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1 BBEOEHME.

OcnoBsl Teopun ynpasinenus (OTY) sBnsercs ogHoi U3 Hanbo-
Jiee BaXXHBIX OOLIETEXHUYECKUX JUCLUUILITUH CHenualbHOCTH «MH-
¢dopmaTuKa W ympaBlieHHE B TEXHHYECKHX cUcTeMax». W3yueHue
OCHOB TEOPHHM YIPABJICHUSI OMUpAcTCA Ha psia (HyHIaMEHTAIbHBIX
00111e00pa3oBaTeNbHbIX M OOLIETEXHUYECKUX IUCHUIUINH, TaKUX
KaK BbICIIasi MaTeMaTHKa, (PU3HKa, TEOpUSI BEPOSTHOCTH M MaTeMa-
THUYECKasi CTATUCTUKA, OCHOBBI TEOPUU LIeTIEH, TEOPETUUECKUE OCHO-
BbI AIEKTPOTEXHUKH U Ap. be3 3HaHUS 3TUX IUCLUIUINH HEBO3MOXHO
ycnemHoe ocBoenue kypca OTY.

Ienbro mpenogaBaHus Kypca SBJsIeTCs IOATOTOBKA CTYJEHTOB K
[IPAaKTU4YECKOMY IIPUMEHEHUIO METOJOB TEOPUH aBTOMATHYECKOIO
yIpaBJICHUs IS PELICHUs IPUKIIAJAHBIX 3a/1a4 aBTOMAaTHU3aLUH.

OcCHOBHBIMHU 3aJjauaMU Kypca SBIISIFOTCS:

— O3HAKOMJIEHHE CTYJIEHTOB C COBPEMEHHBIM COCTOSHHEM TEO-
pUH aBTOMAaTHUYECKOTO YIIPaBICHUS;

— NPUBUTUE CTYICHTAM HaBBIKOB TEOPETUYECKOIO aHaIu3a U
CHHTE3a CHCTEM aBTOMAaTHYECKOTO YIPaBICHHUS;

— NPUBUTHUE CTYJIEHTaM HaBBIKOB IKCIIEPUMEHTAJIBHOIO IPOEK-

TUPOBAHUA U UCCIIECAOBAHUA CUCTEM aBTOMATUYCCKOI'O YIIPpaBJICHH.



2 PABOYASA NMPOrPAMMA KYPCA

2.1 BBegeHue

KpaTkas nctopus BOSHUKHOBEHHS U Pa3BUTHS TEOPUM aBTOMa-
TUYECKOTO YIIPABIEHUS U perynupoBaHud. OCHOBHBIEC TOHATHS U
orpenesieHus: OObEKT yNpaBJICHHs, YIPABIAIOLIEe, BO3MYIIAIOIIEe
BO3/ICIICTBHE, YNpPAaBISIONIEE YCTPONUCTBO, YIpaBIsIEMbIE NEPEMEH-
HBIE, CHCTEMa aBToMaTu4deckoro ynpasieHus (CAY).

[MpuHOMIBE ¥ 3aKOHBI YNpPAaBICHHUS. XapaKTEPUCTUKH OO0BEKTa
ynpasienust 1 CAY. Knaccudukanus CAY: no tuny maremarnyie-
CKOTO OIIMCaHus, [0 UCTIONB3YeMOH anpuopHOi U paboueit uHpOp-

Manuu 00 o0bekre. 3amaun ananmsa u cuareza CAY.

2.2 [OuvHaMun4yecKue XapakKTepUCTUKU INNIEMEHTOB U

CUCTeM aBTOMaTU4eCKoro ynpaBrieHuUs.

[NonsiTe TMHAMUYECKOTO 3BEHA HAIIPABJIICHHOTO JeicTBUsA. Bu-
JIbI MATEMAaTUIECKOTO OIHCAHUS 3BEHBEB.

Cocrasnenue quddepeHIMalbHbIX YpaBHeHUH 3BeHbEB. JInHea-
pusanus. CrangaptHbeie Gopmbl 3anucu 1udGepeHIHaIbHbIX ypaB-
HEHUH.

[IpeobpazoBanus Dypre u Jlamnaca. YpaBHeHHS B M300paxe-
Husx. [lepemaTounast QyHKIHMS TUHEHHBIX 3B€HBEB U CHCTEM.

Bpemennsie xapaKkTepHCTUKHU: TEPEXOIHAs U BECOBas XapakTe-
PHUCTHKH, UX CBS3b C TIEpEAaTOYHON (pyHKIHMEH, METOBI UX OIpeie-

JICHHA.
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YacToTHBIE XapaKTEPUCTHKH: aMILIUTYIHO-4acTOTHAs, (a3oBas
4acTOTHasl, JIoOrapupMUIECKUe XapaKTepUCTHKY, YaCTOTHAs Iepena-
ToyHast QyHKIUA. CBsI3b YaCTOTHBIX XapaKTEPHCTHK C IepeaaTod-
HOHM (pyHKIIMEH, METOIBI TIOJTyYEeHHS YACTOTHBIX XapaKTEPHCTHK.

Cucrema ypaBHEHHH B TIEPEMEHHBIX COCTOSIHES. BekTopHO-
MaTrpuyHas Qopma 3amucH ypaBHeHHH cocTostHus. CTaHIapTHBIC
¢dopma 3amnmcu ypaBHeHHH cocTosiHuSA. PazoBoe MPOCTPaHCTBO, (a-
30Bas TpacekTopus. CBSI3b YpaBHEHUH COCTOSHHS C TIEPEIATOYHOMN
(dhyHKIHEH.

ITonsiTHe TUIIOBOTrO 3BeHA. XapaKTepUCTUKU U YPABHEHUsI TUIIO-
BbIX 3BeHbeB. CTpyKTypHbIM aHanmu3 CAY: CTpyKTypHBIE CXEMBI H
WX SKBUBAJIEHTHBIE MpeolOpazoBanusa. @opmyna Mboiicona. Ilepena-

TOYHBIE QYHKIMH U YPaBHEHUS pa30OMKHYTOH 1 3aMKHyTOl CAY.
2.3 YcToMumBOCTbL NUHENHbIX CAY

[Tonstue ycroitumBoct CAY. Bo3MylieHHOE W HEBO3MYIICH-
HOE IBIKEHHE. ACUMITOTHYECKasl ycToHunBocTh. Heobxonumoe u
JOCTaTOYHOE YCJIOBHE YCTOMUMBOCTH JIHEHHONH CAY.

Kpurepun ycrtoitunBoctu. Anrebpandyeckue KPUTEPHUH YCTOM-
YHBOCTH: HEOOXOJUMBIN KpUTEPHI YCTOWYNBOCTH, KpuTepuu Payca,
I'ypBuna, Beimnerpaackoro. YactoTHele kputepuu: Kpurepuu Mu-
xaitnoBa u HalikBucra.

[Tonsitue 3anmacoB yctoduuBocTH. Bnusuue mapamerpoB CAY

Ha YycToiumBocTh. IlocTpoenue obnacteli yctoHumBoctH. D-



pa3zouenne Heiimapka: pa3OueHue B 00JIaCTH OJHOTO W JIBYX Iapa-
MeTpoB. CBsi3p D-pa3OneHns 1 4aCTOTHBIX KPUTEPHEB YCTOWIUBOCTH.

Omnpenenenne ycroiunBoctr CAY 10 ypaBHEHHSIM COCTOSHUS.
2.4 Ka4ectBO 1 KOoppekuna CAY

[onsTne xauectBa padotel CAY. OOmias xapakTepuCTHKa KpH-
TEpUEB KaueCTBa.

TounoctHbie KpuTepuu kauectBa. Onenka TouHoctu CAY B TU-
MOBBIX PEXUMAaxX: CTATHUECKUI PEXUM, PEKHUM C MTOCTOSHHON CKO-
POCTBIO, YCKOPEHUEM U T.J., THIIOBOW PEXXHUM IIPH TapMOHHYECKOM
BoznelicTBrr. KoadduimenTsl ommOoK, WX BeraucicHue. [lorsTue
acTaTh3Ma CHUCTEMEI.

Orenka OBICTPOACHCTBHUS M 3allaca yCTOWIMBOCTH 10 TIEPEXO/I-
HOW XxapakTtepucThke. KopHeBble KpUTEpUHN KadecTBa: CTENEHb yC-
TONYMBOCTH U CTETIEHb KOJIEOATETHHOCTH.

Orenka kagectBa CAY 10 9aCTOTHBIM XapaKTCPUCTHKAM.

NHTerpanbHbIe OIIEHKH KauecTBa.

OO6mue Metozs! noBeimeHus TouHocTH CAY. Meronsl Teopun
vHBapuaHTHOCTH. KOMOWHMpPOBaHHOE YIIpaBIICHUE, HECIUHUYHEIC
oOpaTHBIC CBSI3M, BBEJCHHE HHTCIPAJIOB M MPOU3BOJHBIX B 3aKOH
YIpaBICHHUS.

Koppexuus CAY. Koppekrupytoime 3BeHbs, ux THMsbl. [locie-
JIOBaTENbHBIE KOPPEKTUPYIOLINE 3BEHBS, UX NpumMepsl. [lapamnens-
HbIC KOPPEKTHPYIOIINE 3BEHBS, KECTKUE U THOKHE 00paTHEIC CBSI3H,

UX BiIMsHUE Ha MuHaMUKy CAY.
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OOmue MPUHIMIBI TIOBBIMICHUS 3araca yCTOHYMBOCTH (JIeMII-

dbupoBanusn) CAY.

3 CMUCOK PEKOMEHOYEMOW K U3YYEHUIO
JINTEPATYPbI

3.1 OcHoBHasn

1 HOyumwun C.E., 3oroB U.C. u ap. Ilox pen. B.b. Sxosnesa, «Teo-
pHsl aBTOMATHYECKOTO ympasiceHHus». Y4ueOHUK. M.: «Bpicmas
mkona», 2003. I'pud MunoOpazoBaHus.

2 KopuxoB A..M. «OCHOBBI TEOpHHU yNpaBICHUsD». YUeOHOE MO-
coboue. Tomck: M3a-so HTJI, 2002, 391 c. I'pud MunoGpazo-
BaHMUSL.

3 ®enpabaym A.A., ByrkoBckuit A.I'. Metoas! Teopun aBTOMa-
TH4eckoro ynpasneHusa. M.: Hayka, 1971, 743 c.

4  Mansmresko A.M., Bagyros O.C. COOpHHK TECTOBBIX 3a1a4 I10
TEOpUH aBTOMATHYECKOro ympasieHusa. Tomck: M3n-so Tom-

cKoro rmonmTexH. yH-Ta, 2008, 368 c.
3.2 [dononHutenbHas

5. Kapnos A.I'. Teopus aBTomMaTHueckoro ympasieHus. Yacts 1:
VYueb. mocodue — Tomck: TMJI-IIpecc, 2011, 212 c.

6. KapnioB A.I'. MaTtemaTtrdeckrie OCHOBBI TEOPHH CHUCTEM. YUeOHOE
rocobue. — Tomck: ToMCknif MEKBY30BCKUH IIEHTP AUCTAHIIMOHHO-

ro oopazoBanwms, 2002. Yacts2, 138 c.
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4 METOOUYECKUE PEKOMEHOALIUM NO U3YYHEHUIO
KYPCA.

41 Tema 1. BBegeHue

OCHOBHBIMM Y4€OHMKAaMHU, PEKOMEHIOBAaHHBIMU K H3YUEHHUIO,
sBisored [1], [2]. 3ydeHne Teopun aBTOMaTHUECKOTO YIIPABICHUS
HAa4YMHAETCS C OCBOCHUS OCHOBHBIX TEPMUHOB, MOHATHHA M OIpeje-
JIEHUH. A mepesa 3TUM XKeJNaTelIbHO 03HAaKOMHUTBCS ¢ UCTOpPHEH BO3-
HUKHOBEHMS M Pa3BUTHS TEOPUH YIIPABICHUS KaK HAyKH, C OCHOB-
HBIMHM UCTOPUUYECKUMHU dTallaMH U NMEPHOAAMH, C BKJIAJOM OTEUECT-
BEHHBIX M 3apyOeKHBIX YUEHBIX M WH)KCHEPOB B CTAHOBIICHHE U
pa3BUTHE TEOpPHM aBTOMaTH4yecKoro ympasienus. [logpoOHo ucTo-
pus pa3BUTHS TEOPHH YIPABIEHUS U3JI0KEHa B [2].

3HAKOMHTBECS C OCHOBHBIMU TOHATHAMH U TEPMUHAMH TEOPHH
yIpaBJIEHUs] JIy4llle BCEro, €CIIU MPEJICTaBUTh CUCTEMY YIPABIECHUS
B BHJE Ipa@UuecKoro M300pakeHus IBYX OJIOKOB: 00bEKTa yIpaB-
JICHUS U YIPAaBIIOIIEr0 YCTPOWCTBA CO CBOMMM CBA3SIMHU APYT C
JIPYTOM U C BHEUTHEH Cpefioi. ITa jke cXxeMa ITOMOXKET U TP 03Ha-
KOMJIEHHUH C NIPUHIUIIAMY YIIPaBICHUS.

Korna mMbpl HauMHaeM pa3iauyaTh CUCTEMBI 110 UX CBOMCTBaM, MbI
TEM CaMbIM BBOAMM HX Kiaccupukanuio. OCHOBaHHS KiIaccu(pUKa-
LIUH, T.€. T CBOICTBA, 10 KOTOPBHIM PA3JINYarOTCS CUCTEMBI, MOTYT
OBITH CaMBIMH pa3HBIMH. Yalne BCero KJIaCCHPHUIUPYIOT CHCTEMBI

o BUAY MATEMAaTUYCCKOI'0 OMHUCAaHUs, IO XapaKTCPy CUTHAJIOB, 11O
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WCTIOJIb30BAHUIO allPUOPHON W paboueil (Wiu M0 MPUHIIHUITY YITpaB-
JieHHUs ) nHGOpMAIK 00 yIpaBIsIieMOM 00bEKTE.

3akaH4MBas H3y4YCHHUE TIEPBON TEMBI, CTYJICHT JIOJDKEH SICHO TO-
HUMATh, KaKWe 3aJIa4H CTaBSITCSA W PENIAlOTCS B TCOPUU aBTOMATH-
yeckoro ynpaenenus U kak OTY cBs3aHBI ¢ IPyTUMH CIIEIUATLHbI-

MH H OOIIETEXHUYECKUMHU TUCIUILINHAMHU.

Bonpocul 0na camonposepku

1. Tlepeumcaute 3Tansl BO3HUKHOBEHUA U pazsutust OTY.

2. HazoBute dammimm XoTs ObI HECKOJNBKHX 3apyOeHBIX H
OTCUCCTBCHHBIX YYECHBIX WJIM HHXEHEPOB, BHECIIHUX
3HAYUTEILHBIN BKJIaa B pazsutue OTY.

3. JlaiiTe ompenmeneHUE VYOPABISIONIAM W BO3MYMIAIOIINM
Bo3nelcTBIsSIM. KakoBo paznuune Mexay HUMU?

4. Kakue CHCTEMBI Ha3BIBAIOTCS JIMHCHHBIMMU,
CTaIlMOHAPHBIMH; MHOTOMEPHBIMHU?

5. HaszoBuTe JOCTOMHCTBA W  HENOCTATKU I[PUHLUIIOB
yIIpaBiIeHUS (PETyIUPOBAHNS).

6. B uem 3akiouaeTcsl pa3nuyie MeXAy HENpepbIBHBIMU H
TUCKPETHBIMUA CUCTEMaMH?

7. Uro Takoe CHUCTEeMBl OOBIKHOBEHHBIC; ONTHUMAILHBIC;

aJIanITUBHEIC?
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4.2 Tema 2. lnHaMnyeCcKue xapakTepuCTUKM 35IEMEHTOB

n cuctem aBTOMaTU4e€CKOro ynpaBerneHus

Krnaccudeckoe (4acTOTHOE) OMHMCAHUE CHCTEM U 3BCHBEB — 3TO
g depeHIMaNTbHBIC YpaBHEHUST BRICOKOTO mopsaka. Kak mpasuo,
YpaBHEHHUSI PEaNbHBIX 3BCHBEB SIBIAIOTCS HeMMHEHHBbIMH. HeoOxo-
JIIMO YETKO IMPEJCTaBIATh, B KAKUX CIy4asX U Kak BO3MOXHO YII-
POIIICHHOE OINUCAHUE TaKUX 3BCHHEB B BHJEC JIMHEHHBIX (a TOUHEE
JMHEAPHU30BaHHBIX ) YPaBHEHHUH.

Omrcanne 3BCHBEB (CHCTEM) JMHCHHBIMH YPaBHCHHSIMH HETIO-
CPE/IICTBEHHO CBSI3aHO C WX ONKMCAaHHUEM B BHUJC IEpeaTOYHBIX
¢dyHKIMH. XapaKTepUCTHKH, ¢ TIOMOIIBI0 KOTOPBIX TaKKe MOXKHO
OIMUCHIBATh 3BEHBS (CHCTEMBI), JCNATCS HA BPEMEHHbBIE W YaCTOT-
HbIe. YI00CTBO NPUMEHEHHsI TOTO WM HWHOTO OIMHCAHUs 3BEHHCB
(cucTeM) 3aBHCHUT OT TOTO, B KaKOH 00J1acTH — BPEMEHHOM WK Yac-
TOTHOH, TPOM3BOAUTCS HUccienoBanue cucteM. CTyIeHT JOJDKEH
YETKO MPEJICTaBISTh ce0e B3aUMOCBSI3b AU QPEpEHIUATBHBIX ypaB-
HEHUH, MepeIaTouHbIX (YHKIIMA, YaCTOTHBIX M BPEMEHHBIX Xapak-
TEPUCTUK U YMETh NIOJTy4YaTh OJHO U3 IPYTOro.

Onucanue CUCTEM B MPOCTPAHCTBE COCTOSHUM — 3TO MPEICTaB-
JICHUE TOTO JK€ ypPaBHEHHS BBICOKOTO MOPSAKA B BHJC CHUCTEMBI
YpaBHEHUH TEpBOTO Mopsiika. Takoi mepexoJ; MOXKET OBITh MPOU3-
BeJicH OECKOHEYHBIM YHUCIIOM CIIOCOOOB, HO, KaK MPaBUJIO, ypaBHE-

HUSl COCTOSIHHSA 3aIlMCHIBAIOT B KAaHOHMYECKOI (HOpMAaNbHOI) cuc-
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TeMe KOOPAMHAT, WIH B CTAaHAAPTHOH Gopme (kaHOHMUYecKas popma
(ha3oBol TIEpeMEHHOM).

JI7st yrpoIeHns: NCCIeI0BaHNsl CHCTEM HMX NPUHATO pa30HBaTh
Ha T.H. TUTIOBBIC 3BCHbA. JJI JIydIIero n3y4eHus TUIOBBIX 3BCHBEB
PEKOMEH/IyeTCsI TIOIyYUTh AHATUTUYECKOE BBIPAKCHHE U IpaduKu
(GYHKIMI BPEMEHHBIX M YaCTOTHBIX XapaKTEPHCTHK OCHOBHBIX TH-
MIOBBIX 3BEHBEB: AlEPUOIMIECKOrO ITEPBOTO M BTOPOTO MHOpPSAIKA,
U/ICANTbHBIX MHTETPUPYIOMET0 U Iu(QepeHIUPYIONEero, H301poM-
HOro, (opcupyromero, koaedaTensHOro. Xopoiee npeacTaBICHue
O THUIIOBBIX 3BEHBSIX B 3HAUNUTEIBHOW CTENCHM NMPEHONPENEIHT yC-
MEIHOE OCBOCHHUE MOCIEAYIONINX TEM U3Y4aeMON TUCIUIUINHEL.

OnnuM u3 Hambolsiee HArIAJHBIX CIIOCOOOB MaTeMAaTHYECKOTO
omucanuss CAY sBisieTcs CTPYKTypHas cxema, NpeACTaBIIIoLIas
coboii Habop ompeneNeHHbBIM 00pa3oM CBS3aHHBIX MEXKAY coOoi
TUTIOBBIX 3BeHbEB. CTPYKTypHasi cxeMa IMOJHOCTBIO OTpaKaeT IH-
HaMHYeCcKHe CBOWCTBA BCEX JIEMEHTOB, BXOISIIINX B cucTemy. Mc-
MOJIb30BaHUE CTPYKTYPHBIX CXEM II03BOJISIET JIETKO TMPOU3BOIUTH
nepexoa OT mepenaToyHod QyHKOMM K AuddepeHIHaTbHbIM HIIH
OTIEPAaTOPHBIM YPaBHEHHSM; JIaeT LEJIOCTHOE MPEICTaBICHUE O CO-
CTaBe CHCTEMBI M IyTAX e IEeJICHANPAaBICHHOTO W3MEHEHUS HpHU
cuntese. [Ipn mpoBeneHWH CTPYKTYPHOTO aHaln3a HEoOXOoauMo
MOMHHTH M YMETh IIPUMEHSTH JIN00 BCE MPaBHiIa CTPYKTYPHBIX TIpe-

oOpaszoBanuii 1100 Gopmyay Moiicona (B uacaiie, KOHEYHO, U TO U

IpyToe).
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[Ipu u3ydeHnu nepenaToyHbIXx (QYHKIMH CHCTEM HYKHO 0Opa-
THUTh 0cO00C BHUMaHHUE Ha CBS3b MEPEAATOUHBIX (QYHKIUI pa3oMK-
HYTOH M 3aMKHYTOM CHCTEM, MepelaTOYHBbIX (DYHKIUH MO OLIHOKE
(pa3oMKHYTON M 3aMKHYTOH CHCTEMBI), IEpEaaTOYHBIX (PYHKITHI 110

3aJ]al0IIEMy B BO3MYILIAIOIIEMY BO3/ICHCTBHSM.
Bonpocul 0na camonposepku

1. HazoBuTe ycnoBus TMHEapU3allui HETMHENHBIX ypaBHEHU.

2. Kak cBsi3anbl nuddepeHnyatbHbie ypaBHEHUS U IepeaToy-
Hble QYHKIIUU?

3. Ilepeumcnure BpeMEHHBIE XapaKTEPUCTUKA W HAIHIIUTE
(hopMyITy, CBA3BIBAIONIYIO UX.

4. Yto takoe AUX, ®UX u KaK UX MOIYIUTH U3 MIepeAaTOUHOM
byHKIMY; 13 1uddepeHIIHaIbHOTO YpaBHEHU?

5. Hanumute dopmyity, cBs3bIBaoIyi0 GyHKIHIO Beca 1 AUX.

6. Harrumue u mosicante hopmyiry Moiicona.

8. [lomyuunTe 1O CTPYKTYPHOU CXeMe MPOCTEHITICH OTHOKOHTYP-
HOW CHUCTEMBI MepelaTouHble (QYHKIMU: MO 3a/JaloleMy BO3JeHCT-
BUIO JUI Pa30MKHYTOH M 3aMKHYTOH CHCTEMBI; TI0 BO3MYLIAIOLIEMY
BO3ACHUCTBHIO [T pA30MKHYTON W 3aMKHYTOW CHUCTEMBI; IO OIINOKE

JUIS. pAa30OMKHYTOH M 3aMKHYTOM CHCTEMBI.
4.3 Tema 3. YcTONMuMBOCTb NUHENHbIX CAY.

DTO omHAa W3 HaWOOJIee BAKHBIX TEM, MTOCKOJBKY BOIIPOCH 00

YCTOP’IQHBOCTH BO3HUKAIOT IIpH JI000M HUCCICOOBAHUHN CUCTEM, 6y,I[I>
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TO aHaynM3 WM cuHTe3. Jlrobas cuctemMa pabOTOCHOCOOHA TONBKO B
TOM clly4ae, €CJIM OHa YCTONYMBA.

[Ipuctymasi Kk W3y4eHUI0 JaHHOW TEMEBI, MPEXIe BCETro, He0OX0-
MO YACHHUTH CaMO INOHATHE, (pU3MYECKUH CMBICI U MaTeMaThye-
CKHE YCIIOBUS YCTOMUMBOCTH CUCTEM, a TaKXKe OOpaTHUTh BHUMaHHE
Ha OCOOEHHOCTH ONpEIETIeHUS YCTOMYMBOCTH PEaJIbHBIX HEJIUHEH-
HBIX CHCTEM II0 MX JIMHEApPU30BAHHOMY YPaBHEHHUIO HA OCHOBE TEO-
peM A.M. JlamyHoBa.

ITockonbky Bce KpUTEPUU YCTOMYMBOCTH OCHOBAHBI Ha aHAJIU3E
XapaKTePUCTUUECKOTO YPaBHEHUS CUCTEMBI, CTYAEHT JI0JDKEH YMETh
COCTaBJIATh 3TH YPABHEHUS, KaK AJI 3aMKHYTOM, Tak U AJIs pa30MK-
HyTOW cucteMbl. HeoOxoanmo pasnuyaTth anreOpanyecKue U vac-
TOTHBIE KPUTEPUN YCTONYHBOCTH, YMETh COCTABIAThH ONPEACIUTENN
I'ypBuna, Beipaxkenue A5 KpuBod Muxaiinosa, yMeTh (GopMyIupo-
BaTh U MPUMEHATH KpuTepuil HaiikBucta. Ilpu ucnons3oBannu Kpu-
Tepust HallkBucTa Hy»KHO MOHUMAaTh, YTO 3aMKHYTas CHCTEMBI MO-
XKeT OBbITh YCTOHUMBON, HECMOTPS Ha TO, YTO PA3OMKHYTAasi CUCTEMBI
SIBIIIETCS] HEYCTONYHMBOM.

Jnist cucTeMbl, 3aJaHHON yPaBHEHUSIMH COCTOSIHUS, HEOOXOIUMO
YMEHHUE COCTaBIATH €€ XapaKTepUCTUYECKOE YpaBHEHHE Ul Jallb-
HeWIlero NpuMEHEeHUs] KpUTEPUEB YCTOMUUBOCTH.

IIpu pemieHun MpakTUYECKUX 3a/ad 4acTo HEOOXOOUMO MMETh
CBEJIEHMs O TOM, Kak BJIHMSET TOT WIM MHOI IapaMeTp Ha ycToiuu-
BOCTb cUCTEeMBI. OTCI0/la BO3HMKAET HEOOXOJUMOCTb ONpPEAEICHUs

obnacteit ycroiumBocTH 1O 3THM mapamerpam (D-pa3buchue).



16

CTyleHT JOKEH SICHO MOHMMAaTh, KaK MPOU3BOJMUTCS TaKOE pas-
OueHHNe, KaK OmNpeAessITh KPUTHYCCKHE 3HAYCHUS I1apaMeTpoB,
WUMETh TPEJICTABICHUE O TOM, YTO TAaKOE 3amachl YCTOWYHMBOCTH, U
Kak ux HaxoauTh. Ocoboe BHUMaHWE HY)KHO OOpaTHUTh Ha OmpeIe-
JICHWE 3aracoB YCTOWYMBOCTH TO JIOTapU(MUYECKUM YaCTOTHBIM

XapaKTepUCTUKAM.
Bonpocul 01a camonposepku

1. ChopmymupyiiTe HEOOXOIUMOE M JOCTATOYHOE YCIIOBHE
YCTOWYMBOCTH NMPUMEHHUTEIBHO K BECOBOW (DYHKIMU CHC-
TEMBI.

2. ChopmymupyliTe HEOOXOIUMOE M JOCTATOYHOE YCIIOBHE
YCTOWYMBOCTH NMMPUMEHHUTENBHO K TIEPEIATOYHON QYHKIHN
CUCTEMBI.

3. ChopmymupyiiTe HEOOXOTUMBIA anreOpandecKuii KpuTe-
pUi YCTOMYUBOCTH.

4. 3ammmuTe B 0011eM BUe MaTpuiy | 'ypsuiia.

5. B uewm oriinune kputepus HalikBuCTa OT BCeX OCTabHBIX?

6. Kak ompenensercst yCTOHYMBOCTh 1O JIOTapH(YMUUIESCKUM
XapaKTepUCTUKaM?

7. Uro takoe D-pa3oucHue?

8. Uro moHmMaeTrcsi MOJ KPUTHYECKUM 3HAUEHHEM KaKoro-
0o napamerpa?

9. Ilo mepenatouHol QPyHKIMK CHCTEMBI COCTaBbTE BhIpake-

HUe U1 KpuBoi Muxaiinosa.
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4.4 Tema 4. KauecTtBO U KOoppekuus CAY

IMomumo ycroitunBocTH, padoTocriocodHocTs CAY OleHUBaeT-
csl Ka4ecTBOM e¢ paboThl, MO KOTOPHIM MOHUMAIOTCSl ONpeneiéH-
HBIE TIOKa3aTelld, XapaKTepu3ylollue mpouecc ympasienus. Heoo-
XOJMMO YETKO TIPENCTABIATh cebe, KaKue MOKa3aTeny ONpeeIsioT
Ka4ecTBO PabOThl CUCTEMbI, Ha KaKUe TPYIIIBI JIEJATCS 3TH IOKa3a-
TEJH, KaK X ONPEACIAThH IPSMBIMU WIX KOCBEHHBIMH METOIaMH.

OcHOBHBIM TIOKa3zaresieM kadectBa paboTel CAY smiseTcs eé
TOYHOCTH (IMHAMHUYECKast omnOKka). KpurepusMu TOYHOCTH CITyKaT
OmMMOKK B THUIOBEIX pexknMmax. B TAY ommbku paccMaTpuBaroTcs
OTACNBHO TIO YIPAaBISIOMEMY W BO3MYIIAIONMIEMY BO3JICHCTBHUSM,
KOTOPBIC U3MEHSIOTCS BO BPEMEHH 110 ONPE/ICIICHHON 3aBHCUMOCTH
(T.H. TUTIOBBIE PEKHMMBI — IOCTOSTHHOE BO3/ICHCTBUE, H3MEHSIOIIEECS
C TIOCTOSIHHOM CKOPOCTBIO, C TOCTOSHHBIM YCKOPEHHEM H T.H.).
CTyneHT IOKEH YMETh HaXOJHWTh AHAIUTHYECKOE BBIPAXKCHHE
OIIMOKY /ISl BCEX CIy4aeB W yMETh BEIOMpATh MPHU 3aJaHHON TOY-
HOCTH TpeOyeMbrii o0mmii kodddunuent ycuienus. Heooxoaumeie
3aBHCHMOCTH IIPOIIE BCETO ONMPEACIAThH 10 OMEPATOPHBIM BBIpAXKE-
HUAM Uit omuO0K. Hy’XHO 3HATh U YMETh MPUMEHATh METO]] KO-
(UIMEeHTOB OMIMOOK M MEUICHHO MEHSIONIMXCS BO3JEHCTBUIA.
OMHOBPEMEHHO HYXHO OCBOUTH METOBI MOBBIMICHUS TOYHOCTH. K
OOIIMM METOJIaM TIOBBIIIEHUS TOYHOCTH OTHOCSITCSI YBEIIMUYCHHE
obirero ko3 duIreHTa YCUIICHS, TOBBIIICHHS MTOPS/IKA acTaTH3Ma

Y TIPUMEHEHHUE PEryINPOBAHUA 110 TPOU3BOAHBIM OT omuOKu. Hyx-
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HO SICHO TIPEJICTaBJISATh ceOe, KaKOW U3 3TUX METOJIOB M KaK BIUSCT
Ha COCTaBJISIOIINE O0IIeH OMTHOKH.

Korna peds naer o MOBBIIIEHUH TOYHOCTH, BAXKHBIM MOMEHTOM
SIBIIIETCSl TIPUMEHEHHE METOJ0B TEOPWH HHBApHAHTHOCTH. Ecnmu B
CHUCTEME KOMIICHCHpYeTCs (IIPEeIOTBpAIIaeTCs) IEHCTBHE BO3MY-
IIAFOIIETO BO3JECHCTBHS Ha BBIXOJHYIO TEPEMEHHYIO, TO TOBOPST,
YTO TaKas CHCTEMa SIBIIETCS MHBAPHUAHTHOM (HE3aBUCUMOM) 1O OT-
HONIICHHWIO K 3TOMY BoO3MyIeHuio. s peanmusamum TpeOoBaHUI
nHBapruaHTHOCTH CAY IOTONHSAIOT KOPPEKTUPYIOIICH CBA3BIO (CHC-
TeMbl KOMOWHHUPOBAHHOTO YIIPABIEHUS) WM MEHSIOT OIpPEJeNIeH-
HBIM 00pa3oM repenaTouHbie (DYHKIUH OTACTHHBIX 3BEHBEB CHUCTE-
Mbl1. [Ipy u3y4eHnn 3TOH TeMBbI HY»KHO IMOHUMATh, YTO TaKOE TOJTHAS
Y YaCTUYHAS WHBAPUAHTHOCTh W KaK OHU JIOCTHTAOTCSI.

[Tpu u3ydyeHHH TEMBI KA4ECTBA TIEPEXOIHBIX MPOIECCOB CTYICHT
JIOJDKEH 00paTUTh BHUMAaHUE Ha YaCTOTHBIC M WHTETPAIBHBIC OLICH-
KM KauecTBa, yMETh OLICHUBATh KAa4YeCTBO IEPEXOJHBIX MPOIIECCOB
M0 PACIIOJIOKEHUIO KOPHEH XapaKTepUCTHUECKOro ypaBHeHHs. [lo-
Ka3aTelll KauecTBa MEPEeXOJHBIX MPOIECCOB MPU OTCYTCTBHH HYJICH
MepelaTOYHON (PYHKIIUK OHO3HAYHO OIPE/CIISIOTCS KOPHSIMHU Xa-
PaKTEepPUCTUIECKOTO YPaBHEHHUS.

HyxHO moHUMAaTh, YTO KaXKABIH METOJ OLIEHKH KadecTBa pery-
JUPOBAHUS MMEET CBOM JOCTOMHCTBA W HEJNOCTaTKH, M CBOIO 00-
JIACTh MPUMEHEHHSI.

[ToMIMO KOCBEHHBIX KPHUTEPHEB Ka4€CTBA MOXKHO TIOJI30BATHCS

" OpsAMBIMH METOJAaMMU OLICHKH, HO IJIA OTOI'0 HaXOAWTH IIEPEXOMI-
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HOW TPOIIeCC MOXHO JIMOO KIIACCHYSCKUM pelieHueM audhepeHIu-
aNbHBIX YpaBHEHHWU, TUOO MPHUMEHSAS OINepaToOpHble METOAbL. Jlms
YCHEIIHOTO OCBOSHHSI 3THX METOJ0B HEOOXOTUMO BCIIOMHHUTD COOT-
BETCTBYIOIIME Pa3JIeNbl Kypca BBICIIEH MaTeMaTHKU.

s obecrieueHusT YCTOMYMBOCTH W 3aJaHHOTO KadecTBa IIPO-
recca ympasieHus B CAY BKIIOYaIOTCS JOMOTHUTENbHBIE HJIEMEH-
ThI, TaK Ha3bIBa€MbIE KOPPEKTHUPYIOIIHE YCTPONCTRA.

B 3aBucumocTu oT cioco0a BKIIOUEHHUS Pa3uyaroT Mocie10Ba-
TeJbHBIE W TapalljieNibHbIe KOPPEKTUPYIOIINE yCTPOUCTBa (MHOTIA
Pa3HOBUIHOCTH MapaljIeNbHBIX KOPPEKTHUPYIOMIUX CPEICTB Ha3bl-
BalOT BCTPEYHO-TIAPAJLICIBHBIM BKIIFOUEHUEM WIIM BKIIOYCHHEM 00-
patHO# cBsa3bI0). [locnenoBaTenbHble KOPPEKTUPYIOMIUE YCTPOUCT-
Ba BKJIFOUAIOTCS B OCHOBHOM KOHTYp TOTJa, Korjia (pyHKIIMOHATbHAS
3aBUCUMOCTb BBIXOJIHOTO CHTHaja OT BXOJHOT'O BBIPaKEHa B BUJIC
3aBUCUMOCTH TOKa WIM HampsbkeHus. B 3ToM cimydae mocnemoBa-
TeJIbHBIE KOPPEKTHPYIOIINE YCTPOICTBA IPOCTO PEATU30BATh B BUIE
RC-nenouek. IlapannenbHple KOPPEKTHPYIOIIHME YCTPOMCTBa HC-
MOJIL3YIOT TOTZA, KOrjna TpeOyeTcs MPUMEHUTh CIOXKHBIH 3aKOH
YIpaBIeHUsI C BBEJICHUEM POU3BOIHBIX MU WHTETPAJIOB OT OMIKNO-
ku. W, HakoHeI, BCTpEYHO-TIapaJUIebHBIe KOPPEKTHUPYIOIINE YCT-
poiicTBa MPUMEHSIOT B OCHOBHOM B BHJE MECTHBIX OOPAaTHBIX CBSI-
3eil. Hy’)kHO MOHUMATh, 4TO JJIsl TUHEUHBIX CUCTEM CYILIECTBYET JK-
BHUBAJICHTHOCTh BCEX 3THUX BUIOB KOPPEKTHUPYIOUINX YCTPOUCTB, T.€.

BCEI/la, HANpuUMeEp, I TOCIEeNOBAaTEFHOIO KOPPEKTHUPYIOIIETO
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YCTPOMCTBa MOXHO TOA00OpaTh SKBHBAICHTHOE €My TapajlieIbHOS
WJTU BKJTFOUEHHOE OOPATHOH CBS3BIO0 KOPPEKTUPYIONTHE YCTPOUCTBO.

[Ipu n3yd4eHnn maHHOW TEMBI MPEXKIE BCErO HYXHO YOeIUThCH,
YTO BBEJCHHE MOCIEIOBATEIHHOTO WM MMapallIeIbHOTO KOPPEKTH-
PYIOIIEro yCTPOHCTBA MO3BOJIUT YIYUIINTh THHAMHUYECKHE CBOMCT-
Ba cHCTeMBI. Jlydrie BCero 3To BHAHO MPH PACCMOTPEHHH aMILTH-
TYJTHBIX YaCTOTHBIX M ()a30BIX YACTOTHBIX XapakTepucTuk CAY 1o
¥ TIOCJie BBEJCHUS KOPPEKTHUPYIOMMX YCTpoicTB. Hambomee pac-
MIPOCTPaHEHHBIM U XOPOIIIO pa3paboTaHHBIM SBIIAETCS METOJ CHHTE-
3a 10 JIOTapU(MHUYECKUM YACTOTHBIM XapaKTEPUCTHKAM. DTOMY

METOJTy HY>KHO Y/ICITUTh HauOOoJIbIllee BHUMAHNUE.
Bonpocut 0152 camonposepku

1. 3amumuTe HA OCHOBAHHWH TEOPEMBI O KOHEYHOM 3Hade-
HUH BBIPKEHHUE [T ONPECICHUS CTATHYSCKOMN OIIMOKH.

2. Kak 3aBucur BenmuunHa ommOku CAY or obmiero kodd-
(hUIMeHTa YCUICHHS TIPH Pa3IMYHBIX BO3ICHCTBUAX?

3. JlaiiTe ompeaeNcHUE CTaTUYECKOH M acTaTUYECKOH CHC-
TEMBEI.

4. Kakue CymecTBYIOT CIIOCOOBI YCTPAaHEHHSI CTaTUYCCKUX
omuooK?

5. KakuMu mokazaTensiMu KauecTBa MOXHO OXapaKTepH30-
BaTh NIEPEXOAHOH TpoIIecC B cucTeMe?

6. Kak onpenensercst CTeneHb YCTOMYUBOCTH?

7. Kak OMpeaACIACTCd CTCIICHD K0JIe0aTeILHOCTH?
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8. Kakme Bbl 3HaeTe WHTErpajbHBIE KPUTEPUH KavecTBa
CAY? X mOCTOMHCTBA W HEIOCTATKH, 00JIACTH IIpPHMeE-
HECHHS.

9. Tlepeuucnure METOIbI MOBBIMICHHUS TOYHOCTH.

10. Yto Takoe mHBapHaHTHas crcTeMa?

11. HazoBuTe OCHOBHBIE METOJBI, ITO3BOJISIOIIME CJEJIATh

CHUCTEMY UHBApUAHTHOM.

5 TMNPAKTUYECKHUE 3AHATUA

HpaKTI/I‘leCKI/Ie 3aHATUA COCTOAT B PCHICHUM 3aJ4ad 110
OTACIBHBIM TEMaM KypcCa. MoxxHO Bce 3aavu pasaCIIMTbL Ha Psj

TEM:

1. MaTemaTn4eckoe ONUCaHNE 3BCHBEB U CUCTEM.

2. CTpYKTYpHBII aHau3.

3. YCTOHYHMBOCTH TUHEHHBIX CHCTEM

4. KadgecTBO perynupoBaHusl.

5. DNneMeHThI CHHTE3a JINHEHHBIX CUCTEM.

3agaun, peKOMEHIOBaHHBIC K PEIICHHI0, OepyTcs U3 cOOpHUKA

3amadq [4].
5.1 MaTtemaTtnyeckoe onucaHue 3BeHbEB U CUCTEM
Kiaccnueckoe onmcanue JIMHEHHBIX CUCTEM — OTO OOBLIKHOBEH-
HOe JuHelHoe nuddepeHnnaIbHOe ypaBHEHHUE 7-TO IMOPSIKA HIIH

repeatouHas GyHKINS, OMHO3HAYHO CBs3aHHAs ¢ mauddepeHim-

aNbHBIM ypaBHeHHEM. CTYyAECHTHI TOJDKHBI YSICHUTD, YTO MEpeIaToq-
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Hasi QyHKIUS 3B€HA (CUCTEMBI) MOKHO MOIYYUTHh (DOpPMaIbHBIM pe-
nieHueM JTUQPEepeHIIMATLHOTO YPaBHEHHSI OTHOCHTEIILHO BBIXOJA
TIpH 3aMeHe oneparopa auddepeHInpoBanms OyKBOH s.

Eciam 0003Ha4nTh BBIXOI 3BeHA (CHCTEMBI) depe3 )(f), a BXOI —
gepe3 r(¢), To B 00meM Bujae JIMHEHHOEe nuddepeHInanbHOe ypaB-

HEHUE 71-TO MOPSAKA BBIMISAUT CIIEAYIOMIMM 00pa3oM:
ap™ +ap™’ + .+ ay=byp™ + b, " + . +br

Beens o6o3HaueHue omepatopa Au(QEpeHIUPOBAHHS, 3TO

ypaBHEHHE MOKHO MPEICTABUTH KaK:
aps"y ...t ay =bys"r +..+b,r

dopmanbHO pa3pelvB IOCIEIHES YpaBHEHHE OTHOCHUTEIBHO
y(f), momyaum:

=u-r=W(s)-r,

ays" +...+a,

Onepatop W(s) 1o BUaY MOJTHOCTHIO COBIAIACT C MEPEAATOUHOM
(yHKITHEH, KOTOpast TIO OIPEICIICHUIO0 €CTh OTHOIIICHUE MPeo0pa3o-
BaHus Jlamnaca BBIXOJHOTO CHTHana K mpeoOpa3oBanuto Jlammaca
BXOJTHOTO CHTHAJIa TP HYJIEBBIX HAYaJbHBIX YCIOBUSIX.

B 3aBHCHMOCTH OT TOTO, BO BpEMEHHOW WJIM YaCTOTHOH 001acTH
HCCIEAYeTCS 3BEHO (CHCTEMa), OIMHUCHIBATh JTO 3BEHO (CHCTEMY)

MOYKHO JTHOO0 BPEMCHHBIMU, 00 YaCTOTHBIMU XapaKTCpUCTUKaAMHU.
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K BpeMeHHBIM XapaKTepHCTHKaM OTHOCSTCS MepexoHasi Xapak-
TepucTUka (rpaduueckoe H300paKEHHE MEPEeXOAHON (DYHKIIUH) U
HMMITYJIbCHAs TIepeXoaHas (MIM BECOBas) XapakTepucTHka (rpaduye-
CKOE M300paKeHHE MMITYJIbCHOM MEePEeXOAHON Wi BeCOBOH (yHK-
nun). Tlepexomnast QyHKITHS — 3TO peakius (BBIXOX) 3BeHA (CHCTe-
MBI) Ha THIIOBOE BO3JICHCTBHE B BHIE CAMHWYHON CTYIICHYATOMN
dbyaknun. BecoBas GyHKIHS — 3TO peakius Ha 0eCKOHEYHO OO0IIb-
MIOM M0 BENWYMHE W OECKOHEYHO MANbIA MO JIUTEIHHOCTH WM-
nyiabc. MaTeMaTHnyeckue 0003HAYCHHUST BCEX MEPEUHCICHHBIX QYHK-
UK CllenyIoIIHe:

h(?) — mepexogHas GyHKUUS,

w(f) — BecoBas (pyHKLUS,

1(¢) — enuHMYHAs cTyneHYaTast QyHKUIUS,

o(f) — nenpTa-QYHKIMS WIK UACATbHAS UMIYJIbCHAS QYHKIIHSA.

CBs13p BpeMEHHBIX (QYHKIUH MEXIy co00il BbIpakaeTcs COOT-

HOIIICHUEM!

CBs13b BpeMeHHBIX (YHKIMHA ¢ AuddepeHIuaIbHbIM ypaBHEHHU-
€M W TiepelaTOYHON (YHKIMEH BhITEKaeT U3 perreHus auddepeH-
IMUATFHOTO yYpaBHEHUSI 3BeHa (CHCTEMBI) MPH MOJICTAHOBKE B Kade-
CTBE BXOJHOTO CUTHaya #(f) €IUHUYHOMN CTYIICHYaTON WM UJIealh-

HOW UMITyNIbCHOM QyHKIMH. Mcrnons3ys cBoiicTBa mpeoOpa3zoBaHus
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Harmaca, MOXXHO MPEIJIOKUTH ,Z[perﬁ BapHUaHT OIIPCACIICHUA BpC-

MEHHBIX (DYHKITHI. YUYuTBIBas, 4To mpeoOpazoBanme Jlammaca ot
N N 1 N
SIMHUYHON CTyIeH4YaTod (QYHKIUU PaBHO —, CBSA3b MEPEXOIHOU U
s

nepenaTouHor (GyHKuIuH ompezenseTcs mpeodpaszoBanueM Kapco-

Ha-XeBHcala:

[IpeobpazoBanne Jlamaca oT O-GpyHKIIMA paBHO SAWHHIIE, TTO-
3TOMY CBSI3b BECOBOM M IepeAaTOYHON (DYHKIMH yCTaHaBIHBACTCS

npeobpazoBanueM Jlamnaca:

c+ joo

w(t) :gj W(s)e[sds.

c—joo

DOU3NYECKHl CMBICT YaCTOTHBIX XapaKTCPpUCTHUK BBITCKACT M3

PacCMOTPEHHUSI YCTAaHOBUBIIETOCS pPEXHMa PabOTBI CHCTEMBI TIPHU

IIOCTYILICHUU Ha €€ BXOJ TapMOHUYECKOT0 CUTHAJIA r(t) =A4e’” . B
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9TOM Cliy4dac CBA3b MCIKAY BXOJOM U BbBIXOJOM CHCTCMBI BbIPpAXKACT-

Csl COOTHOILIEHUEM:
y(t)= W(jw)Ade’™.

U3 3TOro COOTHOIIEHHUS CIenyeT, YTO aMIUIMTyla CHTHaja Ha
BBIXOJIe M3MCEHSTCS B |W( ja))| pa3, a ¢asza mpereprneBaeT U3MeHe-
Hue Ha BemuumHy argl (jw). CoOTBETCTBYIONIHE 3aBHCHMOCTH
qacToThl - A(®) :|W(Ja))| u ¢(w)=arglW (jw) u HOCAT Ha3BaHNe
aMIUTUTYIHO- M (a30 — 4acTOTHHIX XapakTepucTuk (AUX u dUX)
COOTBETCTBCHHO. TakuM 00pa30M, aMIUTUTYJHO-4aCcTOTHAas (yHK-
LU €CTh MOJAYJb YaCTOTHOM IMepeNaTOuYHON (DYHKIIUH W( jw), a
(hazo-uacToTHas (PYHKIUS — 3TO apTYMEHT (apKTAHTEHC OTHOIICHHUS
MHHUMOW 4YacTH K JCHCTBUTENBHOW) 4YaCTOTHON TNepelaTOuHON
dhysKIIH W(jw).

TumoBsIM Ha3bIBaeTCS 3BEHO, NpeacTaBiieHHOe auddepeHIn-

AJIbHBIM YPAaBHCHHUCM HC BBIIIC BTOPOr'o IMOpPAaKa. Hawnbonee gacto

BCTPCHAIOIINECCA TUTIOBBIC 3BCHBA !

1. besuHepruoHHoe (YCHINTENIBHOE) 3BEHO W(s) =k,

2. ViuTerpupyrouee (iaeansHoe) 3BeHo W (s) = k ,
s

3. Juddepenuupyiomiee (naearbHOE) 3BEHO W(s) =k-s,
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4. Anepuoandeckoe (TIepBOTO MOPSIIKA) 3BEHO: W(s) = p k T’
5+

5. ®opeupyromee (naeanbHoe) 3eHo W (s)=k(Ts+1),

6. Mizompomuoe 38eHo W (s) =k + L)
s

7. KonebarenbpHoE 3BEHO:

k
W(s)=————, (0<&<1
(5) T252+2§TS+1( £<l)

8. KoHcepBaTuBHOE (MacalIbHOE KOJIEOaTEILHOE) 3BCHO:

k

W(s)=—55—>
(s) T25% +1

9. Antlepronndeckoe (BTOPOTo MOPsAKa) 3BEHO:

W(s)=—st (12£).

7252 +2&Ts +1

Hpumep 1. HOJ'Iy‘-II/ITB BBIPpAXXCHUC IJId BPEMCHHBIX W 4aCTOT-

HBIX (bYHKI_II/Iﬁ 3BCHA, OIMMUCBIBACMOI'0 YPAaBHCHUCM:

d
§%eox L oy 3y

dt 8blX 6x

[Ipeobpazyem ypaBHEHHUE K OIEPATOPHOMY BHJY, 3aMEHUB OIIe-

d
parop auddhepeHIMpoBaHUs o =s:
t

=3x,, .

+2x

5 SX B8blX

B8blX
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[lepeiinem k mepenaToyHod (YHKLUUH, PEIIUB ypaBHEHHE (op-
MaJIbHO OTHOCUTEJILHO BBIXOJIHON BEITUYUHBI:

5 ng bIX + 2 'x8 bIX

(5s+2)x =3x

6blX 6X 2
3
X, =——-X

BblX 68X
S55+2

3
W(S):5s+2'

=3x,,,

ITockosbky BecoBasi (PyHKIIMSA CBsI3aHA C IEPEAATOYHON (YHK-

nuel nmpeobpazoBanueM Jlarmiaca, HaXOAUM IO TaOJIUIIAM OPHUTHHAT

2

3
<0,6-¢ 5. TakuMm 00pa3oM, OKOHYA-

Ss+2

byaxkumm W ( s ) =

TCJIbHO MMOJIy4acM:

0,6- e 0 mpu ¢t >0,

W(t)=0’6.eio’4t .l(t): 0 mpu ¢ <0

YMHOXkeHue Ha 1(f) TOBOPHUT O TOM, 4TO BecoBast (\YHKIUS pPaB-
Ha HYJTIO IIPU OTPHIIATEIEHOM BPEMEHH, T.€. 0 MOMEHTA MOCTYILIe-
HUSA Ha Bxon O-pyHkiuu (yciaoBHe (PHU3MUECKOH peaTu3yeMOCTH
3BEHA).

MoxHO BpeMeHHbIe (YHKIIMM HAWTH W JIPYTHMM METOJIOM, pe-
IIMB HEMOCPEJICTBEHHO UCXOJHOE TU(QepeHIInalbHOe YpaBHEHHE.

IIpoBeném peiienue ajisl ciiydasi, KOrja BXOJHBIM BO3JIEUCTBHEM

SIBIISICTCS ©AMHIYHAS CTyneHdaTas Gpynkuus 1(1), a HadanbHbIe yc-
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JIOBUsI — HyJEBBbIC. BBIXOOM B 3TOM ciiy4ae OyJeT mepexomHas
dyukius A(t). Kak usBectHo, perienue nuddepeHnnaaIbsHOro ypas-
HEHUS COCTOWT M3 CyMMBI OOIIETO PEMICHUS OJHOPOTHOTO Audde-
PEHIIMAILHOTO YPABHEHUS, COOTBETCTBYIONIETO JJAHHOMY, H YaCTHO-
TO PElICHUs] HEOTHOPOAHOTO ypaBHEeHUs. COCTaBIsieM OJHOPOJIHOE
ypaBHEHHUE, IPUPABHSB MPABYIO YacTh HYIIIO:

s Pows 9,

dt

=0.

6blX

I[anee COCTAaBJIACM XapPAKTCPUCTUYCCKOC YpPAaBHCHUC, COOTBCT-

CTBYIOLIEE OAHOPOTHOMY AnhepeHIHaIbHOMY YPaBHEHHIO:
S5s+2=0.

Pemas mociienaee ypaBHeHNEe, HAXOANMM CIUHCTBEHHBINH KOPCHD

XapaKTCPUCTUYCCKOI'O YPAaBHCHUS .
S1= _0, 4.

[Mocie aToro 3amuceiBacM 00IIee PEelICHHE OHOPOTHOTO YpaB-

HCHUA:

syt —0,4¢

yo(t)zcl-e =c e

YactHoe pE€UICHUEC, T.€. YCTAHOBUBUICECCS 3HAYCHUC BbIXOJA JIA

CTOJb IPOCTOM MpaBOM YacTH HCXOAHOro AuddepeHIraIbLHOro



29
3
ypaBHeHHs OyJeT, OUEBHIHO, Y, =E npu ¢ >0. T.o. obuee pere-

Hue Oyner pasusthes cymme y(1)=y,(t)+y, =¢ RS
OcTanock onpeaeauTh MOCTOSHHYIO HHTETPUPOBAHUS ¢ M3 Hayajb-

HbIX yenosuit y(0) = 0. Ioxcrasisis B pemrenne ¢ =0, MOTydnM:

y(0)=y0(0)+yH =¢-1+1,5=0,

OTKYyJa CleftyeT, uTo ¢; =—1,5 u nepexonHas QyHKIMS paBHa

h(r)=y(t)=1,5(1=¢*)-1(z).

BecoByto GhyHKITNIO MOKHO HAWTH, B3SIB POU3BOIHYIO OT Iepe-

XOJTHOM (yHKITHH:

w(t)= ) = {1’5'0’4'6_0"“ npu £ 20, _ {0,6-6_0’4’ mipu £ > 0,

0 nput<0 (0 npu ¢ < 0.

Pazymeercs, pe3yabTaT NOTYyUMUIICS TO K€ CaMblid.
Termepr HalimeM aMIUITMTYIHO-9aCTOTHYIO W (Pa30-4acTOTHYIO
dbyaknnu. Bo3BpamaeMcst K HalAeHHON MepeaaTodHON (PyHKIHH |

MOJACTABIISIEM S = j@ :
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AMHJ'II/ITy,Z[HO—‘laCTOTHaH (bYHKLII/IH — 3TO MOAYJIb MOJYYCHHOT'O

BBIPa’KCHUA:

3 3
2+ j5w \/22+(5a))2 Ja+250°

®da3oBasg yacTOTHAS (bYHKI_II/I}I — OTO apryMCcHT YacTOTHOM nepe-

JATOYHOU (PYHKIIWY, T.C.
5
(p(a)) = —arctha) .

Kommenmapuii: xax onpederumv MoOyIb U APSYMEHM KOM-
NIEKCHO20 YUCAA, CMYOEeHmy OOJHCHO OblMb U36ECMHO U3 KYpCd
sblCULel] MATNEMAMUKU.

OmnpenenuM JorapupMUUYECKYI0 aMIDTHTYJHYIO YaCTOTHYIO Xa-
paktepuctuky (JIAUX).

N3BecTHO, uTo JIAUX omnpenensieTcs BIpa)KeHUEM:
L(w) = 201gA(w).

JlanHas XapaKTepruCTHKAa UMEET pa3sMepHOCTh Ib (meruoernsl) u
[IOKa3bIBACT W3MEHEHUE OTHOIIEHHMS MOLIHOCTEH BBIXOIHOW BeJHU-
yrHBl K BXoAHOH. Jns ymoberBa JIAUX crposit B norapupmuye-

CKOM MacITade B BUJAC aCUMIITOTUYCCKUX MPAMBIX JIMHUH.
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L(a))=201g

3
V4+250°

2
[TepBas acumnrora OyAeT IIPU 4ACTOTE @ < @, =— .
5

HpI/I OTOM YCJIOBUHM BTOPBIM CJIaraCMbIM 10/ KBaIPpATHBIM KOP-
HCM B 3HaAMCHATCJIC MOXKHO HpeHe6pqu> U YypaBHCHHC r[ep130171

ACHUMIITOTHI Oy/IeT:
3
L(ow)= 201g> .

OTO ypaBHEHHE TPSAMOW JIMHWH, HapajUICIIbHON OCH aOCITUCC U

. 3
OTCTOSALIEN OT HEE HA BENUYUHY 201g§ .

2
Bropas acummnrora OymeT mpu 4acTtoTte @ > @, =g. B srom

ciydac npeHe6peraeM ICPBBIM CJIaraCMbIM IOJ KBAaJAPATHBIM KOP-

HEM 3HAMCHATCIIA. YPaBHeHI/Ie BTOpOﬁ ACHUMIITOTHI 6yz[eT:
L(w)= 201gi = 201g§ -20lgw .
Sw 5

OTO ypaBHEHWE NPSIMOW JIMHHUH, IPOXOISIMICH C HAKIOHOM

—2005 / 0ex . JIBe acHUMITOTHI MEPECEKAOTCS B TOUKE C YaCTOTOM
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Awmmuntyano-dazouactotHas pynkiua (ADPUX) — sto rpaduk
3aBUCHMOCTH YaCTOTHOH MEPeAaTOYHON (YHKIMH OT YacTOTHI, 1O-
CTPOCHHBIN B KOMIUIEKCHOH IIOCKOCTH, T.€. 3TO IapaMeTpudecKas
3aBHCHMOCTh BEIIECTBEHHOW M MHUMOMW 4YacCTH YaCTOTHOHM Iepena-
TOYHOW (YHKIMU OT 4acTOTHI. YTOOBI MOTYYUTH 3Ty 3aBUCHMOCTb,

MPEJCTaBUM YaCTOTHYIO MIEpeIaTOYHYIO (PYHKITHIO B TAKOM BHJIE:

2 5w
W(jw)=U +V =3 -J .
(jo)=U(@)+V () (4+ 2507 412507 j

Bo3Benem B kBagpaT MEHCTBUTEIHHYIO 1 MHUMYIO YacTH U CIIO-

KHUM HX:

2
U2 (0)+ 7 (0) =3 — 24 B |

(4 + 250 )2 (4 + 250 )2

=32( ! j=32U(a’).

4+250° 2

HepeHec;I MMpaByrO 4aCThb BJICBO, U OJOIIOJHUB A0 IMOJIHOTO KBa-

paTta, moIy4nMm:
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[TonyyeHHoe ypaBHEHUE — YPaBHEHUE OKPY>KHOCTH C LIEHTPOM B
3 3
TOYKE 5 U paJiInycoM 3 ADUX — 3T0 HIKHSSA YaCTh OKPY>KHOCTH,

T.K. (pa30BBIN CABUT IJIS BCEX YAaCTOT OTPHUIIATEIHHEII.
5.2 CTpyKTYpHbIN aHanu3

Pemenue 3aay no 3Toif TEME, KaK MpaBUiIO, CBSI3aHO C ONpee-
JICHWEM TepeaTOuHON (YHKIIUM CUCTEMBI B IIETIOM I10 MepeaToy-
HbIM (YHKIHAM 3BEHBEB. YTIPOIIEHHE CTPYKTYPHOW CXEMBI CHCTE-
MBI OCYIIECTBIISIETCS COTJIACHO MpaBMJIaM CTPYKTYPHBIX Mpeodpaso-
BAHMM:

— MEPEHOC CyMMAaTopa C BHIXOJa Ha BXOJI 3BCHA,

— MEPEHOC CyMMaTopa C BXO/1a Ha BBIXOJ] 3BEHa,

— MIEPEHOC y371a C BBIXO0/Ia Ha BXO/I 3BEHA,

— MEPEHOC y371a C BXOJa Ha BBIXO/JI 3BEHA,

— MepeMeHa MeCTaMi CyMMaTopa | y3Jia,

— 3aMeHa IPSMOM CBA3H Ha OOPaTHYIO,

— 3aMeHa OOpaTHOM CBS3HM HA CIUHUIHYIO OOPATHYIO CBSI3b,

— mepeMeHa MecTaMi CyMMaTOpPOB,

— IepeMeHa MECTaMu Y3JI0B.

Kpome aToro BechbMa S(QQMEKTHBHBIM SIBISICTCS TNPHUMEHEHUE

dhopmysr Mbiicona:
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T'1€ BBCACHEI 0003HAYCHHUS:

A(s)=1—ZWI.(S)+ZWI.(S)-W/(S)— D Wi(s)-W(s) Wy (s)+...

i,k

Bropotii 4neH B 3Toi cymMMe paBeH CyMMe TepelaTOYHbIX (QyHK-
U BCEX KOHTYPOB OOpaTHOW CBSI3M, TPETHH, YETBEPTHIA M T.I.
4jieH — CyMMBbI TIPOM3BEICHUH ABYX, TPEX M T.J. KOHTYPOB 0Opart-

HBIX CBSI3EH, HE MEPEKPEIINBAIOIINXCS MEXKIY COOOM.

W, (s) — nepeaaToyHas (yHKUUS i-rO IPSMOTO MyTH OT BXOJa

K BBIXOZy, A;(s) — mepenarounas GyHKIws, ocraromascs or A(s)

MOCJIC U3BATHA i-T0 MPSAMOTO MyTH (TIPH 3TOM pa3pyLIalOTCS BCe
KOHTYPBbI OOpaTHBIX CBs3€H, UMEoLIHe OOIIUEe TOYKH C ITUM Ipsi-
MBIM ITyTEM).

Bce nepenaroynsie GyHKIMH TOKHBI OpaThCs CO CBOMM 3Ha-
KOM B 3aBHCHUMOCTH OT 3HAaKOB CHTHAJIOB Ha BBIXOJE COOTBETCT-

ByIOH_II/IX 3BCHLCB.
5.3 YcTOoM4YMBOCTb JIMHENHbIX CUCTEM

Pemenue 3amau mo 370 TeMe IpeAnoaaracT 3HaHue CTYACHTOM
MOHATHSI YCTOHYMBOCTH, YMEHHSI ONPEIEIATh YCTOHYMBOCTh HETMO-
cpeacTBeHHO N0 auddepeHnnansHOMY ypaBHEHHUIO (anreOpanye-
CKHE KPHUTEPUH YCTOWYHMBOCTH) M MPH MOMOIIM YaCTOTHBIX KpHTeE-

pUEB YCTOMUYHUBOCTH.
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Ilpumep 2. Ilpumenenue neodX00uM020 anzedpauyeckozo
Kpumepus.

3agaHo ypaBHEHHUE CHCTEMBI:
5s4y(t) + 2s3y(t) — 0,1s2y(t) + sy(t) = 2r(t) ,

d
rae s = i ornepatop auddepeHuupoBanusl.

OnpenenuTs yCTOWIMBOCTD TAHHON CHCTEMEL.
Cucrema HeycTOUMBa, TIOTOMY YTO HE BBITIONHSETCS HEOOXO-
TUMBIN KPUTEPHH yCTOWIMBOCTH: KOA(D(DHUIIMEHTHI XapaKTepUCTHIE-

CKOTO YPaBHEHHS UMEIOT pa3HbIe 3HAKH.

Ilpumep 3. Ilpumenenue HeoOX00UMO20 anzedpauiecKozo
Kpumepus.

3agaHo ypaBHEHHUE CHCTEMBI:
5s4y(t) + 253y(z‘) + sy(t) = 2r(t) ,

d
rae s = i ornepatop auddepeHuupoBanusl.

OnpenennuTe yCTOWYMBOCTD TaHHOW CUCTEMBI.
CucreMa HEyCTOMUYMBA, TaK KaK HE BBIMOJIHACTCS HEOOXOIUMBII
KPUTEPHH YCTOHYMBOCTH: KOAI(PPHUINUEHT IPU BTOPOH TMPOU3BOAHOM

PaBCH HYJIIO.
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Ilpumep 4. Ilpumenenue neodX00uM020 anzedpauyeckozo
Kpumepus.

3agaHo ypaBHEHHUE CHCTEMBI:
5s2y(t) + 2sy(t) + y(t) = 2r(t) ,

d
rae s = i ornepatop auddepeHuupoBanusl.

OnpenenuTs yCTOWIMBOCTD TAHHON CHCTEMEL.

Cucrema yCTOWUYMBA, ITOCKOIBKY HEOOXOMWMEIN KpUTCPHUU
(OIMHAKOBOCTH 3HAKOB BCEX KOAPPUIIMEHTOB XapaKTePUCTUIESCKOTO
YpaBHEHUS1) BBITIOJHIETCA M, KPOME TOTO, CHCTEMA SIBISIETCA CHCTe-
MO¥ BTOPOTO MOPSIIKA, & JUIA TaKHX CUCTEM HEOOXOIWMBIA KpHTe-

pI/Iﬁ ABJIACTCA TAKXKC M JOCTAaTOYHBIM.

Ilpumep 5. IIpumenenue kpumepusa Payca-I'ypsuua.

3amana nepeaaToYHas QYHKIHS Pa30MKHYTOW CHCTEMBI:

2
8 +125> +55+1

w(s)

OnpenenuTs YCTOMIUBOCTS PA30MKHYTON M 3aMKHYTOH CHCTEMBL.
PaccMoTpuM XapakTepuUCTUUECKUI TTOJIMHOM Pa30MKHYTOM CHC-

TCMBI:

O(s) =85 +125% + 55 +1.
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CocraBnsgeM Matpuily K03 QUImeHToB:

12 1 0
8 5
0 12

Kpurepuit Payca-I'ypsuiia Tpedyet, 9ToOBI BCe TIIaBHBIE MUHO-
pBI OBUTH OBl TOJIOKUTEIBHBI MIPH TOJIOXHUTEIBHOM K03 duimente
MIPY BBICIIIEH CTETIEHH S.

IIpoBepum, Tak ju 3TO.

A; =12 >0, nepBslii MUHOp MOJIOKUTEIICH;

21

A, = o =12-5-8-1=52>0, BTOpOif MUHOD TTOJOXHUTEIICH.

[Mockonbky B TIOCIETHEM CTONOIE MATPUIBI KOIPPHUIMESHTOB
BCE 3JIEMEHTHI, KpOME HIKHETO, PaBHBI HYJIO, TO TIOCIEIHUIN orpe-
JIeTTUTENb BBIpaXKaeTCs Yepe3 MpeIocieIHui mo hopmyie:

A;=1-A, >0, T.e. TpeTHH ONpPEAECIUTEND TAKXKE IIOTOKUTEIIECH.

CrnenoBaTenpHO, CUCTEMA B pa30MKHYTOM COCTOSIHUM yCTOWYMBA.
[IpumenuMm kputepuil ['ypBuna 11t onpeneneHus ycToH4rBO-
CTH 3aMKHYTOM crucTeMbl. COCTaBUM XapaKTEPUCTUUECKUNA MOJTUHOM
3aMKHYTOM CHUCTEMBI KaK CyMMY YHCJIUTENIS U 3HAMEHaTels Iepena-

TOYHOM (PYHKIIMU Pa30MKHYTON CUCTEMBI:

D(s)=8s" +12s% + 55 +1+2=8s" +125% + 55 +3.
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Taxxe xak u JJIsL pa3OMKHYTOI>'I CUCTCMbI, COCTABUM MaTpuily

KO2()PUITMEHTOB XapaKTEPUCTHIECKOTO YPAaBHCHHUS:

12 3 0
8
0 12

[IpoBeprM 3HAKHM BCEX TIAaBHBIX MUHOPOB:

A; =12 >0, nepBbIii MUHOp IOJIOKUTEIICH;

123

2= =12-5-8-3=36>0, BTOpOIl MHHOD TTOJIOKUTEIICH.

Ay =1-A, >0, TpeTHii MUHOP TaK)K€ IOJIOKHTEIICH.

Us 3aMKHYTOM COCTOSIHHUU CUCTCMaA TAaKIKC YCTOfIqHBa.

Ilpumep 6. Ilpumenenue kpumepus Muxaiinosa.

[lycTh 3amana nepeaaToyHast GyHKIUS PA30OMKHYTOW CHCTEMBI:

2
593 41252 +55+1

W(s)=

OmpenenuM yCTOWIMBOCTh 3aMKHYTOW CHCTEMEI.
st 5TOro HY>KHO COCTaBUTh XapaKTEPUCTUYECKUN TMOTMHOM
3aMKHyTOU cucTembl. OH OyNIeT paBeH CyMMe YHCIUTEINS U 3HaMe-

HaTeJsl epeAaTouyHON PyHKIMH Pa3OMKHYTOH CHCTEMBI:

D(s) ==55° +125% + 55 +3.
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Cormacuo KPUTCPUIO MHX&ﬁHOBa, HYXXHO IIOACTAaBUTb B 3TOT

XapaKTePUCTUUCCKUI MOJTUHOM § = j@ :
D(jo)=5(jo) +12(jo)’ +5j0+3=(3-120") +5(1-0")o; .
BerecTBeHHAs 4acTh XapaKTEPHUCTHUCCKOTO KOMILICKCA paBHA
X(a)) =3 —12(02, a MHUMas - Y(a)) = 5(1 — a)2)a).

Kputepuit MuxaitioBa TOBOPUT O TOM, YTO IOJIOKUTENBHBIE

KODHH YpaBHEHHSA Y(a)):O JOJDKHBI YepeZioBaThCS C KOPHIMH

ypasuenns X (@)=0. Iposepum. Kopuu ypasmenus Y (w)=0
pasusl @) =0,w, =1. Kopens ypasrenus X (w)=0 pasen =%.
JleiicTBUTENBEHO, HAOMIOAETCS YepeOBaHHE KOPHEil, cle10BaTelb-

HO, 3aMKHYTas CUCTEMa yCTOfI‘lHBa.

Ilpumep 7. IIpumenenue kpumepus Haiikeucma.

HyxHo nmomuuTh, uTO KpUTepuii HalikBucra, B OTJIMYMM OT OC-
TaNbHBIX KPUTEPUEB, 1ACT YCIOBHUS YCTOHUYMBOCTH 3aMKHYTOM CHC-
TeMbl 10 oBe/IeHNI0 ADYX pa3oMKHYTO# CHCTEMBI.

Bo3pMmeM mepemnaTodHyro (GyHKITUIO Pa3OMKHYTOW CHCTEMBI W3

npumepa 6:

2

Wis)= 3 3 .
557 +12s° +5s+1




40

OnpenenuM yCTOMYUBOCTh 3aMKHYTOM cHCTEMBI. [locKoJbKY
pa30MKHYTasi CUCTEMA YCTONYMBA, TO I YCTOMYMBOCTH 3aMKHYTOM

cUCTeMbl 10 KpuTepuio HaiikBucra TpeOyetcs, uyToObl romorpad

ADUX pa3oMKHYTOH CHCTEMBI He 0x6amulgan Obl TOUKY (—1, jO).

W neiictButenbHo, rogorpad) ADUX He o0XBaThIBa€T TOYKY

(—1, jO) . OTO BUAHO XOTS OBI IOTOMY, YTO Ha YacTOTE, KOT/1a MHH-

Masi YacThb 3HaMEHATeNsl NepelaTOYHON (QYHKIMH Pa3OMKHYTOH
CHCTEMBI OOpalaeTcs B Hylb (3T0 OyAeT Ha 4acToTe @, =1) Mo-

IOyJlb YacTOTHOH MepeAaTOYHON (YHKIMH Pa3sOMKHYTOH CHCTEMBI

MCHBIIC CAVUHUIIBI:

. 2 2
(@) =53 71 <

T.€. kpuBag ADYUX npoxoauT npasee TOUKU (—1, j 0) .

B Goiee clioxHBIX citydasix TpeOyeTcs IOCTPOCHHE BCeH KPUBOIT
ADYX ¢ nomomipto, HanpuMep, nakera MathCAD.

Bo mHorux 3agayax TpeOyeTcs OmpenensTh KPUTHYECKOE 3Ha-
YeHHE HEKOTOPBIX IapaMeTPOB CHCTEMBI (B TPOCTEHIIEM Cllydae
o0ero ko3 GuIreHTa YCUICHHS Pa30MKHYTOU IIETIN).

Kpurtnueckoe 3Ha4eHHE ONpPEEIsIeTCS U3 YCIOBUS HAX0XKICHUS
CHCTEMBI Ha TPaHHILE YCTOWYMBOCTH. [ anreGpandeckoro Kpure-
pus ['ypBuma — 370 paBeHCTBO HYJIIO IPEANOCIEIHETO ONpeeInTe-

g I'ypsuiia. s kputepust Muxaiisioa — 3TO POXOXKJACHUE KPH-



41
BOoll MuxaiinoBa yepe3 Hauano koopauHat. J{ns kpurepus Haiiksu-
CTa — 3TO MpoxoxaeHne kpuBoil APYUYX uepe3 Touky (—1, jO) . Io-

CMOTpPHUM Ha IIpUMEPEC, KaK 3TO ACIaCTCA.

Ilpumep 8. TpeOyercs onpenenuTs rpaHUYIHOE 3HAYCHUE OOIIIe-
ro kodddummenta mepegaun CAY, CTpyKTypHas cxemMa KOTOpPOM

npuBeneHa Ha puc. 5.3.1.

r(t W(6) W (5) ()

A 4
v

A

Wi(s)

Puc. 5.3.1

_ k;(0,005s +1)

A=
k
") =Gt
k
Wy(s)=—>"—.
()= G omm1

Kputnueckuii k03hHUIMEHT yCHUIICHHUS TaHHOH CHCTEMBI MOX-
HO OTIpeNeNuTh 1o Kputeputo ['ypuna wim Muxaiinosa. g atoro

COCTAaBJIACM IICPEAATOUYHYTIO (bYHKLII/IIO SHMKHyTOfI CHUCTCMBI:
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O(s)= Wi (s) W, (s)

S —_ —
EXAORAORAC
5 (0,0055+1) £,

_ s 0,Is+1 _
s k (0,005s+1) K, ks
K 0,Is+1 0,0ls+1

. kyk (0,005 +1)(0,01s +1)
~ 5(0,1s+1)(0,01s +1)+ K (0,0055 +1)

rae K =kkyk; — oOmmit ko3hPUIMEHT yCHIEHHS Pa30MKHYTOM

TeTTH.
XapakTepUCTUUECKUH TOJMHOM 3aMKHYTOM CHCTEMBI — 3TO

3HaMEHATelb NePeJaTOYHOH (HYHKIUHU:
D(s) = a0s3 + a1s2 +a,s+a; = 0,001s> +0,11s* + (1+ O,OOSK)S +K

Kputnueckoe 3HadeHue ornpenennmM, IPUPABHIB HYIIO MPEATIO-

CJIeIHUH ompeaenuTeb ['ypBuna:
@, — agay = 0w 0,11(1+0,005K,, ) —0,001K,,, =0.

OTcroga HaXOqUM:

K - 0,11 _ 0,11
*0,001—-0,00055 0,00045

=244,4.
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Ecnu npuMeHsaTh sl ompeieNieHus] KPUTHISCKOTO KodGduIu-
€HTa YCUJICHMsI KpuTepuid MuxailnoBa, TO B KOHEUHOM MTOTE MbI
MIpHUJIEM K TOMY )K€ BBIpakeHUI0. JlefiCTBUTENbHO, 3aMEHsIsI, COTJiac-
HO KpuTepuio MuxailioBa B XapaKTEpUCTHUUECKOM TOJUHOME

S = ]a) , 1 IpUpaBHHBAd K HYJIIO MHUMYIO U BCHICCTBCHHYIO 4aCThb

IMOJIYYUBIIETOCA XapaKTCPUCTUICCKOI'0 KOMIUICKCA, ITOJTyYUM:

D(jw)=(a —a1w2)+ja)(a2 —aoa)z),
613 _ala)z = 0,

a, — aoa)z =0.

Hckmouas u3 HOJIy‘-IeHHOﬁ CHUCTEMBI ypaBHeHI/Iﬁ KBaapaT 4acTo-

ThbI, IOJIY4YUM TO K€ CaMOC€ PABCHCTBO!
a1a2 - a0a3 = 0

Pacuer kputrueckoro koaddunrenra mo kpureputo Halikpucra
MPUBOJNUT K JOMOJHUTEIHHBIM TPYIHOCTSIM TIPH BBIIEICHUN JEHUCT-
BHUTEIEHON 1 MHUMOM yacTeh ADUYX pa3oMKHYTO#H CHCTEMBI. DTHX
TPYIHOCTEH yaaeTcs n30exkaTh, €CITH B COCTaBE CUCTEMBI HeT (hop-
CUPYVIONIETO 3BeHA. [IpomUIFOCTpUpyeM 3TO, MOJOKHUB MTOCTOSHHYIO
BpeMeHH (DOpCHUPYIONIETO 3BeHA pPaBHOW HYyNIO. Toraa mepenarod-

Has QyHKIHUA Pa30MKHYTOH CHCTEMBI OyIeT:



44

kkyk K
W(s)= 11213 _ .
(5) s(0,1s +1)(0,01s+1)  0,001s> +0,11s> +s

HOZ[CTEIBJ'ISISI BMECCTO s=ja) MMOJIy4YUM 4YaCTOTHYIO II€peaaTo4-

HY10 (QYHKIIHIO:

K
~0,110° +ja)(1—0,001a)2) '

W(jw)=

CormmacHo kputepuio HaitkBrcra, KpuBas 4acTOTHOW Tepema-
TOYHOUW (PyHKIMU TpU U3MEHEHHU 4acTOTHI OT () JI0 o0 MPU HAXOXK-
JEHUH CHUCTEMbI Ha TPaHUIE YCTOWYUBOCTH JOKHA MPOXOIUTH Ue-

pe3 TOUKy (—1, jO) , T.€. TOJDKHBI BBITIOJIHATHCS YCIOBUS:

ReW (jw)=-1,

ImW (jw)=0,
WJIN OJIA HAIICTO anMepa

_E

0,1lw

1-0,0010° = 0.

Bripaxkas u3 BTOporo ypaBHEHHS KBaapaT YacTOTHI U TMOJICTaB-
TSI 9TO 3HAUEHHWE B MEPBOE YPaBHEHWE, HAlIEM KPUTHYECKHU KO-

3G OUIUCHT YCUIICHHUS:
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»* =1000; K =0,110° =110.

5.4 KauecTBO perynupoBaHusi

BrimonHenue 3a1a4 10 3TO TEME CONPSHKEHO C peuieHueM Audg-
(epeHIMaNbHBIX ypaBHEHUH (IIpU NMPUMEHEHWH NPSMBIX METOJIOB
OTIpeeNICHHS KauecTBa).

[Ipu ucnonbp30BaHUK KOCBEHHBIX KPUTEPUEB HY)KHO YMETh MpH-

MEHATh KOPHEBBIE KPUTEPUH U YaCTOTHBIE KPUTEPHUN KaUECTBA.
Ilpumep 9. Ilycts nepenatounas GyHKIHUS CUCTEMBI UIMEET BU/:

5

"is)= (s+3)(s+5)(s +25+2)

Or1eHUTSs TPHOIMHKEHHO BpeMs TIEPEXOTHOTO TTpoIiecca.
TouHOE MOCTpOEHHE MEPEXOJHOTO Mporiecca TpedyeT perieHus
T GEpPeHIMATBHOTO ypaBHEHHsI YETBEPTOTO Mopsaka. B To ke

BpEMsI U3BCCTHO, YTO BpEM:A IICPEXOAHOr'0 IpoLeccCa MOXHO IIpU-

ONMU3UTENHHO OLICHUTH MO (Gopmylie: ¢

3
nep.np. z;, rje 77 — CTENEHb

YCTOMYMBOCTH, T.€. PACCTOSHHUE OT MHHUMOW OCH JI0 OJIMKAHIIEero
KOPHsI 3HAMEHATEIIS TIEPEIaTOYHON (PYHKIIHU.

Haxomum mosoca nepenatoyHoi pyHKIuu:

Sl :_3352 :_5,53,4 :_li]
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Ortcrona crienyer, 4YTo CTENEHb YCTOMYNBOCTH paBHa 1, a BpeMs

TIEPEXO/IHOTO MPOLECCA 1y, ) ~ 3 CEK.

OcHOBHBIM TIOKa3aTeneM KadecTBa pabotrel CAY sBnsercs eé
TOYHOCTbH (IUHaMu4eckas omnoka). Kputepusimu TouHOCTH ciayXat
OmMMOKK B THUIOBEIX pexknMmax. B TAY ommbku paccMaTpuBaroTcst
OTJENBHO TIO0 YNPABISIOMIEMY M BO3MYIIAIONIIEMY BO3JICHCTBHIM,
KOTOpBIE U3MEHSIOTCSI BO BPEMEHHU TI0 OTIPE/IECTICHHOI 3aBUCHMOCTH
(T.H. THIIOBBIE PEKUMBI — TIOCTOSHHOE BO3JICHCTBHE, N3MEHSIOIeeCs
C TIOCTOSIHHOM CKOPOCTBIO, C IOCTOSTHHBIM YCKOPEHHUEM U T.1I.).

[Iporme Bcero HaXoAUTH OMIMOKH B CTATHYECKOM PEXKHUME.

B »TOoM ciygae gocTaTodyHO B TEpENAaTOYHON (DyHKIHH TI0
OIMOKE TPUPABHAITH § HYJTIO U YMHOXHUTH TOJTYYSHHYIO ITepe1aToy-

HYIO (I)YHI(I_II/IIO Ha CTaTUYCCKOC 3HAYCHUEC BXOAHOI'O CUTHAJIA.

Ilpumep 10. CTpykTypHas cxema CHCTEMBI NPUBEIECHA Ha pPUC.

54.1:

) x(2) »(®)
Wl(S) WZ(S)

A 4

v

A

Ws(s)

Puc. 5.4.1
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5
VVI(S):m’

0.3
()= 0 a1
Wy (s)=1

Haﬁ):[eM YCTaBUBIIYIOCAd CTATHYCCKYIO OI]_II/I6Ky, €CJIM Ha BXO[

CHCTeMbI TocTynaeT BxoxHoii curuan r(¢)=10-1(¢) (8). Cormacuo

CTPYKTYpHOH cXeMe, CUT'HaJI OIIUOKH paBeH:

x(1)=r(t)-y(1).

Hepez[aTquaﬂ (bYHKLII/IH 3aMKHYTOﬁ CHCTEMEI 110 OIIHNOKE paBHaA:

1 1

. (s)

Tl ()W (s)W(s) ,, 5 . 03

s+1 0,1s+1

[MoacTaBmsis s =0 W yMHOXas IMOJTYYECHHOE YHCIO HA BXOIHOM

CUrHaJ, NOJIy4YruM 3HAUCHUC CTATHYECKOM OIINOKH:

1

—® (0)-10=——
Vo, =P (0) 145-0.3

.10 =4 (8)
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6 JTABOPATOPHbIE PABOTHI
6.1 OnucaHue n paboTa KoOMMJiekca

6.1.1 Hasuauenue

Kommieke PeansHO-BUpTYyanmbHO# nabopatopuu mo TAY (PBJI
TAY) mpenna3HadeH I BHITIOJHEHHS JTa0OpaTOPHBIX paboT IIo
TAY ¢ moMomp0 KOMIIBIOTEPHBIX U3MEPUTEILHBIX PUOOPOB. Mo-
KET WCIOIB30BAThCS JUIsI 0OyYEHHUS! CTY/JIEHTOB TEXHHUYECKUX CIie-

nuansHocTed B BY3ax u CCY3ax.
6.1.2 TexHuYecKkHe XapaKTEPHUCTUKHU

Kommuieke mo3BossieT neroib30BaTh ABYXKaHATBHBIA OCIMILIO-
rpad, reHepaTop CHHYCOMIAILHOTO HAPSDKEHUS U IPSIMOYTOJILHBIX
MMITYJIECOB.

Ocumworpad:

KonnuecTBo KaHaaoB — 2;

Yactora auckperusaiuu — 33Kr;

Jwramna3zon uzmMepeHuit mo HanpsiKEHuro - -5..+5B.

Paspsimrocts — 10 6uT.

I'enepatop:

Huanazon no yactore 0..5 KI'g
Jlnana3oH o HanpspKeHHIo -5..+58
TpeGoBaHusl K KOMIILIOTEPY:

Hannuue csodonuoro PCI ciora
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[poneccop Pentium 400 u BeImIe
Buneoanantep momnepskuBaromuii paspemienue 1024*768

OmnepaTtuBHas amsaTs 64M6
6.1.3 CocTaB KoOMIJeKca

B cocTaB uznenvist BKIIFOUEHBI:
Maker;
[Ineiid coeMHNUTENBHBIIN;
Kontpomnep PCI;
JlaHHO€ PyKOBOJICTBO;
KomnaxkT-muck ¢ mporpaMMHBIM 00ecriedeHrEM;
[IpoBomunky coequauTeNbHbIe (10 mMTYK).

[Tepembruku (5 mTYK)
6.1.4 VYcranoBka

Yemanoesxa komnnexca

Brenrnawmii Bu KOHTpOJUIepa npuBea¢H Ha puc. 6.1.1

Jlst ycTaHOBKH KOHTpoIutepa HeoOxomuM cBobomubit PCI cior.
Brixmrounte KoMIbIOTEp, BCTaBhTe KOHTpoOJiep B cBoOomubIii PCI
cinoT. [ToaKIIoUnTe COeTUHUTEIBHBIN IIIeH( 25-KOHTAKTHBIM Pa3b-
€MOM K KOHTpOJUIEepY, a 4 pazbeMaMH THIIA TIOJBIIAH K MAakeTy IO
ciemyromielt cxeme (ciaeBa Hampapo): YEPHBIN, KENTHIA, OCIBIH,

KpacHbIH (puc. 6.1.2).
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Puc. 6.1.2
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Brrounte kommetorep, 3arpy3ure Windows. OmeparmoHHast
CHUCTEMa OTPEICTUT HaJM4Yie KOHTpPOJJIepa KaK MyJIbTUMEONa yCT-

poiicta. IIpu 3ampoce Ha yCTaHOBKY JpaiiBepa OTKaKUTECh:

MacTe p HoRoro o6opygoBaHHA

MacTtep HoBoro o6opynosaHus

Euner npouseseH NoMCK TERYWETD W 0BHOBEHHOMD
MPOrPaMMHOND OSSCTIEYEHHA Ha KOMIEHITEPE, YOTSHOEOUHOM
KOMNAKT-OMCKE 0G0PYI0ESHHA WK Ha Bed-yane Windows
Update [c Bawero paspelweHmaA).

Nonuruka EOHPHLEHUHSNEHOCTH

PazpewuTe nogkmousHue K yzny Windows Update ana
MAMCka NporparraHoro ofiecneyeHMa’?

(O La, Tonbko B 3TOT pas

(0) [a, cefiyac W awabii pA3 DM NOAKIHKYEHMA
YCTROMHCTES

Ona npogons#eHKa HaskmdTe kHonky ' Qanee'.

Aanee » OtreHa

Puc. 6.1.3

Yemanoska npocpammHozco obecneyenus

3anmycture nporpammy yctaHoBku PBJI TAY (InstTAU.exe).
Bri6epeTe HE0OX0MUMBbIE KOMIIOHEHTHI JUIsI YCTAHOBKH. 3aTEM ITyTh,
KyJa HE0OXOIMMO IPOMHCTAIUIMPOBAThH Jiaboparopuio. Bo Bpems
KOTMpOBaHUs (DalJIOB, €CIIM BBl BEIOPANIM YCTAHOBKY JNpaiiBepa Oy-

JIET BBIBEACHO OKHO JIJISl TIOJITBEP K ICHUS YCTAHOBKH JApaniBepa:
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¥Ycranoewa obGopydoeaHHA

L E MporpatrHoe o8ecneyeHKe, YoT SHAETMESSHDE 005,
L

PCI Contraller

HE TECTWPOEANOCE Ha COBMECTMMOCTE C 'Windows XP. [
[NogpofSHE: 0 Takok TECTUOOESHMM. |

YeraHoBKa 3TOro NporpamMmMHoro oGecnedyeH A MoKeT
HAapywMTh patoTy cucTembl. Microzoft pexomeHnoyer
NPEKPaTHTL YCTAHOBKY M 06paTHTLCA K NOCTAaBUMHEY
NporpaMmMHoOro oGecneYeHyn 3a BEPCHEed, Npowefmen
NpOBEPKY H3 COBMECTHMOCTD.

" Bce pagHo npogomkuTe | [ [pekpariTe yoTaHosky |

Puc. 6.1.4

[Mocne »TOro Bam OyJeT MPEAJIOKEHO CO31aTh SAPIBIK HA J1abo-
PaTOPHIO B IIIABHOM MEHIO.

Jlyig 3amycka maHend mpuOopoB HEOOXOIUMO BBIOPATH B SPJIBIK
HYCK / I[poepammer / Jlabopamopus TAY / Jlabopamopus, niocie

3aIyCcKa OTKPOETCs IaHesIb MPUOOPOB.
6.1.5 Hcnonn3oBaHue

Hcnonvzosanue maxema

OOmui BUI MakeTa MpeAcTaBjeH Ha puc. 6.1.5
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Puc. 6.1.5

Ha J'IH].ICBOﬁ MaHC/IM MAaKETa PacClOJIOKCHBI: Ha60pHa;1 miiaTta €
QJICKTPUYICCKUMH KOMITIOHCHTAMH1 U MMAHCJIb KOMMYTAallUH.

Ha 3aI[Heﬁ MaHCJIN PaCIOJOKCHBI KOHHCKTOPBLI I COCAUHU-
TCIIBHOT'O mﬂeﬁ(ba. HOpH,Z[OK COCAUHCHUA TMPCACTABJIICH Ha PUC

6.1.6. CrnieBa HanpaBoO: YEPHBIH, WKENTHINA, OCIBINA, KPACHBIH.

Puc. 6.1.6
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[NogxmroueHne W3MEPUTENBHBIX MPUOOPOB MPOUCXOAUT IIPO-
BOJHHMKAaMH C NAHEIH KOMMYTAIlMM Ha HAOOPHYIO IUIaTy CIexylo-

mmM obpazom (puc.6.1.7):

Puc. 6.1.7
Ha60pHa$I IjiaTa Hpe):lCTaBJBIeT 0060ﬁ II0JIC OJIs1 MOHTaxKa dJie-

MEHTOB 0€3 MaiiKu W COCTOMUT U3 OOJIBIIOTO KOJIHYECTBA OTBEPCTHUI
COCIMHEHHBIX B Y3IIbI (5 TOPU3OHTAIBHBIX OTBEPCTH Ha 1 y3em).
Brnarogapst Takoii cxeMe BO3MOXEH JOCTATOYHO CIOXKHBIH MOHTaX
AJIEMEHTOB — PE3UCTOPOB, KOHICHCATOPOB, HHIYKTHBHOCTEH M MHUK-
pocxem. Ha puc. 6.1.8 npeacraBineHa 4acTb CXeMbl HA MOHTaXHOU

IIaTe.
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Puc. 6.1.8

OcHOBHAsT YaCTh MOHT@)XHOHM IUTaThl COCTOUT W3 Y3JIOB C 5 OT-
BEPCTUSIMM, BBEPXY M BHHU3Y IUIAThl PacIloOJIararoTCsl pa3BOASLIUE

IIUHBI, UX COCANHECHUE aCCOTUNPYETCA C HpOBCZ[éHHI)IMI/I JIMHUAMMH.

Hcnonvzosanue npoepammnoco obecneuenust

3anyck

Jlnst 3amycka manenu npuOOpOB HEOOXOIUMO BEIOPATh B SPIIBIK
ITYCK / Ipoepammer / Jlabopamopust TAY / Jlabopamopus, nocne
3aITycKa OTKPOETCS TaHelb MPUOOPOB.

Paboma c usmepumenvroii nanenvio
OcCHOBHOE OKHO MpeACTaBIeHo Ha puc. 6.1.9:
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Teopys ABTOMaTHNECKOT 0 ¥NpaBnenus (3]

~KaHan I

na tmy kaHany -

- Kawan IT

Sin renepatop ~MnynbcHbii rerepatop - T

Amnautyaa (B): 10.00

4000
Bpemsi {mkc); 18.96
2””@
o 8000 0 8000
Yactota (Tu): 766 Meprog (MKC): 4562 Anut. (Mrc): 2282
Puc. 6.1.9

JlaHHOE OKHO COJEP)KUT O0JIACTH TMOCTPOCHUS OCLMLIOTPAMM,
yIpaBJeHHe KaHalaMH OcCHuIiorpada, ynpaBlIeHHs IeHEepaTopaMu
W ypoBHeM cuHXpoHu3armu. Ha puc. 6.1.10 nannbeie obnactu mo-

NMCHOBAHBI:



Teopun ABTOMATHYECKOro ¥NDaBAEHHA

~Kananl

s0

25<6'>75

o 100

o ey KaHany -
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KaHanaMmu
~Kanan Il — g

8in renepaTop Y reHepatop

4000

z-nﬂ@

o 8000 o

4000

o 3000

8000

YacToTta (fy): 766 Mepuog (MKC): 4562 Onut. (MKC): 2282

AmnanTtyaa (B): 10.00

Bpers (Mkc): 18.96

npaBneHne reHepaTopamu

y
CHHXpOHU3aUMeR

Puc. 6.1.10

Brarouenue nanenu

BxitoueHne npuOOpHOI MaHeTN MPOM3BOJUTCSA C TMOMOIIBIO

KHOIIKM IIMTaHUs B NIPaBOM BepxHeM yrily. OTKIIIOYeHHE — IOBTOP-

HBIM Ha>XaTHCM Ha 3TY KHOIIKY.

Obracms ocyunnocpamm

B nmanHOl 0o0nacTu pacronararoTcsi OCHMLIOTPAaMMEBI JIBYX Ka-

HaJIoB octmiutorpada. KpacHsiii — nepBbiid KaHal, )KENTHIH — BTOPOI

kaHai. O0nacTh pa3MeyeHa CETKOW, KaXJas U3 JMHUN CETKU Ipo-

MapKHUpOBaHa BCJ'II/ILII/IHOI\/'I, TOPU3OHTAJIbHBIC — HAIIPAKCHHUCM, BCP-
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TUKaJIbHBIC — BpEMEHEM OTHOCHTEJIbHO Havana Kazapa. [lomumo 3T0-
0, B JJAHHOM OKHE PacIlOJIOKEHbI BUBUPHBIE METKHU (BEpTUKAJIbHbIE
Y TOPU3OHTAIBHBIC) Ul yJOOHOTO ONpEeeTeHUs] 3HAYeHHH pa3Ho-
CTH TIOTEHIIMAJIOB M MPOMEXYTKOB BpeMeHHU. JIsi Toro 4roObl MX
UCIIOJIb30BaTh, JOCTATOYHO IOJBECTH KypCOp MBIIM K BHU3UPHOU
METKe M IepeTanuTh e€ Ha Hy)kHoe mecTo. Ha puc. 6.1.11 moka3za-
HBl BO3MOXXHOCTH OIIPE/IEIECHUS C TIOMOLIbIO BU3HPHBIX METOK 3Ha-
YEHUH Pa3HOCTH HANPSKEHUU U YETBEPTh IIEPHOJA CUTHAIA HA TIEp-

BOM KaHalJIc.

Puc. 6.1.11

3Ha‘l€HI/Iﬂ, OMpeaACIdACMbIC C MOMOIIBIO BHU3HUPHBIX MCETOK, pac-

oJjiararoTCsa B IpaBOM HHUKHEM OJoKe:
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Avmnnutyaa {(B): 6.40

Bpema (mMrc): 2.29

Ynpasnenue kananamu ocyunnoepagha

C momompio ma”eIn MPUOOPOB BO3ZMOXKHO YIIPABIIATH CMEIIIe-
HUEM KaHalla, ¥ ero CHHXpOHHW3anueH. s cMemenus mpemrycMoT-
PEH perynarop, a Juis TUIA CHHXPOHHU3AINY BBHIMAJAIONIAN CIIHICOK.
B cMeniennn yka3biBaeTCs MPOICHTHAS BEIMYWHA M3MCHCHUS CMe-
uieHusi, 0 COOTBETCTBYET MUHUMAIILHOMY cMelieHuto, a 100 makcu-
MaJbHOMY.

Tunel CHHXPOHU3AIUH:

— 0e3 CHHXPOHHU3AIINH;

— CHHXPOHHU3AIIKS TI0 TIEPBOMY KaHaIy;

— CHUHXPOHHU3AIUS TI0 BTOPOMY KaHaly;

— CHHXPOHHU3AUsA 10 ()POHTY UMITYJIBCHOTO T€HEpaTopa.

Ipumeuanue: JIna 6oree TOHKOM HACTPONKHU 3HAYEHUS C TIOMO-
IIBI0 PETYIISITOPAa PEKOMEHIYETCS HaXKaTh JICBYIO KHOIKY MEIIIN Ha
CaMOM PETyJIATOpPE U, HE OTITYCKasi, YBECTH €ro 3a MPEJCIIbl peryJis-

TOpa, TCM CaMbIM YBCJINYMB pblUar YIpPaBJICHUA PCTYIIATOPOM.

Ynpasnenue cenepamopamu
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B nabopatopun no TAY npenycMoTpeHBI Ba TeHepaTopa — CH-
HYCOMUJAJIbHBIA U HUMIYNbCHBIH. OIHOBPEMEHHO MOXET paldoTaTh
TOJIBKO OJIMH THUII F€HEpaTopa.

VYnpaBieHue CUHYCHBIM T€HEPATOPOM BKJIIOYAET B C€0s1 KHOIKY
MUTAHUS U PEryJIATOP YacTOThl TEHEPaTOpA.

VYrpaieHne UMITyIbCHOTO TeHEpaTOpa BKIIIOYAET B ceOsl KHOII-

Ky TIUTaHUs, PEryISITOPHI IEPHOJa U JIINTEIbHOCTA UMITYJIbCOB.

Sin reuepaTup lﬂmnynbcublﬁ reHepaTop
15EIEI 4IJIJIJ 4000
1000 2000
oo ooo
U . U U
3000 8000 1] 8000
YacrtoTta {fu): 500 Mepuop, {(MKC): 4562 Onut. (Mrc): 2282

Ynpasnenue cunxponuzayueti

JanHbiii 070K BKJIOYaeT B ceOsl YIpaBICHUE YPOBHEM CHHXPO-
HU3AIMU ¥ 0TOOpaskeHHEe 3HAUCHUH MEKAY BUSHPHBIMH JTHHUSIMH.

3HaueHNe ypOBHS CHHXPOHM3AIMH YCTAHOBJIEHO B MPOLIEHTHOM
COOTHOUIEHNH, rAe () HauMEHBIINI ypOBEHb CHHXPOHHU3ALMUHU INPH-

omusutenbHO (-5B), a 100 MmakcumanbHbIi ypoBeHb(+5B).
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6.2 Jla6opaTopHas pa6oTta Ne1. TunoBbie 3BEHbSA U UX

XapaKTepucTUKN

6.2.1 Ilenp paboTH

I/IsyquI/Ie MOI[CJ'ICﬁ U XapaKTCPpUCTHUK OCHOBHBIX THIIOBBIX

3BEHBEB U O3HAKOMJIEHHE ¢ MoJenupyroueil yctanoBkoil PBJI TAY.
6.2.2 OCHOBHBIE COOTHOIIEHUS

OYHKITMOHAIBHBIE JJIEMEHTHI, mpuMeHsemble B CAY, moryr
HMMETh CaMO€ Pa3HOE KOHCTPYKTUBHOE UCIIOHEHUE U MPUHLIUII Jeh-
ctBus. Ho OOIIHOCTh MX MAaTEMaTHYECKOTO OIHCAHHUS TO3BOJISICT
BBIJICJISITh U3 UX MHOKECTBAa OTPAaHMUYECHHOE YUCIIO TaK HAa3bIBAEMBIX
TUIIOBBIX 3BEHBEB.

K THIMOBBIM 3BEHBSM OTHOCSAT 3BEHBS, OMHCHIBacMbIe TUdde-
pEHLUAIBHBIMYU YPAaBHEHUSIMU HE BBIIIE BTOPOTO MOPSAKA, T.€. 3BE-
HbSI HyJIEBOTO, IEPBOTO U BTOPOTO MOPSAIKOB.

B o0mem Bume ypaBHEHHE BTOPOTO TOPSJIKA BBHITJISIUT Clie-

JYIOIIM 00pa3oM:

d’y(t)  dv(t)

dr(t
20, 1 (1)

ay +a2y(t)=b0 +b1}"(t),

rie uepe3 y(t) oGo3HauCH BBIXOJ 3BSHA, @ 4epe3 7 (f) — ero BXOAL.

HaszBanust Hanboiiee 9acTo HCIIOJIB3YEMBIX 3BC€HBCB U UX IIapa-

METpPHI IPUBEICHBI B Ta0I. 6.1:
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Tabauna 6.1
N/ HazBanue 3BeHa a, a, a,| by | b | Ipnme-
YaHue
1| besuneprimonHoe 0 0 110 |10
(ycunmuTenpHOE)
2| Anepuonnueckoe 1-| 0 0,1 |10 |10
TO MOpsIKa
3| Anepuoaunueckoe 2- | 0,0016 | 0,1 |1 |0 10 | 42 > 44,a,
TO MOpsIKa
4| KonebarensHoe 0,04 01 |10 10 at <4aa,
5| UneanpHoe wmHTErph- | 0 1 010 |10
pytoriee
6| Uarterpupyromee ¢ | 0,1 1 010 |10
3aMeIJIeHIEM
7| Uneanvnoe nmudde- | 0 0 1100
peHuupyroee
8| duddepenmnmpyro- 0 0,1 {11100
1Iee ¢ 3aMeAJICHIEM

6.2.3 Tlopsamox paboTs

1 HYTCM BBITIOJTHCHU A HpOCTeﬁMHX OKCIICPUMCHTOB ITO3HAKO-

MHUTBCA C (byHKLII/IOHaIIBHBIMI/I BO3MOKHOCTSAAMU HCIIOJIb3YCMbBIX B

nabopaTtopHoil paboTe MHCTPYMEHTAIBHBIX CPEACTB — LU(PPOBOrO

anekTpoHHOro Moxyisi PBJI, Bkirouatomero B ce0si: ocuuiuiorpad,
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MaHeNb YOpaBICHHS KaHaJaMHU ocIuuiorpada, peryiasTop YpPOBHS
CUHXPOHHU3AIINH, Sin-reHepaTop, UMITYJIbCHBIN TeHepaTop.

2. Jlna xaxmoro 3BeHa (cM. Tabm. 6.1) mo ero mepeaaToYHOM
(hYHKIIH 3aMrcaTh OMEPaTOPHOE ypaBHEHHE.

3. Ilo nepenarouHoit (QYHKIMHM Ka)KIOr0 3BEHA MOCTPOUTH €ro
BpeMeHHbIC ((DYHKIUIO Beca U MePEXOAHYIO (YHKIIHIO) U YaCTOTHBIC
xapaktepucTuku — JIAUX, OUX n ADUX.

4. Jlnsi MHEPIMOHHBIX 3BEHBEB MO JOTapU(PMUIECKIM YaCTOT-
HBIM XapaKTEPUCTUKAM OTIPEAETUTh YaCTOTHI COPSKEHUS U Cpe3a.

5. OmpenenuTs 3HAYEHWE TIOMIOCOB W HYyJEH TNepenaTOYHBIX
(hYHKITMI 3BEHBEB U OIICHUTH UX BIIMSHUE HA XapakTep MePeXOaHO-

o Tporecca.
6.2.4 CopepxaHue oTdeTa

B oTdere mpencTaBUTh MOCTPOCHHBIE XaPaKTEPUCTHKH JIJIST Kax-

JIOTO U3 3BEHBEB. Y CTHO OTBETUTH HA BOIIPOCHI.
6.2.5 Bomnpocs

1. Yro Ttakoe nepenaTouHast pyHKIIMA dJieMeHTA?

2. C xaKoi 1eNbI0 U KaKuM 00pa30M BBIIEISIOT TUITOBBIC JUHA-
MUYECKHE 3BEHbBS?

3. Kakue 3BeHBs HA3BIBAIOTCS HHEPITUOHHBIMA?

4. Kakue 3BeHbsI Ha3BIBAIOTCSI AIICPUOMICCKIMHU?

5. Ilpu KakoM COOTHOILIEHUHM MEXAY TOCTOSIHHBIMU BpeEMEHHU T
u T, 3BEHO BTOPOTO TOPSIKA UMEET alepPUOANYECKUN MePeX0aHOM

mpoliecc, a Ipu KakoM — KoJjieOaTeIbHbII?
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6. Kakuie 3BeHbs Ha3bIBAlOTCS HHTETPUPYIOIMMHA?
7. Kakue 3BeHbsI Ha3bIBaoTCs AU HepeHIUPYIOMUMU?
8. Uem oTiMuaroTcs uacanbHbIe AU(hEepeHITUPYIONee U HHTET-

pUpYIOIIEE 3BEHbS OT PeabHBIX?

6.3 JlabopaTtopHas paboTta Ne2. YacTtoTHble
XapaKTepPUCTUKU NIMHENHbIX CTaLUMOHAPHbIX

3BE€HbeEB.

6.3.1 Lexnpb paboTs

BKCHCPI/IMCHT&HBHOC IMOCTPOCHUC HOFapH(bMH‘lCCKOfI aMILIn-

TYIHOHM YaCTOTHOW XapaKTePUCTHUKHU.
6.3.2 OCHOBHBIE COOTHOIIEHHUS

®u3NUeCKHil CMBICI YaCTOTHBIX XapPaKTCPUCTHUK BBITCKACT U3

PAcCMOTPEHMs yCTAHOBUBIIErOCS PEXHMa PAaGOTHI CHCTEMBI HPH
IOCTYILICHAH Ha €& BXOJ rapMoHHdecKoro curnana r(t)= Ae’” . B

9TOM ClIy4dac CBA3b MCIKAY BXOJOM U BbBIXOJOM CHCTCMBI BbIPpAXKACT-

Csl COOTHOIIIEHUEM:
y(t)=W(jo) Ae’™".

W3 3TOr0 COoOTHOIICHHS CJICOAYCT, YTO aMIUIMTyda CUrHaJla Ha

BBIXOJIE M3MEHATCS B |W( ]a))| pa3, a ¢asza mperepreBaeT M3MeHe-

HUe Ha BennuuHy argl(jo). CooTBETCTBYIONINE 3aBUCMOCTH Yac-
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TOTBl — A(a))=|W(ja))| u ¢(w)=argW (jw) n HoOCAT Ha3BaHHe

aMIUTUTYIHOH H (a30BOM  YACTOTHBIX XapakTepucTuk (AUYX wu
®UX) coorBeTcTBeHHO. Takum 00pa3oM, aMIUTUTYAHO-4aCTOTHAS
(yHKLUS ecTh MOAYNb YaCTOTHOH mepenatouHoil ¢pyHkuuu W(jw), a
(a3zoBasg yactoTHas GYHKLHUS — 3TO apryMEHT (apKTaHreHC OTHOILIE-
HUS MHUMOM 4YacTd K ACHCTBUTENBHON) YAaCTOTHOU MepelaTOuHON
¢ynkunu W(jo). IIpakTuyecku TOCTPOCHUE YaCTOTHBIX XapaKTepH-
CTHK OCYLIECTBISICTCS B JOrapuMUUEecKoM Macmtabe B BHIAC

JIAUX, 10 ects 3aBucumoctu 201g A(w) oT yacToTHI B TOrapupMU-

yeckoM Macmtabe u B Buae JIOUX, To ecTh 3aBUCUMOCTH (M) OT

YacTOTHI B JIOTAPUPMHUUSCKOM MacIITaoe.
6.3.3 Tlopsamokx paboTs

1. B cooTBeTCTBUM CO CBOMM BapHAaHTOM M TaOII. 6.2 HAa MaKeTHON

IIaHCJIN THUIIOBBIX 3BCHLECB CKOMMYTHprITC HCCIICAYCMYIO CXCMY.

Tabnumna 6.2
Ne Homunaner CxeMma Ha
BapH- DJIEMEHTOB MMaHeIn
aHTa
1 R,=3kQ
> R R
R=3kQY, ! 2
C=0,05uF
UBX Cl UBLIX
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2 R=3kQ), 2
C,=0,05pF I:Il
UBX Cl TUBLIX
3 R=2kQ, R R
R=2kQ, ! 2
C,=0,05pF,
C=0,05uF | U, C,— U
G~ |
4 Rlzle,
R=2kQ), Ry R,
C,=0,05pF
UBX Cl —l’ UBLIX

2. CormacHO BBHIOpaHHOW cXeMe, MEHSAsS 4YacTOTy Ha sin-
reHeparope B auanazone ot 200 I'm go 3000 I'u, mocTpouTs jora-

PUPMHUYIECKYIO aMIUIUTYAHO-4aCTOTHYIO XapakTepucTuky. [lomy-

YEeHHBIE PE3yNbTaThl OOBSICHUTE.

3. PaccuutaTh nepenaTouyHyO (GYHKIMIO 3BeHa, OOBSICHHTH K
KakoOMy THUIIOBOMY 3BEHY JAaHHOE 3BCHO OTHOCHTCS, U TOCTPOUTH
TeopeTrueckue kpuBbie JIAUX u JIOUX.

4. CpaBHUTHh TEOPETHUYECKHE W IKCIIEPUMEHTAJIbHBIE PE3ybTa-

TbI, CACIaTh BBIBOABI.
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5. B coorBeTCcTBHH C BAapHUAHTOM, YKAa3aHHBIM MPCIIOAaBaTCIICM,

corjacHo TaOy. 6.3 CKOMMYTHPYWTE CIEAYIONIYIO HCCIICTyeMYIO

CXEMy.

Tabnnmna 6.3

BapH-
aHTa

Homunansr
3JIEMEHTOB

CxeMma Ha
MaHeIn

R1=1kQ,
R2=1kQ,
R3=2kQ,

C,=0,05uF

R1=2kQ,
Rzzsz,
C1=0,051F,

C,=0,05uF

R1=2kQ,
R2=2kQ,
C,=0,05uF
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R1=2kQ,
R2=2kQ,
C,=0,05yF,

C,=0,05uF

CormacHo BBI6paHHOﬁ CXEMC, MCHAA YaCTOTY Ha sin—reHepaTope

B nmuana3one ot 200 ' mo 3000 I'u, mocTpouts morapuMUIECKyIO

aMIUIUTYJHO-9aCTOTHYIO XapakTepUCTHKy. IlomyuyeHHble pe3ynbTa-

TBI OOBACHUTE.

6. [Iponenaiite nn 3,4 1u14 JaHHOTO BapuaHTa 3BEHA.

7. B cooTBeTCTBUH CO CBOMM BapHaHTOM Tabi. 6.4 Ha MakeTHOMH

MAHEJIN CKOMMYTHPYITE TPETBIO UCCIENYEMYIO CXEMY.

Tabauna 6.4

Ne

BapuaHTa

Homunansr
3JIEMEHTOB

CxeMma Ha
MaHeIn

1

R1=2kQ,
R2=4kQ,
C,=0,05F,

C,=0,051F,
C3=0,05pF

Rlzle,
Rzzle,
R3:4kQ,

C,=0,05F,
C,=0,051F,
C3=0,05pF




3 R1=1kQ,
R2=4kQ,
C,=0,05F,
C,=0,05F,
C5=0,05F,
C,=0,05pF

4 R1=2kQ,

R2:4kQ,
C1=0,05F,

C,=0,05pF

R
— e
0—' |—0 R2
Unx IS U,
C BBIX
1 C2 C3 C4
. 1.
R,
—r—
11
11
UBX Cl R2 UBBIX
G
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CormacHo BBI6paHHOﬁ CXEMC, MCHAA 4aCTOTY Ha sin—reHepaTope

B nmuana3one ot 200 ' mo 3000 I'u, mocTpouts morapuMUIECKyIO

aMIUIUTYJHO-9aCTOTHYIO XapakTepUCTHKy. IlomyueHHble pe3ynbTa-

TBI OOBACHUTE.

8. Ilponenaiire n.m. 3, 4 11 3TOro BapuaHTa 3BEHa.

6.3.4 CopepxaHue oTdeTa

B otuete HCO6XOI[I/IMO MMPUBCCTU 3aJJaHUC Ha BBIIIOJHCHUC Jia-

OopaTtopHOil PabOTHI,

MNPUHOUIIAAIBHYIO CXCMY HCCICAYCMbIX

3BCHLECB, Ta6J'II/II_II>I C SKCIICPUMCHTAJIbHBIMUA U paCYCTHBIMU JAHHBI-

MU, YaCTOTHBIC XAPAKTCPUCTUKU U PCIYJIbTATHI UX 06pa60TKI/I, cac-

JIaTh BBIBOJBI. HpI/I 3alIuTe pa60TBI YCTHO OTBCTUTH HA BOIIPOCHI.

6.3.5 BompocH

1. KakoB ¢hu3nvecknii CMBICT YaCTOTHBIX XapaKTEPUCTHK?
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2. UTto ;maeT ammapaT 4aCcTOTHBIX XapaKTEPUCTHUK JUIsl UCCIIEIO0-
Baamst CAY?

3. Mexny kakuMu (DYyHKIUSMH yCTaHABIMBAIOT CBSI3b YaCTOT-
HbIC XapaktepucTuku? Kak oHM 3alTUCHIBAIOTCS U B KaKUX KOOPJIH-
HaTax CTPOSITCS?

4. YeM 00BSICHUTH OTCTaBaHHUE IO (pa3e BBHIXOJAHOTO CUTHAJA IO
OTHOIICHUIO K BXOJHOMY CHTHAITy IPH FApPMOHUYECKOM XapakTepe
BXOJTHOTO CHUTHaja?

5. Kak 3KCIepUMEHTAIbHO CHSTh YaCTOTHBIC XapaKTEPUCTUKH

3BeHa?

6.4 JlabopaTtopHas pabota Ne3. BpemeHHblIe
XapaKTepPUCTUKU NIMHENHbIX CTaLUMOHAPHbIX

3BE€HbeEB.

6.4.1 Lenp paboTsl

BKCHCPI/IMCHT&HBHOC IMOCTPOCHUC nepexonHoﬁ n HMHYHBCHOﬁ

MEPEXO0THOM XapaKTEPHUCTUK.
6.4.2 OCHOBHBIE COOTHOIIEHHUS

K BpeMeHHBIM XapaKTepHCTHKaM OTHOCSTCS MepexoaHasi Xapak-
TepucTHKa (rpaduueckoe HM300pakeHHE MEPeXOoAHOW (QyHKIHMU) U
UMITyJIbCHAsI IepexoHas (M BecoBasl) XapakTepucTuka (rpapude-
CKO€ M300paKeHHEe MMITYJIBLCHON MepexoqHON Wi BecoBO (yHK-

uun). [lepexognas ¢pyHKIUS — 3TO peakuus (BbIXOJ) 3BeHa (CHUCTe-
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MbI) Ha THUIIOBOE BO3JICHCTBHE B BUJAC CIAMHUYHON CTYIECHYATON
dbyaknun. BecoBas GyHKIHS — 3TO peakius Ha 0eCKOHEYHO 0O0IIb-
MIOM M0 BENWYMHE W OECKOHEYHO MANBIA MO JIUTEIBHOCTH HM-
MyJIbC.

CBsI3b BpEMEHHBIX (QYHKIIUA MEXIy co0O0#l BhIpakacTcs COOT-

HOIICHUCM:

CBs3p BpeMeHHbIX (QyHKUUH ¢ auddepeHunanbHBIM YpaBHEHH-
€M W TNepefaToYHol (yHKIUEH BBITEKaeT U3 pelieHus auddepeH-
IUATBFHOTO YpaBHEHUsI 3BeHa (CHCTEMBI) MPH MOJCTAaHOBKE B Kaue-
CTBE BXOAHOTO CUTHaNa #(f) eAMHUYHON CTYIEHYaTONW WM Heallb-
HOU UMITyNIbCHOM QyHKIMH. Mcrnons3ys cBoiicTBa mpeoObpa3zoBaHus
Jlamnaca, MOKHO MPEIJIOKUTH JIPYrOM BapuUaHT ONPENENICHUs Bpe-

MEHHBIX (DYHKITHI. YUYuThIBas, 4TO MpeoOpazoBanme Jlammaca ot
. . 1 .
SIMHUYHON CTyIeH4YaTol (YHKIIUH PaBHO —, CBSI3b MEPEXOJHON H
s

nepenaTouHor (GyHKUIuA ompezenseTcs mpeodpaszoBanueM Kapco-
Ha-XeBucana:

o0
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[IpeoOpazoBanue Jlamnaca ot d-pyHKIMK PaBHO CIUHHIIC, I10-
3TOMY CBSI3b BECOBOM M IepeAaTOYHON (hYHKIMH yCTaHaBIHBACTCS

npeobpazoBanueM Jlamnaca:

6.4.3 Tlopsanok pabGoTsl

1. B COOTBETCTBHHM CO CBOMM BapHaHTOM M Tabid. 6.2 Ha MaKeT-
HOM [TaHEJX TUIIOBBIX 3BEHbEB CKOMMYTUPYHTE UCCIIEAYEMYIO CXEMY.

2. IlonaBast Ha BXOJ 3BEHA €IMHUYHYIO CTYIIEHYATYIO (PyHKIMIO,
MOJYyYNUTE MEPEeXOAHYI0 XapaKTEpUCTHUKY 3BeHa. Ilo mepexonHou
XapaKTePUCTUKE OIPEAEIUTE IOCTOSIHHYIO BPEMEHH 3BEHA.

3. INogaBas Ha BXOX 3BEHAa MMITYJIGCHYIO (DYHKIHIO, MOTYYUTE
BECOBYIO XapaKTepUCTHUKY 3BeHa. [lo mMmynbCcHOI nepexonHoil xa-
PaKTEpHUCTUKE ONPENEINTE IOCTOSIHHYIO BPEMEHH 3BEHa.

4. Tlo nepenaTo4yHoil (GyHKIUHU 3BEHA, MOIYYCHHOHW B Jabopa-
TOpHOH pabote Ne2, mocTpoiiTe TeopeTHUECKHEe BPEMEHHBIE Xapak-
TEPUCTUKH M CPAaBHUTE C SKCIIEPHUMEHTAIBHO CHATBIMU XapaKTepH-

CTHUKaMH.
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5. B cOOTBeTCTBHM C BapuUaHTOM, YKa3aHHBIM IMPENoaBaTeiieMm,
corjacHo TaOy. 6.3 CKOMMYTHPYWTE CIEAYIONIYIO HCCIICTyeMYIO
CXEMy.

6. [lomaBas Ha BXOJ] 3B€HA €IMHUYHYIO CTYIIEHYATYIO (PyHKIIHIO,
MOJTyYUTE TMEPEXOTHYIO H BECOBYIO XapaKTEPUCTHUKY 3BEHa.

7. IloBTopurte 11. 4 11 TAHHOTO BapHaHTa 3BCHA.

8. B cooTBeTCTBHH CO CBOMM BapwaHTOM Tadd. 6.4 Ha MaKETHOH
MaHEeNI CKOMMYTHPYHTE TPETHIO UCCIETYEMYIO CXEMY.

9. IloBTopurte 1.11. 6, 7 JUTsI TAHHOTO BapHaHTa 3BEHA.
6.4.4 CopepxaHue oTueTa

B oruere HEeoOXomuMo MpHUBECTH 3a/laHWE Ha BBHITIOJHEHHE Jia-
O6opaTtopHOil pPabOTHI, NPUHIMIHAIGHYIO CXEMY HCCIeIyeMbIX
3BEHBEB, TAOJIHUIIBI C IKCIIEPUMEHTAIFHBIMUA U PACYETHBIMU JaHHBI-
MH, BPEMEHHBIE XapaKTEPUCTUKH U PE3yJIbTAaThl HX 00pabOTKH, cle-

7aTh BEIBOABL. [Ipu 3amure paboThl YCTHO OTBETUTH HA BOIPOCHL.
6.4.5 Bomnpocs

1. KakoB ¢m3udeckuii CMBICT BPEMEHHBIX XapaKTEPUCTHK?

2. Kak cBsi3anbl BecoBast 1 IiepexoaHast QyHKIIUH MEXKIy cO00M?

3. Kak u3 mepegaTouHoi (pyHKIMH MOJTYYUTH BECOBYIO M TEpe-
XOJTHYIO XapaKTePUCTUKH?

4. Kak cBs3ath MexKay coboii AUX u BeCOBYIO QPyHKIIHIO?

5. Kak 3KcniepUMEHTANIbHO TONYYUTh MEPEXOAHYI0 U UMITYJIbC-

HYIO MePEXOHYI0 (PYHKIIHN?
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6.5 JlabopaTopHas pab6oTta Ned. KoppeKkuumsa nMHemHbIX
CAY
6.5.1 Ilenp paboThH

OOecrieunTh 3amac yCTOWYMBOCTH JIMHEWHOW CHCTEMBI HE
MEHBIIIE 3aJaHHOTO MyTeM MapaMeTPUUYECKOr0 CHHTE3a MOCIEI0Ba-

TEIHHBIX KOPPEKTUPYIOIINX 3BCHBEB.
6.5.2 OCHOBHBIE COOTHOIIEHHUS

CranmapTHas cucTeMa C €IMHUYHON OTPHIATEIBHON 00paTHOM
CBS3BI0 33JlaHa CBOCH TeEpeAaTOvYHON (YHKIHMEH B Pa3OMKHYTOM

COCTOSAHHUHN

Wis)= S(Tlfﬁi(;)+ ) (6.3.1)

3n1ech 3aganbl 00MIHH KOA(hGUIIMEHT yeuieHus: K U IOCTOSTHHBIC
BpeMenu 71, T,, a mapaMmeTp A SBISIETCS H3MEHSIEMBIM.

B pabore mpemnaraercsi wccieaoBaTh TPH METOMA JEMIPHUPO-
BaHUS CUCTEMBI:

— C MOJABICHUEM BBICOKHX YACTOT ITyTEM BBEJICHUS MOCIIEI0BA-
TEIHHOT'O TACCHBHOTO KOPPEKTHPYIOIIEr0 HHTETPUPYIOIIETO 3BEHA,

— C MOAHATHEM BBICOKHX YacTOT (C BBEIEHHEM TOJIOKHUTEIBHBIX
(ha30BBIX CIBUTOB) ITyTEM HCITOJIb30BaHUS MTOCIIEAOBATEIBHOTO Tac-

CUBHOTO KOPPEKTUPYIOIIETO TU(HEPESHITUPYIONIETO 3BCHA,
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— C MOJABJICHHEM CPEIHUX YacTOT C MOMOIIBIO MMOCIIEI0BATEIb-
HOTO MACCHMBHOI'O  KOPPEKTHPYIOIIEro  HHTErpo-auddepeHiu-
PYIOILIETO 3BEHA.

B mepBoM MeTonme MpHUMEHSETCS MMAaCCHMBHOE HMHTETPHPYIOIEe

3BEHO, peayn3alysi KoToporo Ha RC-31ieMeHTax NpUBelicHa Ha PHC.

6.5.1, a.

R, A 201gA(m) AL
0 W] 0 »

—7t/2 1
UBX Rz UBLIX
0 -L»

¢ T o) |

a 0

Puc. 6.5.1. IlaccuBHOE MHTETpHpYIOLIEE 3BEHO

Jlorapudmuueckue ¢azoBas U aCHMINTOTHYECKAs] aMIUIATYTHAS
XapaKTEPUCTUKHU TIPUBEACHBI Ha puc. 6.5.1, 6. V3 pucyHka BHIHO,
YTO TIACCHMBHOE MHTETPUPYIOIIEe 3BEHO MOJABISIET BHICOKHE YacTO-
ThI. JleMriupoBaHue CUCTEMBI OCHOBAaHO Ha YMEHBIICHUU KO3 Hu-
LMEHTA MIEpeJayy Ha 4acTOTe cpe3a1. Uro6s! Ha JIAX cKOppeKTHpO-
BaHHOW CHCTEMBI HE BIIMsIa (pa30Bas XapaKTEPUCTHKA KOPPEKTH-
PYIOILETO 3BEHA, BEPXHIOIO COMPSTAONIYI0 YacTOTY , BBHIOMPAIOT
Ha MOPSAIOK MEHBIIE YaCTOTHI Cpe3a UCXOAHOU HECKOPPEKTUPOBAH-

HOU cucTeMbl. BenmnunHa ymeHbIIeHUs KO3 QHUINEHTA TIepeiaun Ha

"Yacrora cpesa — 3T0 yacToTa, pu koTopoit JIAX nepecekaer HyJIeBOW ypOBEHb.
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4acTOTe Ccpe3a ompeneisercs TpeOyeMbIM 3amacoM yCTOHYHMBOCTH
o amruutyae AL. V3 3TOoro yCcIioBUsS ONpeeNseTcss Conpsiraronias
yacrora ;. CBsS3aB COMPSATAIONINE YaCTOTHl ®] ¥ M, C ITApaMeTpaMu
RC-neriouku, MO>KHO OTIPEJIEIIUTH MTOCTICTHIE.

Bo BTOpoM wMeTOme mpHMEHsIETCS IaccuBHOE AuUQhepeHITH-

pyroliee 3BeHO, pean3aisi KOToporo Ha RC-3J1eMeHTaX MpUBECHA

Ha puc. 6.5.2, a.
Ci A20IgA(w)
I T s
— 11— 0f—ot 2 s
R o lgo
! —/2
UBX R2 UBLIX
0 TI—V
gm
[ < ® (p(m)‘r
a o

Puc. 6.5.2. TTaccuBnoe muddepeniupyromiee 3BeHO

Ha puc. 6.5.2, 6 mokazausr JI®X u acumnrormueckas JIAX
(crmomHoi nuHKel). BumHo, uro auddepenuupyromiee 38€HO BHO-
CUT TIOJIOKHUTEIHHBIN (ha30BBIN CABUT U OCTA0SACT HU3KUE YaCTOTHI.
[MockonbKy yMeHbIIeHHE KO3 PUIMECHTA Mepeiayl Ha HU3KHUX 4Jac-
TOTaX HEJOMYCTUMO IO COOOPaKEHUSM TOYHOCTH, MPUMEHATh RC-
nenouky (puc. 6.5.2, @) MOKHO TOJBKO B COBOKYITHOCTH C TIOCIIE/IO-
BaTEbHO BKIIOYCHHBIM OC3BIHEPIIMOHHBIM YCHIUTEIEM, KOMIICH-
CUDPVIOIIMM YIOMSHYTOE ociabieHue ko3¢ (uUIMeHTa Mepenadyn

(wTpuxoBast uHUS Ha puc. 6.5.2, 6). JemndupoBanue crucTeMsl
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STUM METOJIOM OCHOBAaHO Ha BBEJICHUU TOJOXKHUTEIHHOTO (ha30BOTO
caBUTa BOJM3M YacTOTHI Cpe3a HCXOTHOW HECKOPPEKTHPOBAHHOM
cucTeMbl. Tak KaKk MAKCUMaJIbHBIN MOJIOKUTEIbHBINA ()a30BbIH CABUT
MPOUCXOANT HA YacTOTE, PAaBHOM cpeqHeapu(PpMETHIECKOMY COTpS-
TaIoONUX YacTOT ®; M ®, (puc. 6.5.2, 6), TOo IMEHHO dTa YacTOTa
JIOJDKHA PaBHATHCS YacTOTE cpe3a MCXOJHON cucTteMbl. MeHsis co-
MPSITalOIINe YaCTOTHI ) U ®, , MOXKHO JOOUTHCA 3a/JaHHBIX 3aIlacoB
YCTOWMYMBOCTH TIO aMILTUTYJIE ¥ 10 (ase.

B TpetbeM MeTone neMIQUpPOBaHUS TPUMEHSETCS MaCCUBHOE
nHTerpo-nudhepeHIuIpyoIee 3BeH0, pearn3arus KoToporo Ha RC-

JJIeMEHTax MpHBeJieHa Ha puc. 6.5.3, a.

Cy 4201gA(o)
11
-4 b o 0 0] M O3 04
lgo
R R, —Tt/2 1
UBX UBLIX
0 1
gm
G | (P((O){
y
a 0

Puc. 6.5.3. TTaccuBHoe unTerpo-nuddepeHupyoniee 3BeHO

Jlorapudmuueckue XapakTepUCTHKH, NPUBEICHHBIC Ha pHC.
6.5.3, 6, TOKa3BIBAIOT OCIIA0JIEHUE CPEIHHUX YacTOT, & BHOCHUMBIH
(ha30BBIif CABUT BHAYAJIC OTPULIATEIIBHEIN, 4 3aTEM ITOJIOKUTEITBHEIH.
B cootBercTBUU ¢ 3THM mapameTpbl RC-IIETIOYKH BHIOUPAIOTCS Ta-

KHM 00pa3oM, 4TOOBI YacTOTa Cpe3a MUCXOIHOW CHCTEMbI ObLTa ObI
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Onu3Ka K COHpHFaIOH_IGfI YaCTOTC 3, HO HC IMPCBLIIIAIa eé€. Bemuun-

Ha YMEHBIICHHUs KO3 HUIMEHTa IIepeauyn Ha 4acTOTe cpe3a orpe-

nensercs TpeOyeMbIM 3allacoM yCTOMYNBOCTH O aMIUTHTYIE.

Hcxonnble mannple K paboTe mpuBeneHs B Tabdm. 6.5.1.

Tabauma 6.5.1

No T, T AL, 1b | Ag, rpan. | K
Bapu-

aHTa

1 0.2 05 |10 15 10
2 0.3 02 |12 20 7

3 0.2 04 |8 12 6

4 0.1 02 |12 10 12
5 03 05 |10 20 6

6 0.1 05 |7 15 7

7 04 06 |8 20 9

8 0.3 06 |12 15 11
9 0.2 03 |9 20 10
10 0.2 0.7 |8 18 8

11 04 0.1 |11 15 8

12 0.3 06 |9 15 9

13 0.1 03 |10 15 15
14 0.5 06 |8 20 7

15 0.1 0.1 |12 15 9

16 0.3 0.1 |10 20 10
17 0.2 05 |8 20 8

18 04 02 |12 15 11
19 0.3 03 |11 25 13
20 0.1 05 |13 10 14
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6.5.3 Tlopsanok pabGoTsl

1. BeiOpate nmapametp 4 B nepefaTOYHON (QYHKIMH Pa3OMKHY-
TOM cucTeMsl (6.5.1) U3 yCIOBUS HAXOKACHUS 3aMKHYTOW CHCTEMBI
Ha TpaHHLe YCTOMYMBOCTH (COTJIACHO JIOOOMY KPUTEPHIO YCTOHYH-
BOCTH) M TIOCTPOUTH JIOTapU(MHUIECCKHE JACTOTHBIC XapaKTEPUCTUKU
Pa30OMKHYTO# CHCTEMBI .

2. PaccunTath nepenatouHyro (pyHKIMIO TAaCCUBHOTO MHTETPU-
pyroriero 38eHa (puc. 6.5.1, @) ¥ MONYIHTh BEIPAKCHUS JJIS COTIPSI-
FaloIIMX YaCTOT M1 U M, Yepe3 NapaMeTphl 3JIeMEHTOB RC-IIEIOYKH.

3. Paccuutars HEOOXOAMMBIE 3HAYEHUS! CONPATAIOLUIMX YACTOT
®; ¥ O, (puc. 6.5.1, 6), ©ICXOAA W3 YACTOTHI Cpe3a, MOIYICHHON 10
pe3yJsipTaTaM I1.1, ¥ 3a1aHHOTO 3araca yCTOMYMBOCTH 10 aMILIUTY/E.

4. Ha ocHOBe pe3yJabTaToB IL.II. 2,3 pacCUMTaTh MapaMeTpsl R- U
C-31eMeHTOB 3JIeKTpruecKoi nemnu (puc. 6.5.1, a).

5. IloctpouTs norapuMUUECKHE YaCTOTHBIE XaPAKTEPHUCTHKH
Pa30MKHYTOW CKOPPEKTHPOBAHHOM CHUCTEMBI U OINPEICIUTDH 3alachl
YCTOMYMBOCTH MOJIY4YE€HHOM cHUCTeMbl. EcnM moiydeHHbIE 3amachl
YCTOMYMBOCTH MEHBILE 33aHHBIX, CKOPPEKTUPOBATh 3HAYCHUS CO-
MPATAIOIIUX YaCTOT M M ®, U BEPHYTHCS K II. 4.

6. [TocTpouTh MEpexoJHOM MpoLecc MPpU EAUHUIHOM CTyIIeHYa-
TOM CHTHAJIC Ha BXOJI€ 3aMKHYTOH CHCTEMbI U U3MEPHUTD MOKa3aTeNn
KayecTBa — BEJIMYMHY NEPEPEryupoBaHus U BpeMs MEPEXOIHOrO

nporiecca.

2 Bee BBIYMCIICHHS ¥ IOCTPOGHHS MOYKHO BBIITOJIHSTE C HCIIOIE30BAHAEM JIIOG0H 13
nporpamm — MathCAD, MatLAB, SIMULINK, Mathematica, VisSim u 1ip.
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7. PaccunrtaTth mepenaTouHyo (YHKIUIO MacCUBHOTO Iudde-
pEeHIUpYIoNIero 3BeHa (puc. 6.5.2, a) U MOTYIUTh BBRIPOKCHHS IS
COTIPSTAIONINX YacTOT ) U ©, Yepe3 mapaMeTpbl 3JaeMeHToB RC-
[EMOYKH.

8. Paccunrats HEOOXOAMMEBIE 3HAYEHHS COMPATAIOMIUX YacTOT
®; ¥ O, (puc. 6.5.2, 6), ©ICXOAA W3 YACTOTHI Cpe3a, MOIYICHHON 10
pe3ynbTaTam 1.1.

9. BemonHuUTSh 1.11. 4 — 6 1151 naccuBHOTO AU (HepeHIUPYIOIEro
3BEHA.

10. PaccunrtaTh nepenaTouHyo QpyHKIHIO TACCUBHOTO MHTETPO-
muddepenuupyromero 3BeHa (puc. 6.5.3, @) ¥ NOIYYUTh BHIpaXke-
HUS JUISL COMPSTAIOIIMX YacTOT M, 0, M3 H (V4 YEpe3 IMapaMeTphl
951eMeHTOB RC-1IeTOYKH.

11. Beinoauuts 1.1, 4 — 6 1715 macCUBHOrO MHTErpo-nud)depeH-

IIUPYIOIIETO 3BEHA.

6.5.4 CopepxaHue oTueTa

B otuere HEOOXOMMMO TIPUBECTH 3aJlaHUE HA BEHITIOJHECHUE pa-
OOTBI, s KaXJIOTO W3 BapHAHTOB KOPPEKIMU: TepEaTOYHEIC
(OYHKITMH KOPPEKTHPYIOIIETO 3BEHA; BRIPAKEHUS JIJISl COMPSATAIONIUX
4acToT uepe3 napameTpsl RC-CXeMBbI; JJOTapruMIUECKHe YaCTOTHBIE
XapaKTePUCTUKH WCXOJHOW CHCTEMBI, KOPPEKTHPYIOIIETo 3BEHa,
CHUCTEMBI C KOPPEKIIMEH; MEePEeX0AHOU MPOIIECC CKOPPEKTUPOBAHHOMN
CUCTEMBI; TIOKa3aTeIH Ka4eCTBa CKOPPEKTHPOBAHHOW CHCTEMBI; Clie-

7aTh BBIBOABL. [Ipu 3amuTe paboThl YCTHO OTBETUTH Ha BOIIPOCHL.
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6.5.5 Bomnpocs

1. [lepeunciute OCHOBHEBIE MeTO b NemidupoBanus CAY.

2. Yto Takoe yactoTa cpesa?

3. Kak onpenenuts 3anac yCTOMUHMBOCTH MO aMILTUTYie?

4. Kak ompenenuTh 3amac yCTOHIHBOCTH 110 daze?

5. Kakoit MakcumalbHbIi (a3oBbIid CABUT 1a€T MACCHBHOE TU(}-
(dhepenmupytomee 3BeHO?

6. Kakue HemoctaTkn y MeTona KOPPEKIWH C ITOMOIIBIO Tac-
CHUBHOTO WHTETPHUPYIOIIETO 3BeHa?

7. Kakve HeAOCTaTKh y METOJla KOPPEKIMH C TMOMOIIbIO Mac-
CHUBHOTO A HepeHITUPYIONIETo 3BeHa?

8. Kakyro RC-ienouky HeIb3s MPUMEHSTH IS KOPPEKIHH 0e3

COOTBETCTBYIOIIETO YCHINTENA U TIOYeMy?



