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BBepeHue

Teopuss aBromaruueckoro ympasieHus (TAY) — Hay4yHas TUCIMILIMHA,
IPEeIMETOM M3yUEHUsI KOTOPOH SABIISIOTCS MHPOPMAIIMOHHBIE IPOLECCHI, TPOTe-
Kalollre B aBTOMaTUYECKUX cucTemax ynpasieHus. TAY BwisBisieT o0miue 3a-
KOHOMEPHOCTU (YHKIMOHUPOBAHMS, MPUCYILIUE aABTOMATHUYECKUM CHCTEMaM
pa3nuyHON (pU3MUEeCcKON MPUPOJIBI, U HA OCHOBE ATHX 3aKOHOMEPHOCTEW pa3pa-
0aTbIBa€T MPUHIHUITBI TIOCTPOCHUS BBICOKOKAYECTBEHHBIX CUCTEM YIIPABIICHHUS.

[Tpu n3ydyenun mpoueccoB ynpasineHusi B TAY abctparupyrores oT pusu-
YECKUX M KOHCTPYKTHBHBIX OCOOEHHOCTEN CHCTEM M BMECTO PEANbHBIX CUCTEM
paccMaTpHUBaKOT X aJ€KBAaTHbIE MAaTEMaTUYECKUE MOJIEIN, TO3TOMY OCHOBHBIM
METONOM uccinenoBaHuss B TAY sABnseTcs MaTreMaTHYeCKOE MOJAEIUPOBAHUE.
Kpome Toro, merononoruyeckyto ocHoBy TAY 00pa3ytoT Teopusi 0ObIKHOBEH-
HBIX AudQepeHIraIbHbIX YPaBHEHUH, OlepallMOHHOe ucuKciaeHue (mpeodpaso-
Banue Jlamaca), rapmoHuveckuii aHanu3 (mpeoOpasoBanne Dypbe), Teopus
(GyHKUIMNA KOMIUIEKCHOTO MIEPEMEHHOT0, BEKTOPHO-MAaTPUYHBIN aHAIU3.

TAY Bmecte ¢ Teopuelt GyHKIIMOHUPOBAHUSI 3JIEMEHTOB CHCTEM yIpaBJe-
HUS (TATYMKOB, PErYJISITOPOB, UCIIOJIHUTEILHBIX MEXaHU3MOB) oOpa3yer OoJee
HIMPOKYIO OTPacib HAYKH - aBTOMATUKY. ABTOMAaTHKa B CBOKO OYEPE/Ib SIBISACTCS
OIHUM U3 pa3fesioB TEeXHUYECKOW KHOepHETHKH. TexHuueckas KuOepHeTHKa
M3Yy4YaeT CIJIOKHbIE aBTOMATU3HPOBAHHBIE CUCTEMbI YIIPABIICHHS TEXHOJIOTHUYE-
ckumu niporieccamu (ACYTII) u npeanpusitusimu (ACYII), mocTpoeHHBIE ¢ HC-
IIOJIb30BAHUEM YIIPABISAIOIIMX BBIYACIATEIBHBIX MAILIVH.

B nacrosimee BpeMs TAY Hapsy ¢ HOBEUIIMMU pa3ieiaMu TaK Ha3bIBae-
MOW 001el Teopuu ynpaBiieHUs (HUCCIICOBaHHE OTEepaIldi, CHCTEMOTEXHUKA,
TEOPHsI UTP, TEOPHSI MAaCCOBOTO OOCITYy>KMBaHUs, TCOPHsI UHPOPMAIIUK) UTPACT
BAKHYIO POJIb B COBEPIICHCTBOBAHUY U aBTOMATHU3aLUK YIPABIEHUS POU3BO-

CTBOM.



ABTOMAaTH3aIMs SBJISETCS OJHUM W3 TJIABHBIX HaNpaBJIeHUW Hay4dHO-
TEXHUYECKOTO TPOrpecca W BaXKHBIM CPEJACTBOM MOBBITIEHUST 3((HEKTUBHOCTH
00111eCTBEHHOTO TIpon3BoJicTBAa. COBPEMEHHOE MPOMBIIIIICHHOE MPOU3BOICTBO
XapaKTepUu3yeTcsi pOCTOM MAacCIITa0OB M YCJIOKHEHHUEM TEXHOJOTHYECKUX IPO-
IIECCOB, YBEIIMUYCHUEM €IMHUYHOW MOIIHOCTH OTIEIhHBIX arperaToB U yCTaHO-
BOK, NMPUMEHEHHEM HWHTEHCUBHBIX, BBICOKOCKOPOCTHBIX PEKHUMOB, OJIM3KUX K
KPUTUYECKUM, TIOBBIINIEHUEM TPeOOBaHMII K KaueCTBY MPOAYKIMHU, 0€30IacHO-
CTH TEpCcoHajia, COXPAHHOCTH OOOPY/IOBAHUS U OKPYXAIIIeH cpeabl. DKOHO-
MUYHOE, HaJI&KHOe U Oe3omacHOoe (DYHKIIMOHUPOBAHUE CJIOKHBIX MPOMBIIIICH-
HBIX 0OBEKTOB MOXKET OBITh 00€CIIEUeHO C TOMOIIBIO JIUIIb CAMBIX COBEPIIEH-
HBIX MPUHITUIIOB U TEXHUYECKUX CPEJICTB YIPABJICHUS.

CoBpeMEHHBIMU TEHJICHIIUSAMHA B aBTOMAaTH3allUHA TIPOU3BOJICTBA SIBIISCTCS
mupokoe npumenenne OBM g ynpasneHusi, co3qaHue MaliiH U 000pya0Ba-
HUSI CO BCTPOCHHBIMU MHUKPOIIPOIIECCOPHBIMU CPEACTBAMU M3MEPEHHUs, KOHTPO-
JS M pEryJIMpOBaHUs, TIEPEX0]l Ha JCICHTPAIM3HPOBaHHbBIE (pacmpeaenéHHbIe)
CTPYKTYpBI ymnpaBieHus ¢ MUKpoOBM, BHeapeHUEe Yel0BEKO-MaIlIMHHBIX CHUC-
TEM, MCIIOJIb30BaHUE BBICOKOHAIAEKHBIX TEXHUYECKUX CPEJICTB, aBTOMATU3UPO-

BAaHHOC ITPOCKTUPOBAHUC CUCTCM YIIPABJICHHA.



1. Uctopnyeckune acnektbl pa3Butusa TAY (MMeHa, coObITUA, (haKTbl)

[MomsynoB MBan MBanosuu (1765r.) —aBTOp nepsoco 6 mupe asmomamu-

YecKo2o pe2yramopa ypoeHs 600bl B KOTJE MAPOBOI MAIIVHBI.

Jixerime Yart (1784 r1.) — aBTOp mMEpBOr0 aBTOMATHYCCKOTO PEryisiTopa

(AP) ckopocTH BpalieHus MapoBOi TYpOUHBI.

[Tpuanun [lon3yHoBa-Yarra J€KAT B OCHOBE aBTOMAaTHUYECKOTO PErYINPO-
BaHUs no omrionenuio (OAMH U3 0A30BBIX MPUHIIUIIOB PETYJIUPOBAHHS B aBTO-
MaTHKe).

Kan-Bukrop Iloncene (19 Bek) — aBTOp NHpUHIUIIA PETYIHPOBAHUS 7110

B03MYUCHUIO.

Cromona A. (CnoBakwust, koHer; 19 Beka) paspwi unero [ToHcene o cucre-
Max pecyiuposanus no 803MyujeHuro, TPUMEHUTEILHO K BOIIPOCAM PETYIHPO-
BaHUS TypOUH.

Beimaerpanackmii U.A. (1877r.) —ocnosamensy meopuu asmomamuuecko2o

pecynuposanus. Brnepsbie omnucan penieHue au@depeHImanbHOro ypaBHEHUs
YETBEPTOM CTENEHU MPU AHAJIU3E €IUHOM TMHAMUYECKOW CHUCTEMBI, BKIIIOYAIO-
1€l MapoBYIO MAUIUHY U PETYJIISATOP.

[MTomoB A.C. (Poccust, 1895-190Qr.) —coBmectHO ¢ yueHnkamu (UrkosieB
B. u np.) co3nan ougghepenyuanvuuiii pecyrsimop HaKaIUMBaHUS PTYTHBIX OCBeE-
TUTEIBHBIX JaMIl.

Payc O./Ik. (Aarmus, 1877t1.) —aBTop ayreOpandecKkoro cnocoba oyenku
ycmouyugocmu CUCTEM aBToMatndeckoro yrpasieHus (CAY).

Cypeuir A. (ABctpusi, 1895r.) —aBTop Apyroro aaredpandeckoro cnocoba
OYeHKU ycmouyugocmuy TMHAMAYECKUX cucTteM. B nanbHelimem pabotel Payca u
['ypBuIia 661 0000IIEHBI UX TOCJIEI0BATEIISIMHU.

OnuBep Xesucaita (Aurmus, 1915-1924r.) —37eKTPOTEXHUK, CIICIUATKCT

B 00JacTU TEOPUH U MPAKTHKU (PHIbTpalMH; pa3padaThiBall 3JEKTPOTEXHHUYE-

CKHe (UIBTPHI C LEMSIMHU PEryJIUPOBAHUS IO TOKY M HANPSHKEHHUIO, aBTOP IMPU-



KJIaJHON TEOPHH OIEPAIMOHHOTO UcUucieHus (npeobpazosanus Jlaniaca), siB-
JISTFOIEHNCST MaTeMaTHYeCKUM (QyHIaMEHTOM TeopHuH (aBTOMAaTHYECKOIo) yIpas-
nenust; chopMyIIMpOBall MPOIEAYPY OMNPEIETICHUS] OPUTHHATIOB 110 UX HM300pa-
xeuusm (gpopmyna Xesucaiioa-Mennuna); oTKpbLI «K-CJI0H» B HOHOCHEpE, I10-
3BOJIMBIIHUI BITOCIEACTBUN 00OCHOBATH BOIPOCHI I'€OrI00aIbHON Mepeaaun pa-
JIMO- U TEJIEBU3NOHHBIX CUTHAJIOB.

Maxkcemn JIx.K. (Aarmms xoHernr 19 Beka) — BrepBble BBEJl TEPMHH «Ku-

Oepnemuxa» Kak TMOHSATHE, 0OO3HAYarollee HayKy o0 yImpaBJeHUH, INepenaye
UH(POPMAIIUU U CBSI3U B KMBOTHOM OPraHM3MeE W B MalllMHE (TEXHUYECKOM CHC-
teme). [lo cyTH, aBTOMaTHKa MpeACTaBiIsieT COO0ON TEXHUUECKYI0 KHOSPHETHKY .

Haiikucr X. (CIIA, 1932roxa) — asmop uacmomuo2o Kpumepusi ycmoti-

yugocmu CAY, cnenuanucTt B 00JaCTH 3IEKTPOHHBIX (PUIBTPOB U YCHUIIUTEIb-
HBIX YCTPOMCTB.

Muxaiino A.B. (CCCP, 1936r.) — aBTOp APYyroro 4acToTHOIO Memood

oyenxu ycmouuusocmu CAY, n3noxeHHoro B HaydHou pabote «['apmonHmue-
CKUI METOJ B TEOPUU PETYIUPOBAHUSI.

Heiimapk FO.M., CokonoB A.A. (CCCP — 1948r.) — pa3paboTaiu Tak Ha-

3pIBaeMbI Memoo D-pazbuenuss mpoCTpaHCTBA TMapamMeTPOB JTHHAMHUYECKOM
CHUCTEMBI, MIO3BOJIAIOIINMI BBIJIETSATH 00JACTH €€ YCTOMYMBOCTH.

Teonopurk (194871.) — NpemIoKUI OCHOBBI Memood KOPHESbIX 20002pa-
@08, naroniero BO3MOXKHOCTh paccMaTpyBaTh BIUSHHUE MapaMeTpOB HCClelye-
MOM CUCTEMBI Ha €€ YCTOMYMBOCTD IyTEM aHAJIM3A MEPEMELICHUS TTOJIOCOB [1D
Ha KOMIUIEKCHOW TJIOCKOCTH. MeTon pa3paboTaH, TeOpeTudeckn 0O0OCHOBAH H

passut Yaepmanom D.I'. B 1949rony u DBancom (CIIHA) B 1950roqy.

Kion Dnsyn Illennon (CIIA — 1950rr.) — OCHOBOIOJIOXXKHUK MaTeMaTH-
YECKOUW TeOpHH MH(POPMAITUHU U CBSI3U; aBTOP TEOPEMBI OTCUCTOB U3 TCOPHH BBI-
OOpOYHBIX BPEMEHHBIX psIOB (Tak Ha3bpIBaEMOW meopembl Yummekepa-

Komenvuurxosa-Illennona).
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Axanemuku Kynebakun B.C, Jlysun H.H., [Terpos b.H. (CCCP — 1950-60

IT.) — CICHUAIHCTHI, Pa3paboTaBIIuE Meopurd UHEAPUAHMHOCIU KOMOUHUPO-
BAHHBIX CUCMeM Ynpaeienusi, B KOTOPOH M3y4yaloTCsd MaTeMaTHYECKUE YCIOBHS
KOMIIEHCAIIMM BHEIIHUX BO3JIEUCTBHM CpelcTBaAaMHU YIPABJICHHS IO BO3MYIIE-
HUIO.

Hop6ept Bunep (CIHA, 1948-196Qr.) — naypear HoGeneBckoi mpemuH,

«oTer» KubepHeTHKH; coBMecTHO ¢ XuHunHbIM A.J. (CCCP), B yacTHOCTH, TIO-

Ka3aj, 4TO TAKWEe XapaKTEPUCTUKU CTAIMOHAPHOTO CIyYalHOTO CHUTHANa, Kak
aBTOKOPPENAIMOHHAS (DYHKIMS U CHEKTpaibHasl MJIOTHOCTh MOITHOCTH CHTHA-
J7a, CBsI3aHBI MEXIy co00# mocpeacTBoM mpeodOpazoBanus Dypbe (IpAMOro u
00paTHOrO).

Axkanemuku Koamoropos A.H. u IIyraues B.C. (CCCP — 1950rr.) — BHe-

cnu OONBIION BKJIAJA B Pa3BUTHE OJHOTO M3 Pa3/eioB OOIIEH TEOpUH yIpaBiie-
HUS — cmamucmuyeckou ounamuxu (meopuu cmoxacmuyecKkux npoyeccos).

Axanemuxu AagponoB A.A., BoponoB A.A., Ilocnenos I'.C., EMenpaH0B

C.B., unensr — xoppecnonaeHThl KpacoBckuii A.A., Ilerpo E.IL., mpod.

Conbadap6 JI.C., Penpadaym A.A., Conogosurkos B.B. (CCCP — 1950-90rr.)

— BHeCJIM OOJBIION BKJaA B MPOLECC CTAHOBJICHUS OMEYeCMBEHHOU WKOJIbl
meopuu aemomamuuecxkozo ynpasierus (TAY) u ee pa3BUTHS HA COBPEMEHHOM
JTAaIe.

[Mpodeccop ompadapd JI.C. (CCCP — 1950rr.) — oaMH U3 aBTOPOB 2uno-

me3vl HU3KOYACMOMHOU Qurbmpayuy, UCIIONb3yEMON NpPU UCCICJOBAHUU He-
JIMHEWHBIX CUCTEM YIIPABIICHUSI METOAOM FApMOHUYECKOM JIMHEAPU3ALIUH.

[Mpodeccop CononosurkoB B.B. u akagemuk Bopono A.A. (CCCP — xo-

Her 1950rr.) — aBTOpHI rpado-aHATUTHIECKUX METOJIOB OIPEIEIICHUS] BPEMEH-
HBIX XapaKTEPUCTHK IO U3BECTHBIM BEIIECTBEHHBIM YaCTOTHBIM MEPEAATOYHBIM
GyHKIMSM (COOTBETCTBEHHO Memo008 annpoKCUMUpYowux mpaneyui u mpe-

Y20NbHUK08); aBTOPBI MOHOTpaduil U yueOHHKOB 10 TAY .
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Jroen6eprep (IIBenus), Kaaman P.(CIIIA) — B konme 1950-60rr. coznanu
meopuio opmanvuvix Hadooamenet (YCTpOUCTB ISl OICHKHA CTAllMOHAPHBIX
CIyYaHBIX CHUTHAJIOB) U meopuio onmumaivhou guiempayuu (puremp Kan-
mana P.) cmoxacmuueckux npoyeccos.

PukkarTi (MUtamms — 1960-70rr.) — aBTOp 1MOAX0/a K MCCIICAOBAHUIO CUC-
TEM ONTHMAJIBHOTO YIPABJICHHsS, OCHOBAHHOTO HAa METOJIC IMPOCTPAHCTBA CO-
crosiauil (6exmopno-mampuunoe ypasnenue Puxkammu).

JIssnynoB A.M. (Poccust — 1892r.) — nyOaukaius pabotel «OO0Ias 3amaya

00 YCTOMYHMBOCTH JBVIKCHHSI»; BBIIAIOIIMICS PYCCKHH MaTEMaTHK; BIICPBBIC
chopMyIUpOBaJI P TPABWI, C MOMOIIBIO KOTOPBIX CTaJl0 BO3MOXXHBIM Ha
000011eHHOM (hOpPMAIBHOM YPOBHE OIIEHUBATh YCMOUYUBOCb OUHAMUUECKUX
cucmem.

Mbiicon C. (CIHA — 1950rr.) — ommyOauKoBa psiji CTaTel 1Mo TEOPUH CHUC-
TEM aBTOMATHYECKOTO YIPAaBIEHUSI C 0OpaTHOU CBS3BIO, B KOTOPBIX 000CHOBAI
IPAaBOMEPHOCTH Psiia MONno02U4eckKux npoyedyp, MO3BOJISIONMX 0e3 mpeodpa-
30BaHUS UCXOJIHOM CIOKHOW TUHAMUYECKOU CTPYKTYPHI OMPENETUTh B KOJIUYE-
CTBEHHOU (popMe €€ npoussoibHbvle cKalapHbie nepedamoynvie hyukyuu. Pado-
el Meiicona C. momyumm cBoe HoBoe pasButue B 1970-80rr., korma Havamm
WHTCHCUBHO BHEAPATHCS MHU(PPOBBIC IIIEKTPOHHO-BBIYUCIUTEIHHBIC MAITUHBI B
MIPOMBITIUICHHBIE M HAayYHO—MCCJIEI0BATEILCKIUE aBTOMATHU3UPOBAHHBIC KOM-
TUTEKCHI.

JletoB A.M. (CCCP — 1950-60rr.) — coBmectHo ¢ Kanmmanom P. (CIIIA)

pa3paboTai METOAUKY CUHTE3a 3aMKHYTHIX JIMHCWHBIX CUCTEM YIIpaBJICHUS, OII-
TUMAJIbHBIX 10 KBAJIPATUYHBIM KPUTCPHUSAM KadecTBa (aHaiumuueckoe KOHCM-
pyuposarue onmumanbHulx peeysimopos —AKOP).

KpeuioB H.M, JIsnyuos A.M., boroato6os H.H., AugponoB A.A. — BbI-

JAOIINECs] POCCUNCKUE ydeHble, 3aoxuBiiue B nepuos ¢ 1892 mo 1940 rr.

mamemamuiecKkue OCHoebl meopuu HeUHeUHbIX cUcCmem ynpaesjierusl.
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Bbynrakos B.B., 'onpadapo JI.C., Honoe E.I1. (CCCP — 1950rr.) — pa3spa-
OoTanu psii METOJOB JIJIsl MCCICAOBAHUS HEIUHEUHbIX ABMOMAMUYECKUX CUC-
mem.

Hpmkua 5.3. (CCCP — 1950-70rr.) — akagemuk Poccuiickoir AkajaeMuu

Hayk (PAH P®), kpynHelmwii U3 COBPEMEHHBIX CIICIUAINCTOB B 00JacTH aB-
TOMATUKU y4YeHbIH, COTpyAHUK MHcTUTyTa mpodaem ynpasienus (r. Mocksa),
BHECIIIUHU O0IbUIOL 6KIAO 8 pasiuunble obnacmu cospementol meopuu (agmo-
MAmMuy¥ecKoeo) ynpasienus; OJAH U3 aBTOPOB AHAIUMUYECKOU Meopul Onucd-
HUSL OUCKPEMHbIX CUCHAN08 U cucmem ynpasieHuss (peNeiHbIX, UMITYJIbCHBIX,
mupoBeix). B HacTosmee BpeMsi BeeT OOJBIIYI0 METOJUYECKYI0 M HAYYHYIO
paboTy; aBTOp MHOTHUX MOHOTpaduil M y4eOHBIX MOCOOMH MO Pa3IMYHBIM BO-
pocaM TEOPHH YIPaBICHUS.

C nauvama 1950rr. B CIHA u AHrimu nosiBisirores nepssie IBM (Atana-
coB, JIx. ¢on Heiiman u apyrue), B CCCP — ¢ cepequnsl 19501r. (MOCM,
«Ctpena» u npyrue). OBM cTamm NpuUMEHSATHCS B HUCCIEIOBATEIBCKUX IEISIX

(MozenMpoBaHue yCTPOMCTB PA3IUIHON (PU3UUECKON PUPOIBI; HCIOIb30BAHUE

B KaYE€CTBE YCTPOMCTB YIIPABJICHUS), TO3KE — B IPOMBIIIICHHBIX.

1960 rr. — nepsvie munu- u mukpoOBM B CIIA m AHrIuW, TPOTOTHIIHI
HEepBBIX MpodecCHoHaIbHBIX MHepcoHanbHbix DBM (ITII9BM, koMmmboTepoB),
CTaBIIME UCIOJHATH POib YHUBEPCALHBIX YUPDPOBLIX YCMPOUCME YNpasieHUs
(YY) B cocraBe CAY; ¢ BueapenueM moaooHbXx YV addexkruBHocTs CAY BHI-
pociia Ha OPSIIKH.

C nauvana 1970rr. B8 CIHA u 3amagnoii EBpome akTMBHO BHEAPSAIOTCA

III/IdJDOBBIC CHUCTCMBI aBTOMATHU3aIIMM TCXHOJOTHMYCCKUX (I/I B ICJIOM, — IIPOU3-

BOJICTBEHHBIX) TPOIIECCOB, T/Ie B KAYECTBE aBTOMATHUECKUX PEryasTopoB (AP)
ucnoip3ytorcs [IBM u rubpunasie 9BM ('BM), uro mpaet yBennueHUe HaICK-
HOCTH, OBICTPOAEUCTBUS, CHU)KEHUE TabapUTOB, YIyYIIEHHE YPrOHOMHYECKUX
napaMeTpoOB, a TAK)KE MOBBIIIEHUE (DYHKIIMOHATBHOCTH, TEXHOJIOTHYHOCTH H

9KOHOMHNYHOCTH IIPH UX HUCITIOJIb3OBAHHH.
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Hauano 1980rr. — BOBHUKHOBEHHE YHUBEPCATBHBIX OBICTPOACHCTBYIOIINX
nepcoHagbHbIX KomnbioTepoB Gupm CIIA (IBM, Apple, Decwu np.), kotopsie
CTaJI CTPEMUTEIHHO BHEAPATHCSA BO BCEe chepbl aBTOMATH3AIMHU MPOIIECCOB Ha
MPOMBINIJICHHBIX TPEANPUATUAX, B HAYIHO—HCCIIETOBATEIHCKUX OPTaHU3aIHUAX
u yueOHBIX 3aBeAeHUsAX. Cnernuanu3upoBanHbie TUMbI 3THX [1K mo3Bommmm me-
PEBECTH aBTOMATH3AIUI0 TEXHUYECKIX O0OBEKTOB U MPOU3BOJICTBEHHBIX CHCTEM
Ha KaYeCTBEHHO HOBBIH, MOJTHOMACIITA0HBIN, YPOBEHbD.

C xonna 1970rr. —BHeApeHne MEKIyHApOaHOHN (HaaHAIIMOHATIBHOM) cemu
Internet nepBpie mpuUMEPHl HCTIOIB30BAHMSI TJIO0ATEHBIX HHPOPMAIIMOHHBIX CE-
TeH I LeNell agmomamuuecko2o u asmomMamusupo8aHHo20 YnpasieHus pac-
npeoesieHHbIMU, VOANIeHHbIMU U CBepXYOaleHHbIMY YYSOHbIMU, HAyYHBIMH H
IPOU3BOJCTBEHHBIMU 0ObEKMAMU U CUCEMAMU.

1980-90rr. —Benercs paboTa 1Mo co3gaHuo 0000IIEHHOW MaTeMaTHIeCKON
TEOPUU aHAIM3a M CHHTE3a CHCTEM YIPAaBICHHUS Pa3jIMYHBIX THUIIOB M Ha3HAYe-
HUS, B OCHOBE KOTOPOHW JICKAT BEKTOPHO-MATPUYHBIE METOIbI WCCIICIOBAHUS
nuddepeHIMaTbHBIX YPAaBHCHUH JUHAMHUKN U CHCTEMHBIC KOHIETIINN peain3a-
UM OBICTPOJICHUCTBYIOMIMX KOMIBIOTEPHBIX aNTOPUTMOB, MOJESITHPYIOIIUX TIO-

BCIACHHC UCCIICAYCMbBIX CUCTCM YIIPABJICHUS.
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2. MpuHUUNBLI aBTOMATUYECKOro perynmpoBaHus

3amaua ynpaBlieHUs 3aKitoyaeTcs B cienyromeM. Mimeercs oObeKT ympas-
nerus (YrpaBisieMblidi 00OBEKT), T.. HEKHI MEXaHU3M, arperar Wii yCTPOKMCTBO,
HEKMH TEXHOJIOTUYECKUU, SHEPTETUUYECKUN WIIM TPAHCIIOPTHBIM IIPOLIECC, XKe-
JaeMoe€ MOBEJICHUE WU MPOTEKAHHE KOTOPOTO JIOJKHO ObITh 00€CTIeUeHO.

[ToBenenne 0OBEKTA YIPABICHUS, PE3YJIbTAT €T0 JIECHCTBUS OMPEIEISIETCS
HEKOTOPBIMHU MOKa3zaTressiMu. Yame BCEero MMHU SIBISIOTCA 3HAYEHUS] KaKUX-TO
(bU3MYEeCKUX BEIWYNH, KOTOPHIE HA3bIBAIOT BBIXOJHBIMH BEIMYMHAMU OOBEKTA
ynpaieHus. YeM ciiokHee 0ObEKT, TeM OOJIbIlIee YHCIIO MOoKa3aTeNnell XxapaKkTe-
pHU3YET €ro NEUCTBUE U TEM TPYIHEE CIECIUTH 3a BCEH UX COBOKYNHOCTHIO. Ilo-
ATOMY K BBIXOJIHBIM BEJTUYMHAM OTHOCST JIMIIb HanOOJiee BaXKHBIC IS OIEHKH
NoBeJEHUSI 00BEKTA U €ro MPAKTUYECKOTO UCTIOIb30BAHMUS.

B peanbHBIX yCIIOBHSX Ka)XJA0€ TEXHUUYECKOE YCTPOMCTBO, KaXKIbIi TEXHU-
YECKHUW MPOLECC OKAa3bIBAECTCS MOJ BIWSHUEM MHOTOYMCICHHBIX BO3JECHCTBUU
CO CTOpPOHBI BHEIIHEW cpepl. Bce 3T BO3AEHCTBUS MTPAKTUYECKA HEBO3MOMKHO
Y4ECTbh, HOITOMY B MOJIE 3pEHUS OCTABIIAIOT JIUIb T€, KOTOPbIE OKA3bIBAIOT HAU-
OoJbliee BIMSIHUE Ha BBIXOJHBIE BEJIMYMHBI, U HA3bIBAIOT UX 6XOOHbIMU 803-
oelicmeuamu.

N3MeHeHne BO BpPEMEHM BXOJHBIX BO3JCHMCTBUM W BBIXOJHBIX BEIWYUH
00bEKTa yrpaBJieHUs XapaKTepU3yIOT €ro NoBeeHUE, ero PyHKIIMOHUPOBAHKE.

Bxoanbie BO3a€MCTBUS, C TOUKHM 3pEHUS UX BIUSHUSA HA IEHCTBHE O0BEKTA,
Ha €r0 BBIXOJHBIC BEJIMYHMHBI, PA3JICISIIOTCS HA IBE OCHOBHBIC TpyInbl. HexkoTo-
pbI€ U3 BXOJIHBIX BO3JEHCTBUN 00ECNEUMBAIOT, KaK y>K€ OTMEUaJoCh, )KeJIaeMoe
W3MCHEHHE TOBEICHUS OOBEKTa, MOCTIKCHHE IOCTAaBIEHHBIX Iieieil. Takue
BXOJHBIE BO3/CHCTBHS HA3bIBAKOTCS YUPAGIAWUMU, U TP UX OTCYTCTBUU 3a-
Jaya ymnpaBlieHUusl BooOl1e He uMeeT penieHus. [Ipu pydHoM yripaBieHUU TaKue
BO3JICHCTBHSI HAa OOBEKT OCYIIECTBISIET OIMEpPATOp, MPU ABTOMATHYECKOM -

yHOpaBJIsioee yCTporucTBO. Jlpyrue BXoIHbIE BO3/IEUCTBHSI, HAIPOTUB, MEIIAIOT



-13-

JOCTUKEHHUIO 11€JIU, U U3MEHUTh WX, KaK IIPaBUJIO, HEBO3MOXKHO. Takue Bo3jeh-

CTBUSL HAa3bIBAOT @o3mywiaiomumu (803myuienuamu) Wi nomexamu (puc.

2.1).

BO3MYILICHUS

YIIpaBISIOIIAE |  OOBEKT > BBIXOJHBIC
— —>

BO3M CHUA IIPABJICHUSI BCIIMUHNHBI
yI | ymp -,

Puc. 2.1.Cxemarnueckoe n300pakeHre 00bEKTa yIpaBJIeHUs

3aoaua ynpagnenus, 1o CymecTBy, 3aKkitoyaercs B HOpMUPOBAHUH TAKOTO
3aKOHA M3MEHEHHUS YIPABIAIOMINX BO3ACHCTBUIM, TP KOTOPOM JOCTUTAETCS JKe-
JaeMoe MoBeieHue 00beKTa HE3aBUCUMO OT HAJIMYUs BO3MYILECHUI.

CrnoxHast 1 pa3sHOCTOPOHHSS 3a/1aya YIpaBJIEHUS B MOAABISAIONIEM OO0Jb-
IIMHCTBE CIy4yaeB BKJIIOYAeT OoJiee Y3KYIO 33a[auy peryJMpoBaHus, KOTOPYIO U
OyzaeM paccMaTpuBaTh B JaJbHEUIIEM, TaK KaK aBTOMATUYECKOE PEryIMpOBaHHE
B HACTOSAIIEE BpeMs UMEET HauOoJIbIIIee MPAaKTUYECKOE 3HAUCHHE.

3aoaua pezynupoeanun 3axioyaercs B NOJACP)KaHUU BBIXOAHBIX BEJTMYUH
00BEeKTa paBHBIMU (HJIM TPOTIOPLIMOHATIBHBIMI) HEKOTOPBIM 3TAJIOHHBIM (yHK-
IUSIM BPEMEHU — 3a/aloluM Bo3zeiicTBus. [locnennne MOryT OBITH MOCTOSH-
HBIMU WJIM U3MEHSIOIIUMHUCS KakK 10 33JJaHHOMY, TaK U [0 paHee HEM3BECTHOMY
3aKOHY.

Mertoapl pemeHus 3a4a4n peryJIupoBaHusl U MPUHIUIBI aBTOMATUYECKOTO
pEryJIMpoOBaHUs UCTIONB3YIOTCA paznuuHble. CamMblii MPOCTOM MPUHIUI, OCHO-
BBIBACTCSI HA MPEANONIOKEHUH, YTO BIUSHUEM BCEX BO3MYILIEHUU MOXHO Tpe-
HeOpeub, U BO3ACHCTBOBATh HA 00BEKT HEOOXOAMMO JIMIIL B TOM Clly4yae, KOoraa
HY>KHO U3MEHHUTH paboTy 00BbEKTa, T.€. 3HAUCHHE PETYIUPYEMOI BEIIUYUHBI.

Pa3omMkHyTas cucrema perynupoBanusi (puc. 2.2) IeHCTBYET CIEIYIONIUM
oOpa3zom. [lpu n3MeHeHNN 3aJa0IEero BO3AEHCTBUS § GOPMHUPYIOMIMIA 3TEMEHT

3 BbIOMpaeT HEOOXOIMMOE «yKa3aHUE» HCIOJHUTEIbHOMY MexaHusMy 2. Ilo-
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CJIEIHUI CO3/1aeT pEeryjupyrollee Bo3AeiHCTBUE Z HA 00BEKT peryinupoBanus 1.
B pesynbraTe perynupyemasi BemudnHa y MPUOIMKACTCA ¢ TOW WJIM WHOM TOY-

HOCTBIO K TpeOyeMOMY 3HAYEHHUIO.

Puc. 2.2. ®yHk1ninoHanpHas cxema pa3oMKHYTOM
CHCTEMBI PETYINPOBAHUS

@OopMUPYIOIIHI 3JIEMEHT U UCIOJHUTENIbHBI MEXaHU3M COCTAaBIIAOT pe-
ryasTop. Peryiastop u o0beKT B COBOKYITHOCTH OOPa3ylOT CHCTEMY PEryJupo-
BaHMUS.

3aMeTuM, 4TO NpH KOHCTPYUPOBAHUU PETYISATOPA PACCMOTPEHHOM CHUCTE-
MBI HEOOXOAMMO 3HATh BCE CBOWMCTBA 0OBEKTA peryanupoBaHusi. TOIbKO pU BbI-
MOJIHEHUHU 3TOTO YCIOBUSA U OTCYTCTBHS BO3MYLIEHHIN MOYXHO MPAaBUIBHO MPEN-
BHUJIETh BIUSHUE 3aJAI0IIETO BO3ICUCTBYS HA PETYINPYEMYIO BEIUYUHY.

OOnacTh MPUMEHEHHsI OMHCAHHON MPOCTEUIIEeH CUCTEMBI PEryJITUPOBaHUS
orpaHuyeHa TeM, YTO HeJb3sl MpeHeOpeub BIUsHUEM Bo3MylleHuil. [Ipu ompe-
JEJIEHHOM 3aJalolleM BO3JAEHCTBUHU U PA3JIMYHBIX BO3MYILIEHHIX BBIXOJHAs Be-
au4YuHa 00beKTa (perynupyemasi BeIMYMHA) OYJeT UMETh Pa3HbIC 3HAUYCHUS U,
cleIoBaTeNbHO, 3a7jaua peryIupoBaHus He OyeT pemieHa. B cBsi3u ¢ 3TUM BO3-
HUKAET HEOOXOJMMOCTh KOHTPOJS BO3MYIIEHUHA WIA XOTSA Obl OCHOBHOIO W3
HUX — Bo3MyIeHus f. DTo Bo3aMyllieHHE HYKHO U3MEPSTh, U IIPH €r0 W3MEHEHH-
X CO3/1aBaTh JOMOJHUTEIBHOE BO3JIEHUCTBUE Ha OOBEKT, KOMIICHCHUPYIOIEEe
BIUsIHUE BO3MYyIIeHHs. Takum oOpa3oM, B COCTaB pPEryisiTopa HEOOXOIUMO
BKJIIOYUTH dJieMeHT 4 (puc. 2.3), KOTOpbIi 4epe3 (HOPMUPYIOMIUN IJIEMEHT 3
CO3/a€T KOMIICHCHPYIOIIEE BO3JECHCTBUE HCIIOIHUTEILHOTO MEXaHu3Ma 2 Ha

o0mwexT 1.
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Puc.2.3. ®yHKunoHanpHas cXeMa Pa30MKHYTON CUCTEMBI
pEeryIupOBaHHS C ©3MEPEHHUEM OCHOBHOTO BO3MYIICHUS

PaccMoTpeHHBIE CUCTEMBI SIBISIIOTCS PA3OMKHYMBIMU. B HUX PETryIUpye-
Masl BEJIMYMHA ) HE BIIMAET Ha JACHCTBUE PErYIATOPA. ITO O3HAYAET, UTO XapakK-
TE€p PEryJMPYIOMNUX BO3JCUCTBUNA 3aBUCUT OT CBOWMCTB OOBEKTA JIMIIL B TOM
CTENEHH, B KaKOW 3TO YYTEHO IPHU KOHCTPYUPOBAHHMHM peryisTopa. M3-3a usme-
HEHHUI CBOWCTB 00BeKTa (M BIMSHHUS BTOPOCTEIIEHHBIX BO3MYILECHHUI) JIeHCTBU-
TEJIbHOE 3HAUYCHHE PETYJIUPYEMON BEIMYMHBI MOYKET 3HAUYUTENIBHO OTJIMYAThCS
OT TpeOyeMOro 3Ha4eHUs, IPU 3TOM PETYJATOP NPH CO3JAHUU PETYIUPYIOIIETO
BO3J/ICMCTBUSI HATIOMUHAET CTPEJKA, KOTOPBIM TEPSAET BO3MOMXKHOCTH BIIUATH HA
pE3yNbTAT BBICTPEJIA MOCIE HABEACHUS OPYXKUS U CITyCcKa Kypka. PazHuma mex-
oy naBymsi cuctemMamu (cM. puc. 2.2u 2.3) TUIlb B TOM, YTO B TOCJEIHEH y4u-
THIBAETCS BIMSHUE BO3MYILIEHUS MTOJAOOHO TOMY, KaK CTPEJIOK JEIaeT MOMPaBKy
Ha BeTep. B peanbHBIX yCIOBHAX 4aCTO OTCYTCTBYET MCUEPIIBIBAOIIASA U JOCTO-
BepHasi uH(popMaIis O CBOMCTBAX 00BEKTA PETYIMPOBAHUS U O XapaKTepe BO3-
MYILIEHHI, U MO3TOMY PAa30MKHYTBIE CHCTEMBbI PETYIMPOBAHHS OKa3bIBAIOTCS
HeapGeKTUBHBIMU. B cBsI3U ¢ 3TUM MpUOETatoT K Co3AaHMI0 00Jiee CI0KHBIX, HO
U 3HAUYUTENIbHO 00Jiee COBEPUICHHBIX 3AMKHYMIBIX CUCHIEM ABTOMATHYECKOTO
pEryIMpOBaHHUS.

B 3aMKHYTON cuCTeMe HUCIONb3YETCS HPUHUUR O0OpAMHOU C6A3U, BO3-
MOYHO, CaMbIil MOIIHBIM MPUHIUIT ABTOMATUYECKOTIO PEryJIMPOBAHUS U yIPAB-
nenus. Takas cucrtema B mpocreiiieM ciaydae (puc. 2.4) COCTOUT U3 00BEKTa
perynupoBanus 1 U peryistopa, KOTOPbI, KpOME UCIIOTHUTEIBHOTO 3JIEMEHTA
2 u Gpopmupyomero (WiM yCHIUTEIbHO-TIPE0OPa3yIOIIEero) MIEMEHTa 3, UMEET

elle H3MEPUTEILHBIN dJIEMEHT 4 U 3JIEMEHT CpaBHEHUs (CymMMaTop) 5.
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Puc.2.4.®ynknuonanpHas cxema 3aMkHyTori CAP

W3MepuTeNnbHbI 371eMEeHT 4 OCYIIECTBISET OOpaTHYIO CBSI3b B CHCTEME
obecreunBaeT BIMSHAE PETYIUPYEMON BEIMYHMHBI ) Ha BXOJ cUCTeMbl. CUTHAT
Vo, POTIOPIIMOHATBHBINA PETYIUPYEMON BEITUYHMHE, CPABHUBACTCS C 3a/Ial0IIUM
Bo3nerictBueM . Ecnm perymmpyemasi BeIM4rHA OTKJIOHHWIACH OT TPeOyemMoro
3HAYCHUS, TO U3MEHSICTCS CUCHAI PACCO2Naco8anus (cuznan omuoku) x = g-y,,
KOTOPBI BO3JICUCTBYET Ha 3JIEMEHT 3. 3aTeM BO3JICHCTBUE TEpenaeTcsi Ha HC-
MOJTHUTEILHBIN 3JIEMEHT 2 M Ha 00BEKT 1, B UTOT€ OTKJIIOHEHUE PETYIHPYEMOM
BEJIMYMHBI OT TPeOYyeMOTro 3Ha4eHUsl ycTpaHsercs: (C ONmpeaesieHHON CTEIEHBIO
TOYHOCTH).

Taxum 00pa3oM, B 3aMKHYTOW CHCTEME BO3JIECHUCTBHE HA O0BEKT (hOpMHPY-
eTCsl He TOJIbKO B 3aBUCHUMOCTH OT 3aJIalOIIETO BO3JACHCTBHSI, KAK B 3aMKHYTOM
cucteme (puc. 2.2),HO U OT COCTOSIHHSI 00BEKTa M HaJIMUUs BO3MYIIEHUS. Tod-
Hee, Peryaupyloliee BO3IEHCTBUE OMPENEISETCS OTKIOHEHUEM PETyIHPyeMOM
BEJIMYMHBI OT 3aJJaHHOTO 3Ha4YeHus. [loaToMy mpuHIMI 00paTHON CBSI3U MO3BO-
JISIET YCIENTHO PelIaTh 3aa4dy peryJupOBaHus, HECMOTPS HAa HEKOTOPYIO HEOTI-
pPEeNENeHHOCTh WM HETOYHOCTh B XapaKTEPUCTUKAaX O0BEKTa PEeryJupPOBAHUS U
UCTIOJTHUTEIILHOTO MEXaHU3Ma, a TAK)KE CBEJICHUSIX O BOSMYIIICHHSIX.

MOHO BUIETH, YTO B 3aMKHYTOM CHCTEME aBTOMATHYECKOTO PETYINPOBa-
HUS 110 OTKJIOHCHHIO HET HEOOXOIMMOCTH TOJIydaTh HH(POPMAIIMIO HEMOCPEACT-
BEHHO O 33/IaI0IIEM BO3JICUCTBUH, KOTOPOE UCIIOIB3YETCS JIUIIh JJIsl CPABHECHUS
C CUTHAJOM OOpaTHOW CBsI3H, M O BO3MYIICHHSX, OJTHAKO 3TO JOMYCTHMO HE

BCEraa. B HCKOTOPBIX ClIydasaX Kad€CTBO TAKOI'O0 PETYIHMPOBAHHUA OKa3bIBACTCA
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HEMpUEMJIEMO HM3KUM. Torna o0ecreurBaETCs KOMOUHUPOBAHHOE DPeZyaupo-
6aHue IPU KOTOPOM COYETAIOTCS MPUHLMIBI 3aMKHYTOM M Pa30MKHYTOM CHC-

TCM.

Puc. 2.5.®ynknmonanpHas cxema 3aMkHyTOH CAP ¢ TOMOJTHUTETBHON CBA3BIO
a — 0 BO3MYIICHHIO, O — IO 331af0IIEMY BO3/ICHCTBUIO

[Ipy KOMOMHMpPOBAHHOM PETYJIWPOBAHUU CO3MACTCS JOTOJHUTEIHHAS
cBsA3b 6 1Mo Bo3mymieHuo (puc. 2.5, a), KoTopas KOMIEHCUPYET BIMSHHE BO3-
MYILIEHHUS] «B OCHOBHOM», a 3aMKHYTbI KOHTYpP YCTpaHSE€T paccorjacoBaHUE,
BO3HUKAIOIIEEC TPU U3MEHEHUSIX 3aJIal0IIEr0 BO3/IEUCTBUS U BCIEACTBHE HETOY-
HOCTH JIEUCTBHSI IONOJHUTEIBHOMN CBs3U 6. Mcnonb3yroTest Takke KOMOMHUPO-
BAHHBIE CHCTEMBI C JIOMOJHUTEIBHON CBSA3bIO 7/ MO 33/Ial0IIEMY BO3JIEUCTBUIO
(puc. 2.5,6), koTopast u 0OecIeunBaeT «B OCHOBHOM> €T0 BOCIIPOHM3BEICHUE pe-
TYJIUpYyEeMOM BETUYMHON. 3aMKHYTBI KOHTYpP B 3TOM Clly4ae YCTpaHsieT pacco-
IJ1aCOBAaHUE, BO3HUKILIEE M3-32 HETOYHOCTH JIEUCTBUSA JOTOJHUTEIBHOU CBS3U [

Y BCJICJICTBUE BO3JICUCTBUS BO3MYIIICHUMN.
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3. OCHOBHbIE MOHATUA U onpeaeneHns Kypca TAY

TAY wuzydaet BOmpoCHl, CBS3aHHBIE C ynpasieHuem TEXHAUYECKUMU CUCTE-
MaMH, BKIIOYAIONIMMH OOBEKT W yCTPOMCTBA YIPABJICHUS, OPYTHe (QYHKIIHO-
HAJBHBIE AJIEMEHTHI, 8 pe3yibmame KOmMopo2o BBIXOIHOW CUTHAN OOBEKTa W3-
MEHSIETCS 10 OMPEICIEHHOMY 3aKOHY, 33/1aBa€MOMY yCTPOMCTBOM YIIPABIICHUS.
V3MeHeHrEe BBIXOJHOTO CHTHAJIa OmNpeaeseTcs (QyHKIuMer menn (1eneBoi
byHKIHCH).

Cucrema aBromatnueckoro ympasieaus (CAY) ommuaercs ot CAP tewm,
YTO B ITOCJICHEH OCYIIECTBIISICTCS MPOIIECC PETyIMPOBAHHMSI, HO HE YIIPaBIICHUS,
T.€. BBIXOJHOW CHTHAI X, B CAP momkeH cooTBeTCTBOBaThH (B Mjeajie ObITh
pPaBHBIM) 33JaHHOMY 3HAYCHHUIO ITOTO X, (1).

CyIecTBYIOT TP OCHOBHBIX IIPUHIIUIIA PETYTUPOBAHUS:

1. OpUHIMI PEryJUpOBaHUs MO OTKJIOHeHHIO (mpuHImn Ilon3yHoBa-

Varra);
2. TIPHUHIUII PEryIMPOBaHHS N0 Bo3MyieHuto (mpuHnun [loHcerne).
3. TpUHLMI KOMOMHUPOBAHHOTO PETYJINPOBAHMUS.

[epBhIit MeTOA OTIIMYAETCs HanMM4YueM B cucteme oopammuoi cesazu (OC),
CJICZIOBATENIBHO, TPU ATOM cHcTeMa (CHCTeMa aBTOMATHYECKOTO PEeryIupoBa-
Hus1) (CAP) sBisercs samxnymou. BTopoii MeTosl OTIM9YaeTcss HaTuIueM yCm-
poticmea komnencayuu eozmywernus, OC OTCyTCTBYET, T.€. CUCTEMa SIBIISIETCA
pazomxrymot. IIpu TpeTbeM MeTOjie OTHOBPEMEHHO HCIOJIb3YI0TCA 00a OCHOB-
HBIX MPUHIUIA PETYIUPOBAHUS — 10 OTKIIOHEHUIO U BO3MYILEHHUIO.

C uenbio ananu3a u cunre3a cucreM (CAP u CAY) ucnosbs3yroTest Tak Ha-
3piBaeMble cmpykmypHule cxemwvl (CC). CC — 310 ycnoBHOe rpadudeckoe n30-
Opaxenue peanbHoit CAY, moka3bIBalollee TUII 3BEHBEB, a TAKXKE HAIMYUE U
XapakTep B3auMoOcCBszel aneMmeHToB aBToMatuku (DA). Ha CC mokasbiBaeTcs

Bxo1 ¥ Beixogq CAY (puc. 3.1).
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Xex(t) Xaux(1) Pasnuuator CC aBYX THIIOB:

——» CAY | ——»
1. bnounas CC (BCC). B neii aire-

Puc. 3.1.Ctpykrypnas cxema CAY
MeHTBhl aBTOMaTtuku (DA) 0003HAYAIOTCS

npsIMOyToJIbHUKaMu (OJlokaMu), a curHaibl (BO3IEHCTBHS), OTpPayKaroIIHe

CBSI3U MeXAy DA, 0003HAYAIOTCS CTPEIIKAMHU.

2. I'padoseie CC (I'CC) mnu curHaibHble rpadbl, MPOCTO «rpadbi»,
win rpader Maiicona. B Hux DA o0o3HavaroTcst AyramMu (CTpenKamm), a CUT-
HaJIbl BO3JCHCTBHSI — TOUKaMM, HA3bIBAEMBIMH y3JaMH rpada Wid BepIllrHa-

MU 1yT rpada.

Ha BCC u I'CC psimom ¢ 0603HaYeHHEM KaxkaA0ro DA yKa3bIBaeTCs: Tepe-
natouHast pyukius ([1P) mist BCC u onepartop ayru rpada mist 'CC.

Paccmotpum ciienyromryro CC (puc. 3.2).

XBX(t) XBLIX(t)
W]_(S) Wz(S) —>

Xoc(t)

A 4

Ws(S) |«

Puc. 3.2.bnoynas crpykrypHas cxema CAY

Ha puc. 3.2ucnons3yrorcs cieayromniiue odo3naueHus: Wi(S) — nepenartou-

Hast GyHKIUs 1-T0 3BeHa; | =1,3 — HoMep 3BeHa. MHAEKC | — 3TO BEKTOp LENbIX
grcen (puc. 3.3).

Ha nmucte Oymaru MOXHO M300pa3uTh YEThI-
pe THIa BeKTOpoB B mpoctpancrBe RS, rme K —
pa3MepHOCTh BEKTOpHOTO mpocTpaHcTBa; K= 0,3

O —mepHbIii; 1 —MepHBIN; 2 —MepHbIN; 3 —Mep-

Hblit BekTopsl; R’ — HymsMepHoe; R — oxHoMep-

noe; RC — mByxmepHoe; R° — TpexmepHoe mpo-
CTPAHCTBO.
B mamsaTH KOMIIBIOTEPA MOXKHO 3a(UKCHPOBATH BEKTOP pasmepHoctH R,

rae n>4; R — runepnpocTpaHcTBO.
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COOTBETCTBEHHO MOBEPXHOCTh B HEM HA3bIBACTCS THIEPIIOBEPXHOCTHIO.
['MnepnoBepXHOCTh C JIMHEHHBIMU KOOPAUHATAMU SBJISIETCS THIEPILIIOCKOCTHIO.
[Ipu 5TOM B ypaBHEHUH 3TOW MOBEPXHOCTU BCE KOOPIMHATHI X; (rie i=T,n) sB-
JISIFOTCS IEPEMEHHBIMU B TIEPBOM CTETICHH.

YpaBHEHUE TUIIEPIITIOCKOCTH:

y=Ax+ Bx+ Cx+ Dx+...+ Mx+.... (3.1)
[ToHsiTHE TUNIEPIITIOCKOCTH UCTIOIB3YETCSI B TEOPUHU ONTUMATIBHBIX CUCTEM.

CtpykTypHas cxema, UMEIoIIasi OJUH BXOJ W OJIMH BBIXOJ, Ha3bIBACTCS
ckansaprou CC. CootBerctBeHHO Takas CAY HaspiBaercs ckamsipaon. CC,
uMeroInas 0oyiee 0JJHOrO BXoja u/wim 0ojiee OJJHOTO BBIXOJA, HA3bIBACTCS GEK-
mopHoti CC, a CAY —BekropHoit CAY.

N3o00pa3um mnpuBeneHHyw Ha puc. 3.2 bCC B Buae curHaiabHOro rpada

(puc. 3.4).

©

<1>

e @ 1 W J @ 430 4y (4

<1> <V\/1>N<W2>' <1> =
<-1> @ 5 @<V\/3>

Puc. 3.4.Curnansnsiii rpap CAY

[TyTe Ha rpade oT y3ma 3 k y3iy 1 depes y3en S sSBiseTcs OTpUllaTeIbHON
obpartroii cBs3pio (OOC). OOC — mermnb, 1Mo KOTOpoi curHai ¢ Beixoaa CAY mo-
JaeTcs yepes JIeMeHT oOpaTtHoU cBsizu Ha Bxoa CAY co 3HAKOM «MHHYC» OT-
HOCHUTEINIBHO X, (t). BXoHOM / BEIXOIHOW CHTHAJIBI TIPUHATO 0003HAYATH JTUOO B
BUJIE IBOMHOM cTpenku (puc. 3.5,a), 1100 uepe3 enuHUYIHYIO nyry (puc. 3.5,0):

a) 6)

Xex(t)>(:)l. X (t)6 @ 1, (t)

O——»0O
6x <1> 6x

Puc. 3.5.0003HaueHnEe BXOAHOTO / BBIXOAHOTO CUTHAJIOB!
a — IBOMHAs cTpelika, O — eIMHUYHAs 1yTra
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Omnepatop ayru rpada (t.e. [1d 3BeHa, MpenCTaBICHHOTO AYroi) OOBIYHO

YKa3bIBAETCS B YTJIOBBIX CKOOKaX.

3.1.06mas cxema CAP

N300pa3zum cxemy CAP B cBepuyToMm (000061ieHHOM) BHie (puc. 3.6).

(1) = Xexa(t) s | Xaurx ()

Xoc (t)

Xpac(t) = &(t) Xaan(t) = Xaxa(t)

Puc. 3.6.Cxema CAY B 001mem Buzie

OO0mwext | ymnpasnenuss OY (o0bekt perynupoBanus OP) — 3to mammHa,
anmapar Wi TEXHOJOTUYECKUU MpoIlecc, KOTOPbIA HEOOXOAMMO aBTOMATH3H-
poOBaTh, T.€. 3aCTABUTHh BBIXOJHOM CUTHAN Xy, H3MEHUTHCS OINpPEACICHHBIM 00-
pa3oM Mo JAeHcTBUEM yIpaBistoiiero ycrpoictsa (YY) min aBTOMaTHYECKOTO
perymsropa (AP) Il.

PO (perymupyrommuii opraH) — 3TO BEHTWIIb, 33/IBFKKA, 3aCIIOHKA, JIBEPh U
T.I., T.C. ONPEICICHHBIA 3amopHO-perymupyoomuii snement. F(f) — BHemHee
BO3MYILAIOIIEE BO3JICHCTBUE, MEIIAIOUINI (HaKTOp; CUTHAJ, CTPEMSIIIUNCS BBI-
Bect OP U3 HOpPMaJBHOTO PEXKUMA, T.C. UCKA3UTh U3MEHCHHE X, (t). Hampu-
mep, f(t) — Temmeparypa okpyskaromiei cpeasl (liexa, OTACICHHUA) IS XOJO-
JTWIbHYKA, BETUYMHA HATPY3KU. DTO TaKKE€ MOKET OBbITh BEJIMUMHA 3arPy304HOMN
MOPILIMU B IEKTPUUECKYIO0 MICOPYOKY, Harpy3ka Ha Bajly aCHHXPOHHOTO JIBUTa-
TEJIs, pacXo/ Hacoca OXJIAXKIAIoNIero are’ra — paccona. F(t) — ato Takxke pas-
HBbIC IIyMBI M MOMEXU. X,,y — CHUTHAI 3ajaHus (3aJarolee BO3ICIHCTBHE), T.C.
CUTHAQJI OT CHEIUAJIbHOTO YCTPOMCTBAa — 3aJaTUMKa, KOTOPBIA YCTaHABIUBAET
(3amaer) B cucreme CAP TpeOyemoe 3HaYCHHE BBIXOJHOTO CHUTHANIA X,y 31ECH
Xsq0 SIBJISIETCS TIOJIE3HBIM CUTHAJIOM; 1oJy4yuB ero, CAP nomkHa yCTaHOBUTH B

CUCTEME Xy, =X,40. CUTHAN 3a7jaHUsI TOJDKEH OBITh OTpa0OTaH CHUCTEMOM M Ha
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BbIx0Jie CAP n0oJKHA YCTAaHOBUTBHCS BBIXOJHASI KOOPAMHATA Xz =X00. 1l03TOMY
KaHaJl, T0 KOTOPOMY MPOUCXOAUT 3Ta OTPaOOTKA, HA3BIBACTCSI KAHAJIOM YIIpaB-
jeHust (peryaupoBaHus) WM KaHAJIOM 3aaloIiero Bo3acicTBus. BHelHee BO3-
mymaromiee BosaeicTBue f(t) co3maeT MckakeHHe pekMMa PEryJIUpOBaHUs B
CAP, u, B KOHEUHOM cueTe, ero jaeiicteue Ha OP 10mKHO OBITH YCTpaHEHO; 1O-
ATOMY KaHaJl, 0 KOTOpOMY BO3MyllleHHE BiuseT Ha OP, Ha3pIBaeTCa KaHaIOM
BO3MYIICHHS.
BriBoa: B kaxnoi peanbHoit CAP ecTh Kak MUHUMYM 2 KaHaJa:
1. Kanan ynpapneHus;
2. Kanan Bo3myIeHusl.
X, — curHain ynpasieHus (yIpaBisIOIUNA cUTHAN); GOPMHUPYETCS HOCpe.-
ctBoM AP ¢ nensro Bosaelicteus Ha OP; X,,. — CUTHAN paccornacoBaHUs WA

omuoOka [&t)] paccormacoBanus (orOKka OTKIOHEHUS):

X (1) = E(1) = X, (1) = X, (D (3.2)

3.2.Pa3BepHyTas cTpykrypHasi cxema CAP no oTkj10HeHU10

Passepayras CC CAY (puc. 3.7),B KOTOpOIi peanu3yeTcsl MPUHIIUI PETy-
JMPOBAHUS 110 OTKIIOHCHHUIO, COCTOHT M3 7 005A3aTEIBHBIX AJIEMEHTOB — 3BCHHCB

ABTOMATHUKH.

f(t) Xaux (1)
oy —>

x(0) "

Axy(t) Xaan(t)

M Y@3P 3y

4 3
Puc. 3.7.Pa3Bepuyras ctpykrypHas cxema CAY
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3V — 3ajaromiee yCTpOUCTBO (337aTumK); 3a/JaeT CUTHAJ, paBHBIA TpeOye-
MOMY 3HAYCHHIO X,,.(t).

Y®3P — ycrpoiictBo popMHUpoBaHUs 3aKOHA PETyIUpOBaHuUs; GOpMUpyeET
yHpaBISIOMMN curHan x, (Ha BbIxoje); Ha Bxox Y®3P mocrymaer curHan
omnoku &t) ¢ BeIX0ma cymmaropa 2.

MM — HCHOTHUTEIbHBI MEXaHH3M (CEpBOJIBUTATENb), YIPABIISIONIHIA
perymupytomuM opranom (PO) 5, koTopslii niepepacnpe/eiseT MOTOK SHEPTUH
WIN BEIIECTBA, MOCTYMaMuil B 00beKkT yrpasieHus (OY) 6.

NY — u3MepuTenbHOE YCTPOMCTBO; CIIYKUT I HENPEPBIBHOTO CHATHUSA
uHpopmaiuu o cocrosuuu OP; gBisieTcst 37IeMEHTOM LIETH OTPUIIATENIbHON 00-

patroii cBsizu (OOC).

3.3.CBeenus 00 u3MepUTeIbHBIX yeTpoiicTBax. JuTponus. Undopmanus

Hopmanesnas pabora CAY obecneunBaercss TEKyIIMM KOHTPOJEM 3a pe-
KUMOM €€ pabOoTbl, U CBOAUTCS K CBOEBPEMEHHOMY U KaU€CTBEHHOMY YIIpaBJie-
HUIO TEXHOJIOTMYECKUMU TapaMeTpamMu 00beKTa ypaBIeHUs.

CymectByeT 4 ypoBHsI aBTOMaTU3allUU:

1. PerynupoBanue;

2. KOHTPOJIb;

3. curHamuzaunus, 3aluTa, OJIOKUPOBKa,;

4. momyaBTOMaTH4ecKkoe (PydHOE) yIpaBiICHHE CUJIOBBIMH MEXaHH3Ma-
mu u PO.

Pezynuposanue B8 CAY HEBO3MOKHO 0€3 KOHTPOJISL BBIXOHON KOOPANHATHI
(Xgowr), T.K. JUIA TOIACPKAHHUS X, B PAMKAX HM3MEHECHHUS X,,0(t) HEoOX0mmumo

NMCTDb

£(t) =X, () = x.(9 =0, (3.3.)



—24—

T.€. OIMOKa PaccoriacoBaHUs MEXKIY X,. U X,9 JOJDKHA OBITH paBHA HYyr0. O1-
HAaKO B CWJIy MHEpIMOHHOCTH 3yeMeHToB CAY ycioue &0 He coxpaHseTcs
noJyiroe BpemMsi. PeasibHast 3aBUCUMOCTb X, IPEACTaBICHA HA puUC. 3.8.

AXyix00n — TOTMYCTHMBINA TUATIA30H U3MCHCHUS

4 XBI’IX(t) AXBBIX.I[OH(t)
N Xgpx IO TEXHOJIOTUYCCKOMY PEIIaMEHTy, X,. HECET

{ N \J/\\j UHGOPMAITHIO 00 Xy, (1).

Taxkum obpazom, nmpu &0 B CAY obecrieun-

5 BACTCS Xz =Xs500 (B COOTBETCTBUHU C TEXHOJIOTHYE-
Puc. 3.8.3aBucumocts CKHM periiaMeHToMm), T.e. Ha Beixoge CAY ycra-
BbIXOJIHOTO curHana CAY
HaBJIMBACTCS 33JJaHHOC 3HAYCHUE TEXHOJIOTHYECKO-
ro napamerpa (Hampumep, t°, JaBiieHUE, YPOBCHb, PacXojl, BIAXHOCTb, PH u
T.J.).
CymecTByeT TpH Pa3HOBHIHOCTH CUCTEM aBTOMATHKH:
1. Cucremsl cTabMmHM3aUu (X, =X;,0=CONSY;
2. Cuemsmime CAY (X,q0(t) — byHKIIMN BpeMeHN);
3. CucTembl MPOrpaMMHOIO THIIA;

B coctaB cucteM mociemHero Kiacca BXOAUT MPOTPAMMHBIA PETYJISTOP,
KOTOPBIH 110 3aJaHHOI (<BallMTO#» B HEr0) IporpaMMe (aIrOPUTMY) pealnu3yer
HU3MEHCHHE BO BPEMEHH X,,,,; 03 3HAHMS HH(OOPMAIIHH O BBIXOJHON KOOPIAUHATE
HEITb3sl BBIMOJIHUTH TOYHOE PEryJIMPOBaHUE, YyeM OoJjbilie MHOOpMAIUH OyaeT
HOJy4aTh CUCTEMA O PETYJIUPYEMOM TEXHOJOTHYECKOM Hapamerpe, TeM 3ddek-
THBHEE OYJCT OCYIIECTBIATHCS PETyIMpOBaHHE B CHCTeMe. MIHBIMH CIOBaMH,
OY Oynet cTaHOBUThCs Ooliee omnpeneneHHbiM. C 0oJiee ONpeIe]ICHHOTO 00beK-
ta Y cHuMaeT 6osiee TOUHYO MH(POPMAIIHIO U TIOAAeT e¢ B cuctemy. M3 atoro
CIIEZIYET, UTO MPOIIECC YIPABICHUS CITOCOOCTBYET HAKOIUICHHIO HH(OPMAIHH, a

MOCJICOAHAA — YTOUYHACT ITPOLCCC YIIPABJICHHA.
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3.3.1.9uTponus AJsi TUCKPETHBIX CHCTEM

HNudopmaiinio MOKHO BBIPa3UTh B KOJWYeCTBEHHOW (opme. MHTerpain-
HOHM OIIGHKOW HEONPENIeIIEHHOCTH CUCTEMbI (XaOTHYHOCTH) SBISICTCSI SHTPOITHS;

KOTOpAas I AUCKPETHBIX CUCTEM paccunThiBaeTcs 1mo Gpopmyiie [lennona K.0D.:
n

H(x)=->_ p, Oog,0p, , (3.4)
i=1

TJIe: Px — BEPOSATHOCTDH K-To cocTtosiHus cuctemsl; a — 2; 10;e — ocHOBaHUE JioTa-
pudMa; ompesenseT €AUHHUIBI U3MEPEHHUS SHTPOMHUU (COOTBETCTBEHHO, OUT —
JBOWYHAS CIUHUIIA; JUT — IECATUYHAS CJIMHUIA; HUT — HaTypajbHas CAWMHHIIA);
N — o0I1IIee YUCI0 BO3MOKHBIX COCTOSIHHAI B CUCTEME.

Durponus (HEONpPEeACIEHHOCTh CUCTEMBI) C 2-MS PaBHOBEPOSITHBIMHU CO-
CTOSSHUSIMH (B 9TOM CiIydae JUIsl CHSATHUS HEONPEISICHHOCTH B CUCTEME He00Xo-
JUMO B HEe BBECTH MH(pOpPMAIHIO, paBHYIO 1 OWTY, T.e. 3aAaTh 1 BOIpOC, OTBET
Ha KOTOPBIA CHAENIaeT CUCTEMY IOJIHOCTHIO OMPEEICHHOUW, JETCPMUHUPOBAH-

HOI1) paBHA

n=2 2 1 1
H(s)=-> nplog, p = _ZE Iogzz =1 6wur.
k=1

k=1

Ecau cucrema numeet n PaBHOBCPOATHBIX COCTOHHHﬁ, T.C. BCPOATHOCTD k-ro

coctostaus P.= 1/n, toe k= 1,n, TOo SHTpONHS TaKOH CUCTEMBI:
n ni 1 1 1
H(x)=-X R logg B =-% —loga— =-n-logy— = - (logy )- logy n=10g, n,(3.5)
=1 I1=1n n n n
riae a=2.
PeanpHas cuctema HENpephIBHOTO THUIA BCEra MOXET OBITh CBEJEHA K
CHUCTEeME TUCKPETHOro Tuma. J{js 3Toro Hamo Beck Ananas3oH TII pa3Oute Ha psan

Inoaganalia3oHoB U K&)KI[BIﬁ nmoagauvalia3oH pacCMarpuBaTb B KaUYCCTBC HCKOTOPO-

IO JUCKPCTHOTO COCTOSHUA. Ecau unciao N BEJIUMKO U HOMCP COCTOSHUS MOKHO

BBIPA3UTh JBOMYHBIM yncioM Buaa N=2"; to H(X) = log, 2" = m, Gur.
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CremoBatesibHO, B JIUCKPETHON CHCTEME SHTPOIUS ONPEISIISICTCS YHCIOM
COCTOSTHUIA: yeM Ooutbiie N, TeM Oosbie H(x) u Ha000pOT, T.€. CHCTEMa CTaHO-

BUTCS OoJIce OHpC,IICJICHHOP'I, €CJIM YHMCJIO N MaJo.

3.3.2.DHTponus AJs HeNpepPbIBHBIX CUCTEM

PeanbHble cHCTEMBI B OCHOBHOM — HENPEPBIBHBI, MO3TOMY ISl OLIEHKH
H(x) B dpopmyiie [llennona K.3. BMecTo P, HY)KHO HCIIOJIb30BAaTh IJIOTHOCTH

pacnpenesnenus BeposTHocTer f (1) TexHOIOrHUYecKoro mapameTpa X.

f( ) B O6IHCM BUJAC 3aBUCUMOCTD IINIOTHOCTH
A T(X

fk®¥)Ax=px pacnpenencuuss TII mpencraBieHa Ha puc.

3.9.
a S\ [Tpu guCKpeTH3alKk HEMPEePHIBHOTO 3a-
5 X KoHa pacnpeaenenus f(X) nmocneanuii 3ameHs-
X £x eTCsl THCTOTPAMMOM, T.e. JUCKPETHBIM pac-

Puc. 3.9.1InotHOCTH pacnpeneneHus

npeaAcCIICHUECM, Iiomaab CTYIICHBKH KOTOPOI'O
TEXHOJIOTUYECKOI0 IapameTpa pel ' mman Y p

ONIPENEIISIET BEPOSATHOCTD Py MOJIYYEHUS KAKO-
ro-nuoo pesynbrara usmepenus B guanazone T1I, paBaoro AX.
Torma npu noxacranoske B popmyiny llennona K.3. BMecTo Py BeIpakeHUs

f (X)AX momyunm:

() 0= (3, Ax0g[ f(%,84, (3.6)
WUJu.
H(x) OH(X)" —logAx, (3.7)

rae H(X)" — mpuBeaeHHast SHTPOIHs (SHTPOIIHS HEIPEPHIBHON cHcTeMbl); |0gAX

=const

H(x)' =—T f(X)log f(X)dx (3.8)
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3.3.2.1.Pacuem sumponuu 011 Henpepvl8HOU CUCTNEMbL C HOPMAIbHbIM

pacnpeéeﬂenueM MEXHOJI0CUYECKO20 napamempa

[Tpu HOpMaTBEHOM 3aKOHE

X2

1
J\/ZTexp( ?)l (3-9)

f(x)=

rae M(X)=X = 0.

Torna:

X2 2

e 27 In(—~— e27) dxllog, (4.1% )= In4.13" mur. (3.10)

s o1
M0 =] S "
3/1eCh WHUT» — CIUHHIIA U3MEPEHHsI SHTPOITUH (HaTypasbHas nu(poBas ¢IUHK-
11a) MPH OCHOBaHMHM Jiorapudma a = e = 2,718
BsiBox: dutporms H(x) Tem Gounblie, ueM Goublie O (CpeaHeKBaapaTHy-

Hoe oTkiIoHeHue TII).

3.3.2.2.Pacuem sumponuu 015 Henpepvl8HOU CUCTNEMbL C

PABHOBEPOAMHHIM 3AKOHOM pacnpedeﬂelmﬂ mexHoJjlocu4ecKoco

napamvempa
f(x
) p=1
D1 e B Takoii cucTteMe 3aKOH paclpeneneHus UMEeT BUJ,
b-a ’} x, .
ol 3 b  mpencrasieHnbii Ha puc. 3.10.IToxcrasum f(X) =———

b-a
Puc. 3.10.ILtoTtHOCTE .
pactpenenerus TII B GOPMyITy A7 IPUBEICHHON SHTPOIIHH.

| 1 1
H(x) :—jb_aloga k=

b
log, 1 4 dx= log, (b~ 8,6ur. (3.11)
a b-

BBIBOI[: 9HTpOHI/IH TEM 6OJ'IBIIIC, yeM OOJIbIIe Auaria3od BO3MOXKHOI'O H3-

menenus TIT (x).
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4. IMnHaMKKa aneMeHTOB aBTOMaTUKMN

3ajaun aHaIM3a U CUHTE3a CUCTEM yIPaBIICHUS PEIIalOTCs C TOMOIIBIO Ta-
KOI'0 MOIIIHOTO MaTEMATUYECKOTO alllapara, KaKuM BJISECTCS OnepayuoHHoe uc-
yucnenue (npeobpasosanue) Jlaniaca.

B cooTBeTcTBHM C OCHOBHOM KOHIIEMIMeH peodpa3oBanus Jlamiaca, Jto-
00l BpeMEHHOMW 3aBUCUMOCTH (BHEIITHHM BO3JCHCTBHSM, BBIXOJHBIM KOOPIWHA-
TaM, TPOMEKYTOUYHBIM BHYTPEHHUM CUTHajaM, BUPTYaJIbHBIM HEHAOJI01aeMbIM
IIEPEMEHHBIM) CTaBHTCS B COOTBETCTBUH TaK Ha3bIBaeMOE uz00padicenue o Jla-
IJIACY 3TOM BPEMEHHOMN 3aBUCUMOCTH.

Takum o0pasom, hopMaabHO 3a4ar0TCs JBa IpocTpaHcTBa (00JacTH): Ipo-
CTPAHCTBO OPUTHHAJIOB, K KOTOPOMY YCIOBHO OTHOCAT BCE BPEMEHHBIEC 3aBUCH-
MOCTH-OPUTHHAJIBI, U MPOCTPAHCTBO M300pakenuii (mo Jlamiacy), B KOTOpOM

(OpPMHUPYIOTCS COOTBETCTBYIOIINE 3TUM OpUTHHAJIAM u300paxenus (puc. 4.1).

00J1aCTh OPUTHHAJIOB 00J1acTh N300paKeHN

I
1. dynkuus f(t) B HessBHOM > 1. F(s) = L[f(t)]
prae T
2.1V )1 —> 2. AVJLF(t)
OIl1

3. bynknus f(t) B sBHOM
BHUJIE

3.F(s)

Puc. 4.1.TIpocTpaHCcTBO OPUTHHATIOB M H300payKEHUI

AV — muddepennmansuoe ypaBHEHUE AUHAMUKA CUCTeMBI; AY /[ — an-
reOpanveckoe ypaBHEHUE NUHAMHUKHU B m300paxenusx; [1I1J1 — npsmoe mpeoo-
pasoBanue Jlamnaca; OIJI —obOpaTHOe nmpeobpazoBanue Jlamnaca.
3neck nzoopaxenue F(S) mis coorBercTByIoOIIero opurunaia, f(t) naxogures mo

UHTETpaabHON hopmyiie Ditepa:

F(s) = T f(t)exp(-st)dt. (4.1)
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JlaHHO€ BBIpa)kKeHHE OMHMCHIBACT TaK Ha3bIBaeMOE MPSIMOE MpeoOpa3zoBaHue
Jlamnaca, T.e. onepanuio Nepexo/ia OT OpuruHaia K uzooOpaxenuro. OOpaTHBII
nepexoj OT U300paxKeHusi K OpUruHalIy, COOTBETCTBYIOIIUNA 00paTHOMY IPeoo-
paszoBanuto Jlammaca, coBepiaeTcs HECKOJIBKUMU criocodamu, 3pHEeKTUBHOCTh
KOTOPBIX MPHU PEIICHUN KOHKPETHBIX 3aja4y — paznnuHa. Hanbosnee ynuBepcaib-
HBIM CIIOCOOOM OTBICKAHMSI OpPUTHHANA MO 3aJaHHOMY HM300paKEHHIO SIBIISIECTCS

UCIIOJIb30BaHuUE MPeeNIbHOM popMynbel XeBucaiaa-MesmHa:

k=q

0=% 0 1)|s m(s-9 K (] =0{F8 @2

k=1

rIe [-...-](nk_l) =—d(nk_l)[ """ :

S; S—mnepemenHas Jlamnaca; S, K= 1,N — TIOJTFOCHI C HOMepoM K;

G(9) _9oS"+ 9 +ot G i [ o
{0 =5 " qerqer.r g &% /495"

Kopuu nonunoma D(S) 3namenatens uzoopaxenus L{f(t)} sastorcs mo-
JTFOCaMU 3TOT0 M300paXkeHusi; K — HoMep mosoca; N — o0Iiiee YUCiIo MOTKCOB; Ny
— KOJIMYECTBO OJMHAKOBBIX MOJOCOB ¢ HOMEPOM K; (] — YHCIIO pa3HBIX MMOJIIOCOB
U300paKECHHUS.

KopHu MONMMHOMOB MOTYT OBITh. HYJIEBBIMH; BEIIECTBEHHBIMHU (OTpHIIa-
TCIBLHBIMH, TIOJI0KUTEIBHBIMI); MHUMBIME (BCET/1a TTAPHBIMH, COTPSHKEHHBIMH)

N KOMIIJICKCHBIMHA COIIPSA’KCHHBIMU.

4.1.0OcHoBHBIE TEeOpeMbl NIpeoOpa3zoBanus Jlamiaca

1. Teopema JUHEHHOCTH

f(t) = Af(t) + Bf,(t) + Ci, () +...= AR(9+ BE(3+ CE »+... (4.3)
rae A, B, C —nocrosiaubie; F1(S) = L{fi(t)} u T.1.

3. Teopema MacHITA0OMPOBAHUS
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f (at) =%F (2) (4.4)

rae  —kod(pGUIUEHT MaciITaONpOBaHUs apryMenTa t opuruHana; @ — BelecT-
BEHHAasl KOHCTAaHTA.

4. Teopema o0 nuddepeHIIMPOBAHUYN OPUTHHAJIA

f'(t) =sF(9 - f(0),
riae f(0) —naganpHOC 3HaUeHue opurnHaia f(t);
f"(t) =s°F(9 - sf(0)- f(OY,

f (0) — HauanpHOE 3HAYCHHME TIEPBOM MPOU3BOTHON OPUTHHAIIA,

£ t)=s'F(9- & f(0)- &% {0) —...— s{0y>— f(Oy*=
v . 45
=g’ F(9-Y ¢ RO)™ (4.5)
i=1
rae — f(0)'™ navansnoe 3nauenue (i-1)-i TPOU3BOHOM OpPUTHHANA.
[Tpwu fO"=0i=0y-1 fY{)=s'F6)
5. Teopema 00 HHTErpMPOBAHUY OPUTHHAJIA
_[ f(r)dr = S) (4.6)
6. Teopema 0 cMelieHUH OpUrHHAaJIa (110 aprymMenry t)
f(t+A)=F(s)e™, (4.7)

rjie A — BelecTBeHHAs MOCTOSIHHAS (ITOJIOKUTEIbHASI HITH OTPHIIATEIbHAS).

7. Teopema o0 cMelmeHuM U300paxkeHus (mo nepemenHon Jlamiaca S)

F(sx @ = f()e*, (4.8)
rJie a — KOMIUIEKCHOE YHCIIO.

8. TeopeMa 0 cBepPTKe JIBYX OPUITHHAJIOB

Ecmm Xx(t) = X(9 u w(t) =W(9, To
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XN OWY=[XO)Wt-6) B= ¥ )= X 3 W )= V), (4.9)

riae X(t) —BxoaHoe Bo3zaciicTBue; W(S) —nepenarounast pynkmms; Y(t) — peakius

cucTeMbl Ha Bo3aericTBue Buia X(t); W(t) —ummysbcHast mepexoaHast pyHKIIHS.

4.2. Tunosbie BXOAHbIE BO3ACiiCTBUA

Jns ynoOcTBa uccneoBaHusl TMHAMUKHA 3BEHbEB U

XBX(t) XBLIx(t)
—» CAY —" cucrem UCHONB3yIOTCS CTaHAApPTHHIE (TUIIOBBIE) HMCIIbI-

TaTCIIbHBIC BXOJIHBIC BO3ACHCTBHS X, (1). X,,..(f) — peak-
must CAY Ha BXOJHOI CUTHAJ.

PaCCMOTpI/IM IIITh OCHOBHBIX BXOJHBIX BOBHCﬁCTBHﬁ.

Ennnanunoe CTYNeH- A%n(t) (]=1() 1t) =[1] = 0, t<O
4aToe BO3CHCTBHE 1 1, t=0
1 (bynkuus XeBucaii-
1) .
EnuHnyHoe nM- Xox(t) & 5(t) = 0, t<O
IIyJIbCHOE BO3JIEUCT- o, t=0
Bue (pynkus du- . B
paka, JeibTa- /5('[) t _j ot)dt=1
2 bymKums) > CaoiicTBa:
afil/ae={a(2) =5(y)
[adt=[1]
0
CunHycouaabHOe A X () x, (t) =%, (sinwt+W)
BO3JENCTBHE
e . a):z?n=2ﬂf
3 X6’Xl (t) = )gfxml (Slna)lt-l- O)
X5 () = X, ma (SiNLE+ W)
X(fxml = )Sfme; a)l = a)Z'
f — muneitnas yactora (I'n); T —nepuon (c); o — yrioBas yacrota (pan/c);
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Ha yroJ ‘Po.

Y — daza (rpan); Xex m(t) —aMmiuTyaa curuana.
W3 rpaduka BOJTHOBBIX (DYHKIHN BHIHO, YTO X o(t) oTcTaeT mo (aze oT Xy (t)

Bo3spacraromiee enu-
HUYHOE DKCIIOHEH-
MAAIIBEHOE BO3IEUCT-

AX«(D)

x, (t) =1-exp(-{/T)

BHUC
4 T t
T — mocTosiHHAsT BpeMeHH (ITOCTOSTHHAS SKCIIOHEHTHI) — BpeMs, 32 KOTOPOe JKC-
MIOHEHTa JOCTUTHET MaxX MpyW WU3MEHEHUH C ITOCTOSHHON CKOPOCTHIO,
paBHOM HayaspHOM B Touke O
Vo6sIBarolee eau- %) x,. (t) =exp(-{/T)
HHUYHOC DKCIIOHCH- 1 .
IIUATBHOE BO3/ICHUCT- « | T
5 BHC lef---=N t

TK. X, (t=T)=exp(-T/T)= expt 1= Le=
MOHEHTa YMeHbIaercs B 2,718pas

X/ & TO T — Bpems, 3a KOTOpO€e 3KC-

4.3. TunoBble BLIXOHbIE BO3IeiiCTBHA (peaKInu)

1. PCaKHI/IH CUCTCMBbI Ha CAMHUYIHOC CTYIICHYATOC BOBHCﬁCTBHC Ha3bIBACTCA

nepexoonou gyurkyuer u o6oznagdaercs h(t).

2. Peaknust cucTeMbl Ha €IMHUYHOE MMITYJIbCHOE BO3JciCcTBHE O(t) Ha3bI-

BACTCS UMNYIbCHOU nepexoonou ¢gyukyuet (QyHKIUCH Beca, BEeCOBOU (HYHKITU-

eit) u obo3nauaercs W(t).

a) 6)
1(t) CAY h(t) 3(t) CAY w(t)
Axs(1) o~ h(t) %ex(t) 4 -~ w(t)
1 '/ SRS - II \\/
/ [1]=1(t) I

/
/
/

3(t)
t

/
/
/

\

»

Puc. 4.2.BeixoiHbIe XapaKTEPUCTHKH

a —Iepexo/IHasl XapaKTepUCTHKa,; 6 — QyHKIHS Beca
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Bpemennbie BbIXOAHBIE XapakTepuCcTUKH 3aBUcAT oT Tuna CAY. OHu uzy-
Yal0TCsl BO BPEMEHHOM aHainu3e. BpeMeHHOU aHalnu3 u3y4aeT JMHAMUKY 3BEHb-

CB U CUCTCM, T.C. U”BMCHCHHC NX pCaKHI/Iﬁ BO BpCMCHU.
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5. OudhepeHumanbHoe ypaBHeHUe AUHAMUKN 3BEHbLEB

OO6mmit Bun Y/l B kaccuyeckoi (popMe 3anmucu B MPOCTPAHCTBE OPUTH-

HaJIOB:

d(n) Xsbzx(t) + d d(n_l) )gbzx(b + + CL d)s(blx( D + CL )§ (t):
..... _1—dt -

0 1 —
dt™ dt™
d"x. (0,  d™x 0, .. 90O, t e
gO dt(m) gl dt( m—l) """ -1 dt g’ﬂ )gx ( )

B neBo#t yacTu ypaBHEHHS 3alMCHIBAIOTCS BBIXOJHOW CUTHAN U €T0 IIPOU3-
BOJIHBIE JIO N-TO MOPsKa BKJIKOYUTEIBHO, CIIpaBa — BXOJAHON CUTHAJI U €ro IMpo-
M3BOJIHBIC JI0 MO TIOPsIKa.

B cBepuytoit popme 1Y /] numeer Bun:

n (n=j) m (m-i)
g, & Xl g & X0 (5.2)

= dt'"! —— dt
rae O 1 gi — nocTosiHHBIE KO3()(UIMEHTH IOJINHOMOB BBIXOJHOTO M BXOJHOTO
BozzaeiicTBuid. Koaddunnents! d, u ¢ aBmsaoTcs QyHKIMAMU pealbHbIX Iapa-
METPOB BCEX COCTABIAIOIIUX CHCTEMY 3BEHHEB. JTHUMHU IMapaMeTpamMu MOTYT
ObITh, HarpuMep, KOIPHUIMEHTHI TTepeaadn OTASIbHBIX 3BEHBEB, X MOCTOSH-

HBIC BPCMCHH, 3alla3AblBaHUA U TaK HAJICC. 3,IICCB j ui— HOMCp CJllara€MbIX CO-

OTBETCTBEHHO IIOJIMHOMOB BBIXOJHOTO M BXOAHOIrO Bo3jeicTBmir; | =0,n,

= Wn, N — MopsI0K (CTEIEeHb) CHCTEMBI, OTPECIISIOIINAN €€ CII0KHOCTD.

[Ipu m< n cuctema ¢ noaoO6HbIM Y [| MOKeT ObITh TEXHHYECKU PEain30-
BaHa. /[pyrumMu cioBaMH, B TAKOM CUCTEME BBIXOJHOM CUT'HAJ BCETJA OTCTAET
1o (haze OT BXOJAHOTO BO3/IHCTBHS (YCIIOBHUE TEXHHUECKOW PEaM3yeMOCTH).

JY ]I B onepaTopHOii (popMe UMEET TaKyIO 3aIKCh.

dop" %, (D+d g7 %, O+t dypx, O+ dx ()
=goP" % (D + G B X (Y +eot Gy PX O g X3

rae p =d/dt—oneparop nuddepenuposanus (oneparop Jlaraca).

(5.3)
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IIpy HYyJIeBHIX HAYalbHBIX yCIOBHAX (T.e. mpu P"'x ()=0;j=0,n, u

mpu p™'x_(t)=0;i=0,m) Y]l B npocTpaHCTBE H306PaKEHHIA:

(doS'+ d S+t o s d) % (B
= (QoS" + G H ot Gy g) X (Y

WJIY C TIOMOILb PSIOB:

(idjsn_jJ)émx:(Zm: g@‘ij x( ¥ (5.5)

i=0

(5.4)

rae S — nepemennas Jlamaca, [ d,;s” ’j D( $')— xapakTepuCTHYECKUiA 110-

m
JMHOM CHCTEMBI B BHJE H300paKECHUS, Zglsm ']z G(S") — momuHOM TpHU
i=0

BXOJTHOM BO31E€HCTBUU.
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6. CBA3b MeXxAay nepeaatoyHou PyHKLMEN U BPEMEHHbIMU
BbIXOAHbLIMWU XapaKTepUCTUKaMm

YcranoBuM cBsi3b Mexay [1D W(S) 3BeHa (CHCTEMBI) M TUIIOBBIMH BBIXO/I-
HBIMU Xapaktepuctukamu — repexonHor h(t) u Becosoii W(t) (mmirynbcHOM Tie-

pexoHON) QYHKIUSMHU.

3agaua 1.

«aepHblii Tak kak 1Mo onpeneIeHuro:

x.(1)=1(t) ™ x (t)=h(Y) _F.(9 _H(s
"owe) » WO F.(s 1/s’ 1)

X, (s)=Y s Xou ()= H(9
? TO:
W(s = sH$, (6.2)
3HAYUT.

W(9 = If exp(- s) d (6.3)

Otcrona, 3Hasi MEPeXoHY0 (DYHKIUIO B aHATUTHUYECKOW (hopMme, MOXKHO
OIIpeNeNuTh CTPYKTYpy 3BeHa (cuctemsl) B Buue 11D W(9 = (9= f () (s
KHOCpHETHKE TaKas 3ajJiadya UMEHYETCS 3a/1a4eil «BBIOCITUBAHUSI» YEPHO2O SUyll-
Ka).

OO0patHo, nipu u3BectHOM 1D 3amaua ompenenenus h(t) perraercs ¢ mo-
MOIIIbI0 00paTHOTro MpeodOpa3oBanus Jlammaca (HampuMmep, ¢ UCIOJIB30BaHUEM

dbopmyiel XeBucaiiga-MeHa):

h()=L{H(9} =L{ W)s § . (6.4)
3agaua 2.
«TepHBIit Ha  ocHoBaHMHM  CXE€MBbI
X (t) =0 (t) AT X (t) = W( t) MOYKHO 3aITCaTh:
S g _Fu () _
X, (s)=1 ; Xoo(9)= () W9=2 "= { wd}

ITostomy uckomas cBsi3b W(S = £(9= 1:{ W )} 3aMUIIeTCs TaK:



-37-

W(3=[ whexpt sy d, 65)

OTKyJa BUIHO, 4TO [1D sBiseTcs n300pakeHUueM (J1ariacuaHoM) BECOBOH (MM-

YJbCHOM MEPEXOIHOM) (PYHKIIHH.

Wuwsivu cioBamu, W(9 = L{ W D} , T.e. W(9.

3amada OMNpeNeICHUs] MMITYJIbCHOW mepexoaHor ¢yHkuun W(t) mpu us3-

BecTHOU [1D W(S) pemaercs mpocTo:
w(t) = U w(d} = L{a(} W(9 = W}, (6.6)
OTKyJa JIFOOBIMH METOAaMH 0OpPAaTHOTO MPE0OPa30BaHUS OMPEEIIACTCA NCKOMAs

byHKIHUA.
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7. NepepaTtoyHble PYHKUUN U YAaCTOTHbIE XapaKTepPUCTUKU

[Tpoxoxaenue (mepeaaya) CUrHaAa Yepe3 JTMHEHHYI0 TUHAMUYECKYIO CHC-
temy (JIZIC) xapakrepusyercs nepedamounvimu @yuxyusimu ([1D):

eépementot 1[1D:

(1)
w(t) = Ze Y 7.1
(0= X () (7.1)
nepeoamounot gynuxyueti (I1D):
R CM-CI-E5) 72
x.(9 D9 O9)

_ X% (J@) _ G(jw)
X, (j@) D(jw)’

(7.3)

rae S= jw, j =J~1 — MHHMas eIMHALA, W — YACTOTA CHTHAIA, MIPOXOSILETO
yepe3 3BeHO JIJIC; crmenyeT yuyuTsiBaTh, 4TO MPU MPOXOKICHUHN CUTHAJIA Yepe3
JMHEHHYIO0 CUCTEMY YacTOTa CUTHAJIAa He MEeHsIeTcs, T.e. w=idem.

UII® unaue MMEHyeTCs KOMIUIEKCHBIM KOd(D(pUIMEHTOM mepenayu Hid
aMILUTATYIHO-(pa30oBol  xapakTepuctukort (ADPX) wimm aMmIuTygHO-(ha3o0-

4acTOTHOU xapakrepuctukoin (ADUYX) (puc. 7.1).

At Im(a))
Im(ag) (=== 4 W(ia)
i Re(w)
Re(w)

Puc. 7.1.Bexrop YII® npn w= )

31ech BEKTOp HAa KOMIUIEKCHOM IUTOCKOCTH ompeneisier dyactoTHyro [ID mpu

4acTOTE, PABHOM (!

W(jw= ja)=W(ja)=Rew) + jIMw), (7.4)
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rne Rea) — BemectBennas cocrasisromas YO npu - ah; Im(«)) — mHE-

Mas coctapisiromas YD npu aF .

Kpusas, coequnsiomnas koHubl BekTopoB UIID, n3o0pakeHHBIX HA KOM-
IUIEKCHOM IUIOCKOCTH INpU GF @), TAe w=a) =var= 0..e0, Ha3bIBaeTca 2000-
epagom HIID (rogorpadomM CUCTEMBI):

W( jw) = Re(w) + j Im(w) = A(w) & =

, (7.5)

:[\/Rez(w)+ Imz(a))}be j [Arctg I:;EZ;

rae A(w) — AUX cuctemsl;, (@) — PUX cucTeMsl.

AMIUIMTYTHO-4acTOTHAs XapakTepuctuka (AUX) cuctemsl onpezesnseT ee
yCUJIMTEbHBIC CBOWCTBA. Dusnmyeckn A(G) paBHA OTHOUICHHIO AMILIUTYIbI
BBIXO/JIHOTO CHHYCOMJIAJTbHOT'O CUTHAJA X, m K AMIUTHTYJIC BXOJHOTO CHHYCOU-

JaJbHOT'O CUT'HAJIa Ha OHpGI[CJICHHOﬁ qacToTe ).

Xebzx m (a{)

} 7.6
X (@) (7.6)

Alw) =

dazo-yacrotHas xapakrepuctuka Y(a) (PUX) cucreMbl omnpenenser ee
WHEpIHOHHBIe cBoicTBa. @u3ndeckun W(@w) paBHa pa3HOCTH HaYallbHBIX (a3
BBIXO/IHOTO ¥ BXOJHOTO CHHYCOHMIAbHBIX CUTHAJIOB HA YaCcTOTE ()
Y(w)=W,,,. (@) —¥,, (@) (7.7)
[TponmmtocTpupyeM yCUJICHHE W MHEPIIMOHHOCTh CHCTEMBI, BBIPaKEHHBIC
nocpeactBoM AUX u ®UX (puc. 7.2).
4 Xox(), Xoux (1) X () = X, mSIN(@t =W, )

X I —_—
BEIX M+ RN nglx (t) = X

Xexm------ A Gb1x M

sinwt-Y,,,.)

Jlamee pacCMOTpPUM 4YaCTOTHBIE Xa-

ot pakrepuctuku (UX) mogpoOHee.
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7.1.YacToTHBIE XaPAKTEePUCTUKHU

Yacmomnasn nepedamounasn gpynxkuusn (4110/ADX)
Ulld (puc. 7.3) —W(ja) — sBisieTcs mapaMeTpUIecKOd KOMIUIEKCHOW
byHKIHMEH, T K.
W( jw) = Re)+ | Imw)
rJie; — yrioBasi 4acToTa CHrHana, mapamerp rogorpada (pan/c, ¢V); R u
Im(¢) — gacrotHeie GyHKIMH, npoekiuu BekTopa YIID Ha BelIeCTBCHHYIO H

MHUMYIO OCH COOTBCTCTBCHHO.

W — ©

Im(cw1)

Puc. 7.3.I'padux UIID

Ha ronorpade nokazansr:

1) Ammumatyna (OTHOCHTEIbHAs) BRIXOJHOTO cuTHaNA A( ) npu gactote >0,

A(eq) =mod W( jw)]=/REé(cq)+ Int(wy).

2) da3za (kak pa3HOCTh HAYAIBHBIX ()a3 BBIXOJHOTO W BXOJHOTO CHUTHAJIOB)

BBIXOHOTO curHana W(a) npu yactore @
W(w)=argW( jeg) = arctg( Im(w)/ R w,)).
3) Re(aw) —BemectBenHas cocrapisronias UI1d Ha yacToTe ;]
4) Im(cr) —muaEMast coctapisronias YI1D Ha gactore w;
5) XapakTepHbie YaCTOTHI:
* () —HEeKoTopasl TeKyIias yactora w>0;

*Jy> — YacToTa CUrHajla, Ha KOTOpOﬁ BBIXOI[HOP'I CHUTHalI omcmaem OT

BXOJIHOT'O Ha yroJi TU2, T.e. LIJ(a)ﬂ/z) =-90°;
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*Gh ¥ Wy — TO K€, HO YIUIBI CHIBHTA X,,.(t) oTHOCHTENBHO X, (1) B cTOpOHY
OTCTaBaHUs COCTABJIAIOT cooTBeTcTBeHHO —180 m —270 (3mech 3HAK «—»

YKa3bIBAET HA OTCTABAHHE X, (1) OT X, (1));

*(G) —4YacTOTa CUTrHaJia, IIpu KOTOPOHU B THUAIIA30HE Aw= a%n/Z""oo BCIICCT-

BerHas YI1D (BUIID) Re(w= w, )= max.

UII®D sBnsercs ocHOBHOM U BeceoObemimomniet UX cuctembl. OHa XapakTe-
pU3yeT OJHOBPEMEHHO U YCUJIUTEIbHbBIC, U HEepUUOHHbIE cBolicTBa CAY. Kak
yKe OBIJIO CKa3aHO, YCWJINTEIbHBIE CBOWCTBA — 3TO U3MEHEHHE aMILTUTY bl BbI-

XOOHOr'o CMIruaja 1o CpaBHCHUIO C aMHHHTYI[Oﬁ BXOOHOTIO.

xmﬂxm - A(w) .

X

exm

HHCpHI/IOHHBIC CBOMCTBA — 3TO U3MEHEHHUE CABUTA (1)8,3 BBIXOJHOT'O CHUTI'HAJIa

OTHOCHUTEIILHO BXOJHOTO, a uMeHHo W(w) =W, -W¥

Osbix Osx *

UII®D ne apnsieTcs GyHKIMEH () a SBISETCS COBOKYMHOCTBIO 2-X (YHKITHI

OJTHOTO W TOTO XK€ apryMeHTa ¢J T.e. TH00 COBOKYMHOCThIO Re(w) u Im(¢a), mm-

60 A(@) u ¥(4.

Bewecmeennas YI1® (BUII D)
BUII® (puc. 7.4) — Ref) — sBnsercs GyHKIMEH 4acTOTHI () XapakTep ee

U3MEHEHUs JIETKO ycMaTpuBaetcs u3 popmsl rogorpada YIID.

Re(0) & Re(w) = RgW ( je)}
Re(w1)
Re(w?)

Puc. 7.4.I'padpux BUIID
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Muumas Yld (MYTID)
MUII® (puc. 7.5) — Im@) — raxke GyHKIHS 4aCTOTHI (U

P L '_rT‘_(_‘_"I) = Im{W ( je)}
Im(0) ° o '

1 @nf2 n O3n2 W2 ®
Im(w1) F--ooooo2N :

Puc. 7.5.I'pa¢pux MUIID

Amnaumyono-uacmomnasn xapakmepucmuxa (A4X)
AYX (puc. 7.6) —A(a) — gactoTHas QyHKIUS, XapaKTepU3YIOIasi YCHIU-

TEJIbHBIC CBOMCTBA CUCTEMBI.

A(w) =mod W( jw)]=\/Ré(w)+ Inf(w) , At C

Alwr) [---3
A(a)z) ------------------------
1 ® *o—o o o »

w1 g2 g W3n/2 W2 Ocp @

Puc. 7.6.I'padpux AUX

Dazo-uacmomnasn xapakmepucmuxa (OUX)
dUX (puc. 7.7) —¥(@) —yacToTHas QYHKIHS, XapaKTEPU3yeT HHEPIIUOH-
HBIE CBOMCTBA CUCTEMBI.
W(w)=argd W( jw)]=arctg( Im(w)/ R{w)) + kr; k= O It 2,.

A
P(w) w1 Oz On 0302 g,

D R ey

90
-180 \
-270 \ ;

T Ee—

Puc. 7.7 I'papuxk ®UX
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Jozapugpmuuecxkans AIYX (JIAIX)
JIAUX (puc. 7.8) —L(@) —vacrotHas ¢yHKIms; Takke kak 1 AUX xapak-
TEPU3YET YCUIUTEIbHBIC CBONCTRA.

L(w)=20IgA(W).

L(0)
L(w1)

L(w2)

1 On2 On 032 02 ogp 90

Puc. 7.8.I'papuk JIAUX

3nech @, —uacmoma cpesa, T.e. 4acTOTa, Ha KoTopoii L(w)=0, T.e.

Aw,)=1,0.

Enunnna wsmepenns JIAUX (t.e. ypoBHs curHana) — peuuoen (nb). Io-
ckonbky: 10h = 20IgA (w), To:

X 1
lg A(w) =lg—" =—; =410 01,1 :
g (w) g X 20’ ngzxm (\9,—) x«xm Z%xm

exm
Hpyrumu cinoBamu, 1nb cooTBeTcTBYeT usmenenuro cuenaia (yBeImueHHIO
Wi yMmeHblenuto) B 1,12 paza; 200b — B 10 pa3; 40ub — B 100 pa3; 60nb — B
10’ 1 Tax naee.
Cnemyer 3aMeTUTh, 4TO 0Cch L(&) — HepuKCcHpoBaHHAS, ISl IPAKTUYECKIX
pacyeToB ATa OCh pacIoyiaraeTcs BCEr/a JieBee MUHHMAIBHOW paccMaTpUBac-

MOU B pEIIA€MOM 3a/1a4€ YaCTOTHI.

7.2. Tunosble Jorapupmuyeckne XapakTepucTHKHU

Paccmotpum yetkipe Tunossie AUX:
1. A]_(Cl.):k]_

2. Az(@)zkzla)
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3. Ag()=ks/f

4. A=k

rae Ki,..., Ky — ko3 dunmeHT nepegaun cucTeMsl; XapakTepusyeT YCUICHUE BhI-

XOOHOI'o CHUIrHaja IIpu 1nmoJgadyc Ha BXOI CAY CTYIICHYATOI'0 CUI'Halia IIipnu t > 00,

Jis AUYX Ai(a) ycunenue WHBapuUaHTHO (HE MEHSETCS) OTHOCH-
TEJILHO YacTOTHI () M BCET/1a paBHO Kj.

Jiis AUX Ay(@) ycuieHne CHHYCOMIAIBHOTO CUTHAJIA C POCTOM (W
najiaeT 1o rumnepoosie.

Tt AUX Az(@) yewneHre magaet mo runep0oiie BTOporo mopsiika.

Tt AUX Ay(¢) yennenne Bo3pacTaeT JHHECHHO.

[Toctpoum cootBercTBytomue JIAUX cucrem (puc. 7.9).

L((D) A
80 T
L1, O nb/nex
3oHa 60 /
YCUJICHHS /
curHaa, 40 Lo, -20 1b/nek
+1b
20 /
0 ®Ocpd ®cp3 ®cp2
01 1 10 ®
3oHa 20 \
ocnabiaeHus N
curHaja,
-1b 40
\ L4, +20 1B/ nex \ Lz, -40 nb/nex
Puc. 7.9.Tunossle norapupMuUUEcKue XapakTepUCTUKU
1) A]_(Ct)zk]_

L, (w) = 20Ig A (w)= 20Igk, ; mycts k;=100,Torna L, () # f,(w);

L, (@) = 201g100= 4(zb.

2) A(w) =k—; e k,=100
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L (@) = 20IgA, (@)= 20|gk—;= 20Igk, - 20lg.

Otcroga BugHO, uto JIAUX mnpencrasiisier coO0i MpsAMYIO, TaJatOUIyI0 IpH
YBEJIIMYEHUH (J TIpUUeM KO3(PPHUIMEHT HakJIOHa TpsiMoi coctasisieT -2001b Ha
auarasoHe 4actoT B 1 gekany (€AMHWUYHBIA OTpUIATENbHBIN HakiaoH JIAUX).

Jlexana npeacTaBiasieT coO0M QUana3oH 4acTOT (J TPaHHUIbl KOTOPOTO OTJIMYa-

forcst B 10 pas. Hocrponm JIAUX Ly(c) mo meym Touxam: mpu @=0,1 ¢ u
a=1,0c™; k=1000.¢.

L,(w) = L,(w=0,1)= 20Igk, — 20lg0,F 46 26 €nb.
L,(w=1) = 40nb.

Haknon JIAUX pasen -20 nb/nex. Onpenenum 4acToTy cpes3a iy,
L,(w) =0=20Igk, - 20lgw, = @,,,=k,= 10(pan/c.

3) A3<w)=%

L, () = 20Igk, - 201ga? = 20Igk, — 40Igp.

Bunno, uro JIAUX — mpsmas ¢ HakiaoHoM -40nb/nmex (mBoiiHoW oTpuIia-

TEeNBHBIN HAaKJIOH). [locTpouM ee 1Mo IByM TOYKaM.
L,(w=0,1)= 8Cab; L,(w=1)=40x1b.
Haknon pasen -40 n1b/nex. Haiinem uactoTy cpesa s
L,(w) =0=20Igk, — 20Ige”.
Wl g =Ky @, =+/ks =10panlc.
4) A (w) =kw.
L, (w) = 20Igk, + 20lgw.

JIAUX — nmpsimast ¢ HakiioHoM +20nb/nex (1oJIoOKATETbHBIA € MHHIHBIH

HAKJIOH).

k,=10; L,(w=0,1)= Onb; L,(w=1)= 20xb; @W,, = k;l =0,1pan/c.
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8. 3BeHbAA aBTOMaTUKM

JIlnHaMUYEeCKHE 3BEHbS MOTYT OBITh pa3/iejCHbI HAa YCTHIPE TPYIIITHL
1) ITo3unKOHHBIE 3BEHbS.

2) uddepeHnupyromnme 3BeHbs.
3) HUuTerpupyromine 38eHbs.
4) CnenuaabHble 3BEHbS.

[TepBas rpynmna oObeAUHACT 3BEHBS, Y KOTOPHIX MEXIY BXOJHBIM BO3JICH-
CTBUEM W BBIXOJHOW KOOPIWHATOW CYIIECTBYET (DYHKYUOHATbHASL C8513b. B 3 THX
3BEHBSIX TOCJIE OKOHYAHHSI ITEPEXOHOTO MpOoIecca, BEI3BAHHOTO JICHCTBHEM Ha
3BEHO CTYNECHYATOIO CUTHAJIA, BBIXOJIHAs KOOpPJIWHATAa CTAHOBHTCS PaBHOH ITO-
CTOSSHHOMY 3HA4YEHHUIO.

VY 3BEHBEB BTOPOM M TPETEH TPYIIIBI OTCYTCTBYET TaKas CBS3b, M BHIXOAHAS
KOOpJIMHATA CBsI3aHA C BXOJHOW JTMOO MHTETPAIIbHON 3aBUCHMOCTBIO, JTUOO Ye-
pe3 IPOU3BOIHBIE.

K 3BEHBSM YETBEPTO# T'PYIITBI MOXXHO OTHECTH T€, NIEPEIaTOYHbIC (yHK-
UM KOTOPBIX MMCIOT BHJl TPAHCIICHICHTHBIX (PyHKIMH (IKCIIOHEHITHAIBHBIX,
jgorapu(pMHUECKUX, CIICHUATBHBIX U TPOYHX).

Brinenum 3BeHbs1, UMerolue neppooyepeinoe 3naueHue B kypce TAY.

ITo3uyuonnoie 36envs

1. WneanbHoe cTaTHYECKOE 3BEHO (MHAYE — HHEPIIMOHHOE 3BEHO HYJICBOTO
nopsjika; 6e3pIHEPIIMOHHOE 3BEHO; HIeaIbHOC YCHIUTEIbHOE 3BeH0; [1-
3BCHO).

2. Anepuoauueckoe 3B€HO MEPBOro mopsaka (MHEPIIHOHHOE 3BEHO MTEPBOTO
HOPSIIKA; pealibHOE YCHIMTEIBHOE 3BEHO; pealbHOE CTATHYECKOE 3BEHO;
MHHHAMAaJIbHO-(a30B0€e 3BEHO TIEPBOTO TOPSIIKA).

3. Anepuoanueckoe 3B€HO BTOPOTO MOPSIIKA.

4. KosebarelbHOE 3BEHO.
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Jughhepenyupyrouwgue 36enva
UneanpHoe nuddepeHnupyromiee 3BeHO.

Peanpnoe nuddepenmupyroiiee 3BeHO.

Humezpupyrouwue 36envs
N neanbHO€ HHTETPUPYIOIIEE 3BEHO.
PeanbHOE MHTErpHpYIOLIEE 3BEHO.
Wneanshbiii n3oapom (uaeansaoe [11-38eH0).
PeanbHbIl n301pOM.
WneanpHOE MPOTOPIIMOHAITBHO-UHTETPO-TU (P HEPEHITUPYIOIIEe 3BEHO
(TN 1-3BeHO).

Peanbnoe [11/]-3BeHO.

Cneyuanvhole 36eHb:
3BEHO YHCTOTO (TPAHCTIOPTHOTO) 3aIa3bIBAHMS.
HueprimonHoe 3BeHO 1-ro mopsjika ¢ YUCTHIM 3ara3/IbIBAHUEM.

HHC&HLHBIﬁ HHTCIPATOP C YUCTBIM 3alla3/IbIBAHUCM.

8.1. Anroput™m aHanu3a GQyHKIMOHUPOBAHNS JUHAMHYECKNX 3BEHbEB

1.

3ammceiBaeTcs nuddepeHmanbHoe ypaBHEHHE THHAMUKY 3BEeHA — B BUJIC
OpUTHHAaIa W U300pAKEHHUS.
ITo Y /] 3anuceiBaetcs 11D 3BeHa.
Bpemennoii ananus (BA):
Pacuet nmepexomnoii xapakrepuctuku h(t)
PacueTt BecoBoit pynximum W(t)
Omnpenenenre peakivy 3B€Ha Ha 3aJaI0Iee BXOIHOE BO3ICHCTBIE

pou3BoJIbHOU opMmbl (pu pacuetax BX ucnonb3yercs Gopmyiia
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XeBucaiizia Wi Ipyrue BeIpaKeHHsI 00paTHOTO npeodpa3oBanws Jlan-
jaca).

4. YacToTHBIN aHANIH3!
OmnpeienicHre YaCTOTHOW NepeAaTOYHON QYHKIMH (KOMILICKCHOTO
K03 uIreHTa Nepeadn; aMIuTuTyIHO-(a30BOH XapaKTePUCTUKH),
Wi
Pacuer BemectBennoit UI®D, Re(w
Pacuet munmoit UIID, Im(w)
Pacuer AUX, A(w)
Pacuer ®UX, W(w)

Omnpenenenune norapupmudeckoit AUX, L(w).

8.2. UHepunoOHHOE 3BE€HO HYJIEBOT0 MOPSIAKA

1. AV 3BeHa: X, (1)=kX, (1), rme K —xoadduiueHT nepenayuu 3seHa.

2. o w(g =W

L{x. (0} ~

3. BpemenHoii ananms:
3.1.h(t) = H(9) =W( $ §[10}]} = %: k1()]

3.2.W(t) =W(3 k= 16( ).

A
h(t) 9

k ko(t)

a)

H

0 ! 0 !
Puc. 8.1.BpemenHble XapaKTEpUCTHKH O0€3bIHEPIIMOHHOTO 3BEHA:

a — TepexoqHas XapaKTepPUCTHKA; 6 — BecoBas ()yHKITUS

4. YacTOTHBIA aHATU3.

41W(jw)=Re)+ j Imw)=k# f ()
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4.2.Re(w)=k
4.3.Im(w) =0

4.4.A(w)=RE @)+ j In? @)=k

45.¥(w)= arctg(%} =arctg0=0

4.6. L(w)=20IgA(w) = 20Igk

Ajlm(w) 6) 4 Rdw) ¢) 4Im(w)
k
k
® > >
Re®) 0 ©
0 o >
A A(w) ) A y(w) ) 4 L(w)
20igk
E: 0 ) > 0 ® >

Puc. 8.2.YacToTHbIe XapaKTEepUCTUKU OE3BIHEPLIMOHHOTO 3BEHA!
a —ADX; 6 —BUIID; ¢ — MUIID; 2 — AUX; 0 —DPUX; e —JIAUX

8.3. Anepuoanueckoe 3BeHO NMEPBOro NMOPSAAKA

. T ( dx, (9)/ dt) + X ()= kx (}—AY I B xnaccuueckoit popme;
(TS+ l) X . (9= kx( ¥$—AY/ B n300parkeHUSAX MPH HYJIEBHIX HAYAIb-

HBIX YCIOBHSX 110 X, (1) ¥ X, (1).

. W( S) = , e T u K—mnocrosanas BpeMeHu 1 kodhGUIIMEHT nepe/a-

Ts+1
g1 COOTBCTCTBCHHO.

. BpeMeHHoOl aHanm3:
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kK
(0) (0)
ke™ ke
h(t) = lim s~k | lim (s+4T) =k(1-e

of £T(s+1/T)

%= UT STM

3.2.W(t) = H(1) =$Eé_%.

A A
a) h(t) 6) W(t)
k — KT
KI(T-€)
ol T te ol T v

Puc. 8.3.BpemeHHbIe XapaKTepUCTHKN HHEPIIMOHHOTO 3BEHA!
a — TepexoqHas XapaKTEPUCTUKA; 6 — BecoBast () yHKIUs

4. YacTOTHBII aHAINU3.
k _k(1-jaT)

4.1W( jw) =
(je) jal +1 1+ /'T?

~t/T )

A®X mpu u3MeHEeHUu 4acToThl B UHTEepBaie ¢~ 0...00 npeacrasisieT coOoi 1mo-

JTYOKPY>KHOCTB ¢ 1ieHTpoM B Touke (k/2;0) u paguycom, paBubiM K/2 (puc. 8.4,a).

o) Him(w) 5 4 Re() 0) 41m(w)
, k o K w=1/T .
0 Ref) 0 @
0.5k
o=1/T
0 o=1/T @ "
A A@®) A () AL(®)
z)k 2 w=1/T . ) Logk @)
-\ 0 1) » I
0.707k 5
-45 i
1 |
|\ > |
0 o=UT @ 90 0 w=1T ®cp N o

Puc. 8.4.YacroTHble XapaKTEpUCTUKHU UHEPIIHOHHOTO 3BEHA!
a —ADX; 6 —BUIID; 6 —MUIID; 2 — AUX; 0 —DUX; e —JIAUX
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k
4.2.Relw)=———-.
@) 1+ fT?
-k T
4.3.Im(w) == ——.
() 1+ ofT?

k

1+ afT?
Im(w)

45.¥Y(w) = arctg(mj = arctg(-wT).

4.4.Nw) =R€ )+ In? ) =

4.6.L(w) = 20|g( = 20lgk - 101d ¥ &/T?).

1+ T2 ]
Haiinem npubnmxeHHbIe XapaKTEPUCTHKU B BUJIE ABYX JIMHEHHBIX alIpOK-

CHUMaHT, MOCTPOCHHBIX B 30HaX HU3KuX (HY) u Beicokux (BY) wactor:

1) B 3ome HY: 0< a)<% = (J,— 4acToTa conpsbkeHus; Torna af<l; WT?<<],
caenoBatensHo L(w)5, 020Igk.

2) B 30He BU: %< w< o ; fT°>>1 [0, torma: L(w)%, DZOIg% - 20lgw.

k
YacroTa cpes3a &, A1 annpoKcuManTsl L(w)y, paBHa T

3neck O 1 —HaAKIIOHBI ammpoKcUMaHT, coorBercTBytomme O nb/mex u -20
nb/nex; Onax—MakcuMajabHOE 3HaUeHue ommbku ammpokcumaruu JIAUX. Haii-
JeM Onax KaKk pasHOCTh Mexkay anmnpokcumanTor JIAUX B 3one HU u peanbHoi

touHoil JIAUX nHa yactore curnaina a~ w=1/T.

J_.=20Igk - 20Igk + 20lg/ # w’T? = 20lg/ 21 1Bb.
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8.4.3BeHbs1 BTOPOIo NOpsiAka

JluHaMUKy 3BEHBEB amepUOAMYECKOT0 2-T0 TMOpPSAKa U KOJIeOaTeIbHOTO
paccMOTpPUM Ha €MHOW MaTEMaTUYECKON OCHOBE.
[ToBenenne oOOMX 3BEHBEB OIMMCHIBACTCS HEOIHOPOJHBIM auU(depeHIn-

aJIbHBIM YpaBHEHHEM 2-TO MOPsIIKa B ONEPaTOPHOl popme:

(T22 p2 + -I;. p+1) )gbzx(.bz k)eg*( )’
rae p =a —oneparop Jlamtaca; T, u T, —HIOCTOSIHHBIE BPEMEHH; UMEIOLIUE

0COOBIH (PU3MYECKUIT CMBICT ISl TOTO W APYroro 3BeHa; K — koaddumment me-
penauu; K, Ty, T, — mapameTpbl 3BEHbEB.
JY ] MmoxHO 3anucaTh B UHOU (popme:
(Tap+2)(T,p+ 1) %, (9= k. (3,
OTKY/a, pACKpbIBasi CKOOKH, MOYKHO BUJIETh, UTO:
=TT T=T+ T,
KopHu xapaktepuctuueckoro noimuaoma D(p):

_LEyT - AT?
p1,2 - 2-|-22

Pa3nuna Mexay 3BCHBSIMH YCTAaHABIIMBACTCS HAa OCHOBAHWU TaK Ha3bIBae-
Tl
MOT0 OTHOCHUTEIBHOTO Ko3(duimeHra aemmndpupoBanus & =——, paBHOIO OT-
2T,
HOILICHHUIO MOCTOSHHBIX BpeMeHH. [Ipu atoMm, ecimm & = 1, T.e. ipu Ty >2T,, 10
nanHoe JIY ]l omuceiBaeT anepuoduueckoe 3eeno 2-20 nopsioka; ecia ¢ < 1
(T1<2T5), To ypaBHEHHE OMKUCHIBACT KOIeOAMENbHOE 36€HO.

[Ipn HyneBbIX Ha4aJIBHBIX yCIoBUAX 11D 3BeHbEB Creayromas:

Kk _ Kk
> i nHade: W(9 = :
T8 + st (T,s+1)(T, 5+ 1)

W(s =

[Momtocer [1® (kopuu 3namenaresns [1D — nmonmuuoma D(S)) paBHbL:

* I aliCpHOJUYCCKOro 3BCHA.
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T, T, — 4T ~(L+T)+(L+T)*-4TT, _ 1 .
2 = 1(T1’ T2) = == = f2 (T3’T4)1
2T 2 2T3T4 3,4
rne T3 >T, (MHACKCAMS TOCTOSIHHBIX YCTAaHABIMBACTCS SKCIIEPUMEHTAIBHO).

S2=

* Jd K0JIEOATeJIbHOr'O 3BCHA.

—28T +,/452T? - 4T? >

—T, + /T, - 4T? 2 & \1-¢ _ _

Se=— = 217 ?fiJ ==t jo\1-¢" =-at o
2 T=T, T=2T

rae q:? — 9acTOTa COOCTBCHHBIX KONCOAHWH 4 pp) 2)

(konebanmii, KOTOpbIE BO3HUKAIOT HAa BBIXOJEC
3B€Ha NpU OTCYTCTBUHU JeMI(pUPOBaHUSA, T.€. B A

pEeXUME OTCYTCTBUS YCIOBHUM JJISl TAILIEHUsI KOJIE-

Oanuii); T — mepuoj; COOCTBEHHBIX KOJICOAHUH; O

v

— mapameTp 3aTyxaHus KoieGanuit; a= &M, ¢ w 4 w(t)=h'(t

pamu & @ u m. U3 aux ¢ u M — Ge3pa3MepHEbIe, a

Q UMEET pa3MEPHOCTb YaCTOTHI.

------- . 0
— YacToTa KOJICOaHWH, Pa3BUBAIOIINXCS B 3BEHE !
(TouHee, Ha ero BBIXOJE) MPHU HATHYMH JeMIipu-
. a Lo
poBaHUs; M=—, rae M— AeKPEMEHT 3aTyXaHWUsI. Lo
w L >
L t
Takum obpazom, gemidupoBanue (rameHre) )
) I w(t)=h"{)
KOJIeOaHMI MOXXHO OXapaKTepH30BaTh IMapaMeT- S 6)

Nudopmanus o momrocax arnepuoandecKkoro

(AI1-2) u konebarenpHOro (K3) 3BeHBEB MO3BO- \/t

JICT paCcCUNTaTh BPCMCHHBIC BBIXOJIHBIC XapaKTC-

»
|

Puc. 8.5.Bpemennsie

puctuku h(t) u W(t). Tak, nns AIl-2 no ¢opmysne  xapakrepucruky 3BeHa All-2:
a —IepexXoaHas XapaKTCpUCTHUKA,
XeBucanjga UMEeM. 6 — QYHKLHUS Beca;

6 —TIpou3BOHAs PYHKIIMH Beca
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h(t)=H(s = K — 9=3 1 lim |:(S— %)nK H( 3 ét:|(nH) _

= (N —1)!s-x
T3T4 St i St i k=t ( X )
T, T,

K1 Do)+ ey

3

AHam3 ypaBHEHHS IEPEXOJHOW XapaKTEPUCTHKHU ITOKA3bIBACT, YTO IIO-
CJICIHSISI ONIMCBIBAET MOHOTOHHO M3MEHSIONIMICS BO BPEMEHH MPOLECC BBHIXO/-
HOW KOOPAMHATHI, CTPEMSIIIMICS K HOBOMY YCTOWYHBOMY COCTOSTHHIO, KOTOPOE
JOCTUTAETCsl B HOBOM yCTaHOBUBIIeMcs pexxume (puc. 8.5,a).

Koopaunary tg Touku nepern6a 4 nepexoanoi ¢ynkmmu h(t) ompene-
JIUM 3 YCIIOBHS aHau3a (QyHKIMU Ha HAJIMYUE IKCTpEMyMa:
h"(t) =w(t)=0,

T.€. B SIBHOM BHJIE UMEEM OJHOPOJIHOE YPAaBHEHHUE!

pelias KOTopoe OTHOCUTENBHO (=13, momyumnm:
W=k
3 4 4
Anamu3 rpaduka h(t) mokassiBaeT, 4TO NMPH HAIMYUUA SKCIIEPHUMEHTAIBHO

noJydeHHOM mepexoaHoi ¢pyHkiuu Bee 3 mapamerpa (K, Ty, To wmm K, Ta, Ty)
onpeaesitores rpado-aHaTUTUYECKUM CIIOCOOOM:

o ku T;=T3+T4—rpaduyeckum;

e T, Tau T, —aHAIUTHUECKHUM.

s K3, ucnonb3ys qaHHbIC O Mojrocax u3obOpaxkenus H(S), Haiimem mepe-

XOJIHYIO XapaKTEPUCTUKY
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(S— )nk ket
-5l

3IL€CB JUHAMUKaA XapaKTCPpHU3YyCTCA TPEMsI HE3aBUCUMBIMH ITapaMCTpaMU. k, a, a

=k[1~ (coswt + msirwt) €

Tak Kak 4acToTa AeMI(DHPOBAHHBIX KonebaHuit w=CW/1-&°, 10 @ >

npu 3ToM W < ( uia 00oux 3BeHbeB. O0a ATUX 0OCTOATENBCTBA (TallleHUE T10
aAMILTUTY/IC U pa3HbIC YaCTOTHI) XOPOIIO MOKa3aHkl Ha puc. 8.6.

B pacuerax yacTo MCHoONB3yeTcs elle OJUH NOoKas3aTelb 3aTyXaHHs KoJie-
Oanuit 6 (crenenp 3aryxanus). OH paBeH OTHOCUTEIBHON PA3HOCTH JIBYX CMEXK-
HBIX 110 BPEMEHH aMIUTUTY]] IEPEMEHHOW COCTABIISIONICH (aMILTUTY IIepepery-
JMPOBAHUSA) d1 U do:

p--2_;_a_, aexg-a(t-t)|
& Cl a

6=1- ex;{—z—m] = 1- expf 2m ).
w

[Tapametps K3 B Buze Habopa K, @, WMOXKHO JIETKO HAlTH, €CIIM HMEETCS

CHsTas dKCIepUMEHTaIbHO nepexoaHas ¢pyukmuus h(t) (puc. 8.6).

h(t) i T2:27'E/C()2 T2:27'E/C()2

ain F =
L Y A

a » . -4~

J , L [
0. : . Rty N -

. Y 0 o 7;“'.. TENEI T~
- ry > Y o\ .
+ 3 +
- Y » e 4 i
J
s

F J .7 Ti=2nlw, [T1=2nlw,

0 51 t

Puc. 8.6.Ilepexoaubie PyHKIIUU ABYX KOJEOATEIHHBIX 3BEHHEB:
T.K. £1< &, TO KoseOanus 1-ro 3BeHa racsaTcs Mo aMILIUTY/IC MEHbIIIE, YeM 2-TO

Tockomeky @, = a,exp a(t,~t)], 1o In% =a(t,-t,); orcrona:
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az[lnzizj/(tz ~t,); wzﬁ; k =0k,

rae Ly, —wmacirad h(t).
YacToTHBIM aHAIU3 allepHOJNYECKOr0 3BEHA MPOU3BOJMUTCS HA OCHOBE 3a-
nucu [1d B yacToTHOM hopme:

k k[ 1= j&T,T,) ~ jo(T, + T,) ]

M e Ter D @@ @)

[TonyuyeHHyto TakuM obOpa3om B aHamutuueckoMm Buae UIID ctpoum Ha
KOMILTIeKCHOH mtockocth (puc. 8.7,a) npu yciaopun w = var ... 'ogorpad
YII® npencrasisier co00il KpUBYIO, PACTIONOKEHHYIO B 4-M U 3-M KBaJpaHTax
(MecTomonoxxeHue rogorpada u ero XapakTepHBIX TOYEK JIETKO YCTaHABIMBACT-
cs m3 aHanu3a 3HakoB Re(w) m Im(a) u ux aHAIMTUYECKUX 3alucel; B 4aCTHO-

ctu, u3 yenosust 1-afTaT,=0 ompemensieTcs 4acToTa mepexoma rogorpada u3 4-

. 1
it yerepTH B 3-10; &, = f ). [Ipoekuu rogorpacda Ha BEIICCTBEHHYO
4

1 _
T, T,
¥ MHUMYIO OCH B ()YHKIIMOHAIBHOM BHUJE MPEACTaBIEHBI Ha puc. 8.7,0,6.

a) Tﬂ.lm(w) 6) A Re) 0) Alm(w)

k k wnep

[

v

0 J Re@) 0

o
v
©
o
o

T11>Tio “ 180

Lo
AR

Puc. 8.7.YacToTHbIE XapaKTEpUCTUKU allepUOIMYECKOr0 3BeHa 2-T0 MOpsJIKa:
a —ADX; 6 —BUIID; 6 — MUIID; 2 — AUX; 0 —DUX; e —JIAUX
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I[To Buny rogorpada (B aHTJIOSI3BIYHON JTUTEPATYPE UCIIOIB3YETCS TOHSITHE
<JIOKYC») MOKHO 3aKJIFOUUTh, YTO NIPU yBeIudeHUu W BekTop W(j &) moBopaymu-
BAeTCs MO YaCOBOM CTpeske 10 MakcuMainbHOro yria —180 (Ttakoe m3MeHeHHe
yria onpeaensser ®UX 3BeHa), npu 3ToM ero Moayib (AUX) miaBHO yMeHbIIIa-
ercst ot K 10 O (mpu w— ).

M3mMeHeHnsT OTHOCUTENbHOW aMIUTUTYAbl BBIXOJHOTO CHUHYCOUJAIBLHOIO
curnana (t.e.4(a)) u casura dassl X,,,.(t) otHOCHTENBHO X, (1) (T.€. A W) npu W

= varmoka3aHsl Ha puc. 8.7,2,0.

k
Alw) = :
« JA+ FTR)(A+ T7)
_ WM +T) ) __ ol
W(w) = arctg 1- T, arctg -T2

AYX roBOpHUT O TOM, YTO ANEPHOAMUYECKOE 3BEHO 2-T0 (TaKkke Kak u 1-ro)
nopsika o0JialaeT CBOMCTBAMU HU3KOYaCTOTHOTO (UILTpA, T.K. XOPOLIO MPO-
MyCKaeT HU3KUE YaCTOTHI M IJIOXO0 — BBICOKHE (3PPEKTUBHO UX TacuT).

Ha Becpma BbicOkux uactorax (puc. 8.7, 0) 3BEHO COBUTAET BBIXOJHOW
CUTHAJI OTHOCUTEIILHO BXOJHOTO NpuMepHO Ha noinepuoaa (—18C), takum 00-
pa3oM, 3BEHO Ha 3THUX YacToTax paboTaeT B pPexuUMe uxeepmopa (B pexume
CMEHBI 3HaKa CHTHAJIA, B PeXKUME MPOTHBO(DA3HI).

Tounas nmorapupmuueckas AUX (JIAUX) 3BeHa uMeeT BhIpaskeHHUE:

L(c) = 20Igk — 20Igy/ 1+ «#T2 — 201g] H T/

Anmnpokcumupyem JIAUX, T.e. HailieM XapakTepUCTUKU — allPOKCUMaH-
TBI B BHJIC NIPSAMBIX JUHHUHA ¢ TUHOBBIMU HakioHamu (0, —20u —40 n1b/nek) B 30-
HaX HU3KUX, CPETHUX U BBICOKHX 4acToT (B 30Hax HU, CU u BY):
- npu 0 w< 1 << E umeeM T, <<l u wT/<<<1, nosromy
3 4

L(w)},, 020Igk (mymeBoit HakmoH);
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— 1mpu Ti < w< 1 nomydaeM &'T; >>100u T/ <<1, mosromy
3 4

L(w)ey = 20|g_|_£ — 20Ilgw (ommHapHBIN OTpHUIIATEIHLHBIA HAKIIOH);
3

k
IIPH 3TOM 4aCTOTa cpe3a a); ! D_I_— nexuT B 30He BY —nipu k>1
3

(r.e. L()>0) u B 305e HU —ipm k<1 (1.e. L(c)<O0);

— 1pu i<<i<a)soo: W T/ >>100 u ’T/>>100, Takum 06-
3 4

pasom, L(c)?, = 20lg—— — 40lgw= 20lg-<—~ 20lg# (asoii-
T3T4 T3-I_4

HOW OTPHUIIATEIIbHBIN HAaKIIOH, T.¢. —401b/1ek); mpu 3TOM yacToTa

cpesa o))’ = L
1.1,

Tounas JIAUX u ee annpokcuMaHThl U300pakeHbl Ha puc. 8.4,e. Makcu-
MaJlbHbIE OIIMOKHU anpoKCcUMaluu OyayT B TOUKax 4 U B; UX BEJINYUHBI MOTYT

OBITH JIETKO PACCUYMTAHBI IIPH YacTOTax comnpsvkenus -, =1/T, na, =1T,.

HeTouHoCTh OmpenencHus 3HAYEHNH 4acTOT cpe3a &, M 0COOCHHO &,
HEOOXOIMMO UMETH B BHY NP OLEHKE YCTOMYMBOCTH CHCTEM TI0 JIOTapU(pMU-
YEeCKAM YaCTOTHBIM XapaKTEPUCTHKAM.

YacTOTHBIE XapaKTEPUCTUKU KO1e6aAmenbHoz0 36¢Ha OTPENEISIOTCS W3

nepenaToyHoi QyHKIMH, 3aTUCaHHON B (hopMme:

k

W(s)=Sz —
—+26—+1
q g

Taxum obpazom, UII®D 3Bena 3anuiercs Tak (Ipu 3TOM S=| ():



—-50—

. k(l—:f]+ j[—Zka:j
W( jo) = = _ .
ElaiET
q q q q

Tomorpad (puc. 8.8,a) pacmonoxeH B HUKHEH TOTYIUIOCKOCTH TIPU 9aCTO-

Te nmepexoaa u3 4-if yeTBepTH B 30, 4aCTOTa IIEPEX0Ja — (Wep=0.
p

+Im(w)

5) A Re) 0) AIm(w)

7\_
v

1180

Puc. 8.8.YacTtoTHbIC XapaKTEPUCTUKH KOJICOATEIIPHOTO 3BCHA:
a —ADX; 6 —BUIID; ¢ —MUIID; 2 — AUX; 0 —DUX; e —JIAUX

Ha puc. 8.8,a uzobpaxens! rogorpads K3 npu 2-x pexxumax ero paboThl:
npu & u &<E4. B nepBoMm ciiydae cTeneHs jaeMiiupoBaHus 0OJIbIIe, TTOATOMY
OTHOCUTENbHAS aMIUINTYAa CUHYCOWJAILHOTO CHTHAja Ha BBIXOAEC B TEPBOM
CJly4ae MEHbIIIE, YeM BO BTOPOM. 3alITPUXOBaHHASI 00JIaCTh MOKA3bIBAECT JMaIia-
30H YacTOT, B KOTOPOM OTHOCHUTEJIbHBIE aMIUIUTY/bl BBIXOJHON KOOPJMHATHI
IPEBHIIAIOT YPOBEHB K.

['ogorpad mmeeT 3KCTpeMallbHBIA XapaKTep, TaK Kak Ha 4acTOTe (g, MO-
aynb BekTopa W(j &) MakcumaiieH. MI3MeHeHHe 3TOro MakCMMyMa B 3aBHCHMO-

CTH OT YaCTOTHI CHTHaJIa XopoIo npociexusaercs mo AUX 3Bena (puc. 8.8,2).



—60-

A(w) =[RE @)+ In? @)= '2 .
14| 4
q q
N3 ycnoBus y =0 ompenenuM 4acToTy, Ha KoTopoit AUX nmeer Mak-
w

CUMYM: . = Oy/1— 2E? , OTKYa MOKHO HAWTH HAaHOOJbIIee 3HAYCHHE OTHOCHU-
m

TENBLHOTO KOddduineHTa aeMnupoBanus ¢, Ipud KOTOPOM 3KCTpemMyM B AUX
MCYE3aeT, a 4YaCTOTa (i CTPEMHUTCS K HYJIIO.
1- 282 = 0= ¢ =+/0.5= 0.70.
CrefoBaTenbHO, B KOJeOATEIbHOM 3BEHE MOKET BO3HHKHYTH OJHH U3 2-X
PEKUMOB TIPH (W=Val:
1) pexum kBazupe3oHaHca (¢ MmakcumymoM), mpu 0< & < 0.707;
2) 6e3pe3oHaHCHBIN peskuM (0e3 makcumyma), mpu 0.707< &< 1.

Jnanazonsl kodddurmenta neMrdupoBanusi, 00ECIICUNBAIOIINE PA3THY-

HbIE PEXXUMBI pa0OThI 3BeHA 2-T0 MOpPsJIKa, IPeaAcTaBIeHbI Ha puc. 8.9.

A

K3 AII-2
\\\\\\s A ///// / >

¢
0,707 1
N J
' '
KBa3I/Ipe3OHaHC\

0€3pE30HaHCHBIN PEXUM

PEKUM arICPUOANICCKOTIO 3BC€HA

Puc. 8.9. lnanazonsl ko3¢ dunuenta neMrnpupoBaHus

Ammuintyny (OTHOCHTENIbHYIO) KOJIGOAaHMH Ha BBIXOJC 3BCHA B PEXKHME

KBA3HPE30HAHCA ONpEIEeUM IyTeM MOACTAHOBKHU (), = O/1— 28% B A(d):
k

28 1-&2

Alw,) =
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JlaHHOE BBIpQKCHHE SBJISICTCS] BAKHBIM C TOYKH 3PEHUS BO3MOXKHOCTH OTI-
peneieHnsT MaKCUMaTbHOTO BBIXOJHOTO CHUTHAJIa — JUIsl PEIICHHS BOMpOca CO-
TJIACOBAHMSI BBIXO/IA 3B€HA C €T0 HArPY3KOM.

dazo-yacToTHas XapaKTepUCTHKa KoyiebaTebHoro 3BeHa (puc. 8.8,0) pac-

CUMTBIBAETCS 1O hopMyIie:

| 25@
Y (w) = arcty %Z)))) = arctg —22
1-—=

q

®UX mmaBHO Bo3pacTaeT ¢ poctoM w0 —180°,T.e. Ha BBICOKMX 4acTOTax
BBIXO/IHAs KOOPAMHATA HAXOIUTCS B MPOTHBO(A3e TI0 OTHOIICHUIO K BXOTHOMY
curnany (MHBEPTHUPYETCH).
JIAUX koiebaTensHoro 3BeHa (puc. 8.8,¢) onuchiBaeTCss 3aBUCUMOCTBIO:
AN,
L(w) =20Igk — 20l 1—? = 4,;2?.

Pe3ynbTaThl BpEMEHHOTO U YaCTOTHOTO aHA/IM3a 3BEHbEB 2-TO MOpsIKa IMO-
3BOJISIIOT BBIIEIIUTh HEKOTOPhIE OCOOEHHOCTH 3TUX MO3UIIMOHHBIX 3BE€HBEB. TaK,
OHM SIBIIIIOTCA YCTOMYMBBIMHU, T.€., OylydHd BBIBEJCHHBIMH M3 pPaBHOBECHUS,
CTPEMSTCS BHOBb €r0 BOCCTaHOBHUTh. B ciydae anepuoJIMyecKkoro 3BeHa 3TO
BOCCTAHOBJIEHHE NMPOMCXOAUT 0€3 MHEPIMOHHOrO 3a0poca 3a ypOBEHb YCTaHO-
BUBILIETOCS peskuMa (paBHOTO K), T.€. MOHOTOHHO; B CiIy4ae ke KoJIeOaTeIbHOTO
3BEHA BOCCTAHOBJIEHHE COIMPOBOXKIAeTCs KonebaHusiMUu. B oboux ciydasx 3Ha-
YEHUs BBIXOJHBIX KOOPAMHAT OTJIMYAIOTCA OT CBOMX IE€PBOHAYANIBHBIX 3Haue-
HUI. DTO 00CTOSATEIHLCTBO 00YCIABINBAET BOSHUKHOBCHHE CTATUYECKHUX (MO3H-
IIUOHHBIX) OMIMOOK, 3aBHCAIINX OT BEJIUYMHBI BXOIAHOTO BO3JCHCTBHS U SIB-

JIATOIHUXCA OTKIIMKOM Ha HCTO.
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8.5./Ind¢epennmpyroniue 3BeHbA

K uncny auddepeHIMpyeMbIx 3BEHbEB OTHOCSTCS 3BEHbBS, Y KOTOPHIX BbI-
XOJIHasi KOOpAUHATA 3aBUCUT OT CKOPOCTH U3MEHEHU BXOIHOIO Imapamerpa. Ha
puc. 8.10 npuBeneHs! B 3JIEKTPUUECKUX CXEMBbl, B KOTOPBIX HAIPSDKEHUS HA
BXOJI€ M BBIXOJIE CBSI3aHbI TAKOW 3aBUCUMOCTBIO.

e Jlna mepBOM CXEMBbI UMEEM:

e
C R
UBX R UBI)IX UBX L UBBIX
T T
Puc. 8.10.Auddpepenuunpyromme 31eKTPUIECKHE CXEMBI
Yoo - R ___RCp __Tp : rne: T =RC.
U, Rrs 1l RCp+l Tp+l
Cp
* ISl BTOPOM CXEMBI
L P
ez P R™ TP , rae: T = LR'

B oOmeMm Bujae ypaBHEHHE AMHAMHUKUA peaqbHOTO IudPepeHInpYyIONIero

3BCHA UMCET BUL.

(TS+ 1) )gbzx = kS?fg )

K Ah ® Bpemennas XapaKTEepUCTHKA,
T IpeICTaBIIsIONIas OO0 MepexoaHyo
K ¢yakumto (puc. 8.11), ommceiBaercs
A K .
TLe t  ypasHenuem: h(t) 2? e " :
Puc. 8.11.Ilepexonnas pynxuus YacToTHbIC XapaKTEPUCTUKH

peanbHOro audQepeHIupyIOIIEro 3BeHa
(puc. 8.12) HaxomsTcsl U3 MepeaaToy-
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HoU ¢yHkmu W(9 =

IyTeM 3aMEHBI IEPEMEHHOW SHa |W.

Ts+1
a) 6) A Re@) 6) Alm(w)
k/T
k/T 0.5/T
0 Re) >
2) 4 Alw) 0) () e)
k/T 90
0.707k/1 !
45 ,
1 i
0 wep  0=UT & 0 0=1/T © 0 /c\ucp=1/k o=1/T @

Puc. 8.12.YacTtoTHbIE XapaKTEPUCTHUKH PEATbLHOTO
mudpepeHIUpPYyIONIEro 3BeHa.

a —ADX; 6 —BUIID; 6 — MUIID; 2 — AUX; 0 —DUX; e —JIAUX
Torna, ammumtynHo-(a3zoBas xapakrepuctuka (puc. 8.12,a) onuceBaeTcs
ypaBHEHHEM:

Kl kaPT+ jkw

W( Ja))=1+ joT 1+ T2

AMIUIMTYAHO-9aCTOTHAs XxapakTepuctuka (puc. 8.12,2):
kw

1+ afT?

dazo-vactoTHas xapakrepuctuka (puc. 8.12,0):

W =arctg (ij :
awl

Jlorapudmuueckas aMIUIMTYIHO-4aCTOTHAs XapakTepuctuka (puc. 8.12,¢)

Aw) =

CTPOHUTCA COIIaCHO YPaBHCHHIO.

L(w) = 20Igk + 20lgw— 20lg/ 1 «?T?

M3meHeHne yacToThl B quanazoHe wW<1/T mo3BossieT ynpoCcTUTh pacueT-

HOE ypaBHEHHUE JI0 BU/JA:
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L(w) =20Igk + 20Igw,
JIAYX peanpHOTO muddepeHimaropa npeacTapiseT co0oi NpsMyro ¢ Io-

JIOKUTENbHBIM HaknoHOM B 20nb/nek, npu wacrore cpesa @), = %

k
Ecnu yactota mensiercs B penenax w>1/T , to L(w) = ZOlg? —psiMasi ¢

HYJIEBBIM HAaKJIOHOM.

AHanu3 BpEMEHHBIX M YaCTOTHBIX XapaKTePUCTHK peayibHoro nuddepen-
UPYIOIIETO 3BeHa MOATBEPKIAET BAKHEHIITYI0 OCOOEHHOCTh ATOTO THUIIA 3BEHB-
€B — CIIOCOOHOCTh pearupoBaTh Ha CKOPOCTh U3MEHEHHUSI BBIXOJHOIO MMapaMeTpa.
Takue 3BEHbsI B HACTOSIIEE BPEMS MOJYYHIM IIUPOKOE PACIPOCTPAHEHUE IIPH
CO3/IaHUH CAMOHACTPAUBAIOIIUXCSI CUCTEM PETYJIUPOBAHUSI, CUCTEM, B KOTOPBIX
NOAAECP/KUBAIOTCS IKCTPEMAJIBHBIE 3HAYEHUsI KOHTPOJIUPYEMOTO ITapaMeTpa.

PaBeHCTBO HyIIO CKOPOCTU M3MEHEHHMS PEryJINPYEMON KOOPIUHATHI B TOY-
KaX MakCUMyMa U1 MUHMMYMa 1€JeBOM (PYHKIIMU MO3BOJIET OCYIIECTBUTH MPO-
[IECC PEryIUpPOBaHUs, €CIU JlaXKe HEH3BECTHHI B, (hopMa M OMUCAHUE ITOMN

GbyHKIUY.

8.6.PeasibHOE HHTErpHpYyIOlee 3BeHO0 (00hEKT)

PeanbHbIe MHTETpHpYIOMUE 3BEHBS (OJHOEMKOCTHBIE acTaTUYECKHUE 00b-
eKTBI) OTHOCSATCSI K TeM 3BEHBSIM, Y KOTOPBIX OTCYTCTBYET KaKas-JIMOO CBSI3b
MEXIY BXOOHBIMM M BBIXOJHBIMH KOOPJIMHATaMH, T.€. Y HUX HET CTaTUYECKUX
XapaKTepUCTHK. B kaduecTBe mpuMepa 0JHOEMKOCTHOTO aCTaTUYECKOTr0 00BbeKTa
MOJKHO TIPEAICTaBUTh EMKOCTh, B KOTOPYIO U€pe3 OJHY TpyOy HaJIMBAETCS KH]I-
KOCTb, 4 Uepe3 APYTYIO — BBIINBACTCH.

I[I/IHaMI/IKa TaKUX 00BEKTOB OIMCHIBACTCS YPaBHCHHUCM:

(Tp+1)x =ix

BbIX 6x !

u
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rae. T — NOCTOSIHHAS BpEMEHH PEajlbHOTO MHTETPUPYIONIETO 3BCHA, XapaKTePH-
3yIoIIas e€ro MHEPIUOHHOCTh, T, — BpeMs pa3roHa (BpeMsl HHTETPHUPOBAHHS),
XapaKTepU3yIlee eMKOCTh 00bekTa; 1/T, — CKOpOCTh pa3roHa — yCTaHOBHB-
IIAsICsI CKOPOCTh U3MEHEHHUS PETYIUPYEMOM KOOPIMHATHI.

Pemenue ypaBHeHHS TUHAMUKA UMEET BHI:

h(t) :Ti[t—T(l— e‘VT)]

u

Becosas ¢pynkums:

I

W(t)=h’(t)=(it—1+le% =—{1- 7).

u u u u

A h(t) A w(t)

—

tg 0=1/T,

R »
>

ol T [4 t ol T t

»

Puc. 8.13.BpemeHHbIe XapaKTEepUCTUKU PEaIbHOTO MHTETPUPYIOIIETro 3BeHA:
a —TepexoiHas XapaKTepUCTUKa; 6 —BecoBast PYHKIIHS

[Toctosinubie KOA((PULIMEHTH YpaBHEHHM TWHAMUKA U BPEMEHHOM Xapak-

TepUCTUKU 1 1 T}, ONIpenensatoTCs KaK:

1
OA=T, tog=—.
ga T
[lepenarounast QyHKIMS UMEET BU/I:
W(9 = ; :
ST.(L+ ST)

CrenoBaTenbHO, YaCTOTHAS NIepeaTouHas (PyHKITUS HAXOIUTCS KaK:

_ 1 _ 1T + j(-T,w)
jar, (1+ joT ) T2 (1+@T?)

W( jw)

OTKYJ1a, B CBOIO ouepenib, ypaBHeHUsAMU AUX u ®UX Oyayr:
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1 1
Alw) = ; Wzarctg(—j.
() Wl 1+ P T? wl

Ha puc. 8.14 npuBeneHbl 4acTOTHBIE XapaKTEPUCTHKU OJHOEMKOCTHOTO
aCTaTUYECKOTO OOBEKTA.

a) +Him(w) 4 6) 4 Re@) 6) lrlm(w)

—> 0 [0
0 Reg) 0

v

) 4AE ) @) 9 4

-90

v

-180

Puc. 8.14.YacTtoTHbIe XapaKTEPUCTHUKU PEaIbHOTO HHTETPUPYIOIIETO 3BEHA!
a —ADX; 6 —BUIID; ¢ —MUIID; 2 — AUX; 0 —DUX; e —JIAUX

PacueTHpIM ypaBHEHHEM JOTapu(MUYECKON aMIUIUTYAHO-YaCTOTHON Xa-

PAKTCPUCTUKHU ABJIACTCA YPABHCHUC BUIA.
L(w) = 20Ig_|_i — 20lgw- 20Igy B /T2

HpI/I HN3MCHCHUHU YAaCTOThI, KaK 3TO IIOKA3aHO Ha pPHC. 8.14,6 B IIpcaciiax

0< w< YT pacyeTHOE ypaBHEHHE YIPOIIAETCS.

L(a) = 20|gTi ~ 20lgw,

u

OTKyza JacTora cpesaw), =1/T, .

Ecnu yacToTra MeHs€TCS B MHTEpBAJIe ZI/T <w< 0, T0.

1 /1
L(w)=20lg— - 20lge . = |—.
(w) gTT g @, =

u
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8.7.00beKT ¢ YMCTHIM WJIM TPAHCHOPTHBIM 3aNa3/IbIBAHHEM

3a4acTylo 3TO KOBIIOBBIE W JIEHTOYHBIE TPAHCIOPTEPHI, THEBMOIIPOBOIBI

3HAYUTEIbHOU MMPOTAKCHHOCTH, T.C. O6’I>CKTBI, Y KOTOPLBIX BBIXOAHAA KOOpAWUHA-

Ta TOYHO KOIIKMPYCT BXOJHYIO, HO C OTCTaABAHHUCM BO BPCMCHH. pr3, Inmepeme-

maeMmﬁ TPAHCIIOPTCPOM C OAHOTO MECTAa B APYIroc B TCUHCHUC OIIPCACIICHHOIO

OTpe3Ka BpeMeHHU 0e3 N3MEHEHHS MacCHI.
Bpemennas xapakTepuCTHKa TaKOTO OOBEKTa
noKa3aHa Ha puc. 8.15u onuckIBaeTCs ypaBHEHUEM:
. ()= R(0)=1(t-7).
rme h(t)=0np1/1 Oo<t<r.
[lepenaTounasi GyHKIUS TaKOTO OOBEKTa MMe-
eT BUJI:

W(s)=€e".

AX

A

v

v

0 T
Puc. 8.15.Bpemennsie

v

t

XapaKTEPUCTHUKHU 00BeKTa C

YHUCTBIM 3aIia3abIBaAaHUCM

[Tosromy, wacToTHBIe XapakTepucTwku (puc. 8.16) OyayT omuchIBaThCS

ypaBHEHUSIMU:

ADX  W(jw)=€'", a)  tim(w) 6) 1‘# Alw)

AUX  Alw)=1, / \1 Re(c) “

PUX  W(w)=-ar. Q/‘FO ] 0 o
Jlorapudmuueckast am-

IUIUTYIHO-4aCTOTHAs Xapak- ©) “qJ( ) 5 2) TL(Q)) .

TepUCTUKA OyJeT COBMIAJaTh 0 > 0 >

C OCBIO 4YacCToT, TaK Kak \

L(w)=20Ig1= Q. Pric. 8.16.UacTOTHBIE XapaKTEPUCTHKH 0GHEKTA C YHCTHIM

sanasaeiBanueM: a — ADX; 6 — AUX; ¢ — PUX; 2 —JTAUX
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8.8. HemuHumanibHO-¢a30BbIe 3BeHbSA

JluneiiHas cucTeMa MOXET COJEp>KaTh HEMHUHHUMAaJbHO-(a30BbIe 3BEHbBS,
nepesaTouHble QYHKIIMM KOTOPBIX UMEIOT MOJIOKUTEIbHbIE HYJIN WU MOJIIOCHI.
HemunumanbHo-(pa3oBoe WM MUHUMAaIbHO-(A30BOE€ 3BEHbS C OJMHAKOBBIMU
aAMIUIUTYTHO-YaCTOTHBIMH ~ XapakTEPUCTUKAMH HMEIOT pa3iuyHble  (a3o-
YACTOTHBIE XAPAKTEPUCTHKU. JTO OOCTOSATENBCTBO U HEOOXOJUMO YUMTHIBAThH
IPU TOCTPOEHUH JIOTapU(PMUIECKUX YACTOTHBIX XapaKTEPUCTHUK LIETIH C HEMU-
HUMAaJIbHO-(pa30BbIMH 3BEHBSIMHU.

OCHOBHBIE CBEJIEHUS 00 2JIEMEHTAPHBIX HEMUHUMAJIbHO-()a30BbIX 3BEHbSIX
JaHbl B Ta01. J[Jig KaKJ10ro 3BeHa MOKa3aHo, B YACTHOCTH, pacnojoxenue GUX
OTHOCHUTEJIBHO €T0 CONPSraroleil 4acTOThl. Y HEMUHUMAaJIbHO-()a30BbIX 3BEHHEB
Te ke JIAUX, uTo U y 3BeHbEB, IEpeaaTOUYHbIe (PYHKIIMH KOTOPBIX OTIMYAIOTCS

OTCYTCTBUCM OTPUIATCIBbHBIX 3HAKOB.

Tabnuna 8 —DnemeHTapHble HEMUHUMAIBHO-(a3oBbie 3BeHbs (0<E<1; 0<C<1)

dazo-yacToTHas Jlorapupmuueckas ¢aso-
[epenarounas Gpynkuns W
xapakrepuctuka ‘¥ YaCTOTHAsI XapaKTEPUCTUKA
AW, epao
180—=<_ """
rs-1 180 - arctg(7w) 9Op----- ==

1-7s —arctg(7w)
2{Tw
r°s?=2{rs+1 —arct
'4 9 ~ 2.7
’s?+2(rs-1 180 - arctg 21w

- r’af
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Tabmuna 8 (mpomonkeHue)

‘tpuzpadl/_l_ R
L -180 +arctg( Tw) o 1 w
Ts-1 90 e
180——=="" ..
‘}‘P,zpad
1 o] 0|
arctg( Tw
1-Ts 9(Tw)
1 2{Tw
arctg———
T3 -2érs+1 gl—Tza)z
1 2{Tw
-18C¢° +arctg———
-T?s*+2¢rs-1 T2

HekoTopbie MOJMHOMBI BTOPOTO MOPAJAKA C KOPHEM, UMEIOLIMM MOJIOKHU-
TEJbHYIO BEIICCTBCHHYIO YacTh, MOTYT OBITh Pa3jIOKEHbI Ha MPOU3BECHUE T10-
JIMHOMOB TI€PBOM CTEIIECHMU:

T?’S+20s-1=(Tst)( Ts 9 ;
~T?s-20s+1=—(Tst)( Ts 1,

e 0<a <1 T1=T(\/a2+1—a) i T2=T(\/az+1+a).
T?’s-2as-1=(Ts+1)( TsD;
~T*S+2as+1=—(Ts+)( Ts ),

e 0<a <l T1=T(\/az+1+ ]) i T2=T( a2+1—1).

CJICI[OB&TCJILHO, HCMI/IHI/IMaJIBHO-(l)aBOBOC 3BCHO, I[HD KOTOPOT'O COACPIKHUT
Kakoi-1mbo u3 MNCPCUNCIICHHBIX IMOJIMHOMOB, CJICAYCT pPAaCCMATPHUBATL KaK IIO-
CJICA0BATCIBHOC COCAMHCHUC JIBYX 3BCHBLCB IICPBOIO IMOpsAKA, JIMIIb OJAHO M3

KOTOPBIX HCMI/IHI/IMaHBHO-(I)aBOBOC.
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8.9.3BeHbs, (hopMuUpYOLIHE 3aKOHBI PeryJTUPOBaHUSA

8.9.1.11ponopunoHa/JILHO-UHTETPUPYIOLIEe 3BEHO
8.9.1.1.Uoeanvrnoe I[TH-36en0 (udeanvhblii u300pom)

Peanuzanuio mponopiuoHaibHO-UHTErpaabHoro 3akoHa ([1M-3akona) pe-
TYJIUPOBAHUS MPOCIIEINM Ha paboTe mecTukamepHoro maeBMoOioka. Kak Bum-
HO u3 puc. 8.17,ycioBueM paBHOBecHs 00IIel oc MeMOpaH OyJeT paBeHCTBO
HYJIIO JTABJICHUM:

szpex_Psa()-l-E_ :O

Tak kak P, =(T,s+1) B, P, - P =P, To:

8bIX 6x 3a0 pac

Pac - F?szx + FZHX = O
’ T,s+1

Ts+1 1
Orkyma: P =4 P ={1+—|P .
y 6blX TUS pac ( -III S} pac

Tot ke pe3ynabTaT MOXHO MOJYYUTh IIPU PACCMOTPEHUH OJIOK-CXEMBI 3TO-

. 1 1
ro yCTpPOMCTBA! W( S) =—=1+—.
1- 1, s
Y a) 0)
EBX __-: t Ppac PB X 1
P, t =+ :——@&—_' P+ +%P ’ = Tu gyl k }ﬁg
T, — YT,s
€L

Puc. 8.17.IIponopuuoHaabHO-UHTETPUPYIOIIEE 3BEHO:
a — IPUHIUITHAIIEHAS cXeMa; O — OJIOK-cxema

[lepexognass gynkuusi paccmarpuBaemoro [IM-3BeHa HaxomuTcs myTem

pCUICHUA €r0 YpPaBHCHUA TUHAMUKH

:kTuS+1X , X :k(l+i})&x

6blX T S 6X B8blX Tu S

u

P €3yJIbTaTOM PCIICHUA ABJIACTCA YPaBHCHHMC BHIA.
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h(t) = k(u%)

Ecnu BpemMeHHass XapaKTEpHUCTHKA MOJI00HOrOo

BHIa IIOJYy4YCHA OIIBITHBIM IIYTCM, TO 3HAUCHUIA IIO-

Puc. 8.18.Ilepexonnas  cTogHHBIX KOX(DOHUINEHTOB B DTHX yPABHEHHSIX Ha-
(GyHKLUS UI€ATBHOTO

II1-3BeHa XOJATCA KakK.
T, —Bpems u30apomMa

k=0K, tga=KT.
YacrotHele xapakrepuctuku (puc. 8.19) HaxomATcs MO IMepeaaTOUHOM
(GyHKIMH, KOTOpasi B JAHHOM ClIydae paBHA:
k 1+sT,
W(s)=— u,

u

[Tocie 3aMeHbI IEpEeMEHHOM S Ha j UMeeM:

w( jw)zk(l—i},

al,
A(w) =wLT«/1+ T2,

.HOI‘apI/I(i)MI/I‘lCCKaH AMINIMTYAHO-YaCTOTHAA XAPAKTCPUCTHKA OITMCBIBACTCA

ypaBHCHHUEM:
L(w)= 20Ig_|_£ — 20lgw+ 20Ilg) B w/T?.
Alm @) AA  0) N2 AL 2)
K R;e
0 W=0o0 1
\\ 0

=0 RN >

UT, kKT, o

Puc. 8.19.YacroTHble XapakrepucTuku uneanpnoro [1M-3BenHa:
a —ADX; 6 —AUX; ¢ —DUX; 2 —JIAUX
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Paccmorpum sddekruBHoCcTh npuMenenust [IM-3akoHa perynupoBaHus
IPpU YIIPaBIECHUU OJTHOEMKOCTHBIMU OOBEKTAMH.

Ecnu 06bexkTOM yrpaBieHus SIBISETCS OJHOEMKOCTHOE acTaTUUEeCKOe 3Be-
HO, TO:

W, Ts
(=W, ~T78r Ts 1
o"'p o}

OTKyJda HaXO0JAuM YpaBHCHHUEC JMHAMUKH.

(T,TS + Ts+1) %, = T&l x.

AHaJIN3 MOCJIETHETO YPaBHEHUS MOKA3bIBAET, YTO CUCTEMA CTAHOBUTCA yC-
TOMYUBOM, a €e CTaTUYeCcKask OIIMOKa paBHA HYJIIO.

Ecnu 00bekTOM ympaBiieHHs SBISIETCS OJHOEMKOCTHOE CTaTHYECKOE 3Be-
HO, TO:

(9 - W, _ Ts
o 1-WW, TS+ Tsl

a ypaBHeHHe JAUHAMUKHU CUCTEMBI CTAHOBUTCSI ypaBHeHHe BHUA.
2 —
(78 + Ts+1) x, = TSl X

B nannom cnydae npumenenue [1M-3akoHa perynupoBaHHUs MPUBOAMUT K
MCYE3HOBEHUIO CTATHUECKON OMIMOKH 33 CYET HEKOTOPOTO YMEHBIUICHHS YCTOM-

YHNBOCTH CUCTCMBI.

8.9.1.2.Peanvnoe [1H-36en0 (peanvhwiii uz00pom)

Brixonnass koopanHaTa 3B€HA 3aBUCUT OT CaMOW BXOAHOM KOOPAWHATHI U
OT €€ UHTerpasa.

ypaBHeHI/IC JUHAMHKHU UMECT BUJI.

1
Ts+1 =K1+—
(Ts+1) x,,. +TUS X,

rae T, Ty —mocTosHHBIC BpeMeHH, npudeM T,>T, K —koadduipent nepemadm.
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PemeHneM ypaBHEHMS NMHAMMKU IPH X =[1] Oyaer ypaBHEHHUE mepe-

(1) =T_ku[t+(Tu _ T)(l— e?]].

XOJTHOW (PYHKIIUH:

Puc. 8.20.Ilepexonnas pyHKIUs
peansHoro 11M-3BeHa
T,s —Bpems u3opoma

[lepexonnas GpyHKIMS MOKa3aHa Ha
puc. 8.20.CymecTByroriasi CBsI3b MEXITY
T€OMETPUUECKUMH  XapaKTePUCTHKAMHU
nepexoHol PyHKIHMH U Kod(duimeHTa-
MU B YPaBHEHUU TUHAMUKHU U €€ BPEMEH-
HOW XapaKTEPUCTUKU IO3BOJISET, B CIIy-

yae IIOJYy4YEHHMs KpPHUBOM DKCIIEPUMEH-

TaJbHBIM ITYTEM, OMUCATh €€ B aHAJTUTUUYECKOHN Popme, T.€.:

! k /
tgazh(t)\tzoz?, tgB=h

K
(1)) o =T—, H=T -T.

u

[lepenarounas ¢GpyHKLMS peagbHOTO U30ApOMa UMEET BUJL!

W(s)=

k(T,s+1)

sT,(Ts+1)

CJICI[OB&TCJILHO, qaCTOTHAA 1I€pcaaTodHas (bYHKHI/IH paBHa.

W(ie)= ar, (1+ a)zTuz)

[a)(Tu -T)- j(1+ afTuT)],

oTkysna AUYX u ®UX onpenendrorcs, Kak:

_ k [1+aT?
A(w)_a)Tu 1+ T2’

1+ a)zTuT}

Y(w) = arctg{— T ~T)

YactoTHbIC XAPAKTCPUCTUKHU PCAJIbHOI'O [IN-3BeHaA IMPUBCACHLI HA pPHC.

8.21.

JIAYUX paccMarpuBaemMoro 3BeHa

CTPOUTCS COTJIACHO YPABHCHHUIO.

L(a))=20IgT£— 20lgw+ 20lg/ ¥+ &'T? - 20lg/ & w’T?.

u
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Im @) AY 6) AL 2)
wEo Kk Re
O™ —1 T
: k 0 1
=0 g T, KT, o
KIT

Puc. 8.21.YacroTHble XapakTepucTHKH peansHoro I1M-3BeHa:
a —ADX; 6 —AUX; ¢ —DUX; 2 —JIAUX

Ecnu gactory mMeHsith B nipegenax I/T, <w<YT, to pacuetHoe ypaBHEHHE

IPUMET BUJ; L(a)):20|g_|_£— 20lgw, 49ro cooTBeTcTBYeT TpsimMol 1, mmero-

u

i enuHn4HbIA HakitoH (20nb/nex) u yacrory cpesa @, = k/T,.

8.9.2.11ponopuuoHanbHO-UHTErpo-1u(dPhepeHIHpPYIOIEe 3BEHO
8.9.2.1.Uoeanvnoe I11]]-36¢emH0

3TO0 3BEHO, B KOTOPOM BBIXOJHASI KOOPJIMHATA 3aBUCUT OT OTKJIOHEHUS, UH-
Terpaja W TNPOW3BOJHON BXOJHOTO CHUTHAIAa, OTHOCUTCSA K YHCIy HauoOoJjiee
CIIOKHBIX ¥ YHUBEPCAIBHBIX YCTPOUCTB, CYMMHUPYIOIIEE JOCTOMHCTBA PaCCMOT-
PEHHBIX BBIIIE YCTPOMCTB M HCKJIFOYAIONIEe OOIBITMHCTBO MX HEJOCTATKOB.

B kadecTBe mpuMepa TaKOro yCTPOWCTBA MOXKET CIY)KHTh CYMMHUPYIOITUH
onok (puc. 8.22,a), cocTosmmii U3 MECTH KaMmep, OTACICHHBIX APYT OT Japyra
NAThbI0O MeMOpaHaMH ¢ OJHOM O0Iel XeCcTKOH OChlo. Dd(PeKTUBHAS TIIOIIAIb
MeMOpaH pa3inyHa. B 3aBUCUMOCTH OT TIOJIOKEHUSI, KOTOPOE MPUHUMAET 00TIIast
0Ch MeMOpaH, BBIXOJHAST KOOpANHATA IPUHUMAET 3Ha4YeHusI, paBHbIe P, nmu 0
(ycnoBHblil Hynb). Ecnu curnan omm6xu paccornacoBanust Pp,,.=P,,,—P,<0, To
B Kamepe «B» cosmaercs m30bITOUHOE MaBJICHHE, KOTOPOE IMEPEMEMIAET OCh
MeMOpaHB HIDKHEE IOJIOXKCHUE U TEM CaMbIM IEPEKpPhIBACT COILIO «COpPOC B aT-
Mocdepy» B OTKPBIBACT COIUIO «IMUTaHue». Ha BBIXOJIe yCTpOiCTBa yCTaHABIIH-

Baercs nasienue P,,., kKoTopoe co3naer B kamepax «E»u «D» naBnenus P; u

P.
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Ya) 6) .
A e
P ac PB IX
PBX T + B L ’QZ) —0—;
Psaﬂ — C T X, X,
P, + + D F_M+ PBLIX _ & E«' = 5l Kk o ]./TUS b1x
Pl - - E o——@&— + g
F e
P
= + & IC* Ts

Puc. 8.22.MaeanbHoe MponopIuoHaIbHO-UHTErpO-1ud hepeHIIupYoIee 3BEHO:
a — IPUHIUITHAIIbHAS cXeMa; O — OJIOK-cxema

VYcnoBueM paBHOBeCHs OCH MEMOpPAH B 3TOM ciydae OyJeT:

ZP:F)pac_ F]).+ F%:O

6blX 6blX

Tak xak P =(T15+1) E,uP =(T13+1) E To:

Pac = Ff)fblx + 1 - 1 = (TZ_-I-l)S F)emx'
? Ts+l Tstl] TT&+( T) s1
TT,S+(TT) s+l
OTtkyna: =12 (P (T>T).
y 8bIX (-I—Z_-I—l) s pac ( 2 -I;.)
1
Wnauwe: P, =k|1+ T s+— [OP,,
Ts| ”
e k=12t hisg g2 Wl popat
_T —
2 1 2 1

To e ypaBHeHHE AMHAMUKH TOJIy4aeTCs U3 NepeaaTouyHon (yHKIUH, CO-

CTaBJICHHOH B COOTBETCTBHH C OJIOK-CXeMO#t ycTpoiicTBa (puc. 8.22,6):

W(9= (Ts+1)(T,s+2) _
(Tz - Tl) S
A h(t) Pemienue YpaBHCHUA JUHAMHUKHU HACAJIBHOTO

[T /I-3BeHa UMEET BU:

t
k l=="-- Yoo h(t) = k[l+—J+ ko(1).
t Tu
0 XapakTepHOl ~ OCOOCHHOCTBIO  TEPEXOJIHOM
Puc. 8.23.I1lepexonnas
byHKIHS Hﬂepaanoro ¢Gynkuu storo 3BeHa (puc. 8.23) sBusieTcs MrHo-

[T /I-3BeHa
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BEHHOE, pPE3KOE YBEJIMYEHUE BBIXOJHOW KOOPIMHATHl B HAYaJbHbIH MOMEHT
BPEMEHHU, UYTO MPEACTABISIET cOO0W peakiuio AuddepeHIUPYIONeH COoCTaB-
JSIIOIIEN Ha €IMHUYHOE CTYIEHYaTOoe U3MEHEHHME BXOAHOro napamerpa. Korna
BXOJHOW CHUTHajJ IPUHHMMAET MOCTOSIHHOE 3HaueHue, AeicrBue auddepeHuu-
JIbHOW COCTaBJIAIOIIEH MpeKpamaercs U 3BeHo padotaet no IIM-3akony pery-
JUPOBAHUS.

YacToTHBIE XapaKTEPUCTHKH, IMOKa3aHHbIE Ha pHUC. 8.24, OMUCHIBAIOTCS

YpPaBHEHUSIMU.

ADX W( jw) =%(th, + (@, 1)),
AUX A(w) =%\/a)2Tf +(TT-1),
dUX Y(w) = arctg(aﬁ-;)—-r“_lj ,

JAYX  L(w)=20Igk - 20lgaT, + 10|g(aij +(aT T - )2)

Alm AA ﬁW AL

w=00 ogf------>
1
\/ /cg N
RE gk} Lo G > 0

L ﬂ T, S YT
=0 0 g G 0
TT, n @
YT KT,
Puc. 8.24 YacroTHble xapakTepucTHK uaeansHoro I11/[-3eHa:
a —ADX; 6 —AUX; ¢ — DUX; e —JIAUX

IIpu paccmorpenun 4acToTHbIX Xapakrepuctuk [IM][-3Bena nerko 3ame-
TUTbh, YTO B JUaIa3zoHe 4acToT wl] [0;1/ \/ﬁ } oHO pabortaer mo [1M-3akony;
pu a)=:l/ \/ﬁ — KaK IpoIopuruoHaibHoe (YCHIMTEIbHOE) 3BEHO; KOTa Jac-
TOTa MEHSETCA B IIpeleiax aJD[]/ \/i ;00] — B CTPOIOM COOTBETCTBHUH C pa-

ootoii I1/]-cocTapnsromieii.
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8.9.2.2.Peanvnoe I[IH]]-36eH0

[lepenaTounas GpyHKIMS 3TOTO 3BEHA B COOT-

1
N ” r . BETCTBHUH ¢ Oy10K-cxemoii (puc. 8.25)umeer Bu;
29 I ]/T S bIX

T T ( 2 )
K(TTs+ T s+l
L W(S): k 1+1+-I;S: u o -!J_ .
T,s Ts+1" Ts T¢$ Tsl)
Puc. 8.25.bnok-cxema YpaBHEHUE JUHAMUKU COOTBETCTBEHHO:!
peanbHoro [1N/[-3BeHa
h(t) (TS+1) )gblx = {1+Ti + -g SJ é
S

[lepexonnas Qynkuust s peansHoro I[TAJI-

3BeHa (puc. 8.26)3anmuceiBacTcs Kak:

ol .
Puc. 8.26.ITepexonnas h(t) :L (+T —T + & TT, FT-T
(GyHKIHS peaTbHOTO T u 9 T a ||
[T II-3BeHa u 0

0‘ | W=
=0

Puc. 8.27 .YacroTHble XxapakrepucTuku uneansnoro [THM/[-3BeHa:
a —ADX; 6 —AUX; ¢ —DUX; 2 —JIAUX

YacToTHbIC XapaKTePUCTHKH (puc. 8.27),0MUChIBAIOTCS YPAaBHCHUSMU:

K D(TTTw”+a)('I; N+ (T Te? - TIw?-1))
Tw (T2 +1) ’

ADX  W(jw)=

AUX A(w):wT (TI:a)z+l)\/(TTuTaaf‘+w(];— I +(1(T- 3-7),

X w(w):arctg[ 1,7 (1,~T)-1 J

LT +(T-T))
L (@) = 20lgk - 20lgeT, - 201 T?af + 3+

JIATX +10|g((TTu1;af +oT, - T))2 +(Te?(T- 1)—1)2)'
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9. TononorMyecku meton aHanm3sa

9.1.OcHoBHbBIE M0JIOKEHNS] TEOPUM CUTHAJIBbHBIX I'pagoB

CrpykrypHyto cxemy CAY MOXHO paccMaTpuBaTh KaK OJWUH M3 BUJOB
CUTHAJIbHBIX Tpad)oB, U JJIs ONPEAENICHUs EPEeTaTOUHbIX (PYHKIUHN M0JIb30BaTh-
Csl TaK Ha3bIBAEMOU TOMoOJIOTHYecKoi popmynoit Meticona (9.1). Ucnons3yst aTy
Gopmyiy, MOXKHO paccuuTarh nepenatounyro ¢yskmuioo ([1D) mexny nByms

aro0bpiMu Toukamu (X u YY) nuaamuyeckon cuctemsr (IC) (puc. 9.1).

Bexrop BexkTop
BXona BBIXOJIa

—> 1 —>

puc. 9.1.

Urak, BeIpaskenue ais npousBosibHOM 11D W(S) BEIrIs AUt TaK:

f(KClH) iHl(S)Ebl(g
W9 = f,(xom) D(s) ! (-1

rae: fi(karn) u fy(kon) — GyHkuMK-U300paskeHUs, ONpeaeIseMble COOTBETCTBEH-
HO KOH(HUTYpanusMu KaHaaoB (MPSIMBIX Iieneil oT Bxoga X K BBIXOAY Y) ¥ KOH-
TypoB rpada; ®(S) — onpenenurens rpada (rpada Melicona) miau OIOYHOMN

ctpykrypHoit cxembl (BCC); @i(S) — BEIpOXKICHHBIH i-ii onpeaenuTelnb rpada.
() =1-D H (9+) H(9-> H($+ .., (9.2)
j=1 k=1 1=1

rae: O(S) — HekoTopoe H300pakeHue, oNpeneslIee CTPYKTYpY rpada cucre-
Mbl; onpenenutens rpada; Hyj(s) — 1D j-ro oguHOYHOrO KOHTYpa B pa30MKHY-

TOM COCTOSIHMH, paBHas mpou3BeaeHuto [1d 3BeHbEB KOHTYpA; | — HOMEp OJIH-
HOYHOTO KOHTYpa; | =1, ; 1 — KOJINYECTBO OJAMHOYHBIX KOHTYpOB; Hy — 1D

mapbl OJAMHOYHBIX HCCOMMPHUKACAIOMINXCA KOHTYPOB, paBHAA HpOHSBCﬂCHHK)IFD
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OJNHOYHBIX KOHTYPOB, COCTABJIAIOIINX k-ro mapy (HCCOHpI/IKacaI-OHII/ICCH KOHTY-

pBl — OZIMHOYHBIC KOHTYPHI, HE UMEIOIINE 00muX y370B u/wmn ayr); K — Homep
napsl OJJMHOYHBIX HECONMPUKACAIONMXCS KOHTYpoB; K=L1,r,; I, — KOIMuecTBO

nap (IBOEK) TaKUX KOHTYPOB.

Awnanoruyno, Hy(S), | u rs — 10 e, HO Uil TPOWKU HECONPHKACAIOIINXCS
KOHTYpOB. KoHTYp — dhparmMeHT cucteMbl («iueiika» MO TUIy paMbl OKHA), Ha
BCEX y4YacTKax KOTOPOTO CHTHAJbl HAIPAaBJICHBI B OJHY CTOPOHY (10 4acoBOM
CTpEJIKE WU MTPOTHB).

Hi(s) —I1® i-ro kanana co Bxoaa X Ha BeIXoj Y; paBHa npou3sseacHuio [1D
3BeHBbEB, (opMUPYIONINX NaHHBINA KaHal, D;j(S) — BEIPOKIACHHBIN ONPEIEITUTENb
rpada s i-ro KaHaua.

YroOs! Hatitu D;(S), HykHO 3aHyIuTh B popmyie D(S) Bce caaraembie, Co-
OTBETCTBYIOIIME OJIMHOYHBIM KOHTYpaM U MX coueTaHusM (qBOMKaMm, Tpoiikam u
T.JI.), COPUKACAIOUIMMCS C I-M KaHaioM. Takum 00pa3oM, eciii BCe KOHTYPBI U
UX COYETaHUs COMPHUKACAIOTCS C I-M KaHajioM, To Di(s) = 1.

PaccmoTpum nmpumep ucnosnbp3zoBanus ¢opmynsl Meiicona. Tpebyercs omn-
penenuts B 3agaHHON BCC cuctems! (puc. 9.2)I1D W(S).

Cdopmupyem SKBUBAJIECHTHBIM curHambHBIA Tpad (puc. 9.3). I'padosas
crpykrypHas cxema (['CC, rpad Meiicona, M-rpad) — 3T0 COBOKYMHOCTb AYyT
(ctpenok) u Touek (y3510B, BepiiuH ayr). Jyroit 0603Ha4aeTcsi 3BEHO, a Y3JI0M -
curHai. CUrHajgbl CyMMHUPYIOTCS, KAK TOKH B y3Jie 3JICKTPUUECKON cxembl. Jlyra
XapakTepusyercs oneparopom, T.e. [I® 3Bena. Cymmarop (B BCC) 3amensiercs
Ha y3en B ['CC. ¥Y3ib1 MapkupyroTcs: nudpaMu, IpOCTABISIEMbIMHU PSIIOM C y3-
namu. JIyri MapKupyroTcs Takxke nuppamu, HO B OKPYKHOCTSIX HaJl COOTBETCT-

ByIOIIMMU Jyramu. OrnepaTop yKa3blBaeTCs MO AYTOi B YIJIOBBIX CKOOKaX.
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Wa4(s) Puc. 9.2.bnounas cTpykTypHas
| cxema cucremsl (STpad)
X y
Wi(s) ——&Q— Wa(s)
L Wjs(s)

A

Puc. 9.3.I'padoBas crpykrypHas
<W,> cxema cuctembl (M-rpad)

<-W5>

Jyra 1 —enquHu4Has Ayra — MMEET BCIOMOraTelbHOe HazHaueHue. OHa mo-
3BOJIsIeT OO0Jiee YETKO pa3rpaHUuuTh CTPYKTypy Tpada. Pekomenayercs crtos-

IIHE TMOPSIT Y3 U CyMMAaTop (WJIM CyMMaTOp U y3el), U300paxarh Ha rpade B

Bujie 1yru c [1®, paBuoit <1>,T.e. B BUAEC €AMHUYHOMN JAYTH.
Ananu3 rpada mokas3bIBacT, 4TO B €r0 COCTABE:!
1. nBa oguHOYHBIX KOHTYpa (| =1, = 2);
2. nBa kanama (I =1,r = 2);

3. OTCYTCTBYIOT Haphl, TPOHKHU | T.1. KOHTYpPOB (I =z = ... = 0).

CnenosarenbHO, [1D 0qMHOYHBIX KOHTYPOB:
J=1-Hy,6)=-W(9DW( $UW K
J=2 - Hp(8)=-W,(9DW( 3UW K

f2
r,=0; 3Ha4ur, Z H,, =0;
k=1

3
rs =0; ciaenoBaTensHoO, Z H, =0.
=1

Takum 00pazom,

®(9) =1~ Hy (9~ Hy(9=1+ W(IOW B W)s W)
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KonuuecTBo kaHanoB I = 2, cre0BaTeNbHO:
H,(s) = W( 9 OW( ¥, H,(s) =W, (9 DW( ».

Haxonum BeIpOkIE€HHBIE onpeAenuTend. Tak Kak BCE KOHTYPbI CONpPUKA-
caroTcs ¢ 000MMHU KaHaJlaMH, TO:
®,(s) =P,(9=1.

B urore nonyuaem I1® cucremsi:

W (92— (WS + WA
T LW, (9DNCST W B WO

9.2.0C00eHHOCTH TOMOJOTHYECKOr0 METO1a AHAJIN3A

1. II® cnoxnoii MHOTOKOHTYpHOU CAY MoxHO onpenenuts no CC 6e3
NpUBEACHUSI €€ K OJHOKOHTYPHOM, UCIONb3ys Gopmyiny MelicoHa U3 Teopuu
CUTHaJbHBIX rpadoB. Popmyna mo3BoisieT 0e3 mpeodpa3oBaHUs CTPYKTYPHOMR
cxembl CAP omnpegenuts a100yio ee nepeaaTounyro GyHKIHIO, T.€. OTHOIICHHUE
U300paKeHMsI OJJHON M3 MEepPeMEHHBIX (00O0OIIECHHBIX KOOPIUHAT) K M300paxe-
HUIO BHEITHETO BO3JIEUCTBUS WA APYTrOM IEPEMEHHOM.

2. [IpuMeHsst TOTIOJIOTHYECKUNA METOJ], HY>)KHO UMETh B BUJY CIIEIYIOIIEe.
[Ipsimble nienu oT X K Y MOTYT YaCTUYHO COBIMAJAaTh OJHA Cc JIpyrou. [Ipu ompe-
JICNICHUU TIePEeIaTOuYHON (YHKIIMU PAa30MKHYTOM LEMU KaKJOTO0 U3 KOHTYPOB
HYKHO YYUTBHIBATh 3HaK OOpaTHOW CBsA3M, 00pa3yromieil 3ToT KOHTYp. KoHTyphI
HE COMNPUKACAIOTCS OJMH C APYTUM, KOT/Ia Y HUX HET HH OOIIell KOOpAUHATHI
(cTpenku Ha CTPYKTYPHOH CXeMe WJIM y3Jia B cOCTaBe rpada), Hu o0Iiero 3seHa
(mpsiMOyTOJIbHUKA HAa CTPYKTYPHO# cXeMe Wiin AyrH Ha rpade).

3. Eciii B cTpyKTYpHO# cxeMe — 0OoJiee TpexX HECOMPUKACAIOITUXCS KOHTY-
pOB, TO mpH BeluucieHnd pyukuuu P(S) Hy)KHO 100aBUTH B BhipaxkeHHe D(S)
COOTBETCTBYIOIIHE CYMMBI.

4. Kaxxnas u3 ¢pyaxiuin ®;(S) Beauciasercs Tak ke, kak u Gyukuus D(S),

HO paCCMATpUBACTCA JIMIIb Ta 44CTb CTpYKTypHOﬁ CXCMbI, KOTOpasa HC COIIpUKaA-
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caercs ¢ i-m kananom ot X K Y. Eciu ¢ I-M KaHaJIOM CONPUKACAIOTCSl BCE 3aMK-
HYTbIe KOHTYPHI, To Dj(S) = 1.

Crnenyer cka3aTh, 4TO TOIIOJIOTUYECKUI METOJ| aHali3a CTPYKTYPHBIX
CXEM JIS)KUT B OCHOBE AJITOPUTMOB MAIIMHHOTO MOJICITMPOBAHHS JTHHAMUYECKUX

CTPYKTYP, COCTABJIIIOMUX AP0 MHOTUX HHCTPYMCHTAJIbHBIX CUCTCM.
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10. Mpeo6pasoBaHMe CTPYKTYPHbLIX CX€M U CUTHaNbHbIX rpacoB

C uenbto onpeaencaus [1d CAY mo BbIXOAHOH KOOPAMHATE X, (t) 0THO-
CUTEIIEHO BXOJTHOTO BO3JCUCTBHUS X, (1), CITOXKHYIO CHCTEMY, BRIPAXXKCHHYIO B BU-
ne OJIOYHOM CTPYKTYpPHOM CXEMBbI WJIM CHUTHAJIBHOTO Tpada, mpeodpasyroT Io
ONPEJCTICHHBIM MPaBUJIaM, YUYUTHIBAIOIINX XapaKTEP COCAMHEHUN 3BEHHEB Me-
Ky COOOM.

Jlis cBepthiBanus (HaxoxacHus oOmer sxBuBajgeHTHOH) CC (6104YHBIX
WA TPadOBBIX) CIOKHBIX TUHAMUYECKHX CHCTEM yIOOHO ITOJIb30BaThCs — B Ka-
gecTBe 0a30BbIX — psitoM mpaBuil Moaupukamuu CC, yYUTHIBAIOMIUM CIEAYIO-

myc BUABI COGI[I/IHCHI/Iﬁ 3BCHLBCB B CUCTCMC.

a) Ilocneoosamenvroe coeounenue 36eHbes

Xpx * X1 * XN-1, * Xgpix Xox 1 X1 2 X2 N Kx
I W(ES)I....7 " WS~ =0 »O »O . —*O
XN <iW1 > < in > <iWN > XN

Puc. 10.1.ITocnenoBaTenbHOE COEAUHEHUE 3BEHHEB
31€eCh BXOJIOM KaXKJI0T0 MOCJIEAYIONIETO 3B€HA SBJISIETCS BBIXO1 MPEABIIYILIETO.

3anuieM CBsI3H MEKY 3BEHbSIMH B BUJE N300paKEHU.

L{+x (O} =£x(9= £ x (D} =W ¥,

L{£x,(0)} =£x,(9 = Y+ x() = W( 3= {+ x( =% X =[x W)& W)]s
L{£x,,, (0} =+, (9= x,(3= = x, (O} OW( B=

= L{=x,, (O} W (9 CL.OW (3.

Otcrona:

L{x..(t) N
L e 2 —W(9 = ﬂ W( 3, (10.1)
L{x. ()} ,
rie K —Homep 3BeHa.
CnenoBarenbHo, [I® cucremsl paBHa nmpousBeaeHuto 11D nocnenoBaTens-

HO COCOAMHCHHBIX 3BCHBCB.
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0) Ilapannenvnoe coedunenue 36eHbe

wntd e

WAS

Puc. 10.2.ITapamnenbHoe coeTMHEHHE 3BEHBEB

B aToii cxeme Ha Bxoja kaxkzaoro K-ro 3sena (K =1,N) momaercss oquH u

TOT K€ CHUI'HAJI (XBX). Ha BBIXOAC CXEMbI BBIXOAHBIC CUTHAJIBI BCCX 3BCHLCB CYM-

MupyroTcsi cymmatopom C3, B pesyibraTe (GOpMHUPYETCS BBIXOAHOW CHUTHANT

L{x (0} = L{x, (O} W($;
L{x,(0} = L{ x, (D} W(9;

L{x (O} = L{ X, (0} W, (9.

S L 0= L{x. 0} (s
Otcrona:

L{x,.. ()} N
—=—==W(9 = : 10.2
L{x. (0] (9 ;V\(( 3 (10.2)

3naunt, [I® cucremsl paBHa cymme [I® mnapamienbHO COEIMHEHHBIX

3BCHLCB.
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8) Coeounenue 6cmpeuHo — napaleibHo20 Muna

(coeounenue c odpammoii césa3v10)

Xpx C9 X1 )SSLIX Xpx 3 X1 1 XBpIx
\is) = © X <W, > 7
+ <1l>
\2/
Xoc
MS) < <iWOC>

Puc. 10.3.Coenunenue 3BeHbEB C 00OPATHO CBSI3BIO

B aToli cxeme B mpsiMoli miernn Haxoautes 3BeHO ¢ [1d W(S), Bo BcTpeuHo
— mapajutenpHoi (B 1ernmu o0patHO# cBsizu) — 3BeHO ¢ I1D Wo(S), T.e. 3BeHO ¢

[1d W;(S) oxBaueHO 00paTHOM CBs3bIO CO 3BeHOM C [1D W, (S).

L{x.. (0} = L{x (0} D(9 (19
L0} = L%, (0} L xo(0} (29
L{xe(O} = L{ X, (0} (W( 9 (39
[ToxcraBus (3*) B (2*) u manee B (1*), momyumm:
w(g=— 49 (10.3)
1+W (9 DW( 9

T.¢. [1® Takoii cucremsr paBHa [1® mpsimoit e W(S), nen€HHol HA eAMHUITY
wiroc npousseaenue [1D-i npsamoit tenu u renu odpaTHoi cBsizu Wyp(S) — mist
Cily4asi OTpUIATEIbHOW 00paTHOM CBS3M (MUHYC — JJIsl CIIydasi MOJIOKUTEIbHOM

0oOpaTHOM CBSI3H).

2) Coedunenus c nepekpecmubimu 00pamHbIMU C6A3AMU

Xz CO1 X1  CO2 Xpac2 X> Xppx
Ws) | A8) » \As) >
+ Xpacl s
Xoc2 XBpix
WeAS) [«
Xocl X2
WA(S) |«

Puc. 10.4.CoenuHenue 3B€HbEB C MEPEKPECTHHIMU CBA3SIMU
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B Taxoii cxeme oomyro I1d W(S)=L{x,,..} / L{x..} MokHO HaliTH, BbIpa3uB
gyepe3 300pakeHust CUTHa x,(t), ompeeieHHbId IByMS CIIoco0aMu: TIPH TTOJI-
X0Jie K TOYKE X, CJIeBa M CIpaBa. PenMB mojy4eHHOe TaKUM 00pa3oM ypaBHe-

HUE OTHOCUTEIbHO L{X,,.. } / L{x,.}, momyumm:

W(9=— VVl(SV\£(_$ W B _ (10.4)
IFW (W3 Wa( BF W )s W)sW )

Yacro ansa ynpormenus ucxonnoit CC TpedyeTcsi mepeHecT TOUKY BETBIIe-

HUA WKW CYMMATOP BICPCA UJIKM HA3ad IO HAIIPABJICHUIO ITPOXOKACHUA CUTHAJIA

yepes 3BEHO, CTOSIIIEE Ha IyTH MepeHoca. /i1 SKBUBAICHTUPOBAHUS UCXOJHOU
U MOAU(DUIIMPOBAHHON CXEM B MOAU(PHUIIMPOBAHHYIO CXeMY HEOOXOIUMO BKIIIO-
YUTh 3BEHO Koppekiuu (dxBuBajieHTHOCTH) ¢ [ID W(S). YcinoBuem skBuBa-

JICHTHOCTH ABJIACTCA PaBCHCTBO CHUI'HAJIOB B HCXOI[HOﬁ u MOHH(l)HHHpOBaHHOfI

cxemax.
|. I[TepeHoC TOUKM BeTBICHUS Brepes yepes 38eHo ¢ [1D W(S)
ccl CC2
X/ vy X y
» Wi(s) ——> = — Wi(9 >
X
X Yol Wiy 2>

Ycnorue sxBuBaneHTHOCTH CCLl 1 CC2: paBeHCTBO CUTHAIOB X B Y B 000-

nXxX cxemax.

13 CC1: y(9=X9IW ¥ (1)
13 CC2: X(9=9W(H

OTKyJ1a W(9 = X9 (2%

y(9

[Toncrasus B (2*) y(S)u3 (1*), momyuum W, (9 = ﬁ =W( 3§,



—87—-

rae Wi(s)" — O6parnas I1d 3BeHa, yepes KOTOPOE COBEPIIACTCS EPEHOC TOUKH
BetBnenus.

[To anamoruu paccyxJieHuid M300pa3uM HKBUBAJICHTHBIE CXEMbI IS Clie-
OYIOLIUX CIy4aeB.

. ITepenoc Touku BerBnenus Hazan uepes 3Beno c I1D W(s)

CCl CcC2
X vy Ny X y
—> W]_(S) > = » W]_(S) >
y—> > Wi(9) —y>

Wi(s) = Wy(s).

[ll. ITepenoc CymmaTopa ¢ AByMs BXOJAHBIMU CUTHAJIaMU X1 U X, Buepen

gepes 3BeHO ¢ [1D W(s)

CC1 CC2

o/ D

W]_(S) —> = —> W]_(S)

I+
I+

X
e WS [

Wi(s) = Wi(s) — (mpsimast) 1D W(s).

[V. TITepenoc CymmaTopa Hazan yepes 3Beno ¢ [1D W(s)

CC1 CC2

;- NCD o)
X Xy Yy X y
— Wi(9) = Wi(s) —

I+
I+

X2 X:
Wk(S) 4——2

Wi(s) = Wi(s)™ — O6parnas I1d.
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Jiis ipoctoThl 3anioMuHanus Tuna [1® koppekunn Wi(S) MOKHO BOCTIONb-

30BaThCS TAKUM MHEMOHHYECKHM IPaBIIIOM (Ha aidaBUTHOW OCHOBE):

Ilepenoc (Touxu) Bernenus uepes W(S): Briepen — O6patras 110D W',

Hrorosoe npasuno: B-B-O.
[lepenoc (rouku) Bernenus uepes W(S) Hazan — IMpsmas [1® W. Uto-
rosoe npasuio: B-H-1I.

Ananornyno ana Cymmatopa: Bnepen — C-B-II. Hazang — C-H-O.

3aMeTI/IM, 4TO CYMMATOPhbI, TAK K€, KaK 1 TOYKH BCTBJICHUS, MOKHO MCHATDH

MecTamu — 0e3 YTpaThbl 9KBUBAJICHTHOCTHU CXEM.

o1 Co2 Co2 o1

X1 Yy X1 Yy

Y1 Y1
> Wl(S) > > Wl(S) >
X Ba Y2 x B2 Y2
> Wz(S) > = > Wz(S) —>
B 1 B 1
Y3 Y3

A 4

A 4

W3(S) —> W3(S) —>

C moMouIbl0 MPUBEACHHBIX BBILIE MpaBui 00y ciaoxkHyro CC MOXHO

peoOpa3oBaTh B OJIHOKOHTYPHYIO cxemy (puc. 10.5):

% Wy(s)
Y1 Y2
co1 X L1
X1 N M Ty
—> Wl(S) Wz(S) W3(S) C33

*Tx CcH2

CH4

WS(S) W4(S) <
Y4 X6 Y3

Puc. 10.5.0n1H0K0OHTYpHAs CHCTEMA
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Cxema 3amkHyTOM CAP HazpiBaeTCs OAHOKOHTYPHOM, €CIIU TIPU €€ pa3Mbl-

KaHWW B KaKOW-JIMOO Touke (Hampumep, Ha Bxoje 3BeHa ¢ [1dD W;) oOpasyercs
e, HE CoJIeprKalias mapajuIebHBIX BETBEH 1 00paTHBIX cBs3ei. Llens mocie-
JIOBATEeIbHO COSAMHECHHBIX 3BEHBEB, HAXOMBIINXCS B COCTaBE 3aMKHYTOTO KOH-

Typa, Ha3bIBACTCSI PA30MKHYTHIM KOHTYpPOM cucteMbl (puc. 10.6).

Xe X1
— Wi(9) — Wi()
Y2 yi %
Xq
M + C24 X N
—o—p W3(S) W4(S) W5(S) Lo Wz(S)
C23 - Co1 C22
Y3 % Y4

Puc. 10.6.Pa30MKHYTEII KOHTYP CHUCTEMBI

[Tostomy II® pasomxHyTOoro koHTypa \Wi(S) OZHOKOHTYPHOH CHCTEMBI
paBHa npousseneHuio 11D 3BeHBEB, CTOANIMX B COCTABE 3aMKHYTOI'O KOHTYpaA.

[Ipu 3toM 11® 3BeHBEB, CTOSAMMUX 3a MPEAETAMHU 3aMKHYTOTO KOHTYpPa, HE BXO-

nar B mpoussenenne Wy(s): W, ( S) = W( 9 \/;( )3 \N )S W )

[1d pazomkHyTOro KOHTYpa (Lieru) BXOIUT B BeIpakeHune [1d 3aMkHyTOM

cucteMbl. Hanpumep, 1utst kanama (mpssMoit rernu) «X; — Yy» [1d &D(S)4