4 XUTOMUPCBbKA J 100

NOMITEXHIKA | POKIB

y OEPXABHWUW YHIBEPCUTET

Jlekimg 5

IHEPETBOEPHHA BEBI[EPBHOi TH®OPMALIHHO-
BUMIPIOBAJIBHOI CUCTEMMU B IN®POBY



/)KVITOMVIPCbKA 100
NMOJITEXHIKA I POKIB

OEPXABHUM YHIBEPCUTET

JIEKIIA 5

NEPETBOEPHHS BE3NEPEBHOI IHOOPMALINHOI
CUCTEMMU BUMIPIOBAHB B IN®POBY

JIMCKpETHI CUCTEMH.

3aranbHa XapakTepucTuka iMmynbcHUX cucteM (1C).
Maremarnunuii onuc MUPpPoBUX Ta IMIYJIbCHUX cucTeM 3 AIM.
CTiMKICTb Ta SKICTh HU(POBUX Ta IMIYJIbCHUX CUCTEM.

[udposi cucremu.

N
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[ 0OJTOBHMM HaIpsIMKOM PO3BUTKY CUCTEM aBTOMAaTH3allll B OCTaHHI
AECATUPIYYS € IUPOKE BUKOPUCTAHHS 3aC001B OOYMCIIFOBAIbHOT TEXHIKH Ta
MIKPOIIPOIECOPHUX MPUCTPOIB, 00’ €THAHUX B MEPEXK1 PI3HOTO PIBHS 1
NPU3HAYEHHS. 32 XapaKTEPOM CUTHAJIIB TaKl CUCTEMU € IUCKPETHUMU, TOOTO
Il CATHAJIM € TIOCJ1JIOBHICTIO IMITYJIBCIB, K1 HECYTh B COO1 BCKO HEOOX1IHY
1HpopMartiro. JJMCKpeTH1 CHCTEMH MAKOTh PAJ ITEpEBAr epe] HenepepBHUMU
(AHAJIOTOBHUMMU )

* MOXKJIMBICTh 0araTOTOYKOBOT'O KEPYBAHHS 3 0AraTOKpaTHUM BUKOPHUCTAHHIM
JIIHIA 3B’A3KY, [10 AIKMX OJHOYACHO IIEPENAEThCA MHOKMHA CUTHAIIB 34
PaxyHOK iX 0COOJIMBOCTEN: IMITYJIbC — I1ay3a TOIIO;

* MJBUIICHA 3aBaJIOCTIMKICTh 3a PaXyHOK TOTO, 110 3aBaJia JII€ JIUIIE HA
IPOTA31 IMITYJIBCY, IKMI MOKE OyTH K 3aBIOJHO KOPOTKHM, B may3ax Mix
IMIIyJIbCaMM CHCTE€Ma PO31IMKHEHA 1 IIEPEIIKOo/ia Ha Hel He €.

B muckpeTHux cucreMax 00’ €KT KEpyBaHHs, SIK IPABUIIO, HETIEPEPBHUM 32
CBOEIO IIPUPOJIOI0, TOMY B110YBACTLCS IIEPETBOPEHHS HENIEPEPBHOIO CUTHAILY
B IMCKPETHHUM, TOOTO MOI0 KBAHTYBAHHS 3a PIBHEM Ta 3a YaCOM.

KBaHTyBaHHsI - [IpolleC [EPETBOPEHHS OE€3MEepEepPBHOIO CUTHAIY B
TCKPETHUM.
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Knacughikauia ouckpemuux cucmem

Buau KBaHTyBaHHs CHUTHAJIB, IIO 3aCTOCOBYIOTHCS, JIEXKarb B OCHOBI
KiacuQikalili JMCKPETHUX CUCTEM.

B pesieiHMX (MO3UIIIMHUX) CUCTEMAX B1IOYBAETHCS KBAHTYBaHHS 3a PIBHEM
(puc.l,a), Koau BHAUISIETHCA 3HAYCHHS AX =const | 1 jUIA IIMX 3HAYECHD
BU3HAYAETHCS PIBEHb HEIIEPEPBHOI'O CUTHAITY.

B iMnyJIbCHHUX CHCTEMAaX 3/IIMCHIOETHCS KBAHTYBAHHS 3a YaCOM IIpH

At=const | (puc.1,0). [ns 30epekeHHs TEBHOTO PIBHSI CHUTHATY MIXK
CYCIIHIMU TOYKaAaMW BUKOPHUCTOBYIOTHCS E€KCTPANOJATOPU:  HYJIbOBOIO
MOPAAKY (30€piraroTh CUIHAN IOCTIMHHM); IEPIIOro Ta IPyroro HOPsAKiB
(3MIHIOIOTh CUTHAJI 32 JIIHIMHUM YU HEJIIHIMHUM 3aKOHAMHU).

B uudpoBux cucteMax 3m1MCHIOETHCS 3MilIaHe KBaHTyBaHHs (prc.l,B) — 3a
qacoM Ta 3a PIBHEM At,AX . 3HAUYCHHS KBAHTOBOTO CHUTHANly OepeThCcs Ha
IIePETHHI BiATOBIIHUX JIIHIMH.






BuxigHmil cursEan iMIynsCcHOTO eleMeHTa (plc.2) XapaKTepl3yeTbes KiTBKoMa
OCHOBHIIMIH ITapaMeTpaMIL:
A — aMIUIiTYIa;
T, - TPHBATICTE (IMIIPHHA) IMITYIBCY;
Ty — nepiojl MOBTOPEHHSA IMITYIECIB; Ty - T;,, - Haysa;

T. . .
y =—% . ITapHicTh IMITyIECY |
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IMIyJIbCHA MOAYJISIIIA — 3MIHIOBAHHS OHOTO 3 ITapaMETPIB BUXITHUX IMITYJIbCIB
(Moxymr0eMOro) y (DyHKIIII BEIUYNHH BX1THOTO CUTHATY (MOICIIOIOYOTrO0).

Mosxe 3M1HIOBaTUCh (MOAYJIFOBATUCH) aMILIITYy 14, IIUPHUHA IMITYJIbCY, I1ay3a.
B1a1noB1IHO BUAUISOTh BUAH IMITYJbCHOT MOTYJISIIII:

* aMILnTyaHO-1MITylbCcHA (AIM) — puc.3, a;

* mupoTHO-iMnyJbcHA (ILIIIM) — puc.3, 0;

* yaco-imnyibcHa (UIM) - puc.3, B.

Ha puc. 4.3 yepe3 x mo3Haue€HO BXIJIHUH cUTHaJI IMIyJbcHOrO enemenTa (IE).
ITpu AIM 3mintoeTwhes ammutityna A=f(x), z,,, T, —const

ITpu LHIM: 7, =f(x), A, T,—const

[Ipu UIM (pisHoBHa — azoiMnynbcHa Moxymsia):  °s.=f(x), A, 7., T,—const









B Ta61.1 HaBeneH1 Z — 300pakeHHS IS ACIKUX (PYHKIIIH Jacy.

3py4HICTh Z — IEPETBOPEHHS MOJISITAE B TOMY, 1110 caMa (popMa 3amucy J1a€ MPOCTUi Crocid mpsMoro Ta 3BOPOTHOTO
MEPETBOPEHHS:

* JUISl 3HAXOKEHHS Z — NEPETBOPEHHS 3a BIIOMOIO (DYHKIIIE0 Yacy HEOOXiJHO KOXKHE IMCKPETHE 3HaueHHs X(i7T,)
MMOMHOXXUTH Ha Z™!, a TOTIM 3TOPHYTH OTPUMAHUI CTETICHEBUH PsJl B KIHIIEBY CYMY;

* JUIS 3HAXO/DKEHHS OPHTIHATY 3a BiIOMUM 300paXKeHHAM X(Z) HeoOX1THO 300pa)KeHHS MOJIaTH Y BUIVISA/II CTEIICHEBOTO PSIY

3a CTaJalouMMU CTETICHSIMH 2™, a OTpUMaHi P IIbOMY YHCIIOBI KOS(IIIEHTH pALY i € TUCKPETHUMH 3HaYeHHAMU X(iT)
curaany X(t).

Tabmuus 1. z — 300pakeHHs QyHKIIIH yacy
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. TIHIIHICTE:

Liax () Tax, () =ax(z) Tax,(z).
. TeopeMa IIpo [IOYATKOBE 3HAYEHHS OpPITiHATY:

lim X(iT,) =lim X ().

=0

. Teopema Ipo KIHIERe 3HAYeHHA OpHUTiHATY:

fim X(T,) =lm = X(2),

. TeopeMa Mpo 3MIMIEHHA apryMeHTY OpHriHala (TeopeMa 3ali3HKBaHHA):

LIX(T,—-IT)) =X(2)-=~




4.CTiMKIiCTh TA AKICTH HU(PPOBUX TA IMIYJIbCHUX CUCTEM

3a IWHAMIYHUMH BIIACTUBOCTSAMHM LU(POB1 Ta 1MIyinbCHI cucteMu 3 AIM Oarato B yomy
AHAJIOT1YHI HEMEPEPBHUM CHCTEMAaM, IO JIa€ MOXJIMBICTh 3aCTOCOBYBaTHM aHAJIOTH METO/IB
OOCJIJKEHHSI HEMEpEepBHUX cHCTeEM. IMmynbcHa abo mudpoBa cucteMa Oyne CTIMKOK), KOJIH
BIJIbHA CKJIaJI0Ba mepexigHoro mporecy Xgz(iT,) 3 9acom 3atyxae, T00TO:

limX ,(iT,) =0

JUis  AOCHIIDKEHHS CTIMKOCTI IMITyJbCHUX Ta LUQPOBUX CUCTEM MOXKHA
BUKOPHUCTOBYBAaTH aireOpaidyHl Ta YAaCTOTHI KPUTEPIi CTIMKOCTI, 3aCTOCYBAaBIIH
BIJITMIOBIJHI Z-TIEPETBOPEHHSI.

IMIyJIbCHUI €JIEMEHT HE BIIIMBAE HA CTIMKICTH PO3IMKHEHOIO KOHTYpY, ajie I
3aMKHEHOI CUCTEMHU HEOOX1THO BPaxyBaTH TAKe:

* IpU MajauX Ieplofax IMOBTOPEHHsA [, 4aCTOTHA XapaKTEPUCTUKA DPO3IMKHEHOIO
KOHTypa CIIBIAAA€ 3 YaCTOTHOK XAPAKTEPUCTHUKOK HEICPEPBHOI YaCTUHH, SKa
BU3HAYA€ CTIMKICTh IMITYJIbCHOI CUCTEMH,

* Ipu 30UIBIICHHI TME€PIOly NOBTOPEHHS B OUIBIIOCTI CUCTEM 3MEHIITYETHCS
rPaHUYHMI MEPEIATOUYHUN KOS(IIIEHT, MOT1PITYOThCS JMHAMIYHI BIACTUBOCTI,

* B OKpEMHUX BUIIQAKAX (CTPYKTYPHO-HECTIMKI HEMEPEPBHI CHUCTEMH, CHCTEMH 13
3aIT3HIOBAHHSAM) IMITYJIbCHUH €JIEMEHT CIPAaBIIsAe CTA0LIIZYOUY Jit0.



JI14 OIIIHKM SIKOCTI IMOYJILCHUX Ta MU(PPOBUX CUCTEM BHKOPHCTOBYIOTHCS
TaKl K MOKa3HUKH, SIK 1 JUISI HEIEPEPBHUX: TOYHICTh B YCTAJICHUX PEKHAMaX,
TPUBAJICTh EPEX1THOrO MPOLIECY Ta 1HIIIE.

TpuBamiCcTh 1 mepeperyarOBaHHs OLIHIOIOTH 0€3II0CEPEIHBO 3a IEPEX1THOIO
XapPaKTEPUCTUKOIO. I 11 OTprMMaHHS 3alMCYHOTh Z-
300paKCHHSI BUX1JIHOI BEJIMUYWHHU IIPU OJUHUYHOMY CTYIIHYACTOMY CHTHAII:

X (2) = il W (2)
Z— .
1 32 300paKEHHIM 3HAXOATH OPMIiHAI — pemriTdacty GyHkiiro X(T,),

B npoctux BuUmagkax s LbOrO JOCTAaTHHBO TaOIUIb OOEPHEHOTO Z —
IICPETBOPECHHS, PO3KIABINM IIONEPESIHLO 300pakeHHs X(Z) Ha mpOCTI
apoOoH.

B Oi1bIn CKITaAHUX BUITAAKAX PO3KIIAMAIOTh (QYHKIIIO X(Z) B CTCIICHEBHIA
psA 3a Bl €EMHUMU CTECIICHAMHU Z (AUICHHSM YMCEJIbHUKA HA 3HAMCHHHUK):

X(2)=) Cz" =Cy+Cz"+C,z +..+C;z™ +...
i=0



* To4HICTh IMIOYJILCHOI CUCTEMH OIIHIOIOTH 3a YCTAJICHUM 3HAYCHHSIM
CUTHAJIy IOXHOKH:

AX_ (o0) = IimHW"ga(z) -X,,(2)

. 251 7

* [Ipu cTtymiagacToMy curHami x,,(t) = al(t) ycranena noxubka oyme:

. z-1 1 az a
AXycm (OO) = I”T:E : ) =
>tz 1+W . (2) z-1 1+W (D)

* BuaHo, 110 npu CTyMIHYaCTOMY CHUTHAJlI MOXMOKA JIOPIBHIOE HYIIIO,
SKIIO MepeaaTodHa (PyHKIIis Wpog(z) Ma€c xodya O OOMH MOJIOC, SIKUU
OOPIBHIOE OauHMUII. [Ipy MHIMHOMY CHTHadl JJIS IOIO HOTPIOHO HE
MEHIIIE 2-X MOJIIOCIB.



5. Iludposi cucremMn

* B undpoBux cucremax B1J10yBAETHCS KBAHTYBAHHS CUTHAJIIB 32 YACOM I DIBHEM.
KBaHTyBaHHA 32 4aCOM POOUTH YuU@DpPo8y CUCTEMY OUCKDEMHOI0, & KBAHTYBAHHS 3a
PIBHEM — HENIHIUHOIO.

* B nudpoBux cucreMax € npucTpoi, 5Kl MEPETBOPIOIOTE HETIEPEPBH1 CUTHAJIN B
(G POBI KOJIM 1 BUKOHYIOTh MaTeéMaTU4HI1 onepaun HaJl [MMHU KOJIaMH. L[HcppOBHH
PETyISATOP BUKOHYE BJIACTUB1 MOMY OIlepalili 1 BUIa€ pe3yJibTaTH y JUCKPETHI

MOMEHTH 4acy L ——




* B iHTEepBanax MK UMW MOMEHTAMHU Ha BUXOJI1 PEryysiTopa 30€pIraeThCs IEBHUM
CUTHaJI, TOOTO BUXIJHUM curHas — crymnavacta pyskiis X(I1T,), ska
B1IIOB1/Ia€ KBAHTYBAHHIO 32 YACOM.

* KBaHTyBaHHs 32 piBHEM OOYMOBIIOETHCS THM, 110 BHACHIAOK HU(POBOI momayl
1H(OpMAaIli BUXITHAN CUTHAJI MOKE HaOyBaTH JIMIIE NIEBHUX (PIKCOBAHUX PIBHIB,
K1 BIAPI3HAIOTHCS OJIHWH B1J OJHOrO Ha BenuuuHy (. Llg BenmumHa Biamosigae
OJWHHUII MOJOAIIOTO pO3pAny LU(POBOrO pErysraATopa, TOOTO HENEPEPBHUM
CUTHAJI ITOAAETHCS Y BULIIAL:

X(t) = x (iT)) + o,

e e, © <0, ax (iT,) MicTHTb I1ijie Yrciao piBHIB (. [Ipy Maaux ( BIUTMBOM
KBAaHTYBaHHS 3a pIBHEM Ha JWHAMIKY CHCTEM MOXKHA 3HEXTYBaTH, TOOTO
BBakatu g — 0.

* Y 3arajgbHOMY BHIIAJKy IS I[OCJIiI[)I{UCHH}I IU(POBUX CHUCTEM . MOXKHA
3aCTOCYBaTh Mar€MAaTUYHUM ariapar, SKUi BUKOPUCTOBYETHCS IS JITHIMHUX
IMOYJIBCHUX CUCTEM 3 aMIUNTYAHO - IMIOYJIBCHOK MOIYJIALIEIO: 7 —
IIEPETBOPEHHS 1 PI3HUIIEB1 PIBHSIHHS.



* B cucremax aBTOMAaTW4YHOTO KEPYBaHHSA TEXHOJIOTITYHHUMH OO0’ €KTaMH (PYyHKIIII
pPETYNATOPA BUKOHYE MleOHpOLICCOpHI/II/I KOHTpoJiep. Taka cucTtemMa BIIHOCUTHCS
0 HEIEPEPBHO-AUCKPETHUX 1 OIKUCYETHCA I[I/I(i)epCHHH/IHI/IMI/I 1 PI3HULIEBUMH
PIBHSIHHSIMH, a TaKOX BKJIIOYAa€ (PYHKIIOHAIBHI 3aJIEKHOCT1, K1 B1JOOPaKarOTh
IIEPETBOPECHHS CUTHAJIIB 3 HEIEPEPBHOI (OpMHU B JMCKPETHY 1 HaBIaku. Taka
CTPYKTypa MaT€MaTUYHOTO OMKUCY TPOMI3JKA 1 HE3pyYHa.

* buibll 3py4YHUM METOJIOM € 3aMiHa JU(MEPEHIIMHUX PIBHSIHb PI3HUIICBUMHU, TOJ1 B
[IJIOMY aHaJll3 1 CHMHTE3 CHUCTEM BHUKOHYETHCS METOJAaMU TEOpli HEIEePEPBHUX
CHUCTEM, a CHHT€30BaHUN PEryISATOP pealli3yeThes B udpoBomy Buil. [Ipu nbomy
HEOOX1JTHO BpaxyBaTH, IO IIpU BKAa3aHWUX 3aMiHaX BUHMKAIOTh ITOXHMOKH, SKI
MOXKYTb MIPUBECTH JI0 PI3HUX OILIHOK, HAIIPUKJIA, 1100 CTIAKOCTI.

* V3araibHEHa (PyHKIIOHAJIbHA CTPYKTypa MUA(PPOBOI CHCTEMHU ITOKa3aHa Ha PUC.O.



X, AX AX U U
AUl —» EOM —» LIAI1 —»{ OY
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Puc.5 ®yHKIIOHAJIBHA CTPYKTYpa HU(PPOBOI CUCTEMH yIIPABIIHHS

O0’ext ymnpaBmiaHs OY — HenepepBHa udactuHa cucremu (HY). AnamoroBo — uudposuii neperBoproBau AILIII
NpPU3HAYEHU JJIi OTPUMAHHS 3 HEMEPEPBHOIO CHUTHATY UHUPPOBOro Komy, skui oOpooOisietbess B EOM  abo
Mikponponecopaomy koHtposiepi (MIIK). [ns dopmyBanHsi curHainy kepyBaHHa U, sdkuil mocTymae Ha 00 €KT,
HEOOX1JHO 320€3MEeUUTH 3BOPOTHE MEPETBOPEHHS, JJISI YOO MpU3HAYEHU 1udpo — aHajmoroBui nepetBoproBad [[AIL.
[TeperBoproBau ALIIIl Bkiito4ae IMIyIbCHUM €JIEMEHT Il KBAHTYBaHHS 3a 4aCOM 1 KBaHTyBau 3a piBHEM. B pesynbrari
OTPUMYIOTh YHCJIO Y BUIJISIAI KOMY, SIK TIPaBWIIO, NBIMKOBOTO, sike nojaerbcsi B EOM (MIIK). Ilicis nmepeTBOpeHHs 3a
TNIEBHUMH aJITOPUTMaMHU pe3ybTaT BugaeTsea y Bumiani unucen U, (iT,). Ilepersoprosau LIAII cknajaeTbcs 3 KBaHTyBava
3a piBHEM, i[I€aIbHOTO O -IMITyJIbCHOTO eleMeHTa i popMyrodoro eaeMmenta (ekcrpamonsropa). KpiM ekcTpanossTopis
HYJIbOBOTO MOPSIAKY, SIKI YTPUMYIOTh CUTHAJI HAa TOCTIHHOMY PIBHI MK CYCIJIHIMU IMITYJIbCaMH, 3aCTOCOBYIOTHCSI TAKOXK
EKCTPAIOJIATOPHU MEPIIOro MOPSJAKY, CUTHANI SIKMX 3MIHIOETHCS 3a JIHIMHUM 3aKOHOM, 1 JPyroro — 3a KBaJpaTUYHOKO
mapadoJIoko.



B mopiBHAHHI 3 aHAJOrOBUMHU (HEIEPEPBHUMH) CHUCTEMaMHM LUQPPOBI CHCTEMU
KepYBaHHS MAKOTh PsJ 0COOJMBOCTEN, SIKI BU3HAYAKOTh 1X JUHAMIKY:

* KBaHTYBaHHS CUTHAJIIB 32 4YaCOM 1 PIBHEM;

* U@po-aHaAJIOroBe 1 aHAJIOro-IKU(POBE MEPETBOPEHHS. B cydacHux cuctemax
MOYKHA 3a0€3MeYUTH HEOOX1JHY TOUHICTh LIUX IIEPETBOPEHb, ajie¢ HEOOX1JHO
BpaxyBarTH, 110 B aJIrOpUTMax KepyBaHHSI BUKOPUCTOBYIOTHCS MMPUPOCTHU BX1THUX
Ta BUXIJTHUX CUTHAIIB. Lle morpelye y3romKeHHs pO3pAIHOCTI TEXHIYHUX
3ac001B, MBUAKOA11, IEP10Ty OMUTYBAHHA JATYHUKIB TOIIIO;

* YaCOBHUU 3CYB MIK BXIJITHUM CUTHAJIOM 1 BHUJIQ4€I0 CUTHAJIIB KEPYyBaHHS, TOOTO
HasIBHICTH 3am13HIOBaHH. Lle Mae 0coOIMBE 3HAYCHHS, KOJIH 3A1MCHIOETHCS
0araTo00’€KTHE KEPYBaHHS, BUKOHYETHCSI MHOKMHA HEOOX1THUX aJITOPUTMIB.



6.MeToau nmepexoay Bija 0e3nepepBHOI CUCTEMH 10 HU(PPOBOI CUCTEMH

[Iepexia B1a Oe3nepepBHOI CUCTEMH J0 MUPPOBOI MOXKE B1I0OyBaTHUCS
JIEKIIIBKOMAa METOIaMU:

1) c¢2d nmeperBopeHHS (IMITYIILCHHI €JIEMEHT 3 €KCTPAIIOISATOPOM );
2) OlniHiliHE IEPETBOPCHHS,

3) Impinvar nepeTBopeHHs Ha OCHOBI 1IHBAP1aHTHOI IMITYJIbCHOT
XapaKTCPHUCTUKH.
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