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BBEJIEHUE

BBuny noseimenus: TpeOOBaHUN K MPOU3BOACTBY TSKENOro 00OpPYAOBAaHUS HEMAJIO€ BHUMAaHHUE
CTAJI0O YHENATbCS MOABM)KHBIM Vy3JlaM CTaHKa - Kak K CpPEACTBaM IOBBIIMIEHUs TOYHOCTHU
MO3ULIMOHUPOBAHUS AE€TANIU B mpouecce o0paboTky, a, CIen0BaTeIbHO, H TOBBIIEHHUS] TOYHOCTH
neraneii BooOme. B cBA3M Cc 3TUM mepBOOYEpenHON 3amayeil crajno pemeHue mnpodiem,
CBSI3aHHBIX C YCTOMYMBOCTBIO MOJIOKEHHSI TTOJABIKHBIX Y3JIOB B IMpoliecce 0OpadOTKH, a Takke
MOBBILIEHHEM MX H3HOCOCTOMKOCTH. PaspemuTb 3TU U JApyrHe BOMNPOCHl MOXKHO MOMOLIBIO
IUHAMHUYECKOIro aHaJIN3a.

Jlnsg AMHaMUYECKUX PacyeToB IMHEBMO- U THAPOCUCTEM - KaK MPUBOJOB, TAK U ONOPHBIX
CHCTEM - HamOoJiee LIMPOKOE NMPUMEHEHHE K HACTOALIEMY MOMEHTY HAIlJM METOIbl aHAJIN3a
cucteM asromarudeckoro peryiaupoBanus (CAP), OCHOBaHHBIE Ha  HCCIEOOBAHUU
JOrapupMHUUECKUX YACTOTHBIX XapaKTePUCTHK (aMIUIMTYOHBIX W (a3oBeix - JIADUX,
ammuutyaHbix - JIAUX). K BaxksbiM mnpeumyiuectsam Mertona JIA®UX MOXHO OTHeCTH
ya0OCTBO OLICHKH BIIUSTHHS OTHENBHBIX (PAKTOPOB M TMAapaMeTPOB HA YCTOHYMBOCTH M APYTHE
muHaMmuueckue cBoiictBa CAP, BO3MOXHOCTh CHHTE32 KOPPEKTHPYIOLIHUX YCTPONCTB
(anroputmoB) Ha ocHoBe JIADUX pa3oMKHYTON CUCTEMBI.

Jnsg  pacuera TEpPEXOAHBIX MPOLIECCOB B IMOAOOHBIX HENMHEHHBIX CHCTEMax
UCTIONIb3YIOTCSI METOMbI UYHCJIEHHOTO MHTEerpupoBaHus Au((epeHLHaNbHbIX YpaBHEHUH,
pEaJbHOrO MOJEIUPOBAHMSL.



YACTBb 1. OCHOBBI MOAEJUPOBAHUA B IIK «<MBTY»

Mopnenuposanue B IIK "MBTVY" coctoutr B CO31aHHMM U HCCIEIOBAHUM BUPTYaJbHOTO
aHaJora peaybHON CHUCTeMbl — Monenu. Monenb (PYHKUHOHHPYET B COOTBETCTBHH C TEMH K€
midhepeHInaNbHBIME YPAaBHEHISIME, YTO U MozenupyeMas cucrema. [Ipu MonenupoBaHum He
SABIISIETCA OOS3aTENIbHBIM 3aIMMCHIBATh 3TH YPABHEHUS B SIBHOM BHIE. MOJIENb COCTaBISETCS
NOJIb30BATENIEM B CIIELIHAIBHOM OKHE MPOrpaMMbl COSAMHEHUEM OTHAEIBHBIX THIIOBBIX OJOKOB,
COOTBETCTBYIOLINX 3JIEMEHTaM PEaIbHOM UCCIIEAYEMON CHCTEMBI.

Tunosble OJOKH YCJIOBHO BHEIIHE MPENCTABJISIOTCS Ha padodeM NPOCTPAHCTBE OKHA
MOJI€IN NPSMOYTOJIbHUKAMHU, T.€. OHU BUAMMBI HCCIEI0BATEN0, UMEIOT BXObI U (WJIN) BBIXObI
U (YHKUMOHHPYIOT B COOTBETCTBUH C OIPENEICHHBIMU YPaBHEHHSMH, AJITOPUTM PELICHUS
KOTOpPBIX peanm3yercst B LudpoBoM Buae. [lox (PyHKIMOHUpPOBAHHEM BHPTYaJbHOTO OJIOKa
NOHUMAETCS TO, YTO OH pearupyeT Ha BHUPTyajbHbIE BO3ACHCTBUSA ((QYHKIMHM BPEMEHH),
nojaBaeMble IPYrUMU OJOKAMM HAa €ro BXOZ, ONPEACTICHHbIM W3MEHEHHEM BEJUYHHbBI
BBIXOJIHOTO CUTHAJA.

1.1. Cocras u ucnons3oBanue [IK MBTYVY (Bepcus 3.7)

[Ipu 3amycke nporpammbl nosiBiasiercss I'maBHoe OxwHo (puc. 1.1). B Bepxneit wactu
I'naBaoro OxHa - Komanonoe menio, B TEHTPANbHOW dYacTu - [lamens uncmpymenmos
(KOMaHAHBIX KHONOK), a HIKe - Menio 610Kk06 C COOTBETCTBYIOIIUMH IHUKTOTPAMMAaMH HU
3aKJIaIKAMHA Ha3BaHUH OTHENbHBIX OHONMMOTEK, CPOPMHUPOBAHHBIX MO (HYHKLUHOHAIBHOMY
npuHuuny. Haznauenne kHonok /lanenu uncmpymenmos npruseaeHo s tabmune 1.1

Tabx. 1.1
llanens uncmpymenmos UMeeT KHONIKH, Peasu3yIoIe KOMaH bl U ONLUU
b OTtkpriBaeT OKHO MOCTPOEHUS MOJIENH (CXEMHOE OKHO)
HoBblil
e OTKpBIBaE€T OKHO paHee CO3JaHHOM MOJIEH ¢ aucka ((aityibl ¢
paciiipeH’eM . mrj)
OTKpBITH
B3 CoxpaHsieT CTPYKTYPHYIO CXeMy U TlapaMeTpbl (TI0 yMOT4aHuio (haii ¢
aCLIMPEHUEM . M
CoxpaHuthb P P )
BrI3bIBaeT AMAIOroBOE€ OKHO BBIOOpA METOIAa HHTErPUPOBAHUS, YCTAHOBKU
[ > ¥
BpPEMEHH, 111ara HHTErpupOBaHUs, TOYHOCTH U T.1.
ITapameTtpsnl
cyera
@‘g} BeimonHsier 1-ii 3Tam cyera, mpoBOAS MHULIUATH3AINIO BCEX OJIOKOB U
JIMHUI CBSI3U, IPOBEPsIET NIPABUIILHOCTb BBEACHHBIX NIApaMeTPOB
Crapr
e 3anyckaer 3anady (IPOEKT) Ha CYET
Iyck
(IIpoponxkuTs
pacuer)
? OTkprIBaeT OKHO KOHTEKCTHOH cripaBouHoil cuctemsl [IK "MBTVY"
Cnpaska
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Puc. 1.1. I'naBHoe oxHo IIK "MBTVY". (Brinenens! kHonka Ilyck (Ilponomkute pacuer) u
TPHU BaKHBIX BKJIAOKH MeHIO ¢ HaOpamMH 3JIEMEHTOB (BHPTYaJIbHBIX OJIOKOB), KOTOpBIE OyIyT
UCIIOJIb30BATHCSA MIPU MOJENUPOBAHUM: M cmounuky cueHanos (TeHepaTopbl) — BKJIaJKa OTKPHITA,
Jlannvie (MHOAUKATOPBI U PETUCTPATOPDI) U J{unamuyeckue 36eHbs (3IEMEHTBI IMHENHBIX CUCTEM
U CHUCTEM B LIEJIOM).

HuokHsIst 4acTh TNIaBHOTO OKHA - 3T0 Menio 6710k06 — CTPYKTYPUPOBAaHHBIA HA0OP BKIIAMIOK,
cozepKalux o0pa3Lbl MOZAENEH Pa3IMYHBIX 3JIEMEHTOB, KOTOPbIE MOTYT OBITb BBIHECEHBI B
OKHO Mozenu (cxemMHoe okHO). Ha puc.l.1 BblmeneHbl TpW BaKHBIX HabOpa 3JE€MEHTapHBIX
OJIOKOB: MCTOYHMKH, AaHHBIE W [IUHAMHYECKHE MOJENU JIMHEHHBIX 3JIEMEHTOB, KOTOPBIC
MO3BOJISIFOT CTPOUTH MOJIENH JIMHEHHBIX CHCTEM M OOBEKTOB, MOAPOOHOE PACCMOTPEHHE HX
npuBeneHo Hibke. KHOMKY B MpaBoii BepXHel 4acTU MEHIO MO3BOJISIIOT IPOCMATPUBATh U APyrue
BKJIAJIKH, ¢ HA0OPaMU COOTBETCTBYIOIIHMX OJIOKOB, B YaCTHOCTH, BKIANKU Pyukyuu, Anumayus u

T.O.

1.2. OcHOBHBIE 3JIEMEHTBI MOAECTH
Menio 610k06 COCTOUT M3 OTHENBHBIX KaTalIoroB (OMONHMOTEK), MEPEKITIOUEHHE KOTOPBIX
OCYILIECTBIIIETCSI ONHOKPATHBIM IIEIYKOM JIBOH KHONKH MBIIKM B TOJi€ BKJIAJOK C
COOTBETCTBYIOIUM Ha3BAHHEM.
bubnoreku TUMOBBIX OJIOKOB:

1) "Hcmounuku” (puc. 1.2) —reHepaTops! curaanos. [IogoOHbIe 3JI€MEHTHI HE HUMEIOT BXOIHOTO
CHTHaJIa, Ha BBIXOJIE JK€ MX (POPMHUPYETCS 3aBUCALINA OT BPEMEHH CHTHAJI.

HeTouHMEM I Hanrete | Onepauwd | Berropres | Cusicrpyerupe | Ounarwseckune | Hemumeinee | Kaaua | J'In:nruqec__‘!_]__'_j
1
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= CryneHeka —
Puc. 1.2. Yacte HabOpa BUPTYAJbHBIX T€HEPATOPOB, UMEIOLITUXCS HA BKJIaAKe M cmounuxu.
Crona oTHOCSTCS:
- KOHCTaHTa (TIOCTOSTHHAS BEJINYHHA);
- CTyII€HYaTO€e BO3ACHUCTBUE;
- MHOTOCTYIIEHYaTO€E BO3JECHCTBHE;
- JINHEWHOE BO3JIEHCTBUE U T.II.
B xozne BrimosHeHHs 1a00paTOPHBIX padOT HHTEPEC MPENCTABISAIOT HCTOYHUKH CUTHAJIOB -
FeHepaTopbl CTYNEHYaTOr0 M CHUHYCOMAANbHOro curHanoB. KHomka co crpenkoii Bmpaso
(puc. 1.2) no3BosisieT UCNOJIB30BATh APYTrHUe UCTOUYHUKU CUTHAJIOB.

2) "Huuamuyeckue 3senva”. bubnuoreka nmpencrasiena Ha puc. 1.3:
Werounien | Oannee | Onepauin | Bekropree | CuSictpyeryper  OuHamuseckuie i Henureinee | Ko | J'Iu:urw-let_f_l__'_j
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Puc. 1.3. Bxnagka /[unamuueckue 36envs ¢ BbIIENEHHBIMU 00pa3LiaMi TUIIOBBIX 3BEHBEB.
Crona otHOCsITCA O110KH, M3BecTHBIE U3 Teopun CAP, B yacTHOCTH:

- JUHAMHAYECKOE 3BEHO OOIIEro BUA;

- UJeaNbHOE UHTETPUPYIOLIEe 3BEHO;

- arepuouiecKoe 3BeHO 1-ro nopsaxa;

- KoJiebaTeIbHOE 3BEHO;

f =Tl ‘=8B
EE S =) =Cx+00




- HHEPLIMOHHO-UHTETPUPYIOLIee 3BEHO;

- HHEPIMOHHO-TU( P EPEHIUPYIOIIEe 3BEHO.

3) "{auusie" (puc. 1.4) unu peructpatopsl. C MOMOIIBIO 3TUX OJOKOB MPOUCXOIUT BBIBOJ
IaHHBIX B rpaduueckoii popme:

- rpagudeckoe OKHO 1 (BpeMeHHOM rpaduk);

- rpaduaeckoe okHO 2 ((a3oBas MIOCKOCTH);

- rpadudeckoe OkHO 3 (TpexMepHbIi rpaduk).

| Onepaw | BextopHee | Cusicrpuktupst | Ounarameckue | Henumeinee | Koo | J'Iu:nruuea_“_m
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Puc. 1.4. Bxinanka JlanHbie C BBIIEICHHBIM PETUCTPATOPOM - BUPTYAbHBIM OCHUIUIOTpadoM
(61ox BpemenHoii rpaduk).

MCTOYHMEK

4) "Onepayuu mamemamuyveckue". B 6nOnuoTeky BXomsaT OJOKH, MPOU3BOIAIINE ONEpALNU
Ha/Jl BXOJHBIMH CHUTHAlaMH, Ha BBIXOJE KOTOPBIX - pe3yJabTaT onepauuu (CIOKEHUe,
BbIUUTAHUE, YMHOXKEHUE, NEJIECHHUE):

- CyMMHUpPOBaHHE (CyMMaTop);

- YMHO>KEHHUE;

- BEKTOPHOE CYyMMUPOBAHHUE;

- BEKTOPHOE YMHOXEHMUE;

- neneHue (CKaJsipHOE/BEKTOPHOE).

5) "Cybcmpyxkmyper ". B 4acTHOCTH K HUM OTHOCSITCS OJIOKH, NMPOHM3BOIAIINE OIEPALUN C
CHUTHAJIaMU JUTA JajibHelIe oOpaboTKM NaHHBIX B XOn€ pacuera (HampuMep, 4aCTOTHOTO
aHaJn3a, BBIBOJIA MEPENATOYHBIX (DYHKLINN):

- MaKkpoOJIOK;

- IOPT BXOJa;

- IOPT BBIXOJA;

- B mamsTh ("[lepenatuux");

- u3 namsatu ("Tlpuemnaux");

- CTOTI-pacyeT;

- 3aMeTka - KomMmenrapuii u T.1.

[Ipu BbIMONHEHNHM abopaTtopHBIX pador mo kypcy TAY wu3 sroit Gubnmorexu
3a7eiCTBOBAHbI Takue OJIOKHU, Kak B navsims u U3 namvsimu.

6) "@ynrkyuu mamemamuveckue”. BIOKHM, OCYIIECTBISIOIINE 3JEeMEHTapHble (YHKLUHUH HaT
CHUTHAJIOM (BO3BEIEHUE B CTEIEHb, JOTrapu(pMHUpOBaHUE, TPUTOHOMETPUIECKHE (PYHKIUU U
T. 1.) Hampumep, Takue xax:

- Pa3MHOXKUTEIb

- TUHEHHas! PyHKIHS

- KBaJpaTu4Has PyHKIUSI

- CUHYC

- norapum HaTypaJbHBIA U T.II.

7) "Henuneiinvte 36emvs”. CopepkaT ONOKH, peaNTM3yIOIIME YacTO  BCTPEYArOIIHUECs
HEJIMHEHHOCTH - TaKue, KaK JIO(QT, TUCTePE3UC, peJieiiHas XapaKTepUCTHKA 1 .

8) "Jloeuueckue 36enva’” u oudbnnorexa "Knrouu". Coneprxar OJ0KH, peaan3yroIIe JOTHIeCKHe
¢yHKUMK (TaKk Has3bIBaeMble "yIpaBiisieMble KIFOYM'"), MPOIMYCKAIOIINE OAWH W3 BXOAHBIX
CHUTHAJIOB Ha BBIXOJ B 3aBUCHMOCTH OT 3HAUEHHUs JPYroro BXOAHOro curHana. IlomoOHbie
OJIOKM MOTYT OBITH HMCIOJIb30BaHbI MPU aHAJHM3E€ CHUCTEM, UMEIOIIUX 3JIEMEHTHI TaK Ha3bl-
BaeMoi1 "mepeMeHHO CTPyKTypbI'.



9) "{uckpemmusie 36enbs" COOEPKUT TaKue OJOKU KaK:

- 3a/lep>KKa Ha L1ar UHTEerpUPOBaHUS;
- BKCTPAMOJIATOP HYJEBOTO MOPSAIKA;
- 3ama3blBaHye AUCKPETHOE U T.J.

bubmuorekn ¢ 6) mo 9) mNpPeACTaBNSIOT WHTEpPEC NPU BBHIMOJHEHHH OO0Jiee CIIOKHBIX
JTa0opaTopHBIX paboT, MO3TOMY UX COCTAB MPUBEICH C LIENIbI0 O3HAKOMIICHHSI.

1.3. Box u popMupoBaHuE MaTEMATUIECKONH MOACIIH

JluHaMH4eckasi CUCTeMa NPENCTABJIAECTCS B BUAE CTPYKTYPHOM CXEMBbl, BKJIHOYAIOLIEH B
cebst CTPYKTYpHBIE 3JIeMeHThI (OJIOKH), BXOSIINE B COCTAB BBIIICOMUCAHHBIX OUOITHOTEK.

CoenuHenne OJOKOB OCYIIECTBISIETCS C IIOMOIIBIO CBS3EH, KOTOPBIE TO3BOJISIOT
0oT0Opa3suTh B3aMMOACWCTBHE MEXKAY OTAEIbHBIMH 3JIeMEHTaMu peaibHOll cuctembl. B IIK
"MBTVY" Bce CBA3M OQHOHANPAaBJICHHBIC: OHM MEPENAIOT BUPTYyalbHBbIE CUTHANBI C BBIXOJOB
onHUX OJOKOB Ha BXOoabl Apyrux. Kaxkaelii OI0K, B CBOIO ouepenb, CHaOXKEH OJHUM WU
HECKOJIbKUMHU BXOJaMH M BbIXOZamH. B m300pakeHnn Oyoka OHHM TPEACTABISIIOT COOOMH
CTPEJIKH, IPEUMYIIECTBEHHO — C TIPAaBOI CTOPOHBI OJIOKa — BBIXO, & C JIEBOM — BXOA, NpHYEM
«OCTpUE» CTPEJIKU HANpaBJIeHO BIIPaBO Kak AJIA BXOJa, TaK U Ui BbIXOJAA (CM. puc.S).

}} }@}
a) 0) A

Puc.1.5 Ctpenku - BXOJbI ¥ BBIXOJIbI OJIOKOB. a) TMHAMUYECKOE 3BEHO «UHTETPaTop», BXOM
— CIIeBa, BBIXOI — CIpaBa; 0) AJIEMEHT MAaTeMaTUYECKUX OTepaluil «CyMMaTopy», Ba BXOIa—
CJIeBa M CHU3Y, BBIXOJ — CIIPaBa.

OnHOHAIPABJICHHOCTh MEPEavyy CUTHAJIA B MOACTUPYEMBIX CUCTEMAaX COCTOUT B TOM, YTO
MOCJIeAyIOIIUe OJIOKHM HE OJDKHBI BIIUSATH HAa padoTy mpenbiaymux 0jokoB. Takoe TpeboBaHUe
CJIeIyeT BBINMOJHUTh TPU COCTABICHUHM (PYHKIMOHAJIBHONH CXEMbl MOICIUPYEMOH CHCTEMBI,
JOJIKHBIM 00pa3oM BbIIENsAs €€ (DYHKIIMOHAJIbHBbIC 3JIeMeHThl. JIMHUHM CBSI3M TIPOBOISATCS OT
omHOTO OJIOKa MOJENTH K IPYyroMy ¢ MOMOIIBI MbIIH. Eciu CTpykTypa MMeeT OCOOBIi BUI,
HarpuMep, B cliydae ¢ 0OpaTHOM CBS3bIO, TO MPH MOCTPOSHUN yIOOHO, €CIIU BXOJ 3BeHa OyneT
HE CJIEBA, a CIIPaBa, U TAKXKE C BBIXOJIOM — PACIIOJIOKEHIE HA00OPOT.

» UtoObl MOMEHSITh PACIOJIOKEHHE BXOJOB U BBIXOJOB HYXKHO IICNKHYTH MPaBOM
KHOMKOH MbIu mo OJioky u BbiOpath CBOHCTBA, 3aTéM BO BKIAAKaxX Bxoosi,
Bowixoos:  BbIOpaTH HEOOXOOUMOE KOJMYECTBO BXOJOB WJIM BBIXOJAOB M WX
pacriosioskeHue ¢ TpedyeMol CTOPOHBI.

[Ipu BBOmE OJIOKOB M BO3MYINAIOUIUX BO3JACHCTBUI MOJB30OBATENb 337a€T MapaMeTphl -
k03 PUIHEHTBl YCUJICHUs, TIOCTOSHHbICE BPEMEHM, HAudajJbHbIE MOMEHTbI BpPEMEHH JUIsI
CTYNEHYAThIX BO3MYIIAOINNX BO3MCHCTBUNM WM T. 1. BBI3OB OKHa il BBOJA MapaMeTPOB
MPOU3BOIAUTCS TI0 JBYKPATHOMY INETUKY JIEBOW KHOIKOW MBIIIM Ha camMoM Onoke. HawanbHbie
3HAUEHUS TIEPEMEHHBIX CHUCTEMbl U WX TMPOU3BOAHBIX BBOISATCS, HUCXOAS W3 3aJaHHOU
MaTeMaTHYeCKOW MOJENN CHCTeMbl. Tak, JJii CHCTeMbI, B HAa4YaJIbHbII MOMEHT BPEMEHHU [0
MOSIBJICHUSI BXOAHOTO BO3ACHMCTBHSI HAXOMASINEHCS B TMOKOE, 3HAYCHHSI MEPEMEHHBIX CHUCTEMBI
MOTYT OBITh OMIPEEICHbI U3 CTATHYECKON XapaKTePUCTHUKH, & 3HAYCHUE WX TMPOU3BOIHBIX PABHBI
HYJIIO.

[To 3aBeplieHHMM BBOAA CTPYKTypa CHCTEMBI MOET OBbITh coOxpaHeHa B (aiinm ¢
pacmupennem .mrj. Jlns storo - BbiOpath B TyaBHOM MeHO @aiin -> CoXpaHUTH WK

B3
93 93 = 93
LICJIKHYTb 11O COOTBETCTBYIOLIECU NKOHKE OCHOBHOU MAaHCIN .B JaJIbHCHUIIIEM ITOJIB30BATECIIb

MOYKET BHOBb 3arpy’KaTh €€ U3 3TOro (paiiyia Uit MoCIenyoLUero peaakTHPOBAHUSI.



YACTb 2. MOIEJUPOBAHUE U PACYUET NEPEXO/JHObBIX HPOUHECCOB B IIK
«MBTY»

2.1.  Jlabopamopnas paboma No 1
«Pacuer u uccienoBaHue nNepexoaHbBIX NPOLECCOB THIIOBOTO ANEPHOIHYECKOTO
3BEHA».

llenv pabomuer: Tlo 3amanHbiM mapamerpam (kK u 7) anepuoOIUUEcKOro 3BEHA BBITIOJIHUTH
pacueT MNepexOAHBIX IPOLECCOB W HCCIENOBATh BIUSHHME YKAa3aHHBIX [apaMeTpOB Ha €ro
JUHAMHWYECKHE XapaKTEPUCTUKU.

llopaook evinoanenus pabomo:

2.1.1. OtkpeiB okHO Tporpammbl «MBTVY», co3mate HOByIO CTpykTypy. s

3TOrO - BBIOpaTh B riaBHOM MeHio Paiia -> Co3gaTh WM IIETKHYTH IO

COOTBETCTBYIOLIEH NKOHKE OCHOBHOM MaHENN

2.1.2. [TocTpouTe CTPYKTYpHYIO CX€My, COJAEPXKAIIYID 3BEHO CTYyNEeHYaToOro
Harpy>keHusi U TUNOBOe anepuoandeckoe 38eHo (Puc 2.1.1).

K
[p+]

Puc. 2.1.1 CtpykTypHas cxema MOJeNU JJis UCCIIeNOBaHMs alepruoIuIeckoro 36eHa

I[J'I;I NMOCTPOCHUA HeO6XOI[I/IMO BBITIOJTHUTD CJICAYIOIIUEC HeﬁCTBHﬂI
» TlomecTtuTth Ha pabouee MPOCTPAHCTBO OKHA MOJENH OJIOKH:
® TeHepaTopa CTYNMEHYaTOro CUTHaNA ¢ BKIaAKd MCTOYHHKH;
® anepHOAMYECKOro 3B€HA C BKJIAAKH JIlnHaMH4eckue;
e ocmmmuiorpada (BpemenHoii rpaduk) ¢ Bkiaaku JaHHbIe.

= MBTY - MogenqpoBaHHE B TEXHMYECKMX YCTpORCTEaX [OrpaHWseHHan)

CHain Onuwd Cvne Mogenwposanwe  Opremzauna AHanks Cuwdres  OkHa
| GBS || % VPV ||| ch &g o
..HCTD'-lIHMKM_ DatHble l -Elnepau.uul EEKTDDHI:IBI Eqﬁ&:TDqKqublI_.ﬂnHaMHLIeu:K.ueI

- (| 2] =0
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Puc. 2.1.2 IlepeHoc 60KOB B TIOJIE OKHA MOJIEIIH.



Jns mepemMelneHust Onoka cCileayeT IIENKHYTb MO ero OOO3HAYEeHUIO Ha BKJIAJKE MEHIO
6JI0KOB, EPEHECTH Kypcop Ha Hy>KHOE MeCTO pabodero npoCcTpaHcTBa OKHA MOJENH U BHOBb
LIeJIKHYTh JIEBOM KHOMKOM (cM. puc. 2.1.2).

» BrIpoBHATH pacnoniokeHue OJIOKOB B OIMH YPOBEHb U COeOUHHUTDL UX. CoeqHeHne

O5okoB TpeOyeT OmpeneNeHHOH CHOPOBKM M HaBbIKa. i1 COeNMMHEHUS HYXKHO
IIENIKaTh Ha «OCTPHE» CTPENKH BBIXO/Aa ONHOTO OJIOKa, Kypcop MPHHUMAET BHI
IpuLeia, U NPpU OTHYLIIEHHOH KHOIIKE MBIIIH MEepPeMeNiaTb Kypcop K «OCTPHIO»
CTpeJIKM BXOJAa IPYyroro OJOKa, I/ie BHOBBL IIENKATh JIEBOH KHOMKOH. [losBUTCS
JVHMA, CTPeNKa BbIXOAa OJIOKAa, OT KOTOPOTO BENH CBS3b, MCUE3HET, a CTpEJKa
BXOo#a OJoKa, HAa KOTOPBIA MOmaeTcsi CUrHaji, OyneT 3akpaiieHa udepHbM. Ecmu
COEVHUTENbHAS JIMHUS HE yJajacb, TO €€ MOXKHO YyJajuTb, LIEJNKHYB IO HEH
NPaBOil KJIaBUIIEH 1 BBIOPAB MyHKT MEHIO Y AAJIUTH CBA3b.

¥ METY - MopenupoBaHue B TEXHHYECKUY YyoTpodAcTeay [DrpaHHueHHan]

Fain Onuu Codne  Mogpenqpoeadue Oordmdsauvs AHankds  Cudtes  OkHa ¢

= =1
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N (| ] 2] 2t >E
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B C-\Program Files\MBTY 3.0\Proj__ PN BT {8 [148:303] paduk - [padux | _ [ Oof =

Puc. 2.1.3 OkHO OCTPOEHHOW MOJIENTN U OKHO rpaduka.

» BriBecTu OKHO mocTpoeHus rpaduka pe3yIbTaToB pPacueTa Mepexo HOro mpoLuecca.

JIBaKIbl IENKHYTH JIGBOW KHOMKOM MbITH 10 010Ky ocumiuiorpada (I'paduk), ero
MOSIBUBIIIEECS] OKHO MEPEMECTUTD («XBaTash OKHO 32 CHHIOK BEPXHIOK JIMHHUIO) HA
cBOOOTHOE MECTO BIPABO M TMOAPABHITH PasMepbl U PACIOJIOKEHHE OKOH (pHC.
2.1.3).

2.1.3. BBenenne mnapamMeTpoB amnepUOIMYECKOrO 3BE€HA COIJIACHO BAapUAHTY

3adaHusd

[IlenkHyTh NpaBOil KIABUINEH IO aNepUOAUYECKOMY 3BEHYy B OKHE MOAEIU U B

nosiBUBLIEMCs MeHIO BbIOpaTh (6oiicmea. B ToOsBHBIIEMCS OKHE BBECTH 3HA4YEHUE
ko3 punuenta ycunenns k u 3HaueHue noctostHHoi Bpemenu 3seHa T (puc. 2.1.4). IlenkHyTh
o kHotike /la.

||t B o B @ Tpadux
B NepemeHHan
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Puc. 2.1.4 3ananne koadpduunenra ycunenus k u nocrostanoit Bpemenu T.
2.1.4. Pacuer nepexoHOro mpouecca Moaeau

[enkuyte o kuHomke Ilyck (Ilpomomxute pacuer Ctrl+F9) ¢ uzobpaxkenunem Oeryiiero

4eIOBEUKA HA OCHOBHOMN maHenn # . MoaennposaHue 3amyiieHo. B okHe rpaduka mosBuTes
pe3yJbTaT PACCUUTAHHOTO MPOrPaMMON MEepPEeXOIHOro mporecca. [Ipu 3ToM B MpaBoM BEpXHEM
yrily OKHa MOCTPOEHHUs1 rpaduka cieayeT HakaTb KHONKY Paseepruyms (rpaduk mnpuoOperer
pa3Mephl KpaHa).

Ha Bxon amepuoamdeckoro 3BeHa OyIeT MOAaH CTYNEHYaThli BUPTYAIbHBI CHTHAN, Ha
KOTOpBI OJIOK OTpearupyer MOCTENEeHHbIM H3MEHEHMEM CHIHajla A0 €ro yCTaHOBHUBILErOCs
3HAYCHMUS.

» ITlocne Haxarus kHONKU Ilyck, MOSIBUTCS OKHO € MYTalOIINM NPEAYHPEKISHUEM O TOM,
YTO 3aJlaHHasi TOYHOCTh He 00ecreYnBaeTcsl. ITO NPEAyNPEKISHHE OTHOCUTCS TOJIBKO K
NEePBOMY IIAry WHTETPUPOBAHMSA, MO3TOMY OKHO CIENyeT MPOCTO 3aKPbITh U MOXKHO
AHAJTM3UPOBATH MOJYYSHHYIO TIEPEXOIHYIO XapaKTEPUCTHKY.

» Ecmu rpadpuxk He mnpencraBnser u3 ceds IUIABHYIO KPHUBYIO - CJIEOYeT H3MEHHTH
napameTpel pacdera. JlJist 3TOro Hy»KHO BBIOpaTh B IJIABHOM MeHI0 MoaequpoBaHue ->
IapameTpsl pacuera, 1mocie 4ero OTKPOETCS OKHO 33/laHHBIX MapaMeTpoB pacueTa
BBEICHHON CTPYKTYypbl. B OTKpBIBIIEMCS OKHE HEOOXOOUMO HW3MEHHTH 3aJaHHbIE MO
YMOJUAHUIO 3HaueHust Maxkcumansnoco wiaea unmeepuposanus u Illaea evieooa
Pe3yismamos, yMEHbIINB 3HAYEHNE Ha HECKOJIBKO MOPSIAKOB.

2.1.5. O0paboTka pe3ynbTaToB.
B menro ®aiin BeiOpate COXpAHUTH KaK, B MOSBUBIIEMCS OKHE YKa3aTh MyTh K TaIKe, B
KOTOPOI HY>KHO COXPAaHUTh U COXPAHHUTD MOJYYEHHBIH rpaduk.
B ordyer He0OXOAMMO BKIIFOUHTH MOJyYEHHbIE TPaPUKHN NEPEXOIHBIX MPOLECCOB, AT 3TOTO
HY’KHO H3BJIeUb UX U3 MPOrPaMMBbl, 4TOOBI B TOCTYITHOH popme B BUAe M300pakeHUH (CHUMKOB)
BCTaBUTh B AOKyMeHT Word (otuer). Ilpm sTOM rpaduk cienyer OTKOPpPEKTHPOBATb B



COOTBETCTBYIOLIIEM MaciuTabe, T.K. NMPH MOCTPOEHHH rpaduK BBIBOJUTHCA B aBTOMAaciuTade,
3ananHoM B IIK «MBTYV), kOTOpEIN HE BCEraa OTpakaeT XapaKTEPUCTUKY B HY>KHOM BHJIE MPH
3aJaHHBIX UHIUBUAYAJIBHBIX MTApaMeTpPax.

» Jlna u3sMeHeHus: MaciuTada CieayeT IeJIKHYTh MPaBOl KHOMKOW MBIIIH Ha TIOCTPOSHHOM

rpaduke u BeIOpaTh B mosiBuBIIEMCs criucke (esoficmea. Tlocie 4ero mosSIBUTCS OKHO
HACTPOWKH rpaduka, B KOTOPOM CIEAYET 3a/1aTh MAaKCUMAJIbHOE 3HAUEHHE BEJMUNH OCeH
abciuce U OpAUHAT B COOTBETCTBUU C TPAHHMLIAMH, B KOTOPBIX HAXOIUTCS MOCTPOEHHBIN
NEPEXOHBIA MPOLIECC, B 3TOM )K€ OKHE MOXXHO M3MEHUTh Ha3BaHHE rpaduka, Ha3BaB
Hanpumep, «/ papuk nepexoonozo npoyeccay.

» Jlns mosydeHHs CHUMKa CIIelyeT HaxaTh KiaBuury Print Screen ximaBuaTypsl, 3aIyCTUTh

nporpamMy Paint (Ilyck — Ilporpammbr — CranpaptHble - Paint) u B mento IlpaBka
BbIOpaTh BeraBuTe. [lomyueHHBIH CHUMOK clienyeT o0pe3aTh Mo KOHTYPY U COXPAaHUTH B
dopmare gif (wmu B modom npyrom rpaduueckom GopMare) B MaNKe ¢ OTYETOM.

» Kpome rpaduxa, B IIK «MBTVY» MOxKHO BbIBeCTH TabNUIly pe3yJIbTATOB pacueTa

nepexoaHoro npouecca. i 3Toro HeoOXOAMMO INENKHYTh MPaBOH KHOMKOW MBIIIN Ha
MOCTPOEHHOM TpaduKe 1 B MOSIBUBLIEMCSI MEHIO BbIOpaTh Crucok. Ilocne sToro B 1eBom
BEPXHEM YIUIy MOSIBUTCA TaOJNIMLA PE3yJbTaTOB, 3HAYCHHUST KOTOPOI HYKHO CKOIIMPOBATh
B CTaHIApTHYIO Tabmuny nokymentoB Word nnn Excel.

ObpaboTka mOJy4YeHHOTO Tpaduka MPOUSBOMUTHCS BPYYHYIO, JHOO C TMOMOIIBIO
nporpaMMHbIx cpencts (Hampumep, Mathcad m Excel) m Brimowaer B cebs ompeneneHue
CIIEAYIOLIUX [1apaMeTPOB:

Bpems mepexomHoro mpouecca - fiz. (BpeMsl BbIXxoAga KpuUBOH B 30HY* 5% oT
YCTAHOBUBILETOCS 3HAUEHHUS])

[Mocrosiuyo BpemeHu -7 -Tpemsi crniocobamu (7' - MpOBENEHUEM KacaTeIbHOM Mpu
t=0, T" - mpoBeneHueM kacarenbHoi B Touke t=0,5f; ; u T" - no yposhio 0,63 or
YCTAHOBUBILETOCS 3HAUEHUSI 110 KPUBOH MEPEXOIHOTO MPOLIECcca).

[Tony4yenHble pe3yabTaThl cBeCTH B Tabaumy o ¢opme Tadm. 2.1

Tabn.2.1
Pe3ynbTaThl ONpeneeHus: TMHAMHYECKUX XapaKTEPUCTHK THIIOBOTO allePUOIUIECKOTO 3BEHa.
! I "
Ne k T, Ly T, T", T", T,
CeK ceK CeK CeK CeK ek
1 kl TI
2 k2 T2
3
k3 T3

Cooeporcanue omyema:

3anaHue.

[enb paOoOTHI U OPSIIOK €€ BBITIOTHEHUSI.

['padrky momyueHHBIX MEPEXOIHBIX MPOLIECCOB C Pe3yIbTaTaMHi HX 00paboTKu.

BBIBOZIBI: OIIEHKA BIMSIHUS BENWYHHBI KO3 duuneHTa k 1 nocrtostaHoi T Ha AMHAMUYECKHE
XapaKTePUCTUKHU TUIIOBOTO allepUOANYECKOro 3BEHa.

1.

2.
3.
4



2.2. Jlabopamopnas paboma No2
«Pacuer M HccJIeq0OBaAHHE NIEPEXOIHBIX MPOLECCOB THIOBOI'0 HHTErPUPYIOLIET0 3BEHAY.

llens pabomsi:  BBITONHUTL pacyeT MEPEXOAHOrO MPOLecca WHTETPUPYIOIIEro 3BEHa,
ucnosb3ys [IK "MBTYVY", u uccnenosars Biusinue koaddunuenra k.

llopaook evinoanenus pabomo:

2.2.1. HUcnonwzya IIK "MBTV", nocTpoutrb CTPYKTYpHYIO CXE€MYy CO CTYIE€HYaTbIM
CHUJIOBBIM BO3AEHCTBUEM [JIsl TUIIOBOTO HHTerpupyromero 3BeHa (Puc. 2.2.1)
AHAJIOTUYHO NMOPSAAKY, NPUBEACHHOMY B II. 2.1.

K
N

Puc. 2.2.1 CrpykTypHas cxeMa [Uisl pacueTa U HCCJIENOBAaHUS IEPEXOAHBIX IPOLECCOB
HUHTErPUPYIOIIErO 3BEHa
2.2.2. Jns 3amaHHBIX 3HAUYEHUH KOd(pQHUIHMEeHTa ycuieHus k paccuuTarh W MOCTPOUTH
rpadpuKu MePeXOTHBIX MPOLECCOB.
2.2.3. Tlo rpadukam nmepexoaHbIX MPOLECCOB ONMPEACTUTh 3HAUCHHE YIia (f .

Cooeporcanue omyuema.

3anaHue.

[enb paOoOTHI U OPSIIOK €€ BBITIOTHEHUSI.

['padrky momyueHHBIX MEPEXOIHBIX MPOLIECCOB C Pe3yIbTaTaMHi HX 00paboTKu.

BBIBOZIBI: OLIEHKA BJIMSHUSL BEJIMYUHBI KO3(pdHUIHEeHTa K Ha BHI MEPEeXOOHOIro IMpolecca
TUIOBOIO UHTETPUPYIOLIErO 3BECHA.

PR =



AUHAMHWYCCKUEC XaPaKTCPUCTUKH.

2.3. Jlabopamopnas paboma No3
«Pacuer n uccyieno0BaHHe NEPEXOAHBIX NMPOLECCOB THIOBOr0 K0J1e0aTeJbHOI0 3BEHAY.

1{env pabomuer. T1o 3a1aHHBIM TTapaMeTpaM KoJieOaTeNbHOTO 3B€HA BHIMOJIHUTD pacueT
MIePEXOIHBIX MPOLIECCOB U MCCIEN0BATh BIMAHUE KO PUIHEHTA NeMII(PUPOBAHNS HA €ro

llopaook evinoanenus pabomo:
2.3.1. Hcnonwsys IIK "MBTVY", moCTpouTb CTPYKTYPHYIO CXEMY, COAECPIKAIIEE 3BEHO

CTYNEHYATOro Harpy>KeHUsl ¥ TUNIOBOE KoJiebarenpHOe 3BeHO (Puc. 2.3.1).

K

Puc. 2.3.1 CtpykTypHas cxeMa sl HCCIIEIOBaHUs KOJIeOaTeNbHOTO 3BEHA

TﬁiZ [d p+]

2.3.2. JIns kaxI0ro u3 3afaHHbIX 3HauUeHUHN “d” paccuuTaTh U IOCTPOUTH NMEPEXOHBIN

npotecc.

2.3.3. BpmonHuTh 06pabOTKy MOJYYEHHBIX MEPEXOIHBIX MPOLIECCOB, OMPEICITUB IPU
3TOM CJIEAYIOIIHE AUHAMUYECKUE TTapaMeTphl:

[Tony4deHnHble pe3yabTaThl CBECTH B Tabmuiy o dopme tadm. 2.3

Bpewms nepexonaHoro mpouecca #; ;  (Bpems BbIXOAa KPUBOH B 30HY + 5% oT

YCTAaHOBUBLIECTOCA 3HaLIeHI/I$I)

MaxkcuManpHyIO aMIUIUTYAy KosebaHuil - A

[Tepuon xonebanmii — T ;

CoOCTBeHHYIO HaCTOTY - () = —;

max

[TepeperynupoBanue - ¢ (Mpu €ro HAJTHMUUH);

IocTosinnyto BpemeHu - T, (A HekoseOaTeNbHOro NpoLecca);

. . 1
JlorapupmMuueckuii gekpeMeHT konedanmii - A =—In——

n

A

A

n+1

Tabn. 2.3

PeBy.]'IbTaTbI ONPECACICHUA NTUHAMUYCCKUX XaPAKTCPUCTUK TUIIOBOTO K0J1e0aTENIbHOrO 3BEHA

No

d

A t

max

1n.i.»

CCK

Tcex(1,)

w,l/cex

A

o

DN Bk~ WN =

2.3.4. Tlo pesynbratam 11.2.3.3 mocTpouTh rpaduieckue 3aBUCUMOCTH:

Ao = f(d)
trp (d)
w=f(d)
A= f(d)




Cooeporcanue omyema:

1.

2.
3.
4

3anaHue.

[enb paOoOTHI U OPSIIOK €€ BBITIOTHEHUSI.

['padrky momyueHHBIX MEPEXOIHBIX MPOLIECCOB C Pe3yIbTaTaMHi HX 00paboTKu.
3aBUCHMOCTH  OCHOBHBIX  JMHAMUYECKHX  MapaMeTpoB  OT  KoddduimeHrta
neMrnupoOBaHUsI.

BeiBonbr: Onenka BiamstHUSL KodpdunmeHTa aeMnupoBaHUS HAa 3HAYEHHsS OCHOBHBIX
IMHAMUYECKHX NapaMeTPOB.



YACTDb 3. MHCCIEJIOBAHUE CAP.

3.1. Jlabopamopnas paboma Ne 4
«HccnenoBanue CHCTEM  ABTOMATHYECKOr0  PeryJIMpOBAHUS ¢ MOMOIIBLIO
JIOrapu(pMUYeCKHX YACTOTHBIX XaPAKTEPHCTHK.

l{env padomsr: T1o 3apanno# cTpykTypHO cxeme CAP ompenenuTs rpaHUYHBIC 3HAYSHHS
obnacteil AMHAMHYECKOTO Ka4eCTBa, IOCTPOUTh COOTBETCTBYIOLIUE JOorapupMuIecKne
YaCTOTHBIE XapaKTEPUCTUKU C IIPOBEPKON PaCcueTOM MEPEXOAHBIX MPOLIECCOB.

YactoTHbple xapakTepucTuku JuHeHoW CAP 1O3BOJSIIOT KOCBEHHO CYAMTb O €€
OUHAMUYECKOM KadecTBe. bojee TOro, 3T XapakTepPUCTHKU MO3BOJSIOT ONTUMHU3MPOBATH
nmapametrpel U cTpykrypy CAP 1 nonydeHust TpeOyembIx ee CBOWCTB. YacTOTHBIE
XapaKTEPUCTHKH MPENCTABISIIOT B TOH WM WHOH (HopMe 3aBHCUMOCTD K03(duumenTa ycunenus
CHUCTEMOM CHHYCOMJANbHOIO CHIHaja OT YacTOThl 3TOrO CHUrHaja. AHaIU3Upys 4YaCTOTHBIE
XAPaKTEPUCTUKA CHCTEMBl MOXHO YCTAHOBHUTH CTENEHb €€ YCTOMYMBOCTH U ONPENEIUThb
BO3MOXKHOCTH €€ CTaOMIN3alnu.

llopaook evinoanenus pabomo:
3.1.1. Cozpmatb 3aaHHYI CTPYKTYpY (MOAENb) B COOTBETCTBUH C puc. 3.1.1, OTKpbIB

OKHO nporpammbl «MBTVY».

Ko
,D(Tiﬁ+7)

( T3/_7+ 7)
72,0+7

Puc. 3.1.1 CtpykrypHas cxema CAP

J5ist MOCTPOEHHUSI CTPYKTYPbI HEOOXOAMMO BBIMOJTHUTD CASTYIOIIHUE ASHCTBUS:
» Tlomectuth Ha pabouee MPOCTPAHCTBO OKHA MOJETH OJIOKH:
e TreHepaTopa CTYMEHYATOTO CUTHaja ¢ BKIaaku McTOYHHKH;

K T-s+1

e 3BeHbeB W (s)=——— u W(s) =——— ¢ Briaaku JluHamMmuveckue;
s(T-s+1) T,-

e cymMaropa ¢ Bkiaaku Onepauun

e ocumwuiorpada (Bpemennoii rpaduk) ¢ Brkiaanku JlaHHbie.

B nomonHeHne k TeMm OiioKaMm, KOTOpbIE YK€ PacCMAaTPHBAIUCH B IJIaBe 2 B CXEME Ha
puc.3.1.1 ucronezyercst 65ox cymmamop (CpaBHHBaWIIee YCTPOIicTBO) ¢ BKianku Onepauun
(Memnio 610x08).

» BemonnuTth coennHenuss OnokoB. Ha cxeme pwuc.3.1.1 wucronb3yercss eme OnHA
onepauuss — BerBJeHue. [locne Toro, kak Bbixog CAP mnoaxmoueH kK BXoay
BPEMEHHOro rpaduka, OT 3TOH JHMHUU CJIEOyeT CAeJaTbh OTBETBJICHHE OOpaTHOU
CBSI3U.



OnvH U3 IPOCTHIX cIOCOOOB BBOAA OOPATHOM CBSI3U COCTOUT B cienyromeM. HeoOxoamnmo,
MOCTOSIHHO yrep>kuBasi HaxkaTtol knasuiy Ctrl, menkHyTb O JMHUM NPaBOW KHOINKON MBILIH.
Ha nunuun nossurcsa Touka. [Iponomkas yaepxusath Ctrl, menkHyTh O TOUYKE JIEBOH KHOIKOMN
meiiy. Kypcop npumer Bun npuuena. Ilponomkas yaepskusath kiasuiny Ctrl, nmepemernarts
Kypcop K TOYKaM MMOBOPOTA JIMHUH, [A€ LIEJKATh JIEBOW KHONKOHN MbIU. [Iponomkare necreus
BIUIOTh 0 TMOJAKJIIOYEHHUS JUHUH K BXony OJoka, mocie yero otmyctuth kiasumy Ctrl. Ecmu
JUHUS TOJY4YUTCSl HEYNA4YHOW, €€ HYXKHO YJajluThb, LIEJIKHYB IO HEW NpPaBOM KJIaBUIIEH H
BbIOpAB B BBIMABIIEM MEHIO ¥YAAJIUTH JUHUIO B ¢Bsi3H (Ctrli+Del).

» Bsectu npounsBosibHBIE 3HaUeHHs K03(dunmenTa yeuneHust k u 3agaHHble 3HAUEHUS

TIOCTOSIHHOM BpeMeHH 1.

3.1.2. TlocTpouTb aMIUIMTYIHO- YaCTOTHBIE U (ha3o-dacToTHBIe Xapakrepuctuku CAP.
Hnsa moctpoenust xapakrepuctuk B [IK «MBTVY» HeoOxoaumo mepedTH B peskum
YaCTOTHOIO aHanu3a. sl NpoBENEeHUs YacTOTHOIO aHalIu3a MOJAEIH CIEAyeT
yKa3aTh, KaKHE €€ 3BEHbs aHAJIU3UPOBATBHCA. JIs1 3TOro HEOOXOOUMO OTMETHTH
YCJIOBHBIA BXOJA aHAJIM3MPYeMOro ()parMeHTa CXeMbl M €ro YCJIOBHBIA BbIXOA. B
IaHHOM Clly4ae yCJIOBHBIM BxonoM Oyaer Bxon CAP, a yCIOBHBIM BBIXOJIOM — €€
BBIXO/I.

B nporpammuom komruiekce "MBTY" yclnoBHBII BXOA U YCIOBHBIH BBIXOA 0003HAYAIOT C

nomMoIneo 6j0ka B mamsare , pacrosnioxkeHHOM Ha Bkyaake Cy0cTpykTypsl. [[Ba Takux
O70Ka cienyeT BBIHECTH HAa OKHO MOJIENIN U IIPUCOENNHUTD K BXOy U K Beixoay CAP. JIBoiiHbIM
IIETYKOM 1o ONoKy, mpucoennHeHHOMY ko Bxony CAP BbI3BaTh OKHO 3ajJjaHMsl Ha3BaHWUN
NMEPEeMEHHBbIX W H3MeHUTh HasBaHue Y1 Ha Bxoa. Ilepemennyro Y2 Haseate Bbixon
aHaJIOTHYHBIM 00pasom (puc. 3.1.2).
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Puc. 3.1.2. Ycnosanle Bxox — Y1 u Beixon — Y2 CAP.

» OTMmeruM, YTO B COOTBETCTBHH C KPUTEPUSMH YCTOHYMBOCTH YaCTOTHBIA aHAIU3
npoBogutcst st pasoMkHyToil CAP. Ocobennocts IIK "MBTY" B TOM, 4TO OH
NIPOBEPSIET, BCE JIU BXOJBI U BBIXO/bI COEAMHEHBI U €CIIM 3TO HE TaK, TO HE MO3BOJISIET
NPOBOIUTH MoaenupoBaHue. [loaToMy He Bcerma MOXKHO Pa3opBaTh OOpPATHYIO CBSI3b
yIaJeHUeM COENWHUTENbHOW JIMHUM. B 1maHHOM ciiydae HYXXKHO yCTaHOBHTH
k03¢ puLmeHT Beca cymmaropa o HWKHEMY BXOXy paBHBIM Hymwo. s sToro ciemyer
OBKIBl INEJIKHYTb JIEBOM KHONKOW MBIIM O CYMMAaropy B OKHE MOJENH U B
MOSIBUBIIEMCS] OKHE 3aMEHUTh BTOPOI BECOBOI MHOKUTENb € -1 Ha 0 (puc.3.1.3).




CeoicTEa afbekToE

Puc. 3.1.3. Jlna pa3smblkaHUsl KOHTypa MEpBBIH BECOBOI MHOXKHUTENb CyMMaTopa OCTaBJIeH
paBHBIM 1, a BTOpOH 3a/1aH PaBHBIM HYIIIO.

[Topsinox moctpoenust JIAUX u JIOUX B [IK "MBTVY" npocT u COCTOUT B CIlEIyIOLIEM.
Hns monmenu puc.3.1.2. B rmaHoM MeHro IIK "MBTV" BeiOpars: AHanm3 — YacToTHBIH
aHaiu3, B okHe IlapamMeTpbl 4acTOTHOro aHaau3a BbIOpaTh PYHKLIUIO - XapAKTEPUCTHK U3
paznena Cosoams okuo (puc. 3.1.4).

Puc. 3.1.4 OkHo 3amanusi napaMeTpOB YaCTOTHOTO aHATH3a
ITocne HaxkaTusg KHONKM XAapaKTepHCTHK, BHU3y OkHa Ilapamerpel 4acToTHOroO

AHAJIM3A TIOSIBUTCS TIOJIe BBIOOpa aHanu3upyeMmoro ¢parmenTa cxemsl no Bxogam u Beixogam.
sy
Hanee cnenyer ABa)kAbl HaXKaTb KHONKY * ¢ U B HIDKHEM IOJIE TMOSIBATCS JB€ HyMEpPOBaHHbIE

CTPOKH, B KOTOPBIX HEOOXOIUMO yKa3aTh, MIENKAsl MO COOTBETCTBYIOIIMM CTPOYKAM, HAa3BAHUS
nepeMeHHbIx Bxox (Y1) u Beixoa (Y2), a Takke mist mepBoi cTpoku BbiOpath JIAX, a mist

Bropoii ®UX (puc. 3.1.5). lllenaxuyts mo kHomke Pacuer _ D Pasker o e Mapamerpsbi
YACTOTHOIO AHAJIM3A U TOJYYUTh TPadUK C IBYMS YACTOTHBIMH XapaKTEPUCTHKAMH.
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Puc. 3.1.5 3amanme ¢QparmeHta cxembl IIsi TPOBENEHUS YACTOTHOIO aHAM3a yKa3aHUEM
Ha3BaHUH COOTBETCTBYIOIIMX NEPEMEHHBIX, U BHIa TpeOyembIx xapakrepuctuk. Crpasa
nokazanbl rpagpuku JIAUX u JIOUX, BeimaBaembie [IK "MBTY" nmpu memuke mo KHOIKe
Pacuer.

3.1.3. Ouenutp kauectBo CAP. B monydeHHbIX rpadukax cieayer W3MEeHHUTh MacIiTad
oceii (cM. rnaBy 2). Jlyis ynporneHus: mpocMoTpa u ananusa JIOUX nenecoodpasHo
BBIOMpATH IIar pa3MEeTKH OCH OPIWHAT PaBHBIM 15°, 30°, 45° unu 90°, Tak, 4TOGHI
6buta BrmHa TuHms -180°. JTAUX ynoOHee aHaIM3UPOBATh MPH Iare pa3MeTku B 20
b WM KpaTHOM 3TOMY 3HadeHHro (puc. 3.1.6)

@ Mpaguk - NAYX, NPUX =T

JIAYUX, JIPUX

L{ws),AE;
ApryMeHT ®

20 IgI[k]
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-180
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Puc. 3.1.6 JIAYX u JIOUX ¢ u3sMeHeHHbIM MacIuTaboMm.

» Jlns ompeneneHus 3amaca 1o (ase A¢@ HyXXHO INEIKHYTh NPAaBOW KHOMKOH MBIIIN Ha
MOJIY4€HHOM Tpaduke U B MOSBUBLIEMCsl CIUCKe BRIOpaTh Kypcop. Tlocie 3Toro B OkHe
rpaduka NOSIBUTHCS MEPEKPECTHE, MO HaBeNEHUIO KoToporo Ha @UX mpu gactoTe cpesa
B OKHe Kypcopa TIOSIBUTCSI COOTBETCTBYIOLIee 3HaueHue (asbl, qanee onpenemsiercs AgQ.
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3.1.4. H3menss 3HaueHue k, moctpouts cootercTByomue JIA®UX u onpenenuts 1is
KaQXA0ro ciy4as 3amac mo ¢ase A¢@ c oxsaroMm 3HadeHuit 0°,45°,90°. PesynbraTel
ceecTH B Tabnauimy u noctpouth rpaduk 3aBucumocty A = f(k). Tlo
MOJIyMEHHOM 3aBUCHMOCTH ONpeAcauTh 3HaueHust K, mpu kotopeix A, =0°,
Ap, =45° u Ap, =90°

3.1.5. na ycraHoBieHHbIX Tpex 3HaueHui Kk mnoctpouts JIAQUX, BBINOJHUTE HUX
00paboTky.

3.1.6. Iloctpouts mnepexomnubie mnpouecct CAP nmns  Tpex BapuantoB k.
[IpenBapuTtenbHO HEOOXOAUMO yHanuTh ONOKKH - ycinosHbIe Bxoa Y1u Boixox Y2
(mpocTaBiieHHbIE i1 YacTOrO aHajlu3a) U OTHOCSINMECS K HUM CBSI3U, a TaKXe
3aMKHYTh Pa30MKHYTYIO OOpPaTHYIO CBS3b (AHAJOTHYHO Pa3MbIKAHHIO, OITUCAHHOMY
B 11.3.1.2, Hy>)KHO 3aMEeHUTb BecoBOH koa(duumenT ¢ 0 Ha -1). [Ipu 3TOM cTpyKTYpa
npuMeT caenyomuii Buxg - puc. 3.1.7. BrmomHuTh 00palOTKy mNEpexXOaHBIX
IIPOLIECCOB.

. - 1
"@J Tes + 10 "“E?.&é,
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Puc. 3.1.7 CtpykTypHas cxema JUisl pacueTa U OCTPOEHUs IEPEXOIHOTO Mpoliecca

Cooeporcanue omyema:
3anaHue.
e paboThL.
3asucumocts AQ = f (k).
Pesynbrarsl onpeneneHus 3HaueHnH ko3 dunmenta k, mpu kotopeix A = 0°,45°,90° .
Jlorapudpmmuueckne aMIUIUTYAHO-YACTOTHBIE M (a30-4aCTOTHBIE XaPAKTEPUCTUKH JJIST TPeX
BbIOpaHHBIX BapuaHTOB K.
BBINOMHUTDL  pacdeTel W IOCTPOEHHsS] COOTBETCTBYIOLIMX IEPEXOIHBIX  IMPOLIECCOB.
[TapameTpbl 06pabOTKH MPEACTABUTD B BU/E TAOIHLIBI PE3YIIBTATOB.
Brisonbl. Onenka Binusiaus ko3¢ duumenra k Ha nuHamuky CAP.



3.2. Jlabopamopnas paboma Ne 5

«I/Iccnenosa}me BJIHSIHHUSI HEJIMHHEIHHOCTH MOACIH HA JHHAMHYECKHE XAPAKTCPUCTHKHU

CAP».

1lens pabomer: BBIMOTHUTH pacdeT U UCCIEAOBAHKUE PE3YJbTATOB MEPEXOIHBIX MPOIIECCOB
Mo 3aJaHHOHN CTpPyKTypHOU cxeme (puc. 3.1.1), ucnone3ys mporpammuyio cpeay Mathcad, st
IBYX TPEACTABJICHUN MOAENH — JUHEWHOW M HenuHedHoW. Ilpu »TOM B KadecTBe Moaenu
UCTIOJIb3YETCA THAPOCTATUYECKUM MIMUHACIbHBIA MOAITUITHUK [2], pacueTHas cxeMa KOTOPOro

npuseneHa Ha puc.3.2.1.

1

K

/

6)

L

a)

Puc. 3.2.1. Mogenb TUApPOCTaTUUECKOrO LINMUHAEIBPHOTO NOJMIMIIHUKA: a) pacyeTHas
TUAPABIMYECKAs CXeMa THAPOCTATUYECKOrO MOALIMITHUAKA; 0) KOHCTPYKLHS THAPOCTATUIECKOTO

MOAIIUITHUKA (Pa3BEPTKA).

Ha xoHCTpykimu, mpencraBieHHOW Ha puc. 3.2.1. 0), omopa pasnmeneHa kaHaBkamu K
3aryIeHHBIMU ¢ 00€UX CTOPOH NepeMblYKaMu /7, UIst OpraHU3aliy CIIMBHBIX TIOTOKOB paboueit

JKHUAKOCTH.

Cucrema ypaBHEHH, MPEACTABJISIONIAS MATEMATHUECKOE OMUCAHUE HETMHEWHON MOIeNH

I'CH, umeer cneayrommuii BUA:

Mh =R, (IB AR fa[(

_uh
4(h, —h); [(

V . .
I?I iol

= +hi (Bl +bL —2bl
R, (B —b l1 l} (EM]p' {(Bh+bly~244)

b —p p2h2 (B s l? l]+(E—62]Pz+h2(lez +b2L2—2b212)

a62 M

h=h+h,

b)'L+L-L)'b,]

[Tpu 5TOM HENMHEWHBIM SIBISIETCS YpaBHEHHE OanaHca pacXxoI0B JKUAKOCTH.

B=b) (L)' |21, +hL,) -




llopaook evinoanenus pabomo:
3.2.1. JAna moCcTpoeHUss MEPEXOAHOrO MpoLecca JUHEAPU30BAHHOW MOJENIN OTKPBITH
nporpamMmy LIN u3 nanku TAY-Mathcad.
3.2.2. BBecTH HCXOIHBIC€ OAHHbIE B COOTBETCTBHUM C HWHAUBUAYAJIbHBIM 3aJaHUEM.
HcxonHbpIMU TAHHBIMU IJ1s1 IPOBEACHUS pacueTa sBJISTFOTCS:
- TpUBeIEHHas Macca mmnuHaenss M , [kr];
- TIOJIOBHHA CYMMAapHOTO 3a30pa /i, [M];
- JasjeHue nurtanus p, , [Ila];

- IIHpuHAa omopsl B, [M];

- anuHa onopsl L, [M];

- IIUpUHA KapMaHa b, [M];

- JyuHA Kapmasa [, [M];

- TIpUBeNEHHbII 00beM paboueil xugkoct V,,, [M3];

o 2
- MOJyJb OOBEMHOH CxXMMaeMoCTu xxuakoctu E; , [H/m;
- koadpdunment Bsizkoctu U, [[Ta-c];

- BHewIHss Harpyska R; , [H];

- HaYaJbHBIM MOMEHT BPEMEHH, [C];

- KOHEYHBIII MOMEHT BPEMEHH, [C];

- KOJINYECTBO TOUEK UHTErPHPOBAHMUS.

JlaHHbIE TIEPEeMEHHBIC BEJIMYUHBI, 3HAYEHUS KOTOPbIX MJOJUKHBI OBITb  BBEICHBI
MOJIb30BATENEM, BBIJEJNEHbl B TEKCT€ MPOTPaMMbl SKEATbIM LIBETOM. JTHUM IEepPEMEHHbIM
NPUCBOEHBbI KAaKUE-TO 3HA4YeHMs], OCTaBLIMECs OT Mpenplayliero pacuera. OTCyTCTBYIOLIEE B
3a]aHUM 3HAaYeHHEe BHEUIHeN Harpy3ku B COOTBETCTBHE C YCJIOBUAMM MCCIENOBaHUSA
JIMHEAPU30BAHHBIX CUCTEM PEKOMEHyeTCsl IPUHUMATh PaBHbIM Manoi Beanyune 100 H.

3.2.3. Tlocne BBOAAa BapuaHTa 3aJaHMs CIENyeT IMOCTPOCHHE TpaduKa MEePexOTHOrO
npouecca. Ilocne 3Toro cnenyer npoBEpPUTH COOTBETCTBHE YCTAHOBJIEHHOTO
cucremoii Mathcad macmraba ocell rpaduka ¢ mpenenaMu HHTETPUPOBAHUS U
pa3MaxoM MnojydeHHOH kpuoil. Cama mpoueaypa YMCIEHHOIO PEeLIeHHs] CUCTEMbI
muddepeHInaNbHBIX YpaBHEHUIH CKpBITA OT TMoOJb30BaTens. s  pemeHus
UCTIONIb3YeTCs CcTaHmapTHas (QyHKOUs cuctembl Mathcad, peanmsyromas meron
Pynre-Kyrra yerBeproro pona ¢ puKCHPOBaHHBIM IIATOM.

OnHoOBpeMeHHO ¢ rpaduKOM B NPABOI YaCTU SKpaHa BBIBOISTCS YHCICHHBIE PE3yJIbTaThI
UHTETPUPOBAHMS, MO KOTOPHIM MOJKHO HWACHTHU(HLIHMPOBATH OKOHUaHHE pacuera. Kpome Toro,
NOJIyY€HHbBIE YHCJIEHHBIE TaHHBIE MOTYT OBITh SKCIIOPTUPOBAHBI B IPYTyI0 CUCTEMY 00paboTKu
naHHbIX (Hampumep, Microsoft Excel) ans BbloNHEHHs MOCTPOEHMsI M MOCJERyOLIen
obpaboTku.

3.2.4. BrmonHute 00paboTKy Trpaduka W yCTAHOBHTb 3HAUEHUS IHHAMHYECKUX
napamMeTpoB (ITUTENbHOCTD NEPEXOTHOTO MPOLIECcCa, IEPUO U YaCTOTY KoJieOaHuH,
norapudmuueckuii nekpement u T.a.) OOpaboTka BeIoHsAETCS JUOO IO
pacrieuatke rpaduka m3 Mathcad, nubo npu mepenoce B Apyroit rpadpuydeckuit
penaktop (Hanmpumep, Kommac).

3.2.5. Jlna mOCTpOEHUs] MEPEXOMHOr0 MpOoLEecca HETWHEWHOW (MCXOMHOW) MOIENH
oTkpbITh porpammy NLIN u3 nanku TAY-Mathcad.

3.2.6. AnanmormuyHo 1.3.2.2 BBeCTM HCXOJHbIE€ Jl@HHbIE B COOTBETCTBUM C
WH/IMBUAYAJIbHBIM 33JaHHEM.

3.2.7. Pacyer u mOCTpO€HHE MEePEXOAHBIX MPOLIECCOB BBINOJIHAETCS MPU BO3PACTAHUU
BHEIIHEH HAarpy3kd IO BEJIWYHH, NMPH KOTOPBIX HCUE3aeT KOJIeOaTeIbHOCTh, HIIU
SKCLEHTPUCHUTET focTuraer 3Hadenus 0,8.

3.2.8. Tlo pesynbraram 0OpabOTKM MEPEXOOHBIX MPOLECCOB CTPOUTCS rpaduk
3aBHCHUMOCTH JIOTApHU(PMUIECKOTO IEKPEMEHTA OT SKCLIEHTPUCHTETA.



A

Cooeporcanue omyema:

3ananue.

Lep paboThI ¥ IOPSIOK €€ BBITIOJTHEHUSI.

CucremMbl ypaBHEHUHN - UICXOIHOHN U IMHEAPHU30BaHHOMN. AHANNU3 HENMHEHHOCTEeH.

['padmku MOTYYEHHBIX MEPEXOIHBIX MPOLIECCOB C pe3yJbTaTaMu ux 00padoTKu.

BrIBOIBI: OIl€HKA BIIMSIHUS HEJIUHEMHBIX CBOMCTB MOJIENIN Ha ITIOKA3aTeIN €€ JUHAMUIECKOTO
Ka4eCTBa.



3.3. Jlabopamopnas paboma Ne 6
«Pacuet nepexoanoro npouecca CAP no BemecTBeHHONH XapaKTePUCTHKE CHCTEMbI».

1{env pabomur: Tlo 3ananHON nepenaTouHoll GyHKUUU W(p) pa30MKHYTOH CHCTEMBI
aBTOMATUYECKOIrO PEryJMPOBAHUS PACCUNUTATh U MOCTPOUTD NEPEXOAHBIN NPOLECC, UCIIOIb3YS
NpUOTMKEHHBIH METO/ BEIIECTBEHHBIX YaCTOTHBIX XapaKTEPUCTHK.

llopaook evinoanenus pabomo:

3.3.1. Jlnd nocTpoeHus BELUIECTBEHHON YaCTOTHOMN XapakTepucTuku P(@)

UCIIOJIL3YETCs €€ AHATUTUYECKOE BhIPAKEHHE P(w) = Re[@(jo)),
rae CD( J a)) nepenaTouHasi PyHKIHUs 3aAMKHYTOH CHCTEMBI, OTIpenessieMasi BBIPAKEHHEM:
ooy~ o)
1+ (jo)

3aMEHOM MEPEMEHHOM p Ha KOMILJIEKCHYO TIepeMeHHy0 J () |

3.3.2. BrImonHUTH pasfeneHue NnepenaTodyHor GpyHkuuu (D( ja)) Ha MHHMYIO Q( ja)) 51
BELIECTBEHHYIO P(a)) YaCTOTHbIE XapaKTEPUCTUKU. [l 3TOro 4uciauTenb U
3HaMeHaTelb BbIPAKEHUs (D( ja)) HEOOXOUMO JIOMHOJKHUTh Ha MHOJXKUTEb,

COMpPsDKEHHBIH  3HaMmeHaTenmto. [locme mpeoOpa3oBaHWii W PyNIHAPOBAHUS
BELIECTBEHHbIX W MHHUMBIX CJaraéMbIX [OJYYEHHOIO MOJHMHOMA YHUCIUTENs

OTIpeNeNsieTcss MCKOMasi BElIECTBEHHAsi 4acTOTHas xapaktepuctuka P(w). Jlns
NOCTPOEHHST 3aBUCUMOCTH P=P(a)) HeoOX0AUMO 3aaBaTh M3MeHeHue @ oT 0 1o

3HAQ4YEHUs TPU KOTOPOM BEJIUYHHA P(a)) CTaHOBHTCS AOCTATOYHO Onu3Koi K 0.

. [lepenarounas pyHKIHs [W( ¥i )] nojy4aercs no 3aganHoit W(p)

3.3.3. Manee, xpusas P(a)) 3aMEHSIETCA HECKOJIbKUMH TPANELUUAAIBHBIMUA KPUBBIMHU
(Puc 3.3.1) ¢ Takum pacueToM, 4YTOOBI CyMMa OpAMHAT TPANELUUH PaBHSIACH
OpJIUHATE BELIECTBEHHON YaCTOTHOM XapaKTEPUCTUKHU P(a)) IIpu sTOM Tpaneuun

MOTYT OBbITh KaK MOJIOKUTENBbHBIMHU TaK U oTpunatenbHbiMu (Puc 3.3.2). Kaxxnas u3
Tpaneuui JoJbKHa uMeTb TunoBoi Bua (Puc 3.3.3), mpu KOTOpOM OHa B TOJIHOM
Mepe ONpeNeNsieTcs: TpeMs NapaMeTpamu:

e YacroToii cpeza @
e Bricotoil r

W,

e Kospduumenrom nHakyioHa A =

Pe ;

2

wc

0\ o s 40 0 60
0 \\ = shABEK

-04

Puc.3.3.1 Bemecrennas xapakrepuctika P=P( (0 ) u pa3OueHune e€ Ha y4aCcTKU C
OAHMHAaKOBbIMHU HAKJIOHAMU
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Puc.3.3.2 Beigenenue COCTaBISIFOIINX 3JI€MEHTAPHBIX Tpanenuin

rae @,- UHTepBaj NPOIyCKaHUs YaCTOT
a)d - UHTCPBAJI paBHOMCPHOTO MPOITYCKAHUA YaCTOT.
Pesynbrarsl onpeneneHus mapaMeTpoB CBOAATCA B TaOnuiy o gopme tadm.3.3.1

Tabmn. 3.3.1
ITapameTpsl Tpanenuii, cCooTBeTCTBYIOLIUX P( (D)
Ne T wcalc wd
Tpa- xX=—"
p we
nei.
1
2
3
P(. } LN J
I
I
4 I
I
I
0 . gece i o shAmek
° ’ LN J

Puc.3.3.3 [TapameTpsl TUIIOBOH TpaneLuu

3.3.4. BremonHute mnoctpoenue h-¢pynkumii.  Ilpm  stom  h-¢yHkums —h(T)
IpenCTaBsieT cOOOHM KPUBYIO IEPEXOMHOTO IPOLecca CHCTEMBI, BELIeCTBEHHAs
4aCTOTHAs XapaKTepUCTHKa KOTOPOH — eAMHUYHAS TpaneLus, UMeroas

r=+1 u a)czll.
c

Takum oOpazom, mrobas eqUHUYHAS TPalelUus XapakTepU3yeTcsl TOJbKO KO3(h(UIueHTOM
HaKJIOHa ) =®,. Jnd eIMHWYHBIX Tpamenui C pa3IM4HBIMH 3HAUEHUSMH } MOTYT OBITh



orpesesieHbl OpPAMHATHI NEPEXOJHOro mpolecca B BuUAE h (z‘), raet =, -t- Oe3pazMepHbIil
napamMeTp BpeMeHU. M3 OTMEYEHHOrO BBILIE CIEAYET, YTO AJI €AUHUYHON Tpaneuun T =1-71=¢.

Tabmmunele ¢yakmum  h(7) COOTBETCTBYIOT pasiuYHbIM  KO3(D(UIIMEHTaM HAaKJIOHA
0< y<1. Eciu pacuerHass BEeNMYWHA ) JIEKHUT MEXAY ABYMS TaOJMUYHBIMHU 3HAYCHHSIMH,
BeIMOJIHSAETCS nHTepnosinust.  Cokpauennas Tadnuua h-pyHkuil npuBeneHa B MPHIIOKEHHH.
Jns mepexona ot h-pyHkiuit k mepexogHol GyHKUMU X(f ) , COOTBETCTBYIOIIEH KOHKPETHOU
COCTABJISIFOLIEN TpamelUHJAIbHON BEIIECTBEHHOW YaCTOTHOM XapaKTepPUCTHKH C TEM K€
3HAQ4YEHUEM ) , HO C r(a));tl u o, #1,HeoOxoquMo Kaxnoe 3HaueHue h-QyHKIUN YMHOXUTb

Ha rapamMeTp 1( @ ) JaHHOU Tpamnernuy, a i nepexoaa K GakTHIeCKOMY BPEMEHH C yUETOM TOrO,

T

4TO T = (0, -t , HEOOXOIUMO, CIEOBATEIBHO, BBIIOJHUTD NIEPEXO] 110 3aBUCUMOCTH [ = —
0

(4

Bce mpoMekyTo4HbIe pe3yIbTaThl ONPENeIEHUs] TApaMeTPOB CBOAATCS B TabiuIly 1o Gopme
Tabn.3.3.2.

Tabn. 3.3.2
PesynbTate! pacyeTos h-QyHKIHI 1 COCTAaBIAOIUX ¥, () MEPEXOIHOro MPoLecca.
Ne | 7 h-¢pyHKImS X, (t) X, (t) e X, (t)
Zl ZZ Zn tl xl t2 x2 tn xn
1 100
2 10,5
3 11,0
4 |1,5
5120
X(t)

/xn‘ \

A /‘ X(t)
e | —~——TT
04 /
/

=
L
04 =
ar g2 03 04 a5 06
0 X3(t X2(1) t cex
—ee™"|
-04 X4

Puc.3.3.4 Cocrasmnsromue x;(?) NepexoaHOro npouecca U pesysbTar X(7) UX CyMMHUPOBaHUs
3.3.5. Ilo manHbIM Tabmuubl 3.3.2 BBINOJHUTH MOCTPOSHHE KPUBBIX X;(7) X2(1)... X,(1)
MEPEXOIHBIX TMPOIECCOB COCTABIISIONUX TPAMECLIUMUIANBHBIX XapPaKTEPUCTUK C
MOCNEAYIOIIUM  CYMMHPOBAaHUEM OpAWHAT Hampumep rpaduuecku  (puc.
3.3.4).Ilony4yeHHas kpuBasi MEPEXOJHOTO MPOLIECCA CUCTEMBI:

x<f>=ixi<r>

UMEET  BCLIECTBEHHYID  YAaCTOTHYH  XapaKTePUCTUKY, COOTBETCTBYIOIIYIO  3aJaHHOMU
nepenaroyHoi GyHkuun W(p).
3.3.6. BrmonHUTh 00pabOTKY MONYHYEHHOTO MEPEXOIHOrO MPOLIecca U pacueT ero
TUHAMHUYECKHUX MapaMeTPOB.



Cooeporcanue omyema:
1.3ananue
2.1lenb paboTsl
3.0npenenuts nepenaTovHyo QyHKIHIO 3aMKHYTOH cucteMbl @@ ).
4.0npenenuTh BbIpaXXeHNE BELIECTBEHHON YaCTOTHON XapakTepucTuku P(w ).
5.IlocTpouTts 3aBUCUMOCTb P(®)).
6.BbInonHNUTh 3aMeHy KpuBoOi P( @ ) TpaneuunaalbHbIMU COCTABJIAIOIUMU.
7.0npenenuTs napaMeTphl TPAELUil U 3aHECTH UX B TaONHULLy.
8.I1o 3HaueHnsaM K03((PUIIMEHTA HAKJIOHA ) OMpPEIeUTh COOTBETCTBYIOMUE h-pyHKUINH.
9.BBINOIHUTE pacueT mapaMeTpoB MEPEXOTHOTO MpoIiecca 1 3aHECTH UX B TaOJHUILY.
10.ITocTpouTte COCTaBJSAOLINE MEPEXOAHOrO MPOLECCa U CyMMapHBbId MEPEXOAHBIN MpPOLECC
x(1)/
11. Onpeaenutb OCHOBHBIE XapaKTEPUCTUKH MEPEXOTHOTO MpoIiecca:
e Bpemst nepexonHOro npouecca,
e [TocTosiHHYIO BpeMeHH (B Cilyyae HeKO0JIeOaTeTbHOTO TIpoIiecca),
e Ilepuon u yacToty kojebanuii (pu Koe0aTEILHOM IpPOIIecce),
e [lepeperynupoBanue mH JorapupMUIeCKUN TEKPEMEHT KoJieOaHui.
10. BeiBogpl: OueHUTH BECOBBIE 3HAUEHHS COCTABJISIFOIINX HA MOCTPOCHUE CyMMapHOTO
MEPEXOTHOTO MPOLECCa, ATk OOILIYIO €ro XapaKTEePUCTHUKY.



3.4. Jlabopamopnas paboma Ne 7
«UccnenoBanue nepexoansnix npoueccos CAP meToaom n3o0pameHuiny.

1lens pabomsr: MeTonoM H300pakeHUN MOCTPOUTDH MEPEXOIHBIN MPOIECC ¢ MOCIeAYIOmeH
OLIEHKOH JMHAMUYECKOro KadyecTBa U ko3dduunenra neMnupoBaHusl.

llopaook evinoanenus pabomo:

OpHMM M3 METOJOB MCCIENOBAaHUS aBTOMATHMUECKUX CHUCTEM SIBJSIETCS IOJada Ha BXOJA
€IMHIYHOTO (TIOCTOSIHHOTO) curHana x(z). Ilo Buny monydeHHOH npu 3TOM (PYHKIIUN H3MEHEHUS
BBIXOJIHOTO CHUTHaja p(?) (TeopeTHuecKM WM O3KCHEPUMEHTAlIbHO) MOXHO CYAUTh O
JUHAMUYECKOM KaueCTBEe MCCIENYeMOW aBTOMATHYeCKOW cucTteMbl. [Io kpuBOW H3MeHeHus
BBIXOJJTHOTO CUTHAJIa ONPENETISAIOT BCE OCHOBHBIE NOKA3aTeNN JUHAMUYECKOIO KaueCTBa.

H3BecTHO, uTO mepexongHas (¢yHKuus W, 3aMKHYTOH aBTOMAaTHYECKOH CHCTEMBI
npeacTapyisier coOOW OTHOIICHHWE BBIXOTHOW () M BXOAHOUW X(7) BeNUYUH (HA3bIBAEMBIX B
nanpHeWmeM opueunaiamiy). ODHOBPEMEHHO 3Ta K€ IepenarodHas (YHKUUS  SIBISIETCS
OTHOLIEHHUEM U300paicenuil BBIXOTHOM p(s) 1 BXOAHOM X(S) BEJIHYUH, T.€.

W= y(®) /x()=y(s)/x(s).
3ajadya 3aKJIOYaeTCss B OINpENENeHUM 3aKOHAa WM3MEHEHHUS BBIXOJHOM BeNMuUuHBbI y(t) npu
U3BECTHOH mepenaToyHoi GpyHKINH

y(t) = x(0)-W,,

YTO MPENCTABJISET U3BECTHBIE TPYIHOCTH

Bbonee mpocTo 3ama4a MOKET OBITh peIlieHa ¢ TTOMOIIBIO Mepexoaa B 00acTh U300paskeHu .
DTO TO3BOJIIET AHAJOTMYHO OONacTu JorapumMoB 3aMEHSTh MAaTEMAaTHYECKHE IeHCTBUS
BBICIIIETO MOPsiIKa Ha OoJiee HU3KHUE, B HaleM ciydae auddepeHunpoBaHnue U UHTErPUPOBAHUE
3aMEHSIETCS POCThIM peIleHHeM anreOpandecknx ypaBHeHUH. CyIecTBYIOT pa3sUYHbIE BHIIbI
u3oOpaxennii: o Jlaniacy, no Xeeuccaiidy, no Jlazpansicy v 1. . B MalmmHOCTpOEHUH Harne
BCET0 MPUMEHSIIOTCST n300paxkenus no Jlaniacy. CnenoBaTenbHO, ISl PEIISHUS TIOCTaBJIEHHON

3ama4  HEeOOXOAMMO TOJIbKO HWMETh TaONUIly COOTBETCTBHS OPHTHMHANOB H300paKEHUSIM
(Tabn.6.1)

Tabn. 3.4.1
Tabnuia COOTBETCTBHSI OPUTHHAIIOB U300PaKEHHUSM
OpuzurHan V300paxenue
X©; ) X(s) Y9/
| ; /s
A : A/s
2
)0 J W, A/s

Jnst perieHus 3a1a4n CHavala HaXosT H300paKeHNEe BBIXOAHON BETUMUUHBI

y(s)=x(s)-W, |

A 3areM mo TaOmuIe COOTBETCTBHS, MEPEXOIs OT HM300paKeHUH K OpUTrMHAJTAM, HAXOHST
(YHKIIUIO N3MEHEHHsI BBIXOJHON BEJIUYHHBI (7).

Hampumep, paccMoTpuM ciyuaii, KOTZla Ha BXOJ MOAAETCS MOCTOsIHHAs BelIU4YuHa X(7)=A.
Jns Hayana HaxOISIT U300pakeHUsl BXOAHOTO CUTHasa (MepexoAsT OT OpUrHHaja, cTpenka 1 B
tabnuue cootBeTcTBUs). O4EBHIHO, UTO N300PAKEHNE BBIXOIHON BEIWYHHBI IPH 3TOM OynieT

A
y(s)=W, :



3aTeM WIOyT B KOJIOHKE W300pakeHUH TaOMUIbI COOTBETCTBUSI TOJNYYEHHBIH BUJ
n300paskeHHsI BBIXOIHOW BEJTMYUHBI (CTpelika 2 B TaOJINIIE COOTBETCTBUS).

U, HakoHel, oT n300paskeHUsT BBIXOIHOW BEJIMYUHBI MMEPEXOAIT K OpUrHHATY eé(cTpenka 3 B
Ta0NUlle COOTBETCTBHUS), T. €. MOJYy4alOT (QYHKOHIO () , MO KOTOPOH CTPOSIT KPHUBYIO
MEPEXOAHOrO MPOLECCa U ONPEAEISIFOT BCE MOKA3ATENN THHAMUYECKOrO Ka4eCTBa.

Cooeporcanue omyema:

1.
2.
3.

9]

3anaHue.
[enb paOoOTHI U OPSIIOK €€ BBITIOTHEHUSI.
ITo 3agaHHON CTPYKTYPHOH CX€M€ aBTOMATUYE€CKON CUCTEMBbI ONPEAETUTD
nepenaTouHyo QyHKIII0 W, 3aMKHYTOHN CUCTEMBI.
[Toy4uTh KPUBYIO MEPEXOTHOTO MPOILIECCa METOOM n3o0paskenuii no Jlaniacy ¢
ucnojp3oBanueM nporpammuoi cpeasl CUAM wnu [TK «MBTVY».
BbINONHNUTE CpaBHEHUE NIEPEXOHBIX POLIECCOB.
OnpenenuTb OCHOBHBIE TIOKA3aTeNu AMHaAMU4Yeckoro kauectsa CAP:
BpeMsI IEPEXOIHOTO Mpoliecca,
nepuo KoJiebaHui,
COOCTBEHHYIO 4acCTOTY,
K0JIe0ATEIbHOCTh CUCTEMBI,
JOrapuPpMHUECKUI TEKPEMEHT KOJIeOaHHI.
YcranoBuTh BiIUsiHEE K03(hunmenTa ycunenus u koddppunrenta neMmnpupoBanus Ha
MOKa3aTeIu JUHAMUYECKOrO KauecTBa CUCTEMBI.

BoiBoa. OLieHUTh COOTBETCTBHE MOJTyUYEHHBIX IEPEXOHBIX MPOLECCOB U OXapaKTepU30BaTh
3aBHCHUMOCTb IUHaAMHU4UecKoro kadectsa CAP oT k03(h(pUIIueHTOB yCHIeHs U AeMIIpUPOBAHHUSL.



Tabuya pynxyuu h(ty)

[Ipunoxenue 1

t

0.0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.5

0.158

0.165

0.176

0.184

0.192

0.199

0.207

0.215

0.223

0.231

1.0

0.310

0.326

0.340

0.356

0.371

0.386

0.401

0.417

0.432

0.447

1.5

0.449

0.469

0.494

0.516

0.538

0.560

0.580

0.603

0.617

0.646

2.0

0.572

0.597

0.628

0.655

0.683

0.709

0.733

0.761

0.786

0.810

2.5

0.674

0.705

0.739

0.771

0.802

0.833

0.861

0.891

0.916

0.943

3.0

0.755

0.790

0.828

0.863

0.896

0.928

0.958

0.987

1.013

1.038

3.5

0.814

0.853

0.892

0.928

0.963

0.994

1.024

1.050

1.074

1.095

4.0

0.857

0.896

0.938

0.974

1.008

1.039

1.060

1.090

1.107

1.124

4.5

0.883

0.923

0.960

0.997

1.029

1.057

1.080

1.100

1.115

1.129

5.0

0.896

0.936

0.978

1.012

1.042

1.067

1.087

1.103

1.112

1.117

5.5

0.900

0.940

0.986

1.019

1.046

1.067

1.083

1.093

1.095

1.097

6.0

0.904

0.943

0.982

1.013

1.037

1.054

1.065

1.070

1.068

1.062

6.5

0.904

0.942

0.980

1.009

1.030

1.043

1.050

1.049

1.043

1.033

7.0

0.904

0.944

0.979

1.006

1.024

1.035

1.037

1.033

1.023

1.009

7.5

0.907

0.945

0.980

1.006

1.019

1.025

1.025

1.017

1.005

0.989

8.0

0.910

0.951

0.985

1.008

1.020

1.024

1.021

1.012

0.995

0.981

8.5

0.918

0.956

0.989

1.010

1.021

1.022

1.018

1.007

0.992

0.977

9.0

0.924

0.965

0.997

1.016

1.025

1.025

1.018

1.006

0.992

0.978

9.5

0.932

0.972

1.004

1.022

1.029

1.027

1.019

1.006

0.993

0.982

10.0

0.939

0.978

1.009

1.025

1.031

1.027

1.019

1.006

0.993

0.987

10.5

0.946

0.985

1.013

1.028

1.033

1.028

1.017

1.005

0.993

0.991

11.0

0.947

0.988

1.015

1.029

1.031

1.025

1.014

1.002

0.993

0.991

11.5

0.949

0.988

1.016

1.027

1.028

1.021

1.010

0.999

0.991

0.989

12.0

0.950

0.988

1.015

1.025

1.024

1.015

1.004

0.994

0.988

0.987

12.5

0.950

0.989

1.013

1.022

1.019

1.010

0.999

0.990

0.986

0.968

13.0

0.950

0.989

1.012

1.019

1.015

1.005

0.994

0.986

0.985

0.987

13.5

0.950

0.990

1.011

1.017

1.011

1.000

0.990

0.983

0.984

0.988




Tabsiuya pynxyuu h(ty)

(Mpooondcenue)

0.50

0.55

0.60

0.65

0.70

0.75 | 0.80 | 0.85 | 0.90 | 0.95 | 1.00

0.0

0.000

0.000

0.000

0.000

0.000

0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000

0.5

0.240

0.248

0.255

0.259

0.267

0.27510.282 1 0.290 | 0.297 | 0.304 | 0.314

1.0

0.461

0.476

0.490

0.505

0.519

0.534 1 0.547 { 0.562 | 0.575 | 0.593 | 0.603

1.5

0.665

0.685

0.706

0.722

0.740

0.758 1 0.776 | 0.794 | 0.813 | 0.832 | 0.844

2.0

0.833

0.856

0.878

0.899

0.919

0.938 1 0.956 | 0.974 | 0.986 | 1.003 | 1.020

2.5

0.967

0.985

1.010

1.031

1.042

1.060 | 1.078 | 1.098 | 1.113 | 1.125 | 1.133

3.0

1.061

1.082

1.100

1.117

1.130

1.142 | 1.154 | 1.164 | 1.172 | 1.176 | 1.178

3.5

1.115

1.132

1.145

1.158

1.161

1.166 | 1.171 | 1.174 | 1.175 | 1.175 | 1.175

4.0

1.142

1.152

1.158

1.159

1.160

1.161 | 1.156 | 1.149 | 1.141 | 1.131 | 1.118

4.5

1.138

1.134

1.134

1.138

1.132

1.127 | 1.111 | 1.099 | 1.085 | 1.071 | 1.053

5.0

1.118

1.115

1.107

1.098

1.084

1.069 | 1.053 | 1.037 | 1.019 | 1.001 | 0.986

5.5

1.092

1.083

1.070

1.050

1.032

1.016 | 0.994 | 0.979 | 0.962 | 0.951 | 0.932

6.0

1.051

1.037

1.021

1.003

0.984

0.966 | 0.949 | 0.934 | 0.922 | 0.914 | 0.906

6.5

1.018

1.001

0.982

0.965

0.948

0.936 | 0.920 { 0.910 | 0.903 | 0.903 | 0.905

7.0

0.993

0.975

0.957

0.941

0.927

0.917 1 0.911 | 0.908 | 0.909 | 0.915 | 0.925

7.5

0.974

0.958

0.944

0.926

0.922

0.911]0.920 { 0.927 | 0.934 | 0.946 | 0.958

8.0

0.966

0.951

0.941

0.935

0.932

0.936 |1 0.944 | 0.955 | 0.970 | 0.986 | 1.004

8.5

0.966

0.949

0.944

0.948

0.951

0.958 1 0.974 { 0.990 | 1.006 | 1.023 | 1.041

9.0

0.970

0.960

0.961

0.966

0.976

0.990 | 1.006 | 1.023 | 1.039 | 1.053 | 1.061

9.5

0.975

0.972

0.980

0.987

1.000

1.015 | 1.033 | 1.048 | 1.059 | 01.066 | 1.066

10.0

0.982

0.985

0.993

1.006

1.020

1.036 | 1.049 | 1.059 | 1.063 | 1.062 | 1.056

10.5

0.987

0.996

1.007

1.017

1.033

1.046 | 1.054 | 1.058 | 1.055 | 1.048 | 1.033

11.0

0.993

1.002

1.014

1.027

1.039

1.047 | 1.048 | 1.044 | 1.034 | 1.021 | 1.005

11.5

0.997

1.006

1.017

1.029

1.037

1.043 | 1.034 | 1.024 | 1.010 | 0.994 | 0.977

12.0

0.997

1.006

1.019

1.026

1.027

1.025 | 1.015 | 1.000 | 0.984 | 0.969 | 0.958

12.5

0.997

1.006

1.018

1.019

1.017

1.010 | 0.995 | 0.979 | 0.965 | 0.954 | 0.949

13.0

0997

1.006

1.014

1.012

1.005

0.993 1 0.980 | 0.964 | 0.955 | 0.950 | 0.955

13.5

0.998

1.006

1.010

1.005

0.995

0.982 1 0.968 | 0.958 | 0.954 | 0.958 | 0.970




Tab.uua pynxuuu h(ty)

(Mpoodondcenue)

0.0

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

14.0

0.952

0.989

1.011

1.016

1.009

0.997

0.988

0.983

0.985

0.991

14.5

0.954

0.990

1.012

1.015

1.008

0.996

0.987

0.985

0.988

0.996

15.0

0.956

0.993

1.012

1.014

1.007

0.995

0.988

0.987

0.991

1.000

15.5

0.959

0.995

1.014

1.014

1.006

0.995

0.989

0.988

0.996

1.004

16.0

0.961

0.997

1.015

1.014

1.006

0.995

0.991

0.992

0.998

1.007

16.5

0.964

0.999

1.016

1.014

1.005

0.995

0.993

0.995

1.002

1.009

17.0

0.965

1.001

1.016

1.013

1.005

0.955

0.994

0.997

1.005

1.010

17.5

0.966

1.002

1.015

1.012

1.003

0.995

0.994

0.998

1.006

1.010

18.0.

0.966

1.002

1.015

1.011

1.002

0.995

0.995

1.001

1.008

1.010

18.5

0.966

1.001

1.015

1.009

1.001

0.994

0.995

1.001

1.007

1.009

19.0

0.967

1.000

1.015

1.008

0.998

0.992

0.995

1.001

1.006

1.006

19.5

0.967

1.000

1.014

1.006

0.996

0.991

0.995

1.001

1.005

1.004

20.0

0.967

1.000

1.013

1.005

0.995

0.991

0.995

1.001

1.005

1.002

20.5

0.968

1.002

1.012

1.004

0.994

0.991

0.996

1.002

1.004

1.001

21.0

0.968

1.002

1.011

1.003

0.994

0.992

0.997

1.003

1.004

1.001

21.5

0.969

1.002

1.011.

1.003

0.995

0.992

0.999

1.004

1.004

1.001

22.0

0.971

1.002

1.011

1.002

0.995

0.993

1.000

1.005

1.004

1.000

22.5

0.973

1.002

1.011

1.002

0.996

0.995

1.002

1.006

1.004

0.999

23.0

0.974

1.005

1.011

1.002

0.996

0.997

1.004

1.007

1.003.

0.999

23.5

0.975

1.005

1.010

1.002

0.996

0.998

1.004

1.008

1.003

0.998

24.0

0.975

1.005

1.010

1.001

0.996

0.999

1.005

1.007

1.002

0.997

24.5

0.975

1.005

1.009

1.000

0.996

0.999

1.005

1.006

1.001

0.997

25.0

0.975

1.005

1.008

1.000

0.995

0.999

1.005

1.004

1.000

0.996

25.5

0.975

1.005

1.008

0.999

0.995

0.999

1.004

1.003

0.998

0.996

26.0

0.975

1.005

1.007

0.999

0.995

0.999

1.004

1.002

0.997

0.996




Tab.uua pynxuuu h(ty) (npooonicenue)
X

‘ 0.50 | 0.55 | 0.60 | 0.65 | 0.70 | 0.75 | 0.80 | 0.85 | 0.90 | 0.95 1.00
14.0 | 1.000 | 1.006 | 1008 | 0.999 | 0.987 | 0.974 | 0.965 | 0.961 | 0.965 | 0.976 0.990
14.5 | 1.002 | 1.006 | 1.005 | 0.994 | 0.983 | 0.970 | 0.969 | 0.971 | 0.981 | 0.997 1.010
15.0 | 1.005 | 1.007 | 1.002 | 0.993 | 0.983 | 0.976 | 0.978 | 0.987 | 1.001 | 1.017 1.030
15.5 | 1.008 | 1.007 | 1.001 | 0.993 | 0.985 | 0.984 | 0.991 | 1.003 | 1.019 | 1.032 1.040
16.0 | 1.011 | 1.008 | 1.001 | 0.994 | 0.990 | 0.993 | 1.003 | 1.018 | 1.031 | 1.039 1.039
16.5 | 1.011 | 1.008 | 1.001 | 0.996 | 0.995 | 1.001 | 1.014 | 1.027 | 1.036 | 1.038 1.028
17.0 | 1.012 | 1.007 | 0.999 | 0.997 | 0.999 | 1.008 | 1.020 | 1.030 | 1.032 | 1.027 1.012
17.5 | 1.009 | 1.005 | 0.997 | 0.998 | 1.002 | 1.012 | 1.023 | 1.027 | 1.023 | 1.013 0.988
18.0. | 1.008 | 1.002 | 0.997 | 0.998 | 1.004 | 1.014 | 1.020 | 1.018 | 1.008 | 0.993 0.979
18.5 | 1.006 | 0.999 | 0.995 | 0.998 | 1.003 | 1.012 | 1.014 | 1.007 | 0.993 | 0.978 0.969
19.0 | 1.001 | 0.995 | 0.993 | 0.997 | 1.004 | 1.009 | 1.006 | 0.995 | 0.981 | 0.969 0.967
19.5 | 0.998 | 0.992 | 0.992 | 0.996 | 1.003 | 1.005 | 0.998 | 0.985 | 0.973 | 0.967 0.973
20.0 | 0.996 | 0.991 | 0.992 | 0.995 | 1.003 | 1.001 | 0.991 | 0.979 | 0.972 | 0.974 0.985
20.5 | 0.995 | 0.991 | 0.994 | 0.996 | 1.001 | 0.996 | 0.986 | 0.976 | 0.974 | 0.990 1.001
21.0 | 0.995 | 0.993 | 0.997 | 0.996 | 0.999 | 0.993 | 0.983 | 0.975 | 0.981 | 1.002 1.016
21.5 | 0.996 | 0.995 | 1.000 | 0.995 | 0.998 | 0.992 | 0.986 | 0.988 | 0.997 | 1.013 1.024
22.0 | 0.996 | 0.996 | 1.000 | 0.997 | 0.997 | 0.991 | 0.991 | 0.997 | 1.012 | 1.024 1.029
22.5 | 0.997 | 1.000 | 1.004 | 1.000 | 0.996 | 0.992 | 0.998 | 1.008 | 1.022 | 1.028 1.026
23.0 | 0.998 | 1.001 | 1.006 | 1.001 | 0.997 | 0.994 | 1.002 | 1.015 | 1.025 | 1.027 1.016
23.5 | 0.999 | 1.002 | 1.007 | 1.002 | 0.998 | 0.997 | 1.007 | 1.017 | 1.023 | 1.023 1.002
24.0 | 1.000 | 1.002 | 1.008 | 1.003 | 0.999 | 1.000 | 1.008 | 1.017 | 1.015 | 1.012 0.988
24.5 | 1.000 | 1.002 | 1.006 | 1.003 | 1.000 | 1.002 | 1.008 | 1.014 | 1.005 | 0.995 0.979
25.0 | 1.000 | 1.002 | 1.004 | 1.003 | 1.001 | 1.003 | 1.005 | 1.008 | 0.991 | 0.985 0.975
25.5 | 1.000 | 1.002 | 1.002 | 1.002 | 1.002 | 1.004 | 1.004 | 1.001 | 0.986 | 0.978 0.977
26.0 | 1.000 | 1.002 | 1.000 | 1.001 | 1.002 | 1.004 | 1.002 | 0.987 | 0.984 | 0.977 0.983
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[Ipunosxenue 2

Bapuanmet 3a0anuii k siabopamopusin pabomam no Kypcy TAY

Paboter 1, 2, 3

Ne k T,c k T,c | Ne k T,c k T,c
1 1 0.05 1 001 | 16 | 1.2 | 0.06 | 12 | 001 1;0.6;0.15;0.1;0
0.5 04
2 0.1 0.05 0.1 01 [ 17 | 044 | 0.02 | 044 | 0.01 1;0.4;0.3;0.2;0
0.75 0.2
3 025 | 007 | 025 | 02 [ 18 | 025 [ 014 [ 025 | 03 1;0.25;0.15;0.08;0
0.12 0.12
4 09 0.04 09 | 008 | 19 [ 065 | 065 | 0.65| 0.1 1;0.45;0.3;0.07;0
045 035
5 12 0.1 12 05 [ 20 | 28 01 | 28 | 0.02 1;0.3;0.18;0.75;0
1 14
6 055 1 0.09 [ 055 | 002 [ 21 | 77 14 | 77 | 02 1;0.5;0.25;0.09;0
0.15 4.2
7 062 | 004 | 062 | 001 [ 22 | 12 0.7 12 | 015 1;0.33:0.15;0.04;0
031 6
8 0.2 025 (0.2 0.05 12 0.1 12 0.6 1;0.2;0.1;0.05;0
0.17 4
9 1.1 18 1.1 0.6 9 1008 9 04 1;0.4;0.25;0.08;0
0.8 3
10 15 04 15 01 [ 25 | 44 02 | 44 | 07 1;0.32:0.16;0.09;0
7.5 2
11 10 2 10 04 [ 26 | 011 [ 1.1 [ 011 | S5 1;0.31:0.12;0.03;0
45 0.5
12 7 | 0.06 7 001 | 27 10351 0.07 | 035 | 04 1;0.45;0.3;0.07;0
42 0.15
13 333 | 314 | 333 |0.71 | 28 1 0.05]| 1 0.1 1;0.6;0.15;0.1;0
222 04
14 195 1.6 195 (003 ] 29 | 015 | 0.02 | 015 | 0.08 1;0.33;0.15;0.04;0
1 0.65
15 18 0.16 18 1025 (30| 15 [0.04 [ 1.5 [ 001 1;0.2;0.1;0.05;0
2.8 0.75
Ne k T,c k T,c | Ne k T,c k T,c
31 0.1 0.05 01 |[001 | 46 [ 42 | 0.06 | 42 | 0.01 1;0.6;0.15;0.1;0
0.05 14
32 001 | 005 | 001 | 01 | 47 | 444 | 002 | 444 | 001 1;0.4;0.3;0.2;0
0.075 0.11
33 0025 | 007 [ 0025 | 02 | 48 [ 0.75 | 034 | 0.75 | 0.8 1;0.25;0.15;0.08;0
0.012 0.12
34 009 | 004 | 0.09 |0.08 | 49 | 0.15 [ 0.165| 0.15 | 0.1 1;0.45;0.3;0.07;0
0.045 0.55
35 12 0.51 12 | 095 | S0 | 28 09 | 28 | 0.02 1;0.3;0.18;0.75;0
0.1 54
36 0.055 ( 0.09 | 0.055(0.02| 51 | 27 14 | 27 | 06 1:0.5:0.25:0.09:0




0.015 6.2

37 042 | 004 | 042 | 001 | 52| 12 [ 007 | 12 | 015 1;0.33;0.15;0.04;0
0.11 6.8

38 028 | 015 | 028 | 005 | 53| 012 | 015 | 0.12 | 0.06 1;0.2;0.1;0.05;0
0.7 04

39 1.1 1 1.1 | 065 | 4 9 0.8 9 045 1;0.4;0.25;0.08;0
03 0.6

40 15 04 15 01 | 55| 94 | 025 | 94 | 07 1;0.32;0.16;0.09;0
75 25

1 10 25 10 04 | 56 | 01 11 | 01 | 45 1;0.31;0.12;0.03;0
4 04

42 7 0.06 7 001 [ 57| 035 | 07 | 035| 24 1;0.45;0.3;0.07;0
42 0.15

43 0333 | 0314 | 0333 | 071 | 58 | 13 05 | 13 | 013 1;0.6;0.15;0.1;0
0.222 04

4 0195 | 16 | 0195 03 | 59| 15 | 002 | 15 0.8 1;0.33;0.15;0.04;0
1 65

45 7.8 0.56 78 1025 | 60 | 15 04 | 15| 01 1;0.2;0.1;0.05;0
1.8 0.5

Pabora Ne 4

OOmmii Bua nepenatoyHoii GyHKIMU pa3OMKHYTOH CHCTEMBI aBTOMATHYECKOTO PETYIUPOBAHUS

Wr2(S) = k0- IS hd
(T1-8+1)-(T21-S+1)-8
iy
s

Ne |Ko Tlcex | T21,cex | T31,cex [Ne |Ko Tlcex | T21,cex | T31,cex
1 0.001 | 0.0001 0 23 10 10 10°

2 0.005 10 0.01 [24 2:10” 10* 10°

3 0.0012 10° 107 [25 10 10 15107
4 107 10* 0 26 0 4.510”° | 2.510*
5 510° | 5107 0.02 |27 3310° | 0.01 25107
6 2107 | 1.2:107 107 |28 4107 710 10*

7 5610% | 2107 0 29 610~ 10* 2107
8 10° | 3610° | 0.01 [30 3310° | 19107 | 15107
9 2:10° | 2107 | 8107% |31 510 10° 5107
10 10~ 2:107 10° (32 0.06 0.006 10°
11 2510% | 107 510° |33 5510° | 0.001 410~
12 11107 | 22:10° | 310 |34 510~ 5107 5107




13 410° | 1.1.10* | 210* |35 0.01 10° 510
14 510~ 107 10° |36 10* 510 0.05
15 0.1 0.02 0.01 |37 510~ | 2107 0.1
16 0.02 0.05 0.1 (38 0.01 0.05 10°
17 0.08 0.008 107 (39 1.910° | 0.02 5107
18 410~ | 8107 | 2107 [40 1.1-10° | 2107 10™
19 610~ 10™ 510~ |41 10~ 10* | 2510°
20 510~ 0.01 01 [42 510~ 10™ 107
21 0.1 10~ 10° |43 0.1 0.02 0.05
2 10™ 107 510° |44 210 210° | 2-10°°
PaGora Ne 5

Ne | M kr hy MM | p, MIla B.vmvm | L MM b.mMm |, MM V., E;, , |u,Hac

M H/Mm*
1[50 90 10 90 90 78 |78 30-10°] 1.1510° | 0.045
2 |50 90 10 90 90 78 |78 30-10°] 1.1510° | 0.055
3 |50 90 10 90 90 78 |78 30-10°] 1.1510° | 0.05
4 |50 90 10 90 90 78 |78 30-10°] 1.1510° | 0.04
5 |50 90 10 90 90 78 |78 30-10°] 1.1510° | 0.06
6 (50 90 15 90 90 78 |78 30-10°[ 1.15-10° | 0.06
7 |50 90 20 90 90 78 |78 30-10°] 1.1510° | 0.06
8 |50 90 20 90 90 78 |78 30-10°] 1.1510° | 0.08
9 |50 90 20 90 90 78 |78 30-10°%] 1.1510° | 0.07
10 [50 90 15 90 90 78 |78 30-10°] 1.1510° | 0.05
11 (30 90 10 90 90 78 |78 30-10°( 1.15-10° | 0.045
12 [30 90 10 90 90 78 |78 30-10°] 1.1510° | 0.055
13 [30 90 10 90 90 78 |78 30-10°] 1.1510° | 0.05
14 [30 90 10 90 90 78 |78 30-10°] 1.1510° | 0.04
15 [30 90 10 90 90 78 |78 30-10°] 1.1510° | 0.06
16 (70 90 10 90 90 78 |78 30-10°( 1.15-10° | 0.06
17 [70 90 10 90 90 78 |78 30-10°] 1.1510° | 0.045
18 |70 90 10 90 90 78 |78 30-10°] 1.1510° | 0.05
19 [70 90 10 90 90 78 |78 30-10°] 1.1510° | 0.055
20 [70 90 10 90 90 78 |78 30-10°] 1.1510° | 0.065
21 |50 90 10 90 90 78 |78 30-10°( 2.510° | 0.045
22 (50 90 10 90 90 78 |78 30-10°] 2.510° | 0.06
23 (50 90 10 90 90 78 |78 30-10°) 2510° | 0.04
24 (50 90 10 90 90 78 |78 30-10°] 2510° | 0.05
25 (50 90 10 90 90 78 |78 30-10%) 2.510° | 0.055
26 |50 90 20 90 90 78 |78 30-10°( 2.510° | 0.045
27 (50 90 15 90 90 78 |78 30-10°] 2.510° | 0.055
28 (50 90 20 90 90 78 |78 30-10%) 2.510° | 0.055
29 (50 90 15 90 90 78 |78 30-10°] 2.510° | 0.06
30 [50 90 20 90 90 78 |78 30-10°] 2.510° | 0.06




Ne |M xr| h ,mxm | p, MIla| B.,mMm [L,mMm bvm |lmm |V E, , |u,Iac
M H/Mm*
31 (50 110 10 90 90 78 |78 30-10°| 1.15-10° | 0.055
32 [50 110 10 90 90 78 |78 30-10°] 1.1510° | 0.06
33 (50 110 10 90 90 78 |78 30-10° 1.1510° | 0.07
34 (50 110 10 90 90 78 |78 30-10°| 1.15-10° | 0.085
35 [50 110 10 90 90 78 |78 30-10°] 1.1510° | 0.065
36 |50 80 10 90 90 78 |78 30-10°( 1.15-10° | 0.055
37 |50 80 10 90 90 78 |78 30-10°] 1.15-10° | 0.045
38 (50 80 10 90 90 78 |78 30-10°] 1.1510° | 0.035
39 (50 80 10 90 90 78 |78 30-10°| 1.1510° | 0.05
40 (50 80 10 90 90 78 |78 30-10° 1.1510° | 0.04
41 |50 90 10 90 90 78 |78 50-10°( 1.15-10° | 0.045
42 (50 90 10 90 90 78 |78 50-10°| 1.15-10° | 0.05
43 (50 90 10 90 90 78 |78 50-10°| 1.1510° | 0.055
44 (50 90 10 90 90 78 |78 50-10°| 1.15-10° | 0.06
45 (50 90 10 90 90 78 |78 50-10°] 1.1510° | 0.07
46 |50 90 10 90 90 78 |78 7510°| 1.1510° | 0.07
47 (50 90 10 90 90 78 |78 7510°| 1.1510° |  0.06
48 (50 90 10 90 90 78 |78 7510°] 1.1510° | 0.045
49 (50 90 10 90 90 78 |78 7510°] 1.15-10° | 0.055
50 (50 90 10 90 90 78 |78 7510°] 1.1510° | 0.05
51 (50 90 10 90 90 78 |78 10-10°| 1.1510° | 0.045
52 (50 90 10 90 90 78 |78 10-10°{ 1.15-10° | 0.055
53 (50 90 10 90 90 78 |78 10-10°[ 1.15-10° | 0.065
54 (50 90 10 90 90 78 |78 10-10°[ 1.1510° |  0.05
55 (50 90 10 90 90 78 |78 10-10°[ 1.1510° |  0.06
56 (50 90 15 90 90 78 |78 10-10°| 1.1510° | 0.065
57 |50 90 15 90 90 78 |78 10-10°[ 1.1510° |  0.06
58 (50 90 15 90 90 78 |78 10-10°| 1.15-10° |  0.07
59 (50 90 15 90 90 78 |78 10-10°[ 1.15-10° | 0.075
60 (50 90 15 90 90 78 |78 10-10°[ 1.15-10° | 0.055




OOmmii BuA nepenatoyHoii GyHKIMU Pa3OMKHYTOH CHCTEMBI aBTOMATHYECKOTO PETYJINPOBAHUS:

PaGota Ne 6

Wr2(S) = kO- T31-S+1
(Tl-S+1)-(T21-S+1)-S
Ne | Ko | Tleex | T21,cex | T3l.cex | Ne | Ko | Tlce T21,cex | T31,cex
1 15 05 0 0 31| 72 | 006 0 0
2 7 0.06 0 0 32 4 0.03 0 0
3| 04 0.01 0 0 33| 04 | 002 0 0
4 | 025 0.02 0 0 341 02 | 003 0 0
5| 025 0.07 0 0 351 05 | 001 0 0
6 | 0.62 0.1 0 0 36 | 082 | 015 0 0
71 29 0.02 0 0 371 65 | 006 0 0
8 | 745 0.2 0 0 38| 55| 035 0 0
9 12 0.15 0 0 39| 18 0.1 0 0
10| 18 03 0 0 40 | 14 05 0 0
1| 10 2 0.08 0 41 | 77 14 0.07 0
12| 33 0.7 28 0 42 | 42 09 2 0
13 | 262 4 0.62 0 43 | 22 5.7 032 0
14| 18 0.25 0.16 0 41 16 | 033 0.13 0
15| 04 0.02 0.02 0 451 032 | 001 0.12 0
16| 17 0 0.1 0.6 46 | 14 0.1 0.6 0
17 5 0.8 21 0 471 9 0.8 19 04
18| 06 0.01 0.03 0 48 | 03 | 0.02 0.01 0
19| 15 04 05 0 49 | 14 03 04 0
20 75 0.07 15 0 50 | 62 | 005 2.1 0
21| 10 0.12 0.75 0 51| 11 | 011 0.51 0
22| 05 0.03 0.02 04 52| 05 | 0.02 0.04 0.1
23| 17 0.46 0.17 0 53| 135 | 07 0.15 0
24| 42 0.55 25 0 M| 35 04 15 0
251 333 3.14 0.06 0.1 55 2 5 0.01 0.1
26| 12 0.12 0 0 56| 14 | 015 0 0
27| 56 0.16 0 0 57 5 0.02 0 0
28| 0.1 0.15 0 0 581015 | 0.15 0 0
29| 58 0.016 0 0 59| 35| 003 0 0
30 8 0.08 0 0 60 | 75 | 0.06 0 0
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