p%p{p@pﬂ)} im ep1=0.
lim vy, (t) = lim p- —lmp:| ————— |=lim ———=0
im y, () = lim p- f,(p) =1lim p [p@pﬂ)} ke il

Torna
20



lim y(t) = lim y,(t) +1im y,(t) =0.

KouneyHoe 3HaueHUE:

. . -~ 8 .
lim v, () = lim p- }.(p) =1im p- GpTD |~ m8=8,

. . -~ _8 .
lim y, () =lim p- F,(p)_=lim p- SGpiD |~ M8 =-8.

Torna
lim y(t) = lim y, (©) + im y, (&) =0.

OtBeT: rpaduk BBIXOAHOTO CUTHAJA IPEACTABIEH HAa PUCYHKE 26.

Microsoft Excel - Knural ==
@aﬁn Mpaska Bua Bcraeka ®opmar  Cepeuc  [Jauneie Okno  Cnpaska Beegure sonpoc -8 X

Times New Roman -3 - kKU SEEHTem WY =E B @»-&

DEHa® SRY & Slo-o- g E-iE D@ -3,
Cc8 - fe =8'(1-EXP((-1/5)"(A8-6))

A B C D E F G H | J K L M N 0 B Q R =i
1t y1 ¥2(0 ¥(®) N
2 0 0 0
3 1 1,450154 0
4 2 2,6374396 0
5 3 3,6095069 0
6 4 4,4053683 0
7 5 5,0569645 0
8 6 5,5904463 0
] 7 6,0272243 | -1,450154
10 8 6,3848279 | -2.63744
" 9 6,6776089 | -3,609507
12 10 69173177 | -4.405368
13 11 7,1135747 | -5,056964
14 12 7,2742564 | -5,590446
15 13 74058114 | -6,027224
16 14 7,5135195 | -6,384828
17 15 7,6017035 | -6,677609
18 16 76739024 | -6 917318
19 17 7,7330138 | -7,113575
20 18 7,7814102 | -7,274256
pal 19 7.8210338 | -7.405811
22 2 7.8534749 | -7,513519 2
23 21 7,8800354 | -7,601703
24 22 7,9017813 | -7,673902
25 23 7.9195853 | -7,733014
26 24 7.934162 | -7,78141
27 25 7,9460964 | -7,821034 .
W« v ny Nucrd  mer2 £ Muar3 / |«] | o[

Oeiicrens= [y | Aetogurypei~ . w [ O & 4] I 8 LR

ToToB0

.
>
]
il
m
(=]
| 3§

Pucynok 25 — PacueTHble 3HaU€HHUS COCTABIISIOIINX BBIXOHOTO CUTHAJIA
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Microsoft Excel - Knural =
gaﬁn Mpaska Bug Bcraska ®opmar  Cepeuc  Jawnbie  Owvo  Cnpaska Bee, - - @ X

E=89 %wwg ==

Times New Roman -3 - XK K U|E .
DEHSE/ERY|sBR-I|v- o @z -4 1 @@= -7,
02 - A =B2+C2

A B C D E H [ J K L M N 0 P =
1t v v2(0 y() [
2. 0 0 0 0
2 L 1’45_0154 0 1’45_0154 paduK BLIXOAHOrO CUrHana
4 2 2,6374396 0 2,6374396
5 3 3,6095069 0 3,6095069
5 4 44053683 0 44053683
7 5 50569645 0 50569645
8 6 55904463 0 55904463 /\
9 7 6.0272243 | -1,450154 | 45770703 /
0 8 63848279 | -2,63744 | 3,7473882
19 6.6776089 | -3,609507 | 3068102
12 10 | 69173177 | -4.405368 | 25119494
13 11 | 71135747 | -5.056964 | 2,0566103 _
14 12 | 72742564 | -5.590446 | 1,6838101 <
15 13 | 74058114 | -6.027224 | 13785871
16 14 | 75135195 | -6.384828 | 11286916
1715 | 76017035 | -6.677609 | 09240946
18 16 | 76739024 | -6 917318 | 0,7565846 \
19 17 | 77330138 | -7.113575 | 06194391 L
20 18 | 7,7814102 | -7.274256 | 05071538 \
2119 | 7.8210338 | -7.405811 | 04152225
22 20 | 7.8534749 | -7.513519 | 03399554 I— =
23 21 7,8800354 | -7.601703 | 0,278331% 5 10 15 20 25 30 35
2422 | 75017813 | -7.673902 | 02278789

- — - Bpemat, c

25 23 | 79195853 | -7,733014 | 0,1865715
2% 24 7934162 | -7.78141 | 01527518
27 25 | 79460964 | -7.821034 | 01250626 .
K4 b Wl nerd b ner2  ncr3 / [« gl
Reiicroma~ I | Asrodunyper- N W JOE D EE &-L-A-==2E0 @

loTose

Pucynok 26 - DkpanHas ¢opma pacdyera BEIXOJHOTO CUTHAJA

PaccmoTpum npuMepsl, CB3aHHBIE C PACUETOM M MOCTPOCHHEM IpaUKOB

YAaCTOTHBIX XapaKTCPUCTHUK.

Ipumep 5. Haiitu AYX n @YX 1o u3BecTHON nepeaaToyHol (GpyHKIUH

2
w W(p)=—.
sanmementa W(p), eciu W (p) pil

Pewenue.

Kak ObU10 OTMEYEHO BBINIE, YACTOTHBIE XapPAKTEPUCTUKH MOTYT OBITh
MOJIYYeHbl U3 YACTOTHOW MEpeAaToyHOM (PYHKIIMM HAa OCHOBAaHWU 3aBUCUMOCTEM
(6) u (7), modTOMYy, TIpEXZE BCEro, MepersieM OT MepeaaTOuyHON (YHKIUU IO
Jlamnacy W(p) k nepenatounoit pyukiuu mo ®ypse W(jw):

. 2
W (jo) =W (p)| ,_y, “TioTl

YacrotHas nepenaTtounasi GyHKIIUS TPECTaBIseT co0oit npods. [[s Toro,
YTOOBI PA3JIOKUTH JAHHOE BBIPAKCHHE HA JIEWCTBUTEIBHYI0O U MHHUMYIO YacTU
MOYKHO HCHOJIB30BaTh JIBa MOAX0Aa. PaccMOTpUM KaX bl U3 HUX.

1) YMHOXUM 4YHCIHTENb W 3HAMEHATeNh JAPOOM Ha KOMILIEKCHO-
COMNPSHKEHHOE 3HAMEHATEIIO0 BRIPAKECHHUE.
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2 1-4jo  2-j-8w
4jo+l 1-4jo  1+160°
Tenepb IMOYWICHHO pa3aCIUM CJIaracMbIC YN CIIUTCIII Ha 3HAMCHATCIIb
2-j-80 2 . —8w

W(jo)=

W(io)= _ .
(o) =607 “131607 ) 151607
Otcrona
2 —8w
Uw)=—=— V(o)=———2_
(@) 1+1602 " (@) 1+160°

3Hag JACUCTBUTEIIBHYID M MHUMYIO YacTH, HAlJAEeM BBIPAXKCHUS
st AUX

A(@) = JU % (0) +V 2 () = \/(ﬁj +[%j _

B 4+ 64w* B 4(1+16w7) B 2
-V @+160%)? | (1+16w3)® J1+16w2
n st PUX
-8w
¢(w) =arctg Viw) = arcty 1+160° _ arctg —8o = arctg (—4w) = —arctg 4w
U(w 2 y) :
1+160°

2
Otger: A(w) = W . o(w) =-arctgdow .
-+ (42

2) Ecnu wactoTHas nepenaroyHast GyHKIUS MPEACTaBIsET co00il 1po0b, TO
MO>KHO TIPEJACTABUTH YUCIUTEIh U 3HAMEHATENh B IPsIMOYTOJIbHOM dhopme (3):

R(jo) _ U, (@) + V(@)
G(jo) U, (@) + IV, (o)

Toraa, HCIIOJIB3YA HN3BCCTHBIC B TCOPpHUH KOMIIJICKCHBIX YHUCCJI
COOTHOIIIC€HUA, MOXXHO 3aIlluCaTh

RGo) _JU: (@) +V/ (@)
G(io)|  JU2(w)+V(0)

W(jo) =

s AUX Alw) =

u g DUX ¢(w) =argR(jw) —arg G(jw) = arctg Vi(o) _arctg V, (@) .
U, (o) U, (o)

J{ns Haero npumepa

W (jo) = T.e. U(@)=2, Vi(@)=0, Uy(@)=1, Vi(0)=4w.

1+ j-do°
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Wi @) +Vi() 2
\/Uzz(a)) +V (o)  V1+1602

Torna Beipakenne mi1 AUX A(@) =

u 11 OUX

¢(w) = arcty ———— Vi(@) arctg Val®) =arctg0—arctg4w = 0—arctg4w = —arctg4w
U, (@) U,(w)

2
OtBet: A(®) = W . o(w) =-arctgdw .
+16w

Kaxk BHUAHO, B 000Hux ClIydadax HOJYy4YWJIN OAWHAKOBBIC OTBCTHI.

3ameuanue: npu 8binOIHEHUU KOHMPOTILHOU PAOOMbL CIYOEHM MOMCem peuamby
3a0auy 100bIM CnHOCOOOM.

IIpumep 6. Haiitu AUX n @YX no u3BecTHOU nepeaaToyHoil GyHKIUH

snementa W(p), eciiu W (p) = 7 pi(f);lp) D
Pemenue.
[Tomy4rM 4acTOTHYIO MEPEAATOUHYIO (YHKI[HIO
5(jo+1) B 51+ jo)

W(M»:W“mmm:(ﬂm+D@ﬁuﬂ)_ﬂ+j&wa+BwY

Bocnonb3yemcss BTOpBIM CITIOCOOOM M MPEICTaBUM KaXKIbIi MHOXKHUTEIb
YUCIUTENS U 3HAMEHATENIs B MPSIMOYToJIbHOU opme (3):
W (jo) = L(J_@)-K(J_a)) _ Uy(o) + J:Vl(w))'(Uz(w)Jr J'_Vz(a)))’
M(jo)-N(jo) (Uz(@)+ jV4(@))- U, (@) + JV,(@))

rae Ui(w)=5, Vi(w)=0, Uy(0)=1, Vy(®)=w, Us(®)=1, Vi;(o)=2w,
U4(a)):1, V4(a))=3a)
Torna, WCHONL3YsS W3BECTHBIE B  TEOPUM  KOMIUIEKCHBIX — YHCEll

COOTHOIICHUS, 3aITUIIIEM
g AUX

JUZ (@) +VE (@) U2 (@) +VEi(@)  5-l+o?
JU2 (@) +VZ (@) JU (@) +VE (@) Lt 40’ Y1t 907
nu i OUX

Alw) =

V. (@)
U, ()

+ arctg Va(@) arctg Va(@) arctg Val@) _
U, (o

¢(w) = arctg ——— 0. (@) U. ()
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=0+ arctgw —arctg4w — arctg3w = arctgw — arctg4o —arctg 3w .

5-V1+w?
\/1+ 4?1+ 9w?

IIpumep 7. Iloctpouts rpapux ADUYX 10 U3BECTHON MeEpenaTOuHOM
35
4p+1°

Otger: A(w) = . o(w) =arctgw —arctg4w —arctg3w .

byukiun snementa W(p), ecimm W (p) =

Penienue.
[Toayuyum BbIpaXeHHE JUII YaCTOTHOM TMepeaaTouyHod (PYHKIUM W
PA3JI0)KUM €€ Ha JICMCTBUTEILHYIO U MHUMYIO YaCTH
. 35 35 1-4jo 35+ j-l4w 35 . ldo
W(Ja)):W(p)‘p:ja): . = ’ J = J 2 = 2+J 2"
4io+1 4jo+1 1-4jo  1+160 1+16w 1+16w

35 14w
Monyunmu U (0) =———— u V(@) =—-.
Y @)= 60 "V )= 11607
Tenepp, u3mensas 4dactory w om ( oo o, moctpouMm Tpapuxk ADUX

(pucyHok 27). CnoXHOCTh NpH TOCTPOCHUU Tpaduka MOXKET BO3HHKHYTH C
BBIOOpPOM Il1ara pacuera. B nanHoM mpumepe aiisg 4actotsl oT 0 1o @, = % miar

pacueTta BeiOepeM paBHbiii 0,05, a 3aTem yBenmuuum ero 10 Aw =01,

I M Pa60Ta C AWarpammami
InasHas Bt P crpanmLy b Ewy  Paspaé KoHerpykTap M-m opi |
=¥ Calibri [Ocrosrof = 10 = A° A7 L |
B;ﬁrbﬁv K E - - P-A- ] BCraBiTs Vi
B - 2 "
Bydiep ofMeHa 5 IWpnT ] B Yncno Hue
[uarpamma 3 - Jx v
A B c D E F G H J K L M N o) =
1w U(w) V(w)
2 a 35 0 Fpaduk ADYX
3 0,05| 3,36538| 0,67308
4 0,1 3,01724| 1,2069 2
5 0,15| 2,57353| 1,54412 18 ]
6 0,2| 2,13415| 1,70732 N 1
7 03| 1,43443| 1,72131 16 / \
8 0,4| 0,98315| 1,57303 14
9 0,5 0,7 1,4 12 / \
10 0,6/ 0,51775| 1,2426 / \ L
11 0,7| 0,39593] 1,1086 Viw) 1 / \
12 0,8| 0,31139| 0,99644 038
13 0,9| 0,25072| 0,90258 06 / \
14 1| 0,20588| 0,82353 l \
15 1,1| 0,17191| 0,75639 0,4
16 1,2| 0,14559| 0,69884 02 \
17 1,3| 0,12482] 0,64907 o \
18 1,4| 0,10816| 0,60569 0 s 1 11'5 5 S 3 e A
19 1,5/ 0,09459| 0,56757 Uiw)
20 1,6/ 0,08341] 0,53384
21 1,7| 0,07409] 0,50381
22 1,8/ 0,06624| 0,47691
CRET nm11 nnncrr.\zn:nr;?rg ??:Amcn [l u | »EIv

foroso | 3

|

Pucynoxk 27 Dxpannas popma pacuera AOUX
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Otgert: rpadpuxk ADYUYX npencraBieH Ha pucyHKe 27.
1.4 3BAJTAHUS 1JISI KOHTPOJIbHOM PABOTHI Nel

KoutponbHas pabora Nel «BpemeHHble M YaCTOTHBIE XapPAKTEPUCTUKU
muHerHbix CAY» Britouaet S 3amad. Homep BapuaHTa COOTBETCTBYET MOCIIECIHEH
udpe HoMepa 3a9€THON KHIKKH CTYJCHTA.

3agaua 1

[TomyunuTh BBIp@KEHHWE W IOCTPOUTH Tpaduk BecoBor QyHkmmm W(t)
AJIEMEHTa, TepeAaaTouHas (GyHKIHS KOTOPOTo MpUBeIeHA B Ta0uIE 1.

Tabmuua 1 — McxoaHsle qaHHbIE K 3aa4e 1

Ne sapuanma W(p) Ne eapuanma W(p)
—25 28
0 W(p)_(3p+1)2 5 Wip)= p? +4
4 0,3
1 W(p)=(5p+1)2 6 W(p)=—
-8,3 _-0/43
2 W(p) = m 7 W(p)=—
03 _ 3
3 Wip)= p(4p+1) 8 W(p)_(2p+1)(3p+1)
—4 -5
4 W= 9 W= 2 nEe
3agaua 2

[Tony4ynTh BBIpaXEHHWE M TMOCTPOUTH Tpaduk mepexomHou ¢ynkimu h(t)
AJIEMEHTA, NepeaaToyHast QyHKIMs KOTOPOTO MpUBeIeHa B Ta0uIe 2.

Tabmuma 2 — McxonHele JaHHBIE K 3a7a4e 2

Ne sapuanma W(p) N sapuanma W(p)
1 2 3 4
1 -05

W(p)=—— W(p) = ’

0 ) pan= > S

2 3
-0,25 2

W S i W =
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[Tponomxkenue TaOaUIIbI 2

1 2 3 4
2 Wip)= p28+1 ! W= (4p+_1)1(’§|0+1)
3 (W= 5 W=
) W(p)z(p+)5(p+1) ? oy
3 4
3amaya 3

[TocTpouTh rpauk BBIXOJHOIO CHUTHAJIA, €CIM 3aJaHa MOJEIb 3JIEMEHTa
CUCTEMBbI YIIPaBJIEHUS U BUJ BXOJHOIO CUTHAJIA.

Mojens 37eMeHTa 3a/iaHa B Buje nepeaatodnoit Gynkiuu W(p), a BXoIHOM
CUTHAJI 33JlaH B BHJIE TpaduKa, KOTOpble MpuBeaeHbI B Tabmuiie [13.

B xoHTpoBHOM paboTe HEOOXOAUMO MOTYUYUTh MATEMATHYECKOE BBHIPAKEHHE
s BeixogHoro curnaia Y(t), paccuutars 10-15 3HaueHM, MPOBEPUTH HaUAIBHOEC
M KOHEYHOE 3HAYEHUsd MO IMpelaeiabHoM Teopeme Jlamnaca, 1Mo NOJIyYEHHBIM
JTAHHBIM TIOCTPOUTH rpaduK.

Tabmuua 3 — McxoaHple JaHHBIE K 3a71a4e 3

N eapuanma W(p) Buo epaghuxa exoonozo cuenana
1 2 3
A
X(t
S ®
0 B p +1 1

X(®) A

a4 p + 1 4

v
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[Iponomxenue TadaUIbI 3

1 2
_ 50O X(t)
2 7 p + 1 0,5
t c
X(t)h
— 2.5
3 5p + 1 4
0 t, C
tA
- X(t)
4 P+ °
4 -
t,C
x®]
—a
5 Sp +1 5
0 t, C
x(®]
5
ad 2
6 —+ —
P > X
t c
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6 X(t)ﬂ
7 4 p +1 0,5
0 4 8 tcC
[Iponomxenue Tadnuub [163
1 2 3
1 X(t)“
3 P+ O,2 3
0 2 5 tc
1 5 X(t) A
0 4 9 tc

3agaua 4

[Tonyuuts Beipaxkenus At AUX u @UX snemenTa, nepenatounast pyHKIUsS

KOTOPOTro MpuBezeHa B Tabmuue 4.

Tabmuua 4 — VMcxoaHele JaHHBIE K 3a71a4e 4

No W(p) Ne W(p)
eapuaﬂma eapuanma
~ 10p _ 100
0 ¥ 02p 1y 5 MGy
_4p ~30(2p+1)
1 W(p)—(5p+1)2 6 W(p)——p(3p+1)
__ 1 _ (05p+1)
2 Wip)= p(3p+1) 7 W) p(0,2p +1)
E _ 10p
3 W(p) = p(2p+1) 8 W(p) (2p+D(Bp+1)
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45
p(p+0,5)

0,5p
(0,2p+1)(0,3p+1)

4 W(p): 9 W(p):

3amaua 5

[Toctpouts rpapuxk ADUX nsnemeHTa, mnepenatodHas (YHKIUS KOTOPOTO
MIpUBEJICHA B TAOIHIIE O.

Bapuant 3aganusi BBIOMpaeTcs B COOTBETCTBUU C MOCeAHEH 1M poil Homepa

3a4CTHOM KHMKKH CTyACHTA.

Taomuma 5 — Mcxonusle JaHHBIE K 3a1a4€ 5

Ne W(p) Ne W(p)
8apuaHma eapuaHma
_ 10 _ -5
0 W(p)_(0,2p+1)(0,3p+1) o W(p)_(2p+1)(3p+l)
15 15
W = e b
1 (P=spnoozpsy | 6  |WIP=Tg51
15 25
__ b W (p) =
2 W(p) 0(4p+1) 7 (P) = 0ap+D002p11)
~05 83
3 | W= 02pe s | V= Tz
s 03
4 Wip) = (2p+1)(3p+1) 9 W(p) = p(4p+1)
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2 YCTOMYUBOCTH JINHEMHBIX CHCTEM ABTOMATHYECKOI'O
YIIPABJIEHUSA

[IpoextupoBanue moboit CAY HauMHaeTcs ¢ MOCTaHOBKM TPEOOBaHUM K
KauecTBY €€ pabOThl. DTH TPEOOBAHUS JUKTYIOTCS HEOOXOAMMOCTHIO 00ECIIEUUTh
OTIpEJICIICHHBIA XapaKTep MPOTEKAHUS MPOIECCOB B 0OBEKTE yIpaBieHUs. BakHO
MOHUMATh, YTO PACCYXKJIaTh O KAYECTBE Pa0OThl CUCTEMBI UMEET CMBICI TOJILKO B
ClIyyae €€ yCTOMYMBOCTM, TaK KaK HEyCTOWYMBas CHUCTEMA MPOCTO
HepaboTtocnocobHa. [1oaToMy mpu MPOEKTUPOBAHUU CHUCTEM B MEPBYIO OYEPEIb
pelaroTCs BOMPOCHI, CBSI3aHHBIE ¢ o0ecrieueHneM yctonunBoct CAY.

2.1 MOHSATUE YCTOMYUBOCTU CUCTEMbBI ABTOMATHYECKOI'O
YIIPABJIEHUSA

VYeronuuBocts CAY - 0HA U3 BaXKHEHUIINX XAPAKTEPUCTHUK.

Ilon ycmonituueocmovio CAY noHUMAIOT CBOMCTBO CUCTEMBI BO3BPAILIATHCS B
COCTOSIHUE PaBHOBECHS nocjie MpeKpalleHus] HW3MEHEHHsI BO3ACHCTBUA,
BBIBE/ILIETO CUCTEMY U3 3TOIO COCTOSIHUSL.

HeycroitumBas CAY He BO3Bpamaercss B COCTOSHHE pPaBHOBECHS, a
HEIPEPHIBHO YJAJISETCS OT HETO.

Ot ycroituuBoctu CAY 3aBucutr ee pabotocrnocoOHOCTh. Cucrema, He
oOnajaromasl yCTOMYMBOCTBIO, BOOOIIE HE CIOCOOHA BBIMNOJIHATH (QYHKIUH
ynpaieHus. HeycroiiuuBas cuctemMa MOXKET NPHUBECTH YHPaBIseMbIl OOBEKT B
aBapuiiHoe coctosHue. Iloaromy mnpobiemMa yYCTOMYMBOCTH CHUCTEM SIBISETCS
OJIHOW U3 NEHTpabHbIX B TAY.

3amauamu aHanu3za yctoiuuBocT CAY 0OBIYHO SBISIOTCA:

®  ONpenesieHue YCTOMYMBOCTU WM HEYCTOMYMBOCTH CHUCTEMBI MpHU
3aJIaHHBIX MTapaMeTpax;

®  OmpenesieHHEe JONYyCTUMOrO MO YCJIOBHUSAM YCTOMYMBOCTH, JAHMANA30HA
WU3MEHEHUS! HEKOTOPBIX MTapaMeTPOB CUCTEMBI;

®  BBIICHCHHME NPHUHIMIHAIBHONW BO3MOXHOCTH YCTOMYHMBOCTH CUCTEMBI
IIPU 33IaHHOU €€ CTPYKTYpE.

2.2 HEOBXOJIJUMOE U JOCTATOYHOE YCJOBHUE YCTOHUNBOCTHA

Obuiee mamemamuueckoe yciosue yCmouuugocmu - JJisi yCTOWYUBOCTH
nuHelHoN CAY HeoOX0IMMO M JTOCTATOYHO, YTOOBI JECHCTBUTEIBHBIC YAaCTH BCEX
KOpPHEH XapaKTepUCTUYECKOTO YPaBHEHUSI CUCTEMbI OBUIH OTPHUIATSIIBHBIMU (WU
9TOOBI BCE KOPHHU XapaKTEPUCTUUYECKOTO YPABHEHUS CHCTEMbBl PACIOJIaraincCh B
JIEBOM 4aCTH KOMILJIEKCHOM TJIOCKOCTH).

[Iycth MEEM XapaKTEPUCTUUECKOE YPABHEHUE

a,p" +a,p"t+..+a, =0. (8)

KopHu XxapakTeprcTU4ecKOro YpaBHEHUS MOTYT OBITh JIEHCTBUTEIHHBIMU

(px = ok), mauMbiME (P = JPBx) U KoMIutekcHbIMEH (px = ok t jBx). Ilpu sTOoM
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KOMITJIEKCHBIE KOPHHM BCErja IOMapHO COMPSDKEHBI MEXIY COOOW: €Cliu €CTh
KOPEHbB C MOJIOKUTEIIbHOH MHUMOM 4acThiO, TO 0053aT€NbHO CYLIECTBYET KOPEHb C
TaKOM K€ MO MOJYJI0, HO OTpHUILIATEIbHOM MHHMMOHN 4acThlo. Ha pucynke 28

U300pakKeHbl BO3MOXKHBIE CIIy4ad PACIONIOKEHHS KOpHEW Py Ha KOMIUIEKCHOU
IJIOCKOCTU 1 cooTBeTcTBytomue uM (ynkiuu Xg(t), koTopsle mokasanel BHyTpu

J
=

obnacme ycmodtiyusocmu obnacme Heycmou4usocmu

OKPY’KHOCTEM.
, epaHuua
4 f/ycmouwueocmu
/
/
/
/|
/
v /
4 /|
P poA
P “Ip

\ 4

[$)]
.i——
o
ANEANAN
'K——

p

Pucynok 28 - BimssHue KopHel xapakrepucTuaeckoro ypasaenuss CAY
Ha €€ YCTOMYUBOCTD

YCTOMYMBOCTL ~ CHUCTEMBI  3aBUCUT  TOJIBKO  OT  BHJAa  KOpHEHU
XapaKTEPUCTUYECKOTO YPAaBHEHHMSI M HE 3aBUCUT OT XapakTepa BHEIIHUX
BO3JCHUCTBUA HA CHUCTEMY, T. €. YCTOMYHMBOCTHh €CTh BHYTPEHHEE CBOMCTBO
CHUCTEMBI, IPUCYLIEE €1 BHE 3aBUCUMOCTH OT BHEIIHUX YCJIOBUM.

Ecnu xoTst 661 OIMH KOPEHb UMEET MOJIOKUTEIBHYIO ICHCTBUTEIBHYIO YaCTh
(pacrionaraercs B TPaBOM YacCTH KOMIUIEKCHOM TIJIOCKOCTH), TO CHUCTEMa OyIeT
HEYCTONYHUBOM.

MHuumasi och jf sIBISICTCS TPaHHIICH YCTOWYMBOCTH B IJIOCKOCTH KOPHEH.
Ecnu xapaktepucTHUECKOE YpPaBHEHHE HMEET Mapy YUCTO MHHUMBIX KOpHEU
(Px = +jBx , Px+sr =- JBk), @ Bce OCTalbHBIC KOPHU HAXOAATCSA B JICBOM YacTH
KOMIUIEKCHOM TUIOCKOCTH, TO B CHCTEME YCTAHABIMBAIOTCS HE3aTyXAIOIINUE
rapMoHU4ecKkue Kosiedbanusi. B 3Tom ciyuae roBopsT, 4TO CHUCTEMa HaXOJUTCS Ha
KoJie0aTeabHON IPpaHUIe YCTONUYUBOCTH.

Ecnu xapakrepucTrueckoe ypaBHEHUE UMeeT HyJieBoi kopeHb (B = 0), a Bce
OCTaJIbHbIE KOPHU HAXOJATCS B JIEBOM YaCTU KOMIUIEKCHOM INIOCKOCTH, TO CHCTEMA
HAaXOJUTCSI HA arepuoOJINYECKON I'pPaHUIE YCTOMYMBOCTU. ECIM Takux KOpHA IBa,
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TO CUCTEMAa HEYCTOWYHBA.

2.3 KPUTEPUU YCTOUUYNBOCTHU

Kak Obuto mokazaHo BbIE, JUIsI CY)XKIEHUS 00 YCTOMYMBOCTH JIMHEHHOMN
CAY [ocTaTOYyHO ONpEAETUTh JHIIb 3HAKH JEHCTBUTEIBHBIX YacTed KOpHEH
XapaKTEpPUCTUYECKOIO YPaBHEHUS.

B TAY pa3pabotan psj npaBuil, C MOMOIIBI0 KOTOPBIX MOXKHO CYAHUTH O
3HaKaxX JICMCTBUTENIBHBIX YAaCTEM KOPHEM, HE pelas XapaKTEPUCTHYECKOE
YpaBHEHUE W HE HAXOAs YHUCIIOBBIE 3HAYEHHS CaMUX KOpHEH. DTH mpaBuiia
IOJIYYWJIA Ha3BaHUE KPUTEPUEB YyCTOMYUBOCTH.

PasznuyaroT anreOpanueckue U 4aCTOTHBIE KPUTEPUH YCTOMYUBOCTH.

Anrebpanyeckue KpUTEpUN YCTAHABIMBAIOT HEOOXOAMMBIE U 1IOCTATOYHbBIE
YCIIOBUSI OTPULIATENIBHOCTH BEILIECTBEHHBIX YacTell KOpHEW B pOpMe OrpaHUUYEHU,
HaKJIaJ[bIBAEMBIX Ha OIIPENICIICHHbIE KOMOMHALIUU KO3 (HUIIMEHTOB
XapaKTEpUCTUUECKOTO YPABHEHHS CUCTEMBI.

YacTOTHBIE KPUTEPUU OIPEAEIIAIOT CBA3b MEXKIY YCTOMYMBOCTBIO CUCTEMBI
1 (OpMOIi €€ YaCTOTHBIX XapaKTEPUCTHK.

HaunOonbliee pacrnpocTpaHeHre B HMHXKEHEPHOM  MPaKTUKE  HAIUIM
anredpanueckue kpurepuu ['ypeuna u Payca.

PaccmoTpum onyH u3 HUX - Kputepui I'ypeuna.

Kpurepuii 0b1  chopmynupoBaH M jAokazaH B 1895 r. Hemeukum
MaTteMatukoM A. I'ypBulleM, KOTOPBIM pa3paboTayl CBOW KpPUTEpPHUH, pellias YHUCTO
MaTeMaTUYECKYIO 3azaqy UCCIICIOBAHNS YCTONYUBOCTH JIMHEWHOTO
muddepeHnanbHoro ypaBHeHus. ['ypBuil oOpatuics K 3TOM 3a1adye 1o npocsoe
cioBankoro ydeHoro A. Cronoiipl, 3aHUMAaBIIETOCS BOIPOCAMH PETYIMPOBAHMUS
TypOUH.

[IpumenutensHo k 3amadam TAY  kpumepuini I'ypsuua MOXHO
chopMyIUpPOBATH TAK:

CHUCTCEMA ABTOMATHUYCCKOI'O YIpaBJICHUA, OImucChIBacMas
XApaKTCPUCTUICCKHUM YPABHCHUCM
n n-1 n-2 _
a,p +ap +a,p “+..+a, =0, (9)

yCTOMYMBA, €CIU TIpH ap > 0 MOJ0XKUTEIBHBI BCE ONpeAeIuTeNn Ay, A,,..., A, BUIa

8 d;3 85 ... Apiyg
8y 8, 8y .. 8y
0 a a; .. a,,
.......................... , 1=1,2,3,...,n (10)

Ecnu xots Ob1 onun u3 onpenenuteneit (10), Ha3pIBaeMbIX ONpeaeTUTENIIMU
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['ypBuua, orpunareneH, To CUCTEMAa HEYCTOMYMBA.

Omnpenenurenn ['ypBuna coctaBisioT cienyromuM oOpa3zom. Ha rmaBHoM
JMaroHaJld 3alKiChbIBalOT BCE KOAPPUIUEHTHl XapaKTEPUCTUUECKOTO YPaBHEHUS OT
a; 1o a; (B mopsiIke BO3pacTaHWs WHIEKCA), 3aTeM B KaKIOM CTOJOIE BHIIIE
JMaroHaJIbHbIX KO3()(PHUIIMEHTOB 3aMUChIBAIOT KOA()(PUIIMEHTHI C IOCIEA0BATEIBHO
BO3pacTAOIIMMU HHJEKCAMH, a HWXXE — C IIOCJIEI0BATEeIbHO YOBIBAIOIIMMHU
uHaekcamu. Ha mecro ¢ kxo3dduumeHramMmu ¢ uHAEKcaMH OONBIIMMU h WU
MEHBIIMMH HYJS TPOCTaBISAIOT HyiH. [Ipwm 3TOM KakIplil i—i ompeaenuTenb
MIOJTyYaeTCsl pa3MepoM 1 X |.

Tax kak mocienHuit crosnben onpenenurenst A, COAEPKUT BCErAA TOJIbKO
OJIMH 3JEMEHT a, , OTIWYHBIA OT HYyJSA, TO COIVIACHO HM3BECTHOMY CBOMICTBY
onpenenurenein A, =a A ;.

Paccmorpum npruMeHenue kpurepus ['ypBuna. YcinoBus yCTOMYMBOCTH 110
Kputeputo ['ypBuma il XapaKTepUCTUYECKUX YPABHEHUM Pa3HOro MOpsAIKa
IpeJICTaBICHbI B TA0HILIE 6.

Kpurepuii I'ypBuna neisecooOpazHo NpUMEHATH ISl aHAIM3a YCTOMYMBOCTH
CUCTEM HE€ BbILIE yeTBepTOro mopsaka. Ilpu n > 4 BeluMcieHue onpenenuTenci
CTaHOBHUTCS] TPOMO3IKUM.

Tabnuna 6 - YcnoBusi ycToW4uBOCTH 10 Kputeputo ['ypBuiia

[Topsmok Bun xapakrepuctuyeckoro YcnoBus yCTOMYMBOCTH MO
XapakTepuc- ypaBHeHust CAY I'ypBuny
THYECKOT'O
ypaBHEHHUS
CAY
1 2 3
1 a,p+a, =0 a,>0
A =a >0
2 a,p>+ap+a, =0 [
a,,0
14, =80 e
aQ,
A, = =aa, »0
L 2 ao a2 a:l. 2 >
a,» 0
=10
a,» 0
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[Tponomxenue TabaUIBI 6

1 2 3

3 a,p’+ap’+a,p+a, =0 | [a,)0
A =a;)0

=
A, = =a,a, —a,3,; )0

Ay =a;A, )0
a,)0

a0
<1a,)0

a;)0

a,a, —a,a,)0

4 a,p*+a,p’+a,p’+a,p+a, =0 a,)0

A =a)0

A, = % % —aa,-28,a,)0
a, a,

A, =a;A,)0

A, =a,A; >0

a,,0

a,)0

a,)0

a;)0

a,0

a,(a,a, —a,a,)—a,a’ >0

N3 9acTOTHBIX KpUTEpUEB HAUOOJbBINIEE PACTIPOCTPAHCHUE HAIIUTH KPUTEPHUH
Muxaitnosa u HaiikBucra.

B 1938 romy coBerckum ydenbiM JI.B.MuxaitnoBeiM ObUT MpeIOKEH
rpadoaHaTUTHYECKUN KPUTEPU YCTOMYMBOCTH, HA3BAaHHBIM B €r0 4ecThb. JlaHHbIN
KpUTEPHUI TO3BOJISIET HE TOJBKO CYIWTh OO0 YCTOMYMBOCTH, HO M HATJISTHO
OIICHUBATH CTEIICHb BIIMSHUS ApaMETPOB CUCTEMBI HA €€ YCTOMUYMBOCTb.

PaccMmoTpum ocHOBHBIE MOJIOKEHUSA Kpumepus Muxaiinoesa.

Jlnst Toro, yToOBI HEMPEPHIBHAS CUCTEMa PETyJIUpOoBaHus Oblja yCTOMYMBA,
HEOOXOJAMMO M JIOCTATOYHO, YTOOBI XapakTEpUCTHUECKUN rojorpad mpu
M3MEHEHUH YacTOThI ® OT 0 70 00, HAUMHASCh HA ACUCTBUTEIILHOM MOJ0KUTEIBHOM
MOJIyOCH, OOXOJMJI TOCJIEIOBATEIbHO B TOJIOKUTEILHOM HaIpaBlIeHUH (IIPOTHB
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YaCOBOM CTpENIKK) N-KBAJPAHTOB, HUTJE HE oOpamasich B HyJb, I/i€ N- TOPSIOK
XapaKTePUCTHUYECKOTO YPaBHEHUsI CHCTEMBbI peryiupoBanus (pucyHok 29). Muave
roBopsi, Bektop MuxaiiioBa D(j®), mpu m3menenunm 4actoTel @ oT 0 10 o,

COBEpILIAET IPOTUB YACOBOM CTPEIKM MOBOPOT HA Yrod N % :
Jlns Toro, utoObl mpoBepuTh ycToilumBa U CAY B COOTBETCTBUH C
KputepueM MuxaiioBa, 10CTaTOYHO MOJYYUTh XapaKTEPUCTUUECKOE YpaBHEHUE

samkHyToi cucrembl D(P) =0, a 3atem, mocrpous Bexrop Muxaitnosa D(j),
BU3YaJIbHO OIICHUTH (PAKT yCTOWYUBOCTH.

‘ V ®
n=2 ( )
n=1

U(w)

[
»

=0
n=3

S~

n=4

Pucynok 29 - ITpumepsl rogorpadoB BekTopa MuxaiisioBa i ciydas
ycronunBbix CAY

OTMETMM HEKOTOpblE NPU3HAKM HEYCTOMYMBOCTH, KOTOPBIMH MOXHO
PYKOBOJICTBOBATHCS PU UCIIOJIB30BAaHUU KpuTepuss Muxaiisiosa:

* npu =0 romorpad Haydaiucs HE Ha TMOJIOKHUTEIHHOW JIEWCTBUTEILHON
HOJIyOCH;

" Ha HEKOTOPOM Yy4YacTKe BEKTOp rojorpada Bpaluajics MO 4YacoBOM
CTpEJIKE;

" HapyLIWJIACh MOCIEI0BATEILHOCTh MPOXOKICHUS KBaIPAHTOB;

" [Ipd HEKOTOPOM 3HAYEHUU @k Troaorpad mpoiien uepe3 Havalo
KOOPJIMHAT;

= KkpuBasg MuxaninoBa HAYUMHAETCS B HAYAJIE KOOPJIUHAT.

Ha nepBom »3Tame  J0CTaTOYHO  BBISIBUTH  (PAKT  YCTOMYMBOCTH
(meycroitunBoct) CAY, a 3areM pa3pabOTUYMKy HEOOXOJUMO MPOBECTH
JIeTalbHbI aHAJIN3 CUTYallUH W BBISIBUTH BO3MOKHBIE MYTH MOBBIINICHUS 3ariaca
ycroiunBoctu CAY.

Yacto BMECTO TOCTpOECHHS Bcero rojorpadga BekTopa Muxaiinosa
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OKAa3bIBAETCS TOCTATOYHBIM UCCIEA0BATH 3HAUEHUSI KOPHEU €ro AEUCTBUTEIIBHON U
MHUMOM yacteil. HeTpy1HO 3aMeTUTh, YTO MPHU MOCIEI0BATEILHOM MPOXO0KIACHUN

n-keagpanros rogorpad D(j®) moouepenro n pas mepecekaer ocu KoOpaHHAT,
T.e. TOOYEpeaHO oOOpamaeTcs B HyJdb MHUMAas W JACHUCTBUTENBbHAS YaCTH

D(jo) =U (@) + |V (@) (pucynox 30).

1 U), V(o)

U(w)

Viw

v

Pucynox 30 - I'paduk neiicTBUTENILHON U MHUMOM YacTtel rojgorpada MuxaitioBa

Ha ocHOBaHuM BBINIECKAa3aHHOTO MOXKHO C(OPMYJIHUPOBATH CledcHieue u3
kpumepusa Muxaiinoea.
Jlnst Toro uto6st CAY Oblia yCTOMYMBA, JOJKHBI BBIIOTHATHCS CIAEAYIONTNE
YCJIOBUSL:
1) kopHH ypaBHEHUM U(w)=0n V (@) = 0 nomxas OBITH
BEIICCTBEHHBIMU M YEPEAYIOIIUMUCS;
2) mpu ©=0 MHHMas dYacTh JOJDKHA OBITH paBHA HYJIO, €¢ IMepBas
MPOU3BOJIHASI M JICHCTBUTENbHAS YacTh JOJDKHBI OBITH IOJOKHTCIHHBIMU

V(@) =0, 2250, )], >0,

2.4 IPUMEPBI BBITIOJIHEHUSA 3AIAY
13 KOHTPOJBbHOM PABOTBI Ne2

PaccmoTtpum 3ama4m, B KOTOPBIX TpeOyeTCst ONICHUTH ycTounBocTh CAY.

B ycrnoBum 3amaum MoxeT ObITh YKa3aHO, KaKOW KpUTEpUM WM YCJIOBHUE
YCTOMYMBOCTA  CJIEAYET MCIOJIb30BaTh, B NPOTUBHOM ClIy4ae, CIEAYET
BOCIIOJIb30BAThCS JIFOOBIM U3 M3BECTHBIX MOJXOJ0B K OIEHUBAHUIO YCTOWYUBOCTH
nuHeiHbix CAY.

IIpumep 8
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Hcnonvsys Heobxo0umoe u O00CMAMOYHOU YClogue YCMOUYUBOCHU,
BBISICHUTH, OyZeT nu 3amkHyTass CAY ycroilumBa, €Ciid €€ XapaKTepUCTHIECKOe

ypaBHeHue umeet Bug 4p° +6p° +2p+3=0,

Pewmenue.

HeoOxomumoe u gocratouHoe ycinoBue yctoiuuBoctu ansi CAY moboro
nopsaka QopMyIUpyeTCsl CIEeIyIIMM o0pa3oM: Jis TOro, YTOOBI 3aMKHYyTas
cucreMa ObUla YCTOWYMBAa HEOOXOIMMO U JOCTATOYHO, UYTOOBI KOpPHH €€
XapaKTEPUCTUYECKOTO YPABHEHMsSI HAaXOOWINCh B JIEBOM  IOJYIJIOCKOCTH
KOMIUIEKCHOM IJIOCKOCTH ITEPEMEHHOM P.

Haiinem xopHu ypasuerns D(p) =4p° +6p>+2p+3=0.
JInst 3TOro CrpyniupyeM cllaraéMble M BBIHECEM OOIIME MHOXKUTENIU 3a
CKOOKY
(4p®+2p)+(6p* +3)=2p(2p* +) +3(2p* +1) =(2p* +D(2p +3) =0.
[IpupaBHHBas K HYJIIO KaKIbIi MHOKHUTEIb, MOJIyYaeM
2p®+1=0
) 1

== u p3:_§:_1’5

p > ’
1 .11 )
=t |- =%j[>=+j.07
P12 5 J 5 J

Nmeem Tpu KOpHSA: JABa MHHUMBIX P, = j-0,7, p,=-j-07, W OIUH
JNEUCTBUTEIBHBIN P, =—15.

2p+3=0

M300pa3uM 3T KOPHU Ha KOMILIEKCHOM IJIOCKOCTH (pUCYHOK 31).

A

g Vv
Obnacms ycmouuugocmu Obnacmo neycmoiiuueocmu

(pl

*
v

Pucynok 31 - Unmroctpanus k npumepy 8
W3 pucyHka BHIHO, YTO JIBa KOPHS PACTOJOKEHBl Ha KOJIeOaTeIhHOM
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IpaHuUIle YCTOMYNBOCTH, & OJIMH KOPEHb ypaBHEHUS B 00JaCTH yCTOMYHBOCTH.

OTBer: 3aMKHyTass cHCTeMa HaxOJUTCA Ha KoJieOaTeIbHOU TpaHHUIIe
YCTOMYUBOCTH.

IIpumep 9
byner nu 3amxnytas CAY ycroituuBa (no xkpumeputo ['ypsuya), ecinu ee

XapaKTepPUCTUYECKOe ypaBHeHHe uMeer Bup 2P +4p° +p° +p+3=0 ?

Pemienue.
3anumeM ycioBue ycronuuBoctd CAY 4-ro mopsnka B COOTBETCTBHH C

kputepueM I'ypBuia (Tadiuia 6):
a,)0
a0
a,)0
a;y0
a,»0
a,(a,a, —a,a,)—a,a >0
[loncraBUM B cHUCTEMY HEPAaBEHCTB UMCJICHHBIC 3HaueHUS KOd(h(HUIIMEHTOB
XapaKTepUCTHUECKOTO ypaBHeHus a, =2, a, =4, a, =1, a;, =1, a, =3. Tak kak
BCe KOA(p(UUUEHTHl OTJIWYHBI OT HYJd U TOJIOXKHUTEIbHBIE, TO JIOCTATOYHO
IIPOBEPUTH BBIIIOJHEHHUE MOCIIEIHEr0 HEPABEHCTRA:

a,(a,a, —a,a,)—a,a’ >0

1-(4-1-2-1)-3-4*=-46 <0’

Tak kak HEpaBEHCTBO He BhINOJIHAETCSH, TO CAY HeycTonuuBa.
OtsBer: 3amknyTass CAY HeycTolunBa.

Ipumep 10
Hcnonvsys xpumeputi I'ypsuya, 3amucaTh YCIOBHE YCTOMYHMBOCTH JUIS

3amkHyTOl CAY.
CTpyKTypHas cXxeMa CUCTEMbl UMEET BHU/I

9(t)
0 Wilp) W) o) 2O

A 4
A\ 4
v

A

Wa(p)

Bripaxkenus s nepeaatoyHbix GYHKIIUHA 3a/1aHbI:
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K K,p k
W, (p) = k, +—2 - W, (p) = —4 W, (p) = —2
(p) 1+p, W, (p) =k;, W;(p) Tpsl’ +(P) Tl

Pewenue.

Yro6bl mpuMeHUTHh KpuTepuii ['ypBHIIa, Tpexae BCEro, CIeayeT MOIY4YUTh
XapaKTEPUCTHUUECKOE ypaBHEHUE 3aMKHYTOH CAY.

Haiinem mepenartounyro Qyukuuio 3amkaytod CAY, umeromei
CTPYKTYPHYIO CXE€MY, H300paKEHHYIO BBIIIE, U 33/IaHHbIC TIepeAaTOYHbIe (QyHKIIH
DJIEMEHTOB

[k1+k2]-k3- P
Wi (p)-W,(p)-Ws(p)  _ p Tp+l
1+W, () -W, (p) Wy (p) W, (p) 1+(k +k2j L Kbk

p) ® Tp+l T,p+l

o(p) =

(klp+k2)-k3-k4p

_ p(T1p+1) _ (k1p+k2)-k3~k4-(T2p+l) _
PTP+D(Tp+D) +(kp+ky) ks -kyp-ks  (T,p+D)(T,p+D) +(k,p+k,)-Ks -k, -k
p(T,p+1)(T,p+1)

_ k1k3k4T2 p2 + k].k3k4 p + k2k3k4T2 p + k2k3k4
T,T,p% + (T, +T,) p+ KKK ke p+1+K,kK K

3HaMeHaTellb MepelaToyHol (YHKIIMU 3aMKHYTOW CHUCTEMBbI MPEJICTABISET
co0Ooli ee XapaKTepUCTUUECKUN MOIMHOM. Torjna xapakTepucTUUYEeCKOE ypaBHEHUE
MOXHO TOJIyYUTh, MPUPABHSIB K HYJIIO 3HAMEHATENlbh MEpPeAaTouyHON (YHKIUU
3aMKHYTOM CUCTEMBI:

TT,p° +(T, +T,)p+kkk,Kk p+1+k,k K.k =0

TT,p° +(T, +T, + kKK ko) p+ (L +k,K K,k )=0

[Toryunnum ypaBHeHHE 2-TO MOPSAKA, JJIT KOTOPOTO YCIOBUE YCTOHYHMBOCTH
10 KpuTepHio ['ypBHIla MOKHO 3aMKcaTh B BHIE CHCTEMBI HepaBeHCTB (TabJuia 6)

a,,0

a0

a,y0

HOJCTaBIIsAs 3HAYEHUS KOOI(DPHUIMEHTOB XapaKTEPUCTUYECKOTO ypaBHEHHS

a, =TT,, a =T, +T, +kk;k,K:, a, =1+k,k,k,K;, okongarensno 3anumem

TT,>0

T, +T, + KKk, k>0,

1+Kk,k;k,k:>0
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[Ipoananu3upyemM TOIYyYEHHYIO CHUCTEMY HEpPAaBEHCTB. WM3BECTHO, 4YTO
apaMeTphbl MePeAaTOYHbIX (PYHKIIUIA JIEMEHTOB HMEIOT KOHKPETHBIH (hu3nuecKuii
cMmpicn. Tak T,,T, - TIOCTOSHHbIE BpPEMEHH DIIEMEHTOB, BCIHYHHBI,
XapaKTepHU3YIOIHe X HHEPIIHOHHBIC CBOWCTBA, M3MEPSIOTCS B CIUHUIIAX BPEMEHU
U Bcera nojoxurenbheie, K, K,, Ky, K, K - k0o dunmentsr nepenaun (ycuneHus)

9JICMCHTOB, IIOKA3bBIBAIOT BO CKOJIBKO pPa3 CHUIHAJI HA BBIXOJAC JJICMCHTA 6YI[€T

HU3MCHATHCA IO CPABHCHUIO C CHUTHAJIOM Ha BXOAC, MOI'YT IIPHHUMATH

IMOJIOKUTCIIBHBIC W OTPHULATCIIBHBIC 3HAYCHUAI. Taxum O6p&30M, IICPBOC

HCPAaBCHCTBO BBIIIOJIHACTCA BCCTAd, 4 BTOPOC MOKHO Hp€06p330BaTI), TOTda
k.k;K, ks> 0

HOTYHIM A1 1 K, kok k)0

OtBer: ycnoBue ycroWuuBoctu 3aMkHyTOM CAY B COOTBETCTBHM C
k. k;k, k>0
KputepueM ['ypBuiia umeer BujI 1+ K,k K,k }0°
2737475

Ipumep 11
[lo u3BecTHOI nepeaaToyHOl (PYHKIMHM Pa30MKHYTON CHCTEMBI BBISICHHUT,

oyner nu 3amkHytas CAY ycroituuBa. [lpu pewenuu ucnoiv3oéames Kpumeputi
Muxatinosa.
CrpykrypHas cxema CAY uMeeT BUa

g(t) y(t)

"@ W,0(P)

v

[lepenarounas  GyHKOHMS  PAa3sOMKHYTOHM  CHCTEMBI  ONPEIACIISICTCS
3p°+p+1
pl+2p*+2p+1°

seipakernemM W, (P) =

Pemenue.

UtoObl npUMEHUTH KpuTepuid MuxaiiioBa, MpexaAe BCEro, CleayeT
MOJIYYUTh XapaKTEPUCTUUECKOE ypaBHEHHE 3aMKHYTON CAY.

[TonyunTh  XapakTepUCTHUYECKOE  YpPaBHEHHE  MOXHO  CIIOCOOOM,
U3JIO)KEHHBIM B mpuMepe 10, TNOMyyuB CcHavala MepelaToOuHyr0 (YHKIHUIO
3amkHyTO CAY, a 3aTeM NpupaBHSAB K HYJIO €€ 3HaMEHATelb. TaKkke MOKHO
BOCITIOJIB30BATbCA MIPUEMOM, IIO3BOJSIIOIIMM IOJYYUTh XapaKTEPUCTHYECKOE
ypaBHEHUE TI0 U3BECTHOM mepenaTouHoi GyHKinuu pazoMkayToit CAY.

C yueToM CTpYKTYpbl, iepeaatounast pyHkuus 3aMkHyToit CAY umeer BUA:
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Wpa3 ( p) _ A( p)
1+W,,(p) D(p)’
TOorzma XapaKTEPUCTUUECKU I MMOJIMHOM D(p) =1+W,.(p), a

D(p) =

XapaKTEepUCTUUECKOE YPAaBHEHNUE MTOJyYHUM, IIPUPABHSAB €T0 K HYJIIO.
JUtst Hatrero npuMmepa

3p2+p+1 p®+5p®+3p+2
D(p) =1+W =1+ = =0
(P) pes (P) p’+2p*+2p+1 pl+2p*+2p+1

Kak HN3BCCTHO, I[pO6I) paBHa HYIIIO, KOoraa 4YHUCIUTCIIb PAaBCH HYJIIO, a
3HAMCHATCJIb HC PpPaBCH HYIIIO. HonyqaeM XAPAKTCPUCTHUICCKOC YPABHCHHUC

samkayToii CAY D(p) = p®+5p° +3p+2=0.

YroObl TpUMEHUTHh KpuTepuil MuxaitioBa Uisi OLUEHKH YCTOWYHMBOCTU
3amkHyTOM CAY, HE0OXOIMMO TOCTPOUTH XapaKTepuctudeckuii romorpad. s
3TOTO BHIMONHMM 3ameHy D p)\ —io=0 W PpasNnoOKUM ypaBHEHWE Ha
JEUCTBUTEIBHYIO U MHUMYIO YaCTH.

D(jo) = (jo)® +5(jo)* +3(jo)+2=0
[Ipy BO3BEICHMUM MHHUMOW E€IUHUIIBI ] B Pa3IMYHbIC CTENEHU IMOJYyYaroT
s 2 3 i 4
cnexyromue 3Havenus: | =], J°=-1, °’=—], |"=1wu 1.1
D(jo)=—j-0° =50+ j-3-w+2=0,
D(jo)=U(®)+ j-V(®)=(-50°+2)+ j - (~o° +3w) =0

Crnenyer NOMHUTb, 4YTO TMpPU PA3T0KEHUU KOMIUIEKCHOTO 4YHUCIa B

JEUCTBUTENLHYIO YacTh BXOJISAT TE€ CIaraéMble, B KOTOPHIX HET MHUMOM €AUHUIIHI |,

a4 B MHUMYIO — TC CJIaraCMbIC, KOTOPBIC COACPKAT MHUMYIO CIMHUITY j, HO 0¢3 HCC,
C YUYCTOM 3HaAKa.

U (o) = -50% +2
V(0) =-0® +3w

Teneps, uzmensiss ® ot 0 70 o, MOKHO paccuuTarh 3HaueHus U (o), V(o)u

11)

MOCTPOUTH XapakTepucTuueckuii romorpad. [Ipu pacyere 3HAUEHUI YACTOTHI U
MOCTPOEHUU TpauKka MOMKHO BOCIOJIb30BAThCS CPEACTBAMHU BBIYMCIUTEILHON
TEXHUKH, [IPU 3TOM CIEAYET JUIIb ONPEAECIUTHCS C IIArOM U3MEHEHHS YacCTOThI U
MOMEHTOM OKOHYaHHUsl pacuera. A MOXKHO HCIOJIb30BaTh MNPUOJIMKEHHBIN
WH)KCHEPHBIA TIOJAXO0J, TO3BOJAIOIIAM MO HAUMEHBIIEMY YHCIY TOYEK C
JIOITYCTUMOM MOTPENTHOCTHIO OTBETUTH HA BOIIPOC «yCTOMYMBA CUCTEMA WUITA HET.

[Ipoananu3upyeM, Kak AOJKEH BBIMVISIIETh rpadUK 4acTOTHOrO rojgorpada
ycronunBor CAY 3-ro nopsjaka.

N3 rpaduka, npencTaBieHHOTO Ha pUCYHKe 32, BUIHO, UTO XapaKTEPHBIMU
SIBJISTFOTCS 4 TOUKU:

1 Touka, B KoTopoi ®»=0;

2 To4ka, B KoTopoit U(w)=0;

3 Touka, B KOTOpOul V (w) =0;

4 TOuKa, B KOTOPOU (O=00.
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' V(o)

n=3
2
R V)
®=0

Pucynok 32 - Unmtoctpanus k npumepy 11

CocraBuM Tabiuily 3HadueHu U (w), V(w) U 3aHECeM B HEE HCXOJIHBIC
JIAHHBIC )11 pacyeTa:

Ne Touku ® U (o) V(o)
1 0
2 0
3 0
4 00

Hcnonb3ys cucteMy ypaBHeHUH (4), 3aM0THAM ITyCThIE STYCHKH TaOJIHIIBI.

Jlns Touku 1 (0=0):
U(0)=-50°+2=2
{V(O) =-0’+30w=0"
JTnst Toukm 2 (U(w)=0):
U(w)=-50"+2=0
—50% =-2
w? =04
w =1,/0,4
Tak kak paccmaTpuBaeM HM3MEHEHHE 4acToThl OT 0 10 o, TO BbIOMpaeM
TOJIBKO OJTHO 3HAYCHUE YaCTOTHI - o = +\/ﬁ ~ 0,63,
V(0,63) = —° +3w =1,64.
Lnst Touknu 3 (V (@) =0):
V(w)=-0+30=0
o(-0°+3)=0

TOorga
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w=0, w= i\/é .
3HaueHne ®=0 COOTBETCTBYET | TOUKE, MBI €T0 YK€ PACCMOTPEIIH, a U3 ABYX
OCTABIIUXCS  3HAYCHUN  BBIOMpAcM  TOJIOKHUTEIBHOE @ = +/3~17 , T.XK.

paccMmaTpuBaeM u3MeHeHne 9actothl ot 0 1o . Torga U(L,7) = -50° +2=-13.
JLitst Touku 4 (0=00):
U () = -50° + 2 = —©

V() =—0® + 30w = -0

Tabnuna 3HaueHuit U(w)u V(@) TIpUMET BU/I;

Ne Toukn © U (@) V(o)
1 0 2 0
2 0,63 0 1,64
3 1,7 -13 0
4 00 -00 -00

[To maHHBIM BBIJICIEHHON YacTH TaOauIbl (0e3 ydeTa maciTaba) moCTPOUM
rpaduk (pucyHok 33).

| V(o)

1,64

13 2 U((D:)

03—

031=O

0—00

Pucynoxk 33 - Xapakrepuctuaeckuit rogorpad Muxaitnosa
W3 rpaduka BHIHO, YTO BCE MPU3HAKA YCTOWYMBOCTH, B COOTBETCTBHH C

KputeprueM MuxaiioBa, BBIIOJHSIOTCS, cienoBarenbHo, CAY ycroinuusa.
OtBet: CAY ycroliuuba.

44




IIpumep 12

Hcnonvsysa cneocmeue uz xpumepus Muxatinoea, BBISICHUTB, OyneT U
3aMKHYTasi CHUCTEMa YCTOMYMBA. XapaKTEPUCTUUECKOE YpPABHEHUE 3aMKHYTOU

cucTemb umeer Bug P° + P +8p° +5p* +15p+4=0.

Pemenue:
HccnenoBanne cucTteMbl Ha YCTOMYMBOCTH Ha OCHOBE CIEACTBUS U3

kpuTepus Muxaiinopa cmazaHo ¢ aHamm3oM KopHeil ypasHemmit U (@) =0u
V(@) =0, nomyueHHsIX NpUpaBHUBAaHHEM K HYJIO ACHCTBHTEIBHON M MHHMOIL
4acTeW XapaKTepUCTUUYECKOTO YpaBHEHHs 3aMKHYTON CAY.

Bemonanm  3ameny  D( p)‘ —io=0 u pasnoxum ypaBHeHHe Ha
NEACTBUTENBHYIO M MHUMYIO 9aCTH.

D(p) = p°+ p* +8p° +5p* +15p+4=0

D(jo) =(j®)’ +(jo)' +8(jw)’ +5(j®)” +15(jw) +4 =
= j-o’+0"—j-8 w0 -5 0w+ j15-0+4=

=(0" -5 0°+4)+ j-(0w°—-8-»°+15-w) =0

Torna

U(w) = 0" —50° + 4
V(0) =0’ -80°+150"

Haiinem xopuu ypassennii U(@) =0u V(0) =0,

1). U(w)=w"-50°+4=0- GuxBagpatHoe ypaBHEHHE. BBIIOIHIM
3aMEHY ®? =M M PElIUM YPaBHEHUE OTHOCHTEILHO HOBOM IIEPEMEHHOM.

m? -5m+4=0
m =1 m,=4.

BepHeMcst K NEPEMEHHONW ¢ y4ETOM 3aMEHbI, TOTJA PEIIEHHE MEPBOTO
ypaBHEHUs JAeT KOPHM AEHCTBUTEILHON YaCTH XapaKTEPUCTUUECKOTO YPAaBHEHHS
o =1, 0 =-1, 0] =2, 0 =-2.

2). V(0) = 0° —8w° +150 = o(w* —8w* +15) =0,

[lepBbIii KOpEHb ypaBHEHUS - a)lM =0. Yro6wl HaliTH OocTanbHBIE KOPHH,

peimM OMKBaapaTHOE ypaBHEHKE. BBIOIHUM 3aMeHy @’ =n | NepeiieM K HOBOH
IIEPEMEHHOM.

n’-8n+15=0
n =3, n,=5,
BepHemcss Kk mepeMEHHOM ® € y4E€TOM 3aMEHbI, TOrJa PELICHUE BTOPOTO
YPaBHEHHsI [aeT KOPHM MHHUMOM YaCTH XapaKTEPUCTUUYECKOIO YpaBHEHUs

0¥ =3, 0l =3, 0} =6, 0} =5

[Tomy4yeHHBIE KOPHU YPAaBHEHUM — BEIIECTBEHHBIE, IPOBEPUM, SIBJISIOTCA JIN
OHU 4YepeayrlMnMucs. byaeMm paccMaTpuBarTh TOJIBKO IIOJIOKUTEIBHBIE KOPHHU
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(pucyHOK 34), T.K. €CIM OHU YEPEAYIOTCS, TO MU OTPULATEIbHBIE, KOTOPHIE UM
CUMMETPHUYHBI, TAKKE OYYT 4epeaoBaThCA.

@' o' @, a ;' »
1 | 1 1 | >
0 1 J3 2 J5

Pucynox 34 — Pacnono)xeHue KOpHEH Ha KOOPIMHATHOM JIy4e

KopHu ypaBHeHUI 0Ka3anuch YEPEAYIOIMUMUCS.

Kpome Toro, cnemyer mnpoBEpUTH BTOPOE YCIOBHE YCTOMYMBOCTH B
COOTBETCTBUM CO CIEACTBHEM M3 KpuTepus MuxaisioBa. Pe3ynpTaTsl nMpoBEpKU
IpeJICTaBJICHbI B TA0IHILIE 7.

Ta6numa 7 - [IpoBepka BBIIOJIHUMOCTH YCIIOBHN YCTOWYHNBOCTH B COOTBETCTBUH
CO CJIEACTBUEM M3 KpuTepus Muxaniosa

YcnoBue yCTOMYMBOCTH IIpoBepKa BBINOJHUMOCTH YCIIOBHS
Ilpn w=0 MHHMas 4acTb JODKHA OBITH | /() 0= @° —8w»° +150 =0
w=
V(w),,=0

paBHA HYJIIO

y 0 =50"-240*+15=15>0
JO0JI2KHa OBITh IMOJIOKUTCIIBHON

oV (w) 20
0w

[lepBas mpou3BoaHAas MHHMOW dYacTu | OV (a))‘
ow

JleiicTBUTEIbHAS YacTh JOJDKHA OBIThH U(a))‘

U (a))‘ w0 >0

=o' -50°+4=4>0

=0

MOJIOKUTEITIHLHOU

Bce YCJIIOBUA BBIIOJHAIOTCA, CJICA0BATCIBHO, CHCTCMA YCTOﬁqHBa.

OtBet: CAY ycroiiuuaa.

1.4 BAJTAHUS IJI5SI KOHTPOJBHOM PABOTBHI Ne2

3agaua 1

Hcnonp3yss HeoOXoauMoe M JOCTaTOYHOM  YCJIOBHE YCTOWYMBOCTH,
BBISICHUTB, OyJeT i1 3amkHyTass CAY ycroitunBa.
Xapaktepuctuueckoe  ypaBHeHue 3amkHyTton CAY  umeer  BuUn

3 2
a,p°+a,p°+a,p+a;=0, a s3paueHms KOPPDUIMEHTOB  ypaBHEHHS
MpUBEJICHBI B TabuIIE 8.
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Tadonuma 8 — Mcxonusle naHHbIE K 3a1a4e |

No ag ay ay as
BapHaHTa
0 3 6 1 2
1 4 8 1 2
2 6 6 1 1
3 5 10 1 2
4 15 3 1 2
5 2,5 5 1 2
6 3,5 7 1 0
7 4,5 9 1 2
8 5 5 2 2
9 4 1 1 0
3ajgaua 2
Ucnonb3yst kputepuii ['ypBuila, BbISICHUTH, OyaeT au 3amkHyTas CAY
YCTOMYMBA.
Xapakrepuctuueckoe  ypaBHeHue 3amkHyton ~CAY  umeer  BuUn
a,p*+ap’+a,p’+ap+a, =0
3HaueHus KO3(PPUUNEHTOB ypaBHEHUS IPUBEACHBI B Ta0OHIIE 9.
Tabnuma 9 — Ucxonuele JaHHBIE K 3a71a4€ 2
Ne ao a; a, as a,
BapHaHTa
0 4 3 1 5 2
1 6 2 0,5 3 3,5
2 0,96 0,8 0,3 0,1 0,12
3 2,8 3,4 1,6 0,4 1,25
4 0,6 0,3 0,2 15 0,35
5 58 3 7,5 2 1
6 3,4 44 2,5 1 5,7
7 2,5 1 0,8 3,5 0,14
8 0,55 15 0,7 3,2 2,6
9 1,2 2,7 3,6 0,8 5,4
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3agaua 3
Ucnonb3ysa xkpurepuit ['ypBuua, 3amucarbh YCIOBHE YCTOMYMBOCTH IS
3aMKHYTOW CHUCTEMBI PETYJIMPOBAHMUS.

CTpyKTypHas cXxeMa CUCTEMbI UMEET BUJT

g(t) y(t)

—»<§§>—» Wi (p) W,(p) Wa(p)

A\ 4
A\ 4
v

Wu(p)

A

Bripaxkenus i1 nepenatouHbix GyHKIMN npuBeaeHbl B Tadauie 10.

Taobmumna 10 — Mcxoaable JaHHBIE K 3a7a4€e 3

Ne Bapuanrta W, (p) W,(p) W;(p) W,(p)
0 k, +k_2 S ks Ks
p T,p+1 T,p+1
1 kl +k_2 k3 2 k4 k5
p Tp°+T,p+1
k k
2 k, +—= k 2 k
T p : p(Tp+1) ’
k k k
k +—2 -8 4 k
3 T D Tp+1 °
4 ﬁ k2 k3 k
p T,p+1 T,p+1 N
k k k
5 K, 2 3 Rsq
Tp+1 T,p+1 p
k, K
X k k
6 P 2 T,p?+T,p+1 N
k k
k k : =
/ 1 2 T?p®+Tp+1 p
k, K,
M k k
8 p T?p®+Tp+1 3 N
k k
9 k, +—2% 3 k k
"p p(Tp+1) ) j
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3amava 4

[To u3BecTHOI mNepenaroyHor (PYHKIUM Pa3OMKHYTOM CHUCTEMBbI BBICHUTD,
OyZeT nu 3aMKHyTas cucteMa ycroitunBa. [Ipu pemieHun ucnoiab30BaTh KPUTEPH
Muxaitnosa.

CrpykrypHas cxema CAY umeer Bua

o(t) y(t)
Wpa3(p) >

\ 4

[lepenarounass ¢GyHKIMS  pa3OMKHYTOM CHUCTEMbI B OOIIEM  BHUJE

b,p* +b,p+b,

OTpPENENACTCS  BbIpaKECHUEM W,.(p)= ap+api+a,p+a,’ 3HAYCHUS
K03 buneHToB IpuBeIeHbI B TabauIe 11.
Tabmuua 11 — Mcxonnble qaHHble K 3aga4de 4
Ne Ao a a, as bo b, b,
BapHaHTa
0 1 1 -2 1 7 1
1 2 -3 1 2 8 2
2 1 3 -1 -1 3 5 3
3 1 1 -1 -2 4 6 4
4 1 2 2 2 5 3 1
5 1 3 -2 1 1 4 2
6 1 1 2 -1 2 1 3
7 1 2 2 -2 3 2 4
8 1 3 3 2 4 1 1
9 1 1 -3 1 1 8 2
3agaua 5

Hcnonb3yst crnenctBue u3 KpuTepus MuxaidioBa, BBISICHUTH, OyIeT Ju
3aMKHYTasi CACTEMa YCTOMYMUBA.
XapakTEepUCTUYECKOE  YpPAaBHEHUME 3aMKHYTOM CHCTEMBI HMEET  BHJ

5 4 3 2
P’ +ap +a,p +a;p°+a,p+a; =0, 3HAYCHUS K02 PULUEHTOB
ypaBHEHUS IPUBECHBI B Ta0OuIe 12.
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Tadomuma 12 — UcxoaHble JaHHBIE K 3a71a4€ 5

ds

ag

ds

ay

di

do

BapHaHTa
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3 OIIEHKA KAUECTBA JUHEWHBIX CHCTEM
ABTOMATHUYECKOT'O YIIPABJIEHHS IO KPMBOI MEPEXOJHOI'O
MPOLIECCA

3.1 OCHOBHBIE TEOPETUYECKHUE CBEJIEHUSA

B obOmem cnyyae 3amaya CAY 3akirodaercss B BBIBOJE PErYJIUPYEMbBIX
BEJIMUMH Ha TpebyeMoe (pabouee) 3HaUCHHE U B TTOJICP)KaHUH PabOUnX PEKUMOB,
HECMOTpsI Ha JIeUCTBUE BO3MYILeHU. J[J11 cucTeM cTaduian3ainuu, Hampumep, Mo/l
pabouyuM TIOHMMAETCsl YCTAHOBUBIIMNCA PEXHUM, KOTJa MEXAY 3aJalolluM
BO3JICUCTBUEM U PETYJIHPYEMON BEIMUYMHON MOJACPKUBACTCS COOTBETCTBUE C
omnOkoi He Oosiee 3amaHHOM. CHOCOOHOCTH CHUCTEMBI TMPOTHUBOCTOSTH
BO3MYIICHUSIM  TPU  PEHICHHWH  TOCTaBIICHHBIX  3aJa4  PEryJupOoBaHUs
XapaKTEpU3yIOT UX CBOKCTBA, HA3bIBAEMBIE YCTOMYUBOCTBIO.

[TonsTHe yCTOMYMBOCTH MOXKHO ONPEICIUTh CICAYIOMKUM 00pa3oMm:
CUCTEMA YCTOMYMBA, €CIM NEPEXOAHbIE NPOLECChl B HEW 3aTyxalT NpH
OTpaHMYEHHOM 33/IaI0IIEM BO3JEHCTBUHM U HA00OPOT, €CIIH MEPEXOIHBIE MPOLECCHI
OpU TEX K€ YCIOBHUSIX HE 3aTyXalT, TO CHUCTEMa CYHMTAETCS HEyCTOWYMBOMN
(pucyHok 35).

3amMeTuM, 4YTO ONPEAEHUTh YCTOMYMBOCTb CHUCTEMBI HE 3HAYHUT YTO-JIHUOO
CKa3aTh O KadecTBe ee paborel. CkazaTh, 4TO CHUCTEMa YCTOWYMBAs, 3HAYUT
CKa3aTh O 3aTyXaHUH IEPEXOIHBIX MPOLECCOB B cucTeMe. OHAKO KOJIUYECTBEHHO
OXapaKTEepU30BaTh IIEPEXOIHBIE POLECCH MOKHO JIMILb C IOMOLIBIO ITOKA3aTEIeH
KauecTBa. TakuM 00pa3oM «yCTOMYMBOCTH» IMOHSATHE KaueCTBEHHOE. Y CTONYMBas
CUCTEMa — 3HAYUT «pabOTOCHOCOOHAsE cucTeMa». «XOpOoUlo WIH IUIOXO
paboTaromiasi» - Ha ATOT BONPOC TOHITHE «YCTOMYHUBOCTB» OTBETa HE JaeT.
OnHako MpexJe, YeM HCCIeN0BaTh KayeCTBO PabOThl CHCTEMBI, HEOOXOAMMO
yOeauThCA, YTO OHA YCTOMYMBA, W BBISICHUTH T€ YCJIOBHS, MPU KOTOPBIX 3TO
BO3MOYHO.

(D), 9() g(t) 6) Y(®. 9(t) /\ g(t)
A N
\A

Y0 ()

)
~
>
I

v

0 e 0

Pucynok 35 - I'paduku nzmenenus curaanoB CAY Bo BpeMeHU
a) ycToiunBas cuctema; 0) HeyCTOMUYMBas cUcTeMa
g(t) — 3amaromee BozzeiicTBue, Y(t) — perymupyemsrii mapamerp
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IIpu uccinenoBanun u npoexktupoBanuu CAY Bcerja NpuUxXOAUTCs PEIIATh
3aJa4y  ONpEAENeHUusT YCTOMYMBOCTH. B OIHOM ciyyae 3TO  BBI3BAHO
HEOOXOJMMOCTBhIO  YCTAaHOBUTh  OyAe€T JM  paccMaTpuBaeMas  CHCTEMa
paboTOCOCOOHON TpPH HM3BECTHBIX MapaMeTpax €€ AJIEMEHTOB. 371eCb MOXKHO
BOCIIOJIb30BaTbCA KPUTEPUSIMU YCTOMUMBOCTH. B npyrux coywasx 3amada
UCCIICOBAHUSI CTAaBUTCS TOpa3fAo IMHApe. OITO CBA3AHO CO CIEAYIOIIMMU
00CTOSITEIHCTBAMHU:

1) mapameTpsl 0OBEKTOB PETYIUPOBAHUS M HEKOTOPBIX 3JIEMEHTOB CHCTEMBI B
nporecce ee paboThl MOTYT M3MEHSTHCS B HEKOTOPBIX MpeAeNax B CHUIY
psiga nOpuyuH  (HampuMmep,  CTapeHHsl  3JEMEHTOB,  3aWIMBaHUs
TpyOONpOBOJOB M T.A.). ODTO, B CBOI OYEpEIb, MOXKET NIPHUBECTH K
HEYCTOMYMBOCTH IIpolLEecCa PEryJIMpOBaHMs. BpIICHEHHME  YCIIOBUU
HapylIeHUs YCTOWYHMBOCTH IIO3BOJISIET MPEITYCMOTPETH MEPBHI, JAOIIME
BO3MOXHOCTh U30€XaTh MOTEPH YCTOMUMBOCTH CUCTEMBI.

2) IpU CUHTE3€ CUCTEMBI TIepe]l pa3paboTYMKaMHU YacTo CTOMT 3a/1a4ya BhIOOpa
OTPaHUYECHHOTO YKCJIA TAPAMETPOB JIEMEHTOB CUCTEMBIL. Tak, HarpuMep, B
pszie ciy4daeB TpeOyeTcs OINMpeaeNuTh JUIIb apaMeTphl PEeryysiTopa, B TO
BpeMsi Kak MapaMeTpbl APYrHX SJIEMEHTOB YK€ BBIOpAaHbI, UCXOJs U3
TEXHUYECKUX M TEXHOJIOTMYECKUX TpeOoBaHUN U TpeOOBaHUU K
OpoeKTUpyeMoil cucteme. 3aiaya pa3paboTuMKa 3aKI0YAEeTCA IPU ATOM B
HaxXO0JICHUU TaKUX 3HAUYCHHUI Ha3BaHHBIX BAPbUPYEMBIX MapaMeTPOB, MPHU
KOTOPBIX, MPEXJE BCEro, odecnevyrBanach Obl YCTOMYMBOCTH Ipoliecca
pEryJINpOBaHMUS.

N3 ostoro cmemyer, 4ro B XOJA€ MCCIEAOBAaHUSA U pacdyeTa CHCTEM
HEOOXOIMMO YMETh ONPENENsATh COBOKYIHOCTHM 3HAYEHUH BapbHpPyEMBIX
[apaMeTpoOB, NPU KOTOPBIX CHUCTEMA pPETYJIUPOBAHUSA 3aJaHHOW CTPYKTYpHI
OCTaeTCsl YCTOMYMBOM. YKa3aHHAsI COBOKYIHOCTH ITapaMETPOB HOCHUT HAa3BaHUE
0o0JacCTH  yCTOWYMBOCTH B  TPOCTPAHCTBE  BapbUPYEMBIX  MapaMeTpOB.
COBOKYIHOCTh BapbUPYEMBIX MapaMETPOB, IPU KOTOPBIX CUCTEMa HEYCTOWYMBA,
HOCHUT Ha3BaHHMe o0yiacTu HeycTorunBocTu. O0MACTh YCTOMYMBOCTH OT 00JIaCTH
HEYCTOMYMBOCTH OTIEIISIETCA TPAHULEA YCTOUUYUBOCTH.

CyiiecTByeT METOJ BbIACIEHUS 00JacTel YCTOMYMBOCTH B NPOCTPAHCTBE
BAPBUPYEMBIX I[MAPAMETPOB, NPEIIOKEHHbIM HelmapkoMm, W Ha3BaHHBIM UM
JI-pa3ouenuem. JlaHHBII ~ METOJ  OCHOBAaH  Ha  ONEPUPOBAHUU  C
XapaKTePUCTHUCCKUM MHOTOYJICHOM CHCTEMBbI, 0OBIYHO 0003HauaeMbIiM Kak D(p).
OTtcrona ¥ Ha3BaHWE METOJIA.

B o6mem ciaydae cyth Metona J[-pa3OueHus 3aKiIH0YaeTCs B HAXOXKIACHUU
I'PaHULbl YCTOWYMBOCTH U B JAIIBHEUILIEM OIIPEAEICHUHN TOI0, C KAKOW CTOPOHBI OT
Hee pacrojaraercst 00J1acTb yCTOMUUBOCTH.

[Tpu oHOM BapbHpyeMOM MapamMeTpe 001acTh YCTOMYUBOCTH MIPEACTABIISICT
co00if OTpe30K NpsMON, NPHU JIBYX — YacTh IUIOCKOCTH, NMPU TpPeX — 4YacTb
TPEXMEPHOTO ITPOCTPAHCTBA U T.II.
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[TpakTHyeckuii UHTEpEC MPEACTABIISIIOT CIy4Yau, KOT/la YUCIO BapbUPYEMbIX
napamMeTpoB He OoJjbllle TpeX, TaKk KaK MpU 3TOM pPe3yJbTaTbl HCCIEIOBAaHUS
MO>KHO MPEJACTABUTH HATJISIHO (TCOMETPUUECKH).

Kak yxe Obui0 oOTMeueHO, YycToilunBocTh 000N CAY  saBisercs
HE0OXOMMBIM, HO HE JIOCTATOYHBIM yclioBUEM ee paboTocnocooHocTu. K kaxmoi
CUCTEME TPEIBbSABISACTCS 1ENblid psal JOMOJHUTEIBHBIX TpeOOBaHUU. ITO
TpeOOBaHMS K HAIEKHOCTH PabOThl, SJKOHOMUYHOCTH, TpeOOBaHUsI K rabapuram
CUCTEMBI U T.I.

Omnako B TAY paccMarpuBaloT BOINPOCH aHaIM3a JUHAMUYECKHX
XapakTepUCTUK, a Tak ke Bompockl cuHte3a CAY, ucxoas u3 TpeOOBaHUU K
BO3MOKHBIM U3MEHEHUSAM PETYIUPYEMOU BEJIMUUHBI U K XapaKTEpy €€ N3MEHEHUH.
JlanHbple TpeOOBaHUS ONPENENSIOTCA B IEPBYIO OYepelb OCOOECHHOCTSIMU
TEXHOJIOTHYECKOr0 TMPOIECCa, MMOJUIEKAIET0 PEryJIupOBAHHUIO, IO03TOMY OHHU
JOJDKHBI  OBITh  C(POpMYyJIHpOBaHbl TexHoioroM. C Jpyroil CTOPOHBI Ppsij
TpeOOBaHMI K CHUCTEME€ MOXKET CTaBUTh caM pa3pabOTYMK Ha OCHOBAaHUU
COOCTBEHHOTO OIIBITA.

[Tocne Toro, kak yka3zaHHbIE TPEOOBAHHS BBHICTABIICHBI, OUEBUIHO, KAYECTBO
paboTbl  CHUCTEM MOXKET OIEHHMBAThCS HA  OCHOBAaHUU  JKEIAEMOTO U
JNEUCTBUTEIBHOTO M3MEHEHUSI PEryJIMPYyEMON BEIMYMHBI, XapaKTEPHU3YIOLINX
JTAHHBINA MPOIECC.

Cucrema ynpaBieHHs OOBEKTOM, OOOPYIOBAaHHEM MOXXET HAaXOJHUTHCS B
OJIHOM M3 PEXXUMOB PabOTHI: MEPEXOAHOM WIIM YCTAHOBUBILIEMCS.

B mpoMmbIlUIeHHBIX YCIOBUSIX paboTa CHUCTEM yIOpaBieHUS OOBEKTaMH B
MEPEXO/IHBIX PEKUMAX UMEET MECTO B OCHOBHOM B CJIEAYIONIUX CIyYasx:

— IIpH BBIBOJIE OOBEKTOB Ha PabOYMil peKUM Tepe] HadyaaoM padoThl;

— NP CMEHE PEKUMOB PabOTHI, HAIIPUMEP, MIPU TIEPEXoJie Ha TepepaboTKy
HOBOM MapTUU CHIPbS WU NIPU NIEPEXO/IE HA BBIITYCK HOBOM MPOAYKIIUU;

— TIPU BBIKJIFOYEHUH 000PYI0BAHUSI TTOCIIE 3aBEPIIICHUS paOOThI;

— IIPY BOBHUKHOBEHUU PA3JIMYHbBIX HEIITATHBIX CUTYaLIH.

3amaua ympaBieHHUs OOBEKTOM B TIEPEXOJHOM PEXKHUME, KaK IMPaBUIo,
COCTOMT B MUHUMU3AIMHA BPEMEHH TIEPEXOTHOTO MPOIecca. ITO OOBSICHIETCS TEM,
4TO BO BpeMsi BbIXOJa OOOpPYJOBaHUS Ha HOBBIA pEXUM TPOAYKIUS HE
BBIITYCKAE€TCA U, CJIEHOBATEIbHO, HMEIT MECTO NPOCTOW, CHIKAIOIIUE, B
KOHEYHOM CU€TE, €ro NPOU3BOJAUTEIbHOCTb.

[Ipu wuccnegoBaHuu KauecTBa pabOThI CHUCTEM HEOOXOJMMO YYHUTHIBATH
pPEXKUM padOThI CUCTEMBI.

Ecnu paccmaTtpuBaTh CUCTEMBbI CTaOWIM3alUU, pabOTaOIIME B PEXKHUME
YacThIX BKJIIOUEHMH WMJIM YacTOro Mepexoja € OAHOro pabdouero pexuma Ha
JPYyroM, a TakKe CHUCTEMbl MPOTPAMMHOTO YHpPaBICHUS W CIEAAIUEe, TO
HEOOXOMMO aHAIM3UPOBATh MEPEXOTHBIC MPOIECCHI, MPOTEKAIOIINE B CUCTEME
IIPY U3MEHEHHH 3aJIA0LIETO U BO3MYIIAOIIEr0 BO3ACHCTBUM.

Ecnu xe peus uaer o cuctemax cTabWIM3aIiy, OCHOBHAS 3a/1adya KOTOPBIX
COCTOUT B MOJJIEP’)KAaHUHM B T€YEHUE JIUTEIHHOTO BPEMEHU 33JaHHOTIO 3HAYCHUS
pETryIMpyeMOil BEIMUMHBI B TPEOYEeMbIX TMpesenax, TO UHTEPEC MPEACTABISIIOT B
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OOJIBILIMHCTBE CIy4YaeB IMEPEXOJHbIE MPOLECCHl, BbI3BAHHBIC BO3MYIIAIOIINMU
BO3JEUCTBUSIMHU.

I'oBopst 0 CAY, npuHSITO pazinyaTh TPU UX OCHOBHBIE KA4ECTBA: TOUYHOCTH;
OBICTPOJICHCTBHE; 3aMlac YCTOMYUBOCTH.

CyxneHue O TOYHOCTH CBs3biBaeTca ¢ mnoBeneHueM CAY B
YCTAHOBMBIIIEMCS PEXUME, O OBICTPOJICUCTBUM M 3alace YCTOWYUBOCTU — C
MTOBEJICHUEM CHCTEM B MEPEXOIHBIX PEKUMAX.

TodHOCTh XapaKTepU3yeTcs OIMOKOW pEeryHpOoBaHUs B YCTAHOBUBILIEMCS
pexuMe, OBICTPONICUCTBHE — OBICTPOTOM MPOTEKAHUS TEPEXOMHBIX IPOIIECCOB,
3anac yCTOMUYUBOCTH — YAAJIECHHOCTHIO CUCTEMBI OT I'PAHUIIbl YCTONYUBOCTH.

B 3aBucuMocTH OT BEIOpAHHBIX METOJIOB aHAIM3a M pacyeTa CUCTEM KaxIo0e
M3  Ha3BaHHBIX  KayeCTB  XapaKTEPU3YyeTCd CBOMMHU  KOJMYECTBEHHBIMU
XapaKkTepUCTUKaMH — TOKa3aTeIsIMM KayeCTBA: BPEMEHHBIMU, YaCTOTHBIMHU WIIH
KOpHEBBIMH. Hapsiny ¢ mNepedyucICHHBIMU CYIIECTBYIOT TaK Ha3bIBA€MbIC
HWHTETpaJbHbIC OICHKH, MO3BOJISIONIME CYIUTh 000 BCEX HA3BaHHBIX KaueCcTBaX
CAY.

bosiee HarnmgaaHBIMHU M3 CYIIECTBYIOIIUX SIBJISIOTCS BPEMEHHBIE OIICHKH,
KOTOpbIE  MpeJjiaracTcss pacCMOTPETh B KOHTPOJBHOM paboTe Ha OCHOBAHUU
aHaJIn3a MEePEXOJIHBIX MPOIIECCa CUCTEMBI PETYJIUPOBAHUS.

3agadamu aHaiauza ycronuuBocT CAY OOBIYHO SBISIOTCS:

® ONpEICICHUE YCTOWYMBOCTU WM HEYCTOMYMBOCTH CHUCTEMBI MpHU
3a/IaHHBIX MTApaMETPaXx;

® OIpEIENICHUE JOMYCTUMOTO MO YCIOBUSM YCTOMYMBOCTH JWana3oHa
M3MEHEHHUSI HEKOTOPBIX TapaMETPOB CUCTEMBI;

® BBISICHCHHE NMPUHIUMUAIBHON BO3MOXXHOCTH YCTOMUYHUBOCTH CHUCTEMBI
MpY 3aJJaHHOU €€ CTPYKTYpE.

3.2 ITIOPAOK BBIITIOJIHEHUA KOHTPOJBbHOMU PABOTBI Ne3
3.2.1 UcxoaHbie JaHHBIE H MIOCTAHOBKA 321244

Hempepoisuass CAY, wuccrnegyemass B KOHTPOJIBHOM pabore, uMeeT
CTPYKTYPHYIO CXeMY, H300paKeHHYIO Ha prc.36.
OO1mmii BUJ nepeaaToYHbIX (PYHKIMM 3JIEMEHTOB CUCTEMBI:

k.- p+k Ks(Ap+A) k
Wl(p):an,WZ(p): | 2 2 ,Ws(p)=—4
P p'(B,p"+B,p+By) 1+Tp
BXomHOW curHam cuUCTeMbl  (3a[arollee  BO3ICHCTBUE) HUMEET  BUJL
9()=G-1]
UucneHHple 3HAYEHUS TOCTOSHHBIX IMapaMETPOB IMEPEJATOUYHBIX (YHKIIHMA

snmemenToB cuctemsl (N, |, K3, Ay, Ag, By, B, Bo, ks, T) U 3HaucHHE BeIMUYUHBI
3ajaroiero BozaeicTus (G) BEIOUPAIOTCS CTYACHTOM COTJIACHO HOMEPY 3aaHHs.
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BapbupyeMbIMH [apaMeTpaMu SIBJSIOTCS HACTPOMKH IPOMOPIIMOHAIBHO-
UHTETpaIbHOTO peryisTopa Ky u K.

WZ(p) y(t) >

A 4

A

Ws(p)

Pucynok 36 - CtpykrypHas cxema CAY

KonTtponbHas paboTa COCTOUT HX TPEX IOCIEIOBATEIBHO BBITTOIHIEMBIX
4acTeu.

1. Pacuer u moctpoeHue 00JacCTH YCTOMYMBOCTH HENPEPHIBHOW JMHEHHOM
CAY.

2. PacyeTr m mocTpoeHHE MEPEeXOAHOrO Mpolecca CUCTEMBbl PU W3MEHEHHUU
3aaI0MIeT0 BO3AEUCTBHUA.

3. Ompenenenne mokasaTenell KauecTBa CHUCTEMBI YIPABJICHUS MO Trpaduxy
IIEPEXOTHOr0  Iponecca. BpIBOA 0 MNPUTOAHOCTH  IOJYYEHHOW CHUCTEMBI
yYIpaBJICHHUS.

3.2.2 llocTpoenue 00J1aCTH YCTOHYNBOCTH 3aMKHYTOI CHCTEMBI

JInst  BBINOJIHEHMSI TIEPBOM YacTM KOHTPOJBHOM paboThl HEOOXOAUMO
poJenaTh CIeIyIOIINe TPOUEAYPHI.

1. 3anucaTh BbIpaK€HHUE MEPEIATOUYHON (DYHKIMH 3aMKHYTOW CHUCTEMBI (IO
3agaroniemMy Bosnericteuio ((t)). s cucreMbl, W300pakeHHOW Ha pUCyHKe 30,
UMeEM

Y(p) W, (p) -W,(p)

[0)) — —
(D)= 5(p) = 1o W,(p) W, (p) Wa(p)

(12)

2. C yyeToM 3aJaHHBIX BBIPAKEHUW MEpeAaTOYHBIX (DYHKIMI 3J€MEHTOB
CUCTEMBI MONYYUTh O(p) B BUJIE OTHOUIEHUS TOJIMHOMOB

CORE 13)

3. 3anMcaTth  XapaKTEpPUCTUYECKOE  ypaBHEHHE  3aMKHYTOM  CHCTEMBI
(mpupaBHSB K HYJIIO 3HAMEHATENb NePEIaTOYHON (PYHKIIMU 3aMKHYTON CHCTEMBI)
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D(p)=a,p* +a,,p " +..+a,p+a, =0, (19

riue K — mopsimok xapakrepuctudeckoro moimHoma D(p).
Koaddumuentsl s10oro ypaBHeHuss OyayT 3aBUCETh OT BapbHPYEMBbIX
napaMeTpoB cucteMsl Ky 1 K, — HacTpoek perymstopa.

4. TlonyunuTh ypaBHEHUS TpaHUI] OO0JACTU YCTOMYHMBOCTH B IUIOCKOCTH
HacTpoek perymnstopa. Jlis 3Toro HeoOXOAMMO pacCMOTPETh CIEAYIOLIUE
BO3MOYKHbBIC 3HAUCHUS KOpHEH ypaBHeHus (14).

Hynepoii kopens — p=0. U3 (3) momywaem D(p)| oo =8 =0, Torna

a, (kl, k2) =0- YPaBHEHHUE AalEpPUOJUYECKOM TPaAHUIBl YCTOMYUBOCTH,
COOTBETCTBYIONIEH HYJIEBOMY KOPHIO.

MHUMBII KOpPEHb — pP=jo. "3 (14) MOJIy4aeM
D(p),_, =3, (j®)* +a,,(jo) +a,- jo+a, =U(@)+ V(o).

B oOmem cinydae ypaBHeHHE KoOJIeOATCIBbHOM TpaHMIBI OyAeT
ONPEACIATHCS BHIPAKECHUEM

U = f(ok,k,)=0
V = f(o,k,k,)=0]"

(15)

beckoHeuHbI KOpeHb — p=c0 JaeT Mpu mnojactaHoBke B (14) 3HaueHwue

D(p)‘pzw =a, =0, Torma 8,(K,K,)=0 - ypaBHenue rpanuupl TpeThero

THIIA.

5. [TocTpouTh JTUHUK TPAHMI] 00JACTH YCTOWYMBOCTH B IJIOCKOCTH HACTPOCK
peryisaropa k1 u k2.

6. HaiiTn nampaBiieHue IITPUXOBKH TPAHUI] YCTOMYMBOCTH W OMPEICITHUTH
001acTh YCTOMYMBOCTH 3aMKHYTOH CHCTEMBI B ITUIOCKOCTH HACTPOEK peryisTopa
k1 u k2.

st konmebaTeNnbHOW TPaHUIIbl, UCTIONB3YS (15), BBIYUCIUTH OMpPENETUTEND
BUJIA
of, of,
A) ok, ok, (©)
®) = =p(w
of, of, | . (16)

ok, ok,

Ecinyn npu yBenM4YeHUM 4YacTOThI ® ITOJIYy4YUM p(®) >0, 10, repeMenasch
BJIOJIb KOJ1€0ATEeIbHON IPpaHMIIbl YCTOMYMBOCTH B CTOPOHY YBEIWYEHHS YACTOTHI,

GyzeM LITPUXOBATH ee JIeByto cTopony; eciu monyunM @(@) <0, 1o — mpasyro.
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3ameuanue. Hanpaenenue uimpuxoeku KoieOAMENbHOU 2PAHUYbL YCMOUYUBOCU

Cﬂeéyem 00s13amenbHo Onpedejlumz) Ol NOJOACUMENIbHBIX U ompuyanenlbHblx

3HAUEHULl YaACIMOMmbl.

ATIeproIMYeCcKyI0 TPaHUIly U TPAHUITY TPEThETO TUIIA MTPUXYIOT B CTOPOHY
3aIITPUXOBAHHON KOJIEOATEILHOW TPAaHMIIBI. 3alITPUXOBAHHAS YaCTh IJIOCKOCTH U
OTPENENUT 00JIaCTh YCTOMYMBOCTH 3aMKHYTOM CAY, T.e. 3HaueHHE MapaMeTpoB
k1 u k2, obecnieunBaromux yCTOHYMBYIO pabOTy CUCTEMBI.

3.2.3 PacyeT nepexoaHOro npouecca npu Uu3MeHeHUH 3a/1a101ero
BO3/1eMiCTBUSA

3aMKHYTYI0 CHUCTEMY peryjJupoBaHUsi [0 KaHaly yrpasieHus (1o
3aJal0lIeMy BO3JCHCTBHIO) MOXKHO TMPEACTaBUTh B BHJE, H300paKEHHOM Ha
pucyHke 37.

g(t) y(t)

D(p)

v
v

Pucynok 37 - Crpykrypa 3amxayToi1 CAP

Jlns pacyera mepexomnoro mpouecca Y(t) mpu HM3MEHEHHM 3aJAIOIIETO
Bo3aelicTBus g(t) HeoOX0aUMO:

* BbIOpaTh B MOCTPOCHHOW OOJACTH YCTOWYMBOCTH MPOU3BOJLHBIC 3HAUCHUS
BapbUPYEMBIX MapameTpoB K u Kj;

* OMpEeIeNIUTh YHCIACHHBIC 3HaueHus Ko3dduimentoB noauHomoB R(p) u D(p)
nepenaTouyHo (QyHKIHMK 3aMKHYTOW crucTteMbl D (P), UCHOIB3YS BBIpAKCHHE
(12);

* paccudtath M TOCTpouTh Tpaduk mnepexogHoro mporecca CAY 1o
3aJal0IIEMY BO3JEHCTBUIO.

Jlist pacdeTa mepexogHOro mpoiecca MOKHO UCIOJIb30BaTh aHAIUTUYECKHMA
Y ITPOTPAMMHBIN METOJIBI.

AHanuTUYECKUH METOJ  pacyeTa IEepexoJHOro mporecca Tpedyer
BBIMIOJIHEHHSI JOBOJBHO T'POMO3JKHX BBIYMCIUTENBHBIX MPOLEAyp, KOTOpbIE
CYUIECTBEHHO YIPOIIAIOTCS HPU MCIOJIB30BAHUM CTAHJAPTHOTO MPOrPaMMHOTO
obecrieuenust, Hanpumep cucrembl MATLAB.

Metonuka padotsl B MATLAB coctout cnenytomiem:

e 3anyckaror cucreMy MATLAB.

o Co3mator tf-o0beKkT, B COOTBETCTBMM C 3aJaHHBIMH 3HAYCHUSIMHU

napameTpoB.

e OnpenensitoT KOPHU MOJIMHOMAa 3HAMEHATeNsl MepelaTouyHor (QyHKUuu

@(p) (moroca) ¢ UCIOIB30BAHUEM KOMaH bl FO0tS miu pole.
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e OnpenensitoT KOPHU MOJMHOMA YUCIHUTENS MepenaTtouHoil GpyHkuuu P(p)
(HynM) ¢ UCTIONIB30BaHUEM KOMaH/IbI FOOtS ity Zero.

e licnone3ys komaHay Step, MoyyaroT NEPEXOAHYIO (PYHKIIUIO CUCTEMBI.

3ameuanue.

[Tocnie HaxoXAEHWS 3HAYEHUW KOpPHEU Pi, P2, P3 XAPAKTEPUCTUUYECKOTO
ypaBHeHust D(p)=0, HEOOX0MUMO OIEHUTH 3HAKU BEIIECTBCHHBIX YacTEd 3THX
KOpPHEW W TPUHATH pEIIEHHE O MEeIecO00pPa3HOCTH MOCTPOCHHS IMEPEXOAHOTO
nporecca.

HeoOxoaumoe # IOCTaTOYHOE YCJIOBHE YCTOMYMBOCTH HENPEPBIBHOM
CUCTEMBI 3aKJIFOYAETCA B TOM, YTO BCE KOPHM XapaKTEPUCTHYECKOTO YpPaBHEHMSI
CUCTEMBI JTOJDKHBI MMETh OTPULIATENbHBIC BEIIECTBECHHBIC YaCTH.

HapymeHne 3TOro yciioBHs MOXKET CIYKHTh IIPU3HAKOM TOTO, 4YTO
JIOTyIlIeHa OIMOKA B OIPENEICHUH 00JIaCTH YCTOMYMBOCTU CUCTEMBI U HACTPONKHU
perymstopa K; u K, daktndyeckn HaxomsaTcs B 00JacTH HEYCTOWYMBOCTH WIIU
HENPAaBUJILHO OIPENEICHbl YUCIEHHBIE 3HaUeHUsI KOA((UIIMEHTOB MepeaaTOuHON
(GyHKUMKA 3aMKHYTOM cuctembl (7). PaccuuTaHHBIA NEPEXOIHBIN MpOLECC IpPH
3TOM Oy/IeT UMETh PACXOIALIUICS XapaKTep.

Ilpumep.
p+2
3p° +4p® +5p+3°
Haiinem nepexomnyio ¢yHKIUIO cucteMbl. bynem paboTath B KOMaHIHOM
pexume cpeast MATLAB.

1. Coznanum LTI-00beKT ¢ ”MEHEM W, JJIsl STOTO BBITIOJHUM CKPHIIT:
% w=t£([1 2],[3 4 5 3]}

ITycth 3anana nepenarounas pynkuus CAY D(p) =

Transfer functiomn:
3+ 2

g3+ 4 3+ 53+ 3

2. Haiinem momtoca W HyJIM TEpeNaToyHON (GYHKIUM C HCIOJIb30BaHUEM
KoMaHJ pole, zero.

»= polew)

ans =
-0.2639 + 1.08251
-0.2639 - 1.08251
-0.5055

»> Zero(w)

3. Iloctpoum mnepexomnyto GyHKIHIO KoMmaHAoW step(w). Pesymbrar ee
BBITIOJTHEHUSI TIPUBEJEH HA PUCYHKE 38.
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Step Response
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Pucynok 38 - [lepexonnas ¢yakuus h(t)

3.2.4 Ouenka kauyectBa CAP no rpaduky nepexoaHoro mpouecca

B xoHTponbHO#Il paboTe wucciemyercs TONBKO OAWH KaHajd TMepenadyu
BO3JICIICTBHS B CHUCTEME — KaHaJ YIPaBJICHUS, ONPEICISIEMbI BXOIHBIM CHTHAIOM
g(t) u BerxogHBIM curHaIOM Y(t).

HopmanbHOe  (YyHKIIMOHMpPOBaHHME CHCTEMBI JOJDKHO  OOECTeunBaTh
seinonnenne pasencrsa Y(t) ~ g(t) Bo Bce MOMeHTHI BpeMeHH. 3HaK ~ 03HAYAET,
4YTO peryiupyeMas BeJIMYMHA TMOAJIEP)KUBACTCS HAa 33JaHHOM 3HAUYEHUU C
HEKOTOPOH OLIMOKOM.

Paznuyaror komeOaTeNnbHBI W anepHOAMYECKH THIIOBBIE TEPEXOIHBIC
porecchl (pucyHok 39).

PaccmoTpum koneOarenbHbI BUA KpUBOM nepexonHoro npouecca CAY mo
3a/1ar0lIeMy BO3IEUCTBUIO (pucyHOK 40).

Tounocte pabGotel CAY xapakTepu3yercss BEJIMYMHOW OIIMOKM B
YCTaHOBUBILIEMCS PEKUME

goo = gw - yoo . (17)
3HauOK o0 0003HAYACT YCTAHOBUBIIEECS 3HAYCHUE COOTBETCTBYIOIIETO
CUTHaJA.
bricTpozeiicTBie cucTeMbl OMpPEAEseTCs HECKOIBKUMU KOJIUYECTBEHHBIMU
MOKa3aTeNsIMU: BpeMeHeM mepexogHoro mpouecca (tpp); BpeMeHEM NEepBOTo
MakcuMyMma (ty); BpemeHeM HapacTanus (ty) u T.1.
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yt) 4 1

v

Pucynok 39 - Bunbl nepexoIHbIX MpoLeccoB: 1 — koyie0aTenbHbIMH,
2 — anepuoauICeCKUMA

Haunbonee xapakTepHbIM IOKa3aTeJeM OBICTPOJICUCTBUS SBISIETCS BpeMs
NEPEXOJTHOr0 IMpolecca. TeopeTHYecKH 3TO BpeMs paBHO OECKOHEUHOCTH.
[Toatomy B TAY st otleHKH OBICTPOJCHCTBUS MO KaHATY YIpaBICHUS MPUHSATO
OIpEIeNIATh BPEMsl OT MOMEHTa Hadaya BXxoiHoro Bo3zaeictus (g(t)) mo MmoMenTa,
1I0CJIE KOTOPOrO0 UMEET MECTO HEPABEHCTBO

y(t)-y.|<A, (18)
rne A=(0,03+0,05)-y.,.
I/IHBIMH CJIOBaMU, BpeMH Hepexoszoro Hpouecca — I/IHTepBEUI, 3a KOTOpBIﬁ
KpI/IBaH momnmaaacT B 30Hy Zl:A h JaJJe€ HUrac nu3 HEC HE BBIXOAUT.
Bpemst mepexoaHoro mporiecca omnpenensercsl TOJIbKO CBOWCTBAMU CaMOM

CUCTEMBI M YJTOOHO ISl KOPPEKTHOTO CPABHEHUSI CUCTEM C PA3JIMYHBIMH 3aKOHAMHU
pPEryJIMpOBaHUS C 1IEJIbI0 BBIOOPA JIYUIIIETO U3 HUX.

2 9(0); y(®)

Ymaxj—-—----> V()
oW | s0-GUY
[ v N\

0 t ton

Pucynok 40 - [lepexoaHbIl MPOLECC CUCTEMBI Ha CTYIIEHYATOE 3a4ak01ee
BO3/IeHiCTBHE
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3anac  yCTOMYMBOCTU (CKJIOHHOCTH CHCTEMBI K KOJ€OaHUAM) WIpHU
UCIIOJIb30BAaHUU  BPEMEHHBIX  METOJOB  XapaKTEepU3YeTCs  CIEAYIOUIMMU
MOKa3aTeNIIMU: TIEPEPETYITUPOBAHUEM G, 3aTyXaHUEM U ynuciioM kosiebanuit N.

[lepeperynupoBanue W 3aTyXaHHE BBIPAKAIOTCA B MPOIEHTaX W
BBIYHCIIAIOTCS IO OpMYJIaMm:

ymax - yoo
o= y— -100%’ (19)
v = % 100% 20)

Uucno xonedbanuii N onpenensercs Kak 4uciIO MUHUMYMOB U MaKCHUMYMOB
nepexoTHON (PYHKIIUM 3a BpeMsl IIEPEXOTHOTO TpoIiecca.

N3 mnpaktuku paboThl CHUCTEM pPETryJUpPOBaHUS M3BECTHO, YTO IS
HOpPMaJIbHO paboTaromuX cUCTEM o <30%, a y =90+98% . Uem Oombiie 6 , N u
MEHBIIIE \y, TeM OoJjiee CKJIOHHA CHCTeMa K KOJeOaHWsIM, TEM MCHBIIE €€ 3amac
YCTOMYHUBOCTH.

3.3 NPUMEP BBIIIOJIHEHUSI KOHTPOJIbHOM PABOThHI Ne3

1. 3amanbl cnegyromKe napaMeTpbl SJIEMEHTOB CUCTEMBI:
K3 A | A | B, B, Bo K4 T G AGyon
3) 0 1 10| 50 | 15 1 1 0 1,0 +0,05

-]

[HEN

BapbupyeMbiMu TlapaMeTpaMH  SIBJIIIOTCS HACTPOMKH MPOMOPIIMOHATBHO-
UHTErpajbHOTO peryisropa Ky u Kp.

2. 3amuiieM C Y4eTOM HMCXOIHBIX JaHHBIX IepeAaTouHble (YHKIMH
9JIEMEHTOB CHCTEMBI:

ki -p+k, kp+k,

W, (p) = o _
Wy(p)=— e BPrA)L S
p(B,p°+Bp+B,) 50p°+15p+1
k
Ws(p):1+f|.p:1
3. [lomyuum BeIpaskeHue I iepenatouHon GyHkun 3aMkayToit CAY
kKip+Kk, 5
D(p) = W, (p) -W, (p) _ P 50p®+15p+1
1+W1(p)-W2(p)-W3(p) 1+ k1p+ k2 . S
P 50p* +15p +1
S5k, p +k;) _ R(p)

T 50p® +15p2 + (1+5k,)p +5k, D(p)’
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4. 3anumeM XapakTepUCTHUYECKOE YpPAaBHEHHE 3aMKHYTOM CHCTEMBbI
(TpupaBHSB K HYJIFO 3HAMEHATEJIb MepeIaTOYHON (YHKIIMU 3aMKHYTON CUCTEMBbI)
D(p) =50p® +15p* +(1+5k,)p+5k, =0
5. Tlomyunm ypaBHEHHsI TpaHHUI] OO0JACTH YCTOWYMBOCTH B IIJIOCKOCTH

HACTPOEK PETyJsATOopA.
Aniepriodeckasl rpaHHIAd YCTONYIUBOCTH

Homnaras, uto p=0u &,(K;,K,) =0, momygaem 5K, =0,

Torna K, = 0 - ypaBHenne anepromuueckoii rpaHuIIbI.
['panulia TpeThero Tumna

[Monaras, uto p=o u 3, (K;,K,) =0, monygaem, uro 8, =50 # 0, rpanus!
tperbero tuna HET.

KonebarenpHas I'paHuIa
HpI/I IIOACTaHOBKC p:j(D B XapaKTCPUCTHICCKOC YPABHCHUC I10JIYy4aCM

D(p) =50(jw)® +15(jw)® + (1 +5k,)(jw) +5k, =
= —j50w°® —15w* + j(1+5k,)w + 5k, =U (@) + jV (@).

3anumieM BEIPAKEHHs IS IHCTBUTEILHON U MHUMOM YacTeil BRIPaKEHHS:
2
U (@) = 1502 +5k, = 0 }
_ 3 _ol-
V(@) =-50w" + (1+5k,)o =0
W3 cucrembl ypaBHEHUH JIETKO TMOJYYUTh BBIPAKEHUS UIS BapbHPYEMBIX
napamMeTpoB
500° —w 500 -1
Sw
3afaBaschk 3HAaueHUAMH ® OT 0 70 00, PACCUMTAEM 3HAYEHHS HACTPOEK

perynsaropa K; 1 K, v moy4uM JaHHbBIC JJI OCTPOCHUS KOJIeOATSIIBHON TPaHuUIlbI
(Tabmuna 13).

152

K, =100%-0,2 k, = - =3w?

Ta6muma 13 - Pacuer kone6aTenbHON IpaHUIbl YCTOMYUBOCTH

® 0 0,1 0,2 0,5 0,8 1
Ky -02 | -01 0,2 2,3 6,2 9,8
k2 0 003 | 012 | 0,75 | 192 3

6. [TocTpouM JMHUU IPaHUI] 00JIACTH YCTOMYHUBOCTH B IJIOCKOCTH HACTPOEK
peryastopa k1 u k2 (pucynok 41).
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3 I Konebarensuasa _~

rpaHuIa /
\
- ~ /

N

k2

/

AHCpI/IOI[I/I‘-ICCKa}I
/ /rpaHHua
A/ | | | |,
-1 0 1 2 3 4 5 6 7 8 9 10

k1

Pucynox 41 - I'panunsl 001acTH yCTOMYHUBOCTHU B IIJIOCKOCTH HACTPOEK
peryasitopa Ky u k;

7. I[JI?I HaXOXJICHHA HAIIPpaBJICHHUSA IITPUXOBKH K0JIeOaTeIbHOM I'paHHUIbI
YCTOI‘/JILII/IBOCTH BBIYHCIINM OIIPCACIUTCIIb BUIA

oy v

ok, &k,| |0 5
Aw)=|_*+ %= =0-250

U V| [0 -

ok, ok,

Sameuanue. Yacmuvie npouszsoouvie nepso2o cmoabua onpeoenumes bepymces no
nepemMennol, Komopas. cooOmeemcmeyem _ocu_abcuyuce, a_4acmmvle npouseooHble
8MOPO20 CMOAOUA — NO NePeMeHHOU, KOMOopds COOMEEemcmeyem ocu OpoOuHam.

IIpu yBemnuennn ® ot 0 g0 T.e. Ipu @ >0, MBI JBUTaeMcs MO JIMHHH,
COOTBETCTBYIOLIEN KOJIe0aTebHON IPaHmlLIE, CIeBa HalpaBo, a Tak kak A(w) <0,
TO 3aIITPUXOBBIBAEM MPABYIO YaCTh MJIOCKOCTH.

Ecnun wyactory u3meHsTh B mpefenax ot -oo ao 0, T.e. mpu w<0,
onpenenurens usMeHuT 3Hak, A(@w) >0, m nBurascr B CTOPOHY yBENIUYEHHUS
4acTOTHI (CIpaBa HAJIEBO) CIEAYET 3alITPUXOBATH JIEBYIO YaCTh MJIOCKOCTH (TYy Ke
4acTh, UTO U paHee). ITO TOBOPUT O TOM, UYTO MPHU JIFOOOM 3HAYEHUU YACTOTHI
00JaCTh yCTOWYMBOCTU Oy/IeT HAXOAWTHCS C OJAHOW M TOW K€ CTOPOHBI OT
KoJieOaTeIbHOM TPAHMITBI.

ANepuouYecKylo TpaHuily (a MpU HAJWYUU, U TPAHUIYy TPETHETO THUIIA)
MITPUXYEM B CTOPOHY KOJIeOATEIIbHON TPAHUIIBI.

3amTpuxoBaHHAs YacTh TIOCKOCTH TPEJICTABIISAET COO0M UCKOMYIO 001acTh

YCTOMYUBOCTHU (PUCYHOK 42).
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Pucynox 42 - O6nactb yCTOWYUBOCTH

8. B obOnactu yCTOWYHMBOCTH TPOM3BOJBHO BBIOMpPAEM TOUYKY W HAXOIHM
COOTBETCTBYIOIIUE €i KOHKPETHBIC 3HAYCHHS BapbUPYEMBIX IapaMeTPOB.
Hanpuwmep, k1=0,8 u k2=0,1.

9. Ilepemarounass ¢ynkuus 3amkHyToi CAY mpu MOACTaHOBKE B Hee
BBIOPAaHHBIX 3HAUEHHUI BapbUPYEMBIX NTAPAMETPOB MPUMET BU/I:
®(p) = 5(0,8p+0,1) B 4p+0,5 R(p)
50p% +15p° +(1+5-0,8)p+5-01 50p®+15p®> +5p+0,5 D(p)

10 Wcnonw3ys mporpaMMHBIA CrOcOO OmpenesieHus] KOpHEeW YMCIUTENs U
3HaMEHATeJIs Mepe1aTouyHON QYHKINYU, TOJTyIUM

HyJIH riepeaTounoi Gpyakunu (kopau guciutens) p =—0,125;

HONIOCa  IepefaTouHoil (ynkuuu (KopHuM 3Hamenarens) P, =—0128,

p, =—0,086 + j-0,266, p, =—0,086— j-0,266.

[Ipu ananu3e KOpHEN 3HAMEHATENs] BUAHO, YTO OHU UMEIOT OTPUIATEIbHbIE
JEHCTBUTENLHBIC YaCTH, T.€. HEOOXOAMMOE U JIOCTATOYHOE YCIOBHE YCTOMUYUBOCTU
BBITIOJTHSIETCS.

['padux nepexomnoro mpormecca CAY mo 3amaronieMy BO3ACHCTBUIO MUMEET
BH/I, IPEJICTABIICHHBIA HA pUCYHKE 43.

11. Ouenum kauectBo CAP. Ilo rpaduky mepexoqHOTO mporecca OleHUM
OCHOBHBIE TIOKa3aTeau pabdOThl CHUCTEMBI TIPU CTYNEHYATOM H3MEHCHHUU
3aJ1ar0IIET0 BO3ACHCTBUSL.

To4yHOCTB

goo = goo - yoo =1'1=O-
Crarnyeckou OnimOKY HET.
bricTponencTere
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ITpumem A =0,05-y_ =0,05-1=0,05. IToctpoum 308y +A u mo rpaduxy
HalijieM BpeMs IIepPEX0aHOro mpouecca, t,,; = 28c.

3anac yCTOMYHUBOCTHA
[lepeperynmupoBanue U 3aTyXaHHE BBIYUCISIEM TIO (popMyiaMm:

a:w-loO%:&l_l-loO%ﬂS%,

Yo
W = u .100% = M -100% = 89,5% ~ 90%
A 0,38 '

Yuciio konebaumii N=1.

g(t)!'] ,6
y(t)
1,4

A +A=+0,05

1,2

0,8

0,6

0,4

0,2

0 10 20 30 40 50 60
t,c

Pucynok 43 - [lepexonnsiii mponecc 3aMmkHyTor CAY 1o 3aparomemy
BO3JICHCTBHIO

CpaBHUM TONyYEHHbIE 3HAUEHUS T[OKa3aTejeil  KauecTBa  padOTHI

PaCCUMTAHHOW CUCTEMBI PETYJTUPOBAHUS C OOIIETEXHUYECKIUMH U CIIETIAEM BBIBOJ:
CAY mnpu crynmeH4aTOM HM3MEHEHHH 3aJalOIEero BO3ICHCTBUS HE HMEET
CTaTUYECKOW OmMuOKH, 00JaJaaeT JOCTATOYHBIM 3aMacoM YCTOMYHMBOCTH,
BpeMs IepexoHoro mporiecca He 6omee 30 c.
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3.4 HCXOJIHBIE JTAHHBIE JIJISI KOHTPOJIbHOM PABOThHI Ne3

t
W3(p)
OO6mwmit BUA nepeaaTouHbIX (PyHKIINI JIEMEHTOB CUCTEMBI:
k,-p+k K,(ALp+A,) k
W, (p) =2 P2 w, (p)=— 3'2‘1 A W(p)= K
P p (B,p" +B,p+By) 1+Tp
BXxomHoli cMrHanm CHCTEMBI (33/Ial0IEe  BO3JIEHCTBME) HWMEET
g())=G-1]

CrpykrypHas cxema HenpepbiBHOM CAY nmeer BUI

BHU/I

YucraeHHbIe 3HAYEHHUS MOCTOSHHBIX MMApaMETPOB IMEPEAATOUHBIX (DYHKIHI
anemeHTOB cucteMmbl (N, |, K3, As, Ag, By, Bi, Bo, K4, T) 1 3HAUCHHE BETUUYMHBI
3ajaroniero Bosaericteus (G) npencrapieHsl B Tabmuie 14.

Tabnuua 14 — Mcxoanbie aHHBIE K KOHTPOJIbHOUM padoTe Ne3

Ne n k3 A | Ao I B, B, Bo K, T G AGyp
BapUaHTa
0 1|12 0O |1/0] 20 8 3 1,1 0 2,5 +0,2
1 11-09] 0 |1)0] 50 16 3 0,9 0 -25 | £0,2
2 0 | 08 0 1]1] 100 | 25 1 1 0 2,5 +0,2
3 0 -96 | 0 11| 130 | 40 7 1,1 0 -2,5 | 0,2
4 1108 101 0| O 30 1 0,9 2 -25 | £0,2
5 1119 12|10 O 35 9,3 1 2,5 3,0 +0,3
6 1 /-41)11 |10 O 60 23 | 11 3) -50 | 0,5
7 1 |-53| 9 10| O 65 21 | 09 | 55 1,0 | £0,05
8 0 | 08 0O |1 1] 100 | 25 1 1 0 2,5 +0,2
9 0 |-96| 0 |1 |1] 130 | 40 / 1,1 0 -25 | £0,2

UHTETpaJIbHOTO peryisaropa Ky u Kp.

BAPBUPYEMBIX TAPAMETPOB;

BapsupyembiMu napaMeTpaMH SBIISIFOTCS HACTPOMKH ITPONOPLHOHAIBHO-

TpeOyercs:

» TOCTPOUTH 00JacTh ycToiumBocTH 3amkHyTod CAY B miockocTu
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» paccuuTaTh NEPexXOJHbIA mporecc 3amkHyTod CAY 1npH H3MEHEHUH
3aJ1al0IEeT0 BO3IEHCTBUS IPU MPOU3BOJILHO BHIOPAHHBIX 3HAUYECHUSX BapbUPYEMBIX
napameTpoB (HACTPOEK PEryJisiTopa) U3 MOCTPOCHHON 00JaCTH YCTOMYMBOCTH;

» OIICHUTH KaYCCTBCHHBIC MTOKA3aTEIN PabOThl CUCTEMBI PErYJIHPOBAHUS T10
KaHaJly YIIpaBJICHUSI HA OCHOBE aHain3a rpaduka rnepexoHoro npoecca.

4 PEKOMEHAYEMAS JIMTEPATYPA

Crynentam 3aoyHOil (opMbl OOy4YeHHS TMPU BBHIMOJHEHUU KOHTPOIBHBIX
pabot Nel-3 Takike peKOMEHAYETCS UCIIOIb30BATh CIEAYIOLLYIO IUTEPATYPY:

1. Cornukos, B. B. OcHoBbI Teopun ympaBieHusi. ba3oBblii Kypc: ydueOHOe
nocobue / B. B. Cornukos, JI. ®. Makaposa. — CII6.: CIToI'TU(TY), 2010. —
155 c.

2. Brmacos, K. I1. Teopuss aBTOMaTH4ecKOro yrpaBjieHHUs: yaeOHoe mocodune/
K. II. Bnacos. - XapskoB: ['ymanur. Llentp, 2007. — 524 c.

3. Pamomopt, O. SI. AHanu3 U CUHTE3 CUCTEM aBTOMATUYECKOTO YIIPABJICHUS C
pacripe/ieJIeHHbIMU TapaMeTpamu: ydeOHoe mnocobue /3. . Pamomopt. - M.:
Bricmiag mikona, 2005. — 292 c.

4. ®okuH, A. JI. PobacTHOE yrpaBiieHME TEXHOJOTHYECKUMHU MPOIECCAMMU:
yaebHoe nocobue/ A. JI. ®okun, B. B. CeipokBamiun, I1. A. bopo3zaun. — CII6.:
CII6I'TU(TY), 2007. — 201 c.

5. Porau, B. . Teopus aBromaruueckoro ymnpasienus/ B. S. Porau. — M.:
Mz narensckuit njom MOU, 2008. — 396 c.

6. Slkosnes, B. b. Teopust aBromatudeckoro ympasieHusi/ B. b. SIkoBneB —
M.: Breicmas mikona, 2003. — 240 c.

7. becekepckuii, B. A. Teopuss aBromarumueckoro ympasieHusi/ B. A.
becekepckuii — M.: Hayka, 2003. — 314 c.
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IIpunoxenue A. TUTYIbHBIH JUCT KOHTPOJIbHON PadoTHhI
(oOs3aTenbHOE)

MunoOpnayku Poccun

denepanbHOE rOCy1apCTBEHHOE OIOKETHOE 00pa30BaATEIBHOE YUPEKICHUE
BbICLIETO PO(HECCHOHATBHOIO 00pa30BaHUs
«Cankr-IlerepOyprckuii rocyaapcTBEHHbIH TEXHOIOTMUECKUA HHCTUTYT
(TEXHUYECKHUI YHUBEPCUTET)»

yrc 15.00.00 MamuHOCTpOECHUE

Hanpagisienue noaroroBku 15.03.04 ABromaTu3anusi TEXHOJIOTHYECKHX MPOLECCOB U
NMPOU3BO/ICTB

[popuan ABTOMATH3AIUA TEXHOJIOTHYECKUX MPOLIECCOB H
NMPOU3BOACTB (110 OTPACIISAIM)

Kpannpukanus Oakanasp

®akyabTer HNudopMallMOHHBIX TEXHOJIOTHH U yIIPABICHUS

Kadenpa ABTOMAaTH3a1MK IPOLECCOB XMMUYECKON IPOMBIIITIEHHOCTH

Yueonan oucyunnuna Teopust aBTOMaTHYECKOr0 yIPaBICHUS

Kype __ I'pymma
KOHTPOJIbHAS PABOTA Ne_

(Ha3BaHUE KOHTPOIBHOU paboThI))

Crynent

(moamuce, nata) (vHULIUATBL, aMUITHS)

PykoBoaurens,

(moamuce, nata) (vHULIMATBL, aMUITHS)

OreHka 3a KOHTPOJIbHYIO padoTy,

(moanuch pyKOBOJIUTENS)

Cankr-IlerepOypr
201 _
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IIpunoxenue b. KpaTrkue cBegenns o npeodpasosanum Jlamiaca
(crrpaBouHOE)

OgHuM W3 METOMOB, MO3BOJSIIOIIMX CYHIECTBEHHO YHPOCTUTH PEIICHHUE
nuddepeHIaTbHBIX YPaBHEHUN U CBSA3aTh NoBeaeHue aaemMeHToB CAY u cucreM
B 1IEIOM BO BPEeMEHHM C UX TMepeAaTOYHBIMU (DYHKUUAMH, SBIAETCA
npeoOpa3oBanue Jlamaca.

CyIIHOCTh AAHHOTO MpPeoOpa3OBaHUA COCTOUT B TOM, 4YTO HCHOJIB3YS
ONpENENEHHBI HWHTErpall, MOXHO MEpPerTH OT 00JacTH JIeHCTBUTEIIBHOM
niepeMeHHOH t K 00:1acTH KOMIUIEKCHOW IepeMeHHoi P, u pyHkimto Bpemenu f(t),
HA3bIBaEMYI0 OpUTMHAJIOM, IpeoOpa3oBaTb B  (QYHKUUIO  KOMIUIEKCHOM
nepemeHHo F(p), Ha3pIBaeMyr0 U300paKeHUEM.

[IpeoOpa3oBanue Jlammaca CTaBUT B~ COOTBETCTBHE  OpUTHHAIY
n300pakeHe MOCPEICTBOM HHTETPATILHOIO COOTHOILICHHSL:

F(p)=[f(®)-e™dt, (IT1)

rae P=C+ J@ - koMmILieKCHas BEJIMUMHA.
®opmyna odpatHoro npeodpa3zoBanus Jlamnaca UMeeT clieyronuil BU;

1 C+jo
f(t)=—— [F(p)-e"d
() Jzﬂc,jw (p)-e™dp (I12)

VYpauenus (I11) u (I12) 00bIYHO 3aNTUCHIBAIOT B COKpALIEHHOU (popMe:

F(p)=L4® u f)=L"A(p) .
[Ipu oTeickaHuM H300pakeHUs 3aJaHHOW (YHKIMH W TpuU OOpaTHOM

npeoOpa3oBaHUM Ha TPAKTUKE HE BBIYUCISIOT OINPEACIHHBIE WMHTETPANbl, a
MOJIB3YIOTCSI TOTOBBIMU TabJMiamMu ipeoOpazoBanuii Jlamnaca (tabnuma I11).

Ta6nuna I[11 - ®parmenT Tabnui npeodpazoBanus Jlamiaca

OpuruHan GpyHKIUN N3o00paxenne pyHkuuu no Jlanmnacy
f(t) F(p)
o(t) 1
1] 1

P
t 1
I3
e tat E
pFa
t-e™™ 1
¢+a
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[Tponomkenne Tadbmmiml [11

Opurunan Gynkiun f(t) W3o6paxenne Gyukuuu o Jlarmiacy F(p)
1-e™ a
p(p+a)
1-e® 2
t- p*(p+a)
p-al _ gbt b-a
(p+a)(p+h)
b a ab
14+ —e @ ———¢e™
a-b a-b p(p+2a)(p+b)
sin ot ®
p2 +C()2
cosawt P
p2 +a)2

PaccmoTpum OCHOBHBIE NpaBWiIa, OMMCBHIBAIOIIME IEPEXO] OT 3aJaHHOIO
MaTEMaTUYeCKOro JEHCTBUA HaJa (YHKIMEH eCTBUTENBHONW IEPEMEHHON B
00JacTh KOMIUIEKCHOM mepeMeHHOM. CBoJKa TakuX TMpaBUJl Ha3bIBACTCS
OCHOBHBIMHU CBOMCTBaMH mpeodpazoBanuii Jlamaca.

1. Teopema cioxenust
H3zo06padicenue om cymmvl HECKOAbKUX QYHKYUL PABHO CYMMe U300PANCEHUT IMUX
dyukyuL:

LAD+LO+.+f,0 FLAO FL&O F.+L 4O FR(P+F(P)+..+F(p) (113)
u Haobopom

L R(D)+F(p)+..+F,(p) 3L R(p) FL Ru(p) 3.+ R (p) 3 O+ F,0)+.+F,0)  (114)

2. N300paxenne pyHKIUHN, YMHOKEHHONH HA KOHCTAHTY
Koncmanma evinocumcs 3a 3nax uzoopasxiceHus:

Le (1) 3a-L4®) Fa-F(p) (115)
u Haobopom
L' §-F(p) 3a-L" #(p) 3a-f(0) (I16)

3. N300paxkenne npou3BoaHON GyHKIIUN
Ilpu Hynesvix HAUANLHBIX YCI0BUAX U300pAdICeHUe Om NPOU3B0OHOU PyHKYUU N-20
nopAOKa PAasHo NpousseoeHulo nepemenHou P| Ha uzo00padcenue UCXOOHOU

dyukyuu:

d"f®) | _ o
'—{ G }— p"-F(p) (117)
u Haobopom
Lt ﬁn . F(p) } d d:n(t) (H8)
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IIpu Henyneewvix HAUAILHBIX YCI0BUAX NPEOOPA308aAHIUE UMeem CLeOYIOUULL BUO:
d"f(t 0

L{T()} ~p"-F(p)- (0) (119)

4. U300pakenne 0T PyHKIUHU C 3aNa3IbIBAHHEM

Hzobpasxcenue om @yukyuu ¢ 3anazoviaHueM T PABHO NPOU3BEOEHUIO
MHOdCUmens € na uzobpasicenue ucxoOHo GYHKYUU:

L4t-7) FePL4® Fe™-F(p) (I110)
u Haobopom

L A(p)-e® 3 f(t-7) (1)
5. Teopema Jlanuiaca 0 Ha4YaJALHOM 3HAYeHUH (PYHKIIUN

im £(t) = im p-F(p) (IT12)
6. Teopema Jlansiaca 0 KOHeYHOM 3HAYeHUH PYHKIHH

iim £ (t) = lim p-F(p) (Im13)
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