I'maBa 5

OCHOBbBI TEOPUU ABTOMATHYECKOI'O
PEI'YJINPOBAHUA

5.1. ABToOMaTnueckoe PeryjiupoBaHue. OcHOBHBIE NOHSATHS
H OIIpCaAC/JICHUA

ABTOMATHYECKUM pETyJIHPOBAHUEM Ha3bIBACTCSd M3MEHEHHE Ka-
KOU-TM00 Pu3N4eCKON BEIUYMHBI IO TpeOyeMOMYy 3aKOHY 0€3 HemoCpeCTBEH-
HOT'O y4acTHs YeI0BeKa.

dusnueckas BeJIMUYWHA, MOJICKAIAss PETyIHPOBAHHMIO, HA3BIBACTCS P € -
ryJIupyeMold BEAHMYMHOM, a TEXHWICCKUH arperar (ammapar), B KOTOPOM
OCYIIECTBIAETCS aBTOMATHYECKOE PEryJUpOBAHHE, — PETyIUPYEMBIM
00bekTOM (00BEKTOM pPETYJIHPOBAHUS).

O06o03naunm yepe3 Y(t) GyHKIHIO, OMHUCHIBAIONIYIO N3MEHEHHE BO BPEMEHU
peryaupyeMoi Beaudusl, U mycth g(t) — QyHKIMs, XapaKTepu3yroIas 3aK0H e
u3MeHeHHs. Toraa OCHOBHAs 3aJa4ya aBTOMAaTHIECKOTO PETYIUPOBAHUS CBOIHT-
cs1 Kk obecreueHuio paBenctna Y(t)=g(t) 3a Bpemst pabOTBI CUCTEMBI C 3aJaHHOU
creneHbio TouHocTd. Oyukiust g(t) HassIBaeTCS 3a0auum 6030elicmeue.

B peanbHbIX 00beKTaX peryJIMpOBaHUs BCET/Aa CYIIECTBYIOT MPUYHMHBI, OT-
KJIOHSIOIIME PETYIUPYEMYIO BEIMYMHY OT TPeOyeMOro 3aKOHa M3MEHEHUS. DTH
NPUYMHBI HA3BIBAIOTCSA GO3Mywaiouumu 8ozoetcmeusimu (803myweHusmu) u
o0o3HayaroTCA:

fi(t), f2(1),..., fut).

Jlns 60pbOBI ¢ BO3MYyIEHUsIMU 00BbeKT peryaupoBanus (OP) cHaGxkaercs
peryimpytomum opranom (PO), Bo3neicTBys Ha KOTOPBIA (BPYYHYIO WIIA aBTO-
MaTHYECKH) MOXHO M3MCHSATHh PEryJIMPYEMYIO BEIIMYMHY, KOMIICHCUPYS HEXe-
JaTeIbHOE €€ M3MEHEHHE. Bo3aelcTBrEe Ha PEeryJUpPYIOMIMNA OpraH Ha3bIBACTCS
peayaupyrowum 6osoeticmsuem u 0003HavyaetTcs OykBoit p (puc. 5.1, a).

Y CTpoicTBO, aBTOMAaTHYECKH pEIIaroliee 3a1aqy peryJIupoBaHus B JAHHOM
00BEKTE, Ha3BIBACTCS agmomamuyeckum pecyaimopom. OObEKT PeTyIHpPOBAHUS
U aBTOMATHYCCKUH PETyJIATOp B COBOKYITHOCTH OOpPa3ylOT aBTOMATHYECCKYFO
cucremy peryiupoBanus (ACP) (puc. 5.1, 0).

Ecmm y(t) = g(t), a n = const, To ACP HaxoauTcs B CTallMOHAPHOM, WU
YCTAHOBUBIIIEMCSI PEXKHIME.

Ecmm y(t) = g(t),a n = var, o ACP HaxoauTcsl B HECTAllHOHAPHOM, HJIU
MIEPEeXOJHOM PEKUME PAOOTHI.

Ha puc. 5.2 npusenens! rpaduku Y(t) u X(t) B cTanmoHapHOM H TIEPEXO/I-
HOM pexumax padbotsr ACP.
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Puc. 5.1. O0bekT (@) ¥ cucTeMa aBTOMaTHYECKOTO perynupoBanus (0)
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Puc. 5.2. Pexxumsl pabotsr ACP:
(to—t1) u (t2 — t3) — ycTAaHOBUBIIUIACS PEIKKM;
(t1 — t2) u (3 — t4) — HEYCTAHOBUBIIHICS PEKHM,;
t1, t3 — MOMEHT BO31EHCTBUSA BO3MYILICHUS

5.2. IIpyHIUNBI PeryJTHPOBAHUS

Pa3nooOpa3Hbie, MCHOJIb3yEMbIE B COBPEMEHHOM TEXHUKE, PETYISTOPHI
CTpOSITCS Ha Oa3e OAHOrO U3 AIBYX OCHOBHBIX PUHLIUIIOB PETYIUPOBAHUS .

10 BO3MYIICHHUIO (110 BHEITHEMY BO3/ICHUCTBUIO);

10 OTKJIOHEHUIO (T10 OITHOKeE).

[IlpuHuun peryaiupoBaHUS MO BO3MYIIEHHUIO. ODTOT MPUHIHUI
ObL1 IpeayiokeH (paHIly3cKUM ydeHbIM [loHcene W BlepBble pealiM30BaH BO
BTOpoM nonoBuHe XIX B. pycckum snektporexunkoM B.H. UukoneBsiM B pas-
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pabOTaHHBIX UM PETYJSITOpax CUJIbI CBETa AYTroBbIX jJamil. [IpuHuun perynupo-
BAaHUA MO BO3MYIIAOIIEMY BO3JIECHCTBUIO HA3BIBAKOT TAKKE NPUHYUNOM KOMNEH-
cayuu 603MyueHUl.

OCHOBHOW BEJNMYHMHOW, OTKJIOHSIOUIEH PETYIMPYEMYIO BEIWYUHY OT Tpe-
OyeMoro 3akoHa, SIBJIIIOTCS BCSIKOTO pojia BO3MYIIAIOIIUE BO3ICHCTBUS.

JIist KoMIeHCallui BPEHOTO BJIUSIHUSI KAKOTO-TMOO BO3MYIIIAIOIIETO BO3-
JNEUCTBUS MOCJE €ro U3MEPEHUS] MOKHO OCYIIECTBUTH PETYIHPYIOIIUE BO3IEH-
CTBHS Ha 00BEKT, 00ECIIEUNBAIOIINE U3MEHEHUE BEIMYMHBI IO TpebyemMomy 3a-
KOHy. /{7151 TexHuueckoi peanu3anuu JaHHOTO MPUHIMIIA B COCTaB aBTOMAaTH4e-
CKOTr'0 pEryisiTopa JOJKHBI BXOAUTh YCTPOMCTBA, MO3BOJAIOMINE U3MEPUTH BO3-
MYLIAIONIEe BO3JACHCTBUE, U YCTPOMCTBA, MPEAHA3HAYCHHBIE JJIsl CO3/IaHUs pe-
TYJIUPYIOLIET0 BO3JCUCTBUSL HA O0BEKT perynupoBaHusi. [lepBrie Ha3bIBAIOTCS
yyecmeumenvHvimu dnemernmamu (U2D), a BTOPbIC — UCHOTHUMENbHBIMU DIeMEH-
mamu (D) perynaropa. Mexay 4yBCTBHUTEIBHBIMU JJICMEHTAMHU M HCIOJHU-
TEJIBHBIMU MOTYT OBITh BKJIFOUEHBI TPOMEKyTouHbIe 3eMeHThl ([19), mpenHa-
3HAQUYCHHBIC MJI1 YCUJICHMS WIM TpeoOpa3oBaHUsl CHUTHAlla YyBCTBUTEIBHOIO
AJIEMEHTA.

O6mas cxema ACP, peanu3syromiasi TpUHLKI PETryJIUPOBaHUS MO BO3MY-
IIICHUIO, MPUBEICHA Ha pHUC. 5.3.

PO —
opP

I
I
I
—— w | 1D e
I
: Perynsarop

Puc. 5.3. ACP no Bo3MyIIeHUIO

U3 puc. 5.3 BUAHO, YTO PETYIATOP TAKOTO TUIA OOECTICYNBACT HE3aBUCH-
MOCTh (MHBapUAHTHOCTH) PETYIUPYEMOW BEIWYHHBI OT BO3MYIIAIOIIETO BO3-
neiictBus ACP, paGoTaromux 1o BO3MYIIEHUIO, UMEET Psiji HEIOCTATKOB:

1. B ACP, paboTaromux no BO3MYLIEHHUIO, UHBAPUAHTHOCTb PETyJIHpYye-
MOl BETMYHMHBI 00ECTIEUNBAETCS JIUIIb IO OTHOUIEHUIO K TOMY BO3MYIIAIOIIEMY
BO3JICHCTBHIO, KOTOPOE M3MEPSAETCS UYBCTBUTEIBHBIM 3JIEMEHTOM PEryJATOpa.
Hanuune Gonpmioro yucia Apyrux, He KOHTPOJIUPYEMBIX PETYIATOPOM, BO3MY-
HIAIOUIUX BO3ACHCTBUN MPUBOAUT K TOMY, YTO pEryjaupyemMas BEIMYHHA OTJIU-
qaeTcsi OT TpeOyeMoro 3HaueHus, T.€. 3a7ja4a PeryJIMpoBaHus HE BBIIIOJIHAETCS.
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2. lTHBapuaHTHOCTH 10 OTHOIIECHUIO K BO3MYIICHUIO, H3MEPSIEMOMY UyB-
CTBUTEJIbHBIM 3JIEMEHTOM pEryisaropa, B paccMarpuBaemMbix ACP obecneuunna-
€TCS TOJIbKO MPU YCIOBUU CTPOTOTO COOTBETCTBHS MapaMeTPOB PETyJsITOpa U
00bEKTa MX pacyeTHBIM 3HaueHUsIM. 3MeHeHue MmapaMeTpoB PETyisiTopa HIH
o0bekTa (BCICACTBUE CTAPCHUS, BIMSHUS BHEITHUX YCIOBUW U T.JI.) IPUBOIHT B
TaKuX CUCTEMaxX K OTKJIOHEHHIO PETYJIUPYEeMOU BEIUYUHBI OT TpeOyemMoro 3Ha-
YEHUSI.

O6a ormeueHHbIX HegocTtatka ACP, paboTaromux 1Mo BO3MYILEHHIO, 00y-
CJIOBJICHBI T€M, YTO B TAKHUX CHUCTEMaxX MCTUHHOE 3HAUYCHHE PETryIupyeMoil Be-
JUYUHBI HE U3MEPSIETCA U HE KOHTpoaupyetcs. Perynupyroniee Bo3neiicTBue
OT PEryaupyeMoil BeIMUuHbI Y He 3aBUCUT. CucTeMa paboTaeT Mo pa3oMKHYTO-
MY IUKITY.

N3-3a 0OTMEUEHHBIX BBIIIE HEIOCTATKOB CHUCTEMBI, paboTaroniue mno pa-
30MKHYTOMY IUKIY, JJI PEIICHUS 3a]a4 aBTOMAaTU3AIMU MPUMEHSIOTCS TOJIbKO
B KQ4ECTBE COCTABHOM yacTu 0ojiee CI0KHbIX, KoOMOMHUpOoBaHHBIX ACP.

[IlpuHuun peryJlupoOBaHUS MO OTKIOHEHHIO. DTOT NPUHIUII
MOCTPOCHUSI aBTOMATUYECKUX PETYIATOPOB MPEASIOKEH U BIEPBBIE OCYIIECTB-
neH B 1765 r. pycckum mexanankoMm M.U. [Ton3yHOBBIM B peryisTope YpOBHS
BOJIBI B KOTJIC M300PETEHHOM MM IMapoBoi MamuHbl. Heckoibko mo3xke (He3aBu-
cumo ot M.U. Tlon3yHoBa) 3TOT MPUHIUI KCIOJIB30Ba] AHTJIUHCKANA MEXaHUK
JIx. Yart npu pazpaboTke HEHTPAIbHOTO PETYJsATOpa CKOPOCTH BPAILICHHS BbI-
XOJTHOTO BaJia MapoOBOM MalIWHBL. B CBSI3U ¢ ATUM MPUHIUIT PETYIUPOBAHUS 110
OTKJIOHEHUIO YaCTO HA3bIBAIOT npunyunom llonzynoea — Yamma.

OcnoBHas 3aaya ACP coctouT B BeInoHeHu# paBeHnctsa Y(t) = g(t), npu-
4eM 4eM TOoYHee coOirojiaercsi paBeHCTBO, TeMm ayuiie ACP. PazHocts mexay
TpeOyeMbIM 3aKOHOM HM3MEHEHHS peryiaupyemor BenuumHbl ¢(t) u medcTBu-
TEJIBHBIM 3aKOHOM e¢ n3MeHeHus Y(t) xapakrepusyet kauecTBo padoTel ACP:

X(t) = 9(H)-y (D), (5.1)
npu uaeansHoi padote X(t) = 0.
Jns onenku kadectBa pabotsl ACP ucnonb3yloT Tak Ha3blBaeMOE OTKIIO-
HEHHE!

y(®) = y(©-9(0). (5.2)
[IpuHuun peryiupoBaHusl MO OTKJIOHEHHUIO COCTOMT B TOM, YTO TE€M WJIHU
MHBIM MTyTEM ONpPEACIISIETCS OTKJIIOHEHUE MapaMeTpa U COOTBETCTBEHHO OCYIIIe-
CTBIISIETCS PETyJIUpPYIOlee BO3ACUCTBUE HA OOBEKT PEryJupOoBaHUs, CBOJAIIECE
OTKJIOHEHUE K Hymto. J[Jis ompeneneHus cUrHajga OTKJIOHEHUSI MCIOIb3YHOTCS
TPU DJIEMEHTA. 3a0arowuli, Yy8CMEUMEIbHbLL U CPAGHUBAOWUL. 3aTatOIINI
aJieMeHT popmupyeT Bozaerictue g(t).
UyBCTBUTENBHBIN 3JIEMEHT U3MEPSIET ICUCTBUTEILHOE 3HAUCHHE.
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CpaBHUBAIONIUN 3JIEMEHT MPEACTaBIsAeT COOOM MPOCTEHINee BBIYUCITH-
TEJILHOE YCTPOWCTBO.

OynkiuoHaneHag cxema ACP, paboTaromas no OTKJIOHEHUIO, MPUBEICHA
Ha puc. 5.4.

30

Co 115 o5 —+— PO

OP

Perynsarop

Puc. 5.4. ACP 110 OTKJIOHEHHIO

B 3T0i1 cxeme perynupyemasi BeIMYMHA Y U3MEPSIETCS UyBCTBUTEIbHBIM
2JICMEHTOM W TOJaeTcs Ha BXOJ cpaBHHBaroIero siementa (CD). Ha apyroi
BXOJ] CPAaBHMBAIOIIIETO 3JIEMEHTA MOCTYMAeT 3a/1aroliee BO3ecTBIE ¢, BhIpado-
TaHHOE B 3aj1aronieM d1emMenTe (33). Ha BeIxo/ie cpaBHUBAIONIECTO 3JIEMEHTa 00-
pasyetcs curHan otkjaoHeHus. [locne nmpeoOpazoBaHusi B IPOMEXKYTOUHBIX 3JIe-
meHTax ([12) curHam ommOKHM MOCTyIMAaeT HAa WCIIOJHHUTEIBHBIA MEXaHHU3M, Iie-
pEMEIAIONINI PEryIUpyIOIUNA OpraH TakuM oO0pa3oM, YTOObI CBECTH CHUTHAI
OmMOKU K HYII0. UyBCTBUTEIbHBIN, MPOMEKYTOUHBIA U MCHOJHUTEIIBHBIA Op-
raHbl B COBOKYITHOCTH 00pa3yloT aBTOMaTtudeckuii perynstop. Ha puc. 5.4 Bua-
HO, uTo ACP, paboTaromias Mo OTKJIOHEHHIO, COCTOUT U3 COCAMHEHHBIX MEXITY
coboii aBTomMarndeckoro perynsaropa (AP) u oobekta perynuposanus (OP). Ha
BXOJI PETYJATOPA MOCTYIAIOT 33JAI0IINAE BO3ICUCTBUS J U PEryJIMpyeMas BeJIU-
yyHa Y. BBIXOAHON BEIMYMHOMN ABJSETCS PETYIUPYIOLIEE BO3IECUCTBUE, MPUIIO-
KEHHOE K PETYJIHUPYIOLIEMY OpPTraHy.

B oTnuume oT perynvpoBaHUsl MO BO3MYILIEHHUIO MPU PETYIUPOBAHUU T10
OTKJIOHCHUIO HU OJTHO M3 BO3MYIIAIOIINX BO3JICCTBHUI HE U3MEPSAETCS.

OcHoBHbIM TNipenmytiecTBoM ACP, paGoTaromux 1Mo OTKIOHEHHUIO, TEpes
ACP, peanu3yommMy TPUHLIMUI PETYIUPOBAHUS IO BO3MYIIECHUIO, SIBIAETCSA UX
CIIOCOOHOCTh BBIMOJIHATH 3a/1auy PEryJupoOBaHUsl MPHU JIIOOOM YHUCIE BO3MY-
narux Bo3aeicteuil. O0bscHseTcs 3T0 TeM, uto B ACP, paboTarouux mno ot-
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KJIOHEHHIO, HU OJTHO BO3MYILIEHHE HE U3MepseTcs; paboTa CUCTeMbl HE CBsI3aHa
HU C KakKUMH KOHKPETHBIMH BO3MYIIEHHUSIMU. BMecTO BO3MyIlIEHHS B TaKUX
CHUCTEMax HEMPEPBIBHO U3MEPSETCS OTKIOHEHUE, XapaKTEPU3YIOIIEee COOTBETCT-
BHE€ JICUCTBUTEIBLHOIO 3aKOHA U3MEHEHHS PETYIUPYEeMON BEIUYHHBI TPEOyeMo-
My. Bropeim npeumymiectBoM ACP, paboTaromux mo OTKIOHEHUIO, SIBISETCS
OTCYTCTBUE MECTHBIX TPEOOBAaHUU K CTAOMIBHOCTH XapaKTEPUCTUK AJIEMEHTOB
perynsitopa u 00bekTa. O0YCIOBIEHO 3TO TEM, UTO U3MEHEHUE MapaMeTPOB pe-
ryJasTopa U 00beKTa NPUBOJUT K MOSIBICHUIO OTKJIOHEHUS, KOTOPOE HEMEJICH-
HO OOHAPYKUBAETCSI CUCTEMOU U JIUKBUTUPYETCH.

Takum o6pazom, ACP, paboraroimiue Mo OTKIOHEHHIO, JTUIIEHBI OCHOBHBIX
HegoctatkoB ACP, paboTaronux mo BO3MYILEHHIO. DTO OOCTOSTENBCTBO SBH-
JIOCh MIPUYMHOM TOTO, YTO B HACTOSIIEE BPEMS PETYJIHPOBAHKE MO OTKIOHEHUIO
SBJISIETCS. OCHOBHBIM IMPHUHIIMIIOM MOCTPOEHUSI PETYJSITOPOB B CAMBIX pa3iany-
HBIX 001aCTSIX TEXHUKHU.

ACP, paboraroniye no OTKJIOHEHHUIO, MPEJICTABISAI0T COO0M CUCTEMBI ¢ 00-
paTHOM cBs3bI0. [1o71 0OpaTHOM CBSI3BI0 MOHMMAIOT MOJaYy CUTHAJIA, KOT/Ia CHUT-
Haj oOpaTHOM CBSI3U CKJIQ/BIBAETCS C BXOJAHBIM CUTHAJIOM, oOpaTHas CBs3b Ha-
3bIBACTCSI TOJIOKUTEIBHOW, €CIM BBIYUTAECTCA, — OTPULATENbHOU. [ cuctem
pPEryJIupoBaHUsl BXOJIHBIM YCTPOMCTBOM SIBJISIETCS 3aJaroliee BO3JAeicTBUE (,
BBIXOJIHBIM — PETyJupyeMasi BeIMUMHA Y.

Hanuuue oGpatHoit cBsizu B ACP, paboTtaromux 1no OTKJIOHEHHIO, MPUBO-
IUT K 00pa30BaHUIO 3aMKHYTOTO KOHTYpa mepenadd Bo3aeucTBuid. Perymnstop
JEUCTBYET HAa 00BEKT, OOBEKT, B CBOIO OYEpPE/ib, BO3ICUCTBYET Ha peryustop. B
cBs3u ¢ 3tuM ACP, peanusyromne NpUHIUIT PETYJIUPOBAHUSA 110 OTKIOHEHHIO,
Ha3bIBAIOT CUCTEMaMH, pabOTAIOMIMMU 10 3aMKHYTOMY LUKITY, WJIH 3aMKHYThI-
MU cuctemamMu. OJJHaKO cUCTEMaM ¢ OOPATHOW CBSI3bIO MPUCYIIU U HEKOTOPHIC
HEJIOCTaTKH.

Tak kak peryiaupyrouiee Bo3/IeiCTBUE, HAMIPABICHHOE HA JTUKBUIALUIO OT-
KJIOHSHWMSI, TIOSIBIISIETCST TOJIBKO Tipu Y = 0, TO, ClIeI0OBaTENBHO, MPEXK/IC YeM JINK-
BUJIUPOBATh OTKJIOHEHHUE, HEOOXOUMO JOMYCTUTh €ro BO3HUKHOBeHUE. Kpome
TOT0, 3aMKHYTbIE€ CUCTEMbI CKJIOHHBI K KOJIE€OaHUSIM.

O6a ormeuennbix HenocTtatka ACP, paboTaromux mno oTKJIOHEHUIO, OTCYT-
CTBYIOT Y CHCTEM, pabOTarOIMX MO BO3MYILEHUIO. B TO ke Bpems, Kak yxe yka-
3bIBAJIOCH, CUCTEMBI, pa0OTAIOIINE MO OTKIOHEHHUIO, JTUIIEHBI OCHOBHBIX HEJIOC-
TaTKOB CHCTEM, pabOTarolmuX MO Bo3MylIeHHUI0. [loaTomy 1erecoobpa3zHo wuc-
MOJIb30BaTh 002 OCHOBHBIX MPHUHIMIIA PETYJIUPOBAHUS B oaHOU cucteMe. Cuc-
TE€MbI, B KOTOPBIX OJJHOBPEMEHHO HCIOJIb3YETCA KaK PEryIUpOBaHUE MO OTKIIO-
HEHMIO, TaK U PETYJIMPOBAHUE MO BO3MYIIEHUIO, HA3BIBAKOTCS cUCmemamu Kom-
Ounuposanno2o pezyruposanusi. Takue cucTeMbl OOBIUHO MPEACTABISAIOT COOOM
COUETaHHE JIBYX CHUCTEM, OJHA U3 KOTOPBIX pabOTaET M0 3aMKHYTOMY, a BTOpas —
0 PA30MKHYTOMY IIUKITY, 00€CII€YMBAeT MHBAPUAHTHOCTh PETYJIUPYEMOU BEJIH-
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YHHBI 110 OTHOIIECHUIO K OJJHOMY M3 OCHOBHBIX BO3MYyIIeHUH (puc. 5.5), Hanbo-
Jiee CHJIBHO BIIUSIOIIEMY Ha PETYIHPYEMYIO BEJIUUYUHY.
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Puc. 5.5. Kom6unupoBannas ACP

Cuctema, paboTaroiiias o 3aMKHYTOMY LMKy, CHUMAET BPEIHOE BIHSHUE
BCEX JAPYrUX BO3MYHIIAIONMIUX BO3JeUCTBUU. [IpomMexyTOUHbIE U MCHOJHUTEINb-
HBIE JIEMEHTHI Y 00€UX CUCTEM SIBJISIFOTCS] OOLIIUMH.

5.3. OcHOBHEBIE BHU/IbI aBTOMATHICCKUX CUCTEM pPEryjimpoBaHusi

B 3aBucumoctn ot 3akoHa ((t) u3meHeHHs peryaupyeMor BeawuuHbl Y(t)
Bce ACP npuHSTO IeIUTh Ha CUCTEMBI CTAOMIIU3aIlNH, TIPOTPAMMHOIO PEryJin-
POBaHHUS U CIICIISAIIHE.

CucTeMbl cTaOUIHM3ANMUH MPESAHASHAYCHBI JIUIS MTOIJICPIKAHUS ITOCTO-
SIHHOTO 3HaYeHUs peryiupyemMort Benndaunsl Y(t). B aTux cucremax

g(t) = const.

CucTeMBbl MPOTPAaMMHOTO PETYJIHPOBAHUS NpeTHA3HAYCHBI JIJIS
WU3MEHEHUs peryinupyemMor BennduHbl Y(I) 1m0 U3BECTHOMY 3aKOHY B (DYHKITUH
BPEMEHHM WJIM KakoW-1uOO Apyroil BenwuuHbl. B Takux cuctemax 3ajaroiiee
BO3JICIICTBUE TpEACTaBIsieT CcOOOW 3apaHee M3BECTHYIO (YHKIHIO BPEMEHHU
g(t) = go(t) mm g = go(z) U ee YacToO HA3BIBAIOT NPOSPAMMOU PecyIUPOBAHUSL.
[Tporpammer Buga Q(t) =go(t) HaswbIBaroTCS 6pemenmsvimu, a MPOrpaMMbl BHAA
g = 9o(2) — napamempuuecrkumu.
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Crnensimiue cUCTEMBbl MpEIHA3HAYEHBI JJII U3MEHEHUS PETYIUPYEMOit
BenunHbl Y(t) MO 3aKOHY, KOTOPBIM 3apaHee HEW3BECTCH. B Takumx cucTteMax
Bo3jeiicTBre ¢(t) mpencTaBiseT coO00H CIlydaliHyIO (YHKITHIO BPEMCHH.

B 3aBHCHMOCTH OT HalIU4YMs CTAaTUYECKUX CBOMCTB BCE CHCTEMBI aBTOMa-
TUYECKOTO PETYIUPOBAHUS PA3ACISIIOT Ha CTATUYECKUE U ACTaTUYECKUE.

CucTtema aBTOMAaTHYECKOT'0 PEryJIMpOBaHUs, B KOTOPOUl B yCTaHOBUBIIIEMCS
COCTOSIHUU CYIIIECTBYET OJIHO3HAYHASI 3aBUCUMOCTh MEXKAY 3HAUCHUEM peryJiu-
pyeMoOil BETUYUHBI U MOJIOKEHUEM PETYIUPYIOUIEro opraHa, Ha3bIBaeTCsa cTa-
TUYECKOM.

AcTaTuuecKOM Ha3bIBAIOT CUCTEMY aBTOMATUYECKOTO PEryIupOBaHUs,
B KOTOPOM MOJIOKEHUE PETYIUPYIOIIETO OpraHa HE CBSI3aHO C YCTAaHOBUBIIUMCS
3HAYEHUEM PETYJINPYEMOUN BEITUUYHHBI.

B 3aBUCHMOCTH OT CITOCOOHOCTH IPHCIIOCA0IMBATLCSA (adaTHPOBATHCS) K
M3MEHSIOIIMMCS BHEIITHUM YCJIOBUSM U T€PECTPauBaThLCA TaKUM 00pa3oM, 4UTO-
OBl KOMIICHCUPOBATh YKa3aHHbIC U3MEHEHMS, CUCTEMbl aBTOMAaTHYECKOTO pery-
JUPOBAHUS Pa3ACIAIOTCS HA SKCTPEMaJIbHBIE, CAaMOOOyJaromuecss U o0ydaeMbie.

B »kcTpemManbHBIX CHCTEMaX aBTOMATHYECKH IOJJIEPKHUBACTCS
sKCTpeMaibHOEe (MHHHUMAIbHOC M MaKCHMAaJbHOE) 3HAYCHHE PEryInpyeMOro
rapaMeTpa, COOTBETCTBYIOIIEE ONTHMAIBHBIM YCIOBHUSM IPOTEKAHUS PEryiu-
pyeMoro mnpoiiecca.

CaMooOyyarmomenicss CUCTEMOMN Ha3bIBAeTCS Takas CHCTEMa, B KO-
TOPOM cCaMOOOYyUYEHHE MPU OTHICKAHUU ONTUMAIBHOTO pekruMa paboThl 00bEKTa
peryJIMpoOBaHMs BCE BPEMS aBTOMATHYECKH COBEPIICHCTBYETCS MO MEpPE HAKOI-
JICHHS B CUCTEME OTbITa PETYJIUPOBAHUS.

OO0yyaeMoO¥W cuUCTEMOUN Ha3bIBACTCS TaKas CHUCTEMa, B KOTOPOM s
HOpPMaJIbHOTO ()YHKIIMOHHUPOBAHHMS B IMpOIllecCe padOThl HAKATUITMBAETCS OIBIT, a
oOyuJaroree Bo3/IeMCTBUE CUCTEMA MOJydaeT U3BHE UJIM CO CTOPOHBI YEJIOBEKA —
omepaTopa, WJIH CO CTOPOHBI aBTOMATHYECKOrO OOydYalolIero yCTpPOMCTBa, HE
BXOJIAIIETO B COCTaB 3TOU CHCTEMBI.

5.4. TunoBble TUHAMNYECKHE 3BEHb ABTOMATHYECKHX CHCTEM
peryJiupoBaHus

B Teopun aBTOMAaTH4YECKOI0 peryJIupoBaHus PEIIAlOTCS IBE 3a/1aUu:

ONpe/ieJICHUE CTENEeHU YJIOBIECTBOPEHUSI CUCTEMBbI MPEAbSIBISIEMbIM K HEH
TpeOOBaHUSIM (aHAIH3 CHCTEMBI);

MPOSKTUPOBAHUE CUCTEMBI 110 33JJaHHBIM TPEOOBaHUAM (CHHTE3 CUCTEMBI).

JIist mojiydeHus: KpUBOM pPEryIupoBaHUs HEOOXOAMMO PEIIUTh CUCTEMY
YpPaBHEHUH, OMUCHIBAIONIMX CBOMCTBA 351eMeHTOB ACP 1 MX CBsI3U IpU HA4aIb-
HBIX YCJIOBUSX U JJIs ONpPENETIEHHOro Bo3MylleHusl. Tak Kak peub uier o0 u3-
MEHEHHSIX BO BPEMEHH, TpeOyeTcs peliarh cucteMy audpepeHunanbHbIX ypaB-
HEHHU, YTO BEChMa CJI0KHO, @ MHOTJ]a U HEBO3MOXKHO. OJTHAKO MOYXHO MOJIb30-
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BAaThCA PANOM YIPOLICHUN NPU PEHICHHM 3a1ad cuHTe3a wiu aHammsza ACP c
MOJIy4Y€HUEM TOYHOCTH, IOCTATOYHOM JjIsl mpakTuueckux neneil. [Ipexae Bcero
HeoOxoauMo pa3outb ACP Ha 3rieMeHTapHbIE 3BE€Hbs, U HE 0053aTeNbHO, YTOOBI
3BEHbSI COBNAIM MO (PYHKIIMOHATLHOMY WM KOHCTPYKTUBHOMY MpPU3HAKAM, HO
ObLTM OBl UICHTUYHBI IO JUHAMUYECKUM CBoMcTBaM. OOIIMX MpaBUJl BHITOJIHE-
HUS 3TOTO IlIara He CYIIECTBYET, HO 3BEHbSI HE JOJLKHBI OBITh CIUIIKOM KpPYII-
HBIMU U CJIOKHBIMHU, WHau€ TPYJIHO MAaTEMAaTHYECKU UX ONHCaTh, U €CIH pa3-
OMBKa CJIMIIIKOM MEJKasi, TO Pe3KO YBEINYMBAETCS YUCIIO YPABHECHUM.

DNEeMEeHThl aBTOMAaTHUUYECKUX CHUCTEM PETyJIUPOBaHUs, UMEIOIIUE pa3iny-
HYI0 KOHCTPYKIUIO U MPUHIIUIBI JTEUCTBUS, UCTIONB3YIOUIUE PAa3HbIE BUbI SHEP-
MU U BBIMOJHAIONINE pa3Hble (YHKIUMHU, ONMUCHIBAIOTCS OJMHAKOBBIMU Audde-
PEHLUAILHBIMA YPABHEHUSIMH, T.€. 00JaJal0T aHAJIOTUYHBIMU JUHAMUYECKUMHU
cBoiicTBamMu. Hampumep, 1Ba pa3iMuHBIX ycTpoicTBa (puc. 5.6) omuchIBatOTCS
OJIHOTUMHBIMU AU (DHEPEHIINATBHBIMU YPABHEHUSIMU.

IIpyxuHa
\ s NN e[

UBX C : : UBLIX

o

Puc. 5.6. YCTpoHCTBO ¢ OTHOTHITHBIM NEPEXOTHBIM MTPOIECCOM

[ToBeneHne MexaHmdeckoro ycrpoicra (puc. 5.6, @) onuceIBaeTcs ypaB-
HEHUEM

J(d?%a, /dt*+Ka, =0, (5.3)

BBIX
TJI€ Olgyx U Olgx — YTIIBI IOBOPOTA BBIXOJHOT'O U BXOJIHOTO BaJIOB YCTPOMCTBA CO-
OTBETCTBEHHO; J — MOMEHT uHepiuu MaxoBuka, K — koadduiment ynpyroctu

MPYKUHBI.
[ToBenenue anmexktpudeckoi e (5.6, 6) onuckBacTCS ypaBHCHHEM
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LC(d°U, )dt?*+U__ =U_, (5.4)

BBIX BBIX

rae Ug u U — HampsbkeHHe Ha BXOAE W BBIXOJE €U COOTBETCTBEHHO;
L — mHAyKTHBHOCTH KaTymkH, C — eMKOCTh KOHJEHCATOPA.
O06a ypaBHEHHUS MOKHO MPUBECTH K BUIY

a(d?x, /dt? +bx_ )=cx2 (5.5)

BBIX

TJIC Xpx M Xpex — BXOJIHAS Y BBIXOJIHAS BEJIMYMHBI COOTBETCTBEHHO; &, b, C — mo-
CTOSIHHBIE KOA(DPUIIUEHTBHL.

OnHOTUIIHBIE 3BEHBSI TAIOT OTKIMK OJHOTO U TOTO € BUJIa HA OJITWHAKOBbBIC
BXOJHBIC BO3JICHCTBUSI, MOATOMY €CIIM U3BECTEH BUJI 3B€HA, U3BECTHO U €ro Io-
BeZicHHe. biiaromapst 3ToMy CBOHCTBY MOXHO WACHTH()HIIMPOBATH 3BEHO (T.e.
YCTaHOBUTH €TI0 TUII) M ONPEICIUTh €ro mapaMeTphl (3HaueHHs K0d3()PHUIIMeHTOB
B nudepeHmabHOM YpaBHEHHH) TI0 OTKJIMKY 3BE€HA HA CTaHIAPTHOE BO3JICH-
CTBHUE.

KpuBbie oTKIMKa Ha Takue BO3JEUCTBUS, T.€. U3MEHEHHS BBIXOJAa 3BEHA
y = f(t), Ha3BIBAIOTCSA 6pemennbiMuU Xapakmepucmukamuy, MPUYeM OTKJIHK Ha
€AMHUYHBIN CKauOK HA3bIBACTCS KPUBOU PA32OHA.

[Ipu pazouBke ACP Ha 3BeHbSI OHU JIOJKHBI OCTAThCS 1O CBOEH MpUpPOJE
JIETEKTUPYIOIINMU, UHAYE TOBOPS, UMETh HampaBiieHHoe JelictBue. [lpu 3Tom
CBSI3b MEXKJy CUTHaJlaMH Ha BXOJI€ M BBIXOJIE B KaXKJIOM 3BEHE OJIHOCTOPOHHSIS,
HaIpaBJICHHAS.

[locne pa3OUBKU CUCTEMBI PETYJIMPOBAHUS HA 3BEHbS MOIYYalOT UX YpaB-
Henue. C 3TOM LeNbl0 JJIS KaXKJ0rO 3BEHA 3alMCHIBAIOT YpaBHEHHUE OallaHca
(MaTepuabHOTO, TEIUIOBOTO W T.J.), YPaBHEHHWE KUHETHKH W T.I. V3 CHCTEMBI
ypaBHEHHU 3BeHa MOJIy4aroT ero AuddepeHimaibHoe ypaBHEHUE.

[TpumepHbIN NOPSAIOK cocTaBieHus: AUQdepeHIInaibLHOTO YpaBHEHUS 3Be-
Ha 3aKJII0YaeTCs B CIAEAYIOLIEM

OMPENIENAIOT BXOAHYIO U BBIXOJHYIO BEIMYUHBI 3BE€HA U YCTAHABIUBAIOT
JOTOJHUTENbHBIE (DAKTOPHI, OT KOTOPHIX 3aBUCUT BBIXO/IHASI BEJIMUUHA;

BBIOMPAIOT HAYaJIO0 OTCUETA M TMOJIOKUTENIbHbIE HANPaBJICHUS BCEX BXOJIf-
[IUX TEPEMEHHBIX;

BBOJISIT T€ WJIM MHBIC YIIPOIIEHUs (JIOMyIeHUS);

UCIIOIb3YIOT OCHOBHbBIE 3aKOHBI TOM OTPACIM HAYKH U TEXHUKHU, K KOTOPOH
OTHOCUTCS UCCIIelyeMO€e 3BEHO: 3aKoHbl Kupxroda ais 371eKTprUuecKuX 3BEHb-
€B; 3aKOoHbl HpIOTOHA — 711 3B€HHEB MEXAHWYECKOW MPUPOJIbI, 3aKOHBI COXpa-
HEHHUSI SHEPTUU U BEUIECTBA — JJIsSI TUAPABINYECKUX U THEBMATUYECKUX 3BEHHEB
u ap.

HudbdepenumansHoe ypaBHEHUE 3BE€HA OTPa)KaeT ero cBoiictBa. Bce 3Be-
Hbsl, KOTOpPbIE MMEIOT aHaJOTHYHble TUudPepeHInanbHble YpPaBHEHUS, UMEIOT
aHAJOTUYHbIEC TUHAMUYECKHUE U CTATUYECKUE CBOMCTBA, HE3aBUCUMO OT (pu3Hye-
CKOM TIPHPOJIbI 3B€HA (XUMHUYCCKHIA amnmapar, IermovyKka dJeKTPHUSCKUX dJIEMCH-
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TOB U T.II.), TIpoIlecca, MPOTEKAIOMIETO B HEM, €r0 BXOJla U BBIX0JId. DTO MO3BO-
JS€T BBIICNTUTHh HEOOJBIIOE YHUCIO JUHAMUYECKUX 3BEHBEB U OTHECTH JIHOOOE
JIMHENHOE 3BE€HO K ONPEAECIEHHOMY BUY.

Pemiennie auddepeHnmanbHbIX YpaBHEHUN TUIOBBIX 3BEHBEB MPEICTABIIA-
€T ONPENECICHHYIO CII0O)KHOCTh. B CBSI3M C 3TUM MCIHOJB3YETCA ONepaToOpHas
dbopma ux 3amucH, KoTopas JaeT BO3MOKHOCTb OCYIIECTBUTH onepanuu nudde-
PEHLUPOBAHMS U UHTETPUPOBAHMS U 3aMEHUTh UX HA 0oJiee MPOCThIE alredpau-
YECKHUE OIEepaluu HajJ HEKOTOpbIM omnepaTtopom P. Omeparop P 3aMeHsieT ome-
pauuio auddepeHnupoBanus no BpeMenu, T.e. d/dt. B pesynprare MoxHO pe-
muTh TuddepeHnnaibHOe ypaBHEHNE alreOpanyecku, T.€. He UCTIONIb3Ys CIIOXK-
HYIO OIEpaluio MHTerpupoBaHusa. HeoOXoauMo OTMETUTH, YTO MPU PEIICHUU
muddepeHnanbHbIX YPaBHEHUN OMEPaTOPHBIM METOJOM OCYIIECTBISETCS Tie-
peXo OT JaHHBIX PYHKIUI (OPUTHHAIOB) K X H300paXKeHUsAM. YKa3aHHBIN Iie-
pexoJ U oOpaTHBIH, T.€. MEPEX0]] OT U300PAKEHUI K OpUTHHAJIaM, OCYILIECTBIIS-
eTcs ¢ moMouislo popmysl Jlamnaca — Kapcona:

X(P) = PTe‘p‘x(t)dt, (5.6)

r7ic € — OCHOBaHME HaTypaibHOro jorapudma; X(t) — ucxogHas GyHKIUS Bpe-
MeHH; P — KOMIUIEKCHAsI IEpeMEHHasi, Ha3blBaeMasi 0nepamopoMm.

Ha npaktuke nepexoa OT OpUTMHAIOB K U300paKEHUSIM U 00paTHO MPOU3BO-
JTUTCA TI0 TabIuIEe M300paKeHUI TUMOBBIX (DYHKIIMHM, BBIUMCIEHHBIX 1O (opMylie
(5.6).

®dynknus X(P), kak BumHO 13 BhipaxeHus (5.6), momydaeTcss yMHOKEHUEM
X(t) Ha SKCIOHEHIMATBbHYIO (QYHKIIUIO U WHTETPUPOBAHUEM IOJYUICHHOTO TPO-
U3BCICHMS B Ipeeax OT Hy/s 10 OeckoHeuHocTH. B Beipakenuu (5.6) P pac-
CMaTPHUBACTCS YK€ HEe KaK (yHKIUS BPEMEHHU, a Kak (DYHKIHUS KOMIUIEKCHOTO
quclia

P=c— jw, (5.7)

r7ie G U JW — COOTBETCTBCHHO JICHCTBUTEIbHAS 1 MHAMAsl YaCTH.

OyHKIMS BpEMEHHU, KOTOpas MpeoOpa3yeTcs, Ha3bIBACTCS OpUSUHANOM, A
(GyHKUUS, TOTyYEHHas B Pe3yJibTaTe MPeoOpa30BAHUS, — U300PANHCEHUEM.

Omneparus nepexoaa ot pyHkuu XZ(t) k ee omepaToOpHOMY U300paAKCHHIO
X(P) naszwvieaemcs npsamvim npeodpaszosanuem Jlannaca. ObpaTtHas omeparms,
T.¢. HaxoxaeHue GyHkIuu X(t) mo ee oneparopuomy nzoodpaxenuto X(P), Ha3bI-
BaeTCs oopamuvim npeoopazosanuem Jlannaca. IlpeodbpazoBanue Jlammaca mo-
3BOJISIET HAXOJUTh penieHre auddepeHnnanbHoro ypaBHeHus 0e3 HermocpeacT-
BEHHOTO €r0 MHTETPUPOBaHUS. B 3TOM cilydae cHadajga HaXOIsIT W300paKeHUE
HCXOJHOTO ypaBHEHUS, a 3aTEM PEIIAl0T M300paKeHNE OTHOCHUTEIHLHO WHTEpE-
cytouiei Benuuunbl. [lonydyeHnHoe ypaBHeHHue OyneT nzoOpaxenuem mno Jlama-
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cy. UtoObl HaliTu pemieHue audPepeHuanbHOr0 ypaBHEHUS, T.€. (DYHKIIUIO
BPEMEHH, CJIEAYET MO U300PAKEHUI0 HAWTHU OPUTHHAI. DTa ONepalusl BhIMOIHS-
€TCs ¢ TOMOIIBI0 00paTHOTO MpeodpazoBanus Jlamraca.

[lo nuddepenunanbHOMYy ypaBHEHHMIO 3B€HAa MOXKHO HAWTH €ro mepena-
TouHyto QyHkuuwo. Mcnonbp3oBanue nepeaaTouHbIX (DYHKIUNA 3BE€HA YIPOIIAET
pPacCMOTPEHUE OTNENbHBIX 3BEHHEB M CHCTEM aBTOMATHYECKOrO YIpPaBJICHUS B
uenom. Ilepenarounas GyHKIMS 3B€HA BBIPAXKAET CBA3b MEXKY €ro BBIXOJOM U
BXOJOM: OHA MOKAa3bIBAET, KAKYIO OIEPAIMI0 COBEPIIAET 3BEHO HAJ BXOJHBIM
BO3jeiicTBUEeM. Takum o0pazoM, nepedamouHol QyHKyuel 36eHa HA3bl8Aemcs
OMHOUIEHUEe ONepamopHO20 U300padtcenus YHKYUU CUCHANA HA 8bIX00e 36€HA
Y(P) x onepamopnomy uzobpadicenuio ynkyuu 603myuiaroujeco 8030etcmeust
Ha 6xode moz2o dnce snemenma X(P).

Ilo nuddepenunanbHOMy ypaBHEHHIO 3B€HAa MOXKHO HAWTH €ro mepena-
TouHyto (yHKuMO. Hampumep, eciau 3BeHO omuchiBaeTcs AuddepeHImanibHbIM
ypaBHECHUEM

dy
T—=—+y=Kx 5.8
ot y (5.8)

WIH B OIlEpaTOpHOH opme
TV y(P) = Kx(P).
[lepenarounas pyHkus OyaeT UMETb BUA!
W(P)=K/(TP+1). (5.9)

[lepenaTounass QyHKIUS CIYXKUT NIl aHaiau3a CBOMCTB 3BeHbeB U ACP.
[lepenaTounass pyHKUIMS TUHEHHOrO 3BEHA MO BHEIIHEMY BO3JCHCTBUIO HE 3a-
BUCHUT OT 3aKOHA U3MEHEHUS BO3ACHUCTBUS U OINPEAEIACTCS TOJIBKO CBOMCTBAMU
CaMoro 3BEHA.

PaccmoTpum Hambosee 4yacTo BCTpedaroluecs JUHAMHYCCKHUE 3BEHBS U
ompeaeIuM I KaKJI0T0 U3 HUX OCHOBHBIC XapaKTEPUCTUKU. TU(depeHIINATb-
HOE YpaBHEHUE, MepeJaTOUHYI0 (DYHKIINIO, BPEMEHHYIO U JIP.

Be3biHepuHoHHOE 3BeHO (HaeanbHOe). be3bIHepIIMOHHBIM 3BEHOM Ha3bl-
BA€TCsl TaKO€ 3BEHO, B KOTOPOM BBIXOJIHAsI BEJIWYMHA ) MOPONOPIHOHATIbHA
BXOJHOM X, T.€. BBIXOJHAsl BEJIIMYMHA U3MEHSETCS MO TOMY K€ 3aKOHY, 4TO U
BXOJIHAasI, U BOCIIPOU3BOJIUT 0€3 UCKAKCHUM U 3alla3bIBAaHUN BXOJHYIO BEJIMYH-

HY:
y = KX. (5.10)
IlepexonHplid mpolecc B YCHWIMTEIBHOM 3BEHE OTCYTCTBYET. [Ipumepom

0e3bIHEePIHMOHHOTO (YCHUIIMTEIBLHOT0) 3BeHA MOXKET CIIY)KUTh PhIUa)KHOE YCTPOK-
ctBo (puc. 5.7).
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Puc. 5.7. PeryaxkHoe ycTpoiicTBO

[lepeMelieHre OHOTO KOHIA pbhlYara BBI3BIBAET COOTBETCTBYIOIIEE Iepe-
Metenue BToporo. Koadgdunment ycunenus K omnpenensercss BEIUYUHON OT-
HOIIEHUS TUIeY pblyara. XapakTepHOW BEJIMUMHONU TAKUX 3BEHBEB CIYXKHUT TOJb-
KO OJIHa BeJMYrHA — Ko puimenT ycunenus K.

K ycunurenbHbIM 3BEHBSIM MOKHO OTHECTU YCUJIUTEIb HAIMPSKEHUSI, YCH-
JUTEIBHYIO JTAMITY, TPAH3UCTOP, PEAYKTOP, TpaHCHOopMAaTOp U T.1I.

[lepenaTounas pyHKIUs OE€3BIHEPIIMOHHOTO 3B€HA UMEET BU!

W(P) = K. (5.11)

Amnepuonuyeckoe (MHEPIHOHHOE) 3BeHO. ANECpUOIUYSCKUM (MHEPIIMOH-
HBIM, pETaKCaIllMOHHBIM, OJJHOCMKOCTHBIM) Ha3bIBACTCS 3BEHO, B KOTOPOM IPH
CKaYKO0OOpPa3HOM HM3MCHCHHMH BXOJHOW BEJIMYMHBI X BBIXOJHAS BEIUYMHA Y TIO
OKCIIOHCHIIMATHHOMY 3aKOHY CTPEMHUTCS K HOBOMY YCTAHOBHBIIIEMYCS 3Haue-
HUIO0. /laHHOE 3BEHO MMEET CBOMCTBO HAKOILICHHMS, KaK JIBA COCTMHEHHBIX MEXK-
Ay co0oil 351ieMeHTa, OJMH U3 KOTOPBIX 3aIlacacT YHEPTHIO WK BEIIECTBO, a BTO-
poli co3/1a€T CONPOTHURIICHHUE MPOTCKAHUIO YHEPTHH HIIM BEIIECTBA, B PE3yJIbTa-
TE€ Yero IMOJIAHHBIA Ha BXOJI TAKOT'O 3BEHA CUTHAJ BHI3BIBACT U3MCHECHHE BBIXO/I-
HOW BEJTMYMHBI C HEKOTOPBIM 3ara3abiBanieM. OMUCHIBACTCS 3BEHO YpaBHECHUEM
MEPBOTO MOPSAJIKA C MOCTOSHHBIMU KOA(DPUIIMEHTAMU:

Tdy/dt+y = KX, (5.12)

rae T u K — moctostHHbIe K03 duimeHTs! (T — mocTossHHAs BpeMenu, K — mepe-
JATOYHBIN KO3(DPUIMEHT), KOTOPhIC 3aBUCAT OT MPHUHIIMIIA JCHCTBUS dJIEMEHTa
U €ro KOHCTPYKIIUHU.
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Pemennie auddepeHmaibHOro ypaBHeHUsI 3B€HA MpPU €AMHUYHOM BXOJ-
HOM BO3JICVCTBUU a€T BBIPAXKEHUE JIJISl IEPEXOAHOM (PYHKIIMH 3BEHA

_t
y=Kx/1-¢e °

WJIU, YYUTHIBAs, 4TO X = 1,

_t
y=K|1l-e 7 |. (5.13)

B kauecTBe mpuMepoB anepuoaMYECKUX 3BEHHEB MOXKHO MPHBECTH YCT-
pOICTBa, MMOKa3aHHKIC HA puUC. 5.8.

—
y =Py X =Ppes
O/'\ R
F— 2
X U, =X C_— Uux=Y
"
a 4]

Puc. 5.8. [Ipumeps! anepuoJuuecKux 3BeHbEB:
a — eMKOCTb IIEpUOJUYECKOr0 3aII0OTHEHUS,
6 — KoneOaTeIbHBIN KOHTYD

Takum 00pa3zoMm, MOCTOSIHHASI BPEMEHU | arepHoAnYeCcKOro 3BeHa YMCIICH-
HO paBHa OTPE3Ky BPEMEHH, 32 KOTOPBIH BBIXOJHAS BETMYMHA U3MeHMIach oT O
u nocturaet 63 % OT yCTaHOBMBIIETOCS 3HAYECHHUS.

Juddepennnanproe ypaBaenue (5.12) B omepaTopHoi Gopme 3ammchbiBa-
eTcs B CIICAYIONICM BUJIC:

TPY(P)+Y(P) = KX (P), (5.14)
OTKyJa mepenaroyHas QyHKIHs anepruondeckoro 3BeHa
W = K/(TP+1). (5.15)
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HpI/I MMOCJICAOBATCIIbHOM COCIMHCHUM JIBYX aAllCPUOJNYICCKUX 3BCHLEB IICP-
BOT'O MOpAAKa MOJYHAr0T alicpuoOANICCKOC 3BCHO BTOPOI'O IOpsAJaKa, YPABHCHHC
JUHAMHAKH KOTOPOI'O0 MOXHO 3aIIMCAaTh B CICAYIOIIEM BUIC.

T?d?y/dt® + 20dy/dt +y = KX, (5.16)
rae T — nocrosHHasi BpeMeH!; ¢ — ko3 duimeHT 3aryxanus; K — koapdunueHt
nepeIayn.

VYpaBHeHue B onepaTopHOr (hopMe UMEET BU/IL:
(T?P? + 26TP + 1) Y(P) = KX(P), (5.17)
OTKyJia nepeaaTouHas QyHKIIHs 3BeHa
W(P) = K/(T?P? + 26TP + 1). (5.18)

KonedaTenbHnoe 3BeHo. KonebarenbHbIM Ha3bIBA€TCS TaKO€ 3BEHO, Y KO-
TOPOTO TOCJIe CKAYKOOOPa3HOTO M3MEHEHUsS €r0 BXOJHOW BEIMYMHBI BBIXOHAS
BEJIMYMHA CTPEMUTCS K YCTAHOBUBIIEMYCSI 3HAUEHUIO, COBEpIlIas KOJIeOaHMUs.

DTO 3BEHO MPEACTaBISACT COO0M YCTPOMCTBO U3 JBYX JIEMEHTOB, KOTOPBIE
CIIOCOOHBI 3amacaTh YHEPTUIO U B3aUMHO 0OMEHHUBAThCA €0 (puc. 5.9).

Puc 5.9. KonebareapHoe 3BEHO

JlunaMuueckre CBOMCTBA TAaKOTO 3BE€HA BhIpakatoTcs AudepeHmanbHbIM
YpaBHEHHUEM

d’y dy
Ty +T,—+Yy|=KX, 5.19
0 dt2 1 dt y ( )

rae To u T; — mocTosiHHbIe BpeMeHH 3BeHa; K — nepenatounbiil ko3 GUIMEeHT.
B oneparopHoii popme ypaBHEHUE 3TO NPUHUMAET BU:

(T,P2+T,P+1)y (P)=KX(P). (5.20)
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[lepenaTounas GyHKIMS 3BEHA
K
TZP? +T,P+1

W(P) = (5.21)

HNurerpupymomee 3BeHO0. VHTErpupyronMM 3BEHOM HA3bIBA€TCS TaKoe
3BE€HO, B KOTOPOM BBIXOJIHASI BEJIMUMHA Y TPOMOPIMOHATBLHA UHTErPaly 1O Bpe-
MEHHU OT BXOJHOW BEJIMYUHBI (T.€. CKOPOCTh M3MEHEHHS BBIXOJHOW BEIMUMHEI
MPONOPITMOHATIbHA BXOIHON BEIIMUUHE):

y = K[ xdt mm % = KX, (5.22)

rae K — ko3dduimeHT ycuneHus 3BeHa.

JIns TakuxX YCTPOWMCTB HET ONPEAECTIEHHOIO COOTHOLICHHS MEXAY 3Haye-
HUSIMHA BBIXOJHOW W BXOJAHOM BEIWYMH B YCTAHOBHMBIIEMCSI PEKUME WU Iepena-
TOYHBIM  KOA(PPUIMEHT XapaKTepU3yeT COOTHOIIECHUE MEXAY 3HAYCHUSMHU
BXOJITHOM BEJIMYMHBI U CKOPOCTHIO U3MEHEHUS BBIXOIHOW BEIUYMHBL.

VYpaBHenue B onepaTopHoid popme OyaeT uMeTh BU:

P(Y)P = KX(P), (5.23)
a mepeaaTodHasi QyHKIIHS
W(P) = K/P. (5.24)

JAudpepenuupyromee 3BeHo. {uddepenuupyromniee 3B€HO — 3BE€HO, B KO-
TOPOM BBIXOJIHAS BEJIMYHMHA MPOIOPIIMOHAIBHA CKOPOCTH U3MCHEHUS BXOIHOM
BEJIMYMHEI, T.€. BBIXOJIHAS BEJIMYMHA MPOITOPIIMOHAIbFHA IIPOU3BOIHON OT BXO/-
HOHM BenmuuHbI. Paszmmyaror nBa Buaa auddepeHIHpYIOMNUX 3BESHBEB. HIcAIb-
HOE W peajbHOE.

JuddepenimanbHoe ypaBHEHHE IS UOEAIbHO20 Oupgepenyupyrouieco
36€Ha 3aIIMCHIBACTCS B BHJIC.

y = K dx/dt, (5.25)

rae  dx/dt — ckopocTh U3MeHEHHs BXOAHOW BETHYNHBI.
3ammmem ypaBHeHue (5.25) B onepaTopHoii hopme:

Y(P) = KPX(P). (5.26)
N3 ypaBuenus (5.26) Haiiném nepenatodnyro GyHKINIO WCATBHOTO 3BCHA!
W(P) = KP. (5.27)

[Ipu cxaukooOpa3HOM M3MEHEHHHM BXOJHON BEIMYMHBI HA KOHEYHOE 3HA-
YeHue e€ CKOpoCTh OECKOHEUHO BenuKa. [Ipu JocTikeHnu BXOIHON BEIMUYUHOM
HOBOT'O TOCTOSIHHOTO 3HAQUYE€HUsS CKOPOCTh €€ M3MEHEHUs CTAaHOBUTCS PABHOMU
Hyt0. Cae0BaTeNbHO, BBIXOAHAS BEJIWYMHA MTOIYYAeT B MOMEHT Xz MTHOBEH-
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HBI UMMYJbC, BEIMYMHA KOTOPOTO0 MU3MEHSETCS OT HYJS 10 OECKOHEYHOCTH U
CHOBA BO3BpAIaeTCs K HYIIO.

NneanpHoe 3B€HO OCYIIECTBUTH HA MPAKTUKE HEBO3MOXKHO, MOATOMY MpPHU-
HUMAIOT peanbHble AudPepeHIupyonMe 3BEHbsI KAaK 3BEHbs, OOJIaJaroIIue
MHEPLUOHHOCTBIO U oTepet aHeprun. Mx nuddepenunanbHoe ypaBHEHHE

T dy/dt + y =KT dx/dt. (5.28)
YpaBHEHHE B OIIEpaToOpHOi hopme
(TP +1)y(P)=KTPx(P), (5.29)

OTKyJa nepeaaTouHas QyHKIIHs 3BeHa
W(P)=KTP/(TP+1). (5.30)

[Mpumepom peanvroeo oughgepenyupyrowezo 36ena moxet 661t RC KOHTYD.

5.5. YacToTHbBIE XAaPaAKTCPUCTUKH JTHNHAMHNYCCKHUX 3BCHLECB

BpemeHHbIMU XapaKTepuCcTUKaMU YI00HO MOJb30BaThCA MPU ONPEACICHUN
XapakTepa MEepeXOoHOTO Mpollecca B CUCTeMaX aBTOMAaTHYECKOr0 peryJinupoBa-
Hus. OJTHaKO B peasIbHBIX CHCTEMaX OYE€Hb YAaCTO BXOJIHOW CUTHAT M3MEHSIETCS
[0 TAPMOHUYECKOMY WU OJIM3KOMY K HEMY 3aKOHY 3aJJaHHOW aMIUTUTY]bl WIH
4acTOThI, MOATOMY Tipu uccinenoBann ACP craBuTcs 3ajaya HaxoXACHUS Ma-
paMeTpoB KOJeOaHMI Ha BBIXOJIE CUCTEMBI 110 M3BECTHBIM MMapamMeTpaM Koseba-
HUM Ha BXoje. PerieHne 3Toi 3aa4n ¢ TMTOMOIIBIO BPEMEHHBIX XapaKTEPUCTHUK
MPEJICTaBISACT OIpeaeNéHHbIC TPYAHOCTU. PaccMaTpuBaeMblii HUYKE YaCTOTHBIN
METO/T TIO3BOJISICT TOJYYUTh PEaKIMIO 3BeHa (CHCTEMBbI) Ha JTIO00W TIepHOarYe-
CKHM CUTHAII.

YacToTHas XapakTEepHUCTHKA OINKMCHIBACT YCTAHOBUBIIHMECS BBIHY)KJICHHBIC
KoJieOaHus Ha BBIXOJIC 3B€HA, KOTOPHIC BBI3BAHBI TAPMOHHUYECKUM BO3/ICHCTBH-
em Ha Bxoje (puc. 5.10).

£ = Aiclvor v = Apslv(ot+e)
|
NN I~ NN
| A A 3seno T
¢

Puc. 5.10. MeToa nosiy4eHus: YaCTOTHBIX XapaKTEePUCTHK

[logaaum Ha BXOJ 3B€HA rapMOHUYECKOE BO3JICHCTBUE, W3MEHSIOLIEECS
10 CUHYCOUIAJIbHOMY 3aKOHY'
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X= A sinot, (5.31)

rae A1 — aMINIATYAa; O — YIJI0Bas 4acTOTa BO3JACUCTBHS.

[lo okOHUaHMHU MEPEXOIHOTO MPOIlecca Ha BBIXOJE 3BeHa OYIyT CYIIECTBO-
BaTh FapMOHMYECKHE KOJIEOaHUs TOW K€ YacTOThI, UYTO M BXOJHBIE KOJEOaHHUs,
HO OHM OYyQyT OTIMYaThCA MO aMmIUIUTyAe U (popme. B ycraHoBuBIIEMCS pe-
KM€ BBIXOJHAs BEJINYMHA 3BEHA paBHA

y=A, sin(ot +y), (5.32)

raie A, — aMIUIUTyJla YCTAaHOBUBIIMXCS BBIXOJHBIX KOJeOaHUM; Y — (a30BbIii
CABUT MEXJY BXOJHBIMHU U BBIXOJAHBIMH KOJIEOAHUSIMMU.

I'paduk rapmMoHHUecKUX KOJIeOAHUN BXOJHOW U BBIXOJHOW BEJIWYUH IMPU-
BelI€H Ha puc. 5.11.

N

A
Al AZ

N

/A AN
N

X(t) y(®)

Puc. 5.11. I'paduyeckre XxapaKTEepUCTUKHU BXOTHON M BBIXOJHOM BEITHYUH

[Ipu ¢pukcupoBaHHON aMILTUTYJIE BXOJHBIX KOJeOaHUIN amMIuiuTyaa u Qaza
YCTAHOBUBIIMXCSI KOJIEOAHUN Ha BBIXOJIE 3BEHA 3aBUCAT OT YACTOTHI BXOJIHBIX
KoJieOaHUM. 3anuilieM BXOJHYIO U BBIXOJIHYIO BEJTUYMHBI B KOMILJIEKCHOM MOKa-
3aTesNbHOU popme:

y = AgeO):
X = A, (5.33)
rae j=+-1.

Pa3nenuB BBIXOJHYIO BEIUYMHY 3BE€HA HA BXOJHYIO, MOJYyUYHUM BBIPAKECHHE
YaCTOTHON (PyHKIMHU:

. Azej(mtJrY) Azejmteh' .
— — — jro
W (jo) = AeP T Ae Alw)e”™, (5.34)
rne A(w)=A,/A — MOIyJdb 4acTOTHOH (yHKIMU (OTHOUICHHE aMILUIUTY]] BBI-
XOJIHOTO W BXOJHOTO KOJIeOaHWii); € — OCHOBAaHHE HATYypaJbHOTO Jorapudma;
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v(®) — apryMeHT 4acTOTHOW (PyHKIHH (pa3HOCTHh (pa3 BBIXOJHOTO U BXOIHOTO

KoJie0aHuit).

Monynb A ¥ apryMeHT Y 3aBHCST OT YIVIOBOH Y4acTOTHI, T.€. IIPH MOBTOPE-
HUM OTIBITA C BXOJHBIMHU KOJICOAHUSMHU JPYTOW YaCTOTHI H3MEHSIFOTCS aMILIHTY-
7bI ¥ (ha30BBIM CABUT 3BEHA.

3asucumocts A=A,/ A = f(W) naspBaercs amMmamTymHO-4acTOTHOI

xapakTepucTHKoi 3BeHa (AUX). CoBmemennyio xe xapaktepuctuky W (jo)
NPHUHATO Ha3bIBaTh aMILTUTYIHO-(ha30Bol xapaktepuctrkon (ADX), T.e. eciu B
BeIpaxkeHnH niepenatounon ¢pynkuu 3BeHa W (P) + y(P)/ x(P) 3amenuts P Ha

jo, To monyuennas yactoTHas Gpyrkius W (jo) = y(jo)/X(jo) Gyner sBuarbcs
COBMEIIEHHON XapaKTEPUCTUKOW 3BEHA, KOTOPYIO HAa3BIBAIOT aMILUIUTYIHO-
dazonoit (ADX).

Takyto xapakTepucTuKy, NoJo0OHO JIF0OOMY KOMIUIEKCHOMY YHCIY, MOXKHO
IIPEICTaBUTh B MPSAMOYTOJIBHBIX KOOPJAMHATaX KaK CYMMY BeIlleCTBEHHOU Re u
MHHUMOM M yacreii:

W (jw) =ReW (jo)+ jimW (jo). (5.35)

ImMW (jo) = JV (0) — marmas gactotaas xapakrepucrrka 3sena; ReW (jo) =U (o)

— BEIIECTBEHHAS YaCTOTHAS XapaKTEPUCTHKA 3BEHA.

[Moncrasnss B BeIpakenue (5.34) paznuunbie 3HadeHws W, jexamiue B
npenenax ot 0 70 oo, TOTyYrM MHOXKECTBO BEKTOPOB C PA3IUIHBIMHA AMILIUATY-
namu u pazamu. Eciy nocTpouTh 3TU BEKTOPHI U KOHIIBI UX COCIMHUTH MJIaBHOU
KPUBOM, TO MOJIy4yuM rpaduK COBMEIIEHHON XapaKTEePUCTUKH, T.€. €CIU YacTOT-
HYI0 (DYHKIUIO TpPEICTaBUTh HAa KOMIUIEKCHOM IUIOCKOCTH B BHUJE BEKTOpa

W (jo,), umeromero amuay A(®,) u yron HakloHa K JEHCTBUTEIBHON OCH

¢(®,) , To mpu M3MeHernn yacToThl oT 0 10 oo KoHel BekTopa W (jw) ormuck-

BA€T KPUBYIO, HA3BIBAEMYIO 20002paghom WU 2paguyecKum uzoopaiceHuem
(ADX) coBMEIIEHHOW XapaKTepUCTUKH (puc. 5.12).

Crpenka yka3bplBaeT HalpaBJICHUE YBEIIMUCHUS YaCTOThI. 3HAKH | U ® 000-
3HAYAI0T MHUMYIO B IEHCTBUTEIHHYIO OCH KOMIUJICKCHOM TUIOCKOCTH.

Takum o0Opa3om, cosmewénnoil xapakmepucmuxou (amniumyono-gazoeoi
xXapakmepucmuxoil) Ha3bIBaeTCsI TEOMETPUUSCKOE MECTO KOHIIOB PaJIMyCOB BEK-
TOPOB (JITTMHBI KOTOPHIX PABHBI OTHOIICHUSIM aMILTUTY]] BBIXOAHOW BEJTUYHHBI K
BXOJTHOM, a YTOJI IO OTHOIICHHWIO K OCH PaBeH Pa3sHOCTH (a3) MpH U3MEHCHUU
qacToTel OT 0 10 co. AMIUTUTYIHO-(a30Basi XapaKTePUCTUKA ITOKA3bIBACT, KaK
M3MCHSIOTCS aMIUTATYa U (a3a CUTHAIA TIPH €ro MPOXOKICHUHU Yepe3 JTaHHOE
3BEHO IMPH PA3IMYHBIX YaCTOTAX.

YacTtoTHBIE METOABI MCCICIOBAHUS JIMHCWHBIX CHUCTEM aBTOMATHYECKOTO
PETYIMPOBAHUS YIPOCTUIUCH TIOCIIEC TOTO, KaK IS IIOCTPOCHUS TPauKOB Yac-
TOTHBIX XapaKTEPUCTUK ObLTA BBEACHBI JTOTAPU(PMUUECKHUE TITKAITBI.
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¢(o1)

o=0 ® = o0

Puc. 5.12. 'onorpad

YacToTHbIE XapaKTEPUCTUKH, TTOCTPOCHHBIE B JOTapu(PMUYECKUX IIKaTaX,
Ha3BIBAIOTCS 102APUPMUYECKUMU YACMOMHbLIMU Xapakmepucmukamu. Jlora-
pudmMuUecKre MIKaabl MO OAHOM MM 00EUM OCSIM MOTYT UCIOJI30BaThCs MPH
MOCTPOCHUU JIOOBIX YAaCTOTHBIX XapaKTEPUCTUK. Yaille BCEro CTposITCA Xapak-
tepuctukn A(®) m W (jw), HaspIBaeMble COOTBETCTBEHHO JOTapH(pMUUECKOM
aMILTUTYAHOM 4YacCTOTHOM XapakKTEepUCTUKOH, yorapudpmuueckoit ¢a3oBoil vac-
TOTHOM XapaKTEpPUCTUKON U JTOTapu(PMUUECKON aMIUIUTYIHO-(a30BOM XapakTe-
PUCTHUKOM.

st moctpoeHus yorapuMHUUYECKUX YaCTOTHBIX XapaKTEPUCTUK HYKHO
npoJiorapu(MUpPOBATH BBIPAXKEHUE TSI AMIUTUTYTHO-(Ha30BOM XapaKTEePUCTUKU.
Tak, nponorapudmuposas Beipaxenue (5.35), momyuum

INW (jo) =In A(®) + jy(o). (5.36)
Breipaxenne In A(w) mnpexncraBiseT coO0il BEHMIECTBEHHYIO YacTh JIOTa-

pudma W (jo) u, 6ymyun mocrpoeHo rpadudecky, n3odpaxkaeT Jorapudmude-
CKYI0 aMIUIMTYJIHO-4YaCTOTHYIO XapaKTepUCTHKY 3BeHa. MHUMas 4acThb Jiora-
pupma W (jo) seusercs dazoit dyuxumn W (J®), T.e. mpencrasmser co6oit
(ha304acTOTHYIO XapaKTEPUCTHUKY.

Enununamu uzMepenus jorapuMUUECKUX KOOPJUHAT SBISIOTCS MO OCHU
abcuucc oktaBa M jAekana (aek), a mo ocu opawHat neruoden (nb). (ExumHuib:
W3MEPEHHUS YCIIOBHBI, TaK KakK JIOTapu(pMbl — BeTMUnHa Oe3pa3MepHasi.)

OkTaBa W JeKajla — paBHOMEPHbIC €AUMHUIIBI U3MepeHus. Kaxaoi okTaBe
COOTBETCTBYET YBEJIIMUECHHE YacCTOThl ® B JiBa pa3a, a JieKaja e€CTh MHTEpBal
9acTOT, COOTBETCTBYIOIMMUNA n3MeHeHUt0 4acToThl B 10 pa3. OxTaBa paBHa MpH-
mepro 0,3 nekansl (Tak kak 1g2 =~ 0,3, a 1g10 = 1). Ha norapudpmudeckoii mkasie
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JeKaaa U300paKaeTcsl OTPE3KOM €IMHUYHON JMHBI, Tak Kak 1910w, llgw = 1.
[ToaTOMy OTHOCHTENBHO BeNUYMHBI IgW sorapudmMudeckasi mIkaga SBISETCS
PaBHOMEPHOM, 2 OTHOCUTEIBHO YaCTOThl (® — HEPABHOMEPHOM.

JlennGen MCToNb3yeTcsl MPH BBEJACHUH JIOTapU(PMUIECKON IIKAIBI IO OCH
OpAMHAT aMIUTUTYTHO-9YaCTOTHOW XapaKTEPUCTUKH, KOTOpast, KaK U3BECTHO, IO~
Ka3bIBAa€T, BO CKOJBKO pa3 aMIUIMTYAA BBIXOAHOTO CUTHANA OONbIIE MK MEHB-
1€ aMIUIUTYbl BXOJHOTO curHaina. O0o3naunm ee L, n1b. Vcurenuem B nenuboe-
nax HazpiBaeTcs BenmuuHa Ljw = 20 IgA(®). YCHIIeHHI0 COOTBETCTBYIOT TI0OJIO-
KUTETbHBIC IeMOeINbl, a OCIa0IeHNI0 — OTpULlaTeNbHbIe. B HaTypaipHOM Mac-

mrabe 1 nb coorBercTByeT ycwienmio B 1,12 paza, Tak Kak 010 =112 re.

201g1,12~1. YBenuuenuto L Ha kaxaeie 20 15 COOTBETCTBYEeT M3MEHEHHE aM-
wmtyasl B 10 pas (tak kak 19g1=0, Ig10=1, 19g100=2 u 1.1.). Takum oOpazom,
nonydaetcs, uto 1 nb = 1/20 nex.

CMBICIT BBEJICHHUS TI0 IIIKAJIe YaCTOT JEKaJbl, a 10 OCH YCHJICHUS Jeruoena
3aKJII0YaeTCs B TOM, YTOOBI MpH M3MeHeHHH  OT 0 110 oo ycmienue (ocnmadiie-
HUE) TI0 aMIUTATYJIe M3MEHSUIOCh B 3aMETHBIX mpezenax (ycuiaeHue B 1 MIIH pa3s
COOTBETCTBYET BCEro JHIb 6 jek). Hroke mpUBOIUTCS COOTHOIICHUE MEXKITY
BeirunHamu A m L (ta6m. 5.1):

Tabnuna 5.1
CooTHomenue Mexay BeanunHamMu A u L
A 0,1 0,2 1 1,12 2 2 10 100
L -20 -14 0 1 3 6 20 40

BBenenue norapudmuyeckux 4aCTOTHBIX XapaKTEPUCTUK JaeT psI mpe-
MMYIIECTB. MO OCH YacTOT MaciliTad aBTOMATHUYECKU MAJaeT C YBEIUYEHUEM
9acTOTHI (3TO JaeT BO3MOXHOCTh OXBAaTUTh BECh HHTEPECYIONIUI HCCIIeI0BaTE-
Js TUana30H YacTOT); YIPOINAETCs MOCTPOSHUE PE3YJIbTUPYIOMUX YaCTOTHBIX
XapaKTEPUCTUK MOCIIEIOBATENHHO COCIMHEHHBIX 3BEHBEB.

5.6. YCTOHYHBOCTH aBTOMATHYECKHX CHCTEM peryjmupoBanus

JIrobass cucTtemMa aBTOMAaTHUYECKOT'O PEryJIHPOBAHUS COCTOUT M3 OOBEKTa
PEryJIUPOBAHUS U PETYJIUPYIOLIETO0 YCTPOMCTBA, COEAMHEHHBIX TAKUM 00pa3oM,
YTO peryJupyeMbIii mapaMeTp Ha BbIXOJ€ O0BEKTa JOKEH MOCTyNaTh Ha BXOJ
PETYJIMPYIOLIET0 YCTPOKUCTBA, & PETYJIUPYIOIINN CUTHAT HA BBIXOJE PEryisTOpa
JIOJKEH TI0/1aBaThCS Ha BXOJ oObekTa perynupoBaHus. Ho He Bcsikoe perynu-
pyIolllee yCTPOWCTBO MPUTOAHO JJISI aBTOMATU3alMU 3aJaHHOTO TE€XHOJIOTHYE-
CKOro nporuecca. [I[puroqHocTs peryaupyrouien anmnapatrypsl — 3TO IPEXKIe BCe-
ro BOIIPOC YCTOMYMBOCTH MOJYUYEHHON CUCTEMBI PETYJIMPOBAHHUS.

Cucrema aBTOMaTHYECKOrO PETYIMPOBAHUS HA3BIBACTCSI YCTOWYHBOM,
€CIM OHa, Oyayuyu BbIBEJIEHA U3 COCTOSIHWS PABHOBECHS, U B JaJbHEUIIEM HE
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MOJBEPrajiaCh HUKAKUM BHEIIHWM BO3JEHCTBUAM, C TEUYCHHEM BPEMEHH CTpe-
MHTCSI BEPHYTHCS B MIPEKHEE COCTOSIHUE PABHOBECHS.

JlonmyCTHM, 4TO B PABHOBECHOM COCTOSIHUH PEryJIUpyeMas BEJIUYMHA UME-
€T HEeKOTOpOE 3HAUEHUE ). BbIBeIeM CUCTEMY U3 3TOTO COCTOSHUS KaKUM-JIHOO0
BHEIIIHUM BO3JIEUCTBUEM TaK, YTOOBI BEJIMYMHA )y U3MEHWIACh HA 3HAUYCHUE
Veex, M TIOCIIE 3TOTO YCTPAHHUM MPUYHHY, BBI3BABIIYI0 YKAa3aHHOE H3MEHECHHE.
Torpaa, coriiacHo onpeAeseHuo, cuctemMa OyJeT yCToM4MBa, eclu

limAy — 0. (5.37)

B cinyyae HEBBINMOJHEHUSI TOTO YCIOBHS CUCTeMa OyJeT HEYCTONYHBOM.
Y CcTONYUBOCTD CUCTEMBI ONPEETAETCS XapaKTEPOM €€ CBOOOJHOrO JIBUKEHUS.
Tak kak cBOOOJHOE JBMKEHUE JIMHEHHON NMHAMUYECKOW CUCTEMbI ONTMCHIBACT-
Csl OJHOPOJHBIM U] PepeHIInaTbHBIM YPABHEHUEM C MOCTOSIHHBIMHU K03(du-
ueHTaMu (0e3 MpaBoii YacTH), TO IS ONPEICIICHUS YCTOMIMBOCTH JOCTATOYHO
UCCIIEIOBATh CBOMCTBA TAKOTO YpaBHEHUS

d " (AyBBIX ) d n_l (AyBLIX )
dt" e dt™?

rae do, di,..., An — MOCTOSIHHBbIE KOA((UIIMEHTHI, 3aBUCSIINE OT MOCTOSHHBIX
BpeMEHU U KO3 (PUIIMEHTOB ycuiieHHs; Ay, =~ — OTKIIOHEHUE PEryJupyeMoi Be-

a, +...+a,Ay (5.38)

BBIX ’

BBIX

JIMYMHBI OT 3a/IaHHOTO 3HAYCHHSI.
Pemenne ypaBaenus (5.38) MoHO MpeicTaBUTh Kak

N
Ay, =D A, (5.39)
i-1

rae Aj — moCTOSSHHbIE KO3 (GUIMEHTHI (IIOCTOSHHBIE HHTEIPUPOBAHHUS), ONpe/c-
JIIEMBbIE U3 HAYaJbHBIX YCIOBUM.
3nech P — KOpHU XapaKTEPUCTUUECKOrO YPABHEHUS BUIA

a,p" +a,p"t+a,p"*+...+a, =0, (5.40)

COOTBETCTBYIOIIETO UCXOAHOMY nud dhepeHnraatsHoMy ypaBHeHuio (5.38).
CornacHo ompeAesneHuIo, AJisi YCTOMYMBONM CUCTEMBI HEOOXOAUMO, YTOOBI
Ay — 0 mpu t — co. DTO BO3MOXKHO B TOM CJIy4ae, €CIId BCE COCTABIISIONIUC
ypaBHeHus (5.39) ¢ TeueHHeM BpeMEHHU CTPeMSTCS K HY/10. [IoCKOJIBKY BCe KO-
3¢ GUIUEHTBI Aj ABISIOTCS BEIMYNHAMU MOCTOSHHBIMH, TO XapaKTep MOBEICHHUSI
KaKIo# cocTaBigroniel 3aBucut ot Pj. Tak, ecinu P; — MOJI0KUTEIHHOE BEIIECT-
BEHHOE YHCIIO, TO A+e+Pj; ¢ TeUCHHEM BPEMEHHU YBEIUYMBACTCSA 10 OCCKOHEU-
HocTH (Tak Kak t — o) (puc. 5.13, a). Haobopor, eciu P; sBIseTCS OTPUIIATEIIh-
HBIM BEIICCTBEHHBIM YUCIIOM, TO C TSYCHUEM BpEMEHU Aje - Pj; CTpeMHTCS K HY-
mio (puc. 5.13, 6). 1 Hakoner, eciu P; KOMIUIEKCHOE YHCII0, paBHOE Gj £ joi, TO

Ale(c+jo))t 4 Aze(d—j(ﬁ)t — Aect Sin(O)t +\V) (541)
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VYpaBuenne (5.41) ommchiBaeT KoyeOaTENbHBIN MPOIECC, aMILIUTYa KO-
TOPOTO BO3PACTAET WM YOBIBAET B 3aBUCMMOCTHU OT 3HAKa BEIIECTBEHHOW YacTH
KOMILIEKCHOTO KopHs P. Eciu BelecTBeHHAas 4acTh KOPHS MOJOKUTENbHAS, TO
HoJTyunM KoJiebarenbHbId mporiece (puc. 5.13, 6) ¢ HapacTarolel Mo BeIHYUHE
amrutyaou. Ecnu ke BemiecTBeHHasi 4acTh KOPHS OTpHULIATENIbHAS, TO C Teue-
HUEM BPEMCHH aMILIUTYa KoJieOaHuii OyIeT cTpeMuThes K Hyo (puc. 5.13, 2).
Ha puc 5.13 moka3anbl KpUBbIE U3MEHEHUS aMIUIUTY/IbI B 3aBUCUMOCTH OT 3HaKa
BEILIECTBEHHOI'O0 KOPHS ¥ BEHIECTBEHHOM YaCTH KOMILIEKCHOTO KOPHSI.

N3 cka3aHHOTO CIENyeT yCIOBUE YCTOMNUYUBOCTH.
Jlnst obecrieueHus yCTOMYMBOCTU CHUCTEMBI aBTOMATUYECKOTO PETyIUPOBAHUS,
OMUChIBAEMON JHHEHHBIM Au(epeHIIuaIbHbBIM YPABHEHUEM C MOCTOSHHBIMU
ko3¢ duimenTaMu, HeOOXO0AMMO M JOCTATOYHO, YTOOBI BEIICCTBEHHBIC KOPHHU
XapaKTEPUCTUUYECKOTO YPAaBHEHUS, COOTBETCTBYIOIINE yKa3aHHOMY auddepen-
[AAJIbHOMY YPaBHEHHIO, ObUIM OTPULIATEIIbHBIMU, & KOMILJIEKCHBIE KOPHU UMEIH
OTPHULIATENIbHYIO BEIIECTBEHHYIO YaCTh.

Ay Ay

Ay Ay

Ay — Ae(Stsin(oatﬂp)

R Y2

Puc. 5.13. KpuBble aMIIMTy 1 BBIXOJHOW BEJINYHHBI

B OonpmMHCTBE CydyaeB CUCTEMBI aBTOMATUYECKOTO PErYJIUPOBAHMS OIH-
CHIBAIOTCSl HENMMHEWHBbIMU AuddepeHmanbHpIMU ypaBHeHUsIMU. OJHAKO MOpH
MAJIBIX OTKJIOHEHUSIX PETYJIUPYEMOW BEIWYUHBI HEJIMHEHHYIO CUCTEMY MOYKHO
3aMEHUTh €€ JIMHEHHON MOJENbI0 U TaKUM 00pa3oM HCCIIE0BaTh HEJIMHEWHYIO
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CUCTeMY Kak JUHEHHYI0. JIJI1 TaKUX CHCTEM YCIIOBHUS YCTOHYMBOCTH (TEOPEMBI
JIsmyHoBa) GOpMyYTHPYIOTCS TaK:

€CJIM BCE KOPHU XapaKTEPUCTUUYECKOTO ypaBHEHUS JTUHEAPU30BAaHHOM CHUC-
TeMbl UMEIOT OTPHULIATENIbHbIE BEIIECTBEHHBIE YacTH, TO HCXOJHAs CHUCTEMA,
OMHUCHhIBa€Masi HEIMHEHHBIM ypaBHEHHEM, OyJIeT yCTONUHBOIA,

€CIM CpeAu KOpHEW XapaKTepUCTHUYECKOIO YpPaBHEHHS JIMHEAPWU30BAHHOU
CUCTEMBI UMEETCSI XOTSI Obl OJUH KOPEHb C MOJIOKUTEILHON BEIIECTBEHHOH 4a-
CTBIO, TO UCXOJHAsl CUCTEMA, ONTUChIBaeMasi HEIMHEUHBIMU ypaBHEHUSIMU, Oy IE€T
HEYCTONYHUBOM.

OtH ycnoBus (Teopembl JIAIMyHOBA) YYUTHIBAIOT YCTOWYMBOCTD MPU MaJIbIX
OTKJIOHCHHSX (MHOT[Ia TOBOPAT "YCTOMYUBOCTH B MaJioM").

Ecnu B XapakTepucTUUECKOM YpaBHEHHH HUMEETCS HYJIEBOW KOPEHb WIIU
rapa 4YucTO MHUMBIX KOPHEH, TO JIMHEApU3UpPOBaHHAs cxeMa OyAeT HaXOAUThCs
Ha TPaHUIE YCTOMYMBOCTU U CHUCTEMA HCCIIENYETCs CIEIUaIbHbBIMA METOJIaMH,
KOTOpPBI€ HE paccMaTPUBAIOTCS B Kypce.

Takum oOpa3zoM, HcCclieIOBaHUE YCTOMYMBOCTU CHUCTEM aBTOMATHYECKOTO
pPEryJaupoBaHUsl CBOAUTCS K OMPEIEICHUIO 3HAKOB BEILECTBEHHBIX YacTeil Kop-
HEl XapaKTepUCTUUYECKOTO YPaBHEHMUSI.

Jlist onipeneneHus yCTOMYMBOCTH CUCTEMbI aBTOMaTUYECKOTO PEryJIMpoBa-
HUS HEOOXOJMMO HAWTU KOPHHU XapaKTePUCTHUYECKOIO ypaBHEHHUS TOM CHUCTe-
Mbl. HO pemieHne ypaBHEHUN HE BBI3BIBACT 3aTPYJIHEHUM, €CIIM UMEIOTCS ypaB-
HEHHUSI TIEPBOTO WM BTOPOTO MOPSJKA; PEHICHUE YpaBHEHHI 0oyiee BBICOKHX
MOPSIAKOB OCYILECTBISETCA MPUOIMKEHHBIMUA METOJaMU U TpeOyeT OOJbIIOro
o0beMa BBIYUCIUTEIbHON paboThI. {15 TOr0 4TOOBI 0OOMTH STH TPYAHOCTH, HE-
00X0MMO HAWTU TaKWE YCIOBUS U MPU3HAKHU, IO KOTOPHIM MOXHO OBLIO OBI CY-
muTh 00 ycroiuuoctu ACP, He pelasi ee XapakKTepUCTHUECKOTO YPaBHEHMUSI.

OTH YCIIOBUSI UM TNPU3HAKKM YCTOMYMBOCTU HA3BIBAKOTCS Kpumepusmu yc-
mouuusocmu. B 1873-1877 rr. 'aycc nmpenyioxkuit KpuTepuit, TO3BOJISIFOIINI, HE
peniasi XapakTepUCTUUYECKOTO YPaBHEHUS, ONPEIeTUTh, YCTOMYMBA CUCTEMA HIIH
HetT. Kputepuil nan B Bue npaBuiia, ONpeaeisionero nocieaoBaTeIbHOCTh Ma-
TEeMAaTUYECKUX omnepanuil ¢ KodhPUIMEeHTaMu XapaKTEPUCTUUYECKOTO YypaBHe-
Hus. B 1895 r. B Heckosbko MHOK (popMe 3TOT ke KpuTepuid ObLT MPEIIOKEH
mBennapckuM MarematukoM ['ypeuuem. Ilo I'ypBuily, ycinoBue ycTOMYMBOCTH
dbopmynupyeTcs B BUAE ONpeIeTUTENEH.

Kpurepuit ['aycca — ['ypBuIla TpUMEHNM U KCCIIEIOBAHUSL CUCTEM, KOTO-
pbl€ OMUCHIBAIOTCS YPABHEHUSMH HEBBICOKOTO MOPsAKA N < 5 U SBIISAIOTCS anred-
panydeCcKUMH, T.€. 11 onpenenenus ycroiunBoctu ACP o aTtomy kpurepuro Ha-
10 UMETh U depeHInanbHOe ypaBHEHUE C TOCTOSSHHBIMU KO3 puiimeHTamu.

Kpurepnit HaiikBucra — Muxaiinosa 6su1 npemyioxed Haiiksuctom B 1932 r.
JUISL MCCIIEIOBAHMSI YCTOMYMBOCTU YCUJIUTENEH, 3aMKHYTBIX OOpaTHOW CBSI3bIO, U
npuMeHeH MuxainoBbM B 1936 1. mpu onpenenennu ycroitunoctu ACP.
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B nacrosimiee BpeMs 3TOT KpUTEpUN MOTY4YUI OOJIBIIOE pacIpoCTpaHEHUE,
TaK Kak UMEET Psijl IPEUMYIIECTB [0 CPABHEHUIO C alreOpanyecKuM KPUTEPUEM.
[Tpu nomomu kputepus HaitkBucta — MuxaiinoBa MOXHO CyAUTh 00 YCTOMUYHUBO-
CTU CUCTEMBI HE TOJIBKO B TOM CiIy4ae, Korja ecTh AuddepeHuaibHoe ypaBHe-
HUE, HO W TOTJa, KOrjia ero HeT, a u3BecTHa ToJibko ADK cuctembl (Muxaitnos).
Kpome Toro, 06 ycTOHYMBOCTH 3aMKHYTOM CHUCTEMBI MPU MOMOIIHA 3TOTO KpUTeE-
pust MOXHO cyauTh 10 ADK pazomkryToit cuctembl (HaitkBucT).

VYcnoBust ycroiuuBocTd, 1mo MuxaitioBy, (GopMynHupyloTcs Tak: cuctema
perynupoBaHusi OyJeT ycTonuuBoil, eciu rogorpad GyHkium

f(jo)=a,(jo)" +a,(jo)"  +...+a_ (5.42)

pu u3MeHeHnu ® oT 0 10 00 0OXOIUT MOCICIOBATENHHO B MOJIOKHUTEIIHHOM Ha-
MpaBJICHUU N KBAJIPaHTOB KOMIUIEKCHOW IJIOCKOCTH, i€ N — CTENEHb XapakTe-
PUCTUYECKOTO YpaBHEHUSI JAHHON CHCTEMBI. 3a MOJIOKUTEIbHOE HAIPaBIICHHE
CUMTAETCS JIBUKEHUE MPOTUB 4acoBOil cTpenku. [IpumepHsie dhopmbl rogorpa-
¢boB MuxailioBa 1Jis yCTOWYMBBIX U HEYCTOMYMBBIX CHCTEM, OIMHUCHIBAEMBIX
YpaBHEHUSIMU TPETHETO U UETBEPTOrO MOPSAKA, MPUBEACHBI HA puc. 5.14.

In W(jo) In W(jo)

)

Re W(jw) / Re W(jw)

a o

Puc. 5.14. AMnnuTyaHo-(a30Bble XapaKTEePUCTUKH
a — yCToiunBas CUCTEeMa,; 6 — HeyCTOHYMBas CCTEMa

5.7. KauecTBO peryJiupoBaHus

Y CTOWMUNBOCT SBISETCS HEOOXOIUMBIM, HO JOCTATOYHBIM YCIIOBUEM pa-
00TOCIIOCOOHOCTH CHCTEMBI aBTOMATHYECKOro peryinupoBanus. [lomumo yc-
TOMYHMBOCTH, K TIEPEXOTHOMY TPOIECCY MPETBIBISIOTCS TpeOOBaHMS, 00yCIOB-
JUBAIOIME KAYeCTBO €0 MPOTEKaHWA. B KakIOM OTAETbHOM Ciydae dTH Tpe-
OOBaHMS MOTYT OBITh PA3TUYHBIMH.
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B o0uiem ciiyuae k unciy nokasartenei, onpeaesonnX Ka4eCTBO peryiu-
POBaHUS, OTHOCSATCS CICIYIOIIUE:

CTAaTUCTHYECKAsT TOYHOCTbh pEryJHpPOBAHHUA, OlECHUBAEMas
omKOKOM, paBHON OTKJIOHEHHIO PETYIUPYEMOUN BEIMUMHBI OT 3aJJaHHOTO 3Haue-
HUS 110 OKOHYaHUU Tpoliecca peryaupoBanus. Omuodka peryaupoBaHus Xapak-
TE€pHA ISl CTATHYECKUX CHCTEM;

MaKCHMaJlbHOE OTKJIOHEHUE PEryJupyeMOdl BEIUYUHBI,
OIICHMBAEMOE€ HEOOJIBIIIUM OTKJIOHEHUEM PETYIHPYEeMOro mapamerpa oT 3aJiaH-
HOT'O 3HAYEHUS B IPOIIECCE PETYIUPOBAHUS;

NIUTEIBbHOCTh MpPOLECCA pErydupoBaHuUsA t, oueHUBaeMas OT-
PE3KOM BPEMEHH, MO UCTCUCHUU KOTOPOTrO OTKIIOHEHHUE PETYIUPYEMOU BEJINYH-
HBI OT 33IAHHOTO HE MPEBBIIIAECT NIPEABAPUTEIBHO 3aJaHHON BEJINYNHBI;

K0oJie0aTeAbHOCTh MpPOIlE€CCa, XapaKTepuzyeMasi YuciIoM KojaeOaHui
peryanpyeMoil BEIMYMHBI 32 BpeMs PEryIupoBaHus t,.

KonebaTenpHOCTh mpollecca MPUHSATO OLICHUBATH MO CTEMEHH 3aTyXaHUS,
ONPEAEIAEMON U3 BBIPAKEHUS

e By = B, (5.43)
AV

Crenenp 3aTyxaHusl MOKAa3bIBA€T, Ha CKOJBKO MPOIEHTOB aMIUIUTYJ]la KO-
nebaHuil B KpUBOM MEPEXOHOTO MPoIlecca U3MEHSIETCs 32 OJIUH TIePHOI;

A -A
— yBI)IX1 yBI:IX3 100 ) (5.44)
Abelxl

Ha3Bannble nmoka3arenu KauecTBa MpUBEACHBI Ha puc. 5.15.

B oOiem BHsie 0 KauecTBe PETYJIUPOBAHUS MOXKHO CYAHUTh IO XapakTepy
MEePEXO0THOrO MPOIecca, HAIEHHOMY Ha OCHOBE qud@epeHIInanbHOro ypaBHe-
Hus cucteMbl. [IoCKOJIbKY HE BCerja yaaeTrcsi HauTu TouHoe peuienue audde-
PEHIIUANIBHOTO YPaBHEHUSI BHICOKOTO MOPSJIKA, TO B OOJIIIMHCTBE CIAy4aeB AJis
OLICHKH Ka4EeCTBA UCTOJIBb3YIOT MPUOIUKEHHBIE KOCBEHHBIE METO/IBI.

OnuuM u3 HauboJiee MUPOKO MPUMEHSIEMBIX METOOB SIBJISIETCS METOJ UH-
TerpaJibHBIX OLIEHOK KadecTBa. MeToJ MHTErpajbHbIX OIIEHOK OCHOBAH Ha BbI-
YUCJICHUU OMNpPEEICHHBIX UHTETPAJIOB OT HEKOTOPOU (PYHKIIMU OTKIOHEHUS pe-
rynupyemoil BenuuuHbl. [lokazaTtenem kauecTBa MOXKET CIYXUTh BeJIUYMHA
IJIOIIA/IA, OTPAaHUYEHHON KPHUBOM MEPEXOAHOTO MPOIECCa U OCSIMU KOOPJUHAT
(puc. 5.16): yem oHa MEHBIIIE, TEM MPHU MPOYUX PABHBIX YCIOBHUSIX MPOIECC pe-
ryJIMpoBaHus Jyunie. BenmnunHa ke oiomiaan (3alTpuXxoBaHHAS IUIOIIAIL Ha
puc. 5.16, a) onpenensercs HHTErPaIoM

Il - J.(belX o belX.yCT)dt' (545)
0
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Puc. 5.15. Iloka3aTenu kauecTBa peryIMpoBaHus:
@ — ISl CTATUYECKUX CUCTEM; 6 — ISl aCTaTHUYECKUX CHCTEM

a o

Puc. 5.16. Mertoa onpeneneHus KauecTBa MpoIecca PeryiIupoBaHus:
a — TI0 TIOUIAU; 6 — KBaJpaTU4Hasl MHTErpaJIbHAs OI[CHKA

Takyio WHTETpaNbHYIO OIEHKY MOJKHO HCIIOJB30BaTh TOJIBKO IS Tepe-
XOJHBIX MPOIIECCOB, HE UMEIOIINX TEPEePETyTUPOBAHNS U OTU3KUX K arlepuoIu-
geckuM. [l xosebaTenpbHOrO Tpoliecca, KOTAa TOJOKHUTEIbHBIE TOTYBOTHBI
YepeayloTcs ¢ oTpuIareabHsiMu (puc. 5.16, 6), anreOpandeckas CyMMa IUIOIIA-
7l TIOJTYBOJIH, OTpeaenseMas WHTerpaioM |, He MOKeT XapakTepHu3oBaTh Ka-
YeCTBO perynupoBaHus. JJig KojaebaTenbHBIX MPOIECCOB MOJIB3YIOTCS KBaJpa-
TUYHON UHTETPaIbHON OLICHKOM:

l, = I (Ve - Y pore er Ft. (5.46)

0
DTa olleHKa YYUTHIBAET CYMMY aOCOJIOTHBIX 3HAUYCHUM MIonajgeH, pacmo-
JI0’KEHHBIX 10 00€ CTOPOHBI OT 33JaHHOTO 3HAYCHUSI.
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