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BBEJIEHME

Arpapuas nonuraka KIICC, nayato coepemen-
HOTO 3Tana KOoTopoil OblI0 MoJozKeHo MapToBeknym (1965 r.)
Inenymom LK KIICC, mampaBneHa Ha YBeJHYEHHE BBHINYCKa
CeJIbCKOXO3SHCTBEHHON NMPOAYKLUHH H CeIbCKOX03AHCTBEHHOTO
CBIpbsl IS npomblinienHocTH. J[lambhefimee passutHe OHa
NOJyYHJIa Ha MNOCJEAYIOWNX Che3Jax H MJIeHyMaX MNapTHH.

Ocobyio poab B 3ToM chirpan Madickuii (1982 r.) Ilnenym
IIK KIICC, na kortopom Ghuta ofoopena IlponoBoabereentas
nporpamma crpausl Ha nepxon 1o 1990 r.

OCHOBHEIM HampapJieHHeM B PeLIeHHH 3ajlay, HaMeYeHHBIX
IIposoBo/ibCTBEHHON NPOrpaMMol, SBISETCS BCECTOPOHHASA
HHTEHCH(HKAIHA CeJNbCKOX035HCTBEHHOTO NPOH3BOACTBA, Ile-
PeBOJi €ro Ha MHJYCTPHAJIbBHYIO OCHOBY, NOJNHOE H 3((EeKTHB-
HOE MCIOJb30BAaHHE BCEX DPECYPCOB CeNbCKOXO3SHCTBEHHOTO
npousBojcTBa. Bonbluoe 3HayeHHe B MHTEHCH(HKAIHH Ceab-
CKOX034HCTBEHHOTO NPOH3BOACTBA NpPH MEPEBOjie €ro Ha HH-
JAyCTPHAJILHYIO TEXHOJIOTHIO MMEET aBTOMAaTH3allHsl TPOH3BOI-
cTBa.

B nocranosnennn IIK KIICC u Cosera Muuncrpos CCCP
«O Mepax 1o JanbHeHIIeMy Pa3BHTHIO 3JEKTPHDHKALHH Celb-
ckoro xosa#crsa» (1979 r.) HameyeHO OCYIIECTBHTb MOCTe-
TMEeHHBbIT Nepexojl OT ABTOMATH3ALMH OTAENBHBLIX MAIUHH H
NPOLECCOB K aBTOMATH3aLMH TEXHOJNOTHYECKHX JHHHI, IeXoB
H LeJbIX NpPeANpHSITHH CeIbCKOro X03sHCTBa.

B JlonroBpemeHHOH NporpaMme MeJHOPAUHH, MOBILEHHS
3()heKTHBHOCTH HCNOJb30BAHHS MEJIHOPHPOBAHHBEIX 3eMelb B
LeNAX YCTOHYHBOTO HapallMBaHHSA NMPOAOBOJLCTBEHHOTO (OHAA
CTpPaHbl, PaccMOTPeHHON Ha OKTs6pbckom (1984 r.) Ilienywme
LIK KIICC, cepbe3Hasi posib OTBOAHTCS! CO3JAHHIO CaMbIX COB-
BPEMEHHBIX KOMINVIEKCOB M CHCTEM MallHH, CPeJACTBAaM aBTOMa-
TH3ALHH H TelleMeXaHHKH, a TaKMXKe COBPEMEHHBIM JOCTHKe-
HHSIM HayKH M TEXHHKH B 3TOH 06mactH, PasBHTHIO aBTOMATH-
3aLMH yNpaBJEHHsS] BOJOXO3SHCTBEHHBIMH CHCTEMaMH.

ABToMaTHKa — OTpacAb HAYKH H TEXHHKH, KOTOpas HC-
C/eNlyeT W TPHMEHSIET TEOPHIO aBTOMATHYECKOTO YNpaBleHHs,
NPHHIMIEL NOCTPOEHHS ‘aBTOMATHYECKHX CHCTEM H TeXHHYECKHEe
cpeAcTBa VIS peau3aluH STHX cHereM. Kak Hayka oHa Bos-
HUKJa BO Bropoil mosoBuHe XVIII Bexka, Koraa HOSIBHJINCH
NepBhIe CJIOXKHBIE MAIIHHBI — OPYJHsl (MPSAHJIbHBIE, TKalKHE
CTAHKH H Jp.), KOTOPLIe 3aMEHHJIH TSKEJbIH PY4HOIl TPYA M
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J4ii BO3MOJKHOCTb PE3KO MOMHATb ero NpOH3BOAHTENbHOCTb.
Toraa e Ha cMeny NpoCTeiilHM ABHraTe 1M (BeTPAHBIM H TH]-
PABIHYECKHM) NPHILIE MapoBble MAlIHHbL, NepBYI0 H3 KOTOPBIX
usobpen B 1765 roay H. H. [lonsyuos.

I[To Mepe passuTis TeXHHKH H OCBOGOKIEHMS YeIOBeKa OT
TAKENOr0 (PH3HYECKOro Tpyda (YHKIMH ynpaBjienHs MpoLec-
CaMil W OPYMMAMH TPyJa He TOJNbKO He yMeHblLaJicb, d,Ha-
060poT, Bece GOJble pacLUHPSIHCh H YCHOXKHSMHCh, Bo MHO-
THX CJAyYasiX YeJ0BeK YTPaTH/ BO3MOXKHOCTb YNpaBJsiTh Me-
XaHH3HPOBAHHLIM MPOH3BOACTBOM (e3 cheuHadbHBIX JOMOJ-
HHTEJABHBIX YCTPOHCTB. 310 M 00YCJIOBHIO BO3HHKHOBEHHE
H PAasBHTHE AaBTOMATHYECKOTO MPOH3BOJICTBA.

ABToMaTH3aUHs — BBICIUKH STan PasBHTHs MAIUHHHON TeX-
HHKH, Ha KOTOPOM paGOTHHKH CeJbCKOr0 X03fiicTBa BBICBO-
607K a10TCA He TOJBKO OT (PH3HYECKOro TPYAa, HO H OT (QyHKIHI
KOHTPOJIsl 33 MalIMHAMH, 060PYAOBaHHEM, T1POH3BOJICTBEHHBIMI
npoleccamMi M OnepanusMH W YNpaBieHHs HMH. ABTOMATH3a-
LHA CHOCOOCTBYET HEOrPaHHYEHHOMY MOBBILEHHIO NPOH3BO-
AHTEJLHOCTH TPyJa, YJAydYLWIEHHIO YCJAOBHII TpyJa Jioed,
COMHZKEHHIO TPY/Ja (PH3HYECKOTO C YMCTBEHHBIM. MHBIMH cJlo-
BaMH, aBTOMATH3alWsl NPeACTaBNseT CO60H YPOBEHb TeXHHKH
HOBOIO, CamOro NpPOTPECCHBHOro 0OLIecTBa— KOMMYHH3MA.

HecMoTps Ha OTHOCHTENBHO ANHTENbHYIO HCTOPHIO CBOETO
DA3BHTHSA, aBTOMATH3aUHA JOCTHIVIA HaHOOJBILUHX YCIEeXoB

‘0JIbKO BO BTOpOii nosoBuHe XX cronetus. B psze orpaciefi
[aPORHOro X03sHCTBA Haluelf CTPaHBl aBTOMAaTH3aLHs NOAHS-
1ach Ha OYeHb BBICOKHH YpOBeHb. B cesbckoM Xo3siiicTBe OHa
Hayala pasBHBATLCS CPaBHHTEJIBHO HEJaBHO, HO yIKe MoKasana
CBOIO BEICOKYIO 3()peKTHBHOCTb. TaK, KOMIJIEKCHAsl aBTOMAaTH-
3alHs NPHTOTOBJIEHHS KOPMOB Ha NOTOYHEIX JHHHAX 0OecneyH-
BaeT yMeHblLIeHHe TPYJOBLIX 3atpar B 4...5 pa3 H CHHXKeHHe
Ce6eCTOHMOCTH MpPHUroToBAeHHs1 KopMoB Ha 30...50%.
3HauHTEBHEIN SKOHOMHUECKHi 3((eKT AaeT aBTOMATH3a-
LH7A NPOLECCOB B MNTHUEBOACTBe. Ha MHOrMX COBPEMEHHBIX
nTHue(abpHKax, rAe MOJHOCTHIO MeXaHH3HDPOBAHbI H aBTOMa-
TH3HDOBAHEl pasjlaya KOPMOB, BOJOCHaG:KeHHe, yJasleHHe IO-
MeTa, c0p AHIL H MOALEpKaHHE PEHMOB MHKDOK/IMMATa, 3a-
Tpatel TpyAa Ha npou3sogerBo 1000 suu cocraBasior 1,5...
2,5 4, 4TO BO MHOI'O pa3 MeHblle, HeXeJH Ha OOLIYHEIX KOJIX03-
HBIX H COBXO3HBIX nrHUedepMax.

Boabwoii skonomiyeckuit aext AaeT aBTOMAaTHIAUHA TPO-
1eccoB B pacreHHeBojicrBe. Hanpumep, npuMeHeHHe AJIs NocJIe-
KOMGaiiHOBO# 06paGoTKH 3epHa KOMIVIEKTHBIX 3eDHOOYMCTH-
TEJNbHBIX H  3€DHOOYMCTHTE/bHO-CYLIH/IBHBIX [YHKTOB (THIA
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3AB-10, 3AB-20, K3C-10, K3C-20 u ap.) ¢ NOTOYHEIMH TEX-
HOJIOTHYECKHMH JIHHHSAMH H IEHTPaIH30BaHHBIM aBTOMATH-
4eCKHM YNpaBJeHHeM JaeT BO3MOKHOCTh B 2...3 pada CHHIHTH
3arpartbl TPYJd M0 CPABHEHHIO C 3aTPATaMy Ha OOBIYHBIX SJEK-
TPHHLUHPOBAHHBIX, HO He aBTOMATH3HPOBAHHLIX TOKAX.

D(PperTHBHOCTL aBTOMATH3aUHH MOGHJBHLLX  CEILCKOXO-
3sICTBEHHLIX arperaroB BHAHA Ha NPUMepe BHEAPEHH:A CPEICTE
aBTOMaTHYeCKOol HaBOAKH paboyHX OpPraHoB kKombaiina «Xep-
coHel-7» Ha yGupaemble PSIAKH KyKypysbl. PaGouas ckopocTb
IBHKEHISI arperata NOBBICHJIACh, IOTEPH YPozkas YyMEHbIUH-
JIHCh B HECKOJLKO pa3. DKOHOMHYecKHil s(pexT cocraBiser
Goslee 5 MJIH. p. B TOJ.

[IpuBesennbie npuMepsl MOKa3bIBAIOT LeJNecoo0pasHocTh H
HeoOXOAUMOCTb ILIHPOKOro NpHMEHeHHs aBTOMAaTH3aUHH, 4TO
obecneynuT 3HaYNTENbHYIO SKOHOMHIO 3aTpar TPy/Ja ¥ CPEICTB H
JlacT BO3MOYKHOCTH NOAHATH CEeNbCKOX0351HCTBEHHOE MPOH3BOA-
CTBO Ha HOBBII, GoJiee BBLICOKHH ypPOBEHb TeXHHYECKOIO PasBH-
THS.

OpHako npuMeHsieMble B CETbCKOM X03HCTBE aBTOMAaTHYEC-
KHe CHCTEMBbl OTHOCATCS K KJaccy JOKalbHBIX, KOTOPhIE Ocy-
LIECTBJISIIOT aBTOMAaTHYECKOE YINpaBJieHHe OTHeNbHBIMH yCTa-
HOBKaMH H MIpoLeccaMml, AEHCTBYIOT H30JHPOBAHHO 0€3 CBA3H
JPYT ¢ JApyrom, He o6ecrneynBaloT ONTHMAJLHOTO YNpaBJIeHH:
TEXHOJIOTHYECKHMH IpoLeccaMH H 00BeKTaMH B II€JIOM.

Hayuno-nceaeoBareJbcKue 0 NPOEKTHbIE OPraHH3alHH pa-
foTaloT Haj CO3JaHHeM NpPHHIMIHAJLHO HOBBIX ABTOMATH3H-
poBaHHBIX cHcreM ynpasaesuss ACYTII, ACYIT u ap., B
CTPYKTYPY KOTODBIX BBOAATCS YNpPABJISIONHE BLIYHCAHTE/]b-
Here Mawuuel (YBM). Baaronaps ¢yHKiponnposanuio ¥YBM
TaKHe CHCTEMBI YNpPaBJsiOT TeXHOJOTHYECKHMH IpOLeccaMH H
IPOM3BOJICTBOM B 1IEJIOM B ONTHMAJIBHBIX PEXKHMAX U JaloT BO3-
MOKHOCTb 3HAYHTENbHO YMEHBIIHTh 3aTpathl TPYAa H OAHO-
BPEMEHHO YBENHYHTb KOJHYECTBO H YJYYIIHTH KayecTBO Mpo-
JNYKIHH.

OznHaKo npH OleHKe aBTOMAaTH3alHH ClefyeT Y4YHThIBaTh He
TOJBKO TEXHHKO-95KOHOMHYECKHE MoKa3aTeJH, HO H cOouHajb-
HBIH acneKT TeXHHYeCKOro MepeocHalleHHs CeabCKOXo3fier-
BEHHOTO NPOM3BOACTBA. [IpH 3TOM CYLIECTBEHHO YJyYMIAIOTCS
YCHIOBHS TPY/la TPYZKEHHKOB CeIbCKOro X03sCTBa, OHH NOCTe-
[IeHHO NPHOIHKAIOTCSl K YCJOBHSAIM TpyJa padounX (aGpHk
3aBoJ0B. B 310l cBA3M Bce Gosbluee 3HaueHHe npHoGperaer
NOBLILIEHHE YPOBHA TEXHHYECKOro oOpasoBaHMs Beex pador-
HHMKOB CEJIbCKOXO351HCTBEHHOTO MPOH3BOJACTBA H B OCOOEHHO-
CTH HHeHepHOro nepcoHata. CoBpeMeHHbIH HHXKEHep Celb-
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CKOTO X037iicTBa He MoxkeT o(oiitHch Ge3 3HaHHI OCHOB aBTO-
MaTHKH 1 aBTOMAarH3alii NpoleccoB CeNbCKOXO35HCTBEHHOTO
NPOH3BOCTBA.

Hacrosiuiee nocobue oKkazer NoMollb CTyjAeHTaMm (akyib-
TETOB MeXaHH3alHH H 3JeKTPH(HKALHH CeJbCKOro X03sHCTBA
B OBJIaJIeHHH 3HAHHSAMH N0 OOLIMM OCHOBAaM aBTOMATHKH, CPel-
CTBaM aBTOMATH3aLHH H 3JeMEHTaM TeOPHH aBTOMAaTHYECKOro
ynpasienns W peryanpoBaHus. [lomelleHHbIi B KHHIe Mare-
puan saBasercs TeopeTHYecKoH 6a30i /A MPaKTHYECKOro H3Y-
YeHHs peabHBIX aBTOMAaTHYECKHX CHCTEM, PHMEHIeMBIX B CeJlb-
CKOXO35/ICTBEHHOM MPOH3BOACTBE.

[Ipu Hanucanuu yye6HOro nocob6Hsi HCNOJIb30BAH OMBIT Mpe-
HOJA4BaHHs IMCUHMMJHHBI B YKPaHHCKOH CeJbCKOX03HCTBEH-
HOIl aKajaemHH.

ABTOpBI BBIpaXKaIOT IYGOKYIO 6JarofapHOCTb pelLeH3eH-
Tam npodeccopam B. C. 3apuyrkomy n H. H. Boxany u noueH-
Ty fO. C. Beprepy 3a ueHHBe 3aMeuaHHsi, COCOGCTBOBABILHE
3HAYHTENILHOMY YJyYLIEeHHIO KayecTBa MOCOOHS.



Fnasa 1. OBLUUE CBOWCTBA CUCTEM
ABTOMATHYECKOIO YMPABJIEHUSA

4.1. OCHOBHBIE MOHATUS U OMNPELENEHUS

Mexaunusanus NPOH3BOJACTBEHHBIX NMPOIECCOB OC-
BoGoJH/Ia YeJoBeKa OT TSKEJIOTo TPpyAa, TPeGyIollero 3arpat
¢usnueckoit sHepruu. s TOro uToObl MAlIHHA BBITOJHATA
CBOH ()yHKIHH B COOTBETCTBHH C ee Ha3HaueHHeM B yCJAOBHAX
NPOH3BO/ACTBA, €10 HEOOXOIANMO YNpaBJisiTh, TO €CTh OCYIIECT-
BISITb MYCK, OCTAHOBKY, H3MEHSATb PeKHM paborbl H EBINOJ-
HATH APYTHe OnepaudH YNpaBJeHHs, HanpaBJeHHbIE Ha Bbl-
NOTHEHHEe MALUMHOH OMpelesIeHHOrO TEeXHOJIOTHYECKOTro Mpo-
uecca.
Lensr ynpapieHnsi MOKeT GBITh Pas3JHUYHON B 3aBHCHMOCTH
OT Ha3HAYeHHs MalIMHBI, PeKHMa ee pabOoTHl M APYTHX (paKkTo-
POB, ¢ KOTOPLIMH MBI IO3HAKOMHMCS B alibHeHIIeM. Y npas/eHie
OCYIIECTBISIETCS] MyTeM BO3LEHCTBHSI Ha OpraHbl YNpaBieHHsd,
npesycMOTpeHHble B JI060H MalliHe HIH ycraHoBke. Paccmo-
TPHM HECKOJLKO NPHMEPOB.

Mpumep 1.1. Tennosoii asuratens (puc. 1.1, a). Yactora Bpamenia
Bana © TenJoBOTo ABHIATe/Isl 3aBHCHT OT KOJIHYECTBA ITOJaBaeMoil b IHIHH-
bl Toploueli cMecH W OT Harpy3ku na Bany asurateast My. Komnueerso
NojlaBaeMoii ropioueii cMecH M3MeHseTest ApoccesbHOit 3acaonkoii J. Tlpu
OTKPEITHH JAPOCCEJIbHOI 3aCHOHKH HA YroJ ¢, H NOCTOSHHOI HAarpyske Ha
Bally ABHraTe]si yCTaHaBAHBAeTCsl ONpeJleleHHas YacToTa ero BpaUlCHHS.

Ecan wens ynpasmenus — YCTAHOBHTL HOBYIO HYacTOTY BpAllleHHS
Baja ABMrartess, To HeoGXOAUMO H3MeHHTb MOoJozKeHHe 3acaonku. poc-
CeJbHAsl 3aC/IOHKa B TENJVIOBOM JBHIaTese — OPraH YIPaBJeHHS.

Mpumep 1.2. Cuctema oGorpesa nomewenns (puc. 1.1, 6). Temnepary-
Pa BO31yXa BHYTPH nomeltenus 0, 3aBHCHT OT NOTeph TENJIOTL! Yepes Orpaw-
JIenHsl noMeuenust (CTensl, OKHa H T. ) H OT KOJHYeCTBA TeNI0Thl ¢, KOTO-
PYyIo OTHAeT HarpeBaTe]b B eAunuiy BpemeHu. ITpu onpejieseHHBIX Aomy-
IEHHSIX MOXKHO 3amucaTh:

cm dBy/dt =q—Fkn (0, —0y) s, (1.1)

Tl m — Macca BO3JlyXa B MOMEIeHHH; ¢ — YAeAbHAs TEMI0eMKOCTh BO3-
nyxa; kp — KO3(pUIMEHT TENJOBLIX NOTEPh MaTepHaIa OrpAKIECHHS,
0, — TemnmepaTypa BO3ZyXxa BHE NMOMEIIEHHS; § — ILIONAAL NOBEPXHOCTH,
uepe3 KOTOPYIO NPOHCXOAHT NOTEPS TEMIOThI.

B ycranosuBiiemMcst pex<iMe, KOT/Ja CKOPOCTL H3MEHEHHS TeMneparyphsi
BHYTpH [OMeweniisi paBha nyJio, u3 ypasuenis (1.1) naiiiem nutepecyio-
uyl0 Hac 3aBHCHMOCTb .

0 = [1/(kns)] g+ Ouxs (1.2)
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Puc, 1.1, Cxembl ynpasienus: .
a — TenAoBHM AnHraTeaesm; 0 — oGorpesoM nOMeIeHns; 6 — reiepaTopom 0!

AHHOTO TOKA.

13 KOTOPOI CJeJlyeT, YTO NPH H3MEHEHHH TEMNEpaTypbl HApYIKHOTO BO3AYXd
0 HeOOXOMIMO H3MEHHTL KOMHUECTBO TEMOThI ¢, 4TOGHI MOJIEPIKHBATS TeM-
nepatypy 0Op nemamennoii. Jlns s7oit uemm npemnaswauen penTHIB B,
KOTOPBIM H3MEHAIOT MOCTYIJICHHE TENI0HOCHTes (ropsveii BOALI HAK NMapa)
B Harpesarelib.

Mpumep 1.3. Temepatop noctosiHHoro Toka (puc. 1.1, 8)., Hanpsuke-
HHe redepatopa Uy 3aBHCHT OT ToKa Bo3GY:kAenus /; B 0OMOTKe BO3GYXKAC
HAA L, 4acToThl BpauleHus AKkops Q H OT CONPOTHBJACHHs R, HATpy3Ki.
Ecan ok Bo3Gyskaenust [, 1 conpoThBaenne HarpyaKku NoJjepiKHBaTh He-
H3MEHHLIMH, TO Hanpsukenne Uy GyneT ocTaBaThest MOCTOAHHBLIM. IIpH H3-
MEHEeHHI TOKa narpysku /y nanpsukenne Uy Takxe H3MeHHTCH, TaK KaK

U,,=E;,—I"R", (13)

rie £, — 3JIC u Ry —nHyTpennee conpornsiense renepatopa. asn Toro
UTOOL! HANPAKCHHE TEHEPATOPA OCTABANOCH HCH3MEHHEIM, HEOGXOMIMO B
COOTBETCTBHH C HIMEHEHHEM TOKA HArPY3KH [, H3MEHSTH TOK BO3GYIKICHHS,
B pE3y.bTaTe 4ero H3MeHHTCs E, COracCHO H3BECTHON 3aBHCHMOCTH:

Ey = kncwy Q1 (14)

e ky W ¢ — MOCTOSHNEIE KOI(XDHIHEHTE!, XapaKTepH3yIolIHe COOTBETCT-
BEHHO KOHCTPYKIMIO H MATHHTHbIE CBOMCTBA MAarWHTONPOBOJA reHepaTtopa;
Wy — HCAO BUTKOB OOMOTKH Bo3Gyskzemins L remeparopa.

Tok BoaGy:xaenus MOKIO HIMCHSATL MepeMeienHenm ABIKKA peocraTa
Rp. B janmoy cayuae ueah ynpasrenns — nogmepikats HeHaMemubM
Hanpsukenne wa narpyake Uy npu noMouus Bo3jieiictsis xa ynpapasiomii
opray — peocrat Ky, M3 ypasuenns (1.4) Buano, 4to namensts E, moxno
TaKIKE H3MEHCIHeM 1acTOTLI Bpamennus: akops Q. Ilas 3Toro #eoGXofHMO
BO3ACICTBOBATh HA NEPBHYNLIA JBHIATENb,
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Ynpapienue MOJKET OCYIIECTBJISATh HeJOBEK WJH TeXHHYe-
cKoe ycTpoiicTBo. B mepBom cayyae ynpasienne HasblBaercs
PYHHbLAL, BO BTOPOM — QBIMOMAMULECKUM.

Maumua win yeranoBka, oGopyoBanias TeXHHYECKHM YN-
paBAslIOUHM  YCTPOHCTBOM W JeiicTByioiman Ge3 HENoCpenct-
BEHHOIO YuacTHsi uesoBeKa, Hassiaercs agmosamon. Cozjanue
H HCNOJb30BAHHE 4BTOMATOB MNPEACTaBAsAET COGON HOBbIH
3Tan MallHHHOIO MPOHU3BOJACTBA, KOTOPLIH HA3ILIBAETCA ABMoMa-
mugayueti. Asromarusauusi, Kaxk GoJee BBICOKHH 3Tanm Ma-
[WHHHOTO TPOH3BOJACTBA, pa3BHBaeTcs Ha (ase MexXaHH3aLHH
W 3JIeKTPH(HKALUH CeNbCKOXO035HCTBEHHOTO MNPOH3BOACTEA.

ABTOMAT MOXKHO PacCMaTpPHBaTh KaK cHCTeMy, KOTOpas
COCTOMT M3 ynpasisiemoro oonekra (YO) B aBTOMaTHYECKOTU
ynpasasiiouiero yerpoicrsa (AYY), B3aHMOJGHCTBYIOUIHX MeXK-
Jy coboii B mpouecce paGOTH AJsi NOCTHXKEHHS OnpejeeHHoH
LeJIH YNpaBJIeHus.

YnpasnsieMbiM 0GBEKTOM MOXKET GBIThb HE TOJIbKO OTAEIb-
Has MauliHa, HO M HaGop MAalMH B TEXHOJOIHYECKOH JHHHH,
TEXHOJIOrHYECKIH npolece, leX, NPOH3BOJCTBO, KOTOPBIE /s
[PABUJIBHOTO BBINOJHEHHA CBOMX (YHKIMH HYXAalOTCS 8
ynpasnsiomux osaeictBuax. [Tostomy B Gosee MHPOKOM CMbI-
CJIe YCTaHOBKH, B KOTOPBIX YNpPaBJIeHHE OCYIEeCTBJASETCs IpH
nomou AYY, HasblBalOT CHCTEMaMH aBTOMAaTHYECKOIO yNpas-
nenusi (CAY).

Jisi Bo3MoXKHOCTH ympasieHHss YO HMeeT OJHH HJIH HE
CKOJIBKO OPraHOB yNpPAaBJEHHS, NPH MOMOLIM KOTOPBIX MOMKHO
H3MeHsTh noctymnieHne B YO 3Hepruu WM BeLlecTBa, H3MEeHAN
€ro COCTOSIHHE B COOTBETCTBHH C NpPEANHCAHHBIM PeryIaMeHTOM
paGoThl.

Cocrosinne YO MOKeT XapaKTepH30BaThesl MHOTHMH MOKasa-
TeJsiMH Han napaverpamu. OcHOBHON mMoKasateqb, Adsl KO-
TOPOTO OMpejeNsieTcsl Ledb yNpaBleHHsl, B aBTOMaTHKE Hasbl-
BaeTcsl YNPAaBJsieMOH MNEPeMEHHON HJIH GbiXOOHOU 6eAUUHOU
YO. Brixonuyio BesiunHy 6yneM o6o3Hayarth y (f) He3aBHCHMO
or ee (pH3HYECKOH NMPHPOJbL.

TNosoxKkeHne yNpaB/sIoOWEro opraHa HiIH MNPOnopLHOHAb-
HOE €My KOJIHYECTBO BBOAMMOH B OGBEKT SHEPrHH (BellecTsa)
HasbIBAIOT YynpasaAsouuM 8o3eticmeuem. Y pasasiollee BO3ei-
CTBHE HA3BIBAIOT TaKXKe YIpaBJsIolell [epeMeHHoll HJH
8x00HOU 6eaudurol oObeKxTa. Ynpasisioulee BosjeiicTBhe Oy-
neM 0603Hadath u (f) He3aBHCHMO OT ero (hH3HYecKoii NPHPO/ILL.

B npocreiiuiem cayuyae B CAY BBIIGJISIOT ONY BXOAHYIO H
oHy BHIXOAHYIO Bennuuny. Takne CAY mHasbiBaioT 00HOMEp-
wotmu v CAY ¢ oHMM KaHAJIOM yTpaBJieHHsl <BXOJ— BhIXOAY.
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CHcreMbl € HECKOJIbKHMH
BXOAHBIMH H BBIXOJHBIMH Be-
JIHYIHAMH Ha3blBalOT MHO20-
MepHotau. Hanpumep, B Ten-
JIOBOM JIBHTaTese YyBeJHue-
HHe [04aBaeMoii ropioue
CMeCH yBeJHYHBAeT YacToTy
BpalleHHs Bajla H Temnepa-
TYpy [ABHTaTensi; 4YacroTa
BpallleHHs1 Bajla reHepartopa
Puec. 1.2. Cxemariueckoe n3obpaxe- MEPEMEHHOrO TOKa BJIHSET HA
HHE aBTOMATHYECKOI CHCTeMbI. YacToTy H HanpsKeHHe
HT. I

B janbreiimeM Mbl GyfeM paccmaTpHBaTh OJHOMEpHEIE
CAY kax GoJiee mpOCTBIE H JOCTYNHbIE LISl H3YYeHHST OCHOBHBIX
NpHHUHIOB H cBoiicTB CAY.

B nponecce paGotel Ha ynpapisiemblii OOGBEKT AEHCTBYIOT
BHEIIHHEe H BHYTPEHHHE (DaKTOPhI, KOTOpPBIE NMPHBOAAT K H3ME-
HEHHIO YTpaBJsieMoli nepeMeHHOH y (#) oObekTa. BosueHcTBHSA,
HAapYIIAIOUHE 3aJaHHOE COCTOSIHHE YyNpaBJAseMOro OOBEKTd,
XapaKkTep M 3HayeHHe KOTOPHIX CJydafiHble, HasbIBAIOTCH
soamyuenuany. Bosmylmenus B ganpHedem GyaeM 00603Ha-
4yath f(f) HE3aBHCHMO OT HX (DM3HUECKOl MPHPOAB! H XapaK-
Tepa HM3MEHEHHS.

OcHOBHEIM BO3MyIUEHHEM MOGOr0 YNpaB/iseMOro OOBEKTa
ABJIACTCS HazpyaKa. B 3aBucuMocTH ot npupoast YO Harpyskoii
MOZKET ObITb MOMEHT CONPOTHBJEHHS HA BaJly ABHIATeJsi, CO3-
Japaemblil paboyeil MalIMHOM, PacXoji BellecTBa, TeMnepaTypa
Cpellbl, 3JEeKTPHYECKOe CONPOTHBJIEHHE W Ip.

Bropocrenennble Bo3MylueHHsi OKasbIBAIOT MeHee CyIiecT-
BEHHOE BJIHsHHE Ha BBHIXOJHYIO BEIHYHHY MO CPaBHEHHIO C Ha-
rpy3koii. K mum oTHocsTes, HanpuMep, TpeHHe B MOALIMIHH-
Kax, B3KOCTb CMasKH, MOACOC BO3AyXa B TOIKE, H3MEHeHHe
3as;g)pa MeK/y POTOPOM H CTAaTOpPOM 3JEKTPHYECKOH MAIUHHBI
H ap.

B CHCTEME aBTOMATHYECKOTO ynpaBJIeHHs OTKJIOHeHHe yI-
paB/IAIEMOH BEJIHYHHBL OT 3afaHHsi npeoGpasyeTcst yNpaBJIsiio-
LHM YCTPOMCTBOM B YyNpaBJsioOliee BO3JeHCTBHE HAa OOBEKT
Yepes ero ynpapiasiomMi Opras.

CxemaTHYeCKH aBTOMATHUECKYIO CHCTEMY MOXHO H306-
pasuth B BHJE YNPABJAEMOTO 00BbEKTa W YNpaBJsiOUIero ycr-
POHCTBa, KaK 3TO N0K43aHO Ha pHCyHKe 1.2.

Bosmywarwee Ooadedcmoue

Yapabnawowee
doadeacmbue

Ynpadnsiuee
vempedacmbo




1.2. 3AfAYY ABTOMATHUYECKOro
YNPABJIEHUSA

B cenbcKOX03s1ICTBEHHOM NPOH3BOACTBE HCMOJb-
3yercss MHOXKECTBO MallHH, YCTAHOBOK, NpeiHasHadeHHBIX W7
BLINOJIHEHHS PasHOOOPasHbIX (YHKUMil. YnpaBaeHHe Mauly-
HOIl HanpapJieHO Ha JOCTHXeHHe ONpejeeHHol LelH, s Ko-
TOPOH 3Ta MallHHA CO3/aHa.

CoBOKYNHOCTh NPaBHJI, NPEANHCAHHH HJIH MaTeMaTHYECKHX
33aBHCHMOCTEH, ONpEeAesIOIHX NOCIeA0BaTeNbHOCTh H3MEHe-
HHSI BBIXOAHOH BeJMYHHBI, COOTBETCTBYIOIIEE HOPMaTbHOMY
(GYHKLIHOHHPOBAHHIO 06BEKTa, HA3bIBAETCS AA20PUMMOM (PYHK-
yuornuposarus (A®). OH oTpaxkaeT H NpPeICTaBIAET (PaKTH-
YeCKYyIO Lle/lb YNpABJEHHS H ONpejessieTcss Ha OCHOBE TeXHO-
JIOTHYECKHX, SKOHOMHYECKHX H APYTrHX TpeGOBaHHH H3MEHEHHS
BLIXOJHOI BEJTHYHHBI 00BEKTa B MpOIECCe ero (pyHKIHOHHPO-
BaHHsI.

PaceMOTpHM OCHOBHBIE aJIFOPHTMbI (hyHKIHOHHPOBAHHSA.

1. CraGuausaumss — 3r0 AD, npH KOTOPOM BHIXOAHAs
BeMHYHHA 00BLekTa mojjep:kuBaercs Hewamennoi. CAY, B Ko-
TOPEIX peanusyercss sTor AD, HasbIBAIOTCS CHCTEMaMH CTa-
6uansanuu. B cueremax craénnmaunu y (t)=const.

ynpaamuomee YCTPOHCTBO, OCYIIECTBIAIOWee CTAOHIH3a-
IIHIO BBIXOJIHOM BeJIHYHHBI 00BEKTd, Ha3bIBAeTcs asmomamuye-
CKUM peeyaAsimopo.

B kauectBe mpuMepa pacCMOTPHM CHCTEMY CTaGHJIH3AIHH
YacTOTHl BpallleHHsl Baja TEIVIOBOrO JBHTATesl.

Mpumep 1.4. Cxema ycTaHOBKH NoKa3aHa Ha pucyhke 1.3, a. Ynpasase-

Mbiif 06beKT — ABuraTesb M paGoyas mawmHa. JIpoccenbHas 3acionka J
CJYXKHT OPraHOM yNpapJeHHsi. Y npasiasemas BelHYHHA 00beKTa — 4acTo-

[opkovas
cHhecs

Puc. 1.3. Cicrema craGuiu3altiui YacTOThl BPAUeHHs Bajaa:
a — Tenaoporo apnratens; 06— SNICKTPHYECKOro ApHraTeas.



Ta BpauleHna Bata © 3aBHCHT OT yria OTKPLITHS 3aCJOHKH H OT HATpPY3Ki,
cospapaevoil paloueit MaWHHOI HA Baa JBHraTes.

ABToMaTHUECKO® YNpaBJsioulee YCTPOIiCTBO (PeryssTop) COCTOHT H3
1eHTPOGEHOTO H3MepHTEd MACTOTHl Bpauenus Bajza [, coennennoro
qepe3 MeXamnuecknii peayktop ¢ Bajgom japuratens. Cuheremoii phiuaroB
uenTpoGeKELIT H3MepHTeab [ coeiHen ¢ ApocceabHoil 3acmonkoii -

Cuctema CTaGHaN3aIMH YACTOTLI BpAUIeHHs pPabOTaeT cjeIyiolHM
obpasoy. [Ipin nobuwerus YacTOTH BpameHHst Bala Q moj JeiicTBHEM
UeHTPOOEKHOM CHABL TPY3Bl LeHTPOGEXKHOTO HamepuTeds [] pacxopsatcs,
ecxiMaloT npyxiuy /7 1 nepementaiot mrok I Beepx. Uepes priyar P mToK
nepeaer ABiKEHHE 3acaonke /[, ymenbas MOCTYMJIEHHe ropioueii cMecH
8 paboune WHAHHAPE! ABHraTeast. B pesysmbTare 3TOrO yacTtoTa Baja ABHMIA-
Teds i paoveil MauNiHbl YMEHbIIARTCs H yCTaHaBauBaeTcst GAH3KOil K nepBo-
HaYAIBHOI.

[Mepponavanbian 4acToTa BPAllEHHA 3a/laeTCsl HaYaJbHBIM YIVIOM OT-
KPHTHA APOCCETLHON 3aCA0HKH M CKATHEM NPYXKHHBI LEHTPOGe:Kuoro Ha-
MEpHTE I 4acTOTH Bpaulenna Bana. Jlns 37oif uean npeaycMoTpeHa ChemH-
albHas PYYKa YCTaHOBKH 3ajlaHHs.

B kagecTBe BTOpOTO mpHMepa paccMOTPHM CHCTeMy cTalH-
JH3AIHK YacTOTH! BpAlleHHsl Bala 3MEeKTPONpPHBOAA paGoucH
MallHHEL

Mpumep 1.5. YnpaBasemplii 06LeKT — ABHraTeab MOCTOSTHHOTO TOKA
M (puc. 1.3, 6) ¢ He3aBHCHMBLIM B036ysiennem u paGouas maumua PM.
YnpasaseMasn BelHUHHA — 4aCTOTA BpaleHHs Baxa Q AOMKHA MOALEPIKH-
BaTECA MOCTOAHHOI  paBnoii Q. Ha YO zeiicTBYioT BO3MYIIEHHS, OCHOB-
HOE H3 KOTOPBIX — Harpyska na Bany My CO CTOPOHEI paGodeil MatIHHBI.

B peryaupyiomee yerpoiictBo sxoast Taxorenepatop G, ycraHoBou-
uelii notenuomerp RP u yenantens A. Taxorenepatop npeanasnauen Vst
M3MEpPEHHA 4ACTOTL! BpauleHus Bana Auratens. Hanpskenne na xaemmax
TaxoreHepaTopa NpoNOPUHOHAJIBHO YaCTOTe BPALIeHHsT SKOPs:

U'n‘=h-rrg» (1 5)

e kyp — KO3()HIHEHT NPOnopUHOHANEHOCTH.

TNotenniomeTp RP BHIMOAHSET poOJib 3ajalOmero YCTPOHCTBA, a CHH-
maexoe ¢ wero nanpskenne U, sBasercs 3agaiomumM. Iloasprocts Hanps-
#ennit Up n Uzp BHIOpana TaK, 4To peaysibTHPYIOULee HanpsuKeHne, KOTOpoe
NOCTYN2ET HA YCHIHTENb, PaBHO HX pasnocTH: AU= Uy—Urp. Yenautens
A ycnausaer nanpsxenne AU. Ycnnennoe mampsukenne U,=kyAU (rae
ky — KOSDOUIHEHT YCHJIGHHS YCHJITENs) MNOJBOAHTCH K SIKOPIO ABHTa-
Teans M.

B ycranosusuwesmes pekuMe K SKOpIO JABHTATeNsT MOXBOJHTCS HAMpsi-
#enne U,, KOTOpPOE COOTBETCTBYEeT 3HAYEHHIO

Ua =ty (Uy—Unp) =ky (Uo—krQ). (1.6)
TIpn OTKJOHEHHH 9acTOTH BpaleHHs Bajda oT Q, namensercs AU H,
CJIE/IOBATeJILHO, HANpsKeHne Ua. STO TNPHBOJAHT K H3MEHEHHIO 4aCTOThl Bpa-

HICHHA AKOP#A, KOTOPAaa CTPEMHTCA K BOCCTAHOBJIEHHIO NpexXHero ee 3nave-
HHA.

2. Tporpammuoe ynpasienne — 370 A®, npH KOTOpOM
BLIXOAHAsl BeqHYHHA 00bEKTa H3MEHsETCs Mo 3apaHee Npexy-
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cMoTpennoli nporpamme. Cucremsl, peaauayiomue stor Ad,
HagsblBalOTCsl nporpaMmubivi. [lporpamma mozker ObITh 3aiaHa
BO BpeMeHH (BpeMeHHOEe MporpaMMHoe ynpaejenue) W B [po-
CTpaHCTBe (NMPOCTPAHCTBEHHOE MPOTPaMMHOE yNpaBienie).

OcHOBHOE OTJIIYHE CHCTEM MPOTPaMMHOTO YHpaBieHHs oT
cHCTeM CTaOHIIH3aliH COCTOHT B TOM, YTO B CHCTEMAX MPOrpaM-
MHOrO ynpablieHHsi IJaBHOH 3ajayell sIBAAETCA BOCHPOH3BE-
JeHHe MpOorpaMybl YNpaBleHHs € 3aJaHHON TOYHOCTHIO.

[MporpamMma sajaercsi 3afaT4HKOM, KOTOPbIH BEIA4ET MO-
CJIE0BATELHOCTE KOMAHJ B COOTBETCTBHH C TpeOyembns Ad
obbexta B BHAE X, ().

ITpu 3ajanin nporpamybl BO BpeMeHH B KAYeCTBe 3a1aTyHKa
NPHMEHSIIOT NMPOrPAMMHOE peJe BPEMEHH HIIH YacOBOif Mexa-
HH3M, MepeMellalonHii 3aalolWHil NOTeHIHOMETD HJIH APYroH
3aJlaTIHK peryJsTopa B COOTBETCTBHH ¢ TpeGyeMmoil mporpas-
MO H3MEeHEHHsl BBLIXOAHOH BeIHYHHBI Yy (f) 06beKTa.

[NpocrpancTBeliiioe NpOrpaMMHOE yMpaBAeHHe HCHNOJAb3YET-
ca I8 JBHIKEHHs MO ONpEAeJdeHHOH TPaeKTOPHH B NPOCTPaH-
CTBE: HampHMmep, ABHxKeHHe ()pesbl M0 3aJaHHOMY KOHTYPY B
CTaHKe ¢ nporpamMMubiM ynpasienueM. Ilporpamva B 3TOM
cayyae MozKeT GbiTh 3ajlaHa B BHJE wabJoHa, 0 KOTOpoMy Hepe-
Meuraercsi Konup. B craHKax ¢ YHCJIOBBIM MPOrpamMMHBIM YII-
paBJIeHHeM MporpaMMa 3ajaercsi B BHJIEe 4YHcesa, ONpeiedsio-
IHUX KOOpAHHATH 0OpaGOTKH AETaNIH,

[Tporpamyuo 3azaercsl TaKk:xke BpeMs BKJIOUEHHSI H OTKJIO-
YEHHSI MCKYCCTBEHHOTO OCBEllEeHHsl B TelIHIaxX, NTHYHHKaX,
H3MEHeHHe OCBElLEHHOCTH NMPH CO3JaHHH HCKYCCTBEHHOIO «3a-
Kara» H «paccBeta» H T. II.

CucreMy nporpamMMHOTO YNpPaBJIEHHs MOXKHO paccMaTpHBaTh
KaK COBOKYMHOCTb CHCTEMBI CTaGH/JIH3aLHH H NPOrPaMMHOTO 3a-
JAIOILETr0 YCTPOHCTBA.

3. Cnepsique cucrembl. AD cuelsiueil cHCTeMbl 3aKJI04aer-
¢ B TOM, YTO BBIXOJHAsl BEJIHYHHA JOJKHA MOBTOPSATH H3Me-
HEHHE BXOJHON BeJHUHHEL, MPHYEM 3aKOH H3MEHEHHUs MOoCaeAHel
sapanee nHeusBecreH. Ciezsuias cicremMa npeicTas/iseT cofoi
YCHIHTEJIb MOIIHOCTH, H ee OCHOBHAsl 3ajaiya — TOYHO BOC-
NPOH3BOJANTH BXOJHYIO BEJNMYHHY MPH HAJIHYHH BO3MYLIEHHI.
HanGonee 9acTto BCTpeYaloOTCsl CAEAsLIHE CHCTEMBl JUIsi BOC-
NPOM3BOJCTBA YIVIa, YacTOTBl BpalleHHsl, MOMEHTa, Hanpske-
HUS, TOKA M T. I.

Cneldulyio CHCTEMY MOXKHO paccMaTpHBATh TaK Ke, Kak
COBOKYIMHOCTb CHCTEMBI CTaOMJIH3aLH H CHENHANLHOIO mpe-
o6pa3oBaTeiisi, H3MEHAIOMEro 3ajaHiue B 3aBHCHMOCTH OT Cay-
YaiHOro H3MeHeHHsl HeKoTopoil Bemnunnbl. Hanpumep, B npo-
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NamnbEIX OPYAHSX Caeisilasi cucreMa HcrnoJbsyercs Ansg yn-
paBJenHs NosozKeHneM padoyHX OPraHoB B 3aBMCHMOCTH OT
HanpasJennsi psiAKoB pactenuii. CneunanbHoe YCTPOHCTBO —
KOMUP CJeANT 3a Hanpas/eHineM pPsAKOB H 3alaer Tpebyemoe
NoJIOKEHNEe NPONnauHbIX OPraHoB, YTOObI OHH He MOBpexAa/lH
pacTeHmii.

B nocneanee Bpemsi B TeXHHYECKHX CHCTeMaX NpHMeHsIOTCA
Gosiee cuoxHbie (ToHkHe) AD, TakHe Kak MOHCK SKCTpeMyMa
nokasaressi KayecTBa, ONTHMaJbHOe yIpaBJeHHe, CaMONpHCIO-
cobsienne (azanrauus).

4. AnropuTm noMcKa 9KCTpeMyma MpejroJaraer OTBICKaHHE
H rnoJJepxKaHHe BBIXOAHOH nepemeHHoH YO npu H3MeHEHHH
COCTOsIHHS 00BeKTa M BoaMyuieHH#. [IpuMepom MoOXeT CIY-
JKHTh TeIIOTeHeparop, crarHyeckas XapaKTepHcTHKa KOTOPO-
rO HMEET 3KCTPEMyM TeMnepaTyphbl TOINOYHLIX ras3oB MpH AaH-
HOM pacxojie TomuuBa. [l mommepikaHHs SKcTpeMyMa TeM-
NepaTypel HeOOXOAHUMO TMOANEPIKHBATL PACXOJ BO3AyXa H TOM-
JIHBa CTPOTO TMOCTOSIHHLIMH NPH OTCYTCTBHH HEKOHTPOJIHPYEMBIX
BoaMyleHHid. Ho B peambHBIX ycJIOBHAX y TerwioreHeparopa,
Kak H y Jo6oro 06beKTa, CYLIECTBYIOT HEKOHTDOJIHPYEMBIE
BO3MYIUEHHS, KOTOPEIE 3apaHee YYecTh NpPAKTHUYECKH HEBO3-
MOXKHO (Halpumep, M3MeHEHHe KaJOpHIHOCTH TOMJIMBA, MOA-
COCBI BO3/lyXa H T. 0.) H KOTOPbIE BLISHIBAIOT OTKJIOHEHHE TEM-
1€PATyphl OT ee MaKCHMaJbHOrO 3HaueHHs. [loj JAeHCTBHEM

O3MYIIEHHS TOYKa SKCTPeMyMa TeMmmepaTypsl GyAeT CMelarb-:
A. UToGbl BepHYTH cHCTeMy K SKCTpeMyMy, cJIejlyeT Bo3eHCT-
JO0BaTh HA ynpaBasiiomuii opran. OmHH H3 CIOCOOOB ONpefe-
JCHH7 HAUDPAaBJEHHs BO3NEHCTBHS OCHOBAH HA ONpEAeJeHHH
SHAKa M SHAYEHHS NPOM3BORHON dy/du wiw dyldt. B Touke 3K~
CTPEMyMa CKOPOCTb H3MeHEHHsi BHIXOJHOH BeJHYMHEI DaBHA
HYJIO TIPH 3HAYEHHH YNPABJAIOMEr0 BO3JACHCTBHA U=Uons
Taxas cucrema Baﬁoraer KaK O6bIYHast cTabH/IH3HpYyIoLas CHC-
TeMa, y KOTOpOH SalaHHeM sBisiercs BemuunHa dy/du=0.

5. ANIrOpHTM ONTHMANBLHOIO ynpasjeHust npejrnoJaracr
AOCTHZKEHNE HAHJYYIIHX B ONpELeNeHHOM CMBICJIE YCJIOBHH pa-
G6oter YO B nepexomHom P&XHMe NpH HaJTHYHH OrpaHHYEHHH
Ha BXOXHDIE, BLIXOJHBIE BeJMUYMHEL M NepeMEHHBIE COCTOSIHHSA
o0beKTa. TakuMmu ycaoBHsIMY MOryT GbiTh, HampHMep, MHHH-
MAJLHBIC SaTpDATLI SHEPTHH, GbICTpoLeHCTBHE M Ap.

IMokazarens spdekTuBHOCTH BbIDaYKaeTcsi HeKOTOPHIM (yHK-
LHOHAJIOM OT BXOJHLIX M BEIXOAHEIX NepeMeHHBIX H OT BpeMeHH
¢ yderom orpanunyennit. Ilpuvepom aJropuTMa ONTHMAJIbLHOTO
yHpaBJaenus Moxer OBITb H3MeHeHHe TeMnepaTypbl B MOMe-
WEHHH OT OJ{HOTO 3HAYEHHS 1O APYIOTO 3a MHHHMAJIBHOE BpeMs
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NpH OrpaHMYEHHBIX 3aTpaTaX IHEPTHH HJIH H3MEHeHHe TeMmme-
paTypel IpH MHHHMAJIBHBIX 3aTpaTaX SHEPTHH 33 OTPaHHYEHHOe
Bpemsl.

6. AnropuTM ajanTauMM MNPEANOJaraerT Takoe H3MeHeHHe
BBLIXOAHBEIX BesinyuH YO, NpH KOTOPHIX COXpaHsAETcH 3ajaHHOe
KauecTBO pabothl oObekTta. [Ipu 3TOM cHCTeMa MozkeT H3Me-
HATH CBOM napaMeTpbl H crpyktypy. [IpumepoM camonpucno-
cabmHBaloLIelicsl CHeTeMBl MOXKeT OBIThb CcHCTeMa, oGecnedl-
BalOllasl H3MeHeHHe pexHMma paGoThl TPAKTOPHOTO arperata
NpH H3MEHEHHH YCJOBHH paboThl: MaXOThl HAa HEPOBHOM peJlbe-
e, Ha NoYBax C pa3NUYHBIMH MeXaHHYECKHMH CBOMCTBaMH
H T. O

Jns Bemosuenusi 3aganHoro AQ® ynpasngemoro o0beKTa
JIOJZKHBI COOTBETCTBYIOLIHM 06pa3oM ()OPMHPOBATHCA H yNpas-
JISIOLHE BO3IEHCTBHS.

IlpaBuso ¢opMHpPOBaHHS MNOCIELOBATENLHOCTH YMpaB/s-
IOLKX BO3JeicTBUi, ofecneynBaioux BeimosHeHHe A® yn-
paBiseMoro obmexTa C Tpebyemol TOYHOCTHIO, HA3BIBAETCH
aNrOpUTMOM yMpaBJIeHHS.

7. Anroputm ynpasieHusi 3aBHCHT Kak or A®, Tak H OT
JHHaMHYecKHX cBoicTB ¥YO. Ora cBf3b MOXKeT ObiTh NpeACTaB-
JIeHa PA3iHYHBIMH MaTeMaTHYeCKHMH 3aBHCHMOCTSMH. B 06-

LeM cayyae
u)=Aly @), f@®)] (1.7)
rie A — omeparop, onpexessioulHii BHI 3aBHCHMOCTH.

Marematnyeckasi 3aBHCHMOCTb, YCTaHaBJIHMBAOWlas CBA3b
MEXJy YNpPaBJSOUHM BO3NeHCTBHEM H BBEIXOAHOH MepeMeHHO
yTpaBJsieMoro 06beKTa, HAa3bIBAETCS 3aKOHOM YNpasreHus.

B TexHHKe MCMONb3YIOT Pa3/HYHBIE 3aKOHBI YIPABIEHHH,
KOTOpbIE peaH3yIOTCsl aBTOMAaTHYECKHMH YMPaBISIOUWHMH YCT-
policTBaMH HJIH peryJsitopamu. B celbcKoXo3siicTBeHHOM Npo-
H3BOJCTBE MPHUMEHSIOTCS NPEHMYIIEeCTBEHHO PEryJsITOPEl pe-
JIEHHOTO H HENpepLIBHOTO NeHCTBHS. 3/ech OrpaHHYHMEs Kpar-
KHMH CBeIleHHSIMM O HauOoJiee pacnpoCTpaHEHHBIX 3aKOHaX
ynpaBJIeHHA.

Peniefinblii 3aKOH ynpaBJeHHsT pealH3yeTcsl peryJsTopami
peneHHOro JAEHCTBHS, y KOTOPHIX yNpaBisiollee BO3JAEHCTBHE
NOSABJSETCS TOJNbKO HPH MOCTHXKEHHH YINpPAaBJAeMOH BeJHYH-
HO¥ 3aJIaHHOTO MOPOroBOro 3HaueHusi. [Ipu 3ToM ympasasio-
liee BO3JEHCTBHE NPHHHMAET ornpejeseHHoe (QHKCHPOBAHHOE
3HayeHHe (MO3HIIHIO) B 3aBUCHMOCTH OT TOTO NOPOrOBOI0 3HaYe-
HHSI, KOTOPOTO JOCTHIVIA BhIXoAHasl BesnnunHa. Tpaduk uame-
HEHHS BBIXONHOH BEJHYMHBI H YNPaBJSIOUIEr0 BO3JCHCTBHS
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Puc. 1.4. Tpaduk uaMeHenust Bbl-
XOAHON BeJHYHHBLI W YMpaBJasio-
Lero BO3JEHCTBHA B PpeJeiHoli

Puc. 1.5. 'papux uamesenus BLIXOA
HOii BEJHYHHBI
I — Gea perysquposanns; 2 — ¢ Il-pery-

aaropoM; 3 — ¢ M-peryastopom; 4 — €
TH-peryastopom; & — ¢ ITH-peryas:
TOPOM.

CHCTEME peryJHpoBaHHi.

NpH IBYXMO3HUHOHHOM PperyJIHPOBaHHH NOKa3aH Ha PHCYH-
Ke 1.4.

B anHeHHEIX peryaaTopax HeNnpepeIBHOTO JeficTBHs yNpaB-
Jsiiolee  BOSJECTBHEe JHHEHHO 34BHCHT OT OTKJIOHEHHSI, €ro
HHTErpaja H MepBoH MPOH3BOAHOI BO BpeMeHH. [IpH omHCAHHH
3aKOHOB 0003HAUHM OTKJOHEHHE BBIXOIHOH BEJHYHHEI OT 3d-
TaHHOTO 3HAYEHHs Yepes €.

Mponopuuonansublii sakon (I1-3akon):

u==k.e.

. (1.8)

\OCTOSIHHYIO Rj HA3LIBAIOT KO3(pHIHEHTOM IepefauH pPery-
JATOpA.
Huterpanbhblit  3akon (M-3axon):
t
u=4hyT ( edt, (1.9)
0
rie T pMeeT pasMepHOCTb BPeMeHH,  ee Ha3LIBAIOT MOCTOSTHHOI HHTErpH-

poBanua.
ITponopunonaibHo-uHTerpanbHLI 3aKoH ([TH-3aKoH):

4
”=’?p(8+1/TSadt>. (1.10)
0

I POINOPUKOHANLHO-HHTETPANbHO- A (depeHMaNbHBIH 3aKOH
(IMTM1-3akomn):
I =

3
kol &+ 1T, §edi+T, dejat |, (1.11)
0



rae noctosnunie spemenn Ty 1 T COOTBETCTECHHO HA3LIBAIOT MOCTORMIb.
Mi BpeMeHH HHTETPHPOBANHA 1 JH(pepeHnponanns.

XapaKTephl H3MEHEHHS] BBIXOIHOH BeJHYHHB! ofLeKTa npx
PasiiiyHLIX 3aKOHaX PeryJaHpoBanusa sHauiTeJLHO OTJAHYAI0TCA.
ﬂﬂﬂ CpaBHeHus1 Ha PHCYHKe 1.5 nokasanbt rpa(bmm namene-
HHS y(!) DpH uSMeHeHHH Harpy3ku f[(f) B MOMEHT BpeMeHH
to.

1.3. NMPUHLMNbI OEACTBUSI CUCTEM
ABTOMATMYECKOIrO YINPABJIEHHS

B ocHOBe MOCTPOEHHSI CHCTEM aBTOMATHYECKOTO
ynpaBneHHsi Jexar ofumHe (yHIaMeHTalbHblE NPHHLUHIE!
ynpaBieHus, ONpelessiollne, KakuM 00pasoM OCYLIECTBJIA-
e1csl yBSI3KA aJrOPUTMOB YIIPABJNeHHs C 3ajlaHueM H (axTHue-
CKHM (DyHKIHOHHPOBAHHEM CHCTEMbl, a HHOTAd H C BO3MYyIle-
HHSIMM, BLI3BABLIHMH OTKJOHEHHE BHIXOJIHOH BEJHMYHHEL OT 3a-
JIAHHOTO 3HAaYeHHsl, ONPElEesIOWEro LeJdb YIPaBIeHHS.

B Texnuke HCHOJIL3YIOTCS TPH OCHOBHBIX (DYHIAMEHTa/b-
HBIX MPHHUUTIA: PA30MKHYTOrO YNpAaBJeHHs, KOMINEHCALHH
BO3MYILLEHHSI M YNPaBJEHHs MO OTKJOHEHHIO.

1. TMpuHUKN P230MKHYTOTO YNPaBJIeHHs 3aKJII0YaeTCsi B TOM,
4TO AJITOPUTM YNPABJIEHHA CTPOUTCS TOJBKO Ha OCHOBE aJITOPHT-
Ma (yHKUHOHMPOBAHHS NyTeM BbIGOpA 3aKOHOB, ONPEAENsio-
KX JeHCTBHE YNPaBJSIOUIEro YCTPoiicTBA ¢ y4eToM CBOMHCTB
yIpaBlIsieMoro oOBeKTa.

3nech He yunThIBaeTcs (haKTHUECKOe 3HaueHHe yrpasise-
MOH BeJMYHHBI H JelicTBHEe BoaMylieHuit. CXeMa CHCTEMbI aB-
TOMATHYECKOTO YNPABIEHHSI [0 PasOMKHYTOMY MNPHHLHIY IO-
KazaHa Ha pucyuke 1.6.

Anroput™ (DYHKIHOHHDOBAHHS MOXKET 3ajaBaThCsl OTAENb-
HBIM YCTPOHCTBOM — 3aJaTYHKOM aJropuTMa (yHKIHOHHPO-
panusi (3A®D) uan san0xeH B KOHCTPYKUHIO 6J0Ka ynpasie-
uus (BY). Torna 3A®D wmoxer BooGwe orcyrcToBath. [lo
PasoMKHYTOMY IPHHIHIY MOCTPOEHEI MHOTHE AATYUKH MPo-
rpavMMbl, HalpHMep 4YacoBble INpPOrpaMMHBIE peJe, KyJauKo-
Bble MEXaHH3Mbl rasopacrnpelesieHHs ABHrareneil BHYTPEHHero
CropaHus u Ap.

2. Mpunuun KomneHncauuu (ynpapjeHHe 1O EO3MYIIEHHIO)
6e1 npeioxeH (panuysckum umkenepom K. Ilomcene B
1830 r. u peanu3oBaH Ha npakThke B 1869 r. pycckuM HHKeHe-
pom B. H. UnxoseBsM B ycTaHOBKE aBTOMATHYECKOTO pery-
JIMPOBAHMS FOPEHNs JAYTOBBIX JIaMil. STOT NPHHUHI HA3bIBAIOT
npunuunom IToncene — Unkonepa. CyUHOCTD €r0 3aKiioyaerces
B TOM, 4YTO ynpaBnﬂlomee}y;’chﬁ‘ﬁﬁm fg)‘opmnpy‘e'-r“'{rnp:ignmo-
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Puc. 1.6. Biok-cxema apromaru-  Puc. 1.7. Baok-cxema cucteMsr aBTo-
HECKOrO YMNpaBJieHHs [0 pasoM-  MAaTHYECKOro YIPaBJEeHHsS 1O BO3MY-

KHyTOMY NpHHLHOY: LIEHHIO:

3A® — 3anaTuuk aaropuT™Ma GYHKUH- 3AP — 3alaTuUHK anropuTMa GyHKUHOHH-
olunponanusi; 5Y — GA0K ynpanJenus; popanns; 5Y — Gaok ynpasaenus; K¥Y—
Y0 — ynpasaseMmuil 0GLEKT. KOMIMeHcaluHoHHoe YycTpoiicTso; ¥O — yn-

paBafeMslil OGLEKT.

liee Bo3/eiicTBHE TaKHM 06Pa3oM, YTOOEI KOMIIEHCHPOBATh JeH-
crBHe Boamyiiennsi Ha YO. CxemarHueckH cucrema ympasJe-
HHS MO BO3MYLIEHHIO NOKa3aHa Ha PHCyHKe 1.7.

[TpumepoM aBTOMaTHYECKOH CHCTEMBI, paGoTalouieil o 370~
My OPHHIHIY, MOXET CJIYXKHTb KOMIayHIAHPOBaHHE TreHepa-
TOpa MOCTOSHHOTO TOKa, oOecrneyHBalollee HEH3MEHHOCTh Ha-
NpsKeHHs1 NMPH H3MEHEHHAX TOKa HarpysKH.

Npumep 1.6. Komnencauus najenus HanpsKeHdss Ha o6MOTKax sKOpS
TeHepaTopa NMpH YBEeJHYEHHH TOKA HATPY3KH JOCTHTAeTcsi C MOMOMLbIO J10-
NOJHHTENbHOl oOMOTKH BO36Gyaenus (puc. 1.8). Ecau 3IC renepartopd
JHHe{HO 3aBHCHT OT ero NoToka Bo3GYXKIeHHs Py, a yMeHbLUEHHE HanpsKe-
HHSi BBI3BAHO TOJNBKO AKTHBHLIM CONPOTHBJIEHHEM SIKOPS, TO AJsi MOAAEP-
JKAaHHA MOCTOAHCTBA 3alaHHOro Hanpspkenus Uy nano uamensts DJIC rene-

atopa B (YHKUHH TOKA HArpyskH no 3akoHy E,=Uy+I/;Ry. Ilanenue
NPSAKEHHs] KOMIEHCHPYETCH JONOJHHTeALHBIM MAaCHHTHBIM —TTOTOKOM
'Oyaenns karywku L2, 1o KOTopoii mpoTekaer ToK /y, MPONOpIHOHATb-
1 TOKy Harpyaku /y, TaKoii, 4To0bl /yR,=k®,. 3Hauenne KoadpuHenTa
10A6HpalOT H3MeHeHHeM COMPOTHBJCHHS IWYHTA Ry;.

DTOT NPHHUHMN TO3BOJSIET KOMIEHCHPOBATH AEHCTBHE BO3MY-
LIeHHs, KOTOPOE MOXKET 6bITh H3MepeHO, NpHYeM [JIsl KaXXAoro
BHJIa BO3MYIIEHHSA HEOOXOJHMO HCMOJB30BaTh OTAEJBHOE KOM-
neHcHpyiomee ycTpoiicteo. Tak, B NpHBeIeHHOM MpHMepe KOM-
NeHCHPYeTCsA TOJIbKO AeHCTBHE TOKAa HAarpy3KH Ha HampsiKeHHE
reHepartopa. KoneGanus temnepary-
PbI, 4acToTa MPHUBOJAHOrO JABHraTess
H psif ApyruX (paKTOPOB B 3TOH yC-
TaHOBKEe He KOMIIEHCHPYIOTCS, BCJAEN-
CTBHE 4Yero oumél(y HEJIb35 CBECTH K
HYJIIO Jaxke NpH HIeaJbHOM KoMma-

YHAHDOBAaHHH.
Soponiinin nepmopsns. B 1840. T, B. lumasios npearo-
CTOSIHHOrO ToKa Kak chcre-  “KHJI IDHHIMI JOCTHXKEHUS] HE3aBHCH-
Ma peryqupopanus Hanps- ~MOCTH YNpaB/isieMOH BEJIHYHHEI OT
JKEHHS MO BO3MYLICHHIO. BO3MYIEHH H, TaK Ha3hIBAEMBIH NpHH-
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ILHIT HHBapHaHTHOCTH, B 1948 .
B. C. KyneGakud u B 1955 r.
b. H. Ilerpos noxasamu, Kak
C/IeyeT CTPOHTh CHCTEMBI, YTO-

Obl B HHX MOKHO OBLIO pea- obpamuas chise
JIH30BaTh MPHHLUHN HHBapHAHT-
HOCTH. Puc. 1.9. B.iok-cxema ynpaeae-

54 anHulln ynpaBieHus no HHS MO OTK/JIOHEHHIO.

OTK/IOHEHHIO BrepBble HalleJ

NPOMBIIVIEHHOE NPHMEHEeHHEe B PEryJIsTope YPOBHA BOAbI B KOT-
ne, npeioxkenHom pycckum texHukom HW. M. TloaayroBbiM
(1765 r.), n B HEHTPOGEKHOM pEryJsiTOpe YacTOThl BpallleHH:A
Bala NapoBoH MaluMHBI aHIVIMHCKOro Mexannka k. Yarra
(1784 r.). B cBs3u ¢ 3THM NPHHIMN YNpPaBleHHs IO OTKJO-
HEHHIO HOCHT HasgBaHHe npuHUMNa IlomsyHoBa — YatTa.

CymHOCTh MPHHIMNA 3aKJOYAeTCsl B TOM, UTO YNpPaBJsio-
wee Bo3jeHcTBHe (opMHPYETcsl TOJNbLKO NPH OTKJIOHEHHH YIl-
PaB/IeMOJi BeJHYHHBI OT 3alaHHOrO ee 3HaueHHs. Cxemarnye-
CKH CHCTEMa aBTOMATHYECKOIO YIpPAaBJEHHs IO OTKJOHEHHIO
noxasaHa Ha pucyuxe 1.9. Auroput™ ynpasaenus u (f) Gopmu-
pyercs Groxom ynpasJienust 5Y nocie cpaBHeHHs 3aJlaHHOTO
anroput™a (pyHKUHOHHPOBaHHsS OJ0KOM 3AD 1 (aKTHYECKOrO
3HAUeHHs! BBIXOAHOH BEJMUMHBL yIpaBJsieMoro o6bekta. st
3T0H LEJIH B CXeMy BBOJAHTCS LOTOJHHTENbHAs CBS3b C BBIXOJA
ynpasasemMoro o6kekra B 5. Ora cBfi3b Ha3blBaeTCsl LENbio
obpamuot cés3u, TaK KaK Mo HeH mepejaercst CHTHAJ B oOpar-
HOM HalpaBjleHHH C BbIX0oJa oOBeKTa B OJIOK YIpaBIEHHS.
Ilens o6parHOil CBsi3H KaK OBl 3aMBIKAeT KOHTYP YMNpaB/eHHS,
N03TOMY TaKOe yNpaB/leHHe HOCHT Ha3BaHHE YNpasAeHus no
BAMKHYMOMY KOHMYPY.

ABTOMaTHUECKOE yIpaBieHHe B (DYHKIUHH OTKJIOHEHHS (aK-
THYECKOTO 3HAYEHHS BBIXOJHOH BEJIHYHHEI OT €e 3alaHHOTO 3Ha-
YeHHS] Ha3blBAeTCsl ABTOMATHYECKHM DpEeryJiHpOBaHHEM.

PaccMoTpeHHble paHee CHCTeMbl CTAOMJIH3aLHH YacTOTHl
BpallleHHs1 BaJjla TelJIOBOTO JIBHTaTeNsi M 3JeKTPOABHIaTes,
noKasaHHble Ha pHcyHKe 1.3, sIBNSIOTCS 3aMKHYTHIMH CHCTE-
MaMH, B KOTOPBIX MCIOJb30BaH NMPHHIHI aBTOMaTHYECKOro Y-
paBJIeHHsl 0 OTKJIOHEHHIO.

PaccMorpuMm elle oJiMH NIpUMEp 3aMKHYTOI CHCTEMBI PeryJIH-
POBaHHS JABJEHHS MKHIAKOCTH.

Npumep 1.7. Perymupyemoe naeienne p, (puc. 1.10) neficteyer na
mem6pany M. Cuna pasnennst ypasuoseumnsaercst npyiunoit /7. Ilpn yse-
JIMYEHHH JaBaenus p, MemGpana M nepemeinaercs it CB3aHHEIL ¢ MeMOpa-
HOI WTOK mepemelinaer kiaanan K, yMeHblas MJAOWAAb CedeHHs MpOXoja.
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[Tpu stom ypeanuuBalotes notepy Janjelus B KJanaHe H COOTBETCTBEHHO
YMeHbIIaeTes 1aBJeHne pPa.

M3 npusenenneix npuvepos BHAHO, 4TO pabora cu(:TthC!
4BTOMaTHYECKOTO yMNpaBJeHHS! MO OTKJOHEHHIO He CBs3aHd 5
KaKHM-H00 onpefenenbv BoamyLienneM. Mavenenne rlE)JXO);(e)
HHSl pPeryJupyiouero opraHa (ynpasJjsiouiee BO3/EeHCTB =
3aBHCHT OT OTKJIOHEHHS YTPaB/sieMOH BeJHYHHEL OT 3a/1aHHO
3HAYEeHHS] HE3aBHCHMO OT TOro, KaKMMH NPHYHHAMH OHO BbI3-
BaHO. D10 OJHO M3 OCHOBHLIX NpPEHMYIIECTB YTpPaBJIeHHs ng
OTKJIOHEHHIO, 00ecrneyHBaoIHX IIHPOKOEe ero npumenﬁeﬂneeT
Pa3MHUHBIX 06GJAacTSX TeXHHKH. OTOT MPHHLHI ueucmy""
TaKXKe B JKHBOH NPHPOZAE, SKOHOMHKE, COLHOJOTHH, 3KOJOT
H T. o L

[penvyiecrsa cucrem ynpapienusi 00 OTKIOHEHHIO
NMeYHBAIOTCS HCMOJMb30BaHHEM oOpatHoii cBs3u. [lo cBoeMY
IeHCTBHIO 06paTHasi CBA3b JIEMHTCA HA HECKOJBKO BHIOB. .

Koraa Boazeiictsre no nenu o6parHoii casi3n cmanbmae'rc_
C 3ajaioluM, TO Takas obpaTHas CBA3b HasbBaeTcs 10A40JCH
MmenbHoU.

Ecan ke BosgmeiicTBHe 1o Lenu 06paTHOH CBSI3H BBLIYHTACTCA
H3 3aJaiOllero BO3JAeHCTBHS, TO OOpaTHAas CBSI3b Ha3bIBAETCA
ompuyamensbrod. CueteMsl aBTOMaTHYECKOrO yNpaBJeHHsl, pa-
GOTalolHe M0 OTKJIOHeHHIO, MPENCTABJAIOT COGOI CHCTEMBI C
OTPHUATENbHOH 0OpaTHOM CBSI3BIO.

OGpatnas cBsi3b, oGpasyemas peryJsiTopoM IO OTHOLLIE-
HHIO K ynpaBisemMoMy OGBEKTY, HAa3bIBAeTCs 24Q6HOU.

O6patnele cBsi3H, KoTOpble MOTYT GbITh B CaMOM DeryJs-
TOPe, HAa3BIBAIOTCS MeCHHbIMU. .

OGparhas cBsisb MoXKeT GbITh ecrxol H 2ubKod.

JKectkan obparHas cBsi3b JIEHCTBYET B yCTaHOBHBIIEMCS H

NIEPEXOJIHOM peKHMax, Torja Kak rubkasi o6patHasi cBs3b

;IEHCTBYET TOJBKO B nepexoaHom
pexxume. lf
B 3aBHCHMOCTH OT TOro, Ka- F y
" Vol
2
7
£ Xo
=~/ k_—’//' kp - N
Prc. 1.10. Cxema aBTomarnticcko-  Puc, 1.11. Cxema 3amkuyToii cie-
TO PeryJIHpOBaHHs AdBICHHS, CTEMBl PEry/JTHPOBAHHSA.
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KOl BHJ OOpAaTHOi CBSI3W — JKecTKas WM THOKas HCNoJib-
3yercsi B CHCTEME aBTOMAaTHYECKOrO peryJHpoBaHusi, cHCTe-
MBI CTAaOHJIH3alUMH JEJNATCS Ha cramuyeckue n acmanuieckue.
ITH MOHATHS OTHOCATCA K YCTAHOBHBIUEMYCSl pEeKHMY B CHC-
TeMe aBTOMATHYECKOTO PEeryJHpOBaHHA.

PacemoTpuM oOLLyIO CXeMy 3aMKHYTOH CHCTEMBI PEryJiHpo-
paunsi ¢ Il-perynstopom, nokasannyio Ha pucynke 111
Anroputv ynpasnenus Il-peryastopa .

u=~Fe. (1.12)
B ycraHoBHBLIEMCSI pexHME
y=hkou—=Fkf, (1.13)

rae ko — KO3(xpHIMEHT nepefaun 00beKTa N0 YNpaBaeHHIO; £, — Kos(pdmitis-
eHT mepefiaud O0BEKTa MO BO3MYLLeHHio (Harpyske).

Yunreigasi, 4to e€=x,—Y, TAE X,— 3aJaHHOE 3HAYeHHe
peryJaHpyeMoii BeNHYHHEI, Y — (PaKTHUECKOE 3HaueHHe pery-
JHpyemMoll BesnuHnbl, u3 ypasuenuii (1.12), (1.13) nomydaem

y = [Roky/(1 4 kohko)] Xo—[Ry/(1 + koko)] f. (1.14)

PerynupoBanue, NpH KOTOPOM YCTaHOBHBIIEECS 3HAUeHHE
peryJupyeMoil BeHUYHHLI TIPH TOCTOSHHOM BO3MYLIEHHH 3a-
BHCHT OT 3HAYEHHsI 3TOrO BO3MYIIEHHs, HashbIBAeTCs cmariute-
CKUM.

OTKJIOHEHHE PEryJupyeMoi BeJTHUHHEl OT ee 3HaYeHHH, yC-
TAaHOBJEHHOTO 3aJaHHeM, COCTABJISET CTaTHYECKYIo OLIHOKY
i
Tpaduk 3aBHCHMOCTH PEryJIHPYeMOi Be/IHYHHEL OT HATpY3KH
B YCTAHOBHBIUEMCSI PEXKHMe HA3LIBAETCS XaPaKTEPHCTHKOI pe-
IYJIHPOBAHHS.

KpyTHsHa XapaKTePHCTHKH pEryJHPOBaHHS HasblBaeTcs
cratuaMoM. CraTHaM OlLeHHBaeTcsl Ko3(dHLIHUEHTOM CTaTHaMa
B BHIE g

5=—ap/on, (1.15)

e @=Ay/yy — OTHOCHTEILHOE H3-
MEHEeHHe PEryJHPYEMOil BeJHUHHEL;
A=Aflf, — oTHOCHTenbHOE  mamene. J7CN
HHE BO3MYILLLEHHST (HATPY3KH); Yy, fu—
HOMHHAJILHO® 3HayeHHe BBIXOJHOIT Be-
JIHYHHBl H HATPY3KH COOTBETCTBEHHO.

0,
Ilisi  npsIMOJHHelHOI  Xa- i f

PAKTEPHCTHKH PETYJIHDOBAHHSA,  pye, .12, Xapaktepicriika cra-
COrMacHO PHCYHKY 1.12, MOX-  muueckoro peryanpoBaHis.
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K

a a

Puc. 1.13. Cucrembl cTaGHIH3aluH YPOBHS:
a — craTuueckas; 6 — acTaTHueckas.

HO NPHHATH
Pmax = (!/m’m—.l/max)/!/min " (l ]6)
A’mmc = (fn'_fo)/lfu-

IMonaras f,=0, nonyuyaem

Gty (Pm“x/xm“ = %Wm‘:(ymax—ymm)/ymiﬂ' (

TaxuM 06pasoM, CTaTH3M peryJHpOBaHHs onpeienser Ha
GOMBIIYIO CTAaTHYECKYIO OMHOKY npH H3MeHeHHH Harpyskh
OT XOJIOCTOTO XOJa X0 HOMHHAJIBHOH.

®H3UYeCKasH CYNIHOCTh BOBHHKHOBEHHS CTATHUECKOH o1HO-
KH COCTOHT B TOM, 4TO B CHCTeMaX C XKeCTKoii 06parHOii CBA3bI0,
KOTOpasi COXPaHseT CBOE JefiCTBUE B yCTAHOBHBIIEMCS PEXKHME,
47151 KOMIeHCALWH BHMAHHS BO3MyleHH (HATpy3KH) Heo0X0-
AHMO H3MEHHTDb yNpaBJisiiolliee Bo3AelicTBUe. B pe3y praTe Kax-
ZOMY 3HAYEHHIO BO3MYLUEHHs (Harpyaku) GyAer COOTBETCTBO-
BaTb CBOE 3HAYEHHE CTATHYECKOH OIIHOKH.

Pacemorpum CTaTHYECKYIO CHCTEMY CTaOH/IH3aLHH ypOBHS
BOJIbI B pesepBsyape, nokasaHuyio Ha pucynke 1.13, a. ITomra-
BOK /I dYepes CHMCTEMY pHIYaroB COeJHMHEH C 3a[BHKKOH 3,
KOTOpas H3MeHSIeT NPHTOK BOAbI B peaepByap. IIpH YyBeJHYE-
HHH pacxozaa BoaAbl Q, ypoBeHb H HauHeT CHH2KaThCsl H I0-
n1aBoK [1, omyckasck, Gyner OTKPBIBATh 3aJBHKKY 3, KoM-
[IEHCHPYs pacxol BoJbl ee npuTokoM @Q,. Kak TOJBKO yCTa~
HOBHTCA PaBEHCTBO Qn——“Qp, YPOBEeHb BOJbI yCTaHOBHTCﬂ B
CBOEM HOBOM 3HaYeHHH, HO y)Ke OTJIMYHOM OT NpeAblAyLIero.
OrkJoneHHe YPOBHA BO/bI OT 3a/laHHOTO 3HAYEHHs, BBI3BAHHOE
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Puc. 1.14. Knaccupukauusi cicTeM aBTOMATHYECKOTO YNpaBJeHHS.

H3MeHeHHeM pacxoja (Harpysku), OyJAeT COCTaBJASITH CTaTH-
YECKYyIO OLIHOKY.

PerynupoBanne, NpPH KOTOPOM YCTaHOBHBLIasicsl OWHOKa
npH MOCTOSIHHOM BO3MYLIEHHH (Harpyske) paBHa HYJIO, Ha3bl-
BaeTcsl acmamu4eckus. AcCTaTHYecKoe pPeryJHpOBaHHE BHINOJ-
HSIETCAA, €CNH aJTOPHTM YNpaBlIeHHs HMeeT BHJ

{2

u=rkyed, (1.18)
0
yro coorBercTByeT M-3akoHy peryaupoBanus. Chcrema mnpH-
XOLUT B YCTAHOBHBLUEECS] COCTOSIHHE TOJNBKO NMPH YCIOBHH
e=du/dt =0, (1.19)
TO €cTb NPH Y=X,.

IIpumep acTaTHYECKOH CHCTEMBI CTaGHIN3ALHH Y POBHS BOJBL
npuBefieH Ha pucynke 1.13, 6. B srtoii cucreme nonnasok /7
CBsi3aH TATOH € MOJIBYHKOM morteHuuomerpa RP. CHumaemoe
¢ RP nanpsikenne U,s YCHIHBAeTCsi MaTrHHTHBIM YCHJIHTEJEM
A n nogBonuTes K cratopy aBHrarens M. Ban aBuratens uepe3
penyKTop cBsidaH ¢ 3ajaBHkKoH 3. Ilpu HaMeHeHuu yposus H
NOM/IABOK B 3TOH CXeMe IepeMellaer MoJ3YHOK, NPH MOMOLH
KOTOPOTO B HYJKHYIO CTODOHY 3amycKaercsl JBHraTellb, YNpaB-
JSIOUME 3aC/MOHKOH 3, pery/upyiomeil NocTymieHHe BoAbl B
6ak. JlBuraresnb GyJerT BpauiaThes L0 TeX NOp, MOKa YPOBEHb
BOABl HE YCTAHOBHT TMOIJIAaBOK B HayalbHOE TMOJOXKEHHE, B
KOTOPOM Hanpsi>kKeHue, NofaBaeMoe Ha cTaTop JABHraress, Gyer
PaBHO HYJIO.
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PacemoTpenubie  Bbllue TPH3HAKH MOJNIOXEHBl B OCHOBY
KaaccH(uKamuy CHCTEM AaBTOMATHYECKOTO ypaBieHHus, KO-
TOpas NpPUBOAMTCS Ha pucyHKe 1.14.

1.4. ©YHKUMOHAJILHBIE 3JIEMEHTbI
ABTOMATHMYECKUX YCTPOWCTB

ABTOMaTHYECKHE  YIpaBJsIOWIHe  YCTPOHCIBA
(AYY) n peryasiTopbl cOCTOSIT H3 OTAEJBHEIX JIEMEHTOB, KOTO-
pble BBINOJHSIOT OnpeleseHHble (QYHKUHH. Ecau peryaarop
KOHCTPYKTHBHO BBINOJIHEH B BHJE OTJEIbHOTO H3feaus, TO B
HeM MOXSHO BBbIAENHTL COCTaBHbI€ YacTH HJIM JeTalH, BBIIOJ-
HAloUHe QYHKUHH, HeoOGXOAHMBIE M 06s3aTeNbHbIE JJIA
HJIH peryJsitopa.

OcHoBHBIE (DyHKLHOHANbHEIE 3/1eMeHTH AYY H peryasTopd
CJeNyloHKe: 3ajaloulHi 3/1eMEHT, BOCIPHHHMAIOIHH SJIEMEHT,
3/1EMEHT CPaBHEHHSA, YIPABJIAIOLIHI 3JEMEHT, HCIOJIHHTENbHbIH
snement. Kpome sTux asznementoB, B Gosee coxHBEIX AY
OPHMEHAIOTCA KOPPEKTHPYIOLUIHE 3JIEMEHTHI,

Hasnauenne xammoro smemenrta ompegensercs ero Hai-
MEHOBAHHEM.

3anaroumpii anement (33) cayKHT AJIS YCTAHOBKH 3afaHHs
PEryJIATOPY; OH BbIpaGaThIBACT 3TAJNOHHYIO BEIHYHHY X0y
C KOTOpO# cpaBHHBaercsi (haKTHYeCKOe 3HAUeHHe yMpaBisie-
MOH BenHuMHEL y, 33 3agaer anropuT™ (yHKIHOHHPOBAHHA
YNIPaBJsIEMOr0 0GBEKTA.

Bocnpuunmaromuii (H3mepuTenbHblil, UyBCTBHTEJbHEIH) aile-
meHT (B3) npeanassauen nas nosyuenns HHGopMaiHu 0O (ak-
THUECKOM 3HAaYeHHH yNpaBJsieMoll (PerysHpyemoi) BeJHdHHBI
00bEKTa B BHIE CHIHAIA onpejeneHHoH (PH3HYECKOH MPHPOAb.

diieMeHT cpashenns (C) CJIy2KHT JUISI CPaBHeHHsT 8afanus
%o(Z) W GakTHUECKOTrO SHavenus ynpasaseMoll BeanuHHB ¥ (1);
Ha BLIXOJ 3TOro sJeMeHTa MoJyuaeTcsl pe3yJbTAT CpaBHEHHS
B BHIe e=X,—y. Jlna 3T0oro 0Ge CpaBHMBAEMble BeJHYHHE!
AOJKHEL GBITh OAMHAKOBOH (PHBHYECKO TIPHPOZEL. »

Ynpasasiiomuii snement (¥Y3) copmupyer ynpapJsiioLiHH
CHTHAJI COLJIACHO TNPHHSTOMY aJrOpUTMY ympaBieHus. Tak
KaK MOCTyNaiomuii Ha Y3 curuan 0OBIMHO HMEET MaJIyio MOLI-
HOCTb, TO B GOJIbLUHHCTBE CTYHaeB OH yCHINBAETCS [0 MOLIHOCTH,
AOCTATOUHOH JJIA TPHBENEHHs B NeHCTBHE HCHOJHHTENHHOTO
vexannsma. Ilpn ¢opMHpoBanHM Gosee CJIOMHEIX aJTOPHT-
MOB YNpaBJICHHA B KadyectBe YD MOTyT GEITH JIOTHYECKHE SJIe-
MEHTLI H 3JIEKTPOHHbLIE BbIYHC/IUTENbHEIE MALIHHEL

Hcnonnurensustii anement (M3) npeobpasyer ynpasasiomuil
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CHTHal B yNpaBJsioniee BO3jeii- y Iy €
cTBHe «(f) Ha ynpaBusieMblil 00b- ->®"
€KT Yepes ero ynpasJIsilOIui (pe- {
ryanpylomuii) opran. Ecan pery- i Iz
JHPYIOWHKI opran o6beKTa Tpedy- z

eT MeXaHHYecKoro mnepemeuienns Puc. 1.15. Yenopnrre o6osna-
(sazBIKKa, peocraT H T. M.), TO ;‘;:\‘:;‘x B QyHKOHOHANLHEX
V9 HagblBalOT HCHOMHHTENBHBIM " 0t o e
MEeXaHH3MOM HJIH CepBOMEXaHHu3- 6 — sJaeMenTa CpaBHEHHA.

MOM.

KoppexTupytomue anevents! (KD) yayumaior AHHAMHYe-
CKHe CBOHCTBA IpoIlecca peryJiHpoBaHHs H BBOAATCA B aBTOMa-
THUECKO® YINPaBJSIOLUIEE YCTPOICTBO MPH OGOCHOBaHHOH He-
00X0AHMOCTH.

Kaxnplii GyHKUHMOHANBLHBI 3JEMEHT BBINOJHAET 3JeMeH-
TapHylo (DYHKIHIO, KOTOpasi 3aKJiodaercs B NOJYYEHHH, Mpe-
00pa3oBaHHH M mnepejaye WH(pOPMAUHM B BHJIE CHTHAMOB Ofl-
pefiefieHHOH (pusnueckoit npupoasl. Jas yaoberBa aHaaH3a
paboThl aBTOMATHYECKOTO YCTPONCTBA (DYHKIHOHAIbHBIE 3J€-
MEHTBI MPEACTABSAIOT YCTPOUCTBAMH OJHOHAMPABJIEHHOTO Jefi-
CTBHSI, TO €CTh MEePeJaloUIMMH CHTHAJ B OAHOM HamnpaBJeHHH:
CO BXOJla Ha BBIXOJA. DTHM CBONCTBOM 006JafaeT NpeHMYIecT-
BeHHOe GOJIbIIHHCTBO PeasbHLIX 3JIEMEHTOB ABTOMATHKH.

B cxemax ¢yHKUHOHANBHLIH 3JeMeHT 0003HadaloT mpsi-
MOYTOJIbHHKOM, BHYTDH KOTOPOTO 3aIlHCaHO COKPAUIEHHOE
HaUMEHOBAaHHE BHINOJHsAEMOl (QyHKILHH. BXOAHON H BHIXOAHOMH
CHTHaNBl B OOlleM BHJAe 0003HAYalOT COOTBETCTBEHHO X H Y
(pue. 1.15, a). Mckimouenne cocraBiisieT 3JEMEHT CpPaBHEHHS,
HMEIOMMH JBa BXOJla B ONHH BEIXOJ, OH 0G03HAYaeTcsi OKPYX-
HocTeio (puc. 1.15, 6).

Cxema cuCTeMbI ABTOMATHUYECKOTO YNpABJIEHHS, NpPeACTaB-
JeHHasi (pyHKIHOHA/NBHBIMH 3JIEMEHTAMH H CBSISSAMH MexXay
HHMH, HasBIBACTCH (DYHKYUOHANGHOL CXeMOU CHCTEMBI.

UTo6El cOCTaBHTE (DYHKIHOHANBHYIO CXeMY CHCTEMB! aBTO-
MaTHYECKOTO PEryJIMPOBAaHHs, CJAeAyeT BBUIEMHTb (YHKIHO-
HAalbHBIE 3JIEMEHTBl, MX BXOIHKIE H BLIXOAHbIE BETHUHHBI H
NPEACTABUTb HX YCJIOBHBIMH 00O3HAYEHHSMH, yKasaB Hanpas-
JIeHHEe nepefiayl CHIrHaJjla OT OJHOTO dJeMeHTa K JAPYroMy.

Paccmorpum cucrtemy craGuan3anii ypoBHsS BOJR B pesep-
Byape, MoKasaHHYIO Ha pucynke 1.13, 6.

YupaBnsiembM 06bekToM (YO) crHeTeMbl fBAAETCS pesep-
8yap ¢ yCTPOHCTBAMH MOJBOAA H Bhinycka Bojbl. Kommnuecrso
fnocrynaiomeii B pe3epByap BOABI H3MEHSIOT PEeryJiipyIomHum
opranoM — 3ajBHKKoH 3. Bxopmas pemnunta YO — yroa
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Pic. 1.16. ®ynKuHOHANBHEIE CXEMbI:

n3ani
@ — acTaTH4ecKofl CHCTeMb! CTaGuaM3aunH ypoBHs; 6 — CHCTeMbl CTaGHa
AapJenns.

TOBOPOTA 3aiBUIKKH C., a BHIXOJHAsh — ypoBeHb H. ¥P°9e’;:
BOZBI KOHTPOJIHPYETCs] MonJiaBKoM /7, CBSI3aHHLIM TSITOH C MO j
3YHKOM a norexHuxomerpa RP. [TonyiaBok COBMECTHO € nonsyz_
KOM @ NoTeHUHoMeTpa cocrasiaser B. IonsyHok 6 nOTeHHHe-
MeTpa npejcrasiseT 35, yCTaHOBKOH KOTOPOTO 3a/aercs TPH_
Oyemblii ypOBeHb BOABI B pesepByape. SC CIYXKHT caMm MOTE i
uxoMerp RP, K KOTOPOMY MOABEIEHO MNOCTOSIHHOE Hampsike
uue. Ha nortenmpiomerpe cpasuuBaeTcsi B3aumHoe MOJIOKE:
HHE MNON3YHKOB @ u 6. Koraa yposeHb / cOOTBETCTBYET 33113;;
HHIO, TO HaNpsKeHHEe MEeXIy ToYKaMH @ H 6 NOTEeHIHOMETP
paBHO HysO. [lpH OTKJIOHEHHH YDOBHSI OT 3afaHus 5TO Had-
NpsiZKeHHe OyLeT HMeTh 3HAYeHHe W NOJSPHOCTb, 3aBHCALLHC
OT HanpaBJIeHHs] H 3HAYEHHS OTKJOHEHHS.

Hanpsikenne Uy, custoe c O3y HKOB MOTEHI[HOMETP4,
YCHIIHBA€TCS] MAarHHTHBEIM ycHauTeneM A, siBasiomumes B AaH-
HOH cHcTeme YD, Yeusennoe HanpskeHHe mojaercs K ABATa-
Temo M.

Heurarens M Bmecrte ¢ penykropom (Ha cxeme He nokasan)
fnpeicrasnser coboit M. Brixoguas Bennuusa WD — yroa
N0BOpoTa Bana o. PyHKUHOHANBHAS CXeMa CHCTEMBI peryJsiH-
POBaHHf YDOBHsI moKasaHa Ha pucyHke 1.16, a.

Ha dynxunonanshol cxeme, kpome naspammuii (yHKIHO-
Ha/IbHBIX  3JIEMEHTOB, YKa3bIBAIOT KOHKpETHbIe YCTPOHCTBA,
BLINOMHSIOMHE COOTBETCTBYIOMHEe (YHKIMM B CHCTeMe aBTo-
MaTHYECKOro perysupoBaHHsi (moTeHnuoMerp RP, ycuanTelb
i, ABHratenb M u zp.), a takke KOHKpETHbIe (pH3H4ecKHe Be-
JIMIHHEL HA BXOJE H BHIXOAE KaXIOTO (hyHKIIMOHANBLHOTO SJe-
MEHTa CHCTEMBI. "

B pacemorpennoir (QyHKIHOHANBHOI cXeMe acTaTHYeCKOH
CHCTEMLI - DCTYJIMDOBAHHS YDOBHS BOABI KaX bl (yHKIHO-
HaJILHLIH 3IEMEHT SIBHO MpENCTAB/JEH KOHKPETHBIM YCTPOMCT-
BOM HJIH MeXdaHH3MOM,

B npocreix peryssitopax npsmoro feficTBHSI, H3TOTOBJSAE-
MBIX B BHJE OJHOIO H3jenns, (yHKUHOHAJbHBIE SJEMEHThI He
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BCEr/la MpPeACTaB/IeHbl TaK SIBHO, KAK B Npe/bliylies NpHMepe.
Mas mumocTpani CKa3aHHOTO PACCMOTPHM CHCTEMY PeryJiH-
poBaHisA AaBIEHHSs KHAKOCTH B TPYOONPOBOJE € PEryastopoM
JaBJeHHST NPSIMOTrO AEHCTBHsI. YTNpPAaBIsieMBbIMH OOBLEKTAMH AB-
JSIOTCA BEHTHJIb M TPYGa € JKHAKOCTBIO, a PeryJnpyemas Be-
NHYHHAa — JaBieHHe p, B TpyGe mocae Benwtwas (puc. 1.10).
Perymupyiowuii opran o6bekrta — Kuanan K. SneMeHToM,
BOCMIPHHHUMAIOIUM JaBJICHHE KHAKOCTH, CIAYKHT MeMGpana M,
2 3HayeHHE peryJHnpyemMoro napamerpa 3aaeTcsi NepBoHaYalib-
HbIM C2KATHEM MpYKHHbI /1.

B peryaisitope cpaBHHBaIOTCSl JBE CHJIBL: CHJIA, 00YCJIOBEH-
Has JlaBJeHHEM JKHAKOCTH Ha MeMOpany Fy, H CHJIa CKATHA
npyxuuel F. Ilpu paBencrBe Fy=F, ycraHaBIHBaeTcs pas-
HOBECHE, IIPH KOTOPOM KJalmaH OTKpPHIT Ha BeldHuHHy Al
B perymsitope ynpapasiiomiMii H HCHOJHHTENbHBIH 3/EMEHTH!
NPEACTaB/eHbl IUTOKOM, COEIHHSIOMHM MeMOpaHy H pery-
nMpylomuii opran. Kianan nepememiaercs 3a CYET SHEPrHH
1aBJIEHHA KHJAKOCTH B TPYGONPOBOJE.

PeryssTopel, B KOTOPBIX /JIsi NEPEMEILIEHHS] PeryaHpylo-
IEr0 OpraHa HCHOJNb3yeTCs 3SHEPTHSl DEeryJHPyeMoH Cpelbl,
HASBIBAIOTCS  peeyasmopamu npamoeo Oetcmeus. PyHKIHO-
Ha/lbHAasl CXeMa CHCTeMbl aBTOMATHYECKOTO pPEeryJHpOBAaHHS
IaBJIEHHsI C PEryJsaTopoM MPsSMOro AEHCTBHS MOKA3aHa Ha
pucynke 1.16, 6.

QyHKIHOHANBHAS CXeMa sIBJSEeTcsl NepEbIM 3TamoM ¢op-
MallH3alMH CHCTEMbl aBTOMATHYECKOTrO YMNpaBJeHHS! (peryJH-
POBAHHS), BBLAEAIONIAST TOJABKO T€ SJEMEHTHI U CBSI3H MEXIY
HHMH, KOTODbIE COCTABJSIOT CYIIHOCTH aBTOMAaTHYECKOTO yII-
paBleHHs (peryJHpOBaHHS).

1.5. ONUCAHUE DYHKUUOHAJbHEIX 3JIEMEHTOB
M CUCTEM ABTOMATMYECKOIrO YMPABJIEHUS

Jas onucaHusi (hyHKUHOHAJNBHBIX SJMEMEHTOB H
CHCTEM aBTOMATHYECKOTO YIPABJIEHHS M pPEeryJHpOBaHHS He-
NoJb3YIOT HECKOJBKO METOHOB B 3aBHCHMOCTH OT TOrO, IS
KaKHX LeJiell NpeJHa3HaYeHbl ONHCAHHS.

[Ipu NpoeKTHPOBAHHHU M SKCIUIyaTALHH CHCTEM aBTOMaTHYe-
CKOTO yMpaBJEHHS! HCIOJb3YIOT (YHKIHOHAIBHO-TEXHOJIO-
THYECKHE M TNPHHUMIHAJIbHBIE CXEMbl aBTOMATH3ALHH TEXHO-
JIOTHYECKHX MPOLECCOB M YCTAHOBOK, JIOMOJHEHHbe CJOBEC-
HEIM onucaHueM. Takoe omucaHHe JOCTATOMHO JUISl MOHHMAHHSA
o6lero MpuHIMNA paboTHl ABTOMATHYECKOH YCTAHOBKH H OC-
HalleHHsl ee MpuOOpaMH H CPEACTBAMH aBTOMAaTH3alHH, HO He
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JIAeT KOJHYECTBEHHBIX COOTHOMIEHHH MeXKJy BXOAHBIMH H BbI-
XOAHBIMH BEJHYHHAMI 3J€MEHTOB H CHCTEMBI B LEJOM.

Jlasi onpenesenis KOJHYECTBEHHBIX 3HAYeHHil mapameTpoB
IUIEMEHTOB [ CHCTEM aBTOMaTHYECKOIo YNpPAaBJIEHHUs NPHMEHSIOT
olnucaHne B Buje AuddepenunalbiblX ypaBHeHHIl, nepejaTol-
#BIX  (DYHKIMIT, NepeXoAHbIX H YacTOTHBIX XapaKTepHCTHK.
Taxoe onicanune He o6/ajaerT HarNAAHOCTBIO, HO MO3BOJsET
N0Jy4aTh OJHO3HAYHble OOOOGLIEHHEIE 3aBHCHMOCTH MEXAY
BXOJHBIMH M BBIXOJHBIMH BeJIHYHHAMH, XapaKTepu3yIoUHMH
NoBeJieHHe KaK OTAEJbHBIX 3/IEMEHTOB, TaK H BCEH CHCTEMb!
B LIEJIOM.

Oniicanne 3JeMEHTOB H CHCTEM MaTeMATHUECKHMH MeToAd-
MH HasBIBAIOT MAaTeMaTHYECKHMH MOJENSIMH, HpejcTaBieHHBIMA
B BHJle YDaBHEHHS! HJIH CHCTEMbl YpPaBHEHHil.

1.5.1. @yHKUMOHANLHO-TEXHONOrHYECKHE
CXEMBI

DyHKIHOHAIBLHO-TEXHOMOTHYECKAs] cXema OMNpe:
AeJAET CTPYKTYPY M XapakTep CHCTeMBI aBToMaTH3alHH TeX-
HOJIOTHYECKOTO Mpouecca, a TakKe ocHalleHHe ee NpHGOpaMH
H cpeicTBaMM aBroMartHsauuu. Ona npencrapJsier COBMEILEH-
HYIO CXeMy TEeXHOJIOTHYECKOTO Mpoluecca ¢ YIpPOLIeHHEIM H30-
OpazeHHeM arperatoB, NOAJIEXKALlHX aBTOMATH3AlHH, H (QyHK-
IUHOHAJIBHLIX 3JIEMEHTOB aBTOMATHKH, H300pazKeHHBIX YCJI0B-
HBIMH OOO3HAYEHHSIMH H JIHHHSMH CBA3H MEXKAY HHMH.
Texuosnornueckuii 06beKT Ha Takoii cxeme MpeXCTABIAIOT
CXEeMaTHYECKHM H306pa)KelmeM OCHOBHOTO M BCIIOMOraTeJbHO-
rO TEXHOJIOTHYECKOro 060pYHI0-
BaHHs BMECTE CO BCTPOEHHBIMH
B HEro 3amopHLIMH H peryJaupy-
IOIHMH OpraHaMH Ha yTH TPo-
XOXKIEHHS1 SHepTHH, ChIpbs H
JAPYTHX MaTepHaloB, Onpeiess-
EMBIX 0COGEHHOCTSIMH HCIOJb-
Bcems 3yeMOH TEXHOJIOTHH. TeXHOJIO-
f = ruueckoe oGopyZnoBaHHe H30-
—(JHacoc Gpa<aloT yOpOLIeHHO, YTOGH!
n.oouzamen @B MOYKHO GBIIO NOMYYHTH SICHOE
NpeJcTaBJeHHe O NpHHIHIE ero
Puc. 1.17. dynknuonansHo-rexio- paGoTsl H  B3aHMOAEHCTBHH
JIOrHYeCKas cXemMa apToMatHueckoii €O CPEACTBaMM  aBTOMATH3d-
BOJONOALEMHOM YCTAHOBKH, LUHH.
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TpyGonpoBob! KHAKOCTH M Fasa H300ParKaloT YCJIOBHBIMH
oGo3nauenusiMu B coorBerctBuH ¢ [OCT 3464—63.

Ha pucynke 1.17 nokasana (pyHKIHOHATBHO-TEXHOJIOTHYE-
CKasg cXeMa aBTOMATHYECKOIl BOJMONOALEMHOH YCT4HOBKH
(nHeBMaTHuecKoii GesbalienHoii BoJOKaukH). TexHosorunde-
CKHif 0GBEKT COCTOUT 13 BOJASIHOIO HACOCA € 3JIEKTPOABHIATENIEM,
BO3NYIIHO-BOASIHOTO KOTJIa M CHCTeMbl TPyOONpOBOIOB, MO
KOTOPLIM INoJaercsi BOJA.

IpnGoper aBToMarnueckoro ynpasiaenus (nosuuus la, 16),
Koutpostsi (no3. 2, Sa, 36), 3awuThl (103. 4) U JHHHS CBA3M
NoKa3aHe!l YCJIOBHBIMH 0003HAUEHHSIMH.

Texnuueckne cpexcTBa aBTOMATH3ALMH, BKJOYAMOLLHE B
ce0si ycrpolicTBa MoJyyeHHsl MepBHYHONM HH(OpMauHH, cpel-
¢TBa npeobpazoBaHus M 00GpabOTKH HH(pOpPMAalUHH, CPeACTBA
BO3JIEHCTBHS Ha PperyJHpyioliue WJIH YNpaBJsiolHe OpraHbl
o6beKTa (3a7BHIKKM, BEHTHJIM, BBIKJIIOYATENH W T. I.) H Cpel-
CTBA NpejcraBjeHusi HMHQOpPMalUH ONepaTHBHOMY MepcoHanly,
Ha (YHKUHOHANIbHO-TEXHOJOTHUECKHX CXeMaX MOKa3bIBaloT
YCJIOBHBIMH 00O3HAUEHHsIMH. B HacTosiliee BpemMs NPHMEHSIOT
YCIOBHEIE 00O3HaueHHsi MPHOGOPOB M CPEACTB aABTOMATH3ALHH
noorpacneBomy crangapry OCT 36—27—77 «IIpuGophl u cpel-
ctBa aBToMarn3auuu. OG03HauYeHHs YCJIOBHbIE B cCXeMaxX aB-
TOMATH3ALHH TEXHOJOTHUECKHX Tmpoueccos». OcHOBHBIE 00603-
HaueHHsl NpHBeJeHnl B Tabmuuax 1.1 n 1.2.

1.1, OcnoBrbie OykBeHHbIC 0603HAYEHHS] M3MEPSEMOIl BeJNYHHBI
W yTouHSIOUMe 3Ha4enus: neppoii 6yksst no OCT 36—27—77

OGosnaue-
Hamepseman Besauunna Hite Yrounenne

Pasuocts, nepenaj

Jlio6asi syeKTpHUecKasl BeJHUMHA

Pacxon

CootHowenune, a0J1s1

Paamep, mosioxenue, nepemenienie
Pyunoe BoajeiicTsye

ApromaTHyecKOe mepexJioueHHe, oGeraHne
Bpewmsi, BpeMeHHast nporpamma

Yposenb

BaaxHocTh

Jlapnenue, BaKyym

WuterpupoBanue, cymMmmupoBaHHe Nno BPeMEHH
CkopocTb, HacToTa

Temneparypa

Macca

Frazip ]

=-9¥ | TECOR| IO | TE|

I rlel =l
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1.2, dyukuun, BHINOAHNEMble NPHGOPOM, W yTouHeHHe (yHKUui

no OCT 36—27—77

Dynrunn

OGosnaue-

Hips VrouHenne

Curnamnsauns
Peryauposauue (ynpasaenue)
YyBcTBHTEALHBIIT 3aeMeHT

Bepxuuii npesen namepsieMoil BeJaHUHHDI

IMokazanne (13MepenHe)
Cranuus ynpasaeHus
Husunit npefen uamepsemoi
Perucrpanus

Bkarouenne, nepexJiloueHue, OTKJIOYeHHe, CHrHa-

JH3anua

JIHCTaHUHOHHA ST nepejava, nMpoMeXKyTOYHOE Ipe-

o6pa3oBaHue

Hpeoﬁpaaoaa}me, BBIYHCJIHTEAbHbIE (DYHKIIHH

BEJIHYHHBI

flel =]

|

|

< H 03| == @EoR

Byksenubie oGosHaueHusi mpHGOPOB 3aMHCHIBAIOT BHYTPH
CHMBOJIA B TaKOM mopsiike: | — uaMepsieMas BelHYHHA; 2 —

YTOUHEHHE H3MepsieMoi
3 — (QYHKUHH, BBEIMOJHSEMBIE

BEJIHYHHBI

(upH  HeoGXOAHUMOCTH);
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Ilpumep mnocrpoeHusi MO
OCT 36—27—77 yCJIOBHBIX 000-
3HAYeHHI MPHGOPOB JJIsi H3Me-
PEHHSs1, PETHCTPALMH H aBTOMa-
THYECKOTO PEryIHPOBaHHs TeM-
neparypsl oka3aH Ha PHCYHKE

.18.

[TosuuuoHHOE 0603HAYEHHE
npHCcBaHBaeTcsl BceM TNpHOopaMm
M CpelcTBAaM aBTOMATH3aLHH.
Mecro st HaHeceHHsl IO3HIH-
OHHOTO 0GO3HaYeHHsl IOKa3a-
HOo Ha pucynke 1.18.Ilosuuu-
OHHBIE 0003HAYEHHS COXpaHs-

Puc. 1.18. Ilpumep nocTpoeHHs yCI0B-
Hbix 06o3nayenuii no OCT 36—27—77.



07C Ha BCEX MOCJEAYIOUIHX cxemaX  (MPHHUMMHAIBHBIX,
CXeMaX COeAMHEHHsT), B OMHMCATENILHOM TEeKCTe, crelnn(HKalH-
AX H 3afBOYHBIX BEAOMOCTAX.

1.5.2. MaremaTMuecKoe onMcaHMe 3SJIeMEeHTOoB
U CUCTEM

Pexxumbl  BMXKEHMS] ABTOMATHYECKHX CHCTEM.
Maremariyeckoe onHcaHHe 3JEMEHTOB H CHCTEM aBTOMAaTHYe-
CKOTO ynpaBJeHHs] NPHUMEHSIIOT B TeX CJaydasiX, Korja HeoOXo-
IUMO M3YYHTH CHCTEMY B Ipolecce ee paboThl NPH HAJHYHH
BOSMYIIAIOMIMX H YNPaBJSIOLUIUX BO3LEHCTBHI.

Ecnn Boamymiarolse H ynpasJsiioniHe BO3IEHCTBHSI B CHC-
TEME HENpPepLIBHO M3MEHSIOTCSl, TO CHCTEMa HaXOJAUTCH B JH-
HAMHYECKOM pexKHMe.

Hunamuseckus Ha3bIBACTCSI TAKOM PEXKHUM, B KOTOPOM OCHOB-
HHIM COCTOSIHHEM CHCTeMBl SIBJsSieTcsl HeycTaHoBHBIIeecsi. He-
JCTAHOBHBIIIEECS] COCTOSIHME XapaKTepH3yeTcsi TeM, 4To Aei-
CTBYIOLHE HA 3JIEMEHT HMJIH CHCTeMY BO3JEHCTBHSI BLISHIBAIOT B
HHX psJl NMEPEeXOJAHBIX IPOLECCOB.

Eciin Ha BXOJ CHCTEMBI MOCTynaer BO3ZeHCTBHE, TO ABHMKe-
HHe ee CKTa/lbIBAeTCsl H3 COOCTBEHHOTO (CBOGOAHOTO) ABHIKEHHS
H H3 PEaKUHH Ha BXOJAHOE BO3JeHCTBHE (BBIHYIKIECHHOE ABHIKE-
uue). [lepexonublii npouece mpencrapnisier coGoll TOMBKO cO6-
CTBEHHOE (CBOGOAHOE) JABHMXKEHHE CHCTEMBI, KOTOPOE 3aBHCHT
OT AHHAMHYECKHX CBOHCTB 3JIEMEHTOB CHCTEMbI M HayaJbHBIX
YCIOBHH,

CoGeTBeHHOE JABHXKEHHE YCTOHYHMBON CHCTEMBI C TEUEHHEM
BDEMEHH 3aTyXaeT, M OHa MPHXOJAUT B YCTAHOBHBILEECS COC-
TOSIHHE NPH YCJIOBHH, UTO BO3JEHCTBHS OCTAIOTCH HEH3MEeH-
HBIMH. PexuM, KOTODBIH XapaKTepH3yercs yCTaHOBHBIUHMCS
NMPOLIECCOM B 3JIEMEHTE HJIH CHCTEME, HA3hIBAGTCS CIamu4ecKu.

JleficTylomye CHCTEMBI aBTOMATHYECKOTO pPeryJIHpPOBAHHS
HAXOMATCS B AUHAMHYECKOM PEXHMe, MO3TOMY H ONMHCAHHE HX
B JHHAMHUYECKOM peKMMe SIBJISIeTCSI OCHOBHBIM. CraTHuecKHii
pexuM B JeficTBYIOLIeH cHCTeMe NpejcTaBasier coGoil B onpe-
AENEHHON CTENeHH HAeaNu3allHIo, KOTOPYIO MPHMEHSIOT IS
OMiCaHHsl S/IeMEHTA MWJIM CHCTeMBl T0CJe OKOHYaHHsI Iepe-
XOJIHOTO Mpolecca.

Onucanue 3JIeMEHTOB M CHCTEM B CTATHYECKOM peXHMe.
Cratnueckuii peXxuM — 3TO YCTAHOBHBILEECS COCTOSIHHE PAaBHO-
BECHSl TIPH TOCTOSIHHOM BO3AEHCTBHH. Y CTaHOBHBILEECS COCTOS-
Hie B 3eMEHTe HACTyraer rocJe OKOHYAaHHsS [epeXoIHOro
npouecca, BHI3BAHHOTO H3MEHEHHMEM BO3JIEHCTBHS,
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3aBHCHMOCTb BBIXOJHOH Be-
JIHYUHBI SJIEMEHTA GT BXOJHOH B
YCTaHOBHBILEMCST COCTOSTHHH Ha-
3BIBAETCH CMAMUYeCcKoy XapaK-
j mepucmuroti. CoctosHue 3ie-

MEHTa B CTAaTHYECKOM perKHMe
OMNHCHIBAETCS] CTATHYECKOH Xa-
T PaKTePHCTHKOIA.
CraTHYecKyio XapaKTepHC-
Pre. 1.19. aTHE &

pakrepner anewenron. . THKY H30Gp@KaioT B BHAE IPa-
¢uka, Ha KOTOpOM Mo OCcH abe-
LHCC 3aJaloT BXOAHYIO BEJHYH-
HY, a [0 OCH OpAWHAT — BHIXOAHYIO. PasnoBHAHOCTH CTaTHYE-
CKHX XapaKTepPHCTHK 3/eMeHTOB Mokasdawbl Ha pucyHke 1.19:

I — nuneiinas; 2 — wenuuefinasi; 3 — npepoiBHCTAsL.

B GosbumHCTBE C/IyyaeB CcraTHYECKHe XapaKTepHCTHKH
peanbHBIX 3JIEMEHTOB H CHCTEM aBTOMATHYECKOTO YNpaBJeHH:
SABJSIOTCS HeJHHEHHbIMH, B HHIKeHEDHOIl nMpaKTHKe HEJHHEH-
HEIE XapPaKTePHCTHKHU SaMEHSIOT NPUOMHIKEHHBIMH JIHHEHHE-
MH METOJOM OCPEAHEHHs] WM METOIOM MaJbIX OTKJOHEHHI,
KaKk mnokasano wHa pucyHke 1.20. Ilpomecc samennl HeIH-
HEHOl XapaKTePHCTHKH ee JIMHEHHBIM NPHOIHIKeHHEM Ha3bl-
BAIOT aureapusayueti. HanGonee npocras JuHeapH3aLHT —
METOJl OCPEeIHEeHHS HCIOJNb3yeTcsl B TOM Cjaydae, KOTAA
A0CTAaTOUHO IyIafKasi XapaKTepHCTHKA He MOXKeT GBITh anmpok-
CHMHDOBaHa aHalHTHYecKol ¢yunknued (puc. 1.20, a). Meron
MaJIbIX OTKJIOHEHHH OCHOBAaH Ha 3aMeHe HeJHHeHHOH XapaKTe-
P”CT"K"Hy(X)BOKPECTHOCTﬁX ToukH O ¢ KoopaHHATaMH (Xo, Yo)
NpAMOM, KacaTenbHOH B 3T0# Touke (puc. 1.20, 6). Ecuu cra-
THYECKAsl XapaKTePHCTHKA OMHCHIBAETCsl aHAJHTHYECKOH (yHK-
UHEH, TO JIMHeapH3alUsl BBIMOJHSETCS MYTEM pasJoXKeHHs

)

0

y y
YoralY i
Yo
Yom2Y
g : 0
e IAX Ty TptAT iz
a

Puc. 1.20. Meromsr smneapusanum cratiueckuX XapakTepHCTHK:
a — ocpeanenus; 6 — MajJoro NpHpaueHHsA,
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. Gynxumit y (x) B pan Teiopa Ana BEIGPaHHOH TOUKH pasfioiKe-

Husi. OcTapiisissi B 5TOM Pas/ioKEHHH TOJBKO JHHEHHYIO YacTb,
noJy4aeM JIMHEapH30BAaHHYIO (DYHKIIHIO

Y= Yo+ (dy/dx), Ax. (1.20)
o
B OTKJIOHEHHSIX OT PaBHOBECHOIO COCTOSIHHSl JIHHEapH30-
BaHHasi QYHKIHS] HMEET BHJ
Ay = (dy/dx), D%, (1.21)
e Ay=y—y,. ’

DYHKIHOHANBHEIE 3EMEHThl H CHCTEMBI aBTOMaTHYECKOro
YOPABJEHHS! B CTATHUECKOM DPEXKHME XapaKTepH3YITCA Koigh-
puyuenmon nepedauu

k= dyjdx. (1.22)
W3 peipaxkennii (1.21) u (1.22) momyuaem
k=Ay/Ax. (1.23)

W3 mocnennero Bripakenus BeiTeKaer, 4TO KOS(hpHUHEHT
nepefiay ecTh OTHOLIGHHWe NPHPALIeHHs BBIXOJAHOH BeJHYHHBI
B YCTAaHOBHBILEMCS PEXKHME K PHPALLEHHIO BXOAHOH BEeJTHYHHEL.

Kostduunent nepenaun HeKoTOphIX (yHKUHOHANBHBIX e
MEHTOB HMeeT CrelHalbHOe Ha3BaHHE, 4 HMEHHO KO3(HIHEHT
nepefayn NepBHYHLIX NMPeoOpasoBaHMH H JaTYHKOB HA3bIBAETCH
4YBCMBUMENbHOCTbIO WITH KOIDHULUEHMOM “Y6CmBUMeNbHOCMU,
a KO3(UUHEHT Nepefaud YCHJIUTENs — KOppuyuenmon ycu-
NeHUSL.

Onucanye ajieMEHTOB M CHCTEM B JMHAMHYECKOM PexHMe.
3aBHCHMOCTB BEIXOJHBIX BEJIHYHH OT BXOIHBIX B IHHAMHUECKOM
PeXHMe 3anuchiBaeTcsi B BHIe Au(pepeHuHasbHBIX WIH pas-
HOCTHBIX ypaBHEHHH, B KOTODBIX He3a8UCUMOL nepemeHHod fiB-
JIsIeTCs Bpems f.

Maremarnueckas MojeNb 3JEMEHTa MOXeT ObiTh JIHHEHHOH
H HeJMHEHHON B 3aBHCHMOCTH OT PEaKIMH 3/MeMeHTa Ha BXOA-
HOe Bo3jelictBHe. Eciu peakuuu snemMeHTa Ha BXOIHEIE BO3-
IeHCTBHSI OJWHAKOBBIE MO 3HAYEHMIO, HO pasHble MO 3HaKY,
HIEHTHYHL! N0 (GOPME H OTIHYAIOTCH TOJNBKO SHAKaMH, TO Ta-
KOH 3/IEMEHT AUHelHblE 1 OTIHCBIBAETCS JIHHEHHBIM yPaBHEHHEM.
Ecau ke smemeHT pearupyer no-pasHomMy Ha TaKHe BXOAHBIE
BO3JCHCTBHS!, TO OH HEAUHEUHbIE W ONHCHIBAGTCA HEHHEHHEIM
YPaBHEHHEM.

JIsi ynpolueHHs 3anHcH JMHEHHBIX YpaBHEHHil onepauuio
nuddepeHIUpPOBAHH 3aMEHSAIOT CHMBOJIOM p, a Onepauuio
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HHTerpHpoBanus — cumsosaom 1/p: )
dx/dl = px; d"x/di" = p"x; S xdt = x/p. (1.24)
0

B Takoit ¢opme sanucu anddepeHumuanbHoe ypaBHEHHE
371eMeHTa

a, d*y/di*+ a, dy/dl + ay = b, dxidi +bx  (1.25)

OyJeT HMeTb BHZ aareGpanyeckoro ypaBHEHHS

ap*y +a,py + ay = bypx + byx, (1.29)
3aMHCh KOTOPOTO MOZKHO YIIPOCTHT H MPEACTABHTH B TAKOM BH/E:
(:p*+a,p+a,) y (1) = (bp + b,) x (0). (1.27)

Taxas dopma samucy mugpdepenHasbHOrO ypapHeHHs Ha:
3bIBA@TCS] ONMEepaTOpHOM.

Maremaruueckyio Mofesnb (DYHKUHOHAJLHONO 3JeMeHTa Ha-
3BIBAIOT 38¢HOM CHCTEMBI aBTOMATHYECKOTO yIpaBJeHHS.

Tlon sBeHomM monuMaloT Beskylo (uaHyeckylo M HedH3H:
YECKYIO CHCTeMY ¢ (x), TpeoGpasyiolyo BXOAHYIO BeIHYHHY
X(f), KoTopas u3aMeHseTcs BO BpeMeHH, B BHIXOJHYIO BEJTH-
4HHY Yy (f), TaKKe H3MEHSIOULYIOCS BO BPEMEHH.

3BeHO XapaKTepuayeTcsl CBONCTBAMH auHednocmy H CMa-
yuoHaprocmu.

3BEHO HA3BIBAETCS AUHEUHbIM, €CTH BHIXOAHAS BeJHUHHA
y(?) cBA3ana co BXOAHOI BeMMUHHON x(f) AuHeliHol 3aBHCH-
MOCTBIO. ;

3BEHO HA3BIBAETCS CMAUUOHAPHBLAL, €CH €ro peakuis He
34BHCHT OT BPEMEHH NPHJIOKEHHS] BXOJAHOIO BO3JEHCTBHS.
3peno XapPaKTepH3YeT TOJNbKO MaTeMaTHYEeCKYyIO CBs3b MEXAY
BBIXOZHOH M BXOLHON BeJWYHHAMH, NpHYeM 3BEHO Iepeiaer
BOSJCHCTBIE TOJLKO B OJHOM HampaB/JeHHH: cO BXoJa Ha Bbl-
xon. Ero HasuiBalor sBeHOM Hanpasennozo neiictsusi. I'padu-
4ecKoe 0003HaueHHe 3BeHa I10KA3aHO Ha pucynke 1.21.

3BeHO, ONHCHIBAEMOE YDABHEHHEM He BBILLIE BTOPOTO MOPSA-
Ka, HasblBACTCHA JAeMEHMapHbIM.

Eciy QyHKUHOHANBHBI SmeMeHT wam cHeTeMa OMHMCBIBA-

forest AutdepeHuHanbHEM ypaBHeHHeM 60-
X(t) yrt) JIee BBICOKOIO MOpsiAKa, TO €ro MareMaTH-
UecKasi Mojenb MoxKeT GBITH MpejcTaB/eHa

HECKOJNbKHMH 3J/IeMeHTapPHBIMH 3BEeHbSAMH.

Puc. 1.21. OGo3zna- [Tepexonnas GyHKILHS.
wensie tunampuccko- P eleHHe MugpepeHnuanbHOro ypaBHEeHH)s,
IO 3B€Ha B CXEMax. KOTOPDLIM ONHCEHIBAETCS 3BEHO HJIH CHCTEMA
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NpH  3aJlaHHLIX HayadbHLIX YCIOBHAX, Takke 0To0paskaer
nx guHamuky. OHO mpejcrapJsier Nepexojnblil npouecc 3BeHa
HIH cHcTeMbl BO BpeMeHH. JIJsi cpaBHeHHA AHHAMHYECKHX
CBOMCTB pas/INUHBIX 3JIEMEHTOB PAacCMaTpHBAIOT HX NEPexoi-
HBIE MPOLECChl MPH HYAe6bLX HAYANbLHLIX YCAOBHAX W MUnocsts
BXOJAHBIX BO3JCHCTBHSIX.

[loa HauanbHBIMH YCJOBHSAMH NOHHMAIOT 3HAYEHHS BHIXOJ-
HOH BeNHYMHBLI (H BCEX ee NPOH3BOAHLIX) B MOMEHT f={, npH
YCJIOBHH, YTO JO0 3TOTO BpEMEHH ‘BHEIIHHE BO3AEHCTBHA
OTCYTCTBOBAJIH.

Hayanbueie ycsoBusi HaspiBalor HydqeBbivH, ecan y(0)=
=y’ (0)=y"(0)=. . . y"(0)=0.

B KauecrBe THNOBBIX BXOAHBIX BO3JEHCTBHIl TPHHHMAIOT
onpezesnennble (GopMbl Bo3JelicTBHIT, HanboJee YI0OHbIE C TOY-
KH 3DEHHSl MX MaTeMaTHYeCKOrO ONHCaHHf, NPAKTHYECKOii
peanusauny W ONHCAHHA PeaKIHH 3BeHa Ha 3TH BO3/EHCTBHA.
B aBromaTiKe HCIOJB3YIOT THIOBBIE BO3LEHCTBHSI, OMHCHIBae-
MBI€ Crmynentamot, umnyabeHot W 2apMOHUecKol (PYHKIHAMH.,

Crynenyaroe Bo3felfCTBHE ONHCLIBAETCS EAUHHYHON CTY-
neHyaTtod (yHKuHeHd BuAa

t npu £0,
l(t)={ 0 mpu ¢ <0,

Peaxnus spena Ha eHHHYHYIO CTYNEHYATYIO (hYHKLHIO MPH
HYJIEBLIX HaYaJIbHEIX YCJIOBHSIX HasbIBAeTCs nepexo0Hol ByHK-
uueit, KoTopyio npuHaTOo 0603HAYaTh A (f).

Ipaduueckoe H3oOpakenye NepexofHOH (QYHKUHH Hasbl-
BalOT nepexodHot xapakmepucmuxol 3BeHa. CTyneHYaToe BO3-
AeHCTBHE M mepeXojiHble XapaKTEPHCTHKH 3BEHbEB MOKa3aHHl
Ha pucynke 1.22.

UvMnynbenas nepexofuHass (yHKIHS.
HMmnynecroe Bosgeficrsue onmcriBaercs Aebra-pymkmueil Ju-
paKa, siBJIsIIOlIEHCS] MaTeMaTHYeCKo Hieannsanueii KOpoTKoro
HMIYJIbea, MJI0Maab KOTOPOro paBHa | MPH ero AMHTeNbHOCTH,
paBHo# 0, u ammuuTyne, paBHOH GeCKOHEYHOCTH:

(1.28)

oo mpu ¢t =0,
= 29
S1) { 0 mnpu t=~0. (1:29)
Tal( KakK 1o onpe/eseHHIO

otya=1, (1.30)

TO -
8 (1) =d1 (t)/dt. (1.31)
2% 35
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Pyc. 1.22. Tpagnkn crynenyatoro  Puc. 1.23. Tpapuku HMIyJIBCHOrO
BO3/ICHCTBHSA (@) H BO3MOXKHBIE Me-  BO3JAEHCTBHSA (@) M HMMIYJIbCHOH MEPE:
PEeXOAHLIE XapaKTepHCTHKH (0). xopHoit xapakrtepuctuku (0).

Hopmanbnas peakuuss spena ma ummysbcHyio (yHKIHIO
Ha3BIBAETCS UMINYJILCHOH MEpPeXOoAHON (hyHKLHeH HJIH 6ec0804
I’pyﬂxuneﬁ, KOTOpYIO TpuHATO 0603Hauyath w ({).

Tpaduueckoe nsobpaxenue Becooi (yHKUHH Ha3pIBAOT
IMIYN6CHOL nepexodrol xapaxmepucmukoti 3BeHa (PHC. 1.23).

Mezny nepexofHOH M BecoBol (YHKLHAMH OZHOTO H TOTO
’Ke 3BEHa CYyLIeCTBYET MaTeMaTHYecKasi CBsiab, BhITeKaioulas H3
ONHO3HAUHOW CBSA3H MeXIy CTyMeHuaToH W HMMyJbCHOM (QyHK-
LHSMH:

w (t)=dh (¢)/dt =H' (2), (1.32)
X(t) .
(t)
xlt) ,4_—
ax
X/ﬂ) X/ﬂ)
|
/4 Z— a ¢ g .z 5 T

Puc. 1.24. [lpeicTaBJenne BXOANOrO BO3JEHCTBHA NpOH3BOMLHON (HOPME!
NoC/e/0BaTENbHOCTLIO HMIYJILCOB (@) M MOC/IENOBATe/BHOCTHIO CTYMeHYa
ThIX BO3JeHcTBHI (6).
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@

hity=w(dt. (1.33)
0

INepexoanass u BecoBasi (YHKIHH XapaKTEPH3YIOT AHHAMH-
YyecKHMe CBOMCTBA 3BeHA TaK ke, KaK H Ju(xpepeHUHaNbHOE
ypaBHeHHe.

Ecin K 3BeHY MPHJIOMEHO BO3JIEHCTBHE, OTIHYAIOLLEeCs OT
CTYIEHYATOro WJIH HMIYJbCHOTO, TO €ro NpPeiCcTaB/fioT Kak
CyMMy MNOC/TE[OBATeNbHEIX CTYNEHYaThIX HJH HMIYJbCHBIX
BoszieHcTBHil Ha 3BeHO (puc. 1.24). Torna peakuuio 3BeHa Ha
TaKoe CJIOXKHOE BO3SJEHCTBHE ONpeiensior, MNoab3yfACh HHTE-
rpaiom [lioamens:

y(t)={w@xt—r)ds (1.34)
0
HJTH

gy =xO)ht)+ (@) ¥ t—)dt. (1.35)
0

Peakuuio 3BeHa HaXoJAT, MOJb3YsCh MPHHLHIOM HaJoXe-
HHSI, KaK CyMMY peaklHi, BbI3BAHHEIX HMITYJIbCHBIMH HJIH CTY-
NIeHYaTLIMH BO3/ICHCTBHSIMH, M0JaBaeMBIMH Ha SBEHO NpPYT 3a
JIPYroM 4Yepe3 NPOMEXYTKH BPEMEHH, paBHble Af.

[Tepexoanan ¥ MMNYyJbCHAs MepexXoiHAsi XapaKTEPHCTHKH
OTHOCATCA K BPEMEHHbIM XAPAKMepUCIMuKam 3BeHa.

Bpevennble XapaKTEPHCTHKH 3BEHA H CHCTEMEI MOXKHO OIl-
PENeNUTh AHANHTHYECKHM HJIH SKCIEPHMEHTAJbHBIM MyTeM.

K HenocraTkaM onucaHHsi 3BEHbEB BPEMEHHBIMH XapakTe-
PHCTHKaMH CJEIyeT OTHECTH CJIOKHOCTh W TPYJA0EMKOCTh BEHI-
YHCJIEHHs] BPEMEHHBIX XapaKTEPHCTHK CHCTEM, OMNHChIBAeMBIX
JuddepeHHaNIbHEIME  YPaBHEHHSIMH BBICOKOTO MOpsAAKa.

[Tepenatounas ¢yHKULHs Onucanue 3ie-
MEHTOB M CHCTEM aBTOMATHYECKOTO YMPaBJIEHHS CYLIeCTBEHHO
yIpoLaeTcsl NpH HCMONb30BAHHH METOJIOB ONEepanHoHHOrO HC-
uncjaends. Kak n3BecTHO, AWHaMHKA (DYyHKUHOHAJbHBIX Sie-
MEHTOB H CHCTEM aBTOMATHYECKOTO YNpaBJEHHS ONHCHIBAETCS
JugdepeHnHaNnbHEIM yPaBHEHHEM, KOTOpoe B ofliem ciaydae
HMeeT CJIeAYIOUIHH BHA;

dan=1
a, dt"+ n=1 d{n-y]. S +an dt +ax dl+a“~/—
b G+ s -+ H 0 TE b G b, (136)
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.
Fie y — BLIXOJAHAA Beanunua (B OTKJIOHEHHAX OT COCTOANIIS panuonecuﬂl:
X — BXOAHAS BEAMUIHA 91CMEHTA (B OTKJOHEHHSIX OT COCTOSIHHA PaBHOB
cia)i @y « . . gy by - . . by — mocTosHHBIE KOIDHIMEHTH! ypaBHeHHs.

B oneparopHoii (jopMe 3T0 ypaBHeHHE 3alHCBIBAIOT TakK:
Q(p)y (t)="P (p) x (1), (1.37)

rae

Q(ﬂ)_—'an/’"‘f‘an—lp"—l‘i‘--'+ﬂ2/72+01ﬂ+ﬂo,

P (p)=bpmp™ +bp—1p™ =2+ . .. 4-bop®+-b1p+-bo.
Hcnoabsys npeoGpasoBanne Jlamiaca OTHOCHTE/IBHO BbI-
XOIHOii 1 BXOXHOH BEJHUYHH H HX TPOU3BOAHBIX, MOJYy4YaeM:
Lly0]= (g etat=v(s),

0
L[dy/dt] =sY (s),

L.[d"y/dt"] =s"Y (s), (1.38)
Lx()]= S x@t)e-stdi=X (s),

0
L[dx/dl] =s X (s),

L [dmx)dt™] = smX (s).

Hoxcrasnssn B ypasuenne (1.37) BMecto (yHKIMIT BpeMe-
HH Y (8) u x(f) dynkuun Y (s) u X (s) KommuiekcHOro nepeMeH-
HOTO s MPH HYJIEBEIX HaYalbHBIX YCIOBHAX, MOJydaeM JIHHEH-
HOe anreGpanyeckoe ypaBHeHHe

a,8"Y (s)+a,_,s"7Y (s)+ ... a5V (s)+a,sY (5)+

FaY (9 =b,5"X (5)4-b,, "X (5) + . . . +b,5°X (5)+

+ 05X (s)+6,X (s) (1.39)
HITH
Q)Y (5)=P (s5) X (s). (1.40)
Takoit nepexon or muxpepenunansoro ypanenus K an-
reGpanyecKoMy yPaBHEHHIO HA3LIBAETCS npaMbLM NPeoGpa3oBa-
unem Jlannaca. Oyuxuus x (¢) u y (#) HasbiBatoTCA 0pULUHAAAML,
a QyHKkuuH X (s), Y (s) — cooTBeTcTBeHHO 4306padCCHUAMU
ITHX (PYHKIHHA.

Hs cpasuenns spipaxennii (1.37) u (1.40) puano, 410 0G€
(popMEI 3aITHCH COBMA/AIOT, H3 HETO CJEAyeT, YTo KOMIIEKCHAs
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nepeMeHHast S MOKeT OBITh OTOXKAECTBJEHA C OMepaTopoM AH-
(epeHHPOBaHHS p.
Bripaxkenne £0. 20
S, &)
VO =xm=20 (141
OmpejiesIsieT nepejaToyHyio (BYHKIHIO CHCTEMBL.
Ilepedamourol ¢hyrkyueli Ha3bIBaETCA OTHOMIEHHE JAMIACO-
Ba H306pakeHHs BHIXOLHOIH BeTHYHHBI K J1aMIacoBy H30GpaKe-
HHIO BXOJHOH BeNMYHHBl MPH HYJEBBIX HAYaJbHBIX YCIOBHSAX.
Ws ypaBuenns nepefatouHoil (GyHKUHH CIEAYyeT, YT0 H306-
PaX(eHHE BLIXOJHOI BeJHYHHBI HMEET BHI

Y (s)=W (s) X (s). (1.42)

YuHTBIBAsT TOXKAECTBEHHOCTh Omepatopa An(xpepeHIHpoBa-
HHS p H KOMINIEKCHOTO NePEMEHHOTO § B rpeobpasoBanni Jlan-
Jaca, (opmanbloe nosyyeHue nepeiaToynoil GyHKUHK 0o Aug-
(pepeHUHANBHOMY ypaBHeHHIO 3aK/iOuaeTcs B 3aMeHe orepa-
TOpa nu(epeHuNpoBaHs p KOMIVIEKCHBIM MEPeMEHHBIM S
H QyHKUHiT Bpemenn x (f), y (¢) ux usoGpaxenusmu X (s), Y(s).
Hanpumep, nns ssema, ommceiBaemoro jmcipepeninambHbM
ypaBuenuem (1.28), nepenatounas (yHKUHs HMeeT Caelylo-
LHH BHJ:

Y (s) b1s-+bg

W (s) = o 1 w0 1.43

©) X (s)  ass*+as+ap ( )

HMHOTO‘UTGH, (urypupyolui B 3HaMeHaresle MepeaaToy-

HOH (YHKUMM, HasbiBaeTC XapaKMepUcmuieckus MHo2otae-
HOM 3BeHa HJIM CHCTEMBI, a ypaBHEHHE BHIA

Q(s)=0 (1.44)

HASBIBACTCA Xapaxmepucmu1eckum YpasHeruest.

Kopuu  xapakrtepucriueckoro ypaBHeHHS! Ha3bBaloTCs
noalocasu nepenatoyHoli (yHKLHHM, a KOPHH MHOrOYJEHa, pa-
CNIOJIOXKEHHOTO B YMCJUTEIE MEPelaToOYHOH (DyHKIHH, HasbiBa-
I0TCA HYyasamu nepefaToyHON (yHKUHH.

O6pathbiit mepexon or H300paxenus Y (s) K OpHTHHATY
Y (%) BHIMOMHsIeTCs C NOMOLLBIO  06pamHoeo TpeoGpasoBaHist
Jlamnaca.

Z(t)=TmaySinwi+§) Glt)=Ymay sin(wt+$%)

?(x)

Pue. 1.25. Ilpoxoxzenne rapMOHHYECKOTO BOSACHCTBHS uepes JHHeiiHoe
3BeHO,
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Jasi MHOTHX APOOHO-PALHOHANBHBIX (PYHKIHME TNOJyYeHbl
obpaTHble npeoGpa3oBaHusi Jlamiaca M CBelleHbl B TaGJHIBL
Hcnonp3oBaniie TaGnHI 3HAUHTEIBHO OGJEryaeT peueHue Aug-
(hepeHLHaNbHBIX ypaBHEHHH, MpeJCTaB/EHHbIX B BHAE YPaB-
nenns (1.42).

INepexox oT nepeaTouHoil QYHKUHH K AH((epeHnHalIbHOMY
ypaBHeHHI0 (OPMalbHO BBINOJHAETCS IyTeM 3aMeHBI IepeMeH-
HOIT 5 Ha mepemeHHylo p=d/dt, a usoOpaxenuii Y (s), X (s)—
X opHrHHanamu y(f), x(%).

Kpome omicanusi 31€MEHTOB H CHCTeM BpPeMEHHBIMH Xa-
PaKTepHCTHKAMH H MepelaTOYHBIMH (DyHKLHSIMH, B aBTOMAaTHKe
HCMIOMB3YETCA OMHCaHHE YaCTOTHBIMH XapaKTePHCTHKaMM MNpH
rapMOHHYECKOM BXOAHOM Bo3jeHcTBHH. Eciu B KauecTBe TH-
MOBOTO BXOJHOTO BO3JEHCTBHSI HCMOJb3YEeTCsl rapMOHHYECKas
dyHKIHS, TO peakuHa 3BeHa B YCTAHOBHBILUEMCSl DeXHMe TaK-
AKe Oyner rapMoHH4ecKoil (yHkuueii. IIpy mpoxoXkieHHH rap-
MOHHYECKOrO BO3/IEHCTBHSI Yepe3 JIHHeHHOe 3BeHO B YCTaHO-
BHBLUEMCS NIPOLIECCE ero YacTOTa OCTAeTCsl HeH3MEeHHOH, HO H3-
MEHSIIOTCSl aMIVIMTYJAa M (asa KoseGaHHSI MO OTHOIIEHHIO K
3THM JKe mNapaMeTpaM BXOJHOTo BoajeiicTBHs (puc. 1.25).
Mamenenust aMmnTYAE H (asbl 3aBUCAT KaK OT CBOHCTB 3Be-
Ha, TaK H OT yIVIOBOH YaCTOTHI TapPMOHHYECKOTO BXOAHOTO BOS-
NeHCTBHS.

OrHomeHHe aMIVIHTY B! BEIXOMHON BEJMYHHE! K AMITHTYJE
BXOLHOH BEJHUMHBl B 3aBHCHMOCTH OT YacTOTHl HA3bIBAIOT
amnaumyono-wacmomnoil  xapaxmepucmuxol (AUX) spena:

A (0) = Ymax/¥max (1 45)

a pasHOCTb (ha3 KoJeGaHHMii B 3aBHCHMOCTH OT YacTOTh HA3bl-
BalOT ¢haso-uacmomnoi xapaxmepucmurosi (PUX) apena:

P (0) =@,—q,. (1.46)

YacToTHEIe XapaKTePHCTHKH 3BeHa 3aBHCAT TOJNBKO OT €0
CBOHCTB, HO HE 3aBHCAT OT aMIJIMTYAB! H (hasbl BXOAHEIX rap-
MOHHYECKHX BO3JEHCTBHI,

Jn5 BBIIBACHHN CBSSH MEXIY YacTOTHBIMH XapaKTepPHCTH-
KaMH H JH(ppepeHUHanbHEIM ypaBHeHHeM 3BEHA NPEICTABHM
BXOJAHYIO H BBIXOJHYIO BEJNHYHHEI B KOMINWIEKCHOH (opMe:

X (1) = Lyl @I+, } (1.47)

5 ()= Yrupel00499,
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HpOHSBOILHbYe OT 3THX BeJIHYHH HMEIOT c.nenyxouwﬁ BHA
[dy (1))/dt = ymaxjore! @ +P=joy (f),
[d% (B))/dt* = (jo)y (),
[dvy (O))idt* = (jo)"y (1), i (1.48)
[dx (1)]/dl = Xpox jore! (OF+PI= jox (1),
[d%% (1))/d* = (jo)* X (B),

[dx (8))/dtm = (jo)™ x ().

[Moxcrasus B ypasenne (1.36) BXOAHBIE H BEIXOAHEIE Be-
JIMYHHBl H HX NPOU3BOJHEIE, MOJNYYHM YPaBHEHHE NpPH rapMo-
HHYECKOM BO3/eHCTBHH:

(@ (j0)" 4 @,y () + ...+, (j0)* +a, (j0) +al] ¥ ()=
=Wﬂmw+upwmwﬂ+u.+mmm+mm@+ﬂi$
.49)

HJIH B COKpaLlleHHOﬁ 3amnHuCcH

Q(jw) g () =P (jo) X (¢), (1.50)
rze Q (jo) = ay, (jo)* +ay -1 (j0) =1 4. . . +ag (j0)2 +a1(j0) +-ao, P (j©)=
=bp (j0)" +-bpoy ()P~ . .. 4-by (j0)* by (jo) +-bo.

Ilepenarounas ¢yHnkuus B 5TOM clyyae HMeeT BHA

W (jo) =g (t)/x (1) =P (jo)/Q (jo)- (1.51)

Us cpaBrenns sepaxennit (1.41) u (1.51) BHaHO, YTO STH
nepefaTtoyHble (YHKUHH HIEHTHYHBl H OTJIHYAIOTCA TOJBKO
TNepeMeHHOH.

lepenarounas ¢yHKUMs NPH MHEMOM 3HAueHHH ee mepe-
MeHHOH S$=j HasbiBaeTcs wacmomuod. YacroTHas nepeaaroy-
Hasl (QYHKIHS TaK»Ke ONHCHIBAET IHHAMHYECKHE CBOWCTBA 3Be-
Ha HJH CHCTEMBI.

Qynxuusa W (jo) npu KaxkIom 3HaYeHHH YacTOTHl @ fB-
JISIETCSl KOMIUIEKCHON BEMTHYMHON H MO3TOMY MOXKeT OBITh Mpel-
CTaBJieHa B MOKa3aTeJbHOH (opme:

W (jo)=A (0)el® ©, (1.52)
rae
A)=|W (jo)| (1.83)
H
¢ (@) =arg W (o) (1.549)
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