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BCTVYII TA OI'JIA [ JHITEPATYPU

[IpobneMu aHami3y CTPYKTYpOBAaHHMX SIBHIIl BUHUKAIOTh y OyIb-iKild HaykoBid ramysi. Lle
MoB’si3aHo 3 OaratbMa (hakTOpamu, 30KpeMa, 3 MPUPOJO MUCICHHS TOAUHM B3aram. [lix
CTPYKTYPOIO PO3YMIIOTh O0’€KT UM SIBHIIE, B SKOMY CIIOCTEPITalOThCs YCTaJICHI 3aKOHOMIPHOCTI.
CTpykTypoBaHi sBHIa MalOTh Miclle B 010y0Tii (CTpyKTypa KHMBOI KIITKH, CTPYKTypa TBapuH,
CTPYKTYypa JIIOJMHN), B MOBHHX SIBHIAaX (CTPYKTypa MOBH, CTPYKTypa peUeHHs, CTPYKTypa CJI0Ba),
y ¢izuii (CTpyKTypa siipa, CTPYKTYpa KPUCTATIYHOT PEIIiTKH) Ta B IHIINX HayKax.

[IutaHHsS MOCHIIKEHHS CTPYKTYPOBAaHUX MPOIECIB MiAHIMAINCH B Pi3HI MEPIOAU PO3BUTKY
MaTeMaTH4HOi HayKd. Y 3B 3Ky 3 NPUKJIAJHUM 3HAYCHHSM L mpoOiemaTtuka B octanHi 30-40
pPOKiB HaOysa 0COOJMBOI TOCTPOTH B TEOpii AMHAMIYHUX CHUCTeM. Tak, Ha eTaml MPOEKTYBaHHS
CKJIQJIHUX TEXHIYHHUX CHUCTEM JUJIsl CIPOINEHHS MPOIECY BUTOTOBIICHHS B CHCTEMi BUIUISIFOTHCS
CTPYKTYPOBaHI MiJACUCTEMH 1 JJaHA CHCTEMa PO3TIIAIA€ThCA y BUOpaHiil CTpyKTypi. Takum nuisixom
PO3BUBAIOTBCS CydYacHI Tally3l €JIEKTPOHIKM, MPUIaJ0- Ta MamuHOOymyBaHHS Tomio. KiacwuHi
MiXOMU M0 aHAJTi3y Ta ONTHMI3alii CTPYKTYpPOBaHUX CHUCTEM, SIK IPABHIIO, HE NPaIiooTh. Bike Ha
erami MoOyIOBM MaTeMaTHYHOI MOAET Il CTPYKTYPOBAaHHUX CHCTEM BHHHKAIOTH IPOOJIEMHU
PO3PUBHOCTI TIPaBUX YACTUH Ta PO3B’S3KIB JUHAMIYHHMX TporeciB. [ Takux MaTeMaTHYHUX
00’€KTiB HaBITh BBECTH MOHSATTS PO3B’SI3KY € MPOOIEMOIO.

Posrnsinemo cucremy nudepeHIialbHUX PIBHSIHD

dx

P f(x1), 1)

je X — N-uMipHuii BekTop (azoBux koopaunat, f =(fi,....f)’ - N-BUMipHa BeKTOp-QyHKIIis.
SIxkmo f(x,t) € HemepepBHOIO, TO, K BiZOMO, po3B’si3koM cuctemu (1) € nudepenmiiioBana
byskmis  x(¢), sxa npu miactaHoBmi B (1) mepeTBOpro€ If0 CUCTEMY Ha TOTOXHICTh. B
CTPYKTYpOBaHHMX CHCTEMax, SK MpaBwio, f(x,f) — po3puBHa ¢yHKUiL. B Takomy Bunamky

MpUBEJCHE O3HAUCHHSI HE IMIIXOANTh, TaK K B TOUYKaX PO3PUBY HE MOKe OyTH TOTOKHOCTI st (1).
Ilpuknao 1. PosrnsaeMo nudepeHiiiaibHe piBHIHHS

dx .
— =sign(t).
o ign(t)

Sxmo t<0 TO pIBHSHHA Ma€ BUTIISA %:—1 1 x=—t+C,. Ilpu t>0 orpumyemo %:1 1

x=t+C,.BToumi t =0 maemo
0)= lim (—#+C))=_lim (t+C,).
x(0)=lim ( D)= fim (t+C,)

Takum ynHOM X(0) =C, =C, =C. 3Biacu oTpuMyeMo po3B’s30Kk x(¢) = |t|+C . Jns HpOTO MpHM

. X
t =0 He icHye w
dt
Ilpuxnao 2. Po3rasiHeMo qudepeHIiiabHe piBHIHHS

dx ]
— =1-2sign(x
m gn(x)

IIpu X <0 piBHAHHSA Ma€ BUTJISAI % =3. Jna uporo Bunanky X(t)=3t+C,. Skmo x>0, T0O

% =-1 i otpumyemo X(t)=-t+C,. Ha pucynky 1 nobymoBaHo posimpenuii ha3oBuii mpocTip

s Takoro piBHsAHHA. IIpoananizyemo #oro. 3adikcyeMo JOBUIbHY HEHYJIbOBY TOUKY (ha30BOIO
npoctopy. Ilpu 3poctanni t BiAMOBigHMNA PO3B’A30K 10X0MuTh 70 npsmoi X =0. Jlani mone He

) dx
no3Bosisie 3idTH 3 mpsiMoi X =0. Ane npu X =0 BHUKOHYETHCS d— =0, a mpaBa YacTHHA I[LOTO
t
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piBasHHS 1—28ign(0) =1+ 0. To6To, pynkmis X(t) =0 He 3a70BONBHSE PIBHSHHS B 3BUYAHOMY

pPO3yMiHHI, X04Ya € PO3B’SI3KOM IIOTO PIBHSIHHSA B JAeskoMy ceHci. Pyx mo mpsmii X=0 €
MPUKIIAZOM TaK 3BAaHOTO KOG3HO20 pyX)y 1 € crieu(iuHUM THIIOM pO3B’s3KiB. OTKe, /Ui BKa3aHOTO
PIBHSHHS TOTPIOHO PO3LIMPUTH TMOHSITTSA PO3B’s3Ky. lle poOWTHCS 3a JOMOMOTrOK MpOLEAYpU
JOO3HAUEHHS PO3B’SI3KYy, fKa TOJSIrae y 3BeIeHHI JU(EepeHIiaJbHOro piBHSHHS 0
Jughepenyianvroeo exnroyenns. e 03Havae, Mo Ha MOBEPXHI pO3pUBY (B TaHOMY BHITAJIKY 1€ € BiCh
t) mpu miaxomi 3BEepXy Ta 3HU3Y PO3TISAIAETHCS MHOKHMHA MOKJIMBUX HANPSIMKIB pyXy, SKiI €
JOTUYHUMH 10 IHTErpajJbHUX KPUBUX B OKOJI MOBEpPXHI po3puBy. KoXHOMY 3 HIHMX HampsMKiB
BIJINIOBiJJa€ CBOSI TIpaBa YacTHHA. TaK OTPUMYEMO MHOXXMHY MpaBHX dacTwH. L[ili MHOXHHI
HAJICKHUTh TOXiJHA PO3B’SI3KYy 1 pIBHSAHHS IEPETBOPIOETHCS B AH(EpeHIiagbHe BKIIOYCHHS.
JudepenianbHi BKIIOYCHHSI BIAPIZHAIOTHCS Biag AudEpeHIliadbHUX pPIBHSAHH THM, IO IpaBa
YacTUHA PIBHSHHS NEPETBOPIOETHCS MEBHUM CIIOCOOOM HAa MHOXHHY, a 3HAK PIBHOCTI 3aMIHIOETHCS
Ha 3HAK HaJIEeKHOCTI. I Toal mig po3B’sa3koM AuQEpEeHIiaTbHOTO PIBHSHHS PO3YMIIOTh PO3B’ 30K
CHeIiaIbHO TO0Y0BAHOTO AU(PEPEHIIaTbHOTO BKIFOUYCHHS.

N

N x>0

e

Puc.1

[Tpobnemu cTpykTypH3amii JUHAMIYHOT CUCTEMM € aKTyaJbHUMM IpPU aHaji31 KepOBaHHX
npoueciB. Tak, LM psA TEXHIYHUX 00’€KTIB Hamepen OyAyrOTh TaKUM YUHOM, IO (YHKIIS
KEpyBaHHsS MOXE MPUAMATH JUCKPETHY MHOXUHY 3HaueHb (N-nosuyiini xepysauws, penetini
Kepysanns). J10 Takux MPHUCTPOIB MOKHA BITHECTH OKpPEMi THIM CHCTEM KEpPYBaHHS JITaIbHUMHU
armapaTtaMi, KOMII'IOTEpPHI CHCTEMH, TiJIpaBli4yHI MPUCTpoi, cucTteMu (oKycyBaHHs Ta iHmi. Ha
PUCYHKY 2 300paxkeHO Tpadik CKansgpHOi (PYHKIII, MHO)KMHOIO 3HAueHb SIKOi € {0,1}. Touka 7
HA3UBAETHCS MOUKOIO NEPEKNIOYEHHSL.
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B okpemux BumMajKax TUHAMIYHI CHCTEMH 3 CTPYKTYPOBAaHHM KEPYBAaHHSM MOXKHA 3BECTH JI0
cucmem 3 iMHYIbCHUM BNIAUBOM.
Ilpuknao 3. Po3ristHeMO piBHSIHHS

ox =sin(t)+ du ,
dt dt
ne u(t)- dyHkiris kepyBaHHs, 1110 BUOpaHa y CTPYKTYpHii dopmi
cos(t), te(—oo,r
PR CIREICED
01 t S ( T,+w).
[To3a okonom Touku t =7

dx

— =sin(t)—sin(t)=0, te(-ow,7),
dt N )
5 = Sin(), te(r4o).

Po3B’s3aBmm (2), orpumaemo (puc.3)
x(t) =C, t € (-, 7),
X(t)=cos(t)+C, te(r,+x).

B oxoumi Touku t =1
T+& T+& T+&

lim j X s = 1im j Gt 4 lim J.sin(t)dt.
oe t 0,2,

3Biacu
X(z+0)—X(z—-0)=u(z+0)—u(z—-0)+sin(z)—sin(7)
1 OCTaTOYHO

X(z+0)=x(z—0)—cos(7). (3)

XA

Puc.3.

JudepenuianbHe piBHIHHA (2) 3 yMOBOIO (3) HAIEXKUTh A0 KJIacy ougepeHyianvHux pieHsaHb 3
iMmnynocHum 6naugom. Pa3oM 3 TUM, 1€ € pIBHSHHS, K€ IONYCKA€E 3MiHY CmMpYKmypu, TOOTO,
OJIHOYACHO 3 CIIBBIAHOMEHHIMH (2), (3) 10OCHIIKYETHCS cCUCTEMA

dx .
dt—sm(t), t e(—,7),
dx
dt
IIPU YMOBI
X(z+0)=x(z—-0)+cos(7).

B ocranHi ABa necATWIITTS B Teopli AMHAMIYHUX CHUCTEM akTyali3yBalach MpoOJieMaTHKa,
MOB’si3aHa 3 YTBOPEHHSIM Ta BTPATOI0 CTPYKTYp. BusiBuiocs, 1o BIAacTHBICTh BHUHUKHEHHS

0, te(r+o)
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CTPYKTYPH € CIIUJIBHUM JUI PI3HUX MPUPOJHUX SBUIL, IMPOLECIB CYCHIBHOTO KUTTS. JlociiKeH s,
10 aHaJI3YIOTh 3aKOHOMIPHOCTI BUHUKHEHHSI CTPYKTYpHUX (OpPM CKIIaIal0oTh 0a3uC HAYKH, 10
Ma€ 3arajKoBy Ha3BY ‘‘cunepecemuxa’”. B OCHOBI IUX IOCHIKEHb JIGKHUTH MapaMeTpUYHA TEOpis
CTIHKOCTI 1, SIK HACII0K, MeTOT (pa3oBOro nmpoctopy. CTpyKTypa B TaHOMY KOHTEKCTI PO3YMIEThCS
SK CTIHKWI B MIEBHOMY CEHCI IpOIlec, 110 He 3MiHIOE ()a30BOi KapTUHU CTIHKOCTI B BiJIOBITHOMY
okoyri mapameTpiB. Ilpu 3MiHI mapaMmeTpiB MoOKe BiIOyTHCS 3MiHAa CTPYKTYPH, SIKIIO B OKOJI
0COOJIMBOT TOYKH 3MIHIOETHCS (ha30BUI MOPTPET. SIBUIIE CYTTEBOT 3aJIEKHOCTI PO3B’SI3KIB CUCTEMHU
BiJl IOYATKOBUX JAHHUX HA3UBAETHCS 0emepMiHO8AHUM Xa0coM. BUSBISETHCS, 110 XaOTUYHI SIBUIIA
€ JIy’Ke TIOMIUPEHUMH B AUHAMIYHUX MOJIEISIX 1 XapaKTepHU3yIOTh CTYIIHb iX HETOCKOHANIOCTi. BoHH
BKa3ylOTh Ha T€, U0 YMOBHU, B SIKUX BiIOYBa€ThCs peajbHUI MpoleC, MOXKYTh OYTH B KOKHOMY
BUMA/IKY YHIKaJbHUMH 1 HE MOXYTh OyTHM BpaxoBaHi CTaHAAPTHUMHU MeETOAaMHU. SIKIIO 3MiHA
rmapameTpy HpPHU3BOJIUTH A0 BTpPaTH €IMHOCTI PO3B’sA3KYy (sBHIIE Oidypkailii), TO TOBOPATH PO
Kamacmpogy.

OO6macth AOCHIIKEHB, 110 BIAMOBIA€ Marepialy JaHOTO CHEIiaJbHOTO KYypCy, B HAIll 4Yac
IHTCHCHBHO pPO3BUBAETHCS. 3HAYHA KUIBKICTh MYOIIKAIiil mpucBIYeHa MpobdIeMaM aHamizy
JUHAMIYHUX CHCTEM 3 PO3PUBHOIO IIPABOIO YACTUHOIO, IMITYJILCHUM BIUIMBOM Ta iX ONTHUMI3allii.
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