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1 BBEOEHME.

Teopust aBromaTryeckoro ynpasienus (TAY) sBusercs ogHoR
13 HanboJiee BaKHBIX OOLICTEXHUYECKUX TUCLHUIUINH CIeHUaTbHO-
ctu «MHpopmaTika W YNpaBiICHHE B TEXHUYCCKHX CHCTEMax».
Uzyuenne TAY omupaetcs Ha psaa QpyHIaMEHTAIBHBIX 00Ieo0pa-
30BaTeIbHBIX M OOIIETEXHUYECKUX AMCUUIUINH, TAKUX KaK BBICIIAs
MaTeMaTHKa, (U3MKa, TEOpUs BEPOSITHOCTU M MaTeMaTuieckas cra-
TUCTHKA, OCHOBBI TEOPUU IIeTell, TEOPETUUECKUE OCHOBBI 3JIEKTPO-
TEXHUKHU, MaTeMaTH4ecKue OCHOBBI TEOPUHU CHCTeM U ap. be3 3Ha-
HUA 3TUX JTUCHUIUIMH HEBO3MOXKHO yCIElIHOe ocBoeHue Kypca TAY.

Ienpro mpenogaBaHus Kypca SBJsIETCS IOATOTOBKA CTYJEHTOB K
[IPAaKTUYECKOMY IIPUMEHEHUIO METOJOB TEOPUH aBTOMATHYECKOIO
yIpaBJICHUs VIS PELICHUs IPUKIIAJIHBIX 3a/1a4 aBTOMAaTHU3aL1H.

OcCHOBHBIMHU 3aJJauaMU Kypca SBJISIFOTCS:

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

— NPUBUTUE CTYICHTAM HaBBIKOB TEOPETUYECKOIO aHajIM3a U
CHHTE3a CHUCTEM aBTOMAaTHYECKOTO YIPaBICHHUS;

— NPUBUTHUE CTYJIEHTaM HaBBIKOB IKCIIEPHUMEHTAJIBHOIO IPOEK-

TUPOBAHUA U UCCIIENOBAHUA CUCTEM aBTOMATUYCCKOI'O YIIpaBJICHHA.



2 PABOYAfA NMPOrPAMMA KYPCA

2.1 BBegeHue

KpaTkas nctopus BOSHUKHOBEHHS U Pa3BUTHS TEOPUM aBTOMa-
TUYECKOTO YIIPABIEHUS U perynupoBaHud. OCHOBHBIEC NOHATHS U
orpenesieHus: O0ObEKT yNpaBJICHHs, YIPaBIAIOLIee, BO3MYLIAIOIIEe
BO3/ICIICTBHE, YNpPaBISIONIEE YCTPONUCTBO, YIpaBIsEMble NEPEMEH-
HBIE, CHCTeMa aBToMaTu4deckoro ynpasieHus (CAY).

[MpuHOMIBEI ¥ 3aKOHBI YNpPAaBICHUS. XapaKTEPUCTUKH OO0BEKTa
ynpasienust 1 CAY. Knaccudukanus CAY: no tunmy maremarnyie-
CKOTO OIMCaHus, [0 UCTIONB3YeMOH anpuopHOi U paboueit uHpOp-

Manuu 00 oobekre. 3agaun ananmsa u cuareza CAY.

2.2 [vHaMun4yecKue XapakKTepUCTUKU INIEMEHTOB U

CNCTeM aBTOMaTU4eCKoro ynpaBrieHUsA.

[NonsiTie TMHAMUYECKOTO 3BEHA HAIIPABJICHHOTO JeicTBUs. 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 QyHKIMS THHEHHBIX 3B€HBEB U CUCTEM.

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

JICHHA.



YacToTHBIE XapaKTEPUCTHKH: aMILIUTYIHO-4acTOTHAs, (a3oBas
4acTOTHasl, JIOrapupMUIECKUe XapaKTepUCTHKY, YaCTOTHAs Iepena-
ToyHasi QyHKIUS. CBsI3b YaCTOTHBIX XapaKTEPHCTHK C IepeaaTod-
HOHM (pyHKIIMEH, METOIBI TIOTyYEeHHS YACTOTHBIX XapaKTEPHCTHK.

Cucrema ypaBHEHHH B TIEPEMEHHBIX COCTOSIHES. BekTopHO-
MarpuyHas Qopma 3amucH ypaBHEHHH cocTostHus. CTaHIapTHBIC
¢dopma 3amnmcu ypaBHeHHH cocTosiHuSA. PazoBoe MPOCTpaHCTBO, (a-
30Bas TpackTopus. CBSI3b YpaBHEHUH COCTOSHUS C TIEPEIAaTOYHOMN
(dhyHKIHEH.

ITonsiTHe TUIIOBOTO 3BeHA. XapaKTEepUCTUKU U YPABHEHUSI TUIIO-
BbIX 3BeHbeB. CTpyKTypHbIM aHamu3 CAY: CTpyKTypHBIE CXEMBI H
WX SKBUBAJIEHTHBIE MpeolOpazoBanusi. @opmyna Mboiicona. Ilepena-

TOYHBIE QYHKIMH U YPaBHEHHUS pa30OMKHYTOH 1 3aMKHyTOl CAY.
2.3 YcToMumBOCTbL NMUHENHbIX CAY

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

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

[Tonsitue 3amacoB yctoduuBocTH. Bnusuue mapamerpoB CAY

Ha YycToiumBocTh. IlocTpoenue obnacteli yctoHumBocTH. D-
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pa3zbouenune Heiimapka: pa3OueHue B 00JIACTH OJHOTO W JIBYX Iapa-
MeTpoB. CBsi3p D-pa30neHns U YaCTOTHBIX KPUTEPHEB YCTOWIUBOCTH.

Omnpenenenne ycroiunBoctr CAY 10 ypaBHEHHSIM COCTOSTHUS.
2.4 Ka4ectBO 1 Koppekuna CAY

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

TounocTtHbie KpuTepuu kauectBa. Onienka TouHoctu CAY B TU-
MOBBIX PEXUMAaxX: CTATHUECKUI PEXUM, PEXKHUM C MTOCTOSHHON CKO-
pPOCTBIO, YCKOPEHUEM U T.J., THIIOBOW PEXXHUM IPH TapMOHHUYECKOM
BoznelicTBur. KoadduimeHTsl ommOoK, WX BerauciacHue. [lorsTue
acTaTh3Ma CHUCTEMEI.

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

Orenka kagectBa CAY 10 9aCTOTHBIM XapaKTCPUCTHKAM.

NHTerpanbHbIe OIIEHKH KadecTBa.

OO6mue Metozs! noBeimeHus TouHOCTH CAY. Meronsl Teopun
vHBapuaHTHOCTH. KOMOWHMpPOBaHHOE YIIpaBIICHUE, HECIUHUYHEIC
oOpaTHBIC CBSI3U, BBEJCHHE HHTCIPATIOB M MPOU3BOJIHBIX B 3aKOH
YIpaBICHHS.

Koppexuus CAY. Koppektupytoime 3BeHbs, UxX TMbl. [locie-
JIOBaTENbHBIE KOPPEKTUPYIOLINE 3BEHBS, UX HpumMepsl. [lapamnens-
HbIC KOPPEKTHPYIOIINE 3BEHbS, KECTKUE U THOKHUE 00paTHEIC CBS3H,

UX BiMsHUE Ha TuHaMUuKy CAY.
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OOmue MPUHIMIBI TIOBBIMICHUS 3araca yCTOHYMBOCTH (JIeMII-

dbupoBanusn) CAY.
2.5 Oco0Oble NUHenHbIe cucTemMsbl

CucremMbl ¢ TEPEMEHHBIMH IapamMeTpamMH (HeCTallMOHApHEIC
cuctembl). O0IIMEe MOHATHS, TPUMEPBI, 0COOCHHOCTA. MeToab!l uc-
CJICTIOBaHHS HECTAI[MOHAPHBIX CHUCTEM: METOJ 3aMOPOXCHHBIX pe-
aKIUH, METOJ 3aMOPOKCHHBIX KO3 (PHUIIMEHTOB, METO]I TIOCIIEI0BA-
TEJIBHBIX NPUONKeHNUH, Tpadudeckiue MeToAbl. MeToabl pemeHus
HecTalMoHapHbIX auddepeHnranbHbpIX ypaBHeHUH. BecoBas GyHK-
1Sl HECTAIIMOHAPHBIX cucTeM. HopmanbHast U compspkeHHas Beco-
Basg pyHKIuU. MeToabl HaXOXICHHS BecoBO# (yHkuuu. [lapamer-
puueckas nepeaatouHas GYHKIUS, METO/bI ee HaxoxkaeHus. OreH-

Ka YCTOHYHMBOCTH U KayecTBa PETyTUPOBAHUS.

Cucrembl C 3ama3bIBAHHEM M CHUCTEMBI C PACIPEIEICHHBIMH
mapamerpamMu. OCOOEHHOCTH MTWHAMHUKH. 3BCHO ITOCTOSIHHOTO 3a-
nas3pIBaHus, ero nepenatounas ¢yHknus. MccnenoBanue ycToiuu-

BOCTHU U Ka4Y€CTBA YIIPABJICHUS.

2.6 CAY npu cnyvyanHbIXx BO3AeNCTBUAX

Cnyyaitaple miporiecchl. [LIOTHOCTH pacrpeneieHus BEpOSITHO-
CTH, KOppeNsauoHHas QYHKINs, CIIEKTpaibHas TIIOTHOCTb. [1peol-
pa30BaHUE CTAIIMOHAPHOTO CIyYallHOTO CUTHaja JTMHEWHOUW cucTe-
Moit. CpemHekBaapaTudHas omuoka. CHHTE3 MmepeaaToqHon (QpyHK-

MU CHCTEMBI TI0 MUHUMYMY CPEIHEKBaIPATUIHON OMMOKU. YpaB-
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Henne Bunepa-Xonda ansg ¢pusnueckn HepeannzyeMoi u pusmye-

CKH pealiu3yeMOil CUCTEMBI.
2.7 HenwuHenHbie CAY

[TonsiTue HenuHeHHOM cucTembl. TunoBkie HenuHEeHHOCTH. OCo-
OCHHOCTH JMHAMUKY HETMHEWHBIX cucTeM. [loHATHE ycTOMUMBOCTH
peXUMOB pabOTHl HENWHEHHBIX cucTeM. da30Boe MPOCTPAHCTBO,
0co0bIe TOYKH, 0COObIE TPAEKTOPUH. ¥YCTOMYUBOCTH MO JISyHOBY.
Meroapl WCCIICIOBAaHUS HEIMHEWHBIX CHCTEM: MeTonl (a3oBOi
IUIOCKOCTH, METOJ WHTErPUPYEeMOH alpoKCUMAIH, TEPBBIA H
BTOpO# MeTojibl JIsimyHOBa. AHANINU3 MPEAEIbHBIX ITUKIOB METOJIOM
rapMoHH4YecKkoro Oamanca. YacToTHEIN MeTOj aOCONIOTHOHW yCTOM-
guBocTH B.M. IlomnoBa. [IpeoOpa3zoBanue CIIy9aifHBIX CHTHAJIOB He-

JIMHEHHOM CUCTEMOH.
2.8 OntumanbHble U aganTuBHblie CAY

[TocranoBKa 3amaun ONTHUMAIBFHOTO YIpaBieHUs. MeTonbl Teo-
pUM OoNTEMalbHOTO ympaBieHusa. Kiaccndeckoe BapHallmOHHOE HC-
yrcneHne. THUIIOBBIE 3aaud BapUAIMOHHOTO HCUWCICHHUS: 3a/1ada
Jlarpamka, 3amaga Maiiepa, 3agada bomeria. OcHOBHAS 3ajada MH-
Humuzaiuu. MHaoxutenu Jlarpamxka. [Ipunnun makcumyma Ilos-
TpsaruHa. O00OIIeHHas 3a7ja9a ONTHMAJIBHOTO yIpaBieHus. DOyHK-
uuu [lonTpsiruHa u ['amunbroHa. YpaBHenus ['amunbroHa. Meton
JTUHAMHYECKOTO TporpamMMupoBanus bennmana. [lpuxmwm omrtu-

ManbHOCTH. YpaBHeHue ['amunbrona-Skoou. Ypasuenus bemnmana.
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3 CNUCOK PEKOMEHOYEMOW K U3YYEHUIO
JINTEPATYPbI

3.1 OcHoBHasn

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

2 KopuxoB A..M. «OCHOBBI TeOpHHU yNpaBICHUsD». YUeOHOE MO-
cobue., Tomck: WU3n-so HTJI, 2002, 391 c. I'pud MunobGpaszo-
BaHMUSL.

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

4  Mansmrenko A.M., Bagyros O.C. CO0OpHHK TECTOBBIX 3a1a4 I10
TEOpUH aBTOMATHYECKOro ympasieHusa. Tomck: U3n-so Tom-

cKoro monmTexH. yH-Ta, 2008, 368 c.
3.2 [OdononHutenbHas

5. KapnoB A.I'. Teopus aBTomMaTHueckoro ympasieHus. Yacts 1:
VYu4eb. mocodue — Tomck: TMJI-IIpecc, 2011, 212 c.
6. Kapno A.I'. Teopus aBromMaTH4ecKoro ympabieHus. YacTtp 2:
VYu4eb. mocodbue — Tomck: TMJI-IIpecc, 2012, 269 c.
7. KapnoB A.I'. Marematndeckue OCHOBBI TEOPUU CHCTEM. YUeOHOe
nocobue. — Tomck: Tomckuii MEXBY30BCKHI LIEHTP AUCTAHIIMOHHO-

ro oopazosanus, 2002. Yacts2, 138 c.



13

4 METOOUYECKUE PEKOMEHOALIUM NO U3YYEHUIO
KYPCA.

41 Tema 1. BBegeHue

OCHOBHBIMM Y4€OHMKAaMHU, PEKOMEHIOBAaHHBIMU K H3YUEHHUIO,
sBisored [1], [2]. 3ydeHne Teopun aBTOMaTHUECKOTO YIIPABIECHUS
HAa4YMHAETCSl C OCBOEHHUS OCHOBHBIX TEPMUHOB, MOHATHHA M OIpeje-
JIEHUH. A mepesa 3TUM XKeNaTeJIbHO 03HAaKOMHUTBCS ¢ UCTOpPHEN BO3-
HUKHOBEHUSI M Pa3BUTUSl TCOPUHU YIPAaBJICHUS KaK HayKH, C OCHOB-
HBIMHM UCTOPUUYECKUMHU dTallaMH U NMEPHOAAMH, C BKJIAJOM OTEYECT-
BEHHBIX M 3apyOeKHBIX YUEHBIX M HH)KCHEPOB B CTAHOBIICHHE U
pa3BUTHE TEOpPHM aBTOMaTH4yecKoro ympasienus. [logpoOHo ucTo-
pus pazsutus TAY nznoxena B [2].

3HaKOMHTBHCSI ¢ OCHOBHBIMH TMOHSTHAMH M TEPMHHAMH TEOPUHU
yIpaBJIEHHs] JIy4llle BCEro, €CIIU MPEJICTaBUTh CUCTEMY YIIPABIECHUS
B BHJE Ipa@UuecKoro M300pakeHus IBYX OJIOKOB: 00bEKTa yIpaB-
JICHUS W YIPAaBIIOILEr0 YCTPOWCTBA CO CBOMMM CBA3SMHU APYT C
JIPYTOM U C BHEUTHEH Cpefioi. ITa jke cXxeMa ITOMOXKET W TP 03Ha-
KOMJIEHHUH C NIPUHIUIIAMY yIIPaBICHUS.

Korna mMbpl HauMHaeM pa3iauyaTh CUCTEMBI 110 UX CBOMCTBaM, MbI
TEM CaMbIM BBOAMM HX Kiaccupukanuio. OCHOBaHHS KiIaccu(pHKa-
1Y, T.€. T CBOICTBA, 0 KOTOPBHIM PA3JINYarOTCS CUCTEMBI, MOTYT
OBITH CaMBIMH pa3HBIMH. Yarne BCero KJIaCCHPHUIUPYIOT CHCTEMBI

o BUAY MATEMAaTUYCCKOI'0 OMHUCAaHUs, IO XapaKTCPy CUTHAJIOB, 11O
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WCTIONIb30BAHUIO allPUOPHON W paboueil (Wiu M0 MPUHIIUITY YITpaB-
JieHHUs ) nHGOpMAIK 00 yIpaBIsIeMOM 00bEKTE.

3akaH4MBasg U3y4YeHHE TIEPBOM TeMBI, CTYICHT JOJDKEH SICHO I10-
HUMAaTh, KaKWe 3aJa4M CTaBATCS W PEIIAIOTCS B TEOPUH aBTOMATH-
4YeCcKoro ynpasieHus U kak TAY cBsizaHa ¢ APYrUMU ClieIMaIbHBI-

MH ¥ 00II€ TEXHUYECKUMHU TUCHHUILIMHAMU.

Bonpocul 01a camonposepku

1. TlepeumncauTe 3Tansl BOSHUKHOBEHUS U pa3Butus TAY.

2. HazoBute dammimm XOoTs ObI HECKOJNBKHX 3apyOeHBIX H
OTCUCCTBCHHBIX YYECHBIX WJIM HHXEHEPOB, BHECIIHUX
3HAYMTEIbHBIN BKIaja B pazsutue TAY.

3. JlaiiTe ompenmeneHUE VYOPABISIONIAM W  BO3MYIIAIOIINM
Bo3nelcTBISIM. KakoBo paznuune Mexmay HUMU?

4. Kakue CHCTEMEI Ha3BIBAIOTCS JIMHCHHBIMMU,
CTaIlMOHAPHBIMH; MHOTOMEPHBIMU?

5. HaszoBuTe JOCTOMHCTBA W  HENOCTATKU IMPUHLUIIOB
yIIpaBieHus (PETYIUPOBAHMUS).

6. B uem 3akimouaeTcs pa3nuyhe MeXAy HENPEepbIBHBIMU H
TUCKPETHBIMUA CUCTEMaMH?

7. Uro Takoe CHUCTEeMBl OOBIKHOBEHHBIC; ONTHMAILHBIC;

aJIanITUBHEIC?
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4.2 Tema 2. iInHaMn4YeCKue xapakTepuCTUKM 35IEMEHTOB

n cuctem aBTOMaTU4e€CKOro ynpaBerneHus

Kraccudeckoe (4acTOTHOE) OMMCAHUE CHCTEM U 3BCHBEB — 3TO
g depeHIMaNTbHBIC YpaBHEHUST BRICOKOTO mopsaka. Kak mpaswuo,
YpaBHEHHUSI PEANbHBIX 3BCHBEB SIBIAIOTCS HeMMHEHHBbIMH. HeoOxo-
JIIMO YETKO IMPEJCTaBIATh, B KAKUX CIy4asX U Kak BO3MOXHO YII-
POIIICHHOE OIUCAHUE TAaKUX 3BCHHEB B BHJEC JIMHCHHBIX (a TOUHEE
JTMHEAPHU30BaHHBIX ) YPaBHEHUH.

Omrcanne 3BCHBEB (CHCTEM) JMHCHHBIMH YPaBHCHHSAMH HETIO-
CPEIICTBEHHO CBSI3aHO C WX ONKMCAaHHUEM B BHUJC IEpeaTOYHBIX
¢dyHKIMH. XapaKTepUCTHKH, ¢ TIOMOIIBI0 KOTOPBIX TaKKe MOXKHO
OIUCHIBATh 3BEHBS (CHCTEMBI), JCNATCS HA BPEMEHHbIE W YaCTOT-
Hble. YI00CTBO NPUMEHEHHsI TOTO I HHOTO OIMHCAaHUs 3BCHHCB
(cucTeM) 3aBHCHUT OT TOTO, B KaKOH 00J1aCTH — BPEMEHHOM WK Yac-
TOTHOH, TPOM3BOAUTCS HUccienoBanne cucteM. CTyIeHT JOJDKEH
YETKO MPEJICTaBISITh ce0e B3aUMOCBSI3b AUPPEPECHIIUATBHBIX ypaB-
HEHUH, MepeaToOuHbIX (YHKIIMA, YACTOTHBIX M BPEMEHHBIX Xapak-
TEPUCTUK U YMETh NOTy4YaTh OJHO U3 IPYTOro.

Onucanue CUCTEM B IPOCTPAHCTBE COCTOSHUM — 3TO MPEICTaB-
JICHUE TOTO JK€ ypPaBHEHHS BBICOKOTO MOPSAKA B BHJE CUCTEMBI
YpaBHEHUH TEpPBOTO MOpsiika. Takoi mepexoj; MOXKET OBITh MPOU3-
BeJicH OCCKOHEYHBIM YHUCIIOM CIIOCOOOB, HO, KaK MPaBUJIO, ypaBHE-

HUSl COCTOSIHHA 3aIlMCHIBAIOT B KAHOHMYECKOH (HOpMAaNbHOI) cuc-
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TeMe KOOpAHMHAT, WIH B CTAaHAAPTHOH Gopme (kaHOHMUYecKast popma
(ha3oBol TIEpeMEHHOM).

JIst yrpoIeHns: UCCIeI0BaHNusl CHCTEM MX NPUHATO pa30HBaTh
Ha T.H. TUTIOBBIC 3BCHbA. JJI ydIIero n3y4eHus TUIOBBIX 3BCHBEB
PEKOMEH/IyeTCsI TIOIyYUTh AHAIUTUYECKOE BBIPAKCHHE U IpaduKu
(GYHKIMI BPEMEHHBIX M YaCTOTHBIX XapaKTEPHCTHK OCHOBHBIX TH-
TIOBBIX 3BEHBEB: AlEPUOIMIECKOrO ITIEPBOTO M BTOPOTO MOpPAIKA,
U/ICANTbHBIX MHTETPHPYIOMETo U Iu(QepeHIUpYIOnero, H301poM-
HOro, (opcupyromero, kojaedarensHOro. Xopoiee MpeacTaBICHue
O THUIIOBBIX 3BEHBSIX B 3HAUUTEIBHOW CTENCHM NMPERONPENEIHT yC-
MEIIHOE OCBOCHHUE MOCIEAYIONINX TEM U3Y4aeMON TUCIUIUINHEL.

OnnuM u3 HamboJsiee HArIAJHBIX CIIOCOOOB MaTeMaTHYECKOTO
omucanuss CAY sBisieTcs CTPYKTypHas cxema, NpeACTaBIIIouIas
co0oii Habop ompeneNeHHbBIM 00pa3oM CBSA3aHHBIX MEXKAY coOoi
TUTIOBBIX 3BeHbEB. CTPYKTypHasi cxeMa IMOJHOCTBIO OTpaXKaeT IH-
HaMHYeCKHe CBOWCTBA BCEX DJIEMEHTOB, BXOISIIIUX B cuctemy. Hc-
MOJIb30BaHUE CTPYKTYPHBIX CXEM II03BOJISIET JIETKO TMPOU3BOIUTH
nepexoa OT mepenaToyHod QyHKOMM K AuddepeHIHatbHbIM HIIH
OIIEPAaTOPHBIM YPaBHEHHSM; JIa€T LEJIOCTHOE MPEICTaBICHUE O CO-
CTaBe CHCTEMBI M IyTAX e IEeNCHANPABICHHOTO M3MEHEHUS HpHU
cuntese. [Ipn mpoBeneHWH CTPYKTYPHOTO aHain3a HEoOXOoauMo
MOMHHTH M YMETh IIPUMEHSTH JIN00 BCE MPaBHiIa CTPYKTYPHBIX IIpe-

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

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

3aJ]aAl0IIEMy B BO3MYILIAIOIIEMY BO3/ICHCTBHSM.
Bonpocul 0na camonposepku

1. HazoBuTe ycinoBus TMHEapU3allui HETMHENHBIX ypaBHEHUM.

2. Kak cBsi3anbl nuddepeHnyatbHbie YpaBHEHUS U IepeIaToy-
Hble QYHKIIUU?

3. Ilepeuncnure BpeMEHHBIE XapaKTEPUCTUKA W HAIHIIUTE
(hopMyiTy, CBA3BIBAIONIYIO UX.

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

5. Hanumute gopmyity, cBs3pIBaoIyr0 GyHKIHIO Beca 1 AUX.

6. Harrummure u mosicante hopmyiry Moiicona.

8. [lomyuunTe 1O CTPYKTYPHOU CXEeMe MPOCTEHITIeH OTHOKOHTYP-
HOW CHUCTEMBI MepelaTouHble (QYHKIMU: MO 3a/JalolleMy BO3JeHCT-
BUIO JUI Pa30MKHYTOH M 3aMKHYTOW CHCTEMBI; TI0 BO3MYLIAIOLIEMY
BO3ACUCTBHIO [T pA30MKHYTON U 3aMKHYTOW CHUCTEMBI; IO OIINOKE

JUIS. PAa30OMKHYTOH M 3aMKHYTOM CHCTEMBI.
4.3 Tema 3. YcTOMuMBOCTb NUHENHbIX CAY.

DTO omHAa W3 HaWOOJIee BAKHBIX TEM, ITOCKOJBKY BOIIPOCH 00

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

[IpucTymasi Kk H3ydeHUI0 JaHHOW TEMEI, PEXIe BCEro, He0OXo-
MO YSACHHUTH CaMO INOHATHE, (pU3MYECKUH CMBICI U MaTeMaThye-
CKHE YCJIOBUS YCTOMUMBOCTH CHUCTEM, a TakXKe OOpaTHUTh BHUMaHHE
Ha OCOOEHHOCTH ONpEETICHUS YCTOMUMBOCTH PEaJIbHBIX HEJIUHEH-
HBIX CHCTEM II0 MX JIMHEApPU30BAHHOMY YPaBHEHHUIO HA OCHOBE TEO-
peM A.M. JlamyHoBa.

ITockonbky Bce KpUTEPUU YCTOMYMBOCTH OCHOBAHBI Ha aHAJIU3E
XapaKTePUCTUUECKOTO YPAaBHEHUS CUCTEMBI, CTYAEHT JI0JDKEH YMETh
COCTaBJIATh 3TH YPABHEHUS, KaK AJI 3aMKHYTOM, Tak U AJIs pa30MK-
HyTOW cucteMbl. HeoOxoanmo pasnuyath anreOpanyecKue U vac-
TOTHBIE KPUTEPUN YCTONYHBOCTH, YMETh COCTABIATH ONPEACIUTENN
I'ypBuna, BeipaxkeHue A5 KpuBod Muxaiinosa, yMeTh (GOopMyIupo-
BaTh U NMPUMEHATH KpuTepuil HaiikBucta. Ilpu ncnons3oBannu Kpu-
Tepust HallkBucTa HyKHO MOHUMAaTh, YTO 3aMKHYTas CHCTEMBI MO-
XKeT OBITh YCTOHUMBON, HECMOTPA Ha TO, YTO PA3OMKHYTAasi CUCTEMBI
SIBIIIETCS] HEYCTONYHMBOM.

Jist cucTeMbl, 3aJaHHON YPaBHEHUSIMU COCTOSIHUS, HEOOXOJUMO
YMEHHUE COCTABIATH €€ XapaKTEepUCTUYECKOE YpaBHEHHE VIl Jallb-
HEeWIlero NpuMEHEeHUs] KpUTEPUEB YCTOMUHUBOCTH.

IIpu pemieHun MpakTUYECKUX 3aad 4acTo HEOOXOOUMO MUMETh
CBEJIEHMs O TOM, Kak BJIHMSET TOT WIM MHOI IapaMeTp Ha yCTOHuu-
BOCTb cUCTeMBl. OTCI0/la BO3HMKAET HEOOXOJUMOCTb ONpPEAEICHUs

obnacteit ycroitumBocTH 1O 3THM mapamerpam (D-pa3buchue).
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CTyneHT JOKEH SICHO MOHMMAaTh, KaK MPOW3BOJUTCS TaKOE pas-
OuWeHHNe, KaK ONpeAessTh KPUTHYCCKHE 3HAYCHUS I1apaMeTpoB,
UMETh TPENCTABICHHE O TOM, YTO TaKOE 3amachl YCTOWYHMBOCTH, U
Kak ux HaxoauTh. Ocoboe BHUMaHWE HY)KHO OOpaTHUTh Ha OmpeIe-
JICHWE 3aIacoB YCTOWYMBOCTH TO JIOTapU(MUYECKUM YaCTOTHBIM

XapaKTepUCTUKAM.
Bonpocul 01a camonposepku

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

2. ChopmymupyliTe HEOOXOIUMOE M JOCTATOYHOS YCIIOBHE
YCTOWYMBOCTH MMPUMEHHUTENBHO K TIEPEIATOYHON QYHKITHN
CUCTEMBI.

3. ChopmymupyiiTe HEOOXOTUMBIA anreOpandecKuii KpurTe-
pUi YCTOMYUBOCTH.

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

5. B uewm otiinune kputepus HallkBuCTa OT BCeX OCTaBHBIX?

6. Kak ompenensercst yCTOHYMBOCTh 1O JIOTapH()MUUIESCKUM
XapaKTepUCTUKaM?

7. Uro takoe D-pa3oucHue?

8. Uto moHmMaeTrcsi MoJ KPUTHYECKUM 3HAUEHHEM KaKoro-
0o napamerpa?

9. Ilo mepenatouHoi GpyHKIMK CHCTEMBI COCTaBbTE BhIpake-

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

IMomumo ycroitunBocTH, padoTocniocodHocTs CAY OleHUBAeT-
csl Ka4ecTBOM e¢ paboThl, MO KOTOPHIM MOHUMAIOTCSl ONpeneinéH-
HBIC TIOKa3aTelld, XapaKTepuU3ylollue mpouecc yrpasienus. Heoo-
XOJMMO YETKO TIPENICTABIATh ceOe, KaKue MOKa3aTelnn ONpeeIsioT
Ka4ecTBO PabOThl CHCTEMbI, Ha KaKUe TPYIIIBI JIEJATCS ATH IOKa3a-
TEJH, KaK X ONPEACIAThH IPSMBIMU WIX KOCBEHHBIMH METOIAMH.

OcHOBHBIM TIOKa3zaresieM kadectBa paboTer CAY smiseTcs eé
TOYHOCTH (IMHAMHUYECKast omnOKka). KpurepusMu TOYHOCTH CITyKaT
OmMMOKK B THUIOBEIX pexxknMmax. B TAY ommbku paccMaTpuBaroTcst
OTACNBHO TIO YIPAaBISIOMEMY W BO3MYIIAIONMIEMY BO3JICHCTBUSM,
KOTOPBIC U3MEHSIOTCS BO BPEMEHH 110 ONPE/ICICHHON 3aBHCUMOCTH
(T.H. TUTIOBBIE PEKHMMBI — IOCTOSTHHOE BO3/ICHCTBUE, H3MEHSIOIIEECS
C TIOCTOSIHHOM CKOpPOCTBIO, C TOCTOSHHBIM YCKOPEHHEM H T.H.).
CTymeHT IOKEH YMETh HaXOJHWTh AaHAIUTHYECKOE BBIPAXKCHHE
OIIMOKY /Il BCEX CIy4aeB W yMETh BEIOMpaTh MPHU 3aJaHHON TOY-
HOCTH TpeOyeMbrii o0mmii kodddunuent ycuienus. Heooxoaumeie
3aBHCHMOCTH IIPOIIE BCETO ONMPEACIAThH 110 OMEPATOPHBIM BBIpAXKE-
HUSAM JuTst omuOoK. HyXHO 3HATh U YMETh MPUMEHSATH METO]] KO-
(UIMeHTOB OMIMOOK N MEUICHHO MEHSIONIMXCS BO3IEHCTBUIA.
OMHOBPEMEHHO HYXHO OCBOUTH METOBI MOBBIMICHUs TOYHOCTH. K
OOIIMM METOJIaM TIOBBIIIEHUS TOYHOCTH OTHOCSITCSI YBEIIMUYCHHE
obmero ko3 duIreHTa YCUIICHS, MTOBBIIICHHS TOPS/IKA acTaTH3Ma

Y TIPUMEHEHHUE PEryINPOBAHUA 110 TPOU3BOAHBIM OT omuOKu. Hyx-



21

HO SICHO TIPEJICTaBJISATh ceOe, KaKOW U3 3TUX METOJIOB M KaK BIUSICT
Ha COCTaBJISIOIINE O0IIeH OITHOKH.

Korna peds naet o MOBBIIIEHUH TOYHOCTH, BAXKHBIM MOMEHTOM
SIBIISIETCSl TIPUMEHEHNE METOJ0B TEOPWH HHBApHMAHTHOCTH. Ecimu B
CHUCTEME KOMIICHCHpYeTCs (IIPEeIOTBpAIIaeTCs) IEHCTBHE BO3MY-
IIAFOIIETO BO3JEHCTBHS Ha BBIXOJHYIO TEPEMEHHYIO, TO TOBOPST,
YTO TaKas CHCTEMa SIBIICTCS MHBAPHUAHTHOM (HE3aBUCUMOM) 1O OT-
HONIICHHWIO K ITOMY BO3MyIeHHio. s peamusamum TpeOoBaHUI
nHBapruaHTHOCTH CAY IOTONHSAIOT KOPPEKTHPYIOIICH CBA3BIO (CHC-
TeMbl KOMOWHHUPOBAHHOTO YIPABIIEHUS) WM MEHSIOT OIpEJIeIeH-
HBIM 00pa3oM IepenaTouHbie (DYHKIUH OTACTHHBIX 3BEHBEB CHUCTE-
Mbl1. [Ipy u3ydeHnn 3TOH TeMBbI HYXKHO MTOHUMATh, YTO TAaKOE TIOJTHAS
Y YaCTUYHAS WHBAPUAHTHOCTh M KaK OHU JIOCTHTAOTCSI.

[Tpu u3ydyeHHH TEMBI KA4eCTBA TIEPEXOAHBIX MPOIECCOB CTYICHT
JOJDKEH 00paTUTh BHUMaHUE Ha YaCTOTHBIC M WHTETPAILHBIC OLICH-
KM KauecTBa, yMETh OLICHUBATh KAa4YeCTBO IEPEXOJHBIX IMPOIIECCOB
M0 PACIIOJIOKEHUIO KOPHEH XapaKTepUCTHUECKOro ypaBHeHHs. [lo-
Ka3aTelll KauecTBa MEPEeXOJHBIX MPOIECCOB MPU OTCYTCTBHH HYJICH
MepelaTOYHON (PYHKIIUM OJHO3HAYHO OIPE/CIISIOTCS KOPHSIMHU Xa-
PaKTEepPUCTUIECKOTO YPaBHEHHUS.

HyxHo moHuUMaTh, 4TO KaXKABIH METOJ OLIEHKH KayecTBa pery-
JUPOBAHUS MMEET CBOM JOCTOMHCTBA W HEJNOCTaTKH, M CBOIO 00-
JIACTh MPUMEHEHHSI.

[ToMrMO KOCBEHHBIX KPHUTEPHEB KaY€CTBA MOXKHO TIOJIH30BATHCA

" OpsAMBIMH METOJAaMMU OLICHKH, HO IJIA OTOI'0 HaXOAWTH IIEPEXOMI-



22

HOWM TIPOIIeCC MOXHO JIMOO KIIACCHYECKUM pelieHueM audhepeHIu-
aNbHBIX YpaBHEHHH, TUOO MPHUMEHSAS OINEepaTOpHble METOAbI. Jlms
YCHEIIHOTO OCBOSHHSI 3THX METOJ0B HEOOXOIUMO BCIIOMHHUTD COOT-
BETCTBYIOIIME pa3ienbl Kypca «MareMaTnieckie OCHOBBI TEOPHH
CUCTEM.

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

B 3aBucumoctu oT cioco0a BKIIIOUEHHUS Pa3uyaroT Mocie10Ba-
TeJbHBIE W TapalljieNlbHbIe KOPPEKTUPYIOIINE yCTPOUCTBa (MHOTIA
Pa3HOBUIIHOCTh MapaJIICIbHBIX KOPPEKTUPYIOUIUX CPEJCTB HA3bI-
BalOT BCTPEYHO-TIAPAJLICIBHBIM BKIIFOUEHHUEM WIIM BKIIOYCHHEM 00-
patHOU cBa3bI0). [locnenoBaTenbHbIe KOPPEKTUPYIOMIUE YCTPOUCT-
Ba BKJIFOYAIOTCS B OCHOBHOM KOHTYpP TOTJa, Korja (pyHKIIMOHATbHAS
3aBUCUMOCTb BBIXOJIHOTO CHTHAaja OT BXOJHOT'O BBIPaKEHAa B BUJIC
3aBUCUMOCTH TOKa WIM HampspbkeHus. B 3ToM cimydae mocnemoBa-
TeJIbHBIE KOPPEKTHPYIOIINE YCTPOMCTBA IPOCTO PEATU30BATh B BUIE
RC-nenouek. IlapannensHple KOPPEKTHPYIOLIUE YCTPOMCTBA HC-
MOJIL3YIOT TOTJA, KOrjna TpeOyeTcs MPUMEHUTh CIOXHBIA 3aKOH
YIpaBIeHHs C BBEJIEHHEM MPON3BOIHBIX MU WHTETPAJIOB OT OIIHNO-
k. W, HaKkoHeI], BCTPEYHO-NIapaUIebHBIe KOPPEKTUPYIOIIHE YCT-
poiicTBa MPUMEHSIOT B OCHOBHOM B BHJE MECTHBIX OOPAaTHBIX CBS-
3eil. Hy’)kHO MOHUMATh, 4TO AJIsl TUHEUHBIX CUCTEM CYILIECTBYET JK-
BHUBaJICHTHOCTH BCEX 3THUX BHJIOB KOPPEKTHUPYIOUINX YCTPOMCTB, T.€.

BCEI/la, HANpuUMep, A TOCIEeNOBAaTEFHOIO KOPPEKTHUPYIOIIETO
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YCTPOMCTBa MOXHO TOA00OpaTh SKBHBAJICHTHOE €My TapajlieIbHOS
WU BKJTFOUEHHOE OOPATHOH CBS3BIO0 KOPPEKTUPYIONTHE YCTPOUCTBO.

[Ipu n3ydeHnn maHHOW TEMBI TPEXKIE BCErO HYXHO YOEeIUThCH,
YTO BBEACHHE MOCIEIOBATEIHHOTO WM MapalljIeIbHOTO KOPPEKTH-
PYIOIIEro yCTPOHCTBA MO3BOUT YIYUIINTh THHAMHUYECKHE CBOMCT-
Ba cHCTeMBI. Jlydrie BCero 3To BHAHO MPH PACCMOTPEHHH aMILTH-
TYJTHBIX YACTOTHBIX M ()a30BBIX YACTOTHBIX XapakTepucTuk CAY 1o
¥ TIOCTie BBEJCHUS KOPPEKTHUPYIOMMX yCTpoicTB. Hambomee pac-
MIPOCTPAaHEHHBIM U XOPOIIIO pa3pabOTaHHBIM SBIIETCS METOJ CHHTE-
3a 10 JIOTapU(MHUUECKUM YACTOTHBIM XapaKTEPUCTHKAM. DTOMY

METOJTy HY>KHO YICITUTh HauOOoJIbIllee BHUMAHNUE.
Bonpocwut 015 camonposepku

1. 3amumuTe HA OCHOBAHHWH TEOPEMBI O KOHCYHOM 3Hade-
HUH BBIPKEHUE [T ONPECIICHUS CTATHYESCKOMN OIIMOKH.

2. Kak 3aBucur BenmnunHa ommbOku CAY or obmiero kodd-
(hHUIMeHTa YCUICHUS MIPH Pa3IMYHBIX BO3ICHCTBUAX?

3. Jlaiite ompeneneHUE CTaTUYECKOH M acTaTUYECKOH CHC-
TEMBEI.

4. Kakue CymecTBYIOT CIIOCOOBI YCTPAaHEHHsSI CTaTUYSCKUX
omuooK?

5. KakuMu mokazaTensiMu KadyecTBa MOXHO OXapaKTepH30-
BaTh NIEPEXOAHOH TpOIIecC B cucTeMe?

6. Kak onpenensercst CTeneHb YCTOMYUBOCTH?

7. Kak OMpeACIACTCd CTCIICHD K0JIe0aTeILHOCTH?



24

8. Kakume Bbl 3HaeTe WHTErpajbHBIC KPUTEPUH KadecTBa
CAY? X mOCTOMHCTBA M HEIOCTATKH, 00JIACTH IIpPHMeE-
HEHHS.

9. Tlepeuucnure METOIbI MOBBIMICHHUS TOYHOCTH.

10. YTo Takoe mHBapHaHTHAs cCcTeMa?

11. Ha3oBuTEe OCHOBHBIE METOJBI, ITO3BOJISIOIIME CJEJIATh

CHUCTEMY UHBApUAHTHOM.

4.5 Tema 5. OcobOble NMHeNHbIe cUCTEeMbI

HpI/I HU3y4YCHUUN ,I[aHHOﬁ TEMBbI CJICAYCT, MPCKIAC BCCro, YACHUTD,

KaKHe CUCTEMBI OTHOCSTCS K OCOOBIM JIMHCHHEIM CHCTEMAaM.

Jlyig cucTeM ¢ MepeMEeHHBIMHU MTapaMeTpaMH HYKHO 3HAaTh, KAKUC
Y3 ypaBHEHW, OMKCHIBAIOIIME TAKUE CHUCTEMBI, MOXHO peIlaTh
TOYHBIMH METOJaMH, a JII KaKUX BO3MOXKHO TOJIBKO MPUOIMIKEH-
Hoe perreHrne. Heo6xoanMo 3HaTh, KaK MPOWU3BOANTH MaTeMaTH4e-
CKOE ONMCAaHHE CHCTEM C MEPEeMEHHBIMU TapaMeTpaMH, MpelCTaB-
TATh cebe 0COOEHHOCTH BPEMEHHBIX XapaKTEPHUCTHK W TEepeaaTod-
HBIX (YHKIMH TaKMX CHCTEM M YMETh MOJydaTh 3TO MaTeMaTHye-

CKO€ OIIMcCaHmuc.

JIJis cucTeM ¢ TIOCTOSIHHBIM 3alla3/IbIBAHUEM TPeOYETCs YMEHUE
CTPOUTH BPEMEHHBIC U YAaCTOTHBIC (DYHKIIMU TaKUX CHUCTEM, MOHH-
MaTh OCOOCGHHOCTH ATHX (YHKIMI TO CPaBHEHHIO C OIMHCAHUE
OOBIKHOBEHHBIX cHCTeM 0e3 3amasfasiBaHud. [Ipm ompenenenun yc-

TOWYMBOCTH CHCTEM C 3alla3IbIBAaHUEM HY>XHO IIOHUMAaThb, YTO HaJIH-
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YUe MOCTOSIHHOTO 3ama3/bIBaHus, KaK MPaBUiIO, MPUBOAUT K YXyH-
IIEHUIO YCJIOBUM ycTtoWuuBocTH. MccienoBaHue, Kak yCTOMYMBO-
CTH, TaK U MEPEXOTHBIX MPOILECCOB JJISl CHCTEM C TOCTOSTHHBIM 3a-
Ma3bIBAHUEM OCYIIECTBISIETCS C MPUMEHEHHEM YaCTOTHBIX METO-
JIOB, TI03TOMY TaK Ba)XHO yMEHHE IMONy4aTh U CTPOUTH YaCTOTHBIC
XapaKTePUCTUKHA OTAEIHHBIX 3BEHBEB U CHCTEM B IIEJIOM C YUETOM

3BEHA MMOCTOSHHOTO 3ara3/bIBaHusl.
Bonpocul 01a camonposepku

1. Kakme cucteMbl OTHOCSTCA K OCOOBIM JIMHEHHBIM CHC-
TemMam?

2. Ilepeuncnure METOABI pEIICHUS HECTAIMOHAPHBIX
I QepeHInaNbHBIX YpaBHEHUH.

3. B uem cyTh MeTOza 3aMOPOKEHHBIX KO3()(DUIIHEHTOB?

4. Kak mpumenHsaTh npeoOpazoBanue Jlammaca mis perie-
HUS HECTAMOHAPHBIX AU(GhEpeHITMAIBHBIX ypaBHE-
HUN?

5. Kakoro poaa ypaBHEHHUs C IEPEMEHHBIMU MapaMeTpamMu
MOJIJIEKAT TOYHOMY PEIICHHIO?

6. Kakme 0COOEHHOCTH HMMEIOT CHUCTEMBI C IOCTOSHHBIM
3ama3ibIBaHueM?

7. Hanmmure nmepegaTouHyro GYHKIIMIO 3B€HA TTOCTOSHHO-

T'0 3ar1a3JibIBaHus.
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8. Kak MeHSIOTCS 4acTOTHEIC XapPaKTCPUCTUKU CUCTCMBI C

BBCICHHECM 3BCHA IIOCTOSAHHOI'O 3aHaBZ[I:IBaHI/I$I?

4.6 Tema 6. CAY npu cnyvyamHbIX BO3AENCTBUSAX

JJis MOHUMaHUs 3TON TEeMBI OYCHb BaKHO BCTIOMHUTH OCHOBHBIC
MOHSITUS, ONPE/CIICHUS U TEPMUHBI TCOPHH BEPOSTHOCTH, MaTeMa-
TUYECKOW CTAaTUCTHKU M CIIy4alHBIX TporeccoB. HyXHO siCHO mo-
HUMAaTh, YTO TaKOE CIYYailiHOE COOBITHE, CITy4YaiiHas BEIMYMHA, CITy-
YaifHas (YHKIWsI, CIIy9alHBIA TIPOIIECC M OCHOBHBIC CTATUCTHYE-
CKHE XapaKTePUCTHUKHU BCEX BBIMICTICPEYHCICHHBIX KaTET OPHIA.

BBuny CIOXXHOCTH WCCIENOBaHHWN MPU M3YYCHHH CTATUCTHYE-
ckoit guHamMuku CAY OrpaHHYMBAIOTCS CTAIIMOHAPHBIMUA M 3PTOIH-
YeCKUMH TIPOLIECCaMH. JProAndecKuM Ha3bIBAIOT MPOIECC, Y KOTO-
pOTo yCpeAHEeHHE MO peajHu3aliH COBMANAeT C yCPEAHEHHUEM II0
BPEMEHH, YTO CYIIECTBEHHO OO0JIETJaeT IMPOIecC aHalu3a MPOXOXK-
JICHUSI CIIy4allHOT'O CUTHAJIa Yepe3 JTMHEUHbIE U HeJIMHEWHBIE 1IeTIH.

Becbma BakHBIM SIBISIETCS BOIPOCHI OMPEENCHUS ONTHMAlIb-
HBIX TapaMETPOB M ONTUMAIBHBIX MEPENaTOYHBIX (YHKIUH MpH
CTaTHCTUYECKUX KPUTEPHUSIX onTuManbHOCTH. [Ipu BBIBOZIE ypaBHe-
Hus Bunepa-Xomnda v npu ero peieHHr HEeoOXOAMMO OOpaTHTh
0c000¢ BHUMaHHUE Ha (PU3UYCCKYIO Pealln3yeMOCTh (BO3MOXKHOCTH)

nonyqaeMoﬁ IIpu 3TOM CUCTCMBI.

Bonpocut 012 camonposepku

1. Yto Takoe MaTeEMaTHUYECKOE OXXHUmaHue?
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2. JlaiiTe ompeneneHue HAa4YaJbHOTO M LEHTPAIBLHOIO MO-
MEHTa k-TO TIOPsIKA.

3. Yro Takoe KOppeAHOHHAsS (QYHKIHUSI U €€ (Pu3udecKui
CMBICT?

4. Yro Takoe uHTErpanbHas u auddepeHnuaibaas GyHKIUSL
pacmpenencHus?

5. Uro Takoe CHeKTpalibHas IUNIOTHOCTh U KaK OHA CBS3aHA C
KOPPEIAIINOHHON (pyHKIHEH?

6. 3amuImuTe COOTHOIICHHE, CBS3BIBAIOIICE CIIEKTPAIHHYIO
TUIOTHOCTh CUTHAJa Ha BBIXOJE€ W HA BXOJE JIMHEHHOTO
3BEHA C 3aJaHHOW NepeIaTOYHON QyHKUIHUEH.

7. Uto mo3BOJSET ONpenesiTh pelieHue ypaBHeHus Bune-
pa-Xomnda?

8. B uem coctouT ycnoBue (QHU3MUYECKOH peamn3yeMOCTH

(BO3MOXKHOCTH) BECOBOW (PYHKIIH CUCTEMBI?
4.7 Tema 7. HenuHenHble CAY

HpI/I HCCICOOBAaHNHA HEIIMHEHHBIX CUCTEM HYXHO IMOHUMATb, YTO
BCC pPCAJIbHBIC CUCTCMBI SIBJIAIOTCA HCHHHeﬁHBIMH, HO B HCKOTOPBIX
cirydadax HEIIMHCHHBIC YpPaBHCHUSA MOKHO HpI/I6J'II/I)K€HHO 3aMCHHUTD
Ha JTUHCHHBIC (Tquee, J'II/IHCapI/IBOBaHHBIe). TaM, 1€ TakKas 3aMCHa
HEBO3MOKHA U MOSABIISIIOTCS COOCTBEHHO HEIMHEHHEIC CHCTEMEL.

HOBCZ[CHI/IC HEIIMHEHHBIX CHCTEM B JNUHAMHKEC UMECT 0COOEHHO-
CTHU, HC HpHUCYHIUC JIMHEHHBIM cHUCTeMaM. HelnmHeHHBIE CHUCTEMBI

MOTYT OBITh YCTOMYUBBIMH NPH MaJbIX OTKIOHEHUsX ("B Manom") u
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HEYCTOHYMBBIMU NPH OONBIIUX OTKIOHEHMsX ("B OonpmioMm") wiu
Hao0OpoT. B HENMHEWHBIX CHCTEMax MOXKET BO3HHUKHYTH PEXHM
He3aTyxarommx KoyeOanuii (aBTokoieOaHus), OOYCIOBICHHBIN
BHYTPCHHHMH CBOWCTBaMH CHUCTEMBI. T.0., ecnu peub UOET 00 yc-
TOMYMBOCTH, TO MPUMEHUTENBHO K HEIMHEHHBIM CHCTEMaM CIIETYIO
TFOBOPHUTh HE 00 YCTOHYMBOCTH BOOOIIE, a 00 YCTOMYHMBOCTH OT-
JENBHBIX PEKUMOB pabOThI TaKuX cucTeM. lIpu n3ydeHun ycrodu-
BOCTH ClleZlyeT oOpaTuTh BHIMaHUE Ha ONPE/IeTIeHHE YCTOHIUBOCTH
no JIsmyHoBYy.

HccnenoBanne NUHAMHYECKHX PEXKUMOB HenuHEHHBIX CAY
CBSA3aHO CO 3HAUUTEIBbHBIMH MAaTEMATHUYECKUMH TPYIHOCTSIMH, TaK
KaK He CYLIECTBYET €JMHOTO0 METOJa pEIICHHs HEeTMHEHHBIX AuQ-
(epeHIMANBHBIX ypaBHeHWH. [IpemmaraemMple K M3y4CHHIO B JTOM
TeME€ METOJAbl TaKXe MNpPETHA3HAUYCHBI ISl aHaliu3a KOHKPETHBIX
Kj1accoB HelMMHENHBIX CAY U penieHus onpeaenéHHoro Kpyra 3ajad.

Jns uccnenoBanusa AuHAMHUKU HenuHeHHbIX CAY BTOpOro mo-
psinka mpuMeHsieTcs MeTo $a3oBoil miockocTu. B pesynbraTe usy-
YEeHHUS ATOTO METO/1a HEe0OXOIMMO YSICHUTH HOHATHE (Pa3oBOrO Mpo-
cTpancTBa M ()a30BOM IJIOCKOCTH, YMETh IO MAaTeMaTHUYECKOMY
OMHCAaHUIO CHUCTEMbl HAaXOIUTHh ypaBHEHHUS (a30BBIX TPACKTOPHIA,
JUHAN TIEPEKITIOUCHHUs, CTPOUTH (Pa30BbIH MOPTPET, BBISIBISATH OCO-
Oble TOYKH B 0COObIe TPAeKTOPWH, OLIEHWBAThH MO0 HEMY JUHAMHKY
CHUCTEMBI, a MPH HAIWYUHN aBTOKOJEOAHWH YMEThb OIpenemsaTh HX

rapaMeTphl (4acTOTy U aMIUTUTYY).



29

[Ipu uccrnenoBaHUM yCTOMYMBOCTH HY)KHO 3HATh W TIOHUMATH
BTOpOH (mpsiMoit) metox JlsmyHosa. [lepen n3ydeHneM 3TOro METO-
Jla ciexyeT BCIOMHHUTB, YTO NMOHUMAETCS IO 3HAKOMOCTOSHHOM,
3HAKOIIEPEMEHHOM, 3HAKOOIPEACICHHON (GYHKIMEH M METOIUKY
npecTaBieHus MU QGepeHInaILHOT0 YPaBHEHUSI CHUCTEMbI B HOP-
MajbHOH (opMme. M3ydast 3TOT MaTepuall, CTYIACHT OOJIKEH oOpa-
THTHh BHUMaHUE Ha BBIOOp (yHKIMH JIsmyHOBa, HA (GOPMYITHPOBKY
YCIIOBUMA YCTOMYMBOCTH W HEYCTOWYMBOCTH OTACJBHBIX PEKHUMOB
pabOThI HETMHEHHBIX CHCTEM.

Jia uccrnenoBaHrs AMHAMUKHA HENWHEHHBIX CHCTEM BBIIIE BTO-
poro mopsAKa IIUPOKO HCIONB3YeTCs METOJ] T'apMOHUYECKOW Oa-
naHca. [Ipu u3yueHun 3Toro MeToa CTYACHT JOJDKCH IMOHATh YCIIO-
BUS IPUMEHUMOCTH MeTo/a (TUIoTe3a GUIbTpa), CyIHOCTh rapMo-
HUYECKOW JMHEeapHU3alliy, CPABHUTH €€ ¢ JTUHeapu3alueil mpu pas-
JoxkeHuu B psn Teitnopa, yMeTh HaXOAUTh KOA((UITUSHTHI TapMO-
HUYECKOW JIMHEeapu3aluu Ui JII0ObIX HenuHeHocteld. HeoOxomu-
MO 00paTUTh BHUMAaHKE HA TO, YTO TOCJIC TAPMOHHUYCSCKON JIMHEApH-
3alli¥ ypaBHEHUE HEIMHEHHOTO 3BEHA COXPAHSET JMHEHHBIC CBOH-
ctBa. OCHOBHBIM 3TaIllOM METOJa TAPMOHUYECKOT0 OaaHca SBIISET-
Csl ompeneleHHe aBTOKONeOaHWH M WX ycToumBocTH. CTyIEeHTY
HE00XO0MMO YCBOUTH METOJUKY OIPEIEICHUsT aBTOKOJIeOaHNN U UX
ycroitunBocTH 1o ['omsadap0y.

Ecmu peur maer 06 abCONOTHOW YCTOMYMBOCTH HETMHEHHBIX
cucteM (YCTOMYMBOCTH IUISI OMNpPEAENEHHOTO Kjlacca HEIWHEHHO-

cTeit), To B 3TOM ciiydae mpumensiercs kpurepuii B.M.Ilomoga.
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CryneHTy HeOOXOAMMO M3Y4YUTh STOT YaCTOTHBIH KPUTCPUH, YMETh
M0 AHAIUTHYECKOMY BBIPRKECHUIO WM TI0 UX rpadUvecKoil MHTep-
MpPEeTalny ONPEAeNATh a0COTIOTHYIO YCTOMYMBOCTD CHCTEMBI, 3HATH
YCIIOBUS MPUMEHHUMOCTH 3TOTO KPUTEPHSI.

IIpu U3ydyeHU CTaTUCTUUECKON JMHAMUKN HETMHEUHBIX CUCTEM
B2XHO YMETh HAXOJIUTh MOMEHTHI paclpeeNieHHil CIIy4aifHOTO CHT-
HaJlla, MIPOIIEIIET0 Yepe3 HeJIMHEMHOE 3BeHO. B CIOXKHBIX Ciiydasix
He0OXOJMMO MPHUMEHATh METOJ| CTATUCTHYECKOH IJIMHeapu3alny.
[Ipu mprMeHeHNH 3TOT0 METOAa HYXKHO YACHUTH cede CyTh MeToAa
CTaTHCTUYECKON JHMHEApHU3alud, €ro NPHUHIUIHAIBHYI0 MPUOIH-
KEHHOCTh W T€ YCJIOBUS (OTpaHHYEHUS), B KOTOPBIX BO3MOXKHO
MPUMEHEHUE 3TOro Meroaa. HeoOXoaumMo moHUMaTh, Kakue Cyie-
CTBYIOT KPUTEPUU SKBUBAJICHTHOCTHU MPU 3aMEHE HETMHEHHOTO 3Ba-

Ha Ha JIMHEApU30BAHHOE B CTATUCTHUECKOM CMBICIIE.
Bonpocut 0152 camonposepku

1. Kakwe TpyIHOCTH BO3HUKAIOT MPU aHATU3E HEITHMHCHHBIX
cuctem?

2. Yto moHHMMaeTCcA MOJ YCTOMUMBOCTHIO HEIMHEUHBIX CHC-
TEM «B MAJIOM» U «B OOIBIIIOM»?

3. Kakwue meTonpl aHaNM3a HEIUHEHHBIX CUCTEM OTHOCSTCS
K TOYHBIM?; K IPUOIIKECHHBIM?

4. Uro Takoe ¢a3oBOe MPOCTPAHCTBO U (Pa30Bast MIIOCKOCTH?

5. Kakue ocoObie TOUKH 1 0cOOBIe TpackTopuu Brl 3HaeTe?

6. Kak HaliTu ypaBHEHUs TMHUHN NEpEKITI0YeHNA?
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7. B d4em cyTb rapMOHMYECKON JIMHEAPU3ALIH?

8. llpm xakuWx yCIOBUSX MOXKHO MPHUMEHSATH METOJ TapMo-
HUYecKoro 6ananca?

9. Kakumu cBolicTBaMHu JO/DKHA 00janath GyHkuus Jlsmy-
HOBa?

10. Iloscaute cyTh MpsiMOTO MeToaa JIsmyHOBa (BTOPOTO Me-
TOZQ).

11. OnumuTe METOMWKY MCCICIOBAaHUS aBTOKOJIICOAHWUN B
metoae [onpadapoa.

12. Yto mormMaeTcs o1 abCOMIOTHON YCTOWYNBOCTHIO?

13. IlpuBenute ¢GopmynupoBky kpurepus B.M.[lomoa u
YKaKuTe 001aCTh €ro NPUMEHEHHSI.

14. Yem MBI npeHeOperaeM Mpu CTaTHCTUUECKON JIMHeapHu3a-
[IMY HEJIWHEHHOCTEH?

15. Kakue cyniecTBylOT KpUTEpUU SKBUBAICHTHOCTH NPH 3a-
MEHE HENMHEHHOro 3BeHa JIMHEWHBIM B METOAE CTaTH-

CTUYECKOH TuHeapu3anuu?
4.8 Tema 8. OnTumanbHble U aganTuBHbie CAY

Ycnex moHUMaHus ATOH TeMy CBS3aH C TEM, HACKOJIBKO XOPOIIIO
CTYJCHT YCBOWI TEMYy BEKTOPHO-MaTPUYHBIX YPAaBHCHUI B YaCTHBIX
MPOU3BOAHBIX M3 Kypca «MareMaTH4ecKHe OCHOBBI TEOPHH CHC-
Tem» [6].

[Ipu m3ydeHnUU 3TOU TEeMBbI OYEHb BAXKHO MOHATH CaMy CYTh —

YTO TAKO€ OIITHMaJIbHasA CHUCTEMaA. Hy)KHO SICHO MPCACTABIIATH ce6e,
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YTO, YHNOTpeOJisisi CIOBOCOUETAHUE «ONTHUMANbHAS CHCTEMa», MBI
JOJDKHBI 337]aTh KPUTEPHHA ONTHMAJIBHOCTH B TOM WJIM MHOM BHUJE.
[locraHoBKa 3aa4vl CHHTE3a ONTHUMAJIBFHOW CHCTEMBI HCTOPHUYECKH
MPOM30IIIa U3 KJIACCHYECKOTO BapHAIMOHHOTO HcuucieHus. llo-
3TOMY TaK Ba)KHO SICHO MPEACTaBIATH ceOe MOCTAaHOBKY OCHOBHOM
3aJla4¥ BapUAI[IOHHOTO FICYUCIICHUH U THIIOBBIE 33/1a4H, pelIaeMble
B KJIACCMYECKOM BapHAIlMOHHOM HCYHCIeHWH: 3anava Jlarpamxa,
3agavya Maiiepa, 3ajaua bombua.

[Mpu n3yuenun npuHIMa MakcuMyMma [loHTpsTHHA HEOOXOIH-
MO TIPEJCTaBIATh, YTO M CaM IPUHITUI U yPaBHEHMUS, TOTyJaloIne-
csl B pe3yJIbTaTe, BRITEKAIOT U3 001l MOCTaHOBKY 33/1a4H MUHUMH-
3anun. HeoOxoanMo 4eTko mpeacTaBisTh cebe Pu3ndecKuil CMbICT
¢ysakmmit [Tortpsruna u ['aMunbTOHA M CBSA3h MEXKIy HUMHU, a TaK-
e CyTh ypaBHEeHUH ["aMmiIpTOHA.

[Ipu paccMOTpeHNN TMHAMHYECKOTO MPOrpaMMHUpoBaHus ben-
MaHa Ba)XHO MOHATH CaM MPUHIIMII ONTUMAJIBHOCTH, a TaKXe TE MO~
CBIJIKH, M3 KOTOPBIX M BBIBOAWUTCA ypaBHeHMH bemmMana. HyxHo
MOHUMATh CBSI3b ATUX YpPaBHEHUH C ypaBHEHMsIMH [ aMuIbTOHa-
SAxo6wu.

Pemenwne 3ama4 onTUMHA3auy HE BCETa CBSI3aHO C M3MEHEHUEM
MapaMeTpoB CHUCTEM; B OTPEACIECHHBIX CIydasx dpeKTUBHEE MO-
T Ha W3MEHEHHWE CTPYKTYPHI CUCTEMBI 3apaHee HEeMpeiCcKa3yeMbIM
obpaszom. [lpn m3ydeHHH CHUCTEM C TEPEMEHHON CTPYKTYpOH 3TO
HY)KHO SICHO cebe mpencTaBisaTh. HemanoBakHOe 3HAYEHHE MPH

5TOM UMEIOT 0COOCHHOCTH JUHaMHKHU TaKHUX CHUCTCM.
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Bonpocul 0na camonposepku

UTto Takoe onTUMalbHasa cucteMa’?

HazoBuTe HECKOIBKO KPUTEPUEB ONITUMAIIEHOCTH.
[lepeuncnure METOABI UCCIIEIOBAHHUS ONITUMAIBHBIX CHC-
TEM.

HazoBute u chopMmynupyiTe THIHYHBIC 3aJa4Yd KIACCH-
YECKOT0 BaAPUAIIMOHHOTO UCUHCIICHHUS.

s gero BBOAST MHOKHUTENN Jlarpamka?
Chopmymupyiite npuHIMn MakcuMmyMa [ToHTpsTHHA.
Wznoxure Gpusndeckuit cMbIca GyHKIUU ["aMUIbTOHA.

B uem cocTouT NpUHIUI ONTHUMAaIHHOCTH?
Chopmymupyiite 0000mEHHYIO 3a7ady ONTHMAIBHOTO

YIpaBICHHS.

.B uyem cmBICT AAHAMHUYCCKOr0 IMporpaMMUupOBaHUA

bennmana?
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5 TMPAKTUYECKHUE 3AHATUA

HpaKTI/I‘-IeCI(I/IC 3aHATHUA COCTOAT B PCIICHUM 3ajad 110
OTACIBHBIM TEMaM KypcCa. MoxxHO Bce 3aavu pasaCIIMTbL Ha Pij

TEM:

—

. MaremaTnueckoe OIMCaHKE 3BEHBEB U CUCTEM.

. CTpyKTYpHBIi aHanu3.

. YCTOMYMBOCTD JIMHEHHBIX CHCTEM

. KauectBo perynupoBaHusi.

. DJIEMCHTBI CMHTE3a JIUHECHHBIX CUCTEM.

. JIuneliHple cUCTEMEI C IEPEMEHHBIMU MapaMeTpamMu.
. JIuHEHHBIC CUCTEMEI C ITIOCTOSIHHEIM 3aIia3IbIBaHHCM.

. AHanmM3 yCTOMYMBOCTU HEIMHEUHBIX CUCTEM.

O 0 9 O »n bk~ W

. CTaTucTHUecKas TMHAMHMKA JIMHCHHBIX CHCTEM.

10. CraTucTHueckas JUHAMHKA HEIMHEHHBIX CHCTEM.

11. OnTuManbHbIE CHCTEMBI K METOBI UX MCCICIOBAHMUS.
3agaun, peKOMEHIOBaHHBIC K PEIICHHI0, OepyTcs u3 cOOpHUKA

3amadq [4].
5.1 MaTtemaTuyeckoe onucaHme 3BeHbLeB U CUCTEM

Krnaccudeckoe onucanue JTUHEWHBIX CUCTEM — 3TO OOBIKHOBEH-
Hoe JMHelHoe nuddepeHIuanbHoe YpaBHEHHE 1-TO TOPSAKA HITH
nepeatouHas GyHKINS, ONHO3HAYHO CBsA3aHHas ¢ auddepeHim-
IbHBIM ypaBHeHUeM. CTyJIEHTHI IOJDKHBI YSICHHUTB, YTO MEpeaaToy-

Has (DYyHKIHUS 3BeHA (CUCTEMBI) MOYKHO TOJyYUTh (JOPMAaBHBIM pe-
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meHneM TUuQGEpPEeHIMANTEHOTO YPaBHEHHUS OTHOCUTEIBLHO BBIXOJA
TIpH 3aMeHe oreparopa auddepeHInpoBanms OyKBOH s.

Ecam 0603Ha4nTh BBIXOI 3BeHA (CHCTEMBI) depe3 )(f), a BXOI —
gepe3 r(¢), To B 00mmeM Bujae JIMHeHHOEe nuddepeHInanbHOe ypaB-

HEHHE /1-TO MOPSIIKA BBIMTISINT CICTYIOMIIM 00pa3oM:
ay™ +ap™ + ... +ay=bg™ +b, "V + ..+ b,r

Beens o6o3HaueHue omepatopa Au(QEpeHIIUPOBAHHS, 3TO

ypaBHEHHE MOKHO MPEICTABUTH KaK:
aps"y +...tay=by"r +..+b,r

dopManbHO pa3pelB TOCIEAHEe YpPaBHEHHE OTHOCHUTEIHHO

y(f), momyaum:

bys™ +...+b
zy.rzw(s).n
aps” +..+a,

Onepatop W(s) o BUay MOJTHOCTHIO COBIAIACT C MEPEAATOUYHOM
(yHKITHEH, KOTOpast TIO0 OIPEICICHUIO0 €CTh OTHOIIICHUE MTPeo0pa3o-
BaHus Jlamnaca BBIXOJHOTO CHTHana K mpeoOpa3oBanuto Jlammaca
BXOJTHOTO CHUTHAJIa MPH HYJICBBIX HAYaJIbHBIX YCIOBHUSIX.

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

MOYKHO JTH00 BPEMCHHBIMU, 00 YaCTOTHBIMU XapaKTCpUCTUKaAMHU.



36

K BpeMeHHBIM XapaKTepHCTHKaM OTHOCSTCS MepexoaHasi Xapak-
TepucTUka (rpaduueckoe H300paKEHHE MEPEXOAHON (DYHKIIUH) U
HMITYJIbCHAs TIepeXoaHas (MIM BECOBas) XapakTepucTHka (rpaduye-
CKOE M300paKeHHE MMITYJIbCHOM MEePEeXOAHON Wi BeCOBOH (yHK-
nun). Tlepexomnast GyHKITHS — 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 MANbBIA MO JIUTEIHHOCTH WM-
nyiabc. MaTeMaTHyeckne 0003HAYCHHUS BCEX MEPEUHCICHHBIX QYHK-
UK ClIeTyIOIIHeE:

h(?) — mepexoaHas GyHKUUS,

w(f) — BecoBas (pyHKLUS,

1(¢) — enuHMYHAs cTyneHYaTast QyHKUIUS,

o(f) — nenpTa-QYHKIMS WIK UACATbHAS UMITYJIbCHAS (QYHKIIHS.

CBs13b BpeMEHHBIX (QYHKIUH MEXIy co00il BbIpakacTcs COOT-

HOIIICHUEM!

CBs13b BpeMeHHBIX (YHKIMH ¢ AuddepeHIualbHbIM YPpaBHEHHU-
€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. Mcmons3ys cBoiicTBa mpeobpa3zoBaHus
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Harmaca, MOXXHO MPEAJIOKUTH ,Z[perﬁ BapHUaHT OIIPCACIICHUSA BpC-

MEHHBIX (DYHKITHI. YUYuThIBas, 4TO MpeoOpazoBanme Jlammaca ot
N N 1 N
SIMHUYHON CTyIeH4YaTol (QYHKIUH PaBHO —, CBA3b MEPEXOIHOU U
s

nepenaTouHor (GyHKUIuH ompezenseTcs mpeodpaszoBanueM Kapco-

Ha-XeBHcala:

[IpeobpazoBanne Jlamaca ot O-GpyHKIIMA paBHO SAWHHIIE, ITO-
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 3TOr0 COOTHOIIGHHUS 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 JCHCTBUTENBHOWM) YaCTOTHON TNepeNaTOuHON
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 (IepBOTO 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 mepenaToyHol (YHKLUUH, PEIIUB ypaBHEHHE (op-
MaJIbHO OTHOCUTEJILHO BBIXOJIHON BETUUUHBI:

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 (YHKIIMH HAWTH W JPYTHMM 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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JIOBUsSI — HyJEBBbIC. BBIX00M B 3TOM ciiy4ae OyJeT mepexomHas
¢dyukius A(f). Kak usBectHo, perienue nuddepeHInaIbHOro ypas-
HEHHUS COCTOWT M3 CyMMBI OOIIIETO PEMICHUS OJHOPOTHOTO Audde-
PEHIIMAILHOTO YPAaBHEHUS, COOTBETCTBYIONIETO JJAHHOMY, H YaCTHO-
TO PEelIeHUs] HeOTHOPOAHOTO ypaBHEeHHUs. 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 ypaBHeHNE, HAXOANMM CIUHCTBEHHBINH KOPCHD

XapaKTCPUCTUYCCKOI'O YPAaBHCHUS .
S1= _0, 4.

[Mocie aToro 3amuceiBacM 00IIee PEelICHHE OHOPOTHOTO YpaB-
HEHHS:

syt —0,4¢

yo(t)zcl-e =c e

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

CTOJIb IPOCTOM IpaBOM YacTH HCXOAHOro AuddepeHIraIbLHOro
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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 MPOU3BOIHYIO 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 MOJY4YCHHOTI'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 pa3MEepHOCTh Ib (meruoensl) u
[IOKa3bIBACT W3MEHEHUE OTHOIIEHHS 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/ KBaIPpAaTHBIM 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 BENUUUHY 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 TOYKE C YaCTOTOM
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Awmmuintyano-azouactotHas pynknusa (ADPUX) — sto rpaduk
3aBUCHMOCTH YacCTOTHOH MEpeAaTOYHON (YHKIMH OT 4acTOTHI, IO-
CTPOCHHBIN B KOMIUIEKCHOH IIOCKOCTH, T.€. 9TO IapaMeTpHdecKast
3aBHCHMOCTh BEIIECTBEHHOW M MHUMOMW 4YacCTH 4aCTOTHOM Iepena-
TOYHOW (PYHKIMU OT 4acTOTHI. YTOOBI MOIYYUTH 3Ty 3aBUCHMOCTb,

MPEJICTaBUM YaCTOTHYIO NIEpEIaTOYHYIO (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-
JICHUEM TepeaTOuHON (YHKIIUM CUCTEMBI B IIETIOM IO 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,

— IepeMeHa MeCTaMu CyMMaTopa | y3Ja,

— 3aMeHa IPSMOM CBA3H Ha OOPaTHYIO,

— 3aMeHa OOpaTHOM CBS3HM HA CIUHUIHYIO OOPATHYIO CBSI3b,

— mepeMeHa MecTaMi CyMMaTOpPOB,

— IepeMeHa MECTaMu Y3JI0B.

Kpome aToro BechbMa S(MQMEKTHBHBIM 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 MEXKAY 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 OOIIUE 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 3ama4 mo 370 TeMe NpeAnoaaracT 3HaHue CTYAECHTOM
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 mneodX00uM020 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 HeycToOUMBa, TIOTOMY YTO HE BBITIOJNHSETCS HEOOXO-
TUMBIN KPUTEPHH yCTOMIMBOCTH: KOA((DHUIIMEHTHI XapaKTepHCTHYE-

CKOTO YPaBHEHHS UMEIOT pa3HbIe 3HAKH.

Ilpumep 3. Ilpumenenue HeoOX00UMO20 anzedpauieckKozo
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 KOAPPHUIMEHTOB XapaKTEPUCTUICCKOTO
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 QYHKIMS 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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CocrasnseM Matpuily K03 pUmeHToB:

12 1 0
8 5
0 12

Kpurepuit Payca-I'ypsuiia Tpedyet, 9ToOBI BCe TIIaBHBIE MUHO-
pBI OBUTH OBl TTOJIOKUTEBHBI MIPH TOJOXHUTEIBHOM K03 duinenre
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 Ppa30MKHYTOM COCTOSIHUM yCTOWYMBA.
[IpumenuMm kputepuil ['ypBuna it onpeleneHus ycTOH4HBO-
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 XapaKTEPUCTHISCKOTO YPaBHCHHUS:

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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CormacHo KPUTCPUIO MI/IXS.f/’IJ'IOBa, HY>XXHO IIOACTAaBUTbL B 3TOT

XapaKTePUCTUUCCKUI MTOJTUHOM § = 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 mepenatodHyro (yHKITUIO Pa3OMKHYTOW CHCTEMBI W3

npumepa 6:

2

Wis)= 3 3 .
557 +12s° +5s+1
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OnpenenuM yCTOMYUBOCTh 3aMKHYTOM cuCTEeMBI. [locKonbKy
pa30MKHYTasi CUCTEMA YCTONYMBA, TO JI1 YCTOMYMBOCTH 3aMKHYTOM

cUCTeMBbI 10 KpuTepuio HaiikBucra TpeOyetcs, uyToObl romorpad

ADUX pa3oMKHYTOH CHCTEMBI He 0Xx6amulgan 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
A®YX c nomousto, Hanpumep, naketa 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-
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BOoll MuxaiinoBa yepe3 Hauano koopauHar. J{ns kpurepus Haiiksu-
CTa — 3TO NMpoxoxaeHue kpuBoil APYX 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 CUCTCMBI:
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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 npuMeHsTh sl ompeieNieHus] KPUTHISCKOTO KO3 duIu-
€HTa YCUJICHMsI KpuTepuid MuxailnioBa, TO B KOHEUHOM MTOTE MbI
MIPHUJIEM K TOMY )K€ BBIpakeHUI0. JlefiCTBUTENbHO, 3aMEHsIs, COTJac-
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
TPYJIHOCTEH 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:
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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 YCTOMYUBOCTH JOKHA MMPOXOIUTH Ue-

pe3 TOUKy (—1, jO) , T.€. TOJDKHBI BBITTOJHATHCS 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, HAMIEM 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.
TouHOEe MOCTpOEHHE MEPEXOJTHOTO Mpoliecca 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

YCTOWMYMBOCTH, 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, 9To CTENEHb YCTOMUNBOCTH paBHa 1, a BpeMs

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

OcHOBHBIM TIOKa3aTeneM KadecTBa pabotrel CAY sBnsercs eé
TOYHOCTbH (IUHaMu4eckas omnoka). Kputepusimu TouHOCTH ciayXat
OmMOKK 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 cXxema CHCTEMBI NPUBEIEHA Ha pPHC.

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 PABOThHI
6.1 OnucaHue n paboTa KoMnJiekca

6.1.1 Hasuauenue

Kommieke PeansHO-BUpTyanmsHO# nabopatopuu mo TAY (PBJI
TAY) mpenna3HadeH I BHITIOJHEHHS JTa0OpaTOpPHBIX paboT IIo
TAY ¢ moMomp0 KOMIBIOTEPHBIX U3MEPUTEILHBIX PUOOPOB. Mo-
JKET WCIOJB30BAThCS JUIsI 0OYYEHHUS! CTYJIEHTOB TEXHHUYECKUX CIie-

nuansHocTel B BY3ax u CCY3ax.
6.1.2 TexHuUYecKHEe XapaKTEPHUCTUKHU

Kommuieke mo3BossieT neroib30BaTh ABYXKaHAIBHBIA OCIHILIO-
rpad, reHepaTop CHHYCOMIAILHOTO HANPSDKEHUS U IPSIMOYTOJILHBIX
HMMITYJIECOB.

Ocumworpad:

KomnunuecTBo kxaHaaoB — 2;

Yactora auckperu3aruu — 33Kr;

Jramna3zon uaMepeHuit mo HanpsiKEHuro - -5..+5B.

Pazpsimrocts — 10 6ur.

I'enepatop:

Huanazon no yactote 0..5 KI'g
Jlnana3oH o HanpsHKEHHIo -5..+58
TpeGoBaHus K KOMIILIOTEPY:

Hannuue csodonuoro PCI cinora
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[poneccop Pentium 400 u BeImIe
Buneoanantep momnepskuBaromuii paspemenue 1024*768

OmnepaTtuBHas mamsaTs 64M6
6.1.3 CocTaB KOoMIJeKca

B cocTaB uznenvist BKIIFOUEHBI:
Maker;
[Ineiid coenMHUTENBHBIIN;
Kontpomnep PCI;
JlaHHO€ PyKOBOJICTBO;
Komnaxkr-muck ¢ mporpaMMHBIM 00ecTiedeHrEM;
[Ipoomunku coequauTenbhble (10 mMTYK).

[Tepembruku (5 mTYK)
6.1.4 VYcranoBka

Ycemanoexa komnnexca

Bremrnawmii Bu KOHTpoJUIepa npuBeaéH Ha puc. 6.1.1

Jlst ycTaHOBKH KOHTpoIutepa HeoOxomuM cBobomubit PCI cior.
Brixmrounte KoMIbIOTEp, BCTaBhTe KOHTpOJIep B cBoOomubIi PCI
cnoT. [ToaKIIoUnTe COeTUHUTEIBHBIN IIIeiH( 25-KOHTAKTHBIM Pa3b-
€MOM K KOHTpoOJUIepy, a 4 pazbeMaMH THIIA TIOJBIIAH K MakeTy IO
ciemyromieli cxeme (ciaeBa Hampapo): YEPHBIN, KENTBIA, OCIBIH,

KpacHbIH (puc. 6.1.2).



Puc. 6.1.2
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Brrounte kommetorep, 3arpy3ure Windows. OmeparmoHHast
CHUCTEMa OMPEICTUT HaJM4Me 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 IPOWHCTAIUIMPOBAThL 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

[Tocne »TOro BaM OyJeT MPEAJIOKEHO CO31aTh SAPIBIK HA J1abo-
PaTOPHIO B IIIABHOM MEHIO.

Jyig 3amycka maHend mpuOopoB HEOOXOIUMO BhIOPATH 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 miaTta €
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 IPO-
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 MOHTazKa dJIe-

MEHTOB 0€3 MaiiKu W COCTOMUT U3 OOJIBIIOTO KOJIHYECTBA OTBEPCTHUI
COCMHEHHBIX B Y3IbI (5 TOPU3OHTAIBHBIX OTBEPCTHA 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 4aCTh 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 IeHEpaTopaMu
W ypoBHeM cuHXpoHu3armu. Ha puc. 6.1.10 nannbeie obnactu mo-

NMCHOBAHBI:
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Teopun ABTOMATHYECKOro ¥NDaBAEHHA

~Kananl

s0

25<6'>75

o 100

o ey KaHany -

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 MaHeTH MPOM3BOJUTCS 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. O0nacTe pa3MeyeHa CETKOW, KaJas U3 JMHUM CETKU Ipo-

MapKHUpOBaHa BCJ'II/ILII/IHOI\/'I, TOPU3OHTAJIbHBIC — HAIIPAKCHHUCM, BCP-
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TUKaJIbHBIC — BpEMEHEM OTHOCHTEJIbHO Havana Kaapa. [lomumo 3T0-
IO, B JJAHHOM OKHE PacIlOJIOKEHbI BUBUPHBIE METKHU (BEepTUKAJIbHbIE
Y TOPU30HTAIBHBIC) Ul yJOOHOTO ONpEeeTeHUs] 3HAYeHHH pa3HO-
CTH TIOTEHIIMAJIOB M MPOMEXYTKOB BpeMeHHU. JIsi Toro 4ro0Obl MX
UCIIOJIb30BaTh, JOCTATOYHO IOJBECTH KypCcOp MBIIM K BHU3HPHOU
METKE U MepeTanuTh e€ Ha Hy)kHoe MecTo. Ha puc. 6.1.11 moka3za-
HBl BO3MOXXHOCTH OIIPE/IEIECHUS C TIOMOLIBIO BU3UPHBIX 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, ¥ er0 CHHXpOHHW3anuei. s cMemenus mpemrycMoT-
PEH perynarop, a Juis TUIA CHHXPOHHU3AINY BBHIMAJAIONIAN CIIHCOK.
B cMeniennn yka3biBaeTCs MPOICHTHAS BEIMYWHA M3MCHCHUS CMe-
uieHusi, 0 COOTBETCTBYET MUHUMAIILHOMY cMelieHuto, a 100 makcu-
MaJbHOMY.

Tunel CHHXPOHU3AIUH:

— 0e3 CHHXPOHHW3AIINH;

— CHHXPOHHU3AIIKS TI0 TIEPBOMY KaHaIy;

— CHUHXPOHHU3AIUS TI0 BTOPOMY KaHaly;

— CHHXPOHHU3AUsA IO ()POHTY UMITYJIBCHOTO TeHEpaTopa.

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

TOpa, TCM CaMbIM YBCJINYMB pblUar YIpPaBJICHUA PETYIIATOPOM.

Ynpasnenue cenepamopamu
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B nabopatopun no TAY npenycMoTpeHBI JBa TeHepaTopa — CH-
HYCOMJAJIbHBI U HUMIYIbCHBIH. ONHOBPEMEHHO MOXKET paldoTaTh
TOJIBKO OJIMH THUII F€HEpaTopa.

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

VrpaieHue UMITyIbCHOTO TeHEpaTopa BKIIOYACT B ceOsl KHOII-

Ky TIUTaHUs, PEryJISITOPHI IEPHoJa U JJINTEIbHOCTA UMITYJIbCOB.

Sin reuepaTup lﬂmnvnbcublﬁ reHepaTop
15EIIII 4-IIIIIIIII 4000
1000 2000
0o ooo
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 JlabopaTopHas pa6oTta Ne1. TunoBbie 3BEHbA 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, mpuMeHsemple B CAY, moryr
HMMETh CaMO€ Pa3HOE KOHCTPYKTUBHOE UCIIOHEHUE U MPUHLIUII Jeh-
ctBus. Ho OOIIHOCTh MX MaTEMaTHYECKOTO OIHCAHHUS TO3BOJISICT
BBIJICJISITh U3 UX MHOKECTBAa OTPAaHMUYECHHOE YUCIIO TaK HAa3bIBAEMBIX
TUIIOBBIX 3BEHBEB.

K THIOBBIM 3BEHBSIM OTHOCSAT 3BEHBS, OMHCHIBacMbIe TUdde-
pEHLUATBHBIMY YPAaBHEHUSIMHU HE BBIIIIE BTOPOTO MOPSAKA, T.€. 3BE-
HbSI HYJIEBOTO, IEPBOTO U BTOPOTO MOPSIKOB.

B o0mem Bume ypaBHEHHE BTOpPOTO TOPSIKA BBHITJISIUT Clie-

IYIOIIM 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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Tabnuna 6.1
N/ HazBanue 3BeHa a, a, a,| by | b | Ipnme-
yaHHe
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,

T'o TIOPSIIKA

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

mee ¢ 3aMCIJICHHEM

6.2.3 Tlopsamox paboTs

1 Ilytem BBINTOJHEHUS MPOCTEUIINX SKCHEPHUMEHTOB IMO3HAKO-
MUTBCA € (YHKIMOHANBHBIMH BO3MOXKHOCTSIMH HCIOJIB3YEMBIX B
nabopaTtopHoil paboTe MHCTPYMEHTAIBHBIX CPEACTB — LU(PPOBOrO

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

2. Jlna xaxmoro 3BeHa (cM. Tabm. 6.1) mo ero mepegaToYHOM
(hYHKITIH 3a1rcaTh ONEPaTOPHOE ypaBHEHHE.

3. Ilo nepenarouHoit (QYHKIMHM KaXKIOr0 3BEHA MOCTPOUTH €ro
BpeMeHHbIC ((DYHKIUIO Beca U IePEXOAHYIO (DYHKIIHIO) U YaCTOTHBIC
xapaktepucTuku — JIAUX, ®UX n ADUX.

4. Jlnsi MHEPIHMOHHBIX 3BEHBEB MO JOTapU(MUIECKIM YaCTOT-
HBIM XapaKTEPUCTUKAM OTIPEIEITUTh YaCTOTHI COIPSKEHUS U Cpe3a.

5. OmpenenuTs 3HAYEHHUE TIOMIOCOB W HYyJEH TNepenaTOYHBIX
(hYHKIIMI 3BE€HBEB U OIICHUTH UX BIIMSHUE HA XapakTep MEePeXOaHO-

o Tporecca.
6.2.4 CopepxaHue oTdeTa

B oTdere mpencTaBUTh MOCTPOCHHBIE XapaKTEPUCTHKH JIJIST Kax-

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

1. Yro Ttakoe mepenaTouHasi pyHKIIMA dJieMeHTa?

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

3. Kakue 3BeHbs HA3BIBAIOTCS HHEPITUOHHBIMU?

4. Kakue 3Be€HBsI HA3BIBAIOTCSI AIICPUOMUCCKIMHE?

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 Ha3bIBAIOTCS HHTETPUPYIOIMMHA?
7. Kakuie 3BeHbsI Ha3bIBaOTCs UM HepeHIUPYIOMIUMU?
8. Uem oTMuaroTcs uacanbHbIe AU(hEepeHITUPYIONee U HHTET-

pUpYIOIIEe 3BeHbS OT PeabHBIX?

6.3 JlabopaTtopHas pabota Ne2. YacTtoTHble
XapaKTepPUCTUKU NIMHENHbIX CTaLUMOHAPHbIX

3BE€HbeEB.

6.3.1 Lexnpb paboTsl

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

TYIHOHM YaCTOTHOW XapaKTePUCTHUKHU.
6.3.2 OCHOBHBIE COOTHOIIEHHUS

®u3nUeCKuil CMBICI YaCTOTHBIX XapPaKTCPUCTUK BBITCKACT U3

PAcCMOTPEHHMs yCTAHOBUBILIETrOCS PEXHMa PAGOTHI 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 CooTHOIICHHS 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 (AUX 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 ACHCTBUTENIBHON) YAaCTOTHOU MepelaTOuHOMN
¢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 [ oy B |
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-
PUGMUYECKYIO aMIUTUTYJHO-9aCTOTHYIO XapakTepucTuky. llomy-
YEeHHBIE PE3yNbTaThl OOBSICHUTE.

3. PaccuutaTh nepenaTouyHyio0 (GYHKIMIO 3BeHa, OOBSICHHTH K
KaKOMYy THIIOBOMY 3BEHY JaHHOE 3BEHO OTHOCHUTCS, W TIOCTPOUTH
TeopeTrueckue kpuBbie JIAUX u JIOUX.

4. CpaBHUTHh TEOPETHUYECKHE W IKCIIEPUMEHTAJIbHBIE PE3ybTa-

TbI, CACIaTh BBIBOABI.
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5. B coorBeTcTBUH C BApHUAHTOM, YKAa3aHHBIM MPCIIOAAaBaATCIICM,

corjacHo TaOy. 6.3 CKOMMYTHPYWTE CIEAYIONIYIO HCCIICTyeMYIO

CXEMY.
Tabnuma 6.3
Ne Homunanst Cxema Ha
Bapu- | DJIEMEHTOB MMaHeIu
aHTa
1 R1=1k.Q,
R2=1kQ,
R3=2kQ,
C,=0,05pF
2 R1=2kQ,
Rzzsz,
C=0,05uF,
C,=0,05uF
3 R1=2k.Q,
R2=2kQ,
C=0,05uF




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

C,=0,05uF
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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
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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

Ry
—{ I
0—| |—0 R2
Unx IS U,
C BBIX
1 Cz C3 C4
. D
R,
—r
|1
11
UBX C] R2 UBBIX
G

CornacHo BEIOpaHHON cXeMe, MEHSS 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-
6opaT0pH0171 pa60TI>I, MNPUHOUIIAAIBHYIO CXCMY HCCICAYCMbBIX
3BCHLECB, Ta6J'II/II_[I>I C SKCIICPUMCHTAJIbHBIMUA U paCYCTHBIMU JAHHBI-
MU, YaCTOTHBIC XaAPAKTCPUCTUKU 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 YacTOTHBIX XapaKTEPUCTUK JUIsl UCCIIEIO0-
Baamst CAY?

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

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

5. Kak 3KCIepUMEHTaIbHO CHSTh YaCTOTHBIC XapaKTEPUCTUKH

3BeHa?

6.4 JlabopaTtopHas pabota Ne3. BpemeHHbIe
XapaKTepPUCTUKU NIMHENHbIX CTaLUMOHAPHbIX

3BE€HbeEB.

6.4.1 Lenp paboTs

BKCHCPI/IMCHT&HBHOC IMOCTPOCHUC nepexonHoﬁ n HMHYHBCHOﬁ

MEPEXOTHOM XapaKTEPHUCTHUK.
6.4.2 OCHOBHBIE COOTHOIIEHHUS

K BpeMeHHBIM XapaKTepHCTHKaM OTHOCSTCS MepexoiHasi Xapak-
TepucTuKa (rpaduueckoe HM300pakeHHE MEPeXOoAHOW (QyHKIMU) U
UMITyJIbCHAsI epexoHas (M BecoBasl) XapakTeprcTuka (rpadude-
CKO€ M300paKeHHEe MMITYJIBCHOM MepexoqHON Wi BecoBO (yHK-

uun). [lepexognas ¢pyHKIUS — 3TO peakuus (BbIXOJ) 3Be€Ha (CUCTe-
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MbI) Ha THUIIOBOE BO3JICHCTBHE B BUJAC CIAMHUYHON CTYIECHYATOM
dbyakaun. BecoBas GyHKIHS — 3TO peakius Ha 0eCKOHEYHO OO0IIb-
MIOM M0 BENMYMHE W OECKOHEYHO MANBIA MO JIUTEIHHOCTH WM-
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 UMITYyNIbCHOM QyHKIMH. Mcrnons3ys cBoiicTBa mpeoOpa3oBaHuUs
Jlamnaca, MOKHO MPEIJIOKUTH JIPYrOM BapuUaHT ONPENENICHUs Bpe-

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

nepenaTouHor (GyHKUuA ompezenseTcs mpeodpaszoBanueM Kapco-

Ha-XeBHcalIa:
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+ joo
J‘ tst.
c—joo

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

npeobpaszoBanueM Jlamnaca:

_272]'

c—joo

6.4.3 Tlopsamokx paboTs

1. B cooTBeTCTBUM CO CBOMM BapWaHTOM U Ta0J. 6.2 Ha MakeT-
HOU MaHeNy TUMOBBIX 3B€HbEB CKOMMYTHUPYHTE UCCIETYEMYIO CXEMY.

2. ITonaBast Ha BXOJT 3B€HA SAMHUYHYIO CTYIICHYATYIO (DYHKITHUIO,
MOJIYYUTE MEPEXOJHYI0 XapaKTepUCTHKy 3BeHa. [lo mepexomHoi
XapaKTEPUCTUKE ONPEACIUTE OCTOSHHYIO BPEMEHU 3BEHA.

3. llogaBas Ha BXOJ 3BE€HA UMMYJIBCHYIO (DYHKIIHIO, TIONYYUTE
BECOBYIO XapaKTEPUCTUKY 3BeHA. [10 UMIynbCHOM mepexoaHol xa-

PAKTCPUCTHUKE ONPCACIIUTE MOCTOAHHYIO BPCMCHU 3BCHA.
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4. Tlo nepenaToyHoil (yHKIMHU 3BEHA, MOIyYECHHOW B Jabopa-
TOpHOU padore Ne2, MOCTPOHTE TEOPETUIECKUE BpEMEHHBIC Xapak-
TEPUCTUKH U CPABHUTE C HKCIEPHUMEHTAIBHO CHITBIMU XapaKTEpH-
CTUKaMH.

5. B cooTBeTCTBUM C BapHaHTOM, YKa3aHHBIM IIPENOaBaTelIeM,
corjacHo TaOy. 6.3 CKOMMYTHPYWTE CIEAYIONIYIO HCCIICTyeMYIO
CXEMY.

6. [lonaBas Ha BXOJl 3B€Ha €MHUYHYIO CTYIIEHYaTYIO (DYHKIUIO,
HOJIYYMTE NEPEXOHYI0 U BECOBYIO XapaKTEPUCTUKY 3BEHA.

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

8. B cooTBEeTCTBHH CO CBOMM BapHaHTOM Tali. 6.4 Ha MakeTHOMH
MAHEJIH CKOMMYTHPYHTE TPETHIO UCCIENYEMYIO CXEMY.

9. [loBropure 1.11. 6, 7 I JAHHOTO BapuaHTa 3BCHA.
6.4.4 CopepxaHue oTdeTa

B oruere HeoOXxonuMo MpHUBECTH 3a/laHUE Ha BBHITIOJHEHHE Jia-
O6opaTtopHOil pPabOTHI, NPUHIMIHAIGHYIO CXEMY HCCIEIyeMbIX
3BCHBEB, TAOJHUIIBI C IKCIICPUMEHTAILHBIMUA U PACYCTHBIMU JAHHBI-
MU, BPEMEHHBIC XapaKTEPUCTUKH U PE3YJIbTAThl UX 00pabOTKH, Clie-

naTh BEIBOAKL. [Ipu 3amuTe paboThl YCTHO OTBETUTH Ha BOIIPOCHL.
6.4.5 BompocH

1. KakoB ¢m3udeckuii CMBICT BPEMEHHBIX XapaKTEPUCTHK ?
2. Kak cBsi3anbl BecoBast 1 IiepexoaHast QyHKIIUH MEXKIy cO00M?
3. Kak u3 mepenaTtouHoii ()yHKIIMH TTOJIYYUTh BECOBYIO U TEpe-

XOJHYIO XapaKTepUCTUKH?
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4. Kak cBs3aTh Mexay coborr AUX u BeCOBYHO QyHKIIHIO?
5. Kak sKcniepUMEHTAIbHO TONYYUTh NEPEXOAHYI0 U UMITYJIbC-

HYIO TIEPEXOAHYI0 (PYHKITHH?

6.5 JlabopaTopHas pab6oTta Ned. KoppeKkuumsa nMHenHbIX
CAY

6.5.1 Ilenp paboTh

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

TEIHHBIX KOPPEKTUPYIOIINX 3BCHBEB.
6.5.2 OCHOBHBIE COOTHOIIEHHUS

CranmapTHas cucTeMa C €IMHUYHON OTPHIIATEIBHON 00paTHOM
CBS3BIO 3ajJlaHa CBOCH TeEpeAaTOvYHON (YHKIHEH B Pa3OMKHYTOM

COCTOSAHHUN

Wis)= S(Tlfﬁi(;)+ ) (6.3.1)

3n1ech 3aganbl 00MIHH KOADGUIIUEHT yerieHus: K U IOCTOSTHHBIC
BpeMenu 11, T,, a mapameTp A SBISICTCS H3MEHIEMBIM.

B pabore mpemnaraercsi wccieaoBaTh TPH METOMA JEMIPHUPO-
BaHUS CUCTEMBI:

— C MOJABICHUEM BBICOKHX YACTOT ITyTEM BBEIICHUS MOCIIEI0BA-

TCJIbHOTI'O MACCUBHOI'O KOPPCKTHUPYIOIICTO UHTCTPUPYIOUICTO 3BCHA,
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— C TOIHATHEM BBICOKHX YacTOT (C BBEJICHHEM IOJOKHUTEIBHBIX
(ha30BBIX CABUIOB) MyTEM HCIIOIB30BAHMUS TIOCICIOBATEIBHOTO Mac-
CHBHOT'O KOPPEKTUPYIOIIEro AudhepeHIIUPYIOIIEro 3BeHa,

— ¢ MOJABJICHUEM CPEIHUX YACTOT C TMOMOIIBIO MOCIIETOBATEIb-
HOTO  TMACCHBHOTO  KOPPEKTHUPYIOUIETO  HHTErpO-Tu(hepeHIm-
PYIOILIETO 3BEHA.

B mepBoM MeTojie MPHUMEHSETCS MACCUBHOE HHTETPUPYIOIICE
3BEHO, peayn3alfysi KoToporo Ha RC-3eMeHTax MpUBeIcHa Ha PUC.
6.5.1, a.

R, A 201gA(m)

0 O >

—Tt/2 A
UBX Rz UBLIX
0 —L»

. ‘T . @]

a 9]

Puc. 6.5.1. [TaccuBHOE UHTErpUpYIOLIEE 3BEHO

Jlorapudmuyeckne azoBas ¥ aCHMOTOTHYECKAs aMIUIUTYIHAS
XapaKTepUCTUKU NpUBEAEHB Ha puc. 6.5.1, 6. 13 pucyHnka BHIHO,
YTO NaCCUBHOE MHTETPUPYIOLIEE 3BEHO MOJABISET BBHICOKHE YacTo-
Thl. JlemnupoBanne cuCTeMBbl OCHOBaHO Ha YMEHBIIEHUH KO3 (pdu-
LIMEHTA NIEpEeJayy Ha 4acTOTe cpe3a1. Uro6s! Ha JIAX cKOppeKTHpO-

BaHHOM CHCTEMBI HE BIIMsIA (1)33OB3$1 XapaKTCpUCTHKA KOPPCKTU-

"Yacrora cpesa — 3T0 yacToTa, pu koTopoit JIAX nepecekaer HyJIeBOW ypOBEHb.
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PYIOILETO 3BEHA, BEPXHIOI COIPSTAONIYI0 YacTOTY , BBIOMPAIOT
Ha MOPSIOK MEHBIIIE YaCTOTHI Cpe3a UCXOJHON HECKOPPEKTHPOBAaH-
HOU cucTeMbl. BenmnunHa yMeHbIIeHUs] KO3QPUIIMEHTA TIepeiaun Ha
4acToTe cpe3a ompeessieTcss TpeOyeMbIM 3amacoM YCTOHYHUBOCTH
o amruutyae AL. V3 3Toro yciioBUsS OnpeaeNseTcss Conpsiraronas
yacrora ;. CBS3aB COMPSATAIONINE YaCTOTHl ®] ¥ M, C ITApaMeTpaMu
RC-neriouku, MO>KHO OTIPEJIENIUTH MTOCTICTHIE.

Bo BTOpoM MeTonme mpumeHseTcs NHacCHBHOE IU(QEpeHIH-

pyroliee 3BeHO, peanu3aius KoToporo Ha RC-31eMeHTaX NpuBeicHa

Ha puc. 6.5.2, a.
Ci A201gA(®)
—_———
SN 02,
@ lgo
Ry —/2
UBX RZ UBLIX
0 ; ; 1

go

. . o)

a o

Puc. 6.5.2. [TaccuBHOE muddepeHupyromee 38eHO

Ha puc. 6.5.2, 6 nokazanel JI®X u acumnrotmueckas JIAX
(crmomHoi nuHuel). BumHo, uro auddepenuupyromee 38eHO BHO-
CHT TMOJIOKHUTENbHBIN (ha30Bblid CABHUT M OCIA0JsIeT HU3KUE YaCTOTHI.
[Tockonbky yMeHbIIeHHE KO GHUIMEHTa Tepejadyl Ha HU3KUX Jac-
TOTaX HEAOIMYCTHMO IO COOOpaKEHHSIM TOYHOCTH, MPUMEHSITh RC-

1enouky (puc. 6.5.2, @) MOKHO TOJBKO B COBOKYITHOCTH C TIOCIIEC/IO-
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BaTEbHO BKIIOYCHHBIM OC3BIHEPIIMOHHBIM YCHIIUTEIEM, KOMIICH-
CUDYIOIIIMM YIOMSHYTOC ocjabiaeHue Kod(h(HUIMeHTa Iepeaadn
(itpuxoBast nuHUA Ha puc. 6.5.2, 6). demndupoBaHHe CHCTEMBI
9THM METOJIOM OCHOBAHO Ha BBEJICHUH TMOJOXHUTEIFHOTO (a30BOTO
caBUTa BOJM3M YaCTOTHI Cpe3a HCXOTHOW HECKOPPEKTHPOBAHHOM
cucTeMbl. Tak KaKk MaKCUMaJIbHBIN MOJIOKUTEIbHBINA ()a30BbIH CABUT
MPOUCXOANT HA YaCTOTE, PAaBHOM cpenHeapuPpMETHIECKOMY COTIpPS-
TaIoONUX YacTOT ®; M M, (puc. 6.5.2, 6), TO IMEHHO 3Ta YacTOTa
JIOJDKHA PaBHATHCS YacTOTE cpe3a MCXOJHOM cucTteMbl. MeHsis co-
MPSITaloIIe YaCTOTHl ) U ®, , MOKHO JOOUTHCA 3a/IaHHBIX 3aIlacoB
YCTOWYHMBOCTH T10 aMILTUTYC U 10 (haze.

B TperbeM Merome meMrupoBaHUS TMPUMEHSETCS ITACCUBHOC
uHTerpo-audPepeHImpyoIIee 3BeH0, peain3anus KoToporo Ha RC-

JJIeMEHTax MpHBeJieHa Ha puc. 6.5.3, a.

Cy A20IgA(m)
1l
~—4 b o 0 0] M O3 04
lgo
R R, —1/2
UBX UBLIX
0 1
g0
©T 9(o)
y
a o

Puc. 6.5.3. [TaccuBHOE MHTErpO-1u( HepeHIUpPYOIIEe 3BEHO

.HOFapI/I(l)MI/I‘leCKI/Ie XapaKTCpUCTHUKHU, IMPUBCACHHBLIC Ha PpHC.

6.5.3, 6, TOKa3BIBAIOT OCIIA0JIEHUE CPEIHHUX YacTOT, & BHOCHUMBIH
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(1)330}351171 CIBHUI' BHA4YaJIC OTpHHaTCHBHBIﬁ, a 3aTeM IOJIOKUTCIbHBIN.

B cootBercTBUU ¢ 3TMM mapameTpsl RC-TIETIOUKH BBIOMPAIOTCS Ta-

KHM 00pa3oM, 4TOOBI YacTOTa Cpe3a MCXOIHOM CHCTEMbI ObLIa ObI

0JIM3Ka K COMPATAOIIEH YacTOTe 3, HO He MpeBbiana e€. Bennuu-

Ha YMEHBIICHUS KO3 HUIMEHTa IIepeaun Ha 4acTOTe cpe3a orpe-

nensercs TpeOyeMbIM 3allacoM yCTOMYHNBOCTH O aMIUTHTYIE.

Hcxonnble mannpie K paboTe mpuBeneHs B Tabm. 6.5.1.

Tabauma 6.5.1

No T, T AL, nb | Ag, rpan. | K
Bapu-

aHTa

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

3 0.2 04 |8 12

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 napamerp 4 B nepefaTOYHON QYHKIMH Pa3OMKHY-
TOM cucTeMbl (6.5.1) U3 yCIOBUS HAXOXKACHUS 3aMKHYTOW CHCTEMBI
Ha TpaHHLe YCTOMYMBOCTH (COTJIACHO JIOOOMY KPUTEPHIO YCTOHYIH-
BOCTH) M TIOCTPOHTH JIOTapU(MHIECCKHE JACTOTHBIC XapaKTEPUCTUKU
PAa3OMKHYTO# CHCTEMBL .

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 (YHKLIUIO MacCUBHOTO Audde-
peHIpYyIomero 3BeHa (puc. 6.5.2, a) U MOTYyIUTh BRIPOKCHHS IS
COTIPSTAIONINX YacTOT ) U ©, Yepe3 mapaMeTpbl daeMeHToB 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. [lepeuncnute OCHOBHEBIE MeTO b NemdupoBanus CAY.

2. Yto Takoe yactoTa cpesa?

3. Kak onpenenuts 3anac yCTOMUMBOCTH MO aMILTUTYe?

4. Kak ompenenuTh 3amac yCTOHIHBOCTH 110 daze?

5. Kakoit MmakcumalbHbIi (a3oBbIid CABUT 1a€T MACCHUBHOE TU(-
(dhepenmupytomee 3BeHO?

6. Kakme HemoctaTkn y MeTona KOPPEKIWH C ITOMOIIBIO Tac-
CHUBHOT'O WHTETPUPYIOIIETO 3BeHa?

7. Kakve HeAOCTaTKh y METOJla KOPPEKIMH C MOMOIIbIO Mac-
CHUBHOTO A hepeHITUPYIONIETo 3BeHa?

8. Kakyro RC-ienmouky HeIb3s MPUMEHSTH IS KOPPEKInH 0e3

COOTBETCTBYIOIIETO YCHIIUTETS U TIOUeMy?
6.6 JlabopaTopHas pa6oTta Ne5. AHanus3 HeNMHeNHOMN
cucTeMbl MeToAoOM (ha3oBOM NITIOCKOCTHU
6.6.1 Lenp paboTsl

IMoctpouts (a30BBIi MOPTPET M ONPEIACIIUTH YCTOHYHMBOCTD
JBIDKCHNS HEIMHEHHOW CHCTEMBI YIIPABIEHUS CIIyTHUKOM, a TaKkKe
YCTaHOBUTH MapaMeTphl MPEAeNTbHOTO ITUKIIA, €CIH TaKOBOW CyIIle-

CTBYET.
6.6.2 OCHOBHEIE COOTHOIIEHUS

q)yHKLII/IOHaIIBHaH cX€Ma CHCTCMBI CTa6I/IJ'II/I3aLII/II/I CIIyTHHUKaA 110

YTIIOBOMY ITOJIOXKEHUIO MIPEICTaBIICHA Ha pHC. 6.6.1.
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[

ncs . vy

u
oy T —

Puc. 6.6.1. Cxema cucTeMsbl peryIupoBaHus

Ha pucynke nokazano: IC3 — uCKycCTBEHHBIH CIIyTHUK 3€MIIH
(perynupyemsiii 00bekT), [; u I, — gaTumku yria paccoriacoBaHHs
V U YIIOBOH CKOPOCTH V COOTBETCTBEHHO, YVY — YCTpOHCTBO
yhpaBiieHHs! (PETYJISITOp COBMECTHO C HUCIOJIHUTEIbHBIM OPraHOM),
U; ¥ U — HaIpsDKEHUs] Ha BBIXOJIE AATYUKOB, M — cTaOMIM3UpYIO-
LM MOMEHT, IOBOPAYMBAIOLINH CIlyTHUK B HY’>KHOM HalpaBJICHHUH.

3ajgan Bpamaromuii Moment uuepuuu J (I-cm-c®), MakcHMaTb-
HO€ 3Ha4yeHUE CTAaOWIM3UPYIOLIEro BpalllaloIero MoMeHTa M,
(I'-cM), maTumk yriia paccoriacoBaHUsl UMEET JIMHEWHYIO CTaThye-
CKYI0 XapaKTepUCTHUKY C Kod(pduuueHToMm nepenadu k=1 B/rpap,
CTaTUYECKask XapaKTEpUCTHKA JaTYMKa YIJIOBOM CKOPOCTH NpHUBEJE-

Ha Ha puc. 6.6.2, a, a XapaKTepUCTHKA PETYJIATOpa — Ha puc. 6.6.2, 6.

Au, AM

:
—d Y\V0L=:arctgkz b ; Afo S
' b u

/ d v o
M,
k=1 B-cex/rpaj Lo

a 0

Puc. 6.6.2. HenuHeliHble XapaKTEePUCTHKU
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HcnonHutenbHbIl Opran — ra3oBbIA PEaKTUBHBIN JBUraTeiab —
HMeEeT 3aJIePKKy BO BPEMEHU T MEXIY MOMEHTOM MOCTYIUICHHS
BXOJIHOTO BO3JICUCTBHSI ¥ W MOMCHTOM ITOSIBJICHHUS BPAIIaroOIIeTO
MoMeHTa M. JIjis ynpolleHus MaTeMaTHYeCKOW MOJIENIA T0JIaraeMm,
YTO YII0Bas CKOPOCTh V B T€YEHHE STOTO BPEMEHH T HOCTOSHHA.

YpaBHeHUE AWHAMHUKA OOBEKTa, COTJIACHO BTOPOMY 3aKOHY

HrroToHa 1 ipeHeOperas CONPOTUBICHUEM aTMOC(HEPHI

d*v
W:—M. (6.6.1)

Curnan Ha BXOAC pEeryisitopa paB€H B COOTBCTCTBHMU C PHUC.

6.6.1 1 xapakTepucTUKou Ha puc. 6.6.2, a

ky HpPIMSd,
u=u +u,=lky+k,(v—d) npuv>d, (6.6.2)
kv+k,(v+d) mpuv<d.

Hcxonnbple nanHbie TpuBecHBI B Ta0d. 6.6.1.
Tabnuna 6.6.1

Ne BapuanTa | J M, |t b d v(0) \'/(0)
5000 | 400 (0,2 |0,1 |01 |05 |-0,5
5000 | 600 | 0,2 | 0,1 |02 |06 |0
7000 | 400 |04 |01 |03 |03 |-0,5
6000 | 500 0,3 |02 |04 |0 0,6
4000 | 600 |03 |03 (02 |-0,5]|0,3
4000 | 500 {02 |04 [02 [0,6 |05
5000 | 300 | 0,3 | 0,2 |02 |-0,5]0,6

N[N N | B [WIN—
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8 7000 | 600 104 |01 |04 |-0,6 |-04
9 4000 | 500 10,5 103 |02 |0 -0,4
10 5000 | 300(02 |02 |01 |-04]-0,1
11 4000 | 400 /0,1 10,1 |01 |-0,7]0,6
12 7000 /300 104 {03 |03 |01 |-0,6
13 4000 | 500 0,1 104 |02 |-04 |-0,6
14 3000 | 600 0,2 |02 |02 |-06 |0

15 4000 | 300 /03 |05 |01 |05 |05
16 3000 | 500 104 |03 |04 [0,5 |-04
17 6000 | 400 103 {02 |02 |-0,5]0,5
18 5000 | 600 {05 (02 |01 |05 03
19 4000 | 400 /03 |03 |02 |-04 |0
20 6000 1300104 (0,2 |03 |-0,5]-04

6.6.3 Ilopsanok pabGoTs

1. Ha ocHoBe puc. 6.6.2, 6 u hpopmynsl (6.6.2) cOCTaBUTh ypaB-
HEHUS JTUHUHM MEePeKIIOUeHHsI C YIeTOM BPEMEHU 3ara3/bIBaHus B
YCTpOMCTBE yIIpaBJICHHUS.

2. Ilo BeIpaskermio (6.6.1) u puc. 6.6.2, 6 COCTaBUTh ypaBHCHHUS
(ha30BBIX TPACKTOPHIA.

3. Pemmnth ypaBHeHHS JUHAMUKH CHCTEMBI C yUETOM 3aJaHHBIX
HAYaJbHBIX YCIOBUH ISl KXIIOW M3 30H, OTPAaHUYEHHBIX JTNHUSIMHU
nepexioueHra. HavallbHble YCIIOBHUSI U1 KaXKJIOM MOCIEAyIOIIen
30HBI MPUPABHUBAIOTCS] KOHEYHBIM YCIOBHUM MPEIBIAYIIETO YIacTKa.

4. ITocTpouTh TUHUH TIEPEKITIOYCHHS U (Da30BYIO TPACKTOPHIO B

(a30BOM IUIOCKOCTH B KOOpAMHATaxX X=V, Y=V s JOCTAaTOYHO

OOJIBIIIOTO MMPOMCIKYTKa BPCMCHU, YTOOBI MOKHO OBLIO OIpeaACINTb

CYHI€CTBOBAHUC U MApaMCTPLI IIPEACIBbHOTO UKIIA.
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5. 3amaB HavaJbHBIC YCIOBHS B APYrod o0jacTu MpeaeabHOro

LMKJIA’, TIOCTPOHTH elIE O1HY (a30BYIO TPACKTOPHIO.
6.6.4 CopepxaHue oTueTa

B ortuere HeoOXOAMMO MPUBECTH 3aJaHHE HA BBHIIOJHEHUE Ja-
OopaTopHO#l PabOTHI, UCXOTHBIE JaHHBIC, YPaBHEHUS JHMHUI mepe-
KITIO4YeHUs], (pa3oBbI OPTPET CHUCTEMBI C M300paKEHHBIMH JIMHUS-
MU TIEPEKIIOYCHUS, TpauKu 3aBUCUMOCTH YIJla paccoriacoBaHus U
YIJIOBOW CKOPOCTH OT BPEMEHH, MapaMeTphl MPEesIbHOIO IUKIIA,

crenarth BeIBOABL [Ipu 3amure paboThl YCTHO OTBETHTH Ha BOIPOCHL.
6.6.5 Bomnpocs

1. Yto Takoe (hazoBast IIIOCKOCTH?

2. Yrto XapakTepu3yroT JUHUH MEPEKITIOUEHUS?

3. Kak coctaBuTh ypaBHeHHUS (a30BbIX TPACKTOPHUii?

4. Yro Takoe mpenesbHbIe IUKIBl U KaK UX MOXHO KiIaccu(u-
IIUPOBATH?

5. CKOJIbKO B HCCIEAYEMOM CHCTEME 30H C Pa3HBIM XapaKTEePOM
YpaBHCHUH THHAMHUKN?

6. Ectb 11 Ha ($a30BOM MOPTPETE NaHHOM CHCTEMbI TOUKH PaB-

HOBecus?

3 BHyTpH MpCACIbHOTO LMKIIA, €CJIM IEPBast TPACKTOPUA HaYMHAJIaCh BHE IIPCIACIIb-
HOro nuKia, 100 BHE OpeaAcIbHOI0 MUKIIa, €CJIK €pBast TPAaCKTOPUSA HadnWHAJIaChb
BHYTPHU NPEACILHOTO MUKIIA.
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6.7 JlabopaTopHas pab6ora Ne6. AHanu3 HenmMHeNHOMN
CUCTEMbI C MOMOLLbIO YacTOTHOro kputepusa B.M.
MonoBa

6.7.1 Ilennp paboThH

OHpeI[eJ'II/ITB MaKCHUMAJIbHO BO3MO>KHBIH CCKTOP PAaCIIOJIOKCHUA

HEJTMHEWHOW XapaKTEPUCTUKH C MTOMOIIbI0 kputepus [lomnosa.
6.7.2 OCHOBHBIE COOTHOIIEHHUS

CrpykTypHas cxemMa HenuHedHoW CAY mpuBelneHa Ha pHC.

6.7.1, a.

A ¥y
arctgk
Wi(s)
_ ; , x'
Y o) |e .
a o

Puc. 6.7.1. Henunelinas cuctema

ITo xpureputo IlomoBa myist aGCOMIOTHOW yCTOWIMBOCTH CHCTE-
MBI (puc. 6.7.1, a) ¢ HenMHEHHOCTHIO, Nexamei B cextope (0, K)
(puc. 6.7.1, 6), mocTaro4HO, YTOOBI BHIOM3MECHEHHAs YaCTOTHAsS

nepenatouHass — QYHKIMS ~ YCTOMYMBOM  JIMHEHHOHW  YacTH

W*(jm):ReW(jm)+ ijmW(jm) pacronarajiach TIpaBee MpsSMOU

ITonoBa, mpoBeIeHHOM Yepe3 TOUKY —I/K Ha BEIIECTBEHHOU OCH.

JluHeitHas yacTh 3aJaHa OJHOM U3 MEPEeIaTOYHBIX (DYHKIIHI:
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1
Wis)= (Ts+1)(Tys + 1)(Tys +1) ©.7.1)
NJIn
1
Wis)= (1757 + 2155 + 1 (T35 + 2T35y5 1) (6:7.2)

Hcxonnbple nanHbie mpuBeeHBI B Ta0d. 6.7.1.

Tabnuna 6.7.1

Ne Bapuanta | 77 | T, I3 | € &

1 0,3 10,5 0,1

2 5 1,5 0,3 | 0,06
3 3 1 0,2 | 0,05
4 3 2 1

5 0,5 10,5 0,1

6 5 1,25 0,5 | 0,05
7 4 1,5 0,3 | 0,06
8 1 0,2 0,1

9 0,1 10,9 0,5

10 5 0,6 0,3 | 0,02
11 4 2 0,2 | 0,05
12 0,112 0,5

13 0,9 10,3 1,5

14 4 1,5 0,4 |0,02
15 2 0,7 0,3 | 0,03
16 0,2 |04 0,8

17 0,1 | 0,7 0,7

18 1 2 0,4 | 0,06
19 5 2 0,3 10,02
20 0,5 11,5 2
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B 3aBucumMocTu ot HUCXOOHBIX JaHHBIX COOTBCTCTBYIOIICTO Ba-

puaHTa BeiOUpaeTcs nepeaarounas GyHkius (6.7.1) wiu (6.7.2).
6.7.3 Tlopsanok pabGoTsl

1. CornacHo 3aJJaHHOMY BapHaHTy COCTaBUTh U HAPUCOBAThH BU-
JIOU3MEHCHHYIO YaCTOTHYIO MIEPEIATOYHYIO ()YHKIIHFO.

2. Hapucosath npsimyro [ToroBa B COOTBETCTBHU C IEIBIO J1a0O-
paTOpHOM pabOTHI.

3. Paccunrath ko3 punineHT K U BEJIUMUUHY yIia, B KOTOPOM

pacronaraeTcs HellMHeHast XapaKTepUCTHKA.
6.7.4 CopepxaHue oTueTa

B ortuere HE0OXOAMMO NMPUBECTH 3aJaHHE HA BBHIIOJHEHUE Ja-
O0opaTopHOil paboTHI, TpaduKK BUIOM3MEHEHHOH 4acTOTHOHM mepe-
naTouyHOU (QpyHKIMK TUHEHHOH yacTu u npsimoil [lomoBa, pe3ynbra-
ThI pacueTa Kod(duipenta K U yrjia pacloioKeHUs HEIUHCHHON
XapaKTepUCTUKH, cenaTh BbIBOABI. [Ipy 3amuTe paGoThl yCTHO OT-

BETHUTH Ha BOTIPOCHI.
6.7.5 Bomnpocs

1. Yto Takoe abCOMOTHAS YCTOHYUBOCTH?

2. llosicauts cBsA3b kputepus Ilonosa ¢ kputepuem Haliksucra.

3. Yro Takoe BUAOM3MEHECHHAs YacTOTHAs IepefaTodHas QpyHK-
mst?

4. Yto Takoe mipsmast [lomosa?

5. 3amucaTh KpuTepwii [lonoBa B aHAIUTUYECKOM BHUJIE.
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6.8 JlabopaTopHas pab6ora Ne7. AHanu3 HeNmMHeNnHOMN
CUCTEMbl METOAOM rapMOHMUYECKON NInHeapusauum

(meTop Nonbadapba)

6.8.1 Ilenp paboThH

C IIOMOIIBKO ME€TOJa FapMOHH‘leCKOﬁ JIMHCAapu3alun yYCTaHO-
BUTH HAJIMYUC UJIN OTCYTCTBUC B HEIIMHEHHON CHCTEME aBTOKOJIC-
Oauuii u OMpCACIUTh IMMapaMETPhI aBTOKOHe6aHHﬁ, €CJIM TaKOBLBIC

WMEIOTCH.
6.8.2 OCHOBHBIE COOTHOIIEHHUS

CrpykTypHas cxema CHCTEMBI NpuBeAeHa Ha puc.6.7.1, a. Ile-

penaTovHas QyHKIHs TMHEHHON YacTh

K

Henunelinas xapakTepuctuka ¢(x) 3agaHa OJHUM U3 JIBYX T'pa-

¢uxoB (puc. 6.8.1) B 3aBUCHMOCTH OT BapHaHTAa.

A
Ay y
b |~/ b [
a X a X
1. 2.

Puc.6.8.1. Henunelinble XapakTepUCTHKH
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CormacHo METOAY TapMOHUYCCKOTO 6ancha, YCJIOBHUC HAJIUYUA
aBTOKOJICOAHMI SIBJISCTCS YCIIOBUEM HaxO0XICHUA TapMOHHYCCKHU

JINHEapU30BaHHOU CUCTEMBI Ha TPAHUIIE YCTOMYHUBOCTH
W(io)W(A)=1, (6.8.2)

rae Wy(A) — B o01meM cirydae KOMIUIEKCHBIH TapMOHUYICCKUAN KOd(-
(UIMEHT repeay HeIMHEWHOTO 3BeHA.

[TockonpKy B maHHOW jJabopaTOpHON paboTe HEMMHEWHOCTH SIB-
JITIOTCS. HEYSTHBIMU (DYHKIUSAMHU, TapPMOHUYECKHNA KO3PPUIMCHT
Mepelavyn SBISETCS BemeCTBeHHBIM W(A)=k(A).

Meton [ompadapba 3akmrouaeTcs B rpaUuecKoM pelIeHUR

ypaBHeHus (6.8.2) myTeM omnpeaeieHus] TOUEK MepeceueHus JTHHUU

W(jo) kak QyHKIMH 9acTOTHI C JIMHUEH Kak (QyHKIMH am-

1
k(4)
TUTATY/BI. YTIOMSHYTBIE TOUYKH MEPECceUcHHs JaloT mapaMeTpsl (am-
TUTUTYJy ¥ Y9aCTOTY) BO3MOXKHBIX aBTOKoJieOaHmid. Ecnu Todek re-
pecedeHus HeT, aBTOKOJIe0aHUs! OTCYTCTBYIOT.
HcxonHble maHHBIC IPUBEACHEI B Tab. 6.8.1.

TabOnuma 6.8.1

Ne Bapuan- | a b K T, T, Ne
Ta HEll
1 0,2 05 |4 0,08 | 0,1 1

2 0,9 30 10 | 0,7 0,03 |2

3 0,15 |60 |4 0,3 0,04 |2

4 0,1 40 |2 0,3 0,2 1

5 0,7 2 6 0,04 |0,07 |1
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6 0,4 30 |1 0,03 10,08 |2
7 0,2 07 |1 0,04 10,01 |2
8 0,6 1 3 0,2 0,4 1
9 0,5 2 1 0,3 0,6 1
10 0,2 50 |1 0,03 10,08 |2
11 0,3 70 |1 0,03 10,08 |2
12 0,5 50 |1 0,1 0,2 1
13 0,4 1 5 0,08 10,1 1
14 1 20 |12 10,5 0,05 |2
15 0,15 140 |3 0,5 0,05 |2
16 0,2 50 |1 0,5 0,1 1
17 0,8 3 5 0,03 10,05 |1
18 0,3 50 |1 0,05 10,1 2
19 0,5 7 1 0,04 10,01 |2
20 0,1 15 |2 0,2 0,5 1

6.8.3 Tlopsamokx paboTs

1. [y 3amaHHOrO BapuaHTa PaccuuTaTh KOAPQPHUIUEHT rapMo-
HUYECKOW NMHeapu3auun k. (A) u mocTpouTh rpaduk 3aBHCUMOCTH
3TOT0 KO3 PHULIKEHTA OT aMIUTUTYIBI.

2. CornacHo metony l'ombadapba mocTpouTh B KOMIUIEKCHON

TUIOCKOCTH Tpaduku 3aBUCHMOCTH W(j®) Kak (YHKIMH YacTOTHI U

3aBUCUMOCTHU — KaxKk (bYHKLII/II/I AMITIJIUTY ABI.

b
k(4)

3. OmpenenuTh TOYKH TiepeceueHus rpaduKoB, TMOITYYCHHBIX B
. 2 ¥ HAWTH TTapaMeTphl YCTONYMBOTO M HEYCTOMYHUBOTO TPEACITh-
HBIX ITKJIOB.

4. ITpoBeputhb ruIoTe3y GUIbTpa.
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5. TlpakTdecku MOCTPOUTH TIEPEXOAHOMN MPOIECC, PEIIUB YpaB-
HEHHS JMHAMHUKY 3aMKHYTOH cucTeMbl. [IpH 5TOM, MOCKOIBKY aBTO-
koyie0anust pu x=0 OTCYTCTBYIOT, HAYAJILHOE YCIIOBUE ISl X ClIe-
JyeT 3a7aTh HEMHOTO OOJbIlle, YeM aMIUIUTy/la HeyCTOWYHBOTO
MPEeJeNbHOTO KA, ONPECTICHHOTO B 11. 3.

6. CpaBHUTHL PE3yNIBTATHI, TIOJyUYCHHBIE B 1.3 ¥ 1. 5 U CACNaTh

BBIBOJIBI.
6.8.4 CopepxaHue oTueTa

B ordere HEOOXOAMMO MPUBECTH 33aJ]aHWE HA BBIIOJHCHUE Ja-
OopaTopHOil pabOThI, AaHATUTHYCCKOE BBIPAKEHHUE IS KO3 GHUIU-
€HTa TapMOHHYECKON IMHeapu3aluu, TpaQuKu COTJIACHO METOIY
Tonbadapba, mepexomubie mporuecchl st x(f) U y(f), mapameTpsl
MpeneIbHOIO LHUKIa — TeopeTndeckue (mo mMetony [ompadapba) u
MPaKTUYeCKUe, CENaTh BIBOJBI. [Ipn 3amuTe paboThl YCTHO OTBE-

THUTBH Ha BOIPOCHL.
6.8.5 Bomnpocs

1. IIpu Kakux yCIIOBHSIX METOJ TapMOHHYECKOHN JIMHEeapu3alruu
JIaeT KOPPEKTHBIC PE3YIbTATHI?

2. [MosicHUTh TUTIOTE3Y QUITHTPA.

3. B yem cytb MeTona Nompadapba?

4. Kak emé, kxpome metoza I'onpadap0a, MOXKHO PEIINTh YpaB-
Henwe (6.8.2)?

5. TTo kakoMy u3 rpauKOB OMpPENESICTCS AMILTUTYAa aBTOKO-

neGaHMi, a Mo KaKOMy — JacToTa?



