NMPUHLUUMNBI NOCTPOEHUA ABTOMATUYECKUX CUCTEM

JTtobon peanbHbI TEXHUYECKNIW MPOLIECC MOXHO pa3buTb Ha psag NPOCTbIX
NPOLIECCOB — €ANHUNYHbIX LIENEN BO3OENCTBUS
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Puc. 1.1. 3nemeHTbl NPOCTOro npowecca

EanHn4Has uenb BO3OenCTBUA COCTOUT U3 UCTOMHMKA TEXHUYECKOIO BO3OENCTBUSA
— 1, NpUEMHMKaA TEXHNYECKOIO BO3OENCTBUA — 2, NMUHUN nepeaavn TEXHNYECKOro
BO3OenNCcTBUA — 3.

JTrobon TEXHNYECKUI NPOLECC XapaKTepusyTcA:

1) NPOaOIMKUTENBHOCTbLIO NPOTEKAHUS;

2) Ka4eCTBEHHbIMU MNoKasaTendaMu, T.e. aKTUBHbIMU CUITaMU, NMPUSTOKEHHbLIMU K
Lenw;

3)KONMNYECTBEHHbLIMM  Mokasatensamu, T.e. (U3ndeckumn  BennyYMHaMy,
onpeaenstowmMmMm MHTEHCUBHOCTb NPOTEKAaKoLLEero npowecca.

COBOKyI'IHOCTb Ka4eCTBEHHbIX U KOSTIMYECTBEHHbIX NMoKa3aTesien Ha3biBaeTCs
peXnMMOM npouecca.



Ona Toro 4tobbl noboM npocToM npouecc Havan YyHKUMOHMPOBATD,
Heobxoaumo cneaytoulee:

1) Hanuume noTeHuManbHbIX BO3MOXHOCTEM WCTOYHMKA TEXHUYECKOrO
BO30ENCTBUS MO OTHOLLEHUIO K NpUeMHuKy. O6o3Haunm aToT nokasarens — H;
2) Hann4ne NpPoBOAMMOCTIU LENU nepegadmn TexHn4eckoro sosgencrema — G.
[Mpn obecneyeHnn aTUX ycrnoBumn npouecc byoer nportekatb C onpeaerieHHoOn
WHTEHCUBHOCTbIO, OTPa)XaeMoW KONMYeCTBEHHbIM Nokasartesniem — B.

B=HG

Hanbonee yHuMBepcanbHbiM CNOCOBOM MOXHO cCuYMTaTb  ynpaeBrneHue
npoueccamm nNyTem MameHeHus BennumHol — G. [1ns 3Toro B Lenb BBOAUTCS
SNeMeHT ynpaeneHus — 4, T.e. 3MEeMeHT, NPOBOAMMOCTb KOTOPOro MOXHO
N3MEHSTb HEKOTOPbLIM BHELLHMM YNPaBnsAloLWUM BO3AencTBmem — Q
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Puc. 1.2. Ipouecc ¢ anemMeHTOM ynpasfieHud

3aBUCMMOCTb, XapaKTepuayoLLyo NPOLEcC YnpaBrieHUsl, MOXHO 3anucaTtb B
Buae QO =y (B)1e. ynpaensouwee eo3delicmeue codepxum e cebe
uHgopmayuro 06 UHMeHcU8HOCMU NPoMeKaHusi npouyecca.

Taknm obpasom, npouecc ynpasneHna — 310 NMpeXxae BCero nepenaya
NHpopMaunu.



ABTOMaTU4YeCcKoe perynmpoBaHue

Llenblo aBTOMaTM4eCKOro perynupoBaHua ABMAeTCA noggep)XaHue 3agaHHOoro
3HadeHns onpegerieHHoN (PU3NYECKOW BENUYMHLI, Ha3blBAeEMOW YynpasBriieMoun
NN perynupyemomn BerindanHon — nokasarenem X.

O6bekT, ogHa WM HECKONbKO (hM3NYECKUX BENUYUH (MoKasaTternen) KoToporo
perynupyroTcs, HasblBaeTcst 06bekTom perynupoaHus (ynpasnenus) (O.P.).

YCTPOMCTBO, OKasblBaloLLEe BO3OEWUCTBME HA PErynupylowmmn opraH obbekTta
perynmpoBaHunsi, T.e. OCYLWECTBRsLWEe yrnpaBrneHne OObEKTOM, Ha3blBAETCS
perynatopom (P).

BHelwHMe  BO3OencTBMS,  OKasblBaloWne  oTpuuaternibHoe  BnMSHWUE  Ha
perynmpyemMsble nokasatenm obbekTa ynpaBfeHnsl Ha3blBalTCA BO3MYLLEHUSAMU Z.

CoBOKYNHOCTb OObeKkTa ynpaBreHUs W perynsaropa HasblBaeTCA CUCTEMOM
aBTOMaTuyeckoro perynuposaHuga (ynpasneHnsa) CAP (CAY).
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Puc.1.3. OCHOBHble aNeMEHTbI CUCTEMbI aBTOMAaTUYECKOro ynpaBneHus:
X — perynupyemas Benu4nHa, Z — BosmyLlieHue, X — perynupyoLias BenninHa,
O.P. — 06bekT perynupoBaHus, P — perynatop




lMpuHyun peaynuposaHusi MO OMKJIOHEHUIO pea2yniupyemMmou
eeJIu4UHbI Oom 3a0aHHO20 3Ha4YyeHus (npuHyun lon3yHoea-Yamma)

Puc.1.4. CAP nanpspkeHust reHeparopa, oCTPOSHHAS
M0 IPUHLIMIY OTKJIOHEHUS:
1- O.P.— reneparop; U, — peryanpyemas BeJanuuHa; 2

— 100aBOYHOE PETYIMPYEMOE COMMPOTHUBIICHHUE B IIETTH :.f Lo I >
: X [l]s

& = const

ooMoTkH Bo30yxaeHus (O.B.)reneparopa
(MCIIOJIHUTEIBHBIN 3JIEMEHT); 3 — MPYKUHA
(312011 AIEMEHT B CUCTEME); 4 — BIIEKTPOMArHuT
(mpeoOpa3oBaTeIbHBIN AIEMEHT); 5 — MeXaHWJeCcKas
CBSI3b, BBIMOJHSIONIAS POJIb AIEMEHTAa CPAaBHEHUS
3aJaHHOTO U JICUCTBUTEIBHOTO 3HAYECHUM
pEryIUpPyeMOro nokaszarenis; 6 — U3BMEpUTENbHOE
YCTPOUCTBO (MIOTEHI[UOMET))
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Puc. 1.5. ®dyHkunoHansHasa cxema CAP, nocTpoeHHast No NPUHLKUIMY OTKIIOHEHUS



lpuHyun peaynupoegaHusi No 803MyuwieHuUr0 — npuHyun lNoHcene

3akrnoyaeTcss B TOM, 4YTO PErynsatop B CUCTEME pearMpyet Ha BEenUYMHY
Bo3MyLleHus, geuncteytloulero Ha O.P. n BbipabaTbiBaeT Takoe ynpasnstollee
BO30eNCTBUE, YTOObI CKOMNEHCUPOBATbL AENCTBME 3TOMO BO3MYLLIEHUS.
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Puc.1.6. Cxema reHepaTtopa ¢ koMmnayHaHOM 0OMOTKOW BO3BYXAEHUS
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Puc. 1.7. dyHKUMOHaNbHaA cxema CUCTEMbI, MOCTPOEHHOW MO NPUHLMNY
Bo3myuleHus: O.C.1 — komneHcupytowas obpaTtHas CBA3b N0 BO3MYLLEHWUIO;
X' . — CUrHan obpaTtHou CBsi3n MO BO3MYLLIEHMIO
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Puc. 1.8. dyHKUMOHaNbHas cxema CUCTEMbl KOMDMHMPOBAHHOIO peryrnnmpoBaHung



IHoHATHS 0 PYHKIMOHAJIBHBIX CXEeMAaX

Y,

Y X ! X
—» —» — —
a) 00OHa exo0Has eesfiu4vuHa 6) 0se 8x00HbIEe 8E/TUYUHBI

Puc. 1.9. lNMpumepbl n3o0bpaxeHnsa afieMeHToB

BaxkHyto pornb B cxemax CAP BbINOMHSAOT 3N1IEMEHTbI CPaBHEHUS — CYMMUPYHOLLINE
y3nbl, BbIMNOMHSAWOLLIME onepauunto anredbpanyeckon CyMmMbl BXOAHbIX CUrHaNoB

X, =X, +X, X, =X, -X,
X, AL N Xy Xio o %

2 2

a) cymmuposaHue cuaHasos 6) pasHocmb cuzHaros
Puc. 1.10. INpnmepbl n300paxeHnss CyMMUPYIOLLINX Y3r0B



DyHKUMOHAmNbHbLIE  CXEMbl  UCMOMb3YKOTCA  ON  aHanu3a  CTaTU4ecKux
(yCTaHOBMBLUMXCS) peXumoB cuctem. B  atux pexumax nwobon anemMeHT
xapaktepuayetrcsa  3aBucummoctbto  X=f(Y), Ha3blBaeMOW cTaTU4yeckomn
XapakTepucTukon anemeHta. BxogHas BenunumHa — Y, BbixogHasi — X, HECYT B
cebe onpegeneHHyo MHpopmMaumio B JaHHOW CUCTEME ynpaBreHus.
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Puc. 1.11. llnHenHaa ctatnyeckas ! 2
XapaKkTepucTvka Puc.1.12. HenunenHas

cTatTnyeckKasa XapakTtepmnuctuka




Puc. 1.13. HeogHo3HayHble cTaTUYeCKNE XapakTepPUCTUKN

HeKOTOpre 3NEeMEHTbl HE MMEIOT XKECTKOWN MaTeMaTUYECKON 3aBUCUMOCTU mMexay
BXOAHbLIM U BbIXOAHbIM CUI'HalnaMmn, HO UMEKT 3aBUNCUMOCTb MeXXYy BXOAHbIM
CUTHaAJTOM N CKOPOCTbKO MSMEHEHUA BbIXOOHOIO CUrHara.
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Takne anemMeHThl NoNyyvYniin Ha3BaHUe acmamu4d4ecKue.



[nsa NMHENHBIX 3NEeMEHTOB COOTHOLLEHNE MexXay BXOAHbIM N BbIXOOAHbIM
CUTrHalnamMin 3arincblBa€tcqd Bblpa>XeHNemMm x —= k- V,

KOTOPOE Ha3blBAaeTCsl ypaBHEHUEM 23fieMeHTa B  YCTaHOBUBLUEMCSH
(ctatnyeckom) pexume.

[Tockonbky I1oOOM 3MNeMEHT — 3TO YCTPOUCTBO, CBSA3AaHHOE C nepenaden
nHopmMaumn, TO AN HEero npUCYLUM MNOHATUA MNOrPEeLHOCTM U 30Hbl
HEYYBCTBUTENBLHOCTU NO aHarnormm ¢ NU3MepuUTENbHON TEXHUKOM:

AX — X@blxl _X6b1x2

e'=2% 100%
Xeble

£ = AX -100%

6blX Mmax
rac AX — alcomroTHadg IIOTPCIIHOCTE 3JICMCHTA, Agumxl - HACAIBHOC 3HAYCHHC BBIXOIHOI'O

CHI'HA.JIa. Xewix2 — PCaIbHOC 3HAYCHHC BBIXOJHOI'O CHI'HAJIA, &’ — OTHOCHTE/IbHAA IIOT'PCIIHOCTE, &
— IIPHUBEICHHA IIOIPEITHOCTE.



30HOM HEYYyBCTBUTEJIbHOCTN 3J1IEMEHTA Ha3bIBAETCAH MaKCUMarbHbIM AuanasoH
U3IMEHEHUNA BXOOHOIo0 CurHamna, TrMnpun KOTOPOM BbIXOQHOWN CWUrHasry ewe He
N3IMEHAETCH
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30Ha HEYYBCTBUTEJIBHOCTU

Puc. 1.14. 3oHa He4dyecmeumersribHocmu
arieMeHma



B cxemax anemMeHTbl MOryT COEANHATLCA MexXay cobon pasnmyHbiM 0bpasom.
OpHako camble CNOXHble CXeMbl coepXXaT TPU OCHOBHbIX BUAAa COeauHEHUN
3ITEMEHTOB:

1. NocnepoBaTtenbHOe coeaAnHeHne

Y X, X, X

—>R'1—>[{2—>[{3—>

3anucbliBas AnNs KaXkaoro anemMeHTa YpaBHEHNA CTAaTUKU, Nostyvynm

X, =K, xY:
X,=K,% X,;
X=K,xX,

ckntodas npoMeXXyTOYHbIE HEM3BECTHbIE, MOXHO 3anmcatb COOTHOLLEHNE
MeXay BXOOHbIM M BbIXOAHLIM CUrHanamm CUCTEMbI:

X=&XQXQXY
Takum obpasom, 0606LLEHHBIN NepeaaToYHbIN KOS MUUMEHT ANs n

nocriegoBartesibHO COE€ANHEHHbIX 3NNIeEMEHTOB MOXHO OornpeaernnTb Kak
npoun3BeneHne n nepenartoyHbiX KOC—)CbeI/ILI,I/IeHTOB oTAEl1bHbIX 3NNIEMEHTOB.

K=T[k
i=1



2. lNapannenbHoe coeanHeHne

I'IapanneanbIM coeAnHEeHuneM ArNNemMeHTOB MNMPUHATO Ha3blBaTb TakKoe, B
KOTOPOM Ha BXO[ BCEX 3NIEMEHTOB MNOCTYyNnaeT obLwnm BXogHOW curHanm, a
BbIXOOHbIE CUTHAlTIbl CYMMUPYIOTCA.

B cooTBeTCTBUM C ONpeaeneHnemM u
CXeMOM MOXHO 3anucaTb;

X, =K %Y,
Xszzxy’:
X, =K, xY,

X=X, +X,+X,= (K, +K,+K)xY.

Takum obpasom, B obLiemM cnydae 00606LLEHHBIN NepeaaToyHbIn KO MUUNEHT
npu napannenbHOM COeAUHEHUN SNTIEMEHTOB onpeaenseTcs Tak:

K=K
i=1



3. BcTpeyHo-napannenbHoe coeanHeHne (3rnemMeHT, OXBa4eHHbI 06paTHOM CBA3LIO)

BcTpeyHo-napannenbHbIM COeAUHEeHUEeM HasblBaeTCs Takoe coenHeHne
9NEeMEHTOB, Korga BbIXO4HOW CUrHam OgHOro Yepes ycTpoucTea obpaTHOW CBA3U
nofaeTcsa CHOBa Ha BXOL 3TOr0 Xe I O4HOro 13 npeablgyLumx anemMeHToB.
ObpaTtHas cBs3b MOXET ObITb NOMOXUTENBHON, €CrlN CUrHan obpaTHoOW CBS3U
CYMMUPYETCHA C BXOAHbIM CUIHanom, n otpuuaTesisHoOW, ecrim — BblYNTaETCs.

Y X B cooTBETCTBMM CO CXEMOWN MOXXHO 3anuncaTb:
K, > X=K, (Yt X )
+A- X =K _xX.
Xoe OTcroga Torga nony4yum:
Ko le— X=KX£K_xX), K,

XiK1KOC><X=K1Y,' XZIN KlK()C.Y

Takum obpasom, 0600LLEHHbIN KO3DMDULMEHT OJ1 BCTPEYHO-NapannensHoro
cnocoba coegMHEHUs 3NeMeHTOB onpeaensaeTcs No BblpaXXeHWIO:

K=—2%
18 KK,

rae 3Hak (“—") ans nonoXuTtenbHOW 0.C.; 3HakK (“+7) onsa oTpuuaTtensHOu O.C.




CTATUKA JIJUHEHHBIX CUCTEM HENPEPBIBHOI'O JJEMCTBUS

PaznuyaroT 1Ba OCHOBHBIX COCTOSIHUS CUCTEM:
-CTaTU4Y€CKOE (YCTAaHOBUBIIHICA PEXKUM);
- TMHAMHAYECKOE (PEKUM MEPEXOTHOTO MPOIIECCA).

YcraHoBuBIICeCH  COCTOSHHME CHCTEMbl IPUHATO XapaKTepu3oBarThb
CJCAYIIIUMH NPU3HAKAMU:

- peryaupyeMbid napamMeTp X MOCTUT YCTAHOBUBIIETOCS 3HAYEHUs, KOTOPOE
PABHO 3aJaHHOMY WJIA OTJIMYAETCSA OT HETO HA ONPEACIIEHHYIO BEJIMUYUHY, KOTOpas
MOJIy4usia Ha3BaHUE CTaTUYECKOM OMmMOKU AX= Xm - X

- PEryJIUPYIOLIMU OPraH HETOJABUKEH, HAXOIUTCSA B COCTOSHUN PAaBHOBECHS, T.€.
Xp = const.

Ilenv cmamuueckozo pacuéma:

1. OnpeneneHre cTaTHYECKOM OIMMOKY B CUCTEME, €CJIHM 3a/IaHbl TTapaMeTphl
CHUCTEMBI (IepeaaTodHbie KOA(D(PUIIMEHTHI 3JIEMEHTOB) 1 BEIWUYMHA MAaKCUMAaIbHO
BO3MOKHBIX BO3MYILICHUN.

2. OnpeneneHue TeX WK UHBIX TapaMETPOB CUCTEMBI MO 3aJJaHHOW TOYHOCTH
(cTaTUYEeCKOM OIIMOKE) MPH 3aJaHHOM BO3MYIIIEHHH U M3BECTHBIX OCTAIbHBIX
mapaMeTpax JIEMEHTOB.



Crarndeckasi cHCTeMa aBTOMAaTH4Y€eCKOI0 YupaBJdCHUA
Z

0.P. K

0z
X, X, X, X
K, K, |+ K, | ¥, | >

KOC

YpaBHEHMSI CTAaTUKU JJIsI KAXK0I0 AJIEMEHTA:

s O.P.
X = Kopo -K _Z
,Z[nﬂ BJIEMEHTOB PErysITOpa

X =K, X,

— X KZ XZ’
X, = K, (VX );
_XOC - KOC X

X =K KK (VK X)



Cmamuueckas xapakmepucmuxka cmamudeckou CAP

A Ax =R Az
1+ K,

HOM fm == == == = = — — —_——————————— <

/
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OcsoBHBIE cBOMCTBA cTarnyeckux CAP:

1) ctarndeckasi ommoOKa B CTAaTUYECKUX CUCTEMAX 3aBUCUT OT BEJIMYUHBI
BO3MYIIECHUSA Z;

2) ommOKa B CHCTEME TEM MEHBIIIE, YeM 00JIbIIE KOA(DPUIIMEHT CUCTEMBI B
Pa30MKHYTOM COCTOSTHUH Kpc;

3) mpu pa3MbIKaHUU CHCTEMBI (00OpbIBe 00paTHOi CBs3H, T.e. K =0, a 3Ha4uT,
KpCZO) CHUCTEMA MOXKET paboTaTh, HO OIIMOKA BO3pacTaeT (XapaKTEpUCTHKA 2).



AcTaTnueckKkas CucTreMa X

BbIX

ACTaTUYECKUI 3JIEMEHT ONMUCHIBAETCS YPABHECHUEM dt

X5 X, X,
_ﬁ Kz = K1 —» Ka Kop
KOC

O.P.

X:Kopo'KozZ

AcTaTnuecKnu dJIIEMEHT
- dX

= Ka ) Xl
| dt

X, = KKK (Y =X ) X =K KKY -KKKK X

— XOC - KOC X

K .



Cmamuueckasn xapakmepucmuKka aAcCmamuyeckou Cucmembal

X A

N AX

CBolicTBa aCTaTUUYCCKUX CUCTEM:

1) ommOka B cHCTEME OT BO3MYIIEHHA HE 3aBHCHT, a 3aBHCHT TOJIBKO OT
HEUYBCTBUTEIBHOCTH aCTaTHYECKOTO AIEMEHTA €

2) omuOKa TeM MEHBIIE, 4eM OoibIne BeTHIHHEI K03 durmueHToB (K; K> K3 Koc);

3) B pa3oMKHYTOM cocTOsSHUH (K,-=0) cucTeMa paboTaTh HE MOKET, T.K. AX —> .



IInHamMuka nNMHEenHbIX CUCTEM

B obuwem Bnae ypaBHeEHNE CUCTEMbI aBTOMaTUYECKOro
yrnpaBIieHNs1 n-ro Nnopsiika nocne nMHeapusaumin:

n n-— 1 m m-— l
aodX d +M +a X = bd—+bd ~+0 +b,y+
dt” t" O dt™ dt™"
d®z d*'z
+C0dt_R+Cl = + + Cr Z,
[1ns NMMHEeNHbIX cucTemMax:
n n—1 m m-—1
aod—x+a1d _}f+N +anx:boﬂ+bldl _¥+M +b_y
dt" dt” dt™ dt™



IlpuMeHeHHue onepaTopHbLIX METOA0B B TCOPUM
ABTOMATHYECKOI'0 YIIPABJICHUSA

npsimoe npeo6paszosavue Nannaca  X(p) = [x(t)-e ™dt
0

dX d2X dX
L—=P-X(p)-x(0) L—=P* - X(p)—P-x(0)——
— (P)-x(0) L ) =P xO =4
de Kk
[Mpn HyneBbIX HaYanbHbIX YCNOBUAX L—k =P . X(p)
dt

YpaBHeHue NMHeNHOW CUCTEeMbl aBTOMaTU4eCKOro yrnpaBneHus B
onepaTtopHoOM Buae

a,p” - X(p)+a,p" - X(p)+l +a,-X(p)=b,p" - Y(p)+
+bp™ - Y(p)+E +b, - V(p)



IlonsiTHE 0 MEepeaIaTOYHOH (PYHKIIMM U KOMILJIEKCHOM
nepeaaTovyHoM Ko3(ppuuueHre

[lepepatoyHon pyHKumMen B copme npeobpasoBaHMa Jlannaca NPUHATO
Ha3blBaTb OTHOLUEHME M300paxeHusi no Jlannacy BbLIXOAHOrO curHana K
N300paKeHU0 BXOAHOIO NMpu HyneBbIX Ha4YanbHbIX YCIOBUSAX:

W(p) = %

[Ona ypaBHeHusa ob6obweHHO CAP MOXHO 3anucaTtb

X(p)-(app" + alpn_l +N +a,)=VY(p)-(bp" + blpm—l +X +b,)

X(p) _ byp™ +bp" "+l +b,

W(p) =
(p) Y(p) aopn+alpn_l+m +a_



[IpeoOpa3zoBanne Dypbe OTIMYAECTCS OT IMpeoOpazoBaHusa Jlammaca Tem, 4TO B
Ka4yeCTBE KOMILIEKCHOTO IEPEMEHHOIO MCITOJIb3YETCSI KOMILJIEKC YaCTOThI, T.€. P=]®.

YpaBHeHune 0606weHHon CAP B dbopme npeobpasoBaHus dypbe

a,(jo)" - X(jo) +a,(jo)"" - X(jo) +1 +a, - X(jo) =
=b,(jo)" - V(jo) +b,(jo)" " - Y(jo) +U +b,, - V(jo)

KOMIIIEKCHbIU rnepedamoYyHbil KoaghguyueHm

X(jo)  by(jo)” +b,(jo)" +0 +b,
Y(jo) a,(jo)" + al(j(o)n_l +U +a,

W(jo) =



NMoHATHMe O nepexoaHbIX N YHaCTOTHbLIX XapPaKTepUucTukKax

Ecnu nony4yumse epaghudeckoe usobpaxkeHue rnepexo0Ho20 rnpouecca 8 cucmeme,
m.e. x=f(t), mo no amoul KpueolU MOXHO ripoaHasiu3upoeams 6ce ceoucmaea
cucmemsil.

KpuBas  x=f(t), BbI3BaHHas  €IMHUYHOU
CTyneH4YaTol (yHKIIMEeH Ha BXOJ€ CHUCTEMBI,
| IOJIyYrJIa Ha3BaHUE [EPEXOAHOU
XapAKTEPUCTUKMU.

\j

Ecnu umeemcsi uldearibHasi cucmema U B803MOXHO €€ 3KcriepuMeHmarbHoe
uccriedogaHue, MO  [1EPEXOOHYK  XapakmepucmuKy  MOXHO  MNONyYnTb
9KCrnepuMeHTarbHO.
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Qu3u4yecKuli CMbIC/T YaCMOMHbIX XapaKmepucmuK — 3mo pas/fiuyHbIe acrnekmal
peakuuu cucmemabl Ha CUHYycouOalibHble 8XO0HbIEe cuaHarlbl pas3fiu4Hou Yyacmomeil.

AHanumuyecKu 8ce OCHOBHbIE HaCmOMmHbIe Xxapakmepucmuku nosiy4aromcs us
8blpakeHus 0511 KOMIIeKCHO20 rnepedamo4yHo2o koaggpuyueHma W(jo)

W(jo) = U(®) + jV(0) = R(w)e*

U(m) — BemecTBeHHAs YaCTOTHAs XapaKTepUCTHUKA (B.4.X.);
V(®) — MHUMasl 4aCTOTHAs XapaKTepUCTHKA (M.4.X.);

R(w) = \/ U*(0) + V*(®) — aMIUIHTYIHO-9aCTOTHAS XapaKTEePUCTHKA (.9.X.);

o(®) = arctg% — (ha3oBO-yacTOTHAS XapakTepucTuka (¢.4.x.).
®

JI[r0060€ KOMIUIEKCHOE YHCIIO — 3TO BEKTOP, KOTOPHIH MOXXKHO M300pa3UTh B KOMILJIEKCHOMN
mwiockoctu. IIpu uaMenenun yactorel or 0 10 o Bekrop W(j®) OymeTr oOmuchBaTh
KPHUBYIO, KOTOpasi MOJIy4usia Ha3BaHUE aMIUTUTYIHO-(a30BOM XapaKTEPUCTUKHU:

P

Wi(jw)



B mpaktuke mOCTpOCHMS YaCTOTHBIX XApPAKTEPUCTHUK YaCTOTA MOXKET MEHSTHCA B OYEHbBb
HIMPOKUX MpeJiesiax, MO3TOMY JIMHEHHBIE MIKAJIbl YACTOT HE BCerja yaoOHbl. B cBs3u ¢ 3TUM
MOJIYYUJIU IITUPOKOE MPUMEHEHHE JIOTapu(PMUIECKUE YACTOTHBIE XapAKTEPUCTUKH.

4 201gR
§
= JLAYX
20
I S L | 1 >
10 100 ol
001 ﬁb.1 z !
120'Y JIOHX
©

Takum 00pa3oM, U3 OTHOTO U TOTO KE BHIPAKECHUS JIJI1 KOMILUIEKCHOTO MIEPEAATOUYHOIO
koa(pduirenta W(jo) nonydaercsi CEMb OCHOBHBIX YACTOTHBIX XapaKTEPUCTHK:

1. BemecTBeHHAA YaCTOTHAsI XapaKTEPUCTHUKA (B.4.X.);

2. MHHAMas 4aCTOTHAs XapaKTepUCTUKA (M.4.X.);

3. aMIUTMTYIHO-4aCTOTHAs XapaKTepUCTHKA (a.4.X.);

4. hazoBO-yacTOTHAs XapakTepucTuka (§.4.x);

5. ammuTyaHO-(pa3zoBas xapakrepuctuka (a..x.);

6. norapudmuyeckasl aMIUIUTYAHO-4acTOTHasA xapakrepuctuka (JIAYX);

7. norapudmuueckas (hazoBo-yactoTHas xapakrepuctuka (JIOUX).



[ lOHATNE O CTPYKTYPHBbIX CXemMax

B ctatuke ucnonb3oBanocb NMOHATUE (PYHKUMOHANIbHOW CXeMbl, COCTOALLEN
N3 3/1eMeHmMoe, a B ANHaAMUKe — CTPYKTYPHOW CXeMbl.

CTpPYKTYpHble CXeMbl rpauyeckn HanoMmMHaKT QYHKUMOHAamNbHbIE, HO
COCTOAT U3 38eHbe8. 3BEHO — 3TO 4YacCTb CUCTEMbI, onpeaeneHHbIM obpasom
OTHOCAWAACA K MepexogHoMy rnpoueccy, T.e. YCTPOWUCTBO, ONuCbiBAeEMoe
onpegeneHHbIM BUOOM YypaBHeHUs (anddepeHumansHbiM) UM nepenaTtoyvHoOn
doyHKLMEN. y %

— Wp) —>

Puc. 3BeHo cuctemsl

CTPYKTYpHble CXeMbl TaK e, Kak W  QyHKUMOHAlNbHbIE, MOryT
npeobpas3oBbIBaTbLCA K APYroMy BUAY, NOCPEACTBOM 000OLLEHHbIX NepeaaTo4HbIX

doyHKUMI.

[To Bnay ypaBHeHMN (NepenaTtoydHbIX PYHKUNIW) pa3nuyaroT NaTb OCHOBHbIX
(TMNOBbIX) 3BEHLEB, N3 KOTOPbLIX MOTYT COCTOATb CUCTEMbI aBTOMAaTUYECKOro
ynpaBneHus:

6e3bIHEPLIMOHHOE 3BEHO;

anepuoguyeckoe 3BeHo 1 nopsaka

anepuognyeckoe 3BeHO 2 rnopsaka

andpdpepeHumpytoLlee 3BeHO;

NHTErpupytowiee 3BeHO;

0ocobble 3BEHbS.



TunoBble 3BCHbi, UX IICPECXOAHbIC H HACTOTHBIC XaPAKTCPUCTUKH

y 4 besbiHEPUMOHHOE 3BEHO X = K- Y.
Ana Toro 4T1oObl MNOSMYYUTb YaCTOTHbIE
1 XapakTepucTuku, Heobxoaumo 3anucartb
) ypaBHeHWe B ornepaTopHon oopMe:
X(p) = k-Y(p);
XA
MNepenatodHasa yHkUMA: 17/ (p) = M —k
k-y Y(p)
t KomnnieKkcHbIN nepenaTtoYdHbIn W(jo)= X(jo) —k
KO3 PULNEHT: V(jo)

Puc. lNepexodHasi xapakmepucmuka
6e3bIHepYUOHHO20 38€Ha

AR 2 ? YacTOTHble XapaKTePUCTUKM:

W(jw)=k+ jO=Re

> > R=k*+0° —auyx

Q= arctg% =0 —-@.u.x.

a) amnnuTygHO-4yacToTHas 6) dhasoBo-yacToTHaS



Puc. AMnnuTyaHo-dasoBas YacToTHast XxapakTepuctnka 6e3biHepLUMOHHOIO 3BeHa

2igR
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Puc. Ilorapudmmyeckast amnnuTygHO-4acToTHas XxapakTepucTuka 6e3bIHEPLIMOHHOMO 3BeHa



dx

Anepuoaunyeckoe 38eHo 1 nopsanka T—+x=k-y

dt
. y[l B eT) YpaBHeHuUe ? onepaTop.Hoﬁ ¢dopme: |
A T-P-X(p)+X(p) =« V),
14
NepepatoyHasa hpyHKUUSA:
1 X k
- W(p)= p) _
: V(p) T-P+1
i KomMnneKkcHbIV nepepaTtoyYHbin KO3 PULMEHT:
T . X(Jj k
A W ()= U
/W by Vijo) jo-T+1
{

lMepexodHas xapakmepucmuka



Anepuoaunyeckoe 3BeHo 1 nopaaka

KOMIMMEKCHbIW NnepeaaToyHbl KOS MULMEHT:

k(1- joT) k . kaT

wW(jo)= = —J
1+ joT)1-joT) 1+o’T’ 1+ 0’T”
BYUX U(w)= % MYX  V(p)=-— koT
1+ T 1+ &’T?
ad.y.x CbH.X
k> + kPo’T? k V
R=JU*+V* = = =arctg — = artg(—wT) = —arctg(wT
J(lszz)z o Ty Tanslel = marageh
28 AV
k a.ux.
\/5 == l k
1 R U
Ir @ >
| > )
[
—45 po—— .u.X.
) e —————— —
¢ AMNNNUTYyOHO-(pa3oBas xapakTepucTuka



Anepuoaunyeckoe 3BeHo 1 nopaaka

INorapudmMmnyeckyto  aMnUTYQHO-YACTOTHYHO  XapaKTEPUCTUKY  MOXHO
MOCTPOUTb N3 BbIPAXXEHWS:

k
\/l+oo2T2

ATy xapakTepuUCTUKy 0ObIYHO CTPOSAT HE MO To4YkaM, a YNpPOoLLEHHO. [ns aToro
3aJaloTcs cneayoLwmnMm YCrioBUSIMUL

]' “ N
1) a)<<?; Torma o¢71¢ <<l1; 201g\/1+a)22”2 ~ 0 " BEIpakeHHE 1A 1-

201g R = 201g =201gk —201g~/1+ 0T

ro ygacTka XxapakTepucTHKH 20/gR=20Igk — (ropH30HTaIbHAS THHHA);

2) o)>>%; Torma «*71%>>1; 20lg \/ 1+ @°T* = 20lg @ BBIpaXeHHE I

2-ro yuacTka xapaktepuctuku 20[gR=20[gk —20 IgoT — (HakI0HHas pAMas).

OcobeHHOCTb 2-ro yvacTka TakoBa, YTO BefMYMHa HaKlOHa He3aBUCUMO OT
napameTpoB OaHHOro 3BeHa Oyaer ogmHakoBoW. [nsa onpeneneHust HaknoHa
XapaKTEPUCTUKM BbIMUCIUM  M3MEHEHME aMMNTyObl XapakTepUCTUKN Ha
ydacTke rnpu nameHeHuu 4actotbl B 10 pa3 (Ha ogHy aekaay):

A=(20 lgk -20 IgoT)—(20 Igk —20 Ig100T)= 20 Igk —20 IgoT —
—20lgk +20 lge0T+20 I210=20 o6.



[Ona noboro 3BeHa 1-ro nopsiika BbICOKOYACTOTHbLIN Yy4aCTOK UMeET HaknoH 20 06/0ek.
JonylweHnem ABMSETCS TO, YTO XapaKTepUCTUKa n3obparkaeTcsl He NnaBHONW, a B BUae

1

ABYX OTPEe3KOB, TOYKa conpsiXXeHnsa cooTBeTCcTByeT W = —

Jloeapugpmuyeckasi amniumyOHoO-4acmommHasi
Xxapakmepucmuka anepuodu4ecko20 38eHa 1-20 nopsidka

20igR
0L o6
< 25
23‘_‘
5|
ZOISKﬁ 10 7 ‘\‘
5 | ;




UHTerpupyviouiee 3BeHO

YpaBHEHME VHTErpmpyoLLLero 3aseHa

t

dx .

— = [{a -y nuwnm X = Kajy . dz‘ roe Ka— NOCTOSIHHbLIN KO PULINEHT
0

dt
t

Mpny=1: x=K,[1-dt=K,-t
0

T.€. NINHENHO HapacTatLlas 3aB1UCMMOCTb noa yrnom a=arctg(K . )

lMepexodHas xapakmepucmuka UHmMe2pupyroule20 3eeHa

AX




UHTerpupyviouiee 3BeHO

[na nony4yeHnsa 4acTOTHLIX XapakTepuUcTnk HeobxoamMmo 3anucaTb ypaBHEHMEe
NHTErpupyoLLero 3BeHa B onepaTtopHon popme: ) — e
pupytoLy paTopHou ¢pop pX(p) =K. V(p)

KomnneKkcHbIN nepepaTtoyYHbin KO3 PULMEHT:
NepepaToyHasa pyHKUUA:

ooy X)) _K, W(jo)=—+=0-;
(p)= = Jjo
V(p) P (
Ka
> _
AUX: R=_|0" + K;’ = K, DYX: ¢ =arclg Ow = —arctg © =—-90
), a
YacToTHbIe XapPakKTepucTnukn nHterpumpyrouiero 3seHa
AR ‘jV
ad.x.
® U
| o -
-45 |
90 d.u.X a.dp.x

Yo



Norapndmuyeckas amnnnTygHO-4acTOTHas XapakTepucTuka CTpouTcs U3

BblpaXeHus 20]gR:20]gKa-20 ]g@ .

Jlorapundcdpmmnyeckas amnnMTygHO-4aCcTOTHasA XapakTepucTuka

201gR
06

E—
100 o




OnddepeHumpyrowme 3BeHbSA

Tpu Bnga gudpdepeHumnpyowmx 3BeHbLEB CO CrieayowmMmMmm ypaBHEHNAMM:

dy
1) noeanbHoe gnddepeHumpytoLLee 3BeHO x=K, E
dx dy
2) peanbHoe anddepeHLmpytoLlee 3BEHO TE +x=K, —
dx dy
3) peanbHoe anddepeHLmpyioLLee 3BEHO CO CTaTU3MOM T? +x=K, — +K-y
[ [

rae K, — koappmumeHT nponopumoHanbHocTH; K — nepeaaTodHblii KOS(PEULMEHT;
T — nocTosiHHas BpeMeHU



lMepexodHble xapakmepucmuku duggepeHyupyrowux

38€6HbeEB.
X A
d(1
| x=K, —( )
a) dt
BCMMecK 4o
y >
t
X 4
X=—¢8

6) T




YHacToTHbIe XapakKTepuCcTUKM naeanbHoro anddepeHumpyrowiero saBeHa

YpaBHeHWe ngeanbHoro anddepeHumpyoLwero 3aseHa B onepaTtopHon oopme:

X(p) = K5 p- V(p)

NepepaToyHasa pyHKUUA:

(p) =2

V(p)

A4X:

=K, P

R=\0*+K0* =K, o

o = arcigK,

0

>

KomnneKkcHbIV nepepaTtoyYHbin KO3 PULMEHT:
W(iow)=jK,-0o=0+ jK, -o
PYX:

Q= arctgg = arctg o = +90°

A O v
d.4.X. I
90
A adx
45
Q) A U
> >




INorapndmuryeckas amnnnTygHO-4acTOTHas XapakTepucTuka naeanbHoro
anddepeHUmMpyoLLEro 3BeHa MOXET OblTb MOCTPOEHA U3 BbIPaXXEHUS:

20[gR=20I[gK; +20lgm

JIAYX udeanibHo20 dughghepeHyupyrow,e20 3e6eHa

201gR
*

2

10




Anepuoauyeckoe (kosedare/ibHOE) 3BEHO 2-I0 NOPHAIKA

d’x dx
T> ~+2p-T—+x=k-y
dt dt
rae 7 — TOCTOSIHHAsT BpeMEHH; p — Kod(DPUIMEHT 3aryxaHusi; kK — TMepeaaToYHbIN
K03 HUITUEHT Y

XapakTtep MNEPEXOAHOTO TMpoliecca B 1

3BEHE 3aBUCUT OT BHJIA KOpDHEU
XapPAKTEPUCTUUECCKOTO YPABHECHUS:

1. Eciu kopHuM p,, p, BemlecTBeHuote, | i
TO B ATOM cliy4ae p > 1, mepexoaHbli ? 1 key o P=l
IPOLIECC  ANCPUOAUYECKMA M 3BE€HO
Ha3bIBAIOT allEpUOIUYECKUM (pUC.a).

2. Ecnu xopHH p,, p, KOMIUICKCHBIC, LY
Torna p < 1, NEpexoaHBIM MPOIECC B

\j

A\

6)

3BCHE KOJICOATCIILHBIN M 3B€HO HA3LIBAIOT key  pBl

\j

KosieOaTebHBIM (pHUC.0).
3. Ecnu xopHH p,, p, YHCTO MHUMBIC,

o y
p=0, TO  IEPEXOAHBLIM  Ipolecce !
OpeACTaBasieT  CcOo0OM  pealu3allMio o) B A At At
He3aTyxaloluX  KojieOaHMii,  3BEHO oy

A\

Ha3bIBaIOT KOHCEPBATUBHBIM (PHC. B).



JIJ1s1 TOCTPOEHUS YACTOTHBIX XapaKTEPUCTUK YPABHEHHE 3B€HA HEOOXOMMO 3anucarh B

OIIepaTopHoit (hopme TZPZX(p) +2p0-T-P-X(p)+X(p)=k-V(p)

[MepenatoyHaa yHKUMA: KomnniekcHbIn nepenatovHbin KO3PULMEHT:
k : k
_ W(jw) =
VP = p i U= 0+ j2pTaw e

YMHO)HM U pazaenuM W(j®) Ha BeIpaKEHHUE, CONPSHKEHHOE 3HAMEHATEIIO:

[(1 T*0*)- ]2pTa)] )
Wije)= L(l T o )+]2pTcoJ L(l T’w°) - ]ZpTa)J
B kK(1-T0”) 7 2k-p-T-o
T (-T?0’Y 1 4p°T?0” (1-T?0’) +4p°T?w




A4X

2 2 2N\2 2 22 2
R=\/U2+V2: k(1 Ta))+4kaa):
[(1—T2602)2 + 4,02Tza)2]2

_K(1-T?0*) +4p°T?0*| _ k
[(1—T26<)2)2 + 4,02T2a)2]2 \/(I—Tza)z)z +4p°T’° 0’
dYX
= arct K—arct — 2p o = —qarct 2p o
PEAEE G T T gy - T




AMIUIUTYAHO-(Pa30BbIe XapaKTEPUCTUKU 3B€HA 2-TO MOPsJIKa, T.€. KPUBbBIC, OMHUCHIBACMBIE
BekTOpoM W(j®) B KOMIUIEKCHOM TJIOCKOCTH MPU U3MEHEHHUH 4acTOThI OT 0 J10 .

pN1

pR1

v
JIAUX 3BeHa 2-T0 mopsIKa MOJIy4aeTCsa HA OCHOBAHUY BBIPAKCHUS:

201g R = 201gk — 201g+/(1 - T’w?)* + 4p°T e’
B ynpoméHHOM (aCHMOTOTHYECKOM) BapHaHTE 3Ty XapaKTEPUCTHUKY MOXKHO TIOCTPOUTH
COCTOSIIEH 13 JBYX OTPE3KOB (aHAJIOTUYHO 3BEHY 1-TO mopsaKa).

20IgR
)
a0~ {.
— Ol B
20 L d0 26/ dex
10 b |20lgk -.
P — : N - - - ’
0.01 04 1 10 00

1
T



YacToTHBIE XaPAKTEPUCTUKH CUCTEM

Yy e l _ , X
—’E Wa(p) ,_' Wilp) ¥ Wip)

Puc.1. PasoMmkHyTasa cuctema

[NepenaTtodHaa pyHKUUA 3TOM cucTeMbl: KomnnekcHbIn nepenaTtovHbit KO MPULNEHT:

W(p)=W(p)-W,(p)-Wi(p)-W,(p) w(jo)=W(jo) W,(jo)-W,(jo) -W,(jo)

unum

oy _ jor | jos | jos j04 _ (@1 +92+093+¢4)

Ry, = RiR2R3R4 —a.uX. =1+ +tos s —d.ux.

TIAYX ctpounTes no seipaxermnio:  20IgR,=20IgR1+20IgR2+20IgR3+20IgR4.



[Mockonbky JIAYUX 0BbIMHO CTpPOATCA YNPOWEHHO, cymmapHyto JIAYX pasomkHyTOM
CUCTEMbl MOXHO TMOCTPOUTb HEMNOCPEACTBEHHO MO MepenartodHON  (PYHKUNMN.

Hanpumep, pOaHa nepegjatodHas QyHKUMA ONS  YeTbipex nocnegoBaTtesibHO
COEAMHEHHBbIX 3BEHbEB 1-ro nopsiaka:
r

) P DT, P DT, P DT, P D)

B atom cnyyae Heobxogumo onpepenutb 20IgK , 4TtOo gBnsercda amnnutyda
HM3KOYaCTOTHOIrO ropusoHTanbHoro ydactka JIAYX. faTeM HeobxoaMmMo paccunTaTb

1 1 1 1
YacToThl conpsbkeHnn 1 = T’ @, = T, @, = T, @y = T,

K

Kaxkgas  nocnegywowass  4actora  conpsbkeHun — obecrneyvMBaeT  U3MoMm
XapakTepUCTUKK, yBENUYMBas €€ HakroH Ha 20 06/0ek.

20 ot/ dex




YCTONYMBOCTb JIMHEUHbLIX CUCTEM

Cucrema aBTOMATHYECKOT0 PeryJupoOBaHMs WIH JH0OAasi IPpyrasi CUCTEMAa CYUTAIOTCS
YCTOHYUBBIMHU, €CJIu, Oyly4d BbIBEJIEHHOW W3 COCTOSIHUS PaBHOBeCHs, a 3aTeM
NpeIoCTABJEHHON caMoil ce0e, BO3BpallaeTcss B MNpe:KHee WJIH 3aHMMAEeT HOBOE
COCTOSIHUE PABHOBECHSI.

Cucmema agmomamuiecko2o pe2yiuposanusi CHumaemcs YCmou4uou, eciu nepexoonbli
npoyecc 6 Hel 3amyxarowull, HeyCMmouyusou — eclu NepexooHblll Npoyecc 6 Hel
pPacxoosauutics.

Yemonuusocmo nuneunvix cucmem 3a8ucum mojibKo om napamempoe camux cucmem u He
sasucum oni 6ejiU4uUHbl 603IMYUAIOWUX U dpyeux BHEUIHUX 6030€eUCBUI.

[TycTb cuctema onucbiBaeTcs amdpdepeHumanbHbIM ypaBHEHMEM N-TO Nopsaaka:

n n—1 m m—1
aoﬂ+ald—f+ﬁ +anx:b0d—y+bld—)1/+w +b y
dt” dt” dt” dt

Pemienue 3Toro nud@epeHnnanbHOro ypaBHEHUS COCTOUT U3 CBOOOIHON U BBIHYKJICHHOMN

COCTABIIOIINX: X(¢) =x (1) tx_ (1) .

—




JIs TOro 4tro0bl NMPOAHAJIM3HUPOBATH CHUCTEMY HAa YCTOMYHUBOCTH, JAO0CTATOYHO
MOJIyYUTh X _, T.€. PEUIUTH YpaBHeHHUe 0e3 NPaBoii YacTu:
n n—1
d"x d" x
a—+a——+0 +ax=0
0 n 1 n—1 n
dt dt

EcmH Xc.— 0, TO CHCTEMA YCTOHUHBA, €CITH X — 20, CHCTEMA HEYCTOHUHBA.

3 maTemaTuKn N3BeCTHO, YTo cBOOOAHAasA cocTaBndaloLLas MOXeT ObITb HanaeHa
B CrieayroLlem Buae:

x,=ce " +ce? +ce +H +ce

Xce— 0 B TOM clIydac, CCIIH KOPHH XapPaKTCPHCTHYCCKOI'O YPAaBHCHHA OTPHIATCI/IBHBI.

CAY 6yoem ycmouuusa, m.e. NepexoOHbll
npoyecc 6 Hell O6yoem CXO00AWUMCs, eciu cpeou
KOpHell — Xapakmepucmuyecko2o  YPAa8HeHUs.
cucmemvl He  OKAdcemcsi HuU  OOHO20 C
NONOJNCUMENLHOU 8eU}eCMBEHHOU YACMbIO. b

R

\




AJredOpanyeckue KpuTepu YCTOMYMBOCTH

dopmynuposka kputepusa Nypeuua:

s moeo umobvbl 6ce KOPHU XAPAKMEPUCMUUECKO20 VPABHEHUsl CUCmeMbl UMenu
OMPUYAMETbHYIO 8EUeCMBEHHYI0 YaACmb, m.e. cucmema Ovlla YCmoudueda, Heooxooumo u
docmamouno, umobel npu a, > 0 enasuvli onpederument XapakmepucmuyecKoo
MHO20UIeHA U €20 OUA2OHAIbHbIE MUHOPbLL ObLau Oonvute ().

[TycTp MMeeTCst XapakTepUCTHICCKOe YpaBHeHHE: (1, pn + q, pn_l +W + a, = 0

[ maBHBIN onpenenuTeslb MMEET N-CTPOK M n-cToioioB. Ilo 1maBHOW auaroHanu
3aMKUCHIBAIOTCS KOO(PUIUCHTBI OT a, 0 a . Beime ko3(pOUIHEHTOB, 3aMMCaHHBIX IO
[JJABHOM JMaroHaiau, 3alKChIBAIOTCA KOYP(PUIHUEHTHI Ha MNOPSAOK BBIIIEC, HUIKE —
K03 (PUIMEHTHI HA MOPAIOK HUXKE.

Boinre ¢ 3anuceiBarotcs 0, HUKE KOdQUIIHEHTa @, TakxkKe 3anuchiBatoTcs 0.

0

a, a, as 0
a, a, a,

A =0 aqa 0=0
0 a = 0
0 a,

ﬂI/IaFOHaHI)HBIC MUHOPBI ITOJIYHArOTCA IMOCJIICA0OBATCIIbHBIM BBIYCPKUBAHUCM ITOCJICAHCTO
CTOJI6LI3. H HOCHC,HHCﬁ CTPOKH, HAYMHAA C ITTABHOI'O OIIPCACIIUTCIIA.



lpumep.

S || 10 2 X
— »
01p+1 0Sp+1 1,2p+1

0.5

Puc. 2.CTtpykTypHas cxema CUCTEMBI

[lepenatovyHada yHKUNA 3aMKHYTOW CUCTEMDbI

100
50 (0.1p + 1)(0.5p + )(1L.2p + 1)+ 50 0,06p’ +0,77p + 18p + 51

1+
O0,1p+1)(0,5p+ DH(1.2p +1)

XapaKTEpUCTHUECKHH MHOTOYIEH COIEPKUTCA B 3HAMEHATENle BBIpaXKeHHA, T.€. @p=0.06;
a1=0.77; ax=1.8; az=51.

Torpga ritaBHBIH OIIPCACIHTCIIb CHCTCMBI

0,77 51 0
A,=10,06 1,8 0]=51-(0,77-18—-51-0,06) <0,
0 0,77 51

T.C. CHCTCMa H€YCTOFI‘IHB&.



1 eOMeTpunuy4ecCKmne KputTepumm
YCTONYUBOCTHU

Kpumepuu Muxaunoesa

[lycTb nmeeTcsa nepegaTtodHas PyHKLNS 3aMKHYTOM CUCTEMBI:

X(p) byp” erlpm_1 +0 +b
V(p) a,pp"+ap" +0 +a_

W(p) =

[TogcTaBuB B BHIpaXKEHHE IS MEPEIATOYHON (PYHKIMHU p=jw, IMOJYIUM BBIPAXKECHHE IS
KOMILIEKCHOTO MepeAaTOYHOro Ko duiineHTa:

by(jo)" +b,(jo)"" +1l +b,
a,(jo)" Jra](j(x))“_1 +0 +a_

W(jo) =

3HaMeHaTeIb KOMIUIEKCHOTO TNEepeJaTouyHoro kKoddduimenra (XapakTepUCTUUYECKUN
MHOTOWIEH B KOMIUIEKCHOM (oOpMe 3amnucu) €CTh HEKOE KOMIUIEKCHOE YHUCIO, T.€.
HEKOTOPBIA BEKTOP. DTO BBIPAXKECHUE MOJYYWIO Ha3BaHUE BeKTOpa MuxaiijioBa:

F(jo)=a,(jo)" +a(jo)" " +1 +a,



DopMyTHPOBKA KPHTEPHA: 14 mozo 4mobdsl cucmema agmomamuieckozo ynpaeieHus oolia
ycmoiiduea, Heobxooumo u 0ocmamodHo, 4modwvr paouyc-eexmop Muxaiinoea npu usmexeHuu

s
yacmomet om (0 0o o0 nogepHyaca HA Y201 P =1+ 7 20e N — NopA0oK cucmemol.

a5y M'V

-
-

R

FOo) Fio)

a) Ons yCTON4nBOM CUCTEMDI 6) ons HeycToM4MBOM CUCTEMDBI



Kpumepuu Haukeucma

Jlnst Toro utoObl 3aMkHyTasi CAP Oblna ycToiunBa, HEOOXOIUMO M JOCTaTOYHO,
4TOOBI a.(p.X. PTON CHUCTEMBI B PAa30MKHYTOM COCTOSIHUM HE OXBaTblBaja TOYKY B
KOMILIEKCHON IUIOCKOCTH ¢ KoopjauHaramu [-1;j0].

L 31

KpuBasa 1 — 3aMKHyTas cMctema yCToOM4uMBa;
KpuBasa 2 — 3aMKHyTasd cuctema Heyctondmea .
[Tpn aTOM NpeanonaraeTcs, YTo pasoMKHyTas cuctTemMa 3aBejoOMO yCTON4YMNBaA.



Jlocapugpmuydeckul Kkpumepuu ycmou4yueocmu

[Mo3BongeTr cyanTb 06 yctomumBocTM 3amMkHyToMm CAP no norapndommyecknm

aMﬂﬂMTyﬂ,HO-HaCTOTHOﬁ Z Cba3OBO-‘-IaCTOTHOI7I XapakKTepncTtmnkam 3TON CUCTEMbI B
Pa30OMKHYTOM COCTOAHUMN.

Lnsg moao u4ymobbl 3amkHymasi CAP 6bina ycmodyuea, Heobxooumo U
docmamo4yHo, Ymobhbl cha3o8o-4yacmommHas fio2apugbmMmuydeckas xapakmepucmuka

amoli cucmembl (8 pa3oMKHYMOM COCMOsSHUU) nepecekana nuHuto — 180° e 3oHe
ompuuameribHbiX 3HadeHul JIAYX.




NocTpoeHune obnacten yCTOMHYMBOCTU B NMPOCTPAHCTBE
napameTpoB cuctem (oobnacrten D-pa3zdbueHuns)

Ecnn namensietca kakon-nnbo oAuH BeLWEeCTBEHHbIN NapamMeTp, TO 3adadva
3aKN4YaeTcsl B OTbICKAHMW TPaHUYHbIX 3HA4YEHUW ISTOro napamMeTpa Ha HEKOW
YMCIOBOMN OCMW:

HeyCcTORAYHBAa ycToRYHBa Hey TOHYHBA
)\ | — . —— Al
. -

K, K2
Ecnn un3MeHsIloTCA OBa BELECTBEHHbIX WINUM OAWH KOMMJIEKCHbLIN napameTp -

3agaya COCTOUT B OTbICKAHMM HEKOTOPOM obnacTu B MPSAMOYroflbHOM CUCTEME
KoopauHaTt, orpaHUYeHHOW KPUBOW.

B obwem crniyyae B cUCTEME MOXET U3MEHATBCA S napameTpoB, NOITOMY MOXHO
OBOPUTb O HaXOXAEHWUM HEKoM obnacTu YCTOMYMBOCTU CUCTEMbI B S-MepHOM
npocTpaHcTBe. [MNepnoBepxHOCTb, OrpaHuyMBarowan 3Ty obnactb, Oyger
rpaHnLEN YCTOMYMBOCTU B 0OfacTn napamMeTpos.

O6nacmu napamempos, coomeemcmeyruwue pasHOMy Kosrudecmey KopHeu
xapakmepucmu4yecko20 ypaeHeHuUsi € ompuuameribHoU (rnonoxumesibHou)
gewlecmeeHHoU Yacmabio, nosny4vusnu HassaHue obracmeu D-pa3bueHus.



NMocTtpoeHue obnacrten D-pa3dbmeHus B npocTpaHCcTBe
oAHoOro (KOMMNJIeKCHOro) napameTpa

—

[IycTh nMeeTcsa HEKOTOPBIN TTapamMerp ¢ =+ 4 £jB .
B xapakTepucTHYE€CKOM YpPaBHEHUU CHUCTEMbI ASTOT v
napameTrp coiepxurca B koddduuuentax. Ilpu F; »
U3MEHEHUM 3TOrO MapaMmeTpa OyayT U3MEHSITHCS Te v P
K03 DUITMEHTBI, KOTOpbIE €ro couepxar. byayr i
U3MEHATHCS KOIPQPUIIMEHTHI — OyayT H3MEHSThCS Py
KOPHHM XapaKTEPUCTUUYECKOTO YPABHEHHUSI CUCTEMBI, T. b
€. KaK-TO IIepeMEILaTECA MO KOMIUIEKCHOM TIJIOCKOCTH p, A Ps
KOpHEi:

kh\“ll\‘,\&‘&l\&\)\

Brigemum U3 XapaKTCPHCTHUCCKOI'O YPAaBHCHHA HHTCpCCYIOHIHﬁ HacC IIapaMCTp 7, TOoraa IoJIydHM
HCKOC BBIPA’KCHHC

r-P(p) = O),
rae P(p) — MHOTOWIEH, COAepsKanIuii mapaMeTp 7; O(p) — MHOTOWICH, HE COACP KAIIHI TapaMeTp T.
.9
P(p)
HO,HCT&BHM B 3TO BBIPA’KCHHC p:_] (» — YHACTO MHHUMBIH KOpPCHBb
r=2U® _ 4wyt iB(w).

P(jw)



- |
MoacTaensas B BblpaeHne T = ggw) = A(®)+ jB(w) .

3HA4YeHUsA 4acTOTbl OT - 0 +°, MNofly4nuM rpaHmuy obnacrten D-pa3bueHus B
nnockoctn napametpa t. OgHa n3 aTux obnacren sBnseTcs obnacTblo

YCTOWYNBOCTU

H 3B




3anac yCTOM4MBOCTU CUCTEMbI

3anac yCTOMYMBOCTH MPEAyCMaTPUBAET HEKOTOPOE YHAJCHHE PACUETHBIX MapaMeTPOB OT
3HAYEHUM, COOTBETCTBYIOIIMX TPAHUIE YCTOMUYMBOCTHU. DOpMyIMpOBKa  3araca
YCTOMYMBOCTH BBITEKAET W3 TOr0, YTO B OCHOBE JBYX HaumOoOJee pacnpoOCTPaHEHHBIX
KputepueB ycronuumBoctu (HaiikBucrta U joraprupMUYECKOro) JexaT XapaKTEPUCTHUKH,
MOCTPOCHHBIE HA BBIPAKEHUU JUII KOMIUIEKCHOTO II€peIaTOdYHoro Kod3(pduureHTa

Pa30MKHYTOM CUCTEMBIL: ,
W(jo),. =R(@) "

J11s1 olieHKH 3araca yCTOMYMBOCTH OOBIYHO BBOJIST MOHSTHE 3a1aca no Mooy U no gase.
OTHU BEJIUYUHBI MOXXHO OMPEAECTUTD, MOJIb3YSICh JIA‘IXp L H HCDqXp . (;rorapudmuiecknii

KpUTEPHUI) . 201gR
&of. 126]

H(06) - 3anac ycmoituugocmu no modyio (npu ¢ = -180%); 2©

0 = 180°- 9, — 3anac ycmoiuugocmu no gaze (npu @),
Qac — yeoa nogopoma (gpaza) eexmopa W(j @), npu uacmome,  o,1
DagHoll @, —yacmoma cpesa -90°




KayecTBO nepexoaHoOro npouecca B cmcremax m metoabl

ero nccinengoBaHus
KauecTBO ImpouccCa ONCHUBACTCA CJIICAYIOINMHA OCHOBHBIMH ITOKA3aTCIIAAMMU:
1. Yemou4ueocmb u 3anac ycmou4dueocmu

- IOKA3aTe/IH, XapaKTePpU3YIOIIHE PAa00TOCHOCOOHOCTh CUCTEMBI.

2. KonebamesnbHocmsb
[Ipr mepexomHOM IIpoIlecCe peryampyeMas BEIMYMHA MOXKET 0 JOCTHKCHHS
HOBOT'O YCTAHOBHBILIETOCS 3HAYCHHS C OIPEACIEHHON TOYHOCTHIO COBEpPIIATH
OoJIpllee WM MeHbllee 4ucio koneOanu. KoseOaHust B cucTtemMe — SBIICHHE
HE)KelIaTelIbHOe, T.K. 3TO IPHUBOAMT K JOMOJHUTSIBHOMY H3HOCY JeTalcH,
OTKJIOHCHHIO BBIXOJHOTO CHTHaja OT YyCTaHOBHBIIETocs 3HadeHHUA. llosTomy
cTpeMsaTcs Tak BeIMOIHUTE CAP, 4ToOBI K0J1I€0aTENIbHOCTh CBECTH K MUHUMYMY.

KonebaTenbHOCTh poIecca COOTBETCTBYET HAJINYHUI0 KOMILJIEKCHBIX KOPHeEii B
XapaKTEPUCTUYECKOM YPAaBHEHUHM CHCTEMbl. AHAJIUTHYECKH KOJIEOATEIbHOCTD
OIICHUBAETCS TTOKA3aTEJIEM

ﬁ rae f — MHMMas 4acTb KOMMMEKCHOro KOPHSA (p = a +jf);

H= o o — BeLeCTBEHHAsA YaCcTb KOMMMEKCHOro KOPHS.
U= ﬁ — oo - konebaHua HesaTyxarowme

0
U= 0 —(0 - KonebaHui HET, Npouecc anepmoanyecknn

(04



3. bvicmpooeiicmeue cucmemul

K ZHl t

Puc. IlepexongHad XapakTepHCTHKA H OCHOBHEIE
IIOKa3aTeaH KadecTra: 1| — KonebGaTeIbHBIH IepeXO0IHBIH Npolece; 2 — allepHOIHYeCKHH ITepeX0oaHbIH IIpoIecc;
+ A X — TOYHOCTE, C KOTOPOH OLIeHHBAeTCSI OKOHYAaHHE IIpolecca

beicTponiericTBUE XapakTepu3yeT CKOpOCTh pearupoBanus CAP Ha BHeElIHUE
BO3ACHCTBUA. JIJIsi OLIGHKH OBICTPOASHMCTBHUS HCHOJIB3YETCS BEJIMYHMHA BPEMEHU
[EPEXOIHOr0 IpoIecca, T.€. BPEMEHHU, 34 KOTOPOE€ BBIXOJHOM CHUTHAI C

OHpGI{GHGHHOﬁ BaﬂaHHOf/'I TOYHOCTBIO JOCTHUIACT CBOCTO YCTAHOBHUBIICIOCA
3HA4YCHMHA.



4. Ilepepezynuposanue

XapaKTepH3yeT OTKJIOHCHHC BBIXOJHOI'O CUTI'HAJIa OT YCTAHOBUBIICTOCS 3HAYCHUA
B IICPCXOTHOM IIPOLCCCC. OI_ICHKa HACT 110 MAKCUMAJIBHOMY OTKJIOHCHHIO, O-max

[lepeperyiupoBaHue TAKKE SIBIICHUE HEKEIATEIBHOE, T.K. 3TO MEXaHUYECKHUE
7M1 AIEKTPUUECKUE NEPETPY3KH, MEPEHAIPSIKECHUS. OO0BIYHO
NEPEPETYIUPOBAHUE OLECHUBACTCA B % K YCTAaHOBUBIIEMYCA 3HAUYECHUIO
BBIXOIHOTO CUTHAJIA

G Y =—mx . 100%

ycm




Koppelcuml CUCTCEM AaBTOMATHYCCKOIO YIHIPABJICHUA

Heo0XxonuMoCTh B KOPPEKIIMH CUCTEM BO3HHMKAET MPHU UX MPOCKTHUPOBAHUHU WJIU
HACTPOMKE.

ObecrieyeHue ycmou4ueou u KadecmeeHHou pabomei CAY ¢ nomowbio
OOMnoJ/THUMerbHbIX yCcmpoucme Ha3bleaemcsi Koppekuyueu, a camu

ycmpoticmea — KoppeKkmupyrowumu.

[Io cmocoOy  BKIIOUEHHUS  KOPPEKTUPYIOIIMX  3BEHBEB  PaA3IMYaAIOT
MOCJIEA0BATENIBHYIO () U TapaJUIEIbHYO (0) KOPPEKITHUIO.

— W, ®) > ".Vil'p) ‘ » '..K':l;,‘. :

- . -
—

e
e P)

; '),!1(;.,, ‘sz'p) > Ws."p\ > W4l'p‘,| L




3agadya CHUHTE3a KOPPEKTHUPYIOIIErO 3BE€HA I10 3aJaHHBIM ITOKa3aTeysiM
Ka4eCTBa PEIIACTCS B CIACIYIONIEH MOCIEA0BATEIIbHOCTH:

1) no 3apaHHbIM nokasatensm kadvectBa (o, t, H, y ) nuyrt nubo
nepepaTtoyHyro (yHKUMIO, NUOO 4YaCTOTHYH XapaKTepucTuky, nmbo
ypaBHEHMe CUCTeMbl, YAOBIETBOPSKOLEN UCXOOHLIM TpeboBaHUAM
(*kenaemou cnctembl);

2) no nepepaTtoyHon PyHKLUU (XapaKTepucTukKe, ypaBHEHUIO) XXenaemoun
CUCTeMbl, CpaBHUBas €€ ¢ nepegaTto4yHon hpyHKUMEN (XapaKTepPUCTUKOMU,
ypaBHEHUEM) UCXOAHOW CUCTEMbI, HaxoasaT nepenaToyvyHyr (PYyHKUUIO
(xapakTepucTuKy, ypaBHEeHMWE) AOMNOSIHUTESIbHOIO, KOPPEKTUPYHOLEro
3BEHa;

3) no nepepatoyHOM (PYHKUMM (XapaKTepuUCTUKe, YpPaBHEHUIO)
KOPpPEKTUpPYIOLEero 3BeHa onpeaensoT ero BMA4 U pacCYnTbIBalOT ero
napameTpbl.



CuHTe3 nocneaoBaTesnibHOro KOPPEKTUpYHoLLero 3aBeHa
Mmetoaom JIAYX

[lepegatoyHasa PYHKLUMA CKOPPEKTUPOBAHHOW %
(kemaemon) cucTeMbl B pa3oMkHyTomM —® W® el W) L) Wye) | o
CoCTOsiHUKM ByadeT UMEeTb BUA: i,

W (2) =W (p) Wy(p)

W..(p)=W.(p)-W,. (p)

[ e nepenatovHas PyHKUMA UCXOOHOMN (HECKOPPEKTUPOBAHHOW) CUCTEMbI:
W,.(p)=W(p)-W,(p)

[lepenas K KOMMNNEKCHOM oopme 3annucu, nonydmnm W, (jo)=W.(jo)-W, (jo)

nInu Rmej(pw — RKe.](pK . RH.c.e](pH.c. — RK . RH.c.e]((PK +¢H.C.)

Mepenas k JIAYX, 3anuwem 20 1gRs = 20 1gR« + 20 1gR:.c,

rae 201gR . — morapudMHUECKasA aMILTHTYIHO-4aCTOTHASA XapaKTEPHCTHKA JKETaeMOH CHCTEMBI (1A
KpPaTKOCTH OOBIMHO 0603HadaeTcAd Ls); 20lgR. — norapupMuueckas aMIUIHTYAHO-UacTOTHAS
XapaKTEePHCTHKAa KOpPEKTHpyromero 3seHa (Lx); 201gR.. — norapudMHYecKas aMILTHTYIHO-
9acTOTHAs XapaKTEPHCTHKA HCXOAHOH CHCTEMEI (Lx.c.).

Lis=Liet ., Orciong Li=La—Lis



CuHTe3 nocnegoBaTenbHOrO0 KOPPEKTUPYIOLLEro 3BEHa MOXHO OCYLLECTBUTb B
cregyroLlen nocnenoBaTeribHOCTU:

1) mo mepenatouHoit GyHKUHH W, . (p) B pa30MKHYTOM COCTOSHHH CHCTEMBI CTpoHTcsa JIAUX
HECKOPPEKTHPOBAHHOH HCXOJHOH CHCTEMEI Ly ¢ ; 110 33JaHHBIM II0Ka3aTEIAM Ka4eCTBa IIEPEXOJHOIO

IPONECCA (Omax, Ln, H, 7) CTPOHTCH Lyc;

2) mnpou3BoAMTCA TIpadHyeckoe BeIUHTAaHHE Li = Ly - Luc, H cTpoutca JIAUX
II0CJIEI0BATEIBHOIO KOPPEKTHPYIOLIETO 3BEHA — Ly

3) o HalIeHHOH XapaKTEPUCTHKE Lx ONPEICIACTCA THII 3BE€HA H €T0 ITapaMETPBL

ITocmpoerue scenraemoti JIAYX (Lic)

HOCTPOCHHC L. OOBIYHO HAYHHAETCA CO CPCAHCTO Y4aCTKa, C TOYKH IICPCCCUYCHHA 3TOH

xapaKTepHchoﬁ OCH YacTOT, T.€. C TaK Ha3bIBAEMOH YaCTOTEI Cpe3a — . BemnuuHa 3TOH 4aCTOTHI
OIPEIENACTCS H3 YCIOBHA MOIYUYCHHUSA mpedyemoll O1umerbHOCMU nepexooHozo npoyecca — Iy U

3A0AHHO20 3HAYEeHUA nepezpynnupoeaHusl — Omax.

K-
—

n

KospdumueHT K=f{Omax) ONpeaenaeTcsa U3 rpaguKop, IPHBOAHMEIX B THTEpaType. B mpeaenax
JOIYCTHMBIX 3HAUEHHH Omax (25-35%) K03bduuueHT K MOKHO OpaTh paBHBIM 3,5 +3.8.

@, 2



Tpeboearue ycmotidueocmu pabomst cucmemst OTPAKAETCA B XaPAKTEPHCTHKE L,. HAKIOHOM €€
B OKPECTHOCTH YaCTOTEHI cpe3a. MccneoBaHHs OKAa3allH, YTo CHCTeMa OyIeT 3aBeIOMO YCTOHUHBOM,
€CIIH 3TOT HaKJIOH paBeH 20 06/0ex.

Tpeboearue Heobxooumeix 3anacoe ycmotivueocmu (H, y) oTpakaeTca ATHHOH ydacTKa Lic B
paiioHe YacTOTHI Cpe3a, HMEKIEro HAKIOH 20 06/0ex. JIMHHA ydyacTKa MOKET OBITh BHIYHCIICHA B
3aBHCHMOCTH OT /7 H ¥ TI0 CIIEIIHAILHBIM HOMOTpaMMaM

B nepBoM NpHOMIKEHHH I O0SCIIEUSHH MIPAKTHUYECKH IIPHEMIEMBIX 3al1aCcOB YCTOHUHBOCTH
YUaCTOK ¢ HaKIOHOM 20 06/0ex MOKHO OpaTh ATHHOMH, paBHOH + 10-15 0.

Venoeue coxpanenus cmamuyeckoii moynocmu cucmemst OyJeT COOMIOJEHO, €CIIH COBMECTHTH
HH3KOYAaCTOTHBIE YYAaCTKH Ly H Ly .. ITaK, H3BECTEH HU3KOUACTOTHBIH YU4aCTOK L,e, €€ OTPE30K B
CPEIHEUACTOTHOH YaCcTH, B OKPECTHOCTSX YaCTOTHI cpe3a. I3 ycrmorHa HanGoIee MPOCTOH peanH3alii
KOPPEKTHPYIOMIETO 3BE€HA BHICOKOUACTOTHBIH Y9aCTOK L,e, MaJ0 BIHAIONIHI Ha CBOHCTBAa CHCTEMEL,
MO>KHO TaK:K€ COBMECTHTH C Ly, ., HIH IIPOBECTH MAapaUIEIbHO ITOH XapaKTEPHCTHKE.

YeM MEHBIIIE H3JIOMOB Y XapaKTCPHCTHKH KOPPCKTHPYIOHICTO 3BCHA, TCM ITPOHIC €T0 TCXHHYCCKAA
pCalu3anu:. Tak KaK Lx = Ly — LH_C_, TO HaHMEHBIIEE YHCIO H3T0MOB Ly IIOJIYUHTCA B TOM CJIy4ac,
€CIIH H3TTOMBI L 6}’}.[}"1' I[IPOHCXOJHTD IIPH TCX K€ YaCTOTaxX, IIPH KaKHX HaOIIFOTAKTCA H3IOMBI LH,C_,
T.C. IIPH COIIPATAKOMNIHX YaCTOTaX, H CC/IIH H3MCHCHHA VIVIOB HAK/IIOHA 3THX JBYX XAPAKTCPHCTHK B
TOUKaXx H3JI0Ma 6YI[YT OJHHAKOBBIMH. H03TOMy IIepexona oT Cpe,Z[He‘IaCTOTHOﬁ JacTH Ly K €€ HH3KO-
H BBICOKOYACTOTHBIM YUACTKaM JKCIIATCIIBHO ITO BOSMOKHOCTH OCYIICCTB/IATH C IIOMOIINBKO OTPC3KOB,
KOTOPBIC HMCHOT H3JIOMEBI B COIIPATAOITHX YaCTOTax P



Ipumep. TpeGyeTca BRIIOTHHATH KOPPEKIIHIO CHCTEMEI, CTPYKTYPHAs cXeMa KOTOpOH IpHBEACHA
Ha PHC., IIOCIeI0BaTEIbHBIM KOPPEKTHPYIOIHM 3BEHOM, €CITH HEOOXOUMO 00ECTICUHTH CIEYIOIIHE
MOKA3aTEeIH: Omax < 30%, £, < 4C, JOCTATOYHBIH MPAKTHUECKH 3arac yCTOHIHBOCTH.

b i 4 1 XY
Wip) ’r—" ~ »—’[ : 5
LO.lp +1 0,5p +1 | 1L2p+1
05 |e

3anuiiem nepeaaTtoyHyo PYHKLMIO NCXOAHOW CUCTEMBI B PA30MKHYTOM COCTOSIHUM:

v () 30
e 01 +1)(05p + D)(12p + 1)

Ha ocHoBe 370l mepegaTouHoil (GyHKUHH CTpoHTCA JIAUX HECKOPPEKTHPOBAHHOH CHCTEMBI

Luc.JImd 3TOr0 BHIUHCIAIOTCA AaMIUIHTyJa HH3KouacTOoTHoro yuactka 201g30 = 29.5 06 u
COIPATAIOIIHE YaCTOTEI
o = i: L:IOC'I;a)2 :—1~: —1-: 2¢ o, :—l-:i:0,83c‘1.

T, 0,1 T, 0.5 T, 12
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I[TpH OCTPOEHHH L, YUTEM Bce HEOOXOAHUMEIE yCIOBHA. YacToTa cpe3a @, = = 28el

JIocTaTOYHBIE 3aIlaChl YCTOHYHBOCTH YUHTBHIBAKOTCA JTHHOH y4acTKa L, ¢ HaKIOHOM 20 A0/IeK He
MeHee + 10 10. HH3K0YAacTOTHBIH y4YacTOK L,c COBMECTHM C Ly, BBICOKOYACTOTHBIH — TaKXKe.
Beruntad L.. H3 Ly TEOMETPHUECKH, IOIYyUYHM L, — XapaKTEPHCTHKY IIOCIIEJOBATEIHHOIO
KOPPEKTHPYIOLIETO 3BEHA.

201gR Mo xapaktepuctuke L 3anuiiem
y [n6] nepenaToyHyto PYHKLMIO
1-(Tsp + DT, p +1)

W.(p)= 7 1
[y
a (0]




