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ITPUMEPBI CUCTEM ABTOMATHNYECKOI'O YIIPABJIEHM L.

1.1. CucreMsbl cTaOWIA3AIH.

ITPUMEP. Cuctema ynpaiieHUsI YIII0BOH CKOPOCTH JBUTATEIIS MOCTOSHHOTO
TOKa, paboTaromas o pa3oMKHYTOMY LIHKITY.
VYrpouieHHas NpUHIMIIMAIBHAS CXEMa CHCTEMBI IpeacTaBieHa Ha puc.l. Ha sToii

cxeMe 0003HaAYEHO:
/ 2 3 i

| —l\ _\
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Puc. 1. YnpoliueHHas npuHIMIIMAIbHAS CXEMa CUCTEMBI, pabOTaroLIEl 10
PAa30MKHYTOMY LIMKITY .
| - moTeHIMoMeTp; 2 - 3IEKTPOHHBINA YCUIIUTEIh TOCTOSHHOTO TOKA;
S - TeHepaTop MOCTOSTHHOTO TOKa; 4 - IBUraTesb MOCTOSIHHOTO TOKA ¢ HE3aBHUCHMbBIM
BO30YKJIEHHEM; 5 - TaXOreHepaTop; 6-BOJILTMETP.

B sroii cucreme ¢ mMOMOMIBIO JBWKKA IOTeHHHOMeTpa | ycranaBiamBaercs
yInpaBisionias BeIWYMHA B 3aBUCHUMOCTH OT TpeOyeMoW YIJIOBOW CKOpPOCTH BaJia
nBuratenst 4, OnpenesseMod Mo BOJBTMETPY 6 O YTioBasi CKOPOCTh YKa3aHHOI'O
Baja mpeoOpasyeTcss B HaNpsHKEHHE TaXOTeHepaTopoM 5, T.e. TaXxOreHepaTop
NO3BOJISIET KOHTPOJIMPOBATH YIVIOBYO CKOPOCTh. OJHAKO pe3yJbTaT 3TOr0 KOHTPOJISA
HE HCIOJb3YETCS Ui YIpaBIEHUSA. YCWIHTENb 2 W TEHepaTop S5 ciyxkar s
YCUJIEHUS YIIPABIIAIOLICH BEJIMYMHBI 110 YPOBHIO U MOILIHOCTH.

C mnomomBK OSTOM CXEMBl MOXHO IIOSICHUTh NPUHLMII YIIPABICHUS 11O
Bo3MmyuieHUsIM. Ilycth TpeOyercs, 4TOOBI yrjioBasg CKOpPOCTh Bayia ABuratens 4 B
npoiiecce paboTa OCTaBalaCh MOCTOSTHHOM BHE 3aBUCMMOCTH OT U3MEHEHHSI MOMEHTA
CONPOTHUBJIEHUS HA 3TOM Baly. B 3TOM ciydae yka3aHHbIH MOMEHT JOJDKEH
U3MEPATHCS C TOMOILIBI  YIPABISIIOLIErO-yCTPOMCTBA U B 3aBUCUMOCTH  OT
pe3yJbTata U3MEPEHUs HTO YCTPOWCTBO JOJKHO ABTOMATHYECKHM — IEPEMEIIATh
JBKOK TMOTEHIIMOMETpPAa TaK, YTOObl KOMIIEHCHUPOBATh BPEIHOE BIIMSIHUE 3TOrO
MOMEHTA COIPOTUBIICHHUS.

Ecnu B paccMarpuBaemMoi cUCTeMe Ha BXOJ YCHIIHUTENS 2 OyJeT aBTOMaTHYECKH
II0J1aBAThCS HanpspKEHUE, NPEACTaBIAIoIee COOOM pa3HOCTh HAINPSIKEHHIH,
CHUMaeMbIX ¢ moTeHimoMerpa | u reneparopa 5, To OyaeM HMETh CHCTEMY C
oOpaTHOM CBS3bIO (C 3aMKHYTBHIM LIMKJIOM), WJIM CHUCTEMY, Y KOTOPOHM peannsyercs
npuHIUn ynpasienuss 1o otkioHeHuto. [IPUMEP 2. Cucrtema crabunmsanuu
YIJIOBOM CKOPOCTHM Baja JIBUTATels IIOCTOSSHHOIO TOKAa €  HE3aBUCHMBIM
BO30YXKJIEHUEM.

YIpoleHHas NPpUHIMITMAIBHAS CXEMa CUCTEMBI ITPEACTaBICHA HA pUC.2.
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Puc.2. YupoleHHast IpUHIKITHAILHAS CXeMa CHUCTEMBI CTAOWIIU3ALIHH.

Ha »T0i1 cxemMe 0003HauY€HO:

1 - nenutenb HaNpsDKEHUS; 2 - BJIEKTPUUYECKUN TEHEpaTop IMOCTOSTHHOIO TOKa;3 -
YCUJIUTEND IMOCTOSHHOTO TOKA; 4 - NBHUrareilb MOCTOSHHOTO TOKA C HE3aBUCUMBIM
BO30YXKJIEHUEM; 5 - TaXOT€HEPATOP MOCTOSTHHOTO TOKA; 6 - PEIYKTOP.

JlanHast cucteMa mpeaHa3HayeHa JJi1 00eCeYeH s OCTOSHCTBA YIJIOBOM CKOPOCTH
BaJIa ABUTATENs 4 BHE 3aBUCMMOCTH OT M3MEHEHHsS MOMEHTA Harpy3kH, MOMEHTA
TPEHUs] Ha 3TOM Baly WU JApPYrux (PakTopoB. DTO OCYLIECTBISETCS CIEAYIOLIUM
oOpazom: B 3aBucumoctu OT TpeOyeMoOil CKOpPOCTH C TIOMOIIbIO JIEIUTENS
HanpsbkeHust | ycTaHaBnMBaeTcs ONpENEIICHHAs BEJMYMHA  HANPSKCHUS
(mpousBoautTcs HacTpoiika). Ho ckopocTh Bajla 3aBUCUT B NIEPBYIO OYepeab OT
Pa3HOCTH HAIPSDKEHUH, MOJy4aeMbIX Ha JIEIUTENIe W Ha TaxoreHeparope. llpuuem
HaIpsDKEHUE Ha 3TOM TaxOreHEPaTope MPOINOPLUUOHAIBHO CKOPOCTH Baja
nsurarens. Hanpsbkenue U HA genuTene B Hpolecce padOThl JOKHO OCTaBATHCSA
MOCTOSIHHBIM. [lo3TOMY, Hampumep, IpU yMEHBIIEHUM YIVIOBOM CKOPOCTH Baja
JBUTATENsl yKa3aHHAsl Pa3HOCTh (CHTHAj] OMIMOKM) BO3pacTaeT. DTO MPUBOAMUT K
BO3pacTaHUIO TOKa (ympaBieHHs) B OOMOTKE sIKOpsi reHeparopa 3. B cBoro ouepenn
MOBBIIEHWE TOKAa NPUBOAUT K BO3PACTAHUIO [JBWXKYIIETO MOMEHTA u,
CJIeIOBATENIbHO, K MOBBIIIEHUIO CKOpPOCTU. [[0J00HBIM 00pa3oM OCyHIECTBISETCS
ABTOMATHYECKOE YNPABJIECHHUE CKOPOCTBHKO Baja JABUTATENs MPU €€ BO3PACTAHUH.
OTMeTHM, 4TO MPOLECC YIPABIEHUS IPOUCXOAUT HE MTHOBEHHO, a TI0O BPEMEHM.

[Ipu  ycraHoBuBIICHCS  (TIOCTOSTHHOW) CKOPOCTH  Baja  JBUrarens
PaBHOACHCTBYIOIINI MOMEHT, MPHUJIOKEHHBI K HeMy, OyJeT paBeH HYIN. ITO
TOBOPUT O TOM, 4YTO IIPU ITOCTOSSHHOM MOMEHTE HAarpy3Kd B YCTAHOBMBIIEMCS
npouecce ABMKYIIMM MOMEHT, BbIpaKaeMblii yepe3 TOK B OOMOTKE SIKOpsS, TaKKe
OyZeT MOCTOSHHBIM, OTJIMYHBIM OT HyJIs1. Hannuue qBuKyIero MoOMeHTa IpuBOIUT K
MOCTOSSHHOMY CHUTHaJy OIIMOKHU. DTO MO3BOJSET YTBEPXKIaTh O TOM, YTO JaHHAs
CUCTEMA SIBJISETCS CTATUYECKOM IO OTHOUIEHWIO K MOMEHTY HAarpy3KH.

N3 paccMOTpEHHOro BbIIE BUAHO, YTO B pPACCMaTpUBAEMOM  CHUCTEME
OCYILECTBIISIETCA ~NPUHUMIT YIIPABJICHHUS IO OTKJIOHEHWIO, U YTO OHA SBJSETCA
OJHOMEPHOU CTATUYECKON CUCTEMOM aBTOMAaTUYECKOT'O YIIPABIICHUS.

DNeMEHTBhI, YKa3aHHbIE Ha PUC.2 , BBIOJHAIOT CIEAYIONINe PYHKIUU:

1 - 3agaromuii; 2 - yCHJIMTENbHBI M 3JEMEHT CpaBHEHUS (BXOJ yCUIUTENs); 3 -
UCTIOJTHUTEBHBIN; 4 - YIIPaBISIEMbIN (pEeryIupyeMblii) 0O0BEKT; 5 - 4yBCTBUTEIIbHBIN.
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B cootBeTcTBUUM ¢ 3THM (GyHKIHMOHATIBHAS CXeMa JAaHHOW CHUCTEMBI OyneT Ha
puc. 3.

Fec” — "7
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Puc. 3. ®ynknnoHampHas cXemMa CHCTEMbI CTAOMIM3AIUN YTIIOBOW CKOPOCTH.

[TPUMEP. Cucrtema ctaOunu3alud HANpsHKEHUS TeHepaTopa MOCTOSHHOIO

TOKa.
prOHlGHHaSI IIpUHOUIINAJIbHAA CXCMa CUCTCMBI 1/1306pa>1<eHa Ha pI/IC4 B
sl infton nl ' —_

S F -
Z

Puc.4. Cxema cucTeMbl aBTOMATHUYECKOTO  PETYJIHPOBAHUS
HaIpsDKEHUS TEHEPaTopa MOCTOSIHHOTO TOKA.
Ha sTom pucynke 0003Hau€HO:
1 - reHepaTOp MOCTOSHHOTO TOKA C HE3ABUCUMBIM BO30YXICHUEM;
2 - JenuTenb HAnpsbKeHUs (MOTEHIMOMETP), C TMOMOIIBI0 KOTOPOTO H3MEPSETCs
HaNpsDKCHHUE Ha COMPOTUBIICHUU Harpy3ku R, (3) u ocymiecTrisiercs: AeneHHE 3TOTO
HaIpsHKEHUS;

4 - 3JIeKTPOHHBIN YCUIIUTEb TOCTOSIHHOTO TOKA;

S - DIIEKTPOMAILIMHHBIN ycunuTens (OMY).

PaccmarpuBaemas cuctema npeiHasHadeHa U [OJIEpXKaHUsl HaIlPSDHKEHUsS Ha
Harpy3ke U, - MOCTOAHHBIM «3JTO OCYLIECTBIsAETCS ciaexyromuM obpazom. Ilycts,
JUISL ONIPENENIEHHOCTH, HanpspbkeHue UP ymenpmwiock. Toraa Takke yMEHBIIATCS
Hanpsokeane U a2 U-U;  yBenmuuutcs. OTo mpuBeneT B CBOKO  O4€pellb K
BO3pPAcTaHHWIO MAarHUTHOTO TIOTOKAa, CO3JaBaeéMOro OOMOTKOM  BO3OYKIEHUS
reneparopa 1.

Taxkum oOpazom, HanpsbkeHne U, Tarxke OyleT yBEeIMYMBATHCS.

OyHKIIMOHAJIbHAS CXEMa paccMaTpUBAEMOM CUCTEMbl M300pa)keHa Ha puc.S.
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Puc.5. @yHkiMoHanbHas CX€Ma CUCTEMBI CTAOWIIM3alUK HAPsHKEHU S TeHepaTopa
MOCTOSTHHOTO TOKa.

B aroli cucteme (GyHKIMH MEXIy 3JIEMEHTAMH PaCIHpeAesiCHbl CIeAyIOIUM
obpazom:

1) dynkuuto snementa cpaBHeHus (OC) © ycwiIMTeNlbHOTro 3yieMeHta (YD)
BBITIOJIHAET YCUIIUTEND 4;

2) GYyHKIHMIO HCIOIHUTENIBHOTO 351eMeHTa (M3) BBIMOIHAET-3JIeKTPOMAITMHHBINA
YCUJIUTEIIb J;

3) pyHKIMIO YYBCTBUTEIBHOTO 35ieMeHTa (UD) BBIMOJIHIET NIeIUTENb
HanpsbkeHus 2. ['eneparop 1 sBnsieTcs ynpasisgseMbiM 00bekTOM (YO).

I[TPUMEP. Cucrema aBTOMaTH4ECKOTO YIPABICHUS YIJTIOBOM CKOPOCTBHIO Bajia
JBUTATENS MOCTOSTHHOTO TOKA.
VYnpoluieHHas NpruHIKWNHATIBHAS CX€Ma CUCTEMBbI IIPEACTABJIEHA HA PUC.6.
5

- Uy

Puc. 6. YopoileHHasi TpUHIUNHAIBHAS CXEMA.

Ha »Toii cxeme 0003Ha4YECHO:

| - 3IEeKTPOHHBIN YCUIIUTEND; 2 - UCTIOJHUTEIbHBIN JIBUTATENb TOCTOSIHHOTO TOKA
C HE3aBUCHUMBIM BO30YXXJeHHEM; 3 - PEAyKTOp HMCIHOJHUTEIHHOTO nBUTATENs; 4 -
peocTar; 5 - ABUTATENb MOCTOSTHHOTO TOKAa C HE3aBUCUMBIM BO30YXICHUEM, YTIIOBOU
CKOPOCTBIO  Bajia KOTOPOTO HEOOXOIMMO YIPaBsTh;, 6 - TaXOreHepaTop
MIOCTOSIHHOTO TOKA; 7 - PEAYKTOP.

Uo, U - nanpsikeHusl, oJBOIMMbIC K CUCTEME W3 BHE.
PaccmarpuBaemasi cucteMa mpeaHa3HadeHa IS MOJICPXKAHUS YTIIOBOM CKOPOCTH
Bajia JBUTATENS 5 B BUJIE MOCTOSIHHOM BEJIMYMHBI UM €€ U3MEHEHHUS 110 IporpaMme,
3ajaBaeMoii M3MeHeHneM HanpsbkeHus U. IlpuHinmn paOoThl JTaHHOW CHCTEMBI
TaKOM e, KaKk U TPHUHIUI pabOThl CUCTEMBI, OMUCAHHOW B mpumepe 2. OTanyue
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COCTOUT B TOM, YTO BMECTO T'€Heparopa (mpuMep 2) B paccMaTpUBAEMOM CUCTEME
HETNOCPEICTBEHHO Ha JIBUraTelb S (yHpaBisieMblii OOBEKT) BO3/EICTBYET
UCTIOJTHUTENbHBIN BUraTens 2. Ero Hanuune obecreynBaeT B CUCTEME aCcTaTU3M I10
OTHOLIEHUIO K MOMEHTaM HAarpy3Kd Ha Bally YyOpPaBISIEMOTO JBHrareis. OTO
o3HavaeT, 4ro npu U=const curHan, nojgaBaeMblii Ha ycuiauTenbp 1, B
yCTaHOBUBLIEMCS IIpolecce (Korja CKOpOCTh Bajla JIBUraTels 5 - MOCTOsSIHHAs) OyAeT
paBeH HYIIIO.

§ 1.2. Cnensiiirie CUCTEMBI.
[TPUMEP. Cnenguias cucreMa Ha HOCTOSHHOM TOKE.
VYrpoluieHHas NpUHIUANUATIBHAS CXeMa CIEIAIICH CUCTEMBI ITPEICTABICHA HA PUC.

7.
7 2 3

Z _\\ B
>
L z

G

A

Puc. 7. YopouieHHasi mpuHIUNHAIBHAS CXEMa CIEAIIEeH CUCTEMbI HAa TOCTOSTHHOM
TOKE.

Ha sTom pucynke 0603HaueHO:
1 - 3amaromuii TOTEHIIMOMETP, ABUKOK KOTOPOTO CBSI3aH C BajOM, UMEIOIIUM YTOJI
MOBOPOTA €1 ; 2 - DIEKTPOHHBIA YCUIIUTENb; 3 - DJIEKTPOMAIIMHHBIA YCUIIUTENb; 4 -
JIBUTATENIb TIOCTOSIHHOTO TOKa C HE3aBUCUMBIM BO30YXIACHHEM ;5 - peaykTop; 6 -
U3MEPUTEIBHBIN MOTEHIUOMETP, JIBHXKOK KOTOPOTO ECTKO CBA3aH C BBIXOJHBIM
BaJIOM PEAYKTOPA , UMEIOLIUM YIOJI IOBOPOTa O ».
CucrteMa mpeaHa3HaueHa JJIsl OCYIIECTBJICHUS aBTOMATHYECKOTO CIICKEHHUSI JIBHKKA
noTeHIHoMeTpa 6 3a ABMAKKOM mnoTeHuuomeTrpa 1. CrexkeHue OCyIIeCTBISETCS
cieayromuMm obpazom. Ilorenmmomerpel 1 u 6 00pa3yrOT MOCT, B JAUaroHab
KOTOpPOT'0 BKJIOUEH yCcWIHTeNb 2. Kak TOIbKO ABMKOK MOTEHIIMOMETpa 1 3alimMeT
MOJIOKEHHUE, OTJIMYHOE OT TIOJIOKEHHUsI JIBMKKAa TMOTEHIMOMETpa 6, Ha BXOJe
YCUJIUTENS 2. MOSABUTCSA CUTHAJ. DTOT CUTHAJ, YCUJIEHHBIN MO YPOBHIO U MOIIHOCTH
YCWIHMTEIAMHA 2. U 5 , BO3JCUCTBYET Ha JBUTATENb 4 TakK, YTOOBI Pa3HOCTH MEXKIY
MOJIO’KEHUSIMU YKA3aHHBIX BBIIIE JIBUKKOB CBECTH K HYIIIO.



YPABHEHUA CUCTEM ABTOMATHUYECKOI'O YIIPABJIEHUA U UX
JNHAMMWYECKUE XAPAKTEPUCTUKHA

CocraBieHue ypaBHEHUN CUCTEM aBTOMAaTUYECKOI'O YIPABJICHHS PACCMOTPUM
Ha IpUMEpax.
IIpumep. CocTaBUTh YpaBHEHMS JUIsl CUCTEMBI, YIPOLICHHAs IPUHLINIIAAIBHAS
cxeMma KOTopoi n3obpaxeHa Ha puc.2. BBegem 0603HaueHus:
U - HanpspKeHue Ha JIETUTENeE;
U; - HanpskeHre Ha BXOJI€ yCHIIATENS 2
U, - HanpsbKeHHEe Ha BBIXOJE YCUITUTENS;
K - k09 uIueHT ycunaeHnus yCUInTes 0 HAIPSHKEHUIO;
I, - TOK B 0OMOTKE yIIpaBJIeHUs reHepaTopa 3;
Rp - conpoTuBiieHre 0OMOTKH YIIpaBJIE€HUsI TEHEPATOPA;
Ly, - *HAYKTUBHOCTH OOMOTKH YIIPABJICHUS T€HEPATOPA;
E, - 5.1.c. , BO3HUKarOIIas B 0OMOTKE SIKOPsI TEHEPATOPa;
m; - ko punmeHT nepenayu reneparopa (B/a);
Q - yIJIOBasi CKOPOCTH BaJja .JIBUTaTEs;
L - MHOYKTUBHOCTh OOMOTOK SIKOpSI T€HEpaTopa U JBUTaTEIs;
J - MOMEHT MHEepLUHU SKOPsS ABUTaTENsl C Y4€TOM IPUBEIEHHOTO MOMEHTA MHEPLUU
BCEX BPAILAIOIIMXCS YaCTEH, CBA3AHHBIX C HUM;
R - conpoTuBieHrne 0OMOTOK sIKOpeil renepaTopa 3 u ABuratens 4;
I, - TOK B 0OMOTKaX SIKOpPEH reHepaTopa U JIBUTATEIIS,
Ce, C,, - K0dpPUIMEHTHI Iepeaun IBUTATENSI COOTBETCTBEHHO MO0 HAMPSKEHUIO U TI0
MOMEHTY;
U; - HanpskeHre Ha BBIXOJIE TaxoreHeparopa 3;
Ks - koo punmeHT nepenaun TaxoreHepaToOpa;
| - mepeaToYHoe YKMCII0 PEAYKTOpa
1. YpaBHeHue ycunurens

Ux=k;U,
2. YpaBHEHHUs TeHEepaTopa:
i
Qﬁﬁ+&5:%’
En = mlib
3. YpaBHEeHUs ABUTATEIIS:
L% ri —-E —CO,
dt
J d_Q = CMi}z - %
dt i
4. YpaBHEHHE TaxoreHepaTropa
U, = kQ

5. YpaBHeHue oOpaTHOM CBs3U

U, =U-U,
[IpeoOpazyeM ypaBHEHHS T€HEpATOpPaA U ABUTATEIIA:
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dE
T, =24 E, = kU, ;
ldt n 2~2

1 dQ M .
i =—J
c, di C,j

m

d’Q dQ dM R

L)—+R]—+L]—+—-M=C,E, —C,CQ;
dt dt dt i
2
Lo 22 B ook, -2
C,C. =~ drr+T, di C,C.j di
rae leﬁ; kzzﬁ; T, = R ;
Rb Rb CM Ce
k3 = L; k4 = K .
C, ic,,C,
Torna npeneOperas L, moixydaem ClIeIyIONIYI0 CUCTEMY YPaBHEHUIA:
U =U-U,, (1)
U, =kU,, (2)
dE
T, dtn +E, =kU,, (3)
dQ
TZZ"’Q:ka(En_IQM)’ (4)
Uy =k, (5)

[IpuBenem monydeHHyto cucremy ypaBHeHuil (1)+(5) K OJHOMY YypaBHEHUIO
OTHOCHUTEJILHO HEU3BECTHOM YIJIOBOM CKOPOCTH (), mojaras Oph 3TOM HU3BECTHBIM
MOMEHT M.

[Tocne uckmouenus U, u3 ypaBaenus (3) ¢ yuetom (1), (2) u (5) umeem:

7 df; VE, = k(U —kQ), (6)

Teneps, ucnonb3ys ypaBHeHHE (4), COCTaBUM JIEBYIO YacTh ypaBHEHUS (6):
dE, T, d’Q 1dQ  dM.
dt K, d* kyd ' odt’
aE, +E = LT d2?+ L+1, d—Q+9+le4dﬂ+k4M.
dt k, dt k, dt K dt
Torma, mocie 3aMeHbI IeBOM YacTu B (6) nMeeM:

2
nT, d ?+T1+Tz QMM = k(U - k),
ky, dt k, dt k, dt

T

501041
2
Tsz‘iT?HT] +T2)‘;—?+(1+k)g=kU—k3k4(Tl‘Z—Aj+M), (7)

rae k=kk,kk,. JJannoe ypaBHeHue OyAeT NpPEICTaBIATh cOOON ypaBHEHHE Bcei

CHUCTEMBI B 11eJIOM OTHOCUTENbHO Q. OHo, kak u cuctema (I) - (5), mokasbiBaeT, 4To
paccMaTpuBaeMasi CUCTEMA SIBJISIETCSI CUCTEMOM BTOPOTO MOPSI/IKA.

VYpaBuenue (7) MoxHO mnomyuuTh U3 cuctembl (1)+(5), mnoub3ysck
CUMBOJIMYECKUM METOJI0M. [TokakemM npruMeHeHHEe 3TOro METO/1a,

3amensem B cucteme (1) --(5)
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Tornma OyemM UMeTh CUCTEMY JIMHEHHBIX aJIreOpandecKuX ypaBHECHHM:

U =U-U,,

U, =kU,,

(Tp+DE, =kU,,

(T, +DQ = ky(E, —k,M),

U, =kQ.
Pemras oty cucremy ypaBHEHUN OTHOCUTEIBHO Q TOJIydYaeM:

E, =kpk, U-kQ .
Iip+1
U-kQ

Iip+1

[(Tip+D)(Tp+ 1)+ kkJQ = kU - k:k (Tp+ 1M |

PackpriBas ckoOKU U 3aMEHsIs
2dez?; a-%, =2
dt dt dt

MPUXOJIUM K ypaBHEHHUIO (7).

(T,p+DQ =k — kM

[Ipumep. CocTaBUTh YpaBHEHHE CHCTEMBI, YIPOILECHHAs MNPUHIMIIHAIbHAS
cxemMa KOTOpOM IIpelacTaBlieHa Ha puc.4., B TNPEINONIOKEHUU, 4YTO Harpyska
OpEeCTaBiIsieT CO0OW AaKTUBHOE COMpoTHBIEHUE. JlJIi COCTaBICHMS YpaBHEHUS
CUCTEMBbI BBEJIEM 0003HAUEHUS:

L, ¥ R, - "HAYKTUBHOCTb U CONPOTUBIEHNE OOMOTKH ynpasienus OMYVY

i, - TOK B 0OMOTKe ynpapienus MY
LY R, - UHIYKTUBHOCTb U CONIPOTUBIICEHUE MONIEPEUHON 00OMOTKH DMV

I, - TOK B TIoriepeuHoit ooMoTke OMY;

L 1 R - ”HAYKTUBHOCTH U COMPOTUBIIEHUE MPOI0IHHOU 0OMOTKH DMV U 00MOTKH
BO30YKJIEHUS T€HEPaTOopa;

| - TOK B po10JibHON 00MOTKe DMV 1 B 00MOTKE BO30YKICHHSI FCHEPATOPa;

E -».1.c. B mpogonbHO#t 00MOTKE DMV

L, 1 R,- MHAYKTUBHOCTH U COMPOTUBIICHHE OOMOTKH SIKOPS F€HEPaTOpPa;

I, - TOK B 0OOMOTKE SIKOPsI TeHEPaTopa;

R, 1 Ry - conpoTuBieHre MOTEHIMOMETPA U €r0 YaCTH;

R, - CONpOTUBIIEHUE HATPY3KHU;

U, - 3aaroree HanpsKeHHE,

Ky - KO3 puIMeHT yCHIIeHHSI SIIEKTPOHHOTO YCUITUTEIIS;

U, - HanpsbkeHre Ha BBIXOJIE SJIEKTPOHHOTO YCHIIUTEIS.

[Tone3ysick mpunInoM [lamamOepa, cocTaBisieM YpaBHEHHsI ST KQKIOTO dJIEMEHTA,
BXOJISILIIETO B CUCTEMY:

1. DneKTpOHHOrO yCUIUTEIS

U,=kU-U))

2. DIIEKTPOMAIIMHHOTO YCUJIUTENS
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di,
Ly :E‘FRyly =U2,
L=%iRi —mi,
n dt n'n y
3. 'erepaTopa NOCTOSHHOTO TOKA
L9 Ri- myi,
dt
LY R vU = mi,
dt
U, =Rji,,
_ RHR2
 R,+R,
4. IToreHumomerpa
R
Ul = _lUH 1
R2

rae My, My, M3- ko3 Puurents! nepenauu, U, - HanpspkeHUE Ha HAarpy3Ke.

[IpeoOpa3zyeM mOJIydeHHYIO CHCTeMY ypaBHeHUW. JlJIs dTOro mOpHMEHUM

CHMBOJIMYECKUN MeTo. VI3 ypaBHEHUH JJIs1 3JIEKTPOMAITIMHHOTO YCHUITUTEIISI UMEEM
(L,p+R)L,p+R)i, =m(L,p+R,)=mU,;

. E
WM, IpeHeoperas npousseacHueM LyL, u 3aMeHsst i = — , mojrydaeMm
y n m ’
2

(T,p+)E =k,U,

L
rne T, =—t+-, 2:_m1m2
R, R, R,R
n yitn
[Tocne 3amensr i, yepe3 U, u BBeneHuss 0003HAYCHHIH
L. R, . L . m,R
T3 = 3= ’ 4= y k4 = 30 )
R, +R, R, +R,
ypaBHEHHMS JJISI TeHepaTopa MPUHUMAIOT BH/I:
(Lp+ i =kE,
(Tip+DU, =kii.
Takum oOpa3om, cucTeMa ypaBHCHHH OyIeT:
U, =k(U-U)),
E
T2 Cj[_t + E = k2U2 )
i
T, E; +i=k,E, (8)
d
T, Y, +U, =k,i,
dt
U =kU,,

rac
R
k5 :R—l .

2
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IIpumep. CocTaBUTh YypaBHEHMsS] CHUCTEMBI, YNPOUIEHHAs NPUHLHUIHAAIbHAS
cxeMa KOTOpPOil IpecTaBeHa Ha puc.4.
HpeI[BapI/ITCJILHO BBCIECM 0603Ha‘{eHI/I}I:
Ki- K03 pHIMEHT yCUICHUS 3JICKTPOHHOTO YCUITHTEIIS;
U2 - Hal'[p}DKeHI/Ie Ha BBIXOJEC SHQKTPOHHOFO yCI/IJII/ITeJIH;
T 1- BHGKTpOMexaHI/I‘{eCKa}I ITIOCTOAHHAs BpeMeHH HUCIIOJIHUTCIIBHOI'O ABUTIATCIIA, T.C.
— RJ, .
'oc,.C’
QH - yFJ]OBa}I CKOpOCTB HKOpSI HUCITOJTHUTCIBHOI'O ABUT'aTCIIA,

| - mepeaTOYHOE YUCIIO PEAYKTOPA UCIIOTHUTEIHHOTO JIBUTATEIIS;

Ro - conpoTuBieHre 0OMOTKH SIKOPSI PETYJIUPYEMOTO ABUTaTENS;

@ - YroJI IOBOPOTa BBIXOJHOT'O Baja peAyKTOpa UCIIOJHUTEIBHOTO IBUTATENS;

K - ko3 puIMEeHT MPONIOPIIMOHATBHOCTH PEOCTATa,;

Uy -HampsikeHne MUTaHUs! SIKOPHOM 0OMOTKH;

L - ”HIYKTUBHOCTb OOMOTKH SIKOPS PETYJIUPYEMOTO IBUTATEIS;

J - MOMEHT wuHepuMH SKOPS PEryJIUpyeMOro JABHUraTelsi*C y4eTOM 4YacTei,
BPAIIAIOLINXCSI BMECTE C HUM;

I, - TOK B 0OMOTKE SIKOPSI PETYJIHUPYEMOTO JIBUTATEIIS,

Cwm, Ce - KO3 duUIIMEHTH epeaaun peryIupyeMoro JBUTaTelisi COOTBETCTBEHHO 10
MOMEHTY U 10 HAIPSHKEHUIO;

Q - YIJIOBasi CKOPOCTh SIKOPS PETYJIMPYEMOTO JIBUTATENS;

Ut - HanpspKeHe Ha BBIXOJI€ TaXOTE€HEPaTopa;

K7 - KO3 punmeHT nepegaun TaxoreHepaTopa;

U - nanpspkenue;

U; - HanpspKeHre Ha BXOJIE EKTPOHHOTO YCUITUTES,

[Tonb3ysice npunuunom Jlamambepa, pa3OuBaeM BCIO CUCTEMY Ha AJIEMEHTHI U JJIs
Ka)KJIOT0 3JIEMEHTA COCTABJISIEM YPABHEHHSI.

1. DAexTpOHHBINA yCUITUTEIND

U =U-U,, U =kU,.

2. VcrionHWTENBHBIN ABUTATEID

rU o 1y MR
dt c, @ iC,C,
d Q,.
— o= ,
dt i
M - MOMEHT, MPWJIOXKEHHBIM K BBIXOJHOMY Bally peaykropa, 3. Perynupyemsiii

JBUTaTEeIb C PEOCTATOM.
3. Perynupyemslii 1BUTATENIH C PEOCTATOM

1% R —u,-c0,
dt

R=R, -k,
dQ

H

JES=C,i -M,:
dt M"a

rae M, - MOMEHT Harpy3Ku, IPUBEYEHHbBIN K BaJly pEryJIMpPyeMOro JIBUraTessl.
4. TaxorenepaTop
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U, =kQ.

IlepBoe ypaBHEHHE C yYE€TOM BTOPOTO [JIsl PETYJIHPYEMOIO ABUTATENS SIBISCTCS
HelUHeUHbLM YPABHEHUEM, €CJIU IPUHATH YCI0BUE, UTO MOMEHTHl M 1 M,; He 3aBUCST
OT BBEJICHHBIX MepeMeHHbIX. CUUTaEM, 3TH MOMEHTHI OCTOSSHHBIMU. [IpuHUMas 3to
YCJIOBHME, IPOBEAEM JIMHEAPU3ALMIO YKA3aHHBIX HEJIMHEHWHBIX yYpaBHeHUU. [Ipu 3TOoM
npernoigaraeM, 4To MEpPeMeHHbIE I, © ¢ MaJo U3MEHSIOTCS OTHOCHUTEIILHO CBOHMX
YCTAaHOBUBIIMXCA 3HAQYEHUW, COOTBETCTBYIOIIMX IIOCTOSIHHOM  PETYJIUPYEMOU
BEJIMYMHE. Y CTAHOBUBIINECS 3HAUYECHUS IEPEMEHHBIX 0003HAYNM COOTBETCTBEHHO:

U, -U a—-a

ly»

U, -U,, U,~U,, Q,-Q R-R,, i, —i,, Q-Q,.
I[JDI OHpeI[CJ'IeHI/IH nux 3Ha‘—IeHHI>i HpI/IMeHHCM 3aIlIMCAHHBIC BBIIIC ypaBHCHI/IH, B
KOTOpBIX y‘—II/ITBIBaeM, qTo

uy 1 ¥ l,qyi

dQ
i =O’ QL“ =V, 24 =
dt 7 dt
ITO naer:
Uly :U—UTy;
Uzy :klUly;
o - Ly MR

€

R, =U,~CQ,

R, =R,-k,a,,
0=Cyi, -M,,
U, =kQ,.
Pemas sty cucreMy ypaBHEHU, HAXOIUM:
M 1
= me R = (U,-CO); Uy =
Cy w ’ lCMI
U,, . ; 1
Uy, == Uy =U-U,; Q,=-~Up.
2 7

Tenepsr nmpoBOAUM JMHEAPU3AIUIO HEIMHEHHOW (DYHKITMHU, BXOJAIICH B ypaBHEHUE
IJIS1 PETYJIMPYEMOTO JIBUTATEIIS:

Ri, =[R,—k,(a, + Ax)](i,, + Ai,) = (R, +k,& )i, +(R, —k,@ )Ai, —k,i Ac=

=R, +R (i, ~i,) k)

N dg@—a)=Ri —kji a+ki o,

Torna u3 yka3aHHBIX YPABHEHUN UMEEM:

di, : :
LE—'_RJ/Z}Z = UOl +kplﬂya—CeQ,

Uy, +k i o—CQ
ay = R !

i




rne U, =U,-k, «

[Tocne 3Toro nosydyaem uxeapu308anHyio CACTEMY YPAaBHEHHUI B BUJIE:

u=U-U,,
Uz :klUU

@, o 1y MR,
dt C iC,,C

€ €

T

>

da _Q, 9)

b

dt i
ki R M

n% g Ly, K, RM,
dt C C c.C,

U, =kQ

15

[Ipumep. CocTaBuUTh ypaBHEHMS  CIEIAIIEH CUCTEMBI, YIPOIICHHAs

MPUHIMITHAIBHAS CXEMa KOTOPOU MpEICTaBIICHA Ha puC. .

I[aHHaSI CUCTCMa HMCCT DJJICMCHTBI, KOTOPBIC YKC BCTPCHAIUCDH

B

PaCCMOTPCHHBIX BBIIIC ITPHUMCpPAX. HOBTOMy YPaBHCHUA HJISA 9JICMCHTOB, YUHTBIBAA

9TO, 3aIIMIICM YK€ B OKOHYATCIIbHOM BHUJIC!:

U, =k17(01 _‘92)9

U, =kU,

T, 9 k- kU, (10)
dt

Tzd—Q+Q=k3(E—k4M);
dt

dy 2

dt > i

rae

K7 - k03 duImeHT nepeaayn MOTCHIIMOMETPUIECKOTO MOCTa;

U; - HanpsbkeHue Ha BXOJI€ AJEKTPOHHOTO YCUITUTES;

U, - HanpsbKkeHre Ha BBIXOJIE DJIEKTPOHHOTO YCUIIUTEIIS;

Ky - K03 PHIHEHT yCHIICHHSI SJIEKTPOHHOTO YCUIUTEIIS;

T, - mocTosiHHAs BPEMEHHU AJIEKTPOMAIIMHHOTO YCHIIUTENS;

E - ».4.c. B 1poAoabHONH 0OMOTKE 3JIEKTPOMAITMHHOTO YCUITUTEIIS;
K, - K03 GUIHEHT yCHITeHUS AIEKTPOMAITMHHOTO YCUITUTEIIS,

T 2 - OJCKTPOMCXaHHMYCCKasd IIOCTOsIHHAas BPEMCHH  JBUTATClIA C  YUCTOM

COIPOTHUBJICHUS MPOJIOIBLHON OOMOTKHU AJIEKTPOMAIIIMHHOTO YCHUIIATEIIS,
Kz , K4 - KO3 dunmenra nepenaum;

M - MOMEHT, TIPUIIOKEHHBIN K BHIXOTHOMY BaJly PEIyKTOPa, UMEIOIIETO
nepelaTOYHOe OTHOIICHUE | |
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Q - yrjoBas CKOPOCTD BaJia AKOPs SJICKTPOABHUIATCIIA.
HpHMep. CocTtaBuTh YpaBHCHUA THAPABINYCCKOIO CCPBOMCXaHHU3Ma C

npUMEHEHUEM ypaBHEHUM Jlarpanka BTOpOTOo psija, NPUHIMIHAIBHAS CXeMma
KOTOPOTO N300pa’keHa Ha puc.8.

)= A )
s — —
S L= -/
S . NN I S ?-.—‘i X /N
VAR
2.
\\\
/ s
e h ~ /D (4
\\\\’ oy .Jb—
T
Y/ Ge74

Puc.8. IlpunnunuanbHas cxema ruipaBIndecKoro CEpBOMEXaHu3Ma.
Ha stoM pucynke 0603Hau€HO:
1 - wtok ¢ mopiHeM;
2 - IUITUHAP CEPBOMEXaHU3Ma,;
3 - 30JI0THHK;
4 - mpy>K1Ha 30JI0THHKA;
5 - KOPOMBICJIO;
6 - mpyXuHa, UMUTUPYIOIIAs HaTPY3KY;
X1 , Xp - IEpEMENIECHUS] COOTBETCTBEHHO 30JI0THUKA U TIOPIITHS;
P1, P2 CHIIBI T1aBJICHUS KUJKOCTU B IUITUHAPE.
f(t) - cuna, ynpagistomas 30J0THUKOB.

JIist cocTaBiieHUsT ypaBHEHUN CEpBOMEXaHW3Ma OIpPEAeNieM KHHETHYECKYIO
OSHEPTUI0 CUCTEMBI U 000OIICHHBIE CUJTBI, TPUHUMAS 32 000OIIEHHBIE KOOPIUHATHI X;
U X, (IMHAMUYECKHE TTPOIIECCHI B KUIKOCTH HE YIUTHIBAEM ):

2 .2
T =m, il +m, X2 ,
2 2

O, =fO+n(x, +x,) = (% +x,),

O, =F - P —n,x, —hyx, =1, (x; +x,) = by (%, + ),
rae

T - KUHETHYEeCcKasi SHEPIUSl CUCTEMBI (30JIOTHHKA, TIOPIIHS U KOPOMBICIIA);
mi, M, - Macca COOTBETCTBEHHO 30JIOTHHKA, TMOPIIHS CO IITOKOM C YYE€TOM
MPUBEJICHHOW MacChl KOPOMBICIIA;
Q1, Q - 0000IICHABIE CUJIBI;
-T2 - 3KecTKOCTh COOTBETCTBEHHO NPYXKHHBI 1 1 2;

hy, Ny - KO3 PuIHEHTH IPOTOPLIMOHATBHOCTH.
[Ipumenssa ypaBHenus Jlarpanxka BTOporo poja AJjis pacCMaTpUBaEMON CUCTEMBI:
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d oT

dt ox, Qr

d oT

&R, 0,,
IOJIy4aeM:

m X, = f(t) —m (% +X,) = by (X, +X,),

myX, = B — P, —h(x, + x,) = (X, + X,) = 17,%, — h,x,,
HpeIﬂ_[OJIO)KI/IM, qTO

P —-P, =P(x,,x,,x,)
3amensieM 3Ty (DYHKIHMIO B OKPECTHOCTH Hadyaja KOODAMHAT JIMHEHHOU ()yHKIIMEH.
Torna numeewm:

X, = f(O)—a,x, —a,X, —a;x, —a,x,,

X, = By —ayX) — ay,X) — ayX, —ay,x,,

rone £, =P(0,0,0), a,, =a;; =1,
oP
ay, =ay, = h, ay =1, _{8_} ) ay =h,
x|,

UHJEKC "Hylb"' O3HAYaeT 3HAYEHUE COOTBETCTBYIOIIECH MPOW3BOAHON B Hadale
KOOPAUHAT.

N3 monyyeHHBIX ypaBHEHHM MOKHO MOJIYYUTh YPABHEHUS [JII OTHOCUTEIBHBIX
NEPEMEHHBIX, a TAK)KE YPAaBHEHUSI B OTHOCUTEIILHBIX TIEPEMEHHBIX C O€3pa3MEepHBIMU
kodddunmentamu. s modydeHus TEpBOTO BHUJA YpaBHEHUH HEOOXOIUMO
pa3elIUTh JIaHHbIC .YPABHEHHUS HA MOCTOSHHYIO BEJIMYHHY, UMEIOLIYI0 Pa3MEPHOCTD

CHJIBI, 1 HepeMeHHBIe X]_ n X2 BBIpaBI/ITB qepCB OTHOCHUTCJIbHBIC BCJIMYUHBI:
Xy = Xy, X,

X, =X, %,

X, = xlmjc_.lﬁ

X, = Xy, X,

Xy x2m‘)'62’

Xy = XopmXas

xﬂj_él = f(t)_)ﬁ_mallfl _x1_ma12)4€1 _ﬁamfz _Mamfza
S S S S S

Yo = _ By Xy, o =

X x X,
—X, = — 0y X, — X, — X, ——=—
S B, 1 S S S
rie f, W P, - MakCUMaJbHbl€ 3HAYEHUS COOTBETCTBYIOIMMX (YHKIUN: OTH
ypaBHEHUS cojepKaT KOod(DPHUITMEHTHI, UMEIOIINE Pa3MEPHOCTh BPEMEHH, MPUYEM B
CTENEHU, PABHOM MOPSAKY COOTBETCTBYIOLIEH MPOW3BOAHOW. Eciam mnepentu K
OTHOCHUTEJILHOMY BpPEMEHU TO IMOJYyYUM YpaBHEHHS, Y KOTOPBIX KOA(DPHUIIUEHTHI
OynyT 6e3pa3MepHBIMHU.
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NUMITYJIBCHAA ITEPEXO/HAA ®YHKIOUA. ITEPEXOIHAA
XAPAKTEPUCTUKA.
INEPEJATOYHBIE ®YHKINN U CTPYKTYPHbBIE CXEMbBI CUCTEMbI

OnpeneneHne  UMMIYJIbCHBIX  MEPEXOJHBIX  (QYHKIMH U TEpPeXOAHBIX
XapaKTEpUCTHK PACCMOTPUM Ha MPUMEpPaXx.
[TPUMEP [. OmnpenenuTh UMIYJIbCHbIE MEPEXOJHBIE (PYHKIMU BCEX 3BEHHEB U
UMITYJIECHYIO TIEPEXOIHYI0 (PYHKIIMI CUCTEMBI B II€JI0H, OMUCHIBAEMOIN ypaBHEHUSIMU
(H-®).

3amMeTHM, 4TO, €CIU 3BEHO UMEET HECKOJIBKO BXOJIHBIX CUTHAJIOB, TO HMITYJIbCHAs
nepexoiHas PyHKIHS ONpenesieTcsl OTHOCUTENBHO KaX/I0TO U3 CUTHAJIOB WUJIH, €CITU
ATH BXOIHBIE CUTHAIBI OOBETUHUTH B OJWH, TO TOTJA JUIA 3TOTO 3BEHa OyJeT o/Ha
UMITyJIbCHAs iepexoaHas pyHkuus. Mtak, U3 yka3aHHON CUCTEMbI YpaBHEHUN UMEEM

U=06(t—r1), U, =0, U=w,/(-1)=0(—71)
U=0, U,=06(-r1), U =w,t-1)=-0(—-1),
U-U,=06(t—-1), U =w-1)=0(t-1),

U =o(t—-1), U,=w,(t—1)=ko(t—1),
U,=6(t—1), E =0-1),

T %w3(t—r)+a)3(t—r) =k,0(t—1),

)

b o meen=1e-nte T
Iip+1 T,

_(=1)
E,—kM=5(t-71), Q:a)4(t—r):1(t—r)F3e L

2

(Tp+DWi(p) =k,, Wi(p) =

=0(t—71), U, =w,(t—-1)=ko(t—1),
rae W,(p) u W4(p) - npeobpazoBanus Jlammaca COOTBETCTBEHHO ISl w,(t—7) U
o,(t—7). Tenepp, ucnonb3dys ypaBHeHue (7), HAXOJAUM HMIYJIbCHYIO MEPEXOIHYIO
¢yHkuuo Bceil cucrembl. Ilpu 3TOM ompenensieM HMIYJIbCHYIO MEPEXOIHYIO
,QYHKIIMIO CHCTEMBbl N0 OTHOIICHHIO K ympasisdwomiedl BennuunHe "U" u mo
OTHOLLEHUIO K MOMEHTY HArpy3KH OTAEIIBHO.
U3 nociennero ypasaenus cucteMsi (10) ,momaras  Q=4(t—7) ¥ BBOAA

o0o3HaueHue 6, = w,, UMEeM:
dog _5lt-7). ——J.5t—r)dt Lie-s)
dt J J J
[lepexomHyI0 XapaKTEpPHCTUKY PacCCMOTPEHHBIX 3BEHBEB OyAEM ONpEIeisITh Ha

OCHOBE 3aBHCHMOCTH, CBS3BIBAIOIIEH OTy XapakTEPUCTHKy C HUMITYJIbCHON
MepexoaHON (PYHKITHEH;

hle—)= 10— ) ol — ki

[Ipumenss ee, HonyqaeM'

j T‘dt—l — )k ke, (1— )

T

h(t-7)=1(-7 IJ.a)l (t—ce=1(t—7)
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t—7 l‘1'

hot— )= 1= o) oyle— oYt = 1t - ¢ FI L= 1(— o (l—e ©),

t

h(t=2)=10= o) oyle— b =10 2) L [ dr=1(0-) L (- 2),

T J: J
[NEPEJATOYHBIE ®YHKIOWU U CTPYKTYPHBIE CXEMbI CUCTEMBI

[TPMMEP 1. Onpenenuth nepenaTouHble (PYHKIIMM 3BEHBEB CHUCTEMbI, YpPaBHEHUS
kotopoit umeror Bua (1) - (5) , ¥ MO HUM TOCTPOUTH CTPYKTYPHYIO CXEMY
Onpenenutsb nepeaaToyHbie PyHKIIMU 3aMKHYTON U pa30OMKHYTOW CUCTEMBI.

[To ypaBuenusm (I) - (5) ompenensiem npeoOpazoBanus Jlamiaca» Mo KOTOPHIM
HAXOJUM Tiepe1aTOuHbIe (DYHKIINHY 3BEHBEB:

) _ulb)
U,(p)=U(p)-U(p) k)= G -
Uz(p):klUl(p)a Kz(p): gj((];))zkﬁ

R S e

(T,p+1)Ap)=k[E(p)-k,M(p)l K,(p)= Q(p) kK

E,(p)-k,M(p) T,p+1

U
U, (p) = kSQ@)a K; (p) (p) = k.
Q(p)
[To mony4eHHBIM MepeAaTOYHBIM (QYHKIIUSIM CTPOUM CTPYKTYPHYIO CXeMy puc.9
7 | ke |G~ [ K | L0p)
O A e WY Zp
X,
B Mp)
Y 5 -

Puc. 9. CtpykTypHas cxema CUCTeMbl CTAOMJIM3AIMU YTII0BOW CKOPOCTH BaJia
ANEKTPOABUTATETIS.

Tenepp ompezgensieM mnepenaroyHbie (GYHKIMU 3aMKHYTOM W Pa30MKHYTOMN
cucteMbl. OTMETUM, YTO MCKOMBIC TIEPENaTOYHbIC (PYHKIIUM MOXKHO OMPEIETUTh
Kak MO ypaBHEHHSIM, TaK U Ha OCHOBE CTPYKTYPHOW CXEMbI. 31€Ch BOCIIOIb3YEMCS
CTPYKTYpHOU cxeMou. [Ipu 3ToM a1t ynpomeHusi npeaBapuTesIbHO BXOJHONW CUTHAI
M(p) npuBeaeM K BXOIy CHCTEMBI, T.€. 3aMECHHUM OSKBHMBAJCHTHBIM CHTHAJIOM
Mp(p), IpUIOKEHHBIM K BXOJY CHCTEMBI. DTOT CUTHAJ OMpPEACsieM U3 YCIOBHS
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1”2

[lepenarounas ¢pyHkuus pazomkHyToi cuctemsl W(p) Oyner

_ U, (p) _ k
)= Gy )~ Gop s T+ 1) 1

e No-npexxHeMy k = kk,k;k

Hcnonp3ys CBsI3b MEXy MepenaTouyHor (yHKIUEH pa3oOMKHYTOH U 3aMKHYTOU
CUCTEMBI, UMEEM:

(px(p)zU(p)—Us(p)_ 1 0)

ng)) 1+ VI(/([)?) (M(p)
- Uslp AV
P D)6 )T )
@, (p)= AP AT

Ulp)+M,(p) ks 1+ (p)
[TPMMEP 2. Onpenenuts nepenaTounbie (yHKIIMH 3BEHbEB CUCTEMBI (§) M MO HUM
MIOCTPOUTH CTPYKTYPHYIO CXEMY.

[To ypaBHenusim (8) onpenensiem npeodpazoBanus Jlamiaca, KOTopbie MO3BOJSIOT
HAWTHU NiepeiaTouHble (YHKIINH:

Uy(p)=k[U(p)-U,(p)] K1<p>=ljfz¢”=k-

Ulp)-Ui(p) "
J(p):l;ﬁ—(i)’ wlr)= i‘g: T
UH(p)=lz‘;—(ﬁ, K,(p)= [?]”(I(DP)L 7"4];4+1
U,(p)=kU,(p) K (p)= ILJ],],({; )) = k;.

CtpykTypHas cxema, I[OCTPOCHHAas IO JaHHBIM TMEPEeJaTOYHBIM (DYHKIUSM,
n3o0paxkeHa Ha puc. 10.

) B il K2 _|ep)| Ks |TD)| _ %5 | 7
4 | ptt || Bprt P [T
' |
(P ,,
7 /{5 -

Puc. 10. CtpykTypHas cxeMa CUCTEMbI CTaOMIIN3alUKA HAPSHKEHUS.
ITPUMEP 3. Onpenenuth nepenatouHbie QYHKIUUA 3BE€HBEB CUCTEMBI (9) U 1O HUM
OCTPOUTH CTPYKTYPHYIO CXEMY.
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[Tpumensist npeoOpazoBanue Jlamnaca, u3 cuctemsl (9) momydaem:

0=k [Up) -0 ) K)o =
Q, (p) =k, ck (p%;lfjl\l(p): Kz(p) = U, (pg))i(kpjw(p) =k,
Q,(p) _alp) 1
W, T
Q(p)= k, ksUm(p)"'g](?p_zl_kéMH(p)’
_ Q(p) _ kK,
K4(p)_ kSUOI(p)+a(p)_k6MH(p) - TI,p+1 ’
U, (p) = £:0p), K(o)=50 =k,
rac ‘
kz:c}; k3:i§1; k“z%; kszkli ; 6=kiRyC ;

[lo sTuM mnepegaToOYHBIM (QYHKIUSM TOCTPOCHA CTPYKTYypHAs CXeMa CHUCTEMBI,
KOTOpasi mpejacTaBlieHa Ha puc. 11.

Ke My ()
‘1) Yo~ [ rwa_ Rl 7 Wy = on
ki 7o P Topr7
K,MD) S5 Usy ()
? V24 e //3) / (.7

Puc. 11. CtpykTypHas cxeMa acTaTU4eCKO CUCTEMBbI CTA0MIN3allUN YTI0BOM
CKOPOCTH.
[IPUMEP 4. Omnpegenutb nepenatounble ¢yHkuuu cucreMbl (10), mocTtpoutsb
CTPYKTYPHYIO CXE€MY CHCTEMbl M HaWTHU NEPENaTO4YHble (PYHKUIUU PA3OMKHYTOU M
3aMKHYTOW CHCTEMBI.

Ilepexonass k mnpeoOpa3zoBanuto Jlaraca, u3 ypaBHenuit (10) omnpenensem
nepenaToyHble QyHKIINU:

Ui(p) =k, [6,(0)- 0,(p)) K(p)=— )

6,(p)-6,(p)
U,(p)= K, () k(o) =20 =k
o) 50 S A
o) -SEEE) k- T
6,(p)= ), K.(p)= L) 1.
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[1o aTuM mepenaToyHbIM (PYHKIUSM CTPOUM CTPYKTYpPHYIO cxeMy (puc. 12).

Puc. 12. CtpykrypHas cxema clneasieid CHCTEMBI.

Tenepsr ompexaenseM mnepegaToyHble (QYHKIUU  PA3OMKHYTOM M 3aMKHYTOU
CUCTEMBI :

_ 0, (p) _ k rie —
g (2.0 1) (e M=oy (@)
‘91 — ‘92 _ 1 —
®x(p)= pﬁl(p) P 1+W(p) (M(p):O),
(p)= 0,(p) _ W)
S a(p)+ My (p) 14w (p)
@,(p)=,(p)
rac
k= k kK k, %
()= M)

[TPUMEP 5. CoctaBuTh U peoOpa3oBaTh CTPYKTYPHYIO CXEMY CHUCTEM, YpPaBHEHUS
KOTOPOM UMEIOT BUI:

d.
71%"')51 :kl[fl(t)_x]’

d
T2%+x2 =k, x,,
X3 = KppXy,
d’x d
4?f+z);:k3(xz+x3)_k4fz(t)-
[lepexons k npeoOpa3zoBanuio Jlamnaca, HaX0AUM NepeaTouHble (QYHKIIUU:
X,(p) k
Tp+1)X,(p)=k|F(p)-X K (p)= ‘ =
(o X, () =k [F (p) - X(p)} )=y =
X,(p) __k
T 1)X =k, X K _2\P) Ry
(2p+) z(p) 21 1(p): 2(]9) Xl(p) sz—i—l’
X
X3(p):k22Xl(p), K3(p): 3(p):kzz;
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(T4P+ I)X(p): k3[X2(p)+X3(p)]—k4FZ(p),

K, (p) = X(p) = a2

Xz(p)+X3(P)—]]§4F2(p) p(T4p+1)

3
Temneps MO HalJACHHBIM TMEPEIATOYHBIA (YHKIHAM CTPOHUM CTPYKTYPHYIO CXEMY
(puc. 13a)

)

I 27 X2(D)
— ‘ /- i [~ i .
A1D) = Xoi) 70+ o e XrD)
2t N o7 (7P 1P
2.2
= 410)
Frp)HE(0) | K (T30 1) X 1)

S——

PP Tp 1) (Tp )

Puc. 13. CtpykTypHas cxeMa CUCTEMBI: a) - UCXOHAS ;
0) - mpeoOpa3zoBaHHas.

[IpeoOpa3yem 3Ty CTPYKTYPHYIO CXEMY TaK, 4TO MOCJIE MPeoOpa3oBaHusl CUCTEMA
Obl1a Obl 3aMEHEHA OJIHUM 3KBUBAJICHTHBIM 3BEHOM, OXBAUEHHBIM OTPULATEIbHOU
oOpaTHOM CBsA3bIO, C HSTOM LENBIO JIBa 3BEHA, COEJUHEHHBIX MEXIy CcOo0oM
napajuieiabHO, 3aMEHSIEM OJTHUM 3KBUBAJIEHTHBIM 3BEHOM:

Kla(p)szZI +k22=k21+k22(712p+1)=k2 T3p+l,
p+1 I,p+1 I,p+1
TIE
ky =k + ks,
_ ky,T,
’ ky + Ky

Torga momydyaem mociaenoBaTebHOE COSAMHEHUE 3BEHBEB, NepenaToyHas (QyHKIUS
(PKBUBAJICHTHAs) KOTOPBIX OyAET TPENCTaBIATH COO0OM MepeaaTouHyr (QYHKITHIO
Pa30MKHYTOM CUCTEMBHI :
k (T HP + 1)

w(p)= ,
p(Lp+ 1\Tp +1\Typ +1)
rie k = kk,k,. CTpyKTypHasi cxema mocjye ee npeodpa3oBaHus MpeACcTaBiIeHa Ha PHC.
136, rae

Fn(p):

_ kikyk, ) Fz(p)(Tlp + 1)(T2p + 1)
ks (Tap + 1)
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[TOCTPOEHUE YACTOTHBIX XAPAKTEPUCTHK.

[TIPUMEP 1. OmnpeaenuTs 4YacTOTHBIE XapaKTEPUCTUKUA PA3OMKHYTOH U
3aMKHYTOM CHCTEMBI, CTPYKTYpHas CXeMa KOTOpoW Hu300pakeHa Ha puc. 9, B
paznuYHbIX hopmax.

[Tonw3ysack nepegaTounor PpyHkiyen pasoMkHyToi cucremsl (1)
HaXOJUM :

N k _ (-TjeN1-T,jo) .
W(jeo)= (T jo +1)\T, jo+1) g (1 + Tfja)z)x(l + Tj]aﬁ) =Hul@)+ )

H, (a)) = |W(Ja)1 = kH, (a))Hz (a))a ?, (w) =arg W(Ja)) =@ (a))+ ?, (a))s

rIe
(1o 1 . [+ T)e
U(a))_(l Tszw )(1+T12a)2x1+T22a)2)’ ( )_ (1_'_lea)le+T22w2)’
1+ T w* 1 1+ Tw? 1
H(w)= ‘ = ; H(w)= |[>—2") -~ .
(@) (1+720?}  J1+T%0) :(0) V(+ 7202 {4+ T20?)
o\(0)=arag(-Tw) ; ,(0) = arcig(- T,w),

L(w)=201gk +201g H, () +201g H, () = 201gk —201g 0 —101g(1 - T*e* )-101g(1 - T20),
L, (w)=201gk, pu 03w<Ti (1,>T)

2

L,(0)=201gk-201gT, —20lge TpH TLS a)<TL;
2 1

L, (w)=201gk—201gT, —201g7, —40lgw Ip¥ @ >Tl
1
[Tpu k = 100, T= 0,1 cex, T; = 0,01 cek. Ha puc.14,15 npeacraBicHBI
COOTBETCTBEHHO W (jw) 1 Iorapu()MUUECKHE YACTOTHBIE XapPAKTEPUCTHKH.
AMIUTYIHYI0 ¥ (a30BYI0 YACTOTHBIC XapPAKTEPHCTHUKH 3aMKHYTOH CHCTEMBI
HaxO0JIMM Ha OCHOBE nepeaaTounor GpyHkimu (12):
k k l+k-T\T,0* —(T,+T,)j
CDI(ja)): . . = - ‘ —k 11, @ ( i 2){60 :
Tjo+)Ljo+)+k -TTLo* +([T+T)jo+1+k  (+k-T 10" )+(T,+1, o’
k
Jl+k-T 1,07 )+ (T, + T, 0

@+nb}

l+k-T,T,0°

H(a)): |®1 (Ja)l =

b

¢<w>=arg@l<jw>=amg{—

ITPUMEP 2. OnpenenuTh 4aCTOTHBIE XapAKTEPUCTUKU PA30MKHYTOU CHUCTEMBI,
CTPYKTYpHasi CXema KOTOpoil n3o0pakeHa Ha puc. 12.
Ha ocHoBe nepenaTounoit GyHKIIMK pa3oMKHYTOM cuctemsl (13) , umeem:
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0)

70§D

70

v

L

Puc. 14. AmMniuTynHo-(pa3oBasi 4aCTOTHAsI XapaKTEPUCTUKA PA30MKHYTOM CUCTEMBI
a)-JiedcTBUTENbHAS;, 0) - aMITUTYTHO-(a30Basl.
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[ S G
1
-

77| N
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N
25

.,-/59 e i e

- 780 f . i i ‘ ; » ! '
Puc. 15. Jlorapudmudeckue 4acTOTHbIE XapaKTEPUCTUKU;
a)- aMmruuTynHasi; 0) - (azoBasi.

. k _, —J(=Tjo)1-T,jo) _ :
w(jew)= Jjo(T jo+1)T, jo+1) g a)(l + Tf&]fﬁ + Tjioz) =@+ jvie)}

H ,(0)=W(jo)=kH,(0)H,(0)o];
plo)=arg(j©)=-90" +¢,()+ ¢, (),

rae
T,+T 1-T,T,0°
U __ 1 2 : __ 147 :
(@) 1+770 147, 0) He) o(l+ T 0* N1+ T20?)
1 1
Ho)-—— . H(0)=———
(@) o+ 70?) (o) Ji+770%)
o, (@)= arcig(-Tw)-90° 0,(@)=arctg(- T,w),

1
L(w)=20lg H (o) =20lgk —20lg @ —10lg(l - T w* )~ 101g(1 - T?0* )
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L(@)=20lgk-20lgo  mpu O<w<— ([,>T)
L,(0)=201gk—-20lgownpy —<w<—;
L (w)=20Igk —60lgw npu o> —

Ha puc. 16 u 17 npwm k = 50 ,  T1= 12107 cex , T,= 80-107cek ,

CeK
IPENCTABIEHBl  COOTBETCTBEHHO  aMIUIMTYAHO-(pa3oBas M  JorapupMuUecKue
YACTOTHBIE XapPaKTEPUCTUKH PACCMATPUBAEMON CHCTEMBI, TOCTPOSHHBIE HA OCHOBE,
3aIMCAHHbIX BBIIIE 3aBUCHMOCTEHA.

U3 3aBucumocreii 11 H,(w) u H,(w) BUAHO, YTO aMILIMTYAHAS XapaKTEPUCTUKA
Pa3’OMKHYTOM CHCTEMbI MOHOTOHHO YObIBaeT. Belpaxenus mig U(w) u v(o)
THIOKa3bIBAIOT, YTO IIEPBas U3 HUX SBJISETCS MOHOTOHHO BO3pacTaromieil GpyHKIueH, a
BTOpas MEHSET CBOM 3HAK, IPMYEM JTa TOYKA Oy/IeT:

v(a)) =0,
1-T,T,0" =0,

o, = 1 =\/L-102:32,27;
T,-T, \9,6

U(w,)=—-0,01.
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Puc. 16. HacToTHbBIE XapaKTEPUCTUKU PA3OMKHYTOM CHUCTEMBI:

a) -JIeicTBUTENbHAS; 0) - aMITUTYTHO-(a30Bast
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Puc. 17. Jlorapupmuyeckre 4aCTOTHbIE XapAKTEPUCTUKH :
a) - aMIuIMTy1Has1; 0) - (ha3zoBasl.

AHAJIN3 YCTOMYMBOCTU CUCTEM ABTOMATUYECKOI'O
YIIPABJIEHUAL.

1. [IpuMeHeHue anreOpanuecKuxX KPUTEPUEB YCTONIMBOCTH.
[IpumeHeHue anredOpandeckux KpUTEPUEB YCTOMYMBOCTH PACCMOTPUM JUIS IBYX

IIPUMEPOB.
I[TPUMEP 1. IIpumeHuTs MJisl aHaaM3a YCTOMYMBOCTH CUCTEMBI, CTPYKTypHas cxema

KOTOpO# n300paxkeHa Ha puc. 12 kpurepuii ['ypBuua u kputepuit JIbexapa-Illunapa.
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Ha ocuoBanum mnepenatouHoit Qgynkumu (15) Haxoaum XapakTepUCTUUYECKUUN
MHOTOUJIEH CUCTEMBI:

46.
D(p)=p(Tp+1) (Top+1) +k=agp®+a,p® +ap+a
(15)
rne az=T1T,, a,=T1+T,, =1, a,=k,
U COCTABJIsIEM OHpGI[GJ'H/ITeJ'IL prBI/IHa .

2 3 O
Ag= g3 a O oA, ; Ay =a,3 —aza;, Aj=a,
0 a, a

Jns Hawero npumepa a,>0, a,>0, a,>0, a;>0, no3TOMy yci10BHE yCTONUYNBOCTH
no kputeputo ['ypsuna Oyner : A, >0, A, =T+T,—-T; T,k >0

MMEEM
pu Ty = 0,012 cex; T,=0,08cex; k=50 e

A,=0,092 - 0,048 >0 u mosTomy 1aHHasi cucTemMa OyJeT yCTOMUUBOM,
3anuueM NPUMEHUTENBHO K PACCMAaTPUBAEMOMY IPUMEPY KPUTEPUI
JIpenapa-Illunapa: A;>0; A3>0

WJIW JUTS1 YKa3aHHBIX YUCIOBBIX 3HAYEHUU KOA(P(OUIIMEHTOB UMEEM :

Ay =a,=0,092>0, A;=(0,092-0,048)50>0 .

[TPUMEP 2. Jlng ananu3a yCTOWYMBOCTH CUCTEMBI, CTPYKTYpHAsl CXeMa KOTOPOW
n3o0paxkeHa Ha puc. 13b |, mpumeHuTh Kputepuit yctoWuumBocTH ['ypBUIA U
Kputepui ycronunBoctu JIbenapa-Illunapa.

VYuuteiBas nepegatounyro ¢ysknuo (14) , HaXoauM XapakTEPUCTUUECKUN
MHOTOYJICH 3aMKHYTOU CUCTEMBI:
D (p)=p (Tp+1) (Top+1) (Tap +1) + k (Tsp +1) = p[T1T,p* +
+ (Ty+ To) p+1] (Tap +1) + k (Tap +1) = T, T, Ty p* +
+(TiTo+ Ty Ty + ToT) PP+ (Tt T+ Ty) pP + (1+ Ts k) p +k,
WIH, BBOAS 0003HaueHus : ay = T1 1214, a3 =Ti To+T1 T4+ T, Ty,
d, = T1+T,+T,, dq =1+ T, k, dp =k , IMeeM

D (p) = a,p* +agp® +a,p® +ap+ay (16)
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CocraBnsiem ONpCACIINTCIIb prBI/IHa H HaxXO0/JUM CaM OIPCACINUTCIIb U €TI0

AUaroHaJbHbIC MUHOPLI:

a; a 0 0
a; a 0

a, a, a O

Ay = =qplay; A, Qp| = apA
40a3a100420 023

0 a, a
0 a, a, q 3o
dp a4 a3 a4 2
Az =—q 0 +ta =ay (2,83 —aa, )—apa3 |
as as Qap
a3

Az = = a2a3 —a1a4 f Al = a3

a, a,
VYca0BUs yCTOMYMBOCTH HA OCHOBE KpUTEPHS YCTOMUMBOCTH [ ypBHIa OyAyT :
a,>0, A;=a3>0, A,>0, A;>0, a,>0.

YcnoBUs yCTOMYMBOCTH CUCTEMBI HA OCHOBE KPUTEPHUsL YCTOMYUBOCTH
JIsenapa-1llunapa npunumaror Bug : a8,>0, a,>0, a,>0, az>0, A;>0, A3;>0,

IIpoBeprM BBINOJHEHHUE MOJYYEHHBIX YCIOBUNW YCTOMYMBOCTH CUCTEMBI,
MMEIOLIEN MTapaMeTPhl IIPHU CIEAYIOIMNX YNACIOBBIX 3HAYCHHUSIX :

T.= 0,04 cex; T,=0,02 cex; T3=0,06 cex; T,= 0,08 cex; k=50
Haxonum :
ap =50; a; =1+0,06*+50 = 4; a, =0,04+0,02+0,08 =0,14;

g =(4+2+4%8+2+8)x10™" =56+107",

A, =56%16%10"° —4%64x107° =66+8%107° =528%107*)0 ,

Ay =4%528%10"* —50(56)% *10™® =8%(33—-24,5)*10° = 0,64%85%10"* =
=5,44%107%)0.

OTKy,Z[a 3aKIIIOYaCM, UYTO YKA3aHHBIC BBIIIC YCIOBHA YCTOﬁqHBOCTH BBIITOJIHATOTCA

2. IlpumeHenne KpuTepus yCcTOM4YMBOCTH Muxanmnosa.

[Ipumenenne KpuTepust yCTOMYMBOCTH MUXaWjaoBa pacCMOTPUM I JBYX
IPUMEPOB, aHATU3UPYEMbIX B IIpeIbIAYLIEM naparpade.

[TPUMEP 1. IIpumeHuTh 17151 aHAJIA3a YCTOMYMBOCTH CUCTEMBI, PACCMOTPEHHOU B
npumepe 4 maparpada 2.3. kpurepuii MuxaiigoBa HpH CHEAYIOIIUX  YUCIOBBIX
nanusix : T;=0,08cex; T, = 0,012cex; k = 75 Y/ . Ha OCHOBaHHMH 3aBUCUMOCTH (15)
HaxoauM rojgorpad Muxaiiona:

D(jo)=TiT,(jo) +(T +T, ) jo)* + jo+k =-0,00096 jo° + jo —0,0920% + 75 =
= X(0)+ jY (),
e X(©)=75-009202,  Y(w)=awll-000096w?).

Jlnig paccMaTpuBaeMoro npumepa cuctema OyieT yCTOMUnBO#, eciau rogorpad
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BEKTOpa D(ja)) nmpu 0< @ < oo , HAUUHASICh HA JACHCTBUTEIILHOU (MOJIOKUTEIHHOMN )

KoopauHaTHON ocu OX , MpoifieT B MOJOKUTEIbHOM HAMpaBJIEHUH HA TUIOCKOCTH
(X,¥Y) nocnenoBarenbHO TpU KBagpaHTa. [I[poBepuM BBINIOIHEHNE 3TOTO YCIOBUSI.
Jlnst mpoBepKH  YKAa3aHHOTO YCIOBUS OOBIYHO CTPOSIT Tomorpad D(ja)).
[TockonbKy paccMaTpuBaeMas CUCTEMA MMEET HEBBICOKUM MOPSAIIOK, TO ONpPEAeIIUM
TOUYKH TepecedeHus rogorpadom D(ja)) KOOPJIMHATHBIX OCEH U M0 HUM YCTAHOBUM,

BBITIOJIHACTCA YCIIOBUC YCTOﬁQHBOCTH WJINW HET:

1
Y(w)=0, 1-0,00096 w2 )=0, -0 , - ~32,
() of o’ “1 “2 =1/0,00096

X(w,)=75>0, X(w,)=75-0,0920 5 = 750,092 1041 =-20,77 <0 ,

X(w)=0, 75-0,0920% =0, w3 = > _5,
0,092

Y(w3)=28,5(1—0,00096 *815)= 28,5(1-0,7824)=213 .

T.e. uMeeM MOCIEAOBATEILHOCTh TOUYEK MNEpeceyeHus Tojaorpaom KOOpAHMHATHBIX
ocen :

(75;0), (0;21,3),( - 20,77;0) , oTKyAa 3aKit0YaeM, YTO KPUTEPHUHA YCTONUHNBOCTH
MuxaiinoBa BBIIOJIHSAETCS.
I[TPUMEP 2. [Ina anHanv3a yCTOWYHMBOCTHA CHUCTEMBI, pACCMOTPEHHOW B mpuMepe 2
npeablaynero naparpada, OpUMEHUTh KpuTepuid MuxaillioBa TpH CIEAYIOIIHUX
YUCJIOBBIX JIAHHBIX :
T,=0,04cek; T,=0,02cex; T3=0,05cex, T,=0,20 cek, k =50 '/cex., nmm
a,=50, a,=4, a,=0,26, a;=161*10%,  a,=16%10"*
Ha ocHoBanuu 3aBucumoctu (16) onpenensiem rogorpad Muxaiinosa :
D(jw)=a,(jo)" +as(jo) +a,(jo) +a(jo)+a =

—a,0* +a,0% +a, + ja)(al —a3m2):1,6*10—4a)4 —0,260° +50+
+ ja)(4—1,61*10_2a)2): X(w)+ jY(@), rae
X(@)=16+10"" 0" —0,260° + 50

V()= 0(4-161x10202)
Jns panHoro mnpumepa cucrema OyAeT ycTonuuBoil, eciu npu 0< @ < oo
rogorpad D(ja)) HAUMHASACh Ha TMOJIOKUTENIbHONM momyocu OX mpoiaer

IIOCJIEIOBATENIbHO B IIOJIOKUTEIILHOM HAampaBlIeHUH Ha IuiockocTH (X,Y) deTsipe
KBaJIPaHTA .

JI7st IpOBEpPKH 3TOTO YCIOBHS OMNpeAeseM TOUYKH IepecedeHust rojorpadom
D(jw) xoopmuraTHBIX oceit 0X n OV:



33
4
0, wl4-1610w?)=0, w,=0, w5=——""—=2465
( ) . ® 1,61*1072
X(0)=50>0, X(w,)N,6*107(246,5)° —0,26*246,5+50 =9,9—64,6 +50 = —4,7 < 0
X(@)=0, 1,6*10"w*-0,260*+50=0

w2, = 0,26 ++/0,0676 —1,6* 200*10~* _0,26+0,188
! 3,2*107* 3,2*107*
w2 =14*10°, w,=374 , w2=225, w,=25
Y () = 25(4—1,61%225%102 )= 9,44 > 0
Y(w;)=37,4(4-1,61*14)= 6933 <0
T.e. momyyaem mocieaoBaTeIbHOCTL ToUeK nepecedenus: (50,0) ,

(0;9,44), (- 4,7;0), (0;- 693,3) , OTKya 3aKJITFOYACM, 910 Toforpad
D(jo) TpOXOaMT MOCTENOBATENHHO B MOJOKUTEIHHOM HAMPABICHHH YETHIPE

<

—_
S

~
I

KBaJpaHTa U , CJICAOBATCIIbHO, IdHHAA CUCTCMaA ABJIACTCA YCTOﬁqHBOﬁ.

[Ipumenenue kpurepust ycronunBocT HalikBucra-MuxaiinoBa pacCMOTpPUM Ha
KOHKPETHBIX IIPUMEPAX.

[IPMMEP |. Ilo yacTOTHBIM XapaKTepUCTUKaM, H300paXeHHbIM Ha puc.l4. caenartb
3aKII0YEHUE 00 YCTOMYUBOCTH CUCTEMBD»

OT™MeTuM , YTO ISl TOJY4YEHHUS 3aKiIroYeHUuss 00 YCTOWYMBOCTH 3aMKHYTOM
CUCTEMbl Ha OCHOBaHMM Kputepus HaiikBucta-MuxaiinoBa HEOOXOOUMO 3HATh ,
KpOME aMIUIUTYAHO-()a30BOM YACTOTHOM XapaKTEPUCTUKH PA30MKHYTOW CHUCTEMBI,
elIe paclpeieicHue KOPHEW XapaKTEpUCTUUYECKOTO YPaBHEHUS JTOW CHUCTEMBI.
[ToaToMy, yuuTsiBas nepeaarounyto ¢pyakuuto (1), Haxomum:

T(p)=@+T,p)l+T,p)=0 OTKYZa MOJIy4aeM:

1 1
pp=—=-—-<0,
T, 0,01
pzz—i:—i<0
T, 01

T.€. KOPHHM PacCIIOJIOKEHBI B JIEBOW MOJIYIJIOCKOCTH TUIOCKOCTH KopHeu "p". Tenepb
0 AaMIUIUTYAHO-()a30BOM YaCTOTHOM XapaKTEPUCTUKE PA3OMKHYTOW CHUCTEMBI
NPEACTAaBICHHOW Ha puc. 14, 3akimoyaeM, 4TO Pa3OMKHYTas CHUCTEMA SIBISETCS
YCTOWYMBOM, IPUYEM TIPH JIFOOOM 3HAYEHUU KO(DPUIIMEHTA YCUTICHUS.

[TPMMEP 2. TIlo yaCTOTHBIM XapaKTEpUCTUKAM PA30MKHYTOM CHCTEMBbI, H300-
paXeHHBIM Ha pHC.16, caenaTh 3akitoueHne 00 YCTOWYMBOCTH 3aMKHYTOM
CUCTEMBI.

Kak u B mpenpiaymeM mnpuMepe, cHadajla MpPOBEPSEM pPACIPENEICHUE KOpHEN
XapaKTEPUCTHYECKOTO YPAaBHEHMSI PA30MKHYTOM cucTeMbl. J[JI1 3TOro MCHOJb3yeM
3aBucuMOCThb (13). M3 3710l 3aBUCUMOCTH BUJHO, YTO OJIMH - HYJIEBOH W JBa JApYyTUe



34

KOpHS - OTpHIaTelbHbIE. Tak Kak paccMaTpWBaeMas CHCTEMa  SIBIISCTCS
aCTaTMYECKOM  MepBOro  MOpsiKa, TO  aMIUTMTYAHO-(a30BYI0  YacCTOTHYIO
XapaKTePUCTHKY HAJ0 JOMOJHUTH AYroi OOJIBIIOTO pagnyca, COSIUHSIOMEH TOUKY
Ha ocu aOcmucc ¢ toukoi W(+0j). Ha puc.16 sta nmyra moka3aHa MyHKTHPHOMN
nuHUer. Teneph 3aki04aeM , 4TO 3aMKHyTas CUCTeMa OyIeT YCTOMYMBOM, TaK Kak
rojorpad W(ja)) (puc.16) He oxBarteiBaeT Touku (-1, jO). Ilpuyem kpuTHUecKoe

3HaueHHE KOY(PPUIMEHTA Nepelayn Pa3oOMKHYTON chucTeMBI (100poTHOCTH) K, , T.€.

3Ha4YeHUs], MPU KOTOPOM 3aMKHYTasi CHCTeMa HAaXOJUTCS HA TPAHULEC YCTOWYMBOCTU

OyJzeT onpeaensaThes u3 3aBucuMoctu (cTp. 40):

KipU(w;)=-1,

< 1 (T2 T20?) 1
k = — = =
" U(w,) T, +T, 0,0089

rie yureno, uto @f =1250 , koTOpoe HaiieHo i3 ypaBHeHus V (e0)=0.

1

I[TPUMEP 3. Ilposeputs ¢ nomompto Kpurepus HalikBucra-MuxainoBa ycTon4u-
BOCTb CHCTEMBI, CTPYKTYpHAas CXe€Ma KOTOpPOW IpeAcCTaBiIeHa Ha puc.l2, npwu
cneayromux gaHueix: K =25 l/cex; T,= 0,02 cex; T,=0,2 cex. Ecnu cucrema
OKa)KETCsI YCTOMYMBOM, TO OMNPEAEIUTh 3alac yCTOMYMBOCTU MO aMIUIUTYAE U IO
dbaze.

K
[Tonb3ysice nepenatounoil (ynkumeinn (13): W ( p) =
pA+T,p)1+T2p)
ONPENEIISIEM 3HAKN Y IEMCTBUTENBHBIX YACTEN KOPHEW YPAaBHEHUS :
p (1+T:p)(1+T2p) =0,

p1>0, p2=—_|_£<0, p3:_i<0

1 T,
Otkyna BUIMM, YTO paccMaTpyBaeMasi CUCTEMa UMEET JBA OTPUIATEIbHBIX KOPHS U
SBJISIETCSI ACTATUYECKOM TMEpPBOro Mopsifka. Ternepb CTPOUM aMILUIUTYIHO-(Ha30BYIO
YaCTOTHYIO XapaKTePUCTUKY CUCTEMBI Tpu  0<w < oo .

. k .
(i) jol+Tjo)1+T,jo) p@)+ 1Vp (@)
(TL+T, K
U,l@)=-
() 1+T20% 1+T0?)
V.(0)=— (1—T1T2w2)k
° oll+T20? [l+Ti0?)

HNJIN NIOCJIC ITOACTAHOBKHU YUCIIOBBIX 3HAa4YCHUU KOS@@HHHCHTOB HUMEECM:
0,22*25 | 1-0,0040° )* 25
Up(a)):_ 4 2 2 2\ Vp(w):_ ( -4 2 ) -2 2
1+4%10~* 02 [1+4*102 07 oll+4*100? Jl+4%102 0?)

Uccnegyem 3tu GyHKIMH:
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Lim U ;(0)=-0,22*25=-55;  Lim V,(w)=—
>0 »—0
LimU,(@)=0; Lim V,(@)=0

®—0 »—0

N3 3aBucumocTu JJIA U p (a)) BUJIHO, 4TO 3Ta Q)YHKHI/I}I MOHOTOHHO BO3paCTacT.
3aBUCHUMOCTbD JIIsA Vp (a)) IIOKA3bIBACT, UTO 3Ta Q)YHKHI/ISI MEHSIET CBOM 3HAK OJIMH pPas.

Haxonum sty TOUKY:
1

V,(@)=0, 1-0,0040° =0, &f =———=250; ;=158
0.004
*
Up(wl):_o,zz 25__55_ o
11*11,0 125

ITo HailAEHHBIM TOYKAM MOKHO CYJMTBh O XapaKTepe XapaKTCPUCTUKHU W(ja)).
Ho nns onpenenenust 3anacoB yCTOMYMBOCTH HEOOXOAUMO UMETh 00Jiee TOUHBIN BU]I
ATOW KpUBOH B nuama3one @ ot 0 mo 15,8 (mpu w >15,8 [\N‘ < 0,44). PaccunTaHHbIC

sHageHmst U () m Vi () ans sToro muamasona mame B Tabmume 3. 1.

Ta0muna 3.1.
w 0.0 2.0 4.0 6.0 8.0 10 12 15,8 |20
U, -5,50 -4.70 -3,35 -2,23 -151 |-1,06 |-0,77 |-0,44 |-0,28
Vo - -10,9 -3,8 -1.68 -0,84 |-0,46 |-0,28 |0,00 [0,038

xapaktepuctuku (puc. 20).

[To gaHHBIM 3TOW TAOIUIBI TOCTPOCH TpadUK aMITUTYIHO-(Ha30BOM YaCTOTHOM
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Puc.20. I'paduk ammanTyqHO-(ha30BOM YaCTOTHOM XapaKTEPUCTUKH W(ja))

aCTaTUYECKON CUCTEMBI IEPBOTO MOPSAIKA.
JlanHbIM TpaduK TOTOTHEH AYyTrOd, COSAUHSIONICH TOUKY  JCHCTBUTEIIHHOM
OCU C KpHUBOH W(ja)) (B8 mpenene ¢ npsamort Up = - 5,5). Ilo stomy rpaduky
3aKJII0OYAaEeM , YTO 3aMKHyTas CHCTEMa SBISIETCA YCTOMYMBOW. Temeps omnpenensem
3amac yCTOWYMBOCTH 1O aMIuuTyae h; u mo dase y,. VX 3HaueHHs mokas3aHbl HA

puc. 20. Kak oHu onpefensoTcs TakKe BUAHO U3 STOTO PUCYHKA.

[TPUMEP 4. IIpoeputs ¢ mnomoubio Kpurepus HaitkBucra-MuxaiiioBa ycTOM-
YUBOCTh CHUCTEMBbI, INepenatoyHas (yHKIUS KOTOPOW B Pa3OMKHYTOM COCTOSIHUHU
umeet Bua (14) , npu crnenyromux aaHueix : T; = 0,04 cex, T, = 0,02.cex, T3 =
0,06cex , T4 = 0,08cexk,
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k = 200 l/cex wu omnpenenuTh KpUTHYECKOE 3HaUeHHE Kod(dduimeHTa repenadu

Pa30MKHYTON CHCTEMBI.
[To mepematounoit ¢yukiuu (14) HAXOAUM aMIUIMTYJIHO-()A30BYI0 YaCTOTHYIO

XapaKTEPUCTUKY PA3OMKHYTON CUCTEMBI:

: 1+ T, jo
W ( jo) =k ;

(o) jo1+T,jo)(1+T,jo) 1+ T, jo)
-1+ Tjo)1+T,jo)1+T,jo)(1-T,jo) _

=k oL+ 770 )L+ T70 )1+ 170’ )
[ (M T je+ T | [1-(T, +T,) jo-T,T0* | _
=k(-1J) 0)(1+le®2)(1+-|-22®2)(1+T4zmz) =U,(0)+JV, (o),
e
U (@)= ~(1+ T’ )(T, +T,) +(T, - T,)(1-T,T,0°)

P (1+T20™)(1+ T’ )(1+ T’ ’
V. (0)=k (1410 )(T,T,0" -1) = (T, -T)(T, + T, )0’

p - y

o(1+ 0’ )(1+ T/’ )(1+ T 0’)
[ToxcraBisieM umciIoBbie 3HaYeHHs B 3aBucuMocTH 111 Uy (@) n V(@) :
—0,08{1+0,08*10 % 0?
Up(a)):ZOO 2 2 ( 2 2 ) 2 2V
1+0.04*102 0% J1+0,16*10 22 |1+ 0,64%10 2 w? )

3,84*10°w? —0,28*10%w? -1
ol1+0,04%10% w2 [1+0,16*10 2 0? J1+0,64*10 2 0?
Y TIOCJIE 3TOTO UCCIEAYEM UX MPU U3MEHEHHH @ OoT 0 710 oo

Lim U j(w)=-16;  Lim V,(@)=-o

V,()=200

0—0 »—0
Lim U, (@)=0; Lim V,(0)=0
@—>%0 @ >0

u3 3aBucumMoctu st Up(@) BUAHO, 4TO 3Ta (DYHKIHUS - OTPHLATENIbHAS U HE MEHSET
cBoero 3Haka. [TosTomy rogorpad W ( jw) ne nepecexaer och OVp , pynxuus Up(w)

MeHseT CBOil 3HaK. JTo roBOpUT o ToM, uto W(jw) mepecekaeT OTpHMIIATETBHYIO
nonyock OU, . HaxoauM 3Ty TOYKY IiepeceyeHus :
V,(@)=0, 384*10°w* -0,28*102w* -1=0,

014*1072 +/1,96*10° +384*10°  014*107242,4%10°3
3,84*107° 384*107°

wf =990, wf <0, U,(wy)=-255

Wy =
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[lo mpoBeneHHOMY HccienoBanuio Ha puc. 21 wmszobpaxken rogorpad W(jw)

HOCKOJII)Ky dHAJIIN3UpPyCMada CUCTEMaA ABJISACTCA aCTaTUYCCKOMN IICpBOTO

b5
2 |

/i /

24

N /

N | e
~ —~

/

S—— pa——g

——

Puc. 21. AMmumutyHO-(ha3oBast 4acTOTHAsI XapaKTEPUCTHKA PA30MKHYTON CHCTEMBI
nopsiika, Tak kak 3HameHatesnb W(P) (14) uMeeT oauH HYJIEBOHW KOpEHb, a
OCTaJbHBIC - C OTPUIIATEIHPHON JEHCTBUTEIBHON YacThiO, TO 3TOT Trojorpad
HEO0OXOUMO JIONOJHUTH JYrod, paanyca OOJbIlIe CIUHHUIBI, COCIUHSIOIICH
IPOU3BOJIbHBIE TOYKH IOJOKUTENbHOU nomyocu OU, W(jo) (B mpemene

npsimoit  Up = -16). Teneps no roporpady, uzodpakeHHOMY Ha puc. 21 (Bkirodas
U TYyHKTUPHYIO JIMHHIO), CHEIAaeM 3aK/IIoYeHHue 00 YCTOMYMBOCTH 3aMKHYTOMH
cuctembl. Tak Kak , KpOME HYJIEBOTO KOpPHs, BCE OCTaJbHbIE KOPHU XapaKTEPUCTHU-
YeCKOr0 MHOTIOWIEHAa pPa30MKHYTOM CHCTEMbl - OTpHILATENIbHbIE, a YyKa3aHHBIN
rogorpad oxBarbiBaeT Touky ( - |j 0), To 3aMKHyTas cucTeMa  SBISCTCS
HEYCTOWYHMBOM.

OmpenenseM KpUTHUECKOE 3HaUeHNE K03 duienta nepegaun K = Ky, ,

m.e. TO 3HAaY€HUE, KOTOPOE COOTBETCTBYET TOMY, YTO 3aMKHYyTas CHCTEMa
HaXOJIMTCA Ha TpaHuIe ycToiunBocTH, T.€. Uy(@,)=-1. IlockombKy 3HaueHue @

JUTSL TOYKU TIepecedeHusM oorpadom W(ja)) JNEUCTBUTEIBHOM MOJIyOCH HE 3aBUCHUT

or kK , T0
U (@)
p\™1 _ _
00 K, =1, rae U p(a)l)— -2,55.
200
Torma Kk, =——=78,4
R T 5s

CrnenmoBateibHO, eciu BbIOpaTh K< 78,4 1/cek, TO 3aMKHyTas cuctema Oyjaer
YCTOWYHUBOM.
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AHAJIN3 YCTOMYUBOCTH IO JIOI APUGPMUNYECKHM YACTOTHBIM
XAPAKTEPUCTHUKAM.
OIIPEAEJIEHUE OBJIACTEN YCTOUYUBOCTH.

[Ipumenenne mnorapuMUUECKUX YACTOTHBIX XapaKTEPUCTUK Pa3OMKHYTOM
CUCTEMBl JUISl aHaIW3a YCTOMYMBOCTHM COOTBETCTBYIOLIEW 3aMKHYTOW CHCTEMBI
paccMOTPUM Ha JIBYX ITPUMEpPax.

[MPUMEP 1. Cnenatp 3akitodeHre 00 yCTOWYMBOCTH 3aMKHYTOH CHCTEMBI IO
JorapuMUUECKUN XapaKTepUCTUKaM, N300paKeHHBIM Ha puc. 17.

[Tepenatounas GyHKIIUS PA30MKHYTOM CHCTEMBI, HA OCHOBE KOTOPOW MOCTPOCHBI
JorapuMHUUECKUe YaCTOTHBIE XapaKTEPUCTUKU, M300pakKeHHbIE HA puc.l7, mmeer
Bua (13). Ilo Hel BUAHO, YTO XapaKTEPUCTHUUYECKUW MHOTOUYJIEH MMEET OJIUH
HYyJIEBOM M JBa oOTpuuarenpHele KopHsA. Ilo pwmc.17 BuaHo, dYTOo 4YmCiHO
IIOJIOKUTEIIBHBIX M OTPULIATEIIBHBIX MEPEX0A0B PaBHO HyIr0. lloaToMy 3amkHyTas
CHCTEMA SBJISICTCS YCTOMYMUBOM.

[TPUMEP 2. Cpenath 3akiiouyeHue 00 YCTOMYMBOCTH  CHUCTEMBI 10
Jorapu(MUUECKUM YaCTOTHBIM XapaKTePUCTHUKaM, H300pasKeHHBIM Ha puc.18.

[lepenarounast GyHKIMS paccMaTpUBAEMOM CUCTEMBI B PA30MKHYTOM COCTOSIHUU
umeet Buj (14). ITlo Heil BUAHO, YTO XapaKTEPUCTUUECKUIM MHOTOWIEH PA30MKHYTOMN
CUCTEMbl HMEET OJIMH HYJEBOW M TpU OTpUUATEIbHbIE KOpHA. Pucynok 18
MOKAa3bIBAET, YTO JIOTapU(PMUUYECKAs] XAPAKTEPUCTUKA JAHHOW CUCTEMbI UMEET HYJIb
ITOJIOKUATENIBHBIX NIEPEXOJIOB U OJAUH OTPULIATENbHBIN nepexol. CrnenoBaTenbHO, UX
pazHocTh Oynet — 1. [ToaToMy pazoMkHyTas cucteMa OyJeT HEyCTOMUHUBOIA.

Onpenenenne o6aacTell yCTOMYMBOCTH paCCMOTPHM JIJIsl ABYX MTPUMEPOB.

[TPUMEP 1. Onpenenuts 001acTb yCTOWYMBOCTH, MOJB3YysACh MeroaoM /Jl-
pazOuenus, Uil KO3(pQUIMEHTAa Tepeayd Pa3OMKHYTOM CHUCTEMBI, CTPYKTypHas
CXeMa 3aMKHYTOM CHCTEMbl KOTOpOM H300paxkeHa Ha puc. 12. , Mpu ClEIyOIINX
3HaueHusx napametpoB : 11 = 0,02 cek, T, = 0,4 cek.

Ha ocHoBe mnepenarounoii Qyukmuu (13) HaXoguM XapakTEPUCTHUYECKOE
YpaBHEHHE 3aMKHYTON CUCTEMBI :

D (p)=p(T1p+1)(1+T2p)+k=0.58.

[Tonaraem B 3ToM ypaBHEHHH K ¢ KOMITJICKCHOM BEIIMYMHON. 3aMeHsIeM
P = jw u npousBoaum J[-pazOuenue mo 3ToMy Ko3hPHIHEHTY:

joll—TiT,0% )~ (T, + T, )0 +k =0
Rek = (T1 +Tza)2), Imk = a)(TlTZa)Z —1)
W3 sTux BepakeHuit BuaHO, uto Re K>0,a JMmK meHsier cBoii 3Hak, T.e. KpuBas

Re k+jJm k mepecekaer aetictButensayto oC» O,Re k.
Haxoaum Touky nepecedenus:
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Jnk=0, a)(a)leTz—l):O, 0 =0, w,5=1

T, +T, 0,02+O,4
T, 0,02*0,4

['pannunas xpuBas [[-pa3Oouenus uzoOpakeHa Ha puc.22. 3aMeTHM, YTO Hac
WHTEPECYIOT TOJIBKO TOYKM Ha JICMCTBUTEIBHOW OCH, TaK KaK K - JCHCTBUTEIIbHAA

BenunHa. [[03TOMy Ha HaHHOM pPHUCYHKE OTPa)XKC€H JIMIb XapakTep KpuBou [I-
pazoueHusl.

Rek(wy)=0, Rekl(w,sz)= =525

InmK

N . s u-)/
‘ N A + " ) i 3 B
ON._ 70 20 30 M 7
UM NS N\
. N

Puc.22. JI-pazbuenue miockoctu napamerpa K.

Teneps omnpenenseM o01acTb yCTOWYMBOCTH MO Kodpduumenty K. Pac-
cMaTpuBaeMas CUCTeMa UMeeT TpeTuil nopsanok. g Hee Bo3moxHbl odnactu J{(0),
(), A2), A3). Ha puc.22 umeem Tpu obnactu. OO0nacTe BHYTpPU NETIN
COOTBETCTBYET HAMOOJIbILIEMY YHCIY KOPHEW XapaKTEPUCTHUYECKOTO YpaBHEHUS,
MMCEIOIIMX OTPULIATENIBHYIO  JAEUCTBUTENBbHYHO 4YacTe. Ilpm K=l ycmoBue
YCTOWYMBOCTU BbIMONHsAETCA. [loaToMy 3Ta 006nacte - 00JacTh YCTOWYHBOCTH.
CrnenoBaTenbHO, ISl JEHCTBUTENTHHOTO KOd(DQUIMEeHTa Tepeaadyd 00JacThio
yctoiuuBocTu O0yaet odnacts (0, 52,5).

[TPUMEP 2. Onpenenuts 00J1acTh YCTOMYMBOCTH, MOJIB3YSCh METOI0M Jl-pa3oueHus
no mapaMeTpy T3 CUCTEMBI, CTPYKTypHas cXxeMa KOTOpod m3o0pakena Ha puc. 13b.
IpHU CIEAYIOIINX 3HAYEHUSIX OCTalIbHBIX napaMmeTpoB : T = 0,04cek, T, =0,02cek, 73
=0,08cexk, K = 50 '/cex.
Jns pemieHuss JaHHOW 3a7a4yM BOCIHOJIB3YEMCSI XAPAKTEPUCTUYECKUM MHOTOYJIEHOM
aHanusupyemon cucreMsl (16). Jlns Hamero ciayyasi XapakTepUCTHYECKOE YpaBHEHHE
HpI/IHI/IMaeT BU]T :
asp'+as p*+ap p*+ (1+Ts a0 )p+ag, eoe:

ao=50, a,=0,14, a;=56*10 ", a,=6,4*10"°.
Teneps nns omnpeneneHuss TpaHWYHOW KpuBou [[-pazbuenust mnonaraem T3
KOMIUICKCHOW BeJIMYMHOW. 3ameHss P = Jo , HaxoauMm ypaBHEHHE IS ITOH
KPUBOM:
a 0 — jago® —a,0® +(1+ T, N jo)+a, =0,

- ja4a)4 —a3a)3 + jaza)z +(1+T3a0)w - Jao = O,

2 2 4

a.o° -1 ay —a, 0 +a,0
ReT,=——; ImT, =2 =2 4

ag ® a

IToncraBum 4uCIOBBIE 3HaUYCHUS KOA(DPUIIMEHTOB M MPOBEAEM aHAIN3 MOJTYYEHHBIX
3aBHCHUMOCTEM.
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x10-4 2 _ 2 *10—6 .4
ReT3:56 107w 1; JmT3=50 01l40° +64*10 " w ;
50 50w
Lim Re T3 = -2 =-0,02; Lim JmT; = +oo,
w—0 w—>+0
w—>—0 w—>10
Lim JnT; =—c0, Lijm JMT; =0
W—>—00 W—>0

Haxomum  mouxu nepecedyeHnss MHUMOM OCH

Re T, =01-56*10"*w? =0, Wy ,=% L =+134

50-25+2,04

50
Onpez[em{eM TOYKH IICPCCCUCHUA KpHBOﬁ HGﬁCTBHTGJ’IBHOﬁ OoCH:

ImT, =0, 64*10 °w* —014w* +50 =0,

=054, JInT4(w,)=-0,54

Jm T3(a)1):

ELILE: V196*10 ~128*10~* _ 014+ 0,08,
! 128*10°° 128*107°

w? =1720, o} =460

56*104 *1720-1

56*10~% *460 -1

Re T;(w3) = =017; ReT;(w,)= =0,031
50 50
OnpeneneHue Ipyrux To4eK KpuBou J[-pa3OreHus He UMEET CMBICIA, TAK KaK Hac
UHTEpeCyeT 00JIacTh Ha ACHUCTBUTEIHHOM OCH M XapaKTep KPUBOM OIPELEIIAIOT

HaWICHHBIE BBIIIE TOYKH.
CrpouMm  rpaHuuHyl0 KpuByl J[[-pazbuenus mockoctu T3 (puc.23) ¢
HAHECEHHEM IITPUXOBKH.

N\ 7

Puc.23. JI-pa3zbuenue miockoctu nmapamerpa T3.
W3 3T0TO0 BUIHO, YTO MPETEHACHTOM Ha 00JacTh YCTOWYMBOCTHU SIBISIETCS 001acTh
BHYTpH nieTyid. BwiOupaem u3 atoit obnactu, Hapumep, T3 = 0,06 cex u mpoBepsieMm
YCTOMUMBOCTh MO KpuTepuro ['ypBuma (mpumep 2, maparpad 3.1). Cucrema
okaszpiBaeTcst ycrounBoi. [loatomy obnacts 0,031 < T3 < 0,17 sBasieTcst 0061aCThIO
YCTOUYHUBOCTH.
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AHAJIN3 KAUECTBA ITPOHECCOB B CUCTEMAX ABTOMATHUYECKOI'O
YIIPABJIEHU L.
[MPUMEHEHUE TPAIIEHENJAJIbHBIX YHACTOTHBIX XAPAKTEPUCTHUK
JUI AHAJIN3A KAUECTBA ITEPEXO/HBIX ITPOIIECCOB.

1. To4HOCTB cHCTEM B YCTAaHOBUBILEMCS IIPOLIECCE.

ToyHOCTH CHCTEM aBTOMAaTHUYECKOIO YIIPABJICHUS XapaKTEpU3yeTCs OIIMOKOHN B

ycTaHoBuBLIEMcsl mpouecce. [loaromy st aHamm3a TOYHOCTH OyAeM ONpenessiTh
OIIMOKY, BO3HUKAIOILIYIO B YCTAHOBUBLIEMCS IIPOLIECCE.
[TPUMEP 1. Ompenenutsh ommOKy B yCTaHOBUBIIEMCS MPOIECCE ISl CUCTEMBI,
YOPOLIEHHAs! NPUHLMIHAIBHASL CXEMa KOTOPOW M300pakeHa Ha puc. 2. DTa cucrema
onuchIBaeTCs ypaBHeHHeM (7) u mpeacTaBiseT coboit cuctemy crabunmzanuu. [lof
omuOKoH € OyJeM MOHUMATh pa3HOCTh €= Q. —Q,

rae Q. - XKelnaeMoe 3Ha4YECHHE YIVIOBOM CKOPOCTH. 3a 3TO 3HAYEHUE NPUHUMAEM

AHC

3HAYEHHE CKOPOCTHU IIPU OTCYTCTBUU BHeIIHEro MmomeHTa M. Ilosiaraem B ypaBHEeHUH
d,Q dQ
(7) U=const, M=const . Torma B ycTaHOBUBIIIEMCS IIPOIECCE d2—2 = m =0 wu
t
kU kU
1+ Kkksg 1—kks
Ey =lim £ =Q,, —Q, =ksk,M,
t—>o0
[TPUMEP 2. Omnpenenuth OIMOKY B yCTAaHOBUBLIEMCS Ipoliecce ISl CIEASIIEH
CUCTEMBI, YIIPOILEHHAs] TPUHIMIHAIbHAS CXeMa KOTOpOH n300pakeHa Ha puc.7, Mpu

BXOJIHBIX cUTHaNax |im M (t) =My m

W3 3TOTO YpaBHEHHUs noinydaem: €

oHcy

t—o0
1) 6 (t)=6p=const, 2) i(t)=1(t) 2yt (£2,=const),
3)0(t)=1(t)Oosinwyt (6o = const, m = const )./{ns naHHOM creasimei

cUCTeMbI omubOKa € Oyaer € =0,(t) -0, (t).
JUi ee onpeneneHnst BOCIOIb3yeEMCS epeaaTOYHbIMU QYHKIMSIMU D, X(p), D4(p),

(13) ¥ IpUHUKIIOM CYNEPIIO3UIIUU. Y UUTHIBASK 3TO MOIYYaEM:
E(p)= p(T1p+1)(T2p+1)<91(p)+ Kaks (Tup+1M(p) (17)
p(Typ+1(T, p+1)+k i p(Typ+1(T,p+1)+k

Teneps onpenenseM omKMOKY B yCTAHOBUBILEMCS IPOLIECCE &y
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6 k,ksM
) Gi(p)=—2 = lim PE(p)=—""2;
) 6i(p) . &y Ip@o (p)===1

Q
2) 6’1(p)=—§:

p

] o

T, p+1)T,p+1)—2
£ = lim p(l " )p +k4k3Mo:Qo+k4k3Mo.
Yoo p(Mp+1)T,p+1)+k ik k ik
3) gy = H(a)O)Sin(a)Ot+go)+k4ki?'%;

joo (T jwy +1)T, jo, +1) |
joo(Tyjwg +1)T, jog +1)+ k‘

20e H(wg)=

joo(Tyjy +1)T, jog +1) |
joo(Tyjwg +1)T, jog +1)+ k‘

¢ =arg

2. AHaIM3 KadecTBa MEPEXOJHBIX IMPOIECCOB.

AHaJIM3 KauyecTBa MEPEXOHOTO IpoIiecca MPoBeAeM ISl CICAYIOMIEro mpumepa.
OnpenenuTs BpeMs pPEryJIMPOBaHUS W TEPEPETYIUPOBAHUS JUISI CHCTEMBI,
YIPOIICHHAs MPUHIIUITHAIBHAS CXeMa KOTOpOi m300pakeHa Ha puC.7 (CTPYyKTypHas
cxema — puc.12) , ecnu 6; =1(t)Qot, 20e )y =const, T,= 0,012 cex, T, =0,08
cek, K=50 1/cex m M=My=const npu asrwxennu 1 M=Mg ipu oTcyTCTBHM
nBrkeHus, mpuaem M< Mg

Jlns onpeienieHusl YKa3aHHBIX XapaKTEPUCTUK HAXOJIMM IIPOIECC PEryIMPOBAHUS
6 (t) .Ilpu aToMm yuutsiBas (17) , moaydaem

0,(p)= kéy(p)  kiks (T,p+1M(p) (18)
2\P)= 3 2 i . .3 2 ’
azp +a,p”+p+ay J azp +a,p " +p+ag

2o0e a3 :TlTZ :9,6*10_4, a2 :Tl +T2 :9,2*10_2, a.o =50.
M(p) - noka HeusBecTHas QyHKIHMA, Tak kKak M(t) Takke HenszBectHa npu 0 <t <ty;

t; - Bpems, ompenensiemoe u3 yciaoBus Mg(ty)) = My . OmpenensieM cHauana 3aKkoH

U3MCHCHUS M(t) pu 0<t<tu3 (10) pH YCIIOBUH, 9TO
%o, %% 0, 0,0
dt dt
dE
U2:knk191, Tla‘}‘E:szz, k4M:E

U3 OTHX YpaBHEHUH HaxomuMm M(t) , moJiaras , 4TO OHH CIIPaBEIJIMBBI 1151 JIF000TO { .
Nmeem :



T1 + E =k kyk,,64,

E(p)= kikokn 7 §+3,

E(p)=Hdokn Sy

_t

_t
( )—M(t—ﬂ +Te ™ j
Ky

Otkyna mig onpenenenHus t; moigydaeMm ypaBHEHHE

M, = kiKoKn [ =

44
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Pemaem sT0 ypaBHenue rpaduuecku. [ias 3roro crtpoum rpaduiu  (GyHKIHH,
KOTOpBbIE N300paxkeHbl Ha puc.24. OHU IOCTPOEHBI IPU

kikoln =500, ks =10, Mo =1. Oro maer t; =0,0315 cex.
0
4
x4
A I !
I
a .

Puc.24. I'padpuueckoe pemenue ypaBuenus (19)
OmnpenensieMm npeodpazoBanue Jlammaca M(p):

uk,k,k.Q -+ i
M(p)=]w[t—Tl+Tle E jeptdtJrjMoeptdt:
0 4 ]
| {1
Kikok Qo | te Pl L 1 fu o€ L u| M ¢
_MRRn3c0) 1+pJ‘e—P dt+—T1e‘p -1, 4 0a7Ph _
Ky P D p ° Tp+1 1] p
- (1)
kikoknQo| te™™ e g _e ™ e (feols 1
- e o . -
Ky pp° PP p Tp+1

1

B KiKo K2 Tle_(T1+|Ojtl +T.p N Tip+1
Ky p(Tp+1) pz(Tlp +1)
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1
‘(ﬁ*p)tl —pty
e e
+Ty —

Kk K. O 1
M — 1™ 2™ n==0
(p) p(Typ+1)  p?

Ky pz(T1p+1)

YuauteiBas 310 1, 9T0  K;K, K K3 Tl =k =ay, u3(18)numeem:
({1 Py
T ( + p)tl €
L+oe ! - (Tip+1)
p 2

92(p): 2 3 2 _aOQO 3 2 P =
p (asp +a,p +p+ao) P +ap +p+a

_ 1_ _% a _ aogoe_ptl
_03(p)+ p03(p)Tl € y coe 93(p)_ 2 3 2
p?lagp’ +a,p® + p+a)

_u
Tocoa  6,(t)= 493(t)+T1[1—e n }%93&)

Omnpenemnsiem 05(t). Ina oToro ompenenseM KOPHH XapaKTePHCTHYECKOTO
ypaBHEHUSI:

azp’+a, p° + p+ a=0, 9,610 *p*+ 9,210 *p?’+ p+50 =0

IIpeoGpasyem 3TO ypasrenue k Bugy: U +BU? +AU +1 =0

u npumeHuM dopmyiny Kapnana:

U =a+p, Ups =—3(a+B)t j3(a+BN3,
rac yarc¢Ho, 4To
A=—2 0747, B=—2_ 256

3Jala, 3\ ayal

a
Tax KakK P=u’ /—0 :
as

93(17) = aOQOe*pa (&4—&_’_ C3 + C4 +&),
P, p p—-pP, P—P, Ps

Trac
— 1 1
1= 3 2 ="
(a;p°+a,p*+p+a,p=0 a,
Cm s .1
i {dp (as p’+a,p’ +p+a, Voo a2
{& pz(a3 p3 +a2 p2 +l) pzz}p:O 3 p3 2 p3 pl
— 1 _ 1
4= 2 2 ; C5— 2 >
(333 p, + 23-2 P, +1) P, (3a33p3 + 2a2p3 +l)p3

Hmn JJIA HAIIKWMX YHUCJIOBBIX JaHHBIX HMCCM:

C1=O,O2, C2: - 4-10_4,
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Cy= ~ . L - > =17-10",
{3-9,6-10*(90,68)*> —2-9,2-10"% - 90,68+ 1}(90,68)
Cy=
f— 1 j—
{3a,(b — 2w,  — W) +2a, (b + jw,) ~ (b —wZ 2bw, )
1
~ {0,000288(2,582 — 23,832 —5.16-23,83 ) + 0,184(-2,58 + 23,83 j) + 1}(2,58° — 23,832 —5,16 - 23,83 j)
= ! - =186-10""j,
1006,3—-2109 j
Cs=1,86-10*-38-10]j,
'b+jW 0= P23
OnpenenuM  OTHOCUTEIBHYIO  OIIMOKY: MO  KOTOPOM  ompenaelisieMm

nepeperyanpoBanre Xm u Bpems perynpoBanus 1p . Jlid ux onpeneneHus CTPOUM
rpaguk (puc.25) orHocutenbHOM ommOku. ITo sTomy rpaduky Haxomum: Xm =

0,076 , tp= 0,93 c. MakcumanpHas OTHOCUTENbHAs oOmMOKa Oyner:
Em 0,076

= =0,69.
60,0011 011
ALE
2
Q08

003

qol4 .

v

o

Puc.25 T'paduk oTHOCHUTETHEHON OIIMOKH.

ITPUMEHEHUE TPAIIEHENUIAJIBHBIX HACTOTHBIX XAPAKTEPUCTHUK
JUI AHAJIN3A KAYECTBA ITEPEXO/JHBIX ITPOLIECCOB.

PaccmMoTpuM npuUMEHEHHE TpanelueuIaJbHbIX YaCTOTHBIX XapaKTEPUCTUK MpPH
MIOCTPOCHUU MEPEXOIHOrO Mpoliecca AJisi CUCTEMBI, aHATU3UPYEMOW B MPEAbIIYIIEM
naparpade. bynem onpenensats ommoky nipu 6,(p) =1(t)Q,t u3 (18) nmeem

s $ 4 P
] ] ' , o 1,086 7350
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3
- 3 2 }’
a3p"+a,p +p+a,

E(p)="2 41

mozoa

E(t) —=> ZQO r(@ £ sinwtdw
w

rac

1
P =Red{ — —
(W)=Re{ jwojw(—agw’

% }—{———(U+Ju)}

—a,W’ + jw+a,”  jw

Wrak, nns omnpenencuus P(w) HGO6XOI[I/IMO HATH MHUMYIO YacTOTHYIO
XapaKTePUCTHKY 3aMKHYTOH CHCTEMBI. JTYy XapaKTEPUCTUKY MOXKHO OINPEICIUTH
7100 10 MHUMOM KPyroBOW JAuarpaMme, THO0 HOMOTpaMMe 3aMbIKaHUs JIsi MHUMOMN
94acTOTHOM xapakTepucTuku {3}

CHagala paccMOTpUM TIPUMEHEHHWE KPYIOBOM JHMarpaMMbl.  3aJaJuMcCs
napamerpami: Ty = 0,0046¢cek, To= 0,02 cex, K=20"/cex. BBeaeM OTHOCHTEIbHbII

napaMmerp a:% Torma E(r) 26?70 pla )smardd

[ne r=bt. Temeps TpeOyercs onpez[enmb, 9(a) MO XapaKTEPUCTUKAM PA30MKHYTON
CUCTEMBI

oy BB
-8 a” )1+ B, a”)

Vp(a): _ﬁo(zl _ﬁ1ﬁzfz) :
A-Bla)1+ pa7)

ﬂo:g; p=T0, p,=T,0

ITo stTum opmynam paccuntansl Up(a) u V(o) npu 6=22.
3HaueHusa ux gaHel B Tadnuie 4.1.

Taomuma 4.1.
a 0,00 0,25 0,50 1,00 2.00 4,7 6,0
U, |-0,436 |-0,430 |-0,470 -0,410 -0,270 -0,076 -0,045
V, |- -3,60 -1,72 -0,72 -0,20 -0,00 0,009

DT 3HaUYEHHUS UCIIOIB30BaHBI U TOCTpoeHHs Uy (o) (puc. 26) 1 MHUMOI KPYTroBOM
nuarpammsl (puc. 27)
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N

44 N ‘
\\J

Ty

—

OT 34 35 47 46 B0 47 2 32 of

Puc, 26. I'paduk pyaxiuu Vy(a).

Puc.27. MuuMmas kpyrosasi guarpamma.
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[To mEUMOIT KpyroBO# nuarpamme (pro.27)} rpaduky, n3oOpaxeHHOMY Ha pucC. 26, ¢

ydeToM 3aBUcUMOCTH (20) HaxoauM:

PesynbTaThl npencraBieHs rpadguxoM (puc. 28)
#6Ep z =

44—
=

{
i

’ T !
/ | - 0
R X R R R
Puc.28. I'paduk Gpyukimu Pla) .
[lonmy4yeHHyI0 KPUBYIO 3aMEHSIEM JIOMAHOW JIMHUEHN TaK, YTOOBI MOTYYUITUChH
Ttpaneuus | u tpameuus 2 (puc. 28), KoTopas BBIPOAMJIACH B TPeyrojbHUK. OHU

UMEIOT TTapaMeTphl:
Teneps no Tadbmunam h- pyskmum [3] Haxogum hy (') 1 hy(I'p).

Ot nux nepexoaum K pynkuusm hy(I') u hy(I' )=h2(%). 3HadeHHs ATUX (QYHKIIAN

3aHECEHBI COOTBETCTBEHHO B Ta0MIEI 4.2. u 4.3.
Taomuma 4.2.

r |0,0]0,16 |0,32 |0,48 |0,64 |0,96 (1,28 |1,6 |1,82 (2,24 |2,56 |2,88 (3,2 |4,0 |5,0

H,10,0|0,15 (0,30 |0,44 |0,57 (0,78 |0,93 {1,01 |1,04 1,04 (1,03 |1,02 1,02 (1,03 |1,02

Ta0muna 4.3.
I 0.0 (0,8 1,6 3,2 40 (48 |56 |64 |7,2 |80 |88 (9,6

H, (0,0 (0,13 (0,37 (0,48 0,57 |0,66 (0,72 |0,78 |0,82 (0,86 |0,88 |0,89

Torna umeem
oE(I"
( ):F01h1(r)_Fozhz(F)-

0

Otu QpyHKUIMK n300paxensl aH puc. 29. [lo rpaduky ? Haxoaum: I'y=4, 6=18%.
0




o1

A e Zors f/
4 .
A
/2 7= L 55
S2
10

Puc. 29. I'padpuxu dynkmmii: [oihy (), Teho(T) 1 QiE(F)

0

4. OnpeneneHue HMHTETPAIBHBIX OLIEHOK.
WNHrerpanbHble ONEHKH OyJEeM paccMaTpuBaTh JJIsi CUCTEMbI, YPAaBHEHUE KOTOPOU
uMmeet BuJ (18). Ilpuuem st ynpouieHust BeIKIaaok npuHumaeM M(p)=0. BxogHoii
CUTHAJI IPUHUMAEM, KaK U paHee 6, (t) = Qpt-1(t).
bynem onpenensaTs JIMHEWHbIE U KBaIpaTUYHBIE MHTErPAJIbHbIE OLIEHKA.

I. JInnelinble MHTETPAJIbHBIE OLICHKH.

[lopbiHTerpanbHas (yHKUUS npu t -0 JOKHA CTPEMUTHCA K HYINO. ITO
TpeOOBaHKME CXOAUMOCTU UHTErpana. JJs onpeneneHus oleHKu

XO():I X( t)dt
0
[Tpurumaem
X(D)=E(t)=Ey-E(1),
rae E(t) - ommbka, a Ey - ycTaHOBUBILEeCS 3HaueHHEe OmUOKU. [lockoabKy

K a,

Q a.pd+a,p®+
E(R)=—""-06,(p)=Q,—2L —2P “P
a,p (a;p° +a,p” + p+aga,
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2
asp” +(ag —aga;)p+1-aya,

To E(p):&_E(p):QO 3 2
app (azp°+a,p” +p+ay)a,
l1-a,a
o2 gy
0

JIMHENHYIO UHTErPAIBHYIO OLICHKY

Torma X()o:I in E(p):

Xoo=] x(t) t"dt

0
yamie Bcero cBsA3bBaioT ¢ kodpdumuentamu omuOku Cp: Cp=(-1)"Xom.  IMosTOMy
3TH 3HAUYCHUSI UCIIOIB30BaHbI Ul OCTpoeHus Uy (o) (puc. 26) 1 MHUMO# KPYTrOBOM
auarpammel (puc. 27). [Tostomy X (1)=W(t), rme W(t) - umnysnbcHas mepexoHas
(GYHKIUS TI0 CUTHATY OIITHOKH.
Torma Cp = lim ®™ 4 (p),
Torna @ 4 (p)- mepexoaHs garoyHast GyHKIUS
IO CHUTHAJTY OIITMOKH, JIJIS BAIlIero MpuMepa HMEEM:

3 2

a +a +
(DAx(p): 33]? 22p p ’
a,p>+a,p° + p+a,

Co=0, C;=1, Cp=2%%~1

a a
2. KBa,Z[paTI/II{HI)Ie I/IHTerpaJIBHLIe OILICHKU.
HHH paCCManI/IBaCMOFO HpI/IMepa OHpeIIeJH/IM HHTerpaJILHy}O OHGHKy:

3 2 1% . 5
Jos= ! E (t)dt—ﬁ ! \E(jw)/? dw,
rae
2_ ()2 (1—a0a2—a3W2)2+(a2—a0a3)2w2

VO G s )+ 1w+l (100" + 2, W) ]

3Ha4YCHUs ITUX UHTETPAJIOB N3BeCcTHBI. Hanpumep, onu nanel B [1]
;2 LF Gl
e W),
2177 A(jw)A(=jw)
I'ne
A(jW)=a,(jw)"+an1(jw)" . . .+ajw+ag,
G(iW)=bn1 (jW)* " D+b,1 (jW)* "D+ . +by (jw)P+bg
JIns Hawero npumepa

asazbo
—b,a, +ab, ————=— b b b
J03= 89 — 80830, —8,8,0, —a,a50,
2a3 (asao —a,q 28.06.3 (asao - aZal)

I'ne b2=a§, b1=23.3(1-&03.2)-(3.2-3.03.3)2, boz(l-aoag)z, a;=1.

OTMCTI/IM, 4dTO HUHTCTPAJIBHBIC OLCHKHW MOT'YT 6I)ITI) IMPUMCHCHBI HC TOJIBKO IJIA
KOCBEHHOH OOCHKH KadCCTBa IICPCXOAHOro IIponecca, HO M A OIPCACICHUA
mapaMeTpOB CUCTEMBbI, UCXOIA U3 YCIIOBUA UX MUHHUMYMaA.
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CHUHTE3 CUCTEM ABTOMATHUYECKOI'O YIIPABJIEHHA.

1. CuHTE3 KOPPEKTUPYIOIIUX YCTPOMCTB MO BeAaeMOW JorapuMHUUecKon
aMIUTATYJHON XapaKTEPUCTHUKE.

JlaHa HEKOPPEKTHpPOBAaHHAS CIEAAIIAs CHCTEMA, CTPYKTypHasi cXema KOTOpOu
n300pakeHa Ha puc. 12, 1 uMeroIIas mapaMeTphl:

V=0,1cek, To=0,5cex, K=0,1""% K,=0,25 "Hwm.

K ckoppekTupoBaHHOI crcTeMe MPEIbIBISIOTCS CIEAYIOMNE TPeOOBaHUS :

1. Bpems perynupoBanus He 6onee I cek;

2. IlepeperynupoBanue He 0omee 20%;

5. MakcuManbHOE 3HA4YE€HHE BTOPOW IMPOM3BOJHOW PETYIUPYEMOW BEINYUHBI
100"/ cek.

4. Ilopsimok actatusma I;

5. YcraHnoBuBIIIEeCs 3HAUEHHE OTHOCUTEIILHON OIMOKH , CBSI3aHHON C MOMEHTOM
Harpy3ku, paBHbIM M/I=2MH He npessimaer 0,03. Ha3panuble TpeOOBaHMS yKa3aHbI
JUISL YIIPABISIIOLIEH BEJIMUUHBI 6, (t) =1(t).

Hnst ompeneneHuss  JiorapupMUYECKOW — aMIUTUTYIHOM  XapaKTEPUCTUKU
MOCJIEIOBATEILHOIO KOPPEKTHPYIOLIETO YCTPOMCTBA CHayalaa CTPOUM JKEJIAEMYIO
J0rapu(pMHUUYECKYI0 XapaKTEPUCTUKY U XapaKTEPUCTHUKY HEU3MEHSEMOM 4YacTH C
HOBBIM KO3(D(UIMEHTOM IMepeAadyd pa3oOMKHYTOW cucteMsbl, [IpeaBapuTesbHO 10
3alaHHOM  OTHOCHUTENIbHOM  OmMOKe omnpenenseM Kod(pQPuUueHT mnepenadu
Pa30MKHYTON CUCTEMBI:

EYZM—3M; 0,, =1, 5=%M <0,03; KZK“—K:"M; K>168.

ik by ik 0,03i
rjae yureHa 3aBucuMocTtsb (17)< [Ipunumaem K = 20.
Tenepb CTpouM kKeTaeMyro JIOrapu(PMUUIECKYIO aMILTUTYIHYIO XapaKTePUCTUKY B
CJIEIYIOLLEM ITOPSIJIKE:
|. XKenaemass morapudmuueckass aMmIUIUTyAHAs XapaKTEPUCTHKA OyAeT HUMETh
HU3KOYACTOTHYIO aCUMMTOTY ¢ HakJIoHOM - 20 n6/mex, kotopasi mpoxoauT mpu W =1
yepe3 Touky 20enK=20e120= 2610.
2. CTpouM cpeHEeYacTOTHYIO aCUMIITOTY O HaKJIOHOM - 2010/1eK, BbIOUpasi 4acToTy

cpesa u3 HepaBeHcTB Wem ZW, ZW,,
raie W, - 9acTtoTa cpesa Ijisi ONTUMAIBHOTO MPOIIECCa;
W, - yacToTa cpesa, onpeneisemas u3 rpaduka mo 3aJaHHOMY IepeperyITupOBaHUIO

cm

Y BPEMEHHU PETYJIUPOBAHUA.

u3 rpapuka {3,kH 2} HaxomaMM : Pnar = 1,08, a=22, rne o BXOOUT B
BBIPAXKCHHUEC
ﬂ:Tmax, - an :2,2-3,14:6’9{ 1 1. Wmn: 2_ |
W, T max 1 cek T min
T -2]-9% o1 g0 w_-2_10013
g max 100 0,2 cek

Beioupaem  Wc = BY/cek.
3. CTpouM BBICOKOYACTOTHYIO ACUMIITOTY O MEPeIaTOuHON PyHKIMN



o4
20

W)=

05p+1)(0,1p+1)p,

L = 20ld 20— 20ldw — 201dT, — 20ldw — 201dT,
4. ConpsraeM  HH3KOYAaCTOTHYIO CO  CPEAHCYACTOTHOM  acCUMOTOTOM W
CPEHEUYACTOTHYI0O O BBICOKOYACTOTHOM. [l 3TOro HaxoauM MHUHUMAIbHBIN
n30bITOK TIO (paze.

[To rpaduky Haxomum  S(p,..) {3,xH.2}
Pmax=1,075, Ppnin=1,0-1,075=-0,075, », =60°
N36bITOK TT0 hase moinkeH ObITh /y(W)/ >y,  mpu /L(W) <2306
COTIPSKCHUHM MBI JIOJDKHBI CTPEMUTBCS K TOMY, YTOOBI KellaeMasi XapaKTepUCTHKA
MaJI0 OTJIMYAllach OT JIOTapu(PMUUYECKON XapaKTePUCTUKH HEH3MEHSEMOW YacTh O
HOBBIM KO3 dunmenTom nieperaun. CTPOUM 3Ty XapaKTEPUCTUKY IO TIEpEAATOTHON
byHKIIIN
20

Wep)= 05p+1)(01p+1)p

HwuskouacToTHas acumMnToTa

L,=201g20-20Ilgw, w £ w;

CpeIHeYaCTOTHAsE ACUMIITOTA

L,=201g20-40Ilgw-20ld 0,5-20ld 0,1 w>w, BeicokouacToTHasi aCHMITOTa

31ech
W1:i=2, W2:i=10.
0,5 0,1

[To momy4yeHHBbIM TaHHBIM Ha puc< 50 n300pakeHbl aCUMNTOTHI skenaeMoi JIAX.
U3 TIOCTPOCHHSI BUAMM, YTO 4YacTOoTa Cpe3a 3aJaHHOW CHCTEMBI C HOBBIM
Kod(hpUIIeHTOM Tiepeaaun HUXKe Wen,

[Ipu conpsbkeHMM CpeHEeYaCTOTHOM aCMMIITOThI O HM3KO4YacToTHOM (puc.30) 3a
YaCTOTHI CONPSDKEHUS IPUHUMaeM: W1=2, W,=4.
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\
Puc. 30. Jlorapupmuyeckrue aMIIUTYIHbIE XapaKTEPUCTUKH: 1K - Kernaemasi;
| - pacnionaraemasi; 2-ocaen0Ba’eNbHOIO KOPPEKTUPYIOLIETO YCTPOHCTBA.

ITpoBepsieM u30BITOK 10 (aze y = 171- 1 (E - M) + (% _ Wk :

2 2 0w

17
TJI€ YaCTOThI CONIPsKEHUsT W; ¥ wy Oonbiie W. [lpuw <2, y= o >y, npu 2 <W<4

2
y=—<n
w

W3 3TOT0 BUIMM, UTO TOUKH COMPSIKEHUS MOKHO B3ATh ieBee W = |.
BeIOMpaem W;= 0,45, w,=0,9
[IpoBepsiem U30BITOK 110 (haze MpaBee TOUKU w,=0,9
i 11 w 7w
=I1-——(—- D)+ (=--2) w=l
Y TR T )
Wy AT Wy

=4
7W2W

Tenepb compsraeM CpeaHEYaCTOTHYH) aCUMITOTY C BBICOKOUACTOTHOM, KOTOpas

nMeeT HakIIoH - 60 n6/cek. [To dhopmyrne nmst n30ObITKa 10 haze

11

m
w
y=1I11 5 D — >y, BHJIMM, 4TO TIEPBasi 4aCTOTA CONPSIKEHHS, HAXOJIAIIAsCS TIpaBee

qacToT Cp€3a, JOJIKHA OBITH ropasao OoubIIIe YaCTOThI, Ol'[pﬁI[@JIHCMOfI H3 paBCHCTB

- % 10,45-09=112>y, =105.

y=]1 Yy
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L(w)=-2316. Beioupaem W,=170, W ,=512.

BoluntaeM U3 kemaemMod JIorapu(MHUUECKOW XapaKTEPUCTUKH JIOTapUPMUUYECKYIO
XapaKTEPUCTUKY 3aJaHHOW YacTH C HOBBIM Koddduimentom mnepenauu (puc. 30,
kpuBble | x. u I). Bugum, 9To KOppekTHpylollee YCTPOMCTBO MOJydaeTcs OuY€Hb
CJIOXKHOE.

Jist Toro, 4toObl Mpolie ObUIO KOPPEKTUPYIOUIEE YCTPOWCTBO, HEOOXOIUMO
MOBBICUTH KO3 GUIIUEHT TIepeTadn CKOPPEKTUPOBAHHON CUCTEMBI.

2. CuHTe3  MapajuieTbHOTO  KOPPEKTHPYIOMIETO YCTPOWCTBA  TO JKEJIaeMOM
nepenaTouHon pyHKIHH.
[lo TpeboBaHMsM, yKa3aHHbIM B MpeAplaylieM naparpade, Onpeaeaum
MepeAaTOYHYI0 PYHKIUIO NapajieIbHOIO KOPPEKTUPYIOILIETO YCTPOKUCTBA

[. Beibop xemaemoll nepenaTodyHON (YHKIMH W OMNpeleleHue MacmTada 1o
BPEMEHU.

3aaHHas 4acTh CUCTEMBI UMEET MOPsAoK N = 3, moatomy Dy, (p)=

(J_)“'
Ol

I'me @,(p), Du(p)- mepenaTounniec PyHKIUKU , 0OCCIIEUMBAIONINE MTPOTEKAHUE
PETYIUPOBAHKS COOTBETCTBEHHO 110 BEpXHEH W HWKHEH TPAaHUYHBIM KPUBBIM;

b]_:bH af; di—= 0[14, do= 0[3,
Jliis onpenenenus by, o, v a, I/ICHOJ’IB3yeM HOPMHPOBAHHBIE TIPOIIECCHI:

bHp+1
XlH(p)_ﬁ)w 2H(p)—m

XlH(t)=1+(%t3+%t2+C3Ht+C4H)e‘, Xon(D)= 1+( t+Ct+C)e
TI€ TIOCTOSHHBIE ONPEACTISIOTCS:
b, +1
Hp 4:1+ C14+ C23+ C32+C4;
p(p+D)" p (p+D)" (p+1)” (pH)" p+1

bp+1_(p+1)°*
p p

+C +C(p+1)+Cy(p+1)° +C,(p+1)°,




S

C, == _py
—1
d bu+1 bn bun+1
[@T]p | :[——T]p}1 = —bu+bu-1=-1,
1.d? bun+1 1. bn bu bun +1

C, = E[WT]h:—l = E[—?—?JFZT]pﬂ

_b””):l(—bﬁzbn—z):—2-%:—1

:1(—bH—bH+2

1.d° bun+1 1_bu 2b brn +1 1
Co="log——, =4+ 56—, =—6-2=-1.
6°dp® p 6 p p p 6

b, -1 1
X () =1+(F—t3—=t> —t-1)e ™,
Torna (1) =1+( 5 > )

AX(t)=(2eLp _%

t? —t—2e™,

AXl(t):(%ﬁ—t—l)e—t e“( -1t3 %tz—tﬂ):(bHT_l—bH _1t+%)tze‘t,

OTKYOa UMCCM

e iy B e By 3
6 2 b, -1’ b,

3b 3, Db
AXmax= b, 1(6(b _1) 2(b H—l 1) el—:H _elfib-:. )
D gy, 1 perh _gin _(0a0u=2) o % 3,
b, -1 2 2(b, -1) 2 2(b-1)
(b, =lnpub=1 AXpax=0).
OnpenensieM Dy 1Mo 3agaHHOMY ITepeperyIUPOBAHUIO:
Bh=3,2-AXax=0,22; by = 5,15- AXpa= 0,194, Tlpunumaem bpy= 3,18 w
paccuntbiBacM Xiy(t). PesynbraThl pacuera cBeneHbl B Tabmuiy S.1. o maHHBIM
9TOM TabyuIel ocTpoeH rpaduk Xiy(t) puc. 51).

3b, . 30, .
b, -1 b, -1’

© tm=

AXmax: [

Tabmura 5.1.
t 0,0 | 2 5 4 5 6 7 8 9

X 10,0 03 |0,71 (1,06 (1,18 (1,19 (1,15 (1,08 |1,05 1,025
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/2 .

10 /
24 /@

7

24 /
L e
Puc. 51. I'padvixku HOpMUPOBAHHBIX MTPOLIECCOB.

N3 nannoro rpaduka umeem T, = 8(cek).
Onpenensiem MacmTad 1o BpeMeHH a,ua, :b, =315-8° =1615;, a, =4090

Jlnist onipenenenus BeIpakeHus X ,, (t) B BeIpaxkeHuu X, (t) cmeayet npuaath b, =1.

Torma umeem: X, (t)=1- (%t2 +t-1)e™.

I[lo |00 |10 (2,0 |3,0 |40 5,0 6,0 7,0 8,0

(v
NTOIX

X,, 10,0 10,08 (0,55 (0,58 0,76 |0,87 0,94 0,97 0,99

I'padux X, (t) mpeacrasnen Ha puc. 31. M3 atoro rpaduka Haxoaum

T,,=6,5(cek). Torna «, :%:6,5; a,=274.

Tenepr  ompenensieM KodhUIMEHTHl ycuieHus» [ 3Toro mnpenBapuTenbHO

He00X0MMO BBIOpATh JaBHUTraTeNlb. OH BBIOMpaeTCs Mo MoTpeOHOoM MomHocTH [5 ] .

JUIst  3TOro Haao ONpPENeNuTh CKOPOCTh M YCKOPEHHME Bajld, CBSI3aHHOIO

HETMOCPEACTBEHHO C HArpy3koil ( K ’TOMY Bally MPUJIO)KEH MOMEHT Harpy3ku ). OTH

B(;gzgqnﬂm onpenenstores nytem auddepennupoBanus GyHKIUH X1, (t)=Xn(a,t).
bfuHO HauOOJbLIAs MOIIHOCTh IMOJIy4aeTCs, €CJIM MPOLECC pPeryJIupoBaHUs

COBNAJAaeT C BepxHeH rpaHu4HoM KpuBoil. IloaToMy mpu BbIOOpE [BHUraTess

ucronb3yeM Xy, (t).

Ilycte BBIOpanu Mbl nurarensby» l[lepenaTtounas (QyHKUMS Pa3OMKHYTOM CHCTEMbI

umeer Bua:  Torma kod@duuuentsl ycwienus Ooynyt K,=e,4,=1615-0,05=80,75

K,=a,4, =274-0,05=137.

3. Onpenernenue nepeaaToyHon QPyHKIUH.

OmnpenenseM mnepenaTouHble (YHKIMH KOPPEKTHPYIOMUX YyCcTpoilcTB. [lpuuem
CHayaJla OmpenessieM, MEepPelaToyHyl0 (YHKIHIO KOPPEKTUPYIOUIETO YCTPOMCTBA,
00€ecCreynBaoIIero COBIAJIEHUE MpOolecca PEeryJupoBaHUsl ¢ HWXKHEH TpaHUYHON
KPUBOM, TaK KaK 3TOT MIPOLIECC SBJISIETCS JKENATEIbHBIM:
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3 3
K, (n) = B L ‘/@113?;1;) Kl | rne By(p) =P +ﬁp = p*+12p* +20p.
N3 »storo BeIpaxeHusi BUAHO, 4To ecau 6™p)= VY, to C™ /COyner ApoOHOM
¢yukmueit P. CrnemoBaTenbHO, OXBaTbIBaéM OOpAaTHON CBSI3bIO  AJIEKTPOHHBIN
ycunurens. Torna
K, (p)= p°+3a,p’ i—ag —122[92 -20p—a, :_3a2p+§a22 -12p-20

K, (p”+12p° +20p) K, (p®+12p+20)
K; = xosddunment ycunenus snekTpoHHOro ycuaurtens. OTKyAa BHIHO, YTO 3Ta
nepenaTouHas (yHKIUS MOXET ObITh peanu3oBaHa. lIpu 3TOM HEoOXOIuUMO st

rapantuu B3a1h K,=K,,a, =, \/ 6, =8%/318 =11,75
B sTom ciyuae ipu K; = 100 nmeem:

_31175+3(11,75)* ~12p-20 _3525p +415-12p—20 _

0,059 +1
= , ~0,198
100(p? +12p + 20) 100(p? +12p + 20)

0,05p% +0,6p +1.

Kk(p)
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