OEJEPAJIBHOE ATEHTCTBO CBA3U

denepaibHOE TOCYIAPCTBEHHOE 010/IKETHOE 00pa3oBaTe/ibHOE
y4Ype:KaeHne Bbiciero npogecCHOHAJIBLHOI0 00pa30BaHMs
«CAHKT-IIETEPBYPI'CKU
I'OCYJAPCTBEHHbBI YHUBEPCUTET TEJIEKOMMYHUKALIUN
uM. npod. M. A. FBOHUY-BPYEBUYA»

JI. I1. Ko3jaoBa, O.A. Ko3jaosa, O.U. 30010B

OCHOBbBI TEOPUHA
YIIPABJIEHUA

YYEBHOE ITIOCOBHUE

CIIG T'YT)))

CAHKT-IETEPBYPI'
2016



VJIK 681.5 (075.8)
BBK 22.161473
K 59

PeuenseHrs! :

JIOKTOP TEXHUUYECKUX HayK, nmpodeccop kadeapbr CUCTEMHOTO aHATU3a U YIIPaBICHUS
Cankt-IleTepOyprckoro HalMOHAIBHOTO MUHEPAIBHO-CHIPHEBOT'O YHUBEPCHUTETA
«lopubiity JI.A. IlepByxuH
JIOKTOP TEXHUUYECKUX HayK, nmpodeccop BoeHHO-KOoCcMHUUeCKOM akaaeMun
uM. A.®. Moxaiickoro B.Jl. JIudepenko

Ymeeporcoeno pedakyuonno-uzoamenvckum cosemom CII6I'YT
8 Kauecmee yuehH020 nocoous

Ko3zaosa, JI. I1.

K 59 OcHoBbI Teopuu yrnpasiieHus : yueoHoe nocodue / JI. I1. Ko3znosa,
O. A. Kosnosa, O.U. 3omoroB — CII6. : U3gaTensctBo CIIOIYT, 2016. —
98 c.

ISBN 978-5-89160-134-5

[TpuBeneHs! O0mIME CBEIEHUS O CUCTEMax YHPABICHHUS U UX MOJIE-
JSIX, METObl MATEMAaTUYECKOTO OMHUCAHMSI, TOCTPOCHUE CTPYKTYphI, aHa-
JU3a YCTOMYMBOCTH, OLEHKHM KayecTBa U CHUHTE3a JIMHEHHBIX aBTOMATH-
YECKUX CUCTEM YIPAaBIICHUS.

[Ipennaznaueno nns OGakanaBpoB crneruanbHocTH 09.03.02 — Un-
¢dbopmanronHsie cucteMbl U TexHosnoruu, 11.03.03 — KoncrpyupoBanue u
TEXHOJIOTUSI JIEKTPOHHBIX YCTPOMCTB, a TAKXE MOXET HMCIOJIb30BaThCA
MarucTpaMu U aclyupaHTaMu B 00JIaCTH TEIEKOMMYHHUKAIIH.

VIIK 681.5 (075.8)
BBK 22.1615173

ISBN 978-5-89160-134-5 © Ko3znosa JI.II., Ko3nosa O.A., 3omotos O.H., 2016
© denepanbHOE TOCYIAPCTBEHHOE 00pa30BaTEIHHOE
OIO/IKETHOE YUPEeKIeHHE BhICIIET0 MPO(hecCHOHAIBHOTO
oOpa3zoBanus «Cankt-IleTepOyprckuii rocyaapcTBeHHbIN
YHHUBEPCHUTET TeIEKOMMYHUKAIIUI
uM. mpod. M. A. bonu-bpyesuuay, 2016



COJEPKAHUE

MPEJUCIIOBHUE ........oiiiiiiieee et 5
1. OCHOBHBIE ITOHATHUA U OBILLIAA XAPAKTEPUCTUKA
B TEOPUU YIIPABIIEHUMS ......oooiiiiiiiiiiee e 6
1.1. Knaccudukamms u odmas xapaktepucTuka CAY ......ccovvviviiviinenn. 7
BOMPOCHI JUISI CAMOIIPOBEPKH .....vveereveesureessnesaseeasnneesnneessnesssnessnnesasnneesnneesneeas 10
2. TEOPUA JIMHEWHBIX HEITPEPBIBHBIX CUCTEM ......cccoovvvvvvevinnn. 11
2.1. Bunel MateMaTHUEeCKUX MOAEITIEH CAY oiiiiiiiiiieieee e e e 11
2.1.1. IuddepenmanbHbie U pa3HOCTHBIC YPABHEHHS ....ocvvverveeneeene. 11
2.1.2. BEeKTOpHO-MAaTPUYHOE ONIMCAHUE HENPEPBIBHOU CUCTEMBHI ...... 16
2.1.3. BpemeHnHble XapaKTEPUCTUKU CUCTEM U UX DJIEMEHTOB ........... 19
2.1.3.1. ImnybCHBIE NEPEXOTHBIE XAPAKTEPUCTHUKH .............. 20
2.1.3.2. TlepeXOoaHBIC XAPAKTEPUCTHKH ..oovvvveerrvreeessrneesssnneennens 20
2.1.4. YaCTOTHBIC XAPAKTEPHCTHK ..vvverrrrrressrreresssnreesssneesssenssssseessssnns 22
2.1.5. JlorapudMuYECKHE YaCTOTHBIE XAPAKTEPUCTUKH ...vvvvervveeennsn 23
2.2, THUTIOBBIE BBEHBS ..eeuvveeuveeatreassreesineassseesseesseessseeessseesssesssseesnsessnseesnns 24
2.2.1. be3pHeproHHOE 3BEHO ([1-PETYISITOP) .vvvvvvveiiieiiicviiie e 25
2.2.2. AniepuoandecKkoe 3BEHO NEPBOTO MOPAIKA ..vvevvvvrrrureresrnneeennnns 27
2.2.3. AIepuoANY€ECKOE 3BEHO BTOPOTO TOPSTKA ..vvvervveevreernreesnneenns 29
2.2.4. Unterpupyromniee 3B€HO (M-PETYISITOP) «oovvvvvverireeeiiiieeiieeeene 34
2.2.5. Inddepennupyroriee 3B€HO ([[-pErysaTop) ...coocevvvvveerreeennnne 36
2.3. CTPYKTYPHBIC CXEMBI ...cc.vveeurianteesieessreanseesseesseessnssssesseessesssesssnssnseennes 38
2.3.1. IIpeoOpa30oBaHUE CTPYKTYPHBIX CXEM ...ocveerveerieerieesinesneaeeens 38
2.3.2. JleTann3upOBAHHBIE CTPYKTYPHBIE CXEMBI ...eeeruvverairneenireeennens 42
Bompoch! TSI CAMOTIPOBEPKH ..vvvveiuviieeisiireeiieresssreeessssessssssesssssnesssssessssssessnnns 45
3. AHAJIV3 JIMHEMHDBIX CAY oo 46
3.1. YcToiunBOCTh JIMHEMHBIX HEMIPEPBIBHBIX CUCTEM YIIPABIEHUSA ....... 46
3.1.1. OG111e€ YCTOBUE YCTOMTMBOCTH  ..eevvvearvveanireesireessnnesnnnesseeans 46
3.1.2. KPUTEPUU YCTOMTMBOCTH .vvvveeireeesssrenessneesssneesssnnssssseeesnns 47
3.1.2.1. Anrebpanyeckure KpUTEPUN YCTOUUUBOCTH .............. 47
3.1.2.2. YaCTOTHBIE KDUTEPUHU YCTOUUUBOCTH .....vvvvrerereennn 50
3.2. AHamM3 TOYHOCTHU U KQ4E€CTBA MMPOLUECCOB YIPABIEHHUS ....ooverrvvernnnse 59
3.2.1. Ouenka touHoct CAY B yCTaHOBUBUIMXCS PEXKUMAX  ........ 59
3.2.1.1. Tounoctb CAY B peKUME CTAOUIUZALHUU ................ 59
3.2.1.2. YcraHoBUBIIKMECS OLIMOKU MPU OTPAOOTKE
MEIJICHHO MEHSIIOIIUXCS BHEITHUX BO3IEUCTBHI ...cccvvvnrieiiriiiieieriineeerennnnnnns 63

3.2.1.3. AHa/IU3 BIUSHUS TIOPSIAKA aCTaTU3Ma CUCTEMBI
Ha YCTAHOBUBIIIHECS OIMTUOKU MTPH OTPAOOTKE TUITOBBIX CTETICHHBIX
12300631 (537 (o 821 % 0. (X 66
3.2.2. Ouenka noka3zareseit kadectBa paboThl CAY .....cccccvevieeene 70
3.2.2.1. Iloka3aTenu ka4yecTBa Mo NepPexoaHOM
XAPAKTEPHCTHIKE ...vveenvveeesuneeeesnseeesssseeaassseesassesesasssessassesesassssssnssesssnssessaseessnes 70



3.2.2.2. Tloka3aTenu Kka4ecTBa N0 KOPHEBOM IJIOCKOCTH ....... 71

3.2.2.3. IHTerpanbHbIe MOKA3aTEIN KAUECTBA ..vvvvvvvrervveeenens 72
3.2.2.4 CBs13b YaCTOTHBIX MOKa3aTeJeil ¢ OCHOBHBIMU
MPSIMBIMH TIOKA3ATEIIAMU KAUCCTBA ..evvveervreessreessreesresassreessneessneessneessessnnessnes 72
BompoCh! AJIST CAMOTIPOBEPKH ..vvvveiuvireeisiriessiiensssireeesssieesssssessssnessssseesssssessnnns 73
4. CUHTE3 JIUHEMHBIX CAY  ...covivivieiieeerees e enes s 75
4.1. 3amaun 1 KIaCCUPUKAIIST METOIOB CHHTE3A ...vveervveervreessreesnreeseenanns 75
4.2. Cunres xenaeMoil JIAUX pazoOMKHYTOU CHCTEMBI .........ccccrveernneenne. 76
4.2.1. Cunres xkenaemoid JJAUX B 0051aCTH HUBKUX YACTOT ........... 78
4.2.2. Cunrtes xenaemoit JJAUX B 001acTi CpeJHUX YACTOT ......... 83
4.3. CHHTE3 KOPPEKTHUPYIOUIUX YCTPOMCTB ...vvviurvrarrreannnesireessneesreesneeenes 85
4.3.1. CxeMbl BKJIIOYEHHS U KJIacCUpUKAIISA KOPPEKTUPYIOIIUX
D&Y 010) (65 u : T PSP 85
4.3.2. Onpenenenue nepeaaTouHon GyHKIUU MOCIEI0BATEIEHOTO
KOPPEKTUPYIOIIETO 3BEHA .vevuvvvreisvrreesssreesssreesssseesssssenssssssssssssesssseessssessssssees 87
4.3.3. Onpenenenue nepeaaTouHol GyHKIUA KOPPEKTUPYIOIIETO
YCTPOMCTBA B BUEC OTPULIATCIIBHOM MECTHON OOPATHOM CBS3H .....vvvvvrvveennnee 88
4.4. CuHTe3 MocNeI0BaTeIbHBIX KOPPEKTUPYIONTUX YCTPOUCTB B
CUCTEMAX MOJUYUHEHHOTO PETYITUPOBAHM «...vvvenreessreranreessreessneesnneesnessnessnes 89
4.4.1. HacTtpoiika Ha ONTHUMYM 1O MOMYITEO ..eeruveerurersneesssnresneesneens 90
4.4.2. Hactpoiika Ha CHMMETPUYHBIA OITUMYM ....oevvnveearerernneenneens 93
BOMPOCHI JISI CAMOIIPOBEPKH .....vveerereesureesnnesaseeessneesnneessnesssnesssnesensnessnneesneess 95

CIIMCOK JIMTEPATYPDBI ..o 96



HHPEAUCJIOBHUE

OxpyKaroumii MUp TPEJCTABIAECT COBOKYITHOCTh B3aMMOCBSI3aHHBIX KO-
HOMHYECKHX, COITMATIbHBIX, TEXHUYCCKUX U UHBIX CHCTEM, Mpolecc QyHKIIMOHU-
POBaHUS KOTOPBIX BKJIFOYACT MOJy4YeHHE MHGOpPMAIMKM M €€ aHAaJIKM3, BBITOJIHE-
HUE OCHOBHBIX OIEPaIii TF0O0T0 mporiecca yupaBIcHHS.

YHUBEPCATLHOCTD MPUHIMIIOB YIPABICHUS IO3BOJIICT NMPUMEHITh HX K
o0BeKTaM JI000H TTPHPOJIBI, B TOM YHCJIE K MPOIeccaM MOIYICHHS, TIepeaud U
00paboTKu HHPOPMAIIHH.

JlaHHasi MUCHMILIAHA ITO3BOJISCT (OPMHPOBATH CHCTEMHOE MBINUICHUE U
IEJIOCTHOE BHJICHHUE SIBIICHUH MHpa TCXHUKH, COIMAIBHOW Cpeabl M T.JI., JaeT
HArJISTHBIC IPUMEPBI KX KOHCTPYKTHBHOTO TIPUMCHEHUS.

TAY npu u3ydeHHH TPOIECCOB YIpaBJICHHUS a0bCTparupyercs oT Qpusnde-
CKUX W KOHCTPYKTHBHBIX OCOOCHHOCTEH CHUCTEM M BMECTO PEAbHBIX CHCTEM
paccMaTpuBaeT UX aJeKBaTHBIC MaTeMaTHdeckue Mojaear. OCHOBHBIMU METOIa-
MU uccienoBanusi B TAY sBISIOTCS MareMaTHYeCKOe MOJCIMPOBAHUE, TEOPHUS
OOBIKHOBEHHBIX AU PEPECHIINATBHBIX YPaBHCHHM, ONIEPAIIMOHHOE UCUUCIICHUE U
TapMOHWYSCKUN aHAJIN3.

[TprMeHEHHE TOCTOSIHHO Pa3BHBAIOIIMXCS KOMITBIOTEPHBIX IMPOTrpaMM MO-
JCIMPOBAHUS, aHAJIM3a W CHHTE3a CHCTEM YIPABICHUS YCTpPaHSICT MPOOJIEMBI,
CBSI3aHHBIC C UCCIICIOBAHUSIMU U Pa3paOOTKAMHU CUCTEM.



1. OCHOBHBIE ITOHATHUA N OBLIASA XAPAKTEPUCTUKA
B TEOPUU YIIPABJIEHUA

Ilpoyeccom ynpaenenusn Ha3bIBA€TCA COBOKYIHOCTHh ONEpalMi YIIpaBiie-
HUS1, OTIPEIEIISIIONINX aJITOPUTM BBITIOJIHEHUS ONPEIeTICHHON paOoThI.

Aemomamuyeckum ynpasienuem Ha3bIBACTCs MPOLIECC YIPABIEHUS, B KO-
TOPOM BCE€ ONEPALIMH YIIPABIECHUS BBIIOJHSIIOTCS aBTOMAaTHUYECKHU.

BaxxHellinMu B aBTOMAaTUYECKOM YIIPABJICHUU SIBJISIOTCS MOHATUS OOBEK-
ta ynpasienus (OY) u ynpasisiomero ycTporucTa (yCTpOUCTB yIPaBICHUS) —
(YV).

Oovekmom ynpaenenus, Ha3bIBACTCS YCTPOICTBO, MEXAaHM3M, arperar,
TPAHCIIOPTHBIN, TEXHOJOTHYECKHUM, SHEPIeTUUCCKUN WM JIFOOOM Ipyroil mpo-
IIECC, KEJIAeMOE MMOBEJECHUE KOTOPOTO JI0JKHO OBITh 00€CIIEYEHO.

Yempoiicmeamu ynpaenenus Ha3pIBalOTCSI TEXHUYECKHE YCTPOMCTBA, BBI-
HOJIHAOIINE OIlepaliy YIIPaBICHUS.

CoBOKYNHOCTh OOBEKTA YINpPaBICHMUS] M YIPABIAIOIIErO ycTpoicTBa (ycCT-
POWCTB yNpaBJICHUS]) HA3BIBACTCS CUCHMEMOU AGMOMAMUYECKO20 YNPABGIEHUA
(CAY).

[Ipu camom obuiem npeactaBiaeHud CAY NpUHATO CUMBOJMYECKH 0003HA-
4aTh OOBEKT YIPaBJIEHUS U YIPaBISAIOLIEE YCT-
lF pPOMCTBO MPSIMOYTOJIbHUKAMU C BXOJSIIMMHU M

G N ov |1, BBIXOIAWMMH cTpenkamy (puc. 1.1).
O6o3nauenus Ha puc. 1.1: G — BexTop ninu
CKaJIsIpHasl BEJIMYWHA, cojepxkaniue uHdopMma-
Puc. 1.1. Obmee npeacTaenenue  [pr0 0 )KEJIAEMOM ITOBEACHUN 00BEKTa yIIpaBiie-
CAY HUS Y Ha3bIBa€MbIE YNPABIIAIOIIMM BO3ICHCTBU-

€M CUCTEMBI;

Y — BEKTOp WJIM OJIHA NEPEMEHHas, XapaKTepHU3yollue AeHCTBUTEIbHOE
noBesieHue 00BEKTa YIPaBICHUs U Ha3bIBAEMbIE BBIXOJHBIMU BEKTOPOM WJIM BBI-
XOJHOM IEPEMEHHON CUCTEMBI YIIPABJICHUS;

F — BekTOp WM 0/1HA NepeMEeHHast, COOTBETCTBYIOLINE BHEIIIHUM BO3/IEHUCT-
BUSAM, OOBIYHO HEXKEJIATEIBHOTO CBOWCTBA, U HA3bIBAEMBIX BO3MYILAIOMIMM BO3-
JEHUCTBUEM CUCTEMBI YIIPABIICHUS;

U — BekTop Wiu ckajsipHas BEJIMYMHA, XapaKTEPU3YIOUIUE YIPaBISIOIIEEe
BO3JICHCTBHE Ha OOBEKT YIPABJICHHUS U HA3bIBAEMbIE BEKTOPOM (TMIEPEMEHHOM)
yIPaBIICHHUS.

B cooTBeTCcTBUM € MPUHATHIMU 0003HAYEHUSAMU CPOPMYIIUPYEM 3a/1ady aB-
TOMATUYECKOTO yNpaBiIeHUs Kak (OPMHUPOBAHHE TAKUX BEKTOPOB WUJIH MEPEMEH-
HOM ympaBieHus U, mpu KOTOPBIX kKejlaeMoe MoBeieHne 00bekTa Oy1eT JOCTUr-
HYTO U BeKTOp (mepemenHas) Y OyJayT COOTBETCTBOBATH BEKTOPY (TIEPEMEHHOM)
G He3aBUCHMO OT U3MEHEHUI BO3MYILAoIIero Bo3aeiictus F.

Y




1.1. Knaccudukauus u odomas xapakrepuctuka CAY

[IpuHATO KIACCU(PUIMPOBATH CUCTEMBI aBTOMATUYECKOTO YIIPABJICHUS IO
pALy NPU3HAKOB, ONPENEIAIOIIMX WX OTHOLIEHHWE K TOMY WIM MWHOMY KJaccy
CAY.

[Ipexne Bcero mpunsATo pasgeniate CAY no npunuuny ynpasieHud. [lo
ATOMY NPU3HAKY PA3IUYalOT CUCTEMBI:

- C Pa30MKHYTBIM LIMKJIOM YIIpaBJICHHUS,

- C YIPABJICHUEM I10 BO3MYILECHHIM,

- C YIpaBJICHUEM C OOpAaTHOMU CBS3BIO,

- ¢ KOMOMHHPOBAHHBIM NPUHIUIIOM YIIPABJICHMUSL.

B cucremax ¢ pa3oMKHYTBIM LIMKJIOM YIIpaBJIeHUs UHQOpMaILMs O JeHCTBU-
TEJIbHOM MOBEJECHUU OOBEKTa YIPABICHHS HE -
UCIIONb3YeTCsl JUIsl LeNneil ynpaBiieHus (puc. . lv
1.2). G L Y

— 5| vV » OV —»

CucremMbl C pPa3oOMKHYTHIM MPUHLIHUIIOM
VOpPaBJICHUS  OKa3bIBalOTCA  3(P(HEKTUBHBIMU
JIMIIIb TOTJIa, Koraa xapakrepuctuku OV noc-
TATOYHO CTaOWJIbHBI M BO3MYILIAIOIIee Bo3/AeicTBUE F He3HAUNTENbHO BAMSIET HA
BBIXO/IHYIO BEIHUUHY Y.

B cucremax ¢ ynpaBlIeHHEM IO BO3MYIIE-

Puc. 1.2, CrcTeMa ¢ pazoMEHVTEIM
LIHEJIOM

HUSIM B CTPYKTYPY Pa30OMKHYTOTO YIPaBIICHUS F
nobaeisieTcs emie oauH Oyok (puc. 1.3) — ycr- r HB

poiictBo u3Mmepenus BosmytmieHuit (MB), obec- G U ¥
IICYMBAIOIICe JOMOJIHUTCIBH O€ KOMIIEHCalu- —» VV » OV —»
OHHOe Bo3zaercTBUE Ha OY Npu 3HAYUTENBHBIX Puc. 1.3, Crcrena ¢

M3MEHEHUSX BO3MYIIAOIIETro Bo3aeiicTus F. VIIpaEIeHHEM 0 EOZMYINEHHIO
B cucremax ympasieHust ¢ oOpaTHOU CBs-

3p10 (puc. 1.4) nndopmanus o JSHCTBUTSILHOM MOBEICHUN OOBEKTa YIpaBJic-

HUsl cHUMaeTcs ¢ Beixoaa OV, o6pabaTsiBacT-

cs B ycrpoiictBe oOpatHoi cBsizu (YOC) u i lF

nojaercsa B ycrpoiictBo cpaBHenus (YC), rae ve U

o G—l{)—h vy » OV
CpaBHMBaeTcs ¢ MH(pOpMaLued O KeIaeMoM
MOBEJIEHUU O0BEKTA YIIPABIICHUS.

[TpenmyIieCTBOM CUCTEM YIPABIICHUS C YOC
00paTHOW CBA3BIO SIBISIETCS 0O0JIEE BBICOKAA  Pyc 14 Cucrema yIpasieHns c
TOYHOCTh BOCIIPOM3BEICHHUS >KEIAeMOro IMo- 0OpaTHOH CEA2EI0
BenaeHuss OV, Oombllias MHBAPHUAHTHOCTH I10
OTHONICHHIO K BO3MYIIAIOIINM BO3JCHCTBHSIM W MEHBIIAs 3aBUCHUMOCTH OT U3-
MeHeHMs Xxapakrtepuctuk OY nmm VY.

B cucremax KOMOMHMPOBAHHOTO YMPABJICHHS COUYETASTCS MPUHITUI 00paT-
HOW CBSI3M C MPHHIIUIIOM MPSMOTO YMPaBICHHUS TO BHEIIHUM BO3ICHCTBHSIM:
Bo3mymmaronuM (puc. 1.5, a) u ynpasnstomum (puc. 1.5, 0).

¥
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Puc. 1.5. Cucrembl KOMOMHHUPOBAHHOTO YIIPaBJICHUS
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B cxeme puc. 1.5 6, 113 — npeoOpazoBarenb yrpaBisitomero (3a1aroniero)
Bo3aeiicTBUSA. CHCTeMbl ¢ KOMOMHUPOBAHHBIM MIPUHIIUIIOM YIpaBIeHUsS obecrie-
YUBAIOT IMOBBIIIEHHYIO TOYHOCTH BOCIPOM3BENCHUS JKEIAEMOr0 B TEXHUKE
YIIPaBIICHHUS.

BropeiM BaxkHbIM npu3HakoM kiaccudukanum CAY sBisercd THN yIpaB-
nenus. 1lo Tunmy ynpaBieHus pa3nu4arOT MIECTh OCHOBHBIX KIIACCOB CHUCTEM
yIpaBJICHUS:

— CHCTEMbI CTaOUIN3aLUY;

- CHCTEMBI IIPOTPaMMHOTO YIIPABJICHUS;
- CIEOSIIUE CUCTEMBI;

- CHCTEMBbI OITUMAJILHOTO YIIPABIICHHS;

- CHCTEMBI DKCTPEMAIBHOTO YIIPABICHUS;
- CHCTEMBbI aJalITUBHOTO YIPABJICHUS.

3ajaya cucTeM CTa0WIM3alUu 3aKJI0YaeTcs B MOAJAEPKUBAaHUM HA 3aJaH-
HOM YPOBHE BBIXOJHOM BeNMMYHHBI OY B YCIIOBHSIX M3MEHEHHSI BO3MYIIAKOLINX
Bo3aeHcTBUM. CHCTEMBI CTAOMIIM3AUU IIUPOKO MCTOJb3YIOTCS BO MHOTHX TEX-
HOJIOTUYECKHUX ITPOLECCax JUIsl MOAAEPKaHUS Ha 3aJaHHBIX YPOBHSIX TEXHOJIOT H-
YECKUX BEJMYMH (TeMIreparypa, 1aBlieHue, pacxoi, KOHIEHTPALMsl, YPOBEHb U T.
I.).

3anaua cucrem nporpammuoro ympasinenus (CIIY) coctout B gocTuxeHun
BBICOKOM TOYHOCTH BOCIIPOM3BEICHUS YNPABIAIOIIUX BO3JACHCTBUN, KOTOPBIE
U3MEHSIOTCA 0 33JJaHHOMY 3aKOHY. THIIMYHBIM MPEACTaBUTEIEM CHUCTEM IPO-
TPaMMHOTO yIpaBieHus siBisitorcs cucteMbl YUITY (yuciaoBoro mporpaMMHOTO
yIpaBJIeHUs ), IUUPOKO MCHOJB3YEMBbIE JIJIsl YNPABICHUS METaI000pabaTbiBato-
[IMMHU CTaHKaMU U POOOTOTEXHUYECKUMH KOMILJIEKCaMHU.

B crengimux cuctemax Takke OCHOBHOM SIBJSIETCS 3a/1a4a HauboJiee TOYHO-
0 BOCIIPOM3BEICHUS YIIPABISAIONIMX BO3AeHCTBUNA. OIHAKO, YIPABIISIONIEE BO3-
NEUCTBUE B TAKUX CHCTEMAX M3MEHSETCS MO MTPOU3BOJBbHOMY 3aKkoHy. IIpumepa-
MU CIEISAIIMX CUCTEM SIBJISIOTCS IMPOMBILIJICHHBIE PETMCTPUPYIOIINE U CaMO-
NUITYyIMEe TPUOOPHI, CACTEMbI CHHXPOHHOM CBSI3U, CUCTEMbI HABEICHHUS.

CucTeMbl ONTUMAIBHOTO YIIPABIICHHS PEATM3YIOT YIPABIECHHUE IO JKCTpE-
MyMy 0000IIEHHOTO TToKa3aTest KauecTBa padoTel OY, Takoro kak MpPOU3BOAU-



TEJIBHOCTh, OBICTPOJIECHCTBUE, S3KOHOMUYHOCTh. THUIIOBOM CHCTEMON ONTUMAaIb-
HOT'O YIIPABJICHUS B IPOMBIIIJIEHHOCTH SIBJISIETCS CUCTEMA YIPABJICHUS MPOLEC-
COM KaTaJUTHYECKOTO pU(OPMHUHIA — OAHOTO U3 BEAYIIMX MPOILIECCOB B HEe(PTE-
nepepadaThIBAIONICH MPOMBIIIUICHHOCTH (MPOX3BOACTBO OCH3MHA).

CucTeMbl KCTPEMAIIBHOTO YIPABJICHUS IIPUMEHSIOTCS B TE€X CIy4asix, KO-
r7a mokasarenb KauecTBa (HEKOTOpas (YHKIHS KOOPAMHAT CUCTEMBbI) HMMEET
AKCTPEMYM, 3a7a4a CHCTEMbI FKCTPEMAIBHOIO YIpPaBIEHUS — OTHICKATh U MOJ-
JePKUBATh PEKUM pabOThl 0OBEKTA YIIPABICHUSA, TP KOTOPOM 0OECTIeunBaETCS
AKCTPEMYM IOKA3aTeNsl KauecTBa.

CucreMbl aJanTUBHOTO YIIPABJICHUS JOJIKHBI 00€CIIeYrBaTh BRICOKOE Kade-
CTBO YIIPaBJIECHUS B YCIOBUSAX W3MEHEHUS BHEUIHUX BO3JIECHCTBHI WU BHYTPEH-
HUX XapaKTepUCTHK 00beKTa ynpasieHus. [IpuMepamMu aqanTUBHBIX CUCTEM MO-
I'YT CIIYKUTb aJallTUBHBIA aBTONWJIOT, aJallTUBHBIE PETYJATOPBI B 3JIEKTPOME-
XaHUYECKUX CHCTEMAaX, aJalTHUBHBIE CUCTEMBI YIIPABICHUS KOCMUYECKHMH pa-
KETaMH.

TperbuM cymecTBeHHBIM Ipu3HaKoM kinaccuuxamuu CAY  sBisgercs xa-
paKkTep CHUTHAJIOB YNPABICHHS, MCIOJb3YyEMBIX B cHcTeMmax yrpasieHus. Ilo
ATOMY NPHU3HAKY BCE CHUCTEMBI Pa3JIEISAIOTCS Ha: HENPEPBIBHBIEC, PEJICHHBIE, U C-
KpETHBIE.

HenpeppiBHON crucTEMOM aBTOMaTHYECKOTO YIIPABIICHUS HA3BIBAECTCS TaKas
CUCTEMA, B KOTOPBIX XapakTepucTuku OY SBIAIOTCS HENPEPHIBHBIMU (DYHKITUS-
MU CBOMX KOOPJMHAT, @ BCE CUTHAJBI YIPABICHHUS U BHEIIHUE CUTHAJIBI, JEHUCT-
BYIOILIME HA CUCTEMY, ONTUCHIBAIOTCS HEMPEPBHIBHBIMU (DYHKIIUSIMU BPEMEHHU.

JluckpeTtHoil cuctemMoil Ha3biBaeTcs Takas CAY, B KOTOpOM MMEET MECTO
IIPEPBIBUCTHIN XapakTep mnepenayu nHopmaiuu ynpasieHus. Takoi xapakrep
CUTHAJIOB YINPAaBJICHUS MOXKET OBbITh OO0YCJIOBIIEH BKJIIOYEHHEM B CUCTEMY HUM-
MYJbCHBIX WKW HU(QPOBBIX YCTPONCTB. B CBS3M ¢ 3TUMU BCE NUCKPETHBIE CHC-
TEMBI pa3AeisAtoTCs Ha ABE OOJIbIIUE TPYIIIIbI:

- umnyJsibcHbie CAY;

- mudpossic CAY.

Cpeny TUHEWHBIX MOJAENEHN pa3InvaroT:

- TuHeNHbIe Tu(QepeHIalbHble YPABHEHUS C MOCTOSHHBIMHU KO3 dULIu-
eHTamu (crauroHapusie CAY);

- TuHEeNHbIe TudQepeHIalbHble YPABHEHUS C HENPEPHIBHBIMHU BO BPEMEHU
koa(purmentamu (Hecrauronapusie CAY);

- i pepeHnranbHble YPaBHEHHS B YACTHBIX MPOU3BOJHBIX (CUCTEMBI C
pacrpeielIeHHbIMU TapaMETPAMH );

- YPaBHEHHUS C TPAHCUEHACHTHBIMH (PYHKIMSIMH (CUCTEMBI C 3a1a3/[bIBaHH-
em);

- YPaBHEHMS, CBS3bIBAIOIIME BEPOSTHOCTHBIE XAPAKTEPUCTUKH CUTHAJIOB
ynpasienus (croxactuueckue CAY).



Bonpocel 1j11 caMmonpoBepKu

1. IlepeuncnuTe NPUHIMIBI YIPABICHUS U MOSICHUTE UX.

2. Yto npencrapisier coOOM 3aKOH yIpaBiIeHUs ?

3. KakoBo HazHaueHue perynsaropa B cucTeme?

1. ITo kakuM npr3HaKaM KJIACCU(PUIIUPYIOTCS CUCTEMBI YIIPABIICHUA?

2. JlaiiTe KIacCU(pUKAIIUIO CUCTEM 10 BUAY 33JaI0IIET0 BO3IECHCTBUS.

3. HazoBuTe HEOOXOIMMBIE M IOCTATOYHBIE YCIOBHS JIMHEHHOCTH CUCTEM.
4. Yto mpencTaBisieT co00i cucTemMa yrpaBiaeHus?

5. Ilepeunciute OCHOBHBIE 3JIEMEHTBI CUCTEMbI ABTOMATUYECKOTO yIpaBJie-
HUSL.

6. Kakue ObIBatOT CUCTEMBI ABTOMATHUYECKOTO YIIPaBICHUS ?

7. Kakasi cucteMa Ha3bIBa€TCsl HEPEPHIBHOM?

8 Kakas cucteMa Ha3pIBaeTCsl NUCKPETHOM ?

9. Kakas 3amaua cuctemM onTUMu3anuu’?

10. Kakas 3ayjaua cuctem cTabuin3am?

11. Yto Takoe cucTteMa aJJaliTUBHOTO YIIPaBICHUS?

12. B kakux ciydasix OPUMEHSIOT CUCTEMA SKCTPEMAIIBHOTO YIIPABJICHUA?
13. Kak paznugarorcs TMHEHHBIC MOCTHA?
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2. TEOPUS JUHEMHBIX HEITPEPBIBHBIX CUCTEM
2.1. Buael MmatemaTnueckux moaesaeii CAY

Lenpro maTematrdeckoro onucanus CAY SBISICTCS COCTaBICHHUE TOM HIIH
MHOW MaTEMAaTUYECKOM MOJENM, UCIOJIb3yeMOM B JaJbHEUIIEM JJIs aHAIN3A U
cunteza CAY. Jlrobass MaremaTudeckass MOJAENb SIBISICTCS, MPUOTIDKEHUEM K
JEHCTBUTEITLHOMY COCTOSIHHIO B3aWMOJICHCTBUS OTACIBHBIX WH(OOPMAITMOHHBIX
rapaMeTpoB 0OBEKTA WM BCEH CUCTEMBI B LIEJIOM U OTpakaeT HamboJiee cylie-
CTBEHHBIC B3aMMOCBSI3H MEXKy NTEPEMEHHBIMU BEIMUMHAMU. Tak OOJBIIUHCTBO
NEPEMEHHBIX BEJIMYMH OOBEKTOB M CHUCTEM YIPaBJICHUS MOIBEPraeTcs OorpaHu-
YEHUIO €CTECTBEHHBIM HJIM UCKYCCTBEHHBIM MyTeM. MHOKECTBO 3aBHCUMOCTEMN
MeXAy UHPOPMAIMOHHBIMHU TTapaMETPaMU SIBJISIIOTCS HEJIMHEUHBIMU U JIOJKHBI
OBITh TIPE/ICTABIICHb HEJIMHEWHBIMU MaTeMaTH4YeCcKuMu MmojnensiMu. OpHako B
paMKax HacCTOSIIEro MOocoOUs paccMAaTPUBAIOTCS JMHEHHBIE MaTeMaTHYECKUE
MOJIEJIM, TaK KaK MHOTHE pexuMbl QpyHKImoHupoBanus CAY XapakTepusyroTcs
HE3HAYUTEIbHBIMU U3MEHEHUSIMU MEPEMEHHBIX BEJIUYUH, B MpEJENax KOTOPBIX
3aBUCHUMOCTH MEX]y BEIMYMHAMU MOTYT CUMTAThCS JUHEHHbIMU. CUCTEMBI, pa-
OoTarolye B MOJHBIX AUANa30HAX U3MEHEHUM MEPEMEHHBIX, a TAKXKE CUCTEMBI,
COJIEp>KaIllU€ AJIIEMEHTHI C SIBHO BBIPAKEHHBIMU HEJTMHEHHBIMU XapaKTEPUCTHKA-
MU (HampuMmep, peIeHBIMU), SIBISIOTCS CYIIECTBEHHO HEIIMHEHMHBIMU CHUCTEMa-
MU U paccMaTpUBalOTCs B Kypce «HenmrnHeiHbie CUCTEMBI YIIPAaBICHUS».

Paznuuaror crnenyromue Buasl MmaremMatudeckux mojeneit CAY:

1) muddepeHimaibHbie ¥ Pa3HOCTHBIC YPABHEHHS CHCTEM YIPABICHHS U HX
AJIEMEHTOB;

2) BEKTOPHO-MAaTPHUYUHBIC MOJICIIH B TIPOCTPAHCTBE COCTOSIHUM;

3) nepeaarounbie QYHKIIMU JIEMEHTOB M CUCTEM YIPaBJICHUS;

4) CTPYKTYPHBIC CXEMbI CHCTEM YIIPABJICHHUS;

5) nampasieHHbIe Tpadbl CUCTEM YITPABIICHUS;

6) BpeMeHHbIe XapakTepucTuku CAY;

7) dactotHble XapakTepuctuku CAY.

OTH K€ BUJIbl MATEMATUYECKUX MOJEEH B TOW WJIM MHOM MEPE MCIOIb3Y-
IOTCA U U1 onucaHus HeauHenHbpix CAY.

2.1.1. lnddepenunanbHbie 1 PA3HOCTHbIE YPABHEHUS
Ypasuenua cocmoanua CAY
[IpoctpanctBo coctosinuit CAY 310 OeckoHEYHasi COBOKYITHOCTh BPEMEH-

HBIX MOMCHTOB COCTOsSHHSA CHCTCMBI, OITMCaHHAasd KOHCUHOU COBOKYITHOCTBIO IIC-
PEMCHHBIX COCTOSHMA.
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Yucno nepeMeHHBIX COCTOSHUSA OOBIYHO NPUHHUMAETCS PABHBIM HOPSIKY
obmiero nudgdepeHIMpPOBAaHHOTO YPABHEHUS CUCTEMBI, T.€. uuciy auddepeHIu-
POBaHHBIX YPaBHEHU 1-To mopsiaka.

VYpaBHEHUsI COCTOSIHUSA 3alMCBIBAIOTCA OOBIYHO B HOpMalibHOU opme Ko-
I ¥ UIMEIOT BUJ:

dXi .
E=ai1X1+ai2X2 +...+&ip Xy + by +bjous +.. .+ Uy, 1=12,...,n.

B 5ieBoit yacTu ypaBHEHUsI COCTOSIHUSI BCETAa IPOU3BOIHAS IEPEMEHHOMN
COCTOSIHHS, a B IIPABOM YaCTH CyMMa BCEX MEPEMEHHBIX COCTOSIHUSA U BHEILTHUX
BO3JICHCTBHI cOo cBOoMMU KoddduinmenTamu. [lonHoe onucanue B mpoCTpaHCTBE
COCTOsTHUS Oy/IET MPEACTaBIATh cUCTeMY U3 N Au(GepeHIIUPOBAHHBIX YpaBHE-
Huii 1-ro nopsiaka B hopme Komu.

Jughpepenyuanvno-paznocmmuvie ypasnenuas CAY

Huddepennnanpupie (B YaCTHBIX CIIydasiX, aJreOpanyeckue) ypaBHECHHUS
HEIPEPHIBHBIX CUCTEM SBJISIIOTCS OCHOBHOM MEPBUYHOM (HOPMBI MATEMATUYECKO-
ro onucanusa J1o6oit CAY. OHU MOTYT HCIHOIB30BATHCA CAMOCTOSITEIBHO ISt
BBITIOJIHEHUS 3aJlay aHajlu3a M CHUHTE3a WIM CIYXUTh OCHOBOM JUIsl CO3JaHUs
Ipyrux (popM MaTeMaTHYECKOTrO OMHCaHUS.

Hudbdepenuuansupie u anrebpandyeckue ypaBHeHHs HemnpepbhiBHBIX CAY
COCTABJISIFOTCS Ha OCHOBAaHWW WM3YYEHHUS M OCO3HAHHS OCHOBHBIX (DHM3MUYCCKUX,
XUMUYECKAX ¥ HMH(POPMAIMOHHBIX IPOIECCOB, IPOUCXOMAMNX B OOBEKTE
YIOPABJICHHUS M CUCTEME B 11eJIoM. YacTo 11 3amicH ypaBHEHUH HCIIONB3YIOTCS
y)K€ M3BECTHBIC 3aKOHBI, YCTAHABIMBAIOIINE CBSI3b MEXKIY TEXHOJIOTHYCCKUMU
MIEPEMEHHBIMH BETMYUHAMH.

Ilpeoopa3zosanue Jlannaca

HecMoTps Ha HeorpaHUUYEHHBIE BOZMOXXHOCTH KOMITBIOTEPHBIX TEXHOJIOTUH
M0 peuIeHuIo cucteM MudPepeHIMalIbHbIX U PA3HOCTHBIX YpaBHEHUHN Mpeolpa-
3oBaHue Jlamimaca ocTaeTcs MO-TIPEHEMY IIUPOKO HCIOIb3YEMBIM TPHU peEIiie-
HUHU 3a7a4 aHann3a u cuare3a CAY.

HemnpepsiBHbiM mipeoOpa3oBanuem Jlarumaca HenmpepbIBHON BpEMEHHOMN
¢yukuuu f(t) HassIBaeTcs cnemyroiiee mpeoOpa3oBaHue

F(s) :T f (t)e Sdt,
0

rae s = o + jo, o 1 ® - mocrosiHusle, j = ~/—1. IIpeobpasyemas dyrkuums f(t)
4acTO Ha3bIBaeTCs opuruHaiom, a F(S) — nzodpaxenuem ¢pyukuuu f(t). K pynk-
muu f(t) npenbsiBiiseTcss TpeboBaHue, YTOOBI OHA ObLIa OJHO3HAYHOW U YIOBJIE-
TBOpsiia ycinoBuio f(t) =0 mpu t < 0.
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[TpuBeseM B KayecTBE MPUMEPOB HEMPEPHIBHOTO MpeoOpa3oBaHus nu3o0pa-
KCHMS €IMHUYHON cTyneHuaroi yukmuu f(t) = 1(t).

L{f(t)}=L{Lt)} = Ofl(t)e—stdt 1
0

S .

OcHoenule ceoiicmea npeoopazoeanus Jlannaca

1. CBOMCTBO TUHEHHOCTH

HenpepsiBHOe npeoOpazoBanue Jlamnaca SBISIIOTCS JIMHEWHBIM, T. €. U30-
OpakeHue JUHEHHONW KOMOMHAIUKU (PYHKIMH paBHO JUHEWHOW KOMOWHAIIUM MX
M300paKeHH.

Tak ecu f(¢) = ici f;i (@), 10

i=l

n
L{f (0= 2 ciFi(s).

i=1

2. N3o0pakeHne cMeneHHor QYHKIMK (TeopeMa CJIBHUTra)
CaBury QyHKIMU OpUTHHANA HA T, T. €. f](¢) = f(t —T) COOTBETCTBYET yM-

HOKEHHE HEIPEPBIBHOTO M300paKEHHs Ha e .

L{f(t—1)}=e " "L{f (t)} =€ >"F(s).

3. N3o00pakeHne mpou3BOAHON (KOHEYHOU PA3ZHOCTH) N -TTOPSIIIKA

n
Ecm L{f(t)}=F(s), 10 L d—n f()=s"F(s), npn f(0) = 0 m Bcex
dt
drt
— =0,k=1,2, ..., n—1. JIpyrumMu cIoBaMu B3STHIO MPOU3BOJHOMN N-TO TO-
dt
pSAKa COOTBETCTBYET MPH HYJIEBBIX HAYaAJIbHBIX YCIOBHUSIX YMHOXEHUE M300pa-
JKEHUs Ha S

4. N300paxenue nHTerpaia (KOHEYHOH CYMMBI) (DYHKIIMH-OpUTHHAJIA

CpolicTBa U3MEHEHHUS M300paKeHUN (PYHKIIUU TIOCTIe €€ MHTETPUPOBAHUS
WU B3SITHSI KOHEYHOW CyMMBI B IUCKPETHOM BapUaHTE SIBISETCA “O0paTHBIMU™
110 OTHOIIICHHIO K CBOMCTBaM AudPepeHIIMPOBAaHNS HIIM B3SITHS KOHEUHBIX pa3-
HOCTEI:

L{jf(t)dt}:%lr(s), e F(s)=L{f(t)}.
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Pestomupys cBoiictBa 3 u 4 oTMeTHM, 4TO S — oneparop AuddepeHIupoBa-

. 1 .

HUSI B HEMIPEPBIBHOI 00JIaCTU; — — ONEpPaTOp UHTETPUPOBAHUS B HEMPEPHIBHOM
S

obJtacrTu.

5. CBoiicTBO M300paKEHHs CBEPTHIBAEMBIX (hYHKIIUH (TE€opeMa CBEPTKH)
CBepTKOM JBYX HEMPEPBIBHBIX Ha3bIBaeTCS (YHKIIWS, 3HAYCHHS KOTOPOH
t
BBIYHCIISIFOTCS COTTIAacHO f (1) = _[ f1(1) f>(t — T)dt A0 HEPEPHIBHOI'O BPEMEHH.
0
dopMyIHpOBKa CBOKWCTBA 00 M300paKCHUHM CBEPTKH JIJII HEIPEPBHIBHOTO
BPEMCHU:
- M300pakeHHE CBEPTKH PABHO NPOU3BEIACHUIO M300PaKCHUI CBEPTHIBAC-
MBbIX (DYHKIUH.

Ecnn L{fi ()} = Fi(s) u L{f>(0)}= F>(s), 10

t
L[ /i) f2(t = v)dty = Fi(5)Fy(s).
0

6. OmnpezneneHue Ha4YaabHOTO 3HA4Y€HUs (PYHKIIMM OpUTHHANIA [0 U3BECT-
HOMY M300paXeHUIO
3nas m3o0paxenue F(S) MOXKHO CpaBHHUTENBHO MPOCTO BBIYUCIIUTH HAYah-
HO€ ¥ KOHEYHOE 3HA4YCeHUs (PYHKINU-OPUTHHATIA.
HavanbHoe 3HaueHHe HENPEPBbIBHON (DYHKIIMH

f(t)= lim sF(s).

t—>0 S9%

7. Koneunoe 3HaueHre GyHKIIMH-OPUTHHAIA

B nenpepsiaoM Bpemenn f () = lim sF(s).
t—w S0

Ilpeoopa3zosanue oughhepenuyuanvnvix u pa3HOCMHBIX YPAGHEHUIL.
[TycTh HenpephIBHAS CUCTEMa OIMUCHIBACTCS YpaBHEHHUEM

d"y(t)  d"y()
ag p + a] |
dt dt

d g(t) d _19() def(t) de_lf (t)
+...+b t)+cC +
bt) dt b.l. mg() 0 dte G dte 1

+..4a,y(t)=

+..+Ca f (1),
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rae Y(t), g(t), f(t) — BeIxomHas yrpasisiemMasl BeIMYMHA, YIIPABJISAIOIICe U BO3MY-
IIaroIIee BO3AeHCTBHE COOTBETCTBEHHO; Ay, ..., an; Do, ..., Bm; Co, ..., Ce — MOCTO-
ssHHble KOd(GummeHTsl. [Ipeanonokum, 4To cucTeMa paboTaeT MpU HYJIEBBIX

i
HaYaJIbHBIX YCIOBHSX, T. €. mpu t = 0 umeem dy l@ =0, i=0, 1, ..., n—1;
dt
J k
80 o o1, o m-1 SO o koo 1,
dt’ dtk

3amanHoe auddepeHImanbHoe ypaBHeHHe peoOpazoBanuio Jlammaca, UCOb-
3ysl CBOMCTBA IMHEHHOCTU U N300paXKEHUsI TPOU3BOHOM,

., e—1. IlonBepraem

ags"Y(s) + alsn_lY(s) +..4+a,Y(s)=
=bys"' G(s) + bys" G(s) + ...+ b, G(s) + cps F(s) + clse_lF(s) ...+ CF (),

riae Y(S), G(S), F(S) — m3o6pakenus no Jlaracy dynxmumii Y(t), g(t), f(t).
3anuiieM nojJy4yeHHOE YpaBHEHHE B OoJiee cxKaToil popme

(aps” + alsn_1 +...+a,)Y(s)=

= (bs™ +bys™ T 4.+ 5,))G(8) + (cos€ +c1s€T H .ot o) F(s),
A($)Y (s)=B(s)G(s)+ C(s)F(s).

CpaBHuBas TMOJIYYCHHOE YPAaBHCHHE C WCXOIHBIM, MPHUXOJUM K IMPABUIY
npeobpazoBanus 1o Jlamnacy moooro auddepeHnnaisHOT0 ypaBHEHHUS.
Ymobwl noayuums npeobpazosannoe no Jlaniacy ypaeuemnue, Heob6xo0umo

d

onepamopwl oughgepenyuposanus S :a 3aMeHUmsb KOMNIEKCHbIMU ONepamo-

pamu S = a + j@, a 6ce pemeHHble PYHKYUU 3AMEHUMb UX U300OPAICEHUEM.
OtMetum, 4TO nMpeodpa3zoBanue no Jlamnacy ypaBHEHUE SIBISIETCS alre0-
paMyeCcKUM, 4TO B KOpHE 00JerdaeT BCEC MaTeMaTHYECKHE OMEPalud IpPU €ro
UCIIOJIb30BAHUH.
Teneps BO3bMEM OTHOIICHHS M300paKEHUH MPUCYTCTBYIOUIMX B ypaBHE-
HUM BEJMYWH, MPUHUMAs OJIHY 13 HUX (ynpasienue G(S) niau Bo3mymieHue F(S))
PaBHOM HYJIIO:

Yo _B®, Ye)| _Ce)
G(s) F(5)=0 A(S)’ F(s) G(s)=0 A(s)

[Tony4yeHHbIE OTHOILICHUS MPEACTABISAIOT COOOM MepeaaTouHbie PyHKIIMN
CUCTEMBI I10 YIPABJIAIOLIEMY U BO3MYLIAOLIEMY BO3ACHCTBUAM:
B(s) _Y(s). _C()_Y()

"0 e 1Y A TR
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[lepenaTounoil pyHKIMEN CUCTEMBI (3JIEMEHTA CUCTEMbBI) HA3bIBAECTCS OT-
HOIlIEHHUE U300pakeHuit o Jlamnacy BRIXOAHOW U BXOJIHOW BEJTUYHH MPHU HYJIe-
BbIX HaYaJIbHBIX YCIOBUSIX.

[TonsiTue nmepeaaToyHOM (YHKIMU SBISIETCS OJHUM M3 (DyHIaMEHTATbHBIX
B TEOPUU aBTOMATUYECKOTO YIIPABJICHHS U IIUPOKO UCTIOIB3YETCS Ha Pa3TUYHBIX
CTaJMsIX aHAJM3a U CUHTE3a CUCTEM YIIPaBJICHHUS.

2.1.2. BeKTOpHO-MaTPUYHOE ONHCAHNE HENPEePHIBHOM CHCTEMBbI

O060061mas 3anmucaHHyl0 B MPUMEPE CHCTEMY YPaBHEHUU COCTOSIHMSA, 3aIlu-
IeM €€ JUIsl CHCTEMBI IopsiIKa N .

(dX]_
E =ay1X +a19Xo +...+a1q X +Bp1Uy + BoUs +.o L+ U
dX2
_dt = 3.21X1 + 3.22X2 +...+ aann + b21U1 + b22U2 +...+ meUm
dx ................................................................................................ (2.1)
d—t'z Qj1Xq + joXo +... + @jn Xy + bjgUy +bjoUs + ...+ BjmUn
dxp,
DTy CHCTEMY MOKHO 3allMCcaTh B BEKTOPHO-MaTpUYHOH hopme:
X:A-X+B-U, (2.2)

rae A — matpuiia Kod(pPUIMEHTOB CUCTEMBI pa3MepHOCTHIO (N X N), Ha3bIBaemast
MaTpUIIEH CUCTEMBI WU MATPULIEH COCTOSIHUS; X — JACHCTBUTENIbHBIM N-MEPHBIN
BEKTOP-CTOJOEI, KOMIIOHEHTHI KOTOPOTO MEepeMEeHHbIE COCTOsIHUS; B — maTpuna
KO3 ULIMEHTOB CUCTEMBI MPU BHEIIHUX BO3JCHCTBUSIX U MOAITOMY Ha3bIBaeMmasi
MaTpHIIeH BX0Jia pa3MepHOCThIO (N X M); U— melcTBUTENBHBIA M-MEepPHBIA BEK-
TOP-CTOJIOCI, COJEPKAIMA B KAa4yeCTBE CBOMX AJIEMEHTOB BXOIHBIC BHEITHUE
BO3JICMCTBUS (YIPABISIONIME U BO3MYILAIONINE), HA3bIBAEMbIII BEKTOPOM BXOJa.
3HAYCHHUS ITUX MATPHUIL JISTKO MOYKHO 3aIMicaTh U3 CUCTEMbI ypaBHEHH (2.1):
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all 3.12 - ali - aln Xl
6121 3.22 a2i a2n X2
A=|" X= :
a1 42 qjj Ain X
|91 @n2 Anj Ann | Xn |
bg b o by ... by U
b1 by byi bom Up
| U=
bil bi2 bii bim Ui
_bnl bn2 cee bnl cee bnm_ _Um_

Ecnm matpunbl A u B mocTosiHHBIE, TO CHCTEMa HA3bIBAETCS CTALMOHApP-
HOI1; ecu MaTpullbl A U B — pyHKIMK BpeMeHH, TO CUCTEMa Ha3bIBA€TCsl HECTA-
LMOHAPHOW MJIM CUCTEMOMU € TEPEMEHHBIMHU KO3 (HULIMEHTAMH.

OcHoBHOE MaTpuyHOE ypaBHEHHE (2.2) 0OBIYHO TOTIONHSACTCS ypaBHECHHUEM
JUISl BEKTOPA BBIXOJHBIX IEPEMEHHBIX

Y=C-X+D-U, (2.3)

riae C — MaTpuIia BBIXOJIa CUCTEMBI, Pa3MEPHOCTh KOTOPOM 3aBUCUT OT pa3Mep-
HOCTH BeKTOpoB X U Y; B OJJTHOMEPHOM CHCTEME, TJIe Y €CTh CKaJlIpHas Iepe-
MeHHas1, MmaTpuia C ecTh CTpoka pa3MepHOCThIO N; D — MaTpuIia cBsi3u C BHEIII-
HUMH BO3JICHCTBHIMH, €€ Pa3MEPHOCTD ONPEACIACTCS Pa3MEPHOCTHIO BEKTOPOB
Uny.

Ilpeoopaszosanue Jlannaca mampuunozo ypasHenus
3anuineM OCHOBHOE MAaTPUYHOE YPaBHEHHUE CUCTEMBI.

X(t) = AX(t) + BU(t). (2.4)
PaccMoTpuM CcHavaja OJHOPOJHOE MATPHUYHOE YPaBHEHHUE CHUCTEMBI MPH
U(t) = 0. Torna ypaBHenue (2.4) 3anuIIeTcs B BUIC:

X(t) =A-X(t).
BrimonnuB npeoOpa3oBanue Jlammaca ¢ y4eToM HadalbHBIX YCJIOBHH, T.€.
nannyus Bekropa X(0), moaydum SX(S) - X(O) = AX(S)
OObenuHsAs 4YICHBI, COAepiKaline u3o0pakeHue BekTopa X(S), MOIydnMm
SX(S) — AX(S) = X(O) WIH (SI — A)X(S) = X(O) , OTKyZJa
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X(s)=(sl-A) " X(0),

-1 o
rae | — egquHuyHas Marpula; MaTpula (SI — A) Ha3bIBAETCSA PE30JIbBEHTON
MaTpHILI A, KOTOPYIO MOXHO 3aITUCaTh CICAYIONUM 00pa3oM:

(o1 Ay Adij-(s1=A)" _ Adji-(s1-A)

det(sl—A) det(sl—A)

rae det(SI —A) — OIPEAECTUTEb MATPHULIBI (SI —A); Adij -(SI —A)-r — KBaj-
paTHas MaTPHUIIA, DJIEMEHTaMH KOTOPOH SIBISIFOTCS alreOpandecKue JOTOTHEHUS
JICMEHTOB &jj MATPHIIBI (sl —A)T ; Adji -(sl —A) — maTpuua, s1eMeHTaMu KO-
TOpPOU SIBIIAIOTCA alreOpandeckue JOTOJHEHUS JJEMEHTOB a ji MaTpHIBI
(sl-A).

Marpuma (SI — A) HAa3bIBACTCS XapaKTEPUCTHICCKOM.

Ee onpenenurens det(sl —A) = D(S) Ha3bIBAETCS XAPAKTEPUCTUUYECKUM

MTOJIMHOMOM.
VYpaBHeHue det(sl — A) = O Ha3pIBaeTCAd XapaKTEPUCTHUYECKUM YpaBHEHH-

eM.
PaccMOTpuM HEOJTHOPOJHOE MATPUYHOE YPABHEHUE CUCTEMBI:

X(t)=AX(t)+BU(t), Y(t)=C-X(t).

BremonauB mpeobOpasoBanue Jlarumaca, mpuHHMAash HayalbHBIE YCIOBHS
X(O) =0, momy4yum:

sX(s)=AX(s)+BU(s), X(s)=(sl-A) " BU(s),
Y(s)=C-(sl-A)'BU(s)=H(s)U(s),

rae H(S) =C- (SI — A)_lB HA3bIBACTCA MATPUYHOU MepeaaToOuyHON (QyHKIMen
CUCTEMBI, KOTOPast BBIYUCIISETCS CIEAYIOIUM 00pa3oM:
CAd;i-(sl-A)' B
(s)=—0
det(sl - A)

3ameTHM, 4TO 3HamMeHaTelb H(S) 1o xapakrepuctuaeckuii momuaom D(S) u
KOPHHU XapaKTepUCTUIECKOro ypaBHeHus D(S) = 0 SBIAIOTCS OAHOBPEMEHHO I10-
JrocaMH repefaatouHoi GyHkiuu cucreMsl H(S).

IIpumep:
[IycTh ypaBHEHUS COCTOSIHHS HEMPEPBIBHOM YaCTH CUCTEMBI UMEIOT BHIL:
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1 1
xlz_l_—l(u—xz), Xo :gxl.

Tor):[a MaTpulbl CUCTEMbI, BXOJa U BbIXOJa 3alTMIICTCSA B BUAC COOTBECTCTBCHHO!

0 -= 1
Ty —
A= . , B=|Ty|; C=[0 1].
— 0 0
T

OmnpenenseM MEePexXoaHYI0 MaTPUILY CD(t) =t {(Sl — A)_l} :

1 1 1
o | | T ST
S
sl-A= - ! ok (5|_A)T: 2,
0 s 1 1
— 0 -— S — S
Ty T T

1

S _

T

N ES
1 AdIJ (SI—A) Tr
(sl-A) "= 1
det(sl-A) 24
Ty
1
-
L1 — COS e T21 —N12 gy :
s24 = 112 24— 2 172
Tl Ty
1

2.1.3. BpeMeHHbIe XapaKTePUCTUKU CUCTEM U UX )JIEMEHTOB

BpeMeHHbIMU XapaKTEpUCTUKAMHU CUCTEM YIPABIICHUS WM UX 3JIEMEHTOB
Ha3bIBAKOTCS PEAKIIMA CUCTEM WJIM 3JIEMEHTOB HA BXOJHBIE CUTHAJIBI, OMIMChIBAC-
MBbIE THIIOBBIMHA BPEMEHHBIMU (YHKITUAMHA. VX MOXKHO MOJTYyYUTh ABYMS CIIOCO-
Oamu:

1) skcmepuMeHTalbHBIM, KOTJa PETrUCTPUPYETCS BBIXOJHAS BEJIMYUHA
CHUCTEMbl WJIM JJIEMEHTA IMPU MOAAYE HA UX BXOJ TOTO WJIM WHOTO THUIIOBOTO
BHEIIHErO BO3/ICHCTBUS,
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2) aHAIMTUYECKUM, KOT/Ia B TIPaBYIO 4acTh AU(HEPEeHIINaTILHOTO ypaBHE-
HUSI CHCTEMBI WJTU AJIEMEHTA IO/ICTABIISIETCS MaTeMaTHIECKOE BhIPAKEHHE BXOI-
HOTO BO3JICHCTBHS W pEIIAlOT ypaBHEHHUsS MPU HYJIEBBIX HAYAIBHBIX YCIOBHSX,
T.C. MOTYYar0T aHAIUTHYCCKOE BBIPAKEHNE BPEMEHHOW XapaKTEPUCTHUKHU, KOTO-
poe 3aTeM MPECTaBISIIOT B BUIE Tpaduka.

BpeMeHnHbIe XapaKTepUCTUKN UTPAIOT BAXKHYIO POJIb MPHU PEIICHUH 33729
aHaJlM3a U CUHTE3a CUCTEM YIPaBIICHUS, TOSTOMY 3HaHHE WX COBEPIICHHO HEO0O0-
XOJIMMO KaK TMPH MPOCKTHUPOBAHUU, TaK M TPH IKCIUTyaTallud CHUCTEM YIIpaBiie-
HUSL.

Paznmuuator nBe BakHEWIIME BPEMEHHBIE XapaKTEPUCTUKH CUCTEM YIIPaB-
JICHUS WM UX DJIEMEHTOB

1) umnyabcHas nepexonHas xapakrepuctuka (UI1X) win Gpyukums Beca;
2) mepexonHas xapakrepuctuka (I1X).

2.1.3.1. UmnyJibCHBbIE MePeX0IHbIe XapaAKTEePUCTHUKH

NmnynbscHoM nepexonnoi xapakrepuctukoit (UI1X) nenpepsiBHOM cucTte-
MBI Ha3bIBACTCSl PEAKLIUSA CUCTEMBI HA UMITYJIbCHBIA CUTHAJI, OIIUCHIBAEMBIN €1-
HUYHOM 0 - QyHKIMEH, NIPU HYJEBBIX HAYAIbHBIX YCIOBUSX.

Onpenenenve eAMHUYHON O - PYHKIIMU:

oo, mpu t =0 o
3(t) = " j S(t)dt =1.
0, mput =0 -

N3o0paxkenne mo Jlammacy & -QyHKIUU: L{S(t)}zl. N3o0paxkenue
L{W(t)} =W (S)-L{S(t)} :W(S), nostomy MITX Moker ObITh HaiijieHa Kak

w(t)= L_l{W (s)}
C nomompio UITX MoxkeT ObITH onpe/iesieHa BhIXOAHAS BEIMYUHA CUCTE-
MBI I[IPU MPOU3BOJIIBHOM BXOJHOM BO3JECUCTBUEM:

t

Y (t)=[w(t)-u(t-r)ds.

0

2.1.3.2. IlepexoaHble XapaKTEePUCTUKH

[Tepexonnoii xapakrepuctukoil (I1X) HempepbIBHON CUCTEMBI WIIH €€ BJie-
MEHTa Ha3bIBAECTCS PEAKLHS CUCTEMbI WIM DJIEMEHTA Ha CTYIEHYAThIM CHUTHAJ,
ONUCHIBAEMBIA €IUHUYHON CTyneH4YaTod (QyHKUMEH MpH HYJIEBBIX HA4aJbHBIX
ycnoBusx (puc. 2.1)
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g(n) h(:)‘

ﬁ\.._..-—-""_f
1 EU}._ CHCTEMHLI | hl () /
0

INeMeHT

Y

0 t
Puc. 2.1. IlepexoaHas XapakTepUCTHKA HA €AMHUYHOE BXOIHOE BO3/ICHCTBHE

HepexozLHa;I XapaKTCPUCTHKA MOKCET OBITH IMOJy4YCHA SKCIICPUMCHTAJIbHBIM
ITyTEM UJIN AaHAJIUTHYCCKUM CIT0co0ooM

h(©)=L{H(s)}.
rae H(s)=W(s)-L{1(t)} =W s)-

Taxum o6pasom, h(t)= Lt {M} :

, W (S) — nepenaToyHas GYHKIIAS CHCTEMBI

w |k

S

BecoBoii nnm umiynbcHoM mepexonHoi Gynknueit W(t) HaspBaroT (yHK-
LIMI0, OMHCHIBAIOIIYIO PEAKLNI0 JUHAMUYECKOTO 3B€HA (CHCTEMbI) Ha HI€AIbHOE
UMIYJIbCHOE BO3JeiicTBHE o() TpH HYJIEBBIX HAYAIBHBIX YCIOBHSIX (pHC. 2.2).

g
w(?)

~

t
—— Cucrena |——»
g(®) =8(1) W)

Puc. 2.2. BecoBas nepexonHas GyHKIUS

MareMaTH4ecKu HIIealIbHOE UMITYJIbCHOE BO3/ICHCTBUE ONMMCHIBACTCS JICITh-
Ta-pyHkIuei o(t):

0-{g oo 0= [oa=t

—00
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2.1.4. YacTOTHBIE XapaKTEePUCTUKH

CyiecTByeT /1Ba MyTH IMOJYYEHHs] YACTOTHBIX XapaKTEPUCTUK: 1) skcme-
PUMEHTANIBHO-(PU3NUECKU, 2) TEOPETUUECKUM.

IlepBbIil MyTh COCTOUT B TOM, YTO HA CUCTEMY ITOAAECTCS CUHYCOUAAIBHBIN
CUTHAJ MOCTOSIHHOM aMIUIUTYIbI U TepeMeHHOoN yacToThl (puc. 2.3). Ha Beixone
CUCTEMBI B YCTAHOBUBLIEMCS PEKHUME OyIE€T UMETh MECTO TAK)KE€ CUHYCOM1aJlb-
HBI CUTHAJ TOM )K€ YaCTOThI, HO APYTroil aMIUIUTYABI U C ()a30BBIM CIBUTOM I10
OTHOILLIEHUIO K BXOJTHOMY CHUTHAIy.

~

Cucrema ———»

g(®) (0

Puc. 2.3. YactoTHas XapaKTCPUCTHKA C CUHYCONAAJIbHBIM BXOJAHBIM CUT'HAJIOM

Y

Urak, g(t)=Asinwt B HEmpepbIBHOM BPEMEHH. Y CTAHOBHBILASCS Peak-

I[Usl HA BBIXOJIC CUCTEMBI y(t) = Aysin ((ot + (p). Tornma oTHOIIEHUE e’ = A(co)

HA3bIBACTCS AMHIAUMYOHO-uacmomnuoi xapakmepucmukou (AUYX) cuctemsl, a
3aBHCHMOCTE @(®) — (asouacToTHOIT XapaKTepucTHKOi cructeMsl (OUX).

Bropoii nyTh 3akiro4aeTcsi B UCIOJIb30BaHUU MpeoOpazoBannii @ypre cUr-
HaJIOB HA BXOJI€ U BbIXoje cucTeMbl. llocnennue onpeaenstorcs no npeodpazo-
BaHusM Jlartaca mytem 3ameHbl S = jo. Eciu Takyro 3aMeHy cenaTh B epesa-
TOYHOW (DYHKIIMHM CUCTEMBI, MPUAEM K MOHSATHIO KOMIUIEKCHOM MepenaTOuHON
¢ynkuuu (KIID) cucrembr

W(s)._; =W(jo).

S=jo

3aBucumocth MoAayJsis KII® oOT 4YacTOThl Ha3bIBAaCTCAd AMHIAUHLYOHO-
yacmommoii xapakmepucmurxou (AUX) cuctemsl

W (jo)|=A(w).

3aBucumocTh aprymenta KII® npencrasnser codoil ¢pazouacmommyro xa-
pakmepucmuxy (PUX) cucremsr

ArgW (jo)=¢(o).

3aBUCHMOCTH ReW(j(o) u ImW(j(o) HA3BIBAIOTCS BEIIECTBEHHO- YaCTOT-

Hol (BY) u maumoit (MY) xapakTepucTUKaMu CUCTEMbI COOTBETCTBEHHO. BUX
u AUX coBMECTHO 00pa3ylOT amMnaumyono-ghazoeyrr XapaxKkmepucmuky cCHc-
TteMbl (ADX). Ee BeipaxkeHnue cieayet u3 Boipaxkenunit BU u MY xapaktepucTuk

W(jw):ReW(joo)+ImW(j(o):U + JV.
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A®DX sBiseTcsl BaXHEHIIEH XapaKTEPUCTUKOW CUCTEMbI U YaCTO CHUMAECT-
Cs1 SKCIIEPUMEHTAJIBHBIM ITYTEM.

2.1.5. JlorapudmMuyeckne 4YacTOTHbIE XapaKTEePUCTHKHU

Paznuyaror norapupmMuueckre aMmIuTUTYIHO-4aCTOTHBIE XapaKTEPUCTHUKH
(JIAYX) u nmorapudpmudeckue pazouactoTHbie xapakTepucTuku (JIOUX).

[Tpu noctpoenun JIAUYX n JIOUYX yacToTa Mo 0CH aOCIMCC OTKIIAIbIBAETCS
B Jlorapu()Mu4eckoM Macirade, T. €. Ha OCH (» HaHOCSITCSI OTMETKHU, COOTBETCT-

Byromue 1gm, HO OKOJIO OTMETOK YKa3bIBAIOTCS JACHCTBUTEIbHBIC 3HAUCHUS
(puc. 2.4).

| | f fF—------- —
01 mexama 1 zgexama 10 gegaga 100 M, C
Puc. 2.4. Ocp abcuuce mist JJADPUX

Havano xoopauHaT MOXET ObITh MMOMEIIEHO B JIFOOOW TOYKE OCH ® B 3aBU-
CHMOCTH OT TOrO, B KaKOM HHTEPBAJIC YaCTOT HAXOIAUTCS COOTBETCTBYIOIIHI
JMaria3oH 4acToT cuctembl. Heo0X0IuMO MOMHUTH, UTO TOYka = 0 JIEKUT B
—00 U HHUKOTJ]a He oTMeuaercsa Ha rpadukax JIADOYUYX. PapHoMmepHOU equHuUIEH
Ha OCH 4acTOT ABJISIETCS A€Kaja — JIF0OOW OTPe30K, Ha KOTOPOM 3HAYEHHUE YaCTO-
Thl YBEJIMYMBAECTCA B JIECATHh pa3. 3HAYEHHUs] YACTOTHI OTKJIAJbIBAIOTCS B pajua-
HaX B CeKyHAy (¢ ).

I[To ocu opmunat npu noctpoeHun JIAUX oTkmaabiBaeTcsi BEIUMYMHA

201g A(w) =20Ig\W ( jo)

, CIMHULICH U3MEPEHUS IJIst

KoTopoit siBnsierca nenuden (nb). OObuHO norapud- Ljﬁ_“

MHUYECKYIO aMILTATY Ty 0003HaYar0T gepes

L=20lg A=20lIg ’W ( j(o)‘ . Ocb opmunat JIAUX moka- 301

3aHa Ha puc. 2.5. Hauano ocu opaurar L =0 cootBet- 207

CTByeT 3HaueHW0 A=1, T. e. paBEHCTBY aMIUIUTY. 10+

BXOJTHOTO Y BBIXOJIHOTO CUTHAJIOB cHCTEeMBI. [ToaToMy ; >
BEpXHAA MOIYIockocTh JIAUX cooTBeTcTBYyeT 3Ha- o, c’
yeansiMm A>1 (ycuiieHue aMIuiuTyIbl), a HIKHAS T10- Puc. 2.3. Ocs opaumat
JYMI0CKOCTh — 3HaueHusM A <1 (ocnmabnenue amruim- TAPEX

TYyIbl).

[Ipu moctpoeHun norapudmudeckoil ¢(Ha304aCTOTHOH XapaKTEPUCTUKHU
(JI®YX) gacTtoTa ® OTKIAIBIBACTCS HAa OCH a0CIHCC MO-TIPEKHEMY B Jlorapud-
MHUYECKOM MaclTabe, a 3Ha4eHHs YIJIOB (pa30BOrO CIABHUra HAHOCSTCS HA OCH
OpIUHAT B 0OBIYHOM MaciiTade B YIVIOBBIX I'pagycax. Bo3MOXKHBIN BUJ coBMe-
ctHO nocTpoeHHbIx JIAUX u JIOUYX nokaszan Ha puc. 2.6.
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20 |Liw)
0.1 0 10 100 6]
—20
JIEUX
45 |o(®@)
0.1 o 10 100 ®
B
—90

Puc. 2.6. CoBmectro noctpoennsie JIAUX u JIOUX

2.2. TunnoBbIe 3BEHbS

JInHaMUYEeCKUM 3BEHOM Ha3bIBAIOT YCTPOMCTBO JIFOOOro (PM3HUECKOro BHUJIA
¥ KOHCTPYKTHUBHOTO O(OpMIICHHSI, TIPEACTABICHHOE ONpeaAeeHHbIM auddepeH-
[IAAJTLHBIM YPAaBHCHHUEM.

B cootBercTBUU C ompeneneHrneM KiacCHu(PHUKAIUSI THHAMUYECKIX 3BCHHEB
IPOU3BOAUTCS IO BUIY MU PepeHIInanbHOTO YpaBHEHUS, @ UMEHHO, TI0 €T0 I0-
psanky. Tak Kak OMHUMU U TeMH ke TudPepeHIInaTbHBIMUA YPAaBHEHUSIMH MOTYT
OMHCHIBATHCS YCTPOWUCTBA JIOOOTO THMA (JIEKTPUUECKHE, DJICKTPOMEXaHUYe-
CKHE, THApaBIMYECKUE, TEIJIOBbIE), TO TAKOE IMPEANOIOKEHHE MO3BOJSET HC-
M0JIb30BATh JIJIsI TPOCKTUPOBAHMSI PA3IMYHBIX YCTPOUCTB OJAMHAKOBBIE TIOIXOIBI.

JIto0y10 cructeMy MOXKHO MPECTAaBUTh B BUJIE COSIUHEHUSI TUIOBBIX JTIUHA-
MUYECKUX 3BEHbEB. UNCIIO TaKUX 3BEHBEB HEBEIUKO U OMPEICISICTCS TUIIOM HY-
JIEU U TIOJTIOCOB.

Kak cremyer u3 mpeacraBieHusi Moaenu B ¢GopMe MPOCTPAHCTBA COCTO-
SIHUH, JIs1 peanu3aliuu JIFo0oi (U3nYecKu OCyIeCTBUMON NepeaaTouHon PyHK-
[IUM TOCTaTOYHO JBYX THUIIOB 3BEHBEB: MHTETPATOPOB W ycunuteneid. Ecmu cre-
NeHb YUCITUTEINS MePeIaTOYHON (QYHKIIMHM M MPEBBIIIACT CTEIICHb 3HAMEHATENs
N, To HE0OXOAMMO 3BEHO TU(P(HEPEHIMPYIOIIECTO THUTIA.

B Teopun ympaBieHus: cOCTaB THUMOBBIX 3BEHBEB HECKOJIBKO PACIIMPEH, UC-
XOJII U3 COOOpaKEeHUS yI0OCTBA, HEOOXOAMMBI 3BEHBS, MOJCITHPYIONIUE YaACTO
BCTPEYAIONTUECS CITydan, a TAKXKE MO3BOJISIONINE MPECTaBICHUE TTepeaaTOUYHBIX
dbyHKIIMNA 00IIEro BUAA MOCIEI0BATEILHBIM U MapauIeIbHBIM COSIUHEHUEM TH-
MTOBBIX 3BEHBEB.
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BonpIIMHCTBO CHCTEM MOKET OBIThH MMpeACTABJICHO COBOKYIIHOCTBIO OTHO-
CUTCJIbHO 3BCHLCB C IICPCAATOYHBIMU q)YHKHI/IHMI/I HCBBICOKOT'O ITOpsAIKaA. Takue
3BCHbA HA3bIBAIOTCA TUIIOBBIMU.

Ha PpHC. 2.7 IMPUBCACHA KJIaCCI/I(bI/IKaHI/ISI THIIOBBIX THMHAMHWYCCKUX 3BCHLCB.

Tunoesie JHHAMHYECKHE 3ECHEBA

l l l l

MIOZHITHOHHEIE HHTETPHPVED- muddepenmn- HEMHHHMATEHO-
(cTaTH9ecke) mHe pyIOmmHe tazoBmIe

[ 11 I 1] 1 ]

.‘_
.‘_
.‘_

BessiHepUMOHHOE
anepuvogdudeckoa 1-ron
aneprogm-eckoe 2-ro n. le—

KoneBaTensHoe
KOHCEPBaTWBHOE
nasansHoe
WmaeansHoe
popompyrowes 1-ron.
foporpyowes 2-ro n.
CYHMCThIM
zanasasiBaHuem

€ MOA 0T N bHBIM

Hynem

C MO0 KT el bHBIM

noAKcom

S S S U

HHTETPHpPVIOMIEE C auddeperunpyioniee ¢ HHTerpo- audde- H20JPOMHOE
ZaMeTTeHHeM zaMeTTeHHeM PECHIIHPYVHOIIIEE

Puc. 2.7. Knaccudukaiusi THIIOBBIX TMHAMHUYECKUX 3BEHHECB

PaCCMOTpI/IM HanOoJIee YacTo HCIIOJIB3YCMBIC TUIIOBBIC 3BCHbA.

2.2.1. be3piHepunonHoe 38eHo (II-pery.asitop)

ypaBHeHI/Ie JABHUXKCHUA 6CSI/IHepHI/IOHHOFO 3BCHA UMECCT BUA:
Y =k-X.

BreimonHsas Hajx 3TUM ypaBHeHueM mpeoOpaszoBanue Jlamiaca moiydaem
BBIpaKEHUE IS IepeaTOYHON (PYHKIIMU 3B€HA CIICYIOLIEro BUIA:

W(s) =k

JIns HaXOXKJIeHUsI BPEMEHHBIX XapaKTEPUCTUK 3BEHA OINpPEJICIUM €ro peak-
M0 Ha EAMHUYHOE CTyINeHuatoe Bo3jelcTBue. M300pakeHue MnepexoaHou
GyHKIIUM OTpeiesieTcs KaK:
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h(s)= X (s)-W(s)==-Kk.

w |

[lepexoaHas xapakTepucTUKa 3BeHa (puc. 2.8, a) onpenensercs Kak:

h(t) =k -1(t),
BecoBas xapakrepuctuka (puc. 2.8, 6) onpenensercs Kak:
w(t) =k -5(t).
h(D) A
k

/ /" w(e)

T = =
T m=3T t.c 0 t
a) 6)

Puc. 2.8. BpeMeHHbBIE XapaKTEepUCTHKU: a) IepexoaHas; 0) BecoBas

JIJIsl TTIOCTPOEHUST YaCTOTHBIX XapaKTEPHUCTHUK 3BEHA BOCIIOIB3YEMCS BhIpa-
YKEHUEM I €T0 KOMILUIEKCHOM nepeaaTouHor pyHkuueit (puc. 2.9, a) Buna:

W (jo)=Kk.

Hcxons u3 sroro, AUX 3BeHa — TOYKa HAa KOMIUIEKCHOM IIJIOCKOCTH (pHC.
2.9, 0), 4TO CieTyeT U3 BhIPAKCHUS:

A(w)=k.

JIUX — npsimasi mapajiiesibHas ocu 4acTtot (puc. 2.9, B), clieayeT u3 BbIpa-
YKEHMUS:

L(w)=20Ig(k).

OYX — npsimas, Jiexkaiasi Ha ocu 4actoT (puc. 2.9, r), ciaeayer u3 BeIpaxe-
HUS:

¢(®)=0.
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JO(@) 4 A(®)
k
k I
— >
2 Plw) 6) @
L(w) 4 o(n)
20-1gk
o
E) r)

Puc. 2.9. YacroTHbie xapaktepuatuku: a) ADUX; 6) AUX; B) JIUX; 1) DUX

2.2.2. Anlepuoau4ecKoe 3BeH0 MEPBOro MopsijaKa

VYpaBHeHUE ABMKEHUS )11 O€3UHEPIIMOHHOTO 3BE€HA UMEET BU/I:

dy 1
D2 (k-x—vV).
a1 KxY)

BeinonHsss Hag 3TUM ypaBHEHHMEM IpeoOpa3zoBaHue Jlammaca moiayyaem
BBIPKEHUE JUTsI IepeaTOYHON (YHKIIUU 3BEHA CIIETYIONIETO BUIA:

k
1+Ts
JIns HaXOXKJIeHUsI BPEMEHHBIX XapaKTEPUCTUK 3BEHA OIPENEIIUM €ro peak-

M0 Ha CAWHUYHOE CTyIeHuYaroe Bo3jehcTBue. M300pakeHHe MepexoaHou
GyHKIIMY OmpeiesieTCs KaK:

W(s)=

h(s) = X(s)-W(s) :%.1+kTs :

KopHn xapakTepucTuieckoro ypasHernus D(S)=ST +s=0 ompemensior-
CsI KaK:

1
=Y, 0z T

Boinonsss o6patHoe npeoOpa3oBaHue U300paKeHUs IEPEXOAHON XapaKTe-
puctuxu N(S) nonyuaem:
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k
2-Ts+1

k
ot

h(t) = -
®) 60 2-Ts+1

t _t
-e % :k-(l—e /Tj
s=—1
Boimonusiss aHanmornyHble mpeoOpa3oBaHUs HaJ HU300paKEHHEM BECOBOM

byHKIIAN
w(s) =W (s)

1oJTy4aeM BhIpasKeHHue JUls onpejenenus Becosoit gpynxmu W(t).

e K gH

Wt :$ T

%

BpeMeHHble XapakTepuCTUKU 3B€HA pUBEAEHbI Ha puc. 2.10.

h(z)

kp---------zzoar- ET

.

8) i

a)

Puc. 2.10. BpemeHHbIe XapaKTepUCTUKH: @) IIepexo iHast; 0) BecoBas

I[JIH IMOCTPOCHUA YACTOTHBIX XaPAKTCPUCTUK 3BCHA BOCIIOJIB3YCMCA BbIpa-
KCHUCM IJIA €TO KOMILIEKCHOM HGpGI[ElTO‘-IHOﬁ (bYHKIIPIGﬁ BUaa:

| K
W(Jw):1+joaT

Bemectennas P(®) u MamMas Q(®) 4acTOTHEIE XapaKTepHCTHKH 3BEHA
OIPENENSAIOTCS COOTBETCTBEHHO:

k KoT
P(0) =5, Qo)
1+(oT) 1+(oT)
A®YX 3BeHa (puc. 2.11, a) onpenensiercs Kak:
. . k . koT
W (jo) =P(0)+ jQ(w)= —

1+(0T)? 1+(oT)*
AUYX 3BeHa (puc. 2.11, 6) onpenensieTcs Kak:

K
)= 1+(oT)*

JIUX (puc. 2.11, B) onpeaensercs Kak:
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L(@:ZOlg[ﬁ].

Jns moctpoenus acumnrotudyeckor JIAUX mcnonp3yercs: BeIpaXeHUE BU-
na:

20lg(k) mpu ol 1
_ T
L(w)= L
201lg(k)—20lg(oT) mpu ol =

Alw) T
JO(@) N
k2 k -
® =0 N -/ =0 ii;':[':‘)
ow=1T E;
a) 0)
L) 4
20-1gk
—20 ab/gex
m=1T S
E) r)

Puc. 2.11. YactotHsie xapaktepuctuki: a) AOUYX; 6) AUX; B) JIUX; r) DUX

OUX (puc. 2.11, r) onpenensieTcs Kak:
¢(o)=arctg(-wT).

2.2.3. Anlepuou4ecKoe 3BeH0 BTOPOro NMopsijiKa

YPaBHeHI/Ie ABHKCHUS I K0JIEOATEILHOI'O 3Be€HA HMEET BU.

2
2d%y - dy
T +T—=+y=kx, 2.5
2 2 g Y (2.5)
rae 11, Ty — moCTOSHHBIE BpEMEHH 3BEHA.

Boeimonasisi mpeoOpa3zoBanue Jlammaca Haj ypaBHeHuem (2.5), momydaem
BBIpaKEHUE IS IepeaTOYHOM (PYHKIIMU 3B€HA CIICYIOIIEro BUIA:
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K

W (s) = . 2.6
T,%s% +Tys +1 (2.6)

XapaKTepI/ICTI/I‘{eCKOG ypaBHGHI/Ie NMECT BU.
T,%s% +Tys +1=0. (2.7)

B 3aBucumocTu ot 3Hadenuii 11 u Tp ypaBHenus (2.7) anmepuoguyecKoe

3BE€HO BTOPOT'O MOPSIKA UMEET Pa3IMYHBIA BUJ U TPU PA3JIMYHBIX HA3BAHUS:
a) aneproANYeCcKOe 3B€HO BTOPOTO MOPAIKA;
0) KonebaTeIbHOE 3B€HO BTOPOTO MOPSIKA;
B) KOHCEPBAaTUBHOE 3BEHO.

Anepuoouueckoe 36eH0 6mopo2o NOPAOKA.
Ecin B ypaBHenun (2.5) BbimonHsieTcss HepaBeHCTBO 1 =2To, To KOpHH
BEIIIECTBEHHBIE U PABHBIL:

2
Ta.Th = n + L _T.2 — HOBBIE TIOCTOSIHHBIE BPEMEHH.

Torna nepenarounas GpyHkus (2.6) mpumer B

k

WO i) sy

(2.8)

N3 (2.8) BugHO, 4TO aneprogudecKoe 3BeHO BTOPOTO MOPSIKa — 3TO KOM-
OMHAIMS ABYX allepUOIMYECKUX 3BEHBEB MEPBOTO MOPSIKA.

JIJist HaXx0KIeHUsI BPEMEHHBIX XapaKTEPUCTHK 3BEHA OMPENEUM €ro peak-
M0 HAa €IWHUYHOE CTymneHYaTtoe Bo3zciicTBhe. [lepexomHas XapaKTepuCTHKa
3BeHa (puc. 2.12, a) onpenensercs Kak:

1 1

h(t)=k-|1- T3 e s +T—4e Ta
T3-Ty T3-Ty

BecoBas xapaktepuctuka 38eHa (puc. 2.12, 6) onpeaensiercs Kak:
LI
— k . e T3 —e T4
T3—Ty

w(t)
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k(t) A 11’(1‘) £

il

0 t 0 ¢
a) 6)

Puc. 2.12. BpemeHHble XapaKTEpUCTUKHU: a) IepexoHasi; 0) BecoBas

4

JI7151 TOCTPOEHMS YaCTOTHBIX XapaKTEPUCTHUK 3BEHA BOCIIOJIb3YEMCS BbIpa-
KEHUEM JJISI €T0 KOMIUICKCHOM MepeaaToOuHON QyHKITMEH BUIa:

k
(1—T2(02)+ joT

W(j(o):

BeH_IGCTBeHHaH P((O) 1 MHHUMasd Q((D) JaCTOTHBIC XAPAKTCPHUCTUKHU 3BCHA
OIIPCACIIAIOTCA COOTBECTCTBCHHO:

k(l—szz) kT
P(w)= 2 : Q(e)=- 2 2\2 2.
(1-T22) + (0T (1-T2?) +(oT)
A®UX 3BeHa (puc. 2.13, a) onpenensercs Kak:
2 2
k(l—T o ) B T

W (jo)=P(0)+ jQ(w)=

2 2 .
(1-T%?) +(oT)  (1-T??) +(aT)’
AUYX 3BeHa (puc. 2.13, 6) onpenensercs Kak:

A(jo) = ‘

\/(1—T32@2)2 -\/(1—T42032)2 |

JIYX (puc. 2.11, B) onpenensieTcs Kak:

L(®) =20lgk — 2011+ Tw? —20lg\1+Tfe?

OUX (puc. 2.13, r) onpenensiercs Kak:

¢(w)=—arctgTo—arctgT,o.
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-

JO(®) 1

-

Lim) 4

20-1gk =20 ob/aex

Al@) 9

(o)

w=1T: o= 1I.-'T4\

E)

Konebamenvhoe 36eno 6mopozo nopaoka.
Ecin B ypaBHenuu (2.5) BbimoiHseTcs HepaBeHCTBO 11 <2To, To KOpHH
KOPHM XapaKTEPUCTUYECKOTO YpaBHEHUS KOMIUICKCHbIE W ypaBHeHHE (2.7)

3aIIMIICTCA B BUJC:

T252 + 2eTs +1=0,

Sy

w=1T:o=17T

r)
Puc. 2.13. YactotHble xapakrepuctuku: a) AOYX; 6) AUX; B) JIUX; r) DUX

rae T — MOCTOSIHHAs BPEMEHH, OMpPENEeNsionias yrioBYH YacTOTy CBOOOIHBIX

KoJieOaHuil A = ? :

& — koo duiment 3aryxanus, aexamuii B npegenax 0<& <1,
[lepenatounas pyukuus (2.6) 3anuiiercs B BUJE:

k

W{(s)

7282 4 2ETs+1

[TepexonHast xapakTepUCTUKA 3AMUIIETCS B BUAE:

2
rie qzi, Q=arctg?.

T

&t

1 _ Tsin(qt+Q)

h(t)=k-[1-—e

qT

qT

(2.9)

N3 (2.9) Bugno, uto I1X 3aBucut kosdduinenta 3atyxanus (puc. 2.14).
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h(f) 4

‘ : /o |8\
N 1T

Az

v

t
Puc. 2.14. Ilepexonnsle xapakrepuctuku mig 0.1<&E<0.7

@YX npencrasieHa Ha puc. 2.15

o(®) & 1
E=0 T
I
I
_“[‘,‘2 ———————————
£=0.8
£=0.2 £=05
_;'[ ——————

Puc. 2.15. ®UX qa 0.2<£<0.8

Koncepeamuenoe 36eno.
KoHcepBaTHBHO 3BE€HO SIBISIETCS YaCTHBIM CIy4aeM KOJIeOaTeIbHOTO 3BEHA
npu §=0.

[lepenatounas pynkuus (2.6) 3anuiiercs B BUE:

K
W(s)=—
(5) T252 41

h(t):k-tl—cos%j.

[lepexonnas GyHKIHS:

BecoBas pynkuus:
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w(t):$sin%.

Takum oOpa3zoM, BpeMEHHbIE XapaKTepUCTUKU (puc. 2.15) COOTBETCTBYIOT

HE3aTyXaroluM KOJIeOaHHsIM C YIJIOBOM 4acTOTOM T

h(t) A w(t) b
VA NN
-
0 t
6 | \/ \/ \
a) o)

Puc. 2.15. BpemeHHble XapakTEpUCTUKU: a) epexoHasi; 0) BecoBas

2.2.4. Uurerpupyiomiee 38eHo (U-peryasitop)

YPaBHeHI/IG JIABUXCHUA JIA HHTCFpI/Ipy}OIHeFO 3BCHA UMECT BU/:
d
Y _ kx.
dt

Brinonsss Hax 3TUM ypaBHEHHEM IpeoOpa3zoBanue Jlammaca moiy4um BbI-
pakeHue JJis epeAaToyHON (PYHKIIMU 3BEHA CIEAYIOIEro BUA:

JIJiss HaXO0XICHUS BPEMEHHBIX XapaKTCPUCTUK 3BCHA OMNPEICIIUM €ro peak-
IIMI0 Ha CJIMHUYHOE CTyIeHYaToe Bo3acicTBHe. IlepexoaHas xapaKTepUCTHKA
3BeHa (puc. 2.16, a) onpenenseTcs Kak

h(t)= L‘l{%}:kt.

S

Becoras xapakrepuctuka (puc. 2.16, 6) onpeaensiercs Kak:

w(t) = L—l{E} =K.

S
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h(f) W)

o Be=k
| > >
2) t 6) t

Puc. 2.16. Ilepexoanas 1 BecoBasi XapaKTEPUCTHKU

JIns TOCTPOEHHSI YaCTOTHBIX XapaKTEPUCTUK 3BEHA BOCIIOJIB3YEMCS BbIpa-
KEHUEM JJIS €T0 KOMIUIEKCHOM MepeaaTouHoi GyHKIIUY BUJIA:

W (jo) = -

BemectBennas P((o) 1 MHHUMas Q((x)) JaCTOTHBIC XapaKTCPUCTUKH 3BEHA
(puc. 2.17, a) onpeAesitoTCs Kak:

AUYX 3BeHa (puc. 2.17, 6) onpenensieTcs Kak:
Alw) = LS :
®

JIAYX onpenensercs Kak:
k

L(co):ZOlg(—j.

Q)

Jlns moctpoenus acumnrotruueckoit JIAUX (puc. 2.17, B) Bocnosib3yemcs
BbIpa)KEHUEM BHUJA:

L(®)=20lg(k)—20lg(o).
OUX (puc. 2.17, r) onpenensieTcs Kak:

o(w)=arctg % = —g _
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le:['}) * ‘i {[.:,}
M=@® . i
N P(©)
0 >
0]
a) o)
L{w) o(n) 4
20-1gk ""E,)
—20 ab/gex
—m/2
~ »
B) @ r)

Puc. 2.17. YactotHble xapakrepuctuku: a) AOYX; 6) AUX; B) JIUX; r) DUX

2.2.5. luddepenuupyironiee 38eHo (-peryasitop)

VYpaBHeHue ABKEHUs JUTs T PepeHIIUPYIONIEro 3B€Ha UMEET BUJY
o, dx
Codt
Brinonnus HpCO6p330BaHI/I€ Jlamaca IIOJIYYHUM BBIPpAKCHHUC JIA IICPCaa-
TOYHOM (PYHKLIMH 3BE€HA CJIEAYIOLIEro BUIA:

W (s)=ks,

JI7is HaXO0XICHUS BPEMEHHBIX XapaKTEPUCTUK 3BEHA OMPEICIUM €ro peax-
[IMI0 Ha €IMHUYHOE CTyleHYaTroe BozaciicTBue. IlepexomHas xapaKTepuCTHKA
g epennupyromero 3seHa (puc. 2.18, a) onpenenseTcs Kakx:

ht)= L {k} =k-5(t),

BecoBas xapakTepucTuka (puc. 2.18, 6) 3anuiiercs Kax:

W(t):kS(t)zkdi—Et).
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hit) & wit) 4

[
L -

0 ¢ 0 ¢
a) o)

Puc. 2.18. BpemeHHbIC XapaKTepUCTUKH: ) ITepexoHast; 0) BecoBas

JI71s1 TOCTPOCHMS YaCTOTHBIX XapaKTEPHUCTUK 3BE€HA BOCIIOJIb3YEeMCS BhIpa-
YKEHHUEM JIJI1 €r0 KOMILUICKCHOM TepeaTOuHON (PyHKIIUEH BUa:

W(jo)= jok.
BemectBennas P((o) U MHHUMas Q(co) YaCTOTHBIC XapaKTEPUCTUKH 3BEHA
(puc. 2.19, a) onpenenstoTcs Kak:
P(w)=0:
Q(w) =—ko.
AUYX 3BeHa (puc. 2.19, 6) onpenensercs Kak:
A(®) =k,
JIAYX 3BeHa onpenensaeTcs Kak:
L(®)=20lg(ko).

Jlns moctpoenus acumnrorudeckoit JIAUX (puc. 2.19, B) Bocnoiabzyemcs
BBIpAXXEHUEM BUJIA!
L(®)=20lg(k)+20lg().
®UX 3Bena (puc. 2.19, 1) onpenensercs Kak:
Qo)

¢(w)=arctg (o) = g .
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JjO(w) t Al@) 4

¥

Liw) T o(m) 4

v

E) r)
Puc. 2.19. YacroTnslie xapakrepuctuku: a) ADUX; 6) AUX; B) JIUX; 1) PUX

2.3. CTpyKTypHBIE CXeMBbI

Crpykrypnoii cxemoit CAY HasbiBaeTcs rpaduueckas popma mnpencranie-
HUSI MaTEMaTHYECKOM MOJIENIA CUCTEMBI B BUJIE COCTMHEHMSI OTIEIIbHBIX 3BEHBEB,
KaKJI0€ M3 KOTOPBIX 3a/1aHO KaKUM-TH00 MaTEMAaTUYECKUM ONEPATOPOM MPE00-
pa30BaHMs BXOJHOTO CUTHAJIA B BBIXOJIHOM. OnepaTopbl MpeoOpa3oBaHus MOTYT
OBITh 3aJlaHbl CUMBOJIaMH ITpeoOpa30BaHUs BO BPEMEHHOM 00JacTH WM B 00-
JaCTU U300pakeHuM (mepenaroyHble (PYHKIUNA) WK C TIOMOIIBIO CTATUYECKUX U
JUHAMUYECKUX XapaKTEPUCTUK. 3BEHbS MPEACTABISIIOTCA HAa CTPYKTYPHBIX CXe-
Max ¢ IOMOIIBIO TPSIMOYTOJbHUKOB. COEIMHEHNE UX OCYIIECTBIISIETCS CTPENIKA-
MU, YKa3bIBAIOIIMMH HANPABJICHUS IEpEJaull CUTHAJIOB YIIPaBJICHUS.

[Ipox0XI€HHE CHUTHAJIOB YIPABJICHUS MPOTUB HAIPaBJICHUS, YKa3aHHOTO
CTpeJIKaMH, HEBO3MOXKHO.

2.3.1. IIpeoGpa3oBaHue CTPYKTYPHBIX CXeM

[IpeoOpa3oBaHre CTPYKTYPHBIX CXEM JIMHEHHBIX HENPEPHIBHBIX CUCTEM
ynpaBiieHHUs] 0a3UpyeTCsl Ha BBIMOJTHEHUH JIBYX BaXKHEMIINUX MPUHIIMIIOB JIMHEM-
HBIX MpeoOpa3oBaHuil: 1) aIIMTUBHOCTU UM CYNEPIO3UINM (HATOKEHUS) U 2)
KOMMYTaTUBHOCTH (TMI€pECTAHOBKH MECTaMH ).

[IpeoOpazoBaHue CTPYKTYPHBIX CXeM (OpMYJIHUPYETCs B BUJE MPABUI Mpe-
00pa3oBaHuii, MOAITOMY jJajiee OyJIeM PacCMOTPEHO COBOKYITHOCTb TaKUX Ipa-
BUJL.
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Ilocneoosamenvnoe coeOunenue 36envee
Ha ctpykrypHoii cxeme (puc. 2.20) npeacraBieHo MOCIeA0BaTEIbHOE CO-
€/IMHCHUEC 3BCHBEB.

x(s) | n ¥(s)

{13 () | s () o T (5) P = = T () —

Y

Puc. 2.20. CtpykTypHas cxema MmocJjieJJoBaTeIbHO COCIMHEHHBIX 3BCHBEB

[lepenaTounast GyHKIUS 3aMUIIETCA B BUJIE:

n
W(s) =] JWi(s)
i=1
Ilpasuno: llepenatouHas (QyHKOMS MOCIEAOBATEIBHOIO COEIUHEHHUS
3BEHbEB PaBHA MPOU3BEIACHUIO NIEPEAATOUHBIX (YHKIIMN OT/ICIbHBIX 3BEHBEB.

Ilapannenvhvle coeOunenus 36eHbeq
Ha ctpykrypHoii cxeme (puc. 2.21) npencrapieHo napauiebHOe COeIUHE-
HUE 3BECHbHEB.

Puc. 2.21. CtpykTypHas cxema napauiebHO COCTUHEHHBIX 3B€HbEB

[lepenatounast pyHKIMS 3aTTUIIETCS B BUJIE:

n
W (s) =D Wi(s).

i=1
Ilpasuno: llepenatouHas GyHKUMS TapajjIeIbHOTO COEAMHEHHS HETpe-
PBIBHBIX 3BEHBHEB paBHA CYMME UX MEPEAATOUHbIX (QYHKIUH.

Coeodunenue c o6pamnoil cea3vio

Ha ctpyktypHoii cxeme (puc. 2.22) npecTaBICHO COSTUHEHUE 3BEHBEB C
00paTHOM CBSA3BIO.
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e(s) ‘Lf y
O] 7 (5) || 3 (5) -0 O] 3 () |- 3, () 7
Ti

Woc (5) =

¥

Puc. 2.22. CtpykTypHas cxema COeIMHCHHBIX 3BEHbEB C OOPATHOM CBA3BIO

CI/IFHaH Ha BBIXOJEC 2JICMCHTA CpaBHCHI/IH:
e(s) =XFWoc (s) y

BrIxoaHoit curaan coeIMHEHUS .

. . . TTW (5)
y=TIWi(s)-e(s)=TIWj(s)-x¥F ilzlwi (s)-Woc(s) y= 1=1

i=1 i=1 L '
1+ H\Ni (S)WOC (S)
i=1

[lepenaTounas GpyHKIHs 3aMKHYTOI'O KOHTYpa IO YIIPaBJICHHIO:
n
W (s)
Dy (s)= =1

1% irzllWi (s)Woc (s) |

Ecnu obpatHas cBA3b €IMHUYHAS, TOT/A!

n
TTW (s)
Dy (5)=—F—r0o.
1+ _H Wi (S)
i=
[lepenaTounas GyHKUMS 3aMKHYTOTO KOHTYpa MO BO3MYIICHUIO:
o (S):Wi(s)-Wi+1(s)-...-Wn(s)-

1% irzllwi (s)Woc(s)

Ilepecmanoeka mecmamu 36eHbe8 CMPYKMYPHOIUL cXeMbl
- Illepecmanoexa mecmamu OuHamu4ecKux 36eHveq

Ha puc. 2.23 mokazan BapWHT MEPECTAHOBKM MECTaMH JTUHAMUYECKHX
3BEHbBEB.
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x—h”i[il '-?-H"j[.II—h H'3[5|—I~Ex_pﬂ"

A
L g 1 k]

¥
(s) T (s)|—>| P2 (s) >

Puc. 2.23. BapuaHT nepecTaHOBKM MECTaMHU JTUHAMHYECKHUX 3BEHHEB

Ilpasuno: B no00¥i ocne10BaTeabHOM LENH HEMPEPBIBHBIX THHAMUYE-
CKHX 3BEHBEB UX MOKHO MEHSATh MECTaMHU B IPOU3BOJIBLHOM MOPSIKE.

Ilepecmanogka mecmamu Y3106 Cymmupo8anus U OUHAMUYECKUX 36CHb-
es

Ha puc. 2.24 noka3zaH BapuHT MEPECTAaHOBKM MECTaMH y3JI0B CyMMHPOBa-
HUS U THMHAMUYECKUX 3BCHBEB.

‘e
W(s)
1 Wis) Y, = xl—h W(s) }—h’r

Puc. 2.24. BapI/IaHT NEpeCTaHOBKU MECTaMH Yy3JI0OB CYMMHUPOBaHUA U TUHAMHWYCCKUX 3BCHLHCB

Ilpaguno: Tlpn nepeHoce y3ia CyMMUPOBAaHHS 4epe3 AMHAMUYECKOE 3BEHO
HEO0OXOJMMO BKJIIOUUTH B MOAXOSIIEE K Y3JIy BETBU 3BEHbS C MEPEIATOUYHOMN
(yHKUMEN 3BEHA.

Ilepecmanoska mecmamu y3106 pazéemeneHus u Opy2ux 36eHbE6
CMPYKMYPHOU cXeMbl

Ilpasuno: npu mepeHoce y3jia pa3BETBICHUS CUTHAJIOB yepe3 JUHaAMU4e-
CKO€ 3B€HO HEOOXOJMMO B OTXOJAIINE OT y3ja BETBH JOOABUTh 3BEHbS C Iepe-
IaTOYHOM (PyHKLMEN 3BEHA, €CJIM MEePEHOC BBIMOJIHSIETCA MPOTUB HaIpaBJICHUS
nepenayn CUrHajioB ynpasieHus (puc. 2.25, a), ¥ 3BeHbsl ¢ 0OpaTHOU mepena-
TOYHOM (yHKIMEH, €clii MePEeHOC MPOUCXOAUT 110 HAIMPaBJICHUIO NIEpeJaun CHUT-
HaJIOB ympasieHus (puc. 2.25, 0).

: - ¥ ol Y
X w(s)| > = T“—'i:]—}- x:r”'fs,l—r = .0 [E'JT
VeI 7 (s)]—> * x W (s)
a) 0)

Puc. 2.25. BapuaHTsl IepeHoca y371a pa3BeTBICHUS yepe3 JMHAMUYECKOE 3BEHO
Hueepcu}l HanpaeieHust NPpAMO20 nymu

Ilpasuno: B 1m000M HENpPEepHIBHOM MPSIMOM MYTH MOXKHO TOMEHSATh Ha-
MpaBJICHUE Mepeladll CUTHAJIOB YIIPaBJICHUs, IOMEHIB Ha 0OpaTHBIE MepeaaToy-
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Hble (YHKIIMM 3BEHHEB IyTH W TMOMEHSIB Ha OOpaTHBIC 3HAKH CYMMHPOBAHUS
BHEIIHUX CUTHAJI0B (puc. 2.26).

—» T (s) 4D$—b W (s)—» = + l-T"l_l (5) 4—(%« l-T"z_l (5)j—

Puc. 2.26. luBepcus HanpaBieHUs IPSMOTO ITyTH

Hneepcus 3amkHymozo konmypa

Ilpasuno: B 11000M 3aMKHYTOM HENPEPHIBHOM KOHTYPE MOXKHO ITOMEHSTh
MeCTaMU MPpAMON 1 0OpaTHBIM KaHAJbI, 3aMEHUB WX TMepeAaToyHble (YHKIIUUA Ha
oOpaTHbIC U 3aMEHUB Ha OOpaTHbIC 3HAKM CYMMHUPOBAHHUS BHEIIHUX CUTHAJIOB,
KpOM€ OCHOBHOT'O y3JIa CYMMHUPOBAHUS.

DTO MpaBWIO MOJY4YaeTcsl MOCIE JIBYKPAaTHOTO MPUMEHEHUS MpaBHUIIa WH-
BEPCHUU IyTH K IPSIMOMY U 0OpaTHOMY KaHaiaMm KoHTypa. Puc. 2.27. unmocTtpu-
pPYET pe3yJibTaT THBEPTUPOBAHUS KOHTYpA.

f

+
iGN fsilaga 7 (s)
Ii
Wi(s5) e

Puc. 2.27. luBepcus 3aMKHYTOTO KOHTYpa

et

2.3.2. leraau3upoBaHHbIe CTPYKTYPHbIE CXeMbI

Kpome oOmmx CTpYKTYpHBIX CXEM HIMPOKO HCIOJIB3YIOTCS JACTaIU3UPO-
BaHHBIE CTPYKTYPHBIE CXEMbI, COCTOSIIME TOJBKO M3 OE3MHEPIMOHHBIX Mac-
ITA0OHBIX 3B€HHEB U UJICATBbHBIX HHTETPUPYIOIINX 3BEHBEB C MOJTHOCTBIO BCKPHI-
TBHIMH CBS3SIMU MEXAY HUMH.

HetanmusupoBanHas crpykrypHas cxema ([I{CC) cocraBisieTcst U3 UCXOIHOMN
oO011el cxembl MyTeM MpeoOpa3oBaHusl 3BEHBEB C TAK HA3BIBAEMBIMH «CJIOKHBI-
MI» TIEPEIaTOYHBIMU (DYHKIIHSIMHU.

«/leranmzanus» 3BeHa CO «CIOXKHOW» MEepPeaaTOYHON (YHKIIMEH OCYIIECTB-
JIAETCS B CIEAYIOLIEHN MOCIEN0BATEIILHOCTH:

1) 3ammchIBacTCs ONMEPATOPHOE YpPaBHEHHE 3BEHA MO MCXOIHOHM MepeaaTOvYHOM

GyHKUHUU.

W(s)

_B(s) _bps"+bis™ 4 +by _ %(s)
AS)  ags"+as" . +a,  X(s)
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xz(s)-[aos” +als”_1+...+anJ:xi(s)-[bosm +blsm_l+...+bm}

2) VYpaBHEHHE pa3pelraeTcsi OTHOCUTEIBHO CTapIIeH MPOU3BOAHON BBIXOTHOMN
BEJIMYUHBI Xy '

ags"xo :xl-[bosm +b_Lsm_1+...+bmJ—x2 -[alsn_1+...+an}

3) O6e wactu ypaBHEHHUsI AeNATCsS Ha K03 UIIMEHT Tpu X, B JIEBOH 4acTH C Iie-
JIBIO TIOJIYYUTh BBIpAKEHHE VIS Xp

Xo = xr{ﬁsm_” +ﬂsm_”_1+...+b—ms_”}—x2 -{ﬁs_lﬁa—zs_2 +...a—”s_n}.
ap dp ap ap ap dp

[Tonp3ysich yKa3aHHOW IOCJIEOBATEIBHOCTBIO YIAETCS JIETKO IOCTPOUTH
JICC mist 3BeHbEB € TIepeIaTOYHBIMU (PYHKIIMSMHU HEBBICOKOTO mopsiaka (N < 2).

B cnyuyae ucxogHol nepenatouHoi GyHKIMM ¢ N > 2 11e71eco00pa3Ho MOJb-
30BaThCs MPOLIETYPOM, Ha3bIBAEMOM HEMOCPEACTBEHHOM AexkoMmiozunuen. CyThb
ee 3aKJIF0YaeTCsl B TOM, YTO BBOJUTCS (DMKTUBHAS NIepeMeHHas X(S) U Ha Hee yM-
HOXKAETCS YACTUTENb U 3HAMEHATEb epeJaTOYHON (QYHKIIUN:

W(s) = bs™ +...+lm X(5) _ xp()
ags" +...+a, X(8)  x(s)

[IprpaBHMBaHNE YUCINUTEISA U 3HAMEHATENS 1AET

xz(s):(bosm +...+bm)x(s) (2.10)

xl(s):(aos” +...+an)x(s) (2.11)

[TocnenHee BrIpaKEHUE UCTIOIB3YETCS IS ONpeesieHus X(S) myTeM 3armucu
€ro OTHOCHUTENIBHO CTapIIei MPOU3BOAHON C MOCIEIYIONTUM JIeJICHUEM Ha KO (-
(bUIMEHT TIPH cTapIeil MPOU3BOIHOM:

ags"x(s) = %1 (s) —aqs" X(s) —...—apx(s),
X(s)= aols +[a(s)-as" x(s) ..~ anx(s) ]

Iocne ompenenenust X(S) CTPOMTCS cXeMa BBIYHCICHHS X (S) COrIacHo

BeipakeHus (2.10). Obmas cxema JJCC "cnoxkHoro" 3BeHa MpelCTaBiieHA Ha
puc. 2.28.
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Sl |
ap
Puc. 2.28. O6mas cxema JICC

[IponmtrocTpupyem Ha npuMepax.

Xo ks

¥ Ts+1

Ipumep 1: Toctpouts JICC 38eHa ¢ nepegarounoit Gyuxmueir W (s)
MOKHO 3aIlHCaTh KaK —= =

BrinonHuB nocienoBaTenbHO IPeoOpa3oBaHus:

XoTS+X o=KsX; XoTS=KksX —Xo,
MOJTyYHM B MaT€MaTHYECKOM BU/IE:
x—kSX 1x—kx 1X
27Tt Ts ATt Ts
Wi B rpaduueckom Buje (puc. 2.29):
X e
ko >
E’ —
1
Ts
ks
Puc. 2.29. JICC 3Bena W (s) =
Ts+1
Hpumep 2: Ioctpouts JCC crannapTHOro 3B€Ha 2-To MOpsAIKa ¢ MepeiaToOuHON (yHK-
. k X2 k
et W (S) = > , MHAYE MOXKHO 3alHCaTh Kak —= = —— :
T7s"+2eTs+1 Xp T s“+2eTs+1
BrInonHuB nocieoBaTenbHO NPeoOpa3oBaHUs:
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Tzszxz +2€TSXy + X9 =kxq ;
IMOJIYYM B MAaTCMATUYCCKOM BUAC!:
1
W(kxl —28TSX2 — X2) )

i B rpaduueckom Buje (puc. 2.30):

Xo =

¥ (2]

=
—»| I _
1= Ts

L

k

Puc. 2.30. JICC 3Bena W (S) = 75
T°s" +2eTs+1

B 3aknaroueHnn OTMCTHUM, YTO HCC HCIIPCPBIBHBIX CUCTCM HAIILIIM HITHUPOKOC
IMPUMCHCHUC IJIsI COCTABJICHUA ypaBHeHI/Iﬁ COCTOSAHMSA, a TAKIKC AJIsA COCTaBJICHUA
" pacucTa 1mapaMCcTpoB MOACIIH IIPpU aHAJTIOTOBOM MOACIHPOBAHHM.

Bonpocel 17151 camonpoBepKu

KakoBo Ha3HaueHNE MATEMATUYECKOTO OTTMCAHUS CUCTEM?

Yrto Takoe JTUHAMHKA CHCTEMBI?

Yem oTiHMyaeTcs MaTEMaTUYECKOE ONMMCAHUE TMHAMHUKU CHCTEMBI OT OIH-

CaHUs €€ CTaTUKU?

Urto npencrapiseT codboi yciaoBue GU3nuecKkoil peain3yeMOCTH CUCTEMbI?

Kakum o0pa3zom nuneapusyrotcs quddepeHunanbble ypaBHEHU?

HazoBute ¢popMbl 3anucu TMHEapU30BaHHBIX YPaBHEHUIA.

Kakum o6pazom mepeiitu k nepBoi popme 3anucu auddhepeHuaibHOro

ypaBHeHus 3BeHa? Kak B 9TOM citydae Ha3bIBatOTCS KOIPPUITUEHTHI?

8. Kak nepeiitu ot nudpepeHnnanbHoro ypaBHeHUS K OniepaTopHOMY ?

9. MaiiTe onpenenenue nepeaaTouHon GyHKIINH.

10. Kak no nuddepeHnmraibHOMy ypaBHEHHUIO 3BeHA HAWTH €ro MepeaaTod-
HYI0 QYHKIIHIO?

11. Yto Takoe AMHAMUYECKOE 3BEHO U €T0 XapaKTEePUCTUKA?

12. JlaiiTe onpeneieHue OCHOBHBIX XapaKTEPUCTHK.

13. Kakue 4acToTHbIe XapaKTePUCTUKU UCTIONb3YIOTCS JUIsl HCCIIEOBAHUS
cucrem?

14. TTouemy JIUX Hanuiu 60JibllI0€ MPUMEHEHHE B MH)KEHEPHOU MpaKkThKe?

15. Ilo xakuM npu3HAKaM KJIaCCUPUIIUPYIOTCS TUTIOBbIE JUHAMUYECKUE 3BE-
HbSI?

16. TlepeuncnuTe TPyNIbl OCHOBHBIX TUIIOB 3BEHHEB.

17. Yro mpencraiser coO0H CTPYKTypHasi CXeMa CUCTEMbI YIIPABICHHS?

wp e

No ok
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18. Kakue crnocoObl coeAMHEHU I 3B€HbEB UCIIOJIb3YIOTCS B CUCTEMAX?

19. Kak HaxopasTcst nepenaroyHbie PyHKIIMM CMEIIaHHbIX COSIUHEHUN
3BEHbEB?

20. KakuMm 00pa3zoM cTposTcs TorapudMUUecKrue 4aCTOTHBIE XapaKTEePUCTH-
KM pa30oMKHYTOU 1ienu 3BeHbeB? [locTtpoiite JIUX TUIIOBBIX 3BEHBEB.

3. AHAJIN3 JIMHEMHBIX CAY
3.1. YCcTOHYHBOCTD JIMHEHHBIX HEMPEPBIBHBIX CHCTEM YIIPaBJIEHUS

VY CTOMYMBOCTh CHUCTEM aBTOMATHUECKOTO YIPABJICHUS SBIISETCS Ba)KHEH-
e xapakTepUCTUKON ux padoTocmnocobHocTu. HeycroiunBas cuctema siBIs-
eTcsi HepaboTocnocobHor. ObecreueHne yCTOMYUBON pabOThl MPOESKTUPYEMOi
WIK CO37aBa€MOM CHUCTEMBI YINpaBIICHUS SBJISETCS IMEPBOOYEPEIHON 3ajadeit
pa3paboTurKa 3TON CUCTEMBI.

[Tox ycTOMYMBOCTBIO IMHEMHOW CUCTEMbI IOHUMAETCS CBOMCTBO 3aTyXaHUS
MEPEXOHBIX TIPOIIECCOB BO BCEX DJIEMEHTAX CUCTEMBI C TCUCHHUEM BPEMEHHU.

Ecnm mpenacTaBuTh peakiiiio CHCTEMBbl HAa BXOTHON CHTHAJ KaK CyMMY BBI-
HYXJCHHOM (YCTaHOBUBILIEHUCS) COCTABIISIIOLIEH U TTepeX0HON (CBOOOAHOM) CO-
CTaBJISIONIEH

y(t) =y, () + Yes (),
TO YCJIOBUE YCTOMUYMBOCTH (POPMUPYETCSI CIICTYIOMIUM 00pa30M:

limy,.(t)=0.
t—oo

Eciu t“m Y. (t) =0, TO cucrema HeycTol4MBa.
—>0

3.1.1. Obu1ee ycioBre yCTOHYUBOCTH

N3 ananm3a mepexoaHBIX COCTABISIONMIUX BBIXOJHOW BETUYHHBI CHUCTEMBI
JUTSL Pa3IMYHBIX KOPHEW XapaKTEPUCTHUYECKOTO YPAaBHEHUS CUCTEMBI CIEAYeT,
YTO YCJIOBHUSI YCTOMYMBOCTH, CHOPMYITUPOBAHHBIC BBIIIC, BBITTOJHSIOTCS, €CIU
BCE KOPHU MMEIOT OTPHIIATENIbHBIE BEIIECTBEHHBbIC YacTU. B "yacTHOM ciydae
BCIIIECTBCHHBIX KOpHEW OHH JIOJDKHBI OBITH OTPHIIATECILHBIMU. TOJIBKO B ATOM
cllydae BCE MEPEXOHbIC COCTABISIONINE OyIyT CTPEMHUTBCS C TEUCHHUEM BpeMe-
HU K Hy/TI0. TakuMm oOpa3oM, JUIsi HENPEPHIBHBIX CHCTEM OOIIUM YCIIOBHEM YC-
TONYHMBOCTH SABJISIETCS HAXOXKJICHHE BCEX KOPHEH XapaKTePUCTHUYECKOTO YpaBHeE-
HUS 3aMKHYTOM CHCTEMBI B JIEBOH MOIYIIOCKOCTH TUIOCKOCTH KOpHE#H (puc. 3.1).
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Ecnu xoTst Obl OJTMH KOPEHb OKaXXETCs B Ipa- R
BOM IOJYIUIOCKOCTH, CHCTeMa OyAeT Heyc- <= Ims
TOMYUBOU. MHMNMAA OCh TIOCKOCTHU S SIBJISIET- c%
Cd TpaHHUUEW ycToWuuBOCTH. [Ipuuem, ecim |
_ . |
S; =0, rpaHuna yCTOMYMBOCTH Ha3bIBACTCA + |
|

e

anepuonundeckol. Ecim $) o =+ jo (ducro Res

MHUMBIC KOPHH, PABHOYJIAJICHHBIE OT Hayaja 4}'
KOOpAMHAT), TO TPaHUIlA YCTOWYMBOCTH Ha- <
3bIBAETCS KOJI€OATENLHOM, TaK KaK CUCTEMA B py. 3 1. Pacrioosxenne Kopuei
3TOM CJIydYae COBEPIIAET HE3ATYXAIOIIME KO-  veroffameoil 3aMKHVTOHN CHCTEMST
nebaHusi, MOCTOSTHHOM aMIUTUTYAbl M 4YacTo-

ThI, PABHOU (.

3.1.2. Kpurtepuu ycToi4nBOCTH

Boruncnenue kopHell ypaBHEHHs, OCOOEHHO BBICOKOW CTEINEHH, 3aTpyIHU-
TenbHO. [loaTOMy ObUIM pa3pabOTaHbl KPUTEPUH, MTO3BOJISIONINE AEIaTh 3aKIIIO-
yeHre 00 yCTOMYMBOCTH CHCTEMBI 0€3 OINpeieNieHUs] KOpHEH XapaKTepucTude-
CKOI'O ypaBHEHHUS.

Pa3nnuaroT 1Ba BU/1a KPUTEPUEB YCTOMUUBOCTH:

1) anreGpaunyeckue;
2) 4acTOTHBIE.

Kpurepuu nepsoro Buaa GopMHpPYIOT OrpaHHMYEHUs Ha KO PUIIMEHTHI Xa-
PaKTEpUCTUYECKOTO ypaBHeHUs. Kputepun BTOporo Buja 0a3HpyroTCs Ha aHa-
JU3€ TPOXOXKIEHUSI YAaCTOTHBIX XapaKTEPUCTHUK 3aMKHYTOM WM Pa30MKHYTOH
CUCTEMBI.

3.1.2.1. Aaredpanyeckne KPpUTEPUH YCTOHYHUBOCTH

Cpenu anredpanyeckux KpUTEPUEB HEMPEPHIBHBIX CUCTEM HaUOOJIbIIIEEe
IIpUMEHEHHE onydrsin Kpurepuu ['ypsuna u Payca. PaccMorpum ux B ykazaH-
HOM I0CJIEI0BATEIBHOCTH.

Kpumepuii I'ypeuuya
N3 korphunneHToB XapaKTepuCTUUECKOTO YPaBHEHUSI 3aMKHYTOM CHCTe-
MBI

1

ags" +ays" " +...+a, =0

cocTaBisieTcsl Tabyvia, Ha3biBaemasi MaTpuledl ['ypBulia no ciegyrolieMy npa-
BUJTY:
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1) mo nuaroHanu cBepXy BHHU3 3alHCHIBAIOTCS BCE KOAPPUUMEHTHI, HAYU-
Has C @ 10 ap B IIOPAAKE BO3PACTAHUS HHICKCOB;

2) cTonOLbl AOMONHAIOTCS BBEPX KOAIPPUIMEHTAMH C BO3PACTAIOIIUMU
WHJCKCaMH, BHU3 KO3 PHUIIEeHTaMU ¢ YOBIBAIOIIMMHU UHACKCAMH;

3) Ha mecTe KOA(DPHUIMEHTOB C WHAEKCAaMH OOJBIIE N W MEHBIIE HYJISI
MPOCTABJISIOTCS HYJIH.

a a, d. d, 0 0
a4, 4, a, d, 0 0
0 a a a 0 0
0 a a, a, 0 0
0 0 0 0 a_, 0
o o0 0 0 ... a., a

Cam xputepuii popMupyeTcs CIeayromuM o0pa3oM: ISl YCTOMUYHUBOCTH
3aMKHYTOM CHCTEMbl HEOOXOJUMO U JOCTAaTOYHO, 4TOOBI Npu & >0 OblaM MO-
JIOKUTEIBHBIMU N TJIABHBIX JUATOHAIBHBIX OMPEACTUTENS MaTpullbl ['ypBuia.

I'maBHbIe onpenenuTeny MaTpuilbl ['ypBuIla UMEIOT BU/I:

ay az ds
a asz
A1 =ay, Az = . A3 =|ap ap a4| ¥ TaK gajee.
ap ap
0 a as

YacrtHble cityyan.
I. Cucrema 1-ro mopsiaka, XapaKTEPUCTHYECKOE YPABHEHUE KOTOPOU
agS +a =0, ycroiumsa, ecnu ag >0 m a; >0, T. e. Eciim 06a xospdunmenta

XapaKTePUCTHUECKOTO YPABHEHHUS OJIOKUTEIbHBI.
2. Cucrema 2-r0 mopska  (XapaKTEPUCTUYECKOE  ypaBHEHHE

3082 +&S+ay =0) ycroiuusa, ecim ag >0, 8 >0 n aar >0, 1. e. Ecim Bce
TP KO3PPUIIMEHTA TOJIOKUTEIbHBI.

3. TlonoxurenbHOCTh KOA((PUIIMEHTOB XapaKTEPUCTUUECKOTO YpaBHEHUS
ABJISIETCS] HEOOXOIMMBIM, HO HEIOCTATOYHBIM YCIIOBUEM YCTOMYMBOCTH CUCTEMBI
M000r0 mopsIKa.

4. Hanuuyue x0T Obl OJHOTO OTPUILIATENBHOTO KO3 (dUIIMEeHTa SBISETCS
NPU3HAKOM HEYCTOMUMBOIO COCTOSIHUSI CUCTEMBI.
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5. PaBeHcTBO Hymo cBOOOAHOrO KO3(Qduuuenraa, =0, o3Hayaer, 4TO
CUCTEMa HAaXOJUTCS HA TPAHULIE YCTOMYHNBOCTH.

6. PaBenctBo Hymo m000ro Apyroro koddQuiMeHTa CBHAETEIbCTBYET
7100 0 HEYCTOWYMBOCTU CHUCTEMBI, JTHOO O HAXOXJACHUU €€ Ha TpaHUIle YCTOH-
YUBOCTH.

Kpurepuii ['ypBuia yno0eH He TOIBKO [l MPOBEPKHA YCTOMYMBOCTH 3aMK-
HyTON cucteMbl. C ero MmoMoOIIbIO JETKO BBISICHAETCS BIMSHHUE TOTO MM MHOTO
napameTpa CUCTEMBI Ha €€ YCTOMYMBOCTb, @ TAKKE JIETKO ONPEIEISIOTCA TPAaHHU-
(bl 3HAYCHUI apaMeTpa, B KOTOPBIX CUCTEMA OCTAECTCSl YCTOMYMBOM.

Kpumepuii Payca

[Ipu ucnonb3zoBanuu kputepus Payca st mpoBepKH yCTOMYMBOCTH 3aMK-
HYTOW CUCTEMBI cocTaBisieTcs: Tabnuna Payca (tabn. 3.1). Ona cogepxkur n + 1
CTPOK U YHCJIO CTOJOILIOB, pABHOE YHUCIY YETHBIX KOA(DPHUIMEHTOB XapaKTepu-
CTHYECKOTO ypaBHEHHs. B mepBOW CTpoKe 3amuChIBAOTCS KOI(POHUIUEHTH C
YEeTHBIMHU MHAEKCAMH, HauUuHas ¢ 8y, BO BTOPOH — KOA(PPULUEHTBI ¢ HEUETHBIMU

HMHIACKCAMH, HAYHNHAasi1 C al. JIf000M M3 OCTaILHBIX DJIEMECHTOB Ta6JII/II_[BI orpcac-

Ci_a1 .
msteres 1o Beipakennio Cj j =Cj_p j11— 1 -Ciy, j4q, 1€ fj =———; | — HOMEp
i-1,1
CTPOKH, j — HOMep cTos161a Tabauia Payca.
TaOmuma 3.1.
Koaddu- Howmep cronbia
IIUEHTHI [ i 1 2 3
— 1 Ci1=2ag Cio=a Ciz=ay
— 2 Co1=9 Coro=23 Cr3=235
Ci1
B=c 3 |C31=C2-13:Crp| C32=C3-3°Cr3 | C33=C14-13-Cy4
21
Co1
Iy = Cun 4 |Cy1=C0-13-Cgp| Cyp2=Cy3-14-C33 | Cy3=C4-14-C34
3.1
Ca1
5= 5 |C51=C32-15:C4p| C52=C33-15:C43 | C53=C34-15-C44
41
i Ci_21 _ Ci1=Ciz2-— Ci2=Ci_p3- Ciz=Ci_pa-
i= |
Ci—11 —1;-Ci_2.2 —1i-Ci_1,3 —1i-Ci_1,4
Cn—1,1 Cn+1,1 = Cn—2,2 -
"1 = n+1
Ch1 —Th41°Chp 2 He cocraBistoTcst
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Kpurepuii ycroitunBoctu Payca popmupyercs cieayromum oopa3zom.

JIJist yCTOMYMBOCTH CUCTEMBI B 3aMKHYTOM COCTOSIHUM HEOOXOAMMO U J0C-
TATOYHO, YTOOBI AJIEMEHTHI MEPBOro crosidua Tadnauikl Payca ObLTHM MOJOXKHU-
TEJIbHBI.

[Ipu HanMuMM OTpULIATETHHBIX 3JEMEHTOB B 1-0M cToislie cucteMa Oyaer
HEYCTOMYMBOW. UHCIIO TAKUX 3JIEMEHTOB PABHO YUCIY KOPHEN XAPAKTEPUCTUY -
CKOT'0 YPaBHEHUS, HAXOASAIIUXCS B IPABOU IMOJTYTUIOCKOCTH TUIOCKOCTH S.

Ecnu ovH U3 37€MEHTOB NEPBOTO CTOJIONA PABEH HYJIIO, a OCTAJBHBIE AJie-
MEHTBI TIOJIOKUTENBHBI, TO cUCcTeMa OyleT HaXOAUTHCA Ha TPaHMIIE YCTONYHUBO-
CTH K0J1€0aTEeIbHOTO THNA (XapaKTepUCTUUYECKOE YpaBHEHHUE OylleT UMETh Mapy
YUCTO MHUMBIX KOPHEM).

Ecnu paBen Hymo (N +1)-37€MEHT WM paBHBI HYJIO K MOCIICAHUX 3JIEMEH-
TOB 1-T0 cTONONA, cucTeMa Takxke OyAeT HaXOAUThCS Ha TPaHULE YCTOMUYMBOCTH,
a XapaKTePUCTUYECKOE ypaBHEHUE OyICT UMETh OJIMH WK K HyJIEBBIX KOPHEH.

Tabnuua u kputepuii Payca nosio)keHsl B OCHOBY allTOPUTMA U MPOTPAMMBI
IIPOBEPKUA YCTOWYMBOCTU B PsAJl€ KOMIIBIOTEPHBIX I[AKETOB aHalM3a MOJEIEH
Pa3IUYHbIX CUCTEM.

3.1.2.2. YacTOoTHBIE KPUTEPHUH YCTOMYHBOCTH

Cpenun 4aCTOTHBIX KPUTEPUEB YCTOMYMBOCTH, HCIIOIB3YEMBIX B MPAKTHUKE
aHAJIN3a YCTOMYMBOCTU HEMPEPBIBHBIX U JTUCKPETHBIX CUCTEM aBTOMATUYECKOIO
yIpaBJieHUs], HauOoJbIlIee MPU3HAHUE TTOJIYYUIN KpUTepuid rogorpada xapakre-
PUCTUYECKOTO TOJMHOMA 3aMKHYTOM CHUCTEeMbl (M3BECTHBIH B OTE€UECTBEHHOU
auTepatype Kak kputepuil MuxaitnoBa) u kpurepuit HailikBucra, obecrieumn-
BAIOILLIUM OINpENEICHUE YCTOWYUBOCTU 0 BUAY YaCTOTHBIX XapaKTEPUCTHUK pa-
30MKHYTOW CUCTEMBI.

B 0CHOBY Ha3BaHHBIX BbILIE KPUTEPUEB MTOJIOKEHO CIEICTBUE U3 U3BECTHO-
ro B Teopuu (YHKIUM KOMIUIEKCHOW MEpeMEHHOW MpuHIMNa aprymenTa. OHO
YCTaHABJIMBAET COOTBETCTBUE MEX/Y YMCIOM KOPHEW B JIEBOM U MPAaBOM MOJIY-
IJIOCKOCTH U CYMMApHBIM IPUPAIIEHUEM apryMEHTa BEKTOpPA XapAKTEPUCTUYE-
CKOTO TOJMHOMA 3aMKHYTOW CUCTEMBI, IPU U3MEHEHUU YACTOThI B JAUAIMA30HE
0 << +00. PaccMOTpUM 3TO COOTBETCTBHUE.

XapakTepUCTUUECKOE YPAaBHEHNE 3aMKHYTOW HEMTPEPHIBHOW CUCTEMBI:

n-1

D(s)=ags" +&s" ~ +...+a, =0,

rac JicBad YaCTb YPABHCHUSA D ( S) Ha3bIBACTCA  XaPaKTCPUCTHUYCCKUM

MOJMHOMOM. Ero MOXHO NOpeACcTaBUTh B COOTBETCTBUM C TeopeMor besy
CIEAYIOIIMM 00pa3oMm:

D($)=a0 (5 5)-(552) (5 -50).
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rae Sj(i=12,...,n) — KopHH XapakrepuctHdeckoro ypasheHms D(s)=0;
Sj =aj + Joj. Ha KoMIIIEKCHOH IIIOCKOCTH KaKAbIiA

Jo
—_ . &
KOPEHb MOXET OBITh MPEACTABICH BEKTOPOM (pHC. N S
I
2 2
3.2). Jlnuna Bekropa |s;| =40 +®; , yroa moBopo- Avgs,
L5 () . [
Ta OT TIOJIO)KUTEIBHON BEIIECTBEHHOW IMONYyOCH pa-  Jj@ -5 F\
Wi 0
BeH aprymeHTy Args; =arctg| — |. OraensHble co-
a-
i
mHoxuTenn D(s) Buna (S—Si) MOTYT OBITH TIpE/I-
CTaBJICHbI BEKTOPaMHU, IIPOBEJCHHBIMH U3 TOYEK S;B Puc. 3.2 Tlpeacraemenne
TOYKE S KDPHEﬁ E EHIE EEKTOPOE

[To0kUM S = jm, TOTa BEKTOP (S — S ) = ( jo— Si) OyJeT CKOJIb3UTh CBO-

UM KOHIIOM MO MHUMOM OCH HPH U3MEHEHUN YaCTOThl —00 < 0 < 400.
[Ipupaienue aprymenTa

n
D(s) :Z D(s) =ZAArg(jm—si),
S=jo s=jo i=1
—00<M<00 —00<M<00

IpPAYEM KOPEHb S;, PACIIOJIOKEHHBIA B JICBOM MOJIYIUIOCKOCTH, 00ECIIEUUBACT

npupaiieHue aprymenTa +mn (puc. 3.3, a), a KOpeHb, HAXOISAIINICS B IPABOU T10-
JTyIUIOCKOCTH, faeT AArgs; =—mn(puc. 3.3, 0).

JO 4 J &
o
'5[ .--"'-Fr” -H-H"'\-\. |5|:
- —
S - ———3
|\:'.~ '\“\.‘ I‘p__.-d' f_,f|
| \l\\. ™ Al Lk /:'r l
| \‘I.\ . L) l Y
L 5 - ra ‘ L
5 !
L \‘\E] cL 0 ;f;_. F CL
h!
14 /
W £
B
1
a) o)

Puc. 3.3. [Ipupaiienre apryMeHTa B 3aBUCIMOCTH OT PACTIOJIOKEHUS KOPHEH

Ecnu obmiee uncio KopHel XapaKTepUCTUYECKOrO YpaBHEHUS N, a B MpaBoi
NOJIYIJIOCKOCTA HAaXOJUTCS M KOpPHEW, TO CyMMapHOE NpUpALICHUE apryMEHTa

D(s):

éAAfg(jw—Si)=(n—m)-n—m-n:(n—2m)-n.
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EciM M3MEHATH 9acTOTy TOJIBKO B MOJIOKHUTENLHOM auanasone 0<m< oo,
TO CyMMapHoe npupaienue aprymenta D(s) Gyner B 2 pasa MeHsIIe:

AArgD(s):(n—Zm).g.

[TomyyeHHOE COOTHOLIEHHE MOJI0KEHO B OCHOBY YaCTOTHBIX KPUTEPHUEB YC-
TOMYMBOCTH HETPEPHIBHBIX CUCTEM.

Kpumepuit 2o0ozpagha xapakmepucmuueckozo noa1uHoma

Ha ocHoBaHWYM MOTy4eHHOTO B MpEabIIyIIeM naparpade COOTHOIIEHUS IS
HETIPEPHIBHBIX CUCTEM M TI0JIarasi, 4To B MPABOU MOJTYTUIOCKOCTH HET HU OJHOTO
kopHs (M =0), Hax0UM, 4TO

AArg D(s) =n
s=jo
0<®w<oo

ki
-

Ortcrozia BeITEKAET cieayromas GopMyIupoBKa KPUTEPHSI.

JIJist yCTOMYMBOCTH 3aMKHYTON HEMPEPHIBHON CUCTEMBI HEOOXOIUMO U JI0C-
TAaTOYHO, YTOOBI MPU W3MEHEHNH YacTOTHI B auana3oHe 0 < m< oo romorpad xa-
PAKTEPUCTUYECKOTO MOJMHOMA HAYMHAJICS Ha TOJOKUTEIBHOW BEIIECTBEHHOU
OCH U 000IIIeJI B TTOJIOKUTEIILHOM HAINpaBJIeHUU (MPOTHUB YACOBOW CTPEJIKU) TO-
CJe0BaTEILHO N KBaJPAHTOB, HUTJE HE 00paIllasch B HYJIb U HUTJIE HE TIEepece-
KasiCh caM C COOOM.

['omorpadbl yCTOWYMBBIX CHCTEM MMOKa3aHbl HA puc. 3.4, a, 11T HEYCTONYH-
BBIX CHCTeM Ha puc. 3.4, 0.

Im D(joo) 4
Im D{jo) 4

H=Z‘Hh "
/;DF& > /—; 0 ReD(jo)

=10 Re D(j®) Kﬁ//ﬁ M= e D( jm
g L____-_ Ji /

n=3 n=4

I
LA

a) o)

Puc. 3.4. T'ogorpadsl: a) ycTOWYHBBIX CHCTEM; 0) HEYCTONYHUBBIX CHCTEM

Ecnu cucteM HaxoauTcs Ha TPaHUIIE YCTOMYUBOCTH, TO Togorpad D( joo)
MPOXOJUT YEPE3 HAYAIO KOOPAUHAT.
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Kpumepuu Haiikeucma

Kputepuii HaiikBucrta mnoO3BOJISIET OLIEHUMBATh YCTOMYMBOCTH 3aMKHYTOM
CHUCTEMbl ABTOMATUYECKOTO YIPABJIEHUS MO YaCTOTHBIM XapaKTEpUCTUKaM pa-
30MKHYTOHM CHCTEMBI. B KauecTBe YaCTOTHBIX XapaKTEPUCTHK UCIIOIb3YETCS aM-
Ty aHo-(azoBas (ADX) xapakrepuctuka u JIADOYX pa3oMKHYTON CUCTEMBI.

PaccmoTtpum cHauana kputepuii HaiikBucta Ha 0aze ADX pa3oMKHYyTOM
CHUCTEMBI.

[TycTh mepenaTrounasi GyHKITUS PA30MKHYTON CHCTEMBI

_B(s) _bys™ +bis™ 1 + . +b,

A(s)  gps” +als”_1 +...+a,

W (s)

, m<n.

Ilepenarounas QpyHKIMSI 3aMKHYTOW CUCTEMBI

D(s) = W(s) _ B(s)
1+W(s) A(s)+B(s)’

rae A(s)+B(s)=D(s) — xapakTepuCTHIECKUI IOTHHOM 3aMKHYTON CHCTEMBI.
PaccmoTpum BecrioMorarenbHyro (yHKIIHIO

B(s) _ A(s)+B(s) _D(s)

AS) A A

d(s)=1+W(s)=1+

3ameruM, uto gncintens P(s) paBen D(S) xapakTepHCTHICCKOMY MONH-
HOMY 3aMKHYTOU CHCTEMBI, 4 3HAMEHATEb A(S) — XapaKTepUCTUYECKUN MMOJIHU-
HOM Pa30MKHYTOW CHUCTEMbI. 3aMETUM TaK>Ke€, YTO CTEIEHU YUCIUTENS U 3HaAMe-
HaTEJISl paBHBI, TAK Kak M < N.

[Ipennosioxkum, 4TO Pa3OMKHYTash CHUCTEMA YCTOMYMBA, T. €. BCE KOPHHU
A(S) =0 jexar B JIeBOW MOTYIUIOCKOCTH. JIJIsl TOTO, 9TOOBI M 3aMKHYTasl CUCTE-
Ma ObUTa YCTOWYMBOM, HEOOXOJMMO, YTOOBI BCE KOPHU D(S):O HaXOIUJINChH
TAK¥KE B JICBOW MOJYTIJIOCKOCTH.

[Mosoxum S= jo u Oyaem usmeHsatb ® ot 0 10 . CoriaacHo NpUHIIKIA ap-

ryMEHTa
s

AArQCD(joa)zAArgD(joa)—AArgA(joa)zn-g—n-izo.

Oto 3Hauut, uro rogorpad BcmomorarenbHoll GyHkimn D( jo)upu

0<®w<oo He OyaeT 0xXBaThIBaTh HaUaJ0 KOOpAUHAT (puc. 3.5, a). 3aMeTuM, 4TO
KOMIUJIEKCHAsI TepeAaroyHass QyHKUUS PA30MKHYTOM CHUCTEMbI OTIMYAETCS OT

<D( jco) Ha CIMHUILY
W( jo)=®(jo)-1.
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ITostomy BMecto ®( jo) Moxuo pacemarpuBath W ( jo), HO B KoopauHa-

Tax, rJie MHUMas och ieperecena Ha (—1) (puc. 3.5, 0).

Orcrona cnenyet GpopMynupoBka kputepuss HallkBucra asis cimydasi ycTou-
YHUBOM Pa30MKHYTOM CUCTEMBI.

Ecnu pazoMkHyTas cuctema yCTOMYMBA, TO JJI YCTOMYMBOCTH 3aMKHYTOM
CUCTEMbI HEOOXOIMMO U JOCTATOYHO, 4TOObl ADX pa3OMKHYTON CHCTEMBbI HE
OXBaThIBaJIa KPUTHYCCKYIO TOUKY ¢ KoopauHaTamu (—1, jO).

iV & TV &
m=0w wm=10 R o=w| =0 _
0 +1 U 1 0 U
a) o)

Puc. 3.5. 'ogorpag BciomorareinbHON QyHKITUH:
a) He OXBaTbHIBAIOIICH HAYaI0 KOOPHHAT; 0) OXBAaThIBAIOIICH HAYAIO KOOPAUHAT

Ha puc. 3.6 nmoka3ansl pa3nuusble ciiydyau npoxoxaeHus ADPX pa3zoMKHY-
TOH CHUCTEMBI OTHOCHTEJIBHO KPUTHUYECKOW TOYKHU (—1, jO), HITPUXOBBIMU JIH-

HUAMH NToKa3aHbl ADX npu yMeHbIIEHUH KO3(PPULIMEHTA YCUIIEHUS PA30OMKHY-
TBIX CUCTEM.

__,E':V F 3

-1,,0 ) = -1J0 =] =0

f-‘.-_-

T I L

'\ Olo=x=/) v
- ..-r/

Puc. 3.6. [Ipumeps npoxoxaenus ADX: a) — aOCOMOTHO YCTOWYHMBAsS CHCTEMa; 0) — ccTeMa
Ha TPaHMIIC YCTOMYMBOCTH; B) — YCIIOBHO YCTOWYMBAS CUCTEMa, KOTOPasi IPH YMEHBIIIEHUN
Kod((uUIlMeHTa YCUICHUS MOKET CTaTh HEYCTONYHBOIA; T') — HEYCTOMUYNBAsI CUCTEMA
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Jlist actatnaeckux cucteM (v >0) npumenenue kputepus HalikBucra nme-
€T CBOIO 0COOEHHOCTD. J[esio B ToM, uto ADX Takux cucTeM B 00JIaCTH HU3KHUX,
4acTOT MPHUOIIKAIOTCS K OJHOM M3 Ocel KOMIUIEKCHOW IIOCKOCTH. [loaTomy
JUTSL OTIpeIeJICHUs] YCTOMYMBOCTU MO Kputeputo HalikBucta HeoOX0oauMO mpe-

T
BapUTEJIbHO JONOJIHATE ADX nyramu —VE OKPYXHOCTH 0€CKOHEYHO OO0JIBIIIOTO

panuyca (puc. 3.7).

jl’f’ &

Puc. 3.7. YcTOMYMBOCTH CUCTEMBI: a) YCTOWUYUBast; 0) HEYCTONYMBAs; B) YCIOBHO YCTOWYUBAs

Teneps mpenIoiokuM, 9TO Pa30OMKHYTas CHCTEMa HE ycToiuusa, T. €. |
KOpHEHN XapaKTEPUCTUUECKOTO YPABHEHUS HAXOISTCSA B IPABOU MOJIYILLIOCKOCTH.

Toraa npu u3MeHeHUM 4acToThl OT O 10 00 CyMMapHOE MPUPALICHUE apry-
MeHTa OyJeT:

AArg[1+W(jm)]:AArgD(jco)—AArgA(jco):n-g—(n—l)-g: .

N | —

Otcrona hopmynupoBka kpurepusi HalikBucra.

Ecnu pazoMkHyTas cuctema HEyCTOWYHMBA, TO JJIsi TOTO, YTOOBI ObLIa yc-
TOMYMBOM 3aMKHYyTasi CUCTEMa, HEOOXOJAMMO M JOCTATOYHO, 4TOObl ADX pa-
30MKHYTOM CHUCTEMBI OXBAaTblBajla KPUTUYECKYIO TOYKY B ITOJIOKUTEIBHOM Ha-

&~

IIPaBJICHUU l pa3, rae | — uncio kKopHel xapak- iV
2 E—

TEPUCTUYECKOTO YPaBHEHUsI PA30MKHYTOM CHCTE- /_ \ =0
MBI B IIPaBOM IOJIYIUIOCKOCTH. . >

Ha puc. 3.8 mokazana A®X pa3oMKHYTOI \_1 0 Oz v
CHUCTEMbI, UMEIOIIAs JIBA KOPHS B MPABOU IOJIY-
mockocTu. Cucrema, uMmeromas Takyro ADX, Puc. 3.8 ADX
OyJleT yCTOMYMBOM B 3aMKHYTOM COCTOSIHHH. Paz0MKHYTOH CHCTEMEI

[Ipu cnoxnoir ¢dopme ADX onpenenuTh
YHCII0O OXBAaTOB KpUTHYeCKOH ToukHu (—1, JO) 3arpymuutensHo. B aToM ciydae
yao0Hee cuuTarh 9uciio nepexonoB ADX depes oTpe3ok (—wo, —1) oTpunarens-
HOM BewlecTBEHHOU ocHu. Ilepexon cBepXy BHU3 CUYMTAETCS I10JOKUTEIBHBIM,
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CHHM3Y BBepX — oTpunateabHbiM. Eciin A®X HaumHaeTcs Ha oTpeske (—oo, —1)
mpu ® = 0 ¥ 3aKaHYMUBAETCS HA HEM MPHU () = 00, TO CUUTACTCSA, YTO OHA COBEPIIA-

eT 5 nepexoa.

®opmynupoBka kputepus HaiikBucra mo uuciy mepexoqoB OyaeT cie-
IYIOIIEH.

Ecnu pa3oMkHyTasi cucTeMa HEyCTOHYMBA, TO AJI TOrO, 4TOOBI Pa3HOCTb
MEXAY YUCIIaMH IOJIOKUTEIBHBIX M OTpULATENbHBIX nepexonoB ADX pa3oMk-

_— HYTOM CHCTEMBI Y€pe3 OTPE30K BEIIECTBEHHOU
J
—1,70
N > HEW pa30MKHYTOM CUCTEMBI B MIPABOU MOJIYILIOC-
+—_+ " 0lg=0 0 =0
I=L O = KOCTH.
Tak cucrema, A®X KOTOpOH IMOKa3aHa Ha
Prc. 3.10. ABX puc. 3.10, 6¥,HGT YCTONYHUBOM, eiCJm YUCJIO KOp-
VCTONYHEOH CHCTEMET HEel B mpaBoi moyruiockocTH | = 2.
PaccmoTpum Teneps, kak Oyner gopmupo-
BaThCsl Kputepuil HailkBucTta ¢ UCIoiIb30BaHUEM JOTAPU(PMUICCKUX aMILIATY/I-
HO-YaCTOTHBIX (PA304aCTOTHBIX XapaKTepUCTHK. [Ipexie Bcero ycTaHOBUM, e

6y,Z[GT PAacCIIOOKCHA KPUTHYCCKAA TOUYKA C KOOPpAWHATAMHU (—1, JO) B IINIOCKOCTHU

|
\ ocH (—o, —1) Oblia paBHa > rae | — gucno kop-
U

A®DX pa3zoMkHyTOU cuUCTeEMBbl. OTMETUM,
Im 1777 | 4T0 KpuTHYecKor Touke (—1, jO) coot-
" ' BETCTBYET TOYKA, B KOTOPOH MOJYJIb BEK-

- \ L Topa ADX |\N(j(o)|=1, a yroj cjisura
10 ) 4 Trep(er) @=AGW (jo)=—-180" (puc. 3.1).

B mnockoctu JIAD®YUYX 3T0# TOUKE
COOTBETCTBYET YaCTOTa, Ha KOTOPOH

Puc. 3.11. Pacnoaos#eHe 0CHOBHEIX

Togek 7714 nmocTpoenns JIAGTY L((’J) =20lg ’\N ( J(’))‘ =0, T. e. rpadpux
L(w) mepecekaeT oCh  9acTOT, M

¢(®)=-180", 1. e. rpaduk ¢(w) mepecexaer mmnuio (—180°). Takum oGpasom,

€CJIM 3aMKHyTas cucTemMa OyneT HaXOJIUThCS Ha TPaHUIE YCTOMUYUBOCTH, TO
JIAUX u JI®OUX pa3oMKHYTOH CHUCTEMBl MEPECEKAIOT JIMHUU L(co)=01/1

(p(o)) =—180° ogHOBpPEMEHHO, HAa OJHOM U TOM ke "actore (puc. 3.12).
Ecnu ke cuctema yctoifunBa B pa30OMKHYTOM M 3aMKHYTOM COCTOSIHHSIX, TO

ee AOX MpOXOJUT crpaBa OT KPUTUHYECKOH TOUKH, T. €. ’VV ( jco)‘(p__Tc <1.
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L4 L{w) 4
r

Y

0]

-180°

Puc. 3.12. JIAUX cucTtemsl, CTOSIIIEH Ha TPaHULIBI YCTOMYUBOCTH

Orcrona cnenyer nepas ¢popmynupoBka kputepust Haliksucra no JIAOUX
Pa30MKHYTOM CHUCTEMBI: €CJIM Pa30MKHYTAasl CUCTEMa YCTOWYMBA, TO JIA YCTOM-
YUBOCTU B 3aMKHYTOM COCTOSSHUM HEOOXOAMMO M JOCTaTO4YHO, 4ToObl JIAUX
CHUCTEMBI IIepeceKana OChb 4acToT pasblie, yeM JIOUX mepeceder IMHUIO

¢=-180°.
Nnmoctpanuus B3auMHoro pacnoiioxkenus JIAUX u JIOUX pazoMKHYyTOM
CUCTEMBI, YCTOMYUBOM B 3aMKHYTOM COCTOSTHUH, ITOKa3aHa Ha puc. 3.13.

L4 L(w) P4

!

v

0]

-180°

Puc. 3.13. JIAUX n JI®UX pa3oMKHYTOH CUCTEMBI YCTOWYUBOI B 3aMKHYTOM COCTOSTHUU

[Tpu cnoxuoit popme ADX u JIAGUYX moxxeT UMETh MECTO HEOJAHOKpAT-
HOe nepecedeHne muauu @ =—180° xapakTepucTUKOi (p(oo) Ha y4acTKe 4acToT,

rae L(w)>0, . . g0 Touku mepecedenns L(w) ocu wacrot. To ke sBneHne

MOXeT HaOmoaathess U B miockoctd JIADYUX cucteMbl, HEYyCTOMUMBOM B pa-
30MKHYTOM COCTOSIHWM. B 3TOM cilydae mpouie AenaTh 3aKJIIOUYEHUE O TOM, yC-
TOWYMBA CUCTEMA WM HET B 3aMKHYTOM COCTOSIHUM IO YHUCIy, IEPEXOIO0B Tpa-

buka (p((o) uepe3 M0 @=-180° neBee Touku mHepeceueHHss rpadUKOM

L () ocu gactor (puc. 3.14).
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~
— - 180°

®3(®) +

Puc. 3.14. Onpenenenne ycTOWYMBOCTH 110 nepexony rpaduka OUX

®opmynupoBka Kputepus HailkBucta B 3TOM cilydae Cieayromas: s —
YCTOMYMBOCTU 3aMKHYTOM CHUCTEMBI HEOOXOIMMO U JJOCTATOYHO, YTOOBI MIPH IO-
JOXKUTENbHBIX 3HAUCHUAX JIAUX pa3HOCTh MEXAY YMCIIOM IOJOXKUTEIbHBIX U

o |
oTpunarensHbix nepexonoB GUX uepe3 muano ¢ =-180" paBHsnmach 5 rae | —

YUCJIO KOPHEW, PACIOJOKEHHBIX B MPaBOW MOIMYIIOCKOCTH. [losI0)KHATENBHBIM

cuntaercsa mepexonq OUX muamn ¢@=-180° cHM3Y BBepX, OTPHIATEIHHBIM —
CBEpXy BHU3. XapakTEepUCTHUKA (pl((o) COOTBETCTBYET CUCTEME, YCTOMYUBOU B

Pa30MKHYTOM COCTOSIHUM U HAaXOZALIEHCS HA TPAHUIIE YCTOMYUBOCTU B 3AMKHY-
TOM COCTOSIHUHM. XapaKTECPUCTUKA (P9 ((o) NPUHAJIEKUT CUCTEME YCTOMUYMBOM B

Pa3OMKHYTOM H 3aMKHYTOM COCTOSHHUAX. I/I, HaKOHCI, (p3(0)) CBUIACTCIIbCTBYCT

O HEYCTOMYUBOCTH B PA30MKHYTOM COCTOSIHUM U YCTOWYHMBOCTH B 3aMKHYTOM,
€CJIM YHCJIO HeYCTONUMBBIX KOopHe#t | = 2.

ChopmynupoBaHHbIC BBIIIE MpaBWjia omnpeaeieHus (He) yCTOMUYMBOCTH
3aMKHYTOU cucteMbl 10 JIADUX pa3oMKHYTON CHCTEMBI MOJHOCTBIO MPUMEHH-
MBI U ISl TUCKPETHBIX cucTeM. OCOOEHHOCTBIO SIBISIETCS JIMIb TO, 4To JIOYX
JUCKPETHBIX CUCTEM CTPOSITCS B (DYHKIIMM TICEBOYACTOTHI A, a B ciry4yae (Gopmy-
JIMPOBKUA YCTOWYMBOCTU JJII HEYCTOMYMBOM B PA30OMKHYTOM COCTOSIHUM JHC-
KPETHOM cucTeMbl | 03HaYaeT 4nciio KOpHei, 0 MOAYIII0 OOJbIIE SAUHUIIBL, T. €.
HaxXOJSIIMXCs BHE Kpyra € AMHUYHOTO paauyca.
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3.2. AHAJIU3 TOYHOCTH M Ka4YeCcTBA MPOLECCOB yNpaBjaeHusl
3.2.1. Ouenka TouHoctd CAY B yCTAHOBUBIINXCS PeKUMAX
3.2.1.1. Tounoctb CAY B pe:knMe cTa0MIN3ANUN

Cpenu TUNOBBIX peXUMOB padboTel CAY mpocTeimM, HO U IIHUPOKO HC-

MOJIb3YEMBbIM B TEXHUKE M TEXHOJOTUHU PEKUMOM SIBISIETCS paboTa MpH MOCTO-
SHHOM BEJIMYMHE YMPABJISIOUIETO BO3IACHCTBHS WM MpocTo cradmmm3arus. Oc-
HOBHAs 337a4a CUCTEMbI CTAOWIN3aLUH — NOJJEPKaHUE PETYIUPYEMON BEIUYHN-
HbI Ha 33JJaHHOM IIOCTOSIHHOM YPOBHE B YCIIOBHUSIX CYILIECTBOBaHHUSI BO3MYIIAIO-
X BO3AECHCTBUMN.
B sToM nmaparpade Mbl OlleHUM OIIMOKH CUCTEMBI B PEKUME CTaOMIN3AlNU, KO-
I7la ¥ YIpaBJSIIOIIee U BO3MYILIAIOLIEE BO3IEUCTBUS UMEIOT CTyIEeHYaryio (op-
My. B kauecTBe 00BEKTa McCCIEAOBaHUS NMPUMEM OJHOKOHTYPHYIO CHCTEMY C
BO3MYILAIOIIUM BO3JCUCTBHEM f, MPUIOKEHHBIM B CepeiMHE MPSIMOTO KaHalia
cuctemsl (puc. 3.15).

f
g % y
— T(s) —> W2(s)

Wa(s)

L

F 3

Puc. 3.15. OnHOKOHTYpHAsI cUcTeMa C BO3MYIIAIOIINM BO3/IEHCTBUEM

PaccmoTpum Tpu BapuaHTa COCTaBa 3BEHBEB B MPSIMOM KaHAJIE CUCTEMBI:
1) Bce 3BeHbS SIBISIOTCS TO3UIIMOHHBIMU;

2) B coctae W (S) ecTb X0Tsi GbI OJHO HHTEIPUPYIOLLEE 3BCHO;
3) B coctaBe Wy (S) ectb X0Tsi GbI OHO HHTETPUPYIOLIEE 3BEHO.
IMosuimoHHbIME GyzieM Ha3bIBAaTh 3BeHbs Gesunepuuonnbie W (s)=k; nm

JTUHAMUYECKUE 3BEHbs 1-TO U 2-TO MOpsKa, CBOOOJHBIEC WICHBI MEPEIaTOYHBIX
GbyHKIIUNA KOTOPBIX paBHbBI equHuUIEe. Hanpumep,

(s e K W (s)— ke (T () ki
W'(S)_Tis+1’w'(s) i-(Tis +2). Wi(s) Ti%s? + 2eTys +1
1 ux komOunauun W, (S):ki?}iT(ss))’

rie Q; (S) u P; (S) moaMHOMBI CO CBOOOTHBIMU YJICHAMU PABHBIMHU CIIUHHUIIC.

[lepBbIil BapraHT — BCE 3BEHBS MPSIMOTO KaHayia Mmo3ulinoHHbie. Kanam 06-
pPaTHOM CBS3M BO BCEX Cydyasx OyJeT MPUHUMATHCS TMO3UITMOHHBIM. Tora me-
penatouHas QyHKIHS pa30OMKHYTOU CHCTEMBbI
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W(s)= 1Tk Q'((S)) W' (s),
i=1 |

rae K=Ky -Ky-...-k, — obumit koaddunreHt nepenaun pasoMKHYTOH CUCTEMBI;
W'(s) — pauronanbHas 1po6b npu S =0 paBHas eIMHHIL.

[Iycth Ha cucTeMy MACWCTBYET TOJBKO VIPABISIONIEE BO3ICHCTBHEC
g (t) =dp (t) -1('[) crynenyaroii ¢opmbl. Torma ycTraHOBHUBIIEECS 3HauYCHUE
OMIMOKH OT YIPABJISIONMIETO BO3ICHCTBHS

eg(t) = lim sE,(s),

t—o0 s>
1 1
rae Eq(s) = G(s)Pg(s) = & - & -
s 1+W(s) s 1+kW(s)
OKOHYaTENIBHO
eq(1)= lim 550 L _ 8
gy S0 S 1+kW(s) Cl+k

Takum obOpa3om, cucTeMa, COCTOSIIAs TOJBKO W3 MO3UIIMOHHBIX 3BEHBEB,
OTpabaThIBaET CTYNEHYATOE YIPABISIONIEEe BO3ACHCTBUE C OIIMOKOMN, MPOMOp-
LIMOHAJIBHOM BEIMYMHE BO3AEUCTBUSA Jj U 0OpPAaTHO MPONOPLUOHAIBHOM (C TOY-
HOCTBIO JI0 €IMHUIILI) 001eMy Kod(pPUIIUEHTY nepeayl pa3oMKHYTOM CHCTe-
MBL.

[lycTh Teneps Ha cuUCTEMY JIEWCTBYET BO3MYULIEHUE CTYNEHYaTOH (HOpMbI
f (t) = fp (t) -1(t). VYcraHoBuBIIIeeCs 3HaUCHHUE OIMTUOKH OT BO3MYIIICHUS

ef(t)— lim sEf(s)

t—0 s—0

e B (5)=F(s) @y (s), E¢ (5)=-2,

Wz(S)Ws(S) koW, (S)k3W3(S)
1+kW'(s)  1+KW (s)

@t (s5)=
[Toncrasiisist B 00111y10 (OpMYITy, TOTYIUM:

fo koW (s)k3W3(s) s koks
S—)OS 1+kW(s) l+k

er(t)=

t—o0

Takum 00pa3om, cucTeMa, COCTOSIIAs TOJBKO M3 TO3WUIIMOHHBIX 3BCHBEB,
UMEeT OIMMOKH, OTpe/IesieMbIe KaK YIPABIISIONIAM, TaK ¥ BO3MYIIAFOIINM BO3-
nericteueM. O0e cocTaBJsIoNMe OMMOKH 00paTHO MPOMOPIUOHATBHBI (C TOYHO-
CTBIO JI0 €AMHHUIIBI) 00IIEeMY KO3 GHUIIMEHTY Tepeadn pa30MKHYTOH CUCTEMBI K.
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Yem Oosbirie K, TeM MeHbIIe OomMOKU. YBenuuenue K B paccMaTpuBaeMoi
CHUCTEME BO3MOKHO TOJIBKO JO ONMPEAECIEHHOTO 3HAYEHUS, HAa3bIBAEMOIO KPUTH-
YECKUM, MPU KOTOPOM CHUCTEeMa OyJIeT HaXOJUThCS Ha TPAHUIE YCTOWYHMBOCTHU

(puc. 3.16).
_,|i|_-, r

0 T

f

|

o@ | |
o

|

I

J-180°

Puc. 3.16. Cucrema Ha rpaHuIe yCTOMYMBOCTH
BTODOﬁ BapHadHT.: B COCTaB€ 3BCHLCB, OIIMCBIBACMBIX nepenaTquoﬁ
dyukuueit W,(S), ecTh HHTETpUPYIOIIEe 3BEHO

_ ko Qa(s)
W2(5)= s Py(s)’

rae Or(s) =P (s)=1.
s—0 s—0
[lepenatounas GyHKIHS pa30OMKHYTOW CHUCTEMBbI

W (s) = 5 W' (s).

1
rae W (s)=1.
s—0
[Tepenarounas GyHKIHS 3aMKHYTOW CHCTEMBI 10 OIITMOKE OT YITPaBIISIOIIC-

'O BO3JIEUCTBUA
1 1 S

1+ W(s) :1+%W'(s) :S+kW'(S)‘

(pg(s):

[Tepenatounas GyHKIMS 3aMKHYTON CUCTEMBI 110 OITMOKE OT BO3MYIIAI0-
IIETO BO3JAEUCTBUS

ky Or(5) ks (s) ' '
W W3(s) _ s Py(s) _ kaksWa (s)W3(s)
1+ W(s) L+ W (s) s+ kW (s)

Dr(s)
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Ommbka ycTaHOBUBIIIETOCS PEKUMA T10 YIPABIISAIONIEMY BO3/IEHCTBHUIO

eq(t)=lm sEq(s)=lim s50— =0
o 70 520 S s+ kW (s)

Ommbka YCTAaHOBHUBHICTOCA PCKHUMA 110 BOSMYITAOIICMY BOBI[CI\(JICTBI/II-O

¢ (1) = im SE (s)= lim 0 kW (Vs (s) _ ks _fo
! s—0 J s—>0 S 1+kW(s) 1+k kl

t—oo

Taxum o6pa3om, cuctema, UMEIOLIas B IPSMOM KaHaJle HHTETpUPYIOLIee
3BEHO, PACIOJIOKEHHOE TOCJIE TOUKH IIPHIIOKEHUS BO3MYIIIAKOLIETO BO3EHCT-
B, 00€CIIEUNBAET OTCYTCTBHE OMIMOKH OT CTYIIEHUYATOTO YIPABIISIONIETO BO3-
JEUCTBUA U UMEET MOCTOSHHYIO OIIMOKY, 00YCIOBJIEHHYIO CTYIIEHYaThIM BO3-
MYLIQIOIIHAM BO3JIECHCTBUEM.

TpeTuil BapuWaHT: MHTEIPUPYIOLIEE 3BEHO BKIIOYEHO B TPYIIIY 3BEHBEB,

O (s)
A(s)’

. . k
OMKCHIBAEMBIX TIEPENaTOYHOU (PYyHKITUEH Wl(s), T. €. Wi(s )— 1 rae

Q1(s)=As)=1.
s—>0 550
Torna nepenarouynast GyHKIUS PA3OMKHYTON CUCTEMBbI

W(s) = %W'(s).

[lepenaTrouynast GyHKIMS 3aMKHYTOM CUCTEMBI IO OLTMOKE OT yIIPaBJIsito-
IIETO BO3AEHUCTBUS

1 1 S
(Dg (8)= = =

1+ W(s) _1+%W'(s) _S+kW'(S)‘

[lepenatounas pyHKLIMS 3aMKHYTON CUCTEMBI 110 OLIMOKE OT BO3MYILAI0-
IIETO BO3AEHUCTBUS

_WaWs(s) _kaWa (ks (s) _ skalVa()ksI3(s)
1+ kW (s) 1+%W'(s) s+ kW (s)

Ommbka yCTaHOBUBIIETOCS PEKHUMA TI0 YIPABISIOMIEMY BO3JICUCTBUIO CTY-
MeH4YaTou (POpPMBI

eq()=1lm s50 7 o

(yoo S0 S s+ kW (s)
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Omubka ycTaHOBUBIIETOCS PEKHUMA 110 BO3MYIIAIOIIEMY BO3/ICUCTBUIO
CTYINEeHYaTON (OpMBbI

e/ (1) = lim 5T K2R o

Do SO0 S s kW (s)

Taxum oOpazom, cuctema, copeprkaliasi HHTETPUPYIOIIEE 3BEHO B MPSIMOM
KaHaJje, pacroj0KEHHOE O TOYKHU IMPUJIOKEHUS BO3MYILAOLIETO BO3ACHCTBHS,
HE MMEET OIMOOK KaK OT YIPABJISAIOILEIO, TaK U OT BO3MYILAOLIETO BO3JECHCT-
BHI CTyneHYaTON (DOPMBI.

Cucrema, UMerOLasi MHTETPUPYIOLIEE 3BEHO B MPSMOM KaHaJle, Ha3bIBAETCs
aCTaTU4YECKOU cucTeMoM 1-ro nmopsiaka.

Acratnyeckas cucrteMa 1-ro mopsiika BOCIPOU3BOAUT CTYNIEHYATOE YIpaB-
JSIOIEe BO3JEUCTBHE 0€3 OIIMOKM B YCTAHOBHMBIIEMCS PEKUME U TOJHOCTBIO
MOJABJISIET CTYNEHYATOE BO3MYILAIOIIEE BO3JIEHCTBHUE, €CIIM OHO JIEUCTBYET B
OpsIMOM KaHaJjle 10CJie HMHTETPUPYIOLIETO 3BEHA.

Bor nouemy uHTerpaibHbI WIM MPONOPLHUOHAIBHO-UHTETPAJIbHBIE pEry-
JSITOPBI CTABATCS BCEr/la BHaYalle IPSIMOT0 KaHajla cpasy MocJie y3ja CpaBHEHUS.

3.2.1.2. YcTaHoOBUBIIHECS OIIMOKM NPHU 0TPAOOTKe
MeIJIEHHO MEeHAIONIUXCHA BHEITHUX BO3AecTBUI

HOI[ MCOJICHHO MCHAIOIIMMHCA BHCITHHUMMH BOSI[@IZCTBHHMH 6yI[CM ITIOHH-
MaTb CUT'HAJIbI, OIIMCBIBACMBIC CTCIICHHBIMU BPCMCHHBIMH psJaMU

g(t) = (go + ort + got? +...+ gith) -1¢t).

B a1y rpynmy Bo3a€MCTBUI BXOAAT MOYTO BCE TUIIOBBIE BO3JICUCTBHUS, IPU-
HaThie B TAY 1715 aHanu3a U CHHTE3a CUCTEM ylpaBiieHus. B wacTHocTH, mepBOE
ciaraemoe ¢ (t) =do -1(t) — CTYNEHYATO€ BO3ICHCTBUE; BTOPOE CJIaraemoe

g(t)=9gg-t-1(t) — ckopocTHOE (TMHEHHOE) BO3ACHCTBHE; TPEThE CIAragMoe

g(t)=9g 12 -1(t) — mapaGonmdeckoe (KBaAPaTHIHOE) BO3NCHCTBHE.

Jlnst ycTaHOBUBIIIEHCS OMIMOKHA BOCTIPOU3BEICHHSI MEJIEHHO MEHSFOIIUXCS
BO3/ICUCTBUI OBLIO MOJYYSHO CHENHATbHOE BBIpOKEHHE, UMEIOIIee /sl Herpe-
PBIBHBIX CUCTEM CIICAYIOLIYIO (POopMy

dg() 1, d%e0), - 1d'g®)

e, (t)=Cphe(t)+C ,
g() Og() 1 2 dt2 li! g

t—oo

5

rae Cp, Gy, Co, ..., Cj — K03hdHLIMEHTHl OUIMOOK, ONPENENIeMbIE MO BbIPAXKE-
HUIO
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d' (De (s)
ds’

i

s=0

Tax Cy = [@eg (S)]S:O’

dCDe (s)
- ds

} , e Dgy (S) — IepenaToyHas
s=0

(YHKIIMS 3aMKHYTON CHCTEMBI IO OITMOKE OT BO3ACUCTBUSA ( (t) Ha npaxrtuke

3Ha4YeHUs1 K0d(humeHToB ommoOoK st | > 2 ompenenstoT o ¢popmyram, Ipu-
BeZiIcHHBIM B cripaBouHuke. s 1=0,1, 2 ko3 HUIIMEHTH MOXHO OTPEACIISTh

HETOCPEACTBEHHO I10 BHIIIEIIPUBEACHHBIM (hOpPMYJIaM.

Hcnonb3ys BeIpakeHHE 7151 yCTAHOBUBIIIECHCS OMMOKH Yyepe3 KodphuiiueH-
ThI OITMOOK, HaiieM 3HaUeHHEe KOA((PUITMEHTOB OMMOOK MPH OTPAOOTKE HEMpe-
PBIBHOM CUCTEMOW THIOBBIX BO3JCHUCTBUH: ( (t) =dJp (t) ;g (t) =(gp-t;

g(t)::go-tz.

1. Cucrema cratudeckas (mopsiiok acratusma v =0), BO3IelCTBUE CTY-
nenvaroe g(t)=gg-1(t).
YcranoBuBIIAsCS OMMOKA P OTPAOOTKE CTYMIEHYATOTO BO3ICHCTBUS
eg (1) =Copg(1)=Cpgo-

t—oo

3aMeTHM, 4TO JPYTUE CllaraeMbl€ BBIPAKEHUS OIMIUOKH, COACpIKAIIUE TIPO-

dig(f) _

W3BOJHBIE OT g(t) 10 BpPEMEHHU OYyIyT paBHbI HYJIO, TaK Kak l =0 npu
dt

1>0.
Koaddunment ommbdku

| 1

C :@ = — :—’

0 [eg(s)]szo L+kW ()| _, 1+F
§=

. 1
rak kak W'(s) =1 u 3nauenue ycranoBuBIIetics OMmMOKH e, (1) = 13 %o
+

t—oo
Ortcropna cienyer, 4To:

2. CucreMa acratudeckas 1-ro mopsika (v =1).
Boszeiicteue nuHeitsoe g(t)=gg-t-1(t).
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[lepenatounast pyHKIMS 3aMKHYTOM CUCTEMBI 10 OLIMOKE

1 S
D, = — = —.
2 () 1+%W(s) s+ kW (s)

YcTaHoBuBIIAsACS OMMOKA MPU 0OTPAOOTKE JTMHEWHOTO BO3/ICHCTBUSA
dg(?)
eg()=Cogt) +C1 ™ >

{—o0

S
“0° [(peg (S)]SZO i l:m:lszo -

=Cpgot + C18o-

{%} {i;} _L
ds  Ji_g [OSs+kwW (s)|_, K
1
Ci=—.
17k
YcTaHOBHUBIIIESCS 3HAYCHUE OLIMOKU eg (f) = 50 Ommbka npu oTpaboTKe
t—>00

JMHEMHOrO BHEIIHEro BO3JIEHCTBUS HA3bIBAETCS CKOPOCTHOW omuOkoi. OHa
MPOMOPIMOHAIBHA CKOPOCTU HM3MEHEHUs BO3JEHCTBUA Jp M OOpaTHO MHpOIOp-
MOHaNbHA 001EMYy KO3(D(PUIIMEHTY YCUIIEHUSI PA30MKHYTOM acTaTUYECKON CHC-
TeMbI 1-T0 MOpsiiKa, KOTOPbIA HA3bIBAETCS TOOPOTHOCTHIO CHCTEMBI MO CKOPO-
CTH.

3. Cucrema actatuyeckas 2-ro nopsaka (v =2).

Boszeiictere mapabommaeckoe g(t)=gg 12 1(t).
[lepenatounas GyHKIMS 3aMKHYTON CUCTEMBI 110 OIIHOKE

1 s2

1+/ W(s) s2+ kW (s)

eg (s)=

VY cranoBuBIIAsACS OMIMOKA TP OTPAOOTKE MapabOINIECKOTO BO3ICHCTBHS:

dg(t) 1. d’g(®
dt 2 2 dt?

eg () =Coa(t) +C1— = =Coot” +20otC; +C0p,

t—o0

rae Ko3(QPUIUeHThl OIIMOOK paBHBbI:
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52

CO = [@eg (S)]SZO = m ; = 0,
S=

Cl_{d@eg(s)} B i 52 0
ds =0 ds 52 +kW'(S) 0 ’

Tl ds? Tl ds? kW (s) | K
s=0 s=0
1
C,==.
27k
g0

VYcraHoBuBIIEeCsS 3HAYEHUE OITUOKU eqg(t)===.
t—>00
Ommbka npu oTpaboTke MapabOJINYECKOro BHEIIHETO BO3ACHCTBUS Ha3bl-
BabeTcs omuMOKOH 1o yckopeHuto. OHa MponopIMOHaAIbHA YCKOPEHUIO BHEIIIHE-
ro BO3ACUCTBUA (g M OOPATHO NMPONOPLHOHAIBHA 00IEMy KOA(POHUIMEHTY Ie-
peaadn pa3sOMKHYTON acTaTHYECKOW CHCTEMBI 2-TO MOPSIKa, KOTOPBIA Ha3bIBa-
€TCsl TOOPOTHOCTBIO CUCTEMBI 110 YCKOPEHHUIO.

3.2.1.3. AHa/1u3 BJAMSIHUS NOPSIAKA acTATU3MA
CHCTEMbI HA YCTAHOBHUBIINECH OIIUOKHU
NPH 0TPA0OTKE TUIOBBIX CTENEHHBIX BO31CHCTBUIA

O06o0uas MpUBENEHHBIA aHalu3 YCTAHOBHUBIIMXCA OLIMOOK B CHUCTEMax
Pa3IMYHOrO MOPSAJIKA acTaTh3Ma IpH OTPabOTKE CTYNMEHYAThIX U MEJICHHO Me-
HSIOIIMXCS BO3ACHCTBUM, MOIYYUM OOIIME BBIPAKEHUS! YCTAHOBUBLIMXCS OILIH-
00K B ()yHKLIMU MOPSIIKA aCTaTU3Ma U CTENIEHU BHEIIHETO BO3/ICUCTBUS.

[Tycte ympaBnsroniee Bo3aeicTBre umeer popmy g(¢) = g—o'tm , 1 U300pa-
m!

&0

m+1
S

N300paxeHne ommOKY pU TAKOM BO3ACHCTBUU OyIeT

xeHus no Jlammacy G(s) = , m=0, 1, 2,...

g 1
Eg(5)=G(5)Dpq (5) = Smg W)
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YCTaHOBI/IBIHCCCH 3HAUCHUC OI_HI/I6KI/I
) ) 1
ey (t)= limsE,(s)= lim .
o(t) s—0 () s—>0go sm[1+W(s)]

t—w

[TycTs mepenaTrounasi GyHKITUS PA30MKHYTOW CHCTEMBI UMEET BHU]T

k '
W(s)=—W (s),
SV
rae K — oOmmii K03 GUIUEHT IepeIay CUCTEMBI; V - OPAIOK acTaTH3Ma CHC-

TCMBI, W’(S) — IIepcaaTovYHasd (I)YHKI_H/IH, HC COoACpIKalasa HYJICBBIX ITOJIOCOB.
TOFI[a YCTAaHOBHUBIICCCA 3HAUCHUC OHII/I6KH
v—Mm
. s
eg (t)=lim Vgo—_
AR EOTIN

OTcroga BUIHO, YTO €y (t) =0 TOJIBKO MpH V> M, T. €. IOPSAJOK acTaTU3Ma
t—owo
CUCTEMBI V JOJHKEH OBITH OOIIE CTEIIEHU M BO3AEUCTBHS.
I[Ipy v=m ycraHOBHUBIIAsCA OIMMOKAa HMEET TMOCTOSHHYI BEIUYUHY

e(t) ] , YTO 03HAYAET, YTO CHUCTEMBI C aCTaTU3MOM 1-TO U 2-ro nopsiaka Oy-
t—w

IyT UMETh MOCTOSHHBIC OIMMOKH MpU OTPAOOTKE JTUHEHWHOTO U KBAAPATHYHOTO
BO3JICHCTBUM COOTBETCTBEHHO.

Ipu v=m=0 e(t) = 90 310 ommbka crcremsi ¢ v=0 IpH OTPabOTKE
e L1TK

CTYTIEHYATOTO BO3/ICHCTBHUS.

W, HakoHery, mpu v<m e(t) =co. Tak cucrema, He NMEIOLIAs HHTETPATO-

t—o0

pOB, OyJIeT UMETh OECKOHEYHYIO OIMOKY YXKe MPU BO3ACUCTBUU (J (t) =0p-t, T
e. mpu m=1.

B Tabmn. 3.2 cBeeHbl YCTAaHOBUBIIUECS ONIMOKN HETPEPBHIBHBIX CUCTEM pa3-
JUYHOTO TIOPSI/IKA acTaTh3Ma MpU OTpabOTKE BHEITHUX BO3JCUCTBHUI CTEIIEHHOMN

(bopMBI.
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Taomnumna 3.2

[Topsimok Bueninee Bo3aencTeue
acTaTh3Ma Crynenyaroe JInueiinoe KBanpatuunoe
CHCTEMBI g(t)=go-1(t) g(t)=9gg-t-1(t) g(t):go-tz-l(t)
e(t) e(t) e(t)
v=0 t—>o | _ 80 too | too | _
e(n) 1+ k e(n) e(n)
n—»>o0 n—»o0 n—>0
e(t) | e(t) e(t) |
v=1 t—o | _ 0 t—>o | _ 80 t—>oo | _
e(n) e(n) k e(n)
n—>0 n—>0 Nn—>0
e(t) e(t) e(t)
v=2 too | _ t—o | _ t—o0
e(n) e(n) e(n)
n—»>o0 n—»>o0 n—>0

Takum 00pazom,

1) Cucrema ¢ acratuzamom v =0 (crarnueckas cucTeMa) HE CIOCOOHA
BOCITPOM3BOANTH JTUHEHHBIC W KBaJIPATUYHBIC CUTHAJBI U IOSTOMY HE HCIIOJb-
3YIOTCSI KaK CIIEAIIas WIH MPOTPAMMHOTO yIIPaBIICHHUS,
2) Cuctema ¢ actatuzmom 1-ro nopsiaka (v =1) cnocoOHa paboTaTh Kak

CILY;

3) Cuctema c actatu3MoM 2-ro mopsigka (v =2) obOecreuyuBaeT TOYHOE

BOCIIPOM3BEACHUE CTYNCHYATHIX U JTMHEHHBIX CUTHAJIOB U MOKET OTpabdaThIBATh
KBaJpaTUYHBIC BO3JACHCTBUS C TTOCTOSTHHOM OIIMOKOM; MOXKET padoTaTh B PEXKH-
M€ CJICKECHUS.

3HaUYCHUE YCTAaHOBUBIICKHCS OIMMOKH OT BO3MYIIAIOIIETO BO3ACHCTBHS CTe-
NeHHOW (hOPMBI 3aBUCUT HE TOJIBKO OT COOTHOIIICHHMS MOPSIKA acTaTU3Ma CHCTe-
MbI U CTENIEHH BO3JICUCTBUS, HO U OT PACHPEAECICHUS] MHTETPUPYIOIINX 3BEHHEB
MEXK]ly PEryJaTOpoM U OOBEKTOM YIIPABIICHHUS, T. €. 3aBUCUT OT TOYKHU MPHUIIO-
YKEHUSI BO3MYIIAIOIIETO BO3CHCTBUS B CUCTEME.

[Iycth perynstop COmEp:KUT Ip, a o0beKkT ympaieHus |, MHTErpaTtopos.

Torna mopsimok acTaTU3Ma CUCTEMBI V = IIO +1y

[I® 3amMKkHYTOMH CHCTEMBl MO OIIMOKE OT BO3MYIIAIOIIETO BO3JACHCTBUS

(puc. 3.15)
k/ Wy (s

1+Sv (S)
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k
rae W (s)=Wy(s) - Wy(s)-Ws(s); Wiy(s)= TT)W{(S) . Wa(s)= S—WZ’ (s),
S (o]

Ws(s)= k3Wé(S); Wi(s), W5(s), W;;(S) — nepenaTtouHbie GyHKIMH, HE UMEIO-

[IM€ HYJIEBBIX MOJIOCOB.
Torma

kos" oW, (s) koS W, (s)
sV + kW'(s) sV + kW'(s)'

Dyt (S) =

VcranoBuBIIeecs 3HAUYEHHUE OIMIHOKH OT BO3MYHIAIOIICTO BOSﬂCﬁCTBHH CTC-

IICHHOW ()OPMBI f(t):%tk’ F(s)= fo

Sk+1'
. k"
e (t)= lim sE¢ (5) = lim s—10_X0° Wo(5) _ fokg tim S Wals).
R s—0 st gV L kw (s) s—>0sY + kW (S)

N3 ony4eHHOro BbIpaXeHus CIeayeT, YTo:

1. ycraHoBUBIIIEeCs] 3HAYECHUE OUIMOKM OT BO3MYIIAIOUIETO BO3/IEHCTBHUS
ONPENEISAECTCS COOTHOLIEHUEM YMCJIAa UHTETPaTOpPOB B PErYJSATOPE U CTEIICHU
BO3/ICHCTBUSI U HE 3aBUCUT OT YUCJIA UHTETPATOPOB OOBEKTA YIIPABJICHHUS;

2. OTCYTCTBUE UHTETPATOPOB B PETYIISITOPE BHI3BIBAET OIIUOKY:

ef (oo):]]jiklg nmpu k=0, v=0;

ef (oo):li—s npu k=0, v#0;

es (o) =00 mpu k >1.

3. HaTU4Ke UHTETPATOPOB B PETYJIATOPE BHI3BIBAET OIIUOKY:

ef(oo):O pH Ip>k;

ef(oo):li—s npu | =k;

e (00)=c0 mpu Iy <k.

Takum 00pa3om, pa3MeIIeHuss UHTETPATOPOB B PETYIATOPE 10 TOYKH MPHU-
JIO’)KEHUSI BO3MYIIICHUS TO3BOJSIET CBECTH K HYJIIO OIMMOKH YCTaHOBHMBIIIETOCS
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pexruMa, BBIOMpasi YMCIIO MHTETPATOPOB OOJIbIIIE CTEIEHU BO3MYIIAIOIIETO BO3-
JICHCTBUS.

3.2.2. Ouenka nokasareJeil kadecrsa padorsl CAY

JIns OLlEHKM KadecTBa MEPEXOIHBIX MPOILIECCOB B CUCTEMAax aBTOMaTHYe-
CKOT'O YIPABJICHHSI UCTIONB3YIOTCS PAa3IMUHbIC TIOKA3aTeH, KOTOPHIE MOTYT OBIThH
Mopa3/IeJICHbl Ha YEThIpe TPYMIbL: 1) moKa3aTeau nepexoJHON XapaKTEPUCTUKHI
3aMKHYTOW CUCTEMBI; 2) 4aCTOTHBIE MMOKAa3aTeJIM KaueCcTBa; 3) KOPHEBBIE MTOKa3a-
Tenu; 4) HHTErpaJIbHBIC OLIEHKU KaueCTBA MEPEXO/IHBIX MTPOLIECCOB.

3.2.2.1. Iloka3aTe/in Ka4ecTBA MO MEPEXOTHON XapaKTePUCTUKE

[Tokxazarenu mepexoAHON XapaKTEPUCTHKH HEMOCPEICTBEHHO CBSI3aHBI C
TpeOOBaHUSIMHU aBTOMATHU3UPYEMBIX MPOLIECCOB U MO3TOMY Ha3bIBAOTCS MPSMBbI-
MU ToKazareiasiMu KadectBa. K HUM oTHOCSTCS

4 KT 105k, (puc. 3.17): MakcMMajbHOE 3HAYEHHE TIEPEXOJI-
/f———— Hoii XAPAKTEPUCTHKH Nmax, BPEMS JTOCTHKCHHS
MaKCUMaJbHOTO 3HAYCHUS tmay, MEpeperyInpoBa-

N

Frmes fry Prnax — y
v . Hue 6 =———>-100%; ycTanoBuBlIeecs 3Ha-
0 tn F Yy
Puc. 3.17. Tlepexommas YeHHME; BpEMs IIEPBOTO COIVIACOBaHMA (BpeMs
XapaKTepHCTHKA noabeMa) ty; Bpems peryavpoBaHHs tp — Bpemd

OT Hayaja TEpPeXO]HOH XapaKTEPUCTHKH 1O MOMEHTa ee¢ BXOJa B 30HY
(0.95-1.05)-hy,, mocse koToporo ona octaetcs B 3Toii 30He. Bermuunna 30HbI

MoskeT ObITh uHOH, Hanpumep +0.01 hy, HO B 3TOM citydyae ee BelMUYMHA CIICIIH-
aJbHO OTOBAPUBAETCSI.

Takue ke MoKazaTeln ONMPENENSAIOTCS MO IEPEXOAHOM XapaKTEPHCTHKE
JTVCKPETHO HEMpephIBHOW MK quckpetHord CAY. PazHunia COCTOUT JUILb B TOM,
ONPENECTICHUE MPOUCXOINUT MO JUCKPETHBIM 3HAYCHUSIM MEPEXOTHON XapaKTEpH-
ctuku. [Ipyn 1ocTaTOYHO MajoM MEPUOAE KBAHTOBAHUS CBOWMCTBA JUCKPETHO HeE-
IPEPHIBHON CHUCTEMbl OJU3KHM K CBOWMCTBAM HEMPEPHIBHOW CUCTEMBI, TOITOMY
JUCKPETHBIC 3HAYCHUS TIEPEXOTHON XapaKTEPUCTUKH C OOJIBIIION J0JIeH YBEpEH-
HOCTH MOTYT OBITh COSTUHEHBI B TUIABHYIO KPUBYIO.

B psge ciiywaeB monydeHuE NEPEXONHOM XapPaKTEPUCTUKU SKCIIEPUMEH-
TaJIbHBIM ITYTE€M 3aTPYJAHUTEIIBHO KaK JJIsl HEIPEPBIBHOW, TaK U JJI1 JUCKPETHOM
cucteMbl. [I03TOMY BMECTO MpSIMBIX IMOKA3aTENEW KAadyeCTBA MCIIOJB3YIOT KOC-
BEHHBIE MOKA3aTEJIM KA4eCTBA MEPEXOIHBIX MPOLIECCOB: YACTOTHBIE U KOPHEBBIE.
YacToTHBIC MOKA3aTEIM KAYeCTBA MOTYT OBITh MOJYyYEHBI KaK IKCIIEPUMEHTAIb-
HBIM, TaK U TEOPETUYECKUM ITyTeM. OHU MOAPA3AETAIOTCS HA ABE TPYIIIbL:
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1) mokazarenu, onpeaensiembie o JIADOUX pa3oMKHYTON CHUCTEMBI (pHC.

3.18): vacToTa cpesa ,, 3amac yc-
ToM4YMBOCTH 10 (pase A u 3amac yc-
TOWYMBOCTHU 10 MOAyJt0 AL; Hanbo-
nee nHGOPMATHBHBI TIEPBHIEC JIBA TI0-
Ka3aTess: 4acToTa cpe3a o, CIYKUT

Ji'_'..il.

&

P

OIICHKOW OBICTPOJCUCTBUS 3aMKHY-
TOH CHCTEMBI, 3amac 1o ¢aze A@
TECHO CBS3aH CO CTENEHBIO KoJieOa-
TEJIIbHOCTA NEPEXOAHOM XapaKTepH-
CTHUKH;

]
L

0]

2) mokaszarenu, OmpeiessieMble
0 aMIUIMTYJHO-YaCTOTHOW Xapak-

N~

TEPUCTUKE  3aMKHYTOW  CHCTEMBI Prc. 3.18. Onpenenenne mokazaTeneH mo
pazomeryTOH JJADUX

(puc. 3.19).
[TokazaTens KoJeOATEILHOCTH

M = Asmax
A(0)

CBiA3aH TaKXC CO CTCIICHBIO

K0J1€0aTeNbHOCTH 3aMKHYTOH CHUCTEMBI. 1, (0) /

Cuurarorcs yJI0BIECTBOPUTEIBHBIMU 3HA-
YyeHHsl IIOKa3aTelIsl KoJICOATSIbHOCTH B
npenenax 1.1<M <1.5.

Pe3onancHass gacTtoTra CHCTEMBI ®p Xa-

paKTEpHU3yeT 4YacToTy KoJieOaHWH, IIpo-
MyCKaeMyl0 CHCTEeMON C HauOOJIbIITUM
YCUJICHUEM.

[Tonoca npomyckanus o, — 4acTora,

0.708

4

A3 max

|

["_‘lp

O

0]

Puc_3.19 Ompegenenne nokazateneH

oo ATX

Ha KOTOpoil A, (®) cHikaercs Ha 3 ab ot HadanbHOro 3HaueHus A, (0).

3.2.2.2. Tloka3aTesid Ka4eCTBA N0 KOPHEBOI IJI0OCKOCTH

KopHeBble OLIEHKM KadecTBa IMEpPExXo-
HBIX IIPOLECCOB 3aMKHYTOM HENPEPHIBHOM
CUCTEMBI BKIIIOUAET B CEOsl ClIeyIOLUE MOKa-
3arenu (puc. 3.20):

1) mokaszarens OblcTponelcTBUs (CTe-
NEeHb YCTOWYMBOCTH) 1 — ONpEeleNsieTcs Kak
PacCTOSIHHE OT MHHUMOW OCH JI0 OJMKaWIInx
BEIIECTBEHHOTO WJIM Iapbl CONPSIKEHHBIX
KOMILJIEKCHBIX KOPHEW;

2) x0ae0aTeIbHOCTh §:|tg(p|max ompe-

Tm s #
*\@
I
I
—+ : 0 __Ii""
e
M
c
« "

Pac. 3.20. Kopueras mnockocTs
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JEJSIeTCsl KaK MAaKCUMaJIbHBIA YToJl HAaKJIOHA K BEIIECTBEHHOW OCH Jy4a, MpOBe-
JIEHHOTO M3 HavaJla KOOPAMHAT K OJTHOMY U3 Mapbl COMPSHKEHHBIX KOMIUIEKCHBIX
KOpHEH; yBeaudeHue & MpsMo MPOMOPIMOHAIBHO CBSI3aHO C MEPEPEryIUpoBa-
HHUEM G M YHCJIOM KOJICOAHNH 33 BPEMsl PEryTMpoBaHus ty ;

3) mokaszaTenb 3aTyXaHus € SBISCTCA XapaKTEPUCTUKON CTENEHU 3aTyXaHUs
NEPEXOAHBIX TPOIIECCOB U OMPEICIACTCS KaK PACCTOSHHE OT MHUMOM OCH JI0
CaMbIX JaJIbHUX BEIISCTBEHHOT'O WM IMaphl COMPSHKCHHBIX KOMIUICKCHBIX KOP-
HEW.

3.2.2.3. IHTerpajibHble NOKA3aTeJIM KayecTBa

HNHTerpanbHble OLIEHKM KayecTBa IIMPOKO HUCIOJIB3YIOTCS NJI1 aHaIu3a U
CHUHTE3a HEMPEPBIBHBIX CHUCTEM. Pa3inuyaroT mpoCTyr0 MHTETPAIbHYIO U YIIyd-
HIEHHYIO HUHTETPAJIbHYIO OLICHKH.

Ilpocmasa ouenxa (MKO) onpenensiercs Kaxk

IO:TeZ(t)dt,
0

rac e(t) — ommnbOKa IICPCXOJHOIO IIpoLCcCCa. yHyLIIHeHHBIC OOCHKH OIIPCHCIIA-
I0TCA CICAYIOIINM 06p2130M2

I = [e?(t)dt+a [e*(t)dt,
0 0

Yamie vCnoJib3yOTCs YIYUIlIEHHBIE OIEHKH, TaK KaK MUHHUMYMY MPOCTOMN
HKO cooTBeTcTBYET €J1a00 3aTyXarOIIMI EPEXOIHbIN MTpoliecC.

3.2.2.4. CBsI3b YACTOTHBIX MOKAa3aTeJ el ¢ OCHOBHBIMH
NPSAMBIMH NOKA3aTeJIsIMU KauyecTBa

VY cTaHOBUTH CBSI3b MEXKy YaCTOTHBIMU MOKa3aTesiMu (puc. 3.18) Ocp » AL
, A, M, ®p U MPSIMBIMHU TOKa3aTE/sIMH KaueCTBa 110 MEPEXOIHON XapaKTepH-
cruke (puc. 3.17) Npax » tmax O tID B 00IIIEM ClTydyae HEBO3MOXKHO, TaK KaK Takas

CBSI3b CYIIIECTBYET B KOHKPETHOUH (hopme JjIsi KOHKPETHOW cucteMbl. Eciu pedn
UJIET O KAYECTBECHHBIX MTOKA3ATENSAX MATEMATUHYECKON MOJEIN CUCTEMBI, TO MPO-
0JIeMbl YCTaHOBJICHHSI CBSI3M MEXy Pa3IMYHBIMU IMOKA3aTEIsIMU KadyecTBa HE
cymiectByeT. Mmeronmecs: B HACTOAIIEE BpEMsI KOMITBIOTEPHBIE MPOrpaMMbl 110
MOJEIUPOBaHUIO i HenpepbIBHBIX CAY, MO3BOJISIOT OBICTPO U € IOCTATOYHOM
TOYHOCTBIO OMNPENIEIIUTh 3HAYEHHSI BCEX M3BECTHBIX MOKa3areneil kayectna. Co-
BCEM MO-APYroMy CTaBUTCS 3aJaya OLEHKM MOKAa3aTeJel KayecTBa B MPOLECCE
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aHaJIM3a U HACTPOMKM CyllecTBywouen peanbHoil CAY aBTOMaTu3zupyemMoro
00beKTa, HA KOTOPOM HEIOMYCTHUMbI IKCIEPUMEHTHI MO CHATHIO MEPEXOHBIX
XapaKTepUCTHK. B CBA3M C MIMPOKUM HCIIOJIB30BaHUEM B 3a1adax aHanusza CAY
YaCTOTHBIX XapaKTEPUCTUK, OCOOCHHO, JIOTapu(PMHUUECKUX, KOTOPHIE YaCTO MO-
I'YT OBITh MOJIYYEHBI IKCIIEPUMEHTAIBHBIM MTyTEM, 11€71eCO00pa3HO UMETh B pac-
MOPSKEHNUH CIIPABOYHBIA MATEPHUANI B BUAE HOMOTPAMM Ul OIPEAEIEHUS OC-
HOBHBIX TOKa3aTesen kauecTBa no napamerpam JIAUX pa3oMKHYTOW CHUCTEMBI.
YcranoBneHa Qopma THUNOBOW  JIOTapU(PMHUUYECKOW  XapaKTEPUCTUKH
(puc. 3.21). OHa XapakTepu3yeTCs CICAYIOMUMU TAPAMETPAMU: Mgy — YaCTOTa
. ®3 w3
cpesza JIAUX pa3oMKHYTOW CUCTEMBl;, —— U —— — OTHOCHUTEIIbHBIE TPAHULIBI
Wy Op
HIKHEYACTOTHOTO U BBICOKOYACTOTHOro ydactkoB JIAUX; p; — ycunenue (B

nb) Ha yacrore o ; —40 n1b/nek, —60 nb/nex — HaKIOHBI HA y4acTKaX () —®y) U
(o3 — ).

Jil_'. -
—20 do/mex

—40, 60 do/gex
L4

—40, —60 JTo/gex

Pucynok 3.21. Tunosas norapudmMuyeckas XxapakTepUCTHKa

Bonpocsl 17151 camonpoBepKu

1. MaiiTe onpeneneHne yCTOMYMBOCTH CUCTEMBI C (DU3UYECKON M MaTeMaTu-
YECKOU TOYEK 3PEHUS.

2. Kakoli xapakTep UMeeT NMEePEXOIHBIM MPOIeCcC B yCTOMYMBONH U HEYCTOM-

YUBOW CHCTEMAX?

ChopmynupyitiTe He0OX0IUMOE YCIOBUE YCTONUMBOCTH.

UTo Takoe KpUTEpUU yCTONUUBOCTHU?

Uro Takoe rpanuiia ycrounBoctu? Kakum o0pa3om mpu 3TOM pacronio-

KEHbl KOPHHU XapaKTEPUCTHUYECKOTO YPABHEHHSI CHUCTEMBI Ha IJIOCKOCTH

KOMIIJIEKCHOT'O TIEPEMEHHOT0?

6. Chopmynupyiite kputepuil ycroitunBocta [ ypBuiia.

7. Kakum oGpazom mo kputepuro ['ypBuila onpenenstoTcsi TPaHUIbl yCTOM-

ok~ w
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YUBOCTU?

8. Chopmymnupyiite Kputepuit yctTorunBocTy HalikBucTa.

9. Uro Takoe 3amachl ycroiuuBocTH? Kakum oOpa3oM OHM OIpEAENSIOTCS
no ADYX pazoMKHYTOH CUCTEMBI?

10.Kak onpenenstoTcst 3anackl ycronuuBocTH 1mo JIYX?

11.]laiiTe MOHSATHE KadyecTBa pabOThI CUCTEMBI yIpaBieHus. YeM OHO ompe-
nensieTcs?

12.Yto mpencTaBisioT co00M KpUTEpUN KauyecTBa?

13.Kak npou3BOIUTCS OLIEHKAa TOYHOCTU PabOTHI CUCTEM?

14.Yemy paBHBI nIepBbIe /1Ba KOdpUIIMEHTa OMHUOOK B CHUCTEMAaX C acTaTu3-
MOM IIEPBOrO ¥ BTOPOTO NOPSAIKOB?

15.0mpenenure nmokaszateau KadecTBa MEPEXOHOTO MPOIECca U YaCTOTHBIC
NOKa3aTeN!, NOSICHUTE UX (PU3UUECKUNA CMBICIL.

16.IlosicHuTe CBSI3b YACTOTHBIX IOKa3aTeseil kayecTBa pabOTHI CUCTEMBI C
YaCTOTHBIMU XaPaKTEPUCTUKAMU PA30MKHYTOU LIETIH.

17.Y1o0 npencraBisioT co00i KOpHEBBIE OIICHKU KauecTBa?

18.B yem yn00CTBO U HENOCTATKU UHTETPATIbHBIX KPUTEPUEB KadecTBa?

19.Kakum 00pa3oM 3KCHEPUMEHTAIBHBIM IIYTEM MOYKHO OIIEHUTh KayeCTBO
pabOThI CUCTEMBI?
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4, CAUHTE3 JUHEWHBIX CAY
4.1. 3apauu u kjaaccupukamus MeTo10B CHHTE3a

[Tox cunrezom CAY mnoHumaeTcsi BRIOOp CTPYKTYPBI U MapaMeTpPOB CHUCTE-
MBI YIIPaBJICHUSI, KOTOPbIE€ B COOTBETCTBUU C 3aJIaHHBIMU TEXHUYECKUMH YCIIO-
BUSIMM 00€CTIEUMBAIOT HAWJTYUIINE MTOKA3aTeIH 10 3anacy yCTOMYMBOCTH, MO Ka-
YECTBY MEPEXOJHBIX PEKUMOB U TOUHOCTU PA0OTHI B YCTAHOBUBIIUXCS PEKU-
Max.

B pesynbrate cuntesa CAY pemiaercs onHa u3 ABYX 3anay: 1) BBIOOp
CTPYKTYpHl U TapamMeTpOB CHUCTEMBI, €CIH 33/JaHO OMHCAHHME TOJBKO OOBEKTa
yhpaBlieHUs]; 2) BRIOOP KOJUYECTBA M THUIA YCHIIMTEIbHBIX U KOPPEKTUPYIOIIUX
YCTPOMCTB, €ClIM 3aj7laHbl ONMHCAHKS HE TOJHKO OOBEKTa YIPABICHUS, HO U UC-
MOJIHUTEFHOTO OpraHa CHCTEMbl YIPABICHUS, NAaTYMKOB OOPATHBIX CBsI3ed U
YCTpOUCTB cpaBHeHHUs. [lapainensHo ¢ penieHueM 3aaad, NepeYUCICHHBIX BbI-
1€, paCCMAaTPUBAIOTCS W PEIIAIOTCS BOIMPOCHI, CBSI3aHHBIE C 0OECIICUCHHEM Ha-
JEAKHOCTU CUCTEM, BECOBBIX U CTOMMOCTHBIX XapaKTEPUCTUK, SKOHOMUYHOCTU U
JIPYTUX MOJIOOHBIX orpaHudeHuil. OgHaKo, pelieHue noJo0HOro poja 3a/1ay Bbli-
XOJIUT 32 PaMKH TE€OPUU aBTOMATHUYECKOIO YIPABJICHUS W paccMaTpUBACTCS B
JIPYTUX TEXHUYECKUX TUCIUILIMHAX.

Crenyer OTMETHUTh, YTO BBINIOJHEHUE OCHOBHBIX 33/1a4 cuHTe3a CAY: BbI-
0opa CTPYKTYphI U IapaMETPOB BCE CUCTEMBI MJIM €€ YACTU — MPEICTABIISIET CO-
00l MHOTOBAPMAHTHYIO M TMOJIHOCTHIO HE()OpPMaIM30BaHHYIO IPOLELYpPY, UTO
YCIOXHSET paboTy MPOEKTUPOBIIMKA, HO B TOXKE BpeMs JIeJaeT 3Ty paborty 00-
Jilee TBOPUYECKOW U IIPUBIIEKATEIBHOM.

B Hacrosiiee Bpemsi U3BECTHO MHOKECTBO METOJIOB CUHTE3a JINHEHHBIX He-
MPEPBIBHBIX U JUCKPETHBIX CUCTEM YIIPABICHUS, KOTOPBIE PA3IUYAOTCS MO:

1) MaTemMaTUueCKOMY amnmapary OonucaHusi OOBEKTa U CUCTEM YIPABIICHHUS;

2) xputepusiMm kadectBa pabotel CAY B yCTaHOBUBIIUXCS M MEPEXOIHBIX
pexnUMax;

3) MHCTPYMEHTAJILHBIM CPEICTBaM perieHus 3anay cuateza CAY.

[To ucnosib3yeMoOMy TUIY MaTeMaTUYECKON MOJIEIU CUCTEMbI METObI CUH-
T€3a pa3leNstoTCs Ha:

1) MeTonpl, UCTIONIB3YIOIIME ONMHUCAHKME B BUJE NUPPEpEeHIINATBHBIX YpaB-
HEHUM B OOBIYHOM WJIM MaTPUYHOU QopMme;

2) MEeTOfbl, UCHOJIb3YIOIINE MPEACTABICHUE CUCTEM C MOMOIIbIO Tepena-
TOYHBIX (PYHKIUH;

3) MeTozbl, Oa3UpyIONIUECs HA YACTOTHBIX XapaKTEPUCTHUKAX AJIEMEHTOB U
CUCTEM YIIPaBIICHUSI.

[To BTOpOMY TIpU3HAKY METOABI CHUHTE3a Pa3AeIIaIOTCs, TIaBHBIM 00pa3oM,
[0 KPUTEPUSIM KAaYEeCTBa B MEPEXOAHBIX PEKHUMaX, TaK KakK OMNpe/IesICHHE mapa-
METPOB YCUJIUTENBHBIX M PETYIUPYIOIINX YCTPONUCTB, 00ECIICUYNBAIOIINX 33/IaH-
HbIE MOKAa3aTeN TOYHOCTH pabOThl B YCTAHOBUBIIUXCS PEKUMAX, MPAKTHICCKU
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HE OTJINYAETCsl B PA3JIMYHBIX METOJax CHHTe3a. Takum 00pazoM, CyIIECTBYIOT
CJIEYIOIME METObI CUHTE3a, UCIIONB3YIOLIUE Pa3INYHbIe KPUTCPUH KAYECTBA B
NEPEXOAHBIX PEKUMAX:

— Meroz B.B. ConotoBHHKOBa, B KOTOPOM KPUTEPUEM KaueCTBA SIBIISIIOTCS
ITOKA3aTEeNI NEPEXOTHOM XAPAKTEPUCTUKHU 3aMKHYTOU CKOPPEKTUPOBAHHOM CHUC-
TEMBI;

— Mmeto B.A. becekepckoro, UCIONb3yOUIUI B KAYECTBE KPUTEPHS TIOKA-
3aTesb KoJeOaTeIbHOCTH 3aMKHYTOM CKOPPEKTUPOBAHHON CUCTEMBI;

— METOJ MOJYMHEHHOIO YNPABJICHUS, B KOTOPOM HAaCTPOUKH PETYISTOPOB
paccuuThIBalOTCS MO (hopmynaM, 0OECTIEUMBAIOLIUM NPUOIMKEHUE K €AUHUIIE
aMIUIMTYJHO-4aCTOTHOW XapaKTEPUCTUKHU 110 YIIPABICHUIO 3aMKHYTOW CHHTE3HU-
POBaHHOU CUCTEMBI;

— METOJ MOJAJbHOIO YIPaBJICHUs, 0OECIEUMBAIOUINN TOCTHKEHUE 3a-
JAHHOTO pacIpenencHuss KOpHEH XapaKTEPUCTUYECKOTrO YPaBHEHUS 3aMKHYTOM
CUHTE3UPYEMOU CUCTEMBI YIIPABJICHUS.

Crnenyer 3aMeTUTh, YTO B paMKax HAcTOALIEH pabOThl HE YIIOMUHAIOTCS U
HE PAaCCMATPUBAIOTCS TAKHE METOJBI CUHTE3a, KAK METOAbI ONTUMAIIBHOTO, JKC-
TPEMAJILHOI'O ¥ aJalITUBHOIO YIIPABJICHMUs, @ TAKKE METObl CUHTE3a, HAI[pUMED,
no muaumyMy CKO (cpenne xBaapaTMUHOM OLIMOKH), UCIIOJNb3yEMble AJIs 11O-
CTPOECHHS M pacyeTa CTOXACTUYECKUX cucTeM yrpasieHus. HeoOxoaumsie cBe-
JEHUS IO TAKUM METOJIaM MOYKHO HaMTH B CIIEUalIbHBIX MOHOTpausixX U Moco-
OMSIX IO pa3IMYHBIM pa3/esiaM TEOPUU aBTOMAaTUYECKOTO YIPaBICHUS.

OTmeTHM TakXe, YTO MEPBbIE 1Ba U3 MEPEUNCICHHBIX BbIlle MeToJ0B (Co-
JIOJJOBHUKOBA U becekepckoro) cuMTaroTCsl YaCTOTHBIMM, TaK KaK HCIOJIb3YIOT
1151 CUHTE3a noHsTre xenaemoit JIAUX pazoMkHyTOl cuctembl. MeToad moauu-
HEHHOT'O YIPaBJIEHUSl ONEPUPYET C NEPeNaTOYHbIMU (YHKUHUSIMH, XOTS 4aCTO
JUTSL pa3bsICHEHUS. U JIJIs1 OOJIBILIETO MOHWMAHMS CYIECTBA HACTPOMKHA OKa3bIBa-
€TCsl HeOOXOAMMBIM MPUBIICUEHHUE allapaTa YaCTOTHBIX XapakTepucTuk. Hako-
HEIl, METOJI MOJAJBHOIO YIPABJICHUS CTPOUTCS HA HCIOJb30BAHUH BEKTOPHO-
MAaTPUYHOIO OIMCAHUS CUHTE3UPYEMOU CUCTEMBI.

4.2. Cunre3 xenaemoii TAYUX pa3oMKHYTOH cMCTeMbI

B yacTOoTHBIX METOJAaX CUHTE3a 10 3aJaHHBIM II0KA3aTeIsIM Ka4eCTBa B II€-
PEXOIHBIX pexXUMax (110 NEPEXOAHONM XapaKTEPUCTUKE MIIM MO MOKAa3aTEN0 KO-
71e0aTeIbHOCTH) OCHOBHBIM 3TallOM CHUHTE3a SBIIAECTCS MOCTPOCHHE >KeaeMOn
JIAYX pa3zoMKHYTOU CHCTEMBI.

XKenaemoit Mbl OyneM HazbiBaTh Takyro JIAUX, moctuxeHue KOTOpou B
CUCTEME O0ECHEeYMT 3aJlaHHble B TEXHHUUYECKUX TpeOOBaHUAX IOKAa3aTeIu IO
TOYHOCTU OTPAOOTKH OTOBOPEHHBIX YIPABISIIOLUIUX BO3JIECUCTBUI B yCTAHOBHB-
IKXCSA U MEPEXOIHBIX PEKUMAX, a TaK’Ke CTENEHb MOAaBICHUS HanboJiee Xxapak-
TEPHBIX IS CUCTEM BO3MYILIAIOIIMX BO3ICHCTBUM.
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OtMeTnM, 4TO HCIoyb3oBanue Aiaa cuare3a CAY toinpko JIAUX 6e3 dUX
IPEANOJIaraeT, 4YTO CUHTE3UpPyeMasi CUCTEMA SABJISIETCA TaK HA3bIBAEMOW MHHU-
MabHO-()a30Boi, T. €. 1) B cucTeMe OTCYTCTBYIOT 3BEHbS, IEPeIaTOUHbIE (PYHK-
IIUU KOTOPBIX UMEIOT HYJIM U MOJII0CA B MPABOM MOIYIUIOCKOCTH; 2) Il CUCTEMBI
CYIIECTBYET OJJHO3Ha4YHas CBA3b Mexy JIAUX nu OUX.

VY JIAYX pa3oMKHYTOI CUCTEMBI, B TOM 4HCIIE U Yy xenaeMo JIAYX, npu-
HATO pa3inyaTh TPU OCHOBHBIE YacTOTHbIE oOnacTu (puc. 4.1): o01acTh HUZKHUX
gactoT (HY) 0 < o < w;, o6nacte cpeanux yactoT (CH) m,; £ o < m3 1 001acTh
BbICOKUX 4acToT (BY) m3 < o < oo.

L&

M3 0]

Puc. 4.1. Kemaemasg JTAUX

Kaxk mokasanu uccnenoanus, Bug JIAUX B 00jacTH HU3KUX YacTOT IMOJI-
HOCTBIO OTIpe/IeIIeT TOYHOCTh PAOOTHI CUCTEMBI YIIPABJICHUS B yCTAHOBUBIIIMXCS
pexumMax. Y CTaHOBUBIIMMUCS CUUTAIOTCS PEKUMBI KaK MPU MTOCTOSHHOM 3Haue-
HUU YTIPABJISIIONIETO CUTHANIA, TaK U MPU U3MEHEHUHU €ro C MOCTOSIHHOM CKOpO-
CTBIO WJIM YCKOPEHUEM.

VYyacTok cpeTHUX YacTOT SIBJSETCS OMPEACIISIONIUM 71 (DOPMBI TIEPEXO0/I-
HOT'O Mpoliecca B CUCTEME, BRI3BAHHOTO U3MEHEHHUEM MMapaMeTpa yIpaBIIsIONIETO
CUTHaJa WU TPHUJIOKEHUEM BO3MYIIAIOIIETO BO3ACUCTBUS. [l TOro 4ToObI
o0ecreynTh NPUEMIIEMYIO TI0 MEePEePEeryJIUPOBAHUIO U TIO CTEIICHU 3aTyXaHUs 1e-
PEXOJHYIO XapaKTEPUCTUKY CUCTEMbI, YUaCTOK CPEAHUX YaCTOT JOJDKEH UMETh
HakioH —20 nb/nmek. ITpoTHBOMONIOKHOCTE cpeaHedacToTHOro ydactka JIAUX
ONpeAeseT CTENEHb 3aTyXaHMUsl NEePEeXOqHOro Mpolecca. Yem mupe 3ToT yya-
CTOK, TeM OoJiee nemMipupoBaHa CUCTEMa, MEHBIIIE MTEPEPETYIUPOBAHNE U BPEMSI
3aTyXaHHs IEPEXOTHOTO Mpolecca.

Hakonel, y4acTOK BBICOKMX YaCTOT ONpPEIENSAET CTENEHb MOJABICHUS Bbl-
COKOYACTOTHBIX BO3MYILEHUM, JEUCTBYIOIINX B CUCTEME, U C 3TOW TOUKH 3PEHHUS
sHauenue JIAUX B 5ToM 00J1aCTH JOJKHO OBITH KaK MOYKHO MEHBIIIE.

[lepexoaHbie y4acTKM MEXAYy OOJIACTSIMU, KaK MPaBHIO, UMEIOT HAKJIOH
—40 nb/aek, HO MHOT A MPUXOAUTCS TONyCKaTh HakJoH —60 ab/nex.
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4.2.1. Cunres xeiaaemoii JIAUX B 00,1aCTH HU3KHUX YACTOT

Kak 6p110 oT™MeueHo Bointe, Bua JIAUX B o0nacTu HU3KKX 4acTOT ONpese-
JI€T TOYHOCTh 3aMKHYTOM CUCTEMBI B YCTAHOBUBIIUXCS PEKUMAX. JTO 3HAYMT,
YTO I OIPENEJICHHs I1apaMeTpPOB HWIKHEYACTOTHOTO YYacTKa >KeJIaeMOM
JIAUX: HakinoHa XapaKTepUCTHUKU W Kod(p(uIlMeHTa Tepeaadyd pa3oOMKHYTON
CUCTEMBbl Ha KOHTPOJBHOM YacTOTE, MOTYT OBITh HCIIOJIb30BaHbI PE3YyJIbTaThI
aHaJIM3a YCTAHOBHBIIUXCS OIIMOOK MPU OTPaOOTKE pPa3IWYHBIX THUIOBBIX BO3-
NENUCTBUM.

Paccmatpum nopsiaok onpeneneHus napaMeTpoB HUKHEYACTOTHOTO Y4acT-
ka xemaemor JIAUX 115 cucteM pa3iaMvHOro MOPsAKA acTaTU3Ma M Pa3IudHbIX
YIPABIIONIMX U BO3MYLIAIOIIUX BO3AECHCTBUN.

Cmamuueckaa cucmema (¢ acmamu3mom pagHvblm Hyio)

CraTudeckne CUCTEMbl B COOTBETCTBUHU C pe3ysibTaTaMu Tald. 3.2 MOTyT
paboTaTh TOJNBKO CO CTYNEHYATHIMHU YIPABISIIOIIMMU CUTHAJIAMU U BBIIEPXKH-
BaTh TOJIBKO CTYIIEHYATbIE BO3MYILEHUS, II09TOMY IIapaMeTPbl HUKEYACTOTHOU
yactu xkenaeMoit JIAUX noymkHbI ONpeaenaTbes Mo OUIMOKaM TaKuX CUCTEM IIpU
OTpabOTKE YHPaBJSIOUIMX BO3JEUCTBHM CTYNEHYaTONM (POPMBI U CTyHEHYATBIX
BO3MYILAIOIINUX BO3JCHCTBUM.

Ilyctb 3a7ana ommbKa Mpu CTYNIEHYaTOM YIPABICHUU ( (t) =dJo -1(t) paB-

ron
90

MyCTUMYIO OLIMOKY OIIMOKE YCTAHOBUBILIEIOCS peXUMa

Jdo
1+Kk

Hasl €, WIH B OTHOCHTEIbHOW opme A, = . Torna, npupaBHMBas J10-

€ron = gOAezlon =

1 . .
HMEEM €, = K OTKYJla HEOOXOAUMBIN KOIPIUIIMEHT Pa30MKHYTOU CHCTe-

MBI
Jil_'. &
1
Ky = -1.
A8ron
F'r v ~
20lg fey HwxnevactorHslid yyacTok sxemaemon JIAUX
0 » JOJDKEH MPECTABIATh NMPSIMYI0, apaJUIEIbHYI0 OCU
@ gacToT (puc. 4.2) U ynajleHHYI0 OT OCH 4YacTOT Ha

Puc. 4.2. Hmsmeuactormeri 2019k, .

yaacTox xemaemoit JIATX Cnenyer 3aMeTuUTh, 4YTO, €CIIM CTaTUYECKas
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90 max

cucTtemMa paboTaeT B pexXUMe CTAOWIM3aIMK ¢ Auana3oHoM D =——— cradu-
90min
JU3UPYEMBIX 3HAYCHHA, TO HEOOXOIMMO HUCIIOIB30BATh JUISl pacdera ky; OTHOCH-
eIlOH
TENbHYIO OIMOKY A€, = ———.
9omin

TCHCPB IIyCTh 3alaHa OTHOCUTCIIbHAA omnOKa IIpu OTpa6OTK€ CTYIICHYAaTO-

€t JIOI1

y(=)

HpI/IpaBH}IeM ef 701 OIINOKE CUCTEMEI OT BO3MYIIICHHA

ro Bosmymasomero Bosaeiictus f (t)= fo-1(t) Aeg o =

k¢ fo
Ef Jom ZAEf o1 y(oo):ef (oo): 1k .

Kpome Toro nmpumem y(o0) =g " kk , UYTO YUYUTHIBAET OMIMOKY OT yIpaB-
+

JIAIOIIEro curHajia. Tornoa

k kifo
efHOH'QO'm:h_k,
OTKyJa
k¢ fo
" A8t zon - 90

B srom cnyuae 201gk, Oyner yuuThiBaTh OMIMOKH OT YNPABISIOIIETO U

BO3MYIIAIOIIET0 BO3JACUCTBUM, U, 3HAUNT, HUKHEYACTOTHBIN y4aCTOK >KEJIaeMOH
JIAYX B BuIe npsaMoii, ynaneHHoil ot ocu yactoT Ha 20lgk,,, Oyner nocrpoen ¢

y4eTOM HEOOXOAMMON TOYHOCTH TPHU OTPAbOTKE U YMHPABJISIONIETO W BO3MY-
IIAFOIIETO BO3/ICHCTBUN CTyNEeHYaTON (HOPMBI.
ITpu pacuere ky cieayer UCoOnb30BaTh Jg = Jomin, €CIAM CHHTE3UpyEMast

cuctema Oyner paboTaTh B ONPEASICHHOM JHAla30He CTAOMIIM3UPYIOIIUX 3Ha-
90 max

Jdomin

yeuuii D =

Acmamuueckan cucmema nepeoz2o nopaoKa

D10 HauboJsiee pacpOCTPaHEHHBINH TUIT CUCTEM YIIpaBJIEHHUsI, TaK KaK acTa-
TUYECKUE CUCTEMBI MEPBOr0 MOPsIIKa MOTYT padOTaTh KakK CJIEISIINE CUCTEMBI,
CHUCTEMBI MPOTPAMMHOTO yIpaBJeHHUs, CUCTeMbI cTabmin3anuu. [loaTtomy 1emne-
CO00pa3HO PACCMOTPETh METOAMKY CHHTE3a HIKEUACTOTHOTO Y4YacTKa JKellae-
Mol JTAUX a1t pa3nu4HbIX TUIIOB YIPABISIONIUX BO3IEHCTBUM.
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1. Yupasastoiiee Bo3AeHCTBUE TUHEHHON HOPMBI ( (t) =V -t. Omubka yc-

TaHOBHUBIIIETOCs pexkuma (puc. 4.3) e(oo) HE J0JDKHA

s
£ v TPEBBIIIATE JIOMYCTUMYIO €, >€(0).
<6 'y
\ e(x) Vv
\ H3BecTHO, YTO e(oo) =—, rae V — CKOpOCTh
() K
0 > M3MEHEHUS YIPABJIIONIETO BO3ACHCTBUS, K — 0OTIIIHiA
t

K03 (UIIMEHT Mepeadyn pa30OMKHYTON CUCTEMBI, Ha-
Puc. 4.3. Ommdka 3BIBAEMBIN TOOPOTHOCTBIO IO cKopoctu. Torma mis
VCTaHOBHEINETOCA PEXHMA  oqipeICHMS 3HAUYCHUS K HEOOXOAMMO YTOOBI OMIHOKA

Vv
& o <€(o0) 1 Ky = —— .
eI[OH
HwxnevactorHas acumnrora sxemaemoit JIAUX (puc. 4.4) Oyner npen-
CTaBJIATh COOOM TPSAMYIO JIMHUIO C HAKJIOHOM
.Iil_-. F 3 _ _
20 6/aex (=20 ab/aex) u TMPOXOASAIIYIO Yepe3 TOYKY C KO
OpJIVHATAMU:

201g k&, (cozlc_l; L = 20Ig kH).

0 1 o
' 2. Ypasnsroliee BO3AeHCTBUE CUHYCOU-

Puc. 4 4. HusmewacToTHan B )
acMmTOTa Eetaemoit JJAUX  JAIbHOW (HOPMBI g (t) = Gmax Sin ((Dgt)

Ommbxa YCTAaHOBHBHICTOCA PCXKUMA e(OO) HC JOJDKHaA IMPCBBINIATE OOITYC-

THMOTO 3HAYCHHUS €, > e(0).

[Ipu cuHycouaanbHOM YIpPaBJSIONIEM CUTHaE OIIMOKa Takxke OyIeT u3-
MEHSTHCS TI0O CHHYCOUAATEHOMY 3aKOHY

g (1) = Emax sin(@gt + V),
A€ MakKCUMaAJIbBHOC 3HAYCHHUC OH_II/I6KI/I
1
Emax = Gmax ; :
1+W(jog)
[Tomaras, 9To 3Ha4YeHHE KOMITJICKCHOM MEepeaTOYHON (PYHKIIMM HA 9acTOTE

Bosaencreus W ( j(ng ) [ 1, momyaum

~_Gmax_

EmaX_W(ng)'
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llpupaBHuBas Epgy U €, UMEEM
e - Gmax
TIOIT . ]
W(jog)
- Gmax
OTKyJa Jog )2 . Torna mmwxHeyactoTHas acumirora JIAUX (puc.4.5)
€

Jife)us

9TO TIpsiMast TUHUS ¢ HakiIoHOM (—20 nb/nex), mpoxo-
TS 9epe3 TOUKY ¢ KOOpAMHATaMHU:

—20 do/mex
w—wg,L—ZOIQ(Gm—aX] : F\

L

€ L=201g| Jmas
A * \. Snom
0 , o
[)g D
3. Ympasmsiomee Bosjeiictre (1) _IPOMS3-  po . 45 Hysgmeacrorsmas
BOHBHOﬁ d)ODMI)I. ACHMIITOTA .:IIAT'D{
00 YIIPaBJIAIOIICM BOB,Z[GfICTBHH HN3BCCTHO, 4YTO MaKCHMaAJIbHasA CKOPOCTb
dg(t)] _
€ro HU3MCHCHUA d— = VmaX u MaKCHUMAJIBHOC YCKOpPCHHC
t max
2
dg(t) _
- YMmax -
dt?
max

Tak kak (opma ympapisIOIEro CHUTHAJIa HE 3ajaHa sl pelieHUs 3aa9u
CHHTE3a HW)KHEYACTOTHOM acUMIITOTHI kenaeMon JIAUX BBOAMTCA B pacCcMOT-
PEHHUE YKBUBAJICHTHOE CUHYCOUAAIBLHOE BO3JAEHCTBUE, MAKCUMAJIBHBIE CKOPOCTh
U YCKOpEHHE KOTOPOro paBHbl Vo M Qqgx  COOTBETCTBEHHO:

d,(t)=G,sin(w,t).

dga(t)j " dzga(t)

Husa onpenenenns G, U o, HaxoIum (

dt dt2 !
max
PUPABHUBAEM UX Vijax M Amax -
dg,(t dg, (t
%() =G,m, cos(@,t); [ g(jt( )] =G0, =Viax - (4.1)
max
d 2g t 2 . d 29 t 2
—dtaz( ) =-G,w? sin(w,t); —dtaz( ) =G, 05 = A (4.2)

max
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Pasnenus (4.2) Ha (4.1) u moydum
8max
®, =—2,
” Vimax (439

[ToacraBum (4.3) B (4.1) u moaydum

2
Ga = Vm_aX . (4_4)
Amax

OnpenenuB mapaMeTpbl SKBUBAJEHTHOIO BO3JEHCTBHS, HAXOIHM MAKCH-
MaJIbHYIO OLIUOKY

GB

Emax = ’V\/(joaa)"

[pupaBHAB MakCHMAIbHYIO U JIOIYCTUMYIO OWIUOKH €., = Ep,, , momy-

YUuM.

2
M(jma)‘: G, _ Vinax

ez(on Amax enon

3HAUYNT HIKHEYACTOTHAs acuMmToTa kemaeMoit JIAUX (puc. 4.6) momwkHa

Ia IOPOMTH Yepe3 KOHTPOJIBHYIO TOYKY C KOOPIHHA-
—20 [1o/zex TaMU:
2
a V
max max :

A ax €ron max amaxe;[on
0 | > V 2

0= Amax @] L= 20|g —max

Vinax 8max€ron

Puc. 4.6. HmimegactoTHan Eciu B KOHTPOJIBHON TOYKE aCHMITOTY Ipe-

aCHMITTOTA skenaenolt JIATX TeprieBacT u3IoM ¢ Hakimona (—20 ab/mek) Ha Ha-

kioH (—40 nb/nek), To opMHaTa KOHTPOJIBHONW TOYKH PacCUUTHIBACTCS 1o (Hop-
MyJI€:

Py

L =201
(033 ) Amax€non

rae \/5 YUYUTHIBAET OTJINUMeE AecTBUTENbHOU JIAUX 0T aCUMIITOTUYECKOM.
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4.2.2. Cunre3 xkeaaemoii JIAYX B 00/1acTH CpeTHUX YACTOT

Kak ormeuanoce Bbime, sxenaemas JIAUX B oOnacTu cpeaHMX 4YacTOT
nopkHa uMmeTh HakiaoH (—20 nb/nmek). IlostoMy 3amadeit cuHTe3a KemaeMoi
JIAYX B 00sacTH CpEIHUX YacCTOT SIBISETCS OINPEACICHHE MECTOIOJIOKEHUS
ydactka ¢ HakinoHoM (—20 nb/aex), 3amaBaemoe, HarpuMep, ¢ TOMOIIBI0 YacTo-

ThI CpC3a (Dcp H CT0 IIPOTAKCHHOCTD.

CymeCTByeT TpHU MCTOIA OIIPCACIICHUA " IIPOTAKCHHOCTH YYaCTKa C

cp
HaksioHoM (—20 ab/nex): metoa B.B. CononoBaukoBa, meron B.A. becekepcko-
ro u Mmerog A.A. Basunosa.

B merone B.B. ConogoBHHUKOBA YacToTa cpesa cp ONPEAENAETCA MO HO-

Morpamme CosooBHUKOBa (puc. 4.7), 1151 KOTOPOU BXOJHBIMU TAHHBIMU SIBJISI-
0TCA: ty — BpeMs peryJanpoBaHUs (o BXxoJa B 30HY 15 % hYCT) U Omax: %0 —

MAaKCHUMAJIbBHOC IICPCPCTYJIUPOBAHHC HGpGXOI[HOﬁ XapaKTCPUCTUKHU. N3 nOMO-

I'paMMBbI OIIPCACIIACTCA 9aCTOTa Cpe3a (Dcp N 3HA4YCHHC Pmax TUIIOBOM BCIICCT-

BEHHOM XapaKTePUCTUKU 3aMKHYTOH cuctembl (puc. 4.8).

Ip. C !
4 331/0. 1
[ W ————
47[/(%1 50 /
-40
3T/ b e
-30 :
21/0c 29 :
p—" |
T/®c 110 :
|
O 1 1 1 * L J >
10 1.1 12 %3 1.4 Prss O
Puc. 4.7. Homorpamma Puc. 4.8. TumnoBas BelecTBeHHAs
B.B. CononoBHukoBa XapaKTEPUCTUKA 3AMKHYTOU CHCTEMBI

N3 puc. 4.7 BuaHO (IUTPUXOBBIMHU CTPEIKAMH), 4YTO JUIS 3aJaHHBIX
_ 0 —
Omax = 34% 1 BPEMCHH PEryIMPOBaHUS 1y = 0.5 ¢ 3HaueHus Wep U Pmax PaBHBEI

COOTBETCTBEHHO: (¢, = 4.337/0.5 = 27.26 ¢, sHauenue Ppg, = 1.33.

[IpotsokenHOoCTh yuacTka ¢ HakioHOM (—20 nb/mek) ompenensieTcs: 3Have-
nuem L, (puc. 4.9), xoropoe HaxoxuTest U3 rpaduka L, = f (Pmax) (puc. 4.10)

110 HAWJCHHOMY BBIIIE 3HAYEHUIO Py -

Tak nna vaiigeHHoro u3 npumepa P, = 1.33 no rpaduky (4.10) Haxoaum
L,=12.5 nb.
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G
\\\ i
N T

) \zéL\
ER(')C;J 20 — — | —— — |- ——

-

=‘ l\’\
\_—3\__[' O] 10 |

EO: Bl 312 13 1# 55 Pax
Puc. 4.9. Onpesienenye ygacTka Puic. 4.10. T'pacuk L, = f (Ppay)

\‘

[~~~
X

JIAUX c naknonom (—20 nb/nex) JUISL OIpesienieHust 3HaYeHns L,

B metonme becekepckoro mo mpuHATON BETMYHMHE TOKa3aTelsl KojaebaTelb-
HOCTH M pacCUMTBHIBAIOTCS 3HAUCHHS YaCTOT, OTPAHHUYMBAIOIIMX CPEIHEYACTOT-
HBIN y4acToK xkenaemoit JIAUX u 3amaronux ero Mmecromnonoxenue (puc. 4.11).

Lt 40

Puc. 4.11. Iloctpoenue xenaemoit JIAUX no metony beccekepckoro

Crnesa ot yacTtoThl cpe3a ydactok JIAUX c nakmonom (—20 ab/mek) orpa-
HAYMBAETCS TOYKOM IMEPECEUEHUSI C HU3KOYACTOTHOM ACHMNTOTOW, UMEIOLIEN

HakJIOH (—40 nb/nex) Ha yacrore o = Ti , rae Tq = coi % .
1 0 -

CnopaBa OT 4acTOThl Cpe€3a, CPEAHEYACTOTHBIM Y4aCTOK OTrPaHHUYHMBACTCA

. 1 1 MM -1)
4aCTOTOM wZ:T—,rz[eTl:w Va1l
2 0

ITocne yacToThl 9 HaknoH xkenaemon JIAYX MoxkeT ObITh TH0OBIM, HO HE

MOJIOKUTENbHBIM. OTpaHMYEHUEM HAKJIOHA B 00JIACTH BBHICOKUX YaCTOT CITYKHUT
HyJIeBo, mipu KoTopoMm JIAUX Oymer mpoxoauTh mapauiebHO OCH YacTOT Ha

pacCcTOsTHUU LB:20Ig( M j

M +1

Haxkonen, meton A.A. BaBuiioBa mpeayiaraeT MUCHOJIb30BaTh JJIsI MOCTPOE-
HUSI CPEeAHEYaCTOTHOroO yvacTka xenaeMoil JIAUX cnernuanbHble HOMOTpaMMBbI
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CHUHTE3a TI0 KPUTEPHIO MAaKCUMAIBHOTO OBICTPOJCHCTBUS TPU 33alaHHOM 3Hade-
HUM MaKCHMaJIbHOM AUHaMHuecKoi ommoOku (puc. 4.12, a u 6). MeTo HCIoib-
3yeTCsl Ui CHHTE3a CIOXKHBIX CUCTEM C BBICOKMM IOPSIIKOM acTaTh3Ma U ONTH-
MU3HPYET NEPEXO0THBIC MPOIIECCHI MO OMIMOKE MPH CTEMIEHHBIX BO3JICHCTBHIX.

L &

I

|
I 1 e,
L 0 ¥

[y
I

Puc. 4.12. Bapuantsl noctpoenus xenaemoit JIAUX meronom A.A. BaBunosa

Kenaemass JIAUX HenmpephiBHBIX CHUCTEM B 00JIACTM HHM3KUX YacTOT
O<w<ag cosmanaior ¢ xenaembiMu JIAUX (Haxnon JIAUX u xospdurment

nepeadyd Ha KOHTPOJIbHOM 4acTOTe) OMpeAesieTcsl UCXOJs U3 TpeOOBaHMM K
TOYHOCTH B YCTAHOBUBILIEMCS PEKUME.

B obGmactm cpemumx dwactor kemaembie JIAUX < uMEHOT HaKIOH
(=20 nb/mex). IMapameTpsr JIAUX B 3T0M 001aCTH ONPEACSAIOT 3aMac YCTOWYH-
BOCTH, CUCTEMBI, BUJ U BpeMsl 3aTyXaHUs MEPEXOAHOTO mpoliecca. YacTora cpe-

32 M., ¥ IPOTHKEHHOCTH yyacTka ¢ HakjIoHoM (—20 nb/aex) onpenensitorcs umm

cp
10 33JaHHBIM Gmgay U tp KU IO 33[[@HHOMY IOKa3aTeNIo KoaeOaTenbHOCTH M.

3aaHHbBIN TOKa3aTenb OYJET JOCTUTAThCS, €CIU BBITOTHSIIOTCS YCIOBUS:

m p

1 1 M -1
Z——Z—chp—npﬂ (oécocp;
j=1TJ' i1 i M

I+T <i Ipa ® > M

2 o, M1 T P

4.3. CHTe3 KOPPEKTHPYIOLHUX YCTPOICTB

4.3.1. CxeMbl BKJIIOYEHUS M KJIacCUuPUKAIUA
KOPPEKTHPYIOIIHUX YCTPOCTB

Koppektupyromum ycTpoicTBOM, B 00IIEM CiTy4yae, Ha3bIBAC€TCS JIOTIOTHU-
TeJbHAsl YaCTh CUCTEMBI, BBOJIUMAs JJIsl YIYUIICHUS €€ JUHAMUYECKUX CBONCTB.
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CymiecTByeT Tpu croco0a BKIIOYEHUS! KOPPEKTUPYIOIIUX YCTPOHCTB B OC-
HOBHYIO CUCTEMY:

- MOCJIeIOBATENIbHO B MPSMOM KaHal nepenayu (puc. 4.13, a);

- B BHJE TOJIOKUTEIHHONW MM OOpaTHON CBSI3M, OXBATBHIBAIOIICH YacCTh
3JIEMEHTOB MpsMoro ka"ana (puc. 4.13, 6);

- B BUJI€ MAPAJJIEIBHON NPSIMOM CBSA3HM, BKIIOYAEMOM MapajuIebHO yda-
CTKy mpsiMoro kaHaina (puc. 4.13, B).

G ¥i G ¥(s)
(s) — — '@. (s) —s| 71(9) T W (s) r
I:FD{:(IS) ot IFD-: (5} Ir;'(sj ]
a) 5)
G{s) ¥(s)
| (=) * a(s) ™
* [Wils)
Waels)
E)

Puc. 4.13. CrtocoObI BKIIFOUEHUST KOPPEKTUPYIONTUX YCTPOMCTB: a) MOCIIECI0BATEIIEHO
B IIPSIMOM KaHam nepefauu; 0) B BUJE MOJIOKUTEIbHOM UM 00paTHOI CBSI3U;
B) B BUJIE MAPAJUICIBHOMN MPSIMOM CBSI3U

B cooTBeTcTBUM CO CTOCOOOM BKJIIOUEHHUSI KOPPEKTUPYIOLIETO YCTPOHCTBA
HA3BIBAIOTCS MOCIEAOBATEIIbHBIMU, TApAJIICIIbHBIMU OOPATHBIMHU M TMapajliesb-
HBIMU IPSIMBIMM.

B cooTBercTBUU ¢ DU3MUECKOI MPUPOION CUTHAJIOB B CUCTEME YIIPABJICHUS
KOPPEKTUPYIOIIHE YCTPOUCTBA MOTYT OBITh MEXaHUYECKUMHU, TUPABINUECKUMH,
ITHEBMATUYECKUMH, DIICKTPUUECKUMH, JJIEKTPOHHBIMU M, KAaK Pa3HOBUIHOCTH
3JIEKTPOHHBIX, MPOTrPAMMHBIMH, PEATU30BAHHBIMU HA HHTEIPAIBHBIX CXEMax
WUJIM MUKPOKOHTPOJUIEpAX.

Haxkonerl, KOppeKTUPYIOIIUE YCTPOMCTBA MOTYT OBITh MACCUBHBIMU U aK-
TUBHBIMH B 3aBUCUMOCTH OT TOTO, UCTIOJIB3YET JIK KOPPEKTUPYIOIIEE YCTPOMCTBO
SHEPrUi0 BHEIIHErO MCTOYHWUKA WJIM HE MCIOJb3yeT. [IpuMepamu maccUBHBIX
KOPPEKTUPYIOIIUX YCTPOUCTB SABJISIOTCS JJIEKTPUUYECKUE YETHIPEXITOIIOCHUKH,
KOMIIOHEHTaMH KOTOPBIX CIY>KaT PE3UCTOpbl U KOHAEHcATophl. [IpuMepom ax-
TUBHBIX KOPPEKTUPYIOIIUX YCTPOMCTB SIBJISIIOTCS ONEPALMOHHBIE YCUJIUTENN U
MIPOrPaMMHO PEANM3YEMBbIE KOPPEKTUPYIOIINE aJITOPUTMBI.
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4.3.2. OnpenesieHue nepeaaTouHoii GyHkunu
MOCJ1€I0BaTeJILHOT0 KOPPEKTHPYIOIIEro 3BeHAa

Ecnu u3BecTHBI mepematodHble PyHKIMU CKOPPEKTHUPOBAHHON pPa3OMKHY-
toit cucteMbl (W, (S)) u HekoppektupoBanHoii cuctemsl (W, (S)), To nepenaToy-
Hast (PYHKIHS KOPPEKTHPYIOMIETO YCTPOHCTBA OMPEIETSETCS TPOCTO KaK

wa(s):V%g.

Ecnu xemaemas nepenaTouHas (pyHKUUsI HEU3BECTHA, U CUHTE3 KOPPEKTH-
PYIOILIETO YCTPOMCTBA BBINOJHSIETCS COBMECTHO C CHHTE30M kenmaemon JIAUX,
To omnpenenautb JIAUX KOppeKTHPYIOIIEro yCTPOMCTBA MOXHO Tpaduuecku
(puc. 4.14), coOmonas yclIoBHE MOJIYYCHHS HauOojee MPOCTON peann3yeMoi
XapaKTEPUCTHKHU U NIEPEIaTOYHON (DYHKIIMH KOPPEKTUPYIOIIETO YCTPOICTBA:

Ly (©) = L (0) = Ly ().

Puc. 4.14. I'paduueckoe onpenenenue xenaemoit JJAUX KoppeKTUPYIOIIETo ycTpoiicTBa

Cornacno HaigeHHoi JIAUX KOppeKTHPYIOLIEro YyCTpOHCTBa LKy((o) Ha

puc. 4.14, nepenarouynast GyHKUUS 3aIUIIETCS B BUJE:

)
SEes

3

-1
rae K onpenensieTcs mo LKy (co) Ha yacTtoTe ® = lc .
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4.3.3. Onpenesnenue nepeiaTouHo GyHKIMU
KOPPEKTHPYIOLIEr0 YCTPOMCTBA B BUAE OTPULATEIbHOMU
MeCTHOI 00paTHOI CBSA3H

YacTto KOPPEKTUPYIOIINE YCTPOMCTBA, BKIIOYaeMbIe B IIETTh OOpaTHOW CBSI-
3W 4YaCTH HEKOPPEKTHPYEMOH CHCTEMbI, HA3bIBAIOT MMapajuICIbHBIMH, MOAYEP-
KHBas UX OTJIMYHE OT MOCIEAOBATEIIBHBIX KOPPEKTUPYIOIINX YCTPONCTB.

[TapanmenbHBIME KOPPEKTHPYIOITUMH 3BEHBSIMU OXBAaTBHIBAIOT, KakK Ipa-
BWJIO, 3BCHBSI UCXOJHOW CHCTEMBI, UMECIOIINE OOJbINe KOIDPHUITUEHTHI yCHie-
HUS W YaCTHUYHO HEIWHEWHBIE XapaKTEPUCTHKH. BKiIIoueHWEe MapamuieTbHOTO
KOPPEKTUPYIOIIETO YCTPOMCTBA CIIIAKMBAET HEIMHEWHOCTh XAPaKTEPUCTHK U
TIOBBIIIIACT CTENICHh CTA0OMIBHOCTH KOHTYpA.

OGosnaunm 4epes Wy, (S) mepena-

¥is
Ee) Woao(5) —{ Ty e(s)] ©) TOYHYI0 (YHKIHIO 3BEHBEB, OXBAUYCHHBIX
MECTHOI 00paTHOM cBsA3bI0 U uepe3 W, (S)
Wils)

MepcaaTo9YHyro (bYHKHI/HO OCTaJIbHBIX 3BCHB-
Puc. 4.15. Ucxognas cucrema eB cucremsl (puc. 4.15).
Torna nepenarounas GpyHKIMS pa-
30MKHYTOI'O KOHTYpa

~ Wiio (8)Woxs (5)
W(S)‘1+WOXB(s)wa(s)

[Tpuanmas paBeHcTBO W, (S) =W (S) , IOJIyYUM:
Wy (5) ot [Vhao(Wa(5) |
Woxs () Wy ()

Ecnu npuHATh BO BHUMaHHE CBONCTBO 3BEHHEB, OXBAYEHHBIX MECTHOU 00-
PaTHOM CBS3bIO, T. €.

Woxs (8) Wiy (8) 7 1,

YTO MPAKTUYECKH BBITIOJHAETCSA, TO IepeAaTouHast GyHKIUS KOPPEKTUPYIOIIETO
YCTPONCTBA MOKET ObITh MPUHSITA PABHOMN

N

ey (5) 2=

Eciu dopmupoBanue WK(S)BBIHOJIHﬂeTCSI rpaguyecku ¢ MOMOIIBIO Ke-

naemoit JIAUX, To ompeneneHue nepeaaTroyHor (yHKUHUU KOPPEKTUPYIOLIETO
YCTPOMCTBA MPOIIIE BHIMOJHUTE Takxke rpaduuecku uepes JIAUX (puc. 4.14):

LKy((D) = Lo ((D) —Lx ((D) :
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B cootBeTcTBMM C XapaKTEpUCTUKON LKy(co), nosryueHHo Ha puc. 4.15

I'pa(PUUYCCKH, IICPCaAATOUYHAA HKIOUWA 3allMIIICTCA B BUAC!:
2

(g

(arfa)

Lo (@)

Puc. 4.15. ['paduaeckoe onpenenenue Ly, (o)

4.4, CuHTe3 MoCcj1e10BaTeJIbHBIX KOPPEKTUPYIOIINX YCTPOMCTB
B CHCTEMAX MOAYUHEHHOT0 PeryJIupPpOBAHUSA

Cucremoii nogunHenHoro ynpasinenust (CITY) Ha3piBaeTcsi cucrema aBTO-
MaTHUYECKOI0 YIPaBJICHUs, COCTOAIIAs U3 HECKOJIBKUX BJIOKEHHBIX APYT B Apyra
3aMKHYTBIX KOHTYPOB, HACTPOEHHBIX TaK, YTO BHYTPEHHUM KOHTYP MOIUYUHSIECTCS
BHEIITHEMY KOHTYPY, KOTOPbIN BhIpabaThIBa€T CUTHAJ YNPABIICHUS JIs BHYTPEH-
HEro KOHTypa u ymnpanisgieT uM. Krnaccuueckas crpykrypa CIIY nokazana Ha
puc. 4.16. OHa BkiIrO4aeT B ceOsl TP KOHTYpa, KK/l M3 KOTOPBIX COACPKUT

CBOM COOCTBEHHBIN PEryysTop Wpl ( S) ,Wp2 (S) ,Wp3 (S) U JIaT4UK peryjupye-

moii Bemaunabl W (S), W5 (5),W,3(S) coorBercTBEHHO.

| OOBexT VIIpaBIcHHA I
g I 1 12 I L=y
)= T1,3(5) PP O—=»{ T,2(5) "Ciﬁ}}(.s) P Ws(s) F Woa(s) | Fon ()=
Iy
Wa(s)

Wa2(s)

&

F 3

Wal(s)

Puc. 4.16. Knaccuueckas crpykrypa CI1O
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Takum o0pa3om, OCHOBHBIMH NpuHITUTIaMu nioctpoenus CITY sBastorcs:

— JCKOMIIO3UIIUS OOBEKTa yMpaBJICHUS HAa HECKOJbKO Ha TPH yIpaBlise-
MBIX YaCcTEl C KOHTPOJIEM U YIIPABJICHUEM BBIXOJHOW BEJIMUYMHBI KaXkKIOU YaCTH;

— MOCJIe/IOBATENIbHAsT KOPPEKIUS CBOMCTB KaXJOTO KOHTYpa C MOMOIIBIO
BKJIFOYAEMBIX B HA4yalo MPSIMOTO KaHajla Ka)KJ0To KOHTYpa PEryjsiTOpoB; OC-
HOBHBIM HA3HAYECHHEM PETYJISITOpa SBIACTCS KOMIIEHCAIMS OCHOBHBIX MHEPIIH-
OHHOCTEH KOHTYa;

— MOJYMHEHHOCTh BHYTPEHHUX KOHTYPOB BHEIITHUM.

CrpykTypa U mapameTpbl MOCIE0BATEIbHBIX KOPPEKTUPYIOIINX YCTPOICTB
(perynsaTopoB) BBIOMPAIOTCS WMCXOAS U3 OMpeAeieHHBIX KputepueB. Cam Mpo-
11ecC BbIOOpA CTPYKTYPBI U MIapaMETPOB PETYJIATOPa B KOHTYPE CUCTEMBI MO IH-
HEHHOT'O YIIPaBJICHHS TOJYYWJI Ha3BaHUE CIOcOOa HACTpPOMKM KOHTypa. B Ha-
cTosiiiee BpeMs g HacTporku KoHTypoB CIIY ucmnosib3yrorcsi, r1aBHbIM 00pa-
30M, JIBa OCHOBHBIX CII0C00a HACTPOMKHU:

- HacTpoiika Ha “ontuMyM 1o moayio” (OM);
- HacTpoika Ha “cuMmmeTpudHbIi ontumym” (CO).

4.4.1. HacTpoiika Ha ONITUMYM 110 MOAYJIIO

Hacrpoiika konTypa Ha OM oOecrieuynBaeT XapakTEepPUCTUKH, 3aMKHYTOTO
KOHTYpa, TMOJOOHBIE XapaKTEPUCTHUKAM YCTOWYMBOIO KOJIEOATEIBHOIO 3BEHA
BTOpOro mopsiaka ¢ kodddumuentom aemmduposanus € = 0.707 u ObIcTpoAcH-
CTBHUEM, OIPEACIISIEMBIM CYMMAapHOW Majol IMTOCTOSSHHON BPEMEHU KOHTYpA.

[lepenaTounas GpyHKLMS 3aMKHYTOTO KOHTYpa, HAaCTpOeHHOro Ha OM

_1 1
kg 2T, s(Tys+1)+1

D(s)

rae K, — xoo(dunuent nepenadn naryuka OOpaTHOW CBA3M KOHTYDA, Ty

CYMMapHaH MaJjiagd IIOCTOSAHHAs KOHTypa, paBHaH CYMMG MaJIbIX ITOCTOAHHBIX
BPEMEHU YacTH O0BEKTa YIPaBJICHUS, BXOASAIICH B KOHTYP U JaTuyuKa 0OpaTHOM
CBi3H.
[Tepenatounas GyHKIMS pa30MKHYTOTO KOHTYpa, HaCTpoeHHOTo Ha OM
W(s)=
2TMS(TMS +1)

JIA®YX pa3oMKHYTOTO U 3aMKHYTOT'O KOHTYpPOB NpeCcTaBieHbl Ha puc. 4.17.

COOTBCTCTBYCT CUCTEMC C ACTATU3MOM IICPBOI'0 ITOPAIKA.
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/2

HIT

Puc. 4.17. IA®YX pa3oMKHYTOTO 1 3aMKHYTOI'O KOHTYPOB

[lepexonHast xapakTepuCTHKa KOHTypa, HacTpoeHHoro Ha OM, Oyxaet

MMETh BHI, TOKa3aHHBINA Ha puc. 4.18.
OHa xapakTepu3yeTcsi Iepepery-

aupoBanneM G = 4.3% wu BpeMeHeEM

IIEPBOT'O COIIACOBAaHMS ) = 4.7T“.

PaccmoTpum, KakuMHM  JTOJKHBI
OBITb TUN W TapaMeTPbl PEryJsiTOPOB
npu Hactpoiike Ha OM KOHTYpOB ¢
Pa3IUYHBIMKU TIEPEAATOYHBIMH  (YHK-
usMA O0BEKTOB yrpaBieHus. OObek-
TOM YIIPaBJICHUS B KOHTYPE CUHUTAIOTCS

h
h}'{! T

4 G=43%
N\ L+ 005
[ &

Puc. 4 18 TTX cucTeMEL
HacTpoenHo# ma OM

BCE 2JIEMEHThI KOHTYpa, BKJII0Uas TaTYMK OOpPaTHOM CBSI3U, KpOME pPEeryJisiTopa.
1. TTo3uiuoOHHBIN OOBEKT C OJHOM TJITABHOW MHEPIIMOHHOCTHIO!

ko

Wo(s)=

(Tos +1)(Tus+1)

rae Ko — koagduuneHt nepegayn o0beKTa (paBHbIM POU3BEACHUIO KO (D DULIM-

CHTOB BCEX JJIEMCHTOB, BXOAAIINX B O6’b€KT); TO — OCHOBHasd IIOCTOAHHAs BPC-

MEHU 00BEKTa, XapaKTepU3yIollas rIaBHYI0 HHEPIIMOHHOCTh 0OBEKTA.
XKemnaemas nepenarounas QyHKIMs pa30MKHYTOTO KOHTYpa MpPU HACTOMKE

Ha OM:

1

Wom ()

B ZTMS(THS +1) '

VYuuThiBas, 4TO PEryasATOP BKIIOYEH MOCIEAOBATENBHO C OOBEKTOM, UMEEM
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~Wom(s) 1 (Tos+1)(Tus +1)
Wy (s)= Vf/)o s)  2T,s(T,s+1) : ko -

T,s+1
To Tos+1_ T kp(l 1}

T2Tkg Tos P Tps

+—|

Tps

[Tonyunm mepenaTounyro (QYHKIHIO PEryssiTopa, PEan3yroIIero MpoIop-
IIMOHATbHO-UHTEerpaabHbIi (I11) 3akoH peryaupoBaHus, y KOTOPOTo KO3DHIm-
To
ZTMko

2. OOBEKT MHTETPAIBLHOTO THUIIA:

Wo(s)=

€HT kp = , @ IOCTOSTHHAS! BPEMEHU Tp =Tp.

Ko
Tos(Tus+1)

[lepenatounas pyHKLHS peryasTopa

_Wom(s) _ 1 TOS(THS”): To _\
Wo(s)  2T,s(T,s+1) ko 2Tkg P

W, (s)

W3 nmosty4eHHOro BBIpaXXEHUS BUJHO, YTO HEOOXOAMM IMPONOPLHUOHAIIBHBIH
To
2Tuk0
3. ITo3umoHHBI 00BEKT € ABYMs NMPe00JIaJalolliMMUA TOCTOSHHBIMU Bpe-
MEHHU:

(IT) perynsarop ¢ ko3 durpieHTOM kp =

Ko
(Toas +1)(Tops +1)(Tys +1)

Wo(s)=

HeiictByss aHajmornyHo nn 1 u 2, HaxoguM MepeAaToYHYI0 (YHKIIHIO
perymisropa:
W (S):WOM(S): 1 (Togs +1)(Tops +1)(Tus +1)
Wo(s) — 2T,s(T,s+1) Ko

ZTH ko TO 1S p Tp 1S

_ Tor (Tors +1)(Tops +1) K (Tp15+1)(Tp25+1)_

Heobxoaum perynarop ¢ nepeaaTouHoi GyHKIuen
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(Tpls +1) (szs +1)

W, (s) =k, s ,
Tor . .
rae kp = 2Tuk0 ; Tpl =T01, sz =T02.

Takoit perynsaTop Ha3bIBacTCS MPOMOPIIMOAHILHO-UHTETPaIbHO-AU(de-
pennnanbHbiM (I[TM]]), kOoTOpBIN MMeeT Tpu IapaMeTpa HACTPOMKHU (kp,Tpl,

Tp2 ).
4.4.2. HacTpoiika Ha CHMMETPUYHBIA ONTUMYM

Hactpoiika Ha cummeTpuunblii ontumyM (CO) obecnieunBaeT Goliee OBICT-
pBI€ MPOIIECCHI B KOHTYPE 10 CPABHEHHUIO C KOHTYPOM, HACTPOECHHBIM Ha OM.

B 3aMKHYTOM cOCTOSIHMM KOHTYp, HacTpoeHHbIM Ha CO, UMeeT nepenaroy-
HYI0 (DYHKIIHIO

4Tus+1
3.3 2.2 '
8Tus +8Tus +4Tus+1

Do (s)=

JIAYX pa3oMKHYTOro KOHTypa OyIeT MMETh BHUJ, MOKa3aHHbI Ha puC.
4.109.

4Tw  27q —40

Puc. 4.20. JIAYX pa3oMKHYTOro KOHTYpa

Ota JIAUX coBepiIeHHO CHMMETPUYHA OTHOCUTENIBHO OCH YaCTOT U 4acTo-
THI Cpe3a M., TOITOMY CIIOCO0 HACTPOWKH, oOecreunBaromuii Takyro JIAUX, mo-
Jy4YWJl Ha3BaHME CUMMETPUYHBIA ONTHUMYM, IepenaTrouHas (yHKIUS KOTOPOTo
paBHa:

4T s +1
8T %s? (Tus +1) '

Weo(s)=
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IlepexonHast xapakTepucTuka KOHTypa, HacTpoeHHoro Ha CO (puc. 4.20)
XapaKTEepU3yeTcsl BPEMEHEM IEPBOTO

h 4 o =43% ~ cornacosanus t; = 3.1T,, u nepeperymnu-
Foer ¥% 0.05 poBanuem ¢ = 43%.
' L —— OnpenenuM TUI W MapaMeTphl pe-
| 31T, ryJIaTopoB npu Hactpoiike Ha CO KOH-
' TYpPOB C Pa3IMYHBIMU OOBEKTaAMHU.
) ! > 1. OOGBeKT UHTErpaJTbHOrO TUIMA!
t
Puc. 4 20. ITX cucTeMEL WO(S)Zk—O.
HacTpoenHoi Ha CO TpS (TMS +1)

XKenaemas nepenarouHast GyHKIUS

4T s +1
8T %s? (Tus+1) '

W (S) =Wco (S) -

[lepenatounast GyHKIMS peryasTopa

Wy (s) Weo(s) — 4Tus+1 TOS(TMS +1) _

W, (s)= = = =
() Wo(s) Wo(s) 8r2s*(T,s+1) ko
T 4Tu5+1_k Tps+1

2Tky 4T,s P Ts

Jliist Toro uto0bl KOHTYp ObLT HacTpoeH Ha CO, neooxoaum [1U- perynstop
C IepeaToOYHON (DyHKIIHEH

T.s+1
_ p
Wp(s)_kp TS
p
To
rae ky =—9— T, =4T,.
p T],LkO p H

N3 momy4yeHHOTO BBIpAaXEHUS BUIHO, YTO KOA(D(HUIIMEHT perysisTopa pac-
CUHMTBIBAETCS TI0 TAKOM ke (popMyIie, Kak U Ipu HacTpoiike Ha OM, HO MOCTOSTH-

Hasi BpEMEHH JpyTasi, MEHbLIE YeM T (TO > 4TM )
2. OOBEKT MO3UITMOHHBIN C OJTHOM MTpe0bI1aaroIIeii TOCTOSIHHON BPEMEHH
Ko

Wo(s)= (Tos +1)(T,s +1)

(Toll 4T,).

JIns ompenesieHus TUIIa U mapameTpoB peryisitopa noctpoum JIAUX cuc-
TeMbI U peryisitopa (puc. 4.21).
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Puc. 4.21. JIAUX cucremsl u peryisitopa

N3 puc. 4.21 cnenyer, yto Heooxoaum I[IM-perymsarop ¢ nepenaroyHon

. Tps+1
bynxupei Wy (s)= Kp———

, TIe kp =
Tps

0
—, T, =4T,, . Ho xemaemas xapak-
21 uko P H P

1 .

Tepuctnka L, (®) Ha gacToTe @ = TpeTepreBaeT H3IOM M TepseT CBOCT-
To

Ba XapaKTEPUCTHUKU CUCTEMBI C aCTaTH3MOM BTOporo mnopsnaka. Ilepexomnbiil

npouecc npu  Tg [ 4TM OJIM30K K CTaHAAPTHOMY JiJIsi HACTpOorku Ha OM.

Bonpocsl 1151 camonpoBepKu
1. Kakum 00pa3oM 3KCHEpPUMEHTAIbHBIM MYTEM MO>KHO OLIEHUTh KayeCTBO
PabOThI CUCTEMBI?
2. KakoBa posib MOJIETUPOBAHUS CUCTEM YIIPABICHUS ?
3. Ilepeuncnure 001IME METOABI MOBBIIIEHUSI TOYHOCTH CUCTEM YIPABIICHUSI.
Ilosicuute ux.
4. JlaiiTe MOHATHE aCTaTUYECKUX CUCTEMBI ynpasieHus. Kakum obpa3om on-
penensieTcs CTeneHb acratu3ma’?
5. B ueM nmpeumyIiecTBO MOBBIICHHS CTETIEHH aCTaTh3Ma CUCTEMBI C TOMO-
LIBI0 U30JPOMHBIX YCTPOUCTB?
6. Kakas cucrema siBisieTCsl HNHBApPUAHTHOM 1O OTHOIIEHUIO K BHEIIHUM BO3-
IEeHCTBUAM?
7. YTo moHMMaeTCs Mol KOMOMHUPOBAHHBIM YIIPABICHUEM?
8. Kak omnpenenstorcst mepenaToyHble (PYHKIMH KOMIIEHCHUPYIOLIUX YCT-
pOICTB B KOMOMHHPOBAHHBIX cUCTEMax?
9. Jlnst KakuX 1iesiel UCTIOIb3YIOTCSl HeeIMHUYHbIE TJIaBHbIe 0OpaTHbIE CBS3U?
10. ChopmynupyiiTe MOHATHE UYBCTBUTEIBHOCTH CUCTEM YIIPABJICHHUS.
11. Kakum 06pa3oM MOKHO MOJTYYUTh YPAaBHEHHS YyBCTBUTEILHOCTU?
12. Yro npenctaBisitoT co00i (QyHKIMU 4yBCTBUTEIBHOCTH M KO3 PUIIHeH-
Thl YyBCTBUTEILHOCTH?
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